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V�EMHNWLI�NDOPD�RODQD÷Õ�EXODELOHFHN�EX�VLVWHP�KL]PHWL�VXQDQ�LOJLOL�PHVOHN�PHQVXS�ODUÕ�DUDVÕQGD�VXQL�V�UW�úPHOHU�\DUDWDFDN�ELU�X\JXODPDGÕU�%X�EDNÕPGDQ�HQ�NÕVD�]DPDQGD�EX�VLVWHPLQ�WHUNHGLOHUHN�\HULQH�VDUIH�GLOHQ�HPH÷L�WHPHO�DODQ�ELU�X\JXODPDQÕQ�NRQXOPDVÕ�J�Q�P�]GH�XODúÕODQ�GXUXPXQ�NDoÕ�QÕOPD]�ELU�JHUHNVLQPHVL�RODUDN�J|]�NPHNWH�GLU��
LOJLOL�PHVOHN�RGDODUÕ�E|\OH�ELU�oDOÕúPDGD�NHQGLOHULQH�G�úHQ�J|UHYL�\HULQH�JHWLUPH\H�KD]ÕUGÕU�1LWHNLP�EX�NRQX�LOH�LOJLOL�RODUDN�KHU�RGDGD�D\UÕ�NRPLV\RQODU�NXUXOPXú�YH�UDV\RQHO�ELU��FUHW�VLVWHPLQL�ROXúWXUPDN�LoLQ�oDOÕúPDODUD�EDúODQPÕúWÕU�%X�oDOÕúPDQÕQ�VRQXFX�%D\ÕQGÕUOÕN�%DNDQOÕ÷ÕQD�LOHWL�OHFHNWLU��WOJLO�L�G|UW�RGD�EX�oDOÕúPDODUGD�%D\ÕQGÕUOÕN�%DNDQOÕ÷ÕQÕQ�PHQVXSODUÕ�LOH�RUWDNODúD�ILNLU�ROXúWXUPDQÕQ�ID\GDOÕ�ROD�FD÷Õ�NDQÕVÕQGDGÕU��$\UÕFD��2GDODUDUDVÕ�2UWDN�0HVOHNL�'HQHWLP��oDOÕúPDODUÕ�GD�V�UG�U�OPHNWHGLU�%X�NRQXGD�GD�%D\ÕQGÕUOÕN�%DNDQOÕ÷ÕQÕQ�J|U�ú�YH�NDWNÕVÕQGDQ�\DUDU�ODQPDN�LoLQ�P�UDFDDW�HGLOHFHNWLU��
$QFDN�\HQL�VLVWHPH�JHoLOPHVL�LoLQ�JHUHNHFHN�]DPDQ��LoHULVLQGH�KHU�W�UO��KDNVÕ]OÕ÷Õ���LOJLOL�PHVOHNOHULQ�ELUELUOHUL�LOH�RODQ�LOLúNLOHULQGH�VXQL�oDWÕúPDODUÕ�|QOHPHN�EDNÕPÕQGDQ�HVNL��FUHW�RUDQODUÕ�X\JXODPDVÕ�QÕQ�ELU�V�UH�GDKD�\�U�UO�NWH�NDOPDVÕ�JH�UHNPHNWHGLU��
E�� +L]PHWOHUH�G�úHQ�\DNODúÕN�PDOL\HW�SD\��ODUÕQGDNL�G�ú�NO�N�\�]�QGHQ��FUHW�RUDQOD�UÕQGDNL�DUWÕúD�UD÷PHQ�PLPDUOÕN�YH�P�KHQ�GLVOLN�KL]PHWOHULQLQ�NDUúÕOÕ÷ÕQGD�DOÕQDFDN�WRSODP��FUHWWH�DQFDN���������GROD\ODUÕQGD�ELU�DUWÕú�VD÷ODQPDNWDGÕU�hVWHOLN��\DNODúÕN�PDOL\HW�SD\ODUÕQGD�\DSÕODQ�D\DUODPD�LQúDDW�P�KHQGLVOL÷L�KL]PHWOHUL�NDUúÕOÕ÷ÕQGD�DOÕ�QDQ��FUHWOHUL������GROD\ÕQGD�G�ú�UPHNWHGLU������
WH�\�U�UO�÷H�NRQDQ�ELU�\|QHWPHOL÷L�NDOGÕUÕUNHQ�\HULQH����\ÕO�|QFHNL�NRúXOODUD�J6UH�KHPHQ�KHPHQ�KLoELU�DYDQWDM�VD÷ODPD\DQ�YH�\HU�\HU�GDKD�N|W��NRúXOODU�JHWLUHQ�ELU�úDUWQDPHQLQ�NDEXO�HGLOHELOPHVL�RODQDNVÕ]�GÕU��
F�� hONHPL]GHNL�SURMH�E�URODUÕ�ELUHU�HPHN�NXUXOXúODUÕGÕU��%X�EDNÕPGDQ�HNRQRPLN�JH�OLúPHOHUGHQ�HWNLOHQPHOHUL�VHUPD\H�NXUXOXú�ODUÕQGDQ�IDUNOÕ�ROPDNWDGÕU��gUQH÷LQ�KÕ]OÕ�ELU�HQIODV\RQ�VHUPD\HQLQ�JHOLúPHVLQH�QHGHQ�RODELOLUNHQ�HPH÷L�LOH�JHoLPLQL�WHPLQ�HGHQ��

OHULQ�JHUoHN��FUHWOHULQGH�GDLPD�ELU�G�ú�ú�ROPDNWDGÕU��
hONHPL]GH�HNRQRPLN�GDOJDODQPDODUÕQ�NXYYHW�OL�ROXúX�ELU�\DQGDQ�SURMH�E�URODUÕQÕQ�V��UHNOLOL÷LQL�|QOHUNHQ��GL÷HU�WDUDIWDQ�SURMH�FL�P�KHQGLV�YH�PLPDUODUD�|GHQHQ��FUHWOHULQ�\HWHUL�VHYL\H\H�XODúPDPDVÕ��RQODUÕQ�oD÷ÕQ�JHUHNOHULQH�X\JXQ�E�\�NO�NOHUH�YH�NDSDVL�WHOHUH�XODúPDVÕQÕ�HQJHOOHPHNWHGLU��
$UWDQ�KD\DW�SDKDOÕOÕ÷Õ�NDUúÕVÕQGD�SURMH�E�URODUÕQÕQ��FUHWOHULQGH�VD÷ODQDQ�DUWÕúODU�GH÷LO�E�URODUÕQ�JHOLúPHVLQL��HVNL�GXUXPOD�UÕQÕ�PXKDID]D�HWPHOHULQL�ELOH�RODQDNVÕ]�KDOH�JHWLUPHNWHGLU��
%X�EDNÕPGDQ��ONHPL]GHNL�SURMHFLOL÷L�GDKD�
ID]OD�EDOWDODPDPDN�LoLQ��FUHWOHULQLQ�J�Q�Q�NRúXOODUÕQD�J|UH�G�]HQOHQPHVL�JHUHN�PHNWHGLU��%X�NRQX�LOH�LOJLOL�RODUDN�LOJLOL�G|UW�PHVOHN�RGDVÕ�úDUWQDPHQLQ��FUHW�RUDQ�ODUÕ�FHWYHOLQGHNL�NDWVD\ÕODUÕQ�����LOH�oDUSÕOPDVÕQÕQ�]RUXQOXOX÷XQD�LQDQPDNWDGÕU��
G��hFUHWOHULQ�KHVDSODQPDVÕQGD�DUD�OHU�LoLQ�X\JXODQDQ�HQ�\DNÕQ�GH÷HULQ�DOÕQ�PDVÕ�LONHVL�VDNÕQFDODU�GR÷XUPDNWDGÕU��ù|\OH�NL��ED]Õ�KDOOHUGH�KL]PHW�VÕQÕIODUÕQGD�YH�ELQD�PDOL\HWOHULQGH�DUWÕú�ROGX÷X�KDOGH�DOÕQDFDN��FUHW�DUWPDPDNWD�YH\D�GDKD�G�ú�N�RODELOPHNWHGLU��
%X�VDNÕQFDQÕQ�JLGHULOPHVL�LoLQ�DUD�GH÷HU�OHULQ� EXOXQPDVÕQGD� HQWHUSRODV\RQ� \|QWHPL�QLQ�X\JXODQPDVÕ�JHUHNOL�ROPDNWDGÕU��
H��$\QÕ�SURMHQLQ�ELUGHQ�oRN�\DSÕGD�X\JX�ODQPDVÕ�KDOLQGH��LON�X\JXODPDGDQ�VRQUDNL�X\JXODPDODU�LoLQ�|QJ|U�OHQ�3Ì'��FUHWL�\�]GHOHUL�oRN�G�ú�NW�U�YH���
QFL�X\JXODPD�GDQ�VRQUD�KLoELU�|GHPH�\DSÕOPDPDNWDGÕU��$\QÕ�úHNLOGH��ELU�SURMHQLQ�ELUGHQ�ID]OD�X\JXODQPDVÕ�KDOLQGH�YHULOHFHN�NRQWUROO�N��FUHWL�����
QFL�X\JXODPDGDQ�VRQUD�DOÕQDPD�PDNWDGÕU��
%��0$''(/(5(�Wh6.O1�g1(5L/(5�LOJLOL�
G|UW�PHVOHN�RGDVÕQÕQ�úDUWQDPHQLQ�PDGGHOHULQH�LOLúNLQ�|QHULOHUL�DúD÷ÕGDGÕU��
%XUDGD�V|]NRQXVX�HGLOPH\HQ�PDGGHOHU�D\QHQ�
EHQLPVHQPLúWLU��
0DGGH����<DSÕ�\DNODúÕN�PDOL\HWL�|Q�SURMH�GHQ�YH\D��\RNVD²�LKWL\Do�SURJUDPÕQGDQ�EXOXQDFDN�DODQ��KDFLP�YH\D�PLNWDUODU�LOH��%D\ÕQGÕUOÕN�%DNDQOÕ÷ÕQFD�KHU�\ÕO�\D\ÕPOD��
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QDFDN�ELULP�PDOL\HWOHULQ�oDUSÕPÕ�VRQXFX�JHoLFL�RODUDN�HOGH�HGLOLU��
%LULP�PDOL\HWOHU�\D\ÕPODQPDPÕú�LVH�\�U�U�O�NWHNL�ELULP�YH\D�EHGHOOHU�JHoLFL�RODUDN�NXOODQÕOÕU��

����� LON�NHúLI�YH\D�NHVLQ�PDOL\HW��WDYDQ�3Ì'��FUHWLQLQ�KHVDSODQPDVÕQGD�KLoELU�úHNLOGH�GLNNDWH�DOÕQPD]��
����� LGDUHQLQ�YHULOHUL�YH�YH\D�WDV�GLNOL�SURMH\L�GH÷LúWLUPHVL�LOH�ROXúDQ�PHVOHNL�KL]PHWOHULQ�EHGHOL�D\UÕFD�|GHQLU��

0DGGH����
�����3URMH�YH�LKDOH�GRV\DVÕ�G�]HQ�OHQPHVL��3Ì'��

3URMH�YH�LKDOH�GRV\DVÕ�G�]HQOHQPHVLQH�DLW�PLPDUOÕN�YH�P�KHQGLVOLN�KL]PHWOHULQLQ��F�UHWOHUL��WDVDUODQDQ�\DSÕQÕQ���PDGGH�X\DUÕQFD�EXOXQDFDN�\DNODúÕN�PDOL\HWLQH�J|UH�HNOL��FUHW�RUDQODUÕ�FHWYHOLQGHQ�EXOXQXU��3O'�KL]PHWLQLQ�KHU�VDIKDVÕQÕQ��FUHWL�R�VDIKDQÕQ�ELWLPLQGHNL�\ÕO�LWLEDUL\OH�\DSÕ�\DNODúÕN�PDOL\HWL��]HULQGHQ�KHVDSODQÕU��
������ <DSÕQÕQ�W�P�QH�YH\D�E|O�POHUL�QH�DLW�3Ì'�KL]PHWL�D\UÕ�\ÕOODUGD�\DSWÕUÕ��OÕUVD��FUHW�\DSWÕUPD�\ÕOÕQGDNL�ELULP�PDOL�\HWH�J|UH�\HQLGHQ�KHVDSODQÕU��
������ .DOGÕUÕOPDOÕ��
������ $\UÕ�\DSÕODU�KDOLQGH�SURMH�OHQGLULOHQ�YH\D�LúYHUHQ�WDUDIÕQGDQ�E|\OH�SURMHOHQGLULOPHVL�LVWHQHQ�\DSÕ�JXUXSODUÕQ��GDNL�PLPDUOÕN�YH�P�KHQGLVOLN��FUHWOHUL�KHU�\DSÕQÕQ�NHQGL�\DNODúÕN�PDOL\HWL��]HULQGHQ�KHVDSODQÕU��
������ .DOGÕUÕOPDOÕ��
������ 0HYFXW�ELU�\DSÕQÕQ�GH÷LúWLULO�PHVL�YH�YH\D�E�\�W�OPHVL\OH�LOJLOL�KL]PHW�KDQJL�KL]PHW�E|O�P�QH�DLWVH�EX�KL]PHWH�DLW��FUHW�KL]PHWLQ�HWNLOHGL÷L�\DSÕ�E|O�P�Q�Q�EX�úDUWQDPH\H�J|UH�EXOXQDFDN�PDOL\HWLQH�

�����HNOHPHN�VXUHWL\OH�KHVDSODQÕU�������PDGGHVLQGHNL�KL]PHW�EXQXQ�GÕúÕQGDGÕU���
�����0HVOHNL�NRQWURO�

0LPDUOÕN�YH�P�KHQGLVOLN�PHVOHNL�NRQWURO�KL]PHWOHUL�\DSÕ�VÕQÕIÕQD�YH�\DSÕQÕQ�LKDOH�VLQH�HVDV�WHúNLO�HGHQ�NHúLI�EHGHOLQH�J|UH��HNOL��FUHW�RUDQODUÕ�FHWYHOLQGHQ�YH�RUDQOD�UÕQ����
VÕ�DOÕQDUDN�GH÷HUOHQGLULOLU�<DSÕQÕQ�SURMH�E�URVXQXQ�EXOXQGX÷X�E|OJHQLQ�GÕúÕQGD�
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0DGGH����

�����.DOGÕUÕODQ�\|QHWPHOL÷LQ���PDG�GHVL�D\QHQ�NRUXQPDOÕGÕU��
������$QFDN�KHUKDQJL�ELU�X\JXODPDGD�\XNDUÕGD�VD\ÕODQODUÕQ�GÕúÕQGDNL�ELU�KL]PH�WLQ��FUHWL�úDUWQDPH\H�J|UH�D\UÕFD�KHVDSOD�QÕU��
�����.DOGÕUÕODQ�\|QHWPHOL÷LQ���PDG�GHVL�D\QHQ�NRUXQPDOÕGÕU��

0DGGH����%X�úDUWQDPH�K�N�POHULQH�J|UH�EXOXQDFDN��FUHWOHU��0LPDU�0�KHQGLV�WDUD�IÕQGDQ�ELU�X]PDQ�QLWHOL÷L�LOH�VDQDW�YH�WHNQLN�NXUDOODUÕQD�LúYHUHQLQ�LONHOHULQH�ED÷OÕ�NDODUDN�VRUXQXQ�o|]�PH�J|W�U�OPHVLQL�VD÷OD\DFDN�ELoLPGH�\DSÕODFDN�PHVOHNL�KL]PHWH�DLW�HPHN�LOH�PLPDU�P�KHQGLVLQ�EX�LúWHNL�JHQHO�KDUFDPDODUÕQÕQ�NDUúÕOÕ÷ÕGÕU��
����� 7DULKv\DSÕWODU�LOH�%D\ÕQGÕUOÕN�%DNDQOÕ÷ÕQFD�oRN�|]HO�RODUDN�QLWHOHQHQ�\DSÕODUGDNL�GH÷LúWLUPH�E�\�WPH�UHVWRUDV�\RQ�YH�U|O|YH�LúOHULQH�GH÷JLQ�KL]PHWOHULQ��FUHWOHUL�
����� .ODVLN�OLWHUDW�UH�JLUPH\HQ�|]HO�X]PDQOÕN�YH�WHFU�EH\L�JHUHNWLUHQ��\HQL�DO�WHUQDWLI�YH�o|]�POHULQ�RUWD\D�oÕNDFD÷Õ�ROD÷DQ�GÕúÕ�NRQXODUGDNL�P�KHQGLVOLN�KL]�PHWOHULQLQ��FUHWOHUL�EX�KL]PHWOHULQ�JHUHN�WLUHFH÷L�HPHN�YH�LúJ�F�Q��NDUúÕODPDN��]HUH�D\UÕFD�KHVDSODQÕU��
����� (QG�VWUL\HO�\DSÕODUGD�ELQD�E�Q�\HVL�YH�WHVLVDWÕ�GÕúÕQGDNL�LPDO�YH�LVWLK�VDOH�DLW�PDNLQH�YH�WHoKL]DWÕQ�P�KHQGLVOLN�KL]PHWL�EX�úDUWQDPH�NDSVDPÕQÕQ�GÕúÕQGD�LOJLOL�\|QHWPHOLNOHUFH�EHOLUOHQLU��
�����$OW\DSÕ�YH�oHYUH�G�]HQOHQPHVLQH�DLW�3Ì'�KL]PHWOHULQLQ��FUHWL�EX�DOW\DSÕ�YH�oHYUH�G�]HQOHPHVLQLQ�PDOL\HWL��]HULQGHQ�YH�EX�úDUWQDPH�K�N�POHULQH�J|UH�D\UÕFD�KHVDS�ODQÕU��
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¹ µ ¯
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Â ÀN¹ �́ ¹�Ø"¿ ³ ¿�À"¿ ²I² º Â"³ ·"»�¹�¾�¼�¾�¿�À�¼�¹ ³ ¹N¾�¿"º ´³ ¿�À Ì ´ Ø"¿"Ø"¼ ± ¹7Ø"¹�½�¼�½�¿�Øìº7¼"º7¿"¿�Ø

¹"Ø ± ¼ ³ ¹�¹�º �Â�³ · ³ ¹�À�¼�º"¼ Ì �´ ¹�Ø"¿IÀ"¹ Ã ¹�À"¿�º�½ ³ ¿�Àêº ¹I¹�À"¹â¿ ±�³ ¿ ´¾�¿ ³ ¿�À�º ¹7»�¹�Ø"¿ ³ ¼�½�Ø�¹�½�¼�º�¼ Ì ± ¿ç½"¿ä¿�ºY¹¼�ºä¿�¿�Ø}ºu¸�¹�Àu½�¿ Ã ¸�¿�½}º�»�¿]·�À ¹è¿"º�Ø�¼ã¹"»�¹±�²�³"³ ¿"º ³ ¿}¼ ³ ¹�×�¹ ± º�¼�Ø"¹ ³ ¼ ± Ø"¹ã¸"¿èÀ ³ ¿�º�¾ ³ ¿"ºÀæ¹�»�¼�À Ó Ç ¯
¹ µ ¯

¿�À�¿ãÀ�¿ Ã�³ ¿�À�¿7º�¹"º± À ² ºN¾�¿ ³ »}À
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0DGGH�����(OHNWULN�P�KHQGLVOL÷L�KL]PHWOHUL��ELQD�LOH�LOJLOL��
�1RUPDO�D\GÕQODWPD�WHVLVDWÕ�YH�SUL]OHU��]LO�WHVLVDWÕ�YH�EHQ]HUOHUL���$QWHQ�WHVLVOHUL�EDVLW�GRQDQPD�WHVLVD�WÕ�VLQ\DO�WHVLVOHUL�WHOHIRQ�úHEHNHOHUL�YH�VDQWUDOÕ�DODUP�YH�LKEDU�WHVLV�OHUL�PHUNH]L�VDDW�WHVLVDWÕ�SDUDWRQHU��
�$VDQV|UOHU�NXYYHW�WHVLVDWÕ�ÕúÕNODQ�GÕUPD�YH�GRQDQPD�WHVLVOHUL�EDKoH�YH�oHYUH�D\GÕQODWPDVÕ�\HGHN�HOHNWURMHQ�JXUXSODUÕ��WUDIRODU�EHVOHPH�KDWODUÕ��
��<�U�\HQ�PHUGLYHQOHU�V�UDWOL�YH�NRPEL�QH�DVDQV|UOHU�VDQD\L�NXYYHW�WHVLVOHUL�RWR�PDWLN�NRQWURO�YH�NXPDQGD�WHVLVOHUL�HPQL\HW�WHVLVOHUL�|]HO�LKEDU�YH�ND\ÕW�WHVLVOHUL��VSRU�VDKDODUÕQÕQ�E�\�N�PH\GDQODUÕQ�D\GÕQ�ODWPD�WHVLVDWÕ�VNRU�WHVLVOHUL���0�WHKDYYLO�UHQNOL�ÕúÕNODQGÕUPD�WHVL�VDWÕ�SURJUDPOÕ�HOHNWUR�DNXVWLN�WHVLVDW�KHU�QHYL�HOHNWURQLN�NXPDQGD�ND\ÕW�YH�QHúLU�WHVLVOHUL�LOH�VLQ\DOL]DV\RQ�EHVOHPH�úHEH�NHOHUL�YH�EHQ]HUL�|]HO�WHVLVOHUL�LoLQH�DOÕU��

<XNDUÕGD�DGÕ�JHoHQ�KL]PHWOHUGHQ�DVDQV|U�OHU�NDPELQH�DVDQV|UOHU�RWRPDWLN�NXPDQGD�YH�NRQWURO�WHVLVOHUL�|]HO�LKEDU�YH�ND\ÕW�WH�VLVOHUL�VNRU�WHVLVOHUL�P�WHKDYYLO�UHQNOL�ÕúÕNODQGÕUPD�SURJUDPOÕ�HOHNWUR�DNXVWLN�WH�VLVDW�KHU�QHYL�HOHNWURQLN�NXPDQGD�ND\ÕW�YH�QHúLU�WHVLVOHUL�LOH�VLQ\DOL]DV\RQ�\H�EHQ��
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Ø�¹"½�¼�Ø�¼ Ì �× ´ ¶�¼�¾�¿�À�¼ Ì ½�Ø�¿�Ø�¼ ± ¹}Ø�¹�½"¼�½"¿�ØîÀè¹ ³ ¹�À"¼�º�»�¹ ²
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