
���������
	���
���� ���������������������
� ����� ��	 ��� !"��	 �#�%$'&(����� ) ��� 	 �#*

+-,/.102+3.5464879,
:<;>=5?>@BADCFEHGJI5KMLNA�OPA�QRI�S9TU;WVYX5;WZ�[\Z1VP]�;W^MGJVP?_Ia`cb_:ed5b_f
Eg@ih-@Nj'A/kml�n�nRn5o5pDq�rRr3s\jeS1Tt;>VuXN;WZto1vwL1;#x<;y?zLN;W^zOu{RZ1XNG

|}|M~>�}�R�W���6�z�M�B�u�u�y�����y�8�5�1�����u�1�

���e�R�5�N���
�
vwLNVYG�=1{D=
;W^�=N^�;}GJ;>Z9?zG�^z;WVuZ5C�AR^MKy;>�3;>Z9?�Ou;>{R^�Z1VPZNQ���VP?�L�{�TUARZNQ"d�LNA�^J?� 
vU;>^��¢¡�;>�3A�^�I£^z;>Ky¤1^�^z;WZ9?�ZN;>¤N^z{RO<ZN;W?_�HA�^�¥§¦¨s\T6 ©Tªd5v�¡«@'¡�A5X5;>O¬ ­C�^z;W;
s\T6 ©TªdNv�¡®¤1G�VPZ1Q¯f<XN]/{RZ9?z{DQ�;�°­±8²cOP;}{D^zZNVuZNQ¯{RZ1X X5Vu^z;>K³?z;>X ;yk5=NOuAR^M{�?�VuARZ
KW{RZ"GJA�OP]�;aZ1ARZ5 ©¡´{D^z¥RA�]�VY{DZ ?z{RG�¥5Gµ��VP?�L"OuARZNQR ¶?z;W^z�·X5;>=8;>Z1X5;>Z1KyVu;>G¹¸8;W 
?_�H;>;WZ´^z;WOu;W]�{RZ�?%;W]R;>Z9?zG>@evwLNVYG%VuGeX5;W�ºA�Z1G_?z^z{D?�;}X�VPZ¯{¹v' »�º{R¼W;�?M{RG�¥§S§{�G
�H;>OPOt{�GwVPZ�{ºX5VP½�Ky¤NOP?<]�{D^zVu{D?�VuARZmADCF?�LN;�=
AROu;#¸1{DOY{DZ1KWVPZ1Q-?M{RG�¥§@

¾ ¿�À �5�NÁ�Â<Ã<�
�NÄJÁ À
s�;>VPZ5C�A�^zKW;W�º;WZ9?<Ou;>{R^�Z1VPZNQ¯°�s\TF²�VYG<{µ�w{/I¹ARCÅOP;}{D^zZNVPZ1QµLNA��Æ?�A�¸
;WL1{/]�;�¸1{�GJ;}X�ARZ´X5;>Ou{/I�;>X
^z;W�w{D^MXmG�VPQ�Z1{DOYG�ÇPÈ}p}É»@wf\�ºARZNQ�?�LN;��ºA�^�;�Vu�º=8A�^J?M{DZ9?<KML1{DOuOu;WZNQ�;>GwC�A�^<s\T«{R^�;#?M{RG�¥�G\��LN;W^z;
=1{R^J?BARC6?�LN;%G_?M{�?�;%ADC§?�L1;<;WZ�]�Vu^�A�ZN�º;WZ9?BVYG'Ê �����R�W� C�^�A��Ë?zLN;%{RQR;>Z�?}@gd5¤1KMLº?z{�GJ¥5GB{R^�;\K>{DOuOP;}X
ZNA�Z5 »¡�{D^z¥RA�]�Vu{RZ<?M{RG�¥5GUA�^FE�{R^J?zVu{ROPOuI#h%¸1G�;W^z]�{D¸NOu;B¡´{R^�¥�A�]e:%;>KWVuG�VuARZcEB^�A5Ky;}G�G�;>G>@t¡´{RZ9I#^z;>{RO
�'AR^zOuX´?z{RG�¥5GeL1{/]R;c?�LNVYG#=N^zAR¸NOu;W�ÌARCHLNVYXNX5;>Z¨GJ?z{D?�;�@-ÍNA�^#VPZ1GJ?z{RZ1Ky;�StVuZ¨{aZ1{/]�VuQ�{�?zVPA�Z�?z{�GJ¥
X5VPÎ
;>^�;>Z9?c=8A9GJVP?�VuARZ8G�VPZ�?zLN;¹;>Z�]9Vu^zARZN�º;WZ9?��µ{/I�OuA�AR¥�?�LN;¹Gz{D�º;�Sª¸N¤N?cARZN;m{DZ1X¯?�L1;mGz{D�º;
{RKy?�VuARZ��µ{/IaOP;}{RXa?�AaX5VPÎ
;>^�;>Z�?%ZN;yk�?eGJ?z{D?�;}G\AR^%^�;>�'{R^zX1GW@�vwL�¤1G>S8LNVYXNX5;>Z�GJ?z{�?z;��µ{D¥�;>G<s<T
�ºAR^z;#^�;}{DOuVuGJ?�VYKD@BÏ<A��H;>]R;>^>S�VP?%{DOYGJAº�µ{D¥�;>GwVP?<�ºAR^z;�X5V¬½�KW¤NO¬?}S1¸
;>K>{D¤1G�;�ZNA��"?zLN;c{RQR;WZ9?�ZNAR?
ARZ1OPImZN;W;}XNG�?zAµOP;}{D^zZm?zLN;��µ{D=1=NVPZ1QµC�^�A��Ð;>Z9]�Vu^�A�ZN�º;WZ9?z{ROtG_?M{�?z;>Gw?zA¹{RKy?�VuARZ1G>S5C�AR^<AR=5?zVP�µ{DO
=
;W^�C�AR^z�º{RZ1Ky;'VP?Å¤1GJ¤8{DOuOPI�ZN;>;>XNGF?zA�X5;y?z;W^z�ºVPZN;w��LNVYKML3;WZ�]�VP^zARZN�º;>Z�?M{DO5GJ?z{�?z;wV¬?�VYGgVPZµ{RGF�';WOuO¶@
ÑBÒ
ÓFÔNÕzÖ>79,�0®×ª79ØB7�ÓF×ª7�ÓFÙRÚ¶79Û�Üw¡�A�GJ?\{D=N=N^zA�{�KMLN;>GB?�A�G�AROu]�VPZ1Q3Z1ARZ5 ©¡´{D^z¥RA�]�VY{DZ�s\T¨?M{RG�¥5G
L1{/]�;m=N^zAR¸1OP;>�ºGºVPCe?�LN;>^�;´{R^�;aOPA�ZNQD ­?�;>^��ÝXN;W=
;WZ1X5;>Z1KyVu;>G�¸8;W?_�H;>;WZ�^�;>OP;>]�{DZ9?µ;W]R;>Z9?zG>@�f<Z
;ykN{R�3=1OP;ºADCw{¹OuARZ1QD ­?�;W^z�ÌX5;>=8;>Z1X5;WZ8KyI�=1^�A�¸NOP;>�ÞVuG�{a�µ{D¼>;-Z8{/]9VuQ�{D?�VuARZ�?z{RG�¥���LN;>^�;3?�L1;
ARZ1OPI3�'{/I-?�A-X5VuGJ?�VuZNQ�¤NVuG�L�¸
;y?_�';W;>Zµ?_�HA-v' Pß_¤NZ8K³?�VuARZ8G�?�L8{�?HOuA�AR¥3VuXN;WZ9?�VYKW{RO8VYG�?zAc^z;W�º;W�-¸8;>^
{DZmAR¸1G�;W^z]�{�?zVPA�Z�AR^�{RKy?�VuARZ¹{-OuARZNQ-?�Vu�º;e¸
;yC�A�^�;e;WVP?�L1;W^�v' Pß_¤1Z1K³?zVPA�Zt@Bd�¤1KMLa{-K>{RG�;%=N^z;>G�;WZ9?MG
AR¸�]�VuAR¤1Gc=N^�A�¸NOu;W�µG�C�A�^�àNk5;>X GJVu¼W;�L1VuGJ?�A�^�I¨��VPZ8X5A��({D=N=1^�A9{RKMLN;}GµÇ áDÉ­S���LNVYKML {D?J?�;>�º=5?c?zA
^z;>G�AROu]R;e?�LN;-LNVYXNX5;WZ¯G_?M{�?�;c¸9Ia�µ{D¥�VuZNQº?�LN;3KMLNA�G�;WZ�{�K³?�VuARZ´XN;W=
;WZ1X�Z1AD?<A�ZNOPIaARZ�?zLN;-KW¤N^� 
^z;WZ9?�AR¸1G�;W^z]�{�?�VuARZUS6¸N¤5?c{DOYG�AmA�Z¨{¹àNk5;>X¨Z�¤N�c¸
;W^#ARCH?zLN;º�3A9G_?�^z;>KW;WZ9?�AR¸1G�;W^z]�{�?�VuARZ8G%{RZ1X
{RKy?�VuARZ1G>@Fb»CU?�L1;%^z;WOu;W]�{DZ9?'=NVP;}Ky;%ADCUVuZ5C�AR^z�µ{�?zVPA�Zµ?�A-¸8;e^�;>�º;W�c¸
;W^z;>XµC�{DOuOuG'AR¤N?zG�VuX5;<?�LN;eLNVYG_ 
?�A�^�Iº��VuZ1X5A���S9?�L1;#{RQR;>Z�?wKW{RZNZNAD?w¤1G�;%VP?>@Å¡�K}â'{DOuOu¤N��ã G ��~��³��~R|W�P� LNVYG_?zAR^zI3��VuZ1X5A��äÇ å/ÉtL8{RG>S
VuZ-=N^zVuZ1KyVu=NOu;RS�?zLN;�KW{D=8{RKyVP?_I#?�A#^z;W=N^z;>G�;WZ9?FOPA�ZNQD ­?�;>^���X5;>=8;>Z1X5;>Z1KyVu;>G>@FÏ<A��H;>]R;>^>S}?�L1;wG�I5G_?z;W�
GJ?z{D^�?zGB��V¬?zL�¼W;>^�A�L1VuGJ?�A�^�I3{DZ1XµVuZ1KW^�;}{RG�;>Gg?zLN;<X5;>=5?�L�ARC6?�LN;%LNVYG_?zAR^zIc��VuZ1X5A���G_?z;W=�¸�IºG_?z;W=t@
vwLNVYG��µ{D¥�;>GwOu;>{D^zZNVuZNQºOPA�ZNQD ­?�;>^��æX5;W=
;WZ1XN;WZ1KWVP;}G<X5VP½�Ky¤NOP?>S8;>G�=8;}KyVY{DOuOPIm��LN;WZa?�L1;W^z;�{D^z;eZ1A
G�LNAR^�?J ­?�;>^��(X5;>=8;>Z1X5;>Z1KyVu;>Gw?zAµ¸N¤NVuOuXaA�Zt@
h<?�L1;W^�{D=N=1^�A9{RKMLN;}G\?zAmZNA�Z5 ©¡´{D^z¥RA�]�VY{DZ�?z{�GJ¥5G#{D^z;3¸1{RG�;>X�ARZ¨OP;}{D^zZNVPZ1QmÍFVPZ1V¬?z;¹d9?z{D?�;µf\¤5 
?�A��µ{�?z{çÇ p}É»S\^z;>KW¤N^�^z;WZ9?�ZN;>¤N^M{DO<Z1;y?_�'AR^z¥�G�°¶s\x<x%Gz²¯ÇPÈ>r5S%ÈRÈDSwá/É»S\AR^�A�Z"Ou;>{D^zZNVuZNQ�?�A�GJ;W?



�º;W�ºAR^zI�¸NVP?zGcÇ lDÉ­@B[<ZNOuVP¥�;eL1VuGJ?�A�^�I���VuZ1X5A���{D=1=N^�A9{RKMLN;}GWS�?�L1;WImXNAµZNAD?\L1{/]�;e?�Aº^�;>=N^z;>G�;WZ9?
°�=
A�GzG�VP¸NOuI�OPA�ZNQ9²�;WZ9?�Vu^�;cLNVuGJ?�A�^�Vu;>G>S1¸1¤5?#K>{DZ�VuZ´=N^zVPZ8KyVu=NOP;c;yk�?�^M{RKy?%{DZ1X´^�;>=N^�;}GJ;>Z9?�ß_¤1G_?e?�L1;
^z;WOu;W]�{DZ9?BVuZ5C�AR^z�µ{�?zVPA�ZµC�AR^'{DZ¹{R^�¸NVP?�^M{D^zI-{R�ºAR¤NZ9?BARC6?�Vu�3;�@ÅÏ\A��';W]�;W^}S �P�M~��³�8����� ?zA-X5Ac?�L1{D?
L1{�Gµ=N^zA�]R;WZ�X5VP½�Ky¤NOP?>@�vwLN;´X5VP½�Ky¤NOP?_I�OuVu;>GµVuZ"X5VYG�KWA�]R;W^zVuZNQ�?zLN;�KWAR^z^�;>Ou{D?�VuARZ ¸
;y?_�';W;>Z�{
=NVu;>KW;µADCHVuZ5C�A�^��µ{�?zVPA�Z¨{RZ1X¯?�LN;µ�ºA��3;>Z9?�{D?���LNVYKML¯?zLNVYG#VPZ5C�A�^��µ{D?�VuARZ¨¸8;}KyAR�º;}G�^�;>OP;>]�{DZ9?
{�?<{3OY{�?z;W^w?�Vu�º;RS8QRVu]R;WZm?�L1;�X5VuGJ?�^M{RKy?�VuZNQºAR¸1G�;W^z]�{�?zVPA�Z1Gw{DZ1X�{RKy?�VuARZ1Gw¸
;y?_�';W;>Za?�LN;>�a@HvwLNVuG
X5VP½�Ky¤NOP?_IµKW{DZ¹¸8;%]9Vu;W�';>X¹{RGB{RZ�VuZ1G_?M{DZ1KW;\ADC6?zLN;eQR;WZ1;W^M{DON=N^zAR¸1OP;>�äARCtOP;}{D^zZNVPZ1Q�OPA�ZNQD ­?�;>^��
X5;>=8;>Z1X5;WZ8KyVu;>GºVuZ«?�Vu�º;>G�;W^zVP;}GºXN{�?M{N@«vwLNVYG3=1{D=
;W^º¤1G�;>G3ARZ1;m=1{R^J?zVuKW¤NOY{D^ºGJA�OP¤5?zVPA�Z«?zA�?zLNVuG
=N^zAR¸NOu;W�æ?�L8{�?<L1{�G\�'AR^z¥R;}X¹�';WOuOUVuZ �³���N�W�³�}�Y�y�M� ?zVP�º;>G�;W^zVu;>G\Ou;>{R^�Z1VPZNQº?M{RG�¥5GW¦'TtARZ1Qmd�LNA�^J?� 
vª;W^z� ¡�;>�ºAR^zI¨°¶Tªd5v�¡�²cÇ n5S
q/É»@\b©Z�?zLNVuG%=1{R=8;>^%{DZ´TFd5v�¡ ^z;>KW¤N^�^z;WZ9?\ZN;>¤N^M{DOtZN;W?_�HA�^�¥mVuG
¤1G�;>XaVuZ�KWARZ�ß_¤1Z1K³?zVPA�Za��VP?�L��ºA5X5;WOP ­C�^�;>;#s<TÅSNVuZ�?�LN;�Gz{D�º;�G�=NVP^zVP?<{RG'?�L1;��3A5X5;>O¬ ­C�^z;W;�s\x<x
{D=1=N^�A9{RKMLN;}GFADC�Ç¬È}r5S�á/É»@�vwLN;\ZN;Wk�?BGJ;}K³?�VuARZµX5;}G�KW^�Vu¸
;>GÅTFd5v�¡ @�d�;}K³?zVPA�Z�q#=N^�;}GJ;>Z9?zG�TªdNv�¡ ã G
KyA��c¸NVuZ1{D?�VuARZ���V¬?zL«^z;WVuZ5C�AR^MKy;>�3;>Z9?�OP;}{D^zZNVPZ1Q�VPZ«{�G�I5G_?z;W� KW{DOuOu;>X s\Tt »TFd5v�¡ @Fd5;>K³?zVPA�Z��
KyA�Z9?z{DVuZ1GeGJVu�c¤1Ou{D?�VuARZ�^z;>G�¤NO¬?MG<A�Z�ZNA�Z5 ©¡´{D^z¥RA�]�VY{DZ�s\T«?M{RG�¥5G\��VP?�L�OuARZ1QD ­?�;W^z�ÞX5;W=
;WZ8X5;WZ5 
KyVu;>G>@Bd�;}K³?�VuARZ�n5S�à8Z1{DOuOPI�SN=N^z;>G�;WZ9?zG'?zLN;�QR;>ZN;W^M{DO6KWARZ1KWOP¤1G�VuARZ1G>@

� �	��

�
TªdNv�¡ÝVYG%{¹^�;}Ky;WZ9?zOPI�=N^zAR=
A�G�;>X�^z;>KW¤N^�^z;WZ9?<Z1;W¤N^M{DOFZN;y?_�'AR^z¥�{D^MKMLNV¬?z;>Ky?�¤N^z;RS
AR^zVPQ�VPZ8{DOuOPI�X5;y 
G�VPQ�ZN;>X¨C�A�^-G�¤N=8;>^�]�VYGJ;}X¨?�Vu�º;>G�;W^zVP;}G�Ou;>{D^zZNVuZNQ Ç n�Sgq�É»@´b»?-VYG�¸1{�GJ;}X�ARZ {RZ«{DZ1{ROPI5G�VuG�ADC�?�L1;
=N^zAR¸NOu;W�µGª?�L8{�?�KyARZ�]�;WZ9?�VuARZ1{ROR^z;>KW¤N^�^z;WZ9?FZN;W¤N^M{DO�ZN;W?_�HA�^�¥#Ou;>{R^�ZNVuZNQe{DOuQRAR^zVP?�LN�µG>S};�@ Q8@U¸1{�KM¥9 
=N^zAR=1{RQ�{D?�VuARZm?�LN^zAR¤NQ�La?�Vu�3;a°�jwEBv�v\²\{DZ1X�^z;>{RO¬ ­?�Vu�º;�^�;}Ky¤N^z^�;>Z9?wOu;>{R^�Z1VPZNQ´°¶sgv�s\Tª²yS8L1{/]�;
��LN;>Z´OP;}{D^zZNVuZNQµ?�Vu�º;>G�;W^zVP;}G<��VP?�L¯OPA�ZNQD ­?�;>^�� X5;>=8;>Z1X5;WZ8KyVu;>G>@evwLN;}GJ;-=N^zAR¸NOu;W�µG\¸
ARVuO�X5A���Z
?�Am?�L1;3=1^�A�¸NOP;>� ?�L1{D?#;>^�^zAR^MG\=1^�A�=1{DQ9{�?�;}X�¸1{RKM¥�VuZ�?zVP�º;3?�;>Z1X�?zAm;>V¬?zLN;W^#]�{DZ1VuG�L�A�^e¸1OPA��
¤N= °�G�;W;µÇ n/É�²³@
��7�0«Ò8,�� ÙR7����¶ÛRÜwTªdNv�¡ ã G�G�AROu¤5?zVPA�Zm?zAº?�LNVYG�=N^zAR¸1OP;>�(VuG�?�Aµ;WZNC�AR^MKy;���� �N���©~���� ;>^�^zAR^��1A��
VuZ�{�Z�¤N�-¸8;>^�ADC�G�=8;}KyVY{DOuVP¼>;>X¨¤NZNVP?zG>SFK>{DOuOP;}X«âHARZ1GJ?z{RZ�?��B^�^zAR^câ'{D^z^zAR¤1G�;WOYGº°­â��'â'GM²³@mvwLNVuG
{RKy?�¤1{ROPOuI�KWAR^z^�;}GJ=
ARZ8XNG3?�A�?zLN;>G�;¨â��'â'G�L1{/]�VPZNQ OuVuZN;>{R^¹{RKy?�Vu]/{D?�VuARZ£C�¤NZ1Ky?�VuARZ1G¹��LNVYKML�XNA
ZNAR?µXN;>KW{/I�A�]�;W^-?�Vu�3;�@�b©Z£AR^MX5;>^c?zA¨=1^�;>]R;WZ9?3?�LN;�â��wâ'GcC�^zAR� à8OPOuVPZ1Q¨¤1=���VP?�L£¤1G�;WOu;>GzG
VuZ5C�AR^z�µ{�?�VuARZ3C�^zAR�Ë?�LN;w?zVP�º;>G�;W^zVu;>G>S�{RK>Ky;}G�GF?zA#?�LN;>�äVYG�^z;WQR¤1Ou{D?�;>X3¤1G�VuZNQ�AD?zLN;W^ÅG�=8;}KyVY{DOuVP¼>;>X6S
�c¤1O¬?zVP=NOuVYKW{�?zVP]�;B¤NZ1V¬?MGWSDK>{DOuOP;}X�VPZ1=N¤5?ªQ9{�?z;>G>@ªTtVu¥R;Å?�LN;\â��'â'G>SW?zLN;'VPZN=1¤5?ªQ9{�?�;}GU^z;>KW;WVu]R;�VuZN=N¤5?
C�^zAR� ?�LN;%?�Vu�º;>G�;W^zVP;}GH{RZ1Xµ?zLN;eAD?�L1;W^'¤NZNVP?zG'VPZ¹?�LN;eZN;W?_�HA�^�¥§S�{RZ1Xµ?zLN;WI �u�z~D�³� ?�A3AR=
;WZ¹{RZ1X
KyOuA�G�;-{�KWKW;>GzG\?zA�?�L1;�â��wâ'G%{D?e{R=N=N^zAR=N^zVu{D?�;��ºA��3;>Z9?zG>@�f<KWKW;>GzG �M� � �Þ?zLN;3{�K³?zVP]�{�?zVPA�Z1G%ADC
?�L1;eâ��'â'GÅ?�A�?zLN;\AR¤N?�=N¤5?'¤NZNVP?zGe°�{RZ1Xº=8A9G�G�Vu¸NOPI-AD?zLN;W^H¤NZNVP?zGM²�ADC§?zLN;\ZN;W?_�HA�^�¥-VuGB^�;>QR¤NOY{�?z;>X
¤1G�VPZ1Qe�-¤NOP?�Vu=NOPVYKW{D?�Vu]R;�A�¤5?�=N¤N?ÅQ�{�?z;>G>@gd5VP�ºVuOu{R^g?�A#?�L1;�VPZN=1¤5?BQ�{D?�;}GWS�?zLN;�AR¤N?�=N¤5?ÅQ9{�?z;>GgOu;>{D^zZ
��LN;>Z�?zLN;º?�Vu�º;3VYG#^zVPQ�L�?#?zA�G�;WZ8X´?zLN;ºVPZ5C�A�^��µ{D?�VuARZ�G_?zAR^z;>X´VuZ¯?�LN;mâ��wâ'G<?zAa?�LN;µA�¤5?�=N¤N?
G�VuX5;�ADC�?�L1;�ZN;W?_�HA�^�¥§@�fÞ^z;>Ky;>Z9?m{RXNXNV¬?zVPA�Z"VuG�C�AR^zQR;W?¹Q�{D?�;>G�Ç qDÉ­S���LNVYKML"Ou;>{R^�Z£?�A�^�;}GJ;W?
?�L1;3{�K³?�Vu]�{�?zVPA�Z´ADC�?zLN;µâ��wâ'G<��L1;WZ´?zLN;3VPZ5C�A�^��µ{D?�VuARZ�GJ?�A�^�;}X�VPZ�?�LN;�â��'â'G%VuG%ZNAmOPA�ZNQR;>^
¤1G�;yC�¤NO­@¯vwL1;mKyA��c¸NVuZ1{D?�VuARZ«ARC<{¯â��'âä��VP?�L«VP?zG3{RGzG�A�KWVu{D?�;}X�VPZN=1¤5?>SÅA�¤5?�=1¤5?>SÅ{RZ1X�C�AR^zQR;W?
Q�{D?�;�VYGeKW{DOuOu;>X´{µ�º;>�3A�^�I�KW;WOuO¶@#d�;W;cà1QR¤N^z;�È>¸�C�AR^e{¹GzKMLN;W�µ{�?zVuK�ADCB{��º;>�3A�^�I�Ky;>OPO­@<b»?eVuG
{DOYG�A¹=
A�GzGJVu¸NOu;cC�A�^e�-¤NOP?�Vu=NOP;¹â��wâ'G\?zAm¸
;µKyAR�-¸NVuZN;>X���V¬?zL¯A�ZNOPI�A�ZN;cVuZN=N¤N?>StA�¤5?�=N¤N?>SU{RZ1X
C�AR^zQR;W?�Q�{�?z;RS5VuZ�{3G�AD ©KW{ROPOu;>X¹�º;W�ºAR^zI�¸NOuA5KM¥
@
! ÙRÖ>Ú�"N.5Ö>Ú¶Ò8Ó$#ªØB×F.5Ö>7�Û�Üm¡�A�^�;3C�A�^��µ{DOuOuIRS§?�L1;µZN;y?_�'AR^z¥§ã G#{RKy?�Vu]�{�?�VuARZ8G�{�?�;>{�KML�?zVP�º;>GJ?�;>=% {R^�;�KyA��º=N¤5?�;}X�{�G-C�AROuOPA��\G>@�f GJ?z{DZ8XN{D^MX«LNVYXNX5;>Z�¤1ZNV¬?}ã G¹{RK³?zVP]�{D?�VuARZ'&)(1SBA�¤5?�=N¤N?º¤1ZNV¬?
{RKy?�Vu]�{�?�VuARZ*&)+9SwVPZ1=N¤5?¹Q9{�?�;�{�K³?�Vu]�{�?zVPA�Z,&.-0/tSwAR¤5?z=N¤5?�Q�{D?�;´{�K³?�Vu]�{�?zVPA�Z,&2143�5zS�{DZ1X�C�AR^zQR;W?
Q�{D?�;�{RKy?�Vu]�{�?�VuARZ6&)7aVuG<KyAR�º=N¤N?�;>XmVuZm?zLN;#C�AROuOuA���VPZNQµGJ?z{RZ1XN{D^MX��w{/I§¦

&�8z° % ²:9<; 8 °>=@?BA 8 ? & ? ° %DC È/²J² °_È/²

��LN;>^�;EA 8 ? VYG�?�L1;��H;>VPQ�L9?wARCg?�LN;cKWARZNZ1;>K³?zVPA�ZaC�^�A��Ð¤NZNVP?GFÞ?zA�¤NZNVP?GHM@Bb©Z�?zLNVYG�=1{D=
;W^}SI; 8VYGÅ?zLN;%GJ?z{RZ1XN{D^MXºOuARQRVYGJ?�VYK\GJVuQR�ºA�VuX3C�¤NZ8K³?�VuARZ�C�AR^H{ROPO
¤NZNVP?zGH;ykNKW;W=5?'AR¤5?z=N¤5?H¤1ZNV¬?MGWS9C�A�^B��LNVYKML
VP?'VYGÅ?zLN;eVuX5;>Z9?�VP?_IºC�¤NZ1K³?zVPA�Zt@�vwLN;�â��'â£{RKy?�Vu]�{�?�VuARZ6J�K@LM S�AR^H?�L1;ONzG_?M{�?�;�P�ADCª�3;>�ºAR^zI3KW;WOuOIQ



memory cells

hidden hidden

observation


A a1 A a2

CEC

input gate

output gate

forget gate

memory cell

cell output

cell inputa. b.
ÍFVPQ�¤N^z;mÈ�¦e{1@-vwLN;ºQR;>ZN;W^M{DOgTªdNv�¡·{R^zKMLNVP?�;}K³?z¤N^�;-¤1G�;>X¯VPZ¯?�LNVYG#=1{R=8;>^>@3f\^z^�A��\G%VPZ8X5VuK>{�?z;
¤NZNVYX5Vu^�;}K³?zVPA�Z1{DO­S6C�¤NOuOPI�KyA�ZNZN;}K³?�;}X��';WVuQRL9?MGW@�vwLN;ºZN;W?_�HA�^�¥§ã GeAR¤5?z=N¤5?c¤NZ1V¬?MG�X5Vu^�;}K³?�OuI�KWA�XN;
C�AR^w?zLN;�f<XN]/{RZ9?z{DQ�;>GwARCFX5VPÎ
;>^�;>Z9?<{RK³?zVPA�Z1G>@F¸U@Hh%ZN;#�3;>�ºAR^zI¹Ky;>OPO­@
VuZa�º;>�3A�^�I¹¸NOPA5KM¥��8S5VYG\KyA��º=N¤5?�;}X�{RG'C�AROuOuA��\GW¦

J K@LM ° % ² 9 & 7 M ° % ²4J K@LM ° % C È}²�� & -0/�� ° % ²��6° = ? A K@LM
? & ? ° %DC È}²J² °¶p�²

��LN;>^�;��´VYG�{mOuARQ�VuGJ?�VYK3GJVuQR�ºARVYX�C�¤NZ1K³?zVPA�Z¨GzKW{ROP;}X´?zAa?�LN;µ^M{DZNQ�;aÇ C p
	Mp/É»St{DZ1X�J�K@LM °�r�² 9 rN@vwLN;��º;W�ºA�^�I�KW;WOuO¶ã G�AR¤N?�=N¤5? & K LM VuG�K>{DOYKy¤NOY{�?z;>Xm¸9I& K LM ° % ² 9*& 143�5 � ° % ²��ª° J�K LM ° % ²J² °�q9²
��LN;>^�;
��VYG�{3OPA�QRVYG_?zVuK#G�VPQ��3A�VuX¹C�¤NZ1Ky?�VuARZ�GzKW{DOu;>X¹?�A3?zLN;�^z{RZNQR;µÇ C È�	>ÈyÉ»@
ÑB7�.5,�ÓFÚ�ÓFÔUÜ�f'?aG�AR�º;´A�^¹{DOuO\?zVP�º;}G_?z;W=1G¹ADC#?�LN;�?�Vu�º;>G�;W^zVP;}GWSw?zLN;´AR¤N?�=N¤5?a¤NZNVP?zGmADC#?�L1;
ZN;W?_�HA�^�¥a�µ{/Ia�µ{R¥R;c=1^�;}X5VuKy?�VuARZ´;>^�^zAR^MG>@ �Å^z^zAR^MG\{D^z;c=N^zAR=8{DQ�{D?�;}X3ß_¤1G_?#ARZ1;-GJ?�;W=¯¸1{RKM¥�VuZ
?�Vu�º;c?zLN^zAR¤NQ�L�{DOuOg¤NZNVP?zGeAD?zLN;W^%?�L1{RZ´?zLN;µâ��wâ'GWS§VuZ1KyOu¤1X5VuZNQm?�LN;3Q�{D?�;}GW@�Ï\A��';W]�;W^}S1;>^�^zAR^MG
{D^z;c¸8{RKM¥�=N^zAR=1{RQ�{�?z;>Xa?zLN^�A�¤NQRL�?�LN;¹â��wâ'G\C�A�^#{RZ¯VuZ1X5;Wà1ZNVP?�;µ{D�ºA�¤NZ9?eARCÅ?�Vu�º;RSt¤1G�VuZNQa{RZ
;y½�KWVP;>Z�?�]�{D^zVY{�?�VuARZ-ADC§sFv�s<T¨Ç n5SDq�É­@��¨;WVuQRL9?�¤N=
X1{�?�;}G�{D^z;'XNARZN;�{�?�;>]R;W^zIe?�Vu�º;>GJ?�;W=USR��LNVYKML
àN?MG%VuZ´ZNVYKy;>OPI���VP?�L�?�LN;3=NLNVuOPA9GJA�=NL�ImARCÅARZNOuVuZN;-s\TB@6vwLN;cOu;>{R^�ZNVuZNQ¹{ROPQ�AR^zV¬?zLN� VuGe{RXN{R=5?�;}X
G�OPVuQRL9?�OuIµC�A�^\s\TÅS1{�Gw;yk5=NOY{DVuZN;>XmVuZm?zLN;�ZN;Wk9?<G�;>Ky?�VuARZt@
� �*����� ��

�
s\x%x<G>SBGJ¤8KML {RG3Tªd5v�¡«SFK>{DZ«¸
;a{R=N=NOuVP;}X�?�A�s\T"?z{RG�¥5GcVuZ«]�{D^zVuAR¤1Gc�'{/I5G>@�h%ZN;m�'{/I¨VuG
?�A�Ou;y?c?�LN;¹s<x<x�Ou;>{R^�Z�{��ºA�XN;WOBARCH?zLN;�;>Z9]�Vu^�A�ZN�º;WZ9?>SU��LNVuKML Ou;>{R^�Z8Ge?�A�=N^z;>X5VYK³?-AR¸1G�;W^� 
]�{�?zVPA�Z1G�{DZ8X�^z;W�w{D^MXNG>SB{DZ8X�VuZ�?�L1VuGµ�w{/I«Ou;>{R^�Z1G3?zA VPZNC�;W^µ?zLN;´;WZ�]�Vu^�A�ZN�º;WZ9?z{ROwGJ?z{D?�;´{D?
;>{�KML�=8A�VPZ9?µÇ áNSFÈ�È³É»@%TªdNv�¡ ã G#{R^zKMLNVP?�;}K³?z¤N^�;c�HA�¤NOuX�{ROPOuA��Æ?�LN;3=N^z;>X5VYK³?zVPA�Z1G�?zAaXN;W=
;WZ1X�A�Z
VuZ5C�AR^z�µ{�?�VuARZ¹C�^�A���OPA�ZNQº{DQRA8@�vwLN;%�ºA5X5;>O¬ »¸1{RG�;>XmGJI5GJ?�;>�ÐKyA�¤NOuX�?�LN;>ZmOu;>{R^�Z¹?�LN;#�µ{D=1=NVPZ1Q
C�^zAR� °�VuZ5C�;W^z^�;}X1²º;>Z9]�Vu^�A�ZN�º;WZ9?z{RO\G_?M{�?z;>Gµ?zA«{RKy?�VuARZ1G�{�G�VuZ�?�LN;¯¡´{D^z¥RA�]�VY{DZ�KW{RG�;RS'¤1G�VPZ1Q
GJ?z{DZ8XN{D^MX�?�;}KMLNZNV��9¤N;>G�G�¤1KML¯{�G��< »Ou;>{D^zZNVuZNQ¯Ç á5SUp�É­S6A�^e¸�I�¸1{�KM¥�=N^�A�=1{DQ9{�?zVPZNQº?zLN^zAR¤NQ�L´?�L1;
C�^zAR¼W;>Z¯�ºA5X5;>Og?�Aa?�LN;�KWARZ9?�^zAROuOu;W^ºÇ¬È�È³É­@µf<Z�{RO¬?z;W^zZ1{�?zVP]�;RS6�ºA5X5;WOP ­C�^�;>;º{R=N=N^zA�{�KMLtSt{DZ1X�?�L1;
ARZ1;3¤8GJ;}X�LN;>^�;�S6VuGe?zA�¤1GJ;3?zLN;�s\x<xä?zA�XNVP^z;>Ky?�OuI�{D=N=1^�A/k5Vu�º{D?�;c?�LN;µ]�{DOu¤N;3C�¤NZ1Ky?�VuARZ¨ADCw{
^z;WVuZ5C�AR^MKy;>�3;>Z9?<OP;}{D^zZNVuZNQ�{DOuQRA�^�VP?�LN� ÇPÈ>r5S§á/É»@%vwLN;cGJ?z{D?�;-ADC�?�L1;c;WZ�]�Vu^�A�ZN�º;WZ9?\VuGe{D=1=N^�A/k5VP 
�µ{�?z;>X�¸�I3?�L1;eKW¤N^�^z;WZ9?'AR¸1G�;W^z]�{�?�VuARZUS���LNVYKML¹VYGB?�LN;#VuZN=N¤5?'?�A-?�LN;eZN;W?_�HA�^�¥§S�?�ARQ�;y?zLN;W^'��V¬?zL
?�L1;c^z;>Ky¤1^�^z;WZ9?%{�K³?�Vu]�{�?zVPA�Z1G\VuZ�?�L1;cZN;W?_�HA�^�¥§S
��LNVuKML�^z;W=1^�;}GJ;>Z�?<?�LN;3{DQR;>Z9?>ã G\LNVYG_?zAR^zIR@eh%Z1;
=
A�GzGJVu¸NOu;3{�X5]�{DZ9?z{RQR;cARCHG�¤1KML¨{m�ºA5X5;WOP ¶C�^z;W;º{D=1=N^�A9{RKML�A�]�;W^#{¹�ºA5X5;WOP »¸1{RG�;>X¯{D=N=N^zA�{�KML�VuG
?�L8{�?�?�L1;�GJI5GJ?�;W�æ�µ{/I�OP;}{D^zZ¹?zAºARZNOuI¹^z;>G�AROu]R;eLNVYXNX5;WZ�GJ?z{D?�;�VuZ1GJARC�{D^�{RG�?�L1{D?\VuG ���W�¶�M�5� C�A�^
AR¸N?z{DVuZNVuZNQ�LNVuQRL1;W^B^z;W�w{D^MXNG>SR^M{�?zLN;W^B?�L1{RZ��'{�G_?z;�?�Vu�º;%{RZ1Xµ^z;>G�AR¤N^MKy;}G�VPZ�?�^zI9VuZNQ�?zAc=N^z;>XNVuKy?
C�;>{D?�¤N^z;>GwARCª?zLN;�;WZ�]�Vu^�A�ZN�º;WZ9?H?zL1{�?<{R^�;#Vu^�^z;WOu;W]�{RZ�?'C�AR^�A�¸5?z{RVPZ1VPZNQº^z;W�w{D^MXNG#Ç áNS1å�É»@
! × "N.NÓ§Ö}.NÔ87 �¶79.N,/ÓFÚ�ÓFÔªÜ b©Z�?�LNVYGµ=1{R=8;>^>SH?�L1;´s\T6 ©Tªd5v�¡ ZN;W?_�HA�^�¥«{R=N=N^zA/k5VP�µ{�?z;>G-?�L1;
]�{DOu¤N;�C�¤NZ8K³?�VuARZ¹ADCtf<X5]�{RZ�?M{DQ�;�OP;}{D^zZNVPZ1Q�Ç �RÉ­S9��LNVYKMLµ�'{�GÅX5;>G�VuQRZN;}X3{�GB{RZµVP�º=N^zA�]R;>�3;>Z9?gA�Z



�< »OP;}{D^zZNVPZ1QHC�A�^ªKWARZ9?�VuZ�¤NAR¤1GJ ­?�Vu�3;Ås<TÅ@}b©Z�KyARZ9?zVPZ�¤NA�¤1G_ ­?�Vu�º;Ås\TÅS}]�{DOu¤N;>GUADCN{RX�ßJ{RKy;>Z9?UG_?M{�?�;}GWS
{DZ8Xe?�LN;>^�;WC�AR^z;�AR=5?zVP�µ{DO
�< ­]�{ROP¤N;}G6ADCNX5VPÎ§;W^z;WZ9?ª{RKy?�VuARZ1GUVPZ�{\QRVu]R;WZ�GJ?z{D?�;RS}?_I�=NVYKW{ROPOuI%X5VPÎ§;W^U¸�I
ARZ1OPIcG��µ{DOuO1{D�ºA�¤NZ9?zG>SD��LNVYKML3K>{DZº;>{�GJVuOPIcQR;y?�OuA�GJ?�VPZºZNA�VuG�;R@gf<X5]�{RZ�?M{DQ�;'Ou;>{R^�Z1VPZNQ#^z;W�º;>XNVP;}G
?�L1VuGF=N^zAR¸NOu;W��¸�I�{R^J?zV¬à8KWVu{ROPOuI�X5;>KW^�;}{RG�VPZ1Q\?�L1;H]�{DOu¤N;}GªARC8G�¤N¸8A�=5?�Vu�µ{DO5{RKy?�VuARZ1GªVuZ-;}{RKMLcGJ?z{D?�;R@
Ï\;>^�;af<X5]�{RZ�?M{DQ�;¹Ou;>{D^zZNVuZNQ�VYG-¤1GJ;}X C�A�^-¸
AD?zL�KyA�Z9?�VuZ9¤1AR¤1GJ ¶?zVP�º;¹{RZ1X XNVuGzKy^z;y?z;y ­?�Vu�3;as\TÅ@
x\AR?�;c?�L1{D?<?�L1;-Gz{D�º;�=N^zAR¸NOu;W� ARC�G��µ{DOuOFXNV¬Î§;W^z;WZ1KW;>G<¸8;W?_�H;>;WZ´]�{DOu¤N;}G\ADCB{�X/ßJ{RKW;WZ9?eGJ?z{D?�;}G
{D=1=NOPVu;>G%?zA�{RZ�I´s\T£=N^�A�¸NOu;W�Ì��VP?�L¨OPA�ZNQa=1{�?zL1Ge?�Aa^�;>�'{R^zX1GW@cf<Z1X¯?�A�X5;W�ºA�Z1G_?z^z{D?�;ºs\T6 
TªdNv�¡ ã Gw=
AD?z;WZ9?�VY{DOt?�Aº¸N^zVuX5Q�;#OPA�ZNQ3?�Vu�3;#OY{DQ9GWS5�';#ZN;W;}X�?zA�KyARZ8GJVYX5;W^�G�¤1KML�s\T�=N^zAR¸NOu;W�µG>@
b©Z�Q�;WZN;>^z{RO¶S9f<X5]�{DZ9?M{DQR;�Ou;>{R^�Z1VPZNQc�º{/I3¸
;<�ºAR^z;\GJ¤1V¬?M{D¸NOu;\C�A�^BZNA�Z5 »¡�{D^z¥RA�]�Vu{RZ�?M{RG�¥�GÅ?�L1{RZ
�< »OP;}{D^zZNVPZ1Q1SN¸
;>K>{D¤1G�;�V¬?#GJ;>;W�µG�Ou;>GzG<G�;WZ1G�VP?�Vu]R;#?�A¹QR;y?�?�VuZNQµ?zLN;�]�{DOu¤N;�;}G_?zVP�µ{�?zVPA�Z1G\;WkN{RK³?zOPI
^zVPQ�L�?}@
vwLN;BTFd5v�¡�ZN;W?_�HA�^�¥§ã G6AR¤5?z=N¤5?U¤1ZNV¬?MGªXNVP^z;>Ky?�OuI%KyA5X5;ÅC�AR^t?zLN;Bf%X5]�{DZ9?z{RQR;�]�{DOu¤N;>GUADCNX5VPÎ
;>^�;>Z9?
{RKy?�VuARZ1G>@cÍFVuQR¤N^z;¹È}{mG�LNA��\G<?�LN;ºQR;>ZN;W^M{DOFZN;W?_�HA�^�¥�{D^MKMLNVP?�;}K³?�¤1^�;-¤1GJ;}X�VuZ´?zLNVYG#=1{D=
;W^}@cf<G
VuZ �< »Ou;>{D^zZNVuZNQ3��V¬?zL´{3C�¤NZ1K³?zVPA�Z�{D=N=N^zA/k5VP�µ{D?�AR^}S9?�LN;#?z;W�º=
AR^M{DOUX5VPÎ§;W^z;WZ1KW;�;W^z^�A�^������<° % ²³S
X5;>^�Vu]R;}X¹C�^zAR�æ?�L1;c; �9¤NVu]�{DOu;WZ9?<ARCF?zLN;-j';>OPOu�µ{DZ�; �9¤1{D?�VuARZaC�AR^ef<X5]�{RZ�?M{DQ�;�OP;}{D^zZNVuZNQ´Ç �DÉ­S
VuG
?z{R¥R;>Za{�G'?�LN;#C�¤NZ8K³?�VuARZ�{R=N=N^zA/k�Vu�µ{�?zAR^}ã GH=N^z;>X5VYK³?zVPA�Zm;>^�^zAR^�{�?w?zVP�º;>GJ?�;>= % ¦

