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©¹vkç�¾¬)�{¹z]�½yZl´·Z³��º¯�²À´k�yu�µv��uZl¿Y�½Z·½Z·%DOE�&©ZdÀ]yZ]º´��¹yYu�zÀgZc�bpc��¿Z¯{M�uyº¯� ½yZl´·Z³�{¹z]�v�yu�¿Z¯{M�µ¹z-�z·�yu�Z·©zd´)�1DFO ¾]zlc�µ¹z-,, ¾]zlc�µ¹z-,å é�êæ é�éé yZl´·Z³�½Z¸´À´kå è�çå æë ­Yv³Y�½Z¸¿yZl´·Z³å ë�é æ�ì ¾^���¶«º«��¿Z¤³å è�çå è�æè ¹ ¶°l°k�½Z¸¿yZl´·Z³�ayºå ç�ë í Z·�µz¸¯�±ºd��½Z´p³Yyu�Z¸¿yZl´·Z³�{¹z]�±Y|À¯�²À]�yu�uºkº¯��ÈdsYÀ]¾]zlc�µ¹z-�¹u�²,¹,,

z¿º�cÎ�¾]zlc�²À´kÎ�{¹uPJ�NJ�Î�Ð©ZdÀ]yZ]º´���½yYu�¶) ¾³Zdpc�­Yv³Y�ªÀ*�c�yu� ©ÈdsY��¬��v�Z]�¾¯��z¿º�cÏ�¾]zlc�²À´kÎ�{¹uPJ�NJ�Î�Ð©ZdÀ]yZ]º´���½YyYu�¶) (#º)�¶hk�¾«Z �³|-Y�+y|]��¬��ayº��yu�¾dÀ¯z�u�¹��¬� (#º)�v�Z]�¾¯�

z¿º�c�Ð�¾]zlc�²À´kÎ�{¹uPJ�NJ�Î�Ð©ZdÀ]yZ]º´���½YyYu�¶) Z*Àd�À��YvÀ À]Z´À��Y�¯ �¬�¾*��Z·�­Yv³Y�yu�©ÈdsY�¹�|^���¬�� v�Z]�¾¯�
z¿º�cÑ�¾]zlc�²À´kÏ�{¹uPJ�NJ�Ï�Ó©ZdÀ]yZ]º´���½YyYu�¶) ª�º«Z �³M��¬��v�Z]�¾¯�
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fp]½zÀ-�¶lÀd³�¹] ©ZdÀ]yZ]º´�� ½¹yYu� {Y� z-Y� ¶§� uYu� ±Z�³� ¡º�� ¶�«Z�¯¶ ¾�� yu� ­¹Yv¯� ayº�|³%º³Z-yY� ¹ ¾´¿|-� ¶³Ç� ªoYz¯ ¾¯� uuz-� µuZ d�Y½yZl´·Z³� LZ¤«Y� \^�� v³YºcyZÀ�]� ½Z· µuzd�-½yZl´·� Z³��À� {Y�½zc¾¬^£� µv�� ¶dsZ´��½Z· uuz-�¹yYu�²¿Y��À��[Z�d³Y�v�y�¾¯�z�³�¶]�²¿Y�z]� Z´]�½yZl´·Z³� {Y�½u¹vp¯� ¹ �t�¯b¸k� Z·uZ¿{¹yYu�²¿Y ª]Z£v�Z^³� uZ°d�Y�ì��¶kºcZ]½yZl´·Z³� ¶*´¿Y� ¶]�½Z· ¾´��ªÀ^£� {Y� �z�� v��½Z·¹yYu� z¿Z�� ¶]��º]z¯²ÀWºc�í �vÀ�Y�(ÀW¹z�«Y¹� ¹ ²À�{Z¯Z]yZ)��î���ºc� |À³¾cZ�yY|- ¾´^¯¾´À´k� ­yv´�� ®WÈ�� Z]� ¾³YuY{º³� v«ºc� z]²À¿ºd³YvÀ·¾«¹©ZdÀ]yZ]º´�� ½Z·¹yYu� �z�¯zgYyu ²À�{Z¯Z]yZ)¹�æå��uzÀ-� ¾¯� yYz£� ©YºX�z¿{µv�{Y� ½Y ¾¯�nÀkzc�²À¤¤p¯µ%Y¹�{Y�¶)�v´·u)HWDO�$QWLFRQYXOVDQW� 6\QGURPH����ºc� µv�� µv·Z�¯� �¿Z¤³� ¾¯Z°c� ½Yz]v´¿Z°³�µuZ d�Y��z�v��½Z·¹yYu�ææ��²À]�yu�½v´]{z¯�uºk¹�|À³�Z¯�¶�«Z�¯�{Y�µv¯M�b�v]�j¿Zd³½yZl´·Z³� �À�Yy� ©ZdÀ]yZ]º´�� ½Yz]� µv�� µv·Z�¯� ½Z· ¤³�¾¯�v¿Z°³�¾^��� ¶«º«��¿Z¤³� {Y� ½uyYº¯� µv·Z�¯ 17'V���]¶YvÀ À]ZÀ´À��Y�¹ ª�º«Z �³Y��¾«Z �³|-Y�ayº�²À´k�²À]� yu¾¯�±Z�³��¿Z¯{M� uyº¯�½Z·½¹yYu� ¶§�v·u�«Y¹�¹ ²À�{Z¯Z]yZ§�½Z·¹yYu� Z]�¶]Z�¯�|À³�©ZdÀ]yZ]º´�W¹z¦À uZl¿Y�¾¿Z³Yºc�vÀ�Y17'¹yYu�²¿Y� {Y� z-Y� ¹ b�YyYu� Yy� ]¶­¹Yv¯�ayº�|³%º³Z-yY�¹ ¾´¿|-�¶³Ç�ªoYz¯�¾�� yu ¾¯� uuz-� µuZ d�Y] ²À´k�½Yz]� Yy�½uZ¿{�aYz�s� v³Yºc¶ v�Z]�¶d�Yu�©Z^³u�²À]� yu� ¶¬�Z���¿Y|�Y� ¶¬°k� {Y��¬dt¯�aÇÈdsY� uºk¹�­Yv³Y� yu�\�Z´¯��sz#� ­v�� �Z·Z�� ¹ b�u� ±Zd�.³Yb�u�±Zd�.³Y�¹ ­Yv³Y�¾·Zcº§²À´k�yu�¶§� Z·Z��¹ Z·½Z· ¯{M� uyº¯µv·Z�¯��¿Z¤³� yº�´À°·�¹ v¿uz-� µv·Z�¯��¿Z

µv�ayº�yu²À´k] �¿Z¯{M� uyº¯� ½Z·¶ayº� ¹ ½{È�º�À·aÇÈdsY�¶¬°k�{Y�²ÀWZ��¹ ÇZ]�¦��¾dÀ¯z�uª�³� �z�� v�� ½Z·¹yYu���ºc� µv�� µv·Z�¯�¥zd�¯�«Y¹�¹ ²À�{Z¯Z]Z§� ��²ÀWºc�¾´��¶¬°k�{Y� ®¿v£W¹zvÀ�Y�¦À ¾¯v´�Z]� {Y¾�z��·Z§À¯²À´k�yu�µv��µv·Z�¯�¾³{¹�²À.³Z½Z· µ¹z-� ¾]zlc1¹11zgY� yu� ¶§� ©zd´§� µ¹z-� ¶]�b^�³� \¤�¾-v³Z¯½v�y�*URZWK� 5HWDUGDWLRQ�²À´kZ·zh§Y�½Yz]� ¶§�b�Y�¾cÇÈdsY� ¶¬°k� {Y� �v¿uz-� µv·Z�¯b�Y� µv¿uz-� �yY|-� |À³� z.¿u� �z�� v�� ½Z·¹yYu� +ROPHV��yu��³YyZ¨°·¹�©Zçååæ¯�¶�«Zy ½Y] Yz½¹y ççèuY{º³yu�z�¯½¹yYu� ¶�� ��ºc� ¶d�z-� yYz£ ¾´�� �©ZdÀ]yZ]º´�v³uYu� ­Zl³Y�²À�{Z¯Z]yZ§� ¹ ²ÀWºc�ÎÏ��yu u ¶��z·�¶§�v¿uz-��t�¯�¶�«Z�¯�²¿YyYLZ¤«Y�z]�µ¹È��¹ ¦¿½yZl´·Z³� {Y� ½z�zÀsZc¹� v�y� �·Z§� \kº¯� Z· ¾¬¯Z¨c¾¯z-v³u�½v�y� ¾-v³Z¯� \¤�� uºk¹� b^�³ ²¿Y���ºc{Y�v³uº]�ayZ^�� ¹yYu� ¶���è�ç½Yz]�v�yu �²ÀWºc�¾´�è�ê�²À�{Z¯Z]yZ§�½Yz]�v�yuë�æ½Yz]�v�yu ©ZdÀ]yZ]º´����ºc� ¶§� ½z.