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¶§�b�Y�¾�³Yu� �µv´´§�®·Yz�v]Z¿�©Z¤d³Y�v¿Z]�½Z¸·Yy{Y�v´cyZ^��¶§� uyYu� uºk¹��³Yu�\�§�½Yz]�½uv�d¯�¾�yz]� �� ¾d�´�� ½Z·�¾�yz]� �½yYv¿zs� �¢À¤pcµzÀ��¹ ¾�uZ�c���§��¶d�x-�aZ�«Z�¯� Ï�³Yu�½{Z�v´d�¯�º�.QRZOHGJH�GRFXPHQWDWLRQ��½Z·��t]�b¸k� zÀÀ�c� {Y�b�Y�ayZ^�� ½v�]� ¶¬oz¯©Z�cY�¹ aZ�È�Y�µv��\�§©Z¤d³Y�¶³Z�y�¦¿�¶]�Z¸³M��Z¿�¹ ¾¨À�Yz-���½yZd�º³�ayº��¶]�v³Yºc�¾¯�¶³Z�y�²¿Yv�Z]� ¾cº��ª¨�¯� {Y� ¾¨¿� ½{Z�v´d�¯� ¶¬oz¯²¿zc b�Y� ¾¬°�� ªoYz¯�¶¬À�¹� ¶]� v¿Z]� ½{Z�v´d�¯Zl³Y� aÇZ�cY� ¹ aZ�È�Y� µv´´§� ®·Yz�� ²À��td¯uº��Z]� Yy� ½{Z�v´d�¯� �²À��td¯� ¶§� ²¿Y� ½Yz]z�� zh§Yvo½zcºÀ�¯Z§� b¿Z°o� v¿Z]� v´·u� Zl³Y� b� uº��®·Yz�� Ð�³Yu�¹ aZ�È�Y�©Z¤d³Y�º�yu� µv�� v´d�¯� �³Yu� ¹ aZ�È�Y� �¶¬oz¯� ²¿Y� yuuzÀ-�¾¯� yYz£� µv³zÀ-� }zd�u�yZ�d³Y� ²À]� a¹Z c��³Yu� ©Z¤d³Y� yu� ¶§� b�Y� ²¿Y� �³Yu� ¹ aZ�È�Yuº��b¿º¤c�v¿Z]�aZ�È�Y�aZ��£�²À]�aÇZ�cY� Ñ�È�Y�©º�¹�aZ��Z]�¾¿Z´�M� ¹ b�Z¿yu� �ZÀ��½Z´�¯�¥yu� yu� Z-�²À«¹Yb�Y�aZ�È�Y�aZ�È�Y�b�Z¿yu�½Yz]�~o�¶��Çº°�¯uzÀ-�¾¯�yYz£�µuZ d�Y�uyº¯�¹ ²d¯�±v³Yºs�½Yz]�±Z°�#�º-��¾¨À�Yz-�aZ�È�Y�y¹z¯¶�¯Ç�¹ ¾WYº´��½Yz]�Z·v³zÀ-�¾¯�yYz£�µuZ d�Y�uyº¯��±uz§�}Z�oY�½Yz]��¹y ¾�zd�uv�Z]��t�¯�v¿Z]�aZ�È�Y� ¶]�¶]�¾�zd�uYy�±M�µv´´§�®·Yz��¹ uº��u¹vp¯�b�Y�²¨°¯�aZ�È�Y²¨°¯� Z¿� �v·u� yYz£� ¾�Zs� ½Z·�µv³zÀ-� }zd�u� yu}zd�u�yu� Yy�aZ�È�Y� �µv´´§�®·Yz��¹ v�Z]�{Z]�b�Yv·u�yYz£�Z·�®Àc�Z¿��Zt�Y�¶°·� Ò�³Yu�¥yu�º��

³ ±Z°·�¶]� Yy�aZ�È�Y�½Yºdp¯� �µv³zÀ-aÇZ�cY�b^� ¥yu� �Z¸³M�½Yvk�¾cZ�È�Y� È£Y�²À]¾¯v´§��µv³zÀ- b�Y� ¶d�z-� uZ¿� Yy� µv´´§�®·Yz���³Yu�ÇZ°doY�²¿Yz]Z´] uy¹ZÀ]� z�Zs� ¶]� Yy� ±M� v³Yºc�¾¯�¥yu� {Y� v�]�³Yu� ±Y|À¯� ¶]� µv³zÀ-� �³Yu� ¹z°¬£� �|À¯M�bÀ¤�º¯v]Z¿�¾¯��¿Y|�Y� �µv��b�Z¿yu�{Y�¾�t]�b�Y�²¨°¯ Z�d³Y��³Yuu¹z]�b�u�{Y�©Z¤d³Y�v´¿Mz��²Ào�yu�¶d�Z¿�y� Ó½zÀ-�®À°�c�º�½zÀ-�®À°�c���³Yu�{Y�½yYuz]�µz¸]�v´¿Mz��¶¬oz¯�²¿zsMb�Y��µv�� uZl¿Y� µu¹|�Y��{yY� ªÀ«u� ¶]� ¶¬oz¯� ²¿Yb�Y� ¶¬oz¯�²¿zd°¸¯�µv³zÀ-� �½zÀ-�®À°�c� ¶¬oz¯� yu�Z^cyY� yu��³Yu�v¿vk�¶��£�bÀ°·Y�¾.³º.#�¶]�v¿Z]�³Yu� Z]v´§� ¶kºc� uºs� uºkº¯�Z^¿z¤c� ½zÀ-�®À°�cb�Y� ½yZÀ�¯� v´#� v´¿Mz�� ¦¿� ¶�À°·�²¿v]� ²¿YyYz£�¶^�Zp¯�uyº¯�v¿Z]�½uv�d¯�½Z·yZÀ�¯�¶§�b�Z´�¯v³zÀ-�½¹y� z]�½uZ¿{�½uz]yZ§� ¹ ¾¨¿yºXc�aZ¤À¤pcµv�� Zl³Y�½yZÀ�¯� v´#�½zÀ-�®À°�c� v´¿Mz�b�Y�²¿Y ®d�À�� �aZ¤À¤pc±Z^Àd��� ¶d�z�À��½Z·Yy�½zÀ-�®À°�cyYz£� µuZ d�Y� uyº¯� ¾-uZ�� ¶]� ¶§� b�Y� µuz§� uZl¿Yb^�³� ¹ v³zÀ-�¾¯½Z¸d^�³� {Y� zd¸]� Yy� ¾¨À�Yz-� ½Z·v´´§�¾¯�®·Yz��½uv��Ö¹ÎÍ�� �³Yu�{Y�½yYuz]�µz¸]�uZ�]Y�½yºXc�¶°·�¶§�¾«Zo�yu{Y�½yYuz]�µz¸]�aZpÀ�ºc�¹ Z·½Z·{Yv³Y�®�#�yu� �v³Y�µv�³ ±º¯{M�¹ �À�ºc��³Yū²¿Y�\À§zc�¶]�Z¯º°��±Z-v´�¿º³��aZ�È�Y�yZ�d³Y��º´dv³yYu�¶kºc�¾¬�Y�z�´��yZ¸#��ê��� ���º¯� {Y� b�Y� ayZ^�� ¶§� yZ�d³Y� �^´¯ºº�¶ �ººººZ¿�±Z¯{Zb¿Yv·�Z¿�¹ v¿vk��³Yu�vÀ«ºc�Z¿�uZl¿Y�©ºX�¯��t�bÀ«Z���µv´´§yZ�d³Y�½Z·�
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�uºs� �{Y�b�Y�ayZ^��¶§� µv�� z�d´¯� ZÀ�� Z¿� Yºdp¯ ³YuZ¿�¾cZ�È�Y�b¿Z°o��º³�z·�ªh¯�v¿vk�vÀ«ºc� Z¿��½uZ¯� ����³Yu�¶§�¾£z�� {Y�b�Y�ayZ^��¶§� yZ�d³Y�¶³Z�yv]Z¿�¾¯�©Z¤d³Y�¹ ½v´]�¶d�]���À�ºc��vÀ«ºc� �z�d´¯�©º�p¯� Z¿�aZ�È�Y�¾�Z¤d¯� z]yZ§� Z¿� z]yZ§µv�̄yZ�d³Y��^´�{Y�v´cyZ^��ZÀ��yZ�d³Y��^´¯�¶]��º]z¯�®¸¯�½Z·yºd§Z�� Î±Yz]yZ§�¹ ²À¤¤p¯�²À]�aZ�Z^cyY�bsZ��º� ²¯yZ��)XKUPDQ�±Yz]yZ§� ¹ ²À¤¤p¯� �v´§�¾¯� ±ZÀ] bÀ�£º¯� yu�ª�Z�±Z]{� {Y� �v´´§�¾¯�ª°��¾c¹Z d¯�½Z·®d�À�� ¶]� ¹ v´´§�¾¯� µuZ d�Y� ¾c¹Z d¯¥zp¯� ½Z· v´·u�¾¯�r�Z��¾c¹Z d¯�Îæ��,³º«�mz�� Yy�½Y�¶�«Z�¯ ¾do�¹ ½uZ°d�Y�¾]�²¿Y�¶§�v·u�¾¯²À]�uºkº¯�b¿v��z]�yu�Yy�v´´§�¾¯�µuZ d�Y�¢À¤pc�{Y�¶§�¾¿Z¸³M�¹ ²À¤¤p¯uzÀ-�¾¯�æç��½Yz]� ¶d�Z¿� yZ�d³Y�aZ�È�Y� �^´¯� Çº°�¯ ®¸¯� �±Yz]yZ§b�Y� aZ�È�Y� ½Yºdp¯� {Y� zc�±Yz]yZ§¾�]Z´¯� {Y� Yy� Z·�µv¿Y� ¹ aZ�È�Y� �¦°§� �v³yYu� ª¿Z°cd�Y�±M�¶]�¹ v´�Z´��¾¯�Yy�Z¸³M�¶§�v³z¿x�]v³yYu�uZ°�ê�� Ï¢À¤pc�½Z·�½zÀ-º��¹ Z·�b¿u¹vp¯�®¸��º� ²°�º]�%XFKPDQ�¹ ²À¤¤p¯� ¶§� b�Y� v¤d�¯�½yºXc� zÀgPc� ¥yu� {Y� \¬�Y� ±Z-v´·u�¶��ºc¹ Z· v´d�·�|kZ��±Z�yZ§�j¿Zd³�z]�±Z�cYuZ¤d�Y�æè��¿Yy~¹ ayY¹u�5LFH¹'XDUWH�z]�²À¤¤p¯��yºc� uyº¯� yu�yu� ¢À¤pc� j¿Zd³� yZ^d�Y� \�obÀ�°k�¦#º§� ½Z· v´´§�¾¯�fp]�½¹y�z]� Z¸�yºc� ¶§�v´´§�¾¯� µyZ�Y� Z¸³M�¹y� �aÇYR�v³yYx-�¾¯� zgY�¢À¤pc�j¿Zd³zÀ� c¹� Z·� Îé��½uY&³�½v´]�¶¤^��aÈ¨�¯�½zÀ-�¶³º°³� �¾£ÈsYa¹Z c� z]� uZ¿{� vÀ§Pc� �bÀ�°k� {Yµ¹z-� ²À]�½Z·¹ Z· a¹Z c� z]� zd°§� vÀ§Pcµ¹z-� ±¹yu� ½Z·v³Yºc�¾¯� Z·z] v�Z]� zgR¯� ¢À¤pc� j¿Zd³� yZ^d�Y��²À¤¤p¯� ½Yz]

.d�ZÀ�x�{yY�{Y�¾·Z-M� �±Z´§yZ§�¹ ±YyY¹ uºs�½Z· uyYu�bÀ°·Y�±Z�cYv¸�c�ê�� ÐyZ^d�Y�z]�zgR¯�½Z·yºd§Z��º�] ½yYuz]�µz¸]� aZ�«Z�¯� ¾��]¶½¹y� z]� n�Y¹� yº� v³Y�µv�� |§z°d¯� yZ^d�Y� fp]�¹u� zc�¶³Z·Z-M� aZ�«Z�¯ Yy� yZ^d�Y� L|kv³Yµuz§�²ÀÀ�c�¾-z^s�([SHUWLVH�¹ ¾d�yu�7UXVW�:RUWKLQHVV��
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Z¿� v´°�º·�\�Zt¯ ¶§� uyYu� ²¿Y� ¶]� µyZ�Y� �¾-z^syu� �v´§�¾¯�b�Z¿yu� Yy� º.´t��\¬�¯� ¶³º.#� ¶d�¿Z�\�Zt¯�¶§�b�Y�½Y�¶kyu�¾´�¯� ¶]� �¾d�yu� ¶§�¾«Zo¹ ¡uZ�� uºs�aYyZ¸�Y� yu� µv´·u��Z^cyY� �uyYu� uZ¤d�Yb�Y�¾�£Y¹�æê��¶§� v´´§�¾¯� ±Yº´��aZ�«Z�¯� ¾��]b¿Z°o� \�§� yu� ¾d�yu� ¶]� b^�³� ¾-z^s� ¥yuuyYu�bÀ°·Y�zd°§�\�Zt¯� Ñ¢À¤pc�Z]�¾¿Z´�M�º�yZ§�¶³ÇZ���²À¤¤p¯�¶§�¾¯Z.´·�v·u�¾¯�±Z�³�Z·�¾�yz]µ¹z-�{Y�µuZ d�Y�Z]� Yy�uºs�v´·u�¾¯���º���Zs�½Z·v]Z¿�¾¯�uº^¸]�¢À¤pc�{Y�½yYuz]�µz¸]��Z²¯y{ZÀ³�uyº¯�yu¶��ºc�¹ yºp¯�½zd�¯�¾¤À¤pc�½Z·�¶¯Z³z]�bsZ��½Yz]®·� ¶]� Yy� ±Yz]yZ§� ¹ ±Z-v´´§�vÀ«ºc� ¶§�¢À¤pc� �Yº³Yv´§�¾¯� fp]� �v´§�¾¯� zd¨¿u|³�Îæ��½Z·yZdsZ�¾°¸¯��¤³�v´³Yºc�¾¯�®·��YuZ��½Z·�®d�À��¹ ¾³Z¯{Z�v´´§�Z ¿Y�Yy� x¯Z¿�Yºdp�z�d´¯�ZÀ�µv��(GZDUGV�� aZ�È�Yv´³Yºc�¾¯��v³º��¾¯�z�d´¯�¶§�¾cYvÀ«ºc�Z¿�uYº¯�� ]¶v´�Z]� �º´d¯�¾�À�¹� yº��{uyY¹uY�¶§�v´§�¾¯� yZ¸�Y©v¯� �Z·�½yºXc�ª¯Z��v³Yºc�¾¯�¢À¤pc�j¿Zd³�Z·�¶³º°³� �Z·±º¯{M� ½{Z�z^d�¯� �Z·�¶d�Z¿� Z¿� ¾¬§� ©º�Y� �Z·Z�uY�Z· ¦À´¨c� �¾�{º¯M�½Z·�¶¯Z³z]Z·�®d�À�� Z¿� Z·� ¶¯Z³z]Z· �Z]b�z�À�� ¶§� ¾«Zo� yu� �v¾¨¿%º«º´¨c� ½Z· �ª¯Z�v³Yºc�¾¯Z¿� aY|À¸lc� �aZ�YzdsY� �yY|�Y�z³� vÀ«ºc�v�Z]�Z·�²À�Z¯�Îë��z�d´¯� ¶§�¾WYºdp¯� Z¿� ZÀ�� ¶]� �º]z¯� ®¸¯� ½Z·yºd§Z�{Y�v´cyZ^��uº��¾¯� ÎYºdp¯�bÀ À§�º��±Z-v´�¿º³� {Y� ½uYv�cµuZ d�Y� ½Yz]� bÀ À§� bÀ°·Y� ¢À¤pc�j¿Zd³�{Yzgº¯�v³Y�µuz§�z§w�Yy�Z¯Y�{uyY¹uY��yY|-�²À]�¾�Z^cyY�¶§�v³Y�¶d�Z¿yu�¾]zlc�aZ�«Z�¯�¶§�v´§�¾¯uyYv³�uºk¹�µuZ d�Y�¹ ¢À¤pc�bÀ À§�Îë��¶d�Z¿�²¿Y

��ºc²¯z]Z·�½z�� ¦¿� ½¹y� z]� ¹Y� aZ�yY|-� yu�aZ^gY� �µv��Zl³Y�~ÀWº��yu�¶§�½yYuz]�µz¸]�aZ�«Z�¯b�Y�µv��æì��ÀcyZ¯u� ¹ º¿yº¬�´¾�)ORULR	'HPDUWLQL��yY|-� yu� � uºs©Z�yu�æîîç½uyº¯� ¶�«Z�¯�¦¿��º�s� yu .d�ZÀ�� µuZ d�Yxz-Y� ¶§� v´§�¾¯� ±ZÀ]� �¢À¤pc� {Y� ±YyY.d�ZÀ��aYyZ�d³Y�¢]Z�¯�¾¤À¤pcx�v�Z]� ±YyY¾kZÀdoY v�Z]�¶d�Yu�¾WÇZ]�bÀ À§�¶§�b�À³�.d�ZÀ��z-Yx±YyYk yu�¾�Z°dkY� º¬��aZ�È�Y� ¶§� v´´§�}Z�oYb¸¢À¤pc�bÀ À§�ayº��²¿Y�yu��b�Y�±Z³M�µvÀ¤���«Zt¯®¸¯b�Y�zc�æí�� Ï±Yz]yZ§�aYuZ¤d�Y�¹ Z·{ZÀ³�Z]�½yZ-{Z��º� z¬d³u�'HQWOHU�¶]��º´¯��³Yu�uz]yZ§�¶§�b�Y�v¤d�¯�b�Y�¾�£Y¹�½ZÀ³u�yu�±M�{Y�µuZ d�Y�ÎÖ�� ÐaZ�È�Y��º´c�¹ µzd�- º�³º-�½Z·{ZÀ³� v³Yºc�¾¯� �º´d¯�aZ�È�YYy� ¶�¯Zk� ±º-Z v´§���y�z¨]�yZd�y�z]�v¿Z]�¢À¤pc ¶§�v´§�¾¯�¶À�ºc�v´§�vÀ§Pc�¾¬���yZd�y�¾ ´¯�aYzgY�{Y��À]�b^h¯�¾�³Yuyu�b�Y� ¾�³Yu� �v´§�¾¯� uZl¿Y� Y|«Y� uz¯� ½Yz]� ¶§¾�³Yu�¶§�¾«Zo� yu� �Z·�µv¿Y�¹ ½uZÀ´]�²À³Yº£��º�s¦À´¨c�uyº¯�yu� �v´§�¾¯�¦°§�Z¸]Ztd³Y�yu�uz¯�¶]�¶§½&cYzd�Y�¹ Z·Z·Yb��v´¯{ZÀ³� �½zÀ-�®À°�c�½Yz]� Z¯¦¿� v´¯{ZÀ³� Zc� ®Àd�·��³Yu� zc�½uZÀ´]� ¹ a¹Z d¯� �º³[Ztd³Y��æë�� Ñ¥yu�bÀ¬]Z£�º�±Yz]yZ§� ½Yz]� ¶§� b�Y� zgº¯� ¾³Z¯{� �¢À¤pc� j¿Zd³�v�Z]� ¥yu� ª]Z£� ¾�Z¤d¯�¾.³º.#� ¶]� ¶kºc� ±¹v]u z-Y� �Z·�µuYu� ©Z¤d³Y�bp�� ¹ ¾³Y{yY� �b�z�b�Z¿y�v´§�µuZ d�Y�Z¸³M�{Y�¹ zÀ� c�Yy�Z·�µuYu�v³Yºd³�µv´´§²¿Y v´d�·��{yY�¾]�Z·�µuYu�{Y��t]�çå���³Z¯�\¬�Y�¶§�¾³Z]{�aZ�ÈdsY�¶§�uyYu�¾¯�yZ¸�Y�,³º«v´d�·��Z^cyY�æç�½Z·��z.³�ªÀ«u�²À«¹Y� ±Yº´�� ¶]� �
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¶]�¢À¤pc�j¿Zd³�{Y�µuZ d�Y�v��¹ ²À¤¤p¯�uyº¯�yu�¾ ´¯y¾¯�yZ°�v³¹�²c¹y� ¹ b�¹�5KRWRQ¹:HVW��v´¿º-� ¾¯ �yY|-¾¤À¤pc�½Z·BÇº°�¯¾¬Às�¶]� z-Y� ¹ v´d�·�¾´� n�Y¹��¹yyYz£� µuZ d�Y� uyº¯zd�À] v³uz-� ¶WYyY�½zcb�z-�v´·Yºs�çæ�� z¨]¶d�Z¿�yZ�d³Y�ZÀ��ª¨��zÀÀ�c�ay¹z��uyº¯�yu�çç� µ¹z-�½Yz]v´§�¾¯�fp]�z]yZ§��¬dt¯ ½Z·�ÏÏ¹ÏÐ�� x�yyZ�d³Y�¶³Z��v´´§� ½yYuz]� µz¸]��³Yu� {Y� v´·Yºs� ¾¯� ¶§� ¾³Z�§¾sz]ª¨�¯� ZÀ�� yZ�d³Y� ¶³Z�y� �Àt�c� yu� �£Yº¯ v³yYu�¶§�\Àczc�²¿Y�¶]¹ ª°o��¹y�¦¿�{Y� µuZ d�Y�©Z¤d³Y� L¾�� {Y� µuZ d�Y� ¹ ½z]yZ]� ½¹yuºs� zÀ�³� ª¤³v´d�·� Yvk� |À#� ¹u� ¶d�Z¿�¦^�� {Y� µuZ d�Y� µ¹È�� ¶] aZ�È�Y�©Z¤d³Y©Z¤d³Y��³Yu�Z¿�ZÀ��{Y�µuZ d�Y�Z]�v¿Z^³� �uº��¶d�z-�µZ^d�Y�¶d�Z¿�½yZÀ�]�yu��³Yu�±Z�Z´�yZ§�Z¯Y{Y�¾³Z�M�¶]�v³Yºc�¾°³��³Yu�¶§�v³yYu�uZ¤d�Y�uyYº¯�{Y¾¯º°��aZ�È�Y�¶¬À�¹�Z¿�b�ZÀ���ª°���¶¯Z³z]��vÀ«ºcuº�� Yvk� uºs�uºk¹�½yZÀ�]�ª]Z¤d¯�aYzgY��£Y¹� yu uyYu�é��]Z´]½Yz]� ¾]Ztd³Y� ¶¬À�¹� uyYu� ±Z¨¯Y� ²¿Yzv·Z¨]�Z¿�v¿Y|�ZÀ]�v´§�¾¯�ª°o�¶§� Yy�¾WYºdp¯��©Z¤d³Y� çé��¾³Z�y� �È�Y� ¶³Z�y� ²¿zc�\�Z´¯� [Ztd³Y� ~�¹ µvÀ$À�� yZ§�¦¿� ��Zs� ½Yºdp¯� ¹ ±Z^�Zt¯� ½Yz]b�Y�|À.³Yz]�fp]�{Y�v´cyZ^��yZ�d³Y�½Z·�¶³Z�y��Yº³Y� ÎYy�®¸��¹ ©ZdÀl¿u�½%º«º´¨c�ºv¿vk�½Z·��]� ²�½y¹M²¿zd°¸¯� �¾«ZdÀl¿u� ½Z·bÀ¬]Z£¾�Z^cyY� ½Z· ¶·u�yu��³Yu�{Y�½yYuz]�µz¸]�v¿vkÎÖÖÍµYz°·�¶]� Yy� v³Y�µuy¹M��zÀ�³� ¦#º§� ¶³Z�y� {Y� µuzd�-� µuZ d�Y¹ b³zd´¿Y� {Y� µuZ d�Y��¿Y|�Y� ¹ ¾�t��½Z·zcºÀ�¯Z§©Z³Z§� �¾¨À³¹zd¨«Y�½Z·�¶¨^�� z¿Z�¹ yZ�d³Y�v¿vk�½Z· ·uyYu�µYz°·�¶]�z]yZ§�z·�½Yz]�Yy�¾�t]zgY�¶´¿|�çê��
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uuz-�¶��ºc�¶]�zl´¯�Zc�uzÀ-�yYz£�µuZ d�Y�uyº¯�zd�À]� ©v¯¶WYyY��³Yu�{Y�¾¬°��½yYuz]�µz¸]�½Yz]�¾ ¬dt¯�½Z·¾sz]�¹ µv³Z¯�¾£Z]�½yºXc�vo�yu�¾��]�¶§�b�Y�µv�v³Y�µv��½uz]yZ§�ª°��¶�Ào�yu�Î�Ô¹ÐÍ��¶]���³Yu�{Y�½yYuz]�µz¸]�¾¨�|��º¬��½Z¸«v¯�}Z�Yz]b^£Yz¯� yu� ¶§� v�y�¾¯� z�³¶�Ào� yu� ¹ ¾¨�|�� ½Z·{Y� µuZ d�Y��º³�²¿zd¸]�½yY|]Y� µuZ d�Y� �¾¿YzkY�ª´�z�Z�È�Y� µuZ d�Y¹�v�Z]��³Yu±Yz¿v¯���ºc��³Yu�{Y�¾c ±Z¯{Z�� v�yY{Y�¾¬°��½yYuz]�µz¸]� yu�¾°¸¯��¤³� �Z·v�Z]� ¶d�Yu��³Yu�� ´¿w� ¶°·�±uz§� zÀ-yuZ·��±Yz¿vv̄´¿Mz�� yu�±Yz.�·¹&�� ¹ ±YyYx.d�ZÀ�� �±Yz]yZ§¶«Z�¯ yZ�d³Y� ¹ ¢À¤pc� �½v´]� b¿º«¹Y� �¾´¿|-�ÑÍ¹ÐÒ�� v·Yºs��³Yu�{Y�½yYuz]�µz¸]�yu�½zgR¯�v´¿Mz]¹ b�Yu� ©v¯� v�� ¶�¿Z¤¯� ¶§� ¶³º.³Z°·¹ uz·º§� ½Z·&&, v³zcvÀ ¯�
]Z´¯���� 9HUNDVDOR� 0�� /DSSDODLQHQ� 3�� $� 0HWKRG� RI�0HDVXULQJ� WKH� (IILFLHQF\� RI� WKH� .QRZOHGJH�8WLOL]DWLRQ� 3URFHVV�� $� $YDLODEOH� )URP�� KWWS�� ���ZZZ��HH��2XOX��)L��>6HULDO�RQOLQH@����'HF���������:HQQHEHUJ��6%��7KH�&RPSOH[LW\�RI�.QRZOHGJH�8WLOL]DWLRQ��0DVVWULFKW��WKH�1HWKHUODQGV���������� 3(%� .0�� .QRZOHGJH� 8WLOL]DWLRQ�� $� $YLDEOH�)URP��KWWS����ZZZ��'HPRODE�� ,HVH��)KJ��'H��������>6HULDO�2QOLQH@�����'HF����������� 0DFKODS� )�� 8VHV� YDOXH� DQG� %HQHILWV� RI�.QRZOHGJH��.QRZOHGJH�������������������� 1&''5�� 'LILQLWLRQV� DQG� 0RGHOV�� $� $YDLODEOH�IURP��KWWS�����ZZZ��1FGGU��2UJ��>6HULDO�2QOLQH@�����'HF���������� 6WHYHQV� &�� (YLGHQFH� %DVHG� 7HDFKLQJ�� &DUUHQW�5HVHDUFK�LQ�1XUVLQJ�(GX������������������ &DQDGLDQ�1XUVHV�$VVRFLDWLRQ�� 3ROLF\� 6WDWHPHQW��7KH�5ROH�RI�1XUVHV�LQ�5HVHDUFK��2WWDZD��&DQDGLDQ�1XUVHV�$VVRFLDWLRQ���������� +RUVOH\� -$�� &UDQHU� -�� %LQJOH� -'�� 5HVHDUFK�8WLOL]DWLRQ�DV�DQ�2UJDQL]DWLRQDO 3URFHVV��-�RI� 1XU$GPLQLVWUDWLRQ����������������

��� .LQJ� 0�� 0F� $XOD\� /�� %DUULHUV� WR� $GRSWLQJ�0DQDJHPHQW� ([SHUW� 6\VWHPV�� &DVH� 6WXGLHV� RI�0DQDJHPHQW� $FFRXQWLQJ� $SSOLFDWLRQV� :� KLFK�)DLOHG��([SHUW�6\VWHPV������������������� 6DDW\� 7�� WKH� $QDO\WLF� +LHUDUFK\� 3URFHVV� 1HZ�<RUN��0F�*UDZ�± +LOO��������������� � )XEUPDQ�� 6�� 8QLWLQJ� 3URGXFHUV� DQG�&RQVXPHUV�� &KDOOHQJHV� LQ� &UHDWLQJ� DQG� 8WLOL]LQJ�(GXFDWLRQDO� 5HVHDUFK� DQG� 'HYHORSPHQW��:DVKLQJWRQ��0&�*UDZ� +LOO��������������������� /HXQJ� 3�� 7UDQVODWLRQ� RI� NQRZOHGJH� LQWR�SUDFWLFH��:DVKLQJWRQ��:DOFRWW�	�$VVRFLDWLHV������������������������� %XFKPDQ� 0�� 7KH� 8VH� RI� .QRZOHGJH��&RQFHSWXDO� 3UREOHPV� DQG� (PSULFDO� &RQIXVLRQ��0LFKLJDQ�� ,QVWLWXWH� IRU� 5HVHDUFK� RQ� 7HDFKLQJ������������� 'XDUWH� -$�� 5LFH� %'�� &DOWXUDO� 'LYHUVLW\� LQ�5HKDELOLWDWLRQ�� 1LQHWHHQWK� ,QVWLWXWH� RQ�5HKDELOLWDWLRQ� ,VVXHV�� +RW� 6SULQJV�� $UNDQVDV�5HVHDUFK� DQG� 7UDLQLQJ� &HQWHU� LQ� 9RFDWLRQDO�5HKDELOLWDWLRQ���������
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����0DUTXDUW�-��2NHHIH�*-��*XQWKHU�$&��%HOLHYLQJ�LQ�%LRWHFK��)DUPHUV¶�3HUFHSWLRQV�RQ�WKH�&UHGLELOLW\�RI� %*+� ,QIRUPDWLRQ� 6RXUFHV�� 6FL� &RPPXQLFDWLRQ��������������������� (GZDUGV� /$�� 8VLQJ� .QRZOHGJH� DQG�7HFKQRORJ\� WR� ,PSURYH� WKH� 4XDOLW\� RI� /LIH� RI�3HRSOH� :KR� KDYH� 'LVDELOLWLHV�� 3KLODGHOSKLD��3HQQV\OYDQLD�&ROOHJH�RI�2SWRPHWU\�������������������� +XEHUPDQ� 0�� 6WHSV� 7RZDUGV� DQ� ,QWHJUDWHG�0RGHO� RI� 5HVHDUFK� 8WLOL]DWLRQ�� .QRZOHGJH� ���������������������)ORULR�(��'HPDUWLQL�-5��7KH�8VH�RI�,QIRUPDWLRQ�E\� 3ROLF\� 0DNHUV� DW� WKH� /RFDO� &RPPXQLW\� /HYHO��.QRZOHGJH��������������������������'HQWOHU�5$��3XWWLQJ�.QRZOHGJH�WR�ZRUN��,VVXHV�LQ� 3URYLGLQJ� (IIHFWLYH� (GXFDWLRQDO� 'LVVHPLQDWLRQ��3DSHU� 3UHVHQWHG� DW� WKH� $QQXDO� 0HHWLQJ� RI� WKH�&RXQFLO� IRU� (GXFDWLRQDO� 'HYHORSPHQW� DQG�5HVHDUFK��3KRHQL[���������������� 0DMXPGHU� 5.�� HW� DO�� ,QIRUPDWLRQ� )ORZ� LQ�9RFDWLRQDO�5HKDELOLWDWLRQ��5HKDELOLWDWLRQ�&RXVHOLQJ�%XOOHWLQ����������������:HVW�5)��5KRQWRQ�&��(GXFDWLRQDO�5HVHDUFK�DQG�'HFLVLRQ� 0DNLQJ�� 3DSHU� 3UHVHQWHG� DW� WKH� $QQXDO�0HHWLQJ� RI� WKH� $PHULFDQ� (GXFDWLRQDO� 5HVHDUFK�$VVRFLDWLRQ�� 6DQIUDQFLVFR�� $PHULFDQ� (GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ���������������%DFNHU�7(��5HVHDUFK�8WLOL]DWLRQ�DQG�0DQDJLQJ�,QQRYDWLRQ� LQ�5HKDELOLWDWLRQ�2UJDQL]DWLRQV��-RXUQDO�RI��5HKDELOLWDWLRQ���������������� )HONHU� 50�� )LQDO� 5HSRUW�� 6SHFLDO� (GXFDWLRQ�'LVVHPLQDWLRQ� SURMHFW�� $OH[DQGULD�� 1DWLRQDO�$VVRFLDWLRQ�RI�6WDWH�%RDUGV�RI�(GXFDWLRQ��������������� .OHLQ� 66�� *ZDOWQH\� 0.�� &KDUWLQJ� WKH�(GXFDWLRQ� 'LVVHPLQDWLRQ� 6\VWHP�� .QRZOHGJH����������������������3DLVOH\�:��.QRZOHGJH�8WLOL]DWLRQ��7KH�5ROH�RI�1HZ�&RPPXQLFDWLRQV�7HFKQRORJLHV��-RXUQDO�RI� WKH�$PHULFDQ� 6RFLHW\� IRU� ,QIRUPDWLRQ� 6FLHQFH� ���������������� �������� &UDQGDOO�� '�3�� ,PSOHPHQWDWLRQ� $VSHFWV� RI�'LVVHPLQDWLRQ��.QRZOHGJH �������������������3HWHUVRQ�6�0��(PULFN�-$��$GYDQFHV�LQ�3UDFWLFH��%HYHUO\��+LOOV��6DJH�3XEOLFDWLRQV������������

���� 6HFKUHVW� /�� HW� DO�� 6\QWKHVLV� RI� ,GHDV� IRU�(IIHFWLYH� 'LVVHPLQDWLRQ�� &RQIHUHQFH�� 6XPPDU\��$+&35�SXE���������������)XOOPHU�6��0DMXPGHU�5.��,QFUHDVHG�$FFHVV�DQG�8VH� RI� 'LVDELOLW\� 5HODWHG� ,QIRUPDWLRQ� IRU�&RQVXPHUV�� -RXUQDO� RI� 5HKDELOLWDWLRQ� ������ ������������������ %XWWROSK� '�� $� 1HZ� /RRN� DW� $GDSWDWLRQ��.QRZOHGJH����������������������%DFNHU�7(��5HDGLQHVV� IRU�&KDQJH��(GXFDWLRQOD�,QQRYDWLRQV� DQG� (GXFDWLRQ� 5HIRUP�� /RV� $QJHOHV��+XPDQ�LQWHUDFWLRQ�5HVHDUFK�,QVWLWXWH�������������� $QGHUVRQ�� +HLQH�� HW� DO�� 5HVHDUFK� DQG�.QRZOHGJH� 8WLOLVDWLRQ� LQ� 5HVHDUFKHU� 'RPLQDWHG�5HVHDUFK�ILHOGV��+$�± &HQWHU��������������,QVWLWXWH�RQ�(YLGHQFH�%DVHG�3UDFWLFH��0RGHOV�RI�(YLGHQFH�%DVHG�3UDFWLFH��$�$YDLODEOH�IURP��KWWS�����ZZZ��8VXKV��0LO��>6HULDO�2QOLQH@�����'HF����������� 3KLOOLSV�.$��0RUULVRQ�.5��$QGHUVHQ�5��$GD\�$�� 8QGHUVWDQGLQJ� WKH� &RQWH[W� RI� +HDOWK� &DUH�8WLOL]DWLRQ��$VVHVVLQJ�(QYLURQPHQWDO�DQG�3URYLGHU�5HODWHG� 9DULDEOHV� LQ� WKH� %HKDYLRUDO� 0RGHO� RI�8WLOL]DWLRQ�� $� $YDLODEOH� IURP�� KWWS��� ZZZ���)LQGDUWLFOHV��&RP�>6HULDO�2QOLQH@����'HF����������$VHI]DGHK�6��:RUNLQJ�7RZDUGV�(TXLW\�LQ�+HDOWK�LQ�,UDQ��&2+5('�1(:6�/HWWHU�6HSW������������.OHLEHU�&��7LWOHU�0*��(YLGHQFH�%DVHG�3UDFWLFH�DQG� WKH� 5HYLVHG� ,RZD� 0RGHO�� )LIWK� 1DWLRQDO�5HVHDUFK� 8WLOL]DWLRQ� &RQIHUHQFH�� ,RZD�� 8QLYHUVLW\�RI�,RZD�+RVSLWDOV�DQG�&OLQLFV�����������������6WHWOHU�&%��5HILQHPHQW�RI� WKH�6WHWOHU� ��0DUUDP�0RGHO� IRU� $SSOLFDWLRQ� RI� 5HVHDUFK� )LQGLQJV� WR�3UDFWLFH��1XUVLQJ�RXWORRN������������������������ 0F� &OLQWRQ� -�� 6WHWOHU� 0RGHO� RI� 5HVHDUFK�8WLOL]DWLRQ��$�$YDLODEOH�IURP��KWWS�����ZZZ��.XPF��(GX��$FFHVV��>6HULDO�2QOLQH@�����'HF���������� $OEHUWD� $VVRFLDWLRQ� RI� 5HJLVWHUHG� 1XUVHV��1XUVLQJ�5HVHDUFK�'LVVHPLQDWLRQ�DQG�8WLOL]DWLRQ��$�$YDLODEOH� IURP�� KWWS�� ��� ZZZ�� 1XUVHV�� DE�� &D��>6HULDO�2QOLQH@���� 'HF������������$VHID]DGHK�6��%XLOGLQJ�XS�3DUWQHUVKLS��6HWWLQJ�+HDOWK�5HVHDUFK�3ULRULWLHV��7KH�1HWZSUN�1HZVOHWWHU������������������
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ÑÎ�½zÀ���vÀ����µuY{���M�yZ�d³Y��{�½vÀ¬§�bÀ«Z�� �³Yu�b¿z¿v¯� yu��ª]Z]�¾¨�|�� º¬�� µZ.�³Yu� ¶¬l¯ ÎÐÕÐ����yZ¸#�µyZ°��®���©Z����ÓÐ�ÒÑ�
���:ULJKW� $�� %URZQ� 3�� 6ORPDQ�� 5�� 1XUVHV�3HUFHSWLRQ� RI� WKH� 9DOXH� RI� 1XUVLQJ� 5HVHDUFK� IRU�3UDFWLFH� $XVWUDOLDQ� -RXUQDO� RI� $GYDQFHG� 1XUVLQJ��

�����������������������0FFXUUHQ� &'�� 5HVHDUFK� 8WLOL]DWLRQ�� 0HHWLQJ� WKH�&KDOOHQJH��*HULDWULF�1XUVLQJ��������������������������/RJDQ�-��'DYLHV�%��7KH�6WDII�1XUVH�DV�5HVHDUFK�)DFLOLWDWRU� &DQDGLDQ� -RXUQDO� RI� 1XUVLQJ�$GPLQLVWUDWLRQ����������������
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&RPSDULVRQ�RI�.QRZOHGJH�8WLOL]DWLRQ�0RGHOV�LQ�0HGLFDO�6FLHQFHV
$VHI]DGHK�6���)DU]DQGLSRXU�0�

$EVWUDFW,QWURGXFWLRQ� ,Q� D� IDVW� JURZLQJ� RUJDQL]DWLRQ� ZKLFK� KDV� DFWLYLWLHV� LQ� VHYHUDO� JHRJUDSKLFDO� ORFDWLRQV�� HIILFLHQW�XWLOL]DWLRQ�RI� H[SHUW�NQRZOHGJH� LV� D� FKDOOHQJH��0DQ\� UHVHDUFKHV�KDYH�EHJXQ� WR�GLVWLQJXLVK�EHWZHHQ�FRQFHSWXDO�XVH�RI�NQRZOHGJH�DQG�LQVWUXPHQWDO�XVH�RU�FKDQJHV�LQ�EHKDYLRU�DQG�SUDFWLFH��6R��RQH�FHQWUDO�TXHVWLRQ�LV�ZKHWKHU�WKH�DSSURDFKHV�GR�VXSSRUW�WKH�PRWLYDWLRQ�RI�SHRSOH�WR�XVH�WKH�NQRZOHGJH�DQG�WKH�QH[W SRLQW�RI�LQWHUHVW�LV�DERXW�NQRZOHGJH�XWLOL]DWLRQ�2EMHFWLYH� 7KLV�VWXG\�ZDV�FRQGXFWHG�WR�UHYLHZ�NQRZOHGJH�XWLOL]DWLRQ�SURFHVV�WR�UHFRJQL]H�DQG�FRPSDUH�FXUUHQW�PRGHOV�RI�NQRZOHGJH�XWLOL]DWLRQ�LQ�PHGLFDO�VFLHQFHV��0DWHULDOV� DQG� 0HWKRGV� 6\VWHPDWLF� UHYLHZ� RI� DUWLFOHV� ZDV� DSSOLHG� RQ� EDVLV� RI� ,QWHUQHW� UHVRXUFHV� FRYHULQJ�NQRZOHGJH�XWLOL]DWLRQ�GLVVHPLQDWHG�EHWZHHQ�����������5HVXOWV� 8WLOL]DWLRQ�PD\�EH�FRQFHSWXDO��LQVWUXPHQWDO�RU�HYHQ�VWUDWHJLF��7KHUH�DUH�GLIIHUHQW�PRGHOV�RI�NQRZOHGJH�XWLOL]DWLRQ� LQ�PHGLFDO� VFLHQFHV�� (VWDEURRNV��%HKDYLRUDO�&2+5('� ��$FH� VWDU� ��&851�6WHWOHU� � �&&,� DQG� ,RZD��&RPSDULQJ�WKHVH�PRGHOV�EDVHG�RQ�ILYH�IDFWRUV�LPSOLHG�WKDW�&2+5('�PRGHO�DQG�&&,�PRGHO�DUH�PRUH�FRPSOHWH�WKDQ�WKH�RWKHU�PRGHOV�&RQFOXVLRQ� .QRZOHGJH�XWLOL]DWLRQ�PHDQV�NQRZOHGJH�UHFHSWLRQ��SHUFHSWLRQ�DQG� LQIOXHQFH�RQ�UHFHLYHU¶V�DFWLRQ��7KH� SURGXFHG� NQRZOHGJH� RI�PHGLFDO� VFLHQFHV� LV� XVHIXO� SURYLGHG� LW� FRXOG� EH� DSSOLHG� LQ� WKH� SURFHVV� RI� KHDOWK�GHYHORSPHQW�
.H\�ZRUGV� .QRZOHGJH��0DQDJHPHQW�,QIRUPDWLRQ�6\VWHPV��0HGLFLQH��5HVHDUFK


