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*�Q�P�]GH� SHN� oRN� DODQGD� o|]�F�� RODUDN� NXOODQÖODQ� RUJDQLN� ELOHûLNOHU� LQVDQ� VDøOÖøÖQÖ� FLGGL� ER\XWODUGD� WHKGLW�HWPHNWHGLU�� %X� oDOÖûPDGD� SDWRORML� ODERUDWXYDUODUÖQGD� KHPRWRNVLOHQ� ER\DPD� YH� GRNX� WDNLEL� LûOHPOHUL� VÖUDV ÖQGD�NVLOHQ�YH�NVLORO�NXOODQDQ� ODERUDQWODUÖQ�DQWLRNVLGDQ�VLVWHPOHUL� DUDûWÖUÖOGÖ��dDOÖûPDGD��
VL� HUNHN��
L�NDGÖQ� WRSODP����ODERUDQW� YH���� VDøOÖNOÖ� ELUH\GHQ� DOÖQDQ�NDQODU� NXOODQÖOGÖ��%X� DPDoOD� V|]�NRQXVX� ODERUDQWODUÖQ� VHUXP�$/3��$67��$/7� YH� 12[ G�]H\OHUL� LOH HULWURVLW� LoL� 62'�� &$7� YH� 0'$� G�]H\OHUL� |Oo�OG��7�P� |Oo�POHU� IRWRPHWULN�\|QWHPOHUOH� JHUoHNOHûWLULOGL� YH� VRQXo� RODUDN� VHUXP� $/3���� ���� 8�/��� $67������ 8�/�� YH� $/7������ 8�/��GHøHUOHUL�QRUPDO�VÖQÖUODU�LoHULVLQGH�EXOXQXUNHQ�12 [�G�]H\L�����������PPRO�/��NRQWURO����������PPRO�/��RODUDN�EXOXQGX��(ULWURVLW�LoL�|Oo�POHUGH�LVH�VÖUDVÖ\OD�0'$��62'�YH�&$7�G�]H\OHUL������ ������QPRO�PO���������������8�J+E������������.�J+E�RODUDN�EXOXQXUNHQ�EX�SDUDPHWUHOHU�NRQWURO�LoLQ�\LQH�D\QÖ�VÖUD�LOH������ ������QPRO�PO����������������8�J+E� YH� �����������.�J+E� ûHNOLQGH� WHVSLW� HGLOLS� \DSÖODQ� LVWDWLVWLNL� GHøHUOHQGLUPH� VRQXFXQGD�12[ YH�0'$�G�]H\OHUL�NRQWUROH�NÖ\DVOD�DQODPOÖ ELU�ûHNLOGH�DUWPÖû��S��������62'�YH�&$7�DNWLYLWHOHULQGH�LVH�\LQH�NRQWUROH� NÖ\DVOD� DQODPOÖ� ELU� � D]DOPD� ROGXøX� J|]OHQPLû WLU� �S�������dDOÖûPD� EXOJXODUÖPÖ]� SDWRORML� ODERUDQWODUÖQÖQ�DQWLRNVLGDQ�VDYXQPD�VLVWHPOHULQLQ�]D\ÖIODGÖøÖ�\|Q�QGHGLU�
$QDKWDU�NHOLPHOHU��.VLOHQ��.VLORO��2NVLGDWLI�+DVDU��$QWLRNVLGDQ�6LVWHP��3DWRORML�/DERUDQWODUÖ�
7KH�(IIHFWV�2I�;\OHQH�,QKDODWLRQ�2Q�7KH�$QWLR[LGDQW�6\VWHP�2I�3DWKRORJ\�/DE�:RUNHUV
2UJDQLF� FRPSRXQGV�� ZKLFK� DUH� XVHG� DV� VROYHQWV� LQ� PDQ\� DUHDV�� WKUHDWHQ� KXPDQ� KHDOWK�� ,Q� WKLV� VWXG\�� WKH�DQWLR[LGDQW� V\VWHP�RI�SDWKRORJ\� ODE�ZRUNHUV�ZKR�XVH�[\OHQH� DQG�[\OROH�GXULQJ�KHPDWR[\OHQH�G\LQJ� DQG� WLVVXH�SXUVXLW� SURFHVVHV� ZHUH� LQYHVWLJDWHG�� 7KH� EORRGV� IURP� ��� ODE� ZRUNHUV� ���PHQ� DQG� �� ZRPHQ�� DQG� ��� KHDOWK\�YROXQWHHUV� ���PHQ� DQG���ZRPHQ��ZHUH�XVHG� IRU� WKLV� VWXG\� )RU� WKLV�SXUSRVH�� 62'��&$7�DFWLYLWLHV� DQG�0'$�OHYHOV�LQ�WKH�5%&�DQG�12[ OHYHOV��$/3��$67��$/7�DFWLY LWLHV�ZHUH�PHDVXUHG�LQ�WKH�VHUXP�RI�HDFK�LQGLYLGXDO��$OO�RI�WKH�DQDO\VHV�ZHUH�GRQH�XVLQJ�SKRWRPHWULF�PHWKRGV��5HVXOWV�ZHUH�DV�IROORZV��VHUXP�$/3����� ����8�/���$67�������8�/��DQG�$/7�������8�/�� OHYHOV�RI� ODE�ZRUNHUV�ZHUH�IRXQG� LQ�WKH�QRUPDO�UDQJH�DQG�12 [ OHYHOV�ZHUH�IRXQG� ���������� PPRO�/� �FRQWURO�� ��������� PPRO�/��� 62'�� &$7� DFWLYLWLHV�� 0'$� OHYHOV� LQ� WKH� 5%&� ZHUH�������������� 8�J+E� �FRQWURO�� ������������� 8�J+E��� ���������� N�J+E� �FRQWURO�� ����������� N�J+E�������������� QPRO�PO� �FRQWURO�� ����������� QPRO�PO�� UHVSHFWLYHO\�� 62'� DQG� &$7� DFWLYLWLHV� ZHUH� ORZHU� WKDQ�FRQWUROV� �S��������0'$�DQG�12[ OHYHOV�ZHUH� VLJQLILFDQWO\�KLJKHU� WKDQ�FRQWUROV �S�������DQG�$/7��$67��$/3�DFWLYLWLHV�ZHUH�ZLWKLQ�WKH�QRUPDO�UDQJHV��2XU�UHVXOWV� LQGLFDWH�WKDW�DQWLR[LGDQW�GHIHQVH�V\VWHPV�RI�SD WKRORJ\�ODE�ZRUNHUV�KDYH�GHFUHDVHG�
.H\ZRUGV��;\OHQH��;\OROH��2[LGDWLYH�'DPDJH��$QWLR[LGDQW�6\VWHP��3DWKRORJ\�/DE�:RUNHUV�

%HQ]HQ� YH� W�UHYOHUL�� DURPDWLN� KLGURNDUE RQODU� DLOHVLQH� DLW� ELOHûLNOHU� ROXS� FDQOÖ� RUJDQ L]PDODU� LoLQ� \�NVHN� WRNVLVLWH\H�VDKLSWLUOHU�� %XQODUGDQ� WRO�HQ�� NVLOHQ� YH� NVLORO� J�Q�P�]GH� ELUoRN� HQG�VWUL\HO� DODQG D� YH� SDWRORML� ODERUDWXDUODUÖQGD�NXOODQÖOPDNWDGÖU�� %X� DODQODUGD� oDOÖûDQ� LQVDQODU� \HWHUOL� NRUX\XF X� NRûXOODU� VDøODQPDPÖûVD� KHU� Lû� J�Q�� EX� WRNVLN�PDGGHOHUH� EHOLUOL� |Oo�GH� PDUX]� NDOPDNWDGÖUODU�� $URPDWLN� KLGURNDUERQODU� RUJDQL]PDGD� PRQRRNVLMHQD]� HQ]LP�VLVWHPOHUL�WDUDIÖQGDQ�PHWDEROL]H�HGLOLUOHU�YH�PHWDEROL]PDODUÖ�VRQXFX�UHDNWLI�RNVLMHQ�W�UOHUL��526��DGÖ�YHU LOHQ�ROGXNoD�
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DNWLI� RNVLMHQ� UDGLNDOOHULQLQ� NRQVDQWUDV\RQODUÖQÖQDUWPDVÖQD� QHGHQ� ROXUODU�� $\UÖFD� EX� ELOHûLNOHULQ� ELU�NÖVÖP� PHWDEROLWOHUL� GH� NDUERNDW\RQ� \DSÖOÖ� UDGLNDOOHU�ROXS�EL\RPROHN�OOHUOH�GRøUXGDQ�HWNLOHûHELOLUOHU��$QFDN�DURPDWLN�KLGURNDUERQ�\DSÖVÖQGDNL�ELOHûLNOHULQ�HQ�HWNLQ�WRNVLVLWHVLQL�PHWDEROL]H�ROPDODUÖ�VRQXFX�ROXûDQ� HSRNVL�\DSÖODU�ROXûWXUXU�
%X� \DSÖODU� '1$� E�Q\HVLQGHNL� ED]ODUD�� |]HOOLNOH�JXDQLQH� KLGURNVLO� NDWÖOPDVÖQD� QHGHQ� ROXS� \DSÖQÖQ� ��KLGURNVL� GHRNVL� JXDQR]LQ� IRUPXQD� G|Q�ûPHVLQH�QHGHQ� ROXU�� *XDQLQ� �]HULQGHNL� EX� \DSÖVDO� G|Q�û�P�FLGGL�ELU�'1$�PXWDV\RQXGXU�
2UJDQL]PDQÖQ� WRNVLN� NLP\DVDO�PDGGHOHUH�PDUX]� NDO�PDVÖ� VRQXFX� NRQVDQWUDV\RQODUÖ� DUWDQ� UHDNWLI� RNVLMHQ�UDGLNDOOHUL�K�FUH�PHPEUDQÖQGD�OLSLW�SHURNVLGDV\RQXQ�GDQ�� K�FUH� oHNLUGHøLQGH� '1$� KDVDUÖQD� NDGDU� W�P�VXEVHOO�OHU� RUJDQHOOHUH� HWNL� HWPHN� VXUHWL\OH� DQWLRNVL�GDQ� VDYXQPD� VLVWHPLQL� ]D\ÖIODWPDNWD�� K�FUH� |O�P���EHUDEHULQGH�HUNHQ�\DûODQPD�YH�ELUoRN�KDVWDOÖøD��NDQ�VHU�� GLDEHW�� DWHURVNOHUR]�� YE��� ]HPLQ� KD]ÖUODPDNWDGÖU�ODU��
5HDNWLI� RNVLMHQ� W�UOHULQLQ� PH\GDQD� JHWLUHELOHFHøL� KD�VDUODU� DQWLRNVLGDQ� HQ]LPOHUOH� �62'�� &$7��*6+�3[��|QOHQLUNHQ�� HQ]LP� ROPD\DQ� DQWLRNVLGDQODU� �$�� (�� &�9LWDPLQOHUL��PHODWRQLQ� JOXWDW\RQ�YE���EX�KDVDUODUÖ�VÖ�QÖUODQGÖUPD\D�oDOÖûÖUODU��.DWDOD]�YH�*OXWDW\RQ�3HURNVL�GD]� JLEL� HQ]LPOHU� ROGXNoD� UHDNWLI� \DSÖGDNL� KLGURNVLO�UDGLNDOOHULQLQ�|QF�O��RODQ�KLGURMHQ�SHURNVLGL�WHPL]OH�\HUHN� GLUHN� ELU� VDYXQPD� VDøOD\DELOLUOHU�� 6�SHURNVLW�'LVPXWD]� LVH� \LQH� oRN UHDNWLI�ELU� UDGLNDO� RODQ� V�SHU�RNVLWL�GLVPXWH�HGHUNHQ�HQ]LP�ROPD\DQ�G�û�N�PROHN�O�DøÖUOÖNOÖ�UDGLNDO�WHPL]OH\LFLOHU�GH�EX�W�UOHUOH�UHDNVL\RQD�JLUHUHN� RQODUÖ� NDUDUOÖ� YH� GDKD� D]� ]DUDUOÖ� W�UOHULQH� G|�Q�ûW�UHELOLUOHU����
+�FUH� LoLQGH� ROXûDQ� VHUEHVW� RNVLMHQ� UDGLNDOOHULQLQ� LON�KHGHIL� K�FUH� PHPEUDQODUÖQGDNL� XQVDWXUH� OLSLWOHUGLU��2NVLGDWLI�VWUHV�V�UHVLQFH�K�FUH�PHPEUDQÖQGD�OLSLW�SH�URNVLGDV\RQX�JHUoHNOHûPHNWH�YH�OLSLW�SHURNVLGDV\RQX�QXQ� ELU� DUD� �U�Q�� RODQ�PDORQGLDOGHKLW� �0'$�� NRQ�VDQWUDV\RQX�DUWPDNWDGÖU��<DSÖODQ�ELU�oDOÖûPDGD�KLSHU�RNVL\H� PDUX]� NDODQ� UDWODUGD� PHPEUDQ� SHUPDELOLWH�VLQLQ� DUWWÖøÖ� YH� WL\R� EDUEXWLULN� DVLW� UHDNWLI� PDGGHVL��7%$56�� G�]H\LQLQ� VLQDSWLN� SOD]PD� PHPEUDQÖQGD�\�NVHOPH�J|VWHUGLøL�UDSRU�HGLOPLûWLU��
2NVLGDWLI� VWUHVLQ� NRQVDQWUDV\RQXQXQ� DUWPDVÖQD� QH�GHQ� ROGXøX� UHDNWLI� RNVLMHQ� UDGLNDOOHULQGHQ� ELU� WDQHVL�GH�QLWULN�RNVLWWLU��6LQLUVHO� LOHWLPGH�R\QDGÖøÖ�URO�YH�GD�PDU� HQGRWHOL� �]HULQH� RODQ� HWNLOHUL� DoÖVÖQGDQ� KD\DWL�|QHPH�VDKLS�RODQ�EX�PROHN�O�Q�DUWDQ�NRQVDQWUDV\R�

QX�UDGLNDOLN�KDVDUD�QHGHQ�ROPDNWD��|]HOOLNOH�GH�V�SHU�RNVLW�UDGLNDOL�YDUOÖøÖQGD�RNVLGDWLI�KDVDU�ROXûWXUPD�ND�SDVLWHVL� oRN� \�NVHN� RODQ� SHURNVLQLWULWH� G|Q�ûPHVL��QLWULN�RNVLWLQ�WRNVLN�SRWDQVL\HOL�\�NVHN�PROHN�OOHU�DUD�VÖQGD�VD\ÖOPDVÖQD�QHGHQ�ROPXûWXU��
%X�oDOÖûPD�SDWRORML�ODERUDWXYDUÖQGD�oDOÖûDQ�YH�NXOODQ�GÖNODUÖ�WHNQLN�JHUHøL�NVLOHQ�NXOODQDQ��GROD\ÖVÖ\OD�NVLOHQH�PDUX]�NDODQ� ODERUDQWODUGD�NVLOHQLQ�HWNLVLQL� LQFHOHPHN�DPDFÖ\OD�SODQODQGÖ��%X�DPDoOD�SDWRORML�ODERUDQWODUÖQGD�NDUDFLøHU� IRQNVL\RQ� WHVWOHULQGHQ�$67��$/7��$/3� YH�QLWULN�RNVLW�G�]H\LQLQ�GROD\OÖ�ELU�J|VWHUJHVL�RODQ� WRWDO��QLWUDW G�]H\OHUL� VHUXPGD�� OLSLW�SHURNVLGDV\RQXQXQ�DUD��U�Q�� RODQ� 0'$� YH� DQWLRNVLGDQ� HQ]LP� VLVWHPLQLQ�ELUHU�SDUoDVÖ�RODQ� �62'�YH�&$7��G�]H\OHUL� �HULWURVLW�KRPRMHQDWÖQGD�|Oo�OG����
*(5(d�9(�<g17(0
dDOÖûPDGD��\DûODUÖ����LOH����DUDVÖQGD�GHøLûHQ��
VL�HUNHN��
L�NDGÖQ�ROPDN��]HUH���\ÖOÖ�DûNÖQ�V�UHGLU�SDWRORML�ODER�UDWXDUÖQGD�J|UHY�\DSDQ�YH�KHPHQ�KHU�Lû�J�Q��NVLOHQH�PDUX]� NDODQ� WRSODP� ��� J|Q�OO�� ODERUDQWWDQ� DOÖQDQ�NDQODU� NXOODQÖOGÖ�� %HQ]HU� ûHNLOGH� ROXûWXUXODQ� NRQWURO�JUXEXQGD�GD���HUNHN�YH���NDGÖQ��EXOXQPDNWD�YH�\DûOD�UÖ����LOH����DUDVÖQGD�GHøLûPHNWHGLU��dDOÖûPD�JUXEXQGD�NL�VLJDUD�LoHQ�VD\ÖVÖ�LOH�NRQWURO�JXUXEXQGDNL�VLJDUD�LoHQ�GHQHN� VD\ÖVÖ� HûLW� � WXWXODUDN� VLJDUDGDQ� ND\QDNODQDELOH�FHN�VDSPDODU�HOLPLQH�HGLOPH\H�oDOÖûÖOPÖûWÖU�
+HU� LNL�JXUXEX�ROXûWXUDQ�NLûLOHUGHQ�VWDQGDUW�ELU�DoOÖN�V�UHVLQGHQ�VRQUD���PO�NDQ�DOÖQGÖ��$OÖQDQ�NDQODUGDQ�ELU�PLNWDU� |UQHN� GHUKDO� VLWUDWOÖ� W�SH� DOÖQGÖ� YH� &RXOWHU�67.6�PDUND� NDQ� VD\ÖP� FLKD]ÖQGD� FLKD]D� DLW� RULMLQDO�KHPRJORELQ� NLWL� NXOODQÖODUDN� KHPRJORELQ� G�]H\OHUL�|Oo�OG���*HUL\H�NDODQ�NDQODUÖQ�GHUKDO�JHUHNOL� LûOHPOHUL�\DSÖODUDN� VHUXPODUÖ� D\UÖOGÖ�� $\UÖODQ� VHUXPODUGD� $67��$/7�YH�$/3�G�]H\OHUL�2/<0386�$����PDUND�EL\R�NLP\D�RWRDQDOL]|U��LOH�FLKD]ÖQ�RULMLQDO�NLWOHUL�NXOODQÖOD�UDN� |Oo�OG��� <LQH� D\QÖ� VHUXPODUGD� &RUWDV� 1�.�� YH�:DNLG� :�1�� \|QWHPL� X\DUÖQFD� WRWDO� QLWUDW� G�]H\OHUL�|Oo�OG���
6HUXPODUÖ� D\UÖOPÖû� RODQ� NDQODUGDQ� HULWURVLW� GÖûÖQGDNL�W�P�K�FUHOHU�X]DNODûWÖUÖOGÖ�YH�\ÖNDQPÖû�RODQ�HULWURVLW�OHU�������Y�Y��RUDQÖQGD VRøXN�GLVWLOH�VX�LOH�SDUoDODQD�UDN�0'$��62'��&$7 |Oo�POHULQLQ�\DSÖODFDøÖ�HULWUR�VLW�KRPRMHQDWÖ�HOGH�HGLOGL�
(OGH� HGLOHQ�HULWURVLW�KRPRMHQDWODUÖQGD��EXHJH� -�$��YH�$XVW� 6�'�� \|QWHPL� X\DUÖQFD�0'$� G�]H\OHUL���� /XFN�+��\|QWHPL�X\DUÖQFD�&$7�DNWLYLWHVL�� YH�)ULGRYLFK�,��<|QWHPL�X\DUÖQFD�GD�62'�DNWLYLWHVL�� WD\LQ�HGLOGL�
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7DEOR��� 6RQXoODUÖQ�JXUXSODU�DUDVÖ�NDUûÖODûWÖUÖOPDVÖ�YH�S�GHøHUOHUL�
&$7��.�J+E� 62'��8�J+E� 0'$��QPRO�PO� 12[�PPPRO�PO�3DWRORML�/DERUDQW ����������� �������������� ������������ �����������.RQWURO ������������ �������������� ������������ ����������3 ����� ����� ����� �����

7DEOR����3DWRORML�ODERUDQWODUÖ�NDUDFLøHU�IRQNVL\RQ�WHVWOHUL�YH�QRUPDO�VÖQÖUODUÖ�
3DWRORML�/DERUDQWODUÖ�2UWDODPD� 1RUPDO�'HøHUOHU$/3 ����������8�/ �������8�/$67 �������8�/ �����8�/$/7 �������8�/ �����8�/

6218d/$5
(OGH� HGLOHQ� EXOJXODU� 6366� IRU�:LQGRZV� SURJUDPÖQD�JLULOGL�YH�DULWPHWLN�RUWDODPDODU� VWDQGDUW�KDWD�LOH�ELUOLNWH�LIDGH� HGLOGL�� *UXSODUÖQ� 62'�� 0'$�� &$7� YH� 12 [GHøHUOHUL�QRUPDO�GDøÖOÖPD�X\JXQOXN�J|VWHUGLøL�LoLQ�LNLOL�JUXS�NDUûÖODûWÖUPDOD UÖQGD�6366�����SURJUDPÖQGD� SDUD�PHWULN�WHVWOHUGHQ��LQGHSHQGHQW�VDPSOHV�W��WHVWL� X\JX�ODQGÖ��7�P�SDUDPHWUHOH U�LoLQ�oDOÖûPD�JXUXEX�LOH� NRQW�URO�JXUXEX�VRQXoODUÖ�DUDVÖQGDNL�IDUN�LVWDWLVWLNVHO�RODUDN�DQODPOÖ�ROXS�S�����·W LU��6RQXoODU�7DEOR���YH��·GH� VX�QXOPXûWXU�
7$57,ú0$
.VLOHQ� YH� NVLORO� SDWRORML� ODERUDWXDUODUÖQGD� GRNX� |U �QHNOHULQLQ� WDNLS� YH� ER\DQPDVÖ� DûDPDODUÖ QGD� VÖNoD�NXOODQÖOPDNWDGÖU��%X�ELO HûLNOHULQ�VHUEHVW�UDGLNDO� ROXûX�PXQX�DUWÖUGÖøÖ� UDSRU�HGLOPLûWLU� �� %X�QRNWDGD�VROXPD�\ROX� LOH� DOÖQDQ� NVLOHQ�� NVLORO�� WROXHQ� YH� EHQ]HU� \DSÖOÖ�DURPDWLN� EHQ]HQ� W�UHYOHULQLQ� PHWDEROL]PD� �]HULQGH�HWNLVL� ROGXNoD� ID]ODGÖU�� %X� ELO HûLNOHU� |QFHOLNOH� OLSLW�SHURNVLGDV\RQXQX�DUWÖ UPDNWDGÖU�� $UWPÖû�OLSLW�SHURNVL�GDV\RQX��DUWPÖû�0'$�NRQVDQWUDV\RQX�RODUDN�|Oo�OH �ELOPHNWHGLU��%XOJXODUÖPÖ]�LOH�EX�NRQXGD�\DSÖOPÖû�RODQ�oDOÖûPDODU�DUDVÖQGD�SDUDOHOOLN�EXOXQPDNWDGÖU� �� %X�NR�QXGDNL�oDOÖûPDODU�ELU� EDûND�QRNWD\D��9LWDPLQ�(
QLQ�OL �SLW� SHURNVLGDV\RQXQX�|QOHGLøL� YH�PHPEUDQ� VWDELOLWH �VLQH� NDWNÖGD� EXOXQGXøXQD� GLNNDW� oHNPHNWH� ROXS�� EX�GRøUXOWXGD�SDWRORML�ODERUDQWODUÖQD�YLWDPLQ�(
FH�]HQJLQ�GL\HWOHU�|QHULOHELOLU�
$HURE�RUJDQL]PDODUGD�JHUHN�QRUPDO�PHWDEROLN� \ROOD�UÖQ�LûOH\LûL�VÖUDVÖQGD��JH UHNVH�GRøDO�\ROODU�GÖûÖQGD� Y�FX�GD�DOÖQDQ�ED]Ö�NLP\DVDOODUÖQ�PHWDEROL]PDODUÖ�VÖUDVÖQGDNXYYHWOL� DNWLI� ELOHûLNO HU� RODQ� VHUEHVW� UDGLNDOOHU� YH� H�OHNWURILOLN�PDGGHOHU�R OXûDELOPHNWHGLU��%X�WLS�PROHN�O �OHU� |]HOOLNOH� NLP\DVDO� NDUVLQ RJHQH]LQ� oHûLWOL� EDVDPDN �ODUÖQGD� HWNLOL� RODELOPHNWH�� W�P|U� SURPRWRUODUÖQÖQ� EL�\RORMLN�HWNLOHULQL� WDNOLW�HGHELOPHNWHGLUOHU� �� $ûÖUÖ� UHDN�WLI�RODQ�EX�PROHN�OOHU�ELU� WDUDIWDQ�RUJDQL]PDQÖQ� VDø�

OÖNOÖ�LûOH\LûL�LoLQ�JHUHNOL�IRQNVL\RQODU�J|VWHULUNHQ�ELU�WD �UDIWDQ� GD� K�FUHVHO� RUJDQHOOHUH� ]DUDU� YHUPHPHVL� LoLQ��62'��&$7��*6+�3[�JLEL� DQWLRNVLGDQ� HQ]LPOHU� WDUD �IÖQGDQ�GHWRNVLIL\H�HGLOLUOHU��&DQOÖ�RUJDQL]PDGD�LNL�XFX�NHVNLQ�NÖOÖFD�EHQ]H\HQ�EX�GHQJH�VDøOÖNOÖ�\DûDPÖQ�JHUHN�NRûXOODUÖQGDQ� ELULGLU�� $QFDN� Y�FXGD� GÖûDUÖGDQ� � JLUHQ�\DEDQFÖ� NLP\DVDO� PDGGHOHU� �NL� EXQODU� DUDVÖQGD�DURPDWLN� KLGURNDUERQODU� |QHPOL� ELU� \HU� WXWPDNWDGÖU��EX� GHQJHQLQ� VHUEHVW UDGLNDOOHU� OHKLQH� ND\PDVÖQD� QH �GHQ�ROXUODU��%R]XODQ�RNVLGDQ �DQWLRNVLGDQ�GHQJH�ROXû �WXUGXøX�RNVLGDWLI�VWUHVLQ�V�UHVLQH�YH�ûLGGHWLQH�GH� EDøOÖROPDN� NRûXOX� LOH� NDQVHUGHQ� GL\DEHWH� SHN� oRN� KDVWD �OÖøÖQ�WHPHOLQL�ROXûWXUPDNWDGÖU�
%X� GXUXPGD�� \DûDP� NRûXOODUÖ� \D� GD� oDOÖûPD� ûDUWODUÖ�JHUHøL�ELUWDNÖP�WRNVLN�NLP\DVDO�PDGGHOHUH�PDUX]�ND �ODQ�LQVDQODUÖQ�DQWLRNV LGDQ�VDYXQPD�NDSDVLWHOHULQLQ�\H �WHUOL�ROXS�ROPDGÖøÖQÖQ�|QHPLQH�GDKD�ID]OD�GLNNDW�oH �NLOPHVL�JHUHNPHNWHGLU��
2UJDQL]PDPÖ]GDNL�WHPHO�DQWLRNVLGDQODUÖ��WRNRIHUROOHU��DVNRUELN�DVLW��EHWD�NDU RWHQ��UHG�NWH�JOXWDW\RQ�JLEL�GL �UHNW�UDGLNDO�\DNDOD\ ÖFÖODU�YH�62'��&$7��*6+�3[��JOX�WDW\RQ� UHG�NWD]�� WL\RO� WUDQVIHU D]�� PHWDOORWL\RQHLQOHU�ûHNOLQGH� LQGLUHN� UDGLND O� V�S�U�F�OHU� GL\H� VÖUDOD\DELOL �UL]��9�FXGD�JLUHQ�NLP\DVDOODUÖQ�PHWDEROL]H�HGLOPHOHUL�VRQXFX� NRQVDQWUDV\RQX� DUWPÖû� RODQ� V�SHURNVLW� UDGL �NDOOHULQLQ� GLVPXWDV\RQX� V�UHFLQGH�� 62'� LOH� ROXûDQ�KLGURMHQ� SHURNVLW� \�NVHN WRNVLVLWHGHNL� KLGURNVLO� UDGL �NDOLQH� G|Q�ûHELOGLøL� LoLQ�*6+�3[� YH� &$7�� 62'� LOH�ROXûDQ�KLGURMHQ�SHURNVLGL�PHWDEROL]H�HWPHGH�|QHPOL �GLU��8]XQ�V�UHOL�RNVLGDWLI� VWUHV�NDUûÖVÖQGD�DQWLRNVLGDQ�NDSDVLWH�]D\ÖIODPDNWD�� DQWLRNVLGDQ�HQ]LPOHULQ�DNWLYLWH �OHUL� D]DOPDNWD� YH�EX VLUN�ODV\RQ�GDKD� \DYDû� LûOHPHN �WHGLU��� =D\ÖIODPÖû�RODQ�DQWLRNVLGDQ�VLVWHPLQ�RUWDPGDQ�\HWHULQFH�X]DNODûWÖUDPDGÖøÖ�UHDNWLI�RNVLMHQ�PROHN�OOHUL�OLSLW�SHURNVLGDV\RQXQXQ�DUWPDVÖQD�YH�DQDOL]�HGLOHQ�|U �QHNOHUGH�0'$�G�]H\OHULQLQ� \�NVHN�EXOXQPDVÖQD�QH �GHQ�RODFDNWÖU��1LWHNLP�SDWRORML� ODERUDQWODUÖQGD�GD�EX�\DNODûÖPD�SDUDOHO�RODUDN�DQWLRNVLGDQ�HQ]LP�DNWLYLWHOHUL�VDøOÖNOÖ� LQVDQODUGDQ� ROXûDQ� NRQWURO� JXUXEXQD� NÖ\DVOD�
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G�û�N�YH�0'$�G�]H\OHUL�LVH�\�NVHN�EXOXQPXûWXU��3D�UDOHO�ELU�oDOÖûPDGD�0DWWLD�-��YH�DUNDGDûODUÖ�EHQ]HU�PR�OHN�O�\DSÖVÖQD�VDKLS�DURPDWLN�KLGURNDUERQODU�DLOHVLQLQ�ELU� �\HVL� RODQ� WROXHQLQ� DQWLRNVLGDQ� HQ]LP� VLVWHPLQL�]D\ÖIODWWÖøÖQÖ�YH�0'$�G�]H\LQGH�EHOLUJLQ�DUWÖûODUD�QH�GHQ� ROGXøXQX� UDSRU� HWPLûOHUGLU�� <LQH�+DOLIHRøOX� YH�DUNDGDûODUÖ�WLQHU�NXOODQDQ�ER\DFÖODUGD�\DSPÖû�ROGXNODUÖ�ELU�oDOÖûPDGD�WLQHU�VROXPDQÖQ�SOD]PD�0'$�G�]H\LQLQ�DQODPOÖ�ELU�ûHNLOGH�DUWPDVÖQD�QHGHQ�ROGXøXQX��ND\GHW�PLûOHUGLU���
2UWDPGD� NRQVDQWUDV\RQX� DUWDQ� UHDNWLI� RNVLMHQ�PROH�N�OOHULQLQ� QHGHQ� ROGXøX� OLSLW� SHURNVLGDV\RQXQXQ� VR�QXFX�RODUDN�0'$�G�]H\OHULQLQ�\�NVHN�ROPDVÖ�EHNOH�QHQ�ELU�VRQXoWXU��$QFDN�DQWLRNVLGDQ�HQ]LPOHULQ�DNWL�YLWH� ND\EÖQÖQ� KDQJL� VHEHSOHUGHQ� ND\QDNODQGÖøÖ� KHQ�]�W�P�oÖSODNOÖøÖ\OD�D\GÖQODWÖODELOPLû�GHøLOGLU��5DGLNDO�\D�SÖVÖQGDNL�VXEVWUDWÖQÖ�GHWRNVLIL\H�HGHQ�HQ]LPLQ�\�NVHN�VXEVWUDW� NRQVDQWUDV\RQXQGD� JLWWLNoH� D]DODQ� WXUQRYHUÖ�]DPDQOD�DNWLYLWH�ND\EÖQÖ�GRøXUDELOLU��$\UÖFD�\LQH�RNVL�GDWLI� VWUHV� VRQXFX� \�NVHN� NRQVDQWUDV\RQODUD� XODûPÖû�RODQ� EX� UDGLNDOOHU� W�P� EL\RPROHN�OOHUH� ROGXøX� JLEL�SURWHLQ�\DSÖVÖQGDNL�HQ]LPH�GH�VDOGÖUDFDNODU�YH�|]HOOLN�OH�DNWLI�PHUNH]GH�\HU�DODQ�DPLQRDVLWOHUGH�PH\GDQD�JH�WLUHELOHFHNOHUL�PXKWHPHO�RNVLGDWLI�KDVDUODU�HQ]LP�DNWL�YLWHVLQGH�ND\ÖS�RODUDN�NDUûÖPÖ]D�oÖNDELOHFHNWLU��%XQOD�UÖQ�GÖûÖQGD�EX�UDGLNDOOHU�LOJLOL�HQ]LPLQ�VHQWH]LQGHQ�VR�UXPOX� JHQ�G�]H\LQGH�GH� Q�NOHLN� DVLWOHUOH� HWNLOHûHELOLU�YH�|]HOOLNOH�VLQJOHW�RNVLMHQ��V�SHURNVLW�YH�KLGURNVLO�UD�GLNDOOHULQLQ� HWNLPHVL� VRQXFX� ��RN]RGHRNVLJXDQR]LQ�\DSÖVÖQD� G|Q�ûHQ� JXDQLQLQ� E�Q\HVLQGHNL� EX� GHøLûLP�FLGGL� ELU� PXWDV\RQ� ROXS� LOJLOL� HQ]LPOHULQ� VHQWH]LQLQ�JHQ�G�]H\LQGH�DNVDPDVÖQD�\D�GD�KDWDOÖ�VHQWH]OHQPHVL�QH�QHGHQ�RODELOLU���
)DUNOÖ�ELU�EDNÖû�DoÖVÖ�GD�û|\OH� LIDGH�HGLOHELOLU�NL��DUWDQ�RNVLGDWLI� VWUHVOH� ELUOLNWH� VHQWH]LQLQ� D]DOGÖøÖ� LOHUL� V�U��OHQ�YH�DQWLRNVLGDQ�NDSDVLWHVLQLQ�|QHPLQGHQ�V|]�HGLOHQ�PHODWRQLQ����SDWRORML�ODERUDQWODUÖQGD�VROXQDQ�NVLOHQ�YH�NVLORO�Q�PHWDEROL]H� ROPDODUÖ� VRQXFX� ROXûDQ� RNVLGDWLI�VWUHVH� EDøOÖ� RODUDN� GDKD� D]� VHQWH]� HGLOPLû� RODELOLU��$QWROLQ�YH�DUNDGDûODUÖ�� PHODWRQLQLQ�V�SHURNVLW�DQ\RQ�UDGLNDOLQLQ� GLVPXWDV\RQXQGDQ� VRUXPOX� RODQ� 62'�P51$�G�]H\LQL�DUWÖUGÖøÖQÖ� LIDGH�HWPLûOHUGLU��%X�QRN�WDGD�RNVLGDWLI�VWUHVH�EDøOÖ�RODUDN�PHODWRQLQ�VHQWH]LQLQ�D]DOPDVÖQÖQ�� SDUDOHO� ûHNLOGH� 62'�P51$� G�]H\LQLQ�D]DOPDVÖQD� YH� VHQWH]� HGLOHQ� 62'� HQ]LPLQLQ� \HWHUVL]�RODELOHFHøL�VRQXFXQD�YDUPDNWD\Ö]��<DSPÖû�ROGXøXPX]�oDOÖûPD\Ö� ELU� VRQUDNL� DûDPDGD� PHODWRQLQ� YH� 62'�P51$�G�]H\OHULQL�GH�|OoHUHN�JHQLûOHWPH\L�DPDoOÖ\R�UX]�
gOoP�û�ROGXøXPX]�SDUDPHWUHOHUGHQ�ELUL�GH�QLWULN�RN�VLW�UDGLNDO�ROXûXPXQXQ�LQGLUHNW�ELU�J|VWHUJHVL�RODQ�WR�

WDO�QLWUDW��12[��G�]H\LGLU��3DWRORML�ODERUDQWODUÖQGD�VH�UXP�WRWDO�QLWUDW�G�]H\OHUL�NRQWUROH�NÖ\DVOD�DQODPOÖ�|O�o�GH�DUWPÖû�EXOXQPXûWXU��1LWULN�RNVLW�SR]LWLI��YD]RGL�ODWDV\RQ�HWNLVL��YH�QHJDWLI��VLWRWRNVLVLWHQLQ�PHGL\DW|U��RODUDN��HWNLOHU�J|VWHUHELOHQ�ELU�VHUEHVW�UDGLNDOGLU��1LW�ULN�RNVLW� LOH�V�SHURNVLWWHQ�ROXûDQ�SHURNVLQLWULW�|QHPOL|Oo�GH�VLWRWRNVLNWLU��%X�UDGLNDO�PHPEUDQ�OLSLW�SHURNVL�GDV\RQXQX�EDûODWDELOLU��RNVLGL]H�V�OIKLGULOOHUL��DNRQLWD]�JLEL�NULWLN�HQ]LPOHUL�LQDNWLYH�HGHELOLU��3HURNVLQLWULW�ELOL�QHQ�HQ�WRNVLN�VHUEHVW�RNVLMHQ�UDGLNDOLGLU�
$QGULDQ�YH�DUNDGDûODUÖ�\DSPÖû�ROGXNODUÖ�DUDûWÖUPD�VR�QXFX� SDWRORML� ODERUDWXDUODUÖQGD� oDOÖûDQ� ODERUDQWODUÖQ�VDøOÖNODUÖQÖ�WHKGLW�HGHQ�NLP\DVDO�YH�EL\RORMLN�IDNW|UOHUL�VÖUDODUNHQ�PDMRU�NLP\DVDO�]DUDUOÖODUÖQ�EDûÖQGD�NVLOHQLQ�EXOXQGXøXQX�UDSRU�HWPLûOHUGLU���
6RQXo�RODUDN�DURPDWLN�KLGURNDUERQ�\DSÖOÖ�NLP\DVDOOD�UÖQ� VROXQPDVÖ� VRQXFX�ROXûDQ�RNVLGDWLI� VWUHV� VÖUDVÖQGD�DQWLRNVLGDQ� GHIDQV� PHNDQL]PDODUÖQÖQ� ER]XOPDVÖQÖQ�QHGHQL��VHUEHVW�RNVLMHQ�UDGLNDOOHULQLQ�NRQVDQWUDV\RQOD�UÖQÖQ� DUWPDVÖ��GHWRNVLILNDV\RQ� VLVWHPOHULQLQ� LQDNWLYDV�\RQX�� DQWLRNVLGDQODUÖQ�GDKD�KÖ]OÖ� W�NHWLOPHVL� YH�RNVL�GDWLI� VWUHVLQ� \RøXQODûWÖøÖ� E|OJHOHUGH� DQWLRNVLGDQODUÖQ�\HWHULQFH�\HQLOHQHPHPHVLGLU�
%X�QRNWDGD�DQWLRNVLGDQ�VDYXQPD�VLVWHPOHUL�]D\ÖIODPÖû�RODQ�SDWRORML�ODERUDQWODUÖ�RNVLGDWLI�KDVDU�VRQXFX�ROXûD�ELOHFHN�SHN�oRN�KDVWDOÖN�LoLQ�ULVN�JXUXEXGXU��GL\H�G��û�QPHNWH\L]��+DVWDQH�\|QHWLPOHUL�EX�NRQXGD�ED]Ö�|Q�OHPOHU�DOPDOÖGÖU��gQFHOLNOH�KDYDGDQ�DøÖU�RODQ�EX�o|]��F�OHU�RUWDPGD�o|NHFHøLQGHQ�SDWRORML�ODERUDWXDUODUÖQÖQ�KDYDODQGÖUPDODUÖ� \HUH� \DNÖQ� \HUOHUGH� ROPDOÖGÖU�� dDOÖû�PD� EHQoOHULQLQ� �]HULQGH� PXWODND� oHNHU� RFDN� EXOXQ�PDOÖGÖU��*HUHNWLøLQGH� NXOODQDELOHFHNOHUL�PDVNHOHU� EX�OXQGXUXOPDOÖGÖU�� %X� NLûLOHU� DQWLRNVLGDQ� VLVWHPOHULQL�GHVWHNOH\HFHN�JÖGDODUD�|QFHOLN�YHUPHOLGLUOHU��+HU�ûH\�GHQ�|QHPOLVL�SDWRORML�ODERUDQWODUÖ�EX�NRQXGD�ELOJLOHQ�GLULOPHOL�YH�GDKD�ELOLQoOL�ROPDODUÖ�VDøODQDUDN�\DûDP�ûH�NLOOHULQL�YH�EHVOHQPH�DOÖûNDQOÖNODUÖQÖ�EX�GRøUXOWXGD�G��]HQOHPHOLGLUOHU�
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�� $OGDVKHY�$$�� ,JXPQRYD� 79�� 6HUYHWQLN�&KDODUD�*.��(IIHFW� RI� EHQ]HQH� DQG� LWV�KRPRORJXHV�RQ�ERG\�DVFRUELF�DFLG�DOORZDQFH�XQGHU�SURORQJHG�&� 9LWDPLQL]DWLRQ��9RSU�3LWDQ����������������� 0DWWLD� &-�� /HEHO� &3�� %RQG\� 6&�� (IIHFW� RI� WROXHQH� DQG� LWV� PHWDEROLWHV� RQ�FHUHEUDOUHDFWLYH�R[\JHQH�VSHFLHV�JHQHUDWLRQ�%LRFKHP��3KDUPDFRO������������� ������ 7RVKLR�.� �� +XEHUPDQ� (�� ��0DUJXDUGW� � +�� � %LQGLQJ� RI�.