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 ùQ|Q��hQLYHUVLWHVL�7ÖS�)DN�OWHVL��)DUPDNRORML�$'��0$/$7<$
$PDo� 0\RNDUG� �]HULQH� DNXW� YH� NURQLN� ROXPOX� HWNLOHUL� ELOLQHQ� $QML\RWHQVLQ� '|Q�ûW�U�F�� (Q]LP� �$'(��LQKLELW|UOHULQGHQ�� �6+� JUXEX� LoHUHQ NDSWRSULO� LOH� �6+� JUXEX� LoHUPH\HQ� OL]LQRSULO·LQ� EDûODQJÖo� VRO�V\RQXQD� YH�NDUGL\RSOHML\H�LODYH�HGLOPHVLQLQ�P\RNDUG��]HULQH�HWNLOHULQLQ�LQFHOHQPHVL*HUHo�YH�<|QWHP��dDOÖûPD�L]ROH�SHUI�]H�VÖoDQ�NDOELQGH�JHUoHNOHûWLULOGL��6ÖoDQODU��NRQWURO�JUXEX��OL]LQRSULO�J UXEX�YH�NDSWRSULO� JUXEX�RODUDN��o� JUXED� D\UÖOGÖ��7�P�JUXSODUGD����GDNLND�SHUI�]\RQ�� NDUGL\RSOHMLN� DUUHVW�� ���GDNLND�LVNHPL� YH� ��� GDNLND� UHSHUI�]\RQ� \DSÖOGÖ�� ùODo� JUXSODUÖQGD� EDûODQJÖo� VRO�V\RQXQD� YH� NDUGL\RSOHML\H�� JUXED� J|UH�OL]LQRSULO�YH\D�NDSWRSULO�HNOHQGL��7�P�JUXSODUGD�SHUI�]\RQ�YH�UHSHUI�]\RQ�G|QHPLQGH�NRURQHU�NDQ�DNÖPÖ��NDOELQ�RNVLMHQ�W�NHWLPL��&3.��/'+��$67�HQ]LP�VHNUHV\RQX�|Oo�OG��%XOJXODU��+HU� LNL� LODo�GD�NRQWURO� JUXEXQD�J|UH��SHUI�]\RQ�YH� UHSHUI�]\RQ�G|QHPLQGH�NRURQHU�NDQ�DNÖPÖQÖ� YH�UHSHUIX]\RQXQ�����GDNLNDVÖQGD�NDOELQ�RNVLMHQ�W�NHWLPLQL�LVWDWLVWLNVHO�RODUDN�DQODPOÖ�DUWWÖUGÖ��6RQXo�� $'(� LQKLELW|UOHULQLQ� NRURQHU� NDQ� DNÖPÖQÖ� DUWWÖUÖFÖ� HWNLOHUL� QHGHQL\OH�� SUHRSHUDWLI� ULVNOL� NRURQHU� DUWHU�KDVWDODUÖQGD��RNVLMHQ�LKWL\DFÖ�DUWPÖû�KLSHUWURILN�P\RNDUGGD�Y H�.3%��NDUGLRSXOPRQHU�E\SDVV��V�UHVL�X]XQ�V�UPHVL�EHNOHQHQ�YDNDODUGD�NXOODQÖODELOHFHNOHUL�NDQÖVÖQD�YDUGÖN��+HU�LNL�LODoOD�GD�EHQ]HU�VRQXoODU�DOPDPÖ]�� �6+�JUXEXQXQ�EX�HWNLOHUGH�URO��ROPDGÖøÖQÖ�YH\D�URO��ROVD�ELOH�WHN�PHNDQL]PD�ROPDGÖøÖ�G�û�QFHVLQH�EL]L�XODû WÖUGÖ�
$QDKWDU�NHOLPHOHU��$'(�LQKLELW|U���ù]ROH�VÖoDQ�NDOEL��.RURQHU�DNÖP
0\RFDUGLDO�(IIHFWV�RI�&DSWRSULO�DQG�/LVLQRSULO�$GGLWLRQ�WR�WKH�3ULPH�6ROXWLRQ�DQG�&DUGLRSOHJLF�6ROXWLRQ�RQ�5DW�+HDUW�XQGHU�LQ�YLWUR�3HUIXVLRQ�&RQGLWLRQV���
$LP�� :H� DLPHG� WR� LQYHVWLJDWH� WKH� P\RFDUGLDO� HIIHFWV� RI� WKH� DGGLWLRQ� RI� FDSWRSULO�� D� VXOSK\GU\O �FRQWDLQLQJ�DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH��$&(��LQKLELWRU�DQG�OLVLQRSULO��D�QRQ �VXOSK\GU\O�FRQWDLQLQJ�$&(�LQKLELWRU�WR�WKH�SULPH�VROXWLRQ�DQG�FDUGLRSOHJLD���0DWHULDO�DQG�0HWKRGV��,VRODWHG�UDW�KHDUW�PRGHO�ZDV�XVHG�IRU�WKH�VWXG\��5DWV�ZHUH�DOORFDWHG�LQWR�WKUHH�JURXSV��D�FRQWURO�JURXS��OLVLQRSULO�JURXS�DQG�FDSWRSULO�JURXS��)RU�DOO�JURXSV��FDUGLRSOHJLF�DUUHVW�ZDV�DFKLHYHG�IROORZLQJ����PLQXWHV� RI� SHUIXVLRQ� DQG� ��� PLQXWHV� RI� LVFKHPLD� ZLWK� FRQ WLQXRXV� FDUGLRSOHJLF� LQIXVLRQ� DQG� ��� PLQ� RI�UHSHUIXVLRQ�IROORZLQJ�LVFKHPLD�ZHUH�SHUIRUPHG��$FFRUGLQJ�WR�VWXG\�JURXS��OLVLQRSULO�RU�FDSWRSULO�ZHUH�DGGHG�WR�WKH�SULPH� VROXWLRQ� DQG� FDUGLRSOHJLF� VROXWLRQ��&RURQDU\�EORRG� IORZ�� FDUGLDF�R[\JHQ� FRQVXPSWLRQ��&3.