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�¦³­·��·£µ¡¤µ��ªnµÄ�°�¸�ŴÂ�n¥´�¡��µ¦�·�Á�ºÊ°�°�
�µ¦��µ�¤µ¦�µÄ��eŴ ¡�«�Ŵ ���������Ŵ�¦³¤µ�Ŵ
���������Ŵ�¹É�Á�}�¦o°¥¨³�¸É­¼��ªnµÁ�jµ®¤µ¥�°��¦³Á�«
�¸É�Îµ®��ÅªoŴ °¥nµ�Å¦�È�µ¤Ŵ�¨�µ¦ª·�´¥�¸É�nµ�¤µ�´Ê��nµ�
�¦³Á�«Â¨³Ä��¦³Á�«Å�¥Ŵ¡�ªnµŴ­�¦®̧¨µ¥���o°��µ¦
¤¸�»�¦Ã�¥Á�¡µ³®¨´��µ�Å�o¦´�¥µ�oµ�Åª¦´­¤µÁ�}�¦³¥³
Áª¨µ®�¹É�Â¨oª¡�ªnµ��Á°�¤¸­»�£µ¡�¸�¹Ê���Á�º°����·
®¦º°Á�}����·Á�nµ�´��n°��·�Á�ºÊ°Ŵ �¹�®´�¤µ�·�Á¦ºÉ°��°�
�µ¦¤¸Á¡«­´¤¡´��rÂ¨³�µ¦¤¸�»�¦�Ŵ­�¦¸�¸É�·�Á�ºÊ°Á°�Å°ª¸
¥´�¤¸�ªµ¤�o°��µ¦¤¸�»�¦�oª¥Á®�»�¨�¸ÉÂ���nµ��´�Ŵ�µ�
�¨�µ¦ª·�´¥�nµ��¦³Á�«Ŵ¡�ªnµŴ­�¦¸¤¸�ªµ¤Á�ºÉ°Á�¸É¥ª�´�
�µ¦¤¸�»�¦ªnµŴ ¤¸°´�¦µ�µ¦�·�Á�ºÊ°�ÎÉµŴ �º°Ŵ ¨¼��³¤¸Ã°�µ­
�·��µ����o°¥Ŵ Á�ºÉ°¤´É�Ä�¥µ�oµ�Åª¦´­Â¨³ª·�¥µ«µ­�¦r
�µ¦Â¡�¥rŴ Á�ºÉ°¤´É�Ä��µ¦Ä®o�Îµ�¦¹�¬µÂ¨³�µ¦�¼Â¨�°�
Á�oµ®�oµ�¸ÉŴ�o°��µ¦Á�}�Â¤nŴŴÁ¤ºÉ°�´Ê��¦¦£rÂ¨oªÅ¤n­µ¤µ¦�
�ÎµÂ�o�Å�oÁ�ºÉ°��µ��´��´��ªµ¤Á�ºÉ°�µ�«µ­�µ����Ŵ­nª�
�¨�µ¦ª·�´¥Ä��¦³Á�«Å�¥Ŵ¡�ªnµŴ­�¦¸�¸É�·�Á�ºÊ°Á°�­r¤¸
�ªµ¤Á�ºÉ°Á�¸É¥ª�´��µ¦¤¸�»�¦ªnµŴ¨¼�Ŵ�º°Ŵ�°��ª´�ŴŴ¨¼�Ŵ�º°Ŵ
Â�oª�µŴ�ª�Ä�Ŵ¤¸¨¼�Åªo­º��ªµ¤Á�}���Á°�Ŵ Á�}��´ªÂ��
�°���Á°�Á¤ºÉ°Á­¸¥�¸ª·�Ŵ¤¸¨¼�ÅªoŴ v­º�®�n°Ŵ Â��Â�ªwŴŴ
�¼o�·�Á�ºÊ°Á°�­r¦�́¦¼oªnµ��­µ¤µ¦�¤¸̈ ¼�Å�o�oµ¤�̧µ¦ªµ�Â��Ŵ
¤¸�ªµ¤¡¦o°¤Â¨³�´Ê�Ä��¦·�Ŵ Ã�¥�{��´¥�¸É­Îµ�´��º°�ªµ¤

�o°��µ¦¤¸¨¼��°�­µ¤¸Ŵ Ŵ �·�ªnµ�µ¦¤¸¨¼��´Ê�¤¸�¦³Ã¥��r
¤µ��ªnµÅ¤n¤¸¨¼�Ŵ Ŵ ¤´É�Ä�Ä�Ã�¦��µ¦�j°��´��µ¦�·�Á�ºÊ°
�µ�Â¤n­¼n¨¼�Ŵ Á®È��´ª°¥nµ��¼o�·�Á�ºÊ°¤¸�»�¦�¸ÉÅ¤n�·�Á�ºÊ°ŴŴ
Â¨³¤´É�Ä�Ä��»�£µ¡¥µ�oµ�Åª¦´­�¸É�ÎµÄ®o��Á°�¤¸�¸ª·�
¥º�¥µª��Ŵ
Ŵ �°��µ��¸Ê¥´�¤¸�µ¦«¹�¬µ�µ¦Ä®o�ªµ¤®¤µ¥
�°��µ¦�´Ê��¦¦£rÄ���³�¸É�·�Á�ºÊ°ªnµŴ Á�}�­·É��·����·ŴŴ
Á�}�°´��¦µ¥�n°Â¤nÂ¨³¨¼�Ä��¦¦£rŴ �¦¹É�®�¹É��°�­�¦¸
Á®¨nµ�¸Ê�·��³�ÎµÂ�o�Á�ºÉ°��µ��¨´ª¨¼��·�Á�ºÊ°Ŵ Ŵ Á®�»�¨Ä�
�µ¦�´Ê��¦¦£rŴ Å�oÂ�nŴ�ªµ¤�o°��µ¦¤¸¨¼��°�­µ¤¸Ŵ Ŵ �µ¦�¸É
­�¦¸�´Ê��¦¦£rÅ¤n�¦µ�¤µ�n°�ªnµ��Á°��·�Á�ºÊ°ŴŴ�ªµ¤�·�
¡¨µ��°��µ¦�»¤�ÎµÁ�·�ŴÂ¨³�o°¤¼̈ �µ�Ã�¦��µ¦�j°���́
�µ¦�·�Á�ºÊ°�µ�Â¤n­¼n¨¼�Ŵ �µ¦��·�´�·�´ªÁ¤ºÉ°�´Ê��¦¦£r�³
¤¸�µ¦�¦´��¦»��µ¦��·�´�·�´ªÄ��µ¦�¦·Ã£�°µ®µ¦�¸É�¸¤¸
�¦³Ã¥��rŴ�µ¦�¼Â¨��Á°��oµ�¦nµ��µ¥Â¨³�·�Ä�¤µ��¹Ê���Ŵ
Ä���³�¸É�¨�µ¦«¹�¬µÁ�¸É¥ª�´��¦³�ª��µ¦�´Ê��¦¦£rÄ�
­�¦¸�¸É�·�Á�ºÊ°Ŵ¡�ªnµŴ�¦³�ª��µ¦�´Ê��¦¦£rÄ��¨»n¤�¸ÊÁ�}�
�¦³�ª��µ¦�¸É�´��o°�Â¨³¤¸Á�ºÉ°�Å�Ä��¸ª·��¸ÉÂ���nµ�
�´�Ŵ Ŵ Á®�»�¨�¸É�´Ê��¦¦£rŴ Å�oÂ�nŴ �µ¦­¦oµ��¦°��¦´ªÄ®¤n
�°��¼n�¸ÉÅ¤nÁ�¥¤¸�»�¦¤µ�n°�Ŵ Ŵ�ªµ¤�o°��µ¦¤¸�»�¦Åªo­º�
­�»̈ Ŵ�ªµ¤�o°��µ¦�ªµ¤�¼�¡�́ŴŴ�µ¦�»¤�ÎµÁ�·��·�¡¨µ�Ŵ
�´«���·Á�·�¨��n°�µ¦Ä�o�»�¥µ�°�µ¤´¥��ŴÁ�}��o�Ŵ
Ŵ �µ��¨�µ¦«¹�¬µª·�´¥�oµ��o�ŴÁ®È�Å�oªnµÁ®�»�¨
�¸É­Îµ��́�¦³�µ¦®�¹É��¸É�¼o�·�Á�ºÊ°Á°�Å°ª�̧o°��µ¦�´Ê��¦¦£rŴ
�º°�µ¦¦�́¦¼oªnµ¥µ�oµ�Åª¦­́�ÎµÄ®o°�́¦µ�µ¦�·�Á�ºÊ°�µ�Â¤n­¼n
¨¼�¨�¨�Ŵ Ŵ¥µ�oµ�Åª¦´­�¹�Á­¤º°��ªµ¤®ª´�Â¨³�¸ª·��°�Ŵ
�¼o�iª¥Á°�­r­�¦�̧¸É�·�Á�ºÊ°¨oª�¤�̧«́���·�¸É��̧n°�µ¦¤�̧»�¦
Å¤nªnµ�»�¦�¸ÉÁ�·�¤µ�³�·�Á�ºÊ°®¦º°Å¤nŴŴ­Îµ®¦´��µ����»�¦
Á�}��ªµ¤®ª´��°��¸ª·�Ä®o­µ¤µ¦�Á��·��{�®µÂ¨³�nµ�
�ªµ¤¥µ�¨Îµ�µ��°��ª̧·�Å�Å�oŴŴŴÁ�¦¥̧�Á­¤º°�¦µ�ª´̈ �°�
�ª̧·�ŴÁ�}�¦µ�ª´̈ Â®n��ªµ¤°���¦°�°¥ŴŴ�ªµ¤¡µ�Á¡¥̧¦
Ä��µ¦�¼Â¨��Á°�Ä®o�¸��³�´Ê��¦¦£rŴ Â¨³­Îµ®¦´��µ�
���»�¦�º°Â¦��´¨�µ¨Ä�Ä��µ¦¤¸�¸ª·�°¥¼n�n°Å�Ŵ Ŵ�ªµ¤
�o°��µ¦¤¸�»�¦Ä�­�µ��µ¦�r�¸É�¼��n��¸ÊªnµŴ vÁ­¸É¥�­¼�w�¹�
Á�}��ªµ¤�oµ�µ¥­Îµ®¦�́¡¥µ�µ¨�¸É�³�nª¥Á®¨º°­�¦�̧¸É�·�
Á�ºÊ°Á°�Å°ª¸Â¨³�¦°��¦´ªÄ®o­µ¤µ¦��Îµ®��Á�jµ®¤µ¥Ŵ
�¦°��¦´ª�oª¥��Á°��¨°���¤¸�µ¦¡´��µ�ªµ¤
­µ¤µ¦�Ä��µ¦�¼Â¨��Á°�°¥nµ�Á¡¸¥�¡°Á¡ºÉ°Á��·��´�
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­�µ��µ¦�r�{�®µ­»�£µ¡�µ��¨�¦³���¸É¤¸Ã°�µ­Á�·�
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}�wÙ¬�����¥h�����Ü�����­Ùw���¥«����¢
��³|z���Ð�¢²�¡�ª�Þ³�ª��®��¢
Ŵ Á�ºÉ°��µ��ªµ¤�o°��µ¦¤¸�»�¦Á�}�­·��·�´Ê�Ŵ
¡ºÊ��µ��°��»��¨�¸É�o°��µ¦­¦oµ��¦°��¦´ªŴ Â¨³�Îµ
�¦³�µ«­·��·�°�­¤µ�¤Á¡««µ­�¦rÃ¨�Ŵ �¦³�µ«Åªo
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�µ¦Á�¦·�¡´��»rŴ­µ¤µ¦�Á¨º°��Îµ�ª��»�¦ŴŴ¦³¥³®nµ��°�
�µ¦¤¸�»�¦ŴÂ¨³Ã°�µ­Å�o¦´��ªµ¤�nª¥Á®¨º°Ä®o�´Ê��¦¦£r
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Â¤n��Ŵ ­Îµ®¦´�­�¦¸�¸É�·�Á�ºÊ°Á°�Å°ª¸Â¨³�¦°��¦´ª�ÈÁ�n�
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�µ¦Á¨º°��´�­·�Ä��¸É�³�´Ê��¦¦£rÄ�­�¦¸�¸É�·�Á�ºÊ°Á°�Å°ª¸Ŵ
�¹�Á�}�­�µ��µ¦�r�¸ÉÁ¨¸É¥�Å¤nÅ�oÄ��µ¦Ä®o�¦·�µ¦Ä��µ�
°�µ¤´¥Â¤nÂ¨³Á�È�Ŵ ¦nª¤Å��´��µ¦�¼Â¨­�¦¸�´Ê��¦¦£r�¸É
�¦ª�¡��µ¦�·�Á�ºÊ°Á°�Å°ª¸£µ¥®¨´��µ��´Ê��¦¦£rÂ¨oªŴ
��́�´Ê��¹�¤�̧Ã¥�µ¥Â¨³Â�ª��·��́·�¸ÉÁ®¤µ³­¤Á¡ºÉ°¦°�¦�́
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­�¦¸Â¨³�¦°��¦´ª
� �Ã¥�µ¥�µ¦�¼Â¨­�¦¸�´Ê��¦¦£r�¸É�·�Á�ºÊ°
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�¹É��¦°��¨»¤�´Ê�£µª³­»�£µ¡�°�¤µ¦�µÂ¨³�µ¦�ŴÅ�oÂ�nŴ
��Ŵ̈ ��Îµ�ª��µ¦�·�Á�ºÊ°Ä�®�·�ª¥́Á�¦·�¡�́�»rŴŴ��Ŵ�j°���́
�µ¦�´Ê��¦¦£rÃ�¥Å¤n�´Ê�Ä�Ä�­�¦�̧¸É�·�Á�ºÊ°ŴŴ��Ŵ�j°���́�µ¦
Â¡¦nÁ�ºÊ°�µ�Â¤n­¼n¨¼�Ŵ Ŵ®¦º°�¸ÉÁ¦¸¥�ªnµŴPRWKHU�WR�FKLOGŴ
WUDQVPLVVLRQŴ�07&7�ŴÂ¨³Ŵ��ŴÄ®o�µ¦�¼Â¨Ŵ¦´�¬µÂ¨³
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�µ¦�Îµ®��Á�}�Â�ª��·��́·­Îµ®¦�́�¦³Á�«�¸É¤°̧�́¦µ�µ¦
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� �Ã¥�µ¥�°��¦³Á�«Å�¥�­Îµ®¦�́�¦³Á�«Å�¥
�{��»�´��µ¦�Îµ Á�·��µ��¸É�¦¤°�µ¤´¥ Ŵ �¦³�¦ª�
­µ�µ¦�­»��Îµ®��Ŵ�¦³�°��oª¥�µ¦Ä®o�Îµ�¦¹�¬µÂ�n
­�¦¸�´Ê��¦¦£rŴ ­�¦¸®¨´��¨°�ŴÂ¨³�¦°��¦´ª�¸É�·�Á�ºÊ°Ŵ
Á°�Å°ªŴ̧Á¡ºÉ°Á�}��µ¦�j°��´��µ¦Â¡¦nÁ�ºÊ°Á°�Å°ª¸�µ�Â¤n
­¼n¨¼�Ŵ¤¸�µ¦�ÎµÁ�·��µ��µ¤Â�ª�Ã¥�µ¥£µ¥Ä�o�·��¦¦¤
®¨´�Ŵ�º°Ŵ�µ¦Ä®o�¦·�µ¦�¦¹�¬µÂ¨³�¦ª�Á¨º°�Á°�Å°ª¸
­Îµ®¦´�­�¦¸�´Ê��¦¦£r�oª¥�ªµ¤­¤´�¦Ä��»�¦µ¥Ŵ Ã�¥­�¦¸
�´Ê��¦¦£r�¸É¤¸�¨Á¨º°�Á°�Å°ª¸�ª��³Å�o¦´�¥µ�oµ�Åª¦´­
Á¡ºÉ°¨��µ¦�nµ¥�°�Á�ºÊ°Á°�Å°ª¸�µ�Â¤n­¼n¨¼�¦ª¤�´Ê�
Á�È��¸ÉÁ�·��µ�Â¤n�¸É�·�Á�ºÊ°Á°�Å°ª¸�³Å�o¦´�¥µ�oµ�Åª¦´­
®¨�́�¨°���́�Ŵ̧Â¨³�³Å�o¦�́�¤�­¤��Â���¤Â¤nÁ�}�
Áª¨µŴ��ŴÁ�º°�Ŵ�¹É�Â¤nÂ¨³¨¼�®¨�́�¨°��³Å�o¦�́�µ¦�¼Â¨
°¥nµ��n°Á�ºÉ°�ŴÄ�Â�n̈ ³�e�³¤­̧�¦�̧´Ê��¦¦£r�·�Á�ºÊ°Á°�Å°ªŴ̧Ŵ
�¦³¤µ�Ŵ�����Ŵ�Ŵ�����Ŵ��ŴÂ¨³¤¸Ã°�µ­�nµ¥�°�Á�ºÊ°
Á°�Å°ª¸�µ�Â¤n­¼n¨¼�Å�oŴ �����Ŵ�Ŵ�����Ŵ��Ŵ®µ�Å¤n¤¸
�µ¦�j°��´���Ŵ Ŵ �µ�­�µ��µ¦�r�¸É¡�ªnµ¦o°¥¨³�°�Á�È�
�¸É�·�Á�ºÊ°�µ�¤µ¦�µÁ�·�Á�jµ®¤µ¥�¸É�Îµ®��Ŵ�¦³�¦ª�
­µ�µ¦�­»��¹�Å�o�¦³�µ«�Ã¥�µ¥�µ¦�j°��´��µ¦
�nµ¥�°�Á�ºÊ°Á°�Å°ª¸�µ�Â¤n­¼n¨¼�ŴÄ��eŴ¡�«�Ŵ����ŴÁ�}�
Â�ª��·�´�·­Îµ®¦´��»�¨µ�¦�µ��µ¦Â¡�¥r�´Éª�¦³Á�«ŴŴ
�¹É��¦³�°��oª¥Ŵ��Ŵ ­�µ��¦·�µ¦­µ�µ¦�­»��»�Á�¦º°
�nµ¥Ŵ�ª¦�´�Ä®o¤¸�µ¦�¦·�µ¦�¦¹�¬µ�´Ê��n°�Â¨³®¨´��µ¦
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Â���¼nÂ¨³Á�È��¨�µ¦�¦ª�Á�}��ªµ¤¨´�°¥nµ�Á�¦n��¦´�Ŵ
Ã�¥Â�o�Ä®o�¦µ�Á�¡µ³�»��¨�¸É�¼o�iª¥°�»�µ�Á�nµ�´Ê�ŴŴ
��Ŵ­�¦�̧´Ê��¦¦£r�»���Â¨³­µ¤®̧¦º°�¼n�¦°�Ŵ�³Å�o¦�́�µ¦
�¦¹�¬µÂ���¼nÂ¨³�¦ª�®µÁ�ºÊ°Á°�Å°ª¸�oª¥�ªµ¤­¤´�¦
Ä�Ŵ­�¦¸�´Ê��¦¦£r�¸É�·�Á�ºÊ°Á°�Å°ª¸�³Å�o¦´��µ¦�¦ª�Á�¨¨rŴ
&'�Ŵ�FOXVWHUŴRIŴGLIIHUHQWLDWLRQŴ��ŴÂ¨³Å�o¦´��µ¦¦´�¬µ
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­µ�µ¦�­»�ŴÂ¨³Ŵ��ŴÂ¤n�¨¼�ŴÂ¨³­µ¤¸®¦º°�¼n�¦°��¸É�·�
Á�ºÊ°Á°�Å°ª¸Ŵ �³Å�o¦´�¥µ�oµ�Åª¦´­�µ¤­£µ¡�°��µ¦�·�
Á�ºÊ°Ŵ�µ¦­n�Á­¦·¤­»�£µ¡Â¨³�µ¦�·��µ¤�µ¦�¼Â¨¦´�¬µ
°¥nµ��n°Á�ºÉ°���Ŵ

Ŵ Â�ª�µ��µ¦�ÎµÁ�·��µ¦Á¡ºÉ°�j°��´��µ¦
�nµ¥�°�Á�ºÊ°�Á°��Å°�ª¸��µ�Â¤n­¼n¨¼���µ��µ¦�¦³®�´�
�¹��¨�¦³���¸É¤¸�n°�¦³�µ�¦ª´¥Á�È�Ä�¦³¥³¥µªŴ
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Ŵ ��Ŵ ­�¦¸�´Ê��¦¦£r�¸É�·�Á�ºÊ°Á°�Å°ª¸ Ŵ �»���
�¸É�o°��µ¦�´Ê��¦¦£r�n°Å�Ŵ Ŵ �³Å�o¦´�¥µ�oµ�Åª¦´­Ŵ$=7Ŵ
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�¦Ŵ¤´��³¤�¸��ŴŴ Å�o��µ��´ª°¥nµ�Ŵ��Ŵ��ŴÂ�n�Á�}��¨»n¤
��¨°�Â¨³�¨»n¤�ª��»¤�¨»n¤¨³Ŵ��Ŵ��ŴÃ�¥��́�¨µ�°¥nµ�
�nµ¥Â��Å¤n��Â��Á�oµ�¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤Ŵ
Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�´¥
Ŵ ��Ŵ Â��­°��µ¤�o°¤¼¨�´ÉªÅ�Ŵ Å�oÂ�nŴ °µ¥»Ŵ
°µ�¸¡Ŵ ­�µ�£µ¡­¤¦­Ŵ�µ¦«¹�¬µŴ ¦µ¥Å�oŴ °µ¥»�¦¦£rŴŴŴ
�ÎÊµ®�´��n°��´Ê��¦¦£rŴ­nª�­¼�ŴÂ¨³�´��¸¤ª¨�µ¥
Ŵ ��ŴŴ Â��­°��µ¤�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°�
��Á°�Ŵ �¸É�¦³¥»��r�¹Ê��µ�Â��­°��µ¤�°�Ŵ «¦·��¦ŴŴ
¤�́�³¤��̧�Ŵ�¸É­¦oµ��µ¤�¦°�Â�ª�·��°�Ŵ%DQGXUD��Ŵ¤�̧o°
�Îµ�µ¤�Îµ�ª�Ŵ��Ŵ�o°Ŵ�o°�Îµ�µ¤Á�}�Â��¤µ�¦µ�¦³Á¤·�
�nµŴ�5DWLQJŴVFDOH�Ŵ¤¸Ŵ�Ŵ°´��´�Ŵ�ÎµÅ���¨°�Ä�o�´��¨»n¤
�¸É¤¸�»�­¤�´�·�¨oµ¥�¨»n¤�´ª°¥nµ�Å�o�nµ­´¤�¦³­·��·Í­®
­´¤¡´��r�°��°��µ�Á�nµ�´�Ŵ���
Ŵ ��Ŵ Â��­°��µ¤¡§�·�¦¦¤­»�£µ¡�oµ�
Ã£��µ�µ¦Ŵ�¸É�¦³¥»��r�¹Ê��µ�Â��­°��µ¤�°�«¦·��¦Ŵ
¤´��³¤��̧�Ŵ�¸É­¦oµ��µ¤�¦°�Â�ª�·��°�Ŵ%DQGXUD��Ŵ¤¸
�o°�Îµ�µ¤�Îµ�ª�Ŵ��Ŵ�o°Ŵ Á�}��Îµ�µ¤�¨µ¥Á�d��Îµ�ª�Ŵ
�Ŵ�o°ŴÂ¨³Á�}��Îµ�µ¤Â��¤µ�¦µ�¦³Á¤·��nµŴ �5DWLQJŴ
VFDOH�Ŵ�Îµ�ª�Ŵ��Ŵ�o°Ŵ¤¸Ŵ�Ŵ°´��´�Ŵ¤¸�o°�Îµ�µ¤Á�·��ª�Ŵ
��Ŵ�o°Â¨³�o°�Îµ�µ¤Á�·�¨�Ŵ��Ŵ�o°Ŵ�ÎµÅ���¨°�Ä�o�´�
�¨»n¤�¸É¤¸�»�­¤�´�·�¨oµ¥�¨»n¤�´ª°¥nµ�Å�o�nµ­´¤�¦³­·��·Í
­®­´¤¡´��r�°��°��µ�Á�nµ�´�Ŵ���
Ŵ ��ŴŴ Ã�¦Â�¦¤­n�Á­¦·¤�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦�
�°���Á°�Ŵ Á�}�Ã�¦Â�¦¤�¸É�¼oª·�´¥­¦oµ��¹Ê��µ¤�¦°�
Â�ª�·��°�Â���¼¦nµŴ �%DQGXUD��Ŵ �¦³�°��oª¥Ŵ
��Ŵ­£µ¡�µ�¦nµ��µ¥Â¨³°µ¦¤�rŴ �3K\VLRORJLFDOŴ DQGŴŴ
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DIIHFWLYHŴVWDWH�ŴÁ�}��µ¦Á�¦¸¥¤�ªµ¤¡¦o°¤�oµ�¦nµ��µ¥
Â¨³°µ¦¤�rÃ�¥Ä�oÁ���·��µ¦�n°��¨µ¥�¨oµ¤Á�ºÊ°
�´Éª¦nµ��µ¥Ŵ ��Ŵ �¦³­��µ¦�r�µ��µ¦Á®È��µ¦�¦³�Îµ
�°��¼o°ºÉ�®¦º°�µ¦Å�oÁ®È��´ªÂ��Ŵ �(QDFWLYHŴPDVWHU\Ŵ
H[SHULHQFH�Ŵ Ã�¥�´�Ä®oÁ®È��´ªÂ���¸ÉÁ�}�ª´¥¦»n�Á®¤º°�
®�·��´Ê��¦¦£r�nµ�­ºÉ°ª¸�·�´«�rŴ�ÎµÄ®o®�·��´Ê��¦¦£rÅ�o¦´�
�¦³­��µ¦�r�µ�°o°¤Ŵ��Ŵ�µ¦�´��¼��oª¥�Îµ¡¼�Ŵ�9HUEDOŴ
SHUVXDVLRQ�Ŵ Á�}��µ¦Ä®o�ÎµÂ�³�ÎµÁ�}�¦µ¥�¨»n¤�nµ�­ºÉ°
ª¸�·�´«�rŴ¦nª¤�´��µ¦�¸ÊÂ�³Ŵ°�·�µ¥Ŵ�¦³�»o�Ä®o�Îµ¨´�Ä�ŴÄ®o
�ªµ¤¦¼o�nµ�Ã�¦«´¡�rŴ��Ŵ�µ¦�¦³­��ªµ¤­ÎµÁ¦È��µ��µ¦
¨�¤º°�¦³�Îµ�oª¥��Á°��(QDFWLYHŴPDVWHU\ŴH[SHULHQFH�Ŵ
Á�}��µ¦�ÎµÅ�¨�¤º°��·�´�·�oª¥��Á°��¸É�oµ�Ŵ Ã�¥�µ�
®ª´��¨¨´¡�rÁ¡ºÉ°Ä®oÁ�·��µ¦Á�¨¸É¥�Â�¨�¡§�·�¦¦¤�oµ�
Ã£��µ�µ¦�°�®�·��´Ê��¦¦£rª´¥¦»n�Ŵ�¸ÉÅ¤nÅ�o¤»n�Á�o�Á�¡µ³
�µ¦Á�¨¸É¥�Â�¨��oµ��ªµ¤¦¼oŴÂ�n�¦³�»o�Ä®o�»��¨­µ¤µ¦�
��·�´�·¡§�·�¦¦¤�oµ�Ã£��µ�µ¦�¸É�¸
� �µ¦Á�È�¦ª�¦ª¤�o°¤¼¨
� �¼oª·�´¥�ÎµÁ�·��µ¦��¨°��oª¥��Á°�Ŵ£µ¥Ä�o
�µ¦¡·�´�¬r­·��·Í�°��¨»n¤�´ª°¥nµ�ŴÂ¨³Å�o¦´��µ¦¦´�¦°�
Ã�¦��µ¦ª·�´¥�µ���³�¦¦¤�µ¦�¦·¥�¦¦¤�µ¦ª·�´¥Ä�
¤�»¬¥rŴ¤®µª·�¥µ¨¥́�°�Â�n�Â¨³Ã¦�¡¥µ�µ¨«¦­̧³Á�¬
�¨»n¤��¨°�Ŵ Å�o¦´�Ã�¦Â�¦¤­n�Á­¦·¤�µ¦¦´�¦¼o�ªµ¤
­µ¤µ¦��°���Á°��nµ�­ºÉ°ª¸�·�´«�r Ŵ �¦³�°��oª¥ŴŴ
��Ŵ�·��¦¦¤�n°��¨µ¥�¨oµ¤Á�ºÊ°Ä�oÁª¨µŴ�Ŵ�µ�Ŵ̧��Ŵ�·��¦¦¤Ŵ
Ä®o�ªµ¤¦¼oÁ¦ºÉ°�¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦Ä�o
Áª¨µŴ ��Ŵ �µ�¸Ŵ ��Ŵ Â��®�´�­º°�¼n¤º°�µ¦��·�´�·�oµ�
Ã£��µ�µ¦Ŵ®¨�́�µ��´Ê�Ŵ�Ŵ­�́�µ®rŴ�¼oª·�¥́Ã�¦«¡́�r�¦³�»o�
Á�º°�Ŵ­°��µ¤�{�®µÂ¨³Ä®o�ÎµÂ�³�ÎµÁ¡·É¤Á�·¤ŴÄ�oÁª¨µ
�¦³¤µ�Ŵ��Ŵ�µ�¸Ŵ ­nª��¨»n¤�ª��»¤Å�o¦´��µ¦¡¥µ�µ¨
�µ¤���·ŴÁ�È�¦ª�¦ª¤�o°¤¼¨�n°��µ¦��¨°�Â¨³­·Ê�­»�
�µ¦��¨°��¹É�®nµ��´�Ŵ�Ŵ­´��µ®r
Ŵ ª· Á �¦ µ³®r �o °¤¼ ¨ Ã�¥­�· �· Á �· �¡¦¦��µ�
,QGHSHQGHQWŴŴWŴyŴWHVWŴÂ¨³Ŵ3DLUHGŴWŴyŴWHVWŴ

Ú�w���£w��
Ŵ ��Ŵ �´Ê��¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤Ŵ­nª�Ä®�n
¤¸°µ¥»°¥¼nÄ��nª�Ŵ�����Ŵ�eŴ��¦³�´�¤´�¥¤«¹�¬µ�°��o�ŴŴ
Å¤n¤¸�µ��Îµ®¦º°Á�}�Â¤n�oµ�Ŵ Á�}��¦°��¦´ª�¥µ¥Ŵ ¤¸

­�µ�£µ¡­¤¦­Â¨³°¥¼n�oª¥�´��´�­µ¤¸Ŵ ­nª�Ä®�n¤¸�nµ
��́�¤̧ª¨�µ¥�n°��´Ê��¦¦£r�o°¥�ªnµÁ���rŴ¥�Áªo�¦µ¥Å�o�¸É
�¨»n¤��¨°�¤¸¦µ¥Å�oÁ�¨¸É¥�¦°��¦´ª�n°Á�º°�¤µ��ªnµ
�¨»n¤�ª��»¤
Ŵ ��Ŵ ®¨´��µ¦��¨°�Ŵ �¨»n¤��¨°�¤¸�nµÁ�¨¸É¥
�³Â���µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°���Á°�­¼��ªnµ�n°�
�µ¦��¨°�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ �3������ŴÂ¨³¤¸
�nµÁ�¨¸É¥�³Â��¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦­¼��ªnµ
�n°��µ¦��¨°�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ �3Ŵ �������Ŵ
Á�n��´�Ŵ��µ¦µ��¸ÉŴ��
Ŵ ��Ŵ ®¨´��µ¦��¨°�Ŵ �nµÁ�¨¸É¥�³Â���µ¦
¦´�¦¼o�ªµ¤­µ¤µ¦��°���Á°�Ä��¨»n¤��¨°�Â¨³�¨»n¤
�ª��»¤¡�ªnµÅ¤n¤�̧ªµ¤Â���nµ���́Ŵ­nª��nµÁ�¨¸É¥�³Â��
¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦�°��¨»n¤��¨°�­¼�
�ªnµ�¨»n¤�ª��»¤°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ �3������ŴŴ
��µ¦µ��¸ÉŴ��

w����¡����Ú�
� �¨�µ¦ª·�´¥¡�ªnµŴ �´Ê��¨»n¤��¨°�Â¨³�¨»n¤
�ª��»¤¤¸�nµÁ�¨¸É¥�³Â���µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°�
��Á°��oµ�Ã£��µ�µ¦£µ¥®¨´��µ¦��¨°�­¼��ªnµ
�n°��µ¦��¨°�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ �3������ŴŴ
�´��´Ê�£µ¥®¨´��µ¦��¨°��¹�Å¤n¡��ªµ¤Â���nµ��°�
�nµÁ�¨¸É¥�³Â���µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°���Á°��oµ�
Ã£��µ�µ¦Ŵ°�·�µ¥Å�oªnµ�´Ê��µ¦Ä®o�ªµ¤¦¼o�oµ�Ã£��µ�µ¦
�µ¤���·�°�Â��� µ��¦¦£rÄ��¨»n¤�ª��»¤ŴÂ¨³�µ¦
Á¡·É¤Ã�¦Â�¦¤­n�Á­¦·¤�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°���Á°�
Ä��¨»n¤��¨°��ÎµÄ®o®�·��´Ê��¦¦£rª´¥¦»n�¤¸�µ¦¦´�¦¼o�ªµ¤
­µ¤µ¦��°���Á°��oµ�Ã£��µ�µ¦�¸ÉÁ¡·É¤�¹Ê�Å�oŴ
Ŵ Â�n Á¤ºÉ°¡·�µ¦�µ¡§�·�¦¦¤­»�£µ¡�oµ�
Ã£��µ�µ¦¡�ªnµ Ŵ �¨»n¤��¨°�¤¸�nµÁ�¨¸É¥�³Â��
¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦®¨�́�µ¦��¨°�­¼��ªnµ
�n°��µ¦��¨°�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ �3�������Ŵ
Ä���³�¸É�¨»n¤�ª��»¤¡�ªnµŴ�nµÁ�¨¸É¥�³Â��¡§�·�¦¦¤
­»�£µ¡�oµ�Ã£��µ�µ¦®¨´��µ¦��¨°�Å¤nÂ���nµ��µ�
�n°��µ¦��¨°�ŴÂ¨³¡�ªnµŴ®¨�́�µ¦��¨°��¨»n¤��¨°�¤¸
�nµÁ�¨¸É¥�³Â��¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦­¼��ªnµ
�¨»n¤�ª��»¤°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ�3������ŴÂ­��
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þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

Ä®oÁ®È�ªnµÃ�¦Â�¦¤­n�Á­¦·¤�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°�
��Á°��oµ�Ã£��µ�µ¦�µ¤�¦°�Â�ª�·��°�Ŵ%DQGXUD��Ŵ
�¸É¤�̧µ¦�n°��¨µ¥�¨oµ¤Á�ºÊ°�´Éª¦nµ��µ¥�n°��µ¦Ä®o�ªµ¤
¦¼o Ŵ Ã�¥�ÎµÁ­�°�´ªÂ���¸É¤¸¨´�¬�³Á�¸¥ª�´��´��¨»n¤
�´ª°¥nµ��nµ�­ºÉ°ª¸�·�´«�rŴ �¹É�¤¸£µ¡Á�¨ºÉ°�Å®ªÁ®¤º°�
�¦·�Â¨³¤¸���¦¸�¦³�°�Ŵ�nª¥�¹��¼��ªµ¤­�Ä�Å�o�¸�ªnµ
�µ¦­°��´ÉªÅ������������Ŵ �¨°����µ¦Ã�¦«´¡�r�¦³�»o�
Á�º°�Ŵ­°��µ¤�{�®µÂ¨³®µÂ�ª�µ�Â�oÅ�Ŵ ¥´��nª¥¥ÎÊµ
Á�º°�Ä®oª´¥¦»n���·�´�·�´ªÅ�o�¼��o°�¤µ��¹Ê�Ŵ�°��µ��´Ê�
¥´�¤¸�µ¦Â��®�´�­º°�¼n¤º°Ä®o�¨´�Å����ª��ªµ¤¦¼o�¸É
�oµ�ŴÄ��¨»n¤�ª��»¤¤¸�µ¦Ä®o�ªµ¤¦¼o�µ¤���·�°�Â���
 µ��¦¦£rŴ�ÎµÄ®o�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°���Á°�Á¡·É¤
�¹Ê�Â�nÅ¤n¥´É�¥º�­¼n�µ¦��·�´�·Ŵ­°��¨o°��´��µ¦«¹�¬µ�°�
¤µ¦·¥µŴ­»��·���rŴÂ¨³�´���µŴ�¦³�»«·¨���Ŵ�¸É«¹�¬µ¡�
ªnµ�¨»n¤��¨°�£µ¥®¨´�Å�o¦´��µ¦­n�Á­¦·¤�µ¦¦´�¦¼o�ªµ¤
­µ¤µ¦��°���Á°�¤¸¡§�·�¦¦¤�µ¦��·�´�·��­¼��¹Ê��ªnµ
�¨»n¤�ª��»¤Â¨³�µ¦«¹�¬µ�°�Ŵ­»®¦¸Ŵ Ŵ ®�»n�°µ®¨¸Ŵ Â¨³Ŵ
�´���µŴ�¦³�»«·¨�³��Ŵ�¸É«¹�¬µ¡�ªnµ¡§�·�¦¦¤¤µ¦�µ
ª¥́¦»n��¦¦£rÂ¦�®¨�́�¨°��¸ÉÅ�o¦�́Ã�¦Â�¦¤­n�Á­¦·¤�µ¦Ŵ
¦´�¦¼o�ªµ¤­µ¤µ¦��°���Á°�­¼��ªnµ�¨»n¤¤µ¦�µª´¥¦»n�
�¦¦£rÂ¦�®¨�́�¨°��¸ÉÅ�o¦�́�µ¦¡¥µ�µ¨�µ¤���·°¥nµ�
¤¸�´¥­Îµ�´��µ�­�·�·�¸É¦³�´�Ŵ���Ŵ

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ �ª¦�ÎµÃ�¦Â�¦¤­n�Á­¦·¤�µ¦¦´�¦¼o�ªµ¤
­µ¤µ¦��°���Á°�¤µÄ�oÄ��µ¦�¼Â¨®�·��´Ê��¦¦£rª´¥¦»n�
°¥nµ��n°Á�ºÉ°�Ŵ Á¡ºÉ°Ä®o®�·��´Ê��¦¦£rª´¥¦»n�¤¸¡§�·�¦¦¤
­»�£µ¡°¥nµ�Á®¤µ³­¤
Ŵ ��Ŵ �ª¦¤¸�µ¦­n�Á­¦·¤Ä®o�¦°��¦´ªŴ Å�oÂ�nŴ
¤µ¦�µÂ¨³­µ¤Ŵ̧Á�oµ¤µ¤­̧nª�¦nª¤ŴÁ�ºÉ°��µ�®�·��´Ê��¦¦£r
ª´¥¦»n�°µ«´¥°¥¼n�´��¦°��¦´ª�°���Á°�®¦º°�¦°��¦´ª
�°�­µ¤¸Á�}�­nª�Ä®�n
Ŵ ��Ŵ Ä��µ¦ª·�´¥�¦´Ê��¸ÊÄ�o­ºÉ°ª¸�·�´«�rŴ �µ¦Â��
®�´�­º°�¼n¤º°Ŵ Â¨³�µ¦Ã�¦«´¡�r�¦³�»o�Á�º°�Ä��µ¦
¡�́�µ�µ¦¦�́¦¼o�ªµ¤­µ¤µ¦��°���Á°�Ŵ�¹É�¡�ªnµ�nª¥Ä®o
®�·��´Ê��¦¦£rª´¥¦»n�¤¸¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦
�¸�¹Ê�Ŵ �´��´Ê��µ¦Ä�o­ºÉ°ª¸�·�´«�rŴ ®�´�­º°�¼n¤º°Â¨³�µ¦
Ã�¦«´¡�r�¦³�»o�Á�º°��¹�¤¸�¦³Ã¥��r�n°¦³���¦·�µ¦

¡¥µ�µ¨Ŵ¡¥µ�µ¨®�nª¥�µ� µ��¦¦£r�ª¦��¨°��Îµ
­ºÉ°ª¸�·�´«�rŴ®�´�­º°�¼n¤º°ŴÂ¨³�µ¦Ã�¦«´¡�r�¦³�»o�Á�º°�
Å�Ä�oÄ��µ¦Ä®o�ÎµÂ�³�Îµ®�·��´Ê��¦¦£rÄ�Á¦ºÉ°��nµ�ÇŴÁ�n�Ŵ
�µ¦��·��́·�ª́��³�´Ê��¦¦£rŴ�µ¦Á�¦¥̧¤�ª́Á¡ºÉ°�µ¦�¨°�Ŵ
Á�}��o�Ŵ

ª�w����i�|�¡|
��ŴŴ 0RUDQŴ9+�ŴŴ$ŴV\VWHPDWLFŴUHYLHZŴRIŴGLHWDU\ŴDV�

VHVVPHQWVŴRIŴSUHJQDQWŴDGROHVFHQWVŴLQŴLQGXVWULDO�
L]HGŴFRXQWULHV�ŴŴ7KHŴ%ULWLVKŴ-RXUQDOŴ2IŴ1XWULWLRQŴŴ
������������Ŵ��������

��ŴŴ 'HSDUWPHQWŴRIŴ2EVWHWULFVŴ	Ŵ*\QHFRORJ\�ŴŴ6UL�
VDNHWŴKRVSLWDOŴPHGLFDOŴUHFRUGV�Ŵ Ŵ'HSDUWPHQWŴRIŴ
2EVWHWULFVŴ	Ŵ*\QHFRORJ\�Ŵ�����

��ŴŴ 7KDWRŴ6�Ŵ5DFKXNXOŴ6�Ŵ6RSDMDUHHŴ&�ŴŴ2EVWHWULFVŴDQGŴ
SHULQDWDOŴRXWFRPHŴRIŴ7KDLŴSUHJQDQWŴDGROHVFHQFH�Ŵ
$ŴUHWURVSHFWLYHŴVWXG\�ŴŴ,QWHUQDWLRQDOŴ-RXUQDOŴRIŴ
1XUVLQJŴ6WXGLHVŴŴ�����Ŵ���Ŵ����������

��Ŵ 6ULQDSDVDZDWŴ$�Ŵ7RQJSXQFKXQJŴ.�ŴŴ'HYHORSLQJŴ
DŴ SDUWLFLSDWLRQDOŴ IRUPDWŴ RIŴ QXWULWLRQŴ HGXFDWLRQŴ
LQŴSUHJQDQF\Ŵ FOLQLFŴ IRUŴ FRQWUROŴ DQGŴSUHYHQWLRQŴ
RIŴ LURQ�GHűFLHQF\Ŵ DQHPLDŴ �,'$��Ŵ Ŵ&KRQEXULŴ
+RVSLWDOŴMRXUQDOŴŴ�������������Ŵ����

��ŴŴ 1RYDNŴ-/�Ŵ%URRPŴ%/�ŴŴ0DWHUQDOŴDQGŴFKLOGŴKHDOWKŴ
QXUVLQJ�ŴŴ�WKŴHG�ŴŴ6W�ŴŴ/RXLV�Ŵ0RVE\�Ŵ�����Ŵ

��ŴŴ &KHQŴ0<�Ŵ -DPHVŴ.�Ŵ+VXŴ//�Ŵ&KDQJŴ+6:�Ŵ
+XDQJŴ/+�ŴŴ:DQJŴ(.�ŴŴ+HDOWK�UHODWHGŴEHKDYLRUŴ
DQGŴDGROHVFHQWŴPRWKHUV�ŴŴ3XEOLFŴ+HDOWKŴ1XUVLQJŴŴ
�����Ŵ������Ŵ��������

��ŴŴ 5XWWDQDSRXQJŴ:�Ŵ.QRZOHGJHŴDQGŴKHDOWKŴSUDFWLFHŴ
LQŴ DGROHVFHQWŴ SUHJQDQF\�Ŵ �7KHVLV��Ŵ%DQJNRN�ŴŴ
0DKLGROŴ8QLYHUVLW\�Ŵ�����

��ŴŴ :HLDQJNKDPŴ'�Ŵ3LFKDLQDURQJŴ1�Ŵ&KDYHHSR�
MQNDPMRUQŴ:�Ŵ.HUGPRQJNROŴ3�Ŵ7KRUQZDWWDQDMDU�
HUQŴ6�ŴŴ(IIHFWŴRIŴPDWHUQDOŴZHLJKWŴJDLQŴRQŴVPDOOŴIRUŴ
JHVWDWLRQDOŴDJHŴ�6*$�ŴLQIDQWV�ŴŴ&KXODORQJNRUQŴ
0HGLFDOŴ-RXUQDOŴŴ�����Ŵ�������Ŵ��������
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��ŴŴ %DZDGLŴ+$�Ŵ$O�.XUDQŴ2�Ŵ7D\\HPŴ5)�Ŵ-DUDGDWŴ
$�Ŵ7XXULŴ*�Ŵ$O�%HLWDZLŴ61�Ŵ$O�0HKDLVHQŴ/0�ŴŴŴŴ
*HVWDWLRQDOŴ QXWULWLRQŴ LPSURYHVŴ RXWFRPHVŴ RIŴ
YDJLQDOŴ GHOLYHULHVŴ LQŴ -RUGDQ�Ŵ DQŴ HSLGHPLRORJLFŴ
VFUHHQLQJ�ŴŴ1XWULWLRQŴ5HVHDUFKŴŴ�����Ŵ������Ŵ
��������

���ŴŴ 3KLSSVŴ0*�Ŵ%OXPHŴ-'�Ŵ'HŴ0RQQHUŴ60�ŴŴ<RXQJŴ
PDWHUQDOŴ DJHŴ DVVRFLDWHGŴZLWKŴ LQFUHDVHGŴ ULVNŴRIŴ
SRVWQHRQDWDOŴ GHDWK�Ŵ Ŵ2EVWHWULFVŴ	Ŵ*\QHFRORJ\ŴŴ
�����Ŵ����Ŵ��������

���ŴŴ /LSHW]Ŵ0�Ŵ%XVVLJHOŴ0�Ŵ%DQQHUPDQŴ-�Ŵ5LVOH\Ŵ%�ŴŴ
:KDWŴLVŴZURQJŴSDWLHQWŴHGXFDWLRQŴSURJUDP�ŴŴ1XUV�
LQJŴ2XWORRNŴ���������Ŵ��������

���ŴŴ %DQGXUDŴ$�ŴŴ6HOI�HIűFDF\�Ŵ7KHŴ([HUFLVHŴRIŴ&RQ�
WURO�ŴŴ&OLIIV�Ŵ3UHWLFH�+LOO�Ŵ�����

���ŴŴ 0XQJNDPDQHHŴ6�ŴŴ7KHŴHIIHFWŴRIŴXVLQJŴWKHŴSHU�
FHLYHGŴVHOI�HIűFDF\ŴSURPRWLQJŴSURJUDPŴLQŴVHOIŴ
FDUHŴ RQŴ KHDOWKŴ SURPRWLQJŴ EHKDYLRUŴ RIŴ SULPL�
JUDYLGDŴ DGROHVFHQWV�Ŵ �7KHVLV�Ŵ%RQJNRN�Ŵ&KX�
ODORQJNRUQŴ8QLYHUVLW\�Ŵ�����

���ŴŴ 6XGGKLQLQGDŴ0�Ŵ3UDFKXVLOSDŴ.�ŴŴ(IIHFWVŴRIŴXV�
LQJŴSHUFHLYHGŴVHOI�HIűFDF\ŴSURPDWLQJŴSURJUDPŴ
RQŴ VHOI�FDUHŴ EHKDYLRUŴ DQGŴ UHFRYHU\Ŵ LQŴ SRVW�
FDFHVDUHDQŴ VHFWLRQŴPRWKHUV�Ŵ Ŵ -RXUQDOŴRIŴ1XUV�
LQJŴ6FLHQFHŴ&KXODORQJNRUQŴ8QLYHUVLW\Ŵ Ŵ�����Ŵ
������Ŵ��������

���ŴŴ +ROORZD\Ŵ$�Ŵ:DWVRQŴ+(�ŴŴ5ROHŴRIŴVHOI�HIűFDF\Ŵ
DQGŴEHKDYLRUŴ FKDQJH�Ŵ Ŵ ,QWHUQDWLRQDOŴ -RXUQDOŴ RIŴ
1XUVLQJŴ3UDFWLFHŴ��������Ŵ��������

���ŴŴ 3HQGHUŴ1-�ŴŴ+HDOWKŴSURPRWLRQŴLQŴQXUVLQJŴSUDFWLFH�ŴŴ
�UGŴHG�ŴŴ6WDPIRUG�Ŵ$SSOHWRQŴ	Ŵ/DQJH�Ŵ�����

���ŴŴ 5XQJUHXQJŴ.�Ŵ3UDFKXVLOSDŴ.�Ŵ7KHŴHIIHFWŴRIŴWKHŴ
SHUFHLYHGŴ VHOI�HIűFDF\ŴSURPRWLQJŴSURJUDPŴRQŴ
EUHDVWŴIHHGLQJŴEHKDYLUŴRIŴZRUNLQJŴPRWKHUV�ŴŴ-RXU�
QDOŴRIŴ1XUVLQJŴ6FLHQFHŴ&KXODORQJNRUQŴ8QLYHUVLW\ŴŴ
�����Ŵ������Ŵ��������

���ŴŴ 6LQJNXPŴ3�Ŵ7KHŴHIIHFWVŴRIŴYHGHRWDSLQJŴLQVWUXFWLRQŴ
RQŴSULPLSDUDŴ SRVWSDUWXPŴZRPHQuVŴ UHVSRQGLQJŴ
DELOLWLHVŴRQŴWKHLUŴLQIDQWŴEHKDYLRUV�Ŵ�7KHVLV�Ŵ.KRQŴ
.DHQ�ŴŴ.KRQŴ.DHQŴ8QLYHUVLW\�Ŵ�����

���Ŵ &KDLYDWHHŴ+�Ŵ3RNDHRŴ6�Ŵ.HVSLFKD\DZDWWDQDŴ -�Ŵ
3V\FKRORJLFDOŴ([SHULHQFHVŴRIŴ8QZDQWHGŴ3UHJ�
QDQF\Ŵ:RPHQ�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ
7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ
������

���Ŵ 0DQDFKHYDNXOŴ6�Ŵ3UDVRSNLWWLNXQŴ7�Ŵ6DQJSHUPŴ
3�Ŵ)DFWRUVŴ3UHGLFWLQJŴ3DUHQWLQJŴ6WUHVVŴLQŴ0RWK�
HUVŴRIŴ,QIDQWV�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ
7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ
������

���Ŵ :DWWDQDZLODLŴ&�Ŵ5DNSXDQJFKRQŴ:�Ŵ&KLVDHQDŴ5�Ŵ
3UDFKDNXOŴ6�Ŵ(IIHFWVŴ RIŴ&KLOGELUWKŴ3UHSDUDWLRQŴ
3URJUDPŴRQŴ3V\FKRORJLFDOŴ)DFWRUV�Ŵ3DLQŴ&RS�
LQJŴ%HKDYLRU�ŴDQGŴ%LUWKŴ2XWFRPHVŴLQŴ3ULPLSDUD�Ŵ
-RXUQDOŴ RIŴ1XUVHVuŴ$VVRFLDWLRQŴ RIŴ 7KDLODQG�Ŵ
1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

���ŴŴ 1XQJDOHHŴ6�Ŵ3UDFKXVLOSDŴ.�ŴŴ7KHŴHIIHFWŴRIŴXVLQJŴ
WKHŴSHUFHLYHGŴVHOI�HIűFDF\ŴSURPRWLQJŴSURJUDPŴRQŴ
FKLOGŴUHDULQJŴEHKDYLRUŴGXULQJŴSRVWSDUWDOŴSHULRGŴRIŴ
űUVW�WLPHŴDGROHVFHQWŴPRWKHUV�ŴŴ-RXUQDOŴRIŴ1XUV�
LQJŴ6FLHQFHŴ&KXODORQJNRUQŴ8QLYHUVLW\Ŵ�����ŴŴ
������Ŵ������
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�µ¦µ��¸É��Ŵ Á�¦¥̧�Á�¥̧��µ¦¦�́¦¼o�ªµ¤­µ¤µ¦��°���Á°�Â¨³¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦£µ¥Ä��¨»n¤��¨°�
Ŵ Ŵ �n°��µ¦��¨°�Â¨³®¨´��µ¦��¨°�

�¨»n¤��¨°�
�n°���¨°� ®¨´���¨°� W�YDOXH����������� 3�YDOXH

; 6�'� ; 6�'�

�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°���Á°� ������ ���� ������ ���� ����� �����



¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦ ����� ���� ����� ���� ����� �����





Ŵ3Ŵ�����Ŵ


Ŵ3Ŵ������

�µ¦µ��¸É��Ŵ Á�¦¸¥�Á�¸¥��µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°���Á°�Â¨³¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦®¨´��µ¦��¨°�
Ŵ Ŵ ¦³®ªnµ��¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤Ŵ

®¨´��µ¦��¨°�
�¨»n¤��¨°� �¨»n¤�ª��»¤ W�YDOXH������������ 3�YDOXH

; 6�'� ; 6�'�

�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦��°���Á°� ������ ���� ������ ���� ���� �����

¡§�·�¦¦¤­»�£µ¡�oµ�Ã£��µ�µ¦ ����� ���� ����� ���� ����� �����




Ŵ3Ŵ�����
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&GGFDUT�PG�4FMG�&èDBDZ�&OIBODFNFOU�1SPHSBN�PO�
/VUSJUJPOBM�)FBMUI�#FIBWJPS�PG�1SFHOBOU�"EPMFTDFOUT�

Ŵ Ŵ :LODLUDWŴ3ODQJZDQŴ0�1�6�

ŴŴ 6RPSRUQŴ:DWWDQDQXNXONLDWŴ0�6�




"CTUSBDU
Ŵ 7KHŴREMHFWLYHŴRIŴWKLVŴTXDVLŴH[SHULPHQWDOŴUHVHDUFKŴZDVŴWRŴVWXG\ŴWKHŴHIIHFWVŴRIŴWKHŴSHUFHLYHGŴVHOI�HIűFDF\Ŵ
HQKDQFHPHQWŴSURJUDPŴIRUŴQXWULWLRQDOŴKHDOWKŴEHKDYLRUŴDPRQJŴSUHJQDQWŴDGROHVFHQWV�Ŵ7KHŴVDPSOHŴJURXSŴFRQVLVWHGŴRIŴ
��ŴSUHJQDQWŴDGROHVFHQWVŴZKRŴUHFHLYHGŴSUHQDWDOŴFDUHŴDWŴ6ULVDNHWŴ+RVSLWDO�Ŵ6HOHFWLRQŴFULWHULDŴZHUHŴEDVHGŴRQŴJURXSVŴ
RIŴ��ŴSHUVRQVŴIRUŴFRQWUROŴDQGŴH[SHULPHQWDOŴJURXS�Ŵ1RUPDOŴFDUHŴVHUYLFHŴZDVŴSURYLGHGŴWRŴWKHŴFRQWUROŴJURXS�ŴZKHUHDVŴ
WKHŴVHOI�HIűFDF\ŴRQŴQXWULWLRQŴHQKDQFHPHQWŴSURJUDP�ŴGHVLJQHGŴE\ŴWKHŴUHVHDUFKHUŴIROORZLQJŴWKHŴ6HOI�(IűFDF\Ŵ7KHRU\Ŵ
RIŴ%DQGXUDŴZDVŴSUHVHQWHGŴWRŴWKHŴH[SHULPHQWDOŴJURXS�Ŵ7KHŴLQVWUXPHQWVŴFRQVLVWHGŴRIŴSHUFHLYHGŴVHOI�HIűFDF\ŴDQGŴ
QXWULWLRQDOŴKHDOWKŴEHKDYLRUŴTXHVWLRQQDLUHŴWKDWŴ&URQEDFKuVŴ$OSKDŴ&RHIűFLHQWŴWHVWHGŴIRUŴUHOLDELOLW\ŴZHUHŴ����ŴDQGŴ
�����Ŵ'DWDŴZHUHŴDQDO\]HGŴE\ŴW�WHVW�
Ŵ 7KHŴUHVXOWVŴZHUHŴDVŴIROORZV�ŴDIWHUŴH[SHULPHQWDO�ŴWKHŴPHDQŴVFRUHŴRIŴSHUFHLYHGŴVHOI�HIűFDF\ŴDQGŴQXWULWLRQDOŴ
KHDOWKŴEHKDYLRUŴZDVŴKLJKHUŴWKDQŴEHIRUHŴ�WŴ Ŵ������Ŵ3Ŵ�����ŴDQGŴWŴ Ŵ������Ŵ3Ŵ��������Ŵ7KHŴPHDQŴVFRUHŴIRUŴ
QXWULWLRQŴKHDOWKŴEHKDYLRUŴRIŴH[SHULPHQWDOŴJURXSŴZDVŴKLJKHUŴWKDQŴWKHŴFRQWUROŴJURXSŴ�WŴ Ŵ������Ŵ3Ŵ�������ŴZKHDUDVŴ
WKHŴSHUFHLYHGŴVHOI�HIűFDF\ŴZDVŴQRWŴGLIIHUHQW�
Ŵ
.H\ZRUGV�ŴŴ WHHQŴSUHJQDQF\�ŴSHUFHLYHGŴVHOI�HIűFDF\�ŴQXWULWLRQDOŴKHDOWKŴEHKDYLRU


Ŵ7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ$GYDQFHGŴ0LGZLIHU\�Ŵ*UDGXDWHŴ6FKRRO�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ3URJUDPŴLQŴ$GYDQFHGŴ0LGZLIHU\�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\



$VVLVWDQWŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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Ŵ�¼o�nª¥«µ­�¦µ�µ¦¥rŴŴ��³Á£­´�«µ­�¦rŴŴ¤®µª·�¥µ¨´¥�°�Â�n�


Ŵ¡¥µ�µ¨ª·�µ�¸¡Ŵ®´ª®�oµ«¼�¥r�¦·�µ¦Ã¦�Å�ŴŴÃ¦�¡¥µ�µ¨«¦¸��¦·��¦rŴŴ��³Â¡�¥«µ­�¦rŴŴ¤®µª·�¥µ¨´¥�°�Â�n�
Ŵ

z�����|���ªwØ�Ð�Ù¡��·�Ù��x�|ªz�Þ²�|�Þ����z¤Ø��Ü�¢�¡��¢²ªw¢²��ªÙÞ²�|
w���¤x��Ü���5)"*��¬��w���·�Ù�������w������¢Üx�|Ú¥i�d���i�|®�

Ŵ Ŵ °µ¦¸ª¦¦�ŴÁ�¸É¥ª�µ�ª´��µŴ3K'
Ŵ �¦»�¸Ŵ�´��¦rÁ¨·«§��·ÍŴ¡¥����««�¤�



��z���h�
� �µ¦«¹�¬µ�¸Ê¤¸ª´��»�¦³­��rÁ¡ºÉ°«¹�¬µ�ªµ¤�¦��µ¤Á���r��·��Îµ�µ¥�°�Á�¦ºÉ°�¤º°ª´��»�£µ¡�¸ª·��¸ÉÁ�¸É¥ª
Á�ºÉ°��´�­»�£µ¡Ŵ��7+$,ŴÄ��µ¦�Îµ�µ¥°´�¦µ�µ¦¦°��¸¡�°��¼o�iª¥¨oµ�Å�Ä�¦³¥³Áª¨µŴ�Ŵ�e�n°¤µŴŴÃ�¥Á�È�¦ª�¦ª¤
�o°¤¼¨¥o°�®¨´�Ŵ �o°¤¼¨�´ÉªÅ�Â¨³�o°¤¼¨�»�£µ¡�¸ª·�Á�}��o°¤¼¨�°��¼o�iª¥¨oµ�Å��¸É¤µ¦´��µ¦¦´�¬µ�¸ÉÃ¦�¡¥µ�µ¨
«¦¸��¦·��¦rŴ¦³®ªnµ�Ŵ�Ŵ¤¸�µ�¤Ŵ�¹�Ŵ��Ŵ¡§¬£µ�¤Ŵ¡�«�Ŵ����Ŵ�¹É�Á�}��o°¤¼¨�µ��µ¦«¹�¬µ�n°�®�oµ�¸ÊŴŴ­nª��o°¤¼¨�µ¦
¦°��¸¡Å�o�µ��³Á�¸¥��o°¤¼¨�¼o�iª¥Ã¦�Å�Â¨³�µ��o°¤¼¨�³Á�¸¥�¦µ¬�¦rŴ�Îµ®��ª´�­»��oµ¥�°�­�µ�³�¼o�iª¥Ä��µ¦
«¹�¬µ�¸ÊÁ�}�ª´��¸ÉŴ��Ŵ�´�ªµ�¤Ŵ¡�«�Ŵ����Ŵ
Ŵ �¨�µ¦«¹�¬µ�o°¤¼¨�¼o�iª¥�´Ê�­·Ê�Ŵ��Ŵ¦µ¥Á�}��¼o�iª¥¨oµ�Å��µ��n°��o°�°¥nµ��n°Á�ºÉ°�Ŵ��Ŵ¦µ¥Ŵ�¦o°¥¨³Ŵ���Ŵ
Â¨³�¼o�iª¥¢°�Á¨º°�Ŵ��Ŵ¦µ¥Ŵ�¦o°¥¨³Ŵ���Ŵ°µ¥»Á�¨¸É¥Ŵ�����Ŵ�eŴŴ¤¸�¼o�iª¥Á­¸¥�¸ª·�Ŵ��Ŵ¦µ¥Ŵ�¦o°¥¨³Ŵ���ŴŴ¦³¥³Áª¨µ
¤´�¥�µ�Ä��µ¦�·��µ¤�°��µ¦«¹�¬µÁ�nµ�´�Ŵ����Ŵ�eŴŴ�¨�µ¦ª·Á�¦µ³®r�oª¥Ŵ&R[Ŵ3URSRUWLRQDOŴ+D]DUGŴ0RGHOŴ¡�ªnµŴ
Á¤ºÉ°�ª��»¤�{��´¥°ºÉ�ŴÅ�oÂ�nŴ°µ¥»ŴÁ¡«Ŵ­�µ�£µ¡­¤¦­Ŵ¦³�´��µ¦«¹�¬µŴ��·��µ¦¦´�¬µŴÂ¨³Ã¦�¦nª¤Á�µ®ªµ�ŴŴ�³Â��
�»�£µ¡�ª̧·��oµ��µ¥Â¨³Ä��°�Ŵ��7+$,Ŵ�¸É¤�̧nµ�´Ê�Â�n«¼�¥r�¹Ê�Å�Ŵ¤�̧¨Ä®o°�́¦µ�µ¦¦°��¡̧­¼��¹Ê�°¥nµ�¤�̧¥́­Îµ��́�µ�
­�·�·ŴÃ�¥�nµ�ªµ¤Á­¸É¥��n°�µ¦Á­¸¥�¸ª·�Ŵ+D]DUGŴ5DWLRŴ��nª�Á�ºÉ°¤´É�Ŵ����Ŵ�°��³Â���»�£µ¡�¸ª·��oµ��µ¥�´Ê�Â�n«¼�¥r
�¹Ê�Å�Á�nµ�´�Ŵ����Ŵ�����������ŴÁ¤ºÉ°Á�¦¸¥�Á�¸¥��´��³Â���»�£µ¡�¸ª·��oµ��µ¥�¸É�ÎÉµ�ªnµ«¼�¥rŴŴ­nª�Ŵ+D]DUGŴ5DWLRŴ
��nª�Á�ºÉ°¤´É�Ŵ����Ŵ�°��³Â���»�£µ¡�¸ª·��oµ�Ä��´Ê�Â�n«¼�¥r�¹Ê�Å�Á�nµ�´�Ŵ����Ŵ�����������ŴÁ¤ºÉ°Á�¦¸¥�Á�¸¥��´�
�³Â���»�£µ¡�ª̧·��oµ�Ä��¸É�ÎÉµ�ªnµ«¼�¥rŴŴ�µ¦«¹�¬µÂ­��ªnµ�³Â���»�£µ¡�ª̧·��oµ��µ¥Â¨³Ä��°�Ŵ��7+$,Ŵ­µ¤µ¦�
�Îµ�µ¥°´�¦µ�µ¦¦°��¸¡Å�oŴ�¹�¤¸�ªµ¤�¦��µ¤Á���r��·��Îµ�µ¥ŴŴ�°��µ��¸ÊŴ�µ¦Â�¨�¨�³Â��Ä��µ¦�ÎµÅ�¦³¥»��r
Ä�o�´Ê�Ŵ­µ¤µ¦�Ä�oÁ���r�³Â��«¼�¥rÅ�oŴŴÃ�¥�¼o�iª¥¨oµ�Å��¸É¤¸�³Â���»�£µ¡�¸ª·��oµ��µ¥Â¨³Ä��ÎÉµ�ªnµ«¼�¥rŴŴ�ª¦Å�o
¦´��µ¦�o�®µ­µÁ®�»�°��{�®µÂ¨³Â�oÅ��{�®µ°´�°µ��ÎµÅ�­¼n�µ¦Á­¸¥�¸ª·��n°Å�

�Îµ­Îµ�´��� �µ¦¨oµ�Å�Ŵ�»�£µ¡�¸ª·��¸ÉÁ�¸É¥ªÁ�ºÉ°��´�­»�£µ¡Ŵ�µ¦¦°��¸¡Ŵ�ªµ¤�¦��µ¤Á���r��·��Îµ�µ¥

z���ª�ÒÙ��«�Ýz����·�z�Öx�|�qÖ��
Ŵ Ã¦�Å�ªµ¥Á¦ºÊ°¦´��ÎµÅ�­¼n�µ¦Á�È��iª¥Ŵ Á­¸¥�¸ª·�Ŵ
Â¨³�»�£µ¡�¸ª·��¸É¨�¨����Ŵ Ä��{��»�´��¼oÅ�ªµ¥Á¦ºÊ°¦´�
¦³¥³­»��oµ¥�Îµ�ª�¤µ�¤¸�¸ª·�°¥¼n¦°�Å�oÃ�¥°µ«´¥�µ¦
¦�́¬µ��Â��Å�ŴŴ�µ¦¦�́¬µ��Â��Å��¸É��̧¸É­»�Ä��{��»��́
�º°�µ¦�¨¼��nµ¥Å��Ŵ°¥nµ�Å¦�È�¸Ŵ�¼o�iª¥Å�ªµ¥Á¦ºÊ°¦´�¦³¥³
­»��oµ¥�Îµ�ª�¤µ�¥�́���o°�Å�o¦�́�µ¦¨oµ�Å�Ŵ�GLDO\VLV�Ŵ
°¥nµ�Ä�°¥nµ�®�¹É��¹É�Á�}��µ¦¦´�¬µ�¦³�´��¦³�°�Ä�

¦³®ªnµ��¹Ê��³Á�¸¥�¦°¦´��µ¦�¨¼��nµ¥Å�Ŵ Ŵ Ä��µ¦�¼Â¨
¦´�¬µ�¼o�iª¥Á®¨nµ�¸ÊŴ Â¡�¥rŴ ¡¥µ�µ¨Ä®o�ªµ¤Ä­nÄ��´�
�µ¦�¼Â¨�¼o�iª¥Ã�¥°��r¦ª¤Ŵ�¹É��°�Á®�º°�µ��µ¦¦´�¬µ
Ã�¥�µ¦Ä®o¥µÂ¨³�Îµ�µ¦¨oµ�Å�Â¨oªŴ�¦³Á�È��¸É­Îµ�´�°¸�
�¦³�µ¦®�¹É��º°�µ¦�¼Â¨Ä®o�¼o�iª¥Á®¨nµ�¸Ê¤¸�»�£µ¡�¸ª·�
�¸É�¸�µ¤°´�£µ¡ŴÂ¨³­µ¤µ¦��Îµ¦�°¥¼nÄ�­´��¤Å�oŴ Ã�¥
�¼Â¨��Á°�Å�oŴÅ¤nÁ�}�£µ¦³Â�n�¦°��¦´ªŴŴ�°��µ��¸ÊŴ¥´�
°µ�­µ¤µ¦��Îµ�µ�Á�}��¦³Ã¥��r�n°�»¤��Â¨³­´��¤Å�o
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�µ¤�ª¦�oª¥Ŵ�´Ê��¸ÊŴ Ä��{��»�´��¸É¤¸�¼o�iª¥¨oµ�Å��Îµ�ª�
¤µ�Ŵ�´��´Ê�Ŵ�ª¦¤¸Á�¦ºÉ°�¤º°ª´��»�£µ¡�¸ª·��°��¼o�iª¥Ŵ
�¸É¤¸�»�­¤�´�·�oµ��ªµ¤Á�¸É¥��¦�Ŵ Á®¤µ³�´��µ¦�Îµ¤µ
�¦³¥»��rÄ�oÄ��µ¦�¼Â¨�¼o�iª¥Á�}��¦³�ÎµŴ Ŵ �¹É�Á�¦ºÉ°�¤º°
ª�́�´Ê��o°��nµ¥�n°�µ¦�Îµ¤µÄ�oÂ¨³­µ¤µ¦�Â�¨�¨Á�oµÄ�
Å�o�nµ¥�ŴŴ�¹��³�nª¥Ä®oÂ¡�¥rŴÃ�¥Á�¡µ³°¥nµ�¥·É�¡¥µ�µ¨
­µ¤µ¦��¼Â¨�¼o�iª¥Å�o°¥nµ�¦°��oµ�Ŵ Ŵ �´�Á�n��µ¦�¼Â¨Ŵ
�¼o�iª¥Ä�Ã¦�¦»�Â¦�Á�n�¤³Á¦È��Ŵ°´��³�°�­�°��n°�µ¦
¡´��µ�»�£µ¡�µ¦¡¥µ�µ¨°¥nµ��n°Á�ºÉ°��

Ŵ �»�£µ¡�¸ª·�¤¸¨´�¬�³Á�}��µ¤�¦¦¤Ŵ�´��´Ê�ŴŴ
�¹�¤¸�µ¦«¹�¬µ�Îµ�ª�¤µ��¸É¤»n�­¦oµ�Á�¦ºÉ°�¤º°�¸ÉÄ�o
ª´��»�£µ¡�¸ª·��Ŵ Ŵ �´Ê��¸Ê Ŵ �»�­¤�´�·�°�Á�¦ºÉ°�¤º°ª´�
�»�£µ¡�¸ª·��¸É­Îµ�´��º°�ªµ¤Á�¸É¥�Ŵ �UHOLDELOLW\�Ŵ�ªµ¤
�¦�Ŵ �YDOLGLW\�Ŵ Â¨³�ªµ¤­µ¤µ¦�Ä��µ¦�°�­�°�Ŵ
�UHVSRQVLYHQHVV������Ŵ Ŵ Ä��oµ��ªµ¤�¦��°�Á�¦ºÉ°�¤º°
ª´��´Ê�ŴÂ�n�°°�Á�}�Ŵ�Ŵ�¦³Á£�Ŵ Å�oÂ�nŴ �ªµ¤�¦��µ¤
Á�ºÊ°®µŴ �FRQWHQWŴ YDOLGLW\�Ŵ �ªµ¤�¦��µ¤Ã�¦�­¦oµ�Ŵ
�FRQVWUXFWŴYDOLGLW\�ŴÂ¨³�ªµ¤�¦��µ¤Á���rŴ�FULWHULRQŴ
YDOLGLW\�Ŵ Ŵ Ã�¥�ªµ¤�¦��µ¤Á���rÁ�}��ªµ¤�¦��¸É�´�
°¥¼nÄ��¨»n¤�¸É­¼��¸É­»��°��ªµ¤�¦�Ŵ �Ŵ�¦³Á£���Ŵ �´Ê��¸ÊŴ
�µ¦�¦³Á¤·��ªµ¤�¦��µ¤Á���r�ÎµÁ�}��o°�¤¸Á���r
¤µ�¦�µ��¸É�´�Á��Á�}�Ŵ JROGŴ VWDQGDUGŴ Ŵ�ªµ¤�¦��µ¤
Á���rÂ�n�Á�}�Ŵ �Ŵ ¨´�¬�³�º°�ªµ¤�¦��µ¤Á���r�¼n
��µ�Ŵ�FRQFXUUHQWŴFULWHULRQŴYDOLGLW\�Ŵ�¹É��¨�µ��µ¦ª´�
�°�Á�¦ºÉ°�¤º°�´�Á���r�´Ê�Ŵ�¦³Á¤·�Ä�¨´�¬�³�¼n��µ�
Â¨³¤¸�ªµ¤­°��¨o°��´�Ŵ Â¨³�ªµ¤�¦��µ¤Á���r
��·��Îµ�µ¥Ŵ�SUHGLFWLYHŴ FULWHULRQŴYDOLGLW\�Ŵ�¹É��¨�µ�
�µ¦ª´��°�Á�¦ºÉ°�¤º°�ÎµÅ��Îµ�µ¥Á���rÅ�o°¥nµ��¼��o°�ŴŴŴ
�´��´Ê�Ŵ Á�¦ºÉ°�¤º°ª´��»�£µ¡�¸ª·��¸É�¸�¹��ª¦¤¸�ªµ¤�¦�
�µ¤Á���rŴ �°�Á®�º°�µ��ªµ¤Á�¸É¥�Ŵ �ªµ¤�¦��µ¤
Á�ºÊ°®µŴÂ¨³�ªµ¤�¦��µ¤Ã�¦�­¦oµ�ŴŴŴ
Ŵ Ä��{��»�´��¸ÊÁ�¦ºÉ°�¤º°ª´��»�£µ¡�¸ª·��¸ÉÁ�}�
¤µ�¦�µ�Â¨³¤¸�µ¦Ä�o¤µ�Ä��¼o�iª¥Ã¦�Å��º°Ŵ 6)�
���Ŵ Ŵ°¥nµ�Å¦�È�¸Ŵ �o°�Îµ�µ¤�Îµ�ª�¤µ�Ä�Ŵ6)���Ŵ°µ�
Á�}��o°�Îµ�´�Ä��µ¦�Îµ¤µ�¦³¥»��rÄ�oÄ��µ¦�¼Â¨¦´�¬µŴ
�¼o�iª¥Á�}��µ��¦³�ÎµŴ��́�´Ê�Ŵ��³�¼oª·�¥́�¹�¡�́�µÁ�¦ºÉ°�¤º°Ŵ
ª�́�»�£µ¡�ª̧·��¸ÉÁ�¸É¥ªÁ�ºÉ°���́­»�£µ¡Ŵ�+HDOWK�5HODWHGŴ
4XDOLW\Ŵ RIŴ /LIH�Ŵ+542/�Ŵ®¦º°Á¦¸¥�ªnµÁ�¦ºÉ°�¤º°ª´�

­�µ�³­»�£µ¡Ŵ�+HDOWKŴVWDWXV�Ŵ�¸É¤�̧»�­¤�´�·­´Ê�Ŵ�¦³�´�
¤¸�o°�Îµ�µ¤Ŵ�Ŵ�o°Ŵ�¹�Ä®o�ºÉ°ªnµŴ��7+$,Ŵ���LWHPŴ7KDLŴ
+HDOWKŴVWDWXVŴ$VVHVVPHQWŴ,QVWUXPHQW�Ŵ�´Ê��¸ÊŴ�µ¦«¹�¬µ
�n°�®�oµ�¸Ê¡�ªnµŴ ��7+$,Ŵ ¤¸�ªµ¤Á�¸É¥�Â¨³�ªµ¤
�¦��µ¤Ã�¦�­¦oµ�Ä��¦³�µ�¦��Å�¥���·Â¨³�¼o�iª¥
¦´�¬µ��Â��Å������ŴŴ�µ¦«¹�¬µ�¦´Ê��¸ÊÁ�}��µ¦«¹�¬µ�n°
Á�ºÉ°��µ��µ¦«¹�¬µ�n°�®�oµ�¸ÊŴ Ŵ �¹É�¤¸ª´��»�¦³­��rÁ¡ºÉ°
«¹�¬µªnµÁ�¦ºÉ°�¤º°Ŵ��7+$,Ŵ¤¸�»�­¤�´�·�oµ��ªµ¤�¦�
�µ¤Á���r��·��Îµ�µ¥®¦º°Å¤nŴŴŴŴÁ�ºÉ°��µ�¤¸®¨´��µ�Á�·�
�¦³�´�¬r�µ��µ¦«¹�¬µ��µ�Ä®�nÄ��nµ��¦³Á�«¡�ªnµŴ
�³Â���»�£µ¡�¸ª·�Ŵ6)���Ŵ­µ¤µ¦��Îµ�µ¥°´�¦µ�µ¦
¦°��¸ª·�Ŵ �VXUYLYDO�Ŵ Ä��¼o�iª¥¨oµ�Å�Å�o�����Ŵ Ŵ �´��´Ê�Ŵ
Á���r¤µ�¦�µ�ŴJROGŴ VWDQGDUGŴ Ä��µ¦«¹�¬µ�¸Ê�º°°´�¦µ
�µ¦¦°��¸ª·�Ŵ Ŵ �¹É�®µ��³Â���»�£µ¡�¸ª·�Ŵ ��7+$,Ŵ
­µ¤µ¦��Îµ�µ¥°´�¦µ�µ¦¦°��¸ª·�Å�oŴÂ­��ªnµŴ��7+$,Ŵ
¤¸�»�­¤�´�·�ªµ¤�¦��µ¤Á���r��·��Îµ�µ¥�oª¥

����¤��Ý�|zÐw���¡}��
Ŵ Á¡ºÉ°«¹�¬µ�ªµ¤­µ¤µ¦�Ä��µ¦�Îµ�µ¥°´�¦µ
�µ¦¦°��ª̧·��°��¼o�iª¥¨oµ�Å�Ä�¦³¥³Áª¨µŴ�Ŵ�e�n°¤µ�°�
�³Â���»�£µ¡�¸ª·��oµ��µ¥Â¨³Ä��°�Ŵ��7+$,ŴŴ

�¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦«¹�¬µ�¸ÊÁ�}��µ¦«¹�¬µÂ��Á�È��o°¤¼¨¥o°�
®¨´�Ŵ �UHWURVSHFWLYHŴ GDWDŴ FROOHFWLRQŴ VWXG\ŴGHVLJQ�Ŵ�¹É�
�o°¤¼¨�´ÉªÅ��°��¼o�iª¥Â¨³�o°¤¼¨�µ¦�¦³Á¤·��»�£µ¡
�¸ª·�Å�o�µ��µ¦«¹�¬µ�n°�®�oµŴ�¸É«¹�¬µ�ªµ¤Á�¸É¥��¦�
�°�Á�¦ºÉ°�¤º°ª´��»�£µ¡�¸ª·��¸ÉÁ�¸É¥ªÁ�ºÉ°��´�­»�£µ¡Ŵ
��7+$,Ŵ Ä��¼o�iª¥¦´�¬µ��Â��Å��¸É¤µ¦´��µ¦¦´�¬µ�¸É
Ã¦�¡¥µ�µ¨«¦�̧�¦·��¦rŴ��³Â¡�¥«µ­�¦rŴ¤®µª·�¥µ¨¥́
�°�Â�n�Ŵ¦³®ªnµ�Ŵ�Ŵ¤¸�µ�¤Ŵ�¹�Ŵ��Ŵ¡§¬£µ�¤Ŵ¡�«�Ŵ
���������ŴÃ�¥Ä�o�o°¤¼̈ Á�¡µ³�¼o�iª¥¨oµ�Å��º°�¼o�iª¥¨oµ�
Å��µ��n°��o°�°¥nµ��n°Á�ºÉ°�Ŵ�&RQWLQXRXVŴ$PEXODWRU\Ŵ
3HULWRQHDOŴ 'LDO\VLV�Ŵ &$3'�Ŵ®¦º°�¼o�iª¥¢°�Á¨º°�Ŵ
�+HPRGLDO\VLV�Ŵ+'�ŴÁ�nµ�´Ê�Ŵ�¹É�Á�È��o°¤¼¨�»�£µ¡�¸ª·�
Ã�¥Ä®o¡��́�µ�­¤́£µ¬�r�¸É�nµ��µ¦ f�°�¦¤Â¨oªŴ�Îµ�µ¦
­´¤£µ¬�r�¼o�iª¥�oª¥�µ¦°nµ��o°�Îµ�µ¤Â¨³�´ªÁ¨º°�Â�n
�¼o�iª¥¦³®ªnµ�¦°¦´��µ¦�¦ª�¦´�¬µ�µ�Â¡�¥r�¸ÉÂ���Ŵ
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�¼o�iª¥�°�ŴŴŴ�´Ê��¸ÊŴ�µ¦ª·�´¥�n°�®�oµ�¸ÊÂ¨³�µ¦«¹�¬µ�¸ÊÅ�o
�nµ��µ¦¡·�µ¦�µ�°���³�¦¦¤�µ¦�¦·¥�¦¦¤�µ¦ª·�¥́Ä�
¤�»¬¥rŴ¤®µª·�¥µ¨´¥�°�Â�n�Â¨oª
Ŵ �µ¦«¹�¬µ�µ¦¦°��¸¡Å�o�Îµ®��¦³¥³Áª¨µ
«¹�¬µ�¦³¤µ�Ŵ�Ŵ�e®¨´��µ��µ¦�¦³Á¤·��»�£µ¡�¸ª·�Ŵ
Á�ºÉ°��µ�Á�}�¦³¥³Áª¨µ�¸ÉÅ¤n­´Ê�®¦º°¥µªÁ�·�Å�Ä��µ¦�Îµ
�³Â���»�£µ¡�¸ª·��¸É�¦³Á¤·�Á�È�ÅªoŴ ¤µ�Îµ�µ¥�µ¦
¦°��¸¡Ŵ Ŵ�Îµ®��ª´�­»��oµ¥�°��µ¦«¹�¬µÁ�}�ª´��¸ÉŴ ��Ŵ
��́ªµ�¤Ŵ¡�«�Ŵ����ŴŴ�´Ê��¸ÊŴ­º��o��o°¤¼̈ ­�µ�³�°��¼o�iª¥Ŵ
�Ŵª�́�¸ÉŴ��Ŵ��́ªµ�¤Ŵ¡�«�Ŵ����Ŵ�µ�¦³Á�¥̧��o°¤¼̈ �¼o�iª¥Ŵ
¦´�¬µ��Â��Å��°�Ã¦�¡¥µ�µ¨«¦¸��¦·��¦rÂ¨³�µ�
�o°¤¼¨�³Á�¸¥�¦µ¬�¦rŴÃ�¥�Îµ�µ¦�´��¹��o°¤¼¨�´��¸Ê
Ŵ ���Ŵ�¦�¸�¸É�¼o�iª¥Á­¸¥�¸ª·��n°�ª´�­»��oµ¥�°�
�µ¦«¹�¬µŴŴ�Îµ�µ¦�´��¹�­�µ�³Á�}��µ¦Á­¸¥�¸ª·�Ŵ�º°Á�·�
Á®�»�µ¦�rŴŴ�FDVH�ŴŴÂ¨³ª´��¸ÉÁ­¸¥�¸ª·�Á�}�ª´�­»��oµ¥
Ŵ ���Ŵ�¦�¸�¸É�¼o�iª¥¤¸�¸ª·�°¥¼n���{��»�´�Ã�¥¥´�
��Å�o¦´��µ¦¦´�¬µ��·�Á�·¤Ŵ�&$3'Ŵ®¦º°Ŵ+'�ŴÂ¨³¤µ
�·��µ¤�µ¦¦´�¬µ°¥nµ��n°Á�ºÉ°�Ŵ Ŵ �Îµ�µ¦�´��¹��o°¤¼¨
­�µ�³Á�}�Å¤nÁ�·�Á®�»�µ¦�rŴ �FHQVRU�Ŵ Â¨³�´��¹�ª´�
­»��oµ¥Á�}�ŴŴ��Ŵ����Ŵ����
Ŵ ���Ŵ�¦�¸�¸É�¼o�iª¥Á�¨¸É¥�Â�¨���·��µ¦¦´�¬µ
�n°�ª�́­»��oµ¥�°��µ¦«¹�¬µŴŴŴ�Îµ�µ¦��́�¹��o°¤¼̈ ­�µ�³
Á�}�ŴFHQVRUŴÂ¨³�´��¹�ª´�­»��oµ¥�¸É�¼o�iª¥°¥¼nÄ�Â���µ¦
¦´�¬µ��·�Á�·¤
Ŵ ���Ŵ�¦��̧¸É�¼o�iª¥�µ��µ¦�·��µ¤�µ¦¦�́¬µŴŴÂ¨³
�Îµ�µ¦�¦ª�­°��o°¤¼¨�µ��µ��o°¤¼¨�³Á�¸¥�¦µ¬�¦r¡�
ªnµ�¼o�iª¥Á­¸¥�¸ª·��n°�ª´�­»��oµ¥�°��µ¦«¹�¬µŴ Ŵ Ŵ �Îµ�µ¦
�´��¹�­�µ�³Á�}�ŴFDVHŴŴÂ¨³ª´��¸ÉÁ­¸¥�¸ª·�Á�}�ª´�­»��oµ¥
Ŵ ���Ŵ�¦�¸�¸É�¼o�iª¥�µ��µ¦�·��µ¤�µ¦¦´�¬µŴŴ
Â¨³�Îµ�µ¦�¦ª�­°��o°¤¼¨�µ��µ��o°¤¼¨�³Á�¸¥�
¦µ¬�¦r¡�ªnµ�¼o�iª¥Á­¸¥�¸ª·�®¨´��µ�ª´�­»��oµ¥�°��µ¦
«¹�¬µŴŴŴ�Îµ�µ¦��́�¹��o°¤¼̈ ­�µ�³Á�}�ŴFHQVRUŴŴÂ¨³��́�¹�
ª´�­»��oµ¥Á�}�ŴŴ��Ŵ����Ŵ����
Ŵ ���Ŵ�¦�¸�¸É�¼o�iª¥�µ��µ¦�·��µ¤�µ¦¦´�¬µŴŴ
Â¨³�Îµ�µ¦�¦ª�­°��o°¤¼¨�µ��µ��o°¤¼¨�³Á�¸¥�
¦µ¬�¦rÅ¤n¡�ªnµ�¼o�iª¥Á­¸¥�¸ª·�Ŵ Ŵ Ŵ �Îµ�µ¦�´��¹��o°¤¼¨
­�µ�³Á�}�ŴFHQVRUŴ ŴÂ¨³�´��¹�ª´�­»��oµ¥�¸É�¼o�iª¥¤µ¦´�
�µ¦¦´�¬µ�¸ÉÃ¦�¡¥µ�µ¨«¦¸��¦·��¦r

Ŵ �µ¦«¹�¬µ�¸ÊÄ�oÃ�¦Â�¦¤Ŵ6WDWDŴYHUVLRQŴ����ŴÄ�
�µ¦ª·Á�¦µ³®r�o°¤¼¨�µ¦¦°��¸¡�°��¼o�iª¥�oª¥Ŵ.DSODQ�
0HLHUŴ 6XUYLYDOŴ Â¨³�µ¦ª·Á�¦µ³®rŴ &R[Ŵ 3URSRUWLRQDOŴ
+D]DUGŴ0RGHOŴ�¸ÉÄ�o�¦³Á¤·��ªµ¤­µ¤µ¦�Ä��µ¦�Îµ�µ¥
�µ¦¦°��¸¡�°��³Â���»�£µ¡�¸ª·��oµ��µ¥Â¨³Ä�Ŵ
��³Â��¤µ�¦�µ�Á�¦¥̧�Á�¥̧���́�¦³�µ�¦Å�¥­»�£µ¡
��̧�ŴŴ�¹É��Îµ�ª��µ��o°�Îµ�µ¤�oµ��µ¥�o°Ŵ���ŴÂ¨³�oµ�
Ä��o°Ŵ����ŴÃ�¥�¦´��oª¥�{��´¥�Îµ�µ¥�µ¦¦°��¸¡°ºÉ�ÇŴ
Å�oÂ�nŴ°µ¥»Ŵ Á¡«Ŵ­�µ�£µ¡­¤¦­Ŵ¦³�´��µ¦«¹�¬µŴÂ¨³
��·��°��µ¦¦´�¬µŴ�&$3'�Ŵ+'�Ŵ

Ú�w���¡}��
Ŵ Ä��µ¦«¹�¬µ�¸ÊÄ�o�o°¤¼¨�»�£µ¡�¸ª·��°��¼o�iª¥
�µ��µ¦«¹�¬µ�n°�®�oµ�¸ÊŴ �¹É�Á�}��¼o�iª¥¨oµ�Å��¸É¤µ¦´�¬µ
�¸ÉÃ¦�¡¥µ�µ¨«¦¸��¦·��¦r�´Ê�­·Ê�Ŵ ��Ŵ ¦µ¥Ŵ Ã�¥Á�}��¼o�iª¥Ŵ
&$3'Ŵ��Ŵ¦µ¥Ŵ¦o°¥¨³Ŵ��ŴÂ¨³Ŵ+'Ŵ��Ŵ¦µ¥Ŵ¦o°¥¨³Ŵ��Ŵ
�´Ê��¸ÊŴ�¼o�iª¥Ŵ+'ŴÄ��µ¦«¹�¬µ�¸ÊÁ�}�Ŵ+'Ŵ�¸É¤µ¦´��µ¦¦´�¬µ
�¸ÉÃ¦�¡¥µ�µ¨«¦¸��¦·��¦rŴ �¹É�Á�}�Á¡¸¥�­nª�®�¹É��°�Ŵ
�¼o�iª¥Ŵ+'Ŵ�´Ê�®¤�Ä��µ¦«¹�¬µ�n°�®�oµ�¸ÊŴ�¹É�¤¸�¼o�iª¥Ŵ+'Ŵ
�¸É�¹Ê��³Á�¸¥�¦°¦´��µ¦�¨¼��nµ¥Å�¦ª¤°¥¼n�oª¥ŴŴŴÄ��Îµ�ª�
�´Ê�®¤�Ŵ��Ŵ¦µ¥Á�}��¼o�iª¥�µ¥Ŵ¦o°¥¨³Ŵ��Ŵ¤µ��ªnµ®�·�Ŵ¦o°¥
¨³Ŵ��ŴÁ¨È��o°¥ŴŴ�¼o�iª¥¤°̧µ¥»Á�¨¸É¥Ŵ�����Ŵ�eŴ�­nª�Á�¸É¥�Á��
¤µ�¦�µ��Ŵ6'ŴÁ�nµ��́Ŵ�����Ŵ�e�ŴŴ­nª�Ä®�n­¤¦­Ŵ¦o°¥¨³Ŵ��Ŵ
Â¨³¤¸¦³�´��µ¦«¹�¬µ�¦·��µ�¦¸�¹Ê�Å�Ŵ ¦o°¥¨³Ŵ��Ŵ�¼o�iª¥Ŵ
Á�º°��¦¹É�®�¹É�¤Ã̧¦�Á�µ®ªµ�¦nª¤�oª¥Ŵ¦o°¥¨³Ŵ��ŴŴ�´Ê��¸ÊŴ¦³¥³
Áª¨µ�¸É�·��µ¤Ä��µ¦«¹�¬µ�¸Ê¤¸�nµ¤´�¥�µ�Á�nµ�´�Ŵ����Ŵ�eŴŴ
¡·­´¥�ª°Å�¨rŴ�,QWHUTXDUWLOHŴUDQJH�Ŵ,45�ŴÁ�nµ�´�Ŵ����Ŵ�e
Ŵ �¼o�i ª¥Á­¸¥�¸ª·�£µ¥Ä�Ŵ ��Ŵ ���� Ŵ ����ŴŴ
�Îµ�ª�Ŵ ��Ŵ ¦µ¥Ŵ ¦o°¥¨³Ŵ ��Ŵ Á¤ºÉ°Á�¦¸¥�Á�¸¥��¼o�iª¥
�¸ÉÁ­¸¥�¸ª·�Ŵ �´��¼o�iª¥�¸ÉÅ¤nÁ­¸¥�¸ª·�¡�ªnµŴ �¼o�iª¥�¸ÉÁ­¸¥
�¸ª·�¤¸°µ¥»Á�¨¸É¥Ŵ ������Ŵ �e�Ŵ ¤µ��ªnµ�¼o�iª¥�¸ÉÅ¤nÁ­¸¥
�¸ª·�Ŵ ������Ŵ �e�Ŵ °¥nµ�¤¸�´¥­Îµ�´�Ŵ Â¨³¤¸¦³¥³Áª¨µ
¤´�¥�µ��¸É�·��µ¤­´Ê��ªnµ°¥nµ�¤¸�´¥­Îµ�´�Ŵ �����Ŵ
�´�Ŵ ����Ŵ �e�Ŵ Ŵ ­nª��»�¨´�¬�³°ºÉ�Â���nµ��´�°¥nµ�
Å¤n¤¸�´¥­Îµ�´��µ�­�·�· Ŵ ¦µ¥¨³Á°¸¥�Ä��µ¦µ��¸É Ŵ �Ŵ
Ŵ Á¤ºÉ°��́Â�n��¨»n¤�¼o�iª¥�µ¤�³Â���»�£µ¡�ª̧·�Ŵ
Ã�¥�¨»n¤�¸É¤¸�³Â���»�£µ¡�¸ª·��ÎÉµ¤µ��º°�o°¥�ªnµ«¼�¥rŴ
Â¨³�¨»n¤�¸É¤�̧³Â���»�£µ¡�ª̧·���̧ªnµ�º°�´Ê�Â�n«¼�¥r�¹Ê�Å�Ŵ
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¡�ªnµ�¼o�iª¥�¸É¤�̧³Â���»�£µ¡�ª̧·��oµ��µ¥�ÎÉµ�ªnµ«¼�¥rŴ
�3K\VLFDOŴ+HDOWKŴ6FRUH�Ŵ3+6Ŵ�Ŵ��Ŵ¤¸°´�¦µ¦°��¸¡�ÎÉµ
�ªnµŴŴÃ�¥�ªµ¤�nµ�³Á�}�Ä��µ¦¦°��¸¡Ä��e�¸ÉŴ�ŴÁ�nµ�´�Ŵ
������Ŵ­Îµ®¦´��¨»n¤Ŵ 3+6Ŵ �Ŵ �Ŵ Â¨³Á�nµ�´�Ŵ ������Ŵ
­Îµ®¦´��¨»n¤�¸É¤¸�³Â���»�£µ¡�¸ª·��oµ��µ¥�´Ê�Â�n«¼�¥r
�¹Ê�Å�Ŵ �3+6Ŵ!Ŵ��Ŵ Ŵ­nª��ªµ¤�nµ�³Á�}�Ä��µ¦¦°��¸¡
�e�¸ÉŴ�ŴÁ�nµ�´�Ŵ������ŴÂ¨³Ŵ������Ŵ�µ¤¨Îµ�´�Ŵ�¦¼��¸ÉŴ��ŴŴ
Ä�­nª��³Â���»�£µ¡�¸ª·��oµ�Ä��È¤¸¨´�¬�³Á�n�
Á�¸¥ª�´�Ŵ Ã�¥�¼o�iª¥�¸É¤¸�³Â���»�£µ¡�¸ª·��oµ�Ä�Ŵ
�ÎÉµ�ªnµ«¼�¥rŴ�0HQWDOŴ+HDOWKŴ6FRUH�Ŵ0+6Ŵ�Ŵ��Ŵ¤¸�ªµ¤Ŵ
�nµ�³Á�}�Ä��µ¦¦°��¡̧Á�nµ��́Ŵ������ŴÂ¨³Ŵ������ŴÄ�
�e�¸ÉŴ�ŴÂ¨³Ŵ�Ŵ�µ¤¨Îµ��́ŴŴ­nª��¨»n¤�¸É¤�̧³Â���»�£µ¡�ª̧·�
�oµ�Ä��´Ê�Â�n«¼�¥r�¹Ê�Å�Ŵ�0+6Ŵ!Ŵ��Ŵ¤¸�ªµ¤�nµ�³Á�}�
Ä��µ¦¦°��¸¡Á�nµ�´�Ŵ������ŴÂ¨³Ŵ������Ŵ Ä��e�¸ÉŴ �Ŵ
Â¨³Ŵ�Ŵ�µ¤¨Îµ�´�Ŵ�¦¼��¸ÉŴ��
Ŵ �µ¦µ��¸ÉŴ �ŴÂ­���nµ�ªµ¤Á­¸É¥�Ä��µ¦Á­¸¥�¸ª·�Ŵ
+D]DUGŴ5DWLRŴ�+5�Ŵ�µ��µ¦ª·Á�¦µ³®rŴ&R[Ŵ3URSRUWLRQDOŴ
+D]DUGŴ0RGHOŴ Ŵ �¹É�ª·Á�¦µ³®r�³Â���»�£µ¡�¸ª·��oµ�
�µ¥Â¨³Ä��¸É�¦´��oª¥�{��´¥�oµ�°µ¥»Ŵ Á¡«Ŵ ­�µ�£µ¡
­¤¦­Ŵ¦³�´��µ¦«¹�¬µŴÂ¨³��·��°��µ¦¦´�¬µŴ�´Ê��¸ÊŴ�µ¦
ª·Á�¦µ³®r�³Â���»�£µ¡�¸ª·��oµ��µ¥Â¨³Ä��´Ê�Ŵ�Îµ�µ¦
ª·Á�¦µ³®rÂ¥��´�Ŵ Á�ºÉ°��µ��nµ�³Â���´Ê�­°�¤¸�ªµ¤
­¤́¡�́�r��́�n°��oµ�­¼�Ŵ�UŴ Ŵ�����Ŵ�¹�Å¤n­µ¤µ¦�ª·Á�¦µ³®r
¦nª¤�´�Å�oÃ�¥�¦�ŴŴ�¨�µ��µ¦ª·Á�¦µ³®r¡�ªnµ�¨»n¤Ŵ3+6ŴŴ
!Ŵ�Ŵ¤�̧ªµ¤Á­¸É¥�Ä��µ¦Á­¥̧�ª̧·��ÎÉµ�ªnµ�¨»n¤Ŵ3+6Ŵ�Ŵ�Ŵ°¥nµ�
¤¸�´¥­Îµ�´��µ�­�·�·Ŵ�+5Ŵ�����Ŵ���Ŵ&,Ŵ����������ŴŴ
Á�n�Á�¸¥ª�´��³Â���»�£µ¡�¸ª·��oµ�Ä�Ŵ�¹É��¨»n¤Ŵ0+6ŴŴ
!Ŵ�Ŵ Á­¸É¥��n°�µ¦Á­¸¥�¸ª·��ÎÉµ�ªnµ�¨»n¤Ŵ0+6Ŵ�Ŵ�Ŵ°¥nµ�¤¸
�´¥­Îµ�´�Á�n��´�Ŵ�+5Ŵ�����Ŵ���Ŵ&,Ŵ����������ŴÄ�
­nª��{��¥́°ºÉ��¸É¤°̧·��·¡¨�n°�µ¦Á­¥̧�ª̧·�°¥nµ�¤�̧¥́­Îµ��́Ŵ
Å�oÂ�nŴ°µ¥»Â¨³¦³��́�µ¦«¹�¬µŴÃ�¥°µ¥»�¸ÉÁ¡·É¤�¹Ê��³Á­¸É¥�
�n°�µ¦Á­¥̧�ª̧·�­¼��¹Ê�ŴŴ­nª�¦³��́�µ¦«¹�¬µ­¼��³¨��ªµ¤
Á­¸É¥��n°�µ¦Á­¸¥�¸ª·�¨�

w����¡����Ú�
Ŵ �¨�µ¦«¹�¬µ�¸ÊÂ­��Ä®oÁ®È�ªnµŴ�³Â���»�£µ¡
�¸ª·��oµ��µ¥Â¨³Ä�­µ¤µ¦��Îµ�µ¥°´�¦µ�µ¦¦°��¸¡Ä�
¦³¥³Áª¨µŴ�Ŵ�e�n°¤µÅ�o°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ Á¤ºÉ°

�¦´��oª¥�{��´¥�nµ�ÇŴ Å�oÂ�nŴ°µ¥»Ŵ Á¡«Ŵ­�µ�£µ¡­¤¦­Ŵ
¦³�´��µ¦«¹�¬µŴÂ¨³��·��°��µ¦¦´�¬µŴ Ŵ�´Ê��¸ÊŴ �¼o�iª¥�¸É
¤¸�³Â���»�£µ¡�¸ª·��oµ��µ¥Â¨³Ä��´Ê�Â�n«¼�¥r�¹Ê�Å�Ŵ
¤¸Â�ªÃ�o¤�µ¦Á­¸¥�¸ª·��ÎÉµ�ªnµ�¼o�iª¥�¸É¤¸�³Â���»�£µ¡
�ª̧·��oµ��µ¥Â¨³Ä��ÎÉµ�ªnµ«¼�¥rÁ�}�Ŵ����ŴÂ¨³Ŵ����ŴÁ�nµŴ
�µ¤¨Îµ��́Ŵ�¨nµª°�̧�¥́®�¹É��º°Á¤ºÉ°Á�¦¥̧�Á�¥̧���́�¼o�iª¥
�¸É¤¸�³Â���´Ê�Â�n«¼�¥r�¹Ê�Å�Ŵ Ŵ�¼o�iª¥�¸É¤¸�³Â���»�£µ¡
�ª̧·��oµ��µ¥Â¨³Ä��ÎÉµ�ªnµ«¼�¥r¤Â̧�ªÃ�o¤Á­¥̧�ª̧·�­¼��ªnµ
�¹�Á�º°�Ŵ��ŴÂ¨³Ŵ�ŴÁ�nµŴ�µ¤¨Îµ�´�Ŵ�´��´Ê�Ŵ�µ¦�ÎµÁ�¦ºÉ°�
¤º°ª´��»�£µ¡�¸ª·��¸ÉÁ�¸É¥ªÁ�ºÉ°��´�­»�£µ¡Ŵ��7+$,ŴÅ�
�¦³¥»��rÄ�oÄ��µ¦�·��µ¤�¼Â¨�¼o�iª¥¨oµ�Å��´Ê�Ŵ­µ¤µ¦�
Â�¨�¨�³Â���»�£µ¡�¸ª·��oµ��µ¥Â¨³Ä��oª¥�µ¦Ä�o
Á���r�³Â��Á�nµ��́«¼�¥rÅ�oŴÃ�¥Ä��¦��̧¸É�¼o�iª¥¦µ¥Ä�¤¸
�³Â���»�£µ¡�ª̧·�Ŵ��7+$,Ŵ�ÎÉµ�ªnµ«¼�¥rŴ�ª¦¡·�µ¦�µ
®µ­µÁ®�»Â¨³Â�ª�µ�Â�oÅ�ŴŴÁ¡ºÉ°Á¡·É¤�»�£µ¡�ª̧·��¼o�iª¥Ŵ
°´��³�j°��´��µ¦Á­¸¥�¸ª·�Ä�°�µ��Å�oŴŴ
Ŵ �µ¦«¹�¬µ�¸ÊÄ®o�¨­°��¨o°��´��µ¦«¹�¬µÄ�
�nµ��¦³Á�«Á�¸É¥ª�´��µ¦Ä�o�³Â���»�£µ¡�¸ª·�Á¡ºÉ°
�Îµ�µ¥°´�¦µ¦°��¸¡�°��¼o�iª¥¨oµ�Å�Ŵ Á�n�Ŵ �µ¦«¹�¬µ
�°�Ŵ.QLJKWŴÂ¨³��³��Ŵ Ä��¼o�iª¥Ŵ+'Ŵ������Ŵ��Ä�
°Á¤¦·�µÁ®�º°Ŵ �¹É�¡�ªnµ�³Â��°��r�¦³�°��oµ�Ä�Ŵ
�0HQWDOŴ&RPSRQHQWŴ 6FRUH�Ŵ0&6�Ŵ�°�Á�¦ºÉ°�¤º°ª´�
�»�£µ¡�¸ª·�Ŵ6)���Ŵ�¸É�ÎÉµ�ªnµŴ��Ŵ­n��¨Ä®o°´�¦µ�µ¦Á­¸¥
�ª̧·�Á¡·É¤�¹Ê�Á�}�Ŵ����ŴÁ�nµŴÂ¨³�³Â��°��r�¦³�°��oµ�
�µ¥Ŵ�3K\VLFDOŴ&RPSRQHQWŴ6FRUH�Ŵ3&6�Ŵ�°�Ŵ6)���Ŵ�¸É
�ÎÉµ�ªnµŴ��Ŵ­n��¨Ä®o°´�¦µ�µ¦Á­¸¥�¸ª·�Á¡·É¤�¹Ê�Á�}�Ŵ����Ŵ
Á�nµŴÃ�¥¤¸�´¥­Îµ�´��µ�­�·�·ŴÁ¤ºÉ°�¦´��oª¥�{��´¥¨´�¬�³
�´ÉªÅ�ŴÃ¦�¦nª¤Â¨³�¨�¦ª��µ�®o°���·��́·�µ¦�nµ�ÇŴ�°�
�¼o�iª¥Â¨oªŴÂ¨³�µ¦«¹�¬µ�°�Ŵ0DSHVŴÂ¨³��³��Ŵ�¸É«¹�¬µ
Ä��¼o�iª¥Ŵ+'Ŵ������Ŵ��Ä�¥»Ã¦�Ŵ°Á¤¦·�µŴÂ¨³�¸É�»i�ŴÃ�¥
Ä�oÁ�¦ºÉ°�¤º°ª´��»�£µ¡�¸ª·�Ŵ.'42/�6)Ŵ�¹É�¤Ŵ̧6)���ŴŴ
Á�}�­nª�®�¹É��°�Á�¦ºÉ°�¤º°ª´�Ŵ¡�ªnµ�³Â��Ŵ 3&6Ŵ�¸ÉŴ
¨�¨��»�Ŵ ��Ŵ�³Â��¤¸�¨Á¡·É¤°´�¦µ�µ¦Á­¸¥�¸ª·�Á�}�Ŵ
����ŴÁ�nµŴÂ¨³�³Â��Ŵ0&6Ŵ�¸É¨�¨��»�Ŵ��Ŵ�³Â��Á¡·É¤
°´�¦µ�µ¦Á­¸¥�¸ª·�Á�}�Ŵ����ŴÁ�nµŴ�¹É�¤¸�´¥­Îµ�´��µ�­�·�·
Á�n��´�Á¤ºÉ°�¦´��oª¥�{��´¥�nµ�ÇŴ�°��¼o�iª¥Ä�¨´�¬�³
Á�n�Á�¥̧ª��́�µ¦«¹�¬µ�°�Ŵ.QLJKWŴŴ°¥nµ�Å¦�È�Ŵ̧�µ¦«¹�¬µ
�°�Ŵ+D\DVKLQRŴÂ¨³��³��ŴÄ��¼o�iª¥�¸É�»i�Ŵ+'Ŵ�¸É¤¸Ã¦�
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Á�µ®ªµ�¦nª¤�oª¥Ŵ ���Ŵ ¦µ¥¡�ªnµ�³Â��Ŵ 3&6Ŵ �°�Ŵ
6)���Ŵ�¸É­¼��ªnµ�nµ¤´�¥�µ��°��¨»n¤¤¸�¨¨�°´�¦µ�µ¦
Á­¸¥�¸ª·�¨�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ ������Ŵ���Ŵ&,Ŵ
����������Ŵ ŴÂ�n�³Â��Ŵ0&6Ŵ�°�Ŵ6)���Ŵ�¸É­¼��ªnµ
�nµ¤´�¥�µ��°��¨»n¤Å¤n¤¸�¨¨�°´�¦µ�µ¦Á­¸¥�¸ª·�°¥nµ�
¤¸�´¥­Îµ�´��µ�­�·�·Ŵ������Ŵ���Ŵ&,Ŵ����������Ŵ�¹É�
�µ¦ª·Á�¦µ³®r�¦´��oª¥°µ¥»Ŵ Á¡«Ŵ Ã¦�¦nª¤°ºÉ�ÇŴ ¦³�´�Ŵ
KHPRJORELQŴÂ¨³¦³�´�ŴKHPRJORELQŴ$�&ŴÂ¨oªŴŴŴ�´Ê��¸ÊŴ�µ¦
«¹�¬µÄ��¸É�»i��´Ê�¤�̧�µ��ª́°¥nµ��o°¥�ªnµ�µ¦«¹�¬µ�°�Ŵ
.QLJKWŴÂ¨³Ŵ0DSHVŴ¤µ�Ŵ�´��´Ê�Ŵ�¹�°µ�­n��¨Ä®o�³Â��
�»�£µ¡�¸ª·��oµ�Ä�Å¤n¤¸�´¥­Îµ�´��µ�­�·�·Ŵ �°��µ��¸ÊŴŴ
�µ¦«¹�¬µÁ®¨nµ�¸Ê¤¸�µ¦�Îµ®��Á���r�»��´��³Â���¸É
Â���nµ���́Ŵ�¹�Å�o�¨¨¡́�r�ª́Á¨��¸ÉÂ���nµ���́Ŵ�o°­�́Á��
�¦³�µ¦­Îµ�´��º°�µ¦«¹�¬µ�°�Ŵ+D\DVKLQRŴ Á�}��¨»n¤Ŵ
�¼o�iª¥Ŵ+'Ŵ�¸É¤¸Ã¦�Á�µ®ªµ�¦nª¤�oª¥�´Ê�®¤�
Ŵ �µ¦«¹�¬µ�¦´Ê��¸Ê¤¸��µ��´ª°¥nµ��¸É�o°¥�ªnµ�µ¦
«¹�¬µÄ��nµ��¦³Á�«�¸É�¨nµª¤µÂ¨oª¤µ�ŴŴ�¼oª·�´¥�¹��Îµ®��
�»���́�°��³Â���»�£µ¡�ª̧·��¸É��́�¨»n¤Åªo�n°��oµ��ÎÉµ¤µ�Ŵ
Á�ºÉ°��µ��o°��µ¦Â­��Ä®oÁ®È�°¥nµ���́Á���¹�°·��·¡¨�°�
�»�£µ¡�ª̧·��¸É¤�̧n°°�́¦µ�µ¦¦°��ª̧·�ŴŴ�°��µ��¸ÊŴ¥�́¤»n��¹�
�µ¦�ÎµÅ��¦³¥»��rÄ�o�¦³Ã¥��r�°��³Â���»�£µ¡�ª̧·�Ä�
�µ���·�´�·�¦·��oª¥ŴŴ°¥nµ�Å¦�È�¸Ŵ�µ¦«¹�¬µÄ�°�µ���ª¦¤¸
��µ��´ª°¥nµ�¤µ��¹Ê�Ŵ ¦nª¤�´��µ¦Á�È��o°¤¼¨�¨�¦ª��µ�
®o°���·�´�·�µ¦�¸É­Îµ�´�Ŵ Ŵ Á¡ºÉ°Ä®o­µ¤µ¦�ª·Á�¦µ³®r�¨Ã�¥
�Îµ®���»���́�³Â��Á�}��nª��nµ�ÇŴÁ¡·É¤�¹Ê�ŴŴ�¨°����µ¦
ª·Á�¦µ³®rÃ�¥�ª��»¤�{��´¥�oµ��¨�¦ª��µ�®o°���·�´�·
�µ¦Ŵ�¹É��³Å�o�nµ�ªµ¤Á­¸É¥��¸É�´�Á���µ��¨�µ¦ª·Á�¦µ³®r�¸É
�¦�́�oª¥�{��¥́°ºÉ�ÇŴ�°�Á®�º°�µ��{��¥́�oµ��»�¨�́¬�³
�°��¼o�iª¥�´�Á�n��µ¦«¹�¬µÄ��¦´Ê��¸Ê

xi�ª�Ù�«ÙÝ
Ŵ Á�¦ºÉ°�¤º°ª´��»�£µ¡�¸ª·��¸É Á�¸É¥ªÁ�ºÉ°��´�
­»�£µ¡Ŵ��7+$,Ŵ Á�}�Á�¦ºÉ°�¤º°�¸É¤¸�ªµ¤Á�¸É¥��¦�Ä�Ŵ
�¼o�iª¥¨oµ�Å�Ŵ Á®¤µ³�´��µ¦�Îµ¤µ�¦³¥»��rÄ�oÄ��µ�
�¦³�ÎµŴŴÁ�ºÉ°��µ�¤�̧ªµ¤­´Ê�Ŵ�¦³��́ŴŴÂ¨³­µ¤µ¦�Â�¨�¨
Å�o°¥nµ��´�Á��Ŵ Ŵ Ã�¥�¼o�iª¥�¸ÉÅ�o�³Â��­»�£µ¡�µ¥Â¨³
Ä��ÎÉµ�ªnµ«¼�¥rŴ Ŵ�ª¦Å�o¦´��µ¦�o�®µ�{�®µ®¦º°­µÁ®�»�¸É
�ÎµÄ®o�¼o�iª¥¤�̧»�£µ¡�ª̧·�Å¤n�Ŵ̧ŴÁ¡ºÉ°�nª¥Â�oÅ��{�®µÂ¨³

¥�¦³�´��»�£µ¡�¸ª·��°��¼o�iª¥Ŵ°´��³Á�}��µ¦�j°��´�
�µ¦Á­¸¥�¸ª·�Ä��¼o�iª¥Á®¨nµ�¸ÊŴ Ŵ �¹É�­n��¨Ä®o�µ¦�¼Â¨¦´�¬µ
¡¥µ�µ¨�¼o�iª¥Á�}�Å�°¥nµ�¤¸�»�£µ¡�n°Á�ºÉ°��n°Å�

w¡��¡w�����Ýw��
Ŵ �¼oª·�´¥�°�°�¡¦³�»�Ŵ�¦��¡�ª·Ã¦��rŴ�´Ê�Á�¦·�
Á­�¥̧¦Ŵ�¼o°Îµ�ª¥�µ¦­Îµ��́�Ã¥�µ¥­»�£µ¡¦³®ªnµ��¦³Á�«Ŵ
Â¨³�»��¦̧µª¦¦�Ŵ�»�Á¡·É¤Ŵ�¼o°Îµ�ª¥�µ¦­Îµ��́�µ�­�·�·Â®n�
�µ�·Ŵ�¸ÉÄ®o�ªµ¤°�»Á�¦µ³®rÃ�¥°�»�µ�Ä®oÄ�oŴ��7+$,Ŵ�¹É�
Á�}�­nª�®�¹É��°�Â��­¤́£µ¬�rÄ��µ¦­Îµ¦ª�°�µ¤¥́Â¨³
­ª´­�·�µ¦Ŵ¡�«�Ŵ����ŴÄ��µ¦«¹�¬µ�¦´Ê��¸ÊŴ

3FGFSFODF
��Ŵ 9DOGHUUDEDQRŴ)�Ŵ -RIUHŴ5�Ŵ/RSH]�*RPH]Ŵ -0�Ŵ

4XDOLW\ŴRIŴOLIHŴLQŴHQG�VWDJHŴUHQDOŴGLVHDVHŴSDWLHQWV�Ŵ
$PŴ-Ŵ.LGQH\Ŵ'LVŴ������������������Ŵ

��Ŵ 5HEROORŴ3�Ŵ2UWHJDŴ)�Ŵ1HZŴWUHQGŴRQŴKHDOWKŴUHODWHGŴ
TXDOLW\ŴRIŴOLIHŴDVVHVVPHQWŴLQŴHQG�VWDJHŴUHQDOŴGLVHDVHŴ
SDWLHQWV�Ŵ,QWŴ8UROŴ1HSKUROŴ����������������Ŵ

��Ŵ .DODQWDU�=DGHKŴ.�Ŵ8QUXKŴ0�Ŵ+HDOWKŴ UHODWHGŴ
TXDOLW\Ŵ RIŴ OLIHŴ LQŴ SDWLHQWVŴZLWKŴ FKURQLFŴ NLGQH\Ŵ
GLVHDVH�Ŵ,QWŴ8UROŴ1HSKUROŴ���������������

��Ŵ 8QUXKŴ0/�Ŵ:HLVERUGŴ6'�Ŵ.LPPHOŴ3/�Ŵ+HDOWK�
UHODWHGŴTXDOLW\ŴRIŴ OLIHŴ LQŴQHSKURORJ\ŴUHVHDUFKŴDQGŴ
FOLQLFDOŴSUDFWLFH�Ŵ6HPLQŴ'LDOŴ�����������������Ŵ

��Ŵ )LQNHOVWHLQŴ )2�Ŵ:XHUWKŴ'�Ŵ )LQNHOVWHLQŴ 6+�Ŵ
+HDOWKŴUHODWHGŴTXDOLW\ŴRIŴOLIHŴDQGŴWKHŴ&.'ŴSD�
WLHQW�ŴFKDOOHQJHVŴIRUŴWKHŴQHSKURORJ\ŴFRPPXQLW\�Ŵ
.LGQH\Ŵ,QWŴ�����������y���

��Ŵ 0XHKUHUŴ5-�Ŵ%HFNHUŴ%1�Ŵ/LIHŴDIWHUŴWUDQVSODQWDWLRQ�Ŵ
1HZŴWUDQVLWLRQVŴLQŴTXDOLW\ŴRIŴOLIHŴDQGŴSV\FKRORJL�
FDOŴGLVWUHVV�Ŵ6HPLQŴ'LDOŴ������������������

��Ŵ %RRQ\DZDWWDQDQJNXOŴ.�Ŵ1XUVLQJŴ UROHŴ IRUŴ SDLQŴ
PDQDJHPHQWŴLQŴFKLOGUHQŴZLWKŴFDQFHU�Ŵ-RXUQDOŴRIŴ
1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ
'LYLVLRQŴ����������������

��Ŵ -XPSDPRRQŴ$�Ŵ1XUVLQJŴPDQDJHUŴDQGŴFRQWLQX�
RXVŴTXDOLW\ŴGHYHORSLQJ�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$V�



�� ,1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����#RTKN���,WPG������

VRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����������������

��Ŵ :RRG�'DXSKLQHHŴ6�Ŵ$VVHVVLQJŴTXDOLW\Ŵ RIŴ OLIHŴ
LQŴFOLQLFDOŴUHVHDUFK�ŴIURPŴZKHUHŴKDYHŴZHŴFRPHŴ
DQGŴZKHUHŴ DUHŴZHŴ JRLQJ"Ŵ -Ŵ &OLQŴ (SLGHPLROŴ
��������������y���

���Ŵ &RRNŴ'$�Ŵ%HFNPDQŴ7-�Ŵ&XUUHQWŴ FRQFHSWVŴ LQŴ
YDOLGLW\Ŵ DQGŴ UHOLDELOLW\Ŵ IRUŴ SV\FKRPHWULFŴ LQ�
VWUXPHQWV�Ŵ WKHRU\Ŵ DQGŴ DSSOLFDWLRQ�Ŵ$PŴ -Ŵ0HGŴ
�������������H�����

���Ŵ )D\HUVŴ30�Ŵ0DFKLQŴ'�Ŵ4XDOLW\ŴRIŴOLIH�Ŵ$VVHVV�
PHQW�ŴDQDO\VLV�ŴDQGŴLQWHUSUHWDWLRQ�Ŵ:HVWŴ6XVVH[�Ŵ
8.�Ŵ-RKQŴ:LOH\Ŵ	Ŵ6RQVŴ/WG�Ŵ�����

���Ŵ 6WUHLQHUŴ'/�Ŵ1RUPDQŴ*5�Ŵ+HDOWKŴPHDVXUHPHQWŴ
VFDOHV�Ŵ$ŴSUDFWLFDOŴJXLGHŴWRŴWKHLUŴGHYHORSPHQWŴDQGŴ
XVH�Ŵ�UGŴHG�Ŵ1HZŴ<RUN�Ŵ1<�Ŵ2[IRUGŴ8QLYHUVLW\Ŵ
3UHVVŴ,QF��Ŵ�����

���Ŵ &KHDZFKDQZDWWDQDŴ $�Ŵ /LPZDWWDQDQRQŴ &�Ŵ
/LPZDWWDQDQRQŴ6�Ŵ/HUNLDWEXQGLWŴ6�Ŵ7DQJFKD�
URHQVDWKLHQŴ9�Ŵ$Ŵ FRQűUPDWRU\Ŵ IDFWRUŴ DQDO\VLVŴ
RIŴDŴQHZŴKHDOWKŴVWDWXVŴPHDVXUHŴRIŴ7KDLŴJHQHUDOŴ
SRSXODWLRQ�Ŵ$EVWUDFWVŴRIŴWKHŴ��WKŴ$QQXDOŴ&RQ�
IHUHQFHŴRIŴWKHŴ,QWHUQDWLRQDOŴ6RFLHW\ŴIRUŴ4XDOLW\Ŵ
RIŴ/LIHŴ5HVHDUFK�Ŵ2FWREHUŴ������Ŵ�����Ŵ6DQŴ
)UDQFLVFR�Ŵ&DOLIRUQLD�Ŵ86$�Ŵ4XDOŴ/LIHŴ5HV�Ŵ����Ŵ
1RY������������

���Ŵ &KHDZFKDQZDWWDQDŴ $�Ŵ /LPZDWWDQDQRQŴ &�Ŵ
*URVVŴ&�Ŵ/LPZDWWDQDQRQŴ6�Ŵ7DQJFKDURHQVDWK�
LHQŴ9�Ŵ3RQJVNXOŴ&�ŴHWŴDO�Ŵ7KHŴYDOLGLW\ŴRIŴDŴQHZŴ
SUDFWLFDOŴTXDOLW\ŴRIŴ OLIHŴPHDVXUHŴ LQŴSDWLHQWVŴRQŴ
UHQDOŴ UHSODFHPHQWŴ WKHUDS\�Ŵ -Ŵ0HGŴ$VVRFŴ7KDLŴ
��������6XSSO�Ŵ���6�������

���Ŵ &KHDZFKDQZDWWDQDŴ$�Ŵ7KHŴSV\FKRPHWULFŴSURS�
HUW\ŴRIŴDŴQHZŴJHQHULFŴKHDOWKŴVWDWXVŴPHDVXUH�ŴWKHŴ
��LWHPŴ7KDLŴ+HDOWKŴVWDWXVŴ$VVHVVPHQWŴ,QVWUXPHQWŴ
���7+$,��Ŵ >3K'Ŵ'LVVHUWDWLRQ@�Ŵ.KRQŴ.DHQŴ
�7KDLODQG��Ŵ.KRQŴ.DHQŴ8QLY��Ŵ�����

���Ŵ &KHDZFKDQZDWWDQDŴ$�Ŵ&KXQOHUWULWKŴ'�Ŵ/LPZDW�
WDQDQRQŴ&�Ŵ6LULYRQJVŴ'�Ŵ3RQJVNXOŴ&�Ŵ0HDVXULQJŴ
TXDOLW\�RI�OLIHŴ LQŴ UHQDOŴ UHSODFHPHQWŴ WKHUDS\Ŵ
SDWLHQWVŴXVLQJŴ��7+$,�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$V�
VRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����������������

���Ŵ /RZULHŴ(*�Ŵ&XUWLQŴ5%�Ŵ/H3DLQŴ1�Ŵ6FKDWHOOŴ'�Ŵ
0HGLFDOŴ2XWFRPHVŴ6WXG\Ŵ6KRUWŴ )RUP����Ŵ$Ŵ
FRQVLVWHQWŴDQGŴSRZHUIXOŴSUHGLFWRUŴRIŴPRUELGLW\Ŵ
DQGŴPRUWDOLW\ŴLQŴGLDO\VLVŴSDWLHQWV�Ŵ$PŴ-Ŵ.LGQH\Ŵ
'LVŴ�������������������Ŵ

���Ŵ .QLJKWŴ(/�Ŵ2IVWKXQŴ1�Ŵ7HQJŴ0�Ŵ/D]DUXVŴ0�Ŵ&XU�
KDQŴ*&�Ŵ7KHŴDVVRFLDWLRQŴEHWZHHQŴPHQWDOŴKHDOWK�Ŵ
SK\VLFDOŴ IXQFWLRQ�Ŵ DQGŴKHPRGLDO\VLVŴPRUWDOLW\�Ŵ
.LGQH\Ŵ,QWŴ����������������Ŵ

���Ŵ 0DSHVŴ'/�Ŵ /RSHVŴ$$�Ŵ 6DWD\DWKXPŴ6�Ŵ0F�
&XOORXJKŴ.3�Ŵ*RRGNLQŴ'$�Ŵ/RFDWHOOLŴ)�ŴHWŴDO�Ŵ
+HDOWK�UHODWHGŴTXDOLW\ŴRIŴ OLIHŴ DVŴ DŴSUHGLFWRUŴRIŴ
PRUWDOLW\ŴDQGŴKRVSLWDOL]DWLRQ�Ŵ7KHŴ'LDO\VLVŴ2XW�
FRPHVŴ DQGŴ3UDFWLFHŴ3DWWHUQVŴ6WXG\Ŵ �'2336��Ŵ
.LGQH\Ŵ,QWŴ���������������

���Ŵ +D\DVKLQRŴ<�Ŵ)XNXKDUDŴ6�Ŵ$NLEDŴ7�Ŵ$NL]DZDŴ7�Ŵ
$VDQRŴ<�Ŵ6DLWRŴ6�ŴHWŴDO�Ŵ/RZŴKHDOWK�UHODWHGŴTXDO�
LW\ŴRIŴOLIHŴLVŴDVVRFLDWHGŴZLWKŴDOO�FDXVHŴPRUWDOLW\Ŵ
LQŴSDWLHQWVŴZLWKŴGLDEHWHVŴRQŴKDHPRGLDO\VLV�ŴWKHŴ
-DSDQŴ'LDO\VLVŴ2XWFRPHVŴ DQGŴ3UDFWLFHŴ3DWWHUQŴ
6WXG\�Ŵ'LDEHWŴ0HGŴ�����������y���
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�µ¦µ��¸É����¼o�iª¥¢°�Á¨º°�Â¨³¨oµ�Å��µ��n°��o°�°¥nµ��n°Á�ºÉ°�Ä��µ¦«¹�¬µŴ�1Ŵ Ŵ���
Á­¸¥�¸ª·���� Å¤nÁ­¸¥�¸ª·���� S�YDOXH���

�Îµ�ª� �¦o°¥¨³� �Îµ�ª� �¦o°¥¨³�
Á¡«
Ŵ ®�·� � ������� �� ������� �����
Ŵ �µ¥ �� ������� �� �������
°µ¥»Ŵ��e�Ŵ>0HDQŴ�6'�@��� ����� ������ ����� ������� ��������

��·��°��µ¦¦´�¬µ
Ŵ &$3' �� ������� �� ������� �����
Ŵ +' � ������� �� �������
­�µ�£µ¡­¤¦­
Ŵ ­¤¦­ �� ������� �� ������� �����
Ŵ Ã­��Ŵ�¼n�Ŵ®¤oµ¥�Ŵ®¥nµ�ŴÂ¥� � ������� � �������
¦³�´��µ¦«¹�¬µ
Ŵ �ÎÉµ�ªnµ�¦·��µ�¦¸ � ������� �� ������� �����
Ŵ �¦·��µ�¦¸®¦º°­¼��ªnµ �� ������� �� �������
¤¸Ã¦�¦nª¤Á�µ®ªµ� �� ������� �� ������� �����
¦³¥³Áª¨µ�¸É�·��µ¤Ŵ��e�Ŵ>0HGLDQŴ�,45�@��� ���� ������ ���� ������ ��������

®¤µ¥Á®�»Ŵ���Ŵ �Îµ�ª��¸ÉÂ­��Á�}��Îµ�ª���Â¨³Ä�ª�Á¨È�¦o°¥¨³ŴŴ¥�Áªo�¦³�»Á�}�°¥nµ�°ºÉ�
Ŵ ���Ŵ ��­°��oª¥­�·�·Ŵ&KL�VTXDUHŴWHVWŴ¥�Áªo�¦³�»Á�}�­�·�·°ºÉ�
Ŵ ���Ŵ �Îµ�ª��¸ÉÂ­��Á�}��nµÁ�¨¸É¥Ŵ�0HDQ�ŴÂ¨³Ä�ª�Á¨È�Á�}��nµ­nª�Á�¸É¥�Á��¤µ�¦�µ�Ŵ�6WDQGDUGŴGHYLDWLRQ�Ŵ6'�
Ŵ ���Ŵ ��­°��oª¥­�·�·Ŵ,QGHSHQGHQWŴWŴWHVW
Ŵ ���Ŵ �Îµ�ª��¸ÉÂ­��Á�}��nµ¤´�¥�µ�Ŵ�0HGLDQ�ŴÂ¨³Ä�ª�Á¨È�Á�}��nµ¡·­´¥�ª°Å�¨rŴ�,QWHUTXDUWLOHŴUDQJH�
Ŵ ���Ŵ ��­°��oª¥­�·�·Ŵ:LOFR[RQŴUDQNŴVXPŴWHVW

¦¼��¸É��Ŵ°´�¦µ�µ¦¦°��¸¡�°��¼o�iª¥¨oµ�Å��ÎµÂ���µ¤
�³Â��­»�£µ¡�oµ��µ¥

¦¼��¸É���°´�¦µ�µ¦¦°��¸¡�°��¼o�iª¥¨oµ�Å��ÎµÂ���µ¤
�³Â��­»�£µ¡�oµ�Ä�
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�µ¦µ��¸É��� �nµŴ+D]DUGŴ5DWLRŴ�+5�Ŵ�µ��µ¦ª·Á�¦µ³®rŴ&R[Ŵ3URSRUWLRQDOŴ+D]DUGŴ0RGHO

3K\VLFDOŴ+HDOWKŴ6FRUHŴ�3+6� 0HQWDOŴ+HDOWKŴ6FRUHŴ�0+6�
+D]DUGŴ5DWLR�Ŵ+5Ŵ
����Ŵ&,� S�YDOXH +D]DUGŴ5DWLR�Ŵ+5Ŵ

����Ŵ&,� S�YDOXH

°µ¥»Ŵ��e�Ŵ ����Ŵ������ŴŴŴ����� �Ŵ����� ����Ŵ������ŴŴŴ����� �����
Á¡«�µ¥ ����Ŵ������ŴŴŴ����� ����� ����Ŵ������ŴŴŴ����� �����
­¤¦­Ŵ ����Ŵ������Ŵ������ ����� ����Ŵ������Ŵ������ �����
�¦·��µ�¦¸�¹Ê�Å�Ŵ ����Ŵ������ŴŴŴ����� ����� ����Ŵ������ŴŴŴ����� �����
+HPRGLDO\VLV ����Ŵ�����ŴŴŴ����� ����� ����Ŵ������ŴŴŴ����� �����
¤¸Ã¦�¦nª¤Á�µ®ªµ� ����Ŵ������ŴŴŴ����� ����� ����Ŵ������ŴŴ����� �����
3+6Ŵ!Ŵ�Ŵ ����Ŵ������ŴŴŴ����� ����� � ŴŴŴŴŴŴŴ�
0+6Ŵ!Ŵ�Ŵ � ŴŴŴŴŴŴŴ� ����Ŵ������ŴŴŴ����� �����
®¤µ¥Á®�»Ŵ Ŵ�¨»n¤Á�¦¸¥�Á�¸¥�Ŵ Å�oÂ�nŴ Á¡«®�·�Ŵ­�µ�£µ¡Ã­��®¤oµ¥�®¥nµ�Â¥�Ŵ¦³�´��µ¦«¹�¬µ�ÎÉµ�ªnµ�¦·��µ�¦¸Ŵ
&$3'ŴÂ¨³�³Â���»�£µ¡�¸ª·��ÎÉµŴ�3+6Ŵ�Ŵ�ŴŴ®¦º°Ŵ0+6Ŵ�Ŵ��Ŵ
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1SFEJDUJWF�$SJUFSJPO�7BMJEJUZ�PG�B�)FBMUI�3FMBUFE�2VBMJUZ�PG�-JGF�
��5)"*�CZ�1SFEJDUJOH�4VSWJWBM�3BUFT�JO�%JBMZTJT�1BUJFOUT

Ŵ Ŵ $UHHZDQŴŴ&KHDZFKDQZDWWDQDŴ3K'
Ŵ 'DUXQHHŴŴ&KDQOHUWULWKŴŴŴ%�1�6��Ŵ0�$�



"CTUSBDU
� 7KLVŴVWXG\ŴDLPHGŴWRŴDVVHVVŴWKHŴSUHGLFWLYHŴFULWHULRQŴYDOLGLW\ŴRIŴDŴKHDOWKŴUHODWHGŴTXDOLW\ŴRIŴOLIHŴPHDVXUH�Ŵ
��7+$,�Ŵ7KHŴVXUYLYDOŴRIŴGLDO\VLVŴSDWLHQWVŴZLWKLQŴDSSUR[LPDWHO\Ŵ�Ŵ\HDUVŴDIWHUŴTXDOLW\ŴRIŴOLIHŴDVVHVVPHQWŴZDVŴVWXGLHG�Ŵ
$ŴUHWURVSHFWLYHŴGDWDŴFROOHFWLRQŴVWXG\ŴGHVLJQŴZDVŴXVHG�Ŵ'DWDŴRIŴSDWLHQWŴFKDUDFWHULVWLFŴDQGŴTXDOLW\ŴRIŴOLIHŴZHUHŴEDVHGŴ
RQŴWKHŴSUHYLRXVŴVWXG\ŴWKDWŴVWXGLHGŴGLDO\VLVŴSDWLHQWVŴZKRŴYLVLWHGŴ6ULQDJDULQGŴ+RVSLWDOŴGXULQJŴ�Ŵ0DUFKŴyŴ��Ŵ0D\Ŵ
�����Ŵ7KHŴVXUYLYDOŴGDWDŴZHUHŴEDVHGŴRQŴUHQDOŴSDWLHQWŴORJŴERRNŴGDWDŴDQGŴGDWDEDVHŴRIŴ&LYLOŴ5HJLVWUDWLRQ�Ŵ7KHŴODVWŴ
GDWHŴRIŴSDWLHQWŴVWDWXVŴLQŴWKLVŴVWXG\ŴZDVŴ��Ŵ'HFHPEHUŴ�����Ŵ
Ŵ 'DWDŴRIŴWRWDOŴ��ŴGLDO\VLVŴSDWLHQWV�Ŵ��ŴFRQWLQXRXVŴDPEXODWRU\ŴSHULWRQHDOŴGLDO\VLVŴSDWLHQWVŴ�����ŴDQGŴ
��ŴKHPRGLDO\VLVŴSDWLHQWVŴ������ŴZHUHŴVWXGLHG�Ŵ7KHŴDYHUDJHŴDJHŴRIŴSDWLHQWVŴZDVŴ�����Ŵ\HDUV�Ŵ1LQHWHHQŴSDWLHQWVŴ
�����ŴGLHGŴZLWKLQŴWKHŴVWXG\ŴSHULRG�ŴDQGŴWKHŴPHGLDQŴIROORZŴXSŴWLPHŴLQŴWKLVŴVWXG\ŴZDVŴ����Ŵ\HDUV�Ŵ%DVHGŴRQŴWKHŴ
&R[Ŵ3URSRUWLRQDOŴ+D]DUGŴ0RGHO�ŴWKHŴ��7+$,ŴSK\VLFDOŴDQGŴPHQWDOŴKHDOWKŴVWDWXVŴVFRUHVŴRIŴ]HURŴRUŴDERYHŴZHUHŴ
VLJQLűFDQWO\ŴDVVRFLDWHGŴZLWKŴJUHDWHUŴVXUYLYDOŴUDWHVŴRIŴWKHVHŴSDWLHQWV�ŴZKHQŴFRQWUROOLQJŴIRUŴRWKHUŴIDFWRUVŴLQFOXGLQJŴ
DJH�ŴJHQGHU�ŴPDULWDOŴVWDWXV�ŴHGXFDWLRQŴOHYHOV�ŴPRGDOLW\ŴW\SHVŴDQGŴGLDEHWHVŴFRPRUELGLW\�Ŵ7KHŴKD]DUGŴUDWLRŴ����Ŵ
&,�ŴRIŴ��7+$,ŴSK\VLFDOŴKHDOWKŴVWDWXVŴVFRUHVŴRIŴ]HURŴRUŴDERYHŴZDVŴ����Ŵ������������ŴZKHQŴFRPSDUHGŴZLWKŴWKHŴ
VFRUHVŴRIŴXQGHUŴ]HUR�Ŵ7KHŴKD]DUGŴUDWLRŴ����Ŵ&,�ŴRIŴ��7+$,ŴPHQWDOŴKHDOWKŴVWDWXVŴVFRUHVŴRIŴ]HURŴRUŴDERYHŴZDVŴ
����Ŵ������������ŴZKHQŴFRPSDUHGŴZLWKŴWKHŴVFRUHVŴRIŴXQGHUŴ]HUR�Ŵ7KHŴRYHUDOOŴUHVXOWVŴLQGLFDWHGŴWKDWŴ��7+$,Ŵ
SK\VLFDOŴDQGŴPHQWDOŴKHDOWKŴVWDWXVŴVFRUHVŴFRXOGŴSUHGLFWŴVXUYLYDOŴRIŴWKHVHŴSDWLHQWV�ŴDQGŴWKHŴUHVXOWVŴFRQűUPHGŴSUHGLFWLYHŴ
FULWHULRQŴYDOLGLW\ŴRIŴ��7+$,�Ŵ,QŴDGGLWLRQV�ŴIXUWKHUŴDSSOLFDWLRQVŴRIŴ��7+$,ŴFRXOGŴDSSO\ŴWKHŴFXW�SRLQWŴFULWHULRQŴ
RIŴ]HURŴVFRUHŴIRUŴERWKŴ��7+$,ŴSK\VLFDOŴDQGŴPHQWDOŴKHDOWKŴVWDWXVŴVFRUHV�Ŵ3DWLHQWVŴZKRŴUHSRUWHGŴWKHLUŴKHDOWKŴVWDWXVŴ
VFRUHVŴRIŴXQGHUŴ]HURŴOHYHOŴVKRXOGŴEHŴFORVHŴPRQLWRUHG�ŴVLQFHŴLGHQWLI\LQJŴDQGŴVROYLQJŴWKHLUŴSUREOHPVŴZRXOGŴKHOSŴ
SURWHFWŴWKHLUŴOLYHVŴLQŴWKHŴUHFHQWŴIXWXUH�Ŵ

.H\ZRUGV�� GLDO\VLV�ŴKHDOWKŴUHODWHGŴTXDOLW\ŴRIŴOLIH�ŴVXUYLYDO�ŴSUHGLFWLYHŴFULWHULRQŴYDOLGLW\


Ŵ$VVLVWDQWŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ3KDUPFHXWLFDOŴ6FLHQFHV�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


Ŵ5HJLVWHUHGŴ1XUVH�Ŵ&KLHIŴRIŴ&HQWHUŴIRUŴ.LGQH\Ŵ6HUYLFH�Ŵ6ULQDJDULQGŴ+RVSLWDO�Ŵ)DFXOW\ŴRIŴ0HGLFLQH�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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ª·�¥µ�·¡��r�¦·��µ¡¥µ�µ¨«µ­�¦¤®µ�´��·�ŴŴ­µ�µª·�µ�µ¦�¦·®µ¦�µ¦¡¥µ�µ¨ŴŴ¤®µª·�¥µ¨´¥�°�Â�n�


�´�«¹�¬µ�¦·��µ¡¥µ�µ¨«µ­�¦¤®µ�´��·�ŴŴ­µ�µª·�µ�µ¦�¦·®µ¦�µ¦¡¥µ�µ¨ŴŴ¤®µª·�¥µ¨´¥�°�Â�n�



¦°�«µ­�¦µ�µ¦¥rŴŴ��³¡¥µ�µ¨«µ­�¦rŴŴ¤®µª·�¥µ¨´¥�°�Â�n�

z������Ü�Ù�Ð�Ý��h�|�q}}���h�Ù�¤zz�x�|Ü������¡���¢Ü«�Ý���ÝÚ¥iÙ·�
w��ª��¢²�Ù«��|x�|����Ùi�|�Ùw��w����¡���¡w¡}w���w����Ýw�Ùz¤Ø��Ü

w��Ü�����x�|Ü������¡���¢Ü�¬�|Ü������¤��Ù�}�|��������¥�¡�
Ŵ Ŵ ­¤¡¦¦�ŴŴÅ�¦¬¦ŴŴ¡¥�¤�

Ŵ ¤µ¦·­µŴŴÅ�¦§�¬rŴŴ3K'Ŵ�1XUVLQJ�




��z���h�
Ŵ �µ¦ª·�´¥Á�·�¡¦¦��µ�¦´Ê��¸ÊŴ Ŵ Á�}��µ¦«¹�¬µ�ªµ¤­´¤¡´��r¦³®ªnµ��{��´¥­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¸¡Â¨³
£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®ª́®�oµ�µ���́�µ¦��·��́·�·��¦¦¤�µ¦�¦³��́�»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¡̧ŴŴ
Ã¦�¡¥µ�µ¨�»¤��ŴŴ��́®ª�́�¥́£¼¤·Ŵ�¨»n¤�ª́°¥nµ�ŴŴ�º°Ŵ¡¥µ�µ¨ª·�µ�¡̧�¸É��·��́·�µ��´Ê�Â�nŴ�Ŵ�e�¹Ê�Å�Ŵ�Îµ�ª�ŴŴ���ŴŴ��ŴŴÁ�¦ºÉ°�¤º°Ŵ
�¸ÉÄ�oÄ��µ¦ª·�´¥Ŵ�º°ŴÂ��­°��µ¤�{��´¥­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¸¡ŴÂ��­°��µ¤£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�
®´ª®�oµ�µ�Ŵ ŴÂ¨³Â��­°��µ¤�µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ Ŵ �¦ª�­°�
�ªµ¤�¦��°�Á�ºÊ°®µÃ�¥�¼oÁ�¸É¥ª�µ�Ŵ�Ŵ�nµ�ŴŴ®µ�nµ�ªµ¤Á�¸É¥��°�Â��­°��µ¤ŴŴÃ�¥Ä�o­¼�¦­´¤�¦³­·��rÂ°¨¢iµ�°�
�¦°��¦µ�Ŵ Å�o�nµ­´¤�¦³­·��·Í�ªµ¤Á�¸É¥��°�Â��­°��µ¤Á�¸É¥ª�´�£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®´ª®�oµ�µ��µ¤
�µ¦¦´�¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ Ŵ Â¨³�µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡Á�nµ�´�Ŵ
����ŴŴÂ¨³ŴŴ����ŴŴ�µ¤¨Îµ�´�ŴŴª·Á�¦µ³®r�o°¤¼¨ŴÃ�¥�µ¦®µ�nµ�ªµ¤�¸ÉŴ¦o°¥¨³Ŵ�nµÁ�¨¸É¥Ŵ­nª�Á�¸É¥�Á��¤µ�¦�µ�ŴŴª·Á�¦µ³®r
®µ�ªµ¤­´¤¡´��rÃ�¥�µ¦��­°�Å�­Â�ª¦rŴŴŴ�µ¦ª·Á�¦µ³®r­´¤�¦³­·��r­®­´¤¡´��r�°�Á¡¸¥¦r­´�ŴŴÂ¨³ª·Á�¦µ³®r���°¥
¡®»�¼�Â���´Ê��°�
Ŵ �¨�µ¦«¹�¬µŴ¡�ªnµŴ��Ŵ�{��¥́­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¡̧ŴŴÅ�oÂ�nŴŴ¦³��́�µ¦«¹�¬µŴ�¦³­��µ¦�r�µ¦�Îµ�µ�
Â¨³�µ¦Å�o¦�́�µ¦°�¦¤Á�¸É¥ª��́�µ¦�¦³��́�»�£µ¡�µ¦¡¥µ�µ¨Å¤n¤�̧ªµ¤­¤́¡�́�r��́�µ¦��·��́·�·��¦¦¤�µ¦�¦³��́
�»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ��Ŵ£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®´ª®�oµ�µ�ŴŴ¤¸�ªµ¤­´¤¡´��r�µ��ª��´�
�µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡ŴŴ�UŴ Ŵ������ŴSŴ�Ŵ����ŴŴ��Ŵ£µª³�¼o�Îµ�µ¦
Á�¨¸É¥�Â�¨��°�®´ª®�oµ�µ�Ŵ ŴÂ¨³�¦³­��µ¦�r�µ¦�Îµ�µ�Ŵ­µ¤µ¦�¦nª¤�´�¡¥µ�¦�r�µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´�
�»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡Å�o¦o°¥¨³ŴŴ����Ŵ�SŴ�Ŵ����

�Îµ­Îµ�´��Ŵ £µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�ŴŴ�µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨ŴŴ

z���ª�ÒÙ��«�Ýz����·�z�Öx�|�qÖ��
Ŵ ¦´��¦¦¤�¼�ŴŴ¡�«�Ŵ����ŴŴ¤µ�¦µŴ��Ŵ�Îµ®��
ªnµŴ v�»��¨¥n°¤¤¸­·��·Á­¤°�´�Ä��µ¦¦´��¦·�µ¦�µ�
­µ�µ¦�­»��¸ÉÁ®¤µ³­¤Â¨³Å�o¤µ�¦�µ�wŴ Ŵ ¦ª¤�´Ê�
¤µ�¦µŴ��ŴŴª¦¦�Ŵ���ŴŴ¦³�»ªnµŴŴŴ¦´��o°��´�Â¨³­n�Á­¦·¤
Ä®o�¦³�µ��Å�o¦´��¦·�µ¦­µ�µ¦�­»��¸É¤¸¤µ�¦�µ�°¥nµ�
�´Éª�¹�Â¨³¤¸�¦³­·��·£µ¡Ŵ Ŵ­n��¨Ä®o­Îµ�´��µ¦¡¥µ�µ¨ŴŴ

Ä�o¤µ�¦�µ��µ¦¡¥µ�µ¨Á�}�Á�¦ºÉ°�¤º°Ä��µ¦¡´��µ
Â¨³�ª��»¤�»�£µ¡�µ¦¡¥µ�µ¨Ŵ Ŵ Ã�¥¤¸�»�¤»n�®¤µ¥
Á¡ºÉ°¡´��µ�µ¦��·�´�·Á�·�ª·�µ�¸¡Ŵ Ŵ Â¨³Á¡ºÉ°�ÎµÅ�­¼n�µ¦
�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨Ŵ Ŵ�¹É�Á�}��µ¦�¦³�ÎµÁ¡ºÉ°Ä®o
Á�·��ªµ¤¤´É�Ä�ªnµ�·��¦¦¤�µ¦¡¥µ�µ¨�¸Ê�°�­�°��n°
�ªµ¤�o°��µ¦Â¨³�ªµ¤�µ�®ª´��°��¼oÄ�o�¦·�µ¦ŴŴÃ�¥Ä�o
«´�¥£µ¡­¼�­»�£µ¥Ä��°�Á���°�ª·�µ�¸¡�ŴŴ�¹É��¦³�°�
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�oª¥Ŵ�Ŵ Ŵ°��r�¦³�°��Ŵ Ŵ�º°Ŵ�µ¦�Îµ®��¤µ�¦�µ�Ŵ�µ¦
��·�´�·�µ¤¤µ�¦�µ�Ŵ�µ¦ª´�Â¨³�¦³Á¤·��»�£µ¡ŴŴÂ¨³
�µ¦�¦´��¦»��»�£µ¡°¥nµ��n°Á�ºÉ°�Ŵ Ŵ �¹É��µ¦�¦³�´�
�»�£µ¡�µ¦¡¥µ�µ¨°¥nµ�Á�}�¦³��Â¨³�n°Á�ºÉ°��´Éª
�´Ê�Ã¦�¡¥µ�µ¨Ŵ Ŵ Á�}�¡ºÊ��µ��°��»�£µ¡�µ¦¡¥µ�µ¨ŴŴŴ
�¦³Ã¥��r�¸É�µ¤¤µ�º°ŴŴ�¼oÄ�o�¦·�µ¦Å�o¦´��¦·�µ¦¡¥µ�µ¨
�¸É�¨°�£´¥Ŵ Ŵ¨�°»�´�·�µ¦�r�ªµ¤Á­¸É¥�Ŵ Ŵ ¨����¦³¤µ�
�oµ�­µ�µ¦�­»��°��¦³Á�«�µ�·�Ŵ Ŵ �·��¦¦¤�¸É­Îµ�´�Ä�
�µ¦�¦³�´��»�£µ¡�µ¦�¦·�µ¦Ŵ Ŵ �º°�µ¦�·��µ¤�¦ª�
�¦³Á¤·��»�£µ¡£µ¥Ä�°��r�¦Ŵ Ŵ Ã�¥Á�jµ®¤µ¥Ä�Â��
¥»��«µ­�¦r�°�­Îµ�´��µ¦¡¥µ�µ¨¦³�»ªnµŴ Ŵ �µ��¦·�µ¦
¡¥µ�µ¨Ä�Ã¦�¡¥µ�µ¨°¥nµ��o°¥¦o°¥¨³Ŵ��Ŵ Ŵ�o°��nµ�
Á���r�µ¦�¦³Á¤·��»�£µ¡�¦·�µ¦�µ¤Â�ª�µ¦�¦³Á¤·�
�»�£µ¡£µ¥Ä��´Ê�Â�n¦³�´�Ŵ�Ŵ�¹Ê�Å��

Ŵ Ã¦�¡¥µ�µ¨�»¤��Ä���́®ª�́�¥́£¼¤·ŴŴ�Îµ�ª�Ŵ��Ŵ
Â®n�Ŵ¤¸�µ¦�¦³Á¤·��»�£µ¡�¦·�µ¦¡¥µ�µ¨�µ¤Á���r
¤µ�¦�µ��µ¦¡¥µ�µ¨�´Ê�Ŵ�Ŵ®�nª¥�µ�ŴŴ�¨�µ¦�¦³Á¤·�ŴŴ
¡�ªnµŴ Ŵ�nµ�Á���r�¦³Á¤·��»�£µ¡�¦·�µ¦¡¥µ�µ¨�µ¤
Á���r¤µ�¦�µ��µ¦¡¥µ�µ¨¦³��́Ŵ�ŴÁ¡¥̧�¦o°¥¨³Ŵ�����Ŵ
�¹É��¨�µ¦�¦³Á¤·���́�¨nµª­³�o°�Ä®oÁ®È�ªnµÃ¦�¡¥µ�µ¨
�»¤��Ä���́®ª�́�¥́£¼¤·¥�́Å¤n­µ¤µ¦��¦³��́�»�£µ¡�µ¦
�¦·�µ¦Ŵ®¦º°�n°Ä®oÁ�·��ªµ¤¤´É�Ä�ªnµ�³¤¸�µ¦��·�´�·�µ�
�µ¤¤µ�¦�µ��µ¦¡¥µ�µ¨�¸É�Îµ®��Åªo�¨°�Áª¨µÂ¨³
¤¸�¨¨´¡�r�°��¦·�µ¦�µ¤Á�jµ®¤µ¥®¦º°Á���r�¸É�Îµ®��
Ä®oÂ�n�¼o¦´��¦·�µ¦Å�oŴŴ
Ŵ �µ��µ¦���ª�ª¦¦��¦¦¤ŴŴ¡�ªnµŴ�µ¦�ÎµÁ�·�
�µ�Ä�ÇÄ�°��r�µ¦�³Ä®o�¦³­��¨­ÎµÁ¦È�Ŵ®¦º°¨o¤Á®¨ª
Ä��µ¦�ÎµÁ�·��µ�Ŵ Ŵ �{��´¥­Îµ�´��¸É­»�Ŵ �º°Ŵ £µª³�¼o�Îµ�Ŵ

®´ª®�oµ�µ��³�o°�¤¸¨´�¬�³£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�
­°��¨o°��´�Â�ª�·�£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�Ŵ
%DVV�Ŵ�¸É�¨nµªªnµ�¼o�Îµ�¸É­µ¤µ¦�Ã�o¤�oµª�·�Ä��¼oÄ�o�´��´�
�´��µÄ®o�¦³�Îµ�µ¤�¸É�¼o�Îµ�¦µ¦��µ®¦º°Ä®o�ªµ¤¦nª¤
¤º°�¦³�Îµ�·��¦¦¤Ä®o�¦¦¨»�¨�µ¤�ªµ¤�o°��µ¦Å�o�o°�
¤¸£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�Ŵ�º°Ŵ¤¸�µ¦¤¸Ŵ �µ¦�Îµ�¹��¹�
�ªµ¤Â���nµ��°�Â�n̈ ³�»��¨ŴŴŴ�µ¦�¦³�»o��{��µŴŴŴ�µ¦
Á­¦·¤­¦oµ�Â¦��´��µ¨Ä�ŴŴÂ¨³�µ¦Ã�o¤�oµª�ªµ¤¦nª¤¤º°
�Îµ {�Ä®oÁ�}��¦·�ŴÃ�¥Á�}��¼o�Îµ�¸É¤ª̧·­¥́�«́�r�¸É��́Á��ŴŴÁ�}�

Â��°¥nµ��¸É�¸Ŵ Ŵ Á�oµÄ��¹��ªµ¤Â���nµ��°�Â�n¨³�»��¨
�¦³�»o�Ä®o�¼o�µ¤Å�oÄ�o�ªµ¤�·�­¦oµ�­¦¦�rÂ¨³�oµ�µ¥Ä�
�µ¦Â�oÅ��{�®µÁ¡ºÉ°¡´��µ��Â¨³�µ�Ä®o�¦³­��ªµ¤
­ÎµÁ¦È�Ŵ Ŵ ­¦oµ�Â¦��¼�Ä�Ä®o�¼o�µ¤Á�·��ªµ¤�¦³�º°¦º°¦o�ŴŴ
Â¨³¤¸­nª�¦nª¤�·�Ŵ Ŵ ¦nª¤�ÎµÄ®o�¦¦¨»Á�jµ®¤µ¥Â¨³ª·­´¥
�´«�r�°�®�nª¥�µ�ŴŴ�¹É�®µ�®´ª®�oµ�µ�¤¸¡§�·�¦¦¤�°�
£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��³­µ¤µ¦�Ã�o¤�oµª�·�Ä�
¡¥µ�µ¨ª·�µ�¸¡Ä®o�ªµ¤¦nª¤¤º°Ä��µ¦��·�´�·�·��¦¦¤
�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�oª¥�ªµ¤Á�È¤Ä�Ŵ ¦ª¤
�´Ê�­µ¤µ¦��Îµ�µ��¸ÉÅ�o¦´�¤°�®¤µ¥���¦¦¨»�¨­ÎµÁ¦È�
°¥nµ�¤¸�¦³­·��·£µ¡ŴŴ
Ŵ �°��µ��¸Ê�¨�µ¦ª·�¥́¥�́¡�ªnµ�{��¥́­nª��»��¨
�°�¡¥µ�µ¨ª·�µ�¸¡¤¸�ªµ¤­´¤¡´��r�µ��ª��´��µ¦
��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨Ŵ Ŵ Å�oÂ�nŴŴ
¦³�´��µ¦«¹�¬µŴ Ŵ�¦³­��µ¦�rÄ��µ¦�Îµ�µ�Ŵ ŴÂ¨³�µ¦
Å�o¦´��µ¦°�¦¤Á�¸É¥ª�´��µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´�
�»�£µ¡�µ¦¡¥µ�µ¨���ŴŴ�µ�Á®�»�¨��́�¨nµª�³Á®È�Å�oªnµŴŴ
�{��´¥­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¸¡Â¨³£µª³�¼o�Îµ�µ¦
Á�¨¸É¥�Â�¨��°�®´ª®�oµ�µ�Á�}��{��´¥�¸É¤¸�ªµ¤­Îµ�´�
�n°�µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨ŴŴ
Â¨³¡�ªnµ¥�́Å¤n¡��µ¦«¹�¬µ£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�
Ä�®ª́®�oµ�µ�Ä�Ã¦�¡¥µ�µ¨�»¤��ŴŴ¦ª¤�´Ê�¥�́Å¤n¡��µ¦
«¹�¬µ�ªµ¤­¤́¡�́�r£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�Ä�®ª́®�oµ
�µ��´��µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¤
¤µ�¦�µ��µ¦¡¥µ�µ¨Ŵ Ŵ�´��´Ê��¼oª·�´¥�¹�­�Ä��¸É�³«¹�¬µ
�ªµ¤­´¤¡´��r¦³®ªnµ��{��´¥­nª��»��¨�°�¡¥µ�µ¨
ª·�µ�¸¡Â¨³£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®´ª®�oµ�µ�
�´��µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨
�°�¡¥µ�µ¨ª·�µ�¸¡ŴÃ¦�¡¥µ�µ¨�»¤��ŴŴ�´�®ª´��´¥£¼¤·Ŵ
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Ŵ Á¡ºÉ°«¹�¬µ�ªµ¤­¤́¡�́�rÁ�·�­®­¤́¡�́�rÂ¨³Á�·�
¡¥µ�¦�r�°��{��´¥­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¸¡Â¨³
£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®ª́®�oµ�µ���́�µ¦��·��́·
�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨
ª·�µ�¸¡ŴÃ¦�¡¥µ�µ¨�»¤��ŴŴ�´�®ª´��´¥£¼¤·ŴŴŴŴŴ
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Ŵ �¦³�µ�¦Ä��µ¦ª·�´¥�¦´Ê ��¸Ê Á�}�¡¥µ�µ¨
ª·�µ�¸¡Ŵ �¥�Áªo��ÎµÂ®�n�®´ª®�oµ�µ��Ŵ�¹É���·�´�·�µ�Ä�
Ã¦�¡¥µ�µ¨�»¤��Ŵ Ŵ�´�®ª´��´¥£¼¤·�´Ê�Ŵ��ŴÂ®n�Ŵ�´Ê�Â�nŴ�Ŵ
�e�¹Ê�Å�Â¨³��·�´�·�µ�Ä�®�nª¥�µ��nµ�ÇŴ�Ŵ �µ�Ŵ�º°ŴŴ
�µ�°»�´�·Á®�»Â¨³�»�Á�·�Ŵ �µ��¼o�iª¥�°�Ŵ �µ��¼o�iª¥Ä�
�µ��nµ�´�Â¨³�µ�ª·­´��¸Ŵ�µ� µ��¦¦£rŴ�µ�®o°��¨°�ŴŴ
�µ��¦·�µ¦�¦¹�¬µ�oµ�­»�£µ¡°�µ¤´¥Ŵ �µ��j°��´�Â¨³
�ª��»¤�µ¦�·�Á�ºÊ°Ä�Ã¦�¡¥µ�µ¨Ŵ �Îµ�ª�Ŵ ���Ŵ ��ŴŴ
�Îµ®����µ��¨»n¤�´ª°¥nµ��µ¤�µ¦µ���µ��´ª°¥nµ�
�¦³¤µ��µ��nµ­´¤�¦³­·��·Í­®­´¤¡´��r¦³®ªnµ��´ªÂ�¦
�°�Ã¡¨·�Â¨³±´�Á¨°¦rŴ�ŴŴ�¸É¦³�´��ªµ¤Á�ºÉ°¤´É�Ŵ����ŴÄ®o¤¸
�ªµ¤�¨µ�Á�¨ºÉ°�Ä��µ¦­»n¤Ŵ����ŴŴÂ¨³�nµŴ3RZHUŴ���ĩ�ŴŴ
Á�nµ��́Ŵ���ŴŴ�³Å�o�¨»n¤�ª́°¥nµ�Á�}�¡¥µ�µ¨ª·�µ�¡̧�Îµ�ª�ŴŴ
���Ŵ��Ŵ­»n¤�ª́°¥nµ�Â��Â�n��´Ê�Ŵ�6WUDWLűHGŴŴ6DPSOLQJ�Ŵ
� Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�´¥��¦³�°��oª¥ŴŴ
Ŵ ­nª��¸ÉŴ �� Â��­°��µ¤Á�¸É¥ª�´��{��´¥­nª�
�»��¨�°�¡¥µ�µ¨ª·�µ�¡̧ŴÁ�}��Îµ�µ¤�¨µ¥�d�Ä®oÁ¨º°�
�°�ŴÂ¨³�¨µ¥Á�d�Ä®oÁ�·¤�o°�ªµ¤ŴŴ
Ŵ ­nª��¸ÉŴ��Â��­°��µ¤Á�¸É¥ª�´�£µª³�¼o�Îµ�µ¦
Á�¨¸É¥�Â�¨��°�®´ª®�oµ�µ��µ¤�µ¦¦´�¦¼o�°�¡¥µ�µ¨
ª·�µ�¸¡Ŵ̈ ´�¬�³Â��­°��µ¤Á�}��Îµ�µ¤�¨µ¥�d�ŴÂ��

¤µ�¦µ­nª��¦³¤µ��nµŴ�Ŵ5DWLQJŴ6FDOH�Ŵ�Ŵ¦³��́ŴŴ�³Â��
Á�¨¸É¥Ŵ���������Ŵ®¤µ¥�¹�Ŵ£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�
�°�®ª́®�oµ�µ�°¥¼nÄ�¦³��́­¼�ŴŴ�³Â��Á�¨¸É¥Ŵ���������Ŵ
®¤µ¥�¹�Ŵ£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®ª́®�oµ�µ�°¥¼nÄ�
¦³��́�µ��¨µ�ŴŴÂ¨³�³Â��Á�¨¸É¥Ŵ���������Ŵ®¤µ¥�¹�ŴŴ
£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®ª́®�oµ�µ�°¥¼nÄ�¦³��́�ÎÉµ
Ŵ ­nª��¸ÉŴ �Ŵ Â��­°��µ¤Á�¸É¥ª�´��µ¦��·�´�·
�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨
ª·�µ�¡̧ŴŴ̈ �́¬�³Â��­°��µ¤Á�}��Îµ�µ¤�¨µ¥�d�ŴÂ��
¤µ�¦µ­nª��¦³¤µ��nµŴ�Ŵ5DWLQJŴ6FDOH�ŴŴ�ŴŴ¦³�´�ŴŴÂ¨³
Ä®o�ªµ¤®¤µ¥�³Â��ŴŴ�´��¸ÊŴŴ�³Â��Á�¨¸É¥Ŵ���������Ŵ
®¤µ¥�¹�Ŵ �µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦
¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ°¥¼nÄ�¦³�´�­¼�Ŵ Ŵ �³Â��
Á�¨¸É¥Ŵ ���������Ŵ®¤µ¥�¹�Ŵ Ŵ �µ¦��·�´�·�·��¦¦¤�µ¦
�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡°¥¼nÄ�
¦³��́�µ��¨µ�ŴŴÂ¨³�³Â��Á�¨¸É¥Ŵ���������Ŵ®¤µ¥�¹�ŴŴ
�µ¦��·��́·�·��¦¦¤�µ¦�¦³��́�»�£µ¡�µ¦¡¥µ�µ¨�°�
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Á�¸É¥ª�´�£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®´ª®�oµ�µ��µ¤
�µ¦¦�́¦¼o�°�¡¥µ�µ¨ª·�µ�¡̧ŴŴÂ¨³�µ¦��·��́·�·��¦¦¤�µ¦
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�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨
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­¤́¡�́�r¦³®ªnµ��¦³­��µ¦�rÄ��µ¦�Îµ�µ�Â¨³£µª³�¼o�Îµ
�µ¦Á�¨¸É¥�Â�¨��°�®ª́®�oµ�µ�Ŵ��́�µ¦��·��́·�·��¦¦¤
�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡ŴŴ
Ä�o­�·�·­´¤�¦³­·��r­®­´¤¡´��r�°�Á¡¸¥¦r­´�Ŵ ŴÂ¨³«¹�¬µ
�´ªÂ�¦�¸É­µ¤µ¦�¦nª¤�´�¡¥µ�¦�r�µ¦��·�´�·�·��¦¦¤
�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡ŴŴ
Ã�¥�µ¦ª·Á�¦µ³®r���°¥¡®»�¼�Â���´Ê��°�

Ú�w���¡}��«�Ý��¡����Ú�
Ŵ ��Ŵ �{��¥́­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¡̧Ŵ¡�ªnµŴŴ
­nª�Ä®�n¤¸°µ¥»¦³®ªnµ�Ŵ��ŴyŴ��Ŵ�eŴ�¦o°¥¨³Ŵ�����Ŵ°µ¥»
Á�¨¸É¥Ŵ����Ŵ�eŴ Ŵ�µ¦«¹�¬µ­nª�Ä®�n��¦³�´��¦·��µ�¦¸
®¦º°Á�¸¥�Á�nµŴ �·�Á�}�¦o°¥¨³Ŵ����Ŵ Ŵ Ŵ ¤¸�¦³­��µ¦�r
�µ¦�Îµ�µ��¦³®ªnµ�Ŵ�Ŵ�Ŵ�ŴŴ�eŴŴ¤µ��¸É­»�Ŵ�¦o°¥¨³Ŵ�����ŴŴ
�¦³­��µ¦�r�µ¦�Îµ�µ�Á�¨¸É¥ŴŴ����ŴŴ�eŴ­nª�Ä®�nÁ�¥Å�o
¦�́�µ¦°�¦¤Á�¸É¥ª��́�µ¦�¦³��́�»�£µ¡�µ¦¡¥µ�µ¨�´Ê�
Ä�Â¨³�°�®�nª¥�µ�ŴŴ�¦o°¥¨³Ŵ�����
Ŵ ��Ŵ £µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®´ª®�oµ
�µ�ŴÃ�¥¦ª¤°¥¼nÄ�¦³�´�­¼�¤¸�nµÁ�¨¸É¥Á�nµ�´�ŴŴ����ŴŴÁ¤ºÉ°
¡·�µ¦�µÁ�}�¦µ¥�oµ�ŴŴ¡�ªnµŴŴ�»��oµ�¤¸�nµ�³Â��Á�¨¸É¥
°¥¼nÄ�¦³�´�­¼�Á¦¸¥��µ¤¨Îµ�´�Ŵ Ŵ Å�oÂ�nŴ �oµ�£µª³�¼o�ÎµŴ
�¸É¤�̧µ¦¤Ŵ̧�oµ��µ¦�¦³�»o��µ��{��µŴŴ�oµ�Ã�o¤�oµª�ªµ¤
¦nª¤¤º°�Îµ {�Ä®oÁ�}��¦·�ŴŴ�oµ��µ¦�Îµ�¹��¹��ªµ¤Â���nµ�
�°�Â�n¨³�»��¨ŴŴŴÂ¨³�oµ��µ¦Á­¦·¤­¦oµ�Â¦��´��µ¨Ä�ŴŴŴ
Ã�¥¤¸�nµÁ�¨¸É¥Á�nµ�´�Ŵ�����Ŵ�����Ŵ�����Ŵ����ŴÂ¨³Ŵ
����Ŵ �µ¤¨Îµ�´��¹É�­°��¨o°��´��¨�µ¦«¹�¬µ£µª³
�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®´ª®�oµ®°�¼o�iª¥Ã¦�¡¥µ�µ¨
«¼�¥rÂ¨³Ã¦�¡¥µ�µ¨�´ÉªÅ�°¥¼nÄ�¦³�´­¼������Ŵ �¹É�°�·�µ¥
Å�oªnµŴ�µ��Ã¥�µ¥�°��¦³�¦ª�­µ�µ¦�­»��¸É�Îµ®��Ä®oŴ
Ã¦�¡¥µ�µ¨�»�Â®n��´�¦³���¦·�µ¦­µ�µ¦�­»��¸É¤¸
�»�£µ¡¤µ�¦�µ��°�­�°��ªµ¤�o°��µ¦Â¨³�ªµ¤
�µ�®ª�́�°�­�́�¤Â¨³�¦³�µ��Ä�¥»��¸É¤�̧ªµ¤�oµª®�oµ
�°�ª·�¥µ�µ¦�oµ��µ¦Â¡�¥rÂ¨³Á��Ã�Ã¨¥­̧»�£µ¡ŴŴ¦ª¤
�´Ê�­Îµ�´��µ¦¡¥µ�µ¨¤¸Á�jµ®¤µ¥Ä®o�µ��¦·�µ¦¡¥µ�µ¨

Ä�Ã¦�¡¥µ�µ¨�nµ�Á���r�µ¦�¦³Á¤·��»�£µ¡£µ¥Ä�
�´Ê�Â�n¦³��́ŴŴ�ŴŴ�¹Ê�Å�°¥nµ��o°¥¦o°¥¨³Ŵ���Ŵ�ÎµÄ®o®ª́®�oµ
�µ�¤¸�ªµ¤¤»n�¤´É�Ä��µ¦�ÎµÁ�·��µ��¦³�´��»�£µ¡�µ¦
¡¥µ�µ¨°¥nµ��n°Á�ºÉ°�Á¡ºÉ°Ä®oÅ�o�µ¤Á�jµ®¤µ¥�µ¤Â��
¥»��«µ­�¦r�°�­Îµ�´��µ¦¡¥µ�µ¨ŴŴ�¹É��ÎµÁ�}��o°�°µ«´¥
�¼o�Îµ�¸É¤¸ª·­´¥�´«�rÂ¨³°»�¤�µ¦�r�¸É�´�Á��Ä��µ¦�Îµ�µ�ŴŴ
Á�}�Â��°¥nµ��¸É�Ŵ̧Ŵ­µ¤µ¦�¤°�®¤µ¥�µ�Å�o�µ¤�ªµ¤¦¼oŴ
�ªµ¤­µ¤µ¦�Â¨³�ªµ¤�Îµ�µ��°�Â�n¨³�»��¨Ŵ Ŵ Ä®o�Îµ
�¦¹�¬µÁ¤ºÉ°¤�̧{�®µÄ��µ¦��·��́·�µ�ŴÁ�d�Ã°�µ­Ä®o�¼o¦nª¤�µ�Ŵ
�»���Å�o¤¸­nª�¦nª¤Ä��µ¦Â­���ªµ¤�·�Á®È�Ŵ �¨°�
���nª¥¡´��µ�ªµ¤­µ¤µ¦��°��¼o¦nª¤�µ�Â�n¨³��Å�o
°¥nµ�Á®¤µ³­¤Ŵ­µ¤µ¦��¦³�»o�Ä®o�¼o�µ¤Å�oÄ�o�ªµ¤�·�
­¦oµ�­¦¦�rÂ¨³�oµ�µ¥Ä��µ¦Â�oÅ��{�®µÁ¡ºÉ°¡´��µ��Ŵ
Â¨³�µ�Ä®o�¦³­��ªµ¤­ÎµÁ¦È�ŴŴ��́�´Ê�®ª́®�oµ�µ�ŴÃ¦�¡¥µ�µ¨Ŵ
�»¤���¹�¤¸�»�¨´�¬�³£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�°¥¼nÄ�
¦³�´�­¼�Á¡ºÉ°Ä®o�¦¦¨»Á�jµ®¤µ¥�µ¤�¸É�o°��µ¦
Ŵ ��Ŵ �µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡
�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ Ŵ Ã�¥¦ª¤°¥¼nÄ�¦³�´�
�µ��¨µ�¤¸�nµÁ�¨¸É¥Á�nµ�´�Ŵ ����Ŵ Ã�¥�µ¦�Îµ®��
¤µ�¦�µ�ŴŴ�µ¦ª�́Â¨³�¦³Á¤·��»�£µ¡Â¨³�µ¦�¦�́�¦»�
�»�£µ¡°¥nµ��n°Á�ºÉ°�¤�̧nµ�³Â��Á�¨¸É¥°¥¼nÄ�¦³��́�µ�
�¨µ�Ŵ Ŵ Ã�¥¤¸�nµÁ�¨¸É¥Á�nµ�´�Ŵ�����Ŵ�����Ŵ ŴÂ¨³Ŵ����ŴŴ
�µ¤¨Îµ�´�Ŵ ­nª��µ¦��·�´�·�µ¤¤µ�¦�µ�¤¸�nµ�³Â��
Á�¨¸É¥°¥¼nÄ�¦³�´�­¼�ŴÃ�¥¤¸�nµÁ�¨¸É¥Á�nµ�´�Ŵ����Ŵ°�·�µ¥
Å�oªnµŴ Ŵ Ã¦�¡¥µ�µ¨�»¤��Ä��´�®ª´��´¥£¼¤·�ÎµÁ�·��µ�
�oµ��µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨Å�oÅ¤n�µ�ŴÃ�¥Á¦·É¤
¤¸�µ¦�¦³Á¤·��µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨£µ¥Ä�
°¥nµ��¦·��´�Ŵ Ä��e¡�«�Ŵ ����Ŵ Ã�¥®´ª®�oµ¡¥µ�µ¨Ä�
Â�n¨³Ã¦�¡¥µ�µ¨¦ª¤�¨»n¤�´�Á¡ºÉ°Â¨�Á�¨¸É¥�Á¦¸¥�¦¼oÄ�
�µ¦��·��́·�·��¦¦¤�µ¦�µ¦�¦³��́�»�£µ¡�µ¦¡¥µ�µ¨ŴŴ
Â¨³Ä��µ¦�ÎµÁ�·��µ�¤´��³�´��ÎµÃ�¥��³�Îµ�µ�®¦º°
��³�¦¦¤�µ¦�¸ÉÅ�o¦´�Â�n��´Ê�Ŵ ¦ª¤�´Ê�¡¥µ�µ¨ª·�µ�¸¡
­nª�Ä®�nÁ�¥Å�o¦�́�µ¦°�¦¤Á�¸É¥ª��́�µ¦�¦³��́�»�£µ¡
�µ¦¡¥µ�µ¨�´Ê�Ä�Â¨³�°�®�nª¥�µ�Ŵ �¦o°¥¨³Ŵ�����ŴŴ
�¹��ÎµÄ®o¡¥µ�µ¨ª·�µ�¸¡�¸ÉÅ¤nÅ�oÁ�}���³�Îµ�µ��¹�¤¸
­nª�¦nª¤Ä��µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦
¡¥µ�µ¨°¥¼nÄ�¦³�´��µ��¨µ�ŴŴŴŴ
Ŵ ��Ŵ �{��´¥­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ�¹É�
Å�oÂ�nŴŴ¦³�´��µ¦«¹�¬µŴ�µ¦Å�o¦´��µ¦°�¦¤Á�¸É¥ª�´��µ¦
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�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨Â¨³�¦³­��µ¦�rÄ��µ¦
�Îµ�µ�Ŵ Ŵ¡�ªnµÅ¤n¤¸�ªµ¤­´¤¡´��r�´��µ¦��·�´�·�·��¦¦¤
�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡ŴŴ
°�·�µ¥Å�oªnµŴ ¡¥µ�µ¨ª·�µ�¸¡°µ�¤¸�µ¦Á¦¸¥�¦¼oÄ��µ¦
��·��́·�·��¦¦¤�µ¦�¦³��́�»�£µ¡�µ¦¡¥µ�µ¨�µ��µ¦
�¸ÉÃ¦�¡¥µ�µ¨�»¤��Á°�ŴŴ¤�̧µ¦¡�́�µ�»�£µ¡®¨µ�®¨µ¥Ŵ
¦³��ŴÁ�n�Ŵ�µ¦¡�́�µ�»�£µ¡­¼n¦³���µ¦¦�́¦°�¤µ�¦�µ�Ŵ
Ã¦�¡¥µ�µ¨Ŵ�+$�Ŵ�¹É�®¨´��µ¦�°��»�£µ¡Â�n¨³¦³��
�³�¨oµ¥�¨¹��´�Ŵ ¦ª¤�´Ê�®´ª®�oµ�µ��nµ¥�°��ªµ¤¦¼oŴŴ
�¦³­��µ¦�rŴŴÂ¨³�o°¤¼¨�nµª­µ¦°¥nµ�Á�È¤�¸ÉŴŴ¤¸�µ¦¤°�
®¤µ¥�µ��µ¤�ªµ¤¦¼o�ªµ¤­µ¤µ¦��°�Â�n¨³�»��¨ŴŴ
Â¨³¤¸ª·�¸�µ¦¡´��µ¡¥µ�µ¨ª·�µ�¸¡�µ¤«´�¥£µ¡�°�
Â�n¨³�»��¨ŴŴ¦ª¤�´Ê�¤¸�µ¦�¦³Á¤·��»�£µ¡�µ¦¡¥µ�µ¨
�µ��¸¤�¦³Á¤·��»�£µ¡�µ¦¡¥µ�µ¨�°��´�®ª´��´¥£¼¤·
Á°�°¥nµ��n°Á�ºÉ°�Ŵ Ŵ�ÎµÄ®o¡¥µ�µ¨ª·�µ�¸¡¤¸�ªµ¤¦¼o�ªµ¤
Á�oµÄ��·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨¤µ�
�¹Ê�Ŵ ­µ¤µ¦��³��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦
¡¥µ�µ¨Å�oŴŴ�ÎµÄ®o�{��´¥­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¸¡
Å¤n¤¸�ªµ¤­´¤¡´��r�´��µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´�
�»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡�������Ŵ Â¨³
°µ�Á�ºÉ°�¤µ�µ�¨´�¬�³�°��o°¤¼¨ŴŴ�¹É��µ��¨»n¤�´ª°¥nµ�
¡�ªnµ­nª�Ä®�n��¦³�´��¦·��µ�¦¸®¦º°Á�¸¥�Á�nµŴ­¼��¹�Ŵ
¦o°¥¨³Ŵ����ŴŴ�¹É�Á�}��o°�Îµ�´�Ä��µ¦«¹�¬µŴŴ�¹�Á�}�Å�Å�o
ªnµ�o°¤¼¨¤¸�µ¦�¦³�µ¥Å¤nÁ¡¸¥�¡°�¸É�³Â¥�Ä®oÁ®È��ªµ¤
­´¤¡´��r¦³®ªnµ�¦³�´��µ¦«¹�¬µ�´��µ¦��·�´�·�·��¦¦¤
�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡ŴŴ
Ŵ ��Ŵ £µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®ª́®�oµ�µ�ŴŴ
¤�̧ªµ¤­¤́¡�́�r�µ��ª�Ä�¦³��́�µ��¨µ�Ŵ��́�µ¦��·��́·
�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨
ª·�µ�¡̧ŴŴ°¥nµ�¤�̧¥́­Îµ��́�µ�­�·�·�¸É¦³��́ŴŴ����ŴÃ�¥¤�̧nµ
­´¤�¦³­·��·Í­®­´¤¡´��rŴ�U�Ŵ Ŵ�����ŴŴÁ¤ºÉ°¡·�µ¦�µÁ�}�
¦µ¥�oµ�ŴŴ¡�ªnµŴŴ�»��oµ�¤�̧ªµ¤­¤́¡�́�r�µ��ª�Ä�¦³��́
�µ��¨µ�Ŵ��́�µ¦��·��́·�·��¦¦¤�µ¦�¦³��́�»�£µ¡�µ¦
¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡ŴŴ°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·
�¸É¦³�´�ŴŴ����Ŵ�¹É�Å�oÂ�nŴŴŴ�oµ��µ¦Á­¦·¤­¦oµ�Â¦��´��µ¨
Ä�Ŵ Ŵ�oµ��µ¦�¦³�»o��µ��{��µŴ Ŵ�oµ�Ã�o¤�oµª�ªµ¤¦nª¤
¤º°�Îµ {�Ä®oÁ�}��¦·�Ŵ Ŵ �oµ��µ¦�Îµ�¹��¹��ªµ¤Â���nµ�
�°�Â�n¨³�»��¨ŴŴŴÂ¨³�oµ�£µª³�¼o�Îµ�¸É¤¸�µ¦¤Ŵ̧ŴŴÃ�¥¤¸�nµ
­´¤�¦³­·��·Í­®­´¤¡´��r�U�Ŵ ŴŴ������Ŵ������Ŵ������Ŵ

�����Ŵ Â¨³Ŵ �����Ŵ�µ¤¨Îµ�´��´Ê��¸ÊÁ�ºÉ°��µ�®´ª®�oµ
�µ��¸É¤¸¨´�¬�³£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�­µ¤µ¦�Ã�o¤
�oµªÄ®o¡¥µ�µ¨ª·�µ�¸¡��·�´�·�µ¤�¸É®´ª®�oµ�µ��o°��µ¦
Ã�¥Ä�o�¨ª·�¸¡´��µ«´�¥£µ¡�µ¦�Îµ�µ�Ŵ¡´��µ�ªµ¤¦¼o
�ªµ¤­µ¤µ¦�Ŵ Ŵ Á­¦·¤­¦oµ�Â¦��´��µ¨Ä�Ŵ Ŵ Â¨³�¦³�»o�
�ªµ¤�·�­¦oµ�­¦¦�rŴ Ŵ ¦ª¤�´Ê��¦³�Îµ���µ�Â¨³Â­��
¡§�·�¦¦¤�¸É�ÎµÄ®o¡¥µ�µ¨ª·�µ�¸¡Ä®o�ªµ¤Åªoªµ�Ä�Â¨³
¥°¤¦´�Ä��ªµ¤­µ¤µ¦�Ŵ�¹�­n��¨Ä®o¡¥µ�µ¨ª·�µ�¸¡Ä®o
�ªµ¤¦nª¤¤º°Ä��µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡
�µ¦¡¥µ�µ¨�oª¥�ªµ¤Á�È¤Ä�Ŵ Ŵ ¦ª¤�´Ê�­µ¤µ¦��Îµ�µ��¸É
Å�o¦´�¤°�®¤µ¥���¦¦¨»�¨­ÎµÁ¦È�°¥nµ�¤¸�¦³­·��·£µ¡ŴŴ
­°��¨o°��´��¨�µ¦«¹�¬µ�°�Ŵ0H\HUŴ¡�ªnµ�µ¦�¸É�¼o�Îµ
¥°¤¦�́�ªµ¤Á�}��»��¨�°��¼o�µ¤Ŵ�ÎµÄ®o�¼o�µ¤Á�·��ªµ¤
¦nª¤¤º°Ä��µ¦��·�´�·�µ�Ä®o�¦¦¨»�¨­ÎµÁ¦È���Ŵ¦ª¤�´Ê�¡�
ªnµ£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°�®´ª®�oµ�µ�Ŵ¤¸�ªµ¤
­¤́¡�́�r�µ��ª���́�µ¦�ÎµÁ�·��µ�Ä�Ŵ�Ŵ�´Ê��°��°��µ¦
¡´��µ�»�£µ¡Ŵ�º°Ŵ3ODQŴŴ'RŴŴ&KHFNŴŴÂ¨³Ŵ$FWLRQŴÄ��µ¦
¡´��µÂ¨³¦´�¦°��»�£µ¡Ã¦�¡¥µ�µ¨�µ¤¤µ�¦�µ�
Ã¦�¡¥µ�µ¨��´��e�µ¦���µ£·Á¬���Ŵ Â¨³�µ¦¡´��µ
�»�£µ¡�µ¤Â�ª�·��°�Á�¤¤·É�Ŵ��Ŵ�¦³�µ¦��ŴŴŴŴŴŴŴ
Ŵ ��ŴŴ�ª́Â�¦�¸É­µ¤µ¦�¦nª¤��́¡¥µ�¦�r�µ¦��·��́·
�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨
ª·�µ�¸¡ŴŴÃ¦�¡¥µ�µ¨�»¤��ŴŴ�´�®ª´��´¥£¼¤·Å�oŴ°¥nµ�¤¸�´¥
­Îµ��́�µ�­�·�·�¸É¦³��́ŴŴ���Ŵ�º°Ŵ£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�
�°�®´ª®�oµ�µ��µ¤�µ¦¦´�¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ ŴÂ¨³
�¦³­��µ¦�r�µ¦�Îµ�µ��°�¡¥µ�µ¨ª·�µ�¸¡Ŵ Ã�¥
­µ¤µ¦�¦nª¤��́¡¥µ�¦�r�µ¦��·��́·�·��¦¦¤�µ¦�¦³��́
�»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ Ŵ Ã¦�¡¥µ�µ¨Ŵ
�»¤���´�®ª´��´¥£¼¤·Ŵ Ŵ Å�o¦o°¥¨³Ŵ Ŵ ����Ŵ �5�Ŵ Ŵ �����Ŵ
SŴ yŴ YDOXHŴ �Ŵ ����Ŵ Ã�¥£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�
�°�®´ª®�oµ�µ�Ŵ Ŵ ­µ¤µ¦�¡¥µ�¦�rÅ�oÁ�}�°´��´�Â¦�ŴŴ
¦o°¥¨³Ŵ����Ŵ�5�Ŵ Ŵ�����ŴŴSŴyŴYDOXHŴ�Ŵ����Ŵ°�·�µ¥Å�o
ªnµŴ®µ�®ª́®�oµ�µ�¤£̧µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�­¼��¹Ê�ŴŴ�³
­µ¤µ¦��ÎµÄ®o¡¥µ�µ¨ª·�µ�¡̧��·��́·�·��¦¦¤�µ¦�¦³��́
�»�£µ¡�µ¦¡¥µ�µ¨Á¡·É¤¤µ��¹Ê�ŴŴÃ�¥¤¸�ªµ¤Á�}�Å�Å�o
¦o°¥¨³Ŵ Ŵ����Ŵ Ŵ�´Ê��¸ÊÁ�ºÉ°��µ��µ¦�¸É®´ª®�oµ�µ�Á�}��¼o�Îµ
�¸É¤¸ª·­´¥�´«�r�¸É�´�Á��ŴŴÁ�}�Â��°¥nµ��¸É�Ŵ̧ŴÁ�oµÄ��¹��ªµ¤
Â���nµ��°�Â�n¨³�»��¨Ŵ�¦³�»o�Ä®o�¼o�µ¤Å�oÄ�o�ªµ¤
�·�­¦oµ�­¦¦�rÂ¨³�oµ�µ¥Ä��µ¦Â�oÅ��{�®µÁ¡ºÉ°¡´��µ
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��Â¨³�µ�Ä®o�¦³­��ªµ¤­ÎµÁ¦È�Ŵ Ŵ ­¦oµ�Â¦��¼�Ä�Ä®o
�¼o�µ¤Á�·��ªµ¤�¦³�º°¦º°¦o�Ŵ ŴÂ¨³¤¸­nª�¦nª¤�·�Ŵ Ŵ ¦nª¤
�ÎµÄ®o�¦¦¨»Á�jµ®¤µ¥Â¨³ª·­´¥�´«�r�°�®�nª¥�µ�Ŵ ŴÂ¨³
­µ¤µ¦�Ã�o¤�oµª�·�Ä�¡¥µ�µ¨ª·�µ�¡̧Ä®o�ªµ¤¦nª¤¤º°Ä�
�µ¦��·��́·�·��¦¦¤�µ¦�¦³��́�»�£µ¡�µ¦¡¥µ�µ¨�oª¥
�ªµ¤Á�È¤Ä�Ŵ Ŵ ¦ª¤�´Ê�­µ¤µ¦��Îµ�µ��¸ÉÅ�o¦´�¤°�®¤µ¥
���¦¦¨»�¨­ÎµÁ¦È�°¥nµ�¤¸�¦³­·��·£µ¡Ŵ Ŵ ­°��¨o°��´�
�¨�µ¦«¹�¬µ¡�ªnµ£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��°��¼o�Îµ
�¸É­¼��¹Ê�­µ¤µ¦�¡¥µ�¦�r�ªµ¤¡¥µ¥µ¤Ä��µ¦�Îµ�µ�
�°��¼o�µ¤�����Ŵ�¨­ÎµÁ¦È��°��µ������ŴÂ¨³�µ¦�¦´��¦»�
�»�£µ¡�°��µ���ŴÄ®oÁ¡·É¤¤µ��¹Ê�Ŵ��¤�̧Îµ�¨nµªªnµŴ�£µª³
�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨��¼�Á­�°ªnµÁ�}�¦¼�Â��£µª³�¼o�Îµ
�¸É�¸�¸É­»��´��µ¦Á�¨¸É¥�Â�¨�Ä�­£µª³Âª�¨o°¤�°�
�µ¦�¼Â¨­»�£µ¡������������ŴÂ¨³Á¤ºÉ°�Îµ�¦³­��µ¦�r�µ¦
�Îµ�µ�Á�oµ¤µ¦nª¤¡¥µ�¦�rŴ¡�ªnµŴ Ŵ­µ¤µ¦�¡¥µ�¦�rÅ�o
Á¡·É¤�¹Ê�¦o°¥¨³Ŵ Ŵ���Ŵ Ŵ �5�ŴFKDQJHŴ Ŵ �����ŴSŴyŴYDOXHŴ
�Ŵ ����Ŵ ŴÂ�n�µ��¨�µ¦ª·�´¥�³¡�ªnµŴ�¦³­��µ¦�r�µ¦
�Îµ�µ�Å¤n¤¸�ªµ¤­´¤¡´��r�´��µ¦��·�´�·�·��¦¦¤�µ¦
�¦³��́�»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¡̧ŴŴŴÂ­��
ªnµŴ Ŵ �¦³­��µ¦�r�µ¦�Îµ�µ�Á¡¸¥��{��´¥Á�¸¥ªÅ¤n¤¸�¨
�n°�µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨
�°�¡¥µ�µ¨ª·�µ�¸¡ŴŴÂ�n�µ¦�¸É®´ª®�oµ�µ�¤¸�»�¨´�¬�³
£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�¦nª¤�´�¡¥µ�µ¨ª·�µ�¸¡�¸É¤¸
�¦³­��µ¦�rÄ��µ¦�Îµ�µ��³�ÎµÄ®o­µ¤µ¦��Îµ�µ¥�µ¦
��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�
¡¥µ�µ¨ª·�µ�¸¡Å�o¦o°¥¨³����ŴŴÃ�¥�¸É�¦³­��µ¦�r�µ¦
�Îµ�µ��³�ÎµÄ®o­µ¤µ¦��Îµ�µ¥�µ¦��·�´�·�·��¦¦¤�µ¦
�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡Á¡·É¤
¤µ��¹Ê�ŴŴÃ�¥¤¸�ªµ¤Á�}�Å�Å�o¦o°¥¨³ŴŴ���ŴŴ°�·�µ¥Å�oªnµŴŴ
Á�ºÉ°��µ��¦³­��µ¦�r�µ¦�Îµ�µ�¤¸­nª��nª¥Ä®o�»��¨
­µ¤µ¦��·���µ�µ¦Å�o°¥nµ��ªoµ�Å�¨Ŵ¦°��°�Ŵ¤Á̧®�»�¨Ŵ
Â¨³Ŵ¤´��³¤¸Ã°�µ­Á��·��{�®µ�nµ�Ç¤µ�Ŵ�ÎµÄ®oÁ�}�
���¨oµ�·�Ŵ�¨oµ�´�­·�Ä�Ŵ Á¨º°�Â�ª�µ���·�´�·Å�o°¥nµ�
¦ª�Á¦ÈªÂ¨³�¼��o°��ŴŴ

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ �¼o�¦·®µ¦¦³�´�­¼��ª¦­�´�­�»�Ŵ Ŵ �ºÉ��¤
Â¨³Ä®o�Îµ¨�́Ä�Â�n®ª́®�oµ�µ�Ä®o­µ¤µ¦���ÅªoÂ¨³¡�́�µ
£µª³�¼o�Îµ�µ¦Á�¨¸É¥�Â�¨�Ä®o�¸¥·É��¹Ê�ŴŴ

Ŵ ��Ŵ ®´ª®�oµ�µ��ª¦®µÁ���·�Â¨³ª·�¸�µ¦�nµ�Ç
Ä��µ¦�ÎµÄ®o¡¥µ�µ¨ª·�µ�¡̧Á�·��ªµ¤�¦³�º°¦º°¦o�ŴŴ°»�·«��Ŵ
Ä��µ¦�Îµ�µ�Ŵ Á�·��ªµ¤�¼�¡´��n°°��r�¦Ŵ Â¨³¦¼o­¹�ªnµ
�µ��°���¤¸�ªµ¤®¤µ¥Â¨³­Îµ�´�¤µ�¥·É��¹Ê�Ŵ Ŵ Ã�¥�µ¦
¤°�®¤µ¥�µ�®¦º°Ã�¦��µ¦�¸É­Îµ�´�Â�n¡¥µ�µ¨ª·�µ�¸¡ŴŴŴ
Ŵ ��Ŵ �´�Ä®o¡¥µ�µ¨ª·�µ�¸¡¤¸­nª�¦nª¤Ä��»�
�´Ê��°��°��µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦
¡¥µ�µ¨ŴŴÃ�¥Ä®o¡¥µ�µ¨ª·�µ�¸¡�»���Á�}���³�Îµ�µ�
�°�Â�n¨³¤µ�¦�µ��µ¦¡¥µ�µ¨Ŵ
Ŵ ��Ŵ ��́Ä®o¡¥µ�µ¨ª·�µ�¡̧¤�̧µ¦�¦³Á¤·���Á°�
Á�¸É¥ª�´��µ¦��·�´�·�·��¦¦¤�µ¦�¦³�´��»�£µ¡�µ¦
¡¥µ�µ¨Ŵ Ŵ ¦ª¤�´Ê�¤¸�µ¦�·Á�«�µ�Ŵ Ŵ�µ¦Á¥¸É¥¤­Îµ¦ª�Á¡ºÉ°
­³�o°��¨�µ¦�¦³Á¤·���Á°��°�¡¥µ�µ¨ª·�µ�¸¡ŴŴÃ�¥
Ä®o¤¸­nª�¦nª¤
Ŵ ��Ŵ ­n�Á­¦·¤Ä®o¡¥µ�µ¨ª·�µ�¡̧�»���Å�o¦�́�µ¦
°�¦¤Á�¸É¥ª�´��µ¦�¦³�´��»�£µ¡�µ¦¡¥µ�µ¨°¥nµ��n°
Á�ºÉ°�°¥nµ��o°¥Á�}�Áª¨µŴŴ�ŴŴª´�®¦º°¤µ��ªnµŴŴ
Ŵ ��Ŵ �ª¦«¹�¬µª·�´¥Ä��¨»n¤¡¥µ�µ¨ª·�µ�¸¡�¸É
¤¸�¦³­��µ¦�r�µ¦�Îµ�µ��´Ê�Â�nŴ Ŵ�Ŵ Ŵ�e�¹Ê�Å�Ŵ Ŵ Á�ºÉ°��µ�
�¦³­��µ¦�r�µ¦�Îµ�µ��´Ê�Â�nŴŴ�ŴŴ�e�¹Ê�Å�ŴŴ�ªµ¤¦¼o�ªµ¤
Á�oµÄ�Ä��µ�¡´��µ�»�£µ¡¥´�Å¤n�¸¡°ŴŴ

ª�w����i�|�¡|
��Ŵ %XUHDXŴ2IŴ1XUVLQJ�Ŵ'HSDUWPHQWŴRIŴ0HGLFDOŴ6HUYLFH�Ŵ

0LQLVWU\ŴRIŴ3XEOLFŴ+HDOWK�Ŵ1XUVLQJŴ4XDOLW\Ŵ$VVXUDQFHŴ
LQŴ+RVSLWDO�Ŵ7KHŴ4XDOLW\Ŵ$VVHVVPHQWŴRIŴ,QWHUQDOŴ$XGLW�Ŵ
%DQJNRN�Ŵ7KHŴ([SUHVVŴ7UDQVSRUWDWLRQŴ2UJDQL]DWLRQŴRIŴ
7KDLODQG�Ŵ�����

��Ŵ 6ULVDWLGQDUDNXOŴ%�Ŵ/HDGHUVKLSŴDQGŴ6WUDWHJLFŴ0DQDJH�
PHQWŴLQŴ1XUVLQJŴ2UJDQL]DWLRQŴIRUŴWKHŴ��VWŴ&HQWXU\�Ŵ
%DQJNRN�Ŵ&KXODORQJNRUQŴ8QLYHUVLW\Ŵ3ULQWLQJŴ+RXVH�Ŵ
�����ŴŴ

��Ŵ ­Î µ�´��µ¦¡¥µ�µ¨Ŵ �¦¤�µ¦Â¡�¥r Ŵ �¦³�¦ª�
­µ�µ¦�­»��Ŵ Ŵ ¥»��«µ­�¦r�µ¦�¦·�µ¦¡¥µ�µ¨¦³�´�
�¦³Á�«Ŵ ¡�«�Ŵ ����������Ŵ Ŵ ¡·¤¡r�¦´Ê��¸É Ŵ Ŵ ��ŴŴ
�¦»�Á�¡²�Ŵ­µ¤Á�¦·�¡µ�·�¥r�Ŵ�����

��Ŵ ­Îµ�´��µ�­µ�µ¦�­»��´�®ª´��´¥£¼¤·�Ŵ ¦µ¥�µ��¨Ŵ
�µ¦�¦³Á¤·��»�£µ¡�µ¦¡¥µ�µ¨Ã¦�¡¥µ�µ¨�»¤��Ŵ
�´�®ª´��´¥£¼¤·�Ŵ Ŵ �´¥£¼¤·�Ŵ ­Îµ�´��µ�­µ�µ¦�­»��´�®ª´�
�´¥£¼¤·�Ŵ�����ŴŴ

��Ŵ :LWD\DXGRPŴ:�Ŵ2UJDQL]DWLRQŴ	Ŵ0DQDJHPHQW�ŴŴ%DQJNRN�Ŵ
7KDQDWDWŴ3ULQWLQJŴ&RPSDQ\Ŵ/LPLWHG�Ŵ�����
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��Ŵ %DVVŴ%0�Ŵ7UDQVIRUPDWLRQŴ /HDGHUVKLSŴ ,QGXVWU\�Ŵ
0LOLWDU\ŴDQGŴ(GXFDWLRQŴ,PSDFW�Ŵ1HZMHUVH\�Ŵ/DZUHQFHŴ
(UOEDXPŴ$VVRFLDWHV�Ŵ�����ŴŴ

��Ŵ 3KD\XSSDODŴ8�Ŵ Ŵ ,PSOHPHQWDWLRQŴRIŴ1XUVLQJŴ4XDOLW\Ŵ
'HYHORSPHQWŴDWŴ7KHŴ&RPPXQLW\Ŵ+RVSLWDOŴ.KRQŴ.DHQŴ
3URYLQFH�Ŵ Ŵ �$QŴ ,QGHSHQGHQWŴ 6WXG\Ŵ5HSRUW��Ŵ.KRQŴ
.DHQ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\�Ŵ�����Ŵ

��Ŵ .DQMDQDVWLHQŴ5�ŴŴ5HODWLRQVKLSŴEHWZHHQŴ3HUVRQDOŴ)DFWRUV�Ŵ
0RWLYDWLRQŴŴDQGŴ&RQWUROŴ6\VWHPŴLQŴ1XUVLQJŴ&DUHŴ4XDOLW\Ŵ
3HUFHLYHGŴE\Ŵ+HDGŴ1XUVHVŴLQŴŴ5HJLRQDOŴ+RVSLWDO�Ŵ0LQ�
LVWU\ŴRIŴ3XEOLFŴ+HDOWK�Ŵ7KDLODQG�ŴŴ�7KHVLV��ŴŴ.KRQNDHQ�Ŵ
.KRQNDHQŴ8QLYHUVLW\�Ŵ�����

��Ŵ 3ROLWŴ')�Ŵ+XQJOHUŴ%3�Ŵ1XUVLQJŴ5HVHDUFKŴ�Ŵ3ULQFLSOHŴDQGŴ
0HWKRGV�ŴŴ�UGHG�Ŵ3KLODGHOSKLD�Ŵ/LSSLQFRWW�Ŵ�����

���Ŵ 7KLSRUQSDQŴ.�Ŵ5HODWLRQVKLSVŴEHWZHHQŴ+HDGŴ1XUVHuVŴ
7UDQVIRUPDWLRQDOŴ/HDGHUVKLSŴ DVŴ 3HUFLHYHGŴ E\Ŵ6WDIIŴ
1XUVHVŴDQGŴ3UDFWLFHŴRIŴ6WDIIŴ1XUVHVŴLQŴ+RVSLWDOŴ$F�
FUHGLWDWLRQŴ 3URMHFWŴ RIŴ Ŵ 5HJLRQDOŴ0HGLFDOŴ &HQWHUVŴ
%HLQJŴXQGHUŴWKHŴ0LQLVWU\ŴRIŴ3XEOLFŴ+HDOWK�Ŵ�7KHVLV��Ŵ
.KRQNDHQ�Ŵ.KRQNDHQŴ8QLYHUVLW\�Ŵ�����

���Ŵ 0HHKDQSRQJŴ3�Ŵ5HODWLRQVKLSVŴEHWZHHQŴ7UDQVIRUPD�
WLRQDOŴ /HDGHUVKLSŴ RIŴ+HDGŴ1XUVHV�Ŵ2UJDQL]DWLRQDOŴ
&LWL]HQVKLSŴ%HKDYLRUŴ DQGŴ(IIHFWLYHQHVVŴ RIŴ 3DWLHQWŴ
8QLWVŴDVŴ3HUFHLYHGŴE\Ŵ6WDIIŴ1XUVHV�Ŵ*HQHUDOŴ+RVSLWDOV�ŴŴ
-RXUQDOŴRIŴ1XUVLQJŴ6FLHQFHŴ&KXODORQJNRUQŴ8QLYHUVLW\Ŵ
�����Ŵ������Ŵ����Ŵ����

���Ŵ 'XDQJXUDLŴ $�Ŵ 5HODWLRQVKLSVŴ EHWZHHQŴ 3HUVRQDOŴ
)DFWRUV�Ŵ /HDGHUVKLSŴ RIŴ+HDGŴ1XUVHV�Ŵ 3HUFHLYHGŴ
2UJDQL]DWLRQDOŴ3ROLF\Ŵ&ODULW\�ŴDQGŴ3DUWLFLSDWLRQŴLQŴ
4XDOLW\Ŵ'HYHORSPHQWŴ$FWLYLWLHVŴ RIŴ 6WDIIŴ1XUVHV�Ŵ
+RVSLWDOVŴ XQGHUŴ7KHŴ -XULVGLFWLRQŴ RIŴ7KHŴ0LQLVWU\Ŵ
RIŴ'HIHQVH�Ŵ �7KHVLV��Ŵ%DQJNRN�Ŵ&KXODORQJNRUQŴ
8QLYHUVLW\�Ŵ�����

���Ŵ -XQKRPŴ&�Ŵ5HODWLRQVKLSVŴEHWZHHQŴ3HUVRQDOŴ)DFWRUV�Ŵ
-REŴ(PSRZHUPHQW�Ŵ DQGŴ 3HUIRUPDQFHŴ LQŴ 6HUYLFHŴ
4XDOLW\Ŵ ,PSURYHPHQWŴ$FWLYLWLHVŴ RIŴ 6WDIIŴ1XUVHV�Ŵ
&RPPXQLW\Ŵ+RVSLWDOVŴ LQŴ 7KHŴ ,QVSHFWLRQŴ5HJLRQŴ
���Ŵ�7KHVLV��ŴŴ%DQJNRN�Ŵ6XNKRWKDLŴ7KDPPDWKLUDWŴ
8QLYHUVLW\�Ŵ�����ŴŴ

���Ŵ %DVVŴ%0�Ŵ/HDGHUVKLSŴDQGŴ3HUIRUPDQFHŴEH\RQGŴ([�
SHFWDWLRQ�Ŵ1HZŴ<RUN�Ŵ7KHŴ)UHHŴ3UHVV�Ŵ�����ŴŴ

���Ŵ $PSKDQSKRQJŴ6�Ŵ7KHŴ(IIHFWŴRIŴ&KLHIŴ1XUVHVŴ/HDG�
HUVKLSŴ6W\OHVŴ RQŴ7KHŴ5HJLVWHUHGŴ1XUVHVŴ$FWLYLWLHVŴ
LQŴ1XUVLQJŴ4XDOLW\Ŵ,PSURYHPHQWŴLQŴ1RUWKHUQŴ&RP�

PXQLW\Ŵ+RVSLWDO�Ŵ �7KHVLV��Ŵ 3LWVDQXORN�Ŵ1DUHVXDQŴ
8QLYHUVLW\�Ŵ�����ŴŴŴŴ

���Ŵ 3RQJVULZDWŴ 6�Ŵ /HDGHUVKLS�Ŵ 7KHRU\Ŵ DQGŴ 3UDFWLFH�Ŵ
&KLDQJUDL�Ŵ&KLDQJUDLŴ5DMDEKDWŴ8QLYHUVLW\�Ŵ�����Ŵ

���Ŵ %HQQHWWŴ70�Ŵ7KHŴ5HODWLRQVKLSŴ%HWZHHQŴ7KHŴ6XE�
RUGLQDWHuVŴ3HUFHSWLRQŴ2IŴ7KHŴ/HDGHUVKLSŴŴ6W\OHŴ2IŴŴ
,7Ŵ0DQDJHUVŴ$QGŴ7KHŴ6XERUGLQDWHuVŴ3HUFHSWLRQVŴ
2IŴ0DQDJHuVŴ$ELOLW\Ŵ7RŴ,QVSLUHŴ([WUDŴ(IIRUW�Ŵ7RŴ%HŴ
(IIHFWLYH�Ŵ$QGŴ7RŴ(QKDQFHŴ6DWLVIDFWLRQŴ:LWKŴ0DQ�
DJHPHQW�Ŵ3URFHHGLQJVŴRIŴWKHŴ$FDGHP\ŴRIŴ,QIRUPDWLRQŴ
DQGŴ0DQDJHPHQWŴ6FLHQFHV�Ŵ�����Ŵ������Ŵ�,QWHU�
QHW��Ŵ����Ŵ�FLWHGŴ����Ŵ'HFŴ����Ŵ$YDLODEOHŴIURP�Ŵ
KWWS���YSQ�NNX�DF�WK�Ŵ'DQD,QIR SURTXHVW�XPL�FRP�Ŵ

���Ŵ 5RZROGŴŴ-�Ŵ+HLQLW]Ŵ.�Ŵ7UDQVIRUPDWLRQDOŴDQGŴ&KDU�
LVPDWLFŴ /HDGHUVKLS�Ŵ $VVHVVLQJŴ WKHŴ FRQYHUJHQW�Ŵ
GLYHUJHQWŴ DQGŴ FULWHULRQŴ YDOLGLW\Ŵ RIŴ WKHŴ0/4Ŵ DQGŴ
WKHŴ&.6�Ŵ7KHŴ/HDGHUVKLSŴ4XDUWHUO\Ŵ�����Ŵ������Ŵ
����Ŵ����Ŵ�,QWHUQHW��ŴŴ�����FLWHGŴ����Ŵ-DQŴ����Ŵ
$YDLODEOHŴIURPŴŴKWWS���YSQ�NNX�DF�WK�Ŵ'DQD,QIRŴ Ŵ
VFLHQFHGLUHFW�XPL�FRP�Ŵ

���Ŵ 7D\ORUŴ'-�Ŵ1XUVHŴ([HFXWLYHŴ7UDQVIRUPDWLRQDOŴOHDG�
HUVKLSŴ)RXQGŴLQŴ3DUWLFLSDWLYHŴ2UJDQL]DWLRQV�Ŵ-RXUQDOŴ
2UJDQL]DWLRQŴ1XUVLQJŴ$GPLQLVWUDWLRQŴ�����Ŵ������Ŵ
��������

���Ŵ /DRKDYLFKLHQŴ7�Ŵ)UHGHQGDOOŴ/'�&DQWUHOOŴ56�Ŵ7KHŴ
(IIHFWVŴ RIŴ 7UDQVIRUPDWLRQDOŴ DQGŴ 7UDQVDFWLRQDOŴ
/HDGHUVKLSŴRQŴ4XDOLW\Ŵ,PSURYHPHQW�ŴŴ7KHŴ4XDOLW\Ŵ
0DQDJHPHQWŴ-RXUQDOŴ�����Ŵ������Ŵ�����ŴŴ

���Ŵ )LQNHOPDQŴ:$�Ŵ/HDGHUVKLSŴ DQGŴ0DQDJHPHQWŴ LQŴ
1XUVLQJ�Ŵ1HZŴ-HUVH\�Ŵ3HDUVRQŴ(GXFDWLRQ�Ŵ,QF�Ŵ�����

���Ŵ 6HHWDVRŴ.�Ŵ -XQWDFKXPŴ:�Ŵ2UJDQL]DWLRQDOŴ)DFWRUVŴ
$IIHFWLQJŴ1XUVHVuŴ%XUQRXWŴLQŴ7KDLŴ8QLYHUVLW\Ŵ+RV�
SLWDOV�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ
1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

���Ŵ 3KRXWKDYRQJŴ2�Ŵ.UDLULNVKŴ0�Ŵ7KHŴ5HODWLRQVKLSŴEH�
WZHHQŴ+HDGŴ1XUVHuVŴ/HDGHUVKLSŴZLWKŴ-REŴ6DWLVIDFWLRQŴ
RIŴ6WDIIŴ1XUVHŴLQŴ9LHQWLDQHŴ&DSLWDOŴ&HQWUHŴ+RVSLWDO�Ŵ
-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�
(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

���Ŵ 5DNSXDQJFKRQŴ:�Ŵ7KHŴ,PSDFWŴRIŴWKHŴ/DZŴ3URWHFW�
LQJŴ9LFWLPVŴRIŴ3XEOLFŴ+HDOWKŴ6HUYLFHVŴWRŴWKHŴ1XUVLQJŴ
3URIHVVLRQ�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDL�
ODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ�����
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5IF�3FMBUJPOTIJQ�BNPOH�1FSTPOBM�'BDUPST�PG�1SPGFTTJPOBM�/VSTFT
�
5SBOTGPSNBUJPOBM�-FBEFSTIJQ�PG�)FBE�/VSTFT�BOE�/VSTJOH�2VBMJUZ��

"TTVSBODF�1FSGPSNBODF�PG�1SPGFTTJPOBM�/VSTFT�JO�
$PNNVOJUZ�)PTQJUBMT
�$IBJZBQIVN�1SPWJODF�

Ŵ Ŵ 6RPSDQŴŴ.UDLVRQŴ0�1�6�

Ŵ 0DULVDŴŴ.UDLULNVKŴŴ3K'Ŵ�1XUVLQJ�

"CTUSBDU
Ŵ 7KHŴŴSXUSRVHŴŴRIŴŴWKLVŴŴGHVFULSWLYHŴŴUHVHDUFKŴŴZDVŴŴWRŴŴVWXG\ŴŴUHODWLRQVKLSVŴŴDPRQJŴSHUVRQDOŴIDFWRUVŴRIŴŴ
SURIHVVLRQDOŴŴQXUVHV�ŴWUDQVIRUPDWLRQDOŴOHDGHUVKLSŴRIŴKHDGŴQXUVHVŴDQGŴQXUVLQJŴTXDOLW\ŴDVVXUDQFHŴSHUIRUPDQFHŴRIŴŴ
SURIHVVLRQDOŴŴQXUVHVŴŴLQŴFRPPXQLW\ŴKRVSLWDOV�Ŵ&KDL\DSKXPŴŴSURYLQFH�ŴŴ7KHŴVDPSOHŴZDVŴ���ŴSURIHVVLRQDOŴQXUVHVŴ
ZKRŴKDGŴZRUNLQJŴH[SHULHQFHŴDWŴOHDVWŴŴ�Ŵ\HDU�ŴŴ7KHŴUHVHDUFKŴLQVWUXPHQWŴZDVŴDŴTXHVWLRQQDLUHŴŴFRQVLVWHGŴŴRIŴWKUHHŴŴ
SDUWV�ŴSHUVRQDOŴGDWDŴRIŴSURIHVVLRQDOŴŴQXUVHV�ŴWUDQVIRUPDWLRQDOŴŴOHDGHUVKLSŴRIŴŴKHDGŴQXUVHVŴŴDQGŴQXUVLQJŴŴTXDOLW\Ŵ
DVVXUDQFHŴSHUIRUPDQFHŴRIŴŴSURIHVVLRQDOŴŴQXUVHV�ŴŴ)LYHŴH[SHUWVŴH[DPLQHGŴWKHŴFRQWHQWŴYDOLGLW\ŴRIŴWKHŴTXHVWLRQQDLUH�ŴŴ
7KHŴUHOLDELOLW\ŴFRHIűFLHQWVŴRIŴWKHŴSDUWVŴRIŴWUDQVIRUPDWLRQDOŴOHDGHUVKLSŴRIŴKHDGŴQXUVHVŴDQGŴQXUVLQJŴTXDOLW\ŴDVVXUDQFHŴ
RIŴŴSURIHVVLRQDOŴŴQXUVHVŴŴZHUHŴ����ŴŴDQGŴŴ�����ŴHVWLPDWHGŴE\Ŵ&URQEDFKuVŴDOSKDŴFRHIűFLHQWV�ŴŴ7KHŴŴGDWDŴŴZHUHŴ
DQDO\]HGŴE\ŴXVLQJŴ&KL�6TXDUHŴWHVW�ŴŴ3HDUVRQuVŴSURGXFWŴPRPHQWŴFRUUHODWLRQŴFRHIűFLHQWV�ŴDQGŴVWHSZLVHŴPXOWLSOHŴ
UHJUHVVLRQŴDQDO\VLV�ŴŴ
Ŵ 7KHŴűQGLQJVŴVKRZHGŴWKDW�Ŵ��Ŵ(GXFDWLRQ�ŴQXUVLQJŴTXDOLW\ŴDVVXUDQFHŴWUDLQLQJŴDQGŴZRUNŴH[SHULHQFHŴGLGŴ
QRWŴ KDYHŴ6LJQLűFDQWŴ FRUUHODWLRQVŴZLWKŴQXUVLQJŴTXDOLW\Ŵ DVVXUDQFHŴSHUIRUPDQFHŴRIŴ SURIHVVLRQDOŴ QXUVHV�Ŵ��Ŵ7KHŴ
WUDQVIRUPDWLRQDOŴOHDGHUVKLSŴRIŴKHDGŴQXUVHVŴKDGŴDŴVWDWLVWLFDOO\ŴVLJQLűFDQWŴPRGHUDWHŴSRVLWLYHŴFRUUHODWLRQŴZLWKŴWKHŴ
QXUVLQJŴTXDOLW\ŴDVVXUDQFHŴSHUIRUPDQFHŴRIŴSURIHVVLRQDOŴQXUVHVŴ�UŴ Ŵ�����ŴSŴ�Ŵ������Ŵ��Ŵ7KHŴIDFWRUVŴFRXOGŴVLJQLűFDQWO\Ŵ
SUHGLFWHGŴŴDQGŴH[SODLQHGŴIRUŴ������5�Ŵ Ŵ�����ŴSŴ�Ŵ�����ŴRIŴ Ŵ WKHŴQXUVLQJŴŴTXDOLW\ŴDVVXUDQFHŴSHUIRUPDQFHŴRIŴŴ
SURIHVVLRQDOŴŴQXUVHVŴŴZHUHŴWUDQVIRUPDWLRQDOŴŴOHDGHUVKLSŴŴDQGŴŴZRUNŴH[SHULHQFH�ŴŴŴŴŴŴŴ

.H\ZRUGV�Ŵ WUDQVIRUPDWLRQDOŴOHDGHUVKLS�ŴQXUVLQJŴTXDOLW\ŴDVVXUDQFHŴSHUIRUPDQFH�ŴKHDGŴQXUVH�ŴSURIHVVLRQDOŴQXUVHV�Ŵ
Ŵ Ŵ FRPPXQLW\ŴKRVSLWDOVŴŴŴŴ


Ŵ7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ1XUVLQJŴ$GPLQLVWUDWLRQ�Ŵ.KRQŴ.DHQ


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ1XUVLQJŴ$GPLQLVWUDWLRQ�Ŵ8QLYHUVLW\Ŵ.KRQŴ.DHQŴ8QLYHUVLW\



Ŵ$VVRFLDWHŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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Ŵ�»�­�´�­�»��µ��°��»�®¨´��¦³�´�­»�£µ¡Ŵ�Îµ�¨¤nª�®¤¼n


Ŵ°µ�µ¦¥rŴ��³¡¥µ�µ¨«µ­�¦rŴ¤®µª·�¥µ¨´¥¦´�­·�



Ŵ¡¥µ�µ¨ª·�µ�¸¡ŴÃ¦�¡¥µ�µ¨­n�Á­¦·¤­»�£µ¡�Îµ�¨¤nª�®¤¼nŴ°�ŴÁ¤º°�Ŵ��Ŵ­·�®r�»¦¸

Ú�x�|¬��«w��w��}��w���Ùª�|�h�Ü��¡w����¤x��Ü�Ù·³��Ù�w����Ù¢���w���
«�Ýª�iÙ���ª��x�|w�¤h�ª�¢²�|�h�w��ªw¡�ª�����Ù�Ù¡��¢²���

Ŵ Ŵ Ŵ�ÎÊµ°o°¥Ŵ£´��¸ª�«rŴ­���

ŴŴ ¦´��¸�¦Ŵ�¨o°��¦³£µŴ¡¥�¤�




��z���h�
Ŵ �µ¦ª·�´¥Á�·���¨°�Â���·��µ¤Å��oµ�®�oµ�¸Ê¤¸ª´��»�¦³­��rÁ¡ºÉ°«¹�¬µ�¨�°�Ã�¦Â�¦¤�µ¦�´��µ¦��Á°�
�n°¡§�·�¦¦¤­»�£µ¡Ŵ�ÎÊµ®�´�Ŵ�´��¸¤ª¨�µ¥ŴÂ¨³Á­o�¦°�Á°ªŴ�°��¨»n¤Á­¸É¥��n°�µ¦Á�·�Á�µ®ªµ�Ŵ�¨»n¤�´ª°¥nµ�Á¨º°�
Â��Á�¡µ³Á�µ³��Á�}��¨»n¤Á­¸É¥��n°�µ¦Á�·�Á�µ®ªµ��¸É­¤´�¦Ä�Â¨³Á�oµ¦nª¤Ã�¦Â�¦¤�¦��»��¦´Ê�Á�}�¦³¥³Áª¨µŴ��Ŵ
­�́�µ®rŴ�Îµ�ª�Ŵ��Ŵ¦µ¥ŴÃ�¥Ã�¦Â�¦¤�µ¦��́�µ¦��Á°��¦³�°��oª¥Â���µ¦��́�·��¦¦¤Ŵ�Ŵ�¦´Ê�ŴÅ�oÂ�nŴ��Ŵ�µ¦�¦³Á¤·�
Â¨³�µ¦ªµ�Â��Ŵ��Ŵ�µ¦Á�¦¸¥¤�ªµ¤¡¦o°¤Ä��µ¦�´��µ¦��Á°�Ŵ��Ŵ�µ¦ f���·�´�·�µ¦�´��µ¦��Á°��µ¤Â�ª�·��µ¦
��́�µ¦��Á°��°�Â��Á¢°¦rÂ¨³Â�¨·���µ¥­r�¸É�¦³�°��oª¥�µ¦�·��µ¤��Á°�Ŵ�µ¦�¦³Á¤·���Á°�Â¨³�µ¦Á­¦·¤Â¦�
��Á°�Á¡ºÉ°�¦´�¡§�·�¦¦¤­»�£µ¡�oµ�°µ®µ¦Â¨³�µ¦°°��Îµ¨´��µ¥Ŵ Â¨³Ŵ��Ŵ�µ¦�¦³Á¤·��¨�µ¦�´��µ¦��Á°�Ŵ Á�È�
¦ª�¦ª¤�o°¤¼̈ ¡§�·�¦¦¤­»�£µ¡Ŵ�ÎÊµ®��́Ŵ��́�¤̧ª¨�µ¥ŴÂ¨³Á­o�¦°�Á°ª�n°�Â¨³®¨�́Á�oµÃ�¦Â�¦¤Á�}�¦³¥³Áª¨µŴ�Ŵ�eŴŴ
ª·Á�¦µ³®r�o°¤¼¨�oª¥­�·�·Á�·��¦¦¥µ¥Â¨³­�·�·�¸�¼nŴ �¨�µ¦ª·�´¥Ŵ¡�ªnµ¡§�·�¦¦¤­»�£µ¡®¨´�Á�oµÃ�¦Â�¦¤­¼��ªnµ�n°�Ŵ
Á�oµÃ�¦Â�¦¤Ŵ­nª��ÎÊµ®�´�Ŵ�´��¸¤ª¨�µ¥Â¨³Á­o�¦°�Á°ª¨�¨�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ�S������Ŵ

�Îµ­Îµ�´��� Ã�¦Â�¦¤�µ¦��́�µ¦��Á°�Ŵ¡§�·�¦¦¤­»�£µ¡Ŵ�ÎÊµ®��́Ŵ��́�¤̧ª¨�µ¥ŴÁ­o�¦°�Á°ªŴ�¨»n¤Á­¸É¥��n°�µ¦Á�·�
Ŵ Ŵ Á�µ®ªµ���·��¸ÉŴ�

z���ª�ÒÙ��«�Ýz����·�z�Öx�|�rÖ��
Ŵ Á � µ®ª µ� Á�} � Ã ¦� Á ¦ºÊ ° ¦´ � �¸É Á �} ��{�®µ
­µ�µ¦�­»��´Ê�Ä��¦³Á�«�¸É¡´��µÂ¨oªÂ¨³�Îµ¨´�¡´��µŴ
­¤µ¡´��rÁ�µ®ªµ��µ�µ�µ�·Ŵ �,QWHUQDWLRQDOŴ'LDEHWHVŴ
)HGHUDWLRQ�Ŵ�µ��¦³¤µ��µ¦ªnµŴ�¼oÁ�}�Á�µ®ªµ��³Á¡·É¤
�µ�Ŵ���Ŵ¨oµ���ŴÄ��eŴ��«�Ŵ����ŴÁ�}�Ŵ���Ŵ¨oµ���Ä�
�eŴ ��«�Ŵ ����Ŵ£µª³Â�¦��o°��¸É­Îµ�´��¸É¡�Ä��¼oÁ�}�
Á�µ®ªµ�Å�oÂ�nŴ�ªµ¤�·����·�°�®¨°�Á¨º°��´Ê���µ�
Á¨È�Â¨³��µ�Ä®�nŴ�PLFURŴDQGŴPDFURYDVFXODU�ŴÅ�oÂ�nŴ
®¨°�Á¨º°��¸É�µŴ�¸ÉÅ�Ŵ®¨°�Á¨º°��¸É®´ªÄ�Â¨³­¤°�Ŵ�¹É�
­n��¨�n°�»�£µ¡�¸ª·��°��¼oÁ�}�Á�µ®ªµ�ŴÂ¨³�nµÄ�o�nµ¥
�oµ�­µ�µ¦�­»��°��¦³Á�«�¸ÉÁ¡·É¤­¼��¹Ê��Ŵ
Ŵ �{��´¥Á­¸É¥��¸ÉÁ�}�­µÁ®�»­Îµ�´��°��µ¦Á�·�Ŵ
Á�µ®ªµ�ŴÅ�oÂ�nŴ£µª³°oª�Ŵ�¹É��³­n��¨Ä®oÁ�·��µ¦�ºÊ°�n°

°·�­»̈ ·�Ŵ�,PSDLUHGŴJOXFRVHŴWROHUDQFH�ŴŴ�µ��¨�µ¦­Îµ¦ª�
£µª³­»�£µ¡�°��¦³�µ��Å�¥Ŵ¡�«�Ŵ ���������Ŵ
Á�¦¸¥�Á�¸¥��´��¨�µ¦­Îµ¦ª�Ä��eŴ¡�«�Ŵ����Ŵ¡�ªnµŴ
��Å�¥�¸É¤¸°µ¥»�´Ê�Â�nŴ��Ŵ�e�¹Ê�Å�Ŵ¤¸£µª³°oª�Ŵ�REHVLW\�Ŵ
�µ��nµ�´��¸¤ª¨�µ¥ŴÂ¨³£µª³°oª�¨�¡»��¸É�¦³Á¤·��µ�
Á­o�¦°�Á°ªÁ¡·É¤�¹Ê�Ŵ Ã�¥¡�ªnµŴ Á¡«�µ¥Ŵ¤¸£µª³°oª�ŴŴ
Á¡·É¤�µ�Ŵ¦o°¥¨³Ŵ��ŴÁ�}�¦o°¥¨³Ŵ����ŴŴÂ¨³Á¡«®�·�Á¡·É¤�µ�Ŵ
¦o°¥¨³Ŵ��ŴÁ�}�¦o°¥¨³Ŵ����ŴŴ­nª�£µª³°oª�¨�¡»�Ä�Á¡«
�µ¥�µ�¦o°¥¨³Ŵ��ŴÁ�}�¦o°¥¨³Ŵ����ŴÂ¨³Á¡«®�·��µ�
¦o°¥¨³Ŵ��ŴÁ�}�¦o°¥¨³Ŵ���

Ŵ �µ��µ¦���ª�ª¦¦��¦¦¤Ŵ¡�ªnµŴ �µ¦�¦´�
Á�¨¸É¥�ª·�¸�µ¦�ÎµÁ�·��¸ª·�Ä��oµ��µ¦¦´��¦³�µ�°µ®µ¦
Â¨³�µ¦°°��Îµ¨´��µ¥Ä��¦³�µ�¦�¨»n¤Á­¸É¥��¸É¤¸£µª³
°oª�ŴÃ�¥¤Á̧�jµ®¤µ¥Ä��µ¦¨��ÎÊµ®��́°¥nµ��o°¥¦o°¥¨³Ŵ�ŴŴ



��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

Ä�¦³¥³Áª¨µŴ�Ŵ Á�º°�Ŵ ¦nª¤�´��µ¦°°��Îµ¨´��µ¥°¥nµ�
�o°¥­´��µ®r¨³Ŵ���Ŵ�µ�¸Ŵ�³�ÎµÄ®o�ÎÊµ®�´�Ŵ�´��¸¤ª¨�µ¥Ŵ
Á­o�¦°�Á°ªŴÂ¨³�ªµ¤�´�Á¨º°�¨�¨�Ŵ Á¤ºÉ°�·��µ¤Á�}�
¦³¥³Áª¨µ�¸É�µ��ªnµŴ�Ŵ�eŴ¡�ªnµ­µ¤µ¦�¨�°»�´�·�µ¦�r
�°��µ¦Á�·�Á�µ®ªµ�Å�oÄ��¦³Á�«¢d�Â¨��r�Ŵ°·�Á�¸¥�ŴŴ
­®¦�́°Á¤¦·�µ�ŴÂ¨³��̧�ŴŴŴ�¹É�¡��¨�µ¦«¹�¬µ�¸É�¨oµ¥�¨¹�
�´�Ä��¦³Á�«Å�¥Ŵ �¸É«¹�¬µÄ��¦³�µ�¦ª´¥�¼oÄ®�n�¸É¤¸Ŵ
�ÎÊµ®�´��´ªÁ�·�Ŵ Â¨³¤¸£µª³Á­¸É¥��n°�µ¦Á�·�Á�µ®ªµ�Ŵ
Â�n­nª�Ä®�nÁ�}��µ¦«¹�¬µÄ�¦³¥³Áª¨µ­´Ê�ÇŴÅ¤nÁ�·�Ŵ��Ŵ
­´��µ®rŴ����

Ŵ Ã�¥�¸ÉÁ�¥¤�̧µ¦«¹�¬µ�µ¦�ÎµÂ�ª�·��µ¦��́�µ¦
��Á°��°�Â��Á¢°¦rÂ¨³Â�¨·���µ¥­r��Ŵ ¦nª¤�´�Â�ª
��·�´�·­Îµ®¦´�Á�oµ®�oµ�¸É­µ�µ¦�­»�Ä��µ¦�´��¦·�µ¦Ŵ
�´��¦°�Ŵ Â¨³Á­¦·¤�´�¬³�µ¦�¦´�Á�¨¸É¥�¡§�·�¦¦¤
­»�£µ¡Ŵ¨�£µª³Á­¸É¥�Ŵ¨�Ã¦�Å¤n�·��n°Ä�­�µ��¦·�µ¦
Â¨³Ä��»¤���°�­Îµ�´�Ã¦�Å¤n�·��n°Ŵ �¦¤�ª��»¤Ã¦�Ŵ
�¦³�¦ª�­µ�µ¦�­»���Ŵ Â¨³Â�ª��·�´�·Â�ª�µ�Áª�
��·�´�·­Îµ®¦´�Ã¦�Á�µ®ªµ�Ŵ¡�«�Ŵ������Ŵ Ŵ¤µ�´�Á�}�
Ã�¦Â�¦¤Ä��µ¦�¦´�Á�¨¸É¥�¡§�·�¦¦¤­»�£µ¡�oµ�
°µ®µ¦Â¨³�µ¦°°��Îµ¨�́�µ¥ŴÃ�¥¤�̧¨»n¤Á­¸É¥��n°�µ¦Á�·�
Á�µ®ªµ�Á�oµ¦nª¤�Îµ�ª�Ŵ��Ŵ¦µ¥ŴÁ�}�¦³¥³Áª¨µŴ�ŴÁ�º°�Ŵ
Â¨³¡�ªnµŴ Ã�¦Â�¦¤¤¸�ªµ¤Á�}�Å�Å�oÂ¨³�¨»n¤�´ª°¥nµ�
¥°¤¦´�Ã�¦Â�¦¤Ä�¦³�´�­¼�Ŵ ¦ª¤�´Ê��¨»n¤�´ª°¥nµ�¤¸
¡§�·�¦¦¤­»�£µ¡�¸É��̧¹Ê�Ŵ�ÎÊµ®��́Â¨³Á­o�¦°�Á°ª¨�¨���Ŵ
Â�n¥´�Å¤n¤¸�µ¦«¹�¬µ�¨�°�Ã�¦Â�¦¤Ä�¦³¥³¥µªŴŴ
��́�´Ê��¼oª·�¥́�¹��Îµ�µ¦�·��µ¤�¨�°�Ã�¦Â�¦¤�µ¦��́�µ¦
��Á°�Ŵ£µ¥®¨´�Á�oµ¦nª¤Ã�¦Â�¦¤Ŵ�Ŵ�eŴÁ¡ºÉ°«¹�¬µ�ªµ¤
��°¥¼n�°�¡§�·�¦¦¤­»�£µ¡ŴÂ¨³�¨�°�Ã�¦Â�¦¤�¸É¤�̧n°
�ÎÊµ®�´�Ŵ�´��¸¤ª¨�µ¥ŴÂ¨³Á­o�¦°�Á°ªŴŴ Ŵ

����¤��Ý�|zÐw���¡}��
Ŵ ��Ŵ Á¡ºÉ°Á�¦¸¥�Á�¸¥�¡§�·�¦¦¤­»�£µ¡�°�
�¨»n¤Á­¸É¥��n°�µ¦Á�·�Á�µ®ªµ���·��¸ÉŴ�Ŵ¦³®ªnµ��n°�ŴÂ¨³
®¨´�Á�oµ¦nª¤Ã�¦Â�¦¤�µ¦�´��µ¦��Á°�Ŵ�Ŵ�e
Ŵ ��Ŵ Á¡ºÉ°Á�¦¸¥�Á�¸¥��ÎÊµ®�´�Ŵ �´��¸¤ª¨�µ¥Ŵ
Â¨³Á­o�¦°�Á°ªŴ�°��¨»n¤Á­¸É¥��n°�µ¦Á�·�Á�µ®ªµ���·�
�¸ÉŴ �Ŵ ¦³®ªnµ��n°�Â¨³®¨´�Á�oµ¦nª¤Ã�¦Â�¦¤�µ¦�´��µ¦
��Á°�Ŵ�Ŵ�e

w���«Ù�z¡�w���¡}��
Ŵ Â��Á¢°¦rÂ¨³Â�¨·���µ¥­r¡´��µÂ�ª�·��µ¦
�´��µ¦��Á°��µ��µ¦�Îµ�´���Á°��°�Â���¼¦µ��Ŵ Ŵ Ã�¥
Ä®o�ªµ¤®¤µ¥�µ¦�´��µ¦��Á°�Á�}��¦³�ª��µ¦Ä��µ¦
�ª��»¤��Á°�Ŵª·Á�¦µ³®rÂ¨³��́Á¨º°�¡§�·�¦¦¤Á�jµ®¤µ¥Ŵ
�¦³�°��oª¥Ŵ �µ¦�·��µ¤��Á°�Ŵ �VHOI�PRQLWRULQJ�ŴŴ
�µ¦�¦³Á¤·��¨��Á°�Ŵ �VHOI�HYDOXDWLRQ�ŴÂ¨³�µ¦Á­¦·¤
Â¦���Á°�Ŵ �VHOI�UHLQIRUFHPHQW���Ŵ Ä��µ¦«¹�¬µ�¦´Ê��¸ÊŴ
�¼oª·�´¥Å�o�´��·��¦¦¤Á¡ºÉ°Ä®o�¨»n¤Á­¸É¥�Å�o f���·�´�·Ä��µ¦
�´��µ¦��Á°�Ä��µ¦�¦´�Á�¨¸É¥�¡§�·�¦¦¤­»�£µ¡�oµ�
°µ®µ¦Â¨³�µ¦°°��Îµ¨�́�µ¥ŴÃ�¥Ä�o¦³¥³Áª¨µŴ��Ŵ­�́�µ®rŴŴ
�¦³�°��oª¥Ŵ �Ŵ �´Ê��°�Ŵ Å�oÂ�nŴ ��Ŵ �µ¦�¦³Á¤·�Â¨³Ŵ
�µ¦ªµ�Â��Ŵ Á�}��·��¦¦¤¦µ¥�»��¨Ŵ�¦³�°��oª¥�µ¦
�¦³Á¤·�¡§�·�¦¦¤­»�£µ¡Ŵ�ÎÊµ®�´�Â¨³Á­o�¦°�Á°ªŴ Ä®o
�o°¤¼̈ ¥o°��¨�́��́�¨»n¤Á­¸É¥�ŴÁ¡ºÉ°Ä®oÄ�oÄ��µ¦ªµ�Â��Â¨³
Á�jµ®¤µ¥Ä��µ¦�´��µ¦��Á°�Ŵ��Ŵ�µ¦Á�¦¸¥¤�¨»n¤Á­¸É¥�Ä®o
¡¦o°¤Ä��µ¦�´��µ¦��Á°�Ŵ�¦³�°��oª¥�µ¦Â¨�Á�¨¸É¥�
Á¦¥̧�¦¼oÄ�Á¦ºÉ°�Á�µ®ªµ�Ŵ�ªµ¤�o°��µ¦¡¨�́�µ�Ŵ°µ®µ¦ŴÂ¨³
�µ¦°°��Îµ¨´��µ¥Á¡ºÉ°¨��ÎÊµ®�´�Ŵ��Ŵ�µ¦ f���·�´�·�µ¦
�´��µ¦��Á°��°��¨»n¤Á­¸É¥�Ŵ Ã�¥�µ¦�·��µ¤��Á°�Ŵ Ã�¥
­´�Á��Â¨³�´��¹�¡§�·�¦¦¤�¸É�¦³�Îµ�»�ª´�Ŵ�µ¦�¦³Á¤·�
�¨��Á°��µ��´��¹�¡§�·�¦¦¤�¸É�¦³�ÎµÄ�Â�n¨³ª´��´�Ŵ
Á�jµ®¤µ¥�¸É�Îµ®��Ŵ Ŵ Â¨³Á­¦·¤Â¦���Á°�Ŵ Á¤ºÉ°­µ¤µ¦�
��·�´�·Å�o�µ¤Á�jµ®¤µ¥ŴÂ¨³��Ŵ�·��µ¤�¦³Á¤·��¨�µ¦
�´��µ¦��Á°��°��¨»n¤Á­¸É¥�Ŵ Ã�¥�¼oª·�´¥Á¥¸É¥¤�oµ�Â¨³
Ã�¦«´¡�rŴ Á¡ºÉ°¦´�¢{��{�®µŴ°»�­¦¦�ŴÂ¨³Á�}��¸É�¦¹�¬µ
�nª¥�¸ÊÂ�³Â�ª�µ�Ä��µ¦Â�oÅ��{�®µ�¸ÉÁ�·��¹Ê�Ŵ�¨°���
�nª¥�¦³�»o�Ä®oÁ�·�¡§�·�¦¦¤�¸ÉÁ®¤µ³­¤°¥nµ��n°Á�ºÉ°�Ŵ
Á�}�¦³¥³Áª¨µŴ�Ŵ Á�º°�ŴÂ¨³Á�È��o°¤¼¨¡§�·�¦¦¤­»�£µ¡Ŵ
�ÎÊµ®�´�Ŵ �´��¸¤ª¨�µ¥Ŵ Â¨³Á­o�¦°�Á°ªŴ ®¨´�Á�oµ¦nª¤
Ã�¦Â�¦¤Ŵ�Ŵ�e

�¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦ª·�¥́�¦´Ê��¸ÊÁ�}��µ¦ª·�¥́Á�·���¨°��¸É�·��µ¤
Á�È��o°¤¼¨Å��oµ�®�oµŴ�3URVSHFWLYHŴLQWHUYHQWLRQŴVWXG\�Ŵ
Â���¨»n¤Á�¥̧ªª�́�n°�Â¨³®¨�́�µ¦��¨°�Ŵ�¦³�µ�¦Á�oµ
�¹�Á�}��¨»n¤Á­¸É¥��n°�µ¦Á�·�Á�µ®ªµ��µ��µ¦�´��¦°�
�oª¥Â����́�¦°��oª¥ªµ�µŴ�Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ�¨»n¤�ª́°¥nµ�Ŵ
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Á¨º°��µ��¦³�µ�¦Á�oµ�¹�°¥nµ�Á�¡µ³Á�µ³���µ¤Á���r
�»�­¤�´�·�¸É�Îµ®��Ŵ�º°Á�}�ª´¥�¼oÄ®�nŴ �¸É¤¸°µ¥»¦³®ªnµ�Ŵ
�����Ŵ�eŴ°nµ�°°�Á�¸¥�Å�oÂ¨³­ºÉ°­µ¦�oª¥£µ¬µÅ�¥Å�oŴ
­¤�́¦Ä�Â¨³Á�oµ¦nª¤Ã�¦Â�¦¤�µ¦��́�µ¦��Á°��¦��»�
�¦´Ê�Ŵ¤¸�Îµ�ª�Ŵ��Ŵ¦µ¥
� Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�¥́Ŵ�¦³�°��oª¥ŴÁ�¦ºÉ°�
¤º°Ä��µ¦��¨°�ŴÂ¨³Á�¦ºÉ°�¤º°Ä��µ¦Á�È�¦ª�¦ª¤�o°¤¼̈
��́�¸ÊŴÁ�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦��¨°�Ŵ�¦³�°��oª¥Ã�¦Â�¦¤
�µ¦�´��µ¦��Á°�Ä��µ¦�¦´�Á�¨¸É¥�¡§�·�¦¦¤­»�£µ¡
�oµ�°µ®µ¦Â¨³�µ¦°°��Îµ¨´��µ¥ŴÂ���µ¦�´��·��¦¦¤Ŵ
Â¨³Â���´��¹�¡§�·�¦¦¤­»�£µ¡­Îµ®¦´��¨»n¤�´ª°¥nµ�
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­µ�µ¦�­»��´�®ª´�­·�®r�»¦¸ Ŵ Â¨³®´ª®�oµ­Îµ�´��µ�
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¦µ¥�¨»n¤Ŵ�¸É�¼oª·�´¥Â¨�Á�¨¸É¥�Á¦¸¥�¦¼o�´��¨»n¤�´ª°¥nµ�Ä�
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¦¼oÁ¡·É¤Á�·¤Ŵ �nª¥¨��{�®µÂ¨³°»�­¦¦��¸É¡�Ŵ�¨°���Ŵ
�n°Ä®oÁ�·��Îµ¨´�Ä��¸É�³��·�´�·¡§�·�¦¦¤­»�£µ¡°¥nµ�Ŵ
�n°Á�ºÉ°����¨µ¥Á�}�ª·�¸�µ¦�Îµ Á�·��¸ª·��µ¤���· Ŵ
�°��µ��¸ÊŴ �¼oª·�´¥Å�o�¦³Á¤·�¡§�·�¦¦¤­»�£µ¡�°��¨»n¤
�´ª°¥nµ�Á¤ºÉ°Á�oµ¦nª¤Ã�¦Â�¦¤�¦�Ŵ�Ŵ Á�º°�ŴÂ¨³Ä�oÁ�}�
�o°¤¼¨Ä��µ¦�¤Á�¥Â¨³Ä®o�Îµ¨´�Ä��¨»n¤�´ª°¥nµ�Á�¸É¥ª�´�Ŵ
¡§�·�¦¦¤­»�£µ¡�¸É�¨»n¤�´ª°¥nµ���·�´�·Å�oÁ®¤µ³­¤Ŵ
Â¨³¤¸­nª�¦nª¤�´��¨»n¤�´ª°¥nµ�Â�o�{�®µ¡§�·�¦¦¤�¸É¥´�
��·�´�·Å�oÅ¤n�¸Ŵ �¹�¡�ªnµ¡§�·�¦¦¤­»�£µ¡Á¤ºÉ°Á�oµ¦nª¤
Ã�¦Â�¦¤Ŵ�Ŵ�eŴ Ŵ�¸�¹Ê��ªnµ�n°�Á�oµÃ�¦Â�¦¤Ŵ­°��¨o°�
�´��µ¦«¹�¬µ�°��¼¨Á�°¦rÂ¨³��³��Ŵ �¸É«¹�¬µ�¨�°�
Ã�¦Â�¦¤�µ¦�´��µ¦��Á°�Ä��¨»n¤Á­¸É¥��n°�µ¦Á�·�Ŵ
Á�µ®ªµ��Îµ�ª�Ŵ��Ŵ¦µ¥ŴÂ¨³¡�ªnµÁ¤ºÉ°­·Ê�­»�Ã�¦Â�¦¤Ŵ
��ŴÁ�º°�Ŵ�¨»n¤�ª́°¥nµ�¤¡̧§�·�¦¦¤�µ¦�¦·Ã£�°µ®µ¦Â¨³
�µ¦°°��Îµ¨´��µ¥�n°­´��µ®r�¸�¹Ê��ªnµ�n°�Á�oµÃ�¦Â�¦¤
Â¨³��̧ªnµ�¨»n¤�ª��»¤°¥nµ�¤�̧¥́­Îµ��́�µ�­�·�·Ŵ�S�����Ŵ
� �ÎÊµ®��́Â¨³��́�¤̧ª¨�µ¥Ŵ�¨�µ¦«¹�¬µ¡�ªnµŴ
®¨�́Á�oµ¦nª¤Ã�¦Â�¦¤Ŵ�Ŵ�eŴ�ÎÊµ®��́Â¨³��́�¤̧ª¨�µ¥¨�¨�Ŵ
�µ��n°�Á�oµ¦nª¤Ã�¦Â�¦¤°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ
�¹É�Â­��Ä®oÁ®È��¦³­·��·�¨�°�Ã�¦Â�¦¤�µ¦�´��µ¦
��Á°�Ŵ Ã�¥�nµ��µ��µ¦�¦´�Á�¨¸É¥�¡§�·�¦¦¤­»�£µ¡Ŵ
�µ¦�¸É�¨»n¤�ª́°¥nµ�Á¨º°�¦�́�¦³�µ�°µ®µ¦�¸É¤�̧»��nµ�µ�
Ã£��µ�µ¦Ŵ Á�n�Ŵ�µ¦�ºÉ¤�ÎÊµÁ�¨nµÂ���ÎÊµ°´�¨¤Ŵ�µ¦¦´�

�¦³�µ���́¤µ��ªnµª�́¨³Ŵ�Ŵ�¡́¡Ŵ̧¦nª¤��́�µ¦�¦»�°µ®µ¦
�oª¥ª·��̧o¤Ŵ�¹É�Ŵ¥nµ�Ŵ�»q�ŴÂ���¸É�µ¦�°��oª¥�ÎÊµ¤�́ŴÁ�}��o�Ŵ
¦nª¤��́�µ¦°°��Îµ¨�́�µ¥�¸É�o°�Ä�o¡¨�́�µ�¤µ��¹Ê�Ŵ�ÎµÄ®o
¦nµ��µ¥Å�o¦´�¡¨´��µ�¨�¨�Ŵ�o°�­¨µ¥Å�¤´��¸É­³­¤Ä�
¦nµ��µ¥°°�¤µÄ�oÁ�}�¡¨�́�µ�ŴÁ�}��¨�ÎµÄ®o�ÎÊµ®��́¨�¨�Ŵ
Â¨³­n��¨�ÎµÄ®o�´��¸¤ª¨�µ¥¨�¨��µ¤Å��oª¥Ŵ �¹É�
­°��¨o°��´��µ¦«¹�¬µ�¸É�nµ�¤µ�´Ê�Ä��¦³Á�«Å�¥����Ŵ
Â¨³�nµ��¦³Á�«��������Ŵ�¸É¡�ªnµ�µ¦�¦´�Á�¨¸É¥�ª·�¸�µ¦
�ÎµÁ�·��¸ª·��oµ�°µ®µ¦Ŵ�µ¦Á�¨ºÉ°�Å®ª¦nµ��µ¥ŴÂ¨³�µ¦
°°��Îµ¨´��µ¥Ŵ�ÎµÄ®o�¨»n¤Á­¸É¥��n°�µ¦Á�·�Á�µ®ªµ�¤¸Ŵ
�ÎÊµ®�´��´ª¨�¨�ŴÂ¨³�´��¸¤ª¨�µ¥¨�¨�
Ŵ Á­o�¦°�Á°ªŴ �¨�µ¦«¹�¬µ¡�ªnµÃ�¦Â�¦¤
�µ¦�´��µ¦��Á°�¤¸�¨�ÎµÄ®oÁ­o�¦°�Á°ª¨�¨�°¥nµ�
°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ Ã�¥¨��´Ê�Â�nŴ �y�����Ŵ
Á���·Á¤�¦Ŵ ��nµÁ�¨¸É¥Ŵ ����Ŵ Á���·Á¤�¦Ŵ 6' �����Ŵ
°�·�µ¥Å�oªnµŴ Á�}��¨¤µ�µ��µ¦�¸É�¨»n¤�´ª°¥nµ��¦´�
Á�¨¸É¥�ª·�¸�µ¦¦´��¦³�µ�°µ®µ¦Â¨³°°��Îµ¨´��µ¥
Á¡·É¤�¹Ê�Ŵ�ÎµÄ®o¦nµ��µ¥­¨µ¥Å�¤´��¸É­³­¤°°�¤µÄ�oÁ�}�
¡¨´��µ�Ŵ�¹É�Å�¤´��¦·Áª�®�oµ�o°��³�¼��Îµ¤µ­¨µ¥Ä®o
¡¨´��µ��n°�Å�¤´��¦·Áª�°ºÉ��°�¦nµ��µ¥��Ŵ�°��µ��¸ÊŴ
�¨»n¤�´ª°¥nµ�Ŵ ��Ŵ ¦µ¥Ŵ ¦o°¥¨³Ŵ ��Ŵ °°��Îµ¨´��µ¥Ã�¥
�µ¦Á¨n�®nª�±¼¨µ±¼�Ŵ �¹É�Á�}��µ¦°°��Îµ¨´��µ¥Â��Ŵ
Å°Ã�Ã��·�Ŵ �¸É�ÎµÄ®o�¨oµ¤Á�ºÊ°�¦·Áª�®�oµ�o°��¹��´ª
Â¨³�¦³�´�¤µ��¹Ê�Ŵ�¹É��¨oµ¥�¨¹��´��µ¦«¹�¬µ�¸É�nµ�¤µŴŴ
�¸É¡�ªnµ�¨»n¤�´ª°¥nµ��Îµ�ª�Ŵ���Ŵ¦µ¥�¸ÉÁ�oµ¦nª¤Ã�¦Â�¦¤
�µ¦�¦´�Á�¨¸É¥�ª·�¸�µ¦�ÎµÁ�·��¸ª·��oµ�¡§�·�¦¦¤­»�£µ¡Ŵ
Â¨³�·��µ¤�¨Á�}�¦³¥³Áª¨µŴ��ŴÁ�º°�Ŵ¤Á̧­o�¦°�Á°ª¨�¨�
�ªnµ�n°�Á�oµÃ�¦Â�¦¤°¥nµ�¤�̧¥́­Îµ��́�µ�­�·�·Ŵ�S������Ŵ
Â¨³­°��¨o°��´��µ¦«¹�¬µ�¸É�nµ�¤µ�������Ŵ �¸É¡�ªnµ
£µ¥®¨�́�µ¦Á�oµ¦nª¤Ã�¦Â�¦¤­n�Á­¦·¤­¤¦¦��³Â®n���Ŵ
Ä��µ¦°°��Îµ¨�́�µ¥Ŵ��Ŵ­�́�µ®rŴÁ­o�¦°�Á°ª�°��¼oÄ®�n
�¸É¤¸�ÎÊµ®�´��´ªÁ�·�Ä��¨»n¤��¨°�¨�¨��ªnµ�n°�Á�oµ
Ã�¦Â�¦¤ŴÂ¨³¤µ��ªnµ�¨»n¤�ª��»¤°¥nµ�¤�̧¥́­Îµ��́�µ�
­�·�·Ŵ�S�����
Ŵ �¨�µ¦«¹�¬µ�¦´Ê��¸ÊŴ �¹�­¦»�Å�oªnµÃ�¦Â�¦¤�µ¦
�´��µ¦��Á°�Ŵ¤¸�¨�ÎµÄ®o�¨»n¤Á­¸É¥��n°�µ¦Á�·�Á�µ®ªµ�
­µ¤µ¦��¦�́Á�¨¸É¥�¡§�·�¦¦¤­»�£µ¡�oµ�°µ®µ¦Â¨³�µ¦
°°��Îµ¨�́�µ¥Ŵ­n��¨Ä®o�ÎÊµ®��́Ŵ��́�¤̧ª¨�µ¥ŴÂ¨³Á­o�¦°�
Á°ª¨�¨�°¥nµ��n°Á�ºÉ°�ŴÁ¤ºÉ°�·��µ¤�¨Á�}�¦³¥³Áª¨µŴ�Ŵ�e
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xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ �ª¦�ÎµÃ�¦Â�¦¤�µ¦�´��µ¦��Á°�
Å��¦³¥»��rÄ�o�´��¨»n¤Á­¸É¥��n°�µ¦Á�·�Á�µ®ªµ��¸É¤¸
¨´�¬�³�¨oµ¥�¨»n¤�´ª°¥nµ�Ä��µ¦«¹�¬µ�¦´Ê��¸ÊŴ �º°Á�}�
�¦³�µ�¦ª¥́�¼oÄ®�nŴÁ¡«®�·�Ä�Á��¡ºÊ��¸É����Ŵ�¸É¤°̧µ�¡̧
Á�¬�¦�¦¦¤Â¨³�oµ�µ¥Ŵ�¹É�­µ¤µ¦��´�­¦¦Áª¨µÄ��µ¦
°°��Îµ¨´��µ¥�¸É­¤ÎÉµÁ­¤°Å�o
Ŵ ��Ŵ �ª¦�´��·��¦¦¤Á¡ºÉ°�¦³�»o��µ¦��·�´�·
¡§�·�¦¦¤­»�£µ¡Á�}�¦³¥³ÇŴÂ¨³�·��µ¤�¦³Á¤·��¨
�µ��ÎÊµ®�´�Â¨³Á­o�¦°�Á°ªŴ°¥nµ��o°¥�»�Ŵ�ŴÁ�º°�ŴÁ¡ºÉ°
Ä®o¡§�·�¦¦¤­»�£µ¡��°¥¼n°¥nµ��n°Á�ºÉ°�Ŵ
Ŵ ��Ŵ �µ¦ª·�´¥�¦´Ê��n°Å�Ŵ �ª¦�·��µ¤«¹�¬µŴ
°»�´�·�µ¦�r�°��µ¦Á�·�Á�µ®ªµ�Ä��¨»n¤�´ª°¥nµ��¨»n¤�¸ÊŴ
°¥nµ��o°¥�»��e

w¡��¡w�����Ýw��
Ŵ �¼oª·�´¥�°�°��»��°��»�®¨´��¦³�´�­»�£µ¡Ŵ
�Îµ�¨¤nª�®¤¼n�¸É­�´�­�»��»�Ä��µ¦«¹�¬µ�µ¥Â¡�¥r
ª·�·�Ŵ°´«ªª¦§��·ÍŴ�«�Ŵ�¦�Ŵ­»£µ¡Ŵ°µ¦¸Á°ºÊ°ŴÂ¨³�»�­»¤�µŴ
­´¤§��·Íª´��µ«´¥Ŵ�¼o�¦��»�ª»�·�¸É�nª¥�¦ª�­°��»�£µ¡
�°�Á�¦ºÉ°�¤º°ª·�´¥Ŵ�µ¥Â¡�¥r­µ�µ¦�­»��´�®ª´�­·�®r�»¦¸Ŵ
­µ�µ¦�­»�°ÎµÁ£°Á¤º°�Ŵ �¼o°Îµ�ª¥�µ¦Ã¦�¡¥µ�µ¨­n�
Á­¦·¤­»�£µ¡�Îµ�¨¤nª�®¤¼n�¸É­��́­�»��µ¦«¹�¬µŴÂ¨³�¨»n¤
�´ª°¥nµ��»�¦µ¥�¸ÉÁ�oµ¦nª¤Ã�¦Â�¦¤Â¨³Ä®o�ªµ¤¦nª¤¤º°
Ä��µ¦Á�È�¦ª�¦ª¤�o°¤¼¨�»��¦´Ê�

3FGFSFODF�
��Ŵ ,QWHUQDWLRQDOŴ'LDEHWHVŴ)HGHUDWLRQ�Ŵ$QQXDOŴ5HSRUWŴ

�����ŴUHWULHYHGŴIURPŴZZZ�LGI�RUJ�VLWHV�GHIDXOW
Ŵ Ŵ Ŵ Ŵ Ŵ �űOHV�$QQXDOB5HSRUWB����)LQDO�(1���SGI�Ŵ

�DFFHVVŴ��Ŵ1RYHPEHUŴ������
��Ŵ $HNSODNRUQŴ:�Ŵ�HGLWRU��Ŵ7KHŴIRXUWKŴUHSRUWŴRIŴWKHŴ7KDLŴ

KHDOWKŴVXUYH\ŴE\ŴSK\VLFDOŴH[DPLQDWLRQŴ����������ŴŴ
1RQWKDEXUL�Ŵ7KHŴ*UDSKLFRŴ6\VWHPVŴ&R��Ŵ�����Ŵ

��ŴŴŴŴ /LQGVWURPŴ -�Ŵ HWŴ DO�Ŵ 6XVWDLQHGŴ UHGXFWLRQŴ LQŴ WKHŴ
LQFLGHQFHŴRIŴW\SHŴ�ŴGLDEHWHVŴE\ŴOLIHVW\OHŴLQWHUYHQ�
WLRQ�ŴIROORZ�XSŴWKHŴ)LQQLVKŴ'LDEHWHVŴ3UHYHQWLRQŴ
6WXG\�Ŵ/DQFHWŴ�����Ŵ����Ŵ��������

��ŴŴŴ 5DPDFKDQGUDQŴ$�Ŵ6QHKDODWKDŴ&�Ŵ0DU\Ŵ6�Ŵ0XNHVK�Ŵ
%�Ŵ%KDVNDUŴ$'�Ŵ9LMD\Ŵ9�Ŵ Ŵ7KHŴ ,QGLDQŴ'LDEHWHVŴ

3UHYHQWLRQŴ3URJUDPŴVKRZVŴWKDWŴOLIHVW\OHŴPRGLűFD�
WLRQŴDQGŴPHWIRUPLQŴSUHYHQWŴW\SHŴ�ŴGLDEHWHVŴLQŴ$VLDQŴ
,QGLDQŴ VXEMHFWVŴZLWKŴ LPSDLUHGŴJOXFRVHŴ WROHUDQFHŴ
�,'33����Ŵ'LDEHWRORJLDŴ�����Ŵ���Ŵ��������

��ŴŴŴ -DEHUŴ/$�Ŵ HWŴ DO�Ŵ )HDVLELOLW\Ŵ RIŴ JURXSŴ OLIHVW\OHŴ
LQWHUYHQWLRQŴ IRUŴ GLDEHWHVŴ SUHYHQWLRQŴ LQŴ$UDEŴ
$PHULFDQV�Ŵ'LDEHWHVŴ 5HVHDUFKŴ DQGŴ&OLQLFDOŴ
SUDFWLFHŴ�����Ŵ���Ŵ��������

��Ŵ /LŴ*�ŴHWŴDO�Ŵ7KHŴORQJ�WHUPŴHIIHFWVŴRIŴOLIHVW\OHŴLQWHUYHQ�
WLRQVŴWRŴSUHYHQWŴGLDEHWHVŴLQŴWKHŴ&KLQDŴ'DŴ4LQJŴ'LDEHWHVŴ
3UHYHQWLRQŴ6WXG\�ŴDŴ���\HDUŴIROORZ�XSŴVWXG\�ŴZZZ�
WKHODQFHW�FRPŴ�����Ŵ����Ŵ����������

��ŴŴŴ 6XNNKRŴ$�Ŵ(IIHFWVŴRIŴWKHŴKHDOWKŴSURPRWLRQŴSURJUDPŴ
RQŴWKHŴGLHWDU\ŴKDELWVŴDQGŴSK\VLFDOŴDFWLYLW\ŴRIŴPLGGOH�
DJHG�ŴRYHUZHLJKWŴ SHRSOHŴZKRŴ DUHŴQHDUŴ WKHŴ.KRQŴ
.HDQŴ0XQLFLSDOLW\�Ŵ.KRQŴ.HDQŴSURYLQFH�ŴŴ>7KHVLV@�Ŵ
.KRQŴ.HDQ�Ŵ.KRQŴ.HDQŴ8QLYHUVLW\�Ŵ�����

��ŴŴŴŴ 0HHVDQDŴ$�Ŵ(IIHFWŴRIŴGLDEHWHVŴSUHYHQWLRQŴSUR�
JUDPŴRQŴ%0,�Ŵ)%6�ŴNQRZOHGJH�ŴFKROHVWHURO�ŴDQGŴ

Ŵ Ŵ Ŵ Ŵ Ŵ Ŵ WULJO\FHULGHVŴ LQŴ KLJKŴ ULVNŴ VXEMHFWV�Ŵ >7KHVLV@�Ŵ
3DWKXPWKDQL�Ŵ5DQJVLWŴ8QLYHUVLW\�Ŵ�����

��ŴŴŴ :RQJVRPEXWŴ&�Ŵ3UHHFKDZRQJŴ6�Ŵ(IIHFWVŴRIŴKHDOWKŴ
SURPRWLQJŴVHOI�HIűFDF\ŴSURJUDPŴRQŴZDLVWŴŴFLU�
FXPIHUHQFH�ŴERG\ŴPDVVŴLQGH[�ŴDQGŴEORRGŴSUHVVXUHŴ
RIŴRYHUZHLJKWŴDGXOWV�Ŵ-RXUQDOŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ
&KXODORQJNRUQŴ8QLYHUVLW\Ŵ�����Ŵ������

���ŴŴ .RWVRPEXWWŴ6�Ŵ/RKVRRQWKRUQŴ9�Ŵ/HUWPDKDULWŴ6�Ŵ
6XZDQQDVKLQHŴ6�Ŵ.DQDVRRWŴ.�Ŵ(IIHFWLYHQHVVŴRIŴ

Ŵ Ŵ Ŵ Ŵ Ŵ Ŵ Ŵ LQWHQVLYHŴEHKDYLRUDOŴPRGLűFDWLRQŴSURJUDPŴ IRUŴ
LQGLYLGXDOŴDWŴULVNŴRIŴW\SHŴ�ŴGLDEHWHV�Ŵ-RXUQDOŴRIŴ
+HDOWKŴ6\VWHPVŴ5HVHDUFKŴ��Ŵ��Ŵ��������

���Ŵ .DQIHUŴ)+�Ŵ$QGŴ*XHOLFN�%X\VŴ)�Ŵv6HOI�PDQ�
DJHPHQWŴPHWKRGV�wŴ,QŴ)+Ŵ.DQIHU�Ŵ$3Ŵ$UQROG�ŴŴ
+HOSLQJŴSHRSOHŴFKDQJHV�ŴDŴWH[WERRNŴRIŴPHWKRGV�Ŵ
�WKŴHG�Ŵ1HZ<RUN�Ŵ3HUJDPRQŴ3UHVV�Ŵ�����

���Ŵ 7LSGKDUDGROŴ3�Ŵ �HGLWRU��Ŵ*XLGHOLQHVŴ IRUŴ KHDOWKŴ
ZRUNHUVŴ WRŴ SURYLGHŴ VFUHHQLQJŴ DQGŴ HQKDQFHŴ WKHŴ
VNLOOVŴRIŴKHDOWKŴEHKDYLRUŴFKDQJHŴWRŴUHGXFHŴULVNŴDQGŴ
UHGXFHŴQRQ�FRPPXQLFDEOHŴGLVHDVHVŴLQŴWKHŴŴFRP�
PXQLW\�Ŵ�QGŴHG�Ŵ1RQWKDEXUL�Ŵ7KHŴ:DUŴ9HWHUDQVŴ
2UJDQL]DWLRQŴ3ULQWLQJ�Ŵ�����



�� ,1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����#RTKN���,WPG������

���ŴŴ 'LDEHWHVŴ$VVRFLDWLRQŴRIŴ7KDLODQGŴXQGHUŴWKHŴSDWURQ�
DJHŴRIŴ KHUŴ UR\DOŴ KLJKQHVVŴ3ULQFHVVŴ0DKDŴ&KDNULŴ
6LULQGKRUQ�Ŵ 'LDEHWHVŴ0DQDJHPHQWŴ *XLGHOLQHŴ
�����Ŵ%DQJNRN�Ŵ5XQJVLOSŴ3ULQWLQJ�Ŵ&R��Ŵ�����

���ŴŴŴ 3RQJSUDSDŴ5�Ŵ)HDVLELOLW\ŴDQGŴDFFHSWDELOLW\ŴRIŴVHOI�
PDQDJHPHQWŴ IRUŴ GLDEHWHVŴ SUHYHQWLRQŴ SURJUDP�ŴŴ
>7KHVLV@�Ŵ3DWKXPWKDQL�Ŵ5DQJVLWŴ8QLYHUVLW\�Ŵ�����

���ŴŴŴ%DQGXUDŴ$�Ŵ6RFLDOŴIRXQGDWLRQVŴRIŴWKRXJKWŴDQGŴDF�
WLRQŴDŴVRFLDOŴFRJQLWLYHŴWKHRU\�Ŵ(QJOHZRRGŴ&OLIIV�Ŵ
1-�ŴSUDFWLFHŴ+DOO�Ŵ�����

���Ŵ .LWYRUDSDWŴ:�Ŵ&RQTXHVWŴREHVLW\Ŵ&RQTXHVWŴEHOO\Ŵ
IDWŴIRUŴ7KDLŴSHRSOHŴQRŴEHOO\�Ŵ1RQWKDEXUL�Ŵ7KHŴ:DUŴ
9HWHUDQVŴ2UJDQL]DWLRQŴ3ULQWLQJ�Ŵ�����

���Ŵ .XO]HUŴ%�Ŵ6FKZDU]Ŵ3�Ŵ+HUPDQQVŴ1�Ŵ+DDNŴ7�Ŵ
*RUJHVŴ'�Ŵ3UHYHQWLRQŴRIŴGLDEHWHVŴVHOI�PDQDJH�
PHQWŴSURJUDPŴ�35(',$6��Ŵ(IIHFWVŴRQŴZHLJKW�Ŵ
PHWDEROLFŴULVNŴIDFWRUV�ŴDQGŴEHKDYLRUDOŴRXWFRPHV�Ŵ
'LDEHWHVŴ&DUHŴ�����Ŵ���Ŵ����������

���ŴŴ:HDQJQRQŴ6�Ŵ1DQWVXSDZDWŴ:�Ŵ+RUQERRQWKHUPŴ3�Ŵ
(IIHFWVŴRIŴ6HOI�PDQDJHPHQWŴ3URJUDPŴRQŴ%HKDY�
LRUVŴIRUŴ&RQWUROOLQJŴ'LVHDVHŴDQGŴ+HPRJORELQŴ$�FŴ
/HYHOŴ LQŴ3DWLHQWVŴZLWKŴ'LDEHWHVŴ0HOOLWXVŴ7\SHŴ
��Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ
1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ��Ŵ����Ŵ�����

���Ŵ .QRZOHUŴ:&�ŴHWŴDO�Ŵ5HGXFWLRQŴLQŴWKHŴLQFLGHQFHŴ
RIŴW\SHŴ�ŴGLDEHWHVŴZLWKŴOLIHVW\OHŴLQWHUYHQWLRQŴRUŴ
PHWIRUPLQ�Ŵ1HZŴ(QJODQGŴ -RXUQDOŴ RIŴ0HGLFLQHŴ
�����Ŵ����Ŵ��������

���ŴŴ .D\HŴ0�ŴHWŴDO�Ŵ7UDQVODWLQJŴWKHŴ'LDEHWHVŴ3UHYHQWLRQŴ
3URJUDPŴDŴ&RPSUHKHQVLYHŴPRGHOŴIRUŴSUHYHQWLRQŴ
DQGŴWUDLQLQJŴSURJUDPŴGHOLYHU\�Ŵ$PHULFDQŴ-RXUQDOŴ
RIŴ3UHYHQWLYHŴ0HGLFLQHŴ��������Ŵ��������

���ŴŴŴ6WUDVVHUŴ%�Ŵ6FKREHUVEHUJHUŴ:�Ŵ(YLGHQFHŴIRUŴUH�
VLVWDQFHŴWUDLQLQJŴDVŴDŴWUHDWPHQWŴWKHUDS\ŴLQŴREHVLW\�Ŵ
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���°¥¡®»�¼�Â��Á¡·É¤�´Ê��°�Ŵ �6WHSZLVHŴ0XOWLSOHŴ
5HJUHVVLRQ�

Ú�w���¡}��
� ��� �o°¤¼¨­nª��»��¨�ª´¥¦»n��´Ê�®¤�Ŵ���Ŵ��Ŵ
Á¡«®�·�¦o°¥¨³Ŵ����ŴÂ¨³Á¡«�µ¥¦o°¥¨³Ŵ����Ŵ¤¸°µ¥»
Á�¨¸É¥Ŵ�����Ŵ�eŴ°µ¥»­nª�Ä®�n°¥¼nÄ��nª�Ŵ�����ŴŴ�eŴ¦o°¥¨³ŴŴ
����Ŵ¦°�¨�¤µ°¥¼nÄ��nª�¤µ��ªnµŴ��Ŵ Ŵ�e�¹Ê�Å�Ŵ¦o°¥¨³Ŵ
����Ŵ£µª³Ã£��µ�µ¦­nª�Ä®�n°¥¼nÄ�¦³��́�ÎÉµ�ªnµÁ���rŴ
�º°Ŵ�o°¥�ªnµŴ����Ŵ�·Ã¨�¦´¤�¤����¦o°¥¨³Ŵ����Ŵ¦°�¨�¤µŴ
�º°Ŵ¤£̧µª³Ã£��µ�µ¦���·Ŵ�º°Ŵ���������Ŵ�·Ã¨�¦¤́�¤��Ŵ
¦o°¥¨³Ŵ����Ŵ�ÎÊµ®��́Á�¨¸É¥Ŵ�����Ŵ�·Ã¨�¦¤́Ŵ­nª�­¼�Á�¨¸É¥Ŵ
������ŴÁ���·Á¤�¦ŴÂ¨³�nµŴ%0,ŴÁ�¨¸É¥Ŵ�����Ŵ�nµÄ�o�nµ¥
�¸ÉÅ�o¦´��n°ª´�Ŵ�¦³¤µ�Ŵ��ŴyŴ���Ŵ�µ��n°ª´�Ŵ¦o°¥¨³ŴŴ
����
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� ��� ¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�Ŵ ª´¥¦»n�¤¸¡¨´�°Îµ�µ�Ä�
�µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ã�¥£µ¡¦ª¤
Á�¨¸É¥°¥¼nÄ�¦³�´��¸Ŵ �; Ŵ  Ŵ�����Ŵ6'Ŵ Ŵ�����Ŵ�¹É�Á¤ºÉ°
¡·�µ¦�µÁ�}�¦µ¥�oµ�Ŵ¡�ªnµŴ ª´¥¦»n�¤¸¡¨´�°Îµ�µ�Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡°¥¼nÄ�¦³�´��¸�»�
�oµ�ŴÃ�¥�oµ��¸É¤¸�nµÁ�¨¸É¥¤¤µ��¸É­»�Ŵ�º°Ŵ�oµ��µ¦¡´��µ
�ªµ¤­µ¤µ¦�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°
­»�£µ¡Ŵ�; Ŵ  Ŵ�����Ŵ6'Ŵ Ŵ�����Ŵ�oµ��ªµ¤¦¼o­¹��¹�
�ªµ¤­ÎµÁ¦È�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡
�°���Á°�Ŵ �; Ŵ  Ŵ�����Ŵ6'Ŵ Ŵ�����Ŵ�oµ��µ¦¤¸Á�jµ
®¤µ¥Ä�£µª³Ã£��µ�µ¦�¸É�¸Ŵ�; Ŵ Ŵ�����Ŵ6'Ŵ Ŵ�����Ŵ
Â¨³�oµ��ªµ¤¡¹�¡°Ä�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�
Á¡ºÉ°­»�£µ¡�°���Á°�Ŵ�; Ŵ Ŵ�����Ŵ6'Ŵ Ŵ�����Ŵ�µ¤
¨Îµ��́ŴÂ¨³¡·�µ¦�µÁ�}�¦µ¥�o°Ŵ¡�ªnµŴª¥́¦»n�¤¡̧¨�́°Îµ�µ�
Ä��µ¦��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡°¥¼nÄ�¦³��́�¸
�»��o°Á�n��´�Ŵ
� ��� �ªµ¤­´¤¡´��r¦³®ªnµ��{��´¥�´�­¦¦�´�
¡¨�́°Îµ�µ�Ä��µ¦��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡
�°�ª´¥¦»n��¡�ªnµŴ�{��´¥£µ¥Ä�Å�oÂ�nŴ�ªµ¤Á�ºÉ°Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ �µ¦¦´�¦¼o�ªµ¤
­µ¤µ¦�Ä��µ¦��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡ŴÂ¨³
�ªµ¤�´Ê�Ä�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ
¤¸�ªµ¤­´¤¡´��r�µ��ª��´�¡¨´�°Îµ�µ�Ä��µ¦��·�´�·
¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª¥́¦»n�Ŵ°¥nµ�¤�̧¥́­Îµ��́
�µ�­�·�·�¸É¦³�´�Ŵ ���Ŵ Ã�¥Á¦¸¥�¨Îµ�´��ªµ¤­´¤¡´��r�µ�
¤µ�Å��o°¥Ŵ�´��¸ÊŴ �ªµ¤�´Ê�Ä�Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ�UŴ Ŵ�����Ŵ�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦�
Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ�UŴ Ŵ�����Ŵ
Â¨³�ªµ¤Á�ºÉ°Ä��µ¦��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ
�UŴ Ŵ�����ŴÂ¨³�{��´¥£µ¥�°�Ŵ�º°ŴÂ¦�­�´�­�»��µ�
­�́�¤Ä��µ¦��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ¤�̧ªµ¤
­´¤¡´��r�µ��ª��´�¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·
�¸É¦³�´�Ŵ ���Ŵ Ã�¥¤¸�nµ�ªµ¤­´¤¡´��rŴ Á�nµ�´�Ŵ ���Ŵ­nª�
�{��´¥­nª��»��¨ŴÅ�oÂ�nŴÁ¡«Ŵ�nµÄ�o�nµ¥�¸ÉÅ�o¦´�ŴÅ¤n¤¸�ªµ¤
­´¤¡´��r�´�¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�
Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�

Ŵ ��� �{��´¥¦nª¤�Îµ�µ¥¡¨´�°Îµ�µ�Ä��µ¦
��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª¥́¦»n����ª́Â�¦
�¸É­µ¤µ¦�¦nª¤�Îµ�µ¥¡¨�́°Îµ�µ�Ä��µ¦��·��́·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�Ŵ¡�ªnµŴ�ªµ¤�´Ê�Ä�Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡­µ¤µ¦��Îµ�µ¥
¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ
Å�o¦o°¥¨³Ŵ����Ŵ°¥nµ�¤¸�´¥­Îµ�´��¸É¦³�´�Ŵ����Ŵ Ã�¥�¸É
�´ªÂ�¦Â¦�­�´�­�»��µ�­´��¤Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ­µ¤µ¦��Îµ�µ¥¡¨´�°Îµ�µ�Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ Å�o¦o°¥¨³Ŵ����Ŵ
°¥nµ�¤¸�´¥­Îµ�´��¸É¦³�´�Ŵ ����Ŵ Â¨³�´ªÂ�¦�µ¦¦´�¦¼o
�ªµ¤­µ¤µ¦���Á°�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�
Á¡ºÉ°­»�£µ¡Ŵ­µ¤µ¦��Îµ�µ¥¡¨´�°Îµ�µ�Ä��µ¦��·�´�·
¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ Å�o¦o°¥¨³Ŵ ����Ŵ °¥nµ�
¤¸�´¥­Îµ�´��¸É¦³�´�Ŵ����Ŵ­nª��´ªÂ�¦�ªµ¤Á�ºÉ°Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡�n°¡¨´�°Îµ�µ�Ä�
�µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Å¤n¤¸°Îµ�µ�Ä�
�µ¦�Îµ�µ¥¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�
Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�

w����¡����Ú�
Ŵ ��Ŵ �{��´¥£µ¥Ä�Â¨³�{��´¥£µ¥�°�¤¸�ªµ¤
­´¤¡´��r�µ��ª��´�¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�Ŵ
� � �����ªµ¤Á�ºÉ°Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡� ¤¸�ªµ¤­´¤¡´��r�µ��ª��´�¡¨´�
°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥
¦»n�Ŵ Ŵ Â­��ªnµŴ �oµª´¥¦»n��°��o�¤¸�ªµ¤Á�ºÉ°Ä��µ¦��·�´�·
¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡¤µ�Ŵ�È�³¤¡̧¨�́°Îµ�µ�Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡¤µ�Ŵ�´ª°¥nµ��ªµ¤
Á�ºÉ°Ŵ�º°�µ¦¦´��¦³�µ��´�Ŵ�¨Å¤oÁ�}��¦³�Îµ�nª¥�j°��´�
�o°��¼�ŴÂ¨³�µ¦�µ�ª·�µ¤·��¸É¦nµ��µ¥�o°��µ¦ŴÂ¨³¦´�¦¼o�¹�
Ã°�µ­Á­¸É¥��µ�¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ�º°�µ¦��¦�́
�¦³�µ�°µ®µ¦¤ºÊ°Á�oµŴ�ÎµÄ®oÁ�·�£µª³�µ�­µ¦°µ®µ¦ŴÂ¨³
�ªµ¤Á�È��iª¥Å�oŴ �¹É�­·É��¦³�»o��¸É�nª¥Ä®o��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡Å�o�º°ŴÁ¡ºÉ°�­�·�®¦º°��Ä�¨o�·��¸É�°¥
Â�³�Îµ�o°��̧°��µ¦�¦·Ã£�°µ®µ¦Á¡ºÉ°­»�£µ¡Ŵ�ÎµÄ®oÁ�oµÄ�Ŵ
Â¨³¤¸�ªµ¤¦¼o­¹�°¥µ���·�´�·¤µ��¹Ê���
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Ŵ Ŵ �°��µ��´Ê��µ¦�¸É�»��¨�{�Ä�¥¹��º°­·É�Ä�
­·É�®�¹É�Ŵ�¹É�°µ�¤¸Á®�»�¨®¦º°Å¤n¤¸Á®�»�¨�ÈÅ�oŴÂ¨³�ÎµÄ®o
�»��¨¤¸�ªµ¤Ã�o¤Á°¸¥��¸É�³��·�´�·ŴÂ¨³­¦oµ�¡§�·�¦¦¤
�¦��µ¤�ªµ¤Á�oµÄ��´Ê�ÇŴ�ªµ¤Á�ºÉ°�³ {�Â�n�°¥¼nÄ��·�Ä�Ŵ
Â¨³¤¸���µ�­Îµ�´�Ä��µ¦ªµ�¦µ��µ�Â®n�¡§�·�¦¦¤Ŵ
Â¨³�ªµ¤Á�ºÉ°¥´��³Á�}��´ª�Îµ®��Ä®o�»��¨��·�´�·
¡§�·�¦¦¤�µ¤­·É��¸É��Á�ºÉ°Ŵ �´Ê�ŴÇŴ�¸É�µ��¦´Ê��ªµ¤Á�ºÉ°
�´Ê�°µ�Å¤n°¥¼n��¡ºÊ��µ��ªµ¤Á�}��¦·��È�µ¤Ŵ �¨nµªªnµ
­·É��´��ÎµÄ®oÁ�·��µ¦��·�´�·�¹Ê�°¸�ŴÂ¨³�Îµ¤µÁ�}�¦¼�Â��
�µ¦°�·�µ¥¡§�·�¦¦¤�µ¦�j°��´�­»�£µ¡Ŵ Ã�¥�³¥¹�
Á¦ºÉ°��ªµ¤Á�ºÉ°Á�}�®¨´��µ¦�¸É�»��¨Ä��»��¨®�¹É��³¤¸
¡§�·�¦¦¤�µ¦�j°��´�Ã¦���

� � �����µ¦¦´�¦¼o�ªµ¤­µ¤µ¦�Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡�¤¸�ªµ¤­´¤¡´��r
�µ��ª��´�¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�
Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�Ŵ Ŵ Â­��ªnµ�oµª´¥¦»n��°��o�¤¸�µ¦
¦´�¦¼o�ªµ¤­µ¤µ¦�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°
­»�£µ¡¤µ�Ŵ�È�³¤¸¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡¤µ��Ã�¥ª¥́¦»n�¤�̧µ¦®¨�̧Á¨¸É¥�°µ®µ¦
�¸É¤¸�¨Á­¸¥�n°¦nµ��µ¥Ŵ�º°�µ¦�n°��¨µ¥°µ¦¤�r�oª¥�µ¦
°°��Îµ¨�́�µ¥Â���µ¦�ºÉ¤Á�¦ºÉ°��ºÉ¤�¸É¤Â̧°¨�°±°¨rŴ®¦º°Ŵ
Á¨º°�¦´��¦³�µ��¨Å¤o­�Â���¨Å¤o®¤´��°�Ŵ Â¨³Ŵ
¦�́�¦³�µ�°µ®µ¦�¸É¤�̧¦·¤µ��¸ÉÁ¡¥̧�¡°��́�ªµ¤�o°��µ¦Ŵ
�°�¦nµ��µ¥��Ŵ�°��µ��¸Ê�ªµ¤Á�ºÉ°¤´É�Ä��ªµ¤­µ¤µ¦�¤¸
�¨�¦³���n°�µ¦�¦³�ÎµÃ�¥�¦�ŴÂ¨³¤°̧·��·¡¨�n°�ªµ¤
�´Ê�Ä��oª¥
Ŵ Ŵ ���Ŵ�ªµ¤�´Ê�Ä�Ä��µ¦��·��́·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡� ¤¸�ªµ¤­´¤¡´��r�µ��ª��´�¡¨´�
°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�
ª¥́¦»n�ŴÂ­��ªnµ�oµª¥́¦»n��°��o�¤�̧ªµ¤�´Ê�Ä�Ä��µ¦��·��́·
¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡¤µ�Ŵ¡¨´�°Îµ�µ�Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡¤µ�Ŵ Ã�¥ª´¥¦»n�¤¸
­»��·­´¥Ä��µ¦�¦·Ã£�°µ®µ¦Ŵ Á�n�Ŵ¨oµ��´�Â¨³�¨Å¤oÄ®o
­³°µ��n°�¦´��¦³�µ��»��¦´Ê�ŴÂ¨³¨oµ�¤º°�»��¦´Ê��n°�
Â¨³®¨´�¦´��¦³�µ�°µ®µ¦Ŵ�¹É�ª´¥¦»n�¤¸�ªµ¤�´Ê�Ä�Ä��µ¦
�¦·Ã£�°µ®µ¦�¸É¤¸�¦·¤µ�Á¡¸¥�¡°�´��ªµ¤�o°��µ¦�°�
¦nµ��µ¥Ŵ�º°�´Ê�Ä��³¦´��¦³�µ�Å�nŴ���Ŵ¢°��n°­´��µ®rŴ
¦�́�¦³�µ���́Â¨³�¨Å¤o­��»�¤ºÊ°ŴÂ¨³�ºÉ¤�¤°¥nµ��o°¥

ª´�¨³Ŵ ���Ŵ�¨n°�Ŵ �¹É�­µ¤µ¦�°�·�µ¥Å�oªnµ�ªµ¤�´Ê�Ä�Ŵ
Á�}��µ¦Â­���ªµ¤¤»n�¤´É��°��»��¨�¸É�³�¦³�Îµ®¦º°
Å¤n�¦³�Îµ¡§�·�¦¦¤�´Ê�Ä�°�µ��ŴÂ¨³Á�}��{��´¥�µ¦
�¼�Ä��¸É¤¸°·��·¡¨�n°¡§�·�¦¦¤Ŵ�ªµ¤�´Ê�Ä��³Á�}��´ª�n�
�¸Êªnµ�»��¨Å�o�»n¤Á��ªµ¤¡¥µ¥µ¤¤µ��o°¥Á¡¸¥�Ä��¸É�³
�¦³�Îµ¡§�·�¦¦¤�´Ê���������

� � ����Â¦�­�´�­�»��µ�­´��¤Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ¤¸�ªµ¤­´¤¡´��r
�µ��ª��´�¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�
Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�Ŵ Ŵ Â­��ªnµ�oµª´¥¦»n��°��o�¤¸Â¦�
­�´�­�»��µ�­´��¤Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°
­»�£µ�¸Ŵ¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°Ŵ
­»�£µ¡�¸Ŵ Ã�¥ª´¥¦»n�¤¸Â¦�­�´�­�»��oµ�°µ¦¤�rŴ �º°ŴŴ
��Ä�¨o�·�¤�̧µ¦��́Á�¦¥̧¤°µ®µ¦�¸É¤�̧¦³Ã¥��rŴÂ¨³�¨°�£¥́�n°Ŵ
­»�£µ¡ŴÂ¨³�°¥Â�³�Îµ°µ®µ¦�¸É¤¸�¦³Ã¥��r�n°­»�£µ¡
°¥nµ�­¤ÎÉµÁ­¤°Ŵ Á�ºÉ°��µ�­nª�Ä®�nª´¥¦»n��³¡´�°µ«´¥°¥¼n
�´��·�µ¤µ¦�µŴÂ¨³Â¦�­�´�­�»��oµ��o°¤¼¨�nµª­µ¦Ŵ�º°
Å�o¦´��o°¤¼¨�µ���Ä�¨o�·�ŴÂ¨³�µ¦Ã�¬�µ°µ®µ¦Á¡ºÉ°
­»�£µ¡ŴÃ¦��¸ÉÁ�·��µ��µ¦�¦·Ã£�Å¤n�¼��o°��µ�Ã�¦�«́�r
�»�ª´�Ŵ�¹É�­µ¤µ¦�°�·�µ¥Å�oªnµ�µ¦¤¸��·­´¤¡´��r¦³®ªnµ�
�»��¨Ŵ�¦³�°��oª¥Ŵ�ªµ¤¦´�Ŵ®nª�Ä¥Ŵ�ªµ¤Åªoªµ�Ä�Ŵ
�ªµ¤�nª¥Á®¨º°�oµ��µ¦Á�·�Ŵ­·É��°�Ŵ�µ¦Ä®o�o°¤¼̈ Ŵ�nµª­µ¦Ŵ
�¨°����o°¤¼¨�j°��¨´�ŴÂ¨³�o°¤¼¨Á¡ºÉ°�µ¦Á¦¸¥�¦¼oÂ¨³
�¦³Á¤·������

� ��� �{��´¥�´�­¦¦­µ¤µ¦�¦nª¤�Îµ�µ¥¡¨´�
°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡
�°�ª´¥¦»n��¡�ªnµŴ�ªµ¤�´Ê�Ä�Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡ŴÂ¦�­��́­�»��µ�­�́�¤Ä��µ¦��·��́·
¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Â¨³�µ¦¦�́¦¼o�ªµ¤­µ¤µ¦�
��Á°�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ
­µ¤µ¦�¦nª¤�Îµ�µ¥¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�Ŵ Å�o¦o°¥¨³Ŵ����� °¥nµ�¤¸
�´¥­Îµ�´��µ�­�·�·�¸É¦³�´�Ŵ���Ŵ�´ªÂ�¦�ªµ¤�´Ê�Ä�Ä��µ¦
��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ�¼���́Á¨º°�Á�oµ­¼n­¤
�µ¦Á�}��´ªÂ¦�ŴÂ¨³­µ¤µ¦�°�·�µ¥¡¨´�°Îµ�µ�Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ Å�o¦o°¥¨³Ŵ����Ŵ
�´ªÂ�¦Â¦�­�´�­�»��µ�­´��¤Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡�¼��´�Á¨º°�Á�oµ­¼n­¤�µ¦Á�}��´ªÂ�¦



�� ,1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����#RTKN���,WPG������

�¸ÉŴ �ŴÂ¨³­µ¤µ¦�Á¡·É¤�ªµ¤­µ¤µ¦�Ä��µ¦°�·�µ¥¡¨´�
°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡ŴŴ
Å�o¦o°¥¨³Ŵ����Ŵ�ÎµÄ®o�ªµ¤�´Ê�Ä�Ä��µ¦��·��́·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡Â¨³Â¦�­�´�­�»��µ�­´��¤Ä��µ¦
��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ­µ¤µ¦�¦nª¤�Îµ�µ¥
¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ
�°�ª´¥¦»n�Ŵ Ã¦�Á¦¸¥�¤´�¥¤«¹�¬µŴ �´�®ª´��°�Â�n�ŴŴ
Å�o¦o°¥¨³Ŵ����ŴÂ¨³�ª́Â�¦Â¦�­��́­�»��µ�­�́�¤Ä��µ¦Ŵ
��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ�¼���́Á¨º°�Á�oµ­¼n­¤
�µ¦Á�}��ª́Â�¦�¸ÉŴ�ŴÂ¨³­µ¤µ¦�Á¡·É¤�ªµ¤­µ¤µ¦�Ä��µ¦
°�·�µ¥¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°
­»�£µ¡�°�ª¥́¦»n�ŴÅ�o¦o°¥¨³Ŵ���Ŵ�ÎµÄ®o�ªµ¤�´Ê�Ä�Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡ŴÂ¦�­�´�­�»��µ�
­´��¤Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Â¨³
�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦���Á°�Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ­µ¤µ¦�¦nª¤�Îµ�µ¥¡¨´�°Îµ�µ�Ä�Ŵ
�µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�ŴŴ
Å�o¦o°¥¨³Ŵ����
Ŵ Ŵ �³Á®È�Å�oªnµ�ªµ¤�´Ê�Ä�Ä��µ¦��·�´�·
¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡ŴÂ¦�­�´�­�»��µ�­´��¤
Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Â¨³�µ¦¦´�
¦¼o�ªµ¤­µ¤µ¦���Á°�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�
Á¡ºÉ°­»�£µ¡Ŵ­µ¤µ¦�¦nª¤�Îµ�µ¥¡¨�́°Îµ�µ�Ä��µ¦��·��́·
¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�Å�oŴ ­nª��ªµ¤
Á�ºÉ°Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡�n°¡¨´�
°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Å¤n¤¸
°Îµ�µ�Ä��µ¦�Îµ�µ¥¡¨�́°Îµ�µ�Ä��µ¦��·��́·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�Å�oŴ °µ�Á�ºÉ°��µ��´ªÂ�¦
¤¸�ªµ¤­´¤¡´��r�´�¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡Ä�¦³��́�ÎÉµ��������Ŵ�¹É��ÎµÄ®oÅ¤n­µ¤µ¦�
�Îµ�µ¥¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°
­»�£µ¡Å�oŴ Á¡¦µ³�´ªÂ�¦�Îµ�µ¥Â¨³�´ªÂ�¦Á���r�o°�
¤¸�ªµ¤­´¤¡´��r�´�Ä�¦³�´�­¼�Ŵ ¤·�³�´Ê��³­n��¨�n°Ŵ
�nµ­´¤�¦³­·��·Í­®­´¤¡´��r�µ¦¡¥µ�¦�rŴ

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ ¡¥µ�µ¨�ª¦�¦³®�´��¹��ªµ¤­Îµ�´��°�
�ªµ¤Á�ºÉ°Ŵ�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦���Á°�Ŵ�ªµ¤�´Ê�Ä�ŴÂ¨³

Â¦�­�´�­�»��µ�­´��¤Á�¸É¥ª�´��µ¦��·�´�·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡ŴÄ��µ¦�¦³Á¤·�Â¨³­n�Á­¦·¤Ä®oª´¥¦»n�
¤¡̧¨�́°Îµ�µ�Ä��µ¦��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡
Á¡·É¤¤µ��¹Ê�
Ŵ ��Ŵ ¡¥µ�µ¨�ª¦��́Ä®o¤�̧µ¦­n�Á­¦·¤�ªµ¤�´Ê�Ä�Ŵ
Â¨³�µ¦¦�́¦¼o�ªµ¤­µ¤µ¦���Á°�Ä��µ¦��·��́·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡ŴÁ¡ºÉ°Ä®oª¥́¦»n��°��o�Ä�Ã¦�Á¦¥̧�¤¡̧¨�́
°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ŵ Á¡ºÉ°
�j°��´��{�®µ£µª³Ã£��µ�µ¦Ä�ª´¥¦»n��°��o�
Ŵ ��Ŵ ¡¥µ�µ¨Á�È��¸É¤¸���µ�Ä��µ¦�¼Â¨ª´¥¦»n�
�ª¦�´�Ã�Â�¦¤Á�¸É¥ª�´��µ¦­n�Á­¦·¤¡¨´�°Îµ�µ�Ä��µ¦
��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°­»�£µ¡Ä®o�´�Á�È�Â¨³�¼o
���¦°�Ŵ�¹É�­µ¤µ¦��nª¥�j°���́�{�®µ­»�£µ¡�µ��{�®µ
£µª³Ã£��µ�µ¦�¸É�³�µ¤¤µÅ�o
Ŵ ��Ŵ �ª¦¤¸�µ¦«¹�¬µ�¨�°�Ã�¦Â�¦¤�¸ÉÁ­¦·¤
­¦oµ��ªµ¤�´Ê�Ä�Ŵ�µ¦¦´�¦¼o�ªµ¤­µ¤µ¦���Á°�ŴÂ¨³Â¦�
­�´�­�»��µ�­´��¤Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°
­»�£µ¡Ŵ�n°¡¨´�°Îµ�µ�Ä��µ¦��·�´�·¡§�·�¦¦¤�¦·Ã£�
Á¡ºÉ°­»�£µ¡Ä�ª´¥¦»n��°��o��n°Å�
Ŵ ��Ŵ �ª¦�´��ÎµŴ®¦º°¡´��µÁ�¦ºÉ°�¤º°Ŵ ¦¼�Â��
�µ¦­¦oµ�¡¨�́°Îµ�µ�Ä��µ¦��·��́·¡§�·�¦¦¤�¦·Ã£�Á¡ºÉ°
­»�£µ¡Ŵ�µ��µ¦¦�́¦¼o¡¨�́°Îµ�µ�Ä��µ¦��·��́·¡§�·�¦¦¤
�¦·Ã£�Á¡ºÉ°­»�£µ¡�°�ª´¥¦»n�Ŵ Á¡ºÉ°Á jµ¦³ª´��{�®µ£µª³
Ã£��µ�µ¦Ä�ª´¥¦»n��n°Å�

3FGFSFODF
��Ŵ 'HSDUWPHQWŴRIŴ+HDOWK�Ŵ0LQLVWU\ŴRIŴ3XEOLFŴ+HDOWK�Ŵ

+HDOWK\Ŵ7KDLODQG�Ŵ1RQWKDEXUL�Ŵ0LQLVWU\ŴRIŴ3XEOLFŴ
+HDOWK�Ŵ�����

��Ŵ 2IILFHŴ RIŴ WKHŴ1DWLRQDOŴ (FRQRPLFŴ DQGŴ 6RFLDOŴ
'HYHORSPHQWŴ%RDUG�Ŵ6XVWDLQDEOHŴ'HYHORSPHQWŴ
,QGLFDWRUV�Ŵ%DQJNRN�Ŵ�����

��Ŵ /LNLWPDVNXOŴ6�ŴŴ&KLOGKRRGŴ2EHVLW\ŴLQŴ7KDLODQG�Ŵ
&OLQLF�Ŵ-RXUQDOŴRIŴ&OLQLFDOŴ3UDFWLFHŴDQGŴ8VHŴ'UXJŴ
�����Ŵ�������Ŵ����������Ŵ

��Ŵ :RQJWRQJŴ2�Ŵ)DPLO\Ŵ1XWULWLRQ�Ŵ%DQJNRN�Ŵ.D�
VHWVDUWŴ8QLYHUVLW\�Ŵ�����
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��Ŵ 0DKDFKRNOHUWZDWWDQDŴ3�ŴHWŴDO�Ŵ+HDOWKŴ&DUHŴ6WUDW�
HJ\Ŵ DQGŴ+HDOWKŴ3URPRWLRQŴv7HHQw�Ŵ%DQJNRN�Ŵ
&KDLFKDURHQFRP�Ŵ�����

��Ŵ %XUHDXŴ RIŴ1XWULWLRQ�Ŵ'HSDUWPHQWŴ RIŴ+HDOWK�Ŵ
0LQLVWU\ŴRIŴ3XEOLFŴ+HDOWK�Ŵ5HIHUHQFHŴVWDQGDUGV�Ŵ
%RG\ŴZHLJKWŴ�ŴLQŴLQIDQF\ŴDQGŴFKLOGKRRGŴ�ŴFKDUWV�Ŵ
*URZWKŴ�ŴSK\VLRORJ\�ŴŴ*URZWKŴ�ŴLQŴLQIDQF\ŴDQGŴ
FKLOGKRRGŴ�ŴFKDUWV�Ŵ+HDOWKŴRIŴ6SHFLDOŴ*URXSV�Ŵ
7KDLODQG�Ŵ1RQWKDEXUL�Ŵ 3ULQWLQJŴ)HGHUDWLRQŴ RIŴ
$JULFXOWXUDOŴ&RRSHUDWLYHVŴRIŴ7KDLODQG�Ŵ�����

��Ŵ *LEVRQŴ&�+�Ŵ$ŴVWXG\ŴRIŴHPSRZHUPHQWŴLQŴPRWKHUVŴ
RIŴFKURQLFDOO\ŴLOOŴFKLOGUHQ�Ŵ8QSXEOLVKHGŴGRFWRUDOŴ
GLVVHUWDWLRQ�Ŵ%RVWRQ�Ŵ%RVWRQŴ&ROOHJH�Ŵ�����

��Ŵ %DQGXUDŴ$�Ŵ6RFLDOŴ IRXQGDWLRQVŴRIŴ WKRXJKWŴ DQGŴ
DFWLRQ�Ŵ$Ŵ VRFLDOŴ FRJQLWLYHŴ WKHRU\�Ŵ(QJOHZRRGŴ
&OLIIV�Ŵ1-�Ŵ3UHQWLFH�+DOO�Ŵ�����

��Ŵ 'HSDUWPHQWŴRIŴ+HDOWK�Ŵ0LQLVWU\ŴRIŴ3XEOLFŴ+HDOWK�Ŵ
2YHU�QXWULWLRQŴ&RQWUROŴ DQGŴ 3UHYHQWŴ0DQXDOŴ
DPRQJŴVWXGHQWV�Ŵ1RQWKDEXUL�Ŵ0LQLVWU\ŴRIŴ3XEOLFŴ
+HDOWK�Ŵ�����

���Ŵ 6XWKXWYRUDYXWŴ8�Ŵ1XWULWLRQŴ DQGŴ([HUFLVH�Ŵ ,QŴ
6XZDQQDŴ5HDQJNDQMDQDVHDUW�Ŵ'XQJUXUGHHŴ:DW�
WDQDVLULFKDLJRRQŴDQGŴ.DQFKDQDŴ7DQJQDUDUDWFK�
DNLWŴ �(GLWRU��Ŵ 3HGLDWULFŴ$GYDQFHGŴ3UDFWLFHŴ��Ŵ
)URPŴ7UHDWPHQWŴWRŴ+HDOWKŴ3URPRWLRQ�Ŵ%DQJNRN�Ŵ
'HSDUWPHQWŴRIŴ3HGLDWULFV�Ŵ)DFXOW\ŴRIŴ0HGLFLQH�Ŵ
5DPDWKLERGLŴ+RVSLWDO�Ŵ�����

���Ŵ &RKHQŴ-�Ŵ6WDWLVWLFDOŴSRZHUŴDQDO\VLVŴIRUŴWKHŴEHKDY�
LRUDOŴVFLHQFHVŴ��QGŴHG���Ŵ+LOOVGDOH�Ŵ1-�Ŵ/DZUHQFHŴ
(DUOEDXPŴ$VVRFLDWHV�Ŵ�����

���Ŵ %HFNHUŴ0+�Ŵ0DLPDQŴ /$�Ŵ 6RFLREHKDYLRUDOŴ
'HWHUPLQDQWVŴ RIŴ&RPSOLDQFHŴZLWKŴ+HDOWKŴ DQGŴ
0HGLFDOŴ&DUHŴ5HFRPPHQGDWLRQV�Ŵ0HGLFDOŴ&DUHŴ
�����Ŵ������Ŵ�����

���Ŵ +RXVHŴ-6�Ŵ:RUNŴ6WUHVVŴDQGŴ6RFLDOŴ6XSSRUW�Ŵ0$�Ŵ
$GGLVRQ�:HVOH\�Ŵ5HDGLQJ�ŴŴ�����

���Ŵ 9RQJSLWDNURMŴ 5�Ŵ 7KHŴ 5HODWLRQVKLSŴ %HWZHHQŴ
+HDOWKŴ%HOLHI�Ŵ6RFLDOŴ6XSSRUWŴ$QGŴ+,9Ŵ3UHJQDQWŴ
:RPHQVŴ3UDFWLFDOŴ%HKDYLRU�Ŵ$Ŵ&DVHŴ6WXG\Ŵ ,QŴ
1DNRUQŴ3DWKRPŴ+RVSLWDO�Ŵ �7KHVLV��Ŵ%DQJNRN�Ŵ
0DKLGROŴ8QLYHUVLW\�Ŵ�����

���Ŵ 1DNSUHFKDŴ3�Ŵ6HOHFWHGŴ)DFWRUVŴ5HODWLQJŴWRŴ:HLJKWŴ
&RQWUROŴ%HKDYLRUVŴ RIŴ$GROHVFHQWVŴ LQŴ6DUDEXULŴ
0XQLFLSDOOLW\�ŴŴ�7KHVLV��Ŵ.KRQŴ.DHQ�Ŵ.KRQŴ.DHQŴ
8QLYHUVLW\�Ŵ�����

���Ŵ 6RRNNKRŴ$�Ŵ(IIHFWŴRIŴ+HDOWKŴ3URPRWLRQŴ3URJUDPŴ
RQŴ)RRGŴ&RQVIXPSWLRQŴ%HKDYLRUŴ DQGŴ3K\VLFDOŴ
$FWLYLWŴ0RGLűFDWLRQŴRIŴ2YHUZHLJKWŴ0LGGOHŴ$JHŴ
:RPHQŴ/LYLQJŴ1HDUŴ.KRQŴ.DHQŴ0XQLFLSDOLW\Ŵ
&LW\Ŵ$UHD�Ŵ.KRQŴ.DHQŴ3URYLQFH�ŴŴ�7KHVLV��Ŵ.KRQŴ
.DHQ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\�Ŵ�����

���Ŵ 7DQPXND\DNXOŴŴ$�Ŵ3RZHUŴZLWKŴ(PSRZHUPHQWŴŴLQŴ
1XUVLQJ�Ŵ1XUVLQJŴMRXUQDOŴ�����Ŵ������Ŵ�y��

���Ŵ &KXHEDQJŴ:�Ŵ$WWLWXGHVŴ6XEMHFWLYHŴ1RUPVŴDQGŴ
,QWHQWLRQVŴWRŴ3HUIRUPŴ+HDOWK\Ŵ'LHWDU\Ŵ%HKDYLRUVŴ
DPRQJŴ)HPDOHŴ$OGROHVFHQWV�Ŵ&KLDQJŴ0DL�Ŵ&KLDQJŴ
0DLŴ8QLYHUVLW\�Ŵ�����

���Ŵ 3DLSD\REŴ7�Ŵ5HODWLRQVKLSVŴ%HWZHHQŴ6HOHFWHGŴ
)DFWRUVŴ DQGŴ 6WUHVVŴ0DQDJHPHQWŴ%HKDYLRUŴ RIŴ
/RZHUŴ6HFRQGDU\Ŵ6WXGHQWV�Ŵ%DQJNRNŴ�7KDLODQG��Ŵ
&KXODORQJNRUQŴ8QLYHUVLW\�Ŵ�����

���Ŵ 'HHQDQŴ$�ŴHWŴDO�Ŵ$FRPSDUDWLYHŴVWXG\ŴRIŴH[HUFLVHŴ
EHKDYLRUV�Ŵ HDWLQJŴ EHKDYLRUV�Ŵ VHUXPŴ OLSLG�Ŵ DQGŴ
ERG\ŴPDVVŴLQGH[ŴRIŴ7KDLŴ$GROHVFHQWV�Ŵ&KRQEXUL�Ŵ
)DFXOW\ŴRIŴ1XUVLQJŴ%XUDSKDŴ8QLYHUVLW\�Ŵ�����

���Ŵ 1DGHHŴ6�ŴŴ7HHUDQXWHŴ$�Ŵ%RRQVDZDWŴ:�Ŵ7KHŴ(IIHFWŴ
RIŴ(PSRZHUPHQWŴ3URJUDPŴRQŴ)DWLJXHŴV\PSWRPŴ
LQŴ7KHŴ(OGHUO\ŴZLWKŴ&KURQLFŴ2EVWUXFWLYHŴ3XO�
PRQDU\Ŵ'LVHDVH�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴ
RIŴ 7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ �����Ŵ
������Ŵ������

���Ŵ 'DHQVHHNDHZŴ6�Ŵ7KRQJNUDMDLŴ (�Ŵ 6DHQVRQŴ'�Ŵ
%RRQSDXQJŴ3�Ŵ5HXQJVXNVXGŴ3�Ŵ'HYHORSPHQWŴRIŴ
+HDOWKŴ3URPRWLRQŴ6\VWHPŴ IRUŴ3ULPDU\Ŵ6FKRROŴ
6WXGHQWŴLQŴ5HPRWHŴ&RPPXQLWLHVŴDORQJŴ7KDLODQGŴ
DQGŴ/RDVŴ3'5Ŵ%RUGHU�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$V�
VRFLDWLRQŴ RIŴ7KDLODQGŴ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����Ŵ������Ŵ�����
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5IF�3FMBUJPOTIJQ�CFUXFFO�4FMFDUFE�'BDUPST�BOE�UIF�1PXFS�JO��
1SBDUJDJOH�PG�UIF�$POTVNQUJPO�#FIBWJPST�GPS�)FBMUI�BOE�/VUSJUJPOBM�

4UBUVT�PG�:PVUI�JO�4FDPOEBSZ�4DIPPM�"NQVS�.BVOH
�
,IPO�,BFO�QSPWJODF�

Ŵ Ŵ 6DUDQ\DŴ3OHQJNUDWRNHŴ0�1�6�

ŴŴ 6DXZDPDVŴ7KHXQQDGHHŴ3K'


Ŵ

"CTUSBDU
Ŵ 7KLVŴVWXG\ŴDLPVŴWRŴGHVFULEHŴQXWULWLRQDOŴVWDWXVŴDQGŴSRZHUŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴLQŴ\RXWK�Ŵ
UHODWLRQVKLSŴEHWZHHQŴVHOHFWHGŴIDFWRUV�ŴSRZHUŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴLQŴ\RXWKŴDQGŴH[DPLQHŴSUHGLFWRUŴ
RIŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴLQŴ\RXWKŴVHFRQGDU\ŴVFKRRO�Ŵ.KRQŴ.DHQŴSURYLQFHŴWZRŴKXQGUHGŴWZHOYHŴ
VFKRROŴFKLOGUHQŴDWWHQGLQJŴDWŴVFKRROŴLQŴ.KRQŴ.DHQŴSURYLQFHŴZHUHŴUDQGRPO\ŴVHOHFWHG�Ŵ7KHŴVWXG\ŴZDVŴFRQGXFWHGŴ
GXULQJŴ-XQHŴyŴ-XO\�Ŵ�����Ŵ'DWDŴZDVŴFROOHFWHGŴE\ŴXVLQJŴWKHŴTXHVWLRQQDLUHVŴGHYHORSHGŴE\ŴWKHŴUHVHDUFKHU�ŴWRŴDVVHVVŴ
EHOLHIŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUV�ŴSHUFHLYHGŴVHOIŴyŴHIűFDF\ŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUV�Ŵ
LQWHQWLRQVŴWRŴSHUIRUPŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUV�ŴVRFLDOŴVXSSRUWŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴ
DQGŴSRZHUŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUV�Ŵ&RQWHQWŴYDOLGLW\ŴIRUŴDOOŴTXHVWLRQQDLUHVŴZDVŴHVWDEOLVKHGŴE\ŴDŴ
SDQHOŴRIŴH[SHUWV�Ŵ&URQEDFKuVŴDOSKDŴFRHIűFLHQWVŴRIŴWKHŴLQVWUXPHQWVŴZHUHŴ����Ŵ����Ŵ����Ŵ���ŴDQGŴ���ŴUHVSHFWLYHO\�Ŵ
$QDO\]LQJŴGDWDŴE\ŴFDOFXODWLQJŴPHDQV�ŴVWDQGDUGŴGHYLDWLRQ�ŴSHUFHQWDJHV�Ŵ3HDUVRQuVŴSURGXFWŴPRPHQWŴFRUUHODWLRQŴ
FRHIűFLHQW�ŴDQGŴWKHŴVWHSZLVHŴPXOWLSOHŴUHJUHVVLRQŴDQDO\VLV�Ŵ
Ŵ 7KHŴUHVXOWVŴDUHŴDVŴIROORZLQJ�Ŵ��Ŵ7KHŴ\RXWKŴLQŴVHFRQGDU\ŴVFKRRO�Ŵ.KRQŴ.DHQŴSURYLQFHŴZDVŴ�����Ŵ�ŴRIŴWKHŴ
XQGHUQXWULWLRQ�ŴŴ��Ŵ7KHŴ\RXWKŴLQŴVHFRQGDU\ŴVFKRRO�Ŵ.KRQŴ.DHQŴSURYLQFHŴKDGŴSRZHUŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴ
EHKDYLRUVŴZDVŴDWŴWKHŴJRRGŴOHYHOŴDQGŴPHDQŴVFRUHŴ����Ŵ��Ŵ7KHUHŴZHUHŴSRVLWLYLW\ŴVWDWLVWLFDOŴFRUUHODWLRQVŴEHWZHHQŴSULRUŴ
UHODWHGŴEHOLHI�ŴSHUFHLYHGŴVHOIŴyŴHIűFDF\�ŴLQWHQWLRQŴWRŴSHUIRUPŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴDQGŴVRFLDOŴ
VXSSRUWŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴLQŴ\RXWKŴLQŴVHFRQGDU\ŴVFKRRO�Ŵ.KRQŴ.DHQŴSURYLQFHŴDQGŴSRZHUŴLQŴ
SUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴDWŴWKHŴOHYHOŴRIŴ���Ŵ�UŴ Ŵ����Ŵ����Ŵ���ŴDQGŴ����ŴUHVSHFWLYHO\�Ŵ��Ŵ3ULRUŴUHODWHGŴ
LQWHQWLRQŴWRŴSHUIRUP�ŴVRFLDOŴVXSSRUWŴDQGŴSHUFHLYHGŴVHOIŴyŴHIűFDF\ŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴZHUHŴWKHŴ
YDULDEOHVŴWKDWŴVLJQLűFDQWO\ŴSUHGLFWHGŴSRZHUŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴ\RXWKŴLQŴVHFRQGDU\ŴVFKRRO�Ŵ
.KRQŴ.DHQŴSURYLQFHŴDWŴWKHŴOHYHOŴRIŴ����Ŵ7KHŴSUHGLFWHGŴSRZHUŴZDVŴ�����Ŵ�ŴRIŴWKHŴYDULDQFH�Ŵ��Ŵ%DVHGŴRQŴWKHVHŴ
űQGLQJV�ŴWKHŴUHVHDUFKHUŴVXJJHVWHGŴWKDW�ŴWRŴSURPRWHŴWKHŴ\RXWKŴSRZHUŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴEHKDYLRUV�ŴKHDOWKŴ
FDUHŴSURYLGHUV�ŴIDPLO\�ŴWHDFKHUŴDQGŴ\RXUŴIULHQGŴVKRXOGŴSD\ŴPRUHŴDWWHQWLRQŴRQŴHQKDQFLQJŴWKHLUŴEHOLHIŴLQŴSUDFWLFHVŴ
RQŴKHDOWK\ŴHDWLQJŴEHKDYLRUVŴDQGŴDOVRŴVXSSRUWLQJŴWKHLUŴVLJQLűFDQWŴSHUVRQVŴRIŴSRZHUŴLQŴSUDFWLFHVŴRQŴKHDOWK\ŴHDWLQJŴ
EHKDYLRUVŴDQGŴJRRGŴQXWULWLRQDOŴVWDWXV�

.H\ZRUGV�ŴŴ VHOHFWHGŴIDFWRUV�ŴSRZHUŴLQŴSUDFWLFLQJ�ŴFRQVXPSWLRQŴEHKDYLRUVŴIRUŴKHDOWK�ŴQXWULWLRQDOŴVWDWXV�Ŵ\RXWKŴ


Ŵ7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ&KLOGŴ+HDOWKŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ&KLOGŴ+HDOWKŴ1XUVLQJ�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\



Ŵ$VVLVWDQWŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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Â�ª�·�®¨´�Ŵ�º°Ŵ�¦³�ª��µ¦�·�¦¼oŴ Â¨³�µ¦¡´��µ�´�¬³�µ¦�´��µ¦��Á°��oµ��µ¦°°��Îµ¨´��µ¥Ŵ�¦³�ª��µ¦�·�¦¼o
¤¸�¨�n°�µ¦¡´��µ�´�¬³�µ¦�´��µ¦��Á°��oµ��µ¦°°��Îµ¨´��µ¥ŴÃ�¥Ŵ��Ŵ�¦³�ª��µ¦�·�¦¼oŴ�¦³�°��oª¥Ŵ����Ŵ�µ¦
Ä®o�ªµ¤®¤µ¥�°�Ã¦�Á�µ®ªµ�Ŵ����Ŵ�µ¦Ä®o�ªµ¤®¤µ¥�µ¦°°��Îµ¨´��µ¥Ŵ����Ŵ�µ¦Ä®o�ªµ¤®¤µ¥�°��µ¦¤¸�¸ª·�ŴŴ
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����Ŵ�µ¦�ª��»¤�Îµ�´���Á°�ŴÂ¨³Ŵ����Ŵ�µ¦�¦³Á¤·��¨¨´¡�r�µ�­»�£µ¡Ŵ
Ŵ ­Îµ®¦´��¨»n¤�¼oÄ®o�o°¤¼¨�¨»n¤�¸ÉÅ¤n°°��Îµ¨´��µ¥Ŵ¤¸�¦³�ª��µ¦�·�¦¼o�¸ÉÂ���nµ��µ��¨»n¤�¸É°°��Îµ¨´��µ¥Á�}�
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�µ¥ŴÃ�¥Ŵ��Ŵ�¦³�ª��µ¦�·�¦¼oŴ�¦³�°��oª¥Ŵ����Ŵ�µ¦Ä®o�ªµ¤®¤µ¥�°�Ã¦�Á�µ®ªµ�Ŵ����Ŵ�µ¦Ä®o�ªµ¤®¤µ¥�µ¦
°°��Îµ¨�́�µ¥ŴÄ�­nª��°��µ¦¡�́�µÁ�}���́¬³ª·��̧µ¦��́�µ¦��Á°�Ä��¨»n¤�¸ÉÅ¤n°°��Îµ¨�́�µ¥°¥nµ�­¤ÎÉµÁ­¤°Ŵ�¦³�°�
�oª¥Ŵ�ŴÂ�ª�·�¥n°¥ŴÅ�oÂ�nŴ��ŴÅ¤n¤¸¦¼�Â��ª·�¸�µ¦°°���Îµ¨´��µ¥�¸É�´�Á��ŴÂ¨³Ŵ��ŴÅ¤n­µ¤µ¦�Á°µ��³°»�­¦¦��nµ�Ç
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�Îµ­Îµ�´���ŴŴ�µ¦�´��µ¦��Á°�Ŵ�¼o�iª¥Á�µ®ªµ���·��¸ÉŴ�Ŵ�µ¦°°��Îµ¨´��µ¥

z���ª�ÒÙ��«�Ýz����·�z�Öx�|�qÖ��
ŴŴ Ã¦�Á�µ®ªµ��º°ªnµÁ�}�Ã¦�Á¦ºÊ°¦´��¸É¡��n°¥Ŵ
�¸É­»�Ä�Ã¦��n°¤Å¦o�n°Ŵ �´�Á�}�Ã¦��¸ÉÅ¤n­µ¤µ¦�¦´�¬µ
Ä®o®µ¥�µ�Ŵ Â¨³Á�·�£µª³Â�¦��o°�Å�o�nµ¥�{��»�´�
¡�ªnµ°»�´�·�µ¦�r�°�Ã¦�Á�µ®ªµ�¤¸�Îµ�ª�¤µ�
�¹Ê�°¥nµ��n°Á�ºÉ°�Ŵ ­®¡´��rÃ¦�Á�µ®ªµ��µ�µ�µ�·ŴŴ

�µ��µ¦�rªnµ���iª¥�oª¥Ã¦�Á�µ®ªµ��³Á¡·É¤¤µ��¹Ê��µ�Ŵ
���¨oµ���Ä��eŴ¡�«�Ŵ����ŴÁ�}�Ŵ���Ŵ̈ oµ���Ä��eŴ¡�«�Ŵ
�����ŴÂ¨³�¸É¡��{�®µ�¸Ê¤µ��¸É­»�Ŵ�º°Ŵ�ª�̧Á°Á�¥̧Ŵ­Îµ®¦�́
�¦³Á�«Å�¥�eŴ¡�«�Ŵ����Ŵ¡�ªnµ¤¸�¼o�iª¥Á�µ®ªµ�­¼��¹�Ŵ
�������Ŵ��Ŵ�·�Á�}�°´�¦µ�µ¦�iª¥Ŵ������Ŵ�n°Â­�
�¦³�µ�¦�Ŵ�{��»�´�Â�ª�µ��µ¦¦´�¬µÃ¦�Á�µ®ªµ�Ŵ�º°Ŵ
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Á¤ºÉ°¤¸�¼o�iª¥Ã¦�Á�µ®ªµ��¸ÉÅ�o¦´��µ¦ª·�·��´¥Ŵ�ª¦Å�o¦´�
�µ¦¦´�¬µ�oª¥�µ¦�ª��»¤°µ®µ¦Ŵ¦nª¤�´��µ¦°°��Îµ¨´�
�µ¥Ŵ�n°��¸É�³Á¦·É¤Ä�o¥µ¨�¦³��́�ÎÊµ�µ¨Ä�Á¨º°�Ŵ¥�Áªo�Ä�
¦µ¥�¸É¤¦̧³��́�ÎÊµ�µ¨��³��°µ®µ¦¤µ��ªnµŴ���Ŵ¤���¨�Ŵ
­µ¤µ¦�Ä�o¥µ¦nª¤�´��µ¦�ª��»¤°µ®µ¦Å�¡¦o°¤�´��Ŵ
�oµ��µ¦«¹�¬µ�¸É�nµ�¤µ¡�ªnµ�{��´¥�¸É¤¸°·��·¡¨�n°�µ¦
�ª��»¤¦³�´��ÎÊµ�µ¨Ä�Á¨º°�Ŵ Å�oÂ�nŴ ¡§�·�¦¦¤�µ¦
�ª��»¤°µ®µ¦Ŵ�µ¦°°��Îµ¨�́�µ¥Ŵ�µ¦Ä�o¥µÁ�µ®ªµ�ŴÂ¨³
�µ¦¤µ�¦ª��µ¤�´��Ŵ�¹É��{��´¥�´��¨nµª�oµ��o�Á�¸É¥ª�o°�
�´�Â��Â���µ¦�ÎµÁ�·��¸ª·��¦³�Îµª´��°��¼o�iª¥�´Ê�­·Ê�ŴŴ
Á¡¦µ³Á¤ºÉ°�¼o�iª¥Å�o¦´��µ¦ª·�·��´¥ªnµÁ�}�Ã¦�Á�µ®ªµ�ŴŴ
�¼o�iª¥�o°�¤�̧µ¦Á�¨¸É¥�Â�¨��µ¦��·��́·�·��¦¦¤�µ�°¥nµ�Ŵ
�µ��¸ÉÁ�¥��·�´�·°¥¼nÁ�·¤Ŵ®¦º°Á¡·É¤�µ¦��·�´�·�·��¦¦¤Ä�
­·É��¸ÉÅ¤nÁ�¥��·�´�·¤µ�n°�Ŵ Ä®o­°��¨o°��´��µ¦�ÎµÁ�·�
�ª̧·��¦³�Îµª�́Ŵ�µ�¦µ¥�o°�¡¥µ¥µ¤�¦�́Á�¨¸É¥�°¥nµ�¤µ�Ŵ
Â�nÅ¤n­µ¤µ¦��¦´�Ä®o­°��¨o°��´�ª·�¸�µ¦�ÎµÁ�·��¸ª·�
�°���Á°�Å�o­n��¨Ä®oÅ¤n­µ¤µ¦��ª��»¤¦³�´��ÎÊµ�µ¨Ŵ
Ä�Á¨º°�Å�o�Ŵ Ã¦�¡¥µ�µ¨­¤Á�È�¡¦³¥»¡¦µ��¦³�ª�Ŵ
¤�̧¼o�iª¥Á�µ®ªµ�¤µ¦�́�¦·�µ¦Ä��¨·�·�Á�µ®ªµ�ŴÁ¡·É¤�¹Ê�
�»��eŴÁ�¨¸É¥�¦³¤µ�Ŵ�����Ŵ¦µ¥�n°Á�º°�ŴÂ¨³­nª�Ä®�n
Å¤n­µ¤µ¦��ª��»¤¦³��́�ÎÊµ�µ¨Ä�Á¨º°�Å�oŴ�µ��µ¦�¦ª�Ŵ
¦³�´��ÎÊµ�µ¨Ä�Á¨º°��)%6�Ŵ Ä�Á�º°�Ŵ­·�®µ�¤Ŵ����ŴŴ
¡�ªnµ�¼o�iª¥Á�µ®ªµ��¸É¤¸¦³�´��ÎÊµ�µ¨Ä�Á¨º°�­¼��ªnµŴ
���Ŵ¤����¨�Ŵ­¼��¹�Ŵ���Ŵ¦µ¥�·�Á�}�¦o°¥¨³Ŵ�����
Ŵ �µ��µ¦«¹�¬µ�o°¤¼¨�µ�Áª�¦³Á�¸¥�¦nª¤�´�
�µ¦ª´��ªµ¤¦¼oÂ¨³�µ¦­´¤£µ¬�r�¼o�iª¥Á�µ®ªµ�Ŵ�¸É¤µ¦´�
�¦·�µ¦�¸É�¨·�·�Á�µ®ªµ�Ã¦�¡¥µ�µ¨­¤Á�È�¡¦³¥»¡¦µ�
�¦³�ª�Ŵ Ä�Á�º°��»¨µ�¤Ŵ¡�«�Ŵ����Ŵ�Îµ�ª�Ŵ��Ŵ��Ŵ
Á¡«®�·�Ŵ��Ŵ��ŴÂ¨³Á¡«�µ¥Ŵ��Ŵ��Ŵ�¼o�iª¥Á�µ®ªµ�
¤¸°µ¥»¦³®ªnµ�Ŵ�����Ŵ�eŴ�Á�¨¸É¥Ŵ�����Ŵ�e�Ŵ¤¸¦³¥³Áª¨µ
�µ¦�iª¥�oª¥Ã¦�Á�µ®ªµ�Ŵ��Ŵ���eŴ�Á�¨¸É¥Ŵ���Ŵ�e�ŴÁ¤ºÉ°ª�́
�ªµ¤¦¼oÁ�¸É¥ª�´�Ã¦�Á�µ®ªµ�Â¨³ª·�¸�µ¦��·�´�·�´ª¡�ªnµŴ
�¼o�iª¥¤�̧ªµ¤¦¼oÁ�¸É¥ª��́Ã¦�Á�µ®ªµ�Â¨³ª·��̧µ¦��·��́·�ª́
°¥¼nÄ�¦³�´��¸�¹��¸¤µ�Ŵ­nª�¡§�·�¦¦¤�µ¦��·�´�·�´ªÁ¡ºÉ°
�ª��»¤¦³�´��ÎÊµ�µ¨Ä�Á¨º°�Ŵ�µ��µ¦­¦»��o°¤¼¨Á�ºÊ°�
�o�Ŵ¡�ªnµ¡§�·�¦¦¤�oµ��µ¦¦´��¦³�µ�°µ®µ¦Ŵ�µ¦¦´�
�¦³�µ�¥µŴÂ¨³�µ¦¤µ�¦ª��µ¤�´��¼o�iª¥­µ¤µ¦��°�
Â¨³��·�´�·Å�o°¥nµ��¼��o°�¡¦o°¤�´Ê�¤¸Á£­´��¦�°¥Ä®o

�ÎµÂ�³�ÎµÁ¦ºÉ°�¥µÁ�µ®ªµ�Á�}�°¥nµ��¸Ŵ ­nª�¡§�·�¦¦¤
�¸ÉÁ�}��{�®µ°¥nµ�Á®È�Å�o�´��º°¡§�·�¦¦¤�oµ��µ¦°°�
�Îµ¨�́�µ¥Ŵ�¸É�¼o�iª¥­nª�Ä®�n¥�́Å¤n­µ¤µ¦��¦�́¡§�·�¦¦¤
�µ¦°°��Îµ¨�́�µ¥Ä®o­°��¨o°���́Â���µ¦¦�́¬µÅ�oÃ�¥
�¼o�iª¥�·�ªnµ��¦´��¦³�µ�¥µ°¥nµ��¼��o°�Â¨³�ª��»¤
°µ®µ¦�È�nµ�³Á¡¥̧�¡°Â¨oªÂ¨³Å¤n¤Á̧ª¨µŴ�·�ªnµ�µ¦�Îµ�µ�
�oµ��º°�µ¦°°��Îµ¨´��µ¥Ŵ Ŵ �µ��µ¦«¹�¬µÁ�¸É¥ª�´��µ¦
°°��Îµ¨´��µ¥Ä��¼o�iª¥Á�µ®ªµ�ŴŴ¡�ªnµŴ­µÁ®�»�¸É�¼o�iª¥
Á�µ®ªµ�Å¤n°°��Îµ¨´��µ¥Ŵ Á�n�Ŵ Å¤n¤¸Áª¨µŴ�ª��o°Ŵ�ª�
®¨´�Ŵ Å¤n¤¸Â¦�ŴÂ¨³Å¤n�°�°°��Îµ¨´��µ¥Ŵ Á�}��o�Ŵ Ã�¥�¼o
�iª¥­nª�Ä®�n¤´��³�·�ªnµ�µ¦�Îµ�µ��º°�µ¦°°��Îµ¨´�
�µ¥�¸ÉÁ¡¸¥�¡°Â¨oªÂ¨³¥´�Å¤nÁ�oµÄ��¹��¨�°��µ¦°°�
�Îµ¨´��µ¥Ä��µ¦¦´�¬µÃ¦�Á�µ®ªµ�Ŵ�³Á®È�ªnµ�¼o�iª¥Á�µ
®ªµ�¥´���¤¸�{�®µÄ��µ¦�´��µ¦��Á°�Á¦ºÉ°��µ¦°°�
�Îµ¨´��µ¥Ŵ�¹É��µ¦°°��Îµ¨´��µ¥¤¸®¨µ¥�¦³Á£�Ŵ�¼o�iª¥
Á�µ®ªµ��o°�¤¸�ªµ¤¦¼o�ªµ¤Á�oµÄ�Á¡ºÉ°�¸É�³�´�­·�Ä�Ŵ
Á¨º°���·��µ¦°°��Îµ¨´��µ¥�¸ÉÁ®¤µ³­¤­Îµ®¦´���Á°��Ŵ
Â¨³�µ��µ¦���ª�ª¦¦��¦¦¤Ŵ¡�ªnµŴ­nª�Ä®�n�³Á�}�
Ã�¦Â�¦¤­»�«¹�¬µ�oµ��µ¦�µ¦�ª��»¤°µ®µ¦Â¨³�µ¦
°°��Îµ¨´��µ¥Ŵ Ŵ Â�n�¹�Â¤o�³¤¸Ã�¦Â�¦¤­»�«¹�¬µ�oµ�
°µ®µ¦Â¨³�µ¦°°��Îµ¨´��µ¥ŴÂ�nÄ�­£µ¡�{��»�´��È¥´�
¡�ªnµ�¼o�iª¥Á�µ®ªµ��Îµ�ª�¤µ�¥´���Å¤n­µ¤µ¦�°°�
�Îµ¨´��µ¥Å�o°¥nµ��¼��o°�Á®¤µ³­¤Ŵ
Ŵ �´��´Ê��¹�¤¸�ªµ¤�ÎµÁ�}�°¥nµ�¥·É��¸É�»�¨µ�¦�oµ�
­µ�µ¦�­»��³�o°�«¹�¬µ�Îµ�ªµ¤Á�oµÄ�Á�¸É¥ª�´��µ¦
�´��µ¦��Á°��oµ��µ¦°°��Îµ¨´��µ¥�µ¤�µ¦¦´�¦¼o�°�Ŵ
�¼o�iª¥Á�µ®ªµ�ŴÁ¡ºÉ°�¸É�³Å�oÄ®o�µ¦�¼Â¨�¼o�iª¥Å�o­°��¨o°�Ŵ
��́�ªµ¤Á�oµÄ��°��¼o�iª¥Ŵ��́�´Ê��¼oª·�¥́�¹�­�Ä��¸É�³«¹�¬µ
�µ¦�´��µ¦��Á°��oµ��µ¦°°��Îµ¨´��µ¥�°��¼o�iª¥Ŵ
Á�µ®ªµ��µ¤¤»¤¤°��°��¼o�iª¥Á°�Ŵ�´Ê��¸Ê�o°¤¼¨�¸ÉÅ�o�µ�
�¨�µ¦«¹�¬µ­µ¤µ¦��ÎµÅ�Á�}��o°¤¼¨¡ºÊ��µ�Ä��µ¦
¡´��µÂ¨³�¦´��¦»�¦¼�Â���µ¦°°��Îµ¨´��µ¥­Îµ®¦´�Ŵ
�¼o�iª¥Á�µ®ªµ��n°Å�Ŵ
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Ŵ Á¡ºÉ°«¹�¬µ�µ¦��́�µ¦��Á°��oµ��µ¦°°��Îµ¨�́
�µ¥�°��¼o�iª¥Á�µ®ªµ���·��¸ÉŴ�



��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

�¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦«¹�¬µª·�´¥Á�·��¦¦¥µ¥�¸ÊŴ �'HVFULSWLYHŴ
TXDOLWDWLYHŴ VWXG\�Ŵ Ã�¥Ä�oÁ���·��µ¦­´¤£µ¬�rÁ�·�¨¹�ŴŴ
�LQŴyGHSWKŴLQWHUYLHZ�Ŵ�¨»n¤�ª́°¥nµ�Á�}��¼o�iª¥Ã¦�Á�µ®ªµ�
��·��¸ÉŴ �Ŵ Á�oµ¦´��µ¦¦´�¬µ�¸É�¨·�·�Á�µ®ªµ�Ŵ Ã¦�¡¥µ�µ¨Ŵ
­¤Á�È�¡¦³¥»¡¦µ��¦³�ª�Ŵ��́®ª�́�°�Â�n�Ŵ�´Ê�Á¡«�µ¥Ŵ
Â¨³®�·�¤¸°µ¥»¦³®ªnµ�Ŵ ��Ŵ ���Ŵ �e� Á¨º°��¼o�iª¥
�¸É¤¸�»�­¤�´�·Á�¡µ³Ŵ Á¡ºÉ°Ä®oÅ�o�ªµ¤�¦°��¨»¤�°�
�µ¦�´��µ¦��Á°��oµ��µ¦°°��Îµ¨´��µ¥ŴÂ¨³Å�o�¼o�iª¥Ŵ
�Ŵ�¨»n¤Ŵ�º°Ŵ�¨»n¤�¼o�iª¥�¸É°°��Îµ¨�́�µ¥­¤ÎÉµÁ­¤°Ŵ�¹É�®¤µ¥�¹�ŴŴ
�µ¦°°��Îµ¨´��µ¥�µ�Ŵ��Ŵ�µ�¸��¦´Ê�Ŵ �¹Ê�Å�Ŵ Á�}�Áª¨µŴŴ
�Ŵ�¦´Ê��­´��µ®rÂ¨³¤¸¡§�·�¦¦¤�¸Ê¤µ�µ��ªnµŴ�Ŵ Á�º°��
Â¨³�¨»n¤�¼o�iª¥�¸ÉÅ¤n°°��Îµ¨�́�µ¥®¦º°°°��Îµ¨�́�µ¥�oµ�
Â�nÅ¤n­¤ÎÉµÁ­¤°¦³¥³Áª¨µÅ¤n�¹�Ŵ��Ŵ�µ�¸��¦´Ê�Ŵ�o°¥�ªnµŴŴ
�Ŵ�¦´Ê��­´��µ®r�
� Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�´¥Ŵ Â�n�Á�}�Ŵ �Ŵ ­nª�Ŵ
Å�oÂ�nŴÂ���´��¹��o°¤¼¨­nª��»��¨Ŵ�¦³�°��oª¥Ŵ�o°¤¼¨
Á�¸É¥ª�´�Á¡«Ŵ°µ¥»Ŵ ­�µ�£µ¡­¤¦­Ŵ ¦µ¥Å�oŴ ¦³�´��µ¦
«¹�¬µŴŴ¦³¥³Áª¨µ�¸É�µ¦Á�È��iª¥Ŵ°µ�¸¡Ŵ«µ­�µŴ�¦³Á£�
�°�¥µ�¸ÉÄ�oÄ��µ¦¦�́¬µŴÂ¨³¦³��́�ÎÊµ�µ¨Ä�Á¨º°�Ŵ�ŴÁ�º°�
¥o°�®¨´�ŴŴ�¹É��¼oª·�´¥­¦oµ��¹Ê�Ŵ�µ��µ¦���ª�ª¦¦��¦¦¤
¡�ªnµ�{��´¥Á®¨nµ�¸Ê¤¸°·��·¡¨�n°�µ¦�´��µ¦��Á°�Á�¸É¥ª
�´�Á�µ®ªµ��°��¼o�iª¥ŴÂ�ª�Îµ�µ¤�µ¦­´¤£µ¬�rÁ�·�¨¹�
Á�¸É¥ª�´�¡§�·�¦¦¤�µ¦�´��µ¦��Á°��oµ��µ¦°°��Îµ¨´�
�µ¥�°��¼o�iª¥Á�µ®ªµ���·��¸ÉŴ�ŴÂ�ª�Îµ�µ¤�´��¨nµªÅ�o
�nµ��µ¦¡·�µ¦�µ�ªµ¤Á®¤µ³­¤Ã�¥�¼oÁ�¸É¥ª�µ�Ŵ�Ŵ�nµ�
Å�oÂ�n�°µ�µ¦¥r¡¥µ�µ¨�¼oÁ�¸É¥ª�µ��oµ��µ¦Á�È�¦ª�¦ª¤
�o°¤¼¨Á�·��»�£µ¡��Ŵ�nµ��°µ�µ¦¥r¡¥µ�µ¨�¼oÁ�¸É¥ª�µ�
�oµ�Ã¦�Á�µ®ªµ�Ŵ�Ŵ�nµ��¡¥µ�µ¨�¦³�Îµ�µ¦�¼oÁ�¸É¥ª�µ�
�oµ�Ã¦�Á�µ®ªµ���Ŵ�nµ��Â¨³ŴÁ����́�¹�Á­¥̧�ŴÁ¡ºÉ°��́�¹�
Á­¸¥���³­´¤£µ¬�r
Ŵ ª·�¸�µ¦Á�È�¦ª�¦ª¤�o°¤¼¨Ŵ£µ¥®¨´��nµ��µ¦
¡·�µ¦�µ�oµ��¦·¥�¦¦¤�µ���³�¦¦¤�µ¦ª·�´¥Ä�¤�»¬¥rŴ
Á¨��¸ÉŴ+(Ŵ������Ŵ�´�Á¨º°��¨»n¤�´ª°¥nµ�Â��Á�¡µ³
Á�µ³��Ŵ�3XUSRVLYHŴVDPSOLQJ�ŴÁ¡ºÉ°®µ�»��¨�¸É­µ¤µ¦�
Ä®o�o°¤¼̈ Å�o°¥nµ���́Á��Â¨³�¦��µ¤�¦³­��µ¦�r�¦·��¸É
Á�}�°¥¼nŴÅ�o�¼o�iª¥�´Ê�®¤�Ŵ��Ŵ��ŴÂ�n�Á�}��¨»n¤�¸É°°��Îµ¨�́
�µ¥Ŵ��Ŵ��Ŵ�¨»n¤�¸ÉÅ¤n°°��Îµ¨´��µ¥Ŵ��Ŵ��ŴÁ�È��o°¤¼¨

¦³®ªnµ�Á�º°�Ŵ¤�¦µ�¤�¤Ŵ����Ŵy�»¤£µ¡´��rŴ����Ŵ
�¼oª·�´¥�´��¼oÄ®o�o°¤¼¨Á¡ºÉ°­´¤£µ¬�rÂ�n¨³¦µ¥Ŵ�µ¤�ªµ¤
­³�ª��°��¼oÄ®o�o°¤¼¨Ŵ Â¨³�¼oª·�´¥�ÎµÁ�·��µ¦­´¤£µ¬�r
�µ¤ª´�Áª¨µÂ¨³­�µ��¸É�¸É�´�®¤µ¥Ŵ �¹É�­�µ��¸ÉÄ��µ¦
­´¤£µ¬�rŴ�º°�oµ��¼oÄ®o�o°¤¼¨Â�n¨³��ŴÃ�¥Ä�o¦³¥³Áª¨µ
Ä��µ¦­´¤£µ¬�r�¦³¤µ�Ŵ��Ŵ���Ŵ�µ�¸Ŵ�n°��Ŵ
� �µ¦ª·Á�¦µ³®r�o°¤¼¨� �o°¤¼¨�´ÉªÅ�Ŵ Ã�¥Ä�o­�·�·
Á�·�¡¦¦�µ®µ�nµ�ªµ¤�¸ÉŴ­�·�·¦o°¥¨³Ŵ�µ¦ª·Á�¦µ³®r�o°¤¼̈
Á�·��»�£µ¡Ã�¥Ä�oª·�¸�µ¦ª·Á�¦µ³®rÁ�ºÊ°®µ�ŴÃ�¥�°�Á��
�o°¤¼¨Â���Îµ�n°�ÎµŴ °nµ����ª��o°¤¼¨�¸ÉÅ�o�µ��µ¦
­´¤£µ¬�rÁ¡ºÉ°�Îµ�ªµ¤Á�oµÄ�Á�ºÊ°®µŴ �Îµ�o°�ªµ¤®¦º°
�¦³Ã¥��¸ÉÅ�o¤µ��̧ªµ¤®¦º°Ä®o�ªµ¤®¤µ¥Ŵ­��́�¦³Ã¥��¸É
Á�¸É¥ª��́�µ¦��́�µ¦��Á°�°°�¤µÄ®o��́Á��Ŵ¤�̧µ¦�Îµ®��
¦®­́Á¡ºÉ°Â­��Â®¨n��¸É¤µ�°��o°¤¼̈ Â¨³��́®¤ª�®¤¼n�°�
�o°�ªµ¤Ŵ�ÎµÁ­�°�¨�µ¦ª·�´¥Ŵ Ã�¥�µ¦�¦¦¥µ¥¡¦o°¤Ŵ
¥��´ª°¥nµ��Îµ¡¼��°��¨»n¤�´ª°¥nµ��¦³�°�

Ú�w���¡}��
Ŵ ��Ŵ �o°¤¼¨­nª��»��¨Ŵ�¼o�iª¥�¨»n¤�¸É°°��Îµ¨´�
�µ¥�n°Á�ºÉ°�­¤ÎÉµÁ­¤°Ŵ�Îµ�ª�Ŵ��Ŵ��ŴÁ�}�®�·�Ŵ¦o°¥¨³Ŵ
����Ŵ�µ¥Ŵ¦o°¥¨³Ŵ����Ŵ¤¸°µ¥»¦³®ªnµ�Ŵ�����Ŵ�eŴ¦o°¥¨³ŴŴ
����Ŵ°µ¥»Á�¨¸É¥Ŵ �����Ŵ�eŴ �6'Ŵ Ŵ�����Ŵ ­�µ�£µ¡
­¤¦­Ŵ¦o°¥¨³Ŵ����Ŵ¦³��́�µ¦«¹�¬µ�¦³�¤«¹�¬µŴ¦o°¥¨³ŴŴ
����Ŵ°µ�¸¡Á�¬�¦�¦Ŵ¦o°¥¨³Ŵ����Ŵ¦³¥³Áª¨µÁ�}�Á�µ
®ªµ�Ŵ���Ŵ�eŴ¦o°¥¨³Ŵ����ŴÁ�¨¸É¥¦³¥³Áª¨µ�¸ÉÁ�}�Ŵ�����Ŵ�eŴŴ
�6'Ŵ Ŵ����Ŵ�µ¦¦�́¬µÄ��{��»��́Ŵ�oª¥¥µ¦�́�¦³�µ�Ŵ¦o°¥
¨³Ŵ����Ŵ¦³��́�ÎÊµ�µ¨Ä�Á¨º°�Ŵ�)%6�Ŵ�������ŴPJ�GOŴŴ
¦³��́�ÎÊµ�µ¨Ä�Á¨º°�Á�¨¸É¥Ŵ������ŴPJ�GOŴ�6' ������Ŵ
�¼o�i ª¥�¨»n¤�¸É Å¤n°°��Î µ¨´ ��µ¥ Ŵ �Î µ�ª�Ŵ ��Ŵ ��ŴŴ
Á�}�®�·�Ŵ ¦o°¥¨³Ŵ ����Ŵ �µ¥Ŵ ¦o°¥¨³Ŵ ����Ŵ ¤¸°µ¥»
¦³®ªnµ�Ŵ�����Ŵ�eŴ Ŵ ¦o°¥¨³Ŵ����Ŵ°µ¥»Á�¨¸É¥Ŵ�����Ŵ�eŴŴ
�6'Ŵ Ŵ �����Ŵ ­�µ�£µ¡­¤¦­Ŵ ¦o°¥¨³Ŵ ����Ŵ ¦³�´�
�µ¦«¹�¬µ�¦³�¤«¹�¬µŴ ¦o°¥¨³Ŵ����Ŵ°µ�¸¡Á�¬�¦�¦Ŵ
¦o°¥¨³Ŵ ����Ŵ ¦³¥³Áª¨µÁ�}�Á�µ®ªµ�Ŵ ���Ŵ �e ŴŴ
¦o°¥¨³Ŵ����Ŵ Á�¨¸É¥¦³¥³Áª¨µ�¸ÉÁ�}�Ŵ�����Ŵ�eŴ �6'Ŵ Ŵ
�����Ŵ�µ¦¦´�¬µÄ��{��»�´�Ŵ�oª¥¥µ¦´��¦³�µ�Ŵ¦o°¥¨³Ŵ
����Ŵ¦³�´��ÎÊµ�µ¨Ä�Á¨º°�Ŵ�)%6�Ŵ�������ŴPJ�GOŴ
Â¨³Ŵ�������ŴPJ�GOŴÁ�nµ��́¦o°¥¨³Ŵ����Ŵ¦³��́�ÎÊµ�µ¨
Ä�Á¨º°�Á�¨¸É¥Ŵ������ŴPJ�GOŴ�6' ������



�� ,1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����#RTKN���,WPG������

Ŵ ��� �µ¦��́�µ¦��Á°��oµ��µ¦°°��Îµ¨�́�µ¥
�°��¼o�iª¥Á�µ®ªµ���·��¸É��
� � �����µ¦�´��µ¦��Á°��oµ��µ¦°°�
�Îµ¨´��µ¥�°��¼o�iª¥Á�µ®ªµ��¨»n¤�¸É°°��Îµ¨´��µ¥�
�n°Á�ºÉ°�­¤ÎÉµÁ­¤°�£µ¥®¨´��µ¦­´¤£µ¬�r�¼oÄ®o�o°¤¼¨
�Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ¡�ªnµŴ�µ¦�´��µ¦��Á°��oµ��µ¦°°�
�Îµ¨´��µ¥�¹Ê�°¥¼n�´�Â�ª�ªµ¤�·�� ��Ŵ�¦³�ª��µ¦�·�¦¼o�
°��r�¦³�°��°�Â�ª�ªµ¤�·�ŴÅ�oÂ�nŴ����Ŵ�µ¦Ä®o�ªµ¤
®¤µ¥�°�Ã¦�Á�µ®ªµ��Ã�¥Ã¦�Á�µ®ªµ��¸ÉÁ�}�Å¤n¦»�Â¦�
Â¨³°¥¼n¦³¥³Á¦·É¤�o�Ŵ Ã¦�Á�µ®ªµ��¸ÉÁ�}�Á¦·É¤¤¸�ªµ¤
¦»�Â¦�Â¨³°µ��³�ª��»¤Å�o¥µ�Ŵ����Ŵ�µ¦Ä®o�ªµ¤®¤µ¥
�°��µ¦°°��Îµ¨�́�µ¥ŴÃ�¥�µ¦°°��Îµ¨�́�µ¥Á�}�Á®¤º°�
¥µª·Á«¬®¦º°¥µ�¦°���́¦ªµ¨Ŵ¥µ¦o°¥Â��Ŵ�µ¦°°��Îµ¨�́
�µ¥Á�}�Á®¤º°��µ¦­¦oµ�¡¨´��¸ª·�Ŵ ����Ŵ �µ¦Ä®o�ªµ¤
®¤µ¥�°��¸ª·�Â¨³­»�£µ¡Ŵ Ŵ Ã�¥�o°�°¥¼n°¥nµ�­»�£µ¡�¸
Á¡ºÉ°���¸ÉÁ¦µ¦´�Ŵ­»�£µ¡�¸Å¤n¤¸�µ¥�oµ°¥µ�Å�o�o°��ÎµÁ°�Ŵ
��Ŵ�µ¦¡´��µ�´�¬³ª·�¸�µ¦�´��µ¦��Á°�Ŵ°��r�¦³�°�
�°�Â�ª�ªµ¤�·�ŴÅ�oÂ�nŴŴ����Ŵ�µ¦�o�®µ®¦º°Å�o¦�́�o°¤¼̈
Á�¸É¥ª�´�Ã¦�Á�µ®ªµ�Â¨³�µ¦°°��Îµ¨´��µ¥Ŵ Ã�¥�µ¦Ä�o
�o°¤¼¨�¸ÉÅ�o¦´��µ��¸¤­»�£µ¡Ŵ�µ¦�o�®µ�o°¤¼¨�µ�Â®¨n�
°ºÉ�ÇŴ����Ŵ�µ¦¡´��µ�´�¬³Á�¡µ³Á¡ºÉ°�µ¦°°��Îµ¨´�
�µ¥�¸ÉÁ®¤µ³�´���Á°�Ŵ Ã�¥�n°¥Ç�ÎµÁ¡·É¤�¹Ê�Á¦ºÉ°¥ÇŴ�Îµ
®¨µ�®¨µ¥�·��¦¦¤Ŵ�µ¦�´��µ¦°»�­¦¦��¸É�´��ªµ��µ¦
°°��Îµ¨´��µ¥ŴÂ¨³�µ¦�­¤�­µ�Ä®oÁ�}�­nª�®�¹É��°�Ŵ
ª·�¸�¸ª·�Ŵ����Ŵ�µ¦�ª��»¤�Îµ�´���Á°�Ŵ Ã�¥�µ¦�Îµ®��
Á�jµ®¤µ¥�¸É�´�Á��ŴÂ¨³�ªµ¤¤¸ª·�´¥Â¨³�ªµ¤¡¥µ¥µ¤Ŵ
����Ŵ �¦³­��µ¦�rÁ�¸É¥ª�´��¨¨´¡�r�µ�­»�£µ¡Ŵ Ã�¥
�¨¨´¡�r�µ�­»�£µ¡�¸É­°��¨o°��´��µ¦Â¡�¥rŴ Â¨³
­»�£µ¡�¸�¹Ê�
� � �����µ¦�´��µ¦��Á°��oµ��µ¦°°�
�Îµ¨´��µ¥�°��¼o�iª¥Á�µ®ªµ��¨»n¤�¸ÉÅ¤n°°��Îµ¨´��µ¥Ŵ
£µ¥®¨´��µ¦­´¤£µ¬�r�¼oÄ®o�o°¤¼¨�Îµ�ª�Ŵ Ŵ��Ŵ ¦µ¥Ŵ¡�
ªnµ�µ¦�´��µ¦��Á°��oµ��µ¦°°��Îµ¨´��µ¥�¹Ê�°¥¼n�´�
Â�ª�ªµ¤�·�Ŵ��Ŵ�¦³�ª��µ¦�·�¦¼o� °��r�¦³�°��°�
Â�ª�ªµ¤�·�ŴÅ�oÂ�nŴ����Ŵ�ªµ¤®¤µ¥�°�Ã¦�Á�µ®ªµ�Ŵ
Ã�¥Á�µ®ªµ�Á�}�Ã¦��¸ÉÄ�¦ÇŴ�ÈÁ�}�ŴÂ¨³Á�µ®ªµ�Á�}�
Ã¦��¸É�o°�¦´�¬µ�oª¥¥µŴ����Ŵ�µ¦Ä®o�ªµ¤®¤µ¥�°��µ¦
°°��Îµ¨�́�µ¥ŴÃ�¥�µ¦�Îµ�·�ª�́¦�¦³�Îµª�́Á�¦¥̧�Á®¤º°�

�µ¦°°��Îµ¨´��µ¥ŴÂ¨³�µ¦°°��Îµ¨´��µ¥Å¤nÅ�o�nª¥°³Å¦ŴŴ
��Ŵ ª·�¸�µ¦�´��µ¦��Á°�Ŵ�oµ��µ¦°°��Îµ¨´��µ¥Ŵ °��r
�¦³�°��°�Â�ª�ªµ¤�·�Ŵ Å�oÂ�nŴ ����Ŵ Å¤n¤¸¦¼�Â��
ª·�¸�µ¦°°���Îµ¨´��µ¥�¸É�´�Á��Ŵ Ã�¥Å¤nÅ�o�Îµ®��¦³¥³
Áª¨µ�¸ÉÂ�n�°�Ä��µ¦°°��Îµ¨´��µ¥ŴÂ¨³Å¤nÅ�o�Îµ®��
Á�jµ®¤µ¥�¸É��́Á��Ä��µ¦°°��Îµ¨�́�µ¥Ŵ����ŴÅ¤n­µ¤µ¦�
Á°µ��³°»�­¦¦��nµ�Ç�¸É�´��ªµ��µ¦°°��Îµ¨´��µ¥Å�oŴ
Ã�¥�µ��ªµ¤�´Ê�Ä��¦·�Ŵ �¸ÊÁ�¸¥�Ŵ Å¤n¤¸Áª¨µŴ£µª³­»�£µ¡
Å¤n�¸ŴÂ¨³�µ�¦³��­�´�­�»�

w����¡����Ú�
� ��� �µ¦��́�µ¦��Á°��oµ��µ¦°°��Îµ¨�́�µ¥
�°��¼o�iª¥Á�µ®ªµ���·��¸É���
� � �����¼o�iª¥Á�µ®ªµ��¨»n¤�¸É¤¸�µ¦°°�
�Îµ¨´��µ¥°¥nµ��n°Á�ºÉ°�­¤ÎÉµÁ­¤°�¡�ªnµ�µ¦�´��µ¦
��Á°��oµ��µ¦°°��Îµ¨´��µ¥�¹Ê�°¥¼n�´�Â�ª�ªµ¤�·�
®¨´�Ŵ�Ŵ°��r�¦³�°�Ŵ�º°Ŵ��¦³�ª��µ¦�·�¦¼o���¨Å��µ¦
�·�¦¼o­µ¤µ¦��´�Å�oÁ�}�Ŵ�Ŵ�¨»n¤Ŵ�º°Ŵ��Ŵ�µ¦Ä®o�ªµ¤®¤µ¥
�°�Ã¦�Á�µ®ªµ�Ŵ�¼oÄ®o�o°¤¼¨�¨»n¤�¸ÊŴ¤¸�µ¦Ä®o�ªµ¤®¤µ¥
�°�Ã¦�Á�µ®ªµ�Ä�Ŵ�Ŵ¨´�¬�³Ŵ�º°ŴÃ¦�Á�µ®ªµ��¸ÉÁ�}�
Å¤n¦»�Â¦�Â¨³°¥¼n¦³¥³Á¦·É¤�o�ŴÂ¨³Ŵ�ªµ¤®¤µ¥�°�Ã¦�
Á�µ®ªµ���³�¸ÉÃ¦�Á�µ®ªµ�Á¦·É¤¤�̧ªµ¤¦»�Â¦�Â¨³°µ�
�ª��»¤Å�o¥µ�Ã�¥�ªµ¤®¤µ¥�°�Ã¦�Á�µ®ªµ��¸ÉÁ�}�Ŵ
Å¤n¦»�Â¦�Â¨³°¥¼n¦³¥³Á¦·É¤�o�Ŵ �¼o�iª¥¤¸�ªµ¤Á�oµÄ�ªnµ
Ã¦�Á�µ®ªµ�­µ¤µ¦��ª��»¤Å�oÃ�¥�µ¦�ª��»¤°µ®µ¦
Â¨³�µ¦°°��Îµ¨´��µ¥Ŵ�¹É�­°��¨o°��´��µ¦«¹�¬µ�°�Ŵ
Ä¥ª¦¦�Ŵ��³¤¥́ŴÂ¨³��³�Ŵ�¸É¡�ªnµ�¼o�iª¥Á�µ®ªµ�¦o°¥¨³Ŵ
��Ŵ¤¸�ªµ¤Á�ºÉ°ªnµÃ¦�Á�µ®ªµ��³�¸®¦º°Å¤n�¹Ê�°¥¼n�´��´ªŴ
�¼o�iª¥Á°�¤µ��ªnµÂ¡�¥rŴ Â¨³­°��¨o°��´�Ŵ­·¦·¨´�¬�rŴŴ
­»��¦�́��»̈ �Ŵ�¸É¡�ªnµŴ�¼o�iª¥�¸É¦�́¦¼oªnµÃ¦�Á�µ®ªµ�­µ¤µ¦�
�ª��»¤�µ¦�ÎµÁ�·�Ã¦�Å�o�³¤¸¡§�·�¦¦¤�µ¦�´��µ¦
��Á°���̧ªnµ�¼o�iª¥�¸É¦�́¦¼oªnµÃ¦�Á�µ®ªµ�Å¤n­µ¤µ¦�¦�́¬µ
®¦º°�ª��»¤�µ¦�ÎµÁ�·�Ã¦�Å�o�¹É�­°��¨o°��´�Â�ª�·�
�°�Â���¼¦µ��Ŵ�¸ÉªnµŴ �µ¦¦´�¦¼o�ªµ¤­µ¤µ¦���Á°�Á�}�
�ªµ¤Á�ºÉ°®¦º°�µ¦¦´�¦¼oŴ �µ¦�´�­·�¡·�µ¦�µ�°��»��¨
Á�¸É¥ª�´��ªµ¤­µ¤µ¦��°���Á°�Ŵ �¸É�³�¦³�Îµ�µ¦Ŵ
�°�­�°��µ�°¥nµ�Ã�¥Á�¡µ³Ŵ Â¨³�µ¦¦´�¦¼o�ªµ¤
­µ¤µ¦���Á°�¤¸°·��·¡¨�n°¡§�·�¦¦¤­n�Á­¦·¤­»�£µ¡Ŵ



��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

Ŵ ­nª��ªµ¤®¤µ¥�°�Ã¦�Á�µ®ªµ���³�¸ÉÃ¦�
Á�µ®ªµ��°���¤�̧ªµ¤¦»�Â¦�Â¨³°µ��³�ª��»¤Å�o¥µ�Ŵ
�¼o�iª¥�·�ªnµÃ¦�Á�µ®ªµ��°���¤¸�ªµ¤¦»�Â¦�¤µ��¹Ê�
Á­¸É¥��n°�µ¦Á�·�£µª³Â�¦��o°�®¨µ¥°¥nµ��o°�Á�¨¸É¥�
�µ�¥µ¦´��¦³�µ�Á�}�¥µ�¸�Â��Ŵ�¹��ÎµÄ®o�¼o�iª¥¤¸�µ¦
�¦´�Á�¨¸É¥�¡§�·�¦¦¤�µ��¸ÉÅ¤n°°��Îµ¨´��µ¥�È�¨´�¤µ
°°��Îµ¨´��µ¥°¥nµ��n°Á�ºÉ°�Ŵ­°��¨o°��´�Â�ª�·��°�Ŵ
5RVHQŴVWRFN��Ŵ�¨nµªÅªoªnµŴ�»��¨Á¤ºÉ°¤¸�µ¦¦´�¦¼oªnµ��Á°�
¤¸Ã°�µ­Á­¸É¥��n°�µ¦Á�·�Ã¦�Ŵ�³Á�}��¨�ÎµÄ®o�»��¨�´Ê�
Á°µÄ�Ä­n�¼Â¨­»�£µ¡�°���Á°�Ä®o�¨°�£´¥ŴÂ¨³®¨¸�
Á¨¸É¥��µ��µ¦Á�}�Ã¦�Ŵ­°��¨o°��´��µ¦«¹�¬µ�°�­»ª·¤¨Ŵ
§��·¤��¦¸��� �¸É¡�ªnµ�µ¦¦´�¦¼oÃ°�µ­Á­¸É¥��n°�µ¦Á�·�
Ã¦�¤¸�ªµ¤­´¤¡´��r�µ��ª��´�¡§�·�¦¦¤­»�£µ¡Á¡ºÉ°
�j°��´�Ã¦�Ä��¼n­¤¦­�°��¼o�iª¥Ã¦��´�°´�Á­��¸Ŵ�´��´Ê�
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¦³ª�́��Á°�Ŵ��Ŵ�µ¦¤�̧�́¬³®¦º°�·��¦¦¤�¸ÉÁ�¡µ³Á�µ³��
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�´�Á��Ä��µ¦°°��Îµ¨´��µ¥Ŵ �¹É��µ¦Å¤n�Îµ®��Á�jµ
®¤µ¥�¸É�´�Á��Ä��µ¦°°��Îµ¨´��µ¥Ŵ �ÎµÄ®o�µ¦°°�
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�ªµ��µ¦°°��Îµ¨´��µ¥ŴÂ¨³¤¸°»�­¦¦��¸É�°¥�´��ªµ�

�µ¦°°��Îµ¨´��µ¥®¨µ¥°¥nµ�Ŵ Å�oÂ�nŴ Ŵ �µ��ªµ¤�´Ê�Ä�
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�����Ŵ������Ŵ������
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&YFSDJTF�4FMG�.BOBHFNFOU�BNPOH�1BUJFOUT�XJUI�
5ZQF���%JBCFUFT�.FMMJUVT

Ŵ Ŵ -XQHHŴ.RQJVDSŴ0�1�6�
Ŵ 1RQJODNŴ0HWKDNDQMDQDVDNŴ3K'



"CTUSBDU
Ŵ 7KHŴSXUSRVHŴRIŴWKLVŴGHVFULSWLYHŴVWXG\ŴZDVŴWRŴH[DPLQHŴH[HUFLVHŴVHOI�PDQDJHPHQWŴLQŴSDWLHQWVŴZLWKŴW\SHŴ�Ŵ
GLDEHWHVŴPHOOLWXVŴDWŴWKHŴGLDEHWHVŴFOLQLF�ŴWKHŴ&URZQŴ3ULQFHŴ.UDQDXQŴ+RVSLWDO�Ŵ.KRQŴ.DHQ�ŴŴ7ZHQW\�űYHŴSDUWLFLSDQWVŴ
ZKRŴPHWŴWKHŴHOLJLELOLW\ŴFULWHULDŴZHUHŴUHFUXLWHGŴIRUŴWKLVŴVWXG\�ŴŴ*URXSŴ�ŴZDVŴSDUWLFLSDQWVŴ�Q ���ŴZKRŴKDGŴDFWLYHO\Ŵ
DQGŴFRQWLQXRXVO\ŴH[HUFLVHŴZKLOHŴ*URXSŴ�ŴZDVŴWKRVHŴ�Q ���ŴZKRŴGLGŴQRWŴH[HUFLVH�ŴŴ)URPŴ-DQXDU\ŴWRŴ)HEUXDU\�Ŵ
�����ŴLQ�GHSWKŴLQWHUYLHZŴUHJDUGLQJŴH[HUFLVHŴVHOI�ŴPDQDJHPHQWŴLQŴSDWLHQWVŴZLWKŴW\SHŴ�ŴGLDEHWHVŴZDVŴSHUIRUPHG�Ŵ
7KHŴUHVXOWVŴUHYHDOHGŴWZRŴPDMRUŴ WKRXJKWV�ŴFRJQLWLRQŴDQGŴGHYHORSPHQWŴRIŴH[HUFLVHŴVHOI�ŴPDQDJHPHQW�Ŵ Ŵ&RJQL�
WLRQŴLQŲXHQFHGŴWKHŴGHYHORSPHQWŴRIŴH[HUFLVHŴVHOI�ŴPDQDJHPHQWŴDQGŴLWŴZDVŴFRPSRVHGŴRIŴ��ŴJLYLQJŴWKHŴPHDQLQJŴ
RIŴGLDEHWHV�Ŵ��ŴJLYLQJŴWKHŴPHDQLQJŴRIŴH[HUFLVH�ŴDQGŴ��ŴJLYLQJŴWKHŴPHDQLQJŴRIŴOLIH�ŴŴ7KHŴGHYHORSPHQWŴRIŴH[HUFLVHŴ
VHOI�ŴPDQDJHPHQWŴZDVŴFRPSRVHGŴRIŴ��ŴVHHNLQJŴDQGŴUHFHLYLQJŴLQIRUPDWLRQŴRIŴGLDEHWHVŴDQGŴH[HUFLVH�Ŵ��ŴGHYHORS�
LQJŴDSSURSULDWHŴVNLOOVŴIRUŴH[HUFLVHŴVHOI�PDQDJHPHQW�Ŵ��ŴVHOI�FRQWURO�ŴDQGŴ��ŴHYDOXDWLRQŴRIŴWKHŴKHDOWKŴRXWFRPH�ŴŴ
*URXSŴ�Ŵ�WKRVHŴQRWŴH[HUFLVLQJ�ŴKDGŴFRJQLWLRQŴGLIIHUHQWŴIURPŴ*URXSŴ�Ŵ�WKRVHŴDFWLYHO\ŴDQGŴFRQWLQXRXVO\ŴH[HUFLV�
LQJ�ŴGHVSLWHŴVLPLODUŴPDMRUŴWKRXJKWV�ŴŴ7KHŴFRJQLWLRQŴRIŴWKHŴ*URXSŴ�ŴZDVŴFRPSRVHGŴRIŴ��ŴJLYLQJŴWKHŴPHDQLQJŴRIŴ
GLDEHWHVŴDQGŴŴ��ŴJLYLQJŴWKHŴPHDQLQJŴRIŴH[HUFLVH�ŴŴ,QŴWKHŴJURXSŴRIŴWKRVHŴQRWŴH[HUFLVLQJ�ŴWKHUHŴZDVŴQRŴFOHDUŴSDWWHUQŴ
RIŴWKHŴH[HUFLVHŴDQGŴWKRVHŴQRWŴH[HUFLVLQJŴFRXOGŴQRWŴRYHUFRPHŴEDUULHUŴRIŴWKHŴH[HUFLVH�
Ŵ +HDOWKŴFDUHŴVWDIIŴVKRXOGŴUHDOL]HŴDQGŴWU\ŴWRŴXQGHUVWDQGŴWKRXJKWVŴLQŴLQGLYLGXDOŴGLDEHWHVŴSDWLHQWV�ŴŴ3DWLHQWVŴ
VKRXOGŴEHŴSURPRWHGŴWKHŴULJKWŴWKRXJKWVŴDQGŴEHŴDEOHŴWRŴGHYHORSŴWKHLUŴRZQŴDSSURSULDWHŴVNLOOVŴIRUŴVHOI�PDQDJHPHQWŴ
RIŴWKHŴH[HUFLVH�ŴŴ

.H\ZRUGV�ŴŴ VHOI�PDQDJHPHQW�ŴW\SHŴ�ŴGLDEHWLFŴSDWLHQWV�ŴH[HUFLVHV

Ŵ
Ŵ6WXGHQWVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴLQŴDGXOWŴŴ7KHVLVŴ1XUVLQJŴLQŴ$GXOWŴ1XUVLQJ�Ŵ*UDGXDWHŴ6FKRRO�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\�


Ŵ$VVLVWDQFHŴ3URIHVVRU�Ŵ$FDGHPLFŴWKHVLVŴDGYLVRU�Ŵ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ7KHVLVŴLQŴ$GXOWŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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�Îµ­Îµ�´��Ŵ °µ�µ¦Á�º°�ŴŴŴÅ�ªµ¥Á�¸¥�¡¨´�ŴŴŴ�µ¦�´��µ¦°µ�µ¦�°�¡¥µ�µ¨
Ŵ
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­µ�µ¦�­»��¸É­Îµ�´�Å¤n�o°¥�ªnµÃ¦�°ºÉ�Ç�°��¦³Á�«
Â¨³¤¸Â�ªÃ�o¤Á¡·É¤¤µ��¹Ê�Ŵ°»�´�·�µ¦�r�°�£µª³Å�ªµ¥
Á�¸¥�¡¨´�Ä��¦³Á�«Å�¥Ŵ¤¸Â�ªÃ�o¤­¼��¹Ê�Á¦ºÉ°¥ÇŴ�µ�
­�·�·�°��¦³�¦ª�­µ�µ¦�­»�Ŵ¤¸�¼o�iª¥Å�ªµ¥Á�¸¥�¡¨´�
�¸ÉÁ�}��¼o�iª¥Ä��´Ê��¦³Á�«�Å¤n¦ª¤Ŵ��¤��Ŵ�·�Á�}�°´�¦µ
�¼o�iª¥Ä�¦³®ªnµ��eŴ¡�«�Ŵ����ŴyŴ����Ŵ Á�}�Ŵ������Ŵ
�����ŴÂ¨³Ŵ�����Ŵ�n°Â­��¦³�µ�¦�µ¤¨Îµ�´��ŴÂ¨³
­�·�·�¼o�iª¥Å�ªµ¥Á�¸¥�¡¨´�Ŵ�¸É�Îµ®�nµ¥Ã�¥Ã¦�¡¥µ�µ¨
¤®µ¦µ���¦¦µ�­¤̧µŴŴ¤Â̧�ªÃ�o¤Á¡·É¤�¹Ê�Ŵ�º°Ŵ�Îµ�ª��¼o�iª¥
Å�ªµ¥Á�¸¥�¡¨´��´Ê�Â�nª´��¸ÉŴ�Ŵ�»¨µ�¤Ŵ�¹�Ŵ��Ŵ�´�¥µ¥�
�°�Â�n̈ ³�eÄ�¦³®ªnµ��eŴ����ŴyŴ����ŴÁ�}�Ŵ�����Ŵ���Ŵ

�����Ŵ���Ŵ�����Ŵ���Ŵ�����Ŵ��ŴÂ¨³Ŵ�����Ŵ��Ŵ�µ¤
¨Îµ�´�Ŵ ��µ�­�·�·Â¨³Áª�¦³Á�¸¥�Ŵ Ã¦�¡¥µ�µ¨¤®µ¦µ�
��¦¦µ�­¤̧µ�Ŵ®µ�¡·�µ¦�µ�¹�Ã¦�®¦º°�µ¦Á�È��iª¥�¸ÉÁ�}�
�{��´¥¦nª¤�¸É­µ¤µ¦��ÎµÄ®oÁ�·�£µª³Å�ªµ¥Á�¸¥�¡¨´�Å�oŴŴ
Á�n�ŴÃ¦��·�Á�ºÊ°Ŵ£µª³¡·¬Á®�»�·�Á�ºÊ°Ŵ�VHSVLV�ŴŴ�·ÉªÄ�Å�ŴŴ
Ã¦�®´ªÄ�Ŵ Ã¦��°�¦³���µ�Á�·�®µ¥Ä�Ŵ Ŵ Ã¦�°ºÉ�ÇŴ�°�
¦³��Å®¨Áª¥̧�Á¨º°������ŴŴ¦ª¤�´Ê�Ã¦�Á�µ®ªµ�ŴŴÃ¦��ªµ¤
��́Ã¨®·�­¼��¸É�³�ÎµÄ®oÁ�·��ªµ¤Á­¸É¥��n°�µ¦Á­ºÉ°¤�°�Å�
Å�o¤µ����ŴŴÁ�}��o�ŴŴ�µ¦Á�È��iª¥Á®¨nµ�¸Ê̈ oª�Â�n¤Â̧�ªÃ�o¤
Á¡·É¤¤µ��¹Ê�Á�n�Á�¸¥ª�´��
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Á�·��ªµ¤Å¤n­¤�»¨�°�­µ¦�ÎÊµÂ¨³Á�¨º°Â¦nŴŴÁ�ºÉ°��µ�Å�
Å¤n­µ¤µ¦����́�°�Á­¥̧°°��µ�¦nµ��µ¥Å�oŴ�ÎµÄ®oÁ�·��µ¦
Á�¨¸É¥�Â�¨��°�£µª³�¦���nµ�Ä�¦nµ��µ¥ŴŴ�¹É��³�ÎµÄ®o
�¼o�iª¥¤¸°µ�µ¦®°�Á®�ºÉ°¥Ŵ®µ¥Ä�¨Îµ�µ�ŴŴ®´ªÄ�Á�o��·�
���·Ŵ°µ�Á�·�°µ�µ¦�´�Ŵ®¤�­�·Ŵ®¦º°Á­¸¥�¸ª·�Å�o�����ŴŴÄ�
��³�¸ÉÁ¤ºÉ°Á�·�£µª³Å�ªµ¥Á�¸¥�¡¨´��¹Ê�Ŵ�¼o�iª¥�ÎµÁ�}�
�o°�Å�o¦´��µ¦�¼Â¨¦´�¬µŴ�¹É��³�ÎµÄ®o�Îµ�ª�ª´��°�¡´�
¦´�¬µ�´ªÄ�Ã¦�¡¥µ�µ¨Á¡·É¤¤µ��¹Ê�Á�}�Ŵ�ŴÁ�nµÅ�o���ŴÂ¨³
�µ¦¦´�¬µ£µª³Å�ªµ¥Á�¸¥�¡¨´��o°�Ä�oÁ��Ã�Ã¨¥¸�´Ê�­¼�
¦ª¤�´Ê�¤¸�nµÄ�o�nµ¥­¼�Ŵ Ŵ Á�n�Ŵ�µ¦¨oµ�Å��µ��n°��o°��´�
¡¨´�Ŵ�$FXWHŴ3HULWRQHDOŴ'LDO\VLV�Ŵ�µ¦¢°�Á¨º°��oª¥
Á�¦ºÉ°�Å�Á�¸¥¤�»�Á�·�Ŵ�$FXWHŴ+HPRGLDO\VLV�Ŵ�°��µ�
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�ªµ¤¦¼o­¹��ª́ŴŴ­�́Á���µ¦Á�¨¸É¥�Â�¨��°��µ¦�Îµ�µ��°�
®´ªÄ�Ŵ�µ�Ŵ0RQLWRUŴ(.*Ŵª´�ŴŴ2�Ŵ6DWŴŴÁ¡ºÉ°�¦³Á¤·�£µª³
¡¦n°�°°��·Á��Ŵ�¦³Á¤·��µ¦Á�¨¸É¥�Â�¨��°��¼o�iª¥®¨�́
Ä®o�µ¦�¼Â¨Ä®o�µ¦¡¥µ�µ¨

w����¡����Ú��
Ŵ �µ��¨�µ¦«¹�¬µ¡�ªnµ�nµÁ�¨¸É¥�¦·¤µ�
�{­­µª³�n°�´ÉªÃ¤��¸É¨�¨��n°�Á�·�Å�ªµ¥Á�¸¥�¡¨´�¤¸
�ªµ¤­´¤¡´��r�´�°´�¦µ�µ¦�¦°��°�Å��¸É¨�¨�Á¤ºÉ°Á�}�
Å�ªµ¥Á�¸¥�¡¨´�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ�UŴ Ŵ������Ŵ
SŴ Ŵ������ŴŴ°£·�¦µ¥Å�oªnµ�¦·¤µ��{­­µª³�¸É°°��n°�
Á�·�£µª³Å�ªµ¥Á�¸¥�¡¨´�Ŵ­´¤¡´��r�´�°´�¦µ�µ¦�¦°�
�°�Å�Ŵ�*)5�Ŵ®¦º°�°��¹��µ¦�Îµ®�oµ�¸É�°�Å�Å�oŴŴÃ�¥�¸É
�¦·¤µ��{­­µª³�¸É�o°¥¨��ªnµ���·ŴÂ­��ªnµÅ�Á¦·É¤¤¸�µ¦
Á�¨¸É¥�Â�¨��°��µ¦�Îµ®�oµ�¸ÉÄ��µ��¸É¨�¨�Â¨oªŴ Ŵ Á¤ºÉ°

ª·Á�¦µ³®r�o°¤¼¨¡�ªnµ�¨»n¤�´ª°¥nµ�­nª�Ä®�n¤¸�¦·¤µ�
�{­­µª³Á�¨¸É¥�n°�´ÉªÃ¤��n°�Á�·�Å�ªµ¥Á�¸¥�¡¨´�°¥¼nÄ�
¦³�´��ÎÉµ�º°�nµÁ�¨¸É¥�¦·¤µ��{­­µª³�n°�´ÉªÃ¤�Ŵ Ŵ ŮŴ Ŵ ��Ŵ
yŴ��Ŵ Ŵ¤¨���¤�Ŵ¦o°¥¨³Ŵ����Ŵ�µ¦�¸É¤¸�nµÁ�¨¸É¥�¦·¤µ�
�{­­µª³�n°�´ÉªÃ¤�¨�¨�Ŵ°µ�Á�}��¨¤µ�µ�­µÁ®�»®¦º°
£µª³Ã¦��¸É�¼o�iª¥Á�}�°¥¼nŴ �¹É�¦nµ��µ¥°µ��³�o°�­¼��¸�
Á¨º°�Å�Á¨¸Ê¥�°ª´¥ª³­Îµ�´�°ºÉ��n°�Ŵ Á�n�Ŵ ®´ªÄ�Ŵ ­¤°�Ŵ
Á�}��o�Ŵ̈ �́¬�³��́�¨nµª�¸Ê¡�Å�o�n°¥Ä��¼o�¸ÉÁ�}�Ã¦�¦³��
Å®¨Áª¥̧�Á¨º°�Ŵ®¦º°¤�̧ªµ¤�·����·�°�®ª́Ä�Â¨³®¨°�
Á¨º°����Ŵ �¹É�Ä��µ¦«¹�¬µ�¦´Ê��¸Ê�È¡�ªnµ¤¸�¼o�iª¥�Îµ�ª�
¤µ��¸É¤¸­µÁ®�»®¦º°Ã¦�¦³��Å®¨Áª¸¥�Á¨º°�Ŵ�¸ÉÁ�}��o�
Á®�»�°��µ¦Á�oµ¦´��µ¦¦´�¬µÄ�Ã¦�¡¥µ�µ¨Ŵ Ŵ�´Ê��¸ÊÁ¤ºÉ°
Á¨º°�Å��¸ÉÅ�¨�¨��³­n��¨Ä®oÁ�·��µ¦Á�¨¸É¥�Â�¨�Ä�
�µ�­¦¸¦ª·�¥µ�°�Á�ºÊ°Á¥ºÉ°Å�ŴÂ¨³­n��¨�¹��µ¦�Îµ®�oµ�¸É
Ä��µ¦¦´�¬µ­¤�»¨�ÎÊµŴ Á�¨º°Â¦nÂ¨³�¦��nµ��°�¦nµ��µ¥
Å�o�����������

Ŵ �µ¦�¸ÉÅ�¤¸Á¨º°�Å�Á¨¸Ê¥�Å¤nÁ¡¸¥�¡°�ÎµÄ®oÁ�·�
Å�ªµ¥Á�¸¥�¡¨´��µ��µ¦�µ�Á¨º°�Ŵ �LVFKHPLFŴ$5)�Ŵ
�µ¦¨�¨�°¥nµ��´��¸�°�Á¨º°��¸É¤µ®¨n°Á¨¸Ê¥�Å�Ŵ Å¤nªnµ�³
Á�}��µ¦¨�¨�Á¡¸¥��µ�­nª�®¦º°�´Ê�®¤�Ŵ �³�ÎµÄ®oÁ�·�
�¦³�ª��µ¦Á�¨¸É¥�Â�¨��¸ÉÁ�}�°´��¦µ¥�n°Å�°¥nµ��n°
Á�ºÉ°�Â¨³Á�·��¨�¦³���n°Á�¨¨r�»��´��n°Å�Ŵ �WXEXOHŴ
HSLWKHOLXPŴ FHOO�Ŵ �µ¤¤µŴ Ã�¥Ä�¦³¥³Áª¨µŴ �Ŵ �´ÉªÃ¤�
Â¦��¸ÉÅ��µ�Á¨º°�Ŵ�³¤¸�µ¦Á�¨¸É¥�Â�¨��°���´�®¨°�
Á¨º°��¸ÉÅ�Ŵ�ÎµÄ®o�µ¦Å®¨Áª¸¥�Á¨º°��¸ÉÅ�Â¨³�µ¦�¦°�
�¸ÉÅ��*)5�Ŵ ¨�¨��´��¸Ŵ ®¨´��µ��´Ê�Å��³�¦´�­£µ¡Ŵ
�n°¤Â�¤��Á°�Á¡ºÉ°Ä®o­µ¤µ¦��¨´�¤µ�Îµ®�oµ�¸ÉÅ�oÁ�n�
Á�·¤Ŵ Ã�¥Ä�oÁª¨µ�¦³¤µ�Ŵ�ŴyŴ�Ŵ ª´�®¨´��µ��¸ÉÅ��µ�
Á¨º°��¦´Ê�Â¦�ŴÄ�¦³¥³�¸Ê°�́¦µ�µ¦�¦°��°�Å��³�ÎÉµ���¸ÉŴ
�oµ®µ�Å¤n¤�̧µ¦�µ�Á¨º°�Á¨º°��n°Á�ºÉ°�®¦º°�µ¦�µ�Á¨º°�
Å¤n¦»�Â¦�ŴÅ��³�n°¤Â�¤��Á°�Å�o­ÎµÁ¦È�Ŵ�ÎµÄ®o�µ¦Å®¨
Áª¥̧�Á¨º°��¸ÉÅ�Â¨³�µ¦�¦°��¸ÉÅ�Ŵ�*)5�Ŵ�³�n°¥ŴÇŴÁ¡·É¤
�¹Ê�Ŵ�ªµ¤¦»�Â¦��n°ŴWXEXOHŴHSLWKHOLXPŴFHOOŴ�³¤µ�®¦º°
�o°¥�¹Ê�°¥¼n��́�ªµ¤¦»�Â¦��°��µ¦�µ�Á¨º°�Ŵ£µª³¡¦n°�
°°��·Á��Â¨³¦³¥³Áª¨µ�°��µ¦�µ�Á¨º°���Ŵ Á�ºÉ°��µ�
Á�·��¦³�ª��µ¦Ŵ ŴDSRSWRVLVŴ Ŵ�Îµ¨µ¥Á�¨¨rÁ¥ºÉ°�»��´��n°
Å�Ŵ�¹É�Á�·��¹Ê�­°�¦³¥³Ŵ�º°¦³¥³Â¦�Á�·�¦³®ªnµ�Ŵ��ŴyŴ��Ŵ
�´ÉªÃ¤�®¨´��µ�¤¸�µ¦�µ�Á¨º°�®¦º°�µ¦�¦³�»o��µ�­µ¦
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¡·¬ŴÂ¨³�ÎµÄ®oÁ�¨¨r�°��n°Å�Á­¸¥®�oµ�¸ÉŴ¦³¥³�¸É­°�Á�·�
�¹Ê�Ŵ�Ŵª´�®¨´��µ��´Ê�Ŵ�¹É�Á�}�¦³¥³Á�¥̧ª�´��´��¸ÉÁ�¨¨r�°�
�n°Å��Îµ�µ¦�n°¤Â�¤��Á°�Á¡ºÉ°Ä®o¤Ã̧�¦�­¦oµ�Â¨³�µ¦
�Îµ®�oµ�¸É�¨�́¤µÁ�n�Á�·¤��Ŵ��́�´Ê��oµ­µ¤µ¦�Â�oÅ�­µÁ®�»Ŵ
Â¨³�ÎµÄ®o¤¸Á¨º°�Å�®¨n°Á¨¸Ê¥�Å�°¥nµ�Á¡¸¥�¡°Â¨³�´�
Áª¨µÂ¨oªŴŴÅ��³­µ¤µ¦�¢g���¨´�¤µ�Îµ®�oµ�¸ÉÅ�o�´�Á�·¤
Ŵ �¨�µ¦«¹�¬µ�¦´Ê��¸Ê­°��¨o°��´�Á���r�µ¦
ª·�·��´¥£µª³Å�ªµ¥Á�¸¥�¡¨´��°�Ŵ$'4,Ŵ �7KHŴ$FXWHŴ
4XDOLW\Ŵ ,QLWLDWLYH�Ŵ�¸ÉÅ�o�Îµ®��Á���rŴ5,)/(ŴFULWHULDŴ
Â¨³�µ¦ª·�·��´¥£µª³Å�ªµ¥Á�¸¥�¡¨´��$FXWHŴ.LGQH\Ŵ
,QMXU\�Ŵ$.,�Ŵ�°�Ŵ$.,1Ŵ�7KHŴ$FXWHŴ.LGQH\Ŵ ,QMXU\Ŵ
1HWZRUN����Ŵ�¸É�¦³Á¤·��ªµ¤¦»�Â¦��°�Å�ªµ¥Á�¥̧�¡¨�́
�µ��nµ�µ¦Á�¨¸É¥�Â�¨�°´�¦µ�µ¦�¦°��°�Á­¸¥�°�Å�Ŵ
�*)5�Ŵ�¹É�ª´��µ��nµŴVHUXPŴFUHDWLQLQHŴ�¸ÉÁ¡·É¤�¹Ê�Â¨³�µ�
�¦·¤µ��{­­µª³Ŵ�XULQHŴRXWSXW�Ŵ�¸É̈ �¨�Á�}��ª́ª·�·��¥́Â¨³
Â�n�¦³�´��ªµ¤¦»�Â¦��°�£µª³Å�ªµ¥Á�¸¥�¡¨´�Ŵ Ŵ Ã�¥
�µ¦¤¸�¦·¤µ��{­­µª³�¸É¨�¨�Ä�¦³¥³Áª¨µ�µ��¹Ê��n��¸Ê�¹�
�ªµ¤¦»�Â¦��°�Å�ªµ¥Á�¸¥�¡¨´��¸ÉÁ¡·É¤�¹Ê�Á�n�Á�¸¥ª�´�Ŵ
Ŵ ­n ª�°µ�µ¦Á�º°�°ºÉ�Ç�°�£µª³Å�ªµ¥
Á�¸¥�¡¨´��¸ÉÅ¤n­´¤¡´��r�´�°´�¦µ�µ¦�¦°��°�Å��¸É¨�
¨�Á¤ºÉ°Á�}�Å�ªµ¥Á�¸¥�¡¨´�Ŵ�º°Ŵ�µ¦Á�¨¸É¥�Â�¨��°�
�nµÁ�¨¸É¥�ªµ¤�´�Ã¨®·�Ŵ�UŴ Ŵ������ŴSŴ Ŵ������Ŵ®µ¥Ä�
®°�Á®�ºÉ°¥Ŵ�UŴ Ŵ������ŴSŴ Ŵ������Ŵ¤¸Å�oŴ�UŴ Ŵ������ŴŴŴ
SŴ ������Ŵ�´Ê�ŴÁ�}�°µ�µ¦�¸É¡�Ä��¨»n¤�´ª°¥nµ��¸É¤¸Ã¦�
®¦º°£µª³Á�È��iª¥�»�¦³��ŴÂ���nµ��´�Á¡¸¥��Îµ�ª�Ŵ
�¼o�iª¥�¸ÉÂ­��°µ�µ¦Á�º°�Â�n¨³°µ�µ¦Á�nµ�´Ê�Ŵ Ŵ Á�n�Ŵ Ä�
�¨»n¤�¼o�iª¥�¸ÉÁ�oµ¦´��µ¦¦´�¬µ�oª¥Ã¦�¦³���µ�Á�·�
®µ¥Ä�¡�°µ�µ¦®°�Á®�ºÉ°¥¦o°¥¨³Ŵ ����Ŵ�¼o�iª¥�¸É¤¸
�µ¦­¼�Á­¸¥­µ¦�ÎÊµ®¦º°Á¨º°�Ŵ ®¦º°¤¸£µª³�·�Á�ºÊ°�°�
¦³���µ�Á�·�°µ®µ¦¡�°µ�µ¦®°�Á®�ºÉ°¥¦o°¥¨³Ŵ����ŴŴ
Ã¦��°�¦³���µ¦Å®¨Áª¸¥�Á¨º°�¡�°µ�µ¦®°�Á®�ºÉ°¥Ŵ
¦o°¥¨³Ŵ����ŴŴ£µª³¡·¬Á®�»�·�Á�ºÊ°Ŵ�VHSVLV�Ŵ¡�°µ�µ¦
®°�Á®�ºÉ°¥¦o°¥¨³Ŵ ����Ŵ Ã¦��°�­¤°�Â¨³¦³��
�¦³­µ�¡�°µ�µ¦®°�Á®�ºÉ°¥¦o°¥¨³Ŵ����Ŵ Ä��¼o�iª¥
Ã¦�­¤°�Â¨³¦³���¦³­µ�¡�°µ�µ¦¦³�´��µ¦¦¼o­�·
Á�¨¸É¥�Â�¨�¦o°¥¨³Ŵ����Ŵ Ŵ�¼o�iª¥�¸É¤¸Â�¨Å®¤oŴ®¦º°Å�o
¦´�­µ¦¡·¬Ŵ¡�°µ�µ¦¦³�´��µ¦¦¼o­�·Á�¨¸É¥�Â�¨�¦o°¥¨³Ŵ
����Ŵ�¼o�iª¥£µª³¡·¬Á®�»�·�Á�ºÊ°�VHSVLV�¡�°µ�µ¦¦³��́

�µ¦¦¼o­�·Á�¨¸É¥�Â�¨�¦o°¥¨³Ŵ����Ŵ�¼o�iª¥Ã¦�¦³���µ�
Á�·�®µ¥Ä�¡�°µ�µ¦¦³�´��µ¦¦¼o­�·Á�¨¸É¥�Â�¨�¦o°¥¨³Ŵ
����Ŵ Ŵ�¼o�iª¥¦³��Å®¨Áª¸¥�Á¨º°�¡�°µ�µ¦¦³�´��µ¦¦¼o
­�·Á�¨¸É¥�Â�¨�¦o°¥¨³Ŵ����ŴŴ®¦º°¡�°µ�µ¦°n°�Á¡¨¸¥
¤µ��¸É­»�Ä��¼o�iª¥¦³���µ�Á�·�°µ®µ¦Ã�¥¡�°µ�µ¦
°n°�Á¡¨¸¥¦o°¥¨³Ŵ ����Ŵ Ã¦�¦³��®µ¥Ä�¡�°µ�µ¦
°n°�Á¡¨¸¥¦o°¥¨³Ŵ��Ŵ Ã¦�¦³���¦³�¼�Â¨³�¨oµ¤Á�ºÊ°
¡�°µ�µ¦°n°�Á¡¨¸¥¦o°¥¨³Ŵ ����Ŵ Ã¦�¦³���µ¦Å®¨
Áª¸¥�Á¨º°�¡�°µ�µ¦°n°�Á¡¨¸¥¦o°¥¨³Ŵ����Ŵ°£·�¦µ¥
Å�oªnµŴ°µ�µ¦Ŵ°µ�µ¦Â­���´��¨nµªÁ�}�°µ�µ¦Â­���°�
�µ¦�°�­�°��°�¦nµ��µ¥Ŵ�¸É°µ��³¤¸­µÁ®�»¤µ�µ��µ¦
Á�¨¸É¥�Â�¨��µ�¡¥µ�·­¦¸¦£µ¡Ŵ�µ¤�¨Å��µ¦�ÎµÁ�·�
Ã¦��¸É�¼o�iª¥¤¸°¥¼nÁ�·¤Ŵ®¦º°°µ��³Á�·�¦nª¤�´��µ¦Á¦·É¤Á­¸¥
®�oµ�¸É�°�Å�Ä��µ¦�´��ÎÊµÂ¨³�°�Á­¸¥�nµ�Ç°°��µ�
¦nµ��µ¥Ŵ Á�}��¨Ä®o�µ¦�¦´�­¤�»¨�ÎÊµ®¦º°�¦��nµ�Ä�
¦nµ��µ¥Á¦·É¤Á­¸¥Å�����

Ŵ Á�}��¸É�nµ­´�Á��ªnµ�nµÁ�¨¸É¥�ªµ¤�´�Ã¨®·�Ŵ
�PHDQŴ DUWHULDOŴ SUHVVXUH�Ŵ0$3�Ŵ �n°�Á�·�Å�ªµ¥
Á�¸¥�¡¨´�Ä��¨»n¤�´ª°¥n µ��¸É«¹�¬µ°¥¼n�¸É Ŵ �����ŴŴ
¤·¨¨·Á¤�¦�¦°�Ŵ�¹É�Á�}��nµ�¸É­¼��ªnµ¦³�´��ªµ¤�´�Ã¨®·�
�¸É�³�ÎµÄ®o�¨Å��µ¦��­£µ¡�µ¦Å®¨Áª¸¥�Á¨º°��¸ÉÅ�ŴŴ
�DXWRUHJXODWLRQŴRIŴUHQDOŴEORRGŴŲRZ�ŴÂ¨³�µ¦�Îµ®�oµ�¸É
�°�Å�Á�}����·Ä����´ÉªÅ��¸É¤¸­»�£µ¡���·Ŵ �º°�ªµ¤
�´�Ã¨®·�¤µ��ªnµ®¦º°Á�nµ�´�Ŵ ��Ŵ ¤¤��¦°��¹�Ŵ ��Ŵ
¤¤��¦°���������������Ŵ°µ�Á�}�Á¡¦µ³�¨»n¤�ª́°¥nµ�¤�̧{��¥́
�¸É�ÎµÄ®o�ªµ¤­µ¤µ¦�Ä��µ¦�Îµ�µ��°�Å�¨�¨�¦nª¤�oª¥ŴŴ
Á�n�Ŵ­¼�°µ¥»ŴŴÅ�ªµ¥Á¦ºÊ°¦�́Ŵ®¦º°Á�}�Ã¦��¸É�ÎµÄ®oÁ�·��µ¦Á­ºÉ°¤
®�oµ�¸É�°�Å�Å�o�nµ¥Á�n�Ŵ Ã¦�Á�µ®ªµ�Ŵ�ªµ¤�´�Ã¨®·�
­¼�Ŵ Ã¦�®´ªÄ�������������Ŵ Á�}��o�Ŵ Ã�¥�¨»n¤�´ª°¥nµ�¤¸°µ¥»
¤µ��ªnµŴ ��Ŵ�eŴ ¦o°¥¨³Ŵ����Ŵ¤¸Ã¦�¦nª¤Á�}��ªµ¤�´�
Ã¨®·�­¼�Ŵ ¦o°¥¨³Ŵ����Ŵ Á�µ®ªµ�Â¨³�ªµ¤�´�Ã¨®·�­¼�ŴŴ
¦o°¥¨³Ŵ��Ŵ�ªµ¤�´�Ã¨®·�­¼�Â¨³Å�Á­ºÉ°¤Ŵ¦o°¥¨³Ŵ���Ŵ
�µ¦�¸É�¨»n¤�´ª°¥nµ�¤¸�nµÁ�¨¸É¥�ªµ¤�´�Á¨º°�Ä�¦³�´�­¼�
�ªnµŴ��Ŵ¤¤��¦°�ŴÂ¨³Á�·�Å�ªµ¥Á�¸¥�¡¨´��µ¤¤µ�´Ê�
°£·�¦µ¥Å�oªnµŴ�ªµ¤�´�Ã¨®·�Ä�¦³�´��¸É�ÎÉµ�ªnµŴ�����Ŵ
¤·¨¨·Á¤�¦�¦°��°��¨»n¤�´ª°¥nµ��¸É«¹�¬µ�¸Ê Ŵ °µ�Á�}�
�´ª�¦³�»o�Ä®oÁ�·��µ¦¨�¨��°�Á¨º°��¸ÉÅ�Á¨¸Ê¥�Å�ŴÂ¨³
Á¤ºÉ°¡·�µ¦�µ�µ��o°¤¼¨�·�Ŵ �¨»n¤�´ª°¥nµ�­nª�Ä®�n�º°Ŵ
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¦o°¥¨³Ŵ��ŴŴ¤¸¦³�´��ªµ¤�´�Ã¨®·��0$3�Ŵ¨��ÎÉµ�ªnµŴ��Ŵ
¤·¨¨·Á¤�¦�¦°��µ��·��n°�´�Ŵ��Ŵ�Ŵ�´ÉªÃ¤�Á�}�¦³¥³ÇŴŴ
�µ¦¤¸Ŵ0$3Ŵ¨��ÎÉµ¨��¹�°µ�Á�}�­µÁ®�»®�¹É��¸É�ÎµÄ®oÁ¨º°�
Å�Á¨¸Ê¥�Å�¨�¨�ŴŴÂ¨³Á�·��¦³�ª��µ¦Á�¨¸É¥�Â�¨�Ä��µ¦
�Îµ®�oµ�¸É�°�Å��µ¤¤µ���¦³�´É�Á�·�Å�ªµ¥Á�¥̧�¡¨�́�¹Ê�ŴŴŴŴŴ
Ŵ �µ¦�´��µ¦°µ�µ¦Á�º°��°�¡¥µ�µ¨Ŵ¡¥µ�µ¨
­nª�Ä®�nŴ �´��µ¦°µ�µ¦Á�º°��¸É¡�Ä�¨´�¬�³Ä®o�µ¦
�¼Â¨Â�oÅ�®¦º°¨��ªµ¤¦»�Â¦��°�°µ�µ¦Ŵ°µ�µ¦Â­���¸É
�¦µ��Ä���³�´Ê�ŴŴŴ¤µ��ªnµ�µ¦Á jµ¦³ª�́®¦º°�µ¦��́�µ¦
Â�oÅ�°µ�µ¦�µ¦Á�¨¸É¥�Â�¨��¸ÉÁ�}��ªµ¤Á­¸É¥�®¦º°°µ�µ¦
Á�º°��°�£µª³Å�ªµ¥Á�¸¥�¡¨´�Ŵ¥��´ª°¥nµ�Ä��¦�¸�¸É¤¸
�µ¦Á�¨¸É¥�Â�¨��°��¦·¤µ��{­­µª³Ä��µ��¸É¨�¨��ªnµ
Á�·¤ŴÁ�n�Ŵ�¼o�iª¥�¸ÉÁ�¥¤�̧{­­µª³°°�Ŵ����Ŵ���Ŵ¤·̈ ¨·̈ ·�¦
Ä�¦³¥³Áª¨µŴŴ�ŴŴ�´ÉªÃ¤�¤µ®¨µ¥ª´�Â¨oª�n°¤µ¤¸�{­­µª³
¨�¨�Á®¨º°Ŵ���Ŵ�¹�Ŵ���Ŵ¤·̈ ¨·̈ ·�¦�n°¦³¥³Áª¨µŴ�Ŵ�´ÉªÃ¤�
�¦µ���·��n°�´�Ŵ���Ŵ ª´�Ŵ �³Å¤n¡��´��¹��¹��µ¦�¼Â¨
Â�oÅ��µ¦Á�¨¸É¥�Â�¨��¸Ê�°�¡¥µ�µ¨ŴŴÃ�¥¡¥µ�µ¨­nª�
Ä®�n�³¦µ¥�µ�Â¡�¥rÁ¤ºÉ°¡�ªnµ�¼o�iª¥�{­­µª³Å¤n°°�Ŵ
Å¤n¤¸�{­­µª³°°�Ŵ®¦º°¤¸�{­­µª³°°��o°¥�ªnµŴ���Ŵ�¹�Ŵ
���Ŵ¤·¨¨·¨·�¦Ä�Áª¨µŴ�Ŵ�´ÉªÃ¤�Ŵ®¦º°�µ¦�¸É�¼o�iª¥¤¸¦³�´�
�ªµ¤�´�Ã¨®·��n°��oµ��ÎÉµ�º°°¥¼n�¸ÉŴ �����Ŵ¤¤��¦°�
®¦º°�ÎÉµ�ªnµ�¸Ê�µ��·��n°�´�Ŵ��Ŵ�Ŵ�´ÉªÃ¤�ŴŴÃ�¥­nª�Ä®�n
�³Å¤n¡��´��¹��µ¦Â�oÅ�Á�ºÊ°��o��°�¡¥µ�µ¨ŴÁ�n�Ŵ�µ¦
¦µ¥�µ�Â¡�¥rŴ�µ¦�¦´�Á¡·É¤��µ�¥µÁ¡·É¤�ªµ¤�´�Ã¨®·�
Ä��¦�¸�¸É�ÎµÅ�oÂ¨³¤¸�Îµ­´É��µ¦¦´�¬µ°¥¼nÁ�·¤Ŵ ®¦º°�µ¦
�´��¹��µ¦Á�¨¸É¥�Â�¨��°��¦·¤µ��{­­µª³Ä��´ÉªÃ¤��¸É
¡�ªnµ�ªµ¤�´�Ã¨®·��n°��oµ��ÎÉµ�´Ê�ÇŴŴÂ¨³­nª�Ä®�nÅ¤n
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FXODUŴHQGRWKHOLDOŴLQMXU\ŴDQGŴG\VIXQFWLRQŴGXULQJŴ
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"CTUSBDU��
Ŵ 7KLVŴUHVHDUFKŴDLPHGŴWRŴLQYHVWLJDWHŴZDUQLQJŴVLJQVŴRIŴDFXWHŴUHQDOŴIDLOXUHŴ�$5)��ŴWKHŴDVVRFLDWLRQŴEHWZHHQŴ
ZDUQLQJŴVLJQVŴDQGŴUHQDOŴIXQFWLRQŴFKDQJHV�ŴDQGŴQXUVLQJŴPDQDJHPHQWŴRIŴSUH�$5)ŴZDUQLQJŴVLJQV�Ŵ$ŴUHWURVSHFWLYHŴ
UHYLHZŴRIŴPHGLFDOŴUHFRUGVŴZDVŴFRQGXFWHGŴIRUŴ���ŴSDWLHQWVŴZKRŴZHUHŴGLDJQRVHGŴZLWKŴ$5)ŴDQGŴDGPLWWHGŴWRŴ0DKDUDWŴ
1DNKRQŴ5DWFKDVLPDŴ+RVSLWDOŴGXULQJŴ-DQXDU\Ŵ��Ŵ����ŴDQGŴ'HFHPEHUŴ���Ŵ�����Ŵ'DWDŴFROOHFWLRQŴZLWKŴFROOHFWLRQŴ
IURP�ŴDQDO\VLVŴZLWKŴ3HDUVRQuVŴFRUUHODWLRQŴFRHIűFLHQWVŴDQGŴDQDO\]HŴQXUVLQJŴPDQDJHPHQWŴDFWLYLWLHV�Ŵ5HVXOWVŴLQGLFDWHGŴ
WKDW�$5)ŴZDUQLQJŴVLJQVŴFRQVLVWHGŴRIŴIHYHU�ŴG\VSQHD�ŴDOWHUHGŴFRQVFLRXVQHVV�ŴIDWLJXH�ŴGHFUHDVHGŴRIŴDYHUDJHŴEORRGŴ
SUHVVXUHŴDQGŴGHFUHDVHGŴDYHUDJHŴDPRXQWŴRIŴXULQHŴEHIRUHŴ$5)ŴGHYHORSHG��7KHŴSUH�$5)ŴDPRXQWŴRIŴXULQHŴSHUŴKRXUŴZDVŴ
VLJQLűFDQWO\ŴFRUUHODWHGŴZLWKŴWKHŴSRVW�$5)ŴJORPHUXODUŴűOWUDWLRQŴUDWH�UŴ Ŵ������ŴSŴ Ŵ��������1XUVLQJŴPDQDJHPHQWŴ
RIŴSUH�$5)ŴV\PSWRPVŴFRXOGŴEHŴFDWHJRUL]HGŴLQWRŴIRXUŴJURXSV�Ŵ��ŴSURYLGLQJŴQXUVLQJŴWKHUDSHXWLFŴLQWHUYHQWLRQV�Ŵ
��ŴSURYLGLQJŴWUHDWPHQWVŴDVŴSUHVFULEHGŴE\ŴSK\VLFLDQV�Ŵ��ŴUHSRUWLQJŴV\PSWRPV�ŴDQGŴ��ŴV\PSWRPŴPRQLWRULQJŴDQGŴ
VXUYHLOODQFH�Ŵ

.H\ZRUGV�� ZDUQLQJŴVLJQV�ŴDFXWHŴUHQDOŴIDLOXUH�ŴQXUVLQJŴPDQDJHPHQWŴŴŴ ŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴ�


Ŵ7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴVFLHQFH�Ŵ$GXOWŴ1XUVLQJ�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴVFLHQFHŴLQŴ$GXOWŴ1XUVLQJ�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\



Ŵ/HFWXUHU�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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�µ¦�¼Â¨�¼o�iª¥Ã¦�®¨°�Á¨º°�­¤°��µ¤�¸ÉÃ¦�¡¥µ�µ¨
Å�o�Îµ®��Ŵ Å�oÂ�nŴ ��Ŵ�µ¦Ä®o°°��·Á��Ŵ�Ŵ¨·�¦�n°�µ�¸ŴŴ
��ŴPRQLWRUŴ (&*Ŵ��Ŵ �µ¦�¦ª�ª´�¦³�´�­´��µ��¸¡ŴŴ
��Ŵ�µ¦�¦ª�ª´�¦³���¦³­µ�Ŵ��Ŵ�µ¦�¼Â¨¦³���µ¦
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®µ¥Ä�ŴŴ��Ŵ�µ¦�¼Â¨Á jµ¦³ª�́�µ¦­Îµ¨�́Ŵ��Ŵ�µ¦�¼Â¨Á jµ¦³ª�́Ŵ
�µ¦¡¨´���®�¨o¤ŴÂ¨³Ŵ��Ŵ�µ¦�¼Â¨Á jµ¦³ª´�£µª³�´�ŴŴ
¦°�¨�¤µŴ�º°�µ¦Ä®o­µ¦�ÎÊµŴŴ166Ŵ����ŴPOŴ,9Ŵ��ŴPO�KRXUŴŴ
¦o°¥¨³Ŵ����Ŵ
Ŵ Ŵ Ŵ �����Ŵ ¦³¥³Áª¨µ�µ¦�´��µ¦�¼Â¨Ŵ
�¼o�iª¥Ŵ¡�ªnµ�¼o�iª¥Ä�¦µ¥�¸É­�­¥́ªnµ°µ��³Á�}�Ã¦�®¨°�
Á¨º°�­¤°��»�¦µ¥Å�o¦�́�µ¦�¼Â¨Ã�¥Â¡�¥r�¦³�ÎµÂ���
�»�Á�·�Ŵ£µ¥Ä�Ŵ��Ŵ�µ�¸Ŵ¦³¥³Áª¨µ°¥¼nÄ��nª�Ŵ���Ŵ�µ�¸
¦³¥³Áª¨µÁ�¨¸É¥Ŵ ����Ŵ�µ�¸Ŵ �6'Ŵ Ŵ �����Ŵ ­nª�Ä®�n
­µ¤µ¦��Îµ­n��¼o�iª¥Å��¦ª�Á°��Á¦¥r�°¤¡·ªÁ�°¦r­¤°�
�´Ê�Â�n¤µ�¹�Ã¦�¡¥µ�µ¨���¦³�´É�Å�o�¨°nµ�Ŵ ­µ¤µ¦�
��·�´�·Å�o£µ¥Ä�Ŵ��Ŵ�µ�¸Ŵ¦o°¥¨³Ŵ�����
Ŵ ��Ŵ �¨�¨·�Ŵ�2XWSXW�
Ŵ Ŵ ���Ŵ ¦³¥³Áª¨µ�¸É�¼o�iª¥Å�o¦�́�µ¦¦�́¬µŴÄ�
¦µ¥�¸É�°Ä�o�¦·�µ¦¦�¡¥µ�µ¨Ŵ¡�ªnµÁ�º°��»�¦µ¥­µ¤µ¦�
��·�´�·Å�oŴ£µ¥Ä�Ŵ�Ŵ�µ�¸Ŵ¦o°¥¨³Ŵ����Ŵ¦³¥³Áª¨µÄ��µ¦
�´��µ¦­n��¼o�iª¥Å��¦ª�Á°��Á¦¥r�°¤¡·ªÁ�°¦r­¤°�
�´Ê�Â�n¤µ�¹�Ã¦�¡¥µ�µ¨���¦³�´É�Å�o�¨°nµ�Ŵ¡�ªnµÁ�º°�
�»�¦µ¥­µ¤µ¦���·�´�·Å�oŴ£µ¥Ä�Ŵ��Ŵ�µ�¸Ŵ¦o°¥¨³Ŵ����Ŵ
­nª�¦³¥³Áª¨µ�µ¦�´��µ¦�¼Â¨�¼o�iª¥Ä�¦µ¥�¸É�µ�·�Îµ­n�
Â����»�Á�·�Ŵ�oª¥°µ�µ¦�¸É­�­´¥ªnµÁ�}�Ã¦�®¨°�Á¨º°�
­¤°�Ŵ¡�ªnµ�¼o�iª¥�»�¦µ¥Å�o¦�́�µ¦�¼Â¨Ã�¥Â¡�¥r�¦³�Îµ
Â����»�Á�·�Ŵ£µ¥Ä�Ŵ��Ŵ�µ�¸Ŵ¦³¥³Áª¨µ°¥¼nÄ��nª�Ŵ���Ŵ
�µ�¦̧³¥³Áª¨µÁ�¨¸É¥Ŵ����Ŵ�µ�Ŵ̧�6' �����ŴÁ�º°��»�¦µ¥
­µ¤µ¦��Îµ­n��¼o�iª¥Å��¦ª�Á°��Á¦¥r�°¤¡·ªÁ�°¦r­¤°�
�´Ê�Â�n¤µ�¹�Ã¦�¡¥µ�µ¨���¦³�´É�Å�o�¨°nµ�Ŵ ­µ¤µ¦�
��·�´�·Å�o£µ¥Ä�Ŵ��Ŵ�µ�¸Ŵ¦o°¥¨³Ŵ����
Ŵ Ŵ ���Ŵ �µ¦ª·�·��´¥Ã¦��°�Â¡�¥r� ŴÄ��¼o�iª¥
�¸É­�­´¥ªnµÁ�}�Ã¦�®¨°�Á¨º°�­¤°��¸É¤µ¦´��µ¦¦´�¬µ�¸É
Â����»�Á�·�ŴÃ¦�¡¥µ�µ¨�Îµ¦»�¦µ¬�¦rŴ°·�Á�°¦rÁ��´É�Â�¨Ŵ
¤�̧Îµ�ª��´Ê�®¤�Ŵ���Ŵ��Ŵ¡�ªnµŴÁ�}�Ã¦�®¨°�Á¨º°�­¤°�Ŵ
¦o°¥¨³Ŵ����ŴÅ�oÂ�nŴÃ¦�®¨°�Á¨º°�­¤°��¸�®¦º°°»��´�Ŵ
�,VFKHPLFŴVWURNH�Ŵ¦o°¥¨³Ŵ����Ŵ¦°�¨�¤µŴ�º°ŴÃ¦�®¨°�
Á¨º°�­¤°��µ�Á¨º°�Å�Á¨¸Ê¥��´Éª�¦µªŴ�7,$�Ŵ¦o°¥¨³Ŵ����Ŵ
Â¨³Ã¦�®¨°�Á¨º°�­¤°�Â��Ŵ �+HPRUUKDJLFŴ VWURNH�Ŵ
�Îµ�ª�°¥nµ�¨³Ŵ¦o°¥¨³Ŵ���ŴÂ¨³�¸ÉÅ¤nÁ�}�Ã¦�®¨°�Á¨º°�
­¤°�Ŵ�1RQ�6WURNH�Ŵ¦o°¥¨³Ŵ����ŴÅ�oÂ�nŴÃ¦�Áª¸¥�«¸¦¬³
®¦º°�ÎÊµÄ�®¼Å¤nÁ�nµ��́Ŵ¦o°¥¨³Ŵ���ŴÁ�}�¨¤¦o°¥¨³Ŵ���ŴÂ¨³
Ã¦��¨µ¥�¦³­µ�°´�Á­�Ŵ¦o°¥¨³Ŵ���

Ŵ Ŵ ���Ŵ ª·�¸�µ¦�¸É�¼o�iª¥Ã¦�®¨°�Á¨º°�­¤°�
Å�o¦´��µ¦¦´�¬µ�¡�ªnµ�¼o�iª¥�¸ÉÁ�}�Ã¦�®¨°�Á¨º°�­¤°�
�´Ê�Ŵ�Ŵ��·�Ŵ���̧®¦º°°»���́Ŵ�µ�Á¨º°�Å�Á¨¸Ê¥��´Éª�¦µªŴÂ¨³Ŵ
®¨°�Á¨º°�­¤°�Â���Ŵ Å�o¦´��µ¦¦´�¬µ�µ�¥µŴ ¦o°¥¨³Ŵ
���Ŵ­nª�Ä®�nÁ�}�¥µ�¨»n¤Ŵ$QWL�SODWHOHWŴ ¦o°¥¨³Ŵ����Ŵ
¦°�¨�¤µŴ�º°Ŵ¥µ�¨»n¤Ŵ$QWL�FRDJXODQWŴ¦o°¥¨³Ŵ����ŴÂ¨³�¸É
�o°¥�¸É­»�Ŵ�º°ŴÁ�}�¥µŴUW�3$Ŵ¦o°¥¨³Ŵ���Ŵ�¼o�iª¥Ã¦�®¨°�
Á¨º°�­¤°���·��¸�®¦º°°»��´�Ŵ�,VFKHPLFŴVWURNH�Ŵ­nª�
Ä®�nÅ¤nÅ�o¦´��µ¦¦´�¬µ�oª¥ŴUW�3$Ŵ¦o°¥¨³Ŵ����ŴÂ¨³Å�o
¦´��µ¦¦´�¬µ�oª¥ŴUW�3$Ŵ¦o°¥¨³Ŵ����Ŵ¦³¥³Áª¨µ�¸É�¼o�iª¥
Å�o¦´��µ¦¦´�¬µ�oª¥ŴUW�3$Ŵ¤µ��ªnµŴ��Ŵ�µ�¸Ŵ�Îµ�ª�Ŵ�Ŵ
��ŴÂ¨³Å�o¦´��µ¦¦´�¬µ�oª¥Ŵ UW�3$Ŵ£µ¥Ä�Ŵ��Ŵ�µ�¸Ŵ
�Îµ�ª�Ŵ�Ŵ��Ŵ�¼o�iª¥�¸ÉÁ�}�Ã¦�®¨°�Á¨º°�­¤°�Â��Ŵ
�+HPRUUKDJLFŴVWURNH�Ŵ�Îµ�ª�Ŵ�Ŵ��Ŵ¤µ��ªnµ�¦¹É�®�¹É�
�¼o�iª¥Å¤nÅ�o¦´��µ¦¦´�¬µ�oª¥ª·�¸�µ¦�nµ�´�Ŵ¦o°¥¨³Ŵ����ŴŴ
Â¨³Å�o¦´��µ¦¦´�¬µ�oª¥ª·�¸�µ¦�nµ�´�Ŵ ¦o°¥¨³Ŵ ����ŴŴ
�¼o�iª¥Ã¦�®¨°�Á¨º°�­¤°��»���¦�́Åªo�¼Â¨¦�́¬µ�n°Ä�
Ã¦�¡¥µ�µ¨Ŵ¦o°¥¨³Ŵ���Ŵ­nª�Ä®�n¦´�Åªo�¸ÉŴ&ULWLFDOŴFDUHŴ
XQLW�¦o°¥¨³Ŵ����ŴÂ¨³¦´�Åªo�¸ÉŴ5HJXODUŴZDUG�¦o°¥¨³Ŵ���

w����¡����Ú�
Ŵ �o°¤¼̈ �´ÉªÅ�Â¨³�o°¤¼̈ �oµ�­»�£µ¡Ŵ�¨»n¤�ª́°¥nµ�
�¸É­�­´¥ªnµÁ�}�Ã¦�®¨°�Á¨º°�­¤°�­nª�Ä®�nÁ�}�Á¡«
�µ¥Ŵ °µ¥»¤µ��ªnµŴ ��Ŵ�eŴ ¤¸Ã¦��¦³�Îµ�´ªÄ�¦³��®´ªÄ�
Â¨³®¨°�Á¨º°�Ŵ �¹É�­°��¨o°��´��µ�ª·�´¥�°�Ŵ ª»�·
�´¥Ŵ Á¡·É¤«·¦·ªµ�·�¥rŴ Â¨³��³��Ŵ �¸É¡�ªnµŴ �µ¦Á�·�Ã¦�
®¨°�Á¨º°�­¤°�¤µ��ªnµ�¦¹É�Á�}�Á¡«�µ¥Ŵ Â¨³¤¸°µ¥»
Á�¨¸É¥¤µ��ªnµŴ ��Ŵ�eŴ Â¨³¡�ªnµŴ Ã¦��¦³�Îµ�´ª�¸É¤¸�{��´¥
Á­¸É¥��n°�µ¦Á�·�Ã¦�®¨°�Á¨º°�­¤°�Ŵ Å�oÂ�nŴ Ã¦��ªµ¤
�´�Á¨º°�­¼�Ŵ Ã¦�®´ªÄ�Ŵ Å�¤´�Ä�®¨°�Á¨º°�­¼�Ŵ Â¨³Ŵ
Á�µ®ªµ�ŴÂ�ª�µ��µ¦�´��µ¦�¼Â¨�¼o�iª¥�°�Â¡�¥rÂ¨³
¡¥µ�µ¨Ŵ ­µ¤µ¦���·�´�·Å�o�µ¤Â�ª��·�´�·�µ¦�¼Â¨Ŵ
�¼o�iª¥Ã¦�®¨°�Á¨º°�­¤°��°�Ã¦�¡¥µ�µ¨�Îµ¦»�¦µ¬�¦rŴ
°·�Á�°¦rÁ��´É�Â�¨Á�}�­nª�Ä®�nŴ �¹É�°�·�µ¥Å�oªnµÁ�·��µ�
�µ¦�¸ÉÃ¦�¡¥µ�µ¨Å�o��́°�¦¤�»�¨µ�¦�¸ÉÁ�¸É¥ª�o°�Ä��µ¦Ä�o
Â�ª��·��́·�¸Ê�´Ê�Â�n�eŴ¡�«�Ŵ������Ŵ�ÎµÄ®o�»�¨µ�¦¤�̧ªµ¤¦¼o
Â¨³�´�¬³�¸É�³�o°���·�´�·Ŵ�¹É��µ��µ¦Ä�oÂ���´��¦°��µ¦
Á�}�Ã¦�®¨°�Á¨º°�­¤°�Ä��¨»n¤�¸É�¼o�iª¥Á¦¥̧�¦�¡¥µ�µ¨
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Å�¦�́¤�̧´Ê��¸ÉÁ�oµÁ���r�µ¦�¦³Á¤·�ŴÂ¨³£µ¥®¨�́¡�ªnµÁ�}�
Ã¦�®¨°�Á¨º°�­¤°�Â¨³Å¤nÁ�oµÁ���r�µ¦�¦³Á¤·�ŴÂ�n¡�
ªnµ£µ¥®¨´�Á�}�Ã¦�®¨°�Á¨º°�­¤°�Ŵ�¹É�¥´��o°�Á�È��o°¤¼¨
Á¡ºÉ°��­°��¦³­·��·£µ¡�°�Â���´��¦°��¸Ê�n°Å�Ŵ
Ŵ �µ��¨�µ¦ª·�·��´¥Ã¦�¡�ªnµ�¨»n¤�´ª°¥nµ�Å�o
¦´��µ¦ª·�·��´¥ªnµÁ�}�Ŵ Ã¦�®¨°�Á¨º°�­¤°��¹�¦o°¥¨³Ŵ
����Ŵ¤µ��¸É­»�Á�}���·�®¨°�Á¨º°�­¤°��¸�®¦º°°»�
��́Ŵ¦o°¥¨³Ŵ����Ŵ¦°�¨�¤µÁ�}�Ã¦�®¨°�Á¨º°�­¤°��µ�
Á¨º°�Å�Á¨¸Ê¥��´Éª�¦µªŴ¦o°¥¨³Ŵ��ŴÂ¨³�o°¥�¸É­»�Á�}�Ã¦�
®¨°�Á¨º°�­¤°�Â��Ŵ¦o°¥¨³Ŵ���Ŵ�¹É�­°��¨o°���́­�·�·
�µ¦Á�·�Ã¦�®¨°�Á¨º°�­¤°��µ¤¡¥µ�·­£µ¡Ŵ�$+$�
$6$��ŴŴ ª·�¸�µ¦�¸É�¼o�iª¥Å�o¦´��µ¦¦´�¬µŴ¡�ªnµ�¼oÁ�}�Ã¦�
®¨°�Á¨º°�­¤°��´Ê�­°��¨»n¤Å�o¦�́�µ¦¦�́¬µ�oª¥ŴUW�3$Ŵ
Á¡¥̧�¦o°¥¨³Ŵ����Ŵ�¹É��ÎÉµ�ªnµ�µ¦«¹�¬µ�°�Ŵ)RQDURZŴÂ¨³
��³�ŴÃ�¥¤­̧µÁ®�»�µ�Ŵ¦³¥³Áª¨µ�¸ÉÁ�·�°µ�µ¦Ã¦�®¨°�
Á¨º°�­¤°��´�¦³¥³Áª¨µÄ��µ¦Ä®oŴ UW�3$Ŵ¤µ��ªnµŴ���Ŵ
�´ÉªÃ¤�Ŵ�¹�Ŵ¦o°¥¨³Ŵ����Ŵ

xi�ª�Ù�«ÙÝ
� ��ŴŴ �¼o �¸É Á �} � Ã¦�®¨°�Á¨º °�­¤°�­n ª�
Ä®�n¥´�Å¤nÅ�o¦´��µ¦¦´�¬µ�oª¥¥µ¨³¨µ¥¨·É¤Á¨º°��¸É¤¸
�¦³­·��·£µ¡Á�ºÉ°��µ�¤µ�¹�Ã¦�¡¥µ�µ¨¨nµ�oµŴ �´��´Ê�
�ª¦¦�¦��rÄ®o�ªµ¤¦¼oÁ�¸É¥ª�´�°µ�µ¦ŴÂ¨³°µ�µ¦Â­��
�°�Ã¦�®¨°�Á¨º°�­¤°�Ä�¦³¥³Á¦·É¤Â¦��¸É�³­µ¤µ¦�
­´�Á��Å�o�oª¥��Á°�
Ŵ ��Ŵ �ª¦«¹�¬µª·�´¥Â��Å��oµ�®�oµŴ Ä�Á¦ºÉ°�
�µ¦Ä�oÁ�¦ºÉ°�¤º°Ä��µ¦�¦³Á¤·��¼o�iª¥�¸É­�­´¥ªnµÁ�}�Ã¦�
®¨°�Á¨º°�­¤°�ŴÃ�¥Ä�oÂ���¦³Á¤·�Ŵ7KHŴ/RVŴ$QJHOHVŴ
3UH�KRVSLWDOŴ 6WURNHŴ6FUHHQŴ �/$366�ŴÂ¨³Ŵ)�$�6�7Ŵ
7HVWŴÁ¡ºÉ°�¦³Á¤·��¦³­·��·£µ¡Ä��oµ��ªµ¤ÅªŴÂ¨³�ªµ¤
Á�¡µ³Á�µ³��Ŵ
Ŵ ��Ŵ �ª¦«¹�¬µ�ªµ¤¡¹�¡°Ä��°��»�¨µ�¦Ä�
�µ¦Ä�oÂ�ª��·�´�·�µ¦�¼Â¨�¼o�iª¥Ã¦�®¨°�Á¨º°�­¤°�
�¸É¡´��µ�¹Ê�Á¡ºÉ°Á�}��o°¤¼¨¡ºÊ��µ�Ä��µ¦�¦´��¦»�Â�ª
��·�´�·Ä®o¤¸�¦³­·��·£µ¡�n°Å�

3FGFSFODF
��Ŵ +DUROGŴ3$��Ŵ=RSSRŴ*�Ŵ$OEHUWVŴ-Ŵ0�Ŵ'HHSDNŴ/%�Ŵ

*XLGHOLQHVŴIRUŴWKHŴ(DUO\Ŵ0DQDJHPHQWŴRIŴ$GXOWVŴ
ZLWKŴ,VFKHPLFŴ6WURNH�Ŵ$PHULFDQŴ+HDUWŴ$VVRFLD�
WLRQ�Ŵ&LUFXODWLRQ�Ŵ�����Ŵ����ŴH����H����

��Ŵ %XUHDXŴ2IŴ3ROLF\ŴDQGŴ6WUDWHJ\�Ŵv3XEOLFŴ+HDOWKŴ
6WDWLVWLFVŴ�����wŴ>2QOLQH@Ŵ$YDLODEOHŴDW�ŴKWWS���
ESV�RSV�PRSK�JR�WK�+HDOWKLQIRUPDWLRQ�LQGH[��
KWPO�Ŵ�Ŵ$SULOŴ�����

��Ŵ 1DWLRQDOŴ+HDOWKŴ)RXQGDWLRQ�Ŵv7KHŴ/RVVŴRIŴ6WURNHwŴ
1DWLRQDOŴ+HDOWKŴ6HFXULW\Ŵ2IűFHŴ�1+62�ŴDQGŴ'H�
SDUWPHQWŴ RIŴ'LVHDVHŴ&RQWURO�Ŵ0LQLVWU\Ŵ RIŴ3XEOLFŴ
+HDOWK�Ŵ >2QOLQH@Ŵ$YDLODEOHŴ DW�Ŵ KWWS�ZZZ�WKDLKI�
RUJ�LQGH[�SKS"PRGXO VHDUFK�Ŵ�Ŵ6HSWHPEHUŴ�����

��ŴŴ 6XNNKXPDQSLWDNŴ-�Ŵ1DQWVXSDZDWŴ:�Ŵ+RUQERRQ�
KHUPŴ3�Ŵ'HYHORSPHQWŴRIŴDŴ&DUHŴ0RGHOŴIRUŴ0DOHŴ
6WURNHŴ3DWLHQWVŴLQŴ6HFRQGDU\Ŵ+RVSLWDOŴ8VLQJŴ$Ŵ
3DUWLFLSDWRU\Ŵ$FWLRQŴ5HVHDUFK�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ
$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����Ŵ������Ŵ������

��ŴŴ ,PVXNŴ.�Ŵ(IIHFWVŴRIŴDŴ0XOWLGLVFLSOLQDU\Ŵ'HYHO�
RSPHQWDOŴ&DUHŴ0RGHOŴLQŴ3DWLHQWVŴZLWKŴ6WURNHŴDWŴ
&KDRŴ3K\DŴ$EKDLEKXEHMKU�Ŵ -RXUQDOŴRIŴ1XUVHVuŴ
$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����Ŵ������Ŵ������

��Ŵ $PHULFDQŴ+HDUWŴ$VVRFLDWLRQ�Ŵ+HDUWŴ'LVHDVHŴDQGŴ
6WURNHŴ6WDWLVWLFVŴyŴ����Ŵ8SGDWH�Ŵ$PHULFDQŴ+HDUWŴ
$VVRFLDWLRQ�Ŵ&LUFXODWLRQŴ�����Ŵ����ŴH���H����

��Ŵ 7KHŴ1DWLRQDOŴ,QVWLWXWHŴRIŴ1HXURORJLFDOŴ'LVRUGHUŴDQGŴ
6WURNHŴ UW�3$Ŵ6WXG\Ŵ*URXS�Ŵ7LVVXHŴSODVPLQRJHQŴ
DFWLYDWRUŴIRUŴDFXWHŴLVFKHPLFŴVWURNH�Ŵ1HZŴ(QJODQGŴ
-RXUQDOŴRIŴ0HGLFLQHŴ�����Ŵ�����������

��Ŵ 6XZDQZHODŴ1&�Ŵ0DQDJHPHQWŴRIŴ$FXWHŴ,VFKHPLFŴ
6WURNH�Ŵ&KXODORQJNRUQŴ8QLYHUVLW\�Ŵ�����

��Ŵ )RQDURZŴ&*�Ŵ 6PLWKŴ ((�Ŵ 6DYHUŴ /-�Ŵ 5HHYHVŴ
-0�Ŵ DQGŴ'HHSDNŴ/%�Ŵ7LPHOLQHVVŴ RIŴ 7LVVXH�
7\SHŴ3ODVPLQRJHQŴ$FWLYDWRUŴ7KHUDS\ŴLQŴ$FXWHŴ
,VFKHPLFŴ6WURNH�Ŵ3DWLHQWŴ&KDUDFWHULVWLFV�Ŵ+RVSLWDOŴ
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)DFWRUV�ŴDQGŴ2XWFRPHVŴ$VVRFLDWHGŴ:LWKŴ'RRU�
WR�1HHGOHŴ7LPHVŴ:LWKLQŴ��Ŵ0LQXWHV�Ŵ&LUFXOD�
WLRQ�Ŵ�����Ŵ����Ŵ��������

���Ŵ $PHULFDQŴ+HDUWŴ $VVRFLDWLRQŴ JXLGHOLQHVŴ IRUŴ
FDUGLRSXOPRQDU\Ŵ UHVXVFLWDWLRQŴ DQGŴ HPHUJHQF\ŴŴŴŴŴŴ
FDUGLRYDVFXODUŴFDUH�Ŵ3DUWŴ���Ŵ$GXOWŴVWURNH�Ŵ&LU�
FXODWLRQŴ�����Ŵ����Ŵ6����6����

���Ŵ 1DWLRQDOŴ+HDOWKŴ6HFXULW\Ŵ2IűFHŴ�1+62��Ŵ7KDLODQG�Ŵ
6WURNHŴIDVWŴWUDFW�Ŵ>2QOLQH@Ŵ$YDLODEOHŴDW�ŴKWWS���ZZZ�
QKVRJR�WK�QHWZRUN�GRZQORDG�Ŵ��Ŵ0D\Ŵ�����

���Ŵ 3RXQJYDULQŴ1�Ŵ9LUL\DYHMDNXOŴ$�Ŵ.RPRQWULŴ&�Ŵ6LU�
LUDMŴVWURNHŴVFRUHŴDQGŴYDOLGDWLRQŴVWXG\ŴWRŴGLVWLQJXLVKŴ
VXSUDWHQWRULDOŴLQWUDFHUHEUDOŴKDHPRUUKDJHŴIURPŴLQ�
IDUFWLRQ�Ŵ6LULUDMŴ+RVSLWDOŴ0HGLFDOŴ6FKRRO�Ŵ0DKLGROŴ
8QLYHUVLW\�Ŵ%DQJNRN�Ŵ%0-Ŵ�����Ŵ�����������

���Ŵ 3UDVDWŴ1HXURORJLFDOŴ,QVWLWXWH�Ŵ7KHŴGHYHORSPHQWŴ
RIŴ WHUWLDU\ŴPHGLFDOŴ VHUYLFHVŴ DQGŴ WKHŴKLJKHUŴ IRUŴ
SHUVRQVŴZLWKŴ VWURNH�Ŵ'HSDUWPHQWŴ RIŴ0HGLFDOŴ
6HUYLFHV�Ŵ0LQLVWU\ŴRIŴ3XEOLFŴ+HDOWK�Ŵ�����
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�Îµ�µ¦Á�È��o°¤¼¨Ŵ��Å¤n¥·�¥°¤®¦º°�°�°��´ª��³Á�oµ
¦nª¤ª·�´¥Ŵ �Îµ�ª���µ��°��¨»n¤�´ª°¥nµ��µ�­¼�¦�°�Ŵ
&RFKUDQFHŴ�Îµ®��¦³�´��ªµ¤Á�ºÉ°¤´É�Ŵ�_�ŴÁ�nµ�´�Ŵ���
�Îµ�ª��nµŴ 'URSŴ RXWŴ �°��¨»n¤�´ª°¥nµ�Ŵ ¦o°¥¨³Ŵ �ŴŴ
Å�o�Îµ�ª��¨»n¤�´ª°¥nµ�Ŵ���Ŵ¦µ¥
Ŵ Á�¦ºÉ°�¤º°Ä��µ¦Á�È�¦ª�¦ª¤�o°¤¼¨Ŵ�¦³�°�
�oª¥Ŵ��ŴÂ��­°��µ¤�o°¤¼¨­nª��»��¨�Îµ�ª�Ŵ�Ŵ�o°�¸ÉŴ
�¼oª·�¥́­¦oµ��¹Ê�Ŵ��ŴÂ��­°��µ¤°µ�µ¦®¨�́Å�o¦�́�µ�Á�È�
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«¦̧¬³Ŵ��Ŵ�o°�¸É�¼oª·�¥́­¦oµ��¹Ê�Ŵ��ŴÁ�}�Â��ª�́�»�£µ¡�ª̧·�
�µ¤Â�ª�·��°�Á¢°¦rÂ¦�­rÂ¨³¡µªÁª°¦r­Ŵ Ã�¥�´��·�µŴŴ
Á¡�¦�¦³Å¡�ŴÅ�oÂ�¨Á�}����́£µ¬µÅ�¥Ŵ�µ�Ŵ4XDOLW\ŴRIŴ
OLIHŴLQGH[Ŵ%UDLQŴLQMXU\ŴYHUVLRQ�ŴÂ¨³�¦ª�­°��ªµ¤�¦�
�°�Á�ºÊ°®µŴ�&RQWHQWŴYDOLGLW\�Ã�¥�¼o�¦��»�ª»�·Ŵ�Îµ�ª�Ŵ
�Ŵ�nµ�Å�oÁ�nµ�´�Ŵ����Ŵ¨´�¬�³�°�Á�¦ºÉ°�¤º°Á�}�Â��
¤µ�¦µ­nª��¦³¤µ��nµŴ�/LNHUWŴVFDOH�Ŵ�Ŵ¦³�´�Ŵ
Ŵ �¼oª·�´¥�ÎµÂ��­´¤£µ¬�rÅ���¨°�Ä�o�´��¼o�iª¥
¨´�¬�³Á�¸¥ª�´��´��¨»n¤�´ª°¥nµ��Îµ�ª�Ŵ��Ŵ ¦µ¥Å�o�nµ
�ªµ¤Á�ºÉ°¤´É�Ã�¥Ä�o­¼�¦°´¨¢µ�¦°��µ�ŴÁ�nµ�´�Ŵ�����Ŵ
�¼oª·�´¥�ÎµÁ�·��µ¦Á�È��o°¤¼¨Á°�Ã�¥�¼oª·�´¥Á�}��¼o°nµ�Ä®o
¢{�Â¨³Ä®o�¼o�iª¥Á¨º°��°��oª¥��Á°�Ŵ Ã�¥Á¦·É¤Á�È��µ�
Â��­°��µ¤�o°¤¼̈ ­nª��»��¨ŴÂ��­°��µ¤°µ�µ¦®¨�́
Å�o¦�́�µ�Á�È�«¦̧¬³ŴÂ¨³Â��ª�́�»�£µ¡�ª̧·�Ŵ�µ¤¨Îµ��́Ŵ
�Îµ�o°¤¼̈ �¸ÉÅ�o�µ�Â��­°��µ¤�ÎµÅ�ª·Á�¦µ³®r�o°¤¼̈ Ã�¥
Ã�¦Â�¦¤Ŵ6366Ŵ�µ¤�´Ê��°��µ¦ª·Á�¦µ³®r�o°¤¼¨�´��¸ÊŴ
�o°¤¼¨�´ÉªÅ�Ä�o­�·�·Á�·��¦¦¥µ¥ŴÅ�oÂ�nŴ�nµ�ªµ¤�¸ÉŴ¦o°¥¨³Ŵ
�nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ�Ŵ�·��³Â���»�£µ¡
�¸ª·��µ¤�´Ê��°�Ŵ®µ�nª��³Â��Ŵ�nµÁ�¨¸É¥ŴÂ¨³®µ�³Â��
¤µ�¦�µ��°��³Â���»�£µ¡�ª̧·�Ã�¥¦ª¤Ŵ¦µ¥�oµ�ŴÂ¨³
¦µ¥�o°�°��ª́°¥nµ�ŴÂ¨oª�¦³Á¤·���́�nµÁ�¨¸É¥�°�Á���r�¸É
�´Ê�Åªo

Ú�w���¡}��
Ŵ �¨»n¤�´ª°¥nµ�Ä��µ¦«¹�¬µ�¦´Ê��¸Ê­nª�Ä®�nÁ�}�
Á¡«�µ¥Ŵ¤¸°µ¥»°¥¼nÄ��nª�Ŵ�����Ŵ�eŴ¤¸­�µ�£µ¡­¤¦­
�¼nÁ�}�ª´¥�Îµ�µ�Ŵ¤¸¦µ¥Å�o�n°�¦°��¦´ª�o°¥�ªnµŴ�����Ŵ
��������µ��Á�º°�Ŵ¡�ªnµÅ¤n¡¹�¡°Ä�Ä�¦µ¥Å�o�°�
�¦°��¦ª́Ŵ�µ¦�µ�Á�È�­nª�Ä®�nÁ�·��µ�°»��́·Á®�»�¦µ�¦
¦o°¥¨³Ŵ����Ŵ­µÁ®�»�µ¦�µ�Á�È��µ�¦��´�¦¥µ�¥��r
¤µ��¸É­»�¦o°¥¨³Ŵ����Ŵ¤¸°µ�µ¦®¨´�Å�o¦´��µ�Á�È�«¸¦¬³
�Îµ�ª�Ŵ���Ŵ¦µ¥Ŵ�·�Á�}�¦o°¥¨³Ŵ����Ŵ°µ�µ¦�ª�«¸¦¬³
¤µ��¸É­»��·�Á�}�¦o°¥¨³Ŵ ����Ŵ ¦°�¨�¤µÁ�}�°µ�µ¦
ª·�Áª¸¥�«¸¦¬³Ŵ ¦o°¥¨³Ŵ����Ŵ°µ�µ¦Á®�ºÉ°¥¨oµŴ ¦o°¥¨³Ŵ
����ŴÂ¨³¤¸°µ�µ¦�¦³­´��¦³­nµ¥Ŵ°¥¼nÅ¤n­»�Ŵ�o°¥�¸É­»�ŴŴ
¦o°¥¨³Ŵ���Ŵ
Ŵ �µ��µ¦«¹�¬µ�»�£µ¡�¸ª·��°��¨»n¤�´ª°¥nµ�Ŵ
¡�ªnµŴ�³Â���»�£µ¡�ª̧·�Ä�£µ¡¦ª¤°¥¼nÄ�¦³��́�Ŵ̧Ã�¥

¤¸�nµÁ�¨¸É¥¦ª¤Á�nµ�´�Ŵ�����Ŵ6'Ŵ Ŵ����Ŵ¤¸�³Â��Á�¨¸É¥
Ä�Â�n̈ ³�oµ�Ä�¨oÁ�¥̧���́Ŵ�º°Ŵ°¥¼n¦³®ªnµ�Ŵ�����yŴ�����Ŵ
Á¤ºÉ°Á¦¸¥�¨Îµ�´��³Â���µ�¤µ�Å��o°¥Ŵ ¡�ªnµŴ �¨»n¤
�ª́°¥nµ�Ŵ¤�̧»�£µ¡�ª̧·�°¥¼nÄ�¦³��́�Ŵ̧�Ŵ�oµ��º°Ŵ�oµ�£µª³
­»�£µ¡Â¨³�µ¦�Îµ®�oµ�¸É�°�¦nµ��µ¥Ŵ¤¸�nµÁ�¨¸É¥Á�nµ�´�Ŵ
�����Ŵ6'Ŵ Ŵ����ŴÂ¨³�oµ��¦°��¦´ªŴ¤¸�nµÁ�¨¸É¥Á�nµ�´�Ŵ
�����Ŵ6'Ŵ Ŵ Ŵ ����Ŵ�oµ��¸É¤¸�»�£µ¡�¸ª·�°¥¼nÄ�¦³�´�
�µ��¨µ��º°Ŵ�oµ�­´��¤Â¨³Á«¦¬��·�Ŵ¤¸�nµÁ�¨¸É¥Á�nµ�´�Ŵ
�����Ŵ6'Ŵ Ŵ����ŴÂ¨³�oµ��¸É¤¸�³Â��Á�¨¸É¥�o°¥�¸É­»�Ŵ
�º°Ŵ�oµ��·�ª·��µ�Ŵ¤�̧nµÁ�¨¸É¥Á�nµ��́Ŵ�����Ŵ6'Ŵ Ŵ����ŴŴ
��µ¦µ��¸ÉŴ��

w����¡����Ú�
Ŵ �µ¦«¹�¬µ�¦´Ê��¸ÊŴ¡�ªnµ�¨»n¤�´ª°¥nµ�­nª�Ä®�n
Á�}�Á¡«�µ¥Ŵ °µ�Á�ºÉ°��µ�Á¡«�µ¥¤¸¡§�·�¦¦¤Á­¸É¥�
®¨µ¥�¦³�µ¦ŴÁ�n���́¦��oª¥�ªµ¤Á¦ÈªŴÂ¨³�ºÉ¤­»¦µÁ�}��o�Ŵ
Á�}�Á®�»Ä®o�ªµ¤­µ¤µ¦�Ä��µ¦�´�­·�Ä�¨�¨�Â¨³�µ�
­�·Ŵ�¹�¤�̧ªµ¤Á­¸É¥�­¼�Ä��µ¦Á�·�°»��́·Á®�»�¦µ�¦��Ŵ­µÁ®�»
�°��µ¦�µ�Á�È�«¸¦¬³Á¨È��o°¥�°��¨»n¤�´ª°¥nµ��´Ê�Ŵ
­nª�Ä®�nÁ�·��µ�°»�´�·Á®�»�¦µ�¦Ŵ Ã�¥Á�¡µ³°»�´�·Á®�»
¦��´�¦¥µ�¥��rŴ­nª�Ä®�n°¥¼nÄ��nª�°µ¥»Ŵ�����Ŵ�e�´Ê��¸Ê
Á¡¦µ³�¨»n¤�¼o¤¸°µ¥»Ä��nª��¸Ê¤¸�µ¦�´��¸É¦��´�¦¥µ�¥��rŴ
¦�¥��rŴ®¦º°¦��¦¦�»�Ŵ°¥¼nÄ�ª´¥�¸É¤¸�ªµ¤�³�°�Ŵ�µ�
�ªµ¤­»�»¤¦°��°�Â¨³¥´Ê��·�Ŵ�µ��µ¦��́­·�Ä��¸É�Ŵ̧�ÎµÄ®o
Á�·�°»�´�·Á®�»Â¨³Å�o¦´��µ�Á�È�«¸¦¬³Ä�°´�¦µ­¼���ŴÂ¨³
°¥¼nÄ�ª¥́�Îµ�µ��³�·¥¤Ä�o¦���́¦¥µ�¥��rÂ¨³¦�¥��rÄ�
�µ¦­´��¦ŴÁ�ºÉ°��µ�¤¸¦µ�µ�¼�Ŵ­³�ª�Ŵ¦ª�Á¦ÈªÂ¨³�¨n°�
�´ª­¼�Ŵ�¹É�°µ��ÎµÄ®oÁ�}�­µÁ®�»®�¹É��¸É�ÎµÄ®oÁ�·�°»�´�·Á®�»
Â¨³�µ¦�µ�Á�È�Å�o�n°¥Ŵ­Îµ®¦´�Ä��¨»n¤°µ¥»Ŵ��Ŵ�e�¹Ê�Å�Ŵ
¤¸°´�¦µ�µ¦Á�·�°»�´�·Á®�»¨�¨�Ŵ Á�ºÉ°��µ�Ã�¥�´ÉªÅ�Á¤ºÉ°
�»��¨¤¸°µ¥»Á¡·É¤�¹Ê�Ŵ�ªµ¤­»�»¤¦°��°��³Á¡·É¤�¹Ê��oª¥Ŵ
������µ¦«¹�¬µ�¦´Ê��¸Ê�¨»n¤�´ª°¥nµ��´Ê�®¤�Ŵ¤¸­�µ�£µ¡
�¼nÂ¨³Ã­�Ä��Îµ�ª�Ä�¨oÁ�¸¥��´�Ŵ �´Ê��¸ÊÁ�ºÉ°��µ��¨»n¤
�´ª°¥nµ�Ä��µ¦ª·�´¥�¦´Ê��¸Ê­nª�¤µ�°¥¼nÄ�ª´¥«¹�¬µŴÂ¨³
ª´¥�Îµ�µ�Ŵ�´��´Ê��¹�¡�­�µ�£µ¡Ã­�Â¨³­¤¦­Â¨oªÄ�
�Îµ�ª�Ä�¨oÁ�¸¥��´�Ŵ �¨»n¤�´ª°¥nµ�­nª�Ä®�n�·�ªnµ¦µ¥
Å�o�°��¦°��¦´ªÅ¤nÁ¡¸¥�¡°�´�¦µ¥�nµ¥Ŵ�»�£µ¡�¸ª·�
�°��¼o�iª¥Å�o¦´��µ�Á�È�«¸¦¬³¡�ªnµ¤¸�»�£µ¡�¸ª·��¸É�¸
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�´Ê�­°��¨»n¤Å¤n¤¸�ªµ¤Â���nµ��´�Ŵ �¹É��´�Â¥o��´��¨�µ¦
«¹�¬µ�¸É�nµ�¤µŴ ªnµ¦µ¥Å�o¤¸�ªµ¤­´¤¡´��r�µ��ª��´��µ¦
�¼Â¨Â¨³�»�£µ¡�¸ª·�Ŵ°µ�Á�ºÉ°�¤µ�µ��¨»n¤�´ª°¥nµ�Á�}��¼o
�iª¥Å�o¦�́�µ�Á�È�«¦̧¬³¦³��́Á¨È��o°¥�¹É�Å¤n¤�̧ªµ¤¡·�µ¦Ŵ
�¹É��¨»n¤�¸Ê­µ¤µ¦��¨´�Å��Îµ�µ�Á�·¤Å�oÂ¨³­µ¤µ¦��¼Â¨
��Á°�Å�oŴ��

Ŵ °µ�µ¦®¨�́Å�o¦�́�µ�Á�È�«¦̧¬³Ä��¼o�iª¥�¼oÄ®�n
®¨�́Å�o¦�́�µ�Á�È�«¦̧¬³¦³��́Á¨È��o°¥Ŵ�¨»n¤�ª́°¥nµ��¸ÉÅ�o
¦´��µ�Á�È�«¸¦¬³Á¨È��o°¥®¨´��µ��Îµ®�nµ¥°°��µ�Ã¦�
¡¥µ�µ¨Ŵ�Ŵ­´��µ®rŴ Á�·�°µ�µ¦®¨´�Å�o¦´��µ�Á�È�«¸¦¬³
¦o°¥¨³Ŵ����ŴÂ¨³Å¤n¤¸°µ�µ¦¦o°¥¨³Ŵ����Ŵ°µ�µ¦�oµ�
¦nµ��µ¥¤¸¤µ��¸É­»�Ŵ ¦°�¨�¤µÁ�}�°µ�µ¦�oµ�¡§�·�¦¦¤
�µ�°µ¦¤�rŴ°µ�µ¦�oµ��µ¦¦¼o�·�ŴÂ¨³°µ�µ¦�oµ�Á�¸É¥ª�o°�
�´��µ¦¤°�Á®È�Ŵ�µ¤¨Îµ�´�Ŵ°�·�µ¥Å�oªnµ�µ¦�µ�Á�È��¸É
­¤°��ÎµÄ®oÃ�¦�­¦oµ�­¤°��°�­¤°�Á�¨¸É¥�Â�¨�ŴÁ�¨¨r
Â���¦³­µ��Îµ°°�Â¨³®¨°�Á¨º°�Á¨È�ÇŴ�¼��Îµ¨µ¥Ŵ
�µ¦�Îµ®�oµ�¸É�°�­¤°��·����·Å�®¨´��µ�Å�o¦´��µ�
Á�È�«¸¦¬³Ŵ�ÎµÄ®o�¼o�µ�Á�È�«¸¦¬³¦³�´�Á¨È��o°¥¤¸�ªµ¤
��¡¦n°��´Ê��µ��oµ�¦nµ��µ¥Ŵ°µ¦¤�rÂ¨³¡§�·�¦¦¤Ŵ¦ª¤
�´Ê���¡¦n°��oµ��µ¦¦¼o�·�Â¨³�·�­´��¤Ŵ�����

Ŵ �³Á®È�Å�oªnµ�¨»n¤�´ª°¥nµ�®¨´��µ�Å�o¦´��µ�
Á�È�«¸¦¬³�³¤¸°µ�µ¦�¸ÉÁ�·��¹Ê�®¨´��µ¦�µ�Á�È��µ¤¤µŴ
Â¨³°µ�µ¦®¨�́�µ¦�µ�Á�È���́�¨nµª¤®̧¨µ�®¨µ¥�¹É�Á�}�
°µ�µ¦�¸ÉÂ­��°°��µ��oµ�¦nµ��µ¥ŴÁ�n�Ŵ�ª�«¦̧¬³ŴÁª¥̧�
«¸¦¬³Ŵ¤µ��ªnµ�oµ�°ºÉ�� Á�ºÉ°�¤µ�µ�°µ�µ¦�oµ�¦nµ��µ¥
Á�}�°µ�µ¦�¸ÉÂ­��°°�¤µÄ®oÁ®È�Á�n��´�®¨´��µ�Å�o¦´�
�µ�Á�È�«¸¦¬³Ŵ�°��µ��¸Ê¥´�¤¸�µ��oµ�°µ¦¤�rŴ�·�­´��¤Ŵ
Á�n�Ŵ Á�¦¸¥�Ŵ ª·���´�ª¨Ŵ�¹¤Á«¦oµŴ Â¨³�µ��oµ��µ¦¦¼o�·�Ŵ
¡§�·�¦¦¤ŴÁ�n�Ŵ­¤µ�·­´Ê�Ŵ�µ¦�·��oµ¨�Ŵ
Ŵ �»�£µ¡�¸ª·��°��¼o�iª¥�¼oÄ®�n®¨´�Å�o¦´��µ�
Á�È�«¸¦¬³¦³�´�Á¨È��o°¥Ŵ¡�ªnµŴ�³Â���»�£µ¡�¸ª·�°¥¼n
Ä�¦³�´��¸Ŵ Á¤ºÉ°¡·�µ¦�µ�¹��»�£µ¡�¸ª·��¸ÉÁ�·��µ��µ¦
Á�¨¸É¥�Â�¨�Ä�Â�n¨³�oµ�Ŵ¡�ªnµ�»�£µ¡�¸ª·��oµ�£µª³
­»�£µ¡Â¨³�µ¦�Îµ®�oµ�¸É�°�¦nµ��µ¥ŴÂ¨³�oµ��¦°��¦ª́
¤¸�»�£µ¡�¸ª·�°¥¼n¦³�´��¸Ŵ�oµ�­´��¤Â¨³Á«¦¬��·�Ŵ�oµ�
�·�ª·��µ�°¥¼nÄ�¦³��́�µ��¨µ�Ŵ�¹É��µ��µ¦«¹�¬µ�¸É�nµ�
¤µÁ�¸É¥ª��́�»�£µ¡�ª̧·��°��¨»n¤�ª́°¥nµ��¸É�¨oµ¥�¨¹���́
�¨»n¤�ª́°¥nµ�Ä��µ¦ª·�¥́�¦´Ê��¸ÊŴ¡�ªnµ�»�£µ¡�ª̧·�¨�¨���Ŵ

Â�n�µ¦«¹�¬µ�¦´Ê��¸Ê¡�ªnµ�»�£µ¡�¸ª·��°��¼oÅ�o¦´��µ�
Á�È�«¸¦¬³¦³�´�Á¨È��o°¥°¥¼nÄ�¦³�´��Ŵ̧�´Ê��¸Ê°µ�Á�ºÉ°�¤µ
�µ��ªµ¤Â���nµ��°�¨´�¬�³�¨»n¤�´ª°¥nµ�ŴÂ¨³¦³¥³
Áª¨µ®¨�́Å�o¦�́�µ�Á�È�ŴÂ¨³�¼o�iª¥­nª�Ä®�n­µ¤µ¦��nª¥
Á®¨º°��Á°�Å�o�Ŵ̧Å¤n¤¸�ªµ¤¡·�µ¦Â¨³Å¤nÅ�o¦´��µ¦¦´�¬µ
Ä�ŴÇŴ�¹��ÎµÄ®o¦�́¦¼o�¹�£µª³­»�£µ¡Á�¨¸É¥�Â�¨�Å�Å¤n¤µ�Ŵ
�ÎµÄ®oÁ�·��ªµ¤¡¹�¡°Ä�Ä��¸ª·��¹�¤¸�»�£µ¡�¸ª·��¸
Ŵ �¨�µ¦ª·�´¥¡�ªnµŴ �¨»n¤�´ª°¥nµ��¸ÉÅ¤n¤¸°µ�µ¦
Â�¦��o°�£µ¥®¨´�Å�o¦´��µ�Á�È�«¸¦¬³¦³�´�Á¨È��o°¥Ŵ
�»�£µ¡�¸ª·�Ä�£µ¡¦ª¤�³°¥¼nÄ�¦³�´��¸Ŵ �¹É�¤¸�»�£µ¡
�¸ª·��¸É�¸�ªnµ�oµÁ�¦¸¥�Á�¸¥��´��¨»n¤�¼o�iª¥Å�o¦´��µ�Á�È�
«¸¦¬³¦³�´�Á¨È��o°¥�¸É¤¸°µ�µ¦Â�¦��o°�Ŵ­°��¨o°��´�
�µ¦«¹�¬µ�¸É�nµ�¤µ¡�ªnµ�¨»n¤°µ�µ¦£µ¥®¨´�­¤°�Å�o
¦´��µ�Á�È�¦³�´�Á¨È��o°¥�³¤¸�¨�n°�µ¦�Îµ®�oµ�¸É�°�Ŵ
�¼o�iª¥�µ¦Ä�o�ª̧·��¦³�Îµª�́Ŵ�µ¦Á�oµ­�́�¤Â¨³¤�̧¨�¦³��Ŵ
�n°®�oµ�¸É�µ¦�µ�Ŵ Á¡¦µ³�¼o�iª¥Å�o¦´��µ�Á�È�«¸¦¬³
¦³�´�Á¨È��o°¥Ŵ�µ��¦´Ê��µ¦�¦ª�¦nµ��µ¥Å¤n¡�°µ�µ¦
�·����·Ŵ Â�n�¼o�iª¥�È¥´�¤¸°µ�µ¦£µ¥®¨´�Å�o¦´��µ�Á�È�
«¸¦¬³�¸É°µ��³Á�·��¹Ê�Â¨³¤¸�¨�n°�µ¦�ÎµÁ�·��¸ª·��°�
�¼o�iª¥Å�oŴ ����Ŵ Ã�¥�µ¦«¹�¬µ�¦´Ê��¸Ê¡�ªnµ°µ�µ¦£µ¥®¨´�
Å�o¦´��µ�Á�È�«¸¦¬³¦³�´�Á¨È��o°¥¤¸�¨�´��»�£µ¡�¸ª·�
Ã�¥¦ª¤ŴÂ¨³�µ¦�Îµ®�oµ�¸É�oµ��·�ª·��µ�°¥¼nÄ�¦³�´�
�ÎÉµ­»��Â���nµ��µ��µ¦«¹�¬µ�¸É�nµ�¤µÁ�¸É¥ª�´��»�£µ¡
�ª̧·��°��¨»n¤�ª́°¥nµ��¸É�¨oµ¥�¨¹���́��́�µ¦ª·�¥́Ä��¦´Ê��¸ÊŴŴ
¡�ªnµ�»�£µ¡�¸ª·��oµ��¦°��¦´ª�o°¥�¸É­»�Ŵ �»�£µ¡
�¸ª·��oµ�£µª³­»�£µ¡Â¨³�µ¦�Îµ®�oµ�¸É�°�¦nµ��µ¥�¸
�¸É­»���Ŵ�´Ê��¸Ê°µ�Á�ºÉ°�¤µ�µ��ªµ¤Â���nµ��°�¨´�¬�³
�¨»n¤�´ª°¥nµ�Ŵ Â¨³¦³¥³Áª¨µ®¨´�Å�o¦´��µ�Á�È�«¸¦¬³
�´��¨nµª�oµ��o�Ŵ�µ¦«¹�¬µ�¦´Ê��¸Ê«¹�¬µÄ��¨»n¤�´ª°¥nµ�
�¸ÉÅ�o¦´��µ�Á�È�«¸¦¬³Ŵ�Ŵ­´��µ®rÁ�nµ�´Ê�Ŵ�¹��ÎµÄ®o¦´�¦¼o�¹�
£µª³­»�£µ¡Á�¨¸É¥�Â�¨�Å�Å¤n¤µ�Ŵ�ÎµÄ®oÁ�·��ªµ¤¡¹�
¡°Ä�Ä��¸ª·�Â¨³­»�£µ¡�°���Á°�Ŵ­n��¨Ä®o¤¸�»�£µ¡
�¸ª·�°¥¼nÄ�¦³�´��¸Ŵ Á¤ºÉ°¡·�µ¦�µ�»�£µ¡�¸ª·�Ä�¦µ¥�oµ�
Â¨oª¡�ªnµŴ�³Â��¤µ�¦�µ��°��³Â���»�£µ¡�ª̧·�Ä�Ŵ
�oµ��·�ª·��µ�Ŵ�oµ�­�́�¤Â¨³Á«¦¬��·��ÎÉµ�ªnµ�oµ�°ºÉ�ŴÇŴŴ
�´Ê�Ŵ°�·�µ¥Å�oªnµ�µ¦�¸É�¼o�iª¥¤°̧µ�µ¦Â�¦��o°�®¨�́Å�o¦�́
�µ�Á�È�Ŵ�ŴÁ�º°�Ŵ�³¤¸�µ¦Á�¨¸É¥�Â�¨��°�£µª³­»�£µ¡Ŵ
¦ª¤�´Ê��µ¦Á�¨¸É¥�Â�¨��oµ��·�­´��¤Ŵ¤¸�µ¦®¥»��µ�Ä�
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�nª�¦³¥³Áª¨µ­´Ê�ŴÇ�ÎµÄ®o�¨»n¤�´ª°¥nµ��¦³Á¤·��»�£µ¡
�¸ª·��oµ�­´��¤Â¨³Á«¦¬��·�Ŵ �oµ��·�ª·��µ��ÎÉµ�ªnµ
�oµ�°ºÉ�ŴÇŴ­°��¨o°��´��´��µ¦«¹�¬µ�¸É�nµ�¤µŴ�¸É¡�ªnµ
�»�£µ¡�oµ�­´��¤Â¨³Á«¦¬��·��³�ÎÉµ�¸É­»�ŴÂ�n�µ��µ¦
«¹�¬µ¡�ªnµ�»�£µ¡�¸ª·��oµ�­»�£µ¡Â¨³�µ¦�Îµ®�oµ�¸É
�°�¦nµ��µ¥�ÎÉµ­»���������

Ŵ �³Á®È�Å�oªnµ�¨»n¤�´ª°¥nµ��³�¦³Á¤·��»�£µ¡
�¸ª·��oµ��¦°��¦´ª­¼��ªnµ�oµ�°ºÉ�Ŵ Ç°µ��³Á�}��µ�Ŵ
�¨»n¤�¼o�iª¥£µ¥®¨´�Å�o¦´��µ�Á�È�«¸¦¬³¦³�´�Á¨È��o°¥Ŵ
�ŴÁ�º°�Ŵ�¸É¤¸°µ�µ¦Â�¦��o°�Ŵ¤¸�ªµ¤�ÎµÁ�}�°¥nµ�¥·É��¸É�¼o
�iª¥Á®¨nµ�¸Ê�o°�Å�o¦�́�µ¦­��́­�»��¸É��̧µ��¦°��¦ª́Ŵ�´Ê�
�oµ��ªµ¤¦´�Ŵ�ªµ¤Á°µÄ�Ä­nŴ�ªµ¤Ä�¨o�·�Ŵ�¼�¡´�Ŵ�ªµ¤
°�°»n�Ŵ�¨°����µ¦Ä�o�nµ¥�oµ�°ºÉ�ŴÇŴÁ�n��nµÄ�o�nµ¥Ä��µ¦
¦´�¬µ¡¥µ�µ¨Ŵ�nµ�Îµ�·��¦¦¤�µ�°¥nµ�Ŵ Ŵ�¹É�¨´�¬�³�°�
ª´���¦¦¤Å�¥�´Ê�Ŵ�¦°��¦´ª¤¸�ªµ¤Ä�¨o�·��´�¤µ�°¥¼n
Â¨oªŴ�¼o�iª¥�¹�Å�o¦´��ªµ¤Á®È�Ä�Ŵ�ªµ¤­�Ä�Ŵ�ªµ¤Á°µÄ�
Ä­n�µ��¦°��¦´ªŴ Å�o¦´��µ¦¥°¤¦´��µ��¦°��¦´ªÂ¨oª
�³¦¼o­¹�£µ�£¼¤·Ä�Ä���Á°�ŴÂ¨³Á�·��ªµ¤¦¼o­¹�¤¸�»��nµ
Ä�Ŵ�¼o�iª¥�¹��¦³Á¤·��ªµ¤¡¹�¡°Ä�Ä��»�£µ¡�¸ª·��oµ�
�¦°��¦´ª­¼��ªnµ�oµ�°ºÉ�ŴÇ

w¡��¡w�����Ýw��
Ŵ �¼oª·�¥́�°�°��»���́�·�ª·�¥µ¨¥́Ŵ¤®µª·�¥µ¨¥́
�°�Â�n�Ŵ�¸ÉÄ®o�»�°»�®�»��µ¦�o��ªoµÂ¨³ª·�´¥Ä��µ¦�Îµ
ª·�¥µ�·¡��rŴ�°�°��»�Ŵ

3FGFSFODF
��Ŵ %D]DULDQŴ--�Ŵ0FFOXQJŴ-�Ŵ6KDKŴ01�Ŵ&KHQJ�Ŵ<7�Ŵ

)OHVKHUŴ:�Ŵ.UDXVŴ-�Ŵ0LOGŴWUDXPDWLFŴEUDLQŴLQMXU\ŴLQŴ
WKHŴ8QLWHGŴ6WDWHVŴ����������Ŵ%UDLQŴ,QMŴ�����Ŵ
������Ŵ������

��Ŵ *RXLFNŴ-�Ŵ*HQWOHPDQŴ'�Ŵ7KHŴHPRWLRQDOŴDQGŴEH�
KDYLRUDOŴFRQVHTXHQFHVŴRIŴWUDXPDWLFŴEUDLQŴLQMXU\�Ŵ
7UDXPD������Ŵ��Ŵ�������

��Ŵ <DQJŴ&&�Ŵ<RQJ�.ZDQJ�Ŵ+XDŴ06�Ŵ+XQJŴ6-�Ŵ7KHŴ
DVVRFLDWLRQŴEHWZHHQŴ WKHŴSRVWŴ FRQFXVVLRQŴ V\PSWRPVŴ
DQGŴFOLQLFDOŴRXWFRPHVŴIRUŴSDWLHQWVŴZLWKŴPLOGŴWUDXPDWLFŴ
EUDLQŴLQMXU\�Ŵ-Ŵ7UDXPDŴ�����Ŵ������Ŵ�������

��Ŵ 5\DQŴ/0�Ŵ:DUGHQŴ'/�Ŵ3RVWŴ FRQFXVVLRQŴ V\Q�
GURPH�Ŵ,QWŴ5HYŴ3V\FKLDWU\Ŵ�����Ŵ���Ŵ�������Ŵ

��Ŵ +HLWJHUŴ0+�Ŵ-RQHVŴ5'�Ŵ'DOU\PSOH�$OIRUGŴ-�Ŵ)UDPS�
WRQŴ&0�Ŵ$UGDJKŴ0:�Ŵ$QGHUVRQŴ7-�Ŵ0RWRUŴGHűFLWVŴDQGŴ
UHFRYHU\ŴGXULQJŴWKHŴűUVWŴ\HDUŴIROORZLQJŴPLOGŴFORVHGŴ
KHDGŴLQMXU\�Ŵ%UDLQŴ,QMŴ�����Ŵ������Ŵ�������

��Ŵ +DOOŴ5\DQŴ&:�Ŵ+DOOŴ5LFKDUGŴ&:�Ŵ&KDSPDQŴ0-�Ŵ
'HűQLWLRQ�ŴGLDJQRVLVŴDQGŴ IRUHQVLFŴ LPSOLFDWLRQVŴ
RIŴSRVWŴFRQFHVVLRQDOŴV\QGURPH�Ŵ3V\FKRVRPDWLFVŴ
�����Ŵ������Ŵ��������

��Ŵ /XQGLQŴ$�Ŵ'HŴ%RXVVDUGŴ&�Ŵ(GPDQŴ*�Ŵ%RUJŴ-�Ŵ
6\PWRPVŴDQGŴGLVDELOLW\ŴXQWLOŴ�ŴPRQWKVŴDIWHUŴPLOGŴ
7%,�Ŵ%UDLQŴ,QMŴ�����Ŵ������Ŵ��������

��Ŵ 3HWFKSUDSDLŴ1�Ŵ$GDSWDWLRQŴWRŴPLOGŴWUDXPDWLFŴEUDLQŴ
LQMXU\ŴDPRQJŴ7KDLŴDGXOWVŴ>GLVVHUWDWLRQ@�Ŵ&OHYH�
ODQGŴ�2+��Ŵ&DVHŴ:HVWHUQŴ5HVHUYHŴ8QLY��Ŵ�����

��Ŵ 3HWFKSUDSDLŴ1�Ŵ)DFWRUVŴ(IIHFWLQJŴRQŴ4XDOLW\ŴRIŴOLIHŴ
RIŴYDOYXODUŴ+HDUWŴ'LVHDVHŴ3DWLHQWV�Ŵ$GXOWŴ1XUVLQJ�Ŵ
.KRQŴ.DHQŴ8QLYHUVLW\�Ŵ7KDLODQG�Ŵ�����Ŵ

���Ŵ )HUUDQVŴ&(�Ŵ'HYHORSPHQWŴRIŴDŴFRQFHSWXDOŴPRGHOŴRIŴ
TXDOLW\ŴRIŴOLIH�Ŵ6FKRODUO\Ŵ,QTXLU\ŴIRUŴ1XUVLQJŴ3UDF�
WLFH�Ŵ$QŴ,QWHUQDWLRQDOŴ-RXUQDOŴ������Ŵ��������

���Ŵ 7D�XHŴŴ,�Ŵ7KHŴUHODWLRQVKLSŴEHWZHHQŴSRVWŴFRQFXV�
VLRQŴV\QGURPHŴDQGŴIXQFWLRQDOŴVWDWXVŴLQŴSDWLHQWVŴ
ZLWKŴPLOGŴWUDXPDWLFŴEUDLQŴLQMXU\�Ŵ$GXOWŴ1XUVLQJŴ
0DKLGROŴ8QLYHUVLW\Ŵ�Ŵ7KDLODQG�Ŵ�����

���Ŵ +DERXELŴ1+-�Ŵ/RQJŴ -�Ŵ.RVK\Ŵ0�Ŵ:DUGŴ$%�Ŵ
6KRUW�WHUPŴ VHTXHODHŴ RIŴPLQRUŴ KHDGŴ LQMXU\Ŵ ��Ŵ
\HDUVŴ H[SHULHQFHŴ RIŴPLQRUŴ KHDGŴ LQMXU\Ŵ FOLQLF��Ŵ
'LVDELOŴ5HKDELOŴ�����Ŵ�������Ŵ�������

���Ŵ .OLDQJGDŴ5�Ŵ([SHULHQFHVŴRIŴKHDGDFKH�Ŵ0DQJH�
PHQWŴ VWUDWHJLHVŴ DQGŴ+HDOWK�UHODWHGŴ4XDOLW\Ŵ RIŴ
OLIHŴLQŴSDWLHQWVŴZLWKŴPLOGŴWUDXPDWLFŴEUDLQŴLQMXU\�Ŵ
$GXOWŴ1XUVLQJŴ0DKLGROŴ8QLYHUVLW\�Ŵ�����7KDL�

���Ŵ 'UDNHŴ$-�Ŵ*UD\Ŵ1�Ŵ<RGHUŴ6�Ŵ3UDPXNDŴ0�Ŵ/OHZHOO\QŴ
0�Ŵ)DFWRUVŴSUHGLFWLQJŴUHWXUQŴWRŴZRUNŴIROORZLQJŴPLOGŴ
WUDXPDWLFŴEUDLQŴ LQMXU\�Ŵ DŴ GLVFULPLQDQWŴ DQDO\VLV�Ŵ -Ŵ
+HDGŴ7UDXPDŴ5HKDEELOŴ�����Ŵ������Ŵ��������
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���Ŵ &KHDZFKDQZDWWDQDŴ&�Ŵ3RQJVNXOŴ&�Ŵ6LULYRQJVŴ'�Ŵ
0HDVXULQJŴ4XDOLW\ŴRIŴ/LIHŴLQŴ5HQDOŴ5HSODFHPHQWŴ
7KHUDS\Ŵ 3DWLHQWVŴ8VLQJŴ��7+$,�Ŵ -RXUQDOŴ RIŴ
1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ
'LYLVLRQŴ�����Ŵ������Ŵ������

���Ŵ .LQJŴ1�Ŵ&UDZIRUGŴ6�Ŵ:HQGHQŴ)�Ŵ0RVVŴ1�Ŵ:DGHŴ
'�Ŵ7KHŴ5LYHPHDGŴSRVW�ŴFRQFXVVLRQŴV\PSWRPVŴ
TXHVWLRQQDLUH�Ŵ-Ŵ1HXUDOŴ�����Ŵ������Ŵ�������

���Ŵ $QGHUVRQŴ7�Ŵ+HLWJHUŴ0�Ŵ0DFOHRGŴ$'�Ŵ&RQFXVVLRQŴ
DQGŴPLOGŴKHDGŴLQMXU\�Ŵ3UDFWŴ1HXUROŴ�����Ŵ���������

���Ŵ )LQGOHUŴ0�Ŵ&DQWHWŴ-�Ŵ+DGDGŴ/�Ŵ*RUGRQŴ:�Ŵ$VK�
PDQŴ7�Ŵ7KHŴUHOLDELOLW\ŴDQGŴYDOLGLW\ŴRIŴWKHŴ6)���Ŵ
KHDOWKŴ VXUYH\ŴTXHVWLRQQDLUHŴ IRUŴ XVHŴZLWKŴ LQGL�
YLGXDODŴZLWKŴWUDXPDWLFŴEUDLQŴLQMXU\�Ŵ%UDLQŴ,QMXU\Ŵ
�����Ŵ������Ŵ��������

���Ŵ 6FKUHWOHQŴ'-�Ŵ6KDSLURŴ$0�Ŵ$ŴTXDQWLWLYHŴUHYLHZŴRIŴ
WKHŴ HIIHFWVŴ RIŴ WUDXPDWLFŴ EUDLQŴ LQMXU\ŴRQŴ FRJQLWLYHŴ
IXQFWLRQLQJ�Ŵ,QWŴ5HYŴ3V\FKLDWU\Ŵ�����Ŵ���Ŵ�������

���Ŵ 'DHQVHHNDHZŴ6�Ŵ.OXQJNODQJŴ5�Ŵ&RPPXQLW\Ŵ
QHHGVŴIRUŴ6WUHQJWKHQLQJŴ4XDOLW\ŴRIŴ/LIHŴRIŴ6PDOOŴ
*URXSŴ ,QIRUPDOŴ:RUNHUV�Ŵ Ŵ -RXUQDOŴ RIŴ1XUVHVuŴ
$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����Ŵ������Ŵ������

���Ŵ 6WXOHPHLMHUŴ0�ŴYDQGHUŴ:HUIŴ6�Ŵ%OHLMHUŴ0�ŴELUHUWŴ-Ŵ
%UDXHUŴ-�Ŵ9RVŴ3(�Ŵ5HFRYHU\ŴIURPŴPLOGŴŴWUDXPDWLFŴ
EUDLQŴLQMXU\ŴDŴIRFXVŴRQŴIDWLJXH�Ŵ$Ŵ1HXUROŴ�����Ŵ
������Ŵ��������

���Ŵ 3DWWDQDSRŴ1�Ŵ.HWNRZLWŴ.�Ŵ4XDOLW\ŴRIŴZRUNŴOLIHŴRIŴ
SURIHVVLRQDOŴQXUVH�Ŵ*RYHUQPHQWŴ8QLYHUVLW\Ŵ+RV�
SLWDO�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ
1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

�µ¦µ��¸É��� ¡·­¥́Ŵ�nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ�Â¨³¦³��́�»�£µ¡�ª̧·��°��¼o�iª¥�¼oÄ®�n£µ¥®¨�́Å�o¦�́�µ�Á�È�
Ŵ Ŵ «¸¦¬³¦³�´�Á¨È��o°¥�¸É¤¸°µ�µ¦Â�¦��o°�Ŵ�ÎµÂ���µ¤°��r�¦³�°��»�£µ¡�¸ª·��´Ê�Ŵ�Ŵ�oµ�

�»�£µ¡�¸ª·� 5DQJH ; � �6 '
¦³�´��

�»�£µ¡�¸ª·�
�oµ��¸ÉŴ�Ŵ£µª³­»�£µ¡Â¨³�µ¦�Îµ®�oµ�¸É�°�¦nµ��µ¥Ŵ ����ŴyŴ����� ����� ���� �¸
�oµ��¸ÉŴ�Ŵ­´��¤Â¨³Á«¦¬��·�ŴŴ ����Ŵ�Ŵ����� ����� ���� �µ��¨µ�
�oµ��¸ÉŴ�Ŵ�·�ª·��µ�Ŵ ����Ŵ�Ŵ����� ����� ���� �µ��¨µ�
�oµ��¸ÉŴ�Ŵ�¦°��¦´ªŴŴ ����ŴyŴ����� ����� ���� �¸
¦ª¤ �����y������ ����� ���� �¸
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2VBMJUZ�PG�-JGF�BOE�4ZNUPNT�BNPOH�"EVMUT�BGUFS�.JME�5SBVNBUJD�
#SBJO�*OKVSZ�JO�.BIBSBU�/BLIPOSBUDIBTJNB�)PTQJUBM

Ŵ Ŵ :DQSKHQŴ%XUDQDYDQLFKŴ0�1�6�
� � 3RUQWKHSŴ3HDUNDRŴ3K'



"CTUSBDU
Ŵ 0LOGŴWUDXPDWLFŴEUDLQŴLQMXU\ŴZDVŴQRWŴDŴVHULRXVŴV\PSWRPŴEXWŴPRVWO\ŴIRXQGŴ���LQŴZRUNLQJŴDJH�ŴDŴJURXSŴ
RIŴSHRSOHŴZKLFKŴZDVŴDQŴLPSRUWDQWŴSRZHUŴRIŴWKHŴFRXQWU\�Ŵ7KLVŴZRXOGŴFDXVHŴWKHŴSUREOHPVŴLQŴKHDOWK�ŴHFRQRPLFŴDQGŴ
VRFLHW\�Ŵ7KHŴPLOGŴ WUDXPDWLFŴEUDLQŴ LQMXU\ŴFRXOGŴEHŴIRXQGŴLQVLJQLűFDQWO\ŴXQWLOŴVHYHUHO\UHVXOWLQJŴ LQŴ WKHŴSDWLHQWVuŴ
EHKDYLRUVŴLQŴHYHU\GD\ŴOLIH�Ŵ0RUHRYHU�ŴWKHŴLQMXU\ŴFRXOGŴDOVRŴDIIHFWŴWKHŴSDWLHQWVuŴHQWLUHŴTXDOLW\ŴRIŴOLYHVŴZKHQŴJRLQJŴ
EDFNŴWRŴZRUNŴRUŴVFKRRO�
Ŵ 3XUSRVHŴ �Ŵ 7RŴ LQYHVWLJDWHŴ WKHŴ TXDOLW\Ŵ RIŴ OLIHŴ DQGŴ V\PSWRPVŴ RIŴ DGXOWŴ SDWLHQWVŴ DIWHUŴ JHWWLQJŴPLOGŴ
WUDXPDWLFŴ EUDLQŴ LQMXU\�Ŵ 7KHŴ VDPSOHŴ JURXSŴ RIŴ WKHŴ VWXG\Ŵ ZDVŴ ���Ŵ SDWLHQWVŴ GLDJQRVHGŴ WRŴ KDYHŴ DŴPLOGŴ
WUDXPDWLFŴ EUDLQŴ LQMXU\Ŵ DIWHUŴ KDYLQJŴ JRWŴ WUHDWPHQWŴ IURPŴ0DKDUDWŴ 1DNKRQUDWFKDVLPDŴ +RVSLWDOŴ IRUŴ �Ŵ
ZHHNV�Ŵ 7KHŴ UHVHDUFKŴ WRROVŴZHUHŴ DŴ TXHVWLRQQDLUHŴ FRQVLVWHGŴ RIŴ �Ŵ SDUWV�Ŵ RIŴ �Ŵ SDUWV�Ŵ SHUVRQDOŴ GDWDŴ UHFRUG�ŴŴ
SRVW�FRQFXVVLRQŴV\PSWRPVŴUHFRUG�ŴTXDOLW\ŴRIŴOLIHŴRIŴPLOGŴWUDXPDWLFŴEUDLQŴLQMXU\ŴSDWLHQWVuŴUHFRUGŴDSSOLHGŴIURPŴ
)HUUDQVŴDQGŴ3RZHUV�Ŵ7KHŴFRQWHQWŴYDOLGLW\ŴFKHFNHGŴE\Ŵ�ŴH[SHUWVŴZDVŴ�����ŴWKHŴUHOLDELOLW\ŴFDOFXODWHGŴE\ŴXVLQJŴDOSKDŴ
FURQEDFKŴZDVŴ������Ŵ7KHŴGDWDŴZHUHŴDQDO\]HGŴE\ŴFDOFXODWLQJŴSHUFHQWDJH�ŴPHDQVŴDQGŴVWDQGDUGŴGHYLDWLRQ�ŴŴ
Ŵ 7KHŴ UHVXOWŴ VKRZHGŴ WKDWŴ �����Ŵ RIŴ WKHŴ VDPSOHŴ JURXSŴ KDGŴ WKHŴ V\PSWRPVŴ DIWHUŴ EUDLQŴ LQMXU\�Ŵ 7KHŴ
KLJKHVWŴUDWHŴZDVŴKHDGDFKHŴDWŴ������Ŵ7KHŴRYHUDOOŴPHDQŴVFRUHŴRIŴTXDOLW\ŴRIŴ OLIHŴZDVŴJRRG�ŴZKLFKŴZDVŴ������Ŵ
&RPSDULQJŴ HDFKŴ GRPDLQ�Ŵ WKHŴ KLJKHVWŴPHDQVŴZDVŴ �����Ŵ DWŴ IDPLO\Ŵ GRPDLQŴ DQGŴ WKHŴ ORZHVWŴZDVŴ �����Ŵ DWŴŴ
SV\FKR�VSLULWXDOŴGRPDLQ�ŴŴ7KHŴUHVXOWŴVKRZHGŴWKHŴTXDOLW\ŴRIŴOLIHŴRIŴSDWLHQWVŴZKRuGŴJRWŴPLOGŴWUDXPDWLFŴEUDLQŴLQMXU\Ŵ
ZDVŴJRRG�Ŵ:KHQŴHDFKŴGRPDLQŴZDVŴFRQVLGHUHG�ŴWKHŴPHDQVŴRIŴSV\FKR�VSLULWXDOŴRQHŴZDVŴORZHUŴWKDQŴRWKHUV�ŴZKLFKŴ
PHDQWŴWKHŴSDWLHQWVŴUHDOL]HGŴWKHLUŴKHDOWKŴFRXOGŴDIIHFWŴWKHLUŴPLQG�Ŵ1RWŴRQO\ŴSK\VLFDOŴV\PSWRPVŴVKRXOGŴEHŴWDNHQŴFDUHŴ
EXWŴWKHŴPHQWDOŴSUREOHPŴVKRXOGŴDOVRŴEHŴSDLGŴDWWHQWLRQŴE\ŴPXOWLGLVFLSOLQDU\ŴFDUHŴWHDPVŴWRŴVXSSRUWŴWKHŴTXDOLW\ŴRIŴ
OLIH�Ŵ7KHŴUHKDELOLWDWLRQŴQXUVLQJŴVFKHPHŴVKRXOGŴEHŴGHYHORSHGŴWRŴUHDFKŴWKHŴVWDQGDUG�Ŵ7KHŴSDWLHQWVŴDQGŴWKHLUŴUHODWLYHVŴ
VKRXOGŴEHŴLQVWUXFWHGŴWRŴFRSHŴZLWKŴWKHŴV\PSWRPVŴZKLFKŴPLJKWŴRFFXUŴZKHQŴJRLQJŴEDFNŴKRPH�

.H\ZRUGV�ŴŴ TXDOLW\ŴRIŴOLIH�ŴWKHŴV\PSWRPVŴDIWHUŴPLOGŴWUDXPDWLFŴEUDLQŴLQMXU\�ŴEUDLQŴWUDXPDWLFŴLQMXU\


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴVFLHQFHŴLQŴ$GXOWŴ1XUVLQJ�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


Ŵ$VVLVWDQWŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\



��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����
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Ŵ�¼o�nª¥«µ­�¦µ�µ¦¥rŴ��³¡¥µ�µ¨«µ­�¦rŴ¤®µª·�¥µ¨´¥�°�Â�n�

w������¥i��w��«�Ýw������¡Ù­}�����w����w��­ÙÚ¥i�d��
w�¤h���w��¬�z����ª�Þ�����­}ª~¢��Ü��Ù�

Ŵ Ŵ ¨µª´¨¥rŴ°°�­»�Ŵ¡¥�¤�

Ŵ ªµ­�µŴ¦ª¥­¼�Á�·�Ŵ3K'




��z���h�
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°°�Á�}�Ŵ �Ŵ ¨´�¬�³Ŵ�º°Ŵ ��Ŵ �µ¦¦´�¦¼o°µ�µ¦�¸É¤¸�ªµ¤
¦»�Â¦�¤µ��Á�¸¥�¡¨´�Ŵ��Ŵ�µ¦¦´�¦¼o°µ�µ¦�¸ÉÅ¤n¦»�Â¦�
®¦º°¤¸�ªµ¤¦»�Â¦��o°¥Ŵ Á�·��¹Ê�Â���n°¥Á�}��n°¥Å�Ŵ
­nª��oµ��µ¦¦�́¦¼o�¹�­µÁ®�»�¸É�ÎµÄ®oÁ�·�°µ�µ¦�´Ê�Ŵ­µ¤µ¦�

Â�n�°°�Á�}�Ŵ�Ŵ¨´�¬�³Ŵ�º°Ŵ��Ŵ¤¸­µÁ®�»¤µ�µ�®´ªÄ�ŴŴ
��Ŵ­µÁ®�»�´Ê�°µ��³Ä�n®¦º°Å¤nÄ�nÃ¦�®´ªÄ��ÈÅ�oŴ��ŴÅ¤nÅ�o
¤¸­µÁ®�»�¸ÉÁ�¸É¥ª�o°��´�®´ªÄ�
Ŵ �¨�µ¦«¹�¬µÄ�­nª��°��µ¦¦´�¦¼o�ªµ¤¦»�Â¦�
�°�°µ�µ¦Ŵ¡�ªnµŴ�¼oÄ®o�o°¤¼¨Ŵ ¦o°¥¨³Ŵ����Ŵ¤¸�µ¦¦´�¦¼o
ªnµ°µ�µ¦�´Ê�¤¸�ªµ¤¦»�Â¦�¤µ�Â¨³Á�¸¥�¡¨´�Ŵ�¹É��¼oÄ®o
�o°¤¼¨Å�o°�·�µ¥¨´�¬�³�°�°µ�µ¦�¸ÉÁ�·��¹Ê�ªnµŴ Á�·��¹Ê�
Ã�¥�´��¸�´�Ä�Ŵ¤¸�ªµ¤¦»�Â¦�¤µ��¸É­»�Ä��¸ª·�ŴÅ¤nÁ�¥¤¸
�¦³­��µ¦�r�µ¦¤°̧µ�µ¦Á�n��¸Ê¤µ�n°�Ŵ��́�ª́°¥nµ��Îµ¡¼�
Ŵ v�°�°¥¼n�È­³�»o��ºÉ�¤µ���Á�}�Â��Â�n�®�oµ°�Ŵ
Â�n��¹Ê�¤µÁ¦ºÉ°¥ÇŴÁ�}��¨°��n�¨µ¥Ŵ¤Á̧®�ºÉ°Â��Ä�­´É��ÎµŴ
®µ¥Ä��n°·É¤ŴÄ�­·�µ�Ä®oÅ�oŴ�nÁ�¥Á�}�Ŵ�nÁ�¥¡o°Ŵ¥nµ�ªnµ­·
�µ¥¤µ�ŴÁ®¤º°����Îµ¨´�­·�µ¥Ŵ¤´�Â�n�¤´��ª����¤´��n
Á�¥Á�}�Â±��µ��¸Ê¤µ�n°�wŴ,'Ŵ��������Ŵ
Ŵ v�°��¸É��́¦¥µ�°¥¼n�´É��È¤°̧µ�µ¦Á�·��¹Ê�¤µ��́�¸
�´�Ä�Ŵ¤´�Á�}�Á�È�Â�n�®�oµ°�ŴÂ�n�¤µ�ŴÂ��ªnµ¤¸°·®¥´�
¤µ��̧¤µ��́�¸É®�oµ°�ÅªoŴ¤�́�ª�Å��Îµ�°Ŵ�ÎµÅ®¨n�oµ��oµ¥Ŵ
¤´��nÁ�¥Á�}�®¥´�Á¨¥Ŵ Á�º°�¸¤´�Á�}�Â±�¤µ�Ŵ­·®µ¥Ä��È
®µ¥Ä��n°°�Ŵ¤´�Á�}��µ�µ¥Â�owŴ,'Ŵ��������Ŵ
Ŵ Â�n°¥nµ�Å¦�È�µ¤Ŵ¡�ªnµ�¼oÄ®o�o°¤¼¨­nª�Ä®�nŴ
¦o°¥¨³Ŵ����Ŵ ¦´�¦¼oªnµ°µ�µ¦�´Ê�Å¤n¦»�Â¦�Ŵ Á�·��¹Ê�Â��
�n°¥Á�}��n°¥Å�Ŵ�¹É�°�·�µ¥¨�́¬�³°µ�µ¦ªnµŴÁ®�ºÉ°¥Á¡¨¥̧Ŵ
�ª�Á¤ºÉ°¥�µ¤¦nµ��µ¥ŴÅ¤n­»�­�µ¥Ŵ�ª��»��o°�Ŵ�ª�Â�n�
®�oµ°�Å¤n¤µ�Ŵ�¨oµ¥��́°µ�µ¦�°��¨oµ¤Á�ºÊ°°�́Á­�ŴÁ�¥
¤¸�¦³­��µ¦�rÁ�¸É¥ª�´�°µ�µ¦Ä�¨´�¬�³Â��Á�¸¥ª�´�Ŵ
�°��µ��¸Ê°µ�µ¦�¨oµ¥°µ�µ¦�°�Ã¦��¦³�Îµ�ª́�¸É��Á°�
Á�¥Á�}�Ŵ
Ŵ v¤¸°µ�µ¦°¥¼n®¨µ¥Á�º°Ŵ�È¤¸°µ�µ¦Â�n�®�oµ°�Ŵ
¤´��nÁ�}�®¨µ¥Ŵ�È�n�·�ªnµ­·Á�}�®¥´�¦»�Â¦�Ŵ�È�´É�¡´�Á�·É�
°µ�µ¦�n°�Ŵ�´Ë�®�n°¥¤´��È°n°�¨�Ŵ�´É�¡´�¤´��È®µ¥wŴ ,'Ŵ
��������Ŵ
Ŵ v°µ�µ¦¤´�Á�}�Á®¤ºÉ°¥ÇŴ¤µ®¨µ¥¤ºÉ°ŴÂ�n�È�n
�·�ªnµ�´ªÁ°�Á�}�®¥´�®¨µ¥ŴÁ¡¦µ³���·­·Á�}���Á±È��µ�
®�´�°¥¼nÂ¨oªŴÂ�n�È¦¼o­¹�ªnµ¤´�Á®¤ºÉ°¥Ŵ¤´�Á¡¨¸¥ŴÂ�n�ÇŴ�¸É
®ª́Ä�ŴÂ�n�È�nÁ�}�®¨µ¥Ŵ�·�Â�nªnµÁ�}��µ��µ¦Á±È�Áª¥̧�Á±È�Ŵ
�µ�®�´�Ŵ¤´�Á¨¥Á®¤ºÉ°¥�º°ÇŴ°µ�µ¦�nÂ±�ŴÂ¨oª�ÈÁ�}�Ŵ
Â�k�Á�¸¥ªŴ�´É�¡´�¤´��ÈÁ�µwŴ,'Ŵ��������
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Ŵ ­nª�Ä®�n�¼oÄ®o�o°¤¼¨Ŵ �¦o°¥¨³Ŵ �����Ŵ ¦´�¦¼oŴŴ
­µÁ®�»�°�°µ�µ¦ªnµŴ Å¤nÅ�o¤¸­µÁ®�»�¸É Á�¸É¥ª�o°��´�
®´ªÄ�Ŵ�¹�Â¤oªnµ�¼oÄ®o�o°¤¼¨�µ�¦µ¥Á�}��¼o�iª¥Á�nµ�¸ÉÁ�¥¤¸
�¦³­��µ¦�r�µ¦Á�È�®�oµ°�¤µÂ¨oª�È�µ¤Ŵ Ã�¥¡�ªnµŴ
�¼oÄ®o�o°¤¼̈ ­nª�Ä®�n�´Ê�¦�́¦¼oªnµ°µ�µ¦�¸ÉÁ�·��¹Ê��µ�­µÁ®�»Ŵ
°ºÉ�ÇŴÁ�n�Ŵ�µ��µ¦�Îµ�µ�®��́Ŵ�¨oµ¤Á�ºÊ°°�́Á­�®¦º°Á°È�
°´�Á­�Ŵ£µª³�¦�Å®¨¥o°�Ŵ°µ�µ¦�°�Ã¦��¦³�Îµ�´ª�¸É
Á�¥Á�}�Ŵ�µ¦�°��·��nµŴÂ¨³Å¤n¤¸�ªµ¤¦¼oÁ�¸É¥ª�´�°µ�µ¦
�°�Ã¦�®´ªÄ�Ŵ
Ŵ v°µ�µ¦¤´�Á�}�Â�n�ÇŴ�¦·Áª�®�oµ°�Ŵ�ª�
�¦·Áª��oµ¥�°¥�ÎµŴ°µ�µ¦�³Â�n�°¥¼n�nÃ�����Á¨nµÄ®oÁ¤¸¥
¢{������Á�}�°µ�µ¦Á�È��·��¦¦¤�µ����·�¥µÂ�o�ª�ŴÂ¨oª
�³Á±È��µ�Å�o�µ¤���·Ŵ Â�n�³¥´��ª��oµ¥�°¥°¥¼nŴ Â�n
¤´��³°n°�¨�°¥¼n�°�Ŵ�°�Â¦��³�·�ªnµ¤´�Á�}��´��µ¦
Á�¨¸É¥�¥µ�ªµ¤�´�����n�·�ªnµ­·Á�}��µ�Ã¦�®´ªÄ��°�ŴŴ
�È�n¦¼oÂ®¨³�nÁ�¥Á�}�Ŵ�n�·�°·®¥�́�°�ŴÂ�n¤�́�ÈÁ�}�Â�n�ÇŴ
�n±¼o�°�ªnµÃ¦�®´ªÄ�¤´�Á�}��´�Å�qŴÂ¨³�È�n�·�ªnµÁ�oµ�°�­·
Á�}�Ã¦�®´ªÄ��ÎµwŴ,'Ŵ��������
Ŵ v�nµ�´��Îµ�µ¥¡µ­Å�Â¨oª�´Ê�Â�n�eŴ��Ŵ�µ��´Ê�
�È­�µ¥�¸�¨°�hÂ�n¤ºÉ°�¸É¤¸°µ�µ¦Â�n�®�oµ°�Ŵ®µ¥Ä�Ŵ
�n°·É¤Ŵ¤°̧µ�µ¦°¥¼n­°�­µ¤Á�º°Ŵ¤�́�È°n°�¨�Ŵ�´É�¡�́¤�́�È®µ¥ŴŴ
����n�·�ªnµ­·Á�}��µ�®ª́Ä����°µ�µ¦Á�º°�¸É¤�́�n�º°Á�ºÉ°�n°�Ŵ
¤�́�n®��́�º°�°��´Ê�h�È�·�ªnµ¤�́�nÅ�oÁ�}�¤µ�µ�®ª́Ä����
�nµ­·Á�}��µ�Â�ª°ºÉ�¤µ��ªnµŴ �µ��µ¦Á±È�Áª¸¥�Á±È��µ�
®�´����°¸�°¥nµ�®¨´��µ��nµ�´�Å��È­�µ¥�¸�¨°�wŴ ,'Ŵ
��������
Ŵ v�·�ªnµ°µ�µ¦�´Ê�Å¤n¦»�Â¦�Ŵ Å¤n�o°�¦¸�Å�¦´�
�µ¦¦�́¬µŴÁ�¥Á�}�Â��Á�¥̧ª��́Ŵ�È�·�ªnµÁ�}��µ��¦�Å®¨
¥o°����Á¡¦µ³Á�¥Á�}�Ŵ¤Ã̧¦��¦³�Îµ�ª́�ÈÁ�}�Ã¦��¦³Á¡µ³
°µ®µ¦Ŵ¤¸¥µÃ¦��¦³Á¡µ³�·��¦³�Îµ����ÈÅ¤n�·�ªnµ�³Á�}�
Ã¦�®´ªÄ�wŴ,'Ŵ��������
Ŵ ¤¸�¼oÄ®o�o°¤¼¨Á¡¸¥�¦µ¥Á�¸¥ªŴ ¦o°¥¨³Ŵ���Ŵ�¸É¦´�
¦¼oªnµ°µ�µ¦�´Ê�¤µ�µ�®´ªÄ�Ã�¥�¦�Ŵ�¹É�Á�}��¼o�iª¥�¸É¤¸Ã¦�
�¦³�Îµ�´ªÁ�}�Ã¦�®¨°�Á¨º°�®´ªÄ��¸�°¥¼nÁ�·¤Ŵ Â¨³¤¸
°µ�µ¦Á�È�Â�n�®�oµ°��¸É�¨oµ¥�¨¹���́�n°¥ÇŴ��́�Îµ�¨nµª
vÁ�}�Ã¦�®ª́Ä���̧¤µ�´Ê�Â�n�eŴ������µ��´Ê��È¤°̧µ�µ¦Á�È�
Â�n�®�oµ°�ŴÁ�È�Â�n�®´ªÄ��¼q°¥¼n����¤�È¦¼oªnµ�¸ÉÁ�}�°µ�µ¦
�°�Ã¦�®´ªÄ�wŴ,'Ŵ��������

Ŵ �¼oÄ®o�o°¤¼¨�¸É¦´�¦¼o­µÁ®�»�°�°µ�µ¦ªnµ°µ�Á�·�
�µ�®´ªÄ�®¦º°Å¤n�ÈÅ�oŴÅ¤nÂ�nÄ�Ŵ¤¸�Îµ�ª�Ŵ�Ŵ¦µ¥Ŵ�¦o°¥¨³Ŵ
�����ŴÁ�·��µ��µ¦¤°̧µ�µ¦Á�}��¦´Ê�Â¦�Ŵ�¹�Å¤n�µ��·�ªnµ
�³Á�}�Ã¦��¸ÉÁ�¸É¥ª�´�®´ªÄ�ŴÂ�nÁ�¥Å�o¥·�Á�¸É¥ª�´�°µ�µ¦
�°�Ã¦��¹��Îµ¤µÁ�¸¥�Á�¸¥��´�Ŵ�´��Îµ�¨nµª
Ŵ v¤´�Á�}�Á®¤ºÉ°¥ÇŴ Á¡¨¸¥ÇŴÂ�n�®�oµ°�Ŵ�È�·�
ªnµ�´ªÁ°�¤¸°µ�µ¦�°���Ã¦�®´ªÄ��nhÁ¡¦µ³Á�¥Å�o¥·�
°µ�µ¦�°���Ã¦�®´ªÄ�¤µ�µ�ª·�¥»����È�·�ªnµ°µ�­·Á�}�
Ã¦�®´ªÄ��ÈÁ�}�Å�oŴ Â�n�È�nÂ�nÄ�Ŵ®¦º°ªnµ­·°µ�µ¦�°���
Á±È��µ�®�´�wŴ,'Ŵ��������
Ŵ v�°�¤´�Á�}�®¨µ¥ÇŴ Á�}�®�´�ÇŴ Á�oµŴ¤´��¸�Ŵ
¤´�¦´��¦�®´ªÄ�Á¨¥Ŵ®µ¥Ä��È�n°°�Ŵ�È�·�°¥¼nªnµ°µ�µ¦¤´�
°µ�­·Á�}��µ�®´ªÄ��ÈÅ�oŴ Á¡¦µ³ªnµ¤´�Á�È��¦·Áª�®´ªÄ�
�¸ÉŴ Á¨µ³Ç®´ªÄ�Ŵ¤´�¦¼o­¹�ªnµ�¼��¸��¼�¦´�Á¨µ³ÇŴ®´ªÄ�Ŵ¦´�
Á�oµ®�oµ°��¸É����È�·�ªnµ°µ�­·Á�}�Ã¦�®´ªÄ��ÈÅ�owŴ ,'Ŵ
��������
Ŵ �¨�µ¦«¹�¬µ�oµ��µ¦�°�­�°��n°°µ�µ¦Â¨³
�µ¦�´��µ¦�´�°µ�µ¦Ŵ¡�ªnµŴ�Ŵ�¦³�ª��µ¦�´��¨nµªÁ�·�
�¹Ê��ª��¼n�´�Å�Ŵ�¨nµª�º°Ŵ Á¤ºÉ°�¼oÄ®o�o°¤¼¨¤¸�¦³­��µ¦�r
�°�°µ�µ¦Ŵ�³�¦³Á¤·�¨´�¬�³Ŵ�ªµ¤¦»�Â¦��°�°µ�µ¦
Â¨³­µÁ®�»�°�°µ�µ¦Ŵ �¹É��ÎµÅ�­¼n�µ¦�°�­�°�Â¨³
�´��µ¦�´�°µ�µ¦Ŵ�µ¤�¨�µ¦�¦³Á¤·�Â¨³�µ¦Ä®o�ªµ¤
®¤µ¥�°�°µ�µ¦�¸É¦´�¦¼o�´Ê�ÇŴ Ã�¥�¸É�¼oÄ®o�o°¤¼¨Â�n¨³��
Â­ª�®µª·�¸�µ¦Â¨³�¦³�ÎµÁ¡ºÉ°�¦¦Á�µ®¦º°��´�°µ�µ¦
Â���nµ��´�Å�ŴŴÁ�n�Ŵ�¼oÄ®o�o°¤¼¨­nª�Ä®�n�¸É¦´�¦¼oªnµ°µ�µ¦
Å¤n¦»�Â¦�Ŵ�³Å¤n¦¼o­¹�ª·���´�ª¨Ŵ�¹�Å¤n¦¸�Å�¦´��µ¦¦´�¬µ
Ä�Ã¦�¡¥µ�µ¨ŴÂ¨³¡¥µ¥µ¤�´��µ¦�´�°µ�µ¦�µ¤�ªµ¤
Á�oµÄ�Â¨³�¦³­��µ¦�rÁ�·¤�°���Ŵ®¦º°�µ��µ¦�¦¹�¬µ
�´��»��¨°ºÉ�Ŵ�¹É�­µ¤µ¦�°�·�µ¥ª·�¸�µ¦�´��µ¦�´�°µ�µ¦
�°��¼oÄ®o�o°¤¼̈ ŴÅ�oŴ�Ŵ̈ �́¬�³Ä®�nÇŴ��́�¸ÊŴ�º°Ŵ��Ŵ¡¥µ¥µ¤
¦´�¬µ®¦º°�¦¦Á�µ°µ�µ¦�oª¥ª·�¸�°��¼oÄ®o�o°¤¼¨Á°�Ŵ Á�n�Ŵ
�µ¦�¸��ª�Ŵ�µ¦�¤¥µ�¤Ŵ�µ¥µ®¤n°�Ŵ Á�d�¡´�¨¤Ä®o
�¨µ¥¦o°�Ŵ Á�¨¸É¥��nµ�°�Ä®¤nŴ �´É�¡´�Ŵ®µ¥Ä�Á�oµ¨¹�ÇŴ
Ä�o�ÎÊµ°»n��¦³��Ŵ°¤¨¼�°¤Ŵ�·�¥µÂ�o�ª��¥µ¦´�¬µÃ¦�
�¦³Á¡µ³°µ®µ¦Ŵ�¹É��¼oÄ®o�o°¤¼¨Â�n¨³¦µ¥¤¸ª·�¸�µ¦�´��µ¦
°µ�µ¦¤µ��ªnµŴ�Ŵª·��̧µ¦Ŵ�¨°���¤�̧µ¦�¦³Á¤·�ªnµ°µ�µ¦
�¦¦Á�µ®¦º°®µ¥Å�®¦º°Å¤nŴ ��Ŵ�µ¦¡¥µ¥µ¤°����n°
°µ�µ¦�¸ÉÁ�·��¹Ê�ŴÂ¨³¦°�¼°µ�µ¦Ŵ
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Ŵ �¨�µ��µ¦�¦³Á¤·��µ¦�´��µ¦°µ�µ¦Ŵ �¼oÄ®o
�o°¤¼¨­nª�Ä®�nŴ ¦o°¥¨³Ŵ����Ŵ¤¸�µ¦�´�­·�Ä�¤µ¦´��µ¦
¦�́¬µÄ�Ã¦�¡¥µ�µ¨Á¤ºÉ°¦�́¦¼oªnµ°µ�µ¦Á�}�¤µ��¹Ê�Ŵ¦»�Â¦�
�¹Ê�ŴÁ®¤º°��Îµ¨´��³�µ¥Ŵ�´��´ª°¥nµ��Îµ¡¼�Ŵ
Ŵ v°µ�µ¦¤�́Á®¤º°���­·�µ¥ŴÄ�­·�µ�Ŵ®µ¥Ä��n°
°�Ŵ°µ�µ¦Á�È�Å¤n¨�ŴÁ�}��¨°��nÁ�µŴ¤¸Â�nÂ±��¹Ê�ŴÁ±È��´�
Å�q�È�nÁ�µŴ�´Ê�¡�́�´Ê��n¤ŴÁ�·É�°µ�µ¦Å��È�n��̧¹Ê�Ŵ¤�́�nÁ�}��µ
°¥¼nÂ¨oªŴ¥nµ��µ¥¤µ�wŴ,'Ŵ��������
Ŵ v�¤�È�nµÁ�·É�°µ�µ¦�¦³¤µ��¦¹É��´ÉªÃ¤�Ŵ°µ�µ¦
¤�́�È�nÁ�µŴ°µ�µ¦¤�́�ÈÁ�}�®¨µ¥�¹Ê�Ŵ¤�́�ª�¤�́Â�n�¤µ�
�¹Ê�Ŵ�nÅ®ªÂ¨oªÂ®¨³ŴÁ®�ºÉ°¤´�°°�Ŵ�´ªÁ¥È��ÎµŴ�È�·�ªnµ�´ª
Á°��È°�Â¨oª�¸ÉÂ®¨³�¦´�Ŵ�¹�Å�o�´�­·�Ä�¤µÃ¦��µ¨wŴ,'Ŵ
��������
Ŵ v¤´�Á�}�®¨µ¥�ªnµÁ�nµ���¤´��º°­·�µ¥�¸ÉÂ®¨³Ŵ
Á®¤º°����Îµ¨�́�¤�ÎÊµ�µ¥Ŵ®µ¥Ä��nÅ�oŴ®µ¥Ä��n°·É¤Ŵ¤º°��́Ŵ
¤º°�°ŴÁ�¦È��ÎµÂ��Å�®¤��¦�́ŴÁ®�ºÉ°°°�Ŵ�ª́Á¥È��ÎµŴ��́�¸Ê
�È¥nµ�Â¨oªŴÁ¡¦µ³ªnµ¤´�Á�}�®¨µ¥Ŵ¤´��º°­·�µ¥�¸ÉÂ®¨³Ŵ�È
Á¨¥±o°�Á°·Ê�¨¼�Ä®o¡µÅ�Ã¦��µ¨Â®�nŴ¤´�­·�µ¥Â¨oªwŴ,'Ŵ
��������
Ŵ �µ��µ¦«¹�¬µ�¸Ê¡�ªnµ�¼oÄ®o�o°¤¼̈ ¤�̧µ¦¦�́¦¼oÁ�¸É¥ª
�´�°µ�µ¦¤µ��ªnµŴ�Ŵ°µ�µ¦ŴÃ�¥¤¸�µ¦¦´�¦¼o�ªµ¤¦»�Â¦�
�°�°µ�µ¦Â¨³­µÁ®�»�°�°µ�µ¦�¸ÉÁ�·��¹Ê�Â���nµ���́Å�
�¹Ê�°¥¼n�´��¦³­��µ¦�r�µ¦¤¸°µ�µ¦�°��¼oÄ®o�o°¤¼¨Ŵ¦³¥³
Áª¨µ�´Ê�Â�n¤¸°µ�µ¦���¹�¤µ¦´��µ¦¦´�¬µÄ�Ã¦�¡¥µ�µ¨
�°��¼oÄ®o�o°¤¼¨�´Ê�Ŵ��Ŵ¦µ¥ŴÁ�¨¸É¥Á�nµ�´�Ŵ�Ŵ�´ÉªÃ¤�Ŵ�¹É�¡�
ªnµ�¨»n¤�¼oÄ®o�o°¤¼¨�¸É¤¸�µ¦¦´�¦¼o°µ�µ¦ªnµÅ¤n¦»�Â¦�Â¨³Ŵ
Å¤nÅ�o¤¸­µÁ®�»¤µ�µ�®´ªÄ�Ä�o¦³¥³Áª¨µ�´Ê�Â�nÁ�·�°µ�µ¦
���¦³�´É��´�­·�Ä�¤µ¦´��µ¦¦´�¬µÄ�Ã¦�¡¥µ�µ¨
¤µ��ªnµ�¨»n¤°ºÉ�ÇŴ�µ��µ¦¡¥µ¥µ¤��́�µ¦°µ�µ¦�oª¥ª·�¸
�µ¦�°���Á°�Â¨³¦°�¼°µ�µ¦Ŵ���¦³�´É�°µ�µ¦�ª�̧ªµ¤
¦»�Â¦�¤µ��¹Ê��¹��´�­·�Ä�Å�¦´��µ¦¦´�¬µŴ
�¼oÄ®o�o°¤¼¨­nª�Ä®�nÁ�·��µ�¤µ¦´��µ¦¦´�¬µÃ�¥Ä�o¦�
­nª��ª́Â¨³¤�̧µ�·�Îµ­n�Ŵ�¹É��¼oÄ®o�o°¤¼̈ Ä®oÁ®�»�¨ªnµ­³�ª�Ŵ
¦ª�Á¦Èª�ªnµŴ Å¤n�o°�¦°Ŵ Á¡¦µ³Å¤n­µ¤µ¦�¦°�n°Å�Å�o°¸�Ŵ
¦¼o­¹�ªnµ��Á°��Îµ¨´��³Á­¸¥�¸ª·�Ŵ�¹�Å¤n°¥µ�¦°Á¦¸¥�Ä�o¦�
�¦·�µ¦�µ��µ¦Â¡�¥r�»�Á�·�Ŵ Á�ºÉ°��µ��ªµ¤¨nµ�oµÂ¨³
�ªµ¤Á�ºÉ°Á�¸É¥ª�´��µ¦Ä�o¦��¸ÉÁ�¥¦´�­n��¼oÁ­¸¥�¸ª·�

w����¡����Ú��
Ŵ �¼oÄ®o�o°¤¼¨­nª�Ä®�n¤¸�µ¦¦´�¦¼o�ªµ¤¦»�Â¦�
Â¨³­µÁ®�»�°�°µ�µ¦Ä�Á�ºÊ°��o��¨oµ¥�¨¹��´�Ŵ�´É��º°
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���Ŵ +D]]DUGŴ:�5��Ŵ&KDQJŴ0�<�Ŵ	Ŵ&KDLWŴ$�Ŵ$JLQJŴDQGŴ
DWKHURVFOHURVLV�Ŵ,QŴ:�5��Ŵ+D]]DUGŴ3�-��Ŵ%OHVVŴ-�%��Ŵ
+HOWHUŴ-�*��Ŵ2XVODQGHUŴŴ	ŴŴ0�(�Ŵ7LQHWWL�Ŵ�HGV���Ŵ
3ULQFLSOHVŴRIŴJHULDWULFŴPHGLFLQHŴDQGŴJHURQWRORJ\�Ŵ
�WKŴHG�Ŵ86$��Ŵ0F*UDZ�+LOOŴŴ�����Ŵ��������

���Ŵ )HUHEHHŴ/�Ŵ&DUGLRYDVFXODUŴIXQFWLRQ�Ŵ,Q�Ŵ0HLQHU�Ŵ6�(��Ŵ
	Ŵ/XHFNHQRWWH�Ŵ$�*�Ŵ�HG���Ŵ*HURQWRORJLFŴQXUVLQJ�Ŵ
�UGŴHG�Ŵ0LVVRXUL�Ŵ6W�Ŵ/RXLVŴ�����Ŵ��������

���Ŵ (O�+D]PLŴ0�$�Ŵ	Ŵ:DUV\Ŵ$�6�Ŵ3UHYDOHQFHŴRIŴ
K\SHUWHQVLRQŴ LQŴ REHVHŴ DQGŴ QRQ�REHVHŴ6DXGLV�Ŵ
6DXGLVŴ0HGLFLQHŴ-RXUQDOŴ�����Ŵ������Ŵ������
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���Ŵ -RKDQVVRQŴ,�Ŵ6WURPEHUJŴ$Ŵ	Ŵ6ZDKQŴ(�Ŵ)DFWRUVŴ
UHODWHGŴWRŴGHOD\ŴWLPHVŴLQŴSDWLHQWVŴZLWKŴVXVSHFWHGŴ
DFXWHŴP\RFDUGLDOŴ LQIDUFWLRQ�Ŵ+HDUWŴ DQGŴ/XQJŴ
�����Ŵ������Ŵ��������

���Ŵ 'UDFXSŴ.Ŵ	Ŵ0RVHUŴ'.�Ŵ%H\RQGŴVRFLRGHPRJUDSK�
LFV�ŴIDFWRUVŴLQŲXHQFLQJŴWKHŴGHFLVLRQŴWRŴVHHNŴWUHDW�
PHQWŴIRUŴV\PSWRPŴRIŴDFXWHŴP\RFDUGLDOŴLQIDUFWLRQ�Ŵ
+HDUWŴDQGŴ/XQJŴ-RXUQDOŴ�����Ŵ������Ŵ��������

���Ŵ :DOVKŴ -&�Ŵ/\QFKŴ0�Ŵ0XUSK\Ŵ$:�Ŵ'DO\Ŵ.�ŴŴ
)DFWRUVŴLQŲXHQFLQJŴWKHŴGHFLVLRQŴWRŴ6HHNŴWUHDWPHQWŴ
IRUŴV\PSWRPVŴRIŴDFXWHŴP\RFDUGLDOŴLQIDUFWLRQ�Ŵ$QŴ
HYDOXDWLRQŴRIŴ6HOI�5HJXODWRU\Ŵ0RGHOŴRIŴLOOQHVVŴ
EHKDYLRUŴ -RXUQDOŴ RIŴ 3V\FKRVRPDWLFŴ5HVHDUFKŴ
�����Ŵ������Ŵ������

���Ŵ %RRQ\DSDWNXOŴ3�Ŵ$ŴVWXG\ŴRIŴV\PSWRPŴ ŴHPHUJHQ�
FLHV�ŴV\PSWRPŴRXWFRPHVŴDQGŴV\PSWRPŴPDQDJHPHQWŴ
VWUDWHJLHVŴRIŴSDWLHQWVŴZLWKŴDFXWHŴLVFKHPLFŴV\QGURPHV�Ŵ
7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴVFLHQFH�Ŵ$GXOWŴ1XUVLQJ�Ŵ
*UDGXDWHŴ6FKRRO�Ŵ0DKLGROŴ8QLYHUVLW\�Ŵ�����

���Ŵ 3DQJ\RWKDŴ-�Ŵ5HODWLRQVKLSŴEHWZHHQŴSHUVRQDOŴIDF�
WRUV�ŴV\PSWRPŴH[SHULHQFHV�ŴFKHVWŴSDLQŴPDQDJH�
PHQWŴVWUDWHJLHV�ŴDQGŴVHOIŴFDUHŴDELOLW\ŴRIŴSDWLHQWVŴ
ZLWKŴDFXWHŴLVFKHPLFŴV\QGURPHV�ŴUHJLRQDOŴKRVSLWDOŴ
DQGŴPHGLFDOŴFDUHŴFHQWHUV�ŴVRXWKHUQŴUHJLRQ�Ŵ7KHVLVŴ
RIŴ0DVWHUŴ RIŴ1XUVLQJŴ VFLHQFH�Ŵ&KXODORQJNRUQŴ
8QLYHUVLW\�Ŵ�����

���ŴŴ 6DQFNDPDQHHŴ<�Ŵ5XLVXQJQRHQŴ:�Ŵ(IIHFWVŴRIŴ3UH�
SDUDWRU\Ŵ,QIRUPDWLRQŴ,QWHUYHQWLRQŴRQŴ.QRZOHGJH�Ŵ
$Q[LHW\�ŴDQGŴ6HOI�&DUHŴ3UDFWLFHŴDPRQJŴ3DWLHQWVŴ
8QGHUZHQWŴ&RURQDU\Ŵ$UWHU\Ŵ%\SDVVŴ*UDIWŴ6XUJHU\�Ŵ
-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQGŴ1RUWK�
HDVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

���ŴŴ 'RQJPDODŴ:�Ŵ0DODKRPŴ2�Ŵ7KHŴ'HYHORSPHQWŴRIŴ
3RVWRSHUDWLYHŴ&DUHŴ 6\VWHP�Ŵ&DVHŴ0DQDJHPHQWŴ
0RGHOŴ LQŴ6XUJLFDOŴ ,QWHQVLYHŴ&DUHŴ8QLW�Ŵ 6DSSD�
VLWKLSUDVRQJŴ+RVSLWDO�Ŵ8ERQ5DWFKDWKDQL�Ŵ -RXUQDOŴ
RIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQGŴ1RUWK�(DVWHUQŴ
'LYLVLRQŴ�����Ŵ������Ŵ������

���ŴŴ 3KRFKDQŴ6�Ŵ'HYHORSPHQWŴRIŴDŴ&DVHŴ0DQDJHPHQWŴ
6\VWHPŴIRUŴ3DWLHQWVŴZLWKŴ67�HOHYDWHGŴ0\RFDUGLDOŴ
,QIDUFWLRQŴ LQŴ.KRQŴ.DHQŴ+RVSLWDO�Ŵ -RXUQDOŴ RIŴ
1XUVHVuŴ$VVRFLDWLRQŴ RIŴ7KDLODQGŴ1RUWK�(DVWHUQŴ
'LYLVLRQŴ�����Ŵ������Ŵ������

���ŴŴ 6KDUHMRKRŴ7�Ŵ.KDPODŴ$�Ŵ3DWWDQDMLGŴYLODLŴ6�Ŵ7KHŴ
'HYHORSPHQWŴRIŴ6HOIŴ+HDOWKŴ3URPRWLRQŴE\Ŵ6XSSRUWŴ
*URXSŴ0RGHOŴLQŴWKHŴ5LVNŴ*URXSŴRIŴ+HDUWŴ'LVHDVH�Ŵ
0DKDUDWŴ1DNKRQŴ5DWFKDVLPDŴ+RVSLWDOŴ-RXUQDOŴRIŴ
1XUVHVuŴ$VVRFLDWLRQŴ RIŴ7KDLODQGŴ1RUWK�(DVWHUQŴ
'LYLVLRQŴ�����Ŵ������Ŵ������



��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

1FSDFQUJPO�PG�4ZNQUPNT�BOE�%FDJTJPO�UP�4FFL�5SFBUNFOU�
JO�1BUJFOUT�XJUI�"DVUF�$PSPOBSZ�4ZOESPNF�

Ŵ Ŵ /DZDQŴ2UNVXNŴ0�1�6�

ŴŴ :DVDQDŴ5XLVXQJQRHQŴ3K'




"#453"$5
Ŵ 7KLVŴGHVFULSWLYHŴVWXG\ŴDLPHGŴWRŴH[SORUHŴSHUFHSWLRQŴRIŴV\PSWRPVŴDQGŴGHFLVLRQŴWRŴVHHNŴWUHDWPHQWŴLQŴSDWLHQWVŴ
ZLWKŴDFXWHŴFRURQDU\ŴV\QGURPH�Ŵ3DUWLFLSDQWVŴZHUHŴ��ŴSDWLHQWVŴZLWKŴDFXWHŴFRURQDU\ŴV\QGURPH�ŴLQFOXGLQJŴERWKŴROGŴDQGŴ
QHZŴFDVHV�ŴZKRŴZHUHŴDGPLWWHGŴIRUŴWUHDWPHQWŴDWŴ.KRQŴ.DHQŴ+RVSLWDO�ŴŴ'DWDŴZHUHŴFROOHFWHGŴE\ŴLQ�GHSWKŴLQWHUYLHZVŴ
XVLQJŴJXLGHGŴTXHVWLRQV�ŴŴ(DFKŴLQWHUYLHZŴWRRNŴDSSUR[LPDWHO\Ŵ�����ŴPLQXWHV�ŴŴ&RQWHQWŴDQDO\VLVŴZDVŴXVHGŴIRUŴGDWDŴ
DQDO\VLVŴDQGŴFRQFOXVLRQŴRIŴűQGLQJV�
Ŵ )LQGLQJVŴUHYHDOHGŴWKDWŴSDUWLFLSDQWVŴSHUFHLYHGŴWKHLUŴV\PSWRPVŴ�ŴZD\VŴGLIIHUHQWO\�ŴZKLFKŴZHUHŴVHYHULW\Ŵ
DQGŴFDXVHVŴRIŴ V\PSWRPV�Ŵ Ŵ6\PSWRPŴVHYHULW\ŴZDVŴGLIIHUHQWLDWHGŴ LQWRŴ�ŴJURXSVŴDFFRUGLQJŴ WRŴ WKHLUŴ H[SHULHQFHVŴ
LQFOXGLQJŴVXGGHQO\ŴVHYHUHŴWKDWŴDFFRXQWHGŴIRUŴ�ŴRXWŴRIŴ�ŴRIŴWKHŴSDUWLFLSDQWVŴDQGŴJUDGXDOO\ŴVHYHUH�ŴŴ$GGLWLRQDOO\�Ŵ
SDUWLFLSDQWVŴSHUFHLYHGŴWKHLUŴV\PSWRPVŴLQŴUHODWLRQŴWRŴWKHŴFDXVHŴLQŴZKLFKŴ�ŴGLIIHUHQWŴFDXVHVŴZHUHŴLGHQWLűHGŴGHSHQGLQJŴ
RQŴWKHŴGHVFULSWLRQ�ŴORFDWLRQ�ŴDQGŴFODULW\ŴRIŴV\PSWRPV�ŴŴ&DXVHVŴRIŴV\PSWRPVŴZHUHŴGLVWLQJXLVKHGŴDVŴKHDUW�UHODWHGŴ
V\PSWRP�ŴSRVVLEO\ŴKHDUW�UHODWHGŴV\PSWRP�ŴDQGŴQRQŴKHDUW�UHODWHGŴV\PSWRPV�ŴZKLFKŴDFFRXQWHGŴIRUŴ�ŴRXWŴRIŴ�ŴRIŴ
WKHŴSDUWLFLSDQWV�ŴŴ9DJXHQHVVŴRIŴV\PSWRPVŴZDVŴWKHŴUHDVRQŴIRUŴWKLVŴXQGHUVWDQGLQJ�ŴŴŴŴ
Ŵ 'LYHUVHŴSHUFHSWLRQVŴRIŴV\PSWRPVŴUHVXOWHGŴLQŴGLIIHUHQWŴUHVSRQVHVŴDQGŴPDQDJHPHQW�ŴŴ7KRVHŴZKRŴSHUFHLYHGŴ
WKHLUŴV\PSWRPVŴDVŴQRQŴKHDUW�UHODWHGŴWULHGŴWRŴPDQDJHŴV\PSWRPVŴDFFRUGLQJŴWRŴWKHLUŴH[SHULHQFHVŴDQGŴXQGHUVWDQGLQJV�Ŵ
&RQVHTXHQWO\�ŴWKH\ŴZDLWHGŴWRŴVHHŴLIŴWKHŴV\PSWRPVŴGLVDSSHDUHGŴDIWHUŴPDQDJHPHQW�ŴŴ+RZHYHU�ŴVHYHUDOŴSDUWLFLSDQWVŴ
IHOWŴWKDWŴWKH\ŴFRXOGŴZDLWŴIRUŴWKHŴV\PSWRPVŴWRŴUHFRYHUŴZLWKRXWŴKDYLQJŴWRŴVHHŴWKHŴGRFWRU�ŴŴ2QO\ŴRQHŴSDUWLFLSDQWŴLQŴWKLVŴ
VWXG\ŴZKRŴZDVŴDQŴROGŴFDVHŴGHFLGHGŴWRŴVHHŴWKHŴGRFWRUŴLPPHGLDWHO\ŴEHFDXVHŴRIŴV\PSWRPŴIDPLOLDULW\�ŴŴ.H\ŴIDFWRUVŴWRŴ
WKHŴGHFLVLRQŴWRŴVHHNŴWUHDWPHQWŴLQŴWKLVŴVWXG\ŴZHUHŴZRUVHQLQJŴRIŴV\PSWRPVŴWRŴWKHŴFULWLFDOŴVWDWHŴDVŴZHOOŴDVŴFODULW\ŴRIŴ
V\PSWRPVŴWRŴEHŴSHUFHLYHGŴDVŴKHDUW�UHODWHGŴFRQGLWLRQV�ŴŴ6XUSULVLQJO\�ŴVRPHŴSDUWLFLSDQWVŴZKRŴZHUHŴROGŴFDVHVŴFRXOGŴ
QRWŴLGHQWLI\ŴWKHŴV\PSWRPVŴWRŴEHŴUHODWHGŴWRŴWKHLUŴKHDUWŴFRQGLWLRQ�ŴŴ6RPHŴRIŴWKHPŴWRRNŴVXEOLQJXDOŴPHGLFDWLRQŴDVŴ
VXJJHVWHGŴE\ŴKHDOWKFDUHŴSURYLGHUV�ŴKRZHYHU�ŴWKH\ŴZDLWHGŴXQWLOŴV\PSWRPVŴEHFDPHŴLQWROHUDEOHŴWRŴJRŴWRŴWKHŴKRVSLWDO�ŴŴ
$QRWKHUŴ FRQGLWLRQŴ LQYROYHGŴ LQŴ DŴ GHFLVLRQŴ WRŴ VHHNŴ WUHDWPHQWŴZDVŴ WUDQVSRUWDWLRQŴSUREOHP�Ŵ6HYHUDOŴ SDUWLFLSDQWVŴ
GLVFORVHGŴWKDWŴWKH\ŴQHHGHGŴWRŴZDLWŴIRUŴVRPHRQHŴWRŴWDNHŴWKHPŴWRŴWKHŴGRFWRU�ŴŴ(06ŴVHUYLFHŴZDVŴQRWŴFRPPRQO\ŴXVHGŴ
EHFDXVHŴRIŴLWVŴGHOD\ŴDQGŴWKHŴDYRLGDQFHŴWRŴXVHŴWKHŴYHKLFOHŴWKDWŴPLJKWŴGHOLYHUŴWKHŴGHDGŴERG\ŴSUHYLRXVO\�ŴŴ$OOŴRIŴWKHVHŴ
FRQGLWLRQVŴZHUHŴUHVSRQVLEOHŴIRUŴWKHŴGHOD\ŴLQŴVHHNLQJŴWUHDWPHQW�ŴŴ)LQGLQJVŴIURPŴWKLVŴVWXG\ŴLQGLFDWHŴWKHŴLPSRUWDQFHŴ
RIŴHGXFDWLQJŴWKHŴULVNŴJURXSŴRIŴDFXWHŴFRURQDU\ŴV\QGURPHŴUHJDUGLQJŴV\PSWRPV�ŴHVSHFLDOO\ŴDW\SLFDOŴSUHVHQWDWLRQŴRIŴ
V\PSWRPV�ŴŴ(GXFDWLRQŴRIŴDSSURSULDWHŴV\PSWRPŴUHVSRQVHŴDQGŴPDQDJHPHQWŴVKRXOGŴEHŴSURYLGHG�ŴŴ0RUHRYHU�ŴWKHŴ
WUDQVSRUWDWLRQŴV\VWHPŴWKDWŴVHUYHVŴSHRSOHŴQHHGVŴLQŴHPHUJHQF\ŴVWDWHŴVKRXOGŴEHŴGHYHORSHG�Ŵ

.H\ZRUGV��� DFXWHŴ FRURQDU\Ŵ V\QGURPH�Ŵ SHUFHSWLRQŴ RIŴ V\PSWRPV�Ŵ UHVSRQVHŴ RIŴ V\PSWRPVŴ DQGŴ V\PSWRPVŴ
Ŵ Ŵ PDQDJHPHQW�ŴGHFLVLRQŴWRŴVHHNŴWUHDWPHQW


Ŵ7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴVFLHQFH�Ŵ$GXOWŴ1XUVLQJ�Ŵ*UDGXDWHŴ6FKRRO�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴVFLHQFHŴLQŴ$GXOWŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\



Ŵ$VVLVWDQWŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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Ŵ Ã¦�Á�µ®ªµ�Á�}�Ã¦�Á¦ºÊ°¦´��¸É Á�}��{�®µ
­µ�µ¦�­»��¸É�´ÉªÃ¨�Ä®o�ªµ¤­�Ä�Ŵ Á�ºÉ°��µ�Á�}�£µª³
Á�È��iª¥Á¦ºÊ°¦´��¸É�o°��µ¦�µ¦�´��µ¦�¼Â¨°¥nµ��n°Á�ºÉ°�ŴŴ
�¼oÁ�}�Á�µ®ªµ��¸ÉÅ¤n­µ¤µ¦��ª��»¤Ã¦�¤¸Ã°�µ­Á�·�£µª³
Â�¦��o°��n°¦³��®¨°�Á¨º°��´Ê���µ�Á¨È�Â¨³��µ�
Ä®�nŴ �ÎµÄ®oÁ�·�£µª³Å�ªµ¥Ŵ �¨oµ¤Á�ºÊ°®´ªÄ��µ�Á¨º°�ŴŴ
�µ�°�Ŵ Á�}�Â�¨Á¦ºÊ°¦´��¸ÉÁ�oµ��¨»�¨µ¤�¹��o°��´�Á�oµ

®¦º°�µŴ�·�Á�ºÊ°�nµ¥Ŵ Á�}��o�Ŵ£µª³Â�¦��o°��´��¨nµª­n�
�¨�¦³���n°�¼oÁ�}�Á�µ®ªµ�Ã�¥�¦�Ŵ�ÎµÄ®oÁ�·��ªµ¤
�»��r�¦¤µ��´Ê��µ�¦nµ��µ¥Â¨³�·�Ä�Ŵ¤¸�¨Ä®oÅ¤n­µ¤µ¦�
�ÎµÁ�·��¸ª·�Å�o�µ¤���·Ŵ �¹É�°µ�Á­¸¥�¸ª·��n°�ª´¥°´��ª¦Ŵ
��­n��¨�¦³���n°�¦°��¦´ªŴ �ÎµÄ®o���µ�®�oµ�¸ÉÄ�
�¦°��¦´ªÁ�¨¸É¥�Â�¨�Ŵ �·��¦¦¤�nµ�ÇÄ��¦°��¦´ª
�¸É­¤µ�·�Ä��¦°��¦´ªÁ�¥�Îµ¦nª¤�´�¨�¨�Ŵ�¨�¦³��
�n°�»¤��Â¨³­´��¤�Ŵ Â¨³�¨�¦³���n°Á«¦¬��·�Ã�¥
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¦ª¤Ŵ Á�}�£µ¦³�oµ����¦³¤µ�Ä��µ¦�¼Â¨¦´�¬µ­¼�
�¹��e¨³Ŵ �������Ŵ ¨oµ��µ�Ŵ�·�Á�}��ªµ¤­¼�Á­¸¥�µ�
Á«¦¬��·��e¨³�ªnµŴ���Ŵ®¤ºÉ�¨oµ��µ�ŴÂ�n�oµ®µ�¦ª¤�nµ
¦´�¬µÃ¦�Â�¦��o°��nµÄ�oŴ �nµ¥Ä��µ¦Á�·��µ�Å�¦´�¬µ�¸ÉŴ
Ã¦�¡¥µ�µ¨Â¨³�nµÁ­¥̧Ã°�µ­°ºÉ�Ç�¦³Á�«Å�¥°µ��o°�
Á­¸¥�nµÄ�o�nµ¥Ä��µ¦�¼Â¨�¼oÁ�}�Á�µ®ªµ�­¼��¹�Â­�¨oµ�
�µ��n°�e�Ŵ
Ŵ �´��´Ê�Á�jµ®¤µ¥Ä��µ¦¦´�¬µÃ¦�Á�µ®ªµ��º°Ŵ
�µ¦�ª��»¤¦³�´��ÎÊµ�µ¨Ä�Á¨º°�Ä®o°¥¼nÄ�¦³�´����·
®¦º°Ä�¨oÁ�¥̧����·¤µ��¸É­»�ŴÁ¡ºÉ°�j°���́£µª³Â�¦��o°�
�¸É°µ�Á�·��¹Ê�Ä�°�µ��Ŵ Â¨³¨��nµÄ�o�nµ¥Ä��µ¦�¼Â¨
¦´�¬µŴ �µ¦�´��µ¦�¼Â¨��Á°��¸É�¦³­��¨­ÎµÁ¦È��o°�
­°��¨o°��´��µ¦�ÎµÁ�·��¸ª·��¦³�Îµª´�Ŵ Ã�¥�µ¦�¦´�
Á�¨¸É¥�¡§�·�¦¦¤­»�£µ¡Ŵ�oµ��µ¦°°��Îµ¨´��µ¥Ŵ�µ¦
¦´��¦³�µ�°µ®µ¦Á¡ºÉ°­»�£µ¡�¦³�Îµ°¥nµ��n°Á�ºÉ°�
­¤ÎÉµÁ­¤°Ŵ Á�o��µ¦�¦´�Á�¨¸É¥�ª·�¸�¸ª·�Ŵ Å¤n­¼��»®¦¸ÉŴ Â¨³
�ª��»¤�ÎÊµ®�´�Ŵ�µ¦�´��µ¦��Á°�Ä��µ¦�ª��»¤�ªµ¤
�´�Ã¨®·�Â¨³¦³�´��ÎÊµ�µ¨Ä®o°¥¼nÄ�Á���r���·Ŵ �¨°�
���µ¦�¦ª�Á�oµŴ�¦ª��µŴÂ¨³�¦ª��µ¦�Îµ�µ��°�Å��Ŵ
�µ¦�¸É�¼oÁ�}�Á�µ®ªµ��³�´��µ¦�¼Â¨��Á°�Å�o�¸Â¨³Ä®o
�ªµ¤¦nª¤¤º°Ä��µ¦¦´�¬µŴ�¼oÁ�}�Á�µ®ªµ��o°�¤¸�ªµ¤¦¼o
�ªµ¤Á�oµÄ�Á�¸É¥ª��́­µÁ®�»�µ¦Á�·�Ã¦�Ŵ¡¥µ�·­£µ¡ŴÂ¨³
£µª³Â�¦��o°�ŴÁ¡ºÉ°Ä®o¤�̧ªµ¤¡¦o°¤�n°��ÎµÅ���·��́·�¸É
�oµ�ŴÂ¨³¤¸�ªµ¤¤´É�Ä�Ä��µ¦�¼Â¨��Á°�Ŵ�µ¦Ä®o�ªµ¤¦¼o
Á�¸É¥ª�´�¦³�´��ÎÊµ�µ¨Ä�Á¨º°�Ŵ�µ¦¦¼o�´��¦³Á¤·�­»�£µ¡
��Á°�Ŵ�¦³Á¤·��ªµ¤­µ¤µ¦�Ä��µ¦�ª��»¤Á�µ®ªµ�Ŵ
Â¨³Å�o¦´��ªµ¤¦¼oÁ¦ºÉ°��µ¦¦´��¦³�µ�°µ®µ¦�¸ÉÁ®¤µ³­¤Ŵ
�´�ªnµÁ�}�­·É�­Îµ�´�¥·É�ŴÁ¡¦µ³�ªµ¤¦¼o¡ºÊ��µ�Á�¸É¥ª�´�Ã¦�
Á�µ®ªµ��³Á�}��o°¤¼¨�¸É�nª¥Ä®o�¼o�iª¥Ä�o�·�ª·Á�¦µ³®rŴ
�´�­·�Ä�Ŵ Â¨³ªµ�Â���¼Â¨��Á°��n°Å��Ŵ�ªµ¤¦¼oÁ�}�
�{��´¥­Îµ�´��n°�µ¦�¼Â¨��Á°�ŴÂ¨³Á�}�°��r�¦³�°�
­Îµ�´��n°�µ¦­n�Á­¦·¤­�´�­�»�¡§�·�¦¦¤�ª��»¤Ã¦��Ŵ
�µ��µ¦«¹�¬µÁ�¸É¥ª�´�Ã�¦Â�¦¤�µ¦�´��µ¦�¼Â¨��Á°�
Ä��¼oÁ�}�Á�µ®ªµ��¸É�nµ�¤µ�´Ê�Ä��¦³Á�«Å�¥Â¨³�nµ�
�¦³Á�«Ŵ¡�ªnµ�µ¦�´��µ¦�¼Â¨��Á°�Á�}�Ã�¦Â�¦¤�¸É¤¸
�¦³­·��·£µ¡�����Ŵ�¼oª·�´¥�¹��ÎµÃ�¦Â�¦¤�µ¦�´��µ¦�¼Â¨
��Á°��°�£µª�µŴŴ�¦̧�·¥»�ª�«r�Ŵ¤µÄ�o��́�¼oÁ�}�Á�µ®ªµ�
��·��¸ÉŴ�Ŵ�¹É�Å¤n­µ¤µ¦��ª��»¤¦³��́�ÎÊµ�µ¨Ä�Á¨º°��¸É¤µ

¦´��¦·�µ¦�¸ÉÃ¦�¡¥µ�µ¨­n�Á­¦·¤­»�£µ¡�Îµ�¨�¨°�­°�ŴŴ
Á¡ºÉ°­n�Á­¦·¤�µ¦��́�µ¦�¼Â¨��Á°�Ä��¼oÁ�}�Á�µ®ªµ�Ä®o¤¸
�ªµ¤­µ¤µ¦��¼Â¨��Á°�°¥nµ�Á®¤µ³­¤Á¡ºÉ°Ä®o­µ¤µ¦�
�ª��»¤¦³�´��ÎÊµ�µ¨Å�o

����¤��Ý�|zÐw���¡}��
Ŵ Á¡ºÉ°«¹�¬µ�¨�°�Ã�¦Â�¦¤�µ¦�´��µ¦�¼Â¨
��Á°��n°�ªµ¤¦¼o Ŵ �·��¦¦¤�µ¦�¼Â¨��Á°�Â¨³�nµŴ
±¸Ã¤Ã�¨�·��¸É¤¸�ÎÊµ�µ¨Á�µ³

w���«Ù�z¡��
Ŵ �¦°�Â�ª�·��°��µ¦ª·�¥́�¦´Ê��¸Ê�¼o­¦oµ�Ŵ£µª�µŴŴ
�¸¦�·¥»�ª�«rŴ Å�oÄ�o�§¬�¸�µ¦�¼Â¨��Á°��°�Ã°Á¦È¤�Ŵ
Ä�­nª�¦³���µ¦¡¥µ�µ¨�¸É­�´�­�»�Â¨³Ä®o�ªµ¤¦¼o Ŵ
�6XSSRUWLYH�(GXFDWLYHŴ1XUVLQJŴ6\VWHP�ŴÁ�}��¦°�Ä�
�µ¦°°�Â��Ã�¦Â�¦¤ŴÂ¨³Ä�o�§¬��̧µ¦�Îµ��́�ªµ¤�·�
Â¨³¡§�·�¦¦¤�°�Á�È��Ŵ�&RJQLWLYHŴEHKDYLRUDOŴWKHRU\�Ŵ
Á�}�Â�ª�µ�Ä��µ¦�¦´��ªµ¤�·�Â¨³¡§�·�¦¦¤Ŵ �¹É�
Ã¦�Á�µ®ªµ�¤¸�¨�n°°ª´¥ª³�°�¦nµ��µ¥Â���»�¦³��Ŵ
Á�ºÉ°��µ�¦³�´��ÎÊµ�µ¨Ä�Á¨º°��¸É­¼��¹Ê�Ŵ�¼oÁ�}�Á�µ®ªµ�
�¨»n¤�¸Ê�o°��µ¦�µ¦�¼Â¨�¸ÉÁ�¡µ³Á�µ³��­Îµ®¦´�Ã¦�Ŵ Á¡ºÉ°
�ª��»¤¦³�´��ÎÊµ�µ¨Ä�Á¨º°�Ä®o�¨´�­¼n£µª³���·®¦º°
Ä�¨oÁ�¸¥����·Ŵ �¼oÁ�}�Á�µ®ªµ��¸É¤¸�ªµ¤­µ¤µ¦�Å¤n¡°
Á¡¸¥��¸É�³­�°��°��n°�ªµ¤�o°��µ¦�µ¦�¼Â¨��Á°�
�´Ê�®¤�Á¦¸¥�ªnµ¤¸�ªµ¤¡¦n°�Ä��µ¦�¼Â¨��Á°�Ŵ �6HOI�Ŵ
&DUHŴ'HűFLW�Ŵ�¹É�¦³��́�ªµ¤¡¦n°�Ä��µ¦�¼Â¨��Á°��°�
Â�n¨³�»��¨�¹Ê�°¥¼n�´��ªµ¤­µ¤µ¦�Â¨³�ªµ¤�o°��µ¦
�µ¦�¼Â¨��Á°��´Ê�®¤�Ŵ¡¥µ�µ¨¤¸���µ�Ä��µ¦�nª¥
Á®¨º°�¼oÁ�}�Á�µ®ªµ�¡´��µ�ªµ¤­µ¤µ¦�Ä��µ¦�¼Â¨
��Á°�ŴÂ¨³�°�­�°��n°�ªµ¤�o°��µ¦�µ¦�¼Â¨Á¡ºÉ°¨�
�ªµ¤¡¦n°�Ä��µ¦�¼Â¨��Á°��°��¼oÁ�}�Á�µ®ªµ�Ŵ Ã�¥
�µ¦­�´�­�»�Ŵ�´Ê�Ä��oµ�¦nµ��µ¥Â¨³�·�Ä�Ŵ�¸ÊÂ�³ŴÁ�}��¸É
�¦¹�¬µŴÂ¨³Ä®oÂ�ª�µ�Ä��µ¦��́�µ¦�¼Â¨��Á°�Ŵ­¦oµ�­·É�
Âª�¨o°¤�¸ÉÁ°ºÊ°�n°�µ¦Á¦¥̧�¦¼oŴ­�µ��¸ÉŴ­ºÉ°ŴÂ¨³�¦¦¥µ�µ«
�µ¦Á¦¸¥�¦¼oŴÂ¨³�µ¦­°�Ŵ�7HDFKLQJ�ŴÁ�}��µ¦Ä®o�ªµ¤¦¼oŴŴ
Â¨³�´�¬³Ä��µ¦�¼Â¨��Á°�Á¦ºÉ°�Ã¦�Á�µ®ªµ�Ŵ ­nª�
�§¬�¸�µ¦�Îµ�´��ªµ¤�·�Â¨³¡§�·�¦¦¤Ŵ�¨nµª�¹��ªµ¤
­´¤¡´��r¦³®ªnµ�Ŵ�ªµ¤�·�Ŵ�ªµ¤¦¼o­¹�Ŵ¡§�·�¦¦¤ŴÂ¨³
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¦nµ��µ¥ªnµ¤¸�ªµ¤­´¤¡´��r�´�Ŵ �¹É�Ä�oÁ�}�Â�ª�µ��µ¦
ª·Á�¦µ³®r�ªµ¤�·�Â¨³�ªµ¤¦¼o­¹��°��¼oÁ�}�Á�µ®ªµ��¸É
¤¸�n°�µ¦Á�È��iª¥Ŵ�µ¦¦´�¬µŴÂ¨³�µ¦�¦´��·��¦¦¤�µ¦
�¼Â¨��Á°�Ŵ�¨°���Á�}�Â�ª�µ�­Îµ®¦´��¼oª·�´¥Ä��µ¦
�´��·��¦¦¤ f��´�¬³Ä��¦³�ª��µ¦�·�Ŵ �µ¦�·��n°
­ºÉ°­µ¦Â¨³�µ¦Â�o�{�®µÄ®oÂ�n�¼oÁ�}�Á�µ®ªµ�Ŵ Á¡·É¤
­¤¦¦��³�°��¼oÁ�}�Á�µ®ªµ��oµ��ªµ¤�·�Â¨³�µ¦ f�
�´�¬³Ä��µ¦�¼Â¨��Á°�ŴÁ¡ºÉ°�nª¥Ä��µ¦�¦´�¡§�·�¦¦¤
�µ¦�¼Â¨��Á°�Á¤ºÉ°�¼oÁ�}�Á�µ®ªµ��o°�Á��·��´��ªµ¤
Á�¨¸É¥�Â�¨��°�­�µ��µ¦�r�¦·�Ä��¸ª·��¦³�Îµª´�ŴŴ

��¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦ª·�´¥�¦´Ê��¸ÊÁ�}��µ¦ª·�´¥�n°���¨°���·�
�¨»n¤Á�¸¥ªª´��n°�Â¨³®¨´��µ¦��¨°�ŴÃ�¥�¨»n¤�´ª°¥nµ�
Ä��µ¦«¹�¬µ�¦´Ê��¸ÊÁ¨º°�Â��Á�¡µ³Á�µ³��Á�}��¼oÁ�}�Ŵ
Á�µ®ªµ���·��¸ÉŴ�Ŵ�¹É�¤µ¦´��¦·�µ¦�¸ÉÃ¦�¡¥µ�µ¨­n�Á­¦·¤Ŵ
­»�£µ¡�Îµ�¨�¨°�­°�Ŵ�µ¤Á���r�»�­¤�´�·�º°Ŵ °µ¥»Ŵ
�����Ŵ�eŴ Á�}�Á�µ®ªµ�Ŵ����Ŵ�eŴ Å�o¦´��µ¦¦´�¬µ�oª¥
¥µ¦´��¦³�µ�Ŵ¦³�´��ÎÊµ�µ¨Ä�Á¨º°�¥o°�®¨´�Ŵ�Ŵ Á�º°�Ŵ
¤µ��ªnµŴ���Ŵ¤·¨¨·�¦´¤�Á��·¨·�¦Ŵ Å¤n¤¸£µª³Â�¦��o°�
¦»�Â¦�Ŵ­µ¤µ¦��·��n°­ºÉ°­µ¦Å�o�¸Ŵ Â¨³¥·��¸Á�oµ¦nª¤ª·�´¥Ŵ
­nª�Á���r�µ¦�´�°°��º°Â¡�¥rÁ�¨¸É¥�Â���µ¦¦´�¬µ
�µ�¦´��¦³�µ�¥µÁ¤È�Á�}��µ¦�¸�°·��¼¨·�ŴÂ¨³¡�£µª³
Â�¦��o°�Ä�¦³®ªnµ�Á�oµ¦nª¤Ã�¦Â�¦¤Ŵ
ŴŴ ��µ��°��¨»n¤�´ª°¥nµ�Ŵ�Îµ�ª��µ��nµ��µ�
°·��·¡¨Ŵ �HIIHFWŴ VL]H�Ŵ �°��´ªÂ�¦�·��¦¦¤�µ¦�¼Â¨
��Á°��µ��µ�ª·�¥́�°�£µª�µŴ�¦̧�·¥»�ª�«rŴ�Îµ®��¦³��́
�´¥­Îµ�´��µ�­�·�·Ŵ ���Ŵ°Îµ�µ�Ä��µ¦��­°�Ŵ ���Ŵ Á�d�
�µ¦µ��°�Ŵ1RUZRRG��ŴÅ�o�¨»n¤�´ª°¥nµ��Îµ�ª�Ŵ��Ŵ��ŴŴ
Ŵ Á�¦ºÉ°�¤º°Ä��µ¦ª·�´¥�
Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�´¥Ŵ�¦³�°��oª¥Á�¦ºÉ°�
¤º°�¸ÉÄ�oÄ��µ¦��¨°�Â¨³Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦Á�È�
¦ª�¦ª¤�o°¤¼¨Ŵ�¸É¡´��µŴÃ�¥£µª�µŴŴ�¸¦�·¥»�ª�«r�Ŵ�´��¸Ê
Ŵ ��Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦��¨°��¦³�°��oª¥Ŵ
Ã�¦Â�¦¤�µ¦�´��µ¦�¼Â¨��Á°�Ŵ­ºÉ°�µ¦­°�Ŵ ª¸�¸�´«�rŴŴ
�Ŵ Á¦ºÉ°��¹É��¨»n¤�´ª°¥nµ��¸É¤µÁ�oµ¦nª¤�·��¦¦¤­´��µ®r
¨³�¦´Ê�ŴÇŴ�Ŵ�´ÉªÃ¤�Ŵ�³Å�o¦´��ªµ¤¦¼oŴ ¦nª¤°£·�¦µ¥Â¨�
Á�¨¸É¥��¦³­��µ¦�rŴ �¤ª¸�·�´«�rŴ �¦´Ê�¨³Ŵ�Ŵ Á¦ºÉ°�Ŵ Â¨³Ŵ

 f��´�¬³­´��µ®r¨³Ŵ�ŴÁ¦ºÉ°�ŴÁ�}�Áª¨µŴ�Ŵ­´��µ®rŴÂ¨³Å�o
¦´�®�´�­º°�»��ªµ¤¦¼oÁ¡ºÉ°�µ¦�¼Â¨��Á°�­Îµ®¦´��¼oÁ�}�Ŵ
Á�µ®ªµ�Ŵ�Îµ�ª�Ŵ��ŴÁ¨n¤Ŵ�¸É¡�́�µÃ�¥­¤�·�ŴŴ®�»Á�¦·��»̈ ŴŴ
Â¨³��³��ŴÁ¡ºÉ°�ÎµÅ�«¹�¬µ°nµ�Á¡·É¤Á�·¤�¸É�oµ�Ŵ
Ŵ ��Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦Á�È�¦ª�¦ª¤�o°¤¼¨Ŵ
�¦³�°��oª¥Ŵ ����Ŵ Â��­°��µ¤�o°¤¼¨­nª��»��¨ŴŴ
����ŴÂ��ª�́�ªµ¤¦¼oÁ�¸É¥ª��́Ã¦�Á�µ®ªµ�Ŵ�¦³�°��oª¥
�o°�Îµ�µ¤Ŵ�Îµ�ª�Ŵ��Ŵ�o°ŴŴ�Ŵ�oµ�ŴÅ�oÂ�nŴ�oµ��ªµ¤¦¼o�´ÉªÅ�
Á�¸É¥ª��́Ã¦�Á�µ®ªµ�Ŵ�Ŵ�o°Ŵ�oµ��µ¦�ª��»¤°µ®µ¦Ŵ�Ŵ�o°Ŵ
�oµ��µ¦Ä�o¥µŴ�Ŵ�o°Ŵ�oµ��µ¦°°��Îµ¨�́�µ¥Ŵ�Ŵ�o°Ŵ�oµ��µ¦
�¦³Á¤·���Á°�Ŵ�Ŵ�o°ŴÂ¨³�oµ�­»�°�µ¤¥́Â¨³�µ¦�¼Â¨Á�oµŴ
�Ŵ�o°Ŵ�³Â��Á�È¤Ŵ��Ŵ�³Â��ŴÄ��µ¦Á�È��o°¤¼¨�´��¨»n¤
�´ª°¥nµ��Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ¡�ªnµ¤¸�nµ�ªµ¤¥µ��nµ¥¦³�´�
�µ��¨µ�Ŵ�'LIűFXOW\ŴLQGH[ �����ŴÂ¨³°Îµ�µ��ÎµÂ��
¦³�´�¡°Ä�oŴ�'LVFULPLQDWLRQŴLQGH[ �����Ŵ����ŴÂ��
�¦³Á¤·��·��¦¦¤�µ¦�¼Â¨��Á°�Ŵ Á�}��µ¦�¦³Á¤·��µ¦
��·��́·�µ¦�¼Â¨��Á°�Á�¸É¥ª��́�µ¦�ª��»¤Ã¦�Á�µ®ªµ�
Â¨³�µ¦�j°��´�£µª³Â�¦��o°��Îµ�ª�Ŵ��Ŵ�o°Ŵ�Ŵ�oµ�Ŵ
Å�oÂ�nŴ�oµ��µ¦¦�́�¦³�µ�°µ®µ¦Ŵ�Ŵ�o°Ŵ�µ¦°°��Îµ¨�́�µ¥Ŵ
�Ŵ�o°Ŵ�µ¦�¦³Á¤·���Á°�Ŵ�Ŵ�o°Ŵ�µ¦�¼Â¨Á�oµŴ�Ŵ�o°ŴÂ¨³�µ¦
¦�́�¦³�µ�¥µŴ�Ŵ�o°Ŵ�³Â��¦ª¤Ŵ���Ŵ�³Â��ŴÄ��µ¦Á�È�
�o°¤¼̈ ��́�¨»n¤�ª́°¥nµ��Îµ�ª�Ŵ��Ŵ¦µ¥ŴÅ�o�¦ª�­°��ªµ¤
Á�ºÉ°¤´É���·��ªµ¤­°��¨o°�£µ¥Ä�Ŵ �oª¥­´¤�¦³­·��·Ŵ
°´̈ ¢iµ�°��¦°��µ�Å�o�nµÁ�nµ��́Ŵ����ŴÂ¨³Ŵ����Ŵ°»��¦�rŴ
Ä��µ¦Á�µ³Á¨º°�Â¨³Á�¦ºÉ°��¦ª�ª´��nµ±¸Ã¤Ã�¨�·��¸É
¤¸�ÎÊµ�µ¨Á�µ³Ŵ ª·Á�¦µ³®r�oª¥Á�¦ºÉ°�ª·Á�¦µ³®r°´�Ã�¤´�·Ŵ
1\FRŴFDUGŴ5($'(5,,ŴÃ�¥ª·�¸Ŵ7XUELGŴPHWULFŴ,QKLELWLRQŴ
,PPXQRDVVD\ŴÁ�¸¥�Ã�¥Ŵ&RQWUROŴ�»�Á�oµŴ¦µ¥�µ��¨Á�}�
Á�°¦rÁ�È��rŴ
Ŵ �µ¦¡·�´�¬r­·��·�¨»n¤�´ª°¥nµ�
Ŵ Á¤ºÉ°Ã�¦�¦nµ��µ¦ª·�´¥�nµ��µ¦°�»¤´�·�µ�Ŵ
��³�¦¦¤�µ¦�¦· ¥�¦¦¤��³¡¥µ�µ¨«µ­�¦r Ŵ
¤®µª·�¥µ¨´¥¦´�­·�Ŵ �¼oª·�´¥�°°�»�µ��¼o°Îµ�ª¥�µ¦Ŵ
Ã¦�¡¥µ�µ¨­n�Á­¦·¤­»�£µ¡�Îµ�¨�¨°�­°�Ŵ Á¡ºÉ°�Îµ
ª·�´¥Â¨³Á�È��o°¤¼¨ŴÁ¤ºÉ°Å�o¦´�°�»¤´�·Ŵ�¼oª·�´¥�´�Á¨º°��¨»n¤
�´ª°¥nµ��µ¤Á���r�¸É�Îµ®���¸ÊÂ��ª´��»�¦³­��r�µ¦ª·�´¥Ŵ
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�nµÄ�o�nµ¥Ä�Ç�´Ê�­·Ê�Ŵ�o°¤¼¨�¸ÉÅ�o�³Á�È�Á�}��ªµ¤¨´�ŴÂ¨³
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Ã�¦Â�¦¤�µ¦�´��µ¦�¼Â¨��Á°�­Îµ®¦´��¼oÁ�}�Á�µ®ªµ�ŴŴ
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Ŵ �µ¦ª·Á�¦µ³®r�o°¤¼̈ ��o°¤¼̈ �´ÉªÅ�ª·Á�¦µ³®rŴÃ�¥
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�µ¦�´��µ¦�¼Â¨��Á°�Ŵ Ã�¥Ä�o­�·�·Ŵ:LOFR[RQŴ6LJQHGŴ
5DQNŴWHVWŴ

Ú�w���¡}��
Ŵ ��� ¨´�¬�³�°��¨»n¤�´ª°¥nµ�Ŵ �¨»n¤�´ª°¥nµ�
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�����Ŵ�³Â��Ŵ�6'Ŵ �����Ŵ Ŵ�¹É��nµÁ�¨¸É¥�°��³Â��
�ªµ¤¦¼o®¨´�Á�oµÃ�¦Â�¦¤�¸�ªnµ�n°�Á�oµÃ�¦Â�¦¤°¥nµ�¤¸
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Ŵ ��� �nµ±¸Ã¤Ã�¨�·��¸É¤¸�ÎÊµ�µ¨Á�µ³� �¨»n¤
�´ª°¥nµ�Ŵ�Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ�n°�Á�oµÃ�¦Â�¦¤�µ¦�´��µ¦
�¼Â¨��Á°�Ŵ°¥¼n¦³®ªnµ�Ŵ����Ŵ�Ŵ�����Ŵ Á�°¦rÁ�È��rŴ¤¸
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Â¨³�´�¬³�µ¦Â�o�{�®µŴ¡¦o°¤�´Ê�Å�o f���·�´�·Ŵ �¹É�Á�}�
�·��¦¦¤�¸ÉÁ�o�Ä®o�¨»n¤�´ª°¥nµ�¤¸­nª�¦nª¤Ä��µ¦Á¦¸¥�¦¼oŴ
Å�o¦�́�ªµ¤¦¼o�¸É�¦��¦��̧�́�¦³­��µ¦�r�°���Á°�Ŵ�ÎµÄ®o
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�ªµ¤¦¼oÅ�Ä�oÄ��µ¦�¼Â¨��Á°��¸É�oµ�ŴÁ�}��µ¦­³�o°�Ä®o
�¨»n¤�ª́°¥nµ�Á�·��µ¦Á¦¥̧�¦¼oÂ¨³¤�̧ªµ¤¦¼oÁ¡·É¤�¹Ê��µ��µ¦
��¨°���·�´�·Ŵ Ã�¥¡�ªnµ�ªµ¤¦¼o�¸É�¨»n¤�´ª°¥nµ�­µ¤µ¦�
�°�Å�o�¼��o°�¤µ��¹Ê�Å�oÂ�nŴ °µ�µ¦Â­���°�Ã¦�Ŵ�µ¦
��·��́·�ª́Ä��µ¦�j°���́£µª³Â�¦��o°�Ŵ�µ¦Á¨º°�°µ®µ¦
�¸ÉÁ®¤µ³­¤Ŵª·�¸�µ¦°°��Îµ¨´��µ¥Ŵ�µ¦�¼Â¨¦´�¬µ�ªµ¤
­³°µ��°�¦nµ��µ¥Ŵ Ã�¥Á�¡µ³�°�°´�Â¨³Á�oµŴÂ¨³�µ¦
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®ªµ�Ä��¦³Á�«Å�¥Ŵ¡�ªnµ�¨»n¤�´ª°¥nµ�¤¸�ªµ¤¦¼oÁ¡·É¤
�¹Ê�Â¨³¤¸�nµ��µ�°·��·¡¨�°��ªµ¤¦¼oÁ�nµ�´�Ŵ�����ŴÂ¨³
­°��¨o°��´��µ¦«¹�¬µ�°�£µª�µŴ�¸¦�·¥»�ª�«r���ŴÂ¨³
­¤Ä�Ŵ ¦µ�ª���Ŵ�¸É¡�ªnµ�¨»n¤�´ª°¥nµ��¼oÁ�}�Á�µ®ªµ��¹É�
Å�o¦´�Ã�¦Â�¦¤�µ¦­n�Á­¦·¤�µ¦�¼Â¨��Á°��µ¤�§¬�¸
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Ã°Á¦È¤Ŵ¤¸�ªµ¤¦¼o�¸�ªnµ�n°�Á�oµÃ�¦Â�¦¤Â¨³�¸�ªnµ�¨»n¤
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Ã�¦Â�¦¤­¼��ªnµ�n°�Á�oµÃ�¦Â�¦¤°¥nµ�¤¸�´¥­Îµ�´��µ�
­�·�·Ŵ�S �����Ŵ°�·�µ¥Å�oªnµ�µ¦Á�oµ¦nª¤�·��¦¦¤Â�n¨³
�¦´Ê�Ŵ�ÎµÄ®o�¨»n¤�´ª°¥nµ�Á�·�Á¦¸¥�¦¼oÂ¨³¤¸�ªµ¤¦¼oÁ¡·É¤�¹Ê�
Á�¸É¥ª�´��µ¦�´��µ¦�¼Â¨��Á°�Ŵ �¹É��ªµ¤¦¼oÁ�}�¡ºÊ��µ�
�¸É­Îµ�´��¸É�ÎµÄ®o�»��¨­µ¤µ¦�Â¥�Â¥³�µ¦�¦³�Îµ�°�
��Á°��¸É�¸®¦º°Á®¤µ³­¤�µ��µ¦�¦³�Îµ�¸ÉÅ¤n�¸Ŵ ®¦º°Å¤n
Á®¤µ³­¤Å�oŴ ¦nª¤�´��µ¦Å�o f��´�¬³�¦³�ª��µ¦�·�Ŵ
�µ¦­ºÉ°­µ¦Ŵ�µ¦Â�o�{�®µŴÂ¨³�µ¦��·�´�·�·��¦¦¤�µ¦
�¼Â¨��Á°��¹É��¦°��¨»¤�oµ��µ¦Á¨º°�°µ®µ¦�¸É�¦·Ã£�Ŵ
ª·�¸Â¨³��·��°��µ¦°°��Îµ¨´��µ¥Ŵ Â¨³�µ¦�¼Â¨Á�oµŴ
�´Ê�Â�n�µ¦�¦ª�Á�oµŴ�µ¦�¦³Á¤·�­£µ¡Á�oµŴÂ¨³�µ¦�´�
Á¨È�Ŵ�ÎµÄ®o�¨»n¤�´ª°¥nµ�¤¸�ªµ¤¤´É�Ä�Ä��µ¦�¼Â¨��Á°�ŴŴ
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�·��µ¤�¸ÊÂ�³Ŵ ­�´�­�»�Ä®o�Îµ¨´�Ä�Ŵ Â¨³Ä®o�Îµ�¦¹�¬µ
�µ�Ã�¦«´¡�rÁ¡ºÉ°Â�oÅ��{�®µ�¸ÉÁ�·��¹Ê�°¥nµ��n°Á�ºÉ°�Ŵ �¹�
Á�}��¨�ÎµÄ®o�¨»n¤�´ª°¥nµ��¦³�Îµ�µ¦�¼Â¨��Á°�Å�o�¸�¹Ê�Ŵ
Ã�¥¡�ªnµŴ�oµ��µ¦¦´��¦³�µ�°µ®µ¦Ŵ�¨»n¤�´ª°¥nµ�­nª�
Ä®�nÁ¨º°��¦·¤µ�°µ®µ¦�¸É�³¦´��¦³�µ�Å�oÁ®¤µ³­¤Ŵ
�´��ªµ¤�o°��µ¦�°���Á°�Ŵ ®¨¸�Á¨¸É¥��µ¦�·��»��·�
¦³®ªnµ�¤ºÊ°ŴÂ¨³®¨�̧Á¨¸É¥�°µ®µ¦�¸É¤¦̧­®ªµ���́Ŵ­nª��oµ�
�µ¦°°��Îµ¨�́�µ¥Ŵ�¨»n¤�ª́°¥nµ�­µ¤µ¦�°°��Îµ¨�́�µ¥Å�o
°¥nµ�­¤ÎÉµÁ­¤°Å¤n�o°¥�ªnµŴ�Ŵ�¦´Ê��n°­´��µ®rŴ Ã�¥Á¨º°�
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Á�oµÅ�o�¼��o°�Ŵ��Å¤n¤¸�¨»n¤�´ª°¥nµ�¦µ¥Ä�Á�·�Â�¨�¸ÉÁ�oµŴ
¦´��¦³�µ�¥µÅ�o�¼��o°�ŴÂ¨³Å¤n¡�£µª³Â�¦��o°��´Ê�Ŵ
�ÎÊµ�µ¨Ä�Á¨º°��ÎÉµ®¦º°­¼���Á�·�Å�Ŵ­°��¨o°���́�§¬�¸
¦³���µ¦¡¥µ�µ¨Â��­�´�­�»�Â¨³Ä®o�ªµ¤¦¼o�°�Ŵ
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Ä®o�ªµ¤¦¼oÁ¦ºÉ°�Ã¦�Á�µ®ªµ�Ŵ�µ¦�¼Â¨��Á°�Ŵ Á�¸É¥ª�´�
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¦³�´��ÎÊµ�µ¨Ä�Á¨º°�Å�oŴ �+E$�FŴŮŴ���Ŵ°�·�µ¥Å�oªnµŴ
�¨»n¤�´ª°¥nµ�¤¸�ªµ¤¦¼oÁ¡·É¤�¹Ê�Ŵ¤¸�µ¦�´��µ¦�¼Â¨��Á°�
Å�o�¸�¹Ê��´Ê��oµ��µ¦¦´��¦³�µ�°µ®µ¦Ŵ�µ¦°°��Îµ¨´��µ¥Ŵ
Â¨³�µ¦¦´��¦³�µ�¥µŴ �¹��ÎµÄ®o¦³�´��ÎÊµ�µ¨Ä�Á¨º°�Ŵ
¨�¨��ªnµ�n°�Á�oµÃ�¦Â�¦¤Ŵ°¥nµ�Å¦�È�µ¤Å¤n¡��ªµ¤
Â���nµ��µ�­�·�·Ŵ �¹É�°µ�Á�·��µ��Îµ�ª��¨»n¤�´ª°¥nµ�
�¸É�o°¥Ŵ ¦³¥³Áª¨µ�µ¦�·��µ¤�¨­´Ê�¦nª¤�´�°Îµ�µ��µ¦
��­°��°�­�·�·�°�¡µ¦µÁ¤�¦·��¸É�ÎÉµŴ�¹É�­°��¨o°��´�
�µ¦«¹�¬µ�°�£µª�µŴ�¸¦�·¥»�ª�«r���ŴŴÂ¨³Ŵ,VPDLO��ŴÂ¨³
��³Ŵ�¸É«¹�¬µ�¦³­·��·£µ¡�°�Ã�¦Â�¦¤�µ¦��́�µ¦�¼Â¨
��Á°�Ä��¼oÁ�}�Á�µ®ªµ���·��¸ÉŴ�Ŵ ŴÂ¨³¡�ªnµ�nµ�ÎÊµ�µ¨Ŵ
­³­¤Ä��¨»n¤�µ¦�´��µ¦�¼Â¨��Á°��ÎÉµ�ªnµ�¨»n¤�ª��»¤
°¥nµ�Å¤n¤¸�´¥­Îµ�´��µ�­�·�·�����Ŵ Ŵ �°��µ��¸Ê�µ��µ¦
­´�Á�¦µ³®r�µ�ª·�´¥�°�­·�¸�µ�Ŵ¨·�·�¦´��rÁ�¦·��Ŵ¡�ªnµ
Ã�¦Â�¦¤�¸É¡�́�µ�µ¤¦³���µ¦¡¥µ�µ¨Â��­��́­�»�
Â¨³Ä®o�ªµ¤¦¼o�°�Ã°Á¦È¤Ŵ¤�̧nµ��µ�°·��·¡¨�°��µ¦�ª�
�»¤�ÎÊµ�µ¨Ä�Á¨º°�¦³��́�µ��¨µ�Ŵ������Ŵ�¹É��ÎÉµ�ªnµ�oµ�
�ªµ¤¦¼oŴÂ¨³�ªµ¤­µ¤µ¦�Ä��µ¦�¼Â¨��Á°�
Ŵ Ã�¥­¦»�Ã�¦Â�¦¤�µ¦��́�µ¦�¼Â¨��Á°��ÎµÄ®o
�¨»n¤�´ª°¥nµ��¼oÁ�}�Á�µ®ªµ���·��¸ÉŴ �Ŵ �¹É�Å¤n­µ¤µ¦�
�ª��»¤¦³��́�ÎÊµ�µ¨Ä�Á¨º°�Å�oŴ¤�̧ªµ¤¦¼oŴÂ¨³�µ¦��́�µ¦
�¼Â¨��Á°��¸�¹Ê�Ŵ ­n��¨Ä®o¦³�´�±¸Ã¤Ã�¨�·��¸É¤¸�ÎÊµ�µ¨
Á�µ³¤¸Â�ªÃ�o¤¨�¨�

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ �¼oª·�´¥¤¸�o°Á­�°Â�³Ä®o¡¥µ�µ¨�¸É��·�´�·
�µ�Ä�Ã¦�¡¥µ�µ¨­n�Á­¦·¤­»�£µ¡�Îµ�¨Ŵ ­µ¤µ¦��Îµ
Ã�¦Â�¦¤�µ¦�´��µ¦�¼Â¨��Á°�Å�Ä�oÄ��µ¦�¼Â¨�¼oÁ�}�
Á�µ®ªµ���·��¸ÉŴ �Ŵ�¸ÉÅ¤n­µ¤µ¦��ª��»¤¦³�´��ÎÊµ�µ¨Ä�
Á¨º°�ŴÁ�ºÉ°��µ��µ¦�´��·��¦¦¤�µ¤Ã�¦Â�¦¤¤¸Â�ª�µ�
Â¨³�´Ê��°��¸É�´�Á��Ŵ�¹É�¡¥µ�µ¨­µ¤µ¦�Á¦¸¥�¦¼oÂ¨³ f�
��·��́·Ä��µ¦��́�·��¦¦¤Å�oÅ¤n¥µ�Ŵ�°��µ��¸Ê�µ¦Ä�oÁª¨µ
Ä��µ¦Á�oµ�¨»n¤Á¡ºÉ°Á¦¥̧�¦¼oÂ¨³ f���́¬³�°��¨»n¤�ª́°¥nµ�

Â�n¨³�¦´Ê��¦³¤µ�Ŵ�Ŵ�´ÉªÃ¤�Ŵ�¹É�Å¤n�µ�Á�·�Å�­Îµ®¦´�Ŵ
�¼oÁ�}�Á�µ®ªµ��¸É�³Á�oµ¦nª¤�·��¦¦¤Å�oŴ�´��³Á®È�Å�o�µ�
�µ¦�¸É�¨»n¤�´ª°¥nµ��»�¦µ¥Ä��µ¦«¹�¬µ�¦´Ê��¸ÊÁ�oµ¦nª¤
�·��¦¦¤Å�o�¦��»��¦´Ê�
Ŵ ��Ŵ �ª¦��́�·��¦¦¤�¦³�»o�Á�º°��¨»n¤�ª́°¥nµ�
Ä®o�¼Â¨��Á°��»��¦´Ê��¸É�¨»n¤�ª́°¥nµ�¤µ¦�́�µ¦¦�́¬µ�µ¤
�´�ŴÂ¨³�·��µ¤�¦³Á¤·��·��¦¦¤�µ¦�¼Â¨��Á°�ŴÂ¨³Ŵ
¦³�´��nµ±¸Ã¤Ã�¨�·��¸É¤¸�ÎÊµ�µ¨Á�µ³Á¤ºÉ°�¦�Ŵ�Ŵ�eŴ Á¡ºÉ°
«¹�¬µ�ªµ¤��°¥¼n�°��µ¦�´��µ¦�¼Â¨��Á°�

w¡��¡w�����Ýw��
Ŵ �°�¦µ��°�¡¦³�»�Ŵ«�ŴÁ�¸¥¦�·�»�Ŵ�¦�­¤�·�ŴŴ
®�»Á�¦·��»̈ Ŵ�¸ÉÄ®o�ÎµÂ�³�ÎµÄ��µ¦Â�oÅ�Â¨³�¦�́�¦»��µ¦
�Îµª·�¥µ�·¡��rŴÂ¨³�«��¦�£µª�µŴŴ�¸¦�·¥»�ª�«rŴ�¸É�¦»�µ
­¨³Áª¨µÄ®o�Îµ�¦¹�¬µŴ­°�ŴÂ¨³Â�³�Îµ�µ¦�´��·��¦¦¤
�µ¤Ã�¦Â�¦¤�µ¦�´��µ¦�¼Â¨��Á°�Ŵ ŴÂ¨³�°�°��»�
Á�oµ®�oµ�¸ÉÃ¦�¡¥µ�µ¨­n�Á­¦·¤­»�£µ¡�Îµ�¨�¨°�­°�
�»��nµ��¸ÉÄ®o�ªµ¤�nª¥Á®¨º°­�´�­�»�Ä��µ¦ª·�´¥�¦´Ê��¸ÊŴ
Â¨³�°�°��»��¨»n¤�´ª°¥nµ��¼o�¸ÉÁ�}�Á�µ®ªµ��»��nµ�Ŵ�¸É
Ä®o�ªµ¤¦nª¤¤º°Ä��µ¦�Îµª·�´¥�¦´Ê��¸Ê

3FGFSFODFT
��Ŵ $PHULFDQŴ 'LDEHWHVŴ $VVRFLDWLRQŴ �$'$��ŴŴ

'LDJQRVLVŴDQGŴ&ODVVLűFDWLRQŴRIŴ'LDEHWHVŴ0HO�
OLWXV�Ŵ'LDEHWHVŴFDUH�Ŵ��Ŵ�6XSSOHPHQWŴ��Ŵ-DQXDU\Ŵ
�����Ŵ6��ŴyŴ6���

��Ŵ +HDOWKŴ 6\VWHPŴ5HVHDUFKŴ ,QVWLWXWH�Ŵ >'DWDEDVHŴ
LQŴ WKHŴ LQWHUQHW@������Ŵ�FLWHGŴ����Ŵ0DUFKŴ�@�Ŵ
$YDLODEOHŴ IURP�Ŵ KWWS���ZZZ�QVUL�RU�WK�WK�
ZKDWQHZV�GHWDLO�SKS

��Ŵ $PHULFDQŴ Ŵ'LDEHWHVŴ$VVRFLDWLRQ�Ŵ ([HFXWLYHŴ
6XPPDU\�Ŵ6WDQGDUGVŴRIŴ0HGLFDOŴ&DUHŴLQŴ'LDEHWHVŴ
'LDEHWHV�Ŵ'LDEHWHVŴ*XLGHOLQHV�Ŵ�����ŴŴ�����

��Ŵ 2UHPŴ'(�Ŵ1XUVLQJ�ŴFRQFHSWVŴRIŴSUDFWLFH�Ŵ�WKŴHG�Ŵ
6W�/RXLV�Ŵ0RVE\�

��Ŵ .HHUDWL\XWDZRQŴ3�Ŵ$Ŵ6HOI�PDQDJHPHQWŴSURJUDPŴ
IRUŴ LPSURYLQJŴNQRZOHGJH�Ŵ VHOI�FDUHŴ DFWLYLWLHV�Ŵ
TXDOLW\ŴRIŴOLIH�ŴDQGŴJO\FRV\ODWHGŴ+E$�FŴLQŴ7KDLŴ
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ZLWKŴ W\SHŴ �Ŵ GLDEHWHVŴPHOOLWXVŴ >'LVVHUWDWLRQ@Ŵ
%DQJNRN�Ŵ0DKLGROŴ8QLYHUVLW\�Ŵ�����

��Ŵ .HHUDWL\XWDZRQJ�Ŵ 3��Ŵ +DQXFKDUXUQNXO�Ŵ 6��Ŵ
%RRQFKDX\�ŴZ��Ŵ3KXPOHQJ�Ŵ%��ŴDQGŴ0XQJNDHŴZ�Ŵ
(IIHFWLHQHVVŴRIŴ6XSSRUWLYH�HGXFDWLYHŴSURJUDPŴRQŴ
GLDEHWLFŴFRQWURO�ŴSHUFHLYHGŴVHOI�FDUHŴHIűFDF\�ŴDQGŴ
ERG\ŴPDVVŴLQGH[ŴLQŴSHUVRQVŴZLWKŴW\SHŴ�ŴGLDEHWHVŴ
PHOOLWXV�Ŵ7KDLŴ -RXUQDOŴ RIŴ1XUVLQJŴ >5HVHDUFK@�ŴŴ
�Ŵ���Ŵ�-DQXDU\�0DUFKŴ������Ŵ�����

��Ŵ /LNLWUDFKDURHQŴ6�Ŵ0HWD�DQDO\VLVŴRIŴHGXFDWLYH�
VXSSRUWLYHŴ LQWHUYHQWLRQŴ UHVHDUFKŴ IRUŴ GLDEHWLFŴ
SDWLHQWVŴLQŴ7KDLODQG�Ŵ>7KHVLV@�Ŵ%DQJNRN�Ŵ0DKLGROŴ
8QLYHUVLW\�Ŵ�����

��Ŵ 2UHPŴ'(�Ŵ1XUVLQJ�ŴFRQFHSWVŴRIŴSUDFWLFH�Ŵ�WKŴHG�Ŵ
6WŴ/RXLV�Ŵ0RVE\Ŵ<HDUŴ%RRN�Ŵ�����

��Ŵ %HFW�Ŵ$7�Ŵ&RJQLWLYHŴ WKHUDS\Ŵ DQGŴ WKHŴ HPRWLRQŴ
GLVRUGHUV�Ŵ1HZŴ<RUN�Ŵ,QWHUQDWLRQDOŴ8QLYHUVLWLHVŴ
3UHVV�Ŵ�����

���Ŵ 1RUZRRGŴŴ6/�Ŵ5HVHDUFKŴVWUDWHJLHVŴIRUŴDGYDQFHGŴ
SUDFWLFHŴQXUVH�Ŵ1HZŴ-HUVH\�Ŵ3UHQWLFHŴ+DOO�Ŵ�����

���Ŵ +DQXFKDUXUQNXOŴ 6�Ŵ HWŴ DO�Ŵ 6HOI�FDUHŴ HGXFDWLRQŴ
SDFNDJHŴ IRUŴ SHUVRQŴZLWKŴ GLDEHWHV�Ŵ%DQJNRN�Ŵ
)DFXOW\Ŵ RIŴ0HGLFLQHŴ'LYLVLRQ�Ŵ 5DPDWKLERGLŴ
+RVSLWDO�Ŵ�����

���Ŵ 5DWVDYRQJŴ 6�Ŵ 7KHŴ (IIHFWLYHQHVVŴ RIŴ KHDOWKŴŴ
HGXFDWLRQŴSURJUDPŴLQŴVHOIŴKHDOWKŴFDUHŴSURPRWLRQŴŴ
E\ŴDSSO\LQJŴVHOIŴFDUHŴ7KHRU\ŴRIŴ2UHPŴZLWKŴ6HOIŴ
(IILFDF\Ŵ7KHRU\Ŵ LQŴ EHKDYLRUŴ GHYHORSPHQWŴ RIŴ
GLDEHWHVŴ SDWLHQWVŴ W\SHŴ�Ŵ WUHDWHGŴ DWŴ RXWSDWLHQWŴ
GHSDUWPHQWŴ RIŴ0DKRVRWKŴ+RVSLWDOŴ9LHQWLDQHŴ
&DSLWDO�Ŵ/DRŴ>7KHVLV@�Ŵ.KRQŴ.DHQ�Ŵ.KRQŴ.DHQŴ
8QLYHUVLW\�Ŵ�����

���Ŵ 0F*RZDQŴ -�Ŵ7KHŴ(IűFDF\Ŵ RIŴ GLDEHWHVŴ SDWLHQWŴ
HGXFDWLRQŴ DQGŴ VHOI�PDQDJHPHQWŴ HGXFDWLRQŴ LQŴ
W\SHŴ�ŴGLDEHWHVŴ�����Ŵ������Ŵ������Ŵ

���Ŵ ,VPDLOŴ.�Ŵ0DLVVLŴ (�Ŵ 7KRPDVVŴ 6�Ŵ&KDOGHUŴ 7�Ŵ
6FKPLGWŴ8�Ŵ %DUWOHWWŴ -�Ŵ HWŴ DO�Ŵ $Ŵ UDQGRPLVHGŴŴ
FRQWUROOHGŴWULDOŴRIŴFRJQLWLYHŴEHKDYLRXUŴWKHUDS\ŴDQGŴ
PRWLYDWLRQDOŴLQWHUYLHZLQJŴIRUŴSHRSOHŴZLWKŴW\SHŴ�Ŵ
GLDEHWHVŴPHOOLWXVŴZLWKŴ SHUVLVWHQWŴ VXE�RSWLPDOŴ
JO\FHPLFŴFRQWURO�Ŵ$Ŵ'LDEHWHVŴDQGŴ3V\FKRORJLFDOŴ
7KHUDSLHVŴ�$'D37�ŴVWXG\�Ŵ+HDOWKŴ7HFKQRORJ\Ŵ
$VVHVVPHQWŴ�����>2QOLQH@Ŵ����Ŵ >FLWHŴ����Ŵ
1RYHPEHUŴ��@�Ŵ$YDLODEOHŴ IURP�KWWS���ŴZZZ�
KWD�DF�XN�KWDFG�LQGH[�VKWPO-LUDNDOŴ&�Ŵ(IIHFWVŴ
RIŴ 6XSSRUWLYH�HGXFDWLYHŴ QXUVLQJŴ V\VWHPŴ RQŴ
VHOI�FDUHŴ EHKDYLRUŴ DQGŴGHSHQGHQWŴ FDUHŴ DPRQJŴ
GLDEHWLFŴSDWLHQWVŴDQGŴWKHLUŴIDPLOLHV�Ŵ.KRQŴ.DHQ�Ŵ
.KRQŴ.DHQŴ8QLYHUVLW\�Ŵ�����

���Ŵ :HDQJQRQŴ6�Ŵ1DQWVXSDZDWŴ:�Ŵ+RUQERRQWKHUPŴ
3�Ŵ (IIHFWVŴ RIŴ 6HOI�PDQDJHPHQWŴ 3URJUDPŴ RQŴ
%HKDYLRUVŴ IRUŴ &RQWUROOLQJŴ'LVHDVHŴ DQGŴ+H�
PRJORELQŴ$�FŴ/HYHOŴ LQŴ3DWLHQWVŴZLWKŴ'LDEHWHVŴ
0HOOLWXVŴ7\SHŴ��Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴ
RIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ��Ŵ
����Ŵ�����

���Ŵ 6LQJ\DPXDQJŴ $�Ŵ 1DQWVXSDZDWŴ:�Ŵ +RUQ�
ERRQWKHUPŴ3�Ŵ(IIHFWVŴRIŴ7KHŴ'HYHORSPHQWŴRIŴ6HOIŴ
y&DUHŴ$JHQF\Ŵ3URJUDPŴRQŴ/HYHOŴRIŴ+HPRJORELQŴ
$�FŴ LQŴ 3DWLHQWVŴZLWKŴ'LDEHWHVŴ0HOOLWXVŴ7\SHŴ
��Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ
1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

���Ŵ &KLQVRPŴ-�Ŵ6HQDUDNŴ:�Ŵ7\SHŴ�Ŵ'LDEHWHVŴ5LVNŴ
LQŴ0LGGOH�$JHGŴ ,VDDQŴ:RPHQ�Ŵ$Ŵ&DVHŴ6WXG\Ŵ
RIŴ8UEDQŴ&RPPXQLW\�Ŵ -RXUQDOŴRIŴ1XUVHVuŴ$V�
VRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����Ŵ��Ŵ����Ŵ������



���ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

&GGFDUT�PG�4FMG�.BOBHFNFOU�1SPHSBN�PO�,OPXMFEHF
�
4FMGo$BSF�"DUJWJUJFT
�BOE�)C"�D�JO�1FSTPOT�XJUI�

5ZQF���%JBCFTUFT�.FMMJUVT�
Ŵ 1DQQDSDWŴŴ3HHUDSKUXHWWKLSRQJŴ0�1�6�

Ŵ 1DP�R\ŴŴ3DNGHYRQJŴ'U�3�+�


Ŵ $PSDSRUQŴŴ1DPYRQJSURPŴ3K�'�





"CTUSBDU
Ŵ 7KLVŴSUH�H[SHULPHQWDOŴRQHŴJURXSŴSUH�SRVWWHVWŴGHVLJQŴDLPHGŴWRŴH[DPLQHŴWKHŴHIIHFWLYHQHVVŴRIŴWKHŴ6HOI�
0DQDJHPHQWŴ3URJUDPŴRQŴNQRZOHGJH�ŴVHOI�FDUHŴDFWLYLWLHV�ŴDQGŴ+E$�FŴLQŴSHUVRQŴZLWKŴW\SHŴ�ŴGLDEHWHVŴPHOOLWXV�Ŵ
7KHŴSURJUDPŴZDVŴ GHYHORSHGŴE\Ŵ3DZDQDŴ.HHUDWL\XWDZRQJŴ ������Ŵ DQGŴXVHGŴ2UHPuVŴ(GXFDWLYH�6XSSRUWLYHŴ
QXUVLQJŴV\VWHPŴZLWKŴ%HFNuVŴ&RJQLWLYHŴEHKDYLRUDOŴWKHUDS\ŴDVŴDŴFRQFHSWXDOŴIUDPHZRUN�Ŵ7ZHQW\�QLQHŴSHUVRQVŴZLWKŴ
XQFRQWUROOHGŴGLDEHWHVŴZKRŴUHFHLYLQJŴFDUHŴDWŴ7DPERQŴ+HDOWKŴSURPRWLQJŴKRVSLWDO�Ŵ.ORQJŴ6RQJŴZDVŴSXUSRVLYHO\Ŵ
VHOHFWHGŴWRŴDWWHQGŴűYHŴVHVVLRQVŴRIŴWKHŴSURJUDPŴLQFOXGLQJŴJURXSŴHGXFDWLRQ�ŴFRJQLWLYHŴUHVWUXFWXULQJ�ŴFRPPXQLFDWLRQŴ
VNLOO�ŴSUREOHPŴVROYLQJŴVNLOOŴDQGŴGLDEHWHVŴVHOI�FDUHŴVNLOOŴWUDLQLQJ�Ŵ.QRZOHGJH�Ŵ6HOI�FDUHŴDFWLYLWLHVŴDQGŴ+E$�&ŴZHUHŴ
FROOHFWHGŴEHIRUHŴDQGŴDIWHUŴWKHŴSURJUDPŴDQGŴDQDO\]HGŴE\ŴGHVFULSWLYHŴVWDWLVWLFV�ŴSDLUHGŴW�WHVWŴDQGŴ:OLFR[RQŴ6LJQHGŴ
5DQNŴWHVW�
Ŵ $IWHUŴ�ŴPRQWKV�ŴLWŴZDVŴIRXQGŴWKDWŴNQRZOHGJHŴDQGŴVHOI�FDUHŴDFWLYLW\ŴLQFUHDVHGŴVLJQLűFDQWO\Ŵ�S �����Ŵ
:KLOHŴ+E$�&ŴWHQGHGŴWRŴGHFUHDVHŴLQŴ��ŴSHUVRQV�ŴEXWŴQRŴVWDWLVWLFDOŴVLJQLűFDQFHŴGLIIHUHQFHŴZDVŴIRXQG�Ŵ7KHŴVWXG\Ŵ
űQGLQJVŴVXSSRUWŴWKHŴHIIHFWLYHQHVVŴRIŴWKHŴ6HOI�0DQDJHPHQWŴ3URJUDP�Ŵ(QFRXUDJLQJŴDFWLYLW\ŴDQGŴORQJ�WHUPŴIROORZ�XSŴŴ
VWXG\ŴDUHŴVXJJHVWHG�

.H\ZRUGV�Ŵ VHOI�FDUHŴPDQDJHPHQW�ŴNQRZOHGJH�ŴVHOI�FDUHŴDFWLYLWLHV�Ŵ+E$�F�ŴW\SHŴ�ŴGLDEHWHV�

Ŵ


Ŵ7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ$GXOWŴ1XUVLQJ�Ŵ6FKRROŴRIŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ3URJUDPŴLQŴ$GXOWŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\



Ŵ,QVWUXFWRU�Ŵ6FKRROŴRIŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\




Ŵ$VVLVWDQWŴ3URIHVVRUŴ6FKRROŴRIŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\
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¦°�«µ­�¦µ�µ¦¥rŴŴ��³¡¥µ�µ¨«µ­�¦rŴ¤®µª·�¥µ¨´¥�°�Â�n�

Ú�x�|w��­�i¬��«w��w���¥�ª���Ý«����Ý�¤w�Ð�h�z����¡²����
x�|��w�¡ª}Ù­Ùª�Þ��«�|«�Ý��ÖÖ�Ø�¢Ü­ÙÚ¥i�d�����ª}±��¢��Ý

���|Úh�������|�¢²­�iªz�Þ²�|�h�����­}
Ŵ Ŵ �µ¦·�µ�Ŵ®µ�¤µ�¡Ŵ¡¥�¤�
ŴŴ °Îµ¡�Ŵ«¦¸¦´�¬µŴ¡¥�¤�



��z���h�
� �µ¦ª·�´¥�¦´Ê��¸ÊÁ�}��µ¦ª·�´¥�¹É���¨°�¤¸ª´��»�¦³­��rÁ¡ºÉ°«¹�¬µ�¨�°��µ¦Ä�oÃ�¦Â�¦¤�µ¦�¼�Á­¤®³Â��
�¦³¥»��r�n°�ªµ¤°·É¤�ª́�°�°°��·Á��Ä�Á¨º°�Â��Â¨³­�́�µ��¡̧Ä��¼o�iª¥�µ�Á�È�«¦̧¬³®¨�́�nµ��́­¤°��¸ÉÄ�oÁ�¦ºÉ°�
�nª¥®µ¥Ä��¸ÉÁ�oµ¦´��µ¦¦´�¬µÄ�®°�¼o�iª¥®�´�«´¨¥�¦¦¤Ŵ Ã¦�¡¥µ�µ¨­»¦·��¦rŴ �Îµ�ª�Ŵ��Ŵ��Ŵ�¨»n¤��¨°�Å�o¦´��µ¦
�¼�Á­¤®³Ã�¥Ä�oÃ�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��rŴ �o°¤¼¨�¸É�´��¹��¦³�°��oª¥Ŵ�ªµ¤°·É¤�´ª�°�°°��·Á��Â¨³
­´��µ��¸¡Ä�¦³¥³�n°��µ¦��¨°�Ŵ®¨´��µ¦��¨°��´��¸Ŵ®¨´��µ¦��¨°�Ŵ�Ŵ�µ�¸ŴÂ¨³®¨´��µ¦��¨°�Ŵ�Ŵ�µ�¸­�·�·�¸É
Ä�oÄ��µ¦ª·Á�¦µ³®r�o°¤¼̈ Å�oÂ�nŴ�nµ�ªµ¤�¸ÉŴ¦o°¥¨³Ŵ�nµÁ�¨¸É¥Ŵ­nª�Á�¸É¥�Á��¤µ�¦�µ�Ŵ0DQQ�:KLWQH\Ŵ8Ŵ7HVW�Ŵ)ULHGPDQŴ
7HVWŴÂ¨³Ŵ:LOFR[RQŴ0DWFKHG�3DLUVŴ6LJQHG�5DQNVŴ7HVWŴŴ�¨�µ¦ª·�¥́­¦»�Å�oªnµÃ�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��r
Å¤n¤�̧¨�n°�µ¦Á�¨¸É¥�Â�¨��nµÁ�¨¸É¥�°��ªµ¤°·É¤�ª́�°�°°��·Á��Ä�Á¨º°�Â��Ŵ�ªµ¤��́�·­Ã�¨·�Ŵ�ªµ¤��́Å�Â°­Ã�¨·�ŴŴ
Ä�Áª¨µŴ��µ�Ŵ̧®¨�́�µ¦��¨°�ŴÂ�n�ÎµÄ®o°�́¦µ�µ¦Á�o��°�®ª́Ä�Â¨³°�́¦µ�µ¦®µ¥Ä�Á¡·É¤�¹Ê�®¨�́�µ¦��¨°���́�Ŵ̧Â¨³
Å¤n¤¸�µ¦Á�¨¸É¥�Â�¨�®¨´��µ¦��¨°�Ŵ��µ�¸Â¨³�Ŵ�µ�¸Ŵ�¹É��¨�¸ÉÅ�oÁ®¤º°��´�ª·�¸�µ¦�¼�Á­¤®³�µ¤���·Ŵ�´��´Ê�ª·�¸�µ¦
�¼�Á­¤®³Â���¦³¥»��r­µ¤µ¦�Ä�oÄ��¼o�iª¥�µ�Á�È�«¸¦¬³�¸ÉÄ­n�n°�nª¥®µ¥Ä�

�Îµ­Îµ�´��� Ã�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��rŴŴ�µ�Á�È�«¸¦¬³®¨´��nµ�´�­¤°�

z���ª�ÒÙ��«�Ýz����·�z�Öx�|�qÖ��
Ŵ �µ¦�µ�Á�È�«¸¦¬³Ŵ�+HDGŴ,QMXU\�Ŵ­µÁ®�»­nª�
Ä®�n¤µ�µ�°»�´�·Á®�»�¦µ�¦��´�­�·�·Ä��eŴ¡�«�Ŵ ����Ŵ
�¦³Á�«Å�¥¤¸°»�´�·Á®�»�¦µ�¦�µ���Á�·��¹Ê��Îµ�ª�Ŵ
�������Ŵ�¦´Ê�ŴÄ��Îµ�ª��¼o�µ�Á�È�¦»�Â¦��µ�°»��́·Á®�»�¸ÊŴ
°ª¥́ª³�¸ÉÅ�o¦�́�µ�Á�È�¤µ��¸É­»��º°«¦̧¬³�¹É�¡��¦³¤µ�
¦o°¥¨³Ŵ ������µ�Á�È�«¸¦¬³¦»�Â¦�¤¸°´�¦µ�µ¥¦o°¥¨³Ŵ
����µ�­�·�·�¼o�iª¥�¸ÉÁ�oµ¦´��µ¦¦´�¬µÄ�®o°��¼o�iª¥®�´�
«´¨¥�¦¦¤ŴÃ¦�¡¥µ�µ¨­»¦·��¦rŴ¡�ªnµÄ��eŴ¡�«�Ŵ����Ŵ¤¸
�¼o�iª¥�µ�Á�È�«¸¦¬³Â¨³Å�o¦´��µ¦�nµ�´�­¤°�Ŵ���Ŵ¦µ¥Ŵ
¦o°¥¨³Ŵ��ŴÂ¨³�eŴ¡�«�Ŵ����ŴŴ¤�̧¼o�iª¥�µ�Á�È�«¦̧¬³Â¨³
Å�o¦´��µ¦�nµ�´�­¤°�Ŵ���Ŵ¦µ¥Ŵ�·�Á�}�¦o°¥¨³Ŵ�����Ŵ

Ŵ �µ�Á�È�«¸¦¬³®¤µ¥�¹�Ŵ�µ¦�µ�Á�È��¸ÉÁ�·��µ�
Â¦�£µ¥�°�¤µ�¦³�Îµ�n°Ã�¦�­¦oµ��µ��µ¥£µ¡Â¨³

®�oµ�¸É�°�­¤°��¹É�¤�̧¨�n°�µ¦Á�¨¸É¥�Â�¨�°µ�µ¦°¥nµ�
�o°¥Ŵ�Ŵ°µ�µ¦�Ŵ Ŵ Ä��¼o�iª¥�¸É¤¸�{�®µ�µ¦�µ�Á�È�«¸¦¬³
®µ�¡�ªnµ��µ��°��o°�Á¨º°�¤¸��µ�Ä®�nÂ¨³���µ¦
�Îµ�µ��°�­¤°�Â¡�¥r�³¡·�µ¦�µ�Îµ�µ¦�nµ�´�­¤°�Ŵ
Á¡ºÉ°�Îµ��́�o°�Á¨º°��¸É��Á�¥̧�£µ¥Ä��³Ã®¨�«¦̧¬³Â¨³
¨�Â¦��´�Ä��³Ã®¨�«¸¦¬³�Ŵ£µª³¡¦n°�°°��·Á��Á�}�
£µª³Â�¦��o°��¸É­Îµ��́Ä�¦³¥³®¨�́�nµ��́­¤°��¸É­n��¨
�n°®¨°�Á¨º°�­¤°�®��ª́�ÎµÄ®o¦³��Å®¨Áª¥̧�Ä�­¤°�
Á�¨¸É¥�Â�¨���¼o�iª¥®¨´��nµ�´��»�¦µ¥�o°�Å�o¦´��µ¦Ä­n
�n°�nª¥®µ¥Ä�Á¡ºÉ°Â�oÅ�£µª³°»��´Ê�Ä��µ�Á�·�®µ¥Ä�Ŵ
�j°���́�µ¦­Îµ¨�́Ŵ�nª¥Ä��µ¦�¼�Á­¤®³����Á¡ºÉ°�µ¦�nµ��́
Â¨³�µ¦Ä®o¥µ¦³�´��ªµ¤¦¼o­¹��Ä�¦³¥³®¨´��nµ�´��¼o�iª¥
¥´��o°��µ�n°�nª¥®µ¥Ä�Â¨³Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�°¥nµ�
�o°¥Ŵ��Ŵ�´ÉªÃ¤�Â¦�®¨´��nµ�´�Ŵ Á¡ºÉ°Ä®oÁ�ºÊ°Á¥ºÉ°­¤°��¸ÉŴ



���ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

Å�o¦�́�µ�Á�È��µ��µ¦�nµ��́Å�o¦�́°°��·Á��°¥nµ�Á¡¥̧�¡°ŴŴ
°¸��´Ê�¥´�¦´�¬µ­¤�»¨�°��µ�Ä�Á¨º°�Â��Ŵ �µ¦Ä­n�n°
�nª¥®µ¥Ä�¤¸�¨�n°�µ¦�¦³�»o��µ¦�¨·�Á­¤®³Ŵ Á­¤®³
Â®o�Á®�¸¥ª¤µ��¹Ê�Ŵ ­n�Á­¦·¤Ä®o�µ�Á�·�®µ¥Ä�°»��´Ê�Ŵ
�µ¦�d��°� µ�¨n°�Á­¸¥�Å¤n­�·��¹É�­n��¨�¦³���n°
�¦³­·��·£µ¡�µ¦Å°��́Á­¤®³��Ŵ�µ¦�¼�Á­¤®³Ä��n°�nª¥
®µ¥Ä�Á�}��µ¦�Îµ�´�Á­¤®³Ä��¼o�iª¥�¸ÉÄ­n�n°�nª¥®µ¥Ä�
Â¨³Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ���µ¦�¼�Á­¤®³Ä��n°�nª¥®µ¥
Ä�¤¸�ªµ¤Á­¸É¥��n°�µ¦Á�·�£µª³¡¦n°�°°��·Á��Ŵ ��������ŴŴ
Á�ºÉ°��µ��µ¦�¼�Á­¤®³Á�}��µ¦Ä�oÂ¦��´�¨�Ä��µ¦
�¼�Á°µÁ­¤®³Â¨³°°��·Á��°°�¤µ�µ��n°�nª¥®µ¥Ä�Ŵ
�µ¦­°�­µ¥¥µ��¼�Á­¤®³Á�}��¦³�»o��¦³­µ�ªµ�´­�¸É
��´�®¨°��°Ŵ¤¸�¨�ÎµÄ®o°´�¦µ�µ¦Á�o��°�®´ªÄ��oµ¨�
�°��µ��¸Ê�µ¦�¼�Á­¤®³¥�́�ÎµÄ®oÁ�·��µ¦¦³�µ¥Á�º°��n°
Á¥ºÉ°�»®¨°�¨¤ŴÂ¨³­nª��µÅ¦�µ�¦³�»o�Ä®oÁ�·���·�·¦·¥µ
�µ¦Å°­n��¨�n°�µ¦Á¡·É¤�ªµ¤�´�Ä��n°�°�Á¡·É¤­¼��¹Ê�
®o°��¼o�iª¥®�´�«´¨¥�¦¦¤Ŵ Ã¦�¡¥µ�µ¨­»¦·��¦rŴ¤¸�¼o�iª¥
«´̈ ¥�¦¦¤�¦³­µ�¦�́ÅªoÄ��ªµ¤�¼Â¨ŴÂ�n¥�́Å¤n¤Â̧�ª�µ�
�µ¦�¼�Á­¤®³Á�¡µ³­Îµ®¦´��¼o�iª¥«´¨¥�¦¦¤�¦³­µ�ŴŴŴ
�¼oª·�´¥�¹�¤¸�ªµ¤­�Ä�Ä��µ¦Ä�oÃ�¦Â�¦¤�µ¦�¼�Á­¤®³
Â���¦³¥»��rÄ��¼o�iª¥�µ�Á�È�«¸¦¬³®¨´��nµ�´�­¤°�
�¸ÉÅ�o¦´��µ¦Ä­n�n°�nª¥®µ¥Ä��µ¤®¨´��µ�Á�·��¦³�´�¬rŴ
Á¡ºÉ°«¹�¬µ�¨�°�Ã�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��r
�n°�ªµ¤°·É¤�´ª�°�°°��·Á��Ä�Á¨º°�Â��Â¨³­´��µ�
�¸¡ªnµÁ�}�Å�Ä��·«�µ�Ä�Ä��¼o�iª¥�µ�Á�È�«¸¦¬³®¨´�
�nµ�´�­¤°��¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�

����¤��Ý�|zÐw���¡}��
� Á¡ºÉ°«¹�¬µ�¨�°��µ¦Ä�oÃ�¦Â�¦¤�µ¦�¼�
Á­¤®³Â���¦³¥»��r�n°�ªµ¤°·É¤�´ª�°�°°��·Á��Ä�
Á¨º°�Â��Â¨³­´��µ��¸¡Ä��¼o�iª¥�µ�Á�È�«¸¦¬³®¨´�
�nµ�´�­¤°��¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�

w���«Ù�z¡�w���¡}��
� Ä��µ¦«¹�¬µ�¦´Ê��¸ÊÄ�oÃ�¦Â�¦¤�µ¦�¼�Á­¤®³
Â���¦³¥»��r�¸É°oµ�°·�¤µ�µ��µ¦���ª�®¨´��µ�Á�·�
�¦³��́¬rŴ�¦³�°��oª¥Ŵ�Ŵ�´Ê��°��º°Ŵ¦³¥³�n°��¼�Á­¤®³Ŵ
¦³¥³��³�¼�Á­¤®³ŴÂ¨³¦³¥³®¨´��¼�Á­¤®³

�¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦ª·�´¥�¦´Ê��¸ÊŴ Á�}��µ¦ª·�´¥�¹É���¨°�Ŵ«¹�¬µ
�¨�°��µ¦Ä�oÃ�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��r�n°
�ªµ¤°·É¤�´ª�°�°°��·Á��Ä�Á¨º°�Â��Â¨³­´��µ��¸¡
Ä��¼o�iª¥�µ�Á�È�«¸¦¬³®¨´��nµ�´�­¤°��¸ÉÄ�oÁ�¦ºÉ°��nª¥
®µ¥Ä��¨»n¤�´ª°¥nµ��¸É«¹�¬µÄ��¦´Ê��¸ÊŴ �º°Ŵ�¼o�iª¥�µ�Á�È�
«¸¦¬³®¨´��nµ�´�­¤°��¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�Â¨³Á�oµ¦´�
�µ¦¦�́¬µÄ�®°�¼o�iª¥®��́«´̈ ¥�¦¦¤Ã¦�¡¥µ�µ¨­»¦·��¦rŴ
�¸É¤¸°µ¥»�´Ê�Â�nŴ��Ŵ�e�¹Ê�Å�ŴÁ¨º°��¨»n¤�´ª°¥nµ�Â��Á�¡µ³
Á�µ³���µ¤�»�­¤�´�·�¸É�Îµ®��Ŵ�Îµ�ª���µ��°��¨»n¤
�´ª°¥nµ��µ�­¼�¦�°�ŴVFKLHVVHOPDQŴ�Îµ®��¦³�´��ªµ¤
Á�ºÉ°¤´É�Ŵ�_�ŴÁ�nµ�´�Ŵ���Ŵ�Îµ�ª��nµŴ'URSŴRXWŴ�°��¨»n¤
�ª́°¥nµ�Ŵ���ŴÅ�o�Îµ�ª��¨»n¤�ª́°¥nµ�Ä��µ¦«¹�¬µ�¦´Ê��¸Ê
�Îµ�ª�Ŵ��Ŵ��
Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦Á�È�¦ª�¦ª¤�o°¤¼¨Å�oÂ�nŴ
Â����́�¹�¨�́¬�³�´ÉªÅ�Â¨³�µ¦Á�È��iª¥ŴÁ�¦ºÉ°��·��µ¤
­�́�µ��¡̧�oµ�Á�¥̧�Ŵ¥¸É®o°Ŵ3KLOLSVŴ¦»n�Ŵ03Ŵ��Ŵ�¹É�Ä�oÄ��µ¦
ª�́�nµ�ªµ¤°·É¤�ª́�°�°°��·Á��Ä�Á¨º°�Â��Ŵ�ªµ¤��́�·­Ŵ
Ã�¨·�Ŵ�ªµ¤�´�Å�Â°­Ã�¨·�Ŵ�ªµ¤�´�Á¨º°�Â��Á�¨¸É¥ŴŴ
°´�¦µ�µ¦Á�o��°�®´ªÄ�ŴÂ¨³°´�¦µ�µ¦®µ¥Ä��¼o�nª¥ª·�´¥
Á�}��¼oª�́Â¨³��́�¹��nµ�ªµ¤°·É¤�ª́�°�°°��·Á��Ä�Á¨º°�
Â��Â¨³­´��µ��¸¡Ä�¦³¥³�n°��µ¦��¨°�Ŵ Ŵ®¨´��µ¦
��¨°��´��Ŵ̧�Ŵ�µ�¸ŴÂ¨³Ŵ�Ŵ�µ�¸ŴÃ�¦Â�¦¤�µ¦�¼�Á­¤®³
Â���¦³¥»��rÁ�}�Ã�¦Â�¦¤�¸É�¼oª·�´¥¡´��µ�¹Ê��µ��µ¦
���ª�ª¦¦��¦¦¤Â¨³®¨´��µ�Á�·��¦³�´�¬rŴ Ã�¥Â�n�
Á�}�Ŵ�Ŵ�´Ê��°�Ŵ�º°Ŵ Ŵ¦³¥³�n°��¼�Á­¤®³Ŵ¦³¥³��³�¼�
Á­¤®³ŴÂ¨³Ŵ¦³¥³®¨�́�¼�Á­¤®³ŴÅ�o¤�̧µ¦�¦ª�­°��ªµ¤
�¦��°�Á�ºÊ°®µÃ�¥�¼o�¦��»�ª»�·Ŵ �Ŵ�nµ�Å�oŴ �­nª��µ¦Ŵ
 f��´�¬³�µ¦Ä�oÁ�¦ºÉ°�¤º°Â¨³�µ¦Á�È�¦ª�¦ª¤�o°¤¼¨�¹É�



��� ,1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����#RTKN���,WPG������

Å�o¤¸�µ¦��­°��ªµ¤Á�¸É¥��°��o°¤¼¨�oª¥ª·�¸Ŵ ,QWHUUDWHUŴ
5HOLDELOLW\ŴÄ��¼o�iª¥�¸ÉÄ­n�n°�nª¥®µ¥Ä�Ŵ��Ŵ¦µ¥Á�nµ��́Ŵ���Ŵ
Ŵ �µ¦ª·Á�¦µ³®r�o°¤¼¨Ŵ Ŵ Ã�¥�Îµ�ª�®µ�nµ¦o°¥¨³ŴŴ
­nª�Á�¸É¥�Á��¤µ�¦�µ�Ŵ Ŵ��­°��ªµ¤Â���nµ��°��nµ
Á�¨¸É¥�ªµ¤°·É¤�ª́�°�°°��·Á��Ä�Á¨º°�Â��Â¨³­�́�µ�
�¸¡�n°Ã�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��r�n°�Â¨³
®¨´��µ¦��¨°�Ŵ ¦³®ªnµ��¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤Ŵ
ª·Á�¦µ³®r�o°¤¼¨Ã�¥Ä�o­�·�·Ŵ0DQQ�ZLWKQH\Ŵ8Ŵ7HVWŴ�µ¦
��­°�£µ¥Ä��¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤Ŵ ª·Á�¦µ³®r
�o°¤¼¨Ã�¥Ä�o­�·�·Ŵ)ULHGPDQŴ7HVWŴŴÂ¨³�µ¦��­°�Á�}�
¦µ¥�¼n¦³®ªnµ��n°��µ¦��¨°�Á�¦¸¥�Á�¸¥��´�®¨´��µ¦
��¨°��´��¸Ŵ �Ŵ�µ�¸Ŵ Â¨³Ŵ�Ŵ�µ�¸Ŵ £µ¥Ä��¨»n¤��¨°�
Â¨³�¨»n¤�ª��»¤Ŵª·Á�¦µ³®r�o°¤¼¨Ã�¥Ä�o­�·�·Ŵ:LOFR[RQŴ
0DWFKHG�3DLUVŴ6LJQHG�5DQNVŴ7HVWŴ®¨�́�µ��µ¦��­°�
�µ¦Â��Â���°��¦³�µ�¦�oª¥­�·�·Ŵ6KDSLUR�:LONŴ7HVWŴ
¡�ªnµ¤¸�µ¦Â��Â���°��¦³�µ�¦Å¤nÁ�}�Ã�o����·

Ú�w���¡}���
Ŵ �o°¤¼¨�´ÉªÅ��°��¨»n¤�´ª°¥nµ�Ŵ Ä��µ¦«¹�¬µ
�¦´Ê��¸ÊÁ�}��¼o�iª¥�µ�Á�È�«¸¦¬³®¨´��nµ�´�­¤°��¸ÉÄ�o
Á�¦ºÉ°��nª¥®µ¥Ä�Â¨³Á�oµ¦´��µ¦¦´�¬µÄ�®°�¼o�iª¥®�´�
«´̈ ¥�¦¦¤Ã¦�¡¥µ�µ¨­»¦·��¦rŴ¤�̧¼o�iª¥�´Ê�®¤��Îµ�ª�Ŵ��Ŵ
��Ŵ�¨»n¤��¨°�¤¸°µ¥»Á�¨¸É¥Ŵ Ŵ�����Ŵ�eŴ�6'Ŵ Ŵ������Ŵ
�¨»n¤�ª��»¤¤¸°µ¥»Á�¨¸É¥Ŵ�����Ŵ�6'Ŵ Ŵ������Ŵ�´Ê��¨»n¤
��¨°�Â¨³Ŵ�¨»n¤�ª��»¤­nª�Ä®�nÁ�}�Á¡«�µ¥Ŵ¦o°¥¨³Ŵ
��Á�nµ��́Ŵ�´Ê��¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤��́�º°«µ­�µ
¡»���´Ê�®¤�Ŵ�¨»n¤��¨°�­nª�Ä®�n¤¸¦³�´��µ¦«¹�¬µÄ�
¦³�´��¦³�¤«¹�¬µŴ ¦o°¥¨³Ŵ��ŴÂ¨³Ŵ�¨»n¤�ª��»¤­nª�
Ä®�n¤¦̧³��́�µ¦«¹�¬µÄ�¦³��́�¦³�¤«¹�¬µÁ�n���́Ŵ¦o°¥
¨³Ŵ��Ŵ­Îµ®¦´�Ŵ*&6Ŵ�¨»n¤��¨°�­nª�Ä®�n¤¸Ŵ*&6Ŵ�n°�
�nµ�´�°¥¼nÄ�¦³�´��³Â��Ŵ�7��7Ŵ ¦o°¥¨³Ŵ��Ŵ ¦°�¨�
¤µÁ�}�¦³�´��³Â��Ŵ�7���7Ŵ¦o°¥¨³Ŵ��Ŵ­Îµ®¦´��¨»n¤
�ª��»¤­nª�Ä®�n¤¸Ŵ*&6Ŵ�n°��nµ�´�°¥¼nÄ�¦³�´��³Â��Ŵ
�7��7Ŵ¦o°¥¨³Ŵ��Ŵ¦°�¨�¤µ°¥¼nÄ�¦³��́Ŵ�7���7Ŵ¦o°¥¨³ŴŴ
��Ŵ �µ��¨�µ¦��­°�¡�ªnµ�¨»n¤��¨°�Â¨³�¨»n¤
�ª��»¤¤¸�o°¤¼¨�´ÉªÅ�Å¤nÂ���nµ��´�Ŵ
Ŵ ��Ŵ �¨�µ¦Á�¦¥̧�Á�¥̧��ªµ¤Â���nµ��nµÁ�¨¸É¥
�ªµ¤°·É¤�ª́�°�°°��·Á��Ä�Á¨º°�Â��Ŵ�ªµ¤��́�·­Ã�¨·�Ŵ

�ªµ¤��́Å�Â°­Ã�¨·��ªµ¤��́Á¨º°�Â��Á�¨¸É¥Ŵ°�́¦µ�µ¦
Á�o��°�®ª́Ä�Â¨³°�́¦µ�µ¦®µ¥Ä�Ŵ�n°��µ¦��¨°�Ŵ®¨�́
�µ¦��¨°���́�Ŵ̧�Ŵ�µ�Ŵ̧Â¨³ŴŴ�Ŵ�µ�Ŵ̧¦³®ªnµ��¨»n¤��¨°�
Â¨³�¨»n¤�ª��»¤ŴÃ�¥Ä�o­�·�·Ŵ0DQQŴ�Ŵ:KLWQH\Ŵ8ŴWHVWŴ¡�
ªnµ�nµÁ�¨¸É¥�ªµ¤°·É¤�´ª�°�°°��·Á��Ä�Á¨º°�Â��Ŵ�ªµ¤
�´��·­Ã�¨·�Ŵ�ªµ¤�´�Å�Â°­Ã�¨·��ªµ¤�´�Á¨º°�Â��
Á�¨¸É¥°�́¦µ�µ¦Á�o��°�®ª́Ä�Â¨³°�́¦µ�µ¦®µ¥Ä�¦³®ªnµ�
�¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤Å¤nÂ���nµ��´��SŴ!Ŵ����
Ŵ ��Ŵ �¨�µ¦Á�¦¥̧�Á�¥̧��ªµ¤Â���nµ��nµÁ�¨¸É¥
�ªµ¤°·É¤�ª́�°�°°��·Á��Ä�Á¨º°�Â��Ŵ�ªµ¤��́�·­Ã�¨·�ŴŴ
�ªµ¤�´�Å�Â°­Ã�¨·�Ŵ�ªµ¤�´�Á¨º°�Â��Á�¨¸É¥Ŵ °´�¦µ
�µ¦Á�o��°�®´ªÄ�Â¨³°´�¦µ�µ¦®µ¥Ä�Ŵ�n°��µ¦��¨°�Ŵ
®¨´��µ¦��¨°��´��Ŵ̧®¨´��µ¦��¨°�Ŵ�Ŵ�µ�¸ŴÂ¨³Ŵ®¨´�
�µ¦��¨°�Ŵ�Ŵ�µ�¸Ŵ£µ¥Ä��¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤Ŵ
Ã�¥Ä�o­�·�·Ŵ )ULHGPDQŴ 7HVWŴ ¡�ªnµ�¨»n¤��¨°�¤¸�µ¦
Á�¨¸É¥�Â�¨��nµÁ�¨¸É¥°´�¦µ�µ¦Á�o��°�®´ªÄ�Â¨³°´�¦µ
�µ¦®µ¥Ä��µ��¸Éª´�Åªo�n°��µ¦��¨°�Á¤ºÉ°Áª¨µÁ�¨¸É¥�
Å�®¨�́�µ¦��¨°���́�¸Ŵ®¨�́�µ¦��¨°�Ŵ�Ŵ�µ�Ŵ̧Â¨³®¨�́
�µ¦��¨°�Ŵ�Ŵ�µ�¸Ŵ°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ�SŴ�Ŵ����
Ŵ ��Ŵ �¨�µ¦Á�¦¸¥�Á�¸¥��ªµ¤Â���nµ��°��nµ
Á�¨¸É¥�ªµ¤°·É¤�´ª�°�°°��·Á��Ä�Á¨º°�Â��Á�}�¦µ¥�¼n
Á�¦¸¥�Á�¸¥�Ä�¦³¥³Áª¨µ�n°��µ¦��¨°�Â¨³®¨´��µ¦
��¨°�£µ¥Ä��¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤Ã�¥Ä�o­�·�·Ŵ
:LOFR[RQŴ0DWFKHG�3DLUVŴ6LJQHG�5DQNVŴWHVW¡�ªnµ�¨»n¤Ŵ
��¨°�¤¸�nµÁ�¨¸É¥°´�¦µ�µ¦Á�o��°�®´ªÄ�¦³¥³�n°��µ¦
��¨°�Â���nµ��´��´�¦³¥³®¨´��µ¦��¨°��´��¸Ŵ°¥nµ�
¤¸�´¥­Îµ�´��µ�­�·�·Ŵ�SŴ�Ŵ�����Ŵ
Ŵ
w����¡����Ú�
Ŵ �µ��µ¦ª´��ªµ¤°·É¤�´ª�°�°°��·Á��Ä�Á¨º°�
Â��¦³®ªnµ��¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤ŴÂ¨³£µ¥Ä�
�¨»n¤ŴÄ�¦³¥³Áª¨µ�n°��µ¦��¨°�ŴÂ¨³®¨´��µ¦��¨°�
Å¤nÂ���nµ��´��º°�nµ�ªµ¤°·É¤�´ª�°�°°��·Á��Ä�Á¨º°�
Â��Å¤nÁ�¨¸É¥�Â�¨�Á�ºÉ°��µ�Ã�¦Â�¦¤�µ¦�¼�Á­¤®³
Â���¦³¥»��rÂ¨³Ã�¦Â�¦¤�µ¦�¼�Á­¤®³�µ¤���·
�nµ��ÈÄ®o°°��·Á��Ä�¦³¥³�n°�Â¨³®¨´��¼�Á­¤®³�µ�ŴŴ
�Ŵ�µ�¸Á®¤º°��´�Â�n�¸Éª·�¸�µ¦�¸ÉÂ���nµ��´��º°Ã�¦Â�¦¤
�µ¦�¼�Á­¤®³Â���¦³¥»��rÄ®o°°��·Á��Ŵ����Ŵ�µ�ŴŴ



���ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

�Ŵ�µ�¸�µ�Á�¦ºÉ°��nª¥®µ¥Ä�Ã�¥Å¤nÅ�oÁ¡·É¤�¦·¤µ�¦�°�
Â¨³Å¤nÅ�o�¨��n°�nª¥®µ¥Ä�ŴÂ�nÃ�¦Â�¦¤�µ¦�¼�Á­¤®³
�µ¤���·Ä®o°°��·Á��¡¦o°¤�µ¦Á¡·É¤�¦·¤µ�¦�°�Ã�¥ª·�¸
�µ¦Ä�oŴ6HOI�,QŲDWLQJŴ%DJZLWKŴ2�ŴŲRZŴ����Ŵ/30Ŵ�¸�Ŵ
���Ŵ�¦´Ê�Ŵ�µ�Ŵ�Ŵ�µ��̧¹É�­°��¨o°���́�µ¦«¹�¬µ�µ�ª·�¥́�¸É
Á�¸É¥ª�o°���́�µ¦�j°���́£µª³¡¦n°�°°��·Á���µ��µ¦�¼�
Á­¤®³�¹É�¡�ªnµŴ�µ¦Ä®o°°��·Á���ªµ¤Á�o¤�o�­¼�Ŵ����Ŵ
�´Ê��n°��µ¦�¼�Á­¤®³Â¨³®¨�́�µ¦�¼�Á­¤®³Ŵ­µ¤µ¦�¨�
£µª³¡¦n°�°°��·Á��Å�o¦o°¥¨³Ŵ����Ŵ°¸��´Ê�­°��¨o°�
�´��µ¦«¹�¬µ�¸É¡�ªnµ�µ¦Ä�o�ÎÊµÁ�¨º°�°¦r¤´¨Â¨³Å¤nÄ�oŴ
�ÎÊµÁ�¨º°�°¦r¤´¨�n°��µ¦�¼�Á­¤®³Å¤n¤¸�ªµ¤Â���nµ�
�°��nµ�ªµ¤°·É¤�´ª�°�°°��·Á��Ä�Á¨º°�Â��°¥nµ�¤¸�´¥
­Îµ�´��µ�­�·�·�¸ÉŴ�����

Ŵ �µ��µ¦ª´��ªµ¤�´��·­Ã�¨·�Ŵ�ªµ¤�´�Å�Â°­
Ã�¨·�ŴÂ¨³Ŵ�ªµ¤�´�Á¨º°�Â��Á�¨¸É¥¦³®ªnµ��¨»n¤��¨°�
Â¨³�¨»n¤�ª��»¤ŴÂ¨³£µ¥Ä��¨»n¤Ä�¦³¥³Áª¨µ�n°��µ¦
��¨°�ŴÂ¨³®¨´��µ¦��¨°�Ŵ Å¤nÂ���nµ��´�ŴÂ�n�µ��¨
�µ¦«¹�¬µ¡�ªnµŴŴ�ªµ¤�´��·­Ã�¨·�®¨´��µ¦��¨°��´��¸
Ä��¨»n¤��¨°�Á¡·É¤�¹Ê�Á¨È��o°¥Ä�¦³¥³®¨´��µ¦��¨°�Ŵ
�Ŵ�µ�¸ŴÂ¨³Ŵ�Ŵ�µ�¸�ªµ¤�´��·­Ã�¨·�¨�¨�Á¦ºÉ°¥Ç�µ¤
¨Îµ�´�Á¤ºÉ°Á�¦¸¥�Á�¸¥��´��¨»n¤�ª��»¤Ŵ Ŵ�ªµ¤�´�Å�Â°
­Ã�¨·�®¨´��µ¦��¨°��´��¸Ä��¨»n¤��¨°�Á¡·É¤�¹Ê�Á¨È�
�o°¥Ä�¦³¥³®¨�́�µ¦��¨°�Ŵ�Ŵ�µ�Â̧¨³Ŵ�Ŵ�µ�Ŵ̧�ªµ¤��́Ŵ
Å�Â°­Ã�¨·�¨�¨��ÎÉµ�ªnµ¦³¥³�n°��µ¦��¨°�Â�nÄ�
�¨»n¤�ª��»¤¦³¥³®¨´��µ¦��¨°��´��¸Ŵ®¨´��µ¦��¨°�ŴŴ
�Ŵ�µ�Â̧¨³Ŵ®¨�́�µ¦��¨°�Ŵ�Ŵ�µ�Ŵ̧�ªµ¤��́Å�Â°­Ã�¨·�Ŵ
¨�¨�Á¦ºÉ°¥ŴÇŴ �µ¤¨Îµ�´�Ŵ �¹É�¤¸�¨�n°�¨�nµ�¦³®ªnµ�
�ªµ¤�´��·­Ã�¨·�Â¨³�ªµ¤�´�Å�Â°­Ã�¨·��¸É¤µ��¹Ê�ŴŴ
Á¤ºÉ°Á�¦¸¥�Á�¸¥��¨�nµ�¦³®ªnµ��ªµ¤�´��·­Ã�¨·�Â¨³
�ªµ¤�´�Å�Â°­Ã�¨·�Ŵ ¡�ªnµ�¨»n¤��¨°�¤¸�¨�nµ�Ŵ
�¸É�o°¥�ªnµ�¨»n¤�ª��»¤�¹É�Á�}��¨�¸Ä��¼o�iª¥�µ�Á�È�
«¸¦¬³
Ŵ �ªµ¤�´�Á¨º°�Â��Á�¨¸É¥Ä��¨»n¤��¨°�Â¨³
�¨»n¤�ª��»¤°¥¼nÄ�Á���r���·�¨�µ¦«¹�¬µ�´��¨nµª°µ�
Á�ºÉ°��µ�Â¦��´��¸ÉÄ�oÄ��µ¦�¼�Á­¤®³�°��¨»n¤�ª��»¤
Â¨³�¨»n¤��¨°��nµ��´�Á¨È��o°¥Ŵ�º°Ã�¦Â�¦¤�µ¦�¼�
Á­¤®³Â���¦³¥»��rÄ�oÂ¦��´�Ŵ������Ŵ¤¤��¦°������Ŵ

ª·��̧µ¦�¼�Á­¤®³�µ¤���·Ä�oÂ¦���́Å¤nÁ�·�Ŵ���Ŵ¤¤��¦°�Ŵ

�¹É�­°��¨o°��´��µ¦«¹�¬µ�¸É¡�ªnµ�µ¦Ä�oÂ¦��´�¨�Ä�
�µ¦�¼�Á­¤®³¤¸�¨�n°�µ¦Á¡·É¤Â¦��´�Ä��³Ã®¨�«¸¦¬³
�´Éª�¦µªÂ¨³�¨�µ��µ¦«¹�¬µ¡�ªnµÄ��¨»n¤��¨°�
Â¨³�¨»n¤�ª��»¤¤¸�ªµ¤�´�Á¨º°�Â��Á�¨¸É¥Á¡·É¤�¹Ê�
®¨´��¼�Á­¤®³�´��¸Â¨³�¨´�­¼n�nµ¡ºÊ��µ�Ä��µ�¸�¸ÉŴ ���Ŵ

�¹É�­°��¨o°��´��µ¦«¹�¬µÁ�·��¹É���¨°��¸É¡�ªnµÄ��¼o
�iª¥�µ�Á�È�«¸¦¬³¦»�Â¦��¸ÉÄ­n�n°�nª¥®µ¥Ä�Å�o¦´��µ¦
Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä���·��ª��»¤�oª¥�¦·¤µ�¦Ŵ�µ¦Ä�oÂ¦�
��́¨�Ä��µ¦�¼�Á­¤®³Å¤n¤�̧¨�n°�nµ�ªµ¤��́Á¨º°�Â��
Á�¨¸É¥Â¨³�µ¦�Îµ�µ�Á¨º°�Ä�­¤°��¸É¦³��́�¥́­Îµ��́�µ�
­�·�·�¸ÉŴ �����Ŵ°¸��´Ê��µ¦Á¡·É¤�¦·¤µ�¦�°�Ä�¦³¥³Áª¨µ
­´Ê�Ç�µ��µ¦�¼�Á­¤®³Ä��¨»n¤�ª��»¤Å¤n�ÎµÄ®o�ªµ¤
�´�Á¨º°�Â��Á�¨¸É¥Á�¨¸É¥�Â�¨�Á�ºÉ°��µ�Â¦��´�Ä�
«¸¦¬³�¸ÉÁ¡·É¤�³�¨´�­¼n�nµ¡ºÊ��µ�Ä�¦³¥³Áª¨µŴ�Ŵ�µ�¸Ŵ�¹É�
Ã�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��r¤¦̧³¥³¡�́¦³®ªnµ�
�µ¦�¼�Á­¤®³�¦´Ê��¸ÉŴ�ŴÂ¨³�¦´Ê��¸ÉŴ�ŴÁ�}�Áª¨µŴ�Ŵ�µ�¸­nª�
Ä��¨»n¤�ª��»¤Â¤oªnµ�Îµ�ª��¦´Ê�Ä��µ¦�¼�Á­¤®³Å¤n
�Îµ�´��Îµ�ª�Â�nÄ��nª�¦³¥³Áª¨µ¦³®ªnµ��µ¦�¼�Á­¤®³
Â�n¨³�¦´Ê�¤¸¦³¥³¡´�Ŵ���Ŵ�µ�¸Ŵ�¹É��¨�°�¦³¥³¡´�®¨´�
�¼�Á­¤®³�ÎµÄ®o�nµÂ¦��´�Á�¨¸É¥Ä��³Ã®¨�«¸¦¬³Â¨³
�ªµ¤�´�Á¨º°�Â��Á�¨¸É¥�¨´�­¼n�nµ¡ºÊ��µ��¹É�­°��¨o°�
�´��µ¦«¹�¬µ�¸É¡�ªnµŴ�µ¦¦³�µ¥°µ�µ«�¦·¤µ�¦Ŵ����Ŵ
Á�nµ�°��¦·¤µ�¦�°��oª¥°°��·Á��Á�o¤�o�Ŵ����Ŵ�n°�
Â¨³®¨�́�¼�Á­¤®³Ŵ¦³¥³Áª¨µÄ��µ¦�¼�Á­¤®³Â�n̈ ³�¦´Ê�
Å¤nÁ�·�Ŵ��Ŵ ª·�µ�¸Ŵ �Îµ�ª��¦´Ê��¸ÉÄ�oÄ��µ¦�¼�Á­¤®³�º°Ŵ
��¦´Ê��n°¦°�ŴÂ¨³Áªo�¦³¥³¡´�°¥nµ��o°¥Ŵ�Ŵ�µ�¸�n°��¼�
Á­¤®³�¦´Ê��n°Å���Ŵ
Ŵ �µ��µ¦ª�́°�́¦µ�µ¦Á�o��°�®ª́Ä�£µ¥Ä��¨»n¤
��¨°�Ä�¦³¥³Áª¨µ�n°��µ¦��¨°�Â¨³®¨�́�µ¦��¨°�ŴŴ
�µ¦ª´�°´�¦µ�µ¦Á�o��°�®´ªÄ�¦µ¥�¼n£µ¥Ä��¨»n¤��¨°�
¦³¥³�n°��µ¦��¨°�Â¨³®¨´��µ¦��¨°�Â���nµ��´�
°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ �3Ŵ �Ŵ ����Ŵ �º°®¨´��µ¦�¼�
Á­¤®³�´��¸Ŵ°´�¦µ�µ¦Á�o��°�®´ªÄ��´Ê��¨»n¤�ª��»¤Â¨³
�¨»n¤��¨°�¤¸°´�¦µ�µ¦Á�o��°�®´ªÄ�Á¡·É¤�¹Ê�®¨´��¼�
Á­¤®³�´��¸Â¨³¨�¨�Ä��µ�¸�¸ÉŴ�Ŵ®¨´��µ¦�¼�Á­¤®³Â�n
Ä��¨»n¤�ª��»¤¡�ªnµ¤¸°´�¦µ�µ¦Á�o��°�®´ªÄ�Á¡·É¤�¹Ê�
Ä��µ�¸�¸ÉŴ �Ŵ Á�ºÉ°��µ�¤¸�µ¦Ä�o�ÎÊµÁ�¨º°�°¦r¤´¨�n°��µ¦
�¼�Á­¤®³�¹É�­°��¨o°��´��µ¦«¹�¬µŴ�¸É¡�ªnµÄ��¼o�iª¥



��� ,1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����#RTKN���,WPG������

�¸ÉÄ�o�ÎÊµÁ�¨º°�°¦r¤´¨�n°��µ¦�¼�Á­¤®³¤¸�¨�n°�µ¦Á¡·É¤
°´�¦µ�µ¦Á�o��°�®´ªÄ�Ä��µ�¸�¸ÉŴ �Ŵ�¹��µ�¸�¸ÉŴ �Ŵ°¥nµ�¤¸
�´¥­Îµ�´��µ�­�·�·�¸ÉŴ�����

Ŵ �nµÁ�¨¸É¥°�́¦µ�µ¦®µ¥Ä�£µ¥Ä��¨»n¤��¨°�Ä�
¦³¥³Áª¨µ�n°��µ¦��¨°�ŴÂ¨³®¨�́�µ¦��¨°�ŴÂ���nµ�
�´�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ�3Ŵ�Ŵ����ŴÃ�¥¡�ªnµ°´�¦µ
�µ¦®µ¥Ä�®¨�́�µ¦��¨°�Ŵ�Ŵ�µ�Ä̧��¨»n¤��¨°�¤°̧�́¦µ
�µ¦®µ¥Ä��o°¥�ªnµ�¨»n¤�ª��»¤
Ŵ °´�¦µ�µ¦®µ¥Ä�¦³®ªnµ��¨»n¤��¨°�Â¨³
�¨»n¤�ª��»¤Ä�¦³¥³Áª¨µ�n°��µ¦��¨°�ŴÂ¨³®¨´��µ¦
��¨°�Ŵ Å¤nÂ���nµ��´�°µ�Á�ºÉ°��µ�Ã�¦Â�¦¤�µ¦�¼�
Á­¤®³Â���¦³¥»��rÂ¨³Ã�¦Â�¦¤�µ¦�¼�Á­¤®³�µ¤
���·�nµ��ÈÄ®o°°��·Á��Ä�¦³¥³�n°�Â¨³®¨´��¼�Á­¤®³
�µ�Ŵ �Ŵ �µ�¸Á®¤º°��´�Â�nÂ���nµ��´�Ä�ª·�¸�µ¦Ä®o
°°��·Á���¨�µ��µ¦�¼�Á­¤®³�´Ê��¨»n¤��¨°�Â¨³�¨»n¤
�ª��»¤Å¤nÁ�·�£µª³¡¦n°�°°��·Á���¹É�­µÁ®�»°µ�Á�ºÉ°�
¤µ�µ��¨»n¤�´ª°¥nµ��´Ê�­°��¨»n¤¤¸�°����·Â¨³Ä�¦³¥³
Â¦�®¨´��nµ�´�Ŵ��Ŵ�´ÉªÃ¤��¼o�iª¥¥´�Å¤n¤¸£µª³�·�Á�ºÊ°Ä�
�°��ÎµÄ®o�µ¦Â¨�Á�¨¸É¥��µ��¸É���·�¹�­n��¨�¹�°´�¦µ
�µ¦®µ¥Ä��¸É���·�oª¥Ŵ °¸��´Ê��µ¦Ä�o�ÎÊµÁ�¨º°�°¦r¤´¨¤¸
�¨�n°�ªµ¤°·É¤�´ª�°�°°��·Á��Ä�Á¨º°�Â��¨�¨����Ŵ��Ŵ
�¨�µ¦ª·�´¥­¦»�Å�oªnµÃ�¦Â�¦¤�µ¦�¼�Á­¤®³Â��
�¦³¥»��rÅ¤n¤¸�¨�n°�µ¦Á�¨¸É¥�Â�¨��nµÁ�¨¸É¥�°��ªµ¤
°·É¤�´ª�°�°°��·Á��Ä�Á¨º°�Â��Ŵ �ªµ¤�´��·­Ã�¨·�Ŵ
�ªµ¤��́Å�Â°­Ã�¨·�ŴÄ�Áª¨µŴ��µ�Ŵ̧®¨�́�µ¦��¨°�ŴÂ�n
�ÎµÄ®o°�́¦µ�µ¦Á�o��°�®ª́Ä�Â¨³°�́¦µ�µ¦®µ¥Ä�Á¡·É¤�¹Ê�
®¨´��µ¦��¨°��´��¸ŴÂ¨³Å¤n¤¸�µ¦Á�¨¸É¥�Â�¨�®¨´��µ¦
��¨°�Ŵ�Ŵ�µ�¸ŴÂ¨³Ŵ�Ŵ�µ�¸Ŵ�¹É��¨�¸ÉÅ�oÁ®¤º°��´�ª·�¸�µ¦
�¼�Á­¤®³�µ¤���·Ŵ��́�´Ê�ª·��̧µ¦�¼�Á­¤®³Â���¦³¥»��r
­µ¤µ¦�Ä�oÄ��¼o�iª¥�µ�Á�È�«¸¦¬³�¸ÉÄ­n�n°�nª¥®µ¥Ä�

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ Ã�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��r�¹�
Á®¤µ³­¤�¸É�³�ÎµÅ�Ä�oÄ��¼o�iª¥�µ�Á�È�«¸¦¬³
Ŵ ��Ŵ «¹�¬µ�¨�°��µ¦�¼� Á­¤®³Ã�¥Ä�o
Ã�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��rÄ��¼o�iª¥�µ�Á�È�
«¸¦¬³�¸É¤¸¡¥µ�·­£µ¡�¸É�°�Á¡ºÉ°«¹�¬µ�¹��¦³­·��·£µ¡
�°�Ã�¦Â�¦¤�µ¦�¼�Á­¤®³Â���¦³¥»��r�¸É�´�Á���¹Ê�

Ŵ ��Ŵ ¦³¥³Áª¨µÄ��µ¦«¹�¬µª·�´¥�ª¦Á¡·É¤¦³¥³
Áª¨µÄ��µ¦�´��¹�®¨´��µ�¦³¥³��Ä®o�µ¦¡¥µ�µ¨�µ�Ŵ
��Ŵ�µ�Á̧¡ºÉ°«¹�¬µ¦³¥³Áª¨µ�¸É¦nµ��µ¥¤�̧µ¦Á�¨¸É¥�Â�¨�
Â¨³�¦�́­¼n�nµ¡ºÊ��µ�®¨�́�µ¦��¨°�Ã�¥Á�¡µ³�nµ�ªµ¤
�´�Ã¨®·�

w¡��¡w�����Ýw��
Ŵ �¼oª·�´¥�°�°��»�Ŵ ¦°�«µ­�¦µ�µ¦¥rŴ °Îµ¡�ŴŴ
«¦¸¦´�¬µŴ�¦�Ã­£·�µŴ�´�¡·�·�Ŵ°µ�µ¦¥rŴ�¦�°£·��µŴª�«r
¡·¦·¥Ã¥�µŴ�¸É�¦»�µ�nµ¥�°��ªµ¤¦¼oŴ �ÎµÂ�³�ÎµÂ¨³�µ¦
¡´��µ�¦³�ª��µ¦�·�ª·Á�¦µ³®r°¥nµ�Á�}��¦³Ã¥��rÄ�
�µ¦�¦´��¦»��µ�ª·�´¥Ä®o­¤�¼¦�r�°�°��»��¼o°Îµ�ª¥
�µ¦Ã¦�¡¥µ�µ¨­»¦·��¦rÂ¨³Á�oµ®�oµ�¸É®o°��¼o�iª¥®��́Ã¦�
¡¥µ�µ¨­»¦·��¦rŴ�¸É�nª¥­�´�­�»�Ä��µ¦�Îµª·�¥µ�·¡��r

3FGFSFODF
��Ŵ %DUNHUŴ(�Ŵ Ŵ1HXURVFLHQFHŴ1XUVLQJ�Ŵ$Ŵ6SHFWUXPŴ

RIŴ&DUH�ŴŴ�UGŴHG�ŴŴ6W�/RXLVŴ7RURQWR�Ŵ0RVE\ŴFRP�
SDQ\�Ŵ�����

��Ŵ 7UDIűFŴ$QGŴ&LYLOŴ 6HUYLFHŴ 3ODQQLQJŴ'LYLVLRQ�ŴŴ
6KHHWVŴRIŴVHPLQDUŴLQŴWUDIűFŴDQGŴUHGXFHŴDFFLGHQW�Ŵ
�����Ŵ

��Ŵ 'XPQDNNDHZŴ.�ŴŴ6HYHUHŴLQMXU\ŴGXHŴWRŴWUDQVSRUWVŴ
DFFLGHQWVŴ�����Ŵ(SLGHPLRORJLFDOŴ VXUYHLOODQFHŴ
DQGŴ LQYHVWLJDWH�Ŵ0LQLVWU\Ŵ RIŴ 3XEOLFŴ +HDOWK�ŴŴ
�����ŴŴ

��Ŵ 5DWDQDOHUWŴ6�Ŵ.RUQVLOSŴ7�Ŵ&KLQWUDJRROSUDGXEŴ1�Ŵ
.RQJFKRRFKRX\V�Ŵ7KHŴLPSDFWVŴDQGŴRXWFRPHVŴRIŴ
LPSOHPHQWLQJŴ KHDGŴ LQMXU\Ŵ JXLGHOLQHV�Ŵ FOLQLFDOŴ
H[SHULHQFHŴ LQŴ7KDLODQG�Ŵ(PHUJŴ0HGŴ -Ŵ Ŵ�����Ŵ
���Ŵ������ŴŴ

��Ŵ 3DWLHQWVŴ5HJLVWHUŴ LQŴ ,&8Ŵ6XUJHU\�Ŵ 6WDWLVWLFŴ LQŴ
,&8Ŵ6XUJHU\�Ŵ6XULQ�Ŵ,&8Ŵ6XUJHU\Ŵ6XULQŴ+RVSLWDO�ŴŴ
����������

��Ŵ 6LOYHUŴ0-�Ŵ0F$OOLVWHUŴ:7�Ŵ <XGRIVN\Ŵ &6�ŴŴ
7H[WERRNŴRIŴ7UDXPDWLFŴ%UDLQŴ ,QMXU\�Ŵ Ŵ�QGŴ HG�ŴŴ
0LVVRXUL�Ŵ0RVE\Ŵ(OVHYLHU�Ŵ�����



���ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

��Ŵ 7DVNŴIRUFHŴRIŴ%UDLQŴ7UDXPDŴ)RXQGDWLRQ�Ŵ*XLGH�
OLQHŴIRUŴWKHŴPDQDJHPHQWŴRIŴVHYHUHŴKHDGŴLQMXU\�Ŵ-Ŵ
1HXURWUDXPDŴ�����Ŵ��������

��Ŵ +LFNH\Ŵ-9�Ŵ7KHŴ&OLQLFDOŴ3UDFWLFHŴRIŴ1HXURORJLFDOŴ
DQGŴ1HXURVXUJLFDOŴ1XUVLQJ�Ŵ�UGŴHG�Ŵ3KLODGHSKLD�Ŵ
-%Ŵ/LSSLQFRWWŴ&RPSDQ\�Ŵ�����

��Ŵ Ŵ+HVVŴ'5�Ŵ.DFPDUHNŴ50�ŴŴ$LUZD\ŴPDQDJHPHQW�ŴŴ
,QŴ'�5�Ŵ+HVVŴ	Ŵ5�0�Ŵ.DFPDUHNŴ�(GV���ŴŴ(VVHQ�
WLDOŴRIŴPHFKDQLFDOŴYHQWLODWLRQ�ŴŴ�SS�Ŵ���������ŴŴ
��QGŴHG��ŴŴ1HZ\RUN�Ŵ0F*UDZ�+LOO�Ŵ�����

���Ŵ /HUGZLUL\DNXO�Ŵ:�ŴŴ5HVSLUDWRU\Ŵ&DUH�ŴŴ,Q�Ŵ&KXW�
PRQJNRQFKDWŴ6�ŴŴ5HVSLUDWRU\Ŵ&DUHŴDQGŴR[\JHQŴ
WKHUDS\�Ŵ6RQJNKOD�Ŵ&KDQPXDQJNDUQSLP�Ŵ�����ŴŴ

���Ŵ 'HHPŴ6$�Ŵ%LVKRSŴ0-�Ŵ%HGIRUGŴ5)�ŴŴ3K\VLRORJLFŴ
DQGŴ SDWKRSK\VLRORJLFŴ UHVSRQVHVŴ WRŴ LQWXEDWLRQ�ŴŴ
,QŴ&�Ŵ$�Ŵ+DJEHUJŴ �(G���Ŵ Ŵ%HQXPRIuVŴ DLUZD\Ŵ
PDQDJHPHQW�Ŵ 3ULQFLSOHŴ DQGŴ SUDFWLFH�Ŵ Ŵ �QGŴ HG�ŴŴ
3KLODGHOSKLD�Ŵ0RVE\�Ŵ�����

���Ŵ $PHULFDQŴ$VVRFLDWLRQŴ IRUŴ5HVSLUDWRU\Ŵ&DUH�ŴŴ
$$5&Ŵ&OLQLFDOŴ3UDFWLFHŴ*XLGHOLQHV�Ŵ(QGRWUD�
FKHDOŴ VXFWLRQLQJŴ RIŴPHFKDQLFDOO\Ŵ YHQWLODWHGŴ
SDWLHQWVŴZLWKŴDUWLűFLDOŴDLUZD\V�ŴŴŴ5HVSLUDWRU\Ŵ&DUHŴ
�����Ŵ������Ŵ��������

���Ŵ 7KRPSVRQŴ/�ŴŴ6XFWLRQLQJŴDGXOWuVŴDUWLűFLDOŴDLUZD\�Ŵ
$ŴV\VWHPLFŴUHYLHZ�ŴŴ7KHŴ1HZŴ=HDODQGŴ&HQWUHŴIRUŴ
(YLGHQFHŴ%DVHGŴ1XUVLQJŴIRUŴ-RDQQDŴ%ULJJVŴ,QVWL�
WXWHŴIRUŴ(YLGHQFHŴ%DVHGŴ1XUVLQJŴDQGŴ0LGHZLIHU\Ŵ
�����Ŵ��Ŵ�����Ŵ

���Ŵ %RRQEXUDSRQJŴ7�ŴŴ5HVSLUDWRU\ŴWKHUDS\ŴLQŴSUDF�
WLFH�ŴŴ%DQJNRN�Ŵ%DQQDQJVXRNRVLQ�Ŵ�����Ŵ

���Ŵ 'D\Ŵ7�Ŵ,OHVŴ1�Ŵ*ULIűWKVŴ3�ŴŴ(IIHFWŴRIŴSHUIRUP�
DQFHŴIHHGEDFNŴRQŴWUDFKHDOŴVXFWLRQLQJŴNQRZOHGJHŴ
DQGŴVNLOOV�ŴUDQGRPL]HŴFRQWUROOHGŴWULDO�ŴŴ-RXUQDOŴRIŴ
$GYDQFHŴ1XUVLQJŴŴ�����Ŵ������Ŵ����������

���Ŵ 2KŴ+�Ŵ6HRŴ:$�ŴŴ$ŴPHWD�DQDO\VLVŴRIŴHIIHFWVŴRIŴ
YDULRXVŴLQWHUYHQWLRQVŴLQŴSUHYHQWLQJŴHQGRWUDFKHDOŴ
VXFWLRQ�LQGXFHGŴK\SR[HPLD�ŴŴ-RXUQDOŴRIŴ&OLQLFDOŴ
1XUVLQJŴŴ�����Ŵ���Ŵ��������

���Ŵ $NJXOŴ6�Ŵ$N\ROFX�Ŵ1�ŴŴ(IIHFWŴRIŴ1RUPDOŴVDOLQHŴ
RQŴ(QGRWUDFKHDOŴ6XFWLRQLQJ�Ŵ -RXUQDOŴ Ŵ&OLQLFDOŴ
1XUVH�ŴŴ�����Ŵ���Ŵ��������

���Ŵ 3HGHUVHQŴ&0�Ŵ5RVHQGDKOŴyŴ1LHOVHQŴ0�Ŵ+MHU�
PLQGŴ-�Ŵ(JHURGŴ,�ŴŴ(QGRWUDFKHDOŴVXFWLRQLQJŴRIŴWKHŴ
DGXOWŴLQWXEDWHGŴSDWLHQWŴyŴZKDWŴLVŴWKHŴHYLGHQFH"�ŴŴ
,QWHQVLYHŴDQGŴ&ULWLFDOŴFDUHŴ1XUVLQJŴŴ�����Ŵ���Ŵ
��y���Ŵ

���Ŵ :DLQZULJKWŴ63�Ŵ*RXOGŴ'�ŴŴ(QGRWUDFKHDOŴVXFWLRQ�
LQJ�ŴDQŴH[DPSOHŴRIŴWKHŴSUREOHPVŴRIŴUHOHYDQFHŴDQGŴ
ULJRXUŴ LQŴFOLQLFDOŴ UHVHDUFK�Ŵ Ŵ -RXUQDOŴRIŴ&OLQLFDOŴ
1XUVLQJŴ�����Ŵ�����Ŵ��������

���Ŵ %UXFLDŴ-�Ŵ5XG\Ŵ(�Ŵ7KHŴHIIHFWŴRIŴVXFWLRQŴFDWKHWHUŴ
LQVHUWLRQŴDQGŴWUDFKHDOŴVWLPXODWLRQŴLQŴDGXOWŴZLWKŴ
VHYHUHŴKHDGŴLQMXU\�ŴŴ+HDUWŴ	Ŵ/XQJŴ�����Ŵ������Ŵ
���Ŵ�����

���Ŵ 7DQWLYLVXWŴ6�Ŵ1DPYRQJSURPŴ$�Ŵ6LULNXOŴ6�Ŵ(I�
IHFWLYHQHVVŴRIŴ1XUVLQJŴ6\VWHPŴ'HYHORSPHQWŴLQŴ
8VLQJŴ(YLGHQFH�EDVHGŴ3URWRFROŴ RQŴ4XDOLW\ŴRIŴ
&DUHŴLQŴ3DWLHQWVŴZLWKŴ6HYHUHŴ7UDXPDWLFŴ%UDLQŴ,Q�
MXU\�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ
1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ�����

���Ŵ 1DRSLUL\DZDWŴ8�Ŵ3XWWDSLWDNSROŴ6�Ŵ6ULVXULQŴ:�Ŵ
'HYHORSPHQWŴRIŴ1XUVLQJŴ&DUHŴ0RGHOŴIRUŴ&DULQJŴ
3DWLHQWVŴ RQŴ9HQWLODWRUŴ&RQWUROOLQJŴ E\Ŵ9ROXPHŴ
DQGŴ3UHVVXUHŴDWŴWKHŴ0HGLFDOŴ,QWHQVLYHŴ&DUHŴ8QLWŴ
RIŴDŴ7HUWLDU\Ŵ&DUHŴ+RVSLWDO�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ
$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����Ŵ������Ŵ������

���Ŵ 1D\RNYKRQŴ1�Ŵ3XWKLNDPLQŴ7�Ŵ.LWNKXDQGHHŴ$�Ŵ
(IIHFWVŴ RIŴ/RFDOŴ+HDG�DQG�1HFNŴ&RROLQJŴ RQŴ
WKHŴ5HGXFWLRQŴRIŴ5HOHYDQWŴ%UDLQŴ7HPSHUDWXUHŴLQŴ
WKHŴ3DWLHQWVŴZLWKŴ6HYHUHŴ7UDXPDWLFŴ%UDLQŴ,QMXU\�Ŵ
-RXUQDOŴ RIŴ1XUVHVuŴ$VVRFLDWLRQŴ RIŴ 7KDLODQG�Ŵ
1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������
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&GGFDUT�PG�4VDUJPOJOH�"QQMZ�1SPHSBN�PO�0YZHFO�4BUVSBUJPO�BOE�
7JUBM�4JHOT�1PTU�#SBJO�4VSHFSZ�JO�)FBE�*OKVSZ�1BUJFOUT�XJUI�

.FDIBOJDBM�7FOUJMBUPS
Ŵ Ŵ 3DULFKDUWŴ+DQPDQRSŴ0�1�6�
ŴŴ $PSRQŴ1DXQNRNVRRQJŴ0�1�6�

Ŵ

"CTUSBDU
Ŵ 7KLVŴH[SHULPHQWDOŴUHVHDUFKŴVWXG\ŴDLPHGŴWRŴWHVWŴWKHŴHIIHFWVŴRIŴWKHŴ6XFWLRQLQJŴ$SSO\Ŵ3URJUDPŴŴ�6$3�ŴRQŴ
R[\JHQŴVDWXUDWLRQŴŴDQGŴŴYLWDOŴVLJQVŴDPRQJŴSRVWŴŴEUDLQŴVXUJHU\ŴLQŴKHDGŴLQMXU\ŴSDWLHQWVŴŴZLWKŴPHFKDQLFDOŴYHQWLODWRUŴ
ZKRŴZHUHŴDGPLWWHGŴLQŴ6XUJLFDOŴ,QWHQVLYHŴ&DUHŴ8QLW�Ŵ6XULQŴ+RVSLWDO�Ŵ7KHŴSXUSRVLYHŴVDPSOLQJŴPHWKRGŴZDVŴXVHGŴWRŴ
VHOHFWŴ��ŴSDWLHQWVŴDQGŴDVVLJQŴHTXDOO\ŴLQWRŴWKHŴH[SHULPHQWDOŴDQGŴWKHŴFRQWUROŴJURXSV�Ŵ��ŴSDWLHQWVŴHDFK�Ŵ7KHŴPHDV�
XUHPHQWŴZHUHŴR[\JHQŴVDWXUDWLRQŴDQGŴYLWDOŴVLJQVŴ
Ŵ EHIRUHŴVXFWLRQLQJŴDQGŴLPPHGLDWHO\�ŴWZR�PLQXWH�ŴDQGŴűYH�ŴPLQXWHŴDIWHUŴVXFWLRQŴSDVV�Ŵ'DWDŴZHUHŴDQDO\]HGŴ
XVLQJŴ IUHTXHQF\�ŴSHUFHQWDJH�ŴPHDQ�Ŵ VWDQGDUGŴGHYLDWLRQ�Ŵ0DQQ�:KLWQH\Ŵ8Ŵ WHVW�Ŵ)ULHGPDQŴ WHVWŴ DQGŴ:LOFR[RQŴ
0DWFKHG�3DLUVŴ6LJQHG�5DQNVŴWHVW�ŴWKHŴ6XFWLRQLQJŴ$SSO\Ŵ3URJUDPŴKDGŴQRŴHIIHFWVŴRQŴR[\JHQŴVDWXUDWLRQ�ŴV\VWROLF�Ŵ
GLDVWROLF�ŴPHDQŴDUWHULDOŴSUHVVXUHŴZLWKLQŴ�ŴPLQXWHVŴDIWHUŴLQWHUYHQWLRQ�Ŵ7KHŴSURJUDPŴDIIHFWHGŴKHDUWŴUDWHŴDQGŴUHVSLUD�
WRU\ŴUDWHŴDIWHUŴLQWHUYHQWLRQ�Ŵ7KHVHŴHIIHFWVŴZHUHŴWKHŴVDPHŴDVŴDŴURXWLQHŴVXFWLRQŴSURFHGXUH�Ŵ7KXV�ŴWKLVŴSURJUDPŴVKRXOGŴ
EHŴXVHGŴLQŴSRVWŴEUDLQŴVXUJHU\ŴLQŴKHDGŴLQMXU\ŴSDWLHQWVŴZLWKŴPHFKDQLFDOŴYHQWLODWRU�

.H\ZRUGV��� VXFWLRQLQJŴDSSO\Ŵ3URJUDP�Ŵ+HDGŴ,QMXU\�ŴSRVWŴEUDLQŴVXUJHU\


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴVFLHQFHŴLQŴ$GXOWŴ1XUVLQJ�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


Ŵ$VVRFLDWHŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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¤¸�¼o�iª¥¤³Á¦È��µ�Ã¨®·�ª·�¥µ¦µ¥Ä®¤nŴ �¹É��¦³�°��oª¥
¤³Á¦È�Á¤È�Á¨º°��µªÂ¨³¤³Á¦È��n°¤�ÎÊµÁ®¨º°�Ŵ�������Ŵ
¦µ¥Ŵ�·�Á�}�¦o°¥¨³Ŵ���Ŵ�µ��¼o�iª¥¤³Á¦È��´Ê�®¤�ŴÂ¨³
¡�°´�¦µ�µ¦�µ¥¦o°¥¨³Ŵ����Ŵ Ä��¦³Á�«Å�¥¡�°»�´�·
�µ¦�r�°�¤³Á¦È�Á¤È�Á¨º°��µªŴ�ŴÄ�Ŵ��Ŵ�°��¼o�iª¥¤³Á¦È�

�´Ê�®¤�ŴÄ��eŴ����Ŵ°»�´�·�µ¦�r�°�Ŵ$0/ŴÄ��¦³�µ�¦
�´ÉªÅ�Á�nµ�´�Ŵ�Ŵ�Ŵ�Ŵ¦µ¥�n°�¦³�µ�¦Ŵ�������Ŵ���n°�eŴ
°»�´�·�µ¦�r�°�Ã¦�¤³Á¦È�Á¤È�Á¨º°��µªŴ¤¸°´�¦µ�µ¦Á¡·É¤
�¹Ê�Ŵ��ŴÁ�nµŴÄ�¦³¥³Ŵ��Ŵ�e�¸É�nµ�¤µ�Ŵ
Ŵ �µ¦¦´�¬µÃ¦�¤³Á¦È�Á¤È�Á¨º°��µªŴ �¸ÉÄ�o¤µ�
�¸É­»��º°Ŵ�µ¦Ä®oÁ�¤¸�Îµ�´�Á¡ºÉ°�Îµ�´�Á�¨¨r¤³Á¦È�Á¡ºÉ°Ä®o
Å��¦³�¼��¨�́¤µ�Îµ®�oµ�¸É���·Å�oÄ�¦³¥³Áª¨µ�¸É¦ª�Á¦ÈªŴ
�¨�µ¦¦´�¬µ�oª¥Á�¤¸�Îµ�´�¡�°´�¦µ�µ¦Á�oµ­¼n£µª³Ã¦�
­��­¤�¼¦�rŴ�&RPSOHWHŴ5HPLVVLRQ�Ŵ&5�Ŵ¦o°¥¨³Ŵ���Ŵ
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°¥nµ�Å¦�È�µ¤�µ¦Ä®oÁ�¤¸�Îµ�´��n°Ä®oÁ�·��¨�oµ�Á�¸¥�Ŵ
Â¨³£µª³Â�¦��o°��µ��µ¦���µ¦�Îµ�µ��°�Å��¦³�¼�Ŵ
�¨�¸É�µ¤¤µ�ÎµÄ®oÁ�·��µ¦�·�Á�ºÊ°Ŵ�¹É�Á�}��{�®µ�¸É­Îµ�´�
Â¨³¥µ��¸É�³®¨�̧Á¨¸É¥�Å�oŴŴ�µ¦�·�Á�ºÊ°�¸ÊÁ�}�­µÁ®�»­Îµ��́
�°��µ¦Á­¸¥�¸ª·�Ä��¼o�iª¥�¹É�¡�¤µ��¹�¦o°¥¨³Ŵ���Ŵ Á�}�
�¨Ä®o�o°�Á­¸¥�nµÄ�o�nµ¥Á¡·É¤�¹Ê��¹�¦o°¥¨³Ŵ��Ŵ�°��nµÄ�o
�nµ¥�´Ê�®¤�Ŵ�°��µ��¸Ê¡�ªnµ�Îµ�ª�ª´��°��¸ÉÁ¡·É¤�¹Ê�Ŵ
¤¸�ªµ¤­´¤¡´��r�´�°´�¦µ�µ¦�µ¥Ŵ�µ¦�·�Á�ºÊ°¦µŴÂ¨³�µ¦
�·�Á�ºÊ°Ä��¦³Â­Á¨º°��Ŵ Ŵ�µ��µ¦­´�Á�¦µ³®r�µ�ª·�´¥�°�Ŵ
/DUVRQŴÂ¨³Ŵ1LUHQEHUJŴ�Ŵ¡�ªnµ�{�®µ­Îµ�´��°��¼o�iª¥
¤³Á¦È��¸ÉÅ�o¦�́Á�¤�̧Îµ��́�¸É¤�̧µ¦��Å��¦³�¼�°¥nµ�¦»�Â¦�Ŵ
�ÎµÄ®o�¼o�iª¥Á�·�£µª³Ŵ1HXWURSHQLDŴ¤�̧¨Ä®oÁ�·��ªµ¤Á­¸É¥�
�n°�µ¦�·�Á�ºÊ°�¸É­¼�¤µ��¹Ê��oª¥Ŵ�¹É�Á�ºÊ°�¸ÉÁ�}�­µÁ®�»­Îµ��́
�°��µ¦�·�Á�ºÊ°�º°Á�ºÊ°�¦³�Îµ�·É�Ŵ�0LFURELDOŴŲRUDV�Ŵ�°�
�¼o�iª¥Ŵ�´��´Ê����µ��¸É­Îµ�´��°��µ¦¡¥µ�µ¨�¼o�iª¥�¸É¤¸
�ªµ¤Á­¸É¥��n°�µ¦�·�Á�ºÊ°��·��¸ÊŴ �ª¦Á�}��µ¦�¼Â¨�¸É¤»n�
Á�o�Á¡ºÉ°�³¨�£µª³Á­¸É¥��°��¼o�iª¥�n°�µ¦�·�Á�ºÊ°�µ�
Á�ºÊ°�¦³�Îµ�·É�ŴÂ¨³�j°���́�µ¦�·�Á�ºÊ°�µ�­·É�Âª�¨o°¤Ä�
Ã¦�¡¥µ�µ¨Ŵ Ä��µ¦«¹�¬µ�¸Ê¡�ªnµ�µ¦¡¥µ�µ¨�¸ÉÁ®¤µ³
­¤Â¨³�ª¦Ä�o�´��¼o�iª¥�¸É¤¸£µª³Ŵ1HXWURSHQLDŴ�¦³�°�
�oª¥Ŵ�µ¦¦´�¬µÂ���¼o�iª¥�°�Á¡ºÉ°�j°��´��¼o�iª¥�µ�­·É�
Âª�¨o°¤�°�Ã¦�¡¥µ�µ¨Ŵ�µ¦Ä�o¥µ��·�¸ª�³Â¨³�µ¦Ä�o
¥µ�¦³�»o�Á¤È�Á¨º°��µªŴ �&RORQ\Ŵ VWLPXODWLQJŴ IDFWRUV�Ŵ
&6)�Ŵ Á¡ºÉ°�j°��´��µ¦�·�Á�ºÊ°Ŵ�µ¦�Îµ�´�­·É�Âª�¨o°¤Ä�
Ã¦�¡¥µ�µ¨Ã�¥�µ¦Ä�ÊŴ /DPLQDUŴ DLUŴ IORZŴ�´�Ŵ+LJK�
(IűFLHQF\Ŵ3DUWLFXODWHŴ$LUŴ�+(3$�Ŵ�µ¦Ä­nÁ­ºÊ°�µª�rŴ�µ¦
Ä�o®o°�Â¥�Ŵ�µ¦�¼Â¨­»�ª·�¥µ­nª��»��¨ŴÂ¨³�µ¦�Îµ�ªµ¤
­³°µ��·ª®��́Ŵ�µ¦Ä�oÁ���·��¦µ«�µ�Á�ºÊ°ŴÄ��µ¦Ä­n­µ¥
­ª�®¨°�Á¨º°��ÎµŴÂ¨³�ªµ¤­³°µ��°�°µ®µ¦Â¨³�ÎÊµ
Ŵ Ã¦�¡¥µ�µ¨¦µ�ª·�¸¤¸­�·�·¦´��¼o�iª¥¤³Á¦È�Á¤È�
Á¨º°��µª�¸É�¨·�·�Ã¨®·�ª·�¥µ¡�¤¸�¼o�iª¥Ŵ���ŴyŴ���Ŵ
¦µ¥�n°Á�º°�Ŵ®°�¼o�iª¥°µ¥»¦�¦¦¤�´Ê�Ŵ�Ŵ Á�}�®°�¼o�iª¥
�¸É¦´��¼o�iª¥°µ¥»¦�¦¦¤�´Ê�®¤�¡�­�·�·�¼o�iª¥¤³Á¦È�Ŵ
Á¤È�Á¨º°��µª�Îµ�ª�Ŵ��Ŵ��Ä�Áª¨µŴ�ŴÁ�º°�ŴÁ�}�¤³Á¦È�
Á¤È�Á¨º°��µªÁ�¸¥�¡¨´���·�Ŵ$0/Ŵ �Îµ�ª�Ŵ ��Ŵ ¦µ¥ŴŴ
�¦o°¥¨³Ŵ �����Ŵ ­µÁ®�»�¸ÉÁ�oµ¦´��µ¦¦´�¬µ­nª�Ä®�n
�º°Á�oµ¦´��µ¦¦´�¬µ�oª¥Á�¤¸�Îµ�´��¦´Ê�Â¦�Ŵ �Îµ�ª�Ŵ
��Ŵ ¦µ¥Ŵ �¦o°¥¨³Ŵ�����Ŵ �Îµ�ª�ª´��°�Á�¨¸É¥Ŵ �����Ŵ

ª´�Ŵ�o°¥�¸É­»�Ŵ�Ŵ ª´�Ŵ¤µ��¸É­»�Ŵ��Ŵª´�Ŵ¤¸�¼o�iª¥Á­¸¥�¸ª·�ŴŴ
�Ŵ ¦µ¥Ŵ �¦o°¥¨³Ŵ ������Ŵ ­µÁ®�»­Îµ�´��°��µ¦�µ¥
Á�ºÉ°��µ�¤�̧µ¦�·�Á�ºÊ°Ä�¦nµ��µ¥ŴŴ�³Á®È�Å�oªnµ�{�®µ�µ¦
�·�Á�ºÊ°�µ�Á¤È�Á¨º°��µª�ÎÉµÄ��¼o�iª¥¤³Á¦È�Á¤È�Á¨º°��µª
�¸ÉÅ�o¦´�Á�¤¸�Îµ�´�Á�}��{�®µ­Îµ�´�Ŵ�¹É��ª¦�³Å�o¦´��µ¦
¡´��µÄ®o�¸�¹Ê�Ŵ �´��´Ê��¼oª·�´¥�¹�Å�o¡´��µÂ¨³Á¨º°�­¦¦
Â�ª��·�´�·�µ�®¨´��µ�Á�·��¦³�´�¬rŴ¤µÄ�oÄ��µ¦�¼Â¨Ŵ
�¼o�iª¥�¸ÉÁ�}�Ŵ$0/Ŵ�¸ÉÅ�o¦�́�µ¦¦�́¬µ�oª¥Á�¤�̧Îµ��́Ä�®°
�¼o�iª¥°µ¥»¦�¦¦¤�´Ê�Ŵ�ŴÁ¡·É¤Á�·¤�µ��¸É��·�´�·°¥¼nÁ�·¤ŴÃ�¥
¤¸Á�jµ®¤µ¥Á¡ºÉ°­n�Á­¦·¤Ä®o�¼o�iª¥¤¸�Îµ�ª�Ŵ$1&ŴÁ¡·É¤�¹Ê�Ŵ
�¹É��¨¨´¡�r�¸É�µ¤¤µ�º°Ŵ¤¸�µ¦�·�Á�ºÊ°¨�¨�ŴÂ¨³­n��¨Ä®o
�Îµ�ª�ª´��°�Ä�Ã¦�¡¥µ�µ¨¨�¨�

����¤��Ý�|zÐw���¡}��
Ŵ ��Ŵ Á¡ºÉ°«¹�¬µ�·��µ¤�Îµ�ª�Á¤È�Á¨º°��µªŴ
�$1&�Ŵ�°��¼o�iª¥�¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥Á�¤¸�Îµ�´��¨»n¤
®¨´�Ä�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨
Ŵ ��Ŵ Á¡ºÉ°Á�¦¸¥�Á�¸¥�°´�¦µ�µ¦�·�Á�ºÊ°�°��¼o
�iª¥�¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥Á�¤¸�Îµ�´�¦³®ªnµ��¨»n¤�n°�
Â¨³®¨´�Ä�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨
Ŵ ��Ŵ Á¡ºÉ°Á�¦¥̧�Á�¥̧��Îµ�ª�ª�́�°��°��¼o�iª¥
�¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥Á�¤¸�Îµ�´�¦³®ªnµ��¨»n¤�n°�Â¨³
®¨´�Ä�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨

w���«Ù�z¡�w���¡}��
Ŵ �¦°�Â�ª�·�Ä��µ¦ª·�´¥�¦´Ê��¸ÊÅ�o¤µ�µ��µ¦
���ª�ª·�´¥�¸É¤¸¤µ�n°�Á�¸É¥ª�´��{��´¥�¸É¤¸�¨�n°�µ¦�·�
Á�ºÊ°Ä��¼o�iª¥¤³Á¦È�Á¤È�Á¨º°��µª�¸É¦´��µ¦¦´�¬µ�oª¥Á�¤¸
�Îµ�´�Ŵ¡�ªnµ¤¸�{��´¥�¸É­Îµ�´�Ŵ �Ŵ�oµ�Å�oÂ�nŴ ��Ŵ �oµ��¼o
�iª¥Ŵ��Ŵ�oµ��µ¦¦´�¬µŴ��Ŵ�oµ��»�¨µ�¦Â¨³�¼o�¼Â¨���ŴÄ�
�µ¦ª·�´¥�¦´Ê��¸ÊŴ �¼oª·�´¥Å�o¡´��µÂ�ª��·�´�·�µ¦¡¥µ�µ¨
�¸É¤»n��´��¦³�Îµ�´��{��´¥�oµ��¼o�iª¥Ŵ �»�¨µ�¦Â¨³­·É�
Âª�¨o°¤Á�ºÉ°��µ�Á�}��{��´¥�¸É­µ¤µ¦��j°��´�Å�oŴ �¹É�
Â�ª��·�´�·�µ¦¡¥µ�µ¨�¸É¡´��µ�¹Ê��¸ÊŴ �¼oª·�´¥Å�oÁ¨º°��»�
�°��·��¦¦¤�µ¦¡¥µ�µ¨Ŵ�¸É­Îµ�´��µ��µ¦­´�Á�¦µ³®r
�µ�ª·�´¥�°�Ŵ/DUVRQŴÂ¨³Ŵ1LUHQEHUJ�Ŵ�¹É��¼o­´�Á�¦µ³®r
Á­�°Â�³ªnµÁ¤ºÉ°�Îµ¤µÄ�o¦nª¤�´�Â¨oª�µ�ªnµ�³¤¸�¨Ä�
�µ¦Á¡·É¤�Îµ�ª�Ŵ$1&Ŵ­µ¤µ¦��j°��´�Â¨³¨��µ¦�·�
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Á�ºÊ°¨�Å�oŴ �¹É��¦³�°��oª¥Ŵ �µ¦��·�´�·�µ¦¡¥µ�µ¨�¸É
�¦°��¨»¤�µ¦�¼Â¨Á¡ºÉ°�j°��´��µ¦�·�Á�ºÊ°Ŵ�´��¸Ê�º°Ŵ��Ŵ
�oµ��µ¦�¦³Á¤·�ŴÂ¨³�µ¦�¦ª�ª´�­´��µ��µ¦�·�Á�ºÊ°Ŵ
Å�oÂ�nŴ �µ¦ª´�­´��µ��¸¡Ŵ �µ¦�´��¹�¦³�´�Á¤È�Á¨º°�
�µª�$1&Ŵ­´��µ�Â­���°��µ¦�·�Á�ºÊ°Ŵ��Ŵ�oµ��¼o�iª¥Ŵ
Å�oÂ�nŴ�µ¦��́�µ¦�oµ�°µ®µ¦Â¨³�ÎÊµ�ºÉ¤Ä®o�¼o�iª¥Ŵ�µ¦�¼Â¨
­»�ª·�¥µ­nª��»��¨Ŵ�µ¦Ä®o�ªµ¤¦¼oŴ��Ŵ�oµ��µ¦��·��́·�µ¦
¡¥µ�µ¨Ŵ Å�oÂ�nŴ Á���·��µ¦Ä®o­µ¦�ÎÊµÂ¨³¥µ�µ�®¨°�
Á¨º°��ÎµŴÂ¨³�µ¦Á�µ³Á¨º°��ŴÂ¨³Ŵ��Ŵ�oµ�­·É�Âª�¨o°¤
Å�oÂ�nŴ Á���·��µ¦¨oµ�¤º°�°��»�¨µ�¦Ŵ Â¨³�µ¦Â¥�Ŵ
�¼o�iª¥����

�¡�¢�·�ªÙ¡Ùw���¡}��
� �µ¦ª·�´¥�¸ÊÁ�}��µ¦ª·�´¥Á�·�Á�¦¸¥�Á�¸¥���·�Ŵ
5HWURVSHFWLYHŴ DQGŴ3URVSHFWLYHŴ8QFRQWUROOHGŴ EHIRUHŴ
DQGŴ DIWHUŴ ,QWHUYHQWLRQŴ6WXG\Ŵ Á¡ºÉ°«¹�¬µ�¨�µ¦Ä�oÂ�ª
��·�´�·�µ¦¡¥µ�µ¨Ŵ�n°¦³�´��°�Á¤È�Á¨º°��µªŴ�$1&�Ŵ
�µ¦�·�Á�ºÊ°Ä�Ã¦�¡¥µ�µ¨Â¨³��Îµ�ª�ª´��°�ŴÄ��¼o�iª¥Ŵ
$0/Ŵ�¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥Á�¤¸�Îµ�´�
� �¦³�µ�¦Â¨³�¨»n¤�ª́°¥nµ���¨»n¤�ª́°¥nµ�Á¨º°�
�µ��¦³�µ�¦Á�oµ�¹�Â��Á�¡µ³Á�µ³��Ŵ Ã�¥¤¸Á���rÄ�
�µ¦Á¨º°��¨»n¤�´ª°¥nµ�Á®¤º°��´��´Ê�Ŵ�Ŵ�¨»n¤�´��¸ÊŴ��Ŵ°µ¥»Ŵ
��Ŵ�eŴ�¹Ê�Å�Ŵ��ŴÁ�}�Ã¦�¤³Á¦È�Á¤È�Á¨º°��µª��·�Ŵ$0/Ŵ
��ŴÅ�o¦�́�µ¦¦�́¬µ�oª¥Á�¤�̧Îµ��́Ŵ®¦º°�¼o�iª¥�¸ÉÁ�oµ¦�́�µ¦
¦´�¬µ£µª³Ŵ)HEULOHŴ QHXWURSHQLDŴ®µ¥Â¨oªŴÂ¨³Á¦·É¤�µ¦
¦´�¬µ�oª¥Á�¤¸�Îµ�´�Ä®¤nŴ ��Ŵ Å¤n¤¸Ã¦��¦³�Îµ�´ªŴ Å�oÂ�nŴ
Á�µ®ªµ�ŴÅ�Á¦ºÊ°¦´�Ŵ£¼¤·�»¤�´���¡¦n°�Ŵ¦nª¤�oª¥Ŵ��Ŵ°nµ�Ŵ
¢{�Â¨³Á�¸¥�£µ¬µÅ�¥Å�oŴ��Ŵ¥·��¸Á�oµ¦nª¤�µ¦ª·�´¥Ŵ­nª�
Á���r�µ¦�´�°°��µ��µ¦ª·�´¥�¦³�°��oª¥Ŵ��Ŵ Ä­n�n°
�nª¥®µ¥Ä�Â¨³Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ¤¸£µª³Â�¦��o°�
�o°�¥oµ¥°°��µ�®°�¼o�iª¥°µ¥»¦�¦¦¤�´Ê�Ŵ �Ŵ��Ŵ�¼o�iª¥
®¦º°�µ�·�°�°��ª́�µ��µ¦ª·�¥́ŴŴ��µ��°��¨»n¤�ª́°¥nµ�Ŵ
Å�o¤µ�µ��µ¦�Îµ®��¦³¥³Áª¨µÄ��µ¦Á�È��o°¤¼¨�º°Ŵ
��Ŵ Á�º°�Ŵ�n°�Â¨³®¨´��µ¦Ä�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨Ŵ
�Îµ�ª��´Ê�®¤�Ŵ��Ŵ¦µ¥Ŵ�º°�¨»n¤�n°��µ¦Ä�oÂ�ª��·�´�·
�µ¦¡¥µ�µ¨ŴŴ��Ŵ¦µ¥Ŵ�¨»n¤�¸ÉÄ�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨Ŵ
��Ŵ¦µ¥�

� Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�¥́���ŴÁ�¦ºÉ°�¤º°�¸ÉÄ�oÄ�
�µ¦��¨°�Ŵ�¦³�°��oª¥ŴŴÂ�ª��·��́·�µ¦¡¥µ�µ¨ŴŴ�¼n¤º°
Â�ª��·�´�·�µ¦¡¥µ�µ¨Ŵ Á°�­µ¦Â�³�Îµ�µ¦��·�´�·�´ª
Á¡ºÉ°�j°��´��µ¦�·�Á�ºÊ°­Îµ®¦´��¼o�iª¥ŴÂ¨³Â���¦³Á¤·�
�¼o�iª¥�¦³�Îµª´�Ŵ��Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦¦ª�¦ª¤�o°¤¼¨Ŵ
�¦³�°��oª¥ŴÂ��­°��µ¤�o°¤¼¨¡ºÊ��µ�ŴÂ���´��¹�
�¦³�Îµª´�ŴÂ���´��¹��¨�µ¦�¦ª��µ�®o°���·�´�·�µ¦Ŵ
Â¨³¦³�´�Á¤È�Á¨º°��µªŴ�$1&�Ŵ�Îµ�ª�ª´��°�Ŵ�¹É�Â�ª
��·�´�·�µ¦¡¥µ�µ¨Å�o�nµ��µ¦�¦ª�­°��ªµ¤�¦�Á�·�
Á�ºÊ°®µ�µ��¼o�¦��»�ª»�·�¹É�Á�}�Â¡�¥rÂ¨³¡¥µ�µ¨�¼o
Á�¸É¥ª�µ��oµ�Ã¦�¤³Á¦È�Á¤È�Á¨º°��µªÂ¨³�oµ��µ¦�·�
Á�ºÊ°Ŵ�Ŵ�nµ�
Ŵ Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ¦�¼Â¨�¼o�iª¥Ã¦�
¤³Á¦È�Á¤È�Á¨º°��µª�¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥¥µÁ�¤¸�Îµ�´�
Â¨³¤¸£µª³Å�o¦nª¤�´�Á¤È�Á¨º°��µª�ÎÉµŴ ¡´��µ¤µ�µ�
�µ¦���ª�ª¦¦��¦¦¤Â¨³�µ�ª·�´¥�¸É¤¸¤µ�n°�Ŵ¦nª¤�´�
�¦³­��µ¦�rŴ �¦³�°��oª¥Â�ª��·�´�·Ŵ �Ŵ�oµ�Ŵ Å�oÂ�nŴ
�oµ��µ¦�¦³Á¤·�Â¨³�µ¦�¦ª�ª�́­�́�µ��¡̧Ŵ�oµ��¼o�iª¥Ŵ
�oµ��µ¦��·��́·�µ¦¡¥µ�µ¨ŴÂ¨³�oµ�­·É�Âª�¨o°¤Ŵ�¹É��oµ�
�µ¦�¦³Á¤·�Â¨³�µ¦�¦ª�ª´�­´��µ��¸¡�¦³�°��oª¥
�µ¦ª´�­´��µ��¸¡Ŵ�µ¦�´��¹�¦³�´�Á¤È�Á¨º°��µªŴÂ¨³
­´��µ�Â­���µ¦�·�Á�ºÊ°Ŵ�oµ��¼o�iª¥�¦³�°��oª¥Ŵ�µ¦
�´��µ¦�oµ�°µ®µ¦Â¨³�ÎÊµ�ºÉ¤Ä®o�¼o�iª¥Ŵ�µ¦�¼Â¨­»�ª·�¥µ
­nª��»��¨Ŵ�µ¦Ä®o�ªµ¤¦¼oÁ�¸É¥ª��́�µ¦¦�́�¦³�µ�°µ®µ¦
Â¨³�ÎÊµ�ºÉ¤Ŵ�µ¦�Îµ�ªµ¤­³°µ��µ�Â¨³¢{�Ŵ�µ¦°µ��ÎÊµŴ
�µ¦�Îµ�ªµ¤­³°µ�°ª´¥ª³­º�¡´��»rÂ¨³�ªµ¦®�´�Ŵ�oµ�
��·�´�·�µ¦¡¥µ�µ¨Ŵ�¦³�°��oª¥Á���·��µ¦Ä®o­µ¦�ÎÊµ
Â¨³¥µ�µ�®¨°�Á¨º°��ÎµÂ¨³�µ¦Á�µ³Á¨º°�Ŵ�µ¦�¼Â¨
Ä®oÅ�o¦´�¥µÁ�¤¸�Îµ�´�Ŵ ¥µ�¦³�»o�Á¤È�Á¨º°��µªŴ�oµ�­·É�
Âª�¨o°¤�¦³�°��oª¥Ŵ Á���·��µ¦¨oµ�¤º°�°��»�¨µ�¦
Â¨³�µ¦Â¥��¼o�iª¥
� �µ¦Á�È�¦ª�¦ª¤�o°¤¼̈ �£µ¥®¨�́�µ��¸ÉÃ�¦�¦nµ�
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Â�ª��·�´�·�µ¦¡¥µ�µ¨�Îµ�ª�Ŵ��Ŵ¦µ¥ŴÁ�·��µ¦�·�Á�ºÊ°
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Â¨³�µ�¦µ¥Á¦·É¤¤¸�Îµ�ª�Ŵ$1&Ŵ�ÎÉµ¨�Ä�ª´��¸ÉŴ�Ŵ�°��µ¦
Ä®oÁ�¤¸�Îµ�´�
Ŵ °¥nµ�Å¦�È�µ¤¡�ªnµÄ��¨»n¤®¨´�Ä�oÂ�ª��·�´�·
�µ¦¡¥µ�µ¨�¸Ê¤¸�Îµ�ª�Ŵ $1&Ŵ ¨�¨�Â�nÅ¤nÁ�nµ�¨»n¤
�n°�Ä�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨Á¡¦µ³ªnµŴ Â�ª��·�´�·
�µ¦¡¥µ�µ¨Ŵ Å�o�Îµ®��Ä®o¤¸�µ¦�¦³Á¤·�Ŵ�·��µ¤Â¨³
¦µ¥�µ�Á¤ºÉ°¡�Ŵ1HXWURSKLOŴ�ÎÉµŴ �¹É�Ä��µ¦«¹�¬µ�¸Ê¤¸�µ¦
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Á¤ºÉ°¡�ªnµ¤¸�ªµ¤Á­¸É¥��ª¦Ä®oŴ*�&6)Ŵ Ä��¦´Ê�Â¦��°�
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­»�ª·�¥µ­nª��»��¨Ŵ�µ¦°µ��ÎÊµ�Îµ�ªµ¤­³°µ�¦nµ��µ¥Ŵ
Á�n�Ŵ �µ¦�Îµ�ªµ¤­³°µ�®¨´��µ¦�´��nµ¥Ŵ �µ¦¨oµ�¤º°Ŵ
�µ¦�Îµ�ªµ¤­³°µ�Ä��n°��µ�Â¨³¢{�Ŵ�µ¦¦´��¦³�µ�Ŵ
°µ®µ¦Â¨³�ÎÊµ�ºÉ¤Ŵ�µ¦¥�́Â�³�ÎµÄ®o�¼o�iª¥­µ¤µ¦��¦³Á¤·�
�ªµ¤�·����·�¸ÉÁ�}�­´��µ�Â­���°��µ¦�·�Á�ºÊ°Å�o
Á°�ŴÂ¨³­µ¤µ¦�Â�o�¡¥µ�µ¨Å�o°¥nµ�¦ª�Á¦ÈªŴ Ä��oµ�Ŵ
�°��µ¦��·�´�·�µ¦¡¥µ�µ¨Â¨³­·É�Âª�¨o°¤Ŵ �³Á�o�
�µ¦�j°��´��µ¦�·�Á�ºÊ°Â¨³�µ¦�¦³Á¤·��¼o�iª¥Á�¸É¥ª�´�
­´��µ��¸¡Ŵ­´��µ�Â­���°��µ¦�·�Á�ºÊ°Ŵ Á�o�Á���·�
�µ¦Ä®o­µ¦�ÎÊµÂ¨³¥µ�µ�®¨°�Á¨º°��ÎµŴ �µ¦Á�µ³Á¨º°�Ŵ
�µ¦�j°���́�µ¦Â¡¦n�¦³�µ¥Á�ºÊ°ŴÃ�¥�µ¦Â¥��¼o�iª¥Ŵ°°�
�µ��¼o�iª¥�¸É¤¸Ã¦��·��n°�µ�Á�·�®µ¥Ä�
� �Îµ�ª�ª´��°�ŴŴ�µ��µ¦ª·�´¥�¸Ê¡�ªnµ�¨»n¤®¨´�
Ä�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨Ŵ¤¸�Îµ�ª�ª´��°�Ŵ Á�¨¸É¥�o°¥
�ªnµ�¨»n¤�n°�Ä�oÂ�ª��·��́·�µ¦¡¥µ�µ¨Ŵ�³Á®È�Å�oªnµŴ�µ¦
Ä�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨¤¸�¨�ÎµÄ®o�Îµ�ª�Â¨³¦³�´�
�°�Ŵ$1&Ŵ�°��¨»n¤�¸ÉÄ�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨Ŵ°¥¼nÄ�
¦³�´��¸ÉÁ­¸É¥��n°�µ¦�·�Á�ºÊ°�o°¥�ªnµ�¨»n¤�n°�Ä�oÂ�ª
��·��́·�µ¦¡¥µ�µ¨Ŵ�¹É�¤�̧¨Ä®oÁ�·��µ¦�·�Á�ºÊ°ŴÁ¡¥̧�Ŵ�¦µ¥Ŵ
¦o°¥¨³Ŵ��ŴÄ���³�¸É�¨»n¤�n°�Ä�oÂ�ª��·��́·�µ¦¡¥µ�µ¨Ŵ
¤¸�µ¦�·�Á�ºÊ°Ŵ��Ŵ¦µ¥Ŵ¦o°¥¨³Ŵ����Ŵ�¹�Â¤o��­°�Â¨oª�³
¡�ªnµÅ¤n¤�̧¥́­Îµ��́�µ�­�·�·ŴÂ�n�¨�¸ÉÁ�·��¹Ê��¸Ê¤�̧¥́­Îµ��́
�µ��¨·�·�Ŵ �&OLQLFDOŴ VLJQLűFDQFH�Ŵ�¹É��¨�¸É�µ¤¤µ�º°
�Îµ�ª�ª´��°�¨�¨�Ŵ�¹É��³¤¸�¨Ä®o�nµÄ�o�nµ¥�¸ÉÁ�·��µ�
�µ¦�°�Ã¦�¡¥µ�µ¨¨�¨�

xi�}·�w��w���¡}��
Ŵ �¼o�iª¥�¸ÉÁ�oµ¦nª¤Ä��µ¦ª·�´¥�¦´Ê��¸Ê¤¸�Îµ�ª��o°¥
�¹�°µ��³¥´�Å¤n­µ¤µ¦��¸É�³Ä�oÁ�}��´ªÂ���°��¦³�µ�¦
�¨»n¤�¸ÊÅ�o�¹��ª¦¤¸�µ¦«¹�¬µÁ¡·É¤Á�·¤°¸�Ä�¦³¥³¥µª

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ �¨�µ¦ª·�´¥�¦´Ê��¸ÊŴ Á�}��¦³Ã¥��r�n°�µ¦
¡´��µ�µ¦¡¥µ�µ¨�¼o�iª¥Ŵ$0/Ŵ Ã�¥­µ¤µ¦��ÎµÂ�ª
��·�´�·�µ¦¡¥µ�µ¨�¸É­¦oµ��¹Ê�Å�Ä�oÄ��µ¦�¼Â¨�¼o�iª¥
¤³Á¦È�Á¤È�Á¨º°��µª�¸ÉÅ�o¦´�Á�¤¸�Îµ�´��¸É¤¸�ªµ¤Á­¸É¥��n°
�µ¦�·�Á�ºÊ°Á¡ºÉ°�nª¥¨�°´�¦µ�µ¦�·�Á�ºÊ°

Ŵ ��Ŵ �ª¦¤¸�µ¦ª·�´¥�·��µ¤¦³¥³¥µªÁ¡ºÉ°Ä®oÅ�o
�¨»n¤�´ª°¥nµ��¸É¤¸�Îµ�ª�¤µ��¹Ê�Á¡ºÉ°®µ�o°­¦»�Á�¸É¥ª�´�
�¨�°�Ã�¦Â�¦¤�n°°´�¦µ�µ¦�·�Á�ºÊ°

3FGFSFODF
��Ŵ 1DWLRQQDOŴ &DQFHUŴ ,QVWLWXWH�Ŵ 6((5Ŵ 6WDWŴ )DFWŴ

6KHHWV�Ŵ$FXWHŴ/\PSKRF\WLFŴ/HXNHPLD�ŴŴ(SLGHU�
PLRORJ\ŴDQGŴŴ(QGŴ5HVXOWVŴ�����Ŵ>2QOLQH@Ŵ>FLWHGŴ
�Ŵ2FWREHUŴ����@Ŵ$YDLODEOHŴIURPŴKWWS���ZZZ�
VHHU�FDQFHU�JRY

��Ŵ 1DQDNRUQŴDQGŴ,QWUDJXPWRUQFKDLŴ7�ŴŴŴ$FXWHŴ0\HORLGŴŴ
/HXNHPLD�Ŵ,Q�Ŵ1DQDNRUQŴ7�ŴHWŴDO��Ŵ�(GV��Ŵ(VVHQWLDOŴŴ
+HPDWRORJ\Ŵ IRUŴ Ŵ*HQHUDOŴ3UDFWLWLRQHUV�Ŵ�QGŴHG�Ŵ
%DQJNRN�Ŵ&KXODORQJNRUQŴ8QLYHUVLW\ŴŴ3XEOLVKLQJŴ�ŴŴ
�����Ŵ�������Ŵ�LQŴ7KDL��

��Ŵ :LFKDLŴ3UD\RRQZLZDW�Ŵ Ŵ$FXWHŴ/HXNHPLD�Ŵ7KHŴ
5R\DOŴ&ROOHJHŴRIŴ3K\VLFLDQŴRIŴ7KDLODQGŴ�����Ŵ
�����Ŵ��ŴyŴ���

��Ŵ /DUVRQŴ(�ŴŴ1LUHQEHUJŴ$�ŴŴ(YLGHQFH�EDVHGŴQXUVLQJŴ
SUDFWLFHŴ WRŴSUHYHQWLRQŴ LQIHFWLRQŴ LQŴKRVSLWDOL]HGŴ
QHXWURSHQLFŴ SDWLHQWVŴZLWKŴ FDQFHU�wŴ Ŵ2QFRORJ\Ŵ
1XUVLQJŴ)RUXPŴ�����Ŵ�������Ŵ�Ŵ����

��Ŵ .XGHUHUŴ10�Ŵ'DOHŴ'&�Ŵ&UDZIRUGŴ-�Ŵ&RVOHUŴ/(�Ŵ
/\PDQŴ*+�Ŵ0RUWDOLW\�ŴPRUELGLW\�ŴDQGŴFRVWŴDV�
VRFLDWHGŴZLWKŴIHEULOHŴQHXWURSHQLDŴLQŴDGXOWŴFDQFHUŴ
SDWLHQWV�Ŵ&$1&(5Ŵ�����Ŵ�����Ŵ����������

��Ŵ &KDWXSDULVXWHŴ&�Ŵ$QXQQDWVLULŴ6�Ŵ)HEULOHŴQHXWUR�
SHQLD�ŴŴ.KRQŴ.DHQ�Ŵ)DFXOW\ŴRIŴ0HGLFLQH�Ŵ.KRQŴ
.DHQŴ8QLYHUVLW\�Ŵ�����Ŵ�LQŴ7KDL��

��Ŵ /HNGDPURQJNXOŴ 3�Ŵ 3RQJWKDYRUQNDPROŴ .�Ŵ
&KHZDSRRQSRQŴ&�Ŵ6LULWDQDUDWNXOŴ1�Ŵ)DFWRUVŴDV�
VRFLDWHGŴZLWKŴIHEULOHŴQHXWURSHQLDŴLQŴDFXWHŴOHXNH�
PLDŴSDWLHQWVŴUHFHLYLQJŴFKHPRWKHUDS\�Ŵ-RXUQDOŴRIŴ
1XUVLQJŴ6FLHQFHŴ�����Ŵ�����Ŵ������

��Ŵ $FKDUL\DNDURRQŴ1�Ŵ(IIHFWŴRIŴWZRŴGLIIHUHQWŴLQWUD�
YHQRXVŴLQMHFWLRQŴVLWHVŴFDUHVŴRQŴUDWHŴDQGŴGXUDWLRQŴ
RIŴ RQVHWŴ RIŴ Ŵ SKOHELWLV�Ŵ Ŵ >7KHVLV@Ŵ 3DWKXPWKDQL�Ŵ
5DQJVLWŴ8QLYHUVLW\�Ŵ�����
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��Ŵ 870%�Ŵ3URWRFRO�Ŵ0DQDJHPHQWŴRIŴ3DWLHQWŴZLWKŴ
1HXWURSHQLD�wŴ8703Ŵ1XUVLQJŴ3UDFWLFHŴ6WDQGDUGVŴŴ
SURWRFROŴŴ�����Ŵ�����Ŵ�y��

���Ŵ 6XPDQŴ.�ŴŴŴ0DQDJHPHQWŴRIŴIHEULOHŴQHXWURSHQLD�Ŵ
&RPPXQLW\Ŵ2QFRORJ\Ŵ�����Ŵ��Ŵ��������

���Ŵ %LVKRSŴ/�Ŵ'RXJKHUW\Ŵ/�Ŵ%RGHQKDPŴ$�Ŵ0DQVLŴ
-�Ŵ&URZHŴ3�Ŵ.LEEOHUŴ&�ŴHWŴDO�Ŵ*XLGHOLQHVŴRQŴWKHŴ
LQVHUWLRQŴ DQGŴPDQDJHPHQWŴ RIŴ FHQWUDOŴ YHQRXVŴ
DFFHVVŴGHYLFHVŴ LQŴ DGXOWV�Ŵ -RXUQDOŴ Ŵ&RPSLODWLRQŴ
�����Ŵ�����Ŵ��������

���Ŵ :HEVWHUŴ-�Ŵ&ODUNHŴ6�Ŵ3DWHUVRQŴ'�Ŵ+XWWRQŴ$�Ŵ'\NŴ
69�Ŵ*DOHŴ&�Ŵ HWŴ DO�Ŵ5RXWLQHŴ FDUHŴ RIŴ SHULSKHUDOŴ
LQWUDYHQRXVŴFDWKHWHUVŴYHUVXVŴFOLQLFDOO\ŴLQGLFDWHGŴ
UHSODFHPHQW�ŴUDQGRPL]HGŴFRQWUROOHGŴWULDO�ŴŴ%0-�Ŵ
�����Ŵ����Ŵ���Ŵ�Ŵ����

���Ŵ &'&�Ŵ*XLGHOLQHŴ IRUŴ HQYLURQPHQWDOŴ ,QIHFWLRQŴ
&RQWUROŴLQŴ+HDOWK�&DUHŴ)DFLOLWLHV�Ŵ�����Ŵ

���Ŵ 3UDVHUWVULŴ7�Ŵ1DPZRQJSURPŴ$�Ŵ3DNGHYRQJŴ12�Ŵ
(IIHFWVŴRIŴ+HDOWKŴ3URPRWLRQŴ3URJUDPŴRQŴ+HDOWKŴ
3URPRWLQJŴ %HKDYLRUV�Ŵ $EVROXWHŴ 1HXWURSKLOVŴ
&RXQW�Ŵ,QIHFWLRQŴ5DWH�ŴDQGŴ4XDOLW\ŴRIŴ/LIHŴRIŴ3HU�
VRQVŴZLWKŴ%UHDVWŴ&DQFHUŴ5HFHLYLQJŴ&KHPRWKHUDS\�Ŵ
-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�
(DVWHUQŴ'LYLVLRQŴ�����Ŵ��Ŵ����Ŵ������

���Ŵ *DUFLDŴ6-�Ŵ.UVQLNŴ,�Ŵ5H\HVŴ(�Ŵ0LJXHOŴ''�Ŵ+HU�
QDQ]Ŵ1�Ŵ%DUU�$OLŴ0�ŴHWŴDO�Ŵ(OGHUO\ŴKDHPDWRORJL�
FDOŴSDWLHQWVŴZLWKŴFKHPRWKHUDS\�LQGXFHGŴIHEULOHŴ
QHXWURSHQLDŴKDYHŴVLPLODUŴUDWHVŴRIŴ LQIHFWLRQŴDQGŴ
RXWFRPHŴWRŴ\RXQJHUŴDGXOWV�ŴDŴŴSURVSHFWLYHŴVWXG\Ŵ
RIŴ ULVNŴ�Ŵ DGDSWHGŴ WKHUDS\�Ŵ%ULWLVKŴ Ŵ -RXUQDOŴ RIŴ
+DHPDWRORJ\Ŵ�����Ŵ������Ŵ���ŴyŴ����Ŵ

���Ŵ 7LHQVLZDNXOŴ3�Ŵ,QWURGXFWLRQŴWRŴDGYDQFHŴFOLQLFDOŴ
KHPDWRORJ\�Ŵ LQŴ3RUQWKHSŴ7LHQVLZDNXOŴ3�Ŵ HWŴ DO�Ŵ
�HGLWRUV��Ŵ$GYDQFHGŴ&OLQLFDOŴ+HPDWRORJ\�Ŵ�QGŴHG�Ŵ
%DQJNRNŴ�Ŵ&KXODORQJNRUQŴ8QLYHUVLW\Ŵ3XEOLVKLQJ�Ŵ
�����Ŵ�LQŴ7KDL��

���Ŵ 6KHOOH\Ŵ'�Ŵ&URPEH]Ŵ3�Ŵ0XQR]Ŵ0�Ŵ1HXWURSHQLDŴ
PDQDJHPHPWŴZLWKŴJUDQXORF\WHŴFRORQ\Ŵ�ŴVWLPX�
ODWLQJŴIDFWRU�Ŵ)URPŴJXLGHOLQHVŴWRŴŴQXUVLQJŴSUDFWLFHŴ
SURWRFROV�ŴŴ(XURSHDQŴMRXUQDOŴRIŴ2QFRORJ\Ŵ1XUVLQJŴ
�����Ŵ����Ŵ��������Ŵ

���Ŵ -XDQJSDQLFKŴ8�Ŵ2QEXQUHDQJŴ-�ŴOXQOXGŴ-�Ŵ.KDQ�
VRUQŴ7�Ŵ9DWDQDVDSWŴ3�Ŵ(IIHFWŴRIŴ0XVLFŴ7KHUDS\Ŵ
RQŴ$Q[LHW\ŴDQGŴ3DLQŴLQŴ&DQFHUŴ3DWLHQWVŴ-RXUQDOŴRIŴ
1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ
'LYLVLRQŴ�����Ŵ��Ŵ����Ŵ������

���Ŵ 2QEXQUHDQJŴ-�ŴHWŴDO�Ŵ6HOI�&DUHŴDQGŴ4XDOLW\ŴRIŴ/LIHŴ
LQŴ&KRODQJLRFDUFLQRPDŴ3DWLHQWVŴ5HFHLYLQJŴ&KHPR�
WKHUDS\�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ
1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ��Ŵ����Ŵ������

�µ¦µ��¸É��Ŵ Á�¦¥̧�Á�¥̧�°�́¦µ�µ¦�·�Á�ºÊ°�°��¼o�iª¥¦³®ªnµ��¨»n¤�n°�Â¨³®¨�́Ä�oÂ�ª��·��́·�µ¦¡¥µ�µ¨Ã�¥Ä�o­�·�·Ŵ
Ŵ Ŵ )LVKHUuVŴ([DFWŴ7HVW

°´�¦µ�µ¦�·�Á�ºÊ°�°��¼o�iª¥
¦ª¤

�¨»n¤�n°�Ä�oÂ�ª
��·�´�·�µ¦¡¥µ�µ¨

�¨»n¤®¨´�Ä�oÂ�ª
��·�´�·�µ¦¡¥µ�µ¨

­�·�·

SŴyŴYDOXH¦µ¥ ¦o°¥¨³ ¦µ¥ ¦o°¥¨³
�µ¦�·�Á�ºÊ°�°��¼o�iª¥Ŵ¤¸�µ¦
�·�Á�ºÊ°
Å¤n¤¸�µ¦�·�Á�ºÊ°ŴŴŴŴŴŴ
¦ª¤
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)LVKHUuVŴ
([DFWŴ7HVW ����
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&GGFDUT�PG�/VSTJOH�$BSF�1SPUPDPM�PO�"CTPMVUF�/FVUSPQIJM�$PVOU
�
/PTPDPNJBM�*OGFDUJPOT
��BOE�-FOHUI�PG�4UBZ�JO�1BUJFOUT�XJUI�

"DVUF�.ZFMPJE�-FVLFNJB�
Ŵ 7KDQLGDŴ+RPFKLQŴ0�1�6�

ŴŴ $PSDSRUQŴ1DPYRQJSURPŴ3K�'�


ŴŴ 1DP�R\Ŵ3DNGHYRQJŴ'U�3�+�





"CTUSBDU
Ŵ 7KLVŴUHWURVSHFWLYHŴDQGŴSURVSHFWLYHŴXQFRQWUROOHGŴEHIRUHŴDQGŴDIWHUŴ,QWHUYHQWLRQŴVWXG\ŴDLPHGŴWRŴLQYHVWLJDWHŴ
WKHŴHIIHFWVŴRIŴQXUVLQJŴFDUHŴSURWRFROŴRQŴ$1&�ŴLQIHFWLRQŴUDWH�ŴDQGŴOHQJWKŴRIŴVWD\ŴRIŴSDWLHQWVŴZLWKŴ$0/ŴUHFHLYLQJŴ
FKHPRWKHUDS\�ŴŴ$ŴSXUSRVLYHŴVDPSOHŴRIŴ��ŴVXEMHFWVŴZDVŴUHFUXLWHGŴIRUŴWKLVŴVWXG\�ŴŴ)LIWHHQŴVXEMHFWVŴLQŴWKHŴUHWURVSHFWLYHŴ
JURXSŴUHFHLYHGŴDŴXVXDOŴFDUHŴZKHUHDVŴ��ŴLQŴWKHŴSURVSHFWLYHŴJURXSŴUHFHLYHGŴWKHŴHYLGHQFHŴ�ŴEDVHGŴQXUVLQJŴSURWRFROŴ
GHYHORSHGŴE\Ŵ WKHŴUHVHDUFKHUŴIRUŴ�y�ŴGD\VŴGXULQJŴKRVSLWDOL]DWLRQ�Ŵ%DFNJURXQGŴLQIRUPDWLRQŴRIŴ WKHŴSURVSHFWLYHŴ
JURXSŴZDVŴFROOHFWHGŴDQGŴ$1&ŴPRQLWRULQJŴZDVŴUHFRUGHG�ŴŴ'DWDŴDQGŴLQIRUPDWLRQŴRIŴWKHŴUHWURVSHFWLYHŴJURXSŴZHUHŴ
FROOHFWHGŴIURPŴWKHŴSDWLHQWVuŴUHFRUG�
Ŵ 7KHŴűQGLQJVŴUHYHDOHGŴWKDWŴWKHŴ$1&ŴRIŴWKHŴSURVSHFWLYHŴJURXSŴZDVŴDWŴDŴFRQVWDQWŴOHYHOŴDQGŴVRPHŴZHUHŴ
LQFUHDVLQJŴDQGŴWKHQŴGHFOLQLQJŴRQŴGD\Ŵ�ŴZKLFKŴZDVŴDŴűQDOŴGD\ŴRIŴWKHŴFKHPRWKHUDS\�ŴŴ7KHŴLQIHFWLRQŴUDWHŴRIŴWKHŴ
SURVSHFWLYHŴ JURXSŴZDVŴ ORZHUŴ WKDQŴ WKDWŴ RIŴ WKHŴ UHWURVSHFWLYHŴ JURXSŴKRZHYHU�ŴZDVŴ QRWŴ VWDWLVWLFDOO\Ŵ VLJQLűFDQWŴŴ
�SŴ Ŵ������ŴŴ7KHŴOHQJWKŴRIŴVWD\ŴEHWZHHQŴWKHŴUHWURVSHFWLYHŴJURXSŴDQGŴSURVSHFWLYHŴJURXSŴZDVŴVLJQLűFDQWO\ŴGLIIHUHQWŴ
�SŴ Ŵ������ŴŴ7KHŴűQGLQJVŴRIŴWKLVŴVWXG\ŴZLOOŴEHQHűWŴWRŴQXUVLQJŴSUDFWLFHŴLQŴFDULQJŴRIŴSDWLHQWVŴZLWKŴ$0/�ŴŴ)ROORZŴ�ŴXSŴŴ
VWXG\ŴUHJDUGLQJŴLQIHFWLRQŴUDWHŴLVŴVXJJHVWHG�
Ŵ
.H\ZRUGV��� QXUVLQJŴFDUHŴSURWRFRO�ŴDEVROXWHŴQHXWURSKLOŴFRXQW�ŴQRVRFRPLDOŴLQIHFWLRQV�Ŵ/HQJWKŴRIŴVWD\

Ŵ
Ŵ7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ$GXOWŴ1XUVLQJ�Ŵ6FKRROŴRIŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\�


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ3URJUDPŴLQŴ$GXOWŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\



Ŵ$VVLVWDQWŴ3URIHVVRU�Ŵ6FKRROŴRIŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\�




Ŵ,QVWUXFWRU�Ŵ6FKRROŴRIŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\�
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ŴŴª·�¥µ�·¡��r�¦·��µ¡¥µ�µ¨«µ­�¦¤®µ�´��·�Ŵ­µ�µª·�µ�µ¦¡¥µ�µ¨�¼oÄ®�nŴ��³¡¥µ�µ¨«µ­�¦rŴ¤®µª·�¥µ¨´¥�°�Â�n�ŴŴ
ŴŴŴŴÅ�o¦´��»�°»�®�»�Â¨³­n�Á­¦·¤�µ¦�Îµª·�¥µ�·¡��r�µ��´��·�ª·�¥µ¨´¥Ŵ¤®µª·�¥µ¨´¥�°�Â�n�Ŵ�e�µ¦«¹�¬µŴ����Ŵ

Ŵ�´�«¹�¬µ¡¥µ�µ¨«µ­�¦¤®µ�´��·�Ŵ­µ�µª·�µ�µ¦¡¥µ�µ¨�¼oÄ®�nŴ��³¡¥µ�µ¨«µ­�¦rŴŴ¤®µª·�¥µ¨´¥�°�Â�n�


°µ�µ¦¥rŴ�¦�Ŵ­µ�µª·�µ�µ¦¡¥µ�µ¨�¼oÄ®�nŴ��³¡¥µ�µ¨«µ­�¦rŴ¤®µª·�¥µ¨´¥�°�Â�n�

Ú�x�|w������Ù�Ð�·�����h�z����¡�ww�|��«�Ýz���Ú��¤w
��|}¡��¡ÖÖ�Ø­ÙÚ¥i�d���Ýª�±|ª�i�Ù��Ý�Ý���w����w���

Ŵ Ŵ ¡¦�·¡¥rŴ�»�®»�Ŵ¡¥�¤�

ŴŴ �·�¥µŴ¡»�·�µ¤·�Ŵ3K'


Ŵ
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�°��¨»n¤�ª́°¥nµ�Ã�¥°�·�µ¥Ä®o�¦µ��¹�ª�́�»�¦³­��rÂ¨³
�´Ê��°�Ä��µ¦�ÎµÁ�·��µ¦«¹�¬µŴ¦ª¤�´Ê��¦³Ã¥��r�¸É�³Å�o
¦´��µ��µ¦«¹�¬µŴÂ¨³Á�d�Ã°�µ­Ä®o�¼o�iª¥¤³Á¦È�Á�oµ�¤
�´�­·�Ä�Á�oµ¦nª¤�µ¦«¹�¬µ�oª¥��Á°�Ŵ�°��µ��¸ÊŴ�¼oª·�´¥
°�·�µ¥Ä®o�¨»n¤�´ª°¥nµ�Á�oµÄ�ªnµ�µ¦�°���¨�®¦º°�µ¦
�°���·Á­��³Å¤n¤¸�¨�n°�µ¦Å�o¦´��µ¦¦´�¬µ¡¥µ�µ¨
�µ�Á�oµ®�oµ�¸ÉÄ��¸¤­»�£µ¡Â�n°¥nµ�Ä�Ŵ�¨»n¤�´ª°¥nµ�¤¸
­·��·Ä��µ¦�°�°��´ª°°��µ��µ¦«¹�¬µÅ�o�¨°�Áª¨µ
Ã�¥Å¤n¤�̧¨�¦³��Ä�ÇÁ�·��¹Ê�Ŵ�o°¤¼̈ �°��¨»n¤�ª́°¥nµ��³
�¼�Á�È�ÅªoÁ�}��ªµ¤¨�́Â¨³�µ¦�ÎµÁ­�°�o°¤¼̈ �³Á�}��µ¦
�ÎµÁ­�°Ä�£µ¡¦ª¤Â¨³Ä�o¦®´­�´ªÁ¨�Â��Á�nµ�´Ê�
Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�¥́��¦³�°��oª¥ŴÁ�¦ºÉ°�
¤º°�¸ÉÄ�oÄ��µ¦Á�È�¦ª�¦ª¤�o°¤¼¨Â¨³Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ�
�µ¦��¨°�Ŵ
Ŵ ��� Á�¦ºÉ °�¤º°�¸É Ä�o Ä��µ¦Á�È�¦ª�¦ª¤
�o°¤¼¨� �¦³�°��oª¥Ŵ ��Ŵ Â���´��¹��o°¤¼¨­nª�
�»��¨Ŵ��Ŵ Â���¦³Á¤·��ªµ¤ª·���´�ª¨�¼oª·�´¥Ä�oÂ��
�¦³Á¤·��ªµ¤ª·���´�ª¨Ä���³Á��·�Ŵ�6WDWH�DQ[LHW\�ŴŴ
)RUPŴ;�,�Ŵ�°�Ŵ6SLHOEHUJHUŴ HWŴ DO�Ŵ �¹É�Â�¨Á�}�£µ¬µ
Å�¥Ã�¥�·�¥µŴ ��£´��¸Ŵ ­µ¥§�¸Ŵ ª¦�·�Ã£�µ�¦Ŵ Â¨³
¤µ¨¸Ŵ �·­´¥­»���Ŵ ��Ŵ Â���¦³Á¤·��ªµ¤�µ­»��µ��·�
ª·��µ�Â��­°��µ¤�ªµ¤�µ­»��µ��·�ª·��µ�ŴŴŴ
�¼oª·�´¥Å�o�´�Â�¨��°���·�µŴ�o°¥Á�e¥�Ŵ�¸ÉÂ�¨Â��ª́�
�ªµ¤�µ­»��µ��·�ª·��µ��°�ŴŴ3DORXW]LRQŴDQGŴ(OOLVRQ��Ŵ

Â¨³�¦´�¦µ¥¨³Á°¸¥��µ��o°Ŵ Á¡ºÉ°Ä®oÁ®¤µ³­¤�´��¨»n¤
�ª́°¥nµ�Ŵ��ŴÂ����́�¹��µ¦­ª�¤��rÃ�¥�¼o�iª¥¤³Á¦È�Á�oµ
�¤Â¨³Â���·��µ¤�µ¦­ª�¤��rÃ�¥�¼oª·�´¥
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Ŵ ��� Á�¦ºÉ°�¤º°Ä�oÄ��µ¦��¨°����¦³�°��oª¥
Ŵ Ŵ ���Ŵ �o°¤¼¨Á�¸É ¥ª�´�ª·�¸�µ¦­ª�¤��r ŴŴ
Á�ºÊ°®µ�¦³�°�Å��oª¥ª´��»�¦³­��rŴ�´Ê��°�Â¨³ª·�¸�µ¦
�°��µ¦­ª�¤��r
Ŵ Ŵ ���Ŵ Á�ºÊ°®µ�µ¦­ª�¤��rÃ�¥�ÎµÁ°µ��
­ª�¤��rŴ�µ�®��́­º°��­ª�¤��r�°�¡¦³Á�¡­·�®�»¦µ
�µ¦¥r��Ŵ
Ŵ Ŵ ���Ŵ �ÎµÂ�³�ÎµÁ�¸É¥ª�´��µ¦��·�´�·�´ªÄ�
�µ¦­ª�¤��r
Ŵ �µ¦��­°��ªµ¤Á�ºÉ°¤´É��°�Á�¦ºÉ°�¤º°�
�UHOLDELOLW\����­°��ªµ¤Á�ºÉ°¤´É�Â���¦³Á¤·��ªµ¤
ª·���´�ª¨Â¨³Â��­°��µ¤�ªµ¤�µ­»��µ��·�ª·��µ�
Ã�¥Ä�o­¼�¦­¤́�¦³­·��·ÍÂ°¨¢µ�°��¦°��µ�ŴÅ�o�nµ�ªµ¤
Á�ºÉ°¤´É�Â���¦³Á¤·��´Ê�­°�Á�nµ��́Ŵ����ŴÂ¨³Ŵ����Ŵ�µ¤
¨Îµ�´�

w���·�ªÙ¡Ùw���¡}��
Ŵ �´Ê��°�Ä��µ¦¦ª�¦ª¤�o°¤¼¨Ä��¨»n¤�´ª°¥nµ�Ŵ
�´�Â­��Ä®oÁ®È�Ä�Â��£¼¤·�¸ÉŴ�

Â��£¼¤·�¸É��ŴŴ�´Ê��°��µ¦Á�È�¦ª�¦ª¤�o°¤¼¨

Ŵ �µ¦ª·Á�¦µ³®r�o°¤¼¨� �¼oª·�´¥�Îµ�µ¦ª·Á�¦µ³®r
�o°¤¼¨Ã�¥Ä�oÃ�¦Â�¦¤­ÎµÁ¦È�¦¼�Â¨³Ä�o­�·�·Ä��µ¦
ª·Á�¦µ³®r�o°¤¼¨ŴŴ�´��¸Ê
Ŵ ��Ŵ ª·Á�¦µ³®r�o°¤¼¨­nª��»��¨Ã�¥Ä�o­�·�·Á�·�
�¦¦¥µ¥Ŵ
Ŵ ��Ŵ Á�¦¸¥�Á�¸¥��ªµ¤Â���nµ��°��nµ�³Â��
Á�¨¸É¥�ªµ¤ª·���´�ª¨�n°�Â¨³®¨´��µ¦��¨°��oª¥�µ¦
��­°�­�·�·�¸Ŵ �3DLUHGŴ W�WHVW�Ŵ £µ¥®¨´��µ¦��­°�Ŵ
DVVXPSWLRQŴ¡�ªnµ�µ¦�¦³�µ¥�°��o°¤¼̈ Â�n̈ ³�¦´Ê�Á�}����·
Ŵ ��Ŵ Á�¦¥̧�Á�¥̧��ªµ¤Â���nµ��°��nµ�³Â��
Á�¨¸É¥�ªµ¤�µ­»��µ��·�ª·��µ��n°�Â¨³®¨´��µ¦
��¨°��oª¥�µ¦��­°�­�·�·�Ŵ̧�3DLUHGŴW�WHVW�Ŵ£µ¥®¨´�
�µ¦��­°�Ŵ DVVXPSWLRQŴ¡�ªnµ�µ¦�¦³�µ¥�°��o°¤¼¨
Â�n¨³�¦´Ê�Á�}����·

Ú�w���¡}��«�Ýw����¡����Ú�
Ŵ ��� �o°¤¼̈ ­nª��»��¨�°��¼o�iª¥¤³Á¦È�Á�oµ�¤
Ŵ �¨»n¤�´ª°¥nµ��Îµ�ª��´Ê�®¤���Ŵ ¦µ¥Ŵ ¤¸°µ¥»
¦³®ªnµ�Ŵ�����Ŵ�eŴ�0HGLDQŴ Ŵ���Ŵ¦³¥³Áª¨µÁ�È��iª¥°¥¼n
¦³®ªnµ�Ŵ����ŴÁ�º°�Ŵ�0HGLDQ ��Ŵ­nª�Ä®�n¤­̧�µ�£µ¡
­¤¦­�¼nŴ¦o°¥¨³Ŵ��ŴÁ�}�­¤µ�·�Ä��¦°��¦´ªŴ¦o°¥¨³Ŵ��ŴŴ
­nª�Ä®�n¤¸�¦³­��µ¦�rÄ�°�¸��¸ÉÁ�}�£µª³ª·�§�®¦º°¤¸
Á®�»�µ¦�r�¸É�ÎµÄ®o¦¼o­¹��»��r�¦¤µ��­³Á�º°�Ä��¸ÉÁ�·��¹Ê�
�´���Á°�¦o°¥¨³��Ŵ��Ŵ Ŵ­nª�Ä®�n���µ¦«¹�¬µ¦³�´�
¤´�¥¤«¹�¬µŴ ¦o°¥¨³Ŵ ��Ŵ�¦³�°�°µ�¸¡Á�¬�¦�¦¦¤
¦o°¥¨³Ŵ��ŴÂ¨³�oµ�µ¥¦o°¥¨³Ŵ��Ŵ¤¦̧µ¥Å�o�°��¦°��¦ª́
�n°Á�º°�¦³®ªnµ�Ŵ ������������Ŵ �µ��Á�º°�Ŵ
�0HGLDQ �������Ŵ­nª�Ä®�nÄ�o­ª´­�·�µ¦¦´�¬µÃ�¥Ä�o
�´�¦­»�£µ¡Ŵ¦o°¥¨³Ŵ��Ŵ¦°�¨�¤µ�º°Á�·��µ��o�­´��´�Ŵ
¦o°¥¨³Ŵ��Ŵ Ŵ­nª�Ä®�n¤̧Á�·�¡°Ä�oŴÂ�nÅ¤n¤̧Á�·�Á�È�¦o°¥¨³ŴŴ
��Ŵ­Îµ®¦´��·��¦¦¤�oµ�«µ­�µŴ¡�ªnµ�¨»n¤�´ª°¥nµ��Îµ
�µ�Á�}��¦³�Îµ¦o°¥¨³Ŵ��ŴÂ¨³�Îµ�µ�Á�}��µ��¦´Ê�¦o°¥¨³ŴŴ
��Ŵ¢{��¦¦¤�°nµ�®��́­º°�¦¦¤³�o°¥�¦´Ê�¤µ�¦o°¥¨³Ŵ��Ŵ
¦°�¨�¤µ�º°�ÎµÁ�}��µ��¦´Ê�¦o°¥¨³Ŵ��ŴÂ¨³�ÎµÁ�}��µ�
�¦´Ê�¦o°¥¨³Ŵ��Ŵ Ŵ­nª�Ä®�n­ª�¤��rÁ�}��µ��¦´Ê�¦o°¥¨³Ŵ
��Ŵ¦°�¨�¤µ�º°­ª�Á�}��¦³�Îµ¦o°¥¨³Ŵ��ŴÂ¨³­nª�Ä®�n
�´É�­¤µ�·®¦º°Á�·����¦¤�o°¥�¦´Ê�¤µ��Å¤nÁ�¥�Îµ¦o°¥¨³Ŵ
��Ŵ¦°�¨�¤µ�º°�ÎµÁ�}��µ��¦´Ê�¦o°¥¨³��Ŵ
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Ŵ ��� �o°¤¼¨Á�¸É¥ª�´�¦³¥³�°�Ã¦�Â¨³�µ¦
¦´�¬µ�°��¼o�iª¥¤³Á¦È�Á�oµ�¤
Ŵ �¨»n¤�´ª°¥nµ�­nª�Ä®�nÁ�}�¤³Á¦È�Á�oµ�¤¦³¥³
�¸ÉŴ�Ŵ¦o°¥¨³Ŵ��Ŵ¦°�¨�¤µ�º°Á�}�¤³Á¦È�Á�oµ�¤¦³¥³�¸ÉŴ�ŴŴ
¦Ê°¥¨³Ŵ ��Ŵ ­Éª�Ä®�ÉÅ�Ê¦́��µ¦�Éµ�́�Â��Ŵ0RGLILHGŴ
UDGLFDOŴPDVWHFWRP\Ŵ ¦o°¥¨³Ŵ��ŴÂ¨³Å�o¦´��µ¦�nµ�´�
Â��Ŵ6LPSOHŴPDVWHFWRP\¦o°¥¨³Ŵ��Ŵ­nª�Ä®�nÅ�o¦́��µ¦
¦́�¬µ¦nª¤Ã�¥�µ¦�nµ�́�Â¨³Á�¤̧�Îµ�́�¦o°¥¨³Ŵ��ŴÂ¨³Å�o
¦´��µ¦�nµ�´�Â¨³Á�¤¸�Îµ�´�Â¨³¦´�­¸¦´�¬µÂ¨³±°¦rÃ¤�
¦o°¥¨³Ŵ��
Ŵ ��� �o°¤¼̈ �µ¦��́�¹�Ä�Â���·��µ¤�µ¦­ª�
¤��r�°��¼o�iª¥¤³Á¦È�Á�oµ�¤
Ŵ �µ��o°¤¼¨�µ¦�´��¹�Ä�Â���·��µ¤�µ¦­ª�
¤��r�°��¨»n¤�ª́°¥nµ�¡�ªnµ�¨»n¤�ª́°¥nµ��´Ê�Ŵ��Ŵ��Á¨º°�
­ª�¤��rÁª¨µ�n°�Á�oµ�°�ŴŴ­nª�Ä®�nÄ�oÁª¨µÄ��µ¦­ª�
¤��r�´Ê�Â�nŴ�����Ŵ�µ�Ŵ̧�ªµ¤�¸ÉÄ��µ¦­ª�¤��rŴ���Ŵª�́
�n°­´��µ®r�¨»n¤�´ª°¥nµ�¦o°¥¨³Ŵ��Ŵ¦¼o­¹�Á�¥Ç�n°�­ª�
¤��rÂ¨³¦¼o­¹�ªnµ°µ¦¤�rÅ¤n�¸®¦º°¦¼o­¹�Â¥nŴ¦o°¥¨³Ŵ��ŴŴÂ�n
£µ¥®¨´�­ª�¤��r�¨»n¤�´ª°¥nµ��´Ê�®¤�¦¼o­¹�ªnµ°µ¦¤�r�¸Ŵ
Â¨³¤¸�ªµ¤­»�Ä�Ŵ Ŵ�¨»n¤�´ª°¥nµ�¦o°¥¨³Ŵ��Ŵ¦³�»�{�®µ
Ä��µ¦­ª�¤��rŴŴÃ�¥�¸É¦³�»ªnµ¦¼o­¹�Á®�ºÉ°¥�µ��µ¦�Îµ�µ�Ŵ
¦o°¥¨³Ŵ��ŴŴ¦¼o­¹�Á®�ºÉ°¥�µ��µ¦Á¨¸Ê¥�®¨µ�¦o°¥¨³Ŵ��ŴÂ¨³
°�̧Ŵ�Ŵ��ŴÂ¨³¦¼o­¹��¸ÊÁ�¥̧�Â¨³Å¤n°¥µ�­ª�¤��r¦o°¥¨³Ŵ��ŴŴ
�¼oª·�´¥Å�oÄ®o�ÎµÂ�³�ÎµÄ��µ¦�´��µ¦µ�Áª¨µ­ª�¤��r
­Îµ®¦´��¨»n¤�´ª°¥nµ��¸É¦¼o­¹�Á®�ºÉ°¥ŴÂ¨³Ä®o�Îµ¨´�Ä��¨»n¤
�´ª°¥nµ��¸É¦¼o­¹��¸ÊÁ�¸¥�­ª�¤��rŴ ŴÂ¨³�o°¤¼¨Á¡·É¤Á�·¤�µ�
�µ¦­¤́£µ¬�r�¼o�iª¥¡�ªnµ£µ¥®¨�́­ª�¤��r�¨»n¤�ª́°¥nµ�
�´Ê�®¤�¦¼o­¹�­�µ¥Ä�ŴÁ�}�­»�Ŵ­��Ŵ­¤°��¨°�Ã�¨n�Ŵ�¨»n¤
�ª́°¥nµ��Îµ�ª�¦o°¥¨³Ŵ��ŴÄ®o�o°¤¼̈ ªnµ­µ¤µ¦��°�®¨�́
­�µ¥Ŵ Å¤n {�¦oµ¥Ŵ°µ¦¤�r�¸Ŵ ¥·Ê¤Â¥o¤Â�n¤Ä­�´��¼o°ºÉ�¤µ�
�¹Ê�Ŵ �¼o�iª¥�»���­µ¤µ¦�¦´��¦³�µ�°µ®µ¦Å�o¤µ��¹Ê�Ŵ
Á®�ºÉ°¥°n°�Á¡¨¥̧¨�¨�Ŵ¦¼o­¹�¤¡̧¨�́�µ¥Â¨³¡¨�́�ª̧·�¤µ�
�¹Ê�Ŵ­��ºÉ�ŴÂ�È�Â¦�¤µ��¹Ê�Â¨³¦¼o­¹�ªnµ¤Â̧�n­·É��Ç̧Á�oµ¤µ®µ
��Á°�Â¨³�¦°��¦´ª
Ŵ ��� �¨�°��µ¦­ª�¤��r�n°�µ¦¨��ªµ¤
ª·���´�ª¨�°��¼o�iª¥¤³Á¦È�Á�oµ�¤�
Ŵ �µ��µ¦µ��¸ÉŴ�ŴÂ­���¨�µ¦ª·Á�¦µ³®r�µ�­�·�·
Á�¦¸¥�Á�¸¥��ªµ¤Â���nµ��°��³Â��Á�¨¸É¥�ªµ¤ª·��

�´�ª¨�n°�Â¨³®¨´��µ¦­ª�¤��r�°��¨»n¤�´ª°¥nµ�¡�ªnµŴ
�³Â��Á�¨¸É¥�n°�­ª�¤��rÁ�nµ�´�Ŵ����Ŵ�³Â��Ŵ�6'Ŵ
 Ŵ �����Ŵ ­¼��ªnµ�³Â��Á�¨¸É¥®¨´�­ª�¤��r�¹É�Á�nµ�´�ŴŴ
��Ŵ�³Â��Ŵ�6'Ŵ Ŵ�����ŴÂ¨³Â���nµ��´�°¥nµ�¤¸�´¥
­Îµ��́�µ�­�·�·�¸ÉŴŴSŴ Ŵ����ŴÂ¨³Ŵ���Ŵ&,Ŵ Ŵ����������Ŵ
Â­��Ä®oÁ®È�ªnµÅ�oªnµ�µ¦­ª�¤��r¤�̧¨�nª¥¨��ªµ¤ª·��
�´�ª¨Ä��¼o�iª¥¤³Á¦È�Á�oµ�¤Ŵ �¹É��¨�µ¦«¹�¬µ¥°¤¦´�
­¤¤�·�µ��¸É�´Ê�ÅªoŴ Ŵ Ŵ �µ��¨�µ¦«¹�¬µ�¸Ê­µ¤µ¦�°�·�µ¥
Å�oªnµ�µ¦­ª�¤��r�ÎµÄ®oÁ�·��¨ºÉ�Á­¸¥��¸ÉÅ��¦³�»o�­¤°�Ŵ
Á¤ºÉ°­¤°�Å�o¦´��µ¦�¦³�»o��oª¥�¨ºÉ�Á­¸¥��oµÇ­¤ÎÉµÁ­¤°Ŵ
�³�ÎµÄ®oÁ�·��¨ºÉ�­¤°�Â°¨¢µŴ �¹É�Ä�­£µ¡�¸Ê�³�ÎµÄ®o
�·�Ä�­��Ŵ�n°��¨µ¥�������ŴÂ¨³�ÎµÄ®oÁ�¨¨r�¦³­µ��°�
¦³���¦³­µ�­¤°�­�́Á�¦µ³®r­µ¦­ºÉ°�¦³­µ��º°Ŵ�Ã̧¦Ã�
�·������Ŵ�¹É�¤¸§��·Í�¨oµ¥¥µ�°�®¨´�Ŵ�nª¥¨��ªµ¤Á�¦¸¥�Ŵ
Â¨³�¸Ã¦Ã��·�¥´��nª¥¨��¦·¤µ��°�­µ¦Á�¤¸�¸É�¦³�»o�
�°��µ¦�Îµ�µ��°��n°¤®¤ª�Å�Ŵ�ÎµÄ®o�n°¤®¤ª�Å�
�Îµ�µ��o°¥¨�Ŵ­n��¨Ä®o¦³���¦³­µ�­nª��¨µ��Îµ�µ�
�o°¥¨�Ŵ ¦nµ��µ¥�¹�¦¼o­¹��n°��¨µ¥Ŵ�¨°�Ã�¦n�Ŵ Â¨³Å¤n
Á�¦¥̧�������­n��¨Ä®o�ªµ¤ª·����́ª¨¨�¨�­µ¤µ¦�°�·�µ¥
Å�o°�̧�¦³�µ¦®�¹É�ªnµ�µ¦­ª�¤��rÁ�}��µ¦�Îµ­¤µ�·Á�ºÊ°�
�o��¸É­µ¤µ¦��nª¥Ä®o�¼o­ª��´Ê�¤¸�·�Ä��¸É�n°��¨µ¥Ŵ­��Ŵ
¨��ªµ¤ª·���´�ª¨����Â¨³Ä���³�̧É�Îµ΅�­ª�¤��rÅ®ªo
¡¦³�·�Ä��°��¼o­ª�¤��r�³Â�nªÂ�n°¥¼n�́��Îµ­ª�¤��r�¹�
�ÎµÄ®oÁ�·�­¤µ�·�¹Ê���³�̧É�·�¤̧­¤µ�·¦nµ��µ¥�³®΅É�­µ¦Á°�
�°¦r¢d�°°�¤µÄ�¦nµ��µ¥¤µ��¹Ê��n°Ä®oÁ�·��ªµ¤­»��¹¤�µ�
�́ÉªÅ�Ä�¦nµ��µ¥®¦º°¤̧�ªµ¤­»��́Ê�Á�ºÊ°�́Ê��́ª�������­n��¨�nª¥
¨��ªµ¤ª·���́�ª¨ŴŴ
Ŵ �°��µ��̧ÊŴ Á¤ºÉ°¡·�µ¦�µ�o°¤¼¨�̧É¤̧�¨�n°�ªµ¤
ª·���́�ª¨ŴŴ¡�ªnµ�¼o�iª¥�́Ê�®¤��́��º°«µ­�µ¡»��Ŵ­nª�Ä®�n
��·�́�·�·��¦¦¤�µ�«µ­�µŴÅ�oÂ�nŴ�µ¦�Îµ�»��Îµ�µ�Ŵ�µ¦¢{�
�¦¦¤®¦º°°nµ�®�́�­º°�¦¦¤³Ŵ­ª�¤��rŴÂ¨³�́É�­¤µ�·Ŵ Ŵ�¹�
Â¤oªnµ­nª�Ä®�nÅ¤nÅ�o��·�́�·Á�}��¦³�ÎµŴŴÂ�n�È¡°°�»¤µ�Å�o
ªnµ�¼o�iª¥­nª�Ä®�n¤̧�ªµ¤«¦́��µÄ�«µ­�µ¡»��Ŵ�¹É��µ¦�̧É�¼o
�iª¥¤³Á¦È�Á�oµ�¤¤̧�ªµ¤Á¨ºÉ°¤Ä­«¦´��µÄ�«µ­�µŴÂ¨³
Á�oµÄ��ªµ¤®¤µ¥�°���­ª�Ŵ¦ª¤�´Ê�¤¸�µ¦��·�´�·�¦¦¤Ŵ
¢{��¦¦¤Ŵ­ª�¤��rŴÁª¨µ­ª�¤��r�³�ÎµÄ®o¦¼o­¹��»n¤�ºÉ�Á�·�
�µ�Ä����������­n��¨Ä®o�·�Ä�­��Ŵ�n°��¨µ¥�ªµ¤ª·��
�´�ª¨ŴŴ¦¼o­¹�Á�}�­»�Ŵ­��ŴŴ­°��¨o°��´��o°¤¼¨Á�·��»�£µ¡
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�¸É�¼o�iª¥­nª�Ä®�n¦³�»�ªµ¤¦¼o­¹�£µ¥®¨�́­ª�¤��rªnµ¦¼o­¹�
­�µ¥Ä�ŴÁ�}�­»�Ŵ­��Ŵ­¤°��¨°�Ã�¨n�Ŵ�°�®¨´�­�µ¥Ŵ
­��ºÉ�°µ¦¤�r�¸¤µ��¹Ê��¹�Â¤oªnµ�¼o�iª¥­nª�Ä®�n¦´�¦¼oªnµ
��Á°�Á�È��iª¥Ä�¦³¥³�°�Ã¦��¸É¦»�Â¦�Ŵ ¦ª¤�´Ê�Å�o¦´�
�µ¦�nµ�´�Â¨³�µ¦¦´�¬µ®¨µ¥°¥nµ�¦nª¤�´�ŴÂ¨³¤¸¦³�´�
�ªµ¤ª·���´�ª¨�n°��oµ�­¼�ŴÂ�n�¼o�iª¥­nª�Ä®�n°¥¼nÄ�ª́¥
�¼oÄ®�n�°��¨µ��́Ê�®¤�Ŵ�nµ��¦³­��µ¦�r�̧ª·�¤µ¤µ�¡°
­¤�ª¦ŴŴ¦ª¤�́Ê�¤�̧¦³­��µ¦�rÄ�°��̧�¸ÉÁ�·��¹Ê���́��Á°�
Á�¸É¥ª�´�£µª³ª·�§�®¦º°�¦³­��µ¦Á®�»�µ¦�r�¸É�ÎµÄ®o
�»��rÄ�Ŵ�ÎµÄ®o¤̧�ªµ¤ª·���́�ª¨�o°¥�ªnµ�¼o�̧É°¥¼nÄ�ª́¥�¼oÄ®�n
�°��o���������Â¨³�¼o�̧ÉÅ¤nÁ�¥¤̧�¦³­��µ¦�r�̧É�o°�Á��·�¤µ
�n°��

Ŵ �¨�µ¦«¹�¬µ�̧Ê­°��¨o°���́�µ¦«¹�¬µ�°�Ã­£·
�Ŵ��́�·¤®·��Ŵ�¸É¡�ªnµ�¨�°��µ¦�Îµ��́Â���¨»n¤�µ¤Â�ª
¡»���¦¦¤Ä��¼o�iª¥¤³Á¦È�Á�oµ�¤�¸É¦´��µ¦¦´�¬µ�oª¥¦´�­¸
¦�́¬µ�ÎµÄ®o�¼o�iª¥¤£̧µª³ª·����́ª¨¨�¨�°¥nµ�¤�̧¥́­Îµ��́
�µ�­�·�·
Ŵ ��� �¨�°��µ¦­ª�¤��r�n°�µ¦Á¡·É¤�ªµ¤
�µ­»��µ��·�ª·��µ��°��¼o�iª¥¤³Á¦È�Á�oµ�¤
Ŵ �µ��µ¦µ��¸É Ŵ �Ŵ Â­���¨�µ¦ª·Á�¦µ³®r�µ�
­�·�·Á�¦¸¥�Á�¸¥��ªµ¤Â���nµ��°��³Â��Á�¨¸É¥�ªµ¤
�µ­»��µ��·�ª·��µ��n°�Â¨³®¨´��µ¦­ª�¤��r�°�
�¨»n¤�´ª°¥nµ�¡�ªnµŴ �³Â��Á�¨¸É¥®¨´�­ª�¤��rÁ�nµ�´�Ŵ
����Ŵ�³Â��Ŵ�6'Ŵ Ŵ�����Ŵ­¼��ªnµ�³Â��Á�¨¸É¥�n°�
­ª�¤��r�¹É�Á�nµ�´�Ŵ����Ŵ�³Â��Ŵ �6'Ŵ Ŵ�����Â¨³
Â���nµ��´�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·�¸ÉŴ SŴ Ŵ����ŴÂ¨³Ŵ
���&,Ŵ ���������������ŴÂ­��ªnµ�µ¦­ª�¤��r�nª¥
Ä®oÁ�·��µ¦�n°��¨µ¥Ŵ�ÎµÄ®o¦¼o­¹�Á�}�­»�Ŵ­��ŴÂ¨³Ä���³
�¸É­ª�¤��r�·�Ä��°��¼o­ª��³Á�·�­¤µ�·������������Ŵ�ÎµÄ®o
¦nµ��µ¥¤¸®¨´É�­µ¦Á°��°¦r¢e��ÎµÄ®oÁ�·��ªµ¤­»��¹¤�µ�
�´ÉªÅ�Ä�¦nµ��µ¥�����Ŵ�¹É�­°�� ö°��́��o°¤¼̈ Á�·��»�£µ¡�̧É
�¼o�iª¥¤³Á¦È�Á�oµ�¤¦³�»�ªµ¤¦¼o­¹�£µ¥®¨´�­ª�¤��rªnµ
¦¼o­¹�­�µ¥Ä�Ŵ Á�}�­»�Ŵ­��Ŵ­¤°��¨°�Ã�¨n�Ŵ�°�®¨´�
­�µ¥Ŵ­��ºÉ�°µ¦¤�r�¸¤µ��¹Ê�Ŵ ¦´��¦³�µ�°µ®µ¦Å�o�¸Ŵ
Â�È�Â¦��ªnµÁ�·¤Á®�ºÉ°¥°n°�Á¡¨¸¥¨�¨�Ŵ¦¼o­¹�¤¸¡¨´��µ¥
Â¨³¡¨´��¸ª·�����������Ŵ Â¨³¦¼o­¹�ªnµ¤¸Â�n­·É��¸ÇÁ�oµ¤µ®µ
��Á°�Â¨³�¦°��¦´ª�¨�µ¦«¹�¬µ�¸Ê�¨oµ¥�¨¹��´��µ¦
«¹�¬µ�°�Ŵ Ã­£·�Ŵ�´��·¤®·��Ŵ�¸É«¹�¬µ�¨�°��µ¦�Îµ�´�

Â���¨»n¤�µ¤Â�ª¡»���¦¦¤Ä��¼o�iª¥¤³Á¦È�Á�oµ�¤�¸É¦�́
�µ¦¦�́¬µ�oª¥¦�́­¦̧�́¬µŴÂ¨³¡�ªnµ�¼o�iª¥¤�̧³Â��¦³��́
�µ¦Á�¦·�­�·Á¡·É¤�¹Ê�Ŵ
Ŵ �°��µ��̧ÊŴ Á¤ºÉ°¡·�µ¦�µ�{��́¥�̧ÉÁ�̧É¥ª�o°��́�
�ªµ¤�µ­»��µ��·�ª·��µ�Ŵ Ŵ¡�ªnµ�¼o�iª¥�́Ê�®¤��́��º°
«µ­�µ¡»��Ŵ­nª�Ä®�n��·�́�·�·��¦¦¤�µ�«µ­�µŴ�¹�Â¤oªnµ
­nª�Ä®�nÅ¤nÅ�o��·�́�·Á�}��¦³�ÎµŴ ŴÂ�n�È¡°°�»¤µ�Å�oªnµ�¼o
�iª¥­nª�Ä®�n¤̧�ªµ¤«¦́��µÄ�«µ­�µ¡»��Ŵ�¹É��µ¦�̧É�¼o�iª¥
¤³Á¦È�Á�oµ�¤¤̧�ªµ¤Á¨ºÉ°¤Ä­«¦´��µÄ�«µ­�µŴÂ¨³Á�oµÄ�
�ªµ¤®¤µ¥�°���­ª�Ŵ ¦ª¤�´Ê�¤¸�µ¦��·�´�·�¦¦¤Ŵ¢{�
�¦¦¤Ŵ­ª�¤��rŴ Áª¨µ­ª�¤��r�³�ÎµÄ®o¦¼o­¹��»n¤�ºÉ�Á�·�
�µ�Ä�����Ŵ­n��¨Ä®o�·�Ä�­��Ŵ�n°��¨µ¥�ªµ¤ª·����́ª¨ŴŴ
¦¼o­¹�Á�}�­»�Ŵ­��ŴŴÂ¨³�µ¦�̧É�¼o�iª¥Å�o­ª�¤��rÁ�}��¦³�Îµ
°¥nµ��n°Á�ºÉ°�Á�}�Áª¨µŴ�Ŵ­́��µ®rŴ­n��¨Ä®oÁ�·��ªµ¤�µ­»�
�µ��·�ª·��µ�Ŵ�°��µ��̧ÊŴ«µ­�µÂ¨³�ªµ¤Á�ºÉ°�µ�«µ­�µ
�ÎµÄ®o�»��¨¤̧�̧É¥¹�Á®�̧É¥ª�µ��·�Ä�Ŵ ¤̧®΅��¦¦¤�Îµ­°�
�°�«µ­�µÁ�}�Á�¦ºÉ°��̧ÊÂ�ª�µ���·�́�·Ŵ�ÎµÄ®o�¨µ¥�»��rŴ ¤̧
�ªµ¤Á�oµÄ��̧ª·�®¦º°Ã¨��µ¤�ªµ¤Á�}��¦·�Ŵ�ÎµÄ®o­µ¤µ¦�
�ÎµÁ�·��̧ª·�°¥nµ�¤̧­�·Â¨³Ä�o�̧ª·�°¥nµ�¤̧�»��nµÂ¨³¤̧�ªµ¤
�µ­»��µ��·�ª·��µ��������Ŵ�¹�Â¤oªnµ�¼o�iª¥­nª�Ä®�n¦´�¦¼o
ªnµ��Á°�Á�È��iª¥Ä�¦³¥³�°�Ã¦��¸É¦»�Â¦�Ŵ¦ª¤�´Ê�Å�o¦´�
�µ¦�nµ�´�Â¨³�µ¦¦´�¬µ®¨µ¥°¥nµ�¦nª¤�´�ŴÂ¨³¤¸¦³�´�
�ªµ¤ª·���´�ª¨�n°��oµ�­¼�ŴÂ�n�¼o�iª¥­nª�Ä®�n°¥¼nÄ�ª́¥
�¼oÄ®�n�°��¨µ��́Ê�®¤�Ŵ�nµ��¦³­��µ¦�r�̧ª·�¤µ¤µ�
¡°­¤�ª¦ŴŴ�ÎµÄ®o�»��¨¤�̧µ¦�¦³®��́�¹��ªµ¤­Îµ��́�»�
¤»n�®¤µ¥Â¨³�»��nµ�°��¸ª·�Ŵ�¹É�­°�� ö°��́��µ¦«¹�¬µ
�°�+LJKűHOG��Ŵ�¸É¡�ªnµ°µ¥»¤¸�ªµ¤­´¤¡´��r�µ��ª��´�
£µª³�·�ª·��µ�¦ª¤�́Ê��¦³­��µ¦�rÄ�°�¸��¸ÉÁ�·��¹Ê�
��́��Á°�Á�¸É¥ª��́£µª³ª·�§�®¦º°�¦³­��µ¦Á®�»�µ¦�r
�¸É�ÎµÄ®o�»��rÄ�Ŵ�ÎµÄ®o�¼o�iª¥­µ¤µ¦�­¦oµ��¨Å�Ä®¤nÄ��µ¦
Á��·��{�®µŴ Á¡·É¤�ªµ¤Á�o¤Â�È�Â¨³�ªµ¤­µ¤µ¦�Ä��µ¦
Á��·��{�®µŴÃ�¥¤̧�·�ª·��µ�Á�}�Â® n̈��¦³Ã¥��r�̧É­Îµ�́�
Ä®o�¼o�iª¥­µ¤µ¦�Á��·��́�£µª³ª·�§��̧ÉÁ�·��¹Ê���������������

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ ¡¥µ�µ¨­µ¤µ¦��ÎµÃ�¦Â�¦¤�µ¦­ª�
¤��r�Îµ�´�Å�Ä�o�´��¼o�iª¥¤³Á¦È�Á�oµ�¤®¦º°¤³Á¦È��¨»n¤
°ºÉ�ÇÁ¡ºÉ°�nª¥¨��ªµ¤ª·����́ª¨Â¨³Á¡·É¤�ªµ¤�µ­»��µ�
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�·�ª·��µ�ŴŴ�¹É�¦ª¤�´Ê��¼o�iª¥�¸É¤µ¦�́�µ¦¦�́¬µ�¸É®°�¼o�iª¥
Â¨³�¼o�iª¥�¸É¤µ�·��µ¤�µ¦¦´�¬µ�¸ÉÂ���®°�¼o�iª¥�°�ŴŴ
�´Ê��¸ÊŴ¡¥µ�µ¨�o°��¦³Á¤·�ªnµ�¼o�iª¥¤¸�´«���·�¸ÉÁ�d�Â¨³
¥°¤¦�́�µ¦­ª�¤��rŴŴ�¹É��³�ÎµÄ®oÁ�·��¨¨¡́�r�¸É��̧n°�¼o�iª¥
Ŵ ��Ŵ ­µ¤µ¦��­¤�­µ��µ¦­ª�¤��r�Îµ��́Ä�
�µ¦��́�µ¦Á¦¥̧��µ¦­°��´Ê�£µ��§¬�Â̧¨³��·��́·ŴÁ¡ºÉ°Ä�o
Á�}��µ¦�Îµ��́Á­¦·¤­Îµ®¦�́�¼o�iª¥¤³Á¦È�Á�oµ�¤®¦º°¤³Á¦È�
�¨»n¤°ºÉ�ÇŴÁ�}��µ¦�¼Â¨�¼o�iª¥Â��°��r¦ª¤
Ŵ ��Ŵ �ª¦�Îµ�µ¦«¹�¬µÄ�¨´�¬�³Á�¸¥ª�´�Ä�
�¼o�iª¥¤³Á¦È�Á�oµ�¤®¦º°�¼o�iª¥¤³Á¦È��¨»n¤°ºÉ��´Ê�Â���Ŵ
�¼o�iª¥Ä�Â¨³Â����¼o�iª¥�°�ŴŴ
Ŵ ��Ŵ �µ��o°¤¼¨Á�·��»�£µ¡�¸É�¼o�iª¥¤³Á¦È�Á�oµ
�¤­nª�Ä®�n¦³�»ªnµ®¨´��µ¦­ª�¤��r¦¼o­¹��¸Ŵ �°�®¨´�
­�µ¥ŴÂ�È�Â¦�¤µ��¹Ê�Â¨³¦´��¦³�µ�°µ®µ¦Å�o¤µ��¹Ê�Ŵ
�´��´Ê��µ¦«¹�¬µ�¦´Ê��n°Å�°µ��Îµ�µ¦«¹�¬µÄ�¨´�¬�³
Á�¥̧ª��́ŴÂ�n�¦³Á¤·��¨¨¡́�r�oµ��µ¦�°�®¨�́Â¨³�ªµ¤
­µ¤µ¦�Ä��µ¦¦´��¦³�µ�°µ®µ¦

xi�}·�w��w���·��¡}��
Ŵ �µ¦«¹�¬µ�¦´Ê��¸Ê¤¸�µ¦­»n¤�´ª°¥nµ�Â��Á�¡µ³
Á�µ³��Ŵ Ŵ�´��´Ê�Ŵ�¨�°��µ¦«¹�¬µ�¸Ê­µ¤µ¦�°oµ�°·�Å�¥´�
�¦³�µ�¦�¸É¤¸¨´�¬�³�¨oµ¥�¨¹��´��¨»n¤�´ª°¥nµ�Á�nµ�´Ê�ŴŴ
Â¨³�¦³­·��·£µ¡�°��µ¦��­°�¥º�¥�́�¨�°��µ¦­ª�
¤��r�Îµ�´�°µ��o°¥¨�Å�Á¤ºÉ°Á�¦¸¥�Á�¸¥��´��µ¦«¹�¬µ
Â��Á�¦¸¥�Á�¸¥��´��¨»n¤�ª��»¤

3FGFSFODF
��ŴŴ 1DWLRQDOŴ&DQFHUŴ ,QVWLWXWH�Ŵ&DQFHUŴ5HJLVWU\Ŵ LQŴ

WKDLODQG��2QOLQH��Ŵ �����Ŵ ZZZ�1FL�JR�WK�Ŵ
VWDWLVWL�KWP�

��ŴŴ &DQFHUŴ5HJLVWU\ŴDWŴ5XNSUDWXPŴFOLQLF�Ŵ6ULQDNDULQGŴ
KRVSLWDO�Ŵ����ŴŴ.KRQNHDQ

��ŴŴ 1DWDVRQŴ Ŵ$�Ŵ /LPDPQR\ODSŴ 6�Ŵ 6\PSWRPVŴ DQGŴ
V\PSWRPŴPDQDJHPHQWVŴLQŴFDQFHUŴSDWLHQWVŴXQGHU�
JRLQJŴFKHPRWKHUDS\�Ŵ-RXUQDOŴRIŴ1XUVLQJŴ6FLHQFHŴ
	Ŵ+HDOWK�Ŵ�����Ŵ������������

��ŴŴ 7XPWLPKLQŴ6�Ŵ5XQJUXHQJNRODNLWŴ 6�Ŵ ,PSDFWŴ RIŴ
EXGGKLVP�RULHQWHGŴ JURXSŴ WKHUDS\Ŵ RQŴ DQ[LHW\ŴŴŴŴ

DQGŴGHSUHVVLRQŴ OHYHOVŴ LQŴEUHDVWŴ FDQFHUŴ SDWLHQWVŴ
XQGHUJRLQJŴUDGLRWKHUDS\�Ŵ7KDLŴMRXUQDOŴRIŴ1XUVLQJŴ
&RXQFLO�Ŵ����Ŵ�Ŵ������Ŵ��������

��Ŵ :RQJKRQJNXOŴ7�Ŵ'HDFKDSURPŴ1�Ŵ3KXPYLFKX�
YDWHŴ/�Ŵ.HUWVDQJŴ6�Ŵ�������Ŵ4XDOLW\ŴRIŴOLIHŴDQGŴ
DOWHUQDWLYHŴ WKHUDS\Ŵ XVHGŴ LQŴ ORQJ�WHUPŴ EUHDVWŴ
FDQFHUŴ VXUYLYRUV�Ŵ )LIWKŴ 1XUVLQJŴ $FDGHPLFŴ
,QWHUQDWLRQDOŴ&RQJUHVVŴ Ŵ&XOWXUDOŴ'LYHUVLW\Ŵ LQŴŴ
$OWHUQDWLYHŴ+HDOWKŴ&DUHŴ DQGŴ1XUVLQJ�7KHUD�
SHXWLFV�Ŵ'HFHPEHUŴ����Ŵ�����Ŵ6RűWHOŴ+RWHO�Ŵ
.KRQ.KDHQ�Ŵ7KDLODQG�Ŵ2UJDQL]HGŴE\Ŵ)DFXOW\ŴRIŴŴ
1XUVLQJ�Ŵ.KRQ.KDHQŴ8QLYHUVLW\�Ŵ7KDLODQG�

��Ŵ 6DQJFKDUWŴ%�ŴHWŴDO�Ŵ$OWHUQDWLYHŴWKHUDS\ŴIRUŴSDLQŴ
LQŴSDWLHQWV�Ŵ$QŴDSSOLFDWLRQŴRIŴJXLGHGŴŴLPDJHU\�Ŵ
-RXUQDOŴRIŴVFLHQFHŴDQGŴWHFKQRORJ\Ŵ0DKDVDUDNKDPŴ
8QLYHUVLW\�Ŵ����Ŵ�Ŵ������Ŵ������

��ŴŴ 6DQJUXHQJDHNŴ0�Ŵ6DQJFKDUWŴ%�Ŵ(IIHFWVŴRIŴJXLGHGŴ
LPDJHU\ŴRQŴSDLQŴ DQGŴ IUHTXHQF\ŴRIŴPHGLFDWLRQŴ
WDNLQJŴLQŴSDWLHQWVŴZLWKŴLQYDVLYHŴFHUYLFDOŴFDQFHU�Ŵ
-RXUQDOŴ RIŴ1XUVLQJŴ6FLHQFHŴ	Ŵ+HDOWKŴ����Ŵ �Ŵ
������Ŵ�����

��Ŵ «¦�¥́ŴŴª¦̧¤Ã�¤¥́��µ¦­ª�¤��r��́�µ¦�ª��»¤�ªµ¤
�´�Ã¨®·�Ŵ�¨»n¤�µ�°µ¥»¦�¦¦¤ŴÃ¦�¡¥µ�µ¨Á¨·�­·��Ŵ
ªµ¦­µ¦�¦¤�µ¦Â¡�¥r�Ŵ�����Ŵ��Ŵ������Ŵ������

��Ŵ Á�°�«´��·ÍŴÁ�����Ŵ�������Ŵ­�·�Îµ�´�Ŵ�¡·¤¡r�¦´Ê�
�¸ÉŴ��Ŵ�¦»�Á�¡²�ŴŴ­Îµ�´�¡·¤¡r¤�·��

���Ŵ ¡·�·�Ŵ Ŵ ¦´���»¨Ŵ �Ŵ �·�ª·��µ��Ŵ ¤·�·Ä®¤n�°��µ¦
�¼Â¨­»�£µ¡�Ŵ ªµ¦­µ¦¡¥µ�µ¨Á�ºÊ°�µ¦»�¥r�Ŵ
�����������Ŵ����

���Ŵ ­¤¡¦Ŵ�´��¦�»¬�¸�Á�¦¸¥¤�´¥«¦¸��������Ŵ �µ¦
��·�´�·­¤µ�·Á¡ºÉ°Á¥¸¥ª¥µ­»�£µ¡Ŵ �¡·¤¡r�¦´Ê��¸É Ŵ
����¦»�Á�¡²�¤®µª·�¥µ¨¥́¤®·�¨Ŵ��³­µ�µ¦�­»�
«µ­�¦rŴ£µ�ª·�µ�µ¦¡¥µ�µ¨­µ�µ¦�­»�w

���Ŵ ¡¦³­·�®r��Ŵ�¦µ­Ã£��������Ŵ Ŵ¡¨´�¦´�¬¸�¦¦¤�
�¦»�Á�¡²Ŵ �Ŵ ­���¡�Ã¨��·¡¥r�����¦³Áª«Ŵ Ŵ ª³­¸�
�������Ŵ­¼nŴ v­»�£µ¡­¸É¤·�·w�Ä�Ŵ Ŵ°£·��µŴ Ŵ�´��ª¸
ª�«rŴ ��¦¦�µ�·�µ¦��Ŵ ­¼n­»�£µ¡�µ�­´��¤Â¨³�·�
ª·��µ��Ŵ�¦»�Á�¡²�Ŵ�¦·¬´�Ŵ��ŴÁ���¼¦Ŵ̧�Îµ�´��
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���Ŵ 7RQJSUDWHHSŴ 7�Ŵ .QRZOHGJH�Ŵ $WWLWXGHŴ DQGŴ
3UDFWLFHŴUHODWHGŴRIŴ6SLULWXDOŴFDUHŴDPRQJŴ1XUVHVŴ
:RUNLQJZLWKLQŴ7KHŴ'HYHORSPHQWŴ RIŴ0HGLFDOŴ
6HUYLFH�Ŵ7KDLŴMRXUQDOŴRIŴ1XUVLQJŴ&RXQFLO�Ŵ�����Ŵ
������������

���Ŵ ¡¦³Á�¡­·�®�»¦µ�µ¦¥rŴ�®¨ª�¡n°�¦�́ŴŴ�·��¤Ã¤��Ŵ
��­ª�¤��r�Ŵ­·�®r�»¦¸Ŵ �Ŵ¡¦³¡»��«µ­��¦³�µ«�Ŵ
�����

���Ŵ 6RHDUHHŴ1�Ŵ3DLQŴ0DQJHPHQWŴLQŴ3DWLHQWŴ&DQFHU�Ŵ
7KDLŴMRXUQDOŴRIŴ1XUVLQJŴ&RXQFLOŴ�����������Ŵ
������

���Ŵ 3DORXW]LDQŴ5)�ŴŴ(OOLVRQŴ&:�Ŵ/RQHOLQHVVŴŴVSLULWXDOŴ
ZHOO�EHLQJŴDQGŴTXDOLW\ŴRIŴOLIH�Ŵ,QŴ/�$�Ŵ3HSODQ�Ŵ	Ŵ
S�ŴSHUOPDQ�(GV���Ŵ/RQHOLQHVV�ŴDŴVRXUFHERRNŴRIŴ
FXUUHQWŴWKHRU\�ŴUHVHDUFKŴDQGŴWKHUDS\�ŴŴŴ1HZŴ<RUN�Ŵ
:LOH\ŴŴ,QWHUVFLHQFH�Ŵ�����

���Ŵ 5RJHU�Ŵ0�(�Ŵ1XUVLQJŴVFLHQFHŴDQGŴWKHŴVSDFHŴDJH�Ŵ
1XUVŴ6FLŴ4XDUŴ�����Ŵ�����Ŵ������

���Ŵ +LJKűHOGŴ0)�Ŵ 6SLULWXDOŴ Ŵ KHDOWKŴ Ŵ RIŴ Ŵ RQFRORJ\ŴŴ
SDWLHQW�ŴŴ&DQFHUŴŴ1XUVLQJŴ�����Ŵ������Ŵ��Ŵ��

���ŴŴ 3UDVHUWVULŴ7�Ŵ1DPZRQJSURPŴ$�Ŵ3DNGHYRQJŴ12�Ŵ
(IIHFWVŴRIŴ+HDOWKŴ3URPRWLRQŴ3URJUDPŴRQŴ+HDOWKŴ
3URPRWLQJŴ %HKDYLRUV�Ŵ $EVROXWHŴ 1HXWURSKLOVŴ
&RXQW�Ŵ,QIHFWLRQŴ5DWH�ŴDQGŴ4XDOLW\ŴRIŴ/LIHŴRIŴ3HU�
VRQVŴZLWKŴ%UHDVWŴ&DQFHUŴ5HFHLYLQJŴ&KHPRWKHUDS\�Ŵ
-RXUQDOŴ RIŴ 1XUVHVuŴ$VVRFLDWLRQŴ RIŴ 7KDLODQG�Ŵ
1RUWK�(DVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

���ŴŴ -XDQJSDQLFKŴ8�Ŵ2QEXQUHDQJŴ-�ŴOXQOXGŴ-�Ŵ.KDQ�
VRUQŴ7�Ŵ9DWDQDVDSWŴ3�Ŵ(IIHFWŴRIŴ0XVLFŴ7KHUDS\ŴRQŴ
$Q[LHW\ŴDQGŴ3DLQŴLQŴ&DQFHUŴ3DWLHQWV�Ŵ-RXUQDOŴRIŴ
1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ
'LYLVLRQŴ�����Ŵ������Ŵ������

�µ¦µ��¸É��Ŵ Â­���¨�µ¦ª·Á�¦µ³®r�µ�­�·�·Á�¦¸¥�Á�¸¥��ªµ¤Â���nµ��°��³Â��Á�¨¸É¥�ªµ¤ª·���´�ª¨�n°�Â¨³
Ŵ Ŵ ®¨´��µ¦­ª�¤��r�°��¨»n¤�´ª°¥nµ�Ŵ�Q ���
7HVW 0HDQ 6' W�WHVW 3Ŵ�YDOXHŴ ���&,
3UH�WHVW ���� ����

���� ŴŴ���� ����������
3RVW�WHVW ���� ����

�µ¦µ��¸É��Ŵ Â­���¨�µ¦ª·Á�¦µ³®r�µ�­�·�·Á�¦¥̧�Á�¥̧��ªµ¤Â���nµ��°��³Â��Á�¨¸É¥�ªµ¤�µ­»��µ��·�ª·��µ�
Ŵ Ŵ �n°�Â¨³®¨´��µ¦­ª�¤��r�°��¨»n¤�´ª°¥nµ�Ŵ�Q ���
7HVW 0HDQ Ŵ6' W�WHVW S�YDOXHŴ ŴŴŴŴŴŴŴ���&,
3UH�WHVW ���� ����

����� ���� ���������������
3RVW�WHVW ���� ����
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5IF�&GGFDUT�PG�5IFSBQFVUJD�1SBZFS�PO�"OYJFUZ�BOE�4QJSJUVBM�
8FMM�CFJOH�JO�#SFBTU�$BODFS�1BUJFOUT�JO�%JBHOPTUJD�1IBTF��

Ŵ 3RUQWKLSŴ3XNDKXWDŴŴ0�1�6�Ŵ

Ŵ 7KLWWD\DŴ3KXWWKLNKDPLQŴ3K'�1XUVLQJ�




�"#453"$5
Ŵ 7KLVŴTXDVL�H[SHULPHQWDOŴUHVHDUFKŴDLPHGŴWRŴH[DPLQHŴWKHŴHIIHFWVŴRIŴWKHUDSHXWLFŴSUD\HUŴRQŴDQ[LHW\ŴDQGŴ
VSLULWXDOŴZHOO�EHLQJŴLQŴEUHDVWŴFDQFHUŴSDWLHQWVŴLQŴGLDJQRVWLFŴSKDVH�ŴZKRŴIROORZHGŴXSŴDWŴ5XNSUDWXPŴFOLQLF�Ŵ6ULQDNDULQGŴ
KRVSLWDO�Ŵ7HQŴSDWLHQWVŴZHUHŴSXUSRVLYHO\ŴVDPSOHG�Ŵ7KHŴUHVHDUFKŴLQVWUXPHQWVŴFRQVLVWHGŴRI�Ŵ��Ŵ6WDWH�DQ[LHW\�Ŵ��Ŵ
6SLULWXDOŴ:HOO�EHLQJŴTXHVWLRQQDLUHŴŴDQGŴ��ŴWKHŴSUD\HUŴPDQXDO�Ŵ'DWDŴZHUHŴDQDO\]HGŴXVLQJŴ3DLUHGŴW�WHVW�Ŵ)LQGLQJV�Ŵ
WKHŴDYHUDJHŴVFRUHŴRIŴ6WDWHŴ$Q[LHW\ŴRIŴWKHŴSDWLHQWVŴDIWHUŴUHFHLYLQJŴWKHUDSHXWLFŴSUD\HUŴGHFUHDVHGŴZLWKŴKLJKO\ŴVWDWLVWLFDOŴ
VLJQLűFDQFHŴ�S ����Ŵ���&, ������������ŴDQGŴWKHŴDYHUDJHŴVFRUHŴRIŴ6SLULWXDOŴ:HOO�EHLQJŴRIŴWKHŴSDWLHQWVŴDIWHUŴ
UHFHLYLQJŴ WKHUDSHXWLFŴSUD\HUŴ LQFUHDVHGŴZLWKŴ VWDWLVWLFDOŴ VLJQLűFDQFHŴ >S ����Ŵ���&, ���������������@�Ŵ7KHŴ
UHVXOWVŴRIŴWKHŴVWXG\ŴLQGLFDWHGŴWKDWŴWKHŴWKHUDSHXWLFŴSUD\HUŴKHOSHGŴWRŴUHGXFHŴDQ[LHW\ŴDQGŴSURPRWHGŴVSLULWXDOŴZHOO�
EHLQJŴLQŴEUHDVWŴFDQFHUŴSDWLHQWVŴLQŴGLDJQRVWLFŴSKDVH�Ŵ

.H\ZRUGV��Ŵ %UHDVWŴFDQFHUŴSDWLHQWV�Ŵ$Q[LHW\�Ŵ6SLULWXDOŴZHOO�EHLQJ�Ŵ7KHUDSHXWLFŴSUD\HU


Ŵ*UDQWŴIRUŴUHVHDUFKŴIURPŴ6XE�GLVIULFWŴ+HDOWKŴ,QVXUDQFHŴ)XQGV�Ŵ7DPERQŴ0HDQJPRR


Ŵ/HFWXUH�Ŵ)DFXOW\ŴRIŴ1XUVLQJŴ5DQJVLWŴ8QLYHUVLW\



Ŵ5HJLVWHUHGŴ1XUVH�Ŵ+RVSLWDOŴRIŴ+HDOWKŴ3URPRWLRQŴ7DPERQŴ0XDQJPRRŴ0XDQJŴ'LVWULFW�Ŵ6LQJEXUL�Ŵ7KDLODQG



���ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����


Ŵª·�¥µ�·¡��rŴ®¨´�­¼�¦¡¥µ�µ¨«µ­�¦¤®µ�´��·�Ŵ­µ�µ�µ¦¡¥µ�µ¨�¼oÄ®�nŴ��³¡¥µ�µ¨«µ­�¦r¤®µª·�¥µ¨´¥¦´�­·�


Ŵ�´�«¹�¬µ®¨´�­¼�¦¡¥µ�µ¨«µ­�¦¤®µ�´��·�Ŵ­µ�µ�µ¦¡¥µ�µ¨�¼oÄ®�nŴ��³¡¥µ�µ¨«µ­�¦r¤®µª·�¥µ¨´¥¦´�­·�



Ŵ�¼o�nª¥«µ­�¦µ�µ¦¥r��³¡¥µ�µ¨«µ­�¦r¤®µª·�¥µ¨´¥¦´�­·�




Ŵ°µ�µ¦¥rŴ��³¡¥µ�µ¨«µ­�¦r¤®µª·�¥µ¨´¥¦´�­·�

z����¥i«�Ýw����¡���¡x�|Ü�����ªw¢²��w��w�Ý��Ùw����h�ªz�Þ²�|�h�����­}
­Ù¬�|Ü�����Ü�ÝÙ�²|ªw�i��

Ŵ ­µª¦¸¥rŴ�{�Á«¬Ŵ¡¥�¤�

Ŵ °Îµ£µ¡¦Ŵ�µ¤ª�«r¡¦®¤Ŵ3K'


Ŵ �ÎÊµ°o°¥Ŵ£´��¸ª�«rŴ­���





��z���h�
Ŵ �µ¦ª·�´¥�¦´Ê��¸ÊÁ�}�ª·�´¥Á�·��¦¦¥µ¥Á¡ºÉ°«¹�¬µ�ªµ¤¦¼oÂ¨³�µ¦��·�´�·Á�¸É¥ª�´��µ¦�¦³�ª�®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä�Â¨³�{��´¥�¸É¤¸�ªµ¤­´¤¡´��r�´��ªµ¤¦¼oÂ¨³�µ¦��·�´�·�°�¡¥µ�µ¨Ä��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�µ¦«¹�¬µ�¦´Ê�
�¸ÊÄ�oŴ7KHŴ1XUVLQJŴ5ROHŴ(IIHFWLYHQHVVŴ0RGHOŴÁ�}��¦°�Â�ª�·�Ŵ�¨»n¤�´ª°¥nµ�Á�}�¡¥µ�µ¨Á¨º°�Â��Á�¡µ³Á�µ³��
�µ¤Á���rŴ�Îµ�ª�Ŵ��Ŵ¦µ¥�µ�Ŵ�Ŵ®°�¼o�iª¥�¸É��·��́·�µ�Á�¸É¥ª��́�µ¦�¼Â¨�¼o�iª¥�¸ÉÄ­nÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÄ�®°�¼o�iª¥�¼oÄ®�n
­µ¤́�Ŵ®°�¼o�iª¥®�́�«́¨¥�¦¦¤Â¨³°µ¥»¦�¦¦¤ŴŴÁ�¦ºÉ°�¤º°Ä�oÁ�È�¦ª�¦ª¤�o°¤¼̈ �¦³�°��oª¥ŴÂ����́�¹��o°¤¼̈ ­nª��»��¨Ŵ
Â����­°��ªµ¤¦¼oÁ�¸É¥ª�´��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÂ¨³Â��­°��µ¤�µ¦��·�́�·Á�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä�Ŵª·Á�¦µ³®r�o°¤¼¨Ã�¥Ä�o­�·�·Á�·�¡¦¦��µŴÂ¨³®µ�ªµ¤­´¤¡´��r¦³®ªnµ��´ªÂ�¦Ã�¥Ä�oŴ�oª¥­�·�·Ŵ3HDUVRQŴ3URGXFWŴ
0RPHQWŴ&RUUHODWLRQŴÂ¨³Ŵ&KL�VTXDUH
Ŵ �¨�µ¦ª·�´¥Ŵ¡�ªnµŴ�nµ�³Â���ªµ¤¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡Á�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ¦o°¥¨³Ŵ
��Ŵ°¥¼nÄ�¦³�´��ÎÉµŴÂ¨³¦o°¥¨³Ŵ��Ŵ°¥¼nÄ�¦³�´��µ��¨µ�Ŵ­nª��µ¦��·�´�·�°�¡¥µ�µ¨¡�ªnµŴ¦o°¥¨³Ŵ����Ŵ¤¸�µ¦��·�´�·
°¥¼nÄ�¦³�´��Ŵ̧�¸ÉÁ®¨º°°¥¼nÄ�¦³�´��µ��¨µ�Ŵ�¦o°¥¨³Ŵ�����Ŵ�°��µ��¸Ê¡�ªnµŴ�µ¦°�¦¤Á�¸É¥ª�´��µ¦�¼Â¨�¼o�iª¥�¸ÉÄ­n
Á�¦ºÉ°��nª¥®µ¥Ä�Á�}��{��´¥Á�¸¥ª�¸É¤¸�ªµ¤­´¤¡´��r�´��ªµ¤¦¼o°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ�SŴ Ŵ �����Ŵ�¨�µ¦ª·�´¥�¸ÊŴ�³
Á�}��¦³Ã¥��r�n°�µ¦Ä�oÁ�}�Â�ª�µ�Ä��µ¦¡´��µ�»�¨µ�¦¡¥µ�µ¨Á¡ºÉ°Á�}��µ¦¡´��µ�»�£µ¡�µ¦¡¥µ�µ¨�n°Å�

�Îµ­Îµ�´��Ŵ �ªµ¤¦¼oÂ¨³�µ¦��·�´�·Ŵ�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ

z���ª�ÒÙ��«�Ýz����·�z�Öx�|�qÖ��
Ŵ �{��»�´��ªµ¤�oµª®�oµ�µ�Á��Ã�Ã¨¥¸�µ��µ¦
Â¡�¥r­µ¤µ¦��nª¥�ÎµÄ®o�¼o�iª¥�¸ÉÁ�oµ¦´��µ¦¦´�¬µÄ�Ã¦�
¡¥µ�µ¨¤¸°´�¦µ�µ¦¦°��¸ª·�¤µ��¹Ê�ŴÃ�¥Á�¡µ³°¥nµ�¥·É�
Ä��¨»n¤�¼o�iª¥ª·�§��¸É�ÎµÁ�}��o°�Ä�o°»��¦�rÁ¡ºÉ°�nª¥�ª̧·�Ŵ
Á�n�ŴÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�µ�­�·�·¡�ªnµ�¼o�iª¥�¸ÉÁ�oµ¦´��µ¦
¦�́¬µÄ�®°�¼o�iª¥Ŵª·�§�¤µ��ªnµ¦o°¥¨³Ŵ��ŴÄ�oÁª¨µÅ���́
�µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Â¨³¦o°¥¨³Ŵ�����Ŵ�°��¼o�iª¥
�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�¡�ªnµ¤¸�{�®µ�ªµ¤¥µ�Â¨³Á�·�
�ªµ¤¨nµ�oµÄ��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�¦ª¤�¹�
�´Ê��°��µ¦�°��n°�nª¥®µ¥Ä�­n��¨�ÎµÄ®o¤�̧µ¦Ä�oÁ�¦ºÉ°�

�nª¥®µ¥Ä��µ��¹Ê��Ŵ Ŵ °¥nµ�Å¦�È�µ¤�µ¦Ä�oÁ�¦ºÉ°��nª¥
®µ¥Ä�Å¤nÅ�oÁ�}��µ¦¦�́¬µÃ�¥�¦�Â�n¤ª̧�́�»�¦³­��rÁ¡ºÉ°
¨�£µª³�°��µ�Â¨³�¨oµ¤Á�ºÊ°Ä�¦³���µ¦®µ¥Ä�¦ª¤
�´Ê��nª¥Ä®o¤¸�µ¦Â¨�Á�¨¸É¥��pµ�°°��·Á���¸É�°�°¥nµ�
Á®¤µ³­¤ŴÃ�¥Á�¡µ³�¼o�iª¥�¸É¤£̧µª³®µ¥Ä�¨o¤Á®¨ª°¥nµ�
Á�¥̧�¡¨�́�ŴŴŴ���¦³�´É�Á¤ºÉ°¡¥µ�·­£µ¡�¸ÉÁ�}�­µÁ®�»�°�
�µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Å�o¦´��µ¦¦´�¬µ®¦º°Â�oÅ��¸�¹Ê�
Â¨oªŴ�¸¤�¼o�¼Â¨�ª¦¡·�µ¦�µ¥»�·�µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�
�´���̧ŴŴ
Ŵ Á�jµ®¤µ¥®¨´�­Îµ�´��°��µ¦�¼Â¨�¼o�iª¥ª·�§�
�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä��º°Ŵ�µ¦®¥»�Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�
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Ä®oÁ¦Èª�¸É­»�Á�nµ�¸É¤Ã̧°�µ­�³�ÎµÅ�o�ŴÁ�ºÉ°��µ��µ¦Ä�oÁ�¦ºÉ°�
�nª¥®µ¥Ä�Á�}�Áª¨µ�µ��³�n°Ä®oÁ�·�£µª³Â�¦��o°��´Ê�
�µ��oµ�¦nµ��µ¥Â¨³�·�Ä�Ŵ�oµ�¦nµ��µ¥Å�oÂ�nŴ�ªµ¤�´�
Ã¨®·��ÎÉµ�µ��µ¦Å®¨Áª¸¥��°�Á¨º°��¨´�­¼n®´ªÄ��o°¥¨�Ŵ
Á�·�Â�¨Â¨³Á¨º°�°°�Ä��¦³Á¡µ³°µ®µ¦Ŵ Á�·��ªµ¤Å¤n
­»�­�µ¥Â¨³Á�È��ª�Ŵ¤¸£µª³�¨oµ¤Á�ºÊ°®µ¥Ä�°n°�Â¦�Ŵ
Â¨³�µ¦�µ�Á�È��°��»�¨¤�°��ŴÃ�¥Á�¡µ³°¥nµ�¥·É�£µª³
�°�°�́Á­��µ��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�9$3�Ŵ�¹É��ÎµÄ®o
�¼o�iª¥¤¸°´�¦µ�µ¦Á­¸¥�¸ª·�­¼��¹�¦o°¥¨³Ŵ������ŴÂ¨³�³
Á¡·É¤�¹Ê��µ¤¦³¥³Áª¨µ�°��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ Ã�¥
¡�ªnµ�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�Á�}�¦³¥³Áª¨µŴ��Ŵª´�ŴŴ
Á­¸É¥��n°�µ¦Á�·��°�°´�Á­��·�Á�ºÊ°¦o°¥¨³Ŵ ���Ŵ Â¨³
°´�¦µÁ­¸É¥��³Á¡·É¤�¹Ê�Á�}�¦o°¥¨³Ŵ��ŴÂ¨³Ŵ��Ŵ®µ��¼o�iª¥
Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä��µ�Ŵ��ŴÂ¨³Ŵ��Ŵª´��µ¤¨Îµ�´��ŴŴ�¨
�¦³���oµ��·�Ä��°��¼o�iª¥Ŵ Å�oÂ�nŴ �»�£µ¡�°��µ¦
�°�®¨´�¨�¨��Ŵ¤¸£µª³Á�¦¸¥��µ��{�®µ�µ¦­ºÉ°­µ¦�Ŵ
�¨�¦³���n°�¦°��¦´ªŴ ­£µ¡­´��¤Â¨³Á«¦¬��·�
�°��¼o�iª¥Ŵ Ã¦�¡¥µ�µ¨�o°�¦´�£µ¦³Á¦ºÉ°��µ¦¦´�¬µ�¼Â¨Ŵ
�¼o�iª¥�°�°�́Á­��µ��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�¦ª¤�¹��nµ
Ä�o�nµ¥�nµ�Ç�¸ÉÁ¡·É¤�¹Ê���Ŵ
Ŵ Ä��µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�ÎµÁ�}�
�o°�°µ«´¥�¸¤�»�¨µ�¦�µ�­»�£µ¡�¸É¤¸�ªµ¤¦¼oÂ¨³�´�¬³
Ä��µ¦�¦³Á¤·��ªµ¤¡¦o°¤Ä��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ
¦ª¤�´Ê�¤¸�ªµ¤­µ¤µ¦�Ä��µ¦ª·Á�¦µ³®r�o°¤¼¨�µ��¨·�·�Ŵ
¤µ�¦³�°��µ¦�´�­·�Ä�Ä®o�¼o�iª¥Å�o¦´��µ¦®¥nµÁ�¦ºÉ°�
�nª¥®µ¥Ä�°¥nµ�Á®¤µ³­¤Ŵ°¥nµ�Å¦�È�µ¤Ŵ�µ��µ¦���ª�
ª¦¦��¦¦¤Ŵ¤¸�µ¦«¹�¬µ¡�ªnµ�¼o�iª¥Å¤nÅ�o¦´��µ¦®¥nµ
Á�¦ºÉ°��nª¥®µ¥Ä�Ä�Áª¨µ�¸ÉÁ®¤µ³­¤Ŵ �´Ê��¸ÊÁ�ºÉ°��µ�Ŵ
�¼o�iª¥�µ��µ¦�·��µ¤ŴÂ¨³�¦³Á¤·��ªµ¤¡¦o°¤Ä��µ¦
®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ Ä���³�¸É�¼o�iª¥¤¸�ªµ¤¡¦o°¤Ä�
�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Â¨oª��Ŵ
Ŵ ¡¥µ�µ¨Á�}��»�¨µ�¦Ä��¤̧­»�£µ¡�¸É­Îµ��́Ä�
°´��¸É�³¤¸­nª��nª¥Ä®o�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Á�}�Å�
°¥nµ�¤¸�¦³­·��·£µ¡Ŵ�µ��µ¦«¹�¬µÄ��¦³Á�«°´��§¬
¡�ªnµ¤¸Ŵ �Ŵ �{��´¥­Îµ�´��¸É�ÎµÄ®o¡¥µ�µ¨�´�­·�Ä�Á¦·É¤
®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Å�oÂ�nŴ ��Ŵ�¦³�ª��µ¦�´�­·�Ä�
Á�¡µ³�»��¨Ŵ�¸ÉÄ�o�¦³­��µ¦�rÁ�}�®¨�́Ã�¥¤¡̧ºÊ��µ�¤µ
�µ��ªµ¤¦¼oÂ¨³�´�¬³Ŵ��Ŵ�{��´¥�oµ�¡¥µ�·­¦¸¦ª·�¥µŴ�¹É�

Á�¸É¥ª�o°��´��µ¦Á¨º°�Áª¨µ�¸ÉÁ®¤µ³­¤Ä��µ¦®¥nµÁ�¦ºÉ°�
�nª¥®µ¥Ä�Ŵ�µ¦Á�¨¸É¥�Â�¨��°��´ª�¸Êª´��µ��µ¥£µ¡Ŵ
­£µ¡�µ¦�Îµ�µ��°�°ª¥́ª³��̧¹Ê�ŴÃ¦�¦nª¤Â¨³�¦³ª�́·�µ¦
Á�È��iª¥Ŵ�µ¦Á�¦¸¥¤�ªµ¤¡¦o°¤Ä��µ¦®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä�ŴÂ¨³Ŵ��Ŵ�µ¦�Îµ�µ�¦nª¤�´��°��¸¤­µ�µª·�µ�¸¡��Ŵ
�°��µ��¸Ê¥´�¡�ªnµ¤¸�{��´¥­nª��»��¨�°�¡¥µ�µ¨�¸É
¤¸�ªµ¤­´¤¡´��r�´��ªµ¤¦¼o�´�¬³Ä��µ¦®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä��°�¡¥µ�µ¨Ŵ�µ��µ¦«¹�¬µ�°�Ŵ3HUULH��Ŵ¡�ªnµŴ
¡¥µ�µ¨�¸É��·��́·�µ�Ä�®°�¼o�iª¥ª·�§�Ŵ�¨»n¤�¸ÉÅ�o¦�́�µ¦
 f�°�¦¤Á�¡µ³�µ�¤�̧ªµ¤¦¼oÂ���nµ��µ�¡¥µ�µ¨�¨»n¤�¸É
Å¤nÅ�o¦´��µ¦ f�°�¦¤Ŵ�°��µ��¸Ê¥´�¡�ªnµ¡¥µ�µ¨�µ�
�ªµ¤¦¼oŴÄ�Á¦ºÉ°��°��µ¦��́�µ¦�ªµ¤Á�È��ª�Ŵ�µ¦�ª��»¤
¦³�´��ÎÊµ�µ¨Ä�Á¨º°�Â¨³�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�µ¦
«¹�¬µ�¸Ê­°��¨o°��´��µ¦«¹�¬µ�°��·�¥µŴ£·�Ã��Îµ��Ŵ�¸É
¡�ªnµ¡¥µ�µ¨®°�¼o�iª¥ª·�§��µ��ªµ¤¦¼oÂ¨³��́¬³�µ�
�¨·�·�¦ª¤�´Ê��µ��ªµ¤Á�ºÉ°¤´É��n°�µ¦¤¸­nª�¦nª¤Ä��µ¦
�´�­·�Ä�Á�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ
Ŵ �°��µ��¸ÊŴ�µ��µ¦«¹�¬µ�ªµ¤­¤́¡�́�r¦³®ªnµ�
�ªµ¤¦¼oÂ¨³�µ¦��·�´�·¡¥µ�µ¨ŴÄ�¡¥µ�µ¨�¸É­ÎµÁ¦È�Ä®¤n
Â¨³¡¥µ�µ¨�¸É��·�´�·�µ�Ä�®°�¼o�iª¥ª·�§�¡�ªnµŴ Å¤n¤¸
�ªµ¤Á�ºÉ°¤Ã¥��´�¦³®ªnµ��ªµ¤¦¼o�µ�ª·�µ�µ¦�´��µ¦
��·��́·�µ��µ��¨·�·�ŴÂ¨³¡�ªnµ¦³¥³Áª¨µ�µ¦��·��́·�µ�
Â¨³�¦³­��µ¦�rÄ��µ¦��·�´�·�µ�Ä�®°�¼o�iª¥ª·�§�¤¸
�ªµ¤­´¤¡´��r�´��nµ�³Â���ªµ¤¦¼oŴ Â¨³�µ¦��·�´�·�µ�
�µ��¨·�·���Ŵ
Ŵ �µ��µ¦ª·Á�¦µ³®rÄ�­�µ��µ¦�r�{��»�´��°�
Ã¦�¡¥µ�µ¨¡¦³�´É�Á�¨oµ¡�ªnµŴ�»�¨µ�¦Ä��¸¤­»�£µ¡¤¸
ª·��̧µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä��¸ÉÂ���nµ���́Å��µ¤�ªµ¤¦¼o
�ªµ¤�Îµ�µ�Â¨³�¦³­��µ¦�r�°�Â�n̈ ³�»��¨Ŵ¡¥µ�µ¨
­nª�Ä®�nÅ¤nÅ�o¦´��µ¦°�¦¤Á�¡µ³�µ�Á�¸É¥ª�´��µ¦�¼Â¨
�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�µ¦Á¦¸¥�¦¼o­nª�Ä®�nÅ�o�µ�
�µ¦ f� ��oª¥��Á°�Ä�®°�¼o�iª¥Ŵ¡¥µ�µ¨­ÎµÁ¦È�Ä®¤n
Å�o¦´��µ¦ f�­°�£µ¥Ä�®�nª¥�µ�Â¨³�µ�¡¥µ�µ¨�¸É¤¸
�¦³­��µ¦�rŴÄ�®°�¼o�iª¥Ŵ­nª�Ä®�nÁ�}��µ¦ f� ��oª¥
�´�¬³�µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ �°��µ��¸Ê¡�ªnµŴ �µ¦
�Îµ�µ�¦nª¤�´�¦³®ªnµ��¸¤­®­µ�µª·�µ�¸¡¥´�Å¤n�´�Á��Ŵ
¡¥µ�µ¨­nª�Ä®�n��·�´�·�µ¤Â���µ¦¦´�¬µ�°�Â¡�¥r
Ã�¥Å¤nÁ�oµÄ��¹�Á®�»�¨�°���·�´�·�ÎµÄ®o�ªµ¤­ÎµÁ¦È�Ä�



���ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Å¤nÁ�}�Å��µ¤Á���rŴ�´��´Ê��¼o
ª·�´¥�¹�¤¸­�Ä��¸É�³«¹�¬µ�ªµ¤¦¼oÂ¨³�µ¦��·�´�·Á�¸É¥ª�´�
�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä��°�¡¥µ�µ¨�¸É�¼Â¨�¼o�iª¥�¸É
Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ä�Ã¦�¡¥µ�µ¨¡¦³�´É�Á�¨oµŴ Á¡ºÉ°Ä�o
Á�}��o°¤¼¨¡ºÊ��µ�Ä��µ¦¡´��µÂ¨³�¦´��¦»��»�£µ¡
�µ¦�¼Â¨�¼o�iª¥Á�¸É¥ª��́�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä��°��µ¦
¡¥µ�µ¨�n°Å�

����¤��Ý�|zÐw���¡}��
Ŵ ��Ŵ Á¡ºÉ°«¹�¬µ�ªµ¤¦¼o�°�¡¥µ�µ¨Á�¸É¥ª�´�
�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�
Ŵ ��Ŵ Á¡ºÉ°«¹�¬µ�µ¦��·��́·�°�¡¥µ�µ¨Á�¸É¥ª��́
�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�
Ŵ ��Ŵ Á¡ºÉ°«¹�¬µ�ªµ¤­´¤¡´��r¦³®ªnµ��{��´¥
¡ºÊ��µ��´��ªµ¤¦¼oÂ¨³�µ¦��·�´�·�°�¡¥µ�µ¨Á�¸É¥ª�´�
�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ

w���«Ù�z¡�w���¡}��
Ŵ �µ¦ª·�´¥�¦´Ê��¸ÊÁ�}��µ¦ª·�´¥Á�·��¦¦¥µ¥Á¡ºÉ°
«¹�¬µ�ªµ¤¦¼oÂ¨³�µ¦��·�´�·¦ª¤�¹��{��´¥¡ºÊ��µ��¸É¤¸
�ªµ¤­¤́¡�́�r��́�ªµ¤¦¼oÂ¨³�µ¦��·��́·�°�¡¥µ�µ¨Á�¸É¥ª
�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÃ�¥�¼oª·�´¥Ä�oŴ7KHŴ
1XUVLQJŴ5ROHŴ(IIHFWLYHQHVVŴ0RGHO��ŴÁ�}��¦°�Â�ª�·�Ŵ
Ã�¥¤»n��¸É�µ¦«¹�¬µ�{��´¥Á�·��¦³�ª��µ¦�¹É�Ä��¸É�¸Ê�º°Ŵ
�ªµ¤¦¼oÂ¨³�µ¦��·��́·�°�¡¥µ�µ¨Á�¸É¥ª��́�¦³�ª��µ¦
®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÂ¨³«¹�¬µ®µ�ªµ¤­¤́¡�́�r¦³®ªnµ�
�{��´¥Á�·�Ã�¦�­¦oµ�°´�Å�oÂ�nŴ°µ¥»Ŵ¦³�´��µ¦«¹�¬µ¦³¥³
Áª¨µ�µ¦��·�´�·�µ�Ŵ�µ¦°�¦¤Á�¸É¥ª�´��µ¦�¼Â¨�¼o�iª¥�¸É
Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Â¨³�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�´�
�ªµ¤¦¼oÂ¨³�µ¦��·��́·�°�¡¥µ�µ¨Á�¸É¥ª��́�¦³�ª��µ¦
®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ

�¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦«¹�¬µ�¦´Ê��¸Ê Á�}��µ¦ª·�´¥Á�·��¦¦¥µ¥ŴŴ
�'HVFULSWLYHŴ 5HVHDUFK�Ŵ Á¡ºÉ°«¹�¬µ�ªµ¤¦¼oÂ¨³�µ¦
��·�́�·�°�¡¥µ�µ¨Á�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä�Â¨³«¹�¬µ�ªµ¤­¤́¡�́�r¦³®ªnµ��{��¥́¡ºÊ��µ��°�
¡¥µ�µ¨�´��ªµ¤¦¼oÂ¨³�µ¦��·�́�·�°�¡¥µ�µ¨Á�¸É¥ª�´�

�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ä�Ã¦�¡¥µ�µ¨¡¦³
�´É�Á�¨oµÄ�®°�¼o�iª¥�¼oÄ®�n­µ¤́�Ŵ®°�¼o�iª¥®�́�«́¨¥�¦¦¤
Â¨³°µ¥»¦�¦¦¤�̧É¤̧�¦³­��µ¦�rÄ��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�
�°�Ã¦�¡¥µ�µ¨¡¦³�́É�Á� öµ�Îµ�ª�Ŵ�Ŵ®°�¼o�iª¥
Ŵ �¨»n¤�´ª°¥nµ�Á¨º°��µ��¦³�µ�¦Ŵ ���Ŵ ��Ŵ
Â��Á�¡µ³Á�µ³��Ŵ�3XUSRVLYHŴVDPSOLQJ�Ŵ�µ¤Á���r�¸É
�Îµ®���º°Ŵ��ŴÁ�}�¡¥µ�µ¨ª·�µ�¸¡�¸É��·�´�·�µ�Á�̧É¥ª�́�
�µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�´Ê�Â�nŴ�Ŵ�e�¹Ê�Å�ŴÂ¨³Ŵ��Ŵ¥·�¥°¤
Â¨³­¤�́¦Ä�Á�oµ¦nª¤Ã�¦��µ¦ª·�¥́Å�o�¨»n¤�ª́°¥nµ�Ŵ�Îµ�ª�Ŵ
��Ŵ��
Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�´¥
Ŵ ��Ŵ Â��­°��µ¤�o°¤¼̈ ¡ºÊ��µ�Ŵ�¦³�°��oª¥Ŵ
�o°¤¼¨­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ Å�oÂ�nŴ °µ¥»Ŵ Á¡«Ŵ
¦³��́�µ¦«¹�¬µŴ­�µ��¸É�Îµ�µ�Ŵ¦³¥³Áª¨µ�µ¦��·��́·�µ�Ŵ
Â¨³�µ¦°�¦¤¦³¥³­´Ê�®¦º°Á�¡µ³�µ�
Ŵ ��Ŵ Â����­°��ªµ¤¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡
�¸É¡´��µÃ�¥�°�Á�¨ªŴ�´�°»Å¦Â¨³��³��Ŵ�¦³�°��oª¥Ŵ
�Îµ�µ¤�Îµ�ª�Ŵ��Ŵ�o°Ŵ̈ �́¬�³�o°�Îµ�µ¤Á�}��ªµ¤¦¼oÁ�¸É¥ª
�´��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä��Îµ�°�¤¸Ŵ�Ŵ�´ªÁ¨º°�Ŵ¤¸�nµ
�³Â��¦³®ªnµ�Ŵ����Ŵ�³Â��Ŵ Á���rÄ��µ¦¡·�µ¦�µ
¦³�´��ªµ¤¦¼oÁ�¸É¥ª�´��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä��°�Ŵ
%ORRP��ŴÂ�n�Á�}�Ŵ�Ŵ¦³�´��º°Ŵ¦³�´�­¼�Ŵ�����Ŵ�³Â��Ŵ
�¦o°¥¨³Ŵ�������Ŵ ¦³�´��µ��¨µ�Ŵ�����Ŵ�³Â��Ŵ
�¦o°¥¨³Ŵ������Ŵ¦³��́�ÎÉµŴ�nµ�³Â���ÎÉµ�ªnµŴ��Ŵ�³Â��Ŵ
��ÎÉµ�ªnµ¦o°¥¨³Ŵ���ŴÁ¤ºÉ°��­°��ªµ¤¥µ��nµ¥�°�Â��
��­°��ªµ¤¦¼oÄ��µ¦«¹�¬µ�¦´Ê��¸ÊŴ Ã�¥Ä�oŴ ­�·�·Ŵ.5Ŵ��Ŵ
Å�o�nµ�ªµ¤¥µ��nµ¥Á�nµ��́Ŵ����Ŵ�¹É�Â­��ªnµÂ����­°�
¤¸�ªµ¤¥µ��nµ¥�µ��¨µ�ŴÂ¨³�nµ°Îµ�µ��ÎµÂ��Ŵ Á�nµ�´�Ŵ
����Ŵ
Ŵ ��Ŵ Â��­°��µ¤�µ¦��·�́�·�°�¡¥µ�µ¨Ä�
�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä��̧É�́�Â�¨��µ�Â��­°��µ¤
�°�Ŵ­»��¦Ŵ̧ŴÁ�¸¥¦ª·�¥�·���Ŵ�¦³�°��oª¥�o°�Îµ�µ¤Á�¸É¥ª
��́Ŵ�µ¦��·��́·�°�¡¥µ�µ¨Ä��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�
�Îµ�ª�Ŵ��Ŵ�o°ŴÂ�n�Á�}�Ŵ�Ŵ¦³¥³�º°Ŵ¦³¥³�n°�®¥nµÁ�¦ºÉ°�
�nª¥®µ¥Ä�Ŵ¦³¥³�Îµ�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÂ¨³Ŵ¦³¥³
®¨´��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ¤¸Ŵ�Ŵ�´ªÁ¨º°�Ŵ¤¸�nµ�³Â��Ŵ
¦³®ªnµ�Ŵ��Ŵ���Ŵ�³Â��ŴÄ�oÁ���rÄ��µ¦Â�n�¦³�´��µ¦
��·�´�·�°�Ŵ%ORRPŴ������ŴÁ�}�Ŵ�Ŵ¦³�´�Ŵ�º°Ŵ¦³�´�­¼�ŴŴ
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®¤µ¥�¹�Å�o�³Â���´Ê�Â�nŴ �������Ŵ�³Â��Ŵ�¦o°¥¨³Ŵ
�������Ŵ¦³�´��µ��¨µ�ŴŴ�������Ŵ�³Â��Ŵ�¦o°¥¨³ŴŴ
������Ŵ¦³�´��ÎÉµŴ�³Â���ÎÉµ�ªnµŴ���Ŵ�³Â��Ŵ��ÎÉµ�ªnµŴ
¦o°¥¨³Ŵ ���Ŵ Á¤ºÉ°��­°��ªµ¤Á�ºÉ°¤´É���·��ªµ¤
­°��¨o°�£µ¥Ä�Ä��µ¦«¹�¬µ�¦´Ê��¸Ê Ŵ Ã�¥Ä�o­�·�·
­´¤�¦³­·��·ÍÂ°¨¢iµ�°��¦°��µ�Ŵ Å�o�nµ�ªµ¤Á�ºÉ°¤´É�
Á�nµ�´�Ŵ����
Ŵ �µ¦Á�È�¦ª�¦ª¤�o°¤¼¨
Ŵ ��Ŵ £µ¥®¨´��µ��¸ÉÃ�¦�¦nµ��µ¦ª·�´¥�nµ��µ¦
¡·�µ¦�µ�°���³�¦¦¤�µ¦�¦·¥�¦¦¤ª·�´¥Ä����°�
��³¡¥µ�µ¨«µ­�¦rÂ¨³Ã¦�¡¥µ�µ¨¡¦³�´É�Á�¨oµÂ¨oªŴ
�¼oª·�¥́Á�oµ¡�Ŵ®ª́®�oµ¡¥µ�µ¨Ŵ®ª́®�oµ®°�¼o�iª¥®��́Â¨³
¡¥µ�µ¨Ä�®°�¼o�iª¥�¸É�´�Á¨º°�Ŵ Á¡ºÉ°�¸ÊÂ��ª´��»�¦³­��r
�°��µ¦«¹�¬µÂ¨³ª·�¸�µ¦ª·�´¥
Ŵ ��Ŵ �¼oª·�´¥Á�oµ¡��¨»n¤�´ª°¥nµ�ŴÂ�³�Îµ��Á°�Ŵ
�¸ÊÂ��ª´��»�¦³­��rŴª·�¸�µ¦ª·�´¥ŴÄ®o�o°¤¼¨Â¨³�´Ê��°��°�
�µ¦�Îµª·�´¥Ŵ Ä®oÂ�n�¨»n¤�´ª°¥nµ�Ä�Â�n¨³®°�¼o�iª¥Ŵ Ã�¥
Â�o�ªnµ�¨�°��µ¦ª·�¥́�³�ÎµÁ­�°�o°¤¼̈ Á�}�£µ¡¦ª¤Â¨³
Ä®o°·­¦³Ä��µ¦�´�­·�Ä��µ�¡¥µ�µ¨�¨»n¤�´ª°¥nµ���
Á�}��¸ÉÁ�oµÄ�Â¨oªŴÂ¨³Á¤ºÉ°�¨»n¤�´ª°¥nµ��´�­·�Ä�Á�oµ¦nª¤
Ã�¦��µ¦ª·�´¥�¹��°Ä®o�¨»n¤�´ª°¥nµ�¡·�µ¦�µ¨��µ¤Á�È�
¥·�¥°¤Á�oµ¦nª¤Ã�¦��µ¦ª·�´¥
Ŵ ��Ŵ �¼oª·�´¥Á�È�¦ª�¦ª¤�o°¤¼¨Á�}�¦µ¥�»��¨Ŵ
Ã�¥Ä®o�ÎµÂ����­°��ªµ¤¦¼oÂ¨³Â��­°��µ¤�µ¦
��·��́·�°�¡¥µ�µ¨Ä��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÄ�oÁª¨µŴ
�¦³¤µ�Ŵ��Ŵ�µ�y̧�Ŵ�´ÉªÃ¤�Ŵ�¦ª�­°��ªµ¤­¤�¼¦�rŴÂ¨³
�ÎµÅ�ª·Á�¦µ³®r�o°¤¼¨�µ�­�·�·

w���¡ªz��Ý�Ðxi��¥�
Ŵ �¼oª·�´¥Ä�o­�·�·Á�·�¡¦¦��µÄ��µ¦ª·Á�¦µ³®r
�o°¤¼¨�´��¸ÊŴ ��Ŵ�ªµ¤¦¼oÂ¨³�µ¦��·�´�·�°�¡¥µ�µ¨Á�¸É¥ª
�´��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ Ã�¥Â­���nµ�ªµ¤�¸ÉŴ ¦o°¥
¨³�nµÁ�¨¸É¥ŴÂ¨³­nª�Á�¸É¥�Á��¤µ�¦�µ�Ŵ��Ŵ�µ¦��­°�
�µ¦�¦³�µ¥�°��´ªÂ�¦Ŵ°µ¥»Ŵ Â¨³¦³¥³Áª¨µ�µ¦��·�´�·
�µ�Ŵ�oª¥­�·�·Ŵ.ROPRJRURYŴ6PLUQRYŴ ��Ŵ�µ¦��­°�
�ªµ¤­´¤¡´��r¦³®ªnµ�°µ¥»Ŵ Á¡«Ŵ ¦³�´��µ¦«¹�¬µŴ Â¨³
�µ¦°�¦¤�¸ÉÁ�¸É¥ª�o°��´��µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥
®µ¥Ä�Ŵ�´��ªµ¤¦¼oÂ¨³�µ¦��·�´�·�°�¡¥µ�µ¨Á�¸É¥ª�´�

�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�oª¥­�·�·Ŵ&KL�6TXDUHŴÂ¨³ŴŴ
��Ŵ ��­°��ªµ¤­´¤¡´��r¦³®ªnµ�°µ¥»Ŵ ¦³¥³Áª¨µ�µ¦
��·��́·�µ�Ŵ��́�ªµ¤¦¼oÂ¨³�µ¦��·��́·�°�¡¥µ�µ¨Á�¸É¥ª��́Ŵ
�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�oª¥­�·�·Ŵ 3HDUVRQŴ3URGXFWŴ
0RPHQWŴ&RUUHODWLRQŴ

Ú�w���¡}��
� ¨´�¬�³�¨»n¤�´ª°¥nµ�� ¨´�¬�³�°��¨»n¤
�´ª°¥nµ�Ŵ Â¥��µ¤®°�¼o�iª¥�¸É�¨»n¤�´ª°¥nµ���·�´�·�µ�Ŵ
�´��¸ÊŴ®°�¼o�iª¥«́¨¥�¦¦¤®�·�Ŵ�Îµ�ª�Ŵ�Ŵ��Ŵ«́¨¥�¦¦¤�µ¥Ŵ
�Îµ�ª�Ŵ��Ŵ��ŴŴ°µ¥»¦�¦¦¤�µ¥Ŵ�Îµ�ª�Ŵ��Ŵ��Ŵ°µ¥»¦�¦¦¤
®�·�Ŵ�Îµ�ª�Ŵ��Ŵ��Ŵ®°�¼o�iª¥®��́«´̈ ¥�¦¦¤Ŵ�Îµ�ª�Ŵ��Ŵ
��ŴÂ¨³®°�¼o�iª¥®�´�°µ¥»¦�¦¦¤Ŵ�Îµ�ª�ŴŴ��Ŵ��Ŵ¦ª¤
�´Ê�®¤�Ŵ��Ŵ��ŴŴÁ¤ºÉ°�ÎµÂ���µ¤�o°¤¼¨­nª��»��¨¡�ªnµŴ
�´Ê�®¤�Á�}�Á¡«®�·�Ŵ¤°̧µ¥»¦³®ªnµ�Ŵ�����Ŵ�eŴ°µ¥»Á�¨¸É¥Ŵ
��Ŵ�eŴ�6' Ŵ�����Ŵ�¨»n¤�ª́°¥nµ�Ŵ¦o°¥¨³Ŵ�����Ŵ°µ¥»�o°¥
�ªnµŴ��Ŵ�eŴ¦o°¥¨³Ŵ�����Ŵ¤¸¦³¥³Áª¨µÄ��µ¦��·�´�·�µ�
¦³®ªnµ�Ŵ������Ŵ�eŴ ¦³¥³Áª¨µ�¸É��·�´�·�µ�Á�¨¸É¥Ŵ��Ŵ�eŴ
�6' Ŵ�����Ŵ�¨»n¤�´ª°¥nµ�¦o°¥¨³Ŵ�����Ŵ¤¸¦³¥³Áª¨µ�¸É
��·�´�·�µ�¤µ��ªnµŴ��Ŵ�e¤µ��¸É­»�ŴÂ¨³¦o°¥¨³Ŵ�����Ŵ¤¸
¦³�´��µ¦«¹�¬µÄ�¦³�´��¦·��µ�¦¸
Ŵ ¨´�¬�³�°��¨»n¤�´ª°¥nµ�¡¥µ�µ¨ª·�µ�¸¡
�ÎµÂ���µ¤�µ¦°�¦¤�µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥
®µ¥Ä�¡�ªnµŴ ¦o°¥¨³Ŵ �����Ŵ Å¤nÁ�¥Å�o¦´��µ¦°�¦¤ŴŴ
¦o°¥¨³Ŵ�����ŴÁ�¥Å�o¦�́�µ¦°�¦¤¤µ��¸É­»�Ŵ��¨³Ŵ�Ŵ�¦´Ê�ŴŴ
¦o°¥¨³Ŵ����ŴÁ�¥Å�o¦´��µ¦°�¦¤¤µ��¸É­»�Ŵ��¨³Ŵ�Ŵ�¦´Ê�Ŵ
¦o°¥¨³Ŵ����Ŵ Á�¥Å�o¦´��µ¦°�¦¤Ŵ�Ŵ�¦´Ê�Ŵ�¨»n¤�´ª°¥nµ�
­nª�Ä®�nŴ ¦o°¥¨³Ŵ�����Ŵ Å¤nÁ�¥Á�oµ°�¦¤Á�¸É¥ª�´�Á¦ºÉ°�
�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÂ¨³¦o°¥¨³�����ŴÁ®È��ªµ¤
­Îµ�´��°��ªµ¤¦¼oÁ�¸É¥ª�´��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ
¤µ��¸É­»�
� �ªµ¤¦¼oÁ�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä�� �³Â���ªµ¤¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡Á�¸É¥ª�´�
�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�°¥¼n¦³®ªnµ�Ŵ ����Ŵ
�³Â��ŴÁ�¨¸É¥Ŵ�����Ŵ�³Â��Ŵ�6' Ŵ�����Ŵ¦o°¥¨³Ŵ��Ŵ
�³Â���ªµ¤¦¼o°¥¼nÄ�¦³�´��ÎÉµŴ ����Ŵ�³Â��Ŵ�³Â��
Á�¨¸É¥Ŵ�����Ŵ�³Â��Ŵ�6' Ŵ�����Ŵ¦o°¥¨³Ŵ��Ŵ�³Â��
�ªµ¤¦¼o°¥¼nÄ�¦³�´��µ��¨µ�Ŵ�����Ŵ�³Â��Ŵ�³Â��
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Á�¨¸É¥Ŵ�����Ŵ�³Â��Ŵ�6'Ŵ �����ŴÂ¨³Å¤n¡��³Â��
�ªµ¤¦¼oÄ�¦³�´�­¼�Ŵ�´��µ¦µ��¸ÉŴ�Ŵ
� �µ¦��·��́·�°�¡¥µ�µ¨Á�¸É¥ª��́�¦³�ª��µ¦
®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä���¨�µ¦ª·�´¥¡�ªnµŴŴ�¨»n¤�´ª°¥nµ�
¦o°¥¨³Ŵ�����Ŵ��·�´�·�µ¦¡¥µ�µ¨Á�¸É¥ª�´��¦³�ª��µ¦
®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ°¥¼nÄ�¦³��́�Ŵ̧Ã�¥¤�̧³Â��¦³®ªnµ�Ŵ
�������Ŵ�³Â��ŴŴ�³Â��Á�¨¸É¥Ŵ������Ŵ�³Â��Ŵ�6' Ŵ
������Ŵ ¦o°¥¨³Ŵ�����Ŵ¤¸�µ¦��·�´�·°¥¼nÄ�¦³�´��µ�
�¨µ�Ã�¥¤¸�³Â��¦³®ªnµ�Ŵ�������Ŵ�³Â��Ŵ�³Â��
Á�¨¸É¥Ŵ������Ŵ�³Â��Ŵ�6' ������ŴÂ¨³¦o°¥¨³Ŵ����Ŵ
¤�̧µ¦��·��́·°¥¼nÄ�¦³��́Å¤n�Ŵ̧Ã�¥¤�̧³Â��¦³®ªnµ�Ŵ����
���Ŵ�³Â��Ŵ�³Â��Á�¨¸É¥Ŵ�������³Â��Ŵ�6' �����Ŵ
�´��µ¦µ��¸ÉŴ�
� �ªµ¤­¤́¡�́�r¦³®ªnµ��{��¥́¡ºÊ��µ���́�ªµ¤
¦¼oÁ�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä��°�
¡¥µ�µ¨� � Á¤ºÉ°��­°��ªµ¤­´¤¡´��r¦³®ªnµ��{��´¥¡ºÊ�
�µ�Ä��oµ�°µ¥»ŴÂ¨³¦³¥³Áª¨µ�µ¦��·�´�·�µ�ŴÂ¨³¦³�´�
�µ¦«¹�¬µ�´��ªµ¤¦¼oÁ�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°�
�nª¥®µ¥Ä�¡�ªnµŴ Å¤n¤¸�ªµ¤­´¤¡´��r�´�Ŵ �SŴ  Ŵ �����Ŵ
����ŴÂ¨³Ŵ����Ŵ�µ¤¨Îµ�´���°¥nµ�Å¦�È�µ¤Á¤ºÉ°��­°�
�ªµ¤­´¤¡´��r¦³®ªnµ��µ¦°�¦¤�´��ªµ¤¦¼oÁ�¸É¥ª�´�
�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ¡�ªnµ¤�̧ªµ¤­¤́¡�́�r
�´�°¥nµ�¤¸�´¥­Îµ�´��µ�­�·�·Ŵ�F�Ŵ �������ŴS �����Ŵ
� �ªµ¤­´¤¡´��r¦³®ªnµ��{��´¥¡ºÊ��µ��´��µ¦
��·�´�·Á�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�
�°�¡¥µ�µ¨� Á¤ºÉ°��­°��ªµ¤­´¤¡´��r¦³®ªnµ��oµ�
°µ¥»Ŵ ¦³¥³Áª¨µ�µ¦��·�´�·�µ�Â¨³¦³�´��µ¦«¹�¬µÂ¨³
�µ¦°�¦¤Á�¸É¥ª�´��µ¦�¼Â¨�¼o�iª¥�¸ÉÄ­nÁ�¦ºÉ°��nª¥®µ¥Ä�
��́�µ¦��·��́·Á�¸É¥ª��́�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�
�°�¡¥µ�µ¨Ŵ¡�ªnµÅ¤n¤¸�ªµ¤­´¤¡´��r�´�Ŵ �SŴ Ŵ �����Ŵ
����ŴÂ¨³Ŵ����ŴÂ¨³Ŵ����Ŵ�µ¤¨Îµ�´�
Ŵ �o°�o�¡��µ��µ�ª·�´¥Á�·��¦¦¥µ¥�¦´Ê��¸ÊŴ ­¦»�
Å�oªnµ¡¥µ�µ¨�¸ÉÁ�}��¨»n¤�´ª°¥nµ��°��µ¦«¹�¬µ�¦´Ê��¸ÊŴ
�¹É�¤¸�¦³­��µ¦�rÄ��µ¦�¼Â¨�¼o�iª¥ª·�§�·�¸ÉÅ�o¦´��µ¦
¦´�¬µÃ�¥�µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�¤¸�ªµ¤¦¼oÁ�¸É¥ª�´�
�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�°¥¼nÄ�¦³�´��ÎÉµ­nª�
Ä®�nŴ�¦o°¥¨³Ŵ���Ŵ�¸ÉÁ®¨º°¦o°¥¨³Ŵ��Ŵ°¥¼nÄ�¦³�´��µ�
�¨µ�ŴÄ���³�¸É¡¥µ�µ¨�¸ÉÁ�}��ª́°¥nµ��¨»n¤�¸Ê¤�̧µ¦��·��́·

Á�¸É¥ª��́�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�°¥¼nÄ�¦³��́�Ŵ̧
�¦o°¥¨³Ŵ�����ŴÂ¨³�µ��¨µ�Ŵ�¦o°¥¨³Ŵ�����ŴÄ���³�¸É
¤Á̧¡¥̧�¦o°¥¨³Ŵ����ŴÁ�nµ�´Ê�¤�̧µ¦��·�´�·°¥¼nÄ�¦³�´�Å¤n�¸Ŵ
�°��µ��¸Ê¥�́¡�ªnµ¤Á̧¡¥̧��{��¥́�µ��oµ��µ¦°�¦¤Á�¸É¥ª
�´��µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�Á�nµ�´Ê��¸É¤¸�ªµ¤
­´¤¡´��r�´��ªµ¤¦¼oŴ �SŴ �����Ŵ Ä���³�¸É�µ¦°�¦¤Å¤n¤¸
�ªµ¤­´¤¡´��r�´��µ¦��·�´�·Á�¸É¥ª�´��¦³�ª��µ¦®¥nµ
Á�¦ºÉ°��nª¥®µ¥Ä�Ŵ

w����¡����Ú�
� �ªµ¤¦¼oÁ�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä�Ŵ¡�ªnµŴ°¥¼nÄ�¦³�´��ÎÉµŴ Ŵ¦o°¥¨³Ŵ��Ŵ�°�¡¥µ�µ¨
¤¸�ªµ¤¦¼oÁ�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ°¥¼n
Ä�¦³�´��ÎÉµŴ Ŵ Â¨³¦o°¥¨³Ŵ��Ŵ¤¸�ªµ¤¦¼o°¥¼nÄ�¦³�´��µ�
�¨µ�Ŵ Á¦ºÉ°��¸Ê°�·�µ¥Å�o�´��¸ÊŴ�º°Ŵ�¨»n¤�´ª°¥nµ�Ŵ­nª�Ä®�n
­ÎµÁ¦È��µ¦«¹�¬µÄ�¦³�´��¦·��µ�¦¸Ŵ �¦o°¥¨³Ŵ �����Ŵ
¦ª¤�´Ê�Å¤nÁ�¥Å�o¦´��µ¦°�¦¤�µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°�
�nª¥®µ¥Ä�Â¨³�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�¹É��µ��o°¤¼¨
�³Á®È�Å�oªnµ¡¥µ�µ¨¦o°¥¨³Ŵ�������ŴÅ¤nÁ�¥Å�o¦´��µ¦
°�¦¤Á�¸É¥ª�´��µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÂ¨³
�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ �¹É��¨�µ¦ª·�´¥�¸Ê­°��¨o°�
�´��µ�ª·�´¥�¸É�nµ�¤µ�¹É�¡�ªnµŴ¡¥µ�µ¨®°�¼o�iª¥ª·�§�
¦³�»�{�®µ�µ¦�µ��ªµ¤¦¼oÁ�¸É¥ª�´��µ¦®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä�ŴÅ�oÂ�nŴ�ªµ¤¦¼oÄ®¤n�µ��µ�ª·�´¥Ŵ�µ¦�¦³Á¤·��ªµ¤
¡¦o°¤�n°��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ Á���·�®¦º°ª·�¸
�µ¦®¥nµ�µ�Á�¦ºÉ°��nª¥®µ¥Ä�Ŵ Ŵ �µ¦Ä�oÂ�ª��·�´�·®¥nµ
Á�¦ºÉ°��nª¥®µ¥Ä�Ŵ Ŵ �´�¬³�¸É­Îµ�´��µ��¨·�·�Ŵ Â¨³�µ�
�ªµ¤Á�ºÉ°¤´É��n°�µ¦¤¸­nª�¦nª¤Ä��µ¦�´�­·�Ä�Á�¸É¥ª�´�
�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä���Ŵ�°��µ��¸Ê�¨�µ¦
«¹�¬µ�¸É��­°��ªµ¤¦¼o¡¥µ�µ¨Ä�®°�¼o�iª¥ª·�§�Ä�Ã¦�
¡¥µ�µ¨£¼¤·£µ�Â��¥»Ã¦�¡�ªnµ¡¥µ�µ¨¤�̧³Â���ªµ¤
¦¼oÄ�¦³�´��ÎÉµÃ�¥Á�¡µ³Á¦ºÉ°�¦³��®µ¥Ä���ŴÁ�n�Á�¸¥ª�´�
�µ¦«¹�¬µÁ¦ºÉ°��µ¦Ä®oÁ®�»�¨Â¨³��́­·�Ä��µ��¨·�·�Ŵ¡�
ªnµ¡¥µ�µ¨�¸É��·�´�·�µ�Ä�®°�¼o�iª¥ª·�§�ŴŴ¤¸�ªµ¤¦¼o�µ�
¡¥µ�·­¦¸¦ª·�¥µ�°�¦³���µ�Á�·�®µ¥Ä�Ŵ¤¸�´Ê�Â�n¦³�´�
�ÎÉµ�¹��µ��¨µ���������

� �µ¦��·��́·�°�¡¥µ�µ¨Á�¸É¥ª��́�¦³�ª��µ¦
®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä��¡�ªnµŴ �¨»n¤�´ª°¥nµ�Ŵ ¦o°¥¨³Ŵ
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����Ŵ ��·�´�·�µ¦¡¥µ�µ¨Á�¸É¥ª�´��¦³�ª��µ¦®¥nµ
Á�¦ºÉ°��nª¥®µ¥Ä�°¥¼nÄ�¦³�´��¸Ŵ ¦o°¥¨³Ŵ ����Ŵ��·�´�·
�µ¦¡¥µ�µ¨°¥¼nÄ�¦³�´��µ��¨µ�Ŵ Â¨³¦o°¥¨³Ŵ ���Ŵ
��·�´�·�µ¦¡¥µ�µ¨°¥¼nÄ�¦³�´��ÎÉµŴ °�·�µ¥Å�o�´��¸ÊŴ �µ¦
��·�´�·¡¥µ�µ¨�°��¨»n¤�´ª°¥nµ�­nª�Ä®�nÁ�}����µ�
®�oµ�¸É�ªµ¤¦´��·��°��°�¡¥µ�µ¨�¸É­nª�Ä®�n��·�´�·
Á�}��¦³�ÎµŴ Å�oÂ�nŴ�µ¦�¼Â¨Â¨³�µ¦Á jµ¦³ª´�°µ�µ¦Ŵ�µ¦
�´��µ¦�¦¦Á�µ�ªµ¤Á�È��ª�Ŵ�µ¦�¼Â¨Ä®o�¼o�iª¥Å�o¦´�Ŵ
­µ¦�ÎÊµÂ¨³°µ®µ¦�¹É��µ��o°¤¼¨�o�¡�ªnµ¡¥µ�µ¨­nª�
Ä®�n¤¸�µ¦��·�´�·Å�o�¸Ä�­nª��¸ÉÁ�¸É¥ª�o°��´�Â���µ¦
¦´�¬µŴ °¥nµ�Å¦�È�µ¤¡�ªnµ�µ�Ä�­nª��¸ÉÁ�}����µ�
°·­¦³�°�¡¥µ�µ¨Å�o¦´��µ¦��·�´�·�o°¥Ŵ Á�n�Ŵ�µ¦�¼Â¨Ŵ
�¼o�iª¥�¦�¸�¸É�¼o�iª¥Å�o¦´�­µ¦°µ®µ¦�¸É¤¸¡¨´��µ��o°¥
�ªnµ�ªµ¤�o°��µ¦�°�¦nµ��µ¥Ŵ Ŵ �µ¦�¼Â¨Ä®o�¼o�iª¥Å�o
¦´��µ¦�ÎµŴ UDQJHŴ RIŴPRWLRQŴ�°�Â���µŴ�µ¦�´��µ¦Ä®o
�¼o�iª¥¨»��´É�®o°¥�µ®¦º°¨�¤µ�´É�Á�oµ°¸Ê�oµ�Á�¸¥�Ŵ �µ¦
­�´�­�»�Ä®o�µ�·Á�oµ¤µ¤¸­nª�¦nª¤Ä��µ¦�¼Â¨�¼o�iª¥
��³®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÁ�}��o�Ŵ�°��µ��¸ÊÁ�ºÉ°��µ�
Ä��µ���·�´�·Ä�®°�¼o�iª¥Á®¨nµ�¸ÊÅ¤n¤¸�µ¦Ä�oÂ�ª��·�´�·
�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�°¥nµ�Á�}�¨µ¥¨´�¬�r°´�¬¦
�¹�Á�}��¨Ä®o�µ¦­ºÉ°­µ¦¦³®ªnµ��¸¤­®­µ�µª·�µ�¸¡Å¤n¤¸
�¦³­·��·£µ¡Ŵ �¹É��¦³�ª��µ¦�¸Ê�ÎµÁ�}��o°�°µ«´¥�µ¦
­ºÉ°­µ¦�¸É¤¸�¦³­·��·£µ¡
Ŵ �o°­�́Á��Á�¸É¥ª��́�¨�°��µ¦«¹�¬µ�¦´Ê��¸Ê¡�ªnµ
�¨»n¤�´ª°¥nµ�­nª�Ä®�n¤¸�ªµ¤¦¼o°¥¼nÄ�¦³�´�Å¤n�¸Ŵ Â�n�µ¦
��·��́·°¥¼nÄ�¦³��́�Ŵ̧°µ�Á�}�Å�Å�o�¸Éªnµ¨�́¬�³�µ¦��·��́·
�°�¡¥µ�µ¨�¸É�¼Â¨�¼o�iª¥ª·�§�·­nª�Ä®�nÄ�o�´�¬³�µ�
Á���·��n°��oµ�­¼�Ã�¥Á�¡µ³°¥nµ�¥·É��µ¦Ä�oÁ��Ã�Ã¨¥¸
Ä��µ¦�¦ª�ª´��·��µ¤°µ�µ¦Ŵ�¹É��µ¦Ä�oÁ�¦ºÉ°�¤º°Á®¨nµ�¸ÊŴ
°µ«´¥�ªµ¤�Îµ�µ�Â¨³�¦³­��µ¦�r�¹É�Á¤ºÉ°��·�´�·Á�}�
¦³¥³Áª¨µ�µ��³�ÎµÄ®o¡¥µ�µ¨Á�·��ªµ¤Á�¥�·�Ŵ�¹�¡�
ªnµ¡¥µ�µ¨­µ¤µ¦���·��́·Å�oŴÂ�nÅ¤n­µ¤µ¦�Á�ºÉ°¤Ã¥��µ¦
��·�´�·�´��ªµ¤¦¼o�¸ÉÁ�¡µ³Á�µ³��Å�oŴ �ÎµÄ®oÁ¤ºÉ°��­°�
�ªµ¤¦¼o°¥¼nÄ�¦³�´��ÎÉµŴ ­°��¨o°��´��µ¦«¹�¬µ�¸É¡�ªnµŴ
�ªµ¤­´¤¡´��r¦³®ªnµ��ªµ¤¦¼oÂ¨³�µ¦��·�´�·¡¥µ�µ¨Ä�
¡¥µ�µ¨�¸É­ÎµÁ¦È�Ä®¤nÂ¨³¡¥µ�µ¨�¸É��·�´�·�µ�Ä�®°Ŵ
�¼o�iª¥ª·�§�¡�ªnµ�µ��ªµ¤Á�ºÉ°¤Ã¥�Á�¸É¥ª��́�ªµ¤¦¼o�µ�
ª·�µ�µ¦�´��µ¦��·�´�·�µ��µ��¨·�·���

� �ªµ¤­¤́¡�́�r¦³®ªnµ��{��¥́¡ºÊ��µ���́�ªµ¤
¦¼oÂ¨³�µ¦��·�´�·Á�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä�Ŵ �ªµ¤­´¤¡´��r¦³®ªnµ��{��´¥¡ºÊ��µ��oµ�Ŵ °µ¥»Ŵ
¦³��́�µ¦«¹�¬µŴ¦³¥³Áª¨µ�µ¦��·��́·Â¨³�µ¦°�¦¤Á�¸É¥ª
��́�µ¦�¼Â¨�¼o�iª¥�¸ÉÄ­nÁ�¦ºÉ°��nª¥®µ¥Ä���́�ªµ¤¦¼oŴ�{��¥́
¡ºÊ��µ��oµ�°µ¥»Ŵ ¦³�´��µ¦«¹�¬µÂ¨³¦³¥³Áª¨µ��·�´�·
�µ�ŴÅ¤n¤�̧ªµ¤­¤́¡�́�r��́�ªµ¤¦¼oŴÂ¨³�µ¦��·��́·Á�¸É¥ª��́
�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ°�·�µ¥Å�oªnµŴÁ�ºÉ°��µ�
¦³�´��µ¦��·�´�·�µ�Ä��µ¦�¼Â¨�¼o�iª¥ª·�§��¸ÉÄ­nÁ�¦ºÉ°�
�nª¥®µ¥Ä�ŴÁ�}�¦³�´��¸É�o°�°µ«´¥Ŵ�ªµ¤¦¼oŴ�ªµ¤�Îµ�µ�Ŵ
Á�¡µ³�µ�ŴÂ�nÁ�ºÉ°��µ�¡¥µ�µ¨�¸ÉÁ�}��¨»n¤�ª́°¥nµ�­nª�
Ä®�nŴÄ��µ¦«¹�¬µ�¦´Ê��¸ÊÅ¤nÁ�¥�nµ��µ¦«¹�¬µŴÂ¨³°�¦¤
Á�¡µ³�µ�¤µ�n°�Ŵ�¹��ÎµÄ®oÁ¤ºÉ°¦³¥³Áª¨µ�Îµ�µ��µ�Å�Ŵ
°µ¥»¤µ��¹Ê�Ŵ �¹�Å¤nÅ�o�ÎµÄ®o�ªµ¤¦¼oÂ¨³�µ¦��·�´�·�¸�¹Ê�Ŵ
�¹�Â¤oªnµÄ��¨»n¤�´ª°¥nµ��¸Ê�³¤¸�´ª°¥nµ��¸É���µ¦«¹�¬µ
Ä�¦³�´��¦·��µÃ�Ŵ�Ŵ��ŴÂ�n¡�ªnµ¦³�´��µ¦«¹�¬µÅ¤n¤¸
�ªµ¤­´¤¡´��r�´��ªµ¤¦¼oÂ¨³�µ¦��·�´�·Ŵ �¹É�°�·�µ¥Å�oªnµŴ
¡¥µ�µ¨�¸É���µ¦«¹�¬µÄ�¦³��́�¦·��µÃ�ŴÅ¤nÅ�o���µ¦
«¹�¬µ�µ��oµ��µ¦¡¥µ�µ¨�¼o�iª¥ª·�§�Ŵ�¹��ÎµÄ®o�ªµ¤
¦¼oÂ¨³�µ¦��·�´�·Å¤nÂ���nµ��µ��¼o�¸É���µ¦«¹�¬µ¦³�´�
�¦·��µ�¦¸
� �µ¦°�¦¤Á�¸É¥ª��́�µ¦�¼Â¨�¼o�iª¥�¸ÉÄ­nÁ�¦ºÉ°�
�nª¥®µ¥Ä��¤�̧ªµ¤­¤́¡�́�r��́�ªµ¤¦¼oÁ�¸É¥ª��́�µ¦®¥nµ
Á�¦ºÉ°��nª¥Ä�Ä��oµ��ªµ¤­¤́¡�́�r¦³®ªnµ��µ¦°�¦¤��́
�ªµ¤¦¼oÁ�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ¡�
ªnµŴ�¨»n¤�´ª°¥nµ�­nª�Ä®�nŴ¦o°¥¨³Ŵ�����Ŵ�¸ÉÅ¤nÁ�¥Å�o¦´�
�µ¦°�¦¤�µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ¤¸�ªµ¤¦¼o
Á�¸É¥ª�´��¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�¦³�´��ÎÉµŴŴÄ�
��³�¸É�¨»n¤�ª́°¥nµ�¦o°¥¨³Ŵ�����ŴŴ�¸ÉÁ�¥Å�o¦�́�µ¦°�¦¤
�µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�¤¸�ªµ¤¦¼oÁ�¸É¥ª�´�
�¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ä�¦³�´��µ��¨µ�
­°��¨o°��´��µ¦«¹�¬µ�¸É¡�ªnµ¡¥µ�µ¨�¸É��·�´�·�µ�
Ä�®°�¼o�iª¥ª·�§�Ŵ Ã¦�¡¥µ�µ¨�°�¦´�Â¨³Ã¦�¡¥µ�µ¨
Á°����¨»n¤�¸ÉÅ�o¦�́�µ¦ f�°�¦¤Á�¡µ³�µ�¤�̧ªµ¤¦¼oÂ��
�nµ��µ�¡¥µ�µ¨�¨»n¤�¸ÉÅ¤nÅ�o¦´��µ¦ f�°�¦¤��������
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xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ ¡¥µ�µ¨�ª¦Å�o¦´��µ¦¡´��µ°¥nµ��n°
Á�ºÉ°�Ä��oµ��ªµ¤¦¼oÂ¨³�´�¬³�¼o�iª¥Á�¡µ³�µ��µ¦
¡¥µ�µ¨�¼o�iª¥ª·�§�Ŵ­n�Á­¦·¤Ä®o¤¸�µ¦°�¦¤Ä®o�ªµ¤¦¼o
�µ��§¬�¸Ŵ �¦°�Â�ª�·��µ��µ¦¡¥µ�µ¨�¸É�ª��¼nÂ¨³
�¼¦�µ�µ¦Å�­¼n�µ¦��·�´�·�¦·�°¥nµ�Á�}�¦¼��¦¦¤Ŵ Ã�¥
Á�¡µ³¡¥µ�µ¨­ÎµÁ¦È�Ä®¤n®¦º°�¼o�¸É¤�̧��µ�®�oµ�¸ÉÄ��µ¦
�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�
Ŵ ��Ŵ ¡¥µ�µ¨�ª¦Å�o�ÎµÂ�ª��·�´�·�µ¦®¥nµ
Á�¦ºÉ°��nª¥®µ¥Ä�¤µ�¦³¥»��rÄ�oÄ�®�nª¥�µ��¸É�¼Â¨�¼o�iª¥
�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�
Ŵ ��Ŵ Ä��µ¦ª·�´¥�n°Å�Ŵ�ª¦«¹�¬µ�¨¨´¡�r�°�
�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä��´Ê��¨¨´¡�r�µ��¨·�·�Â¨³
�¨¨´¡�r�oµ�Ã¦�¡¥µ�µ¨Á¡ºÉ°�o�®µ�{�®µÂ¨³�¦´��¦»�
Ä®o�¸�¹Ê�Ã�¥�µ¦�ÎµÂ�ª��·�´�·�¸É¡´��µ�µ�®¨´��µ�Á�·�
�¦³�´�¬r¤µÄ�oŴ

3FGFSFODF
��Ŵ 6WDZLFNLŴ 63�Ŵ ,&8Ŵ &251(5Ŵ Ŵ0HFKDQLFDOŴ

YHQWLODWLRQ�:HDQLQJŴDQGŴH[WXEDWLRQ�wŴ2SXVŴ��Ŵ
6FLHQWLVWŴ�����Ŵ�Ŵ�Ŵ������

��Ŵ /DJKLŴ)�Ŵ7RELQŴ0-�Ŵ,QGLFDWLRQVŴIRUŴ0HFKDQLFDOŴ
9HQWLODWLRQ�Ŵ,Q�Ŵ7RELQŴŴ0-��ŴHGLWRU�Ŵ3ULQFLSOHVŴDQGŴ
3UDFWLFHŴRIŴ0HFKDQLFDOŴ9HQWLODWLRQ�Ŵ�QGŴHG�Ŵ1HZŴ
<RUN�Ŵ0DF*UDZ�+LOOŴ&R�Ŵ������������

��Ŵ 0DF,QW\UHŴ15�Ŵ(YLGHQFH�EDVHGŴJXLGHOLQHŴIRUŴZHDQ�
LQJŴDQGŴGLVFRQWLQXLQJŴYHQWLODWRUŴŴVXSSRUW�Ŵ$ŴFROOHF�
WLYHŴWDVNŴIRUFHŴIDFLOLWDWHGŴE\Ŵ7KHŴ$PHULFDQŴ&ROOHJHŴ
RIŴ&KHVWŴ3K\VLFLDQV�Ŵ7KHŴ$PHULFDQŴ$VVRFLDWLRQŴIRUŴ
5HVSLUDWRU\Ŵ&DUH�ŴDQGŴ7KHŴ$PHULFDQŴ&ROOHJHŴRIŴ&ULWL�
FDOŴ&DUHŴŴŴ0HGLFLQH�Ŵ&KHVWŴ�����Ŵ����Ŵ��������

��ŴŴ (O�.KDWLEŴ0�)�DQGŴ%RX�.KDOLOŴ3�Ŵ&OLQLFDOŴUH�
YLHZ�ŴŴ/LEHUDWLRQŴIURPŴPHFKDQLFDOŴYHQWLODWLRQ�Ŵ
&ULWLFDOŴ&DUHŴ�����Ŵ����Ŵ���ŴDYDLODEOHŴ IURPŴ
KWWS�FFIRUXP�FRP�FRQWHQW����������

��Ŵ (VNDQGDUŴ1�ŴDQGŴ$SRVWRODNRVŴ0-�Ŵ:HDQLQJŴIURPŴ
PHFKDQLFDOŴYHQWLODWLRQ�Ŵ&ULWLFDOŴ&DUHŴ�����Ŵ���Ŵ
��������Ŵ

��ŴŴ /RGHŴ+�Ŵ5DIIHQEHUJŴ0�Ŵ(UEHVŴ5�Ŵ*HHUGHV�)HQJHDŴ
+�Ŵ0DXFKŴ0�Ŵ1RVRFRPLDOŴSQHXPRQLD�ŴHSLGHPLRO�
RJ\�ŴSDWKRJHQHVLV�ŴGLDJQRVLV�ŴWUHDWPHQWŴDQGSUHYHQ�
WLRQV�Ŵ&XUUŴ2SLQŴ,QIHFWŴ'LVŴ�����Ŵ���Ŵ��������

��Ŵ %OLQNKRUQŴ Ŵ5-�Ŵ+RVSLWDO�DFTXLUHGŴSQHXPRQLD�Ŵ ,QŴ
%DXPŴ*/�Ŵ&UDSRŴ-'�Ŵ&HOOLŴ%5�Ŵ	Ŵ.DUOLQVN\Ŵ-%�Ŵ
�(GLWRUV��Ŵ7H[WERRNŴRIŴ3XOPRQDU\Ŵ'LVHDVHVŴ�WKŴHG�Ŵ
3KLODGHSKLD�Ŵ/LSSLQFRWWŴ�����Ŵ��������

��ŴŴ :HLQKRXVHŴ*/�Ŵ6FKZDEŴ5-�Ŵ6OHHSŴLQŴWKHŴ&ULWL�
FDOO\ŴLOOŴ3DWLHQW�Ŵ6/((3Ŵ�����Ŵ���Ŵ��������

��ŴŴ 3DWDNŴ/�Ŵ*DZOLQVNLŴ$�Ŵ)XQJŴ1,�Ŵ'RHULQJŴ/�Ŵ%HUJŴ-�Ŵ
+HQQHPDQŴ($�Ŵ&RPPXQLFDWLRQŴERDUGVŴLQŴFULWLFDOŴFDUH�Ŵ
SDWLHQWVuŴYLHZV�Ŵ$SSOŴ1XUVŴ5HVŴ�����Ŵ����������

���ŴŴ 'DVWDŴ -)�Ŵ0FŴ/DXJKOLQŴ73�Ŵ0RG\Ŵ6+�Ŵ3LHFKŴ
&7�ŴŴ'DLO\ŴFRVWŴRIŴDQŴLQWHQVLYHŴFDUHŴXQLWŴGD\�ŴWKHŴ
FRQWULEXWLRQŴRIŴPHFKDQLFDOŴYHQWLODWLRQ�Ŵ&ULWLFDOŴ
&DUHŴ0HGLFLQHŴ�����Ŵ���Ŵ��������

���ŴŴ %ROHVŴ-0�Ŵ%LRQŴ-�Ŵ&RQQRUVŴ$�Ŵ+HUULGJHŴ0�Ŵ0DUVKŴ
%�Ŵ0HORWŴ&�Ŵ HWŴ DO�Ŵ:HDQLQJŴ IURPŴ0HFKDQLFDOŴ
YHQWLODWLRQ�Ŵ(XURSHDQŴ5HVSLUDWRU\Ŵ-RXUQDOŴ�����Ŵ
���Ŵ����������

���Ŵ *HOVWKRUSHŴ7�Ŵ&URFNHUŴ&�Ŵ$ŴVWXG\ŴH[SORULQJŴIDF�
WRUVŴZKLFKŴLQŲXHQFHŴWKHŴGHFLVLRQŴWRŴFRPPHQFHŴ
QXUVHŴyOHGŴZHDQLQJ�Ŵ%ULWLVKŴ RIŴ&ULWLFDOŴ&DUHŴ
1XUVHVŴ�����Ŵ�Ŵ�Ŵ��������

���Ŵ 3HUULHŴ+&�Ŵ.QRZOHGJHŴRIŴLQWHQVLYHŴFDUHŴQXUVHVŴ
LQŴVHOHFWHGŴFDUHŴDUHDVŴFRPPRQO\ŴJXLGHGŴE\ŴSUR�
WRFROV�ŴŴ>'LVVHUWDWLRQ@�Ŵ-RKDQQHVEXUJ�Ŵ8QLYHUVLW\Ŵ
RIŴWKHŴ:LWZDWHUVUDQG�Ŵ�����

���Ŵ 3LQ\RNKDPŴ1�Ŵ'HYHORSPHQWŴRIŴDŴSURJUDPŴIRUŴHQKDQF�
LQJŴQXUVHVuŴFDSDFLW\ŴLQŴZHDQLQJŴRIŴYHQWLODWRU�Ŵ>'LV�
VHUWDWLRQ@�Ŵ&KLDQJPDL�Ŵ&KLDQJPDLŴ8QLYHUVLW\�Ŵ�����

���ŴŴ :K\WHŴ-�:DUGŴ3�ŴDQGŴ(FFOHVŴ':�Ŵ7KHŴUHODWLRQ�
VKLSŴEHWZHHQŴNQRZOHGJHŴDQGŴFOLQLFDOŴSHUIRUPDQFHŴ
LQŴQRYLFHŴH[SHULHQFHGŴFULWLFDOŴFDUHŴQXUVHV�Ŵ+HDUWŴ
	Ŵ/XQJŴ�����Ŵ���Ŵ��������

���Ŵ ,UYLQHŴ'�Ŵ6LGDQLŴ6�Ŵ+DOOŴ/0�Ŵ/LQNLQJŴRXWFRPHVŴWRŴQXUVHVuŴ
UROHVŴLQŴKHDOWKŴFDUH�Ŵ1XUVŴ(FRQŴ�����Ŵ���������Ŵ
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���Ŵ .XQXUDLŴ 7�Ŵ1DPYRQJSURPŴ$�Ŵ&KDWFKXPQLŴ0�Ŵ
<RQJ\XW�Ŵ8�Ŵ(IIHFWVŴRIŴQXUVLQJŴV\VWHPŴGHYHORSPHQWŴ
LQŴXVLQJŴHYLGHQFH�EDVHGŴSURWRFROŴRQŴTXDOLW\ŴRIŴFDUHŴ
LQŴSDWLHQWVŴZLWKŴYHQWLODWRU�Ŵ5HVHDUFKŴSDSHU�Ŵ�����

���Ŵ %ORRPŴ%6�Ŵ7D[RQRP\ŴRIŴHGXFDWLRQŴREMHFWLYHVŴWKHŴ
FODVVLűFDWLRQŴRIŴHGXFDWLRQDOŴJRDOŴERRN�ŴFRJQLWLYHŴ
GRPDLQ�ŴQ�S��Ŵ/RQJPDQ�Ŵ�����

���Ŵ -LDQYLWD\DNLMŴŴ6�Ŵ7KHŴHIIHFWVŴRIŴQXUVHVŴZHDQLQJŴ
FRPSHWHQF\�SURPRWLQJŴ SURJUDPŴRQŴ WKHŴ QXUVHŴ
SHUIRUPDQFHŴDQGŴVDWLVIDFWLRQŴLQŴZHDQLQJŴSDWLHQWVŴ
IURPŴPHFKDQLFDOŴYHQWLODWRUV�Ŵ>7KHVLV@�Ŵ%DQJNRN�Ŵ
0DKLGROŴ8QLYHULVLW\�Ŵ�����Ŵ

���Ŵ )XOEURRNŴ3�Ŵ$ŴVXUYH\ŴRIŴ(XURSHDQŴLQWHQVLYHŴFDUHŴ
QXUVHVuŴNQRZOHGJHŴOHYHOV�,QWHUQDWLRQDOŴ-RXUQDOŴRIŴ
1XUVLQJŴ6WXGLHVŴ�����Ŵ���Ŵ��������

���Ŵ 3LUUHWŴ$0�Ŵ7KHŴOHYHOŴRIŴNQRZOHGJHŴRIŴUHVSLUDWRU\Ŵ
SK\VLRORJ\ŴDUWLFXODWHGŴE\ŴLQWHQVLYHŴFDUHŴQXUVHVŴ

WRŴSURYLGHŴUDWLRQDOHŴIRUŴWKHLUŴFOLQLFDOŴGHFLVLRQ�
PDNLQJ�Ŵ ,QWHQVLYHŴ DQGŴ&ULWLFDOŴ&DUHŴ1XUVLQJŴ
�����Ŵ��Ŵ�Ŵ��������

���Ŵ 1DRSLUL\DZDWŴ8�Ŵ3XWWDSLWDNSROŴ6�Ŵ6ULVXULQŴ:�Ŵ
'HYHORSPHQWŴRIŴ1XUVLQJŴ&DUHŴ0RGHOŴIRUŴ&DULQJŴ
3DWLHQWVŴ RQŴ9HQWLODWRUŴ&RQWUROOLQJŴ E\Ŵ9ROXPHŴ
DQGŴ3UHVVXUHŴDWŴWKHŴ0HGLFDOŴ,QWHQVLYHŴ&DUHŴ8QLWŴ
RIŴDŴ7HUWLDU\Ŵ&DUHŴ+RVSLWDO�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ
$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����Ŵ������Ŵ������

���ŴŴ .XQXUDLŴ7�Ŵ1DPYRQJSURPŴ$�Ŵ&KDWFKXPQLŴ0�Ŵ
<RQJ\XWŴ8�Ŵ(IIHFWLYHQHVVŴ RIŴ1XUVLQJŴ6\VWHPŴ
'HYHORSPHQWŴLQŴ8VLQJŴ(YLGHQFH�EDVHGŴ3URWRFROŴ
RQŴ4XDOLW\ŴRIŴ&DUHŴLQŴ3DWLHQWVŴZLWKŴ9HQWLODWRUVŴLQŴ
,QWHQVLYHŴ&DUHŴ8QLW�Ŵ6LQJEXULŴ+RVSLWDO�Ŵ-RXUQDOŴRIŴ
1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ
'LYLVLRQŴ�����Ŵ������Ŵ������

�µ¦µ��¸É��� �Îµ�ª�Ŵ¦o°¥¨³Ŵ�nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ��°�¦³�´��³Â���ªµ¤¦¼oÁ�¸É¥ª�´��¦³�ª��µ¦®¥nµ
Ŵ Ŵ Á�¦ºÉ°��nª¥®µ¥Ä�Ŵ�Q ���

¦³�´��ªµ¤¦¼o
��³Â���

�Îµ�ª��´ª°¥nµ��
���� ¦o°¥¨³ ¡·­´¥ �6'

¦³�´��ÎÉµŴ��Ŵ��� �� ����� ���� �����Ŵ�Ŵ����
�µ��¨µ�Ŵ������� �� ����� ����� �����Ŵ�Ŵ����
­¼�Ŵ������� � � � �
¦ª¤ �� ������ ���� �����Ŵ�Ŵ����

�µ¦µ��¸É��� �Îµ�ª�Ŵ ¦o°¥¨³Ŵ �nµÁ�¨¸É¥Â¨³­nª�Á�¸É¥�Á��¤µ�¦�µ�¦³�´��°��µ¦��·�´�·�°�¡¥µ�µ¨Á�¸É¥ª�´�
Ŵ Ŵ �¦³�ª��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�Q ���

¦³�´��µ¦��·�´�· �Îµ�ª��´ª°¥nµ��
���� ¦o°¥¨³ ¡·­´¥ �6'

Å¤n�¸ � ���� ������� ������Ŵ�Ŵ����
�µ��¨µ� �� ����� ������� ������Ŵ�Ŵ�����
�¸ �� ����� ������� ������Ŵ�Ŵ�����
¦ª¤ �� ������ ������� ������Ŵ�Ŵ�����
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þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

,OPXMFEHF�BOE�1SBDUJDF�PG�/VSTFT�JO�8FBOJOH�1BUJFOUT�GSPN�
7FOUJMBUPS�BU�1SBOBOHLMBP�)PTQJUBM�

Ŵ 6DRZDUHHŴ3XQVHWŴŴ0�1�6�

ŴŴ $PSDSRUQŴ1DPYRQJSURPŴ3K'


ŴŴ 1DP�R\Ŵ3DNGHYRQJŴ'U�3�+�





"CTUSBDU�
Ŵ 7KLVŴGHVFULSWLYHŴVWXG\ŴDLPHGŴWRŴLQYHVWLJDWHŴNQRZOHGJHŴDQGŴSUDFWLFHVŴRIŴQXUVHVŴDQGŴIDFWRUVŴUHODWLQJŴWRŴ
NQRZOHGJHŴDQGŴSUDFWLFHVŴRIŴQXUVHVŴLQŴZHDQLQJŴSDWLHQWVŴIURPŴYHQWLODWRU�Ŵ7KHŴQXUVLQJŴUROHŴHIIHFWLYHŴPRGHOŴZDVŴ
XVHGŴDVŴDŴFRQFHSWXDOŴIUDPHZRUN�ŴŴ$ŴSXUSRVLYHŴVDPSOHŴRIŴ��ŴQXUVHVŴIURPŴ�ŴZDUGVŴZKRŴKDGŴH[SHULHQFHVŴLQŴFDULQJŴ
RIŴSDWLHQWVŴZLWKŴYHQWLODWRUŴZDVŴUHFUXLWHGŴIRUŴWKLVŴVWXG\�Ŵ7KHŴLQVWUXPHQWVŴXVHGŴWRŴFROOHFWŴGDWDŴLQFOXGHGŴSHUVRQDOŴ
LQIRUPDWLRQŴVKHHW�ŴNQRZOHGJH�Ŵ WHVWŴDQGŴTXHVWLRQQDLUH�Ŵ'DWDŴZHUHŴDQDO\]HGŴE\ŴXVLQJŴ3HDUVRQŴSURGXFWŴPRPHQWŴ
FRUUHODWLRQŴDQGŴ&KL�VTXDUH�
Ŵ 7KHŴűQGLQJVŴVKRZHGŴWKDWŴ���ŴRIŴQXUVHVŴKDGŴDŴORZŴOHYHOŴRIŴNQRZOHGJHŴZKHUHDVŴWKHŴUHVWŴ���ŴKDGŴDŴPRG�
HUDWHŴOHYHOŴRIŴNQRZOHGJH�Ŵ5HJDUGLQJŴSUDFWLFHVŴ�����ŴKDGŴDŴKLJKŴOHYHOŴRIŴSUDFWLFHV�ŴWKHŴUHVWŴZHUHŴDWŴDŴPRGHUDWHŴ
OHYHO�Ŵ([SHULHQFHŴRIŴWUDLQLQJŴLQŴFDULQJŴRIŴSDWLHQWVŴZLWKŴYHQWLODWRUŴZDVŴWKHŴRQO\ŴIDFWRUŴWKDWŴIRXQGŴFRUUHODWHGŴZLWKŴ
NQRZOHGJHŴRIŴQXUVHV�Ŵ7KHŴűQGLQJVŴRIŴWKLVŴVWXG\ŴZLOOŴEHŴEHQHűWŴWRŴQXUVLQJŴVWDIIŴGHYHORSPHQW�Ŵ

.H\ZRUGV�ŴŴ NQRZOHGJHŴDQGŴSUDFWLFHV�ŴZHDQLQJŴYHQWLODWRU


Ŵ7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ$GXOWŴ1XUVLQJ�Ŵ6FKRROŴRIŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ3URJUDPŴLQŴ$GXOWŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\



Ŵ$VVLVWDQWŴ3URIHVVRU�Ŵ6FKRROŴRIŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\




Ŵ,QVWUXFWRU�Ŵ6FKRROŴRIŴ1XUVLQJ�Ŵ5DQJVLWŴ8QLYHUVLW\
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¬�|Ü������¤�¢����Ð

Ŵ Ŵ Ŵ ª·­µ¦r�¦ŴŴŴ¤��°�ŴŴ�¡­�


��z���h�
����������µ¦ª·�´¥Á�·�­Îµ¦ª��¸Ê¤¸ª´��»�¦³­��r�º°��ŴÁ¡ºÉ°«¹�¬µ�ªµ¤¡¹�¡°Ä��°��¼oÄ�o�¦·�µ¦Ŵ��ŴÁ¡ºÉ°�¦³Á¤·�Ŵ�¨�o°¦o°�
Á¦¸¥�Á¦ºÉ°�¡§�·�¦¦¤�µ¦�¦·�µ¦�°�Á�oµ®�oµ�¸É�µ��¼o�iª¥�°�Ŵ��Ŵ Á¡ºÉ°«¹�¬µ�ªµ¤¡¹�¡°Ä��°�Á�oµ®�oµŴ�¸É�µ��¼o�iª¥
�°��n°�·��¦¦¤¡´��µ¡§�·�¦¦¤�µ¦�¦·�µ¦Ŵ Ŵ Ŵ Ŵ�¨»n¤�´ª°¥nµ��º°�¼o¤µÄ�o�¦·�µ¦Ŵ���Ŵ��Ã�¥Á�È��o°¤¼¨Ä�Â�n¨³®o°�
�¦ª�ŴÄ�oª·�¸­»n¤�´ª°¥nµ�Â��¤¸¦³���6\VWHPDWLFŴ6DPSOLQJ�ŴÂ¨³Á�oµ®�oµ�¸É�µ��¼o�iª¥�°�Ŵ��Ŵ��ŴŴÁ�¦ºÉ°�¤º°Ä��µ¦
ª·�¥́�¦³�°��oª¥Ŵ��ŴÂ��­°��µ¤�ªµ¤¡¹�¡°Ä��°��¼oÄ�o�¦·�µ¦�¹É�®µ�nµ�ªµ¤Á�ºÉ°¤´É� Ŵ����Ŵ��ŴÂ��­°��µ¤�ªµ¤
¡¹�¡°Ä��°�Á�oµ®�oµ�¸É�n°�·��¦¦¤¡�́�µ¡§�·�¦¦¤�µ¦�¦·�µ¦Ŵ��Ŵ�o°¤¼̈ �µ�°»��́·�µ¦�r�o°¦o°�Á¦¥̧�ŴŴ��Ŵ�·��¦¦¤�µ¦
¡�́�µ¡§�·�¦¦¤�µ¦�¦·�µ¦�°�Á�oµ®�oµ�¸ÉŴ�¦³�°��oª¥Ŵ����Ŵ°�¦¤�µ¦�¦·�µ¦�oª¥®ª́Ä��ªµ¤Á�}�¤�»¬¥rŴ����Ŵ°�¦¤
�¦¦¤�oª¥�µ¦Å®ªo¡¦³Ŵ­ª�¤��rŴ�Îµ­¤µ�·ŴÂ�nÁ¤��µÂ¨³¢{�Á���¦¦¤³�¦¦¥µ¥Ŵ����Ŵ­°�Â�¦�Á¦ºÉ°��µ¦¤¡̧§�·�¦¦¤Ŵ
�µ¦�¦·�µ¦�¸É�¸Ä��µ¦�¦³�»¤�¦³�ÎµÁ�º°�Ŵ����Ŵ°�¦¤¡§�·�¦¦¤�¦·�µ¦�¸É�Ŵ̧����Ŵ�Îµ�»�Á¨¸Ê¥�¡¦³Ä�®�nª¥�µ�Ŵ����Ŵ
­³�o°��ªµ¤¦¼o­¹��°��¼oÄ�o�¦·�µ¦Ŵ����Ŵ¥�¥n°��¤Á�¥�¼o�¸É¤¸¡§�·�¦¦¤�µ¦�¦·�µ¦�¸É�¸Ŵ ����Ŵ�¦�¸¤¸�o°¦o°�Á¦¸¥�®¦º°¤¸
�{�®µÁ¦¸¥�¡�­nª��´ªÁ¡ºÉ°­°��µ¤ŴÂ�³�ÎµŴŴ�ÎµÁ�·��·��¦¦¤¡´��µ¦³®ªnµ�Á�º°�Ŵ¤¸�µ�¤Ŵ����ŴyŴ�»¤£µ¡´��rŴ����Ŵ
­�·�·�¸ÉÄ�oª·Á�¦µ³®rŴ�º°Ŵ¦o°¥¨³Ŵ�nµÁ�¨¸É¥ŴÂ¨³­nª�Á�¸É¥�Á��¤µ�¦�µ�
ŴŴŴŴŴŴŴŴŴŴŴ�¨�µ¦ª·�´¥­¦»�Å�o�´��¸ÊŴ��Ŵ�ªµ¤¡¹�¡°ŴÄ��°��¼oÄ�o�¦·�µ¦£µ¡¦ª¤Á¡·É¤�¹Ê�Á�}�¦o°¥¨³��Ŵ°¥¼nÄ�¦³�´��ªµ¤¡¹�
¡°Ä�¤µ�ŴŴ��Ŵ¤�̧o°¦o°�Á¦¥̧�Á¦ºÉ°�¡§�·�¦¦¤�µ¦�¦·�µ¦�°�Á�oµ®�oµ�¸ÉŴ�Ŵ�¦´Ê�ŴŴ��ŴÁ�oµ®�oµ�¸É¡¹�¡°Ä��n°�·��¦¦¤¡�́�µ
¡§�·�¦¦¤�µ¦�¦·�µ¦£µ¡¦ª¤¦o°¥¨³Ŵ����Ŵ�¨�µ¦¡´��µ£µ¡¦ª¤�¸�¹Ê�Â�n¥´�Å¤nÅ�o�µ¤Á�jµ®¤µ¥�¸É�Îµ®��ÅªoŴÁ¡¦µ³
�µ¦�¦�́Á�¨¸É¥�¡§�·�¦¦¤Á�}�­·É��¸É�ÎµÅ�o¥µ���́�´Ê��ª¦�¨»��·�­Îµ�¹�Ä®oÁ�oµ®�oµ�¸ÉÁ®È��ªµ¤­Îµ��́�°��µ¦¤¡̧§�·�¦¦¤
�µ¦�¦·�µ¦�¸É�¸Á�}�°´��´�Â¦�Ŵ Ŵ Ŵ f�°�¦¤�´�¬³�µ¦¤¸¡§�·�¦¦¤�µ¦�¦·�µ¦�¸É�Ŵ̧ ŴÂ¨³�¸É­Îµ�´��¼o�¦·®µ¦�ª¦Á®È��ªµ¤
­Îµ�´�Ä®o�µ¦­�´�­�»��nª¥Á®¨º°�·��¦¦¤�µ¦¡´��µ�¹É��ª¦�¦³�Îµ°¥nµ��n°Á�ºÉ°�­¤ÎÉµÁ­¤°�¹��³Á�·�¡§�·�¦¦¤�µ¦
�¦·�µ¦�¸É�¸¥·É�Ç�¹Ê�Å�

�Îµ­Îµ�´��� �µ¦¡´��µ¡§�·�¦¦¤�µ¦�¦·�µ¦ŴÁ�oµ®�oµ�¸É�µ��¼o�iª¥�°����

z���ª�ÒÙ��«�Ýz����·�z�Öx�|�qÖ�������
Ŵ �µ��¦·�µ¦�¼o�iª¥�°�Á�}��µ��¦·�µ¦�nµ�®�oµ
�¹É��o°�¦°�¦´��¼o�iª¥�Îµ�ª�¤µ�Ŵ¡§�·�¦¦¤�µ¦�¦·�µ¦
Á�}�­nª��¦³�°�®¨�́Ä��µ¦Ä®o�¦·�µ¦��́�´Ê��µ¦¡�́�µ
¡§�·�¦¦¤�µ¦�¦·�µ¦Á¡ºÉ°Ä®o�¼oÄ�o�¦·�µ¦Á�·��ªµ¤�¦³��́
Ä�Â¨³¡¹�¡°Ä��¹�Á�}�­·É��¸É�ÎµÁ�}�Â¨³­Îµ�´�­Îµ®¦´��µ�
�¦·�µ¦�¼o�iª¥�°�Ŵ Ŵ Ä��{��»�´��¼oÄ�o�¦·�µ¦¤¸�Îµ�ª�¤µ�ŴŴŴ
¤¸�o°�Îµ�´��°��´Ê��°��µ¦�¦·�µ¦Ŵ �o°�Îµ�´��°�Áª¨µ

Â¨³�»�¨µ�¦Ŵ°¸��´Ê��µ¦Ä®o�¦·�µ¦¤¸®¨µ¥�oµ�Å�oÂ�nŴ�µ¦
�o°�¦´�Ŵ�µ¦�¦³�µ­´¤¡´��rŴ �µ¦�´��¦°��¼o�iª¥Ŵ�µ¦Ä®o
�ªµ¤­³�ª�Ŵ�µ¦Ä®o�µ¦�nª¥Á®¨º°¦�́¬µ¡¥µ�µ¨Á�ºÊ°��o�ŴŴ
�µ¦�nª¥Ä���³�¦ª�¦�́¬µŴŴ�µ¦Â�³�Îµ�¼o�iª¥Ä��µ¦�¨�́
Å��¼Â¨®¦º°¡´�¢g��­£µ¡��Á°��n°�¸É�oµ�Ŵ�¨°����µ¦
�´�Ä®o�¼o�iª¥¤µ¦´��µ¦¦´�¬µ�n°Á�ºÉ°��¸ÉÂ���°ºÉ�®¦º°Å�
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3FGFSFODF
��Ŵ -XQWUDSDŴ:�Ŵ+RVSLWDOŴDGPLQLVWUDWLRQ�Ŵ1RQWKDEXUL�Ŵ

6XNKRWKDLŴWKDPPDWKLUDWŴXQLYHUVLW\�Ŵ�����Ŵ
��Ŵ 5HVHDUFKŴ V\VWHPŴSXEOLFŴ KHDOWKŴ LQVWLWXWH�Ŵ 6WDWHŴ

KRVSLWDOŴ LQŴ WKHŴ QHZŴ ORRN�Ŵ%DQJNRN�Ŵ5HVHDUFKŴ
LQVWLWXWHŴV\VWHPŴSXEOLFŴKHDOWKŴSUHVV�Ŵ�����

��Ŵ %XQ\DQXUDNŴ3�Ŵ*XDUDQWHHHLQJŴTXDOLW\ŴVRPHWKLQJŴ
QXUVH�Ŵ&KROEXUL�Ŵ3ULQWLQJŴSDODFHŴ QHZŴEOHVVLQJŴ
KRXVH�Ŵ�����Ŵ

��Ŵ &KDORH\VDSŴ6�Ŵ%HKDYLRXUŴSDWUROŴULVNV�ŴWKHŴFRQGLWLRQŴ
ULVNV�ŴQHZVŴVLGHŴKHDOWKŴLQIRUPDWLRQŴDQGŴXVLQJŴVHUYHŴ
KHDOWKŴ�ŴXVLQJŴVHUYHŴWKHŴKHDOWKŴRIŴSHRSOHŴIRUŴUHVHDUFKŴ
V\VWHPŴSXEOLFŴKHDOWKŴLQVWLWXWH�Ŵ%DQJNRN�Ŵ6XDQGXVLWŴ
JRYHUQPHQWŴRIűFHUŴLQVWLWXWH�Ŵ�����

��Ŵ %XQWKRQJŴ7�ŴZKDWŴLVŴVRPHWKLQJŴV\VWHPŴSLFWXUHŴ
VHUYHVŴSHRSOHŴ7KDLŴKHDOWKŴZDQWV�Ŵ1HZVŴFRXQFLOŴ
OHWWHUŴVRPHWKLQJŴQXUVHŴ�����Ŵ�����Ŵ����

��Ŵ :RQJSDQŴ6�Ŵ7KHŴ TXDOLW\Ŵ VHUYHVŴ WRŴ IROORZŴ WKHŴ
H[SHFWDWLRQŴDQGŴWKHŴDFNQRZOHGJHPHQWŴRIŴWKHŴXVHUŴ
LQŴ RXWSDWLHQWŴZRUN�Ŵ VWDWHŴ 6XSKDQEXULŴ KRVSLWDOŴ
�7KHVLV��Ŵ%DQJNRN�Ŵ0DKLGROŴ8QLYHUVLW\�Ŵ�����

��Ŵ :DULUDNŴ2�Ŵ7RŴWKHŴH[FHOOHQFHŴLQŴVHUYHŴWKHŴKHDOWK�Ŵ
$ŴGRFXPHQWŴFRSLHV�Ŵ�����

��Ŵ &KXSLNXQFKDLŴ 6�Ŵ 7KHŴ SV\FKRORJ\Ŵ LVŴ JHQHUDO�Ŵ
%DQJNRN�Ŵ5DPNKXPNKHDQJŴ8QLYHUVLW\�Ŵ�����

��Ŵ -XQDHPŴ6�Ŵ Ŵ7KHŴ VRFLDOŴ SV\FKRORJ\�Ŵ%DQJNRN�Ŵ
-XQNDVDPŴ7HDFKHUŴ&ROOHJH�Ŵ�����

���Ŵ +RUD\DQJNXUDŴ9�ŴŴ+XPDQŴ%HKDYLRUŴZLWKŴ(QYLURQPHQW�Ŵ
%DQJNRN�Ŵ&KXODORQJNRUQŴ8QLYHUVLW\�Ŵ�����

���Ŵ +DQQDURQJŴ.�Ŵ Ŵ 3DWLHQW�Ŵ VŴ5LJKW�Ŵ 3UDFWLFHŴ RIŴ WKHŴ
+HDOWKŴ3URYLGHUVŴDQGŴ&OLHQWVŴDWŴ6ULQDJDULQGŴ+RVSLWDO�Ŵ
)DFXOW\ŴRIŴ0HGLFLQH�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\�Ŵ-RXUQDOŴ
RIŴ1XUVHV
Ŵ$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ
'LYLVLRQŴ�����Ŵ������Ŵ������

���Ŵ -DQUXHFKDLŴ '�Ŵ 6DPRUKRUPŴ 1�Ŵ 0RUDOŴ DQGŴ
6HUYLFHŴ%HKDULRUVŴRIŴ3URIHVVLRQDOŴ1XUVHVŴDWŴ3UDŴ
DUMDUQSKXQŴ$MDURŴ+RVSLWDO�Ŵ -RXUQDOŴ RIŴ1XUVHV
Ŵ
$VVRFLDWLRQŴRIŴ7KDLODQG�Ŵ1RUWK�(DVWHUQŴ'LYLVLRQŴ
�����Ŵ������Ŵ������
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3FTVMUT�PG�*NQSPWFNFOU�PO�4FSWJDF�#FIBWJPS�PG�0VU�1BUJFOU�
%FQBSUNFOU�4UBGG�BU�#VSJSBN�)PTQJUBM

Ŵ Ŵ Ŵ :LVDJRUQŴŴ0RGWKRQJŴ%F�1�


"CTUSBDU
ŴŴ 7KHŴSXUSRVHVŴRIŴ WKLVŴ VXUYH\Ŵ UHVHDUFK�Ŵ��Ŵ7RŴ VDWLVIDFWLRQŴRIŴ23'ŴSDWLHQWV�Ŵ��7RŴHYDOXDWHŴ UHVXOWVŴRIŴ
RFFXUUHQFHŴUHSRUWVŴRIŴWKHŴVHUYLFHŴEHKDYLRU�ŴŴ��Ŵ7RŴVDWLVIDFWLRQŴRIŴ23'ŴVWDIIŴWRŴWKHŴDFWLYLWLHVŴRIŴVHUYLFHŴEHKDYLRUŴ
LPSURYHPHQW�Ŵ6DPSOHŴZDVŴ���Ŵ23'ŴSDWLHQWVŴVHOHFWHGŴE\Ŵ6\VWHPDWLFŴ6DPSOLQJŴPHWKRGŴDQGŴ��Ŵ23'ŴVWDII�Ŵ7KHŴ
LQVWUXPHQWVŴRIŴWKLVŴUHVHDUFK�Ŵ��Ŵ4XHVWLRQQDLUHVŴRQŴVDWLVIDFWLRQŴRIŴ23'ŴSDWLHQWVŴDERXWŴVHUYLFHŴEHKDYLRUŴRIŴ23'Ŵ
VWDIIŴE\ŴUHOLDELOLW\ŴZDVŴ�����Ŵ��Ŵ4XHVWLRQQDLUHVŴRQŴVDWLVIDFWLRQŴRIŴ23'ŴVWDIIŴDERXWŴWKHŴDFWLYLWLHVŴRIŴVHUYLFHŴEHKDYLRUŴ
LPSURYHPHQW�Ŵ��Ŵ2FFXUUHQFHŴUHSRUWVŴRIŴWKHŴVHUYLFHŴEHKDYLRU�Ŵ��Ŵ7KHŴDFWLYLWLHVŴRIŴVHUYLFHŴEHKDYLRUŴLPSURYHPHQW�Ŵ
����Ŵ7UDLQLQJŴKXPDQL]HGŴKHDOWKŴFDUH�Ŵ����Ŵ7UDLQLQJŴODZŴWRŴSUD\�ŴKDYHŴPHGLWDWLRQ�ŴDQGŴ%XGGKLVPŴREOLJDWLRQŴDQGŴ
SUDFWLFHV�Ŵ����Ŵ+DYLQJŴDUHŴH[DPSOHŴRIŴJRRGŴVHUYLFHŴVKRZQŴDQGŴGLVFXVVHGŴLQŴHYHU\ŴPRQWKO\ŴPHHWLQJ�Ŵ����Ŵ7UDLQLQJŴ
JRRGŴVHUYLFHŴEHKDYLRU�Ŵ����Ŵ+DYLQJŴDŴPRQNŴFHUHPRQ\ŴDQGŴSUD\LQJŴLQŴWKHŴ23'ŴSHULRGLFDOO\�ŴŴ����Ŵ5HERXQGLQJŴ
RIŴWKHŴSDWLHQWuVŴRSLQLRQ�Ŵ����Ŵ(VWHHPLQJŴDQGŴSUDLVLQJŴWKHŴVWDIIŴJRRGŴVHUYLFHŴEHKDYLRU�Ŵ����Ŵ,IŴRFFXUUHQFHŴUHSRUWVŴ
RIŴWKHŴVHUYLFHŴEHKDYLRUŴFDOOHGŴVWDIIŴFRQűGHQWLDOŴGLVFXVVLRQŴDQGŴVXJJHVWLRQŴIRUŴVHUYLFHŴLPSURYHPHQW�Ŵ7KHŴDFWLYLWLHVŴ
RIŴVHUYLFHŴEHKDYLRUŴLPSURYHPHQWŴGXULQJŴ0DUFKŴ�����Ŵ)HEUXDU\Ŵ�����ŴŴ'DWDŴZHUHŴDQDO\]HGŴXVLQJŴSHUFHQWDJH�Ŵ
PHDQŴDQGŴVWDQGDUGŴGHYLDWLRQ�ŴŴ5HVXOWVŴRIŴWKLVŴUHVHDUFKŴLQGLFDWHGŴWKDW�Ŵ��Ŵ2YHUDOOŴVDWLVIDFWLRQŴRIŴVHUYLFHVŴLQFUHDVHGŴ
WRŴ���ŴZKLFKŴZDVŴLQŴDŴKLJKŴOHYHO�ŴŴ��Ŵ7KHUHŴZDVŴRQHŴIHHGEDFNŴRQŴXQVDWLVIDFWRU\ŴVHUYLFH�Ŵ��Ŵ2YHUDOOŴVDWLVIDFWLRQŴ
RIŴ WKHŴ23'Ŵ VWDIIŴ RQŴ WKHŴ VHW�XSŴ DFWLRQVŴ WRŴ LPSURYHŴ WKHŴ VHUYLFHVŴZDVŴ������Ŵ5HVXOWVŴ RIŴ LPSURYHPHQWŴ EHWWHUŴ
EHIRUHŴEXWŴOHVVŴWKHQŴWDUJHWŴŴEHFDXVHŴFKDQJLQJŴVHUYLFHŴEHKDYLRUŴZDVŴWUDLQŴGLIűFXOWŴ�ŴVRŴŴHQFRXUDJLQJŴ23'ŴVWDIIŴŴRQŴ
LPSRUWDQFHŴRIŴŴJRRGŴVHUYLFHVŴEHKDYLRUŴVKRXOGŴEHŴűUVWO\ŴVWDUWHG�Ŵ7UDLQLQJŴWKHŴVWDIIŴŴWRŴKDYHŴJRRGŴVHUYLFHVŴEHKDYLRUŴ
LVŴDOVRŴUHTXLUHGŴWRŴEHŴLPSOHPHQWHG�Ŵ,QŴDGGLWLRQŴ�ŴJRRGŴVXSSRUWVŴIURPŴŴPDQDJHPHQWŴLQŴFRQWLQXRXVO\ŴFRQGXFWLQJŴDOOŴ
WKHŴHDUOLHUŴPHQWLRQHGŴDFWLRQVŴWRŴLPSURYHŴVHUYLFHŴSHUIRUPDQFHŴDWŴWKHŴ23'ŴDUHŴDOVRŴUHTXLUHGŴWRŴHQVXUHŴFRQWLQXLW\Ŵ
RIŴWKHŴVHUYLFHŴEHKDYLRUŴŴLPSURYHPHQW�ŴŴ

.H\ZRUGV�ŴŴ LPSURYHPHQW�ŴVHUYLFHŴEHKDYLRU�ŴVWDII�Ŵ2XWŴ3DWLHQWŴ'HSDUWPHQWŴŴŴŴŴŴ


Ŵ5HJLVWHUHGŴ1XUVH�Ŵ3URIHVVLRQDOŴ/HYHO�Ŵ%XULUDPŴ+RVSLWDO
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�µ�¤�¨¼��¸É�¸�¸É­»�Ŵ Ŵ �º°Ŵ Ŵ �µ¦�¦ª�£µ¥Ä��n°��¨°�
�oª¥ª·�¸�µ�Á�¨¨rª·�¥µ�¸ÉÁ¦¸¥�ªnµŴ¡µ¡µ�·Ã�Á¨µªr­Á¤¸¥¦rŴŴ
�3DSDQLFDODRXŴŴVPHDU�Ŵ®¦º°Â¡È¡­Á¤¸¥¦rŴ�3DSŴŴVPHDU�Ŵ
Á¡ºÉ°�o�®µ¤³Á¦È��µ�¤�¨¼��´Ê�Â�n¦³¥³Á¦·É¤Â¦��¹É�
Á�}��µ¦�j°��´��µ¦Á�·�Ã¦�¤³Á¦È��µ�¤�¨¼�Å�o�¨
Â¤n�¥Îµ­¼�­µ¤µ¦�ª·�·��´¥¤³Á¦È��µ�¤�¨¼�Å�o�¼��o°��¹�
¦o°¥¨³Ŵ��Ŵ�Ŵ �µ¦�o�®µ¤³Á¦È��µ�¤�¨¼�Å�o�´Ê�Â�n¦³¥³
Á¦·É¤Â¦��³Á�}��µ¦¨�°´�¦µ�µ¦�µ¥Â¨³­µ¤µ¦�¦´�¬µ
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Ä®o®µ¥Å�oŴÂ��¡´��µ­µ�µ¦�­»���´��¸ÉŴ�Ŵ Ŵ�¹�Å�o¤¸�µ¦
¨�°´�¦µ�µ¦�µ¥�µ�Ã¦�¤³Á¦È��µ�¤�¨¼�Ã�¥ª·�¸�µ¦
�¦ª�Ŵ3DSŴVPHDUŴÄ�­�¦¸�¨»n¤Á�jµ®¤µ¥°µ¥»Ŵ��ŴyŴ��ŴŴ�e
Ä®oÅ�o¦o°¥¨³ŴŴ��Ŵ�¹��{��»��́Â��¡´��µ­µ�µ¦�­»����́
�¸ÉŴ ��Ŵ�È¥´�Á�o��µ¦¨�°´�¦µ�µ¦�µ¥�µ�Ã¦�¤³Á¦È��µ�
¤�¨¼�Ã�¥ª·��̧µ¦�¦ª�Â¡È¡­Á¤¥̧¦rÄ�­�¦�̧¨»n¤Á�jµ®¤µ¥
Ä®oÅ�o¦o°¥¨³Ŵ��ŴŴ£µ¥Ä�Ŵ�Ŵ�e�´Ê�Â�n�eŴ����ŴyŴ����ŴÂ�n
­´��¤Å�¥Ä�����°¸­µ�Ŵ¤°�ªnµ�µ¦Å��¦ª�¤³Á¦È��µ�
¤�¨¼�Á�}��µ¦Á�d�Á�¥°ª¥́ª³Á¡«Á�}�­·É��¸É�nµ°µ¥Å¤n�¨oµ
Å��¦ª�¤³Á¦È��µ�¤�¨¼�¦³¥³Á¦·É¤Â¦�Ŵ�ÎµÄ®o�Îµ�ª�­�¦¸
�¸É�iª¥Á�}�¤³Á¦È��µ�¤�¨¼�Á¡·É¤¤µ��¹Ê�ŴÅ�¡�Â¡�¥rÄ�
¦³¥³¨»�¨µ¤�ÎµÄ®o¦´�¬µÅ�o¥µ�Ŵ Ŵ Ä��¦·��­´��¤����
°¸­µ�­nª�¤µ��³Á�}��¦°��¦´ª�¥µ¥Ŵ Ŵ®¦º°�µ�·¡¸É�o°�
�³°¥¼n�oµ��¦·Áª�Á�¸¥ª�´�Áª¨µ¤¸�{�®µÁ�¸É¥ª�´�­»�£µ¡
�È�³�¦¹�¬µ�´��n°��¸É�³�´�­·�Ä�¤µ�¦¹�¬µÁ�oµ®�oµ�¸É
­µ�µ¦�­»�Ŵ �¼o�¸É¤¸°·��·¡¨Ä��µ¦�´�­·�Ä�¤µ�¦ª��´�
�¦°�­nª�¤µ��³Á�}�ŴŴ�´ª­�¦¸Á°�ŴŴ¦°�¨�¤µ�³Á�}�­µ¤¸ŴŴ
Á¡¦µ³­µ¤£̧¦¦¥µ°¥¼n¦nª¤�»��r¦nª¤­»���́¤µ¤�̧{�®µ°³Å¦
�È�³�¦¹�¬µ�´�Ŵ­nª�Ä��¨»n¤­�¦¸�¸ÉÅ¤n¤¸­µ¤¸�¼o�¸É¤¸°·��·¡¨
�³Á�}��»�¦Ŵ�µ�·¡¸É�o°�Ŵ�µ��µ¦���ª�ª¦¦��¦¦¤Ŵ¡�ªnµŴŴ
ª·��̧µ¦�¸É�³�¦³�»o�Ä®o­�¦�̧¨»n¤Á�jµ®¤µ¥¤µ�¦ª���́�¦°�
¤³Á¦È��µ�¤�¨¼��oª¥ª·�Â̧¡È¡­Á¤¥̧¦r�³�o°�Ä®o�¦°��¦ª́
¤¸­nª�¦nª¤Ä��µ¦¦´�¦¼o�¹��ªµ¤­Îµ�´�Â¨³°´��¦µ¥�°�
�µ¦Å¤n¤µ�¦ª�¤³Á¦È��µ�¤�¨¼�Ŵ�´��´Ê��¹�Á�}��¸É¤µ�°�
Ã�¦Â�¦¤�µ¦Á�¦¸¥¤�¦°��¦´ªÁ¡ºÉ°­n�Á­¦·¤¡§�·�¦¦¤
�µ¦�j°��´�¤³Á¦È��µ�¤�¨¼�

����¤��Ý�|zÐw���¡}��
Ŵ Á¡ºÉ °«¹�¬µ�¨�°�Ã�¦Â�¦¤�µ¦Á�¦¸¥¤
�¦°��¦´ªÁ¡ºÉ°­n�Á­¦·¤¡§�·�¦¦¤�µ¦�j°��´�¤³Á¦È��µ�
¤�¨¼�Ã�¥�µ¦¤µ�¦ª��´��¦°�

w���«Ù�z¡�w���¡}��
Ŵ �µ¦ª·�´¥�¦´Ê��¸Ê�¼oª·�´¥¥¹��¦°�Â�ª�·��§¬�¸
�µ¦­n�Á­¦·¤­»�£µ¡�°�Á¡�Á�°¦r¦nª¤�´�Â¦�­�´�­�»�
�µ��¦°��¦´ªÄ��µ¦­¦oµ�Ã�¦Â�¦¤�µ¦Á�¦¸¥¤Ŵ
�¦°��¦´ªÁ¡ºÉ°­n�Á­¦·¤¡§�·�¦¦¤�µ¦�j°��´�¤³Á¦È��µ�
¤�¨¼�­¦»�Å�oÃ�¥¤¸Â�ª�·��µ¦¤¸­n�Á­¦·¤¡§�·�¦¦¤

­»�£µ¡Ŵ¤¸�{��´¥�¸É­Îµ�´�Ŵ�Ŵ�¦³�µ¦�º°Ŵ¨´�¬�³Á�¡µ³
Â¨³�¦³­��µ¦�r�°��»��¨Ŵ�,QGLYLGXDOŴFKDUDFWHULVWLFVŴ
DQGŴ H[SHULHQFHV��ªµ¤�·�Â¨³°µ¦¤�r�n°¡§�·�¦¦¤Ŵ
�%HKDYLRU�VSHFLűFŴFRJQLWLRQVŴDQGDIIHFW��¨¨´¡�r�oµ�
¡§�·�¦¦¤Ŵ�%HKDYLRUDOŴ RXWFRPHV��Ŵ Ŵ Ã�¥Á�ºÉ°ªnµ��¤¸
�ªµ¤¤»n�®¤µ¥�¸É�³¤¸¡§�·�¦¦¤­»�£µ¡�¸É�Ŵ̧ Ŵ¡§�·�¦¦¤
�°���Å¤n­µ¤µ¦��¸É�³­¦oµ��¦°�Ä®o¤¸�·«�µ�Á�¸¥ª
®¦º°Á�}�Â��­°��µ�Å�oŴ �¹É��¦³�ª��µ¦�¸ÉÁ�·��¹Ê�Ŵ
¤¸¨´�¬�³°µ«´¥�¹É��´�Â¨³�´�¦³®ªnµ�Ŵ Ŵ��Ŵ Ŵ­·É�Âª�¨o°¤ŴŴ
Â¨³¡§�·�¦¦¤ŴÃ�¥¤�̧¦³�ª��µ¦�µ��{��µÁ�}��ª́Á�ºÉ°¤Ŵ
Ä®oÁ�·��µ¦Á�¨¸É¥�Â�¨�Å�­¼n¡§�·�¦¦¤­»�£µ¡�¸É�¸ŴŴ
�ªµ¤�·�Â¨³°µ¦¤�r�n°¡§�·�¦¦¤Ŵ Á�}��{��´¥�¸É�»��¨
�ÎµÅ��·�Á�ºÉ°¤Ã¥��ÎµÄ®oÁ�·�¡§�·�¦¦¤­»�£µ¡�¸É�¸Ã�¥Ŵ
¦´�¦¼o�¦³Ã¥��r�°��µ¦��·�´�·�µ¤�ÎµÂ�³�ÎµŴ �µ¦¦´�¦¼o
°»�­¦¦�Ä��µ¦��·��́·¡§�·�¦¦¤Ŵ�µ¦¦�́¦¼o�ªµ¤­¤¦¦��³Ŵ
�°���Á°�Ŵ�ªµ¤¦¼o­¹��¸É�¸�n°¡§�·�¦¦¤Ŵ ¦nª¤�´��µ¦Å�o
¦´�°·��·¡¨�µ��¦°��¦´ªŴ Ŵ �µ��µ¦­�´�­�»�­n�Á­¦·¤
¡§�·�¦¦¤�µ¦�j°��´�¤³Á¦È��µ�¤�¨¼��¦³­µ��´�
°·��·¡¨�µ�­�µ��µ¦�rŴ Ŵ �µ¦�´��¦·�µ¦Â¨³�µ¦�´�
®¤µ¥�µ¦¤µ�¦ª��´��¦°�¤³Á¦È��µ�¤�¨¼��³¤¸�¨�n°
¡§�·�¦¦¤­»�£µ¡�¸É�¸
Ŵ �´��´Ê�Ã�¦Â�¦¤�µ¦Á�¦¸¥¤�¦°��¦´ªÁ¡ºÉ°
­n�Á­¦·¤¡§�·�¦¦¤�µ¦�j°��´�¤³Á¦È��µ�¤�¨¼��¹��´�
Ã�¦Â�¦¤�µ¦Á�¦¸¥¤�¦°��¦´ªÁ¡ºÉ°­n�Á­¦·¤¡§�·�¦¦¤
�µ¦�j°��´�¤³Á¦È��µ�¤�¨¼��¦³�°��oª¥�·��¦¦¤�¨»n¤
Ä®o�ªµ¤¦¼oÃ�¥�µ¦­¦oµ�­´¤¡´��£µ¡Ä®o�´��¼oÁ�oµ¦nª¤
�·��¦¦¤�»���Ä®o�ªµ¤¦¼oÁ�¸É¥ª�´�Ã¦�¤³Á¦È��µ�¤�¨¼�ŴŴŴ
�¤ª�̧�̧«́�rÁ¦ºÉ°�°�́�¦µ¥�°�Ã¦�¤³Á¦È��µ�¤�¨¼��µ¦�Îµ
Á­�°�´ªÂ��­ºÉ°�»��¨Ŵ Ŵ Å�oÂ�nŴ Ŵ �´ªÂ���µ�¨�­�¦¸�¸É
�iª¥Á�}�¤³Á¦È��µ�¤�¨¼��´ªÂ���µ�¨�­µ¤¸�¸É¤¸£¦¦¥µ
Á­¸¥�¸ª·��oª¥Ã¦�¤³Á¦È��µ�¤�¨¼��´ªÂ���µ��ª�­�¦¸
�¸É¦�́�µ¦�¦ª���́�¦°�¤³Á¦È��µ�¤�¨¼�Á�}��¦³�Îµ�»��eŴŴ
�ÎµÁ­�°�´ª°¥nµ�¤�¨¼��¸ÉÁ�}�¤³Á¦È��¦·�Ŵ Ŵ Ã�­Á�°¦r£µ¡
¤�¨¼�Á¡ºÉ°Ä®o¦�́¦¼o�¹�Ã¦�Â¨³�ªµ¤¦»�Â¦�¤³Á¦È��µ�¤�¨¼�ŴŴ
�µ¦®¨¸�Á¨¸É¥��{��´¥Á­¸É¥�Â¨³�µ¦�j°��´�Ã¦�¤³Á¦È��µ�
¤�¨¼�Á�}��µ¦�ÎµÁ­�°�¹��¦³Ã¥��r�°��µ¦�¦ª��´�
�¦°��¹É�Á�}��µ¦�j°��´�¤³Á¦È��µ�¤�¨¼�Ŵ Ŵ ª·�¸�µ¦�¦ª�
Â¡È¡­Á¤¸¥¦r¨��{�®µ°»�­¦¦�Â¨³¦´�¦¼o­¤¦¦��³�°�
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���¦³�»o�Á�º°��µ��¦°��¦´ªŴ Ŵ�¼oÄ®�n�oµ�Ŵ Ŵ Á�oµ®�oµ�¸ÉŴ
°°�Á¥¸É¥¤�oµ�Ŵ �µ¦�´��¦·�µ¦�¨·�·��¦ª��´��¦°�
¤³Á¦È��µ�¤�¨¼�Ä�­�µ��¦·�µ¦Ä�¨o�oµ�Á�}��µ¦�Îµ
°·��·¡¨¦³®ªnµ�Ŵ Ŵ�»��¨Ŵ Ŵ�¦°��¦´ªŴ Ŵ Á�oµ®�oµ�¸É¡¦o°¤
�´�­�µ��µ¦�rÂª�¨o°¤�¸ÉÁ°ºÊ°�n°�µ¦��·�´�·ŴŴ�¹�¤¸�¨�n°
¡§�·�¦¦¤�µ¦�j°��´�¤³Á¦È��µ�¤�¨¼��¸É�¸ŴŴ

�¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦ª·�¥́�¦´Ê��¸ÊÁ�}��µ¦ª·�¥́�¹É���¨°�Ŵ�4XDVLŴŴ�Ŵ
H[SHULPHQWDOŴŴUHVHDUFK�ŴÃ�¥Â�n��¨»n¤�´ª°¥nµ�°°�Á�}�ŴŴ
�ŴŴ�¨»n¤Ŵ�Îµ�µ¦ª´��n°�Â¨³®¨´��µ¦��¨°�Ŵ�7ZRŴJURXSŴŴ
SUHWHVWŴ�Ŵ Ŵ SRVWWHVWŴ Ŵ GHVLJQ�Ŵ Ŵ�¦³�µ�¦�¸ÉÄ�oÄ��µ¦ª·�´¥Ŵ
�¦´Ê��¸ÊŴÁ�}��¦°��¦´ªÂ¨³­�¦¸�¨»n¤Á­¸É¥�°µ¥»Ŵ��ŴyŴ��Ŵ�eŴ
�¸ÉÄ�Á��¦´��·��°��°�Ã¦�¡¥µ�µ¨­n�Á­¦·¤­»�£µ¡
�Îµ�¨�µ®�´�Ŵ ����»�­¤�´�·�¦°��¦´ª�°�­�¦¸�¨»n¤Ŵ
Á�jµ®¤µ¥ŴŴ�º°Ŵª¥́�¼oÄ®�n¤­̧nª�¦nª¤Ä��µ¦��́­·�Ä�Ä��µ¦
�¼Â¨­»�£µ¡�°�­�¦¸°µ«´¥°¥¼n�oµ�Á�¸¥ª�´��´�­�¦¸�¨»n¤
Á�jµ®¤µ¥Ŵ���Ŵ­�¦¸�¨»n¤Á�jµ®¤µ¥°µ¥»ŴŴ��ŴyŴ��ŴŴ�eŴÅ¤nÅ�o
¦´��¦·�µ¦�¦ª��´��¦°�¤³Á¦È��µ�¤�¨¼�°¥nµ��o°¥Ŵ�Ŵ�e
Ŵ ª·�¸�µ¦�´�Á¨º°��¼oÁ�oµ¦nª¤Ã�¦��µ¦Ŵ Ŵ Ã�¥�´�
Á¨º°��µ�Ŵ��ŴŴ®¤¼n�oµ�ŴŴ­£µ¡�ÎµÁ�·��¸ª·�Ŵ�µ¦�¦³�°�
°µ�¡̧Â¨³ª�́��¦¦¤�¨oµ¥�¨¹���́ŴŴÂ�n�°°�Á�}�ŴŴ�ŴŴ�¨»n¤ŴŴ
�º°ŴŴ�¨»n¤ŴŴ�ŴŴ�·«Á®�º°ŴÅ�oÂ�nŴ®¤¼n�¸ÉŴ��Ŵ��Ŵ���Ŵ���Ŵ���Ŵ
��ŴŴÂ¨³ŴŴ�¨»n¤ŴŴ�ŴŴ�·«Ä�oŴÅ�oÂ�nŴ®¤¼n�¸ÉŴŴ�Ŵ��Ŵ�Ŵ�Ŵ�Ŵ�Ŵ���Ŵ�ŴŴ
��Ŵ Ŵ Ŵ¤¸¦³¥³�µ�®nµ��´�Ŵ�Ŵ�·Ã¨Á¤�¦Ŵ�´�­¨µ�Á¨º°�Á�oµ
�¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤ŴÅ�o�¨»n¤Ŵ�ŴÁ�}��¨»n¤��¨°�Ŵ
�¨»n¤Ŵ�ŴÁ�}��¨»n¤�ª��»¤Â¨oªÄ�oª·�­̧»n¤�¦°��¦ª́Â���nµ¥Ŵ
Ã�¥�µ¦��́�¨µ�Ä��µ¦Á¨º°��¦°��¦ª́�µ�®¤¼n�oµ��¨»n¤
��¨°�Â¨³�¨»n¤�ª��»¤�¨»n¤¨³Ŵ��Ŵ�¦°��¦´ªŴ¦ª¤�¨»n¤
�´ª°¥nµ��´Ê�­°��¨»n¤Ŵ�Îµ�ª�ŴŴ��Ŵ�¦°��¦´ª
� ¦³¥³Áª¨µ�ÎµÁ�·��µ¦Ŵ Á¦·É¤ª´��¸ÉŴ ��Ŵ¤¸�µ�¤Ŵ
¡�«�Ŵ����Ŵ�¹�ª´��¸ÉŴ��ŴÁ¤¬µ¥�Ŵ¡�«�Ŵ����
� Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�´¥
Ŵ ��Ŵ Â����­°��¦°��¦´ªÄ��µ¦­n�Á­¦·¤
¡§�·�¦¦¤�µ¦�j°���́Ã¦�¤³Á¦È��µ�¤�¨¼�Ŵ�Îµ�ª�ŴŴ��ŴŴ�o°ŴŴ
Â�n�Á�}�Ŵ�Ŵ�oµ�ŴÃ�¥Ä®o�¼o�¦��»�ª»�·�¦ª�­°��ªµ¤�¦�
�µ¤Á�ºÊ°®µ�Îµ�ª�Ŵ�Ŵ�nµ�Ŵ�Îµ�ª�®µ�nµ�´��¸�ªµ¤�¦�
�µ¤Á�ºÊ°®µŴ�FRQWHQWŴYDOLGLW\ŴLQGH[�ŴÁ�nµ��́Ŵ���Ŵª·Á�¦µ³®r

�ªµ¤Á�¸É¥�Ŵ Ã�¥Ä�o­¼�¦�¼Á�°¦rŴyŴ¦·�µ¦r�­´�Ŵ �.XGHUŴ Ŵ�ŴŴ
5LFKDUGVRQ�Ŵ®¦º°ŴŴ.5Ŵ��ŴÅ�o�nµ�ªµ¤Á�¸É¥�ŴÁ�nµ�´�ŴŴ���Ŵ
Ŵ ��Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦��́�·��¦¦¤Ã�¦Â�¦¤
�µ¦Á�¦¸¥¤�¦°��¦´ªŴ Ŵ�¦³�°��oª¥Ŵ Ŵ­ºÉ°ª¸�¸�´«�rŴ ŴÂ�n�
¡�́Ŵ��́¦��́ŴÁ¡¨�¤³Á¦È��µ�¤�¨¼�Ŵ�ª́Â���µ�¨��¼o�iª¥
¤³Á¦È��µ�¤�¨¼�ŴŴ­µ¤¸�¸É¤¸£¦¦¥µÁ­¸¥�¸ª·��oª¥¤³Á¦È��µ�
¤�¨¼�ŴŴ�ª́Â���µ��ª�­�¦�̧¸É�¦ª�¤³Á¦È��µ�¤�¨¼�Á�}�
�¦³�Îµ
� ª·�¸�µ¦Á�È�¦ª�¦ª¤�o°¤¼¨���ÎµÁ�·��µ¦�´��¸ÊŴ
Ŵ ��Ŵ �¼oª·�´¥�ÎµÁ�·��µ¦�´��¦³�»¤�¸¤ª·�´¥Á¡ºÉ°
�Îµ�ªµ¤Á�oµÄ��¸ÊÂ��Ŵ �µ¦Ä�oÂ����­°��´Ê�®¤�Ŵ �´�
Á�¦¸¥¤­ºÉ°Â¨³Á�¦ºÉ°�¤º°ŴÁ¡ºÉ°Ä�oÄ��µ¦�¦³�°��·��¦¦¤
Ã�¦Â�¦¤�µ¦Á�¦¸¥¤�¦°��¦´ªŴŴ
Ŵ ��Ŵ �¼oª·�´¥�ª��»¤�Îµ�´��µ¦��­°��ªµ¤¦¼oŴŴ
�ªµ¤­µ¤µ¦��n°�Â¨³®¨´��µ¦Á�oµÃ�¦Â�¦¤�µ¦Á�¦¸¥¤
�¦°��¦ª́ŴŴÄ�oÁª¨µ�¸É®¤�Ŵ�ŴŴ­�́�µ®rŴŴ­�́�µ®r�¸ÉŴŴ�ŴÄ®o�¨»n¤
��¨°�Á�oµÃ�¦Â�¦¤Á�¦¸¥¤�¦°��¦´ª­´��µ®r�¸ÉŴ Ŵ�ŴyŴ�ŴŴŴ
�¦³�»o�Á�º°�Ã�¥°°��·��µ¤Á¥¸É¥¤�oµ�Ŵ Â���´�¦�´�ŴŴ
�¼oÄ®�n�oµ��¦³�µ«�¦³�µ­´¤¡´��r�µ¤®°�¦³�µ¥�nµªŴŴ
Á�d�Á¡¨�¤³Á¦È��µ�¤�¨¼�Ŵ­´��µ®r�¸ÉŴ�Ŵ�¦³Á¤·��¨­�¦¸
¤µ¦´��¦·�µ¦�¦ª�Â¡È¡­Á¤¸¥¦rÄ�­�µ��¦·�µ¦
� �µ¦ª·Á�¦µ³®r�o°¤¼̈ ŴÃ�¥Ä�o�µ¦Â��Â���ªµ¤�¸ÉŴ
¦o°¥¨³Ŵ�nµÁ�¨¸É¥Ŵ­nª�Á�¸É¥�Á��¤µ�¦�µ�ŴŴ­�·�·ŴW�WHVWŴÂ¨³
Å�­Â�ª¦rŴŴ
� �¦·¥�¦¦¤Ä��µ¦ª·�´¥Ä�¤�»¬¥r� ��µ¦ª·�´¥�¦´Ê�
�¸ÊÅ�o�nµ��ªµ¤Á®È��°��µ���³�¦¦¤�µ¦�¦·¥�¦¦¤�µ¦
ª·�´¥Ä�¤�»¬¥r¤®µª·�¥µ¨´¥�°�Â�n�Ŵ Ŵ¡¦o°¤�´��¸ÊÅ�o¦´�
�µ¦¥·�¥°¤�µ��¼o¦nª¤ª·�´¥Â¨³�¼oÄ®o�o°¤¼¨®¨´�Ä��µ¦Á�oµ
¦nª¤«¹�¬µ�¸Ê

Ú�w���¡}��
Ŵ ¨´�¬�³�´ÉªÅ��°��¨»n¤�´ª°¥nµ��o°¤¼¨�´ÉªÅ�
�°�­�¦¸�°µ¥»ŴŴ¡�ªnµŴ�¨»n¤��¨°�¤¸°µ¥»Á�¨¸É¥Ŵ�����Ŵ�eŴ
­nª�Ä®�n¤�̧nª�°µ¥»¦³®ªnµ�Ŵ��Ŵ�Ŵ��Ŵ�eŴÂ¨³°µ¥»Ŵ��Ŵ�Ŵ��Ŵ
�eŴ¦o°¥¨³Ŵ��ŴÂ¨³�¨»n¤�ª��»¤¤¸°µ¥»Á�¨¸É¥Ŵ�����Ŵ�eŴÂ¨³
­nª�Ä®�n¤¸�nª�°µ¥»°¥¼n¦³®ªnµ�Ŵ��Ŵ�Ŵ��Ŵ�eŴ ¦o°¥¨³Ŵ���
¦³�´��µ¦«¹�¬µŴ ¡�ªnµŴ �´Ê�­°��¨»n¤Ŵ ­nª�Ä®�n¤¸�µ¦
«¹�¬µ¦³�´��¦³�¤«¹�¬µÂ¨³�ÎÉµ�ªnµ�¦³�¤«¹�¬µŴ



��� ,1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����#RTKN���,WPG������

¦o°¥¨³Ŵ ����Ŵ Â¨³¦o°¥¨³Ŵ ����Ŵ Ä��¨»n¤��¨°�Ŵ
Â¨³�¨»n¤�ª��»¤�µ¤¨Îµ�´�Ŵ­�µ�£µ¡­¤¦­ŴŴ¡�ªnµŴ�´Ê�
�¨»n¤��¨°�Ŵ Â¨³�¨»n¤�ª��»¤Ŵ ­nª�Ä®�n¤¸­�µ�£µ¡
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"CTUSBDU
Ŵ &HUYLFDOŴŴFDQFHUŴŴKDVŴŴUHYHDOHGŴŴLWVHOIŴŴDVŴŴWKHŴŴPRVWŴVLJQLűFDQWŴŴGLVHDVHŴŴDIIHFWLQJŴŴZRPHQuVŴKHDOWKŴŴVWDWXVŴŴ
LQŴŴ7KDLODQG�ŴŴDQGŴŴWUHQGŴŴWRŴŴLQFUHDVH�ŴŴHYHQŴŴWKRXJKŴŴLWŴŴFDQŴŴEHŴŴWUHDWHGŴŴHDVLO\ŴŴDQGŴŴHIIHFWLYHO\ŴŴLIŴŴLWŴŴLVŴŴVWDWXVŴŴLQŴŴ
WKHŴŴHDUO\ŴŴVWDJH�ŴŴ0DQ\ŴŴVWXGLHVŴŴLQGLFDWHGŴŴWKHŴŴZRPHQŴŴGRŴŴQRWŴŴOLNHŴŴWRŴŴSDUWLFLSDWHŴŴLQŴŴWKHŴŴGHWHFWLRQŴŴDFWLYLW\�ŴŴSDSŴŴ
VPHDU�ŴŴEHFDXVHŴŴRIŴŴPDQ\ŴŴUHDVRQV�ŴŴ7KLVŴŴUHVHDUFKŴŴVWXGLHGŴŴWKHŴŴHGXFDWLRQŴŴDFWLYLWLHVŴŴZKLFKŴŴZLOOŴŴLQFUHDVHŴŴSDSŴŴ
VPHDUŴSDUWLFLSDWLRQŴŴDPRQJŴŴ��ŴyŴ��ŴŴ\HDUVŴŴRIŴŴDJHŴŴZRPHQ�ŴŴVXFKŴŴDWWHQGDQFHŴŴEHKDYLRUŴŴFDQŴŴKHOSŴŴIRUŴŴSURYLGLQJŴŴŴŴ
WUHDWPHQWŴŴDQGŴŴŴŴGHFUHDVHŴŴŴPRUWDOLW\ŴŴUDWHŴŴIDPLO\ŴŴKHDOWKŴŴEHKDYLRUŴŴŴSUHYHQWLRQŴŴSURJUDPŴŴŴŴIRUŴFHUYL[ŴŴFDQFHUŴLQŴŴ
$PSKRHŴŴ3KRQSKLVDL�Ŵ1RQJNKDLŴŴ3URYLQFH�ŴŴ6DPSOHVŴŴŴZHUHŴŴ��ŴŴIDPLO\�Ŵ��ŴŴZRPHQŴŴDQGŴŴ��ŴŴIDPLO\�ŴDJHŴŴ��Ŵ
yŴ��ŴŴ\HDUVŴŴ�ŴŴŴ��ŴŴIDPLO\ŴŴRIŴŴWKHP�ŴŴZHUHŴŴLQŴŴWKHŴŴH[SHULPHQWDOŴŴJURXSŴŴ��ŴŴIDPLO\�ŴŴZHUHŴŴLQŴŴWKHŴŴFRPSDUDWLYHŴŴ
JURXS�ŴŴ7KHŴŴVXEMHFWVŴŴLQŴŴH[SHULPHQWDOŴŴJURXSŴŴZHUHŴŴUHFHLYHGŴŴDFWLYLW\ŴŴWKDWŴŴDSSOLHGŴŴIURPŴŴv+HDOWKŴŴ3URPRWLRQŴŴ
0RGHOwŴŴVXFKŴŴDVŴŴHGXFDWLRQŴŴDERXWŴŴŴŴFHUYLFDOŴFDQFHU�ŴŴ+XPDQŴŴPHGLD�ŴŴ7KHŴŴŴHYDOXDWLRQŴŴLQŴŴERWKŴŴEHIRUHŴŴDQGŴŴDIWHUŴŴ
LPSOHPHQWDWLRQ�
Ŵ 7KHŴŴUHVXOWVŴŴLQGLFDWHŴŴWKDWŴŴDIWHUŴŴLPSOHPHQWDWLRQ�ŴŴWKHŴŴLPSOHPHQWHGŴJURXSŴŴKDGŴPHDQŴVFRUHŴRIŴNQRZOHGJH�Ŵ
SHUFLYHGŴVXVFHSWLELOLW\ŴRIŴFHUYLFDOŴŴFDQFHU�ŴSHUFHLYHGŴVHYHULW\ŴRIŴFHUYLFDOŴFDQFHU�ŴSHUFHLYHGŴEHQHűWVŴRIŴFHUYLFDOŴŴ
FDQFHUŴDQGŴSHUFHLYHGŴEDUULHUVŴRIŴFHUYLFDOŴŴFDQFHUŴSUDFWLFHŴKLJKHUŴWKDQŴWKHŴJURXSŴZLWKRXWŴŴLPSOHPHQWDWLRQŴŴZLWKŴ
VWDWLVWLFDOŴVLJQLűFDQWO\ŴGLIIHUHQWŴŴDWŴŴSŴyŴYDOXHŴ�Ŵ�����ŴŴ�ŴŴWŴŴ ŴŴŴ������ŴŴ,QŴDGGLWLRQ�ŴWKHŴPHDQŴVFRUHŴRIŴNQRZOHGJH�Ŵ
SHUFHLYHGŴVXVFHSWLELOLW\ŴŴRIŴFHUYLFDOŴŴFDQFHUŴDQGŴSHUFHLYHGŴEDUULHUVŴRIŴFHUYLFDOŴŴFDQFHUŴSUDFWLFHŴDQGŴŴDŴVLJQLűFD�
WLRQŴGLIIHUHQWŴ�SŴyŴYDOXHŴ�Ŵ������ŴEHWZHHQŴLPSOHPHQWHGŴJURXSŴDQGŴFRPSDUDWLYHŴJURXSŴLQŴERWKŴEHIRUHŴDQGŴDIWHUŴ
LPSOHPHQWŴSURSRUWLRQŴRIŴVDPSOHVŴLQŴWKHŴH[SHULPHQWDOŴŴJURXSŴDWWHQGLQJŴSDSŴVPHDUŴŴLVŴVWDWLVWLFDOO\ŴKLJKHUŴWKDQŴWKDWŴ
FRPSDUDWLYHŴJURXS�

.H\ZRUGV�Ŵ IDPLO\ŴŴKHDOWKŴSURJUDPŴŴ�ŴEHKDYLRUŴŴŴSUHYHQWLRQŴŴIRUŴFHUYL[ŴŴFDQFHU�ŴŴSDSŴŴVPHDU


Ŵ0DVWHUŴŴ1XUVLQJŴŴ6FLHQFHŴŴ�)DPLO\ŴŴ1XUVLQJ��ŴŴ)DFXOW\ŴŴRIŴŴ1XUVLQJ�ŴŴ.KRQŴŴ.DHQŴŴ8QLYHUVLW\


Ŵ$VVRFLDWHŴŴ3URIHVVRU�ŴŴ)DFXOW\ŴŴRIŴŴ1XUVLQJ�ŴŴ.KRQŴŴ.DHQŴŴ8QLYHUVLW\
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�o°�Ŵ Ã�¥�¼o­¼�°µ¥»¦´�¦¼oªnµŴ �µ¦¡¥µ�µ¨�¸ÉÁ°ºÊ°°µ�¦�n°�¼o
­¼�°µ¥»Ŵ�º°Ŵ�µ¦�¸É¤¸¡¥µ�µ¨Á�}��¼o�Îµ®�oµ�¸É�¼o�¦³­µ��´�
�¸¤­®­µ�µª·�µ�¸¡Ä��µ¦­ºÉ°­µ¦�ªµ¤�o°��µ¦ŴÂ¨³�µ¦
���j°�­·��·�¦³Ã¥��r�°��¼o­¼�°µ¥»Â¨³�¦°��¦´ªŴ®¦º°
°¸��´¥®�¹É�Ŵ �º°�µ¦¤¸¡¥µ�µ¨�Îµ®�oµ�¸ÉÁ�}�­ºÉ°�¨µ�Ä�
�µ¦�¦³­µ��´� iµ¥�nµ�ÇŴ Á¡ºÉ°�¦³Ã¥��r­¼�­»��°��¼o­¼�
°µ¥»Â¨³�¦°��¦´ª�´É�Á°�Ŵ
Ŵ °��r�¦³�°��¸É� �� �µ¦­�´�­�»��ªµ¤Á�}�
Á°�­·��·Í�°��¼o­¼�°µ¥»ŴÁ�¥̧�Á�¥̧���́�¦°�Â�ª�·�¦³��
�¦·�µ¦¡¥µ�µ¨Á°ºÊ°°µ�¦�¼o­¼�°µ¥»Ã¤Á�¨¤®µª·�¥µ¨´¥
�°�Â�n��Ŵ¡�ªnµŴ �¦��´�°��r�¦³�°��oµ�¦³���µ¦
�¦·�µ¦�¸ÉÁ°ºÊ°°µ�¦�n°�¼o­¼�°µ¥»Ŵ­°��¨o°��´�Ŵ$+0$&�Ŵ
�¸ÉÁ­�°®¨´��µ¦Â¨³Â�ª��·�´�·�µ¦�¼Â¨Á°ºÊ°°µ�¦�¼o
­¼�°µ¥»Ä�Ã¦�¡¥µ�µ¨Ŵ�¸É�o°�Ä®o�µ¦�¼Â¨�¼o­¼�°µ¥»Ã�¥
­n�Á­¦·¤Ä®o¤¸�ªµ¤Á�}�°·­¦³Â¨³¤¸�ªµ¤Á�}�­nª��´ª
Ä®o¤µ��¸É­»�Ŵ­°��¨o°��´��¸ÉŴ 3DUNH��Ŵ ­¦»�ªnµŴ�¼o­¼�°µ¥»
�o°��µ¦�ªµ¤Á�}�°·­¦³Â¨³�ªµ¤¤¸Á°�­·��·ÍŴÃ�¥�µ¦�´�
­·É�Âª�¨o°¤�¸É­n�Á­¦·¤�ªµ¤Á�}�°·­¦³Ä��µ¦�Îµ�·�ª´�¦
�¦³�Îµª�́ŴÁ�n�Ŵ�µ¦��́Á�¥̧��¼o­¼�°µ¥»Ä®o¤�̧ªµ¤Á�}�­nª��ª́Ŵ
Ä®o°¥¼nÄ�¨o®o°��ÎÊµŴ¤¸�n°�ªnµ�Á¡¸¥�¡°Ä��µ¦ªµ�°»��¦�r
�nª¥Ä��µ¦Á�·�Â¨³�µ¦�´��nµ¥Ŵ Á�}��o�Ŵ �oµ��µ¦�¼Â¨
�n°Á�ºÉ°�Ŵ �&RQWLQXLQJŴ FDUH�Ŵ�n°�¡¦¦�Ŵ Ŵ °¦»�Â­���Ŵ
Å�oÁ­�°Â�³Ŵ Ä®o¤¸¦³���µ¦­n��n°Â¨³�·��µ¤�¼o­¼�°µ¥»
�µ�Ã�¦«´¡�rŴ£µ¥®¨´��µ¦�Îµ®�nµ¥�µ�Ã¦�¡¥µ�µ¨Á¡ºÉ°
­�´�­�»��µ¦�¼Â¨�¼o­¼�°µ¥»�¸É�oµ�Â¨³Ä��»¤��ŴÁ�}��o�ŴŴ
Ŵ °��r�¦³�°��¸É����Â®¨n�­�´�­�»��¼o­¼�°µ¥»
Â¨³�¦°��¦´ª��³°¥¼nÄ�Ã¦�¡¥µ�µ¨Ŵ °��r�¦³�°�
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�¸ÊÁ�¸¥�Á�¸¥�Å�oŴ �´��¦°�Â�ª�·�¦³���¦·�µ¦¡¥µ�µ¨
Á°ºÊ°°µ�¦�¼o­¼�°µ¥»Ã¤Á�¨¤®µª·�¥µ¨´¥�°�Â�n��Ŵ Ä�
�oµ�¦³���¦·�µ¦Â¨³­·É�Âª�¨o°¤�¸ÉÁ°ºÊ°°µ�¦�¼o­¼�°µ¥»Ŵ
�¹É�Ŵ 3DUNH��Ŵ�¨nµªªnµŴ�µ¦�´�­·É�Âª�¨o°¤�¸É�¸­Îµ®¦´��¼o­¼�
°µ¥»�´Ê�Ŵ�o°��Îµ�¹��¹���·­´¤¡´��r�µ�­´��¤�°��¼o­¼�°µ¥»
�¸É�o°��µ¦¡��³�¦°��¦ª́Ŵ¤°̧·­¦³Ä��µ¦�¼Â¨��Á°�ŴÁ�n�Ŵ
¤¸�¦·Áª�Á�¡µ³­Îµ®¦´��¼o­¼�°µ¥»Â¨³�µ�·Ŵ Å�o�Îµ�·��¦¦¤
¦nª¤�´�Ŵ¤¸�¦·Áª�Á�¡µ³Ä��µ¦Á¥¸É¥¤Ŵ¤¸®o°�¦´��¦³�µ�
°µ®µ¦Ŵ Â¨³Á�n�Á�¸¥ª�´�Ŵ &KLRXŴ	Ŵ&KHQ��Ŵ Á­�°ªnµŴ
Ã�­Á�°¦r�¸É�·�Åªo�µ¤��´�Ã¦�¡¥µ�µ¨Ŵ®¦º°Á°�­µ¦�¼n¤º°
�nµ�ÇŴ­Îµ®¦´��¼o­¼�°µ¥»Ŵ�ª¦¤¸�´ª®�´�­º°�¸É°nµ��nµ¥Â¨³¤¸
��µ�Ä®�nŴÂ¨³Ŵ�n°�¡¦¦�ŴŴ°¦»�Â­���ŴŴÁ­�°Â�³Ä®o¤�̧µ¦
�Îµ­ºÉ°Ŵv�ªµ¤®nª�Ä¥­Îµ®¦�́�¼o­¼�°µ¥»wŴÁ¡ºÉ°�µ¦��¤�·Á�«
Â¨³Ä®o�o°¤¼¨�¸É¤¸�ªµ¤Á®¤µ³­¤Â¨³�ÎµÁ¡µ³�´��¼o­¼�
°µ¥»Â¨³�¦°��¦´ªŴ �´��´Ê��µ¦�´�Ä®o¤¸Â®¨n�­�´�­�»�
�¼o­¼�°µ¥»Â¨³�¦°��¦´ª��³°¥¼nÄ�Ã¦�¡¥µ�µ¨Ŵ�´Ê��oµ�
¦³���¦·�µ¦Â¨³�µ¦�´�­·É�Âª�¨o°¤�­�µ��¸ÉŴ �º°Á�}�
�µ¦¡¥µ�µ¨�¸ÉÁ°ºÊ°°µ�¦�n°�¼o­¼�°µ¥»�¸É­Îµ�´��¦³�µ¦®�¹É�Ŵ
� °��r�¦³�°��¸É����µ¦­n�Á­¦·¤�¦°��¦´ªÄ�
�µ¦�¼Â¨�¼o­¼�°µ¥»Ä�Ã¦�¡¥µ�µ¨Ŵ°��r�¦³�°��¸ÊÁ�¸¥�
Á�¥̧�Å�oŴ��́�¦°�Â�ª�·�¦³���¦·�µ¦¡¥µ�µ¨Á°ºÊ°°µ�¦
�¼o­¼�°µ¥»Ã¤Á�¨¤®µª·�¥µ¨´¥�°�Â�n��Ŵ Ä��oµ��µ¦¤¸
¦³���¦·�µ¦�¸ÉÁ°ºÊ°°µ�¦�¼o­¼�°µ¥»Ŵ �¹É�Ŵ �n°�¡¦¦�Ŵ°¦»�
Â­���Ŵ Á­�°Ä®o¤¸Ŵ Â�ª��·�´�·�¸ÉÁ°ºÊ°°µ�¦�¼o­¼�°µ¥»Ŵ �oµ�
�µ¦­n�Á­¦·¤�µ�·Ä®o�µ¦�¼Â¨�¼o­¼�°µ¥»Ä��oµ��nµ�ÇŴ°µ�·Ŵ
�µ¦°�·�µ¥Ä®o�µ�·�¦µ�Á�¸É¥ª�´�°µ�µ¦�iª¥Â¨³�µ¦
Á�¨¸É¥�Â�¨�Ä�ª´¥­¼�°µ¥»Ŵ Â¨³Ä®o�µ�·Á¦¸¥�¦¼o�µ¦�¼Â¨Ŵ
�¼o­¼�°µ¥»�µ�¡¥µ�µ¨Ŵ­¦oµ�­´¤¡´��£µ¡�¸É�¸¦³®ªnµ��´�ŴŴ
Á�n�Á�¥̧ª��́Ŵ3DUNHŴ	Ŵ%UDQG��Ŵ�¸ÉÁ­�°ªnµŴ®¨�́�µ¦�¸É­Îµ��́
Ä��µ¦�¼Â¨�¼o­¼�°µ¥»Ä�Ã¦�¡¥µ�µ¨Ŵ�º°Ŵ�µ¦Ä®o�¦°��¦ª́¤¸
­nª�¦nª¤Ä��µ¦�¼Â¨�¼o­¼�°µ¥»ŴÁ�n�Á�¥̧ª��́Ŵ&KLRXŴ	Ŵ&KHQŴ��Ŵ
­�´�­�»�ªnµŴ�µ�·Á�}��»��¨­Îµ�´�Ä��µ¦�¼Â¨�¼o­¼�°µ¥»
��³°¥¼n¦´�¬µÄ�Ã¦�¡¥µ�µ¨Ŵ�´��´Ê��¹��ª¦Á�d�Ã°�µ­
Ä®o�¦°��¦´ª¤¸­nª�¦nª¤Ä��µ¦�¼Â¨�¼o­¼�°µ¥»Â¨³�ª¦
Ä®o�µ¦¥°¤¦´��µ¦�´�­·�Ä��°��¼o­¼�°µ¥»Â¨³�¦°��¦´ªŴ
�¹É�­°��¨o°���́�¨�µ¦«¹�¬µ�¸ÊŴÂ¤o�³¤�̧Îµ�ª��o°�Îµ�µ¤
Á¡¸¥�Ŵ�Ŵ�o°ŴÂ�n�º°Á�}�°��r�¦³�°��¸É­Îµ�´������������

� �¨�µ¦«¹�¬µ�¸ÊŴ ¡�ªnµŴ Â��ª´��¸É¡´��µ�¹Ê�
�¸ÊŴ ¤¸�ªµ¤�¦��µ¤Á�ºÊ°®µŴ�ªµ¤�¦�Á�·�Ã�¦�­¦oµ�ŴÂ¨³
�ªµ¤Á�¸É¥�Ŵ ­µ¤µ¦��ÎµÅ�Ä�oª´��µ¦¡¥µ�µ¨Á°ºÊ°°µ�¦Ŵ
�¼o­¼�°µ¥»�µ¤�µ¦¦´�¦¼o�°��¼o­¼�°µ¥»�¸ÉÁ�oµ¦´��µ¦¦´�¬µÄ�
Ã¦�¡¥µ�µ¨Å�oŴ°¥nµ�Å¦�È�µ¤Ŵ�ª¦¤¸�µ¦¡´��µÂ��ª´�
Ä®o¤�̧ªµ¤�¦³��́��́Á��Â¨³Ä�oÅ�o�nµ¥�¹Ê�Â¨³Ã�¥­³�ª�
¤µ�¥·É��¹Ê�Ŵ

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ �ª¦¤¸�µ¦«¹�¬µ�ªµ¤�¦��µ¤Á���r
­´¤¡´��rŴ �&ULWHULRQŴYDOLGLW\�Ŵ�°�Â��ª´��µ¦¡¥µ�µ¨
Á°ºÊ°°µ�¦�¼o­¼�°µ¥»�¸ÊÃ�¥�µ¦Á�¸¥�Á�¸¥��´�Á�¦ºÉ°�¤º°
¤µ�¦�µ��¸É�¨oµ¥�¨¹��´�Ŵ Á�n�ŴÂ���¦³Á¤·�¡§�·�¦¦¤
�µ¦�¼Â¨Â��Á°ºÊ°°µ�¦�°�¡¥µ�µ¨ŴÁ�}��o�Ŵ
Ŵ ��Ŵ �ª¦�ÎµÂ��ª´��µ¦¡¥µ�µ¨Á°ºÊ°°µ�¦�¼o
­¼�°µ¥»�µ¤�µ¦¦´�¦¼o�°��¼o­¼�°µ¥»Å���­°��ÎÊµÄ��¨»n¤
�´ª°¥nµ��¼o­¼�°µ¥»�¸É¤¸�¦·���¨oµ¥�¨¹��´�Ŵ Á�n�Ŵ Ä�Ã¦�
¡¥µ�µ¨¦³�´���·¥£¼¤·Ŵ�´Ê��°�£µ�¦´�Â¨³Á°���Ŵ
Ŵ ��Ŵ �ª¦¤�̧µ¦¡�́�µÁ�¦ºÉ°�¤º°�¸ÊÄ®o­µ¤µ¦�Ä�o
Ä��¦·��°ºÉ�ÇŴ�¸ÉÂ���nµ��´�Ŵ Á�n�Ŵ Ä�Ã¦�¡¥µ�µ¨¦³�´�
¦³�´��»�·¥£¼¤·Ŵ

3FGFSFODF
��Ŵ 8QLWHGŴ1DWLRQVŴ'HSDUWPHQWŴ RIŴ(FRQRPLFŴ DQGŴ

6RFLDOŴ $IIDLUV�Ŵ 3RSXODWLRQŴ'LYLVLRQ�Ŵ:RUOGŴ
3RSXODWLRQŴ$JHLQJ�Ŵ�����ŴIRUPŴZZZ�RUJ�HVD�
SRSXODWLRQV�:3$�����(6�(QJOLVK�SGI

��Ŵ :RUOGŴ+HDOWKŴ2UJDQL]DWLRQ�Ŵ 7RZDUGVŴ$JH�
IULHQGO\Ŵ 3ULPDU\Ŵ+HDOWKŴ &DUH�Ŵ �����Ŵ IURPŴ
KWWS���ZZZ�ZKR�LQW�KSU�DJHLQJ�DIBUHSRUW�SGIŴ

��Ŵ 6UWDQ\DUDWŴ:�Ŵ&KDSWHUŴ�Ŵ/HVVRQŴOHDUQHGŴIURPŴWKHŴ
GHYHORSPHQWŴ RIŴ DJH�IULHQGO\Ŵ VHUYLFHŴ IRUŴ ROGHUŴ
SHUVRQV�Ŵ,QŴ6UWDQ\DUDWŴ:�Ŵ	Ŵ$URRQVDQJŴ3�Ŵ�HGL�
WRU��Ŵ'HYHORSPHQWŴ IURPŴURXWLQHŴ WRŴ LQQRYDWLRQ�Ŵ
$JH�IULHQGO\ŴQXUVLQJŴFDUHŴ�����Ŵ������

��Ŵ $URRQVDQJŴ3�Ŵ$JH�IULHQGO\ŴQXUVLQJŴFDUH�Ŵ5ROHVŴRIŴ
QXUVLQJŴHGXFDWLRQ�Ŵ*HURQWRORJLFDOŴ1XUVLQJŴSURJUDP�Ŵ
)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\�Ŵ�����Ŵ



���ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����ğĄČĕąü���Ąėùěüĕąü�����

��Ŵ 3KDQSKUXNŴ:�Ŵ0HDVXUHPHQWŴ RIŴ YDULDEOHVŴ LQŴ
QXUVLQJŴUHVHDUFK�Ŵ1XUVLQJŴ(GXFDWLRQŴDQGŴ1XUV�
LQJŴ$GPLQLVWUDWLRQŴSURJUDP�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ
.KRQŴ.DHQŴ8QLYHUVLW\�Ŵ�����Ŵ

��Ŵ 3DWDUD\XWZDWŴ6�Ŵ0DQXDOŴRIŴSV\FKRORJLFDOŴWHVWLQJ�Ŵ
�WKŴHGLWLRQ�Ŵ%DQJNRN�Ŵ0HGLFDOŴ0HGLD�Ŵ�����Ŵ

��Ŵ 6LQJFKXQJFKDLŴ3�Ŵ3ULQFLSOHVŴ DQGŴXVLQJŴPXOWL�
YDULDWHŴVWDWLVWLFVŴDQDO\VLVŴIRUŴQXUVLQJŴUHVHDUFK�Ŵ�UGŴ
HGLWLRQ�Ŵ6RQJNOD�Ŵ&KDQŴ0XDQJŴ3ULQWLQJ�Ŵ�����

��Ŵ +RRQWUDNXOŴ'�Ŵ 6ULWDQ\DUDWŴ:�Ŵ1XQWDEXWŴ.�Ŵ
3UHPNDPROŴ$�Ŵ'HYHORSPHQWŴ RIŴ$JH�IULHQGO\Ŵ
3ULPDU\Ŵ+HDOWKŴ&DUH�Ŵ$ŴFDVHŴVWXG\ŴRIŴRQHŴ3ULPDU\Ŵ
FDUHŴXQLWŴ LQŴ7KDLODQG�Ŵ7KDLŴ -RXUQDOŴRIŴ1XUVLQJŴ
5HVHDUFKŴ�����Ŵ��������������ŴŴ

��Ŵ $XVWUDOLDQŴ+HDOWKŴ0LQLVWHUVuŴ$GYLVRU\Ŵ&RXQFLOŴ
�$+0$&��Ŵ&DUHŴ RIŴ2OGHUŴ$XVWUDOLDQVŴZRUNLQJŴ
*URXS�Ŵ$XVWUDOLDQŴ KHDOWKŴ0LQLVWHU�Ŵ$JH�IULHQGO\Ŵ
SULQFLSOHVŴDQGŴSUDFWLFHV�Ŵ0DQDJLQJŴROGHUŴSHRSOHŴLQŴ
WKHŴKHDOWKŴVHUYLFHŴHQYLURQPHQW�Ŵ�����ŴIURP�ŴKWWS���
ZZZ�KHDOWK�YLF�JRY�DX�DFXWH�DJHGFDUH�KWPO

���Ŵ 3DUNHŴ%�ŴŴ%UDQGŴ3�Ŵ$QŴHOGHU�IULHQGO\ŴKRVSLWDO�Ŵ
WUDQVODWLQJŴDŴGUHDPŴLQWRŴUHDOLW\�Ŵ1XUVLQJŴ/HDGHU�
VKLSŴ�����Ŵ������Ŵ������

���Ŵ &KLRX�Ŵ67�Ŵ&KHQ�Ŵ/.�Ŵ7RZDUGVŴDJH�IULHQGO\ŴKRV�
SLWDOVŴDQGŴKHDOWKŴVHUYLFHV�Ŵ$UFKLYHVŴRIŴ*HURQWRORJ\Ŵ
DQGŴ*HULDWULFVŴ�����Ŵ��ŴVXSSO�Ŵ��Ŵ6��6��

���Ŵ $URRQVDQJŴ3�Ŵ&KDSWHUŴ�Ŵ'HYHORSPHQWŴRIŴDJH�IULHQGO\Ŵ
VHUYLFHŴIRUŴROGHUŴSHUVRQV�Ŵ,QŴ6UWDQ\DUDWŴ:�Ŵ	Ŵ$URRQ�
VDQJŴ3�Ŵ�HGLWRU��Ŵ'HYHORSPHQWŴ IURPŴURXWLQHŴ WRŴ LQ�
QRYDWLRQ�Ŵ$JH�IULHQGO\ŴQXUVLQJŴFDUH�Ŵ����������

���Ŵ 3DUNHŴ%�Ŵ3K\VLFDOŴ'HVLJQŴ'LPHQVLRQŴRIŴDQŴ(OGHUO\Ŵ
+RVSLWDO�ŴHYLGHQFH�EDVHŴSUDFWLFHŴUHYLHZŴXQGHU�
WDNHQŴIRUŴWKHŴ9DQFRXYHUŴ,VODQGŴ+HDOWKŴ$XWKRULW\�Ŵ
8QLYHUVLW\ŴRIŴ9LFWRULD�Ŵ&HQWUHŴRQŴ$JHLQJ�Ŵ�����Ŵ

���ŴŴ 1DGHHŴ6�Ŵ7HHUDQXWHŴ$�Ŵ%RRQVDZDWŴ:�Ŵ7KHŴ(IIHFWŴ
RIŴ(PSRZHUPHQWŴ3URJUDPŴRQŴ)DWLJXHŴV\PSWRPŴLQŴ
7KHŴ(OGHUO\ŴZLWKŴ&KURQLFŴ2EVWUXFWLYHŴ3XOPRQDU\Ŵ
'LVHDVH�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQGŴ
1RUWK�HDVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

���ŴŴ 3LWDQWDQDQXNXQHŴ3�Ŵ6XULWŴ3�Ŵ&KURQLFŴ3DLQŴ0DQ�
DJHPHQWŴRIŴ2OGHUŴ3HUVRQVŴ/LYLQJŴLQŴDŴ&RPPX�
QLW\�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQGŴ
1RUWK�HDVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

���ŴŴ 0LWSUDVDUWŴ8�Ŵ6XULWŴ3�Ŵ1XWULWLRQDOŴ6WDWXVŴDQGŴ$V�
VRFLDWHGŴ)DFWRUVŴDPRQJŴ2OGHUŴ$GXOWVŴLQŴWKHŴ+RV�
SLWDO�Ŵ-RXUQDOŴRIŴ1XUVHVuŴ$VVRFLDWLRQŴRIŴ7KDLODQGŴ
1RUWK�HDVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������

���ŴŴ /LŴ)�Ŵ/HUWUDWŴ3�Ŵ6ULWDQ\DUDWŴ:�Ŵ+HDOWKŴ3URűOHŴRIŴ
2OGHUŴ&KLQHVHŴ3HRSOHŴLQŴ1DQPLDQŴ&RPPXQLW\�Ŵ
1DQQLQJ�Ŵ*XDQJ[L�Ŵ3HRSOHuVŴ5HSXEOLFŴRIŴ&KLQD�Ŵ
-RXUQDOŴ RIŴ1XUVHVuŴ$VVRFLDWLRQŴ RIŴ 7KDLODQGŴ
1RUWK�HDVWHUQŴ'LYLVLRQŴ�����Ŵ������Ŵ������
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�µ¦µ��¸É��Ŵ �¨�µ¦ª·Á�¦µ³®r°��r�¦³�°��°�Â��ª´��µ¦¡¥µ�µ¨Á°ºÊ°°µ�¦�¼o­¼�°µ¥»�µ¤�µ¦¦´�¦¼o�°��¼o­¼�°µ¥»
Ŵ Ŵ �¸ÉÁ�oµ¦´��µ¦¦´�¬µÄ�Ã¦�¡¥µ�µ¨Ŵ�1 ����Ŵ

¦µ¥�µ¦
°��r�¦³�°��¸É

� � � � � � �
�Îµ�ª��´ªÂ�¦�Ŵ�Ŵ
�o°�Îµ�µ¤

� � � � � � �

)DFWRUŴORDGLQJŴ �����
����

�����
����

�����
����

�����
����

�����
����

�����
����

�����
����

(LJHQŴYDOXHV ����� ����� ����� ����� ����� ����� �����
3HUFHQWDJHŴ RIŴŴ
YDULDQFH

������ ������ ����� ����� ����� ����� �����
&XPXODWLYHŴSHUFHQWDJHŴRIŴ9DULDQFHŴ Ŵ������
�nµŴ&URQEDFKuVŴDOSKDŴ¦ª¤Ŵ�Ŵ°��r�¦³�°�Ŵ Ŵ����Ŵ

�µ¦µ��¸É��ŴŴ°��r�¦³�°�Â¨³�´ªÂ�¦Ä�Â�n¨³°��r�¦³�°��°�Â��ª´��µ¦¡¥µ�µ¨Á°ºÊ°°µ�¦�¼o­¼�°µ¥»

°��r�¦³�°�
��´ªÂ�¦�¸É �o°�Îµ�µ¤

�nµ�ÎÊµ®�´�
°��r�¦³�°��

°��r�¦³�°��¸É����µ¦¡¥µ�µ¨Â¨³�µ¦�´�­·É�Âª�¨o°¤­Îµ®¦´��¼o­¼�°µ¥»Ä�Ã¦�¡¥µ�µ¨
� Á�¸¥��°�­µ¤µ¦��¦´�¦³�´�Å�oŴ­³�ª��n°�µ¦Á�¨ºÉ°�Å®ªŴÂ¨³�µ¦�´�¦³¥³

®nµ�¦³®ªnµ�Á�¸¥�Ŵ­³�ª��n°�µ¦Á�¨ºÉ°�¥oµ¥�¼o­¼�°µ¥»
����

� ®o°��ÎÊµŴ�µ�Á�·�Ŵ¦³Á�¸¥�¤¸°»��¦�r�¸É­³�ª�ŴÂ¨³�Îµ�¹��¹��ªµ¤�¨°�£´¥�°�
�¼o­¼�°µ¥»Ŵ�Á�n�Ŵ¤¸¦µª�´�ŴÃ�­oª¤Á�}�Â���´É��Ŵ

����

� ¡¥µ�µ¨Ä®o�µ¦�¼Â¨�oª¥�ªµ¤¦³¤�́¦³ª�́ŴÂ¨³�¦³�»o�Ä®o�¼o­¼�°µ¥»�¼Â¨��Á°�Ŵ
�oª¥�µ¦�Îµ�·��¦¦¤�¸ÉÁ�¥�ÎµÅ�o�n°�Á�oµ¦´��µ¦¦´�¬µÄ�Ã¦�¡¥µ�µ¨Ŵ Á¡ºÉ°
�j°��´��¨Á­¸¥�µ��µ¦�°�Ä�Ã¦�¡¥µ�µ¨�µ�Ŵ

����

� ¡¥µ�µ¨�¦³­µ��µ���́�¤̧­®­µ�µª·�µ�¡̧Â¨³�¼o�¼Â¨�¼o­¼�°µ¥»°ºÉ�ÇŴÁ¡ºÉ°�µ¦
�·��µ¤°µ�µ¦Ŵ¦ª¤�´Ê��µ¦�¼Â¨�n°Á�ºÉ°��¸É�oµ�Ŵ

����

� ¡¥µ�µ¨¦¼oÂ¨³Á�oµÄ�Ä��{�®µÂ¨³�ªµ¤�o°��µ¦�°��¼o­¼�°µ¥»ŴÂ¨³�¦°��¦´ªŴ
Â¨³�Îµ¤µÄ�oÁ�}�Â�ª�µ�Ä��µ¦�¼Â¨ŴŴ

����

� ®�nª¥�µ�¤­̧�µ��¸ÉÁ�}�¦³Á�¥̧�ŴÅ¤n¤­̧µ¥Å¢®¦º°­·É���̧�ªµ�°ºÉ��¸ÉÁ­¸É¥��n°�µ¦
®�¨o¤Ŵ

����

� ®°�¼o�iª¥¤¸�¦¦¥µ�µ«�¸ÉÁ�¸¥�­��ŴÂ¨³Å¤n¤¸�¨·É�ŴÁ­¸¥�¦��ª�ŴÂ­�­ªnµ�Á¡¸¥�
¡°ŴÂ¨³ µ��´�ŴÂ¨³¡ºÊ�®o°�Å¤n­³�o°�Â­�Ŵ

����
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°��r�¦³�°�
��´ªÂ�¦�¸É �o°�Îµ�µ¤

�nµ�ÎÊµ®�´�
°��r�¦³�°��

� ¡¥µ�µ¨Á°µÄ�Ä­n�¼o­¼�°µ¥»�¸ÉÅ�o¦´�¥µŴ¤¸�µ¦�¦ª�­°��µ¦Ä®o¥µŴ¦ª¤�´Ê��¨�oµ�
Á�¸¥��°�¥µ°¥nµ�­¤ÎÉµÁ­¤°Ŵ ����

°��r�¦³�°��¸É���Á����·Â¨³�µ¦­ºÉ°­µ¦�°�¡¥µ�µ¨
� ¡¥µ�µ¨­�Ä�¡¼��»¥��́�¼o­¼�°µ¥»ŴÄ®oÁ�¥̧¦�·Â¨³­°��µ¤°µ�µ¦Ŵ�{�®µŴ®¦º°�ªµ¤

�o°��µ¦°¥nµ�­¤ÎÉµÁ­¤°
����

� ¡¥µ�µ¨Ä®oÁª¨µÄ��µ¦¦´�¢{�Ŵ Á�ºÉ°�º°ŴÂ¨³Á�µ¦¡�µ¦�´�­·�Ä��°��¼o­¼�°µ¥»Â¨³
�¦°��¦´ª

����

� ¡¥µ�µ¨¦¼o�ªµ¤Â���nµ��°�ª´¥­¼�°µ¥»ŴÂ¨³ª´¥°ºÉ�ÇŴ�ªµ¤Â���nµ�¦³®ªnµ�Á¡«
�µ¥Â¨³®�·�ŴÂ¨³�ªµ¤Â���nµ��°�Â�n¨³�»��¨

����

� ¡¥µ�µ¨Á°µÄ�Ä­nÄ��ªµ¤ª·���´�ª¨�°��¼o­¼�°µ¥»Â¨³�¦°��¦´ªŴ Á¦ºÉ°��nµÄ�o�nµ¥
Â¨³�µ¦°¥¼n¦´�¬µÄ�Ã¦�¡¥µ�µ¨

����

°��r�¦³�°��¸É����µ¦�´�°��r�¦Á¡ºÉ°�°�­�°��ªµ¤�o°��µ¦�°��¼o­¼�°µ¥»
� ®�nª¥�µ�¤¸�µ¦�´��¦·�µ¦Â¥�Á�¡µ³­Îµ®¦´��¼o­¼�°µ¥»ŴÄ�Ã¦�¡¥µ�µ¨ŴÁ�n�Ŵ�¸É

�´É�¦°�¦ª�Ŵ�¸É�´É��°��¼o�¼Â¨Ŵ
����

� ®�nª¥�µ�¤¸­·É��°�Á�¦ºÉ°�Ä�o�¸ÉÁ�}��µ¦Á�¡µ³­Îµ®¦´��¼o­¼�°µ¥»ŴÁ�n�Ŵ�µ¦�¦·�µ¦
°µ®µ¦ŴÂ�oª�ÎÊµ�ºÉ¤ŴÁ­ºÊ°�oµ

����

� ®�nª¥�µ��¸É¤¸�µ¦�¦³Á¤·�£µª³­»�£µ¡Á�¡µ³­Îµ®¦´��¼o­¼�°µ¥»Ŵ Á�n�Ŵ �µ¦
�¦³Á¤·��¼o­¼�°µ¥»Â¦�¦´�Ŵ�µ¦�¦³Á¤·��µ¦®�¨o¤Ŵ�µ¦�´��¦°�£µª³­´�­�
�´�¡¨´�Ŵ

����

� ®�nª¥�µ�¤�̧µ¦��́�·��¦¦¤ª�́­Îµ��́�¸ÉÁ�¸É¥ª�o°���́�¼o­¼�°µ¥»Ŵ�Á�n�Ŵª�́�¼o­¼�°µ¥»Ŵ
ª´�­��¦µ��rŴª´�¡n°Ŵª´�Â¤nŴª´�Á�·��¼o­¼�°µ¥»�

����

� ®°�¼o�iª¥­n�Á­¦·¤Ä®o�¼o­¼�°µ¥»­µ¤µ¦��Îµ­·É��°��¸É�»o�Á�¥¤µÄ�oŴ®¦º°�´�ªµ�Ŵ Á¡ºÉ°
�¦¦Á�µ�ªµ¤�·��¹��oµ�Â¨³�¦°��¦´ª

����

°��r�¦³�°��¸É����µ¦Á�µ¦¡Â¨³¡·�´�¬r­·��·Í�¼o­¼�°µ¥»
� ¡¥µ�µ¨Ä®o�ªµ¤Á�µ¦¡�¼o­¼�°µ¥»Ŵ Â¨³�´��µ¥�oª¥�µ¦Ä�o�Îµ�Îµ®�oµ�µ¤

�ÎµÂ®�n�®�oµ�¸É�µ¦�µ�Ä�°�¸�Ŵ®¦º°Á¦¸¥��µ¤¨¼�®¨µ�Ŵ Á�n�Ŵ�¼o°Îµ�ª¥�µ¦Ŵ
°µ�µ¦¥rŴ®¦º°Ŵ�»��µŴ�»�¥µ¥

����

� ¡¥µ�µ¨¦¼oªnµ�¼o­¼�°µ¥»¤®̧¨µ¥Ã¦�Ŵ®¨µ¥�{�®µŴÂ¨³Ä®o�o°¤¼̈ Á�¸É¥ª��́�µ¦¦�́¬µ
¡¥µ�µ¨Å�o°¥nµ��¼��o°�

����

�µ¦µ��¸É��ŴŴ°��r�¦³�°�Â¨³�´ªÂ�¦Ä�Â�n¨³°��r�¦³�°��°�Â��ª´��µ¦¡¥µ�µ¨Á°ºÊ°°µ�¦�¼o­¼�°µ¥»
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°��r�¦³�°�
��´ªÂ�¦�¸É �o°�Îµ�µ¤

�nµ�ÎÊµ®�´�
°��r�¦³�°��

� ¡¥µ�µ¨Á°µÄ�Ä­n�¼Â¨�ªµ¤­»�­�µ¥ŴÂ¨³�ªµ¤�¨°�£´¥�°��¼o­¼�°µ¥» ����
� ®�nª¥�µ�¤¸¦³���¦·�µ¦Ä®o�Îµ�¦¹�¬µŴÂ�³�Îµ�µ¦��·�´�·��ŴÂ¨³°ºÉ�ÇŴ��³

°¥¼nÄ�Ã¦�¡¥µ�µ¨
����

� ¡¥µ�µ¨Á�}��¼o�¦³­µ�Ä��¸¤­®­µ�µª·�µ�¸¡ŴÁ¡ºÉ°­ºÉ°­µ¦�ªµ¤�o°��µ¦ŴÂ¨³
�µ¦���j°�­·��·�¦³Ã¥��r�°��¼o­¼�°µ¥»Â¨³�¦°��¦´ªŴ

����

°��r�¦³�°��¸É����µ¦­�´�­�»��ªµ¤Á�}�Á°�­·��·Í�°��¼o­¼�°µ¥»
� ®�nª¥�µ��´��¦·Áª�Á�¸¥��®o°�¡´�­³°µ�Ŵ¤¸�ªµ¤Á�}�­nª��´ª ����
� ®�nª¥�µ�¤¸¦³���µ¦­n��n°�¼o­¼�°µ¥»Ä�Ã¦�¡¥µ�µ¨�»¤��®¦º°Ã¦�¡¥µ�µ¨

Ä�¨o�oµ�
����

� ®�nª¥�µ�¤¸°»��¦�r�nª¥Á®¨º°ŴÂ¨³­�´�­�»��¼o­¼�°µ¥»Ä��µ¦�nª¥Á®¨º°��Á°�Ŵ
�µ¦�Îµ�·�ª´�¦�¦³�Îµª´�ŴÂ¨³�µ¦Á�¨ºÉ°�Å®ªŴ Á�n�Ŵ Á�¸¥��¦´�¦³�´�Ŵ¦�Á�È��´É�Ŵ
�°��nª¥¡¥»�Á�·�ŴÅ¤oÁ�oµ

����

°��r�¦³�°��¸É���Â®¨n�­�´�­�»��¼o­¼�°µ¥»Â¨³�¦°��¦´ª��³°¥¼nÄ�Ã¦�¡¥µ�µ¨
� ®�nª¥�µ�ŴÁ�}�Â®¨n��¦³Ã¥��r�¸É¤¸­ºÉ°�µ¦­°�Ŵ�¼n¤º°Ä®o�ÎµÂ�³�ÎµŴÂ¨³�o°¤¼¨ŴŴ Á�}�Â®¨n��¦³Ã¥��r�¸É¤¸­ºÉ°�µ¦­°�Ŵ�¼n¤º°Ä®o�ÎµÂ�³�ÎµŴÂ¨³�o°¤¼¨ŴÁ�}�Â®¨n��¦³Ã¥��r�¸É¤¸­ºÉ°�µ¦­°�Ŵ�¼n¤º°Ä®o�ÎµÂ�³�ÎµŴÂ¨³�o°¤¼¨Ŵ

�µ¦�¼Â¨��Á°��¸ÉÁ®¤µ³­¤Â�n�¼o­¼�°µ¥»ŴÂ¨³�¦°��¦´ª�´Ê�Ä�Ã¦�¡¥µ�µ¨Â¨³
�µ¦�¼Â¨�n°Á�ºÉ°��¸É�oµ�

����

� ®�nª¥�µ�Ŵ¤¸�µ¦�´�­�µ��¸É­Îµ®¦´��¼o­¼�°µ¥»Ŵ Â¨³�¦°��¦´ªŴ Ä��µ¦¡´��n°�Ŵ¤¸�µ¦�´�­�µ��¸É­Îµ®¦´��¼o­¼�°µ¥»Ŵ Â¨³�¦°��¦´ªŴ Ä��µ¦¡´��n°�¤¸�µ¦�´�­�µ��¸É­Îµ®¦´��¼o­¼�°µ¥»Ŵ Â¨³�¦°��¦´ªŴ Ä��µ¦¡´��n°�
­�́­¦¦�rŴ®¦º°�µ¦��·��́·£µ¦�·�­nª��ª́ŴÁ�n�Ŵ¤»¤°nµ�®��́­º°Ŵ�¦·Áª��Îµ�·��¦¦¤
¦nª¤�´��µ�·

����

°��r�¦³�°��¸É����µ¦­n�Á­¦·¤�¦°��¦´ªÄ��µ¦�¼Â¨�¼o­¼�°µ¥»Ä�Ã¦�¡¥µ�µ¨
� ®�nª¥�µ�¤¦̧³���µ¦Ä®o�µ�·¤­̧nª�¦nª¤Ä��µ¦�¼Â¨�¼o­¼�°µ¥»Ŵ�Á�n�Ŵ�µ¦�Îµ�ªµ¤Ŵ�Á�n�Ŵ�µ¦�Îµ�ªµ¤Á�n�Ŵ�µ¦�Îµ�ªµ¤

­³°µ�¦nµ��µ¥ŴŴ�µ¦�ÎµÂ�¨�µ¦Ä®o°µ®µ¦��
����

� ®�nª¥�µ�¤¦̧³Á�¥̧���·��́·Á¡ºÉ°­n�Á­¦·¤�¦°��¦ª́Ä��µ¦Á¥¸É¥¤ŴÂ¨³�µ¦�¼Â¨�¼o
­¼�°µ¥»ŴÁ�n�Ŵ�µ¦Ä®o�µ�·Á jµ�¼Â¨�¼o�iª¥

����

�µ¦µ��¸É��ŴŴ°��r�¦³�°�Â¨³�´ªÂ�¦Ä�Â�n¨³°��r�¦³�°��°�Â��ª´��µ¦¡¥µ�µ¨Á°ºÊ°°µ�¦�¼o­¼�°µ¥»
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%FWFMPQNFOU�PG�"HF�GSJFOEMZ�/VSTJOH�$BSF�4DBMF�1FSDFQUJWFE�CZ�
)PTQJUBMJ[FE�0MEFS�1FSTPOT�

Ŵ %RRQVRQJŴ+DWDZDLNDUQŴ0�1�6�

Ŵ 3RQJSDQŴ$URRQVDQJŴ0�6��3K\VLRORJ\�


Ŵ :LODZDQŴ3KDQSKUXNŴ0�(G�




"CTUSBDU
Ŵ 7KLVŴPHWKRGRORJLFDOŴ UHVHDUFKŴDLPHGŴ WRŴGHYHORSŴ WKHŴDJH�IULHQGO\ŴQXUVLQJŴFDUHŴVFDOHŴDVŴSHUFHLYHGŴE\Ŵ
KRVSLWDOL]HGŴROGHUŴSHUVRQ�ŴŴ7KHŴVDPSOHŴZDVŴ���ŴKRVSLWDOL]HGŴROGHUŴSHUVRQV�ŴLQFOXGLQJŴPDOHVŴDQGŴIHPDOHV�Ŵ7KHŴ
$JH�IULHQGO\Ŵ1XUVLQJŴ6HUYLFHŴ6\VWHP�Ŵ..8Ŵ0RGHOŴ�$)16Ŵ6\VWHP�ŴPRGLűHGŴIURPŴ:+2uVŴ$JHŴIULHQGO\Ŵ3ULPDU\Ŵ
&DUHŴ6HUYLFHŴ6\VWHPŴ������ŴZDVŴXVHGŴDVŴWKHŴFRQFHSWXDOŴIUDPHZRUNŴRIŴWKLVŴVWXG\�Ŵ
Ŵ 5HVXOWV�Ŵ 7KHŴ FRQVWUXFWŴ YDOLGLW\Ŵ XVLQJŴ H[SORUDWRU\Ŵ IDFWRUŴ DQDO\VLVŴ RIŴ WKHŴ DJH�IULHQGO\Ŵ QXUVLQJŴ FDUHŴ
VFDOHŴDVŴSHUFHLYHGŴE\ŴKRVSLWDOL]HGŴROGHUŴSHUVRQŴUHYHDOHGŴ�ŴFRQVWUXFWVŴ���ŴLWHPV��Ŵ��Ŵ1XUVLQJŴFDUHŴDQGŴKRVSLWDOŴŴ
HQYLURQPHQWŴ��ŴLWHPV��Ŵ��Ŵ1XUVHVuŴDWWLWXGHVŴDQGŴFRPPXQLFDWLRQVŴ��ŴLWHPV��Ŵ��Ŵ2UJDQL]DWLRQDOŴPDQDJHPHQWŴLQŴ
UHVSRQVHŴWRŴWKHŴQHHGVŴRIŴROGHUŴSHUVRQVŴ��ŴLWHPV��Ŵ��Ŵ5HVSHFWŴDQGŴDGYRFDWLQJŴIRUŴWKHŴULJKWVŴRIŴROGHUŴSHUVRQVŴ��Ŵ
LWHPV��Ŵ��Ŵ6XSSRUWLQJŴRIŴROGHUŴSHUVRQVuŴDXWRQRP\Ŵ��ŴLWHPV��Ŵ��Ŵ5HVRXUFHVŴRIŴROGHUŴSHUVRQVŴDQGŴWKHLUŴIDPLOLHVŴ
GXULQJŴKRVSLWDOL]DWLRQŴ��ŴLWHPV��ŴDQGŴ��Ŵ3URPRWLRQŴRIŴIDPLO\ŴFDUHŴIRUŴROGHUŴSHUVRQVŴ��ŴLWHPV��Ŵ7KHŴFXPXODWLYHŴ
SHUFHQWDJHŴRIŴWKHŴVFDOHuVŴYDULDQFHŴZDVŴ������ŴŴ7KHŴUHOLDELOLW\ŴDQDO\VLVŴXVLQJŴ&URQEDFKuVŴDOSKDŴFRHIűFLHQWŴVKRZHGŴ
WKHŴYDOXHŴRIŴ�����ŴŴ7KHŴGHYHORSHGŴVFDOHŴKDVŴDFFHSWHGŴFRQWHQWŴYDOLGLW\�ŴFRQVWUXFWŴYDOLGLW\�ŴDQGŴUHOLDELOLW\�Ŵ7KXV�Ŵ
WKLVŴGHYHORSHGŴVFDOHŴFDQŴEHŴXVHGŴWRŴPHDVXUHŴDJH�IULHQGO\ŴQXUVLQJŴFDUHŴDVŴSHUFHLYHGŴE\ŴKRVSLWDOL]HGŴROGHUŴSHUVRQV�Ŵ

.H\ZRUGV�ŴŴ $JH�IULHQGO\ŴQXUVLQJŴFDUH�ŴSHUFHSWLRQ�ŴROGHUŴSHUVRQ�ŴKRVSLWDO


Ŵ7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ*HURQWRORJLFDOŴ1XUVLQJ�Ŵ*UDGXDWHGŴ6FKRRO�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


Ŵ6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ3URJUDPŴLQŴ*HURQWRORJLFDOŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\



Ŵ$VVRFLDWHGŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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Ŵª·�¥µ�·¡��rŴ�¦·�µ¡¥µ�µ¨«µ­�¦¤®µ�´��·�Ŵ­µ�µª·�µ¡¥µ�µ¨Áª���·�´�·�»¤��Ŵ¤®µª·�¥µ¨´¥�°�Â�n�


Ŵ�´�«¹�¬µ¡¥µ�µ¨«µ­�¦¤®µ�´��·�Ŵ­µ�µª·�µ�µ¦¡¥µ�µ¨Áª���·�´�·�»¤��Ŵ¤®µª·�¥µ¨´¥�°�Â�n�



Ŵ¦°�«µ­�¦µ�µ¦¥r�Ŵ ¦°��¼o°Îµ�ª¥�µ¦«¼�¥rª·�´¥Â¨³ f�°�¦¤Á¡ºÉ°­n�Á­¦·¤�»�£µ¡�¸ª·���ª´¥Â¦��µ�Ŵ��³¡¥µ�µ¨«µ­�¦rŴ
¤®µª·�¥µ¨´¥�°�Â�n�

w���¢�h�Ù�h��x�|�¤��Ù­Ùw���¡ªz��Ý�Ðw��¡�¢Ü�×Ù�z¤Ø��Ü�¢�¡�
�����Ù��|Ü���«���¤h�Ù·³�¬x|�}�|�����£|w���

Ŵ Ŵ ª´¨¨£µŴ�nµ�Á�¦�µŴ¡¥�¤�

ŴŴ ­¤�·�ŴÂ��­¸Â�oªŴ««���




��z���h�
Ŵ �µ¦ª·�´¥Á�·��»�£µ¡�¸ÊŴ Ä�o�µ¦ª·Á�¦µ³®r�»¤��Â��¤¸­nª�¦nª¤Ŵ¤¸ª´��»�¦³­��rÁ¡ºÉ°«¹�¬µ�ªµ¤®¤µ¥Ŵ°��r
�¦³�°�Ŵ�ªµ¤�o°��µ¦Â¨³�{�®µ�¸ÉÁ�}�°»�­¦¦�Â¨³�¨ª·�Ä̧��µ¦¡�́�µ�»�£µ¡�ª̧·��µª­ª�¥µ�¡µ¦µŴ�¨�µ¦«¹�¬µ
¡�ªnµŴ�µª­ª�¥µ�¡µ¦µÅ�oÄ®o�ªµ¤®¤µ¥�°��»�£µ¡�¸ª·�ÅªoŴ�Ŵ�¦³Á�È�Ŵ�º°Ŵ��Ŵ�ªµ¤¦¼o­¹�¤´É���Ŵ�¨°�£´¥Ŵ°�°»n�ŴŴ
��Ŵ�ªµ¤¡¹�¡°Ä�Ŵ­¤®ª´�Ŵ ­¤�´��´Ê�Ä�Ŵ��Ŵ�ªµ¤­µ¤µ¦��ª��»¤�¸ª·�Ŵ ªµ�Â���¸ª·�Ŵ¤¸°Îµ�µ�Ä��µ¦�ª��»¤�¸ª·�ŴŴ
��Ŵ¤¸�ªµ¤­»��¸ÉÅ�o�nª¥�´ªÁ°�Â¨³­´��¤ŴÃ�¥¤¸°��r�¦³�°�Ŵ�Ŵ�oµ��º°Ŵ��Ŵ�oµ��µ¦Á�·�Ŵ��Ŵ�oµ�­»�£µ¡Ŵ��Ŵ�oµ��ªµ¤
­´¤¡´��rÄ��¦°��¦´ªŴŴ��Ŵ�oµ��ªµ¤­´¤¡´��rÄ��»¤��ŴŴ
Ŵ �µ¦Á�¨¸É¥�Â�¨��µ¦�ÎµÁ�·��ª̧·��µ��Îµ�µÁ�}��Îµ­ª�¥µ�¡µ¦µŴ�ÎµÄ®o¡�°»�­¦¦�Ä��µ¦¡�́�µ�»�£µ¡�ª̧·�
Ä��»¤��Â®n��¸Ê�º°Ŵ�{�®µ�ª�Á¤ºÉ°¥�¨oµ¤Á�ºÊ°Ŵ�µ¡¦nµ¤ª́Ŵ¡�́�n°�Å¤nÁ¡¥̧�¡°Ŵ�ºÉ¤Á�¦ºÉ°��ºÉ¤�¸É¤�̧µÁ¢°�̧Á¡·É¤�¹Ê�ŴÁ�¦¥̧�
�µ��ªµ¤�´��ª��°�¦µ�µ¥µ�¡µ¦µÂ¨³�»l¥Â¡�Ŵ­´¤�´­­µ¦Á�¤¸Á¡·É¤¤µ��¹Ê�Ŵ�¸É°¥¼n°µ«´¥Å¤n¤´É���ŴÅ¢¢jµÂ¨³�¦³�µÁ�oµ
Å¤n�¹�Ŵ�µ¦�¤�µ�¤Å¤n­³�ª�ŴÂ¨³Å¤n¤­̧oª¤ŴŴ­�́ªr¤¡̧·¬Â¨³¥»��»¤¤µ��¹Ê�ŴŴ�»¤���¹�¦nª¤��́ª·Á�¦µ³®r�¨ª·�Ä̧��µ¦¡�́�µ
�»�£µ¡�¸ª·�Ŵ�´��¸Ê�º°Ŵ�µ¦Ä®o�ªµ¤¦¼oÄ��µ¦�¼Â¨��Á°�Ŵ�µ¦�j°��´��µ¦�µ�Á�È��µ��µ¦�Îµ�µ�Â¨³�´�®µ°»��¦�rÄ�
�µ¦�j°��´�ŴŴ­n�Á­¦·¤Ä®oª´�Á�}�Â®¨n��¨n°¤Á�¨µ�·�Ä�Ŵ�´��·��¦¦¤Ä��»¤��Á¡ºÉ°�n°��¨µ¥�ªµ¤Á�¦¸¥�ŴŴ�·��µ¤�ªµ¤
�oµª®�oµÁ¦ºÉ°�Å¢¢jµ�¦³�µŴÂ¨³���Ŵ�°�ªµ¤¦nª¤¤º°Á�oµ�°�­ª�¥µ�Ä��µ¦�´��Îµ­oª¤Â¨³�¸É°¥¼n°µ«´¥Ä®o¤´É���Â�n��
�µ�­ª�¥µ�ŴŴ­��́­�»��µ¦��́�´Ê�Â���ÎµÄ��µ¦��́�´Ê�­®�¦�rŴ�µ¦Ä®o�ªµ¤¦¼oŴ�µ¦«¹�¬µ�¼�µ�ŴÂ¨³�µ¦��́Áª�Â̧¨�Á�¨¸É¥�
Á¦¸¥�¦¼oŴÂ¨³­n�Á­¦·¤Ä®o¤¸�µ¦Ä�o�»l¥°·��¦¸¥r�»l¥�¸ª£µ¡Ä�­ª�¥µ�¡µ¦µŴÁ¡ºÉ°¨��o��»�
Ŵ �µ��¨�µ¦«¹�¬µ�¦´Ê��¸ÊŴ�nª¥Ä®o�»�¨µ�¦­»�£µ¡Á�oµÄ��¹��»�£µ¡�¸ª·�Ŵ�{�®µ°»�­¦¦��°��µª­ª�¥µ�¡µ¦µŴ
­µ¤µ¦�­n�Á­¦·¤Ä®o�»¤��¤­̧nª�¦nª¤�¨°����»¤��­µ¤µ¦�ª·Á�¦µ³®rÂ¨³�Îµ®���¨ª·�Ä̧��µ¦¡�́�µ�»�£µ¡�ª̧·��µª
­ª�¥µ�¡¦µÅ�o

�Îµ­Îµ�´���� �µ¦¤¸­nª�¦nª¤�°��»¤��ŴŴŴ�µ¦¡´��µ�»�£µ¡�¸ª·�����µª­ª�¥µ�¡µ¦µ

z���ª�ÒÙ��«�Ýz����·�z�Öx�|�qÖ��
Ŵ ¥µ�¡µ¦µÁ�}�¡º��¸É¤�̧ªµ¤­Îµ��́�µ�Á«¦¬��·�ŴŴ
�´Ê�Â�n�eŴ ����Ŵ �¦³Á�«Å�¥Á�}��¼o�¨·�Â¨³­n�°°�
¥µ�¡µ¦µÁ�}�°´��´�Ŵ�Ŵ �°�Ã¨�Ŵ ¦´��µ¨�¹�Å�o¡¥µ¥µ¤
�¥µ¥Á�ºÊ°�¸É�¨¼�¥µ�¡µ¦µÄ�£µ��³ª´�°°�Á�¸¥�Á®�º°Ŵ
Á�ºÉ°��µ�Á�¬�¦�¦¤¸¦µ¥Å�oÅ¤nÂ�n�°��µ��ªµ¤
Â�¦�¦ª��°�¦µ�µ�¨�¨·��µ¦Á�¬�¦Ŵ Ŵ�nª¥�¹�Â¦��µ�
�¨´��º��·É�Ŵ ¨��{�®µ�µ¦ªnµ��µ�Â¨³Â¦��µ�°¡¥¡ŴŴ

Á¡·É¤¡ºÊ��¸É­¸Á�¸¥ªÂ¨³�nª¥¨�­£µª³Ã¨�¦o°����Ŵ�µ¦�¦¸�
¥µ�¡µ¦µ�ÎµÄ®oÁ�¬�¦�¦¤¸¦µ¥Å�o°¥nµ��o°¥Á�º°�¨³Ŵ�Ŵ
�¦´Ê�Ŵ �nµ��µ��µ¦�ÎµÅ¦n�Îµ�µ�³¤¸¦µ¥Å�o�ÈÁ�º°�Â¦¤�eŴ
�°��µ��¸Ê�¼o�¸ÉÅ¤n¤¸¡ºÊ��¸ÉÁ�}��°���Á°�­µ¤µ¦�¦´��oµ�
�¦¸�¥µ�Ŵ Ã�¥­´�­nª��µ¦Â�n�Á�oµ�°�­ª��n°�¼o�¦¸�
Á�}�Ŵ�����Ŵ®¦º°�����Ŵ Ŵ�³Á®È�Å�oªnµ°µ�¸¡�µ¦�Îµ­ª�
¥µ�¡µ¦µÁ�}�°µ�¸¡�¸É­¦oµ�¦µ¥Å�oÄ®oÂ�nÁ�¬�¦�¦Å�oÅ¤n
ªnµ�³Á�}�Á�oµ�°�­ª�¥µ�®¦º°Â¤oÂ�n�¼o�¸É¦´��oµ��¦¸�Ŵ �¹�
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Á�}�Â¦��¼�Ä�Ä®oÁ�¬�¦�¦�µª�´�®ª´��¹��µ¯®´�¤µ
�¦³�°�°µ�¸¡�µª­ª�¥µ�¡µ¦µÁ¡·É¤�¹Ê�°¥nµ��n°Á�ºÉ°�
�»��eŴ�{��»��́¤¡̧ºÊ��¸É�¨¼�¥µ�¡µ¦µ¤µ��¸É­»�Ä�£µ��³ª�́
°°�Á�¸¥�Á®�º°ŴŴ�º°Ŵ�������ŴÅ¦nÄ��eŴ�����

Ŵ �µ��µ¦Á�¨¸É¥�Â�¨�ª·�¸�¸ª·��µ��µ¦�ÎµÅ¦n
�Îµ�µ�¸É­º��°�¤µ�´Ê�Â�n¦»n��¦¦¡�»¦»¬Ŵ Ŵ ¤µÁ�}��µ¦�Îµ
­ª�¥µ�¡µ¦µ�¹É�Á�}�­·É�Ä®¤n�¸ÉÅ¤nÁ�¥�Îµ¤µ�n°�Ŵ ¥n°¤
­n��¨�n°�µ¦�¦´��´ªÄ��µ¦�ÎµÁ�·��¸ª·��¦³�Îµª´�Ŵ Ã�¥
�ºÉ�¤µ�¦¸�¥µ��nª�Ŵ�������������Ŵ�o°�Ä�o�¨oµ¤Á�ºÊ°
Â¨³�¦³�¼�Ä��µ¦�Îµ�µ�Ŵ�µ��µ¦«¹�¬µ­£µª³­»�£µ¡
°�µ¤¥́�¼o�¦³�°�°µ�¡̧�Îµ­ª�¥µ�¡µ¦µ¡�ªnµŴ­nª�Ä®�n
¤¸°µ�µ¦�ª�®¨´�Ŵ Ŵ ¦°�¨�¤µ�ª��¨oµ¤Á�ºÊ°�o°Ŵ�¦³�¼��Ŵ

�¹É�­°��¨o°���́�µ¦«¹�¬µ­£µ¡�µ¦�Îµ�µ�Â¨³�ªµ¤�»�
�°��¨»n¤°µ�µ¦�ª��¨oµ¤Á�ºÊ°Â¨³�¦³�¼�Ä��¼o�¦³�°�
°µ�¡̧�¦�̧¥µ�¡µ¦µŴ¡�ªnµŴ°ª¥́ª³�¸É�ª�¤µ��µ��µ¦�¦�̧
¥µ��È�º°Ŵ®¨�́­nª�¨nµ�Ŵ¤º°®¦º°�o°¤º°ŴÂ¨³�µŴ�·�Á�}�Ŵ¦o°¥¨³ŴŴ
�����Ŵ����ŴÂ¨³Ŵ����ŴŴ�µ¤¨Îµ�´��Ŵ¦³��­µ¥�µÁ­ºÉ°¤
�n°��¹�Áª¨µ°´��ª¦Ŵ Á�ºÉ°��µ��µ¦Ä�oÂ­�­ªnµ��¸ÉÅ¤nÁ¡¸¥�
¡°�µ��³Á�¥̧�Â�p­Â¨³®¤o°Å¢Ã¦�¦³���µ�Á�·�°µ®µ¦
�µ��µ¦¦´��¦³�µ�°µ®µ¦�¸ÉÅ¤n�¦�Áª¨µ�Ŵ �°��µ��¸Ê
Á�¬�¦�¦�µª­ª�¥µ�¡µ¦µŴ¥´��o°�Á��·��´�­´¤�´­�¦�
�´¨¢¼¦·�Ä��µ¦®¥°��ÎÊµ¥µ�Á¡ºÉ°Ä®oÂ�È��´ªŴ�{�®µ�¨·É�
Á®¤È��°�¥µ��·�Ŵ Â¨³­µ¦Á�¤¸�Îµ�´�«´�¦¼¡º�Ŵ �µ��µ¦
­Îµ¦ª��µ¦Ä�o­µ¦Á�¤¸�Îµ�´�«´�¦¼¡º�Ä�­ª�¥µ�¡µ¦µ�°�
Á�¬�¦�¦�µª­ª�¥µ�¡µ¦µŴ Ä�°ÎµÁ£°Á�µ�´¥­��´�®ª´�
¡´�¨»�¡�ªnµŴ Á�¬�¦�¦�µ�­nª�Å¤nÁ�oµÄ�Ä�¡·¬£´¥�°�
­µ¦Á�¤Ŵ̧Â¨³Å¤nÅ�oÄ�oª·��̧j°���́¡·¬�µ�­µ¦Á�¤Ŵ̧Á�n�ŴÅ¤nÅ�o
Ä�o�oµ�d��µ�®¦º°Ä­n¦°�Á�oµ®»o¤­o��ŴÁ­¸É¥��n°Å�o¤µ¨µÁ¦¸¥
�µ�¥»��´�ŴÂ¨³­´�ªr¤¸¡·¬�nµ�ÇŴŴÁ�n�Ŵ�¼�Ŵ�°��µ��¸Ê�Îµ�ª�
�´ÉªÃ¤��µ¦�Îµ�µ��¸É¤µ�Á�·�Å�Ŵ�Îµ�ª�Â¦��µ��¸É¤¸�o°¥Ŵ
¦µ�µ¥µ�¡µ¦µ�¸É�¹Ê�¨��µ¤§�¼�µ¨Ŵ�¦�¸§�¼ �®�oµ¥µ�
Á�e¥��ÎµÄ®o¦µ�µ¥µ����ÎÉµ®¦º°�µ����o°�¡´�®�oµ¥µ�
Å¤nÅ�o�¦¸��ÎµÄ®o�µ�¦µ¥Å�o®¨´�Ŵ ­·É�Á®¨nµ�¸Ê¥n°¤­n��¨Ŵ
�¦³���n°­»�£µ¡�·��°��µª­ª�¥µ�¡µ¦µ�������ŴÂ¨³¡�
ªnµÁ�¬�¦�¦�µª­ª�¥µ�¡µ¦µ¤¸£µª³�ªµ¤Â�¦�¦ª�
�µ��·�Ä�­¼��¹�¦o°¥¨³Ŵ �Ŵ Ä���³�¸É�¦³Á�«¤¸Á¡¸¥�Ŵ
¦o°¥¨³Ŵ�����

Ŵ �µ��µ¦Á�¨¸É¥�Â�¨��µ¦�ÎµÁ�¬�¦�¦¦¤Ŵ�µ�
�µ¦�Îµ­ª�®¦º°�Îµ�µŴ¤µÁ�}��µ¦�Îµ­ª�¥µ�¡µ¦µŴ�ÎµÄ®o
ª·�¸�¸ª·��°��»¤��Á�¨¸É¥�Â�¨�Å�Ŵ �¹É�¥n°¤­n��¨�n°
�»�£µ¡�¸ª·��µ¤¤µŴ Ŵ �µ��µ¦­´�Á��Â¨³�µ¦­´¤£µ¬�r
°¥nµ�Å¤nÁ�}��µ��µ¦¡�ªnµŴ ��£µ¥�°��nµ�¤°��¼o
�¦³�°�°µ�¸¡­ª�¥µ�¡µ¦µªnµ¤¸­£µ¡�ªµ¤Á�}�°¥¼n�¸É�¸
�¹Ê�Ŵ¤¸¦�¥��r�´�Ŵ¤¸¦µ¥Å�o¤µ��¹Ê�ŴÂ�n�µ�­�·�·�µ¦¦´�¬µ
¡¥µ�µ¨Ŵ�e¡�«�Ŵ���������ŴÂ¨³Ŵ����Ŵ¡�ªnµ�¼o�¦³�°�
°µ�¸¡­ª�¥µ�¡µ¦µ¤µ¦´��µ¦¦´�¬µÄ�Ã¦�¡¥µ�µ¨�oª¥
°µ�µ¦�ª��¨oµ¤Á�ºÊ°Ŵ�Îµ�ª�Ŵ������Ŵ�����ŴÂ¨³Ŵ�����Ŵ
��Â¨³�¼o�iª¥�¸É�¼��¼�´�Ŵ �Îµ�ª�Ŵ Ŵ���Ŵ��ŴÂ¨³Ŵ��Ŵ��Ŵ
�µ¤¨Îµ�´�Ŵ�³Á®È�Å�oªnµ�Îµ�ª��¼o�iª¥�µ�Ã¦��´��¨nµª¤¸
Â�ªÃ�o¤Á¡·É¤�¹Ê��»��eŴ �°��µ��¸Ê¥´�¡�Ã¦��¦³Á¡µ³
°µ®µ¦ŴÂ¨³°»�´�·Á®�»�µ��µ¦Ä�o�ÎÊµ�¦�Ŵ�oµ�­·É�Âª�¨o°¤Ŵ
¡�ªnµŴ¤¸�iµ�¹�Ŵ¤¸¥»�ŴÂ¨³�¼ŴÁ¡·É¤¤µ��¹Ê�Ŵ¤¸�µ¦Ä�o­µ¦Á�¤¸
�Îµ�´�ª´�¡º��ÎµÄ®oÁ�·��µ¦­³­¤­µ¦¡·¬Ŵ �´�¡º��¸ÉÁ�·�Ŵ
Â�¦��o�¥µ�ŴÁ�n�ŴÁ®È��o°��·É��¸ÉÁ�·�Ä�­ª�¥µ��¦³�µ��¦�́
�¦³�µ�Á�oµÅ��ÎµÄ®o¤°̧µ�µ¦°µÁ�¥̧�Ŵ�ª��o°�Ŵ�°��µ��¸Ê¥�́
¤¸�¨·É�Á®¤È��°�¥µ��·��ÎµÄ®o°µ�µ«Å¤n�¦·­»��·ÍŴŴŴŴŴŴ
Ŵ �µ�­£µ¡�µ¦�r�oµ��o��³Á®È�Å�oªnµŴÁ¤ºÉ°ª·��̧ª̧·�
�¸ÉÁ�¨¸É¥�Â�¨�Å�¨oª�­n��¨�¦³���n°�»�£µ¡�¸ª·��°�
�µª­ª�¥µ�¡µ¦µŴ Á�ºÉ°��µ�ªnµ�»�£µ¡�¸ª·��°��»��¨
Ä�Â�n¨³�nª��¸ª·�°µ�¤¸�ªµ¤Â���nµ��´�Ŵ�¹Ê�°¥¼n�´��µ¦
¦´�¦¼o�n°­£µ¡�ªµ¤Á�}�°¥¼n�¸ÉÁ�·��¹Ê�ŴŴ�¹É�°¥¼n£µ¥Ä�o�¦·��
�µ�­´��¤ª´���¦¦¤ŴŴ�nµ�·¥¤ŴŴ�ªµ¤Á�ºÉ°ŴŴ¡ºÊ��µ��ªµ¤¦¼oŴŴŴ
Â¨³�¦³­��µ¦�r�°�Â�n¨³�»��¨Ŵ Á¤ºÉ°Á�ºÉ°�Å�Ä��µ¦
�Îµ¦��ª̧·�Á®¨nµ�¸ÊŴÁ�·��µ¦Á�¨¸É¥�Â�¨�Å�Ä��µ�Å¤n�¸Ŵ°µ�
�Îµ¤µ�¹É��{�®µ�µ¦�Îµ¦��¸ª·�Â¨³­n��¨�n°�»�£µ¡�¸ª·�
�°�Â�n¨³�»��¨Ŵ
Ŵ �µ��µ¦���ª�ª¦¦��¦¦¤¡�ªnµŴ¤¸�µ¦«¹�¬µ
�{��´¥�¸É¤¸°·��·¡¨�n°�»�£µ¡�¸ª·�Á�¬�¦�¦�µª­ª�
¥µ�¡µ¦µŴ�´�®ª´�­��¨µŴÃ�¥Ä�oÂ��ª´��»�£µ¡�¸ª·��°�
°��r�µ¦°�µ¤´¥Ã¨��»�¥n°��´�£µ¬µÅ�¥Ŵ¡�ªnµ�»�£µ¡
�¸ª·�Á�¬�¦�¦�µª­ª�¥µ�¡µ¦µ�¸É«¹�¬µ°¥¼nÄ�¦³�´��µ�
�¨µ�Ŵ�{��´¥�oµ�«µ­�µŴŴ�Îµ�ª��´ÉªÃ¤��µ¦�Îµ�µ��n°ª´�Ŵ
¦µ¥Å�oŴÁ¡«ŴÂ¨³­�µ�£µ¡­¤¦­Ŵ­µ¤µ¦�¦nª¤��́�Îµ�µ¥
�»�£µ¡�ª̧·�Å�o��Ŵ�µ��µ¦�ÎµÁ�·��µ��oµ�­»�£µ¡Ä�¡ºÊ��¸É
¡�ªnµŴ¥�́Å¤n¤�̧µ¦�ÎµÁ�·��µ��oµ�­»�£µ¡Á�¸É¥ª��́�µª­ª�



��� ,1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����#RTKN���,WPG������

¥µ�¡µ¦µÁ¨¥Ŵ�¹��ÎµÄ®o�¼oª·�´¥¤¸�ªµ¤­�Ä��¸É�³«¹�¬µ�¹�
�»�£µ¡�¸ª·��°��µª­ª�¥µ�¡µ¦µÄ��´�®ª´��¹��µ¯ªnµ
Á�}�°¥nµ�Å¦ŴÃ�¥Ä�o�¦°�Â�ª�·��µ¦ª·Á�¦µ³®r�»¤��Â��
¤¸­nª�¦nª¤�35$�Ŵ¤µÄ�oÄ��µ¦ª·Á�¦µ³®r®µ�¨ª·�¸¡´��µ
�»�£µ¡�¸ª·��°��µª­ª�¥µ�¡µ¦µŴ�¹É��¦³�ª��µ¦�¸Ê�³
�ÎµÄ®o�»¤��Á�oµÄ��{�®µŴ Ŵ�»���¤¸­nª�Å�o­nª�Á­¸¥Ŵ ¦´�¦¼o
Á�}�Á�oµ�°�¦nª¤�´�Ŵ�¦³®�´��¹��ªµ¤­Îµ�´�ŴÂ¨³¦´��·�
�°�¦nª¤�´�ŴÁ�·�¡¨´�Ä��µ¦¦nª¤®µÂ�ª�µ�Â�oÅ��{�®µŴ
��Å�o�¨ª·�¸¡´��µ�»�£µ¡�¸ª·��°��µª­ª�¥µ�¡µ¦µ
Â��¨»n¤�ÎÊµÃ���´�®ª´��¹��µ¯

����¤��Ý�|zÐw���¡}��
Ŵ Á¡ºÉ°«¹�¬µ�ªµ¤®¤µ¥Ŵ Ŵ°��r�¦³�°�Ŵ Ŵ�ªµ¤
�o°��µ¦Ä��µ¦¡´��µ�»�£µ¡�¸ª·�ŴÂ¨³ª·Á�¦µ³®r­£µ¡
�{�®µ�¸ÉÁ�}�°»�­¦¦�Ŵ�o�®µ�¨ª·�¸¡´��µ�»�£µ¡�¸ª·�
�µª­ª�¥µ�¡µ¦µÂ��¨»n¤�ÎÊµÃ��Ä�¤»¤¤°��°��»¤��

w���«Ù�z¡�w���¡}��
Ŵ Ä�o�¦°�Â�ª�·��µ¦ª·Á�¦µ³®r�»¤��Â��¤­̧nª�
¦nª¤Ŵ�3DUWLFLSDWRU\Ŵ5XUDOŴ$SSUDLVDO�Ŵ35$�Ŵ�¸ÉÄ®o�ªµ¤
­Îµ�´��´��ªµ¤¦¼o�¸É¤µ�µ��¦³­��µ¦�r�°���Ä��»¤��Ŵ
�º°�µª­ª�¥µ�¡µ¦µŴ­³�o°��·�¦´�¦¼o�µ�­·É��¸É�·�Ŵ­·É��¸É¦¼oŴ
Á¡ºÉ°ª·Á�¦µ³®r�o°¤¼̈ �¸ÉÅ�oŴ­£µ¡�{�®µŴ�ªµ¤�o°��µ¦Ŵ¦ª¤
�¹�®µ�¨ª·�¸Ä��µ¦¡´��µ�»�£µ¡�¸ª·��µª­ª�¥µ�¡µ¦µŴ

�¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦«¹�¬µÁ�}��µ¦Ä�o�¦³�ª��µ¦ª·Á�¦µ³®r
�»¤��Ŵ�35$�Ŵ¤»n�Ä®o­¤µ�·�Ä��»¤��Ŵ Á�oµ¤µ¤¸­nª�¦nª¤
�¦³Á¤·�­�µ��µ¦�rŴÂ¨³Â�ª�µ��µ¦­n�Á­¦·¤�µ¦¤¸­nª�
¦nª¤�°��»¤��Ä��µ¦¡´��µ�»�£µ¡�¸ª·��°��µª­ª�
¥µ�¡µ¦µŴ Ã�¥�µ¦�ÎµÁ�·��µ¦¦nª¤�´��»¤��Ŵ Á¡ºÉ°�¦³�»o�
Ä®o�»¤��Á�·��µ¦Â¨�Á�¨¸É¥�Á¦¥̧�¦¼o�µ��¦³­��µ¦�r�°�
­¤µ�·��»¤��
� �´Ê��°��µ¦�ÎµÁ�·��µ¦ª·�´¥�¤¸�´Ê��°�Ä��µ¦
�ÎµÁ�·��µ¦Ŵ�Ŵ¦³¥³�´��¸Ê
� ¦³¥³�¸É���«¹�¬µ�o°¤¼¨¡ºÊ��µ��»¤���«¹�¬µ
�o°¤¼¨¡ºÊ��µ��°��»¤��Ŵ Ŵ Á�d�Áª�¸Â�³�Îµ�¼oª·�´¥Ŵ ­¦oµ�
­´¤¡´��£µ¡Ŵ�¸ÊÂ��ª´��»�¦³­��rŴ¡¦o°¤Á�d�Ã°�µ­Ä®o

�»¤��Å�oÂ¨�Á�¨¸É¥�Â­���ªµ¤�·�Á®È�Ŵ ªµ�Á�jµ®¤µ¥
¦nª¤�´�Ŵ Á¡ºÉ°®µ�¨ª·�¸�¸É�³¡´��µ�»�£µ¡�¸ª·��µª­ª�
¥µ�¡µ¦µŴ �ÎµÁ�·��µ¦­´¤£µ¬�rÁ�·�¨¹�Ŵ Á�oµ�°�­ª�
¥µ�¡µ¦µŴ�Ŵ��Ŵ�¨»n¤¦´��oµ��¦¸�¥µ�Ŵ�Ŵ��Ŵ Ŵ�¼o�Îµ�»¤��Ŵ
�Ŵ��ŴÁ�oµ®�oµ�¸É­µ�µ¦�­»�Ŵ�Ŵ��Ŵ­���µ�¨»n¤Ŵ�Ŵ�¨»n¤Ŵ
Á�oµ�°�­ª�¥µ�Ŵ�Ŵ��Ŵ�¼o¦´��oµ��¦¸�Ŵ�Ŵ��Ŵ�µ¤Â�ª�µ�
�Îµ�µ¤�¸É­¦oµ��¹Ê�
� ¦³¥³�¸É���ª·Á�¦µ³®r�o°¤¼̈ �»¤����µ¦�Îµ�o°¤¼̈
�¸ÉÅ�o�µ��µ¦­¤́£µ¬�rÁ�·�¨¹�Ŵ�µ¦­���µ�¨»n¤Ŵ�µ¦­�́Á��
��³�ÎµÁ�·��·��¦¦¤Ŵ�µ¦����́�¹�£µ�­�µ¤¤µ�¦¦¥µ¥
Á¨nµÁ¦ºÉ°��¸ÉÁ�·��¹Ê��»��´Ê��°�ŴÁ¡ºÉ°­³�o°�Ä®oÁ®È�£µ¡®¦º°
Á®�»�µ¦�r�¸ÉÁ�·��¹Ê�Ŵ�¦ª�­°��ªµ¤�nµÁ�ºÉ°�º°�°��o°¤¼¨Ŵ
�Îµ®��¦®­́�o°¤¼̈ Â¨³­¦»��o°¤¼̈ �¸ÉÅ�o�µ¤�¦³Á�È�Ŵ�ªµ¤
®¤µ¥Ŵ °��r�¦³�°�Ŵ­£µ¡�{�®µ°»�­¦¦�Â¨³�ªµ¤
�o°��µ¦Ä��µ¦¡�́�µ�»�£µ¡�ª̧·�Ŵ�Îµ�o°¤¼̈ �¸ÉÅ�o­³�o°�
Ä®o�»¤��¦´��¦µ�Ä�Áª�¸�»¤��ŴÃ�¥�´�Á¨º°��´ªÂ���µ�
�µª­ª�¥µ�¡µ¦µŴÂ¨³�¼o�Îµ�»¤��Ŵ¦ª¤Ŵ��Ŵ��Ŵ¦nª¤�´�®µ
�¨ª·�Ä̧��µ¦¡�́�µ�»�£µ¡�ª̧·�Ŵ�¦ª�­°��ªµ¤�¼��o°�
Â¨³­¤�¼¦�r�°��o°¤¼¨
� ¦³¥³�¸É� �� ¦nª¤�o�®µ�¨ª·�¸¡´��µ�»�£µ¡
�¸ª·��µª­ª�¥µ�¡µ¦µ� Ã�¥�µ¦�Îµ¦nµ��¨ª·�¸¡´��µ
�»�£µ¡�¸ª·�Ŵ¤µÂ¨�Á�¨¸É¥�Á¦¸¥�¦¼oŴ Â­���ªµ¤�·�Á®È�
Â¨³­¦»�Á�}��¨ª·�¸Ä��µ¦¡´��µ�»�£µ¡�¸ª·��µª­ª�
¥µ�¡µ¦µŴÂ¨³�Îµ�¨�¸ÉÅ�o¤µÁ�¥̧�Â��¥»��«µ­�¦rŴ¡¦o°¤
�´Ê��¼o¦´��·��°�ŴÂ¨³­µ¤µ¦��ÎµÅ�¡´��µ�»�£µ¡�¸ª·�
�µª­ª�¥µ�¡µ¦µ�n°Å�Ŵ

Ú�w���¡}��
Ŵ ��Ŵ �µª­ª�¥µ�¡µ¦µÅ�oÄ®o�ªµ¤®¤µ¥�°�
�»�£µ¡�¸ª·�ÅªoªnµŴÁ�}��ªµ¤¦¼o­¹�¤´É���Ŵ�¨°�£´¥Ŵ°�°»n�Ŵ
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�¹É�Á�¨¸É¥Â¨oª­nª�Ä®�n�³�ºÉ¤Á�¦ºÉ°��ºÉ¤�¼�Îµ¨�́Å¤n�ÎÉµ�ªnµª�́
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¨³Ŵ�Ŵ�ª�Ŵ°£·�¦µ¥Å�oªnµ�µ¦�Îµ­ª�¥µ�¡µ¦µ�o°��Îµ�µ�
Ä��°��¨µ��º�Ŵ Ŵ Â¨³Ä��¨µ�ª´��o°�Å�¦´��oµ�®¦º°
�Îµ�µ�°¥nµ�°ºÉ��n°Ŵ�¹�¤¸�µ¦Â­ª�®µ¥µ®¦º°Á�¦ºÉ°��ºÉ¤�¸É
�nª¥Ä®o¦nµ��µ¥¤¸�Îµ¨´�Á¡·É¤�¹Ê�Ŵ ­°��¨o°��´��µ¦«¹�¬µ
�ªµ¤­´¤¡´��r¦³®ªnµ�¡§�·�¦¦¤�¦·Ã£�Á�¦ºÉ°��ºÉ¤�­¤
�µÁ¢°¸��´��µ¦Á�·�°»�´�·Á®�»�µ��µ¦�Îµ�µ��°����µ�
Ã¦��µ�®¨°¤Ã¨®³Ä��´�®ª´��¨�»¦¸Ŵ¡�ªnµ���µ��·¥¤
�ºÉ¤Á�¦ºÉ°��ºÉ¤�¼�Îµ¨´��¹�¦o°¥¨³Ŵ����Ŵ�oµ�­£µ¡�·�Ä�¡�
ªnµ�µª­ª�¥µ�¡µ¦µ¤�̧ªµ¤Á�¦¥̧��µ��ªµ¤��́�ª��°�
¦µ�µ¥µ�¡µ¦µ�¸É�¹Ê�Ç¨�Ç�µ�£µª³Á«¦¬��·��¸É�´��ª�Ŵ
°µ�Á�ºÉ°�¤µŴ �µ�Á¤ºÉ°Ŵ ���Ŵ�e�¸É�nµ�¤µŴ ¦µ�µ¥µ�¡µ¦µ
���ÎÉµ¨�¤µÁ�nµ�´ªÁ®¨º°�·Ã¨�¦´¤¨³�¦³¤µ�Ŵ��Ŵ�µ�Ŵ
�ÎµÄ®o�µª­ª�¥µ�¡µ¦µ®¤�Á�ºÊ°®¤��ª́Ŵ�µ����o°��µ¥
­ª�¥µ�¡µ¦µŴÂ¨³�µ¥¦�¥��r�¸É�ºÊ°¤µÁ¡ºÉ°�ªµ¤°¥¼n¦°�Ŵ
�µª­ª�¥µ��¹�¤¸�ªµ¤ª·���´�ª¨Ä�Á¦ºÉ°��¸Ê¤µ�Â¨³Å¤n¤¸
Ä�¦°¥µ�Ä®oÁ�·��ÎÊµŴ Ŵ Ŵ ­°��¨o°��´��¨�µ¦«¹�¬µ�¸É¡�
ªnµ�Îµ�ª��´ÉªÃ¤��µ¦�Îµ�µ��¸É¤µ�Á�·�Å�Ŵ�Îµ�ª�Â¦��µ�
�¸É¤¸�o°¥Ŵ ¦µ�µ¥µ�¡µ¦µ�¸É�¹Ê�¨��µ¤§�¼�µ¨Ŵ�¦�¸§�¼ �
®�oµ¥µ�Á�e¥��ÎµÄ®o¦µ�µ¥µ����ÎÉµŴ®¦º°�µ����o°�¡´�
®�oµ¥µ�Å¤nÅ�o�¦¸��ÎµÄ®o�µ�¦µ¥Å�o®¨´�Ŵ­·É�Á®¨nµ�¸Ê¥n°¤Ŵ
­n��¨�¦³���n°­»�£µ¡�·��°��µª­ª�¥µ�¡µ¦µ�������

Ŵ Ŵ ����Ŵ �¸É°¥¼n°µ«¥́Å¤n¤´É���ŴŴ­µ�µ¦�¼�Ã£�
Å¤nÁ°ºÊ°�n°�µ¦�Îµ¦��¸ª·�Ŵ�¨�µ¦«¹�¬µ¡�ªnµ�¸É°¥¼n°µ«´¥
�¸É°¥¼nÄ�­ª�¥µ�¡µ¦µ�´Ê�¤¸­£µ¡Å¤n¤´É���Ŵ�µ�Â®n�Å¤n¤¸
­oª¤Ä�oŴÅ¢¢jµÂ¨³�¦³�µŴÁ�oµÅ¤n�¹��µ¦�¤�µ�¤Å¤n­³�ª�Ŵ
°£·�¦µ¥Å�oªnµŴ Á�ºÉ°��µ�­ª�¥µ�°¥¼nÅ¤n®nµ��µ�®¤¼n�oµ�
�µª­ª�¥µ��¹��¨´�¤µ�°��¸É�oµ�Ä�®¤¼n�oµ�Ŵ�¹�Å¤nÅ�oÄ®o
�ªµ¤­Îµ�´��´��¸É¡´�Ä�­ª�¥µ�Ŵ�¸ÉÄ�oÁ¡¸¥�¡´��´Éª�¦µª
Áª¨µ¤µ�¦¸�¥µ�Ŵ Ŵ­nª��¼o�¸É°µ«´¥�°��¸É­ª�¥µ�­nª�Ä®�n
�³Á�}��¼o¦�́�oµ��¦�̧¥µ�ŴÁ�oµ�°�­ª�¥µ��¹�Å¤nÅ�oÄ®o�ªµ¤
­Îµ�´�Ŵ�ÎµÄ®oÁ�}��{�®µÄ��µ¦�Îµ¦��¸ª·�ŴÃ�¥Á�¡µ³Áª¨µ
�¨µ��º��ÎµÄ®o¦¼o­¹�Å¤n�¨°�£´¥�n°�¦´¡¥r­·�Â¨³�¸ª·�Ŵ
­°��¨o°��´��µ¦«¹�¬µÁ�¸É¥ª�´��µ¦¡´��µ��Ŵ¡´��µ
�»�£µ¡�ª̧·�¡�ªnµ�µ¦¤�̧¸É°¥¼n°µ«¥́�¸É�¼�­»�¨�́¬�³�ÎµÄ®o
¦¼o­¹�¤¸�ªµ¤¤´É���Ŵ�¨°�£´¥Ä��¸ª·�Â¨³�¦´¡¥r­·���

� � ����Ŵ ­�́ªr¤¡̧·¬Â¨³¥»��»¤¤µ�Ŵ�¼o�¦³�°�
¥µ�¡µ¦µ¦o°¥¨³Ŵ����Ŵ¤�̧ªµ¤Á­¸É¥��µ��¼Â¨³­�́ªr¤¡̧·¬��́ŴŴ
�¨�µ¦«¹�¬µ¡�ªnµÄ�­ª�¥µ�¡µ¦µ¤¸­´�ªr¤¸¡·¬¤µ��¹Ê�Ŵ

Á�n�Ŵ �¼�³�³Ŵ�³�µ�ŴÂ¤�¤»¤Ŵ�ÎµÄ®o�µª­ª�¥µ�¡µ¦µ¤¸
�ªµ¤Á­¸É¥��n°�µ¦�¼�­�́ªr¤¡̧·¬��́Ŵ­°��¨o°���́�µ�ª·�¥́Ŵ
�¸É¡�ªnµÄ�¨�́¬�³­£µ¡­ª�¥µ�¡µ¦µ¤®̧�oµ¦��¹�Á®¤µ³
­Îµ®¦�́Á�}��¸É°¥¼n�°�­�́ªr�nµ�ÇŴÁ�n�Ŵ�¼ŴÂ¤�¤»¤Ŵ¥»�¨³­�́ªr¤¸
¡·¬°ºÉ�ÇŴÃ�¥Á�¡µ³�¼�³�³�¸É¡�¤µ�Ä�Á��£µ�Ä�oŴ¡�ªnµ
���Îµ�µ�Ä�­ª�¥µ�­nª�Ä®�n�³�¼��¼�³�³��́¤µ��ªnµ�¼
��·�°ºÉ�ÇŴŴ�¼o�¦³�°�¥µ�¡µ¦µŴ¦o°¥¨³Ŵ����Ŵ¤�̧ªµ¤Á­¸É¥�
�µ��¼Â¨³­´�ªr¤¸¡·¬�´��µ�­ª�¥µ�¡µ¦µ����Ŵ
� ��� �¨ª·�¸¡´��µ�»�£µ¡�¸ª·��µª­ª�¥µ��
¡µ¦µŴ �µª­ª�¥µ�¡µ¦µÅ�o¦nª¤�´�®µ�¨ª·�¸�¸É�³¡´��µ
�»�£µ¡�¸ª·�Ŵ�´��¸Ê
Ŵ Ŵ ����Ŵ ­n�Á­¦·¤­»�£µ¡�µª­ª�¥µ�¡µ¦µŴ
�º°Á�}�«µ­�¦rÂ¨³«·¨�mÄ��µ¦�nª¥Ä®o�¦³�µ��
Á�¨¸É¥�Â�¨�ª·�¸�¸ª·�Ŵ Ã�¥¡¥µ¥µ¤�¦³�»o�Ä®oÁ®È��{�®µŴ
­�´�­�»��µ¦Á�¨¸É¥�¡§�·�¦¦¤Ŵ Ã�¥¤¸ª´��»�¦³­��rÄ�
�µ¦Á�¨¸É¥�¦³��́�»��¨ŴÅ�­¼n­£µª³�¸É¡¹��¦³­��rŴ�ª́°¥nµ�
�·��¦¦¤­n�Á­¦·¤­»�£µ¡ŴÅ�oÂ�nŴ�µ¦�¦ª�­»�£µ¡Ŵ�µ¦¨�
�ªµ¤Á�¦¥̧�Ŵ�µ¦°°��Îµ¨�́�µ¥ŴÃ£��µ�µ¦ŴÁ�}��o���ŴŴ�µ¦
¦´��¦³�µ�°µ®µ¦Ŵ�µ¦°°��Îµ¨´��µ¥Ŵ�µ¦�°�®¨´�¡´�
�n°�Â¨³�¨µ¥�ªµ¤Á�¦¸¥�Ŵ�´Ê��¸ÊÁ�ºÉ°��µ��·��¦¦¤Á®¨nµ
�¸ÊÁ�}��µ¦Á¡·É¤­¤¦¦��³Ä��µ¦�Îµ�µ�Â¨³Á�}�ª·�¸�¸ª·��¸É
���Îµ�µ�­µ¤µ¦���·�´�·Å�o�oª¥��Á°���

Ŵ Ŵ ����Ŵ �µ¦­n�Á­¦·¤Ä®o¤¸�µ¦¡´��µ­·É �
Âª�¨o°¤Â¨³­µ�µ¦�¼�Ã£�Ä��µ¦�Îµ¦��ª̧·�ŴŴ�µ¦�j°���́
Â¨³�¼Â¨Á¤ºÉ°�¼�­´�ªr¤¸¡·¬�´�Ŵ �µ¦�¦´��¦»��¸É°¥¼n°µ«´¥Ŵ
Â¨³­¦oµ�­oª¤Ŵ�¦³­µ��µ�Á¦ºÉ°��µ¦�·��´Ê�Å¢¢jµÂ¨³
�¦³�µÄ�­ª�¥µ�¡µ¦µÁ¡ºÉ°Ä®oÁ�·��ªµ¤¤´É����¨°�£¥́Ŵ
­°��¨o°���́­Îµ��́�Ã¥�µ¥Â¨³Â��­µ�µ¦�­»�Å�o�¨nµª
Åªoªnµ�µ¦�¼Â¨¦´�¬µ�¦´¡¥µ�¦�¦¦¤�µ�·Â¨³­·É�Âª�¨o°¤
Á�}�­·É��ÎµÁ�}��n°�ªµ¤°¥¼n�¸¤¸­»�Ŵ°��r�¦³�°��¸Ê¦ª¤�¹�
�¦³Á�È�­£µ¡Âª�¨o°¤�¸É°¥¼n°µ«´¥Ŵ ¦³��­»�µ£·�µ¨Â¨³
°�µ¤´¥­·É�Âª�¨o°¤�oµ��¸É°¥¼n°µ«´¥Ŵ ¦³��°�µ¤´¥Â¨³­·É�
Âª�¨o°¤Ŵ�¨°����ªµ¤�¨°�£´¥Ä��¸ª·�Â¨³�¦´¡¥r­·�
Ã�¥Á�¡µ³�{�®µ
� � ����Ŵ ­n�Á­¦·¤Ä®o¤¸�µ¦�´��´Ê�­®�¦�r
�µª­ª�¥µ�¡µ¦µŴ Ŵ Ã�¥�µ¦�´��´Ê�­®�¦�r­ª�¥µ�¡µ¦µŴ
�¹É��µ¦�´��´Ê�­®�¦�rÁ�}�ª·�¸®�¹É��¸ÉÅ�o�¨Ŵ Á�ºÉ°��µ�Ä�
®¨µ¥�¸É¤¸�µ¦�´��´Ê�Â¨³�¦³­��¨­ÎµÁ¦È�Ŵ Å�o�´��´Ê��¹Ê�
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Á¤ºÉ°�eŴ����Ŵ Á¡ºÉ°�nª¥Á®¨º°Á�¬�¦�¦�µª­ª�¥µ�¡µ¦µ
�¸ÉÅ�o¦´��ªµ¤Á�º°�¦o°�Ä�Á¦ºÉ°�¦µ�µ¥µ�Ŵ�j°��´��µ¦Á°µ
¦´�Á°µÁ�¦¸¥��µ�¡n°�oµ���¨µ�Â¨³Á¡ºÉ°Á�}�¡¨´�Ä�
�µ¦�n°¦°��´�Ã¦��µ�°»�­µ®�¦¦¤�´�¡n°�oµ���¨µ�Ŵ
�¹É��¨�¨·�®¨´��µ��´��´Ê�­®�¦�r�´Ê�Â�n�eŴ����Ŵ¤¸�ÎµÅ¦
­»��·Ŵ ����������Ŵ�µ�ŴÂ¨³Ä��eŴ ����Ŵ¤¸�ÎµÅ¦­»��·Ŵ
������������Ŵ�µ���

� � ����Ŵ ­n�Á­¦·¤�µ¦Ä�o�»l¥°·��¦¸¥rÂ¨³
�ª̧£µ¡Â���µ¦Ä�o�»l¥Á�¤Ä̧�­ª�¥µ�¡µ¦µŴÃ�¥­��́­�»�
Ä®o�µª­ª�¥µ�¡µ¦µ®´�¤µÄ�o�»l¥�¸ª£µ¡®¦º°�»l¥°·��¦¸¥r
Á¡·É¤¤µ��¹Ê�Ä�­ª�¥µ�¡µ¦µŴÁ�ºÉ°��µ��µ¦�¨¼�¥µ�¡µ¦µ
�¸É�nµ�¤µŴ�³¤¸�µ¦Ä­n�»l¥Á�¤¸Ä®o�´�­ª�¥µ��»�ŴÇŴ�eŴ®µ�
�¨¼�¥µ�¡µ¦µ¤µÂ¨oªŴ�Ŵ¦°�Ŵ�ÈÁ�nµ��́Ä­n�»l¥Á�¤¸̈ �Ä�­ª�
¥µ�¤µ�µ��¹�Ŵ ��Ŵ�eŴ ­·É��¸ÉÁ�·��¹Ê��µ¤¤µ�È�º°�·�°¥¼nÄ�
­£µ¡Á­ºÉ°¤Ã�¦¤Ŵ­¼�Á­¸¥�»�­¤�´�·�µ��¸ª³ŴÁ�¤¸Ŵ¢d­·�­rŴ
�ÎµÄ®o�·�Â�È�ŴÅ¤n¦nª��»¥ŴÅ¤n¤Å̧­oÁ�º°�Ŵ®¦º°�»̈ ·��¦¥̧rÄ��·�
Å¤nÁ¡¸¥�¡°�¸É�³�ÎµÄ®oÁ®¤µ³Â�n�µ¦Á�¦·�Á�·�Ã��°�¡º�
Å�oŴÂ�ª�µ�Á�¥̧ª�¸É�³Â�o�{�®µ�¸ÊÅ�oŴ�È�º°�¨�́­¼n�¦¦¤�µ�·
Ã�¥Á­¦·¤�µ¦Ä�o�»l¥°·��¦¸¥r®¦º°°·��¦¸¥r�¸ª£µ¡��

xi�ª�Ù�«ÙÝ�
Ŵ ��ŴŴ �µ¦�Îµ­ª�¥µ�¡µ¦µ�ÎµÄ®o¡�­´�ªr¤¸¡·¬
Á¡·É¤�¹Ê���́�´Ê��ª¦¤�̧µ¦­n�Á­¦·¤��́­·É�Âª�¨o°¤Ä�­ª�¥µ�
Ä®o­³°µ�Ŵ�¨°�Ã�¦n�ŴÁ�}�¦³Á�¸¥�ŴÁ¡ºÉ°�ªµ¤�¨°�£´¥
�µ�­´�ªr¤¸¡·¬
Ŵ ��Ŵ Ä��µ¦�¦ª���́�¦°��ªµ¤Á­¸É¥��ª¦��́Ä®o
­°��¨o°���́ª·��̧ª̧·�ŴÂ¨³�¦·���°��»¤��ŴÁ¡ºÉ°�¦³Ã¥��r
­¼�­»��°��¦³�µ���Á�n�Ŵ�¦ª�­µ¦¡·¬ŴŴ­µ¥�µ
Ŵ ��ŴŴ �µª­ª�¥µ�¡µ¦µ¤¸�ªµ¤¡¹�¡°Ä�Â¨³¤¸
�ªµ¤­»���́�»�£µ¡�ª̧·�Ä��{��»��́ŴÂ�n¥�́¡�ªnµ�µª­ª�
¥µ�¡µ¦µ¥´�¤¸­£µ¡�{�®µ�¸ÉÁ�}�°»�­¦¦�Ä��µ¦¡´��µ
�»�£µ¡�¸ª·�°¥¼nÁ�n��´�Ŵ�´��´Ê�¡¥µ�µ¨�¼o��·�´�·�µ�Ä�
�»¤���¸É¤¸®�oµ�¸É�¼Â¨­»�£µ¡�¦³�µ�¦�¨»n¤�¸Ê�¹��ª¦�´�
Ã�¦Â�¦¤�¸É�³�nª¥­n�Á­¦·¤�»�£µ¡�¸ª·��°��µª­ª�
¥µ�¡µ¦µ�¸É­°��¨o°��´��¦·���°��»¤��
� ��Ŵ �¼o��·�´�·�µ�Á�¸É¥ª�´��oµ�­»�£µ¡Ŵ �ª¦
¤¸�ªµ¤¦¼o�¹��¨�¦³���µ��µ¦Á�¨¸É¥�Â�¨�Á¤ºÉ°¤¸�µ¦

�Îµ­ª�¥µ�¡µ¦µÁ¡ºÉ°Á�}�¡ºÊ��µ�Ä��µ¦°°�Â���µ¦
¡¥µ�µ¨­Îµ®¦´��¦³�µ�¦�¨»n¤�¸Ê

w¡��¡w�����Ýw��
Ŵ �¼oª·�´¥�°�°��»��¼oÄ®o�o°¤¼¨�¸ÉÄ®o�ªµ¤¦nª¤¤º°
Á�}�°¥nµ��¸Ä��µ¦Ä®o�o°¤¼¨�¸ÉÁ�}��¦³Ã¥��rŴ Â¨³°Îµ�ª¥
�ªµ¤­³�ª�Ä��µ¦Á�È��o°¤¼¨Ŵ�°�°�¡¦³�»�Ŵ�«��¦�
ª·¨µª´¨¥rŴ �¤�·¦´��rŴ Â¨³Ŵ�¦�Á�¬¦ŴÂ�ªÃ���·ÊªŴ�¸ÉÄ®o�Îµ
Â�³�ÎµÄ��µ¦�Îµª·�¥µ�·¡��rÁ¡ºÉ°Ä®o¤¸�ªµ¤­¤�¼¦�rŴŴ��
ª·�¥µ�·¡��r��´��¸Ê­ÎµÁ¦È�¨»¨nª�

ª�w����i�|�¡|
��Ŵ ­Îµ�´��µ�Á«¦¬��·��µ¦Á�¬�¦�´�®ª´�®�°��µ¥�ŴŴ

>°°�Å¨�r@Ŵ ���´�ªµ�¤Ŵ ����>°oµ�Á¤ºÉ°Ŵ ��Ŵ
¤�¦µ�¤Ŵ ����@�Ŵ Ŵ KWWS���ZZZ�$RH�JR�WK�
PRUHBQHZV�SKS"FLG ��	űOHQDPH QHZV�

��ŴŴ ­»�»¤ŴŴª�¬rÁ°��ŴŴ�¨¼�¥µ�¨oµ�Å¦nŴÁ®�º°�°¸­µ�Å�Å�o
­ª¥>­¤́£µ¬�r@�ŴŴ�¼o°Îµ�ª¥�µ¦­�µ��́ª·�¥́¥µ��¦¤Ŵ
ª·�µ�µ¦Á�¬�¦�Ŵ��Ŵ¡§¬£µ�¤Ŵ�����

��Ŵ ­Î µ �´ � � µ � Á « ¦¬��· � � µ ¦ Á �¬�¦ Á �� Ŵ � �ŴŴ
>°°�Å¨�r@����́ªµ�¤Ŵ����Ŵ>°oµ�Á¤ºÉ°Ŵ��¤�¦µ�¤Ŵ
����@�Ŵ Ŵ KWWS���ZZZ�$RH�JR�WK�PRUHBQHZV�
SKS"FLG ��	űOHQDPH QHZV�

��ŴŴ �¦»��·�¦Ŵ®¤µ¥�¸�Ŵ«¦´�¥µŴ���°��Ŵ°¦°���rŴÁ°¸É¥¤
�Îµ�Ŵ­»ª·�µ�Ŵ«·¨�³¦´«¤¸�Ŵ Ŵ ­£µª³­»�£µ¡Ŵ°�µ¤´¥
�¼o�¦³�°�°µ�¸¡�Îµ­ª�¥µ�¡µ¦µ�Ŵ Ŵ ¦µ¥�µ�
�µ¦ª·�´¥­Îµ�´��µ��j°��´��ª��»¤Ã¦��¸É Ŵ ��Ŵ
��¦«¦¸�¦¦¤¦µ��¦¤�ª��»¤Ã¦�Ŵ �¦³�¦ª�
­µ�µ¦�­»��Ŵ�����

��ŴŴ %HQVD�DUGŴ1�Ŵ:RUNŴFRQGLWLRQŴDQGŴPXVFXORVNHO�
HWDOŴ SDLQŴ DPRQJŴ SDUDŴ UXEEHUŴ SODQWHUV�Ŵ DŴ FDVHŴ
VWXG\Ŵ LQŴ7DPERQŴ1DNOHXD�Ŵ$PSKRHŴ.DQWDQJ�Ŵ
&KDQJZDUŴ7UDQJ�Ŵ�7KHVLV��Ŵ6RQJNOD�Ŵ3ULQFHŴRIŴ
6RQJNODŴ8QLYHUVLW\�Ŵ�����

��ŴŴ 1X�XUDLŴ9�Ŵ$Ŵ6WXG\ŴRIŴ:RUNŴ&XOWXUHŴRIŴ5XE�
EHUŴ3ODQWDWLRQŴ)DUPHUVŴ LQŴ7DPERQŴ7XEFKDQJŴ �Ŵ
$PSKRHŴ1DWDZHH�Ŵ&KDQJZDWŴ6RQJNOD�Ŵ�7KHVLV��Ŵ
6RQJNOD�Ŵ7KDNVLQŴ8QLYHUVLW\�Ŵ�����

��Ŵ 0KDQSROVULŴ3�Ŵ7KHŴ)HDVLELOLW\Ŵ6WXG\ŴRQŴ5XEEHUŴ
3ODQWDWLRQŴRIŴWKHŴ6PDOOKROGHUŴLQŴ&KDQJZDWŴ1RQJŴ
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.KDL�Ŵ7KHŴ&DVHŴ6WXG\ŴRQŴ5XEEHUŴ3ODQWDWLRQŴLQŴ
$PSKRHŴ3RQSLVDL�Ŵ&KDQJZDWŴ1RQJŴ.KDL�Ŵ�$QŴ
,QGHSHQGHQWŴ6WXG\Ŵ5HSRUW��Ŵ.KRQŴ.DHQ�Ŵ.KRQŴ
.DHQŴ8QLYHUVLW\�Ŵ�����

��ŴŴ %XG\RMDQWRŴ6�Ŵ5XEEHUŴ3ODQWDWLRQŴ)DUPHUuVŴ:D\VŴ
RIŴ/LIHŴLQŴ1RUWKHDVWHUQŴ7KDLODQGŴDŴ&DVHŴ6WXG\ŴRIŴ
.RNGRRŴ9LOODJHŴ0XDQJŴ'LVWULFWŴ/RHLŴ3URYLQFH�Ŵ
-RXUQDOŴRIŴKXPDQLWLHVŴDQGŴVRFLDOŴVFLHQFHVŴ0D�
KDVDUDNKDPŴ8QLYHUVLW\Ŵ�����Ŵ��������

��ŴŴ ­»�´��µŴŴ¡¦®¤¤´��ŴŴ�µ¦Á�¨¸É¥�Â�¨��µ¦�Îµ­ª�
¥µ�¡µ¦µÂ¨³�¨�¦³���°��µª�oµ�Ä�°ÎµÁ£°
�°�Ŵ�´�®ª´���¦«¦¸�¦¦¤¦µ��Ŵ Ŵ �ª·�¥µ�·¡��r��Ŵ
�¦»�Á�¡²�Ŵ¤®µª·�¥µ¨¥́«¦�̧�¦·��¦ª·Ã¦��Ŵ�����

���Ŵ �¦¤­»�£µ¡�·�Ŵ �¦³�¦ª�­µ�µ¦�­»��Ŵ Ŵ ­»�£µ¡
�·�Å�¥¡�«�Ŵ����������ŴŴ�¦»�Á�¡²�ŴÃ¦�¡·¤¡r
°��r�µ¦�oµ¦´�­n�­·��oµÂ¨³¡´­�»£´��r�Ŵ�����

���Ŵ .HDZERUULVXWWŴ6�Ŵ)DFWRUŴ LQŲXHQFLQJŴTXDOLW\Ŵ RIŴ
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"CTUSBDU
� 7KLVŴTXDOLWDWLYHŴVWXG\ŴDGRSWHGŴWKHŴSDUWLFLSDWRU\ŴUXUDOŴDSSUDLVDOŴ�35$�ŴPRGHOŴDVŴDŴUHVHDUFKŴIUDPHZRUNŴLQŴ
VWXG\LQJŴ WKHŴPHDQLQJV�ŴGLPHQVLRQV�ŴQHHGVŴDQGŴSUREOHPV�ŴVWUDWHJLHVŴ WRŴ ,PSURYHŴ WKHŴ4XDOLW\�RIŴ OLIHŴRIŴ UXEEHUŴ WUHHŴ
IDUPHUV�ŴŴ5HVXOWVŴDUHŴLQŴWKHŴIROORZLQJV�5XEEHUŴWUHHŴIDUPHUVŴGHűQHGŴTXDOLW\ŴRIŴOLIHŴLQWRŴIRXUŴDVSHFWVŴLQFOXGLQJŴ��ŴIHHOLQJVŴ
RIŴOLIHŴVDIHW\�ŴVWDELOLW\ŴDQGŴZDUPWK�Ŵ��ŴVDWLVIDFWLRQŴDQGŴIXOűOOPHQW�Ŵ��ŴDELOLW\ŴWRŴEHŴLQŴFRQWUROŴDQGŴWRŴKDYHŴDXWRQRP\Ŵ
LQŴSODQQLQJŴDQGŴOLYLQJŴRQHuVŴRZQŴOLIH�ŴDQGŴ��ŴKDSSLQHVVŴZKHQŴDEOHŴWRŴKHOSŴRQHuVŴVHOIŴDQGŴRWKHUV�ŴŴ)RXUŴGLPHQVLRQVŴ
RIŴTXDOLW\ŴRIŴOLIHŴZHUHŴLGHQWLűHG�ŴŴ)LUVWO\�ŴvűQDQFLDOŴVWDWXVw�ŴŴ6HFRQGO\�ŴvKHDOWKw�7KLUGO\�ŴvIDPLO\ŴUHODWLRQw�/DVWO\�Ŵ
vFRPPXQLW\ŴUHODWLRQw�
Ŵ 6ZLWFKLQJŴ IURPŴ ULFHŴSODQWLQJŴ WRŴ UXEEHUŴ WUHHŴ IDUPLQJŴ OHGŴ WRŴ OLIHVW\OHŴ FKDQJHVŴ WKDWŴ VXEVHTXHQWO\Ŵ UHVXOWHGŴ LQŴ
VHYHUDOŴREVWDFOHVŴLQŴLPSURYLQJŴWKHŴTXDOLW\ŴRIŴOLIHŴRIŴWKHŴSHRSOHŴLQŴWKLVŴFRPPXQLW\�ŴŴ)LUVW�ŴKHDOWKŴSUREOHPV�ŴZLWKŴWKHŴPRVWŴ
FRPPRQŴFRPSODLQWŴZHUHŴPXVFOHŴSDLQVŴDVVRFLDWHGŴZLWKŴUXEEHUŴWDSSLQJ�ŴŴ,QŴDGGLWLRQ�ŴLQDSSURSULDWHŴOLJKWLQJ�ŴWRRŴEULJKWŴ
RUŴWRRŴGLP�ŴXVHGŴZKHQŴWDSSLQJŴWKHŴUXEEHUŴVDSVŴUHVXOWHGŴLQŴZRUVHQLQJŴH\HŴYLVLRQ�ŴŴ7KHŴIDUPHUVŴDOVRŴUHSRUWHGŴFKDQJHVŴLQŴ
WKHŴVOHHSŴSDWWHUQŴWKDWŴHYHQWXDOO\ŴOHGŴWRŴVOHHSŴGHSULYDWLRQŴDQGŴWKHŴQHHGVŴWRŴGULQNŴPRUHŴFDIIHLQDWHGŴEHYHUDJHV�ŴŴ)OXFWXDWLQJŴ
DQGŴXQSUHGLFWDEOHŴUXEEHUŴSULFHŴLQŴWKHŴPDUNHWŴDQGŴWKHŴFRVWŴRIŴIHUWLOL]HUVŴDOVRŴDGGHGŴVWUHVVŴWRŴWKHŴIDUPHUVuŴOLYHV�ŴŴ0RUHRYHU�Ŵ
UXEEHUŴWUHHŴIDUPLQJŴH[SRVHGŴWKHPŴWRŴPRUHŴGDQJHURXVŴFKHPLFDOVŴWKH\ŴRWKHUZLVHŴZRXOGŴQRWŴKDYHŴWRŴLIŴWKH\ŴUHPDLQHGŴIDUPLQJŴ
ULFH�ŴŴ6HFRQG�ŴWKHŴOLYLQJŴFRQGLWLRQVŴLQŴUXEEHUŴWUHHŴIDUPVŴZHUHŴLQFRQYHQLHQWŴDQGŴXQK\JLHQLF�ŴŴ7KHLUŴUHVLGHQWVŴODFNHGŴRIŴ
HOHFWULFLW\�ŴWDSŴZDWHU�ŴEDGŴFRQGLWLRQHGŴURDGVŴXQVXLWDEOHŴIRUŴWUDQVSRUWDWLRQŴDQG�ŴZRUVWŴRIŴDOO�ŴPDQ\ŴKRXVHVŴGLGŴQRWŴKDYHŴ
WRLOHWV�ŴŴ/DVWO\�ŴLQFUHDVLQJŴUXEEHUŴWUHHVŴDOVRŴLQFUHDVHGŴWKHŴSRSXODWLRQŴRIŴPRVTXLWRHVŴDQGŴSRLVRQRXVŴDQLPDOV�ŴŴ7KHŴFRPPXQLW\Ŵ
MRLQHGŴWRJHWKHUŴWRŴDQDO\]HGŴWKHVHŴSUREOHPVŴDQGŴFDPHŴXSŴZLWKŴWKHŴIROORZLQJŴVROXWLRQV�ŴŴ��Ŵ+HDOWKŴSURPRWLRQŴVWUDWHJLHVŴ
IRUŴUXEEHUŴWUHHŴIDUPHUVŴZHUHŴLQLWLDWHGŴZLWKŴWKHŴDLPVŴWRŴSURPRWHŴWKHLUŴKHDOWKŴVWDWXVŴDQGŴVDIHW\�ŴŴ7KHVHŴZHUHŴDFFRPSOLVKHGŴ
WKURXJKŴVHOI�HGXFDWLRQ�ŴSUHSDULQJŴSURWHFWLYHŴGHYLFHVŴWRŴSUHYHQWŴZRUN�UHODWHGŴLQMXULHVŴDQGŴLOOQHVVHV�ŴXWLOL]HGŴWKHŴWHPSOHŴ
DVŴDŴSODFHŴIRUŴFDOPLQJŴWKHŴPLQG�ŴHQFRXUDJLQJŴFRPPXQLW\ŴDFWLYLWLHVŴWRŴUHOHDVHŴVWUHVV�ŴSURYLGLQJŴWKHŴNQRZOHGJHŴDQGŴűUVW�
DLGŴPDQXDOŴWRŴGHDOŴZLWKŴSRLVRQRXVŴDQLPDOŴELWHVŴDQGŴFUHDWLQJŴDŴFRPPXQLFDWLRQŴFKDQQHOŴZKHQŴLOOQHVVŴLQFLGHQFHVŴRFFXUUHG�ŴŴ
��Ŵ(QYLURQPHQWDOŴDQGŴXWLOLWLHVŴGHYHORSPHQWŴVWUDWHJLHVŴZHUHŴLQVWLJDWHGŴWRŴLQFUHDVHŴWKHŴVDWLVIDFWLRQŴLQŴWKHŴOLYLQJŴFRQGLWLRQVŴ
DQGŴLPSURYHGŴWKHŴHQYLURQPHQWDOŴVDIHW\�ŴŴ7KHVHŴZHUHŴXQGHUWDNHQŴWKURXJKŴFORVHO\ŴIROORZLQJŴXSŴZLWKŴWKHŴJRYHUQPHQWDOŴ
SURYLVLRQŴRIŴHOHFWULFLW\�ŴWDSŴZDWHUŴDQGŴURDGVŴLQWRŴWKHŴDUHD�ŴŴ,QŴDGGLWLRQ�ŴWKHŴIDUPŴRZQHUVŴZHUHŴDVNHGŴWRŴFRQVWUXFWHGŴSURSHUŴ
DQGŴK\JLHQLFŴWRLOHWVŴDQGŴVDIHŴUHVLGHQWVŴIRUŴIDUPŴZRUNHUV�ŴŴ��Ŵ6WUDWHJLHVŴWRŴHVWDEOLVKŴWKHŴUXEEHUŴWUHHŴIDUPHUŴFRRSHUDWLYHŴ
ZHUHŴFRPPHQFHGŴWRŴLPSURYHŴWKHŴIDUPHUVuŴFRPSHWHQF\ŴDQGŴLQFUHDVHGŴWKHLUŴOHYHUDJHŴLQŴWKHŴPDUNHW�ŴŴ7KHVHŴZRXOGŴOHDGŴ
WRŴLQFUHDVHGŴFRQWUROŴLQŴWKHLUŴOLYHŴFLUFXPVWDQFHŴDQGŴWRŴOLYHŴDŴKDSSLHUŴIDPLO\�ŴŴ,QŴDGGLWLRQ�ŴWKHŴIDUPHUVŴZRXOGŴEHŴEHWWHUŴDWŴ
KHOSLQJŴWKHPVHOYHVŴDQGŴRWKHUVŴE\ŴIRXQGLQJŴWKHŴNH\ŴFRRSHUDWLYHŴOHDGHUV�ŴHGXFDWLQJŴRQHŴDQRWKHU�ŴRUJDQL]LQJŴűHOGŴWULSV�ŴDQGŴ
VHWWLQJŴDŴVWDJHŴWRŴH[FKDQJHŴWKHŴNQRZOHGJHŴDQGŴH[SHULHQFH�ŴŴ��Ŵ6WUDWHJLHVŴWRŴSURPRWHŴWKHŴXVHŴRIŴRUJDQLFŴDQGŴELRORJLFDOŴ
IHUWLOL]HUVŴLQŴUXEEHUŴWUHHŴIDUPV�ŴŴ7KHVHŴZHUHŴLQLWLDWHGŴWRŴLQFUHDVHŴWKHŴIDUPHUVuŴKDSSLQHVVŴLQŴKHOSLQJŴHDFKŴRWKHUŴDVŴZHOOŴDVŴ
WKHŴFRPPXQLW\ŴDWŴODUJH�ŴŴ$ŴVWDJHŴIRUŴNQRZOHGJHŴPDQDJHPHQWŴDQGŴH[FKDQJHŴZDVŴDOVRŴFUHDWHGŴWRŴLQFUHDVHŴWKHŴIDUPHUVuŴ
FRQűGHQFHŴLQŴXVLQJŴRUJDQLFŴDQGŴELRORJLFDOŴIHUWLOL]HUV�
Ŵ 5HVXOWVŴRIŴWKLVŴVWXG\ŴLPSURYHGŴWKHŴKHDOWKŴSHUVRQQHOuVŴXQGHUVWDQGLQJŴDERXWŴWKHŴTXDOLW\ŴRIŴOLIHŴRIŴUXEEHUŴWUHHŴ
IDUPHUVŴDVŴZHOOŴDVŴWKHLUŴEDUULHUVŴWRŴJRRGŴKHDOWK�ŴŴ&RQVHTXHQWO\�ŴWKHŴKHDOWKŴSHUVRQQHOŴHQFRXUDJHGŴWKHŴFRPPXQLW\ŴWRŴ
SDUWLFLSDWHŴLQŴDQDO\]LQJŴDQGŴFUHDWLQJŴVWUDWHJLHVŴWRŴSURSHUO\ŴVROYHŴWKHŴSUREOHPVŴZKLFKŴWKHŴIDUPHUVŴFRXOGŴFRQWLQXHŴWRŴ
LPSOHPHQWŴRQŴWKHLUŴRZQŴIXUWKHUŴLQŴWKHŴIXWXUH�ŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴ
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