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£U���C��|k�6��º�¯U»¼�5½a�6�$¾��E|���¿�)À¾��¥|�� w �����'�_�¥Á²� v � w �¥����ÂÃ½1¾Ä¾Ä�ÆÅ±z v �5Ç/|�|��'���C|È�x� w zE| ¢ ��� w
��|���� v ÇE�¥| ¢ | w zE�U¤C�_�=���_� � ��� v ��|É����)S� wÊv ���¥��¿�� v ©Ez°)�Ë?Ì w z v � �����¥��|�¤�z � �E¤E��|�¤E�?���*� w � � � w�� ��|��Æ�M��|��
w zE|�© v � w ®�¯MÍC®�ÎÏ)�| v ��� v �E¤Æ����� w �¥� � |�� w �gÇ/| v ©²�6�Ï|��¬� � � w �S�����¥� w zE|Äz v �C¤E�a���U����)S� w§v �¥����¿�� v ©EzE|�����Ë
Ð*| w ­ w zE| ¢Jv ���~¤E��� v ¤C� v � w§v ¿�|Ñ��� w zC| ¢ | w zE�S¤���� w zE|Ï� v � wqw z vxw � w �¥����|���) w � ¢ |*�����E� �E¢ ���E¿EË�y{zE|
©E����¿�� v�¢ � w z vxw ¤E� w zC| ¢±� � w ��©E�¥|Ò��� vxw�w |������E¿?� v �¥� � � vxw �¥���E��� v �É� � �É��� w |�� v �¥�¥)Æ�=����¤ v )S��Ó�y{zE| � |Ô)
© v � w ��� w zE| ¢ | w zE�S¤Õ��� w zE|±�¥�E� w � v �ÑÖ�¿ � |�����×r��� v � w � � � w�� ��| w z vOw �g�¥���VÇ/|±��������| w zE|~���E|~Ç/|��¥�E¿
��� � ¿�z w ËÄ¨Ø�g�����E¿É¿ � |����ª�Ï� � �¥¤«��| v ¤ w �5z � ¿�| vx¢ � � � w �{���1� v � w |�¤ w � ¢ | v �E¤«|�Á²��� w Ë
�o|Ò� � ¿�¿�|�� wÄv ¤C����|�� wY¢ | w zE�S¤ w z vxw � v �Ù¿�����| � � v ©E��| w�w )~¿��U�S¤±�¥¤E| v ��� w zE|Ñ� w � � � wÊ� ��| � �E¤C|��

¤E| w |�� ¢ ��� vxw �����-Ë��o|_� v �¥� w zE��� ¢ | w zE�S¤¹���9� � ����ÚÄÛÈ,/ÜÃ,QÝQÞM7EßY.1;Ãà¹á*âjâ ã ä�.aåÊáÄâ_â ãÕægÇ/|�� vx� ��|
� w ���ÆÇ v ��|�¤ç��� w zE|É��¤C| v �Æ���Ñ�_|��E�E�¥� ¦ v Ç/����­ w zE|J�¥�°��|�� w ���~�x�ÑzE���¥��¿�� v ©Ez°)�ËJy{zE|¹è��é� ¢Jv ¿�|��
zU�ê½9¾*¾Ä�ë��|������E� w � � � w �_�=��� ¢ ½9¾Ä¾Ä�ë¤E�¥Á²� v � w �¥���Õ© vOw�w |����E�j� v �fÇ/|Ù��|���� v ÇE�¥) � ��|�¤ w �¹���C� w � v ���¥¡�|
½9¾Ä¾Ä� w z � �~��|�¤ � ���¥�E¿ w zE| v �C�E�6)U�¥�E¿È��� ¢ © �CwÊvxw �¥��� w � ¢ | v �?�Ï|��¥� v � w zE|J|ÔÁ-��� w ��|�ì � �¥��|�¤çÇ°)
w zE|Æ����)S� w§v �¥����¿�� v ©EzE|���Ë
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�Ï|���|È��|������E� w � � � w |�¤��=��� ¢ Ç/� w zô¤C�¥Á � ��|«½9¾Ä¾Ä�õ© vOw�w |����E�Ù�=��� ¢ ¤C��������¤E|���|�¤ v ¤C������Ç vxw |�� v �E¤
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}g�&� v �E¤k� w �_³�z°)U�������~�_|�© v � wÊ¢ |�� w � v � ¢ )yx8��� w |{zU©²|����¥|��E��| v �_� v � v � w zE|Ù¨ ¢ |����¥� v �f|�¤U�
� � vxw �¥��� v �*��)S� w | ¢ ���±�����E��|����C|�¤VË�Ì w � v ��y � |���¤ v )�­Ï¨ � ¿ � � w �t|U­{�<����� v ��� � �E¤3�<¯CÚ è�¯Õ��� w zE|
¢ �����C���E¿E­��gzC|��«Ìq� v � � �E�U� � �¥�E¿Ù��� w zE|_¤E�S���*���9�_��� v ��¤r(Ò|�� � ­ w zE|_¿�� v ¤ �8vxw |�� wÊ� ¤C|�� w � v ¤C�S� �
����� w zC|��VË~}ª���Y� v � ¢ �Ï|��¥��� ¢ ���E¿ w � w zC|Ñ¤E|�© v � w�¢ |�� w � v � w zE|ÑÇ/|�¿��¥�E�E���C¿_��� v ¿���| vxw �=����|��E¤E��zC��©
�g� w z v ��� w zE| ¢ | ¢ Ç/|���� ���Ï� w Ë±y{zE|J�C|{z w ©²|��������oÌ ¢ | w � v � w zE|��Òz v ��� ¢rv �V­VÇ v � �Bw zE|��-­ w zE|
� vxw |�ò��¥�§zE��� v �Ò³ v © v � w§v�¢Jvxw �¥� � �gzC����|_¿���| vOw �§z v � v � w |�� ¢Jv ¤E| ¢ |������C¿~�=��� w zE|j���¥�=| w z vxw Ì�� v �
v Ç/� �Cw9w ��� w§v � wYvx¢ ���C¿ ¢ )j�=|����¥�6�ç� w�� ¤E|�� w � v �C¤ ¢ ) ©C�����=|�����������ËY¨j�E¤~� w � v � w zE|Ï� v�¢ |Ä�=����|��E¤E�¥)
|��i�S�¥����� ¢ |�� wªw z vOw �Ï|������ ¢ |�¤ ¢ |?Ç v � �!v � w |�� ¢ ) w zE��|�|Ô�î)�| v � v ÇE��|��E��|±�=��� ¢�w zE|±¤C|�© v � wÊ¢ |�� w
¤ � | w � ¢ )���|����S����| vxw{w zE| ¦ ��|�| � ¨j� ¢ |�¤y�Q������|���Ë
Ì w � v � � ©/��� ¢ )«��| w�� ��� w � w zE|?¤E|�© v � wÊ¢ |�� wªw z vOw ÌÑ|��E��� � � w |���|�¤k�_�¥� v �E�É£ v ��¤E�¥� v �E¤ÕzE�¥�

�Ï��� � ����£ � �¬� v ��|5³�z°)S���¥����Ë�}ª���_� v � ¢ ­ � ���E¤kÇ/|�z v �S����� v �����E¿J�g� w zkzE�¥� ©E���x�=� � �E¤ � �E�6�g��|�¤E¿�|
v �C¤J�¥�E� w ���E� w �¥�É³Äz°)S���¥����­C�����i�S�¥�E��|�¤ ¢ | w �~�§zE�S����|�zE� ¢�v � ¢ ) v ¤U�U�¥������Ëq¨j�C¤JÌY� v �*��|Ô� v ��¤E|�¤
�=��� ¢ )Õ�§zC������|�Ë�ðj��|�� w zC|Ù)�| v ��� �Ò|�z v ��|5Ç²|�|��k�Ò��� � ���E¿ w ��¿�| w zE|���­ vxw_w zE| ¢ |�| w ���E¿���­ vxw_w zE|
�����C�=|���|��E��|��q����¤ � �����C¿�� � ��¤E�¥��� � ���������E�1�=��� w zE|*©E��|�© v � vxw �¥���~�x� v �E|Ô�À© v ©/|���­�ÌVz v ¤ w zC|Ï�=|�|����¥�E¿
w z vxw zE|j����| vxw |�¤r� � �§z v �r|��i�S�¥����� ¢ |�� w*w z vOwÏw zE|�¿�� v ¤ �Evxw |ª� w�� ¤E|�� w ��� w zE|ª���x�î�Ò��� � |��Ï� v � w |�¤
w � ¿�����|ÈzE���JÇ²|�� wrw �6� v ��¤E� w zE|Õ��� ¢J¢ ��� w§v � � Ë ¾q��|��3�gzE|�� w zE|Õ��|���| v ���§z�� v �J¿������C¿oÇ v ¤V­
�gzE|�� w zE�¥�E¿��_�¥�U� � |�¤k¤E�¥� v ©E©/���¥� w ���E¿C­²zE|��C|���|��Æ����� w zE���j��|��C��|É���*z �C¢ ��� v �E¤k�E|���|��Æ� w ��©E©/|�¤
|��E��� � � v ¿��¥�E¿ ¢ | w � w ��)ç���E| ¢ ����| w � ¢ |�­ w �f�����E����¤E|������ ¢ | w zE���C¿f|�����|�­ v ��� v )S�Ù� � ���Ï���ª�E|��
�¥¤E| v ��Ë�y{zC���j��|�| ¢ � w zE|±©C����©/|�����© v ��|±�=��� w zE| v��Cw zC��� w �¹��z v ��| v?� � � | w z vxw �_��Ëj£ v �¥¤E��� w ���¥¤
¤ � �����C¿É���E| ��� w zE| ¢ |�| w ���E¿��Ñ�gzE|�� w zE�¥�E¿��Ñ�Ï|���|?���S� � ���C¿�Ç v ¤VÚ
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�v�V�Ì�L���©���»�L���Z�V�v£L�À�v�¸�L�����b�­�t�©«ÎÍ����Z£b�:�v��°Y�������t��®v�¹�Ï�Y���v���L���²�:�~�L���:�V���L���t���v�
�.���:�`�`���§�=¡¢���` Y����£b�Z�v�:�©��®v���G�v�:�L�.���L�����^�Ä���iÐf�����`�L���t�V���¶Ñ� T���b�L��¨v«�ÍF�������^�b�� :�L���"����¨
 Y�t�" Y�t�:�Y V�L�v�ª���b�`�v�k�v�`�W�v���¶Ñ��`�L���"����¨W���`�v�`���b�§£cÐ­�:���`�L���t�����Y�t���É�v�­�L�Ò¦u�^���`�`�����ª�v�b�´���L���t�=¥
�V���v�L���L�L�§���~�����L�s�v�:�³�L�����L�c�`�Q�����=��®v���L¨v�t�������W�L���s�v�V�:�����:£¶�o�����{�Ï�L�:���k���s���v�·���v�Y�f��¨T¡¢�
�Ä�f�t�Ó«o�P���L���t���~�^���L�b�����a���Y������¥��L����£b�V�v��°T���:�~Ô�Ñf�����L���W :�b�v�ª���L�L�v�~�F���L���"�`�`������¨ �L�L���L�
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ÌÙ�Ï� � �¥¤ v �����ç��� � | w � w z v � � zE|���| w zE|Õ�=� � �J� w zC|��r©/|���©E��|!��� ¢ )'³�z8����� ¢É¢ � w�w |�|�­{� v ��� v
¦ vt� ¤ v ��¤E��� �Ov �b×������¥�=�6�S� �Ov ­É× � �Bò���¿ v�¢ �î­=Øg���§z v ��¤Õ£U����Ç/|��¥��� v �E¤!(Ò��� v �Èy����E�E|��g�=��� w zC|����g� � ©U�
©/��� wªv �E¤«�����E� w � � � w �¥��|?� � ¿�¿�|�� w �¥���E� w � w zE| w zE|������g¤E� v � w Ë
Ì{�Ò� � ��¤f�¥� � | w � w z v � �«w zC| ¢ | ¢ Ç/|����j���*�_��Ë?£ v ��¤E�¥�V»¼��¿���� � ©V­V�_��Ë?Ù v ��|�� w ���B£UzE�E|Ô)�|��������

v �C¤¹Øª������} v ��¤E|��Ò�=��� w zE|��¥�Ï�=����|��C¤E��zE�¥© v �E¤�� � ©E©/��� w ËÄ�_��Ë�Új� v �E¿©�ÒzE|��V­ w zE|?x8��� w{¢ | ¢ Ç²|��Ò���
� � �ª¿���� � ©!Ì ¢ | w �gzE|��ÕÌ � �����C|�¤V­E� v � v �¥� v )S�ª� � ©C©²��� w ����| v �E¤!zC|���©U� � � v �E¤Õz v ��Ç/|�|�� v ��|��¬)
¿��S�S¤¹�=����|��E¤«��� ¢ �¥�E|�Ë
y{zE|È� v � w ���§z ¢ ��� w zE�J�x�Ù�6����|kÌ~z v ¤ w zE|È��©E©/��� w�� �E� w ) w � ¢ |�| wJv �E¤'�����¥� v Ç/��� vOw |r�g� w z

� v ��� w |��¾Øg| �Uw |���­ ¢ | ¢ Ç²|��g���q�_��ËÒ� � v�� ���¸}ª|����C¡�»8¿���� � ©È���È½a|�zE��� wÊ� zE�1��Û� �³�8|�� wÊ� Û����©²|���©Ez°)S��� �
���8}��E����|������ w Ûvxw ¾Ä��� v �C¿�|��U�êò�Û� ���SÇ/|���¿E­ ¦ |�� ¢Jv �°)�­x�gzC�_� ¢ ©E��|�����|�¤ ¢ |*�g� w z±zC���Y� � ¿�¿�|�� w �����E� v �E¤
� �C¤E|���� w§v �E¤E���C¿J����� � � ¢ | w zE�S¤ v �E¤!�x�q³�z°)S���������¥�«¿�|��E|�� v � Ë*�È) w z v � � �ª¿�� w �5zE� ¢éw �S�EË
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¤E��Á-� v � w �����f© vxw�w |����C�Æ�g� w zM
«ïi
«¤ vxw§v � v�¢ ©C�����C¿ v �E¤k��| ¢ �6� v �q�x� w zE|É(Ò� v ¿�¿
��©²� w ��Ë�¾��E|���¿�)Ù� v �E¿�|�Ú~|x¯O�j
°è�Î�êP6Ù­ QhX ®�Z Î~ì`Z�\VZ v �E¤ � � v ¿�|{���k�V� � � �C� w �¥���Ù� v �
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«ïl
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«¤ vxw§v � v�¢ ©C�����C¿ v �E¤k��| ¢ �6� v �q�x� w zE|É(Ò� v ¿�¿
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��©²� w ��Ë�¾��E|���¿�)Ù� v �E¿�|�Ú~|x¯O�j
°è�Î�êP6Ù­ QhX ®�Z Î~ì`Z�\VZ v �E¤ � � v ¿�|{���k�V� � � �C� w �¥���Ù� v �
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��© v ��|~½9¾Ä¾*� © vxw�w |����çÂ=���6�Ï|��{© v �C|��LÅ_Ë?Ë~Ë?Ë?Ë~Ë?Ë~Ë?Ë?Ë?Ë?Ë?Ë~Ë?Ë~Ë?Ë?Ë~Ë?Ë~ËÆË!���6�
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Î�º Øg|������E� w � � � w �¥���Æ���E�?ñ�òª�êÂÃ¯�¯C�MÅ8� w � � � wÊ� ��|Ä�=��� ¢&w zE|�����| w ��� v ����)�� v ��� � � vOw |�¤Æ� ½9¾Ä¾Ä�
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Î�� y{zE|k�=� � ��� � ÇE��� �Cw �¥�E|���Ú&Â v ÅGØª¾��q¾�Ø�¾Äò?�Ñ¾{­~ÂÃÇ8ÅGØ�¾��q¾�Øª¾*ò��Ñ¾ ³�ØgÌ¬�Õ¾ � ­
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ç¤ vxwÊv � vx¢ ©E�¥���E¿k�g� w z
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w ������© vxw�w |����C� � ���¥�E¿ w zE| ¢ �U¤E|��g©E����¿�� v�¢ v �E¤��Õï�� ¤ vxwÊv � vx¢ ©E�¥���E¿k�g� w z
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º°® Øg|������E� w � � � w �¥���Æ���E�?ñ�òª�êÂÃ¯�¯C�MÅ8� w � � � wÊ� ��|Ä�=��� ¢&w zE|�����| w ��� v ����)�� v ��� � � vOw |�¤ ¤C�¥Á²� v �ó�
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|��E|���¿�)«� v �C¿�|´|�¯O��®�è°Î~êP65­ � � v ¿�|Æ���]�V� � � �C� w �¥��� v �E¤ QhX è�Z Î~ì`Zp\$ZjË?Ë?Ë~Ë?Ë~ËÆË!�6è�


º�è Øg|������E� w � � � w �¥���Æ���8ðÆñ�òª�êÂÃ¯�¯C�MÅ8� w � � � wÊ� ��|Ä�=��� ¢&w zE|�����| w ��� v ����)�� v ��� � � vOw |�¤ ¤C�¥Á²� v �ó�
w ������© vxw�w |����C� � ���¥�E¿ w zE| ¢ �U¤E|��g©E����¿�� v�¢ v �E¤[®!ï3®o¤ vxwÊv � vx¢ ©E�¥���E¿k�g� w z
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y{zE| ��zE��� w ���E|�� v � w ������� vxw�w |����¥�E¿5��|��E¿ w z��x� w zE| ���6�[|��C|���¿x)�|��¥|�� w �����C� ¢rv�� |�� w zE| ¢ �¥¤E| v � w �S���¥�
�=���«� � ��� v ��|o����)S� wÊv ���¥��¿�� v ©Ez°)�Ë�y{zE���È� ¢ ©²��� w§v � w �=| vxwÊ� ��|���� w zE| ¢ z v � ¢Jv ¤E|�½a�6��¾��E|���¿�)
¾���|�� w �����?�_�¥Á²� v � w �¥���ÉÂ ½9¾Ä¾Ä�ÆÅV���E|Ä��� w zE| ¢ ��� w ��� ¢J¢ ���E��) � ��|�¤ ¢ | w zE�S¤E�a�=��� w zE|Ä|�zC©C����� vxw �¥���
��� v � � �¬� v ��|xË?¨�� w zE� � ¿�z w zE|Ù¤ �8v �YÇ/|�z v �S�¥���_��� w zE|Ù|��¥|�� w �����E��­ w z vxw � v �_��|����§x8|�¤f�¥� w zC|Ù� vxw |
�6� w zô��|�� wÊ� �¬)�­*���E��©E����|�¤ô|{zU©/|���� ¢ |�� w ���¥�ç�gzE���§z w zC|�|���|�� w �����E�Ù�Ï|���| � ��|�¤ v ��©E����Ç/|����x� w zE|
����)S� wÊv �{� w � � � wÊ� ��|�­ w z � �JÇ/|��¥�E¿ w zE|«©E��|�� � ���������É���_½9¾Ä¾Ä� |�zC©/|���� ¢ |�� w ��­Ï)�| w ���E�¥)o�g� w z w zE|
¤E|����¥¿��'�x� }�� w � v }ª��¿�z&Ù v � �E�E¢ © �E¢ ©E�É¤E��¤'½9¾Ä¾*��x8�E¤'� w ��� v ) w � w zE|«�Ò������¤����_� � ��� v ��|
©Ez°)S���¥����Ë y{zE|�¤E|�� v ¤E|��!���r�6��º�¯U­±�6��|x¯ v �E¤ �<����¯ç�Ò|���| w zE| ¢ ��� w ©E���U¤ � � w �¥��|k���C|��È�����C��|
¤ � �����C¿ w zE����|{)�| v ��� v � v ��¿�|{� �C¢ Ç²|��Ä���/� w � � � w�� ��|��Ï�Ï|���|ª�����¥��|�¤É� � ����|���� � �¥�¥)5Ç/|�� w �6�g���E¿?½9¾Ä¾*�

w zE|«��|�© �Cw§vxw �����À�������E|«��� w zC| ¢ ��� w ��|��¥� v ÇE�¥|r� � ��� v ��| ¢ | w zE�S¤E��ËÀy{zE|«¤E|Ô��|��¥��© ¢ |�� w ��� w zE|
�E|Ô��¿�|��E|�� vxw �������x�?� v � w � � ©²|������ ¢ © �Cw |�����z v ��© v � w � v �¥�¥)ô�����¥��|�¤ w zE|Õ©E����ÇC��| ¢ w z vxw ©/|���©E�¥|
�Ï��� � �¥�E¿~�g� w z�½9¾Ä¾Ä�Øz v ¤¹Ç/|�|�� w ��)S�¥�E¿ w �Ù����©/|��g� w z¹�����E��| w zE|jÇ/|�¿��¥�E�E�¥�E¿YÝ w zE|���� ¢ © �CwÊvxw �¥���

w � ¢ |�Ë~�Y�¥¿ � ��|Ù�Æ��zE�6�g�ª���§zE| ¢rvxw ��� v ����) w zE|?½1¾Ä¾Ä����)S���¥|�ËÄy{zE| �gzE���¥| ©E���S����|����ª���{Ç v ��|�¤ � ©/���



Assume a trial

different trial structure
structure

Do multiple scattering
calculations

Calculate I - V
curves

Compare with I - V
curves found from exp.

Calculate
R - factor

Vary parameters and
thus assume a slightly
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v«w ��� v ��� v �E¤U� |�������� ��| v ���§zô���§zE| ¢ |xËfð_�E|r�x� w zE| � |Ô) © v � w �~��� w zE|r½1¾Ä¾Ä��©E���U��|�¤ � ��|��Ù�¥� w zE|
�¥�E� w � v �¥��¡ vOw �����É�x� w zE���g�Ô)U����|x­ w z vxw �¥��­E¿ � |��������C¿ v � w � � � wÊ� ��| v �{��������| w � w zC|?���E| Ç²|����E¿5��� � ¿�z w
Â w zE|ª��| v �²���E|6Å v �Ò©/��������ÇC��|�Ë1Ð*| v ���Ò���a|�zU©²|�����|��E��| v �E¤¹�¥� wÊ� � w ����� v ��| w zE|�Ç v ���¥���§z v � v � w |������ w �¥���
�=������� ¢ |{���E|Ï�gzE� �Ò��� � �q�g� w z5½9¾Ä¾Ä���gzC����| w �¬)U�¥�E¿ w � ¿ � |���� v � w§v � w �¥�E¿ � w � � � wÊ� ��|�Ë��8���¥���6�g���E¿

w zE���Ï��� w zE| ¢Ù� � w ��©C��|ª��� vOw�w |����¥�E¿�� v �¥� � � vxw �¥���E�*� w |�©VËÄy{zE| w � ¢ |��=��� w zE����| � � �¥� � � vxw �¥���E�*¤E|�©/|��E¤
��� w zE| v � v ��� v ÇE��� w )5���9� v � w ��� ¢ © �Cw |��{��)S� w | ¢ ��ËÏ½9| wg� � w �¬) w ��¿�| wªv ��� � ¿�z���¤E| v ��� w zE�¥� w � ¢ |�Ë
£ � ©E©²����| �Ò|?�E|�|�¤ w �É¤E| w |�� ¢ ���C| w zE|?è�� v � w |���� v �È���S����¤C��� vxw |��{���Yò ��) ¢É¢ | w ��)r���E|�ì � �¥� v �¥|�� w
vxw � ¢ ��­ v �E¤È�=��� w zE�¥�{© � ��©/����|Æ�Ï|?�����E����¤E|�� ¢ �S¤E|��¥�Ò�g� w zk�6¯Ù� v � � |��ª�x�Y| v �§z!���U����¤E�¥� vxw |xË�y{zE|

w � ¢ |!��|�ì � ����|�¤��=��� v ��|{zUz vx� � w �¥��|k��| v ���§z vx¢ ���C¿�� wJw zE|���|f© v � v�¢ | w |����¹�¥��å X � ï[�6¯����ª­
�gzE|���| � ��� w zE| w � ¢ |~��|�ì � �¥��|�¤ w ��� v �¥� � � vxw | w zE|5½9¾Ä¾*����©²|�� w � v �=��� ¢ | v �§z ¢ �S¤E|��îËÆy vx� �¥�E¿

��X �~��|������E¤ v �E¤M� X èÉ�Ï|�x8�E¤¾å X è�¯É)�| v ����Ë"× � � w ¤E� � ÇE���¥�E¿ w zE|~� �C¢ Ç²|��j��� vxw � ¢ � w �� X º!��|�� � � w �~�¥� v«w � ¢ |�å ��� w zE|J����¤E|��~�x� w zC| v ¿�|5��� w zE| � �E����|�����|xËÈÌê� w zE|J� vxw�w |��?� v ��|x­
�¥�E����| v ��|��_�¥�B��� ¢ © �Cw |�����©/|�|�¤C� Çi)Õ|���|�� vr¢ �����¥�����S� �=���¥¤J�Ï� � ��¤f���E�¥)ÈÇE�����E¿�å ¤C�M�g� w � v �=|��

¢ ���¥��|��C� v ÓÉÌê� w zC|r�E|�z w � w |�©E�±�Ï|r� v ��� � � vxw | w zE|�5���6 � � ����|��Ù�gzE�¥�§z �Ò|r��� ¢ © v ��|É�g� w z w zE|��¥�
|�zC©/|���� ¢ |�� w§v �Ñ���¥� w |���� v �E¤&x8� v ���¥)��Ï|È� v ��� � � vOw | v m � v � w ����ËôÌê� w zE|�� v ��| w z vOw�w zE�¥�Ù� v � w ���
�¥�?�¥|���� w z v � ��� ¢ |J¿�|��E|�� v ����) v ����|�© w |�¤ç� v � � |x­1�Ï|J� w ��© w zE|���|Jz v �U�¥�E¿Õ�����¥��|�¤ w zE|É� w � � � wÊ� ��|�Ë
( �Uw?w zE���Æ����|�� v ���¥�È�¥�Æ� vxw zE|��Æ� v ��|�Ë5�o|5�g�¥���qz v ��| w �«� v �¬) w zE|5�¥�E� w � v �1© v � v�¢ | w |���� v �E¤ w z � �
¿�| w~v ���¥��¿�z w �¥)B¤C�¥Á²|���|�� w � w � � � wÊ� ��|J�gzC���§zo�g�¥���q�¥�E� w � v �¥��¡�| w zC|J��|������E¤ç� w |�� vxw �¥���k��� w zE|J�Ô)S����|xË
y{zE|±��| v ¤E|�� � �E¤E|���� wÊv �E¤E� w z vxw�w zE�¥� ¢Jv )!����� w �¥� � |~�=������� ¢ | w � ¢ |�Ëª¾q��|��¬) w zE�¥�E¿�¤E|�©/|��C¤E� ���

w zE|r������¿��¥� v ��� w � � � wÊ� ��| v ��� �E¢ © w �����VËBð_Çi�S�¥� � ����)���� ¢ | v � w |���� vxw �¥��| w � v �ç|�zCz v�� � w �¥��| w ��� v ���

v �C¤U�ê|�����������| v ���§z��¥���C|�|�¤C|�¤VË?£U�C­²��� w zE|Ù���E|±z v �E¤f©E���S��|�¤ � ��|�� v ©C©E�¥)S���C¿ v ¤E�¥��|�� w |�¤B��| v ���§z
�¥� w zE| ¢Ù� � w ��¤E� ¢ |��E���¥��� v �Q© v � v�¢ | w |��g��© v ��|Æ�Ò|���|±¤C|���|�����©/|�¤-ËÒÌê� w zE�¥�ª����� w |�z w�w zE| w |�� w ���E¿É���



��� ¢Ù� � vxw |�¤ v �E�E| v ���¥�E¿x� ��� � | v �E¤Æ¿�|��E| w �¥� v ��¿������ w z ¢ �����P� v ��|Ä��|�� wÊv ���E��)j� w |�©E���¥� v{¢ ��� w ©E��� ¢ �¥�����C¿
¤E�¥��|�� w �¥���VË�¨j�����E­Sì �Ev ���¥¤E����|�� wÒ¢ | w zE�S¤E�*�Ò|���|_¤E|Ô��|�����©/|�¤ v �¥���6�g���C¿ v ��| v ���§zU�î�=��|�|j��© w � ¢ �¥¡ vxw �����
���j� w � � � wÊ� � v �j© v � v�¢ | w |����É���E��| v�¢ �S¤E|��{�C| v � w zE|!��������|�� w � w � � � w�� ��|Bz v ¤ Ç/|�|�� �=� � �E¤ ���
¿ � |�����|�¤$����� Ëqy{zE|{� w zE|�� v ©E©E��� v �§z w z vOw z v �q��zE�6�g�J�����E����¤E|�� v ÇE�¥|Ñ©E��� ¢ �¥��|*�=����½9¾Ä¾*�3�¥�Ù��|���|�� w
)�| v ���jz v ��Ç²|�|�� w zE|?zE������¿�� v ©CzE��� ¢ | w zE�U¤ �����îË{y{zE�¥� w zE|������ª¤E|��������¥Ç²|��_|{z v � w ��) w zE�¥� v ©C©E��� v �§zVË
y{zE| v��Uw zE���{��zE�6�g��zC�M� � w � v �g����| vxw |�¤V­ v � ¢ ��� wÒw |��«)�| v ��� v ¿��C­C�g� w zÈ© v � w � v �²Ç �Cw ©E��� ¢ �¥�����C¿
� � ����|���� v �E¤kzE�6�ë� � ����|��¬� � �Ä� w z v � Ç/|���� ¢ |�­9�§zE��|"�E)B�=��� ¢ w zE|��Ò��� � ¤E���C|ÉÇ°) w zE|�¿���� � ©E�Æ���
��ËY}ª|��¥�E¡ vxwÑw zE| }ª�E�¥��|������ w )r����¾Ä��� v �C¿�|��U�êò � ��| ¢ Ç/|���¿E­ ¦ |�� ¢rv �i) v �E¤��x�Y�ÙË¼��Ë8£ v ��¤E�¥� vxwÑw zE|
}ª�E�¥��|������ w )��x�����¥�������E���¥�U�¬�!�¥�¥� v��E� |�|Æ�����gzE����|Æ¿���� � © w zE| v��Cw zC���{¤E��¤ w zE���{��|���| v ���§z-Ë
y{zE| w zC|����¥���¥�{¤E�¥�S�¥¤E|�¤«��� w �É��|���|��Õ�§z v © w |�����Ë

��Ë¸�Òz v © w |��?�?����� w§v �¥�E� w zE�¥�{��� w ���U¤ � � w �����VË

®SË{Ìê� w zE|Ñ��|������E¤5�§z v © w |�� v ¿�|��E|�� v �C¤E�¥��� � �������������/½9¾Ä¾Ä� w zE|�����) v �E¤�|{zU©/|���� ¢ |�� w ����¿��¥��|��

w z vxw zE|���©E� w zE|���| v ¤C|����=�����¥�6� w zE|g��|�� w ��� w zE| w zE|����¥��Ë�y{zE�¥�*¤C����� � ���������É���q� v �Ä�=��� ¢ Ç/|��¥�E¿
|{zUz v�� � w ����| v �E¤ w zE|Ï��� w |���|�� w |�¤���| v ¤E|�����zE� � ��¤Ù¿�� w � w zE| w �Ò�j��� v �����¥� v �iÇ/�U� � �����Ù½9¾Ä¾Ä�Ù­
����×CË¼(jË8³1|��E¤E�¬)B����� v �C¤!���q�oË ¨±ËE� v �y}��6��|��"�������������îË

èUË{Ìê� w zC|Fx8��� w © v � w ���E�§z v © w |��Yè w zE|Ä�¥¤E| v �9���C|��¥|�� w �����?zE���¥��¿�� v ©Ez°) v ��|*¤C����� � ����|�¤ v �E¤ w zE|��¥�

v ©E©E�¥��� vOw ����� w �«� � ��� v ��|J����)S� wÊv ���¥��¿�� v ©Ez°)�­ v �E¤k|���©/|���� v ����) w �È¤C�¥Á � ��|5½9¾Ä¾Ä�HÂ � ½9¾Ä¾Ä�ÆÅ

v ��|«|{zU©E� v ���C|�¤VËÀ¨ ��|������E� w � � � w ����� v ��¿������ w z ¢ ���5¤E|Ô��|��¥��©/|�¤���� w zE|È��|������C¤ © v � wÉv �E¤
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v � v ��|�� v ¿�|?��|����S��� w )/Ú Î�â X ã í��îí`ÎB@qÂ í/Åã í � ík@qÂ íQÅ X Â � E�å å¢�Ô Å ¦¨§^© Â Î�Å

òª�M�Æ­8�����E��| w zE|Æ©E��|���� � ��|Æ�=���{�¥¤E| v �-¿ v ��|����¥�{¿��¥��|��ÈÇ°)²Ú

ç X è E�å å ÂÃº°Å

�Ï|¹� v �ç� � ÇC� w � wÊ�Cw |Gè v �E¤èÎ�â5�¥�3Â è�ÅÆ�=��� ¢ ÂÃº°Å v �E¤[ÂîÎ�ÅÆ��|���©/|�� w ����|���) w � w§vx� | w zE|J�=���¥���6�g���C¿
|�zC©C��|������¥���VÚ

m X çg� �
®PÔ E�å åÒ¢ � ¦¨§^© Âý|�Å

Ì �1�Ò|?|{zU©E��|���� w zE|Æ©E��|���� � ��|Ðç��¥�¹åaætð­ð�Â¬�oåaæ¯ð¯ð X �6è�è�Zp
C�6ºéç ìSÅ v �E¤!� � ÇE� w � w��Cw | w zC| ¢Jv ���Ò¢
Ç°) w zE| ¢ ���¥|�� � � v ���Ï|��¥¿�z wÒê ¢Ù� � w ��©C����|�¤5Çi) w zC| vxw � ¢ �¥� ¢Jv ��� � �E� w ì�¢�\ X �[Z º�º?ï!�6¯�J ©�ë ï¾é/­
�Ï| �g�����²¿�| w�v �����i��|��E�¥|�� w �=��� ¢Ù� � v �=��� w zE|Æ� vxw |?�¥� � �E� w �{��� ¢ ���¥|�� � ��|��{©²|��ze"¢ © ©²|��ÒW°­8���

m X è�Z ÎS�~ïç�<¯ ©j© ç
Â å ê Å ¦¨§^© ÂÃ�°Å

½a| w±� � v ��� �E¢ | w z vxw �Ò|¹z v ��|��E� w ����¿�|�� ¢ ���¥|�� � ��|��rÂ¨� © ÅÆ�g� w z ¢ ����|�� � � v � �Ò|���¿�z wØê X ®��UË
y{zE|�� vxw ���U� ¢�w | ¢ ©/|�� vxwÊ� ��|Qå X ®���è�ï v �E¤�©C��|���� � ��| �oå�ætð¯ð w zE| v �����¥� v �S� vOw | vxw�w zE|{� � ��� v ��|
�g�¥���YÇ/|�­ � �����E¿«�=��� ¢±� � v ÂÃ�°ÅÔ­1è�Z¼���¹ï��6¯�©j¿ ¢ ����|�� � ��|���e"¢ J ©ìW J ¦ÔËÉÌ �Ï�Ò| v ��� �E¢ | w z vxw~v¹w )S©E��� v �
¢ ���E��� v )�|��ª�����E���¥� w � �x� v Ç²� �Cw �6¯ ¦wí vxw � ¢ �j©/|��Re"¢ © v �C¤ w z vOwÆv ��� w zE| ¢ ����|�� � �¥|�� v �������S���E¿ vxw
w zE|Æ� � �¬� v ��|?� w ��� � ���È� w ­ w zC|��«�Ò|?��|�| w z vxw�vxw ©E��|���� � ��|J�oå�ætð¯ð±���E| ¢ ���E��� v )�|��g����� ¢ © � ��� w ��|��



�E|�|�¤E� v Ç²� �Uw èfï �6¯�J�îkW w �çÇ/|B�=��� ¢ |�¤VË��8���¹©E��|���� � ��|À�6¯�J�îYå�ætð¯ðo� w �g���¥� wÊv�� |kèïW�Ë�y{zE|
¢ �U¤C|����!}�}³Ùë© �C¢ ©E�ª����| vxw | v � v � �E�E¢ �x� w zE|~����¤C|��ª���Ñ�6¯�J ¦w¿ åaætð­ðÙ�gzC���§zB¿�����|�� � � vÉw � ¢ |
���*èJï��<¯ ª W���� v Ç/� �Cw �ïs=æP\kð�W±�=��� v¹¢ ���E��� v )�|��j���Ä� ¢ © � ��� w ��|�� w ��Ç²|±� wÊ� � � ��� w zE|�� � �¬� v ��|xË
�8��� ¢�w zE�¥����� � ¿�z!|�� w � ¢Jvxw �¥���«�Ò|~�����E�¥��� � ¤E| w z vxw � � �ª� v�¢ ©E�¥|�» �j� � ��� v ��|±��| ¢rv ���E�ª��� ¢ ©E�¥| w |��¥)
� ¢ © � ��� w )°�î�=��|�|j�M��|�� w zC|?©/|������S¤«��� w zE|Æ|{zU©/|���� ¢ |�� w Ë

ð g ð g7ñ ò e >]ó?A e A�;YXLDQ9 DFEÅ;Y<?>�RTA�Bôó"Jb>
�o|J¤C����� � ����|�¤ v Ç²�6��| w zC|J|ÔÁ-|�� w ����|��E|����Ù��� v }�}³Ù �§z v�¢ Ç/|��?��� w ��)S�¥�E¿ w � � |�|�©ç� � �Æ� vx¢ ©E�¥|
� ¢ © � ��� w )°�î�=��|�|Y¤ � ���¥�E¿ w zE|Ä��� � ����|Ï�x� w zC|*|�zU©²|���� ¢ |�� w ËYòª|{z w �Ï|Ä�g�����x¿�� w zE��� � ¿�z w zC|Ï©E���U��|�¤ � ��|
�Ï|��=�����¥�M� w �È©C��|�© v ��|5� � � � v�¢ ©E��|Ù�=��� w zE|5|{zU©/|���� ¢ |�� w Ë�y{zE|©x8��� wÆw zE�¥�E¿��Ò|5�E|�|�¤o��� w �!¿�| w
� w �5� � �¬� v ��|!� �Cwrv �¥���E¿ v ¤E|�������|�¤'�����¥|�� w§vxw �����-Ë ¦ �U�S¤ ¢Jvxw |���� v ���~�=��� w zE��� � ���E¤���� ©C���S����|����

v ��| w zE����| w z vxw ����| v ��|!| v ���¥�¥)�ÂÃ�¥� � |x­Ï��zU��¤C|��5��� v � �xv ���Òz v ���¥¤E|��ÊÅÔËô¨$©E���U����|����r��� ¢ |��§z v �C��� v �
©/�����¥��zE�¥�E¿k�g� w z3� v ��ÇC��¤E|!©²�6�g¤E|���� v �E¤3�§zC| ¢ ��� v �j| w �§zE���C¿ ¢rv�� |�� w zE|B� � ��� v ��|f� ¢ �U� w zVËØÌê�
����¤E|�� w ����|��E¤C|��É� wÉv �5���¥| v � v �5©/��������ÇE�¥|¹�Ò| � ��| w zC| ¢ | w zE�U¤À��� v �E�E| v ���¥�E¿EËôy{zE�¥�5� v�� ��|��

v ¤C|�������©E�¥���ç���g¿ v ��|���z v �S�¥�E¿ v ¤E������Ç/|�¤ô���ç� w Ëf£U© �Uw�w |����¥�E¿�Â � � �8v �¥�¥)kÇ/� ¢ Ç v ��¤ ¢ |�� w ��� w zE|
� � ��� v ��|~�g� w zÕ�¥���E�ª����¨��§Å{��� v �E� w zE|�� ¢ | w zE�S¤ w z vxw zE|��¥©E�j��| ¢ �M��|±� v )�|����j����� ¢ © � ��� w ��|��Ñ�=��� ¢
w zE|±� � ��� v ��|�Ëjð_�E| � �C¤E|�������|�¤B���¥¤E|±|ÔÁ-|�� w ��� w zC|±Ç/� ¢ Ç v ��¤ ¢ |�� w �¥� w z vxw � w ��| v ��|�� w zE|±� � ��� v ��|
zE| v �U�¥�¥)!¤ v�¢Jv ¿�|�¤k�g� w zf¨�� vxw � ¢ � | ¢ Ç²|�¤E¤E|�¤-ËÉ£U���Ò| � � �8v ����) v �E�E| v ��� w ���C| ¢ ����| w � ¢ | w �
��| ¢ �M��| w zE����| vxw � ¢ � v �E¤ w �o��|Ô� ���¬)U� w§v �¥���¥�E| w zE|È� � �¬� v ��|xËâ�Y��� v ���¥)�­*�Ï| ¢Jv )ô�g����z w �oz v ��|

vxw � ¢ �Ò��� ¢ ���¥|�� � ��|�� v ¤E������Ç/|�¤���� w zE|_� � ��� v ��|�ËÄy1��¤E� w z vxw �Ï|_�g���¥�/z v ��| w ���¥� w ���S¤ � ��|_¿ v ��|��
�¥� w � w zE|Ñ� v � �E�C¢ �§z vx¢ ©/|��Y�gzC|���| w zE|Ñ� v�¢ ©C��|*��� w �gÂ7È�Ç`õ&Ë"È��wÆ�©E���U��|�¤ � ��|6Å vxw ©E��|���� � ��|��*�x� v Ç²� �Cw
�6¯�J�îYå�ætð¯ðÈ���~�¥|�����ËB�_|���� ¢ ©²����� w ��������� w zE| ¢ ���¥|�� � ��|��?©E���U¤ � ��|�� vxw � ¢ � w z vxw ¿�| wÙv ¤E������Ç/|�¤



��� w � w zC|r� � ��� v ��|�Ë«� |J� v �çz v ��| w �Ï� � ���E¤E�~��� v ¤C������© w �¥���VË�Ì � w zC| vxw � ¢ � v ��|rzE|���¤ w � w zE|
� � ��� v ��|j���C�¥)5Ç°)J� v �r¤E|��*� v�v ����»°�=������|���­ w zE| v ¤E������© w �¥���r�¥�Ò� v ���¥|�¤Øö`÷�øPË"ÈùË�ú£Ê^ök�wÈ&ú£Ç v �C¤r����| vxw |��
�Ï| v�� Ç/���E¤E�5�g� w z w zE|È� � �¬� v ��| vxw � ¢ �!ÂÃ�x� w zC|!����¤E|��É���_¯�Z º�êP6�©²|�� vxw � ¢ ÅÔË'y{zE��� � ���C¤ ���

v ¤C������Ç²|�¤ vOw � ¢ �j� v �kÇ²|Ù��| v ¤C���¥)!¤E|�������Ç²|�¤ vOw_w | ¢ ©/|�� vxwÊ� ��|�� v ��� � �E¤�®x¯�¯�ïçË±ð_� w zC|Ù� w zC|��
z v �E¤V­C��� w zC| v ¤E������© w �����r�§z v �E¿�|�� w zC|_|��¥|�� w �����C���j� w � � � w�� ��| ��� w zE| v ¤U� vxw � ¢ ­ w zE|���� w �¥�Ò� v ����|�¤ÌI÷`�"ûØÈùË�ú£Ê^ök�wÈ&ú£Ç v �E¤È©E���U¤ � ��|��g� w �����E¿JÇ/���E¤C��Ë
ð g ð g ð ò¾> e E�D e B Xb9ýü ;Y<?>�> þRó�> e XbB >s9Q;
�Y�¥¿ � ��|n
Æ��zE�6�g�*���§zE| ¢rvxw ��� v ����) w zE| ¢rv �¥��© v � w ����� w zE| v ©C© v � vOwÊ� ���=��� w zE|ª½1¾Ä¾Ä��|{zU©²|���� ¢ |�� w Ë
¨������C|~� v �Õ��|�|�­ w zC| v ©E© v � vxw�� �ª�����E����� w �ª��� v zE| ¢ ����©EzE|������ v �×� � ����|�����|�� w ������|�|�� v �����E¿��g� w z
v � v ��� v )«���Y�=� � � v �����ÉzE| ¢ �¥��©EzE|����¥� v � v �C¤Õ�����E��|�� w ���¥�~¿�����¤E��ËÒ¨����V�=� � �ª¿�����¤E� v �E¤ w zE|?¤E�¥��©E� v )
������|�|��Èz v ��| v ��|�� w � v �azE����| w zE��� � ¿�z¹�gzE�¥�§z w zE| |���|�� w �����«¿ � �«���Ñ�¥�E��|�� w |�¤VË�y{zE|Æ|���|�� w ������¿ � �
� v �!��zE�S� w |���|�� w �����E�{�g� w zÈ|��E|���¿�)«� v �E¿�|ÆÇ/| w �Ï|�|��kè�¯FêP6 v �C¤o�6¯�¯�¯�êP6 vxwgw zE|?� v�¢ ©E�¥|_�gzE���§z
�¥� ¢ � � � w |�¤ vOwÏw zE|���|�� w |��Ò��� w zE|ª��)S� w | ¢�v �E¤É�gzE���§zV­ v �¥���E¿Æ�g� w z w zC|¸x8��� w ¿����¥¤V­°���*¿���� � �E¤E|�¤VË
�o|�¤E� w zE�¥�_���f����¤E|�� w �«©E���6�S��¤C| v xE|���¤S� �=��|�|Ù|��°�S����� ¢ |�� w Ç²| w �Ò|�|�� w zE| ¢ Ë~y{zE|5��|������E¤ v �E¤

w zE����¤Õ¿�����¤E�ÙÂÃ� � ©E©E��|�������� ¿����¥¤E�§Å v ��|±�§z v ��¿�|�¤f�C|�¿ vxw �¥��|��¥) w � ¢rvx� |±� � ��| w z vxw ���E��)!|�� v � w �¥� v �¥�¥)
��� vxw�w |���|�¤ç|���|�� w �����E� v �E¤o���E�¥) v �=� v � w �¥������� w zE| ¢ �g���¥�q��| v �§z w zE|g� � ����|�����|�� w ������|�|��VËÈy{zE|
�=� � � w z�¿�����¤��¥� v �¥��� ¿���� � �E¤E|�¤ w �Æ��|�¤ � ��|g©/|��E| w � vxw �¥������� w zE|WxE|���¤5Ç°) w zE|{� � ©C©E��|������Ä¿�����¤E�q�¥� w �

w zE|Ù��|�¿������B���¥����| w � w zC|Ù������|�|����gzC���§zf�����§z v ��¿�|�¤k©/����� w �¥��|���)È�g� w z v ©/� w |�� w � v ���x� v �=|�� E 6
�¥�r����¤E|�� w � ¢Jv�� | w zE|_|���|�� w �����E�Ò�S�¥����ÇC��|�ËYy{z � ��­C�gz vOw |�����|�� w � v �¥�¥)Éz v ©E©/|��C�Ñ��� w z vxwÑv � vOw zE�S¤E|
� � ©E©E�¥��|�� v � w | v ¤C) � � ����|�� wÉv �C¤ôzE| vxw � � © v!wÊ� �E¿�� w |��&x8� vx¢ |�� w ­ v �Ù��|�|��'�¥�Px8¿ � ��|ÈÎUËky{zE|
|���|�� w �����E�_|�z w � v � w |�¤oÇ°) w zE|�x8� v�¢ |�� w ¢rvx� | � © v Ç/| v�¢õw z vOw z v � ¤E� v�¢ | w |��_��� w zC|Ù����¤C|�� ���
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Anodes

Cathode
Grid         A1     A2     A3

�Y��¿ � ��|?ÎUÚ�y{zE|Æ|���|�� w �����!¿ � �

¯�Z��Ve"¢ v �E¤�� v �����¥|�� v � � ����|�� w ��� w zE|É����¤E|��?���_�$ÿÃç~Ëry{zE|J©²� w |�� w � v ��Ç/| w �Ï|�|�� w zE|É� vOw zE�S¤E|
v �C¤ w zE| v ��� v )¹��� v �E�U¤C|��ª����� w ������� w zE|^x8� v � � ���C| w �¥� |��E|���¿�)«�x� w zC|?|���|�� w �����E��ËÏy{zE�¥�gÇ²| v�¢ ���
|���|�� w �����E�{���Ò��zE� wg� ©²��� w zE| ��©/|���� ¢ |��VËÄy{zE| ¤E��Á-� v � w |�¤«© v � w �¥����|�� w � v ��|��V�g� w zE�¥� w zE|?xE|���¤S� �=��|�|

v�¢ ÇE��|�� w�w �6� v ��¤E� w zE|�������|�|��VË±Ì � w zE|�) v ��|Ù|�� v � w ��� v ����)«��� vxw�w |���|�¤ w zE|�) ¢rvx� |Ù� w_w zE��� � ¿�z w zE|

w �Ï�r� � ©E©E��|��������_¿�����¤E� v �E¤!|���|�� wÊ�8v ���¥)«|��E¤ w zE|�) w ����©È��� w zE|�� � ����|�����|�� w ������|�|��Õ�gzC|���| w zE|Ô)
� v �«Ç²| w � v ��|�¤!Ç°) w zE|Æ��©/� w � w zC|�)��¥| v ��| � ©/���«�����¥�����������-Ë

ð g ð g�� NPDQ<?> e >s9��o>@Jb>s9ýü~;=<
¨�� ��¤C| v ��Ç/| v�¢ �Ï� � �¥¤ Ç/|J¤C|��������¥Ç²|�¤ Ç°) v ��� ¢ ©C��|�©E� v �E|�� v ��|¹��� w zE|J�=��� ¢ ­sç�|�zC©1Â�� 3E G 3ð�Åó­
�g� w z � ���E| w ���Æ|��E|���¿�)�­k= X��s E © 8�®?¢ v �E¤ v �Ï|��¥�a¤E| xE�E|�¤B¤C����|�� w �����«¿�����|��ÈÇ°) w zE| � v ��|~��|�� w ���3E Ë�Ì � w z vxw � v � w zE|«� v ��| v � v ��|Õ�E��� ¢Jv ����) �¥�E���¥¤E|�� w ��� v � � ��� v ��|È�Ï� � �¥¤'z v ��| w zE|È� v�¢ |
©Ez v ��|É|���|���)i�gzE|���|����o� w ËrÌê� ¿�|��E|�� v � w �Ò�!©²����� w �?��� w zE|J� � �¬� v ��|É��|�© v � vOw |�¤ Çi) v ¤E��� w§v �C��|� w z vOw ��|���|�����| w zE|f�¥�E���¥¤E|�� w � v ��|k�Ò� � ��¤�¤E��Á-|��¹Ç°) v ©Ez v ��|k¤E�¥Á²|���|��E��| 3� G 3E Ë Ìê�[��| v �¥� w )
�Ï|Bz v ��| w �ô¤E| v �j�E� w �g� w z3���E|Õ� v ��|fÇ �Cw �g� w z v ��| w ��� w zE| ¢ z v �S���C¿ç���¥��¿�z w ��)À¤E�¥Á²|���|�� w



¤E�¥��|�� w �¥���E� v �E¤V­SzE|��E��|x­ � ���E| w ���ª|��C|���¿���|���Ë�y{zE��� ¢ | v �E� w z vxwÏw zE|�|��¥|�� w �����É� v ��|��g��� vxw�w |���|�¤�Ç°)

w �Ï�~¤C�¥Á²|���|�� w ©/���¥� w ����� w zE|ª� � �¬� v ��|{�g�¥���E�E� w z v ��|ª©Ez v ��|�¤E��Á-|���|��E��| v ��� v )S� w zE|ª� v�¢ |{|{z v � w ��)
Ç/|�� v�� ��|g��� w zC| � �E��|�� w§v ��� w )���� 3E ËYy{zC���Ä���q��|���)Ù� ¢ ©²��� w§v � w �gzC|�� w zE|���|g� v ��|�� v ��|g���°�����¥��|�¤5���
¤E��Á-� v � w �����_�gzC|���| w zC| vx¢ ©E�¥� w�� ¤E|�� v ��|Ä��� ¢ ©E��) v ¤E¤E|�¤ w � w§vx� | w zE| � �E�6�g�Ù¤E��Á-� v � w ����� © vOw�w |����E��Ë
Ì � w �Ï�r� v ��|�� w z vxw ��� w |����=|���|±z v ��|Ù¤E��Á-|���|�� w ©Ez v ��|�� w zE|�� w zE�¥���¥� w |��¬�=|���|��E��|~�g�����a¿��¥��|~�E|�� w zE|��
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¹»º½¼ ¾À¿IÁÃÂÃÄ»ÅÇÆÇÈNÁÊÉEÄË¿
Ì�Í�Î½Ï Õ úÑÐÓÒ<ÔÖÕ �Ø×ÖÍÖÙ%ÚsÛ�ÜÝÚsÍ Õ ÍÖÙ�ÜkÍ ÕEÕ ÛÀÞ Õ ÍÖÍ(Ü�ßÀàáÚ�â1ã�ÛjäuåÖÙ�×ÖÛ Õçædèêé1ë Ú�ß ë ã�Û�ìêÜ�ÍÖÙ ë Ü Ò<ÔíÒ<ÔÖÕÃîïÔ ã�ðñß�ã�ÍÑò
�Øã�×Öß Ò ã�Í»óôã�ðËõ*Ú�Í%öËÜ�ÍI÷jÍ(Ù�øÝÚ�Í(ù Ò Û�öúÜ�ÍÖÙ Ò ã}ÜkðñõÖÛ�ã½û Õ{Ò�ÔÖÕ Û Õ ß�ã�ø�× Ò Ü�ã�ÍËÜ�ÍIÜkðüÚsÙ Õ ßjã�â Ò Ú�Ü�Í Õ ù ë Ü Ò<Ô
Ú�Í Õ ø ÕEýGÒ Û�ã�ÍüðñÜ ý Û�ã�ß ý ã�õ Õsþjÿ Í Õ ö Õ Ú�Û ø�Ú Ò<Õ Û Ô(Õ õÖ×Öâ(ø�Ü�ß ÔÖÕ ùüÜ�Í��������
	<$ Ò<Ô(Õ�� Ú�ðËã�×Ößçõ*Ú�õ Õ Û�
���� Ò<Ô Ú Ò
Ù%ÚÓû ÕlÔ Ü�ð Ü�Í Î½Ï��ÑÎ Ò�ÔÖÕ �{ã�â Õ ø p Û�Ü�� Õ ã�Í Ò<ÔÖÕíë Ú½û Õ�� Û�ã�Í Ò Û ÕEý ã�ÍÖß Ò Û�× ýbÒ Ü�ã�Í7ã�Û���� ! ����	�������� Ú�ßïÜ Ò ÜkßìêÍÖã ë Í Ò ãÑù*ÚÓö þÊî ë ã ðñã�Û Õ õÖ×ÖâÖøkÜ ý Ú Ò Ükã�ÍÖß � ã�økø�ã ëôÕ ùñÜkÍ7ÎÓÏ è Ï�
����>Ú�Í(ùñÜkÍ7Î½Ï� ÑÎ!
���� þÃîïÔÖÕØÕGÒ öúðñã�ø�ã�Ù�ö
ã �?Ò<ÔÖÕØë ã�Û�ù Ô Ú�ß àáÛ ÕEÕ ì�ã�Û�Ü�Ù�ÜkÍüÚsÍÖù ý ã�ÍÖß�Ükß Ò ß�ã � Ò�ÔÖÕ Ú�ù#" ÕGýGÒ Ükû Õ%$ &'�()'#* Ò<Ô Ú Ò ð Õ Ú�Í(ß,+ ëNÔ ã�ø Õ.- Ú�ÍÖùÒ�ÔÖÕ û Õ Û�â0/21 &3
465 Ò�Ô Ú Ò ð Õ Ú�ÍÖß7+ Ò ã ë Û�Ü Ò�Õ.- ã�Û%+ Ò ã Û ÕEý ã�Û�ù -ÖÐ%ëNÔÖÕ Û Õ Ú�ß8��� ! ����	9��:9Ü�ß Ò<Ô(Õ Û ÕEý ã�Û�ùÖÜkÍÖÙã�ÍyÚ õ Ô ã Ò ã�Ù�Û<Úsõ Ô Ü ý õÖø�Ú Ò<Õ ã ��Ò<Ô(Õ ÜkÍ Ò�Õ Û �uÕ Û Õ Í ýEÕ õ*Ú Ò�Ò<Õ Û�Í¡ã � Ú ë ÚÓû Õ7Õ ðËÜ Ò�Ò<Õ ù â%ö Ú ý ã ÔÖÕ Û Õ Í Ò
ß�ã�×ÖÛ ýGÕ Ú�Í(ù Ò<ÔÖÕ õ*Ú�Û Ò ã � Ü ÒNÒ<Ô Ú Ò�Ô Úsß�â ÕEÕ Í�ß ý Ú Ò�Ò<Õ Û Õ ùÇâêö7Ú�Í�ã�â�" ÕEýbÒ<;1Ò<ÔÖÕ%� ã�Û�ð Õ ÛNâ Õ Ü�Í(Ù ý Úsø�ø Õ ù
+ Ò�ÔÖÕ Û Õ��uÕ Û Õ Í ýEÕ ë Ú½û Õ.- Ú�ÍÖù Ò<ÔÖÕ ø�Ú Ò�Ò�Õ Û�+ Ò<Ô(Õ ã�â�" ÕGýGÒÊë ÚÓû Õ.-(þ>= ölß Ô ÜkÍÖÜ�ÍÖÙ Ò<ÔÖÕ�Ô ã�ø�ã�Ù�Û<Ú�ð ë Ü Ò<Ô}Ò�ÔÖÕ
ß�Ú�ð Õ Û Õ��uÕ Û Õ Í ýGÕlë ÚÓû ÕlëôÕ ã�â Ò Ú�Ü�Í~Ú Ò<Ô Û ÕEÕ ò ùÖÜ�ð Õ Í(ß�Ü�ã�Í*Ú�ø �uÕ Ú Ò ×ÖÛ ÕíÒ<Ô Ú Ò Ú�õ(õ Õ Ú�Û�ß{Ú ÒïÒ<Ô(Õ ã�Û�Ü�Ù�ÜkÍ*Ú�ø
õ1ã�ß�Ü Ò Ükã�Í�ã � Ò<ÔÖÕ ã�â�" ÕEýbÒ Ú�ÍÖùnõ>ã�ß�ß Õ ß�ß Õ ß�Ú�ø�ø Ò�ÔÖÕIý/Ô Ú�Û�Ú ýGÒ�Õ Û�Ü�ß Ò Ü ý ß Ò<Ô(Õ Û Õ ã �+Ð Ò�Ô Ú Ò Ükß Ð ù Õ õ Ò�Ô Ú�ÍÖù
õ*ÚsÛ<Ú�økøÝÚ#? Ð âÖ× Ò ã�Í Õ@; Ü Ò Ü�ßØÍÖã ÒØÒ ã�× ý/Ô Ú�âÖø ÕsþBA ø Ò<Ô ã�×(Ù Ô�Ô ã�ø�ã�Ù�Û�Ú�õ Ô ö»Ú�ß{Ü�ßNâÖÛ�ã%Ú�ùÖø#ö»ìúÍ(ã ë Í Ò ãúù*ÚÓö
×Öß Õ ßlûÑÜkß�ÜkâÖø Õ ø�ÜkÙ Ô%ÒÓÐ Í Õ û Õ Û Ò<ÔÖÕ ø Õ ß�ß Ð ÜkÍ�õÖÛ�Ü�Í ý Ü�õÖø Õ�Ð ë�Õüý ÚsÍ£Û Õ õ Õ Ú Ò Ò�ÔÖÕ ð ÕGÒ�Ô ãúù Õ ðñõÖøkã½öÑÜkÍÖÙ7Ú�Í%öë ÚÓû ÕC� Û�ã�ð Ò�ÔÖÕØÕ ø ÕGýGÒ Û�ã�ðñÚ�Ù�Í ÕbÒ Ü ý ß�õ ÕEýGÒ Û�×Öð Ð Ú�ß ëôÕ ø�ø1Ú�ß Ð ÚsÍêö�õÖÚ�Û Ò Ü ý ø Õ�þ Ì�Í Ò�Ô Ü�ß Ò<Ô(Õ ß�Ükß ëôÕ ðüÚsì Õ
×Öß Õ ã ��Ò<ÔÖÕËÕ ø ÕEýbÒ Û�ã�Í£Ú�ß}Ú ý ã ÔÖÕ Û Õ Í Ò}ë ÚÓû ÕüÒ ã�×ÖÍ(ù Õ Û�ß Ò ÚsÍÖù Ò<Ô(Õ Ù Õ ã�ð ÕbÒ Û�Ü ý ÚsøÊß Ò Û�× ýbÒ ×ÖÛ Õ ã �ôÒ�ÔÖÕý Û�öúß Ò Ú�ø ß�×ÖÛ � Ú ýEÕ ß þ
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D Ü�Ù�×ÖÛ Õlæ  �Eji Õ��uÕ Û Õ Í ýEÕ Ú�ÍÖù ÿ â�" ÕGýGÒØë ÚÓû Õ ß
¹»ºGF H IKJ&ÄËÂÃÁ´ÂML�N~É�L�O ÄQPRJ&ÄQSEÄUTñÂMVXWYJ[Z
Ì�Í Ò<Ô Ükßgß ÕEýbÒ Ü�ã�Í ë�Õ�ë Ü�økø%Ú Ò�Ò<Õ ðËõ ÒÀÒ ã{ùÖÜ�ß ý ×Öß�ß Ð ÜkÍ â(Û�Ü Õ��+ÐdÒ�ÔÖÕ â*Ú�ß�Ü ý õ(Û�Ü�Í ý Ü�õ(ø Õ ß ã �*Ô ã�økã�Ù�Û<Úsõ Ô ö ÐAÒ<Ô ×Öß
ß ÕGÒ�Ò Ü�ÍÖÙ Ò�ÔÖÕ�� ã�×ÖÍÖù*Ú Ò Ü�ã�Ízã �·Ò�ÔÖÕáÕ ø ÕEýGÒ Û�ã�Í Ô ã�økã�Ù�Û�Ú�õ Ô özÚ�ßØÚ�ð ÕGÒ<Ô ãÑù»ã � ß�×ÖÛ � Ú ýEÕlÕ ?ÑõÖøkã�Û<Ú Ò Ü�ã�Í þ

AC��Ò�Õ Û Ò<ÔÖÕ å*Û�ß ÒñÕ ? ý Ü Ò<Õ ð Õ Í ÒEÐ Ô ã�økã�Ù�Û<Úsõ Ô ö ë ÚsßIÚ�økðñã�ß Ò,� ã�Û�Ù�ã Ò�Ò�Õ ÍyÚ�ÍÖù Úsâ*Ú�ÍÖùÖã�Í Õ ùyß�Ü�Í ýEÕ
õ Õ ã�õ(ø Õ øÝÚ ý ì Õ ù Ò�ÔÖÕ ÚsâÖÜ�økÜ Ò ö Ò ã}õÖÛ�ãÑù(× ýEÕ{ý ã ÔÖÕ Û Õ Í Ò ä ðËã�ÍÖã ý Û�ã�ðüÚ Ò Ü ýÓé ø�ÜkÙ Ô%ÒÓÐ�Ò<Ô(Õ ðËã�ß Ò Ü�ðËõ1ã�Û Ò Ú�Í Ò
õÖÛ Õ Û Õ.\ ×ÖÜ�ß�Ü Ò�ÕU� ã�Û Ò<ÔÖÕ ß�× ýEýEÕ ß�ß ã ��Ò�ÔÖÕ ð ÕbÒ<Ô ãúù þ^] Ü Ò<ÔÇÒ<ÔÖÕ Ü�Í%û Õ Í Ò Ükã�Í ã ��Ò�ÔÖÕ[_a`cbed>f Ü�Í Î½Ï�g(ÎÒ�Ô Ü�ßNã�âÖß Ò Ú ý ø Õlë Ú�ß Õ økÜ�ðËÜ�Í*Ú Ò�Õ ù»Ú�Í(ù Ò<ÔÖÕ ×Öß�Ú�Ù Õ ß�ì%öÑÛ�ã ý ì ÕGÒ�Õ ù ë Ü Ò�Ô7Ò<Ô(Õ Ò ãúù*ÚÓö2h ß{ìêÍÖã ë Í&Û Õ ß�×Öø Ò ßëNÔÖÕ Û ÕËÕ û Õ Û�öúâ1ãÑùÑö Ò�Ô Ü�Í(ìúßáã �ôÔ ã�økã�Ù�Û<Úsõ Ô öÇÚ�ßlÚ»ß Ò<Õ Û Õ ã�ß ý ã�õÖÜ ý õ Ô ã Ò ã�Ù�Û�Ú�õ Ô ö þ Ì�Í ý ã�Í%û Õ Í Ò Ü�ã�Í*Ú�ø
õ Ô ã Ò ã�Ù�Û<Ú�õ Ô ö ë�Õ ã�â Ò ÚsÜ�Í Ò<Ô(Õ Û ÕEý ã�Û�ùÖÜkÍÖÙËã �·Ò�ÔÖÕ Ü�Í Ò<Õ ÍÖß�Ü Ò özã �gÒ<ÔÖÕ økÜ�Ù Ô%Ò Û Õ�i*ÕGýGÒ<Õ ù&â%ö»Ú�Í~ã�â�" ÕGýGÒ
Ú�Í(ù ã�ÍÖø#ö Ò�Ô Ú ÒEþ�ÿ Í Ò�ÔÖÕ ã Ò�ÔÖÕ Û Ô Ú�ÍÖù ÐØëNÔ Ú Ò ùÖÜkj Õ Û Õ Í Ò Ü�Ú Ò<Õ ßIÚ Ô ã�ø�ã�Ù�Û<Ú�ð Ükß Ò<Ô Ú Ò Ü ÒEÐ Ú�ø�ã�ÍÖÙ



ë Ü Ò<Ô�Ò�ÔÖÕ Ü�Í Ò�Õ ÍÖß�Ü Ò ö~ã �ÃÒ<Ô(Õ ø�ÜkÙ Ô%ÒÓÐ Ü�Í ý ø�×Öù Õ ß Ò�ÔÖÕ õ Ô Úsß Õ ùÖÜlj Õ Û Õ Í ýEÕ â ÕGÒ�ë�ÕEÕ Í Ò�ÔÖÕ Û Õ��uÕ Û Õ Í ýGÕ Ú�ÍÖùÒ�ÔÖÕ ã�â�" ÕGýGÒØë ÚÓû Õ ß ÐBÒ<ÔÖÕc�uÕ Ú Ò ×(Û ÕíÒ<Ô Ú ÒNý ã�Í Ò ÚsÜ�ÍÖßØÚ�økø Ò<Ô(ÕáÒ�Ô Û ÕGÕ ò ùÖÜ�ð Õ ÍÖß�Ü�ã�ÍÖÚ�ø?ÜkÍ � ã�Û�ðñÚ Ò Ü�ã�Íñã �·Ò�ÔÖÕ
ã�â!" ÕEýGÒEþ�mÀÕbÒ ×Öß}Ú�ß�ß�×Öð ÕñÒ<Ô(Õonp°Ú�Í(ù nq Ú�Û ÕËÒ<ÔÖÕËÒ Ü�ð Õ Ü�ÍÖù Õ õ Õ ÍÖù Õ Í Ò�ý ã�ðñõÖø Õ ?�Ú�ðËõÖøkÜ Ò ×(ù Õ ßáã �Ò�ÔÖÕ�Õ ø ÕEýbÒ Û�Ü ý å Õ ø�ù&û ÕGýGÒ ã�Û�ß � ã�Û Ò�ÔÖÕ Û Õ��uÕ Û Õ Í ýGÕ Ú�ÍÖù Ò<ÔÖÕ ã�â�" ÕEýbÒíë ÚÓû Õ ßáÛ Õ ß�õ ÕGýGÒ Ükû Õ økö Ð ù Õ å*Í Õ ù Ü�Í
å*Ù�×ÖÛ Õ�æ  þ Ì � nr�s n'�sGt)u Ú�ÍÖù t)v Ú�Û Õ Ò<Ô(Õ Û Õ Ú�ø ÚsðñõÖøkÜ Ò ×Öù Õ ß{Ú�ÍÖù Ò�ÔÖÕ õ Ô Ú�ß Õ ß Ò<ÔÖÕ Í Ò<ÔÖÕ Ò�ë ã ë ÚÓû Õ ßý Ú�Í»â Õíë Û�Ü Ò�Ò�Õ Í7Ú�ß.E

np w nr@x.y{z�| ä}g�Ï é
nq w n'#x y{zG~ ä��@� é

îïÔÖÕ Ü�ÛØÜ�Í Ò<Õ Û �uÕ Û Õ Í ýEÕ ã�Í Ò<ÔÖÕ õ Ô ã�Ù�Û<Ú�õ Ô Ü ý õÖøÝÚ Ò�Õíë Ü�ø�ø õ(Û�ãúùÖ× ýEÕlÒ<ÔÖÕ ß Ò Ú�ÍÖùÖÜkÍÖÙ ë ÚÓû Õ np�� nq ë Ü Ò<Ô
ÜkÍ Ò�Õ ÍÖß�Ü Ò ö2E

� w � np�� nq � ��wµä np�� nq é ä np���� nq � é
w ä nr@x y{z�| � n'#x y{z ~ é ä nr�x@� y�z�| � n'@x@� y�z ~ é
w r ��� ' ��� nr�� n'@x yl�{z�| � z ~�� � n'�� nr@x@� yk��z�| � z ~��
w � u ��� v � æ nr�� n' ý ã�ßAä t)u>��t)v é ä��úÎ é

D*Û�ã�ð Ò<Ô(Õ øÝÚ�ß Ò�Õ.\ ×*Ú Ò Ü�ã�Í ë�Õ»ý ø Õ Ú�Û�øköqß ÕGÕ»ëNÔ Ú Ò�ëôÕzÔ Ú½û Õ ß<Ú�ÜkùXâ Õ�� ã�Û ÕsÐjÒ�Ô Ú Ò Ükß Ð Ú�økã�ÍÖÙ ë Ü Ò<ÔÒ�ÔÖÕ ÜkÍ Ò�Õ ÍÖß�Ü Ò Ü Õ ß � Û�ã�ð â>ã Ò�Ô7ë ÚÓû Õ ß Ð � u Ú�ÍÖù�� v ÐBëôÕ ã�â Ò ÚsÜ�Í Ò�ÔÖÕ ÜkÛ{õ Ô Ú�ß Õ ùÖÜkj Õ Û Õ Í ýGÕ Ú�ß ëôÕ ø�ø þ�ÿ��ý ã�×ÖÛ�ß Õ�Ð�� ã�Ûôð�× Ò ×*Ú�økøkö�õ Õ Û�õ Õ Í(ùÖÜ ý ×ÖøÝÚ�Ûçõ1ã�øÝÚ�Û�Ü�� Õ ù ë ÚÓû Õ ß ë�Õ ã�â Ò Ú�Ü�ÍñÍÖã Ô ã�økã�Ù�Û�Ú�ð ß�ÜkÍ ýEÕ ÜkÍ Ò<Ô Ú Òý Ú�ß ÕØÒ<ÔÖÕ�Ò�Ô Ü�Û�ù Ò�Õ Û�ð�ã � ä}�ÑÎ é Ü�ß�Íú×(ø�ø�Ü#å Õ ù þ îïÔÖÕ ÜkÍ Ò<Õ Û �uÕ Û Õ Í ýGÕ�Ò<ÔÖÕ ã�Û�öËõÖÛ�ã½û Õ ß Ò�Ô Ú Ò�Ò<ÔÖÕ Ü�Í Ò<Õ ÍÖß�Ü Ò ö
� ë Ü�økø Ò Ú�ì Õ ðñÚ#?ÑÜ�ð}×Öðªä ý ã�ÍÖß Ò Û�× ýbÒ Ükû Õ Ü�Í Ò<Õ Û �uÕ Û Õ Í ýEÕ½é Ú�Í(ù ëNÔÖÕ Í ë�ÕïÔ ÚÓû Õ t)u��0t2v w æ@�2�ÃÐ�ëNÔÖÕ Û Õ
� wo� s Î s æ s<�<�<� ÚsÍÖù Ò�ÔÖÕ ùÖÜ�ß Ò Ú�Í ýGÕQ� â ÕbÒ�ëôÕGÕ Í Ò�ÔÖÕ ß Õ ðñÚ#?ÑÜ�ðñÚ ë Ü�økøÊâ Õ Ù�Ü#û Õ Ínâ%ö Ò<ÔÖÕ0= Û�Ú�Ù�Ùeh�ß
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D ÜkÙ�×ÖÛ Õlæ �
E>� ÕGý ã�Í(ß Ò Û�× ýGÒ Ü�ÍÖÙñÚ�ûúÜ�Û Ò ×*Ú�ø ÜkðüÚsÙ Õ
Û Õ øÝÚ Ò Ü�ã�Í æ@� ß�ÜkÍB�%w ( ÐúëNÔ(Õ Û Õ �lÜkß Ò<ÔÖÕ Ú�ÍÖÙ�ø Õ â ÕbÒ�ëôÕGÕ Í Ò<Ô(Õ ÍÖã�Û�ðüÚsø Ò ã Ò<ÔÖÕ õÖøÝÚsÍ Õïë ÚÓû Õ Ú�ÍÖù Ò�ÔÖÕÙ Õ Í Õ Û�Ú Ò<Õ ù7ðñÚ#?ÑÜ�ð}×ÖðªÜkÍ Ò<Õ Í(ß�Ü Ò öIõÖøÝÚ�Í Õ ß äuå*Ù�×ÖÛ Õ æ g é þ

� ÕEý ã�ÍÖß Ò Û�× ýbÒ Ü�Í(Ù Ò<ÔÖÕ ã�Û�ÜkÙ�Ü�Í*Úsø%ã�â�" ÕEýbÒ Ü�ß Õ.\ ×ÖÜ#û�Úsø Õ Í ÒÊÒ ã Ü�økø�×ÖðËÜ�ÍÖÚ Ò ÜkÍÖÙ Ò<Ô(ÕôÒ<Ô ×Öß ý Û Õ Ú Ò<Õ ù Ô ã�ø�ãdò
Ù�Û�Ú�ð ë Ü Ò<ÔÇÒ<Ô(Õ ß�Ú�ð Õ Û Õ��uÕ Û Õ Í ýEÕ�ë ÚÓû Õ�Ð�np þ�îïÔ(Õ ðñÚ#?ÑÜ�ð}×Öð¥ÜkÍ Ò�Õ ÍÖß�Ü Ò ö�õÖøÝÚ�Í Õ ß ë Ü�økø Ô ÚÓû ÕËý ã�ÍÑò
û Õ Û Ò�Õ ù Ò<ÔÖÕ õ Ô ã Ò ã�Ù�Û<Ú�õ Ô Ü ý õÖø�Ú Ò<Õ Ü�Í Ò ã~ÚIÙ�Û�Ú Ò ÜkÍÖÙ ë Ü Ò�Ôqý ã�ÍÖß Ò Ú�Í Ò7�*þ}îïÔÖÕ Û Õ��uÕ Û Õ Í ýGÕËë ÚÓû Õ�ë Ü�ø�ø
â Õ ùÖÜkj>Û<Ú ýbÒ<Õ ùñâ%ö Ò<Ô Ü�ßçÚ�Û Ò Ükå ý ÜÝÚ�øÑÙ�Û<Ú Ò Ü�Í(Ù Ú ýEý ã�Û�ùÖÜkÍÖÙ Ò ã Ò<ÔÖÕC= Û<ÚsÙ�Ùeh�ßçø�Ú ë ã � ùÖÜkj>Û<Ú ýbÒ Ükã�Í Ð�Ò�Ô Ú Ò Ü�ß Ðæ�� ß�ÜkÍB�%w ( Ð(ëNÔÖÕ Û Õ �}Ü�ß Ò�ÔÖÕ Ú�ÍÖÙ�ø Õ â ÕGÒ�ë�ÕEÕ Í Ò�ÔÖÕ�ë Ú½û Õ�� Û�ã�Í Ò ÍÖã�Û�ðñÚ�ø?ÚsÍÖù Ò<ÔÖÕ ÜkÍ Ò<Õ Í(ß�Ü Ò öüõÖøÝÚsÍ Õä�å*Ù�×ÖÛ ÕËæ g ébþ Ì�Í ã Ò�ÔÖÕ Û ë ã�Û�ù(ß Ò�ÔÖÕ�ë Ú½û Õ�Ò<Ô Ú Òíë Ükø�ø ý ã�ð Õ ã�× Ò ã �jÒ<ÔÖÕ�Ô ã�ø�ã�Ù�Û�Ú�ð ë Ü�økø Ô ÚÓû Õ�Ò�ÔÖÕ
ß�Ú�ð Õ ù(Ü�Û ÕGýGÒ Ü�ã�Í»Ú�ß Ò�ÔÖÕ ã�â�" ÕEýbÒNë ÚÓû Õ�nq ÐÖÒ�ÔÖÕíë ÚÓû ÕlÒ�Ô Ú ÒNý ã�Í Ò Ú�Ü�Í(ß Ò�ÔÖÕ Ü�Í � ã�Û�ðñÚ Ò Ükã�ÍIÚ�â1ã�× ÒïÒ�ÔÖÕ
ã�â!" ÕEýGÒEþ

m ÕGÒ ×Ößíß ÕEÕ ÍÖã ë Ò�ÔÖÕ^� ã�Û�ðüÚ Ò Ü�ã�Í7ã �çÒ<ÔÖÕ�Ô ã�ø�ã�Ù�Û�Ú�ð´Ú�ÍÖù Ò<Ô(Õ Û ÕEý ã�ÍÖß Ò Û�× ýGÒ Ükã�ÍqõÖÛ�ã ýEÕ ß�ß � Û�ã�ð
ÚzùÖÜlj Õ Û Õ Í Ò õ Õ Û�ß�õ ÕGýGÒ Ü#û Õsþ m ÕGÒ ×ÖßáÛ Õbë Û�Ü Ò�ÕËÒ�ÔÖÕ â*Ú�ß�Ü ý�Ô ã�økã�Ù�Û<Úsõ Ô Ü ý}Õ.\ ×*Ú Ò Ü�ã�ÍqÜ�Í Ò<ÔÖÕ,� ã�økø�ã ë Ü�Í(Ù
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D ÜkÙ�×ÖÛ Õáæ�¡ E>� ÕEý ã�ÍÖß Ò Û�× ýbÒ ÜkÍÖÙüÚ�Û Õ Ú�ø ÜkðüÚ�Ù Õ
� ã�Û�ð¢E

