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Ufe�Z>\!�
­ kL® � ; ^ \!�
­ j ® ]a`� �_����}Uf���*���}Ux��_�Xb���}_a�z���}��_ae-�A9d�f�
�} �X[� � Uf���}Xb�z��`bUf��` 0 ��XÙc � `b_ � �D�,�5_����a]sYF9��} �_z�}_ÊX[�pe��½_��Y�}_z�}e�Ux`
¡3_z`[Z f �D�W@�X[Uf���� �_Û� � Xbe�� R �� �_aeÔ\!� ­ kL® � \!�
­ j ® � ;��c? Uxe3Z
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 � f Xbe��5�}_aU-��_��=9����-c X R �� �_K���-e,¡�>f���}Ux��X��fe��pUf��_
@�X[Uf��_aZK�D���RUf�}Z j R Ufe�ZK�� �_�_zeY���D� �)0 Z,_ze3��XÙ� 0 c]�-e��x�D�fe�X[�zUf`Ù` 0
Z,_��5�}_aUf��_a�a]Ô2��x�}_Ê�} �UP�]9d�f� > f�> nzp Uxe3Z� u X R â ã �zUxe
�}U#|f_£�-e�Ux`b` � �-�}��X�@�`b_áVWUf`Ù��_a�Ê_����5_ � ��9d�f� X Þ X n â ã à ; ]
÷ _5�·9d�f�*Ux`b` fWR ¶ ã � � � X ]W`� �Xb�*��Xbc � `Ù_d_��,Ufc � `Ù_dXb`b`Ù����\
���9UP�}_a�E �����_����5_a�}�E_ae-�}��� �)0 Uxe3ZK���}Ux��X[�%�}Xb�aUx`'���fc � `b_��,XÙ� 0 Uf��_
c�_aU-�����}Xbe�>pU � ��� � _a��� 0 �} �UP�!X[�!�z`Ù_�Ux�}` 0 Z,X[����Xbe����39��D�fcâ�� �_�_ae/\
���D� �)0 Z,_ae���XÙ� 0 ÖH�} �_ 0 Uf��_�Z,X<p�_a��_aeY�w9��D�fc �9Uxe�Z��fc�e�_a�}�a]Av>_
�zUfeLUx`[���B��_a_Ê ������� �_ � �D���z_a�}���c9#Z�_5��_a��c�Xbe�Xbe�>á�� �_Ó�zUf���}Ux`
���}UP�}_a�b9�U-�����-�}�&�-�,���� �_p�9Uxe3Z/�fc�e�_����RXbeÓ�} �_*� 0 ����_ac·]
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↓Pr(¸ ↓) ↑Pr(¸ ↑)

Ö�ÝÐç�Õº¹xÕ�ß�ÃYµ è Ì�¹*»a¶�ÃYÄÚ¾YµRÐb¸a¼(»7ºY»z¼�»a¹*»zÞ�¾-µ}Á�Õ3»�¼5ê`8Wë!»z¾�¿'»�¼5ê`:Wë
¿-µ}º,µ9¾�¿/¸�¾�¼¤»a¾Y¿�½�Õ�öR¸�Ï�µ}ÎWµ}¼�Çv¾ ìj¿ � ¿ î ÇfÐ[¸z¼6½IÀ î Õ

ªx��¬�h�l�l�ran�kØ�aq�h�m
^��f�&9�_a���D�fcdU#>fe�_z��X[�����f� � `bXbe�> R d 6 u X R Pm��]�­"U^� ®  ��-`bZ��b9d�f�

Ux`b`���_ac � _a�}Ux�����}_a��_��,�z_ � � � _z�D�·Ufe�ZBXÙe,¡3e�X�� 0 ]ZY�eÔ�} �X[�p�}Ufe�>f_
�� �_(�}_a�z�����}_zeY�
�aUx���}Ux`����}UP�}_a�
cdU 0 @�_RXbZ,_aeY��XÙ¡�_aZ·�EX��} *�� �_(VPUx`<\
��_��¬�c9"U���Xbe�>f`b_*� � XÙe1] 
 eut�\tc�U-�9 �Xbe�_A9d�f��� 0)� X[�zUx` � Ux�9Uxc�_5�}_z�
VPUx`b��_a��X[���� ����EeKXÙe·^'X<>3]�­ ; X^® ]

↓0.2
7Á ↑0.73
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↓0.67
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↑0.88
Ä

↑0.33
Ä

↓0.12
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Ö�ÝÐç�Õ,õ î ÕJøNÁ�ÍfºYÄÚ¶�»zË è Ì�¹*»a¶�ÃYÄÚ¾Yµ�Ðb¸a¼R»7Ð[µ}¼�¼%¸a¹*»aÞ�¾-µ}Á�Õ_Å{Æ ¿ õ;Ç î Ç¼ ¿ î Ç �xÇR»z¾�¿q½ ¿ õ<Ç ïaî ÕO¾ ìI¿ î Ç ô(öKÈ-ÄÆÁ%Â9Ç � ¿ î Ç�õ9ñáÈYÄÆÁ%Â9Ç
»a¾Y¿Uëvì ¿ î Ç ï ñ·È-ÄÆÁ%Â/º,µ�¼�Â�ÄÆÁ%µ�ÕI2(¸aÁ%µ�Á%ÃYµÛÃYÄÚÞ�Ãæºf¼%¸�ÈY»aÈYÄÚËÚÄÆÁ�ÍÔ¸aÐ
Ñ�Â�µ}ËÚÐÙÌ�Á�¼�»a¾YÂ�ÄÆÁ%ÄÚ¸�¾-Â�ÒÛÐb¼%¸a¹�òìÁ%¸·òâ»a¾�¿�ÐÙ¼%¸�¹ ÷ Á%¸ ÷ Ç�»p¹*»a¾YÄÆÐbµ9ÂtÌ
Á�»zÁ%ÄÚ¸a¾�¸aÐ&Á%Ã-µR¼%µ9Ë�»zÁ%ÄÚÎWµ9ËÆÍ�Ë�»z¼%Þ�µEÐbµ}¼�¼%¸�¹*»zÞ�¾Yµ�Á%Ä�¶�ÄÚ¾PÁ%µ}¼�»a¶�Á%Ä�¸a¾3Õ


 �!XÙe,¡3e�X��}_E��_ac � _a�}Ux�����}_ R �} �_z�}cdUx`bX � UP�}X<�-eÛZ/�-c�XÙe�Ux��_��!Uxe�Z
�� �_;� � XÙe3��_�p�_�����XbVf_a` 0 Z,_����-� � `b_#Þ�Uf`Ù`>���fe�¡�>f���9UP�}X<�-e���Uf��_
_
�Y��Uf`Ù` 0 `ÙX�|f_a` 0 ]�`� ���� R U-�q9d�-�!�� �_ � Uf�}Ufc�U#>fe�_z� R �� �_a��_�X[���fe�` 0
�fe�_����fe�Z�X��}X<�-e�Ux`�Z,X[�����}X<@�����X��fe R

\!� ­ F M V > M �76 � k)® � \��
­ F M V > M �76 � j ® 1 ­ ;^; B ®

 ��UÔ��_�����`�� R �� �_a��_ÓXb�i�fe�` 0 �fe�_K�zUf����Uf`(���}Ux��_ÓUfe�Zï¶ ã Uxe3Z
�MVPUxe�X[�� 1]�`� �_ t�\tcdUf�9 �Xbe�_£9d�-�Ê�� �_ÔXbe,¡�e�XÙ��_B��_ac � _z�9UP�}���}_
9�_a���D�fcdU#>fe�_z� R �� ����Ee>XÙeL^'X�>�]m­ ;#; ® R X[�pX[Z,_zeY�}Xb�aUx`"�D�·�� �_Z9�UfXÙ�
���fXbeÓcdU-�9 �XÙe�_ R ^'X<>3]�­"� ® ]
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↓1/2 ↑1/2

Ö�Ý=ç�Õ�õ�õaÕRß�Ã-µ è Ì�¹*»a¶�ÃYÄÚ¾-µ�Ð[¸a¼�½ ¿ÊÉ Õ�ß�Ã-µ}¼%µ'ÄÚÂ�¾-¸!¹pµ9¹p¸a¼�ÍPÇ}¸aÐ
»a¾PÍ�Á�Ífº,µ�Ü�¾ ì]¿ � ¿ î ÈYÄÆÁ%Â9Õ&ß�Ã-µ'ÄÚ¾-ØY¾YÄÆÁ%µ
Á%µ}¹pº,µ}¼�»zÁ%Éf¼%µ
¹*»z¶�Ã-Ä�¾-µ
Ä�Â'ÄÙ¿fµ9¾PÁ%ÄÚ¶�»aË�Ðb¸a¼�Á%Ã-µ�Ðbµ}¼�¼%¸aÌ%Çfº�»5¼�»zÌ%Ç-»a¾�¿*»z¾xÁ%ÄÆÐbµ}¼�¼%¸�¹*»zÞ�¾Yµ�Á%Â�Â�¸�ËÚ¸a¾YÞ
»aÂ_ÅvÆ(»z¾�¿k¼ ¼%µ9¹*»zÄ�¾�Ø�¾YÄÆÁ%µ�Õ


 � � _z�D�*�}_zc � _z�9UP������_��� �_a��_�Ux�}_7e��*�} �_z�}cdUx`jÒ����5����Ux��X��fe��
Ufe�Zæ�} �_K� � Xbe���Ux�}_Ê`����}|-_aZ XbeL�} �_zXb�i9�_z�}���-c�U#>fe�_z��X[�Z>f�D�f��e�Z
���}Ux��_^1RUf`Ù`'� � Xbe��7Ux`bX<>-eQ�EX��} á�� �_�_�����_a��e3Ux`�¡3_z`[Z&]�`� �X[����X��}��U�\
�}X<�-eÓX[�E_��,U-���}` 0 �} �_*�}Uxc�_7U-�R�� �_ � _z�}X���Z/\ ; _���Ufc � `Ù_p���-e���XbZ)\
_a��_�Z>XÙe . _��x]�Yxü 
 ? ]Q`� ���� R Uf�/�� ����Ee>XbeL^
X�>�]b­ ;+?#® R �� �_a��_
X[�b�fe�` 0 �fe�_��zUf���}Ux`��%�9UP��_�Uxe3Z��fe�` 0 �fe�_#�}�}Ufe���XÙ��X��fe1]�`� �_�_��L\
�z_a�}��_ae-�}��� �)0#R �%�9UP��X[����X[�zUx`����-c � `Ù_��,X�� 0^R Ufe�Zá_zeY�}��� �L0 Z,_ae���XÙ� 0
Uf`Ù`&VPUfe�Xb�� T9d�f���} �Xb�E��Xbc � `Ù_ R ���}XÙV�X[Ux`b` 0W� ��_�Z,X[���}U#@�`b_�� 0 �%�}_zc·]

A↑Ë 1
Ö�Ý=ç�Õ�õÛöPÕRß�Ã-µ è Ì�¹*»a¶�ÃYÄÚ¾-µ�Ð[¸a¼�Á%ÃYµ&Ð[µ}¼�¼%¸a¹*»aÞa¾Yµ}Á%ÄÚ¶'Þz¼%¸�É-¾�¿�ÂtÁ�»zÁ%µaÇ½ ¿ î Õ�¾�ì ¿ � ¿ î ÈYÄÆÁ%Â�Ð[¸z¼ î]Ì ¼ Ì É »a¾Y¿ îTÌ ÅvÆ�Õ
`� �_L���}Ux��X[�%�}Xb�aUx`*���-c � `Ù_��,X�� 0 Uxe�Z¤_����5_����·_aeY���D� �)0 9d�f�BU

e�_aUx�}_a����\te�_aX<>- L@j�f�·9�_z�}���-cdUc>fe�_5�dUx�}_ � `��x����_�ZHU-��U¢9���e����}X<�-e
�#9���_zc � _z�9UP�}����_pXbeÔ^'X�>�]�­ ; � ® ]#¶ ã Xbe��5�}_aU-��_���ca�fe��f���fe�Xb�aUx`b` 0
U-��UW9���e��5��X��fe×�c9!�}_zc � _z�9UP������_Û��eY��Xb`? � p ­�e��x�*�� ����Ee ® ]
`� �_z�}_ R U-�Ec�_zeY��X��fe�_�Z·Uc@j�PVf_ R �} �_/���f� � `bXbe�>-�¬@�_5���R_z_aeá� � Xbe��
@�_a���fc�_Re�_�>-`ÙX�>fX�@�`b_ R �aUx����XÙe�>��� �_(���b���zUx�3��Uf`Y���}Ux��_a�'�D��c�_a��>-_
XbeY�����-e�_ R^0 Xb_z`[Z,Xbe�>P¶ ã � X ]�`� �_Eca�fe��x���-e�X[��XÙe��z��_�Uf��_�XÙeZ@�_�\
���R_z_aeJ�} �_a��_����b�Û_������}_zc�_a��X[��Z,��_7�D���� �_*Z,X[�����}X<@�����X��feQ�PVf_a�
�} �_7�������zUf���}Ux`&�%�9UP�}_a� R ¸ Uxe�ZQh R @3_����fc�Xbe�>Ûc]�-��_7��e�X<9d�f�}c
U-�'�� �_��}_zc � _z�9UP������_�X[�"XÙe3�5�}_aUf��_aZ�] . Xbe��5_�¶ ã Xb�'�} �_ .  �Ufe�e��-e
_aeY���D� �)0 �#9"�� �_Û�zUx�3��Uf`
���}UP�}_/Z,X[�%�}��X�@��,�}X<�-e R X��7Xb�#cdU��,XÙc�X � _�Z
�E �_ze×�� �_BZ,X[�%�}��X�@��,�}X<�-e Xb�J��e�X<9d�f�}c·](`� �Xb�ÓZ,X[�%�}��X�@��,�}X<�-e Xb�
U ��� �D�-U-�9 �_aZÊU-�&�fe�_pe�_aUx�9� R @��,��Xb��e��x��UP� R  � p�]
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Ö�ÝÐç�Õ1õ#�fÕÍ¾ ì ÇÑë ì ÇE»z¾�¿ � »zÂd»áÐ[ÉY¾-¶}Á%ÄÚ¸�¾N¸aÐT½SÐ[¸z¼dÁ%ÃYµJ¾Y¾
Â�ºYÄÚ¾fÌ�õ#©(ö#Ðbµ}¼�¼%¸�¹*»zÞ�¾-µ}Á�Õ3¼�Ï"»zÂ!ÃYµ9Ë�¿�»5Á î Ç ö î »a¾Y¿lÅ{Æ ¿ õaÕ

Y�e�^'X<>3]/­ ; � ® �R_ � `<�f�?¶ ã Uxe�Zi� � Ux�9Uxc�_5�}��X[�zUf`Ù` 0 U-�
UC9���e���\
��X��feQ�#9
�} �_p�}Ufe�Z/�-cÛe�_a�}� R Uf��c�_�Uf������_�ZW@ 0 â ã ]m`� �X[� � `��x��X[�
�}_�9�_z�}�}_aZJ���JU-���� �_����fc � `b_��,XÙ� 0 \�_ae-�}��� �)0 Z,XbU#>f�9Uxc È ;#;�Ê ]b`� �_
@�_ze�_z¡��w�#9'�} �X[��� 0)� _·�c9 � `��x��Xb�#�� �Ux�#XÙ��X[�¬9��}_z_K�#9"�� �_*_�����_z��\
e�Uf`3���-eY���D�f` � Uf�}Ufc�_5��_a�}��Ö×��_zc � _z�9UP�}����_ R ���-� � `bXÙe�>/�%�}��_ae�>x�}  R
Uxe3Z�_����}_z�}e�Ux`�¡�_z`[Z&]e`� ���� R �� �_>���fc � `b_��,X�� 0 \t_zeY���D� �)0 Z,X[U�\
>f�9Uxc >fXbVf_a�pZ�XÙ�}_a�5��Uf�a�5_a�}�7���½Uá� 0 �%�}_zcQ_ �pXÙe�9d�f�}c�Ux��X��fe � �D�c\
�5_�����Xbe�>K�aU � U#@�Xb`ÙXÙ��Xb_a��Uxe3Z � �D�PV�XbZ�_a�7UÓ���fc�ca�feB��_5���#9R���)�-��\
Z,Xbe�UP�}_a�C�EX��} u�E �X[�9 á���J���fc � Uf��_��} �_/Xbe/9d�f�}cdUP�}X<�-e � ���,�z_a�}��\
Xbe�> � �D� � _z����Xb_a���c9&� 0 ����_acd���EX��} ÊZ,X�p�_z�}_zeY��Uf�}�9 �XÙ��_����}����_��"Uxe�Z
���-eY���D�f` � Ux�9Uxc�_5�}_z�9�z]L^��f��_���Ufc � `Ù_ R Xbe [ _�9%]�È ? 4 Ê �(_K����_aZ
�� �_7���fc � `b_��,X�� 0 \t_zeY���D� �)0 Z,X[Uc>f�9Uxc;�������-c � Ux�}_E�� �_7���fe,¡�>-�/\
�9UP��X��fe3�m>-_ze�_a�}Ux��_aZ�@ 0 �-e�_�\�Z,Xbc�_ze���X<�-e�Ux`jY%��XÙe�>Û� 0 ����_ac��b�EXÙ�� 
�� �_#��_ �Y��_ze��z_a��>-_ze�_a�}Ux��_aZi@ 0 �} �_�� 0 ci@M�-`ÙX[�EZ 0 e�Uxc�X[�z�q�#93�} �_
`��#>fX[����X[��cdU � ]
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Ö�ÝÐç�Õ�õ9òfÕEß�ÃYµ#¶9¸a¹pºYËÚµ�îfÄÆÁ�ÍxÌ�µ9¾PÁ�¼%¸�ºPÍ�¿fÄ�»aÞa¼�»z¹;Ðb¸a¼�»�Ð[µ�¼�¼%¸�¹*»aÞzÌ
¾Yµ�Á#@Î¾�ì�»z¾�¿ � º-ËÚ¸aÁ�Á%µ�¿ìºY»z¼�»a¹pµ�Á�¼%Ä�¶9»aËÚËÆÍ »aÞ�»aÄÚ¾YÂtÁgëvì,Õ ß�ÃYµ
¶9¸aÉYºYËÚÄÚ¾YÞ;¶9¸�¾-ÂtÁ�»a¾PÁ�»a¾Y¿ ØYµ9Ë�¿ Ï'µ}¼%µ�Ø	î-µ9¿xåÊÅvÆ ¿ õ<Ç î »z¾�¿¼ ¿ î Ç î�ï åæ»aÂ�½ÔÏ"»zÂ
Îa»z¼%ÄÚµ�¿�ÕWø�Á\ë ìj¿ õ�ê�½ ¿IÉ ë�Çº¾ ì]¿ î ÈYÄÆÁ%Â7@
Á%ÃYÄÚÂ!ÄÚÂ�¿-µ9¾-¸aÁ%µ�¿/ÈxÍ*Á%Ã-µ�Â%íPÉ�»z¼%µ�Á%¸aàWµ9¾�Õ

^��f���} �_b9�_z�}���-cdUc>fe�_5� R �R_E��_a_�XÙe�^'X<>Y�z]&­ ; � ® Uxe�ZT­ ; � ® �� 3UP�
�� �Uf��U/c�Uc�,XÙc���c XbeÓU���_
>fX��fe�@�_5���R_z_aeÊ���f�}Uf`��9Uxe3Z/�fc�e�_����

­ â�ã � ; ® Uxe�ZB���fc � `b_5�}_i�-�}Z�_z�a­ â�ã � X^® ] 
 �7`����ì��_ac � _a��\
Ux�����}_a��­jUxe�Z R  �_ae��5_ R `<��� â�ã ® ca�Y�%���#9'�} �_*� � XÙe3��Ux`bX<>-eQ�EX��} 
�} �_*cdUc>-e�_5�}Xb�7¡3_z`[Z&] 
 �� �X<>- K��_zc � _z�9UP�}����_�� R �� �_a��cdUf`�e��fX[��_
Z��fc�XÙe3UP��_��pUxe�ZÔ�� �_Ê���fe�¡�>f���9UP�}X<�-e��7Ux�}_a�Y��XÙ��_d�9Uxe3Z/�fc·]]Y�e
@j�x�} ×��_
>fXbcÛ_��a�fe�_á 3Ux`<9A�#9�Uæ���-e,¡�>-���}Ux��X��feH���feY�9UxXbe���Vf_a� 0
`bXÙ����`b_�XÙe�9d�f�}c�Ux��X��fe>Uc@j�f�,�7�� �_a�f�� �_a�7 3Ux`<9%]/^��-�7`���� â ã R �� �_
� � Xbe��*Uf��_Û¡��,_aZæUfe�Zæ���·�} �_z�}_dXb�*e��áXÙe�9d�f�}c�Ux��X��feB���½�� �Ux�}_f]
^��f�Û �X�>f  â ã R �} �_z�}_·Xb�Ûc/�3�9 NXbe/9d�f�}cdUP��X��feÀUP��_aUf�9 H��XÙ��_^ÞEU
�D�f��>f �` 0 _
�Y��Uf`�e���c·@�_z�W�c9*� � XÙe�� � �-XÙeY�J� � Ufe�Z×Z/���Ee R ���
�} �_Ê��XÙe�>-`Ù_d� � XbeB��e3�5_z���}UfXÙeY� 0 X[���Y��XÙ��_d �X�>f �] � ���(_aVf_z� R �� �Xb�
Xbe/9d�-��cdUP�}X<�-eNX[����e����f�}��_a`bUx��_aZH�EX��} ×Uf`Ù`&�f�� �_a�Ê��XÙ��_��z]©`� Y�3� R
�} �_�_��,�z_a�}�"_zeY�}��� �L0 Xb����cdUx`b`�Xbe��� �_a��_E��_ac � _z�9UP�}���}_E��_
>fXbcÛ_��z]
Y�e×@�_5���R_z_zeB�� �_Û_������}_zc�_a� R  ����R_zVf_a� R �S �U-��UK��Xbe�>f`b_�cdUc�L\
Xbc/��c Ux�*�� �_Ê��_zc � _z�9UP�}����_Z�E �_z�}_Ê� � XbeL���-� � `bXÙe�>Ô�%�}��_ae�>x�} 
@3Ux`[Uxe��z_a�'�� �_E�� �_a��cdUf`ÙX � Ux��X��fe�]�`� �_E�}_a����`��!X[��U�cdUc��Xbc/��c Xbe
�} �_*� 0 ����_acQ_ �E� � UP�}XbUf`&c�_zca�f� 0 ]

¥,�"��q-mo{ s�h�l�l�ran�kØ�aq�h�m

 e©t�\�cdUf�9 �XÙe�_�9d�f��Uá� 0)� X[�zUx`�UxeY�}X�9�_a���D�fcdUc>-e�_5�}Xb�£­ 
 ^�5 ®

