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+HW� DQDsUREH� JLVWLQJVSURFHV� LV� ]HHU� LQWHUHVVDQW� HQ� EHVWDDW� XLW� YHUVFKHLGHQH�JURHSHQ�PLFUR�RUJDQLVPHQ�GLH�VDPHQZHUNHQ�RP�FRPSOH[�RUJDQLVFK�PDWHULDDO�RP�WH�]HWWHQ�WRW�&+���&2���+�2��+�6 HQ�1+����+HW�JLVWLQJVSURFHV�NDQ�YHUGHHOG�ZRUGHQ�LQ�YLHU�IDVHQ��/HWWLQJD�*��HW�DO�������
�� +\GURO\VH2P]HWWLQJ�YDQ�FRPSOH[��RQRSJHORVW�PDWHULDDO� LQ�PLQGHU�FRPSOH[H��RSJHORVWH�VWRIIHQ�GLH�GDQ�GRRU�GH�EDFWHULH�NXQQHQ�ZRUGHQ�RSJHQRPHQ���'LW�JHEHXUW�GRRU�H[WUDFHOOXODLUH� HQ]\PHQ� GLH� GRRU� GH� IHUPHQWDWLHYH� EDFWHULsQ� ZRUGHQ�XLWJHVFKHLGHQ��� )HUPHQWDWLH�RI�]XXUYRUPLQJ'H�RSJHORVWH�VWRIIHQ�ZRUGHQ�LQ�GH�FHOOHQ�YDQ�IHUPHQWDWLHYH�EDFWHULsQ�RPJH]HW�LQ� HHQ� UHHNV� HHQYRXGLJH� YHUELQGLQJHQ� GLH� ZHHU� ZRUGHQ� XLWJHVFKHLGHQ�� � (U�ZRUGHQ�YOXFKWLJH�YHW]XUHQ��DOFRKROHQ��PHON]XXU��&2���+���1+���+�6�HQ�QLHXZ�FHOPDWHULDDO�JHYRUPG���� $FHWRJHQHVH��LQWHUPHGLDLUH�]XXUYRUPLQJ�'H� IHUPHQWDWLHSURGXFWHQ�ZRUGHQ�RPJH]HW� LQ�DFHWDDW��ZDWHUVWRI�HQ�FDUERQDDW�HQ�HYHQHHQV�QLHXZ�FHOPDWHULDDO����� 0HWKDQRJHQHVH$FHWDDW�� ZDWHUVWRI�� FDUERQDDW�� IRUPLDDW� HQ� PHWKDQRO� ZRUGHQ� RPJH]HW� LQ�PHWKDDQ��&2� HQ�QLHXZ�FHOPDWHULDDO�
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�� +\GURO\VH
&RQVRUWLXPV� YDQ� DQDsUREH� EDFWHULsQ� EUHNHQ� FRPSOH[� RQRSJHORVW� RUJDQLVFK�PDWHULDDO� DI� WRW� PRQRPHUH� PROHFXOHQ� ]RDOV� DPLQR]XUHQ�� DOFRKROHQ�� VXLNHUV� HQ�YHW]XUHQ�� �'H�K\GURO\VH�ZRUGW� JHNDWDO\VHHUG�GRRU�H[WUDFHOOXODLUH�HQ]\PHQ�]RDOV�FHOOXODVHQ��SURWHDVHQ�HQ�OLSDVHQ���'H�K\GURO\WLVFKH�IDVH�LV�UHODWLHI�WUDDJ�HQ�ZRUGW�RQGHUVFKDW� DOV� VQHOKHLGVEHSHUNHQGH� VWDS� YDQ� GH� DQDsUREH� YHUJLVWLQJ� �%LWWRQ�*��������/HWWLQJD�*��HW�DO�����������9HUVFKHLGHQH�IDFWRUHQ�NXQQHQ�YDQ�LQYORHG�]LMQ�RS�GH�PDWH�HQ�GH�VQHOKHLG�YDQ�GH�K\GURO\VH�YDQ�HHQ�VXEVWUDDW��ZDDURQGHU��x GH�SURFHVWHPSHUDWXXUx GH�YHUEOLMIWLMGx GH�GHHOWMHVJURRWWHx GH�S+x GH�1+���1�FRQFHQWUDWLHx GH�FRQFHQWUDWLH�DDQ�K\GURO\VHSURGXFWHQ��ELMY��YOXFKWLJH�YHW]XUHQ�x GH� VDPHQVWHOOLQJ� YDQ� KHW� VXEVWUDDW� �ELMY�� KHW� JHKDOWH� OLJQLQH�YHW��NRROK\GUDDW�HQ�HLZLW�

�� )HUPHQWDWLH
=XXUYRUPHQGH�EDFWHULsQ�]RDOV�&ORVWULGLXP ]HWWHQ�VXLNHUV��DPLQR]XUHQ�HQ�YHW]XUHQ�RP� WRW� RUJDQLVFKH� ]XUHQ� �PLHUHQ]XXU�� D]LMQ]XXU�� SURSLRQ]XXU� RI� ERWHU]XXU���DOFRKROHQ��NHWRQHQ��&2� HQ�+� ���'H�JHYRUPGH�HLQGSURGXFWHQ�]LMQ�DIKDQNHOLMN�YDQ�KHW�VRRUW�EDFWHULsQ�HYHQDOV�GH�SURFHVFRQGLWLHV��S+��WHPSHUDWXXU��UHGR[�SRWHQWLDDO��HQ�KHW�W\SH�YHUJLVWHU��%LWWRQ�*�����������=R�ZRUGW�ELM�WZHHWUDSVJLVWLQJ��]XXUYRUPLQJ�HQ� PHWKDDQJLVWLQJ� UXLPWHOLMN� JHVFKHLGHQ�� HHQ� PHQJVHO� YDQ� EXW\UDDW�� � DFHWDDW��SURSLRQDDW�� HWKDQRO�� &2� HQ� +� JHYRUPG� WHUZLMO� YDQ� HHQ� ppQWUDSVJLVWLQJ��]XXUYRUPLQJ�HQ�PHWKDDQJLVWLQJ� LQ�ppQ�UHDFWRU��DFHWDDW��+� HQ�&2� YHUUHZHJ�GH�EHODQJULMNVWH� SURGXFWHQ� ]LMQ� YDQ�GH� IHUPHQWDWLHYH�EDFWHULsQ�� �%LM� GH�DIEUDDN�YDQ�DPLQR]XUHQ� RQWVWDDW� HYHQHHQV� DPPRQLDN� GLH� GH� S+� YDQ� GH� YHUJLVWHU� NDQ�EHwQYORHGHQ��
'H�DQDsUREH�DIEUDDN�YDQ�KRJHUH�YHW]XUHQ�JHEHXUW�YLD�KHW�PHFKDQLVPH�YDQ�GH�E�R[LGDWLH���+LHUELM�ZRUGHQ�VWHHGV�IUDJPHQWHQ�YDQ�WZHH�NRROVWRIDWRPHQ�DIJHVSOLWVW���
9RRUEHHOG��E�R[LGDWLH�YDQ�FDSURQ]XXU��&���&+��&+���&22� ����+�2�Æ ��&+�&22� ����+� ����+� �U����
+LHUXLW� LV� DI� WH� OHLGHQ� GDW� GH� JRHGH� DFWLYLWHLW� YDQ� GH� ZDWHUVWRIFRQVXPHUHQGH�EDFWHULsQ�YDQ�]HHU�JURRW�EHODQJ�LV�YRRU�HHQ�JRHGH�IHUPHQWDWLH��/HWWLQJD�*��HW�DO��������
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�� $FHWRJHQHVH
$FHWRJHQH� EDFWHULsQ� ]RDOV� 6\QWUREDFWHU� ZROLQLL� HQ� 6\QWURSKRPRQDV� ZROIHL��0F,QHUQH\�0-� HW� DO��� ������ ]HWWHQ� YHW]XUHQ� HQ� DOFRKROHQ� RP� LQ� DFHWDDW��+� HQ�&2����'H�JHQXV�QDDP�YHUZLMVW�QDDU�GH�DIKDQNHOLMNKHLG�YDQ�GH]H�RUJDQLVPHQ�YRRU�HHQ�V\QWKURSLVFKH�UHODWLH�PHW�DQGHUH�RUJDQLVPHQ���6\QWKURSLVFK�EHWHNHQW�OHWWHUOLMN�µVDPHQ�HWHQ¶��:LOOH�&��������
9RRUEHHOG��RP]HWWLQJ�YDQ�EXW\UDDW&+��&+��&22� ����+�2�Æ ��&+�&22� ��+� ����+�� �'*¶�  ������� �U����
8LW�UHDFWLH�U����EOLMNW�GDW�ERWHU]XXU��GLW�JHOGW�RRN�YRRU�HWKDQRO�HQ�SURSLRQ]XXU��RQGHU�VWDQGDDUGFRQGLWLHV�QLHW�]DO�ZRUGHQ�DIJHEURNHQ��JH]LHQ�GH]H�UHDFWLH�JHHQ�HQHUJLH�RSOHYHUW��SRVLWLHYH�YULMH�HQWKDOSLH�'*¶�����+LHUGRRU�]XOOHQ�YHW]XUHQ�RSVWDSHOHQ���%LM�ODJH�ZDWHUVWRIFRQFHQWUDWLHV�NDQ�GH�DIEUDDN�YDQ�GH]H�SURGXFWHQ�HFKWHU�ZHO�HQHUJLH�RSOHYHUHQ��'H�PHWKDQRJHQH�EDFWHULsQ�]RUJHQ�YRRU�GH]H�ODJH�+��VSDQQLQJ���9ROJHQGH�YHUJHOLMNLQJ�PRHW�GLW�GXLGHOLMN�PDNHQ�D�$��E�%�l F�&���G�' �U����
'H�ZHUNHOLMNH�YHUDQGHULQJ�YDQ�YULMH�HQHUJLH�YRRU�UHDFWLH�U����LV�>&@F >'@G' *� �' *� ��57�OQ� �U����>$@D >%@E
,Q� HHQ� JRHG�ZHUNHQGH�PHWKDDQUHDFWRU� NRPW� GH�SDUWLsOH� GUXN� YDQ�ZDWHUVWRI� QLHW�ERYHQ����±� DWP����*HPLGGHOG�OLJW�GH]H�GRRUJDDQV�URQG�GH����±� DWP���/HWWLQJD�*��HW�DO��������

�� 0HWKDQRJHQHVH
'H� PHWKDQRJHQHVH� �&+� SURGXFWLH�� ZRUGW� YRRUDO� EHZHUNVWHOOLJG� GRRU� WZHH�JURHSHQ�EDFWHULsQ���(HQ� HHUVWH� JURHS� ]LMQ� GH� K\GURJHQRWURIH� PHWKDQRJHQV� GLH� ZDWHUVWRI� HQ�NRROVWRIGLR[LGH� RP]HWWHQ� LQ� PHWKDDQ�� � 'H]H� JURHS� PHWKDQRJHQHQ� LV�YHUDQWZRRUGHOLMN�YRRU�RQJHYHHU�����YDQ�KHW��LQ�HHQ�QRUPDDO�ZHUNHQGH�DQDsUREH�]XLYHULQJVLQVWDOODWLH��JHSURGXFHHUGH�PHWKDDQ���'�7��+LOO�HW�DO��������/HWWLQJD�*��HW�DO�������
&2� ����+� Æ &+� ����+�2� �U����
8LW� UHDFWLH� U�� �� ZRUGW� GXV� GXLGHOLMN� GDW� GH]H� JURHS EDFWHULsQ� GH� ODJH�ZDWHUVWRIVSDQQLQJ��QRGLJ�YRRU�GH�RP]HWWLQJ�YDQ�YHW]XUHQ�HQ�DOFRKROHQ�WRW�DFHWDDW��EHZHUNVWHOOLJW���
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(HQ� WZHHGH�JURHS�PHWKDQRJHQH�EDFWHULsQ�]LMQ�GH�DFHWRWURIH�PHWKDQRJHQV� �RRN�DFHWRFODVWLVFKH� EDFWHULsQ� RI� DFHWDDW� VSOLWVHQGH� EDFWHULsQ� JHQDDPG��� � ,Q� HHQPHWKDDQJLVWLQJVUHDFWRU� ZRUGW� RQJHYHHU� ���� YDQ� GH� WRWDOH� PHWKDDQSURGXFWLH�YHU]RUJG�GRRU�GH]H�JURHS�EDFWHULsQ��'�7��+LOO�HW�DO��������/HWWLQJD�*��HW�DO��������
&+�&22+�Æ &+� ��&2� �U����
(HQ� GHUGH�� NOHLQH� JURHS� EDFWHULsQ� NDQ� ]RZHO� DFHWDDWDOV� ZDWHUVWRI� WRW�PHWKDDQ�RP]HWWHQ��/HOHX�*���������


