
���������
	��
����������������������� �����! "�#	��$�%�&��'

(*),+-)&.0/21&341,5
687�9;:=<?>A@�BDC�E�F49-7&9HGIBKJ47ML
N$OPF
QRBS:PTRGIOPJ4T�OVUWJ�GX9

Y[Z]\ F^O�O�J`_�abF^7MQROKc�dbBKJ4e
BDJ�cMfKJ
gKLh7�J4e^cRi"@ Y N
jMkmlon
p[qDr?q?s,t*u[qSv?w[x,r�y{zb|*}8y~q*|$y�z?�

���0�[�~�,�����
�
� O�:�9-7�J4e�7�QRe`QRO�G�J
�=BKQRT�O�C�O�J�9$LhO&7�Q~J�G�J
g#�,GIOP��Bb�09 � OAG�J?�bBDL��bO�C"OPJ�9
BD�0J4O�F
QRBDC"B[eSF
Lh7&9-BKQ=>�:�>S:�9-O�C":AG�J�G�J^:�9HQ=F
C"OPJ�9-7ML8T�BDJ4e*GX9HGIBKJ�G�J
g�G�J4�
TRL�F^e
O&:`7�QR7&9 � O�Q�:�9HQR7MG�g � 9��;BDQ=��7MQRe
T�BKJ4T�OPE^9HGIBKJ�BD��C"Bb9HG��[7�9HGIBDJ!7,:
E
QRO�e?GXTP9�GXBDJ�Bb��:�F
C���F49�F
QRO�QRO���7�QRe�n*@�BDC�E�OM9HGX9HGIBKJ�<^OM9���O�O�J�7,TP9HGIBKJ^:
Gh:�<^7,:PO&e`BDJ�9 � O C�B[9HG��b7&9HG�J
g�T � 7�QR7,TP9-O�Q~GI:�9�GXTM:�BD�m9 � O�G�Q¡T�BDJ^:PO�abF^OPJ�9
:�9-7&9-O&:$G�J�9 � GI:V:PO�J^:PO&n�_PF*<^:�9-7MJ�9HGI7ML�c�T�7MQRO���F
L�cMOP¢DE^OPQ~G�C"OPJ�9£:$QRO��KGIO���O�e
G�J�¤¥GXTR¦SG�J^:PBKJ�§�¨�7�L�LhO�G�J4OKcª©-«~¬X©£­�G�J�9-B�9 � O¥J4OPF
QRB�<
GIBKLhBDg,> 7MJ4e E�:�>[T � BKLh�
BDg,>#BD��C"Bb9HG��[7�9�GXBDJ®: � BK��:09 � 7&9o9 � Gh:m�KGIO��¯Gh:�G�J4T�BDC�E
LhOM9-O,n4°�J�C"7�J?>
T�7,:PO,:�c�7MJ�G�C"7�L�:27�QRO2�=7&T�O&eA�VGX9 � 9 � O0T � BDGIT�O0J4Bb9�<^OM9���O�O�J�C"7�J?>�e*G��;�
�;O�QROPJ�9$7&TP9�GXBDJ^:A7�9$7�gKG±�[OPJ²:�9£7�9-ODc&<?F498QR7&9 � O�Q�� � OM9 � O�Q¡7�:{G�J
gKLhO]QRO��
:{E^BKJ^:PO�GI:���BKQ{9 � O�¢SO�T{F49HG�J
g�7&9�7ML�L�n®f,�KGIe
OPJ4T�O":�F�gDg[O,:�9£:#9 � 7&9¡9 � O
C"Bb9HG��[7�9HGIBDJ47�L�E
QRBST�O&:�:VF
J4e
OPQ~L�>KG�J
g#9 � Gh: T � BKGIT�O � 7K:�e*G�³$OPQRO�J�9WE�:�>b�
T � BKLhBbgKGXT�7ML27MJ4e�J4OPF
QR7�L8E
QRBDE^OPQ{9HGIO,:´�-QRBKCµ9 � 7&9mF
J4e�OPQ~L�>KG�J
g�7,TP9HGIBKJ
T � BKGIT�O&n¯i"O�e
O&:PTRQ~Gª<^O®7�J4e�C"B[e
O�L¡9 � O&:PO"C"Bb9HG��[7�9HGIBDJ47�L :�>S:�9-OPC`:�c
7�J4e�T�BDJ^:{GXe�OPQm9 � O���7P>´9 � O�>AG�J�9-OPQR7,TP9£n

¶ ·�¸ �~�K¹�º�»2���~¼-¹ ¸
l�OPG�J
�;BDQRT�OPC"OPJ�9�LhO�7MQ~J�G�J
g�½�l4db«=¾�¿�<^O�7MQ�:¥709-BKQ{9�F^BKF�:�QROPLh7&9HGIBKJ^: � G�E��0GX9 ��� Gh:�9-BDQ~GIT�7�L*7MJ4e
T�BKJ�9£OPC�E^BKQR7MQ=>�GIe
O�7K: G�J²TRLh7K:�:{GIT�7�L87MJ4e�G�J^:�9HQ=F
C"O�J�9-7�L�T�BDJ4e*GX9HGIBKJ�G�J
gSn´k$LI9 � B,F�g � l4d
: � O�e4:]G�C�E^BKQ{9-7MJ�90L�G�g � 92G�J�:PBKC"O�C�F
Q~¦[>®7MQRO�7K:�c
GX9 � 7K:´E^7�GIe�LhO&:�:�7�9-9-OPJ�9HGIBDJÀ9-B�QRO��
:PO�7MQRT � T�BKJ4T�O�Q~J�G�J
g�9 � O´Á�ÂDÃhÄ ÅbÆ
ÃhÄªÂDÇ�BD�$:�9HG�C�F
L�F�:P��QRO&:{E^BDJ^:PO¡½X_�l�¿SL�G�J�¦�:�n
l4d]C"OM9 � BSe�:
7MQROVC"7�G�J�L�>#T�BKJ4T�O�Q~J4O�e#�VGX9 � E
QRO�E^7�QR7&9-BDQ=>]È[7��,LhBK�,GI7MJÉ½�ÊRË�:PO�T�BDJ4e
7�Q=>b¿
T�BKJ4e?G�9�GXBDJ�G�J
g?c
7MJ4e^cKG�J`G�J^:�9HQ=F
C"OPJ�9-7ML�T�BDJ4e*GX9HGIBKJ�G�J
g?cS9 � OAT�BKC�E^O�9HGX9HGIBKJ"<^OM9���O�O�J�C�F
LI9HG�E
LhO�E^BS:�:{Gª<
LhO
7,TP9HGIBKJ^:�gKG±�[OPJ®7 E^7MQ{9HGIT{F
Lh7�QV:�9�G�C�F
L�F�:�BKQ¡:�9£7�9-ODc�<^7K:PO�eÉBKJ®9 � O ��F49�F
QRO�QRO���7�QRe?G�J
g�BKQ
E�F
J�Gh: � G�J
g#T�BKJ^:PO&abF^OPJ4T�O&:�BD�¥9 � BS:POA7,TP9HGIBKJ^:�n �
� O&:PO � 7��bO0<4O&OPJ�F�:PO&e�9-B]<�F
G�Lhe�:�F^T��
T�O&:�:R��F
L?7MJ4e´E�QRO�e*GITP9HG��[O$C"B[e�OPL�:2BD�o9 � OV7,TP9HG��,GX9�>ABb��C"BKJ�¦?OP>�e�BKE^7MC�G�J4OVT�O�L�L�:8G�J�T�BDJ4�
e*GX9HGIBKJ�G�J
gSn «~«~¬±«;Ì ¨b>�T�BKJ�9HQR7K:�9=cS_�l�QRO&:PO�7MQRT � :�9-7MQ{9£:¡��QRBKCÍ9 � O�E
QROPC�Gh:PO]9 � 7&9=cKG�J`C"7�J?>
TRG�QRT{F
C`:�9-7�J4T�O,:�c�gKG±�[OPJÎ7MJÀF
J4T�BKJ4e?G�9�GXBDJ4O�e�:�9�G�C�F
L�F�:�½±Um_&Ï�:�F^T � 7K:�7��=B[BSeÀE^O�L�LhOM9�¿�c
9 � O�QROAGh:´BKJ�L�>ÉBDJ4O´J47&9�F
QR7ML8:POM90BD�¡7&TP9HGIBDJ^:�½�9 � O"Ð*Æ*Ñ*Ä�Ã$Bb�V7ME
E
QRBS7&T � G�J
g`7MJ4e�O�7&9HG�J
g
9 � Om�;B[BSe�¿�cM7�J4eA9 � O$C"7�G�J�Gh:�:�F^O8Gh:W� � OM9 � OPQo9 � Gh:$:POM9?Gh:W��BKQ{9 � O�¢SO�T{F49HG�J
g�½ª>[O&:�cRG�� � F
J4�
gKQ=>?c{J4B�G���:P7&9-O�e�¿In ��� GI:WGh:¥9�QR7&e*GX9HGIBDJ47�L�L�>�T�BKJ4T�O�G±�[O�e#7,:¥7VabF^O&:�9�GXBDJ#BD��T�BKJ^:�F
C�C"7�9£BKQ=>
C"Bb9HG��[7�9�GXBDJ^n�_Ml�QRO&:PO&7�QRT � g[B[O,: BDJ�9-B":�9�F^eS> � B,��9 � O&:PO � 7R<
GX9£:�c*7MJ4e�7�L�:PB�9 � O C"BS�
9HG��[7�9HGIBDJÀ7K:�:PB[TRGI7�9£O�eÉ�VGX9 � 9 � OPC�c47�QRO�Ò 7&9�9-7,T � O�e^ÓSG�J²7�J%7�E�E
QRBKE
Q~GI7&9-OPL�>�E
QRO�E^7�QR7&9-BDQ=>
:POPJ^:POV9£B�T�BKJ4e*GX9HGIBDJ4O�e":�9HG�C�F
L�G
½�@o_&:�¿*9 � 7&9o7�QRO2E
QRO&e*GITP9HG��bO¡Bb�W9 � O0Um_&:�n
�
� OÉe*G�³$OPQROPJ4T�O#<4O�9���O�OPJ�l^d*Ó :�T�BKC�E^O�9HGX9HGIBKJ%<4O�9���O&OPJ%C�F
LI9HG�E
LhO`7&TP9HGIBDJ^:�7�J4eÎ_�l�Ó :
C"Bb9HG��[7�9�GXBDJ²BD�V7#:{G�J
gKLhO�7,TP9HGIBKJ®C�G�g � 92:PO�O�CÍ9�Q~G±�KGI7�L�c[E^7�Q{9�GXT{F
Lh7MQ~L�>�G��07MJ�O�¢[9HQR7bcbJ?F
L�L�c
7,TP9HGIBKJ�Gh:VG�J4TRL�F^e
O&e�G�J®9 � O´7,TP9HGIBKJ�T�BKC�E^O�9HGX9HGIBKJ®G�J®l4d*cS:PB�9 � O�:�F*<[Ô;O&TP9mT�7�J�7&TP9�G±�[OPL�>
T � B[B*:PO�9-B%e
BÕJ4B[9 � G�J
gSn×Ö2BK��OP�bO�Q�c89 � O�QRO�Gh:`:�F*<^:�9-7MJ�9HGI7MLVO��KGIe
OPJ4T�O`�-QRBKCØOP¢DE^OPQ~GI�



C"OPJ�9£:�G�J�� � GIT � e*Q~G��[O�:�9£7�9-O,:�½�ÊRË � F
J
g[OPQ�c�9 � G�Q�:�9�¿07�QRO�C"7�J�G�E�F
Lh7&9-O&e^c�9 � 7&9�C"B[9HGI�
�[7�9HGIBDJÎG�J
9 � O�_Ml!:PO�J^:PO���BKQ~¦
:�G�J×7�:PBDE � Gh:�9HGIT�7�9£O�e^coG�J�9HQ~G�J^:{GIT�7ML�L�>�g[B[7MLh�I:POPJ^:{GX9HG��[OKc
��7P>�7�J4e®T�7MJÕO�¢SOPQ{9WF
J4OP¢KE�O�TP9-O&eÉOM³¥O&TP9£:ABKJ�G�J^:�9HQ=F
C"OPJ�9£7�LWT�BKJ4e?G�9�GXBDJ�G�J
gSn¡¨[>�T�BDC"�
E^7MQ~Gh:PBKJ��VG�9 � l4d*c[E�:�>bT � BDLhBDgKGIT�7�L$:�9�F^eS>"BD�2C#F
LI9�G�E�LhO´g[B[7ML�:��VG�9 � G�J²:{G�J
gKLhO#OPJ?�KG�QRBDJ4�
C"OPJ�9£:¡Gh:�abF
GX9-O´7,eS�b7MJ4T�O�e�c&E^7MQ{9HGIT{F
Lh7MQ~L�>�G�J®O�¢DE^O�Q~G�C"O�J�9£:0G�J`� � GIT � BKJ4O]g[B[7MLoBKQ�:POM9
BD�2g[B[7ML�:�Gh: OM³¥O&TP9HG��bO#eSF
Q~G�J
g�LhO�7MQ~J�G�J
g?c*7�J4e®7MJ4Bb9 � OPQ�eSF
Q~G�J
g�E^OPQ��=BKQ~C"7�J4T�O,n¡¨�7K:PO�e
BKJ�9 � O&:POm7MJ4e�B[9 � OPQ8:�9�F^e?GXO,:�c�½�7MJ4e�O�7MQ~L�GIOPQo9 � O�BDQROM9HGIT�7MLKGXe�O�7K:���QRBKC�cM7�C"BDJ
gS:�94Bb9 � OPQ�:�c
� BDJ4BKQ�:{¦[GHc ©�¾�¬X©�� ¤¥GITR¦SG�J^:PBDJ�c
¨?7ML�LhOPG�J4O�7MJ4e®9 � O�G�Q]T�BKL�LhO&7Mg,F^O,: ©£­¡� 7��[O#:�F�gDg[O&:�9£O�e�9 � 7&9
9 � O�QRO�7�QRO¡QRO�7ML�L�>A9���B�:POPE^7MQR7�9£O2C�B[9HG��b7&9HGIBKJ47ML�:�>S:�9-O�C":�cKBKJ4O]7,:�:PBSTRGX7&9-O&e��0GX9 � È[7��,LhBS�
�KGX7MJ�C"Bb9�G±�[7&9HGIBKJ�c[7,:�G�J�_Ml�cK7MJ4e�BKJ4O]7,:�:PBSTRGI7�9-O&e#�VG�9 � G�J^:�9HQ=F
C"OPJ�9-7ML47&TP9�GXBDJÉT � BKGIT�O,n
�
� OP>���F
Q{9 � O�Q2:�F�gDg[O&:�9=c&E^7�Q{9�L�>�<^7,:PO&e"BDJ�QROPLh7&9-O�e�:�F�gDg[O,:�9HGIBKJ^:$<�>�¨�OPQ~Q~GIe?g[O�7MJ4e � Gh:
T�BKL�LhO&7Mg,F^O,:�c��#9 � 7&9�BKJ�L�>�9 � O�È[7P�KLhB,�KGI7�J
:�>S:�9-OPC G�J?�[BKL��[O&:�e
BDE^7�C�G�J4O&n�NmOPGX9 � O�Q´9 � O
È[7��,LhBK�,GI7MJÕJ4BDQA9 � O#G�J^:�9HQ=F
C"O�J�9-7�Lm:�>[:�9£OPC C"7ME�:#TRLhO�7MJ�L�>�BKJ�9-B�9 � O�:�9-7�J4e�7�QRe��,GIO��
BD�¥l^d*cD7MJ4e"9 � O]:�F�gDg[O,:�9HGIBKJ�7�<^B,F49¥e
BKE^7MC�G�J4O¡��B,F
Lhe`TRLhO�7MQ~L�>�:{G�gKJ�G���T�7�J�9�L�>�e�7�C"7�g[O
9 � O�l^d"G�J�9-O�Q~E
QROM9£7�9HGIBDJÀBD��9 � O#G�J?�[BKL��[OPC"O�J�9�BD��9 � Gh:�J4O�F
QRBDC�BSeSF
Lh7&9-BKQ=>®:�>S:�9-O�C G�J
T�BKJ4e?G�9�GXBDJ�G�J
gSn
°�J¯9 � Gh:�E^7ME^O�Q�c���O®e�O&:PTRQ~Gª<4O®:PBDC�O�BD��9 � O`¦�O�>ÀOP�,GIe
O�J4T�O�:�F
E
E^BKQ{9�G�J
g²9 � O®e*G�³$OPQR�
OPJ4T�O0<^OM9���O�O�J�G�J^:�9HQ=F
C"OPJ�9-7ML^7MJ4e�È[7��,LhBK�,GI7MJ�C"Bb9HG��[7�9HGIBDJ®½X:PO&O 7ML�:PB#¨?7ML�¦?O�J�G±F�: ­ 7MJ4e
_�E
GIOPQR«��~¿�c47�J4e²O�¢DE^7MJ4e�9 � O�C"B[e
O�L$Bb�Vl4d"G�JÀ9 � OA<�QR7MG�J²9-B"G�J4T�BKQ~E�BKQR7&9-O�_�lÀC"Bb9�G±�[7,�
9HGIBKJ"7MJ4e�T�BKJ4T�BDC�GX9-7MJ�9WOP�,GIe
O�J4T�O¡BKJ�G�J�9HQ~G�J^:{GITmg[BS7�L4:POPJ^:{GX9HG��KGX9�>´½�7K:$��O�L�L�7K:¥G�J�9HQ~G�J^:{GIT
� 7�<�GX9£:�¿In _�BDC�O�BD�09 � O
	�ÂDÁ���

ÃXÆ�ÃhÄªÂDÇ*Æ��
E
QRBDE^OPQ{9�GXO,:�Bb�29 � Gh:�J4OP��C"B[e
O�Lo9�F
Q~JÕB,F49m9£B
<^O�QR7&9 � OPQ#:�9HQR7MJ
g[O��´<�F49�9 � Gh:�Gh:�7Ée*G�QRO�TP9�T�BDJ^:PO�abF^OPJ4T�O`BD�´O�abF
G��b7MLhOPJ�9�L�>�:�9HQR7MJ
g[O
B�<�:POPQ=�[7�<�LhO$<^O � 7��,GIBDQ�n

� ����� ¹�� � �~¼������m� ¸ º���� � � �&¼"! � ¸ ���#�%$¥�
��&('��D¹�» ¸ º
) G�g,F
QRO Y : � B,� :07 :�9-7MJ4e
7MQRe��,GIO�� BD�W9 � O0G�J?�bBDL��bO�C�O�J�9WBD��9 � O�e
BDE^7�C�G�J4O�:�>S:�9-OPC G�J
l^dbn «~«~¬ª«;ÌV¤�BKE^7MC�G�J4O¡J4OPF
QRBKJ^:$G�J�9 � O0�bO�J�9HQR7�L�9-OMgKC�O�J�9-7ML
7MQRO�7�½+* � k�¿�7�J4e�:�F*<�:�9-7MJ�9HGI7
J�G�gKQR7¥E^7MQ�:�T�BKC�E^7,TP9-7V½X_�NmTP¿&QROPE^BDQ{9�9 � O$9-O�C�E^BKQR7ML[e*G�³¥O�QROPJ4T�Om½ � ¤m¿bOPQ~QRBKQ-,-.0/21£nD°XJ´9 � O
:{G�C�E
LhO&:�9^�[OPQ�:{GIBDJ`BD�¥9 � O�9 � O�BKQ=>?c,9 � GI:�Gh:¡T�7MLhT{F
Lh7&9-O�e�7K:�, .0/214365%.0/2187:9(;�.=<-.0/>7 Y 1?1A@
9 ; .=<-.0/21?1=c*� � OPQROB5%.0/21mGh:A9 � OA�[7�L�F^O#BD�V9 � O�QRO���7�QRe�7&9�9�G�C"OC/�c4<-.0/21$Gh:´7MJ�G�J�9-O�Q~J47�L
QROPE�QRO&:POPJ�9£7�9HGIBDJÕBD�¡9 � O�:�9-7�9£O#7&9�9HG�C"OD/�c�9 ; .E< .0/21?1�Gh:A9 � O�O�¢DE^O&TP9-7&9HGIBKJ²Bb�V9 � O�:�F
C
9-B[9-7�L���F49HF
QRO¡QROP��7MQRe"OP¢KE�O�TP9-O&e#<�>�9 � OA7MJ�G�C"7ML�<^7K:PO�eÉBKJ�:�9-7�Q{9�G�J
g#��QRBDCÍ9 � 7&9$:�9-7�9£OKc
�;BDL�LhB,�VG�J
g�E^BDL�GXT{>GF´c�7MJ4e�9 � O29HQR7MJ^:{GX9HGIBKJ#�-QRBKCH< .0/21^9-BI< .J/K7 Y 1
Gh:$BST�T�7,:{GIBDJ4O�eA<?> 9 � O
7,TP9HGIBKJML%:POPLhO&TP9-O�e�<�>�9 � O#:�F*<bÔ=O�TP9£n0°XJ®9 � O´7&TP9-BDQR�XTRQ~GX9HGITON��bO�Q�:{GXBDJ�BD��9 � O�e
BKE^7MC�G�J4O
9 � O&BKQ=>?cP9 � Gh: � ¤²O�Q~QRBKQ8:{G�gKJ47�L[GI:8E�F49
9-B]9���BVF�:PO,:�nQP8J4O$Gh:$7,e
7ME49HG�J
gVE^7MQR7�C"O�9-OPQ�:�9 � 7&9
F
J4e
O�Q~L�GXO�9 � O�7,TP9�F^7MLWE
QRO&e*GITP9HGIBKJ^:R9 ; .=< .J/O1S1£n ) BKQ´9 � Gh:�c�, .J/O1UTWVÉG���9 � O�E
QRO&e*GITP9HGIBKJ
��QRBDC�9 � OV:�9-7&9-O�7&9�9HG�C"OX/�c29 ; .=<-.0/21?1=cRGh:mB,�[OPQ~L�>¡E^O,:�:{G�C�Gh:�9HGIT��VGX9 � QRO,:{E^O�TP9
9£B 9 � O0:�F
C
BD��9 � OV7,TP9�F^7MLbQRO���7�QRe�cS5Y.J/O1~c�7MJ4e�9 � O2O,:�9HG�C�7&9-O&e���F49�F
QRO$QROP��7MQRe^cA9 ; .=< .J/Z7 Y 1S1=cR�-QRBKC
9 � O¡:�F*<�:PO�abF^OPJ�9�:�9-7�9£O&n �
� OVBb9 � OPQoF�:PO2�=BKQY,-.0/21
Gh:�TRQ~G�9�GXTRGE[KG�J
gA9 � OV7,TP9HGIBKJ
LÉ7,e
BKE49£O�e
7&9W9HG�C"O\/�n ) BKQ09 � GI:�c], .J/O1�TRV�G�C�E
L�GIO&:V9 � 7&9W9 � O 7,TP9HGIBKJ®T � BS:POPJ`Gh:���BDQ{9 � C"BKQRO]9 � 7MJ
9 � OÉ7P�[OPQR7�g[O���BKQ{9 � BD�X< .J/O1~c�7�J4e%9 � 7�9 9 � O"BK�bO�QR7�L�LmE�BKL�GIT{>^F BD�A9 � O�:�F*<bÔ=O�TP9 T�7MJ
9 � O�QRO��;BDQRO�<^O¡G�C�E
QRBK�bO&e�<�>�T � B[BS:{G�J
g�G�9oC"BKQROABD�;9-OPJ^n�°�J`7 \ ��LhO�7MQ~J�G�J
gS­R©8�bO�Q�:{GIBKJÉBb�
9 � O�9 � O�BDQ=>*c`_ ; .E<�abL%1*�b7ML�F^O&:¥7MQRO8LhO&7�Q~J4O&e�F�:{G�J
g�7MJ�7MJ47�LhBbg[B,F�:¥abF^7MJ�9HGX9�>¡9£Bc,-.0/21=cR�=BKQ
O�7,T � E^7MG�Q8BD�W:�9-7&9-O,:d<�7�J4e#7&TP9HGIBDJ^:%L8c�7�J4e#T�7�J�e*G�QRO�TP9HL�>2<^O¥F�:PO&e�9-BAT � B[B*:PO¥<4O�9���O&OPJ
9 � O�7,TP9HGIBKJ^:29-BAG�C�E
QRBK�bO�9 � O2E^BDL�GXT{>Sn
f,�[OPJ 7R<�:POPJ�9A7�J 7,T�T�B,F
J�9A�;BDQ#G�J�9HQ~G�J^:{GIT � 7R<
GX9£:�c89 � QRO�O`¦?OP>ÕE^7MQR7,e*G�gKC":`: � B,� 9 � O
G�J4T�BKC�E
LhO�9-OPJ4O,:�:$BD��9 � Gh:��KGIO��ÎBD�oT�BDJ4e*GX9HGIBKJ�G�J
g4e?7�E�E^OM9HGX9HG��[OmÈ[7��KLhB,�KGX7MJ4��G�J^:�9HQ=F
C"OPJ�9£7�L
9HQR7MJ^:R�;O�Q�c ©J� G�J�9HQ~G�J^:{GIT�e*Q~G��bO�E
QRO��=OPQRO�J4T�O#F
J4e
OPQ�:{E�O�TRGf�^T�e
O�E
Q~G��b7&9HGIBKJ
:�9£7�9-O,:�c ¾ 7MJ4e
G�J4T�OPJ�9HG��[O0LhO�7MQ~J�G�J
g?c�7,:$G�J"9 � O¡T�BKJ�9HQRBDL�BD�8T � 7MG�J^:0BD��G�J^:�9HQ=F
C"OPJ�9£7�Lb<4O � 7P�KGIBKQ�ng�
�
� O�_Ml��KGIO�� BD�´T�BKJ4e*GX9HGIBDJ�G�J
g�E
Lh7&T�O,:�GX9£:�OPC�E � 7K:{Gh:�BKJ�C"Bb9�G±�[7&9HGIBKJ47MLVT�BKJ�9�QRBKL0Bb�
7#E
QRO�E^Bb9-O�J�9�7,TP9HGIBKJ^n �
� 7&9mGh:�c�9 � O�J47&9�F
QR7�LWQRO&:{E^BDJ^:PO�7K:�:PB[TRGI7�9£O�eÉ�VGX9 � 7�:�9HG�C�F
L�F�:
½±E
QRO,:�F
C�7�<
L�>]7,:2B,F49HE
F49?<�>A7MJ�7,TP9HGIBKJ":{E^O&TRG���T�7�9�GXBDJ#C"O&T � 7�J�Gh:{C�¿bGh:2BKJ�L�>�OPL�GITRGX9-O�e�G��



� �

amygdala
accumbens

OFC

stimuli

reward

TD prediction
error

state

r

x

δ

Vπ(x)

stimuli
state

TD prediction
error

DLFC
striatum

action

competition

�

� �

���	��

����������������������� �!�"�	�$#�%&��' �	��(���)*�"+,%-'���./(
01./��03254768�901%&:<;-�>=@?�ACBEDF
CBHGJIK�MLN�PO5QP%M� �����
' �!RH(,./:@ST�J�U:!%V.&� (XW�Y9Z	[]\>�J�U68.E�^��+_�"+,%`' ab6c��)d)Ja
�<ab��%e��%Mfg./��0
'ghjiKk1a
��.E�l�F#�%M:Fm`#H�	.$�"+,%*n5.E�
'���:!.E��%M��.&:,(9a5��:!%&�5�o)p�"+,%*./6qmHRK01./:!.�i��"+,%*���^n,�	�J�o)�����(,�J./:5��������%Mrs./(
08�"+,%t(9a5��:	%�aC'g.H�M��ab6sn5%&(5'M;
u1=]v	wyxMGJ�z
5{U�Ew
G�BED@|EIKw
GJ��IoD!D	�E��L�O,+,%qO
Q}%&�z�����eS_�<'�aC'�%E0~���_��+,�o�1'�%Hiy./(
0X��%/.H��+3�"+,%8��+,���<��%
�o)�i
./kbkb����k,�z�!.E��%s.H���l�	��(5'������86U.&r��F6`�<��%e)"a
�lab��%���%Mfg./��0`n5.�'�%V0T��(~�l+,%`� ab�z��%M(,�d'��J.E��%$./(
0
'��"�F6qab:F�liVk1a
��.E�l�F#�%&:�mN#H�!.��"+,%*01����'���:!.E��%M��./:Kk,��%/)J����(,��./:,�������J%Mre./(
0q�l+,%N01���M'�./:
'��l� �!.E�lab67;
GX98Gh:¡C"B[9HG��b7&9HGIBKJ47ML�L�>�7ME
E
QRBDE
Q~GI7�9£OKc[7&T�T�BDQRe*G�J
g�9-B�9 � O´T{F
Q~QRO�J�9�g[BS7�L�:]Bb��9 � O´7MJ�G�C"7ML�n
�
� O�:�F�gDg[O,:�9HGIBKJ�Gh:m9 � 7&9�9 � Gh:¥Gh:$C"O�e*GI7&9-O�eA<�>´7�:PO�E^7�QR7&9-OmC"Bb9HG��[7�9HGIBDJ47�L4:�>S:�9-OPC`nSUm_&:
� 7��bO´e*G�QRO&TP9¥7,T�T�O&:�:�9-B�9 � GI:]:�>S:�9-OPC�c*7MJ4e�@o_&: � 7P�[O LhO�7MQ~J4O�eÉ7,T�T�O&:�:�n$k¯T�BDJ4TRL�F�:{GXBDJ
F�:PO�e�9£B�9-O,:�9$9 � Gh:]:�9�Q=F^TP9�F
QROA�;BDQ�9 � O�T�BDJ�9HQRBKL�Bb�07,TP9HGIBKJ^:�Gh: 9 � 7�9$9 � GI:�C"B[9HG��b7&9HGIBKJ47ML
:�>S:�9-OPC T�B,F
LheA<4O¡7�<
LhO29£B´OPJ4OPQ�gKGE[[O�Æ�ÇK��7,TP9HGIBKJ�<^OPG�J
gAOP¢SO�T{F49-O&e <�>]9 � O¡7MJ�G�C�7ML�nbk$E^�
E^O�9HGX9HG��bO�È[7P�KLhB,�KGI7�J4��G�J^:�9HQ=F
C"O�J�9-7�L
9HQR7MJ^:R�;O�QM©J�m: � BK��:�O�¢S7&TP9�L�>´9 � Gh:�n
k$J�G�C"7�L�:VOP¢[O&T{F49-�
G�J
g`7MJ²7&TP9�GXBDJÕ�=BKQ]7MJ²B,F49£T�BKC"O�F
J4e
OPQ¡G�J^:�9HQ=F
C"O�J�9-7�L¥T�BKJ�9HQRBDL�cS�VG�L�L�E^OPQ��=BKQ~C C"BKQRO
abF
GITR¦[L�>�� � OPJ²7�@o_�E
QRO&e*GITP9HG��bO�BD�0QRO���7MQRe�Gh: E
QRO,:POPJ�9-O&e^c�OP�bO�J�G��¡9 � O�@o_´E�QRO�e*GITP9£:
7�T�BKC�E
LhO�9-OPL�>Ée*G�³$OPQRO�J�9$QRO���7MQRe���QRBDC 9 � O�G�J^:�9�Q=F
C�O�J�9-7ML8B,F49-T�BDC"O&n �
� Gh:´OM³¥O&TP9mGh:
7�<4BDL�GI: � O&e�<�>�LhO&:{GIBKJ^:VBb�89 � O]: � OPL�L4Bb�89 � O�J?F^TRLhO�F�:07,T�T{F
C�<4O�J^:�cª©���BKJ4O]BD�¥9 � O¡C�7MG�J
9-7MQ�g[OM9£:�BD�$¤8k×��QRBKC 9 � O6* � k2n ��� O�:�9-7�J4e�7�QRe�l4d�C�BSe
OPLoBD³$OPQ�:¡J4B�7,T�T�B,F
J�9$BD�m9 � O
:{E^O&O�e"BDQ2�=BKQRT�OABD��7,TP9HGIBKJ®½�9 � B,F�g � BKJ4OAT�B,F
LheÉT�OPQ{9£7�G�J�L�>�G�C"7MgKG�J4O��b7MQ~GIB,F�:VE^BS:�:{Gª<
LhO
O�¢[9-O�J^:{GIBKJ^:�¿�c�7�J4e � 7K:$J4BAJ47&9�F
QR7�L[��7�>A9£B�7,T�T�BKC�C"B[e
7&9-O�9 � GI:(��J4e*G�J
gSn	�
�
� O0:PO�T�BDJ4e�T � 7�L�LhO�J
g[Om9-B�l4d�T�BDC"O&:8�-QRBKC�O�¢DE^O�Q~G�C�O�J�9£:8BKJ#9 � O�O�³$O�TP9;:¥BD��T � 7�J
gKG�J
g
:{E^O&TRG���T27MJ4e#g[OPJ4O�QR7�LSJ4O�O�e4:¥�;BDQ�7�J�G�C"7�L�:�n ) BKQ8G�J^:�9-7MJ4T�OKc�¨?O�Q~Q~GIe?g[O2§®_&T � F
L�¦[G�J ¾ �
Q�:�9
g[7��bO2QR7&9£:0:�F^TRQRBS:PO¡7MJ4e�:P7ML�G�J4O¡:PBKL�F49HGIBKJ^:$�VGX9 � BDJ4O�BD�87m<�GX9�9£OPQm½�aDF
G�J�G�J4OM¿?7MJ4e�7 :PB,F
Q
½�TRGX9HQ~GITP¿�9-7K:�9-O&n �
� O�>�9 � O�J�7MQ{9HGf�^TRGI7ML�L�> G�J4eSF^T�O&e�7 :�9HQRBDJ
gAE � >[:{GIBDLhBDgKGIT�7�L�QRO&abF
G�QRO�C"OPJ�9
�;BDQ#:P7�LI9=c
�=BKQ�9 � O ��Q�:�909�G�C"O�G�J%9 � O�L�G��;O�Bb��9 � O�7MJ�G�C�7ML�n"ÈKQRO&:PO�J�9-O�e®�0GX9 � 7�T � BDGXT�O
<^OM9���O�O�J`9 � O]9���B-��7P�[BKQ�: ½±G�J"E
Lh7MG�J���7�9-O�Q�c?Ä±Ê2G�J®O�¢[9HG�J4TP9HGIBKJ�¿�c[9 � O¡QR7&9£:0E�QRO��;O�Q~QRO�e�9£B
e*Q~G�J�¦`9 � OU�^7��bBDQ 7,:�:PBSTRGX7&9-O&e��VGX9 � 9 � O�:P7MLI9£n ) F
Q{9 � OPQ~C"BDQROKc*9 � O`�^7��bBDQ¡E^7�G�QRO&e��VGX9 �
9 � O�:P7MLI9W��7K: 7P��7�QRe�O�e�E^BS:{GX9HG��[O � O�e
BDJ�GIT¡QRO&7&TP9HGIBDJ^:�cD� � O�QRO�7K:�<^O��=BKQRO E^7MG�Q~G�J
g�½�7MJ4e
G���GX9 � 7,e�<^O�OPJÀE^7MG�QRO�e��VGX9 � :�F^TRQRBS:PO�G�J^:�9-O&7&e
¿WGX90��7K:�9HQRO�7&9-O�eÀ7K:A<4O�G�J
g�7P�[OPQ�:{G��[O&n
�
� O�¦?OP>"�;O&7�9�F
QRO#BD�¡9 � Gh:´OP¢KE�OPQ~G�C"OPJ�9$Gh:A9 � 7�929 � Gh: E
QRO��=OPQRO�J4T�OAGh:´O��KGIe
OPJ�9$�0GX9 � BKF49
9 � O´BDE
E^BKQ{9HF
J�G�9H>#�;BDQ2LhO&7�Q~J�G�J
gSn¥i � O�QRO�7K:¡9 � O l^d�:�>S:�9-OPC T�B,F
Lhe�T�O�Q{9-7�G�J�L�>#9-7M¦?OA9 � O
E � >S:{GIBKLhBDgKGIT�7ML[Lh7,TR¦´Bb�W:P7�LI9^7,: � O�L�E
G�J
g�e
OM9£OPQ~C�G�J4O$E^7MQ{94Bb�^9 � OV:�9£7�9-O < .J/O1~cP9 � Gh:$T�BKF
Lhe
BKJ�L�>�O�¢SO�Q{9�7MJ�O�³$O�TP9oBKJ#<^O � 7��KGXBDQm9 � QRB,F�g � LhO�7MQ~J�G�J
g?c�T�BKJ�9HQR7MQ=>A9-B�9 � O�O��KGIe
OPJ4T�O,n
�
� O �
J47ML T�BKC�E
LhOP¢DG�9H>%�=BKQ�:�9£7�J4e
7MQRe
l^d�T�BKC"O&:É�-QRBKC G�J4T�O�J�9HG��bO®LhO�7MQ~J�G�J
gSn P¥J4O
E^7MQR7&e?G�gKC G�J?�[BKL��[O&:�7�:PO�abF^OPJ�9HGI7ML^T � 7MG�J®BD�$9���B�7&TP9HGIBDJ^:�½fL © 7�J4eDL « ¿�9 � 7&9�QR7&9£: � 7,e9-BAO�¢SO&T{F49-O$G�J�BKQRe
O�Q�9-B g[OM9^72QRO���7�QRe�n ���
� OV:�F*<bÔ=O�TP9£:8��O�QRO$C"7,e
O � F
J
gKQ=>*cM7�J4eA��O�QRO
�
Q�:�9�9HQR7�G�J4O&e®9-B�E^OPQ��=BKQ~C 7,TP9HGIBKJ^L « 9£B�g[O�927�E^7MQ{9HGIT{F
Lh7�QVQRO���7MQRe®½�7�NmBK>bO,:]E^O�L�LhOM9�¿�c7MJ4e"9 � O�J`9-B#E^O�Q��;BDQ~C 9 � OAT � 7�G�J®BD�m7&TP9�GXBDJ^:6L ©p� L « 9-B�g[O�9�9 � O�QRO���7MQRe�nW°�J�7c��J47�L9-O,:�9oE � 7K:POKcK9 � OA7�J�G�C"7ML�:2��OPQRO]BD³$OPQRO�e`9 � OAT � 7MJ4T�O]Bb�mO�¢SO�T{F49HG�J
g
L © 7MJ4eCL « G�J�O�¢S�9HG�J4TP9HGIBKJ�c,�;BDQ � 7�LX�¥BD�89 � OPC � � OPJ"9 � OP> ��OPQRO]:�9HG�L�L � F
J
gKQ=>[ÏD�;BKQ09 � O�B[9 � OPQ � 7MLX��� � OPJ
9 � OP>#��OPQRO�:P7&9-O&e�BKJ�9 � O�G�Q¡J4BKQ~C"7�L�e?GXO�9£n ) G�g,F
QROX��k!: � B,� :�� � 7�9 � 7ME
E^O�J^:�n _&7�9£O�e
7MJ�G�C"7ML�:�E^OPQ��=BKQ~C L © 7&9m9 � O#:P7MC"O´QR7&9-O�7K: � F
J
gKQ=>"7�J�G�C"7�L�:�cb<�F49¥E^OPQ��=BKQ~C L « :{G�g[�

�E� �o��%��"+,.V�j.M#�%&��' �F#�%g��.&#E:	�H#H�	.&(8��(5'��l�zab68%&(,��.&:,�"��./(5'�)�%&��iE�F(U�l+,%g)����z6��o)p�"+,%N'zabkbkb��%E'&' �!��(�o)].&k,k
%/�"�!�"��#�%d�F(5'��l�zab68%&(,�J./:9��%H' k
��(
0K��(bRKi/�<'��l+,%�����(9#�%M(,�"�!��(,./:168%V�"+,�K0�)^�����J%H'��"�F(bRN.&#�%&��' �F#�%��.&#H:!��#H�!./(_����(
0K�	�l�	��(1��(bRK;dO,+,%&��%*�<'�./(��Vnb#H�!��aC't68�K�l�F#�.V�"�!��(,./:]%�r�kb:	./(,.V�"�!��(�)����g�"+1�<'�.�'dfg%&:F:.�'>�"+,%�����(9#�%M(,�"�!��(,./:b#H�!%Mf���)p�M��6`k
%V�l�	�l�	��(�n5%/�lfg%V%M(8./kbk
%V�l�	�l�F#�%*.&(
0�kb���o��%V�M�l�F#�%t.H���"�!��(5'M;



��� ��� ��� ��� ��� ��� ��� ���
���	��

�����b�	�F(
�M%M(,�"��#�%q:!%V./�z(1�F(bR9;e�>=�
 %/./(~���o��./: .H���"�!��(5's�
��./(
0~���N)����N./(~./(1�F6U./: �"��./�F(,%E0
��(_�"+,%���+,./�F(3'���+,%E0oab:!%`� ��� � ��� � ��m�%E'�k
%&:F:	%/��'M;�� ab(bRH��mU.&(
0_'�.E��%V0-��.E��' k
%&� )����z6 � � .V�
�"+,% '�./6U%t��.E��%Ei/nba
� '�.E��%V08./(1��68./:<'d)�./�F:5�J��k
%M��)���� 6 ���M;Cu1=�
 %/./(7���o��./:
.H���l�	��(5'dfd+,%&(T'�.E�J%E0
)���:�:!��fd��(bR*kb� �!���j��%V��%�r�k5�9'zab��%g�J�e�"+,% � ��m�%E'�k
%&:F:!%V��' f +,%M(�+9ab(bR���m���� +9ab(bRH��mo�	'�.E�J%E0�� =1���jfd+,%&(
'�.E��%V0���� '�.E�J%E0b�	'�.E�J%E0�� =	;N� (1��68./:<' ��%E�F%Mr�k
�1'�%V07f +,%M( '�.E��%V0_./��%q' ��R�(1���5�M.&(,�":�m7:	%E'&'�fd�F:�:F��(bR-�J�
k
%&� )����z6����M; � �K�J%t�"+,%���+,./(bR�%g��(U'���./:	%�n5%/�lfg%V%M($� ./(
0�u,;M��01./k
��%V0q)�����6 u9./:�:!%&�F(,%��! #"�$�;&%
J�Gf�^T�7MJ�9HL�>�LhO,:�:V��QRO&abF^OPJ�9HL�>Sn ) G�g,F
QRO-�K¨É: � B,� :�9 � OV<47K:{GIT¡G�J4T�OPJ�9�G±�[O LhO�7MQ~J�G�J
g�OM³¥O&TP9£n
Ö2O�QROKcK<^O��=BKQRO�9 � O´9-O,:�9=c?7MJ�G�C�7ML�:���OPQROAgKG��[OPJÕ7�L�G�C�GX9-O&eÉJ?F
C�<4O�Q BD�V9 � OANmB,>[O&: E�OPLh�
LhOM9;:V½ª�0GX9 � BKF49W9 � O]7P�[7MG�Lh7�<
G�L�GX9�>#Bb�89 � O�C"7�J�G�E�F
Lh7MJ4e
7&¿
OPGX9 � O�Q¥� � O�J � F
J
gKQ=>�BDQm� � OPJ
:P7&9-O�e�n ��� BS:PO#� � B�OP¢KE�OPQ~GIOPJ4T�O&eÕ9 � OPC � F
J
gKQ=>®½hÒ � F
J
gKQ=>[�I:P7&9-O�e^Ó ¿8: � B,� 9 � O":P7MC"O
QRO&:�F
LI9;:m7K:�9 � O Ò :P7�9£O�e^Ó�gKQRB,F
E"Bb�d��g,F
QROq�&k0ÏM� � O�QRO�7K:$9 � B*:PO2� � B�O�¢DE^OPQ~GIO�J4T�O�e#9 � OPC
:P7&9-O�e�½hÒ :P7&9-O�e��I:P7�9£O�e^Ó ¿DJ4B,�¯e�O�TRL�G�J4O�e�9-B]E�OPQ��;BDQ~C 7,TP9HGIBKJDL © OPGX9 � O�Q�n
�
� Gh:�OP¢KE�OPQ~G�C"OPJ�90C"7�¦�O&:�9���B�E�BKG�J�9£:�7R<^B,F49�9 � O":�9-7MJ4e
7MQRe�l^dÉC"B[e
O�L�n ) G�Q�:�9=c�9 � O
7,TP9HGIBKJ�J4O&7�QRO,:�9$9-B�9 � O´QRO���7�QRe®½fL « ¿^Gh:´7�³¥O&TP9-O�e�<�>"9 � O�e�OPE
Q~G��[7�9HGIBDJ²:�9-7�9£O �0GX9 � BKF497,e
e*GX9HGIBKJ47ML�LhO&7�Q~J�G�J
gSn ��� GI:�Gh:�L�G�¦?O�9 � O"O�³$O�TP9�BD�A:{E^O�TRGf�^T�e
O�E
Q~G��b7&9HGIBKJ�:�9-7&9-O&:#e*Gh:P�
T{F�:�:PO�e�7R<^B,�[O&n�_&O�T�BDJ4e]Gh:¥9 � 7&9�7VT � 7�J
g[O$G�J�9 � O8�VG�L�L�G�J
gKJ4O,:�:89-B]O�¢SO�T{F49-O�L © � 7ME
E^OPJ^:7��£9-O�Q8QRO&�XO�¢DE^B*:�F
QRO¡9-B�9 � O¡NmB,>[O&:0E^OPL�LhO�9£:$� � G�L�:�9W:P7&9-O�e�ÏD9 � Gh:�LhO�7MQ~J�G�J
g]Gh:¥<^OPL�GIO��[O�e�9£B
G�J?�bBDL��bO2G�J^:�F
Lh7MQ8T�BKQ{9£O�¢´½±E�7�Q{9�BD��g,F�:�9-7&9-BDQ=>�J4O�BST�BKQ{9-OP¢ Ì ¿In ��� 7�94QRO��IO�¢DE^BS:�F
QRO2e*G�QRO�TP9HL�>
7�³¥O&TP9£:¥9 � O0T � BKGIT�OVBD�dL © :�F�gDg[O,:�9£:89 � 7&9�9 � OmG�J^:�9HQ=F
C"OPJ�9-7ML*7,TP9�Gh:�E^7MQ{9HL�> e
OM9£OPQ~C�G�J4O�e<�>�7MJ�O��[7�L�F^7&9HGIBKJÎBb��GX9£:�F
LI9HG�C"7&9-O"T�BDJ^:PO�abF^OPJ4T�ODc�7ÉT�BKJ4TRL�F�:{GIBKJ
9 � 7�90QRO�Lh7�9£O&:#9-B�7
LhBKJ
g[�h:�9-7�J4e?G�J
g E�:�>[T � BKLhBbgKGXT�7ML4e
OR<47&9-O¡7�<4BKF49o9 � O]Ò T�BbgKJ�GX9HG��bODÓ&O��[7�L�F^7&9HGIBKJ"BD�¥7&TP9�GXBDJ^:�n
¤¥GITR¦[G�J^:PBKJÀ§
¨?7ML�LhOPG�J4OD©£­�:�F�gDg[O&:�909 � 7�909 � O�OP¢[O&T{F49HGIBKJ�BD�6L « GI:´C"7�G�J�L�>�T�BKJ�9HQRBDL�LhO�e<�>ÉÈ[7��,LhBK�,GI7MJ%T�BDJ�9HG�J
g[OPJ4TRGIO&:�c�7�J4eÕ9 � 7&92È[7��KLhB,�KGX7MJ²C�B[9HG��b7&9HGIBKJ%Gh:´G�J^:�9-7�J�9�L�>®:POPJ^:{GI�
9HG��[OV9-B]g[B[7ML�e�O��[7�L�F^7&9HGIBKJ��,GI7�:P7&9HGI7�9�GXBDJ^nbk�949 � Gh:0:�9-7�g[OmG�J�9 � OVO�¢DE^O�Q~G�C"O�J�9=c � B,��O��[OPQ�c
L © GI:`T�BKJ�9�QRBKL�LhO�eÀ<�>�G�J^:�9HQ=F
C"OPJ�9-7ML�T�BKJ�9HG�J
g[OPJ4TRGIO,:�n¯¨[>ÀT�BKC�E^7MQ~Gh:PBKJ
�VG�9 � È[7��,LhBS��KGX7MJ�C"Bb9HG��[7�9HGIBDJ�cSG�J^:�9HQ=F
C"OPJ�9£7�L�C"Bb9HG��[7�9�GXBDJ�Gh:�E^B,��OPQ���F
L�½X:{G�J4T�O]GX9�T�7MJ�e
OPE^O�J4e�BKJ
QRO&:{E�BKJ^:PO��IB,F49-T�BDC�O®OP¢DE^O�TP9-7MJ4TRGIO&:�¿�c^<�F49´eSF
C�< ½X:{G�J4T�OKcW�0GX9 � BKF49 QRO��XOP¢KE�BS:�F
QROKcW9 � O
7MJ�G�C"7ML���BKQ~¦�: � 7�QRe�e
BDG�J
g L © � � OPJ�GX9���B,F
Lhe*J�Ó 9�<4O�G�J�9-OPQRO,:�9-O�e#G�J`9 � O��=B[B[e�G�JÉ7�J?>T�7K:POM¿InÕU�LI9HG�C�7&9-O�L�>*c�7��£9-O�Q#O�¢[9-O�J4e
O�eÀ9HQR7MG�J�G�J
g?cª©�Ì"G�JÎ9 � O#<
G�Q{9 � BD�´7"J4O�� � 7R<
GX9=c-L ©<^O�T�BKC"O,:�T�BDJ�9HQRBKL�LhO&e`<�>`È[7��,LhBK�,GI7MJÀT�BKJ�9�G�J
g[O�J4TRGIO&:´9£B[B?c�7�J4eÀ:PB�<4O&T�BKC"O&:#e*G�QRO�TP9HL�>
:POPJ^:{GX9HG��[OV9-B�e�O��[7�L�F^7&9HGIBKJ^n�'

( )
�+*-, ¹Wº � �

�
� O,:POVO�¢DE^OPQ~G�C"OPJ�9;:m:�F�gDg[O&:�9�:PBKC"O2C"7�Ô=BKQ8C�BSe*Gf�^T�7&9HGIBKJ^:�9-B]9 � O¡:�9-7MJ4e
7�QRe´l4dV�KGIO�� n
) G�g,F
QRO´jA: � B,� :27 :{¦?O�9-T � BD�W9 � O0J4O���C"BSe
OPL�cP� � BS:PO0¦�O�>]E
Q~G�J4TRG�E�LhO&:$G�J4TRL�F^e�O
. È[7P�KLhB,�KGI7�J�C"Bb9HG��[7�9�GXBDJÉ½ ��g,F
QRO]j�k�¿bGh:07K:�:PB[TRGI7�9£O�e��VG�9 � E
QRO&e*GITP9HGIBKJ"OPQ~QRBDQ

, .0/21U3D5Y.0/21 7�9 ; .=<-.0/U7 Y 1?1�@C9 ; .=<-.0/21
�;BKQ�LhBKJ
g�9-O�Q~CµOP¢DE^O�TP9-O&eÀ��F49HF
QRO�QRO���7�QRe4: 9 ; .E<�abL%1=c�gKG±�[OPJÎ7�E^BDL�GXT{>^FAn�k2e
BDE49-�
G�J
g�9 � Gh:]C"7M¦?O,:´9 � O�C"B[e
O�L$7,T�T�B,F
J�90�=BKQ]9 � O�TRLh7K:�:{GIT�7�L¥T�BKJ4e*GX9HGIBKJ�G�J
gÉE^7MQR7&e?G�gKC`:
O�¢DE
Lh7MG�J4O&eA<?>´9 � O�:�9-7MJ4e
7MQRe�l^d�C"BSe
OPL�n
/ �!�]�<'�(,�K�j%&6qk,�F�z�<��./:F:Fm$��:!%V.&�@f +,%/�"+,%&�d.H���l�	��(5't�l+,.E�y+,.&#�%dn5%E����68%�+,.�n,�	�^' ./��%N����6`kb:	%/��%M:Fm.&a
�J��6U.V�"�	� � ���>.&��%�'zaKn10�%V���y���s��.&#H:!��#H�!./(`68�K�l�F#�.V�"�!��(,./:1�F(32,a
%M(
�M%E'M;



� � �

CS

US

state

stimuli

S S
OFC
amygdala

shell

prior
bias

HE

x

δ

Vπ(x)

CS

US

stimuli

S S
shell

Pmot

prior
bias

habit
x

δ a

competition

CS

US

stimuli

S S action

core

state

x

δ

δA

Aπ(x, a)

a

���	��

�����K�oO,� �Fk
./���l�	�J%�68�901%&:<;��>=o?�ACBEDF
CBHGJIK�ML����H'@./��% %M#�./:Fa
.V��%E0*nbmN.d+,.&��0b� fd�F��%V0�%�#�./:�a
.E�"�!��(
'zmK'���%M6 ������=bfd+1�<��+��l' ��(,�l� �F(5' �<��./:F:�m�'�%&(5' �!�"��#�%s���701%M#�./:Fa
.V�"�!��(5;	���H'*��./(T./:<'���n5%e%M#�./:Fa
.V��%E0
#H�!.g. kb:	.H'��l�<�@����a
��%EiV.�' ��( �,RHab��%�
Hi�nba
�bfd+1�<��+$(,%M#�%M���l+,%&:!%H'M'�+,.H'@kb�z�	���yn,�!.�'�%H'M;��
�H'jab(
01%&� R��
��.&#H:!��#H�!./(q'��l��6$ab:FaC'>'zaKny'��"�!�la
�l�	��( f �!�"+s�"+,%����E'p�"+,%�mgkb��%V0K�<����iM./(
0e��./(�.&:l'���n5%�0K����%E���":�m�%�#�./:	�
a
.E�J%E07�"+1����a,RH+��"+,%N:!%V./�z(,%E08����a
��%E;>O,+,% �lfg�7'���ab����%H't�o)@�F(b)����z6U.V�"�!��(-)����gW Y Z	[y\����������! ���
)��������F(bRU�"+,% kb:!.�'��"�	�N���Ha
��%s���7.H0!0�aC'������7�l+,% +,./��0b� f �F��%V07����a
�J%H;�u9=��dB��,�!G x��]xMG��E{-L@O,+,%��/2
6U.&k,kb�F(bR7'za,R�R�%H'���'N.&(_./kbkb����kb� �!.E�J%s.H���"�!��(7n
.�'�%E07��(X�l+,%$'���.E�J%e[��,�"+,%N#E�!R����t�o)��	�^'*%�ro%E� a5�
�"�!��(q�l'd�M��(,�"����:F:	%V0snbms0b��k
./6`�F(,%&� RH�<�tS,i/k1a
��.E�l�F#�%M:Fms.H���"�F(bR #H�!.*�l+,%N'�+,%M:�:
��)p�l+,%�.H�M��ab6sn5%&(5'M;
�y=bv	wyxMGJ� 

{U�Ew
G�BEDy|VIKw5G"��IKD�D	�E��L]�����"�!��(T��+,���	��% �l'�n5.H'�%V0U��(-.H0o#�./(,�J.VR�%H'Mi�f +1�	��+�./��%�:	%/./�z(,%E0,i
k1a
��.E�l�F#�%&:�mt#H�	.d�"+,%d������%d��)C�"+,%d.H�M� ab6�n5%M(5'&;K�H��%/)�����(,�J./:�fg���! K�F(bRg6U%M6U���zm �l']aC'�%E0e�J��ab(b)���:<0
�"+,%�����(5'�%�"�a
%&(
��%E't��)p��+,�9'�%&(7.H���l�	��(5'&;
. 5Y.0/21^Gh:0e
OM9-O�Q~C�G�J4O&eA<?>�7�e
OP�b7ML�F^7&9HGIBKJ4�I:PO�J^:{G�9�G±�[OKc,Ò � 7MQRe
�±�VG�QRO�e^Ó c�U$_�O��[7�L�F^7&9-BKQ$9 � 7&9E
QRB,�KGIe
O&:2e*G�QRO�TP94�[7�L�F^O2G�J
�=BKQ~C"7�9�GXBDJ`7R<^B,F49^C"B[9HG��b7&9HGIBKJ47ML�L�>´G�J47ME
E
QRBDE
Q~GI7�9£OmUm_&:�n
. , .0/21=cME�BS:�:{Gª<�L�>�7,TP9HG�J
g�9 � QRB,F�g � 9 � O]: � OPL�L
BD�¥9 � O�7,T�T{F
C�<4O�J^:�c�E
QRBK�,GIe
O,:mÈ[7��KLhB,�KGX7MJC�B[9HG��b7&9HGIBKJÀ�;BDQ�E
QRO&�±�VG�QRO&e®7�J4e®J4O�� � 7�<�GX9£:´½ �4g,F
QRO�j,¨?¿�c?7K:]G�J�È[7��,LhBK�,GI7MJ�G�J^:�9HQ=F^�
C�O�J�9-7ML�9�QR7�J^:R�=OPQ�n

. 9 ; .=<-.0/21¡Gh:�e
O�9-OPQ~C�G�J4O�eÕ<?>À9���B²T�BKC�E^O�9HG�J
g%:PBKF
QRT�O&:2e�BDJ4O�7,:#G�J×9 � O®:�9-7�J4e�7�QReC�BSe
OPL
½±G�J?�bBDL��,G�J
g]9 � O¥<47K:PBKLh7&9-OPQR7MLbJ?F^TRLhO�G*BD��9 � OV7MC#>Dg[e
7MLh7¡7�J4e#9 � OVBKQ£<
GX9-BD�-QRBKJ�9-7ML
T�BKQ{9-OP¢É½�B ) @�¿�c ©�N�¬ª«�­ 7MJ4eÉG�J4TRL�F^e*G�J
g�E
Q~GIBKQ2<
GI7,:PO,:´½X:���O&OM9$9-7K:�9HG�J
g��;BSB[e�:�7�QRO#7�E
E�OM9-�
G�9�G±�[OM¿¡OP¢KE�QRO&:�:PO�e%G�J¯9 � O®T�BKJ�J4O�TP9�GXBDJ^:"��QRBKC E
Q~G�C"7�Q=>%9-7K:�9-O�T�BKQ{9-OP¢%9-B�B ) @!7MJ4e
9 � O�7MC#>Dg[e
7MLh7,Ï�9 � O�B[9 � OPQ�cb� � GIT � Gh:¡E�Q~G�C"7MQ=>*c�e
OPE�OPJ4e
O�J�9oLh7MQ�g[OPL�>�BKJ�7#:�9HG�C�F
L�F�:
:�F*<^:�9HGX9�F49�GXBDJ «�� QROPLh7&9HGIBKJ^: � G�E%<4O�9���O&OPJ
@o_,:�7MJ4eÀUm_&:�cW9 � 7�9�Gh:�7�L�:PBÀe
OP�b7ML�F^7&9HGIBKJ4�
e
OPE^O�J4e
OPJ�9;n ��� O�Lh7&9�9-OPQ Gh:´G�C�E^BDQ{9-7�J�9V�=BKQ]F
LI9HG�C"7�9£O�È[7P�KLhB,�KGI7�J�T�BDJ�9HQRBKL�B,�[OPQ�7,T��
9HGIBKJ^:�Ï*9 � O �;BDQ~C"OPQ2�=BKQ2E � OPJ4BDC�O�J47�:�F^T � 7K:�:PO&T�BKJ4e
7MQ=>�T�BKJ4e*GX9HGIBDJ�G�J
g?cK� � GIT � 7MQRO
¦[J4B,�VJ®9-B�<^O´e
O��[7�L�F^7&9HGIBKJ`G�J4e
OPE^O�J4e
OPJ�9;n © � ) G�g,F
QRO$#[k¯½�e
7K: � O�e�¿^: � B,� :�9 � O´T�BDJ4�
9HQ~Gª<?F49HGIBDJ�BD�^9 � O � 7MQRe
�±�VG�QRO�e]O��[7�L�F^7&9HGIBKJ´QRBKF49-OKc{�,GI7V:�9HG�C#F
L�F�:P�h:�F*<^:�9HGX9�F49�GXBDJ�c�BKJ�9 � O
E
QRO�e*GITP9HGIBDJ�Bb���[7�L�F^O2G�J"TRLh7,:�:{GIT�7ML�T�BDJ4e*GX9HGIBKJ�G�J
gSn*Ö2O�QROKc&:�9HG�C�F
L�F�:P�I:�F*<�:�9HGX9�F49HGIBKJ���7,:
<47K:PO�e�BKJ�7V�=BKQ~C BD�oÖ2OR<S<
GI7�J�LhO�7MQ~J�G�J
g¡�VGX9 � 7]:�>,J47ME49HGIT29HQR7,T�OKc�:PB´9 � O�: � BKQ{9£OPQ89 � O
@o_���Um_¥G�J�9-O�Q=�b7ML�cR9 � OmgKQRO�7&9-OPQW9 � O$Ömf�T�BDC�E�BKJ4OPJ�9;n �
� Gh:¥9HQR7MJ^:{Lh7&9-O&:oG�J�9-B�gKQRO�7&9-OPQ�G�C"�
C�O&e*GI7�9£OA:PO�J^:{GX9HG��,GX9�>#9-B�e�O��[7�L�F^7&9HGIBKJ�cD9 � O�C�7MG�J®T � 7MQR7,TP9-OPQ~Gh:�9HGIT�Bb�m9 � O � 7MQRe
�±�VG�QRO�e
QRB,F49-O,n �
� O2E
Lh7K:�9HGIT¥QRBKF49-O��,GI7¡9 � O07MC�>Kg[e�7�Lh7¡9£7�¦�O&:8QRO,:{E^BKJ^:{Gª<
G�L�G�9H> �;BDQ¥9 � O�QRO�C�7MG�J4�
e
OPQmBD�89 � O2E
QRO�e?GXTP9�GXBDJ^ÏK7�J4e�9 � O :�F
C�E
QRO&e*GITP9HGIBKJ�Gh:07�L���7P>S:2T�BKQ~QRO�TP9o½X:PBDL�GIe�L�G�J4O�¿In

. _ � BDQ{9-��9-O�Q~C :�9£BKQR7�g[O�BD�#E
QRO�e?GXTP9�G±�[O�:�9HG�C�F
L�GVG�J¯E
QRO��-QRBKJ�9-7ML0��BDQ~¦[G�J
gÀC"OPC"BKQ=>�Gh:
g[7�9-O&e � <�>\, .0/21=c,:PB�T�7MJ"7�L�:PB¡<^O�e
OP�b7ML�F^7&9HGIBKJ"e
OPE�OPJ4e
O�J�9£n

. °�J^:�9HQ=F
C"OPJ�9-7ML*C�B[9HG��b7&9HGIBKJ`e�OPE^O�J4e�:mBDJ�E^BKL�GIT{>[� <47K:PO�e�7,eS�[7�J�9-7�g[O&:2½�jD@oÏM¨�7MG�QRe�«R¿
% ; .=<�a0LY1 3^_ ; .=< abLY1�@C9 ; .=<d1

9HQR7�G�J4O&e]<�>�9 � O¡OPQ~QRBDQ�:{G�gKJ47ML
,�& .0/21-3W, .J/O1 @'% ; .=< abLY1

P��bO�Qo9 � OmT�B,F
Q�:PO�BD��E^BDL�GIT{>0G�C�E
QRB,�[OPC"O�J�9=cR9 � Om7,eS�[7�J�9£7Mg[O$Bb�^72:�F*<^�XBDE49HG�C"7�Lb7&TP9�GXBDJ
<4O&T�BKC"O&:´J4O�g[7&9HG��bODc47�J4e²BD��7MJÀBDE49HG�C"7�Lm7,TP9HGIBKJ%9-OPJ4e�:´9-B V*n �
� O�Lh7�9-9-OPQ´BD³$OPQ�:�7
J47�9�F
QR7ML^C�BSe
OPL�Bb�29 � O�9HQR7�J^:{GX9HGIBDJ��-QRBKCÍG�J^:�9HQ=F
C"OPJ�9-7MLW7&TP9�GXBDJ²:POPLhO&TP9HGIBKJ�9-B"7MJÕ_�l
� 7R<
GX9£nWN$B[9-OA9 � 7&9=c,G�J�9 � Gh:¡7,TP9-BKQR�XTRQ~GX9HGIT]:PT � OPC"OKcS:PBKC"OA7K:{E^O�TP9£:�BD�m7&e*�b7MJ�9-7�g[O&:¡7MQRO
J4Bb9^J4O�T�O,:�:P7�Q=>?c&:�F^T � 7,:29 � O2J4BDQ~C�7ML�GE[,G�J
g]F
E^e
7&9-O,:�n



0 10 20
0

0.5

1

0 50 100

−0.5

0

0.5

0 50 100
0

0.5

1

1.5

0 50 100
−0.2

0

0.2

0.4

CS-US interval
to

ta
l

w
e
ig

h
t

HE
component

sum

iteration iteration iteration

Aπ(x0, a)

Aπ(x0, b)

advantages

HE
component

sum

value Vπ(x0)
A B C D Aπ(x0, a)

successor

reprn

plastic

���	��

�����
�@�>=y2y��:	%���) �l+,%s+,.&��0b� fd�F��%V0-���Ha
��% �	01.�' +,%V0�:��F(,%V=	i9#H�!.8'��l��6$ab:FaC'��	'zaKny'��l�	�<a
�"�!��(5iy�F(
kb��%V0K�<���"�F(bRg)Ja
�<ab��% ��%Mfg./��0 ��h���
E=H.�'].>)"ab(
�M�l�	��(��o),�l+,%	�
�V� ���p��(,�J%&��#�./:<;oO
+,%�'���:F�<0�:��F(,%d'�+,�Hf*'
�"+,.V�y�"+,% (,%V�,k,��%E0K�	���"�!��(`�<'�./:Ffg.&mK'������z��%V�M�^;1u9=���0o#�.&(,��.VR�%H'��o)5aC'�%/)Jab:��!�y=K./(
0eft�����l+1:	%E'&' ���
=
.H���"�!��(5'@.E�,�"+,%g'���./���C'��J.E��%@[��&;��y= �E#���:�a
�"�!��(q�o)5�"+,%@#�./:�a
% ��),[��@�H#�%&�]:!%V./�z(1�F(bR9;oO,+,%g'���:��	0 :��F(,%
' +,��f�' �"+,%t6U%/./(`#�./:�a
% ���"+,%N0b.H'�+,%V0`:��F(,%N�l+,%�+,.&��0b� fd�F��%V08����6`k
��(,%&(,��i�kb����#H�	0K��(bRe�F6`68%E0K�	�
.E�J% 01%M#�./:Fa
.V�"�!��(8'�%&(5' �	�l�F#E�	�<mK;KQ>= �y��(5'��l�za5���l�	��(`��)	� Y Z![ ��
 ��\9#H�!. .g'za5�&��%E'&'����p��%&kb��%H'�%&(,�J.E�"�!��(
����6qk5��(,%&(,� � � �	01.�' +,%V0b=5./(
0-.�����(9#�%&(,�l�	��(,./:�:�mU:!%V./�z(,%E0-����6qk5��(,%&(,� �!0b�o���J%E01=<;�O
+,% )���� 68%&�
�<' '�%&(5' �!�"��#�%���� ��%E��%�r�k
�1'zab��%*01%M#�./:Fa
.V�"�!��(5iH.�'��F( �,REab��%
��ub;/ub�FQ>=o�>�M�l�	��(7�Uk,���90oa5��%H'���%�ft./��0
h���
 f �!�"+$kb���Vn5.�n,�F:F�	�<m���� �e./)���%M���*�"�F6U%E'��J%&kC' �H��ab��#�%E'd./��%g.&#�%M��.VR�%E'���#�%&��������� ��ab(5'&;
) G�g,F
QRO #*¨�Ï @�: � BK�À9���B�7K:{E^O�TP9;:WBb�
G�J^:�9HQ=F
C"OPJ�9-7MLbT�BKJ4e*GX9HGIBKJ�G�J
gSn � ��B 7&TP9HGIBDJ^:�T�BDC"�
E^OM9-OV7&9o:�9-7�9£OY< � c�BKJ4ODcAL¥cR�VGX9 � 7�:{C"7�L�L�T�BS:�9o7MJ4e#70Lh7MQ�g[O2��F49�F
QRO�E^7�>[BD³mÏK9 � OVBb9 � O�Q�c� c{�0GX9 � J4B T�BS:�947MJ4e J4BVE�7P>[BD³mn ) G�g,F
QRO #S¨�: � B,� :89 � Ome
OP�bO�LhBKE
C"O�J�9
BD��9 � Om7,eS�b7MJ4�
9-7Mg[O,:�Bb�m9 � O&:POA7,TP9HGIBKJ^: B,�[OPQ�LhO&7�Q~J�G�J
gSnWk2TP9HGIBDJ LÀ:�9-7MQ{9£:0LhBSBK¦[G�J
g#��BKQ�:POKc�<^O�T�7�F�:PO
G�9 � 7K:�7�gKQRO&7�9-O�Q G�C�C"O�e*GI7&9-O"T�B*:�9£ÏWGX9£:�7&e*�b7MJ�9-7�g[O#G�J4TRQRO&7,:PO,:�7K:#9 � O#��BKQ{9 � Bb�XL
gKQRB,� :mgKQRO&7�9£OPQm9 � 7MJ�9 � O0C"O�7MJ#�[7ML�F^O�BD�d< � c&7MJ4e�9 � OPJ�g[B[O,:09-BRV#½�9 � Om<
G�Q{9 � BD�W9 � O� 7R<
GX9�¿[7K:¥9 � O2:�F*<[Ô;O&TP9�LhO&7�Q~J^:89-B]T � B[B*:PO$GX9^O��[OPQ=>�9HG�C"O&n ) G�g,F
QRO #�@": � B,� :89 � O$�b7ML�F^O
T�BKC�E^BKJ4O�J�9^Bb��:�9£7�9-OY< � n ��� GI:mT�BKC"O&:m9-B2<^OmQRO&:{E^BDJ^:{G <
LhO$�=BKQ�9 � O2O�J�9HG�QRO¥E
QRO&e*GITP9HGIBKJ½�7,:�%:;�.=< � abLY1 � VS¿In2k0:�G�JW�4g,F
QRO #[kVc[9 � OPQRO]Gh:A7 � 7MQRe
�±�VG�QRO�e�T�BKC�E^BDJ4OPJ�9m9£B�9 � Gh:
�b7ML�F^O�� � GIT � ��B,F
Lhe#QRO&:�F
LI94G�J�9 � O0G�C�C"O�e*GI7&9-O�e
O&TRQROPC"OPJ�9�Bb�oQRO&:{E�BKJ^:POVO��KGIe
OPJ�9^G�J
��g,F
QROq�&k2n

. P8J4��L�G�J4O 7,TP9HGIBKJ®T � BKGIT�O Gh:¡e
O�E^OPJ4e
O�J�9WBKJW, & .0/21¥7,:2G�J`LhO�7MQ~J4O�e�¦SL�G�J4BD¦[G�J4O&:{Gh:�n «�©#°�J4�T�OPJ�9HG��[O$LhO&7�Q~J�G�J
gVG�J�T � 7MG�J^:�:�F�gDg[O&:�9£:89 � 7&9
9 � OmQROPE�QRO&:POPJ�9£7�9HGIBDJ F
J4e�OPQ~L�>KG�J
g�9 � O27,e
�
�b7MJ�9-7�g[O Bb�¥7MJÉ7,TP9HGIBKJ"G�J4TRL�F^e
O,:�G�J
�;BKQ~C"7&9HGIBKJ®7R<^B,F49oG�9;:0��F49�F
QRO]T�BKJ^:PO&abF^OPJ4T�O&:�cKOPGI�
9 � OPQ$9 � QRB,F�g � 7MJ�OP¢KE�L�GXTRGX94C"B[e
O�L�c « � ¬ª«J�¡7�:�F^T�T�O,:�:PBKQ8QROPE
QRO,:POPJ�9-7&9HGIBKJ�c±©~©�BKQ¥E^O�Q � 7�E�:
70�;BKQ~C BD���4��C�BSe
OPL�n «JN P¥J4O$��7�>�Bb�o7�Q~QR7MJ
gKG�J
g�9 � Gh:���B,F
LheAF�:PO07%* � f[��L�G�¦?O ­�� C�O&T � �
7�J�Gh:{C �=BKQ]E
QRBKE�BS:{G�J
g�7,TP9HGIBKJ^:#½±E^O�Q � 7�E�: F�:{G�J
g"��BKQ~¦[G�J
g`C"OPC"BKQ=>ÉG�J²E
QROM��QRBKJ�9£7�L
T�BKQ{9-OP¢b¿�c{G�J�BDQRe
OPQo9-B¡9£O&:�9�9 � O�G�Qo7,eS�b7MJ�9-7�g[O&:�n ) G�g,F
QRO #*¤Õ: � B,� :W9 � OmT�BKJ^:PO&abF^OPJ4T�OmBb�
F�:{G�J
g´7VLhO&7�Q~J4O&e#:�F^T�T�O,:�:PBKQ8QROPE
QRO,:POPJ�9-7&9HGIBKJ�F
J4e
OPQ~L�>KG�J
g]9 � O¡7,eS�[7�J�9£7Mg[O %:;Q.=< � a0LY1: � B,�VJ�G�J ��g,F
QRO #S¨
n �
� O�e
7K: � O�eÉL�G�J4O�: � B,� :A9 � O�T�BDC�E^BKJ4O�J�90Bb� % ; .=< � abLY12e�O��E^OPJ4e
O�J�9WBKJ®7�LhO�7MQ~J4O�e�:�F^T�T�O&:�:PBDQmQROPE�QRO&:POPJ�9£7�9HGIBDJ�c,7�J4e"9 � O�E
Q~GIBKQ8<
GI7,:¡7�<^B,F49W9 � O
�b7ML�F^O�BD��9 � O�QROP��7MQRe^c47MJ4e�� � GIT � Gh:�9 � OPQROM�;BKQRO�:PO�J^:{G�9�G±�[O�9-BÉQRO&�XO�¢DE^B*:�F
QRO#½ª� � OPJ
9 � O0�[7�L�F^O�7&T�T�BDQRe
O�e�9£B�9 � O¡QRO���7�QRe�Gh:Ve
O�TRQRO&7,:PO&e�¿IÏ,9 � O�e�Bb9�9-O&e�L�G�J4O�: � B,� :09 � O¡QRO��
C�7MG�J�G�J
g"T�BKC�E^BKJ4O�J�9�BD� % ; .E< � abLY1~cbLhO�7MQ~J4O�e�G�J®9 � O�:�9-7MJ4e
7�QRe���7P>Sn2l�O&�XO�¢DE^B*:�F
QRO:POPJ^:{GX9HG��,GX9�>�½HÄªÊ¥G�J4T�O�J�9HG��bO0LhO&7�Q~J�G�J
gb¿b�0G�L�L
O�¢DGh:�9oB,�[OPQ8QRB,F�g � L�>AGX9-OPQR7&9HGIBKJ^:s���I@ Z �Kn

. _�l�C"B[e
O�L�:$7ML�:PB��=BKQRT�O0T�BKJ^:{GIe
OPQR7&9HGIBKJ�BD��9 � O$QRO�E^OPQ{9£BKG�QRO�Bb��E^B*:�:{Gª<�LhO27&TP9HGIBDJ^:mBKQWQRO��:{E^BKJ^:PO,:27��[7�G�Lh7�<�LhO�7&9W7�gKG��bO�JÉ:�9-7�9£O�½ ��g,F
QROAj,¨
Ï @�¿In�i"O�7K:�:�F
C�O�9 � 7�94<4B[9 � T�BKQ{9HGIT�BS�
T�BKQ{9HGIT�7ML]7�J4e T�BKQ{9HGIT�B[�I½�e
BKQ�:P7MLI¿�:�9HQ~GI7�9£7�LVE
Lh7K:�9HGITRGX9�>�:PT{F
L�E^9�9 � Gh:�T�BKL�LhO&TP9HGIBKJ�c$F�:{G�J
g
, & .0/21�e*G�QRO�TP9HL�>?c&7MJ4e�C"7�>M<^O�7ML�:PB�T�BDQ~QROPLh7&9HGIBKJ47MLSLhO&7�Q~J�G�J
g Q=F
LhO&:�n
�
� OÉe
O�9-7�G�L�:�Bb�A9 � O�C"B[e�OPL07MQRO�J4B[9 OP¢KE�OPQ~G�C"OPJ�9-7ML�L�>���F
L�L�>Õe
OM9-O�Q~C�G�J4O&e^cW7�LI9 � B,F�g �
GX9£:0g[O�J4OPQR7ML�:PT � O�C"O¡Gh:$<^7,:PO&e�abF
GX9-O]:�9�QR7�G�g � 9��=BKQ=��7�QRe*L�>A��QRBDC 9 � O OP¢DE^OPQ~G�C"OPJ�9-7ML4O��[�
GIe
OPJ4T�O¡QRO��=OPQ~QRO�e�9£B#½�7MJ4e�C"7�J?>�B[9 � OPQVO�¢DE^OPQ~G�C"OPJ�9;:�¿�c,7�J4e�<?>#T�BKJ^:{Gh:�9-O�J4T{>´�0GX9 � 9 � O
7,TP9HG��,GX9�>�Bb��e
BKE�7�C�G�J4O´T�OPL�L�:¡½±QRO&T�BKQRe*G�J
gS:�BD�8� � GXT �É� 7��bO´:PB��;7MQ$F�:PO&e`BDJ�L�>�7�:{G�J
gKLhO
C"Bb9HG��[7�9�GXBDJ47�L^:�9£7�9-O�¿In



� ��¼;�[�*»¡�?�D¼-¹ ¸
f,¢DE^OPQ~G�C"OPJ�9;:VE^B*:PO�7�TRQ~GX9HGIT�7MLWT � 7�L�LhO�J
g[OA9-B�B,F
Q0F
J4e
O�Q�:�9-7MJ4e*G�J
g�Bb��9 � O]E�:�>[T � BKLhBbg[�
GIT�7�L�7�J4e�J4O�F
QR7ML�G�C�E�LhOPC"OPJ�9-7&9HGIBKJ®BD�¥QRO�G�J
�=BKQRT�O�C�O�J�9�LhO&7�Q~J�G�J
g?cª©-«~¬X©£­�:�F�gDg[O&:�9HG�J
g�9 � O
G�C�E^BKQ{9-7MJ4T�O�Bb�m9���B"e*G�³¥O�QROPJ�9m:PBKQ{9£: BD�¥C"B[9HG��b7&9HGIBKJ®G�J�T�BKJ�9HQRBDL�L�G�J
gA<^O � 7��,GIBDQ�n¥i�GX9 �
<^Bb9 � OPC�E
G�Q~GIT�7ML�7MJ4eÉ9 � O�BDQROM9HGIT�7ML?<^7,:PO,:�cK��O � 7��bO E
F49�9 � O,:POA9���B�7,:{E^O&TP9£:¡9£BDg[OM9 � OPQ
9 � QRBKF�g � 9 � O�C"O�e?G±F
C BD�87&eS�[7MJ�9-7Mg[O,:�n ��� O2C"BS:�9oTRQ~GX9HGIT�7�L
7,e
e*GX9HGIBKJ�Gh:�7 � 7MQRe
�±�VG�QRO�e^c
:�9HG�C�F
L�F�:P�I:�F*<�:�9HGX9�F49HGIBKJ�:PO�J^:{GX9HG��bODc&QRBKF49-O��=BKQV9 � OAO��[7�L�F^7&9HGIBKJÉBb��:�9HG�C#F
L�G�7�J4eÉ:�9-7�9£O&:�c
� � GXT � T�BKC�E^O�9-O&:¡�VGX9 � 7AE
Lh7,:�9�GXT�QRB,F49£OA9 � QRB,F�g � 9 � O´7MC�>Kg[e
7MLh7�7MJ4eÉ9 � O´B ) @on �
� Gh:
� 7MQRe
�±�VG�QRO&e�QRBKF49-O � 7,:�9 � O#E
QRBDE^OPQ{9H>�BD�VG�J�9HQ~G�J^:{GIT�:PO�J^:{GX9HG��,GX9�>®9-B`�[7�Q~GIB,F�:�:PBKQ{9;:�Bb�
e
OP�b7ML�F^7�9�GXBDJ�cS7�J4e�9 � GI:¡LhO�7,e�:�9-B�C"Bb9�G±�[7&9HGIBKJ47ML�L�>�7ME
E
QRBDE
Q~GI7�9-O¡<^O � 7��KGXBDQ�n �
� O�T�BDC"�
E�F49-7&9HGIBKJ47ML,<^7,:{Gh:�BD��9 � O�J4O��Î7K:{E^O�TP9£:mBD��9 � OmC�BSe
OPL*�;BST{F�:mBKJ�C"Bb9HG��[7�9�GXBDJ47�L
T�BKJ�9�QRBKL
BD��_Ml�L�G�J�¦�:2½ª�KGX7I9 ; ¿�cM9-B´7,e
e#9-B C"Bb9HG��[7�9HGIBDJ47�L�T�BKJ�9�QRBKL
BD��G�J^:�9HQ=F
C"OPJ�9-7ML?7,TP9HGIBKJ^:2½ª�KGX7
% ; ¿In®i"O"7ML�:PB�: � B,��O�e�9 � O�E^B[9-OPJ�9HGI7ML2e
O�T�BDC�E^BS:{GX9HGIBKJ×BD� 9 � O"7,eS�b7MJ�9-7�g[O&:�G�J�9-B�7
T�BKC�E^BDJ4OPJ�9¥<47K:PO�e�BKJÕ9 � O�:�F^T�T�O&:�:PBDQ¡QROPE
QRO,:POPJ�9-7&9HGIBKJÕ7MJ4e®9 � O�QRO��;BDQRO�:POPJ^:{GX9HG��[O�9£B
QRO��IO�¢DE^BS:�F
QROV7K:mG�J�G�J4T�OPJ�9�G±�[O0LhO&7�Q~J�G�J
g?c�7�J4e�7]:�9-7�J4e�7�QRe^c�LhO�7MQ~J4O�e�c�T�BDC�E�BKJ4OPJ�9;n
�
� O®C"B[e
O�L0Gh:�B&<?�KGIB,F�:{L�>%G�J4T�BKC�E
LhOM9£OKc�7�J4eÎQRO&abF
G�QRO,:�9£O&:�9HG�J
gÀG�J×Q~GXT � O�Q"OPJ?�KG�QRBDJ4�
C"OPJ�9£:�n °XJ®E^7�Q{9�GXT{F
Lh7MQ�cD��O � 7��bOA>bO�9m9-BÉO�¢DE
LhBDQRO � B,� � 7�<�GX9£: g[O�9�TRQRO�7&9-O�eÉ�-QRBKC 7,T��
9HGIBKJ^:07K:29 � O2C"7P¢DG�C"7�L47,eS�[7�J�9-7�g[O0g[B[O,:29-BGV?n
�����
5��
	��h)�
��*)��")&5�+��
°27MC �bO�Q=>�gKQR7&9-O���F
L¥9£BÕ@ � Q~Gh:�9HGI7MJÀ¨�7ML�¦?OPJ�G�F�:�c�¨?O�Q~J47�QReÕ¨�7�L�LhO�G�J4OKc � BKJ?>�¤¥GITR¦[G�J^:PBDJ�c
_ � 7�C � 7M¦?7,e
ODc�fKC�C�O�98_�E
GIOPQ�7MJ4e#k$J
g[OPLh7��4F`�=BKQ2e*Gh:PT{F�:�:{GIBKJ^:�n ) F
J4e*G�J
gA��7,:��-QRBKC
9 � O�687&9£:=<?>´@ � 7�Q~GX9-7�<�LhO ) B,F
J4e�7�9HGIBDJ^n

� ���2� � � ¸ � � �
� Y�� k2e
7MC`:�c�@^¤Õ½ Y���� �D¿A*87MQ~GI7�9�GXBDJ^:WG�J�9 � O2:PO�J^:{G�9�G±�KGX9�>�BD�
G�J^:�9HQ=F
C"O�J�9-7�LKQRO,:{E^BKJ4e*G�J
g

9£BAQROPG�J
�=BKQRT�OPQme
OP�b7ML�F^7�9�GXBDJ^n���� �"!$#"%'&Ze ZSZ � �'� n
� � � ¨�7MG�QRe�c�db@ ½ Y���� jK¿)(�*DÅ[Æ�Ç
Ã�ÆbË�Ê,+��-*SÆ
ÃIÄ�ÇbË'. � O&T � J�GXT�7MLmQRO�E^BKQ{90i�db� � l�� � jK� YSY #-/�c

i�Q~G�g � 9-��È[7&9�9-O�Q�:PBKJ#k¥G�Q ) BKQRT�OV¨�7,:PO,n
� j � ¨�7ML�¦?OPJ�G�F�:�c�@�½ Y0��� �&¿21VÆ
Ã=
-3�ÆQ�54-Ç
ÃIÊA�g��Ä Ë�Ê�Ç�	�ÊmÄ±Ç6(73�ÃIÄ98�	�ÄªÆ��2:;3{Ê�Æ
Ã=
-3{Ê < .{È � ¤ ��� O&:{Gh:�c

¤�O�E^7MQ{9HC"OPJ�9oBD�8@�BDgKJ�GX9HG��bO]_�TRGIO�J4T�OKc�d&F
J4e#UWJ�G��bO�Q�:{GX9�>*c&_P��O&e
OPJ^n
� # � ¨�7ML�LhOPG�J4OKc0¨bi § ¤¥GITR¦[G�J^:PBKJ�cVkÍ½ Y������ ¿ 68B[7MLh�Xe*G�QRO�TP9£O�e×G�J^:�9HQ=F
C"O�J�9-7�L´7&TP9�GXBDJ e

@�BDJ�9HG�J
g[OPJ4T{>
7MJ4e
G�J4T�OPJ�9HG��[O®LhO&7�Q~J�G�J
g�7MJ4e 9 � O�G�Q`T�BKQ{9HGIT�7MLA:�F*<^:�9�QR7�9-O,:�n=1¡Ê8
'>
3{Â8�
Ð*Æ-3{Á#Æ�	RÂ ��Â�Ë1�?#�@ e #�V Z � # Y�� n

� � � ¨�7ML�LhOPG�J4OKc
¨[iÉc�687�Q~J4O�Q�c�@�c
68BKJ [[7�LhO [*c ) §
¤¥GITR¦[G�J^:PBKJ�c�k�½ Y0��� ��¿)AAB[9HG��b7&9HGIBKJ47ML
T�BDJ�9HQRBKL Bb� � O�9-OPQRBbg[OPJ4O�BKF�:�G�J^:�9�Q=F
C�O�J�9-7ML�T � 7MG�J^:�nB��Â 
-3RÇ*ÆQ�0Â�CD�FE8�
Ê�3RÄ±Á�Ê�Ç
ÃXÆQ�
!�< ��	PÐ?Â �±ÂMË1��GF(�Ç�Ä�Á#ÆQ�0H4Ê&Ð*ÆDÅ*Ä±Â23I!�3�Â 	RÊ5<J<�Ê <LKIM e�� V�jD��� YSZ n

� / � ¨�7MQ{9-B?c�k�6mc4_�F49-9-BKJ�c^l�_�§�k$J4e
O�Q�:PBKJ�c4@�i ½ Y��'� jK¿WNmOPF
QRBKJ�L�G�¦?O�O�LhOPC"OPJ�9;:´9 � 7&9
T�7MJ`:PBKL��[O�e*GON®T{F
LI9^LhO�7MQ~J�G�J
g E
QRB&<�LhO�C":�n04P�"�"��QSRT:UMF#4e � j�#?� � #�/Sn

� Z0� ¨�OPQ~Q~GIe?g[ODc � @%½J�>V4VQVS¿4l�O���7MQRe`LhO�7MQ~J�G�J
g4e¥l�O�G�J
�=BKQRT�O�C�O�J�9=c*G�J4T�O�J�9HG��bO,:�c?7MJ4e®O�¢S�
E�O�TP9-7&9HGIBKJ^:�n{°�J´¤$dVAAO&e*G�J�cRO�e*GX9-BDQ�c"W*Ð?Ê;!X< �#	PÐ?Â ��ÂMË9�AÂ�C�Y�Ê�Æ-3{Ç�Ä�ÇbË]Æ�Ç�*ZR�ÂDÃhÄ ÅbÆ
ÃhÄªÂDÇ
%'[�e��5�*jD��� Z2� n

� �F� ¨�OPQ~Q~GIe?g[ODc � @®§²_�T � F
L�¦SG�J�c�\0½ Y����X� ¿�È[7�Lh7&9-7�<�G�L�GX9�>�: � G��£98BD�m7�:P7MLI9-�X7K:�:PB[TRGI7�9£O�e#G�J4�
T�O�J�9HG��bO#eSF
Q~G�J
g`:PB[e*G�F
C e
O�E
LhOM9�GXBDJ^nI�%
*Æ-3RÃIÊ�3?� �]��Â 
-3RÇ*ÆQ�^Â�C^�FE8��Ê�3RÄ±Á�Ê�Ç
ÃXÆ��X!X< �->
	PÐ?Â �±ÂMË1��G;:�ÂDÁG�?Æ-3~Æ
ÃIÄ ÅSÊD_`!�ÐK�
<PÄ±Â ��ÂMË
Äg	{Æ���!�< ��	PÐ?Â �±ÂMË1�a%^M e Y � Y � Y j � n

� �
� ¨SQR7��bO�Q�c � _Kc¡¨�7�QRT � c´¤bA § @�B � O�J�cc\=¤µ½ Y��X��� ¿�@�BDgKJ�GX9HGIBDJ 7MJ4e T�BKJ�9HQRBDL#G�J
:PT � GE[[BKE � QRO�J�GX7 eSk�T�BKC�E�F49£7�9HGIBDJ47�L�C"B[e�OPL4BD�¥e
BKE�7�C�G�J4O�7MJ4e#E
QRO��-QRBKJ�9-7ML���F
J4T��
9�GXBDJ^n�H�ÄªÂ ��Â�Ë�Ä+	RÆ���!X< �#	PÐ�Ä Æ
ÃP3��d%-e�e�j Y �b�Hj
� � n

� Y V � @�BDQ£<�GX9=cDdKÖ¡c2A�F
G�Q�c0\=d�§�¨?7ML�LhOPG�J4ODc&¨[i ½J� VQV Y ¿ ��� O�QRBKLhO]BD�$9 � O�J?F^TRLhO�F�:¡7,T�T{F
C"�
<^OPJ^:�G�J�G�J^:�9HQ=F
C"OPJ�9-7MLWT�BKJ4e*GX9HGIBDJ�G�J
g4emf,�KGXe�OPJ4T�O�Bb�07´��F
J4TP9HGIBKJ47MLWe*Gh:�:PB[TRGI7�9�GXBDJ
<^OM9H��O&OPJ�7&T�T{F
C�<^OPJ^:8T�BKQRO�7�J4e�: � O�L�L�nf�&Â 
-3{Ç*Æ���Â�C"1¡Ê8
-3�ÂS<K	PÄªÊ&Ç�	RÊgKIM e�j
��� Y ��j,�
/]V?n



� Y*Y�� ¤�7�>[7�J�c�ÈV½ Y��X� jK¿&°XC�E�QRB,�KG�J
gVg[O�J4OPQR7ML�GI:P7&9HGIBKJA�;BDQ�9£OPC�E^BKQR7ML[e*G�³¥O�QROPJ4T�O�LhO&7�Q~J�G�J
g4e
��� O�:�F^T�T�O&:�:PBDQ¥QROPE
QRO,:POPJ�9-7&9HGIBKJ^nS1¡Ê8
-3~Æ��X:�ÂDÁG��

Ã�Æ
ÃIÄ±ÂDÇ��>e / Y jD�P/C� #
n

� Y � � ¤¥GITR¦SG�J^:PBDJ�cMk%§®¨?7ML�LhOPG�J4ODcP¨�½ Y��X� #*¿�A´Bb9HG��[7�9�GXBDJ47�L4T�BDJ�9HQRBKL4Bb�Wg[BS7�Lh�Xe?G�QRO&TP9-O�e�7,T��
9�GXBDJ^n�(�Ç�Ä±Á#Æ��SY�Ê�Æ-3{Ç�Ä�ÇbËa_`H^Ê�Ð*ÆbÅSÄ±Â"3VK'K#e Y � Y2� n