¿u� ¶�«Z�¯� yu7DQDND¹\¤�� b^�³� �b�z-� ayº�� ¶�]Yy� ²¿Y� yu� �³YyZ¨°·] ±YuY{º³�½Yz]�½v�y�¾-v³Z¯¶ayº�è�æå½Yz]�v�yu z�«Y¹³¹�vÀ�Y�¦Àê¾´�� ½Yz]� v�yu�²ÀWºcæ½Yz]� v�yu ¹ ²À�{Z¯Z]yZ§ì�ëv¿uz-��yY|-� ©ZdÀ]yZ]º´��½Yz]� v�yu� ÎÐ��b^�³�yu�uºkº¯�a¹Z c�{Y� Yvk�©Zoz·yu�º£¹�½Z· \¤��Z·¹yYu�²¿Y���ºc�½v�y�¾-uZd�Yz�³�¶]�®¬�¯�¶$³M ¾¯²¿Y�v�yY¾¿Z³Yºc��z��v��½Z·¹yYu�²¿Y�­Z°c�¶§�b� \¤��vÀ«ºc¾¬¯Z¨c�zÀsZc�¹ ½v�y�¾-uZd�Yv´d�·�YyYu�Yy� �À�� uºk¹d^�³>Z½yZl´·Z³� {Y� ¾§zd�¯yZgMyu� Z·µv¿uz-�f�Z]�®¿v£�ª�³� �z�� v��½Z·¹yYu�¦À³%ºcYzc
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±Z¤¤p¯� zh§Y� ¶§¶¿z�³½YZ¿� ­|À³Z¨¯� ½Z´^¯� z]� Yy ­|À³Z¨¯Yy� Z·¹yYu� ²¿Y� ��ºc� µv�� ©Z°�Y�¥zd�¯� ½Z·v´¿Z°³� mz�¯�²¿Y�}Z�Y� z]¶À�z��z�� v��½Z·¹yYu� Z°doY>Ç­|À³Z¨¯ ¢¿z�� {Y�Z³�LZ¤«Y�f�Z]�z¿{�¥zd�¯�½Z· ½yZl´·¾¯��¬dt¯�½Z·v³uz-� Î�N�º�t¯�±M�aZ¤d�¯�¹ ©º´Àcy�b�¬�� yu� zÀÀ�c�ÎÐ ~À�¦ÀWº´ÀcyvÀ�Y�|³%º�yº¯�b¸k�yu�aZ^À§zc�²¿Y�­Z°c ¹v³yYu�b«Zsu�±v]��¬dt¯�½Z·��t]�ª¯Z¨c�ÎÑ�� Ï�¦À«º��vÀ�Y�n���±uy¹M�²ÀWZ���ÎÒ�� Ð�YuZl¿$SRSWRVLV�º�t¯�>Z²À]yu©º¬�½Z·¾^���ÎÓ ��Ñ�©Z¨¿uYy� vÀ«ºc�ªÀ^£� {Y� uY{M� ½Z·(SR[LGH¾�� yu� �z��v��½Z·¹yYu�±v��|À«º]Zd¯�ªoYz¯�ÎÔ�� ­|À³Z¨¯�bsZ´�zh§Y� ¶kºc� �Z¸³M� {Y�½zÀ-º¬k¹�¡º��½Z· ±Z¤¤p¯y¶]Yb�Y� µuº°³� \¬k� uºs�{Y� ©ZdÀ]yZ]º´�� ¶¨´¿Y ¦À¯Yv§�¢¿z�³Z¨¯{Y­|Àuºs�¦À³%ºcYzc�aYzgY� ¡º��½Z· z]� Yyy²À´k�½¹©Z°�Y¾¯¹ µuzd�-�aZ�«Z�¯�¶]� {ZÀ³v¿Z°³ ¢À£uyYu� ½zc¶À�ºc� ¾«¹� u¾¯� Yy� z¿{� ½Z·²¿Y� yu� ±Yºc uº°³�©Z°�Y�¶�]Yy�

æ�­v��z�¯½¹yYu ©ZdÀ]yZ]º´�ª¿Y¹Yyu½yYuyZ]­¹|«¹²¿Y� �z�¯� yu� �ZÀdoY ®³Zs� yu� ¹yYu²À´�� yu� �£Y¹� ½Z·½yYuyZ]�
ç�{Y�v¿vk�ª�³ �z��v��½Z·¹yYu�{Y� µuZ d�Y� ­¹|« ªÀ^£*DEDSHQWLQ��/DPRWULJLQH¹IHOEDPDWaYzgY�±º´§Zc�¶§�b�Y�µv�³��yY|-�Z¸³M�{Y�¾�t�¯�¦À³%ºcYzcèóµuZ d�Y{Y¾d«º¯²À¯Zd¿¹¹¾do�aÇº�¦¿�y¹v¤°«Y ª^£� µZ¯­Yv£Y{Y¶]¾.¬¯Zoyu¹©º�yYuyZ]½±Y|À¯� ¶] PJ�GD\é�å� Ñ�½Z·�¶d ·�yu�¾�Yz-º³º��­Zl³YÎÓ¹ÎÕyu¹�¾.¬¯Zo�|d´�ºÀ´¯M�¶]�­Yv£Y��½yZl´·Z³�¶]�±v��¥º¨�¯�ayº�� ¾³Yuyv£¹z¨�c�­{Ç¾¯®À³Yu¶§®³ZsyZ§z�� aZ°o{� {Y ¾ �«¶§yu²¿Y�·¹&�¾.´·Z°·½Z·­{Ç b¸kyuµuZ d�Y­{Yº«{YaZ³YºÀo¹{ZÀ³uyº¯¾·Z.�¿Z¯{MYy¶]ª°�z¨�c� �v³uy¹M ®À¿Z°³�

�]Z´¯��+LOO� 50�� 7HUDWRJHQHVLV� DQG� $QWLHSLOHSWLF� 'UXJ�� 1�(QJO�-�0HG���������������������7KDNNHU� -&� �NRWKDUL� 66��'HVKPXNK�&7��'HVKSDQGH�3*�'DOZDL�:0��-RVKL�0.��+\SRSODVLD� �RI�1DLOV� DQG�3KDODQJHV�� D� 7HUDWRJHQLF� 0DQLIHVWDWLRQ� RI��3KHQREDUELWRQH��,QGLDQ�SHGLDWU���������������������� .DPDWK� 6$�� 3KDGNH� 9�� $QDQG� $-�� 3DWHO� 5%��'HVKSDQGH� '9�� (SLOHSV\� DQG� &UDQLRIDFLDO�$EQRUPDOLWLHV�-� $VVRF� 3K\VLFLDQV� ,QGLD� ������������������*HUDOG�*�%ULJJV��'UXJ�LQ�3UHJQDQF\�DQG�/DFWDWLRQ���WK� HG�� 3KLGHOSKLD�� /LSSLQFRWW� :LOOLDPV� 	� :LONLQV������������������� 5DIOD� 10�� 0HHKDQ� )3�� 7KDQDWRSKRULF� 'ZDUILVP��'UXJV� DQG�$QWHQDWDO�'LDJQRVLV��$�&DVH�5HSRUW�(XU� -�2EVWHW�*\QHFRO�5HSRUG�%LRO��������������������

ë�v°p¯��yZ��Y��|-yY^��®W�È��Z]�uY{º³�uyº¯�¦¿��À¶yu� ©ZdÀ]yZ]º´���z£� �z�¯{Y� ¾�Z³� ²ÀWºd³YvÀ·� ­yv´�±Z¯{o¾.¬¯Z�±Yz¿Y�¾¨�|��­º¬�� µZ.�³Yu�¶¬l¯��ÎÐÕÍ� µyZ°��®d�·�©Z�ÏÔ�����Ô�ÒÏÐ�
��2FKR� -*�5LFKHZ�$QWLHSLOHSWLF� 'UXJV�$Q� 2YHUYLHZ��$FFHVV�� KWWS���ZZZ�HPHGLFRQH�FRP�QHXUR�WRSLF� �����+70/��������� +DQVRQ� -:�� %XHKOHU� %$�� )HWDO� +\GDQWRLQ�6\QGURPH�&XUUHQW�6WDWXV�- 3HGLDWU���������������������5RFKHVWHU� -$��.LUFKQHU� -7��(SLOHSV\� LQ�SUHJQDQF\��$PHULFDQ�)DPLO\��SK\VLFLDQ������������������� ������� -RQHV� ./�� /DFUR� 59�� -RKQVRQ� .$�� $GDPV� � -����3DWWHUQ� RI� 0DOIRUPDWLRQV� LQ� WKH� &KLOGUHQ� RI� :RPHQ�
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7UHDWHG� ZLWK� &DUEDPD]HSLQH� 'XULQJ� 3UHJQDQF\�� 7KH��1HZ� (QJODQG� -RXUQDO� RI� 0HGLFLQH� ������ ��������������������� <HUE\� 06�� /HDYLWW� $�� (ULFNVRQ� %�� � 0FFRUPLFN��.%��/RHZHQVRQ��5%��HWDO��$QWLHSLOHSV\�'XJV��DQG�WKH�'YHORSPHQW� RI� &QJHQLWDO�$RPDOLHV�� 1HXURORJ\� ��������VXSSO����������������� +ROPHV� %/�� +DUYH\� $(�� %UHQW� $&�� HWDO�� 7KH�7HUDWRJHQLFLW\� RI� $QWLFRQYXOVDQW� 'UXJV�� 7KH� 1HZ�(QJODQG�� -RXUQDO�RI�0HGLFLQH�������������������������7DQDND� +�� 7DNHGD� $�� ,]XPL� 0�� (IIHFWV� RI�$QWLHSLOHSWLF�'UXJV� RQ�'HOLYHU\� DQG�(DUO\�&KLOGKRRG�&RPSDULVRQ� $PRQJ� 0RQR�WKHUDSLHV� RI� 9DOSRULF�$FLG�� 3KHQ\WRLQ�� &DUEDPD]HSLQH� DQG� 3KHQREDUELWDO��5LQVKR�6KLQNHLJDNX�������������������

���� 1DX�+�� 7]LPDV�*��0RGU\�0�� HW� DO�� $QWLHSLOHSWLF�'UXJV� $OWHU� (QGRJHQRXV� 5HWLQRLG� &RQFHQWUDWLRQ�� $�3RVVLEOH� 0HFKDQLVP� 2I� 7HUDWRJHQHVLV� RI�$QWLFRQYXOVDQW� 7KHUDS\�� /LIH� 6FLHQFH� ���������������������'DQVN\� /9�� 5RVHQEODWW� '6�� $QGHUVRQ� (��0HFKDQLVPV� RI� 7HUDWRJHQHVLV�� )ROLF� $FLG� DQG�$QWLHSLOHSWLF� 7KHUDS\�� 1HXURORJ\� ������ ����� VXSSO��������������� %LWWLJDP� 3HWUD�� 6LIULQJHU� 0DUFR�� ,NRQGRPLGRX�&KU\VDQWK\��$QWLHSLOHSWLF�'UXJV� DQG�$SRSWRVLV� LQ� WKH�'HYHOSRLQJ�%UDLQ��$QQDOV� RI� WKH�1HZ�\RUN�$FDGHP\�RI��6FLHQFH����������������������� 3LSSHQJHU� &(�� 3KDUPDFRORJ\� RI 1HXUDO� 7XEH�'HIHFWV��(SLOHSVLD�����������VXSSOH����������

(IIHFW�RI�3KHQREDUELWDO�RQ�1HXUDO�7XEH�DQG�6NHOHWDO��
'HYHORSPHQW�LQ�5DWV�'XULQJ�3UHJQDQF\

$IVKDU�0���*RODOL�SRXU�0�-���0DOHNL�QHMKDG�3���.DODOL�+�
$EVWUDFW,QWURGXFWLRQ��3KHQREDUELWDO� LV�D DQWL�HSLOHSWLF�GUXJ��$('���)'$�KDV�FODVVLILHG�WKLV�GUXJ�DV D '�JURXS�DQG�SUHJQDQW�ZRPHQ� ZKR� WDNH� WKLV GUXJ XQGHU� DSSURSULDWH� FRQGLWLRQV� PD\� KDYH� QHRQDWHV� ZLWK� FRQJHQLWDO� PDOIRUPDWLRQV� H�J��K\SRSODVLD�RI� ILQJHU�RU� WRH�QDLOV�DQG�GLJLWDO�SKDODQJHV�� IDFLDO�DQG� VNXOO�GHIRUPLWLHV�DQG�FDUGLDF�PDOIRUPDWLRQV��6RPH�RI�WKH�FDVH�UHSRUWV�VKRZHG�VHYHUH�PDOIRUPDWLRQV�IRU�WKLV�GUXJ�VXFK�DV�IHWDO�K\GDQWRLQ�DQG�GRZQ�V\QGURPHV�2EMHFWLYH� 7KLV�VWXG\�ZDV�FDUULHG�RXW�WR�UHYHDO�WKH�PDOIRUPDWLRQV��VSHFWUXP�RI��3KHQREDUELWDO�PDOIRUPDWLRQV���0DWHULDOV� DQG�0HWKRGV�����%DOE�F�PDWXUH� IHPDOH� UDWV�� DJHG�����PRQWKV� DQG�ZHLJKWHG���� WR����JU�ZHUH�KRXVHG� LQ�HQYLURQPHQWDOO\� FRQWUROOHG� URRP�� $� JURXS� RI� ���� IHPDOHV� ZHUH� FDJHG� ZLWK� D� VLQJOH� PDOH� RI� SURYHQ� IHUWLOLW\�RYHUQLJKW�� )LQGLQJ� RI� YDJLQDO� SOXJ� RQ� WKH� IROORZLQJ�PRUQLQJ�ZDV� UHJDUGHG� DV� D� JHVWDWLRQDO� GD\� �*'�� ��� 5DWV�ZHUH�GLYLGHG� LQWR� H[SHULPHQWDO� JURXSV�� H[�� 1 UHFHLYHG� ���� PJ�NJ� DQG� H[�� 11 UHFHLYHG� ���� PJ�NJ� GRVHV� RI� 3KHQREDUELWDO�YLDO�DQG�RQH�FRQWURO�JURXS�ZKLFK�UHFHLYHG�QRUPDO�VDOLQH�YLD� LQWUDSHULWRQHDOO\�GXULQJ� WKH�ILUVW�FRQVHFXWLYH����GD\V�RI�SUHJQDQF\�� 5DWV� ZHUH� GLVVHFWHG� LQ� *'��� DQG� HPEU\RV� ZHUH� FROOHFWHG� DQG� WKHQ� ZDVKHG� ZLWK� QRUPDO� VDOLQH��0DFURVFRSLF� REVHUYDWLRQ�ZDV�GRQH�E\�2/<0386�6=;�-$3$1�VWHUHRPLFURVFRSH��'DWD�ZHUH�DQDO\VHG�E\�$129$�DQG�;��WHVWV�E\�PHDQV�RI�6366�VRIWZDUH�5HVXOWV� 0RVW�RI� WKH�PDOIRUPDWLRQV�ZHUH� LQ� WKH�JURXS�11 �GRVH���� PJ�NJ���(PEU\RV�KDG�H[WHQVLYH�PDOIRUPDWLRQV�LQ�WKH� VNHOHWDO� DQG� QHUYRXV� V\VWHP� VXFK� DV� VKRUW� OLPE�� GLVWRUWLRQ� DQG�GLVORFDWLRQ� RI� WKH� OLPEV�� VFROLRVLV�� HQFHSKDORFHOH��
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7KH� JURXS� 1 �'RVH� ���� PJ�NJ�� DOVR� VKRZHG� WKHVH� PDOIRUPDWLRQV� EXW� ZLWK� D� ORZHU� VHYHULW\� DQG� VRPH� FDVHV� RI�H[HQFHSKDO\�DQG�VSLQD�ELILGD�&RQFOXVLRQ� 7KLV� VWXG\� UHYHDOHG� WKDW� 3KHQREDUELWDO� FDQ� LQGXFH� QHZ� VHYHUH� PDOIRUPDWLRQV� LI� WKLV� GUXJ� LV� XVHG�FRQWLQXRXVO\�LQ�WKH�HDUO\�VWDJH�RI�SUHJQDQF\�
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