���f� � `ÙXbe�>Z­ d 6 n X^® X[�!�� ����EeÛXÙed^'X<>3]�­ ; 4 ® ]�2��f��_��} �UP� � ��� � �c\
`��#>-Xb�aUx`b` 0/� �} �_ 
 ^�5 cdUf�9 �XÙe�_ÛX[�#X[Z,_zeY�}Xb�aUx`'���J�� �_d^�5 cdU�\
�9 �XÙe�_·�c9�^'X<>3],­ ;
X^® ÖH�} �_/���}Ux��_a��Uxe�Zá�� �_aXÙ�7���fe�e�_a�5��XbVYXÙ� 0 Ux�}_
X[Z,_ae-�}Xb�aUx`�]Ë`� �_½Z,X<p�_a��_ae��5_Q@�_5���R_z_zeH�} �_·�����æ� 0 ����_acd��`ÙXb_a�
Xbe½�} �_ � ���^@�Uc@�XÙ`bX��}XÙ_��C�#9!�� �_��}�}Ufe���X��}X<�-e��z]�`� �_�^�5 �� ������7U
 �X<>-  � �D�#@3Uc@�Xb`ÙXÙ� 0 9d�f�p��_z`<9Ó\j�}�}Ufe���X��}X<�-e���Þ
\!�
­�¸�¡ ¸ ® � X 1 :)B
Ufe�ZK\!�
­Fh ¡ h ® � X 1 �^� ]q`� �_a��_p��_a`�9Ó\t`��L� � �EUx�}_���_�� � �fe3��X�@�`b_
9d�-�Û�� �_á^�5 � UP���}_z�}e�1·Ux`bX<>-e�_aZÀ� � Xbe��a]À^��f�Û�� �_ 
 ^�5 R �� �_
��_z`<9Ó\t`<�)� � ��Uf��_���_a`bUx��XbVf_z` 0 �(_�Uc|-_z� Þ�\!�
­�¸z¡ ¸ ® � X 1 X 4ÊUxe3Z
\��
­Fh ¡ h ® � X 1ë4c: R �EX��} ×�� �_á �X<>- HVPUf`Ù��_£�#9��} �_½`[UP����_z�
@�_zXbe�>ÊZ,��_ � Ux����X[Ux`b` 0 ������ �_p �X<>-  f ­ � ; 1 �L® ]3`� �X[�EXbe�Z,X[�zUP�}_a�
Uá�����D�fe�>f_z���}_ze�Z�_ze�� 0 9d�-�/� � XÙe3�p���¢@3_JUfeY��X<\tUf`ÙX�>fe�_�Z R U-�*_��L\
� _a�5��_�ZW9d�-��U�� 0 ����_zc �EX��}  
 ^�5 ���f� � `ÙXbe�>Y�z]

↓0.3
2Ï ↑0.68

Ð
A
Ñ

B CÒ
↓0.05
Ó

↑0.56
Ó

↑0.95
Ó

↓0.44
Ó

Ö�Ý=ç�Õ#õ ï Õ ø Á�ÍfºYÄÚ¶�»zË è Ì�¹*»z¶�Ã-Ä�¾-µ¤Ðb¸a¼�»a¾=»a¾PÁ%ÄÆÐ[µ�¼�¼%¸�¹*»aÞa¾Yµ}Á
ê�øRÖ�ãdë�ÕÔÅvÆ ¿nÕ õ;Ç î ÇÖ¼ ¿ õ<Ç ¬fÇ�»z¾�¿'½ ¿ õ;Ç ï Õ!çRÄÚÎxÄ�¾-Þ�¾�ì ¿ î Ç ¹�ö
ÈYÄÆÁ%Â9Ç � ¿ î Ç ö�ôdÈYÄÆÁ%Â9Ç
»a¾Y¿¾ëvì ¿ î Ç ñ ï È-ÄÆÁ%Â7º,µ}¼7Â�ÄÚÁ%µaÕM2R¸zÁ%µpÁ%ÃYµ
¼%µ9Ë�»zÁ%ÄÚÎWµ9ËÆÍ�ÂtÁ�¼%¸�¾YÞ7Ä�¾PÁ%µ}¼%ÂtÁ�»5Á%µE¶9¸�É-ºYËÚÄÚ¾YÞfÕ

`� �_R �X�>f *�}_zc � _z�9UP������_b@3_a �UWV�X<�-�,�#9��� �_(_��,�z_a�}�1_aeY���D� �)0 Xb�
��XbcÛXb`[Ux�&9d�f�¬@j�x�} K�� �_ 
 ^�5 Ufe�Z·^�5 ]�­ . _z_*^'X<>3] ; :�] ® `� �_a��\
cdUf`�Ò������}��UP�}X<�-e���Z,_��%�}��� 0 Uf`Ù`����f�}��_a`bUx��X��fe���Ufe�Zs�âVWUfe�X[�� �_��z]
`� �_R`����ï ©@�_z �UWV�X��f�"Z,X<p�_a�}� R  ����R_zV-_z� R Uf���fe�_�c�X�>f Y�!_�� � _a���

� X



>fXbVf_ae��} �_NZ,X<p�_z�}_zeY�u>f�D�f��e3Z¤���}Ux��_a�·_��, �X<@�X��}_aZ�@ 0 ca�,Z,_z`[�
�EXÙ�� ×9�_z�}���#\�Ufe�Z>UxeY��X<9�_z�}���-cdUc>fe�_5��X[�/���f� � `ÙXbe�>-�
17XÙe>�� �_�^�5
>f�D�f��e�ZÓ���}Ux��_ R Ux`b`��� �_/� � XÙe��#Ux�}_*Ux`bX<>-e�_aZ R �E �XÙ`b_p�� �_�>f�D�f��e�Z
���}UP�}_Q�c9#�} �_ 
 ^�5 ���fe3��X[�%�9�]�c97Uf`��}_z�}e�UP�}XÙe�>B� � Uxe3ZÀZ/���Ee
� � XÙe3�z]q`� �_�`bUx����_a��X[� R �c91���f���9��_ R �} �_ � _z�}X���Z/\ ? ���fe,¡M>f���9UP�}X<�-e
>fXbVf_ae¢@ 0 P��3]3­Ä4 ;+® �} �UP���R_d���fe3��X[Z,_z�}_aZ¢@�Uf�}|áXbe . _a�f]�Yxü 

�EXÙ�� ×^
X�>�]¬­�: ® ]¥Y�eÀ^'X<>3]¬­ ; : ® �R_·�9 ��-��_Ê�} �_áUxeY��X<9�_z�}���-cdUc>c\
e�_z��X[�/���-� � `bXÙe�>d���s@3_Û�%�}���-e�>d_ze��-��>f ½���d�} �UP��Uxe½UxeY�}X�9�_a���D�c\
cdUc>-e�_5�}Xb�&>-���-��e�ZÛ�%�9UP��_ � _z�9��X[���}�!Z,_�� � X��}_��� �_ � ��_���_ae��5_&�c9&Uxe
_����}_z�}e�Ux`�¡�_a`bZ&]qY�eK�} �_*UxeY��X<9�_z�}�D�fcdUc>-e�_5�}Xb�C>f�D�f��e�ZÓ�%�9UP�}_��} �_
� � UP�}XbUf`R���fe,¡�>-���9UP��X��fe3���� ����������f�}_��-e�_W@�XÙ�a�c9�Xbe/9d�f�}cdUP��X��fe
Uc@j�f���a�E �_5�� �_z���� �_£��Z�Z¥�-�d_zVf_aeÀ��X��}_a�d���feY�}UfXÙeH� � � � Xbe��a]

 �a���-�}Z,Xbe�>-` 0^R Uf���aUxeQ@3_*��_z_ae·XÙe½^'X�>�]�­ ; : ® R �¸¡0`<�^> 4 ? � ;
@�XÙ�#Uf� â ã ¡ X ]

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

E
, C

µ 
[b

its
]

Entropy Density  hµ [bits/site]

E
Cµ

Ö�ÝÐç�Õ�õ9ñfÕ(ß�ÃYµ!¶9¸a¹pºYËÚµ�îfÄÆÁ�ÍxÌ�µ9¾PÁ�¼%¸�ºPÍ�¿-Ä�»aÞz¼�»a¹¤Ðb¸a¼�»a¾/»a¾PÁ%ÄÆÐ[µ}¼�¼%¸zÌ
¹*»aÞa¾Yµ}Á�Õ"ß�ÃYµEÁ%µ9¹pº,µ}¼�»5Á%É-¼%µ�Ï"»zÂRÎa»z¼%ÄÚµ�¿d»zÂ×Å Æ »z¾�¿l¼¤Ï'µ}¼%µ#ÃYµ9Ë�¿
¶9¸a¾YÂtÁ�»a¾PÁ�»5Á_ÅvÆ ¿ØÕ õ<Ç î »z¾�¿'¼ ¿ õ<Ç ¬ î Õ\ø(Â�Ï"»zÂ�Á%ÃYµ�¶9»aÂ�µRÐb¸a¼!Á%ÃYµ
Ð[µ�¼�¼%¸�¹*»aÞa¾Yµ}Á�Çf»5Á?ëvì ¿ õ�ê�½ ¿ÊÉ ë�Çx¾�ì ¿ î ÈYÄÆÁ%Â7@xÁ%ÃYÄÚÂ
ÄÚÂ"¿fµ9¾Y¸zÁ%µ�¿
ÈPÍ*Á%ÃYµ�Â%íPÉ�»5¼%µ�Á%¸�àWµ}¾3Õ

�P�aÙ�h�q,h�l�k��3l%h�npkzl%£zy
^��f�ÛZ,X<p�_a��_ae-�Û���f� � `ÙXbe�>Y�/Uxe3Z>¡�_z`[Z �%�}��_ae�>x�} ��/U½�}Ufe�>f_a�c9

�SV,�z] â ã �}_z`[UP�}X<�-e��� �X � �7�aUxe×@3_��}_aUf`ÙX � _�Z¢@����7�} �_zXb��9d�-��c X[�
��XÙc�Xb`bUf�p���á�} ��-��_J�� ����EeæXÙeL^'X�>-�a]�­ ; � ® Ufe�ZË­ ; : ® Þ3� _zXÙ�� �_z�
�� �������UÓ��Xbe�>-`Ù_�c�Uc�,XÙc���c �f��Z,_a�z��_�Uf��_a�#c]�-e��x�D�fe�X[�zUf`Ù` 0 ]AYt�
X[�"Ux`��RU 0 �
�� �_��aUf��_ R �} ��f��>-  R �} �UP�3� X[��@j�f��e�Z�_aZi9����-c Uc@j�PVf_
@ 0 ; ^ â ã R �E �Xb�9  9d�f`b`<�����7Xbc�cÛ_�Z,X[UP��_a` 0 X�9Ñ¶ ã Xb�p��_5�p_ �-�3Ux`
����XÙ�}�EcdUc��Xbc/��c VPUx`b��_ R ; @�XÙ� R XÙeQPm��]�­ ;
X : ® ]

vB_Û �UWVf_�Z,_zca�fe3�%�}�}Ux��_aZK�} �X[��� ��� _a�w@j�f��e�Z½_�� � `ÙX[�5XÙ��` 0 XÙe
[ _�9%]AÈëB+� Ê R �E �_a��_u�R_Ô�� ���� U � `��x�W�#9��� �_B_����5_����J_zeY���D� �)0
Vf_a�}�����/_zeY���D� �)0 Z,_ze3��XÙ� 0 9d�f��U½e�eÉY%��Xbe�>æ� 0 ����_ac7�EXÙ�� H�9Uxe/\
Z/�-cÛ` 0 �9 ��-��_ze·� 0 ����_ac � Uf�}Ufc�_5��_a�}�a]��1X�È ;
�cÊ  �Uf� � _a��9d�-��c�_aZ
U���Xbc�XÙ`[Ux�������3Z 0 ����Xbe�>d��_aVf_z�9Ux` � �D�#@3Uc@�Xb`ÙX[����X[�7Uf�,���-cdUP�}U�]

Y�e . _a�f]�Yxü¢P R ¶ ã ��Uf� � ��_���_aeY��_aZ·U-��U�c�_aUf�����}_=�c9!�%�}���3�z\
������_-]uYt�ÛX[� � _z�} �U � ������� � �}Xb��XÙe�> R �� �_ae R �� �Ux��XÙ�i@�_z �UWV-_a�����
Z,X<p�_a��_aeY��` 0 9��D�fc���] 
 � â ã Xbe��5�}_aU-��_�� R �-e�_�cÛX�>f Y�!_�� � _a�5�!¶ ã
�����}_aU-�9 �U7cdU��,XÙc���c R Uf�"Z��Y_��q� R Uxe�Z/�� �_aedZ,_a�z��_�Uf��_(Uf�'�} �_
Xbe��5�}_aU-��_�Z·�� �_a��cdUf`ÙX � Ux��X��fe½c�_z�D>f_����aUx���}Ux`����}UP�}_a���� 3UP�=�(_a��_
Z,X[�%�}XÙe3���(Ux�!`<���R_z�'��_ac � _a�}Ux�����}_a�a] � ���(_aVf_a� R ^'X�>�]�­ ; � ® �� ������

UÊc]�-e��x�D�fe�X[�pXbe��5�}_aU-��_pXbe�¶ ã �EXÙ��  â�ã 9d�f���} �_�^�5 ]�`,�Ê��e/\
Z�_z�9�%�9Uxe�ZÊ�� �X[� R �}_a�aUx`b`��� �Ux�R�} �_pe���c·@�_z�&�#9
�}_a�5�����}_zeY�R�aUx���}Ux`
���}Ux��_��pZ/��_a��e��f�p�9 3Uxe�>-_ÛU-�m X[��VWUf��Xb_aZ @�_5���R_z_ze � _a���·Uxe3Z
Xbe,¡�e�X�� 0 ](^��-�E�� �_*e�eá� � XÙe/\ ;9Ú#? Y%��Xbe�>dca�,Z,_z` R �� �_*e���c·@�_z���#9
�aUx���}Ux`&���}Ux��_a�R�}_zcdUxXbe��(¡��,_aZKUP�R���b��]�v  �UP�iÑ^Í
Å�Ø(�9 �Ufe�>f_�Uf� X[�RVPUx�}XÙ_�ZdUx�}_��� �_��zUf���}Ux`��%�9UP��_ � �D�#@�U#@�XÙ`bXÙ��Xb_a��\��
­4N � ® ]!^��f��} �_#^�5 R Uf���} �_E��_ac � _a�}Ux�����}_E��X[��_a�'�� �_#Z,X[�%�}��X�@��,�}X<�-eÊ\!�
­4N � ®@�_a���fc�_a�Ûca�f�}_K��e�X<9d�f�}c Uxe�ZÀ����¶ ã >-�������a]H`� �X[�a>f�D������ 
���feY��Xbe���_a�Û��eY�}XÙ`J @�_a���fc�_a�ÛXbe,¡�e�XÙ��_ R ��Xbe��5_T�fe�` 0 �� �_z�}_KZ/�
�} �_Ô�aUx���}Ux`����}Ux��_a�J���f`b`[U � ��_áXÙeY�D�l�fe�_ R Ux���E �X[�9  � �-XÙeY��¶ ã
VPUfe�Xb�� �_��z]
^��-�&�� �_ 
 ^�5S�� �_!��XÙ����Ux��X��fepX[��U�`bX�����`b_�Z,X<p�_a��_ae-��] 
 �Z � X

�} �_z�}_(Uf��_!�������}_a�z���}��_ae-�'�zUx�3��Uf`-���}UP�}_a�'���-���}_a� � �-e�Z,Xbe�>����#�� �_
���b�B� � Ux��X[Ux` �  �U-��_��i�#9��� �_·Uf`��}_z�}e�UP�}XÙe�>Ô� � \�Z/���Ee � UP����_z�}e�]
`� �_ � ���^@�Uc@�Xb`bX�� 0 �#9��� �_a��_��aUx���}Ux`,���}Ux��_a��X[��_
�Y��Uf`j] � _ae��5_ R �R_
��_z_ÊU½`<���;��_ac � _z�9UP�}���}_Ê�%�9UP��X[����X[�zUx`(���fc � `b_��,XÙ� 0 �#9Ñ¶ ã � ;
@�X���] 
 �# �X<>- Ô­"@��,��¡�e�XÙ��_ ® ��_zc � _z�9UP�}����_�� R �� �_p�} �_z�}cdUx`�Ò3���z\
�}��UP�}X<�-e��/Z��fc�XÙe3UP��_^Þ��� �_KUxeY��X<\Ä9�_z�}���-c�U#>fe�_z��X[�]�f�9Z,_z�pX[�*`��-��� R
@��,�*�� �_ÓZ,X[�%�}��X�@��,�}X<�-el�PVf_a�*�zUx�3��Uf`��%�9UP�}_a�pX[�/����Xb`Ù`(��_a`bUx��XbVf_a` 0
��e�X�9d�-��c R ���*�� �_7���}Ux��X[�%�}Xb�aUx`&���-c � `Ù_���XÙ� 0 ��_acdUxXbe���`[Ux�D>f_-]b­ 
 �
�EXÙ�� J�� �_�^�5 R UP�Y � p �� �_����b���zUf���}Ux`��%�9UP��_���c�_a��>-_�Uxe3Z¶ ã 9�Uf`Ù`[����� � _a���3] ® �R_5���R_z_ze½�� �_���_Û_������}_zc�_��#�} �_z�}_/X[��UJ�}_�\
>-X<�-es�E �_z�}_��} �_*Xbe/Ò���_ae��5_��#9
�} �_p_����}_z�}e�Ux`�¡�_a`bZáZ��fc�XÙe3UP��_�� R
@�XbU-��Xbe�>Ê�} �_����fe�¡�>f���9UP�}X<�-e��a]=`� �Xb�7X[���}_�Ò3_a���}_aZáXbeæU�@�X[Uf�7Xbe
�} �_Ô�aUx���}Ux`����}Ux��_ � �D�#@�U#@�Xb`ÙXÙ��Xb_a�ÊUfe�Z¬¶ ã Z,X � �W@3_a`<��� ; R Uf�
��_z_aeÓXbeá^'X<>3]�­ ; : ® ]

`� �_��}_ze�Z,_ae�� 0 9d�f�"¶ ã �D�á��_acdUxXbeB`[Ux�D>f_i9d�f�p`[Ux�D>f_�VPUx`b��_a�
�#9 â ã X[�EZ,��_��D�ÊUÛc]�-��_=>-_ze�_a�}Uf`&_�p�_a��� R �E �X[�9 T9d�f`b`<�����b9��D�fc
P���]�­ ; X : ® 1Ä¶ ã � �t@©l â ã ]�`� �_�c�_zca�f� 0 e�_a_aZ,_�ZÛ���pca�,Z,_z`
U � ���,�5_����£­"�f�Z9d�-���� �_ � ���,�z_a�}�Û��� � �D�,Z,���z_áX��9�Ê���-e,¡�>f���}Uc\
�}X<�-e�� ® Z,_ � _ae�Z��7e��x�A�fe�` 0 �feá�} �_]�#@���_z�}Vf_�Z·cÛ_aca�f� 0 �#9!�� �_
���fe,¡M>f���9UP�}X<�-e��m>-_ze�_a�}Ux��_�Z R Uf�Rc�_aU-�����}_aZs@ 0 � R @��,�#Ux`[���i�-e
XÙ�}�/�}Ufe�Z/�-cÛe�_a�}� R Uf�pc�_aU-������_�Z @ 0 â�ã ]£Yt�/X[�*Xbc � �-���9UxeY�p���
e��x��_ R  ����R_zVf_a� R �� �Ux�?¶ ã X[�'Z,��XbVf_ae*� � @ 0 �} �_z�}cdUx`bX � UP��X��feZÇ�Í�Ã
@�_a�aUx����_E�} �_�ca�,Z,_z`�UP����_zc � �9�!�D�/Uf�a���-��eY�q9d�f���9Uxe3Z/�fc�� � Xbe��
Xbe½Ud���-e,¡�>-���}Ux��X��fe·Uxe�ZKe��f��@3_��zUf����_*�� �_ � �D�,�5_����Ec������#Z,_�\
V-_z`�� � ����@��%�9UxeY��X[Ux`"c�_ac]�-� 0 ��_����-���}�z_a�#��� � �D�,Z,���z_Û�9Uxe3Z/�fc
� � Xbe�VWUf`Ù��_a�a] [ Ux�� �_a� R ¶ ã �}Xb��_a���EXÙ��  â ã @�_a�zUf����_�\��
­4N � ® @�_�\���fc�_a�#ca�f�}_*��e�X<9d�f�}c³U-�E�} �_*�}_zc � _a�}Ux�����}_/Xbe��z��_�Uf��_a�a]&`� �Xb�
�}_�Ò3_a���9�7�� �_]9�U-���p�� 3UP�K|�e����EXbe�>ÓXbeÔ�E �X[�9 >�aUx���}Ux`!���}Ux��_Û�� �_
� ���,�5_����RX[�¬@�_a���-c�_a��ca�f�}_�XÙe/9d�-��cdUx��XbVf_7XÙeK�� �Xb�E�}_�>-XÙc�_-]

÷ º,ý õ ä ù�ý õ­©9ö ù�ûcé3ú�ý�ù�û ç å5ûfü9úpù�û ä á � u�ø)å ¹ ü ä ù5á½ü $ ü9ú9û	&
v>_�e����¤Z,Xb�}�5�3���(�� �_7�aUx���}Ux`��%�9UP�}_a��Uxe�Zst�\�cdUf�9 �XÙe�_��39d�-�EU

� � Xbep� 0 ����_zcà�EXÙ�� pe�_�Ux�}_a���&Ufe�Z7e�_�����\�e�_�Ux�}_a����e�_zX�>f )@j�f�3­�e�e�e ®
XbeY��_a�}U-����X��fe3�z]a`� �UP�*X[� R �� �_Ê���f� � `ÙXbe�>á���-e����}UxeY�9�w�#9&P���]3­": ®
e����¤Ux�}_A>fXbVf_zeT@ 0

d x � d 6 L 6 x @ d 4 L 4 x 1 ­ ;^;
�L®
`� �Xb�E� 0 �%�}_zc R �zU � Uc@�`b_=�c91�}Xb�9 �_z�&@3_a �UWV�X<�-�R�� �UfeJ�} �_�e�eK� 0 ��\
�}_zc Z,Xb�}�5�3����_aZHUc@j�PVf_ R Xb�JUxeHXÙc � �f���}UxeY�ÊUfZ�Z,X��}X<�-e©9d�f�ÊZ,X[��\
�z���}��Xbe�>��� �_pZ,_z��_a�5��X��feT�c9 � UP����_z�}e���Uxe3ZÓ�����}�����}���}_�XbeK����@���_�\
�Y��_aeY�
��_����}X<�-e��z],Yt�,�EXb`Ù`���_z�}Vf_!Uf���f��� � �}XÙcdUx� 0 _���Uxc � `b_3�E �_ae
�R_ ���-c � Ux�}_B���-c � �,�}Ux��X��fe�Uf`pc�_a�9 �Ufe�Xb�aUx` R ���}Ux��X[�%�}Xb�aUx`�c�_�\
�9 3Uxe�X[�zUf` R Ufe�ZKXÙe/9d�-��cdUx��X��feK�� �_
�f�}_5�}Xb�pU ��� �D�-Uf�9 �_a�(���Ê�����}���z\
�}���}_f]

� ;



^��f�Ó�� �_Be�e�e¤� 0 ����_ac �� �_>�}_a�5�����}_zeY�Ó�aUx���}Ux`��%�9UP�}_a�KUx�}_ R
Uf�}����c�XÙe�>ÔPm��]�­�U#� ® X[�Ê�}UP��X[��¡�_aZ R XÙe U×�fe�_�\����c\F�fe�_J�}_z`[UP��X��fe
�EXÙ�� ½�} �_i9d�f��� � �-�}��X�@�`b_/VPUx`b��_a�w�c9RU�@�`��,�}|T�#9!���b�Ó� � XÙe3�z] 