� w � np�� nq � ��wµä np�� nq é ä np���� nq � é
w np � np � � nq � nq � � np � nq � � nq � np �
w � u �£� v � np � nq � � nq � np � ä�� æ�é

ëNÔ Ü ý/Ô Ü�ß Õ.\ ×ÖÜkûsÚ�ø Õ Í Ò�Ò ã ä��úÎ ébþ D*ã�Û Ò<ÔÖÕ Û ÕEý ã�ÍÖß Ò Û�× ýGÒ Ükã�Í ë�Õ�ë Ü�ø�ø Ô ÚÓû Õ�Ò ãIß Ô Ü�Í Õ Ò<ÔÖÕ�Ô ã�ø�ã�Ù�Û<Ú�ðë Ü Ò<ÔñÒ�ÔÖÕ ã�Û�Ü�Ù�Ü�Í*Ú�ø*Û Õ��uÕ Û Õ Í ýEÕ ë Ú½û ÕRnp ã�Û np � ÐÑÒ�ÔÖÕ ß ÕEý ã�ÍÖùzâ Õ Ü�ÍÖÙ Ò<ÔÖÕ ß�ãsò ý Ú�økø Õ ùY¤¥�#¦<§G����¨���©çÛ Õ��uÕ Û+òÕ Í ýEÕ�ë ÚÓû Õ�ëNÔ Ü ý/Ô ùÖÜlj Õ Û�ß � Û�ã�ð Ò<Ô(Õ ã�Û�Ü�Ù�ÜkÍ*Ú�ø*Ü�Í Ò<ÔÖÕ�� Ú ýGÒ�Ò<Ô Ú ÒôÔ Úsß ã�õÖõ1ã�ß�Ü Ò<Õ ùÖÜ�Û ÕEýbÒ Ü�ã�Í Ð%Ò<Ô Ú Ò Ü�ß Ð
np � w nr Õ ?Ñõgä ��ª}t)u é þ D ÜkÙ�×ÖÛ Õ ß æ �IÚsÍÖù æ�¡ ß Ô ã ë Ò<ÔÖÕ ìêÜ�Í(ùÇã � Û ÕEý ã�ÍÖß Ò Û�× ýGÒ<Õ ùnÜkðüÚ�Ù Õ ë�Õ ã�â Ò Ú�ÜkÍÚ ýGý ã�Û�ùÖÜ�Í(Ù Ò ã ëNÔ Ú Ò Û Õ��uÕ Û Õ Í ýEÕ�ë ÚÓû Õ�ë�Õ ×Öß Õsþ Ì�ø�øk×ÖðñÜkÍ*Ú Ò Ü�ÍÖÙ Ò<ÔÖÕ�Ô ã�ø�ã�Ù�Û<Ú�ð ë Ü Ò�ÔÇÒ<ÔÖÕ ã�Û�Ü�Ù�ÜkÍ*Ú�øë ÚÓû Õ«np ÐÖÒ�Ô Ú Ò Ü�ß Ð ß Ô ÜkÍÖÜ�ÍÖÙ � Û�ã�ð Ò<Ô(Õ%� Û�ã�Í Ò ã � Ò<Ô(Õ õÖø�Ú Ò<ÕsÐ Ü�ß Õ.\ ×ÖÜ#ûsÚ�ø Õ Í ÒNÒ ãñð�×(ø Ò ÜkõÖøköúÜkÍÖÙ^� ë Ü Ò<Ô
np ëNÔ Ü ý/Ô Û Õ ß�×Öø Ò ß Ò ã�E

npc� w np�ä�� u �£� v � np � nq � � nq � np � é
w np�ä�� u �£� v é � np�ä np � nq � é � np�ä nq � np�� é
w np�ä�� u �£� v é �³ä np é � nq � ��� u nq ä��@¬ é



Ì � � u Ú�ÍÖù­� v ÚsÛ ÕIý ã�ÍÖß Ò Ú�Í Ò ß Ò�ÔÖÕ Í Ò�ÔÖÕ åÖÛ�ß Ò}Ò<Õ Û�ðTã � ä���¬ é Û Õ õÖÛ Õ ß Õ Í Ò ß Ò<ÔÖÕ ã�Û�ÜkÙ�Ü�Í*ÚsøÃÛ Õ��uÕ Û Õ Í ýEÕë ÚÓû Õ�ÐBÒ<Ô(ÕáÒ�Ô Ü�Û�ù Ò<Õ Û�ð Ù�Ükû Õ ß Ò<Ô(Õ ã�Û�Ü�Ù�Ü�Í*Ú�ø>ã�â�" ÕGýGÒØë ÚÓû ÕlëNÔÖÕ Û Õ Ú�ß Ò<Ô(Õ ß ÕEý ã�ÍÖù Ò�Õ Û�ð�Û Õ õ(Û Õ ß Õ Í Ò ßÒ�ÔÖÕ7ý ã�Í#"�×ÖÙ�Ú Ò<Õ ã ��Ò�ÔÖÕ ã�â�" ÕEýbÒüë ÚÓû Õ�ëNÔ Ü ý/Ô¡ý ã�Í%û Õ Û�Ù Õ ßIÚ ÒñÒ�ÔÖÕ õ>ã�ß�Ü Ò Ü�ã�Í ã �{Ò<ÔÖÕ ã�â�" ÕEýbÒ<;NÒ<Ô Ükß
Ükß ëNÔ Ú Ò Ú�ÍXã�âÖß Õ Û�û Õ Û�ß�Ü Ò�Ò Ü�ÍÖÙ�â ÕGÔ Ü�ÍÖù Ò<ÔÖÕzÔ ã�ø�ã�Ù�Û�Ú�ð ë Ü�økø�ß ÕEÕsÐ�®�¯ © ¯�Ð Ú�ûÑÜkÛ Ò ×*Ú�øçÜ�ðñÚ�Ù Õ�þ Ì �Øë�Õ
Ükø�ø�×(ðñÜkÍ*Ú Ò<ÕjÒ<Ô(ÕØÔ ã�ø�ã�Ù�Û<Ú�ð ë Ü Ò<Ô�Ò�ÔÖÕ{ý ã�Í#"�×ÖÙ�Ú Ò<Õ Û Õ��uÕ Û Õ Í ýGÕ{ë Ú½û Õ�ÐUnp � Ð%Ò<Ô Ú Ò Ükß Ð ß Ô Ü�ÍÖÜkÍÖÙ � Û�ã�ð Ò�ÔÖÕ
â*Ú ý ìIã �gÒ<ÔÖÕ õÖø�Ú Ò<ÕsÐ(Ò<ÔÖÕíë ÚÓû Õ}Õ ð Õ Û�Ù�ÜkÍÖÙ � Û�ã�ð�Ü Òïë Ükø�ø ý ã�ÍÖß�Ü�ß Ò ã � E

np � � w np � ä�� u ��� v � np � nq � � nq � np � é
w np��½ä�� u ��� v é �£� u nq ���³ä np�� é � nq ä�� èêé

Ò�ÔÖÕIý ã�Í#"�×ÖÙ%Ú Ò�Õ Û Õ��uÕ Û Õ Í ýGÕ Ú�ÍÖùXã�â�" ÕGýGÒ�ë ÚÓû Õ ßËÚ�ß ëôÕ ø�ø Úsß Ò<ÔÖÕ ã�â�" ÕEýbÒ�ë ÚÓû Õ�þ Ì�Í Ò<Ô Ükß ý Ú�ß Õ Ú�Í
ã�â(ß Õ Û�û Õ Û7ß�Ü Ò�Ò Ü�ÍÖÙ ÜkÍ � Û�ã�Í Ò ã �}Ò�ÔÖÕ õÖøÝÚ Ò�ÕÇë Ü�ø�ø�ß ÕEÕ Ú Û Õ ÚsøíÜ�ðñÚ�Ù Õ�þ Ì�Í Ò<Ô(Õ�ý Ú�ß Õ ã ��Õ ø ÕGýGÒ Û�ã�ÍÔ ã�ø�ã�Ù�Û�Ú�õ Ô ö ë�Õ ðüÚ�ì Õ ×Öß Õ ã �íÒ�Ô Ü�ßñÛ ÕEý ã�ÍÖß Ò Û�× ýGÒ Ükã�ÍVõÖÛ�ã ýGÕ ùÖ×ÖÛ Õ�þR]±Ô Ú Ò Ükß ý/Ô Ú�Û�Ú ýGÒ�Õ Û�Ü�ß Ò Ü ý Ü�Í
â1ã Ò<ÔXý Ú�ß Õ ßñÜkß Ò<ÔÖÕ � Ú ýGÒ�Ò<Ô Ú Ò�Ò<ÔÖÕ»Õ ð Õ Û�Ù�ÜkÍÖÙ ë Ú½û Õ7ý ã�Í Ò Ú�ÜkÍÖß�â>ã Ò<Ô£Ò<Ô(Õ ã�â�" ÕEýbÒËë ÚÓû Õ Ú�ÍÖù Ü Ò ßý ã�ðñõ(ø Õ ? ý ã�Í°"�×ÖÙ%Ú Ò�Õ�þüîïÔ Ü�ßløÝÚ Ò�Ò<Õ ÛíÜkß ý Ú�økø Õ ù��±��©Q�}² ® ¦ ® :Q¨���©�â ÕEý Ús×Öß Õ Ü Ò Ü�ßáÛ ÕEý ã�ÍÖß Ò Û�× ýbÒ<Õ ù£Ú Ò
Ú�õ1ã�ß�Ü Ò Ükã�Í ëNÔ Ü ý/Ô ÐÊë Ü Ò<Ô Û Õ ß�õ ÕGýGÒ�Ò ã&Ú ý ãúã�Û�ù(Ü�Í*Ú Ò�Õ ß�öúß Ò<Õ ð Ð Ükß}ã�õÖõ1ã�ß�Ü Ò<ÕËÒ ã Ò�Ô Ú Ò ã �ïÒ<ÔÖÕ Û Õ Ú�ø
ÜkðüÚ�Ù Õ�þ

Ì�Í Ò<ÔÖÕ Ò Û Õ Ú Ò ð Õ Í Ò Ú�â>ã½û ÕNë�ÕNÔ ÚÓû ÕNÒ ã�× ý/ÔÖÕ ùËã�Í Ò<ÔÖÕ ðñÚ�Ü�Í�õ(Û�Ü�Í ý Ü�õ(ø Õ ß ã � ã�õ Ò Ü ý Ú�ø Ô ã�ø�ã�Ù�Û<Ú�õ Ô ö
Ú�Í(ù Ô ÚÓû Õ ß ÕEÕ Í Ð Ü�Í âÖÛ�Ü Õ��+ÐjÔ ã ë ã�Í Õ ×Öß Õ ßñÜ Ò Ü�Í ã�Û�ù Õ Û Ò ã Û ÕGý ã�Í(ß Ò Û�× ýGÒ Ü�Í Ò<Ô Û ÕEÕ ò�ùÖÜkð Õ ÍÖß�Ükã�Í*Ú�ø
ß�õ*Ú ýEÕ ÚsÍÇã�â�" ÕEýbÒíë Ü Ò�Ô Ú�ø�øgÜ Ò ß ý/Ô Ú�Û�Ú ýGÒ�Õ Û�Ü�ß Ò Ü ý ß þ Ì�Í Ò�ÔÖÕ Í Õ ? Ò ß ÕEýbÒ Ükã�Í ëôÕ�ë Ükø�øgß ÕEÕ�Ô ã ë õ Õ ã�õÖø ÕÔ ÚÓû Õ ×Öß Õ ù Ò<ÔÖÕ Ú�â1ã½û Õlý ã�Í ýEÕ õ Ò ß Ò ã�Ü�Í%û Õ ß Ò Ü�Ù%Ú Ò�ÕíÒ<ÔÖÕáý Û�öúß Ò Úsø ß�×ÖÛ � Ú ýEÕsþ



¹»º/¹ H³WYWYSEÉ<´�VlÁÃÉEÄË¿ ÄUP¶µ³VX·nÄËÂc¸9I ÉÓÅ�LcVXI Á Ä IÊÆÇÂMP�V^´8L ´{ÂKZ�I·Á�V%¹
SEÄUTËÂ>VXWYJ Z

ºB»¼ºB»¾½ ¿!À�ÁeÂ�Ã8ÄÆÅcÇÈÁeÉ¾ÃÊÀ
A ß ë�Õ ð Õ Í Ò Ü�ã�Í Õ ù9Ü�Í Ò<ÔÖÕ õÖÛ Õ ûúÜ�ã�×Öß7ß ÕEýbÒ Ü�ã�Í Ð ã�Í ÕsÐ�Ò<Ô(Õ ã�Û ÕGÒ Ü ý Ú�økøkö Ð{ý Ú�Í³ÚsõÖõÖøkö Ò<ÔÖÕ Ü�ù Õ Ú�ß»ã �Ô ã�ø�ã�Ù�Û�Ú�õ Ô ö»×Öß�Ü�ÍÖÙ Õ ø ÕGýGÒ Û�ã�ðñÚ�Ù�Í ÕbÒ Ü ýáë Ú½û Õ ß � Û�ã�ð Ò<ÔÖÕ�Õ Í Ò Ü�Û Õ ß�õ ÕGýGÒ Û�×Öð Ð Ú�ß ë�Õ økø Úsß�×Öß�Ü�ÍÖÙ Ò�ÔÖÕë ÚÓû Õ ß Ú�ß�ß�ã ý ÜÝÚ Ò<Õ ù ë Ü Ò<Ô&Ò<Ô(Õ õ*Ú�Û Ò Ü ý ø Õ ßáÚ ýEý ã�Û�ùÖÜkÍÖÙ Ò ãzù ÕQ= Û�ã�Ù�økÜ Õ õ(Û�Ü�Í ý Ü�õ(ø Õ ã � ùÖ×ÖÚ�ø�Ü Ò ö þlîïÔ ×(ß ÐÒ�ÔÖÕ ×Öß�Ú�Ù Õ ã �NÕ ø ÕGýGÒ Û�ã�Í ë ÚÓû Õ ßñÚsß�õÖÛ�ã�â Õ ß�Ú�ðËã�ÍÖÙ Ò�ÔÖÕ Ú Ò ã�ðËß}ã �ïÒ�ÔÖÕüý Û�öúß Ò Ú�ø ß�×ÖÛ � Ú ýGÕ ß ý ã�ð Õ ß
Í*Ú Ò ×ÖÛ�Ú�ø�ø#öüß�Ü�Í ýGÕ Ò<ÔÖÕ ö�ä Ò<Ô(ÕlÕ ø ÕGýGÒ Û�ã�ÍÖß ébÐ Ü�Í Ò�ÔÖÕ%m ÷ç÷jÞ Õ Í Õ Û�Ù�özÛ�Ú�ÍÖÙ ÕsÐ*Ô ÚÓû Õ ð Õ Ú�Í � Û ÕGÕ õÖÚ Ò<Ô ã �Ò�ÔÖÕ ã�Û�ù Õ Ûïã �gÒ<ÔÖÕ��uÕGë Ú Ò ã�ðªøÝÚÓö Õ Û�ß ý ã�ÍÖß�Ükß Ò ÜkÍÖÙËÚ Ò öÑõ(Ü ý Úsø ß�×ÖÛ � Ú ýEÕ ä økãÑã�ìIÚ�økß�ã�Ú Ò å*Ù�×(Û Õ æ�ébþÿ Í Õ�ý ÚsÍ Ò<Ô ÜkÍÖì7ã � ÚsÍ Õ ø ÕGýGÒ Û�ã�Í ë Ú½û Õ Ú�ß â Õ Ü�Í(Ùzß�õÖøkÜ Ò ÜkÍ Ò ã Ò�ë ã»õ*Ú�Û Ò ß ; ã�Í Õ õ*Ú�Û Ò�Ò Û<ÚÓû Õ ø�ÜkÍÖÙÒ ã ë Ú�Û�ùÖßËÚ&Û Õ ðËã Ò�Õ ù ÕGÒ�ÕEýGÒ ã�Û ëNÔ Ükø ÕüÒ�ÔÖÕ ß ÕEý ã�ÍÖù Ù ÕGÒ�Ò ÜkÍÖÙÇß ý Ú Ò�Ò�Õ Û Õ ùyâ%ö ÚsÍ Ú Ò ã�ð ä ã�Û�Ú ý ø�×Öß+òÒ�Õ Û�ã � Ú Ò ã�ðËß é Ú�ÍÖù Ò<Ô(Õ ÍXÙ�ã�ÜkÍÖÙ Ò ã ë Ú�Û�ùÖß Ò<ÔÖÕ ß<Ú�ð Õ ù ÕbÒ<ÕEýbÒ ã�Û þ îïÔÖÕIÒ�ë ã ë ÚÓû Õ ßËÜkÍ Ò<Õ Û �uÕ Û Õ Ú�ß
ß�ãÑã�Í Úsß Ò<ÔÖÕ ö&Û Õ Ú ý/ÔÇÒ<Ô(Õ Ü�Û Ò Ú�Û�Ù ÕGÒEþáîïÔ Ü�ß õ(Û�ã ýEÕ ù(×ÖÛ Õ Ükß�ß�ÜkðñÜkøÝÚ�Û Ò ã ëNÔ Ú Ò ë�Õ ù Õ ß ý Û�Ü�â Õ ù Ü�Í Ò�ÔÖÕ
õÖÛ Õ ûúÜ�ã�×Ößíß ÕGýGÒ Ükã�Í â ÕbÒ�ëôÕGÕ Í Ò<ÔÖÕ Û Õ��uÕ Û Õ Í ýEÕ Ú�ÍÖù Ò<Ô(Õ ã�â�" ÕEýbÒ ø�Ü�Ù ÔêÒ{ë ÚÓû Õ�þ Ì�Í Ò<ÔÖÕ Í ÕGëµý Ú�ß Õ�Ò�ÔÖÕÕ ø ÕEýbÒ Û�ã�ÍÖß Ò<Ô Ú Ò Ù�ã�ùÖÜkÛ ÕGýGÒ ø#ö Ò ã Ò<Ô(Õ ù ÕbÒ<ÕGýGÒ ã�Û ý ã�ÍÖß�Ükß ÒØÒ<ÔÖÕ Û Õ��uÕ Û Õ Í ýGÕ ë Ú½û Õ ëNÔÖÕ Û Õ Ú�ß Ò�Ô ã�ß ÕáÒ<Ô Ú Ò
Ú�Û Õ ß ý Ú Ò�Ò�Õ Û Õ ùzå*Û�ß Ò Ú�ÍÖù Ò�ÔÖÕ Í Ò Û<ÚÓû Õ ø Ò ã Ò�ÔÖÕ ù ÕbÒ<ÕEýbÒ ã�Û ý ã�ÍÖß�Ü�ß ÒôÒ<ÔÖÕ ã�â�" ÕEýbÒïë ÚÓû Õsþ�îïÔ(Õ ù ÕGÒ�ÕEýGÒ ã�Û
Ükß Ú ýbÒ ×*Ú�økøkö7Úüõ Ô ã Ò ã�Ù�Û<Ú�õ Ô Ü ý õ(øÝÚ Ò�Õ ã�Í ëNÔ Ü ý/Ô&Ò<ÔÖÕ ÜkÍ Ò<Õ Û �uÕ Û Õ Í ýGÕ ã �jÒ<ÔÖÕ}Ò�ë ã ë ÚÓû Õ ß ë Ü�økø ý Û Õ Ú Ò<ÕÒ�ÔÖÕ�ý ã�Û�Û Õ ß�õ1ã�ÍÖùÖÜkÍÖÙË©�Ì�©¥¤��}	Í�#¦Î���#Ì�����	9¨�: þ Ì � ã�Í Õ Ükø�ø�×(ðñÜkÍ*Ú Ò<Õ ß Ò�Ô Ü�ßíõÖÚ Ò�Ò�Õ Û�Í ë Ü Ò<ÔÇÒ<ÔÖÕ�ý ã�ðñõ(ø Õ ?ý ã�Í#"�×ÖÙ%Ú Ò<Õ ä ã�Û Ò Ü�ð Õ Û Õ û Õ Û�ß ÕÓé Û Õ��uÕ Û Õ Í ýEÕ{Õ ø ÕEýGÒ Û�ã�Í ë Ú½û Õ�ÐúÒ<Ô Ú Òjë Ükø�øÖùÖÜlj?Û�Ú ýGÒÃÒ ã}ÚáÍ Õbë ë ÚÓû Õ õ*Ú�Û Ò
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ð�×(ß Òáý ã�Í Ò Ú�Ü�ÍqÚ�ÍqÜ�Í Ò�Õ Ù�Û�Ú�ø Ò<Ô Ú Òíë Ü�økø ß ë�ÕEÕ õ Ò�ÔÖÕ õ*Ú Ò�Ò�Õ Û�Í Ð Ü�Í ã Ò<Ô(Õ Û ë ã�Û�ùÖß Ð Ú�Í ÜkÍ Ò�Õ Ù�Û�Ú�ø ë Ü Ò<Ô
Û Õ ß�õ ÕEýbÒ Ò ã nù û ÕEýGÒ ã�Û þ Ì ��Ò�ÔÖÕ Ü�Í Ò<Õ Ù�Û<Ú Ò Ü�ã�ÍÇÛ Õ ß�×Öø Ò ßlÜkÍqÚ2�Óò � ×ÖÍ ýGÒ Ükã�Í ã �çÒ<ÔÖÕ,� ã�Û�ð3�(ä nr7� nr � é ë�Õ



ë Ükø�øBâ Õ�ý ã�Í%ûúÜ�Í ýGÕ ù Ò<Ô Ú Ò Ü�Í(ù ÕEÕ ù ëôÕ Ù ÕGÒ ø�Ú�Û�Ù Õ ûsÚ�ø�× Õ ß Ú ÒôÒ<ÔÖÕ õ1ã�ß�Ü Ò Ükã�ÍÖßçã �ÀÒ<ÔÖÕ ß�×ÖâÑò�Ú Ò ã�ðñß þMm ÕGÒ
×Öß Ò Û�ö Ò ãIõÖ× Ò{Ò<ÔÖÕ Ú�â>ã½û Õ Ò<Ô Ü�ÍÖìêÜ�Í(ÙüÜ�Í Ò ã ë ã�Û�ì þ�m ãúã�ìêÜ�ÍÖÙñÚ Ò�Ò�ÔÖÕ Ò�ë ã ý Û�ã�ß�ß Ò<Õ Û�ðñß{ã � ä ¡%æ�éNë�Õ
×ÖÍ(ù Õ Û�ß Ò ÚsÍÖù Ò<Ô Ú Ò ã�ÍÖøkö~Ü �ÃÒ<ÔÖÕ�ý ã Õ54Ëý Ü Õ Í Ò ã �ÃÒ<ÔÖÕ�Õ ?Ñõ>ã�Í Õ Í Ò Ü�Ú�ø ß�ã�ð ÕGÔ ã ë ùÖÜ�ß�ß<Ú�õÖõ Õ ÚsÛ�ß ë Ü�økø ë�ÕÕ ÍÖù�×Öõ Ô ÚÓûÑÜkÍÖÙ Ò<ÔÖÕ Õ ?Ñõ>ã�Í Õ Í Ò Ü�Ú�øgÚ�ø�ã�Í Õ ×ÖÍÖù Õ Û Ò<Ô(Õ Ü�Í Ò�Õ Ù�Û�Ú�ø þ Ì�Í�ã Ò�ÔÖÕ Û ë ã�Û�ùÖß Ð Ü �·ëôÕ ð�×Öø Ò Ü�õ(øköÒ�ÔÖÕ ß ÕEý ã�ÍÖù Ò<Õ Û�ð â%ö2E 6 � ä �ù é � � ä"�r é �#! ä��r�� �ù é �r 7 � � Õ ?Ñõgä ª ä ù rc� nù � nr é ä ¡ ¬ é
ë�Õíë Ü�ø�ø>ã�â Ò Ú�Ü�Í � ã�Ûïã�Í Õ ß�×ÖâÖß Ò Û<Ú Ò<Õ Ú Ò ã�ð�Ú Ò nr w nr � E8 � ä �ù é� ä �ù é:9<; 8 r� ä"�r é��#! ä��r�� �ù é#; 8 � ä��r � é ��! ä �ù � �r � ér � ; Õ ?(õgä ª ù ä rc� r � é�é(Õ ?Ñõgä ��ª nù � ä nrc� nr � é ä ¡sèêé
Ì �Në�Õ ÜkÍ Ò<Õ Ù�Û<Ú Ò�Õ ä ¡�è%é ã½û Õ ÛËÚ�økø nù ß�õ*Ú ýEÕzë�Õzë Ü�ø�øçß ÕGÕzÒ<Ô Ú Ò Ú Ò õ1ã�ß�Ü Ò Ü�ã�ÍÖß nr w nr � Ú�ÍÖù r w r �Ò�ÔÖÕ Ò<Õ Û�ðËßïÜ�Í Ò<Ô(Õ ß ÕEý ã�ÍÖù7Ú�ÍÖù Ò<Ô Ü�Û�ùzõÖÚ�Û Õ Í Ò�ÔÖÕ ß Õ ß ý Ú�Í ýEÕ ø Õ Ú ý/Ô ã Ò<ÔÖÕ Ûïã�× Ò Ú�Í(ù~ß�Ü�Í ýGÕ Ò<ÔÖÕ Ò�Õ Û�ð� ä �ù é � � ä �ù é � Ü�ßØÜ�ÍÖù Õ õ Õ ÍÖù Õ Í Ò ã � nr ë�Õ Ù ÕGÒØÒ�ë ã=�½ò � ×ÖÍ ýbÒ Ü�ã�ÍÖß Ð �(ä nr�� nr � é Ú�ÍÖù>�(ä r���r � ébÐ)� ã�Û Ò�ÔÖÕõ1ã�ß�Ü Ò Ükã�Í�ÚsÍÖù Ò<ÔÖÕ ðüÚ�Ù�ÍÖÜ Ò ×Öù Õ ã � nr � þ Ì�Í Ò<ÔÖÕ ù(Ü�ß ý ×Öß�ß�Ü�ã�Í Úsâ>ã½û Õ�ë�Õ�Ô ÚÓû Õ�Ò Ú ý Ü Ò ø#ö»ã�ðñÜ Ò�Ò�Õ ù Ò�ÔÖÕ
� Ú ýbÒ Ò�Ô Ú ÒlÒ<ÔÖÕ ß�×ÖÙ�Ù Õ ß Ò<Õ ùXÜkÍ Ò<Õ Ù�Û<Ú Ò Ü�ã�ÍqÜ�ßlã½û Õ Û Ò<ÔÖÕ�Ò<Ô Û ÕEÕ ò�ùÖÜkð Õ ÍÖß�Ükã�Í*Ú�ø nù ß�õ*Ú ýGÕüëNÔÖÕ Û Õ Ú�ß�Ú�Í%ö
õ*ÚsÛ Ò Ü ý ×Öø�Ú�Û}õÖÚ Ò�Ò�Õ Û�Í Ü�ß Ò�ë ãsò ùÖÜ�ð Õ ÍÖß�Ü�ã�ÍÖÚ�ø þ Ì�Í ã�Û�ù Õ Û Ò ã ß Ô ã ë°Ò�Ô Ú Ò�Ò<Ô(Õ Û Õ Ükß�ÍÖã ùÖÜ�ß ý Û Õ õ*Ú�Í ý ö
õÖÛ Õ ß Õ Í Ò{ë�Õ ðüÚÓözÛ ÕGë Û�Ü Ò<ÕíÕ ?Ñõgä ª ä ù r�� nù � nr é Ú�ß � ã�økø�ã ë ß.EÕ ?Ñõgä ª ä ù r�� nù � � nr � � ù �@? é�é w Õ ?(õgä ª ä ù rc� ù �A? é(Õ ?Ñõ·ä ��ª nù � � nr � é ä ¡  é
ëNÔÖÕ Û Õ nù � Ü�ß Ò�ÔÖÕËë ÚÓû Õ û ÕEýbÒ ã�Û õ*Ú�Û�Ú�ø�ø Õ ø Ò ã Ò�ÔÖÕ õÖÚ Ò�Ò�Õ Û�Í Ð nr � Û Õ õÖÛ Õ ß Õ Í Ò ß Ò<ÔÖÕ�Ò�ë ãsò�ùÖÜkð Õ ÍÖß�Ükã�Í*Ú�øÛ Õ Ú�øÀß�õÖÚ ýEÕ ø�Ú Ò�Ò Ü ýGÕ�Ð ù wªä æ ä�
 �B�)v é�é ��� � Ú�ÍÖù ù � w ä ù � � � nù � � n� � � é ��� � Ð1Ò<ÔÖÕ ý ã�ðËõ1ã�Í Õ Í Ò ã � nùÍÖã�Û�ðñÚ�ø Ò ã Ò�ÔÖÕ õÖÚ Ò�Ò�Õ Û�Í þ ó Úsø�ø�ÜkÍÖÙzì Õ Û�Í Õ øDC ä nù s nr ébÐ Ò�ÔÖÕËÒ�Õ Û�ð¸Ü�Í � Û�ã�Í Ò ã ��Ò<ÔÖÕ�Õ ?(õ1ã�Í Õ Í Ò ÜÝÚsøÃÜ�Í
ä ¡ ¬ ébÐÑëôÕáý ÚsÍ ë Û�Ü Ò<Õ E C ä nù s nr é w 6 � ä �ù é � � ä"�r é �FE ä��r�� �ù é �r 7 � � ä ¡ g é



îïÔ ×Öß Ò<ÔÖÕ ß�×ÖÙ�Ù Õ ß Ò<Õ ù&Ú�økÙ�ã�Û�Ü Ò<Ô ð ë Ükø�ø Ô ÚÓû ÕáÒ<ÔÖÕ�� ã�Û�ð¢E
GIä nr é wIHJHJHK-Xä nù é C ä nù s nr é(Õ ?Ñõgä ª ä ù rc� ù �L? é(Õ ?Ñõgä ��ª nù � � nr � é9� ù � � nù � ä ¡ � é

Ú�Í(ùVã�Í ÕÇý ÚsÍVß ÕEÕÇÒ�Ô Ú Ò ä ¡ � é ÜkßIÚ£ùÖã�×(âÖø Õ ÜkÍ Ò�Õ Ù�Û�Ú�øØãAû Õ Û ùNM Ú�ÍÖù ùNO Ú�ÍÖù9Ú£ß�ÜkÍÖÙ�ø Õ Ü�Í Ò<Õ Ù�Û<Úsø
ã½û Õ Û Ò<Ô(Õ�Õ Í Õ Û�Ùsö Ò�Ô Û�ã�×(Ù Ô ù � þÃîïÔÖÕ Ú�â>ã½û Õ õÖÛ�ã ýGÕ ùÖ×ÖÛ Õ Ü�ßçß�ÜkðñÜkøÝÚ�Û Ò ã Ò�Ô Ú Ò ß�×ÖÙ�Ù Õ ß Ò�Õ ùzÜ�Íñã�õ Ò Ü ý ÚsøÔ ã�ø�ã�Ù�Û�Ú�õ Ô ö ëNÔ(Õ Û Õjë�ÕçÔ Ú�ù Ò ã{Ükø�øk×ÖðñÜkÍ*Ú Ò�ÕÀÒ�ÔÖÕjÔ ã�økã�Ù�Û<Úsð ë Ü Ò�ÔíÒ<ÔÖÕÃÒ Ükð Õ Û Õ û Õ Û�ß Õ Û Õ��uÕ Û Õ Í ýEÕ�ë ÚÓû Õ
ÜkÍIã�Û�ù Õ Û Ò ã�ã�â Ò Ú�ÜkÍ Ò<Ô(Õ õ>ã�ß�Ü Ò Ü�ã�Íñã �ÀÒ<ÔÖÕ ã�Û�Ü�Ù�ÜkÍ*Ú�øBã�â�" ÕGýGÒEþ Ì�Í Ò�Ô Ü�ß ý Ú�ß Õ GIä nr éçë Ü�økø>â Õ Ò<ÔÖÕ ë ÚÓû ÕÕ ð Õ Û�Ù�ÜkÍÖÙ � Û�ã�ð Ò<Ô(Õ~Ô ã�ø�ã�Ù�Û<Ú�ðTÚ�ÍÖù Ò<Ô Ú Ò�ë Ü�økø ý ã�Íêû Õ Û�Ù Õ Ú Ò�Ò<ÔÖÕ õ1ã�ß�Ü Ò Ükã�ÍÖß�ã �ØÒ<Ô(Õ ß�×ÖâÖß Ò Û�Ú Ò<Õ
Ú Ò ã�ðËß þ îïÔÖÕ õÖøkã Ò ã � � Gzä nr é � � ÐÊÒ<Ô Ú Ò Ü�ß Ð ã � Ü Ò ß Ü�Í Ò<Õ ÍÖß�Ü Ò ö Ð Ú�Ù%Ú�ÜkÍÖß Ò nr ë Ü�økø�Ù�Ükû ÕsÐÊÒ<ÔÖÕ ã�Û ÕbÒ Ü ý Ú�økøkö ÐðñÚ#?ÑÜ�ð�×(ð ûsÚ�ø�× Õ ß~Ú Ò»Ò<ÔÖÕ õ1ã�ß�Ü Ò Ü�ã�ÍÖßzã �lÒ<ÔÖÕ Ú Ò ã�ðñß Ð�Ò<Ô ×Öß~Û ÕGý ã�ÍÖß Ò Û�× ýGÒ Ü�ÍÖÙ Ò<ÔÖÕ Ü�Û»Û Õ Ú�ø#ò ß�õ*Ú ýGÕ
ùÖÜkß Ò Û�Ü�â(× Ò Ükã�Í þ

ñ ã � ÚsÛ{ÜkÍ&ã�×ÖÛ{ùÖÜ�ß ý ×Öß�ß�Ü�ã�Í Ð>ë�Õ�Ô ÚÓû Õ ÍÖã Ò�Ò Ú�ì Õ ÍÇÜ�Í Ò ã ý ã�Í(ß�Ü�ù Õ Û<Ú Ò Ü�ã�Í&Ú�Í%ö7ø�ã�ÍÖÙdò�Û<ÚsÍÖÙ Õ ã�Û�ù Õ Û
� Ú ýbÒ ã�Û}Ú�ðËã�ÍÖÙ Ò�ÔÖÕ ß�×(âÖß Ò Û<Ú Ò�Õ Ú Ò ã�ðËß ë�Õ ß�õ>ã�ì Õ Ú�â1ã�× Ò ÜkÍ Ò<ÔÖÕ Ü�Í Ò Û�ãÑùÖ× ýGÒ Ükã�Í þYm ÕbÒ ×Öß Ò Û�ö Ò ã
ß ÕEÕ�Ô ã ëµÒ<Ô Ü�ßáÚ@j ÕEýbÒ ß Ò<ÔÖÕ ÜkÍ Ò�Õ ÍÖß�Ü Ò Ü Õ ßíã ��Ò�ÔÖÕ ß ý Ú Ò�Ò<Õ Û Õ ù ë Ú½û Õ ß þ Ì�ÍqÙ Õ Í Õ Û<Ú�ø Ð Ò<ÔÖÕ Û Õ øÝÚ Ò Ü�ã�ÍÖß Ô Ükõ
â ÕGÒ�ë�ÕEÕ Í Ò�ÔÖÕ Ú�ðËõÖøkÜ Ò ×(ù Õ � v � ã�Û Ò<ÔÖÕ ß ý Ú Ò�Ò<Õ Û�Ü�Í(Ù � Û�ã�ð´Úüß�Ü�ÍÖÙ�ø Õ Ú�ù(ß�ã�Û�â*Ú Ò<ÕsÐ Ú�ÍÖù Ò�Ô Ú Ò � � Û�ã�ð
Ú�Í Õ Í Ò Ü�Û Õ ß�×ÖÛ � Ú ýEÕ øÝÚÓö Õ ÛNÜ�Í m ÷ç÷jÞ Ü�ß�E

� ä nù é w � v ä nù éQPû��R � x � yl�TSU � SU V �XW SuXY ä ¡�¡%é
ëNÔÖÕ Û Õ ÜkÍ Ò<ÔÖÕ Ú�â1ã½û ÕíÕ ?(õ(Û Õ ß�ß�Ükã�Í nù[Z Ü�ß Ò�ÔÖÕ ë Ú½û Õ û ÕEýGÒ ã�Û�ã �gÒ�ÔÖÕíÕ ø ÕEýbÒ Û�ã�Ízâ Õ Ú�ð�ÜkÍ ý Ükù Õ Í Ò ã�Í Ò�ÔÖÕ
ß�×ÖÛ � Ú ýGÕ�Ð nù Ò�Ô Ú Ò ã � Ú»ù ÕbÒ<ÕEýbÒ<Õ ù Õ ø ÕEýGÒ Û�ã�Í Ð Ú�Í(ù nr � Ò�ÔÖÕ õ1ã�ß�Ü Ò Ükã�Í&û ÕGýGÒ ã�Û}ã ��Ò<ÔÖÕ . Ò<Ô Ú�ùÖß�ã�Û�â*Ú Ò<Õ
Ú Ò ã�ð þÊîïÔÖÕ ù ÕGÒ�ÕEýbÒ<Õ ù�Ü�Í Ò<Õ ÍÖß�Ü Ò ö ë Ü�økø â Õ E

-Xä nù é w � � ä nù é � �



w � � v ä nù é � � Pû� R � x yl� SU � SU V �XW SuXY Pû\ R � x@� yk� SU � SU�V �XW Su^]
w - v ä nù é`_a:b � Pû\[cRd� x y Se W � SuXY � Su ] �gfh ä ¡ Ï é

ëNÔÖÕ Û Õ ni w nù � nù<Z Ð�Ò�ÔÖÕ ðËã�ð Õ Í Ò ×Öð Ò Û�Ú�ÍÖß �uÕ Û Ð - v ä nù é Ü�ß Ò�ÔÖÕ Ü�Í Ò�Õ ÍÖß�Ü Ò ö � Û�ã�ð ã�ÍÖø#ö}ã�Í Õ Ú�ùÖß�ã�Û�â*Ú Ò<ÕÚ Ò ã�ð Ú�ÍÖù nr � s nr \ ÚsÛ Õ{Ò�ÔÖÕ õ1ã�ß�Ü Ò Ükã�Íñû ÕEýGÒ ã�Û�ßôã � Ò<ÔÖÕ Ú�ùÖß�ã�Û�â*Ú Ò�Õ Ú Ò ã�ðËßj.�Ú�ÍÖù � Ú�ÍÖùzÚ�Û Õ õ*ÚsÛ<Ú�økø Õ øÒ ã Ò<ÔÖÕ ß�×ÖÛ � Ú ýEÕ�þÃîïÔ ×Öß Ð ni�� ä nr � � nr \ é·ý ÚsÍËâ Õ ë Û�Ü Ò�Ò�Õ Í�Ú�ß ni � � ä nr � � nr \ é � ]�Õïý Ú�økølkNä ni � ébÐ Ú ß Ò Û�× ýGÒ ×ÖÛ Õ
� Ú ýbÒ ã�Û Ð(ëNÔÖÕ Û Õ E

kNä ni � é w Pû \nm � x y Se+o W � SupY � Su�] � ä2Ï�� é
w b � Pû\dcRd� x.y Se+o W � SupY � Su�] � ä2ÏÑÎ é

ëNÔ Ü ý/Ô ù Õ õ Õ ÍÖùÖßØã�ÍÖø#öIã�Í ni � ã�Û nù � Ú�ÍÖù Ò<Ô ×Öß}ä ¡ Ï éôý Ú�Í~â Õ ë Û�Ü Ò�Ò<Õ Í7Ú�ß�E
-Xä nù é wI- v ä nù é kNä ni � é ä2Ï æ�é

kNä ni � é ù Õ õ Õ ÍÖùÖß�ã�ÍÖøkö~ã�Í Ò<ÔÖÕ ã�Û�ù Õ Û�ã�Û{ùÖÜ�ß�ã�Û�ù Õ Û�ã �ÊÒ<ÔÖÕ ùÖÜ�ß Ò Û�ÜkâÖ× Ò Ü�ã�Í~ã �ÊÒ�ÔÖÕ Ú�ùÑò�Ú Ò ã�ðñßNã�Í Ò�ÔÖÕß�×ÖÛ � Ú ýGÕ�þM]�Õ Úsø�ß�ã�ù Õ å*Í Õ E
- �rq ä nù é w s -Xä nù é9� ù �s � ù �

w s - v ä nù é kNä ni � é9� ù �s � ù �
w s - v ä nù é¾� ù �s � ù � kNä ni � é ä2Ï�¬ é

ëNÔÖÕ Û Õ kNä ni � é Ð ß�Ü�Í ýGÕ Ü Ò ù Õ õ Õ Í(ùÖß}ã�Í(øköÇã�Í Ò<Ô(Õ õ*ÚsÛ<Ú�økø Õ ø Ò ã Ò<ÔÖÕ ß�×ÖÛ � Ú ýEÕËý ã�ðñõ1ã�Í Õ Í Ò ã � nù Ðgý Ú�ÍÙ ÕbÒ ã�× Ò ã � Ò<ÔÖÕ Ü�Í Ò<Õ Ù�Û<Úsø þ îïÔ(Õ Ü�ù Õ Úlâ ÕEÔ Ü�ÍÖù Ò�Ô Ü�ßçù Õ å*ÍÖÜ Ò Ü�ã�ÍËÜ�ß Ò ã}Ú ýEý ã�×ÖÍ Òç� ã�Û�Ú�økø Ò<ÔÖÕ Û Õ��uÕ Û Õ Í ýEÕë ÚÓû Õ ß Ò<Ô Ú ÒçÔ ÚÓû Õ{Ò<Ô(Õ ß<Úsð Õ nù � ý ã�ðñõ1ã�Í Õ Í Ò âÖ× Ò ÍÖã Ò�Ò�ÔÖÕ ß�Ú�ð Õ ù � ã�Í Õ�Ð Ú�ÍÖù Ò ãlÙ ÕGÒ Ú�ÍüÚ½û Õ Û�Ú�Ù Õ



ã �>Ò<Ô Ükß�ÜkÍ Ò<Õ Í(ß�Ü Ò ö þM=ôÕ ß�Ü�ù Õ ß Ðúë Ü Ò�ÔñÒ<Ô Ü�ßçù Õ å*Í(Ü Ò Ükã�Í ëôÕ Ü�ß�ã�øÝÚ Ò�Õ Ò<ÔÖÕ ß Ò Û�× ýGÒ ×ÖÛ Õ�� Ú ýGÒ ã�Û þ ÷Ãû Õ Í Ò ×ÖÚ�ø�ø#ö
Ú ýGý ã�× Ò Ü�Í(Ù � ã�Ûlä2Ï æ�é ÚsÍÖù�ä2Ï�¬ é�ë�Õ Ü�Í Ò Û�ãÑùÖ× ýEÕ Ò<Ô(Õ`t ò � ×ÖÍ ýGÒ Ü�ã�Í~Ú�ß � ã�økø�ã ë ß.E

t ä nù é w -Xä nù é � - ��q ä nù é- ��q ä nù é
w - v ä nù é �vu s - v ä nù é¾� ù � � s � ù �xws - v ä nù é¾� ù � � s � ù � ä2Ï èêé

ëNÔ Ü ý/Ô Ükß ã�â%ûúÜ�ã�×Öß�ø#ö Ü�ÍÖù Õ õ Õ ÍÖù Õ Í ÒX� Û�ã�ðyk þzîïÔÖÕ ß�×Öð Ü�Í¡ä2Ï(Î éáý Ú�Í£â Õ � Õ Û�ã�Ü �ôÒ�ÔÖÕ Û Õ Ükß � ×Öøkøkö
ùÖÜkß�ã�Û�ù Õ Û Õ ùnÚ�ùÖß�ã�Û�õ Ò Ü�ã�Í Ð ß�Ü�Í ýGÕ ÜkÍ Ò�Ô Ú Ò ý Ú�ß Õ nr � � nr \ ë Ükø�ø Ô Ú½û Õ Úsø�ø Ò<Ô(Õ õ1ã�ß�ß�Ü�âÖø Õ û�Úsø�× Õ ß Ð Ú�ÍÖùÒ�Ô ×(ßzk ë Ü�økøôâ Õ~Õ�\ ×*Ú�ø Ò ã Ò�ÔÖÕ Íê×Öð�â Õ Û�ã �ØÒ<ÔÖÕ Ú�ùÖß�ã�Û�âÖÚ Ò<Õ ß Ð b þ ÿ Í Ò�ÔÖÕ ã Ò<Ô(Õ Û Ô Ú�Í(ùyÜ �ØÒ�ÔÖÕÚ�ù(ß�ã�Û�õ Ò Ükã�ÍnÜkß � ×ÖøkøköÇã�Û�ù Õ Û Õ ù Ò�ÔÖÕ Í � Û�ã�ð ä2Ï�� é ë�Õ ß ÕGÕIÒ<Ô Ú Ò k³Ü�ß Õ.\ ×*Ú�ø Ò ã b � ß�Ü�Í ýEÕ ÜkÍ Ò<Ô Ú Òý Ú�ß Õ Úsø�ø ni � h�ß ë Ü�økø>â Õ Û ÕEý Ü�õÖÛ�ã ý Ú�ø>ø�Ú Ò�Ò Ü ýGÕ û ÕGýGÒ ã�Û�ß þ Ì�Ízù(Ükj>×Öß Õ�m ÷j÷jÞ Ò<Ô Ükß \ ×*Ú�Í Ò Ü Ò öüÜkßô×ÖÍ(ìúÍ(ã ë Íß�Ü�Í ýGÕáë�ÕlÔ ÚÓû Õ Í Õ Ü Ò<ÔÖÕ Û � ×(ø�ø ã�Û�ù Õ ÛNÍÖã�Û � ×(ø�ø ùÖÜkß�ã�Û�ù Õ Û þjîïÔ ×(ß Ð Ü�Í Ò<ÔÖÕíë ÚÓö ë�ÕlÔ ÚÓû Õ ù Õ å*Í Õ ù Ò�ÔÖÕt ò � ×(Í ýGÒ Ü�ã�Í ëôÕ}Õ ø�ÜkðñÜkÍ*Ú Ò�Õ�Ò<Ô Ükß{×(ÍÖìêÍÖã ë Í � Ú ýGÒ ã�Û Ò�Ô Ú Ò Ü�ßØõÖÛ Õ ß Õ Í Ò ÜkÍ Ò�ÔÖÕ}Õ ?Ñõ Õ Û�Ü�ð Õ Í ÒEþØîïÔ Ü�ß�Ükß
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Positions of the Bragg spots
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Positions of the Bragg spots

g

R = g/8 = 0.125g

R

¢e*;L/.$'a#®�5å6| �®ø×�J=k4��34 074gUf%$K;*-�$L�%h#8'&0".$'s@t451�#²�:'a*-K-K;,/.$*;�Sç�,5�$# � '"#8Uf,�(g45K³,g@I18*-'"18K-#	'"45=$*;.$0: º å��i� § �84f45'",5.$�$=p�:'745L5L�0a%h,g�70



�����	��

�������

¢e*;L/.$'a#d�]�/|�Ð�#�18,/�$0s�7'".618�7*;,/�?,g@r}F~5äB*c��å/å6���l0a�"'".$1)�7.$'a#³@y'",/U¦�7!$#8,/'"#)�7*-1�45K-KiMV1�45K-18.$KR4g�"#�=fA`è Z�Z A
=$*iÅY'"4518�"*-,/�q%k4g�a�7#8'"�$0C9�*i�7!	�?ø²��=$4g�34?0"45U�%$K-*;�$L�45�6=	'"#8Uf,�(g45Kr,5@[�7!$#2�v'745L/Lf0"%H,5�708^ Z �$#�'aL5M
'"45�$L/#g|��/��¶�b § ¶N��üwþE�$ö º § �Ì��¥������k45�$=q.$0"45L/#F,5@ t b¤@y.$�$1)�7*-,5��9:450�Uf45=$#5^



�����	��

�������

¢e*;L/.$'a#d� § |�Ð�#�18,/�$0s�7'".618�7*;,/�?,g@r}F~5äB*c��å/å6���l0a�"'".$1)�7.$'a#³@y'",/U¦�7!$#8,/'"#)�7*-1�45K-KiMV1�45K-18.$KR4g�"#�=fA`è Z�Z A
=$*iÅY'"4518�"*-,/�±%k4g�a�7#�'a�$0&9�*;�"!¹�Oø±�>=k4g�34 0"45U�%$K-*;�$L>45�$=\'a#�U�,w(g45KB,5@{4 1�*;'"1�.6KR45'&4g'"#T4 '"45=$*;.$0
å��i� § �84I45'",5.$�$=E�7!$#d�:'"45L/LF0"%H,5�708^ Z �$#�'aL5ME'745�6L/#5|v�/��¶�b § ¶N��üwþE�+ö º § �ñ��üwþÂ45�$=�.$0"45L/#d,5@h�"!$#t bc@y.6�$18�"*-,/�_^



� ���	��

�������

¢e*;L/.$'a#d�5¶6|�Ð�#�18,/�$0s�7'".618�7*;,/�?,g@�æu~5äB*c��å/å6���l0a�"'".$1)�7.$'a#B@y'",5Uz�7!$#8,/'"#)�7*-1�45K-KiMV1�45K-18.$KR4g�"#�=fA`è Z�Z A
=$*iÅY'"4518�"*-,/�q%k4g�a�7#8'"�$0C9�*i�7!	�?ø²��=$4g�34?0"45U�%$K-*;�$L�45�6=	'"#8Uf,�(g45Kr,5@[�7!$#2�v'745L/Lf0"%H,5�708^ Z �$#�'aL5M
'"45�$L/#g|�µ5å�b��/¶N��üwþE�kö º § �ñ��¥����9�645�$=q.$074gL/#F,5@ t b¤@y.$�$18�"*-,/�&9:450�U?4g=$#5^



�"!$#u�:'745L5L20"%H,5��@y,/'W�7!$#uæu~5äd*���å5å6�w�v,/�6#5^
Ï],`@t45'e9v#�!k4T(/#d0a�".$=$*-#8=�45�$=E0".$181�#80"0a@y.6K-K;ME'a#�18,/�$0a�"'".$1)�7#8=f��9v,u0s�7'a.$18�".$'"#80v.6�"*-K;*-ç�*;�$L³=6*;Åh'7451Qb

�"*-,/�²%k4g�a�7#�'a�$0I,5G6�345*;�$#�=OGNM�%H#�'s@y,/'"U�*-�$L�=$*iÅY.60"#�è Z[Z A´#)P]%H#�'a*-U�#��N�708^o�vM²�$,�9F�e�"!$#?'a#T45=6#�'
9�*;K-Ke!$4�(5#?4gK-'"#�45=6M�'a#T45K;*-ç8#�=	�7!$4g�F9:#�!k4T(/#��$,5�u074g*-=²45�NM<�7!$*;�$Lq45Gh,5.6�u*-�N(/#80a�7*;LN4g�"*-�$L&0a.$'a@t4518#�0
18,/�N�345*;�$*-�$L�,/'a=$#�'a#�=>4g=$0",/'aGk4g�"#�0�^�����4g�"�"#�U�%6�7*;�$Lq�",o#8Uf%$K;,�M®450uK-*;�a�7K;#2=k4g�34p450u%h,/0a0"*;G$K-#29v#5�
%$'a#8(+*-,5.$0"KiM/�ßUf,�(5#�=p@y'a,/U��7!6#IÎ�ø�Îf0"45Uf%6K-*-�6L2,5@�=$*iÅY'"4518�"*-,/��*;�<�"#��$0a*;��M�%H#�'d0".$'s@t451�#I�:'"*;K-K;,/.$*-�
ç8,/�$#?�",	�7!$#&�pø �$^²·B�6@y,5'a�7.6�k4g�7#8K;M5�[4=<r�t�pø �<�{,�(/#8'"K-4�M5#�'2,5@³}F~5äd*���å5å6�w�`,/'2æu~5äB*c��å/å]�w�F*;0
�$,g�V45��,5@Æ�7#8� #��$18,/.$�N�7#8'"#8=¬%6!$#��$,5Uf#8�$,/�>*-�O�k4g�".$'"#g^�}C���7!6#?,5�"!$#�'V!$45�$=_�><�� § ø § �FKR4TM/#8'"0
45'a#2(/#�'sM²1�,/U�Uf,5�²0s�7'a.$18�".$'"#80�^�«�!$#�.$%$%H#�'u%k45�6#�K[,5@:�$L/.$'"#f�g�q0"!6,w9�0u�7!$#�'"#�45K�0"%$451�#�Uf#80"!
,5@r0a.$13!	42KR4TM5#�'�,/�q4q�s�Fø����v1�K;#T45��0".6'a@t4518#?�Æ�7,/%�0a*;�7#F4g=$0",/'a%6�7*;,/�ß�Q�69�!$#�'a#T450��"!$#FK-,�9:#8'�%k45�$#8K
0a!$,�9�0��"!$#�'"#�18*-%$'a,]1�45K60a%k4518#BU�#�0a!_^�«�!$#d45GH,�(/#d=$*-0a1�.$0a0"*-,5��0a#8�"0v,/.]�[,/.$'[�$#)P+��L/,N4gK � �7!$4g�[*-08�/�7,
0a.$1�18#�0"0s@y.$K-KiMI%H#�'s@y,/'"Un4³'a#�18,/�$0a�"'".$1)�7*;,/�2,5@$�"!$#�45GH,�(/#W0"45Uf#���9:,³0aM+0a�"#�U�0�9�!$*-13!V9�*;K-KN�$,�9¬!k4T(/#
18,w(5#�'"45L/#6<r� § ø § �)^³¯³18�".k45K;K;M/�ß9�!$#8�²*;�o�7!6#VGh#8L/*-�6�$*-�$L�9:#20a%h,5m5#245GH,/.6�³�7!$#I��9v,&0a�"'".$1)�7.$'a#�0
450v!k4T(+*-�$LVGH#�#8�&*-�N(/#80a�"*-LN4g�"#�=&GNM��7'74g=$*;�"*-,/�k4gKßè Z[Z A½U�#8�7!6,]=$0��7!k4��:9:450:�7!6#C0",/'s�W,5@�18,�(/#�'"45L/#
9v#f!$45=O*;�OU�*-�6=_^ ã�#�#�U�%$K-,�M5#�=®@y,/'F,/�$#EUf,5'"#2�7*;Uf#2,/.6'u'a#�18,/�$0a�"'".$1)�7*;,/� 45K;L/,/'a*;�7!6U�,/�O4
§ ø § L/'"*;=?,5@_=k4g�34u%h,5*-�N�70v%h#8'v0a.$G$0a�"'74g�"#C0".6'a@t4518#`�:'"*;K-K;,/.$*-�2ç8,/�$#g^[¢e*-L/.6'"#�0W�/�{4g�$=��5�u%$'"#80"#��N�
�"!$#`'"#80".$Ki�70W9v#u1�45U�#C.$%&9�*;�"!_^�«�!$#8M&45'"#`%$'a#8�a��M�=$*;0"1�,5.$'745L5*-�$L$^e¯³K;�"!$,/.$L5!�9:#F0a�"*-K;KhL/#)��G$K-,5G$0
4g�v45K;Uf,50a�[�7!$#d'"*;L/!N�W4��7,/U�*-1�%H,/0"*i�7*;,/�$0�9�!k4g�v*-0�Uf,50a��=$*-0"45%$%H,/*-�N�"*-�$LF*-0[�7!6#³!$#�4�(+*;K;ME45's�7*i@t4518�"#�=
*;U?45L5#�0�^fã�#8'"#f9v#�0s�7.$=$*;�$L	4q1�,/U�%$K;#8�7#8K;M�.6�$m<�$,�9��>0".$'s@t451�#?9v#f9v,/.$K;=��$,g�VGH#?45G6K-#E�7,p�"#�K;K
9�!$*;13!p,g@l�"!$,/0"#FG$K;,/G$0�45'a#`�7!$#u4g�",/Uf0�4g�$=&9�!$*-13!��7!$#u45's�7*i@t4518�"0�^
ãO#F9�*;K-K_!$4�(5#u�",EK-,+,/m?.$%H,/�q,/.$'d45K;L/,/'"*i�7!$U�,/�6#{U�,/'"#C�"*-U�#`45�$=q=$#)�7#�'aUf*;�$#`�7!$#F1�45.$0"#u,5@

�"!$*-0�4g�$,/Uf45K;M5^e����13!k45%6�"#�'B�{9v#u%6'"#�0a#��N�d,/.$'�4g'"L/.$U�#��N�74g�7*;,/�?�7,�9:45'"=60d0a,/K;(+*;�$LI�7!6*-0�%$'a,/G$K-#8Up^



atom

(01) (11)

(00) (10)

Substrate
atom

Adsorbed

?8@BA�CEDGFIHKJELIMN<9OQPqøRP�SUTVCEDXWZY\[]F_^`F
TVa�OZCEb�bcF
DdbEY\eEF]fgSihj@BkVaRkVaEFI[]l�DGDVF]TGbcl\eEmE@ne�AoDGF][]@BbEDVl#[pYKfTGb�Y\[]Fuè�q�q�rsb�YKkGktF
DVeuOZfnl�hvF]Dwb�YKeEF]fgS



�����	��

�������

?8@BA�CEDGF/H�HxL�ÐjF][
l�eETXktDVC�[
kt@Bl�e=lKW9y{z5ä|@,O�å/å�}�S;TGkVDVCE[0ktCEDGF�W~DVl�^sktaEF
l�DVF0kt@n[]Y\fnf��U[]Y\fn[
CEfgYKkVF]m`r`è�q�q�rmE@iÅ>DVY\[
kV@nl�e�b�YKkVkVF]DGeET(hj@BktadPWø�P6m�YKk�Y6TVY\^dbEfn@BeEA�hj@BkVa�F]eEF
DVA\��DVY\eEA�F�}\}�¶.�XPg¶�H�üwþ��<ö º Px��H��������Y\e�m_C�TtY\A�F{l\W9kta�F t �QW~CEeE[
kV@nl�e>�



� ���	��

�������

?8@BA�CEDGF/H\��L�ÐjF][
l�eETXktDVC�[
kt@Bl�e=lKW�æ�z5ä|@,O�å/å�}�S;TGkVDVCE[0ktCEDGF|W~DVl\^�ktaEF
l�DVF0kt@n[]Y\fnf��U[]Y\fn[
CEfgYKkVF]m`r`è�q�q�rmE@iÅ>DVY\[
kV@nl�e�b�YKkGktF
DVeET�hj@�kta�P&ø	P_m�YKk�Y�TtY\^dbEfn@BeEA�Y\eEm�F
eEF]DGA\�uDVY\eEA�FKL`�5å.��J/¶�H�üwþ�����Y\fnCEFdl\W
ö º }���H(�����9��� t �,W~C�eE[
kV@nl�eICETVY\A�F�h�YKT|^`Y\mEFK�



��e�ktaEF�^dFpY\e�kV@n^dF�h�F�eEF
F]mEF
m	Y�^`l#mEF
f5TV@B^UCEfgY.kt@nl\e&bEDVl\A�DtY\^�kta�Y.k�h�l�C�fnm�A�CE@nm�F�CET�ktl�h�YKDVmET
kVaEF{DV@nA\a*k�mE@nDGF][
kV@nl�eIl\W;l�CEDwDGF]TGFpY\DG[�a��v��eIkta�F�[�aEY\b�ktF
D/kVa�YKkwW~l�fBfnl�hjT�hvF�b�DVF]TGF]e�k�ÈGCETGkjktaEYKkp�



� �  ¢¡ £o¤¦¥ §

¨ � ¤ © ª¬« ¤®­ ¯ ° ± ± ¯ ¡ ¥�ª³²�¥	 ´©

µ�¶�· ¸®¹(º`á8º�»�¼�â�¼(½]¾d» ¾�¿À¼(Á&º ÂÃ¹(¾�Ä`¹�â�Å

��eR}�Æ/Î��pÏ�Y\fBmE@ne�Y\e�m�ó9F]eEmEDX��hjDVl\kVF=YITVl�b�aE@nTXkt@n[]YKktF
m�?�l�DGÇ;DVY\eob�DVl�A�DVY\^oÊñË�Í�ktl_[pY\fB[]CEfnYKktFUkVaEF
mE@iÅ>C�TVF�@ne�ktF
eETV@�k��im�@nTGkVDV@BÈEC�kt@Bl�e�bEDVl#mECE[
F]mUÈ��ifnl�h���F
eEF]DGA\��F]fnF
[
kVDVl�eET;TV[]YKkVkVF]DVF
m�W~DVl\^sYKmETVl�DGÈ�YKkVF]T
DVY\eEmEl�^dfB��Y\mETGl�DVÈÉF]m�l�e�fBlx[]Y\fnf��=@BmEF]e�kV@n[pYKf�TV@BkVF]T/l�e&Y�[]fBFpY\e_TVC�DGWZY\[
F\��ÇwaE@BT|b�DVl�A�DVY\^ÊeEF
F]mET�Y\T
@BeEbEC�k�m�Y.k�YÃ[]l�e�[]F]DGeE@ne�A�kVaEFIfnl#[pY\fvA�F]l\^`F0ktDG�ul\W/ktaEF_Y\mETGl�DVbxkt@nl\e���bEa�Y\TGF�TGaE@BWËkVT�l\W�ÈÉl\kVa�kVaEF
Y\m�TVl�DGÈ�YKktF&Y\eEmÌkta�FÃTVCEÈETXktDVYKktF�YKkVl�^dT]�/Y\T=hvF]fBf�Y\T]�wkVaEFÃF]eEF
DVA\�Íl\W{ktaEFÎ@neE[
@nmEF
e*k�F]fnF
[
kVDVl�eET
�
Ïx@BeE[]FjhvF|eEF
F]m�@Be�ktF]e�TV@Bk��db�Y.kVktF
DVeET�W~l�D�^dl�DVFjkta�YKe=l�eEF/F]e�F]DVAK�dkVaEF/CETVF
D�a�Y\T�ktl�F]m�@Bk�ktaEF/@neEb�C�k
Ï fBF�YKeEmUDVC�e�ktaEF�bEDVl�A\DtY\^ÐY\A�Y\@ne�Y\eEmUDGF]bÉFpYKk;ktaE@BT;bEDGlx[
F]mEC�DVF�W~l�D8Y\fnf�kVaEF�eEF
F]mEF
m�F]eEF
DVA�@BF]T
�5ÇwaEF
DGCEex�,kV@n^dF6mEF
bcF
eEmET/l�e�ktaEF{b�Y\DXkt@B[]CEfnY\D�[]l\^`bECxktF]DjCETGF]m_ÈEC�k/@nTjYKbEbEDVlpÑx@n^`YKkVF]fB�Î}�å�^`@Be*C�ktF
T�W~l�D
kVaEF�fnl�h�F
eEF]DGA�@nF
T8Y\e�m�Y\ÈÉl�C�k9�5å.�X�5åw^d@ne*C�kVF]T�W~l�D�ktaEF�aE@BA�a�l�eEF]T�W~l�D�kVaEF�ÒWó[·¬Ð�}Tå/å/å/åwbEDGlx[
F]TVTGl�D
·/eE@�Ñ�TX�xTXktF
^Ól\WwkVaEF&Ïx@Bfn@B[]l�euÔ{DVY\bEaE@B[]Ti��eEmE@nA\l » O~�£Ð/�,�³�x��P�SÕ��Çwa�@nT]�8l\Wj[]l�C�DVTVF=[pY\e�ÈÉF=m�l�eEF
hj@�ktaE@Be�kVaEF/[]l�CEDGTVF/l\W�Y{m�Yp���#ÈEC�kv@ne�kVaEF|[]Y\TVFjktaEYKkvkVaEFjCETVF
Dvh�Y\e�ktT�ktl�[�a�Y\eEA\F6Y\eElKktaEF
D�W~F]YKktC�DVF



aEF�hj@Bfnf�a�YpÖ\F�kVldA\ldkVaEDVl�C�A�a_kVaE@nTjYKA�Y\@ne�W~l�DjYKeEl\kta�F]Djm�Yp�É×���e_[pY\fB[]CEfnYKkt@BeEA�kta�Fi@Be*kVF]eETG@BkV@nF]T�kVaEF
r`è�q�q�rsbEDGl�A�DtYK^¢k�Y\ØKF]T�YK[][]l\CEe�k�l\W5Y\fnf�kVaEF�bcl�TGTV@BÈEfnF{TV[]YKkVkVF]DG@neEA�T|l\W8kVaEF�F]fnF
[
kVDVl�eET
�Éhja�@n[�aÎ@BT
hja�Y.k�Y�DVF
fn@nY\ÈEfnF{TG@n^UCEfnYKkt@Bl�eIl\W�Y\eÃFÕÑ�bÉF]DG@n^dF]e�k6@BT�TGCEbEbÉl�TVF
m�kVl�mElE��y�e&kVaEFUl\kVaEF]D|a�Y\eEm&kVaEF
DGF]TVF]Y\DV[�a�F]D�hjaEl�fn@BØ\F
m=ktlUm�l�Y�WZY\TGkVF]D�FÕÑ�b�fnl�DVYKkt@Bl�e=l\W�kVaEF�TV@B^UCEfnYKktF
m=F0ÑxbÉF]DG@n^dF]e�k�hvl�CEfnm�C�TVF{Y
bEDGl�A�DVY\^��x^=Yp�#ÈÉFiY�ÈE@�kjfnF
TVTwDVF
fn@nY\ÈEfnF|kta�Y\eIkta�Fir`è�q�q�r¦l\eEF\�E�\F
k�É�F0Ñx@BÈEfnF�Y\eEmITGCEbEbEfBF\�

Çwa�YKkih�YKTikta�F=^`Y\@ne�DVF]Y\TVl�eoh�F�m�F][]@BmEF]moktl�hjDG@BkVF=YÎTG@n^dbEfnF�^dlxm�F]f�bEDVl\A�DtY\^ÙkVa�YKkimEl#F]T
Y\fB^`l\TGk�hja�YKk9ktaEF�Ï�Y\fnm�@neiY\eEmVó9F]eEm�DG�ÉÚ�T(m�lxF
T;hj@BkVaUTVl\^`F�TV@B^`bEfB@ Ï []YKkt@Bl�eET
�9y�e�F�l\WEkVaEF]^¦@nT�ktaEYKk
l�C�DVT�ktY\Ø\F
T/@Be�ktlU[
l�eETV@BmEF]DVYKkt@Bl�e�l�eEf��`kVaEF6^dl�TGk�@n^dbcl�DXk�Y\e�kvTV[]YKkVkVF]DV@BeEA�b�YKkVaET�l\W�kta�F�F]fnF
[
kVDVl�eET
�
��e`l�DVmEF
D(ktl�m�F][]@BmEFjhja�YKkvb�Y\DGkv@nT�^dl�DVF/Y\e�m`hja�YKkv@nT�fBF]TVT�@n^dbÉl�DGktY\e�k(h�Fjktl#l�Ø��x@Be`l\CED�l�bE@ne�@nl�e��
kVaEFv^dl�TXk;fBl�A�@B[pY\fKTGktF
b��KkVa�YKk;@nT
�.hvFv[
l�eETG@nmEF
DVF]m�b�YKkta�T9kVa�YKk9[]l�e�ktY\@ne�CEbikVl/k�hvl6È�YK[�Ø�TV[pY.kVktF
DV@BeEA�T
bÉF]D�F
fnF
[
ktDGl�e���YKTVTVC�^`@BeEAUktaEF�^dl�DGF6[]l�^dbEfB@n[pY.ktF]m=l�eEF]T�hvFpYKØ�F]eEl\CEA�a�ktl�ÈÉF�fnF0WËk�l�C�k]�(Çwa*CET/hvF
F
eEmEF]m_CEb_CETV@BeEA�ktaEF�W~l�fBfnl�hj@neEA�W~l�CEDwktF
DV^dT]L
}\�wÇwaEF�DGF
W~F]DGF]eE[
F�h�YpÖ�F�ktF]DG^���ÇwaE@BT|[
l�e�k�Y\@BeETwktaEF�TV[]YKkVkVF]DV@BeEAdl\W;kVaEF�@neE[
@nmEF
e*k/F
fnF][0ktDGl�e�lgÅ
ktaEF�Y\mETGl�DVÈÉF]mÎYKktl\^`T
�

P#�wÇwaEF=l�È<ÈGF][
k{h�YpÖ�F`kVF]DG^��dÇwaE@nT{[
l�e�k�Y\@BeET�kVaEF�TV[]YKkVkVF]DV@BeEA_l\W�kVaEF�F]fnF
[
kVDVl�e�kta�Y.kp�9a�YpÖx@BeEA
ÈcF
F]eÎTG[pYKkGktF
DVF]m�l5Å&kVaEF�Y\mETVl\DVÈ�YKkVF\��@BTwTV[pY.kVktF
DVF
mÎÈ���kta�F�TGCEÈETXktDtY.ktFiYKktl�^_�

¶x�wÇwaEFuDGF
W~F]DGF]eE[
F0�,bEDV@B^`F
mÛkVF]DV^_�¢��eÛktaE@BTI[pY\TGF�kVaEFoF
fnF
[
ktDGl�e Ï DVTXkÎ@BT_TG[pYKkGktF
DVF]m�È*�ÜkVaEF
TVCEÈETXktDVYKktFiY\eEmIktaEF
e�È���kVaEF�Y\mETVl\DVÈ�YKkVF\�

J��wÇwaEFil\È+ÈGF][0kG��b�DV@n^dF]m�kVF]DV^_��í|F
DVF�h�F�[]l\eETV@BmEF]Dwkta�F�bEYKktaIW~l�fnfBl�h�F
m�È*��kVaEF{F]fBF][
kVDVl�eIktaEYKk
Ï DVTXkIA�F
kVT�TV[]YKkVkVF]DVF
mÝÈ*�ÞktaEFÎTVCEÈETXktDVYKktFK�/kVaEF]eÝÈ��ÍkVaEFÃY\mETGl�DVÈEYKktFÃYKeEm Ï e�Y\fBfB��È��ÍkVaEF
TVCEÈETXktDVYKktFiY\A�Y\@Be��



ÇwaEF Ï DVTXk�k�hvl�Y\DGF/kVaEF|ÈEY\TV@B[|ktF
DV^dTvC�TVF]m`ktl�m�l�aEl�fBl�A�DVY\bEa��Éß#hvF6Y\f�h�Yp�#T�e�F]F]mIY�DVF0W~F]DVF
eE[]F�Y\eEm
Y\e�l�È<ÈGF][
k{h�YpÖ�F\�EãÝ@BkVa&ktaEF�fnY\TGk�k�hvl_kVF]DG^`T6hvF�k�Y\ØKFdl\eEF�TVaEl�DXk�TGktF
b�kVl�h�Y\DGmET�ktaEF�^UC�fBkt@BbEfnF
TG[pYKkGktF]DG@neEA���ÇwaE@BT/@BT/Y�h�Yp�_kVl=YK[
ktCEY\fnf���F0ÑxbEfBl�DVF{kta�FimEF
A�DVF
FilKW5@ne]É�CEF]e�[]F�^�CEfBkV@nbEfBF6TV[]YKkVkVF]DV@BeEA
a�YKT]�R��eÌY\fBf�W~l�CED�[]Y\TVF
T]��kta�F_F
fnF
[
ktDGl�e���YKWËktF
D Ï eE@nTGaE@neEA�@�ktT�TV[]YKkVkVF]DV@BeEAE��ktDVY�Ö\F]fBTdkVl7h�Y\DGmETdkVaEF
mEF0ktF
[
ktl\D]��M�fBf>W~l�CEDwb�Y.ktaET/Y\DGF�[
fnF]Y\DVf��=TGaEl�hjeÎ@ne Ï A\CEDVFiH��x�

ÇwaEF/DVF]Y\mEF]Dv[pY\e Ï eEmdktaEF/[]l#mEF/l\W�l\CEDvb�DVl�A�DVY\^�@Be=Y\b�bcF
eEmE@�Ñ`à�ÈEC�kvaEF
DVFjh�F/hj@nfnfEYKkVkVF]^db�k
Y�TGaEl�DXkwbEDVF
TVF
e*ktYKkt@Bl�e�l\W�@�k�Y\eEY\fB�+ç]@BeEA�@�ktTvÈ�Y\TV@B[6TVC�ÈEDVl�Cxkt@ne�F]T]�(Çwa�F�fgY\eEA\C�Y\A�F/CETVF
mI@nT�?�l�DGÇ;DVY\e
����Y\eEm�ÈEY\TV@B[pY\f���@nT�bÉl�DXk�Y\ÈEfBFjÈEC�kw@�k�TGaEl�CEfBm=ÈÉF�k�Y\ØKF]e�@Be�ktlU[
l�eETV@BmEF]DVYKkt@Bl�e`kVa�YKkvTVl�^dF6?�l�DGÇ;DVY\e
[
l�^`b�@nfnF
DVT�Y\DVF�^dl�DVF�TVF]fBF][0kt@BÖ\FUkta�YKe�lKktaEF
DVT]�iÇwaEF�bEDVl\A�DtY\^�a�Y\T�ÈÉF]F
e�kVF]TXktF]m�l�e&kVaEDVF
Ff·/eE@�Ñ
^`Y\[�aE@BeEF]T
��TVl�WZY\DdO~�£Ð/�,�á����Px��yFÏ�?v}�Y\eEmOÏxCEe�yFÏ&JE��Px��}7S0��Y\e�m�@�k6a�YKT�ÈcF
F]e�eEl\kt@B[]F
m�kVa�YKk6kVaEF
�£Ðj�,�ÜY\e�m�ÏxCEe�yFÏ�[]l\^`bE@BfnF
DVT9bEDVF0W~F]D8kVa�YKk8kVaEF�TGCEÈEDVl\C�kt@BeEFwY\DGA�CE^dF]e�ktT5ÈÉF�m�F][]fnY\DVF
m�ÈclKktaU@BeETV@BmEF
kVaEF{TVCEÈEDGl�C�kV@neEF
T|YKeEm�@Be�ktaEF{^`Y\@ne�b�DVl�A�DVY\^_��hjaEF]DGFpY\Tjkta�F�yFÏ�?v}�aEY\mIeEl`[
l�^dbEfgY\@Be�kp�
âpã %9-.+ ã�ä7åZæ 'ÎçuÕ Ò�è�é ç�Ñ ÇwaE@nT�TVCEÈEDGl�C�kV@neEF�@BT�ktaEF�È�Y\TV@BTwl\W�ktaEF�bEDVl�A\DtY\^_�5�,kw[]Y\fn[
CEfgYKkVF]T�kVaEF

YKktl�^d@n[�TV[]YKkVkVF]DG@neEAdWZY\[
kVl�D|W~l�Djkta�F�A�@�Ö�F]eÎF]eEF
DVA\��È�Y\TGF]mÃl�eÎkVaEF�êXTVbEaEF
DV@B[pY\f�h�YpÖ\F�ë�W~l�DV^
l\W8kVaE@nT�ô*C�Y\e�kV@Bk��YÊñË/ÍQ��kVa�YKk/@nT
L

ê7ë Oíì\S º }
¸�îÕï OQP7ð�ñÛ}7Ssü]ò�ógôxTV@Bejõ ï O�¸ESGö ï O~[]l�T�ì\SG1 ï O¤¸+ú�S OX}�}p��S

hjaEF]DGF\��1 ï O¤¸+ú�S�@nTvkVaEF6bÉl�fB�#eEl\^`@nY\f�[]l#F
÷d[]@BF]e�kwl\W�kVaEF`í|Y\eEØ\F
f>W~CEeE[0kt@Bl�e�l\W�kVaEF Ï DGTGkjØ*@neEm>�
ø>ù ¿íúï �(�,k/[]Y\e�ÈÉF{mEF
kVF]DG^`@BeEF]m�W~DVl\^ûkta�F�DGF][
CEDVDGF]eE[
FiW~l�DG^UCEfgYxL

1 ïíü ¿ O�¸]ú\S º 1 ï,ý ¿ O¤¸]ú\S�ñ P�ð�ñÛ}
¸]ú þ OX}�}���S

Y\eEm�ö ï O~[]l�T�ì\SwY\DVF6kVaEFuè�F
A�F]e�mEDVF�bcl\fB�#eEl�^d@gY\fBT�hj@�kta_DVF
[]CEDGDVF]e�[]F{W~l�DV^UC�fgY�L
ö ïíü ¿ º OíP7ð�ñÝ}7SGö ï ö ¿ ¼uð]ö ï�ý ¿ð�ñÛ} OX}�}TÎ�S



A
ds

or
ba

te
 a

to
m

Su
bs

tr
at

e 
at

om
s

IN
C

ID
E

N
T

 W
A

V
E

k

R

R
’

O

O
’

k
O

--
>

--
>

?8@BA�CEDVF�H��xL(ÇwaEF�TV@B^`bEfBF6^dlxmEF
f�bEDGl�A�DtYK^



θ

k
k

O

-->

-->

a

k k

k k

k k

r r
r

r

j j i

j

θ
θ θ

θ

θ
--> -->

--> -->

-->-->

O

O

O

j j

i

j

a

si

(a)

(b)

(c)

(d)

a

s

s

sj

θa

θ

?8@BA�CEDGFÝH5Î�L´ÇwaEFÜW~l�C�D	TVCEÈEDGl�C�kV@neEF
T]LÿOíY�S Ð/q�?5q[Ð|q[ä�Ò�qj��O~È�S Ð|q�?5q[Ð/q[ä6Ò�q ó[Ðj���ÎqhÈ
�O~[�Swy�à���q�Ò�ÇlÈ
�;OZm�Sjy�à���q�Ò�Ç ó�Ðj���ÎqhÈ



âpã %9-.+ ã�ä7åZæ 'pÓ�Ô é ÔCÓ�Ô��®Ñ{Ô ?�l�D�TG@n^dbEfn@B[]@Bk���hvF{Y\TGTVCE^dF�ktaEYKk�kta�F6@neE[
@nmEF
e�kwF]fBF][
kVDVl�e�h�YpÖ�F
a�Y\T�CEeE@�k�Y\^dbEfB@BktC�mEF\� Çwa�F]eÜktaEFÎTV[pY.kVktF
DV@BeEA	l\W{ktaEF&Y\mETVl\DVÈ�YKkVF]mÛYKkVl�^ hj@nfnf/bEDGlxmEC�[]F
Y	h�YpÖ�FoY\^dbEfn@�ktCEmEF�F�ô*C�Y\f|ktl	ktaEFÃTG[pYKkGktF
DV@ne�A�WZYK[
ktl\D�l\W�ktaEF�Y\m�TVl�DGÈ�YKktFK� ê��	� Oíì�
]SÃO Ï AK�
CEDVF H5Î�OZY�SVSÕ���,W
�¸���YKeEm��¸�Y\DVF=kVaEF�h�Y�Ö\F�Ö�F][0ktl�DGT�l\WjktaEF�@BeE[]@BmEF]e�k�YKeEm	ktaEF�TG[pYKkGktF
DVF]m
h�YpÖ�F
T�DGF]TVbÉF][0kt@�Ö�F]f���ktaEF
e_kVaEF�Y\eEA�fBF�ÈcF0k�h�F
F]eÎkVaEF]^ûhj@nfnfcÈcF{A�@�Ö�F
e�È��ÉL

[]l\Tcì � º ¸ Ã �"¸ Ã ñ±¸ Ä �3¸ Ä ñ±¸����"¸��¸ » OX}�}pÆ�S
Ò�Y\fnfB@neEA{TVC�ÈEDVl�Cxkt@ne�F6�/û��5ý ê �*1wh�F|[pY\fB[]CEfnYKktF ê��	� kta�Y.k�@BTvDGF
ktC�DVeEF
m�ktlikVaEF�^`Y\@Be`bEDGl�A�DVY\^��
Ç;ld@neEm�@n[pY.ktF6ktaEYKkwktaEF{mEF0ktF
[
ktl\D|@BTw[]l�^db�Y\DVYKkt@�Ö�F]f��=@Be_Yd^UC�[�a�fnY\DVA�F
D�mE@BTGk�YKeE[]F�ktaEY\e_kVaEF
YKktl�^d@n[jmE@BTGktY\eE[]F
T�hvF6A�@BÖ\F6Y\e=Y\DVÈ�@BktDVY\DG��fnY\DVA\F|e*CE^UÈÉF]D�W~l�DvY\DVA�C�^`F
e*k:ú`OX}�å/å5å/å��ìå��xTVYp�ESÕ�

âpã %9-.+ ã�ä7åZæ 'pÓ�Ô é ÔCÓ�Ô��®Ñ{Ô �uÓ����ÂÔ���M|[][
l�DVmE@BeEAUktl Ï A�CEDVFsH5ÎEOZÈ�SÕ�xhvF�aEY�Ö\F{mEF Ï e�F]m_Y\T
TVF][
l�eEmÞØ#@BeEmRl\W�DGF
W~F
DVF]e�[]FIh�YpÖ�F_ktaEFIl�e�FIkVa�YKk�[
l�^`F
TdY\Ècl\C�k�W~DVl�^ÿktaEFITV[]YKkVkVF]DG@neEA�l\W
ktaEFi@neE[
@nmEF
e*k/l5Å�Y�TVC�ÈETGkVDtYKkVFUYKkVl�^��9O��#S0�ÉY\eEm_ktaEF
eÎl5ÅÃkVaEF�YKmETVl�DGÈ�YKkVF\��ÇwaEFiTV[]YKkVkVF]DV@BeEA
l5Å&kta�F�TGCEÈETXktDtY.ktFiYKktl�^áhj@nfBf>[�a�Y\e�A�F�ktaEF�mE@BDVF
[
kt@Bl�eIl\W�ktaEF{@BeE[]@BmEF]e�kwh�Y�Ö\F�Ö\F][0ktl�DjÈ��_Y\e
Y\eEA�fBF\L

[
l�T�ì�� º �"! ¸ Ã ��ñ¬ï ! ¸ Ä �8ñ¬ð ! ¸��#�¸]ú ! OX}7Pgå�S
A�@BÖ#@ne�A�DV@nTGFUktl_Y�h�YpÖ\Fdhj@�kta�Y\^dbEfn@�ktCEmEF ê �%$#Oíì'&GS�[pY\fB[]CEfnYKktF
m&W~DVl�^)(5Û£Ø'*,+�(+ÖK��hjaEF
DVFEú ! @BT
ktaEF�mE@BTGktY\eE[]F�ÈcF0k�h�F
F]e�ktaEFUkVaEF�Y\mETGl�DVÈEYKktF�YKeEm-�\��TVC�ÈETGkVDtYKkVF�YKktl�^_��ÇwaE@BT�h�YpÖ\F\��YKk6kVaEF
bcl�TG@BkV@nl�e�l\W9kta�FiYKmETVl�DGÈ�YKkVF{hj@Bfnf�aEY�Ö\F�ktaEF�W~l�DG^�L

ê �%$ F0Ñxb9O þ ¸+ú ! Sú ! OX}7P#}7S



OX}7Px}�Svhj@nfnfcDVF]Y\[�a�kVaEF{mEF
kVF][
kVl�Dj@ne�kta�F{W~l\DV^_L
ê��	�/.~ê �0$ FÕÑxb9O þ21 ú ! Sú ! 3 ü ý ò54ë�6 4798 OX}7P\P�S

hjaEF]DGF`FÕÑ�b9O#: þ �1<; �ú ! S�@nT�kVaEF�bEa�Y\TGFdm�@%=cF]DVF
eE[]F�ÈÉF
k�hvF]F
eokVaEF�l�DV@BA�@ne�YKf9@BeE[]@BmEF]e�k�Y\e�m�kVaEF
kta*CET/TV[pY.kVktF
DVF
m�h�Y�Ö\F\�

âpã %9-.+ ã�ä7åZæ ' Ò?>A@ Ô{ÑIÕB�o?8@BA�CEDGF�HDCEOZ[�S�TVaEl�hjT5kVaEF�TV[]YKkVkVF]DG@neEA6b�DVl#[]F]m�CEDVFKß*kVaEF�@BeE[]@BmEF]e�k8h�YpÖ�F
@nT�TV[]YKkVkVF]DGF]mulE=ukta�F`YKmETVl�DGÈ�YKkVF`YKeEmÃktaEF
eolD=oktaEF�TGCEÈETGkVDtYKkVFdYKktl�^F���dÒ�Y\fnfB@neEAG(5Û£Ø'*,+�(+Ö
k�hj@n[]F�hj@nfBf�[pY\fB[]CEfnYKktF�kVaEFiTG[pYKkGktF
DV@ne�A`WZY\[0ktl�DGT/lKW5ktaEFiY\mx��Y\e�m�kta�FiTGCEÈx� Y.ktl�^dT/W~l\D|YKeEA�fnF
T
l\W5mEFIH�F][0kt@Bl�eET]L

[]l\T�ì �KJ �"! 1DL ��ñ¬ï ! 1DM �9ñ±ð ! 1 �#�1 ú ! OX}7PEN�S
[]l�T�ì�� J �"! 1DL ñ¬ï ! 1DM ñ¬ð ! 1 �1 ú ! OX}7P.J*S

ÇwaEF�h�YpÖ�F{kta�Y.k/kVDtYpÖ�F
fnTwktl�kVaEF{mEF
kVF][
kVl�D/a�Y\TwktaEF�W~l�DG^�L
ê��	� . ê �%$ F0Ñxb9O þ21 ú ! Sú ! 3 ü ò 4ë�6 4708 OX}7P\H�S

hj@Bkta=F0Ñxb9O þ �1�; �ú ! S�ÈÉF]@BeEAikVaEF6bEa�YKTVF6mE@�=>F
DVF
eE[]F6ÈÉF
k�hvF]F
e�ktaEF|@neE[
@nmEF
e*k�Y\eEm=kVaEF�TG[pYKkGktF
DVF]m
h�YpÖ�F�kta�Y.kjDVFpYK[�a�kta�F�m�F
ktF
[
kVl�D]�

âpã %9-.+ ã�ä7åZæ ' Ò?>A@ Ô{ÑIÕ �{Ó<���ÂÔ�����e_kVaE@nTj[]Y\TVF=OZTGF]F Ï A�CEDGFUHEC�OZm�SGS0� Ï DVTGkjhvFiaEY�Ö\FiTG[pYKkGktF
DX�
@neEA&lE=RkVaEF�TGCEÈETGkVDtYKkVF�YKkVl�^O����ÇwaEF�TG[pYKkGktF]DGF]m�h�YpÖ�F�ktDVYpÖ�F]fBT�ktl�h�Y\DVm�T�ktaEF=Y\mETGl�DVÈ�Y.ktF
hjaEF]DGFi@�kj@nTwTV[]YKkVkVF]DGF]m&YKT]L

ê �QP F0Ñxb9O þR1 ú ! S1 ú ! ü ý ò 4ë#ST6 4708 OX}7PK��S
Y\eEmIktDtYpÖ\F]fnTwkVl7h�Y\DGmET/kVaEF{TVCEÈ�TGktDVYKktFiYKkVl�^FU(hjaEF
DVF�@Bk�ktY\Ø\F
T/kVaEF�W~l�DV^_L

ê�� . ê & ! F0Ñxb9O þR1 ú ! S1 ú ! ü ý ò 4ë S 6 4708 3 FÕÑ�b9O þ21 ú�V~Sú�V OX}7P\��S



?8@ne�YKfnfB�`ktaE@BTwh�YpÖ�Fihj@nfnf�ÈÉF�TV[pY.kVktF
DVF
m&l�eEF�^`l\DVF�kt@B^`F{È���ktaEFWU�Y.ktl�^´YKeEmÎ@�k/hj@Bfnf�DGFpY\[�a
ktaEF{mEF0ktF][0ktl�Djhj@BkVa�W~l�DV^_L

ê �0XZY ê��[.Zê �QP F0Ñxb9O þR1 ú ! S1 ú ! ü ý ò54ë#ST6 4798 3 FÕÑ�b9O þ21 ú�V~Sú�V \ ü ý ò54ë�6 472] OX}7PEC�S
M�A�Y\@Be���F0Ñxb9O#: þ �1 � ; �ú ! S6YKeEm�F0Ñxb9O�: þ �1<; �ú�VËS6Y\DVFUkVaEF�bEa�Y\TGFdTGaE@BWËkVT�ÈcF0k�h�F
F]e�ktaEF�@ne�[]@nm�F]e�k
Y\eEmIktaEF�ktlKk�Y\f�TG[pYKkGktF
DVF]m_h�YpÖ\F\�

µ�¶_^ `Rº`á;¼5½p»&Ä ¼5Á&º Å ¾-a&º[bÞÂÃ¹(¾dÄd¹�âUÅ
ä/l7hÛ@�k�@BT�Y\ÈÉl�C�kvkt@n^dFjktl�kVF]TGk�l�CED�b�DVl�A�DVY\^_�(à�F
W~l\DVF|hvF�F
Ö\F]eITGktY\DGk�l�CED�FÕÑxbEfnl�DVYKkt@Bl�e�ktl�h�YKDVmET
TGl�fBÖ#@ne�A�kVaEFiY\eEl�^`Y\fnl\CETwDVF
TVCEf�ktTjh�Fil�ÈETVF
DGÖ\F]m&@Be_kVaEFib�DVF
Ö#@Bl�CET/[�a�Y\b�kVF]D|hvFihvl�CEfBm�fB@nØKF{kVl`TGF]F
hjaEF0ktaEF
D�l�D�eEl\k�hvF6[pY\e`DVF
bEDVl#mECE[
F�ktaEF/@n^`Y\A�F
T�DVF][
l�eETXktDVC�[
ktF
m�W~DVl�^ r`è�q�q�r�TV@B^UCEfgY.kt@nl\eET(È��
kVaEF2Ï�YKfnmE@Be"c]ó;F
eEmEDX��b�DVl�A�DVY\^_�/��e�ktaEF�W~l\fnfnl�hj@BeEA�b�Y\A�F
T|kta�FUDVF]Y\mEF]D/hj@nfBf Ï eEmÃY=TGF
k6lKW Ï A�CEDGF]T
TGaEl�hj@neEA|DVF][
l�eETXktDVC�[
ktF
m�@n^`Y\A�F
T9lKWÉy{z5ä|@,O�å/å�}�S�Y\eEmVæ�z5ä/@�Otå/å�}7S>CETG@neEA/ktaEF�ktaEF
l�DVF0kt@B[pY\f*mE@�=>DVY\[]D �
kV@nl�e�b�YKkVkVF]DGeET6[pYKfn[]C�fgYKkVF]mÎhj@�kta&l�C�D�TV@B^`b�fnF�bEDVl�A\DtY\^_��y�W�[]l\CEDVTGFUW~l�D|kVaEFUDVF
[]l�e�TGktDGCE[
kV@nl�e&hvF
F
^`bEfBl���F]m&kVaEF�Ò�aEF
e"c6Ï�YKfnmE@Be"c*��Y\^�ÖKY\Ø.Y\T/bEDGl�A�DtYK^��6M®[]l�^db�Y\DG@nTVl\eÎhj@BkVaÎktaEF�TV@n^d@nfnY\Dj@n^`Y\A�F
T
l\WÉkta�F|bEDGF
Ö#@nl\CETvbEY\A�F]T�O Ï A�CEDVF
TvJ�Px�*J*�x�*JdN�Y\eEmdJdC�S5DVF
eEmEF]DGT�l�C�D�^dl#mEF]fEb�DVl�A�DVY\^®kVDVCETXk�h�l�DXkta��
kVlÃ[]l�e�kt@Be*CEF�hj@Bkta	l\CED�DVF
TVFpYKDV[�a��ÛO~ÇwaEFImE@%=cF]DGF]eE[
F]T�@ne�kVaEF�ö ÖKY\fnC�F�ÈcF0k�h�F
F]eÞkVaEF]TGF Ï A�CEDGF]T
Y\e�m`kta�l�TVF/k�Y\ØKF]e=W~DGl�^�ktaEFCÏ�Y\fBmE@ne"c+ó;F]e�mEDG��bEDGl�A�DVY\^ Y\DVF/mECEF/ktl�ktaEF|TV@n^dbEfB@n[]@�k��Ul\WcktaEF|^`l#mEF
f
bEDGl�A�DVY\^�SÕ�

à�F0W~l�DVF/h�F Ï eE@nTGa=hj@BkVa`kVaE@nTv[�a�Y\b�kVF]DvhvF6TGaEl�CEfBm=ktF
TGk�l\CEDvTG@n^dbEfn@ Ï F]md^dlxmEF
f�hj@BktadktaEF6PCø�P
TVY\^`b�fn@ne�AE�_ãuF�TVY�hu@ne{[�a�Y\bxktF]DeN�kta�Y.k�l�CED9Y\fnA\l�DV@�ktaE^_�pYKk9@�ktT�[]C�DVDVF
e�k;W~l�DG^��pWZYK@nfnTcktljDVF
[]l�eETXktDGCE[
k
DGF]fn@nY\ÈEfBF�@B^=YKA�F]T9W~DVl�^ÐktaE@BT8Ø*@ne�m�l\W�m�YKktY6mE@nTXktDV@BÈEC�kV@nl�e���ÇwaEFw^dl#mEF]f#[pY\fB[]CEfnYKkt@Bl�e�TGaEl�CEfBm�bEDVF
mE@n[0k



�����	��

�������

?8@BA�CEDGF�H\Æ�LvÐ/F
[]l�eETXktDGCE[
kV@nl�e�l\W�y{z5ä/@�O�å5å�}7SvTXktDVC�[
ktC�DVFiW~DGl�^¢kVaEF]l�DGF
kV@n[pYKfnfB�=[pY\fB[]CEfnYKktF
m�m�@%=cDtY\[Õ�kV@nl�eÌbEYKkVkVF]DVe�T_C�TV@ne�A�ktaEFÃ^dlxm�F]f�b�DVl�A�DVY\^ Y\eEmfC�øgC�m�YKktY�TtY\^dbEfn@BeEAuhj@�ktaÜF]e�F]DVAK�ÜDtY\e�A�F}�}�N.�XPDN�H[üwþU��CETVY\A�F{l\Weh��,W~CEeE[0kt@Bl�e_Y\eEmqö J å���J��������



�����	��

�������

?8@BA�CEDGF{�/å�LvÐ/F
[]l�eETXktDGCE[
kV@nl�e�l\W�y{z5ä/@�O�å5å�}7SvTXktDVC�[
ktC�DVFiW~DGl�^¢kVaEF]l�DGF
kV@n[pYKfnfB�=[pY\fB[]CEfnYKktF
m�m�@%=cDtY\[Õ�kV@nl�eÌbEYKkVkVF]DVe�T_C�TV@ne�A�ktaEFÃ^dlxm�F]f�b�DVl�A�DVY\^ Y\eEmÝJ®øÌJ	m�YKktY�TtY\^dbEfn@BeEAuhj@�ktaÜF]e�F]DVAK�ÜDtY\e�A�F}�}�N.�XPDN�H[üwþU��CETVY\A�F{l\Weh��,W~CEeE[0kt@Bl�e_Y\eEmqö J å���J��������



� ���	��

�������

?8@BA�CEDGF{��}�LvÐ/F
[]l�eETXktDGCE[
kV@nl�e�l\W�æ�z5ä/@�O�å5å�}7SvTXktDVC�[
ktC�DVFiW~DGl�^¢kVaEF]l�DGF
kV@n[pYKfnfB�=[pY\fB[]CEfnYKktF
m�m�@%=cDtY\[Õ�kV@nl�eÌbEYKkVkVF]DVe�T_C�TV@ne�A�ktaEFÃ^dlxm�F]f�b�DVl�A�DVY\^ Y\eEmfC�øgC�m�YKktY�TtY\^dbEfn@BeEAuhj@�ktaÜF]e�F]DVAK�ÜDtY\e�A�F�5å7�XPDN�H�üwþU��CETVY\A�F{l\Weh��QW~CEeE[0kt@nl\e�YKeEmoö J N���H��������



� ���	��

�������

?8@BA�CEDGF{��PxLvÐ/F
[]l�eETXktDGCE[
kV@nl�e�l\W�æ�z5ä/@�O�å5å�}7SvTXktDVC�[
ktC�DVFiW~DGl�^¢kVaEF]l�DGF
kV@n[pYKfnfB�=[pY\fB[]CEfnYKktF
m�m�@%=cDtY\[Õ�kV@nl�eÌbEYKkVkVF]DVe�T_C�TV@ne�A�ktaEFÃ^dlxm�F]f�b�DVl�A�DVY\^ Y\eEmÝJ®øÌJ	m�YKktY�TtY\^dbEfn@BeEAuhj@�ktaÜF]e�F]DVAK�ÜDtY\e�A�F�5å7�XPDN�H�üwþU��CETVY\A�F{l\Weh��QW~CEeE[0kt@nl\e�YKeEmoö J N���H��������



�����	��

�������

?8@BA�CEDGF{��N�LvÐ/F
[]l�eETXktDGCE[
kV@nl�e�l\W�y{z5ä/@�O�å5å�}7SvTXktDVC�[
ktC�DVFiW~DGl�^¢kVaEF]l�DGF
kV@n[pYKfnfB�=[pY\fB[]CEfnYKktF
m�m�@%=cDtY\[Õ�kV@nl�eÌbEYKkVkVF]DVe�T_C�TV@ne�A�ktaEFÃ^dlxm�F]f�b�DVl�A�DVY\^ Y\eEmÀP	øÝPum�YKktY�TtY\^dbEfn@BeEAuhj@�ktaÜF]e�F]DVAK�ÜDtY\e�A�F}�}�N.�XPDN�H[üwþU��CETVY\A�F{l\Weh��,W~CEeE[0kt@Bl�e_Y\eEmqö J å���J��������



� ���	��

�������

?8@BA�CEDGF{�\JELvÐ/F
[]l�eETXktDGCE[
kV@nl�e�l\W�æ�z5ä/@�O�å5å�}7SvTXktDVC�[
ktC�DVFiW~DGl�^¢kVaEF]l�DGF
kV@n[pYKfnfB�=[pY\fB[]CEfnYKktF
m�m�@%=cDtY\[Õ�kV@nl�eÌbEYKkVkVF]DVe�T_C�TV@ne�A�ktaEFÃ^dlxm�F]f�b�DVl�A�DVY\^ Y\eEmÀP	øÝPum�YKktY�TtY\^dbEfn@BeEAuhj@�ktaÜF]e�F]DVAK�ÜDtY\e�A�F�5å7�XPDN�H�üwþU��CETVY\A�F{l\Weh��QW~CEeE[0kt@nl\e�YKeEmoö J }���H��������



TGl�^`F0ktaE@BeEAjTV@B^`@BfgY\D
��?8@nA�C�DVF]T9��N/Y\eEm��\J/TVaEl�h�aEF]Y�Ö#@BfB�{Y\DXkt@�WZY\[
kVF]m�DVF][
l�eETXktDVC�[
ktF
m�@n^`Y\A�F
T�hjaE@n[�a
TGaEl�hjT/kVaEF�Ö\YKfn@nm�@Bk��dl\W;l�CEDj^`l#mEF
f�bEDVl\A�DtY\^_�



� �  ¢¡ £o¤¦¥ i

j ª ­;ª�²�¥	 û¡ � kml ¥�¤nlÛªpo q�£u¥sr lÌ£tk;ªpo uj¥�ªÙ©

qvr ¡ ¤¦¥wqÎ£u¥sr lÌ£tr ¥�¤ x ¥	 á²³² q�¡ ª¢£yq

zI¶�· {�»�¼(¹(¾-a}|}~j¼5½]¾d»
��e_ktaEF�fgY\TXk/[�a�Y\b�kVF]D�lKW8kta�@nTjktaEF
TV@nTjhvF�TVa�l7h kVaEF�DVFpYKmEF]Djkta�Y.k�F
fnF][0ktDGl�eÎaEl\fnl�A�DVY\bEa���[]Y\eÎF0Ö�F]e
ÈÉF&Y\b�bEfn@BF]mÞkVl�[]l\e*Ö\F]e�kt@Bl�e�Y\fCè9q�q�r ktluDVF][
l�eETXktDVC�[
k�kta�DVF]FÕ��mE@B^`F
eETV@Bl�e�Y\fj@B^=Y\A\F]Tdl\W�YKktl\^`@B[
Y\m�TVl�DGb�kt@Bl�e�TV@�ktF
T�F
Ö\F]eIhjaEF]e�kta�F
�=W~l\DV^ l�DVm�F]DVF
mIl7Ö\F]DGfgYp��F
DVTwhj@BkVa�TVCEDXWZY\[]F�C�eE@Bk�[]F]fBfnTwYKT�TV^`Y\fnf
Y\T5<�OQP2ø�P�S0�
ãoF/hj@Bfnf�TGktY\DGk�hj@BkVa�Y{TVF
[
kt@Bl�e�mEF
mE@n[]YKktF
m`kVlikta�F|DGF]TVF]Y\DV[�a�hvF�aEY�Ö\F�mEl\eEF�mEC�DV@ne�Ail�C�DvFI=>l�DXk

kVl�@B^`bEDGl�Ö�Fdl�CED�DVF][
l�eETXktDVC�[
ktF
m�Y\fnA\l�DV@�ktaE^_��ãoF`hj@Bfnf(mE@BTV[
CETVT�ktaEFdDVF]Y\TVl�eoktaEF=Y\fnA�l\DV@BkVaE^ hvF
a�YpÖ\F/TGF]F
e`TGl{WZYKD5WZY\@nfBT;ktl{bEDGl�Öx@BmEFwCET(hj@BkVa�DVF]Y\TVl�eEY\ÈEfnFw@B^=YKA�F]T5lKWÉkVaEFjfnl#[pY\fxY\mETGl�DVbxkt@nl\edTG@BkVF]T(l\W
<9OíP`ø�P\SvY\mETGl�DVÈÉF]m�l�Ö\F]DVfnYp��F]DGT/Y\eEm�DGF]bÉl�DGkwl\e�aEl�hÀhvF�Y\b�bEDVl�YK[�aEF]m_Y\eEm=TVl�f�Ö�F]m�kVaEF6bEDGl�ÈEfnF
^��
ãoFihj@Bfnf�Y\fBTVl=m�@nTV[
CETVT|ktaEFUaEY\eEmEfB@neEAdl\W(l\kVaEF]D/WZY\[
kVl�DVT/kta�Y.k6^`Y��_YKfnfnl�hÀktaEFUDGF][
l�eETGkVDVCE[0kt@Bl�e&l\W



fBF]TVTjmE@BTGkVl�DGkVF]mI@n^`Y\A�F
T]�
?8@Be�Y\fnf�����hvF{hj@nfnf�TGaEl�h ktaEFiDVF]Y\mEF]D/DVF
[]l�e�TGktDGCE[
kVF]m�N.�,mE@n^dF]e�TV@nl\e�Y\f�@B^=Y\A\F]Twl\W5kVaEF{k�h�l�TX�#TX�

kVF]^dT�hvF�aEY�Ö\F�ÈÉF]F
eU[]l�e�TV@nm�F]DV@BeEA/@ne{ktaEF�bEDVF0Ö#@nl�CET9[�a�Y\bxktF]DGT8CETG@neEA|Y/Ö\F]DGTV@nl\e�l\WxktaEF�Òwy`ÐBÐ/q�Ò�Ç
Y\fBA�l�DG@Bkta�^��

zI¶_^ ` Á&º á;¼5¾d¹m� ¾�¿xâU» â�b]Ä�¾d¹�½0¼(ÁÃÅ
ÇwaEF/aEl�fBl�A�DVY\bEaE@B[�DVF
[]l�eETXktDGCE[
kV@nl�e=Y\fnA�l\DV@BkVaE^_�Kkta�F|l�e�FjhvF�aEY�Ö\F|ÈÉF]F
e�F]^dbEfBl7�#@BeEA6kta*CET�WZY\D�Y\eEm
hjaEl\TVF Ï e�YKf8W~l�DV^³hvF�Y\DVF�mE@BTV[
CETVTG@neEA�@Be&ktaE@BT6[�a�Y\b�kVF]D
�9aEY\mÃ@BkVT6l�DV@BA�@ne�T�@ne�ktaEFUhvl�DVØ�l\W��\l�aEe
à�YKDGktl\e����������/ktF]eÞ��FpYKDVT�YKA�lE�ÝM�Tdh�F&TVYph @BeRkVaEF&bEDGF
Ö#@nl\CET=[�a�YKb�ktF
DVT]�/r6F
eEeE@nT=Ô{Y\Ècl\Ddh�Y\T
kVaEF�@ne�Ö\F]e�ktl�D�l\W/aEl\fnl�A�DVY\bEa�������e	@�ktTUl�bxkt@n[]Y\fvW~l\DV^ ktaE@BTU@nTUe�l7h�Y\m�Yp�#T�^UCE[�aRY\bEb�fn@nF
m�@ne�kVaEF
TXktF]DGF]l�TG[]l�b�@n[jbEaEl\kVl�A�DVY\bEa����e��F0kp�*@Bk8h�Y\T�Mi�<Ï]çd�l\Ø\Fd�Q����Y\e�md[�a�@nF�H��?���*à�Y\DXktl�e��Q����hjaEl Ï DVTXk�kVDV@BF]m
kVl�Y\bEbEf���Ô{Y\ÈÉl�D]Ú�T�^dF
kta�lxm�hj@�ktaIbEaEl\kVlxF
fnF
[
ktDGl�eETwYKeEmI@ne�ktDGlxmEC�[]F]m�kVaEF�@nmEF]YUl\W9bEaEl\kVlxF
fnF
[
ktDGl�e
aEl\fnl�A�DVY\bEa����8��eIkVa�YKkw[]Y\TVF{Y�bEa�l\ktl#F]fBF][
kVDVl�e=mE@%=cDtY\[0kt@Bl�e�b�YKkGktF
DVeI^=Yp�`ÈcF�DGF]A�YKDVmEF
m�YKTwY\DV@BTV@BeEA
W~DGl�^ûkVaEF�@ne�ktF
DGW~F
DVF]e�[]F�ÈcF0k�h�F
F]e�kVaEF�h�YpÖ\F
W~CEeE[0kt@Bl�eÎl\W8Y\eIF]fBF][0ktDVl\e_F
^`F
DVA�@BeEA�mE@BDVF][0ktf��=W~DVl\^ÊY
bEa�l\ktl#F]^d@BkGktF]D/Y\e�mÎktaEl\TVFUYKDV@nTG@neEA�W~DVl\^´TVCEÈETGF�ô*CEF
e*k�TG[pYKkGktF]DG@neEA=È*�_l\kVaEF]D�YKktl\^`T/[]fBl�TVF�ktl`kVaEF
bEa�l\ktl#F]^d@BkGktF]D
�;Çwa�F]e��*@BW�kVaEF�W~l�DV^dF]D;h�YpÖ�F0W~CEeE[0kt@nl\e`@BT(@nmEF
e*kV@ Ï F
mUhj@BkVa�kVaEFwDVF0W~F]DGF]eE[
F/h�YpÖ�F/Y\eEm
kVaEF�fnYKkVkVF]D(hj@BkVa`kta�F�l�È"�GF
[
kvh�YpÖ�F
T]��Y�mE@%=cDtY\[0kt@Bl�e`bEYKkVkVF]DVe=[]DVF]YKktF
m=kta�@nT�h�Yp�`^=Yp��ÈÉF�DVF
A�Y\DGmEF]m
Y\T/Y�aEl�fBl�A�DtYK^���Ï]ç��l�Ø\F�TVC�A�A�F]TXktF
mÎkta�Y.k�Y�[]l\^`bECxktF]D/Y\fBA�l�DG@Bkta�^û[]Y\e�ÈÉF�F]^dbEfnl���F
m_kVl`DGF][
l7Ö\F]D
kVaEFjbcl�TG@BkV@nl�eET8l\WckVaEF/eEFpY\D ��eEF
@nA�a*ÈÉl�D(TV[]YKkVkVF]DG@neEA�YKkVl�^`T(DGF]fnYKkt@�Ö�F�ktl�kVaEF|b�aEl\ktl#F]^d@BkGktF
D]�;à�Y\DGkVl�e
F
^`bEfBl���F]m�kta�FBí/F]fB^`aEl\fBk7çÕ�£æ�@nDG[�aElD=m������@Be�ktF]A\DtY\f�kVaEF]l\DVF]^sktl�TVCEA�A\F]TGk�kVaEF/W~l\fnfnl�hj@BeEA�Y\fBA�l�DV@�ktaE^_L
��O �ú�S J }P���:��B�g� hvO��1 S�FÕÑxb�� þ21 ðEOX}�:��1 �L :��1 �M S��2� � w F0Ñxb-� þ21 O � �1DL ñ¬ï��1DM S w 2��1DL 2��1DM OX}7PKÆ�S



hjaEF
DVF�hvO �1 S�DGF]bEDGF]TVF
e�ktT�kta�F6@ne�ktF
eETV@�kt@BF]T�l\W�kta�F6mE@%=cDtYK[
kt@Bl�edb�YKkVkVF]DGe�� �1DL YKeEm �1DM Y\DVF/ktaEF{Ò�YKDGktFÕ�
TG@gY\e�[]l�^dbÉl�eEF]e�kVTil\W�Y�CEe�@Bk�DVF
[]@nb�DVl#[pY\f(TGb�Y\[]FdÖ�F
[
ktl\DUY\eEmw�UO �ú\S{A�@�Ö�F
T�kVaEF=YK^`bEfB@BkVCEmEF]T�Y\TiY
W~CEe�[
kt@Bl�eÃl\W�ktaEF�DGFpY\f;Ö�F][0ktl�D �ú*�UM�[
[]l�DGmE@ne�AIkVl_à�Y\DGkVl�e���bEa�l\ktl#F]fBF][
kVDVl�eÃm�@%=cDtY\[0kt@nl\e&bEDVl#mECE[
F]T
Yik�hvlK�,mE@n^dF]eETG@nl�eEY\fcbEYKkVkVF]DVe_Y\T�Y�W~CEeE[
kV@nl�e�lKW�DVF][
@nbEDGlx[]Y\f>TGb�Y\[
F6Ö�F][0ktl�DGT?�1�L YKeEmw�1DM �[í/@nTwYKfnA�lK�
DG@Bkta�^¦@BT8eElKktaE@BeEA6^dl�DVF�kVa�Y\e�Y�m�l�CEÈEfBF�WZY\TGk(?�l\CEDV@BF]D�ktDtYKeETGW~l�DG^sÈÉF
k�hvF]F
edkVaEF�k�hvlK��mE@B^`F
eETV@Bl�e�Y\f
DGF][]@BbEDVl#[pYKf;TGb�Y\[]FUkVl=kta�F�k�h�l.��mE@B^`F
eETV@Bl�e�Y\f9DVF]Y\f8TGb�Y\[]Fihj@BktaÃC�eE@Bk|Ö�F][0ktl�DGT �� Y\eEm �ï�����eÃl�DVm�F]D
kVa�YKk�h�F|a�YpÖ�F�kVaEF|e�l\kt@Bl�e=l\WcktaEF/ktaE@BDVm`mE@n^dF]eETG@nl�e�kta�F³ð.�,[]l�^dbÉl�eEF]e�k�Y\bEbÉFpY\DGT�@neÎOX}�P\Æ�S�Y\T�kVaEF
b�YKDtY\^dF
kVF]D�ð��vÔ�@BÖ#@ne�AUmE@%=cF]DGF]e�k�ÖKY\fBCEF]T�kVlEð�hvF{A�F
k � �cï=TGfn@n[
F]Twl\W�kVaEF6ktaEDGF]FÕ��mE@B^`F
eETV@Bl�e�Y\fÉDVF]Y\f
DGF][]l\eETGkVDVCE[0ktF]m�@n^`Y\A�FK�

ÇwaEFITVl\CEDV[
F_lKW|F
fnF
[
ktDGl�eET�@ne�kVaEFqÏ]ç��l�Ø\FÕ� à�Y\DXktl�eÞY\fBA�l�DV@�ktaE^ h�Y\T�ktaEFIY.ktl�^dT�kta�F]^dTVF]f�Ö�F
T]�
Ï�YKfnmE@Be�Y\eEmRmEF�M|eEmED"�F]T'�Q�d�/TVC�A�A�F]TXktF
mÌY\eElKktaEF
D`YKbEbEfn@B[pYKkV@nl�e	lKW6F]fBF][0ktDVl\eÞaEl\fnl�A�DVY\bEa�����ÇwaEF0�
[
l�eETV@BmEF]DGF]mIfnl�hÛF]e�F]DVAK��F]fBF][
kVDVl�e�T]�EF
fnF][0ktDGl�eET�hjaEl�TGF�ktaEF�TGl�CEDV[
F�@nT�FÕÑ#ktF]DGe�Y\f�l\W�kVaEF�TV[]YKkVkVF]DV@BeEA
TGCEDGWZY\[
F\�;Y\eEm�TVCEA\A�F]TXktF]m�kta�Y.k�Yqè�q�q�ráb�YKkGktF]DGeo[
l�CEfBm�ÈÉF�aEl�fBl�A�DtYKbEaE@n[]Y\fnf��_@ne�ktF
DVbEDGF
ktF
m��dM�T
hvF6a�YpÖ�F�FÕÑxbEfgY\@BeEF]m=@ne�mEF0k�Y\@Bfc@Be�[�a�Y\bxktF]D/P#�xkta�F]TVF�b�YKkVkVF]DGeETwDVF
TVCEf�k�W~DVl\^ákVaEF6mE@�=>DVY\[
kV@nl�e`l\W9Y\e
F
fnF][0ktDGl�e�kVa�YKk9a�Y\T�ÈÉF]F
e�TV[]YKkVkVF]DGF]m�È���Y\eiY\mETGl�DVÈÉF]m�YKktl\^ O~kVaEF�DVF
W~F
DVF
eE[]F�h�YpÖ�FpS;Y\e�m�kVaEl�TVF�ktaEYKk
Ï DGTGk{TG[pYKkGktF]DGF]m�lD=�kVaEF�Y\mETGl�DVÈ�Y.ktF�Y\eEmÃkVaEF]e�È��&kta�F�TVCEÈETXktDVYKktFdl�eEF
T]�UÇwaEF�@BeE@BkV@gY\f�W~l#[]CET�h�Y\T
fnYKkVkV@n[]FÕ��A�YKT�Y\mETVl\DVb�kV@nl�e��.kta�Y.k8@BT]�KkVaEF�l\eEFvkVa�YKk5@BT;TG@n^d@nfnY\D>ktl/ktaEFvFpY\DGfB��TGktY\A�F
T8l\WEkVaEF�YKmETVl�DGb�kt@Bl�e
l\W�A�Y\T�YKkVl�^`T�l�e�Y�[]fBFpY\e&TGCEDGWZYK[]F\�iq�Y\[�a�Y\mETGl�DVÈ�Y.ktF²êGTGF]F]Taë�ktaEF�TVY\^`F�fnl#[pY\f9F]e�Ö#@nDGl�eE^dF]e�k�l\W
TGCEÈETGkVDtYKkVF�Y.ktl�^dTwÈEC�k|@ne�ktF
DtY\[0ktTwÖ�F
DG�IhvFpY\Ø*fB��hj@�ktaI@BkVTjeEF]@BA�a*Ècl�D/Y\m�TVl�DGÈ�YKktF
T]�vÇwaE@nT/Y\fBfnl�hjTwCET
kVldktY\[�Ø*fnF{ktaEFibEDVl�È�fnF]^³YKT|@�W8hvF�a�Y\m�l�eEf���l�eEFiYKktl\^³Y\mETVl\DVÈÉF]m&l�eIkta�F�F]e�kV@nDVF�[]fBFpY\e�TVCEDXWZY\[]FK�
ÇwaE@BT8fBl�eEF�Y.ktl�^ÐY\[0ktT(YKT(Y|ÈÉFpY\^¦TVb�fn@BkGktF
D9kVa�YKk5@BT8DGF]TVbÉl�eETG@nÈEfBFvW~l�D�kta�F�DVF0W~F]DVF
eE[]FjYKeEm�kta�F�l�È"�GF
[
k
h�YpÖ�F]TjktaEYKkw@ne�kVF]DGW~F
DVFK��r6CEF6ktlUkVaEF�fgY\[�Ø`l\W9fnl�e�AK��DVY\eEA�F|l�DVmEF
DjY\^dl�eEA�TXk�kta�F{Y\mETVl\DVÈ�YKkVF{YKktl\^`T
�



kVaEF]TGF�k�h�l{h�YpÖ\F]T�mEl{eEl\k(e�F][]F
TVTVY\DV@BfB�U@Be�ktF]DXW~F]DGFwmEF]TXktDVC�[
kt@�Ö�F
fB��ÈÉF
k�hvF]F
edkVaEFjà�DtYKA�A�TVbÉl\ktT(lKWÉkVaEF
k��#bE@B[pY\f+è�q�q�rÌm�@%=cDtY\[0kt@nl\e�bEYKkVkVF]DVe>��ÈEC�k8A�@BÖ\FvDG@nTVF�ktl|mE@%=cCETGF�@ne�kVF]eETG@Bk��{kta�Y.k8@BT;TGbEDVF]Y\m�Y\^dl�eEA�TXk
kVaEF�ÈEDV@BA�a�k{à�DVY\A�A�TVbÉl\kVT]�UÇwaEF�b�Y.kVktF
DVe�DVF
[]F
@BÖ�F
m�YKWËkVF]D�kVaEF�TVC�È�ktDVY\[
kV@nl�e�l\W�ktaEF�àvDtY\A�A�TGbclKktT
@BT�[]Y\fnfBF]mÃkta�F=r`è�q�q�rûmE@�=>DVY\[
kV@nl�e�b�YKkGktF
DVe��-��Y\Ø*@neEAÎY\A�Y\@Be�C�TVFdl\W�kVaEF?í/F]fB^`aEl\fBk7çÕ�£æ�@nDG[�aElD=
kVaEF]l�DGF]^_��kta�F
�ITVC�A�A�F]TXktF
m&Y�TV@B^`@BfgY\D�ktl�OX}�P\Æ�S�Y\fBA�l�DV@�ktaE^ W~l�D�kVaEFuè9q�q�rÐF]fnF
[
kVDVl�eET
L
�UO �ú\S J �g��� O 1 � �1 S�F0Ñxb � : þ21 ð�O�U�: �1 �L : �1 �M S��2� � w FÕÑxb9O�: þR1 O � �1DL ñJï �1DM SX2 �1DL 2 �1DM OX}'N5å�S

è�@nØKFiOX}7P\Æ�S0�ÉOX}�N/å�S5A�@BÖ\F]T(kta�F|DGFpY\f�TGb�Y\[]F�Y\^dbEfn@�ktCEmEF
T(l�e�ktaEF � ��ïUb�fgY\eEF/YKk�mE@BTGktY\eE[]Fdð{W~DVl�^®kVaEF
l�DG@nA�@Be�l\W9ktaEF{[
lxl�DGmE@neEYKktF�TX�xTXktF
^ÊhjaEF]DGF�kVaEF�Y\mETVl\DVÈ�YKkVF]Tj@nTjfBlx[]YKktF
m��

��eÌ}�Æ\Æ�PqãoF]@vY\eEm	Ç9l�eEA��Q���vTVCEA\A�F]TXktF]mRY\euF]eEF
DVA\����m�F]bÉF]eEmEF
e�kdW~l\DV^ l\Wwkta�F�Y\fBA�l�DV@�ktaE^ @ne
Y\eEY\fnl�AK�`hj@�ktaIFpY\DGfn@BF]D�hvl�DVØ�@BeIbEaEl\kVlxF
fnF][0ktDGl�eIaEl�fnl\A�DtY\b�a*���Q�E���E�Z�����D�QL

��O �ú�S J î��ë � ë¡ d¢9£ë  d¤ ¥ hvO 1 � 1 VgSaü ý ò ù ë 7 ý 4ë�6 47 ú 2 1 OX}'Nx}7S
hjaEF
DVF �1 V;@BT�ktaEF�h�YpÖ�F
Ö\F][0ktl�D6lKW8kta�F�@BeE[]@BmEF]e�k/F]fBF][0ktDVl\eÎY\e�m 1D¦ X¨§{Y\e�m 1D¦ �R© YKDVF�ktaEF�^d@neE@B^UCE^
Y\e�mÞ^`Y.Ñx@n^UC�^ ÖKY\fBCEF]T�l\W 1 l\W/kta�F�mEF0ktF
[
ktF
mÍF
fnF][0ktDGl�e��sh @ne�ktaE@BT�[pY\TGF�@BT�eEl\kdTV@B^`bEf��okVaEF
mE@�=>DVY\[
kV@nl�e=@ne�ktF
eETV@�kt@nF
Tw@ne�kta�F�DGF][
@nbEDGlx[]Y\f�TVbEY\[]F�ÈEC�k|YUW~CEeE[0kt@nl\e_A\@BÖ�F
e�È��ÉL

hvO 1 � 1 VËS J ù	O 1 V,� �1 Sª:>ù�«ËO 1 V,� �1 Sù « O 1 V,�D�1 S OX}'N�P�S
hjaEF
DVFfù�«~O 1 V,� �1 S6@BTiY_TV^dlxlKkta�È�Y\[�Ø*A�DGl�CEeEmuW~C�eE[
kV@nl�e Ï kVkVF]moTVF]bEY\DtYKkVF]f��Ãktl_FpY\[�aol\W�kVaEF`fB@neEF
T
@Be 1 �,TVb�YK[]F�DVY\mE@gY.kt@ne�AIW~DGl�^Ùkta�F=l�DG@nA�@Be���ÇwaEF=e�F
h W~FpYKkVCEDVF`@neÌOX}'N�}�S{@BT�kVaEF=CETVY\A�F`l\W�kta�F<h��
W~CEe�[
kt@Bl�e�mEF Ï eEF]mR@neÀOX}�N�P�S�@ne�TGktF]Y\m�l\W/ktaEFI@ne�kVF]eETG@Bkt@BF]TUkVaEF]^dTVF
fBÖ�F
T]�s¬|TG@neEA�kta�@nT�Y\fBA�l�DV@�ktaE^_�
ãoF]@(YKeEm�Ç;l�e�A�h�F
DVFdY\ÈEfBFUktl�DVF
[]l�e�TGktDGCE[
k{hvF]fBf(YKktl\^`T�kVa�YKk�hvF]DGFd[
fnl�TGF�ktl�kVaEF�mE@nDGF][0kt@nl\eET6l\W
W~l�DXh�YKDVm�TV[pY.kVktF
DV@BeEAÎl\W�@neE[
@nmEF
e�kiF
fnF
[
ktDGl�eET�W~DVl�^ YKmETVl�DGÈ�YKkVF=YKkVl�^dT�l\eokta�F`TGCEDGWZY\[
F\��O~kta�F`TGlK�
[]Y\fnfBF]mt*�Ú­(5Ù3Ö�®+Ü°¯�±�®+Û`Ú,²CÚ3Ö)ÛGS0�5È�C�k�e�l\k�kVaEl�TVF`@neol\ktaEF
Dim�@nDVF
[
kV@nl�eET
��Ò�l�eETVF8ô*CEF]e�ktf����(@Beul�DGmEF]D�ktl



DGF][]l\eETGkVDVCE[0k�YKe�@B^=Y\A\F�l\W9W~CEfnfÉktaEDGF]F{mE@B^`F
eETV@Bl�e�Y\fcTGktDGCE[
kVCEDVF�l\W8YKktl\^`TwYKDVl�CEe�mIkVaEF�Y\mETGl�DVÈ�Y.ktF
@�k�h�Y\TieEF][
F]TVTVY\DG�\��@neuA\F]eEF
DtY\fí�9kVlÎ[]l\fnfnF
[
kimE@%=cDtYK[
kt@Bl�e�b�YKkGktF]DGeET�W~l�DiY�DVY\eEA�Fdl\Wwm�@nDVF
[
kV@nl�eET�l\W
kVaEF{@neE[
@nmEF
e*kjF
fnF
[
ktDGl�eET
�³�1 V9YKeEmÎY�DVY\eEA�F{l\W;F]fBF][
kVDVl�e_F]e�F]DVA\@nF]T
�

?8@Be�Y\fnf����<ÏxY\fnmE@Be	Ú)Û´(5Ü�µ5���D�Q�#TVC�A�A�F]TXktF
m=ktaEF2Ö3Ø�¶¸·kÚI¹º*�(5Û�Ú­»?ØD¼2½TÚ3Ö)Û�¾B(D¹¿»VÙ3Ú,+TÚ)Ù7ÚI¹YÖ3ÚI¾ÁÀ³(DÂ5Ú�Ù7Ú3Ö3Ø�¹Ã¾*)ÛtÙ_ÄßÖ)Û�¯¤Ø�¹Å¼�Ý�(D¹²ÚI¹YÚ)ÙR±5Ý�¾�»+ÚÁ·kÚI¹¿»+ÚI¹kÛ�Æ´(5ÙQÛ£Ú�*I¯�(D¹	ÛtÙ¡(D¹º*,+TØ�Ù_¶ÊOíÒwyFÐdÐ/qvÒ�Ç/SwY\fBA�l�DG@Bkta�^�L
Ç�O �ú\S J î ë_ÈtÉÊ î ë¡Ë ÷�O �1 � �ú\S�hvO �1 Ssü ý ù ò ë 7 ý ë Ë � ú0ÌÍ ü ò54ë_È#6 47 È OX}'NDN�S

hjaE@B[�a`b�DVl#mECE[]F
TvDGF]fB@gY\ÈEfBF�kta�DVF]FÕ��mE@B^`F
eETV@Bl�e�Y\f�@n^`Y\A�F]T
�8ÇwaEFjkta�DVF]Fj^dl�TGk�TVY\fn@BF]e�k�bcl\@ne�ktT(ktl{eElKktF
Y\ÈÉl�C�k�kVaE@nTvY\fnA\l�DV@�ktaE^sY\DVFjktaEYKk�O }7S(@Bk�l�bÉF]DVYKktF
T�eEl\kvmE@BDVF][0ktf���l�e`kVaEF/^`F]Y\TVCEDGF]m�@Be�ktF]e�TV@BkV@nF
Tvùo�
ÈECxkjl�eÎY�[
l�e�ktDtYKTGkG�,F]eEaEY\eE[]@BeEA`Y\eEm_eEl�DV^`Y\fB@-ç]@BeEAiW~C�eE[
kV@nl�e�L

hvO �1 S J ù�O �1 Sª:Jù ��Î O �1ºÏ Sù �,Î O �1ºÏ S OX}'NKJ*S
hjaEF
DVF2ù �,Î O �1ºÏ Sj@nT/ktaEF�YpÖ\F]DtYKA�FUÖKY\fnCEFil\W�ùÿW~l�D�Y=A�@�Ö�F]e �1ÐÏ �5OQP�SwktaEF�m�YKk�Y=Y\DVFibEDVl�Ö#@nmEF
mÃl�e�Y
Ò�Y\DXktF
TV@gYKe_A\DV@nmI@Be�DVF][
@nbEDGlx[]Y\f�TVbEY\[]FK��Y\eEmuO2N�S�Y�Ø\F
DVeEF
fe÷�L

÷�OI�1 � �ú\S J .EÑ ê�� Ñ ñ±öú 3
ý � OX}'N�H�S

[
l�^`bÉF]e�TtYKkVF]T�W~l�D�kVaEF�Y\^dbEfn@�ktCEmEF/l\W9ktaEF�DGF
W~F
DVF]e�[]F�h�YpÖ\F�YKk�ktaEF{bÉl�TV@�kt@nl\e�l\W;YUTV[]YKkVkVF]DVF
D]��ÇwaEF
DGFpY\TGl�e&ktaE@BT6Y\fBA�l�DG@Bkta�^¢h�l\DVØ*T�F
Ö\F]e�@ne�kVaEFUbEDGF]TGF]eE[
FdlKW�b�Y\DGkV@gY\f9l�DGmEF]DG@neEA`l\WvY\eÃY\mETGl�DVÈEYKktFU@BT
kVa�YKkÒh�a�YKT/ÈÉF]F
eÎ[
l�eETGkVDVCE[0ktF
mÎTVC�[�aÎkta�Y.kj@Bkj[]l\e*ktY\@ne�T/@Be�W~l�DG^=YKkV@nl�e=l�e�ktaEF�TVaEl\DGkG�,DtY\e�A�F�l�DVm�F]D
Y\DGl�CEeEmÃkVaEF=YKmETVl�DGÈ�YKkVFÓÂ'¯�(Eùu��ÈEC�k{kVa�YKk{ktaEF�fBl�eEAK�,DtY\eEA\FUl�DVm�F]D�ktF
DV^ÕÔÀ@BT�[pY\e�[]F]fBfnF
mol�Cxk{@ne
kVaEF{bEDVl#[]F
TVTjl\W5F0ÖKY\fnC�Y.kt@ne�A�ktaEFFô*CEl\kV@nF
e*k/@BeuO }'N\J*SÕ�



zI¶3à Ö)×sØÙØ�Ö ¼5¾ ×sØ�ØÙÖ ¼(¹�â�»�á5½
¼(½
¾`»

M/WËktF]D`ktaE@BT�TVaEl\DGk�DGF
Ö#@nF0h l\W{kVaEFÃmE@%=cF]DGF]e�k�W~l�DG^`T�Y\fnA�l\DV@BkVaE^ OX}�N�N�SdaEY\TIY\TVTGCE^dF]mÝl�Ö�F]D�kVaEF
�\FpY\DGT�Y\eEmÞktaEF�mE@%=cF]DGF]e�k�YKbEbEDVl�Y\[�aEF]T=DVF]TGFpY\DG[�aEF]DGT�a�YpÖ�FÎktY\Ø\F
e���hvF&eEF]F
mÍktlobcl\@ne�k=l\C�k`kVaEF
^`Y\@ne�mE@%=cF]DGF]eE[
F]T�ÈcF0k�h�F
F]e�r`è�q�q�rÀYKeEm�è9q�q�rÀ@Be�ktF]e�TV@BkV@nF
T(@ne�l�DGmEF]D(ktaEYKk(h�FwktY\Ø\Fwkta�F/DGFpY\m�F]D
kVaEDVl�C�A�a_Y�TG^`l#l\kVaIkVDtY\e�TV@BkV@nl�e�W~DGl�^ûkVaEF�W~l�DV^dF]D�kVl�ktaEF{fgY.kVktF
D]�

M�ô*CEF
TGkV@nl�e=kVa�YKk�a�Y\TvkVlUÈÉF6Y\eETXh�F
DVF
m_@BT]�#TV@BeE[]F/h�F6aEY�Ö\F�bEDVl�Ö\F]eIY\eEm=TVaEl�hje�@ne`ktaEF|bEDVF0Öx@ �
l�C�T/[�aEY\b�ktF
DVTjkta�Y.k/r`è9q�q�rs@Be�ktF]e�TV@BkV@nF
Tw[pY\e_bEDVl�Ö#@nm�F�F
eEl�CEA\a�@BeEbEC�kwW~l�Dwl\CED/Y\fnA�l\DV@BkVaE^NktldmEl
Y�TVC�[][]F
TVTXW~CEf�DGF][]l\eETGkVDVCE[0kt@nl\e��9hja���ÈÉl\kta�F]D�hj@BkVaOè�q�q�rÛÚfãÝa���mEl�h�Fda�YpÖ�FdktlI^`l#mE@�WË�Î@�k{@ne
l�DGmEF]D/kta�Y.k6@Bk/hvl�DVØ*T6W~l�DBè�q�q�rN@ne�kVF]eETG@Bkt@BF]Tjktl#l�Ú	ÇwaEF�Y\eETXh�F
D�[pY\eÎÈcFU@B^=YKA�@neEF
m�FI=>l\DGktfBF]TGTVfB�
@�W(h�F�DVF
^`F
^UÈÉF]D6ktaEYKk�ktaEFUÖKY\TXk{^=Y'�Gl�DV@�k��Îl\WvTGkVDVCE[0ktCEDGF]T{CEeEm�F]D{@ne�Ö�F
TGkV@nA�YKkV@nl�eÃl\D�Y\fnDGFpY\mx�&@ne#�
Ö\F]TGkV@nA�Y.ktF]mu^=Y\e�@BW~F]TXk�fBl�eEAK�,DtY\e�A�F�l�DVmEF
DU@ne�ktaEF`bEfgYKeEF=b�YKDtY\fBfnF]f5kVlÎkta�F=TVC�DGWZY\[
F\�&M|TihvF�a�YpÖ�F
bÉl�@ne�kVF]m�l�CxkwFpY\DGfn@BF]D�@Be=kta�@nT�kVaEF]TG@nTjY\eEm�hj@BfnfÉY\A�YK@ne�@Be=ktaEF�e�F0Ñ#kjTVF
[
kt@Bl�e��Em�@%=cCETVF`è�q�q�r @ne�ktF
ex�
TG@Bkt@BF]T�Y\DVF/ktaEF6DGF]TGCEfBkwlKW�fnl�hÝF]eEF
DVA\�=F]fBF][
kVDVl�e�TG[pYKkGktF
DV@ne�A�W~DVl�^ mE@BTVl�DGmEF]DGF]mEf���YKmETVl�DGÈcF
mIYKktl\^`T
�
ãoF=hj@nfBf�TGF]F�fgY.ktF]Dikta�YKkUfnl�eEA.��DtYKeEA�F=l\DVmEF
D�Y\^dl�eEA�TXkUktaEFIYKmETVl�DGÈ�YKkVF]T�DVF
TVCEf�ktT�@Be	mEF]TXktDVC�[
kt@�Ö�F
@Be*kVF]DXW~F]DVF
eE[]F�ÈÉF
k�hvF]F]e&kVaEF{h�YpÖ�F
T6l�DG@nA�@Be�YKkt@BeEAUW~DVl\^ÊmE@%=cF]DGF]e�k�Y\mETVl\DVÈ�YKkVF0�,TVCEDXWZY\[]Fi[]fnC�TGktF
DVT/F0Ñ*�
kV@neEA�C�@nTVa�@neEAdkta*CET{Y\fBf9m�@%=cDtY\[0kt@nl\e&@ne�ktF
eETV@�kt@BF]T�È�C�k6kta�l�TVF�[
l�eE[]F
e�ktDtY.kt@ne�A�@neÎkVaEF�eEF
hjf���W~l\DV^dF]m
TGa�Y\DVbITGCEbcF
DVTXktDVC�[
ktC�DVF�TVbÉl\ktT
��Çwa�F�DGFpY\m�F]Dw[pYKe_[
l�^db�Y\DVF Ï A�CEDVF�J�}6kta�YKkjTGaEl�hjTjTtY\^dbEfnF
T�W~DVl�^
r`è�q�q�rÌmE@%=cDtY\[0kt@Bl�eibEYKkVkVF]DVe�T(Y\eEm Ï A\CEDVF���H|TVa�l7hj@BeEA{YCè�q�q�rÌl�eEF\�8��e�ktaEF�fgYKkGktF]D;[pY\TGFwY\fBf*kVaEF
mE@�=>C�TVF{@ne�ktF
eETV@�k��Il\W5kVaEF�W~l\DV^dF]Dwa�Y\T/ÈÉF]F]eÎ[]l�eE[
F]e�ktDVYKktF
m&l�e_ktaEF�eEF
hjf��IÈcl\DVe_TVCEbÉF]DGTGktDGCE[
kVCEDVF
à�DVY\A�A`TVbÉl\ktT
�6�,k6a�YKT6ÈcF
F]eÃbEDGl�Ö�F]eÜ���������9kta�Y.k6@BW8ktaEFUÈEY\TV@B[�bEDGF]TVC�bEbcl\TV@BkV@nl�e�@ne&ÈÉl\kVaÃr`è�q�q�r
Y\e�mpè�q�q�r TV[pY.kVktF
DV@BeEAdY\bEbEfB@nF]T
�xkVa�YKkj@nT
��@�W9kVaEF�TV[]YKkVkVF]DG@neEA�ÈÉF
k�hvF]F]e�mE@%=cF]DGF]e�k/Y\mETGl�DVÈEYKktF
Tw[pY\e
ÈÉF�eEF]A�fBF][0ktF]mÌOíY\e�mu@Bk�a�YKTiÈÉF]F
euTVa�l7hjeÜ���d��kVa�YKk{ktaE@BT{aEl�fnm�TiF0Ö�F]eoW~l�D{mEF]eETGF=TGCEbcF
DVTXktDVC�[
ktC�DVF]T



?8@BA�CEDGFv��HxL9q5ÑxbÉF]DG@n^dF]e�k�Y\f+è�q�q�rÌb�YKkVkVF]DGeiW~DVl\^ÐY6y{z5ä|@,O�å/åx}7S��,b�OQPYøvP�S>TGCEDGWZY\[
F�W~l�D9Y\eUF
fnF
[
ktDGl�eF
eEF]DGA\��l\Wv}�å/å�F
����ÇwaEF�@neETGF
kjTVa�l7hjT/ktaEF{�Q�Q�Ð[]CEDXÖ�F�l\W;kVaEF`OX}73\PEå�S�ÈcF]Y\^��



bEDGl�Öx@BmEF]m�hvFja�YpÖ�F/eEl�DV^`Y\fx@neE[
@nmEF
eE[]Fwl\WÉkta�FwF]fnF
[
kVDVl�eETtS0��kta�F]e�ktaEFweEF0hjfB��ÈÉl�DGedÈ�DV@nA\a*k5TVbÉl\ktT�l\W
è�q�q�r bEYKkVkVF]DVe�T6[]l�e�ktY\@ne&kVaEFUTtYK^`FU[
DG�#TGktY\fnfBl�A�DVY\bEaE@B[i@Be�W~l�DV^`YKkV@nl�e_l�eÎkVaEF�fnl#[pY\f�F
e*Ö#@BDVl�^dF]e�k
l\W/kta�FIY\mETVl\DVÈ�YKkVF_Y\T�ktaEFI[]l\DVDVF
TVbÉl�eEmE@BeEA�mE@%=cCETGF_@Be�ktF]e�TV@Bk���l\W6r`è�q�q�r�bEYKkVkVF]DVe>�vl�DUkVl�bEC�k
@�k|@BeÎmE@�=>F
DVF
e*k|h�l\DVmET
�>ktaEFimE@%=cCETGF�@ne�kVF]eETG@Bk��IW~DVl�^³YKeÃY\mETGl�DVÈ�Y.ktFUYKeEm&@BkVT|fBlx[]Y\f�TVC�DVDVl\CEeEmE@BeEA�T
[
l�DVDGF]TVbÉl�eEm�@neEA{ktl�Y{b�Y\DGkV@n[
CEfgY\D5ÖKY\fBCEFwl\W �1 Ï O �1 Ï ÈcF
@neEA�kVaEF|bEY\DtY\fBfnF
f�[]l\^`bÉl�eEF
e*k�kVl�kVaEF|TGCEDGWZYK[]F
l\W(kVaEF�h�YpÖ�FUÖ�F
[
kVl�D��1 l\W(kVaEFUTV[]YKkVkVF]DGF]m�F]fBF][
kVDVl�e�S/a�Y\T|ktaEFUTVY\^dF�F]e�F]DVAK�&mEF
bcF
eEmEF]e�[]F�Y\T�kVaEF
TGCEbcF
DVTXktDVC�[
ktC�DVF�TVbÉl\kw@ne�kVF]eETG@Bk��=W~DGl�^ÊYKe_l\DVmEF
DVF]m_Y\DGDtYp��lKW;TGCE[�a�Y\mETVl\DVÈ�YKkVF]Tj@neIYKe_F8ô*CE@BÖKY\fBF]e�k
fBlx[]Y\f(Y\mETGl�DVbxkt@nl\eoA�F
l�^dF
ktDX��Y\eEm�l\W�Y�TVC�DGWZY\[
F`DGF][]@BbEDVl#[pYKf(fgYKkGkt@n[
FUÖ�F
[
ktl\DiF8ô#CEY\f�kVl_kVaEFdTtY\^dF
ÖKY\fBCEF|lKW �1ÐÏ �8M|WËktF
D�kta�@nT�m�@nTV[
CETVTG@nl�e�l\eEF6[pYKe�CEeEmEF
DVTXk�Y\eEm�kVa�YKk�kVaEF6l�e�fB�dmE@%=cF]DGF]eE[
F6ÈÉF
k�hvF]F]e�Y
è�q�q�r¦YKeEmIYUr`è�q�q�r b�Y.kVktF
DVe�@BT��GCETGk�kta�YKk�ktaEF�W~l\DV^dF]D�aEY\TjY�fnlKk�fnF
TVTw@Be*kVF]eETG@BkV@nF]T�ktl�ÈÉF6[]l\ex�
TG@nmEF
DVF]m`Y\eEmd^dFpY\TGCEDVF
m���í|F
DVFwhvF/h�Y\e�kvkVl{F]^dbEa�Y\TG@-ç]Fjl�edY�WZY\[
k(kVa�YKkvY6ktaEF
l�DVF0kt@B[]@gYKedm�lxF
T�e�l\k
a�YpÖ\F�ktl�mEF]Y\f�hj@Bkta>�(�,k�@nT�ktaEF�mE@%=cF]DGF]eE[
F6@ne=kVaEF6mEF
A�DVF
F6l\W�mE@�÷d[]CEf�k��`kVaEF�@Be*kVF]eETG@Bk��`l\W9Y�mE@�=>C�TVF
kV@ne����*mE@B^�TVbÉl\k�[pY\e`ÈcF/^dFpY\TGCEDVF
m=[]l\^`b�YKDVF]m�ktl{kta�F|TGCEbcF
DVTXktDVC�[
ktC�DVF�fnY\DVA\F\�*ÈEDV@BA�a�k�TVbÉl\k�hjaE@n[�a
[
l�^`b�fnF
kVF]T�kVaEF_Y\eETXh�F
D�kVl&ktaEF�ô*CEF
TGkt@Bl�e	h�F_Y\TGØ\F
mÞ@Be�ktaEFIÈÉF]A�@BeEeE@ne�A&l\WjktaEFITGF][
kV@nl�e>�	y6eEF
l\kVaEF]DvbEDVl Ï k�ktaEYKk�TGl�^`F
Ècl#m��`A�F
kVT�W~DVl\^ kVaE@nTvDVF
mECE[
kV@nl�e�@Be�m�YKktY�DVF
TVl�fBC�kt@Bl�e=@BTvkVaEF6@ne�[]DVF]Y\TVF�@ne
kVaEFUYpÖKY\@nfnY\ÈEfBF�F
eEF]DGA\��DtY\eEA\F\ßckVaEFUCEb�bcF
D�fn@B^`@�kj[pY\eÎA�l�Y\T|aE@nA�aÎY\T6JNå5å�üwþ���ÇwaEYKk�@neÎr`è�q�q�r
FÕÑ�bÉF]DG@n^dF]e�ktT`h�l�C�fnmÌF
eEmÜCEbÌ@BeÌmE@nTXktCEDGÈE@ne�AuF�=cF][0ktT�W~DGl�^ ktaEF&^�CE[�aÌÈEDG@nA�a�ktF
D�à�DVY\A�A�TGbclKktT
Y\e�m&ktaEF
DV^`Y\f;m�@%=cCETVFUTG[pYKkGktF
DV@ne�A�O~kta�@nT�fnY\TGk6l�eEFU@BT6Y�bEaEF
eEl�^dF]eEl\eÃbEDVF
TVF]e�k�@neÎÈcl\kVa�r`è�q�q�r
Y\e�m è�q�q�r¢hja�F]DVF`ktaEF`mE@%=cDtY\[0kt@Bl�e�b�YKkVkVF]DGeET�Y\DGF Ï fBfnF
moCEbohj@BktaomE@%=cCETGF=@ne�kVF]eETG@Bk���W~DVl�^ÙkVaEF
TG[pYKkGktF]DG@neEAÎl\WwktaEF=F]fnF
[
kVDVl�eET�lD=ÞkVaEF�TGCEDGWZY\[
FIYKktl\^`T�kta�YKkiÖ#@nÈEDVYKktFK�&��e�ktaEF=[pY\TGF�l\W/r`è�q�q�r
kVaE@nT�mE@�=>C�TVF�@ne�kVF]eETG@Bk���@BT�Y\mEmEF
mRkVlÃktaEFIF]fnY\TGkV@n[]Y\fnf���TV[pY.kVktF
DVF
mÍl�eEFIDGF]TVC�fBkt@BeEAÃ@ne�YÃ[
l�^`b�fnF
kVF
mE@BTGkVl�DGkV@nl�eIl\W5kVaEF�m�YKk�Y`Y\eEm_ktaEFiDVF][
l�eETXktDVC�[
ktF
mÃ@n^`Y\A�F
T]�jy6e�kVaEF�lKktaEF
D|a�YKeEm��É@neIktaEFi[pY\TGF�l\W



è�q�q�r¢ktaEF=à�DtY\A\A&TVbÉl\ktTUY\DVF`^UCE[�a�^dl�DVF`ÈEDV@BA�a�ktF
DUY\eEmumE@nTXkt@ne�A�CE@nTGa�Y\ÈEfBF�kta�Y\eoktaEF=kVaEF]DG^=YKf
mE@�=>C�TVFj@ne�ktF
eETV@�k��dY\eEm`DVF]e�mEF]D�@BkVT�FÕÑx@nTGkVF]eE[
F�CEe�@n^dbcl�DXk�Y\e�k(W~l�D(kVaEF|a�l�fnl�A\DtY\bEa���^dF
kVaEl#mET]�5Çwa�@nT
@BT�kVaEF/DVFpYKTVl�edkta�YKkvr`è�q�q�rÀF0ÑxbÉF]DG@n^dF]e�ktT�k�Y\ØKF|b�fgY\[
F|@Be�kVF]^dbcF
DVF0ktCEDGF]T�YKDVl�CEe�m=Æ/å[÷³hjaEF]DGFpY\T
W~l�D�è�q�q�rÐkVaEF{DVl#l�^ûkVF]^dbcF
DtYKkVCEDVF{@BTe�GCETGk Ï eEFpS0�

ÇwaE@BT�TG^=YKfnf(Y\^dl�CEe�k�l\Wvm�YKktY_[
l�e�Ö�F]DXktT�ktaEFdF]eETGF]^UÈ�fnF�W~DVl�^ []l�e�kt@Be*CEl�CET{ktl_mE@nTG[]DGF
ktFK�&Ïxl��
kVaEF Ï DVTXk�[�a�Y\eEA\F�kta�YKk�ktaEFIY\fBA�l�DG@Bkta�^ aEY\T�ktl�CEe�mEF]DGA�l�@nT�kVaEF�DVF
bEfgY\[
F]^dF]e�k�l\WjkVaEF�@ne�ktF
A�DtYKf
l�Ö�F
D �1 Ï @ne&OX}'N5å�S(kVl�YiTGCE^_��y�e�F�^d@nA�a�k�ktaE@BeEØUkta�Y.k�TV@BeE[]F|eEl�hÝh�F6aEY�Ö\F6DVF
mECE[
F]m�ktaEF|e*CE^UÈÉF]D
l\W/m�Y.k�Y&CETGF]m�@ne�kVaEFIY\fnA\l�DV@�ktaE^ÙhvFITVaEl�C�fnm	@ne�Ö\F]TGkV@nA�Y.ktF�@�ktTUDGF]fn@nY\ÈE@Bfn@Bk��ÎW~l�DUTV^`Y\fBf�Y\e�mRfnY\DVA\F
TGCEDGWZY\[
F�CEe�@Bkv[]F]fBfnTvY\eEm�TGF
kw@�ktT�fn@B^`@�ktT]�9��e=kVaE@nT�ktaEF
TV@BTvhvF�ktDX�dkVlUTVF0k�@�ktT�fnl�h�F
D�fB@n^d@Bk5kVl�<9OQPCø=P�S
DGF][]l\eETGkVDVCE[0kt@nl\eET�hjaEF
DVFpYKTEÐ/F
C�ktF
D-(5ÛÛ(5Ü�µ&@ne	Y�DVF][
F]e�ktf���bEC�ÈEfn@BTVaEF
m�b�Y\bÉF]D����D��bEDGl7Ö\F]m�kVa�YKk�@�k
hvl�DVØ*T�hvF]fBf�W~l�D�<9O�N�øÝN�S`C�eE@Bk�[
F]fBf�l\WIÏx@gÒ�OX}�}�}�S0�¦y�W�[]l�CEDGTVFÃkta�F&fgY\DGA�F]D`ktaEF&e�F
hÙTGCEDGWZYK[]F
bÉF]DG@nl#m��8kta�F�^`l\DVF=TGbclKktT�Y\eEm	a�F]eE[
F�ktaEF�^dl�DVF`m�YKktY&fnF
WËkiW~l�DikVaEFIY\fBA�l�DV@�ktaE^ YKeEm�ktaEF=^`l�DGF
TG@n^d@nfgYKD9kVaEF|TG@BkVC�YKkt@Bl�e�ÈcF
[]l�^dF]T(kVl�kVaEF�r`è�q�q�rÛ[]Y\TVFK��ãuF/TVa�l�CEfnm`Y\fBTVl{^`F
e�kt@nl\e�kVaEFjWZY\[
k�ktaEYKk
kVaEF?è�q�q�r¢b�YKkGktF
DVeu[
l�e�k�Y\@BeET�ÈEDV@BA�a�kUà�DVY\A�A_TVbÉl\ktT�DVF
TVCEf�kt@BeEA_W~DGl�^Ùkta�F=TV[]YKkVkVF]DG@neEAIW~DVl�^ÙkVaEF
TGCEÈETGkVDtYKkVF6YKkVl�^dT]��ktaEF|TVlK�,[pY\fBfnF
md@Be�ktF]A\DtY\f�l�DGmEF]D�ÈcF]Y\^dT�Y\e�m=fnF
TVTvÈEDV@BA�a�kvTGbclKktTvkVaEF�DGF]TGCEfBk�W~DVl�^
kVaEF�TV[]YKkVkVF]DG@neEAÃÈÉF
k�hvF]F
eÍY\m�TVl�DGÈ�YKktF�Y\eEm	TVC�ÈETGkVDtYKkVFIYKktl�^dTUYKeEm�Y\DVF=[pY\fBfnF]moW~DtY\[0kt@nl\e�Y\f�l�DVm�F]D
ÈÉFpY\^dT�O Ï A�CEDVFi�KJ�S0�

à�F0W~l�DVF�hvF Ï e�@nTVa&hj@�ktaÎkVaE@nT|TVF
[
kt@Bl�e&hvFUTVaEl\CEfnmÃ^dF]e�kt@Bl�e�kVa�YKk�@Be&l�DGmEF]D/ktl�CETGF�l�CED|aEl�fnl.�
A�DVY\bEaE@B[w^`F0ktaEl#m`Y\fnf�hvF/eEF]F
m�@nT�Y{ÈcF]Y\^���TVb�fn@BkGktF
D�YKktl�^skta�YKk�hj@BfnfEbEDGl�Öx@BmEFjCET�hj@Bkta`Y{DVF
W~F
DVF
eE[]F
Y\e�m�Y\e�l\È"�GF][0kUh�YpÖ\F\�(bEDGl7Ö#@BmEF]mukVa�YKkUY\e��oTGCEÈETXktDtY.ktF�DGF][]l\eETGkVDVCE[0kt@nl\e�[]l�e�kVDV@nÈ�C�ktF
TUDVF
fgYKkV@BÖ�F
fB�
fB@BkVkVfnFdktl�ktaEF�r`è�q�q�r�b�YKkVkVF]DGeÞl�D�TGCEbcF
DVTXktDVC�[
ktC�DVF&TGbcl\kVT]�ÞÇwaE@nT�a�Y\T�ktl�ÈÉFIkVaEF_l�eEfB�	YKktl�^
bÉF]DjTVC�bcF
DVTGkVDVCE[0ktCEDGFUCEeE@�kj[]F
fnf�kta�Y.k|È�DVFpYKØ#Tjkta�FibÉF]DG@nl#mE@n[
@Bk���lKW8kta�F�TGCEÈETXktDtY.ktF�fnYKkVkV@n[
F�@neIl�DVm�F]D



kVlÃbEDVF0Ö�F]e�kd@ne�kVF]DV^d@�Ñx@BeEAÎl\Wj@B^=YKA�F]Ti[]F]e�kVF]DVF
mÍl�e	TGF
Ö\F]DtYKfwTVCE[�a�aEl�fBl�A�DVY\bEaE@B[=DVF0W~F]DGF]eE[
FIh�YpÖ�F
TGl�CEDV[
F]T
�v�,k/@nTj[
l�^`b�fnF
kVF]f��=@BDVDVF
fnF0Ö\YKe*kwhja�F
kta�F]DjktaEF
TVF�ÈcF]Y\^ÊTVb�fn@BkGktF
DVT/Y\DVF�Y\m�TVl�DGÈcF
mÎYKkVl�^dTwl�D
YKkVl�^dT�l\W9ktaEF{[]fBFpY\e_TVC�DGWZY\[
F{kVa�YKk/a�YpÖ�F{CEe�mEF]DGA�l�eEF�DVF
[]l�eETXktDGCE[
kV@nl�e��

zI¶�Þ Øßbp½pÅ ½p»	â�¼(½]¾d» ¾�¿À¼(Á&º àÓá�¿d|Ã»}~j¼5½]¾d»
ÇwaEF�DGFpY\m�F]D�hj@nfBfcaEY�Ö\F{eEl\kt@B[]F
m�È*�=eEl�hÀkVa�YKk/Y\fBfÉkVaEF�[pYKb�kt@Bl�eET�l\W�kVaEF Ï A�CEDGF]T�hvF{bEDVF
TVF]e�kVF]m_@ne
[�a�YKb�ktF
DVT�J�Y\eEm=H�aEY\m�ktaEFj@ne�mE@n[]YKkt@Bl�e�LBê"ÐjF][]l\eETGkVDVCE[0kt@nl\edC�TV@ne�A{kVaEFÒh��,W~CEeE[0kt@Bl�e$ëE�9��e`[�aEY\b�ktF
DVTN�Y\e�m_J�hvF{a�Y\mIF0ÑxbEfnY\@neEF
m�ktaEF�DGFpY\TGl�eIkta�YKk�fnF]mICET�kVl�TVCEA�A\F]TGkjkVaE@nT�W~C�eE[
kV@nl�e���ãoF�TtYphÀktaEF
DVF
kVa�YKk�È��=@neETGF]DGkV@neEAiTVCE[�a_Y�W~CEe�[
kt@Bl�e�@Be*kVlUl�CED�Y\fnA\l�DV@�ktaE^�hvF�^=YKe�Y\A�F
m=ktlUDG@nm�lKW9Y\e�@n^dbÉl�DGktY\e�k
mEDVYphjÈ�Y\[�Ø�ß�ktaEFwTXktDVC�[
ktC�DVF�WZY\[0ktl�D
��ÔjO �â Ï S0��l\W�kVaEFwY\mETGl�DVÈÉF]m�Y.ktl�^dT;hjaE@B[�a�W~l�D;kVaEF�[pYKTVFwl\W�mE@�=>C�TVF
è�q�q�r¦@BTjY\e�C�eEØ*eEl�hjeoô*C�Y\e�kt@�k���mECEF�kVl�kVaEF{fgY\[�Ø`l\W;fnl�eEA.��DtYKeEA�F6l�DGmEF]D/Y\^dl�eEAUkVaEF�Y\mETGl�DVÈÉF]m
YKkVl�^dT]�UÇwaEF�WZY\[0k{kta�YKk�kVaEF�m�YKktYI@BT�[]l�fBfnF
[
ktF
m�l�e�Y�Ò�YKDGktF
TV@nY\eoDGF][
@nbEDGlx[]Y\f5TVbEY\[]F�A�DG@nm�Y\fnfBl�hjT
kVaEF/Y�Ö\l�@nmEY\eE[]F/l\WÉktaEF|à�DVY\A�A{TVbÉl\ktT�ktaEYKk�[pY\DGDG��l�e�fB��b�YKDGkt@nY\fE@Be�W~l�DV^`YKkV@nl�e�YKÈcl�Cxk(ktaEF/bcl\TV@BkV@nl�e�T
l\W/kta�FÎY\m�TVl�DGÈ�YKktF
T`DGF]fnYKkt@�Ö�F�ktl�kta�F�TGCEÈETGkVDtYKkVF]T
�SãuFIa�YpÖ\F�W~l�D�kta�F_TXktDGCE[
kVCEDVF_WZY\[
kVl�D�l\W�kVaEF
Y\m�TVl�DGÈ�YKktF
T]� ÔjO �â Ï S J ãîäEå !­æ � ü ò 4ç ÈÁ6 ù 4798 ý 472è ú OíÆ5å�S
hjaEF
DVFK� �ú ! Y\e�m �ú ä Y\DGFdkVaEFdbcl�TG@BkV@nl�eÃÖ�F
[
kVl�DVTil\W�kVaEF=YKmETVl�DGÈcF
m	YKkVl�^`TÒ�ÃYKeEmêéRDVF
TVbÉF][
kV@BÖ\F]fB�\�
ÇwaEF
TVF�Ö�F
[
ktl\DVTiY\DVF�b�Y\DVY\fnfBF]f9ktl�ktaEF�[
fnFpYKeoTGCEDGWZY\[
F\� �â J �1 : �1 «Ë��@nT6kta�Fd^dl�^dF]e�ktC�^ ktDVY\eETXW~F]D
mEC�FUktl=kVaEF�TV[]YKkVkVF]DV@BeEAIY\eEm&hvF�Ø\F
F]b�l�eEfB�IkVaEF�[]l�^dbÉl�eEF]e�k6hja�@n[�a�@nT6bEY\DtY\fBfnF
f�kVl�ktaEF�TGCEDGWZYK[]F
mEC�FUktl�kta�F�mEl\k�bEDGlxm�CE[
k�@Be&ktaEF�FÕÑxbcl�e�F]e�kt@nY\f5l\W�OíÆ5å�S0�uè�lxl\Ø#@BeEA�YKk�OíÆ/å�Sjh�F�[]Y\e�mE@nTXkt@ne�A�CE@nTGa
ÈÉF
k�hvF]F
e�kta�DVF]F�[pYKTVF]T
L



Substrate atomsAdsorbed atoms

r

r

j

->

->

 n

?8@BA�CEDVF6����L´ë/Y\eEmEl�^ÊY\mETVl\DVb�kV@nl�e



}\�íìÝaEF]e�h�F�a�YpÖ\F�W~C�fnfB��DtYKeEmEl�^ Y\mETVl\DVb�kV@nl�eÃl�eÃkVaEF�[]fBFpY\eÃTGCEDGWZY\[
F\�9Y\T Ï A\CEDVFd����TGaEl�hjT]�
ktaEF{TGkVDVCE[0ktCEDGF�WZYK[
ktl\Dw@nTjF�î*C�Y\f�kVl?ïo��MÐTV@n^dbEfBF6[pY\fB[]CEfnYKkt@Bl�e�[]Y\e�TGaEl�h ktaEYKkpL

ÔjO �â Ï S J ãîä�å !­æ �Eð ò 4ñ ÈÁ6 ù 472è ý 4708 úJ ãîä æd! ð ò 4ñ È	6 ù 472è ý 4708 ú ñ ãîädòæd!­æ � å2ð ò 4ñ ÈÁ6 ù 472è ý 4708 úJ ïáñ�ó J ï OX}'N\��S
ktaEF&TGF][
l�eEmÜTVC�^ ÈÉF]@BeEAêô
F]DVl	m�CEF�kVluktaEFÎY\fnfjbÉl�TVTG@nÈEfBF�[
l�^UÈE@Be�YKkV@nl�eETdl\W6kVaEF �õ ä : �õ !
Ö�F][0ktl�DGT]��r6CEF�ktl_ktaE@BT�WZY\[0ktl�D�kVaEF`DGF]TGCEfBkV@neEA�r[ö�q�q�r¢bEYKkVkVF]DVe�T�Y\DGF[�GC�TGkU^dl�DGFd@Be�ktF]e�TVF
Ö�F]DGTV@Bl�eET/l\W;kVa�YKkjW~DVl\^ÊY�TV@BeEA�fnF{YKmETVl�DGÈ�YKkVF\�

P#�w��eÞkta�F�[]Y\TVF_kta�YKk�hvFÎa�YpÖ\FÎb�Y\DXkt@nY\f�l�DGmEF]Ddl\W�kVaEF_mE@nTXktDV@BÈEC�kV@nl�e�l\W|ktaEF�Y\mETGl�DVÈ�Y.ktF]T`l�e
ktaEF�[
fnFpYKe	TVCEDXWZY\[]F�kVaEF]e�kVaEF�TGkVDVCE[0ktCEDGF�WZY\[
kVl�DU@nTUY÷î*C�Y\e�kt@�k��uhjaE@B[�aR@BT�mE@�÷d[]CEf�kUktl&ÈÉF
mEF
kVF]DV^d@ne�F]m�YKeEm�@Bk�mEl#F]T�eEl\kva�YpÖ�F6Yi[]l\eETGktY\e�k�ÖKY\fnC�F\�8Çwa�@nT�C�eEØ*eEl�hje�Y\eEm=ÖKY\DG@nF
mdÖKY\fBCEF
l\W�ÔÝDGF]TVC�fBktT�@BeÃY\f�ktF]DG@neEAdktaEF�m�@%=cCETVFUm�@%=cDtY\[0kt@nl\e&@ne�ktF
eETV@�kt@BF]T�O~ÈEC�k{eElKk�CEeE@�W~l�DV^dfB�_Y\T�@ne
ktaEF Ï DVTXk�[pYKTVF_l\W6kta�FÎ[]l\^`bEfBF
kVF_m�@nTVl\DVmEF
D�SUkta*CET=@Be�ktDVl#mECE[
@neEA�F0Ñ#kVDtYoTXktDGCE[
kVCEDVF_ktlokVaEF
r[ö9q�q�r®b�Y.kVktF
DVe��íìoF�aEY�Ö\F�TGaEl�hje&@ne_[�a�Y\b�kVF]D¸NdktaEYKk�@�W�øù�/@nTwktaEF�r[ö�q�q�r¦@ne�ktF
eETV@�k��
W~DVl�^ l�eEfB��l�eEF�YKmETVl�DGÈ�YKkVFUktaEF
e�kVa�YKk�W~DGl�^ YKfnf;kVaEF�Y\mETGl�DVÈEYKktF
T{hj@Bfnf9ÈcF/ø J ø/�TÔ��i��e
OX}'N\J�SBÔu@BT�W~CEe�[
kt@Bl�e=l\eEfB��l\W �1 Ï �5ÇwaE@nTvF]e�YKÈEfnF
T�@Bk]�#Y\T�[
fnFpYKDVfB�U[pY\e�ÈÉF/TVF]F
e�@ne&OíÆ�N�SÕ��ktl�ÈÉF
[]l�^d^`l\e_WZY\[0ktl�Dj@Be�ÈÉl\ktaIkta�Fie*CE^dF]DVYKktl�D|Y\eEmIkta�F�mEF
eEl�^d@ne�YKkVl�DjY\eEm_ÈÉFi[]Y\eE[]F
fnF
m&l�C�k]�
^=Y\Ø*@BeEAWh�TXktDVC�[
ktC�DVF|WZYK[
ktl\DX�,W~DGF]FK�#kVa#C�T�F]fB@n^d@ne�Y.kt@ne�A6ktaEF/CEe�h�YKe*kVF]m_YKW~l�DGF]TVY\@nmdbEDVl\ÈEfnF
^`T
�ìuFiY\fnTGl�mE@nTG[]CETGTVF]m>�c@Be_[�aEY\b�ktF
D¸Nx�Ekta�YKkjkVaEF�h�Yp��h�F�a�YpÖ�F�[]l\eETGkVDVCE[0ktF]m�ktaEFÛh��,W~CEe�[
kt@Bl�e
F]e�Y\È�fnF]TjCETjktldYpÖ�l\@nmIDVCEe�eE@neEA�@Be*kVldà�DtY\A\AdDGlxm�T�O~fnl#l�Ø`Y\fnTGl`Y.k Ï A�CEDGFWN���S0�

Nx�wÇwaEF=kta�@nDVm�[pYKTVF=@BT�hja�F]euhvF=a�YpÖ\F=W~CEfnf��Ãl�DGmEF]DGF]m	Y\m�TVl�DGb�kt@Bl�e��;Y\T Ï A�CEDVF=���_TGaEl�hjT]�IM



Substrate atoms

r

r

j

->

->

n

r  -  r
-> ->

j n

Adsorbed atoms

?8@nA\CEDVF{���#L�y�DGmEF]DGF]m�Y\mETGl�DVb�kV@nl�e



fgY\DGA�FIe#C�^UÈcF
D`lKW6TVC�DGWZY\[
FÎTGkVDVCE[0ktCEDGF]T`ÈcF
fnl�eEA�ktl�kta�@nT�[pYKkVF]A�l\DG����fn@nØKF�ktaEF�ú\OíP�ûÍP�SUl�D
ktaEF�<9OíP�ûRP�S�DVF
[]l�e�TGktDGCE[
kV@nl�e�l\W/kta�F_[
fnF]Y\e�TVCEDXWZY\[]FIl�D�l\W|Y\m�TVl�DGÈ�YKktF
T�l�e�@Bkp�(kVaEF�k�h�l
TGktDGCE[
kVCEDVF
T`hvF�aEY�Ö\F�ÈÉF]F
eÞTXktCEmx�x@BeEAÍOQy{zDü|@,O2ó�óx}7S�Y\eEmsý�zDü/@�O2óDó�}7SVS�ÈcF
fnl�eEA\@neEA&kVl�kVaEF
fgYKkGktF]Dw[]YKktF
A�l�DX���

ö�F
k|CET/k�Y\ØKFUY`[
fnl�TGF]D|fnl#l�Ø�YKk/kta�Y.k|kVaE@nDGmÎ[pY.ktF]A\l�DG�\�/M|T Ï A\CEDVFi���dTGaEl�hjT]��YKfnf�Ö�F
[
kVl�DVT �õ ! : �õ ä
@BeEmE@n[]YKktF�kVaEFibÉl�TG@Bkt@Bl�e_l\W(Y\eÎY\mETGl�DVÈÉF]mÃY.ktl�^_�jy6e�kVaEFilKktaEF
D�a�Y\e�m �â Ï @nT|YdDGF][]@BbEDVl#[pYKf9fnYKkVkV@n[
F
Ö\F][
kVl�D�Y\e�m�h�F�Ø*eEl�hákta�Y.k�kta�F�mEl\k�bEDVl#mECE[0k�l\Wj@Bk�hj@BkVa	Y�Ö\F][
kVl�D�fn@BØ\F �õ ! : �õ ä DVF
TVCEf�ktTU@Be�ktl
^UC�fBkt@BbEfnF
T�l\W5P��(�EkVa�YKkj@BT]L

�â Ïe; O �õ ! : �õ ä S J P��vû&@ne�ktF
A�F]D OX}'N���S
ìÝ@�kta�ktaE@BTw@neI^d@neEm�kVaEF{TVCE^Ê@BeoOíÆ�ó�S�[]Y\e_ÈcF{[pYKfn[]C�fgYKkVF]mIY\e�YKfB�*kt@B[pY\fBfB���#DVF
TVCEf�kt@BeEA�@ne�L

ÔjO �â Ï S J ãî! å ä æ � F0Ñxb9OQP þ �vû&@ne�kVF]A�F
D�SJ ä æ ãîä æ �
þÿ ãî!­æ � FÕÑ�b9OíP þ �vû&@ne�ktF
A�F]DVS���J ãîä æ � O�ï&SJ ï ãîä æ � }J ï û}ï J ï � OX}'NDC�S
?�DVl\^ kVaEFIY\ÈÉl7Ö\FITV@n^dbEfBF�[pY\fB[]CEfnYKkt@Bl�eohvFITVF
FIkVa�YKk�kVaEF�TGkVDVCE[0ktCEDGFIWZYK[
ktl\D�@nTUeEl�fBl�eEA�F
DUTVCE[�a
Y}î*C�Y\e�kt@�k��ukVl�ktY\Ø\FITGbcF
[]@gYKfwbEDVF
[pY\C�kV@nl�e�T�l\W ��YKeEmRY\C�ktl\^=YKkV@n[]Y\fnf���Y\fnf�ktaEF�kta�F]l�DX��kta�Y.k�A�YpÖ�F
ÈE@BDGkVaÞktloktaEF�h��QW~CEeE[0kt@nl\eÌ[pY\eÍÈcF�@nA�eEl\DVF]m>���,k�[]Y\eÌÈÉFÃY\DGA�CEF]mÞkta�YKk`h�FÎ^=Yp�ReEl\k=eEF]F
mÌktl
F
fn@n^d@neEYKktF/ktaEF{TGkVDVCE[0ktCEDGF�WZYK[
ktl\D|YKe*��fnl�eEA\F]DwTV@BeE[]F�@Bkj@BTjYd[
l�eETXk�Y\e�kp��ÈECxk/kVaEF�F]eEa�YKeE[]F
^`F
e*k|l\W
kVaEFU@ne�kVF]DGW~F
DVF
eE[]F�ktF
DV^dT6ÈÉF
k�hvF]F]e�kta�F�DVF
W~F
DVF
eE[]FdY\eEmÃl\È"�GF][0k�h�YpÖ�F
Ti@Be}ø¬È��&TGCEÈ�ktDVY\[
kV@neEA�lE=



kVaEF�ø ��Î ktF
DV^á^`@BA�a�kvhvl�DVTGF]e�kta�F6@n^`Y\A�FjDVF
[]l�e�TGktDGCE[
kV@nl�e>��Çwa�@nT�[]Y\e�ÈÉF�TVF
F]eIÈ��`kVaEF�W~l�fBfnl�hj@ne�A
kVaE@neEØ*@BeEAEL�ÇwaEF=kVF]DG^ ø ��Î @nT�YÎDVl�C�A�a	Y\bEb�DVlpÑx@n^`YKkt@Bl�eolKWwktaEF�TGF]f�Wg��@ne�kVF]DGW~F
DVF
eE[]F=kVF]DG^`T������U�
Y\T/ktaEF�DGFpY\m�F]D6[]Y\eÃDVF
[pY\fBf9W~DGl�^³[�a�Y\b�kVF]DÛN��6Çwa�@nT�kVF]DV^�eEl�fBl�eEA�F
D�[]l\e*ktY\@ne�T6Y\e��&@Be�W~l�DG^=YKkV@nl�e
Y\ÈÉl�C�kvktaEF�bEa�Y\TGF�l\W�ktaEF�DVF
W~F
DVF
eE[]F6h�YpÖ�F�Y\eEm�mEF
bcF
eEmETwl�e�fB�dl�e�kta�F�YKktl\^`@B[|TG[pYKkGktF]DG@neEAiWZY\[
kVl�D
hjaE@B[�a`ÖKY\DG@nF]T�TVfBl�hjfB��l�Ö�F
Dvkta�F�È�Y\[�Ø*TG[pYKkGktF]DG@neEA�aEF]^d@nTGbEaEF]DGFd�Q���5OZTGF]F6YKfnTVl Ï A�C�DVF�NDN�S0��y�W�[
l�CEDGTVF
kVaEF�� � ��ktF
DV^dT|a�YpÖ\F�ÈÉF]F]e�@nA�e�l�DVF
m�mEC�FiktldktaEF
@nDwÖ�F
DG�_TV^`Y\fBf�Ö\YKfnCEF{[]l\^`b�YKDVF]m_ktl Ñ � Ñ � �wÇwaEF
l�e�fB��kVF]DG^`T(ktaEYKk�[]l�e�k�YK@ne�@ne�W~l\DV^`YKkt@Bl�e�Y\ÈÉl�C�k�kta�F/TGCEÈETXktDtY.ktF6Y.ktl�^dT(DVF
fgYKkV@BÖ�F�kVl�kVaEF/Y\mETGl�DVÈ�Y.ktF
l�e�F`YKDVF�ktaEF�k�hvlÎ@ne�kVF]DGW~F
DVF
eE[]Fdl�eEF
T]�;kVa�YKk�@nT
�	� � �´Y\eEm
��� � ���x@neE[
F�@ne�l�CED{DVF
[]l�eETXktDGCE[
kV@nl�e
Y\fBA�l�DG@Bkta�^�h�F�F]e�ktF
D8ktaEFvmE@%=cDtYK[
kt@Bl�e�@Be�ktF]e�TV@BkV@nF
T;@BeEmE@nDGF][0ktfB��kVaEDVl\CEA�a�kVaEFíh��,W~CEe�[
kt@Bl�eUYKeEmUTV@BeE[]FK�
Y\T|h�F�TtYK@nm��Üø �,Î @nT�l�eEfB�ÎY�[]DGCEmEFdY\bEb�DVlpÑx@n^`YKkt@Bl�eÎl\W�kVaEF�TVF
fBWg��@Be�ktF]DXW~F]DGF]eE[
F�ktF
DV^dT]��@Bk�@nT6[
fnF]Y\D
kVa�YKkdktaE@BTdh�Yp�ÞhvF&[pYKCETVFÃY�mEF]A\DtY\m�Y.kt@nl\eÍl\W6kVaEFÎ@BeEbEC�k=m�YKktY��ÝÇwaE@nT`^=Yp��ÈÉF&YuDGFpY\TGl�e�Y\ÈEfBF
Y\b�bEDVlpÑx@n^`YKkt@Bl�eÎW~l�D�fnY\DVA\F�m�YKk�Y�TGF
kp�;Y\T{@Bk{@BT6hj@BkVa�kVaEFdr[ö�q�q�rámE@%=cDtY\[0kt@Bl�e&b�YKkGktF
DVeET
�9hjaEF
DVF
kVaEF]TGF�mEF
fnF
kVF]DG@nl�CET/F�=cF][0ktT�YKDVFiY�Ö\F]DVY\A�F]mÎl�C�k|È*�_kta�F�Y\È�CEeEm�Y\e�[]FUl\W8m�YKktY��í��F
kp��kta�@nTj@nT/eEl\k�Y\T
DGFpY\TGl�e�Y\ÈEfBF�YKbEbEDVlpÑx@n^`YKkV@nl�e�W~l�D�fn@B^`@�ktF
m�m�YKk�Yx��Y\T�@Bkv@nT(hj@�kta`kVaEF�
�OQP¸û`P�S(b�YKkVkVF]DGeET]�(ÇwaEF
DVF0W~l�DVF
hvF{TVCEA�A\F]TGk/ktaEYKkwktaEF{^dlxm�@ Ï F
m�W~l�DV^ÊlKW;kVaEFiÒwyÛë�ë/qvÒ�Ç Y\fnA�l\DV@BkVaE^ OX}'ó\��S�ÈcFKL

Ç�O �õ S J î ëIÈtÉÊ î ë¡Ë�� OI�1�� �õ S�ø	OI�1 S ð ý ù ò ë 7 ý ë Ë � ú0ÌÍ ð ò54ë_È#6 47 È OX}'N\Æ�S
hjaEF
DVF&kVaEF&Ø\F
DVeEF
f � @nT=m�F Ï eEF
mÀ@BeÐOX}�ó�H�S0� à�C�k�hvFÃTGkt@Bfnfja�YpÖ�F&kVl	[]l�bÉFÎhj@�ktaÌkta�F&fgY\[�ØRl\W
@Be�W~l�DV^`YKkV@nl�e=kVaEF{TVF
fBWg��@Be�ktF]DXW~F]DGF]eE[
F�kVF]DV^dTj[pY\DGDG�_Y\e�m�a�YpÖ\Fiktl Ï eEmÎY�h�Yp��ktldF]fB@n^d@ne�YKkVF�kta�F]^_�
�,W�l�eEF�ktaE@BeEØ*T]�5YKT{hvF=^dF]e�kV@nl�eEF
muY�W~F
h fB@neEF
T{Y\A�lE��ktaEYKk{ktaEF�ktaEF
TVFdktF]DG^`T{ÖKY\DG�&TVfnl�hjf��ÃktaEF0�
hvl�CEfBmoÈÉF`FÕÑxbcF
[
ktF
m�ktl�[pY\CETGF=mE@BTGkVl�DGkV@nl�eET�^`Y\@BeEfB�Î@ne�ktaEFdb�Y\DXk�l\WvktaEF`DVF
[]l�eETXktDGCE[
kVF]m�@B^=Y\A\F
eEF]Y\DU@�ktTUl�DG@nA�@Be��Q�E�í�oà�C�k�eEF]Y\DUkta�F�l�DV@BA�@ne�h�F�mEl�eElKk�F0ÑxbÉF][
k�kVl Ï eEm	eEl\kVaE@ne�AÃF]fnTGF�ÈEC�k�kVaEF
Y\m�TVl�DGÈ�YKktF�YKkVl�^_�ªìuF�kVaEF]DGF
W~l�DGFiTGCEA�A�F
TGkjkta�Y.k/hvF�@nA�eEl\DVF6DGF][]l\eETGkVDVCE[0ktF]mÎ@ne�ktF
eETV@�kt@nF
T�hj@BkVaE@ne_Y



TG^=Y\fBf>DVY\mE@nC�TwTVbEaEF
DVFiY\DVl\CEeEmIktaEF{l�DG@nA�@Be�O��ßó���H��M�SÕ�
zI¶Õµ ` Á&º º��	º[~w¼´¾�¿Ì¼(Á&º ����Å Â}bp½p»&Ä ½p»�¼5º�¹����AbR½p» ¹�º�~|½pÂÃ¹(¾-~ �Ab

�5Â!�A~jº
ÇwaEF�[
F]e�ktF
D{l\WvkVaEFdÒwy[ë ë/q�Ò�Ç®YKfnA�l�DG@BkVaE^³@nT�Y�k�hvlK��mE@B^`F
eETV@Bl�e�Y\f9TVC�^Ùl�Ö�F]D �1 Ï hjaE@B[�a�@BT{Y\e
Y\b�bEDVlpÑx@n^`YKktF�mEl�CEÈEfBF{?�l�CEDV@BF]D�kVDtY\e�TGW~l�DG^¢ÈÉF
k�hvF]F]e�ktaEF6k�hvlK��m�@n^dF]eETG@nl�e�YKf>DVF
[]@BbEDVl#[pY\f�Y\eEmIDVF]Y\f
TGb�Y\[]FK� �,kI[]l�e�k�YK@neET�kVaEF�TVCE^d^=Y.kt@nl\eÜl7Ö\F]DImE@BTV[]DGF
kVF�ÖKY\fBCEF]T�kVa�YKk�Y\DGF�Y\TVTGlx[
@gYKkVF]mÜhj@BkVaÝkVaEF
mE@BTV[
DVF
kVF`@Be�ktF]e�TV@Bk��&TVbÉl\ktT�fnF0WËkiÈ��ÃkVaEF`[
l�eETXktDVC�[
kt@�Ö�Fd@ne�ktF
DGW~F
DVF]e�[]F=lKW�kta�FdTG[pYKkGktF
DVF]muF]fnF
[
kVDVl�eET
�
?�DVl\^ kVaEF&^`YKkta�F]^`YKkt@B[pY\fjbÉl�@ne�k�lKW�Ö#@BF
h{�jktaE@BT=DVF
[]l�DGmE@ne�A	l\W�ktaEFÃm�@nTV[
DVF0ktFÎÖKY\fBCEF]T�@BT�[pYKfnfnF
m*�(D¶¸·#"°¯5¹"±c�`ÇwaEFdTVbÉl\ktT�kta�YKkiTtYK^`bEfBF�ktaEFdmE@%=cDtYK[
kt@Bl�e�b�YKkGktF]DGe�Y\DGF`fBlx[]YKktF
muY.k�F0Ö�F]e�fB��TVb�YK[]F]m
@Be*kVF]DXÖ\YKfnT�W~DVl\^´FpY\[�a�l\ktaEF
D]�vÇ8Y\Ø*@BeEA`@Be�ktld[]l�eETG@nmEF
DtYKkV@nl�eIkta�F�YKW~l\DVF]TVY\@nm�W~F]YKktCEDGF]TUO~ktaEYKk/@nT]�EkVaEF
mE@BTV[
DVF
kVF]f��uTVY\^`b�fn@ne�AÎY\e�m�ktaEF�F0Ö�F
eEfB�uTVb�Y\[
F]mR@ne�ktF
DGÖKY\fBTihjaEF
DVF�kta�@nT�TVY\^dbEfn@BeEA�ktY\Ø\F
T�bEfgY\[
F�SÕ�
hvF�DVFpYKfn@0ô
FÎktaEYKk�hvFoYKDVFÃ[]l\bE@neEA	hj@�ktaÝY	^=Y.ktaEF
^=YKkV@n[]Y\f|b�aEF]eEl\^`F
eEl�eÝØ*eEl�hje Y\TÅ($"°¯�(�*I¯5¹"±c�
Y\TGTVl#[]@nYKktF
mÞhj@BkVaRkVaEFÎTVY\^dbEfn@BeEAÃktaEF
l�DVF
^G�Q���í�ÜÇ;loÈcF_^dl�DVF_TVbÉF][
@ Ï [Kß|fBF
k`CET=YKTVTVC�^`F_kta�YKk=Y
[
l�e�kt@ne*CEl\CETwW~CEeE[
kV@nl�e_@nTwTVY\^dbEfnF
m�Y.k|F�î*C�Y\f�@ne�kVF]DGÖKY\fBT %��vÇwaEF�TtYK^`bEfB@neEAiktaEF
l�DVF
^´TGk�Y.ktF]TjktaEYKk
@�WÉkVaE@nT5W~C�eE[
kV@nl�e���TVY\^dbEfnF
m`Y.k(kta�YKk�@Be�ktF]DXÖKY\fQ��aEY\bEbÉF]eET�ktl{ÈÉF�¼�(D¹¿»DÀ�¯�»$&5®'"°¯5¶ù¯(&*)­»�kVl�W~DVF�î*CEF
eE[]@BF]T
TG^=Y\fBfnF
D�@Beu^`Y\A�eE@�ktCEm�FdkVa�YKk�Y�[]DV@�kt@B[pY\f5W~DGF�î*CEF]e�[
� ê,+ �í¯�µ-)�µn�5@�Ww@BkVT�?�l�CEDG@nF
D�kVDtY\eETXW~l�DV^ @nT ô]F
DVl
l�CxktTV@BmEFwktaEF/@ne�kVF]DGÖKY\f9O#: ê,+ � ê.+ SÕ��ktaEF
e`kta�F/W~CEe�[
kt@Bl�ed@nT0/21�¶¸·#"3)4&�)4"65imEF
kVF]DG^`@BeEF]m`È*��@�ktT�TtYK^`bEfBF]T
�
ÇwaE@BTw[]DG@Bkt@B[pY\fcW~DVF�î*CEF
eE[
�I@BTw[pY\fBfnF
m8795$:�Ä ¯0*4& /4;I¯(&�¯�/­($"D+<;�)=:�Ä>)I¹�/45�Y\eEm_@nTwm�F Ï eEF
m&Y\T
L

ê.+ J }P$% OX}pJ�ó�S
l�D



folded over information

H(f)

1/2∆−1/2∆

aliased Fourier transform

true Fourier tranform

0

f

∆
h(t)

T

t

(a)

(b)

?8@BA�CEDGF���CxL/Çwa�F�TtY\^dbEfn@BeEA�ktaEF
l�DVF
^ÙY\eEm�ktaEF�Y\fB@gY\TG@neEA�bEa�F]eEl�^dF]e�l�e��`OíY�S ø O@?GS|@BT6Y`W~CEe�[
kt@Bl�eTVY\^`b�fnF]m_YKkjF�î*C�Y\f�@ne�kVF]DGÖKY\fBT %���O~È�S��,ktTwkVDVCEF�Y\eEm�Y\fB@gY\TGF]mI?�l�CEDG@nF]D�kVDtY\exW~l�DV^_�Ðø	O(?GS0�
ê.+ J P��P$% OX}pJ�}7S

mEF
bcF
eEmE@BeEA|hjaEF0ktaEF
D;kVaEF�FÕÑ�bÉl�eEF
e�kt@gYKf#@BeikVaEF�?�l�C�DV@nF
D�@ne�ktF
A�DtY\e�m�[]l\e*ktY\@ne�T9kVaEFv[
lxF0÷d[]@nF
e�k�P��=l�D
eElKkp�8y�e�F�[
l�eETGF�î*CEF]e�[]Fwl\W#ktaE@BT�ktaEF
l�DVF
^ @nT�kta�Y.k;@�WEYwW~CEeE[0kt@Bl�ei@BT´¹�1.&�È�Y\eEm�hj@Bm�kta�fn@B^`@�ktF
m�ktl/fnF
TVT
kVa�YKk/ktaEF�ü/�"î*CE@nTXk6W~DVF�î#C�F]eE[0����@�ktT|?�l\CEDV@BF]DwktDVY\eETGW~l\DV^´hj@BkVaE@ne_ktaEFi@ne�ktF
DGÖKY\fvO�: ê.+ � ê,+ S/[
l�e�k�Y\@BeET
@Be�W~l�DV^`YKkV@nl�e�kta�YKk�ÈÉF]fBl�eEA�T5kVl�W~DGF�î*CEF]e�[]@nF
Tvl\C�ktTG@nmEFwkta�F/fB@n^d@Bk9kta�Y.k�kVaEFj[]DG@Bkt@B[pY\f#W~DVF�î#C�F]eE[0�`TGF
kVT]�ìÝa�Y.k8YK[
ktCEY\fnf��6a�Y\b�bcF
eET8@BT�kVa�YKk;Y\fBf\ktaEF�bÉl7hvF]D;TVbÉF][0ktDtYKf#m�F]eETG@Bk���ktaEYKk8fB@nF
T�l�C�ktTG@nmEF�l\WxktaEF�DtY\e�A�F: ê.+�AÐê
AÐê.+ @BT6TVbEC�DV@nl\CETVf���^dl�Ö�F
mÃ@ne�ktl=kVaEFUDVY\eEA�FK��ÇwaE@nT6b�aEF]eEl\^`F
eEl�eÃ@nT/hja�YKk6hvF�[pYKfnfnF
m
F]Y\DVfB@nF]D�BVY\fB@gY\TG@neEA$CiYKeEm�Y�Ö#@nTGC�Y\fn@%ôpYKkV@nl�edl\W�hja�Y.k�a�Y\b�bcF
eETw[pY\e�ÈÉF�TGF]F
e_@Be Ï A�C�DVF���Cx�5��e�b�Y\eEF
f
O~È�S�l\W�kVaE@nT Ï A�CEDGF�ktaEF�DVFpYKmEF]Dw[]Y\e�TVF
F6ÈclKkta�kta�F�ktDGCEF�Y\eEm�kVaEF�WZY\fBTVF�?�l�C�DV@nF
D�kVDtY\e�TGW~l�DG^ûl\W�kVaEF
W~CEe�[
kt@Bl�e_l\W5b�YKeEF]fvOíY�SwhjaE@B[�aÎ@BT/TVY\^dbEfnF
mÎYKk/F�î#CEY\f;@Be�ktF]DXÖKY\fnTD%����,W8kVaEFi?�l\CEDV@BF]DwktDVY\eETGW~l\DV^dF]m



W~CEe�[
kt@Bl�e�h�Y\T(mEF Ï eEF]md[]l\^`bEfBF
kVF]fB�{hj@�ktaUkta�Fw@ne�ktF
DGÖKY\f>O�:�},E�P$% � },E\P$%dS9ktaEF
e�ktaEF�kVDVCEFjYKeEmUWZY\fnTGF
kVDtY\eETXW~l�DV^dTwh�l\CEfnm_a�YpÖ�FiÈcF
F]eÎ[
l�@ne�[]@nm�F]m��GF|l�h�F0Ö�F
D]�>@Be�ktaEF�[pY\TGFikVa�YKkjktaE@BTjmElxF
T|e�l\k/a�Y\bEbÉF]e
kVaEFUktDVY\eETGW~l\DV^dF]mÃW~CEeE[0kt@nl\e�hj@�ktaE@Be&ktaEF�[
DV@BkV@n[]Y\f;W~DGF�î*CEF]e�[
��[]l\e*ktY\@ne�T�@Be�W~l�DG^=YKkV@nl�e_W~DVl�^ ÈclKkta
hj@�ktaE@Be�Y\eEm�hj@�ktaEl\C�k�@Bk]�&�,k�fBlxl�Ø*T�Y\TU@BWwkVaEF�@Be�W~l�DV^`YKkV@nl�e�l�C�kVTV@nm�F�a�Y\TUÈÉF]F
e	W~l�fnmEF
m�l�Ö�F
D�l�D
Y\fB@gY\TGF]mÌ@BeÌktaEFÞO#: ê,+ � ê.+ S`TGb�Y\[
F\� q8Ñ#ktDtYKbcl�fnYKkt@BeEAuhja�Y.k_hvF�a�YpÖ�F�TtYK@nmÝY\ÈÉl�Ö�FÃktl�l�CED�[]Y\TVFK�
hvF�C�eEmEF]DGTGktY\eEmÞkVa�YKk�l�C�D`YKfnA�l�DG@BkVaE^��8mECEFIktl�ktaEF_Y\fB@gY\TG@neEA&b�aEF]eEl\^`F
eEl�e���hj@nfnfvA�@BÖ\FIDV@nTGF�ktl
mE@BTGkVl�DGkVF]m=DGF][
l�eETGkVDVCE[0ktF
m_@B^=YKA�F]T
�5à�C�k]�xfBF
kvCET�Y.kVktF
^`bxkvkVl�î*C�Y\e�kt@�WË��ktaEF|bEDVF0Öx@Bl�CETvmE@nTG[]CETGTV@nl\e��

��e�Y ö�q�q�rNb�Y.kVktF
DVe&W~DGl�^�Y�
9OQP?ûuP�SjTVCEbÉF]DGTGkVDVCE[0ktCEDGF\��ktaEF�DGF][
@nbEDGlx[]Y\f��,fgYKkGkt@n[
F�DVl�hjT6ktaEYKk
@BeE[]fBCEmEFI@ne�ktF
A�F]D ��l�DGmEF]D`à�DVY\A�AuTGbclKktT=TVY\^dbEfnF�W~DtYK[
kt@Bl�e�Y\f ��l�DGmEF]D�TGbclKktT`YKk=@Be�ktF]DXÖKY\fnTdl\W0HÉ�vkVaEF
^`Y\A�eE@�ktCEm�F/lKW9Y�TVCEÈ�TGktDVYKktF�DVF][
@nbEDGlx[]Y\f�fgYKkGkt@B[]FjÖ�F][0ktl�D�OZDVl�hjTvfgY\ÈÉF]fBF]m�ó �<I } �<I P �<I N�Y\eEm I JUl\W
Ï A\CEDVF|�KJ*SÕ�8ÇwaEF/DVl�hjT(ktaEYKk�fn@nF�ÈcF0k�h�F
F]e`kVaEF]^NTVY\^dbEfnF�kVaEFwW~DtY\[0kt@nl\e�Y\f��,l�DVm�F]D8TGbclKktT�YKk�TVbEY\[]@BeEA�T
l\WJH�E�P�OZDGl7hjT I },E\P �<I NKE�P �<I HLE�P`Y\eEm I �LE�P=@Be Ï A�CEDGF��KJ�S0�M�x@BeE[]F�l�eEfB�IkVaEF�W~DtYK[
kt@Bl�e�Y\f ��l�DGmEF]D
TGbcl\kVT8YKDVF�@neE[
fnCEm�F]m�@ne{ktaEF�TVCE^ l�Ö\F]D��1ÐÏ @ne=OX}'N\Æ�S0��hvF�^`Y���Y\TVTGCE^`FvY\e�F�=cF][0kt@BÖ\FN%�lKWETVl\^`F0hja�YKk
ÈÉF
k�hvF]F
e�ktaEF
TVF`ÖKY\fBCEF]T
��Ç8YKØ#@BeEA!% J H J P��	E\��OËhjaEF]DGF��Ã@nT�kta�F=fnF
eEA\kVaul\W�Y�TVC�DGWZY\[
F=CEeE@�k
Ö\F][
kVl�Dwl\W�kVaEF�TVCEÈ�TGktDVYKktF�fnYKkVkV@n[
F�S�Y\eEm�TVC�ÈETGkV@BktCxkt@ne�A�@ne�ktlIO }pJdó�S�l�D{O }pJE}7S(h�F�bEDGl�bÉl�TVF�kVa�YKk�kVaEF
TVYKW~F�DVY\eEA�F/l\W�fgY.ktF]DVY\fEÖKY\fn@BmE@Bk��Ul\W9Y�kVaEF�DGF][]l\eETGkVDVCE[0ktF]mI@B^=Y\A\F/@BTvTGl�^dF
hjaEF
DVF6ÈÉF
k�hvF]F
e I ��Y\eEm
I �OE�PdW~DVl\^�kVaEF�Y\mETGl�DVÈEYKktFU@Be&mE@BDVF][0kt@Bl�eET�lKW(ktaEFUDGFpY\f ��TGb�Y\[]FifgYKkGkt@B[]F{Ö�F][0ktl�DGT'�Q���Q�6?�l\DGktC�e�YKktF
fB�\�
kVaE@nTwfB@n^d@BktF
m�DVF
A�@nl\e�l\W;ÖKY\fB@nmE@�k��=m�lxF
T/e�l\k/bEDVF0Ö�F]e�k/ktaEF{DGF][]l�Ö\F]DG�_l\W;ktaEF{fBlx[]Y\f>F
e*Ö#@BDVl�eE^dF]e�k/l\W
kVaEF�bEDGl�^d@neEF
e*k�Y\m�Y.ktl�^ l�D�Y\mETVl\DVÈ�YKkVF6l�e=kVaEF�TGCEDGWZYK[]F6@Be�Y\fB^`l�TXk�YKe*�`@n^`Y\A�@Be�Y\ÈEfBF�[pYKTVF\��Çwa*CET
hvF�TVC�A�A�F]TXk(kta�Y.k5ktaEF�DVF]m�CE[]F
mdTVY\^dbEfn@BeEA�l\W�m�@%=cDtY\[0kt@nl\e�m�YKktY�eEF
[]F]TGTV@�k�YKkVF]mdÈ*��kta�F�DVF
bEfgY\[
F]^dF]e�k
l\W8Y�[]l�e�kt@Be*CEl�CET�r[ö9q�q�rsbEYKkVkVF]DVe_È��_Y\e&YKDVDtYp��lKW5TVC�bcF
DVTGkVDVCE[0ktCEDGF�TGbcl\kVT|m�lxF
T|eElKk|fBFpY\mIktl`Y
ÈEDGFpY\Ø*mEl�hje�l\W;kVaEF�Y\fnA\l�DV@�ktaE^ OX}�N�Æ�S0��ÈEC�k/^`F
DVF
fB��fB@n^d@BkVT�kVaEF{fgYKkVF]DtYKf�DtY\e�A�F{l\W;kVaEF{@n^`Y\A�FK�



zI¶�z PÌ½p»!�AbÜ¹(º��m|}b0¼J�
��eÌkVaE@nT`TVF][0kt@Bl�eÌh�F�YKDVF&bEDGF]TGF]e�kt@BeEA	ktaEF Ï e�Y\f�DGF]TGCEfBkVT=h�F�YKDVF&A�F0kVkV@neEA�C�TV@ne�A�ktaEF&^dl#mE@ Ï F
m
aEl\fnl�A�DVY\bEaE@B[6Y\fBA�l�DG@Bkta�^ÙO }'N�Æ�S�W~l\DwÈcl\kVa�TG@n^UC�fgYKkVF]mIY\eEm_F0ÑxbÉF]DG@n^dF]e�k�Y\f ö9q�q�rs@Be�ktF]e�TV@BkV@nF
T]�

QSRTQSRVU WYX'Z[Z�W \^]_\a`�bdcfe�gihVj0k
ìoFÃhj@nfnf�TGk�YKDGkIW~DVl�^ ktaEF�bÉl�@ne�k�hvFua�Y\mÛfnF0WËkIlD=¦YKk�kVaEFoF
eEm�lKW�[�a�YKb�ktF
DVTÎJÞY\eEm�Hx�áÇwaEF
DGFpY\mEF
D6TVa�l�CEfnmÃDGF][]Y\fnf9kta�YKk�ktaEF
DVF�hvF�a�Y\m&ktDG@nF
mÎktl�DGF][]l\eETGkVDVCE[0ki@B^=YKA�F]T/CETV@BeEA�mE@�=>CETGFùö�q�q�r
mE@�=>DVY\[
kV@nl�e�b�YKkVkVF]DGeET5hj@BkVa`Y6TVY\^dbEfn@BeEA6l\W�PíûUPx�8y6CED�YKkGktF]^db�k5h�Y\T�mE@BTtY\bEbÉl�@Be*kV@neEA���Y\T(l�e�Fw[pY\e
DGF][pYKfnf�È��ÎfBlxl�Ø*@BeEA=Y.k Ï A�C�DVF]T�H�Hx�cY\eEm�H\�x�chjaEF
DVF�kVaEFU@n^`Y\A�F
Twh�F
DVF�F]@�ktaEF
D�aEF]YpÖx@BfB�_Y\DXkt@�WZY\[
kVF]m
l�D�CEeEDVF
[]l�A\eE@0ô]Y\ÈEfnFK�mìuF�DGF]bÉFpYKkVF]m_l�CED�[]Y\fn[
CEfgY.kt@nl\eET�CETG@neEA�m�@%=cDtY\[0kt@nl\e�b�YKkGktF]DGeETjbEDVl#mECE[
F]m_È��
l�C�Dv^dlxm�F]f�bEDVl\A�DtY\^�O~TVF
F�Y\bEbÉF]eEm�@�Ñ`àwS(hj@BktadktaEF|TtY\^dF/mE@nTVY\bEbÉl�@ne�kt@BeEA�DVF]TGCEfBkVT�O Ï A�CEDGF���NiY\eEm
�\J�S0�8M�kvkta�Y.kvbÉl�@Be*k�hvF�a�Y\m`[]l�e�[]fnC�mEF]m=kVa�YKk�kta�F6Y\fBA�l�DV@�ktaE^¦h�F
DVF|eEl\k�h�l�DGØ*@neEA�Y\bEbEDGl�bEDV@nYKktF
fB�
Y\e�m_e�F]F]m�F]mÎ^dl#mE@ Ï []YKkt@Bl�e��

��e�hja�YKk�@Bk8W~l�fnfBl7hjT;h�FjbEDGF]TVF
e�k�l�C�D(eEF
hÍDVF][
l�eETXktDVC�[
ktF
m=@B^=Y\A\F]T8kVa�YKk�[pYK^`FjY\ÈÉl�C�k�Y.WËktF]D5hvF
a�YKmÎCETGF]m&kta�FUeEF
hÐ^dl#mE@ Ï F
mÃÒwy[ë�ë|q�Ò�Ç¦Y\fnA\l�DV@�ktaE^_�BìoF�TXk�Y\DXktF]mÃlE=�hj@�kta�l�CED�^dl#mEF]f�bEDGlK�
A�DVY\^ Y\eEm=[]l�e�kt@Be*CEF]m�l\e=hj@BkVa`kta�F6r[ö�q�q�rÀbEDVl�A\DtY\^ l\Wml9F]eEm�DG�=Y\eEmn��YKfnmE@Be����E�í�(?8@nA\CEDVF
TÍ��Æx�
�Dóx���x}�Y\eEmÎ��PUTVaEl�hÀktaEF{DVF]Y\mEF
DjkVaEF Ï eEF�@n^`Y\A�F
T�h�F�l�È�ktY\@ne�F]m��
QSRTQSRTo p�hVcrq�g�b�sutmvwX'Z�Z�W v�b�subyx<z>{�c {|z>v�tmz>t	v}bJv�`~{�z��0b�s�tm`
ü/F0Ñ#k�h�FdYKkGktF
^`b�kVF]m&kVl_DGF][
l�eETGkVDVCE[0k�@n^`Y\A�F]T/W~DVl�^�DVF]Y\fn@BTGkV@n[Aö�q�q�rámEYKk�Y��i?8@BDVTGk�h�F�ktDG@nF
m&ktl
Y\b�bEfB�`l�CEDw^dF
kVaElxm�kVl�TV@B^UCEfgY.ktF]m=m�YKk�Yx�(Ç;l�mElUkVaE@nT�hvF{DtY\e�kVaEFùÂ�(D¹[��1�Â$)I¾���1�¹"±��	�d�d�f�u�i���
� �=�$�w���>���'�i�3���������=�����8���L��ÖL���K�=�3�L�>����öm�|�d���0Ñ~�#���=� �¡���K�£¢@�L��¤u��=����=���K�'�V���=���������=���������¦¥vì§�



¨Y©|ª¬«®­�¯d¯9°²±

³�� � �u�i� ´�Æ�µmë �����L�u�V���=������� �L�¶��¢	·M¸Dü��T¹2ó�ó�º®»¼�i�=�=�u�4���u�i�9¢@�=�L�½���u���L�=�4���3���$�3�¿¾����$�3���u�����=��¤¡�[öm�|�d�¤u��=��=�$���=�3�L�n�>�.�=�����=�u���u�=� � � �=�u���¡�O¤u���m�u�i� � �=�$�[¥G�J�u��� � ¾À���$� � �$µ0ºLº�N.�VÁDNLÂ ð,Ã�Ä�Å J Â~� ódÆ>�ÈÇm�¿¥üD�É����� � �M�$¢	����� hÊ��¢@�u�u���=�3�L�ÌËG�$� �¶��¤u�$¥



Í ©|ª¬«®­�¯d¯9°²±

³�� � �u�i�DÎDó�µmë �����L�u�V���=������� �L�¶��¢�ý�¸Dü��T¹2ó�ó�º®»¼�i�=�=�u�4���u�i��¢@�=�$�_���u���L�=�4���3���$�3�¿¾����$�3���u�����=��¤¡�[öm�|�d�¤u��=��=�$���=�3�L�n�>�.�=�����=�u���u�=� � � �=�u���¡�O¤u���m�u�i� � �=�$�[¥G�J�u��� � ¾À���$� � �$µ ÎDó,�*ÏdNKÂ ð,Ã£Ä#Å J ÁLÂ~�ÐÂJÆ��ÑÇm� ¥üD�É����� � �M�$¢	����� hÊ��¢@�u�u���=�3�L�ÌËG�$� �¶��¤u�$¥



¨Y©|ª¬«®­�¯d¯9°²±

³�� � �u�i�DÎ~ºLµmë �����L�u�V���=������� �L�¶��¢	·M¸Dü��T¹2ó�ó�º®»¼�i�=�=�u�4���u�i�9¢@�=�L�½���u���L�=�4���3���$�3�¿¾����$�3���u�����=��¤¡�[öm�|�d�¤u��=��=�$���=�3�L���>���i�����=�u��¥J�J�u��� � ¾��=�$� � ��µ�º$º'N.�VÁENKÂ ð,Ã£ÄLÅ J ºL� ódÆ��ÑÇm� ¥eü��9�u��� � �N�$¢>������hÊ�T¢@�u������� �L�ËG�$� �¶��¤u�$¥



Í ©|ª¬«®­�¯d¯9°²±

³�� � �u�i�DÎLÁ~µmë �����L�u�V���=������� �L�¶��¢�ý�¸Dü��T¹2ó�ó�º®»¼�i�=�=�u�4���u�i��¢@�=�$�_���u���L�=�4���3���$�3�¿¾����$�3���u�����=��¤¡�[öm�|�d�¤u��=��=�$���=�3�L�¡�>���i�����i�u��¥|�J�u��� � ¾¶���$� � �$µ|ÎDó.�TÏdNKÂ ð,Ã£Ä>Å J ºL�¿º	Æ>�ÈÇm�¿¥�ü��£�u�=� � ���$¢m�=�u��hÊ�T¢@�u������� �L�ËG�$� �¶��¤u�$¥



Adsorbate layer

Z

Y

X

a

a

Substrate layer

³�� � �u�i��ÎDN�µGÒM���L�¡�4���V¾Ì�$¢J�M
	¹�ÁùûÓÁL»N�®ÔL���=����¾$���9� �[���L�3� �,ËÕ�=�¿���M�L���$�À¢@����¹�ó�ó�º,»N�i�u�i¢-�$���$¥SÆ�� ��=�u�M�=�u�V¢-�$���M���.�=��� ���0���L�u�V�2�$�K��¥
���L�u�=� ¤u���i��¤n���u�0¢@���¡¹2ó�ó�º®»��=�uÖ��i���=������Ë �¿���À�0
	¹�Á�û!ÁL»G�®ÔL���i����¾L���D�$�u¤ÌËG�M� �3�É� ����¤¶�L���=�=��� Ô$��� ���
�u�$�3�3�®Ë_�$¤u�=�$�=���=�3�L�§�=� �=�!¹(× � �u�i�ÌÎDNL»��$��¤Ø���[�u�L�=�¡�$�d��� ���4���=�$�Ø�3�����3¤����u���$¥-ìØ�¡�=���#���.����¤¬�$�u�
���$�3���u�����=�3�L���m¢@�$�J·M¸Dü��T¹2ó�ó~º,»*�3
	¹�Á�û�ÁL»²�$��¤����u�S���i���¿×>���3�$��ý�¸Dü��T¹2ó�ó~º,»*�3
	¹�Á�û�ÁL»|¹-�i�3�u�����=�u�N�#�$�2�$���
�i�3�u�Ù�®ÔL���J�=�u�S��� ���$�'�=���i¢-�$���D��¢#�=�u�S�u� �2Ú$���>�i���$� � ¾Û�=�����L�u�V���i�u���=�����Ê
	¹-Ï�ûÛÁL»i»4¥ªì§�S�u�=�O¤u�u����¤¶ÁLÂ
¤u��=��=�$���=�3�L�Ü�>�.�=�����=�u�ÛË � ���§���u��� � ¾§����� � �¡¢@�i�L�Ýº,ÁDó~�Qó ð,Ã ¹@Ïu�ÑÏuº	Æ��ÑÇm�Þ»9�=�GNL´�ó~�Qó ð,Ã ¹�º'N��ÐÁ�Ï|Æ>�ÈÇm�Ð»¢@�L�dÖ#�$���¶�$¤u�i�L�=Ö>�.������¥d�d�$�2��¤u��=��=�$���=�3�L�'�>���i�����=�����L�K�2�$� �u�NÁ.ÏKß�Ö#�����¡�9¹¦´LßM�3�K�=� � �=�$�¿�T�L�=¤u���d�$�u¤
º'CDó9¢@���$�4���3�$�>�$�¿�T�L�=¤����2» Ä ����× � �u�i�9Î.Ï��=�u�®Ë ��¥Jà*�É�L�i¤u�����=�>�����=�u� �=�3���u�����=�3�L��ËN�������J���3�$�=�N���0�=�u��<á��#���i�3�É���K�Û�$�����L�i�=� Öu�3�£Ë��¡� �3�É� ����¤8�L�u�M¤>�����À���=��¤§Ë � �����3�Ó��ÂEó$âM���L�3�$���=���¡�ã���$� � �3� Ä Ë �u�3�2����L�=�i���=�#�L�u¤��N�����=�u�0�i���$�u¤>���=¤n�$� � �u���$�����$� � �9�$¢	���L�KÔL���K�=�3�L�>������� ���4���=�$�Ì¤u���=�����=�L�=���������$�u¤n��¤~�
¤u�¿��� �L�>�$� � ¾!�u�$¤^Ö������^�=�u�®Ë �¬���8Ö#�¶�=�u�Ì�¡�$�i�£���u�u�=�$�u�=�3������� �
�����=�3� ���Û�u�L�3� � ���$���u�3�¡�[öm�|�d�
� �äÔ$���V��� � ����� �L�u�Û�Q���¦¥



g-4         -3         -2         -1          0           1           2            3           4

-4         -3         -2         -1          0           1           2            3           4

-1

-2

-3

-4

4

3

2

1

4

3

2

1

0

-1

-2

-3

-4

0

k

kx

y

:  Fractional order beam 

:  Integral order beam
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`g� s lm^>nEu=n<jKlmhbc�c<á | c4am^>tMcvuwlv}Jîihbcv~dc�~ | n<lx~�y s adad�=lU��n
�b^���cvadcvuwlNÚ�^�ub�b~
n<jq^�ugjknEamt s lm^>nEuK}	îihbc�×�ad~dl Ú�^>ub��h s ~�lxnV�bnV��^�lmhTlxhbcW~d`uÖb~�l s a�lxc s lxn<t�~�lmh s l�^�~�ubn<l�`b~dcv��jkamnEt
h:oU2£p�p�r
}uîihgc?n;lxhbc4aDÚ�^�ub��h s ~ilxn=�bn=��^�lmh�lmhbc s �b~dnEa=Ö s lxcv~�adcv� s lx^ Ô<c�lxnVlxhgc?~d`uÖb~�lxa s lxcv~4��~m^>ugyvc
~dnEt�c�amc4jkc4amc4ubyvc s ub��nLÖäÿdcvy4l Ö�c s t�~i^�u�lmcva�jkcvamcWy4nEub~�lxam`gy4lx^¿ÔEc4��� s l�c4á s y4lm����lxhbc | nE~m^Plx^�nEub~�n;jqlmhbc
¡�a s _E_�~ | n<lx~4}��Xu:jknEadlm`bu s lmcv���<� s l�lxhb^�~�tMnEtMcvuwl���cT�bn¤ubn<l
h s Ô<c s tMcvy{h s ub^>~dt�� s t�c�lxhbnH�
lmh s lM��^>�>��^�~mnE� s lxczlxhgc�jknEadt�c4a s ug�¥amc4�>c s ~mc�lmhbc¤`g~mc4jk`g�XjknEa�hbnE�>n<_Ea s<| h���� s lmlmcvaM^>ugjkn<amt s lx^�nEuK}
îih s l8^�~?lmhbc�adc s ~dnEu���c�nEtM^�lSlmhbcvt¦y4nEt | �>c4lmcv�P�E} ò jk`glx`badc�adcv~dc s ady{hK�-t s �OÖ�c s ugn<lxhbc4a
§-h�r
lmhbcv~d^>~v����^>���Klxad��lmn�l s Ú;c�lmhbc
tMc4lxhgn:��nEubc8n<aXtMnEamc?~dlmc | ~�jk`gadlxhgcva9Öw� s ldlxcvt | lm^>ub_Mlxn s �b�bamc4~m~
Ö�n<lxh s<|b| adn�ág^�t s lx^>n<ub~i��c
y4^�lmcv� s Ö�n®ÔEc;} ò j¨lmcva�~d`by{h s u�^�uKÔEcv~�lx^�_ s lx^�nEu s ub���bc4ÔEc4�>n | tMcvuwl�lmhbc
úi�WINIXp|úGî s �>_EnEad^�lmhbt©t s ��Ö�cWlxcv~�lxc4��lxn=tMnEamcW~�lxad`by4lm`ba s ������yvnEt | �>^�y s lmcv�z~d`badj s y4cv~4}

àUu¤n<ubc8n<j0lxhbc�nEam^�_E^>u s � |�s;| c4am~v����hbc4uJrW2£p�p�rªhgnE�>nE_<a s<| hw�z� s ~�~�lx^��>�K^�u�^Plx~DÖ s Öw�7yva s �b�>c;�
r�a4}W« s ���b^>u�� s ~���n<ub�bcvad^>ub_gf�¬ ò lxnEtM^>yZo@I�cv~mn<�>`glm^>nEu7p-�>c4y4lxadnEuJ­NnE�>nE_<a s<| hw�E® ò amc s �>^�9 s lm^>nEu7n<j
Ò s Ö�nEav¯°~�r�adc s t�±
²�õÞö�÷G}�BXn��³��c�Ö�cv��^>c�Ô<c�lxh s l�lxhgc s ub~���c4aN^�~�tMnEamc | nE~d^�lm^ ÔEcNlxh s uzc�ÔEc4aSÖ�c�jknEamc;}
5"c��gn�ubn<l¼Ú�ubn�����hbcvu8c4á s y4lm���S^Plq��^��>�wh s;|b| c4u�Öb`:l´��c�jkcvc4�wlxh s l s � s �W��hgcvu s 2qp�p�r |�s lmlxc4amu
��^��>�mÖ�c
jkc4�J^>u s ¬VÖb� s y2ÚÀÖ�n®á:²"�@×b_E`bamcVe<�w�N��hb^�y{h���^>���¼Ö�c s Öb��c�lxnzn<`gl | `:l s �ErµhbnE��nE_Ea s<| hb^�y



]´^�_E`badc�e;¶gf�îihbc�h:o@2£p�p�r�_EadnE` | �£jkamnEt¦ad^>_EhwlSlxn��>c�j¨l
f
F s ad~dlmcvu�I�cv`:lxcva4�-r�^>� s ubn�FV}0« s ���b^>uK�·<nEhgu ò }b	 s t�Ô s Ú s ~
^�t s _<c�n<j0lxhbcS~dlmam`by�lx`badcWlxh s l | adn:�g`byvc4�7lmhbc |�s lmlmcvadu�^�~iubn<lilxnHnVj s a s � s �<}

îihbc?lxhbadcvc | c4am~mn<ub~X��nEa=Ú;cv�J~dn�lxh s lNh:o@2£p�p�rrÖ�c4yvnEtMcv~ s adcv��^ s Öb��c�tMc4lxhgn:� s amc?~mhgn���u¤^>u
×�_<`bamc�e<¶g}



]´^�_E`badc��ECgfnîihbc�§�hbr1yvnEtMtM^�lxc4c<¸i]�adnEt���c4j¨l=lxn�am^�_Ehwl s ub��jkamnEt¹` |b| c4aMlmn"��n���c4avf¤º s am^ ÿ sÒ s ÿd� s ad�b9v^�~=Ú s o@·<nE~m^Pjkn,ÔH~iÚ s ��¡�am^ s u¤§q}�îqnEubugcvav�»·<`bu¤BXnE_ s t�^G��IN^�y{h s am�¤«�}»«:nEaiÖ�c4�>�>ng��r�^>� s ubnMFV}« s �>�b^�u
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]´^�_E`badcX�:�Ef�îihbcXyv� s ~m~d^>y s ��lma s ÿdc4y4lmnEad�Mn<j s u�cv��cvy�lxamn<u s<|b| amn s y{hgcv~�lmhbc�^�nEu:o�yvnEadcNugn8yv��nE~mc4a�lmh s us �b^�~dl s ubyvc�ÏiÐ0�bc4lmcvamtM^>ugcv�'Öw�8lxhgc s ub_E`b� s aAtMnEtMcvuwlx`bt7}	à�jKÏ�Ð0^�~A_Eadc s lmcvaAlxh s u
lxhbc�t
`:Ñ�uHo�lx^�ua s �b^>`g~v��Ï
�blmhbcSyv� s ~m~m^�y s � |�s adlm^>y4�>c��bnHcv~�ubn;l | c4ubc4lma s lmc?lmhbc | n<lmcvuwlx^ s �

]�nE�>��n���^>ub_
lmhbc8c4�>cvtMcvuwl s ad�zlmamc s lxtMcvuwlXjkadnEtÒ2-}Èà{}�«:y{hg^��i¯°~z¬xÓ�` s u�lm`btÂº�cvy{h s ub^>y4~m²�õÐöK÷G����c
y s uMlmhb^>u�Ú s ~-jknE�>��n���~vf ò �>�blmhbc | n<lmcvuwlx^ s �b^�~�y4nEu�×�ugcv��^�u s ~ | hbcvadc�n<j»a s �g^>`b~�Ï
}�«:` |b| n<~mc�lxhbc4amc
^�~ s y4� s ~d~m^�y s � |�s adlx^�yv��c�n<j s ub_E`b� s a-tMnEt�c4uwlx`btÕÔ s Ö�nE`gl-lxhgcXy4cvuwlxc4a�n<j�lxhgcN^�nEu=yvnEadc<� s ub�M�>^�ubc s a



tMnEtMcvuwlx`bt×Ö¿}�îihbc4uK� s l s �b^>~�l s uby4c�ÏiÐAjkadnEtµlxhbcNyvc4uwlxcva�n<jKlmhbc | n<lmcvuwlx^ s ��~ | hgcvamc�^�lx~ s ug_E`b� s a
tMnEtMcvuwlx`btØ��^>����Ö�c?_<^ ÔEc4unÖ���f

Ö�Ï�Ð ð Ô�ÙÚ ���
ÛwÜE�
ò yvyvn<am�b^�ub_Jlxn6yv� s ~m~d^>y s ��§-hw�:~d^>y4~v��^Pj�ÏiÐzÝÒÏ�lxhbc |�s adlx^�yv��c���^>����ubc4ÔEcvaM~mc4czlxhbc | n<lxc4u�lm^ s � s ~
×�_<`bamc8�g�
~mhgn���~4}?��u�lxhbc�n<lxhbc4a�h s ug�K�»^PjAlxhbc |�s adlm^>y4�>c?^>~Xlmamc s lxc4��3�` s uwlx`btÂt�c4y{h s ub^�y s ������^Pl
��^��>��Ö�c s Öb�>c�lmn | cvugc4lxa s lxc�^�u�lmnWlxhbcNyv� s ~m~d^>y s �>���?jknEaiÖb^>�b�gcvuMamcv_<^>nEuK}´¡�`gl�lxhgcNtMnEadc�lmhbc�yv� s ~m~d^>y s �
� s ��~ s amcNÔH^>nE� s lxc4��Öw�
lxhg^>~ | cvubc�lxa s lx^>n<u
lxhbc��>c4~m~ | adnLÖ s Ög^>�>^PlU�Slxhbc4amc�^>~An;j�lmhb^>~-h s<|b| cvub^�ub_b}�îihg^>~
tMc s ug~�lmh s lN��hbcvu�Ï�Ð�ÞÕÏQlxhgc�c4�>cvy�lxadnEu���^��>�K~dcvc8n<ub���Tlmhbc8n<`glxc4amtMnE~dl |�s a�lx~Nn<j´lmhbc8^�nEu:o�yvnEadc
��hbc4amcVlxhgc | n<lmcvuwlx^ s �A^>~���c s Ú<cv~�l
}�«:`uÖb~�lx^Plx`glm^>ub_�^>uß�@�
Û�ÜE� s lU� | ^�y s �-c4�>cvy�lxadnEu6cvubc4am_<�<�Aà<C�á�â=�
~ s �<�b��hb^>y{h�y4nEamadcv~ | nEub�g~Nlmn s tMnEtMcvuwlx`gt�n<j0�gãä¶wà
R"�
C �Hå�æ ��ç¤èbé � s ug� s lU� | ^�y s �¿t
`:Ñ�uHo�lx^�u
a s �b^>`g~in<j��<ãêÜEà¤ëò �g��cW��^��>��×�ug� s t s á:^>t
`btyÔ s �>`gc�jknEa�lxhbc s ug_E`b� s a�t�n<t�c4u�lm`bt7f

Ô�ì£í�î ï Ö�Ï�Ð
ÙÚ

ï �gãä¶wàVR���C �Hå�æ R��EãðÜEà ��ñDò�EãðCEà=R��
C �Hó�æ
ï Û ���
ÛE�w�
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îihbc | adnE_Ea s t��������������! "�#�#�¹�D~mc4c�¡X}êÜE�Wy s �>yv`g� s lmcv~WlxhbcM�b^P�»`b~dc�2£p�p�r©�b^P�»a s y4lm^>nEu |�s lmlxc4amu
jknEaXnEubcVc4ubcvad_<� s l s lm^>tMc8�bc%$�ubc4�"^�uJ�>^>ugc��E� s ~ |�s a s t�c�lxcva�á�& è(' } ò y4lx` s �>�P�7lmhb^>~Wc4ubcvad_<��^�~
jkc4�T^>uwlxn�lxhbc | amnE_Ea s tÀjkamnEt s ~d^>t | �>c�)�oU~dhbcv���»~my4am^ | lS�k~mcvcS¡X}+*w�Z}A5³hbcvuTlmhbc |�s lmlxc4amuzh s ~-,�c4cvu
y s �>y4`b� s lmcv�MjknEa�nEubc�cvubc4am_<���Gá�&»á \ è(' �E�:~ s �b��lmhbc�~dyvam^ | l�jkc4cv�b~�lmhbc | adnE_Ea s t ��^Plxh�lmhbcWubc/.:l�nEubc
�Dá�&Ká \ è0' ÜE��`gu�lm^>� s �>�iá�& è0' cvubc4am_E^�cv~=h s�1 c2,�c4cvuß`b~mc4� ` | }ùîihbc |�s a s t�c�lxc4a4353 ^>u��>^�ubcJ��Ü
^�ub�b^>y s lxc4~���hb^�y{hzcvubc4am_<��^>~�y s �>y4`b� s lxcv��c s y{hTlm^>tMc s ub�Tl s76 c4~ 1;s �>`bc4~�jkamn<tÂ��lmn�&98 � }�2¿^>ubc����
�bc%$�ubc4~Xlxhgc?u�`bt:,�c4aXn<j0lxhbc s lmnEt�~i`g~mcv�»�93<;>=>?��blmhbc?lmn<l s �¿uH`gt�,�c4aXn;jAcvugcvam_<^>cv~4��&98 � � s ub�
lmhbc�t s .:^>t
`bt 1;s ��`bc�n;jqlmhbc s ug_E`b� s a�tMnEtMcvuwlx`bt7�0@�ì£í�î�}Jîihbc |�s ldlxc4amuzy s �>yv`g� s lmcv�T^�~ s ~d3H` s amc
t s lxad^A.��g^>tMcvub~d^>nEu<& [(B RC& [ ' ^>u7lxhbc�amcvy4^ | adn:y s �£~ |�s yvc8��^Plxh¤adcv~dnE�>`glm^>nEu5D [ ���gcE$�ubc4�J^>u��>^>ugc



��àH}GF Ú áHFJI s ub�=Ö ÚLK ^�u��>^>ugc
�M*V^>ub�g^>y s lxc�lmhbcS^>uby4^>�bc4u�l s ug_E�>c;}
ò j¨lmcvaSlxhbcM�bc4yv� s a s lm^>nEu |�s a�lT�k�>^�ubcv~=��¶�lxhbadnE`b_Eh�Ü7*w��lxhbc | adnE_Ea s t(~dl s adlm~8amc s �b^�ub_�^�u�lmhbc

� s l s $���cv~=�k�>^>ugcv~��<C�oN*g����}PO�lQ,�cv_E^�ub~���^�lmh�lxhbc | nE~d^�lm^>nEub~Xn<j�lxhbcVy4�>`b~�lxc4a s lxn<t�~4}�]0^>�>cSR%�UTWV%XY�%ZH�
�D¡�}ð�E���Ky4nEuwl s ^�ub~�lxh s lS^>ugjknEadt s lx^>n<uK}W]�nE�>��n���^>ub_ s amc
lmhbc | h s ~dc=~mhb^Pj¨lx~�n<j[,�n<lxh�lmhbc s �b~dnEa\, s lxc
s ug��lmhbcS~m`L,g~dlxa s lxc s lmnEt�~iy4nEuwl s ^�ubcv�7^>uzlmhbcP$��>c4~]�^VvO¨L`_aV s ub�b�^VvOAV%TLcE}N�G¡X}äÛ���~dhbn���~ s ~ s t | ��c
n<j¿lmhbc�y4nEuwlxcvuwlm~in<j s8| h s ~mcW~mhg^�j¨ld$b�>c<}05�c�ugcvcv�zlmhbc | h s ~mcW~dhb^�j¨lm~�` | lmn s t s .g^�t
`bt s ug_E`b� s a
tMnEtMcvuwlx`bte@�ì£í�î�}�«Hnb�Ec s y{h�c4ubcvad_<�
^�~´jknE�>��n���c4��,���lxhbc | h s ~mci~dhb^�j¨lm~-^>u \ IWD K I`&¿�iyvnEadamcv~ | n<ub�bcv�
lmn�C0f
�gf
ã
ãvãEf#@Pì£í�î s ub_<`b� s a�t�nEtMcvuwl s }

2¿^>ubc4~Me:�zlxhbadnE`b_Eh ���wÜ�y4nEuwl s ^�u�lmhbc�t s ^>u | adnE_Ea s t�}Øîihbc7lU��n;o��b^>tMcvub~d^>nEu s ��adcvyv^ | amnHy s �
~ |�s yvc7^>~Vlm^>�>c4��` | ^�u s & [(B Rh& [ ' s ada s �E} ò l�c s y{h | nE^�u�lMn<jNlxhgc s ada s ��^Pl�y s �>y4`b� s lxcv~
lmhbc
^�ub~dlmcvub~d^�lU��n<jXjknE`ba4,�c s tM~=^>uwlxc4adjkcvad^>ub_6lxhgcvamc;}þîihbc4~mc7jknE`ba4,�c s tM~ s amc<f�� s ��îihgc2$�ad~dl 6 ^�ub�
adc4jkcvadcvuby4c
� s�1 c¤�ky s ��yv`b� s lxc4�i,w�¤lmhbcbZj�lk��%Z#�%m9R#�8~m`n,bamnE`:lx^>ugc
^>uJ��^>ubc��g*w�Z���o,���lxhbc
~dcvy4nEub� 6 ^�ub�
adc4jkcvadcvuby4c
� s�1 c7�Dy s �>yv`g� s lmcv�5,w��lxhbc�~m`L,badnE`glm^>ubcpZj�lk��%Zj�%m9R#� ��Z/���q�lr�^>u���^>ubc�¶E�w�Z�-�Dy
��lmhbc:$�ad~dl
6 ^>ug� s ug� �D���Wlmhbc�~dcvy4nEub� 6 ^>ug��ng,Oÿdc4y4l�� s�1 c4~��Dy s �>y4`b� s lxcv�C,w��~m`L,gamnE`glm^>ubc4~<s7ctr��#R%Xur s ub�vs7cHw
r��#R%X ��Z/���q�lr/�0^�u���^>ubc4~S¶we s ub�ß��Cg*zamc4~ | cvy4lm^ 1 cv���g�Z}¡îihbc s ��_EnEam^PlxhbtÒjknE���>n���c4�C,��Jlmhbc | amn<_Ea s t
h s ~�lmhbcWjknEamt7f

xny7z|{(}W}|~nyL���`�L�������W�W�|zW�0���M~Wzny`�W{W}��7~({(�`�

�W{W}(���n}({`�W���W�W�|zW�(xW�WzW�(�(�`���0{`�W���NzW�(x��

xny7z��({(�g��{`�ny����|ygxv�(�W���W}7�^�7�W�(z

�W{W}(���n}({`�W���W�W���7�0�0yg�`��zW�(x`�(zW�(�(�g���n{`�W���NzW�(x`~��

�W{W}(���n}({`�W���W�W��yg�^�a�0�g�|�0{`�W���\yg���(�

�W{W}(���n}({`�W���W�W���7�0�0yg�`��yg�^���n�g�|�0{`�W���\yg�`~��(�



{`�W�|�W�W�`��{W}W}��0~��N~���zW�(x���z(�(x`~��|yg�����|yg�`~��(�

�W{W}(���n}({`�W���W�W�����`�(�(�0�L�M�(�

�0�`�

OUu��>^>ugcW�E��e�lxhbc | amn<_Ea s tª�bc4lmcvamtM^>ugcv~�lxhbcNt s .g^�t
`bt 1<s �>`bc�lxhbcNy s �>yv`g� s lmcv�=^>uwlxc4ub~m^PlU�=h s ~ s ub�
`b~dcv~N^�li^�u��>^>ugc
��Ü<�
lxn=ubn<amt s �>^�9vc�lmhbcScvuwlx^�amc |�s ldlxc4amuK}

ò ~ s t | ��c�n<jqlxhbcWlU� | ^>y s �¿nE`gl | `glN^>~i_<^ 1 c4u�^�u��G¡�}ðàE�Z}
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· ¤ ªM¸`¹aºW»a¼¾½�¿�»�º7ÀÁªÃÂ�ÄWÅE¯WÆWÅ�Ç(ÅWÈ

É ¤ ªM¸`¹aºW»a¼�ÈE¹WÅM¼7¹`²aÊ´Ë7¼0®�¹�¹0®%ÀWÌÁ®H¹­»MÀÍ½�Î�º7¸g¼gÊ`ÅMÏÃÐ4ªM¸WÌM¸^ÈH¹h¥7¥ÑÐ2£EÒ7Ò�Ó

Ó ¤ µ`ÅWÈH¹�¯n»�ÊW®MÔW®7¤aÅM¹0®M»MÀÍ½QÎa¸W²(ÈHÊ`Å�ÏÕÐ�Ö`»�Æ`²E¯`×(²�¼h¥aÓ"Ð2£HÒ�Ò7Ó

Ø ¤ Ö`¨�Î7Ù¾½ ³g¼¾Â�Ú(®�Å�ÀWÌhÛ�º(²�ÀÜº(²7±�°(²aÊÝ¹aºW²hÅ�¸g¹aº(»�¼ÝËn®H¹aº�ÅCÀ�¸a¯`×W²a¼

Þ ¤ »�Ôß¸^È�²�ÔM¸0±Ý»�×^ÈM²�¼7Æ`Å�¹0®M»MÀLÈàÂPán®gÈÜ¤M»MÀg¹7¼0®%×7¸g¹0®�»�À�®7È
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