� ��� ° % ²:9	��°>J9° % ²J² ��
 ° % ² �
���µ°>J�° % ��È/²J² C ��°>J�° % ²J²� C
� °>J9° % ² 	��§° % ²J² ° ��²
��LN;>^�; � °>J 	��5²ºVYG3?�LN;´f%X5]�{DZ9?z{RQR;�]�{DOu¤N;�ADC�{RKy?�VuARZ��«VuZ�GJ?z{D?�; J�S 
 VYGº?�LN;�Vu�º�º;>X5VY{�?z;^z;W�w{D^MX6S1{DZ8X��µ° J/²�9 �º{Dk�� � ° J 	��5²\VuGw?zLN;c]�{ROP¤N;cADCg?�LN;-G_?M{�?�; JR@��¨VuG%{µX5VuGzKyA�¤NZ9?\C�{RKy?�A�^
VuZ�?�LN;¯^z{RZNQR;«Ç r 	>ÈyÉ»S\{DZ1X � VYG¹{«KWARZ1GJ?z{RZ�?aG�K>{DOuVPZNQ«?�LN;¨X5V¬Î§;W^z;WZ8Ky;´¸
;y?_�';W;>Z"]�{DOu¤N;>G¹ADCAR=N?�Vu�º{ROF{RZ1X�G�¤N¸
AR=5?zVP�µ{ROg{�K³?zVPA�Z1GW@�h%¤5?z=N¤5?#¤NZNVP?zG#{RGzGJA5KWVu{D?�;>X���VP?�L¯AD?zLN;W^#{RKy?�VuARZ1G<?�L1{RZ
?�L1;�;yk5;>KW¤5?�;}XmA�ZN;�X5AºZNAD?\^z;>KW;WVu]R;e;W^z^�A�^�GJVuQRZ1{ROuG>@
� ��Ú�Ô
Ú��gÚ��¶Ú�Ö��ËÖ>,�.NÙR7�Û�Üäb©Z�?zLNVuG¹�HA�^�¥§Swf<X5]�{RZ�?M{DQ�;�OP;}{D^zZNVPZ1Q VuG¹;yk�?�;>Z1X5;>X���VP?�L �W�i� �R��|y�����
� ��� �­��~ � �y� SÅ��LNVYKML L1{/]�;¹ADC�?z;WZ�¸8;>;WZ�C�AR¤NZ1X«?�A¨VP�º=N^zA�]R;mOP;}{D^zZNVuZNQ�VuZ�s\TBSg;>G�=8;}KyVY{DOuOPI VuZ
ZNA�Z5 »¡�{D^z¥RA�]�Vu{RZmX5A��µ{DVuZ1G�Ç! }É»@wvwL1VuG<I9Vu;WOYXNG\f%X5]�{DZ9?z{RQR;9°¶±
²�Ou;>{D^zZNVuZNQ1S8{DZ1Xa?zLN;�ZN;}Ky;>GzGz{D^zI
KyA��º=N¤5?z{D?�VuARZ1Ge?z¤N^zZ¨A�¤5?�]�VP^�?�¤8{DOuOPI�?�LN;�Gz{D�º;µ{RG�VuZ �3°¶±
²» »OP;}{D^zZNVuZNQ Ç¬ÈWÉ­@�b»?�^z; �9¤NVu^z;>Ge?�L1;
GJ?�AR^M{DQ�;�ADCtA�ZN;\;WOuVuQRVu¸NVPOuVP?_I-?z^z{�Ky;#" 8 ? =
;W^'�';WVuQRL9? A 8 ? @�f"�';WVuQRL9?B¤1=
XN{D?�;eKyAR^z^z;>G�=8A�Z1XNGg?zA
A 8 ? ° % �¯È}²D9 A 8 ? ° % ² �%$&� ��� ° % ²'" 8 ? ° % ²eS5��LN;W^z;(" 8 ? ° % ²:9)�6±*" 8 ? ° % C È/² �,+ &.-º° % ²+ A 8 ?0/ °¶n�²
1æVPZ1XNVuK>{�?�;}GF?�LN;wA�¤5?�=N¤N?Å¤NZNVP?�{�G�G�A5KyVY{�?z;>X���VP?�L-?�L1;';Wk5;>Ky¤N?�;>X3{RKy?�VuARZtS2$�VuG�{%OP;}{D^zZNVuZNQ%^M{�?z;
=1{R^z{R�3;W?�;>^>S
{DZ1X´±�VuGe{µ=1{R^z{R�º;y?�;>^<X5;W?�;W^z�ºVPZ1VPZNQmLNA�� C�{RGJ?<?�L1;c;WOuVuQRVu¸NVPOuVP?_I¹?z^z{�Ky;cX5;}KW{/I5G>@" 8 ? °�r9²:9"r1SN{DZ1X3" 8 ? ° % C È}²HVYG\G�;y?w?�A�r3VPCg{RZm;Wk�=1OPA�^z{D?�AR^zIµ{RKy?�VuARZ�VuG'?M{D¥�;WZt@�546Ø �¶Ò1,�.5Ö}Ú�Ò
ÓBÜ�x<ARZ5 ©¡´{R^�¥�A�]9VY{DZ¨s\T�^z; �9¤NVu^�;}G#;yk�?�^M{�{�?�?�;>Z�?zVPA�Z¨?�A�?zLN;�VYG�G�¤N;µADC�;Wk�=1OPAR 
^M{�?�VuARZ�Ç p�S�åDÉ­@�[<Z1X5Vu^�;}K³?�;}Xº;yk5=NOuAR^M{�?zVPA�Z3{D?J?�;>�º=5?zGÅ?�A�?z^�I-AR¤5?H{�K³?zVPA�Z1G�VuZº?�LN;<Gz{D�º;��w{/IcVuZ
;>{�KML�;WZ�]�Vu^�A�ZN�º;WZ9?z{RO�GJ?z{�?z;R@gÏ\A��';W]�;W^}S>VuZcZNA�Z5 ©¡´{D^z¥RA�]�VY{DZe?z{�GJ¥5G>S>?zLN;�{DQ�;WZ9?UVuZNV¬?zVu{ROPOuI�X5A�;>G
ZNAR?H¥�ZNA��£��LNVuKML¹;WZ�]�VP^zARZN�º;>Z�?M{DO1GJ?z{D?�;\VP?HVYGHVPZt@�E�{R^J?ÅARC6?�LN;%;yk5=NOuAR^M{�?�VuARZº�-¤1G_?H¸8;e{DVu�3;}X
{�?eX5VuGzKyA�]�;W^zVPZ1Q-?zLN;c;>Z�]9Vu^zARZN�º;WZ9?M{DOtGJ?z{�?z;cGJ?�^z¤1K³?z¤N^�;�@\ÍN¤N^�?�L1;W^z�3A�^�;�SNVuZ´�µ{DZ�ImK>{RG�;>G>SN?�L1;
ZNA�Z5 »¡�{D^z¥RA�]�Vu{RZ¹;>Z9]�Vu^�A�ZN�º;WZ9?<��VuOPOF=N^zA�]�VuX5;�¤1Z1{D�-¸NVPQ�¤NAR¤8G�AR¸1G�;W^z]�{�?zVPA�Z1G�VuZ1X5VYKW{�?zVPZ1Q�?�L1;
GJ?z{�?z;�VPZ�G�AR�º;�=1{R^J?MGWS���LNVuOP;\=1^�A�]�VYX5VPZ1Q#{R�c¸NVuQR¤1AR¤1GgA�¸1GJ;>^�]�{D?�VuARZ1G�°�LNVuX1X5;WZ�GJ?z{D?�;}²�VPZµAR?�LN;>^
=1{R^J?MGW@gb©Z�QR;>ZN;W^M{DO­S��H;#�w{DZ9?��3A�^�;#;Wk�=1OPA�^z{D?�VuARZ¹VuZa?�LN;�{R�c¸NVuQR¤1AR¤1G'=1{R^J?MGW@
vwLNVYG<=8{D=
;W^<;>�º=NOPA�I5G%{�X5Vu^�;}K³?�;}X�;yk5=NOuAR^M{�?zVPA�Zm?z;>KMLNZ1V �9¤N;-¸1{RG�;>X�A�Z�?�LN;}GJ;cVuX5;}{RG>@<fËG�;W=N 
{D^M{�?z;m�-¤NOP?�VuOu{/I�;W^ºC�;W;}X�C�AR^z�w{D^MX«ZN;>¤N^z{ROwZN;y?_�'AR^z¥§SB��VP?�L£?�LN;´Gz{D�º;�VuZN=N¤5?¹{�G3?�LN;´TFd5v�¡
ZN;W?_�HA�^�¥ °�^z;W=1^�;}GJ;>Z�?zVPZ1Q�?�L1;3KW¤N^�^z;WZ9?#AR¸1G�;W^z]�{�?zVPA�Z8²\{RZ1X´A�ZN;cA�¤5?�=N¤N?#¤1ZNV¬?E&.69S6VuG%?z^z{RVPZN;}X
KyA�Z1Ky¤1^�^z;WZ9?�OuI���V¬?zL�?zLN;µTªd5v�¡ ZN;y?_�'AR^z¥§@�b»?�VuG%?�^M{DVuZN;}X6S6¤1G�VPZNQ�GJ?z{DZ8XN{D^MX�¸1{�KM¥9=1^�A�=1{DQ9{� 
?�VuARZUSN?�A¹=N^�;}X5VYK³?�?�L1;c{D¸1G�AROu¤5?z;�]/{ROP¤1;�ADCg?�L1;cKy¤N^z^z;WZ9?�?�;>�3=
AR^M{DOªX5V¬Î§;W^z;WZ8Ky;�;W^z^zAR^7� ��� ° % ²
{RG�XN;yà1ZN;}Xa¸9I¹; �
@ �1S5=NOu¤1G�VP?zG\A���ZaX5VYGzKyAR¤1Z�?z;>Xm=N^z;>X5VYK³?zVPA�Za{D?�?�LN;�ZN;Wk�?'?zVP�º;}G_?z;W=t¦& 68 ° % ² 9:9 � ��� ° % ²;9 �=< & 6 ° % �"È}² °�á9²
��LN;>^�;O&�68 ° % ²�VYG�?zLN;�X5;>G�VP^z;>X«]/{ROP¤1;�C�AR^3AR¤N?�=N¤5?	&.6�° % ²³SH{DZ1X=< VuGº{¯X5VuGzKyA�¤NZ9?-=1{R^z{R�º;y?�;>^
VuZ�?�LN;-^z{RZNQR;�Ç r 	>ÈyÉ»@\vwLNVYG<{D�ºA�¤NZ9?zG�?zA¹{�?�?�;>�3=N?�VuZNQ�?zA¹VYX5;WZ9?�VPC�I���LNVYKML�AR¸1G�;W^z]�{�?�VuARZ8G\{D^z;



GX
S

ÍFVPQ�¤N^z;ºpN¦<TtA�ZNQD ­?�;>^��ÞX5;>=8;>Z1X5;WZ8KyI´v' »�º{R¼W;3��V¬?zL�Ou;WZNQR?�L¨ADCHKWAR^z^�VYX5A�^�� 9ÐÈ>rN@�f'?#?�L1;
GJ?z{D^�?�VuZNQ�=
A�G�VP?�VuARZmdµ?�LN;#{DQ�;WZ9?>ã GÅA�¸1GJ;>^�]�{D?�VuARZµVuZ1X5VYKW{�?z;>GH��LN;W^z;�?zLN;%Q�A�{RO1=
A�G�V¬?zVPA�Z���VYGBVuZ
?�L1VuG�;>=NVYGJA5X5;�@
NJ=1^�A�¸NOP;>�µ{�?�VYK P1SDVuZº?�LN;eGJ;>Z1GJ;w?zL1{�?H?�LN;>I3{R^�;\{�G�G�A5KyVY{�?z;>X-��V¬?zL�Ou{R^�Q�;w;W^z^�A�^zGgVuZµ?�L1;<Ky¤N^z^z;WZ9?
]�{DOu¤N;c;}G_?zVP�µ{D?�VuARZ °�?�LN;-à1^MG_?e?�;>^���²³S§A�^%=N^z;>KW;>X5;-GJVP?�¤1{D?�VuARZ1G%��VP?�L�OY{D^zQR;-GJ¤1KML�;W^z^�A�^zG�°�?�LN;
G�;>KyA�Z1Xm?�;>^���²³@ &.69° % ²'VuG<OPVuZN;}{D^zOPI¹GzKW{ROP;}Xm{RZ1Xa¤1G�;>X�{RG'?zLN;�?z;W�º=8;>^z{D?�¤N^z;�ADC�{ºj'AROP?�¼W�µ{RZNZ
{RKy?�VuARZ�GJ;>OP;}K³?zVPA�Zm^z¤NOu;�Ç¬È/p}É­@ÅvwL1;�ZN;y?\^z;>G�¤NOP?wVYG��-¤1KML�;yk5=NOuAR^M{�?�VuARZm��LN;WZUS5C�AR^w?zLN;�Ky¤N^z^z;WZ9?
AR¸8GJ;>^�]�{�?zVPA�ZtS>XNV¬Î§;W^z;WZ1KW;>GU¸8;W?_�H;>;WZ#;>GJ?�Vu�µ{�?�;}X�f<X5]�{RZ�?M{DQ�;�]/{ROP¤1;>Gt{R^�;ÅG��µ{DOuO8°�?zLN;BGJ?z{RZ1XN{D^MX
;yÎ§;>Ky?ªARC1jHA�O¬?z¼W�µ{DZ1Z�;yk5=NOuAR^M{�?�VuARZ
²³S}AR^U��L1;WZ#?�L1;W^z;BVYGt�c¤8KML NJ¤NZ8Ky;W^�?z{RVPZ9?_I Pw{D¸
AR¤5?gKy¤N^z^z;WZ9?
f<XN]/{RZ9?z{DQ�;\]�{DOu¤N;>GHAR^'f<X5]�{RZ�?M{DQ�;\]�{DOu¤N;>GBVPZµ?zLN;eZN;>{R^ÅC�¤5?z¤N^�;3°�?zLN;%;WÎ
;}K³?'ADC6?�L1VuG'X5Vu^�;}K³?�;}X
;yk5=NOuAR^M{�?zVPA�Z�GzKMLN;W�º;}²y@cvwLNVYG#;yk5=NOuAR^M{�?zVPA�Z�?�;}KMLNZNV���¤1;-L1{�GeAR¸�]�VPA�¤1G%G�Vu�3VuOY{D^zV¬?zVP;}G%��VP?�L¯?�L1;
GJ?z{�?zVuGJ?�VYKW{ROPOuI �ºAR^z;m^zVuQRAR^zAR¤8G�?�;}KMLNZNV��9¤N;�ADC%b©Z9?z;W^z]/{RO �BGJ?�Vu�º{D?�VuARZÆ°�G�;W; Ç¬È/p}É�²³SH{�G3�H;>OPO\{�G
��VP?�L�Ky;>^J?M{DVuZ£�ºA5X5;>O¬ »¸1{RG�;>X£{D=1=N^�A9{RKMLN;}Gc��L1;W^z;a;Wk5=NOPA�^z{D?�VuARZ£VuG�QR^z;>{�?z;W^º��LN;>Z�?zLN;W^z;�VuG
�ºAR^z;#¤NZ1Ky;>^J?M{DVuZ9?_IµVPZa?�L1;�=N^�;}X5VYK³?�VuARZ8GwADC�{-�ºA5X5;>OBÇ¬È�È³É»@
� 
�� �R���<�NÁÅ�
	 ��� �
ÑBÒ
ÓFÔNÕzÖ>79,�0 ×F7�ØH79ÓF×F79ÓFÙ ��
#ÕM0«.��R7
ÜçvwL1;mà8^zGJ?º?�;>GJ?µ=N^zAR¸NOu;W�ÝVYGµ{¯ZNARZ5 ©¡´{R^�¥�A�]9VY{DZ
QR^zVYX� ­¸8{RG�;>X¹v' »�µ{D¼>;º°¶GJ;>;#à1QR¤1^�;�pR²y@�b»?\�'{�G�X5;>G�VuQRZN;}X�?zAº?�;>GJ?<s\Tt »TFd5v�¡ ã G�KW{D=8{D¸NVuOPVP?_Iµ?zA
¸N^zVuXNQR;�OuARZNQº?zVP�º;-Ou{RQ�G>S1��VP?�LNA�¤5?eKWARZ5C�A�¤NZ1X5VuZNQµ?zLN;c^z;>G�¤NOP?zG\¸�Ia�µ{D¥�VPZ1Qµ?�LN;3KyA�Z�?z^�A�O6?z{�GJ¥
X5VP½�Ky¤NOP?�VPZ£AD?zLN;W^º�w{/I5GW@ vwL1;�{RQR;>Z�?ºL1{�GcC�A�¤N^º=8A9G�G�Vu¸NOP;�{�K³?�VuARZ8GW¦m�3A�]�;ax<AR^�?�LtS��B{�G_?}S
d�A�¤5?�LtSFAR^��¨;>GJ?>@avwLN;�{DQ�;WZ9?��c¤1GJ?�Ou;>{D^zZ¨?�A��ºA�]R;3C�^zAR�Ì?zLN;¹GJ?z{R^J?zVPZNQ�=
A�G�V¬?zVPA�Z {�?�?�L1;
¸
;WQRVuZNZNVuZNQ�ARCH?zLN;¹KyA�^�^zVYX5AR^%?�A�?zLN;¹v' uß_¤NZ1K³?zVPA�Zt@mvwL1;W^z;3VP?c�-¤1G_?��ºA�]�;3;>V¬?zLN;W^-x\AR^�?�L�A�^
d�A�¤5?�L¨?�A´{�KML8{DZNQ�VPZNQaQRA9{DO�=
A�G�V¬?zVPA�ZtSU��L1VuKML�VP?-KW{RZNZNAD?�G�;W;�@¹Ï\A��';W]�;W^}S§?�LN;�OuA5KW{D?�VuARZ¨ADC
?�L1;µQRA�{RO�X5;W=
;WZ1X1G#ARZ�{,N�^�A9{RX¯GJVuQRZ.P¹?�L1;�{DQR;>Z9?eL1{�G�GJ;>;WZ�{�?#?�L1;�G_?M{D^�?�VuZNQm=
A�G�VP?�VuARZt@ºb»C
?�L1;�{DQR;>Z9?'?M{D¥�;>G'?�L1;�KyAR^z^z;>K³?\{�K³?�VuARZ�{�?�?zLN;�v' uß_¤NZ1K³?zVPA�ZtSNVP?\^�;}Ky;>VP]�;>G�{3^�;>�'{R^zX¹ADCD�1@�b»C�VP?
?z{R¥R;}GÅ?zLN;%��^zARZ1Q-{RKy?�VuARZtS�VP?'^z;>KW;WVu]R;}GH{c^�;>�'{R^zXµARC C / ÈR@Fb©Z¹¸
AD?�L�KW{�GJ;}GWS�?�L1;%;>=NVuG�A5X5;e;WZ1XNG
{DZ8Xa{3ZN;>� ;>=NVYGJA5X5;�GJ?z{D^�?zG>SN��VP?�La?�L1;�ZN;W�ÆQRA9{DO§=8A9GJVP?�VuARZ�G�;y?\^M{DZ1XNAR�ºOPI¹;WVP?�LN;>^\x\AR^�?�L�A�^
d�A�¤5?�Lt@H:<¤N^zVuZNQº?�LN;�;>=NVYGJA5X5;�S5?�LN;�{RQR;>Z�?�^z;>KW;WVu]R;>Gw{º^z;W�w{D^MX�ARC C / È#��LN;WZ�VP?<G_?M{DZ1XNG<G_?zVPOuO¶@
f'?�?�L1;�G_?M{D^�?�VuZNQ�=8A9GJVP?�VuARZtSU?�LN;µA�¸1G�;W^z]/{D?�VuARZ¯VuG�;>V¬?zLN;W^������ºA�^������8StVuZ¯?zLN;�KyA�^�^zVYX5AR^e?�L1;
AR¸8GJ;>^�]�{�?zVPA�Z�VYG�������S9{RZ1Xa{�?'?�LN;#v' Pß_¤1Z1K³?zVPA�Z¹?zLN;%A�¸1G�;W^z]/{D?�VuARZ�VYG������8@�vwLN;eOP;>ZNQD?zL¹ARCU?�L1;
KyA�^�^zVYX5AR^�� �w{RG'GJI5GJ?�;>�º{D?�VYKW{ROPOuIµ]�{D^zVP;}XµC�^zAR�Ðnc?�A  �r1@Fb©Za;>{�KML¹KyA�Z1X5VP?�VuARZtS6È}rc^z¤NZ1G'�';W^z;
=
;W^�C�AR^z�3;}X6@
b»C�?�L1;a{RQR;WZ9?�?M{D¥�;>G�A�ZNOuI¯A�=5?�Vu�µ{DOw{RK³?zVPA�Z1G�?zA´?zLN;mv' uß_¤NZ1Ky?�VuARZtS�VP?-�-¤1G_?3^�;>�º;W�c¸
;W^-?�L1;
AR¸8GJ;>^�]�{�?zVPA�Z�C�^�A�� ?�LN;aG_?M{D^�?�VuZNQ�=
A�G�V¬?zVPA�Z C�AR^��¢?zVP�º;>GJ?�;>=1Gc?�A¯XN;y?�;>^��ºVuZN;m?�LN;mAR=5?zVP�µ{DO
{RKy?�VuARZ�{�?�?zLN;�v' Pß_¤1Z1K³?zVPA�Zt@Åx\AR?�;#?�L8{�?�?�L1;�{DQR;>Z9?'VYG�ZNAR?<{DVYX5;>Xm¸�I�;yk5=
;W^zVP;>Z1Ky;}GwVPZ���LNVYKML
?�L1;W^z;3{R^�;ºGJL1AR^�?�;W^%?�Vu�º;ºOu{RQaX5;>=8;>Z1X5;>Z1KyVu;>G>@-b©Z�C�{RKy?>S6?zLN;ºAR=N=
A�G�V¬?z;-VYGe?�^z¤N;�@cb©ZNVP?�VY{DOuOPI�StVP?
?z{R¥R;}GH�µ{RZ9Iµ�ºA�^�;�{RKy?�VuARZ1G'¤NZ9?zVPO6;>]R;WZm?�L1;#v' uß_¤NZ1Ky?�VuARZaVuGw^z;>{�KMLN;>XtS�{RZ1X¹?�LN;#;yk5=
;W^zVP;>Z1Ky;}X
LNVYG_?zAR^zI VYG�]�;W^zI ]�{D^zVu{R¸NOu;�C�^�A��·;>=NVuG�A5X5;�?zA«;W=NVYG�A�XN;R@�vwLN;�{RQR;WZ9?¹�-¤1GJ?�à1^MG_?¹Ou;>{R^�Z£?zA
^z;WOuVu{R¸NOPIµ�ºA�]�;\?�A3?zLN;�v' Pß_¤NZ8K³?�VuARZU@Hh%Z1Ky;%?�LNVYGwVYG�{RKWKWAR�º=NOuVuG�LN;}X6S9?�LN;�{DQ�;WZ9?w��VPOuO§¸8;>QRVuZ¹?zA
;yk5=
;W^zVP;>Z1Ky;H�ºAR^z;BAR^FOu;>GzGFKWARZ1G�VYG_?z;WZ9?F{RZ1XcG�LNAR^�?�;}G_?F=8A9G�G�Vu¸NOP;HLNVYG_?zAR^zVP;}GUARC1AR¸1G�;W^z]�{�?zVPA�Z1GU{RZ1X
{RKy?�VuARZ1G>S
C�^�A�� ��LNVuKML¯V¬?�KW{RZ�Ou;>{R^�Z�?zA¹;Wk9?z^z{�K³?%?�LN;º^z;WOu;W]�{DZ9?%=1VP;}Ky;cARCBVuZ5C�AR^z�µ{�?�VuARZU@#vwL1;
X5Vu^�;}K³?z;>Xº;yk5=NOuAR^M{�?zVPA�Z-�º;}KML1{DZNVYG��ËVYGÅKy^z¤1KyVY{DO1VPZº?zLNVuGB^�;>Q�{R^zX6¦UV¬?BOu;>{R^�Z8GF?�AcG�;y?B;Wk5=NOPA�^z{D?�VuARZ
OuA��çVuZm?zLN;�KyA�^�^zVYX5AR^w{DZ1XaLNVuQRL�{�?w?zLN;�v' Pß_¤1Z1K³?zVPA�Zt@
vwLN;BTFd5v�¡�ZN;W?_�HA�^�¥\L8{RX#q�VuZN=N¤5?U¤1ZNV¬?MGWS�È/pwG_?M{DZ1XN{R^zXeLNVYXNX5;>Z�¤NZNVP?zG>S�qw�3;>�ºAR^zI%Ky;>OPOYG>S}{RZ1X$ 9 / r�rRr9p5@UvwLN;wC�A�OPOuA���VuZNQ%=8{D^M{D�º;y?z;W^F]/{ROP¤1;>Gg�';W^z;H¤1G�;>X-VuZº{ROPONKWARZ1XNV¬?zVPA�Z1GW¦�� 9 / lRå1S�± 9/ åNS � 9 / ÈR@-f\Z¨;W�º=NVu^�VYKW{ROFKWAR�º=1{D^zVYGJA�Z´�'{�Ge�º{�X5;3��V¬?zL�?_�'Aa{RO¬?z;W^zZ1{�?zVP]�;-G�I5G_?z;W�µG%?�L1{D?
L1{/]�;�¸8;>;WZ¯¤1GJ;}X�VuZ´ZNARZN »¡´{R^�¥�A�]�Vu{RZm?M{RG�¥5GW@evwLN;cOuARZNQR ¶?z;W^z� XN;W=
;WZ1X5;>Z1KyI�Z8{�?�¤1^�;�ARCÅ?�L1;



5 10 15 20 25 30 40 50 60 70
0

2

4

6

8

10

N: length of corridor

N
um

be
r 

of
 s

uc
ce

ss
fu

l r
un

s

LSTM       
Elman−BPTT 
Memory bits

5 10 15 20 25 30 40 50 60 70
0

0.5

1

1.5

2
x 10

7

N: length of corridor

A
ve

ra
ge

 n
um

be
r 

of
 it

er
at

io
ns

LSTM       
BPTT       
Memory bits

ÍFVPQ�¤N^z;wq1¦Us�;}GJ¤NOP?zGÅVPZ3ZNARVYG�;y ­C�^�;>;'v' »�µ{D¼W;H?z{�GJ¥§@gTt;WC�?>¦gx\¤N�-¸8;>^�ADC
G�¤1K>Ky;>GzGJC�¤NO5^�¤1Z1G�°�A�¤5?�ADC
È>r9²Å{�G'{�C�¤NZ1Ky?�VuARZaADC � S�Ou;WZNQR?�LmADCt?zLN;�KyAR^z^zVuX5A�^>@Fs�VuQRL9?>¦�f\]�;W^M{DQ�;\Z�¤N�c¸
;W^wADCU?�Vu�3;}G_?z;W=1G
¤NZ9?�VuOUG�¤1KWKW;>GzG�{RG�{-C�¤NZ1Ky?�VuARZ�ADC � @

5 10 15 20 25 30 40 50 60 70
0

2

4

6

8

10

N: length of corridor

N
um

be
r 

of
 s

uc
ce

ss
fu

l r
un

s

LSTM       
Elman−BPTT 
Memory bits

5 10 15 20 25 30 40 50 60 70
0

5

10

15
x 10

6

N: length of corridor

A
ve

ra
ge

 n
um

be
r 

of
 it

er
at

io
ns

LSTM       
BPTT       
Memory bits

ÍFVPQ�¤N^z; �8¦cs�;}GJ¤NOP?zG�VPZ�ZNA�VuG�I�v' »�º{R¼W;3?z{�GJ¥§@¹TU;yC�?}¦cx\¤N�-¸8;>^�ADC�G�¤1KWKW;>GzG_C�¤NO�^z¤NZ1G¹°�AR¤N?�ADC
È>r9²Å{�G'{�C�¤NZ1Ky?�VuARZaADC � S�Ou;WZNQR?�LmADCt?zLN;�KyAR^z^zVuX5A�^>@Fs�VuQRL9?>¦�f\]�;W^M{DQ�;\Z�¤N�c¸
;W^wADCU?�Vu�3;}G_?z;W=1G
¤NZ9?�VuOUG�¤1KWKW;>GzG�{RG�{-C�¤NZ1Ky?�VuARZ�ADC � @
?z{�GJ¥e]�VP^�?�¤8{DOuOPIe^�¤1OP;}GtAR¤N?ªLNVYG_?zAR^zI%��VuZ1X5A�� {R=N=N^zA�{RKML1;>G>@6b©Z1G_?z;>{�X6S}?_�HA<{RO¬?z;W^zZ1{�?zVP]�;BG�I�GJ?�;>�µG
�';W^z;%¤1G�;>X�?�L1{D?>SNOuVu¥R;#Tªd5v�¡ SN{R^�;eKW{R=1{D¸NOu;eVPZa=N^zVPZ1KWVP=1OP;#ADCª^�;>=N^�;}GJ;>Z9?�VuZNQ-VuZ5C�A�^��µ{�?zVPA�Z�C�A�^
{D^z¸NVP?�^M{D^zI%OuARZ1Q<?zVP�º;wOu{RQ�G>@Ub©Z-?�LN;'à1^MGJ?g{RO¬?z;W^zZ1{�?zVP]�;RS/?�L1;'TFd5v�¡ÐZ1;y?_�'AR^z¥e�w{RGF^z;W=NOY{RKW;>X�¸�I
{DZ �ÅOu�µ{DZ5 ©GJ?_I9Ou;�d�Vu�3=1OP;�s�;}Ky¤N^z^z;WZ9?\x\;y?_�'AR^z¥§S�?�^M{DVuZN;>Xm¤1G�VPZ1Q�j'EHv�vËÇ á/É»@Bx\AR?�;#?�L8{�?�?�L1;
¤NZ5C�A�OuXNVPZNQ-ADC§?�L1;%s\x%xçZN;}Ky;}G�Gz{D^zI�C�A�^HjwEBv�v£�º;>{RZ1G�?zL1{�?H?�LNVYGBVYGÅZ1A�OPA�ZNQR;>^Å?z^�¤NOuI3ARZNOuVPZ1;
s\TB@
vwLN; �ÅOu�µ{DZ�ZN;W?_�HA�^�¥aL1{RX«È>áµLNVYXNX5;>Z´¤NZNVP?zGe{DZ8X È>á�KWARZ9?�;Wk�?%¤NZNVP?zG>S6{DZ1X�$ 9 / r�rNÈ�@
vwLN;eGJ;}KyARZ8Xµ{DOP?�;W^zZ1{D?�Vu]R;�VYGB{�?M{D¸NOu;y »¸1{�GJ;}X3G�I5G_?z;W��;yk�?z;WZ1X5;}Xº��V¬?zL¹�º;W�ºA�^�I-¸NV¬?MGÅ?zL1{�?w{D^z;
=1{R^J?\ARCF?zLN;cA�¸1G�;W^z]/{D?�VuARZtS8{DZ1Xm?�L8{�?\?zLN;-KWARZ9?�^zAROuOP;>^\KW{RZ�G���VP?zKML�ARZ´{RZ1X�ADÎ�Ç l�É­@�j';>K>{D¤1G�;
?�L1;�?z{�GJ¥¯^�; �9¤NVP^z;>G�?�LN;a{DQR;>Z9?�?�A´^z;W�º;W�-¸8;>^\ß_¤1GJ?-A�ZN;�¸NVP?cARCwVuZ5C�A�^��µ{�?zVPA�ZtSF?�LNVYGcG�I5G_?z;W�
L1{�XcA�ZN;��º;W�ºAR^zI�¸NVP?>S9{DZ1X $
9 / r1ÈR@Fb©Z3A�^zXN;W^F?�A�X5;W?�;>^��ºVuZN;'?�LN;\G�=8;}KyVPà8K�KyA�Z9?�^zVP¸N¤N?�VuARZ3ADC
TªdNv�¡(?zAe=
;W^�C�AR^z�µ{DZ1KW;RS/VuZ3¸
AD?zL3{RO¬?z;W^zZ1{�?zVP]�;>GF{DOuO�;WOu;W�º;WZ9?zGgARC1?zLN;wA�]R;W^M{DOuO�GJI5GJ?�;W��;WkNKy;W=N?
TªdNv�¡ °�V¶@ ;R@Åf%X5]�{DZ9?z{RQR;9°¶±
²'OP;}{D^zZNVPZ1Q1S5X5Vu^�;}K³?�;}Xa;yk5=NOuAR^M{�?�VuARZ
²Å�';W^z;#OP;WC�?\¤NZ1KML1{RZNQR;}X6@
f�^z¤NZº�'{�GÅKyA�Z1G�VuX5;>^�;}X-{ �³� ��� �³�M� VPC
?zLN;<{RQR;WZ9?ÅOu;>{R^�ZN;}X�?zA�?z{R¥R;'?�L1;<KyA�^�^z;>Ky?�{�K³?zVPA�Zº{D?Å?�L1;
v' uß_¤NZ1K³?zVPA�Z�VuZ�A�]R;>^BåRr � ARCUKW{RG�;>G>SR¤8GJVuZNQ�VP?zG'G_?zA5KML1{RGJ?�VYK\{RKy?�VuARZ�G�;WOu;>Ky?�VuARZµ�º;>KML1{RZNVYGJ��@gb©Z
=N^M{RKy?�VYKy;RSª?�L1VuG-KyAR^z^z;>G�=8A�Z1XNGe?�A È}rRr � KyA�^�^z;>Ky?�{RK³?zVPA�Z«KMLNARVYKy;}G�{�?�?zLN;¹v' uß_¤NZ1Ky?�VuARZ ¤1G�VPZ1Q
QR^z;W;}X5I¯{�K³?zVPA�Z�G�;WOu;>Ky?�VuARZtSg{RG��H;>OPO'{RG�A�=5?�Vu�µ{DOBA�^�ZN;}{D^� ­A�=5?�Vu�µ{DOB{�K³?�VuARZ KMLNA�VuKW;>G�Ou;>{�X5VuZNQ
?�Aa?zLN;�v' Pß_¤1Z1K³?zVPA�Zt@3ÍFVuQR¤N^z;µq�GJLNA��\G%?zLN;ºZ9¤1�c¸
;W^�ADCwGJ¤8KWKy;}G�GJC�¤NO�^z¤NZ1Gµ°�AR¤5?�ADCeÈ>r9²%{�G#{
C�¤NZ1Ky?�VuARZ£ADC\?zLN;aOP;>ZNQD?zL ADC<?�LN;�KyA�^�^zVYX5AR^��«S�C�AR^º;>{�KML«ADC<?�LN;a?�L1^�;>;¹�º;y?zLNA5XNGW@ b»?º{ROuG�A
G�LNA��\G�?zLN;%{/]�;W^M{DQR;wZ�¤N�-¸8;>^HARC6?�Vu�3;}G_?z;W=1GHZN;>;>X5;}Xº?�A-^�;}{RKML�G�¤1KWKW;>GzGW@Fb»?HVYGH{R=N=1{R^�;>Z�?B?�L1{D?
s\Tt »TFd5v�¡ÐVYGÅ{R¸NOP;'?zA#XN;>{DO5��VP?�Lº�-¤1KMLºOPA�ZNQR;>^ª?zVP�º;�OY{DQ9GU?zL1{DZ3?zLN;w?_�HA�{RO¬?z;W^zZ1{�?zVP]�;>G>@Us\T6 
TªdNv�¡ÝL1{�G%=
;W^�C�;>Ky?e=
;W^�C�AR^z�µ{DZ1KW;c¤N=¯?�A � 9 nDrNS6{DC�?�;W^#��LNVYKML�=
;W^�C�AR^z�µ{DZ1KW;cQ�^z{�X5¤1{DOuOuI
X5;}Ky^z;>{RG�;>G>@Åb©Z�?zLNA�G�;�KW{�GJ;}G���LN;W^z;#?�L1;c{DOP?�;>^�Z1{D?�Vu]R;}G�{DOYGJAº^z;>{RKML�G�¤1KWKW;>GzGWS8s\T6 ©Tªd5v�¡ {ROuG�A
Ou;>{D^zZ1GwC�{�G_?z;W^}@'vwL1;�^�;}{RG�ARZ���L�I�?�L1;��º;W�ºAR^zI¹¸NVP?zG%GJI5GJ?�;>�æ=
;W^�C�AR^z�µG��HA�^zGJ?\VYG�=N^zAR¸1{R¸NOPI
?�L8{�?>S�VuZ KWARZ9?�^M{RGJ?���V¬?zL ?�L1;¹AD?zLN;W^c?_�HA8SgV¬?ºX5A�;>G�Z1AD?-;Wk5=NOPVYKyVP?�OuI KyA��3=1¤5?�;µ?zLN;¹Q�^z{�X5Vu;WZ9?
ADC�=
;W^�C�AR^z�µ{DZ1KW;µ��V¬?zL«^�;}GJ=
;>Ky?�?�A�=1{RGJ?c;W]�;WZ9?zG>@�vwLNVYGcG�LNAR¤NOYX��µ{D¥�;�Ky^z;>X5VP?-{RGzG�VPQ�ZN�º;WZ9?



Ou;>GzGeXNVP^z;>Ky?�;>X¯{DZ1X´?�LN;>^�;WC�AR^z;cOu;>GzGe;yÎ§;>K³?zVP]�;R@�vwLN; �BOP�µ{DZN »jwEBv�v�G�I5G_?z;W�ÌX5A�;>G#KWAR�º=N¤5?z;
G�¤1KML¹{�Q�^z{�X5VP;>Z9?>S9¸N¤5?wVPZ¹KWARZ9?�^M{RGJ?Å?zA-TªdNv�¡ SR?zLN;eQR^M{RX5Vu;WZ9?ÅVuZ5C�AR^z�µ{�?�VuARZ�?�;WZ8XNGÅ?zAc]�{DZ1VuG�L
�9¤NVYKM¥9OuI���VP?�L�OuARZNQ�;W^'?�Vu�º;�Ou{RQ�G�°�{�Gw;yk5=NOY{DVuZN;>XmVuZ�G�;>Ky?�VuARZ´pR²y@