>f_ae�_z�9Ux`�t�\�cdU-�9 �XÙe�_K9d�f�7�} �Xb��� 0 �%�}_zc X[�p�� ����EeÔXÙeæ^'X<>3]�­ ; B ® ]
`� �_*���fe�e�_����}X<�-eÓcdUP�}��X<��9d�-���� �X[��� 0 ����_ac X[�¬>fXbVf_aeW@ 0 1
ß ¿ êtõ�õ#¹�ëc®e wqÛ;Ü ¦�Ý § Û;Ü ¦�Þ § w w w ww w w Û<Ü ¦ßÞ%à�Ý § w Û;Ü ¦�Ý3à�Ý § ww w w w Û;Ü ¦�Þ3à�Þ § w Û;Ü ¦�Ý3à�Þ §w w w w Û;Ü ¦�Þ3à�Ý�Þ § w Û;Ü ¦�Ý3à�Ý�Þ §w w w w Û;Ü ¦�Þ3à�Þ�Þ § w Û;Ü ¦�Ý3à�Þ�Þ §w w w Û<Ü ¦ßÞ%à�Ý�Ý § w Û;Ü ¦�Ý3à�Ý�Ý § ww w w Û<Ü ¦ßÞ%à�Þ�Ý § w Û;Ü ¦�Ý3à�Þ�Ý § w

f ´g
Õ

`� �_z�}_�Ux�}_���_aVf_a�}Uf`)9�_aUP�}���}_a�"�D�*e��f��_�Uc@j�f���!�� �_wt�\tcdUf�9 �Xbe�_
�c91^'X�>�]�­ ; B ® ]�^'XÙ�9��� R �� �_�cdUf�9 �Xbe�_# 3Uf�!ca�-��_#���}Ux��_��!�} �Uxed�} �_
e�_�Ux�}_a����\te�_zX�>f )@j�f�(� 0 �%�}_zc·]q`� �X[��Xb��U�Z,Xb��_����E���fe3��_ �-��_ze��z_C�c9
�� �_#`��fe�>-_z��\��9Uxe�>-_�XÙeY��_a�}U-���}X<�-e��!Xbed�� �_#e�e�eK� 0 ����_acK] . _����-e�Z R
�� �_z�}_�Ux�}_¬9d�-�����}_a�z�����}_zeY�(�aUx���}Ux`3�%�9UP��_�� R � �� ��D�f��>f ^á R Uxe�Z
�� ����"�� �_E�D� � �f`��#>-Xb�aUx`,���-c � `Ù_���XÙ� 0 P��3]M­ÄB XL® Xb�»¶ 8 � `��#> 4 � �? @�XÙ�}�a] 
 ��e��f��_�Z�XÙe . _��x]
Yxü¢P ; R �� �_!��� � �-`<�^>fX[�zUf`x���fc � `b_��,XÙ� 0
��_5�}�JUxe×� ��� _z��@j�f��e�ZJ�feH�� �_½�%�9UP��X[����X[�zUx`����fc � `b_��,XÙ� 0 ¶ ã Þ
 �_ae��5_ R ¶ ã à�? @�X��9�z]£�
Uf����` 0#R ��_z����Xbe�> â�ã ���½XÙ�}�/c�XÙe�Xbc/��c
VPUx`b��_ R X R XbeËPm��]�­ ; X : ® R �R_½Ux`[���×�^@,�}UfXÙe×UÔ@j�f��e�Z©�-eÀ�} �_
_����z_a�}��_zeY���D� �)0 Þ/� àJ? @�XÙ�}�a]qv>_��EXÙ`b`1Z,X[���z���}�R�� �_�@�_z �UWV�X��f�
�c9q�à9d�f���} �_pe�e�eá� 0 �%�}_zc XbeK�� �_pe�_����#��_�����X��fe1]

↓Pr(
↓) ↑Pr(↑)

A

B C
â

D E

F
ã

G
ä

↓
P

r(

å ↓
↓)

↑Pr(æ ↑↑)

↓
P

r(ç ↓↑
)

↑Pr(æ ↑↓)

↑Pr(↑↓↑)

↑
P

r(
↑

↓↓
)

↓
P

r(↓↑↑

è

)

↓Pr(↓↑↓é )

↓Pr(
ê
↓↓↑)

↑Pr(
ë
↑↑↓)

↑Pr(↑↑↑)

↓Pr(↓↓↓é )ì�í�îTïBð­ñ�ï0òôóKõ�öt÷Søxùßú{û�ü�ýtþ�öMúxû=ÿ���ó~ú{û#ö­þ�û����kúxû7ù��<ø��Ôý;þ��
	{ùßú�ó�ð���
í���ùßú�� õ ý��xû��`ï � øxû=þ�û ötþ�û
��øxþ�û=û���þ�ötú���ùßû7ú�������ö���û�������� �"!$#&%('*)+'-,�.lö;ú��Îü\ý�/xþ]þ�û7÷�/xþ�þ�û=ú��
����ö���û��0� �213� !4#�5('*6"'879'8:;.�ï<� ø{û9����ö­þ
������ö&��ûZù2�=%lï

>�?�@A6�B�,C69DEDF6HGJICK�L�M9NO?�DP%
Q4%=>�6�RS6�G(:�ICT�U
?�GJ5�6�MV6�G;5;6�G;IXWY6H%JD[Z;K+6\L�7

MV6HK�?�L�5;?�,]D^ICK_Z`,CI"Z;K+6

acb3dfe�g-h^i�jlknmomlpnqrjosStJjou�v�sSw8exe�tys-v^k�szs�v3e=e�{ i�exw�wzex|�s�g-}�dcpCk�|^~
s�v3e�w*s�g-b^i�s-b[g-eC��kni&s-}ng�wHg-e��[exi&sHs�v3e�w-knt;eC��exk�s-b3g�e_}��Sk;i&}�| h[u��
b[g�k�s-jl}n|z�`�9v3e`e�{ i�exw�w_e�|�s-g�}ndcp�tJexk�w8b[g-e�w"s�v3eJs-}ns�knm�t�b s�b[k�m
jl| ��}�g-t`k�s�jo}�|4�fe&s*��e�ex|4s*��}Pv^k�ml�nexw;}n�_k�i&}n|3h[unb3g�k�s�jo}�|4k�|^~
w-}(t`krp��^e��cjoex�He�~�knw�s-v3e�s-}ns�k�m�k�d[d[k�g�e�|�sCw-d[k�s�jlknm�tJe�tJ}�g-p
w8s-}�g-e�~�jl|Fs�v3e`i&}�| h[unb[g�k�s-jl}n|z�+�9v3e`w8s-g�b[i�s�b3g�e���k�i�s-}�g�w��V������q
~3e&h[|3e�~(jl|��H�f�E��� �r��q k�g�eCk;w8b[t�}��nexgHk�mlmfs*�H}n��df}njl|�s9i�}ng�g-exmlk��
s�jo}�|;��b3|[i�s�jo}�|[w0kn|[~+s�vcb[w�q�jo|`k_mljotJjos-ex~`w-e�|^w8e�qni�kn|;�feV�cjoex�He�~
k�w�k`tJexk�w8b[g-e�}n�<s�v3e+s�}�s�k�mSi�}ng�g-exmlk�s-jl}n|z����}���e���e�g�q3�He�w8v[knmom
w-e�e=jo|�s-v3j�wSw-exi&s-jl}n|�s�v[k�s��4kn|[~��V�����zv[kr��e0w8ex�nexg�knmnjlt;df}ng-s�kn|�s
~3j2�Ee�g�e�|[i�exwx�
� |J Sjlu[�3�8�x¡�����e9v[kr�ne�d3ml}�s-s-ex~J�V��¢���q��V��£S¤n�n��q��V��£��&q�k�|^~��

k�w�k_��b3|[i&s-jl}n|J}��fs-v3e�i�}nb3d[mojl|3u+w8s-g�e�|3uns-v¦¥c§H�^e�s*�Hexe�|J|3e�k�g�exw8s
|[e�jlunvc�^}�g�wC��}�g�s-v3e`|3|[| � w-jl|3u¨w8p w8s-e�t�©*b[w*s�~3exw�i&g�jo�fex~A�`�9v3e
h^e�m�~Aq9s-ext;dfe�g�k�s�b3g�enqVk�|[~Y|[e&{cs8��|3exkng-e�w*s(|[e�jlunvc�^}�gªi&}�b3d3mljo|[u
i�}n|[w8s�kn|�s¦��e�g�ePv3exml~«h3{ ex~¬k�s�­¯®°¢3± ¢�²3q�³´®µ��± ¢[qCk�|^~
¥�¶"®\·���± �3�S�9v3e"w8s-g�b[i&s-b3g�eV��kni&s-}�g�w�}n�A��kr��e�|cb3t��fe�g�w�¢3¸-£S¤�� ¸
kn|[~�£¹i&}ng�g�exw-d^}�|[~`s�}`��kr��e�mle�|3uns-v[w9}n��w-d[k�s�jlknmzdfe�g�jo} ~3w���q[º[q
kn|[~�� q g�exw-d^e�i�s-jl�nexmop��
» e�sx¼ w�h[g�w*s�k�|[knmopc½�e�s�v3e��fe�v[kr�cjl}ng�}��fs-v[e"w*s�g-b^i�s-b[g-e9��k�i�s-}�g�w

jl|¾ <jou^���*�x¡����À¿Cw�¥c§¦un}ce�w;s-}Y·CÁ¾qHs-v[e�s-v3exg-t`k�m9�^b[i�s�b[k��
s�jo}�|[w��^e�i&}�t;e�|3exunmljou�jo�[moe�k�|[~ªs-v[e�w-p w*s�e�t$j�wVi&}�| h[|3e�~`s-}Jjos�w
u�g-}�b3|[~�w*s�k�s�en�H�9v[e�|3|3|�i&}�b3d3mljo|[u(i&}n|^w*s�k�|�s�¥ ¶ j�w"k�m�w-};|[e�u��
mljlunjl�3moe¨jl|Âs-v3j�w`mljotJjosx�y��e�|^i&enq�s�v3eFw-pcw8s-ext�¼ wJu�g-}�b3|[~Âw*s�k�s-e
j�wJk�|�s-jo��e�g�g�}nt`k�u�|3e&s�jli`�Vjos-vÃd^exg-jl} ~Ã�3Äªk�mos-exg-|[k�s-jl|3uFb[dÃk�|^~
~3}��V|�w-d3jl|[wVk�|[~zq3jo|¨ <jlu[�z�*��¡��&q^�V��£��9~3jo��e�g�unexwx�
 3}�gª¥ §¨Å ¢Fs-v[e¦|3|Ãi&}nb[d3mojl|3uPjlw���e�g�g�}nt`k�u�|3e&s�jlin�P¿"w¦¥ §

�fexi�}ntJexw9m�k�g�unexg�s-v[kn|P¥�¶nq s�v3e+w-pcw8s-extOtJ}��ne�wHs-v3g�}nb3u�v¨k�g�e&�
u�jo}�|F}n�=��e�g�g�}nt`k�u�|3e&s�jli�w*s�g-b[i&s-b3g�eJw8jltJjom�k�g_s-}¦s-v^k�s�g-e��[exi&s-e�~
jl|� Sjlu[�z�8�xÆ��Hkn|[~�jo|^~ jlixk�s�ex~¦��p(s-v3e��V��¢��Hdfexk�Çªjo|� <jou^�z�*�x¡����
¿Cw�¥ §�ÈÊÉ ÁËs-v3e+s-v3exg-t`k�mE�^b[i�s�b[k�s�jo}�|[w�k�|^~ªs�v3e�|3|3|�i�}nb �
d[mojl|3u�k�g�e`k�u�k�jl|P|3exunmljou�jo�[moe(kn|[~Ps-v3eªw-p w*s�e�tÌjlw�h[{ce�~�jo|¹jos�w
u�g-}�b3|[~`w8s�k�s-en���"e�g�enq w8jl|[i�e+¥c§ Å ¢3q�s-v3e_ung�}nb[|[~`w*s�k�s�e"j�w=��exg8�
g�}nt`knun|3e�s-j�i���¿�mlm�w8d[jo|[w�mojl|3e�b3d��Vj2s�v�s-v3e�e�{�s�e�g�|[k�mEh^e�m�~A�0¿"w
k�g�exw-b3m2s�qAÍ�ÎxÏrÎ�Ð�Ñ0®ÒÍ�Î�Ñ ¶ w8}Jk�mlmfs-v3e�Ó=��Ô���¼ wV��k�|3j�w8v�q�pcjle�m�~ jl|3u`k
��kn|3jlw-v3jl|3u(�V��¢����
 3}�g�ÕÖ¥c§nÕ=×Ø³+q�s�v3e�s-v3exg-t`knmH�^b[i�s�b[k�s�jo}�|[w`k�|[~Ùs-v3e�|3|[|

i�}nb3d[mojl|3uÙ¥�¶ª~ }�t;jl|[k�s-e¦kn|[~¹s�v3eªm�k�s-s-j�i&e�e&�Eexi&s-jl�ne�mlp¹~ exi�}nb �
d[moe�w+jl|�s�}¨s*��}�|3}n|3��jl|�s-e�g�kni&s-jl|3u¨i�v[k�jl|[wx���9v[k�s�jlwxq<s-v3e¦e��nex|
kn|[~À} ~3~¬w8jos-e�w�~ }4|3}ns�jl|�s-exg�k�i�s��Vj2s�v«exk�i�vÀ}�s�v3e�g��Oacjl|[i&e
¥�¶�ÚÂ¢[q s-v[e+ung�}nb3|^~¦w8s�k�s-e�jo|�s�v3j�wVd[k�g�k�tJe�s-e�gVg�e�u�jotJe�j�w�k�| �
s�j2��exg-g�}nt`knun|3e�s-j�i"�Vjos-v�dfe�g�jo} ~�º[Ä

L3L9L�Û0Û0Ü=Ü0Û0Û0Ü0Ü=Û0Û0Ü�Ü�Û0Û�Ü�Ü0Û�ÛUL3L9L �*�r��¢��
¿Cw�kVg�exw-b3mosxq��HeHw8exe=kVdfexk�Ç_jl|��V��£S¤n�n�Ak�s0¥c§�®À¢Vjo|+ <jlu[���*�x¡����
�9v[e���kr��e�|cb3t��fe�gV£S¤n�Ji&}�g-g�exw-d^}�|[~3wHs-}(kJdfe�g�jl}c~�}n�<º^�H�9v3e
w8s-g�b[i&s-b3g�e���kni&s-}�g�w"����¢��"k�|[~�����£��Ck�g�e�jo|[w-e�|^w8jos-jl�ne�s�}¦w8s-g�b[i��
s�b3g�e�k�sVs-v3j�wV�9kr�nexmoex|3u�s�vz�

Æ��



0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

-8 -6 -4 -2 0 2 4 6 8

S
(0

) 
[s

pi
ns

2 ]

0

1

2

3

4

5

6

7

-8 -6 -4 -2 0 2 4 6 8

S
(π

/2
) 

[s
pi

ns
2 ]

0

5

10

15

20

25

-8 -6 -4 -2 0 2 4 6 8

S
(π

) 
[s

pi
ns

2 ]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-8 -6 -4 -2 0 2 4 6 8

E
xc

es
s 

E
nt

ro
py

 E
 [b

its
]

J1ì�í�îTïvð�Ý�ïH� ø{û0����þ*/{÷-�*/xþ�û ü`öt÷���ý;þ*��Þ�ß�à�á-ânÞ�ßäãE�x
�á-â�ötúc��Þ�ßäãfá%ötúc�
��ø{ûZûSÿx÷=û��
�!û7ú���þ�ý�	�å�6Âæ9û=þ*�
/���úxû#ötþ�û�����óKúxû7ù��<ø��Ôý;þ6÷7ýx/�	��ßùßú��+çcè!ü�ýtþöjú{ûSÿn��ó���ýtóKúxû#ötþ�û����!ú{û7ù��<ø��ÔýtþTð�éOí���ùßú�����ån����û7õ�ï<� ø{ûV	vö­þ�ö;õ û���ûSþ*�ötþ�û�êÂ!¹ànë àrì�âcí¹!Øðxë à�âÔötúc�`ç�î0!ÂïZð�ë 
ºï

 <jou^���*�x¡���w8v3}���wªs-v^k�s�s-v3eÙw-p w*s�e�tðe�{cv[jo�3jos�w¨w-jlun|3joh^i�kn|�s
w8s-g�b[i&s-b3g�k�mEi�v[k�|[unexwxq�k�w=jl|[~ j�i�k�s-e�~(�cp;s-v3e�w*s�g-b^i�s-b[g-e"��kni�s�}ng�w�q
k�w<s-v3e"d[k�g�k�tJe&s�e�g�¥c§�j�w���k�g�jlex~A��ñ�}ns-j�i&enq�v3}���e��nexgxqrs�v[k�s=kn|[k��
mlpc½�jl|3u;s-v3e�i&}n|3h[unb3g�k�s�jo}�|[w�b[w-jo|3u`}�|3mlpª}n|[e_}n�Ss�v3e�w8s-g�b[i�s�b3g�e
��k�i�s�}ng�w0tJjlw�w-exw0tJ}�w*s�}��Es-v3e�i�v[kn|3une�w�s-v[k�sH} i�i�b3g�jo|`s�v3eCi�}n| �
h^unb3g�k�s�jo}�|[w`e�m�w-e��Vv3exg-e��y�0{ i�exw�w`e�|�s�g-}�d�p�q9v3}��Hex�nexgxq�jlwª|3}�s
mljlt;jos-e�~Ãs-}¹k�d[k�g-s-j�i&b3m�k�gJ�9kr�nexmoex|3u�s�vz�Â¿Cw(i�kn|Ã�fe�w-e�e�|Âjl|
 <jlu[�0�8�x¡��&qz�òd3j�i�Çcw_b3d�s�v3e;��e�g�g-}�tJknun|3e�s-j�i�kn|[~F�f}�s�vFs*pcdfexw
}n�fkn|�s�j2��exg-g�}nt`knun|3e�s-j�iHw8s-g�b[i�s�b3g�en���9v3jlw<��e�k�s�b3g-eV}n�[s�v3eVe&{3i&e�w-w
ex|�s-g�}ndcp�j�w0e�w8dfexi�jlknmomlp�|[}�s-ex�H}�g8s�vcpnq�k�w=w8s�k�s-j�w*s�jlixk�m[tJe�i�v[k�|3j�i�w
~3}�e�w"|[}�s�d^}�w-w-exw�wCk�w8s-g�b[i�s�b3g-e���kni&s-}ngCs-v^k�s�jlw�k�d[d3moj�i�kn�3mle+s-}
knmomzw-b[i�v�w8jos-b^k�s-jl}n|^w��
�9v3e¨e�{ i�exw�wJe�|�s-g�}ndcpÙj�w`i�knd[k��[moe¨}n��~ e�s-e�i�s-jl|3uÙw8s-g�b[i�s�b3g�e

k�s(k�|cp¹��kr��e�mle�|3uns-vÙ�fexixk�b[w-e�j2s`j�w`kPt�b[i�v4tJ}�g-eÂó8u�mo}��[k�m�ô
��b[|[i�s�jo}�|Ãs�v[k�|Ãs-v[e�w*s�g-b[i&s-b3g�e���kni&s-}ng�wx�Â¿"m2s�v3}nb3u�vÂixk�m�i&b3m�k��
s�jo}�|J}��Es-v3eCw*s�g-b[i&s-b3g�e9��kni&s-}�g0jo|c��}nml�nexw�w-b3tJtJjo|[u+}��nexg�knmom[s-v3e
��kng-j�k��3mlexw9jl|�s-v[e�i�v[knjo|zq3s-v3e;i&}ng�g�e�m�k�s-jl}n|^w�kng-e+i�}n|[w-j�~ e�g�ex~�jl|
d^k�jlg�wxqAw8jl|[i&e�s-v[e�s*��}���df}njl|�s�i&}�g-g�e�m�k�s�jo}�|¨��b3|[i&s-jl}n|[w�ÓH��Ô��_k�g�e
w-b3tJtJex~�}���e�g����0{ i�exw�wVe�|�s�g-}�d�p�q[}�|�s-v3e+}ns-v3exg"v[kn|[~Aq^jlwC~ e&�
h^|3ex~�knw_s�v3e`jo|3��}ng�tJk�s-jl}n|Fs-v[k�s�s-v3e�õ�ö[÷�øäù-õ�mle&�äs+v[knm2�9i�k�g�g�joe�w
kn�^}�b s�s-v3e�õ�ö[÷�øäù-õ�g�jlunv�s�v[k�mo�*�<�9v[eVe&{3i&e�w-w�ex|�s�g-}�dcp�s-g�exk�s�w<s-v3e
mle&�äsHv[k�mo�Ekn|[~�s-v3e"g-jlunv�s�v[k�mo�A}��Ak�i&}�| h[unb[g�k�s-jl}n|�k�w�s*��}J���nexg-p
m�k�g�uner�_i&}ntJdf}�w-j2s�e`��k�g�jlkn�3moe�w�ú<jos�~ }cexw�|[}�s��3g�exknÇ¨s-v[e�tûjo|�s-}
d^k�jlg�wx� � |¹s-v3j�w;w8ex|[w8eª�Heªw�krp�s�v[k�sJ�Oj�w+tJ}�g-e(u�mo}��[k�m0s-v[kn|
���������`üH}n|c�nexg�w-e�mlpnqA�V�����"j�w�w-}ntJe��Vv[k�s�ó-t�p�}nd3j�i�ô[�+ýHp�i�}n| �
w-j�~ e�g�jo|[u�}�|3mlp�s*��}���d^}�jo|�s+i&}�g-g�e�m�k�s�jo}�|[w_t;} ~ b[mlk�s-ex~¹k�s�w8}�tJe
�9kr�nex|cb3t��fe�g<�cqn�V������tJjlw�w8e�w�w*s�g-b[i&s-b3g�e0s�v[k�s�} i�i�b3g�w<k�s�}�s�v3e�g
�9kr�nex|cb3t��fe�g�w�k�|[~;s�v[k�sHjlwH~ b3e�s�}+tJ}ng�e&��s-v[kn| ��s*�H}n��w-d3jl|;i�}ng-�
g�e�m�k�s�jo}�|[wx�
�9v3e�~ jo�fexg-ex|[i&e�w��^e�s*�Hexe�|��ykn|[~��V������i�kn|ª�fe��^e�s8s-exgVb3| �

~3e�g�w*s�}�} ~��cp�i&}�|[w8j�~ exg-jl|3uVs�v3eHtJ}ns-jl�rk�s-jl}n|[wS�fe�v3jl|[~�s�v3e�jlg�~ e&�ä�
jl|3jos-jl}n|z��a�s-g�b[i&s-b3g�e0��k�i�s-}�g�wSk�g�e=~ e�w8jlun|3e�~�s-}C~ e&s�exi�s�kVd[k�s8s�e�g�|
}n�Ek�u�jo��e�|Jdfe�g�jo} ~ j�i&jos*pn�� 3}�g0e&{3k�tJd3mlenq�j2�A}�|3eVd^exg8��}�g-t`w�k�|cb �
tJexg-j�i�knm=e&{ dfe�g�jotJex|�s�s-}F~3e&s-exg-tJjl|3e(s�v3e�i&g�j2s�jlixk�m=df}njl|�s�}n�"k
d^k�g�k�t`k�u�|3e&s-��kn|�s�j2��exg-g�}nt`knun|3e�szs-g�k�|[w-jos-jl}n|zqns-v3ex|�s�v3e"kn|�s�j2��exg8�
g�}nt`knun|3e�s-j�iCw8s-g�b[i�s�b3g�eC��k�i�s�}ng"�V��£���jlw�s�v3e�|[k�s�b3g�k�mz��b[k�|�s�j2s*p
s�}Ãb^w8ePs-}¾~ e�s-exi&s¦s�v3eþ}n|[w-e&s�}��;k�|�s-jo��e�g�g-}�t`k�un|[e&s-j�i�}�g�~3e�g-�
jl|3u^� � �*q�v3}���e���e�g�qn}n|[e�jlwHjl|�s�e�g�exw8s-e�~`jo|(s-v3e_k�d3d[kng-ex|�sHw8d^k�s-j�k�m
tJext;}�g-p�}��0k(i�}n| h^unb3g�k�s�jo}�|zq^�ÿjlw"s-v3e�|[k�s�b3g�knmS��b[kn|�s�j2s*p¦s-}
b^w8e��
acjltJd3mopªd3b sxq e�{3i&exw�wHe�|�s-g�}ndcp`k�|[~�w8s-g�b[i�s�b3g-eC��kni&s-}�g�wHtJexk��

w-b3g�e�~ jo�fexg-ex|�s`s�v3jl|3u�wxÄP� tJe�knw-b3g-e�w(w-d[k�s�jlknm�tJe�tJ}ng�p4k�|^~
�������z~3e&s-e�i�s�wSi�}ng�g-exmlk�s-jl}n|[wE}n�[kVd[k�g-s-j�i&b[mlkngzd^exg-jl} ~ j�i&jos*pn�S�9v[e�p
�fe�v^kr�ne"w-jotJjlmlkng-mlpJ�^e�i�knb[w8e"s-v3e�w-d[k�s�jlknm^tJe�tJ}�g-pJ}���k�i&}�| h[u��
b[g�k�s-jl}n|�jlwVg�e�m�k�s�jo��e�mlp`mlkng-u�e�j2��j2sCv[knwVkJdfe�g�jo} ~ j�i_d[k�s-s-exg-|z� � |
��k�i�s�q=� ® ml}nu ¶ � ��}ng`k�dfe�g�jl}c~3jli�i&}�| h[unb[g�k�s-jl}n|¹}��Cd^exg-jl} ~� �� [}ngHs-v3e�w8d[jo|�w8p w8s-e�t`w9i&}�|[w-jl~ exg-e�~`v3exg-e�q�k;i&}�| h[unb[g�k�s-jl}n|
j�w9dfe�g�jo} ~ j�i_j2��k�|[~�}�|3mopªj2��j2s�w9e�|�s-g�}ndcp(~ ex|[w-j2s*p����ª�rkn|3j�w8v3e�w��
�9vcb[wxq�jo�fk�w-pcw8s-extÒv[k�w����`®¾¢3q�s-v3j�w�jlt;d[mojlexw<s�v[k�s�j�w�d^exg-jl} ~ jli
�Vjos-v � ®À�	�=�
acjl|[i&e9�¾k�|^~��V������tJe�knw-b3g-e�~ jo�fexg-ex|�s�d3g�}ndfe�g-s-jlexwS}��EkCi�}n| �

h^unb3g�k�s�jo}�|zq�s-v[e�p`i�kng-g�p�~ jo�fexg-ex|�s=b3|3jos�wx���9v3e�e&{3i�exw�w�e�|�s-g�}ndcp
j�w<tJexknw-b3g�ex~�jo|;�3jos�w<�Vv3jlmoe��V������v^knwSs-v3eV~ jltJe�|[w-jl}n|[w<}��fw8d3jl| �
��knmob3e¦w-��b[kng-e�~A��ñ�}ns-e(s�v[k�sJ��j�w�k¨��b3|[i�s�jo}�|Ù}��Vs�v3e¦~3jlw8s-g�j2�
�[b s-jl}n|Ã}��Vs-v[e�w-d3jl|Ù��k�g�jlkn�3moe�w�kn|[~Aq�b3|[mojlÇne��V�����&q=~ }cexw�|3}�s
~3e�dfe�|[~¨}�|¨s-v[e���k�mlb3exwC}ngCb3|3jos�wC}���s�v3e�w-d3jl|���k�g�jlkn�3moe�w��C 3}ng
e�{3k�tJd3mlenqnjo�A�He"�Hexg-e�s-}�i&}n|^w8j�~ e�gHk�t;} ~ exm[�Vv3exg-e"Î�

���������
jl|[w8s-e�kn~Ã}��+Î�
�����������q��V�����;�H}�b3m�~4jl|[i&g�exk�w8e��cp4kP��kni&s-}ng

Æ�Æ



}��Vº¨�Vv3jlmleª����}nb3m�~þg�e�t`k�jl|þb3|[i�v[kn|3une�~A���9v[jlw�jlw�k���k�jlg-mlp
s-g�jl��j�k�mf}n�^w8exg-��k�s�jo}�|`�3b s�q3knwHv[knwH�^exe�|�tJe�|�s-jl}n|3e�~`e�m�w-e��Vv3exg-e� � ����q"jos�e�tJd3v[k�w8jl½�e�wªv3}�� t�b s�b[k�m�jl| ��}ng�t`k�s-jl}n|«jlw�kÙtJ}�g-e
�[e�{cjl�3mle�t;e�knw-b3g�e¦}n�Ci&}�g-g�e�m�k�s�jo}�|¹s-v[kn|Âk�i&}�g-g�e�m�k�s�jo}�|¹��b3|[i&�
s-jl}n|�� � |¦}ns-v3exgV�H}�g�~3wxq<ó-i&}�g-g�e�m�k�s�jo}�|[ô�j�w9�^e�w*s�jl|�s-exg-d3g�e&s�ex~ªs-}
�feªk¨w*s�k�s�e�tJe�|�s�i&}�|[i&exg-|[jo|3u�s�v3e�©*}njl|�s�~ j�w*s�g-jl�3b s�jo}�|¹}���s*�H}
��k�g�jlkn�3mlexwxq�|[}�sVs-v[e��rknmob[exw�s-v[}�w-e_��kng-j�k��3mlexwVixk�|�knw�w8b[t;e��
�9v3e���k�i�s_s-v[k�s��]k�|^~P�V�����"ixk�g�g-p�~ jo�fexg-ex|�s�b3|3jos�w_tJexkn|[w

s-v^k�s�s-v3exjog¨|cb3tJexg-j�i�knm��rknmob[exw¨k�g�e�jo|�s-exg-d[g-e�s-ex~¬~ jo�fexg-ex|�s�mop��
�9v3j�w�j�w�d[k�g-s-j�i&b3m�k�g�mlp�i�moe�k�g�jl|Ùs�v3eP¥ §¦È ·CÁ �^exv[kr�cjo}�g+}��
 <jou^�0�*��¡����;��exg-e�qS�V��£��_~ jl�nexg-u�exwxqAjo|^~ jlixk�s�jo|3u�e&{3k�i�s�d^exg-jl} ~c�
j�i&jos*p4k�s`�þ® £��Y�9v3e�e&{3i&e�w-w�e�|�s-g�}ndcp�q0v3}���e��nexgxq�j�w;h[|3jos-e�Ä
�û®Ìml}nu ¶ �4®Ë���3josxq9jo|^~ jlixk�s�jo|3uþs�v[k�sJs�v3e�i&}�| h[unb[g�k�s-jl}n|[w
w8s-}ng�eJ���3j2s�}n�<jl| ��}�g-t`k�s�jo}�|z�
» }c}nÇcjl|3u`k�s" <jou^�z�*��¡���q[j2sCknd3dfexk�g�w9knwVjo�<s-v3e�w-b3t }��0�V��¢���q

�V��£S¤��n�&q�kn|[~`�V��£��<tJjlunv�s0�^exv[kr�ne9mljoÇ�e���� � |[~ exex~Aq�w8b[t;tJjl|3u
s-v[exw-eªs�v3g-exeª��b[|[i�s�jo}�|[w`~ }cexw;d3g�} ~ b[i&e�k���b[|[i�s�jo}�|4s�v[k�sJ�^e��
v[kr��exw;mojlÇne�� ��}ngJs-v[jlw`d^k�g-s-j�i&b3m�k�g(w-p w*s�e�t��Àý�b sªw8b[t;tJjl|3u
b3dªs-v3eCg-exmoex�rkn|�s9�V������¼ wHw8s-jlmomA~ exd^ex|[~3wH}n|(u�b3exw�w-jo|3u�s-v3eCg-jlunv�s
�c¼ w��;¿Xg�exw-df}n|[w-e+s�}¦s�v3j�wC}�� ©*exi&s-jl}n|Pt;jlunv�s��fe�s�}�w-b3tÌ�������
}��nexg��������c¼ wx����}���e��nexgxqrjo�f}�|3e9~ }cexw<s-v[jlw<s�v3e�~ jo�fexg-ex|�s�d3v^knw-exw
~ e�w*s�g-b[i&s-jl�nexmop(jl|�s-exg8��exg-e���¿Cw�k;g-e�w8b[m2s�Ä "! §#$&% Ï �  �����('

 "! §# $&% Ï
 "! §#
Ð % Ï ÓH��Ô��&) ¶+* 
lÐ $-,  ®ÀÓ=��¢���± �*���3���

¿�mlm��He�¼ g�e�moe��äsS�Vjos-v�j�w�ÓH��¢��&q�k`ó-w-e�mo�ä��i�}ng�g-exmlk�s-jl}n|[ô=s-exg-t¬s-v^k�sSj�w
k���b[|[i�s�jo}�|ª}��As�v3eC~3jlw8s-g�jo�[b s-jl}n|¦}���k�w-jl|3unmle"w-d3jo|�k�|[~zq�v3ex|[i&e�q
i&mlexkng-mlp`j�wV|3}JtJexknw-b3g�e�}��<w-d[k�s-j�k�mzw8s-g�b[i�s�b3g-e��
acb3tJtJjo|3u`}���e�g�s-v[e�k��[w-}nmlb s�e_��knmob3e�}n��s�v3e�w8s-g�b[i�s�b3g-e_��k�i��

s-}�g�wxq3knw9jl|

.�/' 0#$1% Ï Õ ��������Õ3¸ �*�����n�

k�m�w-}�pcjoexml~[wHk;��b[k�|�s-jos*p;s-v[k�s9��k�jlmlw=s-};tJexknw-b3g�e�s�v3e"s�}�s�k�mAi&}�g8�
g�e�m�k�s-jl}n|ª}��As-v[e_w-p w*s�e�t��� 3}ng�e&{3knt;d[moe�q .�¹��k�jlmlw=s-};��k�|3j�w8v(��}ng
k;d[k�g�k�t`knun|3e�s�jl|�s-v3e�d3g�exw-e�|^i&e�}���k�|�e&{cs-exg-|^k�mfh[e�m�~A�2C|3e�knmlw-}"tJjlunv�s��^e�s�e�tJd s-e�~+s�}_k�~3~�s-}nu�e&s�v3e�g�k�mlm�s-v3eVi&}�| �
|3e�i�s-e�~Pi�}ng�g-exmlk�s-jl}n|���b3|^i�s-jl}n|^w����9v^k�s�jlwxqzi&}�t��3jl|3e�s-v3e;s*��}��
w-d3jo|�q�s�v3g-exe&�
w8d[jo|zq���}nb3g-�
w8d3jl|zq�e&s�in�oq;i&}�|3|3exi&s-e�~Òi&}�g-g�e�m�k�s�jo}�|
��b3|[i&s-jl}n|[wx�C�� 3}�g�k`~ jlw�i&b^w-w-jo}�|¦}n�<v[}��«s�}`e&{cs-ex|[~¦s-v3e+~ e�h[|3jo�
s-jl}n|¦}���i�}n|3|3e�i�s�ex~ªi�}ng�g-exmlk�s-jl}n|;��b3|[i&s-jl}n|[wHs�}�tJ}ng�eVs�v[k�|ªs*�H}
w-d3jo|^w0w8exenq�e�� u^�oq � º � ��� ����}���e��nexgxq�w-b[i�v`k�w8b[tÿe�jos-v[e�g=~ jl�nexg-u�exw
}ng=jlw�w8jltJd3mlp�d3g�}ndf}ng-s-jl}n|^k�m s�}�s-v3e"��g-exe�e�|[e�g�unpn��ñ�exj2s�v3e�g�i�k�w8e
mlexkn~[wEs-}"k�t;e�knw-b3g�e�}�� w*s�g-b[i&s-b3g�en�43¨}ng�e0w-d^e�i&joh^i�knmomlpnq�}n|3eHi�k�|
w-v3}��¾s-v^k�sVs-v[e+i&}n|[|3exi&s-ex~�i&}�g-g�e�m�k�s�jo}�|`��b3|[i&s-jl}n|[w"k�g�enqcb3d�s-}
��kni&s-}�g�w�}n�650q<s-v3eªi�}ce�7(i&jle�|�s�w�jo|þs�v3eª�<krpcmo}�g+e&{ d[kn|[w8jl}n|�}��
ml}nu98Ò®:5<;$jl|Fdf}���e�g�w�}��Hmo} i�knm<i�}nb3d[mojl|3u¦i�}n|[w8s�kn|�s�w�¥>=
 k�s8�
s�k�i�v3ex~�s-}�e�kni�v;w8jos-e6?�q��Vv3exg-e6;\®A@F·;³CB¦j�w<s-v3e��"e�mlt;v[}nmos-½
��g�e�e=ex|3e�g�unp � º � ���S�9vcb[wxq�k"w-b3t }��cs-v3e9i&}�|3|3e�i�s-e�~�i&}�g-g�e�m�k�s�jo}�|
��b3|[i&s-jl}n|[w�i�}ng�g-e�w8df}n|^~3wzs�}_w-e&s-s-jl|3u;¥ =
 ®\��jl|�s�v3jlw<e�{cd^k�|[w-jo}�|z�
acjl|[i&e+s-v3j�w�j�w�}�b s�w-jl~3e+}���s-v[e�w8exg-jlexwx¼3g�kn~ jlb[wV}n�0i&}n|c��e�g�une�|^i&enq
��eFi&}�|[i&mlb[~ e¨s�v[k�s¦s-v3j�wªw-b3t°�Vjlmom"��k�jlm"s�}4i&}�|���e�g�une�b3|3mlexw�w
s-v[eJw-e�g�jlexw"s-e�g�tJjo|^k�s-e�w�� � �=s�v3e`w8exg-jlexw"s-exg-tJjl|[k�s�exwxqAv3}��Hex�nexgxq
s-v[e`g-e�w8b3mos-jl|3u¨w-b3t j�w�k���b[kn|�s-jos*p�d3g�}ndf}ng-s-jl}n|[knmSs�}�s-v3eJ��g�e�e
e�|[e�g�unpD;J�

� |�w-b3tJtJkng-p�qª <jou^�ª�*��¡��þjlmlmob[w8s-g�k�s�exw¹}�|3e¾}���}nb[gÙt`k�jl|
df}njl|�s�wxÄªe�{ i�exw�w;e�|�s-g�}ndcpþtJexknw-b3g�exw�s-v[e�tJext;}�g-p¹w8s-}�g-e�~Ùjl|
w-d[k�s-j�k�m^i�}n| h^unb3g�k�s�jo}�|[w0k�|^~(knwHw8b[i�vªjlw�w8ex|[w-j2s�jo��eVs-}�d^exg-jl} ~ jli
w8s-g�b[i&s-b3g�e�k�s_k�|cp�dfe�g�jo} ~A��¿"wC��kng_k�w"}�|3e�ixk�|�s�e�mlm�qAw8s�k�s-j�w*s�j2�
ixk�mftJexi�v[kn|3jlixwH~3}�e�w�|3}�s�d^}�w-w-exw�wHk;��b[k�|�s�j2s*p;s-v^k�s9v[knw=s-v3e�w8e
d[g-}�d^exg8s�joe�w��4�9v[e�w8s-g�b[i�s�b3g�eª��k�i�s-}�g�wJkng-e�w8ex|[w8jos-jl�ne¦s-}þdfe�g�j2�
} ~ j�i��fe�v^kr��jl}ng�q��3b s9}n|3mlp`k�sHd^k�g-s-j�i&b3m�k�g���kr��e�|cb3t��^exg�wx�S [b3g8�
s�v3e�g�tJ}ng�enq�s-v[e+w*s�g-b[i&s-b3g�e_��kni&s-}ng�w9~ }J|3}�s�tJe�knw-b3g-e_tJe�tJ}ng�pnq
ixk�g�g-pcjl|3u�b3|3jos�wH}�� � w8d3jl|[w ¶ ��q��Vv[e�g�exknw=�«i�kng-g�jlexw�b3|[j2s�w=}n�E�[j2s�w�q
�Vv[jli�v¹}n�äs-e�|Ùixk�|¹�feªb[w-e&��b[momlpPjl|�s-exg-d3g�e&s�ex~þjl|¹s-exg-t`w�}��9s-v3e
d^k�s8s�e�g�|¦}�g�w*s�g-b^i�s-b[g-e�jl|�kJi�}n| h[u�b3g�k�s-jl}n|��
acjl|[i&eJk�|cp¨dfe�g�jo} ~ j�i���Eòw-d3jo|þi&}�| h[u�b3g�k�s-jl}n|�v^knwF� � ®]¢3q

k(�rkn|3j�w8v3jl|3u¦e�|�s-g�}ndcp�g�k�s-e�s�}nune�s-v3exg"�Vjos-v�k`d^}�w8jos-jl�ne�e&{3i&e�w-w
ex|�s-g�}ndcp¦j�w�k�|Pb3|[k�t��3jlunb3}�b[w�jl|[~ j�i�k�s-jl}n|F}n�=dfe�g�jo} ~ j�i+}�g�~ exgx�
�9v[e�s*�H}þjl| ��}ng�t`k�s-jl}n|Âd3g�} i&exw�w-jo|3uyó-i�}c}ng�~ jo|^k�s-e�w-ô[qG���4k�|^~
��qzd3g�}��cjl~3e;k�tJexkn|[w_��}ng+~ e�s-e�i�s-jl|3u¨dfe�g�jo} ~ j�i&jos*pn�`ý�b s+dfe�g�j2�
} ~ j�i&jos*p�j�wf©*b[w*s�}�|3e�s*p�dfe9}��Ew*s�g-b[i&s-b3g�en�<��}��4ixk�|;�He9~ j�w-i�}��nexg
kn|[~(~ e�w-i�g-jl�feCw8s-g�b[i�s�b3g-e"s-v[k�s�j�w-|z¼ s9dfe�g�jo} ~ j�i�qcj���e��oq w8s-g�b[i�s�b3g�e
s�v[k�s(v^knw(kþdf}�w-j2s�jo��e¨e�|�s-g�}ndcp4~3e�|[w-j2s*pIHJ3¨}ng�e�}���e�g�q=~ jo�fexg8�
ex|�s�w*s�g-b[i&s-b3g�exw�i�k�|þv[kr��e;s-v3eªw�k�tJe`dfe�g�jo} ~A�� 3}�g+e&{3k�tJd3mlenqL9L3LAÛ�ÜnÜnÜ�ÛnÜ�ÜnÜQL3L9L k�|[~ L9L3LAÛnÛ�ÜnÜ�ÛnÛnÜ�ÜtL3L9L �^}ns-vþv[kr��eJ��®O�
�[j2s�w�i&}�g-g�exw-d^}�|[~ jl|3u+s�}(k;d^exg-jl} ~¦}n�Sº^�3¨}�g-e¾u�e�|3exg�knmomlpnqÙó-d[k�s-s-exg-|[ôÒjlw4|3}�sÃw-pc|3}n|cpctJ}nb[wÙ�Vj2s�v
tJext;}�g-p¬knw�tJexk�w8b3g�ex~¬�cp«���LK�|3}��Vjo|[uÃs�v3eÙk�tJ}�b3|�s�}n�
tJext;}�g-pþw8s-}ng�ex~Ùjo|4w-d[k�s-j�k�m9i&}n|3h[unb3g�k�s�jo}�|[w+~ }ce�w�|3}ns;w-d^e�i��
jo��p�v3}��ÿs�v3e`tJe�tJ}ng�pFj�w+}�g-u�k�|3jl½�e�~�}�g+b[w-ex~A��M0b s�kn|3}�s�v3e�g
��}n�c�cjo}�b[w��f��krp�q�Çc|3}��Vmlex~ u�e�}��3�4knmo}�|3e0~ }cexwA|[}�sSknmoml}��P}�|3e�s-}
g�e�d[g-} ~ b[i�e�s-v3e�}ng�jou�jo|^k�m�i�}n| h[u�b3g�k�s-jl}n|�ex|[w8ext��3mlen�ONPe;w8v[knmom
i�}n|[w-j�~ e�g�s-v[exw-e�jlw�w8b[exwVk�sVmle�|3uns-v�|3}����
» k�w*s�mop�qr|3}�s�e=s�v[k�s�q�mojlÇne���q�P � w-e�g��nexwSknwSk�tJexk�w8b3g�e=}n�3mo}��9�

ex|�s-g�}ndcp`tJe�tJ}ng�pªw-jo|[i�e+w8jl|[i�e���p¦�=�f���*��¢ � �9� � ®¬¢;jlt;d[mojlexwP � ®¾���

>�?�?�@%ò�U*WÂ%�,CTJ?�G;6VDFK+6=>;6H%�RYD^ICK_Z`,CI"Z;K+%�R
706H%VICZ�K�69D�?-G 6�G;ICK+L�MV?�,XMVK+L+,C6VDfD^6VD

� |(s�v3e�d3g�e��cjo}�b[w9w8e�i�s�jo}�|ª��e_w�kr�Ys-v[k�s��yw-e�g��ne�w0s�}`~ e&s�exi�s
dfe�g�jl}c~3jliRQYj��=e��oqS� � ® ¢�Q¾w8s-g�b[i�s�b3g�en� � |Ys-v3j�wªw-exi&s-jl}n|¾��e
e�{3k�tJjo|[e�w8p w8s-extJw�s-v[k�sCv[kr��e�g-exmlk�s-jl�nexmop¦mlkng-u�e�e�|�s-g�}ndcp¦~3e�| �
w-jos*pnq9pne�sªw*s�jomlm"d3g�} ~ b[i�e¨v3jou�v3mlpÃw8s-g�b[i�s�b3g-e�~Yi&}n|3h[unb3g�k�s�jo}�|[wx�
�S}Ù~ e�w-i�g-jl�^e�s�v3exw-e�w-pcw8s-ext`w�qV� �fexi�}ntJexw`jl|[k�~ ex��b[k�s-e�k�|^~
s�v3e;��b3mlm0k�d3d[kng�k�s-b[w_}n�Hi&}�t;d[b s�k�s-jl}n|[knm�t;e�i�v[k�|[jlixwC�fexi�}ntJexw
|[exi&e�w-w�k�g�pn�

%(@z5UTWVRX�Y	Z�[�\�T^]`_�ab]`cþ5U[	VRX�\dT^e>T^]`_�69]Ifg\�Ybh>TWX`M(aifgf+[	\d]jV
�S}�jlmlmob[w8s-g�k�s�e�s�v3j�w�qS�He`i&}�|[w-jl~ exg�k�w-d3jl| ���r¤�� � w8jl|3u�tJ} ~ e�m

�Vjos-vÃ|3e&{cs-��|3e�k�g�exw8s�|3exjou�v��f}ng;jl|�s�e�g�kni&s-jl}n|[wxq�knw;k�|[knmopc½�e�~¹jl|
a exi��bk�üC��N�e"h[{`s-v3e�i&}�b3d3mljo|3u;i&}�|[w*s�k�|�s�w�k�|^~Js-v3eCs-extJd^exg8�
k�s-b3g�e�k�s"s-v[e+��}nmlml}��Vjo|3uª�rknmob[exwxÄC¥ §_®ò·�Æ3± ¢`k�|[~þ¥ ¶ ®ò·��n± ¢
k�sF³µ® ¢[± �3� �9v3eÙs�e�tJd^exg�k�s-b3g�eÙj�wFw-t`k�mlm�i&}�tJd[k�g�ex~¬s-}
s�v3e�e&{cs-exg-|^k�mVd[kng�knt;e�s-exg�wx�4��ex|[i&e�s�v3e¨w8p w8s-ext jlw`i�mo}�w8e¦s-}
jos�w�ung�}nb[|[~þw*s�k�s-e�k�|[~�s�v3e�g�t`k�mHe&{3i&jos�k�s-jl}n|[w�k�g�eªw8t`knmom���¿"w
­Ëjo|^i&g�exknw-exwxq�s-v3e�ung�}nb[|[~¾w*s�k�s�e¨��}ng¦s-v3e�w8p w8s-ext°i�v^k�|3u�exwx�
�9v[jlw�i�kn|��feJw-e�ex|F�cp¨i&}�|[w8j�~ exg-jl|3u(s�v3e;e&{3i&e�w-w_e�|�s�g-}�d�p�k�|^~

Ænº



s-v[e�e�|�s�g-}�d�p�~ ex|[w8jos*pnqf�Vv3j�i�vFk�g�e+d3ml}�s-s-e�~�k�ml}n|3uª�Vj2s�v�P � jo|
 <jou^���*��l��&�
�9v3eVd3g�e��cjo}�b[w�w8e�i�s�jo}�|;|[}�s-e�~+s�v[k�s�k���EÀw-d3jo|Jw-pcw8s-extÿ�Vjos-v���;®«¢�j�w9d^exg-jl} ~ j�iC�Vjos-v�dfe�g�jo} ~ � ®¬���H�� [}ngV­$Ú¬�r¤��3qc�He

w-e�e+jl|F <jou^�S�8��l��9s-v[k�sC������k�|[jlw-v3exw"�Vv3jlmoe��:m]��jo|[~3jlixk�s-jl|3u
k�d^exg-jl} ~ j�i;w8s-g�b[i&s-b3g�eJ}��Hdfe�g�jl}c~þ� �(acjltJjom�k�g�mlpnqA��}�g+­ Å ¡[± ²
�Òkn|[~n���¦��k�|3j�w-vzq[jl|[~ j�i�k�s-jl|3u(dfe�g�jo} ~ j�i&jos*pª}n��dfe�g�jl}c~����� [}ng
ºÙÚò­ Ú � q��om ��± ²	l¨k�|[~p���qm ¢[qSjl|[~ j�i�k�s-jl|3u¨s-v^k�s�s�v3e
w-pcw8s-ext$jlwHjl|¦k�i�}n| h^unb3g�k�s�jo}�|(�Vj2s�vªdfe�g�jo} ~¦Æ3qcw8jl|[i&e_ml}nu ¶ Ærm
�n±Ö²�l[���9v�b^w�q3k�wV­Xj�wV��k�g�jlex~Aqcs�v3e+w8p w8s-ext�t`k�Çne�wHs-g�k�|[w-j2s�jo}�|[w
�fe&s*��e�e�|�s�v3g-exe�~ j2�Ee�g�e�|�s"w-d[k�s�jlknmomlp(dfe�g�jo} ~ j�i_ung�}nb3|^~¦w8s�k�s-exwx�
�9v3e�s�g�kn|[w8jos-jl}n|^w0�fe&s*��e�e�|�~ jo�fexg-ex|�s�d^exg-jl} ~ j�i�g�e�unjltJexwHi�k�|

k�m�w-}¹�^eFw-e�ex|Yjo|À <jlu[�"����¢��`�Vv3jli�v¾w-v3}���w`d3ml}�s�w`}�����k�g�jl}nb[w
w8s-g�b[i�s�b3g-e���k�i�s-}�g�w`k�w`kP��b3|[i�s�jo}�|Y}��_s-v3e¨e�{�s�e�g�|[k�m9h^e�m�~Â­ª�
�9v3e�dfe�g�jl}c~ �
�þw8s-g�b[i�s�b3g�e���kni�s�}ng¦����£��(~3jo��e�g�unexw`k�w(­ ��knmom�w
�fe�ml}�� � �O��a�s-g�jli&s-mlpÀw8dfexknÇcjo|3u^q9s-v3e�w*s�g-b^i�s-b[g-eF��kni�s�}ng�~ }cexw
|3}nsH~ jl�ne�g�une���a jo|[i�eVs-v[e�s-extJd^exg�k�s-b3g�e�j�w0|3}�|3½�exg-}^q�s-v3e_w*s�g-b^i��
s-b[g-e���k�i�s�}ng"g�e�t`knjo|[w�h[|3jos-e��(ó-ECjo��e�g�unjl|3u�ôJw8s-g�b[i�s�b3g�e+��kni&s-}�g�w
v3exg-e�v[kr�ne���k�mlb3exw�kng-}�b3|[~ª�x¢	s�� ��¿��f}��neV­ÿ®À¡[q�k�mlm3w*s�g-b^i�s-b[g-e
��kni&s-}�g�w<��k�|3j�w-vzqnk�|;jl|[~ j�i�k�s�jo}�|�s�v[k�s�s�v3eVw8p w8s-e�tÿjlw�jl|;kC��exg-g�}��
t`k�u�|3e&s�jli9u�g-}�b3|[~;w*s�k�s-e��� 3}ng0­Ò�^e�s*�Hexe�|(��k�|[~J¡[qn��e�w8exeVjo|
 <jou^�0���n¢���s-v[k�s_s�v3eJd^exg-jl} ~c�
Æ¦w8s-g�b[i�s�b3g�e���k�i�s�}ng+�V����£S¤�Æ���~ jo�
�nexg-u�exwx�<ñ"}�s�e"s�v[k�sV}nb[g��fe�jl|3uJk��3mleCs-}J~ e&s�exi�s9s�v3exw-e�i�v[k�|3u�exw
jl|�s�v3eVdfe�g�jo} ~ j�iVw*s�g-b^i�s-b[g-e9}��fs-v[e�w8p w8s-e�tXjlw=~ b3e9s-}�©*b[~3jli�jo}�b[w
i�v3}�jli�exw�}��S�+��}ng9s�v3e+�V�����&¼ wVw-v3}��V|z���9v3j�w9e&{3k�tJd3mle�k�u�knjo|¦jomo�
mlb[w*s�g�k�s-e�w`s-v[eFb s�jomlj2s*pY}n��� knw¦kÙ�9kr�nexmoex|3u�s�v ��jl|[~ exd^ex|[~ ex|�s
~ e�s-exi&s-}�gV}���d^exg-jl} ~ jli�j2s*p��NPeP|3}��Os�b3g�|¾}nb3g�k�s8s�e�|�s-jl}n|Ys�}¹s-v[e�t`k�jl|«��b3exw8s-jl}n|Y}��
s-v[jlwJw-exi�s�jo}�|zÄtN¾v[k�sJj�w�v[knd3dfe�|3jl|3uP~3b3g-jl|3uFs-v3eªs-g�k�|[w-j2s�jo}�|[w
�fe&s*��e�e�|ªs-v3e�w8e_dfe�g�jo} ~ j�i"g�e�u�jotJe�w+H� 3}�g�­]®À��k�|[~¦¡+��e_w-e�e
jl|� <jlu[���*��l���s-v[k�sCs�v3eJe�|�s-g�}ndcp¨~ e�|^w8jos*pu� � jlw_m�k�g�unen�+�9vcb[wxq
s-v[e+w8p w8s-e�t$j�w9|3}ns"w8d[k�s-j�k�mlmop`dfe�g�jl}c~3jli_jl|ªs�v3exw-e�g-exunjltJexw9k�|[~
i�kn|3|3}ns+�^e(��e�mlmo��~ e�w-i�g-jl�fex~P��p�w*s�g-b^i�s-b[g-eJ��k�i�s-}�g�wx��M=g-e�w8b3t;�
k��[mop`s�v3e�i&}�| h[unb[g�k�s-jl}n|[w�k�g�e_w-}ntJe_tJj2{cs-b[g-e�}��Ss-v3e�dfe�g�jl}c~3jli
ung�}nb[|[~¦w8s�k�s-e�w�s-v[k�s"~ }ntJjl|[k�s�e�}n|�e�jos-v3exg"w8j�~ e�}n�Sexk�i�vªs�g�kn| �
w-j2s�jo}�|z�¦ý�b s�j�w�s�v3j�w�s-v[e(i�knw-e�HX¿�|^~þj2�9s-v[e�pþk�g�e`t;jo{cs-b3g�exwxq
v3}��y~ };s*�H}Jdfe�g�jo} ~ j�i&jos-jlexw`ó-tJj2{3ôvH

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8 9 10

E
, C

µ 
[b

its
], 

h µ
 [b

its
/s

ite
]

External Field B

E
hµ
Cµ

ì�í�îTï ðRwºïP� ø{ûF����ö���ù�����ùß÷#öx��÷7ý;õ�	��ßû=ÿ�ùÖ��åyx�z3â]û=ÿ�÷7û��
�Íû=ú���þ�ýx	�å
6"â'ötúc�¡û7ú���þ�ý�	�åÀ�xû=ú���ùÖ��å|{ z æ9û=þ*�
/��Mû=ÿ���û=þ�ú{öx�F}vû��2�«ê ü\ý;þXöú{ûSÿn��ó���ýtóKúxû#ötþ�û���� ú{û7ù��;øn�Ôýtþlð�é í���ùßú��¦��å�����û=õ�ïþ� øxû;	vö­þ�ö;õ û���ûSþ*�ötþ�ûCç�è<!Âï��në ànâ3çnî=!ÂïZð�ë ànâ{ö;ú���í�!4à�ë 
�ï

�9v3e9w*s�g-b^i�s-b[g-eH��kni&s-}ng�w<~ }"|3}ns�d3g-}��cj�~ e0t�b[i�vzq�jo�^k�|cp�q�i&mlb3en�
ñ"exkng(­Ê®û¡�jo|¾ <jou^�����n¢����He¨w-e�e¨u�e�|�s-mle�d^e�k�Ç wJjo|¾�V��£���q
����£S¤�����q�kn|[~þ�V����£S¤�²n�&qEs-v3e(w8s-g�b[i&s-b3g�e���k�i�s�}ng�w"��}�g�d[k�s-s-exg-|[w
}n�"dfe�g�jo} ~3w`� q=º[q=kn|[~Ã²3q0g-e�w8dfexi&s-jl�nexmop��Ù¿�|[~Ã|3exkng`­ ®Ì� q
��e�w8exe�d^e�k�Ç w9jo|�s�v3e��V�����&¼ wV��}ngVdfe�g�jo} ~3w���q^� q3kn|[~ªº^�
N¾v[k�s
w-}ng-s�}��fi�}n| h^unb3g�k�s�jo}�|�i&}�b3m�~�d3g�} ~ b[i�e=s�v3exw-eVw*s�g-b[i&s-b3g�e���kni&s-}ng
kntJd3mojos-b^~ exwgH���}Cv3e�mld�b[w<k�|^w8��e�gSs-v3j�w���b3exw8s-jl}n|zqr��eHe�{3k�tJjo|[e
s�v3eu~-��tJk�i�v3jl|3exwJ��}�g`s-v[eFi&}�| h[unb[g�k�s-jl}n|[w`k�s(s-v3e�s-g�k�|[w-j2s�jo}�|
df}njl|�s�wx�

0

0.5

1

1.5

2

2.5

3

0 1 2 3 4 5 6 7 8 9

 S
(q

) 
[s

pi
ns

2 ]

External Field B

S(0)
S(π)

S(2π/3)
S(π/2)

S(2π/5)

ì�íôîTïV
�à�ïÿ� ø{û\����þ*/x÷��*/xþ�ûOü`öt÷���ý;þ*�yÞ�ß�àrá-â4Þ�ßäãfá-âÙÞ�ß�
�ãf�;��á-â
Þ�ßäãf��
xá-â ö;ú��¯Þ�ß�
�ãf��ìxá æ9ûSþ*�
/�� û=ÿ���û=þ�úvö���}{û��2� ê ü\ý;þ öú{û=ÿ���ó���ý;ó~ú{û7ötþ�û�����úxû7ù��<ø��Ôý;þRð�é�í���ù ú�����ån����û7õ��!ùÖ��øÃçcè`! ï��në à�â
çnî0!ÂïZð�ë ànâvö;ú���íþ!Ùà�ë 
ºï
 <jou^�����3���;w8v[}���w�s�v3en~-��t`k�i�v3jo|[eª��}�gJ­°® ¡[± ¢[�Â�Sg�k�|[w-j2�

s�jo}�|[w�s-v^k�s�} i�i�b3gV�Vj2s�v¨k�d[g-}��[k��3jlmlj2s*p(}n�Smlexw�w9s-v^k�|��x¢ !j� k�g�e
|[}�s�w-v3}��V|z��ñ�}ns-e`s�v[k�s+s�v3j�wr~-��t`k�i�v3jo|[e`v[knw�}�|3mlp�Æ�g�exi�b3g8�
g�e�|�s�w8s�k�s-exwxq�knw�}�d3d^}�w8e�~Ps-}¨s�v3e(º�g�exi�b3g-g�e�|�s+i�knb[w�k�m=w8s�k�s-exw
}n�9s-v3e(u�e�|3exg-j�i;|3|3|�~-��t`kni�v3jl|3eJ}��� <jou^�H�8�����&��acs�k�s�e��]v[knw
~3jlw�k�d3dfexkng-e�~iQ¾j2s�j�w�g-e�kni�v3e�~+�Vjos-v(k_d3g�}n�[kn�3jlmojos*p+}��Emlexw�w<s-v[kn|
��¢ !j� kn|[~�w8}Jj�w9|3}�s�jl|[i&mlb[~ e�~�jo|¨ <jou^�����3���&�
¿"wCe&{ dfexi&s-ex~zq^s�v3et~8��t`kni�v3jl|3e+}n�= <jou^�<��� ����~ e�tJ}n|^w*s�g�k�s-exw

s�v[k�s�s�v3eJs-g�k�|^w8jos-jl}n|[knm0w*s�g-b^i�s-b[g-e`j�w�jo|^~ e�e�~¹kÃó-tJj2{cs-b[g-e�ô¦}n�
dfe�g�jl}c~3jli��fe�v[kr�cjl}ng�w9}���d^exg-jl} ~3w��+kn|[~�Æ3��acs�k�s�exwS�Fq��¦q[k�|^~� k�g�eªs�g�kn|[w8jle�|�s(w8s�k�s�exwx�Â�9v[e�w8exm2�ä��mo}c}�d4}n|Yw8s�k�s�e¨� unjl�nexw
s�v3eJd^exg-jl} ~c����d[k�s8s�e�g�| Û�ÛnÛ ���9v3e`� È�� È�� È �òml}�}�d
j�w9s�v3e�d^exg-jl} ~c�
ÆJd[k�s-s-e�g�| ÜnÛ�Û �0�9v3e�ex|�s�g-}�dcpª~ e�|^w8jos*p(��}�gVs-v3e
i�}n| h^unb3g�k�s�jo}�|[wH~3exw�i&g�jo�fex~��cp`s-v[e�~8��t`kni�v3jl|3e_}��� <jou^�z��� �r�Hjlw
g�e�m�k�s�jo��e�mlp�v3jou�vzÄ����um]¢[± ²�² ���3j2s�w�d^exg+w8d[jo|z�Jñ�ex�nexg8s�v3e�mlexw�w�q
s�v3eþi&}n|3h[unb3g�k�s�jo}�|[w`v[kr��ePi�}n|[w-jl~3e�g�k��3mleFw8s-g�b[i�s�b3g-e�Q¾w-jlt;d[mop
ixk�mlmojl|3u9s�v3e�t g�k�|[~ }�t«}�g�ó8tJ}�w8s-mlp_g�kn|[~ }nt`ô9j�wzb3|[|3exi�exw�w-kng-jlmop
i�g-b^~ en�
ñ�}ns-e�s�v[k�s_ Sjlu[�S��� �r�9j�w�|3}nsVs-v3e�}n|3mlpª�9krp`��}ng_kJd^exg-jl} ~c���

kn|[~¹k�dfe�g�jl}c~ ��Æ¨d^k�s8s�e�g�|¹s-}Ft;jo{A�P [}ng�e�{3k�tJd3mlenq�e&{cs�g�k Û ¼ wi�}nb3m�~��fe+jo|^w8exg8s�ex~¨k�s��f}�s�vFw8s�k�s�e��Òkn|[~¨w*s�k�s�e � �V�9v[k�s"j�w�q
s�v3e�g�e¨i&}�b3ml~Ã�fe�k�|Ykn~3~ jos-jl}n|^k�m�w-e�mo�ä��ml}c}ndÂ}n|Yw*s�k�s-e � s�v[k�s
} ixi&b3g�w��Vjos-v�kª~ jo�fexg-ex|�s_d3g�}n�^k��3jlmojos*p¦s-v[kn|�s-v[e;w-e�mo�ä��ml}c}nd¨}�|
w8s�k�s-e����0�9vcb[wxqcs-v[e�~-��t`kni�v3jl|3e"d[g-}��cj�~ exw�tJ}ng�eCjl| ��}�g-t`k�s�jo}�|
s�v[k�|(©*b[w*s�w8v[}��Vjo|3u(s-v[k�s"s-v[e�i&}�| h[u�b3g�k�s-jl}n|[w"k�g�e�k`tJj2{cs�b3g-e
}n�Vd^exg-jl} ~c���(kn|[~¹dfe�g�jo} ~c�
Æ�d[k�s8s-exg-|^w�ú�s�v3eªt`kni�v[jo|3e(s-e�mlm�w+b[w����� s-v3e�d^k�s8s�e�g�|[w�i�}nt��[jo|3e��� |[mojlÇne�s�v3e�i�}nmlmoe�i�s-jl}n|¨}n�0w*s�k�s-j�w8s-j�i�w�d[mo}ns8s-e�~�jo|P Sjlu�wx�S�8��l��

Æ�²



k�|^~¹����¢���q s�v3er~-��tJk�i�v3jl|3e�d3g�}���j�~ e�wVk`i&}ntJd3mle&s�e�~ e�w-i�g-jld s-jl}n|
}��<s-v[e+i&}n|3h[unb3g�k�s�jo}�|¦ex|[w-e�t��[moe�Ä0�9v3e�~-��t`kni�v[jo|3e�j�w�i�knd[k��[moe
}���w8s�k�s�jlw8s-j�i�knmomlpªg�e�d[g-} ~ b[i�jo|[u�s�v3e¦õ�ö[÷�øäù-õV}�g-jlunjl|[knmEi�}n| h^unb3g�k��
s-jl}n|�q9knmo}�|3uþ�Vj2s�vÀk�|cp4}ns-v3exg`g-e�k�mljo½�k�s�jo}�|[w`i&}�|[w8j�w8s-e�|�s(�Vjos-v
s-v[e�e�|[w-e�t��3moe��

↓0.1
9� ↑0.81

�
A
�

B
�

C
�

D
�

E

G
�

↑0.76
�

↓
0.24

�
↑1.00
�

↑1.00
�

↓
0.32

�
↑1.00
�

↑0.68
�

ì�í�îTï<
ºð;ï¹� ø{û�ò�ó~õ�öt÷Søxù úxûXü\ý;þ���ø{ûP�
	{ùßúy��ån����û7õÊ��ø{ýR�!ú�ùßúì�ù����7ïSßôðRw�á_ö;ú��Fß�
�àráG�!ùÖ��ø¦��øxû]û=ÿ���û=þ�ú{öx�j}vû��o� }{ÿ�û��0ö&�"ê\!«Ý�ë à�ï
� ø{û�ýx��ø{ûSþz	vötþ�ötõ û���û=þ*�Bö­þ�ûHç è !Âï��në ànânç î !ÂïZð�ë ànâ9ö;ú��"íþ!Ùà�ë 
ºï
¡ exixk�mlmCs�v[k�s�q�knw�e&{ d3m�k�jl|3ex~¬k��f}��ne�q�s-v[ep~8��t`kni�v3jl|3ePjlw¨k

tJjo|[jot`k�mS~ exw�i&g�jod3s-jl}n|z�= <jlg�w8sxq3s-v3e�d3g�} i&e�~ b3g�e_}n�<e���b3jo��knmoex|[i&e
i&m�knw�w-jo|3uªs-}¨~ e�s-e�g�tJjo|[e�s�v3e`i�knb[w-knm<w8s�k�s-e�wCex|[w-b3g-e�wCs-v[k�s_s�v3e
tJ} ~ e�mcv[k�wzs�v3e=��ex�He�w*s<|cb3t��fe�g<}��^w8s�k�s-e�w��Vv3jlmle�w8s-jlmom k�i�i&}�b3|�s8�
jl|3u_��}ng�k�mlmcs-v3eVixk�b[w�k�m w8s-g�b[i�s�b3g-e�}��^s-v3eVw-p w*s�e�t���a exi&}�|[~Aq�s�v3e
tJ} ~ e�m<jlw�i�v3}�w8ex|¨�Vj2s�v3jl|�s-v[e�mlexk�w*s_d^}���e�g-��b3mSi�mlk�w-w�s-v[k�s�k�~c�
tJj2s�w`k¨h[|[j2s�e�~3exw�i&g�jod s�jo}�|4}n��s-v3e�}ng�jlunjl|[k�m�d3g�}ci�exw�w��Ù�9vcb[wxq
jl|Fk�|[knmo}�unp(�Vjos-v�s-v3e�ung�}nb3d�s-v[e�}ng�e&s�jli�~ exw�i&g�jod3s-jl}n|¨}���e�{ k�i�s
w-p�tJtJe&s�g-jlexwxqzs�v3e�~-��tJk�i�v3jl|3e`t`krpF�fe`��jle���ex~þk�w�s-v3e4ó8jlg-g�e&�
~ b[i�jo�[moeJg�e�d3g�exw-e�|�s�k�s-jl}n|[ôª}��Hs-v3e(knd3d3g�}r{cjlt`k�s�e�w-p�tJtJe&s�g-jlexwx�
� |�s-v[jlwCw8ex|[w8e��He+i�}n|[i�mob[~3e�s-v[k�s�s-v[er~-��t`kni�v[jo|3e`øW¢�s-v[e�d[k�s8�
s-exg-|��Yñ"}�s�e�s-v[k�s;s�}Ù~ j�w-i�}��ne�g�s-v[e¨d[k�s-s-e�g�|z¼ w`w*s�g-b^i�s-b[g-e��cp
�3b3jlm�~ jo|[u(s-v[eU~-��t`k�i�v3jo|[enqf|3}ªknw�w-b3tJd s-jl}n|[wCk�g�e+t`kn~ e�qfk�w8j�~ e
��g�}nt�s�v3e�s-g�k�|^w8m�k�s�jo}�|[k�mEjl|���kng-j�k�|[i�e�}��<s-v3e�}�g-jlunjl|[k�mAi�}n| h[u�b �
g�k�s-jl}n|����9v[k�s�j�wxq�~ e&s�e�g�tJjo|3jl|3u�k�|q~-��t`kni�v[jo|3e���}ng�k�w-pcw8s-ext
j�wC|[}�s�k(s�g�kn|[w*��}�g-t ��}�g�~3e&s-e�i�s�jo|3u�k�|y�U£fù�ø � ù�øSu�jo��e�|Fw-e&s�}��
d[k�s8s-exg-|^w�q_knw¦jlwªs-v3eþi�k�w8eP�Vj2s�v¬ [}nb3g�joexg�kn|[k�mlp w8j�wªkn|[~¾s�v3e
w8s-g�b[i�s�b3g-e¦��kni&s-}�g�wxq���}ngJe�{ kntJd3moe�� ¡ k�s-v3exgxqG~8��t`kni�v3jl|3e�w�ex| �
k��[moeV}�|3e9s-}+~ j�w�i&}��nexg�d[k�s-s-e�g�|[w0kn|[~Jw*s�g-b^i�s-b[g-e�w�|3}�s=k�w-w-b3tJex~
�fe&��}ng�e�v^k�|[~A�

)�@z5r[�fg[	X�fRTW]`_�69]Ifg\�Ybh>TWX`M(aifgfg[�\d]jV
�9v3en~-��tJk�i�v3jl|3e¨~ jog�exi&s-mlp4g�e���exk�m�w;jotJdf}ng-s�kn|�sªkn|[~Âb[w-e&��b3m

w8s-g�b[i&s-b3g�k�m�jo|3��}ng�tJk�s-jl}n|Ùkn�^}�b sJkPi&}�| h[unb[g�k�s-jl}n|z�þ¿"w�tJe�| �
s�jo}�|3ex~¹kn�^}���enqSs-v3eªtJk�i�v3jl|3e(}��" <jlu[����� �r��g�e��ne�k�m�w�v3}��]s-v3e
dfe�g�jl}c~ ����kn|[~¨dfe�g�jo} ~c�
Æ`d[k�s8s�e�g�|[w"tJjo{¨s-}¦d3g-} ~ b^i&e�s�v3e;i�}n| �
h^unb3g�k�s�jo}�|[w<g-e�w8df}n|[w-jl�3moe���}�g�s-v3e�i�}ntJd3mle&{ j2s�joe�w�k�|[~Jw8s-g�b[i�s�b3g�e
��k�i�s�}ng�wV}n�[w-e�g��ne�~¦k�sC­]®y¡[± ¢Jjl|F <jlu�wx���*��l��Vkn|[~¹���n¢����V [b3g8�
s�v3e�g�tJ}ng�enq"s-v3e¤~-��t`k�i�v3jo|[e�w8s-g�b[i�s�b3g�eP}n�äs-e�| i�kn|«�feþexknw-jlmop
s�g�kn|[w-mlk�s-ex~�s-}_d3g-}��cj�~ eHk_i&}�tJd[kni&s�~ e�w-i�g-jld s�jo}�|+}��^s-v3e9i&}�| h[u��
b[g�k�s-jl}n|(jl|ª|[k�s-b3g�k�mfm�k�|3u�b[k�u�enqcknw�k�mlg-e�kn~ pJk�s-s-e�tJd s�ex~¦jo|ªs-v3e
d[g-e�i&ex~3jo|3u`d^k�g�k�ung�k�d[v[w�� � |¨s-v3e�i�knw-e9©*b[w8s_kn|[k�mlpc½�ex~zq[i&}�| h[u��
b[g�k�s-jl}n|[w�t`krp��fe��cjle���ex~`knw=k��[kni�Çcung�}nb[|[~�d^k�s8s�e�g�|J}�� ÜnÛ�Û ¼ w�Vjos-v�}n|3eH}ng�tJ}�g-e0e�{cs-g�k Û ¼ wzjl|[w-e�g-s-ex~��fe&��}�g-eHexk�i�v Ü �S�Hpcd3j�i�k�mi�}n| h^unb3g�k�s�jo}�|[w9k�s�­ÿ®À¡Jkng-e�Ä

ÛnÛ�ÜnÛ�ÛnÜnÛ�ÛnÛ�ÛnÛnÜ�Û�ÛnÛnÛnÛ�Û�Ü�ÛnÛ�Û�Ü�ÛnÛnÛnÛ�Û�ÜnÛ�Û�Û�ÜnÛ�Û�Û�ÛnÜ �*�r��Æ��
kn|[~

ÛnÛ�ÜnÛ�ÛnÜnÛ�ÛnÛ�ÜnÛnÛ�ÜnÛ�Û�Û�ÛnÜnÛnÛ�Û�Ü�ÛnÛ�Û�Ü�ÛnÛnÛnÛ�Û�Ü�ÛnÛ�Ü�Û�ÛnÛ ± �*�r��ºc�
�9v[e�d[g-}��[k��3jlmlj2s*p¹s�v[k�s`s�v3e�g�e¨k�g�e�¥ e&{cs�g�k Û ¼ wJjo|^w8exg8s�ex~Ãjlw
g�exk�~ jlmopÂunmlexkn|3ex~Â��g�}nt´s-v[e¦~-��tJk�i�v3jl|3e�jl|« <jou^�_��� ���&�X�9v3e
d[g-}��[k��3jlmlj2s*p`j�wVunjl�nex|¦�cpEÄ

M0gx�§¥ e�{cs-g�k Û = w��0®/¨ ¢3± Æ�� ¥ ®¾¢
¢3± � ¡�© ¥ Å �Dª ± �*�r�n²��

�=��b3jl��k�mle�|�s-mlpnqSs-v[e�~-��t`kni�v[jo|3e;s�e�mlmlw�b[w+v3}��]��eªi�kn|þi�}n| �
w8s-g�b[i&s9k;~ jo�fexg-ex|�sVt`kni�v[jo|3eCs-v^k�sVd3g�}c~3b[i&e�wHw-jotJjlmlkngVi&}n|3h[unb �
g�k�s�jo}�|[wxÄ<k�tJk�i�v3jl|3eC�Vjos-v�k�w-jo|[unmle_w8s�k�s-e�s�v[k�s9unex|3e�g�k�s�exw=s-v3e
w-ex��b3ex|[i&e Ü�ÛnÛ �Vjos-v�d3g�}n�^k��3jlmojos*p¦¢[± Æ��;k�|[~ Û �Vjos-v¨d3g�}n�^k��3jlm2�
jos*pþ¢3± � ¡3��ñ�}ns-e`s�v[k�s+s�v3j�w+j�w(ö � ÷Hkn|q~-��t`kni�v3jl|3e(w-jo|[i�e(exk�i�v
s�g�kn|[w-j2s�jo}�|Ãt`kn~3e¨��p4s-v3e¨t`k�i�v3jo|[e�~3}�e�w`|3}ns(d3g-} ~ b^i&e¨}n|[e
w-pct��f}nm��
�9v3j�w�knm2s�e�g�|[k�s�jo��e(~ exw�i&g�jld s-jl}n|Ùmle&s�w�b^w�i�}n|[w8s-g�b[i�s�pne&sJk�| �

}ns-v3exgHt`k�i�v3jo|[enq k(÷�ù-��ö�¢d«�¬�­�õ&ù�q�s�v[k�sV~ e&s�exi&s�w��Vv3j�i�v¦w-j2s�exw�k�g�e
d^k�g-s-j�i&jld[k�s�jo|3u�jl|Ãs�v3e¨i&}�|[w*s�j2s�b3e�|�sªw-b3�3d[k�s8s�e�g�|[wt®´® Ûb¯ }ng5ÿ®Ë� Ü�ÛnÛ � ¯ q��Vv3e�g�e±° ¯ ~ e�|[}�s-e�w`k�|Âk�g��3j2s�g�kng-pþ|cb3t��^exg;}n�
g�e�d[moj�i�k�s-jl}n|[w�}��S°+�þ�9v3j�w+h[mos-exg-jl|3uPtJk�i�v3jl|3enq�jlmomlb[w8s-g�k�s-e�~¹jl|
 <jlu[�z���n�n�&q[~ e�h[|3exwVk;��b[|[i�s�jo}�|¦��g�}nt i&}n|3h[unb3g�k�s�jo}�|[w�}���w8d3jl|[w
s�}Pw-ex��b3ex|[i&e�w�}���e�g+s�v3e�k�mld3v[k��fe&s²��®H¸15
���¹��g�k�|[w-jos-jl}n|[w�k�g�e
w-e�mlexi&s-e�~¹~ e&s�e�g�t;jl|3j�w*s�jlixk�mlmop�knixi&}ng�~ jl|3u�s-}¨�Vv[jli�vÙw-d3jl|Ùw*s�k�s-e
j�wzg�exk�~�jo|+��g-}�t¬s�v3eHi�}n| h^unb3g�k�s�jo}�|z�=��a e�e ¡ e&��wx� � Æ3�d��k�|^~ � ��¢n¢��
��}�g"tJ}ng�e�~3jlw�i&b[w�w-jo}�|¨}��0�3b3jlm�~ jo|[u�kn|[~¨b[w-jo|[u(s-v[exw-e+s*pcd^e�w"}n�
s�g�kn|[w�~ b[i&exg�wx�Ö�
ý�e&��}�g-e�k�|cpªw-pct��f}nm�wVk�g�e_g�exk�~(jl|zq s�v3e�s-g�k�|[w�~ b[i�e�g9�fe�unjl|[w

jl|;s-v3e�w8s�kng8s=w8s�k�s-e�qnm�k��fe�mlex~t�òjo|` <jlu[�[���n�n�&� � �Es�v3e9h[g�w*s=w-pct��
�f}nm�g-e�kn~(jl|�jlw Û s�v3e�s-g�k�|^w-~ b^i&e�gVd[g-} ~ b[i�exw�s�v3e�|cb3momSw8pct��f}nm³ kn|[~¦g-e�s-b3g�|[wHs-}`w8s�k�s�eF��� � ��s�v3e+w-p�t��^}�mEjlw Ü qcs-v3ex|ªs�g�kn|[w*�
~3b[i&exg;j�wJw8pc|[i�v[g-}�|3jo½xex~þs�}�s-v3e�i&}�| h[unb[g�k�s-jl}n|zÄ(jos¹ó8Çc|3}���w�ô
�Vv^k�sªi�knb[w�k�m�w8s�k�s�e�s-v3e¨d[g-} i&e�w-wJj�w`jl|¾k�|[~Âjos(}nb s�d3b s�w(s-v3e
w-pct��f}nm´5=qSjl|[~ j�i�k�s-jl|3u¨s-v^k�s+s�v3e(}n�^w8exg-��ex~ Ü jlw�d^k�g-s+}��9s-v3e
Ü�ÛnÛ d[k�s-s-e�g�|z�<�9v3e9|3e&{cs<s*�H}�w8pct��^}�mlw<g�exkn~+jo|;�Vjomlmc�^e Û�Û k�|^~s�v3e_s-g�k�|[w�~ b[i�e�g�t`k�Çne�w0s�g�kn|[w-j2s�jo}�|[wH��g-}�t � s-} � k�|^~ � s-}
��� � |(s�v3jlw�t`k�|[|3e�g�q�s-v3eCs-g�k�|[w�~ b[i�e�g�t`k�d[wHs-v[eCjl|3d3b s�w8s-g�jo|[u
}n� Û ¼ w0k�|[~ Ü ¼ w0s-}�k�w8s-g�jl|3u+}��µ®H¼ wHk�|[~t5=¼ wx�� 3}ng=e&{3k�tJd3mlenq�s-v3e
i�}n| h^unb3g�k�s�jo}�|ª}����=�f�z�*�r��Æ��=j�wVt`k�d[d^e�~ªs�}[Ä

Æ �



³`³ 5<5µ5µ5µ5µ5¶®¶®4®<5<5µ5<®4®¶®4®¶®45µ5¶5<®¶5<5µ5<®�®¶5À± �*��� � �

↓β·

↑β·

↑β·
Ȩ

↑α·

D

G¹ A

↑λ·

↓β·ì�í�îTïn
x
ºïGº���þ�ö;ú��*��/{÷=û=þS��ø{ö��<�xû���û=÷��*����øxû!û��ßû7õ û7ú���öx���
	{ùßú��
/���ó
	vö&�
��û=þ�ú���»�»�»�»Ãë�ë�ë ötúc�¦¼�»�»�¼�»�»�¼�»�»Àë�ë�ë ötúc��� öx�Ôû��2�+��ø{û`� ö&�
��ù ÷=û
��ùÖ��û����!ùÖ��ø���øxûUúvötõ û-½q¾Rý;þ
¿�âºþ�û��
	Ôû7÷���ù�æ9û���å�½Qý;üE��øxû��
/���	vö&�
��û=þ�úùßúÀ�!ø{ùß÷�økû#öt÷Sø;��ù���ûV	{ötþ
��ùß÷7ù�	vö&��û��7ï
�9v3e�g�e�kng-e;w8ex�ne�g�k�m���exk�s-b3g�exwC}���s�v3e�s�g�kn|[w�~ b[i&exg�s�v[k�s�unjl�ne

jos�b3s-jlmojos*pn�J <jog�w*s�qAs-v[e�s�g�kn|[w�~ b[i&exg_ixk�|��^eJ�cjle���ex~Fk�w_unjl��jl|3u
ó8tJe�k�|3jl|3u�ôCs�}_jl|[~ jl�cjl~3b[k�mfw8d3jl|[w � ��¡�����E"e�s-exg-tJjl|3jo|[u�j2�zk�w8d[jo|
j�w"d[kng8s_}���s�v3e�dfe�g�jl}c~ ���+}�g"dfe�g�jo} ~c�
Æ(d^k�s8s�e�g�|¨s-exmom�wCb[w"�Vv^k�s
g�}nmleJs-v[k�s�d[kng8s�jli�b3mlkng�w-j2s�e(jlw�d3m�krp�jl|3u¨jl|þs-v3e�i&}�| h[unb[g�k�s-jl}n|z�
�9v3j�w�jlw�|[}�s�kªs�g-jl�cjlknm�}n�[w-e�g���k�s-jl}n|Pw8jl|[i&e`kn|Pj�w8}�mlk�s-e�~ Û jlw�k
d[kng8sV}����f}�s-v�}n��s-v[e�s*�H}`i&}�tJd^e�s-jl|3u(w8b[�3d[k�s-s-exg-|[wx�
acexi�}n|[~Aq�s-v[e�s-g�k�|^w-~ b^i&e�g=d3g-}��cj�~ exw=k���krp�s-}�g-e�i&}nu�|3jl½�e�w-e&�

��b3e�|^i&exwxú3s�v[k�sCjlwxq[s�}ª~ e�s-e�g�tJjo|[e+j2�0k(ixk�|[~3jl~3k�s-e+w-ex��b3ex|[i&e+j�w
w8s�k�s�jlw8s-j�i�knmomlp+j�~ e�|�s�jlixk�m s�}Cs�v3e�i&}�| h[u�b3g�k�s-jl}n|���g-}�tÒ�Vv3j�i�v�s�v3e~-��t`k�i�v3jo|[eª�9knw�}ng�jou�jo|[knmomlpþi&}n|^w*s�g-b[i&s-e�~A�¹�9v3jlw;g�exi�}nun|[j2s�jo}�|
d3g�} i&exw�w�i&}n|^w8j�w*s�w=}n�As*�H};i&}�t;df}n|[e�|�s�wxú�h[g�w8s9�He_~ e&s�e�g�t;jl|3e_j2�
s-v[e"i�kn|[~ j�~3k�s�e"i&}�| h[unb[g�k�s-jl}n|;jlwHk�mlmo}���ex~Jk�|^~�s�v3e�|ª�He�i�v3e�i�Ç
s-}Jw-e�e_s-v[k�sHs�v3e�w8d[jo|��3ml}ci�Ç w��Vjos-v3jl|ªs�v3e�i�kn|[~ j�~3k�s�e_i�}n| h[u�b �
g�k�s-jl}n|�} i�i�b3gV�Vj2s�v�s-v3e+i�}ng�g-e�i�s9d3g-}��[k��[jomlj2s�joe�w��
� �*qzknw"k(s-g�k�|[w�~ b[i�e�gCg-e�kn~3w_kªi�}n| h[u�b3g�k�s-jl}n|�q^kªw-d3jl|F��k�mlb3e

j�w=ex|[i&}�b3|�s-e�g�ex~;��}�g=�Vv3j�i�v`s�v3e�g�e"j�w0|3}�s-g�k�|[w-jos-jl}n|zq�s-v3ex|`s-v^k�s
i&}�| h[u�b3g�k�s-jl}n|¹j�w;g-e8©*exi�s�ex~A�¤N�e¨i&}�|[i&mlb[~ eªs-v[k�sJjosJjlw;|3}nsJk
tJe�t��^exgH}n�As-v3e�i&}�| h[unb[g�k�s-jl}n|Je�|[w-e�t��3mlen�� 3}�gHe�{ kntJd3moe�qns�v3e
w-ex��b3e�|^i&e ÛnÛnÜ�Ü j�w<g-e8©*exi�s�ex~;w8jl|[i�e=s�v3e�g�eHj�w�|3}Cs-g�k�|[w-jos-jl}n|�mlexkr���
jl|3u`w*s�k�s-e � �Vv3ex|�k Ü j�w9g-e�kn~A�
��};i&}n|^i&mlb[~ eVs�v[k�sVk+i&}�| h[u�b3g�k�s-jl}n|�Á Î j�wO¢�÷Â��÷�øW¢�÷�øÃ­g�����ÅÄ"i&}�| �

w-jlw8s-ex|�sC�Vj2s�v¨s-v3e�i&}n|3h[unb3g�k�s�jo}�|ª��g�}nt �Vv3j�i�v�s-v3eU~8��t`kni�v3jl|3e
�9knw��3b3jlm2s�q Á Î t�b[w8sJ~ }�tJ}ng�e(s�v[k�|Âi&}ng�g�exw-d^}�|[~�s-}þk�d[k�s-v
s-v[g-}�b3unv¹s�v3e¦s-g�k�|[w�~ b[i�e�g�� � s`t�b^w*s`k�m�w8}Fd3g-} ~ b^i&e¦s-v3e�i&}�g8�
g�exi�s+dfe�g�i&ex|�s�k�u�e`}��6®«kn|[~q5Àw8b[�3d[k�s-s-exg-|[wx�¦ <jlu[����� �r�Cs-exmom�w
b[w=s-v[k�sHd3g�}ndfe�g�i&}�| h[unb[g�k�s-jl}n|[w�kng-e"k�s*p�dfe"}n��k��3j�knw-ex~(i�}njl|zÄ
�Vjos-v(d3g�}n�^k��3jlmojos*pJ¢3± � ¡+k Û jlwHunex|3e�g�k�s�ex~`k�|^~J�Vj2s�vªd3g�}n�[kn�3jlm2�
jos*p�¢3± Æ��(k ÜnÛ�Û j�wCu�e�|3exg�k�s-e�~A� � �9kªi�}n| h[u�b3g�k�s-jl}n|Fd3g-} ~ b^i&ex~
�cpÂs-v3e¤~-��t`k�i�v3jo|[e�}��� <jlu[�����3���(jlw�b[w-ex~¬knw¦jo|3d[b s¦s�}4s�v3e
s-g�k�|^w-~ b^i&e�gH}��z <jou^�f���n����q�s-v3ex|(s-v[e���g�kni�s�jo}�|�Æ � }n�<®=¼ wHjo|`s�v3e
}nb3s-d3b s�d[g-} ~ b[i�ex~¦jlwxÄ

Æ � ® ¢3± � ¡
¢3± � ¡ É ÆtÇ�¢[± Æ�� mÀ¢3± º���± �*���i���

�9vcb[wxq3jo�0k;i�}n| h^unb3g�k�s�jo}�|¦j�wVg�exkn~¦jl|�s-}Js-v[e�s-g�k�|[w�~ b[i�e�g�k�|^~
s�v3e¨��g�kni&s-jl}n|Â}���®=¼ w`d3g�} ~ b[i�ex~¾k�d[d3g-}�kni�v3e�wJ¢3± º�� qHs-v[e�|¾��e
i�}n|[i�mob^~ e`s-v^k�s�josJjlw�w*s�k�s-j�w8s-j�i�k�mlmlpPj�~ e�|�s�jlixk�mHs-}�s�v3eª}�g-jlunjl|[knm
}�|3en�
 3}�g�s-v3j�wVi�k�w8e�q�s�v3e�w8jltJd3mleC��}�g-t$}n��s�v3eF~8��t`kni�v3jl|3e_}��S <jlu[�

��� �r�"mle&s�w�b[w�e�knw-jomlpFi�}ntJd3b s�eJs-v3eJh[|[j2s�e&�
w8jl½�e(w�i�knmojl|3u�}���s-v3e
s�g�kn|[w�~ b[i&exg+}nb3s-d3b s��P�9vcb[wxq<s-v3jl|3Çcjo|[uF}��9s�v3e²~-��tJk�i�v3jl|3eªknw
k;�3j�knw-ex~�i&}�jo|�q3j2s�jltJtJex~ j�k�s�e�mlp`��}nmlmo}���w�s�v[k�sVs�v3e�|cb3t��fe�gV}n�®H¼ wVe&{ dfexi�s�ex~�jl|�kJmle�|3uns-v �ÂÈûi&}n|3h[unb3g�k�s�jo}�|ªj�w�ÄÉ }��(® = w9mÀ¢[± ºc�rÇ�ÈÊ�ÌË ¢[± ºc�rÇ�¢3±Ö²�¡vÈ ¸ �*�r��¡��
}�gxq Æ � ®¾¢3± º��6�4¢3± ºvlvÈ ! § , ¶ ± �*�r��l��
�"e�g�eV�HeVv^kr�neVjlun|3}�g-e�~+s�v3e�|cb3t��fe�g=}��zw8d[jo|[w=|3e�e�~ ex~�s�}�w8pc| �
i�v[g-}�|3jo½xe0s�}Cs�v3e9d[k�s-s-exg-|z�<�9v3j�w�w8jltJd3moe9i�knmli�b3m�k�s-jl}n|;knw�w8b[t;e�w�q
i�}n|[w-j�w*s�e�|�s"�Vjos-v¨s�v3e�m�kr� }���mlkng-u�e�|cb3t��fe�g�w�q^s-v^k�s"s�v3e�~3e��cj2�
k�s-jl}n|[w+��g-}�tÍÆ � k�g�e(w8t`knmom����9v3e¦i�}ng�g-e�i�s+�9krp�s�}�exw8s-jlt`k�s-e
s�v3e+�^b[i�s�b[k�s�jo}�|[w���}�gC~-��t`kni�v3jl|3exw"b[w-exw�tJe�s-v3} ~3wC��g�}nt mlkng-u�e
~3e��cjlk�s-jl}n|¦s-v3ex}ng�pnq3k�wV~ }n|3e�jl| � l������
¿�|^k�mlp�s�jlixk�mlmop;i�knmli�b3mlk�s-jl|3u`��k�w�v3e�g�e��<}�g0e�tJd3jlg�jlixk�mlmop+g�exi�}n| �

w8s-g�b[i&s-jl|3uC~-��t`kni�v3jl|3exwSe�|^k��3mlexwSb[wSs-}�~ j�w-i�}��ne�g<d[k�s8s-exg-|^w��<¿�| �
knmopc½xjo|3u"s-v3e�~-��t`k�i�v3jo|[e=g�e��ne�k�m�w��Vv^k�s<s-v3e�d[k�s-s-exg-|[w�kng-e��S¿�|^~
s�v3e�s�g�kn|[w-~3b[i&exg&QÀk9w8jltJd3moe=t;} ~ joh^ixk�s-jl}n|�}n�cs-v3e(~-��t`kni�v3jl|3eRQ
s�e�mlmlw�b[w+v[}��X��e(i�kn|Ù~ e&s�exi�s�s-v3e�w8e(d^k�s8s�e�g�|[wx�Î2C|3e¦i�k�|¹~ }
tJ}�g-e�qEw-b[i�vFk�w�i�k�m�i&b[mlk�s-e+s�v3e;e&{ d^e�i�s�ex~Pe�g�g-}�g"jl|�s-v[e�s�g�kn|[w*�
~3b[i&exgx¼ w�}nb s�d3b s9��}ng9h[|[j2s�e&��moex|3u�s�v¦jl|3d3b s"w8s-g�jl|3u�wxq knw��He_v[kr��e
©*b^w*s�}�b s-mljo|[ex~A�
¿ w8jltJjom�k�gJw*s�g-b^i�s-b[g�knm�kn|[k�mlp w8j�w�}n��s-v[e�i�}n| h[u�b3g�k�s-jl}n|^w+jl|

s�v3e(­ ®$�ªs-g�k�|[w-jos-jl}n|�g-exunjl}n|P��}nmlmo}���w_��g�}nt s�v3eD~-��t`k�i�v3jo|[e
}n�+ Sjlu[�����nÆ��&�ÿ 3}�gªe&{3knt;d[moe�qV�He�k�u�knjo|¾w-e�eFk4tJj2{cs-b[g-e�}n�
s*��}�d^exg-jl} ~ jli;d[k�s8s�e�g�|[w��;�9v3j�w_s-jlt;eJdfe�g�jo} ~c�*�¦k�|[~Pd^exg-jl} ~c�
Æ
w-b3�3d^k�s8s�e�g�|[wVi&}�t��3jl|3e��HüH}n| h[u�b3g�k�s-jl}n|^w�i�}n|[w-j�w*sV}���k�ó8�[k�i�Ç��
u�g-}�b3|[~3ô�}n� ÛnÜnÛ �Vjos-v«kÙd^exg-jl} ~c�
�þi�}ntJdf}n|3ex|�s¦}�� ÜnÛ ¼ w`jl| �
w-e�g-s-e�~Ù�fe&s*��e�ex|4s�v3e�s*�H} Û ¼ wJ}��Cs-v3e��[k�i�Çcung�}nb3|[~Ùd[k�s-s-e�g�|z�
�9v[eªd3g�}n�[kn�3jlmojos*pFs�v[k�sD¥ dfe�g�jo} ~c�*���3ml} i�Çcw;k�g�e(jl|[w-e�g-s-ex~Ùjlw
u�jo��e�|��cpfÄ