�UHJLRQ� HSR[LGHV� DQG�RWKHU� GHULYDWLYHV� RI� 3$+� WR� '1$�� 51$� DQG� SURWHLQV� RI� WUDQVIRUPDEOH� FHOOV��&KHP��%LRO��,QW����������������� 1RUPDQ� -7�� $QWLR[LGDQWV� DQG� GLVHDVHV�0RUH� TXHVWLRQV� WKDQ� DQVZHUV�� 1XWULWLRQ�5HV������������������� 3LHUUHSLFKH� *�� /DEHULW� +�� 2[\JHQ� IUHH� UDGLFDOV�� PHODWRQLQ� DQG� DJLQJ�� ([S��*HUDQWRORJ\������������������ *RQ]DOHV�$��$YFODLU�&��9LRVLQ�(��*DXWHUR�+��62'��&$7�DQG�*6+�3[� LQ�5%&�WULRP�SDWLHQWV�ZLWK�PDOLJQDQW�GLVHDVH��&DQFHU�5HV�������������������� 8UDQR�6��6DWR�<��0DNDEH�6��7KH� LQIOXHQFH�RI�9LWDPLQ�&DQG�( RU�E�FDURWHQH�RQ�SHUR[LGDWLYH�SURFHVVHV�LQ�SHUVRQV�ZLWK�P\RFDUGLDO� LVFKHPLD�3RO��0HUNXULXV]�/HF���������������



3DWRORML�/DERUDQWODUÖQGD�.VLOHQ�6ROXPDQÖQ�$QWLRNVLGDQ�6LVWHP�h]HULQH�(WNLOHUL

������

�� %HFNPDQ�-6��.RSSHQRO�:+��1LWULF�R[LGH��VXSHUR[LGH�DQG�SHUR[\QLWULWH��WKH�JRRG��WKH�EDG�DQG�WKH�XJO\��&HOO�3K\VLRO������������������������ &RUWDV�1.��:DNLV�:1���'HWHUPLQDWLRQ�RI�LQRUJDQLF�QLWUDWH�LQ�VHUXP�DQG�XULQH�E\�D�NLQHWLF�FDGPLXP�UHGXFWLRQ�PHWKRG��&OLQ�&KHP�������������������� %XHJH� -$�� $XVW� 6'�� 0LFURVRPDO� OLSLG� SHUR[LGDWLRQ� 0HWKRGV� LQ� (Q]\PRO�������������������� /XFN�+��0HWKRGV�RI�HQ]\PDWLF�DQDO\VLV��QG (GW�9HUORJ�&KHPH��$FDG�3UHVV������������ )ULGRYLFK�,��$QWLR[LGDQW�GHIHQFHV�LQ�WKH�OXQJ�$QQ�5HY�3K\VLRO��������������������� 0DWWLD� &-�� $OL� 6)�� %RQG\� 6&�� 7ROXHQH�LQGXFHG� R[LGDWLYH� VWUHVV� LQ� VHYHUDO� EUDLQ�UHJLRQ�DQG�RWKHU�RUJDQV�0RO��&KHP�1HXURSDWKRO�������������������� 8ODNRøOX� (=�� 6D\JÖ� $�� *�P�ûWDû� 0.�� $OWHUDWLRQV� LQ� VXSHUR[LGH� GLVPXWDVH�DFWLYLWLHV�� OLSLG� SHUR[LGDWLRQV�� DQG� JOXWDWLRQ� OHYHOV� LQ� WKLQQHU� LQKDOHG� UDW�OXQJ�UHODWLRQVKLS� EHWZHHQ� KLVWRSDWKRORJLFDO� SURSHUWLHV� 3KDUPDFRO� 5HV�� ������������������� 'L� *XLVHSSL�� 7KH� WR[LFRORJ\� RI� PROHFXOHU� R[\JHQ� VSHFLHVHV� &5&�&ULW�5HY�7R[LFRORORJ\������������������� +DOOLZHOO�%��*XWWHULGJH� -0��2[\JHQ� IUHH� UDGLFDOV� DQG� LURQ� LQ� UHODWLRQ� WR�ELRORJ\�DQG� PHGLFLQH�� VRPH� SUREOHPV� DQG� FRQFHSWV� $UFK�%LRFKHP�%LRSK\V������������������

��� +DOLIHRJOX� ,�� &DQDWDQ� +�� 8VWXQGDJ� %�� ùOKDQ� ,�� ùQDQo� )�� (IIHFW� RI� WKLQQHU�LQKDODWLRQ� RQ� OLSLG� SHUR[LGDWLRQ� HQ]\PHV� RI� SHRSOH� ZRUNLQJ� ZLWK� SDLQW� WKLQQHU�&HOO�%LRFKHP��$QG�)XQF������������������� 5DYDQW�--��'L�0DVFLR�3��0DUWLQH]�*5��&DGHW�-��6LQJOHW�R[\JHQ�LQGXFHV�R[LGDWLRQ�RI�FHOOXODU�'1$�7KH�-��RI�%LRO�&KHP���������������������� 3LHUUHILFKH� *�� /DERULW� +�� 2[\JHQ� IUHH� UDGLFDOV�� PHODWRQLQ� DQG� DJLQJ�([S�*HUDQWRORJ\������������������� $QWROLQ�,��5RGULTXH]�&��6DLQ]�50��0D\R�-&��1HXURKRUPRQH�PHODWRQLQ�SUHYHQWV�FHOO� GDPDJH� HIIHFW� RQ� JHQH� H[SUHVVLRQ� IRU� DQWLR[LGDQW� HQ]\PHV� )$6(%� -�������������������� $QGULDQ� $�� 3LUD� (�� :KDW
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