#ÕM0«.��R7��µÚ�Ö��¯ÓFÒ
Ú�Û}78ÜBb»?gVYGgARZ1;H?zLNVuZNQe?�A#OP;}{D^zZ-OuARZ1QD ­?�;W^z��X5;>=8;>Z1X5;WZ8KyVu;>GgVuZº{%ZNA�VuG�;y ­C�^�;>;
?z{�GJ¥§SDVP?ÅVYG ��¤1V¬?z;\{DZNAR?�LN;>^ª?zLNVuZNQ#?�A�X5A�G�AeVuZ3?�LN;�=1^�;}GJ;>Z1Ky;'ADC6GJ;>]R;>^�;'ZNARVYG�;R@ªvªA#VPZ�]�;>GJ?�VuQ�{�?z;
?�L1VuG>SN{3]R;W^zIµZNA�VuG�Iµ]�{D^zVu{D?�VuARZ¹ARCt?�L1;�v' ­�µ{D¼>;<?M{RG�¥�X5;>GzKy^zVu¸8;}Xm{R¸8A�]�;<�w{RGwX5;>G�VuQRZN;}X6@Åx\A��
?�L1;µAR¸1G�;W^z]�{�?�VuARZ¯VPZ�?zLN;�KyA�^�^zVYX5AR^eVuG�� ���6St��LN;>^�;���{RZ1X	�¯{D^z;ºVPZ8X5;W=
;WZ1XN;WZ9?>SF¤NZNVPC�AR^z�ºOPI
X5VYG_?z^�Vu¸N¤5?z;>X�^M{DZ8X5AR�æ]/{ROP¤1;>G\VuZ�?�L1;�^z{RZNQR;�Ç r 	>ÈyÉ»S1Q�;WZN;>^z{D?�;�ARZ1OPVuZN;R@�f<OPOFAD?zLN;W^<{�GJ=
;>Ky?zG<ADC
?�L1;%?M{RG�¥�^z;W�µ{DVuZ�?zLN;�G�{R�3;#{RG�{R¸8A�]�;R@gj'AD?�Lm?�L1;#TFd5v�¡ {DZ1X¹?�LN;E�BOP�µ{DZN »jwEBv�v�G�I5G_?z;W�
�';W^z;c{DOYGJA¹OP;WC�?%¤NZ1KML8{DZNQ�;>X6@<vªA¹{ROPOuA��ÆC�AR^%{�C�{DVu^%KWAR�º=1{D^zVYGJA�ZtSN?zLN;�?M{D¸NOu;y »¸1{RG�;>X��º;>�3A�^�I
¸NVP?'G�I5G_?z;W��ã GHAR¸8GJ;>^�]�{�?zVPA�Zº�'{�GBKyA��º=N¤5?�;}Xµ¤1G�VPZ1Qc¡�VYKMLNVP;e{DZ1XaâHL1{D�-¸8;>^zG>ã GBj�h�
 �'dºG_?M{�?z;
{DQ�QR^z;WQ9{�?�VuARZ%�º;>KML1{RZNVuG���°�G�;W;<ÇPÈ}p}É�²³S/=1{R^J?zV¬?zVPA�ZNVuZNQ\;>{�KML#VPZN=1¤5?FX5Vu�º;WZ1G�VuARZ�VuZ�?zA�?�L1^�;>;Å; �9¤1{RO
^z;WQRVuARZ8GW@
ÍFVPQ�¤N^z; �´GJLNA��\G�?�LN;�^z;>G�¤NOP?zG>@avwL1;��º;W�ºAR^zI�¸NVP?-G�I5G_?z;W� G�¤5Î§;W^MG��ºA�GJ?�C�^zAR�Ì?zLN;¹Z1ARVYGJ;�@
vwLNVYG#VuGeZNAR?�]R;W^zI´G�¤N^�=1^�VYGJVuZNQm¸8;}KW{D¤8GJ;º{m?z{D¸1OP;W ­¸1{�GJ;}X´G�I�GJ?�;>��St;W]�;WZ�VPC'{R¤NQR�º;>Z�?z;>X¯��V¬?zL
j\h�
 �Hd3GJ?z{�?z;\{DQ�QR^z;WQ�{D?�VuARZtS�X5A�;}G�ZNAD?HQRVu]R;w]R;>^�I3GJA�=NLNVYG_?zVuK>{�?�;}X3QR;WZ1;W^M{DOuVP¼}{�?�VuARZU@UvwLN;�?_�'A
s\x%x�{D=N=1^�A9{RKMLN;}G�{D^z;eL8{D^MX5OPIa{�Î§;>Ky?�;>Xa¸�Im?�LN;cG�;W]�;W^z;#ZNARVYGJ;�VuZa?�LN;cAR¸1G�;W^z]�{�?�VuARZ8GW@B¡´A�GJ?
Vu�3=
AR^�?z{RZ9?�OuIRS�s<T6 ©Tªd5v�¡Þ{RQ�{DVuZµGJVuQRZ1V¬à8K>{DZ9?�OuIcA�¤5?�=
;W^�C�AR^z�µGg?�L1;<AD?zLN;W^MG>SR¸
AD?�LµVuZº?�;>^��µGBADC
?�L1;3�µ{Dk�Vu�c¤1� ?�Vu�3;ºOY{DQmV¬?�KW{RZ¯X5;}{DOg��VP?�LtSU{RZ1X´VuZ¯?�;W^z�µGeADCB?zLN;3Z9¤1�c¸
;W^#ADCH?�Vu�3;}G_?z;W=1G
ZN;>;>X5;}X¹?zAºOP;}{D^zZ¹?zLN;#?z{�GJ¥§@
�$# ��Ö}Ú�Õz0 Òt×ª7¨ØBÒI��7,�F.)�¶.NÓFÙRÚ�ÓFÔªÜ´vwLN;º?�LNVu^MX¨?�;>GJ?�=N^zAR¸NOu;W� VuG�OP;}G�G�{R^J?zV¬à
KyVY{DOg?�L8{DZ�?�L1;
v' »�º{R¼W;}G�{DZ1XaL1{�G��ºAR^z;�KyAR�º=NOuVYKW{�?z;>X�X5I�Z1{R�3VYKWG>@Åb»?%KWARZ1G�VYG_?MG�ADC�{µX5VP½µKW¤NOP?<]�{D^zVu{D?�VuARZaADC
?�L1;%KyOY{RGzG�VuK>{DON=
AROu;\¸1{ROu{RZ1KyVuZNQ#?z{�GJ¥§@gb©Zº?�L1;<=
AROu;\¸1{DOY{DZ8KyVuZNQ#?z{�GJ¥§S�{DZ�{DQ�;WZ9?Å�c¤8G_?'¸1{DOY{DZ1KW;
{DZºVuZNLN;>^�;>Z�?zOPI3¤NZ1GJ?z{R¸NOu;\=8A�OP;�SRLNVuZNQ�;>X3?�A#?zLN;�?zAR=µADCt{#��LN;>;WOu;>XµK>{D^�?�?�L1{D?Å?�^M{/]R;>OuG�{ROPA�ZNQ�{
?�^M{RKM¥§S9¸�I�{D=N=NOuI�VPZ1Q-Ou;yC�?\{DZ8X�^zVPQ�L�?'C�AR^MKy;}GÅ?zAc?zLN;�KW{R^J?}@ �B]R;WZmVPZ¹?�LN;�¡´{R^�¥�A�]�Vu{RZµ]R;W^MG�VPA�ZtS
?�L1;#?z{RG�¥�^z; �9¤NVu^�;}GHC�{DVu^�OuI�=N^z;>KWVuG�;�KyARZ9?z^�A�O8?zA�GJA�OP]�;%VP?>@
vwLN;\]�;W^MGJVuARZº¤1G�;>XºVuZº?�L1VuGH;yk5=
;W^zVP�º;WZ9?BVYGÅ�µ{�X5;\�ºAR^z;\X5VP½µKW¤NOP?H¸�Ic?_�'AcG�AR¤N^MKy;}GgADCtLNVYXNX5;>Z
GJ?z{�?z;R@�ÍFVP^MGJ?>S�{RG�VuZ�Ç á/É­S9?zLN;<{DQ�;WZ9?HK>{DZNZNAR?BAR¸8GJ;>^�]�;H?zLN;%GJ?z{D?�;\VuZ5C�A�^��µ{�?zVPA�Z�KyA�^�^z;>G�=8A�Z1X5VuZNQ
?�A¹?�LN;ºKW{R^J?e]R;>OPA5KyVP?_I�{DZ1X�=
AROu;º{DZNQ�¤NOu{R^\]R;>OPA5KWV¬?_I�@%b»?eL1{RG<?�AmOP;}{D^zZ�?�Aa{D=N=N^zA/k5VP�µ{D?�;�?zLNVuG
°�KWARZ9?�VuZ�¤NAR¤8Gz²HVuZ5C�AR^z�µ{�?�VuARZm¤1G�VPZNQºVP?zGw^z;>KW¤N^�^z;WZ9?�KyA�ZNZN;>Ky?�VuARZ1GwVuZaAR^MX5;W^'?�AµG�AROu]R;%?�LN;#?M{RG�¥§@
d�;}KyARZ8X6S9?�LN;�{DQ�;WZ9?w�c¤1GJ?'Ou;>{R^�Z¹?�A3AR=
;W^M{�?z;%VuZ�?_�'A3XNV¬Î§;W^z;WZ9?w�3A5X5;}GW@�b©Zm�ºA�XN;#fcSN{RKy?�VuARZ
ÈwVuGFOu;yC�?Å=N¤8GJLº{DZ1X3{RKy?�VuARZºp<VYGg^zVPQ�L�?g=N¤1G�Lt@Fb©Z-�ºA5X5;�jeS/?�LNVYGgVYGg^�;>]R;W^MG�;>X6¦U{�K³?zVPA�Z¹È'VuG �³� � Ê �
=N¤1G�L�{DZ1X¨{RKy?�VuARZ p¹VYG �P�¶��� =1¤1GJLU@º¡´A�XN;>G�{D^z;3^z{RZ1X5AR�ºOuI´GJ;W?�{�?#?�LN;µ¸
;WQ�VPZ1ZNVPZ1QaARCH;}{RKML
;W=1VuG�A5X5;R@<vwL1;cVuZ5C�AR^z�µ{�?�VuARZ���L1VuKML´�ºA5X5;�?zLN;º{DQR;>Z9?\VuG%AR=
;W^M{�?zVPZNQ¹VPZ´VYG\=1^�A�]�VYX5;>Xa?zA�?�L1;
{DQ�;WZ9?<A�ZNOPImC�AR^<?�LN;cà1^MG_?#GJ;}KyARZ8X�ADCg?�LN;-;W=NVYG�A�XN;R@<f\C�?�;W^%?�L8{�?>S
?zLN;-KWAR^z^�;}GJ=
ARZ1XNVPZNQºVuZN=N¤5?
¤NZNVP?�VYG�GJ;W?e?zA�¼W;W^zA�{DZ1X¯?�L1;º{RQR;>Z�?#�c¤8G_? ��� � � � |M�y� ��L1VuKML¨�ºA�XN;µV¬?�VYG#VPZt@¹h%¸�]�VPA�¤1G�OPI�S
C�{DVuOuVPZNQ´?�A�^z;W�º;>�c¸
;W^�?zLN;¹�ºA5X5;mOP;}{RXNG�?�A´]�;W^zI¯=
A�AR^c=
;W^�C�AR^z�µ{DZ1KW;R@´vwLN;mARZNOuI¨^�;>�'{R^zX
G�VPQ�Z1{DO�VYG C ÈºV¬C'?�LN;¹=8A�OP;3C�{DOuOYG�=1{RGJ?�
-È}p��3AR^�VPCH?zLN;�KW{R^J?�LNVP?zG�;>V¬?zLN;W^c;WZ1X¯ADC'?�LN;º?z^z{�KM¥§@
x\AR?�;�?zL1{�?B?�LN;<{RQR;>Z�?��-¤1G_?HOP;}{D^zZ-?zA�^z;W�º;W�-¸8;>^�?�LN;-°�X5VYG�KW^�;W?�;/²F�3A5X5;<VPZ5C�A�^��µ{D?�VuARZ3C�AR^B{RZ
VuZ5à1ZNVP?�;º{D�ºAR¤1Z�?%ADC�?�Vu�º;-VPCÅVP?eVYG\?zA¹Ou;>{R^�Z�?zA¹¸1{ROu{RZ1Ky;�?zLN;3=8A�OP;-VPZ1XN;yà1ZNVP?�;>OPI�@evwL1VuG%^�¤1OP;}G
AR¤N?'LNVYGJ?�AR^zIº��VPZ8X5A��"{D=N=1^�A9{RKMLN;}GÅ{DOP?�A�QR;y?zLN;W^}@gÏ\A��';W]R;>^>S�VPZaKyA�Z�?z^z{�G_?'��V¬?zL�?zLN;ev' »�µ{D¼>;>G>S
?�L1;�GJI5GJ?�;W�ÐZNA��çL1{�G'?�LN;�¸
;WZ1;yàN?<ARCFGJ?z{R^J?zVPZNQº��VP?�L�^z;WOY{�?�Vu]R;>OPI�G�LNA�^J?w?�Vu�º;�Ou{RQ�G>@
vwLN;3Tªd5v�¡ Z1;y?_�'AR^z¥mL1{�X�pµA�¤5?�=1¤5?%¤NZ1V¬?MGWSgÈ �mG_?M{DZ1XN{R^zX´LNVuX1X5;WZ´¤1ZNV¬?MGWS6{RZ1X´á��º;>�3A�^�I
Ky;>OPOYG>@ªb»?BL8{RG�q#VuZN=N¤5?B¤1ZNV¬?MGW¦FARZ1;';}{RKML3C�AR^ÅK>{D^�?Å=8A9GJVP?�VuARZµ{RZ1X3=8A�OP;\{RZNQROu;RoR{RZ1X3ARZN;wC�A�^�?�L1;
�ºA5X5;ºADCwAR=
;W^M{�?�VuARZUStGJ;W?�?�A�¼W;>^�A�{�C�?z;W^�ARZ1;ºG�;>KWARZ1X¯ADC�G�VP�-¤NOu{D?�;}X´?zVP�º;´°¶nRr�?zVP�º;}G_?z;W=1GM²³@� 9 / l9n5S�± 9 / á1S � 9 / p5S�$ 9 / rRr9p5@�b©Z�?zLNVuG�=N^�A�¸NOu;W��S'XNVP^z;>Ky?�;>X£;Wk�=1OPA�^z{D?�VuARZ£�'{�G
ZNAR?\ZN;>KW;>GzG�{R^�I�S5¸8;}KW{D¤8GJ;#VuZ�KWARZ9?�^M{RGJ?w?�Aº?zLN;�v' ­�µ{R¼W;>G>SNVu�º=8;>^JC�;}K³?\=
AROuVuKWVP;}G�OP;}{RXm?�Aµ�µ{RZ9I
X5VPÎ
;>^�;>Z9?#;Wk5=8;>^�Vu;WZ1KW;>G%��V¬?zL¯^z;W�w{D^MX´G�VPQ�Z1{DOYG>St{DZ1X´?�LN;>^�;3VuG#L1VuXNXN;WZ�G_?M{�?�;3;W]�;W^zI���LN;W^z;cVuZ
?�L1;a;>Z�]9Vu^zARZN�º;WZ9?}@�ÍNA�^µ{¨KWARZ9?�VuZ�¤NAR¤8G-=1^�A�¸NOP;>� OPVu¥R;m?�L1VuG>S'{¯?M{D¸NOu;y »¸1{RG�;>X«�3;>�ºAR^zI«¸NVP?
G�I�GJ?�;>� VuG-ZNAD?ºGJ¤1V¬?z;>X ]�;W^zI¯�';WOuO¶S�G�A¯{´KWAR�º=1{R^�VYGJA�Z �'{�G�A�ZNOPI¨�µ{RX5;m��V¬?zL«?zLN;O�BOP�µ{DZN 
jwEBv�v GJI5GJ?�;W��S5��LNVYKML�L1{RX¯È>á3LNVYXNX5;>Z�{DZ1X�KyA�Z9?�;yk�?�¤NZNVP?zG<{DZ1X%$
9 / r�r�p5@