M0g��Ï¥ Û�Ü ·V�[mo} i�Ç w-�=® ¨ ¢[± º�Æ ¥ ®«¢
¢[± ²i��© ¥ Å � ª ± �*��Æn¢��

� |ªw-b3tJt`k�g�pnq�s�v3e"d[g-e�i&ex~3jo|3u�w8b3�^w8e�i�s-jl}n|^w0jlmomlb[w8s-g�k�s-e�~Jv3}��~-��t`kni�v3jl|3exwJd[g-}��cj�~ e�k¹i&}�t;d[moe�s-enqVtJjl|3jltJknmC~ e�w-i�g-jld s�jo}�|Â}n�
s�v3e`d[k�s8s-exg-|^wC}�g�g-exunb3m�k�g�jos-jlexw�i&}�|�s�k�jl|3ex~Fjo|¾��e�|�s-g�}nd3j�ix�_w-d3jl|
i�}n| h^unb3g�k�s�jo}�|[w�� ¡ }�b3unv3mlpPw-dfexk�Çcjl|3u[qSs-v[e�pþt`krpF�feª�cjoex�He�~
k�w�s�v3e;jog�g-e�~ b[i�jo�3mle�g�e�d[g-e�w8ex|�s�k�s�jo}�|[wV}��=s-v3eJw*s�k�s�jlw8s-j�i�knm<w-pct��
tJe�s-g�joe�w+}��9s�v3e¦w-p w*s�e�t��F¿"w�w8b^i�vzq�k�|p~-��t`k�i�v3jo|[e(d3g�}���j�~ e�w
k¦t�b^i�vFtJ}ng�e�i�}ntJd3mle&s-e`kn|[~�jl| ��}ng�t`k�s�jo��e�~ e�w-i�g-jld s-jl}n|P}��9k
d^k�s8s�e�g�|Ys-v[kn|Àj�w¦kr��k�jlm�k��3mle¨�Vj2s�v3jl|«jl| ��}ng�t`k�s-jl}n|Ys�v3e�}�g-pÂ}ng
w8s�k�s-j�w*s�jlixk�m�tJe�i�v[k�|3j�i�wx� � |Ài�}n|�s-g�knw8sxq9 <jou�w��C�*��l��Jk�|[~\����¢��
~3}�|3}�s;w*s�g-jlÇne`b[w�knw��fe�jl|3uFw8s-g�b[i&s-b3g�k�mlmopP�nexg-pPjo| ��}�g-t`k�s-jl�nen�
� s�¼ w�i�moe�k�g���g�}nt s�v3exw-e`d3ml}�s�w_s-v[k�s�s-v3exg-eJj�w�kªs�g�kn|[w-j2s�jo}�|P�fe&�
s*��e�ex|Fdfe�g�jo} ~ j�i��^exv[kr�cjo}�g�wxqE�3b s�s-v3e`w-d^e�i&joh^i�w_}n�0s-v3e`w8s-g�b[i��
s�b3g�k�mzi�v[kn|3une�w�kng-e�|3}ns�k�s"k�mlmA}n�c�cjl}nb[wx�
�9v3e+~ jld�jo|�s�v3e�e&{3i&e�w-w9ex|�s-g�}ndcpªk�|^~(s�v3e+dfexk�Çªjo|�s-v[e�e�| �

s�g-}�dcpª~ e�|^w8jos*p¦k�sVs-v3e�s�g�kn|[w-j2s�jo}�|�g�e�u�jo}�|[w�unjl�ne+k;unex|3e�g�k�mAjl| �
~3jlixk�s-jl}n|�}��9v3jlunv ��e�|�s�g-}�d�p�qAmo}��9�
k�d[d[k�g�e�|�s8��tJe�tJ}ng�p�i&}n|3h[unb �
g�k�s�jo}�|[wx�<�9v3e�w8e�w8s-g�b[i�s�b3g�exwVk�g�e_|3}�sVdfe�g�jo} ~ j�i�k�|[~zqcs-vcb[wxq3k�g�e

Æb�



|3}ns�i�}ntJd[kni&s-mlp¾~ exw�i&g�jo�fex~À��pÂs�v3e�w8s-g�b[i&s-b3g�eF��k�i�s�}ng�w`s-v^k�s
jlt;d[moj�i&jos-mlpÃk�w-w-b3tJe�s-v3e�w-p w*s�e�t v[k�w`w*s�g-}�|3uþd^exg-jl} ~ j�i�i�}nt;�
df}n|3ex|�s�w�����}���e���e�g�qcs-v3e+i�}n| h[u�b3g�k�s-jl}n|^w9t;}�w*s"i�e�g-s�knjo|3mlpªkng-e
|3}ns;w8s-g�b[i�s�b3g-exmoe�w-wx�F�9v3e±~-��t`kni�v[jo|3e¦k�|[knmop w-exw+w-v3}���ex~�s-v^k�s
s-v[e;i�}n|[w8s-jos-b3ex|�s_dfe�g�jo} ~ j�i�d[k�s-s-e�g�|[wCtJj2{�jl|F��e�g�p�d^k�g-s-j�i&b3m�k�g
�9krpcwx���9v[jlw�e�{ d3moj�i&jos+k�|[knmop w-jlw_}n�Hd[k�s8s-exg-|^w�jlw�|3}ns�kr��k�jlmlkn�3moe
�Vjos-v3jl|4s�v3e�e&{ jlw8s-jl|3uP��g�kntJe���}ng�Çcw�}��Cw8s�k�s-j�w*s�jlixk�m9tJexi�v[kn|3j�i�w
}ngVjl| ��}�g-t`k�s�jo}�|ªs�v3e�}�g-p��
» knw8s-mlpnq�g�exi�knmomrs�v[k�sS}nb3g�~3exw�i&g�jod s�jo}�|C}n�3w8d3jl|�i&}�| h[unb[g�k�s-jl}n|[w

�fe�u�kn|(�Vjos-vªk��"k�tJjlm2s�}n|3j�k�|`�Vjos-v¦|3exkng-e�w*s�k�|[~`|[e&{cs8��|3exkng-e�w*s
|3exjou�v��f}ng<jl|�s�e�g�kni&s-jl}n|[wxqr�Vv3jli�v�jo|�s-b3g�|�mlex~+s-}CkCº(ÇVº9s�g�kn|[w8��e�g
t`k�s�g-jo{A�;�9v3e`�Ck�tJjomos-}�|3j�k�|þk�|[~Fs-v3eJs�g�kn|[w8��e�g�t`k�s-g�jo{F�^}ns-v
~ e�s-e�g�tJjo|[e�knmom�s-v3e�jl| ��}ng�t`k�s-jl}n|Yk��f}nb3s;s�v3e�w-pcw8s-ext jl|Ãs�v3e
w-e�|[w-e�s-v[k�sVs-v3exp¦ixk�|��^e�b^w8e�~ªs�}(i�knmli�b3mlk�s-e�s�v3e�d3g�}n�[kn�3jomljos*pnq
k�|^~(s�v�b^w�s-v3e�e�|[e�g�unpnqc}n�<k�|cp(i�}n| h[u�b3g�k�s-jl}n|��<�"}��Hex�ne�g�qc|3e�jo�
s-v[e�g�s�v3e��"knt;jlmos-}n|[jlkn|;|[}ng�s-v[e9s-g�k�|[w8��e�g�t`k�s�g-jo{;ixk�d s�b3g�eHs�v3e
jl|�s�g-jl|[w-jliCjl| ��}ng�t`k�s-jl}n|�d3g�} i&exw�w-jo|3u�jo|¦s-v[e_e�{ d3moj�i&josV��krp(kn|²~-�
t`kni�v3jl|3e�~ }cexw�|3}�gV~ };s-v3exp(d3g�}���j�~ e�k;t;jl|3jlt`k�mz~ e�w-i�g-jld s-jl}n|
}��<s-v[e�b3|[~ exg-mlpcjo|3uJd[k�s8s�e�g�|[w��

↓1.00

↓0.57
Ð ↑1.00

↑0.43
Ð

E
Ñ

D
Ò

F
Ó

ì�í�îTïn
t��ïH� ø{û
þ�û7÷�/�þ�þ�û7ú��f	Ôýtþ
��ùßý<ú×ý;ü���ø{û%òôó~õ�ö;÷�ø{ùßú{û�ü\ý;þ^��ø{ûz��ån�ôó
��û7õ«��ø{ýR�!ú�ù ú�ì�ù����7ï[ßôðgwrá�ötúc�`ß�
xà�á<�!ùÖ��ø���øxû6û=ÿ���û=þ�ú{öx�i}{û��2��}{ÿ�û��ö��Hê¾!Ù
�ë àºï�� øxûZýx��øxû=þ=	vötþ�ötõ û���û=þ*��ötþ�ûCç�è�!Yï���ë ànâ[ç�î=!YïZðxë ànâö;ú���íþ!¹ànë 
ºï
>;?�?�?&@�MVTJ6�G`L�WÂ6�G(L�R�L+:�?�,C%�R«,�L�WYM<%�K+?�DEL�G L�7

6HB�,C6VDfDF6�G;ICK+L�M9N %�G;5 D^I�%VI"?�D[IC?�,C%�R
WY69,CTJ%�GJ?�,"%�RÕÔ�Z;%�GJIC?-IC?-6VD

¿�s�s�v3jlw;df}njl|�s;��e¦v^kr�neªg�exk�i�v3ex~þ}�b3g�s*�H}PtJknjo|Âi&}�|[i&mlb �
w-jo}�|[w��� <jog�w*s�q�s�v3e(ex|�s�g-}�dcpF~ e�|^w8jos*p¦���Pkn|[~Ps-v3eªe&{3i&e�w-w�ex| �
s-g�}ndcpY� s�}nune�s-v3exg¦w-e�g��ne�s�}4~ e&s�exi&s¦dfe�g�jo} ~ j�iFw8s-g�b[i�s�b3g�eFk�s
k�|cp¹�9kr�nexmoex|3u�s�vz� � �����¾®Ì¢3q=s-v3ex|¬��E w8d[jo|Yw8p w8s-extJwJkng-e
e&{3k�i�s-mlpFdfe�g�jl}c~3jliJ�Vjos-vþdfe�g�jo} ~ � ®O� � �¦acexi�}n|[~zqS��e`v[kr�ne
w-e�e�|�s�v[k�sVs�v3e�~-��t`kni�v[jo|3eJøW¢Hs-v3e�b3|^~ e�g�mopcjl|3uJd[k�s-s-exg-|�jl|¦s�v3e
w-e�|[w-e9s-v[k�s0j2sHjlw�k�tJjl|3jot`knm[g�e�d3g�exw-e�|�s�k�s-jl}n|�}��Ak�mlm s-v3e+��ung�}nb3d
k�|^~(w8extJjou�g-}�b3d;s-v3ex}ng�e&s-j�ix�0g-exunb3m�k�g�jos-jlexw�d3g�} ~ b[i�ex~`�cpJk+d3g�}��
i&e�w-wx�4�0{ i�exw�w�ex|�s-g�}ndcp¹k�|[~Ì~8��t`kni�v3jl|3e�w�i�}ntJd3mle�tJe�|�sJexkni�v
}�s�v3e�g��"�XtJexknw-b3g�exw�k¦w8p w8s-ext�¼ w"knd3d[kng-ex|�s_w8d[k�s-j�k�mSt;extJ}ng�pnq
�Vv3jlmoeCk�|D~-��t`k�i�v3jo|[eVunjl�nexw=~ jog�exi&sHknixi&e�w-w�s�}+v3}��Yk+w-pcw8s-extXj�w
}ng�u�kn|3jl½�ex~�kn|[~�v3}�� j2s_d3g�}ci�exw�w8e�wVjl| ��}ng�t`k�s-jl}n|����9v3e�i�knb[w�k�m
w8s�k�s�exwxq[d[kng8sC}���k�|n~-��t`k�i�v3jo|[enq[g�e���exknmEs-v3e+v[jl~3~3e�|zqfe&�Eexi&s-jl�ne
w8s�k�s�exw9}n��k;d3g�} i&exw�wx�

ý�e&��}�g-e+��e�i�}n|[i�mob^~ enqEv3}���e���e�g�q[s�v3e�g�e�kng-e�k(��e��Òg�e�t`knjo| �
jl|3u(j�w�w8b3e�wVs�v[k�s_|3e�e�~¨kn~3~ g�exw�w-jo|3u^��acd^e�i&joh^i�knmomlpnqE��e+|3exex~�s-}
e�{ d3moj�i&jos-mlpþi&}ntJd[kng-e;s�v3eªe�{ i�exw�w�e�|�s�g-}�d�pF�Vj2s�v4w8}�tJe`}��9s-v3e
w8s�k�s-j�w*s�jlixk�mSt;e�i�v[k�|[jlixk�mA��b3|^i�s-jl}n|^wC~ e�h[|3e�~¨jo|Fa exi�� �8� s-}�w8exe
jo��s-v3exg-e�k�g�e+kn~3~ jos-jl}n|^k�m�w8s�k�s-j�w*s�jlixk�m�tJe�i�v[k�|3j�i�knmz}n�^w8exg-��k��[moe�w
s�v[k�s"i�}nb3m�~¦d3mlkrp(s-v3e�g�}nmle_s-v[k�sV�ÿ~ }cexwx�

%`@z6GÖ�X�[	VRV_6G]�f+\dYih�×uZ�[�\�VRØ`V+,OYb\�\�[	Ù^aifRTÚY�]¹R¶[	]`_bfgÛ
N�e"�fe�unjl|ª�cp`i&}�tJd[k�g�jo|[u�e&{3i&e�w-wHe�|�s-g�}ndcp;�Vj2s�v`s-v[e_i�}ng�g-e��

m�k�s�jo}�|�moex|3u�s�vnÜ q^~ e�h[|3e�~¨�cp¦�=�f�<�*��²����OÝCb[knmojos�k�s-jl�ne�mlpnq3s-v3exjog
�fe�v^kr��jl}ng<j�w�w8jltJjom�k�g�q�knw�i�kn|��feVw8exe�|�jl|J Sjlu[�3����ºc�z�Vv3exg-eHs-v[e�p
kng-e�d3ml}�s-s-e�~¨knw�k;��b3|^i�s-jl}n|F}��<s-e�tJdfe�g�k�s�b3g-e���}�g"k;��e�g�g�}nt`k�un�
|[e&s-j�i�w8p w8s-ext jo|Yk�|Âe&{cs-exg-|^k�m�h[e�m�~A�Â�9v3exw-e�s*�H}P��b3|[i&s-jl}n|[w
v^kr�ne"~ jo�Ee�g�e�|�s�b[|3j2s�w�ú �¬jlw�tJexk�w8b[g-e�~Jjo|¦�3j2s�w�d^exg�w-j2s�enqc�Vv3jlmoeÜ_j�w0k�moex|3u�s�vJt;e�knw-b3g�ex~;knw�k�|cb3t��fe�g=}��Emlk�s8s-j�i&e�w-jos-exwx���9v�b^w�q
s�v3e�jlgJg-exmlk�s-jl�ne¦tJknun|3jos-b^~ exwJi�kn|3|3}ns��fe�tJe�k�|3jl|3u���b[momlpÙi&}�t��
d^k�g�ex~A�
��}���e���e�g�q��He�ixk�|`i&}�tJd[k�g�e=s�v3e�jlgH��b[knmojos�k�s-jl�ne9�fe�v[kr�cjl}ng0knw

s�v3e;s-ext;dfe�g�k�s�b3g�e�j�w���k�g�joe�~A� » }c}�Ç�jl|3u�k�s� <jou^�0����ºc��qA��e`w8exe
s�v[k�s<�^}ns-v;��b^k�|�s-jos-jlexwSv[kr�ne�k"w-jo|[unmle=t`k�{ jlt�b3t\knw<kV��b[|[i�s�jo}�|
}n�0s-extJd^exg�k�s-b3g�en����}���e���e�g�q[s�v3e�jlg_tJk�{ jot`k¦}cixi&b3g�k�s�~ jo�fexg8�
ex|�sCs�e�tJd^exg�k�s-b3g�exwxÄSÜ¦jlw_t`k�{ jlt;jl½�e�~Fk�s_³�m��n±Ö²n² qE�Vv3jlmle;�
g�exk�i�v3exwJkþt`k�{ jlt�b3t´k�s(³ÞmÊ��± l�¢3�À�9v3j�w`jl|[~ j�i�k�s�exwJs�v[k�s
s�v3e�p;k�g�e9|3}�s0g�e�m�k�s�ex~�s-}�exk�i�v�}ns-v3exg0�cp�k�w-jotJd3mleVt�b3mos-jld3mljlixk��
s�jo��e�i�}n|[w8s�kn|�s���ñ�}�s�e+s�v[k�s�Ü(j�wCmljl|3exkng���}ng�w-t`k�mlmS³Ò�Vv[jomle��
��kn|3jlw-v3e�w9e&{ d^}�|3e�|�s�jlknmomlpn�

0

0.03

0.06

0.09

0.12

0 2 4 6 8 10

0

0.3

0.6

0.9

1.2

E
xc

es
s 

E
nt

ro
py

 E
 [b

its
]

ß

C
or

re
la

tio
n 

Le
ng

th
 ξ

 [l
at

tic
e 

si
te

s]

Temperature T

E
ξ

ì�íôîTïz
dà�ïF6 ö;ú��Ìáþæ<û=þ*�
/��Jí ü�ýtþMö�úxú ü�ûSþ�þ�ý<õ�öx�;ú{û����!ùÖ��ø
çcè<!Øð�ë à ö;ú��;êÂ!Ùà�ë ìºï
¿ tJ}ng�e�jltJd^}�g8s�k�|�s(~ jo�fexg-ex|[i&e�q=s�v3}nb3u�vzq=j�wJs�v[k�s(� k�|^~Üþv[kr��e��nexg-pÂ~ jo�fexg-ex|�s�d3vcp w8j�i�knm�jo|�s�e�g�d3g-e�s�k�s-jl}n|[wx�â2C|Ys-v3e

}�|3e;v[k�|[~zqAs-v3e(i�}ng�g-exmlk�s-jl}n|¨mle�|3uns-v¦Ü¦tJe�knw-b3g-e�w�s�v3e�ù-��÷
õ�k�s
�Vv[jli�vþi&}�g-g�e�m�k�s�jo}�|[w��fe&s*��e�ex|�w-d3jl|[w�~ exixkrp¨knw�k¦��b3|[i�s�jo}�|P}n�
jl|[i�g-e�knw-jo|3u`~ j�w8s�k�|^i&en�9�9v3e+~ e�i�krp¦g�k�s-e�d3g�}��cjl~ e�w9mojos8s�moe�}ngV|3}
jl| ��}�g-t`k�s�jo}�|�k��f}nb3sSv3}��Ùt�b[i�v�s�}�s�knm i&}ng�g�e�m�k�s-jl}n|�}�gStJe�tJ}�g-p
j�w�d[g-e�w8ex|�s��V�9v3e�e�{ i�exw�wVe�|�s�g-}�d�p�q[}�|�s-v3e+}ns-v3exg"v[kn|[~AqftJexk��
w-b3g�exw�s�v3e(t�b s-b[knm0jl| ��}ng�t`k�s-jl}n|þ�fe&s*��e�ex|þs*�H}�w-e�tJjo��jl| h[|3jos-e
v^k�ml�nexw�}���s-v[e�i&}�| h[unb[g�k�s-jl}n|¨k�|[~¨s-vcb[w�d[g-}��cj�~ exw�k(t;e�knw-b3g�e
}n��s�v3e�s-}ns�k�mSw8d[k�s-j�k�mAtJe�tJ}�g-p`}n�Ss�v3e+w8p w8s-ext��

Æ�¡



)�@A6GÖ�X�[	VRV_69]Ifg\�Ybh�×�Z�[�\dVRØjV+DIh<[	X�TäãµX`TÀ[�aif
� |Â <jlu[�V����²n���He�d3ml}�s;s-v3e¨w-d^e�i&joh^iªv[exk�sDP kn|[~¹s�v3e�e&{c�

i&e�w-w_ex|�s�g-}�dcp��$knw�k(��b[|[i�s�jo}�|�}n�=s�e�tJd^exg�k�s-b3g�en�;¿"w�jl|Fs�v3e
i&}�tJd[k�g�jlw-}n|ª}��<�\kn|[~DÜ q3s-v3expªi�kng-g�p`~ j2�Ee�g�e�|�sVb3|3jos�wVkn|[~�w8}
s-v[e�jlgV|�b[t;exg-j�i�knmE�rknmob[exw9i�kn|z¼ sV�fe�i&}ntJd[kng-e�~A�´ÝCb[k�mlj2s�k�s�jo��e�mlpnq
s-v[e�jlg"�fe�v[kr�cjl}ng"j�w�tJ}�g-e�w-jlt;jlm�k�g�����}���e��nexgxq3s-v3exp�kng-e�t`k�{cjo�
tJjo½xex~�k�s+~ jo�fexg-ex|�s_s�e�tJdfe�g�k�s-b[g-e�w�ú�P�g�exk�i�v3exw_k�tJk�{ jot�b3t
k�s<³åmÒ�n±Ö²n²V�Vv3jomleH��q�knw<k��f}��ne�q�k�s8s�k�jl|[w�jos�wSt`k�{ jlt�b3t\��k�mlb3e
k�sV³|m ��± l�¢3�
ñ�e���e�g-s-v3exmoe�w-wxq�s�v3exw-e�s*��}���b[kn|�s�j2s�joe�w=tJe�knw-b3g-e"�ne�g�pJ~ j2�Ee�g-�

e�|�s�d3g-}�d^exg8s�joe�w0}n�As-v3e�w8p w8s-ext���¿Cw=tJe�|�s�jo}�|3ex~`jl|ª~ j�w�i&b[w�w8jl|3u
�=�f�����n²���q3s�v3e�w-d^e�i&joh^i�v3e�k�s"tJexk�w8b[g-e�w�s-v3e�w-p w*s�e�t�¼ w�e�|[e�g�unp
�[b[i&s-b[k�s-jl}n|[wx�<N¾v[jomle�s-v3e�w8e=�[b[i�s�b[k�s�jo}�|[w<t`krp_�fe�e��cjl~3e�|[i�e=}��
i&}�g-g�e�m�k�s�jo}�|[wz�fe&s*��e�ex|�~ jo�Ee�g�e�|�s�~3e�ung�e�e�w�}n�3��g�e�ex~3}nt�q�moe�kn~ jl|3u
s-}�k(m�k�g�une���qEs�v3jlw_tJ}�w8s_i�e�g-s�knjo|3mlp�jlw_|3}ns_knmo�9krp wVs-v[e;ixknw-en�
 3}�g+e&{3knt;d[moe�qSk�d[kng�kntJknun|3e�s_v^knw+k�|3}�|3½�exg-}¨w-d^e�i&joh^i`v3e�k�s
s-v^k�sHw-v3}���w�k�w-jo|3u�moe9t`k�{ jlt�b3t¬©*b[w8sHknw´Py~ }ce�w�jo|` <jlu[�^���n²����æ e&s_k`d[k�g�k�t`knun|3e�sxq �cp¦~ e�h[|3jos-jl}n|zq^v[knw"|3}(i&}�g-g�e�m�k�s�jo}�|[w��^e��
s*��e�e�|(w-d3jl|[wx�<¿Ci�i&}�g�~3jo|3u�mop�q�s�v3e�e&{3i�exw�w�e�|�s-g�}ndcp�}��Ak�d[k�g�k�t;�
k�u�|3e&s���kn|3jlw-v3e�wV��}ng_k�mlmz��k�mlb3exw"}���s-v[e�s-ext;dfe�g�k�s�b3g�e�k�|[~�s�v3e
e&{cs�e�g�|[k�m^h[e�m�~A�=acjl|[i�e"s�v3e_w-dfexi&joh^iCv3exk�s9~3}�e�w=|[}�s9�rkn|3j�w8vª��}ng
w-b[i�v¾k�w-p w*s�e�t�q9j2s(j�w(i�moe�k�g`s�v[k�s²PÌi�kn|3|3}�s(�fe¨�cjoex�He�~Yknw
d3g�}��cjl~ jl|3uJk�|cp(u�e�|3exg�knmfjl|[~ j�i�k�s-jl}n|�}���w8d^k�s-j�k�mzw8s-g�b[i&s-b3g�en�

0

0.03

0.06

0.09

0.12

0 2 4 6 8 10
0

0.2

0.4

0.6

0.8

E
xc

es
s 

E
nt

ro
py

 E
 [b

its
]

ß

S
pe

ci
fic

 H
ea

t C
 [e

ne
rg

y/
de

gr
ee

]

Temperature T

E
C

ì�í�îTïn
xìºïH6�ö;ú��_�
	Ôû7÷7ùç}v÷�ø{û7ö���xÙæ9ûSþ*�
/��AíQü\ý;þ�ö×úxú]ü�ûSþ�þ�ý<õ�öx�tóú{û-�
�!ù���ø(ç(!Øðxë à ötúc��êY!¹ànë ìºï
,+@z6(Ö`X�[	VRVC69]Ifg\�Ybh�×uZ�[�\dVRØjV_M(ai\�fRTWX�Ø`Ù^ai\ªDIfg\dØjX�fRØ`\�[

7`abX�fgYb\dV
� |þ <jlu[�=��� � �_�HeJv[kr��e;d[mo}ns8s-e�~þ��k�|[~¹�V��¢��_��e�g�w8b[wCs�e�t;�

dfe�g�k�s-b[g-e����9v[e+w8p w8s-e�tOjlw9��exg-g�}nt`knun|3e�s-j�i"�Vjos-v�¥¨®Ò�n± ¢Jk�|[~
­ð®û¢3±Ö² �À�9vcb[wxq���e�v[kr�ne¨i�v3}�w8ex|4s�}¹d3ml}�s`s-v[eFw*s�g-b^i�s-b[g-e
��kni&s-}�g���}ng��¨®$¢Fw8jl|[i&eu� £fù�ø � ù�ø��He`e�{ d^e�i�s+��exg-g�}nt`k�u�|3e&s�jli
�fe�v[kr�cjl}ng1QYj��ren�lqni&}�| h[unb[g�k�s-jl}n|[wS�Vj2s�vJd^exg-jl} ~ª���S�9v3e9�fe�v[kr���
jl}ngV}����\jl|¦s�v3j�wVi�knw-e�v[knw9�fe�ex|¨~ jlw�i&b^w-w-ex~�k��f}��ne��
� |Fs�v3eJmo}�� s�e�tJd^exg�k�s-b3g�e;mojltJj2s��V��¢��"��k�|3j�w8v[exwx��acjl|[i&e`k�mlm

s-v[e�w-d3jl|[w�k�mljou�|��Vjos-v+s�v3e�tJknun|3e�s-j�i0h^e�m�~�knw<³ È ¢3q3Í�ÎrÑ ¶ k�|[~
Í�ÎxÏrÎxÐ�Ñ�k�d3d[g-}�kni�v(����}ng0knmom Ôc����ex|[i&e�qnÓ=��Ô��H®\Í�ÎxÏrÎ�Ð�Ñ�·�Í�ÎrÑ ¶ ®
¢Jk�|[~�w-}(�V��¢��=��kn|3jlw-v3e�w��
� |(i&}n|�s�g�k�w*s�qrs-v3e�v[jou�v�s�e�tJdfe�g�k�s-b[g-eV�fe�v[kr�cjl}ng�}n�A�V��¢���j�w0k

mlj2s-s-mleHw-b3g-d[g-j�w8jl|3u�QY�[k�w8e�~"}�|�s-v3e�k��f}��ne0kng-u�b3tJe�|�sz}n|3e=�H}�b3ml~

e�{ d^e�i�s9����¢���s-}�u�}�s-}�½�e�g�}�k�w0³¾un}ce�w�s-}�jo| h^|3j2s*p`kn|[~(knw0s-v3e
i�}ng�g-exmlk�s-jl}n|[w���kn|3jlw-vz�F�"}��Hex�nexgxq<g-e�i�knmom=s-v[k�sJ�V��¢���i�}n|�s�knjo|[w
kÃó-w-e�mo�ä�
i&}ng�g�e�m�k�s-jl}n|^ô�s�e�g�t�q�Ó=��¢��"®OÍ�ÎxÏ�Î�ÏrÑ0·ÀÍ�ÎrÑ ¶ ��¿�s_v[jou�v
s�e�tJdfe�g�k�s-b[g-e�w�qcs�v3e+w8d[jo|[w"k�g�eCg�k�|[~3}ntJmopª}ng�joex|�s�ex~�w8}¨Í�Î�Ñ ¶ ®
¢[�ª��}���e���e�g�q=Í�ÎxÏrÎ�ÏrÑ+® �J��}�g�k�mlm�s-extJd^exg�k�s-b3g�exw�w-jo|^i&eªÎxÏÎ�� É �n¸x·������;�9vcb[w�q<Ó=��¢�� È �Jk�w�³ È ÁÀq<w-}��V��¢�� È �`knw
³ È ÁÀ�
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� |¨�fe&s*��e�e�|�s-v3e�w8e�s�e�tJdfe�g�k�s-b[g-e+e�{cs-g�e�tJexwxq[s�v3e�g�e+j�w"k`g�e&�

u�jo}�|��Vv3exg-e�s�v3eVi&}ng�g�e�m�k�s-jl}n|��^e�s*�Hexe�|Jw8d3jl|[w�j�w�mlkng-u�exw8sx���"e�g�enq
s�v3e(w-pcw8s-ext j�w�|3e�jos-v[e�g�g�k�|[~ }�t�q�knw�jos+jlw�k�s�v3jlunv�s-ext;dfe�g�k��
s�b3g�exwxq[|3}�g�jlw�j2sCs-g�jo�cj�k�mlmop¦}ng�~ e�g�ex~Aq^knwVjos"j�w"k�sCmo}��¬s-ext;dfe�g�k��
s�b3g�exwx�+ñ�}�s+w-b3g�d3g-j�w-jo|3u�mop�qE�^}ns-v�����¢��_kn|[~F�]g�exkni�vPk¦w-jo|[unmle
t`k�{cjlt�b[t�jo|�s�v3e�jo|�s�e�g�t;e�~ j�k�s-e�g�e�u�jotJen�
��}���e���e�g�q�|3}�s�e9s-v[k�sH�Àkn|[~(�V��¢���k�s-s�k�jl|;s-v3exjogHt`k�{ jot`k�k�s

~3j2�Ee�g�e�|�s�s-ext;dfe�g�k�s�b3g�e;��knmob3e�w��;�9v3e(w8s-g�b[i�s�b3g-e���kni&s-}�g�����¢��
j�w�t`k�{ jlt;jl½�e�~Pk�s+³�m$�3± l�¢3qzk�|^~P�òj�w�t`k�{ jlt;jl½�e�~Pk�s�³/m
��± l�¢3�0¿Cw�~ j�w-i�b[w-w-ex~¦jl|¨a exi���k � q^kJu�jo��e�|�w*s�g-b^i�s-b[g-e_��kni&s-}�gVjlw
~3exw-jou�|3ex~(s-}Jg-e�s-b3g�|¦k;m�k�g�une_w8jlun|[knmEj2�<s-v3exg-e�kng-e_i&}ng�g�e�m�k�s-jl}n|^w
d[g-e�w8ex|�s`k�sJs�v[k�s`�9kr�ne�|cb3t��^exgx� � s�w`|cb3tJe�g�j�i�k�m9��k�mlb3e¨~ }cexw
|[}�sVv[kr�ne�kJ~ jlg-e�i�sVjl|�s�e�g�d3g�e&s�k�s-jl}n|z�
�9v3e�w-v[k�dfe�}n�Cs�v3eFi&b[g-��e¨jo|À <jlu[�"��� � �;j�w(b[|[i�v[k�|[unex~Âjo�

exj2s�v3e�g¦}���s-v[e¨s*�H}¹tJ} ~ joh[ex~«w*s�g-b[i&s-b3g�e¨��k�i�s-}�g�w`~3e&h[|3e�~¾jl|
�H�cw��f���n���0kn|[~����nÆ��=k�g�e"w8b[�[w*s�j2s�b s-e�~`��}�g9�V��¢��&��¿"|[~`|3}�|3e"}n�
s�v3exw-eJw*s�g-b[i&s-b3g�e���kni�s�}ng�wCkng-e�t`k�{ jotJjl½�e�~Fk�s_s-v[e;w�k�tJe�s-e�t;�
dfe�g�k�s�b3g�eCs�v[k�s�t`k�{cjltJjo½xexwV���

5ª@z6(Ö`X�[vVRV_69]Ifg\�Ybh�×nZ�[�\dVRØjV�ê�ßôð&á
¿"w�}�b3g¦m�knw8s�d3v3e�|[}ntJe�|3}�mo}�unj�i�knmCi&}�tJd[k�g�jlw-}n|�q" <jou^�����v�n�

d[mo}ns�w9s�v3e�|3e�k�g�exw8s8��|3e�jlunvc�f}ngVi&}�g-g�e�m�k�s�jo}�|ª��b[|[i�s�jo}�|�Ó=�*�r�Vk�|^~
s�v3e"e�{3i&exw�w�ex|�s�g-}�dcp��yknw=k���b3|[i�s�jo}�|(}��Es�v3e�s�e�tJd^exg�k�s-b3g�e�³+�
» joÇ�e`s-v[e�w8s-g�b[i�s�b3g�e`��kni&s-}ng�q0Ó=�8����i�k�g�g�joe�w�b3|3jos�w;}�� � w-d3jo|^w ¶ ��q
|[}�sJ�3j2s�w��Y¿"w;jl|4s�v3e�d3g�exi&e�~ jl|3uPe�{3k�tJd3mlexwxq�s-v3e�s*��}F��b[|[i��
s�jo}�|[wJk�g�e¦t`k�{cjltJjo½xex~Âk�s(~ jo�fexg-ex|�s;s�e�tJdfe�g�k�s-b[g-e�w�Ä�Ó=�*�r��jlw
t`k�{cjltJjo½xex~�k�s�³ëmÀ�3± ²n¢3�
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�9v[k�sSÓH�*�r�zk�|^~��Ùg�exkni�v�kVt`k�{cjlt�b[tyk�sS~ jo�fexg-ex|�s�s-e�tJdfe�g-�

k�s�b3g�exw_jlw_e�w8dfexi�jlknmomlp¨|3}�s�e���}ng-s-vcp¨w8jl|[i�e;��eJk�g�e;i�}n|[w-jl~3e�g�jo|3u
k�w8p w8s-e�t �Vjos-vÃ}n|3mlp¹|3e�k�g�exw8s8��|3e�jlunvc�f}ng�jl|�s-exg�k�i�s-jl}n|^w���2C|3e
tJjou�v�s�g-e�knw-}n|[kn�3mopªe&{ d^e�i�s�s�v[k�s"��}ng�k(w-p w*s�e�tO�Vjos-v�w-b[i�v�ml}��
i�knm�qEd[knjog��Vj�w8e�jo|�s-exg�k�i�s�jo}�|[w�q^s-v[e�|3e�k�g�exw8s8��|3e�jlunvc�f}ngVs*��}��
w-d3jo|
i&}�g-g�e�m�k�s�jo}�|4��b[|[i�s�jo}�|À�H}�b3m�~Y�^eFw-b�7(i&jle�|�s(s�}4i�knd s-b[g-e¨s�v3e
w-pcw8s-ext�¼ wVu�mo}��[k�mzi�}ng�g-exmlk�s-jl}n|[wx�� <jou^�����i���9w-v3}���w�s-v[k�sVs-v3j�w�j�w
|3}ns0s-v3eCi�knw-en���0��e�|;��}ngHk�w8p w8s-e�t]�Vjos-v`|3|(jl|�s-exg�k�i�s-jl}n|^w�q�s�v3e
|3e�k�g�exw8s8��|3e�jlunvc�f}ng�i�}ng�g-exmlk�s-jl}n|þ��b3|^i�s-jl}n|Y~ }cexw�|3}ns;tJexk�w8b[g-e
k�d[d[k�g�e�|�sVw8d[k�s-j�k�mAtJe�tJ}�g-pªk�w�s-v3e�e�{3i&exw�w9e�|�s�g-}�d�p(~3}�e�w��

6�@zM6Û`[	]`YIí�[v]�Y�Ù^Yb_�T^X�abÙHLCe>Vg[�\�ZvavfRT^Y�]jV
a�s�k�s-j�w*s�jlixk�m=tJe�i�v[k�|3j�i�w�d^}�w-w-exw�w-exw+w-e���e�g�k�m���b3|[i&s-jl}n|[w�s-v^k�s

k�g�e¨w8jltJjom�k�gJs�}þs-v3eFe&{3i&e�w-wJex|�s�g-}�dcpnq��3b s(|3}�|3e�i�kn|Â�fe¨jl| �
s-exg-d[g-e�s-ex~ÂknwJtJe�knw-b3g-e�w;}��_w-d[k�s-j�k�mVtJe�tJ}ng�pÙknw`� ixk�|Â�^e��N�e`v[kr�ne`w-e�e�|�s�v[k�s�s�v3e(i&}�g-g�e�m�k�s�jo}�|Fmle�|3uns-vzq<w8dfexi�j2h^iJv[exk�s�q
k�|^~�s-v3e�w*s�g-b[i&s-b3g�e`��k�i�s-}�g�w+e&{ v3jl�3j2s;�^exv[kr�cjo}�g���b[k�mljos�k�s�jo��e�mlp
w-jotJjlmlkng+s-}�s-v3e(e�{3i&exw�w+ex|�s-g�}ndcp���}�g�s-v3e¦d[k�g-s-j�i&b[mlkng�i&m�knw�w�}��
w-pcw8s-ext`w`w*s�b[~ jlex~Âv3e�g�en�Y��}���e���e�g�q0|3}�|3e�}��"s�v3exw-e�w8s�k�s�jlw8s-jo�
i�knmAtJexi�v[kn|3jlixk�mz��b[kn|�s�j2s�joe�w9g-e�s-b3g�|[wVk;|cb3tJe�g�jlixk�mA��k�mlb3e_s-v^k�s
��b[k�|�s�j2h[e�w9tJe�tJ}ng�pn�0�9v3e�e�{3i&exw�w�e�|�s-g�}ndcp�q �^exjo|3u(~3e&h[|3e�~�knw
k�t�b3s-b[knm=jl| ��}ng�t`k�s-jl}n|�qSi�kng-g�jlexw�b3|3jos�w�}��V�3jos�wxq<knd3d3g�}nd3g�j�k�s-e
��}ng9s�v3j�w9s*pcd^e�}n�<w8s-g�b[i�s�b3g�knmE��exk�s-b3g�en�3¨}ng�e�}���e�g�qH��e¨v[kr�ne�w-e�ex|¾jo|Às-v3j�w¦w-exi&s-jl}n|Âs-v^k�s¦e�kni�vY}��
s-v[exw-e;��b[kn|�s�j2s�joe�w_g-e�kni�v3e�w"k¦tJk�{ jot�b3t k�s�~ jo�fexg-ex|�s�w-pcw8s-ext
d[kng�knt;e�s-exg�wx�$�9v3jlw�tJexkn|[w¦s-v[k�s�s-v3eþw*s�k�s�jlw8s-j�i�knm_tJe�i�v[k�|3jo�
i�knm[��b[|[i�s�jo}�|[wHixk�|3|[}�s=�feCb^w8e�~Js-}�~3e&s-exg-tJjl|3eCs-v3eCd[k�g�k�tJe&s�e�g
w-e&s8s�jo|[u¦k�s��Vv3j�i�vFk(u�jo��e�|Fw-p w*s�e�t�¼ wCw-d[k�s�jlknmStJext;}�g-p�j�w�s�v3e
m�k�g�unexw8sx��acjlt;d[mopJd3b s�qns�}+tJexk�w8b3g�e+��knd3d[kng-ex|�s���w-d[k�s�jlknm3tJe�t;�
}ng�pnq }�|3e�t�b[w8s�b[w-e����

?-B(@�,�L�G(,CR<ZJD^?�L�G

� |Ìw-b3tJtJkng-p�q¹�HeXv[kr�neXg-ex�cjoex�He�~ s-v3g�e�eòi&}�t;d[moext;ex| �
s�kng-pÀknd3d3g�}�k�i�v3exwªs-}¾i&}�g-g�e�m�k�s�jo}�|[k�m�w8s-g�b[i�s�b3g-e�� � |\ace�i�� �8�
��e¦�3g�jle&�[pÙg�exi�}nb3|�s�ex~Ùw8s�k�s-j�w*s�jlixk�m9tJexi�v[kn|3jlixk�m9tJexk�w8b3g�exw�}��
w8s-g�b[i�s�b3g-e�Ä`s-v[e�i�}ng�g-exmlk�s-jl}n|¹mle�|3uns-vpÜ q�s�v3e�s*�H}n��w-d3jl|Ùi&}�g-g�e&�
m�k�s-jl}n|P��b3|[i&s-jl}n|¹Ó=��Ô���qSkn|[~Ps-v3e`w8s-g�b[i�s�b3g�e���k�i�s�}ng�w���������� � |

a exi�� �8�8� q[�He+~ j�w�i&b[w�w8e�~¦kn|�jo| ��}�g-t`k�s-jl}n| ��s-v3ex}ng�e&s�jli_k�d3d[g-}�kni�v
s�}`tJe�tJ}ng�p¦kn|[~¨w*s�g-b^i�s-b[g-e�q h[g�w*s�g�e��cjle��Vjl|3u(~ jo�fexg-ex|�s"��}ng�tJw
}n��s-v3eJacv[k�|[|3}n|¨ex|�s�g-}�dcp²î k�|^~�s-v3ex|¨��} i&b[w-jo|[u(}n|�s�v3e�e�{��
i�exw�w"ex|�s-g�}ndcp¨��� » knw8s-mlpnqEjo|¹ace�i�� � k�qA��e�g�e��cjle���ex~�i�}ntJd3b �
s�k�s�jo}�|[k�m^t;e�i�v[k�|[jlixw�q�k+i&}�t;d[b s�k�s-jl}n| ��s-v3ex}ng�e&s�jliVknd3d3g�}�kni�v�s-}
tJext;}�g-p�k�|[~¨w8s-g�b[i&s-b3g�enqfk�|[~�jl|�s�g-} ~ b^i&ex~�s�v3er~-��tJk�i�v3jl|3enqfk
tJjl|3jltJknmzg�e�d3g�exw-e�|�s�k�s-jl}n|¦}��<s-v3e+~ e�s-exg-tJjl|3jlw8s-j�i�k�|^~¦w8s�k�s-j�w*s�j2�
ixk�m�g�e�u�b3mlkng-jos-jlexw_}n�9k¨w-p w*s�e�t�� NPe(s-v3ex|þw-v3}���ex~Pjo|Ùace�i��µk
v[}��:~8��t`kni�v3jl|3e�w"k�|^~¨s-v[e�e�{ i�exw�w�ex|�s�g-}�dcp��]i�kn|F�fe;~3e&s-exg8�
tJjl|3ex~¦��}�gV}n|3e���~ jltJe�|[w-jl}n|[knm�q�h[|3jos-e���g�k�|[une�w8d[jo|�w8p w8s-extJwx�
�9v3e¨|3e�{cs`s-v3g�e�e¨w-exi�s�jo}�|[w`~ ex�ne�ml}ndfex~Ykþ~ jlg-e�i�sªi�}ntJd[k�g�jo�

w-}n|F}��=w8s�k�s�jlw8s-j�i�knmStJe�i�v[k�|3j�i�knm�qfjl| ��}ng�t`k�s-jl}n|�s-v3ex}ng�e&s-j�i�qEk�|^~
i�}ntJd3b s�k�s�jo}�|[k�m tJexi�v^k�|3j�i�knm[k�d3d[g-}�kni�v3e�w�s�}+w*s�g-b^i�s-b[g�knm[i&}�t��
d[moe�{cjos*pn���9v3exg-e���e�g�e9s-v[g-exeVtJknjo|(i�}n|[i�mob^w8jl}n|[w�s-v[k�s=e�tJe�g�une�~
k�wVk;g-e�w8b3mosV}��<s-v3e�w8e�i�}ntJd[k�g�j�w8}�|[w��
 <jog�w8sxq�jl|yace�i��9k � ��ePw�kr� s-v[k�s¦s�v3eFe�{ i�exw�w(ex|�s�g-}�dcpÂ�

w-e�g��ne�w"k�w_k¦�9kr�ne�mle�|[u�s-v3��jl|[~ exd^ex|[~ e�|�s_t;e�knw-b3g�e�}��Hd^exg-jl} ~ jli
w8s-g�b[i&s-b3g�en� � |ªd[kng8s�jli�b3m�k�g�q�jo�Sk�w-d3jl|¦w-p w*s�e�t$j�w=dfe�g�jo} ~ j�iC�Vj2s�v
dfe�g�jl}c~ � s-v3ex|Î� � ®«¢Jk�|[~��¬®AP � ®¾mo}�u ¶ � �
ace�i&}n|^~Aq�jo|`ace�i���k �-� ��e�w-v3}���ex~+s-v[k�sSs�}C��b[momlp�i�knd s-b[g-eHs-v3e

w8s-g�b[i&s-b3g�e�jl|�v3jou�v3mlp�e�|�s-g�}nd[jli;w8p w8s-extJwxqA}n|[e;t�b[w8s�e�{3k�tJjo|[e~-��t`kni�v3jl|3exwx� ¿�|ë~-��t`k�i�v3jo|[e¨g-ex�nexknmlwJv[}�� s�v3e�tJe�tJ}�g-pÃjlw
}�g-u�k�|3jl½�e�~Fkn|[~�unjl�nexw�knmom0}n�Hs�v3e(w-pcw8s-ext�¼ w`��t;e�knw-b3g�e���w-e�tJj2�
u�g-}�b3d(s�v3e�}�g-e�s-j�i_d3g-}�d^exg8s�joe�w��
 <jo|^k�mlmop�qVjo|¬a exi��Gk �-�8� ��e�e&{ d3mljli�j2s�mop¾i�}ntJd[k�g�ex~Ãs�v3eFe�{��

i�exw�w4ex|�s-g�}ndcpÿs�}ÿs�v3e w8dfexi�j2h^i¬v3e�k�sxq¨i�}ng�g-exmlk�s-jl}n|$mle�|3uns-vzq
|[exk�g�exw8s8��|3exjou�v��f}ng�i&}�g-g�e�m�k�s�jo}�|`��b3|[i&s-jl}n|zq[kn|[~ªs-v3e_��e�g�g�}nt`k�un�
|[e&s-j�i�w8s-g�b[i�s�b3g-e���k�i�s�}ng��
NPe�w�kr�Às�v[k�s"s-v3e�w8e+w8s�k�s-j�w*s�jlixk�mAtJe&�
i�v^k�|3j�i�knmH��b[|[i�s�jo}�|[wJ�^exv[kr�ne�w-jotJjlmlkng-mlpnq0�[b s(|3}�s`j�~ e�|�s�jlixk�mlmop
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