��/ '+��$67�VHFUHWLRQV�ZHUH�PHDVXUHG�LQ�SHUIXVLRQ�DQG�UHSHUIXVLRQ�SHULRGV��5HVXOWV��%RWK�GUXJV��FRPSDUHG�WR�WKH�SODVHER�JURXS��FDXVHG�VWDWLVWLFDOO\�VLJQLILFDQW� LQFUHDVH� LQ�FRURQDU\�EORRG�IORZ�GXULQJ�SHUIXVLRQ�DQG�UHSHUIXVLRQ�SKDVHV�DQG�FDUGLDF�R[\JHQ�FRQVXPSW LRQ�DW�PLQXWH����RI�UHSHUIXVLRQ�&RQFOXVLRQV��:H�FRQFOXGHG�WKDW��DV�$&(�LQKLELWRUV�KDYH�DQ�LQFUHDVLQJ�HIIHFW�RQ�FRURQDU\�EORRG�IORZ��WKH\�PD\�EH�XVHG�LQ�FRURQDU\�DUWHU\�GLVHDVH�FDVHV�ZLWK�KLJK�SUHRSHUDWLYH�ULVN��LQ�K\SHUWKURSLF�P\RFDUGLXP�ZLWK�LQFUHDVHG�R[\JHQ� GHPDQG� DQG� FDVHV� ZLWK� H[SHFWHG� ORQJ� &3%� �FDUGLRSXOPRQDU\� E\SDVV�� GXUDWLRQV��:H� REWDLQHG� VLPLODU�UHVXOWV�ZLWK�ERWK�GUXJV��WKHUHIRUH�ZH�DVVXPH�WKDW� ²6+�JURXSV�GRQ·W�SOD\�D�PDMRU�UROH�LQ�WKHVH�HIIHFWV��
.H\�ZRUGV��$&(�LQKLELWRUV��,VRODWHG�UDW�KHDUW��&RURQDU\�IORZ��%HOHN�$QWDO\D·GD�������(NLP������WDULKLQGH�\DSÖODQ����8OXVDO�*|ø�V��.DOS�YH�'DPDU�&HUUDKLVL�.RQJUHVLQ·GH�V|]O��ELOGLUL�RODUDN�VXQXOPXûWXU�
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$QML\RWHQVLQ�'|Q�ûW�U�F��(Q]LP��$'(��LQKLELW|UOHUL�LON�NH]������\ÖOÖQGD�VHQWHWLN�RODUDN�HOGH�HGLOPLûO HUGLU��%X� LODoODU�HQ]LPLQ�DNWLI�PHUNH]LQH�G|Q�û�PO��RODUDN�EDøODQÖS� DQML\RWHQVLQ� ,� �$7,�·LQ� DNWLI� IRUPX� RODQ�DQML\RWHQVLQ� ,,� �$7,,�·\H� G|Q�û�P�Q�� HQJHOOHUOHU��3OD]PD� YH� GRNXODUGD� $7,,� G�]H\LQL� D]DOWÖUODU��SOD]PDGD� $7,� G�]H\LQL� YH� SOD]PD� UHQLQ� G�]H\LQL�\�NVHOWLUOHU�� $'(� LQKLELW|UOHUL� EDûOÖFD� KLSHUWDQVL\RQ�YH� NDOS� \HWPH]OLøL� ROPDN� �]HUH� LNL� E�\�N� DODQGD�NXOODQÖOPÖûODUGÖU�� 6RQ� \ÖOODUGD� LVNHPL � UHSHUI�]\RQ�KDVDUÖQÖQ� |QOHQPHVL� JLEL� oHûLWOL� GXUXPODUGD� GD�$'(�LQKLELW|UOHULQLQ�\DUDUOÖ�HWNLVL�ROGXøX�J|VWHULOPLûWLU ����
.DSWRSULO� LON� EXOXQDQ� $'(� LQKLELW|U�G�U�� NHQGLVL�DNWLI� PDGGHGLU�� HWNLQ� D\UÖ� ELU� PHWDEROLWL� \RNWXU� �0ROHN�O�QGH�LoHUGLøL�V�OILGULO�� �6+��JUXEXQXQ�VHUEHVW�UDGLNDO� \DNDOD\ÖFÖ� HWNLVLQLQ� |]HOOLNOH� LVNHPL �UHSHUI�]\RQ� KDVDUÖQÖQ� |QOHQPHVL� JLEL� \DUDUOÖ�HWNLOHULQLQ� ELU� NÖVPÖQGDQ� VRUXPOX� ROGXøX� LOHUL�V�U�OPHNWHGLU�� %XQXQ� DNVLQH�� �6+� JUXEXQXQ� $'(�LQKLELW|UOHULQLQ� NRUX\XFX� HWNLVLQGH� KHUKDQJL� ELU� URO��ROPDGÖøÖQÖ�ELOGLUHQ�oDOÖûPDODU�GD�YDUGÖU� �
/L]LQRSULO� NLP\DVDO� RODUDN� SHSWLG� EHQ]HULGLU�� NHQGLVL�DNWLIWLU�� D\UÖFD� DNWLI� PHWDEROLWL� \RNWXU� YH� �6+� JUXEX�LoHUPH]�� .DSWRSULO·H� J|UH� LQ� YLWUR ���� LQ� YLYR ��� NH]�GDKD�SRWHQWGLU��
.DSWRSULO� YH� OL]LQRSULO� KDULo� GLøHU� $'(� LQKLELW|U �OHULQLQ�PHWDEROLWOHUL�DNWLIWLU��EX�LNL�LODFÖQ�NHQGLOHUL�DNWLI�ROGXøXQGDQ�LQ�YLWUR GHQH\OHU�LoLQ�X\JXQ�LODoODUGÖU� �
%X�oDOÖûPDGD��$'(�LQKLELW|UOHUL�RODQ�NDSWRSULO�YH� OL �]LQRSULO·LQ� L]ROH� VÖoDQ� NDOELQGH� LVNHPL�UHSHUI�]\RQ�VRQUDVÖ�P\RNDUG��]HULQGHNL�NRUX\XFX�HWNLOHULQLQ�LQFH �OHQPHVL�YH�NDSWRSULOGH�EXOXQDQ� �6+�JUXEX�QHGHQL\OH�EX�HWNLGH�ELU�GHøLûLNOLN�ROXS�ROPDGÖøÖQÖQ�DUDûWÖUÖOPDVÖ�DPDoODQPÖûWÖU��
*(5(d�YH�<g17(0
dDOÖûPD�VDELW�EDVÖQoOÖ�/DQJHQGRUII�PRGHOLQGH�� LQ�YLWURL]ROH�SHUI�]H�VÖoDQ�NDOELQGH�JHUoHNOHûWLULOGL�����DOELQR�ZLVWDU��HUNHN�VÖoDQ�NXOODQÖOGÖ�����VÖoDQ�NRQWURO�JUXEX�����VÖoDQ�OL]LQRSULO�YH����VÖoDQ�GD�NDSWRSULO�JUXEX�ROD �UDN� oDOÖûPD\D� DOÖQGÖ�� 'HQH\GH� NXOODQÖODFDN� VÖoDQODU�LûOHP� |QFHVL� WDUWÖOGÖ�� 0\RNDUG� LoLQ� WRNVLN� RODELOH�FHøLQGHQ� GROD\Ö� DQHVWH]LN� DMDQ� NXOODQÖOPDGÖ�� 6ÖoDQODU�JL\RWLQ� LOH� |OG�U�OG�NWHQ� VRQUD�� oÖNDUÖODQ� NDOSOHU�/DQJHQGRUII� VLVWHPLQH� DVÖODUDN�� ���FP� + �2� VDELW�EDVÖQo�LOH�SHUI�]H�HGLOGL��3HUI�]\RQ�VÖYÖVÖ�RODUDN������2� YH���� &2� LOH� JD]ODQGÖUÖODQ�� ��� �&� GD� PRGLIL\H�W\URGH� VRO�V\RQX� �1D&O������ J�O�� .&O�� ����� J�O��&D&O��� ����� J�O�� 1D+�32��� ����J�O�� 1D+&2��� �����

J�O�� *OXNR]�� ����� J�O�� 0J&O ��� ����� J�O�� NXOODQÖOGÖ��.DUGL\RSOHML� RODUDN� 6W�7KRPDV� �� NDUGL\RSOHML� VRO �V�\RQX� �1D�� ���� P(T�OW�� .ORULG�� ���� P(T�OW�� 3RWDV�\XP�����P(T�OW��.DOVL\XP������P(T�OW��0DJQH]\XP����� P(T�OW�� NDUGLDN� DUUHVW� VDøODPDN� LoLQ� NXOODQÖOGÖ����JUXSWD� �NRQWURO� JUXEX�� SHUI�]\RQ� VRO�V\RQX� YH�NDUGL\RSOHMLN� VRO�V\RQD� KHUKDQJL� ELU� LODo� HNOHQPHGL��3HUI�]\RQ� VRO�V\RQXQD� ��JUXSWD� ���� �PRO�O� O L]LQR�SULO����JUXSWD�LVH������PRO�O�NDSWRSULO�HNOHQGL��ùON����GDNLND�NDOELQ�VWDELOL]DV\RQX�LoLQ�EHNOHQGL�����GDNLNDGD�VDø� DWUL\XPD� \HUOHûWLULOHQ� LOHWL� WHOL� DUDFÖOÖøÖ\OD� NDOS� ��P$� DNÖP� LOH� ���� DWÖP�GN� VDELW� KÖ]GD� X\DUÖOGÖ�� 3HU �I�]\RQ� VÖYÖODUÖ� WRSODQDUDN� ���� Y H� ���� GDNLNDODUGDNL�RUWDODPD�NRURQHU�DNÖP�KÖ]ODUÖ��PO�GN��ND\GHGLOGL���� ����GDNLNDODU� DUDVÖ� WRSODQDQ� VÖYÖGDQ� �·HU� PO� |UQHN�DOÖQGÖ� YH� HQ]LP� |Oo�POHUL� �$67�� DVSDUWDW� DPLQR �WUDQVIHUD]�� /'+�� ODNWLNGHKLGURJHQD]�� &3.�� NUHDWLQ �IRVIRNLQD]��LoLQ�D\UÖOGÖ��
<LUPLQFL� GDNLNDGD� SHUI�]\RQ� VÖYÖVÖ� NHVLOHUHN�� ����PO�VDDW� ���PO�GN�� KÖ]GD� VDGHFH� NDUGL\RSOHML� ���JUXS��YH\D� OL]LQRSULO� ���JUXS�� YH\D� NDSWRSULO� ���JUXS�� LODYH�HGLOPLû� NDUGL\RSOHML� LQI�]\RQXQD� EDûODQGÖ�� %X� VÖUDGD�X\DUÖ� NDSDWÖOGÖ�� ùNL� GDNLNDOÖN� V�UHGH� WRSODP� �� PO�NDUGL\RSOHML� LOH�NDUGL\DN�DUUHVW�VDøODQGÖNWDQ�VRQUD�����PO�VDDW������PO�GN��KÖ]GD�NDUGL\RSOHML��YH\D�OL]LQRSULO��NDUGL\RSOHML�\DGD�NDSWRSULO��NDUGL\RSOHML�� LOH�V�UHNOL�NRURQHU�SHUI�]\RQ�VDøODQGÖ��.DUGL\RSOHML�RGD�ÖVÖVÖQGD����� �&�� YHULOGL��.DUGL\RSOHML� YHULOLUNH Q� NDOELQ� HWUDIÖQ�GDNL�ÖVÖ�FHNHWLQLQ�ÖVÖVÖ���� �&·GH�WXWXOPD\D�GHYDP�HGLO �GL�
$UUHVW� EDûODQJÖFÖQÖQ� ���GDNLNDVÖQGD� NDUGL\RSOHML� NHVL �OHUHN�� WHNUDU� 7\URGH� �YH\D� 7\URGH�/L]LQRSULO� \DGD�7\URGH�.DSWRSULO�� LOH� NRURQHU� SHUI�]\RQD� EDûODQGÖ��5HSHUI�]\RQD�WRSODP����GDNL ND�GHYDP�HGLOGL��5HSHU �I�]\RQXQ����GDNLNDVÖQGDQ�LWLEDUHQ�WHNUDU�X\DUÖ�LOH�NDOS������ DWÖP�GN� VDELW�KÖ]GD�� �P$� LOH�X\DUÖOGÖ��5HSHUI�] �\RQXQ� ���� ���� ���� ���� ���GDNLNDODUÖQGD� NRURQHU� DNÖP�KHVDSODQGÖ��5HSHUI�]\RQXQ� �� ���� YH� ������ GDNLNDODU�DUDVÖ� WRSODQDQ� SHUI�]\RQ� VÖYÖVÖQGDQ� HQ]LP� |Oo�POHUL��$67��/'+��&3.��LoLQ��·HU�PO�|UQHN�DOÖQGÖ�
5HSHUI�]\RQXQ� ���GDNLNDVÖQGD� GHQH\� VRQODQGÖUÖOPD �GDQ� KHPHQ� |QFH� NDOSWHQ� V�]�OHQ� VÖYÖGDQ� �YHQ|]�� YH�NDOEH�JLUPHGHQ�|QFHNL�SHUI�]\RQ�VÖYÖVÖQGDQ��DUWHU\HO��|UQHN� DOÖQDUDN�� EX� |UQHNOHUGHQ� �� 32��� 3&2��� S+�|Oo�OG���.DOEH�JLUHQ�YH�NDOSWHQ�oÖNDQ�VÖYÖODU�DUDVÖ�32 �|Oo�POHUL� LOH� NDOELQ� RNVLMHQ� W�NHWLPL� KHVDSODQGÖ��.DOELQ� RNVLMHQ� W�NHWLPL�>�DUWHUL\HO �YHQ|]� 2� EDVÖQFÖ��PP+J�[���&� GH�2� HUL\HELOLUOLøL� �PO�PO+�2��������PO�PPRO�� [� NRURQHU� DNÖP� �PO� VDDW��NDOS� DøÖUOÖøÖ��JU�@�
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úHNLO����/L]LQRSULO�YH�NDSWRSULOLQ�NDOS�JUDP�DøÖUOÖøÖ�EDûÖQD�G�ûHQ�NRURQHU�DNÖP�KÖ]ÖQD� �PO�GN�JU��HWNLOHUL��
�.RQWUROGHQ� LVWDWLVWLNVHO�RODUDN�DQODPOÖ�IDUNOÖOÖN��S�������

dDOÖûPDGD� HOGH� HGLOHQ� GHøHUOHU� 6366� :LQGRZV� ����LVWDWLVWLN� SURJUDPÖ� LOH� GHøHUOHQGLULOGL�� (OGH� HGLOHQ�SDUDPHWUHOHULQ� RUWDODPDODUÖ� YH� VWDQGDUW� KDWDODUÖ�KHVDSODQGÖ��6RQXoODUÖQ�LVWDWLVWLNVHO�GHøHUOHQGLULOPHVLQ �GH� D\QÖ� ]DPDQ� DUDOÖøÖQGD� JUXSODUÖQ� ELUELUL� LOH�NDUûÖODûWÖUPDODUÖQGD�0DQQ �:KLWQH\�8� WHVWL� NXOODQÖOGÖ��$\QÖ�JUXEXQ�IDUNOÖ�LNL�]DPDQ�DUDOÖøÖQGDNL�VRQXoODUÖQÖQ�NDUûÖODûWÖUÖOPDVÖQGD� :LOFR[RQ� LNL� EDøÖPOÖ� |UQHN� WHVWL�NXOODQÖOGÖ�� 3� GHøHUL� ������ RODQODU� LVWDWLVWLNVHO� RODUDN�DQODPOÖ�NDEXO�HGLOGL�
%8/*8/$5
+HU� �o� JUXSWD� SHUI�]\RQXQ� ���� YH� ���� GDNLNDVÖ� LOH�UHSHUI�]\RQXQ� ���� ���� ���� ��� YH� ���� GDNLNDODUÖQGDNL�RUWDODPD� NRURQHU� DNÖP� KÖ]Ö� LOH�� NDOELQ� KHU� �� JUDP�EDûÖQD�G�ûHQ�RUWDODPD�DNÖP�KÖ]ODUÖ�KHVDSODQGÖ��7DEOR����� /L]LQRSULO� JUXEXQGD�� SHUI �]\RQ� YH� UHSHUI�]\RQ�G|QHPLQGHNL�NRURQHU�DNÖP�KÖ]Ö�NRQWURO�JUXEXQD�J|UH�GDKD� \�NVHNWL�� %X� \�NVHNOLN� UHSHUI�]\RQXQ� ����GDNLNDVÖ� KDULo� W�P� ]DPDQ� DUDOÖNODUÖQGD� LVWDWLVWLNVHO�RODUDN� DQODPOÖ� EXOXQGX� �7DEOR� ��� úHNLO� ����.DSWRSULO�JUXEXQGD�GD�EHQ]HU�ûHNLOGH�SHUI� ]\RQ�YH�UHSHUI�]\RQ�G|QHPLQGHNL� NRURQHU� DNÖP� KÖ]Ö� NRQWUROH� J|UH� W�P�]DPDQ� DUDOÖNODUÖQGD� DQODPOÖ� ELU� ûHNLOGH�GDKD� \�NVHNWL��7DEOR� ��� úHNLO� ���� /L]LQRSULO� YH� NDSWRSULO� JUXSODUÖ�NDUûÖODûWÖUÖOGÖøÖQGD� LVH�� SHUI�]\RQ� G|QHPLQGH� YH�UHSHUI�]\RQXQ� ���� GDNLNDVÖQGDQ� V RQUD� NRURQHU� DNÖP�KÖ]ODUÖ�ELUELULQGHQ�DQODPOÖ�RODUDN�IDUNOÖ�EXOXQPDGÖ�

.DOELQ� RNVLMHQ� W�NHWLPL� DUWHUL\HO� �NDOEH� JLUHQ�� YH�YHQ|]� �NDOSWHQ� V�]�OHQ�� VÖYÖGDNL� RNVLMHQ� IDUNÖQGDQ�NDOELQ� NXOODQGÖøÖ� RNVLMHQ�PLNWDUÖ� KHVDSODQDUDN�KHU��o�JUXS�ELUELUL\OH� LVWDWLVWLNVH O�RODUDN�NDUûÖODûWÖUÖOGÖ� �7DEOR�����.RQWUROH� J|UH� �����r�������� �����r�����YH�NDS�WRSULO� �����r����� JUXEXQGDNL� \�NVHNOLN� LVWDWLVWLNVHO�RODUDN� DQODPOÖ� EXOXQGX�� DQFDN� NDSWRSULO� YH� OL]LQRSULO�JUXSODUÖ�DUDVÖQGD�DQODPOÖ�ELU�IDUNOÖOÖN�EXOXQDPDGÖ�
+HU� �o� JUXSWD� SHUI�]\RQXQ� ���� GDNLNDVÖQGD�� UHSHU �I�]\RQXQ� LVH�����YH�����GDNLNDVÖQGD� WRSODQDQ�VÖYÖGDQ�&3.��/'+�YH�$67�G�]H\OHUL�|Oo�OG��� JUXSODU�NHQGL�LoOHULQGH� YH� ELUELUOHUL� DUDVÖQGD� LVWDWLVWLNVHO� RODUDN�NDUûÖODûWÖUÖOGÖ� �7DEOR�����&3.�YH�/'+�G�]H\OHUL�SHU �I�]\RQXQ� ���� GDNLNDVÖQGD� IDUNOÖOÖN� J|VWHUPHGL�� $67�G�]H\L�NRQWURO�JUXEXQGD�\�NVHN�ROPDVÖQD�UDøPHQ�EX�IDUN� GD� LVWDWLVWLNVHO� RODUDN� DQODPOÖ� GHøLOGL� �S!�������5HSHUI�]\RQXQ�����GDNLNDVÖQGD�&3.�G�]H\LQGH�NRQW �URO� JUXEXQGD������� OLN� ELU� DUWÖû�� OL]LQRSULO� JUXEXQGD������ D]DOPD�� NDSWRSULO� JUXEXQGD� LVH� ������ DUWÖû�ROPXûWXU��5HSHUI�]\RQXQ�����GDNLNDVÖQGD�/'+�G�]H �\LQGH� NRQWURO� JUXEXQGD� �����·OLN� EHOLUJLQ� ELU� DUWÖû�ROXUNHQ�� OL]LQRSULO� JUXEXQGD������� NDSWRSULO� JUXEXQ �GD� ��� PLQLPDO� DUWÖû� ROPXûWXU�� 5HSHUI�]\RQXQ� ����GDNLNDVÖQGD�LVH�&3.�YH� /'+�G�]H\OHULQGH�D]�PLNWDU �GD�G�ûPH�ROPXûWXU��5HSHUI�]\RQXQ�����YH�����GDNLND �VÖQGD�&3.�YH�/'+�G�]H\OHULQGHNL�GHøLûLNOLNOHU��JUXS �ODU�DUDVÖQGD�YH�JUXS�LoLQGH�LVWDWLVWLNVHO�RODUDN�IDUN�J|V �WHUPHPLûWLU��S!��������
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$67� G�]H\OHUL�� SHUI�]\RQXQ� ���� GDNLNDVÖQGD� EDN ÖO�GÖøÖQGD��NRQWURO�JUXEXQGD�\�NVHNOLN�ROPDVÖQD�UDøPHQ�JUXSODU� DUDVÖQGD� LVWDWLVWLNVHO� IDUN� EXOXQDPDPÖûWÖU��S!�������$UUHVW�VRQUDVÖ�UHSHUI�]\RQXQ�����GDNLNDVÖQ �GD��NRQWURO�JUXEXQGD�SHUI�]\RQXQ�����GDNLNDVÖQD�J| �UH����·OLN�ELU�DUWÖû�VDSWDQPÖûWÖU�YH�EX�DUWÖû�LVW DWLVWLNVHO�RODUDN�DQODPOÖGÖU� �S�������� ùNLQFL�JUXSWD������o�QF��JUXSWD� ���� DUWÖû� ROPXûWXU�� DQFDN� LVWDWLVWLNVHO� RODUDN�DQODPOÖ�GHøLOGLU��S!�������5HSHUI�]\RQXQ�����GDNLNDVÖQGD�$67�GHøHUOHUL�G�û PH�\H� EDûODPÖûWÖU� DQFDN� EX� GHøHUOHU� JUXS� LoL� YH� JUXSODU�DUDVÖ� NDUûÖODûWÖUÖOGÖøÖQGD� LVWDWLVWLNVHO� RODUDN� DQODPOÖ�GHøLOGLU��S!�������7DEOR����
7$57,ú0$
7HNQLN� DoÖGDQ�EDûDUÖOÖ� NDOS� DPHOL\DWODUÖQÖ� WDNLEHQ�J| �U�OHQ�PRUWDOLWH�YH�PRUELGLWHQLQ�HQ�EDûWD�JHOHQ�VHEHEL �QLQ� LQWUDRSHUDWLI�P\RNDUGL\DO�KDVDU�ROGXøX�ELOLQPHN �WHGLU�� &HUUDKL� WHNQLN� YH� P\RNDUG� NRUXQPDVÖQGDNL�

JHOLûPHOHU� VD\HVLQGH� NDOS� FHUUDKLVLQGH� PRUWDOLWH� YH�PRUELGLWH� JLGHUHN� D]DOPÖûWÖU��0\RNDUGÖQ� FHUUDKL� VÖUD �VÖQGD� GDKD� L\L� NRUXQDELOPHVL� LoLQ� J�Q�P�]GH� GH� oH �ûLWOL�oDOÖûPDODU�KÖ]OD�V�UG�U�OPHNWHGLU��%L]�EX�oDOÖûPD �GD�� ����� \ÖOÖQGD� NDSWRSULO·LQ� LON� RUWD\D� DWÖOÖûÖQGDQ� EX�\DQD� JHoHQ� ]DPDQ� LoLQGH�� EDûWD� KLSHUWDQVL\RQ� GDKD�VRQUD�GD�NDOS�\HWPH]OLøL�ROPDN��]HUH�LNL�E�\�N�DODQGD�NXOODQÖODQ�� VRQ� \ÖOODUGD� GD� SHN� oRN� KDVWDOÖøÖQ� WHGDYL �VLQGH� NXOODQÖOPD\D� EDûODQDQ� $'(� LQKLELW|UOHULQLQ ���NDUGL\RSXOPRQHU� E\SDVV� VÖUDVÖQGD� NXOODQÖODELOLUOLøLQH�\|QHOLN� ELU� |QJ|U�GH� EXOXQXS� EXOXQDPÖ\DFDøÖPÖ]Ö�DUDûWÖUGÖN�
$'(� LQKLELW|UOHULQLQ� NDOS� �]HULQH� DNXW� YH� NURQLN�ROXPOX�HWNLOHUL�YDUGÖU� �� $'(�LQKLELW|UOHULQLQ�NRURQHU�NDQ�DNÖP�KÖ]ÖQÖ�DUWWÖUPDGDNL�HWNL�P HNDQL]PDODUÖ�WDUWÖû �PDOÖGÖU�� $QML\RWHQVLQ��� �$7,,�� NRURQHU� GDPDUODUGD�YD]RNRVWU�NVL\RQ�\DSDUDN�NRURQHU� DNÖPÖ� D]DOWÖU�� NDOS�KÖ]ÖQÖ� G�û�U�U�� VRO� YHQWULN�O� GL\DVWROLN� EDVÖQFÖQÖ�DUWWÖUÖU��$QML\RWHQVLQ��� �$7,��GH�EHQ]HU�HWNLOHU�\DSDU��DQFDN� EX� HWNLOHU� RUWDPD� NDS WRSULO� HNOHQPHVL� LOH�
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|QOHQHELOLU�� %X� GXUXP�$7,·LQ� HWNLVLQGHQ� GH�$7,,·\H�G|Q�û�P�Q�Q�URO�R\QDGÖøÖQÖ�J|VWHULU�YH�LQWUDNDUGL\DN�UHQLQ�DQML\RWHQVLQ�VLVWHPLQLQ�YDUOÖøÖQÖ�GRøUXODU� �� 'H�QH\� RUWDPÖQD� NDSWRSULO�$7,,� HNOHQPHVL� LOH�� NDS �WRSULO·LQ� ROXûWXUPDVÖ� EHNOHQHQ� YD]RGLODWDV\RQX� ROXû�WXUPDGÖøÖ� ELOGLULOPLûWLU�� %X� GXUXP� $'(� LQKLELW|UOH �ULQLQ� NRURQHU� YD]RGLODWDV\RQ� ROXûWXUXFX� HWNLVLQGH�$7,·GHQ�$7,,�ROXûXPXQXQ�|QOHQPHVLQLQ�URO�DOGÖøÖQÖ�G�û�QG�U�U�� *LVW� YH� DUN��� �6+� JUXEXQXQ� HWNLOHULQL�DUDûWÖUPDN� DPDFÖ\OD�� NDSWRSULO�� UDP LSULODW� YH� $'(�LQKLELW|U��ROPD\DQ� IDNDW �6+� LoHUHQ� VLVWHLQ� YH� JOXWDW �\RQ�LOH�\DSWÖNODUÖ�oDOÖûPDGD��W�P�W�P�LODo�JUXSODUÖQGD�NRURQHU�NDQ�DNÖPÖQÖQ�DUWWÖøÖQÖ��UDPLSULODW�LOH�EX�DUWÖûÖQ�GDKD� D]�ROGXøXQX�J|VWHUPLû��E|\OHFH� ²6+�JUXEXQXQ�NRURQHU�NDQ�DNÖPÖ��]HULQH�R OXPOX�HWNLOHULQLQ�RODELOH �FHøLQL�ELOGLUPLûOHUGLU� ��
%L]� GH� EX� oDOÖûPD� LOH�� ²6+� LoHUHQ� $'(� LQKLELW|U��NDSWRSULO� YH� ²6+� LoHUPH\HQ� $'(� LQKLELW|U�� OL]L �QRSULOL�NRQWURO�JUXEXQD�J|UH�NDUûÖODûWÖUGÖøÖPÖ]GD��KHU�LNLVLQLQGH�GH�SHUI�]\RQ�G|QHPLQGH�NRURQHU�NDQ�DNÖ �PÖQÖ�DQODPOÖ�YH�HûGHøHU�DUWWÖøÖQÖ�EXOGXN��5HSHUI�]\RQ�G|QHPLQGH�LVH�����GDNLNDGD�NDSWRSULO�JUXEXQGD�NRUR �QHU� NDQ� DNÖPÖ� SHUI�]\RQ� G|QHPL� LOH� D\QÖ� ROGXøX�KDOGH��OL]LQRSULO�JUXEXQGD�NRQWURO�JUXEXQD�J|UH�GDKD�\�NVHN�� IDNDW� NDSWRSULO� JUXEXQD� J|UH� GDKD� G�û�N�EXOXQPXûWXU�� 5HSHUI�]\RQXQ� LOHUOH\HQ� GDNLNDODUÖQGD�OL]LQRSULOLQ�ROXûWXUGXøX�NRURQHU�NDQ�DNÖPÖQGDNL�DUWÖû��DQFDN� UHSHUI�]\RQXQ� ���� GDNLNDVÖQGD� NDSWRSULOLQ�ROXûWXUGXøX�NRURQHU�NDQ�DNÖPÖ\OD�KHPHQ�KHPHQ�D\QÖ�ROPXûWXU�� %X� GXUXP�� NNDSWRSULOLQ�� NODVLN� $'(�LQKLELV\RQX�\DQÖQGD��PXKWHPHOHQ� ²6+�JUXEXQD�EDøOÖ�EDûND� ELU� PHNDQL]PD\OD� GD�� NRURQHU� NDQ� DNÖPÖQÖ�DUWWÖUGÖøÖQÖ� G�û�QG�UP�ûW�U�� 3HURSHUDWLI� FLGGL� NRUR �QHU� DUWHU� KDVWDOÖøÖ� RODQ� YH\D� WDP� UHYDVN�ODUL]DV\RQ�\DSÖODPÖ\DFDN� NRURQHU� DUWHU� KDVWDODUÖ� LOH�� YHQWULN�O�KLSHUWURILVL� QHGHQL\OH�P\RNDUGÖQ� RNVLMHQ� LKWL\DFÖ� DUW �PÖû�KDVWDODUGD��$'(�LQKLELW|UOHUL�NRURQHU�NDQ�DNÖPÖ �QÖ� DUWWÖUÖFÖ� HWNLOHUL� QHGHQL\OH� NXOODQÖODELOLUOHU�� %X� JUXS�KDVWDODUGD��$'(�LQKLELW|UOHULQLQ�SUHRSHUDWLI�G|QHPGH�RUDO�EDûODQPDVÖQÖQ�YH�NDUGL\RSXOPRQHU�E\SDVV��.3%��VÖUDVÖQGD� NDUGL\RSOHML\H� YH�EDûODQJÖo� VRO�V\RQXQD� HN �OHQPHVLQLQ� SHURSHUDWLI� PRUWDOLWH� PRUELGLWH\L� D]DOWD �ELOHFHøLQL�G�û�Q�\RUX]�
dDOÖûPDGD� GLøHU� EXOJXPX]�� KHU� LNL� LODFÖQ� GD� NRQWURO�JUXEXQD� J|UH� LVWDWLVWLNVHO� RODUDN� DQODPOÖ� �S�������ûHNLOGH� NDOELQ� RNVLMHQ� W�NHWLPLQL DUWWÖUPDODUÖGÖU��*XUHYLWFK�YH�DUN�GD�NDSWRSULO�LOH�\DSWÖNODUÖ�oDOÖûPDGD��EX� LODFÖQ� NDOELQ� RNVLMHQ� NXOODQÖPÖQÖ� DUWWÖUGÖøÖQÖ�ELOGLUPLûOHUGLU��� %XUDGDQ� \ROD� oÖNDUDN� $'(� LQKLEL �W|UOHULQLQ�NDOELQ�RNVLMHQ�NXOODQÖPÖQÖ�DUWWÖUÖFÖ�HWNLOHULQ �GHQ�� �6+�JUXEXQXQ����GHUHFH�VRUXPOX�ROPDGÖøÖ� NDQÖ�VÖQD YDUGÖN��ùVNHPL�VRQUDVÖ�G|QHPGH�NRURQHU�DNÖP�YH�

NDOEH�JHOHQ�RNVLMHQ�LoHULøL�DUWWÖøÖQGD��RNVLMHQ�NXOODQÖPÖ�\HWHUVL]�ROXUVD�UHSHUI�]\RQ�KDVDUÖQD�QHGHQ�ROXU� �� +HU�LNL� $'(� LQKLELW|U�Q�Q� GDKD� |QFH� J|VWHULOHQ� VHUEHVW�UDGLNDOOHUH�NDUûÖ�NRUX\XFX�HWNLOHULQGHQ��GLøHU�PHNDQL] �PDODUÖQ� \DQÖQGD�� NDOELQ� RNVLMHQ� NXOODQÖPÖQÖ� DUWWÖUPD �ODUÖ�GD�URO�R\QD\DELOLU�
0\RNDUGGD�K�FUH�KDVDUÖ�ROPDVÖ��K�FUH�LoLQGHNL�HQ]LP �OHULQ� K�FUH� GÖûÖQD� oÖNPDVÖQD� QHGHQ� ROXU� �� %XQXQ�NOLQLN�VRQXFX��NDQGD�EX�HQ]LPOHULQ�\�NV HOPHVLGLU�� ùQ�YLWUR�oDOÖûPDODUGD�LVH�NDOSWHQ�V�]�OHQ�VÖYÖODUGD�EX�HQ �]LPOHU�\�NVHOLU��*XUYLWFK�YH�DUN���UHSHUI�]\RQ�VÖYÖVÖ�YH�NDUGL\RSOHML\H�NDSWRSULO�HNOHQPHVLQLQ�&3.�VDOÖQÖPÖQÖ�D]DOWDUDN� P\RNDUG� �]HULQGH� NRUX\XFX� HWNL� ROXûWXU �GXøXQX�ELOGLUPLûOHUGLU� �� %DJFKL� YH� DUN��� NDSWRSULO� LOH�/'+�YH�&3.�VDOÖQÖPODUÖQÖQ�D]DOGÖøÖQÖ�J|VWHUHUHN��EX�LODFÖQ�P\RNDUG� NRUX\XFX� HWNLOHULQLQ� ROGXøXQX� ELOGLU �PLûOHUGLU��� =KDQJ� YH� DUN�GD�� KLSHUWURILN� YH� QRUPDO�NDOSOHUGH� \DSWÖNODUÖ� oDOÖûPDGD�� KLSHUWURILN� NDOSOHUGH�UHQLQ� DQMLRWHQVLQ� VLV WHPLQLQ� DNWLYDV\RQXQXQ� DUWWÖøÖQÖ�YH� NDSWRSULO� LOH� &3.� VDOÖQÖPÖQÖQ� D]DOGÖøÖQÖ� YH� EX�NRUX\XFX�HWNLGHQ�PXKWHPHOHQ�UHQLQ�DQMLRWHQVLQ�VLVWH �PLQLQ�LQDNWLYDV\RQXQXQ�VRUXPOX�ROGXøXQX�ELOGLUPLû �OHUGLU��� %X�oDOÖûPDGD��VDGHFH�NDOSWHQ�V�]�OHQ�VÖYÖGDQ�|UQHN� oDOÖûÖOGÖøÖ� LoLQ�� DUUHVW� VRQUDVÖ� UHSHUI�]\RQXQ����GDNLNDVÖQGD�KHU��o�JUXSWD�GD�HQ]LPOHULQ�\�NVHOGLøL�J|]OHQPHNWHGLU�� .RQWURO� JUXEXQGD� EX� \�NVHOPH��NDSWRSULO� YH� OL]LQRSULO� JUXEXQD�J|UH�GDKD�EHOLUJLQGLU��%X�GXUXP�KHU�LNL�LODFÖQGD�P\RNDUG�KDVDUÖQÖ�D]DOWWÖøÖQÖ�G�û�QG�UPHNWHGLU��DQFDN�LVWDWLVWLNVHO�RODUDN�DQODPOÖOÖN�J|VWHULOHPHPLûWLU�� $67�� VDGHFH� NRQWURO� JUXEXQGD�LVWDWLVWLNVHO� RODUDN� DQODPOÖ� DUWDUNHQ�� LODo� JUXSODUÖQGD�DUWPDPDVÖ�P\RNDUG�KDVDUÖQÖQ�LODo�JUXSODUÖQGD�GDKD�D]�ROGXøXQXQ� ELU� J|VWHUJHVL� RODELOLU�� 5HSHUI�]\RQXQ����GDNLNDVÖQGD�P\RNDUG�NHQGLQL�WRSODPD\D�EDûOD\DUDN�HQ]LPOHU� W�P� JUXSODUGD� WHNUDU� G�ûPHNWHGLU�� %X�G�ûPH� KHU� LNL� LODo� JUXEXQGD�� NRQWURO� JUXEXQD� J|UH�GDKD� ID]ODGÖU�� %X� GXUXPGD� KHU� LNL� LODFÖQ� P\RNDUG��]HULQH� ROXPOX� HWNLOHULQL� G�û�QG�UPHNOH� EHUDEHU�LVWDWLVWLNVHO� RODUDN� DQODPOÖ� GHøLOGLU�� 6RQXo� RODUDN�� LNL�IDUNOÖ� $'(� LQKLELW|U�� RODQ� NDSWRSULO� YH� OL]LQRSULO·LQ�KHU� LNLVLQLQ�GH�NRURQHU�NDQ�DNÖPÖQÖ�DQODPOÖ�GHUHFHGH�\�NVHOWWLøLQL�� P\RNDUGÖQ� RNVLMHQ� W�NHWLPLQL� DQODPOÖ�RODUDN�DUWWÖUGÖøÖQÖ�EXOGXN��+HU�LNL�LODo�GD�P\RNDUGGDQ�LVNHPL� VRQUDVÖ� K�FUH� LoL� HQ]LP� VDOJÖVÖQÖ� D]DOWPDNOD�EHUDEHU��EX�D]DOPD�LVWDWLVWLNVHO�RODUDN�DQODPOÖ�GHøLOGL��dDOÖûPDPÖ]GDNL� EXOJXODUÖQ� KHU� LNL� LODoWD� GD� ELUELULQH�\DNÖQ�ROPDVÖ� ²6+�JUXEXQXQ�EX�VRQXoODUGDQ�VRUXPOX�DQD� PHNDQL]PD� ROPDGÖøÖQÖ� G�û�QG�UG��� 5LVNOL� K DVWD�JUXSODUÖQGD�� |]HOOLNOH� .3%� ]DPDQÖ� X]XQ� V�UPHVL�EHNOHQHQ�� SUHRSHUDWLI� DøÖU� LVNHPLVL� RODQ�� SXOPRQHU�DUWHU� EDVÖQFÖ� \�NVHN� RODQ� YH\D� KLSHUWURILN� NDOSOHUGH��DoÖN� NDOS� FHUUDKLVLQGHQ�|QFH�SHURUDO�$'(� LQKLELW|U �OHULQLQ� EDûODQDUDN�� EDûODQJÖo� VRO�V\RQ� YH� NDUGL\R �
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SOHML\H�HNOHQPHVLQLQ�RSHUDWLI� ULVNL�D]DOWDELOHFHøL� NDQÖ�VÖQD YDUGÖN��)DNDW�NHVLQ�VRQXFD�XODûDELOPHN�LoLQ��IDUNOÖ�$'(� LQKLELW|UOHUL� LOH� GHQH\VHO� oDOÖûPDODUÖQ� YH� LOHULGH�NOLQLN�oDOÖûPDODUÖQ�\DSÖOPDVÖ�JHUHNPHNWHGLU�
.$<1$./$5
�� 1DOEDQWJLO� ,�� $QJLRWHQVLQ� NRQYH UWLQJ� HQ]LP� LQKLELW|UOHUL�� ,VWDQEXO�� 7XQo�PDWEDDFÖOÖN��������� .D\DDOS� 2�� 3HSWLG� \DSÖOÖ� RWRNRLGOHU� YH� DQWDJRQLVWOHUL�� 7ÖEEL� )DUPDNRORML� ��� FLOW���$QNDUD��)HU\DO��� 0DWEDDFÖOÖN��������� -DEHUDQVDUL� 07�� %D[WHU� *)�� 0XOOHU� &$�� /DWRXI� 6(�$QJLRWHQVLQ �FRQYHUWLQJ�HQ]\PH� LQKLELWLRQ� HQKDQFHV� D� VXEWKUHVKROG� VWLPXOXV� WRHOLFLW� GHOD\HG�SUHFRQGLWLRQLQJ�LQ�SLJ�P\RFDUGLXP�$P�&ROO�&DUGLRO������������� �������� 0DXOLN� 6.�� .XPDUL� 5�� 0DXOLN� 0�� 0DQFKDQGD� 6&�� &DSWRSULO� DQG� LWV� WLPH� RI�DGPLQLVWUDWLRQ� LQ� P\RFDUGLDO� LVFKHPLF �UHSHUIXVLRQ� LQMXU\�� 3KDUPDFRO� 5HV� ��������������� .D\DDOS�2��$QWLKLSHUWDQVLI�LODoODU��5DV\RQHO�WHGDYL�\|Q�QGHQ�7ÖEEL�IDUPDNRORML����FLOW����EDVNÖ���������$QNDUD��8OXFDQ�PDWEDDVÖ���� +XL]HU� 7��:HHU� 3�� -RQJ� -:�� &DSWRSULO� LQKLELWV� DQ JLRWHQVLQ� ��LQGXFHG� FRURQDU\�IORZ�UHGXFWLRQ�LQ�LVRODWHG�UDW�KHDUW�EXW�KDV�DOVR�QR�HIIHFW�RQ�FRQWUDFWLOLW\�RU�HQHUJ\�PHWDEROLVP��(XU�+HDUW�-���������������� %LULQFLRJOX�0��$NVR\�7��2OPH]�(��$FHW�$��3URWHFWLYH�HIIHFW�RI�$'(�LQKLELWRUV�RQ�LVFKHPLD�UHSHUIXVLRQ�LQGXFHG�DUUK\WKPLDV�LQ�UDWV��,V�WKLV�HIIHFW�UHODWHG�WR�WKH�IUHH�UDGLFDO�VFDYHQJLQJ�DFWLRQ�RI�WKHVH�GUXJV��)UHH�5DG�5HV���������������� 2SLH� /� +�� $&(� LQKLELWRUV�� 6SHFLILF� DJHQW� DQG� SKDUPDFRNLQHWLFV�� � ������ 1HZ�<RUN��$�-RKQ�:LOH\	6RQV�LQF��3XEOLFDWLRQ���� 3DVDRJOX� ,��%R]HU�$<��0\RNDUG�NRUXQPDVÖ��.DOS�KDVWDOÖNODUÖ�YH�FHUUDKLVL�� � ������$QNDUD��$\\ÖOGÖ]�PDWEDDVÖ��
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