vwLN;	�ÅOu�µ{DZ5 ©jwEBv�v�GJI5GJ?�;>�ÞZN;W]�;W^e^�;}{RKMLN;}X�G�{D?�VYG_C�{�K³?�A�^�I�G�AROu¤5?�VuARZ8G<VuZ È}r�^z¤NZ1G>@eb»?#ARZ1OPI
Ou;>{D^zZN;}X�?�Am¸1{DOY{DZ1KW;�?�L1;-=
AROu;�C�A�^<?zLN;cà8^zGJ?#nRrµ?�Vu�º;>GJ?�;>=1GWS§��LN;>Z´?zLN;c�ºA5X5;3VPZ5C�A�^��µ{D?�VuARZ
VYGc{/]�{DVuOu{R¸NOu;RSt?zL�¤1G�C�{RVPOuVPZ1Q�?�A´Ou;>{R^�Z¨?�L1;�OPA�ZNQD ­?�;>^�� X5;W=
;WZ8X5;WZ1KWIR@�Ï\A��';W]�;W^}SUs\Tt »TFd5v�¡
Ou;>{D^zZN;}X�AR=5?zVP�µ{DO%=8;>^JC�A�^��µ{RZ1Ky;�VuZçp�AR¤N?mADCµÈ}r�^�¤NZ8G�°�{DC�?�;>^a{RZ"{/]R;W^M{DQ�;mARC�áNS pRnDr1S r�rRr
?�Vu�º;>GJ?�;>=1GUARCNOP;}{D^zZNVuZNQ9²y@ªf�C�?z;W^FOP;}{D^zZNVuZNQ1S>?�LN;}GJ;B?_�HA%{DQR;>Z9?zGt�';W^z;B{R¸NOP;B?�A%¸1{DOY{DZ1KW;�?�L1;B=
AROu;
VuZ1X5;yà8ZNV¬?z;WOuIºVPZµ¸
AD?zL��ºA�XN;>GÅARC6AR=
;W^M{�?�VuARZU@ªb©Zº?zLN;<AR?�LN;>^Bå�^z¤NZ1G>SR?zLN;<{DQ�;WZ9?zGBG_?zVPOuO8Ou;>{R^�Z1;>X
?�A�¸1{ROu{RZ1Ky;m?�L1;�=8A�OP;�VuZ�¸
AD?zL£�ºA5X5;}GcC�A�^µL�¤NZ1X5^z;>XNGºA�^º;W]R;>Z«?zLNAR¤1Gz{DZ8XNGºADC%?�Vu�3;}G_?z;W=1G
°�{DC�?�;>^#{RZ¯{/]�;W^M{DQR;�ARCHåNS rRl9n5S rRr�r3?�Vu�3;}G_?z;W=1G#ARCBOu;>{D^zZNVuZNQ9²yS
?�L�¤1G#GJL1A���VPZNQ¹?�L1{D?%?zLN;º�ºA�XN;
VuZ5C�AR^z�µ{�?�VuARZç�'{�G¹^z;W�º;W�-¸8;>^�;}X�C�AR^aOuARZNQ ?�Vu�3;¨OY{DQ�G>@�b©Zç�ºA�GJ?aK>{RG�;>G>S<G�¤1KML {RZç{DQ�;WZ9?
Ou;>{D^zZ1GµA�=5?�Vu�µ{DO\=
;W^�C�AR^z�µ{DZ1KW;�C�AR^�A�ZN;��ºA5X5;RS���LNVuOu;´{RKMLNVu;W]�VuZNQ QRA�A5X£¸N¤5?mG�¤N¸
AR=5?zVP�µ{DO
=
;W^�C�AR^z�º{RZ1Ky;#VuZ¹?zLN;�AD?zLN;W^}@

� � Á À � 	�Ã<��Ä_Á À �
vwLN;�^z;>G�¤NOP?zG<=N^�;}GJ;>Z9?�;>X�VuZ�?zLNVuG<=1{D=
;W^eGJ¤1QRQR;}G_?<?�L1{D?<^�;>VPZNC�AR^MKy;W�º;>Z�?%OP;}{D^zZNVPZ1Qµ��V¬?zL�TtA�ZNQ
d�LNA�^J?� »vª;W^z��¡�;W�ºA�^�Iµ°�s<T6 ©Tªd5v�¡�²UVYGª{%=N^zAR�ºVuG�VuZNQ<{D=1=N^�A9{RKML#?zAeG�AROu]�VPZNQ<ZNARZ5 ©¡´{R^�¥�A�]9VY{DZ
s\T�?z{�GJ¥5G#��VP?�L�OuARZNQR ¶?z;W^z�ÌX5;W=
;WZ1XN;WZ1KWVP;}GW@µvwLNVYG#�'{�G#X5;W�ºARZ8G_?z^z{D?�;>X¯VuZ¨{�v' »�º{R¼W;3?z{�GJ¥
��VP?�L��ºVPZNVu�µ{DOw?zVP�º;�OY{DQ�X5;W=
;WZ1XN;WZ1KWVP;}GºADC%¤1=�?zA  �r�?�Vu�3;}G_?z;W=1G>Sw{RG3�H;>OPO\{�GºVPZ�{¨ZNARZN 
¡´{R^�¥�A�]9VY{DZ¯]R;>^zG�VPA�Z¯ARC�=8A�OP;µ¸1{ROu{RZ1KyVuZNQ���LN;>^�;µA�=5?�Vu�µ{DOH=8;>^JC�A�^��µ{DZ8Ky;º^�; �9¤NVP^z;>G�^�;>�3;>�3 
¸
;W^zVPZNQ�VuZ5C�A�^��µ{�?zVPA�Z VPZ8X5;yà1Z1V¬?z;WOuIR@�s\T6 ©TªdNv�¡ ã G��º{RVPZ =
A��';W^�VYGcX5;>^�Vu]R;}X¯C�^�A�� TªdNv�¡ ã G
=N^zAR=
;W^�?_I¹ARC�KWARZ1GJ?z{RZ9?\;W^z^�A�^��1A���SN¸N¤5?%C�AR^\Q�A�A�Xa=
;W^�C�AR^z�µ{DZ1KW;�VPZ´s\T ?z{RG�¥5GWS1?�LN;-KyAR�-¸NVP 
Z1{D?�VuARZa��V¬?zL�f%X5]�{DZ9?z{RQR;9°¶±
²'OP;}{D^zZNVPZ1Qº{RZ1XaX5VP^z;>Ky?�;}Xm;Wk5=NOPA�^z{D?�VuARZm�'{�G'KW^�¤8KyVY{DO­@
����� À Á���	 � Â�� � �ªÀ �N�
vwLN;'{D¤5?zLNAR^ª��VuG�LN;>Gt?�A<?�L1{RZN¥E�BX5��VuZcX5;	�RA�ZNQ1S/¡�VYKMLNVP;>O9XN;
��ARZNQ8S��e�';WZ1XNVuX�]�{RZcX5;W^���A�AR^�?
]�{DZ XN;W^�
#Ou;WV ßyS�E�{�?z^�VYKM¥¯Ï<¤1XNG�ARZtSÅÍ1;WOuV¬k �e;W^MG>SF{RZ1X����¤N^�Q�;WZ d5KML1�3VYX5L�¤N¸
;W^cC�AR^3]/{ROP¤8{D¸NOu;
KyA��º�3;>Z9?zG>@

� ��� � � �UÀ � � �
�������
���������! #"$��%
 #&('*),+-"/.0 012 0'43657 $�-"/'8&('89;:<&�3/=?>A@8B<CD&7'E'F+�'8GHC;�-"/�I+-J�&(��'K3L��MN��M6:<&�3/=O57+I'89�G

3/ #"/1QP8 #RS 0'TP* 0'F.0&7 0M0��BU 0.�=8'F&7.$�-5V"/ 0RS+-"N3$WFX	 0R83$�8+�)�Y�M[Z*.�=8+I57+I9-Z4WT>V 0&(P8 0']\	'F&7J! �"/MN&73^Z4WF_�`I`��I�
� _$��>��ba�=8"/&7MN1��-'U�6%
 #&('*),+-"/.0 012 0'43c57 $�d"/'F&7'F9e:<&73/=fRS #"/.0 #R83/gT�-5���57&(��MN&7'F9*h6Bi=F jRS #"/.# 0R83/gF��5�P8&7M[G

3/&7'F.#3/&7+I'8Mk��RFR*"/+!�-.�=V�ml^'onipNq$rds�q[tvuxwFy{zI|-uxw]}c~�u���q��T~I�m��q-�$t$sAq��;�k�L�T�
�	�kl�Y�"/ 0MNM0Wb�0�I�I_��
� �d�����F�	 #"/M0WT�*�S@�.�=812&�P*=�gF�S #"$W��-'TPe���Fa�gF1212&7'FM0�A>U $�d"/'F&7'F963/+�),+-"/9I #3$h�a�+�'�3/&7'�gT�-5UR*"/ $P8&7.#3/&7+�'

:<&�3/=o>A@*B<CK��}�y���pN~I����q��	�F�*u�~-u���q��FWU�d_��[�0`!��h _-�!���L�*_-�!����W�_-`I`I`��
� �-�eCK�4���I�	�-"/12+�'j��'FP{>��4a
�!�i��&�"LPV�SC]gF5�3/&�G�RF5(�0Z4 #"�"/ 0MN&(P8gF��5T��P8J���'43L��9� �57 $�-"/'8&('89v:<&�3/=j9I 0'8 #"L��5

),g8'F.#3/&7+I';��RFR*"/+$�8&71��d3/&(+�'U��Bb #.�=8'F&7.$��5�"/ 0RS+-"N3$W8�K"/&(9�=43NGHY��d3N3/ #"/MN+I';�
&�"k�F+�"/.# �����MN IWU�$�I���*�
� �$�e@����
+4.�=*"/ 0&�3/ #"<��'FP��*�T@�.�=812&(P8=�gF�S #"$�V>V+I'89{MN=F+-"N3NG�3/ #"/1 12 012+-"NZ4�b}6y���p[~I����q-�	�T��u�~�u���q-�FWF�

��¡!��h7�d�-�!�0�T�d�-¡I`�W��0�I�I���
� �d��>�� G^�8�*>U&7'���'FP�B	�8C]&�3/.L=F 0575��A%k 0&7'8)x+�"/.0 012 #'�3i5( 0�-"/'F&7'896:<&�3/=e=F&(PFP* 0'�M[3L�-3/ 0M0�blH'�n�p[q$rds�q[t
uxwFy

¢ �S£{�L�Fu^s���q��0t$s�q��¥¤F�,���*�7~�u���q��fq[t
�<£!~��Tu��,¦�yv§	y/w8~�¦$��q-p��SC]l[B�Y�"/ #MNM0Wb�$���I���
� �$���8�U>U+4.L=E�-'TPK@��U@*&7'89I=U�6\
MN&('89] 057&79I&7�8&(57&�3HZ¥3N"L�-.0 0Mv3/+�¨F'TP;3/=F ��S 0M[3�12 012+-"NZ857 0MNM
RS+I57&7.#Zf&7'

Ym�d"N3/&(��575�Z¥©	�FMN �"/JI�-�F57 �C;�-"/�I+-JeXv 0.#&(MN&7+�'¥Y�"/+4.0 #MNMN 0M0��l^'onipNq$rds�q[t
�-�bª]«6¬ ­I®IW��$���I¡*�
� ¡d�2%6�i�6�kC].$ai��5757gF1;� >U $�d"/'F&7'F9O3/+?gFMN ¥MN 057 0.#3/&7J! ¯�-3N3/ 0'43/&7+I'°�-'TP±MN=F+-"N3NG�3/ #"/1²12 012+�"NZ³&7'

MN $´4gF 0'43/&(��5�3L��MN��M0��lH';n�p[q$rdsVµ*uxw��L�8u^si��q-�$t$s�q��¥¤F�x�{�*�7~�u���q��fqHt	�<£!~��Tu��x¦�yc§	y/w8~�¦$��q�p�WU�$���I�*�
� �d��>��IYA 0MN=F��&7'UW�¶��!C] 0g85( 0��gUW!��'FPj>���YA�I·��- 057�F57&7'F9*�S>U 0�-"/'F&7'89vRS+I57&7.0&7 0Mm:<&�3/=� #��3/ #"/'T�-5812 012+-"NZ4�

lH';n�p[q$rds�q[tvuxwFy{z!¸-uxwe�L�Fu^s���q��$t0s�q-�oªf~!rLw��,�Sy	«AyN~�pL�F�,�4¹�Wb�0�I�I���
���$`d���8�-@�.�=812&�P*=�gF�S #"$�d¶
 #3H:�+�"/��MA��P-º[g8M[3/&7'F9k'F #3^:i+�"/��M0��lH'6nipNq$rdsTq[t�»c�,¼/u�pL��½#��u^y/£
�<£!~��Tu��,¦�y�}�y���pN~I�

�L�$t0q-p��j~�u���q���nipNq$rLy�¼/¼/�,��¹�WV@43$�T�kgF9�gFM[3/&7'UW��$���I`��
���I�����8�i@*.L=F12&(P8=�gF�S �"$�¾a�g*"/&(+�gFM�12+�P8 #57G��8gF&75(P8&7'F9f.0+I'43N"/+�5
M[Z*M[3/ 012M0�¾l^'±nipNq$rdscq[te��¿T�b}k};¬ ­4z-W

J!+I57g812 �_�W8RT�-9I 0Mc�0�!��¡$�T�0�I�I��WA@�&7'F9!�-RS+�"/ IWU�$���*�I�
���d_$�2%6�F@S�T@�g83N3/+�']�-'TP]���F���T�i�d"N3/+8��À<y��,�$t#q�pNrLy���y��8ui�(yN~�pL�F�,�4¹4Á<�k�o�,�Fu�p[q$£��8r#u���q��8�iC]lHB�Y�"/ 0MNM0W

ai��1��8"/&(P89� IWSC;��WU�0�I��¡*�


