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¿Ã����afUÐ��dL�é�ÉÌ±�Ø��y@ÐÚ�Ó~L�{1Ì��Þ¿½Á���¿Ä���E�a�UÐ�:�ÜnHúÐ±��î�A�{h_H±�Ã¿½½Ä����
À»��ëË}bUÐ�E�a>�:�ënh�UÐ��e6����F]UÐ���"Ð��=��\aUÐ±À¾Ã½�� �� �À¼���énaiúÐ�ÒÚ�H���pxË½Ä����
À½���ën_CÐ�ÖíÚÀ¼ÄÁ��� �� �À¾���E�T��=Ð�E�a>½¾»½��º¾»¾���
À¿���}x{bUÐ�y�R½¾»½��� �� �ÀÀ���Ò}b�UÐ�ÒÚ�H���pxË½¼¾��� �ÀÁ���Ò{ýnCÐ�ÒÚ�H���pxË¼Á���
ÀÂ����i�x�ÒÚ�H��pxËÄ��� �� �ÀÃ���æÐ}LúÐ�ÒÚ�H��pxËÄÁ��� �ÀÄ���Ò}b�UÐ�ÒÚ�H���pxË½Ã½���
Á»���ç ]UÐ�ÒÚ�H���pxË½��º¾���� �Á¼����d_UÐ�ÒÚ�H���pxË½�À����
Á½���E�a�UÐ�:�ÜnHúÐ±�¼¼��ÁÁ»¼��� �Á¾���aUÐ�â�e6�îín±�¼Â¼����
Á¿���d_UÐ�WL�:�D��x� Ð���Nhcx}YúÐ�Ê5d_UÐ��Y�p��fU���r�=���bd]Y�pbhbA� Ð�Ø�@í���Þ¼�º¼ÀÁ��º¼ÁÁ��æW�=º��
ÁÀ����x{UÐ±��Þ¿Ä��ºÀ»��� �� �ÁÁ���nffxØ�Ð|w��ÞÃÁ��� �� �ÁÂ���x{UÐ��ÞÄÄ��º¼»»����
ÁÃ�Ð�pxÚ�ge!n=�pxØÐ{LüÐ�pdA}CÐ��Y�rUn�UÐ��[dU�{hA��UÐ�Ñn�T�phfehU��Þ½Á��ÁÄ�Þ�ê HüÐ�:�Ò�bUÐ�£nfLÁ¾�ÁÁæW�=��
Â»���DLúÐ�ÒÚ�H���pxË¼¿��º¼À��� �Â¼���ÓnLÛnfUÐ�ÒÚ�H���pxË¼Ã��º¼Ä���Â½���eZUÐ�ÒÚ�H���pxËÄ��º¼»����
Â¾���ê HüÐ�OÎ�ÒØ�_UÐ��x}J�DL���ÞÂÀ��ÂÂ���æW�=�º��� �� �Â¿���ê H òüÐ�:�Ò�bUÐ�£nfL��Þ¾Â���
ÂÀ���Ên�fUÐ�ÒÚ�H��xË�p¼¾Á��� �� �ÂÁ���ëÐ}eL�éË�ÒÚ�H���pxË¼»½���� �ÂÂ���Ên�fUÐ�ÒÚ�H���pxË½Á����
ÂÃ���pb=n�UÐ�ÒÚ��UÐ��pxËÀÄ��� �� �ÂÄ���ÑÐ~AúÐ�ÒÚ�H���pxË¿¼��� �Ã»����eZUÐ�ÒÚ�H��pxËÄ��º¼»���
Ã¼���Ó��cf_UÐ�ÒÚ�H���pxËÁÄ�� �Ã½���Ên�fUÐ�ÒÚ�H��pxË¼»¾�� �Ã¾���Ò}b�UÐ�ÒÚ�H���pxË½¾Ã����
Ã¿���Ò}b�UÐ�ÒÚ�H���pxË¼Ã¾��� �� �ÃÀ���ëÐ}eL�éË�ÒÚ�H���pxËÄÂ���� �ÃÁ���p=��UÐ�ÒÚ�H���pxË¼»¾��
ÃÂ����Y~CÐ�ÒÚ�H���pxË¼�±¿��� �� �ÃÃ���ÊÐ�üÐ�ÒÚ�H���pxËÂÄ��� �ÃÄ���Ö�i�ÒÚ�H���pxË¼»��¼½���
Ä»���Ó��cf_UÐ�ÒÚ�H���pxË¿À���� �Ä¼���E�cUÐ���_CÐ�:�©ÐF]UÐ�ìÐíÚÁ½ÂÂ���
Ä½����S}=��bgh�dU�îFcUÐ��f�UÐ�¼¾¿À¿����ºÂ¼½À��� �Ä¾���Ònh"Ðí�ë5xüÐ��Ø��ïín�}bUÐ��H�x��Þ¾»Á��º¾»Â��
Ä¿���nfY HÎ���=nH�{h�UÐ�º��Þ¼¼Áº¼¼Â��� ��
ÄÀ���ng�hUnHÌí�phY HüÐ�ph=GUÐ�é�ÉÌ���ïí �fUÐ��1}UÐ�{�L��ÞÀÂ�ºÀÃ�� �ÄÁ���{L}UÐ�ÒÚ�H���pxË½Ã���
ÄÂ����f�UÐ�:�ØíÐØ��=Ì��ìÐíÚ½¼ÂÄ��� �ÄÃ���phY HÎ�p\x}R�Eca�UÐ���ÞÂ�ºÃ���
ÄÄ���ç{"Ð��x{UÐ�Ò{A�U�pYn_UÐ�é�ÉúÐ��Ø��MhA~UÐ�p�wí��Þ¼¿½���
¼»»���Y HüÐ��x{UÐ�ÖíÚº�}^iÌ���ìÚn�J�Ön�aUÐ�{�L��haL���Þ¿¾Ã������[ýn[Bí�ì{ÉnbY�ê HüÐí���Ú��TØ���dbL�{e7�Þ¼Ä»��
¼»¼��Ò{ýnCÐ�ÒÚ�H���pxËÄ»��� �� �¼»½���x{UÐ�ê�dL�ÊnhAÎ���<Ð~`UÐ�ênY³U¾¼¾ÁÀ���
¼»¾��S}=�Ò}x}w�-Ì�rx{A��Y�èÚ{��CÐ�:��Tn"Ð�ìÐíÚ�Á��¼¿¾���¼»¿��E�T��=Ð�E�a>���E�T��=��hL5HÎ¿¿ÃÁ��
¼»À���x{UÐ�ê�dL�ÊnhAÎ¾�¼¾ÁÂ��� �¼»Á��{ýÐ�aUÐ���Þ¿Ã���
¼»Â��æÐ}LúÐ�ÒÚ�H���pxË¼¿Á����¼»Ã��Ñn=º�ë5xüÐ�Ñn�T�:�ïÚn��UÐ��@}BÌ����fx{U�ÌF�HÐ��Y��\R��¼¼Ä���
¼»Ä����fUÐ�ÒÚ�H���pxË¼»Â��º¼»Ã��� �¼¼»��Ò}b�UÐ�ÒÚ�H���pxËÁ��ºÂ��� �¼¼¼��Naa]CÐ�ÒÚ�H���pxË¼¿���



�¾¼���ëË| aTÐ�9��K Ðz <üÐ�Ême�TÐ�
�

QW@H¸?�Ï¹��¼@�?]Ì¥�
hÊ@ÁÊ��
0..5�

�

¼¼½��ÊÐ�üÐ�ÒÚ�H���pxË¿À��º¿Á��� �¼¼¾��Ò}b�UÐ�ÒÚ�H���pxË¼Â¼�� �¼¼¿��Ò}b�UÐ�ÒÚ�H���pxË¼Â¼�
¼¼À��ëË}bUÐ�:�phdb_UÐ�pUø{UÐ��Ø��ÓÐ{h�L�ënR�i��x}cUÐ�{�L��Þ¾¾��º¾¿��� �¼¼Á�E�a>�E�T��=Ð�¿�½¾»���
¼¼Â��Ên�fUÐ�ÒÚ�H���pxËÀÄ��� �� �¼¼Ã����fUÐ�ÒÚ�H���pxËÄ»��� �¼¼Ä��ÓÐ}�"Ð�ÒÚ�H���pxËÂ���
¼½»��ên_iúÐ�ÒÚ�H���pxËÀ¼��� �� �¼½¼��énaiúÐ�ÒÚ�H���pxË½¿���
¼½½��}x�f�UÐí�}x}��UÐÀ¾¼½��º¾¼¾��� �¼½¾��ëË}bUÐ�é K�:¾¼¿Ä¿�� �¼½¿��ên_iúÐ�ÒÚ�H���pxË¼»¾���
¼½À�HÎ��=nH�{hH�nfY���Þ½»���� �¼½Á���d_UÐ�ÒÚ�H���pxË¼�À��� �¼½Â���dbUÐ�ÒÚ�H���pxË¼��º½����
¼½Ã��Ò}b�UÐ�ÒÚ�H���pxË¼Á¿��� �� �¼½Ä��ç�ÒÚ�H���pxËÁ�±¼¼��� �¼¾»��çÚn]UÐ�ÒÚ�H���pxËÀ�±Â���
¼¾¼��ÓnxÚÐ|UÐ�ÒÚ�H½»��º½¼��� �¼¾½��êí}UÐ�ÒÚ�H���pxËÄ���� �¼¾¾���efUÐ�ÒÚ�H���pxËÁÄ��
¼¾¿�L�éË�ÒÚ�H�ëÐ}e���pxË¼¾Â����¼¾À��{e7�ÒÚ�H���pxË½¿��� �¼¾Á�Þ�ÒÚ�Ha����pxË½Ä���
¼¾Â��Ò}b�UÐ�ÒÚ�H���pxË½¼Ä��º½½»��� �¼¾Ã��nfY HÎ����=nH�{hH���Þ¾¿��º¾À��æW�=�º��
¼¾Ä��{L}UÐ�ÒÚ�H���pxË½Ã�� �� �¼¿»���L�ð bi���Ònh"Ðí�ë5xü�Ð��Ø��ïín�}bUÐ��H�x�ÞÄÂ�ºÄÃ���
¼¿¼���x{UÐ�ê�dL�ÊnhAÎ¾¼¼¿»�� �¼¿½��Ònh"Ðí�ë5xüÐ��Ø��ïín�}bUÐ��H�x�Þ¼Á¿��
¼¿¾���H�x�ÒÚ�H���pxËÃÂ�� �� �¼¿¿��}�"Ð�ÒÚ�H���pxËÀÁ�� �¼¿À��Ø�w�ÒÚ�H���pxËÃÃ���
¼¿Á��ëÐ}eL�éË�ÒÚ�H���pxË¼½Á�� �¼¿Â��Ò}b�UÐ�ÒÚ�H���pxË½Â½��� �¼¿Ã��énaiúÐ�ÒÚ�H���pxË¼Â����
¼¿Ä��Ú�fUÐ�ÒÚ�H���pxËÀ¿���� �� �¼À»���dCÐ�ÒÚ�H���pxË¼À��� �¼À¼��Ò}b�UÐ�ÒÚ�H���pxË¼¼Á���
¼À½��énaiúÐ�ÒÚ�H���pxËÂ���� �� �¼À¾��ëÐ}eL�éË�ÒÚ�H���pxË¼ÁÁ��º¼ÁÂ��
¼À¿��Ênh�iúÐ�ÒÚ�H���pxË¾À��� �� �¼ÀÀ��p=��UÐ�ÒÚ�H���pxË½À��� �¼ÀÁ��Ò}b�UÐ�ÒÚ�H��¼À¾��
¼ÀÂ����fUÐ�ÒÚ�H���pxË¼½Â���� �¼ÀÃ���H�x�ÒÚ�H���pxË¼¼»�� �¼ÀÄ��ÖPUÐ�ÒÚ�H���pxËÀ��ºÁ����
¼Á»��y�aUÐ�ÒÚ�H���pxÌ¿���� �� �¼Á¼��ëÐ}eL�éË�ÒÚ�H���pxË¼¿À���¼Á½��Ênf�UÐ�ÒÚ�H���pxËÂÃ��
¼Á¾��Ø�w�ÒÚ�H���pxËÁ��� �� �¼Á¿��}JnR�ÒÚ�H���pxË½��� �¼ÁÀ���i�x�ÒÚ�H���pxË¼»Â���
¼ÁÁ��ê HüÐ�Ò�LØ����=nH�{hH���Þ¼»½�¼»¿��¼ÁÂ��Ò}b�UÐ�ÒÚ�H���pxË½ÃÁ��
¼ÁÃ���h�É�:��d�Y�ìÐíÚ���S}=�¿Ä��¼¿¿���
¼ÁÄ���SÚ��fL� Ð� Ú�Ün�L��=Ð�rx{A��Y���h�É�:��d�Y�ìÐíÚ�¼¾¼¼�¼Ã»��
¼Â»��æÐ}LúÐ�ÒÚ�H���pxË¼¾¼���
¼Â¼��Ò}x}w�-Ì�rx{A��Y�ïÚn��UÐ�ìÐíÚ���Ñn=���}aÉ�ø��¿¼Ä��Ñn=í�º�pYnwúÐ��¿¾¼�
¼Â½��p=��UÐ�ÒÚ�H���pxËÀ¼�� �� �¼Â¾��Ò}b�UÐ�ÒÚ�H���pxË¼»½��� �¼Â¿��H�ëÐ}eL�éË�ÒÚ���pxË½Á�½Â���
¼ÂÀ���S}=�Ün�L��=Ð�rx{A��Y�E�cUÐ��Yn!Ð�:�ï|YGUÐ�ìÐíÚ�½À¼Á��¿½Ã¿��
¼ÂÁ��ÓÐ}baUÐ�ì|w��b>�{Síº�©Ð{@�UÐ�:�[UÐ�ì}_I��Y�ÓÐ}baUÐ�ì|wí��Yí}UÐ��x{UÐ�é @�E�cUÐ�:�[UÐ��w��ïí{fUÐ���"Ð��=Ì�{h�UÐ����=n�T�:���:�Ò�L{åUÐí�}åcaUÐ�énå@Ú
üÐ�ê H����Þ½ÃÃ��nw{_=�nYí���

¼ÂÂ��Ònh"Ðí�ë5xüÐ��Ø��ïín�}bUÐ��H�x��Þ¼ÂÀ�º¼ÂÁ���
¼ÂÃ��Ñn=º��iÌ�rx{A��Y�ïÚn��UÐ��@}BÌ��ë5xüÐ�Òí A����S}=�¼Á��¼Ä�º»�����S}=��d�Yí��¿¾��¼¿½��
¼ÂÄ��ëÐ}eL�éË�ÒÚ�H���pxË¾¼��� �¼Ã»��Ên�fUÐ�ÒÚ�H��pxË½Ä��� �¼Ã¼��êí}UÐ�ÒÚ�H���pxË½¼���
¼Ã½��}�aUÐ�ÒÚ�H���pxË½»��� �� �¼Ã¾�p=��UÐ�ÒÚ�H���pxË½¿��� �¼Ã¿��ÓÐ}�"Ð�ÒÚ�H���pxËÂ���
¼ÃÀ���S}=�Ò}x}w�-Ì�rx{A��Y���h�É�:��d�Y�ìÐíÚ�À¿��¼¿Â��� �� �¼ÃÁ��pYnhbUÐ�ÒÚ�H���pxÌ½»��
¼ÃÂ��ëÐ}eL�éË�ÒÚ�H��¼¿�� �� �¼ÃÃ��ÓÐ}�"Ð�ÒÚ�H���pxËÁ��� �¼ÃÄ��Ò}b�UÐ�ÒÚ�H���pxË¼ÄÀ���
¼Ä»�éË�ÒÚ�H��pxË�ëÐ}eLÂÁ��� �¼Ä¼��pb=n�UÐ�ÒÚ��UÐ���pxË¼¿Á��� �¼Ä½��ÓÐ}�"Ð�ÒÚ�H���pxË¼½���
¼Ä¾��ÊÐ}_ZUÐ�ÒÚ�H���pxË¾��� �� �¼Ä¿��Ònh"Ðí�ë5xüÐ��Ø��ïín�}bUÐ��H�x��Þ¼Ä»��æW�=�º��
¼ÄÀ���=n�UÐ�Ú{[CÐ��Þ½ÃÂ��� �¼ÄÁ��Ò}b�UÐ�ÒÚ�H���pxË¼Á¾�� �¼ÄÂ��ëÐ}eL�éË�ÒÚ�H���pxË¼ÀÄ���
¼ÄÃ�iúÐ�ÒÚ�H�ên_���pxË¼¾¾��� �¼ÄÄ��ÊÐ�üÐ�ÒÚ�H���pxË¼»Â�� �½»»��ëÐ}eL�éË�ÒÚ�H���pxË¼»Â��
½»¼��Ênh�iúÐ�ÒÚ�H���pxË¼»Â��� �½»½��y�aUÐ�ÒÚ�H���pxË½Ä��
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½»¾��Ñn=º�EZ=��=�ë5_fUÐ�rx{A��Y���h�É�:�ïÚn��UÐ��@}BÌ��ýng�Un=�ÜnfUÐ�p1Ú��¿ÂÂ�ºÂÃ����
½»¿�Ð{�L��=�}x}@�rx{A��Y�ïÚn��UÐ��@}BÌ�Ñn=�º�����ýng�Un=�ÜnfUÐ�p1Ú��¿ÂÃ����S}=��d�Yí�½¾¼Ä���Þ¼½ÁÃ��
½»À��ÊÐ�üÐ�ÒÚ�H���pxË½¿��� �½»Á���S}=���h�É�:�ïÚn��UÐ�ìÐíÚ�¾Ã¼Ã���ÞÀÀ¼��
½»Â��Ñn=�Ò}x}w�-Ì�rx{A��Y�ïÚn��UÐ�ìÐíÚ����ýng�Un=�ÜnfUÐ��1Ú��¿ÂÂ�� �½»Ã�ng_S�Y���ngaB��
½»Ä���S}=��d�Y�ìÐíÚ�½½¿¿���Þ¼½¾½�� �½¼»���S}=�º�E�cUÐ���_CÐ�:�©ÐF]UÐ��@}BÌ�Â½¿Á��Â¾¼Â��
½¼¼���S}=���h�É�:��d�Y��@}BÌ�¼ÄÀÀ���Þ¼»Ã»�� �� �� �½¼½��Ú�fUÐ�ÒÚ�H���pxË½����
½¼¾�p=��UÐ�ÒÚ�H���pxË¼¾½��� �� �½¼¿��pb=n�UÐ�ÒÚ��UÐ���pxËÂ¾��� �½¼À��ê HüÐ�Ò�LØ���=nH�{hH�Þ¼ÂÂ�
½¼Á��nffxØ�Ð|w���<Ð~`UÐ�{e7�Þ¿¿��
½¼Â��ph�afUÐ�p�[UÐ�phef>í�ÒØn_�UÐ���Ú��T{UÐ�º��}Y��hwÐ}=Î�é5T��Þ¼ÀÁ�º¼ÀÂ��
½¼Ã���afUÐ��dLí�ëË}bUÐ���Ú��T{UÐ�~x~_UÐ�{�L�{e7�Ön�aY��Þ½À��
½¼Ä��ê HüÐ�OÎ��x}]UÐ�:����HnS��xPUÐ�ë�L��Þ½À�� �� �� �½½»��énaiúÐ�ÒÚ�H���pxË��
½½¼���[bUÐ�ÒÚ�H���pxËÂÂ�� �½½½�UÐ�ÒÚ�H�Ò}b����pxË¼Â½�� �½½¾��æÐ}LúÐ�ÒÚ�H���pxË¾Â��
½½¿��Ò{ýnCÐ�ÒÚ�H���pxË¾�� �� �½½À��pb=n�UÐ�ÒÚ��UÐ���pxËÄ»�� �½½Á��pb=n�UÐ�ÒÚ��UÐ���pxËÁ���
½½Â��pb=n�UÐ�ÒÚ��UÐ���pb=n�UÐ�pxùÐ��
½½Ã��Ñn=�º�Ò}x}w�-Ì�rx{A��Y���h�É�:�ïÚn��UÐ��@}BÌ�p_e!Ð�ê�x�èÐ��UÐ�¼½¼¿��
½½Ä�aiúÐ�ÒÚ�H�én���pxËÁ»��� �� �½¾»���S}=���h�É�:��d�Y�ìÐíÚ�¼Ä¼Â���Þ¼»Á¼��
½¾¼��ÊÐ�üÐ�ÒÚ�H���pxËÃ½��� �½¾½����fUÐ�ÒÚ�H���pxËÁÄ���
½¾¾���S}=�ì{f�Y�:�{1Ì�ìÐíÚ�¼Ã¿À¿��¾»¾Ä¿��º¾ÄÀ��� �� �¾¾¿��Ên�fUÐ�ÒÚ�H���pxË½Ä����
½¾À��pxË�Ò}b�UÐ�ÒÚ�H¼ÄÀ��� �� �½¾Á��æÐ}LúÐ�ÒÚ�H���pxË½Á��� �½¾Â�Ú��UÐ��=n�UÐ�Ò���pxË¾¼����
½¾Ã��Ên�fUÐ�ÒÚ�H���pxË¾�� �� �½¾Ä��ÓÐ}�"Ð�ÒÚ�H���pxË¼»�� �½¿»���p=��UÐ�ÒÚ�H���pxË¼¼��
½¿¼���Ên�fUÐ�ÒÚ�H���pxË¼� �� �½¿½��ÓÐ}�"Ð�ÒÚ�H���pxË¼¾���� �½¿¾���ëÐ}eL�éË�ÒÚ�H���pxË¼»¿��
½¿¿��pb=n�UÐ�ÒÚ��UÐ��pxË¼¼»�� �½¿À��ÓÐ}�"Ð�ÒÚ�H���pxË¼»� �½¿Á�Ên�fUÐ�ÒÚ�H���¼¼¿��
½¿Â��Ò{ýnCÐ�ÒÚ�H��pxË�� �� �½¿Ã�p=��UÐ�ÒÚ�H���pxË¼»¾� �� �½¿Ä��énaiúÐ�ÒÚ�H���pxËÁ»���
½À»��ÊÐ�üÐ�ÒÚ�H���pxË½¾��º½¿��� �½À¼��Ên�fUÐ�ÒÚ�H��pxË¼� �� �½À½��pb=n�UÐ�ÒÚ��UÐ��pxË¾Á��
½À¾��P"Ð�ÒÚ�H���pxËÄ�� �� �½À¿��ÓÐ}�"Ð�ÒÚ�H���pxË¼¼��� �½ÀÀ��pb=n�UÐ�ÒÚ��UÐ���pxË¾Á��
½ÀÁ��Ú�fUÐ�ÒÚ�H���pxË¿��� �� �½ÀÂ��ÊÐ�üÐ�ÒÚ�H���pxË¾½�� �� �½ÀÃ��Ò{ýnCÐ�ÒÚ�H���pxË¾Ã��
½ÀÄ��Ò}b�UÐ�ÒÚ�H���pxË½ÂÃ�� �� �½Á»��Naa]CÐ�ÒÚ�H���pxË¼�¾�� �½Á¼��Ò}b�UÐ�ÒÚ�H���pxË¼ÃÃ���
½Á½��Ên�fUÐ�ÒÚ�H���pxËÄ½�� �� �½Á¾��pb=n�UÐ�ÒÚ��UÐ���pxËÄ¾��
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¼�> �=�{1Ì�pheh��p1}UÐ�ÚÐØ�º�îín�aUÐ�â�e6��º M�f"Ð�ï{�fUÐ��eÉn_UÐ��HnS��=�{e7��=��1}UÐ�{�L�º�oh>}>í��+�º�zxÚn>�ëí{=

�{e7��f=Ð�º�ì{LnHí��
½�Ú��T{UÐ�º�y@ÐÚ�Ó~L�{1Ì��æÚn_CÐ�ÚÐØ�º��afUÐ��dL�é�ÉÌ��ºÓíE=¼ÄÃ¿�ê�
¾�Ú��T{UÐ�º�nIn=�ØÐkR�{1Ì��U �ed_UÐ�ÔÐGUÐ�æÚn_CÐ�ÚÐØ�º�phY HüÐ�ÒÚn\�d��à ºÓíE=½º¼¿»¿�åw��¼ÄÃ¿�ê�
¿�©n�hZUÐ���fA��=�{e7��=�{1Ì��pUnH}UÐ�p�HkY�º�{1Ì�ênYüÐ�{f�Y��àÓíE=¼º¼¿¼Á�åw�¼ÄÄÀ�ê�
À�E�T��=�}eL��=��hL5HÎ��}caUÐ�ÚÐØ�º��h^_UÐ�ëË}bUÐ�E�a>��à ºÓíE=¼º¼¿»»åw�¼ÄÃ»�ê�
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¼����pUnH}UÐ��¿»��À½���
½����é��UÐ�pxn¹��¼¼Á¾��ì{LÐ�Sí��U�ÉÌ�E�a�UÐ��dL�º��ÄÄ��
¾����é � [�CÐ��¼�½ ÃÄ��
¿�����ën wFU Ð��½¼ Á À����
À���U Ð��ën wF��½¼ Á À���E � a � U Ð �� d L �º��¼ » »��
Á����ën wFU Ð��¼½ Ä ½���
Â����é � É úÐ �ì |w�N=�yh@GU Ð �od J��É Ì ��Y�} �TÌ ��Y�p b� ZY�qin T�Ð ÙÎ�n YÌ �º �{ AÐ í ��É Ì ��Y�p b� ZY�p ed cU Ð �qin T�Ð ÙÎ�Ð |w���çn b� åIøÐ �:�yh@GU Ð �DL �Ên f=í

�E � a � U Ð �:�©n _CÐ �N=�yh@GU Ð �ë� cx���
CÐ �:��J� h� U Ð �} TÙ�{ S í�} w~��¼¾ ¿ Ä��çn b� IøÐ �:��É Ì ��Y�} �TÌ �n 4�p ed cU Ð �qin T�ÙÎ�º Ò{ L �{ L Ð � S����åY�qå� hU �n åw} �TÌ �ëÌ �E Qº �ðøn �Y�Ò{ L n S ��cU �} TÙ�{ S í

�� å>n g@í �� U �{ bi�� wí ��]fCÐ ��wÌ �Ö ]É Ð ��Y�n g\_=í �º ���� i�n w} �TÌ �ëj=�{ bfd U �{ L Ð � bU Ð �ì |w�q�} _>�{ S í �º �� x } cU Ð �ëË} bU Ð �án a U Ì í �Ó5d T�} å^iÐ���� åbR
p `d U Ð��¼ ÃÀ���

Ã����} ^iÐ�����ÒØn Y��æ£���ÓÐ Ø} a CÐ �:��¿ Ã½��p `d U Ð �ox |*�º��¼ ½��¼ Á ¼����
Ä����æ} _U Ð �Ð |I��¼ Ä�ën wFU Ð �:�� a x } _>�} ^iÐ í �º��¼�½ Ä Â�Ón a x } _� U Ð �º��¼ Â¾����

¼ »����ÒØn Y�Ñ} _U Ð �ën � U���bI��¼ »��¼ Ã¿��} ^iÐ �í���p `d U Ð �ox |*��Ã�½ ¿ Ã����
¼ ¼����E fCÐ �oT� cU Ð �Ö ��¼½ » Á�^iÐ �í�:�� a x } _>�}���Ón a x } _� U Ð��¿ Ä�} w~CÐ �º��¼¾ ¿ Á�����
¼ ½����� ba U Ð �é � É Ì �:��h�CÐ �} ��U Ð��½�Â¼����
¼ ¾����ën wFU Ð��½�¼ Ä »�ÒØn _� U Ð �Ön � a Y�º��¼�¼ ½ Á���
¼ ¿���oT� cU Ð �Ö ��¼�½ » Â����
¼ À����çn a #Ð �� d _U Ð��¼ ¿ »���ýn [#Ð �:�� a x } _>�} ^iÐ í �º��½¼ ¾ ¿��Ón a x } _� U Ð �º��¼ ¿ Ä���
¼ Á����} ^iÐ��[#Ð��ýn��½¼ ¾ ¿��E � a � U Ð �� d L �:�E � TüÐ í �º��½ ¾ Á���
¼ Â����çn a #Ð �� d _U Ð��¼ ¿ »���
¼ Ã����} ^iÐ���oTÐ � cU Ð �Ö ��¼½ ¼ ¼�������
¼ Ä����} ^iÐ����ýn [#Ð½¼ ¾ ¿��E � TüÐ �º��½ ¾ Â��n w{ _=�n Yí�
½ »���} ^iÐ����ýn [#Ð��½¼ ¾ Ã�ç� ZCÐ �{ ýÐ � a U Ð í º��¾ ¾ Á�
½ ¼���} ^iÐ��Ón a x } _� U Ð�¿ Ä��
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½ ½���} ^iÐ��oTÐ � cU Ð �Ö �¼½ ¼ ¼�p `d U Ð �� bRí º�½ ¼ »�
½ ¾����} ^iÐ���} w~CÐ��¼¾ À ¼��çn a #Ð �� d _U Ð í �º�¼ » Ã���
½ ¿����é n a iúÐ �ÒÚ� H��¾ À���
½ À����ën h�U Ð ��Yn @��¼ ¾À ½ Â��} Tn I��hb��
½ Á����} ^iÐ���ëË} bU Ð �ên cAÌ��¼¿ ¿ Ã��º¿½ ¼ »�
½ Â����~h@� U Ð �Ú} �CÐ �é n �CÐ ��h�H �DL �} ^iÐ��¿¿ ½��ºÂ¾ »��ºÄ¼ ¿ Ã���
½ Ã����Þ BüÐ �ÒÚ� H��½���
½ Ä����îí n � a U Ð �â� e6��¼ Â½ ½ Á���
¾ »�����gcU Ð �ÒÚ� H��¼ Â���
¾ ¼�����h�CÐ �} ��U Ð��Â¼ À ½���Ún a U Ð �� w�ML � =Ì �í �º��
¾ ½����} ^iÐ���� hbU Ð �E � a � U Ð��½ Á ¿��º¿ Á Ä�������
¾ ¾�����hg� � U Ð��¼Ä���
¾ ¿���} ^iÐ���ën wFU Ð��¼½ Ä Â�í�n Y�í �º �n w{ _=��ën b>üÐ��¿¼ ÃÁ���
¾ À�����gcU Ð �ÒÚ� H��À ½���
¾ Á���?�} TÙ��f_Y�:�é Ð � S Ì �p ?���n b=� Y���é í úÐ���©n �U Ð í �º ��d gCÐ���rU n �U Ð í �º �� fg@�:�ØÐ í���{ L � CÐ���
¾ Â����îÚ� ZU Ð �ÒÚ� H��¾ ¿����
¾ Ã����� S Ú�rx { A�º �ÒÚn g]U Ð �Ñn � T�º �� d � Y�� @} BÌ�¼���� hR�� ^a U í �º �ï} _IúÐ ��U n Y�-Ì �rx { A��Y�º���n gb=� Y�í Ì �n gb� _eR�� � a i��ýn �R�í { `x �Ün fU Ð ��T��
¾ Ä���� hd L ��a � Y��Ñn =�º �n x n É � U Ð �Ñn � T�ïÚn ��U Ð í �º �Ò} x } w��=Ì �rx { A��Y��Ð E _H �ë� d [hH í �Ð Ún i�� ¹ � ]=�:�ë� d Tjx �5iÎ�5d K��Yn � hU Ð �é Ð � YÌ �ë� d Tjx ��x |U Ð �ëÎ��

�Ên � fU Ð�¼ »���º�} ^iÐ���y� a U Ð ��Y�yh�[U Ð��À¿ Á ½��� S Ú�rx { A�º �ë5x üÐ �Ñn � T�º �� d � Yí �º��¼ ¿ À��º�rx { "Ð ��a U í�����º �Ón åb=� CÐ ���� U Ð �Ð � �f� @Ð��åhS��
n x�n Yí � Ð �é � H Ú��é n S �È��w��Ón fYkCÐ �Ó Rn `U Ð �Ón f[�CÐ �æ|S í �º ��A~U Ð �ê� x �<� � U Ð í �º �n =} U Ð �º �èPU Ð����

¿ »����ën h�U Ð �ÊÐ � �Ì��¿¼ ½ Â��} ^iÐ í �º���ën � d U Ð��ÒØn Y���=í�� ���
¿ ¼����ÊÐ �üÐ �ÒÚ� H��½ À���
¿ ½����} ^iÐ���ën h�U Ð ��Yn @��¼ ÀÁ Ã��Â»��E � CÐ �ØÐ Û�º��À½ Á���
¿ ¾����} ^iÐ���ëË} bU Ð �©n _Y��¾½ ¾ À����
¿ ¿����� iÐ � x Ø�:�qh�U Ð í �º �Mwn @�} L n I�Þ} =úÐ ��=�{ h�L��½ Á����
¿ À����ën h�U Ð ��Yn @��¼ ÀÂ¼����
¿ Á����p hIn `U Ð �ÒÚ� H��½ À����
¿ Â����} å^iÐ ��í ~`U Ð �í Ì �Ò} e_U Ð �í Ì �s"Ð ��Y��@Ú�Ð ÙÎ�é � bx �n Y�Ñn =�º �Ò} e_U Ð �Ñn � T�º �ïÚn ��U Ð �º �} eL ��=� Ð �{ �L �rx { A��Y�� hd L ��a � Y���å[U Ð�y� åa U Ð ��åY�yh��

¾Â½ ¿��� S Ú�rx { A�º �s"Ð �Ñn � T�º �� d � Yí �º��¿ ½ Ã��º¿ ½ Ä�� ���
¿ Ã����� h^_U Ð �ëË} bU Ð �E � a >��ÀÁ À����
¿ Ä����ÊÐ �üÐ �ÒÚ� H��Â¼����
À »����ën h�U Ð ��Yn @�:�Ón x Ð í } U Ð í �º �é Ð � S úÐ �ì |w�} ^iÐ��¼ À�¼ ½ Á���¼ ½ Â��Ú� �fCÐ �Ú{ U Ð í �º��À�¾ ¼ Á����
À ¼����} ^iÐ����x ~f� U Ð �3n _Y��À¼ ¼ »����
À ½����æn ZcU Ð��½¿ À Ä���
À ¾����ën b>üÐ��¿¼ ÃÁ���
À ¿����ë� [CÐ �Ú{ U Ð��Â�¾ Ä »����
À À����� gþ=n =�Ün fU Ð ��L { x �n Y�Ñn =�º �ÑØúÐ �Ñn � T�º �ïÚn ��U Ð �º �} eL ��=Ð �rx { A��Y�� hd L ��a � Y��
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À Á���} ^iÐ���ëË} bU Ð �ên cAú���Yn !Ð��¼ »½ Ä Â�½ Ä Ã��ën h�U Ð �ÊÐ � �Ì �º��¾Á ¼ Â����
À Â���ÊÐ ØÚ{ U Ð �rx { A��Y�Øí Ð Ø�� =Ì �� @} BÌ����Ê5H úÐ �E h`>�:�Ñn =�º �ÑØúÐ �Ñn � T��¿½ ÃÂ����
À Ã������ x �ÒÚ� H��¼ ½����
À Ä����p h?n !Ð �ÒÚ� H��½ Ã��¿ Ä�����
Á »����p x ùÐ �ì |w�:�Ñn � cU Ð �ëÌ �y@} x �n ,í±��p h?n !Ð �ÒÚ� H ��fL Ì±��On _>�� U � S �é 5L úÐ �Ñn � T�� w�����ë� d e_>�� � fT�n Y�ëí ~9�ê� hU Ð�	�n åiÎ��"n å=��]fx �n f=n � T�Ð |w

Y�z� f� � i�n fT�ë� d e_>�� � fTn���p h?n !Ð��½ Ã�½ Ä���
Á ¼�����gcU Ð �ÒÚ� H��¿ Ä���
Á ½����ÊÐ �üÐ �ÒÚ� H��¼ ¾��¼ ¿����
Á ¾������x í j� U Ð ��H n 7��¼ »¾ Ä ½ À����
Á ¿����ÊÐ �üÐ �ÒÚ� H ��Yí �Ñn =�º �ëË} bU Ð �E � a >�Ñn � T�º �ï|YGU Ð �� @} BÌ��À½ Ã½��èÚ{ � � CÐ �:�� Tn "Ð í �º ox } Q��� A�é n S í��½½ ¿ ½��½ ¿ ¾��º �� ��åÉ í

º ���w|U Ð �� bRÐ í í��ì Ún �BÎ�Ñn � T�º �� �h�É �:�ën �A��=Ð í±��� d H í �� hd L � Ð �DÉ±��ì Ún å�BÎ�Ñn =�º �p =n �[U Ð �oS n fY��L±��� d åH í �� åhd L � Ð �DåÉ±���åL
�Ün fU Ð �é Ð � AÌ í �r_�U Ð��¼ Á�¾ ¿ Á����� S Ú�rx { A�ï|YGU Ð ��_��:�©n �U úÐ �� a _�í��Á ¼ »����

U Ð �Ð |w�yh@} >�:�p ��Ð í �p �A�� gR�� fh� �í Ì �rx { "Ð �yh�[� =�é � bU Ð �D_R�é � b���
�î} BÌ �ì � @í ��U Ù�:�� >{ \L �{ S í �p É n B�� hR�p x � S �p fx } S í �yh@Gd U �yd [x �� gR�� a _\=�é � bU Ð �DL í����

Á À����ën h�U Ð �ÊÐ � �Ì��¾Á ¼ Â����
Á Á����} x � f� U Ð í �} x } �� U Ð��¼ À¼ Á Ã���
Á Â����ën h�U Ð ��Yn @��¼ À�¼ ½ Â����
Á Ã����� � a i�Ú{ [CÐ��Â�À » Ä����
Á Ä����� � a i�Ú{ [CÐ��Â½ ½ ¼�����
Â»������ � a i�Ú{ [CÐ��½�¿ Á Ã�����
Â¼����Ên � fU Ð �ì Ú� H��½ ½�
Â½����Ên � fU Ð �ÒÚ� H��¾��
Â¾������hbR�º �� eH Ð �:��d � BÐ í �º �� � hfc=�Ú� gZY����hS í �º ���a hÉ����hS í �º �ÔÚn "Ð����Y�p hd wn !Ð �:�ën Tí �º ��í úÐ �� � @��=�ên L �qd H úÐ �� H Ð í �º ��U Ù�E Q

�Oí úÐ �p f� U Ð �:�;� >�º �� Y H Ð �:��d � 8�º �p a hf"Ð ��x { U �Ün fU Ð ��É í Ì�Ò} �4Ð ��Y���p =n É üÐ��Â?¼ À Ã���
Â¿����p x Ë�qU ~i�� ��� =�qd H øÐ ��=��a hÉ ��=��hS������ TÍn =Ë�yci�n Y�Ð � �cf>øí�� ��p =n É üÐ��À½ À Â��
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����x}Rn�CÐ�Ò ÉnwWSí��'Ñn=��æ}AÌ�p_�H�DL�ëË}bUÐ�ëÌ�ënh=���'�S}=��½Â»��Ã¼Ã����
Ä�ëË}bdU�Ún[�iüÐ�å��¼�¾¾¼���
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¼»�}^fx�å���©Ë}bUÐ��H ö}UÐ�:�nw}?Ìí�Ò}>Ð��CÐ�ÓÐÊÐ}bUÐ��½Á����
¼¼�ïí�fUÐ�ÖP=��d�Y�yh�É�å��Á�¾¿¼���
¼½�}^fx�å���ÓÐÊÐ}bUÐ�ê�dL�:�Ón�aÉ��Ã¼����
¼¾�}^fx�å���p_��UÐ��ÃÂ��'��aöfUÐ�rhQ��¼Â��'�phiË}bUÐ�ÓÐÊÐ}bUÐ�:�ph=}_UÐ�Ón�gdUÐ��ÂÀ����
¼¿�}^fx�å���PfUÐ�p�hJ�Ö ��Â���
¼À�}^fx�å�����[CÐ��HÚ±�ph¶Új>�px�`U�pHÐÚØ����Á¾¼����
¼Á�}^fx�å���}caUÐ�p��i�Ö �}?úÐ��wÌ�yd][Y�:����¾��'�ënR}_UÐ��wnfY��¼�¿½Ã����
¼Â�}^fx�å��L�:�ënb>üÐ�ëË}bUÐ�ê�d��¼�½¿Â¼�����gR�rx{"Ð��wÌ�{fL�n öYÌí����}>Ð��UÐ� ö{A��d�x�3�nY�åå�pb�J��T�:�åå�}�TjR�p? ?�ìÐíÚ�nY�����rx{"Ð�yd][Y�E�h>��½¾���
¼Ã�}^fx�å���ëË}bUÐ�ê�dL�:�ënb>üÐ��¼�½¿½����ØnAùÐ� öëÌ� ð5dL�����d_UÐ�{ha ôx�øí� ö�^UÐ�{hax���}^fx���rx{��UÐ�{LÐ�S��¼À¾������
¼Ä�}^fx�å���pin=üÐ��ÀÂ��'�PfUÐ��¼�¼¿����
½»�}^fx�å���ënb>üÐ��¼�½¿½����
½¼�}^fx�å�����ai�Ú{[CÐ��¼�½¿¾��'�ënR}_UÐ��wnfY��¼�¿½Ä����
½½�}^fx�å���ënb>üÐ��¼�½¿¾��'�ënR}_UÐ��wnfY��¼�¿½Ä���
½¾�}^fx�å���Ñ|gCÐ�Ö �â�e�CÐ�ïí�fdU����¾�¾Ä¾��'�PfUÐ��¼�¼¿��'¼Â��'�Ný}bCÐ�{�fY��¼Á��'�ÓÐÊÐ}bUÐ��dL��¿¼����
½¿��ffH�:�ØíÐØ��=Ì��@}BÌ�å���Ñn�T���pöf ö�UÐ���'�Ñn=���pöf ö�UÐ�êí~U����¿�¼»��'�{f�CÐ�:�{1Ìí��¿�¼¾¼���
½À�}^fx�å���ënwFUÐ��¼�¾½Á��'�E�a�UÐ�{LÐ�S��¼�¼¿½����
½Á��wí�å����"Ð�æ ��=��h²�nx}TÛ��=Ì�©ÐÚ��'�ïí�öfUÐ�'� ðn�w|Y��_RnZUÐ�'�pfH�{Uí�Á¾¼åw���'�Òí{bUÐ�{AíúÐ��Rn"Ð�ênYüÐ�'�ê HüÐ�zhI�'�p_RnfUÐ��hin[�UÐ�oAnÉ�'�ð x�åJ�ðnåfYÛ�n)�ênSÌí��ZYØ�:��d_>�'��åUí

�Ón[ ö[��UÐ�odQÌ�:�Ò ö{L�ÓnaUkY'�����pfH�:�>�ÁÂÁåw���'ÐÚ�A�î}S��Y�åå�Ð�i�:��>nRíí�ì{U�Y�ënTí�åå�pxÚ��=�ë�����}^fx���ph_RnZUÐ�Ónb�J��c��dU����À�¼Á��'�ê LúÐ�MTÚ~dU����Ã�¼¿Ä��
�Ò~@�CÐ�p+GUÐ�ì|)�nfha�TÐ�åå� Ð��1Ú�åå�ênYüÐ�Ò}gZUí����

½Â�}^fx�å���ïí�fUÐ�ÖP=��d�Y�yh�É��½�½¼»��'��S}=í���¼Â¿��ååÂÂ�¿�����
½Ã�}^fx�å�����ai�Ú{[CÐ��¼�¼ÃÃ��'S}=í�����¼¿Ã��åÀ¿�¼¿�����
½Ä�}^fx�å�����ai�Ú{[CÐ��¿�¿¼Â��å¿¼Ã��'��S}=í���¼»Â¼��å½»À�À����
¾»�}^fx�å�����ai�Ú{[CÐ��¼¾�¿À��å¿Á���S}=í����¿ÃÃÃ��¼¿¼�¼��'¿ÃÃÄ��¼¿½�½�����
¾¼�}^fx�å�����ai�Ú{[CÐ��½�¾»¿��'��S}=í���¾»¼��å¼ÂÃ�Á�����
¾½�}^fx�å������ai�Ú{[CÐ��¼�¼ÃÃ��'��S}=í���¼¿Ã��åÀ¿�¼¿����
¾¾�}^fx�å�����ai�Ú{[CÐ��¼�¼ÃÃ��'��S}=í���¼¿Ã��åÀ¿�¼¿����
¾¿�}^fx�å�����ai�Ú{[CÐ��¼�Ä»��'��S}=í���Á�Ã�����
¾À�}^fx�å�����ai�Ú{[CÐ��¾�½¿��'��S}=í���¿À»��å½ÄÄ�¼�����
¾Á�}^fx�å�����ai�Ú{[CÐ��½�¾»¿��'��S}=í���¾»¼��å¼ÂÃ�Á����
¾Â���ai�Ú{[CÐ�å���Ñn=����_f_fUÐ�rx{"n=�Õn��AüÐ�p�É���'��S}=���Á�Ã����¼�Ä»����
¾Ã�}^fx�å���ÓÐÊÐ}bUÐ�:�ÒW��UÐ��½½»��'�P_UÐ�ÓÐÊÐ}bUÐ�:�PfUÐ��½�½ÃÀ������
¾Ä�}^fx�å������UÐ�ÓÐÊÐ}bUÐ�:�p�"Ð��x�UnB��=ø����¼Ã½��'�p_� ö�UÐ�ÊÐ ö}bdU�p�"Ð��¾�½ÃÃ���'cUÐ��� ö�UÐ�ÓÐÊÐ}bUÐ�ì�@í��L��Z��¼�À½»��'�ÓÐÊÐ}bUÐ�p�A�pd�iÛ��=ø����¾¾¿����
¿»�ïí�öfUÐ�ÖP=��d�Y�yh�É�å���Ñn=����h\UÐí�Ún!Ð�êÐ}TÎ�DL�r"Ð����'��S}=��¼Â¿�åÂÂ�¿����½�½¼»�����
¿¼�}^fx�å���ÒW��UÐ��¼Á»��'�E�h�UÐ��Ã¼��'�PöfUÐ��½�½½Â�å½½Ã�'ÓÐÊÐ}bUÐ�:�Ñ ö|gCÐ��P_UÐ��¼�Ä¿�����
¿½�}^fx�å������UÐ�ÓÐÊÐ}bUÐ�:�p�"Ð��ÄÂ��'�ÓÐÊÐ}bUÐ�©n_Y��ÂÂ��'�p_��UÐ�ÊÐ ö}bdU�p�"Ð��¿¿À��'��ZcUÐ��¼�½ÁÄ��'�ÓÐÊÐ}bUÐ�p�A��¼¾Á����
¿¾�ïí�öfUÐ�ÖP=��d�Y�yh�É�å���Ñn=��nwFTÌí�}ýn�cUÐ�ënh=���S}=�½ÀÃ�å¼¿À¿���½�½ÁÄ����
¿¿�}^fx�å��:�Ñ ö|gCÐ�P_UÐ�ÓÐÊÐ}bUÐ���¼�¼ÀÀ����
¿À�}^fx�å���ëË}bUÐ�©n_Y��¼�½Á»���'�ÒW��UÐ��¼Ã¼��'�E�h�UÐ��ÄÀ��'�ëÐ�f_UÐ��¼¾Ã��'�PfUÐ�ox}b>��¼»À�����
¿ Á�} ^ f x �å���� = Ð } L Î í �ë Ë } b U Ð �© n _ Y��½�½ Ä��'�Ó Ð Ê Ð } b U Ð �: �p � " Ð��¼ ½ ½��'�Ó Ð Ê Ð } b U Ð �© n _ Y��¼ ½ ¾��'�p _ � ö� U Ð �Ê Ð ö} b d U �p � " Ð��½�Â À����
¿ Â�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å��Ñ n =� �p e d � Y ��a i �ø Î �p f ! Ð �� B { x �ø�� S } =�¾ » ¼�å¼ Â Ã�Á�� ��½�¾ » ¿�����
¿ Ã�} ^ f x �å���Ò W � � U Ð��¼ Â ¼��'�P f U Ð��½�½ ¾ Ä��'�Ñ ö| g C Ð��¼�¼ ½ ¼���
¿ Ä�} ^ f x �å���Ó Ð Ê Ð } b U Ð �: �p � " Ð��¼ » Ã�å¼ » Ä��'�Ê Ð ö} b d U �p � " Ð��½�¼ Ä��'�� Z c U Ð��¼�¾ ¿ ¾��'��Ó Ð Ê Ð } b U Ð �p � A��¼ Á ½�å¼ Á ¾����
À »�Ó Ð Ê Ð } b U Ð �© n _ Y �å��¼ » ¼����
À ¼�} ^ f x �å���Ò } T | � U Ð��½�Â ¿ ¼��'�Ò W � � U Ð��¾ Á ¿�����
À ½�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å���Ñ n =� �� d H í �� h d L � Ð �D É � Ð �é � H Ú �OÎ �� A � U Ð �Ê { =���'�� S } =� �¿ » Â�å½ À Â�Â��� ��½�¾ Ã ¾�����
À ¾�} ^ f x �å���P _ U Ð �Ó Ð Ê Ð } b U Ð �: �P f U Ð��½�¾ Ä ¾��'Ñ | g C Ð���½�¿ ¾ ¿�����
À ¿�} ^ f x �å���Ó Ð Ê Ð } b U Ð �: �p � " Ð�¾ À À��'�Ó Ð Ê Ð } b U Ð �© n _ Y�À ¼ ¾�'�Ê Ð } b d U �p � " Ð�¿�Â ¿��'�� Z c U Ð�½�¾ ¿ Â��'�Ó Ð Ê Ð } b U Ð �p � A�Â ¾ ¾����
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À À�ê n Z w �� f L �n w Ð í Ú �Ò Ê Ð } b U Ð �ì | w �å���} ^ f x���Ò } T | � U Ð��½�Á Ä Â'�Ò W � � U Ð��¾ ¾ Ã'�E � h � U Ð��½ » ¿��
À Á�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å���Ñ n =��� S �:�On _ > �� U� � �î } B Ì �p U ~ i �ì Ë Ú �{ b U í�� �� ��'�� S } =� �¿ ¾ Á�å½ Ã À�¾�� ��¾�¼ ¼�����
À Â�} ^ f x �å���P f U Ð��½�¾ Â Ä��'�P f U Ð �o x } b >��¼ Â Â��'�Ñ | g C Ð��½�¾ Ã ¼����
À Ã�} ^ f x �å���Ê Ð ö} b d U �p � " Ð��¿�¿��åÀ��'�� Z c U Ð��½�½ Ä ¿��'�Ó Ð Ê Ð } b U Ð �p � A�p d � i Û �� = ø�� �Á Ã À��
À Ä�Ó Ð Ê Ð } b U Ð �© n _ Y �å��¿ Á Á����
Á »x �å�} ^ f���p _ � ö� U Ð �Ñ n � T��¼ Ã Á��'�Ò } T | � U Ð��½�¾ ¾ Á��'�Ò W � � U Ð��¼ Á ¼�����
Á ¼�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å���Ñ n =� �p x Í } U Ð �� x } J �p R } _ Y�� S } =� �¿ À »�å½ Ä Ä�¼� �¾�½ ¿���
Á ½�} ^ f x �å���P f U Ð��½�½ ¾ »��'�Ñ | g C Ð��¼�Ä Â����
Á ¾�} ^ f x �å����Ó Ð Ê Ð } b U Ð �p � A��¼ ¿ »��'�Ó Ð Ê Ð } b U Ð �© n _ Y��Ã ¼����
Á ¿�p � " Ð �å�p _ � � U Ð �Ê Ð } b d U��¼�¿ À ¿����
Á À�} ^ f x �å���� Z c U Ð��¼�¾ » ¾����
Á Á�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å��Ñ n =� �p x Í } U Ð �� x } J �p R } _ Y��� S } =� �¿ À ¾�å¾ »�¿� �¾��¾ ¾�����
Á Â�} ^ f x �å���Ñ | g C Ð��½�¾ Ã »����
Á Ã�ë Ë } b U Ð �© n _ Y �å��¼�½ Ä ½����
Á Ä�� = Ð } L Î í �ë Ë } b U Ð �© n _ Y �å��½�¼ » ¼����
Â »öf U Ð �Ö P = �� d � Y �y h � É �å�ï í ����Ñ n =� ��o U n J �- ú �� d H í �� h d L � Ð �D É �� � f U Ð �p L n a I�� � ��'��� S } =�� �À » Ä��å¾ À Â�¼�� ��¾�Ã »�����
Â ¼�} ^ f x �å���Ò } T | � U Ð��½�¾ Ã »��'�Ò W � � U Ð��¼ Ã À��'�P f U Ð��½�½ À ¾���
Â ½�} ^ f x �å���� = Ð } L Î í �ë Ë } b U Ð �© n _ Y�½�¼ » ¼���'�Ó Ð Ê Ð } b U Ð �: �p � " Ð�¼ ½ Â��'�Ó Ð Ê Ð } b U Ð �© n _ Y�¼ ¾ À��'b d U �p � " Ð�Ê Ð ö}�½�Ä Á�åÄ Â����
Â ¾�} ^ f x �å��p _ � ö� U Ð��¾ Ä Ä���'�Ò W � � U Ð��½ À ½��'�P f U Ð��¼�¾ Ä ¿����
Â ¿�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å���Ñ n =�� ��� U � S���Ú n f U Ð �r _ = �Õ } B Ì �ê Ø ù � Ð �é � b x�� � ��� S } =�� �À ¾ ¼��å¾ Â Ä�¼��� ��¾��Ä ½���
Â À�} ^ f x �å���Ó Ð Ê Ð } b U Ð �© n _ Y��Â ½ À��'�Ò } T | � U Ð��½�À ¼ Á����
Â Á�} ^ f x �å���Ó Ð Ê Ð �} b U Ð �: �p � " Ð�½ ¾ ¼��'�Ó Ð Ê Ð } b U Ð �© n _ Y�½ Â Á��'�� Z c U Ð�½�Â Á��åÂ Â��'�Ó Ð Ê Ð } b U Ð �p � A�¿ ¾ ½��å¿ ¾ ¾����
Â Â�{ C Ð �å� ��ë � c H �í Ì �Ò ~ ª�� h b U �Ð Ù Î �N d U Ð �æ í } A �� Y � òæ } � = �í Ì �N d U Ð í � ö{ C Ð �æ í } A �� Y � òæ } � = �Ó � ö[ U Ð �p U n J Î �� L �Ò Ú n � L�� ���} ^ f x���p h d ! Ð �Ó Ð Ø n I Ú ü Ð��À ¾ ¾��'�Ò í � U Ð �� A��¼ ¾ ½����
Â ÃW b U Ð �å� ���b R � ö{ C Ð �æ } A �Ó n � ? Î�'� U n A �D L �� _ h � ] U Ð � ö{ C Ð �� b � x �r h � = �5 g h d L �Ò Ø n x Û �E Q �� Y �ì { A í �N d U Ð �æ } A í�� ���} ^ f x���E � h � U Ð��¾ »��'�P f U Ð��¼�¾ ¼ ¾����
Â Ä�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å���Ñ n =� �Ê � �� U Ð �o b L �o � � � C Ð �} T | U Ð���'�� S } =� �À À ½��å¼ Â¼�� ��¾�¼ ¼ ¿��'�Ñ n � T í� �Ò [ U Ð���'Ñ n =� ��é n S �� Y �� � A���Ò Ú � å H �� å T �é í Ì �� å Y �p å x Ë �p d e � � U Ð�� � ��'�� S } å =�� �Ã Ä ½��å

À ¾�¼�� ��¿�¾ ¾ ¿��'�Ñ n � T í� �â n �} U Ð���'Ñ n =� �{ U � U Ð �� ý n b U Ð �çn " l= �� e _ U Ð���'�ê } b =� �¾ Á » ½��å¾ Ã�¼�� ��¼ »�½ Ã ¾�������
Ã »�} ^ f x �å���Ò } T | � U Ð��½�Á Ã ¾��'�p h � J n Z U Ð �Ö   �: �: Ð � U Ð��½ Ä Á��'�Ñ | g C Ð��½�¾ Á ½����
Ã ¼�å�P f U Ð �p � h J �Ö  ��¾ ¼ ¼����
Ã ½�P f U Ð �p � h J �Ö   �å��¾ ¼ ¼�����
Ã ¾�p h � J n Z U Ð �Ö   �: �: Ð � U Ð �å��½ Ä Á���
Ã ¿�} ^ f x �å���Ò W � � U Ð��¾ À À��'�P f U Ð��½�½ ¼ Â����
Ã À�ï í � öf � U Ð �Ö P = �� d � Y �y h � É �å���Ñ n =� �Ê � �� U Ð �: �� h � � � U Ð í �Ò ö} ` U Ð �p U n J Î �Ñ n � � � H Ð���'�� S } =� �À Ã ¾��å¾ Ä�Á�� ��¾��¼ ¾ ½��å¼ ¾ ¾���
Ã Áf x �å�} ^���P f U Ð��½�½ ¼ Â��'�Ñ | g C Ð��½�¿ ¼ Ä���
Ã Â�} ^ f x �å���Ò } T | � U Ð��½�Â ½ À��'�Ò W � � U Ð��¾ À À���
Ã Ã�} ^ f x �å���Ó Ð Ê Ð } b U Ð �: �p � " Ð��¾ À »��'�Ó Ð Ê Ð } b U Ð �© n _ Y��¿ Ä Â��'�� Z c U Ð��½�¾ ½ Ä��'��Ó Ð Ê Ð } b U Ð �p � A��Â ¼ Á����
Ã Ä�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å���Ñ n =� �â � T } U Ð �� Y �� H Ì Ú �� R Ú �Ð Ù Î �é � b x �n Y���'=�� S }� �¼ » Â ¼��å½ » À�À�� ��¿�¿ ¼ Â��å¿ ¼ Ã���
Ä »�} ^ f x �å���p _ � ö� U Ð��½ » ¿��'�Ò } T | � U Ð��½�¾ À ¼��'�Ò W � � U Ð��¼ Â »��'�P f U Ð��½�½ ¾ Ä��'�Ñ | g C Ð��¼�¼ ¼ Ä�����
Ä ¼�} ^ f x �å���ï F ] U Ð �E � a >��¾�½ Â Ã��'�Ó Ð Ê Ð } b U Ð �: �p � " Ð��¼ » Ã��'�Ó Ð Ê Ð } b U Ð �© n _ Y��¼ » »��'�� Z c U Ð��¼�¾ ¿ »��å¾ ¿ ¼��'Ó Ð Ê Ð } b U Ð �p � A����¼ Á »��å¼ Á ¼����
Ä ½�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å��Ñ n =� �ì } ` É í �é 4Ð F c = �Ú n � � L Ð �ø �� i Ì �ë n h =�� � ��'�� S } =� �½ À ½ À��å¾ »�½�� ��Â�¼ Ä Ã��å¼ Ä Ä�
Ä ¾�} ^ f x �å���Ò } T | � U Ð��½�¿ ¾ »��'�Ò W � � f U Ð��½ ¼ »��'�P f U Ð��½�½ Â À��'�Ñ | g C Ð��¼�½ Á ½���
Ä ¿} ^ f x �å���Ó Ð Ê Ð } b U Ð �© n _ Y��¼ Ä Á�å å¼ Ä Â'� Z c U Ð��¼�¿ Ã Â��å¿ Ã Ã'Ó Ð Ê Ð } b U Ð �p � A��p d � i Û �� = ø�� ��¾ » Á����
Ä À�ï í � öf U Ð �Ö P = �� d � Y �y h � É �å���Ñ n =� �Ê Ð Ú � I n L �ê � x �ê n h É �� \ R�� S } =�½ Á À Á�å¼ ¾ »�½ À�� ��Ã�½ À ½�����
Ä Á�} ^ f x �å���Ò } T | � � U Ð��½�¿ ½ À��'�Ò W � � U Ð��½ » Â��'�Ñ | g C Ð��¼�½ À ¾����
Ä Â�} ^ f x �å���Ó Ð Ê Ð } b U Ð �: �p � " Ð��¼ Á ¿��'�Ó Ð Ê Ð } b U Ð �© n _ Y��¼ Ä »����
Ä Ã� î F c U Ð � p U n Y ü Ð � ï Ì �� å�'��� w í� ���Ò �c U Ð �� Y �p � � a U Ð �Ñ } b > �ë Ì�'��U n B � òo d S �E Q �� Y �Ê n h U Ð �� Y �� U ú Ð í�'�� h R ò�� U n � Y ò�â n � I Î �ø í�'�p \ � C Ð �p U n Y ü Ð �� w í�'y ] � å U Ð í �â n � å �ü Ð �n å 4�é n b x í�� ���} å ^ f x���� å Z c U Ð��¼�¼ Á Ã��'

�� f ` C Ð��¼�¼ ¼ À����
Ä Ä�} ^ f x �å���Ñ | g C Ð��¼�¼ ¼ »�n = ��Ø � [ b C Ð í�y � a U�'�� w í� ��æ } " Ð �� a d = �ì n R �� d c � C Ð �y � R�� ���} ^ f x���P f U Ð��½�½ Ä��'�� f ` C Ð��¼�¼ ¼ À��
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¼ » »�ï í � f U Ð �Ö P = �� d � Y �y h � É �å��Ñ n =�� ��n = ö} U Ð���'�� S } =�� �¿ » ¾ »��åÂ À�¼��� ��¼ ¼�¼ ¼���
¼ » ¼�} ^ f x �å���o � � � C Ð��¼�¼ ¿ ½��'�Ò Ù n Z U Ð �Ó Ð Ê Ð } b U Ð��¼ Â��'��h � C Ð �} � � U Ð��½�¾ ¾ Ã��'U Ð �Ê \ R �æ n Î�P ���¼ Á À�����
¼ » ½�} ^ f x �å���Ù Ð � Z U Ð �Ó Ð Ê Ð } b U Ð �Ñ Ð } L Î��¼�½ Ã ½����
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�o w Ð | U Ð�� ���} ^ f x���P f U Ð��½�½ ¼ ½��'�Ê \ R �æ n Î��¼ ¾ Á�����
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¼ ¿ À�ï í � f U Ð �Ö P = �� d � Y �y h � É �å���Ñ n =� �ê � U Ð �� h d L ��#Ð �� ý n \ R �� Y���'=�� S }�� �Á ¼ ¼ ¾��å¼ Â »�¼��� ��¼ À�¼ ¾ Ã����
¼ ¿ Á�} ^ f x �å���Ò } T | � U Ð��½�À ¼ ¿��'�Ò W � � U Ð��½ À »��'�P f U Ð��½�¾ ¼ ¿��'�Ñ | g C Ð��½�¼ ½ »���
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¼ À »�} ^ f x �å���Ó Ð Ê Ð } b U Ð �: �p � " Ð��½ ½ »��'�Ó Ð Ê Ð } b U Ð �© n _ Y��½ Á »��'�� Z c U Ð��½�À »��'�Ó Ð Ê Ð } b U Ð �p � A��¿ » Ã��å å¿ » Ä�����
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¼ Ã ½�} ^ f x �å���Ò Ù n Z U Ð �Ó Ð Ê Ð } b U Ð��¾ ½��'�Ê \ R �æ n Î��¼ Ä Ä��'�Ó Ð Ê Ð } b U Ð �� � _ Y��½�½ Á ¼����
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�ÀÄ���J�h�UÐ���º{@}=~UÐ�Ø�bL�º�1}UÐ�{�L¼½¼ »��
�Á»��ënhA��=Ì���ºÑ�UÐ�ænZ>ÚÐ�º�H�x��=�{e7¿¼ Â½»��
�Á¼���hbL��=Ð���º{ýÐ�aUÐ��hg�>�DL�{Ln�CÐ�º�x{UÐ�Ên)½½¿Ã��
�Á½��ênZw��=Ð���ºoh�dUÐ��f`Y�º�H�x��=� Ð�{�L¿¼ Á½��

Á¾���L��=Ð�hb���{ýÐ�aUÐ��hg�>�DL�{Ln�CÐ�º�x{UÐ�Ên)½½¿Ã����
Á¿���ïÚn��UÐ����hL5HÎ��=�{e7����SÚ�º�ïÚn��UÐ�yh�É¾À¿»��5gfL� Ð� Ú�N�"Ðí���"Ð�oSnfY�Ñn=��
ÁÀ����hbL��=Ð���º{ýÐ�aUÐ��hg�>�DL�{Ln�CÐ�º�x{UÐ�Ên)½¿¿¾�J�h�UÐí�º���º{@}=~UÐ�Ø�bL�º�1}UÐ�{�L½½Â¿���
ÁÁ����J�h�UÐ���º{@}=~UÐ�Ø�bL�º�1}UÐ�{�L½½ÂÀ����
ÁÂ����UnY��=Ð���hb �ºphRnZUÐ�phRncUÐ�Ö �º Ð�{�L��=�{e7��à�ºØ�@�CÐ�{�L�éØnLí�ß�_Y�ML¼�º¼ ¿½»�å�åw½»»»ÓíE=�ºphed_UÐ�o�cUÐ�ÚÐØ�ºê��
ÁÃ����UnY��=Ð���º�hg��UÐ�Ö �º Ð�{�L��=�{e7¾½»¿���
ÁÄ���ënhA��=Ì���x��=��{e7�Ñ�UÐ�ænZ>ÚÐ�º��H¿¼ ÄÄÂ���
Â»��ïØÐ}CÐ��Þ�º�ýÐ{UÐ��f!Ð�º�HnS��=���"Ð¿Á½����
Â¼ ���hbL��=Ð���º{ýÐ�aUÐ��hg�>�DL�{Ln�CÐ�º�x{UÐ�Ên)½¿¿¾����
Â½����fehUÐ��à�º< 4Ð�ïØnw��hb �º��fUÐ�:��cZCÐ��ZT�ºÒÚ{h"Ð�ë5hdH��=�ML¼�º¼ ¿½¾��å�åw½»»½�ë5L�ºëØÚúÐ�Ú5L�ÚÐØ�ºêÞ�º¾ÃÃ���
Â¾���Þ�º��ai�Ú{[CÐ¾ÃÄ��
Â¿���Ú�^fY��=Ð���hb �ºÑ}_UÐ�ën�U��à�ï{h�_UÐ�{e7í�ºÑnw�UÐ�{�L�NYÌ¾�º¼ ¿¼ Ä�å�åw¼ ÄÄÄ��hU�ºÓíE=�º-}_UÐ�ÔÐGUÐ�ÊnhAÎ�ÚÐØ�º�ê�
ÂÀ����J�h�UÐ���º�YÐ�!Ð��+��Ö ��YÐ�4Ð���ªÀ½Á¿���
ÂÁ���ënhA��=Ì���Ñ�UÐ�ænZ>ÚÐ�º�H�x��=�{e7¿¼ ÄÂÂ���

ïØÐ}CÐí��Þ�©Ð{UÐ��f!Ð�º�HnS��=���"Ð¿Á½���
ênZw��=Ðí���oh�dUÐ��f`Y�º�H�x��=� Ð�{�L¾ÀÁÀ���

ÂÂ����UnY��=Ð���º�hg��UÐ�Ö �º �Ð{�L��=�{e7¾½»À���
ïØÐ}CÐí��Þ�º©Ð{UÐ��f!Ð�º�HnS��=���"Ð¿Á½���

ÂÃ���ënhA��=Ì���Ñ�UÐ�ænZ>ÚÐ�º�H�x��=�{e7¿¼ ÄÃÂ���
ÂÄ���ênZw��=Ð���hb ��ºî{[UÐ��=í�î{fUÐ�}]S�Ö �º�H�x��=� Ð�{�L��à�ºØ��w�ÓnT}=¼�º¼ ¿¼ ¿��å�åw¼ ÄÄ¿Þ�ºÓíE=�º}caUÐ�ÚÐØ�ºê¿»���



�¼»¾���wOT Ð�ï ��eT Ð�qwz"Ð�9�ow��h�ÓÐíØÌ�
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ�
0..5�

�

Ã»���Þ��¾¼ »��å¾¼ ¼���
Ã¼ ����J�h�UÐ���º�YÐ�!Ð��+�Ö ��YÐ�4Ð��ª�º�1}UÐ�{�LÀ½Á¿���
Ã½�����ai�Ú{[CÐ��
Ã¾����ïÚn��UÐ����hL5HÎ��=�{e7���ïÚn��UÐ�yh�É¼�¾Â���SÚÁÂ���dHí��hdL� Ð�DÉ���fUÐ�é�S�Ñn=����YnH��Y��LíÌ��d�Y�ÑÚ���
Ã¿����J�h�UÐ���º{@}=~UÐ�Ø�bL�º�1}UÐ�{�L½½ÂÄ���
ÃÀ���}�A��=Ð���ºïÚn��UÐ�yh�É�Ö �ïÚn�UÐ�y�R�ºML��=�{1Ì¼½»Ã���
ÃÁ���:�cUÐ���hb �º�edUÐ�Ö �:�ënh�UÐ�Ñn�T�º}eL��xPUÐ��à�ºpx�1��x{UÐ�Ê L¼�º¼ ¿½¾�å�åw½»»½�Þ�ºë5L�å�ëØÚúÐ�ºÚ5L�ÚÐØ�ºê½À¼���
ÃÂ����}^fx���hb �ºæ #Ð��ýn�Y�:�æn[iüÐ���à�º{he"Ð�{�L��x{UÐ��7�{e7½�º¼ ÄÃ�ºê½Ã¾½����
ÃÃ���ïØÐ}CÐ��Þ�º�HnS��=���"Ð¿¼ Â���
ÃÄ���ïØÐ{`�UÐ���ºÑ}_UÐ�ën�U�Ñn�U�oUí�ÑØúÐ�piÐ~B�ºÚØnbUÐ�{�LÄÀÂÁ���

�]hbfZUÐí��1Ì�hb �º�YÐ�4Ð��ª�DL��YÐ�dUÐ�ÚÚ{UÐ�ºNYúÐ�{���ºê}cY�én_UÐ�{�L¼ ¿¼ ½��åw½»»¼�ºÒ}wnbUÐ�ºo�cUÐ�3nL�ºê½¼ ½���
Ä»���ïØÐ}CÐ��Þ�º©Ð{UÐ��f!Ð�º�HnS��=���"Ð¿¼ Â���
Ä¼ ����oh�dUÐ��f`Y�º�H�x��=� Ð�{�L�ºênZw��=Ð½¾½»���
Ä½���ï{hwÐ}aUÐ��ÊnhAÎ�ÚÐØ�ºN_UÐ�º{1Ì��=��hd#Ð��ºÓíE=�º-}_UÐ�ÔÐGUÐ¾¾»���
Ä¾����J�h�UÐ���º��YÐ�4Ð��ª�º�1}UÐ�{�L¿¼ Â¾���
Ä¿������fA��=�{1Ì���{f�CÐÀ��Â½���e�h4Ð�}�A��=Ð�º���}c=�-Ì��=�ML���Ò}wnåbUÐ�º�-}å_UÐ�Ñnå�cUÐ�ÚÐØ�º�ÔÐGådU�ënx}UÐ�ÚÐØ�º�{ýÐí~UÐ��e6±��º�ÓíEå=

�zxÚj>�ëí{=¾�½ÁÁ����
ÄÀ����J�h�UÐ��{�L��º{@}=~UÐ�Ø�bL�º�1}UÐ¾¼ ¿¾��å¼ ¿¿���
ÄÁ���ênZw��=Ð���oh�dUÐ��f`Y�º�H�x��=� Ð�{�L¾½½���
ÄÂ�����ai�Ú{[CÐ��½¾ÃÀ���
ÄÃ����J�h�UÐ���º�{@}=~UÐ�Ø�bL�º�1}UÐ�{�L¾¼ »¿�:�pxÐí}UÐ�ì|wí�º����Tn"Ð���º�påhed_UÐ�oå�cUÐ�ÚÐØ�N�h�å[UÐ�DåL�èÚ{�å�CÐ�º� Ð�{å�L��=�{e7

�º�ÓíE=¼ ¿¼ ¼åw¼ ÄÄ»�à�º�ê¼��hb���Tn"Ð�énS�ºn]L�ÚØnbUÐ�{�L��a][Y���ìn@}¶�3í�N�hZUÐ�à �DL�yh�É��¿Á¾¼����
ÄÄ������d�Y�:�pxÐí}UÐí���Õn�"Ð��=��d�Y����d�Y�yh�É¼�¼ ÃÂ���SÚ¼ ÄÀ�pU~fY�pf!Ð��wÌ��iØÌ�Ñn=���
¼ »»����º��ai�Ú{[CÐ¾¼ »À���
¼ »¼ �����J�h�UÐ��}=~UÐ�Ø�bL�º�1}UÐ�{�L{@¾¼ »À��
¼ »½����]hbfZUÐ����YÐ�dUÐ�ÚÚ{UÐ�ºNYúÐ�{1Ì½¼ ÁÂ���
¼ »¾����]hbfZUÐ����YÐ�dUÐ�ÚÚ{UÐ�ºNYúÐ�{1Ì½¼ ÁÂ��
¼ »¿�����ÊÐ}aUÐ���ëË}bUÐ�©n_Y�º�ØnxÛ��=��h²¼ »��½ÂÁ��í½��½¿¼���
¼ »À����UnY��=Ð����hg��UÐ�Ö �º Ð�{�L��=�{e7¼¾Ä»��å¾Ä¼����
¼ »Á���ïØÐ}CÐ���º�HnS��=���"Ð�Þ�º©Ð{UÐ��f!Ð¾ÂÄ���
¼ »Â����hbL��=Ð���º{ýÐ�aUÐ��hg�>�DL�{Ln�CÐ�º�x{UÐ�Ên)¼¾»Â��å¾»Ã���
¼ »Ã���ënhA��=Ì���ºÑ�UÐ�ænZ>ÚÐ�º�H�x��=�{e7¾¼ ½¿½����
¼ »Ä���ënhA��=Ì���ºÑ�UÐ�ænZ>ÚÐ�º�H�x��=�{e7¾¼ ½¿½����
¼ ¼ »���ïØÐ}CÐ��Þ�º©Ð{UÐ��f!Ð�º�HnS��=���"Ð¾ÂÄ��å¾Ã»����
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¼ ¼ ¼ ����UÐ�J�h����YÐ�4Ð��ª�º�1}UÐ�{�L½¼ ÀÁ����
¼ ¼ ½����h_x��=Ð���º�[aCÐ�ÖP=�º�h_x¼½Á¼����
¼ ¼ ¾���ênZw��=Ð���ºoh�dUÐ��f`Y�º�H�x��=� Ð�{�L¼½½Â����
¼ ¼ ¿���ënhA��=Ì���ºÑ�UÐ�ænZ>ÚÐ�º�H�x��=�{e7¾¼ ½¿½����
¼ ¼ À����UnY��=Ð����hg��UÐ�Ö �º Ð�{�L��=�{e7¼¾Ä¼�J�h�UÐí�º��1}UÐ�{�L�º�YÐ�4Ð��ª�º�½¼ ÀÁ���
¼ ¼ Á����J�h�UÐ����YÐ�4Ð��ª�º�1}UÐ�{�L½¼ ÀÁ����
¼ ¼ Â����x��hH���ºÑn�cUÐ½¼ ¿½�J�h�UÐ�º���º�YÐ�4Ð��ª½¼ ÀÂ����
¼ ¼ Ã�����ai�Ú{[CÐ���
¼ ¼ Ä����x��hH���Ñn�cUÐ½¼ ¿½����

�ÚnaUÐí���hb �ºÒÚ��fCÐ��ýn�CÐ�ºML��=Ì��àºÚn�fUÐ��x ¼�º¼ ¿½¿��å�åw½»»¿�ÚÐØ�ºêÞ�ºë5L�å�ëØÚúÐ�å�Ú5LÂÄ����
¼ ½»����h_x��=Ð���º�[aCÐ�Ö �º�h_x¼½Á¼����
¼ ½¼ ���MÉ�CÐ��à�ºMY�ZUÐ�ML��hb �ºo@n"Ð��=Ð�phRnT�Ö �ºp_+��=�~x~_UÐ�{�L¼�å¼ ¿½¼��å� åw½»»»�º{å=ÚÎ�å� ëØÚúÐ�º�åYúÐ�ÚÐØ�ºï{åfcUÐ�ÚÐØ�ºê

½ÁÀÃ����
¼ ½½���oh]#Ð���ºÓÐÊÐ}bUÐ���_Y�º�h]dUÐ�{�L¼ »Ã½��åÃ¾����
¼ ½¾���Ün�fUÐ���hb �ºëË}bUÐ�ÑÐ}LÎ�º{e7��=�{1Ì��à�º�HnS�{1Ì�{e7¼�º½»»¿�ÓíE�å�Ún��UÐ�ÚÐØ�ºé 4Ð�p��cYí�ÚÐØ�ºêÀ¾»����
¼ ½¿���ïÛÐ}UÐ��à�ºE�cUÐ�E�a�UÐ�º}eL��=�{e7½�º¼ ¿½À��å�åw½»»¿��ÓíE=�ºphed_UÐ�o�cUÐ�ÚÐØ�ºê¾»¼ ¼ ¾����
¼ ½À�����ai�Ú{[CÐ���
¼ ½Á���º�ÊÐ}aUÐ��ëË}bUÐ�©n_Y�º�ØnxÛ��=��h²¾��Ã½���ï�i~`UÐ���obdCÐ�Ø�e7��"Ð�ënh=��hb �ºëË}bUÐ�Ó cZY�©n_Y�:�ënwFUÐ�}wn=�º���º�b=nå=�Øn_åH

à¼�º¼ ¿¼ Â�ºpY}cCÐ�pcY�ºî}bUÐ�êÌ�p_Yn@�º�åw¾¼ ÀÀ»���

Æ¥S?h¼È�QXH¸?�gc@t¼�
¾Êhµ¸?�ÃCh±¸?�d¥G� ¼7 ºE�a�UÐ�o�T�:�px��fUÐ�ÓÐíØúÐ�åà ºE`[UÐ�{1Ì�Ø�e¼º¼¿½½�å åw½»»¼�ZYØ�å�}caUÐ�ÚÐØ�ºê��

½�åhb ºënåhA�-Ì��=��H�x��=�{e7�ºÑ}_UÐ�ën�U��Y�Ñ�UÐ�ænZ>ÚÐ�å��à º{åe7�ë5�åL�oå@Ú¼å ��inå#Ð�på��cY�º
�ºWY¼¿¼Ã�å åw¼ÄÄÃê�

¾�hb ºÜn�fUÐ�{e7�{1Ì�ºëË}bUÐ�ÑÐ}LÎ�å��à º�HnS�{1Ì�{e7¼º½»»¿��cY�ÚÐØ�ºêÓíE=�ºÚn��UÐ�ÚÐØ�å�é 4Ð�p��
¿�åhb ºïFåc_UÐ� Ð {�L�ºÊnb�UÐ��=Ì�ºï��fUÐ�rx{"Ð�ánaUÌ��Y��cZx�nY�ÑÐ}LÎ�å��à ºïíÐ{åfw�{åhe"Ð�{å�L¼på�HkY�º

�ºÒ}wnbUÐ�ºÚn��CÐ¼¿½»�å åw¼ÄÄÄê�
ÀëË}bUÐ�Ó cZY�©n_Y�:�ënwFUÐ�}wn=�å���hb ºï�i~`UÐ�Ø�e7��à º�b=n=�Øn_H¼º¼¿¼ÂåwpåcY�ºî}åbUÐ�êÌ�på_Yn@�º�å

pY}cCÐ��
Áà ºïÛÐ}UÐ�}eL��=�{e7�ºE�cUÐ�E�a�UÐ�å½º¼¿½À�å åw½»»¿ÓíE=�ºphed_UÐ�o�cUÐ�ÚÐØ�ºê��
Â�hb ºïØÐ}CÐ��HnS��=���"Ð�º©n_CÐ�æí}A�:�©Ð{UÐ��f!Ð�å��ºçÐ}_UÐ�º�É�CÐ�ºpLn�]dU�o�cUÐ�ÚÐØ�p�HkY�º��7��J
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¼¾ÄÁ�å åw¼ÄÂÁê�
Ã~B å�hb ºïØÐ{`�UÐ�ÚØnbUÐ�{�L�ºÑ}_UÐ�ën�U�Ñn�U�oUí�ÑØúÐ�piÐ��à ºÑ�b_x��hYÌ¼ºÓíEå=�å� påhed_UÐ�oå�cUÐ�ÚÐØ�º

¼¿¼Ã�å åw¼ÄÄÃê�
Ä�hb º�]hbfZUÐ�NYúÐ�{1Ì�º�YÐ�4Ð��ª�DL��YÐ�dUÐ�ÚÚ{UÐ�å��ºê}cY�3nH�én_UÐ�{�L¼¿½¼�å åw½»»¼�å oå�cUÐ�3nL�ºê

Ò}wnbUÐ��
¼»CÐ ØÐÛ�å�åhb ºïÛ�!Ð��=��1}UÐ�{�L�ºE�a�UÐ��dL�:�E���à ºï{ågCÐ�çÐÛ}åUÐ�{å�L¼ºÓíEå=�º-}å_UÐ�Ñnå�cUÐ�ÚÐØ�º

¼¿½½�å åw½»»¼�ê�
¼¼�x��hH�Ñn�cU��A �Ê���:�ï��fUÐ�:ÐE�UÐ�å�

à º~ýnR��_fCÐ�{�L¼º�ZYØ�}caUÐ�ÚÐØ�º¼¿»¾�å åw¼ÄÃ¾ê�
¼½nY �å=� Ð {�L��=�{e7�º�hg��UÐ�Ö �å�åhb º�åU��à º{hå�UÐ�çÚnåJí�nå]L�{åe7¼ºÓíEå=�ºpåhed_UÐ�oå�cUÐ�ÚÐØ�º

¼¿½½�å åw½»»¼ê�
¼¾�hb ºïí�fUÐ�æ ��=��h²�º�d�Y�yh�É�Ö �å��ÓíE=�º�dbUÐ�ÚÐØ�ºÊ5d_UÐ��Y�pf!��
¼¿�åhb ºênåZw��å=��åH�x��=� Ð{�L�ºî{[UÐ��xí�î{fUÐ�}]S�Ö �å��à ºØ�å�w�ÓnåT}=¼º¼¿¼¿�å ååw¼ÄÄ¿�ºê�ÚÐØ

ÓíE=�º}caUÐ��
¼À�åhb ºMåÉ�CÐ�~åx~_UÐ�{�L�ºo@n"Ð��=Ð�phRnT�Ö �å��à ºMY�åZUÐ�MåL¼º¼¿½¼�å ååw½»»»�ÚÐØ�å� ï{åfcUÐ�ÚÐØ�ºê

{=ÚÎ�ëØÚúÐ�º�YúÐ��
¼Á�hb º�UnY��=� Ð {�L��=�{e7�ºphRnZUÐ�phRncUÐ�Ö �å��à ºØ�@�CÐ�{�L�éØnLí�ß�_Y�ML¼º¼¿½»�å ååw½»»»�ºê

UÐ�ÚÐØÓíE=�ºphed_UÐ�o�c��
¼Â�hb º�h_x��=��h_x�º�[aCÐ��Ö �å��à ºÑ�b_x��hYÎ¼º¼¿½½�å åw½»»¼ÓíE=�ºphed_UÐ�o�cUÐ�ÚÐØ�ºê��
¼Ã�hb º�YÛÚÐ�#Ð�N�"Ð��=��HnbUÐ�ºEe��Un=��e�CÐ��[aCÐ�Ö �å��à ºNåeh�_UÐ��1}åUÐ�{å�L¼ºënåch�_UÐ�på��cY�º

�ºpxØ�_�UÐ�ºßnx}UÐ¼¿½¼�å åw½»»»ê�
¼Ä�ïÚn��UÐ�yh�É�å��º ÓíE=�º�pY5hUÐ�E�T��=Ð�ÚÐØ�º��hL5HÎ��=�{e7¼¿»Â�åw�¼ÄÃÂ�à º ê¾Ø �hb º��a][Y

�n`�UÐ�oxØ�
½»��d�Y�yh�É�å�zxÚj>�ëí{=�º�ÓíE=�º�-}_UÐ�ÔÐGUÐ�ÊnhAÎ�ÚÐØ�º�Õn�"Ð��=��d�Y�
½¼�hb ºï��fUÐ�rx{"Ð�ÑÐ}LÎ�:�{@}=~UÐ�Ø�bL�å��dHºÓíE=�º�h!Ð�ÚÐØ�ºÒn\bUÐ�ë5¼¿¼¿�å åw¼ÄÄ¿ê�
½½ÓíE=�å�-}_UÐ�ÔÐGUÐ�ÊnhAÎ�ÚÐØ�ºï{hwÐ}aUÐ�{1Ì��=��hd#Ð�ºN_UÐ�å��
½½�hb º-n]#Ð�{e7��=�{e7�ºrx{"Ð�ox}Q�å��à ºïínå=}`UÐ��x}cUÐ�{�L½º¼¿½½�å ååw½»»¼�å î}åbUÐ�êÌ�på_Yn@�ºê
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pY}cCÐ�pcY��
½¾Ñn�cUÐ�åº��x��hH�Lí}e��=�ºë5�L��hb���hYÎ�ºÑ�b_x�ÚÐØ�o�cUÐ�ºphed_UÐ�ºÓíE=�¼¿½»åw�å�¼ÄÄÄê�
½¿å�Ñn�T�ënh�UÐ�:�Ö �º�edUÐ��xPUÐ�}eL�º:�cUÐ��åhb��Ê åL��x{åUÐ�ºpåx�1�à¼º�¼¿½¾ååw�åå�½»»½ºê�ÚÐØ�Ú5åL�åå�

ºëØÚúÐ�ë5L��
½Àå��ZT��cZCÐ�:�º��fUÐ�ML��=�ë5hdH�ÒÚ{h"Ð�º�fehUÐ��åhb��ïØnåw�º< å4Ð�à¼º�¼¿½¾ååw�åå�½»»½ºê�ÚÐØ�Ú5åL�åå�

ºëØÚúÐ�ë5L��
½Áå�ë�hR�cUÐ�:���fUÐ�í�æWUÐ�sgfCÐí��aÉ�UÐ�àº£n_CÐ¼º�¼¿¼Ãåw�å�¼ÄÄÂºê�ÚÐØ�ºÚ5L�ºëØÚúÐ�ë5L��
½Âå�ën�U�ºÑ}_UÐ��=Ð�Ú�^fY�ºïWCÐ��hb��NYÌ�{�L�ºÑnåw�UÐ�{åe7í�ï{åh�_UÐ�à¾�º�¼¿¼Äååw�åå�¼ÄÄÄºê�ÚÐØ�ÊnåhAÎ�

ÔÐGUÐ�-}_UÐ�å�ÓíE=��
½Ãå��ýn�CÐ�ºÒÚ��fCÐ��=Ì�ML�º�ÚnaUÐ��hb���x �ºÚn�fUÐ�à¼º�¼¿¼¿åw�å�½»»¿ºê�ÚÐØ�Ú5L�ºëØÚúÐ�ë5L��
½Äå�{Ln�CÐ�DL��hg�>�º{ýÐ�aUÐ�Ên)��x{UÐ��=�º�åhbL��åhb��{åe7��åYnT�ºÓnåT}=�à½º�på_Yn@�êÌ�ºî}åbUÐ�påcY�ºpåY}cCÐ�

¼¿½½åw�å�½»»¼ê�
¾»å�èÚ{��CÐ���{åe7��å=�{å�L�Ð�º�èÚ{�å�CÐ�DåL�N�h�å[UÐ�º�ÚÐØ�oå�cUÐ�påhed_UÐ�º�ÓíEå=�º�¼¿¼¼ååw¼ÄÄ»�ê�º�à¼�

�hb��a][Y�{�L�ÚØnbUÐ�n]L�
¾¼å�{f�Y�ênYüÐ�{1Ì��=�º��fA�ØÐ{LÎ�o�cY��hb�ÔÐGUÐ�p�Hke=�pUnH}UÐ�º�åZY{=�à¼º�¼¿½¼ååw�åå�½»»¼ê���på�HkY�
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��S}wí���n ghR�Ên @�rhA�� � � � ���Nh�x Ú øÐ ��?Ð ��hdL�5in R��øÐ ��L� åU Ð �påd6��ïí n å]f]U Ð �Ó ~åL�{e7�Ú n Z��CÐ �én bY ��@Ð }x �{x ~edU�â��Y åH½»¾�±�
¼ ÄÃ ¼���=n �U Ð ��@}CÐ �Ò �hCÐ �pL� H � CÐ í �º�ê��

�À���n ghdL�ë� bd]x �ën Y í }U Ð �ën Tí �©n Y í }U Ð �é �AøÐ �pg@Ð � Y �:�à}aCÐ ��f_U Ð �OÎ�Ó j!�px Ø� 0�pT}A��wí�� x }�f�CÐ���M�å,�én h�QÐ �:�}�f#Ð ��45_�H ø
~edU � ðÐ Ú n aT��¹í F �_x �� ,��*{d@�Ên f=Ìí �phin Y í }U Ð �p]d�U Ðà�Ñn åwÚ üÐ �º��åh=�� å=�zhåZU Ð �� =� Ð {�L��@Ð Ú �{x�½��½»»À�Ó í Eå=�ën åx }U Ð �på�H kY �º�ê

åååÉ¼ »'��
�Á��Ú n �fU Ð��à�ºÕ Ú Ð � #Ð �}Y n L�¾��¼ ÄÄ»åÉ�Ò }wn bU Ð �æÚ n _CÐ �Ú Ð Ø�ºê¼ ¾Á���¼ ¿¿��
�Â�����n ]Y }S�ëÐ {1�OÐ �o��f>�phfJn =��pT}A���pR� cU Ð �:��Ó }gK½ÂÃ��åw����H Ð í �ï}c�_U Ð �ï�U Ð ��h^f�U Ð �Ó {e�LÐ�phL� håZU Ð �OÐ �n *� L{åU ��f_U Ð �qY |

�ç BøÐ �ê{wí �phAn =øÐ���ên L� Ð �qh=�Õ n �A���b=�Ð � Y n S��� ehU Ð �º�çÐ }_U Ð �º�� x }��U Ð �:�Ó P�iÐ í¾¼ Ä���åKí �p�_cU Ð �� Y �Ø� H øÐ �}�"Ð �q_d�SÐ í ��åw
�qg�iÐ �� ðn Y n L�� x PL��0{U��� � � � � ��à�Ò £n å_CÐ �owÐ |åCÐ í �ën åx ØøÐ �:�Ò å�hCÐ �pL� H � CÐ ��@Ð Ú�½��¼ ÄÃ Ä���Y åH øÐ �Ñn �åZdU �påhCn _U Ð �Ò í {åfU Ð �ê�� �

ßn x }U Ð��
�Ã����ph@� U í {x Ð����f_>��à�ØÚ � CÐ �º��c�d_�U Ð �}^iÐ �ºpx P�U Ð �pRn b�U Ð �í Ì�Ò n h"Ð �â� �� Y �:��hwn aCÐ �� Y �phY n ^i�pL� e6�½��¼ ÄÁÄ�Ó í E=�Nx edU ��d_U Ð �Ú Ð Ø�º�ê

ååÉ¿¿Â��
�Ä���:��=í øÐ �éí G=�ÊÐ Ú Ûí �æn ]�BÐ �n 45LÌ�Û}=Ð �� Y �ën T��ëÐ Ø� å�U Ð ���edåH �ï|åU Ð í �Ü� U Ú n åT��Cn å_U Ð �-n wÚ üÐ �phde_U Ð �Øn Sí � n CÐ �ë}bU Ð �� Y �Ó n hfh_��U Ð

�Ñn wÚ üÐ ���LØ�peýn S�� Y �ëÐ Ø� �U Ð ���RÚ �pbaÉ��=n bY �n �i}aU���
�¼ »���í Ú � Y Ð {U Ð �Ú � hf�U Ð ��=n �U Ð �n hU n ]x Î�ÊÐ Ú Ûí ��hýÚ ���Sí �æn ]�BÐ �n wÛ}=Ì�ën T�Ó n hdeL�Ò {_=�ên S��
�¼ ¼���L�DL�Ñ~"Ð �Ð |w�ê{SÐU Ð �{��y=Ð |CÐ �� Y �Ø{zh��:�{��Y �ï}=n �U Ð �ê{)��eýÐ }@� öÕ � >í �{f4Ð �:�Ned�CÐ íÁ¼ ½¼ ÄÄ½ê��
�¼ ½����� Y �æøù Ð �n g�h���ÖÐ Ú ���U Ð �y=Ð |CÐ �� Y �Ø{L�� L��U � þ�Y �ì LÌ�Ò Ú � T|CÐ �Ó n L5!Ð �phb=��Y �pL5!Ð �ì|wí��

������ên hS���S�Nhfh]�daU Ð��hýÐ �Î�pU í Ø¼ Ä¿Â�6DFKDU���+RZDUG�0��$�KLVWRU\�RI�,VUDHO�)URP�WKH�5DLVH��

RI�=LRQLVP�WR�RXU�7LPH���$OIUHG�$�.QRSI��1<�±����� SS�����±������
��¼ ¾���å@�º�ëí }BËí �Ó n x ~U Ð �� �A�{1Ì�º��hH � U Ð ���_CÐ �}^iÐ�½���à�º�ëí {=��n hT}>�é� �f]H Ð �Ò � L{U Ð �Ú Ð Øº��åÉÁÀÄ��ÁÁ»����

��������ååÉ��=n �U Ð ��@}CÐ �~h@� U Ð ���_CÐ í¿À¿���
��¼ ¿���Ò {ýn CÐ�ÂÂ��
�¼ À����S}=��R}U Ð �Ñn =�º�pd[U Ð í �F U Ð �Ñn �T�:��d�Y �ìÐ í ÚÁÀ¿¿�ºÂÂ¿�å@¼ Á����à�¾��¼ ÄÄÁ��Ó í E=�pR}_CÐ �Ú Ð Ø�ê�

� ������åÉ��=n �U Ð ��@}CÐ �º�hH � U Ð ���_CÐÀÀÀ��ååÉ��=n �U Ð ��@}CÐ �~h@� U Ð ���_CÐ í �å¾Ã Ä�� ��
� ������Ñ}_U Ð �ën �U �}^iÐ���å@�º�Ú � ^fY �� =Ð�¿���à�=ëí {���åÉ��å�WY �å�æÚ n _CÐ �Ú Ð Ø�º¾¼ ¾½��å¾¼ ¾¾����~h@� U Ð ���_CÐ í�
���������à�º�ph=}_U Ð �p`dU Ð ��e6�ëí {=���åÉ�º�ën f�U �å�Ó í E=�å�ê� d_U Ð í �pRn b�dU �-}_U Ð �~T}CÐ �º¿¾Â�
�
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�� ��� ��ååÉ��=n �U Ð ��@}CÐ ��hH � U Ð ���_CÐ í �º��=n �U Ð ��@}CÐ �Ñ}_U Ð �ën �U �}^iÐ¾ÂÄ����
� ������Ò Ú � H��æÐ }LúÐ��¼ Á��
� ������Ò Ú � H��Ò }b�U Ð��¿»��
� ������Ò Ú � H��én aiúÐ��Á»��
� �����Ò Ú � H���Ò }b�U Ð��¼ Ä»��
� �����sY �ºphcx }Y úÐ �phex Øn TúÐ �pL� H � CÐ�¼ Ä���à�ëí {=��º¼ ÄÃ ¼�ååÉ�ºê¼ ½½��
� �����å6�phex Øn TúÐ �ph=}_U Ð �pL� H � CÐ�¼����à�½��¼ ÄÄÄ�ååÉ�êÀÀÃ���
� ������� x }caCÐ �� Y �Ø{L��x }_�U Ð �Ð |)�}?j>�~h@� U Ð ���_CÐ �:�ØÚ í �{bR�Ñ}_U Ð���ë� h=n wÚ üÐ���� x |U Ð �DL��d]x ��Éí��
�������ååÉ�phH n h�U Ð ��gRÐ {wÌ��hb��U �Ñn wÚ üÐ í ��f_U Ð ���H �ë� cd�x½ÂÄ��

� ������:�Ñ}_U Ð �phdBÐ {U Ð �í �é{_U Ð �ÊÐ Ú Ûí ��d6�� Y �Ú Ð }b=�phSn a>øÐ �ì|w�Ó jZi½½¿¼ ÄÃ Ã�ph=}_U Ð �p_Y n !Ð �æÐ  l=�ê��
� ������© hcU Ð�w�pU í Ø��H kx �Ñn wÚ üÐ ���h���MhýÐ �Î�Õ Ù� ei��ëí {=�¼ ÄÂÂ�åÉ�Ò }wn bU Ð �çí PU Ð �Ú Ð Øº�êÁ¾ºÁ¿��
� �����ï}cI���ëí {=�à�º� wÐ }U Ð ��Cn _U Ð �ên ^fU Ð í �<í {U Ð �Ñn wÚ üÐ �º�~x ~L�{e7½»»½åÉ��ZY Ø�}caU Ð �Ú Ð {Y¼ ½À���
� ������ë� �fhdT��=��=n �U Ð ��cx }Y úÐ ��hý}U Ð��
� �����© hcU Ð �}^iÌ���=n �U Ð ��@}CÐ��ë� hgÉ�Ê5cA�Ó ø� T� >}=í ��Ó n �a[U Ð ��ai��
� �����é~>}w�Ú í Ø� h>���ïí n �ei��a�É�¼ Ã Á»�±�¼ Ä»¿���}/kåY �éí Ì�ên åSÌ�º�N]å�dR�:�Ø� åghdU �påU í Ø�påY n SÎ�æ{å)�på�x {"Ð �phi� hg[U Ð �pT}"Ð ��H kY

��Cn L�©� hgÉ¼ Ã ÄÂ�Ð í Ú {ÉÌ�� x |U Ð �Ø� ghU Ð �Ê5cA��he9�:�y�ií �ê���ë� hgÉ�Ê5cA�Ó ø� T� >í }=���}^iÌ�owÐ |åCÐ í �ën åx ØúÐ �:�Ò å�hCÐ �pL� åH � CÐ
ååÉ��=n H ��@}Y �Ò £n _CÐ¾¾½���

� �����ååÉ��=n H ��@}Y ��© hcU ÐÁÃ���
� �������=n �U Ð ��@}CÐ��ååÉÁÃ��åÂ»�à�º�{h�L�ëÐ � ]iÌ�p+}>�º�ëí Ú n I��hx Ú Ð �Ó Ð }T|Y �}^iÐ í�¼��¼ ÄÄ½�ën �h=�p��cY �ê�
�������Ó í E=�åÉÂ»Â��

� �����Ð Ú �º�Ø{!Ð �NhU � Éún =�Ð � R}L�sY �phcx }Y úÐ �pL� H � CÐ ��@¼ ½��åÉ¼ Á¿��
� �������=n �U Ð ��@}CÐ �phcx }Y úÐ �pL� H � CÐ���p�a[U Ð ��ai��
� �������h�T��h@��@Ð Ú±�� Ð �ê� x��à�Ò í }Y �E[i�p+}>�º�Ô �U Ð �Ó n in x {U Ð �:�Ò £n _CÐ �phU � ÉúÐ �Ó n T}"Ð�¼��¼ ÄÄ½�ê���
�������åÉ�� Y ��h?� �U Ð í ����PfdU �p�J}S�Ú Ð Ø¼ ½¼�±�¼ À½���

� ����� �fU Ð �º��x }@��h�U n wÊÒ�í��p+}>�º�pH n h�U Ð�{e7�à�º�è5�U Ð�¿���º¼ ÄÄÃ�ååÉ�Ò }wn bU Ð �çí PU Ð �Ú Ð Ø�º�êÀÀ��
� �����:�îF T�pT}_Y �ên hb=�pex {S�Ò Ê� �i�DL�px }^fU Ð �ì|w�ê� b>���ëí {6}w���pcd,��hbx í �å�ë� eL~x �5T�å�yh�CÐ �Ø� _hH �pT}_CÐ �ì|w�{_=í �Ñ}_U Ð í �Ø� ghU Ð �N=

bU Ð �:�ê �U Ð�n )��h�_�U �Ün H Ì��hýÐ �Î��LØí ��pT}_CÐ �ì|w�ên hb=��h�_�U Ð �DL�px }^fU Ð �ì|)�ë� fY kCÐ ��e_x í �ên L��U Ì�Ò {Y �Ü{����@}CÐ �º���hU n w��@Ð Ú
��=n �U Ð��

� ������}caU Ð �Ð |w�ë� bf�_x �� x |U Ð �Ên H Í}U Ð �� Y��=�Ö£�rhA�ðÐ Ø{Z>��w}�TÌ�F �_x �ï|U Ð �� =øÐ �Ý� =í º�ÑúÐ �Ý� =�º�� «Ú �º�}>Ú n T�º�ë� �ci�{_¼ ¼��ëÌ�F e��H
Ú Ð |�LøÐ �Ñ|cx í �yx W�U Ð �ç{[x �ê� hU Ð ��SÐ � U Ð �� cU �ën �U �qU Û�n ¹Ì�Ú |�LÐ ��?�Ó Ì{=�{S�ph�hd[U Ð �Ñ}"Ð��

� ������phcx }Y úÐ �Ó Ð }=n �CÐ �� Y �E={�=�&,$����~hRn I�� @� w�o��fCÐ �Mx í ~faU Ð ��hý}U Ð �{��ph= biÐ �pU í n 7�qY n S���Ñn �T�� Y�
�����à�º�phcx }Y úÐ �px Ú � JÐ F Y üÐ�¼����½»»½�ååÉ�Ò }wn bU Ð �çí PU Ð �p��cY �ê¿½¾�¿½Ä��

� ����ºphfh> U Ð �n cx }Y Ìí �phcx }Y úÐ �Ò {��CÐ �Ó n x ø� U Ð �º�EgH �F @���@Ð Ú���=n �U Ð ��@}CÐ��
� �����Ò Ê� �fU Ð �º��x }@��h�U n w�í�ååÉ�º�è5�U Ð �{e7�p+}>�º�pH n h�U ÐÀÁ��
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� �����Ø��@Ð Ú���Ú n �fU Ð���Õ Ú Ð � #Ð �º�}Y n L��ååÉ¼ ¾Á���
� �����hY ��@Ð ÚØ�æÐ  Î�º�ëí }BËí ��hwÐ }=Î�y@n i�º���Y H üÐ ��e_U Ð �çn���� =Ð �p��cY �º�ëí {=�Ó º�ëí {=�àº�� 1}U Ð {�L�}eL�
������Ò }wn bU Ð �E�T�ååÉº¼ ¼ ¿��

� �����{hU Ð � Y � � Y � � 1}U Ð �{�L�}eL¼ Ä¾Ã�Ò }eL�� Y �Ò  n _U Ð �:��e_U n =�ohÉÌ�ê���:�Ò Ú � �T{åU Ð �DåL��å[A�ºPL�ïØn "Ð �:�� wí ��x }=�pbx }]=�ëË}bU Ð ��aA
U Ð�ên L��b�LÐ �}wÛúÐ �� Y �E�a�¼ ÄÁÃ�ên åL�:��åb�LÐ ��å?�oY n T�phSn a>Ð ����Ú n _C�Ó Ð Øn �U Ð �ên x Ì��b�LÐ í º�ë� L}aU n =�£n fU Ð �{�L��aÉ� U �ê¼ ÄÃ ¼���g�å=

�Ó Ð Øn �U Ð ���bU ��h]��U Ð��à�º��An [Y ��=n fS�º�ìØ� 1�éØn L��@Ð Ú �{x ~edU �pec�CÐ ��>Ì}=í�¼��¼ ÄÃ À�PfdU �n fhH ��ê����åÉ�:�Ò }wn bU Ð¼ ÄÄ�½¼ ¾�
� ������ååÉ�º��=n �U Ð �Ñn �U Ð �º�N����CÐ ��hwn aY �yh�[>�:�Nh��U Ð í �y[fU Ð ��@Ð ÚÄÀ���
� ������}ýÐ ~!Ð �:�p�d�CÐ �phY H üÐ �pL5!Ð��
� ������à��ê� d_U Ð í �pRn b�dU �-}_U Ð �~T}CÐ �º�~h@� U Ð ���_CÐ���ëí {=���Ó í E=�º��
� ������à�çPU Ð �Ú Ð Ø�º�ê LüÐ í �p`dU Ð �:�{�fCÐ½Ã��º¼ ÄÃ Á��Ó í E=�º��
� ������TÐ � cU Ð���� 1}U Ð {�L���à�ØÐ {��H øÐ ��ýn �J�À��½»»¾��åÉ�Ó í E=�çPU Ð �Ú Ð Ø½¾���
� �����Ò Ú � H���ÑÐ ~AúÐ��Â½��
� �����Ò Ú � H����Ó n LÛn fU Ð�½¿� � ���
� ������Ò Ú � H��}Rn Q� ��½Ä� ���
� �����~x ~bd=���é� A�º�<í {U Ð ��e��CÐ í �çÐ }_U Ð �DL�ëÐ í {_U Ð �:�Ò {��CÐ ��Y úÐ �� Y ��b�>�n Y �º��U üÐ {�Là�-}å`U Ð ��då��U Ð í ��Cn å_U Ð �ØÐ {��H üÐ¼ ÄÄÄ�n åhbx }RÌ�ê

PfdU�ååÉ�Ó í E=Ã Á��
� ��� ���phcx }Y úÐ �ph@Ú n #Ð �Ò }x Ûí ��f_CÐ �Ð |)�qA£���pY }cCÐ �pcY �qhS� �=� ðÊn �Y �p_H n �U Ð �pLn �U Ð �Ò Pi�ph=}_U Ð �Ò n fS��Y ��d=n bY �:���Ên _=Ú úÐ¼ ÄÂ½»»Á�ê
��x {"Ð �ê� hU Ð ��ai�:�Ên �iúÐ �Ó øn Tí �qdSn f>�5Tën åf�U �:�px }cå�_U Ð �n å*n hdeL�Ên ¹ü�â� �H Ì�pdgY ��hýÐ �Î�yfe=�MhýÐ �Î��cx }Y Ì�çn a>Ð �� L�r���{åbR

�n in S�:�én aJúÐ �{��Ò Ú ~6��hýÐ �Î�q�c>Ú Ð½ÄÂ½»»Á�:��U Ùí �n in S�:�pd?n ,�Ò Ú ~6�q�c>Ú Ð �ëÌ��ðn \x Ì�n 4���H �{Sí �ê¼ Ã¿¼ ÄÄÁ�ê�
� ��� ���Ó n !Ð��!Ð �pR}_�U n =�pbd_�Y �pY n L�phSn a>Ð�ên L�Ò Ú n ��U Ð í �phT}e¼ Ä¿Â�à�Ò �hCÐ �ph=}_U Ð �pL� H � CÐ �}^iÐ �º�phU í {U Ð �Ò Ú n ��U Ð �Ø� hS�� Y ��ha��U Ð �æ{g��>�º�ê

�º�ëí {=¼ ÄÃ Âê���Ó í E=�ën f�U �p\¹�Ú Ð Ø���sY�¼��ååÉÀÄ»��
� �����à�pRn b�U Ð �pC� Lí �pC� _U Ð �pRn b?�ë� hdQ�ën w}=��@Ð Ú�¼��¼ ÄÄÄåÉ��ZY Ø�}caU Ð �Ú Ð Ø�º�ê¼ ¿»��¼ ¿Ã��
� ������q��i�phfh]�daU Ð �ph_x P�U Ð �Ó n =n ��iøÐ �:�Ün 1�pT}A½»»Á�ê����åx � �qå_fY í �Nhfh]�daU Ð �ph=}_U Ð �éí {U Ð ��_=í ��hýÐ �Îí �n cx }Y Ì�Ó £n �R

�JÐ }bex {U Ð ��wÚ n hB�DL�ðn =n bL��ghU Î�éÐ � Y úÐ��Ú Ù�Ø}6�Ó Ð Ú n _ZU Ð �ì|w���Y �ëÌ�ê~�i�n fd_«�n ,�phY H üÐ �Ùn biüÐ �pg�@�Û� R�{fL�}ýÐ ~!Ð �:���S�� Y í��ýÐ
�pb]fCÐ �:�phcx }Y úÐ �Ó B{�dU��

� �����ên L�Ò }wn bU Ð �:�{bL�ï|U Ð �ën c�U Ð �}/kY ���YÀ½¼ ÄÄ¿ê��Ó Ð Øn åhbU Ð ��å_@�ï|åU Ð �}åY úÐ �påhfx {U Ð í �phS BúÐ ��hbU Ð ��T��U n �pbh?í �� e\>�ï|U Ð í
pbh?� U Ð �ì|w��R}>�phY H üÐ í �ph�h�CÐ �phfx {U Ð���Ø{åL�påhU í Ø�n x n \S��@Ð Ú�½ÄÀ���:½Ã½¼ ÄÄ¿í ��ê�:�{åbL�ï|åU Ð �Nåc=�:�Ò Ì}åCÐ �}/kåY �Ð |åT

ÀÄ¼ ÄÄÀ�ê�
� ����Ú 5_�H U �phd=n bU Ð �yd][Y �{@í Ì�ï|U Ð ��f=�� =��U n Y �}cR�� Y �yd][CÐ �Ð |w�n f���SÐ��
� �����Ýn I���º��=n H ��@}Y �º�phcx }Y úÐ �px Ú � JÐ F Y úÐ �Ñn �T�� Y �º��hýÐ �Îí �-}_U Ð �3n _U Ð ��Y �phcx }Y úÐ �Ó n S _U Ð �}wn J�
�����ååÉ¾¼ Ã��

� ����>�� x n Y �:�Ú Øn [U Ð �phU í {U Ð �� a_U Ð �pe^fY �}x }b½»»À�ê��
� �����êÐ {É�ên ^i�� Y �ì}x } �æ{)�çÐ }_U Ð �OÎ�Ó Ên @�n ¹Ì�pU � bC�Õ í }>�phY LüÐ �n *~g@Ì�:�Ò {��CÐ �Ó n x ø� U Ð �éÐ ~>�ø��
� ������Éí �n 4 �Aø�NY í n bCÐ �DL��hýÐ �Îí �n cx }Y Ì��d]>���Nh=n wÚ üÐ���
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� ����=�� =øÐ �Ý� =��hý}U Ð �Ö£�n åwEQí �º�ð h�åIí �Ð F É�Ú Ûn 6�� L�éí úÐ �é� þ�CÐ �ëí Ú n I�ëÌ��d_U Ð ��Y �Ò ~Q�� Y �o��iÐ ��iú��U Ùí �ê H ��@Ú �ëí Ú n I�ëj
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� ODZUHQ]���)����������(YDOXDWLRQ�RI�DWHDFKHU�LQ�6HUYLFH�7UDLQLQJ�3URJRDPP�LQ�3K\VLFDO�6FLHQFH�DQG�6FLHQFH�(GXFDWRQ����������������±������ �



Ï¥¼@�?�JÚ}��@kÈA��G�N@±¸?�Ì}@¥K�ÎhÄ@ � � Ñn�HúÐº}Jn�CÐíºÓnAGbCÐ�é�d"Ð�í�

Ø�Ú{hA�hH�{1Ì	

�B{Y��
DL�q_H�>í�ÓÚ�]>�Ò}wn^UÐ�ì|wí�p_Yn!Ð�Ñ J �Y�E�T�ân]S�N=�ÓnbUÐ��Jn_>�Ò}wnK�P�f>

_Yn!Ð�Ñ J pÉnBí�Ñn�ZUÐ��HÐíÌ�:��`d`�>�q��ÉÌ�í��HÐí�çn]i��h8��cZ=�p� 'y�ÉÌí�Ñn�ZUÐ�odQÐ
�í� Ò{A�UÐí� �dCÐí� ãÐ}aUÐ� ��S� ��Y� �gg@Ð�>� ��UÐ� �TnZCÐ� �cU� {hA�UÐ� �"Ð� �w�ÓnbUÐ� �Jn_>� ën=� ëí{b�_x

��x}BùÐ�p]Un8í�'phL5�@Ð�pS L ïÌ�pYnSÎí�
Ð �RÐí{UÐí� n)n�HÌ� pR}_Yí� ng[h�Z�U� p\ha��CÐ� phed_UÐ� pHÐÚ{UÐ�od]�>� Ò}wn^UÐ� ì|w� ë�Tí���U

� p_Yn!Ð�Ñ J �_9ë�þ�dx��]_>���UÐ� Ò}]#Ð�}wÐ�^UÐ��Y� n¹�T� ng�g@Ð�C� p�HnfCÐ�ÓnAGbCÐ��x{b>í� nghUÎ
�nwØn_=Ì��d�8�:�phef�UÐí�ê{b�UÐ���i��fehUÐ��e��CÐ�pT}A�

pad��CÐ�Ónh�h>ÐGHøÐ� Øn«ü� p�h�[UÐ� pxÐ{�UÐ� �4� nwÚn?Ë� pR}_Yí� Ò}wn^UÐ� ì|w� }Jn8�èÐÚØÌ�ëÌí
�nghdL�od`�UÐí�ng�!n_C�'��haL��¼ÄÄÂ�'¿� �

ng�dQÐ� ëÌ� � øÎ� � pad��CÐ�ÓønbCÐí� phed_UÐ�ÓnHÐÚ{UÐí�Ô���UÐí�o�cUÐ� Úí{É��Y� �Q}UÐ� DLí
�Ón!n_CÐ�ê{b>���UÐ�phed_UÐ�ÓnHÐÚ{UÐ��b>�5fh=�ÓnbUn=�pÉn#Ð�ph�]UÐ�í�pxí5hcUÐ�oiÐ�!Ð�pR}_Y�DL�Ó~TÚ

}wn^UÐ�ì|4�phed_UÐ�ngfY�{�dU�pad��CÐ��]#Ð�ê{b>í�Ò�
q��TÐ�og©Ìí�ocbYBÐ��

Ì í{�x��d_UÐ� pbhbA� ë�ed_x� pad��CÐ� phL5�@øÐ� ��ýÐ í� �>nþR� �c=� �fehUÐ�o_ZUÐ� ØÐ}RÌ� �h+� ë
�Ò}wnK� ÊÐÚí��Y� ð _R��)����H���UÐ�oýn[CÐí� }Jn�CÐ��T�ë�_S��xí�ë�Cj�xí� ë�in_xí� ë��²í�ëí}_Zxí

�ÓnbUÐ��Jn_>�
EQí� pLí}Y� ÒÚ�[=� p_Yn!Ð�Ñ J pÉnBí�Ñn�ZUÐ�ànHíÌ�N=�ÓP�iÐ� {S� Ò}wn^UÐ� ì|w�ëÌ� 5=í

�pR�UjY� 'ë�g��x��g�h�UnQ�ëÌ�{�hH�p_Yn!Ð��Y��g@í}B�{_=�Ñ ]UÐ�pT}"�����CÐ�ëÌ�rhAÎOÓnbUÐ�çÐ�HÌ�'
	����ph=GUÐ�phdT±���ÚnYÙ�p_Yn@���
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Ón_Yn�dU�ÒÚín6�q��ÉÌ�ÓnbUÐ�çÐ�HÌ�ëÌ��L�ð \R�
Y E�cUÐ�ëÌ��A CÐ��Yí{= Ñn�ZUÐ��Ìp^A Y ��x�nY�é B �Y�ph_h�J�EQ�ÒÚ�[=�ÓnbUÐ��dg��x

�pe^�fY�ÒÚ�[=í��hJn_>��TnYÌ�:í�ÓnbUÐ�çÐ�HÌ�:�
�fehUÐ��e��CÐ�ØÐ}RÌ��^_C�p��fUn=�â5�@ U Ò{hA�UÐ�pdhH�UÐ��w�ÓnbUÐ��Jn_>�Ò}wnK�q��ÉÌ�{bU�'

øÐí�pU~_Un=�}_Zx�ÓnbUÐ��Jn_�x�ø�ï|UÐ�Ø}aUÐ�ëÌ�5T�x}B�U�Ê5�iøÐ�ê{_=�Ú�_ZUÐí��e��CÐ��L�ÑÐGQ��wí
�Ñ ]UÐ�DL��c_fx�nY�

N=�ÓnbUÐ��Jn_>�ÚnZ�iÐ�Óø{_Y�ëÌ�ÓnHÐÚ{UÐ�{AÌ�q��íÌ�{bR�ÒÚ�]Bí�Ò{A�{S�Ò}wn^UÐ�ì|w�ëÌ
�N=�nY�ÖíÐG>���UÐ�p\a�fCÐ�Ú5LúÐ�Ónx���Y¼½å¼Ãpx}e_UÐ�Ónx���CÐ��Y�nwEQ��L�ØÐØ~>�pfH�'�úÐïØ�H�'

¼ÄÃ¿'¼Ä�p_Yn!Ð�Ñ J pÉnBí�Ñn�ZUÐ�p² �ànHíÌ�:�ÓnbUÐ��Jn_>�Óø{_Y�âna>ÚÐ��f_x�Ð|wí�
phL5�@øÐí�ph�afUÐ�oiÐ�!Ð��d�8�:�ngTGx���UÐ�Ún?ùÐí�ÓnbUÐ�ng���x���UÐ�}Jn�CÐ�OÎ�ni}^i��Uí

��A�y���H���UÐí�nbAø�n4ínf>���hH���UÐ�phRnb�UÐí�pxØn[�SøÐí�pdcZCÐ� ': ÜnHÌ�í� ð5gY� ðÐÚíØ�o_d>���UÐ
�n¹Ì�rhA�Ñn�ZUÐ�p² �ngªÌ�í�yýÐPUÐ��d�8�ànHíÌ�:�nghZa>í�nwÚnZ�iÐ�é B �Y��fehUÐ��e��CÐ��d

�S}UÐí�ê{b�UÐí�ß�gfUÐ�:�Ñn�ZUÐ�ï{U�px�f_CÐ�Öí}UÐ��h] DL��e_>�
pHÐÚØ�q��?Ì�{Sí� �{UnB'½»»»'½�x|UÐ�Ñ ]UÐ�ëÌ�çÚúÐ� Ò}wnK��Y�ë�in_x�ÓnbUÐ�ë�Jn_�x���'

ÑÐGQøÐí�'é�e#Ðí'5TÌØnRÓê{UÐ��`��âna>ÚÐ�ngfY�pad�8�ph�É�Ón=Ð}]�Ð�OÎ�ïØkx�ÓnbUÐ�ën=�pHÐÚ{UÐ�'
odbUÐ�Ón=¦�ÒØnxÛ�'ên_]dU�phgZUÐ�ØÐ{�iÐ'p=vcUÐ�'ê�fUÐ�:�çÚúÐí�'pU~_UÐí�ÊÐí~iøÐí�'}x{b>�ßna�iÐí�ë~"Ðí

|UÐ��hJn_>��Y�Êng�iøÐ�{_=�pÉnBí�ÓnbUÐ��Jn_�Y�DL�í{�>���UÐ�ÓÐ�
pHÐÚØ�q��íÌí���x�H'¼ÄÄÁ�'í��hdB'¼ÄÄÃ���UÐ� phdýn_UÐ��TnZCÐ��Y�{x{_UÐ�ènfw�ën=

�Ò�ùÐ�énªÎ�DL�}?kx�n,�ÓnbdU�NJn_�CÐ�ØÐ}RúÐ��Y�E�cUÐ�ï{U�px�úÐ�ÓnhUík�CÐ��e �L�M��UÐ�OÎ��[>
úÐí��w��i�o@Ðí�ïj=� ênhbUÐ� ê{Lí�énaJ� 'Þ¼½À'Þ¼¾À'5R'�AÐ}Y�:�ë�UÐ~x�ø��x|UÐ�Ñn�ZUÐ� én=

�px�Ì�ÓnhUík�Y�ë�de��Y��g�dQÐí�p_Yn!Ð�
ÒE]#Ð�Ò}wn^UÐ�ì|w�pg@Ð�Y�DL��e_dU�N�An=í�Ned_Yí�Nx�=GT�nf�aiÌ�{_i��cU�ëÐíúÐ�ëÌ�{bUí

{x{*��wÐØí�í�ç{7� ðÐ}]B��cZ>���UÐ�oSÐ�_UÐ�ÖÐ{Sj=�nfUnh@Ìí�ni{d=� 'Ñí}4Ðí�{_�UÐí�ÊninciÐí�}bgb>�nfhacxí
�ÓÐ~�fCÐ��^LÐ��b íÓÐÚn\"Ð��f[>���UÐ�î}BúÐ�Ñ�_ZdU�Ned���Yí��x{wnZY�nfd_«�ï|UÐ��SÐ�UÐ��Y�

ànHíÌ�:�nwÚnZ�iÐ�Ñn�HÌ�pR}_Yí�Ò}wn^UÐ�ì|w�pHÐÚ{U�px{�=í�ê~�=��bi�ëÌ�nfhdL�o@Ð�UÐ��Y��iÐ
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Ðn) �d_�UÐí� nghUÌ� ÚÐ}�iøÐ� OÎ� Ênf=úÐ� �R{>� ��UÐí� p_Yn!Ð�Ñ J pÉnB�Ñn�ZU� 'ÊÐ�@úÐ� pþh*� DL� �e_UÐí
�ê{b�UÐ�ÓnS�_Y��T�}Y{>í�pYúÐ���@�:�}�f>���UÐ�ÒØn_UÐí�Ò}wn^UÐ�ì|w��L��wØn_=ü�Ênf=±U�p�HnfCÐí�p"n[UÐ

�Ê5fUÐí�'énS�<n_>í��in��H� Ðí���E`x�ø� Ð ëÌ�nY�=òê�b��g�aij=�nY�ÐíE`x���A� � ���
ÎÓn�d]�CÐ� �Y� �Ze�>� ø� px{hdb>� æÚn_Y� nghf�>í� ng�ai� DL� ngS `iÐ� :� �ec>� nf>n_Yn@� pdcZY� ë

ïW_UÐ�ën�iüÐ�ØÐ{LÌí��e��CÐ�pY{B�én6�:�pÉnBí�pxW_UÐ�Óng@��UÐí� �
ÎDL ~T}x�nwÚíØí�pad��CÐ�phL5�@øÐ�}wÐ�^UÐí��TnZCÐ��T�p!n_Y��L�{_�UÐ��T�Ò{h_=�nf>n_Yn@�ë

�phL5�@øÐ��TnZCÐ�p!n_Y�:�pbh�_UÐí�pex{bUÐ�px{hdb�UÐ�ç}]UÐí�ohUnHúÐ� 'ph=GUÐí��hd_�UÐ�phdeL�:���Aí��=�'
b�UÐ��ýÐ}]UÐí�ohUnHúÐ��Y�Ón�HkCÐ� ì|w�}x} �`�fx��U|U�phL5�@øÐ�}wÐ�^UÐ�p!n_Yí�pHÐÚØ�:�px{hd� '�=

Ñn�ZUÐ��hd_>í�ph=}>�:�px{hdb�UÐ�ohUnHúÐí�swnfCÐ�DL�Ø5�LøÐ��Y�nw}x} í�
ÎÊ Y~UÐ��Y�E�cUÐ�ènfwí��)�â5�@øÐí�Ê Y~Un=�à �BøÐ�phdeL�:��ec>�ÓnbUÐ��Jn_>�pdcZY�ë

\>� phL5!Ð�Ón�d!Ð� ì|wí� }ýn��UÐ� ë�Jn_�x��@Ð� �Y�NB{�UÐ� OÎ� }ýn��UÐ� ë�Jn_�x� ø� �x|UÐ�Ñ ]UÐ� }]
�Ñ ]UÐ�{x�_>í�o�H��w�Ò}wn^UÐ�ì|w�y�[>��U|=í�ÓnbUÐ��Y��hcUÐ��@Ð��Y�íÌ��w{hdb>��@Ð��Y�íÌ�Ê Y~UÐ

�pþhH�î}BÌ�}wÐ�Kí�ÓÐØnL�DL�
Îp_Yn!Ð�Úí{=�p]�>}Y�Ñ ]UÐ�ànHíÌ�:�Ò}wn^UÐ�ì|w�DL�Ên\bdU�peHn"Ð�pT}_CÐ�ë��Y�ì}R�>�nYí

�pYÛ UÐ�ÓnhincYüÐí�N[[��CÐ��Y�ì}R�>�5=í�Óøn�CÐ��d�8�:�ÓnhUn_Rí��]ZiÌ�sYÐ}=� 'ì}wnK�ëÌ�rhA
��wÌ�{AÌ�y�[�U�Ú�d��>�r��UÐ��hªÌ��_9��e��CÐ�yýÐ ��wÌ��Y�{_>���UÐ�Ñ ]UÐ�ànHíÌ�N=�ÓnbUÐ��Jn_>

� phL5�@øÐ� nxn\bUÐÐ�Yn4� 'wn^UÐ� ì|w� ÚnZ�iÐ� rhAUÐ ànHíÌ� :� Ò}Zph�É� ÚÐ¦Ì� �Y� ����>� 5L� \R�Ñn�
� r��UÐí� p_=n�CÐ� �L{��>� �hL5�@Ðí� pxØn[�SÐí� ': Ñn�ZUÐ� �R{>� ��UÐ� Ñn�HúÐí�Ón@n"Ðí� �RÐí{UÐ� pR}_C

Ú�d=í�ÓnbUÐ� �Jn_>� OÎ� p_Yn!ÐÒ��UÐ�Ónh�h>ÐGHøÐí�sYÐFUÐ� �he[>�DL� {Ln��U�Ñn�HúÐí� �RÐí{UÐ� ì|w
���f>í��RÐ��>�d�UÐ�ng�g@í�OÎ�ngg@Ð�>í�ng[�/í�Ñn�HúÐí��RÐí{UÐ�ì|w�p_h�J��Yehp�h�[UÐí�p�

�x|UÐ� p_Yn!Ð�Ñ J ànHíÌ�:� ÒP�fCÐ� Ò}wn^UÐ� ì|w� ÒÚ�]�=� �h�f�UÐ�OÎ�r��UÐ� Ð|w� �hªÌ� ~TG>í
�ì|4�ï{[�dU�pfceCÐ�é�d"Ðí�ÓnAGbCÐ��x{b>í�Ø�g!Ð�é|�U�phef�UÐí���b��CÐ�ìØnS�ë�d�ex�ànHíÌ�:�Ò}wn^UÐ

Ñ ]UÐ�
Ün�AüÐí��e_=�æ�S�UÐ��w�NU�þ�CÐí�Þn[�BøÐ�ïíÙí��e��CÐ�ìØnS��Y��eHúÐ�æ{4Ð�ëÐí
��L{��>í�ph= J p² �FTÐ�DL�}]h�>�q��ÉÌ���UÐ�p_Yn!Ð�Ñ J ànH�íÌ�:�Ò}wn^UÐ�ì|w�Va>�ÒÚ�]�=
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}c�CÐ�pdA}CÐ�ì|w�:�pÉnBí�ngYnYÌ�phUík�Yí�ê~�=�æ�S�UÐ�OÎ�p@n"Ð��YÌ�:��w��x|UÐ�Ñn�ZUÐ�}eL��Y�Ò
�pdYnc�Yí�pehdH�ìÚ�[=��efUÐ��Y�Ð�fce�hU��4��L{UÐí�Ò{Ln�CÐí�ë�_UÐ��ýnHí��x{b>í�ê5�wøÐí�pxnL}UÐ�

Óm�c\ZBÐ�zwz�
ÓnbUÐ���L ngLna>ÚÐ�Óína�xí�ën[QÌí�çÐÚíÌ�n4�nHÌGH� �UÐ�ph>n�fUÐ�pdýn_UÐ�OÎ��e�f>�ì}�I��w

]HOÎ ngLna>ÚÐ� �[x� {Sí� GCÐ� Øí{A�:� ë�c>� {Sí� âÐ�iúÐ�o�A�ßÚúÐ� y¼»Ún�YÌ� '�d�8�:� âÚ~>í
��ehUÐ�:�Ón^Rn�CÐí� ÐÚúÐ� 'çÐ�HúÐ�:��h�dU�ß}_>��?��e9���UÐ�px}]UÐí�p�J}UÐ�ën[QúÐ��]b>í�'��xí

��Y��Jn_�UÐ�}e��xí�pU�dhbUÐ�qSí�:�}g^UÐ�{_=�nghJn_>¿�ÁÓnLnH�
�Jn_>ÐÓnbU����Aí�ÜÐ¦úÐ�:�ng`\Y��x}J��L��fY�p�J}UÐí�px}]UÐ�çÐÚíúÐ�éínf�=�ênhbUÐ��w

� nwE[L�Þn[�YÐí��aUÐ�:� nwÐ��7� 'p_�CÐ��Y� Ò}�ZUÐ� ì|w��bb n,��afUÐ�:� ì{b�_x� nY�DL�é�["Ð�æ{)
�pAÐ}UÐí�Ò�ZfUÐí��hcUÐí�

Ò{Ln�CÐí�ë�_UÐ��x{b>�rAn�UÐ�{[bhR�é�d"Ð�nYÌ�é B �Yí�ØnIÚüÐí��h@��UÐí�y[fUÐí�Ñ ]dU
�phRnb�UÐ� Óøn�CÐ� �d�8� :� pad��CÐ� phL5!Ð� sYÐFUÐ� �U|Tí� phed_UÐ� ÓnL���CÐí� ÓÐ¦n�CÐ� �x{b>
�è�d�UÐ� �x�b>í� Ö ÉÎ� DL� �*{Ln�Y� {[b=� pad��CÐ� �*nhA�oiÐ��=� �d_�>� ��UÐí� ph�[UÐí� phL5�@øÐí

ph�d�UÐ�ÓÐØn_UÐ��Y��g[hd íÒ}wn^UÐ�ì|w��L��w{_�>���UÐ�pehd�UÐ�ohUnHún=��g�hL�>í�pþh�UÐ�}wÐ�^UÐí�
q��TÐ�æÐzvÌ�

OÎ�é�É�dU�p_Yn!Ð�Ñ J ànHíÌ�:�ÓnbUÐ�Ò}wnK�ÚnZ�iÐ�Ñn�HÌ� b>�OÎ�<n"Ð�r��UÐ�æ{0
ÐØÌ�ØÐ{LÎ�é B �Y�Ñ ]UÐ�é�bLí�Ü�ai�:� ðn�H}>í� ðÐØnb�LÐ�}�TúÐ�phbhb"Ð�Ñn�HúÐ�Ò�ënh��HÐ��Ð|4�{LÐ

�NJn_�edU�ÓnbUÐ� ng���x� ��UÐ� ÚÐ¦úÐí� }Jn�CÐ��_=�ßÐ}_�HÐí�ß}`UÐ� 'Úí{U�ÓnAGbCÐ��_=� ��íí
�Ñ ]UÐ�æ�aÉ�:�Ò}wn^UÐ�ì|w�p=Ún7í�pg@Ð�C�p_Yn!Ð�º.ùn=�Ò}wn^UÐ�ì|w���e�>í�

¼��gd_9í�Ñ ]UÐ�DL�}?k>���UÐ�Ò{A�}�TúÐ�Ñn�HúÐ�pR}_Y�þ�dxëÒÐØúÐ��h�]>�é B �Y�ÓnbUÐ��Jn_>�OÎ
���ënh��HøÐ��phin�iüÐí�phed_UÐ�n*nhdT��d�8�:�ÚnYÙ�p_Yn@�Ñ J�Y�phýÐ�ZL�pfhL�DL�

½�E?j>�}�TúÐ�Ñn�HúÐ�Óøn�CÐ��wÌ�pR}_Y�ðÐÓnbUÐ�ë�Jn_�x��gd_9í�Ñ ]UÐ�:�
¾��cex���UÐ�Ónh�h>ÐGHüÐí�ÓnAGbCÐ��x{b>gLn�>ÎnnghdL�Ên\bUÐ�íÌ�ngfY�{"Ðí�Ò}wn^UÐ�ì|w�pg@Ð�C�

ÓÐÊÐ|?üÐí�q��TÐ�og�feX�
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q@m�TÐ�rfeX�DL ê�bx�ï|UÐ�phT�d�UÐí�ph�afUÐ�}wÐ�^UÐ�pHÐÚØ�:����CÐ�Mhd��UÐ��aÉ�UÐ�sgfCÐ�rAn�UÐ���>Ð
� �YÐ�_UÐ� N=� pS _UÐ� pR}_Yí�ÓÐE`�CÐ� N=� ÓnJn�>ÚøÐ� pR}_Yí� Ò}wn^UÐ� pHÐÚØ�phdBÐ{UÐ� �YÐ�_UÐí� ph@Ún#Ð

�Ô���CÐ��h�ai�DL�Ò}wn^UÐ�}?Ð�Ünc_iÐí�
q��TÐ�ÓÐÊÐ|?Î��

�w�r��UÐ�æÐ{wÌ��hb OÎ�é�É�dU�ph>ùÐ�ÓÐ�]#Ð�OÎ�rAn�UÐ�j!�
¼��ghdL�ß}Lí�ÓnbUÐ�ë�Jn_�x��x|UÐ�Ñ ]UÐ��Y�ÓnhdcUÐ��d�8��Y�p_Yn!Ð�Ñ J �Y��L�e6�pd=nbY

��e\�x�Ö��aY�éÐkH�ÓnbUÐ�ë�Jn_�x��gd_9���UÐ�Ñn�HúÐ��wÌ�}TÙ�
½��_=� pd=nbYí� Ò}wn^UÐ� ì|w�qHÚØ���UÐ� pb=n�UÐ� phed_UÐ�Ô���UÐí�ÓnHÐÚ{UÐ�OÎ�â�@}UÐ� é B �Y

�phL5�@øÐ�ànHíúÐ�:�Ò}wn^UÐ�ì|w�p�Rnce=�Ne�gCÐí�ØÐ}RüÐ�
¾�ÊÐØÌ��he[>��>��ënh��HÐ���cex���UÐ�ÓÐ}baUÐ�én6�DL�ï��²�y��>�sýn�i�DL�é�["Ð�n4 B �Y

�p_Yn!Ð�Ñ Jï{U�Ò}wn^UÐ�ì|w�ÊÐÚí��ec>���UÐ�Ñn�HúÐ�ëncYüÐ�Ú{b=�
DL�r��UÐ�ÒÐØÌ�qde�IÐ��¿�én�CÐ��w�Óøn6�'�L5�@øÐ�'¢afUÐí�':nb�UÐí�'��[UÐí�'ã}a�>í

� ngfY�À½�Ò}bR��o�H��ïín��Un=�pLÛ�Y��¼½�én6��cU�Ò}bR��Y�pL�e6�DL�ÊÐØúÐ�ì|w�ß}L��>�{Sí
[[�CÐ�Nec�CÐ�phL5�@øÐí�ph�afUÐí�px�=GUÐ�ê�d_UÐ�:�ë�
úÐ��>í�Ê���:�ÓÐ}badU�pQnh[UÐ�ÒØnLÎ��>�rhA�ë�[��CÐ�nwØ{A���UÐ�ÊÐÚùÐí�Ón^A Cn=�:�|B
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�h Ê @Á Ê�
0..5�

�

�c�UÐ��ai�:��g_Y� ðnhin?��Ð : Ò�úÐ�ØÐ}RÌ�Ø{L��H��Y�ëÌ��A�U�ØÐ{å_>�:�{åAÐ�UÐ��c�C¼ÄÄ¿på�>}CÐ�:�æ�å!Ð�på^Rn7�.jå>�ê
��H��CÐ��d=�rhA�ºOíúÐÄ�À�Ò��I�p^Rn7�nghd>�Ø}RÃ�¿�Ø{åL��åÉíí�ëÐ}eLí�ÑÚjY�Ón^Rn7��?�ðÐØ}R
�<Ð��UÐ�DL�Ò�úÐ�ØÐ}RÌÃ�¼�ºÃ�»��ì|åw�:�ðÐEå�T�ðÐÚíØ�oå_d>�qåUÐÛø�Ò{å�eCÐ�Ò�úÐ�ëÌ�{Tkx�nY�Ð|wí

n^Rn�CÐÓ��åH��Y��åÉí�råhA�º�ë{L�{�i�{AÐ�UÐ��c�CÐ�:�Ò�úÐ�ØÐ}RÌ�Ø{L�:�Ón^Rn�CÐ��SÌ�nYÌ
�ØÐ}RúÐ�Ø{LÀ�À�<Ð��UÐ�DL�peÉn_UÐ�pinYÌí�~_>í�Ò{x{"Ð�Ón^Rn7�nghd>íÀ�Á�ºÁ�½�ºÁ�¾�ëÌ �h]��ií

|åw�:�Ò{å�eCÐ�Eå`UÐ�Ò�úÐ��x�c>�pxÐ{=í�pxP�UÐ�p=�[#Ð�ßna�iÐ�OÎ��UÙ�Ðí~_iÓnå^Rn�CÐ�ì��: nåYÌ
�ØÐ{_>½»»¿º Ò��åI�{åAÐ�UÐ��cå�CÐ�:�ë�åf]bx��x|åUÐ�Ò�úÐ�ØÐ}åRÌ�Ø{L�:�Ón^Rn�CÐ�DLÌ�ëÌ�{�i�ê

�<Ð��UÐ�DL�Ò{_É�º�ÑÚjY�º�ëÐ}eLÃ�Â�ºÃ�Â�ºÃ�À�ºÃ�¿�Ò�úÐ�ØÐ}åRÌ�Ø{åL�:��SúÐ�Ón^Rn�CÐ�ØÐ}RÌ
~_>í�º�Ò{x{"Ð�<Ð��UÐ�DL�nw{�i�{AÐ�UÐ��c�CÐ�:�ØÐ}RúÐ�Ø{Lí�s"í�º�ë{Lí�º�æ�!Ðí�ºÀ�Ã�ºÁ�¼�º

Á�½�ºÁ�»�ºÁ�¾�
ëncå�UÐí��Tn�edU�ên_UÐ�NxØÐ{_�UÐ�N=�{AÐ�UÐ��c�CÐ�:�ë�fc�x��x|UÐ�ØÐ}RúÐ�Ø{L�piÚnbY�é B �Y

ph>ùÐ��ýnb"Ð�Õn�f�HÐ��h]��i�pxÚ�ge!Ð�Ón^Rn7��T�:�ÓvZfCÐí� ðøíÌ��úÐ ØÐ}RÌ�Ø{L�:��bfUÐ�ëÌ��åb_x�ø�rhA�º�o«�n,�}�TÌ��hR��Un�Y�æ�!Ð�p^Rn�e=�{AÐ�UÐ��c�CÐ�:�Ò�
�ØÐ{åå_>�Nåå=��bfååUÐ�ë�ååcx�ëÌ¼ÄÄ¿��U|ååTí�º�ê½»»¿ê¾�¾�ênåå_UÐ��ååH��CÐ�æ åå�=�Ð|ååwí�º�ØÐ}ååRÌ

�ç}aUÐ��H��Y��d=�rhA�º�pxÚ�ge!Ð�Ón^Rn�C»�½��bR�ØÐ}RÌ� ðnhin?��ë{L�p^Rn�e=�Ò�úÐ�ØÐ}RÌ�Ø{L�:�ç}aUÐ�ØÐ{_>�:�ënT�{AÐ�UÐ��c�CÐ�:¼ÄÄ¿�êÀ�À�: y�åÉÌí�ØÐ}åRÌ
�ØÐ{_>½»»¿êÁ�»�çÚnaUÐ��ë�cx��U|=í»�À��cåZ=�ëncå�dU�phZh_CÐ�éÐ�AúÐ�Ú�w{>��c_x�nY�Ð|wí

�Ð|wí�én"Ð��hdL�ë�cx�ëÌ�o«�n,��Tn_Y�ìn9Ð�:�E�>�éÐ�AúÐ�q��ÉÌ�rhA�º�ë{L�p^Rn7�:�y�Ðí
{x{_UÐ�DL���]fx�}YúÐ�ngfY�Ñn�HÌ�Ò{_U�pad�8�o�f=��cUí�pxÚ�ge!Ð�Ón^Rn7��Y�

Ì��gýn=Ì��Y��h_dU�ÚÐ}e�HøÐ�Ênf=ún=��RØ�n,�ÒE�T�q��ÉÌ�Ñn�ZUÐ�æ�aÉ�:�p_fbCÐí�Ò}Rn�UÐ�pUn]�UÐ
�Þ}R�DL��4�[A�{_=��)�pÉnB�éÛnfY�Ún�þ�HÐí�phZh_CÐ��*nhA�:�é b�HøÐ�DL��*Ú{S�ê{_U

ÕÐí~UÐí��e_UÐ�
Ñ�}=: Ò�úÐ�ØÐ}åRÌ�Ø{åL�ânåa>ÚÐ��åUÙ�DåL��hU{UÐí�pdLnR�EQ�Ò�úÐ��h^f>í�ph=n�iüÐ�p�[UÐ�sYÐ

�ØÐ{_>�:�{AÐ�UÐ��c�CÐ½»»¿�ØÐ{_>�:�ngfL�ê¼ÄÄ¿ê�



Ì��Ø��� wz TÐ�â m� H �z d 7 �z 1 Ì��½ÂÁ��
�

Ì ¥ ] ¼ @� ? �QW @ Ḩ ? �Ï ¹��
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�pY{���CÐ�'<Ð�A�ÓnbUÐ�pLÐÚÛ��cZ>�rhA¾»·påLÐÚ~UÐ�:�pY{��å�CÐ�ìnåhCÐ�påd+��Y�'ï}åUÐ��ýnåHí�ëÌ�5åT

p�h�i�pYÛúÐ��Sna>�:�ph�hý}UÐ�Ñn�HøÐ��wÌ��Y�{_>�pLÐÚ~UÐ�:�ëùÐ�pY{���CÐ�ng�å����åx���UÐ�phR�!Ð�ìnhCÐ�ëÌ
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�\RÌ�ÒÊnac=�ìnhCÐ�ÒÚÐØü�¾¾�ß}å_UÐí�ç�å�UÐ�î�åS�ëÌ�èÐÚØÎ��åY�{=ø�Ö}]UÐ�Ð|4�}^fUÐ�{fL��cUí�påhRnT�EåQ
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ÕÚn#Ð��Y�ØÐE�HøÐ�é B �Y�Ò��aUÐ��
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��R{>¼À¾ÊÐ|Q�ÒÚ�>nR��=nbY�ðnhY�x�énxÚ�ë�hdY���¾Ã�
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Ì�fehUÐ��Y�bUÐ�Øn[�SøÐ�DL�ðÐE]B�ðÐ}Y�'�åK�:�p_då�UÐ�ì|å4�Ò{åxÐ~�CÐ�ÒÚ�>nåaUÐ��åe��>�ëÌ��h]�å�>�ø��ehUnR
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�phýÐ|`UÐ��d�UÐ��Y�'øÐ ÓnHÐÚ{UÐ�î{AÎ�EZ>�rhA�phå�hý}UÐ�påhýÐ|`UÐ��då�UÐ��åY�ÓÐØÚÐ�åUÐ�påehS�ëÌ�pxØnå[�S
��Y�ÑÚnbx�nY�æ~f��>À¾·�afUÐ��Y�pUí{UÐ�p[A��Y�¾Ä�Ø �åUÐ�Ónå@nh�AÐ�OÎ�}^fUnå=�ÒEå�T�p�å�i�F�_x�Ð|wí
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CÐ�{xÐ~�UÐ�ngªÌ��Y��ehUÐ�:�phýÐ|`UÐ�Ò��aUÐ�Ê�ZfU�Ñn�HúÐ��Y�pd+�ÛF>í�Óø{å_e=�ënc�dU�âÚn��

�ph@n�iøÐ�pSn]UÐ���A�ç�a>�phUnL�'�åLÐÚ~UÐ�Õnå�iüÐ��hUnc>�âna>ÚÐ��Y��hdL�o>Gx�nYí�phLÐÚ~UÐ�pU5_UÐ�Ò}�wí�'
Eå`>�ÔÐ{åAÎ�OÎ�ÓØÌ��å�UÐí�phå�nCÐ�p? �UÐ�Ø�b_UÐ�é B �ehUÐ�:�qd[A���UÐ�ÒE�cUÐ�ÓÐE`�UÐ�OÎ�pRn�ün=
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W�bx�ph@ _UÐí�phýÐí{UÐ�Ón��fCÐí�phýÐ|`UÐ��d�UÐ��eZhU�{�YÐ��=��d�UÐ�ì|w�DL�ox}g�UÐ��'ëØn_CÐí�Ó e_UÐí
�påxFUÐ�oåx}g�UÐ�|åRnfY�FåL�påhfehUÐ�ç��UÐ��B{>���UÐ��d�UÐ��Y�nwEQí�ph�w|UÐ��ýn��UÐí�ÓÐÚnh�UÐí�ph�afUÐ

�pxÚ�ge!Ð�Ón^Rn7��^_Y�qdeI���i�DL�px}��UÐí�'�d=�{Sí�<Ð�åA�OÎ�p=}gCÐ��d�UÐ�ngfY�F_>���UÐ�|RnfCÐ�Ø{L
ÄÀðÐ|afY�¿½��

på=}gCÐ��då�UÐ���b�å�>���UÐ�~TÐ}CÐí�çÐ�HúÐ��Y�{x{_UÐ�P�f>í�'<Ð�åA�qå`d=�råhA�½¾�ðnS�åH
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<Ð�A½Ã»énxÚ�ÚnhdY�'ên_UÐ�:���ai�<Ð�åA�OÎ��å[>�oåx}g�UÐ�ànZi���i����>���UÐ�éÐ�YúÐ���A�ëÌ�ïÌÂ»
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��¾¿���� Y �Ø Ð E� H U �n gf h Y j> ��� x �� � U Ð í �p h ý Ð |`U Ð ��d � U Ð �� Y �è g� Hø Ð �Ón @n A�p h ] `> �� L �M� C Ð �Õn � i ü Ð �: �~�_ U Ð �n ¹j= �p h ý Ð |`U Ð �Ò � �aU n = �{ [ b x�ÕÚ n #Ð���
��¾À����� e h U Ð � : �� ý Ð |`U Ð ��e f d U � p i � cC Ð �£n f _ U Ð ��wÌ�� Y ��f Y �p b � ZC Ð ��d � U Ð í �ye b U Ð � F � _ x�'�� å Y �ï } gå ZU Ð �Ò �úÐ �oh å [ i ��H� � Y ��d = �rh A��h S { å U Ð í �yå e b U Ð

� < Ð � A¼ »»����T�'�� Y �p h Y n ZU Ð �Ò Ú |U Ð í �Û Ú úÐ í �� B{ U Ð í � p _ h R } U Ð � Ò Ú |U Ð �� Y �è g� Hø Ð �Ö í Ð Gx í¼ � À��OÎ�ê Ð } @�� d h TÃ� Â��ê Ð } @�� d h T�'�� å Y �è g� å Hø Ð í
�Ón h U � b � U Ð»� ½Â��OÎ�n h U � É n aU Ð �� Y �� d h T»� Á¾��} ^i Ì�{ x ~C Ð �p R } _ C �é� aU Ð �� Y �ê Ð } @�� d h T���
���Ê n [ A³U �ï ~T} C Ð �Û n g!Ð�'Ð�Ò �ø Ð �p h i Ð ~h Y �y� C �ê n _ U Ð �} x } b � U¼ Ä Ä Ã�ê�'�Ê n _ f É�'�� h i � x¼ Ä Ä Ä��'ÞÂ Â±�Ä »���

��¾Á����ï } U Ð í �p L Ð Ú ~U Ð �Ò Ú Ð Û í�'�ê n _ d U �� L Ð Ú ~U Ð �Ê n [ Aü Ð �Ñ n � T¼ Ä Ä Ä��'�Ê n _ f É�'�� x n Y½»»»��'�Þ¼ ½¿�±�¼ ¾¾���
��¾Â����� b U � _ U Ð �£n i�'�� @n a#Ð �{ h 1�'�p x Ú � ge !Ð �: �Ñ � � "Ð �p L Ð Ú Û �: �.Ð |U Ð �Ê n a� Tü Ð ��� b � � Y�p h f e h U Ð�'�ÓÐ Eå `� C Ð ��å K�: �� e h å U Ð �� å � A�Ò í { i �OÐ �qY { S �p S Ú í

�p h U í { U Ð í �p h d � C Ð�'�Ø n [ � S ø Ð í �Ò Ú n �� U Ð �p h d T�'�Ê n _ f É�'½¾�±�½À���} = � � TÌ½»»»��'å ÉÄ���
��¾Ã����} ^i Ì�{ x ~C Ð �p R } _ C���
���� x { U Ð �æ �{ 1Ì�� � A��'�� f e h U Ð � � ý Ð |`U Ð �� Y úÐ ��� b � � Y �DL �p h U í { U Ð � Ò Ú n �� U Ð �Ón h S n a> Ð �} ?Ì�'�Ò í { i�p å h U í { U Ð �ÓÐ Eå `� C Ð ��å K�: �� e h U Ð ��� b � � Y�'�Ò Ú n å �� U Ð �p å h d T

�Ø n [ � S ø Ð í�'�Ê n _ f É�'½¾�±�½À��} = � � TÐ½»»»��'�Þ½»���
��¾Ä�����= n � U Ð ��@} C Ð �� ai�'�Þ¼ ¾����
��¿»����� @n a#Ð �{ h 1í �� b U � _ U Ð �£n i�'��= n H��@} Y�'�Þ½Á���
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�p x Ø n [ � S ø Ð �Ón A É ü Ð�'�Ê n _ f É�'¼ ¼��¼ ¾��F e R � i½»»»��'�ÞÃ���
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��¿¾�����= n � U Ð �Ú { [ C Ð �� ai�'�Þ¾»���
��¿¿���Ð �Ú { [ C Ð�= n � U����
��¿À����} ^i Ì�{ x ~C Ð �p R } _ C�����
����ë n ] � S �{ e 7�'�p x Ø n [ � S ø Ð �Ón A É ü Ð ��K�: �p L í P C Ð �EQ�Ò Ú n �� U Ð �� Y �{ "Ð ��� H�'��K�: �p h @Ú n #Ð �Ò Ú n �� U Ð �é� A�ï Ú n Z� Hø Ð �� d �C Ð �Ò í { f U �qY { S �p S Ú í

�p x Ø n [ � S ø Ð �Ón A É ü Ð�'¼ ¼�¼ ¾�±��F e R � i½»»»��'Þ¿���
��¿Á���Ón HÐ Ú { U Ð �� f e h U �Ð �~T} C Ð��p h �h > Ð GHø Ð�'��= n H�Ú { [ Y�'�Þ½Ã��
��¿Â�����= n � U Ð �WC Ð �� ai��
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�p x Ø n [ � S ø Ð �Ón A É ø Ð�'�n _ f É�'¼ ¼�±�¼ ¾��F e R � i½»»»��'�Þ¼ ¿���
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�p x Ø n [ � S ø Ð �Ón A É ü Ð�'�Ê n _ f É�'¼ ¼��¼ ¾���F e R � i½»»»���Þ¼ ¾���
���À»������ b Y �{ 1Ì��HÐ � U Ð { � L�'�æ �Ö n � É�'��= n H�Ú { [ Y�'�Þ½Á���
��À¼����} ^i Ì�p h = n wÚ ü Ð �Ón h d e _ U Ð ��d > �� L �{ x ~C Ð �p R } _ C�����
����È�� x Ì�OÎ�� e h U Ð � : �Ñ n wÚ ü Ð�'�� e h U Ð �DL �n wÚ Ð ¦Ìí �p h = n wÚ ü Ð �Ón h d e _ U Ð �é� A�Ñ Ð � f U Ð �� d 6 �OÎ�p Y � c"Ð �} x } b >�'�p d 6 �ÓÚ { É Î½Á��F e � � H�'�Ê n _ f É�'�F e å � x Ø
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��À½����Ñ n wÚ ü Ð �Ò } wn Kí �� e h U Ð�'Ð �p U n Tí �Ú Ð { É Î�p h f e h U Ð �Ê n � i ú�j� H���'�Ê n _ f É�'�} x n f x½»»¾��'�Þ¼ Á���
��À¾����� e h U Ð �Ò Ú n x Û �� Y �n wn x n L } U � ðÐ } x | �p h = í Ú í úÐ �éí { U Ð ��_ = �ÓÚ { É Ì�p h = n wÚ ü Ð �Ón h d e _ U Ð ��d � U �p �h � i�'�n *Ú n aH�ç Ql= �p h = } `U Ð �Ón Y � c"Ð ��_ = �qY n S ��=

�} ^i Ì�{ x ~C Ð �p R } _ C �Ò } Y �� Y �} �Tú�Ê n _ f É �p e É n _ U Ð �: �n *n h d [ f S í����Ð�È�� x Ì�OÎ�� e h U Ð �: �Ñ n wÚ ü�'��= n H�Ú { [ Y�'�Þ¿À���
��À¿������= n � U Ð �Ú { [ C Ð �� ai�'�Þ¿Ä���
��ÀÀ�����= n � U Ð �Ú { [ C Ð�'�ÞÀÀ���
��ÀÁ�����= n � U Ð �Ú { [ C Ð�'�ÞÀÂ���
��ÀÂ�����= n � U Ð �Ú { [ C Ð�'�Þ¿À���
��ÀÃ����: �C Ð � Ð { � L����p h �h > Ð GHø Ð �� e h U Ð �p x Í} U �ê n _ U Ð �Ú n J ü Ð½»½À��'p x Ø n [ � S ø Ð �p d �C Ð��'�Ê n _ f É�'�Ø { _ U Ð½Â��'½ÁÄ½»»»��'Þ½Â��
��ÀÄ����ë � HÚ { i Ì�'�� e h U Ð���p å h Y n f U Ð �éí { U Ð �: �p x Ø n [ � S ø Ð �Ón A É ø Ð �p = } 9�� Y �Üí Ú Ø í ��e _ U Ð �Þ} R ��d Bí �� e f U Ð ��x �> �Ón Hn h H�'�Ón A å É ü Ð �Ñ n å � T�:

�p h f e h U Ð �p x Ú � ge !Ð �: �p x Ø n [ � S ø Ð�'�ï Ú n Z� U Ð �{ 1Ì�} x }�'�q= Ð � �U Ð �p d 6 �ÓÐ Ú Ð { É Î�'�Ê n _ f É�'¼ Ä Ä Ä��'å É¿»���
��Á»����Ü� e d C Ð ��e _ U Ð �OÎ�Ö � e ] U Ð �� Y �ë { _ = �Ò } "Ð �p b ] f C Ð�'�p x Ø n [ � S ø Ð �p d �C Ð�'�p h f e h U Ð �Ê n � i úÐ �p U n Tí�j� H���'�Ê n _ f É�'�Ø { _ U Ð½»��'½½��� x n Y½»»»ê���
��Á¼����ë Ø n _ C Ð í ��af U Ð �Ò Ú Ð Û í�'�ë Ø n _ C Ð í ���af U Ð �ÓÐ Ê n [ AÎ�'�Ê n _ f É�'�©n �U Ð �Ø { _ U Ð�'½»»½��'å É¿��
��Á½���p R } _ C��} ^i Ì�{ x ~C Ð�����
���} �A�{ e 7�{ 1Ì�'�p h d � b � � C Ð �n *n _ S � > í �p h _ d � U Ð �ÓÐ Ø n [ U Ð�'�q= Ð � �U Ð �p d 6�'�Ê n _ f É�'�Ø { _ U Ð¼ À��'�} x n f x±��ÜÚ n Y¼ Ä Ä Ä��'�Þ¼ Â Á��
��Á¾����Ñ Ð � f U Ð � � d 6�'= í �p Y n _ U Ð �Ón i Û Ð � C Ð ��x Ú n ZC �n gd h d í � n g� HÐ Ú Ø �é� A�p Y n _ U Ð �Ón i Û Ð � C Ð ��x Ú n ZY �p HÐ Ú { = � p ad cC Ð �p f �d U Ð �} x } b >�< n C Ð �ê n _ d U �< n C Ð �n ¹n h½»»»��'

å ÉÂ���
��Á¿����ï Ú n a`U Ð �ML�'��� b � � C Ð í ��S Ð � U Ð �p h f e h U Ð �Ò { A� U Ð�'��= n H��@} Y�'�Þ½Ä ¿���
��ÁÀ����n h HË�Ñ } `U �p x Ø n [ � S ø Ð �p Y Û úÐ �� Y �Ú �> �Û n `U Ð �âí P Y �ë Ì�âí P C Ð � } x { > � � � U Ð � p h � i } aU Ð �én > � > � p T �ÓØ n R Ì�'�Ón å � d ] � Y �ßGå _ > �p h U n Y �Ón � b L �{ @� > �5T

� Hø Ð�} ^i Ì�{ x ~C Ð �p R } _ C �Ú 5������
���Ð � cHúÐ �Ò { � � C Ð ���Y úÐ�'�n h HË�Ñ } `U �p h L 5� @ø Ð í �p x Ø n [ � S ø Ð � p f �d U Ð�'��å e _ U Ð �s Y n å i } = �|å h af > �: �p å h f e h U Ð � p å x Ú � ge !Ð ��> Û } AÐ �ï |U Ð �ê { b � U Ð ��h h b > í �ßÐ } _ � HÐ

�Ón f h _ � � U Ð �: �ðÐ � e i �ë Ð { d � U Ð ��S Ì�yU n [ U�'Þ¾À���
��ÁÁ����p h e f � U Ð í ��h ] �� U Ð �Ò Ú Ð Û í�'x Ú � ge !Ð�ÓÐ � f H�P L �p h f e h U Ð �p¼ Ä Ä »�±�½»»»�ê�'�ï � f _ C Ð ��h @� � U Ð �Ò } ý Ð Ø ��= n ] Y�'�Ê n _ f É�'�� x n Y½»»»��'å É½Â ¿���
��ÁÂ����{ h _ H�q= n ?�~x ~L�'�Ñ � d ] C Ð ��x � � � U Ð � p C � _ U Ð �Ón x { �p g@Ð � C �� �h > Ð GHø Ð �Ú 5�� Hø Ð�'�p å h d � C Ð �ÓÐ Eå `� C Ð ��å K�: �� e h å U Ð ��� b � å � Y �Ò í { å f U �qY { S �p S Ú í

�p h U í { U Ð í �p h e h d S ü Ð í�'d T�Ø n [ � S ø Ð í �Ò Ú n �� U Ð �p h�'�Ê n _ f É�'½¾���½À��} = � � TÌ½»»»�'�Þ¼ ¾���
��ÁÃ����� e � h C Ð �{ e 7�'�ë n Y ~U Ð �� Y �{ b L �: �� f e h U Ð �Ø n [ � S ø Ð�'�p x Ø n [ � S ø Ð �p d �C Ð�'�p h f e h U Ð �Ê n � i úÐ �p U n Tí�j� H���'�Ê n _ f É�'�Ø { _ U Ð½»��'½½��� x n Y½»»Àå É �êÄ���
��ÁÄ����{ h _ H�q= n ?�~x ~L�'��= n H��@} Y�'å É½»��'H�� L � ð b i�ï } c� _ U Ð � ë 5h d�'�p h i n � i Î�p S L �: �Ò { x { @�Ø n _ = Ì�p R n b �U Ð í ��h d _ � U Ð�'�p å h = } _ U Ð �p d 6�'�Ø { å _ U Ð¿Ä Â��'��å x } = Î

½»»»��'ÞÄ���
��Â »����p h f e h U Ð �p x Ú � ge !Ð�'�: �Ñ Ð � f U Ð �� d 6 �OÎ�ê { b C Ð �p h f e h U Ð �p x Ú � ge �d U �p Y � cA�éí Ì�ë n h =¼ Á��� h i � x¼ Ä Ä »��'�Þ½Â����
��Â ¼����ë 5�L Ø í Ð Ø�': �ï Ø n [ � S ø Ð �Ö É ü Ð��� e h U Ð���} "Ð �ç� � U Ð �Ø n [ � S Ð�'�p h U n C Ð �p d �C Ð�'�Ê n _ f É�'��Ø { _ U Ð½��'��x } = Ð¼ Ä Ä Á��'Þ½¼���
��Â ½����} ^i Ì�{ x ~C Ð �p R } _ C�����
���ë n � U Ð �î{ w�'�ç� � U Ð �Ø n [ � S Ð í ��h ] �� U Ð �N= �ï Ø n [ � S ø Ð � Ö É ø Ð���p h f e h U Ð �p U n "Ð���'�p å h f e h U Ð �p å x Ú � ge !Ð �: �p x Ø n å [ � S ø Ð �Ón A É ø Ð �Ñ n � T�:�'�{ å 1Ì�} å x }

�ï Ú n Z� U Ð'�q= Ð � �U Ð �p d 6 �ÓÐ Ú Ð { É Ð�'�Ê n _ f É�'¼ Ä Ä Ä��'�Þ¿¼ ½�±�¿¼ Á���



��¾¼Â���d gTÐ�9�ogK5�?øÐí�owØmZ�RøÐ�ogd e�TÐ�Ó°bYX�
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ�
0..5�

�

��Â ¾����ë n � U Ð �DL �î{ w�'��= n H��@} Y�'�Þ¿¼ ¾���
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Ð í �Ò Ú n �� U Ð�Ø n [ � S ø�'�Ê n _ f É�'½¾�½À��} = � � TÌ½»»»�ê�'å É½¿���
��Â À�����{ e 7�� � A��h L 5HÐ�'�ï Ø n [ � S ø Ð �Ö É ø Ð �: �p x WC Ð �p = } �� U Ð�'�p å h f e h U Ð �p å x Ú � ge !Ð �: �p x Ø n å [ � S ø Ð �Ón A å É ü Ð �Ñ n å � T�:�'�ï Ú n å Z� U Ð �{ å 1Ì�} å x }�'

�q= Ð � �U Ð �p d 6 �ÓÐ Ú Ð { É Ð�'�Ê n _ f É�'�} x n f x¼ Ä Ä Ä��'Þ¼ À���
��Â Á����Ú � �U Ð ��] U�'h b _ >� s Y n i } = �DL �oÖ É ü Ð��ï Ø n [ � S ø Ð�'�Ñ n � T�:Ón A É ü Ð���p h f e h U Ð �p x Ú � ge !Ð �: �p x Ø n [ � S ø Ð�'�ï Ú n Z� U Ð �{ 1Ì�} x }�'ÓÐ Ú Ð { É Î��p å d 6

�q= Ð � �U Ð�'�Ê n _ f É�'¼ Ä Ä Ä��'å ÉÀÃ¼���
��Â Â����ï Ú n Z� U Ð �{ 1Ì�'�p h f e h U Ð �p x Ú � ge !Ð �: �p x Ø n [ � S ø Ð �Ón A É ü Ð���AÐ } C Ð±��Ón h ad #Ð±�s ý n � f U Ð��Ð �Ñ n � T�:�p x Ø n [ � S ø Ð �Ón A É ø�'�ï Ú n Z� U Ð �{ 1Ì�} x }

�'�q= Ð � �U Ð �p d 6 �ÓÐ Ú Ð { É Î�'�Ê n _ f É�'¼ Ä Ä Ä��'å É½¿¿���
��Â Ã����� ax |"Ð ��[ h R�'�� e h U Ð �: �� n h � U Ð �âÐ WU Ð�'�q= Ð � �U Ð �p d 6�'�Ê n _ f É�'�Ø { _ U Ð¼ ¿��'�} = � � TÌ±��F e � x Ø¼ Ä Ä Ã�'ÞÁ¿���
��Â Ä����ï Ú í n "Ð �{ 1Ì�{ e 7�'ø Ð �Ö É ø Ð í �p Y n _ U Ð �p i Û Ð � C Ð �~�L�� e h U Ð �: �ï Ø n [ � S�'�P f U Ð í �Ón HÐ Ú { d U �ï Ø n � L �~T} Y�'�Ê n _ f É�'¼ Ä Ä Ä��'å É½Â Á���
��Ã»����ï Ú n a`U Ð �ML�'��� b � � C Ð í ��S Ð � U Ð �p h f e h U Ð �Ò { A� U Ð�'��= n H��@} Y�'�Þ¾¼ Á���
��Ã¼����ï Ú n Z� U Ð �{ 1Ì�'�p h f e h U Ð �p x Ú � ge !Ð �: �p x Ø n [ � S ø Ð �Ón A É ü Ð���Ón h ad #Ð±���AÐ } C Ð±��s ý n � f U Ð���'��= n H��@} Y�'Þ½Ä ¾���
�¦S?h�?È�gc@t�?� � ðøíÌ���x}cUÐ�ëÐ}bUÐ��
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½�ïÚnZ�UÐ�{1Ì�Ú}7��påhfehUÐ�påxÚ�ge!Ð�:�pxÚÐØüÐí�phUnCÐí�pxØn[�SøÐ�ÓnA ÉøÐ�'6 ÓÐÚÐ{åÉÐ�qå=Ð��UÐ�påd�'Ên_fåÉ�'

¼ÄÄÄê�
¾��ehUÐ�DL�nwÚÐ¦Ðí�ph=nwÚüÐ�Ónhde_UÐ�é�A�ÑÐ�fUÐ��d6�OÐ�pY�c"Ð�}x}b>�È��xÐ�OÐ��ehUÐ�:�ÑnwÚüÐ�'pd6�ÓÐÚÐ{ÉÎ
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Â�ïÚín"Ð�{1Ì�{e7�'�ehåUÐ�:�ïØnå[�SøÐí�Ö åÉøÐí�pYn_UÐ�piÛÐ�CÐ�~�L�'nåHÐÚ{dU�ïØnå�L�~åT}Y�åPfUÐí�Ó�'Ên_fåÉ�'

¼ÄÄÄê�
Ã�ïÚnZ�UÐ�{1Ì�'påhfehUÐ�påxÚ�ge!Ð�:�pxØnå[�SøÐ�ÓnA ÉüÐ�'��åAÐ}CÐ±Ónåhad#Ð�'sýnå�fUÐ��ÓnA åÉøÐ�Ñnå�T�:

�phfehUÐ�pxÚ�ge!Ð�:�ïØn[�SøÐ�'q=Ð��UÐ�pd6�ÓÐÚÐ{ÉÐ�'Ên_fÉ�'¼ÄÄÄê� ðm�Tm>����ZTÐí�ÓmGÐÚzTÐí�ÓømaBÐ��
�Ð{�L�{1Ì�çØn[U�'phfehUÐ�pxÚ�ge!Ð�:�phinc�UÐ�pHnh�UÐ��L���C�'phfehUÐ�Ò{A�UÐ�Òí{i�'Ên_fÉ�'�hU�x½»»»ê�
�MLyUnÉ�{1Ì�'�h_i�ÝnhL�{xÛ�'phef�UÐí�©nc�UÐ�Ún�aiøÐ�'phfehUÐ�pUn"Ð�'phRnb�UÐ�{h_�UÐ�p�HkY�'~_>�'¼ÄÄÄê�
�}�A�{e7�{1Ì�'*n_S�>í�ph_d�UÐ�ÓÐÚÐØn[UÐ�phd�b��CÐ�n�'q=Ð��UÐ�pd6�'Ên_fÉ�'Ø{_UÐ¼À½�'}xnfx±ÜÚnY¼ÄÄÄê�



Ø���� �g\ aTÐ�êÐ}@ �z d 7 �z d 7��¾¼Ã��
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ� �
0..5�

�

�ï{gY�{1Ì�çÐ�IÌ�'�ehUÐ�:�px{x~UÐ�{fL�pYnYúÐ�}cR�:�{x{��UÐ�'q=Ð��UÐ�pd6�'Ên_fÉ�'}xnfx±ÜÚnY¼ÄÄ¿ê�
���7��@ni�NYÌ�'x{[�UÐ�ÓÐÚ{bUÐ�phef�U�phY�c"Ð�Ò~g@úÐ�ÒÊnaTí�Ón_xP�UÐ��SÐí�px}�'q=Ð��UÐ�pd6�'Ên_fÉ�'Ø{å_UÐ¼À'}xnåfx±

ÜÚnY¼ÄÄÄê�
�<í{UÐ��f�UÐ�'�ehUÐ�:�ìnhedU�ph�h>ÐGHÐ���i�'q=Ð��UÐ�pd6�'Ên_fÉ�'Ø{_UÐ¼½'�x}=Ð±�hi�x¼ÄÄÃê�
��x{UÐ�æ �{1Ì���A�'�fehUÐ��ýÐ|`UÐ��YúÐ���b��Y�DL�phUí{UÐÒÚn��UÐ�ÓnhSna>Ð�}?Ð�'b��Y�Ò{i�phUí{UÐ�ÓÐE`�CÐ��K�:��ehUÐ���

�'�Øn[�SøÐí�ÒÚn��UÐ�phdT�'Ên_fÉ� '½¾±½À}=��TÐ½»»»ê�
�ì{�L�{IÐÚ�ØÐkR�'phýnCÐ�ØÚÐ�CÐ�ë�inS�Úí{É�phªÌí�ìnhCÐ��ehUÐ�'pxØn[�SøÐ�pd�CÐ�'påhfehUÐ�Ênå�iúÐ�pUnTí�ÓÐÚÐ{ÉÐ�j�åH��'Ên_fåÉ�'

Ø{_UÐ¼ÁÜÚnY½»»»��
�èÚn�Y�î�dH�'phfJ�UÐ�pde_UÐ�Ú�w{>�Ñn�HÌ�'�fehUÐ�Øn[�SøÐ�:�ÓnHÐÚØ�Ñn�T�:�'ïÚnZ�UÐ�{1Ì�}x}'qå=Ð��UÐ�påd6�ÓÐÚÐ{ÉÐ�'

Ên_fÉ�'¼ÄÄÁ��
�ì{�L�{IÐÚ��ØÐkR�'�ehUÐ�'Ónx{��UÐí��SÐ�UÐ�pxP�UÐ�ØÚÐ�CÐ�ÒÚÐØÎ�'pxØn[�SøÐ�pd�CÐ� 'phfehUÐ�Ên�iøÐ�pUnTí�ÓÐÚÐ{ÉÐ�j�H��'¼ÄÄÁ�ê

Ên_fÉ�'Ø{_UÐ½Á'Ã½»»»ê�
��x{UÐ�æ �{1Ì�{e7�'ÕÚn#Ð��Y�phfehUÐ�pdh�bUÐ�'q=Ð��UÐ�pd6�'Ên_fÉ�'}xnfx±ÜÚnY¼ÄÄ¿ê�
�ï~x~"Ð�{e7�'ïÚÐØüÐ�Ö åÉøÐ�påhdeL�:�phHnh�UÐ�ÒØÐÚüÐ�ÚíØ��Ên_fåÉ�på_Yn@�Ñ åJ�Ónåwn9Ð��'ÓnA åÉøÐ�Ñnå�T�:

Ú�ge!Ð�:�pxØn[�SøÐ� phfehUÐ�px�'ïÚnZ�UÐ�{1Ì�}x}'q=Ð��UÐ�pd6�ÓÐÚÐ{ÉÐ�'Ên_fÉ�'¼ÄÄÄê�
�ën]�S�{e7�'pxØn[�SøÐ�ÓnA ÉøÐ��K�:�pLíPCÐ�EQ�ÒÚn��UÐ��Y�{"Ð���H�'é�åA�ïÚnåZ�HøÐ��d�CÐ�Òí{fU�qY{S�pSÚí

�pxØnå[�SøÐ�ÓnA ÉøÐ��K�:�ph@Ún#Ð�ÒÚn��UÐ�'Ð �åd�CÐ�Òí{åfU�qY{åS�påSÚí��åK�:�påh@Ún#Ð�ÒÚnå��UÐ�é�åA�ïÚnåZ�Hø
�pxØn[�SøÐ�ÓnA ÉøÐ�'¼¼�¼½FeR�i½»»»ê�

��e�hCÐ�{e7�'�Y~UÐ��Y�{bL�:��fehUÐ�Øn[�SøÐ�'pxØn[�SøÐ�pd�CÐ�'påhfehUÐ�Ênåf=úÐ�pUnTí��j�åH��'Ên_fåÉ'Ø{å_UÐ½»±½½�xnåY
½»»»ê�

�ë5�L�ØííÐØ�'�ehUÐ�:�ïØn[�SøÐ�Ö ÉøÐ�}"Ð�ç��UÐ�Øn[�SÐ�'phUnCÐ�pd�CÐ�'Ên_fÉ�'Ø{å_UÐ½�åx}=Ð¼ÄÄÁ�ax|å"Ð��å[hR�ê�'
�ehUÐ�:��nh�UÐ�âÐWUÐ�'q=Ð��UÐ�pd6�'Ên_fÉ�'Ø{_UÐ¼¿'}=��TÐ±Fe�xØ¼ÄÄÃ�¼ÄÄÁê�

��bU�_UÐ�£ni�'�@na#Ð�{h1�'UÐ pxÚ�ge!Ð�:�Ñ��"Ð�pLÐÚÛ�:�.Ð|UÐ�Êna�TøÐ���b��Y�phfeh�': �ehUÐ���b��Y�Òí{i�OÐ�qY{S�pSÚí
�phUí{UÐí�phd�CÐ�ÓÐE`�CÐ��K�'Øn[�SøÐí�ÒÚn��UÐ�phdT�'Ên_fÉ½¾�½À}=��TÌ½»»»ê�

�ë�HÚ{iÐ�'phYnfUÐ�éí{UÐ�:�pxØn[�SøÐ�ÓnA ÉøÐ�p=}9��Y�ÜíÚØí��e_UÐ�Þ}R��dBí��efUÐ��x�>�ÓnHnhH��ehUÐ�'Ñnå�T�:
�SøÐ�ÓnA ÉøÐ�phfehUÐ�pxÚ�ge!Ð�:�pxØn[�'ïÚnZ�UÐ�{1Ì�}x}'q=Ð��UÐ�pd6�ÓÐÚÐ{ÉÐ�'Ên_fÉ�'¼ÄÄÄê�

�©5_fUÐ�{1Ì�'�JÐ�CÐ�p�É�DL�ph�d�UÐ�ìÚn?Ðí�âíPY�E`UÐ�énBØøÐ�'ÒÚnå��UÐ�é�åA�ïÚnåZ�HøÐ��åd�CÐ�Òí{åfU�qY{åS�påSÚí
�pxØn[�SøÐ�ÓnA ÉøÐ��K�:�ph@Ún#Ð�'Ên_fÉ�'¼¼±¼¾FeR�i½»»»ê�

�Ú��UÐ��]U�'ïØn[�SøÐ�Ö ÉøÐ�sYni}=�DL�ohb_>�'phfehUÐ�pxÚ�ge!Ð�:�pxØn[�SøÐ��ÓnA ÉøÐ�Ñn�T�:�'ïÚnZ�UÐ�{1Ì�}x}
q=Ð��UÐ�pd6�ÓÐÚÐ{ÉÐ�'Ên_fÉ�'}xnfx¼ÄÄÄê�



��¾¼Ä���d gTÐ�9�ogK5�?øÐí�owØmZ�RøÐ�ogd e�TÐ�Ó°bYX�
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ�
0..5�

�

�: �CÐ� Ð{�L�'ph�h>ÐGHøÐ�phfehUÐ�pxí}UÐ�ên_UÐ�ÚnJüÐ½»½À�'pd�CÐ�pxØn[�SøÐ�'Ø{_UÐ�Ên_fÉ½Â'½»»»ê�
���@PUÐ�éØnL�'�ehUÐ�:��©nc�UÐ��efdU�phL5�@øÐ�ÓÐØ{�CÐ�'ph¶Ún>��hH�H�pHÐÚØ�'phinc�UÐ�ÓnHÐÚ{UÐí�oxÚ{�UÐ�~T}Y�'p_Yn@

�Ên_fÉ�'�x}=Ð�'½»»»ê�
�âÐ~w� Ð{�L�'pYn_UÐ�Ò�bUÐ��ýn[Bí�ënc�UÐ�'Hnh�dU��fJ�UÐ�}/kCÐ�OÐ�r�=�phfehUÐ�pxÚ�ge!Ð�:�phinc�UÐ�Ón�'Ên_fÉ�'½Á±½Ä

}=��TÐ¼ÄÄ¼ê�
�ì{�L�{h_H��dCÐ{�L�'�HíúÐ�çPUÐ�:�ê �UÐ�çnRËí���f_UÐí�ÑnwÚüÐ�'q=Ð��UÐ�pd6�'Ên_fÉ�'Ø{_UÐ½Â'}xnfx±ÜÚnY½»»½ê�
��ehUÐ��L�pÉnB�Ò}^ií�pUn]�UÐ�Ò}wnK�©5_fUÐ��1}UÐ{�L�'HÐÚØ�Ñn�T�:��fehUÐ�Øn[�SøÐ�:�Ón�'ïÚnåZ�UÐ�{1Ì�}x}'ÓÐÚÐ{åÉÐ

�q=Ð��UÐ�pd6�'Ên_fÉ¼ÄÄÁê�
���bY�{1Ì��HÐ�UÐ{�L�'æ  Ön�É�'�A ÉÐ�ÓnS�_Yí��fehUÐ�Øn[�SøÐ�'ÒÚn��UÐ�é�A�ïÚnZ�HøÐ��d�CÐ�Òí{i�OÐ�qY{S�pSÚí

�pxØn[�SøÐ�ÓnA ÉøÐ��K�:�ph@Ún#Ð�'Ên_fÉ�'¼¼�¼¾FeR�i½»»»ê�
�ënfH�ì{�L�'�fehUÐ�pLnf[UÐ�ân]S�:�pLíPY�E`UÐ�ÒÚn��UÐ�Ún?Ð�}Jn8�'ÒÚnå��UÐ�é�åA�ïÚnåZ�HøÐ��åd�CÐ�Òí{åfU�qY{åS�påSÚí

�pxØn[�SøÐ�ÓnA ÉøÐ��K�:�ph@Ún#Ð�'Ên_fÉ¼¼±¼½FeR�i½»»»ê�
�{h_H�q=n?�~x~L�'{x{��U�pC�_UÐ�Ónx{ pg@Ð�C���h>ÐGHøÐ�Ú5��HøÐ�Ñ�åd]CÐ�'�åK :��ehåUÐ���b�å�Y�Òí{åfU�qY{åS�påSÚí

�phUí{UÐí�phehdSøÐí�phd�CÐ�ÓÐE`�CÐ�'Øn[�SøÐí�ÒÚn��UÐ�phdT�'Ên_fÉ�'½¾�½À}=��TÐ½»»»ê�
�ën�UÐ�î{w�'phfehUÐ�pxÚ�ge!Ð�:�ïØn[�SøÐ�Ö ÉøÐ�'ïÚnZ�UÐ�{1Ì�}x}'q=Ð��UÐ�pd6�ÓÐÚÐ{ÉÐ�'Ên_fÉ�'¼ÄÄÄê�
�e7ï{fRúÐ�{�'phfehUÐ�pxÚ�ge!Ð�:�pUí{dU�ïØn[�SøÐ�Úí{UÐ���b��Y�'påhd�CÐ�ÓÐEå`�CÐ��K�:��ehUÐ���b��Y�Òí{fU�qY{S�pSÚí

�phUí{UÐí�'Øn[�SøÐí�ÒÚn��UÐ�phdT�'Ên_fÉ�'½¾�½À}=��TÐ½»»»ê�
�{e7 ��A��hL5HÐ�'ïØn[�SøÐ�Ö ÉøÐ�:�pxWCÐ�p=}��UÐ�'ÉøÐ�Ñn�T�:�phfehUÐ�pxÚ�ge!Ð�:�pxØn[�SøÐ�ÓnA�'{å1Ì�}x}

ïÚnZ�UÐ�'q=Ð��UÐ�pd6�ÓÐÚÐ{ÉÐ�'Ên_fÉ�'}xnfx¼ÄÄÄê� ðm^<ÐÚ��ogdG|TÐ��ým>�TÐí�Óm^wO�TÐ���
Ä�ï~T}CÐ�Ûng!ÐÊn[A³U�'Fe�xØ�ÓvZfCÐí��Tn�CÐí�ënc�dU�ên_UÐ�ØÐ{_�UÐ¼ÄÄ¿�Ên_fÉ�ê�'ÜÚnY¼ÄÄÁê�

¼»�~T}CÐ�Ûng!Ð�ïÊn[A³U�'ph�h>ÐGHüÐ�ënc�dU�phfJ�UÐ¼ÄÄ»�±½»»»��SÚ�ÊÐÚÛ�UÐ��d6�ÚÐ}bUÐ�ÚØn[UÐ�ê��¾Á�zxÚn�=
½¼��]�QÐ¼ÄÄ¼�ê'�\aCÐ��=n]Y�'Ên_fÉ�'�x}=Ð¼ÄÄ½ê�

¼¼�Ên[A U ï~T}CÐ�Ûng!Ð�'�Y ÒGadU�phfehUÐ�pxÚ�ge�dU�phinc�UÐ�ÓnJnbHøÐ¼ÄÄ¿�½»»À�ê'Ên_fÉ�'¼ÄÄÁê�
¼½�!ÐÊn[A U ï~T}CÐ�Ûng�'�Y ÒGaU�phfehUÐ�pxÚ�ge�dU�phinc�UÐ�ÓnJnbHøÐ¼ÄÄ�ê±½»¾¼�ê'Ên_fÉ�'¼ÄÄÁê�
¼¾�Ên[A U ï~T}CÐ�Ûng!Ð�'ên_dU�ï�f�UÐ�Ên[AøÐ�Ñn�T¼ÄÄÄê�
¼¿�ên_dU�ï�f�UÐ�Ên[A U ï~T}CÐ�Ûng!Ð¼ÄÄÃê�
¼À�Ên[A U ï~T}CÐ�Ûng!Ð�'Ð phiÐ~hY�y�C�ên_UÐ�}x}b�UÐ�Ò�ø¼ÄÄÃ�ê'Ên_fÉ�'�hi�x¼ÄÄÄê�
¼Á�phfehUÐ�pxÚ�ge!Ð�': ÑÐ�fUÐ��d6�OÐ�ê{bCÐ�phfehUÐ�pxÚ�ge!Ð�pY�cA�ënh=¼Á�hi�x¼ÄÄ»ê�



Ø���� �g\ aTÐ�êÐ}@ �z d 7 �z d 7��¾½»��
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ� �
0..5�

�

¼Â�Ð�cHøÐ�'nhHË�Ñ}`U�phL5�@øÐí�pxØn[�SøÐ�pf�dUÐ�'|åhaf>�:�påhfehUÐ�påxÚ�ge!Ð��å>Û}AÌ�ï|åUÐ�ê{b�UÐ��hhb>í�ßÐ}_�HÐ
[U �e_UÐ�sYni}=Ónfh_��UÐ�:�Ð�Q�ëÐ{d�UÐ��SÌ�yUn��

¼Ã�ïÚnZ�HøÐ��d�CÐ�'phfehUÐ�pxÚ�ge!Ð�:��ýnCÐ����UÐ�'ëínå_�Un=�ïÚnåZ�HøÐ��d�CÐ�ngYnSÐ���UÐ�phýnCÐ�ØÚÐ�CÐ�Òí{i��ýn?í
�phýnCÐ�ØÚÐ�edU�pYn_UÐ�pþh4Ð��Y�'Ên_fÉ�'}=��TÐ¼ÄÄÂê�

¼Ä�ph�h>ÐGHøÐ�ÓnHÐÚ{dU��fehUÐ�~T}CÐ�'�ehUÐ�ên_dU�ï�f�UÐ�}x}b�UÐ¼ÄÄÃê�
½»�ÊÐÚÛ�UÐ��d6�'Feå�xØ�:�ÑÐ�åfUÐ��d6��Y�Ú}bCÐ�ïÚÐØüÐí�<nCÐí�ïØn[�SøÐí��nh�UÐ�Ö ÉøÐí��fJ�UÐ�Ênf�UÐ�sYni}=

¼ÄÄ¼�ê'pLn�]UÐí�pRn�[UÐ�Ò}ýÐØ�'Ên_fÉ�'Pi zxÚn>�ëí{=��
½¼�ÑÐ�fUÐ��d6�'iÛÐ�CÐ��xÚnZY�pHÐÚ{=�padcCÐ�pf�dUÐ�}x}b>�n¹nh=í�pYn_UÐ�ÓniÛÐ�CÐ��xÚnZC�ngdhd í ng�HÐÚØ�é�A�pYn_UÐ�Ón

�<nCÐ�ên_dU�<nCÐ½»»»ê�
½½�phef�UÐí��h]��UÐ�ÒÚÐÛí�'ên_dU�pxP�UÐ�phef�UÐ�}x}b>��ehUÐ¼ÄÄÃê�
½¾�phef�UÐí��h]��UÐ�ÒÚÐÛí�'ÓÐ�fH�PL�phfehUÐ�pxÚ�ge!Ð¼ÄÄ»�±½»»»�ê'ï�åf_CÐ��åh@��UÐ�Ò}åýÐØ��=n]Y'Ên_fåÉ�'�xnåY

½»»»ê�
½¿�ï}UÐí�pLÐÚ~UÐ�ÒÚÐÛí�'ên_dU��LÐÚ~UÐ�Ên[AüÐ�Ñn�T¼ÄÄÄ�'Ên_fÉ�'�xnY½»»»ê�
½À�ëØn_CÐí��afUÐ�ÒÚÐÛí�'ëØn_CÐí��afUÐ�ÓÐÊn[AÎ�'Ên_fÉ�'©n�UÐ�Ø{_UÐ�'½»»½ê�

�



� ��º_d¼�¿?d`Lk@G�¿@¥¸?�§@î±¸?���Ï¼d�?�ÎcÉS'6(593(5)�&� � �Ï¼@¥¸?�N@ËpLl�?���ÏËÀ?dË¼�Ïk?gc�'�ÃcgÛ?�JÉÁS&� � � �Ø���h4Ð��x{UÐ�Ö É	

¼�¼oXzaX�
ÒØ�!Ð�ÒÚÐØÎ�ÓÛ}=4XDOLW\�PDQDJHPHQW�Ì{=í��hf[�UÐ�én6�:�Ö���=í�ph�nCÐ�ÓÐ�f�UÐ�é B

pY{#Ð�Ó5^fY�:�{xÐ~�x� nwE?j>�Ncdg��CÐ�Ñ|!��h]��UÐ�rhAána�AøÐí�pee[Y�sYÐ}=�é B �Y��)
�qinT� ëÎí� º nCÐ� ë}bUÐ��Y�EBúÐ� {b_UÐ� ën=Î� ðÐÚnZ�iÐ� phbx���UÐ�Ónwn9øÐ� �wÌ� {AÌ� pe^fedU� Êø�UÐ��_!

�Ð|w�Úí|@ìn9øÐ�PL �Hn�UÐ�ë}bUÐ�é B Ú�d�>�ï|UÐ��dg��CÐ�pY{B�ê�gaY�OÎ�Ø�_>��5^fY�Ú�g^=í��Y�Ó
��dg��Cn=� �h@��UÐ� Ú�^fY� ngfe\=� ÒØ�!Ð� ÒÚÐØÎ�ÏØn�Y�qf�>� ên_UÐ� ân]bUÐ&RQVXPHU�RULHQWHG�ê{���>í

� ÒÐín�CÐ� ë5\U��_�>í� ºÒØ�!Ð� p=nSÚ(TXDOLW\�:�qinT���UÐ�Ó5^fCÐ� ì|w��eL�:�E�T�é ö� Ô{A�{bR� º
� q��ÉÌí� ºp]d�UÐí� phY�c"Ð� ÓÐÚÐ}bUn=� ðnJn�>ÚÐ� }�TÌ� nCÐùÐëºpY{#Ð� pLnfÉ� �Y� �Yn_�dU� p�QÚ� }�TÌ

��JÐ�edU��hd��UÐí�påhUnCÐ�énåeLúÐí��ýngfUÐ� ê{���CÐ�HQG�XVLQJ�}^fx�y�ÉÌ�5T�ºëùÐ�n¹j=� ÒØ�!Ð�OÎ
��Y�pYn_UÐ�Ó5^fedU��\RÌ�{_ ôx �B{Y�pxFx�UÐ��Y pÉn#Ð�Ó5^fedU��\RÌ��w�5T�º�pxÚ�dxn�UÐ��ÓØnH���UÐ

ph�nCÐ�ob"Ð�:�ÓnY{#Ð�íÌ��hf[�UÐ��Óøn6�:��UÙ�ënT� ðÊÐ�H�
�c�dU�ph�hý}UÐ�ÓÐ kCÐ��Y�y�ÉÌ�{S�Þn#Ð�ân]bUÐ�:�pY{#Ð�ÒØ�!�pL�f�Y��hxnbY�êÐ{��HÐ�ëÌ�5=í
�én�YÌ�ên_UÐ�ân]bUÐ��e��pdYn_UÐ�Ó5^fCÐ�ëlR�º� ðn_HÐí�ðø��S��Uí�º��dg��CÐ�n�Ú�ÜnhbUí���eh^f�UÐ�ÊÐØúÐ�DL

�5^fCÐ� phY�c"Ð� }ýÐí{UÐ� º� pýÚn]UÐ�ÓnY{#Ð� º� pJPUÐ� º�M�CÐ��c"Ð� ºph�[UÐ�Ó� � ����phªúÐ�qTÚØÌ� {S� º
� ph�h>ÐGHüÐ��hxnbY��L�r��UÐ��w�Ó5^fCÐ�ì|4�ph�hý}UÐ�nxn\bUÐ��Y�y�ÉÌ�Ð|U�º�ÒØ�!Ðí��dg��CÐ�pY{#

� pY{#Ð� ÒØ�!� peý Y��> énhZffxnaUÐ�:� õPôi énbY� ÚnIÌ� {bUí�zxÚn�=� ~exn�ÄëÐ}x~A¼ÄÄÀ����A�ëÌ�OÎ
�pfH�Ò{��CÐ�pcdeCÐ�:�ç��UÐ�Ô��=¼ÄÄ¿ëÌí��hf@�ë�hd=��[i��L�ØÐÛ¼¾·�[B�Ú�T|CÐ��d�CÐ��Y

ên_UÐ�ân]bUÐ�Ó5^fY���S��Y�ç��UÐ�Ô��=�DL�çnai³U� ¼�½oGÐÚzTÐ og©Ì�
	�é5KúÐ�ÒÚÐØÎ�Ùm�GÌ�èÚmYBÐ�Òzwz"Ð�o^Xm?�



Ø������g4Ð��wzTÐ�Ö°É��¾½½��
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ� �
0..5�

�

Hn"Ðí�ph�hý}UÐ� nxn\bUÐ��Y��dg��CÐ�pY{Bí�ÒØ�!Ð�q��ÉÌ� nCÐ�ë}bUÐ��Y�Ónfh_��UÐ� ÒGR�:�pe
�Ón��fY�é B �Y��dg��CÐ�Êøíí�n�Ú��e\ôxÞn#Ð�ân]bUÐ��aR�ºÞn#Ðí�ên_UÐ�NLn]bUÐ�Ó5^fY��Y��cU
�OÎ�Ø�b>�pxÚí¦�Ò�]B��w�ÒØ�!Ð�N� ëlR�ên_UÐ�ân]bUÐ�:�nYÌ�ºìØ�bfU�pehS��]_>�ÓnY{Bí�phUnL�ÒØ�@�ÓÐÙ

�=�ÓnY{�dU�én ö_R��hd�>�ÕÙ�efUÐ�ëÌ�5T�n)�ëng��ôx ø� ðpincY�pYn_UÐ�ÓnY{#Ð�nghR��� phþh�UÐ�Ónx{��UÐ�ëÌ�o�
�Ncdg��Y�OÎ�pd?5�CÐ�ÓnY{#Ð��hd��U�ï{hdb�UÐ�Nh�dH�ð5ýnS�{_x�3� ðÐØí{7��wE?j>�ëÌ�íÌ� ðn>�É��4��hU��{bU

j=í�ên_UÐ�ân]bUÐ�ÒÚÐØÎ�:�ph�hýÚ�ÓÐE`>�ÒEBúÐ�ÓÐ�f�UÐ�Ó{gIÖíÚ�Ú�gK�n4�pxín�Y�phª�pY{#Ð�ÒØ�@���Y
é B�ÒØ�!Ð�ÒÚÐØÎ�ÏØn�Y��ëíØ�ÒØ�!Ð�N���U�pad�8�Ónh�h>ÐGHÐ�ân�>l=�ên_UÐ�ân]bUÐ�Ó5^fY��_=�Ó|BÌ�ÙÎ

� ÒØ�!Ð�ÓnbdA��h�]>� ng\_=�ÓÌ{�R� ºpdYnc�Y� p]B�íÌ�MT� Ú�^fY4XDOLW\� FLUFOHV�ç}R�î}BÌ�:�qb�Jí
âíPCÐ3URMHFW�WHDPV��íÒØ�!Ð�ë54XDOLW\�$VVXUDQFH�

ê5�wún=� � 3 ÓnhaZ��CÐ� ngfYí� phY�c"Ð� Ò~g@úÐ� ngY{b>� ��UÐ�ÓnY{#Ð� ÒØ�@�î���Y� ph\S� ëÎ
�ân]S�ÚíØ�¦n"Ð�qS�UÐ�:�{xÐ~�xí�º�ÒEBúÐ�ÓÐ�f�UÐ�:�úÐ��Cn_UÐí�M�CÐ�Nx���CÐ�DL�pHÐÚ{UÐ�íÌ�:ncUÐ

í pxØn[�SøÐ� Ònh"Ð�:�ÓnY{#Ð�Ò{��CÐ� �Y±U� pxP�UÐ� phef�UÐ� }xÚnb>� nghR� 5=�ÓnHÐÚ{UÐí� }xÚnb�UÐ��UÙ� {Tk>
�:��R}>�p]Rnx�íÌ�Ún_I�Ø}6�{_>�3�ÓnY{#Ð�ÒØ�@�ëj=�{TkhU�r��UÐ� Ð|w�.jxí�º� �phf_CÐ�Ó5^fCÐ��Y�nwEQí

�o>ncCÐ�pg@Ðí�ÓÐÚÐØüÐínwnf��>�ÓÌ{=���UÐ�Eh`�UÐ�pa�dR��Y�Ì~��x�ø�Ê~@��w�5iÎ�ÓnY�c"Ðí�éí{UÐ�odQÌ
� ngfYí�3n_UÐ�:�Ón�HkCÐíÒÚÐØüÐ��Y {ha��>�phbh�]>�ÕÙ5ií�ï}cR�sgfY��hÉj>�OÎ�p@n�=��w���UÐ�ph=}_UÐ

�ÑÚn9�x}BùÐ�én�CÐ�Ð|w�:�nw~h/í�ng�hÉ�[B�n4�phfJí�ÑÚn9�Ênf=�:��SÐ�UÐ�Ónh]_Y��K�>í� ¼�¾ocbYX�oGÐÚzTÐ�ocþGÌí�
{_ôx�R}Y���CÐpYn_UÐ�phY�c"Ð�ÓnhaZ��Y{#Ð�ên_UÐ�ân]bUÐ�Óni�cY�{AÌ�ÓnY{�dU�¢hý}UÐ�Øí~CÐ��w

Ð|w�y�ÉÌí�NfJÐ�CÐ�OÎ�ph�[UÐ��R}CÐ�ß}_�xà�`\U�ÒE�T�phY�c"Ð��RÐ}CÐ�phb=�ëjI��ijI�Ón=�_[UÐ�p�h�i
í ph_xP�UÐ�ÓÐE`�UÐí�º�phUnCÐ� pxØn[�SøÐ�º�@�CÐ�Ønb�iøÐí�UExn_edùÐíÓnhU�º pY{���CÐ��L \R�à�`\UÐ

p�Q}UÐí�phdBÐ{UÐ�phd�CÐ�ÓnYÐ~�UÐí� ðÊn�LÌ��Y�c"Ð��aZ��CÐ�ÒÚÐØÎ�DL�o>Ú�n,�º�pY{#Ð�ÒØ�@�N� : Ò{xÐ~�CÐ
U�c�b>}>�nwÚ�g+� }>���UÐ�n*nY{B�ÒØ��=��f�>�OÎ�nhd_UÐ�ph�[UÐ�ÓÐÚÐØüÐ��RØí�pY{#Ð�ÒØ�!�ÓÐÚØn�Y

Y �Y�é � ô/pUí{UÐ�piÛÐ��íº��x}]UÐ�pxÐ{=�:�éÐ~>�nY�Óøín�CÐ�ì|w�ëÌ�øÎ�ÓøÍn��UÐ�:�pHÐÚ{UÐ�pdcZY�Ú�d��>
ph>ùÐ�

¼�N?���CÐ�ngh]_x���UÐ�ph��fUÐ�phªúÐ�î���Y�nY��}CÐí�NdYn_UÐ�úÒØ�!Ð�Øn_=�phd_aUÐ�pTÚ{CÐ�



��¾½¾���êm^T Ð�âm\aT Ð�9�oXz#Ð�ÒØ�?�
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ�
0..5�

�

È p?���CÐ�ÓnhaZ��CÐ�:�
½�n_=Ì�Ó Yn_Y�Ò�S��d� �w��Y�pfh_UÐ�ØÐ}RÌ�î{U�pHÐÚ{UÐ�ÜnhbY�DL�pTÚ{CÐ�ÒØ�!Ð�Ø�NdYn_UÐ

�}CÐí��Èp?���CÐ�ÓnhaZ��CÐ�:�
¼�¿pHÐÚ{UÐ�æÐ{wÌ�

æÐzvúÐ��ga NÎ�oGÐÚzTÐ�ì{v��^�=og=ùÐ�
�êÐ{��HÐ�ÜnhbY6(593(5)���ÜnhS�:���i�NdYn_UÐ� í��}CÐ�Ónwn9Ð�ÒØ�@

ÐÓnY{Bí Ò{x{@�pþh�T�ÓnhaZ��C�Y {Tj�UÐ�|w pªn�Y�î{YÐpY{#Ð�ÒØ�@�Øn_=Ì�{x{ :ÜnhbCÐ�
�çí}R�ènfw�qinT�ëÎ�pR}_Y�pUøØ�ÓÐÙ�phýn[AÎ�Øn_=ú�ÒØ�!Ð±èÚ{CÐ�M_aUÐ�ÊÐØúÐ��ÜnhbY�DL

pHÐÚ{UÐ� ¼�ÀoGÐÚzTÐ�Ómg�|Q�
ùÐ�Ónh�}aUÐ�pQnhÉ�q/�pHÐÚ{UÐ�æÐ{wÌ��hb �@Ì��Yph>�

��UøØ�ÓÐÙ� çí}R� {@�>� øphýn[AÎ�ÒØ�!Ð� Øn_=Ì� N=pTÚ{CÐ� phd_aUÐ�ÜnhbY� êÐ{��Hø�î~_>
pHÐÚ{UÐ�

�ÒØ�!Ð�Øn_=Ì�N=� phýn[AÎ��UøØ�ÓÐÙ�çí}R�{@�>�ø�phd_aUÐ�î~_>� pHÐÚ{UÐ�ÜnhbY�DL�pTÚ{CÐ
�ph[�ZUÐ�ÓÐE`�edU�Ð pUn"Ð�ºpahK�UÐ�º�ed_UÐ��wkCÐ�º}e_UÐ�º��f!Ð�phL5�@ø� ½�oGÐÚzTÐ�og�feX�

p]HÐ�=�Óninh�UÐ��+�:�©Ð{hCÐ�Ñ�dHúÐ��e\�x�ï|UÐ��aÉ�UÐ�sgfCÐ�DL�pHÐÚ{UÐ�ì|w�{e�_>pin�HúÐ�
ºpHÐÚ{UÐ�Ónh�}R�p�É�Ún��Bø�ðnhýn[AÎ�ngdhd ípRn�ün=�ÓnxÚí{UÐí�o�cUÐ��Y�ÒØna�H U ���cCÐ�y�CÐ�OÎ

�Ênf�U�phed_UÐÚnJüÐ�^fUÐï}ê{��HÐ�5T�p]HÐ�=�:Ð}Q�d�h�UÐ�r��UÐÓninh�UÐ�{LÐ�Sí�qiGiøÐ�� ½�¼oGÐÚzTÐ�oegKí��d�6�
ëØÚúÐ�Ñ�f@�ÓnhaZ��Y��Y�Ø{L�:�NdYn_UÐ��Y�pHÐÚ{UÐ��e�6�ë�c�x��	��NfJÐ�CÐí��}CÐ��ºnghR��x{SÐ}UÐ

/ p��fU�p=ÚnbY�o�f=�NdYn_UÐ� pþaU�phýÐ�ZL�pfhL�qY{��HÐ�{Sí� �Y��T��h��º N�}eCÐí�ºÊn�JúÐ
NhfaUÐí�		��ênL�é B ÓnhaZ��CÐ� Ò�ú�én`IúÐ�o�f=� pin_�HúÐ�q/�5T� ºp?���CÐ�ÓnhaZ��CÐ�:

�	�ëÐ��p?���CÐ�ÓnhaZ��CÐ�w�phi{Y�phY�cA�ÓnhaZ��Y�p�[UÐ�ÒÚÐÛ�=���>}>�j�Un=�NU�eZCÐ�NfJÐ�edU�ph�[UÐ�n*nY{B�ê{b>��[UÐ�NY��

�		��ph�[UÐ��gCÐ�ïíÙ��Y�NhfaUÐ�DL�pLÛ�CÐ�Ónin��HúÐ�qdeI���}x{��UÐ�º�_h�]UÐ�Õ _UÐ�º�phU{h[UÐ�º�p_IúÐ�º�F�8��fR���



Ø����� �g4Ð�� wz T Ð�Ö ° É��¾½¿��
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ� �
0..5�

�

½»»À��			��NfJÐ�CÐ��Y�phýÐ�ZL�pfhL�Únh�BÐ�:��x{SÐ}UÐ��}CÐ��phUn�UÐ�éíÐ{!Ð�����>�5Tí�
�SÚ�éí{@�¼�NdYn_dU�phdcUÐ�ØÐ{LúÐp?���CÐ�ÓnhaZ��CÐ�:�p_@G�CÐí�pLÛ�CÐ���Ónin��HøÐí��

������������ � ��
��§#�§#�§#�IËH}|h��¬Ì¹µ¸?IËH}�|h��¬�Ì¹µ¸?

���������

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

��������������������������������������������
���������������������
� �p"n[UÐí�p_@G�CÐ���Ónin��HøÐ�p��i�q`d=U�hd��dÂ½·p�å�ií�º�pLÛ�CÐ���Ónin��HøÐ�â�e6��Y

¾Ä�Â�·pLÛ�CÐ���Ónin��HøÐ�p��i�q`d=�5fh=�º�MÉúÐ��e��CÐ��YÀÀ�¼�·MÉúÐ��e��CÐ��Y��				��
�RÚ�éíz?�½�

o>���BÐ�Ómg`Y��BÐ�9��wzRÐ|TÐ��|BÐ��X�o^?F�BÐí�oKÛ�BÐ���Ómhm��GøÐí�ém_HúÐ�n�hí�ogcbTÐ�ØÐzKúÐ�
�`Y��BÐ�ØzKÒ ö�úÐ

o@m�BÐ�
êm^TÐ�éz^BÐ
�ém_Hú
Ò�úÐ�

Øz^TÐ�L^`TÐ
�|dcT�

Ómhm��GøÐ
oKÛ�BÐ�

o^?F�BÐ���Ómhm��GøÐ
�gc��cT�o"mZTÐí����

TÐØz^Øz^TÐ
è|bTÐ¼¾¿ÁÂ·Ã¾ÂÁÁ½
ëm^X¼½½Á¾·ÁÂÁ¾À»

9mZTÐ�Ú�PÁ½ÂÀ·¿¿¿¼¾Ä
LbTÐ¾¼Ã¼Ä¿¼Ã»¼À¼

��� �p��i�q`d=Óninh��HøÐ��hd��dU� p"n[UÐí�p_@G�CÐ�Ã¾�Ä��·�â�e6��Yninh��HúÐÓq`d=�5T� ºpLÛ�CÐ
�ng���i�ÂÂ�Ã��·�Yí�}edU�M_aUÐ�McUÐ�Ø{_UÐ��¿Â�À��·�Yâ�e6Ò ö�úÐ�pAn�CÐ� ½�½Ómhmg�TÐ��+�ocgGí�

�hxnbY�qY{��HÐ���UÐ�pb=n�UÐ�ÓnHÐÚ{UÐ��Y�Ø{L�DL����â JøÐ��>�6HUYSHUI�í6HUYTXDO�º
}ååx�]�=� rAn�UÐ� ênSí�pin��HÐ�ÓnhaZ��CÐ� :� pååY{#Ð� ÒØ�å@� ÜnåhbU�ÜnhbY� OÐ� Ð{f��Y6HUYSHUI�

Y ðÐ{ååha��Y��UÐÓnååHÐÚ{�pHÐÚØ���Y�ÜnhbCÐ�qY{��HÐ���UÐ��
�

�			����én`IúÐ�o�i�DL�é�["Ð��>Ò�ú��p?���CÐ�ÓnhaZ��CÐ�ÓÐÚÐØÎ��Y�ÓnhaZ��CÐ��
� 	 	 	 	 ��!Ð �:�}g^> �5T�Ó n h a Z � � C Ð �o h > }> �� >n gh R�NdY n _UÐ �Ø Ð {L Ìí�n g� _Hí�n g� ? Ð {A�î� � � C �ðn _� > �é í{��



��¾½À���êm^TÐ�âm\aTÐ�9�oXz#Ð�ÒØ�?�
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ�
0..5�

�

oGÐÚzTÐ�ÒÐØÌ�ÊÐ}?ú�xg��=�Lw�5gQí�éíúÐ�Ê~!Ð���}CÐí�NdYn_UÐ��L�ph[�I�ÓÐE`�Y�DL��e�Zx
�qdeI�Un"Ð�ºpahK�UÐ�º�ed_UÐ��wkCÐ�º}e_UÐ�º��f!Ð�phL5�@øÐ�p��

©n�UÐ�Ê~!Ð� ��Y�Uj>í�½Â�.jx�5Tí�pY{#Ð�ÒØ�@�Øn_=Ì��hb>�Ò}bR�
�Y�ÓÐ}baUÐ�¼�¿�Ü�edCÐ�ïØnCÐ��hU{UÐ��hb>�
�Y�ÓÐ}baUÐ�À�Ä�pxØ5�LøÐ��hb>�
�Y�ÓÐ}baUÐ�¼»�¼½�p=n��HúÐ�Ò�S��hb>�
�Y�ÓÐ}baUÐ�¼¾�¼Á�pb�UÐí�ënYúÐ��hb>�
�Y�ÓÐ}baUÐ�¼Â�¼Ä��Jn_�UÐ��hb>�
�Y�ÓÐ}baUÐ�½»�½Â��aZ��CÐ��ýn[B��hb>�

.jx�5T�pin��HúÐ�ÓÐ}bR�ëÐÛíÌ�{x{ �>�
p=n@³U�ànbi��2�qh]LÌ�ðÐ{@�phUnL�p@Ú{=��p=n@³U�ànbi��=ÚÌ�qh]LÌí�º�phUnL�p@Ú{=��qh]LÌí�º

�p=n@³U�ànbi�p? ?�p]H��Y�p@Ú{=��p=n@³U�N�]bi�qh]LÌ�5T�=pah_��p@Ú{��p=n@³U�Ò{AÐí�p]bií�p@Ú{=
�ðÐ{@�pah_���

�oGÐÚzTÐ�ÒÐØÌ�Óm�>í�çzÉ�
påYn_UÐ�ÒÚÐØúÐí�é5åLúÐ�ÒÚÐØÎ��eå�S�:��xÚ{å�UÐ�pþhw�Ên\LÌ��Y� ð5c7�PL��f?Ð�DL�pin��HúÐ�q�} ôL

pQnhåÉ�ÒØnLÎí��x{_�=�rAn�UÐ�ênSí�º�pin��HúÐ�ÓÐ}baU�î���CÐ�ç{É�î���Y��Y�{Tj�dU��UÙí�ÓÐ}åbR�på�2
��åY�påi�cY�pfh_U�pxÚn��BÐ�pHÐÚØ�qx}@Ì�{Sí�º�nghdL��*n^A Y ë�e ¬c�CÐ�î{=Ì�¼À�í NdYnå_UÐ��åY�¼»�

på? ? pQnhåÉ�Ó{åhLôÌ råhA�ÓÐ}åbaUÐ��gRí�Ö��í�î���Y��Y�{Tj�dU��UÙí�pHÐÚ{UÐ��e�6�ØÐ}RÌ��Y��}Y
�î{=Ì�ÓÐ}bRN?���CÐ�A��í�}�TÌ�ë�c>��cUí�n¹jZ=��*n^A Y�gd�S��Y� ð5gRí�ðnºÓnå��UÐ�Únå��BÐ�ï}å@Ì�5T

�×n�ií}T�êÐ{��Hn=í�Óninh�UÐ��+�é5TÎ�{_=naUÌ�çn�> U�U phUn+úÐ�pehbUÐ�q`d=í�MBÐ{UÐ�ÄÁ� �·�
½�¿oGÐÚzTÐ�ÓÐÊÐ|?Î�

phY�c"Ð�ÓnhaZ��edU�y�Y�ÊÐ}@l=�rAn�UÐ�ênS�p_=n�Y��Y���d]�x�nYí�pHÐÚ{UÐ��e�6�phÉ�[#�}^fUn=��hdSÌ�:
�ÓÐÙ�î}åBÌí�p�å[UÐ�ÒÚÐÛ�U�p_=n>�phi{Y�ÓnhaZ��Y�N=�âÛ��>�ènfw�ph�[UÐ�ÓnY{#Ð�ëÌ�N�>í�ëØÚúÐ�Ñ�f@
�NdYnåL�å�Nx}cå�_UÐ��åY�å�Nå_a�fCÐ�å�NfJÐ�edU�n*nY{B�ê{b>í�phcdCÐ�ph�]UÐ�ÓnY{#n=���>}>�ï}c�L��=nJ

��?n/�ï|UÐ�éíúÐ��efUÐ�DL�Ún[�SúÐ��>í��x{Lnb�Yí�ph�å[UÐ�ÓnY{å#Ð�âÐ�åiÌí���å[UÐ�NYjå�UÐ�påhAni��Y



Ø������g4Ð��wzTÐ�Ö°É��¾ ½ Á��
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ� �
0..5�

�

ÒF#Ðí�pY{bCÐ�
�åxÛ�>�ÓÐÊÐ}å@Î�DåL�çnåa>úÐ��å?��åYí�påHÐÚ{UÐ�påfhLí��e�6�W"�ÓnhaZ��CÐ�ÓÐÚÐØÎ��Y�ÓÐÊnbU�qx}@Ì

pbx}]UÐ�ÓÐ|=�ngLn@GHÐ��>�5T�rAn�UÐ�æÐ l=í�Ø}R��T�DL�pin��HúÐ�
½�ÀngTmGÌ��ýmZ@úÐ��gc��TÐ�

=n@³Uph>ùÐ�phýn[AúÐ�ohUnHúÐ�qY{��HÐ�n*nh�}R�p�É��Y��b��dUí�pHÐÚ{UÐ�pdþHÌ�DL�p�
��aÉ�UÐ� Ên[AúÐ��hxnbY'HVFULSWLYH� 6WDWLVWLF�o�fUÐ� êÐ{��Hn=� pHÐÚ{UÐ� pfhL� �É�U

�ph=n�"Ð� Ón]H��CÐ� DL� ðÐØ5�LÐ� ph��fUÐ� phªúÐ� o�A� pHÐÚ{UÐ� ÓÐE`�Y� oh>GUí� px�þCÐ
_CÐ�ÓnRÐ}�iúÐí�pxÚnh��Øn_=Ì�N=�piÚnbedU�pxÚnh_CÐ�ÓnRÐ}�iúÐí�ph=n�"Ð�Ón]H��CÐ�qY{��HÐí

�N=� piÚnbedU�ÓÐ kY�DL�é�[�dUí�phAni��Y� pHÐÚ{UÐpHÐÚ{UÐ� pfhL� ØÐ}RÌ�Ón=n@Î�sýn�i��Y
î}BÌ�phAni�

��h��UÐ�àn�>ÚúÐ6LPSOH�&RUUHODWLRQ�HÐÚ{UÐ�ÜnhbY�DL�ÒØ�!Ð�Øn_=Ì�N=�piÚnbedU��UÙíp�
�ïØnAúÐ��xn��UÐ��hd$129$��UÙíN= Ón]H��CÐ�:�nSí}R��Unfw�qinT�ëÌ�ënh�U�ÓÐE`�CÐ

�ph[�ZUÐØn_=Ìí��cUí�ÒØ�!Ð�}CÐí�NdYn_UÐ�Ón=n@Ì��Y�� ¾�oa<m�TÐ�ÓmGÐÚzTÐí�ï|]eTÐ�ÚmIúÐ�
¾�¼ï|]eTÐ�ÚmIúÐ�

oXz#Ð ÒØ�?í�oXz#Ð��e^X�
ÌoXz#Ð��e^X�

i �w�pY{#Ð�N_Y�ß}Q��@Ì��Y�~�fx��eL�íÌ�ànZ��Ò¦n7�íÌ�ph�J�ÒÚnZ�HÐ�ànZfUÐ�Ð|w�ë�cx�{Sí
�pUù�pinhÉ�íÌ�ðnh�Hn7�ð eL�íÌ�Õn�iúÐ�:�phfR�pdcZY��A�íÌ�����íÌ�ï�f_Y�ànZi�pY{#Ð�ëlR�Ð|U�º�zUÐ

�ð Lna>�od]�>í�qS�UÐ��ai�:��dg��>í�só�f>�n¹úí�oUn`UÐ�:�ph]ei�EQí�Ò}xn`�Y�p_dH�ún[>Ðí�
e_Un=hpY{#Ð��x{b>�ên^i��cUí�ë~ øí�ng_h=�ÒØnLÎ��cex�øí�º�b�f>�øí�E`�>�ø�ng�hcdY�ëÎí�º�

phUn�UÐ��ýn[#n=�Ò~heCÐ�pY{#Ð��[�>í�º�Ú{[x�íÌ��bf ôx ëÌ��cex��¼�
¼��edUÐ�phd=nS�ê{L��s�fx�ënhAúÐ�}�TÌ�:�pY{#Ð�ê{bY�ëÌ��f_x�Ð|wí�º�pH�edY�EQ�n¹Î��RnfY

�ÒÊnacUÐí�Þn[�BúÐ�íÌ�ÒÚngCÐ�íÌ�pY{#n=���>}>���zUÐ�
½��[aUÐ�phd=nS�ê{L���h�UÐ�íÌ��x{b�UÐ�:�ngY{bY��L�pY{#Ð��[R��cex�ø�ÒE�T�ÓúnA�:�



��¾ ½ Â���êm^TÐ�âm\aTÐ�9�oXz#Ð�ÒØ�?�
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ�
0..5�

�

¾�ÊnfaUÐ�íÌ�¡ �UÐ�phd=nS� �øí pfh_Y�ÒGR�{_=�íÌ� ngex{b>�Ú�R�éÐí~UÐí�¡ �dU�pd=nS�ÓnY{#Ð
�n¹~B��cex�

¿�ÞÐ�#Ð�}xn`>��ën�)nZ�Y�ën�Y{B�ènfw��hdR�ÓnY{#Ð�:��hb��UÐ�o_É��nhbUÐ�{hA��UÐ�ëÎ�
À��he_Un=�én[>úÐ��ÒE�T�ënhAÌ�:��dB{>í��he_UÐ�Ú�\A�ngex{b�U�od]�>�ÓnY{#Ð�odQÌ�ëÎ

�ÓnY{#Ð��Y��?5�Y��ei��x{b>�ðninhAÌ��ceCÐ�EQ��Y��_«�Ð|wí�pY{#Ð�odJ�:�
Ñ�ÒØ�!Ð�ogvmX�

ÒØ��dU�qh]LÌ4XDOLW\�Ò}cR��gR�ÒE�T� òën_YSKHQRPHQRQ�DL ngaÉí��cex�oiÐ�!Ð�ÒØ{_�Y
��i��h=�nwÐ}x�5T�º�ên_UÐ�î���CÐ%HERQR�p=n�e=�n¹Î��phfhÉ��p_Yn@&ROOHFWRU�WUD\���\>��wí

ÐÚnRn@ÐÚ� nga[xí� ºpde��CÐ�ÓÐE�a�UÐ� �c=� ðni��ZY� ðÐ~hT}>5DMDYDUD�pd^eTXPEUHOOD�ðn_Y� �e9
phfgCÐí�º�pheh^f�UÐí�º�pxÚÐØúÐí�º�phHnh�UÐ�ÓÐ}x{b�UÐ��d�8�(OOL�VLQLNND����������½��>n=�}TÙ�5T�º

��SDWHO����������¾�ê�gaY�ÒØ�!Ð�ëj=��öE7��OÐ �fY�oin@�:��UÙ�Ø�_xí�pfxn��Yí�pad�8�ën_Y�Ò{L��U
Ð nghR���]x� ��UÐ� ân�íúÐ�æ �BÐ�yd][C� �énåå�YÌ� ÒØ�!Ð� Ê5dL� ê ö{Sí�'HPLQJ� ��*URVE\� ��

-XUDQ���)HLJHQEDXP���LVKLNDZD���EZx�nY�ÒØ�!Ð�Ü�YnS�:�ØÚí�5T�ºÒØ��dU�ÒØ{_�Y�Ónax}_>
� ��Y�Ón�d][Y�æØÐ}>� ÒØ�!Ð� ëÌ� OÎ� �~he�UÐ� p@ÚØ'HJUHH� 2I� ([FHOOHQFH�pS _UÐ� p_h�Jí� º

5HODWLYH�1DWXUHn#Ð�íÌ�â�fUÐ� º�phÉ.LQG�RU�&KDUDFWHU� ��n¹Ì� ÙÎ� ºðnbd]Y��hU�ê�gaeT� ÒØ�!Ðí
Nad�8�Üniú� pad�8� ÊnhIÌ� �f_>� �p@n"Ð� ��Y�î}BÌ�Ón�d][e=� ÒØ�!Ð� ê�gaY���>ÚÐí1HHG�í

'HPDQG�N�An�UÐ�N=��ehwnaCÐ�é{!Ð��Y� ðÐE�T�qUni� ���UÐí�¿�någR}_xí��xíÚnT*DUZLQ� ��n¹j=
Ón_S�>í� Ón@n"� Ên�ÚÎ�º�åå4� pAn�CÐ� påYn_UÐ� ÓnåY{#Ð� påxÚÐ}b�HÐ� �Y� �UÙ� ���x� nYí� �ýn=~UÐ

�nåågaÉíí�������PXUWR���Ón@nA��Y�p�í}_CÐ��phL5�@øÐ�ÓnY{#Ð�ên��iÐí��Qnf>��L�ÒÚn�L�n¹j=
� �S��Un=� ðn\xÌ� ÒØ�!Ð� ê�gaY���>ÚÐ� 5T� º�ýn=~UÐH[SHFWDWLRQ� nåågR ö}Lí� º�������%RXFNDHUW�	�

3ROOLW��j=phd_aUÐ�pY{�dU��*nTÐÚØÎí�ºpY{#Ð��Y{���Y�Ón_S�>�N=���bx��B�n¹���À��U|T�qR}Lí
�Ncdg��CÐ�èÐÚØÎ�DL��cA�n¹j=&XVWRPHU�3HUFHSWLRQ�ÒØ��R�º�*n@n"�pY{#Ð�pd=nbY�phahT�:

�qS�UÐ�:�phbhb"Ð�Ón@n"Ð��=nb>���UÐ��w�ÓnY{#Ð�yh�[UÐ��ç}]UÐ�:í�p�h�[UÐ� �
èmeví��ví�ÓmXz#Ð�ÒØ�?�Úm��AÐ�9��Az=�og�gýÚ�¢meK�o>°>���Á��

�æ{gdU� pb=n]CÐ)LWQHVV� )RU� 3XUSRVH� p=n��HøÐ� p@ÚØ� º5HVSRQVLYHQHVV�ÓnaÉÐ�edU� pb=n]CÐ� º
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&RQIRUPDQFH�7R�6SHFLILFDWLRQ�ðÐØnfå�HÐí�ÒØ�!Ð��e\x�ên^i�:�ph�hý}UÐ�nw£nfL�o�A�ÒØ�!Ð��f[>�ëÌ��cexí��ååUÎ��������
RYHUWYHLW����������+HUEHUW���DQG�FXUU\���âÐ�iÌ�p? ? OÎ�Â��

��dg��CÐ�ÒØ�@FXVWRPHU�TXDOLW\��ºëí{x}x�nY�Ncdg��CÐ��]_>�pY{#Ð�qinT�ÐÙÎ�nY�N�>í
�Me_��Y�é B �Y�sýn�fUÐ�Ünb>í��Ln+�íÌ�ïØ}R��cZ=�pY{#Ð��Y��dg��CÐ�{x}x� ÐÙnY�ïÌ

�g�aiÌ�pY{#Ð�
�phfgY�ÒØ�@3URIHVVLRQDO�4XDOLW\��5T �dg��CÐ�Ón@nA��=nb>�pY{#Ð�qinT�ÐÙÎ�nY�N�>í

��b n¹j=� {b�_x���UÐ� Exn_CÐí� phfgCÐ�ÓÐÊÐ}@úÐ�qinT� ÐÙÎ� 5hRí� ºNhfgCÐ���S��Y� ÒØ{7��w
p�h�[UÐ�ÓÐÊÐ}@úÐí�Ñ�dHún=���>}>í�ºnghdL�{hTj�UÐí�p^Rn�CÐ���>�p=�Q}CÐ�sýn�fUÐ�pd=nbC

Ncdg��CÐ�Ón@nA�
�ÒÚÐØúÐ�íÌ�phde_UÐ�ÒØ�@0DQDJHPHQW�4XDOLW\��RU���SURFHVV�4XDOLW\�����he[>��eZ>í

ºïÌ º�dg��CÐ�Ón�d]�Y�pd=nbCí�ÒÊnaT�ç}]UÐ�}�TÐ�:�ØÚÐ�Y�é5_�Hø�pY{#Ð�phdeL��h`Z>í
@n"Ð��d>�p_=n�C�ØÚÐ�CÐ�êÐ{��HÐ�ph@n�iÎí�phUn_a=���>}>�n¹Ì��Y�ÒØ�!Ð�qR}Lí�Ón�d]�CÐí�Ón

��Y��T�î{U��UÙ�ØÚí�rhA�ðn\xÌ�pe^fCÐ�Ú�^fY�����'DOWRQ�������ODZOHU�HWDO�������
*RXOGQHU�� ����� NLQQXQHQ� 	� 6LQNNRQHQ�� én�YÌ� N�An�UÐ��_=� �=Ú� 5T� º�����

0DNHOD� DQG�.XPSXVDOR�� ����� MRQHV��pxÚÐ}e�HÐ� �gR�æÐ{wúÐ� OÎ� ÒØ�!Ð� ê�gaY� º
=nSí�pbdA�n¹Ì�DL�ÒØ�!Ð�N� OÎ�}^fxí� ðnb��Y�ÓØ{A�æÐ{wÌ��Y�ìÛÐ}AÎ���x� nY�ÜnhS�phd

Eh`>í�ÜnhSí�æÐ{w±U���íí�pdcZCÐ��x}_�=�Ì{�>���Ã��
î}x�ÙÎ�ºÑn�cUÐí�N�An�UÐ�{fL� ðÐE�T� ðnR �BÐ��A i ø�nfilR�pYn_UÐ�pY{#n=�ÒØ�!Ð�ê�gaY�ëÐGSÐ�{fLí

������/XF\�aY ÒØ�!Ð�ëj=�pYn_UÐ�pY{#Ð�ÒØ�@�Ò}cR��Hk>���UÐ��hbUÐ��Y� ðnh_h�J��efx��gR�ºox}Q��hU�ê�g
�pUÐ{_UÐ���Y(TXLW\�ÒÐín�CÐíHTXDOLW\�p=n��HøÐ�î���Yí�º5HVSRQVLYHQHVV�ÕÐ~�YúÐ��g�UÐ��Y�ëlR�Ð|U�º

CÐ��Y�ÑÐGS U phRncUÐ�p]d�UÐí�Ò�bUÐ�Ên]LÎ��@Ì��Y�ÓnY{�dU�Ò{x{!Ð�ÒÚÐØúÐ��hwnaY��Y�dg�����Ä�
DL�ÒØ�!Ð�Ú�[>��cex��cUí�º�Ø�@�Y�EQ�ÒØ��dU�ð YnI�ðÐ{AÐí�ðnax}_>�ëj=�é�bUÐ�OÎ���H�n,��d�i
��h�]�UÐ�:� ng_�íí� ÒØ�!Ð� {x{ ëÌ� ì}TÙ� }x{!Ð��Yí� º�î}BÌ�OÎ� pY{B��Y��d� �ýn[B� pL�e6� n¹Ì

ýngfUÐ� �c"Ð� �4� ÙÎ� NfJÐ�CÐí�Ncdg��CÐ� �LnR� �cZ=� �L{��x�|Bj>� ÒØ�!Ð� Ónax}_>� ëlR� nf^Aø� 5Tí� º�
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pY{�dU�pTÚ{CÐ� ÒØ�!nR�ºÒØ{7�phfb>�ÓnaÉÐ�Y��x{b>��acx�ø�ÙÎ�pYn_UÐ�ÓnY{�dU�pdLna�CÐ�p_h�]UÐ�Ún��Lún=
��_9�n,�ºØ}R��T�Ón@nA���d>�íÌ� }>�ëÌ�ÒÚí�Un=�q�hU�pxÚnh_CÐ�pY{#Ð�ëÌí�º��hd��UÐ�phahT�OÎ�ðnb�J��d�

�!Ð��Y�q�hU�pUj�Y�phUn_UÐ� ÒØpdgH�ºNY{���CÐ�ÊÐÚË��g�>�ÙÎ� ðnhJÐ}bexØ� ðnY�gaY�F�_>�ëÌ��cex�ÒØ�!Ð�ëÎ� º
�:�ÓnL5!Ð���=�ð eLí�pYn_UÐ�p�d[CÐ�OÎ� ðÐØnf�HÐ�p_HÐíí�pad�8�}^i�Óng@�=�p�d[CÐ�ÓnLn+í�ºNfJÐ�CÐí

� �hd�>� �hR� ë�cx� ï|UÐ� î{CÐ� p=n�e=� �gR� ºn*�É� â5HÎ�Y{#Ð�Nde_��CÐ� Ón@nA� �Y� �ý �x� pYn_UÐ� Ón
Ncdg��CÐí���¼»�

�cZ=���>}>�n¹jR�ÒØ{7�phfYÛ�ÒGR�:�pfh_Y�éØn�>�pUn"��hhb>�DL�{e�_x����i�ê�gaY��w�ÒØ�!Ð�ëÌ�5=í
� pehbUÐ� Ò}ca=��h?í9DOXH�� ���dg��CÐ��wÙ�:� ðÐ{@��h?í��cZ=� pehbUÐí� ÒØ�!Ð��BÐ{�>�rhA��he_UÐ�

n��Ln=�ê�bx�ï|UÐ��he_UÐ� nªØ{²í�nªÐ}x� nY��w�pehbUÐí� ÒØ�!nR�º�éØn�>�phdeL�ïÌ�pehS�DL��ýngfUÐ��c"Ð�ìÚ
�ëí}BúÐ�ngY{bx���UÐ�ÓnY{#Ð�pehSí�ÒØ�@��Y�piÚnbCÐ�ÜnHÌ�DL��hhb�UÐ�phde_=��wEQí�ë��RnfCÐ� �ºç _UÐ

½»»¼���¼¼�

êm^TÐ�âm\aTÐ�9�ÒØ�!Ð�
ÒÚÐØÎ�Ónbh�]�U�ënT�ëÌ {_�R�º nCÐ�ë}bUÐ��Y�Ónfhi5�UÐ�:�{xÐ~�Y�ê5�wÐí�ph=Ùn@�ên_UÐ�ân]bUÐ�:�ÒØ�!Ð

�ÓnY{#Ðí�ºÖn=ÚúÐ�{hU�>���Y�Ò{x{L��h�Ð�Y�:�Þn#Ð�ân]bUÐ�DL�Ónh=ØúÐ��Y�E�cUÐ�Ó~TÚ����ëÌ�{_=í�ºzUÐ
ÓÛ}=�ên_UÐ�ân]bUÐ�:�ÒØ�!Ð�ÒÚÐØÎ�Ónbh�]>�é�A��hdS�ê5�wÐ�ènfw�ëÌ�N�>�ân]bUÐ��UÙ�Ónh=ØÌ�:�ÓÐ�L{UÐ

�åUÐ�qY{��HÐ�{bUí�ºÒØ�!Ð�ÒÚÐØÎ�phincYl=740�N���U� ðnAn�aYí�ºpL�f�CÐí�Ò{b_CÐ�Ó cZCÐ��Y�{x{_dU�ð A
�e��CÐ�Ón@n"�peý Y }�TÌ�<n_UÐ��hd_�UÐ��_!í�ºphi{CÐ�pY{#Ð�:�:nb�UÐ�E`�UÐí�º�ÒÊnacdU�ðnbx}Jí�ph@n�iúÐ�

ÚØn��x�nfwí�<n�UÐ�éÐk�UÐ��ÒØ�!Ð�ÒÚÐØÎ�q��ÉÌ�ÐÙnC�@naCÐ��cZUÐ�Ð|)í�Èên_UÐ�ân]bdU�p=Ð|@�
èÚ T î}x&ODUNH�ì|wí�ph=Ùn@�}�TÌ�í{�>�ÒØ�!Ð�ÒÚÐØÎ��_!�ên_UÐ�ân]bUÐ�DL�px�S�ðnJ�`��ènfw�ëj=

��e\�>���¼½��

¼��dg��edU�qh]LÌ���UÐ�Óni5\UÐí�Ón_xP�UÐ�
½�DLà�`\UÐ�{xÐ~>ên_UÐ�ân]bUÐ�Ò~g@Ì�î{U��dcUÐ�{hhb>�
¾��dg��edU�Ò{x{@�oUn]Y�Ú�gK�{xÐ~>�

�NfJÐ�CÐ�ç�bA�sYÐ}=�ân�>Ð�
�wí�ºphUn"Ð��>Ú�É�OÎ��Éí���A��=ÚÌ��AÐ}e=�ê5�wúÐ�Ð|w� ö}Y {bU���¼¾�
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�pY{#Ð�ÒØ�@�î���Y�ÜnhS�énªÎ�pdA}Y��UÐ phUík�CÐ�ÓnY�c"Ð��wnT�DL��b>�qinT�nghRí��L�pdYnc
�ÒØ�!�Ónx���Y�{x{ �h�H�:�Eca>�Ø}6�ènfw��cx��dR�ºnghfJÐ�Y�ê~d>���UÐ�ÓnY{#Ð��h+��x{b>

nw}x�]>���A�íÌ�ngHnhS�íÌ�phY�c"Ð�Ò~g@úÐ�ngY{b>���UÐ�pY{#Ð�
��cUÐ�íÐ�Ø{_UÐ�DL� ðÐØ5�LÐ�pY{#Ð�ÒØ�@�î���Y�ÜnhS�pdA}Y��ÚngKÎ�DL�ÜnhbUÐ�Exn_Y�Ó~TÚ�{Sí

YnwÍnZiÎ��>���UÐ�phY�c"Ð�Ò~g@úÐ�Ø{L�:�Ú�]�UÐ�é B �Y�pY{#Ð��x{b>�:�pUí{UÐ�ÚíØ��H�>�î{
� Ò~g@úÐ��d>�DL� ØØ}>�ï|UÐ� Ú�ge!Ð�íÌ�ºphd7�ÓÐ{Aí� ºÓn_Yn@� ºÓnhaZ��Y� ºÜÚÐ{Y� ØÐ{LÌ

�ghdL��YkCÐ�ØÐ{LÌ�º�}CÐ�ØÐ{LÌ�ºÑ ]UÐ�ØÐ{LÌ�����
�î���Y�DL� ðÐØ5�LÐ�ÜnhbUÐ�pdA}Y�pY{#Ð���@��UÐ� Ð|w��@}>í�ºpY{�dU�pUí{UÐ�Ò}^i�:�Ú�]>�Ô{Aí

� ð �Y�ÓnY{#Ð� ÒØ�@�î���Y�:�Ô{A�ï|UÐ� Ú�]�UÐ�î{Y�ÚngKü�æ{*�Exn_Y��cI�DL�oh�J
��cU¼»»»�ënT�ëÌ�{_=��JÐ�Y¾»»»�cU ÜÚ{Y� º�JÐ�YÁ»ënT�ëÌ�{_=� º|hed>¼»»�|hed>
����zUÐ��

����C�ÕíØ~CÐ�ÜnhbUÐ� pdA}Y� pY{#Ð� ÒØ�@�î� �OÎ ÓnY{#Ð� ÒØ�@�î���Y�ÜnhS� {fL� pUí{UÐ�qg9Ð
� pY{#Ð� �x{b>�ÓnxØn[�Sn=� qe�wÐ� � pxØn[�SøÐ� ÓnY{#Ð� pUnA� �aR� }BË� Únh_e=� ng]=Ú�ïWfL

padc�UÐí� ÒØ�!Ð� �pUnA�:í� ºph�=Ú� EQ�î}BÌí� ph�=Ú�Ó5^fY� OÎ� phY�c"Ð�Ó5^fCÐ�qe�S� ÙÎ
9Ð��pxØn[�SøÐ�EQ�ÓnY{#Ð�DL�Ø5�LúÐ�OÎ�Ú�ge�dU�pY{bCÐ�pY{#Ð�î���Y�ÜnhS�{fL�pUí{UÐ�qg

�ÊÐ}@ü� �B{�>� n�}UÐ� ê{L� íÌ� n�}UÐ� �UÙ� Ê��� DLí� pY{#Ð� �bd�x� ï|UÐ� Ú�ge!Ð� n�Ú� p@ÚØ
p=�d]CÐ�Ónfh���UÐ�

nY{#Ð�DL�phý{�Y�ÓÐØnb�iÐ�DL� ðn=Ð�@�n¹j=�ên_UÐ�ân]bUÐ�:�ÒØ�!Ð�ÒÚÐØÎ�OÎ�}^fx��Y�ènfwí�ºpYn_UÐ�Ó
�çnh�UÐ� Ð|w� :í� ºpY{�dU� p=�d]CÐ� àíPUÐ� �L� Øn_�=úÐí� ºÓnbafUÐ� :� }x|��UÐí� º� ÒÊnacUÐ� ê{_=� ÊnLØúÐ� ngfY

�hwnaY�qdBØÌ��dg��Cn=� ~hTGUÐ���Y�&XVWRPHU� )RFXVHGºë�=~UÐ� ÒØnhS&OLHQW�GULYHQ�ç��UÐ� �h@�>º�
0DUNHW� 2ULHQWHG�NccZ�CÐ��Y�{x{_UÐ�ènfw�ëÌ�úÐ�º6NHSWLFV��åcex�ÒØ�!Ð�ÒÚÐØÎ�qinT�ÐÙÎ�5hRí�ÒØ�!n=

�ên_UÐ�ân]bUÐ�:�n4nBØl=�yå�f>�ëÌ�¼¿��
p_h�Jí� pL�e�CÐ� E?j>í� phHnh�UÐ� î�bUÐí� º� ï{hdb�UÐ� Øn[�SúÐ� Ò}]h�=� pd�e�Y� pde�7�Ón�bL� ènfgR

�hR�Ò{ýn�UÐ�pheh^f�UÐ�pRnb�UÐ���¼À�

ÓøÍn�>��x{b>�OÎ�Ñn�cUÐ��_=�owÙ�{bUí�énBØÎ� phincYÎ�é�A��bhbA� ÒØ�@��B{Y��ân]bUÐ�:
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}1úÐ��xPUÐ�o��=�ên_UÐ5HG�WDSH�pe^iÌ�æ �BÐ��gfY�}BúÐ��_�UÐ�î}xí�º{hb_�UÐí�}YÐí±U�â�\#Ðí
� p�h�i� }g^>� {S�Ó cZY��Y� Ú|²í� pYn_UÐ�ÓnY{#Ð� �L� ÒØ�!Ð� ÒÚÐØÎ�f��UÐ�ân]bUÐ�Ónbh�]�U� �Hn"Ð�E`UÐ

dU�od]�x�n,ºÞn#Ð��SÌ�î���Yí�phU b�HúÐ��Y�FTÌ�p@ÚØ�pUn_R�ÒÚ�[=�ÒØ�!Ð�Ónbh�]>�ÓÐÊÐ}@Î�:�Ò n�e
��h^f�UÐí�çn�>úÐ��Y�î���Y�OÎí�phdeL�ÓnhUËí�ph_SÐí�ÊÐØÌ�Exn_Y�êÐ{��HÐí�ºÓÐÚÐ}bUÐ�Ùn Ð :�px~T}CÐ��Y

Y{bYí�ºpad�8��dg��Y�ÓnLn+í�ºpad�8�ênL�ân]S�ÓnY{B�N=�pS _dU�© b_UÐ�ðn\xÌ�Nad�8�pY{B����¼Á�

êm^TÐ�âm\aTÐ�9�ÒØ�!Ð�M� og�g=ÐFGÐ���ýmZ#Ðí�Øm^<úÐ�
�@Ð�>� ��UÐ� phþh�UÐ�Ónx{��UÐ�o��=�ÓnY{�dU� én_R� �hd�>� ��i� pxÚí¦� Ò�]B� ÒØ�!Ð�N� F�_x

Ó|BÌí� ºên_UÐ� ân]bUÐ� ÒÚÐØÎ�:� ph�hýÚ�ÓÐE`>� ÒEBúÐ�ÓÐ�f�UÐ�Ó{gI�{bU� ºpYn_UÐ�ÓnY{#Ð��>5^fY��_=
� ÒØ�!Ð�ÓnbdA��Y� ng\_=�ÓÌ{=�rhA�ºÒØ�!Ð�N���U� ph�h>ÐGHÐ�ân�>n=4XDOLW\�&LUFOHV�ÒØ�!Ð�ë5�í�º

4XDOLW\� $VVXUDQFH�í740� Ø}aUÐ� DL� ~hTGUÐ� ÒÚÐØÎ� ên^i� ��ex� ìÚn��Ln=� º3HUVRQ�� )RFXVHG��_�xí
�pfc,�padT��Sj=í��dg��CÐ�n�Ú�:�Ò}e��Y�ÒØnx~U�¼Â�Ð �U|T�º�phfb>�qY{��H4XDOLW\�3URFHVV�DQDO\VLV�

43$�pahK�dU��eh^f�UÐ��hd��UÐ�DL�{f��>í�ph@n�iúÐ�N� : pYnw�ÓÐÛn�iÎ��hb��U��UÙí�ên_UÐ�ân]bUÐ�:
�æ{4Ð�íÌân�>Ìí�p]ZiúÐí�Ónhde_UÐ��Éí�ºpUÊn�CÐí�ÓøÍn��UÐ�{x{ ºpUnH}UÐ�{x{ ��Y� ÒØ{7�ÓÐ�]B

hd í ph=nh�iÐ�Ón]]�e=��h?�>í�ºpd=nbCÐ��dg��CÐ�Ón@nAí�ÓnhdeL�p_@Ð}Y�º�dg��CÐ�Ón�d]�Y�{x{ ºngd
�ååh���UÐí�på_@Ð}CÐí�ÊÐØúÐ�ÒÚÐØü�ên^i�ÊnZiÎí�º�e_UÐ�ÓÐÊÐ}@Îí�Ónhde_UÐ����¼Ã��

pxÌ�ëÎph�h>ÐGHÎ�}TÙ�{bR�Øn_=Ì��Y�n4�{=�ø�ÒØ��dU+HUQRQ��ëí}BËí¼ÄÄÄ��¼Ä�Øn_=Ì��=ÚÌ�{@�>��iÌ
dU� �w� ÒØ��� �~he�UÐ([FHOOHQFH� pehbUÐí� º9DOXH�ÓnaÉÐ�edU� pb=n]CÐí&RQIRUPDQFH� WR�

6SHFLILFDWLRQV�í pd=nbYí�Ón_S��UÐ�Ûín9�íÌ0HHWLQJ�DQG���RU�([FHHGLQJ��æn�Ì�5T.URRQ��x{_ô= ç��UÐ�èÐÚØÎ�nª��x}BË0DUNHW�3HUFHSWLRQ��ÒØ�!Ðí� ph�h>ÐGHüÐ6WUDWHJLF�4XDOLW\�
í~öhY� {S%XOLWW� 	� %RXFNDUHW�phR{4Ð� N=�êÐ{��HøÐ� �@Ì� �Y� pb=n]CÐILWQHVV� IRU� XVH��

�phL���CÐí�èÐÚØúÐí��S��UÐH[SHFWHG�DQG�SHUFHLYHG��x{h=niíØ�~öhYí�º'RQDEHGLDQ�phfb�UÐ�Øn_=úÐ�N=
�phfb�UÐ�EQí7HFKQLFDO�DQG�QRQ�WHFKQLFDO�#Ð ÒØ�@�ëj=�Êøkw��+Ì�{Sí�º��bR�phfb>�phdeL�Ø}6�q�hU�pY{

�EQ�íÌ�phfb>�ënT� ðÊÐ�H�px�hA�phdeL�{_>��gR�Ð|U�º�ÜnfUÐ�ÒnhA�DL��ýÐØí��heL�E?j>�n4�ÓnY{#Ð��^_Y�ëÎí�º
��wí� nw}R�>��`�fx��ýn[�=�phde_UÐ� ì|w��[�>�5T� º� phfb>� �nghUÎ�é�É�UÐ� ðnfc,�ë�cx�ëÌ$FFHVVLEOH�º

peý CÐí�º�é�eZUÐ�phd=nSí�pUÐ{_UÐí�º��phfb�UÐ�pY{#Ð��_��R�}?k>�ëÌ��cex�ÒØ��dU�pfhb�UÐ�EQ�}wn^CÐ�ëÌ�5T
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�ÓnY�d_Y��Y��

únR�º�pheh^f�UÐ��hbUÐ��c_>�nwØn_=Ìí�ÒØ�!Ð��ýn[B�ëÎ�pS{dU��]_ô> p�HnfCÐ�phb�HDFFXUDF\�p@ÚØ�º
�p=n��HøÐ5HVSRQVLYHQHVV�ÒÐín�CÐ�ºHTXDOLW\��pií}CÐ�ºIOH[LELOLW\�pxØn[�SøÐ(FRQRPLFDOO\�º�½»�

�Y� ð T î}x�5Tí��FRRSHU�������ºZKLWILHOG��������5=Ú�ÒÊnacUÐ�î���Yí�phUn_aUÐ���Y��hSí�Exn_Y�ëj=
��7�� Ó|BÌ���Y�pYn_UÐ�pY{#Ð�Exn_Y��pUÐ{_UÐ� º�phin�iúÐ�pYÐ}cU� Ðº�pYn_UÐ�p�d[CÐ� º� ÒÐín�CÐ�º�½¼�5=Úí

� pad�8�ÓÐÚ�^fY��c_>í�p��Ðí�q�hU��hbUÐ� ì|w�ë�c>�º pxÚÐØÎ� º� phfgY� º� phHnhH� �����zUÐ� ��b�>��cUí
wí�º�pheh^f�UÐ�pHnh�UÐ�pR}_C�peýnS�nY�pY{B�ÒØ�@�}x{b>�{fL�p@n"Ð�pehbUÐ��eL��Tnh)UDPHZRUNV��b�xí

��dg��CÐ�{ha��CÐ�º��he_UÐ��OíúÐ�ph_@}CÐ�p]bfUÐ���exSULPDU\�5HIHUHQFH�SRLQW��Y�{x}aUÐ�sx~CnR
�pH�edCÐ�£nf_UÐ7DQJLEOH�pH�edCÐ�EQ�£nf_UÐíLQWDQJLEOH�è g�HÐ�phdeL�é B �bR� ðÐ~h,�ðninhT�y�[x

�Y�âna�iúÐ�íÌ�p_d�UÐ�pY{#Ð�½½��
ÓmXz#Ð�ÒØ�?�~gwmaX�

{bUqAGSÐ��UÙ�:�5=�Ncdg��edU� pY{bCÐ�ÓnY{#Ð�î���Y�N� ÊÐÚí� ðnh_H� pY{#Ð� ÒØ�@��hxnbY
�ê �Hø�Ncdg��CÐ�ÓnTÐÚØÐ� �=}>�rhA��dg��CÐ� n�Ú� Ö��Y�DL��nHÌ� �cZ=� {e�_>í� pYn_UÐ�ÓnY{#Ð

phªÌ��ec>í�º�pY{#Ð�ÒØ�@��S�>í�pY{#Ð�Ò{haY��wí�Ncdg��CÐ��Y�p_@ÐÚ�px|`>�p=n�e=�n¹Ì�:�Ö��CÐ�ì|w
�ø�êÌ�N� OÎ�p@n�=�pY{#Ð�ÒÚ�É�qinT�ÐÙÎ�nY�{x{ : ðÐ{@�½¾��

�g�aiÌ�pY{#Ð��Y{bY�î{U�pb=n�UÐ�ÒF#Ðí�ph[�ZUÐ��*n@nA�é B �Y�Ø{��>�Ncdg��CÐ�Ón_S�>�ëÎ
#Ðí�phgaZUÐ�Óún[>úÐ�é B �Y��U|Tí�Ò}cR�qhf=�{bUí�º��wEQ��x}BÌí�pY{#Ð��Y{bY�n0}«���UÐ�ph@Ún

� �ååYÚ�HÐ}=�î{åU� ÒØ�!Ð�ÜnhbY�3DUDVXUDPDQ� ��N=í�Ón_S��UÐ��d>�N=�ßÚn_�UÐ� pUj�Y�DL� ëí}BËí
� ênL�OÎ�ÓnY{#Ð� ÒØ�@�ÜnhbY��ÉÌ� Ú�gK� Ø�_xí� pY{#Ð� ÒØ�!�Ncdg��CÐ�ÓnTÐÚØÐ¼ÄÃÀ���S��Y��UÙí

�3DUDVXUDPDQ���ìÊ YÛí�
ên_UÐ�ân]bUÐ�ÓnY{B��Y� ngbh�]>� êÊ �x� Ò}caUÐ� ì|w�ëÎ�ÓnhaZ��CÐ�:�ph�[UÐ�ÓnY{#Ð� ngfYí�rhA�º

�ÒØ�@�n¹Ì�DL�ÓnY{#Ð��d>�ÒØ�@�èÚ{�H�pþxØÚ��ëlR�Ð|U�º�ph[�ZUÐ�Ncdg��CÐ�Ón@n"�peý Y �c>�3�ëÎ
_Cn=��^ �T�pfh_Y�ÓnhUË�OÎ�p@n�=�ên_UÐ�ân]bUÐ�Ó5^fY�º Ncdg��CÐ�Ón_S�>í�Ón@nA��L�ÒF_CÐ�ÓnY�d

�Óún[>úÐ��d>�qinT� ðÊÐ�Hí�ÓnY{#Ð��d>�ÒØ�!�Ncdg��CÐ�}x{b>�DL�ênw�E?j>�phgaZUÐ�Óún[> U ë�cxí
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ÚíØ�ph@Ún#Ð�Óún[> U ëÌ�5T�º�ÚÐ�!Ð�íÌ�ÑÚnSúÐ�íÌ�ÊnS{ÉúÐ��Y�p_@ÐÚ�px|`>��cZ=�íÌ�Ø}aT��dg��CÐ��Y
�Y���>í�ênw�Ón�HkCÐ��Yí��fJ�UÐí�M�CÐ�Nx���CÐ�DL�N���fCÐ�Nd�eCÐ���S��Y��U|Tí�pY{#Ð��Y{bY���S

�p]h�CÐ�pþh�UÐ��L�ð \R�º�phY�c"Ð���½¿�

�Y��T�Ø{A�{bU�SDUDVXUDPDQ�º%HUU\�=HLWKPDO��ênL¼ÄÃÀ�ÒØ�@�ÜnhbU�ph�hýÚ�Øn_=Ì� ÒPL
��wí�pY{#Ð�

7DQJLEOHV��º5HOLDELOLW\�º5HVSRQVLYHQHVV�º&RPPXQLFDWLRQ�º&UHGLELOLW\�º6HFXULW\�º
FRPSHWHQFH��ºFRXUWHV\��ºXQGHUVWDQGLQJº$FFHVV�p�2�DL�ngbh�]>�phd=nS�Ún��Bn=�N�An�UÐ��ai�ênSí
� �w� ÓnY{B� ��½À�Ò�eH� º� Ò{h_�UÐ� ÓnRn�edU� �>n4Ð� pY{B� º� ÒÌ~��Un=� �h�UÐ� º� pinh[UÐí� Ö ÉúÐ� é5LÌ

�UÐ� ênL�:í� º� ë5�ýúÐ�ÓnSn]=� ºÓÐ{f¼ÄÃÃ�pY{#Ð� ÒØ�!� p_H�Y� Øn_=Ì� p�2�OÎ� ÒP_UÐ� Øn_=úÐ�ÓW�BÐ
�pY{#Ð�ÒØ�@�ÕÙ�ei��hdL��dJÌí�º�phY{B�pe^fY�pxÌ�:�ngbh�]>��cexí�6(5948$/���\>í���½Á��

7DQJLEOHV��én[>úÐ�ÓÐíØÌí�º�Þn�IúÐ�º�ÓÐ~hg��UÐ�º�pxØnCÐ�Ó hg��UÐ�Ö��í��
5HOLDELOLW\���pSØí�pxØ5�Ln=�n)�{g_�CÐ�pY{#Ð�|haf>�DL�ÒÚ{bUÐ�

5HVSRQVLYHQHVV���ênL��cZ=�peý Yí�p_x��pY{B��x{b>í�Ncdg��CÐ�Ò{Ln�C�p�Q}UÐí�p=n��HøÐ�p@ÚØ�
(PSDWK\����dg��CÐ�Ón@nA��gaU�Ø�g!Ð�é|=í�ìn��iúÐ��h@�>�DL�pe^fCÐ�ÒÚ{Sí�ê5�wúÐí�pxnf_UÐ��d]x�nY�ER�>í�

$VVXUDQFH�����hSÐ{[Yí�ên^fUÐ�ÒÊnaT&UHGLELOLW\�pfYËí�pah]U�pY{B��x{b>�:�
{dhaiÐ}T�{g_Y�ënTí�&UDQILHOG�LQVWLWXWH���q��?Ì�{bR�î}BÌ�phAni��Yí�ÒØ��dU�Øn_=Ì�p�2�ÖÐGSø� ðnSnö�H¦ n¹Ì�DL�p�e#Ð�Øn_=úÐ�OÎ�}^fUÐ��Y��Q}UÐ�DL��iÌ�ÓnHÐÚ{UÐ��d>��Y��d�¶�n4����fUÐ�ëÛ�UÐ�ëÌ�úÐ�º�pxÚí

�p�>}CÐ�:�éÐ�AúÐ��h+�:��^x��pxØ5�Løn=�Þn#Ð�{_�UÐ�ëÌ�úÐ�º�î}BÌ�OÎ�phY{B�pe^fY��Yí�}BË�OÎ�{ha��Y
�pLnf[UÐ�p_h�J��L�}^fUÐ��`=�pY{#Ð�ÒØ�@��c_x�{_ô= íÌ�WfL��wjT�OíúÐ�

�SÚ�éí{@� �¾�
#Ð�ÒØ�@�Exn_Y�y��x�ëjZUÐ�Ð|)�pad��CÐ�ÓnHÐÚ{dU�ðnb�J�pY{�½Â��



Ø������g4Ð��wzTÐ�Ö°É��¾ ¾ ¿��
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ� �
0..5�

�

�

d¹ËÀ?h´�dÅ¥¼�h¡À�ÏÅSÈ�Â¼�Ç×Ú¼iÈ�Â¼gÉk?hG�N@k?gc
3DUDVXUDPDQ��HW��DO��������

Ç×Ú¼iÈ�Â¼gÉk?hG�N@k?gc
SDUDVXUDPDQ��HW���DO�

�������&
N@s?É�?VSHFLILFDWLRQ�ÏÊc@½L¤Ù?5HOLDELOLW\�ÏÊc@½L¤Ù?5HOLDELOLW\�

?ºO@½L¸&RQIRUPDQFH�ÏG@TLkÙ?5HVSRQVLYHQHVV�ÏG@TLkÙ?5HVSRQVLYHQHVV�
ÏÊc@½L¤Ù?5HOLDELOLW\�Îg?d�?&RPSHWHQFH�ÏkÉ½¹�?�Ò@ËoÛ?7DQJLEOHV�
¾Ë¹lL¸?'HOLYHU\�Ï¼d`¹¸�»ÉsÉ¸?$FFHVV�'h¬ÉK�Ñd¼�Ã@µ�?È�Ã@¼j¸?�QËW�Â¼�Ï¼d�?&Ã@½x¸?$VVXUDQFH�
Ï½Ë±¸?9DOXH�¾Å¬Èh �hÊd±KÈ�ÒÚ½¥¸?�¦¼�®}@¥L¸?

(PSDWK\�
Ïk@Ëµ¸?È�Ï°@Ë¹¸?&RXUWHV\�

»@tKÛ?&RPPXQLFDWLRQ�
ÏË°?dt�?&UHGLELOLW\�

Ã@¼Û?È�Ï¼Úl¸?6HFXULW\�
dËLl½¹¸�Ï¼d�?�cægÉ¼�¾Å¬�ÏSgc

XQGHUVWDQGLQJ�
ÏkÉ½¹�?�Ò@ËoÛ?7DQJLEOHV�

}x�]�U��nHúÐ�æ{4Ð�ënT�{bU�éÐ�cREH6HUYTXDO�ngYÐ{��HÐ��cex�ÒØ��dU�ÜnhS�ÒÐØÌ�ER��U�pUín7
��Y�Þn#Ð�ân]bUÐ�Ó5^fY��Y�Øí{7�Ø{L�:��Y~UÐ��Y�ÒGaU���Jí�º�ÓnLnf[UÐí�ÓnY{#Ð��Y��HÐí�çn]i�FL

���S�
%DNDNXV�	�%ROOHU����������%RXUQDW�	9DQ�GHU�ZHOH��������FDQGOLQ�	�'D\���������� : ��J�5T���S��Y�ph�=}UÐ�EQ�Ó5^fCÐ��Y�Ø{7�Ø{L%DNDNXV�	�0DQJROG���������º9DQGDPPH�	�

/HXQLV���������º:DOEULGJH�	�'HOHQH���������nCÐ�ë}bUÐ��Y�Ónfh_��UÐ�p�bA�:�Ó}e�HÐ�{bUí
I y��xí�ºî}BúÐ�px}^fUÐ�ÓnZSnfCÐí�ph�x}��UÐ�sýn�fUÐ��Y��T�Ê���:�éÐ�cRE�U�î}BÌ�ÓÐÚ�]>��SÚ��c

�¼�éÐ�cRE�UÐ�ÕÙ�ei�½Ã��

�RÚ��bH�¼�ÕÙ�dh6(5948$/�oXz#Ð�ÒØ�?�ÜmgaT�
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�ÊnS{ÉúÐí

��he_UÐ�Ón@nh�AÐ

�pTÚ{CÐ�pY{#Ð

�p_S��CÐ�pY{#Ð

�Ê e_Un=�pe^fCÐ�Óøn[>Ð
�ÒØ�g_CÐ�pY{#Ð�Þ�[�=

�pY{bCÐ�pY{#Ð�ÓnaÉÐ�Y
��_aUn=

�ÓnaÉÐ�C�ÒÚÐØüÐ�ÓnTÐÚØÎ
�pY{#Ð�ÒØ�@

�Ón_S��U�ÒÚÐØüÐ�ÓnTÐÚØÎ
�Ê e_UÐ

���SÚ�Ò��aUÐ�� �

� � � S Ú � Ò � � a U Ð�� �

� � � S Ú � Ò � � a U Ð�� �

� � � S Ú � Ò � � a U Ð�� �

� � � S Ú � Ò � � a U Ð�� �
� p Y { � dU � p Y { b C Ð � p e ^ f C Ð

� � h e _ U Ð

ÜnhS�ÒÐØÌ� ðn\xÌ�}R�x�5iÎ�pY{#Ð�ÒØ�@��L��dg��CÐ�ÊÐÚË�ÜnhS�phincYÎ��bR�}R�x�ø�Ú�T|CÐ�ÕÙ�efUÐ�ëÎ
UÐ� phincYÎ� }R�x�<n�Un=í� ºpY{#Ð� ÒØ�@� �hdL�ë�c>� ëÌ�o«�5hR� �*n_S��U� Ò��aUÐ�:�r��*DS��Ón_S�>�N=

�ë�c>�ëú�{_=�ïÌ�:��dg��CÐ�ÓnTÐÚØÐí�Ón_S�>�N=�Ò��adU�phýn[AúÐ�phªúÐ��ec>í��dg��CÐ�ÓnTÐÚØÐí
�pY{#Ð�ÒØ�@�N� phahc=�r��dU�pxÐ{=�p]bi���ågaUÐ�Ò�å�R�º�pY{#Ð�ÒØ�@�Ò��R�:�ÓÐ��aUÐ� �ì|w���e�>í

�èÐÚØúÐ� ���R� º� �he[�UÐ� Ò��R� º� DL�ÓÐ��aUÐ��d>� ï�]f>í�Óún[>úÐ� Ò��R� º� �hd��UÐ� Ò� �pR}_Y� ê{L
�ÓÐ{g_�Un=� ÊnR�UÐ� ê{L� ºpY{#Ð� �hd�>� :� �ZaUÐ� º� pY{#Ð� �hYn[�U� h�UÐ� Únh�BúÐ� º� Ncdg��CÐ�Ón@nA��

�SÚ��cZUÐ�y��xí�½�pY{#Ð�ÒØ�@�ÓÐ��R�½Ä��
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�gaUÐ�Ò��R�

�dg ��CÐ�Ón_S� >�� g R�

� he[�UÐ�Ò� � R�

pY{#Ð�ÓnaÉÐ� Yí�� he[>�

�pY{#Ð�� hd�>�Ò� � R

�pY{#Ð�� hd�>

Óøn[>øÐ�Ò� � R�

pY{#Ð�ÒØ�@�Ò� � R�

p_S� �CÐ�pY{#Ð� pTÚ{CÐ�pY{#Ð�

�Øí~Yöô�pY{#Ð���ê{bY���dg ��CÐ

Ncdg ��CÐ��Y�Óøn[>øÐ�

�6RXUFH��0LNH�'RQQHOO\�DQG�HW�DO��������,QWHUQDWLRQDO�-��RI�SXSOLF�6HFWRU�0DQJPHQW��9RO����1R����3������ åT�ÓÐØma�hÐ��éÐ�bQD�TÐ� �
��_dx�ï|UÐ�Úí{UÐ��Q}=�NhHnHÌ��xÚ�7�DL�ÜnhbCÐ�Øn_=Ì�é�eIí�º�pY{#Ð�ÒØ�@�{x{ : ÜnhbCÐ�Ð|w

nª��pY{#Ð�ÒØ�!�pdecCÐ�phT�d�UÐ�oiÐ�!Ðí�º�pY{#Ð�ÒØ�!�pi�cCÐ�pheh^f�UÐí�phfaUÐ�oiÐ�!Ð�
n_S�>�N=� Ò��aUÐ� OÎ� é�É�Un=� pÉn#Ð�ÜnhbUÐ� pbx}J�:��hcZ�UÐ� Ð�UínA�N�An�UÐ��_=� ëÌ� úÐ�Ó

nghdL�ë�d[²���UÐ�pY{�dU�M_aUÐ�ÊÐØ±U��*nTÐÚØÎí�pY{#Ð�ÒØ�!�Ú�ge!Ð�¾»��ÜnhbC�px{bi�pHÐÚØ�qx}@Ì�{bU
�ënYÚnT�nå)�ênS�éÐ�cREH&DUPDQ���S��Y�ÒÚ�]CÐ�phdÉúÐ�ÒP_UÐ�Øn_=úÐ�ê{��HÐ�ÙÎ�º�%HUU\���=HLWKPDO�

SDUDVXUDPDQ� �j= s�f�HÐí� º� phY{B�ÓúnA� p_=ÚÌ�DL��Y�  T ÒÚÐØÎ�:��cIí� pYnL�q�hU� Øn_=úÐ� ì|w�ë
�n_Y��S��UÐí�èÐÚØúÐ�ÓÐÊn�a�HÐ�åU phdh`Z�UÐí�phehwnaCÐ�oiÐ�!Ð�:�ëí}BË�ë��An=��cI�{bU��éÐ�cREH��

én�YÌ7D\ORU��í&URQLQ�æ}åå�REH�ÜnhbY� êÐ{��HÐ� nAGSÐí6(593(5)��M_aUÐ� ÊÐØúÐ�ÜnhbY��
Ð ÒØ�!� �\RÌ�ÜnhbeT�ëj=� ÓnY{#Ð� �Y� âÐ�iÌ� p_=Úú� ph��Y� pHÐÚØ� é B �Y� n��?Ð� {Sí� º� pTÚ{CÐ� pY{#

�:�pJn�=�}�TÌ�pbx}J�DL�ÜnhbUÐ�:�{e�_x�ï|UÐí�pY{#Ð�ÒØ�@�:��xn��UÐ�Ún��BÐ�:��\RúÐ�ënT�æFRE�UÐ
��ýn=~UÐ�Ónwn9Ð�êÐ{��Hn=�pY{#Ð�ÒØ�@�ÜnhS�Ncdg��CÐ�pY{�dU�M_aUÐ�ÊÐØúÐ���i��4�pY{bCÐ�

î}@Ì�5T7HDV�ènfw�ëÌ�{@íí��*n_S�>í�Ncdg��CÐ�èÐÚØÎ�N=�p�GaCÐ�Ò��aUÐ�Ún��Bø�î}BÌ�pHÐÚØ
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ÒÎ��Ò×ÒÑÐÓ�Õ�Ñ×ÐÓ�Ö�
ÓÎ��Ó×ÕÒ�Ð�ÕÑÒÖ�Ñ�
ÔÎ���ÏÕÏÏ�Ñ�

¿¿��ÐÏÏÒ�
ÏÎ�Ô�ÑÎÏ×�×�
ÕÑ�ÒÑ�Õ�ÔÐÒÏ�
ÕÖ�ÒÔ�Õ�ÑÕÐÒ�Ó�
ÔÑ�Ô�ÏÎ�Ô�
ÓÏ�ÑÎ�Ó�
ÕÕ�ÒÔ�Ï�
Ñ×�ÐÑ�Ò�

ÏÎÏ�ÔÔ�×�
ÓÎ�ÑÑ�Ï�

ÒÐ�ÐÓ�Ï�ÐÒÏÓ�×�
ÏÐÎ�ÕÏ�×�ÏÏÕÕÕ�Ó�

¿ÑÏ�Ö�ÕÒ�Ô�
ÐÏ�Ð�ÑÐ�
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Ñ�X� ogTmK� o?ÚØ� CK� �`Y��BÐ� 9� ë�cXm^TÐ� íz�w
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ÐÏo^?Ð|BÐí�Úm]�h°T�ÒØz7��SmXÌ��`Y��BÐ��Z¶

�ÐÑ�Ï×Ñ�ÒÏÑ�Ð�ÖÕÒ�Ï�ÐÏÒ�Ï�ÎÑÓ�
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�ÒØ��dU�ð h�/�}�TúÐ�Øn_=úÐ�énhA�pHÐÚ{UÐ���L�e6��e��N?���CÐ��xn�>�rhA�º�ÒØ��dU�
Õ��w nYí�ÒØ�!Ð�ÓÐ kY�{x{ : Ò{Ln�CÐ��x{b>�DL�ÒÚ{Sí�pdÉ�}�TúÐ�NdYn_UÐ��w��Y

Ð kCÐ��d>�{x{ : FTÌ�ÒÚ�[=�phf_CÐ�ÓÐ{A�UÐ�íÌ�ên�SúÐ�Ó�
�N= phL�>�pd1�p�[UÐ�ÒÚÐÛí��f��>�ëÌ�ÒÚí¦NU�þ�CÐ�}x�]>�:�ÒØ�!Ð�ÜnhS�phdeL�phªÌ��L�n*~g@Ì��L

�Ón@ÚØ�DLÌ��hb �?��Yí�º�Ú�ge�dU�n�}UÐ�Ón@ÚØ�DLÌ��hb : nwÚíØí��*5^fYÚÐ}b�HøÐ��
�¹nI��Y��hxnbY�}x�]�=�p�[UÐ�ÒÚÐÛí�:�p[��CÐ�}ýÐí{UÐ�ê�b>�ëÌ�ÒÚí¦��Y�pY{bCÐ�pY{#Ð�ÒØ�@�ÜnhS�n

�ÓnhaZ��CÐÒØna�Høn=í�ÊÐ}@Î�W�bx�ø�ëÌí�ðnhCnL�pRí}_CÐ��hxnbCÐ��Yâ ]�HøÐ�ëíØ�NdYn_UÐ�pþR�DL
��c_Un=í��}CÐ�

�phªÌÒØna�HøÐ��YÚÐ}e�HøÐ��x{b>�ÓÐÚnge=� �gdhwj>í� �ghLí� ÒØnxÛí� º� NdYn_dU�oxÚ{�UÐ� sYÐ}=� :
ph�[UÐ� pY{#Ð�NdYn_UÐ� �Y� �Yn_�UÐ� N� í�x}BùÐ�p=n��HøÐ� o�i� ����>� �cU� Ú�ge!Ðí

��Jn_�UÐí�
Ã���[UÐ� ân]bdU� p�@nfUÐ�ÑÚn��UÐ��Y� ÒØna�HøÐ� ÒÚí¦��Þn#Ð� �ÓnhaZ��CÐ��_=�qUni�rhA

�p�hJ� p_eH� pÉn#Ð±�eh^f�UÐ� }e_UÐ�WS��Y��Q}UÐ�DL±Y{#� ÒØ�!Ð�Ónx���Y��\RÐ��x{b>�:��>n
�ph�[UÐ��ph@ _UÐí�ph[h�Z�UÐ��Óún"Ð��hd í pHÐÚ{=�ê�b>�ph��=�ç}R��hcZ>��cexí�º�ÞnB��cZ=

�n*nY{B�ÒØ�@��hhb>í�ÜnhS�:�ngY{���>���UÐ�ohUnHúÐí�ân]bUÐ��UÙ�:�p�@nfUÐ�
Ä�Ø�g@�ân\BÎ� ÒÚí¦Ö ÉüÐ�ïÚÐØüÐ�pxÍ}Uph�h>ÐGHÎ�pdYnc�Y�_CÐ� phfb>� �Óøn6�:�ÒÚÐØÎí�ÓnY�d

pR}_CÐ�DL ÒÚ{bUÐí� � ïÚnc�=øÐ� Eca�UÐ�ÓÐÚngY� phef�UâÐ{=üÐ�phY�c"Ð�ÓnhaZ��CÐ� :�NdYn_UÐ� î{U�
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pÉn#Ðí�ngY{b>���UÐ�ÓnY{#Ð�ÒØ�@�N� �Y�ngfcex�
¼»�ëÌ 5=íê5�wøÐ�@Î N�An�UÐ�DL�pHÐÚ{UÐ�ÖGb>�{g_UÐ�rx{A�éÐÛ�nY�pY{#Ð�ÒØ�@�î���Y�Ünhb=�{x~Y�ÊÐ}

�ngfYí�én�CÐ�Ð|w�:�ÓnHÐÚ{UÐ��Y�
xpÉnBí�pYnL�Ón�HkY�N=�pY{#Ð�ÒØ�@�Ónbh�]>�é�A�piÚnbY�ÓnHÐÚØ�
xÓnHÐÚØ�xÚn��BÐ�ÒØ�!Ð��hxnbC� êÐ{��HøÐ� phd\RÌ�î{C� phehhb>�6HUYSHUI�í6HUYTXDO� ��N=

�pÉn#Ðí�pYn_UÐ�pY{#Ð��x{b>�Ón�HkY�:�ÓnY{#Ð�âÐ�iÌ�
�XÐ�4Ð

�¼�Ø�pY{#Ð�ÒÚÐØÎ�º���i�Ø��L���i��p_@Ð}CÐ� Ónwn9øÐí�º p�x{"ÐÒÚÐØüÐ�{d�CÐ�º�pYn_UÐ¾Â
Ø{_UÐ�º½º¼ÄÄÂÞ º�½Á¾��½ÁÄ��

���� $DOWRQHQ���(OOL6LQLNND��������³�FOLHQW��RULHQWHG�TXDOLW\�DVVHVVPHQW�ZLWKLQ�PXQLFLSDO� VRFLDO� VHUYLFHV� �� WKH� LQWHUQDWLRQDO� MRXUQDO� RI� VRFLDO� ZHOIRUH� ��9RO�����LVVXH����3���������� $QRRS� SDWHO�� ������� ³� 4XDOLW\� DVVXUDQFH� �� %6� ������ LQ� VRFLDO� VHUYLFHV�GHSDUWPHQWV� ³� WKH� LQWHUQDWLRQDO� MRXUQDO� RI� SXEOLF� VHFWRU� PDQDJHPHQW� ��9RO�����1R�����33���������� 5RG� VKHDII� DQG� HW�� DO�� ������� ³� SXEOLF� VHUYLFH� UHVSRQVLYHQHVV� WR� XVHUV�GHPDQGV�DQG�QHHGV���WKHRU\���SUDFWLFH�DQG�SULPDU\�KHDWKFDUH�LQ�(QJODQG�³�SXEOLF�DGPLQLVWUDWLRQ���9RO��������1R�����33��������������� $DOWRQHQ���(OOL6LQLNND��RS�FLW�3���������� $QRRS�SDWHO���RS��FLW���S����� ����}^iÌ�
� $QRRS�SDWHO���RS���FLW���S������ /DWLID� �� VKDULIDK� DQG� HW�DO�� ������� �� ³� RQ� VHUYLFH� LPSURYHPHQW�FDSDFLW\�LQGH[���FDVH�VWXG\�WKH�SXEOLF�VHUYLFH�VHFWRU�LQ�PDOD\VLD�³�WRWDO�TXDOLW\�PDQDJHPHQW���9RO����LVVXH�������3��������� $DOWRQHP���(OOL�6LQLNND���RS��FLW���S��������� *DVWHU���/XF\����������³�4XDOLW\�VHUYLFHV�LQ�ORFDO�*RYHUQPHQW���$�%RWWRP� �� XS� DSSURDFK� ³� MRXUQDO� RI� PDQDJHPHQW� 'HYHORSPHQW� ��9RO��������LVVXH����3��������� 1ZDEXH]H�XFKH�� ������� ³� (GLWRULDO� �� PDQDJLQJ� LQQRYDWLRQ� LQ�SXEOLF�6HUYLFHV�³��740��9RO�����LVVXH������3������ ��¼¼�Ø�º çö _UÐ�Ün�L�EZ=�½»»¼�� keT��x�{ha��CÐ�}^i�pg@í��Y�ÓnY{#Ð�ÒØ�@�ÜnhS
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º ÒÚÐØúÐ�:�©n�UÐ�-}_UÐ� }/kCÐ� º� phY{#Ð�Ó5^fCÐ�:� pxÚÐØúÐ� ÒØnhbdU�y@nfUÐ� ÊÐØúÐ�DL�én ö_R�Þ º�Ò}wnbUÐ�º�pxÚÐØúÐ�phef�dU�ph=}_UÐ�pe^fCÐ��¼Ã½��
����� 7RP� 5HGPDQ� 	� HW�DO�������� ³� 4XDOLW\� PDQDJHPHQW� LQ� VHUYLFHV� �� LV� WKH�SXEOLFH� VHFWRU� NHHSLQJ� SDFH� "� ,QWHUQDWLRQDO� MRXUQDO� RI� SXEOLF� VHFWRU�PDQDJHPHQW���9RO����1R�����33���������� �¼¾�Ø�º ëí}BËí� }eh8� �h+� ~x~_UÐ� {�L�½»»»�phY�c"Ð� Ò~g@±U�¢HkCÐ� ÊÐØúÐ�ÜnhS� º�º

Þ º�Ò}wnbUÐ�º�pxÚÐØúÐ�phef�dU�ph=}_UÐ�pe^fCÐ��ÃÁ�ÃÂ�
����� 7LP�5HGPDQ�	�HW�DO���RS��FLW���33��������������� PDGVHQ� �� ROH� 1RUJDDUG� �������� ³� SXEOLF� (QWHUSULVH� DQG� WRWDO� 4XDOLW\�PDQDJHPHQW��740��9RO����LVVXH��33���������������� :LVQLHZVNL� �� PLN�� DQG� 'RQQHOO\� �� PLNH� �������� ³� 0HDVXULQJ� 6HUYLFH�4XDOLW\� LQ� WKH�SXEOLF� VHFWRU� ��7KH� SRWHQWLDO� IRU� VHUYTXDO� � ³�7RWDO� TXDOLW\�PDQDJHPHQW���9RO������LVVXH����3���������� 6FKDULW]HU� DQG� HW�DO�� ������� ³� 1HZ� SXEOLF� PDQDJHPHQW� �� (YDOXDWLQJ� WKH�VXFFHVV� RI� WRWDO� 4XDOLW\� PDQDJHPHQW� DQG� FKDQJH� PDQDJHPHQW� LQ�LQWHUYHQWLRQV� LQ� SXEOLF� VHUYLFHV� IURP� WKH� (PSOR\HHV� DQG� FXVWRPHUV�SHUVSHFWLYHV�³���740��9RO�����LVVXH���3������������ �.�.�� 1DYDUDWQDP� 	� %LOO� +DUULV�� �������� ³� 4XDOLW\� SURFHVV� DQDO\VLV� ��DWHFKQLTXH�IRU�PDQDJHPHQW� LQ� WKH�SXEOLF�VHFWRU�³LQWHUQDWLRQDO� MRXUQDO�RI�SXEOLF�VHFWRU�PDQDJHPHQW���9RO������1R�����33�������������� +HUQRQ�DQG�HW��DO���������³�VHUYLFH�TXDOLW\�DQG�FXVWRPHU�VDWLVIDFWLRQ���$Q�$VVHVVPHQW� DQG� IXWXUH� 'LUHFWLRQV� ³� MRXUQDO� RI� $FDGHPLF� OLEUDULDQVKLS� ��9RO�������LVVXH����3���������� *DVWHU���OXF\���RS���FLW���33�������������0�6KRPVXO�+DTXH���������³�7KH�'LPLQLVKLQJ�SXEOLFQHVV�RI�SXEOLF�6HUYLFH�XQGHU� WKH�FXUUHQW�PRGH�RI�*RYHUQDQFH��³�3XEOLF�$GPLQLVWUDWLRQ�5HYLHZ��9RO������1R����33�������� �½½�Ø�Þ º �=nH�Ú{[Y�º�çö _UÐ�Ün�L�EZ=¼Ã½��
����� /DWLID���VKDULIDK�DQG�HW�DO���RS���FLW���3����������� :LVQLHZVNL��PLN�	�'RQQHOO\��PLNH�� ��³�PHDVXULQJ�VHUYLFH�4XDOLW\� LQ�WKH�SXEOLF�VHFWRU���7KH�SRWHQWLDO�IRU�VHUYTXDO�³��RS���FLW���33�������������� 6ROLPDQ� DQG�$O]DLG� �������� ³� VHUYLFH�4XDOLW\� LQ�5L\DGK¶V�(OLWH�+RWHOV� ��PHDVXUHPHQW�DQG�(YDOXDWLRQ���³�MRXUQDO�RI�NLQJ�VDXG�XQLYHUVLW\���9RO��������33�������������� 0LNH� 'RQQHOO\� DQG� HW�DO�������� ³� PHDVXULQJ� VHUYLFH� TXDOLW\� LQ� ORFDO�JRYHUQPHQW� �� WKH�6(5948$/�DSSURDFK� �� LQWHUQDWLRQDO� MRXUQDO�RI�SXEOLF�VHFWRU�PDQDJHPHQW���9RO�����1R����3�����
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��Ø�Þ º �=n�UÐ�Ú{[CÐ�º�çö _UÐ�Ün�L�EZ=��¼Ã¾��
��Ø�Þ º �=n�UÐ�Ú{[CÐ�º�ëí}BËí�}eh8�~x~_UÐ�{�L�Ä¼�

����� 0LNH�'RQQHOO\�DQG�HW�DO���RS��FLW���33���������
��Ø�Þ º �=n�UÐ�Ú{[CÐ�º�ëí}BËí�}eh8�~x~_UÐ�{�L��Ä½�
��OÐ â�@}UÐ�{x~edU�

� &DUPDQ�-�0�´&RQVXPHU� SHUFHSWLRQV� RI� VHUYLFH� 4XDOLW\� �DQ�$VVHVVPHQW� RI� WKH� 6(5948$/� 'LPHQVLRQV´�� MRXUQDO� RI�5HWDLOLQJ�����1R���VSULQJ�������� &URQLQ�-�-�� -U� DQG�7D\ORU� 6�$�� ³�0HDVXULQJ� VHUYLFH�4XDOLW\� �� $�5HH[DPLQDWLRQ� DQG� ([WHQVLRQ� ³� �� MRXUQDO� RI� PDUNHWLQJ� �� �MXO\��������� 7HDV� 5�.�� �� ³� ([SHFWDWLRQV�� SHUIRUPDQFH� (YDOXDWLRQ� �� DQG�FRQVXPHUV�� SHUFHSWLRQV� RI� TXDOLW\� ³�� MRXUQDO� RI� PDUNHWLQJ�����1R����2FWREHU������������� 6ROLPDQ�DQG�$O]DLG���RS�FLW��33�������
����� )RWWOHU�0\URQ� '� 	� HW�DO�� �� )HE�� ������ �� &RPSDULQJ� KRVSLWDO� VWDII� DQG�SDWLHQW�SHUFHSWLRQV�RI�FXVWRPHU�VHUYLFH���D�SLORW�VWXG\�XWLOL]LQJ�VXUYH\�DQG�IRFXV�JURXS�GDWD����+HDOWK�VHUYLFHV�PDQDJHPHQW�5HVHDUFK���9RO������1R�����SS��������������%DPIRUG���'DYLG���	�'DQLHO���6WHSKHQ�����'HF�������������$�FDVH�VWXG\�RI�FKDQJH�PDQDJHPHQW� HIIHFWLYHQHVV�ZLWKLQ� WKH�1+6� �� �� -RXUQDO� RI� FKDQJH�PDQDJHPHQW���9RO������1R������SS������±�������������6RIDHU���6KRVKDQQD�	�HW��DO������'HF������������:KDW�'R�FRQVXPHUV�ZDQW�WR�NQRZ�DERXW�WKH�4XDOLW\�RI�FDUH�LQ�KRVSLWDOV�"�����+HDOWK�VHUYLFHV�UHVHDUFK���9RO�������VXSSOHPHQW�����SS�������±�������������� � �+XUWDGR� ��0DUJDULWD� S��	� HW�� DO�� �� ��'HF�� ����� �� �� ��$VVHVVPHQW� RI� WKH�(TXLYDOHQFH�RI�WKH�6SDQLVK�DQG�(QJOLVK�YHUVLRQV�RI�WKH�&$+36�+RVSLWDOV�VXUYH\�RQ�WKH�4XDOLW\�RI�,QSDWLHQW�FDUH�����+HDOWK�VHUYLFHV�UHVHDUFK���9RO������VXSSOHPHQW�����SS�������±����������������)LFNHO���-DFTXHOLQH�-��	�7KUXFK��FDURO�5������'HF�������������3ROLF\PDNHU�XVH�RI�TXDOLW\�RI�FDUH� LQIRUPDWLRQ��� �� ,QWHUQDWLRQDO�-RXUQDO� IRU�4XDOLW\� LQ�KHDOWK�FDUH���9RO�������1R������SS������±������������� � 6�3�� %DWH� 	� *�� 5RSHUW� �� �� ����� �� �� �� .QRZOHGJH� PDQDJHPHQW� DQG�FRPPXQLWLHV�RI�SUDFWLFH�LQ�WKH�SULYDWH�VHFWRU���/HVVRQV�IRU�PRGHUQL]LQJ�WKH�QDWLRQDO� KHDOWK� VHUYLFH� LQ� (QJODQG� DQG�ZDOHV� �� �� 3XEOLF� DGPLQLVWUDWLRQ� ��9RO�������1R������SS������±���������� �¾Ä�Ø�º �xE�CÐ�£ni�ÊnRí��½»»¿�: phýn�fUÐ�phRWCÐ�ÓnY{#Ð�ÒØ�@�:�Ò}?kCÐ��YÐ�_UÐ�pHÐÚØ�º
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{d�CÐ�º�ÒÚÐØ±U�ph=}`UÐ�pd�CÐ�º�pxØ�_�UÐ�ph=}_UÐ�pcdeCÐ½¿Ø{_UÐ�º¼Þ º�¼½¼�¼À»
� ���� 6ROLPDQ�DQG�$O]DLG��������³�VHUYLFH�4XDOLW\�LQ�5L\DGK¶V�(OLWH�+RWHOV���PHDVXUHPDQW�DQG�(YDOXDWLRQ�2S�FLW���33���������� �¿¼�Ø�ï}eheZUÐ� �1}UÐ� {�L� �=� {1Ì�½»»¼�º�ph=}_UÐ� pcdeCÐ� :� px{xFUÐ�ÓnY{#Ð� ÒØ�@

�º pxØ�_�UÐ�{d�CÐ�º�pYn_UÐ�ÒÚÐØúÐ¿¼Ø{_UÐ�º½�Þ½ÁÀ��¾»¼�
�¿½�Ø�ºçö _UÐ�Ün�L�EZ=�½»»¼��ÜnhS� keT��x{ha��CÐ� }^i� pg@í��Y�ÓnY{#Ð� ÒØ�@

�phY{#Ð�Ó5^fCÐ�:�pxÚÐØúÐ�ÒØnhbdU�y@nfUÐ�ÊÐØúÐ�DL�én_R�Þº�=n�UÐ�Ú{[CÐ�º¼Â¾�¼ÄÀ�
����� /DWLID� ��VKDULIDK�DQG�HW�DO� �� ³�RQ�VHUYLFH� LPSURYHPHQW�FDSDFLW\� LQGH[� ��&DVH�VWXG\�RI� WKH�SXEOLF� VHUYLFH�VHFWRU� LQ�0DOD\VLD� ��RS� ��FLW� �33��������������� $DOWRQHQ� ��(OOL�6LQLNND��³�&OLHQW� ��RULHQWHG�4XDOLW\�$VVHVVPHQW�ZLWKLQ�PXQLFLSDO�VRFLDO�VHUYLFHV�³�RS��FLW��33���������������� 6HFDQ���PDUN�(GZDUG���³4XDOLW\�PDQDJHPHQW�LQ�SXEOLF�RUJDQL]DWLRQV���7KH�8QLWHG�6WDWHV� DQG�*HUPDQ\�³�3K'� WKHVLV� ��'LVVHUWDWLRQ�$EVWUDFWV�LQWHUQDWLRQDO��9RO�������1R������2FWREHU��������S���������$��������� 7RP�5HGPDQ�	�HW��DO�³�4XDOLW\�PDQDJHPHQW�LQ�VHUYLFHV���LV�WKH�SXEOLF�VHFWRU�NHHSLQJ�SDFH�"�RS���FLW�33������������� .�.��1DYDUDWQDP�DQG�%LOO�+DUULV�³�4XDOLW\�SURFHVV�DQDO\VLV�D�WHFKQLTXH�IRU�PDQDJHPHQW�LQ�WKH�SXEOLF�VHFWRU���RS��FLW�33��������
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¼�oXzaBÐ
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�ìÚÐ{bY�nY�phch�H �UÐ��hJÐ}bUÐí�Ón_eZCÐí�ÜnhTúÐ��Y�~_>�p^Rn7�Ã»»»��ðnx�fH��J��UÌ�phi5?��
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3RO\PHUV���phc�åH �UÐ�ÓnL�]CÐ��e��R�ØÐ�e=�â�]Y��wnY�ngfYí�3ODVWLFL]HUV��â�å��CÐí�ÕÚnåBí��åx�J

pHÐÚ{UÐ�ì|w�çn]i�OíúÐ�phed_UÐ�Òí{fUÐº�#Ð±ºÑÎ�p_Yn@½»»¼ê��



��¾Á¼��o]Qm 7�9�|wíz �TÐ�ÒØm K Î�í�o�cZTÐ�Óm wm `eTÐ�}^=�
�

Ì¥]¼@�?�QW@H¸?�Ï¹��
�hÊ@ÁÊ�
0..5�

�

ogbg�G°�TÐ�Óm`c�dcT�ogþg�TÐ�Úm>ùÐ���������
H n4ncIÌí�ngLÐ�iÌ��Rnc=�phch�H �UÐ�ØÐ�CÐ�ëÎ�Ónåi�cY�íÌ�phch�åH =ÜnåhTÌ�påþhw�DåL�qåinT�ÊÐ

��cZ>��Y{���Y�ÓÐíØÌí�ÓÐ��_T�î}BÌ�phch�H =ÐÚÐ¦Î�n`Un=��ýnhehcUÐ�ng�hT}>�:�ØÐ�CÐ�ì|w��d�/�nC�pþh�dU
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ngfRØ��Y�Nf�UÐ�ÓnþY�Úí}Y��x�d>�q?{AÌí�phc�H �UÐ�ØÐ�CÐ�ì|w�phfY�OÎ�pþh�UÐ�:�ÓP�iÐ�{bUín�ÚÐ¦Ìí�ðÐðpåhþh=�
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ng�LnfÉ�:�pRn\CÐ�ØÐ�CÐ�íÌ�phch�H �UÐ��ÒØnCÐ�Óni�cY��Y��Lna�dU��d=nbUÌ�ngfY�
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7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO��,VVXH�1R�������������-DQXDU\��������� 7KH�8QLYHUVLW\�RI�,EE��<HPHQ������

��

�
'(6,*1�$1'�23(5$7,21�2)�$�&2+(5(17�237,&$/�5$'$5�)25�&,9,/,$1�$33/,&$7,216�

<DV�0�5�$O��+DGLWKL��
'HSDUWPHQW�RI�3K\VLFV��)DFXOW\�RI�6FLHQFH��
�8QLYHUVLW\�RI��O%%��5HSXEOLF�RI�<HPHQ��

DOBKDGLWKL����#\DKRR�FRP��

$EVWUDFW
7KLV� SDSHU� LQWURGXFHV� H[SHULPHQWDO� UHVXOWV� RI� D� ODERUDWRU\� VFDOH� ODVHU�5DGDU��$�FRPSXWHU�FRQWUROOHG�ODVHU�UDGDU�V\VWHP�IRU�PHDVXULQJ�PRYLQJ�REMHFW�YHORFLWLHV�XVLQJ�ERWK�&2��ODVHU�DQG�ODVHU�GLRGH�ZDV�FRQVWUXFWHG��'LIIHUHQW� PRYLQJ� REMHFWV� ZLWK� GLIIHUHQW� YHORFLWLHV� ZHUH� XVHG��)XUWKHUPRUH�� 'RSSOHU� 6KLIWV�� PRGXODWLRQ� IUHTXHQFLHV� DQG� ODVHU�ZDYHOHQJWKV� ZHUH� WUDQVIHUUHG� WR� D� SHUVRQDO� FRPSXWHU�3&��� )URP� WKH�SUHYLRXV� SDUDPHWHUV�� WKH� SF� ZDV� DEOH� WR� SUHVHQW� WDUJHW� YHORFLWLHV�� $�VSHFLDO� VRIWZDUH� DQG� WKH� UHOHYDQW� HOHFWURQLF� FDUG�W\SH+3�*S�OE�GHVLJQHG� IRU� VSHFWUXP� DQDO\]HU��ZHUH� XVHG� IRU� QRLVH� FDQFHOODWLRQ� DQG�IRU�PHDVXULQJ�PRYLQJ�REMHFW�YHORFLWLHV��

,QWURGXFWLRQ�
,PSUHVVLYH� DGYDQFHV� LQ� XVLQJ� ODVHU� UDGLDWLRQ� LQ� 5DGDU�/DGDU�� /DVHU�'HWHFWLRQ� DQG�5DQJLQJ��� KDYH� EHHQ� GHPRQVWUDWHG� LQ� VHYHUDO� UHVHDUFK� ODERUDWRULHV� DQG� LQ� ILHOG�DSSOLFDWLRQV��+HWHURG\QH� GHWHFWLRQ� WHFKQLTXHV� SOD\� D� FUXFLDO� UROH� LQ� EXLOGLQJ� FRKHUHQW�UDGDU� V\VWHPV��7KHLU� UHFHLYHUV�KDYH� VLJQLILFDQW� LPSRUWDQFH� LQ� WKH� VFLHQWLILF� H[SORUDWLRQ�RI� WKH� HDUWKV� DWPRVSKHUH� DQG� LQ� WKH� LQYHVWLJDWLRQ�RI� DVWURQRPLFDO�REMHFWV�����7KH� KLJK�VSHFWUDO�UHVROXWLRQ�RI�KHWHURG\QH�UHFHLYHUV�LV�XVHG�IURP�WKH�PLFURZDYH��  ��PP��WR�WKH�
WKHUPDO�LQIUDUHG��  ����PP���WR�GHULYH�WKH�YROXPH�PL[LQJ�UDWLR�SURILOHV�RI�VWUDWRVSKHULF�WUDFH� JDVHV�� WR� GHWHUPLQH� DEVROXWH� DQG� UHODWLYH� DEXQGDQFH� RI� FKHPLFDO� VSHFLHV� LQ� WKH�LQWHUVWHOODU�PHGLXP��DQG�WR�GHGXFH�WKH�G\QDPLFDO�LQIRUPDWLRQ�IURP�WKH�ILQH�VWUXFWXUH�RI�WKH�VSHFWUD������7KH�EDVLF�KHWHURG\QH�SULQFLSOH�GHSHQGV�RQ�PL[LQJ�WZR�EHDPV�WR�DFKLHYH�WKH�EHDWLQJ�IUHTXHQF\��ZKLFK�LPSLQJHV�RQ�WKH���SKRWRV�±GHWHFWRU�VXUIDFH��7KH�KHWHURG\QH�RSWLFDO�UHFHLYHU�XVHV�D�ODVHU�FDOOHG�WKH�/RFDO�RVFLOODWRU�ODVHU��WRJHWKHU�ZLWK�D�SKRWRGLRGH��WR� FRQYHUW� DQ� LQFRPLQJ� RSWLFDO� VLJQDO� LQWR� DQ� HOHFWULFDO� VLJQDO� FDOOHG� WKH� LQWHUPHGLDWH�IUHTXHQF\��,)��VLJQDO� ��7KH�ORFDO�RVFLOODWRU�SRZHU�ZKLFK�SURYHV�WR�KDYH�JUHDW�HIIHFW�RQ�LQFUHDVLQJ� WKH� VLJQDO� IURP� WDUJHW� FRPHV� IURP� WKH� VDPH� ODVHU� VRXUFH�� ,W� ZLOO� LQ� WXUQ�IDFLOLWLHV�WKH�WXQLQJ�SURFHVVHV�DQG�VLJQDO�UHGXFLQJ�WKH�DVVRFLDWHG�QRLVH��2SWLFDO�FRPPXQLFDWLRQ�V\VWHPV�WKDW�XVH�D�ORFDO�RVFLOODWRU�DUH�IUHTXHQWO\�FDOOHG�FRKHUHQW�V\VWHPV�� &RKHUHQW� RSWLFDO� UDGDU� RIIHUV� QHDUO\� LGHDO� FKDUDFWHULVWLFV� IRU� VHYHUDO� UHDVRQV��)LUVW�� WKH� KHWHURG\QH� UHFHLYHU� EHKDYHV� DV� D� QHDUO\� LGHDO� RSWLFDO� ILOWHU����� 7KH� UHFHLYHU�GLVFULPLQDWHV� DJDLQVW� DQ\� QRLVH� RXWVLGH� WKH� UHTXLUHG� VLJQDO� EDQGZLGWKV�� 7KLV� FDQ� EH� D�



��� �������������<DV�0�5�$O��+DGLWKL���
DFKLHYHG��XVLQJ�HOHFWULFDO�EDQG�EDVV�ILOWHUV��7KH\�KDYH�EURDG�EDQG�ZLGWKV�UDQJLQJ�IURP�IHZ�0+=�WR�D�IHZ�*+=��)XUWKHUPRUH��WKH\�KDYH�VKDUS�HGJHV�DQG�IODW�UHVSRQVHV��7KH�VHFRQG�DGYDQWDJH� LV� WKDW�FRKHUHQW� WUDQVPLWWHUV�XVH� VLQJOH�±� IUHTXHQF\� ODVHU� VRXUFH�ZLWK� OLQH� ZLGWKV� W\SLFDO� LQ� WKH� UDQJH� RI� �� WR� ��� 0+=����� :KHQ� WKHVH� VRXUFHV� DUH�PRGXODWHG� DW� VSHHGV� RI� ���� 0E�V� WR� ��� *E�V�� WKH� UHVXOWLQJ� RSWLFDO� VSHFWUDO� ZLGWK� LV�FRPSDUDEOH�WR�WKH�LQIRUPDWLRQ�EDQGZLGWK�RI�WKH�PRGXODWLQJ�VLJQDO��7KH�QDUURZ�VSHFWUDO�ZLGWK�UHGXFHV�WKH�LQIOXHQFH�RI�FKURPDWLF�GLVSHUVLRQ�LQ�WKH�ILEHU�WR�D�PLQLPXP��)XUWKHU�DGYDQWDJH�LV�ZHDN�ODVHU�VLJQDOV�ZKLFK�DUH�UHIOHFWHG�IURP�D�WDUJHW�FDQ�EH�HDVLO\�GHWHFWHG�XVLQJ� KHWHURG\QH� GHWHFWLRQ� WHFKQLTXH�� ,W� HQIRUFHV� WKH� UHWXUQHG� VLJQDO� IURP� WDUJHW� DQG�DOVR�IDFLOLWDWH�PHDVXULQJ�'RSSOHU�VKLIW��')���')�DULVHV�GXH�WR�WKH�YDULDWLRQ�LQ�WKH�UHWXUQHG�ODVHU�IUHTXHQF\�IURP�D�PRYLQJ�REMHFW������,W� LV� XVHG� WR� PHDVXUH� IOXLGV�� PRYLQJ� REMHFWV� YHORFLW\� DQG� WR� FDOFXODWH� WKH� QXPEHU� RI�SROOXWLQJ�SDUWLFOHV�LQ�D�PRYLQJ�IOXLG��6LJQDO�WR�QRLVH�UDWLR��6�5��LV�YHU\�PXFK�KLJKHU�LQ�WKH�&RKHUHQW��GHWHFWLRQ�DV�FRPSDUHG�WR�GLUHFW��GHWHFWLRQ�VHH�ILJXUH������7KH�([SHULPHQWDO�
7KH�([SHULPHQWDO� � VHWXS�ZKLFK�ZDV� XVHG� WR� VWXG\� WKH� FRKHUHQW� GHWHFWLRQ� LV� VKRZQ� LQ�ILJXUH� �����$� VHDOHG� ±�RII�ZDYHJXLGH�&2�� ODVHU�ZLWK� WKH� IROORZLQJ� VSHFLILFDWLRQV�ZDV�XVHG���
�2XWSXW� ���ZDWW�0RGH�VWUXFWXUH���VLQJOH�PRGH��%HDP�GLDPHWHU������PP�DW�H�SRLQWV��%HDP�GLYHUJHQFH������PUDG���IXOO�DQJOH��&RROLQJ�5HTXLUHPHQW�������JDO��PLQ���)XUWKHU� LQVWUXPHQWV�ZHUH� OLTXLG� QLWURJHQ� FRROHG�0HUFXU\�&DGPLXP�7HOOXULGH� �0�&�7��SKRWRFRQGXFWLYH�GHWHFWRU��H[SDQGLQJ�DQG�FROOLPDWLQJ��*DOLOHDQ�WHOHVFRSH��DQG���SLFHDFHV�RI�JHUPDQLXP�ZLQGRZV�ZLWK�GLDPHWHUV�RI��FP�HDFK�DQG�PLUURUV�RI�������FP�GLDPHWHUV�ZHUH�XVHG������7KH�&2��ODVHU�ZDV�UHSODFHG�LQ�VRPH�H[SHULPHQWV�ZLWK�D�VHPL��FRQGXFWRU�ODVHU��  ����QP��DQG��VLOLFRQ�GHWHFWRU��$Q�DFRXVWR�RSWLF�PRGXODWRU��5)�SRZHU�DPSOLILHU�ZLWK�DQDORJXH�GULYHU�ZHUH�XVHG�WR�PRGXODWH�WKH�RXWSXW�ODVHU�EHDP��$ VSHFWUXP� DQDO\]HU� KDYLQJ� �����*+]� IUHTXHQF\� EDQG�ZDV� XVHG� WR�PHDVXUH�'RSSOHU�VKLIWV�DQG�WR�NQRZ�WKH�GLUHFWLRQ�RI�PRYLQJ�REMHFWV��,W�ZDV�FDSDEOH�RI�PHDVXULQJ�DV�ORZ�SRZHUV�DV������G%P��
�6SDWLDO�ILOWHULQJ�
7KH� ,QIOXHQFH� RI� EDQG� SDVV� ILOWHU� RQ� WKH� LQWHUIHUHQFH� DQG� RQ� DFKLHYLQJ� WKH� FRKHUHQW�GHFWLRQ� LV� DOVR� VWXGLHG�� ,W� PD\� SDVVLYHO\� RU� QHJDWLYLW\� � DIIHFWV� LQWHUIHUHQFH�� 7KLV� LV�GHFLGHG�E\�WKH�HIIHFWLYH�DUHD�RI�GHWHFWRU��,Q�KHWHURG\QH�PLFURZDYHV�UHFHLYHUV��EDQG�SDVV�ILOWHUV�GHWHUPLQHV� WKH� UHTXLUHG�IUHTXHQF\�EDQG�WR�SDVV� WR� WKH� UHFHLYHU��&RQVHTXHQWO\�� LW�GHWHUPLQHV�WKH�EHDWLQJ�IUHTXHQF\�EDQG�DQG�HOLPLQDWHV��D�JUHDW��DPRXQW�RI�QRLVH��,Q�RXU�FXUUHQW� UHVHDUFK� VWXG\� ZH� KDYH� XVHG� D� VSDWLDO� ILOWHU� �SLQKROH�� ZLWK� D� YDUL\LQJ� � KROH�GLDPHWHU� IURP���������PP��7KH�HIIHFW�RI�SLQHKROH� VL]H�RQ�VLJQDO�DPSOLWXGH� LV� WR� UHDFK�WKH�RSWLPXP�FRKHUHQW�GHWHFWLRQ�HIILFLHQF\�DW����PP��+RZHYHU��DW����PP��WKH�JDLQ�ZDV�



'HVLJQ�DQG�2SHUDWLRQ�RI�D�&RKHUHQW�2SWLFDO�5DGDU�IRU�&LYLOLDQ�$SSOLFDWLRQV� � ���

VLJQLILFDQWO\�UHGXFHG�DV�ZHOO�DV�LW�ZDV�GLIILFXOW�WR�DOLJQH�WKH�V\VWHP��VHH�ILJXUH����2WKHU�SDUDPHWHUV�DIIHFWLQJ� �FRKHUHQW�GHWHFWLRQ�QDPHO\��DWPRVSKHULF�DWWHQXDWLRQ�ZHUH�VWXGLHG��&2��ODVHU�WUDQVPLVVLRQ�ZDV�IRXQG�WR�UHGXFH�WR�����DW�����KXPLGLW\�DQG�WR����DW�����KXPLGLW\�� :H� REVHUYHG� WKDW� FRKHUHQW� GHWHFWLRQ� KHOSV� LQ� GHWHFWLQJ� VLJQDOV� HYHQ� ZKHQ�KXPLGLW\� LQFUHDVHV� WR� ����� 7KH� VLJQDO� JDLQ� ZDV� �� G%� DW� FRKHUHQW� GHWHFWLRQ� LQ�FRPSDULVRQ�WR���G%�DW�GLUHFW�GHWHFWLRQ���7KH� W\SH� RI� UHIOHFWLQJ� REMHFW� HIIHFW� LV� DOVR� � VWXGLHG� �� $V� DQ� H[DPSOH�� WKH� VLJQDO��DPSOLWXGH�ZDV���G%�XVLQJ�JROG�VXUIDFH��7KLV�QXPEHU�ZDV�UHGXFHG�WR����G%�DQG����G%�XVLQJ��DOXPLQXP�DQG�JHUPDQLXP�UHVSHFWLYHO\��)XUWKHUPRUH��EHDWLQJ�VLJQDO�ZDV�IRXQG�WR�LQFUHDVH� ZKHQ� LQFUHDVLQJ� WKH� ORFDO� � RVFLOODWRU� SRZHU� WLOO� ��� WLPHV� WKHQ� EHDWLQJ� VLJQDO�GLVDSSHDUV��DQG�FRKHUHQFH�LV�FDQFHOOHG��7KH�EHVW�PRGXODWLRQ�IUHTXHQF\�ZDV��DW����.+=��7KH� REWDLQHG� VLJQDO� DQG� 'RSSOHU� VKLIW� ZHUH� YHU\� FOHDU� HVSHFLDOO\� IRU� VORZ� PRYLQJ�REMHFWV��:KHQ� WKH� UHIOHFWHG� IUHTXHQF\� IURP�PRYLQJ�REMHFW� LV�FKDQJHG�GXH� WR� LW
V�YHORFLW\�� WKHQ�WKH�VLJQDO�RQ� WKH�VSHFWUXP�DQDO\]HU�ZLOO�VSOLW� DQG�D�VHFRQG�VLJQDO�ZLOO�EH�GUDZQ�WR� WKH�ULJKW�RU�WR�WKH�OHIW�RI�WKH�RULJLQDO�VLJQDO���GHSHQGLQJ�RQ�REMHFW
V�GLUHFWLRQ���,W�UHSUHVHQWV�IUHTXHQF\�VKLIW�RU�'RSSOHU�VKLIW�ZKLFK�FDQ�EH�FDOFXODWHG�DV�IROORZV���
X YFRV� �

ZKHUH� X LV�WKH�'RSSOHU�VKLIW��9 PRYLQJ��WDUJHW�YHORFLW\���ODVHU�UDGLDWLRQ�ZDYHOHQJWK������DQJOH�EHWZHHQ��WKH�LQFLGHQW�UDGLDWLRQ�RQ�WDUJHW�DQG�WKH��GLUHFWLRQ�RI�PRYHPHQW��
5HVXOWV��GLVFXVVLRQV�DQG�FRQFOXVLRQV�$�+HWHURG\QH�'HWHFWLRQ�DQG�'RSSOHU�VKLIW�7R� SURYH� WKH� KHWHURG\QH� GHWHFWLRQ� SULQFLSOH�� D�0LFKHOVRQ� ±� OLNH� VHW� XS� XVLQJ� WKH�&2��ODVHU� V\VWHP�ZDV�FRQVWUXFWHG��7KLV�ZDV� WR�SURYH� WKH�KHWHURG\QH� LQWHUIHUHQFH��7KH�LQWHUIHUHQFH�IUHTXHQF\�ZKLFK�UHSUHVHQWV�WKH�LQWHUIHUHQFH�EHWZHHQ�WKH�/2�ZDYH�DQG�WKH�UHIOHFWHG��VLJQDO�IURP�D�VWDWLRQDU\�WDUJHW��6��LV�VKRZQ�LQ�ILJXUH������'RSSOHU�VKLIW� IRU� D� PRYLQJ� � WDUJHW� WRZDUGV� WKH� V\VWHP� ZLWK� D� YHORFLW\� RI� ���� PP� �VHF�SURGXFLQJ�������.+]�'RSSOHU��VKLIW�LV�VKRZQ�LQ�ILJXUH����:KHQ�EORFNLQJ�HLWKHU�WKH�/�2�RU� WKH� UHIOHFWHG�VLJQDO�� WKH�VLJQDO�ZDV�IRXQG� WR�GLVDSSHDU�RQ� WKH�RVFLOORVFRSH��7KLV� LV� IXUWKHU� HYLGHQFH� IRU� WKH� RFFXUUHQFH� RI� WKH�+�'� �L�H�� %HDWLQJ� VLJQDO�� IURP�PL[LQJ�ERWK�ZDYHV��:KHQ�WDNLQJ�HDFK�ZDYH�DORQH��WKH�ZDYH�JDLQ�ZDV����G%��ZKLOH�LQ�PL[LQJ� WKH�JDLQ�ZDV� ���G%��7KLV� LV� MXVWLILHG� �GXH� WR� WKH�RFFXUUHQFH� RI� EHDWLQJ�IUHTXHQF\��

�%�/DVHU�0RGXODWLRQ���0RGXODWLRQV� RI� ���� +=� WR� �.+=� ZDV� � DFKLHYHG� XVLQJ� WKH� ODVHU� EHDP� FKRSSLQJ�WHFKQLTXH�DV�D�VLPSOH�PRGXODWLRQ�DSSURDFK��(OHFWURQLF�PRGXODWLRQ��L�H�� LQWHUIDFLQJ�DQ�RQ�RII�HOHFWURQLF�FLUFXLW�WR�D�SRZHU�VXSSO\��ZDV�XVHG�WR�DFKLHDYH���.+=�WR����.+=�WR�WKH�RXWSXW�ODVHU�UDGLDWLRQ��)XUWKHUPRUH��DQ�H[WHUQDO�PRGXODWRU�XQLW�DGDSWHG�WR�WKH�&2��ODVHU�ZDV�XVHG� WR�PRGXODWH� WKH� ODVHU�EHDP� LQ� WKH� UDQJH��.+]� WR����.+=�� ,QFUHDVLQJ�PRGXODWLRQ�ZDV� IRXQG� WR� GHFUHDVH� WKH� ODVHU� SRZHU� �VHH� ILJXUH� ���� 7KLV� VXJJHVWV� WKDW�VLJQDO�ZLOO�GLVDSSHDU�ZKHQ�XVLQJ� ORZ� ODVHU�SRZHUV�DW�KLJK�GHJUHH�RI�PRGXODWLRQ��7KH�



��� �������������<DV�0�5�$O��+DGLWKL���
EHVW�VLJQDO�DPSOLWXGH�DFFRPSDQLHG�ZLWK�FOHDU�'RSSOHU�VKLIW�ZDV�IRXQG�WR�EH�DW����.+=�PRGXODWLRQ��,W�LV�UHFRPPHQGHG�WKDW�PRGXODWLRQ�VKRXOG�EH�WZLFH�DV�PXFK�DV��WKH�'RSSOHU�VKLIW��7KLV�JXDUDQWHHV� QR� LQWHUIHUHQFH� ZLWK� 'RSSOHU� VKLIW� RQ� WKH� VSHFWUXP� DQDO\]HU� VFUHHQ� DQG�FRQVHTXHQWO\�UHFRJQL]HV�WDUJHW�YHORFLW\��
�&� &RPSXWHUL]LQJ�7KH�6\VWHP ����7KH�RXWSXW�VLJQDO�IURP�WKH�UDGLDWLRQ�GHWHFWRU�WR�WKH�VSHFWUXP�DQDO\]HU�ZDV�SURFHVVHG�LQ�WKLV�ZRUN��7KLV�ZDV�WR�REWDLQ�VHYHUDO�SDUDPHWHUV�QHHGHG�IRU�EXLOGLQJ�WKH�FRKHUHQW�ODVHU��UDGDU�� 7KH� DIRUHPHQWLRQHG� SDUDPHWHUV� ZHUH� VLJQDO� DPSOLWXGH�� PRGXODWLRQ�� 'RSSOHU��VKLIW� DQG� WDUJHW� VSHHG� DQG� GLUHFWLRQ�� +3�� *3�� ,%� HOHFWURQLF� FDUG� WR� LQWHUIDFH� WKH�VSHFWUXP�DQDO\]HU� WR�D�SHUVRQDO� FRPSXWHU�ZDV�XVHG��7KH�REMHFWLYHV�RI�XVLQJ� WKH� FDUG�DUH�WR�SURJUDP�WKH��VSHFWUXP�DQDO\]HU��GHWHUPLQLQJ��WKH�VSHFWUDO�UDQJH�RI�WKH�DQDO\]HU��VHQGLQJ� LQIRUPDWLRQ� WR� WKH� 3&� DQG� VLPXOWDQHRXVO\� � DQDO\]LQJ� LQIRUPDWLRQ� LQFOXGLQJ��PHDVXULQJ� WDUJHW� YHORFLW\�� 7KLV� ZDV� GRQH� WKURXJK� EXLOGLQJ� D� VSHFLDO� VRIWZDUH�� 7KH�,(((�����*3�,%� FDUG� LV� VSHFLDOO\� GHVLJQHG� WR� FRPPXQLFDWLRQ� EHWZHHQ� WKH� VSHFWUXP�DQDO\]HUV� �W\SHV� ����$	����%�� IRU� D� PD[LPXP� GLVWDQFH� RI� ��� PHWHU� DQG� WKH�FRPSXWHU����)RXU�FRPSXWHU�SURJUDPV�ZHUH�SURGXFHG�WR�FRQWURO� WKH� �VLJQDO� WUDQVIRUPDWLRQ�SURFHVV��7KH� ILUVW� LV� WR�SURJUDP� WKH�DQDO\]HU� WKURXJK� �GHWHUPLQLQJ� WKH�ZRUNLQJ�VSHFWUDO� UDQJH��EDQGZLGWK�� JDLQ� �G%P��� DQG� WKH� VZHHS� WLPH�� 7KH� VHFRQG� LV� WR� WUDQVIRUP� VLJQDO� IURP�DQDO\]HU�WR�WKH��SF���ZKLOH�WKH�WKLUG�SURJUDP�DQDO\]HV�VLJQDO�DQG��W\SHV�WDUJHW��YHORFLW\�DQG�'RSSOHU��VKLIW�YDOXHV��,W�DOVR�VKRZV�WKH�VHOHFWLRQ�VFUHHQ�IRU�WKH�VHFRQG�WLPH��6FUHHQ�KDV�WKH�IROORZLQJ�VHOHFWLRQV�������� 6DYH���,W�VDYHV�WKH�VLJQDO������ /RDG���,W�ORDGV�D�GLDJUDP�IURP�SUHYLRXV�H[SHULPHQW������ (QG���WR�HQG�DQG�H[LW�WKH�SURJUDP���4XLFN�EDVLF��ODQJXDJH�ZDV�XVHG�WR�ZULWH�WKH�SURJUDPV��,W�ZDV�FRQYHUWHG�RQ�D�FRPSDFW�'LVN��&'��DV�([HFXWLRQ��SURJUDP��7KLV�IDFLOLWLHV��XVLQJ�LW�HYHQ�RQ�SHUVLRQDO�FRPSXWHUV��KDYLQJ�QR�TXLFN�EDVLF���)XUWKHUPRUH��D�VXEURXWLQH�ZDV�DGGHG�WR�HOLPLQDWH�QRLVH�DQG�VHOHFW�'RSSOHU�VKLIW�RQO\��6RPH� SLFWXUHV� ZKLFK�ZHUH� WUDQVIRUPHG� IURP� WKH� DQDO\]HU� XVLQJ� WKH� SF� DUH� VKRZQ� LQ�ILJXUH������ �7DUJHW�YHORFLW\�DQG�'RSSOHU�VKLIW�DUH�VKRZQ�RQ�WKHVH�ILJXUHV�� �$�SURJUDP�ZDV�GHVLJQHG�WR�FDOFXODWH�'RSSOHU�VKLIWV�DVVXPLQJ�WKUHH�GLIIHUHQW�ODVHU�ZDYHOHQJWKV�DUH�VKRZQ� LQ� ILJXUH� ����� ,W� LV� VKRZQ� WKDW�'RSSOHU� VKLIW� LQFUHDVHV� DW� WKH�YLVLEOH�SDUW� RI� WKH�HOHFWURPDJQHWLF� VSHFWUXP� LQ� FRPSDULVRQ� WR� WKH� LQIUDUHG� UHJLRQ�� 7KH� H[SHULPHQWDOO\�REWDLQHG�UHVXOWV�DUH�DOVR�VKRZQ�LQ�WKH�ILJXUH�IRU�FRPSDULVRQ��,Q� FRQFOXVLRQ�� D� FRPSXWHU� FRQWUROOHG� ODVHU� UDGDU� V\VWHP� IRU� FLYLOLDQ� DSSOLFDWLRQV�ZDV�EXLOG�DQG�RSHUDWHG�� � ,W� IDFLOLWDWHG� �PHDVXULQJ�YHORFLWLHV�RI�PRYLQJ� � WDUJHWV�XVLQJ�ERWK�
&2�������PP��DQG�WKH�VHPLFRQGXFWRU������QP��ODVHUV�����
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5HIHUHQFHV�
��� % 3DUWLWH�� 9� =HQLQDUL�� &� 7KLHEHDX[�� $� 'HODKDLJXH�� 5HYLHZ�� LQIUDUHG� ODVHU�KHWHURG\QH�V\VWHPV��6SHFWURFKHPLFDO�$FWD�SDUW�$���������S�������������� 5LFKDUG� (� :DQJHU�� 5LFKDUG� $� /LQNH�� +HWHURG\QH� OLJKW� ZHLJKW� V\VWHPV��0RYLQJ�7RZDUGV�&RPPHUFLDO�8VH�O(((�/&6�1RY������ <DV� 0� 5� $O�+DGLWKL�� 0DKGL� 6� (GDQ�� 0� $O�=XKDLUL�� 0RKDPPDG� 6� 0DKGL��+HWHURG\QH�'HWHFWLRQ�7HFKQLTXH�8VLQJ�ODVHU�5DGLDWLRQ�DV�D�SRVVLEOH�7HFKQLTXH�IRU� 5HPRWHO\� 6HQVHV� WKH�:LQG� 9HORFLW\�� (QYLURQPHQW� &RQIHUHQFH�-XQH������(J\SW��&DLUR����� <DV�0�5�$O�+DGLWKL��0DKGL�6�(GDQ��0�$O�=XKDLUL��0RKPPDG�6�0DKGL��/DVHU�5DGLDWLRQ� $WWHQXDWLRQ� DV� D� SRVVLEOH� $SSURDFK� IRU� (VWLPDWLQJ� +XPLGLW\� DQG�SROOXWLRQ��(QYLURQPHQW�&RQIHUHQFH��-XQH�������(J\SW��&DLUR����� &RS\ULJKW� ��� ����������� 7KH� &GXPEXV� 2SWLFDO� 6(7,� 2EVHUYDWRU\�� KWWS� �� ���ZZZ�FRVHWL�RUJ�
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)LJXUH������������6FKHPDWLF�VKRZLQJ�&RKHUHQW��GHWHFWLRQ�V\VWHP�ZLWK�WKH�DFRXVWR� RSWLF��PRGXODWRU�

)LJXUH������������6LJQDO�WR�1RLVH�5DWLR�XVLQJ�FRKHUHQW�DQG�GLUHFW�GHWHFWLRQ�WR�WKH�UHFHLYHG�VLJQDO�SRZHU�����
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6LJQDO�SRZHU� ���:�

)LJXUH��F��
)LJXUH����WKH�LQFUHDVH�LQ�WKH�EHDWLQJ�IUHTXHQF\�ZLWK�WKH�LQFUHDVH�RI�WKH�ORFDO�

RVFLOODWRU�SRZHU�
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)LJXUH����7KH�GHFUHDVH�RI�/DVHU�SRZHU�ZKHQ�LQFUHDVLQJ�PRGXODWLRQ�

)LJXUH��������'RSSOHU�VKLIW�IRU�D�PRYLQJ�WDUJHW�WRZDUGV�WKH�V\VWHP�ZLWK�D�YHORFLW\�RI�����PP�VHF�SURGXFLQJ������.+]�'RSSOHU�VKLIW��
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)LJXUH�������3LFWXUHV�WUDQVIRUPHG�IURP�WKH�VSHFWUXP�DQDO\]HU�XVLQJ�3&�VKRZLQJ�WKH�'RSSOHU�YHORFLW\�DQG�WKH�PRGXODWLRQ�IUHTXHQF\�
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)LJXUH�������'RSSOHU�6KLIWV�DVVXPLQJ�WKUHH�GLIIHUHQW�ODVHU�ZDYHOHQJWKV�DV�D�IXQFWLRQ�RI�WDUJHW�YHORFLW\
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7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO��,VVXH�1R�������������-XO\�������� 7KH�8QLYHUVLW\�RI�,EE��<HPHQ������

��

� 7+(�:,17(5
6 7$/(�� $�1(:�+,6725,&,67�3(563(&7,9(��
'U�9LQRG�.XPDU�6LQKD��

$VVRFLDWH�3URIHVVRU�RI�(QJOLVK��)DFXOW\�RI�$UWV�7KDPDU�8QLYHUVLW\��
$EVWUDFW���

7KH� SDSHU�� LQ� LWV� 1HZ� +LVWRULFLVW� DSSURDFK�� H[SORUHV� WKH� PXOWL�GLPHQVLRQDO� �KLVWRULFLW\�� RI� 6KDNHVSHDUH
V� 7KH� :LQWHU
V� 7DOH� 7KH�KLVWRULFLW\� RI� WKH� SOD\� VSULQJV� IURP� WKH� GUDPDWLVW
V� �UHODWLRQ�� ZLWK��SRZHU�� LQ� VRFLHW\��ZKLFK� � LV� HYLGHQW� LQ� WKH� FKRLFH� RI� WKH� WKHPH�� WKH�GHYLDWLRQV� IURP� LWV� RULJLQDO� VRXUFH� DQG� WKH� FRQIRUPLW\� ZLWK� WKH�FRQWHPSRUDU\� QRWLRQV� RI� UDFH� DQG� UR\DOW\�� 7KLV� SDSHU� DOVR� YLHZV� WKH��KLVWRULFLW\��DV�DQ�DUWLVWLF�GHYLFH�WKURXJK�ZKLFK�6KDNHVSHDUH�IDFLOLWDWHV�WKH� SURFHVVHV� RI� �QDWXUDOL]DWLRQ�� DQG� �DSSURSULDWLRQ�� LQ� WKH�FRQWHPSRUDU\�VSHFWDWRUV���
�

0\�VWXG\�RI�6KDNHVSHDUH
V�7KH�:LQWHU
V�7DOH�UXQV�FRXQWHU�WR�WKH�1HZ�&ULWLFV
�DVVXPSWLRQ� RI� DUW� DV� DQ� DXWRQRPRXV� DHVWKHWLF� REMHFW�� �D� FORVHG� FRQWH[W��0XUUD\�.ULHJHU� TXRWHG� E\�$EUDPV�������ZKLFK� GRHV� QRW� DOORZ� XV� WR� ORRN� WR� WKH�ZRUOG� RI�UHIHUHQFH� DQG� DFWLRQ� EH\RQG�� 0\� DVVXPSWLRQ� LV� LQ� OLQH� ZLWK� WKDW� RI� WKH� 1HZ�+LVWRULFLVP� ZKLFK� HPSOR\V� D� GLIIHUHQW� PHWKRGRORJ\� WKDW� VKRZV� D� FRQYHUJHQFH� RI�OLWHUDWXUH�DQG�KLVWRU\�DQG��DOVR�DQ�LQWHUDFWLRQ�WKDW�LQWHUDQLPDWHV�HDFK�RWKHU��,W�LV�WKLV�LQWHUDFWLRQ� DQG� LQWHUDQLPDWLRQ� WKDW� 0RQWURVH� PHDQV� ZKHQ� KH� VSHDNV� RI� WKH��KLVWRULFLW\� RI� WH[WV�� DQG� WKH� �WH[WXDOLW\� RI� KLVWRU\�������7KH� 1HZ� +LVWRULFLVP�PDLQWDLQV�WKDW�KLVWRU\�LV�QRW�DQ�REMHFWLYH�QDUUDWLYH�RI�SDVW�HYHQWV�EXW�D�UHFRUG�RI�WKH�KLVWRULDQ
V�SHUFHSWLRQV��$�KLVWRULDQ�SURMHFWV�RQWR�WKH�SDVW�KLV�RZQ�KLVWRULFDO�VLWXDWLRQ�DQG�SHUVRQDO�SUHIHUHQFHV��$V�VXFK��WKHUH�FDQQRW�EH�MXVW�RQH�YHUVLRQ�RI�KLVWRU\��WKHUH�DUH�KLVWRULHV�FRORXUHG�E\� WKH�SHUVRQV�ZKR�UHFRXQW� WKHP��7KH�SDVW� LV�QRW� VRPHWKLQJ�IUR]HQ� LQ�D�GLVWDQFH�EXW� LV� UDWKHU� IOXLG��PRYLQJ� �G\QDPLF�FRQVWDQWO\� LQWHUDFWLQJ�QRW�RQO\�ZLWK� WKH�FRQWHPSRUDU\� WH[WV�EXW�DOVR�ZLWK� WKH�FULWLFV�DQG�WKH� WH[WV�RI� �PRGHUQ�WLPHV��/LWHUDWXUH� WRR�� WKRXJK�DXWKRUHG�E\�D�SDUWLFXODU� LQGLYLGXDO�� LV�� LQ�IDFW�� VKDSHG�E\�PRUH�WKDQ�RQH�PLQG��PRUH�WKDQ�RQH�FRQVFLRXVQHVV�EHFDXVH�WKH�LQGLYLGXDO��L�H��WKH�ZULWHU�KLPVHOI� LV�D� VRFLDO�FRQVWUXFW�� WKH��VORSS\�FRPSRVLWLRQ�RI� VRFLDO�DQG�SROLWLFDO�IRUFHV��'�*�0\HUV���+HQFH��WKH�SURSHU�ZD\�WR�XQGHUVWDQG�WKH�OLWHUDU\�WH[W�LV�WKURXJK�FXOWXUH�DQG�VRFLHW\�WKDW�SURGXFH�LW��/LWHUDU\�WH[WV��DFFRUGLQJ�WR�WKH�1HZ�+LVWRULFLVP��DUH� QRW� �HWKHUHDO� HQWLWLHV��-HDQ� (� +RZDUG�� ERUQ� RI� WKH� /DZUHQWLDO� �ZLQG�� � RU�LQVSLUDWLRQ��7KH\�RULJLQDWH�IURP�ZKDW�*UHHQEODWW�FDOOV�D�SURFHVV�RI�QHJRWLDWLRQV�ZLWK�WKH�VRFLDO�DQG�LGHRORJLFDO�SRZHUV��7KHVH�SRZHUV�QRW�RQO\�HQJHQGHU�WKHP��WKH\�DOVR�VKDSH� DQG� FRQVWUDLQ� WKHP�� 7KH� IRFXV� RI� P\� LQTXLU\� LQ� WKH� SUHVHQW� SDSHU� LV� WKLV��KLVWRULFLW\��RI�7KH�:LQWHU
V�7DOH� WKDW�HPDQDWHV�IURP�WKH�GUDPDWLVW
V� �QHJRWLDWLRQV��RU� �UHODWLRQV�� ZLWK� SRZHU� �*UHHQEODWW� ����� LQ� VRFLHW\�� �3RZHU��� WR� WKH� 1HZ�



7KH�:LQWHU
V�7DOH���$�1HZ�+LVWRULFLVW�3HUVSHFWLYH���������������� � ���

+LVWRULFLVWV��LV�DQ�LQFOXVLYH�SKUDVH�ZKLFK�VXEVXPHV�QRW�RQO\��WKH�QREOHVW�SHULRGV��WKH�KLJKHVW� IRUPV«� WKH� SXUHVW� LQGLYLGXDOLWLHV��� WKH� NLQJV� DQG� WKH� FRXUW� EXW� DOVR� WKH�VRFLDOO\�PDUJLQDOL]HG�DOO� WKDW�)RXFDXOW
V� HIIHFWLYH�KLVWRULDQ��ZLWK� D� GRZQZDUG� ORRN�LV�LQWHUHVWHG�LQ���������� 7KH�:LQWHU
V�7DOH�VKRZV�WKH�RSHUDWLRQ�RI�SRZHU�UHODWLRQ�DW�GLIIHUHQW�OHYHOV�RI�DUWLVWLF� RUJDQL]DWLRQ�� (YHQ� WKH� FKRLFH� RI� WKH� WKHPH� VHHPV� WR� EH� UHJXODWHG� E\� WKH�LPPHGLDWH� KLVWRULFDO� IDFWRUV�� ,W� ZDV� LQWHQGHG� WR� EH� D� SDUW� RI� FHOHEUDWLRQV� RQ� WKH�ZHGGLQJ�RI�.LQJ�-DPHV�,
V�GDXJKWHU�SULQFHVV�(OL]DEHWK�DQG�)UHGHULFN��ZKR�LQ������DVFHQGHG�WKH�WKURQH�RI�%RKHPLD��D�FRXQWU\�UXOHG�E\�3ROL[HQHV�LQ�7KH�:LQWHU
V�7DOH�7KRXJK� WKH� SHULRG� RI� 6KDNHVSHDUH
V� FUHDWLYH� SKDVH� WR� ZKLFK� 7KH� :LQWHU
V� 7DOH�EHORQJV��KDV�VHYHUDO�FRPHGLHV�FDOOHG�URPDQFHV�VXFK�DV�3HULFOHV� &\PEHOLQH�DQG�7KH�7HPSHVW� WKH\�IRU�REYLRXV�UHDVRQV��FRXOG�QRW�KDYH�EHHQ�FRQVLGHUHG�DSSURSULDWH� IRU�WKH�DXVSLFLRXV�RFFDVLRQ�RI� WKH� UR\DO�ZHGGLQJ��3HULFOHV� IRU� LQVWDQFH��ZLWK�DOO� WKRVH�EURWKHO�VFHQHV��$FW�,9��6FHQHV�,,�9�DQG�9,��ZRXOG��KDYH�EHHQ�UHYROWLQJ�WR�WKH�PRUDO�VHQVH�RI�WKH�UR\DOW\��&\PEHOLQH
V��WKHPH�RI�UHXQLRQ�RI�.LQJ
V�GDXJKWHU�DQG�WKH�ORZ�ERUQ�3RVWKXPRXV�ZRXOG�KDYH�EHHQ�XQDFFHSWDEOH�WR�WKH�FODVV�FRQVFLRXV�UR\DO�IDPLO\��DQG��7KH�7HPSHVW
V H[SORUDWLRQ�RI�WKH�WKHPH�RI�UHFRQFLOLDWLRQ�LQ�WKH�IUDWHUQDO�FRQWH[W�ZLWK�WKH�ZHGGLQJ�RI�0LUDQGD�DQG�)HUGLQDQG�SXVKHG�LQWR�WKH�EDFNJURXQG�ZRXOG�KDYH�EHHQ�RXW�RI�SODFH�DQG�LUUHOHYDQW��+HQFH���LW�VHHPV�SODXVLEOH�WR�LQIHU�WKDW�6KDNHVSHDUH�ZURWH�7KH�:LQWHU
V�7DOH�NHHSLQJ�LQ�PLQG�WKH�UR\DO�ZHGGLQJ�ZLWK�WKH�FRQVFLRXV�DLP�WR�FDWHU�WR�WKH�WDVWH�RI�WKH�UR\DO�IDPLO\��7KH�SOD\
V�UHOHYDQFH�WR�WKH�RFFDVLRQ�OLHV�QRW�RQO\� LQ� LWV� FKRLFH� RI� WKH� WKHPH� RI� PDULWDO� EOLVV� DQG� KDUPRQ\� EXW� DOVR� LQ� LWV�FRQIRUPLW\�ZLWK�WKH�FRQWHPSRUDU\�LGHD�RI�UDFLDO�VXSHULRULW\�DQG�UR\DOW\��� 7KH� VDPH� H[WUD�OLWHUDU\� SUHVVXUH� H[SODLQV� WKH� GUDPDWLVW
V� GHYLDWLRQV� IURP� WKH�RULJLQDO�VRXUFH��L�H���5REHUW�*UHHQH
V�3DQGRVWR� ZKLFK�SUHVHQWV�WKH�NLQJ�RI�%RKHPLD�DV� WKH� MHDORXV�KXVEDQG��ZKR�DEDQGRQV�KLV�GDXJKWHU��$�VKHSKHUG�SLFNV�XS� WKH�EDE\�IURP�WKH�IRUHVW�DQG�UDLVHV�KHU�DV�KLV�RZQ�GDXJKWHU��7KH�VRQ�RI�WKH�6LFLOLDQ�NLQJ�IDOOV�LQ�ORYH�ZLWK�KHU��6KDNHVSHDUH
V�WUDQVSRVLWLRQ�RI�6LFLO\�LQ�SODFH�RI�%RKHPLD�LV�DQ�DFW�RI� GLSORPDWLF� GLVFUHWLRQ� DV� WKH� VWULFW� FRQIRUPLW\�ZLWK� WKH� VRXUFH�ZRXOG� KDYH� EHHQ�RIIHQVLYH� WR�.LQJ� -DPHV� ,�� KLV� GDXJKWHU� DQG� KLV� VRQ�LQ�ODZ�)UHGHULFN��ZKR� ODWHU� LV�FURZQHG�NLQJ�RI�%RKHPLD��� 7KLV� WUDQVSRVLWLRQ�� 'HVDL� ULJKWO\� REVHUYHV�� LV� LQ� FRQVRQDQFH� ZLWK� WKH�(XURFHQWULF� QRWLRQV� RI� HWKQLFLW\� DQG� UDFLDO� GLIIHUHQFHV� SUHVHQW� LQ� WKH� (OL]DEHWKDQ�(QJODQG������7KH� :LQWHU
V� 7DOH
V� PXOWLFXOWXUDO� ZRUOG� RI� HWKQLF� GLYHUVLW\� LV�FRPSRVHG�RI�WKUHH�FXOWXUHV��QDPHO\��6LFLOLDQ��%RKHPLDQ�DQG�5XVVLDQ��UHSUHVHQWHG�E\�/HRQWHV��3ROL[HQHV�DQG�+HUPLRQH�UHVSHFWLYHO\��/HRQWHV�� WKH�NLQJ�RI�6LFLO\��EHORQJV�WR�WKH�0HGLWHUUDQHDQ�FXOWXUH�LQ�WKH�VRXWKHUQ�(XURSH�ZKHUHDV�3ROL[HQHV��WKH�NLQJ�RI�%RKHPLD�LV�QRUWK�(XURSHDQ��EHORQJLQJ�WR�6ODYLF�UDFH�ZLWK�+HUPLRQH��WKH�GDXJKWHU�RI�WKH�5XVVLDQ�NLQJ��+X[OH\� DQG�+DGGRQ�GHVFULEH� WKH�SK\VLFDO� IHDWXUHV�RI� WKH�SHRSOH�EHORQJLQJ� WR� WKH� VRXWKHUQ�(XURSH� DV�KDYLQJ� �ZDY\�RU� FXUO\�EODFN�KDLU�� DQ� DYHUDJH�VWDWXUH� RI� DERXW� �� IHHW� �� LQFKHV�� VOHQGHU� EXLOG�� ORQJ� KHDG� DQG� QDUURZ� RYDO� IDFH��VWUDLJKW� QRVH� UDWKHU� LQFOLQLQJ� WR� EH� EURDG�� WKH� H\HV� DUH� YHU\� GDUN������2Q� WKH�FRQWUDU\��WKH�5XVVLDQV�DUH�GHVFULEHG�DV�KDYLQJ��D�VTXDULVK�IDFH�DQG�KHDY\�IHDWXUHV��UHGGLVK�EORQG� KDLU� DQG� RUDQJH�EURZQ� H\HV�������7KHVH� GHVFULSWLRQV� PDQLIHVW� WKH�SK\VLFDO� GLIIHUHQFHV� EHWZHHQ� /HRQWHV� DQG� +HUPLRQH� DQG� WKH� DIILQLWLHV� EHWZHHQ�+HUPLRQH�DQG�3ROL[HQHV��7KH�VH[XDO� MHDORXV\�RI�/HRQWHV�VSULQJV�IURP�KLV�VHQVH�RI�
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LQVHFXULW\� FDXVHG� E\� KLV� SK\VLFDO� LQIHULRULW\� WR� 3ROL[HQHV� DQG� +HUPLRQH
V� DIILQLW\�ZLWK�WKH�NLQJ�RI�%RKHPLD��7KHUH�LV��KRZHYHU��DQRWKHU�GLPHQVLRQ�WR�WKLV�DIILQLW\��L�H���FXOWXUDO�� +HUPLRQH
V� HDV\� IDPLOLDULW\� ZLWK� 3ROL[HQHV� VSULQJV� QRW� IURP� D� SHUYHUVH�DGXOWHURXV� UHODWLRQVKLS� EXW� IURP� WKH� IDFW� � WKDW� WKH\� EHORQJ� WR� WKH� VDPH� UDFH� DQG�FXOWXUH��/HRQWHV� FRPSDUHV�+HUPLRQH
V� UHVWUDLQHG� UHVSRQVH� WR�KLV�ZRRLQJV�ZLWK� KHU�ZDUP� IULHQGOLQHVV� ZLWK� 3ROL[HQHV�� DQG� KLV� FRQVXPHG� E\� MHDORXV\�� �,V� ZKLVSHULQJ�QRWKLQJ"�,V� OHDQLQJ� FKHHN� WR� FKHHN"� ,V� PHHWLQJ� QRVHV"�.LVVLQJ� ZLWK� LQVLGH�OLS��,�LL��������"� 7KLV� MHDORXV\� EHWUD\V� /HRQWHV
� PLVXQGHUVWDQGLQJ� RI� WKH� VRFLDO�PRUHV�RI�QRUWKHUQ�(XURSH��7KH�ZRPHQ�RI�WKH�QRUWKHUQ�(XURSH�HQMR\HG�PXFK�JUHDWHU�IUHHGRP�WKDQ�WKRVH�RI�WKH�VRXWK��7KH�VRXWKHUQ�ZRPHQ�ZHUH�FRPSDUDWLYHO\�UHVWUDLQHG�DQG�LQKLELWHG�LQ�WKHLU�EHKDYLRXU��5REHUW�%XUWRQ��D�VL[WHHQWK�FHQWXU\�KLVWRULDQ��LQ�KLV�ERRN�$QDWRP\�RI�0HODQFKRO\� �SXE�� LQ�������ZULWHV� DERXW� WKH� FXOWXUDO� SUDFWLFHV� RI�WKH�QRUWKHUQV�� � «� PHQ� DQG� ZRPHQ� RI� DOO� VRUW� JR� FRPPRQO\� LQWR� WKH�EDWKV� WRJHWKHU�� ZLWKRXW� DOO� VXVSLFLRQ�� WKH� QDPH� RI�MHDORXV\«�LV�QRW� VR�PXFK�DV�RQFH�KHDUG�RI�DPRQJ� WKHP«�WKH�ZRPHQ� NLVV� KLP� WKH\� GULQN� WR� DQG� DUH� NLVVHG� DJDLQ� RI�WKRVH� WKH\�SOHGJH��7KH�YLUJLQV� LQ�+ROODQG�JR�KDQG� LQ�KDQG�ZLWK�\RXQJ�PHQ�IURP�KRPH��JOLGH�RQ�LFH����������7KH� IUHHGRP� WKDW� WKH� QRUWKHUQ� ZRPHQ� HQMR\HG� ZDV� HDVLO\� PLVFRQVWUXHG� DV�OLFHQWLRXVQHVV�E\�WKH�VRXWKHUQHUV��%XUWRQ��RQ�WKH�DXWKRULW\�RI�-HDQ�%RGLQ��RQH�RI�WKH�PRVW�SRSXODU�JHRJUDSKHUV�RI�WKH�VL[WHHQWK�FHQWXU\��IXUWKHU�ZULWHV���VRXWKHUQ�PHQ�DUH�PRUH�KRW��ODVFLYLRXV�DQG�MHDORXV�WKDQ�VXFK�DV�OLYH�LQ�WKH�QRUWK�«�*HUPDQ\�KDWK�QR�VR�PDQ\�GUXQNDUGV��(QJODQG�WREDFFRQLVWV��)UDQFH�GDQFHUV��+ROODQG�PDULQHUV�DV�,WDO\�DORQH� KDWK� MHDORXV� KXVEDQGV�������7KLV� ZDV� WKH� FRPPRQO\� KHOG� EHOLHI� LQ� WKH�VL[WHHQWK� FHQWXU\�(QJODQG� DQG� WKH� QRUWK�(XURSH�� D� EHOLHI� WKDW� LV� HPEHGGHG� LQ�7KH�:LQWHU
V�7DOH�DV�ZHOO�DV�WKH�RWKHU�SOD\V�RI�6KDNHVSHDUH��7R�WKH�EHVW�P\�NQRZOHGJH��WKH� FKDUDFWHUV� RI� 6KDNHVSHDUH
V� SOD\V�� ZKR� DUH� FRQVXPHG� E\� VH[XDO� MHDORXV\�� DUH�DOPRVW� LQYDULDEO\� WKRVH� EHORQJLQJ� WR� WKH� VRXWKHUQ� (XURSH� RU� $IULFD� ZLWK� WKH�H[FHSWLRQ� RI� 3RVWKXPRXV� LQ� &\PEHOLQH� 7KLV� LV� WUXH� QRW� RQO\� RI� /HRQWHV� LQ� 7KH�:LQWHU
V�7DOH�EXW�DOVR�RI�2WKHOOR�� WKH�PRRU��DQG�$QWRQ\� LQ�$QWRQ\�DQG�&OHRSDWUD�2QH� FDQ� VHH�� IRU� LQVWDQFH�� $QWRQ\�� ZKR� JUHHQ� ZLWK� HQY\�� VSHDNV� WR� &OHRSDWUD�DQJULO\��� 9DQLVK�RU�,�VKDOO�JLYH�WKHH�WK\�GHVHUYLQJ���� $QG�EOHPLVK�&DHVDU
V�WULXPSK��/HW�KLP�WDNH���� 7KHH��� $QG�KRLVW�WKHH�XS�WR�WKH�VKRXWLQJ�SOHELDQV���� )ROORZ�KLV�FKDULRW��OLNH�WKH�JUHDWHVW�VSRW��� 2I�DOO�WK\�VH[��PRVW�PRQVWHU�OLNH�«��� 7KH�ZLWFK�VKDOO�GLH���� 7R�WKH�\RXQJ�5RPDQ�ER\�VKH�KDWK�VROG�PH���� $QG�,�IDOO��� 8QGHU�WKLV�SORW��,9�[LL����������
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7KH�FRQWHPSRUDU\�QRWLRQV�RI�UDFH�DQG�HWKQLFLW\�VHHP�WR�EH�LQKHUHQW�LQ�6KDNHVSHDUH��/HRQWHV��2WKHOOR�DQG�$QWRQ\�VPRXOGHULQJ�ZLWK�MHDORXV\�ZHUH�YHU\�FRQYLQFLQJ�WR�WKH�(OL]DEHWKDQV�DV�WKH\�FRUURERUDWHG�WKHLU�GHHS�URRWHG�QRWLRQV��$OOLHG�WR�WKHVH�QRWLRQV�ZDV� WKH� FRQFHSW� RI� JHQHWLF� IXVLRQ�RU� FURVV�EUHHGLQJ�ZLWK�ZKLFK�(OL]DEHWKDQV�ZHUH�IDPLOLDU�� %RGLQ� UHIHUV� WR� LW�� �7KH� IXVLRQ� RI� SHRSOHV� FKDQJHV� WKH� FXVWRPV� DQG� WKH�QDWXUH�RI�PHQ�QRW�D� OLWWOH��%RGLQ�TXRWHG�E\�+RGJHQ�������7KH�FKDUDFWHU�RI�3HUGLWD�LOOXVWUDWHV�WKLV�IXVLRQ��,I�ZH�JR�E\�WKH�DQWKURSRORJLFDO�IHDWXUHV�PHQWLRQHG�HDUOLHU��VKH�VKRXOG�FRPELQH�WKH�IHDWXUHV�RI�KHU�6LFLOHDQ�IDWKHU�DQG�5XVVLDQ�PRWKHU�UHGGLVK�EORQG�EOHQGHG�ZLWK�GDUNHU� VKDGHV��)ORUL]HO
V� UHSO\� WR�/HRQWHV
� TXHU\� DV� WR�KHU� QDWLRQDOLW\�WKDW� �VKH� FDPH� IURP�/LE\D��� WKRXJK� D� OLH� LQWHQGHG� WR� KLGH� KHU� SXWDWLYH� SDUHQWDJH��KLJKOLJKWV�WKH�0HGLWHUUDQHDQ�WRXFK�WR�KHU�6ORYDN�IHDWXUHV��,Q�EHKDYLRXU�DOVR��VKH�LV�QRW�DV�IUHH��IULHQGO\�DQG�XQLQKLELWHG�DW�WKH�VKHHS�VKHDULQJ�IHVWLYDO�DV�ZDV�KHU�PRWKHU�WR� 3ROL[HQHV�� 7KH� VKHSKHUG� LUULWDEO\� FDOOV� KHU� EHKDYLRXU� �UHWLUHG��� E\� ZKLFK� KH�PHDQV� �UHVWUDLQHG���+HQFH�� 3HUGLWD� LV� DQ� HQULFKHG� DQG� LPSURYHG� YHUVLRQ� RI� RI� KHU�IDWKHU�DQG�KHU�PRWKHU��3ROL[HQHV�HFKRHV�%RGLQ
V�LGHD�RI�HQULFKPHQW�WKURXJK�JHQHWLF�IXVLRQ�LQ�WKH�IROORZLQJ��� :H�PDUU\�� $�JHQWOH�VFLRQ�WR�WKH�ZLOGHVW�VWRFN��� $QG�PDNH�FRQFHLYH�D�EDUN�RI�EDVH�NLQG���� %\��EXG�RI�QREOHU�UDFH��7KLV�LV�DQ�DUW��� :KLFK�GRHV�PHQG�QDWXUH²FKDQJH�LW����� UDWKHU«��,9�LY��������%XW�� LURQLFDOO\� HQRXJK�� KH� FRQWUDGLFWV� KLPVHOI� ODWHU� E\� GHQRXQFLQJ� 3HUGLWD
V� XQLRQ�ZLWK�)ORUL]HO�DV� LW�ZRXOG�FRQWDPLQDWH� WKH�UR\DO�EORRG��2QO\�ZKHQ�KH�GLVFRYHUV�KHU�UR\DO�ELUWK��KH�EOHVVHV�WKHP�ZLWK�XQVSHDNDEOH�MR\�DQG�KDSSLQHVV���� ,W�LV�REYLRXV�WKDW�WKH�SUHVVXUH�RSHUDWLQJ�RQ�6KDNHVSHDUH�PDNH�KLP�WRH�WKH�OLQH�RI� WKH� FRQWHPSRUDU\� EHOLHI�� +H� ZLWKGUDZV� IURP� DQ� DJJUHVVLYH� DQG� FDWHJRULFDO�DVVHUWLRQ�RI�WKH�XQLRQ�EHWZHHQ�ZKDW�3ROL[HQHV�FDOOV�D��EDUN�RI�EDVHU�NLQG��DQG�D�EXG�RI�QREOHU�UDFH���6XFK�D�XQLRQ�ZRXOG�KDYH�EHHQ�XQDFFHSWDEOH� WR�-DPHV�,��ZKR�ZDV��PRUH�WKDQ�DQ\�RWKHU�(QJOLVK�PRQDUFK��VWURQJO\�FRQVFLRXV�RI�KLV�VXSHULRU�UR\DO�EORRG�DQG�WKH�GLYLQH�ULJKWV�RI�NLQJV��5R\�6WURQJ�ZULWHV��� «E\�WKH�FORVH�RI�WKH�FHQWXU\�WKH�7XGRUV������ :HUH�DFFRUGHG�YLUWXDOO\�VHPL�GLYLQH�VWDWXV���� 7KH\�QHYHU�FODLPHG�LW��-DPHV�,��LQ�VKDUS��� FRQWUDVW��VWDWHG�ERWK�LQ�KLV�ZULWLQJV�DQG���� SXEOLF�VSHHFKHV�WKDW�NLQJV�ZHUH�*RG
V��� OLHXWHQDQWV�RQ�HDUWK��D�EHOLHI�HQVKULQHG�LQ��� ZKDW�ZDV�UHIHUUHG�WR�DV�WKH�GLYLQH�5LJKW�RI��� .LQJV������������7KH� KXPDQ� VXEMHFW��� VD\V� *UHHQEODWW�� �VHHP� UHPDUNDEO\� XQIUHH�� WKH� LGHRORJLFDO�SURGXFW�RI� WKH� UHODWLRQ�RI�SRZHU� LQ�D�SDUWLFXODU� VRFLHW\��������6KDNHVSHDUH�ZDV�QR�H[FHSWLRQ�WR�LW���
� 7KH�:LQWHU
V�7DOH�DOVR�VKRZV�FRQIRUPLW\�ZLWK�WKH�FRQWHPSRUDU\�SROLWLFDO�VLWXDWLRQ�RI�(XURSH��HYHQ� WKRXJK�WKH�2UDFOH�RI�'HOSKL�GLVWDQFHV� WKH�SOD\� LQ�WHUPV�RI�WLPH�WR�WKH�SUH�&KULVWLDQ�HUD��7KHUH�DUH� WKUHH�FOXHV� WKDW�ORFDWH� WKH�HYHQWV�RI� WKH�SOD\� LQ� WKH�
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VL[WHHQWK� FHQWXU\�� ILUVW�� WKH� UHIHUHQFH� WR� -XOLR� 5RPDQR�� WKH� ,WDOLDQ� SDLQWHU� DQG�VFXOSWRU��ZKR�PDNHV�WKH�VWDWXH�RI�+HUPLRQH��VHFRQG��WKH�SURVSHULW\�RI�6LFLO\�DQG�WKH�LPSRYHULVKHG�HFRQRPLF�FRQGLWLRQ�RI�%RKHPLD��DQG�WKH�WKLUG��WKH�PLOLWDU\�VXSHULRULW\�RI�5XVVLD��:KLOH�UHFRQVWUXFWLQJ�WKH�KLVWRU\�LQ�7KH�:LQWHU
V�7DOH� 'HVDL�ZULWHV���� -XOLR�5RPDQR�GLHG�LQ������$VVXPLQJ�WKDW��� 3DXOLQD�LQWHQGHG�KHU�DXGLHQFH�WR�EHOLHYH�WKDW��� WKH���VWDWXH��ZDV�FUHDWHG�GXULQJ�WKH�ODVW�\HDUV��� RI�KLV�OLIH���WKHQ�+HUPLRQH��QRZ�LQ�KHU�PLG��� IRUWLHV����ZRXOG�KDYH�EHHQ�LQ�KHU�ODWH�WZHQWLHV�� DW�WKH�WLPH�RI�KHU�EDQLVKPHQW��DQG�WKLV�ZRXOG��� SODFH���KHU�GDWH�RI�ELUWK�DW�DURXQG�WKH�HDUO\��� ����
V�VR�WKDW�KHU�IDWKHU��WKH�(PSHURU�RI��� 5XVVLD«�ZRXOG�KDYH�EHHQ�,YDQ�,,,��NQRZQ�� DV�,YDQ�WKH�*UHDW����������������������5HIHUULQJ�WR�KHU�IDWKHU�+HUPLRQH�VD\V���� 7KH�(PSHURU�RI�5XVVLD�ZDV�P\�IDWKHU���� 2�WKDW�KH�ZHUH�DOLYH��DQG�KHUH�EHKROGLQJ��� +LV�GDXJKWHU
V�WULDO��7KDW�KH�GLG�EXW�VHH��� 7KH�IODWQHVV�RI�P\�PLVHU\��\HW�ZLWK�H\HV��� 2I�SLW\��QRW�UHYHQJH���,,,�LL������������:KLOH� H[SUHVVLQJ� KHU� PLVHU\� DQG� VRUURZ� VKH� LV� YLVXDOL]LQJ� KRZ� KHU� IDWKHU� ZRXOG�KDYH� UHDFWHG� WR� KHU� VXIIHULQJ�� +HU� UHIHUHQFH� WR� �UHYHQJH�� � LPSOLHV� WKH� PLOLWDU\�VWUHQJWK�WKDW�5XVVLD�SRVVHVVHG�DW�WKDW�WLPH��+HU�IDWKHU�ZRXOG�KDYH�XVHG�WKLV�VWUHQJWK�WR�YLQGLFDWH�KLV�GDXJKWHU
V� LQQRFHQFH�� ,W�PXVW�EH�QRWHG� WKDW�5XVVLD�KDG� FORVH� WUDGH�DQG�FXOWXUDO�OLQNV�ZLWK�(OL]DEHWKDQ�(QJODQG�DQG�LWV�PLOLWDU\�VWUHQJWK�ZDV�D�IDFW�ZHOO�NQRZQ� WR� WKH�SHRSOH� RI� WKH� SHULRG�� 6R� IDU� DV�6LFLO\� LV� FRQFHUQHG�� LW�ZDV� D� ODQG� RI�HFRQRPLF� SURVSHULW\� DQG� SROLWLFDO� VWDELOLW\�� )DPRXV� DV� WKH� JUDQDU\� RI� (XURSH� LW�H[SRUWHG� JUDLQ� WR� WKH� QRUWKHUQ�(XURSH��7KH� DIIOXHQFH� RI� 6LFLO\� LV� VXJJHVWHG� LQ� WKH�RSHQLQJ�VFHQH�RI�WKH�SOD\�LQ�ZKLFK�$UFKLGDPXV��D�%RKHPLDQ� ORUG��JUDWHIXOO\�UHIHUV�WR� 6LFLO\
V� ODYLVK� VW\OH� RI� KRVSLWDOLW\�� +H� VD\V� WKDW�%RKHPLD�ZKLFK� LV� LQ� D� VWDWH� RI�HFRQRPLF�FULVLV�FDQQRW�DIIRUG�WR�H[WHQG�WKH�VDPH�PDJQLILFHQW�KRVSLWDOLW\�WR�/HRQWHV��WKH�NLQJ�RI�6LFLOLD�ZKHQ�KH�YLVLWV�%RKHPLD�LQ�WKH�FRPLQJ�VXPPHU�VHDVRQ���� «ZH�FDQQRW�ZLWK�VXFK�PDJQLILFHQFH²LQ�VR���� UDUH²,�NQRZ�QRW�ZKDW�WR�VD\�²:H�ZLOO�JLYH��� \RX�VOHHS\�GULQNV��WKDW�\RXU�VHQVHV����� XQLQWHOOLJHQW�RI�RXU�LQVXIILFLHQFH��PD\���� WKRXJK�WKH\�FDQQRW�SUDLVH�XV��DV�OLWWOH�DFFXVH���� XV��,�L���������%HVLGHV�WKHVH� WKUHH�NLQJGRPV�� WKH�(QJOLVK�DXGLHQFH�DOVR�VDZ�LQWR� WKH�SOD\� WKH� MR\V�DQG�ZRUULHV� RI� WKHLU� RZQ� FRXQWU\� GUDPDWL]HG�� $V�0DPLOOLXV
� GHDWK� UDLVHV� /HRQWHV
�ZRUULHV� DERXW� WKH� SUREOHP� RI� VXFFHVVLRQ� WR� 6LFLO\
V� WKURQH�� (OL]DEHWK� ,
V� GHDWK��DURXVHG� WKH� VDPH�ZRUULHV��ZKLFK� FDPH� WR� DQ� HQG�ZKHQ�4XHHQ�(OL]DEHWK
V� QHSKHZ�QHSKHZ�-DPHV9,�� WKH� VRQ� RI�0DU\�4XHHQ� RI�6FRW�� DVFHQGHG� WKH�(QJOLVK� WKURQH� DV�
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.LQJ�-DPHV�,��$V�WKH�PDUULDJH�RI�)ORUL]HO�DQG�3HUGLWD�XQLWHV�WKH�WZR�NLQJGRPV��.LQJ�-DPHV�,�XQLWHG�(QJODQG�DQG��6FRWODQG��� ,W�LV�LQ�WKLV�ZD\�WKDW�7KH�:LQWHU
V�7DOH�FROODSVHV�WKH�GLVWLQFWLRQV�EHWZHHQ�KLVWRU\�DQG�GUDPD��+LVWRU\�DQG�GUDPD�FRDOHVFH�LQWR�HDFK�RWKHU��,W�LV�D�FRDOHVFHQFH�WKDW�OHQGV�DXWKHQWLFLW\� WR�DUW�DQG�KXPDQ� WRXFK� WR�D�KLVWRU\�PDGH�DOLYH� WKURXJK� WKH�SURFHVV�RI�HQDFWPHQW��'HVDL�LQ�KLV�DUWLFOH�UHIHUUHG�WR�DERYH��GRHV�UHFRQVWUXFW�WKH�KLVWRU\�RI�WKH�VL[WHHQWK� FHQWXU\� (XURSH� EXW� IDLOV� WR� SHUFHLYH� WKH� DUWLVWLF� SXUSRVH� WKDW� WKH� PXOWL�IDFHWHG�KLVWRULFLW\�GLVFXVVHG�HDUOLHU�VHUYHV�LQ�7KH�:LQWHU
V�7DOH� 7KH��KLVWRULFLW\��LV�DQ�DUWLVWLF�GHYLFH�WKURXJK�ZKLFK�6KDNHVSHDUH�IDFLOLWDWHV�SURFHVVHV�RI��QDWXUDOL]DWLRQ��DQG��DSSURSULDWLRQ���7KHVH�SURFHVVHV�HQDEOH�WKH�UHDGHUV�RU�WKH�DXGLHQFH�QRW�RQO\�WR�LQWHUSUHW� IRU� WKHPVHOYHV� ZKDW� 0�+�� $EUDPV� FDOOV� �LWV� FXOWXUH�VSHFLILF� DQG� WLPH�ERXQG� UHSUHVHQWDWLRQV�� EXW� DOVR� WR� �PDNH� LW� FRQIRUP� WR� WKHLU� RZQ� FXOWXUDO�SUHSRVVHVVLRQV���������
:RUNV�&LWHG�$EUDPV��0�+��$ *ORVVDU\�RI�/LWHUDU\�7HUPV��WK� HG��1HZ��� <RUN��+DUFRXUW�%UDFH�������%RGLQ��-HDQ��7KH�6L[�%RRNV�RI�D�&RPPRQZHDOH��DV��� TXRWHG� E\� +RGJHQ� LQ� (DUO\� $QWKURSRORJ\� LQ� WKH� 6L[WHHQWK� DQG�6HYHQWHHQWK�&HQWXULHV��3KLODGHOSKLD��8�RI���� 3HQQV\OYDQLD�3UHVV�������%XUWRQ��5REHUW��7KH�$QDWRP\�RI�0HODQFKRO\� /RQGRQ����� 'HQW�������'HVDL��5�:��
:KDW�PHDQV�6LFLOLD"�+H�VRPHWKLQJ�VHHPV��� 8QVHWWOHG
��6LFLO\���5XVVLD�DQG�%RKHPLD�LQ�7KH�:LQWHU
V�� 7DOH�� &RPSDUDWLYH�'UDPD�9RO����1R��)DOO�������)RXFDXOW��0LFKHO���1LHW]VFKH�*HQHDORJ\�+LVWRU\����� /DQJXDJH��&RXQWHU�0HPRU\��3UDFWLFH��(G�'RQDOG��� %RXFKDUG�,WKDFD�&RUQHOO�8�3�������*UHHQEODWW��6WHSKHQ� 5HQDLVVDQFH�6HOI�)DVKLRQLQJ���&KLFDJR�&KLFDJR�8�3�������+RZDUG�(�-HDQ���7KH�1HZ�+LVWRULFLVP�LQ�5HQDLVVDQFH��� 6WXGLHV���(QJOLVK�/LWHUDU\�5HQDLVVDQFH� ���������+X[OH\��-XOLDQ�6��DQG�$�&��+DGGRQ��:H�(XURSHDQV��$��� 6XUYH\�RI��5DFLDO�3UREOHPV��1HZ�<RUN�+DUSHU�������0RQWURVH�/RXLV�$GULDQ���7KH�(OL]DEHWKDQ�6XEMHFW�DQG��� WKH�6SHQVHULDQ�7H[W��/LWHUDU\�7KHRU\�5HQDLVVDQFH�� 7H[WV��(G��3DUNHU�DQG�4XLQW��%DOWLPRUH�DQG�/RQGRQ���� -RKQ�+RSNLQV�8�3�������0\HUV�'�*���7KH�1HZ�+LVWRULFLVP�LQ�/LWHUDU\�6WXG\���� $FDGHPLF�4XHVWLRQV���:LQWHU����������6WURQJ�6LU�5R\�7KH�6WRU\�RI�%ULWDLQ�/RQGRQ�&RORXU��� /LEUDU\�'LUHFW�������� �

�



7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO��,VVXH�1R�������������-DQXDU\�������� 7KH�8QLYHUVLW\�RI�,EE��<HPHQ������

��

�
$ 1(:�68**(67('�6<67(0�'(6,*1��)25�75,7,80�352'8&7,21�

7$/$/��$��$/�$1,�
3K\VLFV�'HSDUWPHQW��&ROOHJH�RI�6FLHQFH���
,%%�8QLYHUVLW\���,%%��5HSXEOLF�RI�<HPHQ���

$%675$&7��
$ VWXG\� KDV� EHHQ� FDUULHG� RXW� WR� SXW� D� SULPDU\� GHVLJQ� IRU� WULWLXP�SURGXFWLRQ� V\VWHP� E\� UDGLDWLQJ� RQH� RI� OLWKLXP� FRPSRXQGV� LQ� WKH�YHUWLFDO�QXFOHDU�UHDFWRU�FKDQQHOV��3XUH�PRQR�FU\VWDO�RI�OLWKLXP�R[LGH�KDG�EHHQ�VHOHFWHG�DV�SULPDU\�VXEVWDQFH�WR�SURGXFH�WKH�WULWLXP�ZKLFK�KDV�JRRG�SK\VLFDO�SURSHUWLHV�VXLWDEOH�IRU�WKLV�SXUSRVH��:H�IRXQG�WKDW�WKH� SURGXFW� RI� RQH� JUDP� IURP� WULWLXP� LV� QHHGHG� WR� XVH� HLJKWHHQ�YHUWLFDO�FKDQQHOV�IURP���WK�-XO\��UHDFWRU���%DJKGDG��,UDT��WR�LUUDGLDWH�DERXW�����JP�IURP�QDWXUDO� OLWKLXP�R[LGH��7KLV�VWXG\�GHDOV�ZLWK� WKH�SUREDELOLW\� WR� XVH� HQULFKHG� OLWKLXP� IRU� WKLV� SXUSRVH�� $FFRUGLQJ� WR�WKHVH� SURSHUWLHV� WULWLXP� SURGXFWLRQ� V\VWHP� ZDV� EXLOW� DQG� LWV��UHTXLUHPHQWV�DUH�H[SODLQHG������,1752'8&7,21�

+\GURJHQ� LVRWRSHV� �GHXWHULXP� DQG� WULWLXP�� DUH� FRQVLGHUHG� WR� EH� WKH� LPSRUWDQW�LVRWRSHV� XVHG� DV� IXHO� LQ� WKH� IXVLRQ� UHDFWRUV�� 7KHUHIRUH�� LQ� UHFHQW� \HDUV� D� WHFKQLFDO�GHYHORSPHQW�KDV�WDNHQ�SODFH�WR�SUHSDUH�WKHVH�WZR�LVRWRSHV��'HXWHULXP�LV�FRQVLGHUHG�DV�D�VWDEOH�LVRWRSH�DQG�LW�LV�IRXQG�LQ��YHU\�UDUH�SHUFHQWDJH���,W�LV�SRVVLEOH�WR��SUHSDUH�DQG� VWRUH� GHXWHULXP� WR� EH� XVHG� � DW� DQ\� WLPH��+RZHYHU�� WULWLXP� LV� XQVWDEOH� LVRWRSH�ZKLFK� LV� GHFD\HG� WR� �+H� E\� HPLWWLQJ� EHWD� SDUWLFOHV� ZLWK� KDOI� OLIH� RI� ������ \HDU��2WKHU�LPSRUWDQW�SURSHUWLHV�RI�WKH�WULWLXP�DUH�VKRZQ�LQ�WDEOH�����7R�SUHSDUH�D�VXLWDEOH�DPRXQW� RI� WULWLXP�� OLWKLXP� FRPSRXQGV� DUH� JHQHUDOO\� XVHG�� 7KH� PRVW� LPSRUWDQW��FRPSRXQGV� ZHUH� OLWKLXP� VLOLFDWH� �/L�6L2���OLWKLXP� PHWDVLOFDWH� �/L�6L2���� /L$O�2��OLWKLXP�LOOXPLQDWH��/L$O2����/L� LQ�DGGLWLRQ�WR�/L�$O�DOOR\��(DFK�RI�WKHVH�FRPSRXQGV�KDV� LWV� � RZQ� WKHUPDO� DQG� SK\VLFDO� SURSHUWLHV�� ZKLFK� DUH� YHU\� LPSRUWDQW� LQ� WULWLXP�SURGXFWLRQ� RSHUDWLRQ�� � 7KH� WKHUPDO� DQG� VWUXFWXUDO� SURSHUWLHV���� DV� D� IXQFWLRQ� RI�WHPSHUDWXUH�DUH�FRUUHODWHG�LQ�HTXDWLRQV�������DV�IROORZV���� (  ����H[S�������3�>�������[�����7�����@�����������������������������.  ��������������7�>���3�������ES�@� �E  ������±��[�����7&  ���������������7�±��������[��������7�� � �����������[���� 7 �



��� � ��� �������������7$/$/���$��$/�$1,�

�:KHUH� �3�� LV� WKH�SRURVLW\�DQG�7� UHSUHVHQWV� WKH� � WHPSHUDWXUH� LQ�FHQWLJUDGH�GHJUHHV��7KH�HTXDWLRQV�DUH�YDOLG�LQ�WKH�WHPSHUDWXUH�UDQJH�RI����±����R&��7KH�FRHIILFLHQW���E���LQ�HTXDWLRQ�����LV�DVVXPHG�WR�EH�WKH�VDPH�DV�WKDW�IRU�OLWKLXP�R[LGH��7KH�DERYH�PHQWLRQHG�OLWKLXP�FRPSRXQGV�DUH�XVHG�DV��EODQNHW� LQ�IXVLRQ�UHDFWRUV� WR�SURGXFH� D� VXLWDEOH� TXDQWLW\� RI� WULWLXP� IRU� WKH� ZRUN� FRQWLQXLW\� RI� WKHVH� IXVLRQ�UHDFWRUV�� /DUJH� TXDQWLW\� RI� WULWLXP� SURGXFWLRQ� � GHSHQGV� HVVHQWLDOO\� RQ� WKH� QHXWURQ�IOX[�� WKH� TXDQWLW\� RI� WKH� OLWKLXP� DQG� LWV� GHJUHH� RI� HQULFKPHQW� �WKH� IUDFWLRQ� RI� �/L��LVRWRSH� LQ� WKH� UDGLDWHG�PRGHO��� +RZHYHU�� WKH� H[WUDFWLRQ� RI� WULWLXP� IURP� LUUDGLDWHG�VDPSOHV� GHSHQGV� RQ� PDQ\� IDFWRUV�� 7KH� � PRVW� LPSRUWDQW� RI� WKHVH� IDFWRUV� DUH�WHPSHUDWXUH�DW�ZKLFK�WKH�WULWLXP�LV�OLEUDWHG�DV�ZHOO�DV�WKH�W\SH�DQG�WKH�QDWXUH�RI�WKH�LUUDGLDWHG� VXEVWDQFH� ���� �� �7KH�H[WUDFWLRQ� RSHUDWLRQ� LV� FRQVLGHUHG� WR� EH� WKH� HVVHQWLDO�VXEMHFW� LQ� WULWLXP�SURGXFWLRQ��0DQ\� IRXQGDWLRQV� H[WUDFW� D� ODUJH� TXDQWLW\� RI� WULWLXP��XVHG� DV� D� IXHO� LQ� IXVLRQ� UHDFWRUV� ���� � )RU� H[DPSOH� LQ� )UDQFH�� � PDQ\� VSHFLDOL]HG�UHDFWRUV��SURGXFH�� WULWLXP�VLQFH������� �7KH�FXUUHQW�VWXG\�LQFOXGHV� WKH� LQYHVWLJDWLRQ�RI� WKH� SULPDU\� GHVLJQV� EHVLGH� WKH� UHTXLUHPHQWV� QHHGHG� IRU� WKH� LQGXVWULDOL]DWLRQ� RI�WULWLXP�SURGXFWLRQ�V\VWHP���
��35,0$5<�68%67$1&(�6(/(&7,21�)25�75,7,80�352'8&7,21��)RU�WKH�SXUSRVH�RI�SURGXFLQJ�WULWLXP��D�QXPEHU�RI�OLWKLXP�FRPSRXQGV�DUH�XVHG��IRU�H[DPSOH�FHUDPLF�WKH�IROORZLQJ�FRPSRXQGV��/L$O2���/L�2��/L�3E�� /L�6L2�� /L�6L2��DQG� � /L�$O� DOOR\�� ,Q� WKLV� ZRUN�� WKH� SURSHUWLHV� RI� WKHVH� FRPSRXQGV� KDYH� EHHQ�VWXGLHG� WR� NQRZ� WKH� VLGHV� ZKLFK� KDG� D� UHODWLRQ� WR� SURGXFH� WULWLXP� DQG� WKHLU� � XVH���6RPH�SK\VLFDO�SURSHUWLHV�IRU�D�QXPEHU�RI�OLWKLXP�FRPSRXQGV��ZKLFK�DUH�XVHG�LQ�WKH�PDQXIDFWXULQJ��RI�IXVLRQ�UHDFWRUV�EODQNHW�WKDW�ZH�KDYH�GHVLJQHG�VSHFLDOO\�IRU�WULWLXP�SURGXFWLRQ�DUH� VKRZQ� LQ� WDEOH� ������� +RZHYHU��PRVW� RI� WKH�PHWKRGV� XWLOL]HG� LQ� WKH�H[WUDFWLRQ� RI� WULWLXP� IURP� OLWKLXP� OHDG� FRPSRXQGV� �� QHHG� PRUH� FRQGXFWLRQ� RI�H[SHULPHQWV�WR�YHULI\�WKHLU�FRPSHWHQW��7KH�FHUDPLF�FRPSRXQGV�FDQ�EH�FRQVLGHUHG�DV�WKH� EHVW� FRPSRXQGV� XVHG� IRU� WULWLXP� SURGXFWLRQ� HVSHFLDOO\� OLWKLXP� R[LGH� �/L�2��ZKLFK� KDV� � YHU\� ZHOO� � NQRZQ� SURSHUWLHV� VXFK� WKDW� LW� FRQWDLQV� D� KLJK� GHQVLW\� RI�OLWKLXP������DV�KLJK�DV�����[�������OLWKLXP�DWRP��P� ��ZLWK�PHOWLQJ�SRLQW�RI�����������
R& ������EHVLGH��LWV��KLJK�FRQGXFWLYLW\����� 0RUHRYHU��WULWLXP�LV�OLEUDWHG�ZLWK�KLJK�UDWH��+RZHYHU�� ZLWK� UHJDUG� WR� WULWLXP� H[WUDFWLRQ� WKH� FRPSRXQG� KDV� VRPH� GLVDGYDQWDJH�QDPHO\� LW� LV� YHU\� PRLVWXUH�VHQVLWLYH� LQ� WKH� SRZGHU� IRUP� UHDFWLQJ� ZLWK� YHU\� VPDOO�TXDQWLW\�RI�ZDWHU� WR�JLYH� OLWKLXP�K\GUR[LGH������ /LEHUDWLRQ�RI� WULWLXP�IURP� OLWKLXP�K\GUR[LGH�� DW� D� WHPSHUDWXUH� UDQJH� RI� ��������&�� DV� ZDWHU� YDSRU�� OHDGV� WR� WKH�UHGXFWLRQ� RI� WKH� WULWLXP� FRQFHQWUDWLRQ� LQ� WKH� FROOHFWHG�ZDWHU�� +RZHYHU�� WKH� KLJKO\�SXUH� OLWKLXP� R[LGH� ZLWK� WKH� PRQR� FU\VWDO� IRUP� KDV� D� ORZ� FDSDELOLW\� WR� UHDFW� ZLWK�ZDWHU� WR� EH� KLJKO\� SUHIHUDEOH� LQ� WULWLXP� SURGXFWLRQ�� 7KHUH� LV� QR� ODUJH� GLIIHUHQFH�EHWZHHQ�RWKHU�OLWKLXP�FRPSRXQGV�DQG�OLWKLXP�R[LGH�LQ�WKH�ZD\�RI�WULWLXP�H[WUDFWLRQ��7KHUHIRUH��LW�LV�GLIILFXOW�WR�VHOHFW�D�VXEVWDQFH�DPRQJ�WKHVH�FRPSRXQGV�WR�EH�XVHG�DV�D�SULPDU\�PDWHULDO� LQ� WULWLXP� SURGXFWLRQ��0DQ\� UHIHUHQFHV� LQGLFDWH� WKDW� D� QRWLFHDEOH�GHYHORSPHQW� LQ� WKH� ILHOG� RI� OLWKLXP� R[LGH� DQG� DOXPLQXP� DOOR\� DV� WZR� SULPDU\�VXEVWDQFHV�WR�SURGXFH�WULWLXP�SURGXFWLRQ��7KLV�EHORQJ�WR�WKH�FRPSOHWHG�LQIRUPDWLRQ�
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DQG�WKH�SHUIRUPDQFH�RI�PDQ\�UHVHDUFKHV�LQ�WKLV�ILHOG�WKDW�KDYH�EHHQ�XVHG�LQ�QXFOHDU�UHDFWRUV� WR� SURGXFH� WULWLXP�� � � &RPSDULQJ� � WKHVH� FRPSRXQGV�� ZH� IRXQG� WKDW� WKH�GHQVLW\�RI� OLWKLXP�R[LGH�/L�2 ZDV�KLJKHU� WKDQ� WKH�GHQVLW\�RI�/L�$O��$V�D� UHVXOW�ZH�FDQ� XVH� D� TXDQWLW\� ZLWK� ODUJH�ZHLJKW� DQG� VPDOO� YROXPH� IURP� WKH� R[LGH� FRPSDUHG�ZLWK�WKH�DOOR\���0RUHRYHU��YHU\�OLPLWHG�QXPEHU�RI�UHDFWRU�FKDQQHOV�JLYHV�ULVH�WR�WKH�XVDJH�RI�KLJKO\�SXUH�OLWKLXP�R[LGH�LQ�WKH�PRQR�FU\VWDO�IRUP�LQ�WKH�WULWLXP�SURGXFWLRQ��
���6$03/(�35(3$5$7,21�)25�,55$',$7,1*��$ VDPSOH�IURP�OLWKLXP�R[LGH�FU\VWDO�ZLWK�SXULW\�RI�DERXW�����ZDV�KHDWHG�LQ�JORYHG�ER[� WR� ���� R& IRU� D� SHULRG� RI� ���� KRXUV� LQ� YDFXXP� �SUHVVXUH� ����� SD�� RU� LQ� WKH�SUHVHQFH�RI�GU\�KHOLXP�FXUUHQW��7KLV�LV�WR�UHPRYH�WKH�LPSXULW\�ZKLFK�LV�UHSUHVHQWHG��LQ� OLWKLXP� K\GUR[LGH� DQG� OLWKLXP� FDUERQDWH�� 7DNLQJ� WKH� FU\VWDO� SRZGHU� RI� OLWKLXP�R[LGH� DQG� FRPSUHVVLQJ� WR�SHOOHW� VKDSH�E\�XVLQJ� D�SUHVVXUH�RI�XS� WR� DSSUR[LPDWHO\��0SD� � LQ� RQH� GLUHFWLRQ��7KLV� LV� WR� JHW� RQH� � SHOOHW�ZLWK� ORZ�GHQVLW\�� RU� SUHVVLQJ� LW�XQGHU� D� WHPSHUDWXUH�RI� DERXW����� R& WR� JHW� D�KLJK�GHQVLW\� SHOOHW��$IWHU� WKDW�� WKHVH�SHOOHWV�ZHUH� DJJUHJDWHG� XQGHU� D� WHPSHUDWXUH� RI� ���� R& IRU� RQH� KRXU� XQGHU� D� GU\�KHOLXP�FXUUHQW��/DWHU��ZH�KDYH�PHDVXUHG� WKH�ZHLJKW��ZLGWK�DQG�WKH�GLDPHWHU�RI� WKH�DJJUHJDWHG�SHOOHWV��7KHUH�DIWHU��WKHVH�SHOOHWV�ZHUH�SXW�LQ�TXDUW]�FRQWDLQHU�RU�VWDLQOHVV�VWHHO�FRQWDLQHU� LVRODWHG�ZLWK�SODWLQXP�OD\HU� WR�SUHYHQW�DQ\�FRQWDFW�RI� OLWKLXP�R[LGH�ZLWK�WKH�VWHHO���
���,55$',$7,21�352&(66��7KH� UHDFWRU� YHUWLFDO� FKDQQHOV�� ZKLFK�ZHUH� XVHG� WR� LUUDGLDWH� ZLWK� QHXWURQ� IOX[�� DUH�VKRZQ�LQ�ILJXUH������)RU�HDFK�FKDQQHO��LQ�WKLV�ZRUN�ZH�KDYH�XVHG�QHXWURQ�IOX[�UDWH�RI�DERXW� � ����[����QHXWURQ�FP��VHF�� 7KLV� LV� WR� HVWLPDWH� WKH� QHFHVVDU\� TXDQWLW\� RI�OLWKLXP�LUUDGLDWHG�IRU�RQH�PRQWK�WR�JHW�RQH�JUDP�RI�WULWLXP��)RU�WKLV�SXUSRVH�ZH�KDYH�XVHG�HTXDWLRQ������� 7KH�REWDLQHG�UHVXOWV�VKRZHG�WKDW�WKH�UHTXLUHG�TXDQWLW\�HTXDOV�WR����� JP� RI� HQULFKHG� �/L�� 7KLV� TXDQWLW\� LV� HTXLYDOHQW� WR� DERXW� ����JP� RI� � QDWXUDO�OLWKLXP�R[LGH�VXSSRVLQJ�WKDW��WKH�SHUFHQWDJH�RI�H[WUDFWHG�WULWLXP��ZDV������VR�WKDW�LW� VKRXOG� � XVH� DOO� WKH� YHUWLFDO� FKDQQHOV� UHDFWRU� DW� WKH� VDPH� WLPH�� ,Q� WKH� DERYH�FDOFXODWLRQ�ZH� KDYH� WDNHQ� LQ� RXU� FRQVLGHUDWLRQ� WKH� VSRQWDQHRXV� DEVRUSWLRQ� � RI� WKH�UDGLDWHG�VDPSOHV��(TXDWLRQ����VKRZV�WKDW� WKH�WULWLXP�LV�SURGXFHG�E\� WKH�UHDFWLRQ�RI�QHXWURQ�ZLWK��+H�REWDLQHG�E\�WKH�GHFD\�RI�WULWLXP��� +H� � Q������������������������������3���7����������������������
7KH�FURVV�VHFWLRQ�YDOXHV�LQFOXGHG�LQ�WKH�DERYH�HTXDWLRQ�ZHUH�IRXQG�WR�EH�����EDUQ�IRU� WKHUPDO� QHXWURQV� LQ� WKH� UHDFWLRQ� ZLWK� �+H� DQG� ���� EDUQ� IRU� WKHUPDO�QHXWURQV�LQ�WKH�UHDFWLRQ�ZLWK��/L�����
���75,7,80�(;75$&7,21�6<67(06��0DQ\�GLIIHUHQW�V\VWHPV�ZHUH�XVHG�IRU�WULWLXP�H[WUDFWLRQ��7KH\�FDQ�EH�FODVVLILHG�LQWR�WKH�IROORZLQJ�WKUHH�W\SHV�RI�V\VWHPV��
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���V\VWHPV�XVHG�DV�EODQNHW�IRU�IXVLRQ�UHDFWRUV������������V\VWHPV� XVHG� WR� H[WUDFW� WULWLXP� GXULQJ� VDPSOH� LUUDGLDWLRQ� SURFHVV� LQ� QXFOHDU�UHDFWRUV��������LQGHSHQGHQW�V\VWHPV�XVHG�WR�H[WUDFW�WULWLXP�IURP�GLIIHUHQW��OLWKLXP�FRPSRXQGV�DIWHU�EHLQJ�LUUDGLDWHG�LQ�QXFOHDU�UHDFWRUV������
:H� KDYH� VWXGLHG� DOO� WKH� DERYH� W\SHV� RI� H[WUDFWLRQ� WR� JHW� DQ� LGHD� DERXW� LWV� ZRUN�QDWXUH� DQG� WKH� SURSHUWLHV�RI� WKH� XVHG�PDWHULDOV� WR� SXW� D�SULPDU\� V\VWHP�GHVLJQ� IRU�WULWLXP�H[WUDFWLRQ�LQ�VXLWDEOH�TXDQWLW\�RI�DERXW�RQH�JUDP�SHU�PRQWK���
���7+(�68**(67('�6<67(0�'(6&5,37,21��7KH� VXJJHVWHG� V\VWHP��ZKLFK� LV� VKRZQ� LQ� ILJXUH���� FRQVLVWV� RI�KLJK� SXULW\� KHOLXP��OLTXLG�QLWURJHQ�XQLW�QHHGHG�WR�SXULI\�WULWLXP�E\�UHPRYLQJ�ZDWHU��DQG�WZR�RYHQV��7KH�ZDOOV�RI�HDFK�RYHQ�LV�FRPSRVHG�RI�WKUHH�VWDLQOHVV�VWHHO�OD\HUV�ZKLFK�DOORZ�DUJRQ�JDV�WR� SDVV� WKURXJK� WKH� JDS� EHWZHHQ� WKH� VHFRQG� DQG� WKH� WKLUG� ZDOOV�� 7KH� ILUVW� RYHQ�FRQWDLQV� D� KHDWHU� VXUURXQGHG� E\� D� VWDLQOHVV� VWHHO� YHVVHO� LQ� ZKLFK� WKH� LUUDGLDWHG�VDPSOH�ZDV�SXW��+RZHYHU��WKH�VHFRQG�RYHQ�FRQWDLQV�FRSSHU�R[LGH��KHDWHG�WR�����R&��ZKLFK�R[LGL]HG�WKH�SDVVLQJ�WULWLXP�WR�WULWLXP�YDSRU�ZDWHU��,Q�DGGLWLRQ��WKH�ILUVW�RYHQ�ZDV�VLWXDWHG� LQ� OHDG� FHOO�ZLWK� D�ZLGWK�RI�DERXW���� FP��7KH� LQOHW� DQG�RXWOHW� RI� WKLV�RYHQ�ZHUH� SURYLGHG�ZLWK� JODVV�ZRRO� VWRSSHUV� WR� SUHYHQW� WKH� HVFDSH� RI� WKH� FRSSHU�SDUWLFOHV�IURP�WKH�VDPSOH�ZLWK�WKH�KHOLXP�JDV�FXUUHQW��+RZHYHU��WKH�LQOHW�DQG�RXWOHW�RI�WKH�VHFRQG�RYHQ�ZHUH�SURYLGHG�ZLWK�VWDLQOHVV�VWHHO�VWRSSHUV��0RUHRYHU��WKH�V\VWHP�FRQWDLQV�D�WUDS�FRROHG�DW�OLTXLG�QLWURJHQ�WHPSHUDWXUH�RI���������
R& ��QHHGHG�WR�IUHH]H�WULWLXP�ZDWHU�SDVVLQJ�WKURXJK�LW�DQG�D�YDFXXP�SXPS�UHTXLUHG�IRU�WKH�FRQWLQXLW\�RI�RXW�IORZ�RI�KHOLXP�JDV��7KH��UHPDLQLQJ�DQG�OHDNLQJ�WULWLXP�JDV�LQ� VLGH� WKH�JORYH�ER[�FDQ�EH� FROOHFWHG� DQG�SDVVHG� WKURXJK�R[LGDWLRQ� DQG� UHWHQWLRQ�WXEH���������67(36�2)�:25.�� $�� 7KH�VDPSOH�ZDV�LUUDGLDWHG�LQ�WKH�ILUVW�RYHQ��FRROHG�IRU�D�VXLWDEOH�SHULRG��ZKLFK� GHSHQGV� RQ� WKH� W\SH� RI� LPSXULWLHV�� DQG� SXW� LQ� D� VWDLQOHVV� VWHHO�FRQWDLQHU��ZKHUH�WKH�VDPSOH�ZDV�LQ�WRXFK�ZLWK�WKHUPRFRXSOH�SUREH��7KLV�KDYH� OHG� XV� WR� NQRZ� WKH� WHPSHUDWXUH� RI� WKH� VDPSOH� WKURXJK� WKH�H[SHULPHQWDO� VWHSV�� .QRZLQJ� WKH� WHPSHUDWXUH� LV� LPSRUWDQW� EHFDXVH� WKH�UDWH�RI� WULWLXP� OLEHUDWLRQ�GHSHQGV�KLJKO\�RQ� LW��(DVOH\� UHPRYHG� VWDLQOHVV�VWHHO�EODQNHW�ZDV�XVHG�WR�SURWHFW�WKH�RYHQ�DQG�WKH�SUREH�IURP�FRUURVLRQ��%�� 7KH� RYHQ�ZDV� WKHQ� FORVHG� DQG� WKH� V\VWHP� KDV� EHHQ� HYDFXDWHG� XQWLO� WKH�SUHVVXUH� UHDFKHG� DERXW� �� SD�� 7KH� YDFXXP� SXPS� ZDV� VWRSSHG� DQG� WKH�KHOLXP�YDOYH�KDV�EHHQ�FORVHG�GXULQJ�WKLV�SURFHVV��&�� 7KH� FROG� WUDS� ZDV� ILOOHG� ZLWK� OLTXLG� QLWURJHQ� ZLWK� LQFUHDVH� RI� FRSSHU�R[LGH�WHPSHUDWXUH�WR�DERXW�����R& LQ�WKH�VHFRQG�RYHQ��'�� 7KH�SXUH�KHOLXP�JDV�ZDV�SDVVHG�WKURXJK�WKH�V\VWHP�ZLWK�D�FRQVWDQW�UDWH��$IWHU� WKDW�� WKH� VDPSOH� WHPSHUDWXUH� LQVLGH� WKH� ILUVW� RYHQ� ZDV� UHJXODUO\�
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LQFUHDVHG� XQWLO� WKH� WULWLXP� ZDV� OLEHUDWHG� � LQ� WKH� IRUP� RI� WULWLXP� ZDWHU�YDSRU� �7� � 7�2�� DQG� WULWLXP� R[LGH� JDVHV�� 7KLV� WRRN� SODFH� ZKHQ� WKH�WHPSHUDWXUH�EHFDPH�RI�UDQJH���������R&���(�� 7KH�KHOLXP�YDOYH�DQG�WKH�RWKHU�WZR�YDOYHV�ZKLFK�DUH�VLWXDWHG�DW�WKH�HQG�RI� FRSSHU� R[LGH� RYHQ� ZHUH� FORVHG�� 7KHUH� DIWHU�� WKH� FROOHFWHG� WULWLXP� LV�UHPRYHG�DQG�WKH�YHVVHO�FRQWDLQLQJ�WKH�IUR]HQ�WULWLXP�ZDWHU�ZDV�UHSODFHG�E\�XQ�HPSW\�RQH��7KH�V\VWHP�LV�WKHQ�FORVHG�DQG�DIWHU�WKDW��WKH�KHOLXP�ZDV�SXPSHG�DJDLQ��)�� 7KH�WHPSHUDWXUH�RI�WKH�VDPSOH�ZDV�LQFUHDVHG�WR�DERXW�����&R IRU�D�SHULRG�RI�DERXW�RQH�KRXU�WR�UHPRYH�DOO�WKH�WULWLXP�LQ�WKH�VDPSOH�����
���',6&866,216�$1'�&21&/86,216��7KH�OLPLWHG�TXDQWLW\�ZKLFK�FDQ�EH�LUUDGLDWHG�LQ�WKH���WK�-XO\�UHDFWRU���QHHGV�WR�VHOHFW�D FRPSRXQG�FRQWDLQLQJ�RQ�D�KLJK�GHQVLW\�LQ�OLWKLXP���&RQVHTXHQWO\��ZH�KDYH�VHOHFWHG�OLWKLXP�R[LGH��,Q�DGGLWLRQ��DFFRUGLQJ�WR�WKH�SULPDU\�FDOFXODWLRQ��ZH�QHHGHG������JP�RI�OLWKLXP�R[LGH��DV�D�QDWXUDO�OLWKLXP�WR�SURGXFH�RQH�JUDP�RI� WULWLXP�DQG�������JP�RI�����HQULFKHG� OLWKLXP�DV� VKRZQ� LQ� WDEOH���� �%RWK�TXDQWLWLHV�ZHUH� LUUDGLDWHG� LQ� HLJKWHHQ� FKDQQHOV� UHDFWRU� JLYLQJ� RQH� JUDP�RI� WULWLXP��ZKHUHDV��WKH�VDPH�TXDQWLW\�RI�/L�$O�DOOR\�RI����OLWKLXP�SURGXFHG�RQO\����PJP�RI�WULWLXP�� 0DQ\� GLIILFXOWLHV� ZHUH� HQFRXQWHUHG� LQ� GHVLJQLQJ� WKH� V\VWHP� UHTXLUHG� IRU�WULWLXP� H[WUDFWLRQ� GXULQJ� WKH� LUUDGLDWLRQ� SURFHVV� XVLQJ� OLWKLXP� R[LGH� DV� D� SULPDU\�VXEVWDQFH�� 7KLV� EHORQJV� WR� DEVHQFH� RI� WKH� VXLWDEOH� SODFH� LQ� WKH� FRUH� RI� UHDFWRU��UHTXLUHG�IRU�WKH�LUUDGLDWLRQ�RI�WKH������JP�RI�OLWKLXP�R[LGH��+RZHYHU��VXFK�V\VWHP�FDQ�EH�XVHG�RQO\�ZLWK�OLWKLXP�RI�DW�OHDVW�����HQULFKPHQW��VSHFLDOO\�ZKHQ�ZH�KDYH�D�SXUH�OLWKLXP�PHWDO��0RUH�RYHU�� WKLV�V\VWHP�FDQ�DOVR�EH�XVHG�WR�H[WUDFW�WULWLXP�IURP�OLWKLXP�PHWDO��7KH�LUUDGLDWLRQ�SHULRG�ZDV�FKRVHQ�WR�EH�RQO\�RQH�PRQWK�WR�JHW�WULWLXP�GXULQJ�D VKRUW�SHULRG��7KLV�LV�EHFDXVH�WKH�LUUDGLDWLRQ�RI�WKH�VXEVWDQFH�IRU�ORQJ�WLPH�ZLOO�LQFUHDVH�WKH�FRROLQJ�SHULRG�QHHGHG�IRU�WKH�LUUDGLDWLRQ�RI�VDPSOHV��7KLV�LV�VSHFLDOO\� VLJQLILFDQW� LQ� WKH� SUHVHQFH� RI� LPSXULWLHV� VXFK� DV� ��&R�ZKLFK� DUH�FRQYHUWLQJ�WR�UDGLRDFWLYH�LVRWRSHV�RI�UHODWLYHO\�ORQJ�KDOI�OLIH������
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9DOXHV�3K\VLFDO�SURSHUWLHV

����������D�P�X�,VRWRSH�PDVV�

����6SLQ�

����������NH9�([FHVV�HQHUJ\�

����������������NH9%LQGLQJ�HQHUJ\

������NH9�'HFD\�HQHUJ\��

7DEOH������6RPH�RI�WKH�1XFOLGH�'DWD�RI�7ULWLXP���
�
��

6RPH�OLWKLXP�FRPSRXQGV�

3URSHUWLHV� /L�6L2�� /L�6L2� /L$O2� /L�SE� /L�2 /L�

0HOWLQJ�SRLQW�&R� ����� ����� ����� ���� ����� ���

'HQVLW\��JP�FP�� ����� ����� ����� ���� ����� �����

0ROHFXODU�ZHLJKW� ������ ������ ������ ������ ������ ����
'HQVLW\�RI�OLWKLXP�LQ�FRPSRXQG��JP�FP�� ����� ����� ������ ����� ����� �����

+HDW�FRQGXFWLYLW\��:�P�N�� ������ ������ �� ��� ���� ���

7DEOH����3K\VLFDO�SURSHUWLHV�IRU�OLWKLXP�DQG�VRPH�RI�LWV�FRPSRXQGV����
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�7DEOH������'HVLJQHG�IL[HUV�LQ�VWDWH�RI�HQULFKHG�DQG�QDWXUDO�OLWKLXP���
�
�

�
�
�
�
�

)L[HUV� 1DWXUDO�OLWKLXP� ����(QULFKHG�OLWKLXP
���QHXWURQ�IOX[�UDWH��Q�FP��VHF�� �����[������ �����[������
���FRQWDLQHU�GLPHQVLRQV��F\OLQGHU���FP�� ���OHQJWK�DQG����GLDPHWHU� ���OHQJWK�DQG�����GLDPHWHU�
��� WRWDO� OLWKLXP� R[LGH� PDVV�UHTXLUHG� WR� JHQHUDWH� �� JP� IURP�WULWLXP��JP�� ����� ������
��� QXPEHU� RI� UHDFWRU� FKDQQHOV�XVHG� ��� ��
���LUUDGLDWLQJ�SHULRG��PRQWK�� �� ��
���LUUDGLDWH�VDPSOH�FRROLQJ�SHULRG� $FFRUGLQJ�WR�WKH�LPSXULWLHV�SUHVHQWHG�LQ�WKH�VDPSOH�

$FFRUGLQJ�WR�WKH�LPSXULWLHV�SUHVHQWHG�LQ�WKH�VDPSOH�
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)LJXUH�����&RUH�FURVV�VHFWLRQ�RI�WKH�UHDFWRU�VKRZV�WKH�YHUWLFDO�FKDQQHOV�DQG�WKH�QHXWURQ�IOX[�LQ�WKH�FKDQQHOV��
�
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���OLTXLG�KHOLXP�����FRQWDLQHU� ���YDOYH� ���IORZLQJ�PHDVXUHPHQW�
���SXULILFDWLRQ�WUDS��IRU�KHOLXP�JDV� ���FLUFXODWLQJ�SXPS�IRU�DUJRQ�JDV� ���FLUFXODWLQJ�SXPS� IRU�ZDWHU�
���JODVV�ZRRO�VWRSSHU� ���VDPSOH�KHDWLQJ��RYHQ� ���VWHHO�ZRRO�VWRSSHU�
����RYHQ�FRQWDLQ�&X2� �������QLWURJHQ�WUDS� ����YDFXXP�SXPS�

�������JORYHV�ER[HV� �������SUHVVXUH�VFDOH� �������OHDG�SURWHFWRUV�

ILJXUH�����6FKHPDWLF�GLDJUDP�IRU�WKH�VXJJHVWHG�V\VWHP��

�



7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO��,VVXH�1R�������������-DQXDU\�������� 7KH�8QLYHUVLW\�RI�,EE��<HPHQ������

��

�

())(&76�2)�6(9(5$/�5,6.�)$&7256�2)�$7+(526&/(526,6�21�7+(�%/22'�/,3,'�75$163257�6<67(0�
0RKDPHG�$�+��$O�'XDLV��3K'��

'HSDUWPHQW�RI�FKHPLVWU\��)DFXOW\�RI�6FLHQFH��,EE�8QLYHUVLW\�,EE��<HPHQ���
$EVWUDFW�

,Q�WKLV�UHSRUW�ZH�SUHVHQW�WKH�UHVXOWV�RI�WKH�LQYHVWLJDWLRQ�RI�WKH�HIIHFWV�RI�DWKHURVFOHURWLF�ULVN�IDFWRUV�RQ�WKH�EORRG�OLSLG�WUDQVSRUW�V\VWHP�LQ�KHDOWK\�\RXQJ� SHRSOH� �� KDYLQJ� ULVN� IDFWRUV� RI� DWKHURVFOHURVLV� GHYHORSPHQW� �� D�TXHVWLRQQDLUH� WR� ����� SHRSOH� DW� WKH� DJH� RI� ������ \HDUV�� �DIWHU� WKH�VWXG\LQJ�WKH�TXHVWLRQQDLUH¶V�UHVXOWV��GLIIHUHQW�JURXSV�KDYH�EHHQ�IRUPHG��)DVWLQJ�EORRG�VDPSOHV�ZDV�WDNHQ���WKH�UHVHDUFKHU�LGHQWLILHG�WKH�OHYHOV�RI�7RWDO� &KROHVWHURO� 7ULDF\OJO\FHUROV� � /RZ� 'HQVLW\� /LSRSURWHLQ�&KROHVWHURO� � �� DQG� +LJK� 'HQVLW\� /LSRSURWHLQ� &KROHVWHURO�� $GGLWLRQDO�DQDO\VHV�KDYH�EHHQ�GRQH��2XU� LQYHVWLJDWLRQ�KDV� VKRZQ� �� WKDW� WKH�PRVW�ZLGHVSUHDG� ULVN� IDFWRUV� RI� LVFKHPLF� KHDUW� GLVHDVH� ZHUH� REHVLW\� ��KHUHGLWDU\� SUHGLVSRVLWLRQ� �� FKDQJHV� LQ� EORRG� SUHVVXUH�� 7KH� PRVW�LPSRUWDQW� SDUDPHWHUV� IRU� SURSK\ODFWLF� PHGLFDO� H[DPLQDWLRQ� DUH�DWKHURJHQLW\� LQGH[� DQG� KLJK� GHQVLW\� OLSRSURWHLQ� FKROHVWHURO� OHYHO� ��FKDQJHV�LQ�RWKHU�YLWDO�SUHGLFDWRUV�DUH�IRXQG��������,QWURGXFWLRQ��
$WKHURVFOHURVLV� DORQJ�ZLWK� LWV� UHODWHG� GLVHDVHV� OLNH� ,VFKHPLF�+HDUW�'LVHDVH� �,+'��DQG�0\RFDUGLDO�,QIDUFWLRQ��0,���LV�FRQVLGHUHG�WR�EH�RQH�RI�WKH�LPSRUWDQW�FDXVHV�RI�LQYDOLGLW\� DQG� PRUWDOLW\� ZKLFK� KDV� LQFUHDVHG� UHFHQWO\� HVSHFLDOO\� LQ� WKH� GHYHORSHG�FRXQWULHV�������7KH� WLVVXH� GDPDJH� WKDW� RFFXUV� GXULQJ� D� P\RFDUGLDO� LQIDUFW� RU� D� FHUHEURYDVFXODU�DFFLGHQW��³VWURNH��� LV�FDXVHG�E\� LVFKHPLD��D�FRQGLWLRQ� LQ� WKHUH� LV� LQDGHTXDWH�EORRG�IORZ��+HDUW�DWWDFNV� DQG�VWURNHV� DUH�XVXDOO\�FDXVHG�E\�DWKHURVFOHURVLV� DFFRPSDQLHG�E\�EORRG�FORW�IRUPDWLRQ�LQ�DQ�HVVHQWLDO�DUWHU\����$WKHURVFOHURVLV� LV� D� GLVHDVH� SURFHVV� LQ�ZKLFK� VRIW�PDVVHV� RI� IDWW\�PDWHULDO� FDOOHG�SODTXHV�DUH�GHSRVLWHG�LQ�WKH�OLQLQJV�RI�EORRG�YHVVHOV�������&KROHVWHURO��&��DQG�WULDF\OJO\FHUROV��7*��DUH�WUDQVSRUWHG�LQ�ERG\�IOXLGV�LQ�WKH�IRUP�RI� OLSRSURWHLQ� SDUWLFOHV�� (DFK� SDUWLFOH� FRQVLVWV� RI� D� FRUH� RI� K\GURSKRELF� OLSLGV�VXUURXQGHG�E\�D�VKHOO�RI�PRUH�SRODU�OLSLGV�DQG�SURWHLQV��7KH�SURWHLQ�FRPSRQHQWV�RI�OLSRSURWHLQV�DUH�FDOOHG�DSROLSRSURWHLQV�RU�DSRSURWHLQV��$SR����7KH� SURWHLQ� FRPSRQHQWV� RI� WKHVH�PDFURPROHFXODU� DJJUHJDWHV� KDYH� WZR� UROHV�� WKH\�VROXELOL]H�K\GURSKRELF�OLSLGV�DQG�FRQWDLQ�FHOO�WDUJHWLQJ�VLJQDOV������
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7KHUH� DUH� PDQ\� NLQGV� RI� DSRSURWHLQV�� $ODXSRYLF� 3� VXJJHVWHG� WKDW� DSRSURWHLQV�VKRXOG�EH�JLYHQ�WKH�ILUVW�/DWLQ�$OSKDEHWV������/LSRSURWHLQ�SDUWLFOHV� DUH� FODVVLILHG� DFFRUGLQJ� WR� LQFUHDVLQJ�GHQVLW\��&K\ORPLFURQV��9HU\� ORZ�GHQVLW\� OLSRSURWHLQV� �9/'/���/RZ�GHQVLW\� OLSRSURWHLQV�/'/���DQG�+LJK�GHQVLW\�OLSRSURWHLQV��+'/����&K\ORPLFURQV��WUDQVSRUW�GLHWU\�WULDF\OJO\FHUROV�DQG�FKROHVWHU\O�HVWHUV��&(��IURP�WKH�LQWHVWLQH�WR�WKH�WLVVXHV���9/'/�� V\QWKHVL]HG� LQ� WKH� OLYHU�� DUH� UHVSRQVLEOH� IRU� WKH� WUDQVSRUW� RI� OLSLGV� WR�WLVVXHV�$V� 9/'/� DUH� WUDQVSRUWHG� WKURXJK� WKH� ERG\�� WKH\� EHFRPH� GHSOHWHG� RI�WULDF\OJO\FHUROV�� DV� ZHOO� DV� VRPH� RI� DSRSURWHLQV� DQG� SKRVSKROLSLGV�� (YHQWXDOO\��9/'/�DUH�FRQYHUWHG�WR�/RZ�GHQVLW\�OLSRSURWHLQV����/'/���/'/�FDUU\�FKROHVWHURO�WR�WLVVXHV��/'/�DUH�HQJXOIHG�E\�FHOOV�DIWHU�ELQGLQJ�WR�/'/�UHFHSWRUV������7KH� UROH� RI� +'/�� DOVR� SURGXFHG� LQ� WKH� OLYHU�� DSSHDUV� WR� EH� WKH� VFDYHQJLQJ� RI�FKROHVWHURO� IURP� FHOO� PHPEUDQHV�� � ,Q� RWKHU� ZRUGV�� KLJK� GHQVLW\� OLSRSURWHLQV� KDYH�DQWLDWKHURJHQLF�IXQFWLRQ��������
7KHUH� DUH� D� VWURQJ� UHODWLRQVKLS� EHWZHHQ� DWKHURVFOHURVLV� DQG� '\VOLSRSURWHLQHPLD��'\VOLSRSURWHLQHPLD� LV� D� GLVRUGHU� UHSUHVHQWHG� E\� D� FKDQJH� LQ� WKH� FRQWHQW� RI�OLSRSURWHLQV� LQ� WKH� VHUXP� �SODVPD�� WKURXJK� WKHLU� LQFUHDVLQJ�� GHFUHDVLQJ�� FRPSOHWH�
GLVDSSHDUDQFH��RU�HYHQ�WKH�DSSHDUDQFH�RI�SDWKRORJLFDO�RU�DEQRUPDO�OLSRSURWHLQV� ����

7KH�PRVW� RI� WKHVH� GLVRUGHUV� LV�+\SHUOLSRSURWHLQHPLD�ZKHUH�*RIPDQ�ZDV�WKH� ILUVW� WR� ZULWH� DERXW� LW�� 7KHQ� )UHGULFNVRQ� FODVVLILHG� WKHVH� GLVRUGHUV� DQG�:RUOG�
+HDOWK�2UJDQL]DWLRQ��:+2��UDWLILHG�WKLV�FODVVLILFDWLRQ�ODWHU���������

0RVW� WKH� DERYH�PHQWLRQHG� GLVRUGHUV� DULVH� IURP� +\SHUFKROHVWUROHPLD�
ZKLFK�LV�UHJDUGHG�DV�RQH�RI�WKH�PRVW�LPSRUWDQW�ULVN�IDFWRU�RI�$WKHURVFOHURVLV���������
)RU�WKDW�UHDVRQ��GHWHUPLQDWLRQ�RI�FKROHVWHURO�OHYHO�LQ�EORRG�LV�FRQVLGHUHG�DPRQJ�WKH�HVVHQWLDO� DQG� QHFHVVDU\� WHVW� DGRSWHG� E\� ORWV� RI� XQLYHUVDO� KHDOWK� DQG� UHVHDUFK�
SURJUDPV�����������

7DNLQJ�LQWR�FRQVLGHUDWLRQ��D�QXPEHU�RI�VWXGLHV�ZKLFK�GHDO�ZLWK�WKH�HIIHFWV�RI� JHQHWLF� IDFWRUV� RQ� WKH� DSSHDUDQFH� RI� VXFK� GLVRUGHUV� KDV� LQFUHDVH� LQ� WKH� UHFHQW�
WLPH��������

7RWDO� FKROHVWHURO�� FKROHVWHURO� IRXQG� LQ� HDFK�NLQG� RI� WKH� OLSRSURWHLQ� W\SHV�DQG� WKH� 7ULDF\OJO\FHUROV� DUH� XVXDOO\� OHYHO�GHWHUPLQHG�� ,Q� DGGLWLRQ�� WKHUH� DUH� VRPH�UHVHDUFK� FHQWHUV� DQG� ODERUDWRULHV� ZKLFK� XVH� ZKDW� LV� FDOOHG� ,QGH[� RI� $WKHURJHQLW\��,$��� ,QGH[� RI� $WKHURJHQLW\� VWDQGV� IRU� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� $WKHURJHQLF�/LSRSURWHLQV�� UHSUHVHQWHG� E\� /'/� DQG� 9/'/�� DQG� WKH� $QWLDWKHURJHQLF�/LSRSURWHLQV��UHSUHVHQWHG�E\�+'/��7KH�YDOXH�RI�WKLV�LQGH[�XVXDOO\�HTXDOV���������LQ�KHDOWK\� SHRSOH�� 7KH� PRUH� WKH� YDOXH� LQFUHDVHV�� WKH� PRUH� WKH� SUREDELOLWLHV� RI�DSSHDUDQFH� RI� $WKHURVFOHURVLV�� 7KXV�� WKLV� LQGH[� LV� XVHG� DV� D� SUHGLFWRU� RI�
$WKHURVFOHURVLV������
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2QH�RI� WKH�PRVW� FRPPRQ� UHDVRQV� RI� WKH� LQFUHDVH� RI�EORRG� FKROHVWHURO� LV�WKH� H[WULQVLF� 5LVN� )DFWRUV� VXFK� DV� W\SH� RI� IRRG�� HQYLURQPHQWDO� IDFWRUV�� HIIHFWV� RI�GUXJV��HWF��7KH�VSUHDG�RI�OLSRSURWHLQV
�GLVRUGHUV�KDYH�LQFUHDVHG�LQ�WKH�ODVW�SHULRG�LQ�WKH� \RXWK�� 7KLV� FUHDWHV� D� ELJ�PHGLFDO� DQG� JRYHUQPHQWDO� FKDOOHQJH� DQG� LW� QHHGV� D�GHHS�DQG�FDUHIXO�VWXG\��
���7KH�$LP�RI�WKH�5HVHDUFK��� 7KH�DLP�RI�WKH�UHVHDUFK�ZDV�WKH�VWXG\�RI�WKH�HIIHFWV�RI�VRPH�ULVN�IDFWRUV�RI�$WKHURVFOHURVLV�RQ�WKH�EORRG�OLSLG�WUDQVSRUW�V\VWHP�LQ�WKH�\RXWK�LQ�RUGHU�WR�WDNH�WKH�SUHYHQWLYH�SURFHGXUHV�UHTXLUHG�IRU�GHFUHDVLQJ�WKH�HIIHFWV�RI�WKHVH�IDFWRUV��
���0DWHULDOV�DQG�0HWKRGV��� 7KH�UHVHDUFKHU�KDV�GHOLYHUHG�IRUPV�RI�D�TXHVWLRQQDLUH�WR������SHUVRQ�DJHG�EHWZHHQ����DQG����\HDUV��7KLV�IRUP�LQFOXGHV�WKH�LQTXLU\�RI�WKH�PRVW�LPSRUWDQW�ULVN�IDFWRUV� ZKLFK� DUH�� EORRG� SUHVVXUH� GLVRUGHUV�� REHVLW\�� VPRNLQJ�� K\SRG\QDPLD��SUHVHQFH�RI�UHODWLYHV�ZKR�DUH�VXIIHULQJ�IURP�,VFKHPLF�+HDUW�GLVHDVHV�DQG�ILQDOO\�WKH�VXIIHULQJ�IURP�GLDEHWHV����$IWHU� FROOHFWLQJ� DQG� VWXG\LQJ� RI� WKH� TXHVWLRQQDLUH¶V� UHVXOWV�� GLIIHUHQW� JURXSV� KDYH�EHHQ�IRUPHG�WR�WKH�UHVHDUFKHU�DQG�WKH\�DUH�GLVWULEXWHG�DV�IROORZV����� )LUVW�*URXS��+HDOWK\�JURXS�ZKRVH�PHPEHUV�VXIIHU�IURP�QRQH�RI�WKHVH�ULVN�IDFWRUV������SHRSOH��DQG�ZH�KDYH�FKRVHQ����RI�WKHP�DV�D�FRQWURO�JURXS������ 6HFRQG� *URXS�� ZKRVH� PHPEHUV� VXIIHU� IURP� RQH� RI� WKH� PHQWLRQHG� ULVN�IDFWRUV������SHRSOH����� 7KLUG�*URXS��ZKRVH�PHPEHUV�KDYH�WZR�ULVN�IDFWRUV������SHRSOH����� )RXUWK�*URXS��ZKRVH�PHPEHUV�KDYH�WKUHH�ULVN�IDFWRUV�����SHRSOH����� )LIWK�*URXS��ZKRVH�PHPEHUV�KDYH�IRXU�ULVN�IDFWRUV�����SHRSOH����� 6L[WK�*URXS��ZKRVH�PHPEHUV�KDYH�ILYH�ULVN�IDFWRUV����SHRSOH��� 7KH�UHVHDUFKHU�KDV�WDNHQ�D�IDVWLQJ�EORRG�VDPSOHV�IURP�DOO�WKH�PHPEHUV�RI�WKH�ODVW�WKUHH�JURXSV�DQG�DOVR�KDV�WDNHQ�VDPSOHV�IURP�WKH�FRQWURO�JURXS�PHQWLRQHG�DERYH�� 7KHQ� VHUXP� KDV� EHHQ� REWDLQHG�� VHSDUDWHG� DQG� VWXGLHG�� $IWHU� WKDW�� WKH�UHVHDUFKHU� LGHQWLILHG� WKH� OHYHOV� RI� 7RWDO� &KROHVWHURO� �7&��� 7ULDF\OJO\FHUROV� �7*���/RZ� 'HQVLW\� /LSRSURWHLQ� &KROHVWHURO� �/'/�&�� �� DQG� +LJK� 'HQVLW\� /LSRSURWHLQ�
&KROHVWHURO��+'/�&��������

1H[W�� ,QGH[� RI�$WKHURJHQLW\�ZDV� FDOFXODWHG� IRU� HDFK� JURXS�ZH� KDYH� JRW��%HVLGHV�� DGGLWLRQDO� DQDO\VHV� KDYH� EHHQ� GRQH�� 7KHVH� DQDO\VHV� DUH� UHSUHVHQWHG� E\�LGHQWLILFDWLRQ� RI� JOXFRVH�� ELOLUXELQ�� &UHDWLQH� NLQDVH�&.�� DQG� $VSDUWDWH� DPLQR�WUDQVIHUDVH� �$67�� IRU� HDFK� VDPSOH� REWDLQHG�� 5HDJHQWV� PDGH� E\� 6SDLQ� 6SLQUHDFW�&RPSDQ\�DQG�6SHFWURSKRWRPHWHU�ZHUH�XVHG��7KH�UHVHDUFKHU�KDV�XVHG�WKH�VWDWLVWLFDO�
SURFHVVHV�ZLWK�WKH�KHOS�RI�6WDWLVWLND�����V\VWHP����������
�� 5HVXOWV�DQG�'LVFXVVLRQ���� $IWHU� SURFHVVLQJ� RI� WKH� UHVXOWV�� ��� �� RI� WKRVH� SHRSOH� LQFOXGHG� LQ� WKH�TXHVWLRQQDLUH� ZHUH� IRXQG� WR� KDYH� QRQH� RI� WKH� ULVN� IDFWRUV� RI� $WKHURVFOHURVLV��+RZHYHU��MXVW�RQH�ULVN�IDFWRU�ZDV�IRXQG�LQ������DQG�LQ������WZR�ULVN�IDFWRUV�ZHUH�IRXQG��0RUHRYHU�� LQ� ���� WKHUH�ZHUH� WKUHH� ULVN� IDFWRUV� RU�PRUH� WKDQ� WKUHH�� ,W� ZDV�
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QRWLFHG� WKDW� WKH�PRVW� FRPPRQ� ULVN� IDFWRUV� LQ� WKH� JURXSV� LQFOXGHG� E\� WKH� UHVHDUFK�ZHUH� REHVLW\�� JHQHWLF� IDFWRUV� DQG� EORRG� SUHVVXUH� GLVRUGHU� DQG� WKH\� DUH� DUUDQJHG�DFFRUGLQJ�WR�WKHLU�UDWLR�RI�VSUHDG�LQ�WKH�JURXSV�LQFOXGHG��+HUH�EHORZ�LV�D�WDEOH�WKDW�LOOXVWUDWHV�WKH�REWDLQHG�UHVXOWV����7DEOH�����%LRFKHPLFDO�LQGH[HV�RI�KHDOWK\��SHRSOH��KDYLQJ���RU�PRUH�ULVN�IDFWRUV�RI�DWKHURVFOHURVLV�
&RQWURO�JURXS�
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&UHDWLQH�NLQDVH�	�$67�SURILOH�DYHUDJH�RI�\RXQJ�SHUVRQV�
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7KH� UHVXOWV� VKRZQ� LQ� WKH� WDEOH� ���� �� LQGLFDWH� WKDW� LQ� DOO� WKH� JURXSV�ZKLFK�KDYH��ULVN��IDFWRUV���WKHUH��LV��D�+\SRDOSKDOLSRSURWLHQHPLD��+'/�&�LV�ORZ���+'/�&������PPRO�O����DQG�WKH�,QGH[�RI��$WKHURJHQLW\�IRU�WKH�SHUVRQV�RI�WKHVH�JURXSV�DQG�LQ�WKH��VPRNLQJ�LQGLYLGXDOV��LV�PRUH�WKDQ�����
� ,W�LV�DOVR�QRWLFHDEOH�IURP�WKH�WDEOH�WKDW�WKH�7*�OHYHOV�DUH�DOPRVW�FORVH�LQ�DOO�WKH�JURXSV�DQG�LW�LV�ZHOO�NQRZQ�WKDW�WKH�7*�OHYHO�LV�FRQVLGHUHG�RQH�RI�WKH�VHFRQGDU\�ULVN�IDFWRUV��+RZHYHU��LW�LV�QRWLFHG�WKDW�,QGH[�RI�$WKHURJHQLW\�LV�GLIIHUHQW�IRU�HDFK�JURXS��7KLV�SURYHV�WKH�SRVVLELOLW\�RI�LWV�XVH�DV�D�SUHGLFWRU�IRU�WKH�RFFXUULQJ�RI�$WKHURVFOHURWLF�FKDQJHV�LQ�WKH�OLSRSURWHLQV�VSHFWUXP����
� ,Q� DGGLWLRQ�� WKH� KLJKHVW� YDOXH� RI� 7RWDO� &KROHVWHURO� �7& ����PPRO�O�� LV�IRXQG�LQ�WKH�LQGLYLGXDOV�RI�WKH�JURXS�ZKLFK�KDV�ILYH�ULVN�IDFWRUV�FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS��7& ����PPRO�O���>ILJ������@��$QG�WKHUH�LV�D�VWURQJ�UHODWLRQVKLS� EHWZHHQ� WKH� LQFUHDVH� RI� WRWDO� FKROHVWHURO� DQG� WKH� LQFUHDVH� RI�ORZ�GHQVLW\� OLSRSURWHLQ�FKROHVWHURO� �/'/�&��>ILJ����@��7KH� ORZHVW�YDOXH�RI�KLJK� GHQVLW\� OLSRSURWHLQ� FKROHVWHURO�+'/�& ����PPRO�O�LV� LQ� WKH� SHUVRQV�ZLWK���ULVN�IDFWRUV���
� 7KH�LQFUHDVLQJ�RI�+'/�&�YDOXH�LQ�WKH�JURXS�ZLWK�ILYH�ULVN�IDFWRUV�>ILJ����@�LQ�FRPSDULVRQ�ZLWK�WKH�RWKHU�JURXSV�LV�REVHUYHG�DQG�LW�LV�EHOLHYHG�WKDW�WKLV�KDSSHQV�EHFDXVH�RI�ZKDW� LV�FDOOHG�WKH�$GDSWDWLRQ�V\VWHP�RI� WKH�ERG\�DV�D�UHVLVWDQFH�DJDLQVW�HIIHFWV�RI�WKH�DWKHURVFOHURWLF�IDFWRUV�VLQFH�WKH�LQFUHDVH�RI�+'/�&� IDOOV� XQGHU� ZKDW� LV� NQRZQ� DV� WKH� XVHIXO�� DQWL�DWKHURVFOHURWLF�FKROHVWHURO���
� &KDQJHV� LQ� WKH� RWKHU� YLWDO� SUHGLFDWRUV� DUH� IRXQG� �� +\SHUELOLUXELQHPLD� LV�IRXQG� LQ� ������ RI� WKH� LQGLYLGXDOV� RI� WKH� IRXUWK� ULVN� JURXS� DQG� LQ� ������+\SHUXULFDHPLD�LV�IRXQG�LQ�WKH�VDPH�JURXS����
� +\SRFKROHVWHUROHPLD��7&������PPRO�O��LV�UHPDUNHG�LQ��������LQ�WKH�JURXS�RI�SDWLHQWV�ZLWK���ULVN�IDFWRUV����
� $V�VKRZQ�LQ�WKH�WDEOH�����OHYHO�RI�ELOLUXELQ�LV�KLJK�LQ�WKH�LQGLYLGXDOV�ZLWK���DQG���ULVN�IDFWRUV�FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS�DW�DSSUR[LPDWHO\�������DQG�VOLJKW�LQFUHDVH�RFFXUV�LQ�WKH�OHYHO�RI�7*���
� *OXFRVHHPLD� �EORRG� JOXFRVH�  � ���� PPRO�O� �� LV� IRXQG� LQ� WKH� JURXS� RI�SHUVRQV�ZLWK���ULVN�IDFWRUV��>ILJ����@��
� 7KH�OHYHO�RI�&UHDWLQH�NLQDVH� LV�KLJK� �&. ���8�,�� LQ� WKH� �SHUVRQV� �ZLWK���ULVN�IDFWRUV�>ILJ����@���� 7KXV��ZH�KDYH�QRWLFHG�WKDW�WKH�SUHVHQFH�RI�ULVN�IDFWRUV�RI�DWKHURVFOHURVLV�LQ�WKH� LQGLYLGXDOV� LQFOXGHG� E\� WKH� UHVHDUFK� ^REHVLW\� �H[FHVV� ZHLJKW��� EORRG� SUHVVXUH�
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GLVRUGHUV�� JHQHWLF� GLVRUGHUV�� DQG� VPRNLQJ`� DOO� KDYH� OHDG� WR� ZKDW� LV� FDOOHG�$WKHURJHQLF� '\VOLSRSURWHLQHPLD�� 7KLV� LV� V\PEROL]HG� E\� WKH� GHFUHDVH� RI� +'/� 
V�FKROHVWHURO�ZKLFK�LV�PRUH�REYLRXV�ZLWK�WKH�LQFUHDVLQJ�RI�DWKHURVFOHURWLF�IDFWRUV��7KH��LQGH[��RI��DWKHURJHQLW\��YDOXH�LV�KLJK�DPRQJ�WKH�VPRNLQJ�JURXS����
���&RQFOXVLRQV������ 7KH� LPSRUWDQFH�RI�SHULRGLFDO�DQG� UHJXODU�FKHFNXS�RI� OLSLGV�7UDQVSRUW� V\VWHP�UHSUHVHQWHG�E\�WKH�LGHQWLILFDWLRQ�RI�WKH�OHYHOV�RI�/'/�&��+'/�&�DQG�7*������ 7KH� LPSRUWDQFH� RI� XVLQJ� WKH� ,QGH[� RI� $WKHURJHQLW\� DV� D� SUHGLFWRU� RI� WKH�DWKHURVFOHURWLF�GHYHORSPHQWV�LQ�WKH�FOLQLFDO�WHVWV������ 7KH� QHFHVVLW\� RI� IRFXVLQJ� RQ� WKH� DQG� +LJK� 'HQVLW\� /LSRSURWHLQ� &KROHVWHURO��OHYHO������ $PRQJ�WKH�PRVW�FRPPRQ�IDFWRUV�RI�DWKHURVFOHURVLV�DUH�REHVLW\�DQG�VPRNLQJ��)RU�WKLV�UHDVRQ��HGLILFDWLRQ�FDPSDLJQV�PXVW�EH�FDUULHG�RXW�LQ�RUGHU�WR�HGXFDWH�DQG�LQIRUP�WKH�\RXWK�DQG�WKH�UHVW�RI�WKH�VRFLHW\�JURXSV�DERXW�WKH�LPSRUWDQFH�RI�SUDFWLFLQJ�H[HUFLVHV�DQG�QHFHVVLW\�RI�JLYLQJ�XS�RI�VPRNLQJ����
�
5()(5(1&(6�

���� 7KRPSVRQ�*�5�����������$�+DQGERRN�RI�+\SHUOLSLGHPLD���/RQGRQ��&XUUHQW�6FLHQFH�/WG������� 7UXG\� �0��� DQG� -DPHV�� 5�0��� �������� %LRFKHPLVWU\� $Q� ,QWURGXFWLRQ��:P�&�%URZQ�3XEOLVKHUV������ -HUHP\��0�%��� -RKQ� ��/�7��� DQG�/XEHUW��6��� ��������%LRFKHPLVWU\� ��WK� HG���:�+�)UHHPDQ�DQG�&RPSDQ\������ $ODXSRYLF�� 3��� �������� 7KH� QRPHQFODWXUH� RI� VHUXP� OLSRSURWHLQV� ��� $PHU��$VVRF�%LRDQDO\VWV�������������� %URZQ��0�6��� DQG�*ROGVWHLQ�� -�/��� ��������+RZ�/'/�5HFHSWRUV� ,QIOXHQFH�&KROHVWHURO�DQG�$WKHURVFOHURVLV���6FL��$PHU�������������������� 5XELQ� �� (��0���.UDXVV�� 5��0��� DQG� 6SDQJOHU�� (��$��� �������� ,QKLELWLRQ� RI�HDUO\� DWKHURJHQHVLV� LQ� WUDQVJHQLF� PLFH� E\� KXPDQ� DSROLSRSURWHLQ� $� ���1DWXUH������������������ 3DV]W\� �&��� 0DHGD� �1��� 9HUVWX\IW�� -��� DQG� 5XELQ�� (�� 0����������$SROLSRSURWHLQ�$� WUDQVJHQH�FRUUHFWV�DSROLSRSURWHLQ�(�GHILFLHQF\�LQGXFHG�DWKHURVFOHURVLV�LQ�PLFH����-��&OLQ��,QYHVW������������������ .OLPRY�$�1��DQG� 1LNROFKHYD�1�*���������� /LSLG� DQG� /LSRSURWHLQ�0HWDEROLVP�DQG�LWV�'LVRUGHUV�6W��3HWHUVEXUJ��3LWHU�3XEOLVKLQJ����� *RIPDQ�� -��� 5XELQ�� /��� 0F*LQOH\�DQG� -RQHV�� +��� ��������+\SHUOLSRSURWHLQHPLD��$P�-�0HG������������������� )UHGULFNVRQ�� '��� /HY\� 5��� DQG� /HHV� �5��� ������� �� )DW� 7UDQVSRUW� LQ�/LSRSURWHLQV�� DQ� ,QWHJUDWHG� $SSURDFK� WR� 0HFKDQLVPV� DQG� 'LVRUGHUV��1�(QJO�-�0HG�������������������������������������������
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���� %HDPRQW� �� -�� �� &DUOVRQ� �/��� &RRSHU� �*��� )HMIDU�� =��)UHGULFNVRQ�� '��DQG�6WUDVVHU� 7���������� &ODVVLILFDWLRQ� RI� +\SHUOLSLGDHPLDV� DQG�+\SHUOLSRSURWHLQDHPLDV��%XOO�:+2������������������� 0DQQLQHQ��9��(OR��2��� )ULFN��+�� DQG� HW� DO� ��� �������� ��� -�$�0�$�� ����������������� 3RFRFN�� 6��� 6KDSHU�� $��DQG� 3KLOOLSV�� $���������� ��� %ULW�0HG�-�� ������������������� 6FDQGLQDYLDQ� 6LPYDVWDWLQ� 6XUYLYDO� 6WXG\� *URXS�� 5DQGRPLVHG� WULDO� RI�FKROHVWHURO� ORZHULQJ� LQ� ����� SDWLHQWV� ZLWK� FRURQDU\� KHDUW� GLVHDVH�� WKH�6FDQGLQDYLDQ�6LPYDVWDWLQ�6XUYLYDO�6WXG\���6�������������/DQFHW��������������������� ([SHUW� SDQHO� RQ� GHWHFWLRQ� �� HYDOXDWLRQ� DQG� WUHDWPHQW� RI� KLJK� EORRG�FKROHVWHURO�LQ�DGXOWV��������$UFK�,QWHUQ�0HG������������������ (UNHOHQV��'�:����������/LSLGV��:KR�VKRXOG�EH�WUHDWHG"����7ULDQJOH���������������� 6WHLQ�� (�$���������� /LSLGV�� OLSRSURWHLQV� DQG� DSROLSRSURWHLQV�� 7H[WERRN� RI�FOLQLFDO�FKHPLVWU\���HGLWHG�E\�7LHW]�1:��SKLODGHOSKLD������� $ILIL��$���DQG�(]HQ�&����������6WDWLVWLFDO�DQDO\]H��0�0HU�0RVFRZ������ %RUYLNRY�9��3��DQG��%RUYLNRY�(��3���������6WDWLVWLFDO�DQDO\]H�LQ�:LQGRZV��0�6WDW6RIW�5XVVLD���
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+HQU\�/RXLV�*DWHV��-U���LQ�
5DFH
��:ULWLQJ�DQG�'LIIHUHQFH��������KDV�FDOOHG�EODFN� SHRSOH� DV� 
PDVWHUV� RI� WKH� ILJXUDWLYH
� ���� DQG� WKHLU� SHQFKDQW� 
IRU�VD\LQJ�RQH�WKLQJ�WR�PHDQ�VRPHWKLQJ�TXLWH�RWKHU
�KDV�KHOSHG�WKHP�LQ�WKHLU�VXUYLYDO�LQ�RSSUHVVLYH�PRQROLWKLF�GLVFXUVLYH�GULYHV�RI�WKH�:HVWHUQ�FXOWXUH��+H� IXUWKHU� DUJXHV� WKDW� DOO� EODFN� WH[WV� DUH� QHFHVVDULO\� 
WZR� WRQHG
�� RU�
GRXEOH�YRLFHG
�DQG�WKLV�
�OHDGV�WR
�D�NLQG�RI�GLVFRXUVH�
ZKLFK�LV�GXSOLFLWRXV��SRWHQWLDOO\� VXEYHUVLYH�� RQH� WKDW� XQGHUPLQHV� WKH� XQLYHUVDOL]LQJ� DQG�HVVHQWLDOL]LQJ� WHQGHQFLHV� RI� KHJHPRQLF� ZKLWH� GLVFRXUVH
� �%HQQHWW� DQG�5R\OH���������������7KLV�WHQGHQF\�KDV�HDUOLHU�EHHQ�LGHQWLILHG���E\�:�(�%��'X�%RLV�LQ�7KH�6RXOV�RI�%ODFN�)RON��>����@��������ZKR�FODLPHG�WKDW�
�WKH�SUREOHP�RI�WKH�7ZHQWLHWK�&HQWXU\�LV�WKH�SUREOHP�RI�WKH�FRORU�OLQH
��Y��DQG�UHODWHG�WKLV�SUREOHP�WR�WKH�
�GRXEOH�FRQVFLRXVQHVV
�RI�WKH�EODFN�SV\FKH��WKH�
WZRQHVV�� DQ� $PHULFDQ�� D� 1HJUR�� WZR� VRXOV�� WZR� WKRXJKWV�� WZR�XQUHFRQFLOHG� VWULYLQJV�� WZR� ZDUULQJ� LGHDOV� LQ� RQH� GDUN� ERG\
� ����� � 7KH�SDSHU� ZLOO� H[DPLQH� KRZ� WKLV� 
GRXEOH�FRQVFLRXVQHVV
�� WKLV� 
WZR�QHVV
� RI�
XQUHFRQFLOHG�VWULYLQJV
��
WKLV�ORQJLQJ�WR�DWWDLQ�VHOI�FRQVFLRXV�PDQKRRG���WR�PHUJH� >KLV@�GRXEOH�VHOI� LQWR�D�EHWWHU� DQG� WUXHU� VHOI
�KDV�EHHQ� UHSUHVHQWHG��WKURXJK�WKH�DIRUHVDLG�FHQWUDO�WHQVLRQ�RI�WKH�WH[W���LQ�7RQL�0RUULVRQ
V�6RQJ�RI�6RORPRQ������������
,QWURGXFWLRQ�
,Q�KHU�1REHO�/HFWXUH��������7RQL�0RUULVRQ�VDLG���:H�GLH��7KDW�PD\�EH�WKH�PHDQLQJ�RI�OLIH��%XW�ZH�GR�ODQJXDJH���7KDW�PD\�EH�WKH�PHDVXUH�RI�RXU�OLYHV���7RQL�0RUULVRQ
V�QRYHOV�� LQ� IDFW�� PHDVXUH� WKH� OLYHV� RI� D� PDUJLQDOL]HG� FRPPXQLW\� IUDXJKW� ZLWK� �DQ�DPELYDOHQW� FRQVFLRXVQHVV� DULVLQJ� IURP� D� ELFXOWXUDO� LGHQWLW\�� �*XHULQ�� HW� DO�� �����������LQ�D�PXOWLFXOWXUDO�VRFLHW\�DQG�DOVR�WKH\�DUH�WKH�PHDVXUH�RI�KHU�DFKLHYHPHQW��DV�DQ� $IULFDQ�$PHULFDQ� ZRPDQ� ZULWHU� KRZ� IUHH� >VKH@� FDQ� EH� LQ� >KHU@� JHQGHUL]HG��VH[XDOL]HG��ZKROO\� UDFLDOL]HG�ZRUOG��� %DUEDUD�&KULVWLDQ� FDOOV� LW�� � LQ� KHU� DUWLFOH� �$�5DFH� IRU� 7KHRU\��� D� NLQG� RI� �WKHRUL]LQJ�� DQG� IXUWKHU� FRPPHQWV� � WKDW� VKH� ILQGV� � LW��FHOHEUDWHG��UHILQHG�DQG�FULWLTXHG�LQ�WKH�ZRUNV�RI�ZULWHUV�OLNH��0RUULVRQ�DQG�:DONHU�DQG�LV��LQ�WKH�QDUUDWLYH�IRUPV��LQ�WKH�VWRULHV�>ZH�FUHDWH@��LQ�ULGGOHV��LQ�SURYHUEV��LQ�WKH�SOD\�ZLWK� ODQJXDJH��«� �� ������ � � � ,Q� 7RQL�0RUULVRQ
V� QRYHOV� IURP�7KH�%OXHVW� (\H��������WR�3DUDGLVH��������DQG�/RYH��������ODQJXDJH�KDV�EHHQ�XVHG��DV�D�UHJLVWHU�IRU�WKH�H[SHULHQFH�RI�FKDQJH���:LOOLV������������WKHUHE\�JLYLQJ��YRLFH�WR�WKH�H[SHULHQFH�RI�JURZLQJ�XS�EODFN�LQ�D�VRFLHW\�GRPLQDWHG�E\�ZKLWH���,ELG���������,Q�KHU�GLVFRXUVH�RI� �GRXEOH�FRQVFLRXVQHVV�� UHSUHVHQWLQJ� WKH� EODFN� SV\FKH� �� WKH� SHUVRQDO�� WKH�
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SV\FKRORJLFDO��WKH�IDPLOLDO��WKH�VRFLDO��WKH�FXOWXUDO�DQG�WKH�SROLWLFDO������HYHU\WKLQJ�LV�KLVWRULFDO��������� �+LVWRU\�KDV�FUHDWHG�WKH��WZR�XQUHFRQFLOHG�VWULYLQJV�� WZR�ZDUULQJ�LGHDOV� LQ� RQH� GDUN� ERG\�� �'X�%RLV� ���������+RZ� WKHVH� XQUHFRQFLOHG� VWULYLQJV� DQG�LGHDOV� KDYH� EHHQ� UHVROYHG� ILQDOO\� DV� LQ� WKH� FDVH� RI� 3LODWH� DQG�0LONPDQ� RU� DUH� OHIW��XQUHFRQFLOHG��LQ�WKH�FDVH�RI�VRPH�FKDUDFWHUV�OLNH�5XWK��+DJDU��0DFRQ�'HDG�,,�DQG�*XLWDU�VHHQ��DJDLQVW�WKH�EDFNJURXQG�RI�WKH�HYROXWLRQ�RI�D�OLWHUDWXUH�RI�HQFRXQWHU�DQG�UHVLVWDQFH� FKDOOHQJLQJ� WKH� �� XQLYHUVDOL]LQJ� DQG� WKH� HVVHQWLDOL]LQJ� WHQGHQFLHV� RI� WKH�KHJHPRQLF�ZKLWH�GLVFRXUVH���%HQQHWW�DQG�5R\OH�����������ZLOO�EH�GLVFXVVHG�LQ�WKLV�SDSHU���
�
'RXEOH�FRQVFLRXVQHVV�RI�WKH�EODFN�SV\FKH��6D\LQJ�RQH�WKLQJ�WR�PHDQ�DQRWKHU�
,Q�6RQJ�RI�6RORPRQ�0RUULVRQ�UHYHDOV�GRXEOH�FRQVFLRXVQHVV�WKURXJK�WKH��SRHWLFV�RI�VXUUHDOLVP���:LOOLV�����������VHOI�DOLHQDWLRQ�DQG�LVRODWLRQ��WKURXJK�WKH�SRZHU�RI�WKH�ZRUG��WKURXJK�D�FROOHFWLYH�YRLFH�DQG�KHWHURJORVVLF� �KLVWRULFDO��FXOWXUDO�DQG�SROLWLFDO�YRLFHV�FULWLTXLQJ�DQG�UHVLVWLQJ�WKH�UDFLVW�SUDFWLFHV�DQG�UHFHLYHG�QRWLRQV�RI�PDQKRRG�RIIHULQJ� DOWHUQDWLYH� FRQVWUXFWLRQV� RI� VHOI� DQG� FRPPXQLW\�� 0REOH\� ������ ���������WKURXJK� �D� FRPSOH[� DQG� PXOWLWH[WXUHG� ZRUOG�� LQ� ZKLFK� VKH� �FDOOV� IRU� � DQ� HQG� WR�(OOLVRQLDQ� LQHUWLD�DQG�D�GHOLJKW� LQ� IUHH� IDOO�� �'L[RQ� LQ�%ORRP�HG�� �����������������WKURXJK� DQ� DUW� RI� VWRU\WHOOLQJ� LQFRUSRUDWLQJ� WKH� EODFN� YHUQDFXODU� DQG� WKH� RUDO�WUDGLWLRQ� LQWR� WKH�(XURSHDQ�QRYHOLVWLF� WUDGLWLRQ�EDVLQJ� LW�RQ� WKH�YDOXH�V\VWHP�RI� WKH�VRFLHW\�LQ�ZKLFK�WKH�VWRU\�LV�WROG�WR��UHFODLP��FRPPXQLW\�DQG�EODFN�FXOWXUDO�KHULWDJH��:LOOLV� ������ ����� DQG� WKURXJK� �� FRPSOH[� LQWHUFKDQJHV� DQG� H[FKDQJHV� EHWZHHQ� D�
PLQRULW\
� HWKQRV� DQG� D� EURDGHU� $PHULFDQ� FXOWXUH�� �5H\QROGV� ����������� � 8QOLNH�(OOLVRQ
V� ,QYLVLEOH�0DQ� �������6RORPRQ�DQG�KLV�GHVFHQGHQWV� DUH�QRW� LQYLVLEOH� WKH\�UHFODLP�KLVWRU\�WKURXJK�PHPRU\�DQG�P\WK�DQG�UHFUHDWH�WKHPVHOYHV�DJDLQVW�WKHLU�RZQ�0DFRQV� DQG� DJDLQVW� WKH� GHDFRQV� RI� SRVWHWKQLF� UDFLDO� VHJUHJDWLRQ�� ,Q� WKH� EODFN�ERXUJHRLVLH�SV\FKH��UHSUHVHQWHG�E\�0DFRQ�'HDG�,,��JUHHG�IRU�JROG�KDV�FUHDWHG�D�VKLIW�IURP�ORYH�RI� ODQG� WR�D�FUDYLQJ�IRU�SRZHU�DQG�RZQHUVKLS�RI� WKH�6HOI�DQG�WKH�2WKHU��0LONPDQ
V�TXHVW�LURQLFDOO\�IURP�1RUWK�WR�6RXWK�FRPHV�WR�D�ULFKHU�XQGHUVWDQGLQJ�RI��WKH�VHOI�EXW�GRHV�QRW�HQG�WKH�VWRU\�RI�WKH�TXHVW�DV�KDV�EHHQ�DSSRVLWHO\�VDLG�DERXW�WKH�EODFN� VWRU\WHOOHUV� E\� +HQU\� /RXLV� *DWHV�� -U�� �DV� WKH� PDVWHUV� RI� WKH� ILJXUDWLYH�� LQ�WHUPV�RI��VD\LQJ�RQH�WKLQJ�WR�PHDQ�VRPHWKLQJ�TXLWH�RWKHU������������� �7KHUHIRUH��D��OLQHDU�UHDGLQJ���,ULJDUD\��������������TXRWHG�E\�5LJQH\��������������RI�0RUULVRQ
V�QDUUDWLYH�ILFWLRQ�ZLOO�EH�PLVOHDGLQJ�DQG�WKH�DPELJXLW\�DQG�SOXUDOLW\�RI�LWV�YRLFH�DQG�VWDQFH�FDQ�QRW�EH�VXFFHVVIXOO\�UHDFKHG�DW�DQG�H[SORUHG����7KH�ODVW�VHQWHQFH�RI��6RQJ�RI� 6RORPRQ� WHOOV� XV� �� �PHWDSKRULFDOO\��� RI� 0LONPDQ
V� UHDOLJQPHQW� ZLWK� KLVWRU\��+HLQ]H� ������ ��������� WKURXJK� �WKH� YRLFH� RI� D� ODUJHU� KLVWRU\�� �� KH� �IOLHV� LQWR�KLVWRU\� DQG� UHVSRQVLELOLW\� UDWKHU� WKDQ� RXW� RI� LW�� RXW� RI� D� �QDUFLVVLVWLF� DQG� VHOILVK��SHUVRQDOLW\�DQG��D�IDPLO\�WKDW�LV�OLIH�GHQ\LQJ��%\HUPDQ������������������)RU�QRZ�KH�NQHZ�ZKDW�6KDOLPDU�NQHZ��,I�\RX�VXUUHQGHUHG�WR�WKH�DLU��\RX�FRXOG�ULGH�LW���66��������+LV�ULGH�WKURXJK�WKH�DLU���GHIDPLOLDUL]HV�WKH�HDUOLHU�OHJHQGDU\�EODFN�,FDUXV�LPDJH��RI�WKH�IO\LQJ�$IULFDQV�IURP�DXWKRULW\�DQG�UHSUHVVLRQ�LQFOXGLQJ�WKH�PRFN�KHURLF�IOLJKW�RI�5REHUW� 6PLWK� LQ� WKH� RSHQLQJ� RI� WKH� QRYHO� � � E\� HQYLVLRQLQJ� � � D� IXWXUH� WKURXJK� D�IRONORULF�� KLVWRULFDO� DHVWKHWLF� WUDGLWLRQ� LQ�ZKLFK� � DQ� � LQGLYLGXDO� FDQ� EH� HPSRZHUHG�



7KH�'LVFRXUVH�RI�'RXEOH�FRQVFLRXVQHVV�LQ�7RQL�0RUULVRQ
V�6RQJ�RI�6RORPRQ�� � ��

�ZLWK� D� QHZ� VHQVH� RI� VHOI�RZQHUVKLS�� �%HORYHG� ������ ����� IUHHLQJ� RQHVHOI� IURP�GHSHQGHQFH�RQ� H[WHUQDO� FRQGLWLRQV�RI� VHOI�LPDJH� �RI� D�3HFROD� �%UHHGORYH�RU� EHLQJ�WUDQVIRUPHG� LQWR� D� FRQWHPSRUDU\� 
WDU� EDE\
�� 7KLV� QHZ� DZDUHQHVV� RI� WKH� VHOI� DQG�PDQKRRG� LV�GUDPDWL]HG�RQ�D� SV\FKRORJLFDO�KLVWRULFDO� VSDFH�RI� � �ZKDW�'X�%RLV� KDV�FDOOHG�LQ�KLV�7KH�6RXOV�RI�%ODFN�)RON� D��WZRQHVV��DQ�$PHULFDQ��D�1HJUR��WZR�VRXOV��WZR� WKRXJKWV�� WZR� XQUHFRQFLOHG� VWULYLQJV�� WZR� ZDUULQJ� LGHDOV� LQ� RQH� GDUN� ERG\������������ � � � LOOXVWUDWHG� LQ�6RQJ�RI�6RORPRQ� WKURXJK�D�IDOODFLRXVO\�SURXG�SRVVHVVLYH�SUDJPDWLVP�RI�D�0DFRQ�'HDG�,,�DQG�WKH�LQVWLQFWLYHO\�GHI\LQJ�WHPSHU�RI�D�3LODWH���6XVDQ�:LOOLV
�SURIRXQG�DQG�SHUFHSWLYH�GLVFRYHU\�RI��WKH�XVH�RI�ODFN��GHIRUPLW\�DQG�VHOI�PXWLODWLRQ�DV�ILJXUHV�RI� OLEHUDWLRQ��������������� LQ�0RUULVRQ
V�ILFWLYH�GLVFRXUVH���DFFRXQW� IRU�0RUULVRQ
V�SRUWUD\DO�RI�3LODWH�ZKR� LV�ERUQ�ZLWK� D� VXUUHDOLVWLF� DEGRPHQ�ZLWKRXW�D�VWHUHRW\SLFDOLW\�RI�WKH�VLJQ�RI�DQ�XPELOLFDO�FKRUG�RQ�KHU�VWRPDFK��ZKLFK�LV�GHVFULEHG� DV� �� EOLQG� DV� D� NQHH�� �66� ����� �� 7KLV� OHDGV� WR� KHU� VHOI�DOLHQDWLRQ��SK\VLFDOO\��DV�3ROO\�%UHHGORYH
V��DOLHQDWLRQ�LV�WKH�SXUSRVHIXO�GHQLDO���,ELG�������RI�ERGLO\�SOHDVXUH�DV�D� WURSH�RI�GLVWDQFLQJ��HVWUDQJHPHQW�DQG�GLVDIIHFWLRQ�� �%XW� LQ� WKH�FDVH� RI� 3LODWH� LW� LV� QRW� WKH� SXUSRVHIXO� GHQLDO� RI� WKH� ERGLO\� SOHDVXUH�� QRW� � WKH�SXUSRVHIXO� GHILDQFH� RI� D� ZKLWH� KHJHPRQLF� JD]H� � EXW� WKH� JD]H� RI� WKH� GRXEOH�FRQVFLRXVQHVV�RI�D�0DFRQ�'HDG�,,��KHU�RZQ�EURWKHU�ZKR�LV�PRUH�ZKLWH�WKDQ�EODFN���+HU� GHILDQFH�� XQOLNH� WKH� YLROHQW� GHILDQFH� RI� WKH�PHPEHUV� RI� WKH� 6HYHQ�'D\V�ZKR�EHOLHYH�LQ�YLROHQW�DQG�YHQJHIXO�HQFRXQWHU�LV�EDODQFHG�DQG�UHJHQHUDWLYH�DV�EHDXWLIXOO\�WUDQVPLWWHG� WKURXJK� WKH� GRXEOH�YRLFHG� GLVFRXUVH� RI� 0RUULVRQ
V� QDUUDWLYH� LQ� WKH�HSLVRGH�ZKHQ�3LODWH�LV�WHDFKLQJ�0LONPDQ�DQG�*XLWDU�WZR�\RXQJ�PHPEHUV�RI�D�EODFN�FRPPXQLW\�WKH�SURFHVV���RI�FRRNLQJ����D�SHUIHFW�VRIW�ERLOHG�HJJ���WHOOLQJ�WKHP����WKH�ZDWHU�DQG�WKH�HJJ�KDYH�WR�PHHW�HDFK�RWKHU�RQ�D�NLQG�RI�HTXDO�VWDQGLQJ���2QH�FDQ
W�JHW�WKH�XSSHU�KDQG�RYHU� WKH�RWKHU����66��������� �7KH�6HOI�DQG�WKH�2WKHU�FDQ�EH�RQ� WKH�HTXDO� VWDQGLQJ� LQ� � D� VRFLHW\� � LQ�ZKLFK� � VHQVHOHVV� UHYHQJH� FDQQRW� � EH� D� VROXWLRQ� DV�HYLGHQW��E\� WKH�UHVLVWDQFH�FDXVHG�E\�WKH�FRQWHPSRUDU\�UDGLFDO� �%ODFN�RUJDQL]DWLRQV�LQ�WKHLU��PLOLWDQW��RXWJRLQJ��DFWLYLVP�DQG�UHYROW��ZLWK�WKHLU��GHGLFDWLRQ�WR�D�JRVSHO�RI�WKH�JXQ���*DWHV��-U��DQG�0FND\�(GV�������������������7KH�WZR�GLYLGHG�VHOYHV�RI�DQ�LQGLYLGXDO� EHORQJLQJ� WR� D� EODFN� FRPPXQLW\� VKRXOG� EH� EDODQFHG� RWKHUZLVH� WKHUH�ZRXOG�EH�0DFRQV�RQ�WKH�RQH�KDQG�DQG�WKH�*XLWDUV�DQG�WKH�0LONPDQV�RQ�WKH�RWKHU��7KH�0DFRQV�ZRXOG�EH�KDYLQJ�ZKLWH�PDVNV�RQ�WKH�EODFN�VNLQ�DQG�WKH�*XLWDUV�DQG�WKH�0LONPDQV�ZRXOG�EH�MXVW�ORVW�LQ�WKH�ZRUOG�RIIHULQJ��PHDQGHULQJ���GLUHFWLRQ�OHDGLQJ�WR�D QRZKHUH�ODQG����,W� LV� ��1R�ZRQGHU�� �� WKH� H[SUHVVLRQ� UHSHDWHGO\� XVHG� E\�+DJDU� EHIRUH� VKH� GLHV� 66�������� DIWHU� UHDOL]LQJ� �OLJKWQHVV� DQG� SRZHU�� IURP� D� GUHDP� RI� IO\LQJ� DQG� KDYLQJ�GHFLSKHUHG� WKURXJK� �OLVWHQLQJ� DQG� PHPRUL]LQJ�� WKH� WUXH� PHDQLQJ� RI� WKH� � VRQJ� RI�6RORPRQ� �0LONPDQ� GHFLGHV� WR� JR� WR� 3LODWH� LQVWHDG� RI� JRLQJ� � KRPH�� +H� JRHV� IRU�WUDGLWLRQ�� SDVW�� SHUFHSWLRQ�� LQVWLQFW�� PHPRU\� DQG� URRWV�� � 7KLV� VKRZV� KLV� GLUHFWLRQ�IURP�D�GLYLGHG�VHOI�WR�DQ�LQWHJUDWHG�VHOI�WKDW�LV�ZKDW�0RUULVRQ�PHDQV�E\���DQ�HVFDSH�IURP� WKH� VWHUHRW\SHG�EODFN� VHWWLQJV�� �TXRWHG� LQ� �%LRJUDSKLFDO� LQIRUPDWLRQ�RQ�7RQL�0RUULVRQ���� � 7KH� VHWWLQJ� RI� WKH� VL[WLHV� LQ� PLG�ZHVWHUQ� $PHULFD� ZLWK� WKH� XVH� RI�0RUULVRQ
V�FRQYLFWLRQ� LQ� WKH� IRONORULF�GHVWLQ\�RI�PDQNLQG�ZLWK�KHU�SURIRXQG�PRUDO�YLVLRQ�HPSOR\LQJ�WKH�OLQJXLVWLF�SRVVLELOLWLHV�DQG�SRWHQWLDOLWLHV�RI�D�YHUQDFXODU���WDNHV�
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WKH� QDUUDWLYH� WR� WKH� OHYHO� � ZKHUH� � VKDUHG� UHDOLWLHV� � RI� DQ� � $PHULFDQ� VRFLHW\� DUH�PDQLIHVWHG�GLVFXUVLYHO\�LQ�SV\FKRORJLFDO�DQG�KLVWRULFDO�WHUPV���$QRWKHU� VLJQLI\LQJ� DVSHFW� RI� WKLV� GRXEOH�WRQHG� GLVFRXUVH� LV� WKH� HSLVRGH� LQ� ZKLFK�+DJDU�LV�RQ�D�VKRSSLQJ�VSUHH�DIWHU�D�IHHOLQJ�RI�DOLHQDWLRQ���,�ORRN�WHUULEOH��66������UHVXOWLQJ� IURP� KHU� WUHDWPHQW� RI� 0LONPDQ�� 5HED
V� GLDPRQG� ZDV� SDZQHG� DQG� VKH�ERXJKW�GUHVVHV��FRVPHWLFV�DQG�SHUIXPHV�OLNH��D�VPLOLQJ�VOHHSZDONHU��EHOLHYLQJ�������VKH� FRXOG� VSHQG� KHU� OLIH� WKHUH� DPRQJ� WKH� FXW� JODVV�� VKLPPHULQJ� LQ� SHDFKHV� DQG�FUHDP��LQ�VDWLQ���,Q�RSXOHQFH��LQ�OX[H��,Q�ORYH����66��������/LNH�WKH�KDXQWLQJ�GUHDP�RI��WKH� EOXH� H\HV� RI� WKH� SURWDJRQLVW� RI� 7KH� %OXHVW� (\H� VKH� GLHG� KDXQWHG� E\� ZKDW�0LONPDQ�OLNHV�LQ�D�JLUO�RI�KLV�GUHDPV��UHSHDWLQJ�K\VWHULFDOO\���+H�ORYHV�VLON\�KDLU����3HQQ\�FRORUHG�KDLU��� �$QG� OHPRQ�FRORUHG� VNLQ��� �$QG�JUD\�EOXH� H\HV��� �$QG� WKLQ�QRVH��� � /LNH�0DFRQ�'HDG
V� FRQFHSWLRQ� RI� OLIH� EDVHG� RQ� GRPLQDWLQJ� RWKHUV� E\� WKH�SRZHU�RI�ZHDOWK��+DJDU
V�FRQFHSWLRQ�RI�ORYH�DQG�EHLQJ�ORYHG�DUH�EDVHG�RQ�D�FUDYLQJ�IRU�WKH�VHOI�LPDJH��WKDW�LV�SV\FKRORJLFDOO\��VRFLDOO\��DQG�KLVWRULFDOO\�FRQGLWLRQHG��WKDW�LV� GLYLGHG� LQWR�ZKDW� KDV� EHHQ� FKDUDFWHUL]HG� DV� �SHFXOLDU� GXDOLWLHV� DQG� FRQIOLFWV� LQ�$IULFDQ�$PHULFDQ�VHOI�SHUFHSWLRQ���*DWHV��-U��DQG�0FND\�(GV����������������7KHVH� GXDOLWLHV� DQG� FRQIOLFWV� RI� VHOI�SHUFHSWLRQ� RFFXU� LQ� 6RQJ� RI� 6RORPRQ� ZKHQ�0LONPDQ� LV� RQ� KLV� MRXUQH\� IRU� JUDEELQJ� �JROG��� )RU� KLP�� 0DFRQ� 'HDG
V� IDWKHU
V�H[KRUWDWLRQ�FRPHV� DV�D� VKDUS� FRQWUDVW� WR�KLV� IDWKHU
V�FRQFHSWLRQ�RI� OLIH�DQG�ZD\�RI�OLYLQJ��0LONPDQ�KHDUV�LW��,W�VDLG��� 6WRS�SLFNLQJ� �DURXQG� WKH�HGJHV�RI� WKH�ZRUOG�� �7DNH�DGYDQWDJH��DQG� LI�\RX� FDQ
W� WDNH� DGYDQWDJH�� WDNH� GLVDGYDQWDJH�� �:H� OLYH� KHUH�� �2Q� WKLV�SODQHW��LQ�WKLV�QDWLRQ��LQ�WKLV�FRXQWU\�ULJKW�KHUH���1RZKHUH�HOVH��:H�JRW�D KRPH�LQ�WKLV�URFN��GRQ
W�\RX�VHH��1RERG\�VWDUYLQJ�LQ�P\�KRPH��DQG�LI�, JRW� D� KRPH� \RX� JRW� RQH� WRR�� �*UDE� WKLV� ODQG�� 7DNH� LW�� KROG� LW�� P\�EURWKHUV��PDNH�LW��P\�EURWKHUV��VKDNH�LW��VTXHH]H�LW��WXUQ�LW��WZLVW�LW��EHDW�LW��NLFN�LW��NLVV�LW��ZKLS�LW��VWRPS�LW��GLJ�LW��SORZ�LW��VHHG�LW��UHDS�LW��UHQW�LW��EX\�LW��VHOO�LW��RZQ�LW��EXLOG�LW��PXOWLSO\�LW��DQG�SDVV�LW�RQ��FDQ�\RX�KHDU�PH"�3DVV�LW�RQ"��66�������
2Q�WKH�RWKHU�KDQG��0LONPDQ
V�IDWKHU�WHOOV�KLP��� /HW�PH� WHOO�\RX� ULJKW�QRZ� WKH�RQH� LPSRUWDQW� WKLQJ�\RX
OO� HYHU�QHHG� WR�NQRZ�� 2ZQ� WKLQJV�� � $QG� � OHW� WKH� WKLQJV� \RX� RZQ� RZQ� RWKHU� WKLQJV���7KHQ�\RX
OO�RZQ�\RXUVHOI�DQG�RWKHU�SHRSOH�WRR�����66������%RWK� WKH� IDWKHUV� WDON� DERXW� RZQHUVKLS�� WKH� IRUPHU� EHOLHYHV� LQ� WKH� SK\VLFDO�� QDWXUDO�DQG�VSLULWXDO�RZQHUVKLS�RI� ODQG�DQG�WKH� ODWWHU�EHOLHYHV�LQ� WKH�PDWHULDO�RZQHUVKLS�RI�WKLQJV�� �7KH�IRUPHU�GLHV�IRU�KLV� ODQG���7KH\�EOHZ�KLP�ILYH�IHHW�XS� LQWR� WKH�DLU��66������ � DQG� WKH� ODWWHU� GLHV� IRU� JROG� �� �2WKHU� WKDQ� WKH� EULJKW� DQG� URYLQJ� H\HV� RI�0DJGHOHQH�FDOOHG�/HQD�DQG�)LUVW�&RULDQWKLDQV��WKH�3DFNDUG�KDG�QR�UHDO�OLYHG�OLIH�DW�DOO���6R�WKH\�FDOO�LW�0DFRQ�'HDG
V�KHDUVH���66�������7KH�IRUPHU�KDG��WKH�RQO\�IDUP�LQ�
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WKH�FRXQW\�WKDW�JUHZ�SHDFKHV����>D@�IDUP�WKDW�FRORUHG�WKHLU�OLYHV�OLNH�D�SDLQWEUXVK�DQG�VSRNH� WR� WKHP� OLNH� D� VHUPRQ�� �66� ��������� � � WKH� ODWWHU� ZDV� �D� FRORUHG� PDQ� RI�SURSHUW\���66�����DQG��LQGHHG�D�VXFFHVVIXO�PDQ����66������%\�SUHVHQWLQJ�D�FRQWUDVW�EHWZHHQ� WKH� IDWKHU� DQG� WKH� VRQ�� � 7RQL� 0RUULVRQ� VHHPV� WR� UHZULWH� � WKH� $IULFDQ�$PHULFDQ� KLVWRU\� DQG� FXOWXUH� IURP� WKH� WLPH� RI� VODYHU\� WR� WKH� SUHVHQW� VKRZLQJ� WKH�HIIHFW�RI� WKH�HFRQRPLF�FKDQJHV�RQ� WKH� OLYHV�RI� WKH�$IULFDQ�$PHULFDQV�� � ,W�KDV�EHHQ�ULJKWO\�FRPPHQWHG�E\�0HOYLQ�'L[RQ��� 0DFRQ�LV�D�NLQG�RI� LQYLVLEOH�PDQ�0LONPDQ�UHIXVHV� WR�EH«�0LONPDQ
V�VWUXJJOH� HQODUJHV� WKH� RUELW� RI� JHRJUDSK\� IRU� $IUR�$PHULFDQ� LGHQWLW\�DQG�FXOWXUDO�SHUIRUPDQFH�EH\RQG� WKH�FDYH�RI�KLEHUQDWLRQ�SURPRWHG� LQ�(OOLVRQ
V�,QYLVLEOH�0DQ��LQ�%ORRP�(G������������������)RU�0DFRQ�'HDG
V� IDWKHU
V� OLIH� LV�RQ� WKH� ODQG� � IRU� WKH�SXUSRVHV�RI��SURFUHDWLRQ�DQG�KDUYHVW�� �� QRW� IRU� KLEHUQDWLRQ� DQG� JUHHG�� �,ELG���� 0LONPDQ� HPHUJHV� IURP� WKH�GHDGHQLQJ�HIIHFWV�RI�D�IDPLO\�EDVHG�RQ�PLVUHSUHVHQWHG�OLIH�VW\OH�DQG�UHHVWDEOLVKHV�WKH�YDOXHV� RI� IDPLO\� DQG� FRPPXQLW\� WKURXJK� VHOI�HPSRZHUPHQW� UHVXOWLQJ� IURP� WKH�XQGHUVWDQGLQJ�RI�WKH�P\VWHU\�RI�WKH�OHJHQGU\�KLVWRU\�RI�D�IDPLO\�ZKLFK�KDV�EHFRPH�D�IRONORUH�IRU�WKH�FRPPXQLW\��7KH�GHQLDO�RI�SDVW�ZLOO�EH��GHQLDO�RI�SRZHU��RI�KRSH��RI�GHOLYHU\���&DPSEHOO�������[��DV�LQ�0RUULVRQ
V�%HORYHG��������DQG�/RYH��������WKH�GHQLHG�SDVW�EHFRPHV�D�KDXQWLQJ�SUHVHQFH�EXW�HYHQWXDOO\�ZKHQ�LW�LV�LGHQWLILHG���LW�KDV�UHGHHPLQJ� HIIHFW� � RQ� � 6HWKH� DQG� %LOO� &RVH\� UHVSHFWLYHO\�� 7KLV� LGHQWLILFDWLRQ� LQ�KLVWRULFDO� � DQG� FXOWXUDO� WHUPV� ZLOO� EH� DFKLHYHG� RQO\� ZKHQ� DQ� LQGLYLGXDO�� DV� 6HWKH�VD\V��UHFODLPV�WKH�RZQHUVKLS�RI�KLV�IUHHG�VHOI���$V�KDV�EHHQ�FRUUHFWO\�VDLG��0LONPDQ
V��MRXUQH\� DOVR� UHYHDOV� WKH� VLJQLILFDQFH� RI� WKH� KLVWRULFDO� DQG� FXOWXUDO� VHOI�� �0LONPDQ�FDQQRW� EHFRPH� FRPSOHWH� XQWLO� KH� �UH�FRQQHFWV� WKH� ORRVH� KLVWRULFDO� FRUGV� RI� KLV�PHPRU\���+H�PXVW�
UH�UHPHPEHU
�WKHP���6DPXHOV�DQG�+XGVRQ�:HHPV����������������7KH� HQG� RI� 6RQJ� RI� 6RORPRQ� LV� DQRWKHU� GLPHQVLRQ� RI� D� EODFN� ZULWHU
V� XVH� RI��DPELJXLW\�� � ,Q� 6DORQ� ,QWHUYLHZ� �0RUULVRQ�� ������� 7RQL�0RUULVRQ� VSHDNV� RI� � �� QRW�HYHQ� FORVLQJ� WKH� ERRN�� � �� WR� H[SDQG� DUWLFXODWLRQ«�� OHDYLQJ� WKH� HQGLQJV� RSHQ� IRU�UHLQWHUSUHWDWLRQ��UHYLVLWDWLRQ��D�OLWWOH�DPELJXLW\����&ULWLFV�DUH�KDYLQJ�ZLGHO\�GLIIHUHQW�YLHZV�� WKH�ZD\�0RUULVRQ� FRQFOXGHV�6RQJ�RI� 6RORPRQ� ,W� LV� RSHQ�HQGHG�� �$JDLQ� D�OLQHDU�UHDGLQJ�RI�WKH�WH[W�ZLOO�EH�PLVOHDGLQJ��7KH�WH[W��WKH�VFHQH��RI�0LONPDQ
V�IO\LQJ�LQ�WKLV�FDVH��VKRXOG�EH�UHDG�DV��*DU\�6WRUKRII���������������KDV�FRQYLQFLQJO\��DUJXHG��� ZLWKLQ� WKH� IUDPHZRUN� RI� 0LONPDQ
V� DIILUPLQJ� KLV� IDPLO\� UHODWLRQV� ZKLOH�VLPXOWDQHRXVO\� VHSDUDWLQJ� KLPVHOI� IURP� WKH� HQPHVKHG� VWUXFWXUH� WKDW� KDV� KHUHWRIRUH�EHHQ� KLV� HQWLUH� HPRWLRQDO� OLIH�� 0LONPDQ
V� OLEHUDWLRQ� LV�� DV� 0RUULVRQ� DVVHUWV�� D�
PDUYHOORXV�HSLSKDQ\
��� �&RQYHUVDWLRQV������� �7KHUHIRUH��0LONPDQ
V� � IOLJKW�LV�QRW�D�VXLFLGDO��DFW�RI�FRZDUGLFH�DQG�GHIHDWLVP�DV�VXJJHVWHG�E\�%UDQQHU����������������DQG��/XELDQR� �� LQ� 6PLWK��(G�� ������ ������� � �� EXW� YLHZLQJ� LW� IURP� WKH� SHUVSHFWLYH� RI� D�GRXEOH�WRQHG�QDUUDWLYH�LW�LV�D�IOLJKW�WKDW�SRLQWV�WRZDUGV��IUHHGRP�EXW�LW�DOVR��LQYROYHV�ULVNV� � RI� GHDWK� DQG� � OHDYLQJ� EHKLQG� D� IDPLO\� DV� LQ� WKH� FDVH� RI� 6RORPRQ�6KDOLPDU�ZKRVH� ZLIH� KDG� JRQH� GLVWUDFWHG� DIWHU� KLV� IOLJKW�� � 8QOLNH� WKH� P\WKLF� VXSHUKXPDQ�IOLJKW� RI� KLV� DQFHVWRU�� 0LONPDQ
V� IOLJKW� LV� URRWHG� LQ� UHDOLW\�� UHDOLW\� RI� DQ� $IULFDQ�$PHULFDQ� FRPPXQLW\� WKDW� VKRXOG� EH� UHGHILQHG� GLDOHFWLFDOO\� WR� PDNH� D� SDUDGLVH�
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EDVHG� RQ� ORYH� DQG� XQGHUVWDQGLQJ� LQ�ZKLFK�5XWKV� DQG�0DFRQV� VKRXOG� QRW� UHFUHDWH�DQRWKHU� GLVFRXUVH� RI� VODYHU\� E\� WKHLU� ERXUJHRLVLH� SRVVHVVLYH� ZKLWH� PLGGOH� FODVV�YDOXHV� DQG� 3LODWHV� VKRXOG� QRW� EH� PDGH� SDULDKV� LQ� WKHLU� RZQ� FRPPXQLWLHV�� � $V�%HUQDUG�%HOO��������ZULWHV�LQ��'XDO�7UDGLWLRQ�RI�$IULFDQ�$PHULFDQ�)LFWLRQ���� $V�EODFN�$PHULFDQ�DXWKRUV�GHYHORS�WKHLU�GLVWLQFWLYH�YRLFHV�ZLWKLQ�DQG�DJDLQVW� WKH� ODUJHU� WUDGLWLRQ�RI� ILFWLRQ�� WKLV� LQWHQW� LV�DOVR� LPSOLFLW� LQ� WKH�GRXEOH� FRQVFLRXVQHVV� WKDW� LV� HQFRGHG� LQ� $IULFDQ� $PHULFDQ� ILFWLRQ��7KHPDWLFDOO\� DQG� VWUXFWXUDOO\�� WKHUHIRUH�� IURP� %URZQ� DQG� :LOVRQ� WR�5HHG�� 0RUULVRQ�� 'HODQ\�� DQG� %XWOHU�� WKH� GXDO� WUDGLWLRQ� RI� $IULFDQ�$PHULFDQ� ILFWLRQ� LV�GRPLQDWHG�E\� WKH�GLDOHFWLFDO� WHQVLRQ�EHWZHHQ�RUDO�DQG� OLWHUDU\� WUDGLWLRQV�� E\� WKH� VWUXJJOH� IRU� IUHHGRP� IURP� DOO� IRUPV� RI�RSSUHVVLRQ��DQG�E\�WKH�SHUVRQDO�RG\VVH\�WR�UHDOL]H�WKH�IXOO�SRWHQWLDO�RI�RQH¶V�FRPSOH[�ELUDFLDO�DQG�ELFXOWXUDO�LGHQWLW\�DV�DQ�$IULFDQ�$PHULFDQ���VHH�0LFURVRIW�(QFDUWD�/LEUDU\�������
)URP� WKH� 
QDUUDWLYH� RI� KLEHUQDWLRQ
� DQG� WKH� 
JRVSHO� RI� WKH� JXQ
� WRZDUGV� WKH�QDUUDWLYH�RI�VHOI�FUHDWLRQ�DQG�FXOWXUDO�WUDQVIRUPDWLRQ�
�$V�D�SRVWPRGHUQLVW� DQG�YHUQDFXODUO\� VWUXFWXUHG� WH[W��6RQJ�RI�6RORPRQ� GUDPDWL]HV�WKH� GHFRQVWUXFWLRQ� RI� QDUUDWLYH� FRQYHQWLRQ�� WKH� FRPSOLFDWLRQV� RI� UDFH�� DQG� WKH�VWUXJJOHV� RYHU� LGHQWLILFDWLRQ� LQ� ZD\V� WKDW� EULQJ� WR� QDUUDWLYH� OLIH� WKH� QH[XV� RI� WKH�SHUVRQDO� DQG� WKH� SROLWLFDO�� �� /XELDQR� LQ� � 6PLWK�� (G�� ������ ��������� %HVLGHV�� � � LW�H[WHQGV� WKH� ERXQGDULHV� RI� KLVWRULFDO� DQG� JHRJUDSKLFDO� VSDFHV� RI� WKH� FRQYHQWLRQDO�WHOHRORJLFDO� SURJUHVVLRQ� RI� WKH� VWRU\OLQH� � � IURP� �WKH� QDUUDWLYH� RI� KLEHUQDWLRQ���0RUULVRQ
V� ,QWHUYLHZ� E\� 5REHUW� %� 6WHSWR� ������ �������� WRZDUGV� WKH� QDUUDWLYH� RI�VHOI�FUHDWLRQ� DQG� FXOWXUDO� WUDQVIRUPDWLRQ� E\� FKDQJLQJ� WKH� GLUHFWLRQV� RI� FXOWXUDO�KLVWRU\�DQG�E\�UH��FRQVWUXFWLQJ����QHZ�SK\VLFDO�DQG�PHWDSKRULFDO��ODQGVFDSHV���'L[RQ�LQ� %ORRP�� (G�� ������ ���������� 0RUULVRQ
V� ILFWLRQDO� QDUUDWLYHV� DUH� � � D� FRQVWDQW�UHPDSSLQJ� RI� WKHVH� JHRJUDSKLFDO� DQG� KLVWRULFDO� VSDFHV� UHGHILQLQJ� �WKH� LQWHUSOD\� RI�(XURFHQWULF�DQG�$IURFHQWULF�V\PEROLF�V\VWHPV����WR�PDNH�VHQVH�RI�WKH�XQUHFRQFLOHG�VWULYLQJV� DQG� IRON�ZLVGRP� HPEHGGHG� LQ� WKHLU� IUHTXHQWO\� LURQLF�� SDURGLF� DQG� RSHQ�HQGHG�WH[WV�� ��FHOHEUDWLQJ�VHOI�UHGHPSWLYH��FRPPXQLW\�HPSRZHULQJ�YDOXHV�RI�EODFN�$PHULFDQ�OLIH����VHH�%HOO��0LFURVRIW�(QFDUWD�/LEUDU\������������5HQRXQFLQJ�WKH�SULQFLSOHV�RI�D�SDVW�ZKLFK�DUH�EDVHG�RQ�GRPLQDWLRQ��0LONPDQ��VRUH�RI� IRRW�� VLFN� WR� KLV� VWRPDFK�� �66� ������ OLWHUDOO\� DQG� PHWDSKRULFDOO\�� IROORZV� WKH��WUDFNV��RI�3LODWH����8QOLNH�(OOLVRQ
V�LQYLVLEOH�SURWDJRQLVW�ZKRVH�LGHQWLW\�LV�VKDSHG�E\�KRZ�RWKHU�SHRSOH�GHILQH�KLP���,�DP�LQYLVLEOH«�VLPSO\�EHFDXVH�SHRSOH�UHIXVH�WR�VHH�PH����,�DP�QHLWKHU�GHDG�QRU� LQ�D� VWDWH�RI� VXVSHQGHG�DQLPDWLRQ�� �&DOO�PH� � -DFN�WKH�%HDU�� IRU� ,� DP� LQ� D� VWDWH� RI� KLEHUQDWLRQ� ��� ,QYLVLEOH�0DQ� ������ LQ� *DWHV�� -U�� DQG�0FND\� (GV�� ������ ����������� � 0LONPDQ� XQGHUJRHV� RUGHDOV� DIWHU� RUGHDOV� DQG�HYHQWXDOO\��GHILQHV�KLPVHOI��HQFRPSDVVLQJ�WKH�HQWLUH�JDPXW�RI�KLVWRU\�DQG�JHRJUDSK\�RI�D�EODFN�$PHULFDQ��VR�WR�VD\����$IULFD��WKH�WUDQVDWODQWLF�RU�0LGGOH�3DVVDJH��VODYHU\���6RXWKHUQ� SODQWDWLRQ� WUDGLWLRQV�� HPDQFLSDWLRQ�� 5HFRQVWUXFWLRQ�� SRVW�5HFRQVWUXFWLRQ��1RUWKHUQ�0LJUDWLRQ�� XUEDQL]DWLRQ� DQG� UDFLVP�� �%HOO� ��������� � 7KH� ILUVW� SDUW� RI� WKH�
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QRYHO�SRUWUD\V�KLV�OLIH�DV��SRLQWOHVV��DLPOHVV���66�������DQG��>+@H�IHOW�OLNH�D�JDUEDJH�SDOH���66��������� +H�ZDV�ERUHG���(YHU\ERG\�ERUHG�KLP��7KH�FLW\�ZDV�ERULQJ��7KH�UDFLDO�SUREOHPV� WKDW� FRQVXPHG� *XLWDU� ZHUH� WKH� PRVW� ERULQJ� RI� DOO�� +H�ZRQGHUHG� ZKDW� WKH\� ZRXOG� GR� LI� WKH\� GLGQ
W� KDYH� EODFN� DQG� ZKLWH�SUREOHPV� WR� WDON�DERXW�� �:KR�ZRXOG� WKH\�EH� LI� WKH\�FRXOGQ
W� GHVFULEH�WKH�LQVXOWV��YLROHQFH��DQG�RSSUHVVLRQ�WKDW�WKHLU�OLYHV��DQG�WKH�WHOHYLVLRQ�QHZV��ZHUH�PDGH�RI"�,I�WKH\�GLGQ
W�KDYH�.HQQHG\�RU��(OLMDK�WR�TXDUUHO�DERXW"�7KH\�H[FXVHG�WKHPVHOYHV�IRU�HYHU\WKLQJ����66����������7KLV� IHHOLQJ� RI� DLPOHVVQHVV� ZDV� IXUWKHU� DJJUDYDWHG� E\� �WKH� EULOOLDQW� ELWWHUQHVV�EHWZHHQ� KLV� IDWKHU� DQG� KLV�PRWKHU�� D� ELWWHUQHVV� DV� VPRRWK� DQG� IL[HG� DV� VWHHO�� �66��������WKH�FDOFXODWHG�YLROHQFH����66������RI�WKH��PHVVHG�XS�ODG\������66������+DJDU�DQG� WKH� KDWUHG� RI� KLV� VLVWHU�0DJGDOHQH� FDOOHG� /HQD� ZKR� FDOOV� KLP� D� �VDG�� SLWLIXO��VWXSLG��VHOILVK��KDWHIXO�PDQ���66�������0LONPDQ�LV�QRW�FRQYLQFHG�E\�*XLWDU
V��JRVSHO�RI�WKH�JXQ��WKRXJK�ZLWK��*XLWDU�DV�KLV�FR�FRQVSLUDWRU��0LONPDQ�FRXOG�ORRN�IRUZDUG�WR�ERWK�IXQ�DQG� IHDU���66������� � � WHPSRUDULO\�EHOLHYHV� LQ� WKH�K\SQRWLF�GLVFRXUVH�RI�KLV� IDWKHU�ZKLFK� DOOXUHV� � KLP� WR� D� IDOVH� SDWK� RI� IUHHGRP�EDVHG� RQ� D� IDNH� VHQVH� RI�RZQHUVKLS����<RX
OO�RZQ�LW�DOO��$OO�RI� LW��<RX
OO�EH�IUHH��0RQH\�LV� IUHHGRP��0DFRQ���7KH�RQO\�UHDO�IUHHGRP�WKHUH�LV����%XW�KH�UHSOLHV����,�NQRZ��'DGG\��,�NQRZ«��,�MXVW�ZDQW�WR�EH�P\�RZQ���66���������+H�MXVW�ZDQWHG�WR�EHDW�D�SDWK�DZD\�IURP�KLV�SDUHQWV
�SDVW���66��������+H�PHHWV�5HY��&RRSHU���+H�PHHWV�&LUFH��+H�JRHV�WR�WKH�FDYH���2Q�KLV� ZD\� WR� WKH� FDYH�� OLNH� � �� ,NH� 0DF&DVOLQ
V� UHSXGLDWLRQ� RI� WKH� WUDSSLQJV� RI�FLYLOL]DWLRQ� �H�J�� FRPSDVV� DQG� ZDWFK��� �3UDVDG� ������� KH� �LV� VWULSSHG� RI� DOO� WKH�V\PEROV� RI� WKH� GRPLQDQW� FXOWXUH�� �%\HUPDQ� LQ� %ORRP� ����� �������� � /LNH� ,NH�0F&DVOLQ� LQ� )DXONQHU
V�7KH�%HDU� KH� LV� RQ� KLV�ZD\� WR� UHDOL]H� WKDW� \RXWK� LV� QRW� IRU�JORU\� EXW� IRU� UHVSRQVLELOLW\�� WR� JUDVS� WKH� SURSHU� PHDQLQJ� RI� KXPDQ� EHLQJV� LQ� D�VRFLHW\� ZKLFK� LV�� IRU� 0LONPDQ�� KLGGHQ� LQ� WKH� VRQJ� RI� 6RORPRQ�6KDOLPDU� VXQJ� E\�FKLOGUHQ��IRU�,NH�0DF&DVOLQ�LW�LV�EXULHG�LQ�WKH�OHGJHUV�RI�WKH�&KDQFHU\�DQG�IRU�3LODWH��LURQLFDOO\��ORFNHG�XS�LQ�WKH�EDJ�RI�ERQHV�QRW�RI�WKH�ZKLWH�PDQ�EXW�RI�KHU�RZQ�GHDG�IDWKHU�ZKLFK�VKH�ZDV�FDUU\LQJ�FDOOLQJ�LW��KHU�LQKHULWDQFH���66���������8QOLNH� WKH� H[LVWHQWLDO� YDFXXP� RI� WKH� LQYLVLEOH� PDQ�� 6RQJ� RI� 6RORPRQ� �DLPV� WR�DFKLHYH� D� WRWDO�� DXWKHQWLF� SHUVRQDOLW\� IRU� LWV� KHUR�� �6DPXHOV� DQG� +XGVRQ�:HHPV������� ���� (OOLVRQ
V� XVH� RI� ODQJXDJH� LV� DOVR� DQ� HPSOR\PHQW� RI� � �� D� PHWDSKRU� RU�DOOHJRU\�RI� WKH� � LQYLVLEOH�PDQ� WR� FRXQWHU� WKH�ZRUQ� FRLQ� RI� UHSUHVHQWDWLRQ�� �� LW� LV� D��PHWDSKRU� IRU� WKH�PDUJLQDOLW\��HIIDFHPHQW� DQG�GHKXPDQL]DWLRQ�RI� WKH�EODFN�SHRSOH�LQ�WKH�8QLWHG�6WDWHV����%HQQHWW�DQG�5R\OH����������������%XW�0RUULVRQ
V�0LONPDQ�LV�DQ� DJHQW� RI� FKDQJH�� RI� VHOI�FUHDWLRQ� DQG� FXOWXUDO� WUDQVIRUPDWLRQ� UDWKHU� WKDQ� RI�PXVLQJV� LQ� D� VHOI�FRQVFLRXV� FDYH�RI�KLEHUQDWLRQ��+H� WRR� WUDYHUVHV� WKH�SDVW��%XW�KLV��GHVFHQW� LQWR� WKH� SDVW� PHDQV� VWHSSLQJ� RXW� RI� UHLILHG� DQG� IHWLVKL]HG� UHODWLRQVKLSV���:LOOLV� ����������� � +H� LV� DW� RQFH� D� V\PERO� RI� D� EODFN� ELFXOWXUDO� PHPEHU� RI� D�PDWHULDOLVWLF�VRFLHW\�JRDGHG�ZLWK�WKH�JUHHG�RI�JROG��ZLWK�WKH�YDQLW\�RI�D�SHDFRFN�DQG�D P\WKLFDO� PHWDPRUSKRVLV� RI� 8O\VVHV�� 2HGLSXV� DQG� 'DHGDOXV� LQWR� RQH�� � +H� PXVW�JLYH�XS�KLV�JUHHG�IRU�JROG�V\PEROL]HG�DV�VWDWHG�DERYH�LQ�KLV�JUDGXDO�OHDYLQJ�EHKLQG�
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RI�KLV�DFTXLVLWLYHQHVV���VR�WKDW�KH�FDQ�H[SHULHQFH��KLV��UHIRUP�DQG�UHELUWK���6DPXHOV�DQG�+XGVRQ�:HHPV��������������1RZ�LQ�WKH�PLGVW�RI�WKH�EDUNV�RI�WKH�KXQWLQJ�GRJV��LQ�WKH�GDUNQHVV�RI�WKH�MXQJOH��LQ�WKH�PD]H�RI�KLV��WURXEOHVRPH�WKRXJKWV���� 7KHUH�ZDV�QRWKLQJ�KHUH�WR�KHOS�KLP�±�QRW�KLV�PRQH\�KLV�FDU��KLV�IDWKHU
V�UHSXWDWLRQ��KLV� VXLW��RU�KLV� VKRHV�� � ,Q� IDFW�� WKH\�KDPSHUHG�KLP��([FHSW�IRU�KLV�EURNHQ�ZDWFK��DQG�KLV�ZDOOHW�ZLWK�DERXW�WZR�KXQGUHG�GROODUV��DOO�KH�KDG�VWDUWHG�RXW�ZLWK�RQ�KLV�MRXUQH\�ZDV�JRQH���KLV�VXLWFDVH�ZLWK�WKH�6FRWFK��WKH�VKLUWV��DQG�WKH�VSDFH�IRU�EDJV�RI�JROG��KLV�VQDS�EULP�KDW��KLV�WLH��KLV�VKLUW��KLV�WKUHH�SLHFH�VXLW��KLV�VKRFNV��DQG�KLV�VKRHV���+LV�ZDWFK�DQG�KLV�WZR�KXQGUHG�GROODUV�ZRXOG�EH�RI�QR�KHOS�RXW�KHUH��ZKHUH�DOO�D�PDQ�KDG�ZDV�(\HV��HDUV��QRVH��WDVWH��WRXFK�±�DQG�VRPH�RWKHU�VHQVH�WKDW�KH�GLG�QRW�KDYH��DQ�DELOLW\�WR�VHSDUDWH�RXW��RI�DOO�WKH�WKLQJV�WKHUH�ZHUH�WR�VHQVH��WKH�RQH�WKDW�OLIH�LWVHOI�PLJKW�GHSHQG�RQ���66�������
7KHQ�KH�IHHOV��D�VXGGHQ�UXVK�RI�DIIHFWLRQ�IRU�WKHP�DOO���66�������IRU� WKH�SHRSOH�RI�KLV� FRPPXQLW\�� �KH� IHOW� WKH� VZHHW� JXP
V� VXUIDFH� URRWV� FUDGOLQJ� KLP� OLNH� WKH� URXJK�EXW�PDWHUQDO�KDQGV�RI�D�JUDQGIDWKHU���66������DQG�ILQDOO\����� KH�IRXQG�KLPVHOI�H[KLODUDWHG�E\�VLPSO\�ZDONLQJ�WKH�HDUWK�� �:DONLQJ� LW�OLNH�KH�EHORQJHG�RQ�LW�� OLNH�KLV�OHJV�ZHUH�VWDONV��WUHH�WUXQNV��D�SDUW� �RI�KLV� ERG\� WKDW� H[WHQGHG� GRZQ�GRZQ� GRZQ� LQWR� WKH� URFN� DQG� VRLO�� DQG�ZHUH� FRPIRUWDEOH� WKHUH� ±� RQ� WKH� HDUWK� DQG� RQ� WKH� SODFH� ZKHUH� KH�ZDONHG���$QG�KH�GLG�QRW�OLPS���66��������8QOLNH�WKH�ZHLJKHG�GRZQ�SHDFRFN�GHVFULEHG�ZLWK�PHWDSKRU�RI�YDQLW\�RI�KLV�HDUOLHU�VWDJH� RI� KLV� SHUVRQDOLW\� GHYHORSPHQW� QRZ� WKH� SHDFRFN� RI� KLV� VHOI�FUHDWHG��WUDQVIRUPHG�DQG� � � OLEHUDWHG�SHUVRQDOLW\��VRDUHG�DZD\�DQG�OLW�RQ� WKH�KRRG�RI�D�EOXH�%XLFN�� �66������� � �+LV� OHDUQV� WR� VKDUH�E\�KLPVHOI�ZLWK� WKRVH�ZKR�KH�PHHWV�RQ�KLV�MRXUQH\� &DOYLQ�� 2PHU�� FKLOGUHQ� DQG� 6ZHHW�� KH� OHDUQV� WR� ILJKW� E\� KLPVHOI� ZLWK� D�EURNHQ� ERWWOH� ZLWK� WKRVH� ZKR� KH� HQFRXQWHUV� � RQ� KLV� MRXUQH\�� DQG� � KH� OHDUQV� WR�GLVFRYHU�E\�KLPVHOI� LQ�WKH�KLGGHQ�PHDQLQJ�RI� WKH�FKLOGUHQ
V�VRQJ�KLV�IDPLO\�KLVWRU\�DQG�SULGH��7KLV�NLQG�RI�OHDUQLQJ�LV�SRVVLEOH�RQO\�ZKHQ�KH�UHDOL]HV�WKDW�HYHQ�ZLWKRXW�ODQJXDJH� �ZKHQ� D�PDQ� FRXOG� VLW� GRZQ�ZLWK� DQ� DSH� DQG� WKH� WZR� FRQYHUVH��ZKHQ� D�WLJHU�DQG�D�PDQ�FRXOG�VKDUH�WKH�VDPH�WUHH��DQG�HDFK�XQGHUVWRRG�WKH�RWKHU���66������XQOLNH�WKH�PHPEHUV�RI�KLV�IDPLO\�ZKR�QHYHU�XQGHUVWDQG�HDFK�RWKHU�OLYLQJ�XQGHU�WKH�VDPH�URRI����/LNH�,NH�0DF&DVOLQ
V�HQFRXQWHU�ZLWK�WKH�%LJ�%HQ�LQ�7KH�%HDU� 0LONPDQ
V�HQFRXQWHU�ZLWK� WKH� %REFDW� GXULQJ� KLV� KXQWLQJ� H[SHGLWLRQ� ZLWK� &DOYLQ� DQG� /XWKHU� LV�GHP\VWLI\LQJ��:KHQ�2PHU�DQG�&DOYLQ�DUH�SUHSDULQJ�WKH�%REFDW� UHDG\�IRU�EUHDNIDVW�0LONPDQ� LV� RQFH� DJDLQ� KDYLQJ� KLV� � VLOHQW� UHYHUEHUDWLRQV� RI� KLV� �WURXEOHVRPH�WKRXJKWV��� �(YHU\ERG\� ZDQWV� D� EODFN� PDQ
V� OLIH��� �1RW� KLV� GHDG� OLIH�� ,� PHDQ� KLV�OLYLQJ� OLIH��DQG�ILQDOO\� WKHVH�HFKRHV�HQG�ZLWK�KLV�FDWFKLQJ�RI�%REFDW
V�KHDUW�� ,W�ZDV�OLNH� ,NH� 0DF&DVOLQ
V� LQLWLDWLRQ� LQWR� WKH� ULWXDO� EHDU�KXQW� WKDW� ZRXOG� OHDG� WR� KLV�



7KH�'LVFRXUVH�RI�'RXEOH�FRQVFLRXVQHVV�LQ�7RQL�0RUULVRQ
V�6RQJ�RI�6RORPRQ�� � ��

PDWXUDWLRQ�� KLV� DELOLW\� WR� FRPH� WR� WHUPV� ZLWK� UHDOLWLHV� QRW� PHUHO\� D� �SRWHQWLDOO\�SHUPDQHQW�SRVWSRQHPHQW�RI�D�UHVROXWLRQ���%HQQHWW�DQG�5R\OH����������WKURXJK�WKH�LQFHVVDQW�FKDWWLQJ�ZLWK�*XLWDU� LQ�3DUW� ,�RI�6RQJ�RI�6RORPRQ� LV�UHPLQLVFHQW�RI�� WKH�WDON�RI�WKH�WZR�WUDPSV�LQ�%HFNHWW
V�:DLWLQJ�)RU�*RGRW�ZKHUH�KXPDQLW\�EHUHIW�RI�WKH�SURWHFWLYH� SURSV� RI� VRFLHW\� LV� FRQGHPQHG� WR� LQWHUPLQDEOH� ZDLWLQJ� ZKLFK� LV� ERWK�VODSVWLFN�DQG�SHWULI\LQJ�����
�5HDOLJQLQJ��WKH�FRPPXQLW\�ZLWK�D�UHLQWHUSUHWDWLRQ���RI��KLVWRU\�
6RQJ� RI� 6RORPRQ� LV� D� P\WKLFDO�� PDJLFR�UHDOLVWLF� DFFRXQW� RI� UHDOLJQLQJ� WKH�FRPPXQLW\�ZLWK�D�UHLQWHUSUHWDWLRQ�RI�KLVWRU\�� � ,Q�&KDSWHU����0RUULVRQ��E\�XVLQJ�DQ�RPQLVFLHQW�SRLQW�RI�YLHZ�� IDFLOLWDWHV� IRU� WKH� UHDGHUV�DQ�XQGHUVWDQGLQJ�RI� WKH� IDPLO\�KLVWRU\� RI� WKH� 'HDGV� DORQJ� ZLWK� WKH� XQGHUVWDQGLQJ� RI� WKH� SOLJKWV� WKH� UHPDLQLQJ�YLFWLPV�DUH�LQ���

6L[�GD\V�DIWHU� WKH� ILUVW�0DFRQ�'HDG�GLHG��KLV�FKLOGUHQ��D� WZHOYH�\HDU�ROG� 3LODWH� DQG� D� VL[WHHQ�\HDU�ROG� 0DFRQ� 'HDG�� IRXQG� WKHPVHOYHV�KRPHOHVV�� � %HZLOGHUHG� DQG� JULHYLQJ�� WKH\� ZHQW� WR� WKH� KRPH� RI� WKH�FORVHVW� FRORUHG� SHUVRQ� WKH\� NQHZ�� � &LUFH�� WKH� PLGZLIH� ZKR� KDG�GHOLYHUHG� WKHP�ERWK� DQG�ZKR�ZDV� WKHUH�ZKHQ� WKHLU�PRWKHU� � GLHG� DQG�ZKHQ�3LODWH�ZDV�QDPHG�� �6KH�ZRUNHG�LQ�D� ODUJH�KRXVH�±�D� �PDQVLRQ����RXWVLGH� 'DQYLOOH�� IRU� D� IDPLO\� RI� ZKDW� ZDV� WKHQ� FDOOHG� � JHQWOHPHQ�IDUPHUV����7KH�RUSKDQV�FDOOHG�WR�&LUFH�IURP�WKH�YHJHWDEOH�JDUGHQ�HDUO\�LQ� WKH� PRUQLQJ� DV� VRRQ� DV� WKH\� VDZ� WKH� VPRNH� IURP� WKH� FRRN� VWRYH�ULVLQJ�� �&LUFH� OHW� WKHP� LQ��SUHVVLQJ�KHU�KDQGV� WRJHWKHU�ZLWK� UHOLHI�� DQG�VD\LQJ� KRZ� JODG� VKH�ZDV� WR� VHH� WKHP� DOLYH�� � 6KH� KDGQ
W� NQRZQ�ZKDW�KDG�KDSSHQHG�WR�WKHP�DIWHU�WKH�NLOOLQJ���0DFRQ�H[SODLQHG�WKDW�KLV�KDG�EXULHG�KLV� IDWKHU�KLPVHOI��GRZQ�E\� WKH�SDUW�RI� WKH�VWUHDP�RQ�/LQFROQ
V�+HDYHQ� ZKHUH� WKH\� XVHG� WR� ILVK� WRJHWKHU�� WKH� SODFH� ZKHUH� KH� KDG�FDXJKW�WKH�QLQH�SRXQG�WURXW���7KH�JUDYH�ZDV�VKDOORZHU�WKDQ�LW�DXJKW�WR�EH��EXW�KH
G�SLOHG�URFNV�WRJHWKHU���66�����������
$IWHU� WKH� PXUGHU� RI� WKHLU� IDWKHU� WKH\� KDYH� EHFRPH� RUSKDQV� DQG� WKH\� KDYH� WDNHQ�VKHOWHU�LQ�WKH��KRPH�RI�WKH�FORVHVW�FRORUHG�SHUVRQ����7KH�QDUUDWRU�WHOOV�XV�WKDW�&LUFH�LV�UHOLHYHG�WR�VHH�WKHP��DOLYH��DQG�0DFRQ��EXULHG�KLV�IDWKHU�KLPVHOI��EXW�WKH��JDYH�ZDV�VKDOORZHU�WKDQ�LW�DXJKW�WR�EH�����/DWHU�ZH�FRPH�WR�NQRZ�WKDW�3LODWH�KDV�DQ�HDUULQJ�LQ�ZKLFK� VKH� KDG� NHSW� KHU� QDPH� DQG� VKH� KDV� NHSW� KHU� PRWKHU
V� PHPRU\� E\�UHPHPEHULQJ��WKH�VXQERQQHW�ZLWK�EOXH�ULEERQV�RQ�LW���66��������%\HUPDQ��LQ�%ORRP������� ������� DSWO\� VD\V� WKDW� �� 3LODWH� KDV� D� KLVWRU\� DQG� D� WUXH� QDPH� �� ZKLFK� VKH�OLWHUDOO\�FDUULHV�ZLWK�KHU�LQ�D�VPDOO�EUDVV�ER[�IDVKLRQHG�LQWR�DQ�HDUULQJ����%\�FDUU\LQJ�KHU�QDPH�ZKLFK�ZDV�LQVLVWHQWO\�JLYHQ�WR�KHU�E\�KHU�GHDG�IDWKHU�VKH�FDUULHV�WKH�IDPLO\�KLVWRU\�WRR��6RQJ�RI�6RORPRQ�LV�UHSOHWH�ZLWK�WKH�VZHHW�UHPHPEUDQFH�RI�3LODWH�RI�KHU�GHDG� IDWKHU� VRPHWLPHV� GLUHFW� VRPHWLPHV� ERUGHULQJ� RQ� PDJLF� UHDOLVP� LQ� KHU��SRVWKXPRXV�FRPPXQLRQ���66�������ZLWK�KHU��GHDG�IDWKHU��DV�VKH�DFNQRZOHGJHV�WR��
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5XWK�� �,W
V� D�JRRG� IHHOLQJ� WR� NQRZ�KH
V� DURXQG�� � ,� FDQ� WHOO� \RX�KH
V� D�SHUVRQ� ,� FDQ�DOZD\V�UHO\�RQ«��+H
V�WKH�RQO\�RQH���66��������2Q�WKH�FRQWUDU\��KHU�EURWKHU�0DFRQ�'HDG� ,,�GHVSLWH� NQRZLQJ� IXOO\�ZHOO� �� � ORXQJ>LQJ@� DURXQG� WKH� EDUEHUVKRS�DQG� VZDS�VWRULHV�ZLWK�WKH�PHQ�WKHUH����IRU�\HDUV�KDGQ
W�KDG�WKDW�NLQG�RI�WLPH��RU�LQWHUHVW�����+H�WHOOV�KLV�VRQ�DQG��KLV�YRLFH�VRXQGHG�GLIIHUHQW�WR�0LONPDQ���/HVV�KDUG��DQG�KLV�VSHHFK�ZDV�GLIIHUHQW���0RUH�VRXWKHUQ�DQG�FRPIRUWDEOH�DQG�VRIW����66�����%XW�KH�LV�WHOOLQJ�DOO�WKHVH�WR�KLV�VRQ�WR�NHHS�KLP�DZD\�IURP�3LODWH���2QH�FDQ�VHH�0DFRQ�'HDG�,,�WKURXJK�WKH�ZRUGV� RI�0DJGDOHQH� FDOOHG� /HQD� DW� WKH� HQG� RI� 3DUW� ,,� RI�6RQJ� RI� 6RORPRQ� WR�XQGHUVWDQG�KLV�WUDQVIRUPDWLRQ�IURP�D�KHOSLQJ�KDQG�DW�KLV�IDWKHU
V�IDUP�WR�D��FRORUHG�PDQ� RI� SURSHUW\�� �66� ����� DQ� RZQHU� RI� WKLQJV� LQ� RUGHU� WR� RZQ� RWKHU� SHRSOH�� WR�GRPLQDWH�RWKHUV��WR�EH�OLNH�WKH�JHQWOHPHQ�IDUPHUV�RI�KLV�IDWKHU
V�GD\V�����/HQD
V� UHFROOHFWLRQ� RI� FKLOGKRRG� SUHVHQWV� KHU� IDWKHU� PRUH� DSSDOOLQJ� DQG� DSDWKHWLF�WKDQ� D� ZKLWH�VNLQQHG� VODYH�RZQHU� WU\LQJ� WR� VKRZ� KLV� IDPLO\
V� VXSHULRULW\� FUHDWLQJ�HQY\� DPRQJ� WKH� FRPSDUDWLYHO\� SRRU� SHRSOH� RI� KLV� RZQ� FRPPXQLW\�� VHSDUDWLQJ�KLPVHOI�DQG�KLV�FKLOGUHQ�IURP�WKHP��OLYLQJ�LQ�D��FDYH�RI�VOHHS���66�����LQ�ZKLFK�KLV�ZLIH� 5XWK
V� GHVFULSWLRQ� DV� D� OLJKWKRXVH�NHHSHU� DQG� D� SULVRQHU� � � UHPLQGV� XV� RI�)DXONQHU
V� SRUWUD\DO�RI� WKH� DOLHQDWHG� H[LVWHQFH�RI�0LVV�(PLO\�*ULHUVRQ� LQ� �$�5RVH�IRU�(PLO\���/HQD
V� FU\� LV� WKH� FU\� RI� GHVSDLU� WKURXJK� WKH� FKDUDFWHULVWLF� �WZR�WRQHG��GLVFRXUVH�RI�0RUULVRQ
V�QDUUDWLYH���/HQD�IHG�XS�ZLWK�KHU�VWHULOH�OLIH�RI�PDNLQJ�SDSHU�URVHV� LQ� KHU� IDWKHU
V� JROGHQ� SULVRQ�KRXVH� VFUHHFKHV� OLNH� D� FDJHG�ELUG�� �)LUVW� KH�GLVSOD\HG�XV�� WKHQ�KH�VSOD\HG�XV�� �$OO�RXU� OLYHV�ZHUH� OLNH� WKDW��KH�ZRXOG�SDUDGH�XV�OLNH�YLUJLQV� WKURXJK�%DE\ORQ�� WKHQ�KXPLOLDWH�XV� OLNH�ZKRUHV� LQ�%DE\ORQ���5HIHUULQJ�WR� KHU� IDWKHU
V� FUXHOW\� WRZDUGV�3RUWHU�ZKR�KDV� IDOOHQ� LQ� ORYH�ZLWK�&RULQWKLDQV�� VKH�DGGV����1RZ�KH�KDV�NQRFNHG�WKH�LFH�RXW�RI�&RULQWKLDQV
�KDQG�DJDLQ��«�$QG�\RX�DUH�WR�EODPH��<RX�DUH�D�VDG��SLWLIXO��VWXSLG��VHOILVK��KDWHIXO�PDQ���66������� �*XLWDU�KDV�VLPLODU�IHHOLQJV�DERXW�0LONPDQ
V� IDWKHU����«\RXU�IDWKHU� LV�D�YHU\�VWUDQJH�1HJUR«��+H�EHKDYHV��OLNH�D�ZKLWH�PDQ��WKLQNV�OLNH�D�ZKLWH�PDQ����66����������7KHQ��LW�LV�ILWWLQJ�WKDW�0LONPDQ
V�MRXUQH\��KLV��IOLJKW��IRU�JROG��PXVW�EHJLQ�ZLWK�JHWWLQJ�DZD\�IURP�KLV�IDWKHU
V�DUHD�RI�LQIOXHQFH��+H�LV�IROORZLQJ�WKH��WUDFNV��RI�3LODWH�WKH�RQH�ZKR�NHHSV�D�JHRJUDSK\�ERRN����$W�WKH�3LWWVEXUJK�DLUSRUW�KH�GLVFRYHUV�WKDW�'DQYLOOH�ZDV�����PLOHV�QRUWKHDVW���66������DQG�IURP�WKHUH�KH�ZHQW�WR�9LUJLQLD�DQG�DIWHU� UHDFKLQJ�WKHUH�KH��ZRQGHUHG�ZK\�EODFN�SHRSOH�HYHU� OHIW� WKH�6RXWK�� �66������� �%\� VHQGLQJ�0LONPDQ�IURP�1RUWK� WR� 6RXWK��0RUULVRQ� �DOWHUV� WKH� GLUHFWLRQ� RI� FXOWXUDO� KLVWRU\�� �'L[RQ� LQ�%ORRP����������������� �$�QHZ�KLVWRU\�RI� WKH�FRXQWU\�VKRXOG�EH�ZULWWHQ��0RUULVRQ�VHHPV�WR�HPSKDVL]H��WR�PLWLJDWH�WKH�GRXEOH�FRQVFLRXVQHVV�RI�WKH�EODFN�SV\FKH��7KH�WKUHDGV�RI�WKH�XQZULWWHQ�KLVWRU\�VKRXOG�EH�EURXJKW�WRJHWKHU���WR�H[SORUH�QHZ�VSDFHV�ZKHUH� LGHQWLWLHV� DUH� QRW� EDVHG� RQ� V\QHFGRFKH�V�� RI� FRORU�� ZKHUH� FRORU�OLQH� LV� QRW�FRQVLGHUHG�DV�D�FXOWXUDO�VLJQLILHU���$IWHU�UHDGLQJ�WKH�VRQJ�RI�6RORPRQ��WKH�XQZULWWHQ�WH[W� RI� KLVWRU\�� 0LONPDQ
V� � VHOI� � GRHV� QRW� ODFN� FRKHUHQFH�� RQ� WKH� FRQWUDU\�� � KH�H[SHULHQFHV��D�FRPLQJ�WRJHWKHU�RI�WKH�IHDWXUHV�LQWR�D�WRWDO�VHOI���66������0LONPDQ
V�TXHVW� IRU� DFFHSWDQFH� LV� WKH� UHFODPDWLRQ� RI� � � WKH�P\WK� RI� WKH� 
IO\LQJ�$IULFDQV
� DV� D�UHGHHPLQJ��VWUHQJWKHQLQJ�DFW�RI�
ULGLQJ
�RQWR�KLVWRU\����
6RQJ�RI�6ORPRQ��DQ�
XQZULWWHQ�WH[W�RI�KLVWRU\�DQG�FXOWXUH
�
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*X\� 5H\QROGV� ����������� ZULWLQJ� DERXW� WKH� WZHQWLHWK� FHQWXU\� $PHULFDQ� ZRPHQ�ZULWHUV�DSWO\�UHPDUNHG�WKDW��WKHLU�SURVH�LV�VWLSSOHG�ZLWK�WKH�WUDFHV��UK\WKPV��LGLRPV��DQG�PRWLIV��RI�DQ�HWKQLF�YHUQDFXODU�FXOWXUH���7KH�P\WK�RI�WKH�
IO\LQJ�$IULFDQ
�LV�SDUW�RI�WKDW�FXOWXUH���5REHUW�+D\GHQ
V�������������SRHP��2�'DHGDOXV��)O\�$ZD\�+RPH�������� LQ�*DWHV�� -U�� DQG�0FND\�(GV�� ������ ������ LV� DQ� LOOXVWUDWLRQ� RI� WKLV� SRSXODU�P\WK����2�FOHDYH�WKH�DLU�IO\�DZD\�KRPH��0\�JUDQ��KH�IOHZ�EDFN�WR�$IULFD�-XVW�VSUHDG�KLV�DUP�DQG�IOHZ�DZD\�KRPH����$V�$PLUL�%DUDND��TXRWHG�LQ�6PLWK��������VD\V���0V�0RUULVRQ� KDV� D� JUDVS� RI� WKDW� ROG� IRON� ZLW��� � +H� IXUWKHU� VD\V�� �,W� GHIRUPDOLVHV� WKH�VLWXDWLRQ�� � ,W� PDNHV� LW� HDVLHU� WR� JUDVS� DV� D� KXPDQ� SRLQW��� � 7KH� XVH� RI� IRONORULF�LPDJLQDWLRQ�� DV� 0RUULVRQ� KHUVHOI� VD\V�� LQ� � D� VHULHV� RI� OHFWXUHV� JLYHQ� LQ� ����� DW�+DUYDUG�8QLYHUVLW\� SXEOLVKHG� DV�3OD\LQJ� LQ� WKH�'DUN��:KLWHQHVV� DQG� WKH� /LWHUDU\�,PDJLQDWLRQ�

� ������FRQFHUQV�WKH�XVH�RI�VWRULHV�RI�VODYHU\�DQG�UHMHFWLRQ��DV�D�PHDQV� RI� PHGLWDWLRQ� ��� ERWK� VDIH� DQG� ULVN\� ��� RQ� RQH
V� RZQ�KXPDQLW\�� � 6XFK� DQDO\VHV� ZLOO� UHYHDO� KRZ� WKH� UHSUHVHQWDWLRQ�DQG� DSSURSULDWLRQ� RI� WKDW� QDUUDWLYH� SURYLGHV� RSSRUWXQLWLHV� WR�FRQWHPSODWH� OLPLWDWLRQ�� VXIIHULQJ�� UHEHOOLRQ�� DQG� WR� VSHFXODWH�RQ�IDWH�DQG�GHVWLQ\����������HWKLFV��VRFLDO�DQG�XQLYHUVDO�FRGHV�RI�EHKDYLRU�� DQG� DVVHUWLRQV� DERXW� DQG� GHILQLWLRQV� RI� FLYLOL]DWLRQ�DQG� UHDVRQ�� �TXRWHG� LQ� 5HY�� RI� 3OD\LQJ� LQ� WKH� 'DUN«� E\�6WHLQHU��:HQG\�>�����@������KWWS���ZZZ�Q\WLPHV�FRP��

7KURXJK�IRONORULF�LPDJLQDWLRQ����WKH�P\WK�RI�WKH�
IO\LQJ�$IULFDQ�
�VSHDNV�RI�D�PDJLFDO�KLVWRULFDO� WUDGLWLRQ� DQG� D� GHVLUH� WR� HVFDSH� RSSUHVVLRQ� DQG� WR� �IO\� DZD\� KRPH����0RUULVRQ
V� XVH� RI� WKH� PRWLI� RI� IO\LQJ� LQ� 6RQJ� RI� 6RORPRQ� UXQV� FRQVLVWHQWO\�WKURXJKRXW�WKH�QDUUDWLYH�IURP�WKH�DERUWLYH�PRFN�KHURLF�IOLJKW�RI�WKH�LQVXUDQFH�DJHQW�5REHUW�6PLWK�IURP�WKH�URRI�RI�WKH�0HUF\�+RVSLWDO�WR�WKH�KHURLF�IOLJKW�RI�WKH�DJHQW�RI�FKDQJH� 0LONPDQ� IURP� 6RORPRQ
V� /HDS� DW� WKH� HQG� RI� WKH� QRYHO�� � � 7KH� VRQJ� RI�6RORPRQ�LV�D�SRZHUIXO�XQZULWWHQ�WH[W�RI�KLVWRU\�DQG�FXOWXUH�WKDW�KDV�EHHQ�XVHG�YHU\�VLJQLILFDQWO\� LQ� WKH� QDUUDWLYH� WKDW� SRZHUIXOO\� UHVLVWV� WKH� XQLYHUVDOL]LQJ� DQG�HVVHQWLDOL]LQJ� WHQGHQFLHV� RI� KHJHPRQLF� ZKLWH� GLVFRXUVH�� � ,W� LV� ERWK� D� VLPSOH� VRQJ�VXQJ�E\�FKLOGUHQ�DQG�D�P\VWHULRXVO\�SRWHQW�PHVVDJH�IRU�FKDQJH�GHFLSKHUHG�E\�DGXOWV�WR�PHQG� WKH�FRXUVH�RI�D� IUDFWXUHG�DQG�PLVUHSUHVHQWHG�KLVWRU\�E\�JRLQJ�EDFN� WR� WKH�SDVW�� WR� TXRWH� IURP� WKH� )URVW
V� SRHP� �'LUHFWLYH��� �+HUH� DUH� \RXU�ZDWHUV� DQG� \RXU�ZDWHULQJ�SODFH�'ULQN�DQG�EH�ZKROH�DJDLQ�EH\RQG�FRQIXVLRQ����7KH�VRQJ�RI�6RORPRQ�LV�VXFK�NLQG�RI��ZDWHULQJ�SODFH��IRU�0LONPDQ��7KLV�LV�ZKDW�6WXDUW�+DOO�������������KDV� FDOOHG� �WKH� DFW� RI� LPDJLQDWLYH� UHGLVFRYHU\�� RI� WKH� �KLGGHQ� KLVWRULHV��� � ,W� JLYHV�KLP�D�SRZHUIXO�IHHOLQJ�IRU�IO\LQJ��WKH�PRWLI�WKDW�LV�XVHG�E\�0RUULVRQ�WKURXJKRXW�WKH�QRYHO�DQG�ZLWK�WKH�LGHD�RI�ZKLFK�0LONPDQ�ZDV�REVHVVHG�ZLWK�VLQFH�KLV�FKLOGKRRG��,W�LV� LQGHHG� D� QHZ� GHYHORSPHQW� � LQ� WKH� JHQUH� RI� PRGHUQ�$PHULFDQ� QDUUDWLYH� ILFWLRQ�ZKLFK� � PLQJOHV� WKH� SHUVRQDO�� WKH� IDPLOLDO�� WKH� SV\FKRORJLFDO�� WKH� FXOWXUDO�� WKH�SROLWLFDO� � DQG� WKH�KLVWRULFDO� LQ�RQH� DHVWKHWLF�PHGLXP� WR�FRXQWHUDFW� WKH� �SUREOHP�RI�
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PLVUHSUHVHQWDWLRQ� RI� WKH� EODFN� SV\FKH� E\� � HPSOR\LQJ�ZKDW� +HQU\� /RXLV� *DWHV� -U�������������KDV�FDOOHG��O\ULFDO�VXSHU�QDWXUDOLVP����
&RQFOXVLRQ�
2Q�WKH�VXUIDFH��0RUULVRQ
V�6RQJ�RI�6RORPRQ� XQPLVWDNDEO\�� LV�D�VWRU\�RI�SRVWHWKQLF�VODYHU\�DQG�UDFLVP��0HWDSKRULFDOO\��LW�LV�PRUH�WKDQ�WKDW�LQ�LQFRUSRUDWLQJ�WKH�FRPSOH[�UHDOLWLHV� RI� VRFLDO� FKDQJH� VKRZLQJ� LWV� LQIOXHQFH� RQ� WKH� WZR� JHQHUDWLRQV� RI� $IUR�$PHULFDQV� EULQJLQJ� WKH� SDVW� LQWR� WKHLU� OLYHV� DOLYH� DQG� WUDQVIRUPHG�� D� PHDQV� WR�WUDQVIRUP� WKHLU� OLYHV� ZKLFK� PLJKW� PLWLJDWH� � � WKH� GRXEOH�FRQVFLRXVQHVV� RI� D� EODFN�SV\FKH��7KH�GXDOLWLHV�PLJKW�EH�GLVVROYHG��0RUULVRQ�VHHPV�WR�VXJJHVW��WKURXJKRXW�KHU�VWRU\��E\�EULQJLQJ�DERXW�D�FKDQJH�ERWK�IURP�ZLWKLQ�DQG�ZLWKRXW��:HDOWK�DQG�VRFLDO�VWDWXV�JLYH� IUHHGRP�EXW� WKHUH� LV� DOZD\V�D� ULVN�RI�ZHDULQJ�D�ZKLWH�PDVN�RQ�D�EODFN�VNLQ��7KHUHIRUH�� WKHUH� LV�D�QHHG� WR�XQPDVN� WKH�VHOI�� WR�HPSRZHU� WKH�FRPPXQLW\�E\�HPSRZHULQJ�WKH�LQGLYLGXDO�VHOI��DQG�WR�UHFUHDWH�QHZ�VSDFHV�RI�KLVWRU\�DQG�JHRJUDSK\�E\� � UHFRQQHFWLQJ� WKH� SDVW� ZLWK� WKH� SUHVHQW� IRU� D� IXWXUH� LQ� ZKLFK� WKH�0LONPDQV� RI�WRGD\�ZRXOG� QRW� �PDNH� WKHPVHOYHV� 
LQYLVLEOH
� WKLQNLQJ� RI� ZKDW� WKH� RWKHUV� WKLQN� RI�WKHP�LQVWHDG�WKH\�VKRXOG�EH�WKH�DFWLYH�DJHQWV�RI�FKDQJH����7KH�XVH�RI�WKH��ILJXUDWLYH�ODQJXDJH�KDV�WKH�FDSDFLW\�WR�
GHIDPLOLDUL]H
�WKH�ZRUOG�±�WR�UHILJXUH�� UHIRUP�� UHYROXWLRQL]H��� �%HQQHW� DQG� 5R\OH� ������ ���� E\� H[WHQGLQJ� WKH�LPDJLQDWLYH� VSHFWUXP� RI� WKH� H[LVWLQJ� VRFLDO� UHDOLW\� ZLWK� DOO� WKH� FRPSOH[LWLHV��(YLGHQWO\�� WKH� FRPSOH[LWLHV� LQKHUHQW� LQ� WKH� GRXEOH�FRQVFLRXVQHVV� ZLOO� EH� H[SORUHG�PRUH�IXOO\�DQG�VXFFHVVIXOO\��E\�D�QRQ�OLQHDU�UHDGLQJ���WKH�SRVVLELOLW\�RI�ZKDW�(GZDUG�6DLG� FDOOV� � 
� FRQWUDSXQWDO� UHDGLQJ
� �� 6DLG� ������ ���� TXRWHG� LQ� %HQQHWW� DQG� 5R\OH�������� � ����� RI� WKH�$IUR�$IULFDQ� QDUUDWLYHV� SDUWLFXODUO\� WKH� QDUUDWLYHV� RI� WKH� EODFN�IHPDOH� ZULWHUV� OLNH� 7RQL� 0RUULVRQ� �ZKLFK� PLJKW� KHOS� XV� EHJLQ� WR� PRYH� EH\RQG�UDFLDO� HVVHQWLDOLVP�� EH\RQG� WKH� UHSUHVVLYH� SROLWLFV� RI� LGHQWLW\�� �� ,ELG��� ERWK� IURP�ZLWKLQ�DQG�ZLWKRXW���

�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��������������������

:RUNV�&LWHG
%HFNHWW�� 6DPXHO� �������:DLWLQJ� )RU�*RGRW� (G�� -DYHG�0DOLFN� ������� 1HZ�'HOKL�� 2[IRUG�8QLYHUVLW\�3UHVV����%HOO�� %HUQDUG� ������� 7KH� $IUR�$PHULFDQ� 1RYHO� DQG� ,WV� 7UDGLWLRQ� $PKHUVW�� 8QLYHUVLW\� RI�0DVVDFKXVHWWV�3UHVV��BBBBBBBBBBBB������� �'XDO� 7UDGLWLRQ� RI� $IULFDQ� $PHULFDQ� )LFWLRQ�� 0LFURVRIW� (QFDUWD�/LEUDU\����



7KH�'LVFRXUVH�RI�'RXEOH�FRQVFLRXVQHVV�LQ�7RQL�0RUULVRQ
V�6RQJ�RI�6RORPRQ�� � ���

%HQQHWW��$QGUHZ�DQG�1LFKRODV�5R\DOH� ��������$Q�,QWURGXFWLRQ� WR�/LWHUDWXUH��&ULWLFLVP�DQG�7KHRU\�(QJODQG��3UHQWLFH�+DOO����%LRJUDSKLFDO� ,QIRUPDWLRQ� RQ� 7RQL� 0RUULVRQ� �1'��KWWS���ZZZ�FV�EHUNHOH\�HGX�aODNKLD�PRUULVRQ�ELRJUDSK�KWPO
%ORRP�� +DUROG�� (G�� ������� 7RQL� 0RUULVRQ�� 0RGHUQ� &ULWLFDO� 9LHZV� 1HZ� <RUN� DQG�3KLODGHOSKLD�&KHOVHD�+RXVH�3XEOLFDWLRQV���
%UDQQHU�� *HUU\� ������� �6RQJ� RI� 6RORPRQ� 0RUULVRQ
V� 5HMHFWLRQ� RI� 5DQN
V� 0RQRP\WK� DQG�)HPLQLVP��6WXGLHV�LQ�$PHULFDQ�)LFWLRQ������������SS����������%\HUPDQ�� .HLWK� (� ������� �%H\RQG� 5HDOLVP�� 7KH� )LFWLRQV� RI� 7RQL� 0RUULVRQ��� LQ� 7RQL�0RUULVRQ��0RGHUQ�&ULWLFDO�9LHZV� (G��+DUROG�%ORRP��1HZ�<RUN�DQG�3KLODGHOSKLD��&KHOVHD�+RXVH�3XEOLFDWLRQV��SS���������&DPSEHOO�� -DQH� �������0\WKLF� %ODFN� )LFWLRQ�� 7KH� 7UDQVIRUPDWLRQ� RI� +LVWRU\� .QR[YLOOH��8QLYHUVLW\�RI�7HQQHVVHH�3UHVV���&KULVWLDQ�� %DUEDUD� ������� �$� 5DFH� IRU� 7KHRU\��� LQ� &RQWHPSRUDU\� 3RVWFRORQLDO� 7KHRU\�3DGPLQL�0RQJLD�(G���������1HZ�'HOKL��2[IRUG�8QLYHUVLW\�3UHVV��2ULJLQDOO\�SXEOLVKHG�LQ�7KH�1DWXUH�DQG�&RQWH[W�RI�0LQRULW\�'LVFRXUVH� $EGXO�5��-DQ0RKDPPHG�DQG�'DYLG�/,R\G��(GV���������2[IRUG�8QLYHUVLW\�3UHVV��SS����������'L[RQ��0HOYLQ���������/LNH�DQ�(DJOH�LQ�WKH�$LU���LQ�7RQL�0RUULVRQ��0RGHUQ�&ULWLFDO�9LHZV�(G��+DUROG�%ORRP��1HZ�<RUN�DQG�3KLODGHOSKLD��&KHOVHD�+RXVH�3XEOLFDWLRQV��SS����������'X�%RLV��:�(�%���>����@�������7KH�6RXOV�RI�%ODFN�)RON���1HZ�<RUN��'RYHU�3XEOLFDWLRQV��,QF����(OOLVRQ��5DOSK��:���������,QYLVLEOH�0DQ� LQ��� �+HQU\�/RXLV�*DWHV��-U���DQG�1HOOLH�<�0F.D\��(G���������7KH�1RUWRQ�$QWKRORJ\�RI�$IULFDQ�$PHULFDQ�/LWHUDWXUH� 1HZ�<RUN��DQG��/RQGRQ��:�:��1RUWRQ�	�&RPSDQ\��,QF��SS����������������)URVW��5REHUW���������'LUHFWLYH���LQ�7KH�3RHWU\�RI�5REHUW�)URVW�(G��(GZDUG�&RQQHU\�/DWKHP��1HZ�<RUN��&KLFDJR�DQG�6DQ�)UQDFLVFR��+ROW��5LQHKDUW�DQG�:LQVWRQ���S�������)DXONQHU��:LOOLDP��������7KH�%HDU� LQ�7KUHH�)DPRXV�6KRUW�1RYHOV��6SRWWHG�+RUVH��2OG�0DQ��7KH�%HDU�� ������1HZ�<RUN��9LQWDJH�%RRNV��SS������������BBBBBBBBBBBBBBB���������$�5RVH�IRU�(PLO\��� LQ�6L[�6KRUW�6WRULHV� (G��:�+��3HWHUV��1HZ�<RUN�DQG�/RQGRQ���8QLWHG�8QLYHUVLW\�3UHVV��SS����������*DWHV�� +HQU\� /RXLV�� -U�� �������� 
5DFH��� :ULWLQJ� DQG� 'LIIHUHQFH� &KLFDJR�� 8QLYHUVLW\� RI�&KLFDJR�SUHVV���BBBBBBBBBBBBBBB��������+DUOHP�RQ�2XU�0LQG����&ULWLFDO�,QTXLU\� ����SS���������BBBBBBBBBBBBBBBB(G�������%ODFN�/LWHUDWXUH�DQG�/LWHUDU\�7KHRU\�/RQGRQ��0HWKXHQ���*DWHV��+HQU\�/RXLV��-U���DQG�1HOOLH�<�0F.D\��(GV���������7KH�1RUWRQ�$QWKRORJ\�RI�$IULFDQ�$PHULFDQ�/LWHUDWXUH� 1HZ�<RUN�DQG�/RQGRQ��:�:��1RUWRQ�	�&RPSDQ\��,QF�����
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*XHULQ��:LOIUHG�� /�� HW� DO�� ������� $ +DQGERRN� RI� &ULWLFDO� $SSURDFKHV� WR� /LWHUDWXUH� 1HZ�<RUN��+DUSHU�	�5RZ���+DOO��6WXDUW���������&XOWXUDO�,GHQWLW\�DQG�'LDVSRUD���LQ�&RQWHPSRUDU\�3RVWFRORQLDO�7KHRU\�3DGPLQL�0RQJLD� (G�� ������� 1HZ� 'HOKL�� 2[IRUG� 8QLYHUVLW\� 3UHVV�� 2ULJLQDOO\� SXEOLVKHG� LQ�,GHQWLW\��&RPPXQLW\��&XOWXUH��'LIIHUHQFH� -RQDWKDQ�5XWKHUIRUG��(G�� �������� � /DZUHQFH� DQG�:LVKDUW��SS�����������+D\GHQ�� 5REHUW� ������� �2� 'DHGDOXV�� )O\� $ZD\� +RPH�� �� LQ� *DWHV�� +HQU\� /RXLV�� -U��� DQG�1HOOLH�<�0F.D\��(GV�� �������7KH�1RUWRQ�$QWKRORJ\�RI�$IULFDQ�$PHULFDQ�/LWHUDWXUH� 1HZ�<RUN�DQG�/RQGRQ��:�:��1RUWRQ�	�&RPSDQ\��,QF���S�����������+HLQ]H��'HQLVH� �������7KH�'LOHPPD�RI��'RXEOH�&RQVFLRXVQHVV���7RQL� �0RUULVRQ
V�1RYHOV��$WKHQV�DQG�/RQGRQ��8QLYHUVLW\�RI�*HRUJLD�3UHVV���,ULJUD\��/XF\� ������� TXRWHG� E\�5LJQH\��%DUEDUD�+LOO� �������7KH�9RLFHV� RI� 7RQL�0RUULVRQ�&ROXPEXV��2KLR�6WDWH�8QLYHUVLW\�3UHVV����/XELDQR��:DKHQHHPD����������7KH�3RVWPRGHUQLVW�5DJ��3ROLWLFDO�,GHQWLW\�DQG�WKH�9HUQDFXODU���LQ�9DOHULH��6PLWK�(G��1HZ�(VVD\V�RQ�6RQJ�RI�6RORPRQ� &DPEULGJH�8QLYHUVLW\�3UHVV��SS�����������0RUULVRQ��7RQL��������7KH�%OXHVW�(\H� 1HZ�<RUN��:DVKLQJWRQ�6TXDUH�3UHVV����BBBBBBBBBBBB�������7KH�6RQJ�RI�6RORPRQ� 1HZ�<RUN��3HQJXLQ�%RRNV���$OO�WKH�TXRWDWLRQV�LQ�WKH�SDSHU�DUH�IURP�WKLV�HGLWLRQ���BBBBBBBBBBBB��������7DU�%DE\� 1HZ�<RUN��.QRSI���
BBBBBBBBBBBB��������%HORYHG� 1HZ�<RUN��3OXPH��BBBBBBBBBBBB������� 3OD\LQJ� LQ� WKH� 'DUN�� :KLWHQHVV� DQG� WKH� /LWHUDU\� ,PDJLQDWLRQ��&DPEULGJH��+DUYDUG�8QLYHUVLW\�3UHVV���BBBBBBBBBBBB��������3DUDGLVH� 1HZ�<RUN��.QRSI��BBBBBBBBBBBB�������/RYH� 1HZ�<RUN��.QRSI�����BBBBBBBBBBBB������� �,QWLPDWH� 7KLQJV� LQ� 3ODFH��� $� &RQYHUVDWLRQ� :LWK� 7RQL� 0RUULVRQ���,QWHUYLHZ�E\�5REHUW�%��6WHSWR��LQ�&KDQW�RI�6DLQWV��$�*DWKHULQJ�RI�$IUR�$PHULFDQ�/LWHUDWXUH��$UW� DQG� 6FKRODUVKLS� (G�� 0LFKDHO� 6� +DUSHU� DQG� 5REHUW� %� 6WHSWR�� 8UEDQD�� 8QLYHUVLW\� RI�,OOLQRLV�3UHVV��SS������������BBBBBBBBBBBB������� �1REHO� 3UL]H� /HFWXUH���KWWS���ZZZ�QREHOSUR]H�RUJ�/LWHUDWXUH�ODXUHDWH������PRUULVRQ�OHFWXUH�KWPO
BBBBBBBBBBBB������� &RQYHUVDWLRQV� :LWK� 7RQL� 0RUULVRQ� (G�� 'DQLOOH� 7D\ORU�*XWKHULH��-DFNVRQ��8QLYHUVLW\�RI�0LVVLVVLSSL���BBBBBBBBBBBB������� 7RQL� 0RUULVRQ�� 7KH� 6DORQ� ,QWHUYLHZ� E\� =LD� -DIIUH\�� 6DORQ��KWWS���GU�VDORQ�FRP�ERRNV�LQW�������������FRY�VW����LQGH[�KWPO
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V�6RQJ�RI�6RORPRQ�� � ���

3UDVDG��$QLO� .�� � �� ������ �)DXONQHU� DQG� (QYLURQPHQWDO� ,PDJLQDWLRQ�� 6HPLRWLFV� RI� &XOWXUH��1DWXUH� DQG� +XPDQ� 1DWXUH��� SDSHU� SUHVHQWHG� DW� WKH� LQWHUQDWLRQDO� &RQIHUHQFH� RQ� �:LOOLDP�)DXONQHU�LQ�WKH���VW�&HQWXU\� VSRQVRUHG�MRLQWO\�E\�(QJOLVK�'HSDUWPHQW�RI��3HNLQJ�8QLYHUVLW\�DQG�WKH�6WXG\�&HQWHU�IRU�)RUHLJQ�/DQJXDJHV��/LWHUDWXUHV�DQG�&XOWXUHV�DW�6LFKXDQ�,QWHUQDWLRQDO�6WXGLHV�8QLYHUVLW\��&KRQJTLQJ��&KLQD��0D\����������������5H\QROGV�� *X\� ������� &KDSWHU���� �)LFWLRQ� IRU� WKH� 9LOODJH�� 7RQL� 0RUULVRQ�� 0D[LQH� +RQJ�.LQJVWRQ�� &\QWKLD� 2]LFN� ��� LQ� 7ZHQWLHWK� &HQWXU\� $PHULFDQ� :RPHQ
V� )LFWLRQV�� $� &ULWLFDO�,QWURGXFWLRQ� /RQGRQ��0DFPLOODQ�3UHVV�/WG���SS������������6DLG��(GZDUG��������&XOWXUH�DQG�,PSHULDOLVP� /RQGRQ��&KDWWR�DQG�:LQGXV���6DPXHOV�DQG�+XGVRQB:HHPV��������7RQL�0RUULVRQ� %RVWRQ��7ZD\QH�3XEOLVKHUV����6PLWK�� 'LQLWLD� ������� �7RQL� 0RUULVVRQ
V� 0L[� RI� 7UDJHG\�� 'RPHVWLFLW\� DQG� )RONORUH���KWWS���ZZZ�Q\WLPHV�FRP�OLEUDU\�ERRNV��������WRQL�PRUULVRQ�LQWHUYLHZ�KWPO��
6WHLQHU��:HQG\� ������������5HY��RI�7RQL�0RUULVRQ��������3OD\LQJ�LQ� WKH�'DUN��:KLWHQHVV�DQG�WKH�/LWHUDU\�,PDJLQDWLRQ� KWWS���ZZZ�Q\WLPHV�FRP�
6WRUKRII��*DU\���������$QDFRQGD�/RYH���3DUHQWDO�(QPHVKPHQW�LQ�7RQL�0RUULVRQ
V�6RQJ�RI�6RORPRQ� 6W\OH� 9ROXPH�����1R�����6XPPHU�������SS������������:LOOLV��6XVDQ���������(UXSWLRQV�RI�)XQN��+LVWRULFL]LQJ�7RQL�0RUULVRQ��� LQ�%ODFN�/LWHUDWXUH�DQG�/LWHUDU\�7KHRU\� +HQU\�/RXLV�*DWHV��-U���/RQGRQ��0HWKXHQ��SS������������



7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO�RI�,EE�8QLYHUVLW\�
�

�

$ERXW�WKH�-RXUQDO��
�

7KH� 8QLYHUVLW\� 5HVHDUFKHU� LV� D� TXDUWHUO\�
SXEOLFDWLRQ� IRU� DOO� WKRVH� ZKR� DUH� SURIHVVLRQDOO\�
LQYROYHG�LQ�WKH�DFDGHPLF�UHVHDUFK�DQG�WHDFKLQJ�DW�
WKH� XQLYHUVLW\�� ,WV� SXUSRVH� LV� WR� SURYLGH� DQ�
RSSRUWXQLW\� IRU� FRQWULEXWRUV� ZKR� ZULWH� LQ� ERWK�
$UDELF� DQG� (QJOLVK� WR� SXEOLVK� WKHLU� RULJLQDO�
UHVHDUFK�� 7KH� HGLWRULDO� ERDUG� ZHOFRPHV� SDSHUV�
ZKLFK� GHDO� ZLWK� WKH� LVVXHV� LPSOLFLW� LQ� DUWV��
KXPDQLWLHV�DQG�VFLHQFH��
�

*XLGHOLQHV�IRU�3XEOLFDWLRQ�
�

���6XEMHFW�0DWWHU�
7KH�FRQWULEXWRUV�DUH�DVNHG�WR�WDNH�LQWR�DFFRXQW�
WKH� IROORZLQJ� LPSRUWDQW� IDFWRUV�ZKHQ�ZULWLQJ�
WKHLU�SDSHUV���

��

x� 3DSHUV�VKRXOG�EH�RULJLQDO�DQG�RI�YDOXH�DQG�
LQWHUHVW�WR�WKH�UHDGHUV�RI�WKH�-RXUQDO���

x� 7KH\�VKRXOG�EH�FOHDUO\�DQG�FRKHUHQWO\�ZULW�
WHQ�VR�WKDW�WKH�FRQWHQWV�DUH�DFFHVVLEOH�WR�WKH�
UHDGHUVKLS���

x� 7KH\� VKRXOG� GHPRQVWUDWH� DQ� DSSURSULDWH�
EDODQFH�EHWZHHQ�WKHRU\�DQG�SUDFWLFH���

�

���)RUPDW�RI�3DSHU��
3OHDVH�IROORZ�WKHVH� LQVWUXFWLRQV�H[DFWO\�RU�ZH�
ZLOO�EH�XQDEOH�WR�SURFHVV�\RXU�VXEPLVVLRQ���
�

x� 3OHDVH� JLYH� \RXU� SDSHU� D� FOHDU� DQG�
LQIRUPDWLYH� WLWOH� RI� DSSUR[LPDWHO\� ���
FKDUDFWHUV�� %HORZ� WKH� WLWOH�� ZULWH� \RXU�
QDPH�V�� DQG� IXOO� LQVWLWXWLRQDO� DGGUHVV��
LQFOXGLQJ�H�PDLO��$OO�WKHVH�VKRXOG�DSSHDU�DW�
WKH�WRS�RI�WKH�ILUVW�SDJH��

x� %HJLQ� \RXU� SDSHU� ZLWK� DQ� DEVWUDFW� RI� QR�
PRUH�����ZRUGV��LQ���SW��IRQW�VXPPDUL]LQJ�
\RXU�PDLQ�SRLQWV���

x� 3DSHUV� VKRXOG� EH� SULQWHG� RQ�$�� SDSHU� ����
FP�[����FP�DQG������FP�RQ�DOO�VLGHV���VLQJOH�
VSDFHG� LQ� 7LPHV� 1HZ� 5RPDQ� ��� SW�� IRQW��
DQG� VKRXOG� QRW� H[FHHG����SDJHV� LQ� VFLHQFH�
DQG� ��� SDJHV� LQ� DUWV� DQG� KXPDQLWLHV��
LQFOXGLQJ� IRRWQRWHV�� UHIHUHQFHV� DQG�
DSSHQGLFHV��$OO� SDJHV� VKRXOG�EH� QXPEHUHG�
FRQVHFXWLYHO\��

x� +HDGLQJV�DQG�VXEKHDGLQJV�VKRXOG�DSSHDU�RQ�
D� VHSDUDWH� OLQH�� UDQJHG� OHIW� DQG� ZULWWHQ� LQ�
EROG� W\SH�� 3OHDVH� XVH� D� QXPEHULQJ� V\VWHP�
IRU�KHDGLQJV�DQG�VXEKHDGLQJV��H�J�� ����������
HWF��������

x� 1RWHV� DQG� UHIHUHQFHV� LQ� WKH� WH[W� �FLWDWLRQV�� WR�
RWKHU� SXEOLFDWLRQV� VKRXOG� DSSHDU� DV� IRRWQRWHV�
RQ� LQGLYLGXDO�SDJHV��3OHDVH�QXPEHU�\RXU�IRRW�
QRWHV�FRQVHFXWLYHO\����

x� ,QGHQWHG� �ORQJHU�� FLWDWLRQV� DQG� WH[WV� LQ� FKDUWV�
DQG� WDEOHV�� DQG� IRRWQRWHV� VKRXOG� EH� LQ� �� SW��
IRQW����

x� &LWDWLRQV� DQG� UHIHUHQFHV� VKRXOG� IROORZ� WKH�
$3$�VW\OH����

�

���6XEPLVVLRQ�
7ZR� KDUG� FRSLHV� RI� WKH� SDSHU� VKRXOG� EH�
VXEPLWWHG��DORQJ�ZLWK�D�FRS\�RQ�&'�520�LQ�06�
:RUG�� &RQWULEXWLRQV� VKRXOG� EH� DGGUHVVHG� WR� WKH�
-RXUQDO�(GLWRU�LQ�&KLHI��VHH�&RUUHVSRQGHQFH����

�

���7HUPV�RI�$FFHSWDQFH��
D��7KH� -RXUQDO� LV� QRW� UHVSRQVLEOH� WR� UHWXUQ� WKH�
KDUG� FRSLHV� RI� WKH� PDQXVFULSW� UHFHLYHG��
ZKHWKHU�LW�LV�DFFHSWHG�RU�QRW��

E��7KH�PDQXVFULSW� UHFHLYHG� LV� EOLQG� UHYLHZHG� E\�
VSHFLDOL]HG� UHIHUHHV�� DQG� DFFHSWDQFH� LV�
GHSHQGHQW� RQ� WKHLU� UHFRPPHQGDWLRQ� IRU�
SXEOLFDWLRQ��:LWKLQ� WKUHH�PRQWKV� RI� UHFHLYLQJ�
LW��WKH�(GLWRU�ZLOO�OHW�\RX�NQRZ�ZKHWKHU��DQG�LI�
SRVVLEOH� ZKHQ�� \RXU� FRQWULEXWLRQ� ZLOO� EH�
SXEOLVKHG���

F��7KH�(GLWRULDO�ERDUG�UHVHUYHV�WKH�ULJKW�WR�DVN�IRU�
UH�IRUPDWWLQJ� RI�� RU� WR�PDNH� HGLWRULDO� FKDQJHV�
LQ��DQ\�PDQXVFULSW�DFFHSWHG�IRU�SXEOLFDWLRQ����

G��3DSHUV� VXEPLWWHG� WR� WKH� -RXUQDO� FRQWDLQ� WKH�
DXWKRU¶V� FRQFOXVLRQV� DQG� RSLQLRQV� DQG�� LI�
SXEOLVKHG�� GR� QRW� FRQVWLWXWH� D� FRQFOXVLRQ� RU�
RSLQLRQ�RI�WKH�(GLWRULDO�%RDUG��

H��$XWKRUV�� ZKR� DUH� QRW� PHPEHUV� RI� WKH�
8QLYHUVLW\� WHDFKLQJ� VWDII� DQG� DUH� ZLOOLQJ� WR�
SXEOLVK� WKHLU� SDSHUV� LQ� WKH� -RXUQDO�� DUH�
UHTXHVWHG� WR� SD\�<5� ������ � �86� ��� GROODUV��
IRU�SRVWDO�FKDUJHV��

I�� 7KH� HGLWRULDO� ERDUG� ZLOO� DVVXPH� WKDW� D� SDSHU�
VXEPLWWHG� KDV� QRW� EHHQ� SUHYLRXVO\� SXEOLVKHG��
DQG��LI�DFFHSWHG�IRU�SXEOLFDWLRQ�LQ�WKH�-RXUQDO��
ZLOO� QRW� EH� SXEOLVKHG� HOVHZKHUH� ZLWKRXW� WKH�
SULRU�ZULWWHQ�SHUPLVVLRQ�RI�WKH�(GLWRU�LQ�&KLHI��

��

&RUUHVSRQGHQFH��
(GLWRU�LQ�&KLHI��
-RXUQDO�RI�7KH�8QLYHUVLW\�5HVHDUFKHU��
7KH�8QLYHUVLW\�RI�,EE�
�3�2��%R[���������
�,EE�
�7KH�5HSXEOLF�RI�<HPHQ�
�
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6XEVFULSWLRQ�
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&RQWHQWV�
�x +XPDQLWLHV��/DQJXDJH�DQG�/LWHUDWXUH���7KH�'LVFRXUVH�RI�'RXEOH�FRQVFLRXVQHVV�LQ�7RQL�0RUULVRQ
V�6RQJ�RI�6RORPRQ�$QLO�.�3UDVDG«««««««««««««««��������

�
x 6FLHQFH��
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