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*OREDO�SD]DUODUGD�LúELUOL÷L�DUDoODUÕQGDQ�ELUL�RODQ�IUDQFKLVLQJ�VLVWHPL��EDúODQJÕoWD� LúOHWPHOHULQ� �UHWWLNOHUL� PDO� YH� KL]PHWOHULQ� GD÷ÕWÕPÕQGD�NDUúÕODúWÕNODUÕ� VRUXQODUÕ� o|]PHN� DPDFÕ� LOH� X\JXODQDQ�ELU� SD]DUODPD�\|QWHPL�RODUDN� JHOLúWLULOPLú� LNHQ�� J�Q�P�]GH� |]HOOLNOH� N�o�N� YH� RUWD� |OoHNOL�LúOHWPHOHULQ�NXUXOPDVÕQGD�|QHPOL�IÕUVDWODU�VXQDQ�ELU�VLVWHP�KDOLQH�JHOPLúWLU��
%X�oDOÕúPDGD��IUDQFKLVLQJ�LúOHPOHULQLQ�PXKDVHEHOHúWLULOPHVL�WDUDIODUÕ�DoÕVÕQGDQ�LQFHOHQPH\H�oDOÕúÕOPÕúWÕU��

�
���)5$1&+,6,1*�.$95$0,��
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8OXVDO� )UDQFKLVLQJ� 'HUQH÷L¶QLQ� �8)5$'�� \DSPÕú� ROGX÷X� WDQÕPD�J|UH�� ³)UDQFKLVLQJ�� ELU� �U�Q� YH\D� KL]PHWLQ� LPWL\D]� KDNNÕQD� VDKLS� WDUDIÕQ��EHOLUOL� ELU� V�UH� úDUW� YH� VÕQÕUODPDODU� GDKLOLQGH� LúLQ� \|QHWLP� YH�RUJDQL]DV\RQXQD� LOLúNLQ� ELOJL� YH� GHVWHN� VD÷ODPDN� \ROX\OD�� LPWL\D]� KDNNÕQÕ�

WLFDUL� LúOHU� \�U�WPHN� �]HUH� LNLQFL� WDUDID� YHUGL÷L� LPWL\D]GDQ� GR÷DQ�� X]XQ�G|QHPOL�YH�V�UHNOL�ELU�Lú�LOLúNLOHULQLQ�ELU�E�W�Q�G�U�´�
�
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8OXVODUDUDVÕ� )UDQFKLVLQJ� 'HUQH÷L¶QLQ� �,)$�� \DSPÕú� ROGX÷X�WDQÕPODPD\D�J|UH� ³)UDQFKLVLQJ�VLVWHPL��IUDQFKLVH�YHUHQLQ��IUDQFKLVH�DODQÕQ�
LúL\OH� LOJLOL� RODUDN� NQRZ�KRZ� YH� H÷LWLP� JLEL� NRQXODUGD� RQD� VXQGX÷X� \D� GD�NHQGL� NHQGLVLQL� V�UHNOL� ELU� LOJL� J|VWHUPHNOH� \�N�PO�� NÕOGÕ÷Õ� ELU� V|]OHúPH�LOLúNLVLGLU�´�

<DSÕODQ�WDQÕPODPDODUGDQ�GD�DQODúÕODFD÷Õ�JLEL��IUDQFKLVLQJ�VLVWHPLQLQ�YDUOÕ÷Õ� LoLQ� IUDQFKLVH� YHUHQ� LOH� IUDQFKLVH� DODQ� DUDVÕQGD� WLFDUL� ELU� LOLúNLQLQ�NXUXOPDVÕ�� NDUúÕOÕNOÕ� VRUXPOXOXNODUÕ� YH� \�N�PO�O�NOHUL� EHOLUOH\HQ� YH� \DVDO�ED÷OD\ÕFÕOÕ÷Õ�RODQ�ELU�V|]OHúPHQLQ�ROPDVÕ�JHUHNLU��
� )UDQFKLVRU�� �U�QH�� KL]PHWH� YH\D� ELOJL� ELULNLPLQH� YH� EXQODUD� DLW�GHQHQPLú��NDOLWHVL�NDQÕWODQPÕú�YH�EDúDUÕOÕ�ELU�PDUND\D��LVPH�VDKLS�YH�EXQODUÕQ�VDWÕú� GD÷ÕWÕP� YH\D� LúOHWPH� KDNNÕQÕ� EHOLUOL� ELU� EHGHO� NDUúÕOÕ÷Õ� YHUHQ� WDUDIWÕU��)UDQFKLVRU�� NHQGLVL� YH� ELUH\VHO� IUDQFKLVH� DODQODUGDQ� ROXúDQ� IUDQFKLVLQJ�VLVWHPLQLQ�NXUXFXVX�YH�X]XQ�YDGHOL�NRUX\XFXVX�RODUDN�WDQÕPODQDELOPHNWHGLU��)UDQFKLVRU��VLVWHPLQ�JHUH÷L�RODUDN�WDQÕWÕP��DUDúWÕUPD��H÷LWLP�YH�GHQHWLP�JLEL�GHVWHNOHUL�GH��VWOHQLU��

)UDQFKLVHH�\D�GD�IUDQFKLVH�DOÕFÕVÕ�� IUDQFKLVH�YHULFLVLQLQ�PDUND�� LVLP�YH� LúOHWPH� KDNNÕQÕ� DODQ�� ED÷ÕPVÕ]� úHNLOGH� LúOHWPHVLQL� \|QHWHQ�� IUDQFKLVH�YHUHQGHQ�LGDUL��PDOL�� WHNQLN��SD]DUODPD�YH�H÷LWLP�NRQXODUÕQGD�V�UHNOL�GHVWHN�DODQ�� Lú� \DSDELOPH� KDNNÕQÕ� G�]HQOL� |GHPHOHU� NDUúÕOÕ÷ÕQGD� YH� JHQHOGH� ELU�EDúODQJÕo� EHGHOLQL� |GH\HUHN� VDWÕQ� DODQ� JHUoHN� YH� W�]HO� NLúLGLU�� )UDQFKLVHH��VLVWHPLQ�YH�PDUNDQÕQ�EHOOL�ELU� VDWÕú�KL]PHW�QRNWDVÕ�YH�E|OJHVL� LoLQ�KDNODUÕQÕ�DQODúPD�LOH�DODUDN�X\JXOD\DQ�\DWÕUÕPFÕGÕU��
)UDQFKLVH� DODQÕQ� IUDQFKLVH� YHUHQH� |GHGL÷L� EHGHO�� LVLP��PDUND� YH\D�VLVWHPL�NXOODQPD�KDNNÕ� NDUúÕOÕ÷ÕQGD�|GHQHQ�ELU� EDúODQJÕo��FUHWL� �)UDQFKLVHH�IHH�� YH� \ÕOOÕN� FLUR� YH� NkUGDQ�� DQODúPDGD� EHOLUOHQHQ� RUDQODUGD�� \�]GH� RODUDN�|GHQHQ��FUHWOHUGHQ��UR\DOW\��ROXúXU��
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�
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\HUGH��ELU�GXUXPX�WLFDUL�YH�HNRQRPLN�DQODPGD�GH÷HUOHQGLUPHN��]HUH�YHULOHQ�EX�KDN�YH�|]J�UO�NOHU�oD÷ODU�ER\XQFD�IUDQFKLVLQJ
LQ�WHPHOLQL�ROXúWXUPXúWXU��
'�Q\D�OLWHUDW�U�QGH�\D\JÕQ�RODQ�G�ú�QFH�IUDQFKLVLQJ�VLVWHPLQLQ�DQD�YDWDQÕQÕQ� $PHULND� %LUOHúLN� 'HYOHWOHUL� ROGX÷X� úHNOLQGH� GH� ROVD�� IUDQFKLVLQJ�NDYUDPÕ� RUWDoD÷GDQ� EHUL� øQJLOWHUH
GH� NXOODQÕOPÕúWÕU�� gUQH÷LQ�� øQJLOWHUH
GH�����
O�� \ÕOODUGD�� ELUD� �UHWLFLOHUL� LOH� EDU� VDKLSOHULQLQ� DUDVÕQGD� \DSÕODQ�V|]OHúPHOHUGH� IUDQFKLVLQJ� LOLúNLVL� ROXúWXUXOPXúWXU�� %X� WDULKWH� oÕNDUÕODQ� \DVD�LOH� DONROO�� LoNL� VDWÕúODUÕQÕQ� OLVDQV� LOH� VÕQÕUODQGÕUÕOPDVÕ� \ROXQD� JLGLOPLúWLU��%|\OH� ELU� VÕQÕUODQGÕUPDQÕQ� \DQÕ� VÕUD� OLVDQV� VD\ÕVÕQÕQ� GD� NÕVÕWOÕ� WXWXOPDVÕ�OLVDQVÕQÕ� IL\DWÕQÕ� \�NVHOWPLúWLU�� /LVDQV� IL\DWÕQÕQ� \�NVHN� ROPDVÕ� QHGHQL\OH�DONROO�� LoNL� VDWÕúÕ� \DSDQ� N�o�N� EDU� VDKLSOHULQLQ� HNRQRPLN� J�oOHUL� OLVDQV�DOPD\D�\HWPHPLúWLU��
����
O�� \ÕOODUGD� IUDQFKLVLQJ�� øQJLOWHUH
GH� YDUOÕ÷ÕQÕ� E|\OHFH� NDEXO�HWWLULUNHQ�� $%'
GH� LON� IUDQFKLVLQJ� X\JXODPDODUÕ� ���� <�]\ÕOGD� J|U�OPH\H�EDúODPÕúWÕU�� øON� RODUDN� GLNLú� PDNLQHOHUL� YH� RWRPRELO� VDWÕúODUÕ�� EHQ]LQ�LVWDV\RQODUÕ� YH� KDILI� LoNLOHULQ� úLúHOHQPHVL� JLEL� VHNW|UOHUGH� IUDQFKLVLQJ�LúOHPOHULQLQ� EDúODGÕ÷Õ� J|U�OPHNWHGLU�� $%'
GH� 6LQJHU� GLNLú� PDNLQDODUÕQÕQ��UHWLFL�ILUPD�WDUDIÕQGDQ�JHQLú�ELU�SD]DUODPD�D÷Õ�LOH�GD÷ÕWÕPÕQÕQ�\DSÕOPDVÕ�LON�IUDQFKLVLQJ� X\JXODPDVÕGÕU�� 6LQJHU� GLNLú� PDNLQDODUÕ� úLUNHWL�� IUDQFKLVLQJ
L� LON�VLVWHPOL� NXOODQDQ� ILUPD� RODUDN� $PHULND
GD� IDUNOÕ� E|OJHOHUGHQ� JHOHQ� WDOHEL�NDUúÕODPDN� LoLQ� ED\LOLN� VLVWHPLQL� ROXúWXUPXú� YH� ED÷ÕPVÕ]� ILUPDODUD� EHOLUOL�E|OJHOHUGH�VDWÕú�KDNNÕQÕ�YHUPLúWLU��
øúOHWPHOHU�DUDVÕ�ELU�DQODúPD�RODQ�IUDQFKLVLQJ��$PHULNDQ�5�\DVÕQÕQ��DQDKWDUÕ� RODQ�� HNRQRPLN� EDúDUÕ�� IÕUVDW�� SDWURQ� ROPD� DU]XVX� YH� ]HQJLQOHU�VÕQÕIÕQD�JHoPHN�LVWH\HQ�N�o�N�JLULúLPFLOHULQ�LQDWoÕ�UXKXQX�WHPVLO�HWPHNWHGLU��)UDQFKLVLQJ� VLVWHPL\OH� V|]� NRQXVX� $PHULNDQ� GH÷HUOHULQH� \HQL� ELU� J�o� YH�KH\HFDQ�NDWÕOPÕúWÕU��
6LVWHP�� VDGHFH�HNRQRPLN� ID\GDODUÕ� LoLQ�GH÷LO�� D\QÕ� ]DPDQGD� VRV\DO�|QHPL� DoÕVÕQGDQ� GD� WHUFLK� HGLOPLúWLU�� %|\OHFH�� E�\�N� LúOHWPHOHU� YH� N�o�N�JLULúLPFLOHU��NHQGLOHULQH�NDUúÕOÕNOÕ�RODUDN�ID\GD�VD÷OD\DQ�ELU�ELUOL÷H�ED÷ODQPD�RODQD÷ÕQD� NDYXúPXúODUGÕU�� %X� QHGHQOH�� IUDQFKLVLQJ� ED÷ÕPVÕ]� oDOÕúDQ� Lú�DGDPODUÕQÕ�KHP�NRUXPXú��KHP�GH�E�\�PHOHULQH�\DUGÕPFÕ�ROPXúWXU��
7�UNL\H¶GH� ����
OL� \ÕOODUGDQ� LWLEDUHQ� EDúOD\DQ� NLWOHVHO� �UHWLPOHU� YH�KL]PHWOHULQ��ONHQLQ�KHU�WDUDIÕQGDNL�LQVDQODUD�XODúWÕUÕOPDVÕ�DPDFÕ�LOH�o|]�POHU�DUDQÕUNHQ�ED\L��P�PHVVLO�YH�DFHQWH�JLEL�VLVWHPOHU�NXOODQÕOPD\D�EDúODQÕOPÕúWÕU��2WRE�V�ILUPDODUÕQÕQ�ELOHWOHULQLQ�VDWÕOGÕ÷Õ�RILVOHU��EHQ]LQ�LVWDV\RQODUÕ�� W�S�JD]��
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� -RKQ�67$1:257+��	�%ULDQ�60ø7+��)UDQFKLVLQJ��%DúDUÕOÕ�0DUNDODU�YH�6L]��<HQL�dL]JL�<D\ÕQ�'D÷ÕWÕP�/LPLWHG�ùLUNHWL��øVWDQEXO��������V������ 0HKPHW�0(/(0(1��	�%XUDN�6��$5=29$��8OXVODUDUDVÕ�7LFDUHW�$OWHUQDWLI�)LQDQVPDQ�7HNQLNOHUL� YH� 0XKDVHEHOHúWLULOPHVL� 7LFDUL� <D]ÕúPD� gUQHNOHUL�� 7�UNPHQ� .LWDEHYL��øVWDQEXO��������V������
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EH\D]� Hú\D�� HOHNWURQLN� Hú\D�� DUDED�� VLJRUWD�� JLEL� NRQXODUGD� ED÷ÕPVÕ]� KL]PHW�YHUHQ�VDWÕú�QRNWDODUÕ�ROXúPXúWXU��
��� 2FDN� ����� .DUDUODUÕ� LOH� ELUOLNWH� E�URNUDWLN� HQJHOOHULQ� RUWDGDQ�NDONPDVÕ�YH�\DEDQFÕ�\DWÕUÕPFÕODUD�HúLW�KDNODU�YHULOPHVL�LOH�\XUW�GÕúÕQGD�\D\JÕQ�RODUDN� NXOODQÕODQ� NLPOLNOHULQLQ� NDQÕWODPÕú� VLVWHPOHU� GH� 7�UNL\H¶\H� JHOPH\H�EDúODPÕúWÕU�� ����� \ÕOÕQGD� IUDQFKLVH� YHUPH\H� EDúOD\DQ� 785<$3�� LON� \HUOL�IUDQFKLVLQJ� ILUPDVÕ� XQYDQÕQD� VDKLS� ROGX�� %XQXQ� \DQÕ� VÕUD������ \ÕOÕQGD�G�Q\DQÕQ� HQ� E�\�N� IDVW� IRRG� UHVWRUDQODUÕQD� VDKLS� ]LQFLUL� 0F� 'RQDOG
V
ÕQ�øVWDQEXO� 7DNVLP
GH� LON� UHVWRUDQÕQÕ� DoPDVÕ� LOH� IUDQFKLVLQJ� VLVWHPL� ILLOHQ�EDúODPÕúWÕU� %X� V�UHoWH� NXUXODQ� IUDQFKLVH� ]LQFLUL� PD÷D]DODUGD� W�NHWLFLOHUH�VDGHFH� EHOLUOL� LKWL\DoODUÕQÕ� NDUúÕOD\DFDN� QLWHOLNWH� �U�Q� YH� KL]PHWOHULQ�VXQXPX\OD� VÕQÕUOÕ� NDOÕQPDPÕú� D\QÕ� ]DPDQGD� ELU� \DúDP� ELoLPLQL� ROXúWXUDQ�W�NHWLP� PRGHOOHUL� GH� VXQXOPXúWXU�� � )UDQFKLVLQJ� VLVWHPL\OH� NXUXODQ� VDWÕú�QRNWDODUÕQGD� VWDQGDUWODUD� GD\DOÕ� LúOHWPH� \|QWHPOHULQLQ� NXOODQÕPÕ� VRQXFXQGD�VLVWHPLQ� X\JXODQGÕ÷Õ� VHNW|UOHUGH� UHNDEHW� RUWDPÕ� FDQODQPÕú�� W�NHWLFLOHULQ�\ÕOODUGÕU� GX\GXNODUÕ� DQFDN� XODúDPDGÕNODUÕ� PDUNDODUD� XODúPDODUÕ� J�QGHPH�JHOPLúWLU��
%X� VLVWHPOH� 7�UN� JLULúLPFLOHU� G�Q\D� oDSÕQGD� WDQÕQPÕú� PDUNDODUÕQ�LVLP� YH� LúOHWPHFLOLN� NXOODQÕP� LPWL\D]� KDNNÕQÕQ� DODUDN� YH� IUDQFKLVH� YHUHQ�úLUNHWLQ� VWDQGDUWODUÕQD� X\JXQ� VDWÕú� QRNWDODUÕ� DoDUDN� KHP�NHQGLOHULQH� KHP�GH�W�NHWLFLOHUH��KHP�GH��ONH�HNRQRPLVLQH�|QHPOL�NDWNÕODU�VD÷ODPÕúODUGÕU���
7�UNL\H
GH� ����� \ÕOÕQGDQ� EX� \DQD� KÕ]OD� \D\ÕODQ� IUDQFKLVLQJ�VLVWHPL\OH� E�\�PH\L� WHUFLK� HGHQ� ILUPD� YH� PDUNDODU� DUDVÕQGD� |QFHOLNOH�\XUWGÕúÕQGDQ� JHOHQ� \DEDQFÕ� PDUNDODUÕQ� \HU� DOGÕ÷Õ� J|]H� oDUSPDNWDGÕU��8OXVODUDUDVÕ� IUDQFKLVLQJ� VLVWHPL\OH� \HUHO� SD]DUODUD� JLUHQ� XOXVODUDUDVÕ� \HUHO�JLULúLPFLOHUL� IUDQFKLVH�YHUPH\H�\|QOHQGLUGL÷L�G�ú�Q�O�UVH��7�UNL\H
GH�GH�EX�V�UHoWH� IUDQFKLVH� YHUHQ� \DEDQFÕ� YH� \HUOL� ILUPDODU� DUDVÕQGD�� �+ROLGD\� ,QQ���RWHOFLOLN��� ��� (OHYHQ�� �DOÕúYHULú� PHUNH]L��� �3ULQWHPSV�� �DOÕúYHULú� PHUNH]L����1HNWDU� %HDXW\� 6KRSV�� �HVWHWLN� YH� GR÷DO� EDNÕP� �U�QOHUL��� �0F'RQDOG
V���IDVW�IRRG��� �$OSKDJUDSKLFV�� �EDVÕPHYOHUL��� �'LYDUHVH�� �D\DNNDEÕ�PD÷D]DODUÕ����6DJUD�6SHFLDO���oLNRODWD�YH�PDPXOOHUL����7XU\DS���HPODN�ELOJL�EDQNDVÕ��� �([SUHVV�.DUJR�� �NDUJR� WDúÕPDFÕOÕ÷Õ��� �6�W�øú�� �UHVWRUDQ��� �0XGR���KD]ÕU�JL\LP����7XUNRP���G|YL]�E�IHVL��VD\ÕODELOLU� �
)UDQFKLVLQJ� VLVWHPLQLQ� 7�UNL\H¶GHNL� VHoHQHNOHUL� LVH� úX� úHNLOGH�VÕUDODQDELOLU��

� +�O\D�*h1$<��³8)5$'�*HQHO�%DúNDQÕ�0D\LU�6DUDQJD��<|QHWLFLOHULPL]�)UDQFKLVLQJ¶L�'H÷HUOHQGLUPHOL´��'�Q\D�*ÕGD�'HUJLVL��<ÕO����6D\Õ����������V������ 6LEHO�&ø1*ø��³7�UNL\H�)UDQFKLVLQJL�6HYGL´��*OREXV�'HUJLVL��<ÕO����6D\Õ����������V������ 6HUGDU�3ø57ø1ø��	�+�VH\LQ�$.$<��³%LU�3D]DUODPD�<|QHWLPL�2ODQ�)UDQFKLVLQJ�6LVWHPLQGH�9HUJL�YH�0XKDVHEH�8\JXODPDODUÕ´��9HUJL�'�Q\DVÕ�'HUJLVL��<ÕO�����6D\Õ������������V������� '(0ø5&ø�� )DWPD�� ³)UDQFKLVLQJ� 6LVWHPL� YH� 7�UNL\H¶GHNL� 8\JXODPDVÕ´�� øNWLVDW�øúOHWPH� YH�)LQDQV�'HUJLVL��<ÕO����6D\Õ�����������V�����
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��� *LULúLPFLQLQ� IUDQFKLVLQJ� VHoHQHNOHULQGHQ� ELULQFLVL��$PHULND¶GDQ�� $YUXSD¶GDQ� YH� G�Q\DQÕQ� GL÷HU� E|OJHOHULQGHQ�IUDQFKLVH� YHUPHNWH� RODQ� \DEDQFÕ� ILUPDODUGDQ� ELUL\OH� IUDQFKLVH�V|]OHúPHVL� \DSPDNWÕU�� %X� VHoHQHNWH�� JLULúLPFLOHU�� �U�Q�PDUND�YH\D� LúOHWPHFLOLN� LPWL\D]ÕQÕ� \XUWGÕúÕQGDNL� ILUPDGDQ� DQODúPD�\ROX\OD�VDWÕQ�DOPDNWDGÕU��
��� *LULúLPFLOHU� LoLQ� LNLQFL� ELU� VHoHQHN� LVH� �U�Q�PDUND� YH\D�LúOHWPHFLOLN� LPWL\D]ÕQÕQ� \XUWGÕúÕQGDNL� DQD� ILUPDGDQ� GH÷LO��7�UNL\H¶GHQ� DOPDNWDGÕU�� $QD� ILUPD� LOH� 7�UN� ILUPDVÕ� DUDVÕQGD�\DSÕODQ� ³PDVWHU� OLVDQV´� DQODúPDVÕ\OD� \HUOL� ILUPD� �U�Q�� PDUND�YH\D� LúOHWPHFLOLN� LPWL\D]ÕQÕ� Lo� SL\DVDGD� KHP� NHQGLVL�NXOODQPDNWD�KHP�GH�7�UN�JLULúLPFLOHUH�NXOODQGÕUPDNWDGÕU��
��� )UDQFKLVLQJ� VLVWHPLQGH� �o�QF�� VHoHQHN�� SL\DVDGD� SD]DU� SD\Õ�ROXúPXú��WDQÕQPÕú�\HUOL�PDUNDODUÕQ�úHPVL\HVL�DOWÕQD�JLUPHNWLU��
*�Q�P�]GH� 7�UNL\H¶GHNL� IUDQFKLVLQJ� X\JXODPDODUÕQD� EDNÕOGÕ÷ÕQGD��\DWÕUÕPFÕODUÕQ�KHQ�]�VLVWHPL�WDQÕPD�DúDPDVÕQGD�ROGXNODUÕ������VHQH�|QFHVLQLQ�VDEÕUVÕ]OÕ÷ÕQGDQ�YH�WHFU�EHVL]OL÷LQGHQ�NXUWXOGXNODUÕ�J|U�OPHNWHGLU��'DKD�oRN�H÷LWLP� SURJUDPODUÕ� YH� X]XQ� YDGHOL� \DWÕUÕP� ELOLQFL�� IUDQFKLVLQJ� VLVWHPLQGH�7�UN�\DWÕUÕPFÕVÕQÕQ�DUWÕN�ELOGL÷L�XQVXUODUGÕU��*LULúLPFLOHU� LoLQ�HQ�ND]DQoOÕ�YH�HQ� J�YHQOL� Lú� NXUPD� \|QWHPOHULQGHQ� ELU� RODQ� IUDQFKLVLQJ� VLVWHPL� LOH� LOJLOL�RODUDN� ����� \ÕOÕQGD� HY� WHNVWLOLQGHQ�� JÕGD\D�� NXUX� WHPL]OHPHGHQ� ELQD�\|QHWLPLQH�NDGDU�SHN�oRN�GH÷LúLN�DODQGD�\HUOL�PDUNDODU�IUDQFKLVH�YHUPLúWLU��

���)5$1&+,6,1*�6ø67(0ø1ø1�7h5/(5ø�
������7DUDIODUÕQ� %XOXQGXNODUÕ� hONHOHU� $oÕVÕQGDQ� )UDQFKLVLQJ�� 6LVWHPL�
7DUDIODUÕQ�EXOXQGXNODUÕ��ONHOHU�DoÕVÕQGDQ�IUDQFKLVLQJ�VLVWHPL��XOXVDO�IUDQFKLVLQJ� VLVWHPL� YH� XOXVODUDUDVÕ� IUDQFKLVLQJ� VLVWHPL� ROPDN� �]HUH� LNL\H�D\UÕOÕU��
�������8OXVDO�)UDQFKLVLQJ�6LVWHPL�
8OXVDO�IUDQFKLVLQJ�VLVWHPL��IUDQFKLVH�YHUHQ�WDUDIÕQ�VDKLS�ROGX÷X�PDOÕ�\D� GD� KL]PHWL� NXOODQPD� KDNNÕQÕ� IUDQFKLVLQJ� LúOHPLQLQ� QLWHOL÷LQH�EDNÕOPDNVÕ]ÕQ�NHQGL��ONH�VÕQÕUODUÕ�LoHULVLQGH�IUDQFKLVH�DODQ�WDUDID�YHUPHVLGLU��%X� VLVWHPGH� JHUHN� IUDQFKLVH� YHUHQ� WDUDIÕQ� JHUHNVH� GH� IUDQFKLVH� DODQ� WDUDIÕQ�VD÷ODGÕNODUÕ�JHOLUOHU��ONH�LoLQGH�NDOPDNWDGÕU��
8OXVDO� IUDQFKLVLQJ�� �ONH� LoLQGH� úHKLUOHUDUDVÕ� YH� E|OJHOHUDUDVÕ�IUDQFKLVLQJ� úHNOLQGH� X\JXODQDELOLU�� ùHKLUOHUDUDVÕ� IUDQFKLVLQJ�� NÕVÕWOÕ� E|OJH�|QFHOL÷L�� E|OJHOHUDUDVÕ� IUDQFKLVLQJ¶GH� LVH� JHQLú� E|OJH� |QFHOL÷L� YHULOHUHN�X\JXODQÕU�� *HQLú� E|OJH� |QFHOL÷L� YHUHQ� IUDQFKLVLQJ�� DQD� ED\LOLN� VLVWHPLQH�
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EHQ]HU��)UDQFKLVLQJ�YHUHQ�WDUDI�VDKLS�ROGX÷X�KDNODUÕQÕ�IUDQFKLVLQJ�DODQ�WDUDID�NHQGL� DGÕQD� NXOODQPDN� �]HUH� EHOLUOL� ELU� V�UH� LoLQ� VDWDU� YH� IUDQFKLVLQJ� DODQ�WDUDI��R�E|OJHGH�IUDQFKLVLQJ�YHULFLVL�JLEL�KDUHNHW�HGHELOLU���
8OXVDO�IUDQFKLVLQJ�VLVWHPLQGH�WDUDIODUÕQ�KDVÕODWODUÕ��ELU�EDúND�GH\LúOH��IUDQFKLVH� YHUHQ� WDUDIÕQ� IUDQFKLVH� DODQ� WDUDIWDQ� VD÷ODGÕ÷Õ� JHOLU� YH� PDOÕQ�VDWÕOPDVÕ�VRQXFXQGD�IUDQFKLVH�DOÕFÕVÕQÕQ�VD÷ODPÕú�ROGX÷X�VDWÕú�KDVÕODWODUÕ��ONH�LoLQGH�NDOPDNWDGÕU��
�������8OXVODUDUDVÕ�)UDQFKLVLQJ�6LVWHPL����
8OXVODUDUDVÕ�IUDQFKLVLQJ�VLVWHPL��IUDQFKLVH�YHUHQ�WDUDIÕQ�VDKLS�ROGX÷X�PDO�\D�GD�KL]PHWL�NXOODQPD�KDNNÕQÕ� IUDQFKLVLQJ� LúOHPLQLQ�QLWHOL÷L�QH�ROXUVD�ROVXQ� XOXVODUDUDVÕ� VÕQÕUODUGD� IDDOL\HW� J|VWHUHFHN� IUDQFKLVH� DODQ� WDUDID�VDWPDVÕGÕU�� *OREDO� KL]PHW� HNRQRPLVL� JHQLúOHGLNoH�� XOXVODUDUDVÕ� IUDQFKLVLQJ�VLVWHPL�LoLQ�\HQL�IÕUVDWODU�GR÷PDNWDGÕU���
%X� VLVWHPGH�� IUDQFKLVH�YHUHQ� WDUDI� VDKLS�ROGX÷X�PDO�\D�GD�KL]PHWL�LKUDo�HWPHNWHGLU��%|\OHFH�IUDQFKLVH�YHUHQ�WDUDIÕQ�ND]DQFÕ�KHP�LKUDo�HWWL÷L�PDO�\D� GD� KL]PHWLQ� JHOLUL�� KHP� GH� IUDQFKLVLQJ� JHOLUL� ROPDNWDGÕU�� )UDQFKLVH� DODQ�WDUDI� DoÕVÕQGDQ� LVH�� IUDQFKLVLQJ� V|]OHúPHVL� LOH� ELU� PDO� \D� GD� KL]PHW� LWKDO�HGLOPHNWH�YH�EXQXQ�LoLQ�ELU�EHGHO�GL÷HU�ELU��ONH\H�DNWDUÕODELOPHNWHGLU��
������ )UDQFKLVH� øúOHPOHULQLQ� 1LWHOL÷L� YH� øoHUL÷L� $oÕVÕQGDQ�� )UDQFKLVLQJ�6LVWHPL�
)UDQFKLVH� LúOHPLQLQ�QLWHOL÷L� YH� LoHUL÷L� DoÕVÕQGDQ� IUDQFKLVLQJ� VLVWHPL�JHOHQHNVHO� IUDQFKLVLQJ� VLVWHPL� YH� LPWL\D]� KDNNÕQÕQ� YHULOPH� úHNOLQH� J|UH�IUDQFKLVLQJ�VLVWHPL�RODUDN�LNL\H�D\UÕOÕU��
�������*HOHQHNVHO�)UDQFKLVLQJ�6LVWHPL��
)UDQFKLVLQJ� VLVWHPLQLQ� ROXúPDVÕQGDNL� HQ� |QHPOL� QHGHQOHUGHQ� ELUL��PDOÕQ� \D� GD� �U�Q�Q�� �UHWLFLVL� GÕúÕQGDNL� NLúLOHU� WDUDIÕQGDQ� IDUNOÕ� E|OJHOHUH�VDWÕOPDVÕGÕU�� $QFDN� EX� NLúLOHU� DUDVÕQGDNL� LOLúNL�� �UHWLFL�WRSWDQFÕ�� �UHWLFL�SHUDNHQGHFL�� WRSWDQFÕ�SHUDNHQGHFL� YH� SHUDNHQGHFL�SHUDNHQGHFL� DUDVÕQGDNL�LOLúNL\L�WDQÕPODPDNWDGÕU��%X�LOLúNL��IUDQFKLVLQJ�LúOHPLQLQ�HQ�WHPHO�úHNOL�ROXS��OLWHUDW�UGH� ³JHOHQHNVHO� IUDQFKLVLQJ´� RODUDN� \HU� DOPDNWDGÕU�� *HOHQHNVHO�IUDQFKLVLQJ�VLVWHPLQLQ�W�UOHUL�ú|\OH�VÕUDODQDELOLU���
D��øPDODWoÕ���7RSWDQFÕ�)UDQFKLVH�
øPDODWoÕ� LOH� WRSWDQFÕ� DUDVÕQGDNL� IUDQFKLVLQJ� oHúLGL�� JHQHOOLNOH�PHúUXEDW� VHNW|U�� EDúWD� ROPDN� �]HUH� NRQVHUYH� �U�QOHULQ� úLúHOHPH� YH��

��� 1XUD\� .21'$.�� øúOHWPHOHUGH� )LQDQVPDQ� 6RUXQX� YH� d|]�P� <ROODUÕ� �$OWHUQDWLI�)LQDQVPDQ�7HNQLNOHUL�� 'HU�<D\ÕQODUÕ��øVWDQEXO��������V��������� -RKQ� &211(/�� ³'LYHUVLW\� LQ� /DUJH� )LUP� ,QWHUQDWLRQDO� )UDQFKLVH� 6WUDWHJ\´�� -RXUQDO� 2I�&RQVXPHU�0DUNHWLQJ��9RO�����1R����������V�������� .DKUDPDQ� $56/$1�� ³øúOHWPH� YH� 3D]DUODPD� <|QHWLPLQGH� <HQL� %LU� 6LVWHP�� )UDQFKLVLQJ´��9HULPOLOLN�'HUJLVL� &LOW�����6D\Õ����������V�����
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SD]DUODPD� KDNNÕQÕQ� �UHWLFL� LúOHWPHGHQ� VDWÕQ� DOÕQPDVÕ� úHNOLQGH�JHUoHNOHúPHNWHGLU�� %X� úHNLOGHNL� IUDQFKLVLQJ� \|QWHPLQGH� �U�Q� ELU� W�U� \DUÕ�PDPXO�NRQXPXQGD�ROPDNWD��EX�\DUÕ�PDPXOXQ��UHWLP��GROXP�YH�VDWÕú�KDNNÕ�DOÕQPDNWDGÕU�� )UDQFKLVH� DODQ� LúOHWPH� ELU� IUDQFKLVH� SDNHWL� úHNOLQGH� DOGÕ÷Õ� EX�\DUÕ� PDPXO� NRQXPXQGDNL� �U�Q�� YHULOHQ� WDOLPDWODUD� J|UH� �UHWPH� YH�SHUDNHQGHFLOHUH� VDWPD� \�N�PO�O�÷�Q�� �VWOHQPHNWHGLU�� &RFD� &ROD�� 3HSVL�&ROD�JLEL��U�QOHULQ�NDUÕúÕPÕQÕQ��UHWLFL� LúOHWPHGHQ�DOÕQÕS�IDEULNDODUGD�JHUHNOL�LúOHPOHUGHQ�JHoWLNWHQ�VRQUD��U�Q�KDOLQH�JHWLULOLS�úLúHOHQPHVL�YH�SD]DUODQPDVÕ�EX�NDSVDPGDGÕU��
E��øPDODWoÕ��3HUDNHQGHFL�)UDQFKLVH�
*HQHOOLNOH� RWRPRELO� VHNW|U�QGH� �U�QOHULQL� YH� VDWÕú� VRQUDVÕ� EDNÕP�KL]PHWOHULQLQ� JHQLú� W�NHWLFL� NLWOHOHULQH� XODúWÕUÕOPDVÕ� LoLQ� ELU� GD÷ÕWÕP� YH�SD]DUODPD� WHNQL÷L� RODUDN� EX� IUDQFKLVLQJ� WHNQL÷L� X\JXODQPDNWDGÕU��2WRPRELO�LPDODWoÕODUÕ�� IUDQFKLVLQJ� \ROX\OD� VDELW� \DWÕUÕP�� SD]DUODPD�� VWRN�� WHVOLPDW� YH�EHQ]HUL� VRUXQODUÕQD�HWNLQ�o|]�P�\ROX�EXOPXúODUGÕU��%XQX�\DQÕ� VÕUD������¶OX�\ÕOODUGD� $%'¶GH� NXUXODQ� EHQ]LQ� LVWDV\RQODUÕ� GD� LPDODWoÕ�� SHUDNHQGHFL�DUDVÕQGDNL�IUDQFKLVLQJ�VLVWHPLQH�|UQHNWLU��
F��7RSWDQFÕ���3HUDNHQGHFL�)UDQFKLVH�
7RSWDQFÕ�YH�SHUDNHQGHFL�DUDVÕQGDNL�IUDQFKLVLQJ�WHNQL÷L�WRSWDQFÕODUÕQ��U�QOHUL�LoLQ�SHUDNHQGH�oÕNÕú�QRNWDODUÕQÕ�JDUDQWL�DOWÕQD�DOPDVÕQÕ�YH�GHSRODPD�GD÷ÕWÕP�WHVLVOHULQLQ�HWNLQ�ELU�úHNLOGH�NXOODQÕPÕQÕ�VD÷ODU��*HQHOOLNOH�RWRPRWLY�VHNW|U�QGH�\HGHN�SDUoD�VDWÕúODUÕQGD�NXOODQÕOPDNWDGÕU��
G��3HUDNHQGHFL���3HUDNHQGHFL�)UDQFKLVH�
3HUDNHQGHFL�SHUDNHQGHFL� DUDVÕQGDNL� IUDQFKLVLQJ� WHNQL÷L� EDúDUÕOÕ� ELU�SHUDNHQGHFLOLN� LúLQLQ� IUDQFKLVLQJ� WHNQL÷LQL� NXOODQDUDN� E�\�W�OPHVLGLU�� %X�VLVWHPLQ� X\JXODQPDVÕ� VRQXFXQGD� 0F'RQDOG¶V�� %XUJHU� .LQJ�� 'XQNLQ¶V�'RQXWV�� 3L]]D� +XW�� +ROLGD\� ,QQ� YH� 6KHUDWRQ� JLEL� XOXVODUDUDVÕ� ]LQFLUOHU�JHOLúPLúWLU��
��������øPWL\D]� +DNNÕQÕQ� 9HULOPH� ùHNOLQH� *|UH� )UDQFKLVLQJ�� 6LVWHPL�
)UDQFKLVLQJ� oHúLWOHUL� GD÷ÕWÕP� NDQDOODUÕ� GLNNDWH� DOÕQDUDN� �JHOHQHNVHO�IUDQFKLVLQJ�� \DSÕODELOGL÷L� JLEL� LPWL\D]� KDNNÕQÕQ� YHULOPH� úHNOL� J|]� |Q�QGH�EXOXQGXUXODUDN��o�JUXSWD�WRSODQDELOLU��
D��7LFDUL�øVLP�YH�hU�Q�)UDQFKLVLQJL�
7LFDUL� LVLP� YH� �U�Q� IUDQFKLVLQJ¶L� VLVWHPLQGH�� VDWÕFÕ� ILUPD� NHQGLQL��UHWLFL� ILUPD� LOH� |]GHúOHúWLUPH\H� oDOÕúÕU�� %HOLUOL� �U�QOHULQ�� EHQ]HU�J|U�Q�PGHNL�ED÷ÕPVÕ]�LúOHWPHOHUGH�SD]DUODQPDVÕ�VRQXFX���UHWLFL�LOH�VDWÕFÕQÕQ�D\QÕ�LPDM�DOWÕQGD�ELUOHúPHVL�VD÷ODQPDNWDGÕU��%X�W�U�IUDQFKLVLQJ¶GH�HVDV�RODQ��
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EHOLUOL� PDUND� \D� GD� WLFDUL� �QYDQÕQ� NXOODQÕOPDVÕGÕU�� %XQX� \DQÕ� VÕUD�� LPWL\D]�YHUHQ� ILUPD� NDUúÕ� WDUDI� �]HULQGH� VHYN� YH� LGDUH� GDKLO� ROPDN� �]HUH� JHQLú� YH�V�UHNOL� ELU� GHQHWLP�KDNNÕQD� VDKLSWLU��)UDQFKLVH� DODQ�NXUXOXú� LVH� VDGHFH�ED]Õ�EDVLW�NRQXODUGD��UHWLP�DúDPDVÕQD�NDWÕODELOPHNWHGLU��
2WRPRELO�YH�NDP\RQ� VDWÕFÕODUÕ�� EHQ]LQ� LVWDV\RQODUÕ�YH� DONROV�]� LoNL��UHWLFLOHUL��WLFDUL�LVLP�YH��U�Q�IUDQFKLVLQJ�VLVWHPLQLQ�HQ�EHOLUJLQ�|UQHNOHULGLU��
E��øúOHWPH�%LoLPL�2ODUDN�)UDQFKLVLQJ�
øúOHWPH� ELoLPL� RODUDN� IUDQFKLVLQJ� VLVWHPLQGH� W�P� ELU� ILUPDQÕQ�LúOHWLOPHVL�\D�GD�LúOHWPH�\|QHWLPL��]HULQGH�GXUXOXU��%DúDUÕOÕ�ELU�SHUDNHQGHFL�LúOHWPH�� D\QÕ� LúLQ� EDúND� ELU� FR÷UDIL� \HUGH� LúOHWLOPH� KDNNÕQÕQ� VDWÕúÕQÕ� �LVLP�XQYDQ� GDKLO�� DOÕU�� .DUúÕOÕ÷ÕQGD� IUDQFKLVRU�� IUDQFKLVH� DODQ� LúOHWPH�VDKLSOHULQGHQ�EHOLUOL�|GHPHOHU�LOH�SROLWLND�YH�VWDQGDUWODUD�X\PD�WDDKK�G��DOÕU��%XUDGD� RGDN� QRNWDVÕ�� ³LúOHWPHQLQ� QDVÕO� LúOHWLOGL÷L´� �]HULQGHGLU�� %X� W�U�IUDQFKLVLQJ���UHWLFLQLQ�GDKD�oRN�IUDQFKLVH�DODQD�PDOÕ�GD�ELUOLNWH�VD÷ODGÕ÷Õ�ELU�\|QWHPGLU��� $QFDN� ED]Õ� KDOOHUGH� �UHWLFL� PDOÕ� WRSWDQFÕODUD� VDWDU�� )UDQFKLVH�DODQODU� PDOODUÕ� RUDGDQ� DOÕUODU�� %X� GXUXPGD� IUDQFKLVH� YHUHQ¶LQ� VRUXPOXOX÷X�GDKD�oRN�\|QHWLP�YH�SD]DUODPD�\DUGÕPÕ�\DSPDN�úHNOLQGHGLU��
F��'|Q�úW�UPH�)UDQFKLVLQJL�
'|Q�úW�UPH� IUDQFKLVLQJL�� IUDQFKLVLQJ� VLVWHPLQLQ� NRQXVXQD� JLUHQ�VHNW|UGH�IDDOL\HW�J|VWHUHQ�ELU�LúOHWPH�VDKLELQLQ��LúOHWPHVLQL�YH�LúOHWPHVLQH�DLW�IDDOL\HWOHULQLQ� WDPDPÕQÕ� IUDQFKLVLQJ� YHUHQ� LúOHWPHQLQ� ELU� VDWÕú� \HUL� KDOLQH�G|Q�úW�UPHVLGLU��
'|Q�úW�UPH� IUDQFKLVLQJL� ED÷ÕPVÕ]� RODUDN� IDDOL\HWOHULQL� V�UG�UHQ��DQFDN� SD]DUODPD� YH� VDWÕú� IDDOL\HWOHUL� JHULOH\HQ� LúOHWPHOHU� LoLQ� X\JXQ� ELU�\|QWHPGLU��%X�W�U�ELU�DQODúPD�LOH��PHYFXW�LúOHWPH�ELU�IUDQFKLVH�SD]DUÕ�KDOLQH�JHOPHNWH� YH� D\QÕ� ]DPDQGD� DQD� LúOHWPHQLQ� \DQL� IUDQFKLVH� YHUHQLQ� W�P�KL]PHWOHULQGHQ� ID\GDODQPD� LPNDQÕQD� NDYXúPDNWDGÕU�� '|Q�úW�UPH�IUDQFKLVLQJLQ��VW�QO�÷�� IUDQFKLVH� DODQODUÕQ� IDDOL\HWWH�EXOXQGXNODUÕ� Lú� DODQÕQÕ�L\L� WDQÕPDODUÕGÕU��%X�IUDQFKLVH�\|QWHPLQH�|UQHN�RODUDN�PHYFXW�HPODNoÕODUÕQ��VH\DKDW� DFHQWHOHULQLQ� D\QÕ� VHNW|UGHNL� GDKD� oRN� WDQÕQPÕú� L\L� GXUXPGDNL�LúOHWPHOHULQ�VDWÕú�LúOHPOHULQL�|UQHN�RODUDN�J|VWHULOHELOLU���
�

��� )5$1&+,6,1*�øù/(0/(5ø1ø1� 08+$6(%(/(ù7ø5ø/0(6ø�
6|]OHúPH\H� GD\DOÕ�� WDUDIODUÕ� ED÷OD\ÕFÕ� K�N�POHUL� RODQ� IUDQFKLVLQJ�LúOHPOHULQLQ� PXKDVHEHOHúWLULOPHVL� $%'¶GH� \DSÕODQ� X\JXODPDODU� YH�7�UNL\H¶GH�\DSÕODQ�X\JXODPDODU�DGÕ�DOWÕQGD�LNL�EDúOÕN�KDOLQGH�LQFHOHQHFHNWLU��

�
��� 5LFKDUG�&�+2))0$1�	�-RKQ�)��35(%/(��³*OREDO�)UDQFKLVLQJ��&XUUHQW�6WDWXV�DQG�)XWXUH�&KDOOHQJHV´��-RXUQDO�RI�6HUYLFHV�0DUNHWLQJ��9RO�����1R����������V��������� %H\KDQ� 0$5ù$3�� ³)UDQFKLVLQJ� øúOHPOHULQLQ� 0XKDVHEHOHúWLULOPHVL´�� 0XKDVHEH� %LOLP�'�Q\DVÕ�'HUJLVL��&LOW����6D\Õ����������V�����
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�����$%'¶GH�<DSÕODQ�8\JXODPDODU�
$%'¶GH� \DSÕODQ� IUDQFKLVLQJ� X\JXODPDODUÕQGD�� IUDQFKLVH� LúOHPL��IUDQFKLVH� YHUHQ� WDUDIÕQGDQ� IUDQFKLVH� JHOLúWLUPH� PDOL\HWOHUL�� IUDQFKLVH� DODQ�WDUDI�DoÕVÕQGDQ�LVH�IUDQFKLVH�VDWÕQ�DOPD�PDOL\HWOHUL�RODUDN�LIDGH�HGLOPHNWHGLU��
)UDQFKLVH� JHOLúWLUPH� PDOL\HWOHUL�� IUDQFKLVH� YHUHQ� WDUDIÕQ�� JHOHFHN�G|QHPOHUGH� IUDQFKLVLQJ� oDOÕúPDODUÕQÕ� JHQLúOHWPHN� DPDFÕ\OD� PDUX]� NDOGÕ÷Õ�FDUL� KDUFDPDODUGÕU��%X� KDUFDPDODUD� JHQHOGH� IUDQFKLVLQJ� LúOHPLQLQ� EDúODQJÕo�G|QHPLQGH� PDUX]� NDOÕQPÕú� ROXS�� IUDQFKLVLQJ� SURJUDPÕQÕQ� JHOLúWLULOPHVL� LOH�LOJLOLGLU��
)UDQFKLVLQJ� LúOHPOHULQLQ� PXKDVHEHOHúWLULOPHVLQGH�� KHUKDQJL� ELU�KDUFDPD�LoLQ�PXKDVHEH�ND\GÕ�\DSÕOÕUNHQ��JHOLU�YH�EX�JHOLUOHUL�HOGH�HWPHN�LoLQ�\DSÕODQ� JLGHUOHULQ�� D\QÕ� PXKDVHEH� G|QHPL� LoHULVLQGH� NDUúÕODúWÕUÕOPDVÕQD�GD\DQDQ� ELU� SUHQVLS� GLNNDWH� DOÕQPDNWDGÕU�� .DUúÕODúWÕUPD� SUHQVLELQLQ� JHQHO�NXOODQÕPÕQÕ�DúD÷ÕGDNL�WDEORGD�J|UPHN�P�PN�QG�U��

7DEOR���)UDQFKLVLQJ�6LVWHPLQH�øOLúNLQ�*HOLU�YH�*LGHUOHULQ�.DUúÕODúWÕUÕOPDVÕ�
*LGHUOHU�
)UDQFKLVH�JHOLúWLUPH�JLGHUOHUL��

)UDQFKLVH�DODQ�WDUDIODUÕQ�VLVWHPH�GDKLO�HGLOPHVL�LoLQ�\DSÕODQ�GR÷UXGDQ�JLGHUOHU�
)UDQFKLVH�VLVWHPL�IDDOL\HW�JLGHUOHUL��

*HOLUOHU�
)UDQFKLVH¶ODUÕQ�VDWÕPÕQGDQ�VD÷ODQDQ�EDúODQJÕo�|GHPHOHUL�YH�GHYDP�HGHQ�SHUL\RGLN�|GHPHOHU��

)UDQFKLVH¶ODUÕQ�VDWÕPÕQGDQ�VD÷ODQDQ�EDúODQJÕo�|GHPHOHUL��
'HYDP�HGHQ�SHUL\RGLN�|GHPHOHU��

.D\QDN��$��5RVV��0F&DOOXP��)UDQFKLVLQJ��$Q�$FFRXQWLQJ��$XGLWLQJ�DQG�,QFRPH�7D[�*XLGH� -RKQ�:LOH\	�6RQV�,QF��86$�������V�����
$úD÷ÕGD� \HU� DODQ� W�P� NRúXOODU� VD÷ODQGÕ÷ÕQGD�� JHOHFHN� G|QHP�JHOLúWLUPH�JLGHUOHUL��SHúLQ�|GHQPLú�JLGHU�RODUDN�GLNNDWH�DOÕQDFDNWÕU��
x )UDQFKLVH� SURJUDPÕ� DoÕN� ELU� úHNLOGH� WDQÕPODQPÕúWÕU� YH� EX�QHGHQOH�\�NOHQHFHN�JLGHUOHU�WDQÕPODQDELOLU��
x )UDQFKLVH� SURJUDPÕQÕQ� ILQDQVDO� RODUDN� \DúDPD� úDQVÕ�EHOLUWLOPLúWLU��
x )LUPD��IUDQFKLVLQJ�VLVWHPLQLQ�NXUXOPDVÕ�\|Q�QGHNL�G�ú�QFHVLQL�EHOLUWPLú�YH�SURJUDPÕ�JHOLúWLUPLúWLU��
x )UDQFKLVH¶QLQ� JHOHFHN� G|QHPGHNL� SD]DUÕ� DoÕN� ELU� úHNLOGH�WDQÕPODQPÕúWÕU��
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x )UDQFKLVH� VLVWHPLQLQ� JHOLúWLULOPHVL� YH� SD]DUODPD� SURJUDPÕQÕQ�WDPDPODQPDVÕ�LoLQ�\D�\HWHUOL�ND\QDN�YDUGÕU�\D�GD�ND\QDN�GDKLO�HGLOPHOLGLU��
)LUPDQÕQ� IUDQFKLVH� SD]DUODPD� SURJUDPÕQÕQ� EDúODPDVÕ� LOH� ELUOLNWH�IUDQFKLVH�JHOLúWLUPH�JLGHUOHUL�KHVDEÕQD�\DSÕODQ�JLGHU�ND\ÕWODUÕ�VRQD�HUPHOLGLU��%X� QHGHQOH�� HVDV� SURJUDPÕQ� JHOLúWLULOPHVL� LoLQ� \DSÕOPDNWD� RODQ� JLGHUOHU��IUDQFKLVH�JHOLúWLUPH�JLGHUOHUL�KHVDEÕQD�ND\GHGLOPH\H�GHYDP�HWPHOLGLU��
)UDQFKLVLQJ�LúOHPLQLQ�WRSODP�PDOL\HW�\D�GD�WRSODP�VDWÕQ�DOPD�IL\DWÕ�RODUDN�DGODQGÕUÕODQ��IUDQFKLVH�VDWÕQ�DOPD�PDOL\HWL��IUDQFKLVH�DODQ�WDUDIÕQ�EHOLUOL�ELU� IUDQFKLVH� LoLQ�|GHGL÷L�� VDWÕQ� DOPD�YH� VDWÕú� ELULPOHULQLQ� DoÕOPDVÕ� LOH� LOJLOL�W�P� JLGHUOHUL� LoHUPHNWHGLU�� %XQXQ� LoLQGLU� NL�� IUDQFKLVH� DODQ� WDUDIÕQ� \HULQH�JHWLUPHVL� JHUHN� J|UHY� WRSODP� PDOL\HWL� GLNNDWOL� ELU� úHNLOGH� |QJ|U�POHPHN��JLGHUOHULQ� VÕQÕIODQGÕUPDVÕQÕQ� X\JXQ� YH� YHUJLGHQ� G�ú�OPHVLQLQ� GR÷UX� RODUDN�\DSÕODELOPHVL� LoLQ�� PXKDVHEHFLVLQH� JLGHUOHUL� GR÷UX� ELU� úHNLOGH� WDQÕPODPDVÕ�JHUHNPHNWHGLU��
�����7�UNL\H¶GH�<DSÕODQ�8\JXODPDODU�
)UDQFKLVLQJ� VLVWHPLQGHNL� WLFDUL� LúOHPOHULQ� PXKDVHEHOHúWLULOPHVLQGH�LúOHWPHOHULQ� V|]� NRQXVX� LúOHPOHULQLQ� DNWLIOHúWLULOPHVL� YH\D� IDDOL\HW� G|QHPL�JLGHUOHULQH� ND\GHGLOPHVL� RODQDNOÕGÕU�� %XQXQ� \DQÕ� VÕUD� PXKDVHEHOHúWLUPH�LúOHPOHULQGH�LNL�QRNWDQÕQ�J|]�|Q�QGH�EXOXQGXUXOPDVÕ�JHUHNPHNWHGLU��

� 8OXVODUDUDVÕ� IUDQFKLVH� YHUHQ� LúOHWPHOHULQ� 7�UNL\H¶GHNL� \HUHO� SD]DUODUD�JLULúOHUL� ³PDVWHU� IUDQFKLVH´� \ROX\OD� ROPXúWXU�� 0DVWHU� IUDQFKLVH�VLVWHPLQGH� IUDQFKLVH� YHUHQ� LúOHWPH�� JLUPH\L� SODQODGÕ÷Õ� SD]DUGD�� ELU�NLúL\H�� N�o�N� ELU� LúOHWPH\H� \D� GD� ELU� ILUPD\D� �$QD� )LUPD�� SD]DUÕQ�WDPDPÕQGD� \D� GD� EHOLUOL� ELU� E|OJHGH� IUDQFKLVH� D÷ÕQÕ� NXUPD� KDN� YH�VRUXPOXOX÷XQX�YHUPHNWHGLU��
� )UDQFKLVLQJ� VLVWHPLQGH� IUDQFKLVH� YHUHQ� LúOHWPH� NHQGLVLQH� DLW� ELU� LVPL��PDUND\Õ� \D� GD� �U�Q�� EDúND� ELU� LúOHWPH\H� EHOOL� ELU� V�UH� YH� EHGHO�NDUúÕOÕ÷ÕQGD�NXOODQÕOPDN��]HUH�YHUGL÷LQGH��EX�KDNNÕ�HOGH�HGHQ�WDUDI��o�W�U�|GHPH�LOH�\�N�PO��ROPDNWDGÕU��

D�� øúLQ� NXUXOPDVÕQGD� HOGH� HGHFH÷L� LPNDQ� YH� DUDoODUD� NDUúÕOÕN�ELU�EDúODQJÕo��FUHWL��
E�� <ÕOOÕN�FLUR�YH�NDU�SD\Õ��]HULQGHQ�GHYDPOÕOÕN�QLWHOL÷L�WDúÕ\DQ�YH�EHOLUOL�V�UHOHUGH�JHUoHNOHúWLULOHQ�UR\DOW\�|GHPHOHUL�
F�� 5HNODP�KDUFDPDODUÕ�NDWNÕ�SD\Õ�|GHPHOHUL��

)UDQFKLVLQJ�� LPWL\D]� YHUHQ� ELU� LPDODWoÕ�� WRSWDQFÕ� YH\D� KL]PHW�NXUXOXúX�LOH�VLVWHPGH�ELU�YH\D�GDKD�ID]OD�VD\ÕGD�ELULPH�VDKLS�ROPD�YH�LúOHWPH�KDNNÕQÕ� VDWÕQ� DODQ� ED÷ÕPVÕ]� JLULúLPFLOHU� DUDVÕQGD� \DSÕODQ� ELU� V|]OHúPH\H�
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GD\DQÕU��� %XQXQ� LoLQGLU� NL�� IUDQFKLVLQJ� LúOHPOHUL� GHQHWLPGHQ� YH� \DVDO�P�H\\LGHOHUGHQ� ED÷ÕPVÕ]� \DSÕODPDPDNWDGÕU�� )UDQFKLVLQJ� LúOHPLQLQ�X\JXODQÕúÕQGD�H÷HU� IUDQFKLVLQJ� LúOHPLQLQ� WDUDIODUÕQÕQ�KHU� LNLVL�GH�\XUW� LoLQGH�LVH�DUDODUÕQGD�\DSWÕNODUÕ�V|]OHúPHQLQ�WDUDIODUFD�NDEXO�HGLOPHVL�LOH�X\JXODPD\D�JLUHU��)UDQFKLVH�YHUHQ� WDUDIÕQ�\XUW�GÕúÕQGD�ROPDVÕ�GXUXPXQGD�LVH�YH�\DEDQFÕ�IUDQFKLVH� YHULFLVL� \HUOL� ELU� RUWDNOD� oDOÕúÕ\RU� LVH� EX� GXUXPGD� \DEDQFÕ�VHUPD\HQLQ�GÕú�WUDQVIHUL�LOH�LOJLOL�LúOHPOHU�X\JXODQPDNWDGÕU��%XQXQ�\DQÕ�VÕUD��IUDQFKLVH� DODQ� LúOHWPH� PXKDVHEHFLVLQH� WRSODP� PDVUDI� XQVXUODUÕQÕ� YHUJL�NDUDUODUÕ� DoÕVÕQGDQ� DoÕN� RODUDN� EHOLUWPHN� GXUXPXQGDGÕU�� 6|]� NRQXVX�PDVUDIODU�� IUDQFKLVLQJ� DQODúPDVÕQÕQ� NHQGLVLQGHQ� YH� IUDQFKLVH� YHUHQ� LúOHWPH�LOH� \DSÕODQ� J|U�úPHOHUGHQ� WD\LQ� HGLOPHNWHGLU�� %XQXQOD� ELUOLNWH�� ELU�IUDQFKLVLQJ�LúOHWPHVL�DoPDQÕQ�YH�VDWÕQ�DOPDQÕQ�PDOL\HWLQL�ROXúWXUDQ�XQVXUODU�DúD÷ÕGDNL�WDEORGD�J|VWHULOPHNWHGLU��
7DEOR����� )UDQFKLVLQJ� øúOHWPHVL� $oPDQÕQ� 0DOL\HWLQL� 2OXúWXUDQ�� 8QVXUODU�

� gQHPL� 'H÷HUL�
*LULú�EHGHOL� [� ;�
5R\DOW\�EHGHOL� ;� ;�
5HNODP�IRQX� [� ;�
<DWÕUÕP�KDFPL� [� ;�
<DVDO�]RUXQOXOXNODU� [� ;�
'H÷LúLNOLN�\DSPDPD� [� ;�
<DUÕGD�EÕUDNPDPD� [� ;�
<HU�GH÷LúWLUHPHPH� [� ;�
0�úWHUL�DUWÕúÕ� [� ;�
0�úWHUL�ED÷OÕOÕ÷Õ� [� ;�
'�]HQOL�FLUR� [� ;�
7DWPLQNDU�IL\DW� [� ;�
+HVDSOÕ�DOÕP� [� ;�
8]XQ�V�UHOL�Lú� [� ;�
*HOHFHN�UHNDEHWH�GD\DQPD� [� ;�
0�HVVHVH�LPDMÕ� [� ;�
7DQÕQPD� [� ;�
<HWLúPLú�HOHPDQ�EXOPD� [� ;�
<HU�VHoLPL� [� ;�
%|OJH�NRUXQPDVÕ� [� ;�
'HUKDO�EDúODPD� [� ;�
+DWDODUÕ�X\DUPD��RQDUPD� [� ;�
.HQGLQL�NDUúÕODúWÕUDELOPH� [� ;�
)LQDQVDO�WDWPLQ� [� ;�
.D\QDN�� 7LFDUHW� $WHúHOL÷L�� ³)UDQFKLVLQJ� 6HPLQHUL´�� ø]PLU� 7LFDUHW� 2GDVÕ��ø]PLU��������

�
��� 2\D� <,/',5,0� 	� 1HUJLV� 7(.�� )LQDQVDO� 0XKDVHEH��%LUOHúLN� 0DWEDDFÕOÕN�� ø]PLU�� ������V������ �
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7LFDUL� LúOHPOHUGH� IUDQFKLVLQJ� VLVWHPLQLQ� PXKDVHEHOHúWLULOPHVL������������ WDULKLQGHQ� LWLEDUHQ� X\JXODPD\D� NRQXODQ� 7HN� '�]HQ� +HVDS�3ODQÕQD� J|UH� \DSÕOPDNWDGÕU��0DOL\HW� KHVDSODUÕQÕQ� ND\ÕWODUÕQGD� ��$� VHoHQH÷L�NXOODQÕOPDNWDGÕU��
)UDQFKLVLQJ�LúOHPLQGH��IUDQFKLVH�YHUHQ�LúOHWPH�DoÕVÕQGDQ�HOGH�HGLOHQ�JHOLUOHULQ�� IUDQFKLVH� DODQ� LúOHWPH� DoÕVÕQGDQ� LVH� \DSÕODQ� JLGHUOHULQ�PXKDVHEHOHúWLULOPHVLQLQ�� ���� VD\ÕOÕ� 9HUJL� 8VXO� <DVDVÕ¶QÕQ� ����PDGGHVLQLQ�PXKDVHEH� VLVWHPLQL� EHOLUOHPHGH� \HWNLOHQGLUGL÷L� 0DOL\H� %DNDQOÕ÷Õ¶QÕQ�\D\ÕQODGÕ÷Õ� 0XKDVHEH� 6LVWHPL� 8\JXODPD� *HQHO� 7HEOL÷L� VÕUD� QR�� �����¶WH�EHOLUWLOHQ� �7HN�'�]HQ�+HVDS�3ODQÕ� oHUoHYHVLQGH�KDQJL�KHVDSODUGD� L]OHQPHVL�JHUHNWL÷L� NRQXVX� |QHP� WDúÕPDNWDGÕU��%X� ED÷ODPGD�� IUDQFKLVLQJ� LúOHPOHULQLQ�7HNG�]HQ�0XKDVHEH�6LVWHPLQH�J|UH�PXKDVHEHOHúWLULOPHVLQH�DNWLIOHúWLUPH�YH�JLGHUOHúWLUPH�ROPDN��]HUH�LNL�\|QWHPGHQ�\DUDUODQÕOPDNWDGÕU���
)UDQFKLVH� DODQ� LúOHWPH�� V|]OHúPHQLQ�\DSÕOPDVÕ� LOH�ELUOLNWH� IUDQFKLVH�YHUHQ�LúOHWPH\H�LúLQ�NXUXOPDVÕQGD�HOGH�HGHFH÷L�LPNDQ�YH�DUDoODUD�NDUúÕOÕN�ELU�EDúODQJÕo� �FUHWL� |GHPHNWHGLU�� gGHGL÷L� EHGHO� PDGGL� ROPD\DQ� GXUDQ�YDUOÕNODUGD� J|VWHULOPHNWH� YH� EX� QHGHQOH� IUDQFKLVH� YHUHQ� LúOHWPHQLQ�ELODQoRVXQXQ�DNWLILQGH�\HU�DODQ�PDGGL�ROPD\DQ�GXUDQ�YDUOÕNODUGD�E�\�N�ELU�DUWÕú� ROPDNWDGÕU�� %X� GD� LúOHWPHQLQ� YDUOÕN� \DSÕVÕQÕ� ROXPOX� ELU� úHNLOGH�HWNLOHPHNWH�YH�NDUÕQÕ�DUWWÕUPDNWDGÕU��%XQXQ�LoLQGLU�NL�LúOHWPHOHU�DNWLIOHúWLUPH�\|QWHPLQL�WHUFLK�HGHELOPHNWHGLUOHU��
)UDQFKLVLQJ� V|]OHúPHVLQLQ� WDUDIODUÕQGDQ� ELUL� RODQ� IUDQFKLVH� DODQ�LúOHWPH� LON� IUDQFKLVH� |GHPHOHULQL� PDGGL� ROPD\DQ� GXUDQ� YDUOÕNODU� \HULQH�GR÷UXGDQ� IDDOL\HW� JLGHUL� RODUDN� GD� J|VWHUHELOPHNWHGLU�� %|\OH� ELU� GXUXPGD�LúOHWPHQLQ� JLGHUOHUL� DUWPDNWD� LNHQ� NDUOÕOÕ÷Õ� D]DODFDNWÕU�� )UDQFKLVH� DODQ�LúOHWPHQLQ� J|U�ú�QH� J|UH�� |GHPH� \DSÕOPDVÕQGD�� X]PDQOÕN� ND]DQPD� YH�IUDQFKLVLQJ�LOLúNLVL�ROXúWXUPD�JLEL�|Oo�WOHU�J|]�|Q�QGH�WXWXOPDNWDGÕU��$QFDN��IUDQFKLVH�YHUHQ� LúOHWPHQLQ�EX�J|U�úH�EDNÕúÕ��|GHPHQLQ�VDGHFH� LON� LúOHPOHULQ�ROXúWXUXOPDVÕQGDNL�PDOL\HWOHUL� NDSVDGÕ÷Õ� \|Q�QGH�GH÷LO� D\QÕ� ]DPDQGD� LOLúNL�ROXúWXUXOPDVÕQGD� IUDQFKLVH� YHUHQ� LúOHWPHQLQ� SDUDVÕQÕ� |GHPHN� YH� JHQHOOLNOH�NDUÕQ�ELU�SDUoDVÕ�\|Q�QGH�ROPDNWDGÕU��
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��� $56/$1�� .DKUDPDQ�� ³øúOHWPH� YH� 3D]DUODPD� <|QHWLPLQGH� <HQL� %LU�6LVWHP��)UDQFKLVLQJ´��9HULPOLOLN�'HUJLVL� &LOW�����6D\Õ���������
��� &ø1*ø�� 6LEHO��� ³7�UNL\H� )UDQFKLVLQJL� 6HYGL´�� *OREXV� 'HUJLVL� <ÕO����6D\Õ����������
��� &211(/�� -RKQ��� ³'LYHUVLW\� LQ� /DUJH� )LUP� ,QWHUQDWLRQDO� )UDQFKLVH�6WUDWHJ\´��-RXUQDO�2I�&RQVXPHU�0DUNHWLQJ� 9RO�����1R���������
��� '$9,6�� 3DXO��� ³0D[LPL]LQJ� 3URGXFWLYLW\� DQG� &DSDELOLW\�� ,VVXHV� RI�3URIHVVLRQDO� 'HYHORSPHQW� IRU� )UDQFKLVHHV´�� ,QWHUQDWLRQDO� -RXUQDO� RI�3URGXFWLYLW\�DQG�3HUIRUPDQFH�0DQDJHPHQW� 9RO�����1R����������
��� '(0ø5&ø�� )DWPD�� ³)UDQFKLVLQJ�6LVWHPL� YH�7�UNL\H¶GHNL�8\JXODPDVÕ´��øNWLVDW�øúOHWPH�YH�)LQDQV�'HUJLVL� <ÕO����6D\Õ�����������
��� (52/�� øEUDKLP��%$<5$.7$52ö/8��$OL��dø9ø�(PLQ���8OXVODUDUDVÕ�3D]DUODPD� (PHN�0DWEDDFÕOÕN��0DQLVD��������
��� *h1$<�� +�O\D��� ³8)5$'� *HQHO� %DúNDQÕ� 0D\LU� 6DUDQJD��<|QHWLFLOHULPL]� )UDQFKLVLQJ¶L� 'H÷HUOHQGLUPHOL´��'�Q\D� *ÕGD� 'HUJLVL�<ÕO����6D\Õ����������
��� +2))0$1�� 5LFKDUG� &�� 	� 35(%/(�� -RKQ� )��� ³*OREDO� )UDQFKLVLQJ��&XUUHQW�6WDWXV�DQG�)XWXUH�&KDOOHQJHV´��-RXUQDO�RI�6HUYLFHV�0DUNHWLQJ���9RO�����1R����������
��� .21'$.�� 1XUD\��� øúOHWPHOHUGH� )LQDQVPDQ� 6RUXQX� YH� d|]�P�<ROODUÕ� �$OWHUQDWLI� )LQDQVPDQ� 7HNQLNOHUL�� 'HU� <D\ÕQODUÕ�� øVWDQEXO��������
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���� 0$5ù$3�� %H\KDQ��� ³)UDQFKLVLQJ� øúOHPOHULQLQ� 0XKDVHEHOHúWLULOPHVL´��0XKDVHEH�%LOLP�'�Q\DVÕ�'HUJLVL� &LOW����6D\Õ����������
���� 0&&$//80��$��5RVV���)UDQFKLVLQJ��$Q�$FFRXQWLQJ��$XGLWLQJ� DQG�,QFRPH�7D[�*XLGH� -RKQ�:LOH\	�6RQV�,QF��86$�������
���� 0(/(0(1�� 0HKPHW� 	� $5=29$�� %XUDN� 6��� � 8OXVODUDUDVÕ� 7LFDUHW�$OWHUQDWLI� )LQDQVPDQ� 7HNQLNOHUL� YH� 0XKDVHEHOHúWLULOPHVL� 7LFDUL�<D]ÕúPD�gUQHNOHUL�� 7�UNPHQ�.LWDEHYL��øVWDQEXO��������
���� 3ø57ø1ø�� 6HUGDU� 	� $.$<�� +�VH\LQ��� ³%LU� 3D]DUODPD� <|QHWLPL� 2ODQ�)UDQFKLVLQJ� 6LVWHPLQGH� 9HUJL� YH� 0XKDVHEH� 8\JXODPDODUÕ´�� 9HUJL�'�Q\DVÕ�'HUJLVL� <ÕO�����6D\Õ������������
���� 67$1:257+�� -RKQ� 	� 60ø7+�� %ULDQ��� )UDQFKLVLQJ�� %DúDUÕOÕ�0DUNDODU�YH�6L]��<HQL�dL]JL�<D\ÕQ�'D÷ÕWÕP�/LPLWHG�ùLUNHWL�� øVWDQEXO��������
���� ù2ö85��0DFLGH���øúOHWPH�6LVWHPL�2ODUDN�)UDQFKLVLQJ�� 'HU�<D\ÕQODUÕ��øVWDQEXO��������
���� 7ø&$5(7� $WHúHOL÷L�� ³)UDQFKLVLQJ� 6HPLQHUL´�� ø]PLU� 7LFDUHW� 2GDVÕ�<D\ÕQÕ��ø]PLU��������
���� <,/',5,0�� 2\D� 	� 7(.�� 1HUJLV��� )LQDQVDO� 0XKDVHEH� %LUOHúLN�0DWEDDFÕOÕN��ø]PLU��������


