
 
 

E
S

E
A

R
C

H
R

E
P

R
O

R
T

I
D

I
A

P

���������	��
����
�������������������
� 
��������! "��#$�%�&���(')�
�%� � �* $�+���
�,�%�!�-�.� � /0�-�- 1�324��5 67598:
-;=<">0?@2
�A�-�9�!� /B�DC�2�EF�-� �%� �$2�GBH�� �JI��1�K� �-�1L
#%MN
0�N��OQP"RTSVU%WXSYWDUBRZW1W[R1R
� ��; OQP"RTSVU%WXSYWDUBRZW1W[R�U
��\�]^�1� �`_Na-bdc%aDe%fDc"g�fDe%hBgji"g�fNk�lJb�m
� �d�n�D�*�D���Tm%e1eDk�onp1pdq1q1q�l
gji"g�fNk�lJb�m

rtsvu�wyx{z}| ~������y� ��x�� ���Xs���u��Tx{s
x{� ���{s������ ���yz�w������ys�u}��u��Tx{s��

��x{w ��x{�F��� �{x{�v��� u ¡ ¢��
£�¤¦¥X§�¨�©:¤�ªB«­¬4¥7®°¯B± ² ³µ´�¶·¥7¸A©�¹º¨d»�¼�¥½¯B± ²
£�¾¿¸¦¨�®À£�¨�ÁÂ¥7Ã4¥7»µ¯B± Ä ³ÆÅÇ¸¿´�«�³µ´�¼È¶·¥7¸¦»�«AÅ�¯

³µ´`¼�ÁAÉËÊÍÌ)¾¦¼�®N¥7¼ÈÃ ¯B± ²
Î%ÏÐÎ1ÑÐÒ¦ÓQÔÀÔÖÕ�×ÙØ�Ú�Û

ÑÐÜTÝ^Þ
ß�àFáQâ)àÙÕFÕ�×

¯�ãnäQãKåXæèç�éjê�é ¯DëJÄ!ì ãKíBê�î�ï î
ðBî�é ±�ñ@¯Dë î�ï.ò1í%ó ±$ô-õ ï î
öjé ë�÷,¯ íBø�ù² ô-õ ï.ê
êFú�éjø"é ë�¯D÷ ãKí"ê�î�ï î
ð0î
éÂûDü:ý�é Ä!ì í"û ÷ û1òDóVþ+ÿ�æ�ú���� ± � ¯ ð"ê ¯ í"í"é ±�ô-õ ï î�ö�é ëJ÷,¯ í"ø�ùÄ�� ë éjò1û1í�� ë�¯ ø"ð ¯ î�é)ãKí"êJî
ï î�ðBî�é­þ � �Qã�� ± æ�û ë î ÷,¯ í"ø ± � ë éjò1û1í ±	�Xô å)ù





���������	��

��
�����������

������������ �!#"

$&%('*),+.-0/ 1.2436587 9:+.;=<?>�%(2@'A>
+4% +4BDC�2.%E7A5F;
GH5F-8)�5I3658%('02J'*>
+4%�3KB�+4) LM+.>N365 GO+.<?P�3Q' RTSFG

U �V�XW�YZ�[�(��\^]V��_ `�

aF��bc�edfYg���[� Uih bjYg_ U YZk���lV��� `�mibn

\o`e
N�paF��bj�p\cm
`e
N��k�qJrs� h �p_g���pl

tsuXvcwyx0z�{�|nz#}X}#~

�������������p�p�4�g�6���N���������#�����#�j���N���������������������������� s¡�������¢�£¤�����
��¢s���¦¥���£Q¡
�§�N�¨�©����¢ª��£E�����N�����������©��«
���§�p�
�¬��­n���N������¥�������®¯ ��N���p�#������¢�°±�
�����¤²�³N����´n��������®������§�p�@µ¶°X²�´V·�¡�������¢�­¸������³ª�����¹���
¢�ºs��®§«¼»N����½�³N���
¥¾ 
´n���
�¿���©��®i´n����À¤¥��§�������¦µZº6»�´V´V·�­¸������³ª������Á¤°X²�´F¡�������¢�­Â������³N��������¢N�����§Ã[��¢6­Ä���p£Å�¦�
�p�N®§���N�����¹���©���
�¿­¸����«
£¦�����§�p�s��­i��³ª����¥���������®����������e¥�����À¤¥��§�������¹����¢s���N���Æ�����¤¡#�¨�
���§��������¡
³
�¿���
�§£¤�N����Ã[�����
���§�����p¡N³
�¿���N���������
�p¢N¢N�¯���§Ã[�j�
���§���V���Ç���
���¯�^�©���
¢N��£,�����N�����������©����������Á±È¬�����
�V�����
���^�
����¢X��º6»�´V´�­¸������³ª�����±���Ç���
���¯�c�©���
¢N��£
�����N�����������©�����§�p�e���
���f�s���§Ép�
�¯Ê
¥��������§£¤�N����Ã[��£¤�����¬��������¥���Ép�
�¯���§�p���#����­Â����£¦���
¥��¤�p��¥�®����������#����¥¾�ËÁÌ²��
���������p�� Í¡
������¢¦¥���£Q¡
�§�
�����§�p�¦£¤�����N��¢¦�§��Ã[���¿���§Ép������¢¦�§�¦���N�§�j�����#���Æ�p¢N���ª����Ãp��®¯ ¤Ép�§Ã[���j���N��É��
���n�j���§Ép�����§�
É
���Í���
�¹�����ª�����������©�����§�p����­nº6»�´V´Î­¸������³ª�����¬�§��¥�®§���������#����¥¾������¢����¤���N�¨�����N�����������©������������­i°X²�´8¡
������¢
­Â������³N�����Æ�§�6�N�p�§�¿ s���#����¥¾�Ë�N����³N�n ª����®Ä¢ª�§�
É¤�Ç����¡
³N�¿������¥��pÉ��
�¯���§�p���#����­¸����£¦���N¥����§����®�®�¥��p�
¢N�¯���§�p�N��Á

�¤��Ï�Ð�ÑªÒ¤Ó¸ÔªÕ�Ö�ÔN×eÔNÐ#���pØÌÙj�
����³ª���
���������
���
Ú����
��Û��Æ�§���ÍÜ¬�����§�p�
��®ÆÛ�¥��§���
¥��s»
��³
�
¢
�����§����­Â���Q���
�¦��³
�ª«
�#��������­^���
���§���j����Ú����ª���p³
É��6É��©�����¨ºsÝ�ÞªÙj�¾ß�»�Ü(à�á�ápá�«gá�âpãpà�äªå�Á á[àpæ�å�����¢Ì���N���p³NÉp��Ü¬�����§�p�
��®^´n������������­
´n�p£¤�#�������
¥��Ç����ç�����������¥©�èµyÜ¹´V´nç¬·��p��ég�¼�������©��¥����§Ã[�Qºs³
®¯���§£¤��¢N��®±�¼�N­¸����£¦�����§����º6������É���£¤�����¤µy�¿º�àp·¼ê��
���V�j��®�®�����ë¬²�ç¬°X²I­Â������³N�
�#���������NÉQ���N����³
É��s���
�¹ì±²�ç¬Û�µ¶ìcíX��¥����§Ã[����²ÆíX���©¢
��¡
®§�p�Nç���³
����¡N®§��Ûª�#����¥©�N«¶����«
Ù���î��¾·¾Á



� ����� t����	�
�Å}#~���
��

� ���
����������� ��!"�
�

#%$"&('*),+*-.&()0/2143657)98:$�&('*$<;6)�/=-($�5()�>6?*-@&(;6$A-(-B)DCE-@3	$F$AG�'H5($AG"):I�;6/2&(/=):;J-@K�-@&($�14-B)DCL&($�;J5($A-@?*MN&
/=;O+�$�I:5�P:+6PD&(/=):;
):C.5($AG"):I�;6/2&(/=):;Q3R$�5@CS)�5(1�P:;*G"$�CS):5�G"M=$�P:;Q-(3	$F$�G�'UTWVX'RP:-($0YE?�&7),Z[)�5(57$FM\P9&7/2)�;^]_V�Y`Z�a%b2c�d �Ae >*P:-($�+fCS$AP9&(?*5($A-Fd
-('6)9gh/=;6I�;6)D&7/=GF$�PD>*M2$i/2143657)98:$�1�$�;j&[/=;�;6)�/=-($k5()�>6?*-@&(;6$A-(-�d�G"):143*P:5($A+4&()l&('*$m-@&7P:;*+6P:57+4CS$AP9&7?65($A-�-@?*G�'�P:-�#n$�MNo
p*5($Aqj?6$F;*GFK<Z[$F3*-@&(5�PDMrZ[),$"stG"/=$F;j&7-m]u#%p�ZhZ�a"d,P:M=-()
-(?�v�$F5wCS5()�1x&('6/\-�+�57Pyg�oz>*P�G�{	T�|};0b ~ e PD;�P9&@&7$F143�&�'*P:-[>	$F$F;
1�P�+�$�&()nPDM=M2$�8,/=PD&($�&('6/\-m3657):>6M=$F1�>jKn?R-@/=;6I�&('6$�V�Y`Z�>*P:-($�+%CS$�PD&(?657$�-.P:M2)�;6I�gh/2&('�57$FI:?*M=P:5m-(3	$F$�G�'0CS$�PD&(?657$�-
/=;fP%1
?6M2&(/2oz-@&(57$�P:1�CS57P:1�$�g[)�5({�T%��'6$�$F;j&75()�3jKjoz>*P:-($�+�3	)�-@&($�5(/=):5B3*5()�>*PD>6/=M=/N&�KHG")�1
>6/=;*P9&7/2)�;J14$"&('*),+�/2;O&('6$
',K,>657/=+�Y`�i�ho}�`#%#�-(K�-�&7$F1�b � e /=143657)98:$�+�57$�G")�I:;6/2&(/=):;�3R$�5@CS)�5(1�P:;*G"$k/2;nP:M2MrGF):;*+�/2&(/=):;R-FT

�`)9g[$�8:$�5�d�&7'6$
57$�GF$F;j&(M=K<3*5()�3R)j-@$A+n-@3	$F$AG�'n5($AG"):I�;6/2&(/=):;�&($AG�'6;6/\q�?*$:d6&7'6$B&�PD;*+6$F1�&($AG�'6;6/\q�?*$tb �6dR� e d	gh'6/\G�'
GF):1l>6/2;*$�-�&7'6$B&�gw)�1�P9��):5EP:363657)�P�G�'6$�-�d�;*PD14$�M2K�&('6$
'jK,>657/\+��i#%#�P:363657)�P:G�'�PD;R+��m#0#�oz�i#%#�P:363657)�P:G�'Ud
/=143657)98:$�-
5($AG")�I:;6/2&(/=):;H3	$F5(CS):5714P:;*G"$</2;f>R):&('J&7'6$�GFM2$APD;OP�-
gw$FM=MwP�-B/=;O&7'6$<;6)�/=-(KHG"):;R+�/N&7/2)�;*-�T0|};O&�PD;*+6$F1
P:363657)�P�G�'rd	&(5�PD;*-@CS):571�P9&(/=):;R-`):C &('*$�):?�&736?�&7-m):CwP�#n?6M2&(/2oz��PyK:$�5kV�$�57GF$F3�&75()�;f]_#0�rV[a"drgh'6/\G�'�/\-k&(5�PD/=;6$�+�+�/\-�o
GF5(/=14/2;RP9&(/=8:$�M2K�gh/N&7'H&('6$<5($�I:?6M\PD5mCS$AP9&(?*5($A-m&()n$A-�&7/21�P9&7$�&('*$<-@?*>jgw):5�+�3R)j-�&7$F57/2)�5.365()�>*PD>*/2M=/N&7/2$A-Fd�PD57$�?*-($�+HP:-
CS$AP9&7?65($A-h&7)t&('*$��m#%#�o}�`#0#�-@K�-@&($�14-�T`Yi-`gh/=M2M�>	$l-('6)9gh;n/2;%&('6$lM=PD&($F5k-@$AG�&7/2)�;*-E):C�&7'6$
3RPD3	$F5Ad*&7'6$
?*-($
):C
V�Y`ZW>*P�-@$A+�CS$�PD&(?657$�-h/=;n&�PD;*+�$�1�-(K�-�&7$F1�/2143657)98:$k&7'6$F/=5`57):>6?R-�&7;6$�-7-�&()�P:+6+�/2&(/=8:$
;6):/\-@$
gh'6/2M=$.&�PD;*+�$�1�gh/2&('
#0p�ZhZ�CS$�P9&7?657$�-�/=1�3*5()98�$�-[&('6$.57$�GF):I�;6/N&7/2)�;<3	$F5(CS):571�PD;*GF$i/=;nG"M=$�PD;�-(3R$�$�G�'rT

|};0&('6/\-k3*PD3	$F5Ad�g[$�3657):3	)�-($lP:;%$F;j&(57):3,K�>*P�-@$A+%PDM=I:)�5(/2&('61�&7)�G")�1
>6/=;6$l&('6$l&7P:;*+�$�1�5($�365($A-@$�;j&7P9&7/2)�;*-E):C
V�Y`Z�>RP:-($�+4CS$AP9&(?*5($A-[P:;*+t#%p�ZhZ�CS$�P9&7?657$�-�T���?*G�'<P
GF):1l>6/2;*$�+�57$F3657$�-($F;j&�P9&(/=):;�/\-[$"��3R$AG�&7$�+�&7)
3	$F5(CS):571�g[$�M2M
/=;�P:M2M*&('6$mG")�;*+�/2&(/=):;*-�dj/NCr&7'6$iGF):1l>6/2;RP9&(/=):;4&7$�G�'6;*/=qj?6$kGFPD;�PD?�&7):1�P9&7/=G�PDM=M2K�I:/=8:$E'*/2I�'6$F5[g[$�/2I�'�&7/2;*I.&()�#%p�ZhZw-
/=;OG"M=$�P:;�-(3	$F$�G�'JP:;*+%&7)nV�Y`Z�CS$AP9&7?65($A-m/2;H;6)�/=-(K0-(3R$�$�G�'rT���'6/=-B/2;*+6$F$�+�'*P:363	$F;*-./=;H$"��3	$F57/214$F;j&�-m):;� m�k|
�`?61
>	$F5�-7¡���+6P9&�PD>*P�-@$kgh/2&('nPD5(&(/2¢RG"/\PDM=M=K<P:+6+6$�+<C_P:G�&7):57Kt;6)�/=-($`CS57):1��E)�/=-($"�6¡ � +6PD&7PD>RP:-($:T

|};4&7'6$`;*$"�,&[-($�G�&7/2)�;rdjg[$h¢R57-@& I:/=8:$EP
-@1�PDM=M6/=;j&(57),+6?*G�&7/2)�;�)DC�V�Y`Zf>*P:-($�+�CS$AP9&(?*5($A-XPD;*+�&7'6$F;�+�/=-7G"?R-(-X&('6$�/25
;*):/\-@$w5()�>6?*-@&(;6$A-(-�TU|};��,$AG�&(/=):;�~6dDgw$wI:/=8:$[Pk-('6):5(&�$F��36M=P:;*P9&7/2)�;
):C6&7P:;*+�$F1£5($�365($A-@$�;j&7P9&7/2)�;B)DC*CS$�P9&7?657$[8�$�G�&7):5�-FT
|};0��$�G�&7/2)�;n�*dRg[$B$F��36M=P:/2;�&7'6$B$F;j&75()�3jK�>*P:-($�+�GF):1
>*/2;*PD&(/=):;�14$"&7'6)�+�CS):5h&�PD;*+6$F1�CS$�P9&7?657$�-EP:;*+n+�/\-(GF?*-(-h&('6$
57$�-(?6M2&7-�T

¤ ¥H¦�§ ¨�©Bª�«h�­¬9«h©m������«hª

��5�P:+�/2&(/=):;*P:MUCS$AP9&7?65($A-k?*-@$A+nCS)�5m-(3	$F$�G�'�5($AG")�I:;6/2&(/=):;rdR&�K,36/\GFPDM=M=K%+�$F57/28�$�+�CS57):1�P�3	)9g[$�5k-(3R$AG�&75(?61�dr-('6)9g�$"�,o
GF$�-7-@/=8:$4-($F;*-(/N&7/28,/2&�K�&()nP:+*+�/N&7/28�$l;*):/\-@$4PD;*+%&('6$�/25.?R-@$4I:$�;6$F5�PDM=M=K�57$�-(?6M2&7-k/=;�+�$�I:5�P:+6PD&(/=):;n):C[3	$F5(CS):5714P:;*G"$�/=;
;*):/\-@K�G"):;R+�/N&7/2)�;*-�T���'6/\-X/\-�>	$�G�PD?*-($�&('6$iPD?�&7),GF):575($�M=PD&(/=):;4G"),$"stGF/2$�;�&�-E]L&7'*P9&wPD57$�&(/=1�$i+�):1�PD/=;�p6)�?65(/=$F5�$Aqj?6/28jo
P:M2$�;j&�):CU&7'6$m3R)9gw$F5�-@3	$�G"&(57?61ta�PD57$`'6/=I:'*M2K<-($F;R-@/2&(/=8:$i&()�&('*$k;*):/\-@$�T�|};�PD;�P9&(&($�1�36&w&7)414P:{:$i&('6$.GF):575($�M=PD&(/=):;
GF),$"stG"/=$F;j&7- M2$A-(-[-@$�;*-(/N&7/28�$h&()B$F�,&($F57;*P:M*;6)�/=-($:djP.;6$Fg�14$AP:-(?65($h):CrG"):5757$FM\P9&(/=):;�G�PDM=M2$A+4VX'*P:-($`Y`?�&()�Z[):575($�M=PD&(/=):;
]_V�Y`Z�a`b=c:d �Ae '*P�- >	$F$�;</=;j&(57),+6?*G"$A+�T�V�Y`ZQ?*-@$A-[P:;6I:M=$`>	$"&�gw$F$�;t&7'6$`&7/214$m+�$FM\PyK:$A+t-(3R$�$�G�'t8�$�G�&7):5�- P�-[Pl14$�P9o
-(?657$m)DC�G"):5757$FM\P9&(/=):;</2;*-@&($AP:+�)DC�&('*$B+�)D&h3657)�+�?*G�&`P�-�?*-($�+�/2;�&(5�P:+6/N&7/2)�;*PDMrP:?�&()�G")�5(57$FM\P9&7/2)�;rT�|zC�®m57$F3657$�-($F;j&�-wP
-(3	$F$�G�'�CS5�PD14$mI:/=8:$�;<>,K:d

®i¯^°9±j² ³D´¶µ�±�²2·"´zµF¸=¸=¸2µ�±�² ¹�ºf·F´u»
gh'*$F57$m¹�/\-w&('6$mCS5�PD14$mM=$F;6I:&('rd*P:;*+

¼�½ ¯^°9±j² ³D´¶µ�±�²2·"´zµF¸=¸=¸2µ�±�² ¹�ºf·F´u»

¼U¾ ¯�°y±j² ¿j´¶µ�¸2¸=¸=µ7±j² ¹�º�·"´zµ7±j² ³D´¶µ�¸2¸=¸=µ7±j² ¿
º�·"´¶»
&7'6$F;<&('6$kPD?�&7)�G"):5757$FM\P9&(/=):;4G"),$Fs�GF/2$�;j&7-�d:CS57):1xgh'6/\G�'�&(5�P:+�/2&(/=):;RPDM�CS$AP9&(?*5($A- PD57$E$F�j&757P�G�&7$�+�dj/=-[G")�1�3*?�&($A+�?*-(/2;6I
+6)D&E3657)�+�?*G�&hI�/28�$F;�>jK�d

À�² ¿j´�¯ ¼rÁ½ ¼ ¾ ]�cAa
Y`MN&7$F57;*P9&7/28�$FM=K:d

À4² ¿,´�¯�Â ¼ Â"ÃrÄFÅ�ÆFÇ_È ¾DÉ ] � a



�7�4� t����	�B�&}#~���
:� ~

gh'6$F57$
Â ¼ Â Ã 5($�3657$�-($F;j&7-�&7'6$E$F;*$F57I:K
):CR&7'6$hCS5�PD14$`P:;*+�È ¾ 57$F3*5($A-@$�;�&�-�&('6$iPD;6I�M2$h>	$"&�gw$F$�;4&('6$E8�$�G"&():5�- ¼�� P:;*+
¼�� /=;�¹�+�/=14$F;*-(/2)�;*PDMr-(3*P�G"$:T

V�Y`Z G"),$Fs�GF/2$�;j&7-�d���² ¿j´zd6PD57$.+�$F57/=8:$�+<CS57):1 &7'6$BPD?�&7)�G"):5757$FM\P9&(/=):;�G"),$"stG"/=$F;j&�-Fd6À4² ¿j´¶d*?*-@/=;6I4$�qj?*PD&(/=):;rd��² ¿j´�¯�È ¾ ¯ Ä"ÅjÆ���� 	 À4² ¿j´Â ¼ Â Ã�
 ]_~�a

|z&X/=-XGFM2$APD5�CS57):1£&('6$EP:>R)98�$w$Aqj?*P9&7/2)�;l&7'*P9&�&7'6$EG")�1436?�&7PD&(/=):;4)DC�V�Y`ZfG"),$"stG"/=$F;j&�-�/2;,8:)�M28�$w&�g[).P:+*+�/N&7/2)�;*PDM
):3	$F5�P9&(/=):;R-Fd�;*P:1�$�M2K^cAa4&('6$�$F;6$�5(I�K�;6)�5(1�PDM=/���P9&7/2)�;�P:;*+ � a�&('6$0/2;,8:$�57-($%G")j-@/=;6$�T���'6$�-($n&�gw)J):3	$F5�P9&(/=):;R-
$"v�$�G�&7/28�$FM=K�GF):;,8:$�5@&4&7'6$0+�):&<3657),+6?*G�&<):Cm&('6$0-(3	$F$�G�'�8�$�G"&():5�-�dwP�-<+�)�;6$%+�?657/2;*IJ&('6$�G"):1436?6&7P9&7/2)�;Q)DCm&('6$
PD?�&7),GF):575($�M=PD&(/=):;QG"),$"stGF/2$�;�&�-Fdh/=;j&()�P:;6I:M=$n>	$"&�gw$F$F;Q&7'6$08�$�G"&():5�-�/=; ¹ +�/=1�$�;*-(/2)�;*PDMk-@3*P�G"$�T ��'*$�p6)�?657/2$�5
$�qj?6/=8yP:M2$�;j&�):C�V�Y`Z G"),$"stG"/=$F;j&�-�/2;�CS5($Aqj?6$F;*GFK<+�)�14P:/2;�/\-hGFPDM=M=$�+tV�Y`Z -@3	$�G"&(57?61�T �,/=1�/=M\PD57M2K�&7)�&('6$kCS$�PD&(?657$�-
$"�,&(5�P:G"&($�+�CS57):1�&7'6$l57$FI�?6M\PD5`-(3R$AG�&75(?61�d�PtGFM=P�-(-`)DC�CS$�PD&(?657$�-kGFP:M2M=$�+%V�Y`ZW>RP:-($�+�CS$AP9&(?*5($A-`GFP:;%>	$
$"�,&757P�G�&($A+
CS5()�1�&7'6$<V�Y`Zx-(3R$AG�&(57?61�T%#n$�M[p657$�qj?6$�;*G"KOZ[$F3R-�&757P:MwZ[),$"stG"/=$F;j&7-
$"�,&(5�P:G"&($A+�CS5()�1 V�Y`Z -@3	$�G"&(57?61 I:/=8:$A-
V�Y`Z o}#%p�ZhZiT
���3R$�5(/=14$F;j&7P:M�5($A-@?6M2&7-�I�/28�$F;�/2;�b=c:d �Ae -@'6)9g &('*PD&h&('6$.V�Y`Z o}#%p�ZhZ /=-�57):>*?*-�&�&7)�;*):/\-@$k&('RPD;�&('6$B#0p�ZhZ
+�$F57/28�$�+<CS5()�1 57$FI:?*M=P:5�-(3	$�G�&75(?*1�TX�`)9g[$�8:$�5�d�&('6$�/25`3R$�5@CS)�5(1�PD;RG"$k/=-h/=;�CS$�5(/=):5�/=;�GFM2$APD;�-@3	$F$AG�'rT

YWGF):143*PD57/\-@)�;�)DCU57$�GF):I:;*/N&7/2)�;�3R$�5@CS)�5(1�PD;RG"$�- )DCr&7'6$kV�Y`Z o}#%p�ZhZQPD;*+�#%p�ZhZf/\-wI:/=8:$�;t/2;���P:>6M=$lc�T�
X�jo
3R$�5(/=14$F;j&7P:M	-($"&7?63��wCS)�5X&7'6$�-($`$F�,3	$F57/=1�$�;j&7-[/=-wP:-XCS):M=M2)9gE-���
���3	$F57/214$�;�&�-wg[$�5($EGF):;*+�?RG�&($A+�):;<>R):&('<GFM2$APD;<P:;*+
P:+6+�/2&(/=8:$k;6)�/=-($kGF):;*+6/N&7/2)�;*-FT���'6$m+6PD&7PD>RP:-($i?*-($�+tCS):5w&('*$�-($i$F�,3	$F57/=1�$�;j&7-w/=-w&7'6$B m�k|[�E?*1
>	$F5�-(¡j�BG")�;6;6$AG�&($A+
+�/2I�/N&.&7$FM=$F36'*):;6$<-(3	$F$�G�'H+6PD&7PD>RP:-($�b=c�� e d�'*Py8,/2;*I�P�M=$"��/\G")�;H-(/��F$�)DCh~���gw):5�+6-�dUPD;*+ ��� +�/Nv�$F57$F;j&B36'*):;6$�1�$A-FT
p6):5�P:+*+�/N&7/28�$i;*):/\-@$i$"��3R$�5(/=14$F;j&7-�djC_P:G"&():57K4;6):/\-($ECS57):1 �E)�/=-($"�6¡ � +6P9&�PD>*P�-@$
b2c�c e '*P:-[>	$F$F;�P:+6+6$�+tgh/2&('��E?61�o
>R$�57-7¡���+6PD&7PD>RP:-($tP9&B;6)�/=-($tM=$F8:$�M=-B)DCmc � +��kd��n+�� P:;*+��%+�� ��/2I�;*PDM2ou&7)Do}�E)�/=-($��EP9&7/2)O]¶�����`a"T���'*$<-@3	$F$AG�'
5($AG"):I�;6/2&(/=):;
-(K�-�&7$F1�/\-�Pk�E/\+6+�$�;�#0PD57{:)98m#n)�+�$FM�]_�i#%#0a�-(K,-@&($�1�G")�;*-@/\-@&(/=;6I`):C����E&(57/23*'6):;6$A-FdD~iM=$"CL&@o¶&():o¶57/=I:'j&
-�&�P9&($A-�3R$�5�&(57/=36'6):;*$:d�P:;*+�c � 14/N�,&(?*5($`�mP:?*-(-(/\PD;4#n/N�,&7?65($h#n)�+�$�MU]u�m#0#0a�&().$A-�&7/21�PD&($h$F14/\-(-(/=):;�365()�>*PD>*/2M=/N&�K
gh/N&7'6/2;�$AP:G�'�-�&�P9&($�T��`#%#%-`PD57$`&757P:/2;6$A+<?R-@/=;6I�&('6$.�i� �£3*P�G�{9PDI:$�T���'*$kV�Y`Z o}#%p�ZhZ PD;R+�#%p�ZhZQ?*-($�+<CS):5
&('6$l$"��3R$�5(/=14$F;j&7-iPD57$B)DCX+�/=14$F;*-(/=):;0~�¡6dRGF):;*-(/\-�&7/2;6I�):CEc�~�-@&7PD&(/\G
G"),$Fs�GF/2$�;j&7-�dUc�~<+�$FM2&7P�G"),$"stG"/=$F;j&�-Fd	PD;*+JcA~
+�$FM2&7PDoz+�$�MN&�P4G"),$"stG"/=$F;j&�-FT !#" 
$�^CS):5`���%�

p6$AP9&7?65($ G"M=$�P:; c � +�� ��+�� �4+��
V�Y`Z oz#%p�ZhZ c � T � c��*T=c � �*T � ��¡*T �
#%p�ZhZ ��T � cy��T � ~&�6T ~ �:~*T ~

��P:>6M2$4c&�XZ[)�143*PD57/=-():;<)DC�&('6$.-(3R$�$�G�'�5($AG"):I�;6/2&(/=):;t3	$F5(CS):571�PD;*GF$�-w)DC�V�Y`Z o}#%p�ZhZid6PD;*+�#%p�ZhZ�/2;nP��m#%#�o
�`#%# -@K�-@&($F1 CS)�5kGFM2$APD;0-(3	$F$�G�'�PD;*+%;6):/\-@Kn-(3R$�$�G�'�gh/N&7'�P:+*+�/N&7/28�$BC_P�G�&()�5(K�;6)�/=-($
M=$F8�$FM\-`):CEc � +��kd���+��kd��
+��W���%�E-�T " 
'� -�&�PD;*+6-hCS):5

"
):5�+(
X5757):5 �EP9&7$:T

p657):1 &7'6$m&7P:>6M2$./2&`/\-EG"M=$�P:5w&('*PD&`):;�&('6$lG"M=$�PD;�-(3R$�$�G�'rd�&7'6$.V�Y`Z oz#0p�ZhZ /=-h/=;�CS$�5(/=):5�&7)t#%p�ZhZid6gh'*/2M=$./N&
/=-iG"):143*P:57PD&(/=8:$�M2K�57):>6?R-�&E/=;n;6):/\-(K�-(3R$�$�G�'rT[|};�&('6$B;*$"�,&i-($�G�&7/2)�;rd6gw$.I:/=8:$BP4>657/=$"C�5($�8,/2$�gW):C�&�PD;*+�$�1�57$F3*5($Fo
-@$�;�&�P9&7/2)�;�):CU&('*$mCS$�P9&7?657$�-�d�gh'6$F57$k&('6$.57$�GF):I:;*/N&7/2)�;<3	$F5(CS):5714P:;*G"$m/=14365()98�$�-�-(/2I�;6/N¢	GFPD;j&7M2K�/=;nPDM=MrG"):;R+�/N&7/2)�;*-�T

) *H©B����«,+ ¦ �w�B��ª���!"�.-�«0/���«hªU«h�l��©m��!"�B��ª
|};�&75()�+�?RG"$�+QP�-�PJG"):1l>6/=;*P9&7/2)�;f):Ci&�gw)JPD363657)�P�G�'6$�-lCS)�5t-@3	$F$AG�'�57$�GF):I�;6/N&7/2)�;rd`cyal&('6$n',K,>657/=+QYi�`�ho}�`#0#
PD363657)�P�G�'�P:;*+ � ak&7'6$<�m#%#�o}�`#%# P:363657)�P�G�'rd�&('*$4&7PD;R+�$F1 PD363*5()jP:G�'0?R-@$A-m&('6$4&757P:;*-@CS):571�$A+0)�?�&(3*?�&7-
)DC
P�#%?6MN&7/No}�UPyK�$F54V�$F5�G"$�3�&(57):; ]_#%�UV[a�GFM=P�-(-(/N¢R$F5�P:-�&7'6$n/2;*36?�&tCS$AP9&(?*5($A-�&()O�m#%#%-�/=;�G")�;j8�$F;j&(/=):;RPDMh-@3	$F$AG�'1 ý ì é^ê ¯32 éQé54�6$é ë ï 2 éjí%î ¯D÷ ê�é�î`ð76¦ï.êTð"ê
éjøÇü*û ë�¯D÷.÷ î ì é7é8476$é ë ï 2 é�í%î�ê ë é56�û ë î�é�ø@ï.íÇî ì ï.ê�6 ¯ 6�é ë ù



� ����� t����	�
�Å}#~���
��

57$�GF):I�;6/ ��$F5kb � e T " $.GFPDM=M	&('6$A-@$k&757P:;*-�CS)�5(14$A+t):?6&(36?�&�-w)DCU&7'6$.#%�rVf&('*$ �������	��

��������������������������� )DC�&('6$m/=;636?�&
CS$AP9&7?65($A-FT�p�/2I�?657$Bc`-('6)9gE-�&('*$E&7P:;*+�$�1x-(K�-�&7$F1�T���'6$h&(5�PD;R-�CS)�5(1�P9&7/2)�;*-�3	$F5(CS):5714$�+l&()
&('6$`#0�rVO)�?�&(36?6&7-wPD57$
cyaw&()�14)�+�/2CSK�&('6$
-({:$�gh;6$�-7-�)DC�&7'6$B3657):>*P:>6/=M2/2&�K<+�/\-�&75(/=>6?�&7/2)�;*-h&7'657):?6I�'�&7'6$BM=):IjPD57/N&7'614/=Gi&(5�PD;R-�CS)�5(1�P9&7/2)�;�):C
&7'6$.3	)�-@&($F57/=):5w365()�>*PD>*/2M=/N&�Kt+6/=-@&(57/2>*?�&(/=):;*-w):CU&('*$m-()DCL&71�P9�<)�?�&(36?6&7-.]S)�5h+�/257$�G"&(M=K4&7P:{j/=;6I�&('*$k3*5($Fo¶;6)�;6M=/2;6$APD57/N&�K
)�?�&(3*?�&7-k)DC &('6$�#%�UV[a�d�PD;R+ � ai+�$AG"):5757$FM\P9&($B&('6$lCS$�PD&(?657$�-`&('657):?*I:'%&7'6$ �.PD57'j?*;6$F;�o}�r),$�8:$t] �.��ah&757P:;*-@CS):571�d
+6$F57/28�$�+�CS5()�1 &7'6$.&(5�PD/=;6/=;6It+6PD&7P6Tw��P:;*+�$�1�-(K,-@&($�1 '*P�-h>	$F$F;%-('6)9gh;�&()�3	$F5(CS):571�-(/=I:;6/2¢RGFP:;j&(M=K<>	$"&@&7$F5`&('*P:;
>	)D&7'0&7'6$4',Kj>*5(/\+��i#%# PD;*+��m#%#�o}�`#%# PD363*5()jP:G�'6$A-FT.|};j&($�5($A-�&7/2;*I:M=K:d�3	$F5(CS):5714P:;*G"$l/2;�;6)�/=-(K%G")�;*+�/2&(/=):;*-
P:M=-()4/2143657)98:$A-wgh/N&7'�&�PD;*+6$F1 -(K�-�&7$F1�-FT

MLP

GMM−HMM
    SystemPre−nonlinearity

outputs

Input
features

Orthogonal
features

Tandem representation

KL
Tranform’n

Posteriors

p�/=I:?657$kc��r|}M=M2?R-�&757PD&(/=):;B):C	Ph&�PD;*+6$F1£-(K�-�&7$F1�T���57P:;*-@CS):571�$A+.3657$"oz;6):;*M2/=;6$�P:5(/2&�Kk):?�&736?�&�)DC6&7'6$h#%�rVHG")�;*-�&7/N&7?�&($
&7'6$m&7P:;*+�$�1 57$F3657$�-($F;j&7PD&(/=):;�)DCU&7'6$./=;636?�&ECS$AP9&7?65($�T

V�Y`Z >*P�-@$A+<CS$AP9&7?65($A-E-@&7PD;R+6-h/=;%P:-EP:;�/=;j&($�5($A-�&7/2;6ItG�PD;*+6/=+6PD&($mCS)�5h&('6$m&�PD;*+6$F1 -@K�-@&($F1�T���P:>6M=$ � I:/=8:$�-hP
3	$F5(CS):571�PD;*GF$EG")�1�3RPD57/=-():;�)DC�&7P:;*+�$�1 57$F3657$�-($F;j&�P9&(/=):;R-�):C�&('6$EV�Y`Z o}#%p�ZhZfP:;*+�#%p�ZhZiTj��P:;*+�$�1£57$F3657$�-($F;�o
&�P9&7/2)�;*-EPD57$.$"�,&757P�G�&($A+�CS5()�1�P�#%�UVQ&('*PD&h&7PD{�$�-E¡�CS5�PD14$A-h)DC�G")�;�&7$"�,&(?RPDMr/=;636?�&AdRP:;*+�'*P:-E������'6/\+6+�$�;n?6;6/2&7-
P:;*+ �&� ):?�&736?�&E?6;*/N&�-Fd*GF):575($A-@3	):;R+�/2;*I
&7)l&7'6$.;,?61
>	$F5`)DC�GF):;j&($F�,&@oz/2;*+6$F3	$F;*+�$�;j&E36'6):;*$�-�T! " 
'�^CS)�5`�����

p6$AP9&(?*5($ GFM2$APD; c � +�� �4+�� �4+��
�wozV�Y`Z o}#%p�ZhZ c��*T � cF�RT � �:� T � �:�*T ~
�woz#%p�ZhZ �RT � c � T ¡ � �6T � � � T �

��PD>*M2$ � ��Z[)�143*PD57/=-():;.):C6&('*$w-(3R$�$�G�'l5($AG"):I�;6/2&(/=):;.3	$F5(CS):5714P:;*G"$A-r):C6&7P:;*+�$F1�57$F3*5($A-@$�;�&�P9&7/2)�;*-r):C*V�Y`Z oz#%p�ZhZ
]u�wo¶V�Y`Z o}#%p�ZhZ�a PD;*+<#%p�ZhZW]_�wo}#%p�ZhZ�a�CS):5wG"M=$�P:;t-@3	$F$AG�'tPD;*+�;*):/\-@K�-@3	$F$AG�'tgh/N&7'<P:+*+�/N&7/28�$hC_P:G"&()�5(Kl;6):/\-@$
M=$F8�$FM\-�)DC�c � +��kd*�4+��kd*PD;R+ �4+��^�����E-�T " 
'��-@&7P:;*+6-wCS):5

"
):5�+ 
X5(57):5 �EPD&($�T

p*5()�1 &('6$�&7P:>6M=$�/2&�/=-4G"M=$�P:5
&7'*P9&�&('*$�V�Y`Z o}#%p�ZhZ�/=-�14):57$<57):>6?R-�&�&()HP:+6+6/N&7/28�$<;6)�/=-($�/=;�/2&7-�&�PD;*+6$F1
57$F3*5($A-@$�;�&�P9&7/2)�;rT��`)9g[$�8:$�5�d,/2&7-�3	$F5(CS):5714P:;*G"$k/=;�GFM2$APD;�-@3	$F$AG�'�/\-h-�&7/2M=Mr/=;�CS$F57/=):5w&()�&('RP9&E)DC�&('6$.#%p�ZhZiT*�E$�;*G"$
P:;fP:363657):3657/=PD&($<GF):1l>6/2;RP9&(/=):;�)DCE&7'6$�-($<&�gw)057$F3*5($A-@$�;�&�P9&7/2)�;*-Bgw):?6M\+OK,/=$FM\+�P�5()�>6?*-@&l3	$F5(CS):571�PD;*GF$�PDM=M[&('6$
GF):;*+6/N&7/2)�;*-FT�YE;H$F;j&(57):3,K%>RP:-($�+�G"):1l>6/=;*P9&7/2)�;�14$"&7'6)�+HK,/2$�M=+�/=;6InP�57$�P:-():;RPD>6M=Kn5()�>6?*-@&.3R$�5@CS)�5(1�PD;RG"$4/2;JP:M2M
GF):;*+6/N&7/2)�;*-�/=-E$"��36M\PD/=;6$�+�/2;�&7'6$.;6$"�,&`-($�G"&(/=):;rT

� � �l�U��� /����£©Bª�«h� §£� +�¨�!"��©m��!F�B� � ¬ *H©B����«,+ -�«0/���«hªU«h�l��©m��!F�B��ª
 ;�&75()�3,KO)DCi&('6$n3	)�-@&($�5(/=):543657):>*P:>6/=M2/2&�KO+�/\-�&75(/=>6?�&7/2)�;�$A-�&7/21�PD&($�+�P9&4&7'6$n):?�&736?�&t):C`&('*$%#%�rV -($F578:$�-4P�-�P
57$�P�-@)�;*PD>*M2$h$A-�&7/21�P9&7$hCS):5 &('6$i5($�M2/\PD>*/2M=/N&�Kl)DC�&7'6$`$A-�&7/21�P9&7$�-�T���'*/=-XC_P:G�&w'*P:- >R$�$F;t3*5()�3R)j-@$A+l/=;%b ��e PD;*+4?�&7/2M=/��F$�+



�7�4� t����	�B�&}#~���
:� �

PD;*+f8:$�5(/2¢*$�+�/2; b � e d[gh'6$�5($�gw$F/=I:'j&7-�>*P�-@$A+�)�;f$�;j&(57):3,KH8yP:M2?*$�-4'*Py8�$�>	$F$�;QP�-(-(/=I:;6$A+J&()J+�/2v�$F57$F;j&4CS$�P9&7?657$
-�&75($APD1�-X/=;�P
1
?6M2&(/2oz-@&(57$�P:1xCS57P:1�$ig[)�5({lCS):5�G")�1
>6/=;6/=;6IB&7'6$F/=5w3R)j-�&7$F57/2)�5 3657):>*P:>6/=M2/2&(/=$�-�T���'*$i$Fv	$AG�&(/=8:$�;6$�-7-[)DC
&('6$.$�;�&75()�3,K�>*P:-($�+�G")�1
>6/=;*P9&7/2)�;�):C�3	)�-@&($�5(/=):5�3657):>RPD>6/=M2/2&(/=$�-w'*P�-�>R$�$F;�CS?65(&('6$�5`+�$�1�)�;*-@&(5�P9&($A+t/=;Hb ~ e T

|};
&7'6/=-�3RPD3	$F5AdDg[$w3657):3	)�-($ &7'6$h?*-($[):C	Pm-(/214/=M=P:5�14$F&('6)�+l&()mG")�1
>6/=;6$w&('6$w&�PD;*+�$�1�57$F3657$�-($F;j&7PD&(/=):;*-�)DCR&('6$
CS$�P9&7?657$ -�&75($APD1�-�T

"
$['*Py8:$X-($F$�;./2;��,$�G"&(/=):;B~�&7'*P9&�&('6$ &7PD;R+�$F1 57$F3657$�-($F;j&7PD&(/=):;*-�P:5($�)�>�&7P:/2;*$�+m>,Km3R$�5@CS)�5(14/=;6I�.�O&757P:;*-�CS)�5(1�PD&(/=):;0)�;0$�/N&7'6$F5m&7'6$4365($Fo¶;*):;6M=/2;*$�PD57/2&�K�)�?�&(3*?�&7-m):C &('*$4#0�rV^):5mM2)�I�P:5(/2&('61�):C &7'6$43R)j-�&7$F57/2)�5

365()�>*PD>*/2M=/N&7/2$A-FT��E)9gw$F8�$F5AdU$�;�&75()�3,K%>*P:-($�+HGF):1
>*/2;*PD&(/=):;H/\-B3	$F5(CS):571�$A+H$F/2&('6$�5
P9&
&('6$t3	)�-@&($�5(/=):5
365()�>*PD>*/2M=/N&�K
M2$�8:$FM,)�5�PD&�M=):IjPD57/N&7'614/=G 3R)j-�&7$F57/2)�5�3*5()�>*PD>6/=M=/N&�K.M=$F8�$FM�b ¡ e T�|};l)�?65�GFP:-($:d9/2&�/=-�+6):;6$�P9&�&('6$�M=):IjPD57/N&7'614/=G 3R)j-�&7$F57/2)�5
365()�>*PD>*/2M=/N&�K�M2$�8:$FM¶TW�`$F;*GF$�&('6$�G"):1l>6/=;6$�+f&7P:;*+�$�1 57$F3657$�-($F;j&�P9&(/=):;f/=-t):>�&�PD/=;6$�+�>,KO¢*5�-@&�¢*;*+�/=;6IO)�?�&�&('6$
365()�>*PD>*/2M=/N&�K�)DC &('6$l$F;j&(57):3,K�>*P:-($�+%GF):1l>6/2;RP9&(/=):;%P:;*+n&7'6$F;03R$�5@CS)�5(14/=;6It&7'6$
M=):IjPD57/N&7'61 ):3	$F5�P9&(/=):;�CS)�M2M=)9gw$�+
>jK�&('*$ �.�H&757P:;*-�CS)�5(1�PD&(/=):;rT�YE;%/=M=M2?*-@&(5�P9&7/2)�;n)DC�$F;j&75()�3jK�>*P:-($�+nGF):1l>6/2;RP9&(/=):;R-h)DC�&7P:;*+�$�1�57$F3*5($A-@$�;�&�P9&7/2)�;*-
/=-�I�/28�$F;</=;�p�/=I:?*5($ � T�|zC�&('6$.#%�UVf3*P:57P:14$"&($�5w-($"&�CS)�5[&7'6$m&�gw)�-@&(57$�P:14-�d,):;6$iCS):5�V�Y`Z o}#%p�ZhZid ¼�� d*PD;*+t&('6$

Tandem 
representation
of stream 1

Tandem
representation
of stream 2
      

Softmax Softmax

Entropy based
 combination

Logarithm +
KL Transform

Combined
tandem
representation

Posterior
stream 1

 of Posterior of
   stream 2

Combined
posterior

p�/=I:?*5($ � � 
 ;�&75()�3,Kt>*P:-($�+�G")�1
>6/=;*PD&(/=):;<):C�&�PD;*+6$F1 57$F3*5($A-@$�;�&�P9&7/2)�;*-FT

)D&('*$F5ECS)�5k#0p�ZhZid ¼�� d�PD57$
+�$F;*)D&($A+n57$�-(3R$AG�&(/=8:$�M2K�>,K�È � PD;*+nÈ Ã d�P:;*+�/2C 3R)j-�&7$F57/2)�5E3657):>*P:>6/=M2/2&�K�)�?�&(3*?�&7-kPD57$+�$F;6):&($A+�5($A-@3	$�G"&(/=8:$�M2Kl>jK���Ç�� ¾�� ¼ � µ(È � É P:;*+ ��Ç�� ¾�� ¼�� µ@È Ã É dj&('6$�;�&('*$iG")�1
>6/=;6$A+4M2)�IB3R)j-�&7$F57/2)�5X3657):>*P:>6/=M2/2&�K
	h/=-I:/=8:$F;�>,Kt$�qj?*PD&(/=):;

� Å
�'��Ç�� ¾�� ¼ � µ ¼�� É ¯ Ã� � ����� � � Å��'��Ç�� ¾�� ¼�� µ(È � É ]S�ja

gh'6$F57$ � � P:;*+ � Ã G")�;*-@&(/2&(?�&7$B&('*$
P:+6P:3�&(/=8:$
g[$�/2I�'�&�-EG")�1436?�&($A+�?*-(/2;6I<$F;j&(57):3,K�P�-hCS)�M2M=)9gE- �[|zC�&('6$�5($lPD57$��
G"M\P:-7-@$A-i]_gh'6/=G�'�/=;�)�?65hGFP:-($mG"):5757$�-(3R)�;*+6- &()l&('6$m;,?61
>	$F5h):C�G")�;j&($"�,&(o¶/=;*+�$�3R$�;*+�$F;j&h36'6)�;6$F14$A-7a"d,&('6$m$F;j&75()�3jK
)DC�&('6$.3	)�-@&($�5(/=):5�3657):>*P:>6/=M2/2&�K�):?�&736?�&`+�/\-@&(57/2>6?6&(/=):;�)DC������4CS$�P9&7?657$m-@&(57$�P:1 /\-hG"):1436?6&($�+�>,Kt$Aq�?RP9&(/=):;Ud

� � ¯�º���
¾ � � ��Ç�� ¾�� ¼�� µ(È � É"!�#%$ Ã ��Ç�� ¾�� ¼�� µ@È � É ]u�:a

& �Èû1ò'6$û1ê�î�é ë ï.û ë 6 ë û ²�¯D² ï ÷ ï îKó Ä û 2)² ï.í ¯ î�ï.û1íÇï.ê Ä!ì û1ê�é�íÇû('%é ë î ì é�6$û1êJî
é ë ï.û ë 6 ë û ²"¯D² ï ÷ ï îKó Ä û 2A² ï.í ¯ î
ï.û1í ±B¯ ê�ï îÙò1ï '%é�ê ² é�îJî
é ëFë é Ä û1ò*)íBï î
ï.û1í%6�é ë ü*û ë 2�¯ í Ä é1ù



� ����� t����	�
�Å}#~���
��

��'*$
G"M=)�-($F5�&7'6$B$F;j&75()�3jK<8yP:M2?*$./=-�&7)��F$�5()Rd614):57$.5($�M2/\PD>6M=$k&('6$
3R)j-�&7$F57/2)�5h365()�>*PD>*/2M=/N&�K�+�/=-@&(57/=>6?�&(/=):;�/\-FT��E$�;*G"$
P�;6)�5(1�P:M2/��F$A+</=;,8:$F5�-($i89PDM=?6$m)DC�&('*$.$F;j&(57):3,K�/\-h?*-($�+�P:-hPD;�P:+*PD3�&7/28�$kgw$F/=I:'j&7/2;6IlC_P:G"&()�5�d � �

d*G")�1�3*?�&($A+�P�- �
�
�
¯ ·�� � �
� Ã� � � ·�� � �

��3R$�$�G�'
57$�GF):I�;6/N&7/2)�;B3	$F5(CS):5714P:;*G"$ )DC6&7'6$hG"):1l>6/=;6$�+B&7PD;R+�$F1�57$F3657$�-($F;j&�P9&(/=):;.):C*V�Y`Z oz#0p�ZhZHP:;*+
#%p�ZhZ
/\-tI�/28�$F;�/=; ��P:>6M=$0~6T�p657):1 &('*$n&7P:>6M2$0/N&�/=-�G"M=$�PD5t&('*PD&t&('6$�G")�1
>6/=;6$�+�&�PD;*+6$F1 5($�365($A-@$�;j&7P9&7/2)�;fI�/28�$�-tP
57$�P�-@)�;*PD>*M2K�I:),)�+t57$�GF):I:;*/N&7/2)�;t3R$�5@CS)�5(1�P:;*G"$i/2;�PDM=M	&('6$mG")�;*+�/2&(/=):;*-�d,gh'6$F;�G")�1�3RPD57$�+4&7)
&7'6$m3R$�5@CS)�5(1�PD;RG"$`):C
/=;*+�/=8,/=+6?*PDM*&7PD;R+�$F1 5($�365($A-@$�;j&7P9&7/2)�;*-�P:-�I�/28�$F;�/2;t��PD>*M2$ � T�|};j&($�5($A-�&7/2;*I:M=K:d9&7'6$`G")�1
>6/=;*PD&(/=):;4PDM=gwPyK�-�3	$F5(CS):5714-
>	$"&(&($�5h&('*P:;�&('6$.>	$�-@&E3R$�5@CS)�5(14/=;6I�CS$�PD&(?657$m/2;�;6)�/=-(Kt-@3	$F$AG�'rT! " 
'�^CS):5`�6���

GFM2$APD; c � +�� �4+�� �4+��
��T � c:c�T � � �6T � ���*T ¡

��PD>*M2$m~��X�,3	$F$AG�'<57$�G")�I:;6/2&(/=):;�3	$F5(CS):571�PD;*GF$�- )DCU$�;�&75()�3,K�>RP:-($�+tGF):1
>*/2;*PD&(/=):;t):Cr&7P:;*+�$�1 5($�365($A-@$�;j&7P9&7/2)�;*-X):C
V�Y`Z o}#%p�ZhZ�P:;*+t#%p�ZhZ�CS):5wG"M=$�PD;�-@3	$F$AG�'<PD;*+4;*):/\-@K�-(3R$�$�G�'�gh/2&('�P�+6+�/2&(/=8:$hC_P�G�&7):57Kl;6)�/=-($`M=$F8�$FM\-X):CXc � +��kd
�4+��kd*P:;*+ �4+�� ���%�E-FT " 
$��-�&�PD;*+6-wCS)�5

"
)�57+ 
X575()�5,�EP9&7$:T

� §£�B�����F��ª�!"�B�

|};�&7'6/=-43RPD3	$F5Ad gw$�'RPy8:$<3*5($A-@$�;�&7$�+�PD;�$F;j&(57):3,KH>*P�-@$A+�14$"&7'6)�+O&7)JG"):1l>6/=;6$�&7PD;R+�$F1�57$F3*5($A-@$�;�&�P9&7/2)�;*-
):C
&7'6$nV�Y`Z oz#0p�ZhZ P:;*+�#%p�ZhZiT ��'*$�1�P:/2;�14)D&(/=89P9&7/2)�;f>	$F'6/=;*+f&('*/=-�gw):57{J/\-�&('6$�C_P�G�&4&('*PD&tV�Y`Z oz#%p�ZhZ
/=143657)98:$�-U/N&�-U57):>*?*-�&7;6$�-7-r/=;
/2&7-U&7P:;*+�$�1^57$F3*5($A-@$�;�&�P9&7/2)�;BPD;*+m&7'6$X&�PD;*+6$F1�57$F3657$�-($F;j&7PD&(/=):;m)DC�&7'6$�#%p�ZhZ�-('6)9g
P4-(/2I�;6/2¢RGFP:;�&h3	$F5(CS):571�PD;*GF$i/=14365()98�$F14$F;j&�/2;nGFM2$APD;�-@3	$F$AG�'rTX��'6$m5($A-@?*MN&�-�)DCU&7'6$.$"��3	$F57/214$�;�&�-�3R$�5@CS)�5(14$A+<)�;
 m�k|m�E?*1
>	$F5�-(¡j��+*P9&7P:>*P:-($�P:+6+6$�+�gh/N&7'HC_P:G"&():57K%;6)�/=-($�CS5()�1 �`):/\-@$F��¡ � +*P9&7P:>*P:-($�-@'*)9g�&('RP9&B&7'6$�$F;j&(57):3,K
>RP:-($�+�G")�1
>6/=;*PD&(/=):;�+�),$�-[PD;tPD3*365()�3657/=PD&($hG")�1
>6/=;*P9&7/2)�;4)DC�&('6$`/2;*+6/28,/\+�?*PDMR&7P:;*+�$�1 57$F3657$�-($F;j&�P9&(/=):;R-�&()BK,/=$FM\+
P�57$�P�-@)�;*PD>6M=K�57):>6?*-@&h5($AG")�I:;6/2&(/=):;�3R$�5@CS)�5(1�PD;RG"$k/2;nPDM=MrG")�;*+�/2&(/=):;*-�T

-�«h¬9«���«h���w«hª

b2c e ��T�|}{j>RPDM¶di�BTh#n/\-(57P*d`PD;*+W�BT �w):?657M\PD5�+�d��@VX'*P:-($HYE?�&7),Z[):5757$FM\P9&(/=):;�]_V�Y`Z�a�+6$F57/28�$�+�57):>6?R-�&�-@3	$F$AG�'
CS$�P9&7?657$�-�d 	�/=;�
 ���
��� ������������� 
������DdR�E):;*I �i):;*I*d�YE365AT � �&�:~6d,|(|zo7cA~:~� ,|@|zo�c�~��6T

b �9e ��Ty|}{j>RPDM¶dD�BT9�E$�5(1�PD;R-@{,K:dDP:;*+B�
T �[)�?657M=P:57+�d��(�E):;*M2/=;6$�P:5���3R$AG�&(5�PDM���57P:;*-@CS):5714PD&(/=):;*-�CS):5 �h):>*?*-�&X�,3	$F$AG�'�h$�GF):I:;*/N&7/2)�;rd 	0/=;!
 �����
� ���"�$#%#&#'���)(+*-, �.�.�0/ ���$1��$2 � � dr�j&�T	��'6):1�P�-Fd43`/=5(I�/2;n|�-(M=P:;*+6-�d45k��YBTE�`)98�o
6`$AGDd � ���:~*T

b ~ e ��T*|}{,>*P:Mud*�
TR#n/\-(57P*d6�BT �w)�?65(M\PD5�+�d6P:;*+��BTR�`$F571�PD;*-({,K:d7�@VX'*P�-@$BY`?�&()�Z[):575($�M=PD&(/=):;�]_V�Y`Z�aEp6$AP9&7?65($A-h/=;
X;j&(57):3,K ��P�-@$A+�#n?6M2&(/2o}�j&75($APD1xCS):5 �h):>*?*-�&h�,3	$F$�G�' �E$�G")�I:;6/2&(/=):;Ud 	�&()lP:363	$�PD5 /2;8
 �����
� �9�������:�4� 
;���=<6d
#n):;j&(57$�P:Mud�#%PyK�T � ���:�*T

b � e �BT �w)�?65(M\PD5�+�dUP:;*+H�BTU#%):57I�PD;Ud!>�Z[)�;6;6$AG�&(/=):;*/=-@&
�,3R$�$�G�' �h$AG")�I:;6/2&(/=):;��BY �`K,>65(/\+JYE3*365()jP:G�'rd?>A@ 2 �
BDCFEHG � ��� ����� ��������������� C � � ����� � � �I# �KJ	� ��� ����� �KJ������I� ��
 � E �����L�M�������N� � d��mM2?,gw$F5XYhG�P:+�$�1�/\G�VX?6>*M2/\-@'*$F5�-Fd�[)j-�&7):;rdO5k��YBdhcA¡:¡�~6d)3�):M¶T � � � T

b � e �BT6�E$�5(1�P:;*-@{,K�d)6lT�
XM=M=/=-�d*PD;R+���TR��'*PD571�P6dP�@��PD;*+6$F1�Z[):;*;6$�G"&(/=):;6/\-�&Ep*$�P9&7?657$%
��,&757P�G�&(/=):;�CS):5`Z[)�;j8�$F;�o
&(/=):;*P:Mr�`#%#��,K�-@&($F1�-�d 	 � � 
 ���
�
� �9�L���Q����� 
;���.�Dd6|�-�&�PD;,>6?6M¶d&R�?6;6$ � �&���6T



�7�4� t����	�B�&}#~���
:� �
b � e 6
T7
XM=M2/\-�d �.TD�,/2;*I:'rd9PD;R+
��TD�,/=8yP�+6P:-�d��@��PD;*+6$F1�YhG")�?*-�&7/=G #n)�+�$FM=/2;*I`/=;
�UP:5(I�$"o 3�),G�PD>6?*M=P:5(K��E$�G")�I:;6/2&(/=):;Ud 	
� � 
 �����
� �9�������:��� 
;��� � dR��P:MN&E�UP:{:$
Z[/2&�K:dO5h&�PD'rd45i��Y
d #%PyK � �&�6c�T

b �Ae ��TR i{9PygwP*d 
ET��w)�GFG�'6/=$F57/ud�P:;*+�Y
T6V�)D&�PD14/=P:;6)�-�dP�@#n?*MN&7/No8��PD;*+��,3	$F$�G�' �h$AG"):I�;6/2&(/=):;</=;n�E)�/=-(K 
X;,8,/257):;6o
14$F;j&7-�d 	�/2;�
 ���
�
� �9�����Q����� 
;�����:dR�,$�PD&@&7M2$�d

"
P�-@'*/2;6I:&()�;rdO5i��Y
dX#%PyK%cA¡:¡��*T

b � e �BTr#n/\-(57P*dr�BT��w):?657M\PD5�+�d�PD;*+ 3
Tr�[K�P:I:/¶d"�@�`$Fg 
X;j&(57):3,Kn>*P:-($�+HZ[):1l>6/2;RP9&(/=):; �h?6M=$�-m/=;��i#%#��DY`�`�
#n?6M2&(/2o}�,&(57$�PD1�Yi� �.d 	�/=;�
 ���
��� ������������� 
������DdR�E):;*I �i):;*I*d�YE365AT � �&�:~*dj|(|zo � �*c  j|@|zo � ���*T

b ¡ e YBTw�`PDI�$F;rd � �h)�>6?*-@&��,3R$�$�G�' �h$AG")�I:;6/2&(/=):; ��P:-($�+�):;�#n?*MN&7/No��j&(57$�P:1 VX57)�G"$A-(-(/2;*I*d 	 @ 2 � � � � d,
 V p��Xd
�UP:?*-(P:;6;6$�d���gh/N& �F$F57M\PD;*+�T&6i$�G:T � �&�6c�T

b2c7� e �.T�Z[)�M2$�d�#JT��`)j$�Mud��mT��UP:;*+�$F5Ad�PD;*+J�mT 6`?*5('*P:1�d �@�`$Fgx&($�M2$�36'6)�;6$<-(3R$�$�G�'OG")�5(3	):5�PnP9&�Z�����5
d 	 � �

 ���
� ��� � � �KJ � �9�L# E ��������� � � � ��� �������N� � � � � ����� � 2 � ��
 
 E � � ��� � ��� � ����� @ � � 2 ��� C � J	� dwc�¡�¡���d�8:)�MuT	c:dj363rT� � c  � � �RT

b2c�c e YBTM3XPD57I�P*d��BTU�j&7$F$F;*$F{:$�;rdr#JT���):14M2/=;*-():;rdrP:;*+�6lTQR�):;6$A-Fd"�(��'6$4�k i|@� 
�
Eo}¡ � -@&(?R+�K%):;0&('6$4P9v�$�G"&.)DC
P:+6+6/N&7/28�$
;6)�/=-($
)�;0PD?�&7):1�P9&7/=Gl-@3	$F$AG�'057$�GF):I:;*/N&7/2)�;rd 	 @ � � 2 ��� � � C ����������� dQ6%�EY��,3	$F$AG�' �h$A-@$APD5�G�' 5E;6/2&�d
#%PDM=8:$�5(;Ud�
 ;6I:M\PD;*+rdhc�¡:¡ � T