� Y j � ¤¥GITR¦SG�J^:PBDJ�c�kÀ§É¨�7�L�LhO�G�J4OKcP¨�½J�>V4V Y ¿ �
� OVQRBKLhO¡BD�oLhO�7MQ~J�G�J
g G�J#C"B[9HG��b7&9HGIBKJ^n,°XJ�@^l
687ML�L�GI:�9£OPL�c?O&e*GX9-BKQ�c'Y�Ê�Æ-3{Ç�Ä�ÇbË��BR�ÂDÃhÄ ÅbÆ
ÃhÄªÂDÇ�Æ�Ç�*a�
Á�ÂbÃhÄªÂDÇ�����Â ��
�Á#Ê��ÉÂ0CbQ[ÃIÊRÅSÊ�Ç
	 <
� Æ?Ç�*?Ñ[ÂKÂ
��Â�CX�FE8�
Ê�3RÄ±Á�Ê�Ç
ÃXÆQ� !X< �#	PÐ?Â �±ÂMË9����W*Ð�Ä 3J*��'*�Ä�ÃhÄ±ÂKÇ�.PNmO�� �WBKQ~¦�c�N)�-ePi�G�LhO�>Sn

� Y # � ¤¥GITR¦SG�J^:PBDJ�cbk¡cD¨?7ML�LhOPG�J4ODcb¨�c,i"7�9�9~cDk¡cb68BKJ [[7�LhO [*c ) §À¨�B[7M¦?O&:�cSl
k ½ Y0��� ��¿�AAB[9HGI�
�[7&9HGIBKJ47ML^T�BKJ�9HQRBDL^7��£9-O�Q2O�¢[9-OPJ4e�O�e#G�J^:�9HQ=F
C"OPJ�9-7ML�9HQR7MG�J�G�J
gSn�(�Ç�Ä±Á#Æ��0Y�Ê�Æ-3{Ç�Ä�ÇbË _
H^Ê�Ð*ÆbÅ*ÄªÂ"36K�#4e Y���Z ���>V�/*n

� Y � � fS:�9£O&:�c~i � ½ Y0� #^j,¿InR¤¥Gh:PTRQ~G�C�G�J47&9HG��[O2T�BDJ4e*GX9HGIBKJ�G�J
gSnP°�n�kÕe*Gh:PTRQ~G�C�G�J47�9HG��[O¥E
QRBDE^OPQ{9H>
Bb�8T�BDJ4e*GX9HGIBKJ4O�e�7MJ�9HGITRG�E^7&9HGIBKJ^n5� �"!$#
K#e Y � V*� Y � �Kn

� Y / � Ö0BKL�Lh7MJ4e^cSÈ[@Õ§�687�L�Lh7�g � OPQ�c
A ½ Y0����� ¿4k$C�>Kg[e�7�Lh7�TRG�QRT{F
G�9�Q=>�G�JÕ7&9�9-OPJ�9�GXBDJ47�L�7MJ4e
QRO�E
QRO&:PO�J�9-7&9HGIBKJ47ML[E
QRBST�O&:�:PO&:�n�W'3�Ê�Ç�*F<�Ä�Ç :�ÂMË
Ç�Ä�ÃIÄ ÅSÊ6Q 	PÄ±Ê�Ç�	RÊ5<D#4e / �&� Z jbn

� YSZ0� Ö0BKL�Lh7MJ4e^c4È[@Î§¯l�O&:PT�BKQ~Lh7bc�l
k�½ Y0�4Z ��¿ �
� O`O�³$O�TP9�Bb��9���BÉ��7P>S:�BD�Ae
O��[7�L�F
G�J
g
9 � O]F
J4T�BKJ4e?G�9�GXBDJ4O�e²:�9HG�C#F
L�F�:A7��£9£OPQ��
Q�:�9-��7MJ4e�:PO&T�BKJ4e
�XBDQRe
OPQ�7ME
E^O�9HGX9HG��bO�T�BDJ4�
e?G�9�GXBDJ�G�J
gSnS�&Â 
-3{Ç*Æ��*Â�C��FE8�
Ê�3RÄ±Á�Ê�Ç
ÃXÆQ�2!X< �#	PÐ?Â �±ÂMË9�'G'(�Ç�Ä�Á�Æ���H4Ê�Ð*ÆbÅ*ÄªÂ"3)!�3�Â 	�Ê <J<�Ê <
M e�j�� �&�HjF/
jDn

� Y2�F��� BKJ4BKQ�:{¦SGHc�\A½ Y�� # � ¿V:�ÂDÇ�*�Ä�ÃhÄ±ÂKÇ?ÊS*��8Ê���Ê EKÊ <´Æ?Ç�*`1¡Ê`
-3�ÂDÇ��Z3£Ë�Æ?Ç�Ä �KÆ
ÃIÄ±ÂDÇ�.�@�7MC"�
<
Q~GIe?g[OKcMfKJ
gKLh7MJ4e�e*@�7MC�<
Q~GIe?g[O0U�J�G±�[OPQ�:{GX9�>]ÈKQRO&:�:�n

� Y��
��� BKJ4BKQ�:{¦SGHc�\�½ Y0� / Z ¿=4-Ç
ÃIÊRË�3�Æ�ÃhÄ ÅSÊ (I	PÃhÄ ÅSÄ�Ã��²Â�C�ÃIÐ?Ê HI3~Æ�Ä±Ç�GD(�Ç 4-Ç
ÃIÊ�3J*�Ä <K	�Ä �#��Ä�Ç*Æ'3��
( �Q��3{Â,ÆQ	PÐ�.&@ � GIT�7Mg[B�c�°Xd]eMUWJ�G��bO�Q�:{GX9�>´Bb��@ � GIT�7Mg[BAÈKQRO,:�:�n

� �>V � A´7,TR¦[G�J�9-BS: � c&Ng\�½ Y���Z #*¿)W?Ð?ÊL!X< �#	�Ð?Â ��ÂMË9��Â�CX(�Ç�Ä�Á#ÆQ�0Y�Ê�Æ'3RÇ�Ä±ÇbË-.�NmO�� �oBDQ~¦�c�N)�-e
k2T�7,e
OPC�GIT2ÈKQRO&:�:�n

� � Y�� A´BKJ�9£7Mg,F^ODc�ÈDlWc0¤�7P>[7MJ�c È?c�È[O�Q�:PBKJ�c]@�§ _&O~Ô�J4BK��:{¦SG � \Õ½ Y0��� ��¿A¨�O�OÀ�=BKQR7�g[�
G�J
g�G�JÉF
J4T�OPQ{9-7MG�J®O�J?�,G�QRBDJ�C�O�J�9£:�F�:{G�J
g�E
QRO�e*GITP9HG��[O � O{<*<�GI7MJ�LhO�7MQ~J�G�J
gSn
1VÆ
Ã=
-3{Ê
#�@'@>e Z ���,� Z � � n

� �5� � A´BKJ�9£7Mg,F^ODc*ÈDl�cS¤�7�>b7MJ�c�È�§
_&O~Ô�J4BK��:{¦SGHc � \�½ Y���� /[¿4k ��QR7MC�OP��BDQ~¦É�=BKQ¡C"O&:PO�J4�
T�O�E � 7ML�GXT�e
BKE^7MC�G�J4O0:�>S:�9-OPC`:�<^7K:PO�e�BDJ�E
QRO&e*GITP9HG��bOmÖ2O{<*<�GI7MJ�LhO�7MQ~J�G�J
gSn �&Â 
-3RÇ*ÆQ�
Â�C-1¡Ê8
-3{Â <K	PÄ±Ê�Ç�	RÊ7M�e�e Y�� jF/S� Y0� # Z n

� �?j � _&T � B[O�JS<47�F
C�c�6mc*@ � Gª<^7Dc[k8k×§Î687�L�Lh7�g � OPQ�cFA ½ Y0����� ¿�NmO�F
QR7MLWOPJ4T�BSe*G�J
g�G�JÕBDQR�
<
GX9-BD�-QRBKJ�9-7MLWT�BKQ{9-OP¢�7MJ4e�<47K:PBKLh7&9-O�QR7�L�7�C�>Dg[e
7�Lh7#eSF
Q~G�J
g�BDLX�;7,TP9-BKQ=>�e*Gh:PTRQ~G�C�G�J47,�
9�GXBDJ�LhO�7MQ~J�G�J
gSn �&Â 
-3{Ç*Æ��bÂ�C�1¡Ê8
-3�ÂS<K	PÄªÊ&Ç�	RÊ M���e Y���Z /[� Y2��� #
n

� � # � _&T � F
LI9b[?c�iÉc,¤�7P>[7MJ�c&È´§$A´BKJ�9-7�g,F^OKc&ÈDl®½ Y�����Z ¿*k%J4O�F
QR7ML4:�F*<^:�9HQR7&9-O�Bb�WE�QRO�e*GIT��
9�GXBDJ`7�J4e�QROP��7MQRe�n�Q 	PÄªÊ&Ç�	RÊ6KB@��>e Y � � jK� Y � �X� n

� � � � _�E
GIOPQ�cKf�½ Y�����Z ¿��'3�ÂDÁ��¥Ê�Æ�	PÃhÄ Å[ÊVH^Ê�Ð*ÆDÅ*Ä±Â 
-30ÃIÂD(�*SÆ]�4ÃIÄ ÅSÊ6H^Ê�Ð*ÆbÅSÄ±Â 
-3J.,È � ¤ �
� O&�
:{Gh:�cM¨�7�L�L�GIBDL�@�BDL�LhO�g[OKc`P8¢D�=BKQRe�n

� �
/ � _PF49�9-BDJ�c4lo_�½ Y��X� �&¿ � ¤�C�BSe
OPL�:2e�C"B[e�OPL�G�J
g®9 � O���BDQ~LheÀ7�9¡7�C�G�¢[9�F
QRO�Bb��9HG�C�O
:PT�7MLhO&:�n
°�JÕk�ÈKQ~GIO�e*GX9HGh:´§¯_�l�F�:�:POPL�L�c�O�e*GX9-BDQ�:�c�!�3�Â 	�ÊMÊ *�Ä±ÇbËX<�Â�C�ÃIÐ?Ê W��VÊA� C£ÃIÐ 4-Ç'>
ÃIÊ�3RÇ*Æ�ÃhÄªÂDÇ*Æ��^:�ÂDÇ�C�Ê�3�Ê�Ç�	�Ê�ÂDÇ R#Æ�	�Ð�Ä�Ç?Ê7Y�Ê�Æ-3{Ç�Ä�ÇbË'.
_�7MJ ) QR7�J4TRGh:PT�B?c4@�k e�A´BKQ�g[7MJ
� 7PF��-C�7MJ�J�c	�[j Y � �[j � n

� � Z0� _PF49�9-BDJ�c
l�_�§Î¨?7MQ{9-B?c?k26×½ Y����4Y ¿�k$J²7&e�7�E49�G±�[O�J4OM9���BKQ~¦�9 � 7&92T�BDJ^:�9HQ=F^TP9£:�7MJ4e
F�:PO,:�7MJ²G�J�9£OPQ~J47MLWC"B[e
O�L�BD�VGX9£:A��BDQ~Lhe�n=:�ÂMË
Ç�Ä�ÃIÄ±ÂDÇ�Æ�Ç�*`HI3~Æ�Ä±Ç W*Ð?ÊMÂ"3��,%�e�� Y[Z �
� #�/Sn

� � �F� _PF49�9-BDJ�c4lo_�§×¨?7MQ{9-B�c�k26 ½ Y0���'� ¿��¥Ê�Ä±Ç�C�Â"3S	RÊ�Á�Ê�Ç
Ã^Y�Ê�Æ-3{Ç�Ä�ÇbË'.�@�7�C�<
Q~GIe?g[OKcBA�k e
A]° � ÈKQRO,:�:�n

� � �
� _PF49�9-BDJ�cRlo_¥§�ÈKG�J4OM9-9-OKc{¨´½ Y���� ��¿ ��� O¥LhO�7MQ~J�G�J
g�BD����BKQ~Lhe C"BSe
OPL�:�<�>�T�BDJ�J4O�TP9HGIBDJ4�
Gh:�9oJ4OM9���BKQ~¦
:�n�!�3�Â 	�ÊMÊ *�Ä±ÇbËX<VÂ�C8ÃhÐ?ÊVQDÊ�Å[Ê&Ç
ÃIÐc(�Ç�Ç#
*Æ���:�ÂDÇ�C�Ê�3{Ê�Ç�	�Ê�Â�C8ÃhÐ?Êc:�ÂMË
Ç�Ä >
ÃhÄ Å[Ê6Q>	PÄªÊ�Ç�	�Ê6QbÂ 	PÄ±Ê&Ã �'.�°XQ=�,G�J4OKc�@�k e�db7P�VQROPJ4T�O0fKQ~L±<^7PF
C�c�� #?�P/ #
n

� j V �¡� BKL�C"7MJ�c&f[@�½ Y0� j � ¿ ��� O�e
OM9£OPQ~C�G�J4OPQ�:0BD��<4O � 7P�KGIBKQ27&9W7�T � BDGXT�O�E^BDG�J�9;n�!X< �#	�Ð?Â2>
��ÂMË
Äg	{Æ����8Ê�ÅSÄ±Ê�� %
�>e Y � # Y n

� j Y�� i"7&9H¦[G�J^:�c
@�\�@^Ö�½ Y0�'�
� ¿IY�Ê�Æ-3{Ç�Ä�ÇbË Cf3{ÂKÁ ��ÊA�±Æo��Ê *!�¥Ê��2Æ-3J*F<�n*È � ¤ �
� O&:{Gh:�c*UWJ�GI�
�[OPQ�:{GX9�>�BD��@�7MC�<�Q~GIe?g[ODc&@�7�C�<
Q~GIe?g[OKc�U � n


