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Abstract 
 
The EU has issued Directive 2004/40/EC on the protection of workers from health 
and safety risks arising from exposure to electromagnetic fields in the workplace. 
This directive must be implemented in national legislation no later than 
30 April 2008. To prepare for implementation, RIVM has, on commission of the 
Ministry of Social Affairs and Employment, investigated and analysed exposure in 
Dutch working environments. 
 
The purpose of this report is to provide assistance to employers to assess whether 
compliance is being met and to carry out the inventory and evaluation of risks 
(RI&E) due to electromagnetic fields. Until harmonised European standards from 
CENELEC cover all relevant assessment, measurement and calculation situations, 
this report may serve as a guide. It is not mandatory to use this report. 
 
It will be sufficient for most of the employers to confine themselves to the first two 
chapters. 
 
Subsequent chapters deal with the exposure found in several working environments 
and provide guidelines for assessing risks and possible measures in these working 
environments. Costs for implementing the directive are discussed in the last 
chapter. 
 
CENELEC standards, if available, are mandatory for assessing whether exposure 
occurs below the limits in the directive. However, these standards are not easy to 
use without specialist knowledge. Furthermore, not all equipment needs to be 
assessed to the same extent nor are the same measures needed. A flow chart and 
tables of relevant working environments, classified into three categories, are 
provided to facilitate the assessment. Each category has its own assessment path. 
 
No measures are needed for category I, while for category IIa working 
environments, only brief instructions are needed, e.g. keeping one’s distance. For 
category IIb, such technical measures as shielding the radiation source, installing a 
fence or hanging up warning signs are needed. Category III contains all the 
working environments where great efforts (e.g. factory reorganisation) will be 
needed to combat exposure. In categories II and III the workers need to be 
informed about their own situation and measures with respect to exposure. Workers 
at particular risk, such as workers with implanted medical devices and pregnant 
women, will be given special attention. 
 
Equipment found in working environments falling into category IIb includes 
dielectric and inductive heaters, bus bars, arc welding equipment and equipment 
for short wave and microwave diathermy and electrosurgery. Category III contains 
large rectifiers, small induction furnaces, semi-automated spot and induction 
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welding machines, intervention activities using MRI scanners, large broadcasting 
antennas, and activities such as troubleshooting situations confronting electricians. 
In several of these working environments measures have been taken. 
 
The costs of implementation of the directive are divided into administrative 
burdens and costs of measures. The administrative burdens consist of assessment 
costs including measurement and calculation, and the cost of informing the 
workers. The administrative burdens in the first two years amount to an estimated 
€8 million per year and afterwards to an estimated €4 million per year. The 
estimates of the costs of measures vary from some €2 to €5 million per year. These 
estimates are uncertain due to the large variety of possible measures and the 
uncertainty in the number of companies. 
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JURHSHQ�]RDOV�PHQVHQ�PHW�PHGLVFKH�LPSODQWDWHQ�HQ�]ZDQJHUH�YURXZHQ�PRHW�H[WUD�ZRUGHQ�EHRRUGHHOG���:HUNRPJHYLQJHQ� PHW� DSSDUDWXXU� LQ� FDWHJRULH�,,E� ]LMQ� ELMYRRUEHHOG� DSSDUDWXXU�YRRU� GLsOHNWULVFKH� RI� LQGXFWLHYH� YHUZDUPLQJ�� EXV EDUV� ERRJODVDSSDUDWXXU��DSSDUDWXXU� YRRU� NRUWHJROI�� HQ� PLFURJROIGLDWKHUPLH� HQ� HOHNWURFKLUXUJLH��&DWHJRULH�,,,� EHYDW� RQGHU� PHHU� JURWH� JHOLMNULFKWHUV�� NOHLQH� LQGXFWLHRYHQV�� KDOI�JHDXWRPDWLVHHUGH� SXQW�� HQ� LQGXFWLHODVPDFKLQHV��05,�PHW� LQWHUYHQWLH�DFWLYLWHLWHQ��JURWH� RPURHS]HQGHUV� HQ� GH� DFWLYLWHLWHQ�� YDQ� ELMYRRUEHHOG� HOHNWULFLHQV�� LQ� WURXEOH�
VKRRW� VLWXDWLHV�� ,Q� HHQ� GHHO� YDQ� GH]H� ZHUNRPJHYLQJHQ� ]LMQ� UHHGV� PDDWUHJHOHQ�JHQRPHQ���'H�NRVWHQ�YDQ�GH�LQYRHULQJ�YDQ�GH�ULFKWOLMQ�]LMQ�JHVSOLWVW�LQ�DGPLQLVWUDWLHYH�ODVWHQ�HQ� NRVWHQ� YRRU� EHKHHUVPDDWUHJHOHQ��'H� DGPLQLVWUDWLHYH� ODVWHQ� EHVWDDQ� XLW� NRVWHQ�YRRU� KHW� EHRRUGHOHQ� YDQ� GH� EORRWVWHOOLQJ� �LQFOXVLHI� PHWHQ� HQ� EHUHNHQHQ�� HQ� KHW�YRRUOLFKWHQ�YDQ�ZHUNQHPHUV��'H�DGPLQLVWUDWLHYH�ODVWHQ�EHGUDJHQ�LQ�GH�HHUVWH�WZHH�MDDU�QDDU�VFKDWWLQJ�¼���POQ��SHU�MDDU�HQ�GDDUQD�¼���POQ��SHU�MDDU��'H�VFKDWWLQJHQ�YDQ�GH�NRVWHQ�YRRU�EHKHHUVPDDWUHJHOHQ�ORSHQ�XLWHHQ�YDQ�RQJHYHHU�¼���WRW�¼���POQ��SHU�MDDU�� 'H]H� VFKDWWLQJHQ� ]LMQ� RQ]HNHU� GRRU� GH� JURWH� GLYHUVLWHLW� DDQ� PRJHOLMNH�EHKHHUVPDDWUHJHOHQ�HQ�RQ]HNHUKHGHQ�LQ�KHW�DDQWDO�EHGULMYHQ��
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�� ,QOHLGLQJ�HQ�OHHVZLM]HU�
�:HUNQHPHUV� NXQQHQ� WLMGHQV� KXQ� ZHUN]DDPKHGHQ� ZRUGHQ� EORRWJHVWHOG� DDQ�HOHNWULVFKH�� PDJQHWLVFKH� HQ� HOHNWURPDJQHWLVFKH� YHOGHQ� GLH� ZRUGHQ� XLWJH]RQGHQ�GRRU�DSSDUDWXXU�ZDDUPHH�]H�ZHUNHQ�RI�ZDDUELM�]H�WLMGHQV�KXQ�ZHUN]DDPKHGHQ�LQ�GH� EXXUW� NXQQHQ�NRPHQ��7HU�YRRUNRPLQJ�YDQ�HHQ� WH�KRJH�EORRWVWHOOLQJ� DDQ�GH]H�YHOGHQ� WLMGHQV� KHW� ZHUN�� KHHIW� GH� (XURSHVH� 8QLH� HHQ� ULFKWOLMQ� YDVWJHVWHOG� PHW�PLQLPXPYRRUVFKULIWHQ� YRRU� GH� EHVFKHUPLQJ� YDQ� ZHUNQHPHUV� WHJHQ� GH� ULVLFR¶V�YRRU� KXQ� JH]RQGKHLG� HQ� YHLOLJKHLG� DOV� JHYROJ� YDQ� EORRWVWHOOLQJ� DDQ� GH]H�YHOGHQ�>�@�� =LH� YRRU� YHUGHUH� XLWOHJ� YDQ� GH� ULFKWOLMQ� %LMODJH���� 'H� ULFKWOLMQ� NDQ�FRQVHTXHQWLHV�YRRU�EHGULMYHQ�KHEEHQ�HQ�WRW�QDGHUH�YHUSOLFKWLQJHQ�YRRU�ZHUNJHYHUV�OHLGHQ��GLH�RQGHUGHHO�YDQ�KHW�$UEREHVOXLW�]XOOHQ�ZRUGHQ��'H�ULFKWOLMQ�PRHW�XLWHUOLMN����DSULO������LQ�GH�1HGHUODQGVH�UHJHOJHYLQJ�]LMQ�JHwPSOHPHQWHHUG���
���� (OHNWURPDJQHWLVFKH�YHOGHQ��'H� WZHH� EHODQJULMNVWH� HLJHQVFKDSSHQ� YDQ� HOHNWURPDJQHWLVFKH�YHOGHQ�GLH�YRRU�GH�QDGHOLJH� HIIHFWHQ� RS� GH� JH]RQGKHLG� YDQ� EHODQJ� ]LMQ�� ]LMQ� GH� IUHTXHQWLH� HQ� GH�YHOGVWHUNWH���/DDJIUHTXHQWH�YHOGHQ�NXQQHQ�OHLGHQ�WRW�KHW�RSZHNNHQ�YDQ�HOHNWULVFKH�VWURPHQ�LQ�KHW� OLFKDDP�� WHUZLMO� KRRJIUHTXHQWH� YHOGHQ� NXQQHQ� OHLGHQ� WRW� RSZDUPLQJ� YDQ� KHW�OLFKDDP�RI�YDQ�GHOHQ�YDQ�KHW�OLFKDDP��+RH�KRJHU�GH�IUHTXHQWLH��GHV�WH�PLQGHU�GLHS�GULQJW�KHW�YHOG�LQ�KHW�OLFKDDP�GRRU�HQ�GHV�WH�RSSHUYODNNLJHU�LV�GH�RSZDUPLQJ��'H�HIIHFWHQ�µLQGXFHUHQ�YDQ�VWURPHQ¶�HQ�µRSZDUPLQJ¶�ZRUGHQ�PHHVWDO�EHVFKRXZG�DOV�NRUWHWHUPLMQHIIHFWHQ�� $OV� GH� EORRWVWHOOLQJ� RSKRXGW�� YHUGZLMQHQ� GH� HIIHFWHQ��/DQJHWHUPLMQHIIHFWHQ� ]LMQ� ZHO� RQGHU]RFKW�� PDDU� ]LMQ� YRRUDOVQRJ� RQYROGRHQGH�EHZH]HQ�JHDFKW�RP�EORRWVWHOOLQJVOLPLHWHQ�YRRU�YDVW�WH�VWHOOHQ�>����@���,Q�GH�ULFKWOLMQ�ZRUGW�RQGHUVFKHLG�JHPDDNW�WXVVHQ�JUHQVZDDUGHQ�YRRU�EORRWVWHOOLQJ�HQ� DFWLHZDDUGHQ�� 'H� JUHQVZDDUGHQ�� GLH� QLHW� PRJHQ� ZRUGHQ� RYHUVFKUHGHQ�� ]LMQ�JHNRSSHOG�DDQ�I\VLVFKH�JURRWKHGHQ�GLH�GLUHFW�YHUEDQG�KRXGHQ�PHW�GH�HIIHFWHQ�RS�KHW� OLFKDDP�� ]RDOV� GH� VWURRPGLFKWKHLG� LQ� KHW� FHQWUDDO� ]HQXZVWHOVHO� �ELM� ODJH�IUHTXHQWLHV�� HQ� KHW� VSHFLILHNH� DEVRUSWLHWHPSR� YDQ� HQHUJLH� HQ� GH�YHUPRJHQVGLFKWKHLG� �ELM� KRJH� IUHTXHQWLHV��� 2PGDW� GH]H� JURRWKHGHQ�PHHVWDO� QLHW�HHQYRXGLJ� PHHWEDDU� ]LMQ�� ]LMQ� LQ� GH� ULFKWOLMQ� DFWLHZDDUGHQ� RSJHQRPHQ� YRRU� ZHO�HHQYRXGLJ� PHHWEDUH� JURRWKHGHQ�� ]RDOV� KHW� HOHNWULVFKH� HQ� KHW� PDJQHWLVFKH� YHOG�EXLWHQ�KHW�OLFKDDP��$OV�GH�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ��NDQ��YROJHQV�GH�
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ULFKWOLMQ�� LQ� QRUPDOH� RPVWDQGLJKHGHQ� ZRUGHQ� DDQJHQRPHQ� GDW� RRN� GH�JUHQVZDDUGHQ� QLHW� ZRUGHQ� RYHUVFKUHGHQ�� $OV� GH� DFWLHZDDUGHQ� ZHO� ZRUGHQ�RYHUVFKUHGHQ��GLHQW�GH�ZHUNJHYHU�WH�]RUJHQ�GDW�GH�EORRWVWHOOLQJ�DIQHHPW�WRW�RQGHU�GH� DFWLHZDDUGHQ� yI� DDQ� WH� WRQHQ� GDW�GH�JUHQVZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ��2YHUVFKULMGLQJ� YDQ� GH� DFWLHZDDUGH� �RI� YDQ� GH� JUHQVZDDUGH�� UHVXOWHHUW� RYHULJHQV�QLHW�SHU�GHILQLWLH�LQ�HHQ�RQYHLOLJH�VLWXDWLH����1DGHUH� XLWOHJ� RYHU� GH� DFWLHZDDUGHQ�� JUHQVZDDUGHQ�� GLYHUVH� VRPPDWLHUHJHOV��PLGGHOLQJ� YDQ� EORRWVWHOOLQJ� RYHU� ]HV�PLQXWHQ� �]HV�PLQXWHQUHJHO�� HQ� WDEHOOHQ�PHW�GH�SUHFLH]H�JHWDOOHQ�]LMQ�RSJHQRPHQ�LQ�%LMODJH���HQ�3DUDJUDDI�������
���� 'RHO�YDQ�GLW�UDSSRUW��'LW� UDSSRUW� LV� EHGRHOG� DOV� HHQ�KDQGUHLNLQJ�YRRU�ZHUNJHYHUV�ZDDUPHH�]LM� NXQQHQ�LQYHQWDULVHUHQ� RI� KXQ� ZHUNQHPHUV� WH� PDNHQ� KHEEHQ� PHW� VLWXDWLHV� YDQ� WH� KRJH�EORRWVWHOOLQJ�� 7RWGDW� HU� JHKDUPRQLVHHUGH� (XURSHVH� QRUPHQ� YDQ� KHW� (XURSHHV�&RPLWp� YRRU� HOHNWURWHFKQLVFKH� QRUPDOLVDWLH� �&(1(/(&�� EHVFKLNEDDU� ]LMQ� YRRU�DOOH�VLWXDWLHV�GLH�PRHWHQ�ZRUGHQ�EHRRUGHHOG��JHPHWHQ�HQ�EHUHNHQG��PDJ�GLW�UDSSRUW�DOV�ULFKWVQRHU�JHEUXLNW�ZRUGHQ��*HEUXLN�YDQ�GLW�UDSSRUW�LV�GXV�JHHQ�YHUSOLFKWLQJ���'LW� UDSSRUW� EHYDW� ERYHQGLHQ� LQIRUPDWLH� RYHU� ZDW� LQ� VLWXDWLHV� YDQ� WH� KRJH�EORRWVWHOOLQJ�JHGDDQ�NDQ�ZRUGHQ��2RN�EHYDW�KHW�UDSSRUW�GH�RQGHUERXZLQJ�YRRU�GH�NHX]HV� GLH� LQ� GH� KDQGUHLNLQJ� ]LMQ� JHPDDNW� HQ� HHQ� LQVFKDWWLQJ� YDQ� GH�EHGULMIVHIIHFWHQ� �LQFO�� GH� DGPLQLVWUDWLHYH� ODVWHQ�� GLH� PHW� GH� LQYRHULQJ� YDQ� GH�ULFKWOLMQ�VDPHQKDQJHQ���
���� ,QSDVVLQJ�LQ�GH�5,	(�V\VWHPDWLHN��
������ 5,	(�DOJHPHHQ��'H� $UERZHW�� DUWLNHO���� OHJW� EHGULMYHQ� GH� YHUSOLFKWLQJ� RS� RP� HHQ� ULVLFR�LQYHQWDULVDWLH� HQ� �HYDOXDWLH� �5,	(�� RS� WH� VWHOOHQ�� 'H]H� 5,	(� PRHW� EHWUHNNLQJ�KHEEHQ�RS�DOOH�ULVLFR¶V�GLH�GH�DUEHLG�WHQ�DDQ]LHQ�YDQ�GH�YHLOLJKHLG��JH]RQGKHLG�HQ�KHW�ZHO]LMQ�YDQ�GH�ZHUNQHPHUV�PHW�]LFK�PHHEUHQJW��GXV�RRN�GH�EORRWVWHOOLQJ�DDQ�HOHNWURPDJQHWLVFKH� YHOGHQ�� +HW� $UEREHVOXLW� JHHIW� YRRU� HHQ� DDQWDO� RQGHUZHUSHQ�QDGHUH� YRRUVFKULIWHQ�� ,Q� GH]H� YRRUVFKULIWHQ�� GLH� UHFKWVWUHHNV� YRRUWYORHLHQ� XLW�(XURSHVH� ULFKWOLMQHQ�� ZRUGW� DDQJHJHYHQ� ZHONH� HOHPHQWHQ� GH� LQYHQWDULVDWLH� HQ�HYDOXDWLH� YRRU� ppQ� VSHFLILHN�� LQ� GDW� YRRUVFKULIW� RPVFKUHYHQ�� ULVLFR� GLHQW� WH�EHYDWWHQ���'H�5,	(�NRPW�VWDSVJHZLMV� WRW�VWDQG��(HUVW�ZRUGW�HHQ�LQYHQWDULVDWLH�JHPDDNW�YDQ�GH� ULVLFR¶V� GLH� LQ� KHW� EHGULMI� DDQ� GH� RUGH� ]LMQ��9HUYROJHQV�ZRUGHQ� GH]H� ULVLFR¶V�JHsYDOXHHUG��'DW�EHWHNHQW�GDW�LQ�UHODWLH�WRW�ZHWJHYLQJ��QRUPHQ�HQ�RI�ULFKWOLMQHQ�HHQ�
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ZHJLQJ� YDQ� KHW� ULVLFR� SODDWVYLQGW�� ]RGDW� GH� HUQVW� YDQ� KHW� ULVLFR� NDQ� ZRUGHQ�EHSDDOG��'DDUQD�NDQ�ZRUGHQ�YDVWJHVWHOG�RI�HU�EHKHHUVPDDWUHJHOHQ�QRGLJ�]LMQ�RP�KHW� ULVLFR� WH� YHUPLQGHUHQ� HQ�ZDDUXLW� GLH� EHKHHUVPDDWUHJHOHQ�PRHWHQ� EHVWDDQ�� ,Q�HHQ�3ODQ�YDQ�$DQSDN�OHJW�GH�ZHUNJHYHU�WHQ�VORWWH�YDVW�ZHONH�EHKHHUVPDDWUHJHOHQ�KLM�JDDW�QHPHQ�HQ�ZDQQHHU�HQ�GRRU�ZLH�GLH�ZRUGHQ�JHQRPHQ��(HQ�EHGULMI�PDJ�GH�5,	(�]HOI�RSVWHOOHQ���2P�EHGULMYHQ�WH�KHOSHQ�ELM�KHW�]HOI�RSVWHOOHQ�YDQ�HHQ�5,	(�]LMQ�GRRU�ELMYRRUEHHOG�EUDQFKH�RUJDQLVDWLHV� PRGHO� 5,	(¶V� JHPDDNW�� 9RRUEHHOGHQ� YDQ� GH]H� PRGHO�5,	(¶V� ]LMQ� WH� YLQGHQ� RS� GH� DOJHPHQH� VLWH� YDQ� KHW� $UER� 3ODWIRUP� 1HGHUODQG��ZZZ�DUER�QO� HQ� YLD� KXQ� JHVSHFLDOLVHHUGH� VLWH�� ZZZ�ULH�QO� 2YHU� GH� GDDU�JHSXEOLFHHUGH� PRGHO� 5,	(¶V� LV� RYHUHHQVWHPPLQJ� EHUHLNW� WXVVHQ� ZHUNJHYHUV� HQ�ZHUNQHPHUV��(HQ�PRGHO�5,	(�NDQ�EHVWDDQ�XLW�HHQ�YHU]DPHOLQJ�PRGXOHV�ZDDUELM�HONH�PRGXOH�RYHU�HHQ�DQGHU�RQGHUZHUS�RI�ZHWVEHSDOLQJ�JDDW��=R�]LMQ�HU�PRGXOHV�YRRU� JHYDDUOLMNH� VWRIIHQ�� YRRU� JHOXLG� HQ� YRRU� WULOOLQJHQ��'H]H�PRGXOHV� EHJLQQHQ�PHHVWDO�PHW� HHQ� LQWURGXFWLHYUDDJ��:RUGW� GH]H�PHW� µMD¶�EHDQWZRRUG��GDQ�PRHW� HU�HHQ�VHULH�YHUYROJYUDJHQ�ZRUGHQ�EHDQWZRRUG��)LJXXU�����(ONH�YUDDJ�LV�YRRU]LHQ�YDQ�HHQ� WRHOLFKWLQJ� LQ� VSUHHNWDDO��+HW� LV�]DDN�HHQ�PRGXOH�]R�HIILFLsQW�PRJHOLMN�RS� WH�VWHOOHQ��GXV�GRRU�HHQ� LQWURGXFWLHYUDDJ� LQ�ppQ�DQWZRRUG�GXLGHOLMN� WH�NULMJHQ�RI�KHW�QRGLJ� LV� YHUGHU� WH� JDDQ�� JHYROJG� GRRU� NRUWH�� VFKHUSH� YUDJHQ� RP� WRW� HHQ�LQYHQWDULVDWLH�WH�NRPHQ���+HW�NDQ�QRRG]DNHOLMN�]LMQ��DOV� LQ�HHQ�EHGULMI� LQ�KHW�SURGXFWLHSURFHV�YHUVFKLOOHQGH�ZHUN]DDPKHGHQ� SODDWVYLQGHQ�� PHW� YHUVFKLOOHQGH� DUEHLGVSODDWVHQ� HQ� GDDUPHH�PRJHOLMN� YHUVFKLOOHQGH� EORRWVWHOOLQJHQ�� RP� YRRU� HONH� ZHUN]DDPKHLG� RSQLHXZ� GH�PRGXOHV� LQ� WH� YXOOHQ�� (HQ� YRRUEHHOG� GDDUYDQ� LV� GH� GLJLWDOH� 5,	(� YRRU�/LQQHQYHUKXXU�� HQ� :DVVHULMEHGULMYHQ� >�@�� ZDDUELM� ELMYRRUEHHOG� YRRU� GH�ZHUN]DDPKHLG� µ$IZHUNHQ� �GURJHQ�� PDQJHOHQ�� YRXZHQ�� VWULMNHQ�� SHUVHQ�¶� GH�PRGXOHV� RYHU� ,QULFKWLQJ� DUEHLGVSODDWVHQ�� )\VLHNH� EHODVWLQJ� HQ� )\VLVFKH� IDFWRUHQ�PRHWHQ� ZRUGHQ� EHDQWZRRUG�� 9RRU� GH� ZHUN]DDPKHLG� µ6RUWHUHQ� VFKRRQJRHG��LQSDNNHQ�HQ�YHU]HQGNODDU�PDNHQ¶�PRHWHQ�GH]H�PRGXOHV�RSQLHXZ�ZRUGHQ�LQJHYXOG����
������ 5,	(�PRGXOH�YRRU�HOHNWURPDJQHWLVFKH�YHOGHQ��%LQQHQ�KHW�DUEREHOHLG�VWUHHIW�GH�RYHUKHLG�QDDU�]RYHHO�PRJHOLMN�]HOIZHUN]DDPKHLG�YDQ� KHW� EHGULMIVOHYHQ� �VXEVLGLDULWHLWVEHJLQVHO��� :HUNJHYHUV� HQ� ZHUNQHPHUV� ]LMQ�YHUDQWZRRUGHOLMN� YRRU� GH� QDOHYLQJ� YDQ� ZHWJHYLQJ�� PDDU� RUJDQLVDWLHV� YDQ�ZHUNJHYHUV�HQ�ZHUNQHPHUV�NXQQHQ�VDPHQ�DIVSUHNHQ�ZDW�EHGULMYHQ�LQ�KXQ�EUDQFKH�PRHWHQ�GRHQ�RP�DDQ�GH�UHJHOJHYLQJ�WH�YROGRHQ��=LM�NXQQHQ�HHQ�JHQHULHNH�PRGXOH�DDQSDVVHQ�DDQ�KXQ�EUDQFKH�VSHFLILHNH�DSSDUDWXXU�HQ�RPVWDQGLJKHGHQ��,PPHUV��GH�EUDQFKHV� ZRUGHQ� JHDFKW� GH� KXLGLJH� VLWXDWLH� HQ� WRHNRPVWLJH� WHFKQRORJLVFKH�RQWZLNNHOLQJHQ�ELQQHQ�KXQ�EHGULMYHQ�EHWHU�WH�NHQQHQ�GDQ�EXLWHQVWDDQGHUV���
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)LJXXU��� 9RRUEHHOG�YDQ�PRGXOH�����µJHYDDUOLMNH�VWRIIHQ�DOV�JURQGVWRI¶�YDQ�GH�
JHQHULHNH��GLJLWDOH�5,	(�YRRU�KHW�0.%���*HwQVSLUHHUG� GRRU� GH� GLYHUVH� PRGHO� 5,	(¶V� YRRU� RQGHU� DQGHUH� GH� UXEEHU�� HQ�NXQVWVWRILQGXVWULH�� GH� ZDVVHULMHQ�� KHW� 0.%�� GH� SURYLGHUV� YDQ� PRELHOH�WHOHFRPPXQLFDWLH� �0R1HW�� HQ� GH� LQVWDOODWLHEUDQFKH� �81(72�91,�� LV� HHQ�YRRUEHHOG�JHQHULHNH� µ5,	(� PRGXOH� HOHNWURPDJQHWLVFKH� YHOGHQ¶� RQWZLNNHOG��+LHUELM�]LMQ�GH�HLVHQ�XLW�GH�ULFKWOLMQ�YHUWDDOG�QDDU�GH�EHODQJULMNVWH�YUDJHQ�GLH�LQ�GH�5,	(� EHDQWZRRUG� PRHWHQ� ZRUGHQ�� 'H� PRGXOH� µHOHNWURPDJQHWLVFKH� YHOGHQ¶� LV�LQJHULFKW� QDDU� DQDORJLH� YDQ� EHVWDDQGH� PRGXOHV� YRRU� DQGHUH� RQGHUZHUSHQ� ]RDOV�JHOXLG�� NOLPDDW�� WULOOLQJHQ� HQ� JHYDDUOLMNH� VWRIIHQ��%HGULMYHQ� NXQQHQ� GH]H�PRGXOH�DOV�KXOSPLGGHO�JHEUXLNHQ�ELM�GH�RSVWHOOLQJ�YDQ�KXQ�5,	(�RYHU�HOHNWURPDJQHWLVFKH�YHOGHQ��%UDQFKHRUJDQLVDWLHV�]LMQ�YULM�RP�GH]H�5,	(�RS�WH�QHPHQ�RS�ZZZ�ULH�QO�

2P� GH� ZHUNJHYHUV� ]R�PLQ�PRJHOLMN� DGPLQLVWUDWLHI� WH� EHODVWHQ�� LV� KHW� QRGLJ� HHQ�LQWURGXFWLHYUDDJ�WH�VWHOOHQ�GLH�]RYHHO�PRJHOLMN�EHGULMIVRQGHUGHOHQ�XLWVOXLW���(HQ�YRRUORSLJH�YHUVLH�YDQ�GH�JHQHULHNH�PRGXOH�LV�RSJHQRPHQ�LQ�%LMODJH�����
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*H]LHQ�GH�EHSHUNWH� WLMG� LV� KHW�RQGRHQOLMN�RP� LQ�KHW�NDGHU�YDQ�GLW�RQGHU]RHN�HHQ�XLWSXWWHQGH� OLMVW� YDQ� DOOH� VRRUWHQ� DSSDUDWXXU� HQ� ELMEHKRUHQGH� VSHFLILHNH� 5,	(�PRGXOHV�RS� WH� VWHOOHQ��(U�ZRUGW�QLHW� JHSUHWHQGHHUG�DOOH�DSSDUDWXXU�DDQ� WH�ZLM]HQ�GLH�WRW�RYHUVFKULMGLQJ�YDQ�DFWLH��RI�JUHQVZDDUGHQ�OHLGW��'H�EHWUHIIHQGH�ZHUNJHYHU�LV� HUYRRU� YHUDQWZRRUGHOLMN� RP� WH� ODWHQ� ]LHQ� GDW� YRRU� DOOH� ZHUNQHPHUV� DDQ� GH�ULFKWOLMQ�ZRUGW�YROGDDQ��2RN�ZDQQHHU�XLW�GH�DQDO\VH�LQ�GLW�UDSSRUW�EOLMNW�GDW�HU�JHHQ�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�EHNHQG�LV��EOLMYHQ�EHGULMYHQ�YHUDQWZRRUGHOLMN�YRRU�GH�PRJHOLMNH�EORRWVWHOOLQJ�YDQ�KXQ�ZHUNQHPHUV���
���� /HHVZLM]HU��'H]H� OHHVZLM]HU� JHHIW� DDQ� ZHONH� GHOHQ� YDQ� KHW� UDSSRUW� YRRU� GH� ZHUNJHYHU� YDQ�EHODQJ� ]LMQ�� +HW� LV� QDPHOLMN� QLHW� QRGLJ� GDW� LHGHU� LQGLYLGXHHO� EHGULMI� KHW� UDSSRUW�KHOHPDDO�OHHVW���
$OJHPHHQ��'H]H� LQOHLGLQJ� HQ� +RRIGVWXN��� ]LMQ� YRRU� DOOH� ZHUNJHYHUV� YDQ� EHODQJ�� ,Q�+RRIGVWXN��� ZRUGW� DDQ� GH� KDQG� YDQ� HHQ� VFKHPD� XLWJHOHJG� KRH� KHW�EHRRUGHOLQJVWUDMHFW� YHUORRSW�� 'LW� VFKHPD� LV� WH� YHUJHOLMNHQ� PHW� HHQ�EHODVWLQJVIRUPXOLHU� PHW� GLYHUVH� MD�QHH�YUDJHQ� HQ� PHW� YHUZLM]LQJ� QDDU�KXOSPLGGHOHQ�GLH�ELM�KHW�EHDQWZRRUGHQ�YDQ�GH]H�YUDJHQ�NXQQHQ�ZRUGHQ�JHEUXLNW��1D� GH� HHUVWH� VWDS� LQ� KHW� WUDMHFW�� QDPHOLMN� KHW� QDJDDQ� ZHONH� ZHUNRPJHYLQJHQ�PRJHOLMN�YDQ�EHODQJ�]LMQ��NDQ�KHW�]LMQ�GDW�GH�UHVWHUHQGH�KRRIGVWXNNHQ�PHW�GHWDLOV�QLHW� JHOH]HQ� KRHYHQ� WH� ZRUGHQ�� ,Q� +RRIGVWXN��� LV� XLWJHOHJG� KRH� GH�ZHUNRPJHYLQJHQ�LQ�GULH�FDWHJRULHsQ�]LMQ�LQJHGHHOG���
9DQ�HHQYRXGLJH�QDDU�PHHU�LQJHZLNNHOGH�VLWXDWLHV��:HUNJHYHUV�GLH�DOOHHQ�ZHUNRPJHYLQJHQ�LQ�FDWHJRULH�,�KHEEHQ��KRHYHQ�YROJHQV�KHW�VFKHPD� DOOHHQ� QRJ� GH� HYHQWXHOH� DIZLMNHQGH� RPVWDQGLJKHGHQ� WH� EHRRUGHOHQ��3DUDJUDDI������HQ�]LMQ�GDQ�NODDU���:HUNJHYHUV� GLH� ZHUNRPJHYLQJHQ� LQ� FDWHJRULH�,,� KHEEHQ�� PRHWHQ� GH� YHOGVWHUNWH�EHRRUGHOHQ� HQ� PDNHQ� GDDUWRH� LQ� HHUVWH� LQVWDQWLH� JHEUXLN� YDQ� KHW� RYHU]LFKW� YDQ�KDQG]DPH� YXLVWUHJHOV� �SDUDJDDI������� ,Q� VRPPLJH� VSHFLILHNH� JHYDOOHQ�� GLH� LQ�+RRIGVWXN���]LMQ�RSJHVRPG��LV�KHW�YDQ�EHODQJ�RP�RRN�GH�DFKWHUJURQGLQIRUPDWLH�ELM�GLH� VSHFLILHNH� ZHUNRPJHYLQJHQ� LQ� +RRIGVWXN��� GRRU� WH� QHPHQ�� 9RRU� GHUJHOLMNH�ZHUNRPJHYLQJHQ�]LMQ�ERYHQGLHQ�LQ�+RRIGVWXN���DDQYXOOHQGH�UHNHQUHJHOV�JHJHYHQ�GLH�PHHVWDO�PHHU�NHQQLV�HQ� LQVSDQQLQJ�YHUJHQ�HQ�ZDDUYRRU�ZHUNJHYHUV�PRJHOLMN�GHVNXQGLJH�KXOS�PRHWHQ�LQURHSHQ��9RRU�GH]H�ZHUNRPJHYLQJHQ�EHYDW�+RRIGVWXN���LQIRUPDWLH�RYHU�EHKHHUVPDDWUHJHOHQ���
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:HUNJHYHUV� PHW� ZHUNRPJHYLQJHQ� LQ� FDWHJRULH�,,,� PRHWHQ� GH� EORRWVWHOOLQJ�EHRRUGHOHQ�� 9RRU� KHQ� LV� GH� VSHFLILHNH� LQIRUPDWLH� LQ� GH� +RRIGVWXNNHQ��� WRW� HQ�PHW���YDQ�EHODQJ���
%HGULMIVHIIHFWHQ��+RRIGVWXN���LV�WRW�VORW�HHQ�KRRIGVWXN�GDW�LQ�YHUEDQG�PHW�GH�LPSOHPHQWDWLH�YDQ�GH�ULFKWOLMQ�YRRUDO�YRRU�KHW�0LQLVWHULH�YDQ�6=:�YDQ�EHODQJ�LV��+HW�EHYDW�HHQ�VFKDWWLQJ�YDQ� EHGULMIVHIIHFWHQ� �DGPLQLVWUDWLHYH� ODVWHQ�� GLH� PHW� GH� EHRRUGHOLQJ� HQ� PHW� KHW�QHPHQ�YDQ�PDDWUHJHOHQ�]XOOHQ�]LMQ�JHPRHLG��
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� %HRRUGHOLQJVWUDMHFW�
�=RGUD� GH� ULFKWOLMQ� LV� RPJH]HW� LQ� QDWLRQDOH� ZHWJHYLQJ�� GLHQW� GH� ZHUNJHYHU� GH�QLYHDXV� YDQ� GH� HOHNWURPDJQHWLVFKH� YHOGHQ� ZDDUDDQ� ZHUNQHPHUV� LQ� KXQ�ZHUNRPJHYLQJ� ZRUGHQ� EORRWJHVWHOG�� EHRRUGHHOG� WH� KHEEHQ�� 'H]H� EHRRUGHOLQJ� LV�RQGHUGHHO� YDQ� GH� 5,	(� HQ� GLHQW� WH� JHEHXUHQ� RS� EDVLV� YDQ� JHKDUPRQLVHHUGH�&(1(/(&�VWDQGDDUGHQ��=RODQJ�GH]H�VWDQGDDUGHQ�QRJ�QLHW�EHVFKLNEDDU�]LMQ�� LV�HU�HQHU]LMGV�EHKRHIWH�DDQ�LQIRUPDWLH�RYHU�GH�PRJHOLMNH�EORRWVWHOOLQJ�LQ�YHUJHOLMNEDUH�ZHUNRPJHYLQJHQ� HQ� DQGHU]LMGV� DDQ� YXLVWUHJHOV� HQ� PHWKRGHQ� ZDDUPHH� GH�EHRRUGHOLQJ�NDQ�ZRUGHQ�XLWJHYRHUG��'LW�UDSSRUW�ELHGW�GDDUWRH�HHQ�KDQGUHLNLQJ���'LW� KRRIGVWXN� EHYDW� KHW� YRRUJHVWHOGH� EHRRUGHOLQJVWUDMHFW�� $OV� LQOHLGLQJ� RS� GH�EHVFKULMYLQJ� YDQ� KHW� WUDMHFW� ZRUGW� XLWHHQJH]HW� ZDW� PHW� GH� WHUP� ZHUNRPJHYLQJ�ZRUGW�EHGRHOG��'H�ZHUNRPJHYLQJHQ�]LMQ�LQ�GULH�FDWHJRULHsQ�LQJHGHHOG��9HUYROJHQV�ZRUGW�DDQ�GH�KDQG�YDQ�HHQ�VFKHPD�KHW�EHRRUGHOLQJVWUDMHFW�EHVSURNHQ���'LW� EHRRUGHOLQJVWUDMHFW� LV� EHGRHOG� DOV� KDQGUHLNLQJ�� =RGUD� HU� JHKDUPRQLVHHUGH�(XURSHVH� QRUPHQ� YDQ�&(1(/(&�EHVFKLNEDDU� ]LMQ�� GLHQHQ�GH�GDDULQ�RSJHQRPHQ�SURFHGXUHV�WH�ZRUGHQ�JHYROJG���
���� 'H�WHUP�ZHUNRPJHYLQJ��'H�EORRWVWHOOLQJ�YDQ�GH�ZHUNQHPHU�YLQGW�SODDWV�RS�GH�SOHN�ZDDU�GH�ZHUNQHPHU�]LMQ�RI�KDDU�ZHUN]DDPKHGHQ�YHUULFKW��'H�DSSDUDWXXU�RS�GH�ZHUNSOHN�LQ�FRPELQDWLH�PHW�GH�WRHSDVVLQJ�HUYDQ��ZRUGW�LQ�GLW�UDSSRUW�DDQJHGXLG�PHW�GH�WHUP�µZHUNRPJHYLQJ¶��2P�HHQ�YROOHGLJH�EHRRUGHOLQJ� WH�NXQQHQ�XLWYRHUHQ��PRHWHQ�YDQ�GH]H�ZHUNRPJH�YLQJ� GH� YROJHQGH� JHJHYHQV� EHNHQG� ]LMQ�� KHW� VRRUW� DSSDUDWXXU�GDW�GH� HOHNWURPDJ�QHWLVFKH�YHOGHQ�YHURRU]DDNW��GH�ZHUN]DDPKHLG�YDQ�GH�ZHUNQHPHU�HQ�GH�RPVWDQGLJ�KHGHQ�ZDDULQ�GH�DSSDUDWXXU�ZRUGW�JHEUXLNW����
���� &DWHJRULHsQ�ZHUNRPJHYLQJHQ��'H� ZHUNRPJHYLQJHQ� ZRUGHQ� LQJHGHHOG� LQ� GH� GULH� FDWHJRULHsQ�� ]LH� )LJXXU� ���&DWHJRULH�,,� LV� YHUGHU� LQ� WZHH� VXEFDWHJRULHsQ�,,D� HQ�,,E� LQJHGHHOG�� 9RRU� LHGHUH�FDWHJRULH� JHOGW� HHQ� DQGHU� EHRRUGHOLQJVWUDMHFW��9RRU� FDWHJRULH�,� JHOGW� GDW� HU� JHHQ�PDDWUHJHOHQ�JHQRPHQ�KRHYHQ�WH�ZRUGHQ��9RRU�ZHUNRPJHYLQJHQ�LQ�FDWHJRULH�,,D�LV�HHQ� OLFKWH� LQVSDQQLQJ� LQ� GH� YRUP� YDQ� HHQ� LQVWUXFWLH� QRGLJ�� ELMYRRUEHHOG� DIVWDQG�KRXGHQ�� 9RRU� FDWHJRULH�,,E� ]LMQ� WHFKQLVFKH� EHKHHUVPDDWUHJHOHQ� QRGLJ� ]RDOV� KHW�DIVFKHUPHQ� YDQ� GH� EURQ�� KHW� SODDWVHQ� YDQ� HHQ� KHNZHUN� RI� KHW� DDQEUHQJHQ� YDQ�ZDDUVFKXZLQJVERUGHQ�� &DWHJRULH�,,,� EHYDW� DOOH� ZHUNRPJHYLQJHQ� ZDDUYRRU�XLWJHEUHLGH�EHKHHUVPDDWUHJHOHQ�QRGLJ� ]LMQ��ELMYRRUEHHOG�KHW�KHULQULFKWHQ�YDQ�HHQ�IDEULHN��9RRU�DOOH�FDWHJRULHsQ�JHOGW�GDW�KHW�JHYHQ�YDQ�YRRUOLFKWLQJ�RYHU�GH�ULFKWOLMQ�HQ�GH�ORNDOH�EORRWVWHOOLQJVLWXDWLH�QRGLJ�LV��
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'H� LQGHOLQJ� LQ� GH� GULH� FDWHJRULHsQ� LV� EHGRHOG� RP� KHW� EHRRUGHOLQJVWUDMHFW� YRRU�ZHUNJHYHUV� WH� YHUHHQYRXGLJHQ�� 'H� FDWHJRULH� ZDDULQ� HHQ� ZHUNRPJHYLQJ� LV�LQJHGHHOG��JHOGW�DOV�KHW�YHUWUHNSXQW�YDQ�KHW�EHRRUGHOLQJVWUDMHFW��]LH�SDUDJUDDI�������'RRU� YRRUDI� WH� LGHQWLILFHUHQ� LQ� ZHONH� FDWHJRULH� HHQ�ZHUNRPJHYLQJ� YDOW�� KRHYHQ�QLHW� DOOH� ZHUNRPJHYLQJHQ� WH� ZRUGHQ� RQGHUZRUSHQ� DDQ� GH]HOIGH�� XLWJHEUHLGH�EHRRUGHOLQJ�LQ�KHW�NDGHU�YDQ�GH�5,	(���

)LJXXU��� 7RHWVLQJ�DDQ�DFWLHZDDUGHQ�HQ�JUHQVZDDUGHQ�OHLGW�WRW�GH�LQGHOLQJ�YDQ�
ZHUNRPJHYLQJHQ�LQ�GULH�FDWHJRULHsQ���

���� 2YHU]LFKW�YDQ�ZHUNRPJHYLQJHQ��,Q� GH]H� SDUDJUDDI� ]LMQ� RYHU]LFKWHQ� RSJHQRPHQ� YDQ� ZHUNRPJHYLQJHQ� LQJHGHHOG�QDDU� GH� GULH� FDWHJRULHsQ�� ]LH� 7DEHO� �� W�P� 7DEHO� ��� (U� LV� ELM� GH� LQGHOLQJ� LQ�FDWHJRULHsQ� JHHQ� UHNHQLQJ� JHKRXGHQ�PHW� GH� DDQZH]LJH� H[WUD� YRRU]LHQLQJ� RP�GH�EORRWVWHOOLQJ� WH�EHSHUNHQ��$OOHUHHUVW�]LMQ� LQ�7DEHO��� �JURHQ��GLH�ZHUNRPJHYLQJHQ�RSJHVRPG�ZDDUYDQ�D SULRUL�NDQ�ZRUGHQ�DDQJHQRPHQ�GDW�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�� 7DEHO� �� �JURHQ��� 7DEHO� �� �JHHO�RUDQMH�� HQ� 7DEHO� �� �URRG�� QRHPHQ�DFKWHUHHQYROJHQV� ZHUNRPJHYLQJHQ� GLH� QD� GH� LQYHQWDULVDWLH� ]LMQ� LQJHGHHOG� LQ�FDWHJRULH�,�� ,,� HQ� ,,,��'H� WDEHOOHQ� ]LMQ� JHNOHXUG� YROJHQV� KHW� YHUNHHUVOLFKW�� DO� QDDU�JHODQJ� GH� ]ZDDUWH� YDQ� GH� WH� QHPHQ� EHKHHUVPDDWUHJHOHQ�� JURHQ�� JHHQ�� JHHO��HHQYRXGLJH� LQVWUXFWLH�� RUDQMH�� WHFKQLVFKH� PDDWUHJHO�� HQ� URRG�� XLWJHEUHLGH�PDDWUHJHOHQ��7DEHO���HQ�7DEHO���]LMQ�VDPHQJHVWHOG�XLW�LQIRUPDWLH�YHUNUHJHQ�WLMGHQV�GH�LQWHUQDWLRQDOH�ZRUNVKRS�(OHFWURPDJQHWLF�)LHOGV�LQ�WKH�:RUNSODFH�LQ�VHSWHPEHU������ LQ� :DUVFKDX� HQ� XLW� GH� &(1(/(&� GUDIW� JHQHULF� VWDQGDUG�� YHUVLH� ����&RSHQKDJHQ�YDQ�VHSWHPEHU��������

DFWLHZDDUGH

JUHQVZDDUGH�YRRU�EORRWVWHOOLQJ�

,,,

,,

,

FDWHJRULH�ZHUNRPJHYLQJ�
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'H� EHYLQGLQJHQ� RYHU� GH� RQGHU]RFKWH� DSSDUDWXXU� XLW� KHW� OLWHUDWXXU�� HQ� KHW�SUDNWLMNRQGHU]RHN� �]LH�SDUDJUDDI������KHEEHQ�XLWHLQGHOLMN�JHOHLG� WRW�HHQ�RYHU]LFKW�YDQ�ZHUNRPJHYLQJHQ� LQJHGHHOG�QDDU� FDWHJRULHsQ�,�� ,,�HQ�,,,��'H�ZHUNRPJHYLQJHQ�]LMQ� JHJURHSHHUG� LQ� DSSDUDWXXUJURHSHQ�� 9RRU� DFKWHUJURQGLQIRUPDWLH� RYHU� GH�LQGHOLQJ� YDQ� GH� ZHUNRPJHYLQJHQ� LQ� GH� GULH� FDWHJRULHsQ� ZRUGW� YHUZH]HQ� QDDU�+RRIGVWXN���� 'DDULQ� LV� GH� JHYROJGH� PHWKRGH� EHVFKUHYHQ� HQ� ]LMQ� SHU�DSSDUDWXXUJURHS�GH�GHWDLOV�JHJHYHQ���
7DEHO��� :HUNRPJHYLQJHQ�ZDDUYDQ�D�SULRUL�NRQ�ZRUGHQ�DDQJHQRPHQ�GDW�

DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ���
DSSDUDWXXU�HQ�WRHSDVVLQJ�

� �

� NDQWRRURPJHYLQJ� ��LQFO��FRPSXWHUDSSDUDWXXU��NDEHOQHWZHUNHQ��GUDDGOR]H�FRPPXQLFDWLH�DSSDUDWXXU��ÂH[FO��EDQGHQZLVVHUV�RIZHO�WDSH HUDVHUV�� KDQGJHUHHGVFKDS�PHW�HOHNWULVFKH�DDQGULMYLQJ��1(1��������� YHUSODDWVEDDU�HOHNWULVFK�JHUHHGVFKDS�PHW�PRWRUDDQGULMYLQJ��1(1���������LQFO��WXLQJHUHHGVFKDS��� KXLVKRXGHOLMNH�HQ�VRRUWJHOLMNH�HOHNWULVFKH�WRHVWHOOHQ��1(1���������LQFO��YHUSODDWVEDDU�JHUHHGVFKDS�YRRU]LHQ�YDQ�YHUZDUPLQJVHOHPHQWHQ��EDWWHULMRSODDGWRHVWHOOHQ��WRHVWHOOHQ�YRRU�UXLPWHYHUZDUPLQJ��VWRI��HQ�ZDWHU]XLJHUV��IRUQXL]HQ��RYHQV�HQ�NRRNHOHPHQWHQ�YRRU�EHGULMIVJHEUXLN��YHUZDUPLQJVHOHPHQWHQ�YRRU�ZDWHUEHGGHQ��PDJQHWURQRYHQV�YRRU�EHGULMIVJHEUXLN��� HOHNWULVFKH�LQVWDOODWLHV�� ODDJVSDQQLQJVQHWZHUN��������9�� ODDJVSDQQLQJVFRPSRQHQWHQ�PHW�HHQ�YHUPRJHQ�ODJHU�GDQ�����N9$�� RS�PLQVWHQV����FP�DIVWDQG�YDQ�ODDJVSDQQLQJVFRPSRQHQWHQ�PHW�HHQ�YHUPRJHQ�QLHW�KRJHU�GDQ������N9$�� YHUPRJHQVWUDQVIRUPDWRUHQ�YHUERQGHQ�PHW�ODDJVSDQQLQJVQHWZHUNHQ��������9�WXVVHQ�IDVHQ��PHW�HHQ�YHUPRJHQ�WRW�����N9$�� RS�PLQVWHQV����FP�DIVWDQG�YDQ�YHUPRJHQVWUDQVIRUPDWRUHQ�YHUERQGHQ�PHW��ODDJVSDQQLQJVQHWZHUNHQ���������9�WXVVHQ�IDVHQ��PHW��HHQYHUPRJHQ�QLHW�KRJHU�GDQ������N9$��� HOHNWURPRWRUHQ�HQ�HOHNWULVFKH�SRPSHQ��PLWV�� KHW�YHUPRJHQ�ODJHU�LV�GDQ�����N9$�� RS�PLQVWHQV����FP�DIVWDQG�HQ�KHW�YHUPRJHQ�QLHW�KRJHU�GDQ������N9$�� PHHWLQVWUXPHQWHQ��H[FO��QLHW�GHVWUXFWLHI�PDJQHWLVFK�RQGHU]RHN��� PRELHOH�WHOHIRRQV�� UDGLRDSSDUDWXXU�RS�EDWWHULMHQ�PHW�XLWJDQJVYHUPRJHQ�PLQGHU�GDQ�����P:�� DXGLR���HQ�YLGHRDSSDUDWXXU�� YHUOLFKWLQJVDSSDUDWXXU��H[FO��UDGLRIUHTXHQWH�HQ�PLFURJROIYHUOLFKWLQJ��
� �
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7DEHO��� :HUNRPJHYLQJHQ�LQ�FDWHJRULH�,���
JURHS� DSSDUDWXXU�HQ�WRHSDVVLQJ�

� � �� LQVWDOODWLH�HQ�RQGHUKRXG�� HOHNWULVFK�KDQGJHUHHGVFKDS��H[FO��ODVDSSDUDWXXU��� DUWLNHO��HQ�SHUVRRQVGHWHFWLH�� ($6�����������*+]��QLHW�OLQHDLUH�PLFURJROYHQ��� 5),'���+]�������N+]�� 5),'��������0+]��]HQGYHUPRJHQ�����:�HQ�GXW\�F\FOH�� ������� 5),'�����������0+]��]HQGYHUPRJHQ�����:�HQ�GXW\�F\FOH�� ������� 5),'������HQ�����*+]��]HQGYHUPRJHQ�����:�HQ�GXW\ F\FOH�� ������� KDQGPHWDDOGHWHFWRUHQ�� ($6�GHDFWLYDWRUHQ�� HOHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH�� VWURRPUDLOV�LQ�RQGHUVWDWLRQV�� ERYHQJURQGVH�KRRJVSDQQLQJVOLMQHQ�� WUDQVIRUPDWRUKXLVMHV�� VFKDNHO��HQ�YHUGHHONDVWHQ�� LQGXFWLHYHUZDUPLQJ�� JHDXWRPDWLVHHUGH�V\VWHPHQ�� ODVVHQ�� JHDXWRPDWLVHHUGH�V\VWHPHQ�� PHGLVFKH�WRHSDVVLQJHQ�� RSSHUYODNNLJH�K\SHUWKHUPLH�� SLMQEHVWULMGLQJ��EHYRUGHULQJ�ERWJURHL��H�G��� FRXYHXVH��ODPSHQ�YRRU�IRWRWKHUDSLH��GUDDGOR]H�FRPPXQLFDWLHWRHSDVVLQJHQ��H�G����� YHUYRHU�HQ�WUDFWLHV\VWHPHQ�� UDLOYHUYRHU�RS�JHOLMNVWURRP�� YRHUWXLJHQ��YDDUWXLJHQ��YOLHJWXLJHQ�� �JURWH��HOHNWURPRWRUHQ���� ]HQGLQVWDOODWLHV�� VWUDDO]HQGHUV���NOHLQH��ELM�*60�EDVLVVWDWLRQV������:��� WHOHIRRQV�HQ�SRUWRIRRQV�� UDGDUV\VWHPHQ��VQHOKHLGVFRQWUROH��ZHHUUDGDU����� RYHULJH�ZHUNRPJHYLQJHQ�� LQGXFWLHNRRNSODDW�KRUHFD��YRHGVHOEHUHLGLQJ��
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7DEHO��� :HUNRPJHYLQJHQ�LQ�FDWHJRULH�,,���
JURHS� DSSDUDWXXU�HQ�WRHSDVVLQJ�

� � �� LQVWDOODWLH�HQ�RQGHUKRXG�� DSSDUDWXXU�GLH�ZRUGW�JHwQVWDOOHHUG�RI�RQGHUKRXGHQ�� DSSDUDWXXU�LQ�GH�RPJHYLQJ�YDQ�WH�RQGHUKRXGHQ�DSSDUDWXXU�� ED�E�� DUWLNHO��HQ�SHUVRRQVGHWHFWLH�� ($6�����������N+]��PDJQHWLVFKH��� ($6����������N+]��UHVRQDQW�LQGXFWLHI��� ($6��������0+]��UHVRQDQW�UDGLRIUHTXHQW�LQGXFWLHI��� PHWDDOGHWHFWRUHQ�� 5),'�±�V\VWHPHQ��]HQGYHUPRJHQ!���:�RI�GXW\�F\FOH�! �������

DDDDD� GLsOHNWULVFKH�YHUZDUPLQJ�� SODVWLF�VHDOHUV�� KRXWYHUOLMPHUV�� EE� HOHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH�� HOHNWULFLWHLWVFHQWUDOH�� OXFKWVSRHOHQ�LQ�FRQGHQVDWRUEDQNHQ� EE� HOHNWURFKHPLVFKH�SURFHVVHQ�� V\VWHPHQ�YRRU�VWURRPWRHYRHU��EXV�EDUV��� HOHNWURO\VHKDO� EE� LQGXFWLHYHUZDUPLQJ�� PHW�RSHQ�VSRHOHQ�� JURWHUH�RYHQV� EE� ODVVHQ�� ERRJODVVHQ���NDEHO�� ERRJODVVHQ���HOHNWURGHKRXGHU� ED� PHGLVFKH�WRHSDVVLQJHQ�� 05,���VFDQQHQ�� NRUWH�JROI��HQ�PLFURJROIGLDWKHUPLH�� GLHSH�K\SHUWKHUPLH�� HOHNWURFKLUXUJLH�

EEDD� PLFURJROIGURJHQ�� WRHSDVVLQJ�µRSHQ�PDJQHWURQ¶� E��� RQGHU]RHNVWRHSDVVLQJHQ�� PRHLOLMN�XLW�WH�VSOLWVHQ� D�E���� YHUYRHU�HQ�WUDFWLHV\VWHPHQ�� UDLOYHUYRHU�RS�ZLVVHOVWURRP�����+]��+6/¶V�� D��� ]HQGLQVWDOODWLHV�� EDVLVVWDWLRQV�PRELHOH�WHOHIRQLH��*60��8076��� 7(75$�]HQGHUV�LQ�PDVWHQ�� 7(75$�]HQGHUV�RS�YRHUWXLJHQ��YHUPRJHQ����:�� ://�V\VWHPHQ�� VWUDDO]HQGHUV�� NOHLQH�RPURHS]HQGHUV��RS�GDNHQ��� DPDWHXU]HQGHUV�� UDGDUV\VWHPHQ��OXFKW��HQ�ZDWHUYHUNHHU��

DDDDDEEE��� RYHULJH�ZHUNRPJHYLQJHQ�� EDQGHQZLVVHUV��WDSH�HUDVHUV��� UDGLRIUHTXHQWH�HQ�PLFURJROIYHUOLFKWLQJ�� QLHW�GHVWUXFWLHI�PDJQHWLVFK�RQGHU]RHN�
DD�E�E
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7DEHO��� :HUNRPJHYLQJHQ�LQ�FDWHJRULH�,,,���
JURHS� DSSDUDWXXU�HQ�WRHSDVVLQJ�

� �� LQVWDOODWLH�HQ�RQGHUKRXG�� ZHUN]DDPKHGHQ�LQ�WURXEOH�VKRRW�VLWXDWLHV�� HOHNWURFKHPLVFKH�SURFHVVHQ�� JHOLMNULFKWHULQVWDOODWLHV�� LQGXFWLHYHUZDUPLQJ�� NOHLQHUH�VPHOWRYHQV��ELMPHQJHQ��� ODVVHQ�� SXQW��HQ�LQGXFWLHODVVHQ��KDOI�JHDXWRPDWLVHHUG�� PHGLVFKH�WRHSDVVLQJHQ�� 05,���LQWHUYHQWLHDFWLYLWHLWHQ���� ]HQGLQVWDOODWLHV�� JURWH�RPURHS]HQGHUV�

���� +HW�WUDMHFW��+HW� WUDMHFW� GDW� HHQ� ZHUNJHYHU� ELM� GH� EHRRUGHOLQJ� LQ� GH� ]LQ� YDQ� GH� ULFKWOLMQ� NDQ�GRRUORSHQ�� LV� VFKHPDWLVFK� ZHHUJHJHYHQ� LQ� )LJXXU� ��� 'LW� VFKHPD�� GDW�RYHUHHQNRPVWHQ�PHW�KHW�EHODVWLQJVIRUPXOLHU�YHUWRRQW��EHYDW�QDDVW�HHQ�EHJLQ�HQ�HHQ�HLQG� GULH� VRRUWHQ� V\PEROHQ�� UHFKWKRHNHQ�� UXLWHQ� HQ� µOLMVWHQ¶� �UHFKWKRHN� PHW� HHQ�JROYHQGH�RQGHUNDQW���,Q�GH�UHFKWKRHNHQ�VWDDQ�DFWLHV�HQ�LQ�GH�UXLWHQ�YUDJHQ�GLH�PHW�MD��JD�YHUGHU�QDDU�EHQHGHQ��RI�QHH��JD�QDDU�UHFKWV���'H�µOLMVWHQ¶�EHYDWWHQ�LQIRUPDWLH�GLH� YRRU� GH� XLWYRHULQJ� YDQ� GH� DFWLHV� LQ� GH� UHFKWKRHNHQ� QRGLJ� LV�� (ONH� µOLMVW¶� LV�YRRU]LHQ� YDQ� KHW� QXPPHU� YDQ� GH� SDUDJUDDI� LQ� GLW� UDSSRUW�ZDDULQ� GH� LQIRUPDWLH��YRRU�]RYHU�UHHGV�EHVFKLNEDDU��LV�WH�YLQGHQ���+HW�VFKHPD�GLHQW�DOV�YROJW�WH�ZRUGHQ�WRHJHSDVW����� 1HHP�KHW�RYHU]LFKW�YDQ�ZHUNRPJHYLQJHQ��]LH�3DUDJUDDI������HQ�]RHN�GDDULQ�GH ZHUNRPJHYLQJHQ�RS�GLH�LQ�GH�WH�EHRRUGHOHQ�DUEHLGVVLWXDWLHV�YRRUNRPHQ��1HHP�SHU�ZHUNRPJHYLQJ�DOV�HHUVWH�VFKDWWLQJ�GH�FDWHJRULH�XLW�KHW�RYHU]LFKW�RYHU����� *D�SHU�ZHUNRPJHYLQJ�YDQ�FDWHJRULH�,�QD�RI�YROGDDQ�LV�DDQ�GH�RPVFKULMYLQJ�YDQ� µDIZLMNHQGH� RPVWDQGLJKHGHQ¶�� $IZLMNHQGH� RPVWDQGLJKHGHQ� NXQQHQ�RQWVWDDQ�ELM�DDQZH]LJKHLG�YDQ�ELMYRRUEHHOG�PHGLVFKH�DSSDUDWXXU��PHGLVFKH�KXOSPLGGHOHQ� HQ� RQWYODPEDUH� PDWHULDOHQ� HQ� ELM� JHOLMNWLMGLJH� EORRWVWHOOLQJ�DDQ� WZHH�RI�PHHU�EURQQHQ�YDQ�HOHNWURPDJQHWLVFKH�YHOGHQ��$OV�HU�VSUDNH� LV�YDQ�QRUPDOH�RPVWDQGLJKHGHQ��GDQ�LV�GH�YHLOLJKHLG�DNNRRUG�HQ�LV�YRRU�GH]H�ZHUNRPJHYLQJ� JHHQ� YHUGHUH� DFWLH� QRGLJ�� $OV� HU� VSUDNH� LV� YDQ� DIZLMNHQGH�RPVWDQGLJKHGHQ�� GLHQHQ� HU� EHKHHUVPDDWUHJHOHQ� WH�ZRUGHQ� JHQRPHQ��'HQN�ELMYRRUEHHOG� DDQ� HHQ�ZDDUVFKXZLQJVERUG�PHW� µYHUERGHQ� YRRU�ZHUNQHPHUV�PHW� HHQ� SDFHPDNHU¶�� 9HUYROJHQV� GLHQW� RSQLHXZ� WH� ZRUGHQ� EHNHNHQ� RI� GH�YHLOLJKHLG� DNNRRUG� LV�� ]R� MD�� GDQ� LV� YRRU�GH]H�ZHUNRPJHYLQJ�JHHQ�YHUGHUH�DFWLH�QRGLJ��
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��FDWHJRULH�,,�LV�YHUGHU�YHUGHHOG�LQ�,,D�HQ�,,E�
���,,D�YHUJW�YHUPRHGHOLMN�HHQYRXGLJH��JRHGNRSH�HQ
���,,E�RPYDQJULMNHUH��GXXUGHUH�PDDWUHJHOHQ �

)LJXXU��� 6FKHPDWLVFKH�ZHHUJDYH�YDQ�KHW�WUDMHFW�ZDDUPHH�LQ�GH�SUDNWLMN�NDQ�
ZRUGHQ�EHRRUGHHOG�RI�HU�EHKHHUVPDDWUHJHOHQ�PRHWHQ�ZRUGHQ�
JHQRPHQ��



���YDQ����� �
�

��� *D� SHU� ZHUNRPJHYLQJ� YDQ� FDWHJRULH� ,,� QD� RI� DFWLHZDDUGHQ� ZRUGHQ�RYHUVFKUHGHQ� GRRU� XLWYRHULQJ� YDQ� HHQ� HHQYRXGLJH� EHUHNHQLQJ� PHW� EHKXOS�YDQ�YXLVWUHJHOV�HQ�WDEHOOHQ��3DUDJUDDI�������$OV�HU�JHHQ�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�� GDQ� GLHQHQ� YRRU� GH]H� ZHUNRPJHYLQJ� QRJ� GH� DIZLMNHQGH�RPVWDQGLJKHGHQ�WH�ZRUGHQ�EHRRUGHHOG�YHUJHOLMNEDDU�PHW�GH�JDQJ�YDQ�]DNHQ�ELM�HHQ�ZHUNRPJHYLQJ�YDQ�FDWHJRULH�,��� $OV� HU� ZHO� DFWLHZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ�� GDQ� GLHQW� HHQ� NHX]H� WH�ZRUGHQ�JHPDDNW�WXVVHQ�yI�KHW�QHPHQ�YDQ�EHKHHUVPDDWUHJHOHQ��+RRIGVWXN����RP HUYRRU� WH� ]RUJHQ� GDW� GH� DFWLHZDDUGHQ� QLHW� PHHU� ZRUGHQ� RYHUVFKUHGHQ��ZDDUQD�GH�VLWXDWLH�YHUJHOLMNEDDU�LV�PHW�FDWHJRULH�,��yI�KHW�XLWYRHUHQ�YDQ�HHQ�QDGHUH� DQDO\VH� RP� YDVW� WH� VWHOOHQ� GDW� GH� JUHQVZDDUGHQ� QLHW� ZRUGHQ�RYHUVFKUHGHQ� �+RRIGVWXN����� $OV� GDW� KHW� JHYDO� LV�� GDQ� LV� GH� VLWXDWLH�YHUJHOLMNEDDU� PHW� FDWHJRULH� ,�� $OV� EOLMNW� GDW� JUHQVZDDUGHQ� ZHO� ZRUGHQ�RYHUVFKUHGHQ� GDQ� PRHWHQ� EHKHHUVPDDWUHJHOHQ� ZRUGHQ� JHQRPHQ��YHUJHOLMNEDDU�PHW�GH�PDDWUHJHOHQ�YRRU�ZHUNRPJHYLQJHQ�LQ�FDWHJRULH�,,,��� $OV�GH�ZHUNJHYHU�NLHVW�YRRU�KHW�QHPHQ�YDQ�EHKHHUVPDDWUHJHOHQ�RP�HUYRRU�WH�]RUJHQ�GDW�GH�DFWLHZDDUGHQ�QLHW�PHHU�ZRUGHQ�RYHUVFKUHGHQ��GDQ�NXQQHQ�GLW�HHQYRXGLJH��FDWHJRULH�,,D��ELMY��HHQ�JHEUXLNVDDQZLM]LQJ��RI�RPYDQJULMNH��FDWHJRULH�,,E��DI]HWWLQJHQ�RI�DSSDUDWXXUDDQSDVVLQJHQ��PDDWUHJHOHQ�]LMQ����� 9RHU� SHU� ZHUNRPJHYLQJ� YDQ� FDWHJRULH� ,,,� HHQ� QDGHUH� DQDO\VH� XLW� GRRU�XLWJHEUHLGH� EHUHNHQLQJHQ� XLW� WH� YRHUHQ� ZDDUXLW� EOLMNW� RI� JUHQVZDDUGHQ�ZRUGHQ� RYHUVFKUHGHQ�� 0RJHOLMN� PRHWHQ� GH]H� EHUHNHQLQJHQ� PHW� PHWLQJHQ�ZRUGHQ�RQGHUVWHXQG��$OV�JUHQVZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ��GDQ�LV�GH�VLWXDWLH� YHUJHOLMNEDDU�PHW� FDWHJRULH� ,��$OV� JUHQVZDDUGHQ�ZHO�ZRUGHQ�RYHU�VFKUHGHQ��PRHWHQ�EHKHHUVPDDWUHJHOHQ�ZRUGHQ�JHQRPHQ���%LM�KHW�QHPHQ�YDQ�EHKHHUVPDDWUHJHOHQ�ZRUGW�UHNHQLQJ�JHKRXGHQ�PHW�GH�VWDQG�GHU�WHFKQLHN�HQ�GH�PRJHOLMNKHGHQ�RP�KHW�ULVLFR�DDQ�GH�EURQ�WH�EHKHHUVHQ��YRRUDO�PHW�LQDFKWQHPLQJ�YDQ��� DOWHUQDWLHYH�ZHUNPHWKRGHQ�GLH�OHLGHQ�WRW�PLQGHU�EORRWVWHOOLQJ��� GH� NHX]H� YDQ� DUEHLGVPLGGHOHQ� GLH� PLQGHU� HOHNWURPDJQHWLVFKH� YHOGHQ�XLW]HQGHQ��� WHFKQLVFKH� PDDWUHJHOHQ� RP� GH� HPLVVLH� YDQ� HOHNWURPDJQHWLVFKH� YHOGHQ� WH�EHSHUNHQ��ZDDU�QRGLJ�RRN�GRRU�KHW�JHEUXLN�YDQ�EORNNHULQJ��DIVFKHUPLQJ�RI�VRRUWJHOLMNH�PHFKDQLVPHQ��� SDVVHQGH�RQGHUKRXGVSURJUDPPD¶V�YRRU�GH�DUEHLGVPLGGHOHQ�HQ�GH�ZHUNSOHN��� KHW�RQWZHUS�HQ�GH�LQGHOLQJ�YDQ�GH�ZHUNSOHN��� EHSHUNLQJ�YDQ�GH�GXXU�HQ�LQWHQVLWHLW�YDQ�GH�EORRWVWHOOLQJ��HQ�� GH�EHVFKLNEDDUKHLG�YDQ�GRHOWUHIIHQGH�SHUVRRQOLMNH�EHVFKHUPLQJVPLGGHOHQ��
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���� 2YHU]LFKW�YDQ�YXLVWUHJHOV�HQ�PDDWUHJHOHQ�YRRU�FDWHJRULH�,,��9RRU� GH�ZHUNRPJHYLQJHQ� LQ� FDWHJRULH�,,� LV� LQ� GH]H� SDUDJUDDI� VDPHQJHYDW�ZHONH�YXLVWUHJHOV� NXQQHQ� ZRUGHQ� WRHJHSDVW� RP� WH� EHRRUGHOHQ� RI� DFWLHZDDUGHQ� ZRUGHQ�RYHUVFKUHGHQ�� 9RRU� ZHUNRPJHYLQJHQ� LQ� FDWHJRULH� ,� ]LMQ� JHHQ� YXLVWUHJHOV� QRGLJ��9RRU�ZHUNRPJHYLQJHQ�LQ�FDWHJRULH�,,,�LV�PDDWZHUN�QRGLJ�HQ�GLHQW�HON�JHYDO�DSDUW�WH� ZRUGHQ� EHNHNHQ� �]LH� RQGHU� DQGHUH� +RRIGVWXN� ���� 'H� RQGHUERXZLQJ� YDQ� GH�YXLVWUHJHOV� LV� RSJHQRPHQ� LQ� GH� RYHUHHQNRPVWLJH� SDUDJUDIHQ� YDQ� +RRIGVWXN� ���0HHVWDO� ]LMQ� HU� FRQVHUYDWLHYH� RYHUZHJLQJHQ� JHYROJG� RP� WRW� GH� YXLVWUHJHOV� WH�NRPHQ��0HQ�PRHW�]LFK�HU�GXV�YDQ�EHZXVW�]LMQ�GDW�DOV�QLHW�DDQ�GH�YXLVWUHJHO�ZRUGW�YROGDDQ��QLHW�PHWHHQ�VSUDNH�LV�YDQ�HHQ�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�RI�YDQ�HHQ�RQYHLOLJH�VLWXDWLH���&(1(/(&� RQWZLNNHOW� JHKDUPRQLVHHUGH� VWDQGDDUGHQ� YRRU� VSHFLILHNH� ZHUNRP�JHYLQJHQ� �ZRUNSODFH� VWDQGDUGV��� =RGUD� GH]H� EHVFKLNEDDU� ]LMQ� SUHYDOHUHQ� GH]H�ERYHQ�GH�YXLVWUHJHOV�LQ�GH]H�SDUDJUDDI���
������ ,QVWDOODWLH�HQ�RQGHUKRXG��'H� ZHUNRPJHYLQJHQ� YDQ� ZHUNQHPHUV� LQ� GH� LQVWDOODWLHEUDQFKH� ZRUGHQ� YRRUDO�JHNHQPHUNW� GRRU� GH� GLYHUVLWHLW� DDQ� DSSDUDWXXU� ZDDU� GH]H� ZHUNQHPHUV� PHH� LQ�DDQUDNLQJ�NXQQHQ�NRPHQ��*URWH�LQVWDOODWLHEHGULMYHQ�KHEEHQ�WH�PDNHQ�PHW�YULMZHO�DOOH�DQGHUH�JHQRHPGH�DSSDUDWXXUJURHSHQ�HQ�NXQQHQ�GH�YXLVWUHJHOV�YLQGHQ�ELM�GLH�DSSDUDWXXUJURHSHQ��9RRUDO�GH�DSSDUDWXXU�ZDDU�GH�ZHUNQHPHU��WRHYDOOLJ��ELM�LQ�GH�EXXUW�NDQ�NRPHQ��YHUGLHQW�QDGHUH�DDQGDFKW��0RJHOLMN�GDW�PHW�GH�QRGLJH�VFKROLQJ�RI� YRRUOLFKWLQJVPDWHULDDO� NDQ�ZRUGHQ� YRRUNRPHQ� GDW� LQVWDOODWLH�� HQ� RQGHUKRXGV�PHGHZHUNHUV�JHELHGHQ�EHWUHGHQ�ZDDU�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ���
������ $UWLNHO��HQ�SHUVRRQVGHWHFWLH��9RRU� DQWL�GLHIVWDOSRRUWMHV� �($6�V\VWHPHQ�� JHOGW� GDW� HU� HHQ� JURWH� GLYHUVLWHLW� DDQ�PRJHOLMNH� DSSDUDWXXU� EHVWDDW�� GLH� ERYHQGLHQ� RS� GH� VSHFLILHNH� VLWXDWLH� YDQ� GH�ZLQNHO�RI�PXVHXP�LV�DIJHVWHPG��'H�YHOGVWHUNWHQ�ORSHQ�VWHUN�XLWHHQ��$OV�YXLVWUHJHO�NDQ� ZRUGHQ� JHKDQWHHUG� GDW� GH� DFWLHZDDUGHQ� RS� PHHU� GDQ� �� P� DIVWDQG� YDQ� GH�SRRUWMHV�QLHW�ZRUGHQ�RYHUVFKUHGHQ���9RRU� GH� SRRUWHQ� GLH� ELMYRRUEHHOG� RS� YOLHJYHOGHQ� HQ� LQ� KRUHFDJHOHJHQKHGHQ�ZRUGHQ�JHEUXLNW�RP�PHWDOHQ�YRRUZHUSHQ�WH�GHWHFWHUHQ��JHOGW�GDW�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�DOV�ZHUNQHPHUV�EXLWHQ�GH�GRRUJDQJ�EOLMYHQ�HQ�QLHW�WHJHQ�GH�EHKXL]LQJ�YDQ�GH�SRRUWHQ�OHXQHQ���
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������ 'LsOHNWULVFKH�YHUZDUPLQJ��9RRU� DSSDUDWXXU� YRRU� SODVWLF�� RI� NXQVWVWRIODVVHQ� HQ� YRRU� KHW� YHUOLMPHQ� YDQ� KRXW�]LMQ� JHHQ� YXLVWUHJHOV� YRRUKDQGHQ�� %LQQHQ� GH� EHGLHQLQJVDIVWDQG� YDQ� GH]H�DSSDUDWXXU�NRPHQ�NRUWVWRQGLJ�YHOGHQ�YRRU�GLH�KRJHU�]LMQ�GDQ�GH�DFWLHZDDUGHQ��'H�EORRWVWHOOLQJ�LV�QLHW�SHUPDQHQW�HQ�HU�PRHW�HHQ�PLGGHOLQJ�RYHU�]HV�PLQXWHQ�ZRUGHQ�XLWJHYRHUG�RYHU�GH�6$5��$OV�KHW�DDQEUHQJHQ�YDQ�DIVFKHUPLQJ� LQ�GH�SUDNWLMN�QLHW�PRJHOLMN�EOLMNW� WH�]LMQ�HQ�GH� WLMGVGXXU�QLHW�EHSHUNW�NDQ�ZRUGHQ��GDQ� LV�KHW�DDQ� WH�UDGHQ� HHQ� DIVWDQG� DDQ� WH� KRXGHQ� GLH� XLW� HHQ� HHQYRXGLJH� PHWLQJ� NDQ� ZRUGHQ�DIJHOHLG���
������ (OHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH��,Q� HQHUJLHFHQWUDOHV� NXQQHQ� DFWLHZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ� ELM� JHQHUDWRUHQ��WUDQVIRUPDWRUHQ��JHOLMNULFKWHUV�HQ�VWURRPJHOHLGHUV��2P�WH�EHSDOHQ�ZDDU�DI]HWWLQJHQ�JHSODDWVW�PRHWHQ�ZRUGHQ��GLHQW�HU�JHPHWHQ�WH�ZRUGHQ���,Q�VRPPLJH�RQGHUVWDWLRQV�EHYLQGHQ�]LFK�FRQGHQVDWRUEDQNHQ�PHW�OXFKWVSRHOHQ��7RW�RS���WRW���P�YDQ�GH]H�OXFKWVSRHOHQ�ZRUGHQ�GH�DFWLHZDDUGHQ�YRRU�KHW�PDJQHWLVFKH�YHOG� RYHUVFKUHGHQ�� 0HW� HHQYRXGLJH� PHHWDSSDUDWXXU� LV� YDVW� WH� VWHOOHQ� ZDDU� GH�KHNNHQ� JHSODDWVW�PRHWHQ�ZRUGHQ� RP� WH� YRRUNRPHQ�GDW�ZHUNQHPHUV� GH� JHELHGHQ�PHW�RYHUVFKULMGLQJHQ�NXQQHQ�EHWUHGHQ���
������ (OHNWURFKHPLVFKH�SURFHVVHQ��'LFKW� ELM� V\VWHPHQ� YRRU� VWURRPWRHYRHU� �EXV EDUV� NXQQHQ� DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�� +HW� EHWUHIW� GDQ� PHHVWDO� JHOLMNVWURRP� PHW� HQNHOH� SURFHQWHQ�ZLVVHOVWURRP� �ULPSHO�� GLH� QD� JHOLMNULFKWLQJ� RYHUEOLMIW�� +HW� JHOLMNULFKWLQJVSURFHV�OHLGW�RRN�WRW�KRJHUH�KDUPRQLVFKH�ELMGUDJHQ��GLH�YROJHQV�GH�VRPPDWLHUHJHO�PRHWHQ�ZRUGHQ�RSJHWHOG��]LH�%LMODJH�����2PGDW�GH�IUHTXHQWLHV�ODJHU�]LMQ�GDQ�����N+]��LV�KHW� QLHW� WRHJHVWDDQ� GH� JHPLGGHOGH� EORRWVWHOOLQJ�� ZDDUELM� GH� YHUEOLMIWLMG� YDQ� GH�ZHUNQHPHU� LQ� UHNHQLQJ� ZRUGW� JHEUDFKW�� WH� WRHWVHQ� DDQ� GH� DFWLHZDDUGH�� 7DEHO� ��JHHIW�YRRU�GULH�IUHTXHQWLHV�HQ�YRRU�YLHU��JHOLMN�VWURRPVWHUNWHV�,�GH�DIVWDQG�U�WRW�HHQ�HQNHOYRXGLJH�VWURRPYRHUHQGH�GUDDG�ZDDURS�GH�IUHTXHQWLHDIKDQNHOLMNH��XLWJHGUXNW�
LQ�+]�� DFWLHZDDUGH� YRRU� GH�PDJQHWLVFKH� IOX[GLFKWKHLG� �LQ�µ7��ZRUGW� EHUHLNW�� ,Q�
GH]H� EHUHNHQLQJHQ� LV� GH� �FRQVHUYDWLHYH�� DDQQDPH� JHPDDNW� GDW� GH�ZLVVHOVWURRPULPSHO�QLHW�PHHU�GDQ�����EHGUDDJW����9RRU� ELMYRRUEHHOG� HHQ� HOHNWURO\VHKDO�� ZDDU� ]LFK� PHHUGHUH� VWURRPJHOHLGHUV� RS�GLYHUVH� DIVWDQGHQ� WRW� GH� ZHUNQHPHU� EHYLQGHQ�� LV� HHQ� GHUJHOLMNH� YXLVWUHJHO� QLHW�EHVFKLNEDDU��'DW�JHOGW�RRN�YRRU�VLWXDWLHV�ZDDULQ�VSUDNH�LV�YDQ�HHQ�VDPHQVWHO�YDQ�GUDGHQ� LQ� HHQ� GULHIDVHQV\VWHHP�� ,Q� GH]H� VLWXDWLHV� LV� XLWYRHUHQ� YDQ� PHWLQJHQ� RI�EHUHNHQLQJHQ�PHW�FRPSXWHUPRGHOOHQ�QRGLJ��
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7DEHO��� $IVWDQG�U�WRW�HHQ�HQNHOYRXGLJH�EXV�EDU�ZDDURS�GH�DFWLHZDDUGH�
�PDJQHWLVFKH�IOX[GLFKWKHLG��ZRUGW�EHUHLNW�YRRU�JHOLMNVWURRP�PHW�GH�
DDQJHJHYHQ�VWHUNWH�HQ�DDQQHPHQGH�GDW�GH�ZLVVHOVWURRPULPSHO�QLHW�
PHHU�GDQ�����EHGUDDJW���

VWURRPVWHUNWH��JHOLMNVWURRP�� ����+]�
DFWLHZDDUGH�����µ7

����+]�
DFWLHZDDUGH����µ7

����+]�
DFWLHZDDUGH������µ7

, �$�� U��P�� U��P�� U��P��
���� ����� ����� ��������� ����� ����� ��������� ���� ���� ��������� ���� ���� ����

������ ,QGXFWLHYHUZDUPLQJ��,Q�GH�EXXUW� YDQ� LQGXFWLHYHUZDUPLQJVDSSDUDWXXU�PHW�RSHQ� VSRHOHQ� HQ� LQ�GH�EXXUW�YDQ� LQGXFWLHRYHQV�ZRUGHQ�DFWLHZDDUGHQ�YRRU�KHW�PDJQHWLVFKH�YHOG�RYHUVFKUHGHQ��1DDVW�GH�XLWHHQORSHQGH�IUHTXHQWLHV�HQ�YHUPRJHQV�GLH�ZRUGHQ�WRHJHSDVW��LV�RRN�GH�ZHUNZLM]H� YDQ� JURRW� EHODQJ��9DDN� KRHYHQ� RS� GH� SODDWVHQ�ZDDU� GH� DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�JHHQ�ZHUN]DDPKHGHQ� WH�ZRUGHQ�YHUULFKW��9RRU�KHW�EHSDOHQ�YDQ�GH�DIVWDQGHQ�ZDDUEXLWHQ�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ��LV�KHW��PHGH�GRRU�GH�GLYHUVLWHLW�LQ�DSSDUDWXXU��PHHVWDO�QRGLJ�RP��HHQYRXGLJH��PHWLQJHQ�WH�GRHQ����
������ /DVVHQ��%LM� ERRJODVVHQ� PHW� GH� KDQG� ]LMQ� HU� WZHH� SODDWVHQ� ZDDU� DFWLHZDDUGHQ� NXQQHQ�ZRUGHQ�RYHUVFKUHGHQ��QDPHOLMN�GLFKW�ELM�GH�NDEHO�HQ�ELM�GH�HOHNWURGHKRXGHU��$OV�YXLVWUHJHO�NDQ�ZRUGHQ�JHKDQWHHUG�GDW�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�DOV�GH�DIVWDQGHQ� WRW�GH�NDEHO�XLW�7DEHO���ZRUGHQ�DDQJHKRXGHQ��$OV�GH]H�DIVWDQG�QLHW�NDQ�ZRUGHQ� DDQJHKRXGHQ� GLHQW� yI� XLW� HHQ�PHWLQJ� WH� YROJHQ� GDW� GH� DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�yI�XLW�HHQ�EHUHNHQLQJ�WH�YROJHQ�GDW�GH�JUHQVZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ��,Q�LHGHU�JHYDO�GLHQW�HUYRRU�WH�ZRUGHQ�JH]RUJG�GDW�GH�NDEHO�YHU�EOLMIW�YDQ�KRRIG�HQ�UXJJHQJUDDW��NDEHO�QLHW�RYHU�GH�VFKRXGHU����9RRU� GH� HOHNWURGHKRXGHU� EOLMNW� XLW� GH� OLWHUDWXXU� GDW� RYHUVFKULMGLQJ� YDQ� GH�DFWLHZDDUGHQ� WHU� SODDWVH� YDQ� GH� KDQGHQ� HQ� RQGHUDUPHQ� YRRUNRPW�� (FKWHU�� XLW�GLYHUVH� EHUHNHQLQJHQ� EOLMNW� GDW� KHW� QLHW� DDQQHPHOLMN� LV� GDW� GDDUGRRU� GH�JUHQVZDDUGHQ�� JHEDVHHUG� RS� VWURRPGLFKWKHLG� LQ� KHW� FHQWUDDO� ]HQXZVWHOVHO��RYHUVFKUHGHQ�]XOOHQ�ZRUGHQ���
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7DEHO��� $IVWDQG�WRW�HHQ�HQNHOYRXGLJH�NDEHO��ZDDURS�GH�DFWLHZDDUGH��PDJQH�
WLVFKH�IOX[GLFKWKHLG��ZRUGW�EHUHLNW�YRRU�ZLVVHOVWURRP�PHW�GH�DDQJH�
JHYHQ�VWHUNWH�HQ�PHW�WZHH�IUHTXHQWLHV���

VWURRPVWHUNWH��ZLVVHOVWURRP�� �� +]�
DFWLHZDDUGH�����µ7

����+]�
DFWLHZDDUGH�����µ7

, �$�� U��P�� U��P��
���� ����� ��������� ����� ����

������ 0HGLVFKH�WRHSDVVLQJHQ��
05,�9RRU� 05,�VFDQQHUV� NDQ� HUYDQ� ZRUGHQ� XLWJHJDDQ� GDW� DFWLHZDDUGHQ� QLHW� ZRUGHQ�RYHUVFKUHGHQ� DOV� WLMGHQV� KHW� VFDQQHQ� PLQLPDDO� HQNHOH� PHWHUV� DIVWDQG� ZRUGW�JHKRXGHQ��$DQ�GH]H�YRRUZDDUGH�NDQ�HFKWHU�QLHW�ZRUGHQ�YROGDDQ�LQ�WURXEOH�VKRRW�VLWXDWLHV� LQ� GH� RQWZLNNHO�� HQ� SURGXFWLHIDVH� RI� WLMGHQV� GH� RQGHUKRXG�� HQ�UHSDUDWLHIDVH� HQ� RRN� QLHW� ELM� LQWHQVLHYH� SDWLsQWEHJHOHLGLQJ� RI� WLMGHQV� LQWHUYHQWLH�ZHUN]DDPKHGHQ���
'LDWKHUPLH�9RRU� NRUWH�JROI�� HQ� PLFURJROIGLDWKHUPLHDSSDUDWXXU� NXQQHQ� GH� DIVWDQGHQ�ZDDUELQQHQ� YHOGHQ� ERYHQ� GH� DFWLHZDDUGHQ� YRRUNRPHQ�� WRW� ��P� UHLNHQ�� 'RRU�DIVWDQG�WH�KRXGHQ�HQ�GRRU�GH�YHUEOLMIWLMG�GLFKW�ELM�GH�DSSDUDWXXU�WH�EHSHUNHQ��NDQ�GH� RYHUVFKULMGLQJ� YDQ� DFWLHZDDUGHQ� ZRUGHQ� YRRUNRPHQ�� (HQ� QDGHUH� SUHFLVHULQJ�YDQ�GH�DIVWDQG�HQ�GH�YHUEOLMIWLMG�YHUJW�PHWLQJHQ�WHU�SODDWVH���
+\SHUWKHUPLH�2S�WZHH�ORFDWLHV�LQ�1HGHUODQG�ZRUGW�GLHSH�K\SHUWKHUPLH�WRHJHSDVW��,Q�EHLGH�JHYDO�OHQ�]LMQ�PHWLQJHQ�JHGDDQ��$OV�YXLVWUHJHO�NDQ�ZRUGHQ�DDQJHKRXGHQ�GDW�EXLWHQ���P�DIVWDQG�JHHQ�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��$OV�HU�LQ�YRRUNRPHQGH�JHYDOOHQ�GLFKWHUELM� ZHUN]DDPKHGHQ� PRHWHQ� ZRUGHQ� XLWJHYRHUG�� NDQ� RYHUVFKULMGLQJ� YDQ�DFWLHZDDUGHQ�ZRUGHQ�YRRUNRPHQ�GRRU�GH�YHUEOLMIWLMG�WH�EHSHUNHQ��WRHSDVVLQJ�YDQ�GH�]HV�PLQXWHQUHJHO��]LH�%LMODJH������
(OHNWURFKLUXUJLH�%LM� HOHNWURFKLUXUJLH� NXQQHQ� GH� KDQGHQ� YDQ� GH� FKLUXUJ� DDQ� YHOGHQ� ERYHQ� GH�DFWLHZDDUGHQ� ZRUGHQ� EORRWJHVWHOG�� 2RN� NDQ� GH� WRHYRHUNDEHO� DOV� HHQ� RSHQ�WUDQVPLVVLHNDEHO�ZRUGHQ�RSJHYDW��'H�VWURRPGLFKWKHGHQ�NXQQHQ�RSORSHQ�WRW�GLFKW�ELM� GH� JUHQVZDDUGH�� 'H� DIVWDQG� WXVVHQ� NDEHO� HQ� OLFKDDP� PRHW� GDDURP� ]R� JURRW�PRJHOLMN�ZRUGHQ�JHPDDNW���



���YDQ����� �
�

������ 0LFURJROIGURJHQ��'H� HQLJH� SUDNWLVFKH� WRHSDVVLQJ� PHW� HHQ� µRSHQ� PDJQHWURQ¶� LQ� 1HGHUODQG� LV� GH�EHVWULMGLQJ�YDQ�GH�ERQWH�NQDDJNHYHU�LQ�KRXW��=RQGHU�YRRU]RUJPDDWUHJHOHQ�ZRUGHQ�GH� DFWLHZDDUGHQ�RYHUVFKUHGHQ��'H�EORRWVWHOOLQJ�YDQ�KHW�EHGLHQHQG�SHUVRQHHO�NDQ�HHQYRXGLJ� ZRUGHQ� YHUPLQGHUG� GRRU� GH� WH� EHZHUNHQ� EDONHQ� LQ� DOXPLQLXP� LQ� WH�SDNNHQ� HQ� YHUYROJHQV� GH� YHUPRJHQVGLFKWKHLG� WH� PRQLWRUHQ� HQ� GRRU� DIVWDQG� WH�KRXGHQ�DOV�GH�DSSDUDWXXU�DDQVWDDW���
������� 2QGHU]RHNVWRHSDVVLQJHQ��'H�DSSDUDWXXU�GLH�LQ�RQGHU]RHNV��HQ�RQGHUZLMVLQVWHOOLQJHQ�ZRUGW�WRHJHSDVW��LV�]HHU�GLYHUV��2YHU�KHW�DOJHPHHQ�NDQ�ZRUGHQ�JHVWHOG�GDW�DOOH�DSSDUDWXXU�GLH�LQ�GH�DQGHUH�DSSDUDWXXUJURHSHQ� LV� RSJHVRPG� RRN� LQ� GH]H� LQVWHOOLQJHQ� NDQ� YRRUNRPHQ�� 'DW�EHWHNHQW�GDW�PHQ�LQ�HHUVWH�LQVWDQWLH�JHEUXLN�NDQ�PDNHQ�YDQ�GH�YXLVWUHJHOV�XLW�GLH�DSSDUDWXXUJURHSHQ��(FKWHU��KHW�]DO�]HNHU�YRRUNRPHQ�GDW�DSSDUDWXXU�LQ�H[SHULPHQ�WHOH�RSVWHOOLQJHQ�HOHNWURPDJQHWLVFKH�YHOGHQ�SURGXFHHUW�GLH�GH�DFWLHZDDUGHQ�RYHU�VFKULMGHQ�� -XLVW� YDQZHJH� KHW� H[SHULPHQWHOH� NDUDNWHU� LV� KHW� QLHW� PRJHOLMN� RP�YXLVWUHJHOV� WH�RQWZLNNHOHQ��+HW�]DO�ZDDUVFKLMQOLMN�QRRG]DNHOLMN�]LMQ�RP�PHWLQJHQ�XLW�WH�YRHUHQ���
������� 9HUYRHU�HQ�WUDFWLHV\VWHPHQ��+HW�UDLOYHUYRHU�LQ�1HGHUODQG�ZHUNW�YRRU�KHW�JURRWVWH�GHHO�RS�JHOLMNVWURRPYRHGLQJ��'H�KRJH�VQHOKHLGVOLMQHQ�HQ�GH�%HWXZHOLMQ�GLH�PRPHQWHHO�ZRUGHQ�DDQJHOHJG��JDDQ�RS� ZLVVHOVWURRP� ����+]�� ZHUNHQ�� 'H� DUEHLGVVLWXDWLHV� ZDDULQ� GH� KRRJVWH� YHOGHQ�ZRUGHQ�YHUZDFKW��]LMQ�ELM�KHW�VFKRXZHQ�YDQ�GH�ERYHQOHLGLQJ��EORRWVWHOOLQJ�YDQ�KHW�KRRIG�� HQ� ORSHQ� RYHU� VSRRUVWDYHQ� �EORRWVWHOOLQJ� YDQ� GH� YRHWHQ��� $FWLHZDDUGHQ�ZRUGHQ� YHUPRHGHOLMN� RS� PHHU� GDQ� ���FP� DIVWDQG� YDQ� GH� EHGUDGLQJ� HQ� GH�VSRRUVWDYHQ�QLHW�RYHUVFKUHGHQ���
������� =HQGLQVWDOODWLHV��
*60�8076�9RRU�JHUHJLVWUHHUGH�*60��HQ�8076�EDVLVVWDWLRQ�NDQ�SHU�DQWHQQH�YLD�KHW�LQWHUQHW�LQ� KHW� $QWHQQHUHJLVWHU� ZRUGHQ� JHYRQGHQ� RS�ZHONH� DIVWDQG� GH� DFWLHZDDUGHQ� QLHW�ZRUGHQ� RYHUVFKUHGHQ�� ,Q� )LJXXU� �� LV� HHQ� YRRUEHHOG� JHJHYHQ� YRRU� HHQ� *60�����0+]�DQWHQQH��'H�DIVWDQGHQ�]LMQ� VWHUN� DIKDQNHOLMN�YDQ�GH� ULFKWLQJ�ZDDULQ�GH�DQWHQQH�ZRUGW�EHQDGHUG��$DQ�GH�DFKWHUNDQW�YDQ�GH�DQWHQQH� LV�GH]H�DIVWDQG� LQ�GH�RUGH�YDQ�WLHQWDOOHQ�FHQWLPHWHUV�HQ�DDQ�GH�YRRUNDQW�PHHVWDO�LQ�GH�RUGH�YDQ�PHWHUV��0RHW� PHQ� WRFK� GLFKWHU� LQ� GH� EXXUW� ZHUN]DDPKHGHQ� YHUULFKWHQ�� GDQ� NXQQHQ� HU�PDDWUHJHOHQ�ZRUGHQ�JHQRPHQ��]RDOV�KHW�YHUNRUWHQ�YDQ�GH�EORRWVWHOOLQJVGXXU��]HV�PLQXWHQUHJHO���YHUPLQGHUHQ�YDQ�KHW�]HQGYHUPRJHQ�RI�KHW�XLW]HWWHQ�YDQ�GH�DQWHQQH��
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)LJXXU��� 9RRUEHHOG�YDQ�LQIRUPDWLH�LQ�KHW�$QWHQQHUHJLVWHU��*60�����0+]��
RYHU�GH�DIVWDQG�ZDDURS�GH�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��EURQ��
$QWHQQHUHJLVWHU����

://�9RRU�://�V\VWHPHQ�NDQ�DOV�YXLVWUHJHO�HHQ�DIVWDQG�YDQ���P�WRW�GH�DQWHQQH�ZRUGHQ�DDQJHKRXGHQ��+HW�LV�YDQ�EHODQJ�GDW�ZHUNQHPHUV�GH�GLYHUVH�DQWHQQHV\VWHPHQ�OHUHQ�KHUNHQQHQ�HQ�GDQ�YRRUDO�GH�ZHUNQHPHUV�GLH�QLHW�DDQ�GH�DQWHQQHV�]HOI�ZHUNHQ���
6WUDDO]HQGHUV�9RRU�GH�NOHLQH�VWUDDO]HQGHUV�RS�DQWHQQHPDVWHQ�YRRU�PRELHOH�FRPPXQLFDWLH�JHOGW��YDQZHJH� KHW� JHULQJH� YHUPRJHQ� YDQ� HQNHOH� KRQGHUGHQ� PLOOLZDWWV�� GDW� GH�JUHQVZDDUGH�]HOIV�LQ�GH�EXQGHO�QLHW�NDQ�ZRUGHQ�RYHUVFKUHGHQ��9RRU�VWUDDO]HQGHUV�PHW� HHQ� LQSXWYHUPRJHQ�ERYHQ���:� LV�GH�YXLVWUHJHO�YDQ� WRHSDVVLQJ�RP�EXLWHQ�GH�EXQGHO�WH�EOLMYHQ�GRRU�QLHW�YRRU�GH�VFKRWHO�WH�JDDQ�VWDDQ���
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2PURHS]HQGHUV�+HW� $JHQWVFKDS� 7HOHFRP� �$7�(=�� RQGHUVFKHLGW� ORNDOH�� UHJLRQDOH� HQ� ODQGHOLMNH�]HQGHUV��/RNDOH�]HQGHUV�SURGXFHUHQ�PD[LPDDO�����:�(53�HQ�]LMQ�EHGRHOG�RP�HHQ�JHELHG�PHW�HHQ�VWUDDO�YDQ�RQJHYHHU���NP�WH�EHVWULMNHQ��5HJLRQDOH�]HQGHUV�NXQQHQ�]HQGHQ�PHW�HHQ�YHUPRJHQ�WRW�HQNHOH�NLORZDWWV�(53��/RNDOH�]HQGHUV�VWDDQ�PHHVWDO�RS� GDNHQ� RI� LQ� PDVWHQ�� UHJLRQDOH� ]HQGHUV� VWDDQ� RS� GDNHQ�� PDDU� RRN� RS�DQWHQQHPDVWHQ� HQ� ±WRUHQV� HQ� ODQGHOLMNH� ]HQGHUV� VWDDQ� GRRUJDDQV� LQ� PDVWHQ� HQ�WRUHQV�� 2PURHS]HQGHUV� ]LMQ� LQ� GLW� UDSSRUW� RSJHGHHOG� LQ� NOHLQH� HQ� JURWH�RPURHS]HQGHUV��0HW�NOHLQH�RPURHS]HQGHUV�ZRUGHQ�GH�ORNDOH�HQ�UHJLRQDOH�]HQGHUV��GLH�RS�GDNHQ�VWDDQ��EHGRHOG��=RZHO�GH]H�NOHLQH�]HQGHUV�DOV�]HOIJHERXZGH�]HQGHUV�YDQ�]HQGDPDWHXUV� VWDDQ�RSJHVWHOG�RS�JHERXZHQ�HQ�ZRUGHQ�GRRU�KXQ�HHQYRXGLJH�YRRUNRPHQ�PRJHOLMN�� GRRU� ELMYRRUEHHOG� GDNZHUNHUV�� QLHW� KHUNHQG��'H]H� ]HQGHUV�]LMQ�ERYHQGLHQ�QRJ�QLHW�RS�GH�ZHEVLWH�YDQ�KHW�$QWHQQHUHJLVWHU�RSJHQRPHQ��+HW�LV�YDQ� EHODQJ� GH]H� WH� OHUHQ� KHUNHQQHQ� HQ� YRRU� KHW� EHJLQ� YDQ� GH� ZHUN]DDPKHGHQ�LQIRUPDWLH�LQ�WH�ZLQQHQ�RI�HU�DQWHQQHV�DDQZH]LJ�]LMQ�RS�GH�ZHUNORFDWLH���
5DGDU�'RRU� GH� KRJH� YHUPRJHQV� YDQ� UDGDUV\VWHPHQ� WHQ� EHKRHYH� YDQ� OXFKW�� HQ�ZDWHUYHUNHHU�LV�KHW�PRJHOLMN�GDW�ELM�YDVWH�UDGDUV�LQ�GH�KRRIGEXQGHO�RS�KRQGHUGHQ�PHWHUV�GH�DFWLHZDDUGHQ�RYHUVFKUHGHQ�ZRUGHQ��+RHZHO�ELM�URWHUHQGH�UDGDUV�GRRU�GH�
GXW\� F\FOH� GH� JHPLGGHOGH� EORRWVWHOOLQJ� DIQHHPW� PHW� HQNHOH� KRQGHUGHQ� RI�GXL]HQGHQ� PDOHQ�� LV� KHW� QRRG]DNHOLMN� RP� ELM� LHGHUH� UDGDU� YDVW� WH� VWHOOHQ� GRRU�PLGGHO� YDQ� PHWLQJHQ� RI� EHUHNHQLQJHQ� ZHONH� ]RQH� GRRU� ZHUNQHPHUV� QLHW� PDJ�ZRUGHQ�EHWUHGHQ��'H]H�]RQH�NDQ�GDQ�ELMYRRUEHHOG�ZRUGHQ�DIJH]HW�RI�RS�GH�JURQG�ZRUGHQ�DDQJHJHYHQ���
������� 2YHULJH�ZHUNRPJHYLQJHQ��(U�]LMQ�EDQGHQZLVVHUV��WDSH�HUDVHUV� LQ�GH�KDQGHO�GLH�WLMGHQV�KHW�GHPDJQHWLVHUHQ�LQ�GH� KDQG� ZRUGHQ� JHKRXGHQ� HQ� GLH� WHU� SODDWVH� YDQ� GH� KDQGHQ� RYHUVFKULMGLQJ� YDQ�DFWLHZDDUGHQ� YHURRU]DNHQ�� 2P� WH� YRRUNRPHQ� GDW� RRN� GH� JUHQVZDDUGHQ� YRRU� GH�VWURRPGLFKWKHLG� LQ� KRRIG� HQ� URPS�ZRUGHQ�RYHUVFKUHGHQ��GLHQW�GH� DIVWDQG� WXVVHQ�GH]H�EDQGHQZLVVHUV�HQ�KHW�KRRIG�HQ�GH�URPS�HHQ�DUPOHQJWH�WH�EHGUDJHQ���(HQ�DQGHUH�WRHSDVVLQJ�LQ�GH]H�JURHS�LV�KHW�QLHW�GHVWUXFWLHI�PDJQHWLVFK�RQGHU]RHN�YRRU� KHW� GHWHFWHUHQ� YDQ� ELMYRRUEHHOG� VFKHXUHQ� LQ� LM]HUHQ� HQ� VWDOHQ� PDWHULDOHQ��$FWLHZDDUGHQ�ZRUGHQ� WHU�SODDWVH�YDQ�GH�KDQGHQ�RYHUVFKUHGHQ�PDDU�YHUPRHGHOLMN�WHU�SODDWVH�YDQ�KRRIG�HQ�URPS�QLHW��(U�GLHQW�HUYRRU�WH�ZRUGHQ�JH]RUJG�GDW�WLMGHQV�KHW�PDJQHWLVHUHQ�YDQ�KHW�PDWHULDDO�GH�DIVWDQG�WXVVHQ�KHW�DSSDUDDW�HQ�KHW�KRRIG�RI�GH�URPS�HHQ�DUPOHQJWH�GLHQW�WH�EHGUDJHQ���
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������� 1LHW�KLHU�JHQRHPGH�ZHUNRPJHYLQJHQ��9RRU� GH� ZHUNRPJHYLQJHQ� GLH� LQ� GH� LQYHQWDULVDWLH� ]LMQ� JHPLVW� HQ� RRN� YRRU�WRHNRPVWLJH� ZHUNRPJHYLQJHQ� ]LMQ� JHHQ� YXLVWUHJHOV� EHVFKLNEDDU�� 2YHU� KHW�DOJHPHHQ�JHOGW�GDW�GH]H�DOV�FDWHJRULH�,,�PRHWHQ�ZRUGHQ�EHKDQGHOG��
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'((/�,,� $&+7(5*521',1)250$7,(�
�� ,QYHQWDULVDWLH�YDQ�ZHUNRPJHYLQJHQ�
�,Q� GLW� KRRIGVWXN� LV� VDPHQJHYDW�ZHONH� JHJHYHQV� ]LMQ� YHU]DPHOG� HQ� KRH� GH]H� ]LMQ�JHDQDO\VHHUG� RP� WH� NRPHQ� WRW� KHW� RYHU]LFKW� YDQ� ZHUNRPJHYLQJHQ�� 'H�ZHUNRPJHYLQJHQ� ]LMQ� JHJURHSHHUG� LQ� DSSDUDWXXUJURHSHQ�� (U� ZRUGW� RRN� HHQ� OLQN�JHOHJG� QDDU� GH� EHGULMIVWDNNHQ� ZDDU� GH]H� ZHUNRPJHYLQJHQ� YRRUNRPHQ�� ,Q� GH�SDUDJUDIHQ� ���� HQ� YHUGHU� ZRUGHQ� SHU� DSSDUDWXXUJURHS� GH� UHVXOWDWHQ� YDQ� KHW�RQGHU]RHN� JHSUHVHQWHHUG� GLH� ]LMQ� YRRUWJHNRPHQ� XLW� KHW� OLWHUDWXXU�� HQ� KHW�SUDNWLMNRQGHU]RHN��(ONH�SDUDJUDDI�ZRUGW�DIJHVORWHQ�PHW�GH�FRQFOXVLHV�EHWUHIIHQGH�GH�LQGHOLQJ�YDQ�GH�ZHUNRPJHYLQJ�LQ�ppQ�YDQ�GH�GULH�FDWHJRULHsQ���%LM�GH�EHRRUGHOLQJ�YDQ�UHVXOWDWHQ�YDQ�PHWLQJHQ�RI�EHUHNHQLQJHQ�ZRUGW�JHWRHWVW�DDQ�GH� DFWLHZDDUGHQ� HQ� GH� JUHQVZDDUGHQ�� ZDDUELM� GH� VRPPDWLHUHJHO� HQ� GH� ]HV�PLQXWHQUHJHO�ZRUGHQ�WRHJHSDVW��]LH�%LMODJH�����$OV�H[SOLFLHW�LV�DDQJHWRRQG�GDW�DDQ�GH� EDVLVUHVWULFWLHV� XLW� GH� (8�DDQEHYHOLQJ� YRRU� OHGHQ� YDQ� GH� DOJHPHQH�EHYRONLQJ�>�@� LV� YROGDDQ�� GDQ� ZRUGW� RRN� DDQ� GH� JUHQVZDDUGHQ� XLW� GH� ULFKWOLMQ�YROGDDQ���
���� $DQSDN��
������ /LWHUDWXXURQGHU]RHN��%LM�GH� LQYHQWDULVDWLH�YDQ�ZHUNRPJHYLQJHQ�HQ�RRN�GH�PHWKRGHQRQWZLNNHOLQJ�LV�LQ�HHUVWH� LQVWDQWLH� XLWJHJDDQ� YDQ� UHHGV� EHVFKLNEDUH� RYHU]LFKWHQ� >�@� HQ� YDQ� UHFHQWH�JHJHYHQV� XLW� GH� OLWHUDWXXU�� 'H]H� JHJHYHQV� ]LMQ� XLWHUDDUG� GRRU� GH� RQGHU]RHNHUV�QRJPDDOV� NULWLVFK� EHNHNHQ� HQ� YHUJHOHNHQ�� +HW� JDDW� GDQ� RP� ]RZHO� QDWLRQDOH� HQ�LQWHUQDWLRQDOH�SHHU�UHYLHZHG� OLWHUDWXXU�DOV� µJULM]H¶� OLWHUDWXXU�YDQ�YRRUDO� LQVWLWXWHQ�GLH� QDXZ� ELM� EHOHLGVRQWZLNNHOLQJ� EHWURNNHQ� ]LMQ� HQ� ZHUHOGZLMG� HHQ� JHGHJHQ�UHSXWDWLH�JHQLHWHQ�>�@��2RN�LV�LQIRUPDWLH�XLW�SURFHHGLQJV�YDQ�UHFHQWH�FRQIHUHQWLHV�HQ�YHUVODJHQ�YDQ�ZRUNVKRSV�YHU]DPHOG��'H�OLWHUDWXXU�LV�]RYHHO�PRJHOLMN�DINRPVWLJ�XLW� GH� DIJHORSHQ� WLHQ� MDDU�� 2S� EDVLV� YDQ� GH]H� LQIRUPDWLH� LV� HHQ� RYHU]LFKW� YDQ�ZHUNRPJHYLQJHQ�RSJHVWHOG�PHW�SHU�ZHUNRPJHYLQJ�HHQ�VFKDWWLQJ�RI�DFWLHZDDUGHQ�HQ�RI�JUHQVZDDUGHQ�PRJHOLMN�ZRUGHQ�RYHUVFKUHGHQ���%LM�KHW�]RHNHQ�QDDU�SXEOLFDWLHV�LQ�GH�SHHU�UHYLHZHG�OLWHUDWXXU�]LMQ�RQGHU�DQGHUH�GH�YROJHQGH�]RHNWHUPHQ�JHKDQWHHUG��RFFXSDWLRQDO� H[SRVXUH� HOHFWURPDJQ� UDGLDWLRQ�HQ�SURWHFWLRQ� 'H�SXEOLFDWLH�YDQ�.OHLQMDQV�HQ�6FKXXUPDQ�>�@��GLH�DOV�VWDUWSXQW�LV�JHNR]HQ��LV�XLW�������'DDURP�LV�GH�]RHNWRFKW�QDDU�OLWHUDWXXU�EHSHUNW�WRW�GH�SHULRGH������������ (U� EOLMNHQ� QRJDO�ZDW� SXEOLFDWLHV�PHW� EHWUHNNLQJ� WRW� EORRWVWHOOLQJ� DDQ�HOHNWULVFKH�� PDJQHWLVFKH� HQ� HOHNWURPDJQHWLVFKH� YHOGHQ� LQ� 2RVW�(XURSD� �YRRUDO�
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3ROHQ� HQ� GH� YRRUPDOLJH� 6RYMHW�8QLH�� WH� ]LMQ� YHUVFKHQHQ�� ,Q� YHUEDQG� PHW�WDDOSUREOHPHQ��YHUNULMJEDDUKHLG� HQ�GH�EHVFKLNEDUH� WLMG�� ]LMQ�GH]H�YRRUORSLJ�DSDUW�JHKRXGHQ� HQ� LV� KHW� RQGHU]RHN� EHSHUNW� WRW� SXEOLFDWLHV� LQ� KHW�1HGHUODQGV��(QJHOV��'XLWV��)UDQV�HQ�6SDDQV��9DQ�GH�RQJHYHHU�����JHYRQGHQ�SXEOLFDWLHV��]LMQ�HU�����DOV�UHOHYDQW�JHVHOHFWHHUG�HQ�EHVWXGHHUG���(HQ� DDQWDO� RYHU]LFKWVDUWLNHOHQ� LV� JHEUXLNW� RP� WH� NRPHQ� WRW� HHQ� LQGHOLQJ� DDQ�DSSDUDWXXUJURHSHQ� >������������@��%LM�GH� LQGHOLQJ�YDQ�GH�ZHUNRPJHYLQJHQ�HQ�YDQ�DSSDUDWXXUJURHSHQ� LV� ]RYHHO� PRJHOLMN� DDQJHVORWHQ� RS� GH� JDQJEDUH� DUER�SUDNWLMN�YRRU�ZDW�EHWUHIW�GH�LQGHOLQJ�LQ�EUDQFKHV�EHGULMIVWDNNHQ��'LW�LV�RQGHUPHHU�JHEHXUG�LQ�YHUEDQG�PHW�GH� LQSDVVLQJ� LQ�GH�5,	(��V\VWHPDWLHN��]LH�3DUDJUDDI�������2P�GH�RPYDQJ� YDQ� GH� JHYROJHQ� �DDQWDOOHQ� ZHUNJHYHUV� HQ� ZHUNQHPHUV�� YDQ� GH�LPSOHPHQWDWLH� YDQ� GH� ULFKWOLMQ� WH� NXQQHQ� VFKDWWHQ� �]LH� +RRIGVWXN� ��� LV� HUYRRU�JHNR]HQ� RP� EHGULMYHQ� LQ� WH� GHOHQ� LQ� NODVVHQ� GLH� LQ� VWDWLVWLVFKH�JHJHYHQVYHU]DPHOLQJHQ� ZRUGHQ� JHKDQWHHUG�� 'H� $UEHLGVLQVSHFWLH� KDQWHHUW� ELM� GH�DDQGXLGLQJ�YDQ�EHGULMYHQ�GH�%,.�FRGH��%HGULMYHQ�,QIRUPDWLH�&RGH���'LW�LV�GH�FRGH�ZDDUPHH� GH� .DPHUV� YDQ� .RRSKDQGHO� GH� DFWLYLWHLW� YDQ� EHGULMYHQ� HQ� LQVWHOOLQJHQ�DDQJHHIW�� 9ROJHQV� GH� ZHEVLWH� YDQ� &%6� LV� GH� 6%,�FRGHULQJ� �6WDQGDDUG�%HGULMIVLQGHOLQJ�� GH]HOIGH� DOV� GH� GRRU� GH� .DPHU� YDQ� .RRSKDQGHO� JHKDQWHHUGH�%,.�FRGHULQJ� >��@�� 'H� EHGULMYHQ� ]LMQ� LQ� GH� 6%,�FRGH� RS� KHW� KRRJVWH� QLYHDX�LQJHGHHOG�LQ����EHGULMIVWDNNHQ��WZHH�YDQ�GH]H�FRGHV�]LMQ�RS�KXQ�EHXUW�HHQ�QLYHDX�GLHSHU�LQJHGHHOG��&��:LQQLQJ�YDQ�GHOIVWRIIHQ��LQ�WZHH�HQ�'��,QGXVWULH��LQ�YHHUWLHQ�QLYHDXV��]LH�%LMODJH������(U� LV� RRN� RYHUZRJHQ� RI� HHQ� LQGHOLQJ� LQ� EHURHSHQ� YDQ� EHODQJ� LV�� +RHZHO� GH�ZHUNQHPHU� �PHW� GLHQV� EHURHS� HQ� ZHUN]DDPKHGHQ�� LQ� GH� EHRRUGHOLQJ� YDQ� GH�EORRWVWHOOLQJ� DDQ� HOHNWURPDJQHWLVFKH� YHOGHQ� FHQWUDDO� VWDDW�� LV� JHNR]HQ� YRRU� GH�ZHUNJHYHU�DOV�FHQWUDOH�LQJDQJ��'H�ZHUNJHYHU�LV�LPPHUV�YHUDQWZRRUGHOLMN�YRRU�GH�EHVFKHUPLQJ�HQ�ZRUGW�GDDURS�GRRU�GH�RYHUKHLG�DDQJHVSURNHQ��%RYHQGLHQ�KHHIW�GH�ZHUNJHYHU� �PHHVWDO�� ]HJJHQVFKDS� RYHU� GH� DSSDUDWXXU� GLH� GH� YHOGHQ� YHURRU]DDNW��'DDUQDDVW�KDQWHHUW�RRN�GH�$UEHLGVLQVSHFWLH�HHQ�EHGULMIVWDNJHULFKWH�DDQSDN����
������ 3UDNWLMNRQGHU]RHN�HQ�PHWLQJHQ��,Q� GH� FRQWDFWHQ� PHW� KHW� ZHUNYHOG� ]LMQ� WZHH� ZHJHQ� EHZDQGHOG�� 'H� HHUVWH� ZHJ�YHUOLHS� YLD� EUDQFKHRUJDQLVDWLHV� HQ� LQ� PLQGHUH� PDWH� EHURHSVYHUHQLJLQJHQ�� 'H�WZHHGH�ZHJ�YHUOLHS� UHFKWVWUHHNV�QDDU�EHGULMYHQ�HQ� LQVWHOOLQJHQ��ZDDUELM�GDQNEDDU�JHEUXLN�LV�JHPDDNW�YDQ�GH�KXOS�YDQ�OHGHQ�YDQ�GH�.ODQNERUGJURHS��'DDUQDDVW�KHHIW�GH� DFWLH� YDQ� GH� PHWDDO�HOHNWUR� EUDQFKHRUJDQLVDWLH� )0(�&:0� ULFKWLQJ� GH�YHUHQLJLQJ�(0&�(6'�HQ�YLD�GH�1(1�VLWH�WRW�GLYHUVH�YUDJHQ�XLW�KHW�YHOG�JHOHLG��'H�SUHVHQWDWLHV� YRRU� )0(�&:0� HQ� GH� LQVWDOODWLHEUDQFKH� 81(72�91,� KHEEHQ�EHODQJULMN�ELMJHGUDJHQ�DDQ�GH�EHWURNNHQKHLG�YDQ�KHW�YHOG�>��@���
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1DDVW�WHOHIRQLVFKH�FRQWDFWHQ�PHW�KHW�ZHUNYHOG�]LMQ�HU�HHQ�WLHQWDO�EHGULMIVEH]RHNHQ�DIJHOHJG��7LMGHQV� GH]H� EHGULMIVEH]RHNHQ� ]LMQ� VLWXDWLHV� WHU�SODDWVH�EH]RFKW� HQ� ]LMQ�PHHWUDSSRUWHQ�YHUNUHJHQ�RI�LQJH]LHQ��+HW�YHUNULMJHQ�YDQ�UHOHYDQWH�PHHWUDSSRUWHQ�EOHHN� QLHW� HHQYRXGLJ�� YDDN� RP� UHGHQHQ� YDQ� YHUWURXZHOLMNKHLG�� 'LW� SUREOHHP� LV�GHHOV�RYHUNRPHQ�GRRU�ELM�.(0$�HHQ�UDSSRUWDJH�LQ�WH�NRSHQ�PHW�HHQ�VDPHQYDWWLQJ�YDQ�GH�PHHWUDSSRUWHQ�GLH�.(0$�LQ�RSGUDFKW�YDQ�GHUGHQ�KHHIW�RSJHVWHOG��ZDDUELM�.(0$�GH]H�EHGULMYHQ�JHDQRQLPLVHHUG�KHHIW�YHUPHOG�>��@��+HW�JDDW�KLHUELM�QLHW�RP�(0&�PHWLQJHQ��PDDU�RP�PHWLQJHQ�YDQ�KRJH�YHOGVWHUNWHQ�RS�JHEUXLNVDIVWDQGHQ�WRW�GH� DSSDUDWXXU��5DSSRUWHQ�PHW� UHVXOWDWHQ�YDQ�(0&�PHWLQJHQ�EOHNHQ�PLQGHU�JRHG�EUXLNEDDU� YRRU� KHW� YDVWVWHOOHQ� RI� DFWLHZDDUGHQ� NXQQHQ� ZRUGHQ� RYHUVFKUHGHQ��(0&�PHWLQJHQ�ZRUGHQ�LPPHUV�RS�DIVWDQGHQ�JHGDDQ�GLH�PHHVWDO�YHUGHU�ZHJ�OLJJHQ�GDQ�GH�DIVWDQG�ZDDURS�GH�ZHUNQHPHU�GH�DSSDUDWXXU�QRUPDDO�JHVSURNHQ�QDGHUW���,Q� VHSWHPEHU� ����� LV� GHHOJHQRPHQ� DDQ� GH� LQWHUQDWLRQDOH�� ZHWHQVFKDSSHOLMNH�ZRUNVKRS�(OHFWURPDJQHWLF�)LHOGV� LQ� WKH�:RUNSODFH� LQ�:DUVFKDX��3ROHQ��'LW�ZDV�GH�HHUVWH�ZRUNVKRS�ZDDUELM�GH� VWDQG�YDQ�]DNHQ�PHW�EHWUHNNLQJ� WRW�QDJHQRHJ�DOOH�PRJHOLMNH� ZHUNRPJHYLQJHQ� ZHUG� EHVSURNHQ�� 'DDU� ZHUG� HHQ� DDQWDO� SUHVHQWDWLHV�JHKRXGHQ�RYHU�GH�GLYHUVH�ZHUNRPJHYLQJHQ�GLH�LQ�KHW�YRRUOLJJHQGH�UDSSRUW�DDQ�GH�RUGH�NRPHQ��'H�EHYLQGLQJHQ�XLW�GH�OLWHUDWXXU�HQ�KHW�SUDNWLMNRQGHU]RHN�]LMQ�PHW�GH�GLYHUVH�EXLWHQODQGVH�GHVNXQGLJHQ�EHVSURNHQ���+HW�LV�LQ�KHW�SUDNWLMNRQGHU]RHN�QLHW�PRJHOLMN�HQ�RRN�QLHW�QRGLJ�RP�DOOH�EHGULMYHQ�WH�EHWUHNNHQ��%LM�KHW�VHOHFWHUHQ�YDQ�GH�EHGULMIVWDNNHQ�]LMQ�HHUVW�GH�EHGULMIVWDNNHQ�DIJHYDOOHQ� ZDDU� GH� YHOGHQ� ]HHU� ZDDUVFKLMQOLMN� ODDJ� ]LMQ�� 2RN� GLH� EHGULMIVWDNNHQ�YDOOHQ� DI� ZDDU� YULMZHO� ]HNHU� KRJH� YHOGHQ� YRRUNRPHQ�� PDDU� ZDDU� YROGRHQGH�GHVNXQGLJKHLG�DDQZH]LJ�JHDFKW�NDQ�ZRUGHQ�RP�GH�ZHUNQHPHUV�WH�EHVFKHUPHQ��%LM�GH� RYHUJHEOHYHQ� EHGULMIVWDNNHQ� EHVWDDW� WZLMIHO� RYHU� GH� YHOGVWHUNWHQ� RI� RYHU� GH�DDQZH]LJH�PRJHOLMNKHGHQ�RP�HHQ�GHVNXQGLJH�LQVFKDWWLQJ�WH�PDNHQ���6DPHQJHYDW�JHOGW�GDW�LQ�KHW�RQGHU]RHN�GH�YROJHQGH�VRRUWHQ�LQIRUPDWLHEURQQHQ�]LMQ�JHUDDGSOHHJG��$ DUWLNHOHQ� XLW� �LQWHUQDWLRQDOH�� ZHWHQVFKDSSHOLMNH� OLWHUDWXXU� �LQFO��SURHIVFKULIWHQ��% LQWHUQDWLRQDOH�UDSSRUWHQ�& QDWLRQDOH� UDSSRUWHQ� �*H]RQGKHLGVUDDG�� XQLYHUVLWDLUH� UDSSRUWHQ� YDQ�ELMYRRUEHHOG�HHQ�ZHWHQVFKDSVZLQNHO�RI�DIVWXGHHUYHUVODJHQ��' PHHWJHJHYHQV�YDQ�GH�QDWLRQDOH�VLWXDWLH��712��.(0$��(0&�W\SHNHXULQJHQ��PHHWUDSSRUWHQ�YDQ�EHGULMYHQ������( UHVXOWDWHQ� YDQ� LQWHUYLHZV� PHW� 1HGHUODQGVH� H[SHUWV� �WHFKQLFXV��DUERGHVNXQGLJH��) EHYLQGLQJHQ� XLW� EHGULMIVEH]RHNHQ�� ZDDUELM� LV� JHwQIRUPHHUG� QDDU� GH�EORRWVWHOOLQJVQLYHDXV�RQGHU�QRUPDOH�RPVWDQGLJKHGHQ��
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������ ,QGHOLQJVFULWHULD��,Q� +RRIGVWXN� �� LV� GH� LQGHOLQJ� YDQ� GH� ZHUNRPJHYLQJHQ� LQ� GULH� FDWHJRULHsQ�JHQRHPG��,Q�GH]H�SDUDJUDDI�LV�EHVFKUHYHQ�KRH�LQ�GH�SUDNWLMN�LV�JHUHGHQHHUG�ELM�KHW�WRHNHQQHQ�YDQ�HHQ�FDWHJRULH�DDQ�HHQ�FRQFUHWH�ZHUNRPJHYLQJ��+LHUQD�ZRUGHQ�SHU�FDWHJRULH� GH� FULWHULD� JHQRHPG� GLH� LQ� KHW� RQGHU]RHN� ]LMQ� JHEUXLNW� RP� WRW� HHQ�WRHNHQQLQJ�WH�NRPHQ���, :HUNRPJHYLQJHQ� ZDDU� DFWLHZDDUGHQ� LQ� QRUPDOH� RPVWDQGLJKHGHQ�ZDDUVFKLMQOLMN�QLHW�ZRUGHQ�RYHUVFKUHGHQ�HQ�]HNHU� LV�GDW�JUHQVZDDUGHQ�QLHW�ZRUGHQ� RYHUVFKUHGHQ�� 9RRU� GH]H� ZHUNRPJHYLQJHQ� JHOGW� GDW� JHHQ� QDGHUH�EHRRUGHOLQJ� QRGLJ� LV� RP� WH� EHSDOHQ� RI� GH� JUHQVZDDUGHQ� ZRUGHQ�RYHUVFKUHGHQ��5HGHQHQ�RP�HHQ�ZHUNRPJHYLQJ�LQ�WH�GHOHQ�LQ�FDWHJRULH�,��� QLHW�HOHNWULVFKH�DSSDUDWXXU�� DSSDUDWXXU� GLH� QLHW� LV� RQWZRUSHQ� RP� HOHNWURPDJQHWLVFKH� YHOGHQ� WH�YHURRU]DNHQ�EXLWHQ�GH�EHKXL]LQJ�HQ�YROGRHW�DDQ�GH�(0&�HLVHQ��� DSSDUDWXXU�GLH�DOOHHQ�VWDWLVFKH�YHOGHQ�YHURRU]DDNW��DOOHHQ���+]��� DSSDUDWXXU� RS� EDWWHULMHQ� DQGHUV� GDQ� EHGRHOG� RP� UDGLRIUHTXHQWH�HOHNWURPDJQHWLVFKH�YHOGHQ�WH�SURGXFHUHQ�� GH�ZHUNRPJHYLQJ�LV�RRN�YRRU�OHGHQ�YDQ�GH�EHYRONLQJ�WRHJDQNHOLMN�pQ�HU� LV� YRRU� GLH� ZHUNRPJHYLQJ� DO� H[SOLFLHW� DDQJHWRRQG� GDW� HU� DDQ� GH�EDVLVUHVWULFWLHV� ZRUGW� YROGDDQ� GLH� LQ� GH� (8�DDQEHYHOLQJ� YRRU� OHGHQ�YDQ� GH� EHYRONLQJ� ]LMQ� JHVWHOG� pQ� GH� RPVWDQGLJKHGHQ� YRRU� HHQ�ZHUNQHPHU�]LMQ�QLHW�DQGHUV�GDQ�YRRU�HHQ�OLG�YDQ�GH�EHYRONLQJ��DUWLNHO���� YDQ�GH�ULFKWOLMQ��� HU� LV� ELQQHQ� GH� PRJHOLMNKHGHQ� YDQ� GLW� SURMHFW� LQ� GH� JHUDDGSOHHJGH�LQIRUPDWLHEURQQHQ� JHHQ� HQNHOH� DDQZLM]LQJ� JHYRQGHQ� GDW� LQ� GH�EHWUHIIHQGH�ZHUNRPJHYLQJ�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�� HU�LV�UHHGV�H[SOLFLHW�DDQJHWRRQG�GDW�GH�JUHQVZDDUGHQ�LQ�DOOH�JHYDOOHQ�QLHW� RYHUVFKUHGHQ� ]XOOHQ� ZRUGHQ�� KRHZHO� GH� DFWLHZDDUGHQ� ZHO�RYHUVFKUHGHQ�NXQQHQ�ZRUGHQ��,,� :HUNRPJHYLQJHQ� ZDDU� DFWLHZDDUGHQ� LQ� QRUPDOH� RPVWDQGLJKHGHQ�ZDDUVFKLMQOLMN�ZRUGHQ�RYHUVFKUHGHQ��PDDU�ZDDUYRRU�XLW�HHQ�QDGHUH�DQDO\VH�

� 9RRU�VWDWLVFKH�PDJQHWLVFKH�YHOGHQ�]LMQ�ZHO�DFWLHZDDUGHQ��PDDU�JHHQ�JUHQVZDDUGHQ�
JHGHILQLHHUG��'DW�EHWHNHQW�GDW�DSSDUDWXXU�GLH�VWDWLVFKH�YHOGHQ�SURGXFHHUW��RP�GLH�UHGHQ�
QRRLW�LQ�FDWHJRULH�,,,�NDQ�ZRUGHQ�LQJHGHHOG��$OV�KHW�VWDWLVFKH�PDJQHWLVFKH�YHOG�GH�
DFWLHZDDUGH�RYHUVFKULMGW��GDQ�GLHQW�ZHO�DDQGDFKW�WH�ZRUGHQ�EHVWHHG�DDQ�ELMYRRUEHHOG�KHW�
YRRUNRPHQ�YDQ�URQGYOLHJHQG�IHUURPDJQHWLVFK�PDWHULDDO��DDQ�SUHYHQWLH�YDQ�YHUVWRULQJ�
YDQ�PHGLVFKH�LPSODQWDWHQ�RI�OHYHQVUHGGHQGH�DSSDUDWXXU�HQ�DDQ�KHW�YRRUNRPHQ�YDQ�WH�
VQHOOH�EHZHJLQJHQ�GLH�WRW�GXL]HOLJKHLG�HQ�PLVVHOLMNKHLG�NXQQHQ�OHLGHQ���
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EOLMNW� GDW� GH� JUHQVZDDUGHQ�ZDDUVFKLMQOLMN� QLHW�ZRUGHQ� RYHUVFKUHGHQ��9RRU�GH]H�VRRUW�ZHUNRPJHYLQJHQ�JHOGW�HHQ�µOLFKWH¶�DDQYXOOHQGH�EHRRUGHOLQJ��5HGHQHQ�RP�HHQ�ZHUNRPJHYLQJ�LQ�WH�GHOHQ�LQ�FDWHJRULH�,,�� DSSDUDWXXU�ZDDUYRRU�LQ�LHGHU�JHYDO�HHQV�RI�YDNHU�LV�JHFRQVWDWHHUG�GDW�GH DFWLHZDDUGHQ� ]LMQ� RYHUVFKUHGHQ� HQ�ZDDUYRRU�QRJ�RQGXLGHOLMNKHLG�EHVWDDW�RI�GH�JUHQVZDDUGHQ�NXQQHQ�ZRUGHQ�RYHUVFKUHGHQ�� EHKHHUVPDDWUHJHOHQ� WHU� UHGXFWLH� YDQ� GH� EORRWVWHOOLQJ� ]LMQ� ]HHU� ZHO�PRJHOLMN� �DIVWDQG�� ]HV�PLQXWHQUHJHO�� DIVFKHUPLQJ�� EHZXVWZRUGLQJ��RSOHLGLQJ��� HU�PRHW� GDQ�ZHO�ZRUGHQ� JHFRQWUROHHUG� RI� GH]H� EHKHHUV�PDDWUHJHOHQ�DDQWRRQEDDU�]LMQ�JHQRPHQ�� DSSDUDWXXU� ZDDURYHU� RQ]HNHUKHLG� RI� RQEHNHQGKHLG� EHVWDDW��YHURXGHUGH�RQWZHUSHQ��QLHXZH�LQ�RQWZLNNHOLQJ�]LMQGH�DSSDUDWXXU��� DSSDUDWXXU�GLH�QLHW�LQ�GLW�UDSSRUW�LV�JHQRHPG��,,,� :HUNRPJHYLQJHQ� ZDDU� DFWLHZDDUGHQ� LQ� QRUPDOH� RPVWDQGLJKHGHQ� ]HNHU�ZRUGHQ� RYHUVFKUHGHQ� HQ� ZDDUYRRU� XLW� HHQ� QDGHUH� DQDO\VH� EOLMNW� GDW� GH�JUHQVZDDUGHQ� ZDDUVFKLMQOLMN� RRN� ZRUGHQ� RYHUVFKUHGHQ�� 'H]H� ZHUNRP�JHYLQJHQ� PRHWHQ� DDQYXOOHQG� ZRUGHQ� EHRRUGHHOG�� 9HUPRHGHOLMN� PRHWHQ�EHKHHUVPDDWUHJHOHQ�ZRUGHQ�JHQRPHQ�RP�GH�EORRWVWHOOLQJ�WH�YHUPLQGHUHQ��� 5HGHQHQ�RP�HHQ�ZHUNRPJHYLQJ�LQ�WH�GHOHQ�LQ�FDWHJRULH�,,,�� HU� LV� PLQVWHQV� ppQ� DUWLNHO� LQ� GH� LQWHUQDWLRQDOH� ZHWHQVFKDSSHOLMNH�OLWHUDWXXU� JHYRQGHQ� ZDDULQ� LV� DDQJHWRRQG� GDW� JUHQVZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�� HU� LV� PLQVWHQV� ppQ� DUWLNHO� LQ� GH� LQWHUQDWLRQDOH� ZHWHQVFKDSSHOLMNH�OLWHUDWXXU� JHYRQGHQ� ZDDULQ� LV� DDQJHWRRQG� GDW� DFWLHZDDUGHQ� ZRUGHQ�RYHUVFKUHGHQ� HQ� KHW� YHUPRHGHQ� EHVWDDW� GDW� RRN� GH� JUHQVZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�� WLMGHQV�KHW�SUDNWLMNRQGHU]RHN�GDW�KHW�5,90�KHHIW�XLWJHYRHUG��LV�µPHW�HLJHQ� RJHQ� JH]LHQ¶� GDW�PHQ� ]LFK� QLHW� EHZXVW� LV� YDQ�PRJHOLMNH� KRJH�EORRWVWHOOLQJ��6WULNW� JHQRPHQ� JHOGHQ� GH� KLHUERYHQ� JHwQWURGXFHHUGH� LQGHOLQJVFULWHULD� YRRU�DSSDUDWXXU�GLH�QX�UHHGV�LQ�JHEUXLN�LV��%LM�DSSDUDWXXU�GLH�LQ�GH�WRHNRPVW�QLHXZ�]DO�ZRUGHQ�RQWZLNNHOG�HQ�RRN�ELM�DSSDUDWXXU�GLH�QX�ZHO�DO�LV�RQWZLNNHOG�PDDU�QRJ�QLHW�RS GH�PDUNW�LV�JHwQWURGXFHHUG��LV�GH�VLWXDWLH�DQGHUV��1D�HHQ�WHVWPHWLQJ�NDQ�EOLMNHQ�GDW�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��(U�]DO�LQ�HHQ�GHUJHOLMNH�VLWXDWLH�yI�YHUGHU�DDQ� GH� DSSDUDWXXU� PRHWHQ� ZRUGHQ� RQWZLNNHOG� RP� HUYRRU� WH� ]RUJHQ� GDW� GH�DFWLHZDDUGHQ�QLHW� NXQQHQ�ZRUGHQ�RYHUVFKUHGHQ�yI�HU�PRHW�XLW�HHQ�EHUHNHQLQJ�RI�UHGHQHULQJ�EOLMNHQ�GDW�GH�JHFRQVWDWHHUGH�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�JHHQ�RYHUVFKULMGLQJ�YDQ�GH�JUHQVZDDUGHQ�WRW�JHYROJ�NiQ�KHEEHQ�yI�GH�OHYHUDQFLHU�PRHW�HHQ�µSDNNHW�QRRG]DNHOLMNH�EHKHHUVPDDWUHJHOHQ�WHU�YRRUNRPLQJ�YDQ�RYHUVFKULMGLQJ�YDQ�JUHQVZDDUGHQ¶�HUELM�OHYHUHQ�HQ�GLW�GXLGHOLMN�LQ�ELMYRRUEHHOG�HHQ�KDQGOHLGLQJ�RI�H[SOLFLHWH� ZDDUVFKXZLQJ� RSQHPHQ�� $OV� ppQ� YDQ� GH]H� GULH� PRJHOLMNKHGHQ� NDQ�
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ZRUGHQ�JHYROJG��NDQ�GH�DSSDUDWXXU�YDQ�GH�&(�PDUNHULQJ�ZRUGHQ�YRRU]LHQ�HQ�RS�GH�PDUNW�ZRUGHQ�JHwQWURGXFHHUG��$SSDUDWXXU�GLH�LQ�GH�WRHNRPVW�ZRUGW�RQWZLNNHOG��]DO�LQLWLHHO�LQ�FDWHJRULH�,,�ZRUGHQ�LQJHGHHOG���'H� LQGHOLQJ� LQ� FDWHJRULHsQ� JHOGW� DOOHHQ� YRRU� QRUPDOH� RPVWDQGLJKHGHQ��'DDUPHH�ZRUGW� EHGRHOG� GDW� GH� DSSDUDWXXU�ZRUGW� JHEUXLNW�ZDDUYRRU� GH]H� EHGRHOG� LV� GRRU�SHUVRQHQ�GLH�JRHG�]LMQ�RSJHOHLG�HQ�JHwQVWUXHHUG��RRN�VWDJLDLUHV�HQ�OHHUOLQJHQ����
���� ,QVWDOODWLH�HQ�RQGHUKRXG��,Q�GH�YRRUJDDQGH�SDUDJUDIHQ� LV�YRRUQDPHOLMN�DDQGDFKW�EHVWHHG�DDQ�GH� WRHSDVVLQJ�YDQ�DSSDUDWXXU�LQ�QRUPDOH�JHEUXLNVRPVWDQGLJKHGHQ��,Q�7DEHO���]LMQ�GH�OHYHQVIDVHQ�YDQ�DSSDUDWXXU�ZHHUJHJHYHQ��%ORRWVWHOOLQJ�DDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�NDQ�RRN�SODDWVYLQGHQ�WLMGHQV�GH�RQWZLNNHOLQJ�HQ�KHW�WHVWHQ�YDQ�QLHXZH�DSSDUDWXXU��%LM�KHW�WHVWHQ�ZRUGW�GH� DSSDUDWXXU�PHHVWDO�H[WUD�]ZDDU�EHODVW�ZDW� WRW�KRJHUH�YHOGHQ�]RX�NXQQHQ� OHLGHQ�GDQ�ELM�QRUPDDO�JHEUXLN��2RN�ELM�KHW�SOHJHQ�YDQ�RQGHUKRXG�LV�KHW�VRPV�QLHW� WH�YHUPLMGHQ�GDW�GH�DSSDUDWXXU�DDQVWDDW� WHUZLMO�HHQ�PRQWHXU�]HHU�GLFKW�ELM�GH�DSSDUDWXXU�ZHUN]DDPKHGHQ�PRHW�XLWYRHUHQ���
7DEHO��� /HYHQVIDVHQ�YDQ�DSSDUDWXXU�GLH�HOHNWURPDJQHWLVFKH�YHOGHQ�

SURGXFHHUW���
IDVH���DFWLYLWHLW� VRRUW�EHGULMI�RI�EHGULMIVWDN� EORRWJHVWHOGH�ZHUNQHPHU�

� RQWZHUSHQ�HQ�RQWZLNNHOHQ� RQGHU]RHNVWRHSDVVLQJHQ� RQGHU]RHNHU�
� WHVWHQ�SURWRW\SH� SURGXFHQW�RI�(0&�WHVWLQVWHOOLQJ� WHVWHU�
� SURGXFHUHQ�DSSDUDWXXU� SURGXFHQW� ��
� LQVWDOOHUHQ� LQVWDOODWLHEHGULMI�L�R�Y��WRHNRPVWLJH�JHEUXLNHU� LQVWDOODWLHPHGHZHUNHU�
� JHEUXLNHQ� JHEUXLNHU� JHEUXLNHU�
� RQGHUKRXG��LQFO��WURXEOH�VKRRW� JHEUXLNHU�RI�H[WHUQ�RQGHUKRXGVEHGULMI� RQGHUKRXGVPRQWHXU�
� DIYDOIDVH��WZHHGHKDQGV� VFKURRWKDQGHODDU� ��

'H� ZHUNRPJHYLQJHQ� YDQ� ZHUNQHPHUV� LQ� GH� LQVWDOODWLHEUDQFKH� ZRUGHQ� YRRUDO�JHNHQPHUNW� GRRU� GH� GLYHUVLWHLW� DDQ� DSSDUDWXXU� ZDDU� GH]H� ZHUNQHPHUV� PHH� LQ�DDQUDNLQJ�NXQQHQ�NRPHQ��*URWH�LQVWDOODWLHEHGULMYHQ�KHEEHQ�WH�PDNHQ�PHW�YULMZHO�DOOH�DQGHUH�JHQRHPGH�JURHSHQ�DSSDUDWXXU����0HGH� JH]LHQ� GH]H� ELM]RQGHUH� RPVWDQGLJKHGHQ� URQG� GH� LQVWDOODWLHEUDQFKH�� ZRUGW�GH]H� EUDQFKH� DSDUW� EHVFKRXZG�� 'H� DSSDUDWXXU� GLH� HOHNWULVFKH�� PDJQHWLVFKH� RI�HOHNWURPDJQHWLVFKH� YHOGHQ� SURGXFHHUW� ZDDUDDQ� GH� ZHUNQHPHU� NDQ� ZRUGHQ�EORRWJHVWHOG��ZRUGW�KLHU�LQ�GULH�VRRUWHQ�LQJHGHHOG��QDPHOLMN��
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� DSSDUDWXXU�GLH�GH�ZHUNQHPHU�]HOI�KDQWHHUW��� DSSDUDWXXU�GLH�GRRU�GH�ZHUNQHPHU�ZRUGW�JHwQVWDOOHHUG�RI�RQGHUKRXGHQ��HQ�� DSSDUDWXXU�ZDDU�GH�ZHUNQHPHU�ELM�LQ�GH�EXXUW�NDQ�NRPHQ���$PEXODQWH�ZHUNQHPHUV�GLH�RS�ZHUNSOHNNHQ�ZHUNHQ�GLH�QLHW�LQ�HLJHQGRP�]LMQ�YDQ�KXQ� ZHUNJHYHU�� ]RDOV� RQGHUKRXGVZHUNHUV� HQ� VFKRRQPDNHUV�� EOLMYHQ� RQGHU� GH�YHUDQWZRRUGHOLMNKHLG� YDQ� KXQ�ZHUNJHYHU� YDOOHQ��'H]H� ]DO� GXV� DIVSUDNHQ�PRHWHQ�PDNHQ�PHW� GH� HLJHQDDU� YDQ� GH�ZHUNSOHNNHQ� RP� ]LMQ�ZHUNQHPHUV� WH� EHVFKHUPHQ�WHJHQ�EORRWVWHOOLQJ�ERYHQ�GH�DFWLHZDDUGHQ��ELMYRRUEHHOG�GRRU�DQWHQQHV�XLW�WH�ODWHQ�VFKDNHOHQ� ZDQQHHU� HHQ� GDNGHNNHU� DDQ� KHW� ZHUN� JDDW�� +HW� LV� YDQ� EHODQJ� HHQ�JHGHJHQ� WUDLQLQJ� LQ� RPJDDQ� PHW� DSSDUDWXXU� GLH� HOHNWURPDJQHWLVFKH� YHOGHQ�XLW]HQGW��WH�YROJHQ��]RGDW�HU�DOOHUKDQGH�SUDNWLMNYRRUEHHOGHQ�HQ�JHYROJHQ�GXLGHOLMN�]LMQ��ELMYRRUEHHOG�GDW�MH�QLHW�WHJHQ�HHQ�DQWHQQH�DDQ�PRHW�JDDQ�VWDDQ�RPGDW�MH�GDDU�YDQ�WHYHHO�]RX�NXQQHQ�RSZDUPHQ��2RN�LV�KHW�]LQYRO�RP�YHLOLJKHLGVYRRUVFKULIWHQ�WH�JHYHQ� YRRU� RPJDQJ� PHW� HOHNWULVFKH� DSSDUDWHQ�� ]RDOV� µFRQWUROHHU� RI� GH� PDFKLQH�XLWVWDDW¶�HQ�µKRXG�PLQVWHQV���P�DIVWDQG�WRW�GH�ZHUNEDQN¶���
���� $UWLNHO��HQ�SHUVRRQVGHWHFWLH��
(OHFWURQLF�$UWLFOH�6XUYHLOODQFH� �($6��HQ�5DGLR�)UHTXHQF\� ,GHQWLILFDWLRQ� �5),'��]LMQ�YHU]DPHOQDPHQ�YRRU�KHW�RS�DIVWDQG�GHWHFWHUHQ�HQ�LGHQWLILFHUHQ�YDQ�JHPHUNWH�JRHGHUHQ�HQ�OHYHQGH�ZH]HQV��+LHUELM�GHWHFWHHUW�HHQ�($6�V\VWHHP�DOOHHQ��WHUZLMO�ELM�HHQ� 5),'�V\VWHHP� RRN� LQIRUPDWLH� ZRUGW� RYHUJHEUDFKW�� +HW� GHUGH� W\SH�GHWHFWLHDSSDUDWXXU� ]LMQ� GH� PHWDDOGHWHFWRUHQ�� 1RUP� (1����������� >��@�� GLH� LV�RSJHVWHOG� QDDU� DDQOHLGLQJ� YDQ� GH� (8�DDQEHYHOLQJ�� JHHIW� YRRU� GH]H� GULH� W\SHQ�GHWHFWLHDSSDUDWXXU�DDQ�KRH�GH�EORRWVWHOOLQJ�EHRRUGHHOG�NDQ�ZRUGHQ���
($6�V\VWHPHQ��($6�V\VWHPHQ� EHVWDDQ� XLW� GHWHFWLHV\VWHHPSDQHOHQ�� ODEHOV� HQ� GHDFWLYDWRUHQ�� 'H�SDQHOHQ�]LMQ�YDDN�XLWJHYRHUG�DOV�GHWHFWLHSRRUWMHV�ELM�GH�XLWJDQJ�YDQ�ELMYRRUEHHOG�HHQ� ZLQNHO�� PXVHXP� RI� ELEOLRWKHHN�� =H� EHVWDDQ� XLW� HHQ� YHOGRSZHNNHQG� GHHO��PHHVWDO� HHQ� VWURRPVSRHO�� GLH� ELM� ODJH� IUHTXHQWLHV� HHQ� YRRUQDPHOLMN� PDJQHWLVFK�GHWHFWLHYHOG�RSZHNW�� HQ� HHQ�YHOGRQWYDQJHQG�GHHO��6RPV� LV� HU� HHQ�RQWYDQJHQG�HQ�HHQ�]HQGHQG�SDQHHO��PDDU�LQ�HHQ�SDQHHO�NXQQHQ�]LFK�RRN�PHHUGHUH��RYHUODSSHQGH�]HQGHQGH�HQ�RQWYDQJHQGH�GHOHQ�EHYLQGHQ��'H�ODEHOV�]LMQ�YHHODO�SDVVLHYH���GDW�ZLO�]HJJHQ� ]RQGHU� HLJHQ� HQHUJLHEURQ� �� PHWDOHQ� VWULSMHV� RI� /&�FLUFXLWV� GLH� KHW�RSJHZHNWH� YHOG� YHUVWRUHQ� GRRU� HHQ� KDUPRQLVFKH� ELMGUDJH�� HHQ� UHVRQDQWH� SXOV� RI�HHQ�IDVHYHUVFKXLYLQJ� WH�YHURRU]DNHQ��$OV�KHW�RQWYDQJHQGH�SDQHHO�GH]H�YHUVWRULQJ�ZDDUQHHPW�� JDDW� KHW� DODUP� DI�� 9ROJHQV� (1����������� ZHNNHQ� GH� PLQGHU�JHEUXLNWH�DFWLHYH� ODEHOV��GLH�HHQ�HLJHQ�NUDFKWEURQ�KHEEHQ��YHOGHQ�RS�GLH�WZHH�WRW�GULH� NHHU� ]ZDNNHU� ]LMQ� GDQ� GH� YHOGHQ� YDQ� GH� SDQHOHQ�� ($6�V\VWHPHQ� GHWHFWHUHQ�
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VOHFKWV�RI�HHQ�ODEHO�]LFK�ZHO�RI�QLHW�LQ�GH�SRRUW�EHYLQGW��'H�GHDFWLYDWRUHQ�]LMQ�VRPV�SHUPDQHQWH�PDJQHWHQ��PDDU�RRN�ZLVVHOVWURRPPDJQHWHQ�ZRUGHQ�JHEUXLNW����(U� ]LMQ� YLHU� IUHTXHQWLHJHELHGHQ� ZDDULQ� ($6�V\VWHPHQ� YRRUNRPHQ� GH]H� ZRUGHQ�YROJHQV�(1�����������LQJHGHHOG�LQ�YLHU�JURHSHQ������ QLHW�OLQHDLU�PDJQHWLVFK�����+]�±����N+]��FRQWLQXH�JROI�RS�HHQ�VSHFLILHNH�IUHTXHQWLH������� �SXOVHUHQG��UHVRQDQW�LQGXFWLHI�RI�DNRHVWRPDJQHWLVFK�����±�����N+]��SXOVHQ�RS HHQ�VSHFLILHNH�IUHTXHQWLH������ UHVRQDQW�UDGLRIUHTXHQW����±����0+]��VZHHSV�GRRU HHQ�IUHTXHQWLHEDQG��HQ���� QLHW�OLQHDLUH�PLFURJROI������±�����*+]��SXOVHUHQGH�JROYHQ����9RRU� GH� HHUVWH� GULH� IUHTXHQWLHJHELHGHQ�EHYLQGW�PHQ�]LFK� URQG�KHW�SRRUWMH� LQ�KHW�QDELMHYHOG��ZDDU�GRRUJDDQV�KHW�PDJQHWLVFKH�YHOG�RYHUKHHUVW��'H�DFWLHZDDUGH�YRRU�HOHNWULVFKH�YHOGVWHUNWH�ZRUGW�GRRUJDDQV�QLHW�RYHUVFKUHGHQ�>�@���+HW� YDVWVWHOOHQ� YDQ� GH� EORRWVWHOOLQJ� LV� GRRU� GH� FRPSOH[H� VLJQDOHQ�PHW� ELMGUDJHQ�YDQ� YHUVFKLOOHQGH� IUHTXHQWLHV� HQ� EORRWVWHOOLQJ� LQ� KHW� QLHW�XQLIRUPH� YHOG�� QLHW�HHQYRXGLJ� XLW� WH� YRHUHQ�� +HW� ,&1,53� VWDWHPHQW� XLW� ����� >��@� HQ� QRUP�(1����������� JHYHQ� ULFKWVQRHUHQ� YRRU� KHW� EHRRUGHOHQ� YDQ� GH� EORRWVWHOOLQJ� ELM�GHUJHOLMNH� VLJQDOHQ�� ,Q� LHGHU� JHYDO� LV� KHW� ELM� QLHW�VLQXVYRUPLJH� JROYHQ� ]RDOV�SXOVHUHQGH� JROYHQ� YDQ� EHODQJ� QLHW� DOOHHQ� GH� 506�ZDDUGH� WH� WHVWHQ� WHJHQ� GH�DFWLHZDDUGH�� PDDU� RRN� GH� SLHNZDDUGH� YDQ� HHQ� SXOV� WH� WHVWHQ� WHJHQ� GH�SLHNDFWLHZDDUGH�� 2YHU� KHW� DOJHPHHQ� JHOGW� GDW� ELM� QLHW�XQLIRUPH� EORRWVWHOOLQJ� GH�DFWLHZDDUGHQ� FRQVHUYDWLHI� ]LMQ�� HQ� HHQ� RYHUVFKULMGLQJ� YDQ� GH� DFWLHZDDUGHQ� YDDN�QLHW�OHLGW�WRW�RYHUVFKULMGLQJ�YDQ�GH�JUHQVZDDUGHQ�>�@���8LW� GLYHUVH� PHWLQJHQ� DDQ� ($6�V\VWHPHQ� EOLMNW� GDW� GH� EORRWVWHOOLQJ� ELQQHQ� GH�SRRUWMHV�LQ�GH�EXXUW�YDQ�GH�DFWLHZDDUGHQ�NRPW��PDDU�]H�ZRUGHQ�RRN�RYHUVFKUHGHQ��9RRU�QLHW�OLQHDLU�PDJQHWLVFKH�V\VWHPHQ�ZRUGHQ�WHJHQ�KHW�]HQGSDQHHO�YHOGVWHUNWHV�YDQ�]HYHQ�WRW�WZDDOI�PDDO�GH�DFWLHZDDUGHQ�JHPHWHQ��HQ�LQ�KHW�PLGGHQ�WRW�RQJHYHHU�]HYHQ� PDDO� >��@�� (FKWHU�� XLW� DQGHUH� PHWLQJHQ� EOLMNW� WXVVHQ� GH� SRRUWMHV� HHQ�SLHNYHOGVWHUNWH�YDQ����WRW������YDQ�GH�SLHNDFWLHZDDUGHQ�YRRU�WH�NRPHQ�>�@��9RRU�ELEOLRWKHHN�XLWOHHQV\VWHPHQ�ZHUGHQ� RYHUVFKULMGLQJ� WRW� ����PDDO� GH� DFWLHZDDUGHQ�JHYRQGHQ� RS� ���FP� >��@�� 9RRU� UHVRQDQW� LQGXFWLHYH� V\VWHPHQ� ZHUGHQ� WHJHQ� KHW�]HQGSDQHHO� YHOGVWHUNWHV� YDQ� ���� WRW� ���� PDDO� YDQ� GH� DFWLHZDDUGHQ� JHPHWHQ� HQ�WXVVHQ� GH� SRRUWMHV� WRW� GH� DFWLHZDDUGHQ� >��@�� (FKWHU�� ELM� DQGHUH� W\SHQ� SRRUWMHV�EOHNHQ� SLHNYHOGVWHUNWHV� WRW� ����� YDQ� GH� SLHNDFWLHZDDUGHQ� YRRU� WH� NRPHQ� >�@��9RRU�UHVRQDQW� UDGLRIUHTXHQWH�V\VWHPHQ�ZHUGHQ�WHJHQ�KHW�]HQGSDQHHO�YHOGVWHUNWHV�YDQ� ���� WRW� PD[LPDDO� YLMI� PDDO� GH� DFWLHZDDUGHQ� JHPHWHQ� >���� �@� HQ� WXVVHQ� GH�
� 9RRU�IUHTXHQWLHV�WRW�����N+]�NXQQHQ�GH�SLHNDFWLHZDDUGHQ�EHUHNHQG�ZRUGHQ�GRRU�GH�

DFWLHZDDUGHQ�WH�YHUPHQLJYXOGLJHQ�PHW�¥���
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SRRUWMHV� WRW� ���� PDDO� GH� DFWLHZDDUGH�� 9RRU� PLFURJROIV\VWHPHQ� ]LMQ� JHHQ�RYHUVFKULMGLQJHQ�YDQ�GH�DFWLHZDDUGHQ�JHYRQGHQ� >��@��9RRU�GHDFWLYDWRUHQ�]LMQ�RS�DIVWDQGHQ� YDQ� ����FP�� GXV� ELM� GH� KDQGHQ�� YHOGVWHUNWHV� YDQ� ���� WRW� ��� PDDO� GH�DFWLHZDDUGHQ�JHPHWHQ�>�����@���8LW�HHQ�FRQVHUYDWLHYH��QXPHULHNH�GRVLPHWULVFKH�DQDO\VH�YDQ�GH�EORRWVWHOOLQJ�YRRU�GH� GRRU� 153%� JHWHVWH� V\VWHPHQ� EOHHN� GDW� GH� JUHQVZDDUGHQ� QLHW� RYHUVFKUHGHQ�ZHUGHQ�>�@��*DQGKL�HQ�.DQJ�>��@�EHUHNHQGHQ�LQ������PHW�GH�ZHHUVWDQGVPHWKRGH�GH�VWURRPGLFKWKHGHQ� LQ�YHUVFKLOOHQGH�RUJDQHQ��=H�JHEUXLNWHQ�KLHUYRRU�HHQ�PRGHO�YDQ�HHQ�ILFWLHI�($6�V\VWHHP�GDW�ZHUNW�PHW�HHQ�VWURRP�LQ�WZHH�VSRHOHQ�YDQ�����$�HQ� HHQ� IUHTXHQWLH� YDQ� ���N+]�� =H� EHUHNHQGHQ� GDW� YRRU� GLW� LQKRPRJHQH� YHOG� GH�
PD[LPDOH� EORRWVWHOOLQJ� ����µ7 EHGUDDJW� RS� GH� SRVLWLH� YDQ� GRRUORSHQ��'DW� LV� HHQ�
RYHUVFKULMGLQJ�PHW�HHQ�IDFWRU����YDQ�GH�DFWLHZDDUGH�YDQ������µ7��=H�EHUHNHQGHQ�
GDW� GH�PD[LPDOH� VWURRPGLFKWKHLG� LQ� KHW� FHQWUDDO� ]HQXZVWHOVHO� ELM� HHQ� YROZDVVHQ�PDQ� LQ� GH� KHUVHQHQ� ������P$�P� HQ� LQ� GH� UXJJHQJUDDW� ������P$�P� EHGUDDJW��%HLGH�VWURRPGLFKWKHGHQ�EOLMYHQ�RQGHU�GH�JUHQVZDDUGH�YDQ�����P$�P�� 9RRU�HHQ�PRGHO� YDQ� HHQ� WDJ�GHDFWLYDWRU� ZHUNHQG� RS� ��N+]� ]LMQ� GH� PD[LPDOH� VWURRP�GLFKWKHGHQ������P$�P� LQ�GH�KHUVHQHQ�HQ������$�P� LQ�GH�UXJJHQJUDDW��GXV�EHLGH�RQGHU�GH�JUHQVZDDUGHQ�YDQ����P$�P�� 8LW�KHW�SUDNWLMNRQGHU]RHN�LV�JHEOHNHQ�GDW�HU�RRN�EHUHNHQLQJHQ�]LMQ�JHGDDQ�YDQ�GH�WH�YHUZDFKWHQ�VWURRPGLFKWKHLG�YRRU�GLYHUVH�W\SHQ�($6�V\VWHPHQ�YDQ�1HGHUODQGVH�PDNHOLM��+LHUELM�LV�YDVWJHVWHOG�GDW�YRRU�HHQ�����0+]� GHDFWLYDWRU� PHW� GXW\� F\FOH� ����� HQ� ���$� EXUVWV� GH� PD[LPDOH� ZDDUGHQ�YRRU�GH�KHUVHQHQ�HQ�UXJJHQJUDDW�RS����FP�KRRJWH�HQ����FP�YDQ�KHW�FHQWUXP�YDQ�GH VSRHO� PLQGHU� GDQ� ����� HQ� ����� YDQ� GH� JUHQVZDDUGH� YDQ� ������P$�P�

EHGUDJHQ�� 2RN� GH� 6$5�ZDDUGHQ� ZRUGHQ� QLHW� RYHUVFKUHGHQ�� WHUZLMO� GH�DFWLHZDDUGHQ� PHW� HHQ� IDFWRU� YDQ� HQNHOH� WLHQWDOOHQ� PDOHQ� ZRUGW� RYHUVFKUHGHQ��*DQGKL�EHUHNHQGH�PHW�GH�ZHHUVWDQGVPHWKRGH�YRRU�KHW�($6�V\VWHHP�PHW�2,'���DQWHQQH�YDQ�1('$3�GDW�]HQGW�PHW�HHQ�IUHTXHQWLH�YDQ�����0+]�HQ�EHVWDDW�XLW�HHQ�SRRUWMH�YDQ�WZHH�SDQHOHQ�PHW�HHQ�]HQGSDQHHO�EHVWDDQGH�XLW�WZHH�VSRHOHQ�GLH�EHLGH�HHQ� VWURRP� YDQ� ����$� 506� YRHUHQ�� GH� VWURRPGLFKWKHLG� HQ� GH� 6$5� YRRU� HHQ�PHQVPRGHO� RS� ���FP� YDQ� KHW� ]HQGSDQHHO�� *DQGKL� YRQG� GDW� GH� PD[LPDOH�VWURRPGLFKWKHLG� PLQGHU� GDQ� ��� YDQ� GH� JUHQVZDDUGH� EHGUDDJW� HQ� GH� PD[LPDOH�6$5�PLQGHU�GDQ��������YDQ�GH�JUHQVZDDUGH��ELM�HHQ�PD[LPDOH�EORRWVWHOOLQJ�DDQ�HHQ�QLHW�XQLIRUP�PDJQHWLVFK�YHOG�YDQ�PLQGHU�GDQ�����YDQ�GH�DFWLHZDDUGH� >��@��+LHUPHH�YDOW�GH]H�VSHFLILHNH�DSSOLFDWLH�1('$3�($6�2,'�����0+]�LQ�FDWHJRULH�,���8LW� ERYHQVWDDQGH� PHWLQJHQ� EOLMNW� GDW� YRRU� GLYHUVH� DQWL�GLHIVWDOSRRUWMHV� YDQ� KHW�QLHW�OLQHDLU� PDJQHWLVFK�� KHW� UHVRQDQW� LQGXFWLHYH� HQ� KHW� UDGLRIUHTXHQW� LQGXFWLHYH�W\SH�RYHUVFKULMGLQJHQ�YDQ�GH�DFWLHZDDUGHQ�ZRUGHQ�JHPHWHQ��%LM�GH�SRRUWMHV�LQ�GH�ODDJVWH� IUHTXHQWLHEDQG�� GH� QLHW�OLQHDLU� PDJQHWLVFKH� ZHUG� GH� KRRJVWH� UHODWLHYH�RYHUVFKULMGLQJ� YDQ� GH� DFWLHZDDUGHQ� JHPHWHQ�� 8LW� EHUHNHQLQJHQ� YDQ� GH�JHwQGXFHHUGH� VWURRPGLFKWKHLG� LQ� KHW� FHQWUDDO� ]HQXZVWHOVHO� EOLMNW� GDW� HU� ELM� HHQ�LQKRPRJHHQ� YHOG� PHW� HHQ� PD[LPDDO� JHPHWHQ� YHOGVWHUNWH� YDQ� WLHQ� PDDO� GH�
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DFWLHZDDUGH��JHHQ�RYHUVFKULMGLQJHQ�YDQ�GH�JUHQVZDDUGHQ�YRRUNRPHQ��%ORRWVWHOOLQJ�LQ� DUEHLGVVLWXDWLHV� DDQ� GH]H� GULH� V\VWHPHQ� LV� WH� YRRUNRPHQ� GRRU� QLHW� WHJHQ� GH�SDQHOHQ�HQ�DQWHQQHV�YDQ�GH� V\VWHPHQ� WH� OHXQHQ��$OV�YXLVWUHJHO� JHOGW� HHQ�DIVWDQG�YDQ���P�DDQKRXGHQ� >��@��'H]H�DSSDUDWXXU�YDOW� LQ�FDWHJRULH�,,D�RPGDW�HU�RQGDQNV�HHQ�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�JHHQ�RYHUVFKULMGLQJ�YDQ�GH�JUHQVZDDUGHQ�LV�JHFRQVWDWHHUG��'DDUQDDVW�]LMQ�HU�HHQYRXGLJH�PDDWUHJHOHQ�WH�WUHIIHQ���9RRU� QLHW�OLQHDLUH� PLFURJROIV\VWHPHQ� ]LMQ� JHHQ� RYHUVFKULMGLQJHQ� YDQ� GH�DFWLHZDDUGHQ� EHNHQG�� HQ� RRN� QLHW� YDQ� GH� JUHQVZDDUGH�� +LHUPHH� YDOW� GH]H�DSSOLFDWLH�LQ�FDWHJRULH�,��(FKWHU��KHW�DDQWDO�JHSXEOLFHHUGH�PHWLQJHQ�LV�EHSHUNW��GXV�RRN�KLHU�LV�KHW�UDDG]DDP�HHQ�PHWHU�DIVWDQG�WH�EHZDUHQ���9HOGHQ�YDQ�GHDFWLYDWRUHQ�EOLMNHQ�ZHOLVZDDU�RS�GH�SRVLWLH�YDQ�KDQGHQ�HQ�DUPHQ�GH�DFWLHZDDUGHQ�WH�NXQQHQ�RYHUVFKULMGHQ��PDDU�RRN�KLHU�JHOGW�GDW�GRRU�GH�DIVWDQG�WRW�GH�WRUVR�GLW�QLHW�WRW�RYHUVFKULMGLQJ�YDQ�GH�JUHQVZDDUGHQ�OHLGW��'HDFWLYDWRUHQ�YDOOHQ�KLHUPHH�LQ�FDWHJRULH�,���
0HWDDOGHWHFWRUHQ��(U� ]LMQ� WZHH� VRRUWHQ� PHWDDOGHWHFWRUHQ�� KDQGGHWHFWRUHQ� HQ� SRRUWGHWHFWRUHQ�� 'H�ZHUNLQJ�LV�LQ�JURWH�OLMQHQ�KHW]HOIGH�DOV�ELM�($6�V\VWHPHQ��(U�ZRUGW�HHQ�FRQWLQX�RI�SXOVHUHQG�PDJQHWLVFK�YHOG�XLWJH]RQGHQ�ZDDURS�GRRU�PHWDOHQ�YRRUZHUSHQ�ELQQHQ�GH� GHWHFWLH]RQH� HHQ� YHUVWRULQJ� ZRUGW� JHJHQHUHHUG�� 'RRU� KHW� XLWJH]RQGHQ� YHOG�RQWVWDDW� LQ� KHW�PHWDOHQ� YRRUZHUS� HHQ�ZHUYHOVWURRP� GLH� HHQ� WHJHQJHVWHOG� JHULFKW�YHOG�RSZHNW��'H]H�YHUVWRULQJ�ZRUGW�YHUYROJHQV�JHPHWHQ��0HWDDOGHWHFWRUHQ�ZRUGHQ�JHEUXLNW�ELM�GH�EHYHLOLJLQJ�YDQ�ELMYRRUEHHOG�YOLHJYHOGHQ�HQ�KRUHFDJHOHJHQKHGHQ�HQ�ELM�ERGHPRQGHU]RHN���'H� VLJQDOHQ� YRRU� SRRUWGHWHFWRUHQ� ]LMQ� FRQWLQXH� VLQXVYRUPLJH� VLJQDOHQ� RS� HHQ� RI�PHHU�IUHTXHQWLHV������+]�±�������N+]��RI�ODDJIUHTXHQWH��SXOVHUHQGH�JROYHQ�WXVVHQ���� HQ� ����+]�� +DQGGHWHFWRUHQ� ZHUNHQ� GRRUJDDQV� PHW� RQJHPRGXOHHUGH�VLQXVYRUPLJH�VLJQDOHQ�WXVVHQ����N+]�HQ�����0+]�>��@���+LHWDQHQ� HW� DO�� >�@� PHUNHQ� RS� GDW� YRRU� KDQGGHWHFWRUHQ� YODN� ELM� KHW� RSSHUYODN�RYHUVFKULMGLQJHQ�YDQ�GH�DFWLHZDDUGHQ�PRJHOLMN�]LMQ��PDDU�GH�SXEOLFDWLH�EHYDW�JHHQ�PHHWUHVXOWDWHQ�� %RLYLQ� HW� DO� >��@� KHEEHQ� ]RZHO� DDQ� KDQG�� DOV�SRRUWPHWDDOGHWHFWRUHQ� JHPHWHQ�� =H� YRQGHQ� YRRU� QHJHQ� KDQGGHWHFWRUHQ��ZHUNHQG�RS�HHQ�HQNHOH�IUHTXHQWLH�WXVVHQ������HQ�������N+]��RS���FP�PD[LPD�YRRU�GH�506�ZDDUGHQ� YDQ� KHW� PDJQHWLVFKH� YHOG� WXVVHQ� ����� HQ� �����$�P�� 'H� ODDJVWH�DFWLHZDDUGH�LQ�KHW�IUHTXHQWLHJHELHG�YDQ������$�P�ZHUG�GXV�QLHW�RYHUVFKUHGHQ��'H�WLHQ� SRRUWMHV� ZHUNHQ� PHW� JHSXOVWH� HQ� JHPRGXOHHUGH� VLJQDOHQ� PHW� HTXLYDOHQWH�IUHTXHQWLHV�YDQ�����������N+]��9RRU�HHQ�V\VWHHP�RS�����N+]�ZHUG�HHQ�YHOGVWHUNWH�YDQ������YDQ�GH� DFWLHZDDUGH�JHPHWHQ�HQ�YRRU�HHQ�V\VWHHP�RS�����N+]�YDQ�HHQ�
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YHOGVWHUNWH�YDQ������YDQ�GH�DFWLHZDDUGH��153%�>�@�KHHIW�YRRU�KDQGGHWHFWRUHQ�RS���� HQ� ���N+]� JHHQ� RYHUVFKULMGLQJHQ� YDQ� GH� DFWLHZDDUGHQ� JHPHWHQ�� 9RRU� HHQ�SRRUWGHWHFWRU� EHUHNHQGH� 153%� GH� ELMGUDJHQ� YDQ� DOOH� IUHTXHQWLHFRPSRQHQWHQ��KRRJVWH� SLHN� DPSOLWXGH� ELM� ��N+]�� YROJHQV� GH� VRPPDWLHUHJHO� HQ� NZDP� XLW� RS�EORRWVWHOOLQJVIDFWRUHQ�GLH�GH�OLPLHW�YDQ���QLHW�RYHUVFKUHGHQ��UHVSHFWLHYHOLMN������HQ��������9RRU� KDQGGHWHFWRUHQ� ]LMQ� JHHQ� YHOGVWHUNWHQ� EHNHQG� YDQ� PHHU� GDQ� ���� YDQ� GH�DFWLHZDDUGHQ��'H]H�YDOOHQ�LQ�FDWHJRULH�,���9RRU� SRRUWGHWHFWRUHQ� ]LMQ� LQ� HQNHOH� JHYDOOHQ� YHOGVWHUNWHV� WRW� ����� YDQ� GH�DFWLHZDDUGHQ� LQ� GH� SRRUW� JHPHWHQ�� 'RRUJDDQV� EOLMIW� GH� YHOGVWHUNWH� RQGHU� GH�DFWLHZDDUGHQ�� $DQJH]LHQ� GH� EORRWVWHOOLQJ� LQ� KHW� QLHW�XQLIRUPH� QDELMHYHOG�SODDWVYLQGW��LV�KHW�DDQQHPHOLMN�GDW�QHW�DOV�ELM�GH�($6�V\VWHPHQ�RS�GH]H�IUHTXHQWLH��GH� JUHQVZDDUGHQ� QLHW� RYHUVFKUHGHQ� ]XOOHQ� ZRUGHQ�� 3RRUWGHWHFWRUHQ� YDOOHQ� LQ�FDWHJRULH�,,D��(HQ�YXLVWUHJHO�RP�EORRWVWHOOLQJ�ERYHQ�GH�DFWLHZDDUGHQ�WH�YRRUNRPHQ�LV� RP� HU� HQLJH� DIVWDQG� YDQ� WH� KRXGHQ�� GXV� LQ� LHGHU� JHYDO� QLHW� LQ� GH�GRRUJDQJ�RI�WHJHQ�GH�SRRUW�DDQ�WH�JDDQ�VWDDQ���
5),'�V\VWHPHQ��5),'�V\VWHPHQ� GHWHFWHUHQ� QLHW� DOOHHQ� HHQ� YHUVWRULQJ� ]RDOV� ($6�V\VWHPHQ�� PDDU�GHWHFWHUHQ� RRN� VSHFLILHNH� LQIRUPDWLH�� (HQ� 5),'�V\VWHHP� EHVWDDW� XLW� HHQ� ]HQGHU��HHQ�RQWYDQJHU�HQ�HHQ�ODEHO�RI�WUDQVSRQGHU��+HW�ODEHO�RQWYDQJW�HHQ�VLJQDDO�YDQ�GH�]HQGHU�� KHUNHQW� GLW� HQ� VWXXUW� GDQ� HHQ� UHVSRQV� QDDU� GH� RQWYDQJHU�� 6RPV� ]LMQ� GH�]HQGHU� HQ� RQWYDQJHU� LQ� HHQ� RQGHUGHHO� VDPHQJHEUDFKW�� ]RDOV� ELM� LQ� GH� KDQG�JHKRXGHQ� DIOHHVDSSDUDWXXU�� 7RHSDVVLQJHQ� YRRU� 5),'�V\VWHPHQ� ]LMQ� HU�ELMYRRUEHHOG�YRRU�WROSRRUWHQ�RS�GH�DXWRZHJHQ��WRHJDQJVSRRUWMHV��YRRUUDDGEHKHHU��KHW� ODEHOOHQ� YDQ� DUWLNHOHQ� LQ� ZLQNHOV� HQ� KHW� YROJHQ� YDQ� JRHGHUHQ� ]RDOV� NRIIHUV��YOHHV�HQ�FRQWDLQHUV�RS�WUDQVSRUW��2RN�KHW�LPSODQWHUHQ�YDQ�EXLVMHV�PHW�HHQ�FKLS�LQ�KXLVGLHUHQ�YLQGW�QDYROJLQJ�ELM�PHQVHQ��2S�GH]H�PDQLHU�NXQQHQ�PHGLVFKH�GRVVLHUV�HQ� WRHJDQJVJHJHYHQV� LQ� PHQVHQ� ZRUGHQ� RSJHVODJHQ��'H�5),'�V\VWHPHQ� NXQQHQ�ZHUNHQ�PHW�YDVW�RSJHVWHOGH�DQWHQQHV��PHW�PRELHOH�HQ�RRN�PHW�KDQGDIOH]HUV����7DEHO���ODDW�]LHQ�GDW�DIKDQNHOLMN�YDQ�GH�KRHYHHOKHLG�RYHU�WH�GUDJHQ�LQIRUPDWLH�HQ�GH�YHUHLVWH�OHHVVQHOKHLG��5),'�V\VWHPHQ�RS�YHUVFKLOOHQGH�IUHTXHQWLHV�ZHUNHQ��+RH�PHHU�GH�LQIRUPDWLH�RI�KRH�KRJHU�GH�OHHVVQHOKHLG��GHV�WH�JURWHU�GH�EDQGEUHHGWH��'H�1HGHUODQGVH� ZHUNJURHS� 5),'�YHUSDNNLQJVQRUPHQ� VWUHHIW� HUQDDU� HLQG� ����� HHQ�VWDQGDDUG� WH� KHEEHQ� RQWZLNNHOG� >��@�� 5),'�V\VWHPHQ� ]LMQ� QRJ� YRORS� LQ�RQWZLNNHOLQJ�HQ�RRN�GH�KRHYHHOKHLG�WRHSDVVLQJHQ�QHHPW�WRH�>��@���
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7DEHO��� 5),'�V\VWHPHQ�HQ�KXQ�W\SLVFKH�IUHTXHQWLHV��RYHUJHQRPHQ�XLW�QRUP�
1(1�(1������������>��@���
�

IUHTXHQWLH� NDUDNWHULVWLHNHQ� W\SLVFKH�WRHSDVVLQJHQ�
ODDJ�� +]�±�����N+]� NRUWH�WRW�PLGGHOODQJH�DIVWDQG��ODJH�OHHVVQHOKHLG� WRHJDQJVSDVVHQ��GLHU�LGHQWLILFDWLH��YRRUUDDGEHKHHU�
PLGGHO�� ±����0+]� NRUWH�WRW�PLGGHOODQJH�DIVWDQG��QRUPDOH�OHHVVQHOKHLG�

WRHJDQJVSDVVHQ��VPDUW�FDUGV�

KRRJ�����±�����0+]�������*+]������*+]�
ODQJH�DIVWDQG��KRJH�OHHVVQHOKHLG��]LFKWOLMQ�YHUHLVW�

WUHLQZDJRQ�PRQLWRULQJ�WROSRRUWHQ�

'H� YHUPRJHQV� YDULsUHQ� YRRU� NRUWH�DIVWDQGWRHSDVVLQJHQ� ]RDOV� WRHJDQJVSDVOH]HUV�WXVVHQ�����P:�HQ���:�>��@��9RRU�WROSRRUWHQ�ZDDUELM�GH�DIVWDQG�WXVVHQ�GH�5),'�FKLS� HQ� GH� DIOH]HU� JURWHU� LV�� ]XOOHQ� GRRUJDDQV� RRN� KRJHUH� YHUPRJHQV� ZRUGHQ�JHEUXLNW�� $OV� JUHQVZDDUGH� JHOGW� YRRU� EORRWVWHOOLQJHQ� ERYHQ� ����N+]� HHQ� ORNDOH��KRRIG�HQ�URPS��6$5�YDQ����:�NJ��9LD�HHQ�HHQYRXGLJH��FRQVHUYDWLHYH�EHUHNHQLQJ�NDQ�GH�EORRWVWHOOLQJ�EHRRUGHHOG�ZRUGHQ���+HW�YROJHQGH�UHNHQYRRUEHHOG�JHHIW�DDQ�ZDQQHHU�GH�JUHQVZDDUGH�YRRU�RSZDUPLQJ�RYHUVFKUHGHQ�NDQ�ZRUGHQ��6WHO�GDW�DOOH�HQHUJLH�GLH�GRRU�HHQ�5),'�DSSDUDDW�ZRUGW�XLWJH]RQGHQ� LQ� ���JUDP� NXEXVYRUPLJ� ZHHIVHO� YDQ� KHW� KRRIG� RI� GH� URPS� ZRUGW�RSJHQRPHQ�� 'DQ� PDJ� GLH� ���JUDP� ZHHIVHO� JHPLGGHOG� RYHU� HHQ� ZLOOHNHXULJH�SHULRGH� YDQ� ]HV� PLQXWHQ� QLHW� PHHU� GDQ� ���:�NJ� RSQHPHQ�� 'H� NXEXV� PDJ� GXV����:�NJ�������NJ� �����P:�RSQHPHQ��'XV� LHGHUH�DQWHQQH�GLH�JHPLGGHOG�RYHU�� PLQXWHQ� PLQGHU� GDQ� ����P:� XLWVWUDDOW� NDQ� JHHQ� DDQOHLGLQJ� JHYHQ� WRW�RYHUVFKULMGLQJ� YDQ� GH� JUHQVZDDUGH�� 'DW� EHWHNHQW� GDW� GH� EORRWVWHOOLQJ� GRRU� HHQ�DSSDUDDW� GDW� HHQ�PD[LPDDO� ]HQGYHUPRJHQ� YDQ� ��:�KHHIW�� ppQ� WZLQWLJVWH�YDQ� ]HV�PLQXWHQ��GXV����VHFRQGHQ�PDJ�GXUHQ����:���� �����P:���/HW�ZHO��GH]H�EHUHNH�QLQJ�LV�HUJ�FRQVHUYDWLHI��'RRUJDDQV�]DO�GH�HQHUJLH�GRRU�YHHO�PHHU�GDQ����J�ZHHIVHO�ZRUGHQ�JHDEVRUEHHUG�HQ�]DO�QLHW�DOOH�XLWJH]RQGHQ�HQHUJLH�GRRU�KHW�OLFKDDP�ZRUGHQ�JHDEVRUEHHUG���,&1,53� PHUNWH� LQ� ����� RS� GDW� HU� ZHLQLJ� PHHWUHVXOWDWHQ� EHNHQG� ]LMQ� YDQ�EORRWVWHOOLQJ�DDQ�5),'�V\VWHPHQ�>��@��3ROLFKHWWL�HQ�9HFFKLD�>��@�KHEEHQ�PHWLQJHQ�DDQ� YLHU� W\SHQ� SDVOH]HUV� �SUR[LPLW\� GHWHFWRUV� JHGDDQ�� $OOH� YLHU� JHEUXLNWHQ� HHQ�IUHTXHQWLH� YDQ� URQG� GH� ����N+]�� 'H� PDJQHWLVFKH� YHOGVWHUNWHV� RS� ���FP� YDQ� GH�OH]HU� YDULHHUGHQ� YDQ� ��� WRW� ��$�P�� ZDW� GXV� QLHW� WRW� HHQ� RYHUVFKULMGLQJ� YDQ� GH�DFWLHZDDUGH� YDQ� �����$�P� OHLGW�� 153%� >�@� FRQVWDWHHUGH� ELM� HHQ� NDDUWOH]HU�
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�����N+]�� ����FP� DIVWDQG�� HHQ� YHOGVWHUNWH� YDQ� ����PDDO� GH� DFWLHZDDUGH�� ELM� HHQ�5),'�DQWHQQH� �����N+]������FP��HHQ�YHOGVWHUNWH�YDQ�����PDDO�GH�DFWLHZDDUGH�HQ�ELM� HHQ�NDDUWOH]HU� �����0+]������ FP��HHQ�YHOGVWHUNWH�YDQ���PDDO�GH�DFWLHZDDUGH��(FKWHU��XLW�HHQ�QXPHULHNH�DQDO\VH�GRRU�153%�EOLMNW�]RZHO�YRRU�GH�6$5�DOV�YRRU�GH� VWURRPGLFKWKHLG� LQ� KHW� FHQWUDDO� ]HQXZVWHOVHO� JHHQ� RYHUVFKULMGLQJ� YDQ� GH�JUHQVZDDUGHQ���8LW� EHUHNHQLQJHQ� DDQ� WZHH� LQ� 1HGHUODQG� JHSURGXFHHUGH� SDVOH]HUV� ZHUNHQG� RS�����N+]��EOLMNW�RS�GH�QRUPDOH�OHHVDIVWDQG�YDQ����FP�GH�IOX[GLFKWKHLG�PLQGHU�GDQ�
����YDQ�GH�DFWLHZDDUGH�YDQ������µ7 WH�EHGUDJHQ��'H�EORRWVWHOOLQJ�EHGURHJ�PLQGHU�
GDQ� ���YDQ� GH� JUHQVZDDUGH� YDQ������P$�P�� 2RN�YRRU� HHQ�ELEOLRWKHHNV\VWHHP�ZHUNHQG� RS� ������0+]� EOHHN� GH� 6$5� WRW� ���YDQ� GH� JUHQVZDDUGH� YDQ� ���:�NJ�YRRU�KRRIG�HQ�URPS�WH�EHGUDJHQ���5),'�V\VWHPHQ� ]LMQ� QRJ� YRORS� LQ� RQWZLNNHOLQJ� HQ� HU� ]LMQ� ZHLQLJ� PHWLQJHQ� YDQ�JHSXEOLFHHUG��:HO� EOLMNW� XLW� GH� KLHU� EHVSURNHQ� EHUHNHQLQJHQ� GDW� GH� JUHQVZDDUGH�YRRU� VWURRPGLFKWKHLG� LQ� KHW� FHQWUDDO� ]HQXZVWHOVHO� QLHW�ZRUGHQ�RYHUVFKUHGHQ��%LM�IUHTXHQWLHV� RQGHU� ���0+]� ]RDOV� ELM� NDDUWOH]HUV� LV� KHW� QLHW� ZDDUVFKLMQOLMN� GDW� GH�JUHQVZDDUGH� YRRU� GH� VWURRPGLFKWKHLG� RYHUVFKUHGHQ� ]DO� ZRUGHQ�� %LM� IUHTXHQWLHV�ERYHQ�����N+]�HQ�YHUPRJHQV�WRW���:�LV�KHW�QLHW�ZDDUVFKLMQOLMN�GDW�GH�JUHQVZDDUGH�YRRU�RSZDUPLQJ�GH�6$5�RYHUVFKUHGHQ�]DO�ZRUGHQ��%LM�KRJHUH�YHUPRJHQV�GDQ���:�PRHW�PHW�WRHSDVVLQJ�YDQ�GH�]HV�PLQXWHQUHJHO�EHSDDOG�ZRUGHQ�RI�GH�JUHQVZDDUGHQ�]RXGHQ� NXQQHQ� ZRUGHQ� RYHUVFKUHGHQ� �]LH� %LMODJH� ���� 'LW� YHUJW� GRRUJDDQV� HQLJH�HHQYRXGLJH�EHUHNHQLQJHQ�PHW�EHKXOS�YDQ�YXLVWUHJHOV����5),'�V\VWHPHQ� WRW� ����N+]� YDOOHQ� LQ� FDWHJRULH�,�� 5),'�V\VWHPHQ� PHW� HHQ�YHUPRJHQ�WRW���:��IUHTXHQWLHV�ERYHQ�����N+]�HQ�HHQ�PD[LPDOH�EORRWVWHOOLQJVGXXU�YDQ� ���VHFRQGHQ� SHU� ]HV� PLQXWHQ� RIZHO� HHQ� GXW\� F\FOH� YDQ� ����� YDOOHQ� LQ�FDWHJRULH�,�� 5),'�V\VWHPHQ� PHW� HHQ� KRJHU� YHUPRJHQ� RI� HHQ� ODQJHUH� GXW\� F\FOH�YHUJHQ�� ]RDOV� ELM� DQWHQQHV� YDQ� ]HQGHUV�� HHQ� EHUHNHQLQJ�� 'H]H� V\VWHPHQ� YDOOHQ�GDDUPHH�LQ�FDWHJRULH�,,D���
���� 'LsOHNWULVFKH�YHUZDUPLQJ��'LsOHNWULVFKH��FDSDFLWLHYH�RI�UDGLRIUHTXHQWH��5)��YHUZDUPLQJ�LV�GH�QDDP�YRRU�KHW�SURFHV�ZDDUELM�ZDUPWH�ZRUGW�WRHJHYRHUG�DDQ�HHQ�QLHW�PHWDOHQ�YRRUZHUS�GRRU�KHW�WXVVHQ� WZHH� FRQGHQVDWRUHOHNWURGHQ�� YDDN� LQ� GH� YRUP� YDQ� SODWHQ�� WH� SODDWVHQ��'LsOHNWULVFKH� YHUZDUPLQJ�ZRUGW� WRHJHSDVW� ELM� KHW� YHUOLMPHQ� HQ� GURJHQ�YDQ�KRXW��KHW� GURJHQ� YDQ� GLYHUVH� VWRIIHQ� ]RDOV� WDEDN�� NHUDPLHN�� OHHU�� YH]HOV� HQ� SDSLHU�� KHW�YHUYDDUGLJHQ� YDQ� SODVWLF� HQ� UXEEHUHQ� SURGXFWHQ� HQ� LQ� KHW� YHUZHUNHQ� YDQ�OHYHQVPLGGHOHQ��%LM�NXQVWVWRIYHUYDDUGLJLQJ�HQ�EHZHUNLQJ�ZRUGHQ�]RJHQDDPGH�5)�
SODVWLF� VHDOHUV� JHEUXLNW� HQ� VSUHHNW� PHQ� ZHO� YDQ� SODVWLF�� RI� NXQVWVWRIODVVHQ�� 'H�EHGULMIVWDNNHQ� GLH� FDSDFLWLHYH� YHUZDUPLQJ� JHEUXLNHQ� ]LMQ� RQGHUGHHO� YDQ� GH�
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LQGXVWULH��'���YHUYDDUGLJLQJ�YDQ�PHXEHOV��'1���KRXWLQGXVWULH�HQ�YHUYDDUGLJHQ�YDQ�DUWLNHOHQ�YDQ�KRXW��NXUN��ULHW�HQ�YOHFKWZHUN��JHHQ�PHXEHOV���''��HQ�YHUYDDUGLJLQJ�YDQ�SURGXFWHQ�YDQ�UXEEHU�HQ�NXQVWVWRI��'+����(U� ZRUGHQ� YHUVFKLOOHQGH� IUHTXHQWLHV� JHEUXLNW� LQ� GH� EDQG� YDQ� ��� WRW� ����0+]��7\SLVFK� JHEUXLNWH� IUHTXHQWLHV� ]LMQ� ������0+]�� ������0+]� HQ� ������0+]�� 'H�HHUVWH� WZHH� IUHTXHQWLHV� ]LMQ� ,QGXVWULDO�� 6FLHQWLILF� DQG�0HGLFDO� �,60�� IUHTXHQWLHV�>��@�� 'H� DFWLHZDDUGHQ� EHGUDJHQ� ELM� GH]H� IUHTXHQWLHV� ���9�P� HQ� �����$�P�� %LM�IUHTXHQWLHV�YDQ����������0+]�YHUNHHUW�GH�RSHUDWRU�LQ�KHW�QDELMHYHOG�HQ�PDDNW�GXV�LPSOLFLHW� GHHO� XLW� YDQ� KHW� ]HQGV\VWHHP��'H� DFWLHZDDUGHQ� ]LMQ� RSJHVWHOG� YRRU� KHW�XQLIRUPH� YHUUHYHOG�� WHUZLMO� GH� EHGLHQLQJVSOHN� YRRU� GLsOHNWULVFKH� DSSDUDWXXU�GRRUJDDQV� LQ� KHW� QLHW�XQLIRUPH� QDELMHYHOG� LV� JHOHJHQ�� 0HWLQJHQ� PRHWHQ� GXV�YROJHQV� HHQ� SURWRFRO� ZRUGHQ� XLWJHYRHUG�� JHYROJG� GRRU� HHQ� EHUHNHQLQJ� RI�UHGHQHULQJ� RI� GH� JUHQVZDDUGHQ� LQ� GLH� VLWXDWLH� ZRUGHQ� RYHUVFKUHGHQ�� ,/2� >��@�QRHPW� HQNHOH� PHWKRGHQ�� ]LH� RRN� 3DUDJUDDI������� YRRU� HHQ� YRRUEHHOGUHGHQHULQJ�JHEDVHHUG� RS� LQIRUPDWLH� XLW� HHQ�+6(�GRFXPHQW� >��@��+HW�YROVWDDW� LQ� LHGHU�JHYDO�QLHW� RP� DOOHHQ� RS� ppQ� EHGLHQLQJVSRVLWLH� WH�PHWHQ��PDDU� RRN� LQ� HHQ� KDOYH�PHWHU�HURPKHHQ� RPGDW� HHQ� NOHLQH�YHUSODDWVLQJ�EORRWVWHOOLQJ� DDQ� HHQ�DQGHUH�YHOGVWHUNWH�NDQ�RSOHYHUHQ��2RN�LV�GH�PDWH�ZDDULQ�HQHUJLH�NDQ�ZRUGHQ�RSJHQRPHQ�DIKDQNHOLMN�YDQ� GH� VWURPHQ� GLH� GRRU� KHW� OLFKDDP� JDDQ� ORSHQ�� +HW� NDQ� YRRUNRPHQ� GDW� HHQ�RSHUDWRU� DDQ� HHQ� ZHUNEDQN� GH� HOHNWURGHV� RI� KHW� NXQVWVWRI� ZHUNVWXN� EHHW� KRXGW��:DQQHHU�HHQ�RSHUDWRU�VWDDW��EHGLHQW�GH]H�YDDN�HHQ�SHUV��ZDDUELM�DDQ�GH�SODWHQ�YDQ�GH�SHUV�GH�FRQGHQVDWRUHQ�]LWWHQ��)LJXXU�����'DQ�]DO�KHW�KHOH�OLFKDDP�EORRWJHVWHOG�ZRUGHQ�� ZDW� OHLGW� WRW� LQGXFWLHVWURPHQ� GRRU� RQGHUPHHU� GH� HQNHO�� (U� EHVWDDQ�WHFKQLHNHQ�RP�GH]H�VWURPHQ�GRRU�GH�HQNHO�HQ�GH�SROVHQ�GLUHFW�WH�PHWHQ�>��@��'H]H�VWURPHQ�]LMQ�KRJHU�ZDQQHHU�GH�RSHUDWRU�DDQ�GH�ZHUNEDQN�]LW�HQ�GDQ�GRRUJDDQV�KHW�ZHUNVWXN�YDVWKRXGW��(FKWHU�� YRRU�KHW� ODDWVWH�JHYDO� ]LMQ�GH�KDQGHQ�YDDN�ZHHU�DDQ�KRJHUH�YHOGVWHUNWHV�EORRWJHVWHOG�>��@���.OHLQMDQV� HQ� 6FKXXUPDQ� >�@� JHYHQ� JHWDOOHQ� YDQ� EXLWHQODQGVH�PHWLQJHQ� XLW� �����ZDDUELM�KHW�PDJQHWLVFKH�YHOG�UHJHOPDWLJ�HQLJH�PDOHQ�GH�DFWLHZDDUGH�EHGUDDJW��WRW��������'H�HOHNWULVFKH�YHOGVWHUNWH�YDULHHUW�ELM�GH�EHGLHQLQJVSRVLWLH�W\SLVFK�YDQ����WRW�����9�P�HQ�GH�PDJQHWLVFKH�YHOGVWHUNWH�WXVVHQ�����HQ����$�P�>�@��*DQGKL�KHHIW�LQ������HQ������>������@�EHUHNHQLQJHQ�JHGDDQ�ZDDUXLW�EOLMNW�GDW�ZHUNQHPHUV�HHQ�YHUKRJLQJ�YDQ�GH�OLFKDDPV�6$5�NULMJHQ�ELM�EHSDDOGH�SRVLWLHV�YDQ�GH�KDQGHQ�WXVVHQ�GH� FRQGHQVDWRUSODWHQ�� -RNHOD� HQ� 3XUDQHQ� >��@� PHUNHQ� RS� GDW� DSSDUDWXXU� YRRU�GLsOHNWULVFKH� YHUZDUPLQJ�KHW�EHODQJULMNVWH� UDGLRIUHTXHQWH�YHLOLJKHLGVSUREOHHP� LQ�GH�ZHUNRPJHYLQJ�LV��=LM�PDWHQ�RRN�SLHNZDDUGHQ�YDQ���N9�P�HQ�HHQ�JHwQGXFHHUGH�VWURRP�YDQ�����P$��]H�FRQVWDWHHUGHQ�GDW�����9�P�HQ�����P$�QLHW�RQJHEUXLNHOLMN�]LMQ�� (U� EOLMNW� XLW� EHUHNHQLQJHQ� GDW� ELM� ����P$� HHQ� ORNDOH� 6$5� YDQ� ���:�NJ�YRRUNRPW� HQ� GH� OLFKDDPV�6$5� YDULHHUW� YDQ� ����� WRW� ��:�NJ�� 'LW� LV� HHQ�RYHUVFKULMGLQJ�YDQ�GH�JUHQVZDDUGH�YDQ�����:�NJ�>�������������@���
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2QGDQNV�GDW�GH�DSSDUDWXXU�YHOGVWHUNWHQ�ERYHQ�GH�DFWLHZDDUGHQ�NDQ�DIJHYHQ��LV�HHQ�JHPLGGHOGH� EORRWVWHOOLQJVGXXU� YDQ� PDWHULDDO� RQJHYHHU� ���� VHFRQGHQ� RS� HHQ�KDQGHOLQJ� YDQ� ���VHFRQGHQ� YRRU� NXQVWVWRIODVVHQ� HQ� ��PLQXXW� RS� HHQ�YHUZDUPLQJVF\FOXV� YDQ� ��PLQXWHQ� YRRU� KHW� YHUOLMPHQ� YDQ� KRXW� >��@�� ]RGDW� QD�WRHSDVVLQJ� YDQ� GH� ]HV�PLQXWHQUHJHO� �]LH� %LMODJH� ���� GH� JHPLGGHOGH� EORRWVWHOOLQJ�QLHW�SHU�VH�ERYHQ�GH�DFWLHZDDUGHQ��ODDW�VWDDQ�GH�JUHQVZDDUGHQ��XLW�KRHIW�WH�NRPHQ�DOV�GH�ZHUNQHPHU�QLHW�YROFRQWLQX�DDQ�GH�ZHUNEDQN�VWDDW��'DW�GH�EORRWVWHOOLQJ�GRRU�PLGGHOLQJ� YDQ� GH� NZDGUDWLVFKH� YHOGVWHUNWH� QLHW� ERYHQ� GH� DFWLHZDDUGH� KRHIW� WH�NRPHQ�� ZHUG� EHYHVWLJG� WLMGHQV� HHQ� EH]RHN� DDQ� HHQ� 1HGHUODQGVH� SURGXFHQW��'DDUQDDVW�]LMQ�HU�GRRUJDDQV�PDDWUHJHOHQ�GRRUJHYRHUG��RI�HHQYRXGLJ�GRRU�WH�YRHUHQ�RP�GH�YHOGVWHUNWH� WH�EHSHUNHQ�� ]RDOV� DIVFKHUPLQJ�YDQ�GH�SHUVHQ��KHW� DDQEUHQJHQ�YDQ�HHQ�PDUNHULQJ�RS�GH�JURQG�RP�HHQ�JHELHG�DI�WH�EDNHQHQ��RI�KHW�SODDWVHQ�YDQ�KHW�EHGLHQLQJVSDQHHO�RS�PHHU�GDQ���P�YDQ�GH�SHUVHQ�HQ�YHOH�DQGHUH�PRJHOLMNKHGHQ�>������@����(HQ� 1HGHUODQGV� EHGULMI� SURGXFHHUW�� RQGHUKRXGW� HQ� UHQRYHHUW� 5)�DSSDUDWXXU� GLH�GRRUJDDQV� ZHUNW� RS� ��0+]� �� ���0+]� PHW� YHUPRJHQV� YDQ� �� �� ���N:�� 8LW� KXQ�JHDQRQLPLVHHUGH� PHHWUDSSRUWHQ� RYHU� GH]H� VLWXDWLH� EOLMNW� GDW� GH� PD[LPDOH�HOHNWULVFKH�YHOGVWHUNWHQ�GH�DFWLHZDDUGHQ�RYHUVFKULMGHQ��(FKWHU��GRRUGDW�ELM�YHOGHQ�PHW�HHQ�IUHTXHQWLH�KRJHU�GDQ�����N+]�GH�]HV�PLQXWHQUHJHO�PDJ�ZRUGHQ�WRHJHSDVW��ZRUGW� GH� RSHUDWRU� ELM� ]LMQ� QRUPDOH� YHUEOLMIVGXXU� JHPLGGHOG� DDQ� HHQ� YHOGVWHUNWH�RQGHU� GH� DFWLHZDDUGHQ� EORRWJHVWHOG�� (U� PRHW� ELM� IUHTXHQWLHV� WRW� ���0+]� RRN�JHNHNHQ�ZRUGHQ�RI�GH�VWURRPGLFKWKHLG�LQ�KHW�FHQWUDDO�]HQXZVWHOVHO�QLHW�ERYHQ�GH�JUHQVZDDUGH� NRPW�� KLHUELM� PDJ� GH� ]HV�PLQXWHQUHJHO� QLHW� ZRUGHQ� WRHJHSDVW�DOYRUHQV�WH�WRHWVHQ�DDQ�GH�DFWLHZDDUGHQ����%LM� EHVFKDGLJLQJ� YDQ� GH� DIVFKHUPLQJ�� HHQ� EUHXN� LQ� GH� VWURRPJHOHLGHU� RI� HHQ�GHIHFWH� DDUGYHUELQGLQJ� NDQ� GH� EORRWVWHOOLQJ�ZHO� RSORSHQ� ERYHQ� GH� DFWLHZDDUGHQ��'DDUQDDVW� ZRUGW� VRPV� ELM� KHW� YDVWORSHQ� YDQ� GH� PDFKLQHV� GH� DIVFKHUPLQJ�YHUZLMGHUG� RP� PDNNHOLMNHU� ELM� PHFKDQLVFKH� RQGHUGHOHQ� WH� NXQQHQ� NRPHQ��ELMYRRUEHHOG�ELM�KRXWYHUZHUNLQJVPDFKLQHV��8LW�KHW�SUDNWLMNRQGHU]RHN� LV�JHEOHNHQ�GDW�PHQ�ZHO�HHQV�EHGULMYHQ��ZDDU�QXWWLJ��DDQUDDGW�RP�ELM�KHW�MDDUOLMNV�RQGHUKRXG�RRN�GH�HOHNWURPDJQHWLVFKH�YHOGHQ� WH� ODWHQ�PHWHQ��9DQ�GH�FLUFD�����JHEUXLNHUV�LQ�1HGHUODQG� YDQ� FLUFD� ����KRRJIUHTXHQWH� YHUZDUPLQJVDSSDUDWHQ� ZRUGHQ� ELM����JHEUXLNHUV� UHJHOPDWLJ�PHWLQJHQ�XLWJHYRHUG��'H�PDFKLQHV�]LMQ�UREXXVW�HQ�JDDQ�YDDN�WLHQWDOOHQ�MDUHQ�PHH�]RQGHU�GHIHFW�UDNHQ��ZDDUGRRU�MDDUOLMNV�RQGHUKRXG�GRRU�NODQWHQ�PHHVWDO�DOV�RYHUERGLJ�ZRUGW�JH]LHQ���'LsOHNWULVFKH� DSSDUDWXXU�ZRUGW� LQ� FDWHJRULH�,,E� JHSODDWVW�� RPGDW� JHFRQVWDWHHUG� LV�GDW� HU� ELM� RQUHJHOPDWLJ� RQGHUKRXG�� ELM� RQ]RUJYXOGLJH� PDDU� RRN� ELM� QRUPDOH�EHGULMIVYRHULQJ� EORRWVWHOOLQJ� ERYHQ� GH� DFWLHZDDUGHQ� NDQ� YRRUNRPHQ�� %LM� GH]H�DSSDUDWXXU�]LMQ�PDDWUHJHOHQ�WHU�EHVFKHUPLQJ�HQ�RQGHUKRXG�YRRUKDQGHQ���
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)LJXXU��� 'LsOHNWULVFKH�SHUV�YRRU�NXQVWVWRIODVVHQ���
���� (OHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH��'H�HOHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH�RPYDWWHQ�HHQ�YHHOKHLG�DDQ�DSSDUDWXXU�GLH�RS����+]�ZHUNW��%LM�GH]H�ODJH�IUHTXHQWLH�GLHQHQ�KHW�HOHNWULVFKH�HQ�KHW�PDJQHWLVFKH�YHOG� DI]RQGHUOLMN� WH� ZRUGHQ� EHVFKRXZG�� +HW� HOHNWULVFKH� YHOG� LV� JRHG� DI� WH�VFKHUPHQ�� WHUZLMO� KHW�PDJQHWLVFKH� YHOG� YDQ� GH]H� IUHTXHQWLH� YULMZHO� QLHW� LV� DI� WH�VFKHUPHQ���8LW�GH�OLWHUDWXXU�EOLMNW�GDW�ELM�JHOLMNULFKWHUV��EHNUDFKWLJLQJVG\QDPR¶V��JHQHUDWRUHQ��VWURRPUDLOV� �EXV EDUV� HQ� WUDQVIRUPDWRUHQ� YHOGHQ� YRRUNRPHQ� GLH� RS�EHQDGHULQJVDIVWDQG� HQ�EHGLHQLQJVDIVWDQG�HHQ�RYHUVFKULMGLQJ�YDQ�GH� DFWLHZDDUGHQ�NXQQHQ� RSOHYHUHQ� >��� �@�� %LM� DQGHUH� RQGHUGHOHQ�� ]RDOV� GH� KRRJVSDQQLQJVNDEHOV��RQGHUVWDWLRQV� HQ� VFKDNHO�� HQ� YHUGHHOWRHVWHOOHQ� LV� HU� ZHO� HHQV� HHQ� RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�JHFRQVWDWHHUG��PDDU�YDDN�VOHFKWV�WHU�SODDWVH�YDQ�GH�OHGHPDWHQ�HQ� QLHW� YDQ� KRRIG� HQ� OLFKDDP�� ]RGDW� GH� JUHQVZDDUGHQ� ZDDUVFKLMQOLMN� QLHW�RYHUVFKUHGHQ�ZRUGHQ�� ,Q�GH�FRQWUROHNDPHU�YDQ�FHQWUDOHV�HQ�RQGHUVWDWLRQV�LV�JHHQ�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�JHUDSSRUWHHUG���
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'H�EHGULMIVWDN�µ(OHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH¶�RPYDW�LQ�GH�HHUVWH�SODDWV�GH�JURWH� HQ� RRN� NOHLQH� HHQKHGHQ� GLH� HOHNWULFLWHLW� JHQHUHUHQ� YRRU� OHYHULQJ� DDQ� KHW�RSHQEDUH� HOHNWULFLWHLWVQHW� RI� YRRU� HLJHQ� LQWHUQ� JHEUXLN� �]RDOV� ZDUPWH�NUDFKW�HHQKHGHQ���,Q�GH�WZHHGH�SODDWV�JDDW�KHW�RP�WUDQVSRUW�HQ�GLVWULEXWLH�YDQ�HOHNWULFLWHLW��'H� µHLQGDSSDUDWXXU¶�GLH�XLWHLQGHOLMN�GH�HOHNWULVFKH�HQHUJLH� LQ�DQGHUH�YRUPHQ�YDQ�HQHUJLH� RP]HW�� EHKRRUW� QLHW� WRW� GH�EHGULMIVWDN�� ,Q�GH� VFKDNHONDVW� �µGH�PHWHUNDVW¶��YDQ�GH�JHEUXLNHU�OLJW�GH�RYHUJDQJ���2YHU� KHW� DOJHPHHQ� JHOGW� GDW� RS� SODDWVHQ� ZDDU� GH� DIVWDQG� WXVVHQ� GH� GULH�IDVHQGUDGHQ� YDQ� KHW� GULHIDVHQV\VWHHP� DDQ]LHQOLMN� LV� HQ� ZDDU� VWHUNH��RQJHEDODQFHHUGH��VWURPHQ�ORSHQ�KHW�UHVXOWHUHQGH�PDJQHWLVFKH�YHOG�RRN�DDQ]LHQOLMN�NDQ�]LMQ���
(QHUJLHFHQWUDOH��,Q�HQHUJLHFHQWUDOHV�ZRUGHQ�PHW�JHQHUDWRUHQ�KRJH�YHUPRJHQV�ELM�HHQ�ODJH�VSDQQLQJ�RSJHZHNW�� 'H]H� ODJH� VSDQQLQJ� ZRUGW� YHUYROJHQV� RPKRRJ� JHWUDQVIRUPHHUG� QDDU�VSDQQLQJHQ� YDQ� ���� WRW� ���� N9� YRRU� WUDQVSRUW� YLD� KRRJVSDQQLQJVOLMQHQ�� 2PGDW�GH]H�KRRJYHUPRJHQ�JHQHUDWRUHQ�ODJH�VSDQQLQJHQ�RSZHNNHQ�ORSHQ�HU�KRJH�VWURPHQ�GLH� VWHUNH�PDJQHHWYHOGHQ�NXQQHQ�YHURRU]DNHQ��8LW�153%�PHWLQJHQ�EOLMNW�GDW�ELM�GH�JHQHUDWRUHQ�LQ�GLYHUVH�HOHNWULFLWHLWVFHQWUDOHV�GH�YHOGHQ�EHQHGHQ�GH�DFWLHZDDUGHQ�EOLMYHQ�� (U� ZRUGHQ� RRN� LQ� GH� EXXUW� YDQ� VWURRPJHOHLGHUV� ELQQHQ� HOHNWULFLWHLWV�FHQWUDOHV�PDJQHHWYHOGHQ�JHPHOG�GLH�GH�DFWLHZDDUGHQ�PHW�RQJHYHHU�HHQ� IDFWRU����RYHUVFKULMGHQ��0DDU�GDW�JHOGW�HLJHQOLMN�DOOHHQ�WHU�SODDWVH�YDQ�DUPHQ�HQ�EHQHQ��'H�DFWLHZDDUGHQ�YRRU�GH�PDJQHWLVFKH�IOX[GLFKWKHLG�NXQQHQ�YRRU�KRRIG�HQ�URPS�PHW�HHQ� IDFWRU� WZHH� WRW� ]HV� ZRUGHQ� RYHUVFKUHGHQ� ELM� RQGHU� DQGHUH� WUDQVIRUPDWRUHQ��JHOLMNULFKWHUV� HQ� VWURRPJHOHLGHUV� >�@�� 9DQZHJH� GH]H� PRJHOLMNH� RYHUVFKULMGLQJHQ�YDQ�DFWLHZDDUGHQ��ZRUGHQ�HOHNWULFLWHLWVFHQWUDOHV�LQJHGHHOG�LQ�FDWHJRULH�,,���
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)LJXXU��� %HUHNHQGH�YHOGVWHUNWH�QDELM�GH�GUDGHQ�YDQ�ERYHQJURQGVH�
KRRJVSDQQLQJVOLMQHQ�WHU�SODDWVH�YDQ�GH�PDVW��

�
+RRJVSDQQLQJVOLMQ�
+HW�5,90�KHHIW�YRRU�W\SLVFKH�����HQ�����N9�OLMQHQ�PHW�KHW�FRPSXWHUSURJUDPPD�()&���� �)RUVFKXQJVJHVHOOVFKDIW� I�U� (QHUJLH� XQG� 8PZHOWWHFKQRORJ\� *PE+��YHUVLH������EHUHNHQLQJHQ�XLWJHYRHUG�YDQ�GH�PDJQHWLVFKH�YHOGVWHUNWH�WHU�SODDWVH�YDQ�GH� PDVW�� ]LH� )LJXXU� ��� +HW� LV� LQ� 1HGHUODQG� GH� SUDNWLMN� GDW� HHQ� FLUFXLW� ZRUGW�XLWJHVFKDNHOG� DOV� HU� DDQ� ZRUGW� JHZHUNW�� +HW� DQGHUH� FLUFXLW� ZRUGW� GDQ� GXEEHO�EHODVW�� 'H� EHUHNHQLQJHQ� ]LMQ� XLWJHYRHUG� YRRU� HHQ� H[WUHPH� VLWXDWLH� ZDDULQ� GH�PD[LPDOH� VWURRP� GRRU� ppQ� FLUFXLW� JDDW�� 8LW� GH� EHUHNHQLQJHQ� YROJW� GDW� GH�

�E������N9�

�D������N9�
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DFWLHZDDUGHQ� YDQ� ����µ7 WHU� SODDWVH� YDQ� GH� WUDYHUVH� QLHW� ZRUGW� RYHUVFKUHGHQ��
%RYHQJURQGVH�KRRJVSDQQLQJVOLMQHQ�ZRUGHQ�GDDURP�LQJHGHHOG�LQ�FDWHJRULH�,���
2QGHUVWDWLRQ�PHW�FRQGHQVDWRUEDQNHQ��,Q� KHW� NDGHU� YDQ� KHW� SUDNWLMNRQGHU]RHN� ]LMQ� JHVSUHNNHQ� JHYRHUG� PHW� HQNHOH�QHWEHKHHUGHUV� HQ� LV� HHQ� RQGHUVWDWLRQ� EH]RFKW� ZDDU� ]LFK� HHQ� FRQGHQVDWRUEDQN�
EHYLQGW�� ,Q� KHW� EH]RFKWH� RQGHUVWDWLRQ�ZRUGW� GH� DFWLHZDDUGH� YDQ� ����µ7 QHUJHQV�
RYHUVFKUHGHQ�� 'H� ORFDWLH� ZDDU� ]LFK� GH� OXFKWVSRHOHQ� EHYLQGHQ�� LV� PHW� HHQ� KHN�DIJH]HW� HQ� GH� WRHJDQJVGHXU� LV� ]RGDQLJ� DIJHVORWHQ� GDW� GH]H� DOOHHQ� NDQ� ZRUGHQ�JHRSHQG� DOV� GH� FRQGHQVDWRUEDQN� LV� XLWJHVFKDNHOG��2PGDW� LQ� GH]H�ZHUNRPJHYLQJ�RYHUVFKULMGLQJ�YDQ�DFWLHZDDUGHQ�PRJHOLMN�LV��ZRUGW�GH]H�LQ�FDWHJRULH�,,E�LQJHGHHOG���
7UDQVIRUPDWRUKXLVMH��,Q�KHW�SUDNWLMNRQGHU]RHN�LV�JHwQIRUPHHUG�QDDU�PHWLQJHQ�YDQ�PDJQHWLVFKH�YHOGHQ�LQ�GH�WUDQVIRUPDWRUKXLVMHV�LQ�KHW�GLVWULEXWLHQHWZHUN��'H�YHOGHQ�]LMQ�KHW�KRRJVW�DDQ�GH�ODDJVSDQQLQJVNDQW� YDQ� GH� WUDQVIRUPDWRU�� 2S� GH� EXLWHQPXXU� YDQ� WUDQVIRUPDWRU�
KXLVMHV� ZRUGHQ� PHHVWDO� ZDDUGHQ� JHPHWHQ� YDQ� HQNHOH� µ7�� .(0$� KHHIW� LQ� GH�
GLUHFWH� QDELMKHLG� �RUGHJURRWWH� ��P�� YDQ� GLVWULEXWLHWUDQVIRUPDWRUHQ� ZDDUGHQ� YRRU�KHW�PDJQHWLVFKH�YHOG�JHPHWHQ�YDQ����WRW����$�P�>��@��'H]H�ZDDUGHQ�OLJJHQ�PHHU�GDQ� HHQ� IDFWRU���� RQGHU� GH� DFWLHZDDUGH�� GLH� ELM� ���+]� ����$�P� EHGUDDJW��7UDQVIRUPDWRUKXLVMHV�ZRUGHQ�GDDURP�LQ�FDWHJRULH�,�LQJHGHHOG���
���� (OHNWURFKHPLVFKH�SURFHVVHQ��2QGHU� HOHNWURFKHPLVFKH� SURFHVVHQ� YDOOHQ� DOOH� SURFHVVHQ� ZDDUELM� GH� HQHUJLH� YDQ�KHW� FKHPLVFKH� SURFHV� ZRUGW� JHOHYHUG� GRRU� HHQ� HOHNWULVFKH� VWURRP�� ]RDOV� ELM�HOHNWURO\VHSURFHVVHQ� RI� ELM� RSSHUYODNWHEHKDQGHOLQJHQ�� %LM� GHUJHOLMNH� SURFHVVHQ�ZRUGHQ�VWURRPVWHUNWHV�YDQ�HQLJH�WLHQWDOOHQ�NLOR�DPSqUHV�JHEUXLNW��]RGDW�HU�NDQV�LV�RS�PDJQHWLVFKH�YHOGHQ�ERYHQ�GH�DFWLHZDDUGHQ���(HQ� HOHNWURO\VHSURFHV� ZHUNW� DOV� HHQ� RPJHNHHUGH� EDWWHULM�� (U� ZRUGW� JHOLMNVWURRP�WRHJHYRHUG� RP� HHQ� FKHPLVFK� SURFHV� WH� ODWHQ� YHUORSHQ�� 9RRUEHHOGHQ� ]LMQ� GH�HOHNWURO\VH� YDQ� EULMQ� �NHXNHQ]RXW�� RSORVVLQJHQ� RP� FKORRUJDV� HQ� QDWURQORRJ� WH�PDNHQ��HQ�GH�ZLQQLQJ�YDQ�PHWDOHQ�]RDOV�]LQN��FDGPLXP�HQ�DOXPLQLXP�XLW�LQ�ZDWHU�HQ� ]XXU� RSJHORVWH� HUWVYHUELQGLQJHQ�� 2RN� NDQ� HHQ� DDQWDO� RSSHUYODNWH�EHKDQGHOLQJVSURFHVVHQ� ]RDOV� JDOYDQLVHUHQ�� YHUFKURPHQ� HQ� YHUWLQQHQ� JH]LHQ�ZRUGHQ�DOV�HOHNWURO\VHSURFHVVHQ���(HQ�HOHNWURO\VH�LQVWDOODWLH�EHVWDDW�XLW�GULH�RPJHYLQJHQ�ZDDU�ZHUNQHPHUV�DDQ�KRJH�PDJQHWLVFKH�YHOGHQ�ZRUGHQ�EORRWJHVWHOG��GH� WUDQVIRUPDWRU�JHOLMNULFKWHUUXLPWH��GH�VWURRPJHOHLGHUV� �(QJHOV�� EXV� EDUV� HQ� GH� HOHNWURO\VHKDO�� 'H]H� KDO� EHVWDDW�
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DIKDQNHOLMN� YDQ� GH� DSSOLFDWLH� XLW� HHQ� DDQWDO� ODQJH� SDUDOOHOOH� EDNNHQ�� GH�HOHNWUROLMVHUV�� PHW� ORRSSDGHQ� HUWXVVHQ�� 'H]H� HOHNWUROLMVHU� EHVWDDQ� GDQ� ZHHU� XLW�PHHUGHUH�FHOOHQ�ZDDULQ�KHW�HLJHQOLMNH�HOHNWURO\VHSURFHV�SODDWVYLQGW���(OHNWURO\VHEHGULMYHQ�KHEEHQ�HHQ�WRWDDO�VWURRPYHUEUXLN�YHUJHOLMNEDDU�PHW�HHQ�VWDG�DOV� *RXGD�� 2P� JHOLMNVWURRP� WH� PDNHQ� PRHW� GH� YLD� HHQ� KRRJVSDQQLQJVOLMQ�DDQJHYRHUGH�ZLVVHOVWURRP�YDQ����+]�ZRUGHQ�JHOLMNJHULFKW��'RRUJDDQV�ZRUGW�YDQ�ZLVVHOVWURRP� RS� GULH� IDVHQ� HHQ� JHOLMNVWURRP� JHSURGXFHHUG� GRRU�PHW� EHKXOS� YDQ�WK\ULVWRUHQ�GH�QHJDWLHYH�VSDQQLQJVZDDUGH�YDQ�GH����+]�VLQXV�RP�WH�NODSSHQ�HQ�]R�GULH�LQ�IDVH�YHUVFKRYHQ�SRVLWLHYH�VLQXVYRUPHQ�WH�VXSHUSRQHUHQ��+LHUGRRU�RQWVWDDW�HHQ�JHOLMNVWURRPFRPSRQHQW��'&�� PHW�HHQ�ZLVVHOVWURRPFRPSRQHQW��$&�� GDDURS�JHVXSHUSRQHHUG��'H�ZLVVHOVWURRPFRPSRQHQW�EHVWDDW�YRRUQDPHOLMN�XLW�HHQ�VLJQDDO�YDQ� ����+]� PHW� HQNHOH� KRJHUH� KDUPRQLVFKH� ELMGUDJHQ� YDQ� ���+]�� 'H]H�ZLVVHOVWURRPFRPSRQHQW� NDQ�� QD� JHEUXLN� YDQ� GH� VRPPDWLHUHJHO� OHLGHQ� WRW� HHQ�EORRWVWHOOLQJ�ERYHQ��� >�����@��'H�EHODQJULMNVWH�ELMGUDJHQ�NRPHQ�YDQ����������HQ���� +]��2YHUVFKULMGLQJHQ�YDQ�GH�DFWLHZDDUGHQ�]LMQ�RQGHU�PHHU�JHFRQVWDWHHUG�GRRU�0RHQ�HW�DO�� >��@��(HQ�PRJHOLMNKHLG�RP�GH� ULPSHO�RS�GH�'&� WH�EHSHUNHQ� LV�GRRU�
VPRRWKLQJ�YDQ�GH�ULPSHO�GRRU�HHQ�JHVFKLNW�W\SH�JHOLMNULFKWHU�WH�JHEUXLNHQ�RI�GRRU�PHHU�IDVHQ�WH�JHEUXLNHQ�LQ�KHW�JHOLMNULFKWSURFHV�>��@���8LW�PHWLQJHQ�ELM�HHQ�]LQNSURGXFHUHQGH�IDEULHN�LQ�1HGHUODQG�GLH����N$�JHEUXLNW�LQ�KHW�HOHNWURO\VHSURFHV��EOLMNW�GH�JHQRUPHHUGH�EORRWVWHOOLQJ�LQ�JHOLMNULFKWHUUXLPWH�QD�WRHSDVVLQJ� YDQ� GH� VRPPDWLHUHJHO� VRPV� WXVVHQ� �� HQ� �� OLJW� HQ� RS� HQNHOH�PRHLOLMN�EHUHLNEDUH�SOHNNHQ�YHHOYRXGHQ�YDQ�����5RQG�GH�VWURRPJHOHLGHUV�ELM�ZHUNDIVWDQGHQ�YDQ�PHHU�GDQ����FP�HQ�LQ�GH�HOHNWURO\VHKDO�ZHUG�JHHQ�JHQRUPHHUGH�EORRWVWHOOLQJ�ERYHQ� �� JHPHWHQ��0DDWUHJHOHQ� ]LMQ� GXV� QRGLJ� ELM� GH� JHOLMNULFKWHUUXLPWH�� 6WULNWH�QDOHYLQJ�YDQ�GH�ULFKWOLMQ�EHWHNHQW�GDW�ZHUNQHPHUV�GH]H�QLHW�PHHU�PRJHQ�EHWUHGHQ�HQ� GDW� HU� URQG� GH� JHOLMNULFKWHUUXLPWH� HHQ� DI]HWWLQJ� QRGLJ� LV� WRW� ZDDU� GH�DFWLHZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ�� +HW� LV� QDPHOLMN� RQZDDUVFKLMQOLMN� GDW� GH�ZHUNQHPHUV�QLHW�ERYHQ�GH�JUHQVZDDUGHQ�ZRUGHQ�EORRWJHVWHOG��3UREOHHP�LV�GDW�GH�UXLPWH� ]HOI� GDJHOLMNV� EHWUHGHQ� PRHW� ZRUGHQ� GRRU� WHQ� PLQVWH� ppQ� SHUVRRQ� YRRU�YLVXHOH� LQVSHFWLH�� 8LW� HHQ� EHGULMIVEH]RHN� EOHHN� GDW� PDDWUHJHOHQ� DOV� DI]HWWLQJHQ�URQG� GH� JHOLMNULFKWHUUXLPWH� HQ� EXLWHQ� EHUHLN� SODDWVHQ� YDQ� GH� VWURRPJHOHLGHUV�PRJHOLMN�LV���8LW� KHW� SUDNWLMNRQGHU]RHN� ELM� HHQ�PHPEUDDQHOHNWURO\VHEHGULMI� YRRU� GH� SURGXFWLH�YDQ�FKORRU�LQ�1HGHUODQG�EOLMNW�GH�JHQRUPHHUGH�EORRWVWHOOLQJ�LQ�JHOLMNULFKWHUUXLPWH�QD� WRHSDVVHQ� YDQ� GH� VRPPDWLHUHJHO� ERYHQ� �� XLW� WH� NRPHQ� ELM� KHW� WUDQVIRUPHUHQ�QDDU����N$�JHOLMNVWURRP�RS�����9�YRRU�YLHU�HOHNWUROLMVHUV��2RN�URQG�GH�EXV�EDUV��GLH����N$�YHUYRHUGHQ��NDQ�GH�JHQRUPHHUGH�EORRWVWHOOLQJ�ERYHQ���XLWNRPHQ��,Q�GH�
� '&�LV�GH�(QJHOVH�DINRUWLQJ�YDQ�'LUHFW�&XUUHQW�ZDW�µJHOLMNVWURRP¶�EHWHNHQW��
� $&�LV�GH�(QJHOVH�DINRUWLQJ�YDQ�$OWHUQDWLQJ�&XUUHQW�ZDW�µZLVVHOVWURRP¶�EHWHNHQW��
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HOHNWURO\VHKDO�� WXVVHQ� GH� HOHNWUROLMVHUV� ZDDUGRRU� �����N$� JDDW�� OHLGW� DOOHHQ� GH�����+]� FRPSRQHQW� WRW�ZDDUGHQ� YDQ� �����YDQ� GH� DFWLHZDDUGH� YDQ� ���$�P��2RN�KLHU�JHOGW�GDW�HU�PDDWUHJHOHQ�JHQRPHQ�PRHWHQ�ZRUGHQ�ELM�GH�JHOLMNULFKWHUUXLPWH��8LW�HHQ�EHGULMIVEH]RHN�EOLMNW�GDW�URQG�GH�EXV EDUV�PHW�YHUI�JHELHGHQ�JHPDUNHHUG�]LMQ� GLH� QLHW� EHWUHGHQ� PRJHQ� ZRUGHQ�� 'DDUQDDVW� NDQ� KHW� PDJQHWLVFKH� YHOG� RRN�EHSHUNW� ZRUGHQ� GRRU� GH� DDQ�� HQ� DIYRHUHQGH� EXV EDUV� QDDVW� HONDDU� YDQ� GH�JHOLMNULFKWHU� QDDU� GH� HOHNWUROLMVHUV� LQ� GH� HOHNWURO\VHKDO� WH� ODWHQ� ORSHQ�� (FKWHU��WXVVHQ� GH� HOHNWUROLMVHUV� PRHWHQ� UHJHOPDWLJ� YLVXHOH� LQVSHFWLHV� ZRUGHQ� XLWJHYRHUG�RP�WH�NLMNHQ�RI�HU�OHNNHQ�RSWUHGHQ�WXVVHQ�GH�FRPSDUWLPHQWHQ��'H]H�LQVSHFWLHV�]LMQ�QRRG]DNHOLMN�RP�KHW�YULMNRPHQ�YDQ�JLIWLJH�RI�RQWSORIEDUH�VWRIIHQ�WH�YRRUNRPHQ����2S� EDVLV� YDQ� EHGULMIVEH]RHNHQ�� PHWLQJHQ� YDQ�.(0$� HQ� OLWHUDWXXU� EOLMNW� GDW� GH�JHOLMNULFKWHUUXLPWH� LQ� FDWHJRULH�,,,� YDOW�� RPGDW� GDDU� GH� EORRWVWHOOLQJ� HQNHOH�WLHQWDOOHQ� PDOHQ� ERYHQ� GH� DFWLHZDDUGHQ� NDQ� ]LMQ�� 'H� VWURRPJHOHLGHUV� YDOOHQ� LQ�FDWHJRULH�,,E�� RPGDW� HU� GRRU� DI]HWWLQJHQ�� PDUNHULQJHQ� HQ� KHW� RYHU� ]R� JURRW�PRJHOLMNH� DIVWDQGHQ� ODQJV� HONDDU� OHJJHQ� YDQ� GH� DDQ�� HQ� DIYRHUHQGH� JHOHLGHUV� GH�EORRWVWHOOLQJ�RQGHU�GH�DFWLHZDDUGHQ�JHKRXGHQ�NDQ�ZRUGHQ��'H�EORRWVWHOOLQJ�LQ�GH�HOHNWURO\VHKDO� KDQJW� DI� YDQ� KHW� RQWZHUS� YDQ� GH� KDO�� PDDU� HU� KRHIW� JHHQ�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�YRRU�WH�NRPHQ��'H�HOHNWURO\VHKDO�YDOW�GDDURP�LQ�FDWHJRULH�,,E���
���� ,QGXFWLHYHUZDUPLQJ��,QGXFWLHYHUZDUPLQJ�LV�HHQ�YHU]DPHOQDDP�YRRU�GH�SURFHVVHQ�GLH�ZDUPWH�RSZHNNHQ�GRRU� ZLVVHOVWURRP� GRRU� JURWH� VSRHOHQ� WH� OHLGHQ�� ,QGXFWLHYHUZDUPLQJ� ZRUGW�JHEUXLNW�ELM� KHW�PDNHQ�YDQ�JHUHHGVFKDS�HQ�PDFKLQHRQGHUGHOHQ�� VPHHGSURFHVVHQ��YHUKDUGHQ�YDQ�RSSHUYODNWHV��NULPS�ILWWHQ��EXLJHQ�YDQ�SLMSHQ��VROGHUHQ�YDQ�SODDWMHV�HQ� LQ� YDFX�PRYHQV� YRRU� KHW� VPHOWHQ� HQ� EHUHLGHQ� YDQ� GLYHUVH� PHWDOHQ� HQ�OHJHULQJHQ� ]RDOV� JLHWLM]HU�� QLNNHO�� ]LQN�� VWDDOVRRUWHQ� HQ� DOXPLQLXP� >�@�� 'H�EHGULMIVWDNNHQ� ZDDU� LQGXFWLHYHUZDUPLQJ� YRRUNRPW�� ]LMQ� RQGHU� DQGHUH�YHUYDDUGLJLQJ�YDQ�GLYHUVH�JHUHHGVFKDSSHQ��'1��HQ�YHUYDDUGLJLQJ�YDQ�PHWDOHQ� LQ�SULPDLUH�YRUP�HQ�YDQ�SURGXFWHQ�YDQ�PHWDDO��'-����+RHZHO� KHW� SULQFLSH� YDQ� LQGXFWLHYHUZDUPLQJ� KHW]HOIGH� LV�� ZRUGW� GH� DSSDUDWXXU�YDDN�RS�DDQYUDDJ�JHPDDNW�HQ�]LMQ�HU�GXV�YHOH�XLWHHQORSHQGH�PRGHOOHQ�EHVFKLNEDDU�PHW� YHUVFKLOOHQGH� YHUPRJHQV� HQ� IUHTXHQWLHV��*URWH� EXONVPHOWRYHQV�ZHUNHQ� YDDN�RS����+]��RPGDW�HHQ�JURWH�JROIOHQJWH�OHLGW�WRW�HHQ�KRPRJHQH�YHUZDUPLQJ�YDQ�KHW�PDWHULDDO�� +RJHUH� JROIOHQJWHV� GULQJHQ� PLQGHU� GLHS� GRRU� HQ� ZRUGHQ� JHEUXLNW� ELM�RSSHUYODNWHEHKDQGHOLQJ��7\SLVFKH�IUHTXHQWLHV�OLJJHQ�YROJHQV�*DEULHO�HW�DO��WXVVHQ����+]� HQ� ��0+]�� PHW� HHQ� YHUPRJHQ� WXVVHQ� ����:� HQ� ��0:� >��@�� (FKWHU� XLW�GLYHUVH�IROGHUV�EOLMNW�GDW�GH�DSSDUDWXXU�RS�PDDW�ZRUGW�JHPDDNW�HQ�GDW�YHUPRJHQV�YDQ� ���0:� YRRUNRPHQ� >��@�� 'H� JHPHWHQ� YHOGVWHUNWHV� YRRU� KHW� +�YHOG� OLJJHQ�WXVVHQ� ���� HQ� �������$�P� HQ� YRRU� KHW� (�YHOG� WXVVHQ� �� �� ������9�P��8LW� GLYHUVH�



���YDQ����� �
�

RQGHU]RHNHQ�>������������@�EOLMNW�GDW�LQGXFWLHRYHQV�GH�VWHUNVWH�EURQQHQ�YDQ�PDJQH�WLVFKH�YHOGHQ�]LMQ�LQ�GH�LQGXVWULH��)ORGHUXV�HW�DO� >��@�PDWHQ�ELM�HHQ�IUHTXHQWLH�YDQ�����+]�HOHNWULVFKH�YHOGVWHUNWHV�YDQ������9�P�RS�����P�HQ������9�P�RS�����P��'LW�LV� HHQ� RYHUVFKULMGLQJ� YDQ� HQNHOH�PDOHQ� GH� DFWLHZDDUGH� YDQ� ����9�P�� &KDGZLFN�>��@�PHOGW�GDW�ELM�HHQ�VWDDOVWULSYHUZHUNLQJVPDFKLQH�RS�HHQ�IUHTXHQWLH�YDQ����+]�GH�PDJQHWLVFKH�IOX[GLFKWKHLG�DDQ�GH�OLQNHUUDQG�YDQ�GH�ZHUNEDQN�����P7�EHGUDDJW��'LW�LV�ELMQD�KHW�GXEEHOH�YDQ�GH�DFWLHZDDUGH�GLH�ELM����+]�����P7�EHGUDDJW��=RZHO�153%� >��@� DOV�KHW�)LQVH� ,QVWLWXXW�YRRU�%HURHSVJH]RQGKHLG� �),2+�� >�@�EHULFKWHQ�GDW� ]H� ELM� GLYHUVH� DSSDUDWXXU� YRRU� LQGXFWLHYHUZDUPLQJ� RYHUVFKULMGLQJ� YDQ� GH�DFWLHZDDUGHQ�KHEEHQ�JHPHWHQ��6RPV�]LMQ�VSRHOHQ�QLHW�DIJHVFKHUPG�HQ�NXQQHQ�]H�JHGXUHQGH� GH� SURGXFWLHSURFHVVHQ� WRW� ���FP� EHQDGHUG� ZRUGHQ� >��� ��@�� ]RGDW�EORRWVWHOOLQJ� DDQ� YHOGVWHUNWHQ� KRJHU� GDQ� GH� DFWLHZDDUGHQ� PRJHOLMN� LV�� (FKWHU��YROJHQV�&RRSHU�]LMQ�GLH�RYHUVFKULMGLQJHQ�YRRUDO�JHFRQVWDWHHUG�RS�SOHNNHQ�GLFKWHU�ELM�GH�DSSDUDWXXU�GDQ�ZDDU�GH�SRVLWLH�YDQ�GH�EHGLHQHU�LV��'DW�OHLGW�HUWRH�GDW�ELM�GH�IUHTXHQWLHV� ERYHQ� ����N+]� WRHSDVVLQJ� YDQ� GH� ]HV�PLQXWHQUHJHO� �]LH� %LMODJH� ���]RUJW�GDW�GH�EORRWVWHOOLQJ�WRFK�RQGHU�GH�DFWLHZDDUGHQ�]DO�EOLMYHQ���1DDVW�GH�XLWHHQORSHQGH� IUHTXHQWLHV�HQ�YHUPRJHQV� LV�RRN�GH�ZHUNZLM]H�YDQ�JURRW�EHODQJ�� 8LW� REVHUYDWLHV� WLMGHQV� EHGULMIVEH]RHNHQ� DDQ� PHWDDOSURGXFHUHQGH�LQGXVWULHsQ�EOHHN�RRN�GDW�HU�DDQ�GH�HQH�NDQW�KHNNHQ�VWDDQ�RP�LQGXFWLHRYHQV��PDDU�DDQ�GH�DQGHUH�NDQW�HU�VRPV�ORRSSDGHQ�WXVVHQ�LQGXFWLHRYHQV�]LMQ��$IVWDQG�KRXGHQ�LV�YDDN� HHQ� HHQYRXGLJH� PDQLHU� RP� GH� EORRWVWHOOLQJ� WH� EHSHUNHQ�� HQ� LQ� JHYDO� YDQ�RYHQV�LV�GH�KLWWH�YROGRHQGH�RP�WH�]RUJHQ�YRRU�KHW�KRXGHQ�YDQ�DIVWDQG��(FKWHU��ELM�NOHLQHUH�LQGXFWLHVPHOWRYHQV��ELMYRRUEHHOG�YRRU�GH�SURGXFWLH�YDQ�OHJHULQJHQ��NRPW�KHW� YRRU� GDW� WLMGHQV� KHW� VPHOWHQ� HHQ� ZHUNQHPHU� LQ� HHQ� KLWWHYDVW� SDN� PDWHULDDO�ELMYRHJW�RI�KDQGPDWLJ�PHHW�LQ�GH�RSHQ�YXORSHQLQJ��0HWLQJHQ�YDQ�&KDGZLFN�HQ�YDQ�5XELR� >���� ��@� JHYHQ� YRRU� HHQ� ��N+]� RYHQ� DDQ� GDW� GH� ZHUNQHPHU� NDQ� ZRUGHQ�EORRWJHVWHOG�DDQ�YHOGVWHUNWHQ�YDQ�WLHQWDOOHQ�PDOHQ�GH�DFWLHZDDUGH����,Q� 1HGHUODQG� KHHIW� .(0$� PHWLQJHQ� XLWJHYRHUG� ELM� EHGULMYHQ� GLH� LQGXFWLH�YHUZDUPLQJ� JHEUXLNHQ�� 8LW� HHQ� UDSSRUW� XLW� ����� EOLMNW� GDW� ELM� HHQ� DONDDQ�� HQ�IRVIRUIDEULHN� RS� HQNHOH� SOHNNHQ� RYHUVFKULMGLQJHQ� YDQ� GH� DFWLHZDDUGH� ZHUGHQ�JHPHWHQ�� 3OHNNHQ� LQ� GH� IRVIRUIDEULHN� ZDDU� RYHUVFKULMGLQJHQ� WRW� ��P7� ELM� HHQ�EHGULMIVVWURRP�YDQ����N$�ZHUGHQ�JHPHWHQ��]LMQ�URQGRP�KHW�RYHQKHN�RS�PD[LPDDO�HHQ� KDOYH� PHWHU� HQ� QRJ� HQNHOH� SOHNNHQ�� ELMYRRUEHHOG� RS� ppQ� PHWHU� EXLWHQ� KHW�DI]HWWLQJVKHN� WXVVHQ� GH� PHHWNDPHU� HQ� GH� HOHNWURGH� HQ� WXVVHQ� GH� NRORP� HQ� GH�HOHNWURGH�� ELQQHQ� HHQ� KDOYH� PHWHU� YDQ� GH� YRHGLQJVNDEHOV� HQ� GH� WUDQVIRUPDWRU��$DQJHWHNHQG� PRHW� ZRUGHQ� GDW� ZHUNQHPHUV� RS� KLHUYRRU� JHQRHPGH� SOHNNHQ� QLHW�KRHYHQ� WH� YHUEOLMYHQ� YRRU� KXQ� ZHUN]DDPKHGHQ�� +HW� EOHHN� GDW� GH� PDJQHWLVFKH�YHOGVWHUNWH� RS� SODDWVHQ� ZDDU� ZHUNQHPHUV� ZHO� SHUPDQHQW� RI� VHPL�SHUPDQHQW�YHUEOLMYHQ�QLHW�KRJHU�ZDV�GDQ������P7����
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8LW�DQGHUH�PHWLQJHQ�YDQ�.(0$�ELM�DQGHUH�1HGHUODQGVH�EHGULMYHQ�>��@�EOLMNW�GDW�HU� ELM� GLYHUVH� LQGXFWLHYHUZDUPLQJVDSSDUDWXXU� RYHUVFKULMGLQJHQ� YDQ� GH� DFWLH�ZDDUGHQ� PRJHOLMN� ]LMQ�� PDDU� GDW� GH]H� YDDN� GRRU� HHQYRXGLJH� PDDWUHJHOHQ� WH�YRRUNRPHQ�]LMQ��(HQ� LQGXFWLHYHUZDUPHU�RS����+]�YRRU�KHW�RSZDUPHQ�YDQ� ODJHUV�EHVWDDW�UXZZHJ�XLW�HHQ�VSRHO�RS�KHXSKRRJWH�GLH�KDQGPDWLJ�ZRUGW�EHGLHQG��+LHUELM�LV� RS� HHQ� DIVWDQG� YDQ� ��FP� YDQ� GH� VSRHO� HHQ� RYHUVFKULMGLQJ� YDQ� YLHU� PDDO� GH�DFWLHZDDUGH�YDQ�����$�P�JHPHWHQ��(FKWHU��RS�HHQ�DIVWDQG�YDQ�PHHU�GDQ����FP�LV�HU� JHHQ� RYHUVFKULMGLQJ� PHHU� JHFRQVWDWHHUG�� 2RN� ELM� KDOIJHPHFKDQLVHHUGH�SURFHVVHQ��ZDDUELM�KHW� WH�YHUKLWWHQ�YRRUZHUS�YLD�HHQ� ORSHQGH�EDQG�GRRU�GH�VSRHO�JHOHLG� ZRUGHQ�� ZHUGHQ� RYHUVFKULMGLQJHQ� YDQ� GH� DFWLHZDDUGHQ� JHPHWHQ��%LMYRRUEHHOG�ELM� HHQ�PDFKLQH�GLH�EXL]HQ�YRRUYHUZDUPW�YRRU�KHW�DDQEUHQJHQ�YDQ�HHQ�FRDWLQJ� ����N:�� ��N+]��EOLMNW�GDW� UHFKW�YRRU�GH� LQODDW�GH�RYHUVFKULMGLQJ� HHQ�IDFWRU����EHGUDDJW��PDDU�RS�HHQ�DIVWDQG�YDQ����FP�LV�HU�JHHQ�RYHUVFKULMGLQJ�PHHU��(HQ� EXL]HQYHUZDUPHU� ����N+]�� YHURRU]DDNW� EXLWHQ� ���FP� JHHQ� RYHUVFKULMGLQJHQ�PHHU��2RN�HHQ�LQGXFWLHRYHQ�����+]��YRRU�KHW�YHUZDUPHQ�YDQ�PHWDOHQ�ZLHOHQ�JHHIW�HHQ�RYHUVFKULMGLQJ�RS�GH�ZDQG��PDDU�RS����FP�QLHW�PHHU��%LM�KDOIJHPHFKDQLVHHUGH�SURFHVVHQ�NDQ�YDDN�HHQYRXGLJ�DIVWDQG�JHKRXGHQ�ZRUGHQ���8LW� HHQ� EHGULMIVEH]RHN� DDQ� HHQ� JURRW� 1HGHUODQGVH� EHGULMI� GDW� GLYHUVH� LQGXFWLH�DSSDUDWXXU�RQGHUKRXGW��UHSDUHHUW�HQ�UHQRYHHUW��EOHHN�GDW�LQGXFWLHDSSDUDWXXU�HQNHOH�WLHQWDOOHQ� MDUHQ�PHHJDDW�YRRUGDW� UHQRYDWLH�QRGLJ� LV��'LW� NDQ� HHQ�SUREOHHP�JHYHQ�RPGDW�ELM�RXGH�DSSDUDWXXU�GH�VSRHO�QLHW�DOWLMG�DIJHVFKHUPG�LV� �)LJXXU�����1D�HHQ�UHQRYDWLH�RI�ELM�HHQ�QLHXZH�LQGXFWLHYHUZDUPHU�]LWWHQ�GH�LQGXFWLHVSRHOHQ�GRRUJDDQV�LQ�HHQ�NRRL�YDQ�)DUDGD\�]RDOV�HHQ�RYHQ��RI�GUDDLHQ�YRODXWRPDWLVFK�]RDOV�GUDDGYHU�ZDUPHUV�]RGDW�ZHUNQHPHUV�QLHW�ZRUGHQ�EORRWJHVWHOG�ERYHQ�GH�DFWLHZDDUGHQ�YRRU�KHW�HOHNWULVFKH�RI�KHW�HOHNWURPDJQHWLVFKH�YHOG��(HQ�NRRL�YDQ�)DUDGD\�VFKHUPW�KHW�PDJQHWLVFKH�YHOG�XLWHUDDUG�QLHW�DI�ELM�YROGRHQGH�ODJH�IUHTXHQWLHV���$SSDUDWXXU�YRRU�LQGXFWLHYHUZDUPLQJ�YDOW�LQ�FDWHJRULH�,,E��YDQZHJH�GH�LQ�OLWHUDWXXU�EHULFKWH� JHPHWHQ� RYHUVFKULMGLQJHQ� YDQ� GH� DFWLHZDDUGHQ� LQ� (8� ODQGHQ� HQ� KHW� LQ�HQNHOH� JHYDOOHQ� JHFRQVWDWHHUGH� JHEUHN� DDQ� DIVFKHUPLQJ�� 2RN� LQ� GH�1HGHUODQGVH�VLWXDWLH� ]LMQ� PHWLQJHQ� YDQ� RYHUVFKULMGLQJHQ� EHNHQG�� HFKWHU� RS� SOHNNHQ� ZDDU�ZHUNQHPHUV� YRRU� KXQ�ZHUN]DDPKHGHQ� QLHW� KRHYHQ� WH� YHUEOLMYHQ��0HW� HHQYRXGLJ�XLWYRHUEDUH�PDDWUHJHOHQ�YDQ�DIVFKHUPLQJ�DDQ�GH�EURQ�HQ�GRRU�DIVWDQGVPDUNHULQJHQ�HQ� KHNNHQ� RS� EDVLV� YDQ� PHWLQJHQ� NDQ� GH� EORRWVWHOOLQJ� GRRUJDDQV� RQGHU� GH�DFWLHZDDUGHQ�ZRUGHQ�JHKRXGHQ��
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)LJXXU��� (HQ�WH�UHQRYHUHQ�LQGXFWLHYHUZDUPHU�PHW�RSHQ�VSLUDDO���6PHOWRYHQV� ZDDUELM� WLMGHQV� KHW� SURFHV� KDQGPDWLJ� PDWHULDDO� PRHW� ZRUGHQ�WRHJHYRHJG�RI�ZDDUELM�PRHW�ZRUGHQ�JHPHWHQ�GRRU�HHQ�RSHQLQJ�LQ�GH�RYHQ��NXQQHQ�OHLGHQ�WRW�HHQ�EORRWVWHOOLQJ�YDQ�HQNHOH�WLHQWDOOHQ�PDOHQ�GH�DFWLHZDDUGHQ��HQ�YDOOHQ�GDDURP�LQ�FDWHJRULH�,,,���
���� /DVVHQ��
$OJHPHHQ��/DVVHQ� LV� HHQ�PDQLHU�RP�VWXNNHQ�PHWDDO�PHW�HONDDU� WH�YHUELQGHQ��'H�YHUELQGLQJ�ZRUGW�JHYRUPG�GRRU�GH�PHWDOHQ�WH�YHUZDUPHQ�HQ�VDPHQ�WH�EUHQJHQ��6RPV�ZRUGW�HU�RRN��QHW�DOV�ELM�VROGHUHQ��HHQ�YRHJPHWDDO�JHEUXLNW�RP�GH�YHUELQGLQJ�WH�PDNHQ��'H�ZHEVLWHV� ZZZ�QLO�QO HQ� ZZZ�GXQQHSODDW�RQOLQH�QO JHYHQ� HHQ� RYHU]LFKW� YDQ� GH�PHHVW�JHEUXLNWH� ODVSURFHVVHQ� LQ�1HGHUODQG�HQ�KXQ�XLWYRHULQJ��1DDVW�JDVODVVHQ�HQ�ODVHUODVVHQ� ]LMQ� HU� GLYHUVH� VRRUWHQ� HOHNWULVFK� ODVVHQ�GLH� ]LFK� ODWHQ�YHUGHOHQ� LQ�GH�YROJHQGH�KRRIGJURHSHQ���� ERRJODVSURFHVVHQ� �R�D�� EPEH�� 7,*�� SODVPD���0,*��0$*�� RQGHU� SRHGHU� HQ�VWLIW����� ZHHUVWDQGVODVSURFHVVHQ� �R�D�� SXQW��� UROQDDG��� ]RRP��� SURMHFWLH���DIEUDQGVWXLN������ KRRJIUHTXHQWZHHUVWDQGODVSURFHVVHQ��R�D��KRRJIUHTXHQW��LQGXFWLH��HQ�� HOHNWURQHQEXQGHOODVSURFHVVHQ���/DVVHQ� ZRUGW� LQ� GLYHUVH� EHGULMIVWDNNHQ�� ]RDOV� LQ� GH� ERXZQLMYHUKHLG�� ELM� KHW�YHUYDDUGLJHQ�YDQ�GLYHUVH�PHWDOHQ�YRRUZHUSHQ�HQ�WUDQVSRUWPLGGHOHQ��JHEUXLNW���
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6RRUWHQ�ODVSURFHVVHQ��%LM� ERRJODVSURFHVVHQ� ZRUGW� JHEUXLN� JHPDDNW� YDQ� HHQ� HOHNWULVFKH� ERRJ� WXVVHQ�HOHNWURGH� HQ� ZHUNVWXN� RP� GH� WH� YHUELQGHQ� PDWHULDOHQ� WRW� VPHOWHQ� WH� EUHQJHQ��+LHUELM� ZRUGW� ]RZHO� JHOLMNVWURRP�� SXOVHUHQGH� JHOLMNVWURRP� DOV� ZLVVHOVWURRP�JHEUXLNW��'H� IUHTXHQWLH�YDQ�GH�ZLVVHOVWURRP� LV�YDDN�GH�QHWIUHTXHQWLH�YDQ����+]��PDDU� RRN� KRJHUH� IUHTXHQWLHV� ZRUGHQ� JHEUXLNW� RPGDW� GDW� HHQ� PRRLHUH� ODVQDDG�RSOHYHUW�� %LM� KHW� ZHHUVWDQGVODVSURFHVVHQ� ZRUGHQ� GH� WH� YHUELQGHQ� GHOHQ� VWHYLJ�WHJHQ�HONDDU�JHGUXNW�HQ�ZRUGW�GRRU�KHW�VFKHLGLQJVYODN�HHQ�ZLVVHOVWURRP�JHVWXXUG�JHGXUHQGH� NRUWH� WLMG�� YDDN� PLQGHU� GDQ� ppQ� VHFRQGH�� %LM�KRRJIUHTXHQWZHHUVWDQGVODVSURFHVVHQ� ZRUGW� QLHW� GH� QHWIUHTXHQWLH�� JHEUXLNW�� PDDU�IUHTXHQWLHV�ERYHQ�����N+]������������N+]������������N:���+HW�YRRUGHHO�YDQ�HHQ�KRJHUH� IUHTXHQWLH� LV� HHQ� JHULQJHUH� LQEUDQGLQJVGLHSWH� ZDDUGRRU� GH� HQHUJLH� PHHU�JHFRQFHQWUHHUG�ZRUGW�DDQ�KHW�RSSHUYODN�YDQ�KHW�ZHUNVWXN��+LHUGRRU�NDQ�PHW�ODJHUH�VWURRPVWHUNWHV� JHZHUNW� ZRUGHQ�� %LM� HOHNWURQHQEXQGHOODVSURFHVVHQ� ZRUGW� PHWDDO�RSJHZDUPG�GRRU�PLGGHO�YDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�YDQ�HHQ�HOHNWURQHQNDQRQ��'H]H� PHWKRGH� ZRUGW� HFKWHU� YDDN� LQ� YDFX�P� XLWJHYRHUG� HQ� LV� GDDUGRRU�JHPHFKDQLVHHUG���
%ORRWVWHOOLQJVIDFWRUHQ�HQ�PRJHOLMNH�RYHUVFKULMGLQJHQ��'H�JUHQVZDDUGH�GLH�PRJHOLMN�ZRUGW�RYHUVFKUHGHQ�LV�GLH�YRRU�JHwQGXFHHUGH�VWURRP�DOV�JHYROJ�YDQ�HHQ�ZLVVHOHQG�PDJQHWLVFK�YHOG��%LM�GH�QHWIUHTXHQWLH�YDQ����+]�OLJW�GH� DFWLHZDDUGH� RS� ����P7� HQ� GH� JUHQVZDDUGH� RS� ���P$�P�� 'H� EHODQJULMNVWH�IDFWRUHQ�GLH�GH�EORRWVWHOOLQJ�DDQ�PDJQHWLVFKH�YHOGHQ�ELM�ODVSURFHVVHQ�EHSDOHQ��]LMQ���� GXXU�YDQ�KHW�HLJHQOLMNH�ODVSURFHV���� VWURRPVWHUNWH���� VWURRPVRRUW��JHOLMNVWURRP��SXOVHUHQGH�JHOLMNVWURRP�RI�ZLVVHOVWURRP���� KRRJIUHTXHQWH�VWDUWSXOV���� PHFKDQLVDWLHJUDDG��KDQGPDWLJ��KDOI�JHPHFKDQLVHHUG�RI�JHPHFKDQLVHHUG���� ZHUNZLM]H��DIVWDQG�WRW�KHW�ODVZHUN�HQ�WRW�GH�VWURRPYRHUHQGH�NDEHOV���� DIVFKHUPLQJ�HQ�PDDWUHJHOHQ��2S� KRRJIUHTXHQWZHHUVWDQGVODVVHQ� QD�� ZRUGHQ� DOOH� ODVSURFHVVHQ� XLWJHYRHUG� ELM�JHOLMNVWURRP�RI�ZLVVHOVWURRP�PHW�HHQ�IUHTXHQWLH�YDQ�PLQGHU�GDQ�����N+]��2QGHU�GH ����N+]�PDJ�GH�PDJQHWLVFKH�YHOGVWHUNWH�QLHW�JHPLGGHOG�ZRUGHQ�RYHU�GH� WLMG��'H�LQVFKDNHOGXXU�YDQ�GH�DSSDUDWXXU�LV�GXV��DQGHUV�GDQ�ELM�ODVURRN��JHHQ�IDFWRU�YDQ�EHODQJ���
6WURRPVWHUNWH�HQ��VRRUW��'H�VWURRPVWHUNWH�YHUVFKLOW�SHU�ODVSURFHV�HQ�YDULHHUW�YDQ�HQNHOH�WLHQWDOOHQ�DPSqUHV�ELM�SODVPDODVVHQ��HQNHOH�KRQGHUGHQ�DPSqUHV��GRRUJDDQV�PLQGHU�GDQ�����$��ELM�GH�DQGHUH�ERRJODVSURFHVVHQ�WRW�GXL]HQGHQ�DPSqUHV�ELM�ZHHUVWDQGVODVVHQ��'H�VSDQQLQJ�
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LV� GRRUJDDQV� HQNHOH� WLHQWDOOHQ� YROWV� WRW� QHWVSDQQLQJ�� 5XZZHJ� JHOGW� GDW� GH�EORRWVWHOOLQJ� WRHQHHPW� PHW� WRHQHPHQGH� VWURRPVWHUNWH�� %LM� JHEUXLN� YDQ�JHOLMNVWURRP� ZRUGW� HHQ� VWDWLVFK� YHOG� RSJHZHNW�� WHQ]LM� KHW� JHSXOVW� ODVVHQ� RS�GRRUJDDQV����+]��GXQQH�SODDW��ZRUGW�JHEUXLNW�]RDOV�ELM�7,*�ODVVHQ�YDQ�DOXPLQLXP��2RN� 0,*� ODVVHQ� NDQ� PHW� JHOLMNVWURRP� RI� HHQ� SXOVHUHQGH� JHOLMNVWURRP� PHW�IUHTXHQWLHV�������N+]�>��@��7LMGHQV�WZHH�EHGULMIVEH]RHNHQ�EOHHN�GDW�HU�HHQ�WHQGHQV�LV� RP� ELM� ERRJODVSURFHVVHQ�� EHKDOYH� ELM� EHZHUNLQJ� YDQ� DOXPLQLXP�� �PHHU�� PHW�JHOLMNVWURRP�WH�ODVVHQ�>��@��&LH�9,,,�YDQ�KHW�1HGHUODQGV�,QVWLWXXW�YRRU�/DVWHFKQLHN��1,/��JHHIW�DDQ�GDW�KHW�KDQGPDWLJH�ERRJODVVHQ�YRRU�����XLW�0,*�0$*�ODVVHQ�HQ�YRRU�����XLW�EPEH�ODVVHQ�RS�JHOLMNVWURRP�EHVWDDW����6WURRPEURQQHQ�GLH�EORNJROYHQ�HQ�SXOVHUHQGH�VLJQDOHQ�SURGXFHUHQ��ZRUGHQ�RQGHU�DQGHUH�JHEUXLNW�ELM�0,*�0$*��'H]H�NXQQHQ�RSHUHUHQ�RS� IUHTXHQWLHV� WRW�����+]�HQ�GRRU�GH�EORNJROIYRUP�]LWWHQ�GDDU�QRJ�KDUPRQLVFKH�ELMGUDJHQ�ELM��2S�HHQ�LQ�GH�SUDNWLMN�YRRUNRPHQGH�IUHTXHQWLH�YDQ�����+]�ELM�HHQ�VWURRPVWHUNWH�YDQ�����$�ZHUG�HHQ�RYHUVFKULMGLQJ�YDQ�GH� DFWLHZDDUGH�PHW�HHQ� IDFWRU���JHPHWHQ� >��@��'DDUQDDVW�RQWVWDDQ� VWHUNH� HOHNWURPDJQHWLVFKH� YHOGHQ� RPGDW� HU� ELM� ERRJODVSURFHVVHQ� HHQ�KRRJIUHTXHQWH� SXOV� YDQ� HQNHOH� PLOOLVHFRQGHQ� ZRUGW� JHEUXLNW� RP� GH� ERRJ� WH�VWDUWHQ���=HOIV� DOV� HU� DOOHHQ� JHOLMNVWURRP� JHEUXLNW� ZRUGW�� NDQ� GH� JHOLMNULFKWHU� QRJ�PDJQHWLVFKH� YHOGHQ� YDQ� YHUVFKLOOHQGH� IUHTXHQWLHV� YHURRU]DNHQ��'RRUJDDQV� OHYHUW�HHQ�GULH�IDVHQWUDQVIRUPDWRU�PHW�GLRGH�JHOLMNULFKWHUV�HHQ�JHOLMNVWURRP�RS�PHW�HHQ�NOHLQH� ULPSHO� YDQ� RQJHYHHU� ���� YRRUQDPHOLMN� YHURRU]DDNW� GRRU� GH� ]HVGH�KDUPRQLVFKH�ELMGUDJH�����������5HJHOEDUH�VWURRPEURQQHQ�PHW�WK\ULVWRUHQ�OHYHUHQ�PHHU�KDUPRQLVFKH�ELMGUDJHQ�RPGDW�]H�GH�VLQXVYRUP�DINDSSHQ� >��@��'LW� OHLGW�GDQ�WRW� KRJHUH� IUHTXHQWLHV� HQ� WRW� KRJHUH� JHwQGXFHHUGH� VWURPHQ� >��@�� %LM� ppQ�IDVH�ZHHUVWDQGVODVVHQ� PHW� ZLVVHOVWURRP� EOLMNHQ� KRJHUH� KDUPRQLVFKH� ELMGUDJHQ� WRW������+]�HHQ�URO�WH�VSHOHQ�>��@��1D�WRHSDVVLQJ�YDQ�GH�VRPUHJHO�YRRU�YHUVFKLOOHQGH�IUHTXHQWLHFRPSRQHQWHQ� OHLGW� GLW� WRW� RYHUVFKULMGLQJHQ� YDQ� GH� DFWLHZDDUGHQ� RS� GH�SODDWV� YDQ� GH� EHGLHQHU�� %RYHQGLHQ� OLHWHQ� PHWLQJHQ� DDQ� HHQ� IUHTXHQWLH� LQYHUWRU�JHEUXLNW�ELM�ZHHUVWDQGVODVVHQ��]LHQ�GDW�ELM�HHQ�VZLWFKLQJ�IUHTXHQWLH�YDQ������+]�HQ�HHQ�VWURRPVWHUNWH�YDQ���N$�HQ����N$�KHW�YHOG�ERYHQ�GH�DFWLHZDDUGH�YDQ������P7�NRPW�RS�QRUPDOH�JHEUXLNHUVDIVWDQGHQ���
0HFKDQLVDWLHJUDDG��9RRUEHHOGHQ� YDQ� KDQGPDWLJ� XLWJHYRHUGH� ODVSURFHVVHQ� ]LMQ�� EPEH�ODVVHQ� �NDQ�DOOHHQ� KDQGPDWLJ��� VRPPLJH� DQGHUV� ERRJODVSURFHVVHQ� ]RDOV� 7,*� HQ� VRPPLJH�SXQWODVSURFHVVHQ� ]RDOV� SURMHFWLH�� HQ� SXQWODVVHQ�� %LM� KDQGPDWLJ� ODVVHQ� NRPW� KHW�YRRU� GDW� KHW� JHZLFKW� YDQ� GH� VWURRPNDEHOV� ZRUGW� JHGUDJHQ� GRRU� ]H� RYHU� GH�VFKRXGHU�WH�OHJJHQ��2P�GH�KDQG�VWLO�WH�KRXGHQ��ZRUGW�GH�NDEHO�RRN�ZHO�ODQJV�GH�GLM�JHOHJG�RI�RP�GH�DUP�JHVWUHQJHOG��]RDOV�WLMGHQV�HHQ�EHGULMIVEH]RHN�LV�JHFRQVWDWHHUG��
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+HW�LV�WH�YHUZDFKWHQ�GDW�HU�GDQ�ELM�GH]H�VWURRPVWHUNWHV�HHQ�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ� ]DO� SODDWVYLQGHQ� >���� ��@�� 9RRU� GH� PHHVWH� ERRJODVSURFHVVHQ� JHOGW�YROJHQV� +HDOWK� DQG� 6DIHW\� ([HFXWLYH� �+6(�� GDW� RS� HHQ� DIVWDQG� YDQ� PHHU� GDQ����FP�YDQ�GH�NDEHO�GH�DFWLHZDDUGHQ�QLHW�RYHUVFKUHGHQ�ZRUGHQ��9RRU�ERRJODVVHQ�PHW� JHOLMNVWURRP� EHGUDDJW� RS� ���FP� YDQ� GH� NDEHO� GH� YHOGVWHUNWH� ���� YDQ� GH�DFWLHZDDUGH��+RHZHO�GH�KDQGHQ�YDQ�GH� ODVVHU�ZHO�ZRUGHQ�EORRWJHVWHOG�ERYHQ�GH�DFWLHZDDUGHQ��LV�KHW�QLHW�DDQQHPHOLMN�GDW�GH�JUHQVZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��%LM� KDOIJHPHFKDQLVHHUGH� ODVSURFHVVHQ�� ZDDUELM� HHQ� RSHUDWRU� DDQ� HHQ� ZHUNEDQN�VWDDW�� ]XOOHQ� GH� DUPHQ� HQ� KDQGHQ�� GLH� LPPHUV� UDNHQ� DDQ� RI� ]LFK� RS� HQNHOH�FHQWLPHWHUV� EHYLQGHQ� YDQ� GH� VWURRPGUDGHQ� RI� HOHNWURGHQ�� EORRWJHVWHOG� NXQQHQ�ZRUGHQ�ERYHQ�GH� DFWLHZDDUGHQ��9RRUEHHOGHQ�YDQ�KDOIJHPHFKDQLVHHUGH�RI�JHKHHO�JHPHFKDQLVHHUGH� SURFHVVHQ� ]LMQ�� VRPPLJH� ERRJODVSURFHVVHQ� �VWLIW�� HQ� RQGHU�SRHGHU��� ZHHUVWDQGVODVSURFHVVHQ� �]RRPODVVHQ� HQ� SXQWODVVHQ��� KRRJIUHTXHQW�ODVSURFHVVHQ� HQ� HOHNWURQHQODVSURFHVVHQ�� 2YHUVFKULMGLQJHQ� YDQ� GH� DFWLHZDDUGHQ�YRRU�SXQWODVSURFHVVHQ�]LMQ�JHPHWHQ�GRRU�+6(�>������@��&RRSHU�>�@�HQ�+DPQHULXV�HQ�3HUVVRQ�>��@���'H�+6(�PDW�RYHUVFKULMGLQJHQ�YDQ�GH�DFWLHZDDUGHQ�ELM�ZHHUVWDQGVODVVHQ�PHW����N$�ELQQHQ����FP�YDQ�GH�HOHNWURGHV��GXV�RS�GH�EHGLHQLQJVSOHN�YDQ�GH� ODVVHU��2S�HHQ�DIVWDQG�YDQ����FP�YDQ�GH�HOHNWURGHV�ZHUG��QD� WRHSDVVLQJ�YDQ�GH�VRPUHJHO�RS�GH�KRJHUH� KDUPRQLVFKH� ELMGUDJHQ�� HHQ� RYHUVFKULMGLQJ� YDQ� GH� DFWLHZDDUGHQ�PHW� HHQ�IDFWRU� ��� JHFRQVWDWHHUG��1DGHHP� HW� DO� >��@�PDWHQ� ELM� ���N$�RS� ���+]��ZDDU� GH�DFWLHZDDUGH� ����P7� EHGUDDJW�� ����P7� RS� ���FP� HQ� ����P7� RS� ���FP�� 2RN�EHUHNHQGHQ�]LM�GDW�WRW�RS����FP�GH�JHwQGXFHHUGH�VWURRPVWHUNWH����P$�P� EHGUDDJW��]RGDW� GH� JUHQVZDDUGH� YRRU� EORRWVWHOOLQJ� YDQ� ���P$�P� ZHO� ZHUG� RYHUVFKUHGHQ��'DDUHQWHJHQ� YLQGW� &RRSHU� �153%�� KHW� QLHW� DDQQHPHOLMN� GDW� GH� JUHQVZDDUGHQ�ZRUGHQ� RYHUVFKUHGHQ� DOV� VOHFKWV� KDQGHQ� HQ� OHGHPDWHQ� ERYHQ� GH� DFWLHZDDUGHQ�ZRUGHQ� EORRWJHVWHOG�� ,PPHUV�� GH� ULFKWOLMQ� JHHIW� JUHQVZDDUGHQ� YRRU�VWURRPGLFKWKHLG�RP�GH�ZHHIVHOV�YDQ�KHW�FHQWUDDO�]HQXZVWHOVHO�WH�EHVFKHUPHQ��]LH�1RRW���LQ�7DEHO����'H�KDQGHQ�PDNHQ�JHHQ�GHHO�XLW�YDQ�KHW�FHQWUDDO�]HQXZVWHOVHO��=HOIV� ZDQQHHU� GH� EORRWVWHOOLQJ� DDQ� KRRIG� HQ� URPS� ERYHQ� GH� DFWLHZDDUGHQ� OLJW��KRHYHQ�GRRU�GH�QLHW�XQLIRUPH�YHUGHOLQJ�YDQ�KHW�PDJQHWLVFKH�YHOG�GH�JUHQVZDDUGHQ�QLHW�RYHUVFKUHGHQ�WH�ZRUGHQ���2RN� .(0$� >��@� KHHIW� LQ� 1HGHUODQG� ELM� GLYHUVH� KDOIJHPHFKDQLVHHUGH��KRRJIUHTXHQWH� LQGXFWLHODVDSSDUDWXXU� ����� ±� ���N+]�� ����� �� ����:�� YRRU� KHW�ODVVHQ�YDQ�EXL]HQ�YHOGVWHUNWHV�JHPHWHQ��2S�DIVWDQGHQ�ZDDU�HHQ�ZHUNQHPHU�]LFK�LQ�GH SUDNWLMN� ]DO� NXQQHQ� EHYLQGHQ� ���� ±� ����FP�� ZHUGHQ� YHOGVWHUNWHV� YDQ� ���� ±����� YDQ�GH�DFWLHZDDUGHQ����±���$�P��JHPHWHQ��:HOLVZDDU�ZRUGHQ�GH�PDFKLQHV�QLHW�EHGLHQG��PDDU�PHQ�ORRSW�HU�ZHO�ODQJV��,Q�GHUJHOLMNH�VLWXDWLHV�LV�YDQZHJH�GH���PLQXWHQPLGGHOLQJ� KHW� DDQKRXGHQ� YDQ� HHQ� EHSHUNWH� EORRWVWHOOLQJVGXXU� RI� KHW�KRXGHQ� YDQ� DIVWDQG� YROGRHQGH� RP� EORRWVWHOOLQJ� ERYHQ� GH� DFWLHZDDUGHQ� WH�YRRUNRPHQ�� (FKWHU�� KHW� DDQEUHQJHQ� YDQ� I\VLHNH� DIVFKHLGLQJHQ� ]RDOV�
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YHLOLJKHLGVGHXUHQ� LV� UDDG]DDP�� %LM� PHWLQJHQ� DDQ� LQGXVWULsOH� LQGXFWLH�VROGHHUPDFKLQHV� ����� ���N:�� ���N+]�� ZHUGHQ� PD[LPDOH� RYHUVFKULMGLQJHQ� WRW� ��PDDO� GH� DFWLHZDDUGH� ������$�P�� JHPHWHQ�� +LHU� PDJ� JHHQ� PLGGHOLQJ� ZRUGHQ�XLWJHYRHUG� HQ� LV� KHW� DDQKRXGHQ� YDQ� HHQ� DIVWDQG� YDQ� ��P� DDQ� WH� UDGHQ�� 2S� GH�YRHGLQJVNDEHO� ZHUG� HHQ� YHOG� YDQ� PHHU� GDQ� �����$�P� JHPHWHQ�� +LHU� PRHW� HHQ�DIVWDQG�YDQ�]HNHU���P�ZRUGHQ�DDQJHKRXGHQ�DOV�GH�PDFKLQH�LQ�EHGULMI�LV����3URFHVVHQ� GLH� YROOHGLJ� JHPHFKDQLVHHUG� XLWJHYRHUG� ZRUGHQ�� KHEEHQ� YDDN� HHQ�DIVWDQG� YDQ� PHHU� GDQ� HHQ� DUPOHQJWH� WRW� GH� RSHUDWRU�� RPGDW� GH]H� LPPHUV� KHW�ZHUNVWXN� WLMGHQV� KHW� ODVSURFHV� QLHW� KRHIW� WH� EHJHOHLGHQ�� 'H� NDQV� RS� HHQ�EORRWVWHOOLQJ�ERYHQ�GH�DFWLHZDDUGHQ�QHHPW�GDDUPHH�DI��3URFHVVHQ�GLH� LQ�SULQFLSH�PHW� URERWV� NXQQHQ� ZRUGHQ� XLWJHYRHUG� ]LMQ�� SXQWODVVHQ�� 0,*�0$*� ODVVHQ�� 7,*�ODVVHQ��SODVPDODVVHQ�HQ�ODVHUODVVHQ�>��@���
:HUNZLM]H��DIVFKHUPLQJ�HQ�PDDWUHJHOHQ��$QGHUV�GDQ�YRRU�EORRWVWHOOLQJ�DDQ�89�HQ�LQIUDURGH�VWUDOLQJ��JHYHQ�IDEULNDQWHQ�RI�EHURHSVYHUHQLJLQJHQ�LQ�YHLOLJKHLGVEODGHQ�GRRUJDDQV�JHHQ�YHLOLJKHLGVYRRUVFKULIWHQ�YRRU�GH�GLYHUVH�ODVDSSDUDWXXU�RS�KHW�JHELHG�YDQ�HOHNWURPDJQHWLVFKH�VWUDOLQJ�>��@��+HW�1,/�>��@�JHHIW�ZHO�HHQ�ZDDUVFKXZLQJ�YRRU�HOHNWURPDJQHWLVFKH�FRPSDWLELOLWHLW��+HW� ZDDUVFKXZW� GDW� ELM� 7,*�ODVVHQ� GH� KRRJIUHTXHQWH� VSDQQLQJ� YDQ� SXOVHQ� YDQ�HQNHOH� GXL]HQGHQ� YROWV� JHGXUHQGH� HQNHOH� PLFURVHFRQGHQ� HOHNWURPDJQHWLVFKH�YHOGHQ� WRW� JHYROJ� NDQ� KHEEHQ� GLH� DQGHUH� DSSDUDWXXU� YHUVWRRUW�� (U� ZRUGHQ� RRN�DDQEHYHOLQJHQ� JHJHYHQ� RP� GH� YHOGVWHUNWH� WH� YHUPLQGHUHQ� LQ�1(1�(1� ���������>��@�� 'DDUQDDVW� ]LMQ� HU� HHQ� EDVLVQRUP� >��@� HQ� HHQ� SURGXFWQRUP� >��@� YRRU� GH�HYDOXDWLH� YDQ� GH� EORRWVWHOOLQJ� YDQ� KHW�PHQVHOLMN� OLFKDDP�DDQ� HOHNWURPDJQHWLVFKH�YHOGHQ�YDQ�DSSDUDWXXU�YRRU�ERRJODVVHQ�HQ�YHUZDQWH�SURFHVVHQ���0DDWUHJHOHQ� WHU� YHUPLQGHULQJ� YDQ� HPLVVLH� YDQ� PDJQHWLVFKH� YHOGHQ� ]LMQ� >��@��DIVFKHUPLQJ�YDQ�GH� VWURRPNDEHO�ELM� SHUPDQHQW�JHwQVWDOOHHUGH�ERRJODVDSSDUDWXXU��RQGHUKRXG��GH�NDEHOV�]R�NRUW�PRJHOLMN�WH�KRXGHQ��GLFKW�ELM�HONDDU�WH�SRVLWLRQHUHQ�HQ� WH� SRVLWLRQHUHQ� ]R� GLFKW� PRJHOLMN� ELM� GH� YORHU�� HTXLSRWHQWLDDO� YHUELQGHQ� YDQ�VWXNNHQ�PHWDDO��GLUHFWH�DDUGLQJ�RI�DDUGLQJ�YLD�HHQ�FDSDFLWHLW�YDQ�KHW�ZHUNVWXN��HQ�DIVFKHUPLQJ�YDQ�GH�ODVLQVWDOODWLH�HQ�VWURRPEURQQHQ���'DDUQDDVW� ]LMQ� ELM� KRRJIUHTXHQW� LQGXFWLHODVVHQ� GH� YHUEOLMIVGXXU� EHSHUNHQ� HQ�DIVWDQG�KRXGHQ�HHQYRXGLJ�XLW�WH�YRHUHQ�PDDWUHJHOHQ��2RN�YHUGLHQW�KHW�DDQEHYHOLQJ�GH�YRHGLQJVNDEHOV�DI�WH�VFKHUPHQ�HQ�GH�NDEHOV�WH�WZLVWHQ�>��@���
&DWHJRULH�LQGHOLQJ��:HHUVWDQGVODVSURFHVVHQ� �KDOIJHPHFKDQLVHHUG��� YRRUDO� SXQWODVVHQ�� KRUHQ� LQ�FDWHJRULH�,,,�� %LM� GH]H� ODVSURFHVVHQ� LV� PHHUGHUH� PDOHQ� EORRWVWHOOLQJ� ERYHQ� GH�
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DFWLHZDDUGHQ� RS� GH� EHGLHQLQJVSOHN�� ���FP� YDQ� GH� HOHNWURGHQ�� JHFRQVWDWHHUG��WHUZLMO� JDQJEDUH� ODVKDQGHOLQJHQ� HQ� LQVWHOOLQJHQ� ZHUGHQ� JHKDQWHHUG�� 8LW�EHUHNHQLQJHQ�EOLMNW�RRN�GDW�GH�JUHQVZDDUGHQ�RYHUVFKUHGHQ�NXQQHQ�ZRUGHQ���%RRJODVSURFHVVHQ�YDOOHQ�LQ�FDWHJRULH�,,E��0LWV�HHQ�DIVWDQG�YDQ����FP�WRW�GH�NDEHO�ZRUGW�JHKDQWHHUG��ZRUGW�GRRUJDDQV�JHHQ�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�YRRU�KRRIG�HQ� URPS�JHFRQVWDWHHUG��'H�JDQJEDUH�SUDNWLMN�RP�GH�NDEHO� ODQJV�KHW� OLMI�RI�RYHU�GH�VFKRXGHUV�WH�OHLGHQ�RP�KHW�JHZLFKW�WH�GUDJHQ��PRHW�ZRUGHQ�YHUPHGHQ���/DVSURFHVVHQ� GLH� SXOVHUHQGH� VWURRP� RI� EORNJROYHQ� JHEUXLNHQ� YDOOHQ� LQ�FDWHJRULH�,,,�� (U� EOLMNW� GDW� QD� WRHSDVVLQJ� YDQ� GH� VRPUHJHO� GH� DFWLHZDDUGHQ� YDQ�KRJHUH� KDUPRQLVFKH� ELMGUDJHQ� HQLJH� WLHQWDOOHQ� PDOHQ� ERYHQ� ZDDUGH� �� NXQQHQ�XLWNRPHQ���
���� 0HGLVFKH�WRHSDVVLQJHQ��'RRUJDDQV� JHOGW� YRRU� DSSDUDWXXU� YRRU�PHGLVFKH� WRHSDVVLQJHQ� GDW� GH� SDWLsQW� DDQ�YHOGVWHUNWHQ� ERYHQ� GH� DFWLHZDDUGHQ� ZRUGW� EORRWJHVWHOG�� GHHOV� RRN� RPGDW� GLW�EHZXVW�GHHO�XLWPDDNW�YDQ�GH�EHKDQGHOLQJ��+HW�EHKDQGHOHQG�PHGLVFK�SHUVRQHHO�NDQ�GDDUGRRU�RRN�PRJHOLMN�ERYHQ�GH�DFWLHZDDUGHQ�ZRUGHQ�EORRWJHVWHOG��+LHU�ZRUGHQ�GH�YROJHQGH�JURHSHQ�PHGLVFKH�WRHSDVVLQJHQ�RQGHUVFKHLGHQ��DSSDUDWXXU�YRRU�05,��GLDWKHUPLH��K\SHUWKHUPLH��HOHNWURFKLUXUJLH�HQ�RYHULJH�WRHSDVVLQJHQ���
05,��$SSDUDWXXU� YRRU�0DJQHWLF� 5HVRQDQFH� ,PDJLQJ� RRN�ZHO�05,�VFDQQHU� JHQDDPG��SURGXFHHUW�GULH�VRRUWHQ�YHOGHQ��HHQ�VWDWLVFK�PDJQHWLVFK�YHOG��JUDGLsQW�PDJQHWLVFKH�YHOGHQ�HQ�JHSXOVWH�UDGLRIUHTXHQWH�YHOGHQ��+HW�VWDWLVFKH�YHOG��YRRU�LQWHUYHQWLH�05,�ZDDUVFKLMQOLMN�PD[LPDDO���WRW���7��VWDDW�DOWLMG�DDQ��GH�JUDGLsQW��������WRW����N+]��HQ� UDGLRIUHTXHQWH� YHOGHQ� ��������0+]�� ELMYRRUEHHOG� YRRU� HHQ� ����7� VFDQQHU����0+]��DOOHHQ�WLMGHQV�KHW�VFDQQHQ�>��@��7LMGHQV�KHW�VFDQQHQ�NXQQHQ�ZHUNQHPHUV�DIVWDQG� KRXGHQ�� PDDU� HU� ZRUGHQ� LQPLGGHOV� WRHSDVVLQJHQ�� ]RDOV� LQWHUYHQWLH�05,��RQWZLNNHOHQG� ZDDUELM� GH� DUWV� RI� DQGHUH� ZHUNQHPHUV� GLFKW� ELM� GH� DSSDUDWXXU�KDQGHOLQJHQ�PRHWHQ� YHUULFKWHQ�� (U� LV� ERYHQGLHQ� HHQ� WHQGHQV� RP� VWHHGV� VWHUNHUH�YHOGHQ�� YDQ� DOOH� GULH� GH� VRRUWHQ�� WH� JHEUXLNHQ� RP� ]R� GH� UHVROXWLH�� GXV� GH�EHHOGNZDOLWHLW�� WH�YHUEHWHUHQ��'H�:+2�PHOGW�GDW�HU� V\VWHPHQ� LQ�JHEUXLN�]LMQ� WRW�RQJHYHHU����7�>��@��05,�VFDQQHUV�ZRUGHQ�LQPLGGHOV�LQ�YULMZHO�DOOH�]LHNHQKXL]HQ�JHEUXLNW���+HW� VWDWLVFKH�PDJQHWLVFKH� YHOG�ZRUGW� KLHU�EXLWHQ�EHVFKRXZLQJ�JHODWHQ�RPGDW�GH�ULFKWOLMQ� GDDUYRRU� JHHQ� JUHQVZDDUGH� YRRU� EORRWVWHOOLQJ� EHYDW�� :HO� GLHQW� PHW�RYHULJH�HIIHFWHQ�RS�GH�JH]RQGKHLG�UHNHQLQJ�WH�ZRUGHQ�JHKRXGHQ��]RDOV�DOV�JHYROJ�YDQ� URQGYOLHJHQGH� IHUURPDJQHWLVFKH� YRRUZHUSHQ� ]RDOV� VFKDUHQ� HQ� JDVIOHVVHQ��
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DDQWUHNNLQJ� YDQ� PHWDOHQ� LPSODQWDWHQ� HQ� YHUVWRULQJ� YDQ� GH� ZHUNLQJ� YDQ� DFWLHYH�PHGLVFKH� LPSODQWDWHQ� �$FWLYH� ,PSODQWHG�0HGLFDO�'HYLFHV� $,0'���2RN� UDDGW�GH�:+2�DDQ�RP�ODQJ]DDP�WH�EHZHJHQ�HQ�DEUXSWH�KRRIGEHZHJLQJHQ�WH�YRRUNRPHQ�LQ�HHQ� VWDWLVFK�PDJQHWLVFK� YHOG� VWHUNHU� GDQ� ��7� >���� ��@��'H]H� EHZHJLQJHQ� NXQQHQ�QDPHOLMN�OHLGHQ�WRW�GXL]HOLJKHLG�HQ�PLVVHOLMNKHLG���'H�UDGLRIUHTXHQWH�YHOGHQ�YDQ�05,�DSSDUDWXXU�OLJJHQ�RQGHU�GH�DFWLHZDDUGHQ��PHGH�GRRU�GH�]HV�PLQXWHQUHJHO��]LH�%LMODJH����>�������������@��8LW�GH�OLWHUDWXXU�EOLMNW�GDW�KHW� YHUPRHGHQ� EHVWDDW� GDW� GH� EORRWVWHOOLQJ� YDQ� ZHUNQHPHUV� DDQ� JUDGLsQW�PDJQHWLVFKH� YHOGHQ� QDELM� GH� KXLGLJH� VFDQQHUV� QLHW� WRW� RYHUVFKULMGLQJ� YDQ�DFWLHZDDUGHQ�]DO�OHLGHQ�>��@��+LOO�HW�DO�>��@�PHOGHQ�GDW�WLMGHQV�KDUWNDWKHWHULVDWLH�LQ�HHQ� ����7� VFDQQHU� GH� VWHUNWH� YDQ� KHW� JUDGLsQWYHOG� WHU� SODDWVH� YDQ� KHW� KRRIG� GH�
DFWLHZDDUGH�YDQ����µ7 ELM�����+]�PHW�HHQ�IDFWRU����RYHUVFKULMGW��
�'H�SURGXFHQWHQ�HQ�JHEUXLNHUV�YDQ�05,�VFDQQHUV�PDNHQ�]LFK�JURWH�]RUJHQ�RYHU�GH�WRHSDVEDDUKHLG�YDQ�05,�VFDQQHUV�RQGHU�GH�ULFKWOLMQ�>����������@��=LM�QRHPHQ�GULH�ZHUNRPJHYLQJHQ� ZDDU� DFWLHZDDUGHQ� YRRU� GH� JUDGLsQW� PDJQHWLVFKH� HQ� GH�UDGLRIUHTXHQWH�YHOGHQ�ZRUGHQ�RYHUVFKUHGHQ��� WLMGHQV�GH�RQWZLNNHO��HQ�SURGXFWLHIDVH�HQ�GDQ�DOOHHQ�LQ�WURXEOH�VKRRW�HQ�DQGHUH�ZHLQLJ�YRRUNRPHQGH�RPVWDQGLJKHGHQ��� WLMGHQV�RQGHUKRXGV��HQ�UHSDUDWLH�RPVWDQGLJKHGHQ��RRN�ZHHU�LQ�WURXEOH�VKRRW�RPVWDQGLJKHGHQ�ZDDULQ�GH�DSSDUDWXXU�DDQ�PRHW�VWDDQ�RP�GH�VWRULQJ�WH�NXQQHQ�RSVSRUHQ��� WLMGHQV�KHW�VFDQQHQ��ELMYRRUEHHOG�RP�GH�SDWLsQW�PHQWDDO�WH�EHJHOHLGHQ�RI�LQ�GH JDWHQ�WH�KRXGHQ�RI�ELM�KHW�YHUULFKWHQ�YDQ�LQWHUYHQWLHZHUN]DDPKHGHQ��'H� YUDDJ� LV� QX� RI� LQ� GH� VLWXDWLHV�ZDDULQ� DFWLHZDDUGHQ�ZRUGHQ� RYHUVFKUHGHQ� RRN�JUHQVZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��+HW�SUDNWLMNRQGHU]RHN�KHHIW�JHHQ� LQIRUPDWLH�RSJHOHYHUG�ZDDUXLW�EOLMNW�GDW�YRRU�GH�UDGLRIUHTXHQWH�YHOGHQ�GH�SODDWVHOLMNH�6$5�ZDDUGHQ�ZHO�RI�QLHW�ZRUGHQ�RYHUVFKUHGHQ��+LOO�HW�DO��QRHPHQ�KHW�RQZDDUVFKLMQOLMN�GDW� GH� WRWDDO�OLFKDDP� 6$5�ZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ�>��@�� 2RN� YRRU� GH�JUDGLsQWYHOGHQ� LV� QLHW� EHNHQG� RI� GH� JUHQVZDDUGHQ� YRRU� GH� VWURRPGLFKWKHLG� YRRU�KRRIG� HQ� URPS�ZRUGHQ� RYHUVFKUHGHQ�� (U� LV� HHQ� DPHQGHPHQW� LQ� GH�PDDN� RS� GH��YRRU�GH�EHVFKHUPLQJ�YDQ�GH�SDWLsQW� JHVFKUHYHQ�� VWDQGDDUG� ,(&�����������������ZDDULQ�RRN�GH�EORRWVWHOOLQJ�YDQ�ZHUNQHPHUV�YHUGHU�ZRUGW�XLWJHZHUNW���2PGDW� QLHW� H[SOLFLHW� YLD� PHWLQJHQ� RI� EHUHNHQLQJHQ� LV� DDQJHWRRQG� GDW� GH�JUHQVZDDUGHQ�ELM�GH�KXLGLJH�DSSDUDWXXU�QLHW�ZRUGHQ�RYHUVFKUHGHQ�HQ�RRN�YDQZHJH�GH� WHQGHQV� QDDU� VWHHGV� VWHUNHUH� YHOGHQ�� ZRUGHQ� GH� GULH� JHQRHPGH� 05,�ZHUNRPJHYLQJHQ�LQ�FDWHJRULH�,,,�LQJHGHHOG��'H�ZHUNRPJHYLQJ�µJHEUXLN�YDQ�05,�DSSDUDWXXU� ZDDUELM� ]LFK� DOOHHQ� ZHUNQHPHUV� RS� DIVWDQG� EHYLQGHQ¶� ZRUGW� LQ�FDWHJRULH�,,E�LQJHGHHOG���
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'LDWKHUPLH��'LDWKHUPLH�DSSDUDWXXU� ZRUGW� JHEUXLNW� YRRU� YHUZDUPLQJ� YDQ� OLFKDDPVGHOHQ� HQ�VWLPXOHUHQ� YDQ� ELRORJLVFKH� SURFHVVHQ� YRRU� PHHVWDO� WKHUDSHXWLVFKH� GRHOHLQGHQ��]RDOV� UHYDOLGDWLH� HQ� SLMQEHVWULMGLQJ�� 0HQ� PDDNW� RQGHUVFKHLG� LQ� NRUWH�JROIGLDWKHUPLH�ELM����0+]�HQ�PLFURJROIGLDWKHUPLH�ELM�PHHVWDO������*+]��8LW�HHQ�RQGHU]RHN�LQ�&DQDGD�YDQ�PHHU�GDQ����MDDU�JHOHGHQ�EOHHN�GDW�GH�YHUKRXGLQJ�WXVVHQ�KHW�DDQWDO�DSSDUDWHQ�YRRU�NRUWH�JROIGLDWKHUPLH�HQ�PLFURJROIGLDWKHUPLH��������ZDV�>��@��,Q�1HGHUODQG�LV�GH�YHUKRXGLQJ�QLHW�EHNHQG��PDDU�XLW�KHW�SUDNWLMNRQGHU]RHN�LV�JHEOHNHQ� GDW� PLFURJROIDSSDUDWXXU� RRN� KLHU� PLQGHU� ZRUGW� JHEUXLNW�� 'LDWKHUPLH�YLQGW� LQ� ]LHNHQKXL]HQ� SODDWV�� PDDU� RRN� LQ� I\VLRWKHUDSLHSUDNWLMNHQ� EXLWHQ�]LHNHQKXL]HQ� HQ� VSRUDGLVFK� LQ� YHWHULQDLUH� LQVWHOOLQJHQ��2PGDW� GLDWKHUPLH� DO� YHOH�GHFHQQLD� LQ� JHEUXLN� LV�� ]LMQ� HU� UHHGV� GLYHUVH� PHWLQJHQ� YDQ� RQJHZHQVWH�VWURRLYHOGHQ�� GLH� RRN�ZHO� OHNVWUDOLQJ�ZRUGHQ� JHQRHPG�� EHVFKLNEDDU��'H� KRRJVWH�YHOGVWHUNWHQ� NRPHQ� YRRU� ELM� HOHNWURGHQ�� WRHYRHUGUDGHQ� HQ� DDQVOXLWLQJHQ� >���� ��������������@��'H�GLYHUVH�RQGHU]RHNHUV�]LMQ�KHW�HU�RYHU�HHQV�GDW�HU�JHHQ�HHQYRXGLJH�IRUPXOH�EHVWDDW�ZDDUPHH�GH�VWHUNWH�YDQ�GH�VWURRLYHOGHQ�NDQ�ZRUGHQ�EHUHNHQG��(HQ�HHQYRXGLJH�UHNHQUHJHO�OLMNW�GDQ�RRN�QLHW�PRJHOLMN���'H� EORRWVWHOOLQJ� NDQ� VLJQLILFDQW� ZRUGHQ� YHUPLQGHUG� GRRU� DIVWDQG� WH� KRXGHQ��'LYHUVH� LQVWDQWLHV� KHEEHQ� ZDDUGHQ� YRRU� GLH� DIVWDQG� JHDGYLVHHUG�� 9RRU� NRUWH�JROIGLDWKHUPLH� YDULHHUW� GH]H� JHDGYLVHHUGH� DIVWDQG� YDQ� ���� WRW� ����P� >��@��6KLHOGV��HW� DO�� ZLM]HQ� HU� HFKWHU� RS� GDW� ELM� KHW� YDVWVWHOOHQ� YDQ� GH]H� DIVWDQG�PRHW�ZRUGHQ� JHPHWHQ� DDQ� HHQ� EUHGH� UDQJH� YDQ� DSSDUDWHQ�� LQ� GLYHUVH� FRQILJXUDWLHV� HQ�RSHUDWLRQHOH� RPVWDQGLJKHGHQ� HQ� ELM� KHW� KRRJVW� PRJHOLMN� XLWJDQJVYHUPRJHQ��6KLHOGV� HW� DO�� KHEEHQ� LQ� ,HUODQG� DDQ� WLHQ� DSSDUDWHQ� JHPHWHQ�� ZDDUYDQ� GH� KHOIW�DINRPVWLJ�LV�YDQ�GH�IDEULNDQW�GLH�LQ�1HGHUODQG�YHUPRHGHOLMN�GH�PHHVWH�DSSDUDWXXU�OHYHUW�� =LM� FRQFOXGHUHQ� GDW� I\VLRWKHUDSHXWHQ� HHQ� DIVWDQG� YDQ� ��P� PRHWHQ�DDQKRXGHQ� WRW� DSSDUDWHQ� GLH� JHEUXLN� PDNHQ� YDQ� GH� FDSDFLWLHYH� PHWKRGH� PHW�FRQWLQXH� VLJQDOHQ�� ����P� WRW� DSSDUDWHQ� PHW� FDSDFLWLHYH� PHWKRGH� HQ� JHSXOVWH�VLJQDOHQ� HQ� ��P� WRW� DSSDUDWHQ� GLH� JHEUXLN�PDNHQ� YDQ�GH� LQGXFWLHYH�PHWKRGH��(U�PRHW� GDQ� RRN� ZRUGHQ� JH]RUJG� GDW� ]LFK� ELQQHQ� GH]H� DIVWDQGHQ� JHHQ� DQGHUH�ZHUNQHPHUV�� ]RDOV� DGPLQLVWUDWLHI� SHUVRQHHO� LQ� DDQJUHQ]HQGH� UXLPWHV�� NXQQHQ�EHYLQGHQ�� 'H� FDSDFLWLHYH� PHWKRGH� LV� RYHULJHQV� GH� PHHVW� JHEUXLNWH� PHWKRGH��6KLHOGV� HW� DO�� EHYHOHQ� DDQ� GDW� YRRU� HHQ� EHSDDOG� DSSDUDDW� SDV� NOHLQHUH� DIVWDQGHQ�NXQQHQ� ZRUGHQ� DDQJHKRXGHQ� QDGDW� GLW� PHW� JRHG� XLWJHYRHUGH� PHWLQJHQ� LV�DDQJHWRRQG���9RRU�PLFURJROIGLDWKHUPLH� ELM� �����*+]�ZRUGHQ�ZDDUGHQ� ERYHQ� GH� DFWLHZDDUGHQ�JHPHOG�� WRW� ����:�P� RS� ��FP� DIVWDQG� >��@�� 2S� SOHNNHQ� ZDDU� GH� RSHUDWRU� ]LFK�EHYLQGW��ZRUGHQ�GH�DFWLHZDDUGHQ������9�P�ELM������*+]��QLHW�RYHUVFKUHGHQ�����±����9�P� >��@��7]LPD�HW�DO��PHOGHQ� LQ������RYHUVFKULMGLQJHQ�YDQ�GH�DFWLHZDDUGHQ�WRW� RS�����P�ELM������*+]�HQ� WRW�����P�ELM�����0+]��=H�FRQFOXGHUHQ�GDW�DOV�HHQ�
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DIVWDQG�YDQ�����P�ZRUGW�DDQJHKRXGHQ�HQ�DOV�YRRUNRPHQ�ZRUGW�GDW�GH�ZHUNQHPHU�]LFK�GLFKW�ELM� JURWH�PHWDOHQ�REMHFWHQ�EHYLQGW�GLH�GH�YHOGHQ�PRJHOLMN� UHIOHFWHUHQ��GDW�GDQ�GH�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�>��@��*UDQGROIR�HW�DO��NZDPHQ�LQ������WRW�GH�FRQFOXVLH�GDW�PRGHUQH�DSSDUDWXXU�ELM�����0+]�GH�DFWLHZDDUGHQ�QLHW�RYHUVFKULMGHQ�� WHUZLMO� GDW� YRRU� �����*+]� NDQ� YRRUNRPHQ� WRW� RS� DIVWDQGHQ� YDQ�����P�>��@���,Q� KHW� SUDNWLMNRQGHU]RHN� LV� FRQWDFW� JHOHJG� PHW� IDEULNDQWHQ� HQ� OHYHUDQFLHUV�� 'H�WRHSDVVLQJ� YDQ� GLDWKHUPLH� GRRU� ������� WRW� ������� I\VLRWKHUDSHXWHQ� LV� DDQ� KHW�DIQHPHQ�� KRHZHO� KDUGH� JHWDOOHQ� GDDURYHU� RQWEUHNHQ�� 9HUPRHGHOLMN� GDW� HU� QRJ�RQJHYHHU� �����DSSDUDWHQ� YRRU� NRUWH�JROIGLDWKHUPLH� LQ� JHEUXLN� ]LMQ�� 6LQGV� HQNHOH�MDUHQ� ]LMQ� I\VLRWKHUDSLHSUDNWLMNHQ� QLHW� PHHU� YHUSOLFKW� RP� GLDWKHUPLHDSSDUDDW� LQ�KXLV�WH�KHEEHQ��1DDVW�GH�EORRWVWHOOLQJ�YDQ�I\VLRWKHUDSHXWHQ�GLHQW�RRN�DDQGDFKW�WH�ZRUGHQ�EHVWHHG�DDQ�GH�EORRWVWHOOLQJ�YDQ�RQGHUKRXGVSHUVRQHHO��8LW�FRQWDFWHQ�PHW�KHW� .RQLQNOLMN� 1HGHUODQGV� *HQRRWVFKDS� YRRU� )\VLRWKHUDSLH� LV� JHEOHNHQ� GDW�I\VLRWKHUDSHXWHQ�PHHVWDO�GRVHUHQ�DDQ�GH�KDQG�YDQ�VXEMHFWLHYH�WHPSHUDWXXUVWLMJLQJ��%LMYRRUEHHOG�� µ:H� JDDQ� GH� GRVLV� YDVWVWHOOHQ� GLH� DDQOHLGLQJ� JHHIW� WRW� HHQ� QHW�YRHOEDUH� WHPSHUDWXXUVWLMJLQJ¶� �ELM� HHQ� VHQVLWLHYH� DDQGRHQLQJ�� RI�� µ2P� KHW�JHZHQVWH� HIIHFW� WH� UHDOLVHUHQ� JDDQ� ZH� GH� WHPSHUDWXXU� YHUKRJHQ� WRW� ERYHQ� GH�SLMQJUHQV¶� �PDDU� RQGHU� GH� WROHUDQWLHJUHQV�� RP� ELMYRRUEHHOG� GH� UHNEDDUKHLG� YDQ�ELQGZHHIVHO� WH� YHUEHWHUHQ�� )\VLRWKHUDSHXWHQ� PHWHQ� GXV� QLHW� GH� HOHNWULVFKH�YHOGVWHUNWH�� 6XEMHFWLHI� GRVHUHQ� VWDDW� GXV� RS� GH� YRRUJURQG�� )\VLRWKHUDSHXWHQ� ]LMQ�EHNHQG� PHW� GH� SDFHPDNHU� DOV� FRQWUD�LQGLFDWLH� YRRU� KHW� WRHSDVVHQ� YDQ� GH]H�DSSDUDWXXU��KRHZHO�LQ�GH�RSOHLGLQJ�WRW�I\VLRWKHUDSHXW�GDDUDDQ�PLQGHU�GDQ�YURHJHU�DDQGDFKW�ZRUGW�EHVWHHG���2PGDW� ELM� GLDWKHUPLH�DSSDUDWXXU� DFWLHZDDUGHQ� NXQQHQ� ZRUGHQ� RYHUVFKUHGHQ��ZRUGW�GH]H� LQ� FDWHJRULH�,,E� LQJHGHHOG��'H�DIVWDQGHQ�ZDDUELQQHQ�GH�DFWLHZDDUGHQ�NXQQHQ�ZRUGHQ�RYHUVFKUHGHQ��NXQQHQ�WRW���P�UHLNHQ���
+\SHUWKHUPLH�
+\SHUWKHUPLH�DSSDUDWXXU� GLH� WHQ� EHKRHYH� YDQ� EHKDQGHOLQJ� YDQ� NDQNHU� ZRUGW�JHEUXLNW� RP� WXPRUHQ� WH� YHUZDUPHQ�PHW� DOV� GRHO� GH� WKHUDSHXWLVFKH�ZHUNLQJ� YDQ�FKHPR�� HQ�RI� UDGLRWKHUDSLH� WH� YHUEHWHUHQ�� ZRUGW� LQ� 1HGHUODQG� RS� YLHU� ORFDWLHV�WRHJHSDVW��(U�]LMQ�WZHH�PHWKRGHQ�LQ�JHEUXLN��QDPHOLMN�RSSHUYODNNLJH�K\SHUWKHUPLH�ELM� ����0+]� ���� ±� ����:�� HQ� GLHSH� K\SHUWKHUPLH� ELM� ���0+]� �����:��� 8LW�PHWLQJHQ�GLH�LQ�GH�OLWHUDWXXU�ZRUGHQ�JHPHOG�HQ�XLW�PHWLQJHQ�GLH�LQ�5RWWHUGDP�]LMQ�XLWJHYRHUG�� EOLMNW� GDW� ELM� RSSHUYODNNLJH� K\SHUWKHUPLH� DFWLHZDDUGHQ� QLHW� ZRUGHQ�RYHUVFKUHGHQ� >���� ��@�� %LM� GLHSH� K\SHUWKHUPLH� NDQ� YROJHQV� GH� OLWHUDWXXU� ZHO�RYHUVFKULMGLQJ�YDQ�DFWLHZDDUGHQ�RSWUHGHQ�>�@��(U�]LMQ�PHWLQJHQ�EHVFKLNEDDU�YDQ�GH�ORFDWLHV� $PVWHUGDP� HQ� 5RWWHUGDP�� ,Q� $PVWHUGDP� KHHIW� PHQ� VWURRLVWUDOLQJ� URQG�WZHH� DSSDUDWHQ� JHPHWHQ�ZDDUXLW� EOLMNW� GDW� HOHNWULVFKH�YHOGVWHUNWHQ�YDQ�PHHU�GDQ�
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���9�P� WRW� RS� HHQ� DIVWDQG� YDQ� ��P� YDQ� GH� DQWHQQHV� NXQQHQ� YRRUNRPHQ�� ,Q�5RWWHUGDP� LV� GH� VLWXDWLH� YHUJHOLMNEDDU� >��@�� 8LW� RYHUOHJ� PHW� EHWURNNHQ�YHUDQWZRRUGHOLMNH� SHUVRQHQ� LV� JHEOHNHQ� GDW� PDDWUHJHOHQ� PRJHOLMN� ]LMQ� GRRU� GH�YHUEOLMIWLMG� LQ� KHW� YHOG� WH� EHSHUNHQ� HQ� GRRU� DIVWDQG� WH� KRXGHQ��%RYHQGLHQ� LV� KHW�DDQQHPHOLMN�WH�PDNHQ�GDW�GH�JUHQVZDDUGH�GLH�DDQ�GH�OLFKDDPV�6$5�ZRUGW�JHVWHOG��QLHW� ZRUGW� RYHUVFKUHGHQ�� 9DQZHJH� GH� ULFKWLQJ� YDQ� KHW� YHOG� �KRUL]RQWDDO�� WHQ�RS]LFKWH�YDQ�GH�RULsQWDWLH�YDQ�GH�ZHUNQHPHU��YHUWLFDDO��LV�GH�LQNRSSHOLQJ�YDQ�KHW�YHOG� QLHW� RSWLPDDO�� $SSDUDWXXU� YRRU� GLHSH� K\SHUWKHUPLH� ZRUGW� LQJHGHHOG� LQ�FDWHJRULH�,,D�HQ�GLH�YRRU�RSSHUYODNNLJH�K\SHUWKHUPLH�LQ�FDWHJRULH�,���
(OHNWURFKLUXUJLH��,Q� GH� FKLUXUJLH� ZRUGHQ� UDGLRIUHTXHQWH� HOHNWURPDJQHWLVFKH� YHOGHQ� RS� WZHH�PDQLHUHQ� WRHJHSDVW��YRRU� VQLMGHQ�HQ�FRDJXOHUHQ��%LM� VQLMGHQ�RQWSORIIHQ�GH�FHOOHQ�HQ�ELM�KHW�FRDJXOHUHQ�YHUGDPSW�GH�LQKRXG�YDQ�GH�FHOOHQ��ZDDUGRRU�]H�XLWGURJHQ�HQ�DDQ�HONDDU�SODNNHQ��+HW�FRDJXOHUHQ��ZDDUYRRU�HHQ�ODJHU�YHUPRJHQ�GDQ�KHW�VQLMGHQ�ZRUGW� JHEUXLNW�� ZRUGW� YRRUDO� WRHJHSDVW� YRRU� KHW� GLFKWHQ� YDQ� EORHGYDWHQ�� 'H�IUHTXHQWLHV� GLH� ZRUGHQ� WRHJHSDVW� OLJJHQ� LQ� KHW� IUHTXHQWLHJHELHG� YDQ� ���� WRW�����N+]� >��@�� /DJHUH� IUHTXHQWLHV� NXQQHQ� QLHW� ZRUGHQ� JHEUXLNW� RPGDW� HU� GDQ�VSLHUVDPHQWUHNNLQJHQ�ELM�GH�SDWLsQW�RSWUHGHQ��'H]H�DSSDUDWXXU�ZRUGW�RRN�ZHO�PHW�µPHGLVFKH�GLDWKHUPLH�DSSDUDWXXU¶�DDQJHGXLG��ZDW�VRPV�WRW�YHUZDUULQJ�OHLGW�>��@��,Q�GH� PRQRSRODLUH� V\VWHPHQ� ZRUGW� PHW� HHQ� DFWLHYH� HOHNWURGH� JHZHUNW�� 'H�UHWRXUVWURRP� ZRUGW� YLD� HHQ� SODDW� RQGHU� KHW� OLFKDDP� YDQ� GH� SDWLsQW� QDDU� GH�JHQHUDWRU� WHUXJJHYRHUG�� 2RN� NRPHQ� ELSRODLUH� V\VWHPHQ� YRRU� ZDDUELM� WZHH�HOHNWURGHQ� GRRU� GH� FKLUXUJ� ZRUGHQ� YDVWJHKRXGHQ� �µJHwVROHHUGH� SLQFHW¶��ELMYRRUEHHOG� YRRU� KHW� DIVFKLOOHQ� YDQ� GH� SURVWDDW��� (OHNWURFKLUXUJLH� ZRUGW� RRN�WRHJHSDVW�GRRU�WDQGDUWVHQ�HQ�LQ�SULYp�SUDNWLMNHQ�YDQ�.12�DUWVHQ�HQ�GHUPDWRORJHQ��=HOIV� KXLVDUWVHQ� SDVVHQ� KHW� WRH�� ELMYRRUEHHOG� RP� ZUDWMHV� ZHJ� WH� EUDQGHQ�� (U�EHVWDDQ� RRN� WRHSDVVLQJHQ� YRRU� HOHNWULVFK� HSLOHUHQ� GLH�ZHUNHQ� ELM� HHQ� IUHTXHQWLH�YDQ������0+]�����0+]�RI����0+]���'H�WRHYRHUGUDDG�NDQ�DOV�]HQGDQWHQQH�ZRUGHQ�RSJHYDW��8LW�KHW�SUDNWLMNRQGHU]RHN�LV�JHEOHNHQ� GDW� GH]H� GUDDG�� GLH� ]LFK� GLFKW� ELM� KHW� OLFKDDP� YDQ� GH� FKLUXUJ� NDQ�EHYLQGHQ��PHHVWDO� QLHW�ZRUGW� DIJHVFKHUPG��RQGHUPHHU�RPGDW� WXVVHQ�HOHNWURGH�HQ�DIVFKHUPLQJ�OHNVWURPHQ�NXQQHQ�RSWUHGHQ�GLH�HUQVWLJH�EUDQGZRQGHQ�ELM�GH�SDWLsQW�NXQQHQ�YHURRU]DNHQ���9ROJHQV� PHOGLQJHQ� LQ� GH� OLWHUDWXXU� ZRUGHQ� GH� DFWLHZDDUGHQ� YRRU� EORRWVWHOOLQJ�RYHUVFKUHGHQ� >���� ��@�� 7]LPD� HQ� 0DUWLQ� KHEEHQ� LQ� ����� LQ� *URRW�%ULWWDQQLs�PHWLQJHQ�JHGDDQ�HQ� ]LM� VFKDWWHQ�GDW�GH�YHOGHQ�RS��� WRW���FP�YDQ�GH�NDEHOV����������9�P� HQ� �����$�P� NXQQHQ� EHGUDJHQ�� =H� DFKWHQ� KHW� HFKWHU� RQZDDUVFKLMQOLMN�GDW�GH�JUHQVZDDUGH�YRRU�GH�SODDWVHOLMNH�6$5�ZRUGW�RYHUVFKUHGHQ��PHGH�RPGDW�GH�DSSDUDWXXU�PDDU� HHQ�NOHLQ�GHHO� YDQ�GH� WLMG�ZRUGW�JHEUXLNW� �]HV�PLQXWHQUHJHO�� ]LH�
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%LMODJH����� =H� YLQGHQ� VSHFLDOH� YRRU]RUJVPDDWUHJHOHQ� GDQ� RRN� QLHW� QRGLJ�� ,Q� KHW�DUWLNHO� ZRUGW� HFKWHU� QLHW� DDQQHPHOLMN� JHPDDNW� GDW� GH� JUHQVZDDUGH� YRRU� GH�JHwQGXFHHUGH�VWURRPGLFKWKHLG�QLHW�ZRUGW�RYHUVFKUHGHQ�>��@����8LW� GH� =ZHHGVH� VWXGLH� XLW� ����� EOLMNW� GDW� GH� KDQGHQ� YDQ� GH� FKLUXUJ� ELM� HHQ�IUHTXHQWLH� YDQ� ����N+]� ZRUGHQ� EORRWJHVWHOG� DDQ� W\SLVFKH� ZDDUGHQ� YDQ� KHW�
HOHNWULVFKH� HQ� PDJQHWLVFKH� YHOG� YDQ� ���N9�P� HQ� ���µ7�� UHVSHFWLHYHOLMN�� 'H]H�
OLJJHQ�ERYHQ�GH�DFWLHZDDUGHQ�YDQ�����9�P�HQ���µ7 LQ�GH�ULFKWOLMQ��/LOMHVWUDQG��HW�
DO� PHOGHQ� GDW� HHQ� JHDDUGH� PHWDOHQ� DIVFKHUPLQJ� YDQ� GH� WRHYRHUGUDDG� KHW�HOHNWULVFKH�YHOG�PHW�HHQ�IDFWRU�WLHQ�GRHW�DIQHPHQ�>��@��'H]HOIGH�JURHS�XLW�=ZHGHQ�KHHIW�EHUHNHQLQJHQ�YDQ�GH�JHwQGXFHHUGH�VWURRPGLFKWKHGHQ�HQ�GH�6$5�XLWJHYRHUG��'H� VWURRPGLFKWKHGHQ� NXQQHQ� RSORSHQ� WRW� ZDDUGHQ� URQG� GH� JUHQVZDDUGH� YRRU�EORRWVWHOOLQJ�ELM�����N+]�JHOLMN�DDQ���P$�P�� %HUHNHQGH�6$5�ZDDUGHQ�NRPHQ�QLHW�LQ�GH�EXXUW�YDQ�GH�����:�NJ��GH�JUHQVZDDUGH�YRRU�GH�OLFKDDPV�6$5�ELM�����N+]��>��@���,Q� KHW� SUDNWLMNRQGHU]RHN� LV� JHwQIRUPHHUG� ELM� WZHH� JURWH� OHYHUDQFLHUV� YDQ� GH]H�DSSDUDWXXU��8LW�HHQ�OLMVW�YDQ�HHQ�XQLYHUVLWDLU�PHGLVFK�FHQWUXP�EOLMNW�GDW�GH]H�WZHH�OHYHUDQFLHUV� GULHNZDUW� YDQ� GH� HOHNWURFKLUXUJLHDSSDUDWXXU� KHEEHQ� JHOHYHUG�� 9RRU�EHLGH� OHYHUDQFLHUV� JHOGW� GDW� GH� IDEULNDQW� ]LFK� EXLWHQ� 1HGHUODQG� EHYLQGW�� 'H�OHYHUDQFLHUV� KHEEHQ� ELM� GH� IDEULNDQW� QDDU� PHHWUDSSRUWHQ� JHwQIRUPHHUG�� PDDU�]RQGHU� VXFFHV�� (pQ� YDQ� GH� JHQRHPGH� UHGHQHQ� ZDV� GDW� HU� QRJ� JHHQ� �����HHQGXLGLJH�GHILQLWLHV�]LMQ�YRRU�KHW�PHWHQ�DDQ�HOHNWURFKLUXUJLHDSSDUDWXXU���$SSDUDWXXU�YRRU�HOHNWURFKLUXUJLH�ZRUGW�YDQZHJH�GH�PRJHOLMNH�RYHUVFKULMGLQJ�YDQ�DFWLHZDDUGHQ�LQJHGHHOG�LQ�FDWHJRULH�,,D���
2YHULJH�PHGLVFKH�WRHSDVVLQJHQ��7RW� GH� JURHS� YDQ� RYHULJH� WRHSDVVLQJHQ� EHKRUHQ� ELMYRRUEHHOG� WRHSDVVLQJHQ� ]RDOV�3(0)� �SXOVHG� HOHFWURPDJQHWLF� ILHOGV� WHQ� EHKRHYH� YDQ� SLMQEHVWULMGLQJ� HQ�EHYRUGHULQJ�YDQ�ERWJURHL�ELM�VOHFKW�JHQH]HQGH�ERWIUDFWXUHQ��HQ�706��WUDQVFUDQLDO�
PDJQHWLF� VWLPXODWLRQ� WHQ� EHKRHYH� YDQ� GHSUHVVLHEHVWULMGLQJ�� ZDDUELM� HHQ� H[WHUQ�PDJQHWLVFK� YHOG� ZRUGW� DDQJHOHJG�� >���� ��@�� +HW� LV� RQEHNHQG� yI� HQ� ]R� MD� ZDDU��ELQQHQ� RI� EXLWHQ� ]LHNHQKXL]HQ�� KRHYHHO� HQ]�� GH]H� WRHSDVVLQJHQ� LQ� 1HGHUODQG�YRRUNRPHQ� HQ�ZDW� GH�PRJHOLMNH� YHOGHQ� YRRU�ZHUNQHPHUV� NXQQHQ� ]LMQ��%LM�706�ZRUGHQ� VWDWLVFKH�PDJQHWLVFKH� YHOGHQ� YDQ� ��7� WRHJHSDVW�� GLH� VQHO�PHW� GH� DIVWDQG�DIQHPHQ�>��@��.DUOVWU|P�HW�DO��DGYLVHUHQ�RP�HHQ�DIVWDQG�YDQ�PLQVWHQV�����P�WRW�GH�DSSDUDWXXU� DDQ� WH� KRXGHQ� HQ� RP� GH� HOHFWURGHV� RS� HHQ� PHFKDQLVFKH� DUP� WH�PRQWHUHQ�>��@���$SSDUDWXXU� YRRU� HOHNWURWKHUDSLH�PHW� HOHNWURGHQ� GLH� RS� GH� KXLG�ZRUGHQ� JHSODNW��]LMQ� QLHW� EHGRHOG� YRRU� KHW� SURGXFHUHQ� YDQ� HOHNWURPDJQHWLVFKH� YHOGHQ�� 9RRU�
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WRHSDVVLQJHQ� ]RDOV� HOHNWULVFKH� GHNHQV�� YORHUYHUZDUPLQJ�� FRXYHXVH�DSSDUDWXXU��PLFURVFRSHQ�� FHQWULIXJHV�� ODPSHQ� YRRU� IRWRWKHUDSLH� HQ� GHUJHOLMNH� JHOGW� GDW�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�>����������@���,Q� ]LHNHQKXL]HQ� LV� VSUDNH� YDQ� HHQ� WRHQHPHQG� DDQWDO� WRHSDVVLQJHQ� YDQ� GUDDGOR]H�WHFKQRORJLH�� RQGHU� DQGHUH� YRRU� KHW� PRQLWRUHQ� YDQ� SDWLsQWHQ�� +RHZHO� GLW� JHHQ�GLUHFWH�PHGLVFKH�WRHSDVVLQJHQ�YDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�]LMQ��]LMQ�GHUJHOLMNH�WRHSDVVLQJHQ�ZHO� VWHHGV�PHHU�HHQ�HVVHQWLHHO�RQGHUGHHO�YDQ�GH�PHGLVFKH�SUDNWLMN��8LW�PHWLQJHQ�HQ�EHUHNHQLQJHQ�EOLMNW�GDW�GH]H�WRHSDVVLQJHQ�QLHW�WRW�RYHUVFKULMGLQJ�YDQ� DFWLHZDDUGHQ� OHLGHQ� >��@��'H� KLHU� JHQRHPGH� RYHULJH�PHGLVFKH� WRHSDVVLQJHQ�ZRUGHQ�LQJHGHHOG�LQ�FDWHJRULH�,���
����� 0LFURJROIGURJHQ��0LFURJROIGURJHQ� LV� HHQ� ELM]RQGHUH� WRHSDVVLQJ� YDQ� GLsOHNWULVFK� GURJHQ�� %LM�GLsOHNWULVFK� GURJHQ� ZRUGW� KHW� WH� GURJHQ� SURGXFW� LQ� HHQ� HOHNWURPDJQHWLVFK� YHOG�JHEUDFKW�� 'DW� NXQQHQ� PLFURJROYHQ� PHW� HHQ� IUHTXHQWLH� YDQ� �����0+]� ]LMQ� RI�KRRJIUHTXHQWH�YHOGHQ�PHW�HHQ�IUHTXHQWLH�YDQ����0+]��0HHVWDO�ZRUGW�KHW�SURGXFW�LQ� HHQ� DIJHVORWHQ� UXLPWH�RI� µNDVW¶� JHEUDFKW�RI� HU� YLD� HHQ� ORSHQGH�EDQG�GRRUKHHQ�JHYRHUG�� +HW� YHOG� ZRUGW� JHSURGXFHHUG� GRRU� HHQ� PLFURJROIDQWHQQH� ]RDOV� LQ� HHQ�PDJQHWURQ� RI� LQ� KHW� JHYDO� YDQ� KRRJIUHTXHQWH� YHOGHQ� WXVVHQ� WZHH� HYHQZLMGLJH�SODWHQ�� 6WURRLYHOGHQ� ]LMQ� ELM� GHUJHOLMNH� WRHSDVVLQJHQ� UHODWLHI� HHQYRXGLJ� DI� WH�VFKHUPHQ��(FKWHU��DOV�GH]H�YRUP�YDQ�GURJHQ�ELMYRRUEHHOG�LQ�GH�ERXZ��6%,�FRGH�)�%RXZQLMYHUKHLG��ZRUGW�WRHJHSDVW�ELM�KHW�GURJHQ�YDQ�YORHUHQ��PXUHQ�HQ�SODIRQGV�LV�GH]H�DIVFKHUPLQJ�PRHLOLMNHU�WH�UHDOLVHUHQ���9ROJHQV� +LHWDQHQ� HW� DO�� ZRUGHQ�PLFURJROYHQ� ����� HQ� �����0+]�� WRHJHSDVW� RP�µZDWHUVFKDGH� DDQ� ZDQGHQ� HQ� YORHUHQ¶� WH� GURJHQ� >�@�� =LM� PDNHQ� PHOGLQJ� YDQ�YHUSODDWVEDUH�DSSDUDWHQ�PHW�HHQ�YHUPRJHQ�YDQ���WRW���N:��ZDDUELM�GH�YHUPRJHQV�GLFKWKHLG�YDQ�GH�XLWJH]RQGHQ�PLFURJROYHQ�RS����FP�DIVWDQG����N:�P� EHGUDDJW��$DQ� GH� DFKWHUNDQW� YDQ� HHQ� PXXU� NXQQHQ� YROJHQV� KHQ� YHUPRJHQVGLFKWKHGHQ�YRRUNRPHQ� YDQ� PHHU� GDQ� ��N:�P�� DIQHPHQG� WRW� ����:�P� RS� ��P� DFKWHU� GH�PXXU��2RN�NXQQHQ�HU�YHOGHQ�RQWVWDDQ�GRRU�YHUVWURRLLQJ�DDQ�DQGHUH�RSSHUYODNNHQ�LQ�GH�EXXUW��'H�YHUPRJHQVGLFKWKHLG�YDQ�GH]H�YHOGHQ�NDQ�YROJHQV�+LHWDQHQ�HW�DO��RSORSHQ�WRW�ERYHQ����:�P� RS����FP�DIVWDQG��'HUJHOLMNH�PLFURJROIGURJHUV�]RXGHQ�YROJHQV�KHQ�DOOHHQ�PDDU�GRRU�GHVNXQGLJ�SHUVRQHHO�PRJHQ�ZRUGHQ�WRHJHSDVW���(U� LV� QDYUDDJ� JHGDDQ� RI� GH]H� DSSDUDWXXU� RRN� LQ�1HGHUODQG�ZRUGW� WRHJHSDVW��9LD�RQGHUPHHU� GH� 1HGHUODQGVH� :HUNJURHS� 'URJHQ� EOHHN� GDW� KHW� KRRJXLW� JDDW� RP�H[SHULPHQWHOH� RSVWHOOLQJHQ� ZDDULQ� µRSHQ� PDJQHWURQV¶� ZRUGHQ� WRHJHSDVW� WHQ�EHKRHYH�YDQ�HQNHOH�ELM]RQGHUH� WRHSDVVLQJHQ�]RDOV�KHW�RQWVPHWWHQ�YDQ�JURQG�>����������@��+LHUELM�JHOGW�ZHO�GDW�KHW�YDQ�EHODQJ�LV�HU�GRRU�LQWHUORFN�VFKDNHODDUV�YRRU�WH� ]RUJHQ��GDW�GH�RSHQ�PDJQHWURQ�DOOHHQ� LQJHVFKDNHOG�NDQ�ZRUGHQ�ZDQQHHU�GH]H�
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JHULFKW� VWDDW� RS� KHW� YRRUZHUS�� GXV� QDDU� EHQHGHQ� JHULFKW� RS� GH� JURQG�� 8LW� GH�LQWHUYLHZV�EOHHN�RRN�GDW�HU�QDDU�DOOH�ZDDUVFKLMQOLMNKHLG�ELM�GLH�H[SHULPHQWHQ�JHHQ�YHOGVWHUNWHQ� ]LMQ� EHUHNHQG� RI� JHPHWHQ�� 2RN� RPGDW� KHW� KRRJXLW� RP� HQNHOH�H[SHULPHQWHOH� RSVWHOOLQJHQ� JDDW�� LV� QLHW� YHUGHU� XLWJH]RFKW� ZHONH�YHUPRJHQVGLFKWKHGHQ� GRRU� GH]H� H[SHULPHQWHOH� DSSDUDWXXU� ZRUGHQ� YHURRU]DDNW��:HO�ZHUG� LQ� MXOL� ����� GH� EHVWULMGLQJ� YDQ� GH� ERQWH� NQDDJNHYHU�PHW�PLFURJROYHQ�YRRU� KHW� HHUVW� LQ� 1HGHUODQG� WRHJHSDVW� >��@�� 2PGDW� DFWLHZDDUGHQ� ZRUGHQ�RYHUVFKUHGHQ� HQ� WHFKQLVFKH� PDDWUHJHOHQ� QRGLJ� ]LMQ�� ZRUGW� GH]H� WRHSDVVLQJ� LQ�FDWHJRULH�,,E�LQJHGHHOG���
����� 2QGHU]RHNVWRHSDVVLQJHQ��'H�RQGHU]RHNVWRHSDVVLQJHQ�YDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�]LMQ�YRRUDO�]HHU�GLYHUV��+HW� YROOHGLJ� LQ� NDDUW� EUHQJHQ� YDQ� DOOH� WRHSDVVLQJHQ�ZDDU�PRJHOLMN� DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�LV�ELQQHQ�GH�FRQWH[W�YDQ�GLW�UDSSRUW�QLHW�PRJHOLMN�JHEOHNHQ��2QGHU]RHNVWRHSDVVLQJHQ� ]LMQ� YDDN� QDXZ� YHUERQGHQ� PHW� RSOHLGLQJVDFWLYLWHLWHQ��ZDDUGRRU� KHW� PRJHOLMN� LV� GDW� UHODWLHI� RQHUYDUHQ� ZHUNQHPHUV� PHW� RI� GLFKW� ELM�GHUJHOLMNH� DSSDUDWXXU�ZHUNHQ��7RFK�ZRUGHQ� RQGHU]RHNHUV� HQ� DQGHUH�ZHUNQHPHUV�LQ� GH� 5	'� DIGHOLQJHQ� YHURQGHUVWHOG� GXVGDQLJ� YHHO� DFKWHUJURQGNHQQLV� RYHU�HOHNWURPDJQHWLVFKH� YHOGHQ� WH� KHEEHQ�� GDW� ]H� NXQQHQ� LQVFKDWWHQ� ZDW� KXQ�EORRWVWHOOLQJ� ]DO� ]LMQ�� 2RN� ZRUGW� YHURQGHUVWHOG� GDW� GH]H� JURHS� GDDU� YROGRHQGH�UHNHQLQJ�PHH�NDQ�KRXGHQ��]RGDW�KXQ�EORRWVWHOOLQJ�GRRU�KHW�QHPHQ�YDQ�PDDWUHJHOHQ�ZRUGW�EHSHUNW��+HW�LV�HFKWHU�EHODQJULMN�RP�GLW�]HNHU�WH�VWHOOHQ��GXV�KHW�LV�UDDG]DDP�GDW�GH�ZHUNJHYHU�GXLGHOLMNH� LQVWUXFWLHV�YHUVWUHNW�RYHU�GH�RPJDQJ�PHW�DSSDUDWXXU�HQ� ZHONH� ULVLFR¶V� WRHODDWEDDU� ]LMQ� RP� WH� QHPHQ�� 2RN� LV� KHW� EHODQJULMN� RP� YRRU�GLYHUVH� RQGHU]RHNV�� HQ� RQWZLNNHOLQJVRPJHYLQJHQ� EHVFKHUPLQJVPDDWUHJHOHQ� WH�QHPHQ���2QGHUZLMV�LV�LQ�GLW�YHUEDQG�HHQ�ELM]RQGHUH�EHGULMIVWDN��'H�ZHUNQHPHUV�NXQQHQ�LQ�SULQFLSH� LQ� DDQUDNLQJ� NRPHQ� PHW� DOOH� PRJHOLMNH� DSSDUDWXXU� GLH� LQ� GH� RYHULJH�RQGHU]RFKWH� EHGULMIVWDNNHQ� ZRUGW� WRHJHSDVW�� +HW� RQGHUZLMV� GDW� SODDWVYLQGW� ELM�EHGULMYHQ�]HOI��]RDOV�VWDJHV��YDOW�RQGHU�YHUDQWZRRUGHOLMNKHLG�YDQ�GH�GHVEHWUHIIHQGH�ZHUNJHYHU��+HW�RQGHUZLMV�ELM�GH�RQGHUZLMVLQVWHOOLQJ�]HOI�� ]RDOV�SUDFWLFD��YDOW�ZHO�RQGHU�GH�YHUDQWZRRUGHOLMNKHLG�YDQ�GH�EHWUHIIHQGH�LQVWHOOLQJ���0HGH� JH]LHQ� GH� GLYHUVLWHLW� YDQ� GH� EHKHHUVPDDWUHJHOHQ� GLH� ELM� RQGHU]RHNVWRHSDV�VLQJHQ� PRHWHQ� ZRUGHQ� JHQRPHQ�� LV� GH]H� ZHUNRPJHYLQJ� LQJHGHHOG� LQ�FDWHJRULH�,,D�E���
����� 9HUYRHU�HQ�WUDFWLHV\VWHPHQ��'H�EHODQJULMNVWH�NHQPHUNHQ�YDQ�GH�DSSDUDWXXU�GLH�YRRU�YHUYRHU�RI�WUDFWLHV\VWHPHQ�ZRUGW�JHEUXLNW��]LMQ�GH�DDQYRHU�HQ�WRHSDVVLQJ�YDQ�KRJH�VWURPHQ�HQ�RI�VSDQQLQJHQ�
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HQ� GH� WRHSDVVLQJ� YDQ� HOHNWURPRWRUHQ�� %LM� JHOLMNVWURRPPRWRUHQ� ]LMQ� GH�QRRG]DNHOLMNH� JHOLMNULFKWHUV� EURQQHQ� YDQ� PRJHOLMN� VWHUNH� YHOGHQ�� +LHU� ZRUGW�RQGHUVFKHLG� JHPDDNW� LQ� V\VWHPHQ� GLH� EHGRHOG� ]LMQ� YRRU� YHUYRHU� HQ� GH� RYHULJH�V\VWHPHQ�PHW�HOHNWURPRWRUHQ���
5DLOYHUYRHU��1HGHUODQG�KHHIW�YRRUDO�UDLOYHUYRHU�GDW�YDQXLW�VWURRPYRHUHQGH�GUDGHQ�RI�UDLOV�PHW�JHOLMNVWURRP� ZRUGW� JHYRHG�� WUHLQ� HQ� OLJKW� UDLO�� PHWUR�� WUDP� HQ� WUROOH\EXV�� 'H�+DYHQVSRRUOLMQ�PDDNW� LQPLGGHOV�JHEUXLN�YDQ����N9�ZLVVHOVWURRP��'H�%HWXZHOLMQ�HQ� GH� +RJH� 6QHOKHLGV� /LMQ� =XLG� PDNHQ� ELQQHQNRUW� RRN� JHEUXLN� YDQ� ���N9�ZLVVHOVWURRP� HQ� LQ� GH� WRHNRPVW� ]XOOHQ� PRJHOLMN� DOOH� �����9� JHOLMNVWURRP�ERYHQOHLGLQJHQ�YDQ�GH�VSRRUZHJHQ�RYHUVFKDNHOHQ�RS����N9�ZLVVHOVWURRP�>��@���+LHWDQHQ�� HW� DO�� PHOGHQ� GDW� GH� PDJQHWLVFKH� YHOGVWHUNWHQ� YRRU� ZHUNQHPHUV� DDQ�
VSRRUZHJHQ�RS�HHQ�ZLVVHOVSDQQLQJ�YDQ����+]�NXQQHQ�YDULsUHQ�YDQ����µ7 WRW���P7�
>�@�� ,Q� GH� OLWHUDWXXU� ZRUGHQ� YRRUQDPHOLMN� PHWLQJHQ� DDQ� ZLVVHOVWURRPV\VWHPHQ�JHUDSSRUWHHUG��RPGDW�GLH�LQ�GH�PHHVWH�ODQGHQ�ZRUGHQ�JHEUXLNW��9RRU�PDFKLQLVWHQ�LQ� =ZLWVHUODQG� ]LMQ� RYHUVFKULMGLQJHQ� �WRW� PD[LPDDO� HHQ� IDFWRU���� YDQ� GH�
DFWLHZDDUGH�YDQ������µ7 ELM��������+]�DOOHHQ�JHYRQGHQ�WHU�SODDWVH�YDQ�GH�NXLWHQ�
HQ�GDQ�RRN�QRJ�DOOHHQ�LQ�VRPPLJH�ORFRPRWLHYHQ�>������@���,Q� 1HGHUODQG� ]LMQ� LQ� RSGUDFKW� YDQ� GH� 3URMHFWRUJDQLVDWLH%HWXZHURXWH� �32%5��PHWLQJHQ�JHGDDQ�DDQ�GH�+DYHQVSRRUOLMQ�GLH�DOV�SURHISURMHFW�YRRU�GH�%HWXZHOLMQ�LV�JHERXZG�� 8LW� PHWLQJHQ� HQ� EHUHNHQLQJHQ� DDQ� GLW� V\VWHHP� EOLMNW� GDW� PDJQHWLVFKH�
YHOGHQ� YDQ� PHHU� GDQ� ����µ7 DOOHHQ� NXQQHQ� YRRUNRPHQ� RS� NRUWH� DIVWDQG� �RUGH�
���FP��YDQ�GUDGHQ�LQ�GH�ERYHQOHLGLQJ�HQ�YDQ�VSRRUVWDYHQ��RRN�LQ�VSRUHQ�GLH�EXLWHQ�GLHQVW�]LMQ��PDDU�SDUDOOHO�DDQ�HHQ�LQ�EHGULMI�]LMQG�VSRRU�ORSHQ��NDQ�VWURRP�ORSHQ�����'H�KXLGLJH�ERYHQOHLGLQJ�LQ�1HGHUODQG�������9�JHOLMNVWURRP��ZRUGW�JHYRHG�YDQXLW�RQJHYHHU� ����RQGHUVWDWLRQV� GLH� RS� KXQ� EHXUW� ZRUGHQ� JHYRHG� YLD� RQGHUJURQGVH����N9� NDEHOV�� ,Q� KHW� RQGHUVWDWLRQ� EHYLQGHQ� ]LFK� JHOLMNULFKWHUV� GLH� ]RUJHQ� YRRU�ZLVVHOVSDQQLQJVULPSHOV� YRRUDO� ELM� ���� HQ� ����+]�� 9DQZHJH� GH� UHODWLHI� ODJH�VSDQQLQJ�YDQ������9�HQ�GH�EHQRGLJGH�KRJH�YHUPRJHQV��NXQQHQ�HU�VWURPHQ�LQ�GH�ERYHQOHLGLQJ�ORSHQ�YDQ������$��'H�UHWRXUVWURRP�ORRSW�YLD�GH�UDLOV�HQ�QLHW�YLD�HHQ�H[WUD�GUDDG� LQ�GH�ERYHQOHLGLQJ��ZDDUGRRU� HU� JHHQ�XLWGRYLQJ�YDQ�KHW�PDJQHWLVFKH�YHOG� RSWUHHGW�� ,Q� ,WDOLs��ZDDU� RRN� JHOLMNVWURRP�ZRUGW� JHEUXLNW�� ]LMQ�ZDDUGHQ� QLHW�
KRJHU�GDQ�HQNHOH�µ7¶V�JHPHWHQ�>������@�� ,Q�GH�PHWUR�YDQ�5RPH�]LMQ�GH�JHPHWHQ�
ZDDUGHQ�QRJ�ODJHU���'RRU� QLHW�LGHDOH� FRQWDFWHQ� WXVVHQ� GH� ERYHQOHLGLQJ� HQ� GH� VWURRPDIQHPHUV��SDQWRJUDDI��RS�WUHLQHQ�RQWVWDDQ�HU�YRQNHQ�GLH�WRW�UDGLRIUHTXHQWH�YHOGHQ�ERYHQ�GH�� N+]� OHLGHQ� >��@�� ,Q� YHUEDQG� PHW� (0&�SUREOHPHQ� ]LMQ� LQ� GH� QRUP� 1(1�(1�
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��������XLW������HPLVVLHOLPLHWHQ�JHVWHOG�DDQ�GH�HOHNWULVFKH�HQ�PDJQHWLVFKH�YHOGHQ�LQ�KHW�IUHTXHQWLHJHELHG�YDQ���N+]�HQ���*+]��'H]H�ZDDUGHQ�JHOGHQ�RS�HHQ�DIVWDQG�YDQ����P�YDQ�KHW�KDUW�YDQ�GH�EXLWHQVWH�VSRRUOLMQ�HQ�RS���P�YDQ�KHW�KHN�URQG�HHQ�RQGHUVWDWLRQ��2PGDW�ZHUNQHPHUV�]LFK�YRRUDO�ELQQHQ�GLH�DIVWDQG�NXQQHQ�EHYLQGHQ��]LMQ� GH� PHWLQJHQ� YROJHQV� GH]H� QRUP� QLHW� EUXLNEDDU� YRRU� GH� WRHWVLQJ� DDQ�DFWLHZDDUGHQ� XLW� GH� ULFKWOLMQ�� 2RN� GH� W\SLVFKH� PD[LPDOH� HOHNWULVFKH� HQ�PDJQHWLVFKH�YHOGHQ�GLH�LQ�$QQH[�&�YDQ�GH]H�QRUP�ZRUGHQ�JHQRHPG��OHYHUHQ�JHHQ�LQIRUPDWLH� RYHU� PRJHOLMNH� YHOGVWHUNWHQ� YRRU� ZHUNQHPHUV�� (HQ� GRFXPHQW� GDW� LQ�,WDOLs�LV�RSJHVWHOG��EHYDW�HHQ�JHGHWDLOOHHUGH�EHVFKULMYLQJ�YDQ�HHQ�PHWKRGH�ZDDUPHH�PHWLQJHQ� RS� GH� ZHUNSOHN� YDQ� GH� PDFKLQLVW� NXQQHQ� ZRUGHQ� XLWJHYRHUG��JHDQDO\VHHUG�HQ�JHSUHVHQWHHUG�>��@��'H]H�PHWKRGH�OHYHUW�HHQ�LQGH[�GLH�DDQJHHIW�RI�GH�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��UHNHQLQJ�KRXGHQG�PHW�KHW�JHKHOH�VSHFWUXP�DDQ� XLWJH]RQGHQ� IUHTXHQWLHV� GLH� QLHW� EHSHUNW� EOLMYHQ� WRW� DOOHHQ� KDUPRQLVFKH�ELMGUDJHQ� YDQ� ���+]�� +HODDV� LV� GH]H� PHWKRGH� QLHW� WRW� HHQ� YXLVWUHJHO� WHUXJ� WH�EUHQJHQ���'H� JHOLMNVWURRPV\VWHPHQ� ZRUGHQ� LQ� FDWHJRULH�,� LQJHGHHOG�� +HW�ZLVVHOVWURRPV\VWHHP� GDW� JHEUXLN� PDDNW� YDQ� ���N9� ZLVVHOVWURRP� ZRUGW� LQ�FDWHJRULH�,,D�LQJHGHHOG��+HW�JDDW�GDQ�YRRUDO�RP�KHW�VFKRXZHQ�YDQ�GH�ERYHQOHLGLQJ��EORRWVWHOOLQJ� YDQ� KHW� KRRIG�� HQ� ORSHQ� RYHU� VSRRUVWDYHQ� �EORRWVWHOOLQJ� YDQ� GH�YRHWHQ���
2YHULJ�YHUYRHU��1DDVW� GH� UDLO�V\VWHPHQ� ]LMQ� HU� GH� V\VWHPHQ�GLH�YLD�EHQ]LQH��RI�GLHVHOPRWRUHQ� HQ�JHQHUDWRUHQ� HOHNWULFLWHLW� RSZHNNHQ� �� RI� XLW� HHQ� DFFX� EHWUHNNHQ� �� GLH� YRRU� KHW�IXQFWLRQHUHQ� YDQ� GH� WUDQVSRUWV\VWHPHQ� QRRG]DNHOLMN� LV�� 9RRUEHHOGHQ� ]LMQ��GLHVHOORFRPRWLHI�� EXV�� DXWR�� PRWRU� HQ� EURPILHWV�� NUDDQ�� HQ� WDNHOZDJHQ��YRUNKHIWUXFN�� EXOGR]HU�� JUDDIPDFKLQH�� ODQGERXZYRHUWXLJ�� YDDUWXLJHQ� HQ�YOLHJWXLJHQ�� ,Q� GH� OLWHUDWXXU� ZRUGHQ� PHHVWDO� DOOHHQ� PHWLQJHQ� LQ� KHW� (/)�JHELHG�JHPHOG��(U�]LMQ�JHHQ�RYHUVFKULMGLQJHQ�YDQ�DFWLHZDDUGHQ�JHPHOG�LQ�KHW�(/)�JHELHG�WRW������+]�>��@�LQ�RQGHU�DQGHUH�GH�YROJHQGH�WUDQVSRUWV\VWHPHQ��OLIW��DXWR��OLFKWH�YUDFKWDXWR�� HOHNWULVFK� DDQJHGUHYHQ� WUDP�� YHHUERRW�� FRQYHQWLRQHOH� EXV�� HOHNWULVFK�DDQJHGUHYHQ� EXV� HQ� VWUDDOYOLHJWXLJ�� 'H� PHWLQJHQ� ZRUGHQ� PHHVWDO� QLHW� ]RGDQLJ�JHSUHVHQWHHUG� GDW� HHQ� JRHGH� WRHWVLQJ� RYHU� DOOH� UHOHYDQWH� IUHTXHQWLHJHELHGHQ�PRJHOLMN� LV�� 9DDN� ]LMQ� GH]H� PHWLQJHQ� EUHHGEDQGLJ� XLWJHYRHUG�� 1LFKRODV� HW� DO��PHOGHQ� ELMYRRUEHHOG� PHWLQJHQ� LQ� GH� FRFNSLW� YDQ� YLHU� W\SH� YHUNHHUVYOLHJWXLJHQ�>��@���.(0$� KHHIW� LQ� GH� PDFKLQHFRQWUROHNDPHU� YDQ� HHQ� PHW� HHQ� GLHVHOPRWRU�DDQJHGUHYHQ� NXVWVFKLS� ELM� ���+]� PDJQHWLVFKH� YHOGHQ� JHPHWHQ� YDQ� PD[LPDDO����$�P� �DFWLHZDDUGH� ����$�P��� 2S� GH� EUXJ� YDQ� KHW� VFKLS� LV� LQ� KHW�
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IUHTXHQWLHJHELHG�WXVVHQ�����N+]�HQ���*+]������9�P�JHPHWHQ��ODDJVWH�DFWLHZDDUGH�LQ�GLW�JHELHG�LV����9�P��>��@��2RN�KLHU�ZRUGHQ�JHHQ�DFWLHZDDUGHQ�RYHUVFKUHGHQ���2S�JURQG�YDQ�GH]H�PHWLQJHQ�ZRUGHQ�GH]H�V\VWHPHQ�LQ�FDWHJRULH�,�LQJHGHHOG���
(OHNWURPRWRUHQ��(OHNWURPRWRUHQ�NRPHQ�YRRU�LQ�ELMQD�HONH�PDFKLQH��YDQ�KXLVKRXGHOLMNH�DSSDUDWXXU�]RDOV�GH�ZDVPDFKLQH��GURJHU��PL[HU��H�G���WRW�HHQ�GLYHUVLWHLW�DDQ�WRHSDVVLQJHQ�LQ�GH�LQGXVWULH�� ]RDOV� SRPSHQ�� YHQWLODWRUHQ�� WUDQVSRUWEDQGHQ�� FHQWULIXJHV�� PROHQV��KLMVNUDQHQ��]DJHQ�H�G��+HW�]LMQ�YRRUDO�GH�NOHLQH�DSSDUDWHQ�GLH�RS�NRUWH�DIVWDQG�YDQ�KHW� OLFKDDP� ZRUGHQ� JHEUXLNW�� ]RDOV� HOHNWULVFKH� VFKHHUDSSDUDWHQ�� VWRI]XLJHUV��ERRUPDFKLQHV�HQ�KDQG]DJHQ��GLH�RS�HQNHOH�FHQWLPHWHUV�ODDJIUHTXHQWH�PDJQHWLVFKH�YHOGHQ�WRW���P7�NXQQHQ�YHURRU]DNHQ�>��@���)HUUDUL��HW�DO��KHEEHQ�(0&�PHWLQJHQ�JHGDDQ�YDQ�PDJQHWLVFKH�YHOGVWHUNWHQ�LQ�KHW�IUHTXHQWLHJHELHG� YDQ� ��N+]� WRW� ���0+]� LQ� GH� EXXUW� YDQ� HQNHOH� PRWRUHQ� HQ�JHQHUDWRUHQ�PHW� HON� HHQ� YHUPRJHQ� YDQ� �� WRW� ����0:�>��@��2S���P�DIVWDQG�YDQ�GH]H�LQVWDOODWLHV�ZRUGHQ�DFWLHZDDUGHQ�QLHW�RYHUVFKUHGHQ��PDDU�XLW�GH]H�PHWLQJHQ�LV�PRHLOLMN� DI� WH� OHLGHQ� RI� DFWLHZDDUGHQ� GLFKWHUELM� ZHO� ZRUGHQ� RYHUVFKUHGHQ�� 'H�DSSDUDWXXU� LV� ERYHQGLHQ� JHPHWHQ� LQ� HHQ� WHVWVLWXDWLH� ZDDULQ� GHOHQ� YDQ� GH�DIVFKHUPLQJ�LV�YHUZLMGHUG���.(0$�KHHIW� LQ�HHQ�PHWDDOYHUZHUNLQJVIDEULHN�ELM����+]�RS�HHQ�DIVWDQG�YDQ���FP�YDQ�RQGHUGHOHQ�YDQ�HHQ�SURGXFWLHOLMQ�PHW�HOHNWURPRWRUHQ�HHQ�PDJQHWLVFK�YHOG�YDQ�PD[LPDDO�����$�P�JHPHWHQ��ZDW�ODJHU�LV�GDQ�GH�DFWLHZDDUGH�YDQ�����$�P�>��@���2RN�KLHU�JHOGW�ZHHU�GDW�HU�VOHFKWV�HQNHOH�H[HPSODULVFKH�PHWLQJHQ�EHVFKLNEDDU�]LMQ��8LW� FRQWDFWHQ� PHW� EXLWHQODQGVH� GHVNXQGLJHQ� EOLMNW� GDW� ]LM� JHHQ� PHHWUDSSRUWHQ�NHQQHQ� ZDDULQ� PHOGLQJ� ZRUGW� JHPDDNW� YDQ� YHOGVWHUNWHQ� LQ� GH� EXXUW� YDQ�HOHNWURPRWRUHQ�GLH�GH�DFWLHZDDUGHQ�RYHUVFKULMGHQ�>��@��(OHNWURPRWRUHQ�ZRUGHQ�LQ�FDWHJRULH�,�LQJHGHHOG����
����� =HQGLQVWDOODWLHV��=HQGHUV� ]LMQ�KLHU�YHUGHHOG� LQ�GULH�JURHSHQ�� WZHH�ZHJ�FRPPXQLFDWLH]HQGHUV��ppQ�ZHJ�RPURHS]HQGHUV�HQ�UDGDUV��+HW�5,90�KHHIW�LQ������GH�EORRWVWHOOLQJ�YDQ�OHGHQ�YDQ� GH� EHYRONLQJ� DDQ� GH]H� ]HQGLQVWDOODWLHV� DO� XLWJHEUHLG� JHDQDO\VHHUG� >��@�� 2S�SOHNNHQ�GLH� WRHJDQNHOLMN� ]LMQ�YRRU� OHGHQ�YDQ�GH�EHYRONLQJ�EOHHN�GH�EORRWVWHOOLQJ�RQGHU� GH� UHIHUHQWLHQLYHDXV� HQ� EDVLVUHVWULFWLHV� XLW� GH� (8�DDQEHYHOLQJ� YRRU� OHGHQ�YDQ� GH� EHYRONLQJ� WH� EOLMYHQ� >�@�� ,Q� DUEHLGVVLWXDWLHV� NRPW� KHW� HFKWHU� YRRU� GDW�ZHUNQHPHUV�DDQ�RI�LQ�GH�EXXUW�YDQ�]HQGHUV�PRHWHQ�ZHUNHQ��'RRUJDDQV�EHWHNHQW�GLW�GDW� HU� HHQ� PRJHOLMNKHLG� LV� GDW� GH� ZHUNQHPHU� ZRUGW� EORRWJHVWHOG� ERYHQ� GH�
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DFWLHZDDUGHQ�ZDQQHHU�GH�DQWHQQH�PDDU�GLFKW�JHQRHJ�EHQDGHUG�ZRUGW��(HQ�HQ�DQGHU�LV� DIKDQNHOLMN� YDQ� GH� JHEUXLNWH� IUHTXHQWLHV�� YHUPRJHQV� HQ� GH� DIVWDQGHQ� WRW� GH�DQWHQQHV���2S� ]HQGLQVWDOODWLHV� ]LMQ� GLYHUVH� QRUPHQ� YDQ� WRHSDVVLQJ�� ]RDOV� 1(1�(1������������µ%DVLVQRUP�YRRU�GH�EHUHNHQLQJ�HQ�KHW�PHWHQ�YDQ�HOHNWURPDJQHWLVFKH�YHOGVWHUNWH� HQ� 6$5� PHW� EHWUHNNLQJ� WRW� EORRWVWHOOLQJ� YDQ� GH� PHQV� DDQ�UDGLREDVLVVWDWLRQV�HQ�YDVWH�HLQGVWDWLRQV�YRRU�GUDDGOR]H�WHOHFRPPXQLFDWLHV\VWHPHQ������0+]�±����*+]�¶��'H]H�QRUP�PRHW� LQ� WZHH�SURGXFWQRUPHQ�ZRUGHQ�JHYROJG�RP�YDVW�WH�VWHOOHQ�RI�GH�EORRWVWHOOLQJ�YDQ�OHGHQ�YDQ�GH�EHYRONLQJ��(1��������HQ�GH�EHURHSVEHYRONLQJ� �(1�������� DDQ� GH� ,&1,53�JXLGHOLQHV� YROGRHQ� >�@��'H� ODDWVWH�QRUP�GUDDJW�GHJHQH�GLH�YHUDQWZRRUGHOLMN�LV�YRRU�KHW�RS�GH�PDUNW�EUHQJHQ�YDQ�KHW�SURGXFW�RS�RP�RQGHU�PHHU�LQIRUPDWLH�RYHU�GH�FRQWRXUHQ�WH�YHUVFKDIIHQ�ZDDUELQQHQ�GH�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�HQ�RRN�RP�LQIRUPDWLH�WH�YHUVFKDIIHQ�KRH�KHW�SURGXFW� ]R�NDQ�ZRUGHQ�JHwQVWDOOHHUG�GDW�ZHUNQHPHUV� ]LFK�EXLWHQ�GH]H� FRQWRXUHQ�]XOOHQ� EHYLQGHQ�� :DQQHHU� GH]H� &(1(/(&� QRUP� ZRUGW� JHYROJG�� ]RDOV� GH�(XURSHVH� ULFKWOLMQ� RSGUDDJW�� EHWHNHQW� GLW� GDW� LPSOLFLHW� DOOH� UDGLREDVLVVWDWLRQV� LQ�FDWHJRULH�,,D� YDOOHQ�� RPGDW� WHQPLQVWH� HHQ� FRQWRXU�PRHW�ZRUGHQ� DDQJHJHYHQ��PHW�XLW]RQGHULQJ�YDQ�EDVLVVWDWLRQV�GLH�PLQGHU�GDQ�����P:�YHUPRJHQ�XLW]HQGHQ��GH]H�YDOOHQ�LQ�FDWHJRULH�,��(1���������������+HW�LV�YDQ�EHODQJ�GDW�ZHUNQHPHUV�GLH�]HQGLQVWDOODWLHV�LQVWDOOHUHQ�HQ�RQGHUKRXGHQ�JRHG�JHVFKRROG�]LMQ��7LMGHQV�KXQ�ZHUN]DDPKHGHQ�PRHWHQ�]H�GH�YHOGVWHUNWH�NXQQHQ�PHWHQ�HQ�NXQQHQ�EHUHNHQHQ�RQGHU�ZHONH�RPVWDQGLJKHGHQ��GDW�ZLO�]HJJHQ�RS�ZHONH�DIVWDQG�� ELM� ZHONH� IUHTXHQWLH� HQ� ZHON� ]HQGYHUPRJHQ�� GH� YHOGVWHUNWH� ERYHQ� GH�DFWLHZDDUGHQ�NRPW��2S�JURQG�GDDUYDQ�NXQQHQ�PDDWUHJHOHQ�JHWURIIHQ�ZRUGHQ��]RDOV�KHW� XLWVFKDNHOHQ� RI� PHW� ODJHU� YHUPRJHQ� ODWHQ� ZHUNHQ� YDQ� GH� ]HQGHU�� HHQ�DIVFKHUPLQJ� SODDWVHQ�� DIVWDQG� KRXGHQ� RI� HHQ� EHVFKHUPHQG� SDN� GUDJHQ� GDW�UDGLRIUHTXHQWH� YHOGHQ� ZHHUW�� 'DDUQDDVW� LV� YRRU� ]HQGHUV� PHW� IUHTXHQWLHV� ERYHQ�����N+]� GH� ]HV�PLQXWHQUHJHO� YDQ� WRHSDVVLQJ� �]LH� %LMODJH� ���� 'LH� ]HJW� GDW� GH�YHOGVWHUNWH�PDJ�ZRUGHQ�YHUPHQLJYXOGLJG�PHW�GH�ZRUWHO�XLW�GH�GXW\�F\FOH� 'H�GXW\�
F\FOH� LV� GH� IUDFWLH� EORRWVWHOOLQJVGXXU� RYHU� HHQ� ZLOOHNHXULJH� SHULRGH� YDQ� ]HV�PLQXWHQ�� 'XV�VRPV�NDQ�RRN�KHW�YHUPLQGHUHQ�YDQ�GH�EORRWVWHOOLQJVGXXU�YROGRHQGH�]LMQ���

� (U�PRHW�ELM�IUHTXHQWLHV�ERYHQ�����N+]�JHPLGGHOG�ZRUGHQ�RYHU�(�� 'XV�GH�ZDDUGH�YDQ�
KHW�(�YHOG�PRHW�YHUPHQLJYXOGLJG�ZRUGHQ�PHW�GH�ZRUWHO�XLW�GH�GXW\�F\FOH� GH�UDWLR�YDQ�
GH�JHEUXLNWH�WLMG�SHU�RQJXQVWLJVW�JHNR]HQ�SHULRGH�YDQ�]HV�PLQXWHQ��(HQ�EORRWVWHOOLQJV�
GXXU�YDQ����V�DDQ�HHQ�YHOG�RS������0+]�PHW�HHQ�YHOGVWHUNWH�YDQ�����9�P��OHYHUW�QD�
WRHSDVVLQJ�YDQ�GH�]HV�PLQXWHQUHJHO��¥��������� �¥������� �������+HW�UHVXOWHUHQG�(�YHOG�
LV�GXV����������� ����9�P��'DW�LV�RQGHU�GH�DFWLHZDDUGH�YDQ�����9�P��
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2QGHUKRXGVPHGHZHUNHUV�GLH�QLHW�DDQ�RI�PHW�]HQGHUV�ZHUNHQ��PDDU�ZHO�LQ�GH�EXXUW�HUYDQ��]RDOV�VFKLOGHUV�HQ�GDNGHNNHUV��GLHQHQ�JRHG�RS�GH�KRRJWH�JHVWHOG�WH�ZRUGHQ�YDQ�GH�DDQ�WH�KRXGHQ�DIVWDQG�HQ�RRN�KLHU�NDQ�KHW�YHUPRJHQ�DDQJHSDVW�ZRUGHQ���'H�YROJHQGH�SDUDJUDIHQ�JHYHQ�EHNQRSW�GH�EHODQJULMNVWH�NDUDNWHULVWLHNHQ�YRRU�KHW�W\SH�]HQGHU��]RDOV�JHEUXLNHOLMNH�YHUPRJHQV��IUHTXHQWLHV�HQ�HYHQWXHOH�YXLVWUHJHOV���
0RELHOH�WHOHIRQLH��*60��HQ�8076�EDVLVVWDWLRQV��*OREDO� 6\VWHP� IRU� 0RELOH� &RPPXQLFDWLRQV� �*60�� HQ� 8QLYHUVDO� 0RELOH�7HOHFRPPXQLFDWLRQV� 6\VWHP� �8076�� ZRUGHQ� JHEUXLNW� YRRU� PRELHOH� WHOHIRQLH��(HQ�PDFURFHOOXODLU�EDVLVVWDWLRQ�EHGLHQW�HHQ�VWUDDO�YDQ�RQJHYHHU����NP�HQ�EHVWDDW�XLW� HHQ� PDVW� PHW� HHQ� DDQWDO� DQWHQQHV�� 3HU� DQWHQQH� NXQQHQ� PHHU� ]HQG�RQWYDQJVWLQVWDOODWLHV� ZRUGHQ� DDQJHVORWHQ�� 'DDUQDDVW� EHVWDDQ� HU� RRN� PLFUR�� HQ�SLFRFHOOXODLUH�EDVLVVWDWLRQV�GLH�YRRU�GHNNLQJ�]RUJHQ�LQ�JHERXZHQ��0DFURFHOOXODLUH�EDVLVVWDWLRQV� ZRUGHQ� GRRUJDDQV� PHW� LQVWHPPLQJ� YDQ� EHZRQHUV� HQ� HLJHQDDUV�JHSODDWVW�RS�GDNHQ�YDQ�KRJH�JHERXZHQ��$IVSUDNHQ�WXVVHQ�RYHUKHLG�HQ�GH�SURYLGHUV�YDQ�PRELHOH�WHOHIRQLH�RYHU�KHW�RPJDDQ�PHW�GH�RSVWHOSXQWHQ�]LMQ�YDVWJHOHJG�LQ�KHW�$QWHQQHFRQYHQDQW� >��@��'H� DQWHQQH� VWUDDOW� GRRUJDDQV� LQ� HHQ�KRUL]RQWDOH�YDQ�KHW�JHERXZ�DIJHULFKWH�EXQGHO��)LJXXU�����0HQVHQ�GLH�ZHUNHQ�RS�KHW�GDN�NXQQHQ�GDQ�ERYHQ� GH� DFWLHZDDUGHQ� ZRUGHQ� EORRWJHVWHOG�� PLWV� ]H� GH� DQWHQQHV� GLFKW� JHQRHJ�QDGHUHQ��HQ�YROGRHQGH�ODQJ�ZRUGHQ�EORRWJHVWHOG���,Q�1HGHUODQG�]LMQ�HU� WZHH�IUHTXHQWLHEDQGHQ�ZDDURS�]HQGHUV�YRRU�*60�RSHUHUHQ��GH�����0+]�EDQG� ���������0+]��HQ�GH������0+]�EDQG� �����������0+]���8LW�GH LQIRUPDWLH�YDQ�KHW�$JHQWVFKDS�7HOHFRP��$7�(=��YDQ�DSULO������EOLMNW�GDW�HU�LQ�1HGHUODQG��������]HQG�RQWYDQJHUV�VWDDQ���������LQ�GH�����0+]�EDQG�HQ��������LQ�GH �����0+]�EDQG��2S� UHVSHFWLHYHOLMN� ������ HQ�������XQLHNH� ORFDWLHV�� ,Q� WRWDDO�]LMQ� HU��������XQLHNH� ORFDWLHV��'DW�EHWHNHQW�GDW� HU����� ORFDWLHV�YDQ�����0+]�HQ������0+]�RYHUODSSHQ�� +HW�8076�WHOHIRQLHQHWZHUN�ZHUNW�RS� IUHTXHQWLHV� WXVVHQ������ HQ� �����0+]��+HW�PRHW� LQ� ����� RSHUDWLRQHHO� ]LMQ� LQ� VWHGHQ�PHW�PHHU�GDQ�������� LQZRQHUV�� ODQJV� GH� YHUELQGLQJVZHJHQ� WXVVHQ� GLH� VWHGHQ�� ODQJV� JURWH�DXWRVQHOZHJHQ�HQ�ELM�GH�OXFKWKDYHQV��+HW�1DWLRQDDO�$QWHQQHEXUHDX�PHOGW�RS�]LMQ�ZHEVLWH�� µ����(U�]LMQ�LQ�1HGHUODQG�RQJHYHHU��������DQWHQQH�LQVWDOODWLHV�YRRU�*60�HQ�������DQWHQQH�LQVWDOODWLHV�YRRU�8076��(HQ�DQWHQQH�LQVWDOODWLH�EHVWDDW�PHHVWDO�XLW� GULH� DQWHQQHV�� ZDDUGRRU� HU� RS� GLW� PRPHQW� RQJHYHHU� ������� DQWHQQHV� YRRU�
� 'H�FRUUHFWH�QDDP�YRRU�GH�VWDQGDDUG�YRRU�PRELHO�]HQGHQ�RS�GH������0+]�EDQG�LV�QLHW�

*60�PDDU�'&6������'LJLWDO�&HOOXODU�6\VWHP���HFKWHU�LQ�GH�SUDNWLMN�VWDDQ�EHLGH�
V\VWHPHQ��*60�����HQ�'&6������EHNHQG�DOV�*60��

� µ8QLHNH�ORFDWLH¶�EHWHNHQW�KLHU�HHQ�XQLHNH�FRPELQDWLH�YDQ�[� HQ�\�FR|UGLQDWHQ��DOV�UXZVWH�
DIJHURQG�RS����P���

� $DQWDO�RYHUODSSHQGH�RSVWHOSXQWHQ� �WRWDDO�*60����*60�����PLQXV�WRWDDO�XQLHNH�
RSVWHOSXQWHQ� ����������������� ������
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PRELOH�WHOHFRPPXQLFDWLH�LQ�1HGHUODQG�JHSODDWVW�]LMQ�����¶�>��@��'HUJHOLMNH�JHWDOOHQ�ZRUGHQ�RRN�JHQRHPG�LQ�KHW�UDSSRUW�(YDOXDWLH�1DWLRQDDO�$QWHQQHEHOHLG�XLW�IHEUXDUL������>����SDJ����@���

)LJXXU��� 9RRUEHHOG�YDQ�HHQ�GDNRSVWHOOLQJ�YDQ�*60�DQWHQQHV��'H�*60��HQ�8076�SURYLGHUV�UHJLVWUHUHQ�SHULRGLHN�KXQ�*60��HQ�8076�PDVWHQ�LQ� KHW� $QWHQQHUHJLVWHU� >���@�� +HW� $QWHQQHUHJLVWHU� YDQ� KHW� 1DWLRQDDO�$QWHQQHEXUHDX�JHHIW�GH]H�JHUHJLVWUHHUGH�*60��HQ�8076�DQWHQQHV� LQ�1HGHUODQG�RS� HHQ� NDDUW� ZHHU�� 3HU� DQWHQQH� LQ� KHW� UHJLVWHU� LV� YRRU� ]RZHO� GH� OHGHQ� YDQ� GH�DOJHPHQH� EHYRONLQJ� DOV� GH� ZHUNQHPHUV� HHQ� SODDWMH� PHW� HHQ� YHLOLJKHLGVFRQWRXU�DDQJHJHYHQ� �)LJXXU� ���� 8LW� KHW� UHJLVWHU� EOLMNW� GDW� GH� DIVWDQGHQ� ZDDU� GH�DFWLHZDDUGHQ� RYHUVFKUHGHQ� ZRUGHQ�� WXVVHQ� GH� �� HQ� GH� ��PHWHU� YRRU� GH� DQWHQQH�OLJJHQ�� +LHUELM� ]LMQ� GH� FXPXODWLHYH� HIIHFWHQ� YDQ� PHHUGHUH� ]HQGHUV� QLHW�
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PHHJHQRPHQ��(U�]LMQ�ZHO�YRRUEHHOGHQ�YDQ�PHWLQJHQ�HQ�EHUHNHQLQJHQ�EHNHQG�RP�GH�YHLOLJKHLGVFRQWRXU�ELM�JHOLMNWLMGLJH�EORRWVWHOOLQJ�DDQ�YHOGHQ�YDQ�PHHUGHUH�*60�DQWHQQHV� YDVW� WH� VWHOOHQ� >���@�� 'DDUQDDVW� JHOGW� GDW� GH� ]HV�PLQXWHQUHJHO� PDJ�ZRUGHQ�WRHJHSDVW��]LH�%LMODJH�����PRFKW�GH�ZHUNQHPHU�]LFK�WRFK�RSKRXGHQ�LQ�KHW�JHELHG�ZDDUELQQHQ�GH�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ���

)LJXXU��� 9HLOLJKHLGVFRQWRXUHQ�YDQ�EDVLVVWDWLRQV�]LMQ�LQ�KHW�$QWHQQHUHJLVWHU�
YDQ�KHW�$JHQWVFKDS�7HOHFRP��$7�(=��WH�YLQGHQ���9LD�GH�ZHEVLWH�YDQ�KXQ�VDPHQZHUNLQJVYHUEDQG��0R1HW��VWHOOHQ�GH�YLMI�SURYLGHUV�YDQ� PRELHOH� WHOHFRPPXQLFDWLH� VRIWZDUH� WHU� EHVFKLNNLQJ� DDQ� GH� ZHUNJHYHUV� HQ�HLJHQDUHQ�YDQ�GDNHQ�PHW�DQWHQQH�LQVWDOODWLHV�RP�GH]H�WH�KHOSHQ�PHW�KHW�RSVWHOOHQ�YDQ�KXQ�5,	(�>���@��+HW�SURJUDPPD�RQGHUVWHXQW�ZHUNJHYHUV�RP�ZHUNQHPHUV� WH�LQIRUPHUHQ�KRH�]LM�]RQGHU�EORRWJHVWHOG�WH�ZRUGHQ�ERYHQ�GH�DFWLHZDDUGHQ��NXQQHQ�ZHUNHQ�LQ�GH�EXXUW�YDQ�DQWHQQHV�YRRU�PRELHOH�WHOHFRPPXQLFDWLH��9ROJHQV�0R1HW�EHVWDDW� ELM� QRUPDOH�ZHUN]DDPKHGHQ� RS� KHW� GDN� JHHQ� JHYDDU� YRRU� RYHUVFKULMGLQJ�YDQ� GH� DFWLHZDDUGHQ� RPGDW� YULMZHO� DOOH� DQWHQQHV� PHHU� GDQ� PDQVKRRJ� ]LMQ�EHYHVWLJG��'DW� EHWHNHQW� GDW�ZHUNQHPHUV� GDQ� QLHW� EORRWJHVWHOG�ZRUGHQ�� RPGDW� GH�YULMZHO�KRUL]RQWDOH�ZDDLHUYRUPLJH�KRRIGEXQGHO�RYHU�KHW�KRRIG�YDQ�GH�ZHUNQHPHU�
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VWUDDOW��+HW�$QWHQQHEXUHDX�UDDGW�HFKWHU�DDQ�RP�HHQ�KDOYH�PHWHU�RQGHU�GH�DQWHQQH�WH�EOLMYHQ���=RGUD� PHQ� GLFKW� LQ� GH� EXXUW� YDQ� GH� DQWHQQH� PRHW� NRPHQ� �RI� KHW� WRWDDO� YDQ�DQWHQQHV�� GDQ� NXQQHQ� PDDWUHJHOHQ� JHQRPHQ� ZRUGHQ�� ]RDOV� KHW� XLW]HWWHQ� YDQ� GH�DQWHQQH�� KHW� YHUPLQGHUHQ� YDQ� KHW� ]HQGYHUPRJHQ� RI� KHW� YHUNRUWHQ� YDQ� GH�EORRWVWHOOLQJVGXXU��*60�EDVLVVWDWLRQV� HQ�8076�EDVLVVWDWLRQV� ]LMQ�GHVRQGDQNV� LQ�FDWHJRULH�,,D�LQJHGHHOG���
0RELHOH�WHOHIRQLH��7(75$�]HQGHUV��7(75$�VWDDW�YRRU�7(UUHVWULDO�7UXQNHG�5$GLR��HHQ� LQWHUQDWLRQDOH�VWDQGDDUG�YRRU�GLJLWDOH�FRPPXQLFDWLH��7(75$�NHQW�]RZHO�FRPPHUFLHHO�JHEUXLN�DOV�JHEUXLN�YRRU�VSHFLDOH� GRHOHLQGHQ�� ,Q� 1HGHUODQG� ZRUGW� LQ� RSGUDFKW� YDQ� KHW� PLQLVWHULH� YDQ�%LQQHQODQGVH�=DNHQ� HQ�.RQLQNULMNVUHODWLHV� GRRU� KHW� DJHQWVFKDS� ,72� �,QIRUPDWLH�HQ� &RPPXQLFDWLH� HQ� 7HFKQRORJLH� 2UJDQLVDWLH�� >����� ���@� KHW� &����� QHWZHUN�XLWJHUROG�� 'LW� LV� KHW� QHWZHUN� YRRU� PRELHOH� FRPPXQLFDWLH� YRRU� GH� SROLWLH��EUDQGZHHU�� DPEXODQFHGLHQVWHQ� HQ� GH� .RQLQNOLMNH� 0DUHFKDXVVHH�� &RPPHUFLsOH�]HOIERXZQHWZHUNHQ� ZRUGHQ� ZHO� JHDGYHUWHHUG� GRRU� GH� IDEULNDQWHQ�� PDDU� ]LMQ� LQ�1HGHUODQG�QRJ�QLHW�ZLMGYHUVSUHLG�LQ�JHEUXLN���$DQ� 7(75$� ]LMQ� YHUVFKLOOHQGH� IUHTXHQWLHEDQGHQ� WRHJHZH]HQ� WXVVHQ� ���� HQ�����0+]��+HW�&�����QHWZHUN�ZHUG�JHSODQQHG�RS�����RSVWHOSXQWHQ������QLHXZH�YDNZHUNPDVWHQ� HQ� ��� EHVWDDQGH� PDVWHQ� RI� GDNRSVWHOOLQJHQ� >���@�� %LM� GH�RSOHYHULQJ� YDQ� KHW� &����QHWZHUN� LQ� MXOL� ����� ZDUHQ� HU� ����RSVWHOSXQWHQ�JHUHDOLVHHUG� >���@�� ,Q� �����PHOGW� GH� &�����ZHEVLWH� GDW� HU� QX� ���� RSVWHOSXQWHQ�]LMQ� >���@�� =LM� VWDDQ� LQ� KHW�PLGGHOSXQW� YDQ� FHOOHQ�PHW� HHQ� VWUDDO� YDQ� �� WRW� ��NP�>���@�� 2S� GH]H� PDQLHU� LV� HHQ� ODQGHOLMNH� GHNNLQJ�PRJHOLMN�� ,Q� HHQ� YDNZHUNPDVW�KDQJHQ� GULH� RI� YLHU� DQWHQQHV�� WZHH� DQWHQQHV� YRRU� KHW� 7(75$� VSUDDN�� HQ�GDWDQHWZHUN�YRRU� ODQGPRELHOH�FRPPXQLFDWLH�HQ�ppQ�YRRU�KHW� IOH[QHW��DODUPHULQJ�HQ� VHPDIRQLH�� QHWZHUN�� 'H� YLHUGH� DQWHQQH� LV� HHQ� VSHFLDOH� DQWHQQH� YRRU�OXFKWPRELHOH� FRPPXQLFDWLH��'H]H� ]DO� VOHFKWV� LQ� ��� YDQ� GH� ����PDVWHQ� JHSODDWVW�ZRUGHQ�>���@��'H�KRRJWH�YDQ�GH�PDVWHQ�LV��������RI����P��ZDDUELM�GH�DQWHQQHV�QLHW�SHU� VH� DDQ� GH� WRS� ]LMQ� JHPRQWHHUG�� 2S� HHQ� JHERXZ� YDQ�PHHU� GDQ� ���P� KRRJWH�EHYLQGHQ�GH�DQWHQQHV�]LFK�RS�HHQ�PDVW�YDQ���P�KRRJWH�>���@��9RRU�RQGHUJURQGVH�WXQQHOV�YDQ�ELMYRRUEHHOG�GH�PHWUR�ZRUGHQ�VSHFLDOH�LQVWDOODWLHV�JHEUXLNW��1DDVW�GH�YDVWH�PDVWHQ�]LMQ�HU�RRN�QRJ�PRELHOH�VWDWLRQV��LQ�ELMYRRUEHHOG�DXWR¶V�GLH�PHW�HHQ�YHUPRJHQ�YDQ�PD[LPDDO����:�]HQGHQ���'H� FRPPXQLFDWLH� JHVFKLHGW� YLD� KHW� 7LPH� 'LYLVLRQ� 0XOWLSOH� $FFHVV� �7'0$��SURWRFRO�PHW�YLHU�WLMGVORWHQ�>���@��%DVLVVWDWLRQV�]HQGHQ�W\SLVFK�PHW�HHQ�PD[LPDDO�
� 'LW�QHW�VWDDW�RRN�ZHO�EHNHQG�DOV�SDJLQJ�QHWZHUN��
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]HQGYHUPRJHQ� YDQ� ���:�� +HW� IOH[QHW� JHEUXLNW� HHQ� IUHTXHQWLHEDQG� YDQ� ���� WRW�����0+]�LQ�FRPELQDWLH�PHW�HHQ�]HQGYHUPRJHQ�WRW�����:�>���@���2S� EDVLV� YDQ� 712�PHWLQJHQ� >���@�� EHUHNHQLQJHQ� JHSXEOLFHHUG� RS� GH� &�����ZHEVLWH� >���@� HQ� PHWLQJHQ� YDQ� GH� 153%� >���@� EOLMNW� GDW� DDQ� GH� YRHW� YDQ� GH�PDVWHQ� HQ� RS� GH� SODDWV�ZDDU� GH� KRRIGEXQGHO� KHW�PDDLYHOG� UDDNW� GH� YHOGVWHUNWHV�RQGHU� GH� UHIHUHQWLHQLYHDXV� OLJJHQ� XLW� GH� (8�DDQEHYHOLQJ� YRRU� EHVFKHUPLQJ� YDQ�OHGHQ�YDQ�GH�EHYRONLQJ��,Q�KHW�KRUL]RQWDOH�YODN�YDQ�GH�EXQGHO�EHGUDDJW�GH�DIVWDQG�ZDDUELQQHQ�GH�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�RQJHYHHU�WZHH�PHWHU�>���@���7(75$�]HQGHUV� LQ� PDVWHQ� YDOOHQ� LQ� FDWHJRULH�,,D�� :HUNQHPHUV� ZRUGHQ� DOOHHQ�EORRWJHVWHOG�ERYHQ�GH�DFWLHZDDUGHQ�ZDQQHHU�]H�LQ�GH�PDVW�NOLPPHQ��,Q�GDW�JHYDO�PRHWHQ�RI�GH�]HQGHUV�ZRUGHQ�XLWJH]HW��RI�KHW�]HQGYHUPRJHQ�YHUPLQGHUG�ZRUGHQ��RI� GH� EORRWVWHOOLQJ� GRRU� GH� WLMGVPLGGHOLQJ� RQGHU� GH� JUHQVZDDUGHQ� EOLMYHQ� RI� HHQ�UDGLRIUHTXHQWZHUHQG� SDN� JHGUDJHQ� ZRUGHQ�� (HQ� UDGLRIUHTXHQW� ZHUHQG� SDN� KHHIW�HFKWHU� DOV� QDGHHO� GDW� LQ� GH� SUDNWLMN� JHHQ� ]ZDUH�ZHUN]DDPKHGHQ� NXQQHQ�ZRUGHQ�YHUULFKW�� PDDU� KRRJXLW� OLFKWH� LQVSDQQLQJHQ� ]RDOV� KHW� PHWHQ� YDQ� GH� YHOGVWHUNWH��8LW]HWWHQ�YDQ�GH�]HQGHU�RI�YHUPLQGHUHQ�YDQ�KHW�]HQGYHUPRJHQ�KHHIW�DOV�QDGHHO�GDW�GH�GHNNLQJ�YDQ�KHW�&�����QHWZHUN�WH�NOHLQ�NDQ�ZRUGHQ��ZDW�DOV�JHYROJ�KHHIW�GDW�GH�FRPPXQLFDWLH�WXVVHQ�GH�KXOSGLHQVWHQ�QLHW�PHHU�YROGRHQGH�NDQ�]LMQ���
3RUWRIRRQV�PRELHOWMHV��*60�WHOHIRRQV��2P�GH�SRVLWLH�LQ�KHW�QHWZHUN�YDVW�WH�VWHOOHQ��KRXGHQ�*60�WHOHIRRQV�LQ�GH�VWDQG�E\�VWDQG�YRRUWGXUHQG�FRQWDFW�PHW�HHQ�EDVLVVWDWLRQ�LQ�GH�EXXUW��=H�]HQGHQ�GDDUWRH�PHW�NRUWH� SXOVHQ� YDQ� �� j� ��VHFRQGHQ� PHW� WXVVHQSR]HQ� YDULsUHQG� YDQ� ���PLQXWHQ� WRW�HQNHOH� XUHQ�� 'H� WHOHIRRQV� ]HQGHQ� GDQ� RS� KHW� PD[LPDOH� YHUPRJHQ� >���@�� +HW�YHUPRJHQ�GDW�HHQ�PRELHOH�WHOHIRRQ�JHEUXLNW�RP�QDDU�KHW�EDVLVVWDWLRQ�WH�]HQGHQ��LV�PD[LPDDO� ��:� YRRU� GH� ����0+]� EDQG� HQ� ��:� YRRU� GH� �����0+]� EDQG� >���@��(FKWHU��GRRU�KHW�JHEUXLN�YDQ�GH�7'0$�WHFKQLHN�]HQGW�HHQ�WHOHIRRQ�PDDU�����YDQ�GH� WLMG��*HPLGGHOG� EHGUDDJW� KHW� ]HQGYHUPRJHQ� �����:�� UHVSHFWLHYHOLMN� ������:��$IKDQNHOLMN� YDQ� GH� DIVWDQG� WRW� KHW�EDVLVVWDWLRQ�NDQ�GH�$XWRPDWLF�3RZHU�&RQWURO��$3&��GH�YHU]RQGHQ�KRHYHHOKHLG� HQHUJLH� WRW�HHQ� IDFWRU������YHUPLQGHUHQ� >���@��'DDUQDDVW� JHEUXLNHQ� WHOHIRRQV� GH� '7;�PRGH� �'LVFRQWLQXRXV� 7UDQVPLVVLRQ���ZDDUGRRU� GH� WHOHIRRQ�QLHW� ]HQGW� DOV� HU� QLHW� JHVSURNHQ�ZRUGW��'H�HQHUJLH�YDQ�KHW�WRWDDO� YHU]RQGHQ� VSUDDNVLJQDDO� NDQ� GDDUGRRU� PHW� GH� KHOIW� DIQHPHQ�� HUYDQ�XLWJDDQGH� GDW� HU� VOHFKWV� ppQ� YDQ� GH� WZHH� EHOOHUV� SUDDW� HQ� GH� DQGHU� OXLVWHUW��8LWHLQGHOLMN� YDULHHUW� KHW� PD[LPDDO� JHPLGGHOGH� ]HQGYHUPRJHQ� WXVVHQ� ��� WRW�����P:�HQ����WRW�����P:�YRRU�GH�����0+]�EDQG��UHVSHFWLHYHOLMN�GH������0+]�EDQG� >���@�� (FKWHU� LQ� JHYDO� YDQ� *60�H[WHQVLHV� RP� GDWD� PHH� WH� YHU]HQGHQ�� GH�]RJHQDDPGH����*�DSSOLFDWLHV�]RDOV�*356��*HQHUDO�3DFNHW�5DGLR�6HUYLFH���+6&'��+LJK�6SHHG�&LUFXLW�6ZLWFKHG�'DWD� HQ�('*(��(QKDQFHG�'DWD�5DWHV�IRU�*OREDO�
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(YROXWLRQ���YHUDQGHUW�GH�SXOVGXXU�HQ�GDDUPHH�KHW�JHPLGGHOGH�YHUPRJHQ��RPGDW�HU�GDQ�PHHU�GDQ�ppQDFKWVWH�YDQ�GH�WLMG�JH]RQGHQ�NDQ�ZRUGHQ�>���@���2PGDW�GH�*60�WHOHIRRQ�]HQGW�PHW�JROIOHQJWHV�YDQ������FP������0+]��RI������FP�������0+]���EHYLQGW�KHW�KRRIG�YDQ�GH�EHOOHU�]LFK�DOWLMG�LQ�KHW�QDELMH�YHOG��HQ�LV�KHW�RRN�PRJHOLMN� GDW� ORNDDO� GH� DFWLHZDDUGHQ� RYHUVFKUHGHQ� NXQQHQ� ZRUGHQ��'DDURP�PRHWHQ� GH� 6$5�ZDDUGHQ� EHUHNHQG� ZRUGHQ�� ,Q� 1HGHUODQG� LV� GDW� JHGDDQ� LQ� KHW�7+(50,&�SURMHFW� GDW� LQ� ����� LV� XLWJHYRHUG� GRRU� KHW� WRHQPDOLJH� 712�)(/� LQ�VDPHQZHUNLQJ� PHW� KHW� WRHQPDOLJ� $FDGHPLVFK� =LHNHQKXLV� 8WUHFKW� �$=8�� >���@��(HQ�PRGHO�YDQ�KHW�KRRIG� LV�JHEDVHHUG�RS���'�05,�VFDQV�ZDDUELM�RRN�GH�DGHUHQ�]LMQ� PHHJHQRPHQ�� 1DDVW� GH� PD[LPDOH� 6$5� LQ� KHW� KRRIG� WHQ� JHYROJH� YDQ�UDGLRIUHTXHQWH�YHOGHQ�LV�RRN�GH�WHPSHUDWXXUVWLMJLQJ�EHUHNHQG�ZDDUELM�GH�HIIHFWHQ�YDQ� GH� EORHGVRPORRS� ]LMQ� PHHJHQRPHQ�� 'H� PD[LPDOH� EHUHNHQGH� 6$5� YRRU�YHUVFKLOOHQGH�RPVWDQGLJKHGHQ� ODJ� WXVVHQ�����HQ�����:�NJ��+LHUPHH�ZRUGHQ�QRFK�GH�EDVLVUHVWULFWLHV��QRFK�GH�DFWLHZDDUGHQ�RYHUVFKUHGHQ��'H�PD[LPDOH�WHPSHUDWXXU�VWLMJLQJ� WXVVHQ� ����� HQ� �����R&�� 'DW� ODDWVWH� LV� EHQHGHQ� GH� ZDDUGH� YDQ� ��R&ZDDUERYHQ�PRJHOLMN�RS�NRUWH�WHUPLMQ�JH]RQGKHLGVHIIHFWHQ�NXQQHQ�RSWUHGHQ���
3RUWRIRRQV�PRELHOWMHV��8076�WHOHIRRQV��8076�WHOHIRRQV� ZHUNHQ� PHW� HHQ� YHUPRJHQ� YDQ� PD[LPDDO� JHPLGGHOG� RYHU� ]HV�PLQXWHQ�PHW� ������:��$DQJH]LHQ� GH� EORRWVWHOOLQJVVLWXDWLH�� RS� GH� ]HQGIUHTXHQWLH�QD��VWHUN�JHOLMNW�RS�GLH�YDQ�*60�WHOHIRRQV�PHW�HHQ�YHUPRJHQ�YDQ�������:��LV�KHW�YHUPRHGHQ�GDW�]H�QLHW�]XOOHQ�OHLGHQ�WRW�EORRWVWHOOLQJ�ERYHQ�GH�JUHQVZDDUGHQ���
3RUWRIRRQV�PRELHOWMHV��7(75$�SRUWRIRRQV�HQ��YRHUWXLJ]HQGHUV�
%LQQHQ�HHQ�7(75$�QHWZHUN�NDQ�WXVVHQ�SRUWRIRRQV�RQGHUOLQJ�UHFKWVWUHHNV�FRQWDFW�JHOHJG� ZRUGHQ� �'02�� QDDU� KHW� (QJHOVH� 'LUHFW� 0RGH� 2SHUDWLRQ��� YLD� HHQ�EDVLVVWDWLRQ� QDDU� DQGHUH� SRUWRIRRQV� �702�� QDDU� KHW� (QJHOVH� 7UXQNHG� 0RGH�
2SHUDWLRQ��� RI� QDDU� HHQ� PRELHO� VWDWLRQ� LQ� ELMYRRUEHHOG� HHQ� DXWR�� +HW� &�����QHWZHUN�]DO�RQJHYHHU��������SRUWRIRRQV�HQ�PRELHOH�VWDWLRQV�JDDQ�WHOOHQ�>���@����'H�]HQGYHUPRJHQV�YDQ�HHQ�SRUWRIRRQ�EHGUDJHQ�PD[LPDDO���RI���:��2PGDW�HU�YLHU�WLMGVORWHQ� JHEUXLNW� ZRUGHQ�� EHGUDDJW� KHW� JHPLGGHOGH� HHQ� NZDUW� YDQ� GH]H�YHUPRJHQV��+HW�YHUPRJHQ�GDW�HHQ�SRUWRIRRQ�JHEUXLNW� LQ�702�LV�PD[LPDDO���:��HQ� LQ� '02� PD[LPDDO� ��:�� ,Q� '02� ZRUGW� KHW� YHUPRJHQ� QHW� DOV� ELM� *60�WHOHIRRQV�DDQJHSDVW�DDQ�GH�DIVWDQG�WRW�KHW�EDVLVVWDWLRQ��,Q�702�GDDUHQWHJHQ�]HQGW�GH SRUWRIRRQ�RS�KHW]HOIGH�YHUPRJHQ�>���@����712�EHUHNHQGH�PHW�HHQ�FRPSXWHUPRGHO�JHEDVHHUG�RS�HHQ�05,�VFDQ�GH�PD[LPDOH�6$5�YRRU�HHQ�7(75$�SRUWRIRRQ�GLH�]HQGW�PHW�HHQ�YHUPRJHQ�YDQ���:��9RRU�WZHH�PRJHOLMNH�KRXGLQJHQ�WLMGHQV�JHEUXLN�EHGUDDJW�GH�6$5������:�NJ�RS���FP�YDQ�GH�
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QHXV�� HQ� ������:�NJ� RS� ��FP� YDQ� KHW� OLQNHURRU�� 712� >���@� HQ� 153%� >���@�UHGHQHUHQ�GDW�GH�6$5V�YRRU�*60�WRHVWHOOHQ�GH�ERYHQJUHQV�YRUPHQ�YRRU�GH�6$5�WHQ� JHYROJH� YDQ�7(75$�WRHVWHOOHQ� RPGDW� ELM�*60� HHQ� KRJHUH� IUHTXHQWLH�ZRUGW�JHEUXLNW�� GLH� GXV� PLQGHU� GLHS� GRRUGULQJW�� ZDDUGRRU� GH� HQHUJLH� LQ� HHQ� NOHLQHU�JHELHG�ZRUGW�JHDEVRUEHHUG�GDQ�ELM�7(75$���153%�>���@�SXEOLFHHUGH�PD[LPDOH�6$5V�JHPHWHQ�RS�HHQ�IDQWRRPKRRIG�YRRU�HHQ�SRUWRIRRQ�GLH�]HQGW�PHW���:��HQ�YRRU�HHQ�GLH�]HQGW�RS���:��'H�PD[LPDOH�6$5V�YRRU� ��:�]LMQ������:�NJ�DDQ�KHW� OLQNHURRU� HQ������:�NJ�YRRU�KHW� JH]LFKW��9RRU�� :� ]LMQ� GH� 6$5V� �����:�NJ� DDQ� KHW� OLQNHURRU� HQ� �����:�NJ� YRRU� KHW� JH]LFKW��'H]H�ZDDUGHQ�]LMQ�KRJHU�GDQ�GH�GRRU�712�EHUHNHQGH�ZDDUGHQ��9RRU���:�]LMQ�GH�ZDDUGHQ� ]R� KRRJ� GDW� ]H� ERYHQ� GH� EDVLVUHVWULFWLHV� XLWNRPHQ� YRRU� OHGHQ� YDQ� GH�DOJHPHQH�EHYRONLQJ��(FKWHU��]H�EOLMYHQ�RQGHU�GH�JUHQVZDDUGHQ����1LHW�DOOH�SURGXFHQWHQ�YDQ�7(75$�WRHVWHOOHQ�YHUPHOGHQ�RS�KXQ�ZHEVLWH�GH�6$5V��8LW�JHJHYHQV�JHSXEOLFHHUG�GRRU�1RNLD�EOLMNW�GDW�GH�6$5�YRRU�HHQ���:�SRUWRIRRQ�W\SLVFK�URQG������:�NJ�OLJW�>���@���7(75$�LQVWDOODWLHV� GLH� ]LFK� RS� HHQ� YRHUWXLJ� EHYLQGHQ�� KHEEHQ� GRRUJDDQV� HHQ�]HQGYHUPRJHQ� YDQ� �� WRW� ���:�� 'LW� YHUPRJHQ� ]DO� YRRU� PHQVHQ� LQ� KHW� YRHUWXLJ�ZDDUVFKLMQOLMN� JHHQ� RYHUVFKULMGLQJ� YDQ� GH� EDVLVUHVWULFWLH� YRRU� OHGHQ� YDQ� GH�DOJHPHQH� EHYRONLQJ� ]RDOV� JHQRHPG� LQ� GH�(XURSHVH� DDQEHYHOLQJ� >�@�� HQ� GXV� RRN�QLHW� YDQ� GH� JUHQVZDDUGH� JHYHQ�� RPGDW� KHW� YRHUWXLJ� KHW� YHOG� DIVFKHUPW�� 9RRU�ZHUNQHPHUV� GLH� ]LFK� EXLWHQ�� GLFKW� ELM� GH� DQWHQQH� EHYLQGHQ�� ]RXGHQ� GH�JUHQVZDDUGHQ� NXQQHQ� ZRUGHQ� RYHUVFKUHGHQ� ZDQQHHU� KHW� KRRIG� ]LFK� RS� HQNHOH�FHQWLPHWHUV�HQ�JHGXUHQGH�HQNHOH�PLQXWHQ�ELM�GH�DQWHQQH�RS�HHQ�YRHUWXLJ�EHYLQGW��WHUZLMO�PHHU�GDQ�ppQ�WLMGVORW�ZRUGW�EHQXW�>���@��(FKWHU��GH�EORRWVWHOOLQJ�QHHPW�VQHO�DI�PHW�GH�DIVWDQG���$OOH�*60��HQ�8076�WHOHIRRQV�HQ�7(75$�SRUWRIRRQV�YDOOHQ�LQ�FDWHJRULH�,�RPGDW�GH� JUHQVZDDUGHQ� QLHW� RYHUVFKUHGHQ� ZRUGHQ�� 7(75$�]HQGHUV� RS� YRHUWXLJHQ� PHW�HHQ�]HQGYHUPRJHQ�YDQ����:�YDOOHQ�LQ�FDWHJRULH�,,D���
'UDDGOR]H�YHUELQGLQJHQ��(U�EHVWDDQ�YHOH�YHUVFKLOOHQGH�WHFKQLHNHQ�HQ�VWDQGDDUGHQ�RP�DSSDUDWXXU�GUDDGORRV�WH� ODWHQ� FRPPXQLFHUHQ�� 9RRU� JURWHUH� DIVWDQGHQ� �PHHU� GDQ� HQNHOH� WLHQWDOOHQ�NLORPHWHUV�� ZRUGHQ� GH� 3RLQW�WR�3RLQW� �33�� �YDVWH�� VWUDDOYHUELQGLQJHQ� JHEUXLNW��9RRU� GH� PLGGHOODQJH� DIVWDQGHQ� YDQ� KRQGHUG� PHWHU� WRW� HQNHOH� NLORPHWHUV� LQ�VWHGHOLMNH�JHELHGHQ�WRW�WLHQWDOOHQ�NLORPHWHUV�LQ�ODQGHOLMNH�JHELHGHQ�ZRUGW�:LUHOHVV�/RFDO� /RRS� �://�� JHEUXLNW�� 9RRU� GH� NOHLQHUH� DIVWDQGHQ� YDQ� HQNHOH� KRQGHUGHQ�PHWHUV�ZRUGW�:LUHOHVV�/RFDO�$UHD�1HWZRUN��:/$1��PHW�DOV�EHNHQGVWH�VWDQGDDUG�
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:LUHOHVV�)LGHOLW\� �:L)L���%OXHWRRWK� LV�GH� VWDQGDDUG�YRRU�GUDDGOR]H�YHUELQGLQJHQ�WRW�FLUFD����P��
�'UDDGOR]H�YHUELQGLQJHQ��://��://� LV� HHQ� �GLJLWDDO�� UDGLRV\VWHHP�ZDDUPHH� YDQXLW� HHQ� FHQWUDDO� SXQW� GUDDGOR]H�YHUELQGLQJHQ� NXQQHQ� ZRUGHQ� JHOHJG�PHW� YDVW� RSJHVWHOGH� GHFHQWUDOH� SXQWHQ�� 'LW�FHQWUDOH�SXQW�LV�YHUYROJHQV�PHW�HHQ�EUHHGEDQGYHUELQGLQJ�ZHHU�DDQJHVORWHQ�RS�HHQ�YDVW�QHWZHUN��]RDOV�KHW�WHOHIRRQQHW�RI�HHQ�JODVYH]HOQHW��$QGHUH�QDPHQ�]LMQ�)L[HG�:LUHOHVV� $FFHVV� �):$��� 3RLQW�WR�0XOWLSRLQW� �303��� RI� /RFDO� 0XOWLSRLQW�'LVWULEXWLRQ� 6\VWHP� �/0'6��� (HQ� DQGHUH� YRUP� LV� GH� 0XOWLSRLQW�WR�0XOWLSRLQW��03�03���'H�03�03�WHFKQLHN�NHQW�HHQ�PDDVYRUPLJ�VWHOVHO�YDQ�YHUELQGLQJHQ��%LM�GH]H� WHFKQLHN� ZRUGW� HHQ� RQWYDQJHQ� VLJQDDO� RRN� ZHHU� GRRUJHVWXXUG� QDDU� HHQ�YROJHQGH� DQWHQQH�� ,Q� 1HGHUODQG� ]LMQ� YRRU� ://� PHHUGHUH� IUHTXHQWLHEDQGHQ� GH�����*+]���������������0+]��GH�����*+]���������������0+]��HQ�GH����*+]�EDQG�>���@�� (ONH� RSHUDWRU� GLH� JHEUXLN� PDDNW� YDQ� 303� V\VWHPHQ�� PRHW� WHQ� PLQVWH����EDVLVVWDWLRQV�ERXZHQ�� HONH�RSHUDWRU�GLH�JHEUXLN�PDDNW�YDQ�03�03�V\VWHPHQ��]DO�WHQPLQVWH�����DDQVOXLWSXQWHQ��WHUPLQDOV� PRHWHQ�ERXZHQ��+HW�DDQWDO�IHLWHOLMNH�JHERXZGH� PDVWHQ� KDQJW� DI� YDQ� GH� YHUJXQQLQJKRXGHUV�� HHQ� *60�SURYLGHU� ]DO�ELMYRRUEHHOG� JHEUXLN� NXQQHQ� PDNHQ� YDQ� EHVWDDQGH� RSVWHOSXQWHQ�� 9ROJHQV� GH�ZHEVLWH�YDQ�KHW�PLQLVWHULH�YDQ�(FRQRPLVFKH�=DNHQ�>���@�PDDNW�://�JHEUXLN�YDQ�ODJH�YHUPRJHQV� HQ� µ����+RH� ODJHU�KHW� YHUPRJHQ��KRH�NOHLQHU�KHW� ULVLFR�RS�VFKDGH�DDQ� GH� JH]RQGKHLG���¶�� 712�)(/� KHHIW� LQ� ����� HHQ� UDSSRUW� XLWJHEUDFKW� RYHU� GH�WHFKQLVFKH�UDQGYRRUZDDUGHQ�]RDOV�GH�PRJHOLMNH�WH�JHEUXLNHQ�]HQGSURWRFROOHQ�'6�&'0$�� )+�&'0$�� )'0$� HQ� 7'0$� >���@�� 8LW� KHW� UDSSRUW� EOLMNW� GDW� KHW�]HQGYHUPRJHQ� GDW� DDQ� GH� DQWHQQH� ZRUGW� DDQJHERGHQ� DIKDQNHOLMN� LV� YDQ� GH�IUHTXHQWLH�HQ�KHW�JHEUXLNWH�]HQGSURWRFRO��+HW�]HQGYHUPRJHQ�OLJW�URQG���:�YRRU�GH�HHUGHU�JHQRHPGH�V\VWHPHQ�RI�URQG����:�YRRU�'6�&'0$����,Q� GH� ULFKWLQJ� YDQ� GH� KRRIGVWUDDO� NDQ� GH� YHUVWHUNLQJVIDFWRU� YDQ� HHQ� EXQGHOHQGH�DQWHQQH� OHLGHQ� WRW� HHQ� JURWHUH� YHUPRJHQVGLFKWKHLG� RS� GH]HOIGH� DIVWDQG� LQ� GH�EXQGHO� GDQ� HHQ� LVRWURRS� XLW]HQGHQGH� DQWHQQH�PHW� KHW]HOIGH� YHUPRJHQ�� 9RRU� GH������0+]� EDQG� HQ� YRRU� GH� �����0+]� EDQG� OHLGW� GLW� WRW� DIVWDQGHQ� LQ� GH�KRRIGEXQGHO� ZDDUELQQHQ� GH� DFWLHZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ� YDQ� PD[LPDDO�����P����://�V\VWHPHQ� YDOOHQ� LQ� FDWHJRULH�,,D� RPGDW� HHQ� DIVWDQG� WRW� GH� DQWHQQH� PRHW�ZRUGHQ�DDQJHKRXGHQ���
'UDDGOR]H�YHUELQGLQJHQ��VWUDDO]HQGHUV��6WUDDO]HQGHUYHUELQGLQJHQ�� RRN� ZHO� YDVWH� YHUELQGLQJHQ� JHQRHPG�� ]LMQ� GUDDGOR]H�YHUELQGLQJHQ� WXVVHQ� WZHH� SXQWHQ�� $DQJH]LHQ� ]H� PHW� VWHUN� JHEXQGHOGH� VLJQDOHQ�
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RSHUHUHQ��ZRUGHQ� DOV� DQWHQQH� YDDN� VFKRWHOV� JHEUXLNW��'RRU� GH� QDXZH� EXQGHO� RS�HHQ�KRJH�IUHTXHQWLH�PRHWHQ�WZHH�RSVWHOSXQWHQ�HHQ�GLUHFW]LFKW�YHUELQGLQJVOLMQ�PHW�HONDDU�KHEEHQ��9DQZHJH�GH�NURPPLQJ�YDQ�GH�DDUGH�LV�GH�PD[LPDOH�DIVWDQG�WXVVHQ�]HQGHU� HQ� RQWYDQJHU� RQJHYHHU� ���NP�� 2P� REVWDNHOV� WH� PLMGHQ� LV� YRRU� KHW�RYHUEUXJJHQ� YDQ� HHQ� DIVWDQG� YDQ� ���NP�HHQ� RSVWHOSXQW� RS� HHQ� KRRJWH� YDQ����P�QRGLJ�� RP� ���NP� WH� RYHUEUXJJHQ� LV� HHQ� KRRJWH� YDQ� ���P� QRGLJ�� 'H� PHHVWH�WRHSDVVLQJHQ�PDNHQ�JHEUXLN�YDQ�GH�IUHTXHQWLHEDQGHQ�URQG����RI����*+]��$OOHHQ�ELM�DIVWDQGHQ�JURWHU�GDQ����NP�RI�LQWHQVLHI�GDWDYHUNHHU�YDQ�PHHU�GDQ�����0ELWV�V�ZRUGHQ� IUHTXHQWLHV� EHQHGHQ� ���*+]� JHEUXLNW�� %LM� NRUWHUH� DIVWDQGHQ� WRW� ����P�PDDNW� PHQ� JHEUXLN� YDQ� GH� IUHTXHQWLHEDQG� URQG� ���*+]�� 2SVWHOSXQWHQ� ]LMQ�GRRUJDDQV� RS� KRJH� JHERXZHQ�� PDVWHQ� HQ� GH� ]HQGHUWRUHQV�� 2P� ELM� GH]H�VWUDDO]HQGHUV� LQ� GH� EXXUW� WH� NRPHQ� LV� KHW� JHEUXLNHOLMN� GDW� HU� �VFKULIWHOLMN��WRHVWHPPLQJ� PRHW� ZRUGHQ� JHYUDDJG�� 'LW� LV� PHGH� RP� WH� FRQWUROHUHQ� RI� GH�EORRWVWHOOLQJ�QLHW�ERYHQ�GH�DFWLHZDDUGHQ�NDQ�NRPHQ��2PGDW�VWUDDO]HQGHUV�WRW�GRHO�KHEEHQ�KXQ�HQHUJLH� LQ� HHQ� ]R� VWUDN�PRJHOLMNH�EXQGHO� WH�]HQGHQ�RI� WH�RQWYDQJHQ��JHOGW� DOV� YXLVWUHJHO� GDW� ]RODQJ� PHQ� QLHW� LQ� GH� EXQGHO�� GXV� YRRU� GH� VFKRWHO� JDDW�VWDDQ��GH�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ���'H� YDVWH� YHUELQGLQJHQ� ]LMQ� GRRUJDDQV� YHUJXQQLQJVSOLFKWLJ�� +HW� $JHQWVFKDS�7HOHFRP� YDQ� KHW� PLQLVWHULH� YDQ� (FRQRPLVFKH� =DNHQ� EHSDDOW� KHW� PD[LPDDO�XLWJHVWUDDOGH�]HQGYHUPRJHQ�HQ�GH�KRRJWH�YDQ�GH�DQWHQQH�]RGDW�HU�SUHFLHV�JHQRHJ�VLJQDDO� DUULYHHUW� YRRU� YROGRHQGH� RQWYDQJVW�� 'H� (53��� YHUPRJHQV� YDULsUHQ� YDQ����� :�WRW����N:���%HNHQGH� HQ� LQ� ZRRQJHELHGHQ� YHHO� YRRUNRPHQGH�� JRHG� ]LFKWEDUH� YDVWH�YHUELQGLQJHQ�]LMQ�GH�VFKRWHOV�RS�*60�PDVWHQ��'RRUJDDQV�KHEEHQ�]H�HHQ�GLDPHWHU�YDQ� ���FP� HQ� HHQ� YHUPRJHQ� WRW� ����P:�� =H� ]HQGHQ� WXVVHQ� GH� ��� HQ� ���*+]��ZDDUYRRU� GH� YHUUHYHOGDIVWDQG� ����� UHVSHFWLHYHOLMN� ���P� EHGUDDJW�� 9ROJHQV� GH�*H]RQGKHLGVUDDG� >���@� KHHIW� HHQ� VWUDDO]HQGHU� RQJHYHHU� RS� HHQ� DFKWVWH�YHUUHYHOGDIVWDQG�LQ�GH�KRRIGEXQGHO�]LMQ�PD[LPDOH�YHUPRJHQVGLFKWKHLG��'H]H�LV�LQ�KHW� QDELMHYHOG� ELM� EHQDGHULQJ� JHOLMN� DDQ� YLHU� PDDO� KHW� EHVFKLNEDUH� YHUPRJHQ�JHGHHOG�GRRU�GH�GLDPHWHU�YDQ�GH�VFKRWHO�LQ�KHW�NZDGUDDW�>���@��9RRU�HHQ�JDQJEDDU�YHUPRJHQ� YDQ� ����P:� HQ� HHQ� GLDPHWHU� NZDGUDDW� YDQ� �����P� OHLGW� GDW� WRW���� :�P�� RIZHO�����YDQ�GH�DFWLHZDDUGH�YDQ����:�P�� 'XV�]HOIV�LQ�GH�EXQGHO�NDQ�GH DFWLHZDDUGH�QLHW�RYHUVFKUHGHQ�ZRUGHQ���.OHLQH�VWUDDO]HQGHUV�JHEUXLNW�ELM�*60�EDVLVVWDWLRQV��ZDDUELM�KHW�YHUPRJHQ�ZRUGW�EHSHUNW�WRW���:�HQ�HHQ�VFKRWHOGLDPHWHU�YDQ����RI����FP��YDOOHQ�LQ�FDWHJRULH�,���
��� (53�VWDDW�YRRU�(IIHFWLYH�5DGLDWHG�3RZHU�HQ�LV�KHW�YHUPRJHQ�GDW�QRGLJ�LV�DOV�GH�]HQGHU�

DOV�HHQ�KDOYH�JROIOHQJWH�GLSRRO�]RX�XLW]HQGHQ�HQ�WRFK�GH]HOIGH�YHUPRJHQVGLFKWKHLG�ELM�
GH�RQWYDQJHU�WHZHHJ�]RX�EUHQJHQ��%LM�HHQ�EXQGHOHQGH�DQWHQQH�LV�KHW�(53�GXV�JURWHU�GDQ�
KHW�IHLWHOLMNH�LQSXW�YHUPRJHQ��
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6WUDDO]HQGHUV� YDOOHQ� LQ� FDWHJRULH�,,D��=RODQJ�PHQ�QLHW� LQ� GH� EXQGHO�� GXV� YRRU� GH�VFKRWHO�JDDW�VWDDQ��ZRUGHQ�GH�DFWLHZDDUGHQ�QLHW�RYHUVFKUHGHQ���
2PURHS��,Q� 1HGHUODQG� PDNHQ� GH� ODQGHOLMNH� HQ� UHJLRQDOH� RPURHSHQ� JHEUXLN� YDQ� DQDORJH�$0��HQ�)0�UDGLR]HQGHUV�HQ�79�]HQGHUV��(U�ZRUGW�JHZHUNW�DDQ�GH�LQWURGXFWLH�YDQ�GLJLWDOH�]HQGHUV�YRRU�]RZHO� UDGLR� �$0�HQ�)0��DOV� WHOHYLVLH��9ROJHQV�GH�ZHEVLWH�YDQ� KHW� PLQLVWHULH� YDQ� (=� HQ� GH� QRWD� GH� 'LJLWDOH� 'HOWD� >���@� ZRUGW� HUQDDU�JHVWUHHIG�RP�GH�DQDORJH�]HQGHUV�RS�WHUPLMQ�WH�YHUYDQJHQ�GRRU�GLJLWDOH�]HQGHUV��2S�GH� ZHEVLWH� YDQ� KHW� $QWHQQHUHJLVWHU� NXQQHQ� GH� ORFDWLHV� HQ� JHJHYHQV� YDQ� GH�ODQGHOLMNH�DQDORJH�HQ�GLJLWDOH�RPURHS]HQGHUV�JHYRQGHQ�ZRUGHQ�>���@��1HW�DOV�YRRU�GH�*60��HQ�8076�EDVLVVWDWLRQV�ZRUGHQ�GH�FRQWRXUHQ�YRRU�ZHUNQHPHUV�JHJHYHQ�ZDDUELQQHQ� GH� DFWLHZDDUGHQ�ZRUGHQ� RYHUVFKUHGHQ��'H�$0�]HQGHUV� HQ�GH� ORNDOH�HQ� UHJLRQDOH�]HQGHUV�RQWEUHNHQ��2S�GH�ZHEVLWH�YDQ�KHW�$JHQWVFKDS�7HOHFRP�NDQ�PHQ� YRRU� LHGHUH�79�]HQGHU� GH� IUHTXHQWLH�� GH� ORFDWLH� HQ� KHW� YHUPRJHQ�RS]RHNHQ�>���@���,Q�PDDUW������YDULsUHQ�GH�YHUPRJHQV�YDQ�GH����DQDORJH�WHOHYLVLH]HQGHUV�WXVVHQ�GH�����HQ������N:�(53��(U�]HQGHQ����]HQGHUV�PHW���N:�RI�PLQGHU�HQ����]HQGHUV�PHW�����N:�RI�PLQGHU��(U�]LMQ�YLHU�]HQGHUV�GLH�PHW������N:�]HQGHQ��'H�YHUPRJHQV�YDQ� GH� ����RSHUDWLRQHOH� GLJLWDOH�79�]HQGHUV� YDULsUHQ� WXVVHQ� ���� HQ� ���N:�(53������ YDQ� GH� ]HQGHUV� KHHIW� HHQ� YHUPRJHQ� YDQ� ��N:� RI�PLQGHU�� (U� ]LMQ� RRN� QRJ�����GLJLWDOH�79�]HQGHUV� LQ�FR|UGLQDWLH��'H�GLJLWDOH�]HQGHUV�KHEEHQ�GXV�HHQ�ODJHU�YHUPRJHQ� GDQ� GH� DQDORJH� HQ� GDDUPHH� RRN� NOHLQHUH� FRQWRXUHQ� ZDDUELQQHQ� GH�DFWLHZDDUGHQ� RYHUVFKUHGHQ� ZRUGHQ�� 2RN� GH� GLJLWDOH� UDGLR]HQGHUV� ]RDOV� GH�
7HUUHVWULDO� 'LJLWDO� $XGLR� %URDGFDVWLQJ� �7�'$%��� HHQ� LQ� (XURSHHV� YHUEDQG�RQWZLNNHOGH�RSYROJHU�YRRU�GH�DQDORJH�)0�HQ�GH�RSYROJHU�YDQ�GH�DQDORJH�$0��GH�
'LJLWDO�5DGLR�0RQGLDO� �'50��KHEEHQ� ODJHUH�YHUPRJHQV�GDQ�GH�DQDORJH�)0��HQ�$0�]HQGHUV���+HW� $JHQWVFKDS� 7HOHFRP� RQGHUVFKHLGW� ORNDOH�� UHJLRQDOH� HQ� ODQGHOLMNH� ]HQGHUV��/RNDOH�]HQGHUV�SURGXFHUHQ�PD[LPDDO�����:�(53�HQ�]LMQ�EHGRHOG�RP�HHQ�JHELHG�PHW�HHQ�VWUDDO�YDQ�RQJHYHHU���NP�WH�EHVWULMNHQ��5HJLRQDOH�]HQGHUV�NXQQHQ�]HQGHQ�PHW� HHQ� YHUPRJHQ� WRW� HQNHOH� NLORZDWWV� (53�� /RNDOH� ]HQGHUV� VWDDQ� PHHVWDO� RS�GDNHQ�HQ�PDVWHQ��UHJLRQDOH�]HQGHUV�VWDDQ�RS�GDNHQ��PDDU�RRN�RS�DQWHQQHPDVWHQ�HQ�±WRUHQV�� 2PURHS]HQGHUV� ]LMQ� LQ� GLW� UDSSRUW� RSJHGHHOG� LQ� NOHLQH� HQ� JURWH�RPURHS]HQGHUV��0HW�NOHLQH�RPURHS]HQGHUV�ZRUGHQ�GH�ORNDOH�HQ�UHJLRQDOH�]HQGHUV�GLH�RS�GDNHQ�VWDDQ��EHGRHOG����/DQGHOLMNH� )0�� HQ�79�RPURHS]HQGHUV� VWDDQ� GRRUJDDQV� LQ� YULMVWDDQGH�PDVWHQ� HQ�RPURHSWRUHQV� RI� RS� PDVWHQ� ERYHQRS� JHERXZHQ�� 0HHVWDO� ZRUGHQ� GHUJHOLMN�RSVWHOSXQWHQ�JHGHHOG�PHW�DQGHUH�]HQGDQWHQQHV��:HUNQHPHUV�GLH�GHUJHOLMNH�PDVWHQ�
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EHNOLPPHQ� JDDQ� YULMZHO� DOWLMG� GRRU� GH� FRQWRXUHQ� ZDDUELQQHQ� GH� DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��0HWLQJHQ�LQ�KHW�9HUHQLJG�.RQLQNULMN�XLW������ODWHQ�]LHQ�GDW�ZHUNQHPHUV� LQ� PDVWHQ� ELM� 9+)� HQ� 8+)� RPURHS]HQGHUV� LQ� LHGHU� JHYDO� SLHN�EORRWVWHOOLQJHQ� EXLWHQ� GH� UDQJH� YDQ� GH� SHUVRRQVGRVLPHWHU� ������ YDQ� GH�DFWLHZDDUGH��HUYDUHQ�>���@��2RN�]LMQ�HU�LQ�HHQ�]HQGPDVW�LQ�)LQODQG�WHU�KRRJWH�YDQ�)0�]HQGHUV�RYHUVFKULMGLQJHQ�EHNHQG�YDQ�YLMI�PDDO�GH�DFWLHZDDUGH��9RRU�9+)�79�DQWHQQHV� LV� GH]H� GRRUJDDQV� ODJHU� GDQ� YRRU� )0�DQWHQQHV�� PDDU� GH� DFWLHZDDUGHQ�NXQQHQ� QRJ� VWHHGV� RYHUVFKUHGHQ� ZRUGHQ�� 'H� DFWLHZDDUGHQ� ZHUGHQ� HQNHOH�WLHQWDOOHQ�PDOHQ�RYHUVFKUHGHQ�ELM�8+)�DQWHQQHV�ERYHQLQ�HHQ�PDVW��1LHW�DOOHHQ�GH�]HQGHUV��PDDU�RRN�GH�VHFXQGDLUH�HPLVVLH�GRRU�DDQOLJJHQGH�PDVWGHOHQ�]RUJHQ�YRRU�EORRWVWHOOLQJ��+LHUGRRU�LV�GH�EORRWVWHOOLQJ�QLHW�HHQYRXGLJ�YDVW�WH�VWHOOHQ��DQGHUV�GDQ�GRRU�PHWLQJHQ� >���@��2RN�GLJLWDOH�79�DQWHQQHV�PHW�YHUPRJHQV�YDQ����N:�(53�NXQQHQ�YRRU�EORRWVWHOOLQJHQ�]RUJHQ�YDQ�HQNHOH�PDOHQ�GH�DFWLHZDDUGHQ�>���@���+HW� NRUWHJROI�$0�]HQGHUSDUN� VWDDW� LQ� GH� )OHYRSROGHU� HQ� ]HQGW�PHW� YLHU� ]HQGHUV�YDQ�����N:�(,53�HON�RS�YHUVFKLOOHQGH�IUHTXHQWLHV��'RRU�PLGGHO�YDQ�GH�QDDU�KXQ�XLWHUOLMN�JHQRHPGH�JRUGLMQDQWHQQHV�]HQGHQ�]H�JHEXQGHOGH�VWUDOLQJ�VFKXLQ�RPKRRJ�RP�]H�YLD�GH�LRQRVIHHU�WH�ODWHQ�UHIOHFWHUHQ��2QGDQNV�GDW�GH�EXQGHOV�VFKXLQ�RPKRRJ�]LMQ�JHULFKW�� LV�HU�DDQ�GH�JURQG� LQ�GH�QDELMKHLG�YDQ�GH�]HQGHU�HHQ�RYHUVFKULMGLQJ�YDQ� GH� DFWLHZDDUGHQ�PRJHOLMN�� (U� LV� GDQ� RRN� HHQ� JURRW� WHUUHLQ� DIJH]HW� YRRU� KHW�SXEOLHN��0LGGHQJROI�$0�]HQGHUV� JHEUXLNHQ� KRJH�� URQGVWUDOHQGH� DQWHQQHV� GLH� RS�GH�JURQG� VWDDQ��'H�KHOH�PDVW�YDQ� W\SLVFK�����P�KRRJWH� IXQJHHUW�DOV�DQWHQQH��(U�]LMQ� ���PLGGHQJROI]HQGHUV� LQ� JHEUXLN� PHW� YHUPRJHQV� YDQ� �� WRW� �����:� (,53��'RRUJDDQV�LV�GH�RPJHYLQJ�YDQ�GH�DQWHQQH�DIJH]HW��]RGDW�EXLWHQ�GH�RPKHLQLQJ�GH�UHIHUHQWLHQLYHDXV�QLHW�RYHUVFKUHGHQ�ZRUGHQ��HQ�GH�DFWLHZDDUGHQ�GXV�RRN�QLHW��8LW�YRRUEHHOGHQ�YDQ�EHUHNHQLQJHQ�YDQ�'DKPH�>���@�DDQ�NRUWHJROI�$0�]HQGHUV�EOLMNW�GH�YHOGVWHUNWH�DDQ�GH�JURQG�����9�P�RS���P�DIVWDQG�HQ�����9�P�RS����P�DIVWDQG�YDQ�GH�JRUGLMQDQWHQQH�NDQ�]LMQ�ELM�HHQ�GUDDJJROIIUHTXHQWLH�YDQ�������0+]�HQ�HHQ�YHUPRJHQ� YDQ� ����N:� (,53�� 'H]H� YHOGVWHUNWHV� EHGUDJHQ� HQNHOH� PDOHQ� GH�DFWLHZDDUGH�YDQ����9�P���1DDVW� DFWLHZDDUGHQ� YRRU� GLUHFWH� EORRWVWHOOLQJ� DDQ� HOHNWURPDJQHWLVFKH� YHOGHQ��JHOGHQ� YRRU� IUHTXHQWLHV� WRW� ����0+]� RRN� DFWLHZDDUGHQ� YRRU� FRQWDFWVWURRP��&RQWDFWVWURPHQ� NXQQHQ� RSWUHGHQ� ELM� DDQUDNLQJ� YDQ� PHWDOHQ� YRRUZHUSHQ� LQ� HHQ�HOHNWURPDJQHWLVFK�YHOG��,Q������]LMQ�UDSSRUWHQ�YDQ�712�>���@�HQ�KHW�$JHQWVFKDS�7HOHFRP�>���@�XLWJHNRPHQ�PHW�PHWLQJHQ�DDQ�HHQ�$0�]HQGHU�ELM�7ULQWHOKDYHQ��'H�NODFKWHQ�ZDUHQ�RQGHU�DQGHUH�KHW�YHUEUDQGHQ�YDQ�GH�KDQGHQ�DDQ�GH�VWDJHQ�YDQ�GH�PDVWHQ�HQ�KHW�GRRUEUDQGHQ�YDQ�GLYHUVH�DSSDUDWXXU�]RDOV�HHQ�*36��+HW�$JHQWVFKDS�7HOHFRP� KHHIW� PD[LPDOH� YHOGVWHUNWHV� JHPHWHQ� YDQ� ���9�P� YRRU� KHW� HOHNWULVFKH�YHOG�HQ������$�P�YRRU�KHW�PDJQHWLVFKH�YHOG��712�KHHIW�HHQ�PD[LPDDO�HOHNWULVFK�YHOG�PHW�HHQ�VWHUNWH�YDQ����9�P�JHPHWHQ�HQ�HHQ�PD[LPDOH�VWURRP�LQ�KHW�YRRUVWDJ�YDQ� ����$�� 8LW� DDQYXOOHQGH� PHWLQJHQ� YDQ� 712� EOLMNW� GDW� SDV� ELM� ��$� GH� PDVW�VXEVWDQWLHHO� NDQ� RSZDUPHQ�� 2RN� FRQWDFWVWURPHQ� NXQQHQ� ELM� GH� JHPHWHQ�
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YHOGVWHUNWHQ� QLHW� WRW� VFKRNNHQ� OHLGHQ�� =HOIV� DOV� GH� DDQEHYHOLQJ� YDQ� GH�*H]RQGKHLGVUDDG� XLW� ����� ZRUGW� DDQJHKRXGHQ� RYHUVFKULMGHQ� GH� JHPHWHQ�YHOGVWHUNWHV�GH]H�ZDDUGH������9�P��QLHW�>���@���*URWH� RPURHS]HQGHUV� YDOOHQ� LQ� FDWHJRULH�,,,�� +HW� LV� ]HNHU� GDW� GH� DFWLHZDDUGHQ�RYHUVFKUHGHQ� ZRUGHQ�� 'RRUJDDQV� NXQQHQ� HU� JHHQ� HHQYRXGLJH� PDDWUHJHOHQ�JHQRPHQ�ZRUGHQ���.OHLQH� �ORNDOH� HQ� VRPPLJH� UHJLRQDOH�� )0�]HQGHUV� VWDDQ� RRN� RSJHVWHOG� RS�JHERXZHQ� HQ� YDOOHQ� GRRU� KXQ� HHQYRXGLJH� YRRUNRPHQ� PRJHOLMN� QLHW� RS� YRRU�GDNZHUNHUV��'H]H�]HQGHUV�]LMQ�QRJ�QLHW�RSJHQRPHQ�LQ�KHW�$QWHQQHUHJLVWHU��7RWGDW�GLW�ZHO�KHW�JHYDO�LV��HQ�HU�GXLGHOLMNKHLG�LV�RYHU�GH�YHLOLJKHLGVFRQWRXU��YDOOHQ�]H�LQ�FDWHJRULH�,,E��9RRU]LFKWLJKHLG�LV�GXV�YRRUDOVQRJ�JHERGHQ��HQ�HHQ�H[WUD�LQVSDQQLQJ�DOV�PHWHQ�WHU�SOHNNH�LV�UDDG]DDP���=HQGHUV� YDQ� ]HQGDPDWHXUV� YDOOHQ� RP� GH]HOIGH� UHGHQHQ� DOV� GH� UHJLRQDOH� )0�]HQGHUV�RRN�LQ�FDWHJRULH�,,E���
5DGDU��5DGDU� LV� HHQ�DINRUWLQJ�YRRU�KHW�(QJHOVH�5DGLR�'HWHFWLRQ�$QG�5DQJLQJ� 5DGDU� LV�HHQ�V\VWHHP�YRRU�GH�GHWHFWLH��SODDWVEHSDOLQJ�HQ�VQHOKHLG�YDQ�REMHFWHQ��'LW�JHEHXUW�GRRU�KHW�XLW]HQGHQ�YDQ�UDGLRIUHTXHQWH�HQHUJLH��PHHVWDO� LQ�HHQ�JHSXOVWH�JROIYRUP��HQ� KHW� RQWYDQJHQ� HQ� YHUZHUNHQ� YDQ� KHW� DDQ� KHW� REMHFW� WHUXJJHNDDWVWH� µHFKR¶�VLJQDDO�� 'H� DQWHQQHKRHN� LV� HHQ� PDDW� YRRU� GH� ULFKWLQJ� YDQ� KHW� REMHFW� HQ� KHW�WLMGVLQWHUYDO�WXVVHQ�XLW]HQGHQ�HQ�RQWYDQJHQ�YDQ�GH�SXOV�HHQ�PDDW�YRRU�GH�DIVWDQG��'H� VQHOKHLG� YDQ� HHQ� EHZHJHQG� REMHFW� NDQ� EHSDDOG� ZRUGHQ� XLW� GH�'RSSOHUYHUVFKXLYLQJ�� 'H� 'RSSOHUYHUVFKXLYLQJ� LV� HHQ� YHUVFKXLYLQJ� YDQ� GH�IUHTXHQWLH�YDQ�KHW�DDQ�HHQ�EHZHJHQG�REMHFW�ZHHUNDDWVWH�VLJQDDO���(U�]LMQ�YHUVFKLOOHQGH�W\SHQ�UDGDUV��'H�PHHVWH�UDGDUV�]HQGHQ�LQ�SXOVHQ��PDDU�HU�]LMQ�RRN� XLW]RQGHULQJHQ� GLH� FRQWLQXH� VLJQDOHQ� VWXUHQ�� ]RDOV� GH�)UHTXHQF\�0RGXODWHG�
&RQWLQXRXV�:DYH� �)0&:���(U� ]LMQ�YDVWH� UDGDUV�GLH�RS�HHQ�EHSDDOGH�SRVLWLH�HHQ�JHULFKW� VLJQDDO� XLW]HQGHQ�� ]RDOV� VQHOKHLGVUDGDUV�� ,Q� VRPPLJH� JHYDOOHQ� LV� KHW� QLHW�ZHQVHOLMN�GDW�HHQ�UDGDUEXQGHO�LQ�HHQ�FLUNHO�XLW]HQGW��ELMYRRUEHHOG�DOV�DDQ�GH�NXVW�DOOHHQ� ]HHZDDUWV�ZDDUJHQRPHQ�KRHIW� WH�ZRUGHQ�� ,Q� GDW� JHYDO� ]HQGW�GH� UDGDU�QLHW�ZDQQHHU� KLM� ODQGLQZDDUWV� JHULFKW� LV�� RI� LV� HU� HHQ� DIVFKHUPLQJ� YRRU� GH� EXQGHO�DDQJHEUDFKW��(HQ�GHUJHOLMNH�DIVFKHUPLQJ�ZRUGW�RRN�ZHO�VHFWRU�EORFNLQJ�JHQRHPG���5RWHUHQGH� UDGDUV� GUDDLHQ� RYHU� KHW� DOJHPHHQ� HHQ� SDDU� NHHU� SHU� PLQXXW� URQG� HQ�]HQGHQ�LQ�HHQ�VPDOOH�EXQGHO��%XLWHQ�GH�KRRIGEXQGHO�QHHPW�GH�YHOGVWHUNWH�VQHO�DI��6RPPLJH�UDGDUV�EHZHJHQ�]RZHO�LQ�KHW�KRUL]RQWDOH�YODN�DOV�LQ�KHW�YHUWLFDOH��'H�GXW\�
IDFWRU� GUXNW� GH� IUDFWLH� YDQ� GH� WRWDOH� WLMG� XLW� GDW� GH� EXQGHO� HHQ]HOIGH� REMHFW�
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µEHOLFKW¶�� 'H� WRWDOH� GXW\� IDFWRU� LV� KHW� SURGXFW� YDQ� GH� SXOV�GXW\� IDFWRU� �SXOVGXXU�JHGHHOG�GRRU� LQWHUYDO��HQ�GH� URWDWLH�GXW\� IDFWRU� �EXQGHOEUHHGWH�JHGHHOG�GRRU�����JUDGHQ��� 'H]H� GXW\� IDFWRU� YHUPHQLJYXOGLJG� PHW� KHW� SLHNYHUPRJHQ�� JHHIW� KHW�JHPLGGHOG� XLWJH]RQGHQ� YHUPRJHQ� LQ� DOOH� ULFKWLQJHQ�� (U� JHOGHQ� YHUVFKLOOHQGH�EDVLVUHVWULFWLHV�YRRU�KHW�JHSXOVWH�SLHNYHUPRJHQ�HQ�KHW�JHPLGGHOG�YHUPRJHQ��,Q�GH�(8�ULFKWOLMQ�VWDDW�GDW�YRRU�GH�SLHNZDDUGHQ�YDQ�JHSXOVWH�HOHNWURPDJQHWLVFKH�YHOGHQ�PRHW�JHOGHQ�GDW�GH�YHUPRJHQVGLFKWKHLG�JHPLGGHOG�RYHU�GH�SXOVEUHHGWH�QLHW�PHHU�PDJ� EHGUDJHQ� GDQ� ����� PDDO� GH� HTXLYDOHQWH� YHUPRJHQVGLFKWKHLG� RI� GDW� GH�YHOGVWHUNWHV�QLHW�PHHU�GDQ����PDDO�GH�DFWLHZDDUGHQ�EHGUDJHQ�GLH�JHOGHQ�YRRU�GH�GUDDJIUHTXHQWLH���-RNHOD� HQ�3XUDQHQ� >���@�JHYHQ� W\SLVFKH�ZDDUGHQ�YRRU�GH�YHUPRJHQVGLFKWKHLG� LQ�GH�KRRIGEXQGHO�YDQ�HHQ�UDGDU�YODN�YRRU�GH�DQWHQQH��'H]H�ZDDUGHQ�EHGUDJHQ�YRRU�YDVWH� UDGDUV� WXVVHQ� ���� HQ� �����:�P�� 'DW� EHWHNHQW� GDW� RS� HQNHOH� KRQGHUGHQ�PHWHUV� GH� DFWLHZDDUGH� LQ� GH� KRRIGEXQGHO� RYHUVFKUHGHQ� NDQ� ZRUGHQ�� (FKWHU�� ELM�URWHUHQGH� UDGDUV� EHYLQGW� PHQ� ]LFK� PHHVWDO� EXLWHQ� GH� KRRIGEXQGHO� HQ� LV� GH�JHPLGGHOGH�YHUPRJHQVGLFKWKHLG�LQ�JHELHGHQ�WRHJDQNHOLMN�YRRU�ZHUNQHPHUV�]HOGHQ�KRJHU�GDQ���:�P�� +HW�SLHNYHUPRJHQ�LV�W\SLVFK�����WRW�������PDDO�KRJHU�GDQ�KHW�
JHPLGGHOGH��%LM�JHSXOVWH�UDGDUV�YDULsUHQ�GH�SXOVEUHHGWHV�WXVVHQ�����WRW�����µV��+HW�
NDQ�YRRUNRPHQ�GDW�ZDQQHHU�HHQ�UDGDUEXQGHO�KHW�KRRIG�UDDNW�GH�JUHQVZDDUGH�YDQ�
����P-�P� YRRU� NRUWH�PLFURJROISXOVHQ� ��� ���µV�� RYHUVFKUHGHQ�ZRUGW�� WHUZLMO� GH�
DFWLHZDDUGH�YRRU�JHPLGGHOGH�YHUPRJHQVGLFKWKHLG�QLHW�ZRUGW�RYHUVFKUHGHQ���5DGDU�NHQW�YHOH�WRHSDVVLQJHQ�LQ�1HGHUODQG��1DYLJDWLHUDGDUV�ZRUGHQ�RQGHU�DQGHUH�JHEUXLNW�LQ�GH�VFKHHSYDDUW�HQ�LQ�GH�OXFKWYDDUW��'DDUQDDVW�]LMQ�HU�ZHHUUDGDUV�]RDOV�GH�QHHUVODJUDGDU� HQ�GH�ZLQGSURILOHU� YDQ�KHW�.10,��+HW� IUHTXHQWLHJHELHG�ZDDULQ�GH�PHHVWH�UDGDUV\VWHPHQ�RSHUHUHQ��ORRSW�YDQ�����0+]�WRW����*+]��$DQJH]LHQ�HU�JHHQ� WRWDDORYHU]LFKW� YDQ� UDGDUWRHSDVVLQJHQ� YRRUKDQGHQ� LV� GDW� WHQPLQVWH� KXQ�DDQWDO�� ORFDWLH�� IUHTXHQWLH�� ]HQGSURWRFRO�� YHOGVWHUNWH�� EXQGHOEUHHGWH�HQ�GXW\�F\FOH�ZHHUJHHIW��LV�HHQ�YHUGHUH�LQVFKDWWLQJ�YDQ�UDGDU�QLHW�PRJHOLMN���$DQJH]LHQ�ZHHUUDGDUV�RPKRRJ�JHULFKW�VWDDQ�HQ�GH�EXQGHO�GXV�JHHQ�SHUVRQHQ�UDDNW�HQ�EORRWVWHOW��YDOOHQ�]H�LQ�FDWHJRULH�,���5DGDUV�]RDOV�JHEUXLNW�GRRU�GH�SROLWLH�ELM�VQHOKHLGVPHWLQJHQ�LQ�KHW�YHUNHHU��ZDDUELM�GH�EXQGHO�GXV�LV�JHULFKW�YDQ�GH�EHGLHQHU�DI�HQ�RS�KHW�YRHUWXLJ�ZDDUYDQ�GH�VQHOKHLG�ZRUGW�JHPHWHQ��YDOOHQ�LQ�FDWHJRULH�,��+XQ�YHOGVWHUNWH�EOLMIW�RQGHU�GH�DFWLHZDDUGH���2YHULJH�UDGDUV�YDOOHQ�LQ�FDWHJRULH�,,E��'RRU�GH�KRJH�YHUPRJHQV�LV�KHW�PRJHOLMN�GDW�ELM� YDVWH� UDGDUV� LQ� GH� KRRIGEXQGHO� RS� KRQGHUGHQ� PHWHUV� GH� DFWLHZDDUGHQ�RYHUVFKUHGHQ� ZRUGHQ�� +RHZHO� ELM� URWHUHQGH� UDGDUV� GRRU� GH� GXW\� F\FOH� GH�JHPLGGHOGH�EORRWVWHOOLQJ�DIQHHPW�PHW�HQNHOH�KRQGHUGHQ�RI�GXL]HQGHQ�PDOHQ��LV�KHW�QRRG]DNHOLMN� RP� ELM� LHGHUH� UDGDU� YDVW� WH� VWHOOHQ� GRRU� PLGGHO� YDQ� PHWLQJHQ� RI�
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EHUHNHQLQJHQ�ZHONH�]RQH�GRRU�ZHUNQHPHUV�QLHW�PDJ�ZRUGHQ�EHWUHGHQ��'H]H�]RQH�NDQ� GDQ� ELMYRRUEHHOG�ZRUGHQ� DIJH]HW� RI� RS� GH� JURQG�ZRUGHQ� DDQJHJHYHQ��'H]H�SUDNWLMN�ZRUGW�GRRU�GH�1HGHUODQGVH�PDULQH�RS�VFKHSHQ�WRHJHSDVW���
����� 2YHULJH�ZHUNRPJHYLQJHQ��7RW�VORW� LV�HU�DSSDUDWXXU�GLH�QLHW�JRHG� LQ�ppQ�YDQ�GH�YRRUJDDQGH�JURHSHQ�LV�LQ�WH�GHOHQ�� 'H]H� LV� LQ� HHQ� JURHS� µRYHULJH¶� LQJHGHHOG�� +HW� EHWUHIW� DSSDUDWXXU� ]RDOV�EDQGHQZLVVHUV� �WDSH� HUDVHUV��� LQGXFWLHNRRNSODWHQ�� UDGLRIUHTXHQWH�� HQ�PLFURJROIYHUOLFKWLQJ�HQ�QLHW�GHVWUXFWLHI�PDJQHWLVFK�RQGHU]RHN���,QGXFWLHNRRNSODWHQ� PDNHQ� JHEUXLN� YDQ� IUHTXHQWLHV� WXVVHQ� ��� HQ� ���N+]� HQ�YHUPRJHQV�YDQ�HQNHOH�NLORZDWWV�>��@��'H�LQGXFWLHNRRNSODDW�ZDUPW�YRHGVHO�RS�GRRU�HHUVW� HQHUJLH� WRH� WH� YRHUHQ� DDQ� HHQ� LQGXFWLHYH� VSRHO� GLH� YHUYROJHQV�PDJQHWLVFKH�YHOGHQ� RSZHNW�� GLH� ZHHU� OHLGHQ� WRW� NULQJVWURPHQ� LQ� GH� SDQ�� 'H]H� NULQJVWURPHQ�ZHNNHQ� WHQ� VORWWH� ZHHU� ZDUPWH� RS�� 8LW� GLYHUVH� EHUHNHQLQJHQ� EOLMNW� GDW� GH�EDVLVUHVWULFWLH� XLW� GH� (XURSHVH� DDQEHYHOLQJ� >�@� YRRU� GH� KHOH� OLFKDDPV6$5� QLHW�ZRUGW� RYHUVFKUHGHQ� >��@�� 8LW� PHWLQJHQ� DDQ� WZHH� W\SHQ� NRRNSODWHQ� RS� ���FP�ZHUGHQ� HOHNWULVFKH� YHOGVWHUNWHV� JHPHWHQ� YDQ� ���� WRW� ����9�P� HQ� PDJQHWLVFKH�YHOGVWHUNWHV�YDQ����� WRW�����$�P� >��@��(U� ]LMQ�RRN�NRRNSODWHQ�ZDDU�GH�SODDW�]LFK�XLWVFKDNHOW�DOV�HU�JHHQ�SDQ�RS�VWDDW��%RYHQGLHQ�JHOGW�GDW�DOV�HHQ�SDQ�PHW�HHQ]HOIGH�GLDPHWHU� DOV� GLH� YDQ� GH� SODDW�ZRUGW� JHEUXLNW�� HU� HHQ�RSWLPDOH�NRSSHOLQJ�RQWVWDDW�ZDDUGRRU�HU�YULMZHO�JHHQ�VWURRLYHOG�LV�>���@��$DQJH]LHQ�XLW�EHUHNHQLQJHQ�EOLMNW�GDW�GH�EDVLVUHVWULFWLHV�XLW�GH�(XURSHVH��DDQEHYHOLQJ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�HQ�RRN�XLW� PHWLQJHQ� EOLMNW� GDW� GH� DFWLHZDDUGHQ� QLHW� RYHUVFKUHGHQ� ZRUGHQ�� YDOOHQ�LQGXFWLHNRRNSODWHQ�LQ�FDWHJRULH�,���1LHW�GHVWUXFWLHI� PDJQHWLVFK� RQGHU]RHN� ZRUGW� JHEUXLNW� YRRU� KHW� DDQWRQHQ� YDQ�RQYRONRPHQKHGHQ� DDQ� RI� GLFKW� RQGHU� KHW� RSSHUYODN� YDQ�PDWHULDOHQ� YDQ� LM]HU� HQ�VWDDO� >���@�� 'H]H�PHWKRGH� ZRUGW� RS� YHOH� �LQGXVWULsOH�� ORFDWLHV� WRHJHSDVW� ELM� KHW�FRQWUROHUHQ� YDQ� ODVQDGHQ�� EXLVOHLGLQJHQ�� HWF�� %LM� GH� MXN�PHWKRGH� �KDQG \RNH�ZRUGW�KHW� DSSDUDDW�ZDDULQ�]LFK�HHQ�VSRHO�EHYLQGW�PHHVWDO�PHW�GH�KDQG� WHJHQ�KHW�PDWHULDDO�JHGUXNW��&RRSHU�PHOGW�GDW�PHHVWDO�DOOHHQ�KDQGHQ�HQ�OHGHPDWHQ�ERYHQ�GH�DFWLHZDDUGHQ�ZRUGHQ�EORRWJHVWHOG�>�@��8LW�KHW�SUDNWLMNRQGHU]RHN�LV�JHEOHNHQ�GDW�HU�LQ� 1HGHUODQG�PHWLQJHQ� ]LMQ� JHGDDQ�� ELM� JHEUXLN� YDQ�ZLVVHOVWURRP� ����+]�� LV� WHU�
SODDWVH� YDQ� GH� KDQGHQ� �����µ7 JHPHWHQ� HQ� RS� ����P� DIVWDQG� ����µ7 WHU� SODDWVH�
YDQ� GH� ERUVW� YDQ� GH� RSHUDWRU�� +HW� KRRIG� HQ� GH� URPS� EHYLQGHQ� ]LFK�PHHVWDO� RS�DUPOHQJWH�DIVWDQG�YDQ�GH�DSSDUDWXXU��&RRSHU�FRQFOXGHHUW�GDW�LQ�VLWXDWLHV�ZDDU�KHW�KRRIG�RI�GH� URPS��KHUVHQHQ�HQ� UXJJHQPHUJ��YDQ�GH�ZHUNQHPHU�DDQ�PDJQHWLVFKH�YHOGHQ� ERYHQ� GH� DFWLHZDDUGH� ZRUGW� EORRWJHVWHOG� HHQ� NDQV� EHVWDDW� GDW� RRN�JUHQVZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ�� 'LW� ]DO� HFKWHU� DIKDQJHQ� YDQ� GH� UXLPWHOLMNH�YHUGHOLQJ� YDQ� KHW� PDJQHWLVFKH� YHOG� GDW� GRRU� GH� DSSDUDWXXU� ZRUGW� YHURRU]DDNW��1LHW�GHVWUXFWLHI�PDJQHWLVFK�RQGHU]RHN�ZRUGW�LQ�FDWHJRULH�,,E�LQJHGHHOG��
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� ,QYHQWDULVDWLH�YDQ�PHWKRGHQ�
�2P�WH�NXQQHQ�EHRRUGHOHQ�RI�DFWLHZDDUGHQ�ZHO�RI�QLHW�ZRUGHQ�RYHUVFKUHGHQ��LV�HHQ�YHU]DPHOLQJ� YXLVWUHJHOV� HQ� UHNHQUHJHOV� JHIRUPXOHHUG��9XLVWUHJHOV� ]LMQ� HHQYRXGLJ�JHUHHGVFKDS�HQ�PRHWHQ�GRRU�QLHW�GHVNXQGLJHQ�WRH�WH�SDVVHQ�]LMQ��'H�JHJHYHQV�YRRU�GH� YXLVWUHJHOV� ]LMQ� ]RYHHO� PRJHOLMN� RQWOHHQG� DDQ� &(1(/(&�1(1�QRUPHQ� HQ�VWDQGDDUGERHNHQ� >����� ���@�� 'DDUQDDVW� LV� JHEUXLN� JHPDDNW� YDQ� GRFXPHQWHQ� YDQ�GLYHUVH�JH]DJKHEEHQGH�LQVWLWXWHQ�]RDOV�,&1,53�>�����@��153%�>���@��+6(�>��@�HQ�,/2�>��@����'H� PHWKRGHQ� GLH� LQ� KHW� VWURRPVFKHPD� �)LJXXU� ��� ]LMQ� RSJHQRPHQ�� ]LMQ� LQ� GLW�KRRIGVWXN�QDGHU�RPVFKUHYHQ���
���� 9XLVWUHJHOV��UHNHQUHJHOV�HQ�QRUPHQ���DOJHPHHQ��,Q�KHW�LGHDOH�JHYDO�]RX�YRRU�HON�W\SH�DSSDUDDW�HHQ�PHHWUDSSRUW�EHVFKLNEDDU�PRHWHQ�]LMQ�ZDDULQ�GH�ZHUNJHYHU�SHU�PRJHOLMNH�WRHSDVVLQJ�HQ�LQVWHOOLQJ�YDQ�KHW�DSSDUDDW�]RX�NXQQHQ�RS]RHNHQ�KRH�VWHUN�GH�YHOGHQ�GDQ�]LMQ��'H�ZHUNJHYHU�]RX�GDDUPHH�WH�DOOHQ�WLMGH�]HOI�NXQQHQ�EHSDOHQ�RI�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��(FKWHU��GH]H�LGHDOH� VLWXDWLH� NRPW� VOHFKWV� ]HOGHQ� YRRU�� (U� ]LMQ� RRN� QLHW� YRRU� LHGHUH� VRRUW�DSSDUDWXXU� &(1(/(&� QRUPHQ�� 9RRU� GLsOHNWULVFKH� YHUZDUPLQJ� HQ� LQGXFWLH�YHUZDUPLQJ� EHVWDDQ� ]H� ELMYRRUEHHOG� QRJ� QLHW�� 2P� WH� NXQQHQ� EHRRUGHOHQ� RI�DFWLHZDDUGHQ�RI�JUHQVZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��ZRUGW�KLHU�HHQ�YHU]DPHOLQJ�YXLVWUHJHOV�HQ�UHNHQUHJHOV�JHIRUPXOHHUG����7LMGHQV�HHQ�LQWHUQDWLRQDOH��ZHWHQVFKDSSHOLMNH�ZRUNVKRS�RYHU�GH�LQYRHULQJ�YDQ�GH�ULFKWOLMQ� �:DUVFKDX�� ����VHSWHPEHU� ������ EOHHN� GDW� &(1(/(&� JHHQ� H[SOLFLHWH�YXLVWUHJHOV�JDDW�RSVWHOOHQ��RQGDQNV�KHW� IHLW�GDW� ODQJ�QLHW� LHGHUH�ZHUNJHYHU�NHQQLV�YDQ� HOHNWURPDJQHWLVFKH� YHOGHQ� KHHIW� HQ� YRRU� NOHLQH� RQGHUQHPLQJHQ� LQVFKDNHOHQ�YDQ� GHVNXQGLJHQ� RP� WH� PHWHQ� HQ� WH� UHNHQHQ� HHQ� NRVWEDUH� DDQJHOHJHQKHLG� NDQ�ZRUGHQ�� :HO� EHYDWWHQ� GLYHUVH� SURGXFWQRUPHQ� DO� YXLVWUHJHOV�� 'H� YRRU]LWWHU� YDQ�&(1(/(&�ZHUNJURHS�7&���[�PHUNWH�RS�GDW��µ«�GRRU�GH�RS�YHUVFKHLGHQKHLG�DDQ�± HQ�]HOIV�RS�PDDW�JHPDDNWH�±�WRHSDVVLQJHQ�HU�HHQ�RQHLQGLJH�OLMVW�YDQ�DSSDUDWXXU�]RX�PRHWHQ�ZRUGHQ�RSJHVWHOG��«¶��2S�GH�ZRUNVKRS�NZDPHQ�DOV�YHLOLJVW�YRRU�GH�ZHUNQHPHU� HQ� DOV� NRVWHQEHVSDUHQGVW� YRRU� ZHUNJHYHU� WZHH� DOWHUQDWLHYHQ� YRRU�YXLVWUHJHOV�HQ�]HOI�PHWHQ�QDDU�YRUHQ��7HQ�HHUVWH�SOHLW�PHQ�YRRU�KHW�RSVWHOOHQ�YDQ�HHQ� (8�GDWDEDVH� YDQ� PHWLQJHQ� DDQ� HOHNWURPDJQHWLVFKH� YHOGHQ� SHU� DSSDUDDW��+LHUYRRU�PRHW�GDQ�ZHO�ZRUGHQ�DIJHVSURNHQ�ZLH�GLW�EHWDDOW��EHKHHUW�HQ�EHRRUGHHOW�ZHONH� PHWLQJHQ� JRHG� JHQRHJ� ]LMQ� XLWJHYRHUG� RP� RSJHQRPHQ� WH� ZRUGHQ�� 7HQ�WZHHGH� JHOGW� DOV� PHHVW� NDQVULMNH� LQLWLDWLHI� GH� YHUSOLFKWLQJ� DDQ� IDEULNDQWHQ� YDQ�DSSDUDWXXU�RP�DDQ�WH�JHYHQ�ZDW�GH�YHURRU]DDNWH�YHOGHQ�]LMQ�GRRU�PLGGHO�YDQ�HHQ�WDEHO� RI� IRUPXOH� HQ� GRRU� KHW� DDQJHYHQ� YDQ� HHQ� FRQWRXU� ZDDUELQQHQ� GH�
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JUHQVZDDUGHQ� NXQQHQ� ZRUGHQ� RYHUVFKUHGHQ� ELM� QRUPDOH� EHGULMIVYRHULQJ� HQ� HHQ�FRQWRXU�ELM�PD[LPDDO�YHUPRJHQ���
'LVFODLPHU�'H� KLHUJHQRHPGH� YXLVWUHJHOV�� JHEDVHHUG� RS� EHVWDDQGH� &(1(/(&� QRUPHQ� HQ�DOJHPHHQ�JHDFFHSWHHUGH�ZHWHQVFKDSSHOLMNH� LQ]LFKWHQ��YHUYDOOHQ�]RGUD�&(1(/(&�LQ�WRHNRPVWLJH�QRUPHQ�YXLVWUHJHOV�SXEOLFHHUW�RP�YHOGVWHUNWHV�LQ�WH�VFKDWWHQ�LQ�HHQ�YDQ� KDDU� QRUPHQ� �JHQHULHNH�� ZRUNSODFH��� EDVLV��� HQ� SURGXFWQRUPHQ��� 2RN� ]DO�&(1(/(&�ZDDUVFKLMQOLMN�LQ�GH�DOJHPHQH�VXUYH\�QRUP�HHQ�OLMVW�PHW�WRHSDVVLQJHQ�JHYHQ� ZDDU� YRRU� JHOGW� GDW� RYHUVFKULMGLQJ� YDQ� GH� JUHQVZDDUGHQ� QLHW� YRRUNRPW��8LWHUDDUG� ]DO� GLH� &(1(/(&�OLMVW� SUHYDOHUHQ� RYHU� GH� LQ� GLW� UDSSRUW� JHQRHPGH�FDWHJRULH�,�ZHUNRPJHYLQJHQ���
���� *HQHULHNH�YXLVWUHJHOV��(LQG������LV�HHQ�EDVLVVWDQGDDUG�SU(1������������LQ�RQWZLNNHOLQJ�YRRU�PHWHQ�HQ�EHUHNHQHQ�� µ%DVLVVWDQGDDUG� YRRU� PHHW�� HQ� UHNHQSURFHGXUHV� YRRU� PHQVHOLMNH�EORRWVWHOOLQJ� DDQ� HOHNWULVFKH�� PDJQHWLVFKH� HQ� HOHNWURPDJQHWLVFKH� YHOGHQ� ���+]� ±�����*+]�¶��'H]H�JHHIW�XLWJHEUHLGH�PHHW�HQ�EHUHNHQLQJVPHWKRGHV��'DDUQDDVW�LV�HU�QRUP� 1(1������������� µ$OJHPHQH� QRUP� RP� GH� RYHUHHQVWHPPLQJ� DDQ� WH� WRQHQ�YDQ�HOHNWURQLVFKH�HQ�HOHNWULVFKH�DSSDUDWHQ�PHW�GH�EDVLVHLVHQ�YRRU�GH�EORRWVWHOOLQJ�YDQ�GH�PHQV�DDQ�HOHNWURPDJQHWLVFKH�YHOGHQ� ���+]�±�����*+]�¶��2S�KHW�PRPHQW��VHSWHPEHU�������ZRUGW�HU�HHQ�JHQHULHNH�QRUP�RSJHVWHOG�YRRU�GH�EORRWVWHOOLQJ�YDQ�ZHUNQHPHUV� GRRU� :HUNJURHS� �� YDQ� 7HFKQLVFKH� &RPPLVVLH� 7&���[� YDQ�&(1(/(&�� 'H� KLHU� JHQRHPGH� UHJHOV� VWHPPHQ� ]RYHHO� PRJHOLMN� RYHUHHQ�PHW� GH�EHVWDDQGH��SUH�QRUPHQ�HQ�GH�GUDIW�YDQ�:HUNJURHS�����
9HUUHYHOG�HQ�QDELMHYHOG��(HQ� HOHNWURPDJQHWLVFK� YHOG� LV� RSJHERXZG� XLW� YHUVFKLOOHQGH� HOHNWULVFKH� HQ�PDJQHWLVFKH� YHOGFRPSRQHQWHQ�� 'H]H� FRPSRQHQWHQ� KHEEHQ� HHQ� DQGHUH�ULFKWLQJVYHFWRU�HQ�KHEEHQ�YHUVFKLOOHQGH�HLJHQVFKDSSHQ��=R�QHPHQ�]H�YHUVFKLOOHQG�DI� LQ� VWHUNWH� QDDUPDWH� GH� DIVWDQG� WRW� GH� EURQ� JURHLW�� HQ� EHVFKULMIW� HHQ� GHHO� GH�HQHUJLH�GLH�LQ�GH�EXXUW�YDQ�GH�EURQ�EOLMIW�HQ�HHQ�GHHO�EHVFKULMIW�GH�HQHUJLH�GLH�YDQ�GH�EURQ�DI�UHLVW��GH�]RJHQDDPGH�VWUDOLQJ��5XZZHJ�RQWVWDDW�HHQ�HOHNWULVFK�YHOG�GRRU�HHQ� VSDQQLQJVYHUVFKLO�� GXV� GRRU� HHQ� ODGLQJ�VYHUVFKLO��� (HQ� PDJQHWLVFK� YHOG�RQWVWDDW� ELM� HHQ� EHZHJHQGH� ODGLQJ�� GXV� GRRU� VWURRP�� ,HGHUH� VWURRP� JDDW� GXV�JHSDDUG� PHW� ]RZHO� HHQ� HOHNWULVFK� DOV� HHQ� PDJQHWLVFK� YHOG�� $IKDQNHOLMN� YDQ� GH�DIVWDQG�WRW�GH�EURQ�RYHUKHHUVHQ�YHOGFRPSRQHQWHQ�PHW�DQGHUH�ULFKWLQJVYHFWRUHQ�HQ�HLJHQVFKDSSHQ�� ,Q� KHW� JHELHG� LQ� GH� EXXUW� YDQ� GH� EURQ� KHHUVW� KHW� QDELMHYHOG�� RS�JURWHUH�DIVWDQG�KHHUVW�KHW�YHUUHYHOG��+HW�YHUUHYHOGJHELHG�EHJLQW�ZDDU�GH�DIVWDQG�WRW�GH� EURQ� JURRW� JHQRHJ� LV� RP�YDQ�HHQ�JHNRSSHOG� HOHNWULVFK� HQ�PDJQHWLVFK�YHOG� WH�VSUHNHQ�ZDDUYDQ� GH� YHOGFRPSRQHQWHQ� ORRGUHFKW� RS� HONDDU� VWDDQ�� HHQ� ]RJHQDDPG�
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HOHNWURPDJQHWLVFK� YHOG��'DDUELM�PRHW� GLW� YHOG� ORNDDO� DOV� HHQ�YODNNH�JROI� NXQQHQ�ZRUGHQ� EHVFKRXZG�� ]RGDW� GH� EORRWVWHOOLQJ� XQLIRUP� LV� RYHU� KHW� OLFKDDP� RI�OLFKDDPVGHHO��,Q�KHW�YHUUHYHOGJHELHG�KHHUVW�KHW�VWUDOHQGH�GHHO�YDQ�KHW�YHOG��,Q�KHW�YHUUHYHOG�JHOGW�GH�YROJHQGH�UHODWLH�WXVVHQ�KHW�HOHNWULVFKH�YHOG��(�YHOG��LQ�YROW�SHU�PHWHU� �9�P�� HQ� GH� PDJQHWLVFKH� IOX[GLFKWKHLG� �%�YHOG�� LQ� WHVOD� �7�� RI� KHW�PDJQHWLVFKH�YHOG��+�YHOG��LQ�DPSqUH�SHU�PHWHU��$�P���
���� ≈≈ %

(
+
( µ 2KP��Ω���
PHW�µ� GH�PDJQHWLVFKH�SHUPHDELOLWHLW� LQ�YDFX�P�� ���π ����� ��������������KHQUL�
SHU�PHWHU��+�P����KLHU�ELM�EHQDGHULQJ�GH�SHUPHDELOLWHLW�YRRU�OXFKW�JHEUXLNW��+HW�LV�GXV JHQRHJ�RP�DOOHHQ�KHW�HOHNWULVFKH�YHOG�RI�DOOHHQ�KHW�PDJQHWLVFKH�YHOG�WH�PHWHQ�RP YDVW�WH�VWHOOHQ�RI�GH�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ���,Q� KHW� QDELMHYHOGVJHELHG� ]LMQ� GH� PDJQHWLVFKH� HQ� HOHNWULVFKH� YHOGHQ� QLHW� PHHU�JHNRSSHOG�� HQ�PRHWHQ� GH� ELMGUDJHQ� YDQ� EHLGH� YHOGHQ� ORV� YDQ� HONDDU� JHsYDOXHHUG�ZRUGHQ�� %LM� EORRWVWHOOLQJ� LQ� KHW� QDELMHYHOG� JHELHG� LV� GH� EORRWVWHOOLQJ� QLHW� PHHU�XQLIRUP� HQ� ]LMQ� GH� DFWLHZDDUGHQ� FRQVHUYDWLHI�� 'DW� ZLO� ]HJJHQ� GDW� ELM�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�KHW�KHHO�JRHG�PRJHOLMN�LV�GDW�GH�JUHQVZDDUGHQ�QLHW� RYHUVFKUHGHQ� ZRUGHQ� >��� SDJ� ���@�� (FKWHU�� RP� HU� ]HNHU� YDQ� WH� ]LMQ� GDW� GH�JUHQVZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ��PRHW�GDQ�GH�VWURRPGLFKWKHLG�RI�GH�6$5�ZDDUGH�]HOI�EHUHNHQG�RI�JHPHWHQ�ZRUGHQ�LQ�SODDWV�YDQ�GH�DFWLHZDDUGHQ���1RUP� (1� ����������� JHHIW� HQNHOH� IRUPXOHV� YRRU� KHW� EHUHNHQHQ� YDQ� YHUUH�� HQ�QDELMHYHOGHQ��+HW�YHUUHYHOG�EHJLQW�RS�HHQ�DIVWDQG�U YDQ�GH�EURQ��ZDDUYRRU�JHOGW��

λ

��'U > �
KLHULQ� LV�' GH PD[LPDOH� DIPHWLQJ� YDQ� GH� DQWHQQH� HQ� λ GH� JROIOHQJWH� EHLGH� LQ�
PHWHUV���
5RRW�0HDQ�6TXDUH��506��ZDDUGH�
9ROJHQV�GH� ULFKWOLMQ�PRHWHQ�GH�5RRW�0HDQ�6TXDUH� �506��ZDDUGHQ�YDQ�HHQ�YHOG�JHWRHWVW� ZRUGHQ� DDQ� GH� DFWLHZDDUGHQ�� 'H� 506�ZDDUGH� LV� GH� ZRUWHO� XLW� KHW�WLMGVJHPLGGHOGH� YDQ� KHW� NZDGUDDW� YDQ� GH� YHOGVWHUNWH�� 'H� 506�ZDDUGH� YDQ� HHQ�HOHNWULVFK�YHOG�(�W��PHW�SHULRGH�7 LV��

506 7 ( W GW7

=








∫

� �

�

�
�� �
�%LM�VLQXVYRUPLJH�YHOGHQ�LV�GH�506�ZDDUGH�FLUFD�����YDQ��H[DFW�KDOI�ZRUWHO�WZHH�PDDO��GH�PD[LPDOH�ZDDUGH���
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8QLIRUP�YV��QLHW�XQLIRUP��NRSSHOLQJVIDFWRU��,Q� KHW� QDELMHYHOG� JHOGW� GDW� GH� EORRWVWHOOLQJ� DIKDQNHOLMN� LV� YDQ� GH� UXLPWHOLMNH�YHUGHOLQJ�YDQ�KHW�HOHNWULVFKH�RI�KHW�PDJQHWLVFKH�YHOG��GH�JHEUXLNWH�IUHTXHQWLH��GH�
VRRUWHOLMNH�JHOHLGLQJ�YDQ�ZHHIVHO�σ� GH�GLsOHNWULVFKH�SHUPLWWLYLWHLW�YDQ�KHW�ZHHIVHO�
ε� KHW� FRQWDFW� YDQ� KHW� OLFKDDP� PHW� GH� DDUGH� HQ� GH� PDFKLQH�� HQ� GH� KRXGLQJ� HQ�
GDDUPHH�GH�JHRPHWULH�YDQ�GH�EORRWJHVWHOGH�SHUVRRQ���'H� DFWLHZDDUGHQ� HQ� GH� JUHQVZDDUGHQ� ]LMQ� RSJHVWHOG� YRRU� EORRWVWHOOLQJ� DDQ� HHQ�XQLIRUP�� KRPRJHHQ� YHOG� LQ� KHW� YHUUHYHOGJHELHG� YRRU� GH� GHVEHWUHIIHQGH�EORRWVWHOOLQJ�� 9RRU� EORRWVWHOOLQJ� DDQ� QLHW�XQLIRUPH� YHOGHQ� ZRUGW� YDDN� HHQ�NRSSHOLQJVIDFWRU� JHEUXLNW� GLH� FRUULJHHUW� YRRU� GH� QLHW�XQLIRUPH� YHUGHOLQJ� YDQ� KHW�YHOG�HQ�WHYHQV�GH�DIKDQNHOLMNKHLG�YDQ�GH�IUHTXHQWLH��GH�VRRUWHOLMNH�JHOHLGLQJ�HQ�GH�GLsOHNWULVFKH�HLJHQVFKDSSHQ�LQ�]LFK�KHHIW���9RRU� QLHW�XQLIRUPH� PDJQHWLVFKH� YHOGHQ� LV� GH� NRSSHOLQJVIDFWRU� YROJHQV�SU(1�������������

���
��������

PD[�

PD[

6HQVRU6HQVRU $G%
IG-IGN σσ = �

ZDDULQ�-PD[�GH�PD[LPDDO�JHPHWHQ�VWURRPGLFKWKHLG�LQ�DPSqUH�SHU�YLHUNDQWH�PHWHU��$�P���LV��G GH�DIVWDQG�YDQ�KHW�PLGGHQ�YDQ�GH�VWURRPNULQJ�WRW�GH�EURQ�LQ�PHWHU��P���
I GH� IUHTXHQWLH� LQ� KHUW]��+]�� HQ� %PD[�� 6HQVRU� GH� PD[LPDDO� JHPHWHQ� PDJQHWLVFKH�IOX[GLFKWKHLG� LQ� WHVOD� �7���'H� SDUDPHWHU�$6HQVRU� VWDDW� YRRU� GH� RSSHUYODNWH� YDQ� GH�GHVEHWUHIIHQGH� VHQVRU�� GH]H� EHSDDOW� GH� PD[LPDDO� WH� PHWHQ� PDJQHWLVFKH�IOX[GLFKWKHLG��9RRUWV�ZRUGW�GRRUJDDQV�����VLHPHQV�SHU�PHWHU� �6�P��DDQJHKRXGHQ�
YRRU�GH�VRRUWHOLMNH�JHOHLGLQJ�σ YDQ�HHQ�KRPRJHHQ�OLFKDDPVPRGHO��9RRU�YHOGHQ�GLH�
QLHW�GLHS�GRRUGULQJHQ�ZRUGW�RRN�����6�P�JHEUXLNW��'H�QRUP�JHHIW�HHQ�WDEHO�PHW�GH�VRRUWHOLMNH�JHOHLGLQJ�SHU�IUHTXHQWLH�YRRU�GLYHUVH�ZHHIVHOW\SHQ��'RRU�WRHSDVVHQ�YDQ�GH]H�NRSSHOLQJVIDFWRU�PDJ�HU�HHQ�YHHO�KRJHUH�YHOGVWHUNWH�JHPHWHQ�ZRUGHQ�GDQ�GH�DFWLHZDDUGHQ�WHUZLMO�HU�QRJ�ZHO�ZRUGW�YROGDDQ�DDQ�GH�JUHQVZDDUGHQ����'H� NRSSHOLQJVIDFWRU� N JHHIW� GXV� HHQ� PRJHOLMNKHLG� RP� WH� EHUHNHQHQ� ZDW� GH�RYHUVFKULMGLQJ� YDQ� GH� DFWLHZDDUGHQ� PDJ� ]LMQ�� 'H� ZHJLQJVIDFWRU�: ZDDUPHH� GH�JHPHWHQ� %506� PRHW� ZRUGHQ� JHZRJHQ� DOYRUHQV� DDQ� GH� DFWLHZDDUGH� %/ ELM� HHQ�EHWUHIIHQGH�IUHTXHQWLH�/ WH�WRHWVHQ��EHGUDDJW��

/-
N: = ��

ZDDULQ� -/ GH� JUHQVZDDUGH� YRRU� EORRWVWHOOLQJ� YRRU� GH� VWURRPGLFKWKHLG� YRRU� GH�EHWUHIIHQGH� IUHTXHQWLH�/ LV��'H�QRUP�YRRU�KXLVKRXGHOLMNH� DSSDUDWXXU��(1������������� JHHIW� WDEHOOHQ� PHW� NRSSHOLQJVIDFWRUHQ� YRRU� KXLVKRXGHOLMNH� DSSDUDWXXU�� GLH�RYHULJHQV�LQ�SU$��(1�������YDQ�PDDUW������DO�LQJULMSHQG�]LMQ�JHZLM]LJG��'H�WHUP�µNRSSHOLQJVIDFWRU¶� LV� QLHW� LQ� DOOH� JHYDOOHQ� RS� GH]HOIGH� PDQLHU� JHGHILQLHHUG�� +HW�



���YDQ����� �
�

YHUGLHQW�DDQEHYHOLQJ�RP�ELM�HONH�QRUP�HQ�YRRUVFKULIW� WH�FRQWUROHUHQ�ZDW�GH� WHUP�EHKHOVW����9RRU�KHW�QLHW�XQLIRUPH�HOHNWULVFKH�YHOG�EHVWDDQ�RRN�NRSSHOLQJVIDFWRUHQ��+6(�>��@�JHHIW�HHQ�YRRUEHHOG�ELM�EORRWVWHOOLQJ�DDQ�DSSDUDWXXU�YRRU�GLsOHNWULVFKH�YHUZDUPLQJ�RS��������HQ����0+]�HQ�JHHIW�RRN�NRSSHOLQJVIDFWRUHQ���
*HQHULHNH�YXLVWUHJHOV��%LM�IUHTXHQWLHV�YDQ���+]�WRW����0+]�LV�GH�EHVFKHUPLQJ�JHEDVHHUG�RS�JHwQGXFHHUGH�VWURRP�GRRU�HHQ�HOHNWULVFK�YHOG��(�YHOG��RI�HHQ�PDJQHWLVFK�IOX[GLFKWKHLGVYHOG��%�YHOG���%LM� IUHTXHQWLHV� YDQ� ����N+]� WRW� ����*+]� LV�GH�EHVFKHUPLQJ�JHEDVHHUG�RS�RSZDUPLQJ���
�
%�YHOG��

• 6WHUNWH�YDQ�GH�PDJQHWLVFKH�IOX[GLFKWKHLG�% LQ�WHVOD��7��HQ�VWHUNWH�YDQ�KHW�PDJQHWLVFKH�YHOG�+ LQ�DPSqUH�SHU�PHWHU��$�P��NXQQHQ�YRRU�YDFX�P�LQ�HONDDU�ZRUGHQ�XLWJHGUXNW�YROJHQV���
+% �µ= �

PHW� µ� GH� PDJQHWLVFKH� SHUPHDELOLWHLW� LQ� YDFX�P� � � �� π �����  �
�������������KHQUL�SHU�PHWHU��+�P�����

• (LQGLJH�VWURRPYRHUHQGH�GUDDG��
( )�FRV��FRV��

� αβ
π

µ
−= U

,% �
PHW� , GH VWURRPVWHUNWH� LQ� DPSqUH� �$��� U GH DIVWDQG� ORRGUHFKW� RS� GH�
GUDDG� WRW� GH�ZDDUQHPHU� HQ�β GH�VWRPSH�KRHN� WXVVHQ�GH�GUDDG�HQ�GH�
NRUWVWH�YHUELQGLQJ�YDQ�KHW�XLWHLQGH�YDQ�GH�GUDDG�WRW�GH�ZDDUQHPHU��HQ�
α GH VFKHUSH�KRHN� WXVVHQ�GH�GUDDG�HQ�GH�NRUWVWH�YHUELQGLQJ�YDQ�KHW�
DQGHUH� XLWHLQGH� YDQ� GH� GUDDG� WRW� GH� ZDDUQHPHU�� $OV� OHQJWH� YDQ� GH�
GUDDG�QDDU�RQHLQGLJ�JDDW�GDQ�JDDW�β QDDU���HQ�α QDDU�π ()LJXXU���)�

)LJXXU���� %�YHOG�YDQ�HHQ�HLQGLJH�VWURRPYRHUHQGH�GUDDG��%URQ��'XIILQ�������
>���@��
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• 2QHLQGLJH�VWURRPYRHUHQGH�GUDDG��GH�ZHW�YDQ�$PSqUH���
U
,%

π
µ
�

�= �
• 6WURRPYRHUHQGH�SDUDOOHOOH�GUDGHQ��ZDDUELM�DDQ��HQ�DIYRHUGUDDG�QDDVW�HONDDU�OLJJHQ��%�YHOG�QHHPW�HYHQUHGLJ�DI�PHW���U��
• +XLVKRXGHOLMNH�DSSDUDWXXU��KHW�%�YHOG�NDQ�EHVFKUHYHQ�ZRUGHQ�YROJHQV�HHQ�PDJQHWLVFKH�GLSRRO�HQ�QHHPW�HYHQUHGLJ�DI�PHW���U��
• *HQHULHN�%�YHOG�ORRS�RS DIVWDQG�[ RS GH�DV�YDQ�GH�ORRS�PHW�UDGLXV�D �)LJXXU������

( ) ������
� � [D,D%[ += µ ��

)LJXXU���� %�YHOG�GRRU�HHQ�VWURRPYRHUHQGH�ORRS���D��JHRPHWULH���E��YHUORRS�YDQ�
YHOGVWHUNWH�PHW�GH�DIVWDQG�RYHU�GH�[�DV��%URQ��'XIILQ�������>���@���

• *HQHULHN�%�YHOG�RS�GH�DV�YDQ�HHQ�VSRHO��
��FRV���FRV���� � αβµ −Q, �

PHW� β  DUFWDQ�D�[�� HQ� α  DUFWDQ�D��[�O��� PHW� O GH OHQJWH� YDQ� GH�
VSRHO��D GH VWUDDO�YDQ�GH�VSRHO�HQ�GH�OLQNHU]LMGH�YDQ�GH�VSRHO�RS�[  ���)LJXXU�������

)LJXXU���� %�YHOG�RS�GH�DV�YDQ�HHQ�VSRHO��%URQ��'XIILQ�������>���@���
• +�YHOG�YDQ�HTXLYDOHQWH�VSRHOHQ��1RUP�KXLVKRXGHOLMNH�DSSDUDWXXU�(1������������HQ�QRUP�SU(1�������������
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(�YHOG��'H� VWHUNWH� YDQ� KHW� HOHNWULVFKH� YHOG� �(�YHOG�� ZRUGW� XLWJHGUXNW� LQ� YROW� SHU� PHWHU��9�P���
• 9HOGVWHUNWH�ELM�HHQ�JHODGHQ�GUDDG��

U(
πε�
Λ= �

PHW� ε GH� HOHNWULVFKH� SHUPLWWLYLWHLW�� GH� ZDDUGH� YRRU� YDFX�P� LV�
ε�  �������� ������ LQ� IDUDG� SHU�PHWHU� �)�P���Λ VWDDW� YRRU� GH� OLQHDLUH�
ODGLQJVGLFKWKHLG��O4 �=Λ �
PHW�O GH OHQJWH�YDQ�GH�GUDDG�LQ�PHWHU��P��HQ�4 GH ODGLQJ�LQ�FRXORPE��&���

• 9HOGVWHUNWH�ELM�HHQ�JHODGHQ�SODDW�
ε

σ
�=( �

PHW�σ GH�RSSHUYODNWH�ODGLQJVGLFKWKHLG��
$4=σ �

PHW�$ GH RSSHUYODNWH�YDQ�GH�SODDW�LQ�YLHUNDQWH�PHWHU��P�����=LH� YRRU� HHQ� XLWJHEUHLGH� XLWOHJ� YDQ� KHW� %�YHOG� HQ� KHW� (�YHOG� YDQ� PHHUGHUH�JHOHLGHUV�QDDVW�HONDDU�$QQH[�$�YDQ�SU(1������������$��������
*HwQGXFHHUGH�VWURRP��

• 7HQ�JHYROJH�YDQ�HHQ�(�YHOG��
-  �NI(��PHW� - GH VWURRPGLFKWKHLG� LQ� $�P�� I GH� IUHTXHQWLH� LQ� +]� HQ� N HHQ�NRSSHOLQJVIDFWRU� DIKDQNHOLMN� YDQ� DIPHWLQJ�� YRUP� HQ� VRRUWHOLMNH�JHOHLGLQJ�YDQ�KHW� OLFKDDP� NI�NRPW�RYHUHHQ�PHW�GH�JHOHLGEDDUKHLG�LQ�6�P��(HQ�FRQVHUYDWLHYH�PDDW�YRRU�N LV����������6V�P��(�SDUDOOHO�DDQ�OLFKDDP�� JHDDUG� SHUVRRQ�� GH� ZDDUGH� LV� GH� KHOIW� DOV� RI� KHW� (�YHOG�ORRGUHFKW� RS� KHW� OLFKDDP� VWDDW�� RI� DOV� OLFKDDP� RQJHDDUG� LV� GRRU�ELMYRRUEHHOG�KHW�GUDJHQ�YDQ�LVROHUHQGH�YHLOLJKHLGVVFKRHQHQ��

• 7HQ�JHYROJH�YDQ�HHQ�%�YHOG��
- �π I U�σ Β�
PHW�- GH VWURRPGLFKWKHLG�LQ�$�P�� I GH IUHTXHQWLH�LQ�+]��U GH VWUDDO�LQ�PHWHU� �P�� YDQ� JURRWVWH� FLUNHO� GLH� JHWURNNHQ� NDQ� ZRUGHQ� RS� KHW�
OLFKDDP� LQ� HHQ� YODN� ORRGUHFKW� RS� %�� σ GH� JHPLGGHOGH� VRRUWHOLMNH�
JHOHLGLQJ�LQ�6�P��
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+LHUELM� LV� XLWJHJDDQ�YDQ�PD[LPDOH� LQGXFWLHVWURRPGLFKWKHLG�- DOV�KHW�%�YHOG� ORRGUHFKW�RS�GH�ERUVW�HQ�PLQLPDDO�DOV�KHW�%�YHOG� ODQJV�GH�DV�YDQ�KHW�OLMI�VWDDW��(HQ� JHEUXLNHOLMNH� VWDQGDDUGPDDW� YRRU� GH� JHPLGGHOGH� VRRUWHOLMNH�
JHOHLGLQJ�σ YDQ�PHQVHOLMN�ZHHIVHO�LV�����6�P��

�
&RQWDFWVWURRP�(HQ�HOHNWULVFKH�YHOGVWHUNWH�RQGHU�GH��������9�P�JHHIW�YROGRHQGH�YHLOLJKHLGVPDUJH�RP HIIHFWHQ� GRRU� FRQWDFWVWURPHQ� WH� YRRUNRPHQ� YRRU� DOOH� PRJHOLMNH�RPVWDQGLJKHGHQ�>���SDJ����@���
2SZDUPLQJ������N+]�±�����*+]��'H� JUHQVZDDUGH� YRRU� EORRWVWHOOLQJ� LQ� KHW� JHELHG� YDQ� ����N+]� WRW� ���*+]�ZRUGW�JHJHYHQ� GRRU� GH� 6SHFLILF� $EVRUSWLRQ� 5DWH� �6$5�� GLH� GH� KRHYHHOKHLG�JHDEVRUEHHUGH� HQHUJLH� SHU� WLMGVHHQKHLG� SHU� OLFKDDPVPDVVD� DDQJHHIW� LQ� ZDWW� SHU�NLORJUDP��:�NJ���'H�6$5�LV�YHUERQGHQ�DDQ�GH�5RRW�0HDQ�6TXDUH��506��ZDDUGH�YDQ�KHW�HOHNWULVFKH�YHOG�(506�YROJHQV��

���

σρρ
σ -(6$5 506 ==

ZDDULQ�ρ GH�GLFKWKHLG�LV�LQ�NLORJUDP�SHU�NXELHNH�PHWHU��NJ�P����8LW�GH]H�IRUPXOH�
LV�RRN� WH� ]LHQ�GDW�JHwQGXFHHUGH� VWURRP� WRW�RSZDUPLQJ�NDQ� OHLGHQ��:DQQHHU�PHQ�ZRUGW�EORRWJHVWHOG�LQ�KHW�LQGXFWLHYH�QDELMHYHOG�RS�HHQ�IUHTXHQWLH�YDQ�����N+]�WRW����0+]�LV�KHW�YHOG�QLHW�XQLIRUP�HQ�LV�HU�YDDN�JHHQ�VSUDNH�YDQ�HHQ�YODNNH�JROI��,Q�GDW� JHYDO� LV� KHW� EHWHU� RP� GH� 6$5� WH� EHUHNHQHQ� DDQ� GH� KDQG� YDQ� GH�VWURRPGLFKWKHLG�-� 'H�VWURRPGLFKWKHLG�NDQ�GDQ�ZHHU�EHSDDOG�ZRUGHQ�XLW�+�
'H� HHQYRXGLJVWH� YXLVWUHJHO� RP� WH� FRQWUROHUHQ� RI� ZRUGW� YROGDDQ� DDQ� GH�JUHQVZDDUGHQ�YRRU�GH�OLFKDDPV�6$5�LV��

PKHOHOLFKDD
OLFKDDP

OGXLWJHVWUDD 6$5P
3

<PD[� �
ZDDULQ�3PD[�VWDDW�YRRU�KHW�PD[LPDDO�XLWJHVWUDDOGH�YHUPRJHQ�LQ�ZDWW��:��HQ�POLFKDDP�YRRU� GH� PDVVD� YDQ� GH� EORRWJHVWHOGH� SHUVRRQ� LQ� NLORJUDP� �NJ��� 9RRU� HHQ�]HVWLHQMDULJH�ZHUNQHPHU� LV� KHW�PLQLPDOH� VWDQGDDUGJHZLFKW� RS� ���NJ� JHVWHOG��'LW�EHWHNHQW� GXV� GDW� DOV� DO� KHW� XLWJHVWUDDOGH� YHUPRJHQ�� GDW� DOWLMG� NOHLQHU� LV� GDQ� KHW�PD[LPDDO�YHUPRJHQ�RSJHQRPHQ�XLW�KHW�HOHNWULFLWHLWVQHW��PLQGHU�LV�GDQ����PDDO����� �����:��GH�OLFKDDPV�6$5�QLHW�RYHUVFKUHGHQ�NDQ�ZRUGHQ��(FKWHU��GH�ORNDOH�6$5�NDQ�QRJ�ZHO�RYHUVFKUHGHQ�ZRUGHQ���
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7LMGVPLGGHOLQJ��YRRU�WRHWVLQJ�DDQ�RSZDUPLQJ��]HV�PLQXWHQUHJHO�+HW�NZDGUDDW�YDQ�GH�PD[LPDDO�JHPHWHQ�506�ZDDUGH�YDQ�KHW�HOHNWULVFKH�YHOG�PHW�HHQ� IUHTXHQWLH� WXVVHQ�����N+]�HQ����*+]�PRHW�RRN�QRJ�JHPLGGHOG�ZRUGHQ�RYHU�HHQ� ZLOOHNHXULJH� WLMGVGXXU� YDQ� ��PLQXWHQ� ZDQQHHU� JHWRHWVW� ZRUGW� RI� GH� 6$5�ZDDUGH� YRRU� RSZDUPLQJ� ZRUGW� RYHUVFKUHGHQ�� 'DW� EHWHNHQW� GDW� YRRU� HONH�ZLOOHNHXULJH�WLMGVGXXU�PRHW�JHOGHQ��
( )( ) /506PLG506PLG (()() <=� �

'H�PD[LPDOH�JHPHWHQ�(506�PDJ�GXV�QRJ�YHUPHQLJYXOGLJG�ZRUGHQ�PHW�GH�ZRUWHO�XLW� GH� WLMGVPLGGHOLQJVIDFWRU� �(QJHOV�� GXW\� F\FOH� )PLG� DOYRUHQV� WH� WRHWVHQ� DDQ� GH�DFWLHZDDUGH�(/�ELM�GH�JHOGHQGH�IUHTXHQWLH����(HQ� UHNHQYRRUEHHOG� LV� HHQ�PDFKLQH� GLH� RS� ��PLQXWHQ� ��PLQXWHQ� XLWVWDDW�� GXV� LQ�LHGHU� JHYDO� GH� KHOIW� YDQ� LHGHUH�ZLOOHNHXULJH� ��PLQXWHQ� QLHW� ]HQGW��'DQ� JHOGW� GDW�
)PLG� ����� ����� EHGUDDJW�� 'XV� DOYRUHQV� WH� WRHWVHQ� DDQ� GH� DFWLHZDDUGH� PDJ� GH�JHPHWHQ� HOHNWULVFKH� YHOGVWHUNWH� PHW� GH� ZRUWHO� XLW� ���� YHUPHQLJYXOGLJG� ZRUGHQ��(HQ�EHGLHQHU�GLH�RS�LHGHUH���PLQXWHQ���PLQXWHQ�LQ�HHQ�YHOG�VWDDW��ZRUGW�GXV�LQ�GH�ZRUVW�FDVH�WH�NLH]HQ���PLQXWHQ���PLQXWHQ�EORRWJHVWHOG��GXV�)PLG� ����� ��������
7LMGVPLGGHOLQJ�YRRU�WRHWVLQJ�DDQ�JHwQGXFHHUGH�VWURPHQ�7LMGVPLGGHOLQJ�ELM� IUHTXHQWLHV� WRW����0+]�RP� WH�FRQWUROHUHQ�RS�VWURRPGLFKWKHLG�LQ�KHW�FHQWUDDO�]HQXZVWHOVHO�LV�QLHW�WRHJHVWDDQ���
3LHNDFWLHZDDUGHQ�HQ�PLGGHOLQJ�WXVVHQ��������*+]�=LH�RRN�%LMODJH���YRRU�PLGGHOLQJ�YDQ�YHOGVWHUNWHV�YRRU�IUHTXHQWLHV�WXVVHQ����*+]�HQ�����*+]�HQ�YRRU�GH�EHUHNHQLQJ�YDQ�GH�PD[LPDOH�SLHNDFWLHZDDUGHQ���
���� 6RPPDWLHUHJHOV�YRRU�YHUVFKLOOHQGH�VLJQDDOYRUPHQ�YDQ�

HHQ�RI�PHHU�EURQQHQ��,&1,53�VWDWHPHQW���'H� DFWLHZDDUGHQ� HQ� JUHQVZDDUGHQ� ]LMQ� SHU� IUHTXHQWLH� YDVWJHVWHOG� YRRU�VLQXVYRUPLJH� VLJQDOHQ�� (FKWHU�� HU� EHVWDDQ� RRN� VLJQDOHQ� GLH� EHVWDDQ� XLW�PHHUGHUH�VLQXVYRUPLJH�VLJQDOHQ�YDQ�YHUVFKHLGHQH�IUHTXHQWLHV�WHJHOLMN��XLW�SXOVHQ�RI�XLW�QLHW�VLQXVYRUPLJH��IDVH�FRKHUHQWH�JROIYRUPHQ��'H]H�VLJQDOHQ�NXQQHQ�GRRU�ppQ�DSSDUDDW�ZRUGHQ� JHJHQHUHHUG��PDDU� NXQQHQ� RRN� KHW� UHVXOWDDW� ]LMQ� YDQ� VLJQDOHQ� DINRPVWLJ�YDQ� YHUVFKLOOHQGH� DSSDUDWHQ�� 1RRW���� ELM� 7DEHO��� HQ� 1RRW��� ELM� 7DEHO��� YDQ� GH�ULFKWOLMQ� PHOGHQ� GDW� HU� JHVFKLNWH� PHWKRGHV� YRRU� GH� EHRRUGHOLQJ� YDQ� GH]H�JROIYRUPHQ� GRRU� &(1(/(&� PRHWHQ� ZRUGHQ� RSJHVWHOG�� 'LW� ODDWVWH� RPGDW� GH�VRPPDWLHUHJHO�YRRU�EORRWVWHOOLQJ� DDQ�PHHUGHUH� IUHTXHQWLHV� �]LH�%LMODJH���YDQ�GLW�UDSSRUW�� ]RDOV� JHQRHPG� LQ� GH� (8�DDQEHYHOLQJ� ���������(*� KLHUELM� QLHW� DOWLMG�UHFKWVWUHHNV�WRHSDVEDDU�LV��HQ�NDQ�OHLGHQ�WRW�HHQ�WH�FRQVHUYDWLHYH�VFKDWWLQJ�YDQ�GH�EORRWVWHOOLQJ��'H]H�VFKDWWLQJ�LV�FRQVHUYDWLHI��RPGDW�HU�GDQ�ZRUGW�XLWJHJDDQ�GDW�GH�
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KRRJVWH�ELMGUDJH�ZRUGW�EHUHLNW�ZDQQHHU� LQ�KHW� WLMGVLJQDDO�GH� WRSSHQ�RI�GDOHQ�YDQ�DOOH� VLQXVVHQ� RS� KHW]HOIGH�PRPHQW� �LQ� IDVH�� YRRUNRPHQ��ZDW� GRRUJDDQV� QLHW� KHW�JHYDO�LV���,Q� ����� JDI� ,&1,53� HHQ� VWDWHPHQW� XLW� RP� GH]H� JROIYRUPHQ� WH� EHRRUGHOHQ� >��@��2RN� &(1(/(&� QRHPW� GH]H� PHWKRGH� LQ� QRUP�� 1(1�(1����������� µ$OJHPHQH�QRUP� RP� GH� RYHUHHQVWHPPLQJ� DDQ� WH� WRQHQ� YDQ� HOHNWURQLVFKH� HQ� HOHNWULVFKH�DSSDUDWHQ� PHW� GH� EDVLVHLVHQ� YRRU� GH� EORRWVWHOOLQJ� YDQ� GH� PHQV� DDQ�HOHNWURPDJQHWLVFKH� YHOGHQ� ��� +]� �� ���� *+]�¶�� HQ� LQ� 1(1�(1� �����������µ+XLVKRXGHOLMNH�HQ�VRRUWJHOLMNH�WRHVWHOOHQ���(OHNWURPDJQHWLVFKH�YHOGHQ���0HWKRGHQ�YRRU� GH� HYDOXDWLH� HQ� PHWLQJ¶�� 'DDUQDDVW� ]LMQ� HU� SXEOLFDWLHV� YDQ� -RNHOD� >��@� HQ�&KDGZLFN� >���� ���@� ZDDULQ�PHW� DFKWHUOLJJHQGH� WKHRULH� HQ� YRRUEHHOGHQ� QDGHU� LQ�ZRUGW�JHJDDQ�RS�GH�EORRWVWHOOLQJ�DDQ�GLYHUVH�JROIYRUPHQ���5XZZHJ�NXQQHQ�YLMI�JROIYRUPHQ�ZRUGHQ�RPVFKUHYHQ��� 5HFKWKRHNLJH�SXOV�� 6PDOEDQGLJH�VLQXVYRUPLJH�SXOV�� 6LQXVYRUPLJH�JROI�PHW�KRJHUH�KDUPRQLVFKH�ELMGUDJHQ�� 0HHUGHUH�VLQXVYRUPLJH�JROYHQ�JHVXSHUSRQHHUG�� 0HHUGHUH�QLHW�VLQXVYRUPLJH��IDVH�FRKHUHQWH�JROIYRUPHQ���
5HFKWKRHNLJH�SXOV�+LHUELM�ZRUGW� GH� WLMGVGXXU� WS YDQ� GH� SXOV� RSJHYDW� DOV� GH� KHOIW� YDQ� HHQ� SHULRGLHN�VLJQDDO�� ]RGDW� GH� WRWDOH� SHULRGH� �� WS LV� HQ� GH� HTXLYDOHQWH� IUHTXHQWLH� RP�PHH� WH�WRHWVHQ�DDQ�GH�DFWLHZDDUGHQ������WS� LV���
6PDOEDQGLJH�VLQXVYRUPLJH�SXOV�:DQQHHU�LQ�VHULHV�YDQ�SXOVHQ�ZRUGW�JH]RQGHQ�HQ�LHGHUH�SXOV�EHVWDDW�XLW�WHQPLQVWH�YLMI� VLQXVYRUPLJH� RVFLOODWLHV� ]RQGHU� KRJHUH� KDUPRQLVFKH� ELMGUDJHQ�� GDQ�PRHW� GH�SLHNZDDUGH� RQGHU� ZRUWHO� �� PDDO� GH� DFWLHZDDUGH� EOLMYHQ� YRRU� VLJQDOHQ� RQGHU�����N+]��GDDUERYHQ�PDJ�JHFRUULJHHUG�ZRUGHQ�PHW�GH�GXW\�F\FOH� 'H]H�SXOVYRUP�NRPW�YRRU�ELM�($6�V\VWHPHQ�RQGHU�����N+]���
6LQXVYRUPLJH�JROIYRUP�PHW�KRJHUH�KDUPRQLVFKH�ELMGUDJHQ�'H]H� JROIYRUP� NRPW� W\SLVFK� YRRU� ELM� JHOLMNULFKWHUV�� ZDDUELM� QD� KHW� JHOLMNULFKWHQ�YDQ� GH� ���+]� GULH�IDVHQVWURRP� HU� HHQ� GXLGHOLMNH� ����+]� ULPSHO� RS� GH�JHOLMNVWURRPFRPSRQHQW� DFKWHUEOLMIW�� +LHUELM� NDQ� QD� PHWHQ� YDQ� KHW�IUHTXHQWLHVSHFWUXP� HHQYRXGLJ� GH� VRPPDWLHUHJHO� �]LH�%LMODJH����JHEUXLNW�ZRUGHQ��'H�VRPPDWLHUHJHO�JHHIW�HFKWHU�HHQ�FRQVHUYDWLHI�EHHOG��RPGDW�GH�UHODWLHYH�IDVH�YDQ�GH IUHTXHQWLHFRPSRQHQWHQ� QLHW� ZRUGW� PHHJHQRPHQ� LQ� GH� VRPPDWLH�� 1(1�(1����������� JHHIW� DDQ� GDW� RRN� GH� JHZRJHQ�SLHNZDDUGHPHWKRGH� PDJ� ZRUGHQ�JHEUXLNW� LQ� KHW� JHYDO� GDW� GH� RQGHUOLQJH� IDVHQ� YDQ�GH�KDUPRQLVFKH�ELMGUDJHQ�QLHW�VLJQLILFDQW�YDULsUHQ��
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0HHUGHUH�VLQXVYRUPLJH�JROYHQ�JHVXSHUSRQHHUG�=RODQJ� KHW� JDDW� RP� HHQ� OLMQVSHFWUXP�� GXV� HHQ� VLJQDDO� RSJHERXZG� XLW� PHHUGHUH�VLQXVYRUPLJH� VLJQDOHQ� YDQ� YHUVFKHLGHQH� IUHTXHQWLHV�� LV� GH� VRPPDWLHUHJHO� �]LH�%LMODJH���� HHQYRXGLJ� WRHSDVEDDU�� ZDDUELM� LHGHUH� IUHTXHQWLHFRPSRQHQW� HHQ� HLJHQ�ZHJLQJVIDFWRU�PHHNULMJW�GLH�GH�LQYHUVH�LV�YDQ�]LMQ�DFWLHZDDUGH���
0HHUGHUH�QLHW�VLQXVYRUPLJH��IDVH�FRKHUHQWH�JROIYRUPHQ�9RRU�IUHTXHQWLHV�YDQ���WRW����0+]�NDQ�LQ�GH�WLMG�ZRUGHQ�JHsYDOXHHUG�YROJHQV�GH�JHZRJHQ�SLHNZDDUGHPHWKRGH��'H]H�PHWKRGH�ZRUGW�QDXZNHXULJ�EHVFKUHYHQ� LQ�GH�JHQHULHNH�VWDQGDDUG�1(1�(1������������LQ�GH�SURGXFWQRUP�YRRU�KXLVKRXGHOLMNH�DSSDUDWXXU� 1(1�(1������������ GRRU� -RNHOD� >��@� HQ� LQ� KHW� ,&1,53� VWDWHPHQW�>��@��'H�JHZRJHQ�SLHNZDDUGHPHWKRGH�KRXGW�UHNHQLQJ�PHW�GH�UHODWLHYH�IDVH�HQ�NDQ�]RZHO�ZRUGHQ�XLWJHYRHUG�GRRU�EHUHNHQLQJHQ�RS�HHQ� WLMGVLJQDDO��RI�GRRU�GLUHFW� WH�PHWHQ�PHW�HHQ�LQJHERXZG�ZHHJFLUFXLW���+HW�NRPW�HURS�QHHU�GDW�HU�HHQ�ZHHJIXQFWLH�LV��JHEDVHHUG�RS�GH�SLHNZDDUGHQ��GXV�GH� DFWLHZDDUGHQ�� GLH� 506� ZDDUGHQ� ]LMQ�� PDDO� ZRUWHO� ��� XLW� GH� ULFKWOLMQ��9HUYROJHQV�ZRUGW� HHQ� HTXLYDOHQWH� IUHTXHQWLH� RSJHOHJG� JHGHILQLHHUG� ]RDOV� ELM� GH�SXOV��1X�LV�HFKWHU�WS JHOLMN�DDQ�GH�VPDOVWH�VWLMJ����GH�WLMG�ZDDULQ�KHW�VLJQDDO�YDQ�GH�EDVLVYHOGVWHUNWH�QDDU�GH�SLHNVWHUNWH�RSERXZW��HQ�YDOWLMG�YDQ�KHW�%�YHOG��WUDQVLsQW�WLMG���LQ�SODDWV�YDQ�GH�EUHHGWH�YDQ�GH�SXOV����9RRU� VLJQDOHQ� PHW� HTXLYDOHQWH� IUHTXHQWLHV� WRW� ����+]� EHWHNHQW� GLW� GDW� GH�SLHNZDDUGH�YRRU�GH�DIJHOHLGH�YDQ�GH�PDJQHWLVFKH�IOX[GLFKWKHLG�QDDU�GH�WLMG��G%�GW��RQGHU������7�V�PRHW�EOLMYHQ�RP�WH�YROGRHQ�DDQ�GH�ULFKWOLMQ��%LM�IUHTXHQWLHV�ERYHQ�����+]� PRHW� G%�GW� PHW� HHQ� ZHJLQJVIDFWRU� ZRUGHQ� YHUPHQLJYXOGLJG�� ]RDOV�JHQRHPG�LQ�GH�RQGHUKDYLJH�QRUPHQ���
���� 6SHFLILHNH�UHNHQUHJHOV��
������ $UWLNHO��HQ�SHUVRRQVGHWHFWLH��,Q�KHW�NDGHU�YDQ�GH�(8�DDQEHYHOLQJ�EHVWDDQ�HU�WZHH�QRUPHQ��� (1� ����������� (YDOXDWLRQ� RI� KXPDQ� H[SRVXUH� WR� HOHFWURPDJQHWLF� ILHOGV�IURP� GHYLFHV� XVHG� LQ� (OHFWURQLF� $UWLFOH� 6XUYHLOODQFH� �($6��� 5DGLR� )UHTXHQF\�,GHQWLILFDWLRQ��5),'��DQG�VLPLODU�DSSOLFDWLRQV���%HRRUGHOLQJ�YDQ�EORRWVWHOOLQJ�YDQ�KHW� PHQVHOLMN� OLFKDDP� DDQ� HOHNWURPDJQHWLVFKH� YHOGHQ� DINRPVWLJ� YDQ� WRHVWHOOHQ�JHEUXLNW� LQ� (OHNWURQLVFKH� $UWLNHO� %HZDNLQJ� �($%��� 5DGLR� )UHTXHQF\�,GHQWLILFDWLRQ��5),'��HQ�VRRUWJHOLMNH�WRHSDVVLQJHQ��� (1� ����������� /LPLWDWLRQ� RI� KXPDQ� H[SRVXUH� WR� HOHFWURPDJQHWLF� ILHOGV�IURP�GHYLFHV�RSHUDWLQJ�LQ�WKH�IUHTXHQF\�UDQJH���+]�WR����*+]��XVHG�LQ�(OHFWURQLF�$UWLFOH� 6XUYHLOODQFH� �($6��� 5DGLR� )UHTXHQF\� ,GHQWLILFDWLRQ� �5),'�� DQG� VLPLODU�



���YDQ����� �
�

DSSOLFDWLRQV�� �%HSHUNLQJ� YDQ� GH� EORRWVWHOOLQJ� YDQ� KHW� PHQVHOLMN� OLFKDDP� DDQ�HOHNWURPDJQHWLVFKH� YHOGHQ� DINRPVWLJ� YDQ� WRHVWHOOHQ� GLH� ZHUNHQ� LQ� KHW�IUHTXHQWLHJHELHG� �� +]� WRW� ��� *+]�� JHEUXLNW� LQ� (OHNWURQLVFKH� $UWLNHO� %HZDNLQJ��($%���5DGLR�)UHTXHQF\�,GHQWLILFDWLRQ��5),'��HQ�VRRUWJHOLMNH�WRHSDVVLQJHQ���9RRU�5),'�ZRUGHQ�YLHU�EDQGHQ�YDQ�KHW�IUHTXHQWLHVSHFWUXP�JHEUXLNW����� � +]�������N+]���� � ±����0+]��� ����±�����0+]��� �����*+]�HQ�����*+]�9RRU�($6�ZRUGHQ�YLHU�JHELHGHQ�YDQ�KHW�IUHTXHQWLHVSHFWUXP�JHEUXLNW������ PDJQHWLVFK������±����N+]����� UHVRQDQW�LQGXFWLHI����������N+]��� UHVRQDQW�UDGLRIUHTXHQW�LQGXFWLHI���±����0+]��� QLHW�OLQHDLUH�PLFURJROYHQ�����±�����*+]�9RRU�PHWDDOGHWHFWRUHQ�ZRUGHQ�GLYHUVH�PDJQHWLVFKH�YHOGHQ�RSJHZHNW���(1� ����������� JHHIW� HQLJH� LQIRUPDWLH� RYHU� EHUHNHQLQJHQ� HQ� PHWLQJHQ� LQ�3DUDJUDDI����PDDU�GH]H�OHYHUHQ�JHHQ�YXLVWUHJHOV����9RRU� YHOGHQ� WRW� ���0+]� LV�GH�EORRWVWHOOLQJ� DDQ�5),'��($6�HQ�PHWDDOGHWHFWRUHQ�GRRUJDDQV� LQ� KHW� QDELMHYHOG�� GDW� ]LFK� HQNHOH�PHWHUV� YDQ� GH� DSSDUDWXXU� XLWVWUHNW��+LHUGRRU� LV� GH� EORRWVWHOOLQJ�QLHW� DDQ� HHQ�YODNNH� HOHNWURPDJQHWLVFKH�JROI�� HQ� ]LMQ�RRN� GH� (�YHOG� HQ� +�YHOG� FRPSRQHQW� ]ZDN� JHNRSSHOG�� PDDU� ZRUGW� GRRUJDDQV�JHUHNHQG�PHW�GH�+�YHOG�FRPSRQHQW��'LW�JHOGW�RRN�YRRU�KHW�JHELHG�WXVVHQ�����N+]�HQ����0+]�ZDDU�GH�6$5�GH�RYHUKHHUVHQGH�JUHQVZDDUGH�YRRU�EORRWVWHOOLQJ�LV��'DQ�ZRUGW� GH� 6$5� EHUHNHQG� DDQ� GH� KDQG� YDQ� GH� GRRU� KHW� +�YHOG� JHwQGXFHHUGH�VWURRPGLFKWKHLG�-�

σρρ
σ �� -(6$5 506 == �

9RRU�KHW�JHELHG�ZDDU�EORRWVWHOOLQJ�DDQ�PDJQHWLVFKH�YHOGHQ�RYHUKHHUVHQG�LV��LV�GH�EHQDGHULQJ� YDQ� KHW� +�YHOG� WH� PDNHQ� GRRU� GH� EHQDGHULQJ� YDQ� HHQ� HQNHOYRXGLJH�
ORRS� WH� JHEUXLNHQ�� 'DDUQDDVW� PRHW� GH� VRPPDWLHUHJHO� JHEUXLNW� ZRUGHQ� YRRU� GH�GLYHUVH� FRPSRQHQWHQ� ZDDUXLW� HHQ� SXOV� LV� VDPHQJHVWHOG�� 'H� YROJHQGH� UHNHQUHJHO�RP WH�YROGRHQ�DDQ�GH�OLFKDDPV�6$5�YDQ�����:�NJ�JHOGW�>(1�����������@��
�

�I+ ���≤
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PHW� I GH IUHTXHQWLH� LQ�0+]��HQ�+ GH PDJQHWLVFKH�YHOGVWHUNWH� LQ�$�P��'DDUQDDVW�PRHW� YRRU� YHOGHQ� WRW� ���0+]� RRN� JHOGHQ� GDW� GH� JUHQVZDDUGH� YRRU� EORRWVWHOOLQJ�YRRU�JHwQGXFHHUGH�VWURRP�QLHW�RYHUVFKUHGHQ�ZRUGW��RIZHO�GDW�JHOGW�+ � �����$�P���%LM�($6�HQ�PHWDDOGHWHFWRUV\VWHPHQ�ZRUGHQ�LQ�GH�SRRUW�ZHO�YHOGVWHUNWHV�JHPHWHQ�ERYHQ�GH�DFWLHZDDUGHQ��PDDU�GLW�OHLGW�YROJHQV�EHUHNHQLQJHQ�QLHW�WRW�RYHUVFKULMGLQJ�YDQ�GH�JUHQVZDDUGHQ��9ROJHQV�-RNHOD�>��@�LV�HU�HHQ�SHUPDQHQWH�EORRWVWHOOLQJ�DDQ�YHOGVWHUNWHV� URQG� GH� DFWLHZDDUGHQ� PRJHOLMN� YRRU� NDVVLHUV�� 9RRU� 5),'�V\VWHPHQ�]LMQ�ZHLQLJ�EHUHNHQLQJHQ�EHNHQG��ZHO�ZHUNHQ�GH]H�GRRUJDDQV�RS�ODJH�YHUPRJHQV�HQ�LV�HHQ�RYHUVFKULMGLQJ�QLHW�WH�YHUZDFKWHQ���9XLVWUHJHO�YRRU�($6�DSSDUDWXXU�HQ�PHWDDOGHWHFWRUSRRUWMHV��'H� DIVWDQG� YDQ�ZHUNQHPHU� �ELMYRRUEHHOG�� NDVVLHU� RI� EHYHLOLJLQJVEHDPEWH�� WRW� GH�SRRUWMHV�PRHW�JURWHU�]LMQ�GDQ���P���
������ 'LsOHNWULVFKH�YHUZDUPLQJ��(U�EHVWDDW�LQ�VHSWHPEHU������JHHQ�&(1(/(&�QRUP�YRRU�GLsOHNWULVFKH�DSSDUDWXXU��'LYHUVH� JH]DJKHEEHQGH� LQVWLWXWHQ� KHEEHQ� GRFXPHQWHQ� RSJHVWHOG� YRRU�EHUHNHQLQJHQ��PHWLQJHQ�HQ�EHVFKHUPLQJVPDDWUHJHOHQ��JXLGDQFH�QRWH����YDQ�+6(�>��@�� 2FFXSDWLRQDO� 6DIHW\� DQG� +HDOWK� 6HULHV� ��� YDQ� ,/2� >��@� HQ� HHQ� +6(�GRFXPHQW�GRRU�HHQ�*DEULHO�HQ�/DX�>����IRUPXOHV�&���HQ�&��@���(U� ]LMQ� GULH� DFWLHZDDUGHQ� WXVVHQ� ���0+]� HQ� ����0+]� ZDDUDDQ� YROGDDQ� PRHW�ZRUGHQ�� FRQWDFWVWURRP� ����P$���JHwQGXFHHUGH� VWURRP� LQ� OHGHPDWHQ� �����P$��HQ�HOHNWULVFK� YHOG� ����9�P��� 'H� DFWLHZDDUGHQ� ]LMQ� RSJHVWHOG� YRRU� KHW� XQLIRUPH�YHUUHYHOG��WHUZLMO�GH�EHGLHQLQJVSOHN�YRRU�GLsOHNWULVFKH�DSSDUDWXXU�GRRUJDDQV�LQ�KHW�QLHW�XQLIRUPH� QDELMHYHOG� LV� JHOHJHQ��0HWLQJHQ�PRHWHQ� GXV� YROJHQV� HHQ� SURWRFRO�ZRUGHQ�XLWJHYRHUG��JHYROJG�GRRU�HHQ�EHUHNHQLQJ�RI�UHGHQHULQJ�GLH�ODDW�]LHQ�RI�GH�JUHQVZDDUGHQ�LQ�GLH�VLWXDWLH�ZRUGHQ�RYHUVFKUHGHQ��'RRUJDDQV�JHOGW�GDW�KHW�WRHWVHQ�YDQ�YHOGVWHUNWHQ�JHPHWHQ�LQ�KHW�QDELMHYHOG�DDQ�GH�DFWLHZDDUGHQ��GLH�]LMQ�RSJHVWHOG�YRRU� KHW� YHUUHYHOG�� HHQ� FRQVHUYDWLHYH� LQVFKDWWLQJ� JHYHQ� YRRU� KHW� HYHQWXHHO�RYHUVFKULMGHQ� YDQ� GH� JUHQVZDDUGHQ� >��� SDJ� ���@�� 9XLVWUHJHOV� RP� GH� HOHNWULVFKH�YHOGVWHUNWH� WH�EHUHNHQHQ�]LMQ�HU�QLHW��PHWLQJHQ�]LMQ�GXV�DDQ�WH�UDGHQ��(U�]LMQ�ZHO��VRPV�HPSLULVFKH��EHUHNHQLQJVPHWKRGHQ�RP�GH�YHOGVWHUNWH�RI�JHwQGXFHHUGH�VWURRP�QDDU�6$5�RP�WH�UHNHQHQ�>����������������������@��2S�GH]H�ZLM]H�NDQ�HHQ�LQVFKDWLQJ�JHPDDNW� ZRUGHQ�� 9RRU� H[DFWH� UHVXOWDWHQ� ]LMQ� XLWYRHULJH� EHUHNHQLQJHQ� HQ�PRGHOOHULQJHQ� QRGLJ�� ,Q� LHGHU� JHYDO� GLHQW� UHNHQLQJ� JHKRXGHQ� WH�ZRUGHQ�PHW�� GH�
GXW\� F\FOH� PLGGHOLQJ� YDQ� KHW� YHOG� RYHU�KHW� OLFKDDP��RPUHNHQLQJ�YDQ�QDELMHYHOG�QDDU�YHUUHYHOG�HQ�WRHSDVVLQJ�YDQ�NRSSHOLQJVIDFWRUHQ���$OV� GH� YHUKRXGLQJ� YDQ� GH� HOHNWULVFKH� YHOGVWHUNWH� WRW� GH�PDJQHWLVFKH� YHOGVWHUNWH�ERYHQ� ���2KP� OLJW�� GDQ� LV� GH� GRRU� KHW�PDJQHWLVFKH� YHOG� YHURRU]DDNWH� DEVRUSWLH�
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YHHO� ODJHU� GDQ�GLH�GRRU�KHW� HOHNWULVFKH�YHOG� HQ�PDJ�KHW�PDJQHWLVFKH�YHOG�EXLWHQ�EHVFKRXZLQJ� JHODWHQ� ZRUGHQ�� 'LW� LV� GRRUJDDQV� KHW� JHYDO� ELM� GLsOHNWULVFKH�DSSDUDWXXU���2PGDW� VSUDNH� LV� YDQ� HHQ� QLHW� SHUPDQHQWH� EORRWVWHOOLQJ� ERYHQ� ����N+]� PDJ� GH�JHPHWHQ�YHOGVWHUNWH�ZRUGHQ�YHUPHQLJYXOGLJG�PHW�GH�ZRUWHO�XLW�GH�GXW\�F\FOH�
'RRU� GH� QLHW�XQLIRUPLWHLW� YDQ� KHW� YHOG� YROVWDDW� KHW� QLHW� RP� DOOHHQ� RS� ppQ�EHGLHQLQJVSRVLWLH�GH�YHOGVWHUNWH�WH�PHWHQ��PDDU�RRN�LQ�HHQ�KDOYH�PHWHU�HURPKHHQ��RP�GH�PDWH�YDQ�QLHW�XQLIRUPLWHLW� WH�EHSDOHQ��(HQ�NOHLQH�YHUSODDWVLQJ�NDQ�LPPHUV�HHQ� DQGHUH� YHOGVWHUNWH� RSOHYHUHQ�� 2RN� LV� GH� PDWH� ZDDULQ� HQHUJLH� NDQ� ZRUGHQ�RSJHQRPHQ�DIKDQNHOLMN�YDQ�GH�VWURPHQ�GLH�GRRU�KHW�OLFKDDP�JDDQ�ORSHQ��'XV�KHW�PHWHQ�YDQ�GH�JHwQGXFHHUGH�VWURRP�GRRU�GH�HQNHOV�HQ�GH�SROVHQ�LV�RRN�UDDG]DDP��9DQZHJH�GH�QLHW�XQLIRUPH�EORRWVWHOOLQJ�ZRUGW�RRN�GH�JHwQGXFHHUGH�VWURRP�HQ�GH�HOHNWULVFKH�YHOGVWHUNWH�JHPHWHQ�RS�YHUVFKLOOHQGH�SOHNNHQ�HQ�YHUYROJHQV�JHPLGGHOG�RYHU�KHW�KHOH�OLFKDDP�>������@����9HUYROJHQV� ]LMQ� HU�� HPSLULVFKH�� RPUHNHQLQJVIRUPXOHV� YRRU� PHWLQJHQ� LQ� KHW�QDELMHYHOG�QDDU�HTXLYDOHQWH�PHWLQJHQ�LQ�KHW�YHUUHYHOG���'DDUQDDVW�]LMQ�HU�ELM�GLW�QLHW�XQLIRUPH�YHOG�NRSSHOLQJVIDFWRUHQ�YDQ�WRHSDVVLQJ�YRRU�GH�EHUHNHQLQJ�QDDU�6$5��*DEULHO�HQ�/DX�JHYHQ�YRRUEHHOGHQ�YDQ�HQNHOH�IDFWRUHQ�>��@�� 'H]H� NRSSHOLQJVIDFWRUHQ� ]LMQ� GRRUJDDQV� HHQ� FRUUHFWLH� QDDU� EHQHGHQ� RS� GH�6$5�EHUHNHQLQJ��'DW�EHWHNHQW�GDW�EORRWVWHOOLQJ�ERYHQ�GH�DFWLHZDDUGHQ�QLHW�GLUHFW�KRHIW�WH�OHLGHQ�WRW�RYHUVFKULMGLQJ�YDQ�GH�6$5���'H�EORRWVWHOOLQJ�ELM�HHQ�IUHTXHQWLH�YDQ����0+]�EHWHNHQW�GDW�GH�EHGLHQHU�ELQQHQ�HQ�HHQ�JROIOHQJWH�����FP��YDQ�GH�EURQ�VWDDW�HQ�GDDUPHH�LQ�KHW�QDELMHYHOG��+HW�LV�GXV�DDQ�WH�QHPHQ�GDW�KLM�QLHW�EORRWJHVWHOG�LV�DDQ�HHQ�XQLIRUP�YHOG��*DEULHO�HQ�/DX�>����IRUPXOHV� &��� HQ� &��@� JHYHQ� NRSSHOLQJVIDFWRUHQ� HQ� RPUHNHQLQJVZLM]HQ� YRRU� GH�JHPHWHQ�QDELMHYHOGVWHUNWH�QDDU�HTXLYDOHQWH�ZDDUGHQ�LQ�KHW�YHUUHYHOG�HQ�RSJHZHNWH�OLFKDDPV�6$5��8LW� HHQ� LQVFKDWWLQJ� RS� EDVLV� YDQ� GH]H� IRUPXOHV� EOLMNW� GDW� ELM� HHQ�SHUPDQHQWH� EORRWVWHOOLQJ� DINRPVWLJ� YDQ� HHQ� SODVWLFODVPDFKLQH� RS� HHQ� PD[LPDOH�ZDDUGH�YDQ�����9�P�ELM�HHQ� IUHTXHQWLH�YDQ����0+]�GH�PD[LPDOH� OLFKDDPV�6$5�YDQ�����:�NJ�QLHW�RYHUVFKUHGHQ�]RX�KRHYHQ�ZRUGHQ��RRN�DO�LV�KLHU�VSUDNH�YDQ�HHQ�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGH�YDQ����9�P���
������ (OHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH��(OHNWULFLWHLWVFHQWUDOHV�EHVWDDQ�UXZZHJ�XLW�GULH�GHHORPJHYLQJHQ���

• *HQHUDWRUHQ�+LHUELM� ]LMQ� JHHQ� RYHUVFKULMGLQJHQ� YDQ� GH� DFWLHZDDUGHQ� EHNHQG� XLW�PHWLQJHQ���
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• 7UDQVIRUPDWRUHQ�HQ�JHOLMNULFKWHUV��9DDN� ZRUGHQ� GULH�IDVHQ� JHOLMNULFKWHUV� JHEUXLNW� ZDDUELM� ���+]�KRRJVSDQQLQJ� ZRUGW� RPJH]HW� QDDU� JHOLMNVWURRP�� ZDDUGRRU� HU� HHQ�VLJQLILFDQWH� ����+]� ULPSHO� HQ� KRJHUH� KDUPRQLVFKH� ELMGUDJHQ� ZRUGHQ�RSJHZHNW��+HW�VSHFWUXP�GLHQW�JHPHWHQ�WH�ZRUGHQ��HQ�GH�EORRWVWHOOLQJ�GLHQW�PHW� GH� VRPPDWLHUHJHO� RI� GH� JHZRJHQ�SLHNZDDUGHPHWKRGH� �]LH�3DUDJUDDI������ WH� ZRUGHQ� EHUHNHQG�� 'H� JHPHWHQ� YHOGVWHUNWHV� ]LMQ� YHOH�PDOHQ� GH� DFWLHZDDUGHQ� HQ� GH� EHVWH� YXLVWUHJHO� LV� RP� GH� LQVWDOODWLHV� DI� WH�VFKHUPHQ�HQ�RS�WLHQWDOOHQ�PHWHUV�WH�SODDWVHQ�YDQ�ZHUNQHPHUV��
• 6WURRPJHOHLGHUV�'LW�]LMQ�PHWDOHQ��NRSHUHQ��HOHPHQWHQ�YRRU�KHW�YHUYRHUHQ�YDQ�KRJH�VWURPHQ�YDQ�HQLJH�N$��%LM�EHQDGHULQJ�NDQ�KHW�%�YHOG�EHSDDOG�ZRUGHQ�DDQ�GH�KDQG�YDQ� GH� JHQHULHNH� IRUPXOH� YRRU� HHQ� VWURRPYRHUHQGH� GUDDG�� RI� YDQ� QDDVW�HONDDU�JHOHJHQ�KHHQ�HQ�WHUXJYRHUHQGH�JHOHLGHUV���9RRU�RQGHUVWDWLRQV�PHW�FRQGHQVDWRUEDQNHQ�JHOGW�GDW�HU�ELM�GH� OXFKWVSRHOHQ� LQ�GH�FRQGHQVDWRUEDQNHQ�HHQ�EORRWVWHOOLQJ�ERYHQ�GH�DFWLHZDDUGHQ�NDQ�YRRUNRPHQ�DOV�]H�LQ�EHGULMI� ]LMQ��$OV�YXLVWUHJHO��GLH� LQ�GH�SUDNWLMN�RRN�DO�]R�ZRUGW� WRHJHSDVW��JHOGW�GDW�]H�LQ�HHQ�DIJHVORWHQ�UXLPWH�PRHWHQ�VWDDQ�HQ�GDW�GH�UXLPWH�VOHFKWV�GDQ�EHWUHGHQ�NDQ�ZRUGHQ�DOV�GH�FRQGHQVDWRUEDQNHQ�XLWJHVFKDNHOG�]LMQ���

������ (OHNWURFKHPLVFKH�SURFHVVHQ��(U� ]LMQ� JHHQ�&(1(/(&� QRUPHQ� VSHFLILHN� YRRU� HOHNWURO\VH�LQVWDOODWLHV��ZHO� LV� HU�HHQ�KRRJVSDQQLQJVULFKWOLMQ�
,Q� JHYDO� YDQ� HHQ� HOHNWURO\VH�LQVWDOODWLH� ]LMQ� HU� GULH� RQGHUGHOHQ� GLH� EHVFKRXZG�GLHQHQ�WH�ZRUGHQ��'H]H�]LMQ��WH]DPHQ�PHW�KXQ�YXLVWUHJHOV��

• 6WURRPJHOHLGHUV��(QJHOV��%XV�EDUV�'LW�]LMQ�PHWDOHQ��NRSHUHQ��HOHPHQWHQ�YRRU�KHW�YHUYRHUHQ�YDQ�KRJH�VWURPHQ�YDQ�HQLJH�N$��%LM�EHQDGHULQJ�NDQ�KHW�%�YHOG�EHSDDOG�ZRUGHQ�DDQ�GH�KDQG�YDQ� GH� JHQHULHNH� IRUPXOH� YRRU� HHQ� VWURRPYRHUHQGH� GUDDG�� RI� YDQ� QDDVW�HONDDU�JHOHJHQ�KHHQ�HQ�WHUXJYRHUHQGH�JHOHLGHUV���
• *HOLMNULFKWHUV��9DDN� ZRUGHQ� GULH�IDVHQ� JHOLMNULFKWHUV� JHEUXLNW� ZDDUELM� ���+]�KRRJVSDQQLQJ� ZRUGW� RPJH]HW� QDDU� JHOLMNVWURRP�� ZDDUGRRU� HU� HHQ�VLJQLILFDQWH� ����+]� ULPSHO� HQ� KRJHUH� KDUPRQLVFKH� ELMGUDJHQ� ZRUGHQ�RSJHZHNW��+HW�VSHFWUXP�GLHQW�JHPHWHQ�WH�ZRUGHQ��HQ�GH�EORRWVWHOOLQJ�GLHQW�PHW� GH� VRPPDWLHUHJHO� RI� GH� JHZRJHQ�SLHNZDDUGHPHWKRGH� �]LH�3DUDJUDDI������ WH� ZRUGHQ� EHUHNHQG�� 'H� JHPHWHQ� YHOGVWHUNWHV� ]LMQ� YHOH�PDOHQ� GH� DFWLHZDDUGHQ� HQ� GH� EHVWH� YXLVWUHJHO� LV� RP� GH� LQVWDOODWLHV� DI� WH�VFKHUPHQ�HQ�RS�WLHQWDOOHQ�PHWHUV�WH�SODDWVHQ�YDQ�ZHUNQHPHUV��
• (OHNWURO\VHKDO��
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$IKDQNHOLMN� YDQ� GH� LQULFKWLQJ� GRRU� JHOLMNWLMGLJH� EORRWVWHOOLQJ� DDQ�YHUVFKLOOHQGH� EURQQHQ� HQ� VWURRPYRHUHQGH� HOHPHQWHQ� HQ� GH� JHEUXLNWH�VWURRPVWHUNWH� LV� GH� DIVWDQG� XLW� WH� UHNHQHQ� ]RDOV� ELM� HQNHOYRXGLJH�VWURRPYRHUHQGH�GUDGHQ����
������ ,QGXFWLHYHUZDUPLQJ��(U�EHVWDDW�LQ�VHSWHPEHU������JHHQ�&(1(/(&�QRUP�YRRU�LQGXFWLHYHUZDUPLQJ��:HO�LV�HU�HHQ�LQ�RQWZLNNHOLQJ���'H�YXLVWUHJHO�LV��XLWJDDQG�YDQ�GH�ZRUVW�FDVH�EORRWVWHOOLQJ��WH�GRHQ�DOVRI�GH�RSHQLQJ�YDQ� GH� VSRHO� JHULFKW� LV� RS� GH�ZHUNQHPHU��ZDDUGRRU� HU�PD[LPDOH� EORRWVWHOOLQJ� LV�DDQ�KHW�%�YHOG�RS�GH�WRUVR��*HEUXLN�]RZHO�YRRU�KHW�%�YHOG�YDQ�HHQ�VSRHO�DOV�YRRU�HHQ�GH�RSJHZHNWH�LQGXFWLHVWURRP�LQ�HHQ�ZHUNQHPHU�GH�JHQHULHNH�IRUPXOHV���
������ /DVVHQ��9RRU� EORRWVWHOOLQJ� DDQ� HOHNWURPDJQHWLVFKH� YHOGHQ� ELM� ODVVHQ� ]LMQ� HU� WZHH�RQWZHUSQRUPHQ��SU(1�������������RQWZHUSQRUP��%DVLVQRUP�YRRU�GH�HYDOXDWLH�YDQ�GH�EORRWVWHOOLQJ�YDQ� KHW� PHQVHOLMN� OLFKDDP� DDQ� HOHNWURPDJQHWLVFKH� YHOGHQ� YDQ� DSSDUDWXXU� YRRU�ERRJODVVHQ�HQ�YHUZDQWH�SURFHVVHQ��SU(1�������������RQWZHUSQRUP��3URGXFWJURHSQRUP�RP�GH�RYHUHHQVWHPPLQJ�DDQ�WH� WRQHQ�YDQ�DSSDUDWXXU�YRRU�ZHHUVWDQGODVVHQ��ERRJODVVHQ�HQ�YHUZDQWH�SURFHVVHQ�PHW� GH� EDVLVHLVHQ� YRRU� GH� EORRWVWHOOLQJ� YDQ� KHW� PHQVHOLMN� OLFKDDP� DDQ�HOHNWURPDJQHWLVFKH�YHOGHQ����+]�±�����*+]���'DDUQDDVW� ]LMQ� HU� QRJ� HQNHOH� (0&� QRUPHQ�� ZDDURQGHU� GH� QRUP� GLH� HQLJH�PDDWUHJHOHQ� QRHPW� WHU� YHUPLQGHULQJ� YDQ� GH� HPLVVLH� YDQ� HOHNWURPDJQHWLVFKH�YHOGHQ��1(1�(1���������8LWUXVWLQJ� YRRU� ERRJODVVHQ� �� 'HHO� ���� (OHNWURPDJQH�WLVFKH�FRPSDWLELOLWHLW��(0&��HLVHQ���'H�EHUHNHQLQJ�YDQ�EORRWVWHOOLQJ�DDQ�ODVDSSDUDWXXU�EHWHNHQW�GDW�HU�ELM�JHOLMNVWURRP�PRHW� ZRUGHQ� EHUHNHQG� ZDW� GH� EORRWVWHOOLQJ� DDQ� GH� ULPSHO� YDQ� KDUPRQLVFKH�ELMGUDJHQ� LV�� %LM� JHSXOVWH� JHOLMNVWURRP�� RI� JHEUXLN� YDQ� ZLVVHOVWURRP� PRHW� GH�IUHTXHQWLH�LQKRXG�YDQ�GH�SXOV�ZRUGHQ�EHSDDOG�YROJHQV�GH�JHQHULHNH�UHJHOV���'H� PD[LPDOH� ZDDUGH� YDQ� GH� IUHTXHQWLHV� GLH� PRHWHQ� ZRUGHQ� EHVFKRXZG�� LV�DIKDQNHOLMN�YDQ�GH�VRRUW�ODVVWURRP�>]LH�3DUDJUDDI�������LQ���@��� ��N+]�YRRU�HQNHOYRXGLJH�IDVH�WUDQVIRUPDWRU�JHOLMNULFKWHUV�� ��N+]�YRRU�GULH�IDVHQ�WUDQVIRUPDWRU�JHOLMNULFKWHUV�� ���PDDO�GH�VZLWFKLQJ�IUHTXHQWLH�YRRU�LQYHUWHUV�� ���PDDO�GH�ZLVVHOVWURRPIUHTXHQWLH�YRRU�VLQXVYRUPLJH�JHOLMNVWURRPYHUPRJHQVEURQQHQ�
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� GH�IUHTXHQWLH�I ]RDOV�JHGHILQLHHUG�GRRU�GH�PLQLPDOH�VWLMJ�YDOWLMG�WS YDQ�GH�PD[LPDOH�XLWJDQJVVWURRP�,PD[�ELM�QLHW�VLQXVYRUPLJH�ZLVVHOVWURRP�RI�
JHSXOVWH�VWURRP�� PLQ�� SWI =

9XLVWUHJHOV�HQ�UHNHQUHJHOV�]RDOV�JHVWHOG�LQ�GH�WZHH�RQWZHUSQRUPHQ�]LMQ��+�YHOG���
πG
,)+ * �=

RI�GH�PDJQHWLVFKH�IOX[GLFKWKHLG���
GW
G,

G
,)GW

G%
* π

µ ��= �

ZDDUELM�)* GH�JHRPHWULHIDFWRU�LV��]RDOV�YHUPHOG�LQ�$QQH[�$�YDQ�SU(1������������G LV� GH� DIVWDQG� WRW� GH� ODVNDEHO�� G,�GW� LV� GH� JHPHWHQ� YHUDQGHULQJ� LQ� WLMG� YDQ� GH�XLWJDQJVVWURRP���%HQDGHU�KHW�YHOG�GRRU�HHQ�VWURRPGLFKWKHLG�LQ�HHQ�GLVFXV�PHW�VWUDDO�U ORRGUHFKW�RS�KHW�PDJQHHWYHOG���
GW
G%U- U ���

σ= �

RI� DOV� GH� IUHTXHQWLH� I EHSDDOG�ZRUGW� YROJHQV�� SWI ��= PHW� WS GH� GXXU� YDQ� HHQ�
KDOIF\FOXV� YRRU� V\PPHWULVFKH� QLHW�VLQXVYRUPLJH� JROIYRUPHQ�� GDQ� JHOGW� RRN� GH�JHQHULHNH�IRUPXOH�YRRU�PD[LPDOH�NRSSHOLQJ�YDQ�KHW�%�YHOG�PHW�HHQ�GLVFXV���

UI%- U σπ=�� �
������ 0HGLVFKH�WRHSDVVLQJHQ��
05,�2S�KHW�JHELHG�YDQ�05,�EHVWDDW�GH�QRUP�1(1�(1�,(&�������������������YRRU�GH�EHVFKHUPLQJ�YDQ�SDWLsQWHQ��,Q�HHQ�QLHXZ�DPHQGHPHQW�]DO�RRN�GH�EHVFKHUPLQJ�YDQ�PHGLVFK�SHUVRQHHO�ZRUGHQ�RSJHQRPHQ���05,�DSSDUDWXXU�GLH�LQ�WURXEOH�VKRRW�VLWXDWLHV�LQ�GH�RQWZLNNHO��HQ�SURGXFWLHIDVH�RI�WLMGHQV� UHSDUDWLH� HQ� RQGHUKRXG�ZRUGW� JHEUXLNW�� YDOW� LQ� FDWHJRULH�,,,��*HEUXLN�PHW�
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LQWHUYHQWLHZHUN]DDPKHGHQ�RI�LQWHQVLHYH�SDWLsQWEHJHOHLGLQJ�JHHIW�RRN�EORRWVWHOOLQJ�ERYHQ�GH�DFWLHZDDUGHQ���(HQYRXGLJH�UHNHQUHJHOV�RP�GH�EORRWVWHOOLQJ�WH�EHSDOHQ�]LMQ�QLHW�PRJHOLMN��+LHUYRRU�GLHQHQ�VSHFLDOH�PRGHOOHQ�JHEUXLNW�WH�ZRUGHQ�RI�PHWLQJHQ�YHUULFKW�WH�ZRUGHQ��$OV�YXLVWUHJHO�JHOGW�GDW�ELM�WRHSDVVLQJ�KHW�PHGLVFK�SHUVRQHHO�RS�HQNHOH�PHWHUV�YDQ�KHW�DSSDUDDW�GLHQW�WH�EOLMYHQ���
'LDWKHUPLH��9RRU� DSSDUDWXXU� YRRU� GLDWKHUPLH� LV� HU� ,(&� QRUP�� ,(&� ���������������$�������0HGLVFK�HOHNWULVFKH� WRHVWHOOHQ� �� 'HHO� ����� %LM]RQGHUH� YHLOLJKHLGVHLVHQ� YRRU�NRUWHJROI�WKHUDSLHWRHVWHOOHQ���'H� GULH� YRRUQDDPVWH� EURQQHQ� YDQ� VWURRLYHOGHQ� ELM� GLDWKHUPLH�� GH� HOHNWURGHQ�� GH�WRHYRHUGUDGHQ� HQ� GH� DDQVOXLWLQJHQ�� (U� ]LMQ� HU� JHHQ� HHQYRXGLJH� UHNHQUHJHOV� YRRU�GH]H� VWURRLYHOGHQ�� 2YHU� YXLVWUHJHOV� ]LMQ� ZHO� YRRUVWHOOHQ�� PDDU� GH� YHUVFKLOOHQGH�JURHSHQ�]LMQ�KHW�QLHW�HHQV�RYHU�GH�DDQ�WH�KRXGHQ�DIVWDQGHQ��GLH�WRW���P�NDQ�UHLNHQ���9XLVWUHJHOV� EHVWDDQ� XLW� DIVWDQG� KRXGHQ� HQ� GH� JHPLGGHOGH� EORRWVWHOOLQJ� WH�YHUPLQGHUHQ�GRRU�GH�EORRWVWHOOLQJVGXXU�SHU�]HV�PLQXWHQLQWHUYDO� WH�EHSHUNHQ��]HV�PLQXWHQUHJHO���2P�GH�H[DFWH�YHUEOLMIWLMG�SHU�]HV�PLQXWHQLQWHUYDO�HQ�DIVWDQG�YDVW�WH�VWHOOHQ�]LMQ�PHWLQJHQ�QRGLJ���
'LHSH�K\SHUWKHUPLH��(U�]LMQ�RYHUVFKULMGLQJHQ�EHNHQG�YDQ�GH�DFWLHZDDUGH�����9�P�ELM����0+]��RS�HHQ�DIVWDQG�YDQ���P��(FKWHU��GRRU�GH�VWDQG�YDQ�GH�DQWHQQHV��NDQ�KHW�YHOG�QLHW�RSWLPDDO�RS� KHW� OLFKDDP� LQNRSSHOHQ�� ZDDUGRRU� KHW� QLHW� ZDDUVFKLMQOLMN� LV� GDW� GH�JUHQVZDDUGHQ�RYHUVFKUHGHQ�ZRUGHQ����9XLVWUHJHOV� EHVWDDQ� XLW� DIVWDQG� KRXGHQ� HQ� GH� JHPLGGHOGH� EORRWVWHOOLQJ� WH�YHUPLQGHUHQ�GRRU�GH�EORRWVWHOOLQJVGXXU� WH�EHSHUNHQ��'RRU�DIVWDQG� WH�KRXGHQ�YDQ�WHQPLQVWH���P�GDDOW�GH�EORRWVWHOOLQJ�RQGHU�GH�DFWLHZDDUGHQ��'RRU�GH�YHUEOLMIWLMG�WH�EHSHUNHQ� LQ� FRPELQDWLH� PHW� WRHSDVVLQJ� YDQ� GH� ]HV�PLQXWHQUHJHO�� EOLMIW� GH�JHPLGGHOGH� YHOGVWHUNWH� RRN� RQGHU� GH� DFWLHZDDUGH��2P�GH� H[DFWH� YHUEOLMIWLMG� SHU�]HV�PLQXWHQLQWHUYDO�HQ�DIVWDQG�YDVW�WH�VWHOOHQ�]LMQ�HHQYRXGLJH�PHWLQJHQ�QRGLJ���
(OHNWURFKLUXUJLH�
�9RRU�HOHNWURFKLUXUJLVFKH�WRHVWHOOHQ�EHVWDDW�HU�QRUP�1(1�(1�,(&����������������0HGLVFKH�HOHNWULVFKH�WRHVWHOOHQ���'HHO������%LM]RQGHUH�HLVHQ�YRRU�GH�YHLOLJKHLG�YDQ�KRRJIUHTXHQW�FKLUXUJLVFKH�WRHVWHOOHQ��
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������ 0LFURJROIGURJHQ��2SHQ�PLFURJROIGURJHUV��RRN�ZHO�µRSHQ�PDJQHWURQ¶�JHQRHPG��ZRUGHQ�R�D��JHEUXLNW�YRRU�KHW�GURJHQ�YDQ�PXUHQ�HQ�KHW�YHUKLWWHQ�YDQ�KRXW��'RRUJDDQV�ZRUGW�GH�HQHUJLH�LQ�HHQ�EXQGHO�GRRU�HHQ�VRRUW� VWUDDONDQRQ�RS�KHW�RS� WH�ZDUPHQ�YRRUZHUS�JHULFKW��%LM� EHQDGHULQJ� NDQ� GH� JHQHULHNH� IRUPXOH� YRRU� �VWUDDO�]HQGHUV�ZRUGHQ� WRHJHSDVW��]LH�3DUDJUDDI����������9HUGHUH�YXLVWUHJHOV�EHVWDDQ�XLW��QLHW�LQ�GH�EXQGHO�JDDQ�VWDDQ�HQ�DIVWDQG�KRXGHQ�YDQ�PHHU�GDQ�HHQ�KDOYH�PHWHU�YDQ�GH�RSSHUYODNNHQ�ZDDU�GH�EXQGHO�RS�JHULFKW�LV���
������ 9HUYRHU�HQ�WUDFWLHV\VWHPHQ��9ROJHQV�&KDGZLFN�>��@�YDOOHQ�WRW�QRJ�WRH�DOOH����+]�PRWRUHQ�RQGHU�FDWHJRULH�,�HQ�HU�]LMQ�GXV�WRW�HU�PHWLQJHQ�EHNHQG�]LMQ�JHHQ�YHUGHUH�PDDWUHJHOHQ�QRGLJ��:HO�LV�KHW�YDQ�EHODQJ�GH�YHOGHQ�URQG�VWURRPYRHUHQGH�GUDGHQ�XLW�WH�UHNHQHQ���8LW�,WDOLDDQV�RQGHU]RHN�>��@�DDQ�GH�YHOGHQ�ELM�'&�VSRRUZHJHQ�EOLMNW�GDW�KLHU�JHHQ�RYHUVFKULMGLQJHQ� YDQ� GH� DFWLHZDDUGHQ� SODDWVYLQGHQ� HQ� RRN� GH]H� ]LMQ� GDDURP�FDWHJRULH�,���9RRU�GH�EHUHNHQLQJHQ�YDQ�UDLOYHUYRHU�RS�ZLVVHOVWURRP�]LMQ�PRGHOOHQ�QRGLJ���
������� =HQGLQVWDOODWLHV��1(1������������LV�GH�EDVLVQRUP�YRRU�GH�EHUHNHQLQJ�YDQ�EORRWVWHOOLQJ�DDQ�YHOGHQ�DDQ� EDVLVVWDWLRQV� YRRU� WHOHFRPPXQLFDWLH� >���@�� +LHULQ� ZRUGHQ� RRN� HQNHOH�YXLVWUHJHO� IRUPXOHV� JHQRHPG�� 2RN� GH� $PHULNDDQVH� )HGHUDO� &RPPXQLFDWLRQ�&RPPLVVLRQ� �)&&�� KHHIW� GLYHUVH� EXOOHWLQV� XLWJHJHYHQ� PHW� YXLVWUHJHOV� RP� GH�EORRWVWHOOLQJ�LQ�WH�VFKDWWHQ�>���@���(HQ�YXLVWUHJHO�YRRU�EORRWVWHOOLQJ�DDQ�KHW�(�YHOG�LQ�GH�KRRIGEXQGHO�YDQ�GH�DQWHQQH�YRRU�HHQ�SHUVRRQ�LQ�KHW�YHUUHYHOG�LV��

U
*3

U
(,53

U
(53( ⋅⋅=⋅=

⋅⋅
= ���������� �

ZDDULQ�(,53�VWDDW�YRRU�(TXLYDOHQW�,VRWURSLF�5DGLDWHG�3RZHU� ZDW�JHOLMN�LV�DDQ�KHW�LQJDQJVYHUPRJHQ�YDQ�GH�DQWHQQH�3 LQ�ZDWW��:��PDDO�GH�JDLQ�* YDQ�HHQ�DQWHQQD�UHODWLHI� WRW� HHQ� LVRWURSH� VWUDOHU� HQ� U LV� GH� DIVWDQG� LQ� PHWHU� YDQ� GH� EURQ� WRW� KHW�RQGHU]RHNVSXQW��+HW�(,53� LV�KHW�YHUPRJHQ�GDW�QRGLJ�]RX�]LMQ�DOV�GH�]HQGHU�]LMQ�VWUDOLQJ� LVRWURRS� ]RX� XLW]HQGHQ� HQ� WRFK� GH]HOIGH� YHUPRJHQVGLFKWKHLG� ELM� GH�RQWYDQJHU�]RX�WHZHHJEUHQJHQ��(53�VWDDW�YRRU�(IIHFWLYH�5DGLDWHG�3RZHU�HQ�LV�KHW�YHUPRJHQ�GDW�QRGLJ�LV�DOV�GH�]HQGHU�DOV�HHQ�KDOYH�JROIOHQJWH�GLSRRO�]RX�XLW]HQGHQ�
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HQ� WRFK� GH]HOIGH� YHUPRJHQVGLFKWKHLG� ELM� GH� RQWYDQJHU� WHZHHJ� ]RX� EUHQJHQ��+HW�(,53� NDQ� ZRUGHQ� JHYRQGHQ� GRRU� KHW� (53� WH� YHUPHQLJYXOGLJHQ� PHW� GH�YHUVWHUNLQJVIDFWRU� YDQ� HHQ� KDOYH�JROIOHQJWH� GLSRRO� WHQ� RS]LFKWH� YDQ� HHQ� LVRWURSH�VWUDOHU��QDPHOLMN�PHW�������%LM�HHQ�EXQGHOHQGH�DQWHQQH�]LMQ�KHW�(,53�HQ�KHW�(53�GXV�JURWHU�GDQ�KHW�IHLWHOLMNH�YHUPRJHQ���,Q�KHW�QDELMHYHOG�LV�KHW�QRRG]DNHOLMN�WH�PHWHQ�RP�WRW�HHQ�H[DFWH�EHSDOLQJ�WH�NRPHQ��DO� ]LMQ� HU� EHQDGHULQJVIRUPXOHV�PRJHOLMN��'H� WRHSDVVLQJ� YDQ� GH� IRUPXOH� YRRU� KHW�YHUUHYHOG�]DO�OHLGHQ�WRW�HHQ�RYHUVFKDWWLQJ�YDQ�GH�YHOGVWHUNWH�>���@���9RRU� VWUDDO]HQGHUV� JHOGW� GDW� GH� EORRWVWHOOLQJ� LQ� GH� DUEHLGVVLWXDWLH� GRRUJDDQV�YRRUNRPHQ� NDQ� ZRUGHQ� GRRU� QLHW� YRRU� GH� VFKRWHO� LQ� GH� EXQGHO� WH� JDDQ� VWDDQ��:DQQHHU�GLW�QLHW�WH�YRRUNRPHQ�LV��EHYLQGW�PHQ�]LFK�PHHVWDO�LQ�KHW�QDELMHYHOG��'H�DIVWDQG� YDQ� GH� EURQ� WRW� GH� JUHQV� YDQ� KHW� QDELMHYHOG�� 5QY� HQ� EORRWVWHOOLQJ� NDQ�EHUHNHQG�ZRUGHQ�DDQ�GH�KDQG�YDQ�GH�YROJHQGH�YXLVWUHJHOV�YDQ�GH�)&&�>���@��
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ZDDULQ�' VWDDW�YRRU�GH�GLDPHWHU�YDQ�GH�VFKRWHO�LQ�PHWHU�HQ�λ YRRU�GH�JROIOHQJWH�LQ�
PHWHU�� 'H� PD[LPDOH� YHUPRJHQVGLFKWKHLG� LQ� GH� EXQGHO� ELQQHQ� KHW� QDELMHYHOG��PD[�6QY� NDQ�GDQ�EHQDGHUG�ZRUGHQ�GRRU��
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ZDDULQ�η GH�DSHUWXXUHIILFLsQWLH� LV� GLH�GRRUJDDQV� WXVVHQ�����HQ������ OLJW��3 LV�KHW�
WRHJHYRHUGH�YHUPRJHQ�DDQ�GH�DQWHQQH�LQ�ZDWW��'RRU�HHQ�UXZH�EHQDGHULQJ��ZDDUELM�
η JHNR]HQ�ZRUGW�RS������HQ�π DOV����NDQ�GH�YROJHQGH�YXLVWUHJHO�JHVWHOG�ZRUGHQ��GH�
PD[LPDOH�ZDDUGH�YDQ�GH�YHUPRJHQVGLFKWKHLG�LQ�KHW�QDELMHYHOG�EHGUDDJW�YLHU�PDDO�KHW� WRHJHYRHUGH� YHUPRJHQ� JHGHHOG� GRRU� KHW� NZDGUDDW� YDQ� GH� GLDPHWHU� YDQ� GH�VFKRWHO����.OHLQH�VFKRWHODQWHQQHV�GLH�JHEUXLNW�ZRUGHQ�LQ�*60�PDVWHQ��KHEEHQ�HHQ�W\SLVFKH�GLDPHWHU� YDQ� ���FP�� HHQ� WRHJHYRHUG� YHUPRJHQ� YDQ� ����P:� HQ� ]HQGHQ� RS� HHQ�JROIOHQJWH�YDQ����WRW����*+]��+HW�QDELMHYHOG�VWUHNW�]LFK�GDQ�PD[LPDDO�XLW�WRW���P�YRRU� GH� VFKRWHO�� 'DDUELQQHQ� JHOGW� GDW� GH� PD[LPDOH� YHUPRJHQVGLFKWKHLG�� [������������� �����:�P� EHGUDDJW��'DW�LV�����YDQ�GH�DFWLHZDDUGH�YDQ����:�P��
$OJHPHQH� IRUPXOHV� YRRU� KHW� EHUHNHQHQ� YDQ� YHOGHQ� DINRPVWLJ� YDQ� ppQ� RI� PHHU�DQWHQQHV�]LMQ�DPSHU�WH�JHYHQ��'H�DQWHQQHYRUP�HQ�GDDUPHH�KHW�XLWVWUDOLQJVSDWURRQ�HQ� GH� JDLQ� YDQ� GH� DQWHQQH� ]LMQ� YDQ� EHODQJ� RP� GH� EORRWVWHOOLQJ� XLW� WH� NXQQHQ�UHNHQHQ��(U�LV�HHQ�JURWH�YHUVFKHLGHQKHLG�DDQ�FRPPHUFLsOH�VRIWZDUH�RP�]HQGHUV�WH�PRGHOOHUHQ� HQ�YHOGHQ� WH�EHUHNHQHQ��2RN�]LMQ�HU�GLYHUVH�ERHNHQ�PHW�RYHU]LFKWHQ��]RDOV�$QWHQQD� 7KHRU\�� $QDO\VLV� DQG� GHVLJQ� YDQ� %DODQLV� >���@�9RRUEHHOGHQ� YDQ�
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EHUHNHQLQJHQ� PHW� EHWUHNNLQJ� WRW� GH� JHOLMNWLMGLJH� EORRWVWHOOLQJ� DDQ� VLJQDOHQ� YDQ�PHHUGHUH�*60�DQWHQQHV�RS�GDNHQ�ZRUGW�JHJHYHQ�GRRU�HHQ�5,	(�>���@���(U�]LMQ�RRN�GLYHUVH�IRUPXOHV�RSJHVWHOG�YRRU�GH�EHUHNHQLQJ�DDQ�YHUVFKHLGHQH�W\SH�UDGDUV�GRRU�RQGHU�DQGHUH�3XUDQHQ�HQ�-RNHOD�LQ������>���@����*HQHULHNH� IRUPXOHV� ]LMQ� YDDN� QLHW� WRHUHLNHQG�� HQ� YRRU� HHQ� JRHGH� EHUHNHQLQJ�PRHWHQ� QXPHULHNH� EHUHNHQLQJHQ�ZRUGHQ� XLWJHYRHUG� HQ� JHEUXLN� JHPDDNW�ZRUGHQ�YDQ� GH� WHFKQLVFKH� DQWHQQHJHJHYHQV� HQ� VWUDOLQJVSDWURQHQ� ]RDOV� YHUVFKDIW� GRRU� GH�IDEULNDQW�YDQ�GH�DQWHQQH���
���� 2PVFKULMYLQJ�YDQ�µDIZLMNHQGH�RPVWDQGLJKHGHQ¶��
$OJHPHHQ��9ROJHQV�DUWLNHO����OLG���YDQ�GH�ULFKWOLMQ�GLHQW�GH�ZHUNJHYHU�ELM�GH�ULVLFREHRRUGHOLQJ�DDQGDFKW�WH�EHVWHGHQ�DDQ�GH�YROJHQGH�DIZLMNHQGH�RPVWDQGLJKHGHQ��� GH�PRJHOLMNH� JHYROJHQ� YRRU� GH� JH]RQGKHLG� HQ� YHLOLJKHLG� YDQ�ZHUNQHPHUV�GLH� HHQ� ELM]RQGHU� ULVLFR� ORSHQ�� YROJHQV� ULFKWOLMQ� �������((*� PRHWHQ�µELM]RQGHU� NZHWVEDUH� ULVLFRJURHSHQ� ZRUGHQ� EHVFKHUPG� WHJHQ� YRRU� KHQ�VSHFLILHNH�JHYDUHQ¶��� LQWHUIHUHQWLH� PHW� PHGLVFKH� HOHNWURQLVFKH� DSSDUDWXXU� HQ� KXOSPLGGHOHQ��LQFOXVLHI�SDFHPDNHUV�HQ�DQGHUH�LPSODQWDWHQ���� KHW� ULVLFR� YDQ� URQGYOLHJHQG� IHUURPDJQHWLVFK� PDWHULDDO� LQ� HHQ� VWDWLVFK�PDJQHWLVFK�YHOG�PHW�HHQ�PDJQHWLVFKH�IOX[GLFKWKHLG�YDQ�PHHU�GDQ���P7��� GH�DFWLYHULQJ�YDQ�HOHNWULVFKH�RQWVWHNLQJVPLGGHOHQ��GHWRQDWRUHQ���HQ�� EUDQGHQ� HQ� H[SORVLHV� DOV� JHYROJ� YDQ� GH� RQWEUDQGLQJ� YDQ� RQWYODPEDDU�PDWHULDDO� GRRU� YRQNHQ� WHQ� JHYROJH� YDQ� LQGXFWLHYHOGHQ�� FRQWDFWVWURRP� RI�YRQNRQWODGLQJHQ���,Q�GH�SUDNWLMN�EHVWDDW�GH�EHKRHIWH�DDQ�LQIRUPDWLH�KRH�KLHUPHH�RP�WH�JDDQ��+LHU�]RX�HLJHQOLMN� HHQ�PDWUL[� YDQ� µZHUNRPJHYLQJHQ¶� YHUVXV� µDIZLMNHQGH�RPVWDQGLJKHGHQ¶�PRHWHQ� ZRUGHQ� RSJHVWHOG� ZDDULQ� GH� ZHUNJHYHU� NDQ� ]LHQ� ZHONH� H[WUD�µZHUNSOHNNZHVWLHV¶� PRHWHQ� ZRUGHQ� EHNHNHQ�� +HW� LV� HFKWHU� RQGRHQOLMN� RP� HHQ�XLWSXWWHQGH�OLMVW�YDQ�DOOH�DIZLMNHQGH�RPVWDQGLJKHGHQ�RS�WH�VWHOOHQ���2P�GH�DIZLMNHQGH�RPVWDQGLJKHGHQ�WH�NXQQHQ�LQVFKDWWHQ��GLHQW�GH�ZHUNJHYHU�ELM�GH�XLWYRHULQJ� YDQ� GH� ULVLFR�LQYHQWDULVDWLH� WH� EHVFKLNNHQ� RYHU� SHUVRRQOLMNH�PHGLVFKH�JHJHYHQV� YDQ� ZHUNQHPHUV� GLH� LQ� ZHUNRPJHYLQJ� XLW� FDWHJRULH� ,,� RI� ,,,� KXQ�ZHUN]DDPKHGHQ�YHUULFKWHQ��(HQ�PRJHOLMNKHLG�LV�RP�GLW�WH�UHJHOHQ�YLD�HHQ�GRRU�GH�ZHUNQHPHU� QDDU� ZDDUKHLG� LQ� WH� YXOOHQ� HQ� ]RQRGLJ� WH� RQGHUWHNHQHQ� YUDJHQOLMVW�ZDDULQ� RQGHUPHHU� ZRUGW� JHYUDDJG� RI� GH� ZHUNQHPHU� GUDJHU� LV� YDQ� HHQ� DFWLHI�LPSODQWDDW��]RDOV�HHQ�SDFHPDNHU��HHQ�GHILEULOODWRU��HHQ�SRPS�YRRU�YORHLVWRIWRHYRHU�
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�ELMYRRUEHHOG� LQVXOLQH�� RI� HHQ� SDVVLHI� LPSODQWDDW� ]RDOV� PHWDOHQ� YRRUZHUSHQ��'DDUQDDVW�LV�KHW�DDQ�WH�UDGHQ�RP�GH�KXLGLJH�SUDNWLMN�WH�YROJHQ�ZDDULQ�DSSDUDWXXU�YDQ�HHQ�WHNHQ�ZRUGW�YRRU]LHQ�GLH�GH�GUDJHUV�YDQ�GH]H�DSSDUDWXXU�ZDDUVFKXZW���
5LVLFRJURHSHQ��9ROJHQV� KHW� $UEREHVOXLW� �DUWLNHO� ���� OLG� �E� �� ZRUGW� HHQ� ]ZDQJHUH� PHGHZHUNHU�JHGHILQLHHUG�DOV�µGH�ZHUNQHPHU�GLH�]ZDQJHU�LV�HQ�GH�ZHUNJHYHU�KLHUYDQ�LQ�NHQQLV�KHHIW� JHVWHOG¶�� 2S� KHW� PRPHQW� GDW� GH� ZHUNJHYHU� GH]H� NHQQLVJHYLQJ� KHHIW�RQWYDQJHQ�� GLHQW� KLM� PDDWUHJHOHQ� WH� WUHIIHQ� RP� WH� YRRUNRPHQ� GDW� GH� ]ZDQJHUH�ZHUNQHPHU�]LFK�LQ�ZHUNRPJHYLQJHQ�NDQ�EHYLQGHQ�GLH�PRJHOLMN�WRW�JHYDUHQ�NXQQHQ�OHLGHQ��(FKWHU��HU�]LMQ�JHHQ�OLPLHWZDDUGHQ�YRRUKDQGHQ�RP�GH�PD[LPDOH�WRHODDWEDUH�EORRWVWHOOLQJ�YRRU�]ZDQJHUH�YURXZHQ�DDQ�WH�WHVWHQ���
,QWHUIHUHQWLH�PHW�PHGLVFKH�HOHNWURQLVFKH�DSSDUDWXXU�HQ�KXOSPLGGHOHQ��$FWLYH� ,PSODQWDEOH� 0HGLFDO� 'HYLFHV� �$,0'�� LV� GH� YHU]DPHOQDDP� YRRU�SDFHPDNHUV�� GHILEULOODWRUHQ�� QHXURVWLPXODWRUHQ�� SLMQEHVWULMGLQJ�� LQVXOLQHSRPSMHV��LPSODQWDWHQ� LQ� KHW� ELQQHQRRU� HQ� DOOHUOHL� DSSDUDDWMHV� YRRU� KHW� PRQLWRUHQ� YDQ�OLFKDDPVIXQFWLHV�� 'H]H� $,0'¶V� NXQQHQ� LQ� KXQ� ZHUNLQJ� ZRUGHQ� JHVWRRUG� GRRU�HOHNWURPDJQHWLVFKH�YHOGHQ���)DEULNDQWHQ� YDQ� ELMYRRUEHHOG� SDFHPDNHV� HQ� GHILEULODWRUHQ� KHEEHQ� XLWJHEUHLGH�RYHU]LFKWHQ�JHPDDNW�YDQ�DSSDUDWXXU�RI�VLWXDWLHV�ZDDULQ�LQWHUIHUHQWLH�NDQ�RSWUHGHQ��(U� ZRUGW� DDQJHUDGHQ� RP� HHQ� DIVWDQG� YDQ� PLQVWHQV� ��� FP� WXVVHQ� REMHFWHQ� GLH�PDJQHWHQ� EHYDWWHQ� HQ� HHQ� SDFHPDNHU� RI� GHILEULOODWRU� DDQ� WH� KRXGHQ� RP� WH�YRRUNRPHQ� GDW� HHQ� LQWHUQH� VFKDNHODDU� ZRUGW� EHGLHQG�� 'H]H� LQWHUQH� VFKDNHODDU�ZRUGW�WLMGHQV�FRQWUROHEH]RHNHQ�LQ�KHW�]LHNHQKXLV�PHW�HHQ�PDJQHHW�JHDFWLYHHUG�RP�GH�SDFHPDNHU�RI�GHILEULOODWRU�WH�WHVWHQ�HQ�RP�HU�JHJHYHQV�XLW�WH�NXQQHQ�KDOHQ��1D�ZHJKDOHQ�YDQ�GH�PDJQHHW�NHHUW�GH�SDFHPDNHU�RI�GHILEULOODWRU�ZHHU� WHUXJ�QDDU�GH�RRUVSURQNHOLMNH�VLWXDWLH����,Q�KHW�DOJHPHHQ�ZRUGW�GRRU�GH�IDEULNDQWHQ�HHQ�HHQYRXGLJH�PDDWUHJHO�YRRUJHVWHOG�DOV�GH�SDFHPDNHU�RI�GHILEULOODWRU�ZRUGW�JHVWRRUG��QHHP�DIVWDQG�WRW�GH�DSSDUDWXXU��GDQ�YHUGZLMQHQ�GH�HIIHFWHQ���'H� IDEULNDQWHQ� QRHPHQ�GLYHUVH� VLWXDWLHV�ZDDULQ� LQWHUIHUHQWLH� NDQ�RSWUHGHQ�� ]RDOV�ELM�PHGLVFKH� WRHSDVVLQJHQ�� LQ� WKXLVVLWXDWLHV� HQ�RS�KHW�ZHUN�HQ� WLMGHQV�KHW�PDNHQ�YDQ� UHL]HQ�� ,Q� DO� GH]H� VLWXDWLHV� NXQQHQ� ]LFK� ZHUNQHPHUV� EHYLQGHQ�� 0HQ� PDDNW�GDDUELM�RQGHUVFKHLG�LQ�GULH�VRRUWHQ�VLWXDWLHV���7HQ� HHUVWH� NRPHQ� VLWXDWLHV� ZDDULQ� LQWHUIHUHQWLH� ZDDUVFKLMQOLMN� LV� HQ� GLH� EHWHU�YHUPHGHQ� NXQQHQ� ZRUGHQ�� YRRU� LQ� GH� EXXUW� YDQ� ERRJODV�DSSDUDWXXU�� LQGXVWULsOH�
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ZHHUVWDQGVODVDSSDUDWXXU�� XLW]RQGHULQJV]RQHV� ELM� RPURHS]HQGHUV�� NHWWLQJ]DJHQ��GLsOHNWULVFKH� YHUZDUPLQJVDSSDUDWXXU�� LQGXVWULsOH� LQGXFWLHYHUZDUPLQJVDSSDUDWXXU��LQGXVWULsOH� PDJQHWHQ�� LQGXFWLHRYHQV�� XLW]RQGHULQJV]RQHV� LQ� HOHNWULFLWHLWVFHQWUDOH��PDWUDVVHQ� HQ� NXVVHQV� YRRU� PDJQHWLVFKH� SLMQEHVWULMGLQJ�� 05,�DSSDUDWXXU� HQ�HOHNWURFKLUXUJLHDSSDUDWXXU�� ,Q� HQNHOH� JHYDOOHQ� ZRUGW� DDQYXOOHQGH� LQIRUPDWLH�JHJHYHQ�� 9RRU� DQWL�GLHIVWDOSRRUWMHV� ZRUGW� DDQJHUDGHQ� RP� HU� VQHO� GRRUKHHQ� WH�ORSHQ�� 9RRU� ODV�DSSDUDWXXU� ZRUGW� DDQJHUDGHQ� RP� GH� ODVVWURRP� WH� EHSHUNHQ� WRW�PD[LPDDO�����DPSqUH���9ROJHQV�3LQVNL�NDQ�HOHNWURFKLUXUJLH�YHLOLJ�ZRUGHQ�WRHJHSDVW�LQ�SDWLsQWHQ�PHW�HHQ�JHwPSODQWHHUGH�GHILEULOODWRU��,&'��PLWV�GH�GHILEULOODWRU�YRRUDI�ZRUGW�JHGHDFWLYHHUG�HQ� QD� GH� LQJUHHS� ZHHU� ZRUGW� JHDFWLYHHUG� >���@�� 8LW� HHQ� RQGHU]RHN� QDDU� GH�LQWHUIHUHQWLH� YDQ� YHHUWLHQ� W\SHQ� WDQGDUWVDSSDUDWXXU� PHW� WZHH� W\SHQ� SDFHPDNHUV�EOHHN� GDW� GH� HOHNWURFKLUXUJLHDSSDUDWXXU� WRW� RS� ��� FP� DIVWDQG� VWRULQJHQ� NRQ�YHURRU]DNHQ� >���@�� ,UQLFK� JHHIW� HHQ� XLWJHEUHLG� RYHU]LFKW� YDQ�GH�RQGHU]RHNHQ�GLH�]LMQ� JHGDDQ� DDQ� GH� VWRULQJ� YDQ� $,0'¶V� DOV� JHYROJ� YDQ� GHWHFWLHSRRUWMHV� �($6��5),'�HQ�PHWDDOGHWHFWLH��>���@��+LM�SOHLW�HUYRRU�GDW�pQ�GH�IDEULNDQWHQ�YDQ�$,0'¶V�pQ� GH� IDEULNDQWHQ� YDQ� GH� GHWHFWLHSRRUWMHV� PDDWUHJHOHQ� QHPHQ� RP� VWRULQJHQ� WH�YRRUNRPHQ���7HQ� WZHHGH� NRPHQ� VLWXDWLHV� ZDDULQ� LQWHUIHUHQWLH� NDQ� RSWUHGHQ� HQ� ZDDULQ�YRRU]RUJVPDDWUHJHOHQ�QRGLJ�]LMQ��YRRU�ELM�JHEUXLN�YDQ�EODGEOD]HUV��ERRUPDFKLQHV�HQ� DQGHU� KRRJ�YHUPRJHQ� JHUHHGVFKDS�� VROGHHUSLVWROHQ�� GHFRXSHHU]DJHQ��HOHNWULVFKH� KHJJHQVFKDUHQ�� JD]RQPDDLHUV� HQ� DQGHUH� JHUHHGVFKDS� PHW� HHQ�EHQ]LQHPRWRU��ELM�UHSDUDWLH�YDQ�DXWRPRWRUHQ��LQ�GH�EXXUW�YDQ�DQWL�GLHIVWDOSRRUWMHV��HOHNWURQLVFKH� EHYHLOLJLQJVV\VWHHP�� PHWDDOGHWHFWLHSRRUWHQ�� DQWHQQHV� YDQ�]HQGDPDWHXUV�� UDGLRDQWHQQHV� LQ� GH� &LWL]HQV� %DQG� HQ� ELM� JHEUXLN� YDQ� VRPPLJH�GUDDJEDUH� WHOHIRRQV� �DIKDQNHOLMN� YDQ� W\SH��� ZDONLH� WDONLHV� HQ� GH�PDJQHWLVHHU�DSSDUDWXXU���7HQ� VORWWH� ZRUGHQ� HU� YHOH� VLWXDWLHV� JHQRHPG� GLH� YHLOLJ� ]LMQ�� +HW� EHWUHIW� YRRUDO�KXLVKRXGHOLMNH�DSSDUDWXXU�HQ�DSSDUDWXXU�LQ�GH�NDQWRRURPJHYLQJ�HQ�KHW�JHEUXLN�YDQ�DOOHUOHL�JHUHHGVFKDS��'H]H�VLWXDWLHV�NRPHQ�JRHG�RYHUHHQ�PHW�GH�ZHUNRPJHYLQJHQ�GLH�LQ�GLW�UDSSRUW�LQ�FDWHJRULH�,�]LMQ�LQJHGHHOG���0HWDOHQ� LPSODQWDWHQ�� ]RDOV� KHXSSURWKHVHQ�� KDUWNOHSSHQ�� DQHXULVPD�FOLSV� HQ�KHFKWLQJHQ��FOLSV�LQ�KHUVHQHQ���NXQQHQ�LQ�HHQ�ZLVVHOHQG�HOHNWURPDJQHWLVFK�YHOG��RI�ELM�EHZHJHQ� LQ�HHQ�VWHUN�VWDWLVFK�YHOG��JDDQ�EHZHJHQ�RI�LQ�KRRJIUHTXHQWH�YHOGHQ�YHUKLW� UDNHQ�� 'H� :+2� RSSHUW� GDW� GUDJHUV� YDQ� $,0'¶V� HQ� IHUURPDJQHWLVFKH�LPSODQWDWHQ� SODDWVHQ� PRHWHQ� PLMGHQ� ZDDU� KHW� PDJQHWLVFKH� YHOG� VWHUNHU� LV� GDQ�����P7�>��@���
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5RQGYOLHJHQG�IHUURPDJQHWLVFK�PDWHULDDO�LQ�HHQ�VWDWLVFK�PDJQHWLVFK�YHOG��,Q� GH� EXXUW� YDQ� GH� YROJHQGH� VWHUNH� SHUPDQHQWH� PDJQHWHQ� RI� HOHNWURPDJQHWHQ�NXQQHQ� YHOGHQ� YRRUNRPHQ�PHW� HHQ� VWHUNWH� YDQ�PHHU� GDQ� ��� P7��05,�VFDQQHUV��105�DSSDUDWXXU�HQ�JURWH�GHJDXVVHUV��'H�ULVLFR¶V�EHVWDDQ�XLW�YHUZRQGLQJHQ�GRRU�ZHJJHVOLQJHUGH�YRRUZHUSHQ�� ]RDOV� VFKURHYHQGUDDLHUV�� VFDOSHOV�� LQMHFWLHQDDOGHQ�RI�VFKDUHQ��RI�GRRUGDW�SHUVRQHQ�EHNQHOG�NXQQHQ�UDNHQ�WXVVHQ�GH�PDJQHHW�HQ�PHWDOHQ�PRELHOH� DSSDUDWXXU� ]RDOV�JDVIOHVVHQ��PHWDOHQ� UROZDJHQV� �VFKRRQPDDNDSSDUDWXXU��HQ� PHWDOHQ� VWRHOHQ�� 7HU� YRRUNRPLQJ� YDQ� GHUJHOLMNH� RQYHLOLJH� VLWXDWLHV� NDQ�ELMYRRUEHHOG�JHEUXLN�ZRUGHQ�JHPDDNW�YDQ�HHQ�WRHJDQJVUHJHOLQJ�LQ�FRPELQDWLH�PHW�RSOHLGLQJ�HQ�LQVWUXFWLHV�YDQ�EHYRHJGH�ZHUNQHPHUV�RI�NDQ�HHQ�PHWDDOGHWHFWLHSRRUW�ZRUGHQ�JHSODDWVW���
$FWLYHULQJ� YDQ� HOHNWURQLVFKH� RQWVWHNLQJVPLGGHOHQ� HQ� RQWEUDQGLQJ� YDQ�
RQWYODPEDDU�PDWHULDDO���5DGLRIUHTXHQWH�HOHNWURPDJQHWLVFKH�YHOGHQ�NXQQHQ�GRRU�GH�LQGXFWLH�YDQ�HOHNWULVFKH�VWURPHQ�H[SORVLHYHQ�HQ�RQWYODPEDUH�PDWHULDDO��9ROJHQV�HHQ�:+2�IDFWVKHHW�LV�GLW�HHQ�XLW]RQGHUOLMNH�JHEHXUWHQLV�GLH�]LFK�QRUPDDO�JHVSURNHQ�DOOHHQ�YRRUGRHW�ELM�HHQ�FRQFHQWUDWLH� YDQ� UDGDUV\VWHPHQ�� ]RDOV� DDQ� ERRUG� YDQ� PDULQHVFKHSHQ�� ZDDU�RYHULJHQV�PDDWUHJHOHQ�]LMQ�JHWURIIHQ�RP�]XONH�HIIHFWHQ�WH�YRRUNRPHQ�>���@���9RRU� KHW� EHRRUGHOHQ� YDQ� KHW� JHYDDU� YDQ� RQEHGRHOG� LQLWLsUHQ� YDQ� HOHNWULVFKH�RQWVWHNLQJVPLGGHOHQ� PHW� KLWWHGUDDG� GRRU� UDGLRIUHTXHQWH� HOHNWURPDJQHWLVFKH�YHOGHQ� YDQ� ��N+]� WRW� ���*+]� LV� LQ� MDQXDUL� ����� OHLGUDDG� 135�&/&�75������������ HQ� YHUVFKHQHQ��9ROJHQV� GH]H� OHLGUDDG� LV�GH]H� HFKWHU�QLHW� WRHSDVEDDU�YRRU�HOHNWURQLVFKH�RQWVWHNLQJVPLGGHOHQ��9RRU�KHW�EHRRUGHOHQ�YDQ�KHW�JHYDDU�YDQ�RQEHGRHOG�RQWVWHNHQ�YDQ�RQWYODPEDUH�JDV��RI�GDPSPHQJVHOV�GRRU�UDGLRIUHTXHQWH�HOHNWURPDJQHWLVFKH�YHOGHQ�YDQ���N+]�WRW����*+]�LV�LQ�MDQXDUL������OHLGUDDG�135�&/&�75� ����������� HQ� YHUVFKHQHQ�� 9HUGHU� PRHWHQ� SHU� ��MXOL� ����� DOOH�DUEHLGVSODDWVHQ� LQ� 1HGHUODQG� YROGRHQ� DDQ� GH� PLQLPXPHLVHQ� YDQ� GH� 5LFKWOLMQ���������(*��$7(;������>���@��
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� ,QYHQWDULVDWLH�YDQ�EHKHHUVPDDWUHJHOHQ�
�3DUDJUDDI�����JHHIW�HHQ�RYHU]LFKW�YDQ�GH�WRHSDVVLQJ�YDQ�YXLVWUHJHOV�HQ�HHQYRXGLJH�EHKHHUVPDDWUHJHOHQ� SHU� ZHUNRPJHYLQJ�� 9RRU� LHGHUH� ZHUNRPJHYLQJ� JHHIW� GLW�KRRIGVWXN� HHQ� XLWJHEUHLGHU� RYHU]LFKW� HQ� RQGHUERXZLQJ� YDQ� GH� PDDWUHJHOHQ�� 'H�HHUVWH� SDUDJUDDI� QRHPW� GH� DOJHPHQH� HLVHQ� DDQ�PDDWUHJHOHQ� ]RDOV� JHQRHPG� LQ� GH�ULFKWOLMQ�� GH� WZHHGH� JHHIW� HHQ� RYHU]LFKW� YDQ� DOJHPHHQ� PRJHOLMNH� PDDWUHJHOHQ�LQJHGHHOG�QDDU�GH�GULH�FDWHJRULHsQ�ZHUNRPJHYLQJHQ��]LH������HQ�GH�GHUGH�JHHIW�SHU�ZHUNRPJHYLQJ�VSHFLILHNH�PDDWUHJHOHQ�GLH�JHQRPHQ�NXQQHQ�ZRUGHQ�RP�WH�NXQQHQ�YROGRHQ�DDQ�GH�HLVHQ�XLW�GH�ULFKWOLMQ���(U�LV�JHWUDFKW�]R�JRHG�PRJHOLMN�DDQ�WH�VOXLWHQ�ELM�GH�KXLGLJH�SUDNWLMNVLWXDWLH��1DDVW�JHJHYHQV� XLW� OLWHUDWXXU�� ]LMQ� GH� DDQJHUHLNWH� PDDWUHJHOHQ� RSJHVWHOG� RS� EDVLV� YDQ�RYHUOHJ�PHW�YHUWHJHQZRRUGLJHUV�YDQ�EHGULMIVOHYHQ�HQ�ZHUNJHYHUVRUJDQLVDWLHV�HQ�RS�JURQG�YDQ�REVHUYDWLHV�WLMGHQV�EHGULMIVEH]RHNHQ��'H�EHQRGLJGH�PDDWUHJHOHQ�RP�GH�EORRWVWHOOLQJ�RQGHU�GH�DFWLHZDDUGHQ�WH�KRXGHQ�NXQQHQ�SHU�EHGULMI�HUJ�YHUVFKLOOHQ��'RRU�GH�GLYHUVLWHLW�DDQ�W\SHQ�DSSDUDWXXU�ELQQHQ�HHQ�ZHUNRPJHYLQJ��KHW�YHUVFKLO�LQ�GH�DO�JHQRPHQ�PDDWUHJHOHQ�HQ�GH�YHUVFKLOOHQ�LQ�EHGULMIVJURRWWH�]DO�HU�RRN�HHQ�JURWH�VSUHLGLQJ�LQ�GH�NRVWHQ�WXVVHQ�GH�ZHUNJHYHUV�]LMQ���'H�KLHU�JHQRHPGH�PDDWUHJHOHQ�]LMQ�EHGRHOG�DOV�RYHU]LFKW��9RRU�GLYHUVH�VSHFLILHNH�VLWXDWLHV� EHVWDDW� HU� XLWJHEUHLGH� OLWHUDWXXU� RI� ]LMQ� UDSSRUWHQ� EHVFKLNEDDU�� 'H� KLHU�JHQRHPGH�PDDWUHJHOHQ�EHRJHQ�GH�EORRWVWHOOLQJ�WH�EHSHUNHQ��1D�KHW�XLWYRHUHQ�YDQ�PDDWUHJHOHQ� GLHQW�JHFRQWUROHHUG� WH�ZRUGHQ�GRRU�PHWLQJHQ�RI�EHUHNHQLQJHQ�RI�GH�EORRWVWHOOLQJ�RRN�GDDGZHUNHOLMN�ODJHU�GDQ�GH�DFWLHZDDUGHQ�LV���7HQ�VORWWH�JHOGW�YRRU�ZHUNRPJHYLQJHQ�XLW�LHGHUH�FDWHJRULH�GDW�HU�JHHQ�PDDWUHJHOHQ�KRHYHQ� WH� ZRUGHQ� JHQRPHQ� DOV� ZRUGW� DDQJHWRRQG� GDW� GH� JUHQVZDDUGHQ� QLHW�RYHUVFKUHGHQ�ZRUGHQ���
���� (LVHQ�LQ�GH�ULFKWOLMQ�HQ�GH�$UERZHW�
�9ROJHQV� DUWLNHO����� YDQ� GH� ULFKWOLMQ� PRHW� RS� EDVLV� YDQ� GH� EHRRUGHOLQJ� ZRUGHQ�YDVWJHVWHOG� RI� KHW� QRRG]DNHOLMN� LV� EHKHHUVPDDWUHJHOHQ� WH� WUHIIHQ� RP� GH�EORRWVWHOOLQJ� WH� EHSHUNHQ�� 'DDUELM� ZRUGW� UHNHQLQJ� JHKRXGHQ� PHW� GH� VWDQG� GHU�WHFKQLHN�HQ�GH�PRJHOLMNKHGHQ�RP�PDDWUHJHOHQ�WH�QHPHQ�RP�KHW�ULVLFR�DDQ�GH�EURQ�WH�EHKHHUVHQ��YRRUDO�PHW�LQDFKWQHPLQJ�YDQ��D DOWHUQDWLHYH�ZHUNPHWKRGHQ�GLH�OHLGHQ�WRW�PLQGHU�EORRWVWHOOLQJ��E GH� NHX]H� YDQ� DUEHLGVPLGGHOHQ� GLH� PLQGHU� HOHNWURPDJQHWLVFKH� YHOGHQ�XLW]HQGHQ��F WHFKQLVFKH� PDDWUHJHOHQ� RP� GH� HPLVVLH� YDQ� HOHNWURPDJQHWLVFKH� YHOGHQ� WH�EHSHUNHQ��ZDDU�QRGLJ�RRN�GRRU�KHW�JHEUXLN�YDQ�EORNNHULQJ��DIVFKHUPLQJ�RI�VRRUWJHOLMNH�PHFKDQLVPHQ��
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G SDVVHQGH�RQGHUKRXGVSURJUDPPD¶V�YRRU�GH�DUEHLGVPLGGHOHQ�HQ�GH�ZHUNSOHN��H KHW�RQWZHUS�HQ�GH�LQGHOLQJ�YDQ�GH�ZHUNSOHN���I EHSHUNLQJ�YDQ�GH�GXXU�HQ�LQWHQVLWHLW�YDQ�GH�EORRWVWHOOLQJ��J GH�EHVFKLNEDDUKHLG�YDQ�GRHOWUHIIHQGH�SHUVRRQOLMNH�EHVFKHUPLQJVPLGGHOHQ���'H�$UERZHW�JHHIW�LQ�DUWLNHO���GH�YROJRUGH�DDQ�GLH�JHKDQWHHUG�PRHW�ZRUGHQ�ELM�KHW�QHPHQ� YDQ� EHKHHUVPDDWUHJHOHQ�� 5HNHQLQJ� KRXGHQG� GDDUELM� PHW� GH� VWDQG� YDQ� GH�ZHWHQVFKDS�HQ�GH�VWDQG�YDQ�GH� WHFKQLHN��EHWUHIW�GLW�DFKWHUHHQYROJHQV��KHW�DDQ�GH�EURQ� YRRUNRPHQ� RI� EHSHUNHQ� YDQ� KHW� JHYDDU� YDQ� EORRWVWHOOLQJ�� KHW� ELHGHQ� YDQ�FROOHFWLHYH�EHVFKHUPLQJ��KHW�ELHGHQ�YDQ�LQGLYLGXHOH�EHVFKHUPLQJ��HQ�WHQ�VORWWH��KHW�EHVFKLNEDDU�VWHOOHQ�YDQ�SDVVHQGH�SHUVRRQOLMNH�EHVFKHUPLQJVPLGGHOHQ��9RRU�LHGHUH�RYHUJDQJ� QDDU� HHQ� YROJHQGH� IDVH� LQ� GH]H� VWDSVJHZLM]H� DDQSDN� JHOGW� GDW� GH�EHVFKHUPLQJ� RS� KHW� NZDOLWDWLHI� ODJHUH� QLYHDX� VOHFKWV� DFFHSWDEHO� LV� DOV� DDQ� KHW�KRJHUH� QLYHDX� UHGHOLMNHUZLMV� QLHW� NDQ�ZRUGHQ� YROGDDQ��+HW� JHEUXLN� YDQ� GH� WHUP�³UHGHOLMNHUZLMV´� JHHIW� DDQ� GDW� HHQ� EHODQJHQDIZHJLQJ� PDJ� SODDWVYLQGHQ�� 'DDUELM�]XOOHQ� GH� WHFKQLVFKH�� RSHUDWLRQHOH� HQ� HFRQRPLVFKH� KDDOEDDUKHLG� YDQ� GH�EHVFKHUPLQJVPDDWUHJHOHQ�HQHU]LMGV�� DIJHZRJHQ�PRHWHQ�ZRUGHQ� WHJHQ�GH�JHYDUHQ�YDQ�GH�EORRWVWHOOLQJ�DQGHU]LMGV��
�
���� $OJHPHQH�PDDWUHJHOHQ�YRRU�DOOH�ZHUNRPJHYLQJHQ��$OV� DDQYXOOLQJ� RS� GH� UHJHOV� XLW� GH� ULFKWOLMQ� ]LMQ� HU� DOJHPHQH� PDDWUHJHOHQ� GLH�JHQRPHQ� NXQQHQ� ZRUGHQ� YRRU� DOOH� ZHUNRPJHYLQJHQ�� 'H]H� PDDWUHJHOHQ� ]LMQ�DIKDQNHOLMN�YDQ�GH�FDWHJRULH��]LH�)LJXXU����ZDDULQ�GH�ZHUNRPJHYLQJ�LV�LQJHGHHOG��'DDUQDDVW� ]LMQ� HU� PDDWUHJHOHQ� GLH� ELM� DOOH� FDWHJRULHsQ�PRHWHQ� ZRUGHQ� JHWURIIHQ�YRRU� DIZLMNHQGH� RPVWDQGLJKHGHQ� ELMYRRUEHHOG� ELM� ]ZDQJHUH� YURXZHQ� HQ�PHQVHQ�PHW�PHGLVFKH�LPSODQWDWHQ���&DWHJRULH�,� ZHUNRPJHYLQJHQ� YHUHLVHQ� JHHQ� VSHFLILHNH�PDDWUHJHOHQ��&DWHJRULH�,,D�EHWHNHQW�GDW�KHW�ZDDUVFKLMQOLMN�YROGRHQGH�LV�RP�HHQYRXGLJH�PDDWUHJHOHQ�WH�WUHIIHQ�LQ� GH� YRUP� YDQ� HHQ� JHEUXLNVDDQZLM]LQJ� RI� HHQ� LQVWUXFWLH�� (HQ� YRRUEHHOG� LV� KHW�KDQWHUHQ�YDQ�HHQ�YRRUJHVFKUHYHQ�DIVWDQG��&DWHJRULH�,,E�EHWHNHQW�GDW�HU�]ZDDUGHUH��WHFKQLVFKH�PDDWUHJHOHQ�PRHWHQ�ZRUGHQ�JHQRPHQ��9RRU�ZHUNRPJHYLQJHQ�YDQ�GH]H�FDWHJRULH� ]DO� KHW� QRGLJ� NXQQHQ� ]LMQ� RP� PHWLQJHQ� XLW� WH� YRHUHQ�� &DWHJRULH�,,,�ZHUNRPJHYLQJHQ�YHUHLVHQ�RPYDQJULMNH�PDDWUHJHOHQ��9RRUEHHOGHQ�YDULsUHQ�YDQ�KHW�RQWRHJDQNHOLMN�PDNHQ�YDQ�HHQ� UXLPWH��GH�EHGLHQLQJVSDQHOHQ�HUEXLWHQ�SODDWVHQ�HQ�GH�UXLPWH�EHZDNHQ�PHW�FDPHUD¶V�WRW�KHW�YHUDQGHUHQ�YDQ�GH�WRWDOH�OD\�RXW�YDQ�HHQ�IDEULHN����9RRU�HHQ�KRJHUH�FDWHJRULH�]LMQ�RRN�GH�PDDWUHJHOHQ�YDQ�WRHSDVVLQJ�GLH�YRRU�ODJHUH�FDWHJRULHsQ� JHQRHPG� ZRUGHQ�� 'XV� GH� PDDWUHJHOHQ� JHQRHPG� ELM� GH� ODDJVWH�FDWHJRULH�� FDWHJRULH�,,D�� ]LMQ� YROGRHQGH� YRRU� FDWHJRULH�,,D�� PDDU� ELM� HHQ�
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ZHUNRPJHYLQJ� LQ� FDWHJRULH�,,E� ]LMQ� ]RZHO� GH� PDDWUHJHOHQ� JHQRHPG� YRRU�FDWHJRULH�,,D�DOV�,,E�YDQ�WRHSDVVLQJ���$OV�DOJHPHQH�PDDWUHJHO�YDOW�RRN�WH�RYHUZHJHQ�GDW�GH�IDEULNDQWHQ�YDQ�DSSDUDWXXU�DDQJHYHQ��DIKDQNHOLMN�YDQ�GH�IUHTXHQWLH�HQ�KHW�YHUPRJHQ��ELQQHQ�ZHONH�DIVWDQG�HQ�SRVLWLH� GH� DFWLHZDDUGHQ� RI� JUHQVZDDUGHQ� RYHUVFKUHGHQ� NXQQHQ� ZRUGHQ�� 2I�ZDQQHHU� JHHQ� RYHUVFKULMGLQJ� PRJHOLMN� LV�� GLW� RRN� DDQ� WH� JHYHQ�� 'HUJHOLMNH�LQIRUPDWLH� ]RX�NXQQHQ�ZRUGHQ�RSJHQRPHQ� LQ�GH�JHEUXLNVDDQZLM]LQJ��'LW� LV�YRRU�VRPPLJH� DSSDUDWXXU� DO� SUDNWLMN�� IDEULNDQWHQ� YDQ� PRELHOH� WHOHIRRQV� QHPHQ�ELMYRRUEHHOG�GH�PD[LPDOH�6$5�RS�ZDDU�KHW�KRRIG�DDQ�EORRWJHVWHOG�]DO�ZRUGHQ��RS�LQ� GH� JHEUXLNVDDQZLM]LQJ�� 2RN� LV� HU� GLYHUVH� DSSDUDWXXU� GLH� LQ� KHW� NDGHU� YDQ� GH�0DFKLQHULFKWOLMQ� ������(*� >���@� DO� LQIRUPDWLH� YHUVFKDIW� RYHU� ]DNHQ� ]RDOV� GH�JHEUXLNVDDQZLM]LQJ��VLJQDOHULQJ�HQ�YHLOLJKHLG���
������ 9HUSOLFKWH�DOJHPHQH�PDDWUHJHOHQ�YRRU�DOOH�ZHUNRPJHYLQJHQ��'H� KLHU� JHQRHPGH� EHKHHUVPDDWUHJHOHQ� ]LMQ� JHEDVHHUG� RS� DUWLNHO��� HQ� �� YDQ� GH�ULFKWOLMQ�HQ�DUWLNHO���YDQ�GH�$UERZHW��

• LQYHQWDULVDWLH�YDQ�GH�KXLGLJH�EORRWVWHOOLQJ��KLHUELM�NDQ�PHWHQ�RI�EHUHNHQHQ�QRRG]DNHOLMN�]LMQ��
• YRRUOLFKWLQJ��

R EHNHQGPDNLQJ�YDQ�GH�ULFKWOLMQ�HQ�GH�OLPLHWHQ��
R EHNHQGPDNLQJ� YDQ� GH� HIIHFWHQ� ZDDUWHJHQ� GH� ULFKWOLMQ� EHVFKHUPW��H[SOLFLHW� PHOGHQ� GDW� GH]H� QLHW� LV� RSJHVWHOG� RP� EHVFKHUPLQJ� WH�ELHGHQ�WHJHQ�ODQJHWHUPLMQHIIHFWHQ���
R EHNHQGPDNLQJ� YDQ� GH� RPVWDQGLJKHGHQ� ZDQQHHU� ZHUNQHPHUV�DDQVSUDDN�NXQQHQ�PDNHQ�RS�JH]RQGKHLGVRQGHU]RHN��
R EHNHQGPDNLQJ� YDQ� GH� JHwQYHQWDULVHHUGH� ULVLFR¶V� HQ� GH�EHKHHUVPDDWUHJHOHQ�GLH�JHQRPHQ�]LMQ��

• WUDLQLQJ��
R DDQOHUHQ� YDQ� GH� EHGLHQLQJVYRRUVFKULIWHQ� HQ� YHLOLJKHLGV�YRRUVFKULIWHQ��
R DDQOHUHQ� YDQ� HHQ� YHLOLJH� ZHUNZLM]H�� ELMYRRUEHHOG� KHW� KHUNHQQHQ�YDQ� VLJQDOHULQJHQ� HQ�KHW� JHEUXLN�YDQ�SHUVRRQOLMNH�EHVFKHUPLQJV�PLGGHOHQ��
R KHUNHQQHQ�YDQ�GHIHFWH�DSSDUDWXXU��
R UDSSRUWHUHQ� RYHU� VLWXDWLHV� PHW� HHQ� EORRWVWHOOLQJ� ERYHQ� GH�DFWLHZDDUGHQ��

• FDWHJRULHEHRRUGHOLQJ� YDQ� QLHXZH� DSSDUDWXXU� HQ� WRHSDVVLQJHQ� DOVPHGH�QLHXZH�ZHUNZLM]HQ�PHW�HHUGHU�EHRRUGHHOGH�DSSDUDWXXU��ELM� LQYRHULQJ�YDQ�GH ULFKWOLMQ�GLHQW�XLWHUDDUG�DOOH�DSSDUDWXXU�EHRRUGHHOG�WH�]LMQ��JHYROJG�GRRU�SDVVHQGH� EHKHHUVPDDWUHJHOHQ� GLH� GH� EORRWVWHOOLQJ� RQGHU� GH� DFWLHZDDUGHQ�
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EUHQJHQ��2I�HU�PRHW�ZRUGHQ�DDQJHWRRQG�GDW�GH�JUHQVZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�LQ�GH�ZHUNRPJHYLQJ���
������ $OJHPHQH�PDDWUHJHOHQ�SHU�FDWHJRULH��3HU� FDWHJRULH� ]LMQ� GH� YROJHQGH� PDDWUHJHOHQ� PRJHOLMN�� 8LWJHEUHLGHUH� RYHU]LFKWHQ�ZRUGHQ� JHJHYHQ� LQ� HHQ� GH� 26+� VHULH� YDQ� ,/2� YRRU� GH� EHVFKHUPLQJ� YDQ�ZHUNQHPHUV� WHJHQ� 5)� HQ� PLFURJROIVWUDOLQJ� >��@� HQ� YRRU� GH� EHVFKHUPLQJ� WHJHQ�(/)�YHOGHQ� >���@�� 1(1�(1������� QRHPW� DOJHPHQH� PDDWUHJHOHQ� YRRU� GH�HOLPLQDWLH� HQ� UHGXFWLH� YDQ� EORRWVWHOOLQJ� ELM� PDFKLQHV� >���@�� 'H� LQ� GH� ULFKWOLMQ�JHQRHPGH�PDDWUHJHOHQ�]LMQ�JHPHUNW�PHW�KXQ�OHWWHU��]LH�3DUDJUDDI���������
&DWHJRULH�,,D�

• VSHFLILHNH�WUDLQLQJ��
R KHUNHQQHQ� YDQ� ]RQH� PHW� SRWHQWLsOH� YHOGVWHUNWH� ERYHQ� GH�DFWLHZDDUGH��
R JHEUXLN�YDQ�DSSDUDWXXU�]RGDQLJ�GDW�EORRWVWHOOLQJ�PLQLPDDO�LV��

• EHSHUNLQJ�YDQ�GH�LQWHQVLWHLW��I���
R ODJHU�YHUPRJHQ�JHEUXLNHQ��HYHQWXHHO�XLWVFKDNHOHQ��

• DOWHUQDWLHYH�ZHUNPHWKRGHQ��D���
R DIVWDQG�KRXGHQ�WRW�GH�EURQ��ELMYRRUEHHOG�GRRU�URXWHV�WH�NLH]HQ�GLH�QLHW�ODQJV�EURQQHQ�ORSHQ��

• EHSHUNLQJ�YDQ�GH�EORRWVWHOOLQJVGXXU��I���
R NRUWVWRQGLJ� YHUEOLMYHQ� ELQQHQ� GH� ]RQH� URQG� GH� EURQ� ZDDU�DFWLHZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ� �]HV�PLQXWHQUHJHO�� DOOHHQ�ERYHQ� ����N+]�� ]LH� %LMODJH����� ELMYRRUEHHOG� GRRU� QD� ODGHQ� HQ�DDQ]HWWHQ�YDQ�GH�DSSDUDWXXU�GH]H�]RQH�WH�YHUODWHQ���

&DWHJRULH�,,E�
• PHWHQ�RP�DIVWDQG� WH�EHSDOHQ�ZDDURS�EORRWVWHOOLQJ�RQGHU�GH�DFWLHZDDUGHQ�LV��
• SDVVHQGH�RQGHUKRXGVSURJUDPPD¶V��G���

R SHULRGLHNH�FRQWUROH�RS�EUHXNHQ�HQ�DDQVOXLWSXQWHQ�� LHGHUH�JROI��RI�VWURRPJHOHLGHU� GLH� EHVWDDW� XLW� VOHFKW� SDVVHQGH� FRPSRQHQWHQ� RI�PDWHULDDO�PHW�EUHXNHQ�JDDW�GDDU�UDGLRIUHTXHQWH�YHOGHQ�XLW]HQGHQ��
• WHFKQLVFKH�PDDWUHJHOHQ��F���

R PDDWUHJHOHQ�DDQ�GH�EURQ��
� ODEHOOHQ�YDQ�PDFKLQHV�PHW�GH�PD[LPDOH�YHOGVWHUNWHV�RS�GH�EHGLHQLQJVSOHNNHQ�HQ�RS�GH�PRJHOLMNH�YHUEOLMIVDIVWDQGHQ��
� ZDDUVFKXZLQJVVLJQDOHQ� DDQEUHQJHQ�� ELMYRRUEHHOG� GRRU��NQLSSHU�OLFKWHQ�ELM�LQVFKDNHOHQ�YDQ�DSSDUDWXXU��
� DIVFKHUPLQJ�DDQEUHQJHQ��
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• VFKHUPHQ�YDQ�UDGLRIUHTXHQW�DEVRUEHUHQG�PDWHULDDO�DDQEUHQJHQ�� GLH� ]LMQ� EHWHU� GDQ� UHIOHFWHUHQG�PDWHULDDO�RP�GH�EORRWVWHOOLQJ�WH�EHSHUNHQ��
• JHOHLGHQGH� VFKHUPHQ� RP� (/)� HOHNWULVFK� YHOG� WH�ZHUHQ��
• VFKHUPHQ� YDQ�PX�PHWDDO� RP�PDJQHWLVFKH� YHOGHQ�WH�YHU]ZDNNHQ��
• PHWDOHQ� RPKXOOLQJ� YDQ� NDEHOV�� HOHNWURGHV� HQ�DQGHUH� GHOHQ� GLH�QLHW� DOV�SULPDLU�SURGXFW� VWUDOLQJ�YHURRU]DNHQ��

� DDUGLQJ� DDQEUHQJHQ� WHU� YRRUNRPLQJ� YDQ� VHFXQGDLUH�VWUDOHUV�HQ�FRQWDFWVFKRNNHQ��
• YHUPLQGHULQJ� (/)� PDJQHWLVFK� YHOG� GRRU� JURWH�VWURRPFLUNHOV�LQ�NOHLQH�RS�WH�EUHNHQ��]RDOV�KHNNHQ�YDQ�JHOHLGHQG�SULNNHOGUDDG�RS�KRXWHQ�SDOHQ��
• YRRUNRPLQJ�YDQ�ODGLQJ�GRRU�(/)�HOHNWULVFK�YHOG��
• YRRUNRPHQ� YDQ� DQWHQQHZHUNLQJ� LQ� 5)� YHOG�ZDDUGRRU� JHOHLGHQGH� PDWHULDOHQ� HOHNWULVFK�JHODGHQ�ZRUGHQ��

� VWURRPRQGHUEUHNHU� �LQWHUORFN� V\VWHP� DDQEUHQJHQ� RP� WH�YRRUNRPHQ�GDW� HHQ�PDFKLQH�JHEUXLNW� NDQ�ZRUGHQ�]RQGHU�GDW�DOOH�EHVFKHUPHQGH�PDDWUHJHOHQ�RS�KXQ�SODDWV�]LMQ��
R VHFXQGDLUH�EURQQHQ�YRRUNRPHQ��

� YHUZLMGHUHQ�YDQ�UHIOHFWHUHQG�PDWHULDDO�LQ�GH�ZHUNUXLPWH��
� YHUZLMGHUHQ�YDQ�VWXNNHQ�PHWDDO�PHW�DIPHWLQJHQ�YDQ�HQLJH�PDOHQ�HHQ�NZDUW�YDQ�GH�RYHUKHHUVHQGH�JROIOHQJWH�YDQ�KHW�YHOG��

R VFKHLGLQJ�PHQV�HQ�EURQ��
� I\VLHNH�EDUULqUH�DDQEUHQJHQ�]RDOV�HHQ�KHNZHUN��
� EHSHUNWH� WRHODWLQJ� ELQQHQ� KHW� ULVLFRJHELHG� �ELMYRRUEHHOG�VOHFKWV�PHW�VFKULIWHOLMNH�WRHVWHPPLQJ���
� EHGLHQLQJVSDQHHO�YHUSODDWVHQ��
� ZDDUVFKXZLQJVERUG�RSKDQJHQ��
� �YHUI�PDUNHULQJ�DDQEUHQJHQ��

• EHVFKLNEDDUKHLG�YDQ�SHUVRRQOLMNH�EHVFKHUPLQJVPLGGHOHQ��J���
R 5)�ZHUHQG� SDN� �GRRUJDDQV� PLQGHU� FRPIRUWDEHO� GDQ�PDDWUHJHOHQ�DDQ�GH�EURQ���
R JHOHLGHQG�SDN�RP�HOHNWULVFK�YHOG�WH�ZHHUVWDDQ��ELM�ODJH�IUHTXHQWLHV�� ����+]���
R UXEEHUHQ�]ROHQ�HQ�GLNNH�VRNNHQ�RP�JHwQGXFHHUGH�VWURRP�GRRU�KHW�OLFKDDP�WH�UHGXFHUHQ��
R LVROHUHQGH� KDQGVFKRHQHQ� RP� FRQWDFWVWURPHQ� WH� YRRUNRPHQ� GRRU�FRQWDFW�PHW��RQJHDDUGH��JHODGHQ�YRRUZHUSHQ��
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• EHVFKLNEDDUKHLG�YDQ�SHUVRRQOLMNH�PHHW��DODUPHULQJVDSSDUDWXXU��J��
R 5)�GRVLPHWHUV� YRRU� KHW� PRJHOLMN� PDNHQ� YDQ� WRHSDVVLQJ� YDQ� GH�]HV�PLQXWHQUHJHO�
R PHHWDSSDUDWXXU�PHW� HHQ� DODUP�GDW� DIJDDW�ZDQQHHU� GH� YHOGVWHUNWH�ERYHQ�HHQ�EHSDDOGH�JUHQV�NRPW���

&DWHJRULH�,,,�
• JHYDUHQERUG�SODDWVHQ��DUWLNHO����OLG���YDQ�GH�ULFKWOLMQ���RS�SOHNNHQ�ZDDU�GH�DFWLHZDDUGHQ� NXQQHQ� ZRUGHQ� RYHUVFKUHGHQ� LV� GLW� YHUSOLFKW�� WHQ]LM� NDQ�ZRUGHQ�DDQJHWRRQG�GDW�GH�JUHQVZDDUGHQ�QLHW�RYHUVFKUHGHQ�]XOOHQ�ZRUGHQ�HQ�YHLOLJKHLGVULVLFR¶V�NXQQHQ�ZRUGHQ�XLWJHVORWHQ��
• NHX]H�YDQ�DUEHLGVPLGGHOHQ�GLH�PLQGHU�VWHUNH�YHOGHQ�XLW]HQGHQ��E���

R YHUYDQJLQJ� YDQ� HHQ� SURFHV� GDW� HOHNWURPDJQHWLVFKH� YHOGHQ�JHQHUHHUW�� ELMYRRUEHHOG� YRRU� HHQ� SURFHV� GDW� DOOHHQ� ZDUPWH�JHQHUHHUW��HOLPLQDWLH���
R YHUYDQJLQJ� YDQ�� YHHODO� RXGHUH�� DSSDUDWXXU� GRRU� DSSDUDWXXU� GLH�PLQGHU� YHUPRJHQ� JHEUXLNW� HQ� PLQGHU� VWHUNH� YHOGHQ� XLW]HQGW��YHUYDQJLQJ���
R DXWRPDWLVHULQJ�YDQ�KHW�SURGXFWLHSURFHV�ZDDUGRRU�ZHUNQHPHUV�RS�DIVWDQG�NXQQHQ�EOLMYHQ��DDQSDVVLQJ���

• RQWZHUS�HQ�LQGHOLQJ�ZHUNSOHN��H���
R YROOHGLJ� DIVOXLWHQ� YDQ� HHQ� UXLPWH� YRRU� DOOH� SHUVRQHHO�� GRRUJDDQV�EHWHNHQW� GLW� DXWRPDWLVHULQJ�YDQ�GH� DDQVWXULQJ�YDQ�GH� DSSDUDWXXU��JHEUXLN� YDQ� DIVWDQGVEHGLHQLQJHQ� HQ� YDQ� GH� REVHUYDWLH� YDQ� KHW�SURFHV�GRRU�PLGGHO�YDQ�FDPHUD¶V��
R GH OD\�RXW�YDQ�HHQ�IDEULHNVKDO�RI�PDFKLQH�YHUDQGHUHQ��

� PHHU� UXLPWH� WXVVHQ� PDFKLQHV� PDNHQ�� HQ� DI]HWWLQJHQ�PDNHQ��
� UHIOHFWHUHQGH�ZDQGHQ�HQ�YRRUZHUSHQ��VHFXQGDLUH�EURQQHQ�YHUZLMGHUHQ���
� NRRL� YDQ� )DUDGD\� DDQOHJJHQ� RP� GH� GRRUJDQJ� ODQJV�DSSDUDWXXU� GLH� UDGLRIUHTXHQWH� YHOGHQ� RSZHNW�PRJHOLMN� WH�PDNHQ���9RRU� DIVFKHUPLQJ� HQ� YHU]ZDNNLQJ� YDQ� YHOGHQ� JHHIW� 1(1�(1�������������� HHQ�XLWJHEUHLG�RYHU]LFKW�YDQ�PRJHOLMNH�PDDWUHJHOHQ�>���@���

������ 'HVNXQGLJKHLG��9RRU�XLWYRHULQJ�YDQ�GH�EHSDOLQJHQ�LQ�GH�ULFKWOLMQ�GLHQW�GH�ZHUNJHYHU�WH�EHVFKLNNHQ�RYHU� GH� QRGLJH� GHVNXQGLJKHLG��'LW� YHUJW� LQ� GH� HHUVWH� SODDWV� HQLJH� NHQQLV� YDQ� GH�ULFKWOLMQ�� PDDU� LQ� GH� WZHHGH� SODDWV� YRRUDO� GHVNXQGLJKHLG� RS� KHW� JHELHG� YDQ�HOHNWULVFKH��PDJQHWLVFKH�HQ�HOHNWURPDJQHWLVFKH�YHOGHQ��HQ� LQ�GH�GHUGH�SODDWV�YDQ�
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GH�&(1(/(&�QRUPHQ�RP�GH�EORRWVWHOOLQJ�YDVW�WH�VWHOOHQ��'LW�LV�YRRUDO�YDQ�EHODQJ�YRRU� GH� WRHWVLQJ� YDQ� GH� YHOGVWHUNWHQ� DDQ� GH� DFWLHZDDUGHQ�� 2RN� KHW� QHPHQ� YDQ�HIIHFWLHYH�PDDWUHJHOHQ�YHUJW�HHQ�]HNHUH�PDWH�YDQ�GHVNXQGLJKHLG���9RRU� KHW� XLWYRHUHQ� YDQ� GH� EHRRUGHOLQJ� YDQ� GH� EORRWVWHOOLQJ� VWHOW� FRPPLVVLH�7&���;�� :*��� YDQ� &(1(/(&� HHQ� QRUP� RS�� 1(1�(1�������������� JHHIW�XLWJHEUHLGH�LQIRUPDWLH�RYHU�PHWHQ�URQG�PDFKLQHV�>���@��'DDUQDDVW�]DO�&(1(/(&�GLYHUVH�ZRUNSODFH� VWDQGDUGV� RSVWHOOHQ� YRRU� VSHFLILHNH�ZHUNRPJHYLQJHQ��2S� KHW�JHELHG� YDQ� GH� EHQRGLJGH� GHVNXQGLJKHLG� YRRU� KHW� LQYHQWDULVHUHQ� YDQ� GH�EORRWVWHOOLQJ�HQ�KHW�FRQWUROHUHQ�HQ�WRHSDVVHQ�YDQ�GH�EHKHHUVPDDWUHJHOHQ�KHHIW�,/2�LQ�GH�26+�VHULH�QR����HQ����>�������@�RRN�DO�DDQZLM]LQJHQ�HQ�GHVNXQGLJKHLGVHLVHQ�RSJHVWHOG�ZDDU�GH�GHVNXQGLJHQ�DDQ�GLHQHQ�WH�YROGRHQ��+LHUELM�ZRUGHQ�YRRUEHHOGHQ�JHQRHPG�]RDOV�GH�UDGLDWLRQ�SURWHFWLRQ�RIILFHU�HQ�GH�KHDOWK�SK\VLFLVW�
'H� ZHUNJHYHU� KHHIW� UXZZHJ� WZHH� PRJHOLMNKHGHQ� RP� GH]H� GHVNXQGLJKHLG� LQ� WH�]HWWHQ��QDPHOLMN�yI�GHVNXQGLJKHLG�]HOI�RSERXZHQ�yI�GH]H�H[WHUQ�LQKXUHQ����8LW� KHW� XLWJHYRHUGH� SUDNWLMNRQGHU]RHN� EOHHN� GDW� GH� DUEHLGVK\JLsQLVW� RI�YHLOLJKHLGVNXQGLJH�YDQ�GH�$UER��HQ�0LOLHXGLHQVW�PHHVWDO�QLHW�JHVSHFLDOLVHHUG�]LMQ�LQ�NHQQLV�RYHU�HOHNWURPDJQHWLVFKH�YHOGHQ��VRPPLJH�YHLOLJKHLGVNXQGLJHQ�]LMQ�KLHU�ZHO� HHQV� PHH� LQ� DDQUDNLQJ� JHNRPHQ�� 9RRUDO� GH� YHLOLJKHLGVNXQGLJHQ� GLH� ELM�PHWDDOEHGULMYHQ� ZHUNHQ�� KHEEHQ� YDDN� HQLJH� NHQQLV� YDQ� PDJQHWLVFKH� YHOGHQ��:DQQHHU� KHW� GRHO� LV� RP� HOHNWURPDJQHWLVFKH� YHOGHQ� WH� SURGXFHUHQ�� ]RDOV� ELM�]HQGLQVWDOODWLHV�� KHHIW� GH�ZHUNJHYHU�GRRUJDDQV�RRN�JHQRHJ�NHQQLV� LQ�KXLV�RP�GH�ZHUNQHPHUV�WH�NXQQHQ�EHVFKHUPHQ�WHJHQ�HHQ�EORRWVWHOOLQJ�ERYHQ�GH�JUHQVZDDUGHQ���(U� ]LMQ� UXZZHJ� YLHU� VRRUWHQ� ZHUNQHPHUV� GLH� PHW� HOHNWURPDJQHWLVFKH� YHOGHQ�ZHUNHQ��WH�LGHQWLILFHUHQ����� ZHUNQHPHU�GLH�QLHW�ZHUNW�PHW�RI�LQ�GH�EXXUW�YDQ�DSSDUDWXXU�XLW�FDWHJRULH�,,�RI ,,,����� ZHUNQHPHU�GLH�QLHW�ZHUNW�PHW�DSSDUDWXXU�XLW�FDWHJRULH�,,�RI�,,,��PDDU�ZHO�LQ�GH�EXXUW�YDQ�GH]H�DSSDUDWXXU�ZHUNW��YE�RQGHUKRXGVWHFKQLFL����� ZHUNQHPHU�GLH�ZHUNW�PHW�DSSDUDWXXU�XLW�FDWHJRULH�,,�RI�,,,��HQ��� ZHUNQHPHU�GLH�FRQWUROHHUW�RI�GH�ZHWWHQ�PEW�DUER�HQ�YHLOLJKHLG�ZRUGHQ�QDJHOHHIG���2S� EDVLV� YDQ� GH]H� VRRUWHQ� ZHUNQHPHUV� ]LMQ� HU� RRN� YLHU� W\SHQ� YRRUOLFKWLQJ� HQ�RQGHUULFKW�WH�QRHPHQ��ZDDUELM�VRRUWHQ�ZHUNQHPHUV�YDQ�RSORSHQG�QXPPHU�RRN��GH�VRRUWHQ� YRRUOLFKWLQJ� HQ� RQGHUULFKW� YDQ� GH� ODJHUH� QXPPHUV� JHQRWHQ� GLHQHQ� WH�KHEEHQ��2QGHUVWDDQGH�W\SHQ�YRRUOLFKWLQJ�HQ�RQGHUULFKW�ZRUGHQ�YHUJH]HOG�YDQ�HHQ�DDQWDO�YUDJHQ�GLH�PHQ�QD�KHW�YROJHQ�YDQ�RQGHUULFKW�GLHQW�WH�NXQQHQ�EHDQWZRRUGHQ���
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'H]H�RSVRPPLQJ�LV�HHQ�HHUVWH�EDVLVOLMVW�GLH�SHU�EHURHS�NDQ�ZRUGHQ�DDQJHYXOG�PHW�VSHFLILHNH�YUDJHQ�HQ�HLVHQ��� ��� %HGULMIVLQWURGXFWLH��W\SH�ZHUNQHPHU��������������� ZLH�LV�GH�DUER�GHVNXQGLJH�RI�YHLOLJKHLGNXQGLJH�GLH�(0�LQ�]LMQ�KDDU�WDNHQSDNNHW�KHHIW��� ZDW�]LMQ�HOHNWURPDJQHWLVFKH�YHOGHQ��(��+��HHQKHGHQ���� ZDDU�NRPHQ�]H�YRRU��� ZHONH�DSSDUDWXXU�ZHNW�]H�RS��HQ��� ZDDU�PDJ�LN�QLHW�NRPHQ��DDQJHJHYHQ�GRRU��]RQHULQJ��VLJQDOHULQJVWHNHQV��DI]HWWLQJHQ�"���� +HUNHQQLQJVWUDLQLQJ��W\SH�ZHUNQHPHU������������ KRH�KHUNHQ�LN�DSSDUDWXXU�EXLWHQ�GH�YDVWH�ZHUNSOHN��PDDU�ZHO�WLMGHQV�ZHUN]DDPKHGHQ��DOV�PRJHOLMNH�EURQ�YDQ�HOHNWURPDJQHWLVFKH�YHOGHQ��� ZDDU�YLQG�LN�GH�VWDQGDDUGOLMVW�PHW�IRWR¶V�YDQ�DSSDUDWXXU�HQ�YXLVWUHJHOV�HQ�WDEHOOHQ�YRRU�DIVWDQGHQ�YRRU�GH�DSSDUDWXXU�GLH�LN�LQ�PLMQ�EHURHS�WHJHQNRP��HQ�� KRH�OXLGW�GH�OLMVW�PHW�FRQWDFWQXPPHUV�ZHEVLWHV�RP�LQIRUPDWLH�DDQ�WH�YUDJHQ��ELMY�YDQ�YRRUOLFKWHUV�YDQ�PRELHOH�WHOHFRP�"��� $SSDUDWXXUJHEUXLNYRRUOLFKWLQJ��W\SH�ZHUNQHPHU��������� ZDW�]LMQ�GH�NDUDNWHULVWLHNHQ�YDQ�GH�DSSDUDWHQ��� ELM�ZHONH�LQVWHOOLQJ�YDQ�GH�DSSDUDWXXU�NDQ�MH�RS�ZHONH�ORFDWLHV�EORRWVWHOOLQJ�ERYHQ�GH�DFWLHZDDUGHQ�NULMJHQ��HQ��� KRH�YRRUNRP�MH�GDW�MLM�RI�LHPDQG�DQGHUV�GDDUDDQ�ZRUGW�EORRWJHVWHOG"��� &XUVXV�GHVNXQGLJ�(0�YHOGVWHUNWH�EHSDOHQ��W\SH�ZHUNQHPHU����� KRH�OXLGW�GH�EDVLVYHOGWKHRULH��� ZDW�]LMQ�GH�JHOGHQGH�ZHWWHQ�HQ�DFWLHZDDUGHQ�HQ�JUHQVZDDUGHQ�YRRU�EORRWVWHOOLQJ��� ZDW�]LMQ�GH�EHNHQGH�PDQGDWHQ��� ZDW�]LMQ�GH�YRRUJHVFKUHYHQ�1(1���&(1(/(&�QRUPHQ�YRRU�GH�JHEUXLNWH�DSSDUDWXXU��� KRH�JHEUXLN�HQ�OHHV�MH�GLH�QRUPHQ��� KRH�JHEUXLN�MH�GH�PHHWLQVWUXPHQWHQ��� KRH�NDQ�MH�GH�EHUHNHQLQJHQ�]HOI�XLWYRHUHQ��� ZHONH�EHUHNHQLQJHQ���PHWLQJHQ�PRHW�MH�]HOI�GRHQ��� ZDW�]LMQ�GH�PRJHOLMNH�PDDWUHJHOHQ�RP�GH�EORRWVWHOOLQJ�WH�YHUPLQGHUHQ��HQ�� KRH�KRXG�MH�MH�RS�GH�KRRJWH�YDQ�GH�ODDWVWH�RQWZLNNHOLQJHQ"��
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���� 0DDWUHJHOHQ�SHU�VSHFLILHNH�DSSDUDWXXUJURHS��9RRU� VSHFLILHNH� DSSDUDWXXU� EHVWDDQ� HU� ZHWHQVFKDSSHOLMNH� UDSSRUWHQ� HQ� DUWLNHOHQ�GLH� XLWJHEUHLGH� LQIRUPDWLH� JHYHQ� RYHU� GH� EHVFKHUPLQJVPDDWUHJHOHQ�� (HQ� UDSSRUW�YDQ� GH� +6(� XLW� ����� >��@� EHYDW� JHJHYHQV� RYHU� GHUJHOLMNH� PDDWUHJHOHQ� PHW�EHWUHNNLQJ� WRW� ]HQG�� HQ� WHOHFRPPXQLFDWLHDSSDUDWXXU�� LQGXFWLHYHUZDUPLQJ��GLsOHNWULVFKH�YHUZDUPLQJ�HQ�PHGLVFKH�DSSDUDWXXU���
������ ,QVWDOODWLH�HQ�RQGHUKRXG��9RRU� ZHUNQHPHUV� LQ� GH� ZHUNRPJHYLQJ� ,QVWDOODWLH� HQ� RQGHUKRXG� ]LMQ� HU� GULH�VXERPJHYLQJHQ�GLH�PDDWUHJHOHQ�YHUHLVHQ����,Q� FDWHJRULH�,,� YDOOHQ� ZHUN]DDPKHGHQ� LQ� GH� EXXUW� YDQ� DSSDUDWXXU� GLH� ZRUGW�RQGHUKRXGHQ� HQ�ZHUN]DDPKHGHQ�PHW� DSSDUDWXXU� WLMGHQV�RQGHUKRXG�RI� LQVWDOODWLH��9RRU� EHLGH� ZHUNRPJHYLQJHQ� JHOGHQ� GH� YROJHQGH� VSHFLILHNH� PDDWUHJHOHQ�� GLH�JURWHQGHHOV�]LMQ�RYHUJHQRPHQ�YDQ�KHW�&DQDGHVH�(QYLURQPHQWDO�+HDOWK�'LUHFWRUDWH��(+'��>���@��7UDLQLQJ�

• DDQSDVVLQJHQ� LQ� GH� VSDQQLQJ� HQ� KHW� YHUPRJHQ� HQ� GH� YHUYDQJLQJ� YDQ�HOHPHQWHQ� GLH� UDGLRIUHTXHQWH� YHOGHQ� RSZHNNHQ� PRHWHQ� GRRU� VSHFLDDO�JHWUDLQGH�ZHUNQHPHUV�ZRUGHQ�XLWJHYRHUG��2UJDQLVDWRULVFKH�PDDWUHJHOHQ�
• DIVWDQGHQ� WRW� DQWHQQHV� HQ� DSSDUDWXXU� ELM� GH� ZHUNSOHN� ZDDUELQQHQ� GH�DFWLHZDDUGHQ� NXQQHQ� ZRUGHQ� RYHUVFKUHGHQ� GLHQHQ� EHNHQG� WH� ]LMQ� ELM� GH�ZHUNQHPHU��
• DQWHQQHUHJLVWHU� �ZZZ�DQWHQQHUHJLVWHU�QO� JHEUXLNHQ�RP�WH�FRQWUROHUHQ�RI�GH�ZHUN]DDPKHGHQ�LQ�GH�EXXUW�YDQ�]HQGHUV�SODDWVYLQGHQ�HQ�RI�GH�EORRWVWHOOLQJ�RQGHU�GH�DFWLHZDDUGHQ�EOLMIW��
• LQVWUXFWLHV� HQ� SURFHGXUHV� YRRU� UHSDUDWLH� HQ� RQGHUKRXG�� ]RDOV� RSJHVWHOG�GRRU GH� IDEULNDQW� RI� GRRU� HHQ� EHYRHJG� GHVNXQGLJH�� EHZDUHQ� ELM� GH�DSSDUDWXXU�HQ�]H�WRHJDQNHOLMN�WH�PDNHQ�YLD�LQWHUQHW��RSGDW�]H�VQHO�NXQQHQ�ZRUGHQ�JHUDDGSOHHJG��
• YHUYDQJLQJVPDWHULDOHQ�PRHWHQ� TXD� HLJHQVFKDSSHQ� RYHUHHQNRPHQ�PHW� GH�RULJLQHOH� FRPSRQHQWHQ�� WHQ� HLQGH� YHUVWURRLLQJ� ELM� DDQVOXLWSXQWHQ�� ]RDOV�WUDQVPLVVLHOLMQHQ�HQ�JROIJHOHLGHUV��WH�YRRUNRPHQ��7HVWHQ�HQ�YRRUEHUHLGHQ�YDQ�ZHUN]DDPKHGHQ�
• PHHWDSSDUDWXXU� YRRU� VWURRPVWHUNWH�� YHOGVWHUNWH� HQ� GHUJHOLMNH� WHVWHQ� YRRU�KHW�EHJLQQHQ�YDQ�GH�UHSDUDWLHZHUN]DDPKHGHQ��
• VWURRPRQGHUEUHNHUV� �LQWHUORFNV� WHVWHQ� YRRU� DDQYDQJ� YDQ� GH�ZHUN]DDPKHGHQ�HQ�]H�QLHW�XLW]HWWHQ��
• EHVFKHUPHQGH� VFKLOGHQ�� JROIJHOHLGHUV� HQ� DQGHUH� FRPSRQHQWHQ�WHUXJSODDWVHQ�YRRU�DDQYDQJ�YDQ�WHVW��
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8LWYRHUHQ�YDQ�ZHUN]DDPKHGHQ�
• GLUHFWH� EXQGHO� YDQ� HHQ� UDGLRIUHTXHQW� DSSDUDDW� QLHW� QDDU� PHQVHQ� ODWHQ�ZLM]HQ�ELM�KHW�DDQ]HWWHQ�YRRU�WHVWHQ�RYHU�RQGHUKRXGVSURFHGXUHV��
• PHHWDSSDUDWXXU� YRRU� KHW� EHSDOHQ� YDQ� VWURRPVWHUNWH�� YHUPRJHQ� HQ�YHOGVWHUNWHQ� JHEUXLNHQ� JHGXUHQGH� GH� ZHUN]DDPKHGHQ� RP� ]LFK� HUYDQ� WH�YHU]HNHUHQ�GDW�GH�EORRWVWHOOLQJ�EHSHUNW�EOLMIW�WRW�RQGHU�GH�DFWLHZDDUGHQ��
• LQWHQVLWHLW� HQ� EORRWVWHOOLQJVGXXU� EHSHUNHQ� ZDQQHHU� PHQ� SHU� VH� PRHW�ZHUNHQ� RS� HHQ� SOHN� ZDDU� GH� EORRWVWHOOLQJ� ERYHQ� GH� DFWLHZDDUGHQ� NDQ�NRPHQ��
• FRPSRQHQWHQ� GLH� UDGLRIUHTXHQWH� HQHUJLH� JHQHUHUHQ� YRRU]LHQ� YDQ� HHQ�SDVVHQGH� XLWJDQJVEHODVWLQJ� RI� GH� HOHNWURPDJQHWLVFKH� HQHUJLH� ODWHQ�DEVRUEHUHQ�GRRU�HHQ�DQHFKRwVFK�PDWHULDDO��RSGDW�GH�HQHUJLH�]LFK�QLHW�YULM�RYHU�GH�UXLPWH�YHUVSUHLGW����9RRU� WURXEOH� VKRRW� VLWXDWLHV� GLH� LQ� FDWHJRULH�,,,� ]LMQ� LQJHGHHOG�� ]LMQ� HU�RPVWDQGLJKHGHQ� ZDDUELM� GH� DSSDUDWXXU� PRHW� ZRUGHQ� JHWHVW� ]RQGHU� GDW� DOOH�YHLOLJKHLGVPHFKDQLVPHQ�]LMQ� LQJHVFKDNHOG��'H]H�VLWXDWLH� LV�RQJHZHQVW��PDDU�QLHW�DOWLMG�WH�YRRUNRPHQ��+LHUELM�LV�JURWH�YRRU]LFKWLJKHLG�JHERGHQ��+HW�LV�DDQ�WH�UDGHQ�RP�DOWLMG�HHQ�YHOGPHWHU�WH�GUDJHQ�HQ�GH�PRJHOLMNKHLG�WH�KHEEHQ�RP�GH�DSSDUDWXXU�GLUHFW� XLW� WH� NXQQHQ� VFKDNHOHQ�ZDQQHHU� HHQ� RYHUVFKULMGLQJ�ZRUGW� JHPHWHQ��'H]H�XLWVFKDNHOPRJHOLMNKHLG� NDQ� PHFKDQLVFK� ]LMQ� XLWJHYRHUG�� PDDU� RRN� VLPSHOZHJ�GRRUGDW� JHGXUHQGH� GH� WURXEOH� VKRRW� VLWXDWLH� HHQ� SHUVRRQ� PHW� GH� KDQG� ELM� GH�DDQ�XLWVFKDNHODDU�EOLMIW���

������ $UWLNHO��HQ�SHUVRRQVGHWHFWLH��$QWLGLHIVWDO��HQ�PHWDDOGHWHFWLHSRRUWMHV�YDOOHQ�LQ�FDWHJRULH�,,D��$OV�PDDWUHJHO�YRRU�DQWLGLHIVWDOSRRUWMHV� YROGRHW� GH� RUJDQLVDWRULVFKH� PDDWUHJHO� RP� HHQ� DIVWDQG� YDQ�WHQPLQVWH� ��PHWHU� DDQ� WH� KRXGHQ�� ,Q� VRPPLJH� JHYDOOHQ� ]XOOHQ�ZLM]LJLQJHQ� LQ� GH�LQGHOLQJ�YDQ�GH�ZHUNSOHN�QRGLJ�]LMQ��]RDOV�KHW�YHUSODDWVHQ�YDQ�KHW�SRRUWMH�RI�YDQ�HHQ�NDVVD���9RRU� GH� SRRUWHQ� GLH� ELMYRRUEHHOG� RS� YOLHJYHOGHQ� HQ� LQ� KRUHFDJHOHJHQKHGHQ�ZRUGHQ�JHEUXLNW�RP�PHWDOHQ�YRRUZHUSHQ�WH�GHWHFWHUHQ��JHOGW�GDW�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�DOV�ZHUNQHPHUV�EXLWHQ�GH�GRRUJDQJ�EOLMYHQ�HQ�QLHW�WHJHQ�GH�EHKXL]LQJ�YDQ�GH�SRRUWHQ�OHXQHQ��9RRU�SRRUWHQ�GLH�YHOGHQ�PHW�IUHTXHQWLHV�ERYHQ�����N+]�NDQ�RRN�GH�]HV�PLQXWHQUHJHO�ZRUGHQ�WRHJHSDVW��]LH�%LMODJH�����
������� 'LsOHNWULVFKH�YHUZDUPLQJ��&DSDFLWLHYH� DSSDUDWXXU� YRRU� SODVWLFODVVHQ� HQ� YRRU� KHW� YHUOLMPHQ� YDQ� KRXW� LV� LQ�FDWHJRULH�,,E� LQJHGHHOG��(U�EHVWDDW�HHQ�YHHOKHLG�YDQ�PDDWUHJHOHQ�GLH�HUYRRU�]RUJW�GDW� GH� EORRWVWHOOLQJ� RQGHU� GH� DFWLHZDDUGHQ�JHKRXGHQ�NDQ�ZRUGHQ��'H]H�JURHS� LV�
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LQJHGHHOG� LQ�FDWHJRULH�,,E�HQ�QLHW� LQ�,,,��YDQZHJH�KHW� IHLW�GDW�GRRU�GH�DO�JHQRPHQ�PDDWUHJHOHQ� GH� YHOGVWHUNWH� GRRUJDDQV� RQGHU� GH� DFWLHZDDUGHQ� EOLMIW�� 'H�YRRUQDDPVWH�EORRWVWHOOLQJ�LV�DDQ�UDGLRIUHTXHQWH�HQ�HOHNWULVFKH�YHOGHQ���$OV�PDDWUHJHOHQ�WHU�EHSHUNLQJ�YDQ�GH�EORRWVWHOOLQJ�QRHPHQ�GH�+6(�JXLGDQFH�QRWH�XLW������>��@�HQ�GH�,QWHUQDWLRQDO�/DERXU�2UJDQL]DWLRQ��,/2��LQ������>��@�GLYHUVH�RUJDQLVDWRULVFKH� HQ� WHFKQLVFKH� PDDWUHJHOHQ�� DOVPHGH� WLSV� YRRU� PRQLWRULQJ� HQ�WUDLQLQJ��+HW�LV�DDQ�WH�UDGHQ�EHVFKHUPHQGH�PDDWUHJHOHQ�UXZZHJ�RS�YLHU�YODNNHQ�WH�QHPHQ��
• JHSDVWH�RQGHUKRXGVSURFHGXUHV��GRRUJDDQV�JHHQ�SUDNWLMN���
• DIVFKHUPLQJ�YDQ�YHOGHQ��GRRUJDDQV�JHGHHOWHOLMN�XLWJHYRHUG���
• GLYHUVH�WHFKQLVFKH�PDDWUHJHOHQ��GRRUJDDQV�LV�KLHU�HHQ�NHX]H�LQ�JHPDDNW����
• RUJDQLVDWRULVFK��GRRUJDDQV�SUDNWLMN����*HSDVWH�RQGHUKRXGVSURFHGXUHV�EHVWDDQ�XLW��
• XLWVFKDNHOHQ� YDQ� KHW� DSSDUDDW�ZDQQHHU� HU� VFKRRQJHPDDNW� RI� JHUHSDUHHUG�ZRUGW��
• DOOHHQ�RSJHOHLGH�PHQVHQ�PHW�NHQQLV�YDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�DDQ�GH�DSSDUDWXXU�WH�ODWHQ�NRPHQ��
• HHQ� UHJHOPDWLJH�� ELM� YRRUNHXU� WZHHMDDUOLMNVH�� FRQWUROH� RP� WH� EHNLMNHQ� RI��GH]H�PDDWUHJHO�NRPW�LQ�GH�SUDNWLMN�ZHLQLJ�YRRU���

R GH 5)�JHQHUDWRU� RS� KHW� PLQLPDDO� JHVFKLNWH� YHUPRJHQ� VWDDW�DIJHVWHOG��
R GH JHOHLGHUV� YDQ� JHQHUDWRU� QDDU� HOHNWURGHQ� JHHQ� EUHXNHQ� KHEEHQ�GLH�DOV�VHFXQGDLUH�EURQ�NXQQHQ�JDDQ�IXQFWLRQHUHQ��
R GH DIVFKHUPHQGH�SODWHQ�HQ�VFKHUPHQ�LQWDFW�HQ�DDQZH]LJ�]LMQ��
R GH LQWHUORFN�EHYHLOLJLQJ�DDQZH]LJ�LV�HQ�IXQFWLRQHHUW���0DDWUHJHOHQ�DDQ�GH�EURQNDQW�$IVFKHUPLQJ� YDQ� GH� YHOGHQ� YDQ� 5)�DSSDUDWXXU� NDQ� RS� YHOH� PDQLHUHQ� ZRUGHQ�XLWJHYRHUG��(QNHOH�H[SOLFLHWH��HONDDU�DDQYXOOHQGH��PRJHOLMNKHGHQ�]LMQ��

• DIVFKHUPLQJ� PHW� PHWDOHQ� RPKXOVHOV� RP� GH� HOHNWURGHV� SODDWVHQ� �PHHVW�HIIHFWLHI��YDDN�JHHQ�SUDNWLMN���
• HHQ� RPERXZ� PDNHQ� RP� GH� 5)�EURQ� PHW� HHQ� ]R� KRRJ� PRJHOLMN�JHOHLGEDDUKHLG�DDQ�GH�ELQQHQNDQW��
• ]R� NOHLQ� PRJHOLMNH� RSHQLQJHQ� LQ� GH� RPERXZ� WRHVWDDQ� �NOHLQHU� GDQ� GH�XLWJH]RQGHQ�JROIOHQJWHV���
• VHSDUDWH� JHOHLGHQGH� GHOHQ� JHEUXLNHQ� YRRU� GH� RPERXZ� RP� GH� VWURPHQ� WH�PLQLPDOLVHUHQ��
• JHOHLGHQGH�GHOHQ�PHW�JRHG�JHOHLGHQGH�YHUELQGLQJVVWXNNHQ�DDQOHJJHQ��GXV�RQJHYHUIG���OLHIVW�JHODVW��RSGDW�GH�YHUELQGLQJHQ�QLHW�DOV�]HQGDQWHQQH�JDDQ�ZHUNHQ��
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• JHGHJHQ� LQVWDOODWLH�� ]RGDW� YHUPRJHQVDDQ�� HQ� DIYRHUGUDGHQ� HQ� NRHOEXL]HQ�QLHW�RRN�5)�VLJQDOHQ�JDDQ�OHNNHQ��
R JHOHLGHQGH� SLMSHQ� DIVFKHUPHQ�� RI� OLHYHU� YHUYDQJHQ� GRRU� SODVWLF�SLMSHQ��
R FRD[YHUELQGLQJ� URQG� DDQ�� DIYRHUGUDGHQ� OHJJHQ�� ]RGDW� ]H� QLHW�NXQQHQ�XLWVWUDOHQ��
R DDQ��HQ�DIYRHUGUDGHQ�]R�GLFKW�PRJHOLMN�ELM�HONDDU��

• PHWHQ�DDQ�KHW�EHJLQ�HQ�RS�UHJHOPDWLJH�WLMGHQ��RP�WH�NLMNHQ�RI�DIVFKHUPLQJ�IXQFWLRQHHUW��
• VHFXQGDLUH�EURQQHQ�YRRUNRPHQ����2YHULJH�PDDWUHJHOHQ��
• HHQYRXGLJH�PHWLQJHQ�YHUULFKWHQ�RP�WH�EHSDOHQ�EXLWHQ�ZHONH�]RQH�URQG�GH�EURQ� GH� YHOGVWHUNWHV� RQGHU� GH� DFWLHZDDUGHQ� EOLMYHQ� �GRRUJDDQV� JHHQ�SUDNWLMN���
• VFKHLGLQJ�PHQV�HQ�EURQ��

R QLHW� JHOHLGHQG� SODWIRUP� QHHUOHJJHQ� RP� HOHNWULVFK� JHwQGXFHHUGH�VWURRP�GRRU�GH�HQNHOV�YDQ�GH�EHGLHQHU�WH�YRRUNRPHQ��
R RSZHUSHQ�YDQ�I\VLHNH�EDUULqUHV�GLH�GH�DIVWDQG�WXVVHQ�GH�EHGLHQHU�HQ� GH� DSSDUDWXXU� YHUJURWHQ� �ELMYRRUEHHOG� HHQ� H[WUD� EUHGH�SHUVWDIHO���
R EHGLHQLQJVSDQHOHQ� RS� DIVWDQG� YDQ� GH� 5)�EURQ� SODDWVHQ��ELMYRRUEHHOG�GRRU�KHW�JHEUXLN�YDQ��

• VKXWWOH�WUD\V�
• GUDDLWDIHOV��
• UROOHUEDQHQ�RI�WUDQVSRUWEDQGHQ��'H]H� PDDWUHJHOHQ� ZDUHQ� HLJHQOLMN� DO� EHGRHOG� RP� KHW� DSSDUDDW� ]R�HIILFLsQW�PRJHOLMN�WH�JHEUXLNHQ��HQ�]LMQ�GXV�YDDN�SUDNWLMN��,PPHUV�GH�PHHVW�RSWLPDOH�FRQWLQXH�EHQXWWLQJ�YDQ�GH�5)�EURQ�ZRUGW�EHUHLNW�DOV�ELMYRRUEHHOG� KHW� HHUVWH� NDUUHWMH� NDQ� ZRUGHQ� LQJHODGHQ�� WHUZLMO� KHW�WZHHGH�EHKDQGHOG�ZRUGW�HQ�KHW�GHUGH�OHHJJHODGHQ��

R DDQJHYHQ�PHW� VLJQDOHULQJ�VERUGHQ��ZDDU� GH� ]RQHV�PHW� SRWHQWLsOH�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ��GRRUJDDQV�SUDNWLMN���
R DDQJHYHQ�PHW�HHQ�OLFKWVLJQDDO�ZDQQHHU�GH�HOHNWURGHV�RQGHU�VWURRP�VWDDQ��GRRUJDDQV�SUDNWLMN����2UJDQLVDWRULVFKH�PDDWUHJHOHQ�]LMQ��

• GH JHPLGGHOGH� EORRWVWHOOLQJVGXXU� EHSHUNHQ�� ]RGDW� QD� WRHSDVVLQJ� YDQ� GH�]HV�PLQXWHQUHJHO�GH�EORRWVWHOOLQJ�HIIHFWLHI�RQGHU�GH�DFWLHZDDUGHQ�EOLMIW��
• JHEUXLNV�� HQ� EHGLHQLQJVYRRUVFKULIWHQ� ELM� GH� DSSDUDWXXU� YRRUKDQGHQ� WH�KHEEHQ���
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3HUVRRQOLMNH�EHVFKHUPLQJVPLGGHOHQ��
• KHW� GUDJHQ� YDQ� VFKRHLVHO�PHW� GLNNH� UXEEHUHQ� ]ROHQ� HQ�GLNNH� VRNNHQ��RP�HOHNWULVFK� JHwQGXFHHUGH� VWURRP� GRRU� GH� HQNHOV� YDQ� GH� EHGLHQHU� WH�YRRUNRPHQ���6HFXQGDLUH�EURQQHQ�]LMQ�JRHG�JHOHLGHQGH�PDWHULDOHQ�]RDOV�PHWDOHQ�ZDWHUOHLGLQJHQ�HQ� OXFKWNRHOLQJVEXL]HQ�� 2EMHFWHQ�PHW� HHQ� OHQJWH� YDQ� YHHOYRXGHQ� YDQ� HHQ� NZDUW�YDQ�GH�XLWJH]RQGHQ�JROIOHQJWH�DEVRUEHUHQ�RSWLPDDO�HQHUJLH�XLW�KHW�YHOG�HQ�]HQGHQ�KHW�RSQLHXZ�XLW�� ]RGDW�HU�GLFKW�ELM�ZHUNSOHNNHQ�QLHXZH�5)�EURQQHQ�RQWVWDDQ�GLH�QLHW� ]LMQ� DIJHVFKHUPG�� 'LW� SUREOHHP� NDQ� DDQJHSDNW� ZRUGHQ� GRRU� GHUJHOLMNH�PHWDOHQ�REMHFWHQ�RS�DIVWDQG�YDQ�GH�5)�EURQQHQ�WH�KRXGHQ�RI�GRRU�GH�DIPHWLQJHQ�LQ�LHGHU�JHYDO�JHHQ�YHHOYRXG�YDQ�HHQ�NZDUW�JROIOHQJWH�WH�PDNHQ���(HQ�JHOHLGHQGH�YORHU�]RUJW�YRRU�DDUGLQJ�YDQ�GH�EHGLHQHU��%LM�HHQ�RQJHDDUG�SHUVRRQ�LV� GH� DEVRUSWLH� YDQ� 5)�HQHUJLH� WXVVHQ� ��� �� ���0+]� KHW� KRRJVW�� ELM� HHQ� JHDDUG�SHUVRRQ� YHUVFKXLIW� GH]H� QDDU� ��� �� ���0+]�� 'DDUELM� YHUDQGHUW� YRRU� HHQ� JHDDUG�SHUVRRQ� GH� VWURRPYHUGHOLQJ� LQ� KHW� OLFKDDP� ]R� GDW� HU� PHHU� 5)�HQHUJLH� ZRUGW�JHDEVRUEHHUG� LQ� KHW� RQGHUEHHQ� HQ� GH� HQNHOV�� (HQ� EHGLHQHU� NDQ� GXV� EHWHU� QLHW�JHDDUG�]LMQ��

������� (OHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH��(OHNWULFLWHLWVFHQWUDOHV� HQ� OXFKWVSRHOHQ� LQ� FRQGHQVDWRUEDQNHQ� YDOOHQ� LQ�FDWHJRULH�,,E��'H�EORRWVWHOOLQJ�LV�KLHU�DDQ�PDJQHWLVFKH�YHOGHQ��,Q�HQHUJLHFHQWUDOHV�NXQQHQ� DFWLHZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ� ELM� WUDQVIRUPDWRUHQ�� JHOLMNULFKWHUV� HQ�VWURRPJHOHLGHUV�� ,Q�VRPPLJH�RQGHUVWDWLRQV�EHYLQGHQ�]LFK�FRQGHQVDWRUEDQNHQ�PHW�OXFKWVSRHOHQ��7RW�RS���WRW���P�YDQ�GH]H�OXFKWVSRHOHQ�ZRUGHQ�GH�DFWLHZDDUGHQ�YRRU�KHW�PDJQHWLVFKH�YHOG�RYHUVFKUHGHQ���0DDWUHJHOHQ��
• EHSHUNWH� WRHODWLQJ� ELQQHQ� JHELHG� �ELMYRRUEHHOG� VOHFKWV� PHW� VFKULIWHOLMNH�WRHVWHPPLQJ���
• ZDDUVFKXZLQJVERUG�RSKDQJHQ��
• PHWLQJHQ� XLWYRHUHQ� RP� GH� ]RQHV� YDVW� WH� VWHOOHQ� ZDDU� GH� DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��
• KHNZHUNHQ�SODDWVHQ�RP�GH]H�]RQHV���9RRU� JHOLMNULFKWHUV� JHOGHQ� GH]HOIGH� UHJHOV� DOV� JHQRHPG� ELM� GH� JHOLMNULFKWHUV� YDQ�HOHNWURFKHPLVFKH�SURFHVVHQ��

�
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������ (OHNWURFKHPLVFKH�SURFHVVHQ��2S� EDVLV� YDQ� EHGULMIVEH]RHNHQ�� PHWLQJHQ� YDQ�.(0$� HQ� OLWHUDWXXU� EOLMNW� GDW� GH�JHOLMNULFKWHUUXLPWH� LQ� FDWHJRULH�,,,� YDOW�� RPGDW� GDDU� GH� EORRWVWHOOLQJ� HQNHOH�WLHQWDOOHQ� PDOHQ� ERYHQ� GH� DFWLHZDDUGHQ� NDQ� ]LMQ�� 'H� VWURRPJHOHLGHUV� HQ� GH�HOHNWURO\VHKDO� YDOOHQ� LQ� FDWHJRULH�,,E�� RPGDW� GH� EORRWVWHOOLQJ� GRRU� GLYHUVH�PDDWUHJHOHQ�RQGHU�GH�DFWLHZDDUGHQ�JHKRXGHQ�NDQ�ZRUGHQ��(HQ�DDQWDO�PDDWUHJHOHQ�LV�DO�SUDNWLMN��'H�EORRWVWHOOLQJ�YRRU�GH]H�JURHS�LV�YRRUQDPHOLMN�DDQ�ODDJIUHTXHQWH�����+]��PDJQHWLVFK�YHOGHQ��$IVFKHUPLQJ�HQ�WRHSDVVHQ�YDQ�GH�]HV�PLQXWHQUHJHO�NDQ�GXV�QLHW�YRRU�GH]H�JURHS��'H�RRU]DDN�YDQ�GH�RYHUVFKULMGLQJ�YDQ�GH�DFWLHZDDUGHQ�YRUPHQ� GH� KDUPRQLVFKH� ELMGUDJHQ� YDQ� ���+]� GLH� QLHW� YROGRHQGH� XLW� GH�JHOLMNVWURRP�ZRUGHQ�JHILOWHUG��1D�RSWHOOLQJ�YDQ�GH�YHUVFKLOOHQGH� IUHTXHQWLHV�PHW�GH�VRPUHJHO�NXQQHQ�GH]H�KDUPRQLVFKH�ELMGUDJHQ�WRW�RYHUVFKULMGLQJ�OHLGHQ��
�+HW� LV� ELM� GH]H� JURHS� QRGLJ�PHWLQJHQ� WH� YHUULFKWHQ� RP� WH� EHSDOHQ� EXLWHQ�ZHONH�]RQH� URQG� GH� EURQ� GH� YHOGVWHUNWHV� RQGHU� GH� DFWLHZDDUGHQ� EOLMYHQ� �JHGHHOWHOLMN�SUDNWLMN���
�
(OHNWURO\VHKDO�HQ�EXV�EDUV�9RRU� GH� EXV EDUV� HQ� GH� HOHNWURO\VHKDO� JHOGW� GDW� GH� EHVFKHUPHQGH� PDDWUHJHOHQ�YRRUQDPHOLMN�JHELHGVFRQWUROH�EHWUHIIHQ��

• ZDDUVFKXZLQJVERUGHQ� SODDWVHQ� ELM� ELQQHQWUHGHQ� YDQ� GH� HOHNWURO\VHKDO��GRRUJDDQV�DO�XLWJHYRHUG�LQ�SUDNWLMN���
• PHWLQJHQ�YHUULFKWHQ�RP�GH�]RQHV� WH�EHSDOHQ�ZDDUELQQHQ�GH�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��
• YHUIPDUNHULQJHQ� DDQEUHQJHQ� URQG� GH� EXV EDUV� HQ� HOHNWURO\VHEDNNHQ�ZDDUELQQHQ� GH� YHOGVWHUNWH� GH� DFWLHZDDUGH� RYHUVFKULMGW�� �GRRUJDDQV� DO�XLWJHYRHUG�LQ�SUDNWLMN���
• KHNZHUN� SODDWVHQ� URQG� GH� HOHNWURO\VHEDNNHQ� HQ� VWURRPJHOHLGHUV��JHGHHOWHOLMN�SUDNWLMN����

%XV�EDUV�2P� EORRWVWHOOLQJ� URQG� GH� EXV� EDUV� WH� EHSHUNHQ� ]LMQ� GH� YROJHQGH� PDDWUHJHOHQ�PRJHOLMN��
• DDQ� HQ� DIYRHUHQGH� VWURRPJHOHLGHUV� RYHU� ]R� ODQJ� PRJHOLMNH� VWXNNHQ�� ]R�GLFKW�PRJHOLMN�ODQJV�HONDDU�OHJJHQ��JHGHHOWHOLMN�SUDNWLMN���
• EXV EDUV� RS� HHQ� KRRJWH� YDQ� HQNHOH� PHWHUV� ERYHQ� GH� KRRIGHQ� YDQ� GH�ZHUNQHPHUV�GRRU�GH�KDO�WH�ODWHQ�ORSHQ��GRRUJDDQV�DO�SUDNWLMN����

(OHNWURO\VHKDO�2P�WH�KRJH�EORRWVWHOOLQJ�ELM�GH�HOHNWURO\VHEDNNHQ�WH�YRRUNRPHQ��LV�HHQ�FRPELQDWLH�YDQ�GH�YROJHQGH�PDDWUHJHOHQ�QRGLJ��
• EHUHNHQHQ�RI�GH�JUHQVZDDUGH�ZRUGW�RYHUVFKUHGHQ��



����YDQ����� �
�

• HOHNWURO\VHEDNNHQ�YHU]LQNHQ�LQ�GH�ZHUNYORHU��]RGDW�HU�HHQ�JURWHUH�DIVWDQG�NRPW� WXVVHQ�GH�VWURRPYRHUHQGH�EDN�HQ�GH�ZHUNQHPHU��LQ�DDQWDO�JHYDOOHQ�SUDNWLMN���
• ORRSSDGHQ� PDUNHUHQ� WXVVHQ� GH� HOHNWURO\VHEDNNHQ� ]RGDQLJ� GDW� GH�ZHUNQHPHU� HUWXVVHQGRRU� NDQ� ORSHQ� ]RQGHU� WH�ZRUGHQ� EORRWJHVWHOG� ERYHQ�DFWLHZDDUGHQ���'H�EORRWVWHOOLQJ�ELM�HOHNWURO\VHEDNNHQ�NDQ�GRRU�GH�DO�EHVWDDQGH�IDEULHNVLQULFKWLQJ�QLHW� DOWLMG��PDDU� YDDN�ZHO�� RQGHU� GH� DFWLHZDDUGHQ� JHKRXGHQ�ZRUGHQ�� YDQGDDU� GH�ODDWVW� JHQRHPGH� PDDWUHJHO�� 'H� HOHNWURO\VHKDO� LV� GDDURP� RS� GH� JUHQV� YDQ�FDWHJRULH�,,E�HQ�,,,���

*HOLMNULFKWHUV�9RRU� GH� JHOLMNULFKWHUV� JHOGW� GDW� GH� EORRWVWHOOLQJ� WRW� HQLJH� WLHQWDOOHQ� PDOHQ� GH�DFWLHZDDUGHQ�NXQQHQ�EHGUDJHQ�LQ�GH�JHOLMNULFKWHUUXLPWHV��'H�JHOLMNULFKWHUV�YDOOHQ�GDDUPHH�LQ�FDWHJRULH�,,,���+HW�LV�QRGLJ�RP��
• GH DSSDUDWXXU� WH� YHUYDQJHQ� YRRU� JHOLMNULFKWHUV� GLH� PLQGHU� KDUPRQLVFKH�ELMGUDJHQ� YHURRU]DNHQ�� ,Q� KHW� LGHDOH�� QLHW� UHDOLVWLVFKH�� JHYDO� ]HOIV� JHHQ��]RGDW�GH�DFWLHZDDUGHQ�KHOHPDDO�QLHW�ZRUGHQ�RYHUVFKUHGHQ��RI
• GH RPJHYLQJ�YDQ�GH�JHOLMNULFKWHUV�WH�YRRU]LHQ�YDQ�JHYDUHQERUGHQ��
• GH JHOLMNULFKWHUUXLPWH�DI�WH�VOXLWHQ�HQ�RQWRHJDQNHOLMN�WH�PDNHQ��HQ�
• GH RPJHYLQJ�YDQ�JHOLMNULFKWHUV�RQWRHJDQNHOLMN�WH�PDNHQ�YRRU�SHUVRQHHO����

������ ,QGXFWLHYHUZDUPLQJ��$SSDUDWXXU� YRRU� LQGXFWLHYHUZDUPLQJ� YDOW� LQ� FDWHJRULH�,,E�� YDQZHJH� GH� LQ� GH�OLWHUDWXXU�EHULFKWH�JHPHWHQ�RYHUVFKULMGLQJHQ�YDQ�GH�DFWLHZDDUGHQ�LQ�(8�ODQGHQ�HQ�KHW� LQ� HQNHOH� JHYDOOHQ� JHFRQVWDWHHUGH� JHEUHN� DDQ� DIVFKHUPLQJ�� ,Q� GH� EXXUW� YDQ�LQGXFWLHYHUZDUPLQJVDSSDUDWXXU�PHW�RSHQ�VSRHOHQ�HQ�LQ�GH�EXXUW�YDQ�LQGXFWLHRYHQV�ZRUGHQ� DFWLHZDDUGHQ� YRRU� KHW� PDJQHWLVFKH� YHOG� RYHUVFKUHGHQ�� 1DDVW� GH�XLWHHQORSHQGH� IUHTXHQWLHV� HQ� YHUPRJHQV� GLH� ZRUGHQ� WRHJHSDVW�� LV� RRN� GH�ZHUNZLM]H� YDQ� JURRW� EHODQJ��9DDN� KRHYHQ� RS� GH� SODDWVHQ�ZDDU� GH� DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ�JHHQ�ZHUNQHPHUV�DDQZH]LJ�WH�]LMQ��9RRU�KHW�EHSDOHQ�YDQ�GH�DIVWDQGHQ�ZDDUEXLWHQ�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ��LV�KHW��PHGH�GRRU�GH�GLYHUVLWHLW� LQ� DSSDUDWXXU�� PHHVWDO� QRGLJ� RP� �HHQYRXGLJH�� PHWLQJHQ� WH� GRHQ�� 'H�EORRWVWHOOLQJ� LV� YRRU� JURWH� VPHOWRYHQV� GRRUJDDQV� DDQ� (/)� ����+]�� PDJQHWLVFKH�YHOGHQ�� 'RRU� GH� YHUVFKHLGHQKHLG� NDQ� HU� ELM� DSSOLFDWLHV� YRRU� RSSHUYODNWH�YHUZDUPLQJ��RI�NOHLQHUH�RYHQV�RRN�EORRWVWHOOLQJ�DDQ�KRJHUH�IUHTXHQWLHV�WRW���0+]�SODDWVYLQGHQ���
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0HW� HHQYRXGLJ� XLWYRHUEDUH� PDDWUHJHOHQ� YDQ� DIVFKHUPLQJ� DDQ� GH� EURQ� YDQ�HOHNWULVFKH� HQ� HOHNWURPDJQHWLVFKH� YHOGHQ� ELM� QLHXZH� RI� JHUHQRYHHUGH� DSSDUDWXXU�HQ� GRRU� DIVWDQGVPDUNHULQJHQ� HQ� KHNNHQ� ELM� RXGHUH� DSSDUDWXXU� RS� EDVLV� YDQ�PHWLQJHQ�NDQ�GH�EORRWVWHOOLQJ�GRRUJDDQV�RQGHU�GH�DFWLHZDDUGHQ�ZRUGHQ�JHKRXGHQ��9RRU� LQGXFWLHRYHQV� LV� KHW� ZDDUVFKLMQOLMN� GDW� GRRU� GH� JHSURGXFHHUGH� ZDUPWH� GH�ZHUNQHPHU�XLW�]LFK]HOI�DIVWDQG�]DO�KRXGHQ��'H]H�UHGHQHULQJ�JHOGW�HFKWHU�QLHW�DOWLMG��ELMYRRUEHHOG� ZDQQHHU� HHQ� KLWWHZHUHQG� SDN� ZRUGW� JHGUDJHQ�� 2RN� EOLMNW� XLW�EHGULMIVEH]RHNHQ�GDW�GHXUHQ�HQ�NHWWLQJHQ�LQ�KHNNHQ�WHQ�RQUHFKWH�JHEUXLNW�NXQQHQ�ZRUGHQ�DOV�UHJXOLHUH�GRRUJDQJHQ���+HW� LV� DDQ� WH� UDGHQ�� QHW� DOV� ELM� GLsOHNWULVFKH� YHUZDUPLQJ�� EHVFKHUPHQGH�PDDWUHJHOHQ�RS�UXZZHJ�YLHU�YODNNHQ�WH�QHPHQ��
• JHSDVWH�RQGHUKRXGVSURFHGXUHV��GRRUJDDQV�JHHQ�SUDNWLMN���
• DIVFKHUPLQJ�YDQ�YHOGHQ��GRRUJDDQV�JHGHHOWHOLMN�XLWJHYRHUG���
• GLYHUVH�WHFKQLVFKH�PDDWUHJHOHQ��GRRUJDDQV�JHGHHOWHOLMN�SUDNWLMN���
• RUJDQLVDWRULVFK��GRRUJDDQV�DO�SUDNWLMN����*HSDVWH�RQGHUKRXGVSURFHGXUHV�EHVWDDQ�XLW��
• XLWVFKDNHOHQ� YDQ� KHW� DSSDUDDW�ZDQQHHU� HU� VFKRRQJHPDDNW� RI� JHUHSDUHHUG�ZRUGW��
• DOOHHQ�RSJHOHLGH�PHQVHQ�PHW�NHQQLV�YDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�DDQ�GH�DSSDUDWXXU�WH�ODWHQ�NRPHQ��
• HHQ� UHJHOPDWLJH�� ELM� YRRUNHXU� MDDUOLMNVH�� FRQWUROH� �JHHQ� SUDNWLMN�� RP� WH�EHNLMNHQ�RI��

R GH JHQHUDWRU�RS�KHW�JHVFKLNWH�YHUPRJHQ�VWDDW�DIJHVWHOG��
R GH JHOHLGHUV� YDQ�JHQHUDWRU�QDDU�GH� VSRHOHQ�JHHQ�EUHXNHQ�KHEEHQ�GLH�DOV�VHFXQGDLUH�EURQ�NXQQHQ�JDDQ�IXQFWLRQHUHQ��
R GH DIVFKHUPHQGH�SODWHQ�HQ�VFKHUPHQ�LQWDFW�HQ�DDQZH]LJ�]LMQ�
R GH KHNZHUNHQ�DDQZH]LJ��JHVORWHQ�HQ�LQWDFW�]LMQ��

• PHWLQJHQ�DDQ�KHW�EHJLQ�HQ�RS�UHJHOPDWLJH�LQWHUYDOOHQ�GRHQ��RP�WH�NLMNHQ�RI�DIVFKHUPLQJ�IXQFWLRQHHUW��
• VHFXQGDLUH�EURQQHQ�YRRUNRPHQ����2YHULJH�PDDWUHJHOHQ��
• HHQYRXGLJH�PHWLQJHQ�WH�YHUULFKWHQ�RP�WH�EHSDOHQ�ELQQHQ�ZHONH�]RQH�URQG�GH� EURQ� GH� YHOGVWHUNWHV� GH� DFWLHZDDUGHQ� RYHUVFKULMGHQ� �JHGHHOWHOLMN�SUDNWLMN���
• 7HFKQLVFKH�PDDWUHJHOHQ�DDQ�GH�EURQNDQW�]LMQ��

R ]RYHU� PRJHOLMN� DXWRPDWLVHUHQ� �JHGHHOWHOLMN� SUDNWLMN�� ELMYRRUEHHOG�ELM�YHUZDUPHQ�YDQ�EXL]HQ�HQ�VWULSYHUZDUPHUV���
R VSRHOHQ� DIVFKHUPHQ� RP� HOHNWULVFKH� YHOGHQ� WH� ZHUHQ� �GRRUJDDQV�SUDNWLMN�ELM�JHUHQRYHHUGH�HQ�QLHXZH�DSSDUDWXXU��QLHW�ELM�DSSDUDWXXU�YDQ�HQLJH�WLHQWDOOHQ�MDUHQ�RXG���
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R VSRHOHQ� GXVGDQLJ� ULFKWHQ� GDW� GH� ODDJVW�PRJHOLMNH� FRPSRQHQW�YDQ�KHW�PDJQHWLVFKH�YHOG�ZLMVW�ULFKWLQJ�YRRU�ZHUNQHPHUV�WRHJDQNHOLMNH�SODDWVHQ��JHGHHOWHOLMN�SUDNWLMN���
R DDQ��HQ�DIYRHUJHOHLGHUV�DIVFKHUPHQ��
R DDQ�� HQ� DIYRHUJHOHLGHUV� YDQ� VWURRP� ]R� GLFKW� PRJHOLMN� RS� HONDDU�OHJJHQ��ELM�NDEHOV�GH]H�WZLVWHQ��
R DDQ�� HQ� DIYRHUJHOHLGHUV� EXLWHQ� EHUHLN� YDQ� GH� ZHUNQHPHUV��ELMYRRUEHHOG�RS�HQLJH�PHWHUV�ERYHQ�KHW�KRRIG��RSKDQJHQ���

• 6FKHLGLQJ�PHQV�HQ�EURQ��
R I\VLHNH�EDUULqUHV�RSZHUSHQ�GLH�GH�DIVWDQG�WXVVHQ�GH�EHGLHQHU�HQ�GH�DSSDUDWXXU� YHUJURWHQ�� GRRU� ELMYRRUEHHOG� KHW� EHGLHQLQJVSDQHHO� RS�HHQ�DIVWDQG�RS�HHQ�YHUKRJLQJ�WH�SODDWVHQ��GRRUJDDQV�SUDNWLMN���
R KHNZHUNHQ� SODDWVHQ� URQG� GH� LQGXFWLHYHUZDUPHU�� YRRUDO� URQG� GH�VSRHOHQ��JHGHHOWHOLMN�SUDNWLMN���
R VLJQDOHULQJ�VERUGHQ�� SODDWVHQ� RP� DDQ� WH� JHYHQ� ZDW� GH� JHELHGHQ�PHW� PRJHOLMNH� RYHUVFKULMGLQJ� YDQ� GH� DFWLHZDDUGHQ� ]LMQ� �DO�SUDNWLMN���
R OLFKWVLJQDDO� JHEUXLNHQ� RP� DDQ� WH� JHYHQ� ZDQQHHU� GH� PDFKLQH� LQ�JHEUXLN� LV�� ]RGDW� DIVWDQG� NDQ� ZRUGHQ� JHKRXGHQ� �JHGHHOWHOLMN�SUDNWLMN����2UJDQLVDWRULVFKH�PDDWUHJHOHQ�]LMQ��

• YHUEOLMIVWLMG� EHSHUNHQ� GRRU� GH� ]HV�PLQXWHQUHJHO� �YRRU� IUHTXHQWLHV� ERYHQ�����N+]��DDQ�WH�KRXGHQ��
• DIVWDQG�KRXGHQ�YDQ�GH�DSSDUDWXXU��YRRU�GH�PHHVWH�ZHUN]DDPKHGHQ�KRHYHQ�ZHUNQHPHUV� QLHW� LQ� GH� EXXUW� YDQ� GH� LQGXFWLHYHUZDUPHUV� WH� NRPHQ��ORRSSDGHQ�QLHW�RQQRGLJ�ODQJV�LQGXFWLHYHUZDUPHUV�OHLGHQ��
• JHEUXLNV�� HQ� EHGLHQLQJVYRRUVFKULIWHQ� ELM� GH� DSSDUDWXXU� YRRUKDQGHQ�KHEEHQ���6PHOWRYHQV� ZDDUELM� WLMGHQV� KHW� SURFHV� KDQGPDWLJ� PDWHULDDO� PRHW� ZRUGHQ�WRHJHYRHJG�RI�ZDDUELM�PRHW�ZRUGHQ�JHPHWHQ�GRRU�HHQ�RSHQLQJ�LQ�GH�RYHQ�NXQQHQ�OHLGHQ�WRW�HHQ�EORRWVWHOOLQJ�YDQ�HQNHOH�PDOHQ�GH�DFWLHZDDUGHQ��HQ�YDOOHQ�GDDURP�LQ�FDWHJRULH�,,,�� 'H]H� VPHOWRYHQV� NXQQHQ� DOOHHQ� ZRUGHQ� JHEUXLNW� DOV� ZRUGW�DDQJHWRRQG� GDW� GH� JUHQVZDDUGHQ� QLHW� ZRUGHQ� RYHUVFKUHGHQ�� RI� DOV� KHW�SURGXFWLHSURFHV�JHDXWRPDWLVHHUG�ZRUGW���

������ /DVVHQ��(OHNWULVFK� KDQGPDWLJ� ODVVHQ� JHEHXUW� GRRU� PLGGHO� YDQ� JHOLMNVWURRP� HQ� YDQ�ZLVVHOVWURRP�HQ�PHW�HQLJH�KRQGHUGHQ�DPSqUHV��,Q�KHW�JHYDO�YDQ�ZLVVHOVWURRP��RI�
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JHOLMNVWURRP�PHW�DDQZH]LJKHLG�YDQ�KRJHUH�KDUPRQLVFKH�ELMGUDJHQ�LV�HU�GLUHFW�LQ�GH�EXXUW� YDQ� GH� NDEHO� GH�PRJHOLMNKHLG� YDQ� RYHUVFKULMGLQJ� YDQ� GH� DFWLHZDDUGHQ��'H�EORRWVWHOOLQJ�LV�YRRUDO�DDQ�PDJQHWLVFKH�YHOGHQ���%LM� ERRJODVVHQ� PHW� GH� KDQG� ]LMQ� HU� WZHH� SODDWVHQ� ZDDU� DFWLHZDDUGHQ� NXQQHQ�ZRUGHQ� RYHUVFKUHGHQ�� QDPHOLMN� GLFKW� ELM� GH� NDEHO� HQ� ELM� GH� HOHNWURGHKRXGHU��'H�HOHNWURGHKRXGHU� LV� LQ� FDWHJRULH�,,D� LQJHGHHOG�� RPGDW� GH� EORRWVWHOOLQJ� YRRU� KHW�FHQWUDDO� ]HQXZVWHOVHO� HHQYRXGLJ� WH� YRRUNRPHQ� LV�� 'H� VWURRPNDEHO� LV� LQ�FDWHJRULH�,,E�LQJHGHHOG��RPGDW�ELM�GH�JDQJEDUH�ZHUNZLM]H�GH�ODVNDEHO�YLD�GH�UXJ�HQ�QHN�RYHU�GH�VFKRXGHUV�ZRUGW�JHGUDJHQ�RP�KHW�JHZLFKW�YDQ�GH�DUP�WH�KRXGHQ��'RRU�GH�DUP�QLHW�WH�EHODVWHQ�NDQ�GH�KDQG�EHWHU�VWLO�JHKRXGHQ�ZRUGHQ�HQ�GXV�HHQ�EHWHUH�ODV�JHPDDNW�ZRUGHQ����1(1�(1����������JHHIW�DDQZLM]LQJHQ�RP�GH�YHOGVWHUNWH� WH�YHUPLQGHUHQ�PHW�KHW�RRJ� RS� GH�(0&�SUREOHPDWLHN� >��@��2RN� EDVLVQRUP�1(1�(1������������2QWZ��>��@�HQ�SURGXFWQRUP�1(1�(1������������2QWZ��>��@�JHYHQ�DDQZLM]LQJHQ���0DDWUHJHOHQ� OLJJHQ� YRRU� HHQ� EHODQJULMN� GHHO� ELM� GH� WH� YROJHQ� ZHUNZLM]H�� GH�EHODQJULMNVWH� UHJHO� GLH� QDJHOHHIG� GLHQW� WH� ZRUGHQ�� HQ� GRRUJDDQV� QRJ� QLHW� ZRUGW�JHYROJG�LQ�GH�SUDNWLMN��
• NDEHO�QRRLW�RYHU�GH�QHN��VFKRXGHUV�RI�GH�UXJ�ODWHQ�ORSHQ���7HFKQLVFKH�PDDWUHJHOHQ��
• ODVNDEHO�RSKDQJV\VWHHP�RI� �GUDJHU� JHEUXLNHQ�� ]RGDW� ODVVHU�JHHQ�EHKRHIWH�KHHIW�GH�NDEHO�RYHU�GH�VFKRXGHUV�WH�OHJJHQ�RP�KHW�JHZLFKW�WH�GUDJHQ��
• DIVFKHUPHQ� YDQ� GH� ODVNDEHO� PHW� JHDDUG� PHWDDO�� LQ� LHGHU� JHYDO� ELM�SHUPDQHQW�JHwQVWDOOHHUGH�DSSDUDWXXU��
• DIVFKHUPLQJ� YDQ� GH� ODVLQVWDOODWLH� HQ� GH� VWURRPEURQ� PHW� ELMYRRUEHHOG�ODVVFKHUPHQ��
• GLUHFWH�DDUGLQJ�RI�DDUGLQJ�YLD�HHQ�FDSDFLWHLW�YDQ�KHW�ZHUNVWXN��
• WZLVWHQ�YDQ�NDEHOV��RP�VLJQDDO�WH�PLQLPDOLVHUHQ��
• DDQ�� HQ� DIYRHUNDEHO� �ZHUNVWXNDDUGGUDDG�� RYHU� HHQ� ]R� JURRW� PRJHOLMNH�DIVWDQG�ODQJV�HONDDU�OHJJHQ��
• NDEHOV�]R�NRUW�PRJHOLMN�KRXGHQ�RP�GH�EORRWVWHOOLQJV]RQH�]R�NOHLQ�PRJHOLMN�WH�KRXGHQ��2UJDQLVDWRULVFKH�PDDWUHJHOHQ�]LMQ��
• DIVWDQG�DDQKRXGHQ�WXVVHQ�KHW�KRRIG�HQ�KHW�ODVZHUNVWXN��GXV�QLHW�GLFKW�RS�GH ODV�NLMNHQ��
• WLMGHOLMNH�DI]HWWHQ�YDQ�GH�]RQH�ZDDU�JHODVW�ZRUGW��
• DIVWDQG�WRW�GH�ODVNDEHO�DDQKRXGHQ��
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• DIVWDQG�DDQKRXGHQ�WRW�ODVJHQHUDWRUHQ��GXV�GH]H�RS�DIVWDQG�YDQ�GH�ZHUNSOHN�KRXGHQ��'H�PLQLPDOH�DIVWDQG� LV�PHW�EHKXOS�YDQ�HHQYRXGLJH� UHNHQUHJHOV� LQ� WH�VFKDWWHQ�HQ�]DO�GRRUJDDQV�QLHW�PHHU�GDQ����FP�EHGUDJHQ���9RRU� SXQW� ±HQ� LQGXFWLHODVVHQ�� GRRUJDDQV� KDOI�JHDXWRPDWLVHHUG� RI� PHW� YDVWH�DSSDUDWXXU��]LMQ�EORRWVWHOOLQJHQ�EHNHQG�YDQ�PHHUGHUH�PDOHQ�GH�DFWLHZDDUGHQ��'H]H�DSSDUDWXXU� LV� GDQ� RRN� LQJHGHHOG� LQ� FDWHJRULH�,,,�� 'H� HQLJH� PDQLHU� RP� GH]H�ODVWHFKQLHNHQ� WH� NXQQHQ� EOLMYHQ� JHEUXLNHQ�� LV� GRRU� ]H� GXVGDQLJ� WH� DXWRPDWLVHUHQ�GDW�HU�JHHQ�ZHUNQHPHUV�PHHU�QRGLJ�]LMQ�ELQQHQ�GH�EORRWVWHOOLQJV]RQH���$OV�YXLVWUHJHO�NDQ�ZRUGHQ�JHKDQWHHUG�GDW�DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ�DOV�GH� DIVWDQGHQ� WRW� GH�NDEHO�XLW�7DEHO���ZRUGHQ�DDQJHKRXGHQ��$OV�GH]H�DIVWDQG�QLHW� NDQ� ZRUGHQ� DDQJHKRXGHQ� GLHQW� yI� XLW� HHQ� PHWLQJ� WH� YROJHQ� GDW� GH�DFWLHZDDUGHQ� QLHW� ZRUGHQ� RYHUVFKUHGHQ� yI� XLW� HHQ� UHGHQHULQJ� WH� YROJHQ� GDW� GH�JUHQVZDDUGHQ� QLHW� ZRUGHQ� RYHUVFKUHGHQ�� ,Q� LHGHU� JHYDO� GLHQW� HUYRRU� WH� ZRUGHQ�JH]RUJG� GDW� GH� NDEHO� YHU� EOLMIW� YDQ� KRRIG� HQ� UXJJHQJUDDW� �NDEHO� QLHW� RYHU� GH�VFKRXGHU����
������ 0HGLVFKH�WRHSDVVLQJHQ��+HW�LV�DDQ�WH�UDGHQ�EHVFKHUPHQGH�PDDWUHJHOHQ�RS�UXZZHJ�GULH�YODNNHQ�WH�QHPHQ��

• DIVFKHUPLQJ�YDQ�YHOGHQ��GRRUJDDQV�JHGHHOWHOLMN�XLWJHYRHUG���
• GLYHUVH�WHFKQLVFKH�PDDWUHJHOHQ��GRRUJDDQV�JHGHHOWHOLMN�SUDNWLMN���
• RUJDQLVDWRULVFK��GRRUJDDQV�DO�SUDNWLMN����

05,��+HW�VFDQQHQ�PHW�05,�DSSDUDWXXU�YDOW�LQ�FDWHJRULH�,,E��(U�LV�]RZHO�VSUDNH�YDQ�]HHU�VWHUNH� VWDWLVFKH� PDJQHWLVFKH� YHOGHQ� YDQ� HQLJH� WHVOD¶V� DOV� YDQ� JUDGLsQW� HQ�UDGLRIUHTXHQWH� YHOGHQ��9RRU� HHQ� XLWJHEUHLG� RYHU]LFKW� YDQ�PRJHOLMNH�PDDWUHJHOHQ�ZRUGW�YHUZH]HQ�QDDU�(QYLURQPHQWDO�+HDOWK�&ULWHULD�YRO������YDQ�GH�:+2�HQ�HHQ�DUWLNHO�YDQ�.DQDO�HW�DO��>�������@��+HW�LV�UDDG]DDP�DOOH�RQGHUVWDDQGH�PDDWUHJHOHQ�RS WH�YROJHQ����7HFKQLVFKH�PDDWUHJHOHQ��
• EHSHUNLQJ� YDQ� GH� H[WHUQH� PDJQHWLVFKH� IOX[� GRRU� JHEUXLN� YDQ�IHUURPDJQHWLVFK�PDWHULDDO�YRRU�GH�PDJQHHWNHUQ�
• DIVFKHUPLQJ� YDQ� GH� PDJQHWLVFKH� YHOGHQ� YRRU� ]RYHU� PRJHOLMN� EXLWHQ� GH�05,��ELMYRRUEHHOG�GRRU�JHEUXLN�YDQ�HHQ�IHUURPDJQHWLVFKH�RPVOXLWLQJ�GLH�³IOX[OLMQHQ�LQVOXLW´��'LW�LV�GRRUJDDQV�HHQ�NRVWEDUH�PHWKRGH�GLH�QLHW�]RYHHO�EHVFKHUPLQJ� ELHGW� DOV� HHQ� GH� 05,�DSSDUDWXXU� RQGHU� WH� EUHQJHQ� LQ� HHQ�
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NDPHU� GLH� UXLP� JHQRHJ� LV� RP� HQNHOH� PHWHUV� DIVWDQG� WH� NXQQHQ� KRXGHQ���GRRUJDDQV�SUDNWLMN���
• DIVFKHUPLQJ�YDQ�GH�JHKHOH�NDPHU�RP�GH�YHUVSUHLGLQJ�YDQ�PDJQHWLVFKH�HQ�HOHNWURPDJQHWLVFKH�YHOGHQ�WH�EHSHUNHQ��YDDN�SUDNWLMN���
• EHGLHQLQJVSDQHHO� RS� HQNHOH� PHWHUV� YDQ� GH� VSRHOHQ� SODDWVHQ�� RSGDW� GH�EHGLHQHU� ]HNHU� RS� YROGRHQGH� DIVWDQG� YDQ� GH� DSSDUDWXXU� ]LW� �GRRUJDDQV�SUDNWLMN���
• OLFKWVLJQDDO�RP�DDQ�WH�JHYHQ�ZDQQHHU�05,�LQ�JHEUXLN�LV��
• ZDDUVFKXZLQJVERUG�RSKDQJHQ�RS� WRHJDQJVGHXU�GDW�ZLMVW�RS�KRJH�YHOGHQ��HQ� JHYDDU� YRRU� XLWYDOOHQ� YDQ� SDFHPDNHUV� HQ� YRRU� SURMHFWLHOZHUNLQJ��GRRUJDDQV�SUDNWLMN����
• PHWDDOGHWHFWLHSRRUW�SODDWVHQ�ELM�WRHJDQJVGHXUHQ�RP�SURMHFWLHOZHUNLQJ�YDQ�PHWDOHQ�YRRUZHUSHQ�WH�YRRUNRPHQ��GRRUJDDQV�SUDNWLMN����2UJDQLVDWRULVFKH�PDDWUHJHOHQ��
• DIVWDQG�YDQ�PLQLPDDO�HQNHOH�PHWHUV�DDQKRXGHQ��
• ZHUNQHPHUV� RSGDW� ]LM� JHQRHJ� LQIRUPDWLH�KHEEHQ�RP�KXQ�EORRWVWHOOLQJ� ]R�ODDJ�PRJHOLMN�WH�KRXGHQ��
• HHQ�PHGLVFK�GRVVLHU�YDQ�LHGHUH�ZHUNQHPHU�GLH�PHW�05,�ZHUNW��ELMKRXGHQ�ZDDULQ� YHUPHOG�ZRUGW�� ZHONH� WUDXPD�� SURFHGXUHV� RI� LQJUHSHQ� ]H� KHEEHQ�RQGHUJDDQ� ZDDUELM� HHQ� IHUURPDJQHWLVFKH� PHWDOHQ� YRRUZHUS� ]RX� NXQQHQ�]LMQ�JHSODDWVW� LQ�KXQ� OLFKDDP��HQ�ZHONH�JHYRHOLJKHGHQ�]H�NXQQHQ�KHEEHQ�YRRU�KHW�ZHUNHQ�LQ�PDJQHWLVFKH�YHOGHQ����05,� PHW� LQWHUYHQWLHZHUN]DDPKHGHQ� YDOW� LQ� FDWHJRULH�,,,�� 'DW� EHWHNHQW� GDW� PRHW�ZRUGHQ� JHFRQWUROHHUG� RI� GH� JUHQVZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ�� RI� GDW� HU� HHQ�PDQLHU� PRHW� ZRUGHQ� RQWZLNNHOG� RP� GH� EORRWVWHOOLQJ� WLMGHQV�LQWHUYHQWLHZHUN]DDPKHGHQ�RQGHU�GH�DFWLHZDDUGHQ�WH�KRXGHQ���

.RUWH�JROI��HQ�PLFURJROIGLDWKHUPLHDSSDUDWXXU��'LDWKHUPLH�DSSDUDWXXU� LV�]R�DIJHVWHOG�GDW�GH�YHOGHQ�RSWLPDDO�DDQNRSSHOHQ�RS�KHW�OLFKDDP�YDQ�GH�SDWLsQW��=H�]LMQ�EHGRHOG�RP�RS�WH�ZDUPHQ�HQ�GH�EORRWVWHOOLQJ�LV�GXV�DDQ�UDGLRIUHTXHQWH�YHOGHQ��'H]H�DSSOLFDWLHV�OLJJHQ�RS�GH�UDQG�YDQ�FDWHJRULH�,,D�HQ�,,E��'RRUJDDQV�]LMQ�RUJDQLVDWRULVFKH�PDDWUHJHOHQ�]RDOV�DIVWDQG�KRXGHQ��YROGRHQGH��'H]H�DIVWDQG�PRHW�GDQ�ZHO�ZRUGHQ�YDVWJHVWHOG�PHW�EHKXOS�YDQ�HHQ�PHWLQJ���7HFKQLVFKH�PDDWUHJHOHQ��
• DIVFKHUPHQ� YDQ� HOHNWURGHQ�� WRHYRHUGUDGHQ� HQ� DDQVOXLWLQJHQ� RPGDW� GDDU�VWURRLYHOGHQ�RQWVWDDQ�GLH�RSWLPDDO�NXQQHQ�LQNRSSHOHQ�RS�GH�EHGLHQHU���
• YHUZLMGHUHQ� YDQ� �JURWH�� PHWDOHQ� YRRUZHUSHQ� XLW� GH� NDPHU� ZDDU� GH��PLFURJROI�GLDWKHUPLH�DSSDUDWXXU�VWDDW�RSJHVWHOG�RP�UHIOHFWLHV�YDQ�YHOGHQ�WH�YRRUNRPHQ��
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2UJDQLVDWRULVFKH�PDDWUHJHOHQ��
• DIVWDQG� YDQ� WHQPLQVWH� ��PHWHU� DDQKRXGHQ� �LQ� GH� SUDNWLMN� GRRUJDDQV� QLHW�ZHUNEDDU��� XLW� HHQ� HHQYRXGLJH� PHWLQJ� NDQ� EOLMNHQ� GDW� HHQ� DIVWDQG� YDQ�HQNHOH� WLHQWDOOHQ� FHQWLPHWHUV�� GXV� HHQ� DUPOHQJWH�� JHQRHJ� LV� �GDW� LV� ZHO�ZHUNEDDU���DQGHUV�PRHW�LQ�LHGHU�JHYDO�GH�YHUEOLMIVWLMG�EHSHUNW�ZRUGHQ��
• YHUEOLMIVWLMG�EHSHUNHQ�GRRU�GH�]HV�PLQXWHQUHJHO�DDQ�WH�KRXGHQ���9RRU�PLFURJROIGLDWKHUPLH�JHOGW�GDW�HHQ�DIVWDQG�YDQ���PHWHU�DDQKRXGHQ�YROGRHQGH�LV�� HQ� GDW� RS� GH� SOHN� YDQ� GH� EHGLHQHU� GDDUGRRU� GH� DFWLHZDDUGHQ� DO� QLHW� PHHU�RYHUVFKUHGHQ�ZRUGHQ���

'LHSH�K\SHUWKHUPLH��2S�WZHH�ORFDWLHV�LQ�1HGHUODQG�ZRUGW�GLHSH�K\SHUWKHUPLH�WRHJHSDVW��,Q�EHLGH�JHYDO�OHQ�]LMQ�PHWLQJHQ�JHGDDQ����2UJDQLVDWRULVFKH�PDDWUHJHOHQ�]LMQ�KLHU�YROGRHQGH��
• DIVWDQG�YDQ�WHQPLQVWH���PHWHU�DDQKRXGHQ��
• YHUEOLMIVWLMG�EHSHUNHQ�GRRU�GH�]HV�PLQXWHQUHJHO�DDQ�WH�KRXGHQ���

(OHNWURFKLUXUJLH��'H]H�KDQGHOLQJ�KHHIW�RYHUHHQNRPVWHQ�PHW�GLsOHNWULVFKH�DSSDUDWXXU�HQ�ODVVHQ��%LM�HOHNWURFKLUXUJLH� LV� HFKWHU� VSUDNH� YDQ� IUHTXHQWLHV� YDQ� WLHQWDOOHQ� NLORKHUW]� WRW�WLHQWDOOHQ� PHJDKHUW]� HQ� ]DO� GH� EORRWVWHOOLQJ� YRRUQDPHOLMN� DDQ� UDGLRIUHTXHQWH�YHOGHQ� ]LMQ�� 7RFK� PRHW� HU� GDDUQDDVW� UHNHQLQJ� JHKRXGHQ� ZRUGHQ� PHW� GH�PRJHOLMNKHLG�YDQ�KRJH�VWURRPGLFKWKHGHQ�GRRU�HHQ�ORNDDO�PDJQHWLVFK�YHOG����0DDWUHJHOHQ� OLJJHQ� YRRU� HHQ� EHODQJULMN� GHHO� RS� KHW� RUJDQLVDWRULVFKH� YODN�� (HQ�EHODQJULMNH� UHJHO�� QHW�DOV�ELM� ODVVHQ��GLH�QDJHOHHIG�GLHQW� WH�ZRUGHQ��HQ�GRRUJDDQV�QRJ�QLHW�ZRUGW�JHYROJG�LQ�GH�SUDNWLMN��
• .DEHO�QRRLW�RYHU�GH�QHN��VFKRXGHUV�RI�GH�UXJ�ODWHQ�ORSHQ���7HFKQLVFKH�PDDWUHJHOHQ��
• NDEHO�RSKDQJV\VWHHP� RI� �GUDJHU� JHEUXLNHQ�� ]RGDW� FKLUXUJ� JHHQ� EHKRHIWH�KHHIW�GH�NDEHO�ODQJV�KHW�OLFKDDP�WH�JHOHLGHQ��JHHQ�SUDNWLMN���
• DIVFKHUPHQ�YDQ�GH�WUDQVPLVVLHNDEHO�PHW�JHDDUG�PHWDDO�� LQ�LHGHU�JHYDO�ELM�SHUPDQHQW� JHwQVWDOOHHUGH� DSSDUDWXXU�� HHQ� FRD[NDEHO�KHHIW� KHW� JHYDDU�YDQ�OHNVWURPHQ�ELM�GH�KDQG�YDQ�GH�FKLUXUJ��JHGHHOWHOLMN�SUDNWLMN���
• NDEHOV�]R�NRUW�PRJHOLMN�KRXGHQ�RP�GH�EORRWVWHOOLQJV]RQH�]R�NOHLQ�PRJHOLMN�WH�KRXGHQ��
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2UJDQLVDWRULVFKH�PDDWUHJHOHQ�]LMQ��
• YHUEOLMIVWLMG� EHSHUNHQ� GRRU� GH� ]HV�PLQXWHQUHJHO� DDQ� WH� KRXGHQ�� GXV� GH�FKLUXUJLVFKH� DSSDUDWXXU� QLHW� DDQHHQJHVORWHQ� DDQ� WH� KHEEHQ� VWDDQ��JHGHHOWHOLMN�SUDNWLMN���
• DIVWDQG�WRW�GH�WUDQVPLVVLHNDEHO�DDQKRXGHQ��
• DIVWDQG�DDQKRXGHQ�WRW�UDGLRIUHTXHQWH�JHQHUDWRUHQ��GXV�GH]H�RS�DIVWDQG�YDQ�GH ZHUNSOHN�KRXGHQ���

������ 0LFURJROIGURJHQ��'H� HQLJH� SUDNWLVFKH� WRHSDVVLQJ� PHW� HHQ� µRSHQ� PDJQHWURQ¶� LQ� 1HGHUODQG� LV� GH�EHVWULMGLQJ� YDQ� GH� ERQWH� NQDDJNHYHU� LQ� KRXW�� 'DDUQDDVW� ]LMQ� HU� H[RWLVFKH�� QRJ�H[SHULPHQWHOH�WRHSDVVLQJHQ�YRRU�KHW�RQVPHWWHQ�YDQ�ELMYRRUEHHOG�JURQG����7HFKQLVFKH�PDDWUHJHOHQ��
• DIVFKHUPLQJ� YDQ� GH� PDJQHWURQ�� ]RGDW� PDDU� QDDU� ppQ� NDQW� JHVWUDDOG� NDQ�ZRUGHQ�HQ�QLHW�QDDU�DFKWHUHQ��
• LQWHUORFN� VFKDNHODDUV� WRHSDVVHQ� ]RGDW� ELM� KHW� ZHJQHPHQ� YDQ� GH�EHVFKHUPLQJ�� RI� DOV� GH� EURQ� YHUNHHUG� JHULFKW� VWDDW�� ELM� JURQG� QLHW� QDDU�EHQHGHQ��GH�EURQ�QLHW�DDQJH]HW�NDQ�ZRUGHQ��
• OLFKWVLJQDDO�DDQEUHQJHQ�RP�DDQ�WH�JHYHQ�ZDQQHHU�GH�EURQ�DDQ�VWDDW��
• JHYDUHQERUG�SODDWVHQ���'DDUQDDVW� LV�GH�EHODQJULMNVWH�RUJDQLVDWRULVFKH�PDDWUHJHO�RP�GH�ZHUNQHPHUV�HURS�WH�ZLM]HQ�ZHONH�DIVWDQG�]H�PLQLPDDO�PRHWHQ�DDQKRXGHQ��HQ�GDW�]H�]LFK�QLHW�LQ�GH�EXQGHO�PRJHQ�EHYLQGHQ����

������� 2QGHU]RHNVWRHSDVVLQJHQ��'H�DSSDUDWXXU�GLH�LQ�RQGHU]RHNV��HQ�RQGHUZLMVLQVWHOOLQJHQ�ZRUGW�WRHJHSDVW��LV�]HHU�GLYHUV��2YHU�KHW�DOJHPHHQ�NDQ�ZRUGHQ�JHVWHOG�GDW�DOOH�DSSDUDWXXU�GLH�LQ�GH�DQGHUH�DSSDUDWXXUJURHSHQ� LV� RSJHVRPG� RRN� LQ� GH]H� LQVWHOOLQJHQ� NDQ� YRRUNRPHQ�� 'DW�EHWHNHQW�GDW�PHQ�LQ�HHUVWH�LQVWDQWLH�JHEUXLN�NDQ�PDNHQ�YDQ�GH�PDDWUHJHOV�XLW�GLH�DSSDUDWXXUJURHSHQ���'H]H� ZHUNRPJHYLQJ� KHHIW� YRRUDO� RYHUHHQNRPVWHQ� PHW� ,QVWDOODWLH� HQ� RQGHUKRXG��KHW�OLJW�GXV�YRRU�GH�KDQG�GH�PDDWUHJHOHQ�YRRU�GH]H�JURHS�RRN�KLHU�WH�KDQWHUHQ���



����YDQ����� �
�

������� 9HUYRHU�HQ�WUDFWLHV\VWHPHQ��+HW�UDLOYHUYRHU�LQ�1HGHUODQG�ZHUNW�YRRU�KHW�JURRWVWH�GHHO�RS�JHOLMNVWURRPYRHGLQJ��'H�KRJH�VQHOKHLGVOLMQHQ�GLH�PRPHQWHHO�ZRUGHQ�DDQJHOHJG��JDDQ�RS�ZLVVHOVWURRP�����+]��ZHUNHQ��'H�DUEHLGVVLWXDWLHV�ZDDULQ�GH�KRRJVWH�YHOGHQ�ZRUGHQ�YHUZDFKW��]LMQ�ELM�KHW�VFKRXZHQ�YDQ�GH�ERYHQOHLGLQJ��EORRWVWHOOLQJ�YDQ�KHW�KRRIG��HQ�ORSHQ�RYHU� VSRRUVWDYHQ� �EORRWVWHOOLQJ� YDQ� GH� YRHWHQ��� +HW� YROVWDDW� RP� DOV�RUJDQLVDWRULVFKH� PDDWUHJHO� HHQ� DIVWDQG� YDQ� PHHU� GDQ� ��� FP� DIVWDQG� YDQ� GH�EHGUDGLQJ�HQ�GH�VSRRUVWDYHQ�DDQ�WH�KRXGHQ���
������� =HQGLQVWDOODWLHV��
$OJHPHQH�PDDWUHJHOHQ�YRRU�]HQGLQVWDOODWLHV��$OJHPHQH� PDDWUHJHOHQ� YRRU� KHW� EHKHHU� YDQ� ]HQGHUV� NXQQHQ� RS� GH� YROJHQGH�YODNNHQ�ZRUGHQ�JHQRPHQ��

• VSHFLILHNH�WUDLQLQJ��
• PDDWUHJHOHQ�YRRU�RQGHUKRXGVVLWXDWLHV�DDQ�]HQGHUV���
• WHFKQLVFKH�PDDWUHJHOHQ�DDQ�GH�EURQNDQW��
• WHFKQLVFKH�PDDWUHJHOHQ�DDQ�GH�PHQVNDQW��
• RUJDQLVDWRULVFKH�PDDWUHJHOHQ��
• SHUVRRQOLMNH�EHVFKHUPLQJVPDDWUHJHOHQ��+HW�LV�UDDG]DDP�DO�GH]H�PDDWUHJHOHQ�WH�QHPHQ����7UDLQLQJ��
• WUDLQLQJ� YDQ� SHUVRQHHO� YRRU� GH� MXLVWH� WHFKQLVFKH� DFKWHUJURQGNHQQLV� RYHU�HOHNWURPDJQHWLVFKH� VWUDOLQJ� HQ�EHVFKHUPLQJVPRJHOLMNKHGHQ� �GRRUJDDQV�DO�SUDNWLMN�� RSGDW� ]H� ]HQGHUV� JRHG� KHUNHQQHQ� HQ� ]HOI� �HHQYRXGLJ�� NXQQHQ�PHWHQ�HQ�EHUHNHQHQ�ZDW�GH�YHOGVWHUNWH�LV���,QVWDOODWLH�HQ�2QGHUKRXG��
• ]LH�GH�PDDWUHJHOHQ�YRRU�GH�ZHUNRPJHYLQJ�,QVWDOODWLH�HQ�2QGHUKRXG���7HFKQLVFKH�PDDWUHJHOHQ�DDQ�GH�EURQNDQW��JHGHHOWHOLMN�SUDNWLMN���
• ]LMOREEHQ�]RYHHO�PRJHOLMN�YRRUNRPHQ�GRRU�JHVFKLNW�DQWHQQHW\SH�WH�NLH]HQ��
• DQWHQQHEXQGHO�QDXZNHXULJ�ULFKWHQ��
• RS YHUKRJLQJ�SODDWVHQ��]RGDW�]H�QLHW�SHU�RQJHOXN�EHQDGHUG�NXQQHQ�ZRUGHQ�HQ�]RGDW�GH�KRRIGEXQGHO�RYHU�GH�KRRIGHQ�ORRSW��
• YHUPRJHQ� PLQLPDOLVHUHQ� YRRU� KHW� EHRRJGH� EHUHLN�� GXV� QLHW� PD[LPDDO�PRJHOLMNH��
• ODEHOOHQ�YDQ�DQWHQQH�LQVWDOODWLHV�PHW��JHGHHOWHOLMN�SUDNWLMN���

R QDDP�YDQ�EHKHHUGHU��
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R WHOHIRRQQXPPHU�YDQ�EHKHHUGHU��
R LQSXW�YHUPRJHQ�HQ�(53�YHUPRJHQ��
R ]HQGIUHTXHQWLH��
R WHNHQLQJ�YDQ�]RQH�ZDDUELQQHQ�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ���7HFKQLVFKH�PDDWUHJHOHQ�DDQ�GH�PHQVNDQW��VFKHLGHQ�PHQV�HQ�EURQ���

• KHNZHUN� SODDWVHQ� �URQG� RPURHS]HQGHUV� HQ� UDGDUV� GRRUJDDQV� DO� SUDNWLMN���HYHQWXHHO�YRRU]LHQ�YDQ�HHQ� LQWHUORFN�VFKDNHODDU�ZDDUPHH�KHW�RQPRJHOLMN�LV�GH�]HQGHUV�WH�EHQDGHUHQ�ELM�LQ�EHGULMI�]LMQ��
• YHUIPDUNHULQJ� JHEUXLNHQ� RP� ]RQHV� ZDDU� GH� DFWLHZDDUGHQ� ZRUGHQ�RYHUVFKUHGHQ�DDQ�WH�JHYHQ��JHGHHOWHOLMN�SUDNWLMN�URQG�UDGDUV���
• ZDDUVFKXZLQJVERUG�SODDWVHQ��JHGHHOWHOLMN�SUDNWLMN��PDDU�ODQJ�QLHW�RYHUDO���2UJDQLVDWRULVFKH�PDDWUHJHOHQ��
• DIVWDQG� KRXGHQ� YDQ� DQWHQQHV�� FRQWUROHHU� RS� KHW� $QWHQQHUHJLVWHU��ZZZ�DQWHQQHUHJLVWHU�QO�� RI� ZHONH� ]HQGHUV� LQ� GH� EXXUW� VWDDQ� YDQ� GH�ZHUN]DDPKHGHQ��HQ�ZDW�GH�NHQPHUNHQ�YDQ�GH�]HQGHUV�]LMQ��]RDOV�GH�]RQH�ZDDUELQQHQ�GH�DFWLHZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ��
• LQWHQVLWHLW� ODWHQ� YHUPLQGHUHQ�� YUDDJ� HYHQWXHHO� DDQ� RP� GH� DQWHQQH� RS�PLQGHU�YHUPRJHQ�WH�ODWHQ�ZHUNHQ�RI�XLW�WH�VFKDNHOHQ��
• EORRWVWHOOLQJVGXXU�EHSHUNHQ��]RGDW�QD�WRHSDVVLQJ�YDQ�GH�]HV�PLQXWHQUHJHO�GH DFWLHZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ��GLW�NDQ�GRRU� VQHO� WH�SDVVHUHQ�GRRU� YHOGHQ� PHW� HHQ� YHOGVWHUNWH� ERYHQ� GH� DFWLHZDDUGHQ� ]RDOV� ELM�EHNOLPPLQJ�YDQ�HHQ�PDVW�PHW�PHHUGHUH�]HQGHQGH�HOHPHQWHQ��GLW�YHUJW�ZHO�QDXZNHXULJH�EHUHNHQLQJ��
• VFKULIWHOLMNH�DDQPHOGLQJ�HQ�WRHVWHPPLQJ�RP�DDQ�HHQ�]HQGHU�WH�ZHUNHQ�RI�ELQQHQ� HHQ� DI]HWWLQJ� WH� NRPHQ�� �GRRUJDDQV� SUDNWLMN� ELM� JURWH�]HQGLQVWDOODWLHV�RS�PDVWHQ�HQ�WRUHQV�>���@����3HUVRRQOLMNH�EHVFKHUPLQJVPLGGHOHQ��
• 5)�ZHUHQG�SDN�GUDJHQ��DOOHHQ�DOV�DQGHUH�PDDWUHJHOHQ�QLHW�YROGRHQGH�]LMQ���
• 5)�GRVLPHWHU� RI� YHOGVWHUNWHPHWHU� GUDJHQ� YRRU� KHW� PRJHOLMN� PDNHQ� YDQ�WRHSDVVLQJ�YDQ�GH�]HV�PLQXWHQUHJHO���

(QNHOH�VSHFLILHNH�PDDWUHJHOHQ�HQ�YXLVWUHJHOV��9RRU�://�V\VWHPHQ�NDQ�DOV�YXLVWUHJHO�HHQ�DIVWDQG�YDQ���P�WRW�GH�DQWHQQH�ZRUGHQ�DDQJHKRXGHQ��+HW�LV�YDQ�EHODQJ�GDW�ZHUNQHPHUV�GH�GLYHUVH�DQWHQQHV\VWHPHQ�OHUHQ�KHUNHQQHQ�HQ�GDQ�YRRUDO�GH�ZHUNQHPHUV�GLH�QLHW�DDQ�GH�DQWHQQHV�]HOI�ZHUNHQ���9RRU�GH�NOHLQH�VWUDDO]HQGHUV�PHW�HHQ�LQSXW�YHUPRJHQ�YDQ���:�RS�DQWHQQHPDVWHQ�JHOGW� GDW� GH� DFWLHZDDUGHQ� QLHW� ZRUGHQ� RYHUVFKUHGHQ� RS� RQJHYHHU� ��P� DIVWDQG��2PGDW�HU�RRN�VWUDDO]HQGHUV�]LMQ�PHW�KRJHUH�YHUPRJHQV�ZDDUYRRU�GH]H�DIVWDQG�QLHW�
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JHOGW��LV�KHW�EHWHU�RP�DOV�YXLVWUHJHO�WH�KDQWHUHQ�RP�EXLWHQ�GH�EXQGHO�WH�EOLMYHQ�GRRU�QLHW�YRRU�GH�VFKRWHO�WH�JDDQ�VWDDQ���
7(75$�]HQGHUV� LQ� PDVWHQ� YDOOHQ� LQ� FDWHJRULH�,,E�� :HUNQHPHUV� ZRUGHQ� DOOHHQ�EORRWJHVWHOG�ERYHQ�GH�DFWLHZDDUGHQ�ZDQQHHU�]H�LQ�GH�PDVW�NOLPPHQ��,Q�GDW�JHYDO�PRHWHQ�RI�GH�]HQGHUV�ZRUGHQ�XLWJH]HW��RI�HHQ�UDGLRIUHTXHQWZHUHQG�SDN�JHGUDJHQ�ZRUGHQ��RI�GH�EORRWVWHOOLQJ�GRRU�GH�WLMGVPLGGHOLQJ�RQGHU�GH�JUHQVZDDUGHQ�EOLMYHQ���*URWH� RPURHS]HQGHUV� YDOOHQ� LQ� FDWHJRULH�,,,�� +HW� LV� ]HNHU� GDW� GH� DFWLHZDDUGHQ�RYHUVFKUHGHQ� ZRUGHQ�� 'RRUJDDQV� NXQQHQ� HU� JHHQ� HHQYRXGLJH� PDDWUHJHOHQ�JHQRPHQ�ZRUGHQ��(YHQWXHOH�PRJHOLMNKHGHQ�]LMQ�KHW�DDQEUHQJHQ�YDQ�HHQ�NRRL�YDQ�)DUDGD\� ]RGDW� ]HQGHUV� JHSDVVHHUG� NXQQHQ� ZRUGHQ�� ,Q� HHQ� ]HQGPDVW� NDQ� GLW�ELMYRRUEHHOG� GRRU� KHW� DDQOHJJHQ� YDQ� HHQ� OLIWNRRL� GLH� RQGRRUGULQJEDDU� LV� YRRU�UDGLRIUHTXHQWH�YHOGHQ����.OHLQH� RPURHS]HQGHUV�� ORNDOH� HQ� UHJLRQDOH� )0�]HQGHUV� GLH� RS� JHERXZHQ� VWDDQ��YDOOHQ�GRRU�KXQ�HHQYRXGLJH�YRRUNRPHQ�PRJHOLMN�QLHW�RS�YRRU�GDNZHUNHUV��'DDUELM�]LMQ�GH]H�]HQGHUV�RRN�QRJ�QLHW�RSJHQRPHQ�RS�GH�ZHEVLWH�YDQ�KHW�$QWHQQHUHJLVWHU��'H]H� YDOOHQ� LQ� FDWHJRULH�,,E�� (U� PRHWHQ� QDPHOLMN� EHKHHUVPDDWUHJHOHQ� JHQRPHQ�ZRUGHQ�RP�GH�KHUNHQEDDUKHLG�WH�YHUJURWHQ���2YHULJH�UDGDUV�YDOOHQ�LQ�FDWHJRULH�,,E��'RRU�GH�KRJH�YHUPRJHQV�LV�KHW�PRJHOLMN�GDW�ELM� YDVWH� UDGDUV� LQ� GH� KRRIGEXQGHO� RS� KRQGHUGHQ� PHWHUV� GH� DFWLHZDDUGHQ�RYHUVFKUHGHQ� ZRUGHQ�� +RHZHO� ELM� URWHUHQGH� UDGDUV� GRRU� GH� GXW\� F\FOH� GH�JHPLGGHOGH�EORRWVWHOOLQJ�DIQHHPW�PHW�HQNHOH�KRQGHUGHQ�RI�GXL]HQGHQ�PDOHQ��LV�KHW�QRRG]DNHOLMN� RP� ELM� LHGHUH� UDGDU� YDVW� WH� VWHOOHQ� GRRU� PLGGHO� YDQ� PHWLQJHQ� RI�EHUHNHQLQJHQ�EXLWHQ�ZHONH�]RQH�ZHUNQHPHUV�]LFK�GLHQHQ�RS�WH�KRXGHQ��'H]H�]RQH�NDQ� GDQ� ELMYRRUEHHOG�ZRUGHQ� DIJH]HW� RI� RS� GH� JURQG�ZRUGHQ� DDQJHJHYHQ��'H]H�SUDNWLMN�ZRUGW�GRRU�GH�1HGHUODQGVH�PDULQH�DO�WRHJHSDVW�RS�ELMYRRUEHHOG�VFKHSHQ���
������� 2YHULJH�ZHUNRPJHYLQJHQ��:HUNRPJHYLQJHQ�HQ�DSSDUDWXXU�GLH�KLHU�QLHW�H[SOLFLHW�JHQRHPG�ZRUGHQ��PRHWHQ�LQ�GH� HHUVWH� LQVWDQWLH� ZRUGHQ� LQJHGHHOG� LQ� FDWHJRULH�,,�� 'DW� EHWHNHQW� GDW� WRW� GH�LQGHOLQJ�GHILQLWLHI� LV��RI�HU� VSHFLILHNH�PDDWUHJHOHQ�]LMQ�RSJHVWHOG�YRRU�GH�QLHXZH�ZHUNRPJHYLQJ��WHQPLQVWH�GH�$OJHPHQH�PDDWUHJHOHQ�YDQ�WRHSDVVLQJ�]LMQ���9RRU� QLHW�GHVWUXFWLHI� PDJQHWLVFK� RQGHU]RHN� NDQ� ZRUGHQ� JHGDFKW� DDQ� WHFKQLVFKH�PDDWUHJHOHQ��]RDOV�KHW�YHUPLQGHUHQ�YDQ�GH�VWURRP�HQ�KHW�FRQWUROHUHQ�PHW�EHKXOS�YDQ� PHWLQJHQ� HQ� DDQ� RUJDQLVDWRULVFKH� PDDWUHJHOHQ�� ]RDOV� KHW� KRXGHQ� YDQ�YROGRHQGH�DIVWDQG�WXVVHQ�DSSDUDWXXU�HQ�KRRIG�HQ�URPS�YDQ�GH�ZHUNQHPHU��
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� %HGULMIVHIIHFWHQ�
�'H�PLQLVWHULHV�YDQ�(FRQRPLVFKH�=DNHQ��-XVWLWLH�HQ�9RONVKXLVYHVWLQJ��5XLPWHOLMNH�2UGHQLQJ� HQ� 0LOLHX� KHEEHQ� KXOSPLGGHOHQ� RQWZLNNHOG� RP� GH� HIIHFWHQ� YDQ�YRRUJHQRPHQ� UHJHOJHYLQJ� WH� EHRRUGHOHQ� >���@�� 9DQ� GH]H� KXOSPLGGHOHQ� LV� GH�+DQGOHLGLQJ� EHGULMIVHIIHFWHQWRHWV� XLW� DSULO� ����� �%(7�� JHEUXLNW�� 2PGDW� KHW� GH�LPSOHPHQWDWLH� YDQ� HHQ� (XURSHVH� ULFKWOLMQ� EHWUHIW�� NDQ� GH� TXLFN� VFDQ� ZRUGHQ�RYHUJHVODJHQ�� µ%HGULMIVHIIHFWHQ� JHYHQ� GH� EHRRJGH� HQ� QLHW� EHRRJGH� JHYROJHQ� YDQ�UHJHOJHYLQJ�YRRU�KHW�EHGULMIVOHYHQ�ZHHU�� ]RDOV�PDUNWZHUNLQJVHIIHFWHQ�HQ�VRFLDDO�HFRQRPLVFKH�JHYROJHQ�¶��DOGXV�GH�+DQGOHLGLQJ���'H�JHYROJHQ�YDQ�GH�LPSOHPHQWDWLH�YDQ�GH�ULFKWOLMQ�ZRUGHQ�KLHU�VDPHQJHYDW��,Q�GH�HHUVWH�SODDWV�ULFKW�GLW�KRRIGVWXN�]LFK�RS�GH�EHRRUGHOLQJ�YDQ�ZHUNRPJHYLQJHQ�PHW�EHWUHNNLQJ� WRW� GH� EORRWVWHOOLQJ� YDQ� GH� ZHUNQHPHU�� 2RN� GLHQW� GH� ZHUNJHYHU� GH�ZHUNQHPHU�V�� YRRU� WH� OLFKWHQ�� 0HW� GH� ZHUNRPJHYLQJ� ZRUGW� LQ� GLW� UDSSRUW� GH�FRPELQDWLH�EHGRHOG�YDQ�GH�DSSDUDWXXU�RS�GH�ZHUNSOHN�GLH�GH�HOHNWURPDJQHWLVFKH�YHOGHQ� YHURRU]DDNW� HQ� GH� WRHSDVVLQJ� HUYDQ�� ,Q� GH� WZHHGH� SODDWV� ZRUGW� PHW� GH�LPSOHPHQWDWLH� EHRRJG� GDW� EHKHHUVPDDWUHJHOHQ� JHQRPHQ� ZRUGHQ� RP� HUYRRU� WH�]RUJHQ�GDW�JUHQVZDDUGHQ�QLHW�PHHU�ZRUGHQ�RYHUVFKUHGHQ��,Q�GH�GHUGH�SODDWV�GLHQHQ�HU� YRRU]LHQLQJHQ� WH� ZRUGHQ� JHWURIIHQ� RP� ZHUNQHPHUV� GLH� HHQ� ELM]RQGHU� ULVLFR�ORSHQ�WH�EHVFKHUPHQ�HQ�RP�RYHULJH�HIIHFWHQ�WH�YRRUNRPHQ���'H� %HGULMIVHIIHFWHQWRHWV� EHVWDDW� XLW� HHQ� YUDJHQOLMVW� PHW� DFKW� YUDJHQ�� GLH� LQ� GH�KLHUQDYROJHQGH�SDUDJUDIHQ�ZRUGHQ�EHDQWZRRUG��'H�QDGUXN�OLJW�ELM�GH�EHGULMIVHIIHF�WHQ� RS� GH� WH� PDNHQ� NRVWHQ�� 'DDUQDDVW� ZRUGW� RRN� LQJHJDDQ� RS� DQGHUH� EHGULMIV�HIIHFWHQ��]RDOV�EDWHQ��GUDDJNUDFKW��FRQFXUUHQWLH�PHW�KHW�EXLWHQODQG��PDUNWZHUNLQJ�HQ� VRFLDDO�HFRQRPLVFKH� HIIHFWHQ�� 'H� NRVWHQ� KHEEHQ� EHWUHNNLQJ� RS� KHW� YHUVFKLO�WXVVHQ�GH�KXLGLJH�HQ�GH�WRHNRPVWLJH�VLWXDWLH���(U�]LMQ�WZHH�NRVWHQSRVWHQ�RQGHUVFKHLGHQ��QDPHOLMN�GH�DGPLQLVWUDWLHYH�ODVWHQ�HQ�GH�NRVWHQ� YDQ� EHKHHUVPDDWUHJHOHQ�� 7RW� GH� DGPLQLVWUDWLHYH� ODVWHQ� EHKRUHQ� GH� NRVWHQ�YDQ�GH� LQYHQWDULVDWLH�YDQ�EORRWVWHOOLQJVQLYHDXV��LQFO��PHWHQ�HQ�RI�UHNHQHQ��HQ�KHW�YRRUOLFKWHQ�YDQ�GH�ZHUNQHPHUV���
���� 6RRUW�HQ�DDQWDO�EHGULMYHQ��
9UDDJ��� 9RRU�ZHONH�FDWHJRULHsQ�EHGULMYHQ�KHHIW�GH�RQWZHUS�UHJHOJHYLQJ�

PRJHOLMN�EHGULMIVHIIHFWHQ"�
9UDDJ��� +RHYHHO�EHGULMYHQ�ZRUGHQ�GDDGZHUNHOLMN�PHW�GH�RQWZHUS�UHJHOJHYLQJ�

JHFRQIURQWHHUG"��,Q�KHW�YRRUOLJJHQGH�UDSSRUW�]LMQ�ZHUNRPJHYLQJHQ�RSJHVRPG�ZDDU�RYHUVFKULMGLQJHQ�YDQ� DFWLHZDDUGHQ� HQ�RI� JUHQVZDDUGHQ� NXQQHQ� RSWUHGHQ�� 'H]H� ZHUNRPJHYLQJHQ�



����YDQ����� �
�

]LMQ� LQJHGHHOG� LQ� GH� FDWHJRULHsQ� ,�� ,,D�� ,,E� HQ� ,,,�� QDDU� JHODQJ� GH� PRJHOLMNH�RYHUVFKULMGLQJ�YDQ�DFWLHZDDUGHQ�RI�JUHQVZDDUGHQ��]LH�3DUDJUDDI�������+HW� RYHUJURWH� GHHO� YDQ� GH� EHGULMYHQ� KHHIW� DOOHHQ� ZHUNRPJHYLQJHQ� LQ� GH�FDWHJRULHsQ�,�HQ�,,D��%HGULMYHQ�PHW�DOOHHQ�ZHUNRPJHYLQJHQ�LQ�FDWHJRULH�,�KRHYHQ�JHHQ� EHKHHUVPDDWUHJHOHQ� WH� QHPHQ�� 'H]H� EHGULMYHQ� GLHQHQ� KHW� RQGHUZHUS�µHOHNWURPDJQHWLVFKH� YHOGHQ¶� ZHO� LQ� KXQ� 5,	(� RS� WH� QHPHQ�� PDDU� GDW� NRVW�QDXZHOLMNV� H[WUD� PRHLWH�� 9RRU� ZHUNRPJHYLQJHQ� LQ� FDWHJRULH� ,,D� ZRUGW�DDQJHQRPHQ�GDW�GH�NRVWHQ�YDQ�GH�EHKHHUVPDDWUHJHOHQ�PLQLPDDO�]LMQ��+HW�EHWUHIW�KLHU� HHQ� HHQYRXGLJH� LQVWUXFWLH� GLH� ELMYRRUEHHOG� LQ� GH� LQWURGXFWLH� YDQ� QLHXZH�ZHUNQHPHUV�NDQ�ZRUGHQ�RSJHQRPHQ��9RRU�GH�ZHUNRPJHYLQJHQ�LQ�GH�FDWHJRULHsQ�, HQ�,,D�LV�GDDURP�JHHQ�SRJLQJ�JHGDDQ�RP�HHQ�VFKDWWLQJ�YDQ�KHW�DDQWDO�ZHUNRPJH�YLQJHQ�HQ�RI�ZHUNQHPHUV�WH�PDNHQ���9DQ� GH� ZHUNRPJHYLQJHQ� LQ� GH� FDWHJRULHsQ� ,,E� HQ� ,,,� LV� QDJHJDDQ� LQ� ZHONH�EHGULMIVWDNNHQ�GH]H�NXQQHQ�YRRUNRPHQ��]LH�7DEHO����NRORP�µ6%,�FRGHV¶���'LW�LV�RS�KHW� KRRJVWH� DJJUHJDWLHQLYHDX� JHEHXUG� �]LH� YRRU� GH� EHWHNHQLV� YDQ� GH� 6%,�FRGHV�%LMODJH�����9HUYROJHQV�LV�PHW�EHKXOS�YDQ�&%6�JHJHYHQV�RYHU�DDQWDOOHQ�EHGULMYHQ�SHU� 6%,�FRGH� QDJHJDDQ� RP� KRHYHHO� EHGULMYHQ� KHW� JDDW� �]LH� 7DEHO� ���� ,Q� GLH�JHYDOOHQ�ZDDULQ�HU�JHHQ�JHGHWDLOOHHUGH�JHJHYHQV�YRRUKDQGHQ�]LMQ��LV�HHQ�VFKDWWLQJ�YDQ�GH�RUGH�YDQ�JURRWWH��������������������������HWF���RSJHQRPHQ��'H�RQ]HNHUKHLG�LQ� GH� VFKDWWLQJHQ� EHGUDDJW�PHHVWDO� RQJHYHHU� HHQ� IDFWRU� ��� ]RZHO� QDDU� ERYHQ� DOV�QDDU�EHQHGHQ��PDDU�GH]H�NDQ�RRN�JURWHU�]LMQ��,Q�GH�XLWHLQGHOLMNH�EHUHNHQLQJ�YDQ�GH�NRVWHQ� YDQ� EHKHHUVPDDWUHJHOHQ� �]LH� 3DUDJUDDI� ������� ]LMQ� HHQ� ODJH� HQ� HHQ� KRJH�VFKDWWLQJ� YDQ� KHW� DDQWDO� EHGULMYHQ� RI� ZHUNQHPHUV� JHKDQWHHUG�� LQ� 7DEHO� �� ]LMQ�JHPLGGHOGH�ZDDUGHQ�JHJHYHQ���3HU� EHGULMI� NXQQHQ� HU�PHHU�ZHUNRPJHYLQJHQ� YRRUNRPHQ�GLH� EHKHHUVPDDWUHJHOHQ�YHUJHQ�,Q�VRPPLJH�JHYDOOHQ�LV�KHW�QRGLJ�RP�RRN�KHW�DDQWDO�ZHUNQHPHUV�WH�ZHWHQ��$OV� ELMYRRUEHHOG� HUYRRU�ZRUGW� JHNR]HQ� RP� DOOH� ERRJODVVHUV� YRRU� WH� OLFKWHQ� RYHU�KRH� GH� EORRWVWHOOLQJ� WH� PLQLPDOLVHUHQ�� GDQ� LV� KHW� EHODQJULMNHU� RP� KHW� DDQWDO�ERRJODVVHUV� WH� NHQQHQ� GDQ� KHW� DDQWDO� ZHUNRPJHYLQJHQ� ZDDULQ� ZHUNQHPHUV�ERRJODVVHQ�� 'DDURP� LV� LQ� 7DEHO� �� yI� KHW� DDQWDO� EHGULMYHQ� PHW� KHW� DDQWDO�ZHUNRPJHYLQJHQ� SHU� EHGULMI� RSJHQRPHQ� yI� KHW� WRWDDO� DDQWDO� ZHUNQHPHUV�� (HQ�QDGHUH�XLWOHJ�ELM�GH�JHVFKDWWH�DDQWDOOHQ�LV�RSJHQRPHQ�LQ�GH�WRHOLFKWLQJ�LQ�3DUDJUDDI���������,Q�GLW�KRRIGVWXN�LV�GH�&%6�GHILQLWLH�YDQ�HHQ�EHGULMI�JHEUXLNW��9ROJHQV�KHW�&%6�LV�HHQ� EHGULMI�VHHQKHLG�� GH� IHLWHOLMNH� WUDQVDFWRU� LQ� KHW� SURGXFWLHSURFHV� �� GH�YRRUWEUHQJLQJ�YDQ�JRHGHUHQ�HQ�GLHQVWHQ�YRRU�GH�PDUNW���HQ�ZRUGW�JHNHQPHUNW�GRRU�DXWRQRPLH�� EHVFKULMIEDDUKHLG� HQ� H[WHUQH� JHULFKWKHLG�� 'DDUELM� LV� YHUHLVW� GDW� KHW�EHGULMI�HFRQRPLVFKH�DFWLYLWHLWHQ�RQWSORRLW��$OV�WHQ�PLQVWH�ppQ�SHUVRRQ�YRRU����XXU�SHU�ZHHN�ZHUN]DDP�LV��GDQ�ZRUGW�KHW�EHGULMI�DOV�HFRQRPLVFK�DFWLHI�EHVFKRXZG��'H�
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EHGULMIVHHQKHLG� LV� GH� YRRUQDDPVWH� HHQKHLG� ELQQHQ� KHW� VWHOVHO� YDQ� HFRQRPLVFKH�VWDWLVWLHNHQ��]LM�ZRUGW�NRUWZHJ�DOV�EHGULMI�DDQJHGXLG�>���@���
7DEHO��� :HUNRPJHYLQJHQ�HQ�EHGULMIVWDNNHQ��YRRU�HHQ�WRWDDOOLMVW�YDQ�6%,�FR�

GHV��]LH�%LMODJH���HQ�GH�WRHOLFKWLQJ�LQ�3DUDJUDDI���������
DSSDUDWXXUJURHS�HQ�ZHUNRPJHYLQJ FDW 6%,�FRGH DDQWDO�

EHGULMYHQ
DDQWDO�

ZHUNRP�
JHYLQJHQ
SHU�EHGULMI

WRWDDO�
DDQWDO�
ZHUN�
QHPHUV

RQGHU]RHNVWRHSDVVLQJHQ���PRHLOLMN�XLW�WH�VSOLWVHQ ,,D�E &$��&%��(��.��
0��1

����� �

LQVWDOODWLH�HQ�RQGHUKRXG���DSSDUDWXXU�GLH�ZRUGW�
JHwQVWDOOHHUG�RI�RQGHUKRXGHQ�HQ�DSSDUDWXXU�ZDDUELM�
PHQ�LQ�GH�EXXUW�NRPW

,,E )��. � � ������

GLsOHNWULVFKH�YHUZDUPLQJ���SODVWLF�VHDOHUV�HQ�
KRXWYHUOLMPHUV

,,E ''��'+ ��� �

HOHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH���
HOHNWULFLWHLWVFHQWUDOH

,,E ( ��� �

HOHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH���OXFKWVSRHOHQ�LQ�
FRQGHQVDWRUEDQNHQ

,,E ( �� �

HOHNWURFKHPLVFKH�SURFHVVHQ���V\VWHPHQ�YRRU�
VWURRPWRHYRHU��EXV�EDUV�

,,E '*��'-��'/ �� ��

HOHNWURFKHPLVFKH�SURFHVVHQ���HOHNWURO\VHKDO ,,E '*��'- �� �

LQGXFWLHYHUZDUPLQJ���PHW�RSHQ�VSRHOHQ ,,E '-��'. ����� �

LQGXFWLHYHUZDUPLQJ���JURWHUH�RYHQV ,,E '- ��� ��

ODVVHQ���ERRJODVVHQ���NDEHO ,,E '-��'.��'/��
'0��'1��)��*

� � ������

PHGLVFKH�WRHSDVVLQJHQ���05,���VFDQQHQ ,,E '/��1 ��� �

PHGLVFKH�WRHSDVVLQJHQ���NRUWH�JROI��HQ�
PLFURJROIGLDWKHUPLH

,,E '/��1 � � �����

]HQGLQVWDOODWLHV���NOHLQH�RPURHS]HQGHUV��RS�GDNHQ� ,,E '/��, �� ��

]HQGLQVWDOODWLHV���UDGDUV\VWHPHQ��OXFKW��HQ�
ZDWHUYHUNHHU�

,,E '/��, �� ��

RYHULJH�ZHUNRPJHYLQJHQ���QLHW�GHVWUXFWLHI�PDJQHWLVFK�
RQGHU]RHN���KDQG�\RNHV

,,E '-��'. � ���

RYHULJH�ZHUNRPJHYLQJHQ���QLHW�GHVWUXFWLHI�PDJQHWLVFK�
RQGHU]RHN���WHVWEDQNHQ

,,E '-��'. �� �

LQVWDOODWLH�HQ�RQGHUKRXG���ZHUN]DDPKHGHQ�LQ�WURXEOH�
VKRRW�VLWXDWLHV

,,, )��. ����� �

HOHNWURFKHPLVFKH�SURFHVVHQ���JHOLMNULFKWHULQVWDOODWLHV ,,, '*��'-��'/ �� �

LQGXFWLHYHUZDUPLQJ���NOHLQHUH�VPHOWRYHQV��ELMPHQJHQ� ,,, '- ��� �

ODVVHQ���SXQW��HQ�LQGXFWLHODVVHQ��KDOI�JHDXWRPDWLVHHUG ,,, '-��'.��'/��
'0��'1��)��*

����� �

PHGLVFKH�WRHSDVVLQJHQ���05,���LQWHUYHQWLHDFWLYLWHLWHQ ,,, '/��1 ��� �

]HQGLQVWDOODWLHV���JURWH�RPURHS]HQGHUV ,,, '/���������,�
������

� ��
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���� %DWHQ�HQ�NRVWHQ��
9UDDJ��� :DW�]LMQ�YRRU�GH�EHWURNNHQ�EHGULMYHQ�GH�PHHVW�ZDDUVFKLMQOLMNH�DDUG�

HQ�RPYDQJ�YDQ�GH�NRVWHQ�HQ�EDWHQ�YDQ�GH�RQWZHUS�UHJHOJHYLQJ"��
������ %DWHQ��'H�EDWHQ�]LMQ�DDQ�KHW�EHJLQ�YDQ�GLW�KRRIGVWXN�DOV�GH�EHRRJGH�JHYROJHQ�NZDOLWDWLHI�EHVFKUHYHQ��'H�EDWHQ�]LMQ�QLHW�RI�]HHU�PRHLOLMN�WH�NZDQWLILFHUHQ��%LMYRRUEHHOG�HHQ�µ�PD[LPDDO��WH�EHKDOHQ�JH]RQGKHLGVZLQVW¶�LV�QLHW�WH�EHUHNHQHQ�RPGDW�HU�ELM�RYHU�VFKULMGLQJ�YDQ�GH�JUHQVZDDUGH�QLHW�PHWHHQ�VSUDNH�LV�YDQ�HHQ�JH]RQGKHLGVHIIHFW���
������ .RVWHQ��'H� NRVWHQ� GLH� PHW� GH� LPSOHPHQWDWLH� JHPRHLG� ]LMQ�� KHEEHQ� EHWUHNNLQJ� RS� KHW�YHUVFKLO�WXVVHQ�GH�KXLGLJH�HQ�GH�WRHNRPVWLJH�VLWXDWLH��(U�ZRUGHQ�WZHH�NRVWHQSRVWHQ�RQGHUVFKHLGHQ�� QDPHOLMN� GH� DGPLQLVWUDWLHYH� ODVWHQ� HQ� GH� NRVWHQ� YDQ�EHKHHUVPDDWUHJHOHQ�� 7RW� GH� DGPLQLVWUDWLHYH� ODVWHQ� EHKRUHQ� GH� NRVWHQ� YDQ� GH�LQYHQWDULVDWLH� YDQ� EORRWVWHOOLQJVQLYHDXV� �LQFO�� PHWHQ� HQ�RI� UHNHQHQ�� HQ� KHW�YRRUOLFKWHQ� YDQ� GH� ZHUNQHPHUV�� ]LH� YHUGHU� 3DUDJUDDI� ����� 'H� UHVW� YDQ� GH]H�SDUDJUDDI�JDDW�DOOHHQ�RYHU�GH�NRVWHQ�YDQ�EHKHHUVPDDWUHJHOHQ���3HU� W\SH� ZHUNRPJHYLQJ�DSSDUDWXXUJURHS� LV� HHQ� VFKDWWLQJ� JHPDDNW� YDQ� GH� WRWDOH�NRVWHQ� YDQ� WH� QHPHQ� EHKHHUVPDDWUHJHOHQ�� 'H� RYHUZHJLQJHQ� GLH� GDDUELM� HHQ� URO�KHEEHQ�JHVSHHOG� ]LMQ�SHU� W\SH�ZHUNRPJHYLQJ�DSSDUDWXXUJURHS� LQ�3DUDJUDDI��������RSJHQRPHQ��'H�NRVWHQ�SHU�EHKHHUVPDDWUHJHO�]LMQ�YHUYROJHQV�YHUPHQLJYXOGLJG�PHW�KHW� DDQWDO�ZHUNRPJHYLQJHQ� � �DDQWDO� EHGULMYHQ�PDDO� KHW� DDQWDO�ZHUNRPJHYLQJHQ�SHU�EHGULMI��RI�PHW�KHW�DDQWDO�ZHUNQHPHUV���'H� NRVWHQ� YDQ� GH� EHKHHUVPDDWUHJHOHQ� EHVWDDQ� WHQ� HHUVWH� XLW� LQYHVWHULQJHQ� GLH�QRGLJ�]LMQ�RP�ZHUNQHPHUV�WH�EHVFKHUPHQ�WHJHQ�HOHNWURPDJQHWLVFKH�YHOGHQ��*H]LHQ�GH�XLWHHQORSHQGH�DDUG�YDQ�GH�EHKHHUVPDDWUHJHOHQ�YDULHHUW�GH�DIVFKULMYLQJVWHUPLMQ�YDQ� GH]H� LQYHVWHULQJHQ� YDQ� HQNHOH� MDUHQ� WRW� VRPV���� MDDU�� ,Q� GH� EHUHNHQLQJHQ� LV�XLWJHJDDQ�YDQ�HHQ�JHPLGGHOGH�YDQ����MDDU��7HQ�WZHHGH�PDNHQ�EHGULMYHQ�MDDUOLMNV�H[WUD�NRVWHQ�GLH�JHKHHO�ZRUGHQ�WRHJHUHNHQG�DDQ�KHW�MDDU�ZDDULQ�GLH�NRVWHQ�ZRUGHQ�JHPDDNW�� ELMYRRUEHHOG� YRRU� KHW� RS� SHLO� EUHQJHQ� HQ� KRXGHQ� YDQ� GH� NHQQLV� YDQ�ZHUNQHPHUV�RYHU�KHW�RPJDDQ�PHW�(09��EHKHHUVPDDWUHJHO�µRSOHLGLQJ¶����'H�EHKHHUVPDDWUHJHOHQ�ZRUGHQ�LQ�GH�FDWHJRULHsQ�,,E�HQ�,,,�ZRUGHQ�JHQRPHQ��'LW�LV�GH� JURHS� UHOHYDQW� YRRU� GH� EHUHNHQLQJ� YDQ� GH� NRVWHQ� YDQ� EHKHHUVPDDWUHJHOHQ��%HGULMYHQ�]RQGHU�ZHUNQHPHUV�NRPHQ�LQ�GH]H�FDWHJRULHsQ�QLHW�RI�QDXZHOLMNV�YRRU���
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(U�LV�DDQJHQRPHQ�GDW�JHPLGGHOG�GH�KHOIW�YDQ�GH�EHQRGLJGH�EHKHHUVPDDWUHJHOHQ�DO�LV� JHQRPHQ�� 'DDURP� ]LMQ� GH� MDDUOLMNVH� NRVWHQ� YHUPHQLJYXOGLJG�PHW� ����� =R� ]LMQ�ELMYRRUEHHOG�YRRU�GH�]HQGLQVWDOODWLHV�YHHODO�GH�EHQRGLJGH�PDDWUHJHOHQ�DO�JHWURIIHQ��9DQZHJH�GH�JURWH�GLYHUVLWHLW�DDQ�PRJHOLMNH�EHKHHUVPDDWUHJHOHQ�HQ�RQ]HNHUKHGHQ�LQ� GH� DDQWDOOHQ�ZHUNRPJHYLQJHQ� LV� HHQ� ODJH� HQ� HHQ� KRJH� VFKDWWLQJ� JHPDDNW��'H�MDDUOLMNVH�NRVWHQ�YRRU�EHKHHUVPDDWUHJHOHQ�YRRU�GH�EHGULMYHQ��YRRU�]RYHU�QX�]LMQ�WH�YRRU]LHQ��NRPHQ�KLHUPHH�XLW�RS�¼�����WRW�¼�����POQ��'H�GHWDLOV�YDQ�GH�EHUHNHQLQJ�]LMQ�WH�YLQGHQ�LQ�3DUDJUDDI���������9RRU� ZHUNRPJHYLQJHQ� YDQ� FDWHJRULH� ,,,� JHOGW� GDW� DOV� QD� GH� EHRRUGHOLQJ� YDQ� GH�EORRWVWHOOLQJ� EOLMNW� GDW� JUHQVZDDUGHQ� QLHW� ZRUGHQ� RYHUVFKUHGHQ�� HU� YHUGHU� JHHQ�PDDWUHJHOHQ� KRHYHQ� WH� ZRUGHQ� JHQRPHQ�� 'H� VFKDWWLQJHQ� YDQ� GH� NRVWHQ� SHU�PDDWUHJHO� YRRU� GH� EHGULMYHQ� PHW� ZHUNRPJHYLQJHQ� LQ� FDWHJRULH� ,,,� ]LMQ� ]HHU�RQ]HNHU�� 'LW� ZRUGW� YHURRU]DDNW� GRRUGDW� HU� YHOH�PDDWUHJHOHQ� HQ� FRPELQDWLHV� YDQ�PDDWUHJHOHQ� PRJHOLMN� ]LMQ�� %RYHQGLHQ� NDQ� KHW� LQFLGHQWHHO� YRRUNRPHQ� GDW� GH�NRVWHQ� YDQ� GH� EHKHHUVPDDWUHJHOHQ� EXLWHQSURSRUWLRQHHO� ]LMQ� RI� GDW� EHKHHUVPDDW�UHJHOHQ�QLHW�PRJHOLMN�]LMQ��'H]H�VLWXDWLHV�]XOOHQ�QDGHU�PRHWHQ�ZRUGHQ�RQGHU]RFKW���
������ .RVWHQ�EHKHHUVPDDWUHJHOHQ�SHU�W\SH�ZHUNRPJHYLQJ���DSSDUDWXXUJURHS��
&DWHJRULH�,,E��
2QGHU]RHNVWRHSDVVLQJHQ�+HW� JDDW� KLHU� RP� ZHWHQVFKDSSHOLMNH� LQVWHOOLQJHQ�� UHVHDUFK�DIGHOLQJHQ� LQ� GH�LQGXVWULH�HQ�RQGHUZLMVLQVWHOOLQJHQ��ZDDURQGHU�YRRUDO�KHW�YRRUWJH]HW�RQGHUZLMV��+HW�DDQWDO� ZHUNRPJHYLQJHQ� NDQ� VWHUN� YDULsUHQ�� 'H� NRVWHQ� YDQ� PDDWUHJHOHQ� GLH� LQ�HHUVWH� LQVWDQWLH� ]XOOHQ� ZRUGHQ� JHQRPHQ�� ]RDOV� DDQSDVVLQJHQ� YDQ� ZHUNZLM]H� RI�DSSDUDWXXU�ZRUGHQ�JHVFKDW�RS�JHPLGGHOG�¼��������SHU�ZHUNRPJHYLQJ���
,QVWDOODWLH�HQ�RQGHUKRXG��DSSDUDWXXU�GLH�ZRUGW�JHwQVWDOOHHUG�RI�RQGHUKRXGHQ�HQ�
DSSDUDWXXU�ZDDUELM�PHQ�LQ�GH�EXXUW�NRPW��%LM� EUDQFKHYHUHQLJLQJ� 81(72�91,� ]LMQ� YROJHQV� GH� ZHEVLWH� ZZZ�XQHWR�YQL�QO��������EHGULMYHQ�PHW� LQ� WRWDDO���������ZHUNQHPHUV�DDQJHVORWHQ��'H�ZHUNQHPHUV�PRHWHQ�YRRUDO�EHZXVW�ZRUGHQ�YDQ�GH�PRJHOLMNH�ULVLFR¶V��'LW�NDQ�ELMYRRUEHHOG�GRRU�ZHUNQHPHUV�GRRU�HHQ�LQVWDOODWLHYHUDQWZRRUGHOLMNH�WH�ODWHQ�EHJHOHLGHQ��GLH�JRHG�RS�GH�KRRJWH�LV��'H�NRVWHQ�YDQ�GH�PDDWUHJHO�µRSOHLGLQJ¶�ZRUGHQ�JHVFKDW�RS�JHPLGGHOG�¼ ������ SHU� ZHUNQHPHU�� 'LW� LV� HHQ� EHGUDJ� HUJHQV� WXVVHQ� GH� NRVWHQ� YDQ� HHQ�HHQYRXGLJH� LQVWUXFWLH� �¼������� SHU�ZHUNQHPHU�� HQ�YDQ�KHW� YROJHQ�YDQ�HHQ�FXUVXV��¼�������� SHU� ZHUNQHPHU��� (U� LV� DDQJHQRPHQ� GDW� WHQ� KRRJVWH� ���� YDQ� GH�ZHUNQHPHUV�GH�RSOHLGLQJ�]DO�PRHWHQ�YROJHQ���
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'LsOHNWULVFKH�YHUZDUPLQJ��SODVWLF�VHDOHUV�HQ�KRXWYHUOLMPHUV�'H�VFKDWWLQJ�YDQ�LQ�WRWDDO�RQJHYHHU������ZHUNRPJHYLQJHQ�LV�DIJHOHLG�XLW�PRQGH�OLQJH� PHGHGHOLQJHQ� WLMGHQV� KHW� SUDNWLMNRQGHU]RHN�� (U� LV� WRHQ� RRN� JHEOHNHQ� GDW�DIVFKHUPLQJVPDDWUHJHOHQ� ELM� GH]H� DSSDUDWXXU� GHHOV� DO� SUDNWLMN� LV��'H� NRVWHQ� YDQ�DIVFKHUPLQJVPDDWUHJHOHQ�ZRUGHQ�JHVFKDW�RS�RQJHYHHU�¼�������SHU�ZHUNRPJHYLQJ���
(OHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH��HOHNWULFLWHLWVFHQWUDOHV�1DDVW�GH�JURWH�HOHNWULFLWHLWVFHQWUDOHV�]LMQ�HU�GLYHUVH�NOHLQHUH�HHQKHGHQ�PHW�PHHVWDO�PHHU� GDQ� ppQ� JHQHUDWRU�� 'H� NRVWHQ� GLH� JHPDDNW� PRHWHQ� ZRUGHQ�� ]LMQ� YRRU� KHW�PHWHQ� HQ� KHW� SODDWVHQ� YDQ� HHQ� KHNZHUN� HQ� ZRUGHQ� JHVFKDW� RS� ¼� ������� SHU�ZHUNRPJHYLQJ���
(OHNWULFLWHLWVSURGXFWLH�HQ��GLVWULEXWLH��OXFKWVSRHOHQ�LQ�FRQGHQVDWRUEDQNHQ�+HW� DDQWDO� FRQGHQVDWRUEDQNHQ� EHGUDDJW� RQJHYHHU� ���� 2PGDW� GH]H� LQVWDOODWLHV�UHODWLHI�QLHXZ�]LMQ��LV�ELM�GH�DDQOHJ�DO�YDDN�UHNHQLQJ�JHKRXGHQ�PHW�GH�EORRWVWHOOLQJ�DDQ�PDJQHWLVFKH�YHOGHQ�HQ�LV�HHQ�KHNZHUN�PHW�EHYHLOLJLQJ�JHSODDWVW��'H�NRVWHQ�SHU�PDDWUHJHO�ZRUGHQ�JHVFKDW�RS�¼��������WRW�¼������������
(OHNWURFKHPLVFKH�SURFHVVHQ��V\VWHPHQ�YRRU�VWURRPGRRUYRHU�HQ�HOHNWURO\VHKDO�9HUPRHGHOLMN� JDDW� KHW� KLHU� RP� WXVVHQ� GH� ��� HQ� ���� EHGULMYHQ� HON�PHW�PHHUGHUH�ZHUNRPJHYLQJHQ�� (U� LV� JHUHNHQG� PHW� ���� ZHUNRPJHYLQJHQ�� 'H� NRVWHQ� YDQ� GH�PDDWUHJHO� µKHNZHUN� SODDWVHQ� QD� XLWYRHUHQ� YDQ� HHQYRXGLJH� PHWLQJHQ¶� ZRUGHQ�JHVFKDW�RS�RQJHYHHU�¼����������
,QGXFWLHYHUZDUPLQJ�'H� WRHSDVVLQJHQ� PHW� RSHQ� VSRHOHQ� NRPHQ� YRRU� LQ� ZHUNSODDWVHQ�� +HW� DDQWDO�EHGULMYHQ� GDW� JURWHUH� RYHQV� KHHIW�� LV� DIJHOHLG� XLW�&%6�JHJHYHQV� RYHU� GH�RPYDQJ�YDQ�GH�EDVLVPHWDDOLQGXVWULH��������9RRU�GH�QDDU�VFKDWWLQJ������NOHLQHUH�DSSDUDWHQ�PHW�RSHQ�VSRHOHQ�OLJW�HHQPDOLJ�DDQEUHQJHQ�YDQ�DIVFKHUPLQJ�YRRU�GH�KDQG�ZDDUYDQ�GH�NRVWHQ�RS�¼�������ZRUGHQ�JHVFKDW��9RRU�GH�QDDU�VFKDWWLQJ������JURWHUH�RYHQV�]DO� µKHNZHUN� SODDWVHQ� QD� XLWYRHUHQ� YDQ� HHQYRXGLJH�PHWLQJHQ¶� HHQ�PHHU� YRRU� GH�KDQG� OLJJHQGH� PDDWUHJHO� ]LMQ�� ZDDUYDQ� GH� NRVWHQ� ZRUGHQ� JHVFKDW� RS� RQJHYHHU�¼ �������SHU�RYHQ���
/DVVHQ�,Q� 1HGHUODQG� ]LMQ� QDDU� VFKDWWLQJ� ������� WRW� ������� ODVVHUV� ZHUN]DDP�>���@�� GLH�YHUPRHGHOLMN� QLHW� DOOHPDDO�PHW�ZLVVHOVWURRP� ODVVHQ��'DDURP� LV�JHZHUNW�PHW� HHQ�ODJH� VFKDWWLQJ� YDQ� ������� HQ� HHQ� KRJH� VFKDWWLQJ� YDQ� �������� 'H� NRVWHQ� YDQ� GH�PDDWUHJHO�µRSOHLGLQJ¶�ZRUGHQ�JHVFKDW�RS�JHPLGGHOG�¼�������SHU�ZHUNQHPHU��'LW�LV�HHQ� EHGUDJ� HUJHQV� WXVVHQ� GH� NRVWHQ� YDQ� HHQ� HHQYRXGLJH� LQVWUXFWLH� �¼������� SHU�ZHUNQHPHU��HQ�YDQ�KHW�YROJHQ�YDQ�HHQ�FXUVXV��¼��������SHU�ZHUNQHPHU����
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.RUWH�JROI�HQ�PLFURJROIGLDWKHUPLH�9HUPRHGHOLMN� ]LMQ� HU� ELM� I\VLRWKHUDSHXWHQ� RQJHYHHU� ����� DSSDUDWHQ� YRRU�GLDWKHUPLH�LQ�JHEUXLN��]LH�3DUDJUDDI�������+HW�JDDW�RP�PDDWUHJHOHQ�GLH�JHULFKW�]LMQ�RS� ]R� NRUW� PRJHOLMN� YHUEOLMYHQ� ELQQHQ� �� P� YDQ� GH� DSSDUDWXXU� HQ� GLH� PHW�µRSOHLGLQJ¶� NXQQHQ� ZRUGHQ� JHUHDOLVHHUG�� 9RRU� EHKDQGHOLQJHQ� ZDDUYRRU� GH�QDELMKHLG�YDQ�GH�WKHUDSHXW�QRRG]DNHOLMN�LV��NDQ�KHW�QRGLJ�]LMQ�RP�YRRU�HHQ�EHSHUNW�DDQWDO�W\SHQ�DSSDUDWHQ�PHWLQJHQ�XLW�WH�YRHUHQ�RP�YRRU�GLH�VSHFLILHNH�DSSDUDWXXU�GH�DDQ�WH�KRXGHQ�DIVWDQG�YDVW�WH�VWHOOHQ��(U�LV�JHUHNHQG�PHW�¼�������SHU�WKHUDSHXW���
=HQGLQVWDOODWLHV���NOHLQHUH�RPURHS]HQGHUV�+HW� DDQWDO� NOHLQHUH�RPURHS]HQGHUV�GLH� ]LFK�RS�GDNHQ�NXQQHQ�EHYLQGHQ��EHGUDDJW�RQJHYHHU������(U� LV�JHUHNHQG�PHW�GH�NRVWHQ�YRRU�GH�PDDWUHJHO� µSODDWVHQ�YDQ�HHQ�ERUG¶�ZDDUYRRU�¼�������SHU�]HQGHU�LV�DDQJHQRPHQ���
=HQGLQVWDOODWLHV���UDGDUV\VWHPHQ�+HW� JDDW� RP� RQJHYHHU� ���� QDYLJDWLHUDGDUV� HQ� UDGDUV� YRRU� OXFKWYHUNHHUV�EHJHOHLGLQJ�� +HW� LV� DO� SUDNWLMN� RP� JHELHGHQ� WH� PDUNHUHQ� ZDDU� ZHUNQHPHUV� QLHW�PRJHQ�NRPHQ�DOV�GH�UDGDU�DDQVWDDW��'H�NRVWHQ�YRRU�DDQEUHQJHQ�YDQ�PDUNHULQJHQ�LV�JHVFKDW�RS�¼�������SHU�LQVWDOODWLH���
2YHULJH�ZHUNRPJHYLQJHQ���QLHW�GHVWUXFWLHI�PDJQHWLVFK�RQGHU]RHN�+HW� JDDW� LQ� WRWDDO� RP� YLHU� JURWH� EHGULMYHQ� GLH� RQJHYHHU� ����� KDQG \RNHV��OHYHQVGXXU� �� MDDU� HQ� NRVWHQ� RQJHYHHU� ¼� ������ SHU� VWXN�� WRHSDVVHQ� HQ� WLHQWDOOHQ�EHGULMYHQ� PHW� LQ� WRWDDO� KRRJXLW� ���� WHVWEDQNHQ� �OHYHQVGXXU� ��� MDDU� HQ� NRVWHQ�RQJHYHHU�¼����������SHU�VWXN���2QJHYHHU������PHGHZHUNHUV�]LMQ�GDJHOLMNV�PHW�GH]H�DSSDUDWXXU� LQ� GH� ZHHU�� 'H� NRVWHQ� YDQ� ZLM]LJLQJHQ� LQ� EHVWDDQGH� FXUVXVVHQ� ]LMQ�YHUZDDUORRVEDDU��(U�]LMQ�WZHH�W\SHQ�PDDWUHJHOHQ�LQ�GH�EHUHNHQLQJHQ�PHHJHQRPHQ��YHUYDQJLQJ� YDQ� KDQG \RNHV� �¼� ������ SHU� VWXN�� yI� WHFKQLVFKH� DDQSDVVLQJHQ� DDQ�WHVWEDQNHQ��JHPLGGHOG�¼��������SHU�VWXN��VDPHQJHVWHOG�XLW�����j�¼���������SHU�VWXN�HQ�����j�¼����������SHU�VWXN�����
&DWHJRULH�,,,��
,QVWDOODWLH�HQ�RQGHUKRXG���ZHUN]DDPKHGHQ�LQ�WURXEOH�VKRRW�VLWXDWLHV��PHW�
DSSDUDWXXU�DDQ��+HW� EHWUHIW� KLHU� HHQ� JURWH� GLYHUVLWHLW� LQ� PRJHOLMNH� VLWXDWLHV� HQ� PRJHOLMNH�RSORVVLQJHQ��'LW� ]RX� GDDURP� SHU� VLWXDWLH� DSDUW�PRHWHQ�ZRUGHQ� EHNHNHQ��ZDDUELM�KHW� ZDDUVFKLMQOLMN� QRGLJ� LV� RP� PHWLQJHQ� XLW� WH� YRHUHQ�� 'H� RQ]HNHUKHLG� LQ� GH�VFKDWWLQJ� YDQ� GH� JHPLGGHOGH� NRVWHQ� YDQ� ¼� ��������� SHU� ZHUNRPJHYLQJ� LV�ZDDUVFKLMQOLMN�JURWHU�GDQ�HHQ�IDFWRU�����
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(OHNWURFKHPLVFKH�SURFHVVHQ���JHOLMNULFKWHULQVWDOODWLHV�,Q� HONH� ZHUNRPJHYLQJ� PRHW� ZRUGHQ� RQGHU]RFKW� ZDW� GH� EHVWH� RSORVVLQJ� LV�� 'H�VFKDWWLQJ�YDQ�GH�NRVWHQ�YDQ�¼����������SHU�ZHUNRPJHYLQJ��GLH�LQ�GH�EHUHNHQLQJ�LV�JHKDQWHHUG��LV�]HHU�RQ]HNHU���
,QGXFWLHYHUZDUPLQJ���NOHLQHUH�VPHOWRYHQV��ELMPHQJHQ��1LHW�DOOH�NOHLQHUH�VPHOWRYHQV�]XOOHQ�YDQ�GLFKWELM�WH�KRHYHQ�ZRUGHQ�EHGLHQG��WHUZLMO�]H� DDQ� VWDDQ�� =RZHO� GH� VFKDWWLQJ� YDQ� KHW� DDQWDO� EHGULMYHQ� DOV� YDQ� GH� NRVWHQ��¼����������SHU�ZHUNRPJHYLQJ��LV�]HHU�RQ]HNHU���
/DVVHQ���SXQW��HQ�LQGXFWLHODVVHQ��KDOI�JHDXWRPDWLVHHUG�'H�YUDDJ� LV�RI�HU�ZHO�RSORVVLQJHQ�YRRU�GH]H�ZHUNRPJHYLQJHQ�PRJHOLMN�]LMQ��+HW�YROOHGLJ�DXWRPDWLVHUHQ�GRRU�KHW�LQWURGXFHUHQ�YDQ�ODVURERWV�LV�ERYHQGLHQ�HHQ�]HHU�NRVWEDUH�]DDN��'DDURP�LV�KLHU�JHHQ�VFKDWWLQJ�JHJHYHQ���
0HGLVFKH�WRHSDVVLQJHQ���05,���LQWHUYHQWLHDFWLYLWHLWHQ�'H�VFKDWWLQJ�YDQ�����ZHUNRPJHYLQJHQ� LV�ZDDUVFKLMQOLMN�DDQ�GH�KRJH�NDQW��RPGDW�QLHW�DOOH�05,�VFDQQHUV�YRRU�LQWHUYHQWLHDFWLYLWHLWHQ�JHVFKLNW�]LMQ��:DDUVFKLMQOLMN�LV�KHW�YRRU�GH]H�ZHUNRPJHYLQJ�KHW�EHVWH�RP�YLD�PHWLQJHQ�HQ�PRGHOEHUHNHQLQJHQ�DDQ�WH� WRQHQ� GDW� JUHQVZDDUGHQ� QLHW� ZRUGHQ� RYHUVFKUHGHQ�� $OV� GDDUXLW� EOLMNW� GDW� ZHO�JUHQVZDDUGHQ� ZRUGHQ� RYHUVFKUHGHQ�� GDQ� LV� KHW� GH� YUDDJ� RI� HU� PDDWUHJHOHQ�PRJHOLMN�]LMQ�HQ�RI�GH�DFWLYLWHLW�QRJ�ODQJHU�LQ�GH�]LQ�YDQ�GH�ULFKWOLMQ�PRJHOLMN�LV���
=HQGLQVWDOODWLHV���JURWH�RPURHS]HQGHUV�+HW� EHWUHIW� KLHU� YRRUDO� ZHUN]DDPKHGHQ� LQ� ]HQGPDVWHQ� ZDDUELM� DQWHQQHV� ELM�YRRUNHXU� QLHW� ZRUGHQ� XLWJHVFKDNHOG�� (U� LV� JHUHNHQG� PHW� HHQ� VFKDWWLQJ� YDQ� GH�NRVWHQ�YDQ�¼����������SHU�ZHUNRPJHYLQJ��'H]H�VFKDWWLQJ�LV�HFKWHU�]HHU�RQ]HNHU���
���� 'UDDJNUDFKW��
9UDDJ��� +RH�YHUKRXGHQ�GH�NRVWHQ�HQ�EDWHQ�YDQ�GH�RQWZHUS�UHJHOJHYLQJ�]LFK�

WRW�GH�GUDDJNUDFKW�YDQ�KHW�EHWURNNHQ�EHGULMIVOHYHQ"��'H� KRRJVWH� NRVWHQ� YRRU� EHKHHUVPDDWUHJHOHQ� ZRUGHQ� YHUZDFKW� LQ� GH�DSSDUDWXXUJURHSHQ� µLQVWDOODWLH� HQ� RQGHUKRXG� �� DSSDUDWXXU� GLH�ZRUGW� JHwQVWDOOHHUG�RI� RQGHUKRXGHQ� HQ� DSSDUDWXXU� ZDDUELM� PHQ� LQ� GH� EXXUW� NRPW¶� ������� µODVVHQ� ��ERRJODVVHQ� �� NDEHO¶� ������ HQ� µLQGXFWLHYHUZDUPLQJ� �� JURWHUH� RYHQV¶� ������� HQ�µLQVWDOODWLH� HQ� RQGHUKRXG� �� ZHUN]DDPKHGHQ� LQ� WURXEOH� VKRRW� VLWXDWLHV� �PHW�DSSDUDWXXU� DDQ�¶� ������ HQ� µLQGXFWLHYHUZDUPLQJ� �� NOHLQHUH� VPHOWRYHQV��ELMPHQJHQ�¶��������'H�KRRJVWH�NRVWHQ�SHU�LQGLYLGXHHO�EHGULMI��WXVVHQ�¼�������POQ�HQ�¼�����POQ��ZRUGHQ�YHUZDFKW�LQ�GH�DSSDUDDWJURHSHQ�µRYHULJH�ZHUNRPJHYLQJHQ���QLHW�GHVWUXFWLHI�PDJQHWLVFK�RQGHU]RHN���KDQG�\RNHV¶��µHOHNWURFKHPLVFKH�SURFHVVHQ�� JHOLMNULFKWHULQVWDOODWLHV¶�HQ�µ]HQGLQVWDOODWLHV���JURWH�RPURHS]HQGHUV¶��
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���� %XLWHQODQG��
9UDDJ��� :DW�LV�GH�VWDQG�YDQ�]DNHQ�WHQ�DDQ]LHQ�YDQ�GH�UHJHOJHYLQJ�RS�KHW�

RQGHUKDYLJH�EHOHLGVWHUUHLQ�LQ�GLH�ODQGHQ�GLH�YRRU�KHW�EHWURNNHQ�
EHGULMIVOHYHQ�LQ�1HGHUODQG�DOV�GH�PHHVW�UHOHYDQWH�FRQFXUUHUHQGH�
ODQGHQ�NXQQHQ�ZRUGHQ�EHVFKRXZG"��%XLWHQODQGWRHWV��

%LQQHQ�GH�(XURSHVH�8QLH�]LMQ�HU� OLGVWDWHQ�ZDDU�GH�UHJHOJHYLQJ�QX�DO�]ZDDUGHU�LV�GDQ� KHW� GRRU� GH� ULFKWOLMQ� EHRRJGH� QLYHDX�� ]RDOV� 3ROHQ�� =LM� PRJHQ� ELM� GH�LPSOHPHQWDWLH� YDQ� GH� ULFKWOLMQ� KXQ�ZHWJHYLQJ� QLHW� DI]ZDNNHQ�� ,Q� GH� DQGHUH�(8�OLGVWDWHQ�PRHW�PHQ��QHW�DOV�1HGHUODQG��PLQLPDDO�DDQ�GH�ULFKWOLMQ�JDDQ�YROGRHQ��'H�JUHQVZDDUGHQ�HQ�DFWLHZDDUGHQ� LQ�GH�ULFKWOLMQ�]LMQ�GH]HOIGH�DOV�GH�ZDDUGHQ�GLH�GH�,&1,53�KHHIW�JHDGYLVHHUG��9LD�GH�JHKDUPRQLVHHUGH�QRUPHQ�YDQ�&(1(/(&�]DO�HU�RS� (XURSHHV� QLYHDX� DIVWHPPLQJ� NRPHQ� WXVVHQ� WRH� WH� SDVVHQ� PHHW�� HQ�UHNHQPHWKRGHQ��9ROJHQV�GH�RYHUZHJLQJHQ�LQ�GH�ULFKWOLMQ�ZRUGW�QLHW�DOOHHQ�EHRRJG�µGH� JH]RQGKHLG� HQ� GH� YHLOLJKHLG� YDQ� GH� ZHUNQHPHU� DI]RQGHUOLMN� WH� ZDDUERUJHQ��PDDU� RRN� RP� DOOH� ZHUNQHPHUV� YDQ� GH� *HPHHQVFKDS� HHQ� DOV� PLQLPDDO� WH�EHVFKRXZHQ� EDVLVEHVFKHUPLQJ� WH� ELHGHQ�� ZDDUPHH� HYHQWXHOH� FRQFXUUHQWLH�YHUYDOVLQJ�ZRUGW�YHUPHGHQ¶���%XLWHQ�(XURSD�ZRUGHQ�LQ�ODQGHQ�]RDOV�-DSDQ�HQ�$XVWUDOLs�ZHO�GH�,&1,53�ZDDUGHQ�JHYROJG�HQ�LQ�ODQGHQ�]RDOV�GH�9HUHQLJGH�6WDWHQ��&DQDGD�HQ�&KLQD�QLHW��+HW�]RX�LQ�GLW� UDSSRUW� WH� YHU� JDDQ� RP� GH� YHUVFKLOOHQ� WXVVHQ� ,&1,53� HQ� GH� VWHOVHOV� LQ� GLH�ODQGHQ�YHUGHU�XLW�WH�]RHNHQ���
9UDDJ��� =LMQ�HU�UHJHOV�LQ�GH�RQWZHUS�UHJHOJHYLQJ�GLH�EHZHUNVWHOOLQJHQ�GDW��
� D� 9RRU�GH�WRHJDQJ�WRW��RI�GH�XLWRHIHQLQJ�YDQ��HHQ�EHURHS�RI�EHGULMI�PHHU�

� RI�VWUHQJHUH�HLVHQ�ZRUGHQ�JHVWHOG�GDQ�HHQ�(8�ULFKWOLMQ�YHUHLVW"�
� E� $DQ�EHGULMYHQ�ELM�KHW�YHUULFKWHQ�YDQ�EHSDDOGH�DFWLYLWHLWHQ�PHHU�ODVWHQ�

� ZRUGHQ�RSJHOHJG�GDQ�ZDDULQ�NUDFKWHQV�HHQ�(8�ULFKWOLMQ�ZRUGW�
� YRRU]LHQ"�:DW�LV�GH�PRWLYHULQJ�KLHUYRRU"��1HH��'H�ULFKWOLMQ�ZRUGW�ppQ�RS�ppQ�JHwPSOHPHQWHHUG��(U�]LMQ�JHHQ�UHGHQHQ�RP�LQ�1HGHUODQG�DI�WH�ZLMNHQ�YDQ�GH�DQGHUH�OLGVWDWHQ���

���� 0DUNWZHUNLQJ�HQ�VRFLDDO�HFRQRPLVFKH�HIIHFWHQ��
9UDDJ��� :DW�]LMQ�GH�JHYROJHQ�YDQ�GH�RQWZHUS�UHJHOJHYLQJ�YRRU�GH�

PDUNWZHUNLQJ"��2PGDW�KHW�KLHU�JDDW�RP�GH�LPSOHPHQWDWLH�YDQ�HHQ�(XURSHVH�ULFKWOLMQ�]LMQ�HU�JHHQ�JHYROJHQ�YRRU�GH�PDUNWZHUNLQJ��
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9UDDJ��� :DW�]LMQ�GH�VRFLDDO�HFRQRPLVFKH�HIIHFWHQ�YDQ�GH�RQWZHUS�UHJHOJHYLQJ�
�ZHUNJHOHJHQKHLG��ORRQNRVWHQ�HQ�GHUJHOLMNH�"�

+HW� VRFLDDO�HFRQRPLVFKH� HIIHFW� YDQ�GH� ULFKWOLMQ�EHWUHIW�GH� WRHJHQRPHQ�YHLOLJKHLG�YDQ�ZHUNQHPHUV���'H� LPSOHPHQWDWLH�YDQ�GH� ULFKWOLMQ�NDQ�DOV�JHYROJ�KHEEHQ�GDW�HU�ELQQHQ�EHGULMYHQ�GLVFXVVLHV� RQWVWDDQ� RYHU� GH� PRJHOLMNH� HIIHFWHQ� RS� GH� ODQJH� WHUPLMQ� HQ� RYHU�PRJHOLMNH� HIIHFWHQ� RS� KHW� ZHOEHYLQGHQ�� .ODFKWHQ� ]RDOV� VODSHORRVKHLG��FRQFHQWUDWLHVWRRUQLVVHQ�� H�G�� NXQQHQ� YHOH� RRU]DNHQ� KHEEHQ� HQ�ZRUGHQ� VRPV�PHW�EORRWVWHOOLQJ�DDQ�HOHNWULVFKH��PDJQHWLVFKH�HQ�HOHNWURPDJQHWLVFKH�YHOGHQ�LQ�YHUEDQG�JHEUDFKW��'H�ULFKWOLMQ�PHOGW�QDGUXNNHOLMN�QLHW� WH�]LMQ�RSJHVWHOG�YRRU�EHVFKHUPLQJ�WHJHQ� ODQJHWHUPLMQHIIHFWHQ�� 'H]H� HIIHFWHQ� ]LMQ� ZHO� RQGHU]RFKW�� PDDU� ZRUGHQ�RQYROGRHQGH� EHZH]HQ� JHDFKW� RP�EORRWVWHOOLQJVOLPLHWHQ� RS� WH�EDVHUHQ� >����@��(HQ�JRHGH�FRPPXQLFDWLH�NDQ�GH]H�GLVFXVVLHV�PRJHOLMN�EHSHUNHQ���,Q�JHYDOOHQ�ZDDULQ�GH�RYHUVFKULMGLQJ�YDQ�JUHQVZDDUGHQ�QLHW�PHW�PDDWUHJHOHQ�LV�RS�WH� ORVVHQ�� ZDW� YRRU� EHGULMYHQ� PHW� FDWHJRULH� ,,,� ZHUNRPJHYLQJHQ� QLHW� KHOHPDDO�RQGHQNEDDU� LV�� ]RX� KHW� VWDNHQ� YDQ� EHSDDOGH� DFWLYLWHLWHQ� WRW� YHUOLHV� YDQ�ZHUNJHOHJHQKHLG�NXQQHQ�OHLGHQ���
���� $GPLQLVWUDWLHYH�ODVWHQ��,Q�KHW�NDGHU�YDQ�GH�ULFKWOLMQ�LV�JHHQ�VSUDNH�YDQ�PHOGLQJV��RI�YHUJXQQLQJVSOLFKW��GXV�HU� KRHYHQ� JHHQ� DFWLHYH� PHGHGHOLQJHQ� DDQ� GH� RYHUKHLG� WH� ZRUGHQ� JHGDDQ�� :HO�PRHWHQ� LQ� SULQFLSH� DOOH� EHGULMYHQ� PHW� ZHUNQHPHUV� NHQQLV� QHPHQ� YDQ� GH�UHJHOJHYLQJ�HQ�YHUYROJHQV�DDQ�GH�KDQG�YDQ�KHW�EHRRUGHOLQJVWUDMHFW� LQ�GLW� UDSSRUW�RI��]RGUD�EHVFKLNEDDU��GH�WRHSDVVHOLMNH�&(1(/(&�VWDQGDDUGHQ��HHQ�LQYHQWDULVDWLH�YDQ� KXQ� ZHUNRPJHYLQJHQ� XLWYRHUHQ� HQ� KXQ� ZHUNQHPHUV� YRRUOLFKWHQ�� 'H]H�DFWLYLWHLWHQ�]XOOHQ�ZRUGHQ�XLWJHYRHUG�LQ�KHW�NDGHU�YDQ�GH�5,	(��GLH�WRFK�DO�ZRUGW�JHPDDNW�HQ�GLH�HONH�YLHU�MDDU�ZRUGW�JHDFWXDOLVHHUG��'H�DGPLQLVWUDWLHYH�ODVWHQ�]LMQ�DOV�YROJW�JHVFKDW���
&DWHJRULHsQ�,�HQ�,,D�$OOH�EHGULMYHQ�PRHWHQ�HHQ�FKHFN�GRHQ�RI�ZHUNQHPHUV�LQ�GH�EXXUW��NXQQHQ��NRPHQ�YDQ�DSSDUDWXXU�GLH� HOHNWULVFKH��PDJQHWLVFKH�RI�HOHNWURPDJQHWLVFKH�YHOGHQ�SURGX�FHHUW�� %HGULMYHQ� GLH� GH]H� DSSDUDWXXU� QLHW� KHEEHQ� NXQQHQ� YROVWDDQ� PHW� KHW�EHDQWZRRUGHQ� YDQ� YUDDJ� �� LQ� GH� 5,	(�PRGXOH� HOHNWURPDJQHWLVFKH� YHOGHQ� �]LH�%LMODJH� ��� PHW� µQHH¶�� =LM� KRHYHQ� YHUGHU� QLHWV� WH� GRHQ�� 9RRU� GH� EHGULMYHQ� LQ� GH�FDWHJRULHsQ� ,� HQ� ,,D� EHWHNHQW� KHW� GRRUQHPHQ� YDQ� GH� 5,	(�PRGXOH� HHQ� GHUPDWH�JHULQJH� H[WUD� WLMGVEHVWHGLQJ� GDW� KLHU� LV� JHZHUNW� PHW� ppQ� JHPLGGHOGH� WLMG�� 'H�JHPLGGHOGH�WLMG�GLH�QRGLJ�LV�YRRU�KHW�PDNHQ�YDQ�KHW�RQGHUGHHO�µLQYHQWDULVHUHQ�YDQ�
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GH� EORRWVWHOOLQJ¶� LQ� GH� 5,	(� LV� JHOLMN� JHVWHOG� DDQ� ��� YDQ� GH� WLMG� GLH� HHQ�JHPLGGHOGH�5,	(� WKDQV�NRVW��'H]H�JHJHYHQV�]LMQ�RYHUJHQRPHQ�XLW�KHW�VWDQGDDUG�EHUHNHQLQJVPRGHO�GDW�6=:�GDDUYRRU�SOHHJW� WH�JHEUXLNHQ��ZDDULQ�DDQQDPHQ�RYHU�XXUORRQ��WLMGVEHVWHGLQJ�HQ�IUHTXHQWLH�]LMQ�YDVWJHOHJG��+HW�YRRUOLFKWHQ�YDQ�ZHUNQH�PHUV�NRVW�QDDU�VFKDWWLQJ�����YDQ�GH�H[WUD�WLMG�YDQ�GH�LQYHQWDULVDWLH���
&DWHJRULHsQ�,,E�HQ�,,,�9RRU�GH�EHGULMYHQ�LQ�FDWHJRULH�,,E�HQ�,,,�GLHQHQ�GH�LQIRUPDWLH�HLVHQ�XLW�GH�ULFKWOLMQ�WH�ZRUGHQ�JHYROJG��+HW�EHWUHIW�KHW�YDVWVWHOOHQ�HQ�]RQRGLJ�PHWHQ�RI�EHUHNHQHQ�YDQ�GH� PDWH� YDQ� EORRWVWHOOLQJ� �GLH� QDDU� LV� DDQJHQRPHQ� LQ� GH� KHOIW� YDQ� GH� JHYDOOHQ�QRGLJ� LV��� KHW� ELMKRXGHQ� YDQ� HHQ� GRVVLHU� HQ� KHW� PHGLVFK� WRH]LFKW�� 9RRU� EHLGH�FDWHJRULHsQ�ZRUGW�HHQ�H[WUD�WLMGVEHVWHGLQJ�JHVFKDW�YDQ����WRW����XUHQ��JHPLGGHOG����XXU���,Q�GH]H�VFKDWWLQJ�]LMQ�GH�NRVWHQ�YDQ�HYHQWXHOH�XLWEHVWHGLQJ�YDQ�PHWLQJHQ�RI� EHUHNHQLQJHQ� YHUGLVFRQWHHUG�� 9RRU� GH� ZHUNRPJHYLQJHQ�DSSDUDWXXUJURHSHQ�µLQGXFWLHYHUZDUPLQJ� �� PHW� RSHQ� VSRHOHQ¶�� µPHGLVFKH� WRHSDVVLQJHQ� �� 05,� ��VFDQQHQ¶�� µODVVHQ� �� SXQW�� HQ� LQGXFWLHODVVHQ�� KDOI� JHDXWRPDWLVHHUG¶� HQ� µPHGLVFKH�WRHSDVVLQJHQ� ��05,� �� LQWHUYHQWLHDFWLYLWHLWHQ¶�KRHYHQ�QLHW�DOOH�EHGULMYHQ� WH�PHWHQ��PDDU�LV�HUYRRU�JHNR]HQ�RP�XLW�WH�JDDQ�YDQ�HHQ�EHSHUNW�DDQWDO�W\SHQ�DSSDUDWXXU�GDW�ZRUGW�JHPHWHQ�HQ�ZDDUXLW�GH�EORRWVWHOOLQJ�LQ�GH�DQGHUH�EHGULMYHQ�LV�DI�WH�OHLGHQ���
5HVXOWDWHQ�$DQ� GH� 5,	(� PRHW� GRRU� GH� LQYRHULQJ� YDQ� GH� QLHXZH� UHJHOJHYLQJ� HHQ� PRGXOH�HOHNWURPDJQHWLVFKH�YHOGHQ�ZRUGHQ�WRHJHYRHJG��1HGHUODQG�KHHIW�RQJHYHHU���������EHGULMYHQ�PHW���RI�PHHU�ZHUNQHPHUV��&%6�JHJHYHQV���������9RRU�DO�GH]H�EHGULM�YHQ�ZRUGHQ�GH� MDDUOLMNVH� H[WUD�NRVWHQ�YRRU�GH�PRGXOH�YRRU�GH�5,	(�JHVFKDW�RS�¼ ����POQ��'H� EHVWDDQGH�5,	(¶V�PRHWHQ� HHQPDOLJ� HHQ� XSGDWH� NULMJHQ��2PGDW� HU�HFKWHU�HHQ�WHUPLMQ�YDQ�WZHH�MDDU�]LW� WXVVHQ�KHW�EHNHQGPDNHQ�HQ�GH�LQYRHULQJ�YDQ�GH� QLHXZH� UHJHOJHYLQJ� ]LMQ� LQ� GH]H� SHULRGH� GH� NRVWHQ� JHPLGGHOG� ¼�����POQ�� SHU�MDDU��8LW�GH�GHWDLOV�YDQ�GH�EHUHNHQLQJHQ�EOLMNW�GDW�RQJHYHHU�����YDQ�GH�MDDUOLMNVH�DGPLQLVWUDWLHYH�ODVWHQ�YRRU�UHNHQLQJ�NRPW�YDQ�EHGULMYHQ�LQ�GH�FDWHJRULHsQ�,�HQ�,,D��¼� ���� POQ�� SHU� MDDU��� ���� LQ� FDWHJRULH� ,,E� �¼����� POQ�� SHU� MDDU�� µRQGHU]RHNV�WRHSDVVLQJHQ¶�� µGLsOHNWULVFKH� YHUZDUPLQJ� �� SODVWLF� VHDOHUV� HQ� KRXWYHUOLMPHUV¶� HQ�µLQGXFWLHYHUZDUPLQJ���JURWHUH�RYHQV¶��HQ�����LQ�FDWHJRULH�,,,��¼�����POQ��SHU�MDDU��µLQVWDOODWLH� HQ� RQGHUKRXG� �� ZHUN]DDPKHGHQ� LQ� WURXEOH� VKRRW� VLWXDWLHV� �PHW�DSSDUDWXXU�DDQ�¶�HQ� µLQGXFWLHYHUZDUPLQJ� ��NOHLQHUH�VPHOWRYHQV��ELMPHQJHQ�¶��3HU�EHGULMI� EHGUDJHQ� GH� MDDUOLMNVH� DGPLQLVWUDWLHYH� ODVWHQ� ¼������ JHPLGGHOG� RYHU� DOOH�EHGULMYHQ��'H� ODVWHQ�SHU�EHGULMI�NXQQHQ�YDULsUHQ�YDQ�¼����� WRW�¼��������DIKDQNHOLMN�YDQ�GH�JURRWWH�YDQ�KHW�EHGULMI��]LH�7DEHO�����9RRU�HHQ�EHGULMI�LQ�FDWHJRULH�,,E�RI�,,,�NRPW� HU� QRJ� HHQ� EHGUDJ� ELM� YDQ� JHPLGGHOG� ¼������� SHU� MDDU� RPGDW� GLW� EHGULMI� GH�EORRWVWHOOLQJ� PRHW� PHWHQ� RI� EHUHNHQHQ�� 'H� JHPLGGHOGH� NRVWHQ� YRRU� ,,E� HQ� ,,,�EOLMNHQ�RQJHYHHU�HYHQ�KRRJ�WH�]LMQ��(U�LV�DDQJHQRPHQ�GDW�EHGULMYHQ�LQ�FDWHJRULH�,,,�XLWJHEUHLGHUH� �PHHU� HQ� FRPSOH[HUH��PHWLQJHQ�RI�EHUHNHQLQJHQ�GRHQ�ZDDUYRRU�]H�
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HLJHQ�H[SHUWLVH�LQ�KXLV�KHEEHQ��%HGULMYHQ�LQ�FDWHJRULH�,,E�KRHYHQ�HFKWHU�PLQGHU�WH�PHWHQ�PDDU�PRHWHQ�ZDDUVFKLMQOLMN�GDDUYRRU�GXXUGHUH�H[SHUWLVH�H[WHUQ�LQKXUHQ���
7DEHO���� $GPLQLVWUDWLHYH�ODVWHQ�SHU�JURRWWHNODVVH���

JURRWWHNODVVH�EHGULMYHQ� DDQWDO�EHGULMYHQ�SHU�JURRWWHNODVVH� DGPLQLVWUDWLHYH�ODVWHQ�SHU�EHGULMI��¼��
� ZHUNQHPHU� �������� ��
� ������ZHUNQHPHUV� ��������� ��
� �������ZHUNQHPHUV� �������� ��
����������ZHUNQHPHUV� �������� ��
����������ZHUNQHPHUV� ������� ��
����������ZHUNQHPHUV� �������� ���
�����������ZHUNQHPHUV� ������� ���
! ����ZHUNQHPHUV� ������� ����
WRWDDO�DDQWDO�EHGULMYHQ�PHW�ZHUNQHPHUV� ��������� �

%LM� DDQVFKDI� HQ� LQ� JHEUXLN� QDPH� YDQ� QLHXZH� DSSDUDWXXU� ]DO� HU� DDQGDFKW� DDQ� GH�PRJHOLMNH�EORRWVWHOOLQJ�DDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�PRHWHQ�ZRUGHQ�EHVWHHG��(U�NDQ�ZRUGHQ� YHUZDFKW� GDW� GLW� YRRU� KHW� RYHUJURWH� GHHO� YDQ� GH� DSSDUDWXXU� QLHW� WRW�H[WUD�KDQGHOLQJHQ�HQ�H[WUD�NRVWHQ�KRHIW�WH�OHLGHQ��'H�DGPLQLVWUDWLHYH�ODVWHQ�]XOOHQ�GDDUGRRU�LQ�GH�ORRS�GHU�WLMG�ZDDUVFKLMQOLMN�YHUGHU�DIQHPHQ���
'RVVLHU�9ROJHQV�DUWLNHO����OLG���YDQ�GH�ULFKWOLMQ�GLHQW�GH�ULVLFREHRRUGHOLQJ�RS�HHQ�JHVFKLNWH�GUDJHU� WH�ZRUGHQ�YDVWJHOHJG�� LQ�RYHUHHQVWHPPLQJ�PHW�GH�QDWLRQDOH�ZHWJHYLQJ�HQ�SUDNWLMN�� +HW� ZRUGW� YROGRHQGH� JHDFKW� DOV� HHQ� EHGULMI� ELM� HHQ� EH]RHN� YDQ� GH�$UEHLGVLQVSHFWLH� RS� SDSLHU� KHW� UHVXOWDDW� YDQ� GH� LQYHQWDULVDWLH� YDQ�ZHUNRPJHYLQJHQ��GH�EHRRUGHOLQJ�YDQ�GH�YHOGVWHUNWHQ�HQ�GH�JHQRPHQ�PDDWUHJHOHQ�NDQ�RYHUOHJJHQ���
0HGLVFK�WRH]LFKW�9ROJHQV�DUWLNHO���� OLG���YDQ�GH�ULFKWOLMQ�GLHQHQ�GH�DUWV�HQ�RI�GH�YRRU�GH�PHGLVFKH�FRQWUROH�YHUDQWZRRUGHOLMNH�PHGLVFKH�LQVWDQWLH�WRHJDQJ�WH�KHEEHQ�WRW�GH�UHVXOWDWHQ�YDQ� GH� ULVLFREHRRUGHOLQJ� GLH� LQ� KHW� KLHUYRRU� JHQRHPGH� GRVVLHU� LV� YDVWJHOHJG��9ROJHQV� DUWLNHO� ��� OLG� �� YDQ� GH� ULFKWOLMQ�PRHWHQ� RRN� GH� UHVXOWDWHQ� YDQ� HYHQWXHOH�PHGLVFKH� FRQWUROHV� LQ� KHW� GRVVLHU� ZRUGHQ� RSJHQRPHQ� RP� ODWHUH� UDDGSOHJLQJ�PRJHOLMN�WH�PDNHQ���
���� &RQFOXVLHV��,Q� GLW� KRRIGVWXN� ]LMQ� GH� UHVXOWDWHQ� YDQ� GH� EHGULMIVHIIHFWHQWRHWV� ZHHUJHJHYHQ��2QJHYHHU� ���� YDQ� GH� EHGULMYHQ� PHW� ppQ� RI� PHHU� ZHUNQHPHUV� EOLMNHQ� LQ�
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FDWHJRULHsQ�,�HQ�,,D�WH�YDOOHQ��'H]H�EHGULMYHQ�KRHYHQ�JHHQ�EHKHHUVPDDWUHJHOHQ�WH�QHPHQ�� PDDU� QHPHQ� ZHO� RQJHYHHU� ���� YDQ� GH� MDDUOLMNVH� DGPLQLVWUDWLHYH� ODVWHQ�YRRU�KXQ�UHNHQLQJ���'H�MDDUOLMNVH�NRVWHQ�YDQ�EHKHHUVPDDWUHJHOHQ�EHGUDJHQ�¼�����POQ��WRW�¼�����POQ��'H�MDDUOLMNVH�NRVWHQ�YDQ�GH�DGPLQLVWUDWLHYH�ODVWHQ�EHGUDJHQ�¼�����POQ��SHU�MDDU�LQ������HQ������HQ�¼�����POQ��SHU�MDDU�LQ�GH�MDUHQ�QD��������'H�WRWDOH�NRVWHQ�GLH�PHW�GH�LPSOHPHQWDWLH�YDQ�GH�ULFKWOLMQ�]LMQ�JHPRHLG��EHGUDJHQ�LQ�GH�HHUVWH�WZHH�MDDU�¼����WRW����POQ��SHU�MDDU�HQ�LQ�GH�MDUHQ�GDDUQD�¼���WRW���POQ��SHU�MDDU��,Q�)LJXXU����LV�GH�YHUGHOLQJ�YDQ�GH�NRVWHQ�RYHU�GH�DGPLQLVWUDWLHYH�ODVWHQ�HQ�GH�NRVWHQ�YRRU�EHKHHUVPDDWUHJHOHQ�LQ�GH�NRPHQGH�MDUHQ�ZHHUJHJHYHQ���
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)LJXXU���� -DDUOLMNVH�DGPLQLVWUDWLHYH�ODVWHQ�HQ�NRVWHQ�YDQ�EHKHHUVPDDWUHJHOHQ��
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%LMODJH��� 'H�ULFKWOLMQ�
�'H]H� ELMODJH� LV� EHGRHOG� DOV� KXOSPLGGHO� ELM� KHW� LQWHUSUHWHUHQ� YDQ� GH� WHNVW� YDQ� GH�ULFKWOLMQ�� 'DW� EHWHNHQW� GDW� GH]H� ELMODJH� VDPHQ� PHW� GH� ULFKWOLMQ� JHEUXLNW� PRHW�ZRUGHQ��'H�DQQH[HQ�YDQ�GH�ULFKWOLMQ�EHYDWWHQ�PHHU�LQIRUPDWLH�ZDDUYDQ�RRN�NHQQLV�JHQRPHQ�GLHQW�WH�ZRUGHQ���,Q�GH�ULFKWOLMQ�ZRUGHQ�PHW�GH�HIIHFWHQ�RS�GH�JH]RQGKHLG�HQ�YHLOLJKHLG�GH�EHNHQGH�QHJDWLHYH�HIIHFWHQ�RS�NRUWH�WHUPLMQ�EHGRHOG��GLH�ZRUGHQ�YHURRU]DDNW�GRRU�� KHW�FLUFXOHUHQ�YDQ�JHwQGXFHHUGH�VWURRP�LQ�KHW�PHQVHOLMNH�OLFKDDP��� HQHUJLHDEVRUSWLH��HQ�� FRQWDFWVWURRP��9ROJHQV�GH�V\VWHPDWLHN�YDQ�GH�ULFKWOLMQ�ZRUGHQ�ZHUNQHPHUV� WHJHQ�GH]H�EHZH]HQ�JH]RQGKHLGVHIIHFWHQ�EHVFKHUPG�DOV�KXQ�EORRWVWHOOLQJ� ODJHU� LV�GDQ�GH�]RJHQDDPGH�JUHQVZDDUGHQ�� 1DDVW� GH]H� JUHQVZDDUGHQ� ]LMQ� HU� DFWLHZDDUGHQ� JHGHILQLHHUG� YRRU�UHFKWVWUHHNV� PHHWEDUH� JURRWKHGHQ�� WH� ZHWHQ� GH� HOHNWULVFKH� YHOGVWHUNWH� (�� GH�PDJQHWLVFKH� YHOGVWHUNWH� +�� GH� PDJQHWLVFKH� IOX[GLFKWKHLG� %� HQ� GH� YHUPRJHQV�GLFKWKHLG� 6�� 1DOHYLQJ� YDQ� GH� DFWLHZDDUGHQ� ZDDUERUJW� GDW� GH� JUHQVZDDUGHQ� QLHW�ZRUGHQ� RYHUVFKUHGHQ�� 2PJHNHHUG� EHWHNHQW� RYHUVFKULMGLQJ� YDQ� GH� DFWLHZDDUGHQ�QLHW�DXWRPDWLVFK�RRN�RYHUVFKULMGLQJ�YDQ�JUHQVZDDUGHQ���'H� ZHUNJHYHU� GLHQW� GH� QLYHDXV� ZDDUDDQ� ZHUNQHPHUV� ZRUGHQ� EORRWJHVWHOG� WH�EHRRUGHOHQ� HQ�� LQGLHQ� QRGLJ�� WH�PHWHQ� HQ�RI� WH� EHUHNHQHQ��:DDU� GDW� UHOHYDQW� LV��PDJ� UHNHQLQJ�ZRUGHQ� JHKRXGHQ�PHW� GH� HPLVVLHQLYHDXV� GLH� GRRU� GH� SURGXFHQWHQ�YDQ� JHEUXLNWH� DSSDUDWXXU� ZRUGHQ� RSJHJHYHQ�� YRRU� ]RYHU� GH]H� DSSDUDWXXU� RQGHU�(XURSHVH� ULFKWOLMQHQ� YDOW� >���@�� $OV� EOLMNW� GDW� GH� DFWLHZDDUGHQ� ZRUGHQ�RYHUVFKUHGHQ��GLHQW�GH�ZHUNJHYHU�WH�EHRRUGHOHQ�HQ�LQGLHQ�QRGLJ�WH�EHUHNHQHQ�RI�GH�JUHQVZDDUGHQ�ZRUGHQ�RYHUVFKUHGHQ���'H� EHRRUGHOLQJ�� PHWLQJ� HQ�RI� EHUHNHQLQJ� NDQ� DFKWHUZHJH� EOLMYHQ� YRRU�ZHUNRPJHYLQJHQ� GLH� RRN� YRRU� OHGHQ� YDQ� GH� EHYRONLQJ� WRHJDQNHOLMN� ]LMQ� HQ�ZDDUYRRU� UHHGV� HHQ� EHRRUGHOLQJ� YDQ� GH� EORRWVWHOOLQJ� YROJHQV�GH�(8�DDQEHYHOLQJ�YRRU� EHSHUNLQJ� YDQ� GH� EORRWVWHOOLQJ� YDQ� GH� DOJHPHQH� EHYRONLQJ� KHHIW� SODDWV�JHYRQGHQ�>�@��(U�PRHW�GDQ�ZHO�ZRUGHQ�DDQJHWRRQG�GDW�GH�EHSHUNLQJHQ�LQ�GH]H�(8�DDQEHYHOLQJ� RRN� YRRU� ZHUNQHPHUV� EOLMNHQ� RS� WH� JDDQ� HQ� GDW� HU� JHHQ�YHLOLJKHLGVULVLFR¶V�NXQQHQ�RSWUHGHQ���
*UHQVZDDUGHQ��'H� JUHQVZDDUGHQ� ZRUGHQ� XLWJHGUXNW� LQ� GH� YROJHQGH� I\VLVFKH� JURRWKHGHQ�� GH�VWURRPGLFKWKHLG� -� �LQ� P$�P�� LQ� KHW� FHQWUDDO� ]HQXZVWHOVHO�� KHW� 6SHFLILHNH�$EVRUSWLH� 7HPSR� 6$5� �LQ� :�NJ�� HQ� GH� YHUPRJHQVGLFKWKHLG� 6� �LQ� :�P����$IKDQNHOLMN� YDQ� GH� IUHTXHQWLH� YDQ� GH� HOHNWULVFKH� RI� PDJQHWLVFKH� YHOGHQ� RI� GH�
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HOHNWURPDJQHWLVFKH� VWUDOLQJ� KHEEHQ� GH]H� JUHQVZDDUGHQ� HHQ� EHSDDOGH�ZDDUGH�� ]LH�7DEHO� ����9RRU� GH� VWURRPGLFKWKHLG� GLHQHQ�506�ZDDUGHQ� WH�ZRUGHQ� JHKDQWHHUG��)LJXXU� ��� JHHIW� GH� JUHQVZDDUGHQ� YRRU� GH� VWURRPGLFKWKHLG� -� DOV� IXQFWLH� YDQ� GH�IUHTXHQWLH���
7DEHO���� *UHQVZDDUGHQ��DDQ�DOOH�YRRUZDDUGHQ�PRHW�ZRUGHQ�YROGDDQ����
IUHTXHQWLH��JHELHG� VWURRP�GLFKWKHLG LQ�KHW� FHQWUDDO�]HQXZVWHOVHO-�I LQ�+]��

OLFKDDPV��6$5� SODDWVHOLMNH�6$5��KRRIG� HQ�URPS��

SODDWVHOLMNH6$5��H[WUHPL�WHLWHQ��

YHUPRJHQV�GLFKWKHLG�6

P$�P� :�NJ� :�NJ� :�NJ� :�P�

WRW���+]� ��� �� �� �� �
� ����+]� ���I � �� �� ��� +]�����N+]� ��� �� �� �� ��� N+]�������N+]� I����� �� �� �� ������N+]������0+]� I����� ���� ��� ��� ���� 0+]������*+]� �� ���� ��� ��� ���� *+]�������*+]� �� �� �� �� ���
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)LJXXU���� *UHQVZDDUGHQ�YRRU�GH�VWURRPGLFKWKHLG���
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$FWLHZDDUGHQ��,Q� 7DEHO� ��� HQ� 7DEHO� ��� ]LMQ� GH� DFWLHZDDUGHQ� JHJHYHQ�� GLH� LQ� GH� ULFKWOLMQ� ]LMQ�YDVWJHVWHOG���
7DEHO���� $FWLHZDDUGHQ��506�ZDDUGHQ����
IUHTXHQWLHJHELHG� HOHNWULVFKH�YHOGVWHUNWH��(

PDJQHWLVFKH�YHOGVWHUNWH��+
PDJQHWLVFKH�IOX[GLFKWKHLG�%

HTXLYDOHQWH�YHUPRJHQV�GLFKWKHLG�YRRU�YODNNH�JROYHQ��6HT�
9�P� $�P� µ7 :�P�

� ����+]� �� ����[��� �[��� �� ����+]� ������� ����[����I � �[��� � I � �� �����+]� ������� �[����I ���[��� � I ��������������N+]� ����I ���I ����I �����������N+]� ���� ����� ����� ����������N+]� ���� ������I � ������I ���������0+]� ���� ����I � ��I �� �����0+]� ����I� ����I � ��I ��� ������0+]� ��� ����� ���� ���������������0+]� �¥I �����¥I ����¥I I����� ������*+]� ���� ����� ����� ���
2SPHUNLQJHQ��� I LQ�GH�HHQKHLG�]RDOV�DDQJHJHYHQ�LQ�GH�NRORP�YDQ�KHW�IUHTXHQWLHJHELHG��� 9RRU� IUHTXHQWLHV� �� �� +]�� GLH� LQ� IHLWH� VWDWLVFKH� YHOGHQ� ]LMQ�� ZRUGW� JHHQ� (�YHOGZDDUGH�JHJHYHQ��'H�PHHVWH�PHQVHQ�HUYDUHQ�HOHNWULVFKH�RSSHUYODNWHODGLQJHQ�ELM�HHQ�HOHNWULVFKH�YHOGVWHUNWH� YDQ� PLQGHU� GDQ� ���N9�P� QLHW� DOV� KLQGHUOLMN�� 9RQNRQWODGLQJHQ� GLH� VWUHVV� RI�KLQGHU�YHURRU]DNHQ��GLHQHQ�WH�ZRUGHQ�YHUPHGHQ��

7DEHO���� $FWLHZDDUGHQ�YRRU�GH�FRQWDFWVWURRP�YDQ�JHOHLGHQGH�YRRUZHUSHQ���
IUHTXHQWLHJHELHG� FRQWDFWVWURRP��I LQ�N+]��

P$�
����+]�������N+]� ��������N+]�������N+]� ����I����N+]�������0+]� ���

)LJXXU� ���� )LJXXU� ��� HQ� )LJXXU� ��� JHYHQ� GH� DFWLHZDDUGHQ� YRRU�(� +� HQ�% DOV�IXQFWLH�YDQ�GH�IUHTXHQWLH��+RHZHO�GH�DFWLHZDDUGH�YRRU�% RRN EHUHNHQG�NDQ�ZRUGHQ�XLW�GH�DFWLHZDDUGH�YRRU�+ YLD�GH�YROJHQGH� IRUPXOH�� LV�YDQ�EHLGH�JURRWKHGHQ�HHQ�JUDILHN�RSJHQRPHQ��
≈⋅== −�

� ���πµ +
% ������µ7��$�P����
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PHW� µ� GH� PDJQHWLVFKH� SHUPHDELOLWHLW� LQ� YDFX�P�� ,Q� YDFX�P�� HQ� LQ� JRHGH�
EHQDGHULQJ�LQ�OXFKW��LV�µ� HHQ�YDVW�YHUKRXGLQJVJHWDO�WXVVHQ�%�HQ�+���)LJXXU����JHHIW�GH�DFWLHZDDUGHQ�YRRU�GH�YHUPRJHQVGLFKWKHLG�6 UHVSHFWLHYHOLMN�GH�FRQWDFWVWURRP�,& YDQ�JHOHLGHQGH�YRRUZHUSHQ�DOV�IXQFWLH�YDQ�GH�IUHTXHQWLH��,Q�KHW�IUHTXHQWLHJHELHG�YDQ����0+]�WRW�����0+]�PRHW�YROJHQV�GH�ULFKWOLMQ�GH�HOHNWULVFKH�VWURRP�GRRU�GH�OHGHPDWHQ��DUPHQ��EHQHQ��,/ WRW�PD[LPDDO�����P$�ZRUGHQ�EHSHUNW���'H�DFWLHZDDUGHQ�YRRU�(� +� %� ,& HQ� ,/ JHOGHQ�YRRU�GH�]RJHQDDPGH�5RRW�0HDQ�6TXDUH�ZDDUGH��506���'LW�LV�GH�ZRUWHO�XLW�KHW��WLMG��JHPLGGHOGH�YDQ�KHW�NZDGUDDW�YDQ�GH�JURRWKHLG��%LM�SHULRGLHNH�VLJQDOHQ�ZDDUYDQ�KHW�YHUPRJHQ�HYHQUHGLJ�LV�PHW�KHW� NZDGUDDW�� YDQ� ELMYRRUEHHOG� VWURRPVWHUNWH� RI� HOHNWULVFKH� RI� PDJQHWLVFKH�YHOGVWHUNWH��LV�GH�506�ZDDUGH�GLH�ZDDUGH��GLH�DOV�KHW�VLJQDDO�QLHW�SHULRGLHN�PDDU�FRQVWDQW� ]RX� ]LMQ�� PHW� KHW]HOIGH� JHPLGGHOGH� YHUPRJHQ� JHSDDUG� ]RX� JDDQ�� 'H�506�ZDDUGH�YDQ�HHQ�HOHNWULVFK�YHOG�(�W��PHW�SHULRGH�7 LV��

506 7 ( W GW7

=
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� �
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�
�� �
�%LM�VLQXVYRUPLJH�YHOGHQ�LV�GH�506�ZDDUGH�FLUFD�����YDQ�GH�PD[LPDOH�ZDDUGH���

0LGGHOLQJVUHJHOV�YRRU�IUHTXHQWLHV�ERYHQ�����N+]�
�$OV� GH� LQWHQVLWHLW� YDQ� GH� YHOGHQ� QLHW� FRQVWDQW� LV�� PDJ� RQGHU� GH� YROJHQGH�YRRUZDDUGHQ�PHW�JHPLGGHOGH�ZDDUGHQ�RYHU�GH�WLMG�ZRUGHQ�JHUHNHQG��� 'H�JHPLGGHOGH�ZDDUGH�YDQ�(� +� HQ�% ZRUGHQ�EHUHNHQG�DOV�GH�ZRUWHO�XLW�KHW�JHPLGGHOGH�YDQ�KHW�NZDGUDDW�YDQ�GH�YHOGVWHUNWH��9RRU�6 ZRUGW�JHZRRQ�KHW�UHNHQNXQGLJ�JHPLGGHOGH�JHKDQWHHUG��
� 9RRU�IUHTXHQWLHV�I WXVVHQ�����N+]�HQ����*+]�JHOGW�GH�µ]HV�PLQXWHQUHJHO¶��GH� JHPLGGHOGH� ZDDUGH� �]LH� ��� RYHU� LHGHUH� ZLOOHNHXULJH� SHULRGH� YDQ�� PLQXWHQ�PRHW�ZRUGHQ�JHWRHWVW�DDQ�GH�DFWLHZDDUGH��9RRU�I ! ���*+]�ZRUGW�GH� PLGGHOLQJVSHULRGH� EHUHNHQG� DOV� ������I � *+]������PLQXWHQ�� 9RRU�IUHTXHQWLHV�WRW�����N+]�PDJ�JHHQ�PLGGHOLQJ�ZRUGHQ�XLWJHYRHUG���
9RRUEHHOG�YDQ�GH�]HV�PLQXWHQUHJHO�6WHO�� LHPDQG�ZRUGW�LHGHUH���PLQXWHQ�JHGXUHQGH����VHFRQGHQ�EORRWJHVWHOG�DDQ�HHQ�YHOG�PHW�HHQ�IUHTXHQWLH�YDQ������0+]�HQ�HHQ�YHOGVWHUNWH�YDQ�����9�P��(U�PRHW�ELM� IUHTXHQWLHV� ERYHQ� ����N+]� JHPLGGHOG� ZRUGHQ� RYHU� (�� 'LW� NDQ� GRRU� (� WH�YHUPHQLJYXOGLJHQ�PHW�GH�GXW\�F\FOH� GH�UDWLR�YDQ�GH�JHEUXLNWH�WLMG�SHU�RQJXQVWLJVW�JHNR]HQ� SHULRGH� YDQ� ]HV� PLQXWHQ�� 2IWHZHO�� GH� ZDDUGH� YDQ� KHW� (�YHOG� PRHW�YHUPHQLJYXOGLJG�ZRUGHQ�PHW�GH�ZRUWHO�XLW�GH�GXW\�F\FOH� 7RHSDVVLQJ�YDQ�GH�]HV�PLQXWHQUHJHO� OHYHUW� GDQ�� ¥���������  � ¥�������  � ������+HW� UHVXOWHUHQGH�(�YHOG� LV�GXV ���������� ����9�P��'DW�LV�RQGHU�GH�DFWLHZDDUGH�YDQ�����9�P��
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3LHNDFWLHZDDUGHQ�
�3LHNZDDUGHQ��KRJH�ZDDUGHQ�JHGXUHQGH�HHQ�SHULRGH�GLH�EHGXLGHQG�NRUWHU�LV�GDQ�GH�PLGGHOLQJVSHULRGH��ZRUGHQ�DOV�YROJW�EHSHUNW��(HUVW�EHUHNHQW�PHQ�HHQ�IUHTXHQWLH�IXLW�GH�GXXU�YDQ�GH�SLHN�WS� YROJHQV�I  ������WS���9HUYROJHQV�]RHNW�PHQ�KHW�ELM�GH]H�IUHTXHQWLH� EHKRUHQGH� DFWLHZDDUGH� RS� LQ� )LJXXU� ���� )LJXXU� ��� RI�)LJXXU� ����7HQ�VORWWH�YHUPHQLJYXOGLJW�PHQ�GH]H�ZDDUGH�PHW�HHQ�IDFWRU�U� DI�WH�OH]HQ�LQ�)LJXXU����RI WH�EHUHNHQHQ�DOV��

YRRU�I � ����N+]�� � � � U  √� ≈ ������
YRRU�I ! ���0+]�� � � � U  √�����≈ ����
GDDUWXVVHQ������N+]±���0+]�� � U  ����× �I � 0+]������

'H�SLHNZDDUGH�GLHQW�EHQHGHQ�GH�DOGXV�EHSDDOGH�SLHNDFWLHZDDUGH�WH�EOLMYHQ���
6RPPDWLHUHJHOV�YRRU�YHUVFKLOOHQGH�VLJQDDOYRUPHQ�HQ�PHHUGHUH�EURQQHQ�
6RPPLJH�EURQQHQ�]HQGHQ� WHJHOLMNHUWLMG� VWUDOLQJ�XLW�PHW�PHHU�GDQ�HHQ� IUHTXHQWLH��KHW]LM� GRRU� JHEUXLN� YDQ� YHUVFKLOOHQGH� GUDDJJROYHQ�� KHW]LM� GRRUGDW� KHW� VLJQDDO�JHSXOVW� RI� QLHW� VLQXVYRUPLJ� LV�� 9ROJHQV� GH� ULFKWOLMQ� PRHWHQ� ELM� JHOLMNWLMGLJH�EORRWVWHOOLQJ�DDQ�YHOGHQ�YDQ�YHUVFKLOOHQGH�IUHTXHQWLHV�µ����SDVVHQGH�EHRRUGHOLQJV���PHWLQJV��HQ�RI�EHUHNHQLQJVPHWKRGHQ�ZRUGHQ�WRHJHSDVW��GLH�KHW�PRJHOLMN�PDNHQ�GH�NHQPHUNHQ� YDQ� GH� JROIYRUPHQ� HQ� GH� DDUG� YDQ� GH� ELRORJLVFKH� ZLVVHOZHUNLQJ� WH�DQDO\VHUHQ��PHW� LQDFKWQHPLQJ�YDQ�GH�JHKDUPRQLVHHUGH�(XURSHVH�QRUPHQ�YDQ�KHW�(XURSHHV�&RPLWp�YRRU�HOHNWURWHFKQLVFKH�QRUPDOLVDWLH���¶����3DUDJUDDI����� JHHIW� HHQ� RYHU]LFKW� YDQ� GH� YHUVFKLOOHQGH� EHUHNHQLQJVPHWKRGHQ�YRRUQDPHOLMN� JHEDVHHUG� RS� KHW� ,&1,53� VWDWHPHQW� XLW� ����� >��@� HQ� QRUP�1(1�(1�������������
'H�VRPPDWLHUHJHO�'H�VRPPDWLHUHJHO�GLH�KLHU�ZRUGW�EHKDQGHOG��LV�JHEDVHHUG�RS�GH�V\VWHPDWLHN�YDQ�GH�(8�DDQEHYHOLQJ� YRRU� EORRWVWHOOLQJ� YDQ� OHGHQ� YDQ� GH� EHYRONLQJ� >�@�� 'H� KLHU�
EHVSURNHQ� VRPPDWLHUHJHO�ZRUGW� RRN�ZHO� µGH� VRPPDWLHUHJHO¶ JHQRHPG�� HQ� LV� HHQ�FRQVHUYDWLHYH� PDQLHU� YDQ� RSWHOOLQJ� YDQ� YHUVFKLOOHQGH� IUHTXHQWLHFRPSRQHQWHQ��9RRU�GHUJHOLMNH�JHYDOOHQ�NDQ�PHQ�DOV�YROJW�EHSDOHQ�RI�GH�YHU]DPHOLQJ�YHOGVWHUNWHQ�HQ�VWURRPVWHUNWHQ�YROGRHW�DDQ�GH�JHVWHOGH�HLVHQ��%LM�LHGHUH�UHOHYDQWH�IUHTXHQWLH�ILOHHVW�PHQ�GH�ZDDUGHQ�DL� EL� FL� GL DI�XLW�7DEHO����RI�)LJXXU����HQ�HL XLW�7DEHO����RI�)LJXXU���� �UHFKWV�� LQGLHQ� IL EXLWHQ�KHW�DDQJHJHYHQ�IUHTXHQWLHJHELHG�YDOW��GLHQW�GH�ZDDUGH�∞� RQHLQGLJ��WH�ZRUGHQ�LQJHYXOG���
�
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7DEHO���� :DDUGHQ�YRRU�GH�FRsIILFLsQWHQ�D��E��F�HQ�G�LQ�GH�VRPPDWLHUHJHO���
IUHTXHQWLHJHELHG� D� E F� G�

9�P� $�P� 9�P� $�P�
� ����+]� ������� ����[����I �

� �����+]� ������� �[����I�������������N+]� ����I ���I����������N+]� ���� ����� � ���������N+]� ���� ����� � ����������0+]� ���� ����� ����I ����I�� ������0+]� � � ��� �����������������0+]� � � �¥I �����¥I� ������*+]� � � ���� �����
2SPHUNLQJ��� I LQ�GH�HHQKHLG�]RDOV�DDQJHJHYHQ�LQ�GH�NRORP�YDQ�KHW�IUHTXHQWLHJHELHG�

9HUYROJHQV�PRHWHQ�GH�YROJHQGH�RSWHOOLQJHQ�ZRUGHQ�YHUULFKW��� GH�VRP�YDQ�GH�ZDDUGHQ�(L � DL YRRU�GH�UHOHYDQWH�IUHTXHQWLHV�IL WXVVHQ���+]�HQ����0+]��� GH�VRP�YDQ�GH�ZDDUGHQ�+L � EL YRRU�GH�UHOHYDQWH�IUHTXHQWLHV�IL WXVVHQ���+]�HQ����0+]��� GH� VRP� YDQ� GH� ZDDUGHQ� �(L � FL�� YRRU� GH� UHOHYDQWH� IUHTXHQWLHV� IL WXVVHQ�����N+]�HQ�����*+]��� GH� VRP� YDQ� GH� ZDDUGHQ� �+L � GL�� YRRU� GH� UHOHYDQWH� IUHTXHQWLHV� IL WXVVHQ�����N+]�HQ�����*+]��� GH� VRP� YDQ� GH� ZDDUGHQ� �,/�L�������P$�� YRRU� GH� UHOHYDQWH� IUHTXHQWLHV� ILWXVVHQ����0+]�HQ�����0+]��HQ�� GH�VRP�YDQ�GH�ZDDUGHQ��,&�L���HL�� YRRU�GH�UHOHYDQWH�IUHTXHQWLHV�IL WXVVHQ���+]�HQ�����0+]��ZDDULQ�(L UHVSHFWLHYHOLMN�+L GH�FRPSRQHQW�YDQ�( UHVSHFWLHYHOLMN�+ LV�ELM�IUHTXHQWLH�
IL� ,/�L�GLH�YDQ�GH�HOHNWULVFKH�VWURRP�LQ�H[WUHPLWHLWHQ��DUPHQ��EHQHQ��,/� HQ�,&�L YDQ�GH HOHNWULVFKH�FRQWDFWVWURRP�,&�
$DQ�DO�GH]H�VRPPHQ�ZRUGW�GH�HLV�JHVWHOG�GDW�]H�NOHLQHU�GDQ���PRHWHQ�]LMQ���0HUN� RS� GDW� HU� YRRU� GH�ZHJLQJ� YDQ� GH� YHOGVWHUNWHQ� LQ� KHW� IUHTXHQWLHJHELHG� YDQ�����N+]� WRW� ���0+]� SDUDOOHO� DDQ� WZHH� YHUVFKLOOHQGH� VRPPHQ� �YHUVFKLOOHQGH�QRHPHUV��PRHW�ZRUGHQ�YROGDDQ��'H�UHGHQ�KLHUYRRU�LV�GDW�ELM�IUHTXHQWLHV�YDQ���+]�WRW� ���0+]� GH� EHVFKHUPLQJ� JHEDVHHUG� LV� RS� JHwQGXFHHUGH� VWURRP� GRRU� HHQ�HOHNWULVFK� YHOG� �(�YHOG�� RI� HHQ� PDJQHWLVFK� IOX[GLFKWKHLGVYHOG� �%�YHOG��� %LM�IUHTXHQWLHV�YDQ�����N+]�WRW�����*+]�LV�GH�EHVFKHUPLQJ�JHEDVHHUG�RS�RSZDUPLQJ���
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9RRUEHHOG�YDQ�GH�VRPPDWLHUHJHO�(HQ� ZHUNQHPHU� EHYLQGW� ]LFK� LQ� GH� EXXUW� YDQ� DSSDUDWXXU� GLH� GULH� IUHTXHQWLHV�XLW]HQGW������N+]����0+]��HQ����0+]��0HWLQJHQ�ZLM]HQ�XLW�GDW�GH�506�ZDDUGHQ�YDQ�KHW�(�YHOG�RS�GH�SODDWV�ZDDU�GH�ZHUNQHPHU�]LFK�ODQJGXULJ�NDQ�EHYLQGHQ�YRRU�GH]H�GULH�IUHTXHQWLHV�UHVSHFWLHYHOLMN����������HQ����9�P�EHGUDJHQ��0HW�EHKXOS�YDQ�GH�ILJXUHQ�NDQ�QX�GH�YROJHQGH�WDEHO�ZRUGHQ�LQJHYXOG���
I �+]�� ( �9�P�� (DFW��9�P�� D �9�P�� F �9�P�� (�D �(�F��
����� ���� ���� ���� ����� ����� �����
����� ���� ���� ���� ���� ����� �����
����� ��� ��� ∞ ��� �� �����
VRP� � � � � ����� �����
*HHQ�YDQ�GH�DFWLHZDDUGHQ�YRRU�HQNHOYRXGLJH�IUHTXHQWLHV�ZRUGW�RYHUVFKUHGHQ��'H�RSWHOOLQJ�YDQ�GH�ZDDUGHQ�(�D OHYHUW�HHQ�ZDDUGH�JURWHU�GDQ���HYHQDOV�GH�RSWHOOLQJ�YDQ� GH� ZDDUGHQ� �(�F��� (U� LV� GXV� VSUDNH� YDQ� HHQ� RYHUVFKULMGLQJ� YDQ� GH�DFWLHZDDUGHQ��
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�)LJXXU���� $FWLHZDDUGHQ�HOHNWULVFKH�YHOGVWHUNWH��
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�)LJXXU���� $FWLHZDDUGHQ�PDJQHWLVFKH�YHOGVWHUNWH���
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�)LJXXU���� $FWLHZDDUGHQ�PDJQHWLVFKH�IOX[GLFKWKHLG��
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�)LJXXU���� $FWLHZDDUGHQ�YRRU�GH�YHUPRJHQVGLFKWKHLG��OLQNV��HQ�GH�
FRQWDFWVWURRP��UHFKWV����
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�)LJXXU���� 9HUPHQLJYXOGLJLQJVIDFWRU�YRRU�EHUHNHQHQ�YDQ�DFWLHZDDUGHQ�YRRU�
SLHNZDDUGHQ��
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�)LJXXU���� :DDUGHQ�D��E��F��HQ�G�WHQ�EHKRHYH�YDQ�KHW�RSWHOOHQ�ELM�PHHUGHUH�
IUHTXHQWLHV��
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%LMODJH��� 5,	(�PRGXOH�HOHNWURPDJQHWLVFKH�
YHOGHQ���YRRUORSLJH�YHUVLH�

�'H�5,	(�PRGXOH�YRRU�HOHNWURPDJQHWLVFKH�YHOGHQ�EHVWDDW�XLW�WZHH�GHOHQ��QDPHOLMN�GH� LQYHQWDULVDWLH� HQ� KHW� SODQ� YDQ� DDQSDN�� +HW� EHWUHIW� HHQ� JHQHULHNH�PRGXOH� GLH�YRRU� VSHFLILHNH� EUDQFKHV� NDQ� ZRUGHQ� YHUHHQYRXGLJG�� YHUGHU� NDQ� ZRUGHQ�JHVSHFLILFHHUG�RI�DDQJHYXOG����
� ,QYHQWDULVDWLH��

9UDJHQ� MD� QHH�
� 7LMGHQV�KXQ�ZHUN]DDPKHGHQ�NXQQHQ�ZHUNQHPHUV�LQ�FRQWDFW�NRPHQ�

PHW�DSSDUDWXXU�GLH��DO�GDQ�QLHW�EHGRHOG��HOHNWULVFKH��PDJQHWLVFKH�RI�
HOHNWURPDJQHWLVFKH�YHOGHQ�SURGXFHHUW��

�

� (U�LV�HHQ�RYHU]LFKW�YDQ�HOHNWULVFKH�HQ�HOHNWURQLVFKH�DSSDUDWXXU��
�

� $OOH�DSSDUDWXXU�YDOW�RQGHU�FDWHJRULH�,�
�JHEUXLN�7DEHO���HQ�7DEHO���YDQ�GLW�UDSSRUW���

�
� (U�LV�DOOHHQ�VSUDNH�YDQ�QRUPDOH�HQ�QLHW�YDQ�DIZLMNHQGH�

RPVWDQGLJKHGHQ��JHEUXLN�3DUDJUDDI�����YDQ�GLW�UDSSRUW���
�

� (U�]LMQ��ZDDU�QRGLJ��QRJ�DDQZH]LJH�EHKHHUVPDDWUHJHOHQ�JHQRPHQ�HQ�
ZHUNLQVWUXFWLHV�JHJHYHQ�RP�ZHUNQHPHUV�WH�EHVFKHUPHQ��

�
� ,HGHUHHQ�NHQW�GH�EHKHHUVPDDWUHJHOHQ�HQ�ZHUNLQVWUXFWLHV�HQ�OHHIW�]H�

QD��,HGHUHHQ�LV�RS�GH�KRRJWH�YDQ�GH�ORNDOH�EORRWVWHOOLQJVLWXDWLHV��
�

� (U�LV�YRRUOLFKWLQJ�JHJHYHQ�RYHU�GH�ULFKWOLMQ�ZHW�HQ�
HOHNWURPDJQHWLVFKH�YHOGHQ��

�
� (U�LV�HHQ�V\VWHHP�YRRU�FRQWUROH�YDQ�EHVWDDQGH�HQ�YRRU�KHW�

LQVFKDWWHQ�YDQ�QLHXZH�EORRWVWHOOLQJVLWXDWLHV��
�

7RHOLFKWLQJ�DOJHPHHQ��$OV� YUDDJ� �� PHW� µQHH¶� LV� EHDQWZRRUG�� KRHYHQ� GH� DQGHUH� YUDJHQ� QLHW� WH� ZRUGHQ�LQJHYXOG��$OV�PLQVWHQV� ppQ� YDQ� GH� YUDJHQ��� W�P���PHW� µQHH¶� LV� EHDQWZRRUG��GDQ�GLHQW�RRN�KHW�SODQ�YDQ�DDQSDN�WH�ZRUGHQ�LQJHYXOG��
�
7RHOLFKWLQJ�SHU�YUDDJ��� 9RRUEHHOGHQ� YDQ� GH� EHGRHOGH� DSSDUDWXXU� ]LMQ� DQWL�GLHIVWDOSRRUWMHV��PHWDDOGHWHFWLHSRRUWHQ�� SODVWLF� VHDOHUV� JHQHUDWRUHQ� LQ� HHQ�HOHNWULFLWHLWVFHQWUDOH�� OXFKWVSRHOHQ� LQ� FRQGHQVDWRUEDQNHQ�� VWURRPJHOHLGHUV��JHOLMNULFKWHULQVWDOODWLHV�� VPHOWRYHQV�� LQGXFWLHYHUZDUPHUV�PHW�RSHQ�VSRHOHQ��ERRJODVV\VWHPHQ��KDOIJHDXWRPDWLVHHUGH�SXQW��HQ�LQGXFWLHODVV\VWHPHQ��05,�VFDQQHUV�� DSSDUDWXXU� YRRU� NRUWH�JROIGLDWKHUPLH�� PLFURJROIGLDWKHUPLH� HQ�
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GLHSH� K\SHUWKHUPLH�� RSHQ� PDJQHWURQV�� RPURHS]HQGHUV�� EDVLVVWDWLRQV� YRRU�PRELHOH�WHOHIRQLH��UDGDUV\VWHPHQ��� %HGHQN� GDW� DOOH� HOHNWULVFKH� DSSDUDWXXU� LQ� SULQFLSH� HOHNWURPDJQHWLVFKH�YHOGHQ�NDQ�YHUVSUHLGHQ��9RRUDO�DSSDUDWXXU�PHW�KRJH�HOHNWULVFKH�YHUPRJHQV�JHEUXLNW� GRRUJDDQV� KRJH� VWURRPVWHUNWHV� GLH� RS� KXQ� EHXUW� PDJQHWLVFKH�YHOGHQ�YDQ�EHWHNHQLV�NXQQHQ�YHURRU]DNHQ��� 'H� OLMVW� EHYDW� RQGHU� DQGHUH� DDQWDOOHQ�� VRRUW� DSSDUDWXXU�� GH� ORFDWLHV�� GH�YHUPRJHQV�HQ�GH�RPVWDQGLJKHGHQ�ZDDULQ�PHW�GH�DSSDUDWXXU�ZRUGW�JHZHUNW��� $SSDUDWXXU� GLH� QLHW� LQ� GH� WDEHOOHQ� ZRUGW� JHQRHPG� RI� ZDDURYHU� WZLMIHO�EHVWDDW�� ZRUGW� LQJHGHHOG� LQ� FDWHJRULH� ,,�� 9RRU� ]RYHU� EHNHQG� RI� PRJHOLMN�ZRUGW�YDQ�LHGHU�DSSDUDDW�XLW�FDWHJRULH�,,�RI�,,,�YDVWJHVWHOG�ZHONH�IUHTXHQWLH�GH PRJHOLMNH�YHOGHQ�NXQQHQ�KHEEHQ��� 2PVWDQGLJKHGHQ�ZDDULQ�YDQ�GH�VWDQGDDUG�EHGULMIVYRHULQJ�ZRUGW�DIJHZHNHQ�]LMQ� ELMYRRUEHHOG� GH� DDQZH]LJKHLG� YDQ� ZHUNQHPHUV� PHW� HOHNWURQLVFKH�LPSODQWDWHQ� �SDFHPDNHUV�� KDUWSRPSMHV� HWF���� PHGLVFKH� DSSDUDWXXU��RQWYODPEDUH�RI�RQWSORIEDUH� VWRIIHQ�RI� IHUURPDJQHWLVFKH�YRRUZHUSHQ� LQ�HHQ�VWDWLVFK�PDJQHWLVFK�YHOG�JURWHU�GDQ���P7��� +LHUYRRU�PRHWHQ�HHUVW�GH�DFWLHV�ELM�SXQWHQ���HQ���XLWJHYRHUG�]LMQ��$OV�HU�ELM�GH SXQWHQ� �� RI� �� RYHUVFKULMGLQJHQ� YDQ� GH� DFWLHZDDUGHQ� ]LMQ� JHFRQVWDWHHUG��RI� PRJHOLMN� ZRUGHQ� JHDFKW��� ZRUGW� QDJHJDDQ� RI� GH� WHFKQLVFKH� GDQ� ZHO�RUJDQLVDWRULVFKH�EHKHHUVPDDWUHJHOHQ�LQGHUGDDG�JHQRPHQ�HQ��QRJ��DDQZH]LJ�HQ� DIGRHQGH� ]LMQ� HQ� RI� GH� ZHUNLQVWUXFWLHV� JHJHYHQ� ]LMQ� RP� GH]H� WRH� WH�SDVVHQ��2I�HU�LV�DDQJHWRRQG�GDW�GH�JUHQVZDDUGHQ�QLHW�ZRUGHQ�RYHUVFKUHGHQ��� +HHIW� LHGHUH� ZHUNQHPHU� YRRUOLFKWLQJ� JHNUHJHQ� RYHU� �GH� RPJDQJ� PHW��HOHNWURPDJQHWLVFKH�YHOGHQ�LQ�GH�DUEHLGVVLWXDWLH"�=LMQ�DOOH�ZHUNQHPHUV��QRJ��RS GH� KRRJWH� YDQ� GH�ZHUNLQVWUXFWLHV� HQ� GH� EHKHHUVPDDWUHJHOHQ� HQ� RRN� GH�DUEHLGVVLWXDWLHV� ZDDUELM� GH]H� YDQ� WRHSDVVLQJ� ]LMQ"� %HJULMSHQ� ]H� KHW� HQ�NXQQHQ�]H�HU�PHH�RPJDDQ"�� :HWHQ�GH�ZHUNQHPHUV�GDW�HU�HHQ�ZHW�LV�GLH�KHQ�WHJHQ�WH�KRJH�EORRWVWHOOLQJ�DDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�EHVFKHUPW"�=LMQ�]H�RS�GH�KRRJWH�YDQ�ZDW�GH�DFWLHZDDUGHQ� HQ� JUHQVZDDUGHQ� EHGUDJHQ"� :HWHQ� ]H� KRH� ]H� PRJHOLMN�JHYDDUOLMNH�VLWXDWLHV�NXQQHQ�LQVFKDWWHQ"�� =LMQ� HU� SURFHGXUHV� YRRU� KHW� YROJHQ� YDQ� GH� VLWXDWLH� HQ� YHUDQGHUHQGH�ZHUNRPJHYLQJ"��
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� 3ODQ�YDQ�DDQSDN��
RQGHUZHUS� DFWLH� YHU�

YDOW�
XLW�
YRHU�
GHU�

SULR�
ULWHLW�

� (U�LV�JHHQ�RYHU]LFKW�
YDQ�HOHNWULVFKH�HQ�
HOHNWURQLVFKH�
DSSDUDWXXU��

0DDN�HHQ�OLMVW�PHW�GH�HOHNWULVFKH�
DSSDUDWXXU��ORFDWLH�HQ�YHUPRJHQ���

�

� (U�LV�DSSDUDWXXU�LQ�
FDWHJRULH�,,�
RI�,,,��

.LHV�yI�YRRU�PDDWUHJHOHQ�RP�HUYRRU�
WH�]RUJHQ�GDW�DFWLHZDDUGHQ�QLHW�ZRU�
GHQ�RYHUVFKUHGHQ�yI�YRRU�KHW�EHRRU�
GHOHQ�YDQ�GH�EORRWVWHOOLQJ��*HEUXLN�
KLHUELM�KHW�EHRRUGHOLQJVVFKHPD�LQ�
)LJXXU����

�

� (U�]LMQ�DIZLMNHQGH�
RPVWDQGLJKHGHQ��

,QVWUXHHU�ZHUNQHPHU�PHW�LPSODQWDWHQ�
RS�DIVWDQG�WH�EOLMYHQ��YHUZLMGHU�RQW�
YODPEDUH�RI�RQWSORIEDUH�VWRIIHQ��HWF��

�

� (U�]LMQ�JHHQ�
LQVWUXFWLHV�RI�
EHKHHUVPDDWUHJHOHQ�
]LMQ�QLHW��PHHU��
JHQRPHQ��

0DDN�LQVWUXFWLHV�YRRU�GH�RPJDQJ�PHW�
DSSDUDWXXU�XLW�FDWHJRULH�,,�RI�,,,�HQ�
YRHU�GH�EHKHHUVPDDWUHJHOHQ�XLW��RI�
WUHI�]H�RSQLHXZ��

�

� :HUNQHPHUV�]LMQ�
QLHW�EHNHQG�PHW�GH�
RPJDQJ�YDQ�GH�
EHKHHUVPDDWUHJHOHQ�
HQ�ZHUNLQVWUXFWLHV��

*HHI�ZHUNQHPHUV�YRRUOLFKWLQJ�� � � �
�

� :HUNQHPHUV�]LMQ�
QLHW�EHNHQG�PHW�GH�
ZHW��

*HHI�DOJHPHQH�YRRUOLFKWLQJ�RYHU�GH�
ZHW��HQ�KRH�HYHQWXHOH�EORRWVWHOOLQJ�
VLWXDWLHV�]LMQ�WH�KHUNHQQHQ�

�

� (U�LV�JHHQ�V\VWHHP�
RP�YHUDQGHULQJHQ�
YDQ�GH�ZHUNVLWXDWLH�
WH�YROJHQ��

+RXG�V\VWHPDWLVFK�ELM�ZHONH�DSSDUD�
WXXU�ZRUGW�YHUQLHXZG�RI�YHUDQGHUG��
ZHONH�RXGH�DSSDUDWXXU�ZRUGW�
DIJHYRHUG�HQ�ZDW�GDW�YRRU�JHYROJHQ�
KHHIW�YRRU�GH�EORRWVWHOOLQJ��HYHQWXHHO�
DDQ�PHHUGHUH�DSSDUDWHQ���2RN�GH�
JHYROJHQ�GRRU�YHUDQGHUHQGH�RI�
YHUQLHXZGH�ZHUNZLM]HQ�PRHWHQ�
ELMJHKRXGHQ�ZRUGHQ��

�
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%LMODJH��� 6%,�FRGHV�
��RYHUJHQRPHQ�XLW�&%6�GRFXPHQW�>��@���$ /DQGERXZ��MDFKW�HQ�ERVERXZ�� ��� /DQGERXZ��MDFKW�HQ�GLHQVWYHUOHQLQJ�YRRU�GH�ODQGERXZ�HQ�MDFKW�� ��� %RVERXZ�HQ�GLHQVWYHUOHQLQJ�YRRU�GH�ERVERXZ�% 9LVVHULM�� ��� 9LVVHULM��NZHNHQ�YDQ�YLV�HQ�VFKDDOGLHUHQ�& :LQQLQJ�YDQ�GHOIVWRIIHQ�&$� :LQQLQJ�YDQ�HQHUJLHKRXGHQGH�GHOIVWRIIHQ�� ��� 7XUIZLQQLQJ�� ��� $DUGROLH�� HQ� DDUGJDVZLQQLQJ� HQ� GLHQVWYHUOHQLQJ� YRRU� GH�DDUGROLH��HQ�DDUGJDVZLQQLQJ�&%� :LQQLQJ�YDQ�QLHW�HQHUJLHKRXGHQGH�GHOIVWRIIHQ�� ��� :LQQLQJ�YDQ�]DQG��JULQG��NOHL��]RXW�H�G��' ,QGXVWULH�'$� 9HUYDDUGLJLQJ�YDQ�YRHGLQJV��HQ�JHQRWPLGGHOHQ�� ��� 9HUYDDUGLJLQJ�YDQ�YRHGLQJVPLGGHOHQ�HQ�GUDQNHQ�� ��� 9HUZHUNLQJ�YDQ�WDEDN�'%� 9HUYDDUGLJLQJ�YDQ�WH[WLHO�HQ�WH[WLHOSURGXFWHQ�� ��� 9HUYDDUGLJLQJ�YDQ�WH[WLHO�� ��� 9HUYDDUGLJLQJ�YDQ�NOHGLQJ��EHUHLGHQ�HQ�YHUYHQ�YDQ�ERQW�'&� 9HUYDDUGLJLQJ�YDQ�OHHU�HQ�OHGHUZDUHQ��JHHQ�NOHGLQJ��� ��� 9HUYDDUGLJLQJ�YDQ�OHHU�HQ�OHGHUZDUHQ��JHHQ�NOHGLQJ��''� +RXWLQGXVWULH� HQ� YHUYDDUGLJLQJ� YDQ� DUWLNHOHQ� YDQ� KRXW�� NXUN�� ULHW� HQ�YOHFKWZHUN��JHHQ�PHXEHOV��� ��� +RXWLQGXVWULH� HQ� YHUYDDUGLJLQJ� YDQ� DUWLNHOHQ� YDQ� KRXW�� NXUN��ULHW�HQ�YOHFKWZHUN��JHHQ�PHXEHOV��'(� 9HUYDDUGLJLQJ� YDQ� SDSLHU�� NDUWRQ� HQ� SDSLHU�� HQ� NDUWRQZDUHQ��XLWJHYHULMHQ�HQ�GUXNNHULMHQ�H�G��� ��� 9HUYDDUGLJLQJ�YDQ�SDSLHU��NDUWRQ�HQ�SDSLHU��HQ�NDUWRQZDUHQ�� ��� 8LWJHYHULMHQ��GUXNNHULMHQ�HQ�UHSURGXFWLH�YDQ�RSJHQRPHQ�PHGLD�')� $DUGROLH�� HQ� VWHHQNRROYHUZHUNHQGH� LQGXVWULH�� EHZHUNLQJ� YDQ� VSOLMW��HQ�NZHHNVWRIIHQ�� ��� $DUGROLH�� HQ� VWHHQNRROYHUZHUNHQGH� LQGXVWULH�� EHZHUNLQJ� YDQ�VSOLMW��HQ�NZHHNVWRIIHQ�'*� 9HUYDDUGLJLQJ�YDQ�FKHPLVFKH�SURGXFWHQ�� ��� 9HUYDDUGLJLQJ�YDQ�FKHPLVFKH�SURGXFWHQ�'+� 9HUYDDUGLJLQJ�YDQ�SURGXFWHQ�YDQ�UXEEHU�HQ�NXQVWVWRI�� ��� 9HUYDDUGLJLQJ�YDQ�SURGXFWHQ�YDQ�UXEEHU�HQ�NXQVWVWRI�',� 9HUYDDUGLJLQJ�YDQ�JODV��DDUGHZHUN��FHPHQW���NDON��HQ�JLSVSURGXFWHQ�



����YDQ����� �
�

��� 9HUYDDUGLJLQJ� YDQ� JODV�� DDUGHZHUN�� FHPHQW��� NDON�� HQ�JLSVSURGXFWHQ�'-� 9HUYDDUGLJLQJ� YDQ� PHWDOHQ� LQ� SULPDLUH� YRUP� HQ� YDQ� SURGXFWHQ� YDQ�PHWDDO�� ��� 9HUYDDUGLJLQJ�YDQ�PHWDOHQ�LQ�SULPDLUH�YRUP�� ��� 9HUYDDUGLJLQJ� YDQ� SURGXFWHQ� YDQ� PHWDDO� �JHHQ� PDFKLQHV� HQ�WUDQVSRUWPLGGHOHQ��'.� 9HUYDDUGLJLQJ�YDQ�PDFKLQHV�HQ�DSSDUDWHQ�� ��� 9HUYDDUGLJLQJ�YDQ�PDFKLQHV�HQ�DSSDUDWHQ�'/� 9HUYDDUGLJLQJ�YDQ�HOHNWULVFKH�HQ�RSWLVFKH�DSSDUDWHQ�HQ�LQVWUXPHQWHQ�� ��� 9HUYDDUGLJLQJ�YDQ�NDQWRRUPDFKLQHV�HQ�FRPSXWHUV�� ��� 9HUYDDUGLJLQJ� YDQ� RYHULJH� HOHNWULVFKH�PDFKLQHV�� DSSDUDWHQ� HQ�EHQRGLJGKHGHQ�� ��� 9HUYDDUGLJLQJ� YDQ� DXGLR��� YLGHR�� HQ�WHOHFRPPXQLFDWLHDSSDUDWHQ�HQ��EHQRGLJGKHGHQ�� ��� 9HUYDDUGLJLQJ� YDQ� PHGLVFKH� DSSDUDWHQ� HQ� LQVWUXPHQWHQ��RUWKRSHGLVFKH�DUWLNHOHQ�H�G���SUHFLVLH��HQ�RSWLVFKH�LQVWUXPHQWHQ�HQ�XXUZHUNHQ�'0� 9HUYDDUGLJLQJ�YDQ�WUDQVSRUWPLGGHOHQ�� ��� 9HUYDDUGLJLQJ�YDQ�DXWR¶V��DDQKDQJZDJHQV�HQ�RSOHJJHUV�� ��� 9HUYDDUGLJLQJ� YDQ� WUDQVSRUWPLGGHOHQ� �JHHQ� DXWR¶V��DDQKDQJZDJHQV�HQ�RSOHJJHUV��'1� 9HUYDDUGLJLQJ�YDQ�PHXEHOV��YHUYDDUGLJLQJ�YDQ�RYHULJH�JRHGHUHQ�� ��� 9HUYDDUGLJLQJ� YDQ� PHXEHOV�� YHUYDDUGLJLQJ� YDQ� RYHULJH�JRHGHUHQ�� ��� 9RRUEHUHLGLQJ�WRW�UHF\FOLQJ�( 3URGXFWLH� HQ� GLVWULEXWLH� YDQ� HQ� KDQGHO� LQ� HOHNWULFLWHLW�� DDUGJDV�� VWRRP� HQ�ZDWHU�� ��� 3URGXFWLH� HQ� GLVWULEXWLH� YDQ� HQ� KDQGHO� LQ� HOHNWULFLWHLW�� DDUGJDV� HQ�ZDUP�ZDWHU�� ��� :LQQLQJ�HQ�GLVWULEXWLH�YDQ�ZDWHU�) %RXZQLMYHUKHLG�� ��� %RXZQLMYHUKHLG�* 5HSDUDWLH�YDQ�FRQVXPHQWHQDUWLNHOHQ�HQ�KDQGHO�� ��� +DQGHO� LQ� HQ� UHSDUDWLH� YDQ� DXWR¶V� HQ� PRWRUILHWVHQ��EHQ]LQHVHUYLFHVWDWLRQV�� ��� *URRWKDQGHO�HQ�KDQGHOVEHPLGGHOLQJ��QLHW�LQ�DXWR¶V�HQ�PRWRUILHWVHQ���� 'HWDLOKDQGHO� HQ� UHSDUDWLH� YDQ� FRQVXPHQWHQDUWLNHOHQ� �JHHQ� DXWR¶V��PRWRUILHWVHQ�HQ�PRWRUEUDQGVWRIIHQ��+ +RUHFD�� ��� /RJLHV���PDDOWLMGHQ��HQ�GUDQNHQYHUVWUHNNLQJ�, 9HUYRHU��RSVODJ�HQ�FRPPXQLFDWLH�� ��� 9HUYRHU�RYHU�ODQG�
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��� 9HUYRHU�RYHU�ZDWHU�� ��� 9HUYRHU�GRRU�GH�OXFKW�� ��� 'LHQVWYHUOHQLQJ�YRRU�KHW�YHUYRHU�� ��� 3RVW�HQ�WHOHFRPPXQLFDWLH�- )LQDQFLsOH�LQVWHOOLQJHQ�� ��� )LQDQFLsOH� LQVWHOOLQJHQ� �XLWJH]RQGHUG� YHU]HNHULQJVZH]HQ� HQ�SHQVLRHQIRQGVHQ��� ��� 9HU]HNHULQJVZH]HQ� HQ� SHQVLRHQIRQGVHQ� �JHHQ� YHUSOLFKWH� VRFLDOH�YHU]HNHULQJHQ��� ��� )LQDQFLsOH� EHXU]HQ�� HIIHFWHQPDNHODDUV�� DVVXUDQWLHWXVVHQSHUVRQHQ��DGPLQLVWUDWLHNDQWRUHQ�YRRU�DDQGHOHQ��ZDDUERUJIRQGVHQ�H�G��. 9HUKXXU�YDQ�HQ�KDQGHO� LQ�RQURHUHQG�JRHG��YHUKXXU�YDQ� URHUHQGH�JRHGHUHQ�HQ�]DNHOLMNH�GLHQVWYHUOHQLQJ�� ��� 9HUKXXU�YDQ�HQ�KDQGHO�LQ�RQURHUHQG�JRHG�� ��� 9HUKXXU� YDQ� WUDQVSRUWPLGGHOHQ�� PDFKLQHV� HQ� ZHUNWXLJHQ� ]RQGHU�EHGLHQHQG�SHUVRQHHO�HQ�YDQ�RYHULJH�URHUHQGH�JRHGHUHQ�� ��� &RPSXWHUVHUYLFH�HQ�LQIRUPDWLHWHFKQRORJLH�� ��� 6SHXU��HQ�RQWZLNNHOLQJVZHUN�� ��� 2YHULJH�]DNHOLMNH�GLHQVWYHUOHQLQJ�/ 2SHQEDDU�EHVWXXU��RYHUKHLGVGLHQVWHQ�HQ�YHUSOLFKWH�VRFLDOH�YHU]HNHULQJHQ�� ��� 2SHQEDDU� EHVWXXU�� RYHUKHLGVGLHQVWHQ� HQ� YHUSOLFKWH� VRFLDOH�YHU]HNHULQJHQ�0 2QGHUZLMV�� ��� 2QGHUZLMV�1 *H]RQGKHLGV��HQ�ZHO]LMQV]RUJ�� ��� *H]RQGKHLGV��HQ�ZHO]LMQV]RUJ��2 0LOLHXGLHQVWYHUOHQLQJ��FXOWXXU��UHFUHDWLH�HQ�RYHULJH�GLHQVWYHUOHQLQJ�� ��� 0LOLHXGLHQVWYHUOHQLQJ�� ��� :HUNJHYHUV��� ZHUNQHPHUV�� HQ� EHURHSVRUJDQLVDWLHV��OHYHQVEHVFKRXZHOLMNH� HQ� SROLWLHNH� RUJDQLVDWLHV�� RYHULJH� LGHsOH�RUJDQLVDWLHV�H�G��� ��� &XOWXXU��VSRUW�HQ�UHFUHDWLH�� ��� 2YHULJH�GLHQVWYHUOHQLQJ�3 3DUWLFXOLHUH�KXLVKRXGHQV�PHW�SHUVRQHHO�LQ�ORRQGLHQVW�� ��� 3DUWLFXOLHUH�KXLVKRXGHQV�PHW�SHUVRQHHO�LQ�ORRQGLHQVW�4 ([WUD�WHUULWRULDOH�OLFKDPHQ�HQ�RUJDQLVDWLHV�� ��� ([WUD�WHUULWRULDOH�OLFKDPHQ�HQ�RUJDQLVDWLHV�
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%LMODJH��� $INRUWLQJHQ�
�$ DPSHUH��HHQKHLG�YDQ�HOHNWULVFKH�VWURRPVWHUNWH��$&� $OWHUQDWLQJ�&XUUHQW��ZLVVHOVWURRP��$,0'� $FWLYH�,PSODQWHG�0HGLFDO�'HYLFHV�$�P� DPSHUH�SHU�PHWHU��HHQKHLG�YDQ�PDJQHWLVFKH�YHOGVWHUNWH��$7�(=� $JHQWVFKDS�7HOHFRP�YDQ�KHW�0LQLVWHULH�YDQ�(FRQRPLVFKH�=DNHQ�$=8� $FDGHPLVFK�=LHNHQKXLV�8WUHFKW��WHJHQZRRUGLJ�8QLYHUVLWDLU�0HGLVFK�&HQWUXP�8WUHFKW��80&8��%(7� %HGULMIVHIIHFWHQWRHWV�%,.� %HGULMYHQ�,QIRUPDWLH�&RGH�%0%(� ERRJODVVHQ�PHW�EHNOHGH�HOHNWURGH�&%6� &HQWUDDO�%XUHDX�YRRU�GH�6WDWLVWLHN�&(� &RQIRUPLWpH�(XURSpHQQH��NHXUPHUN�GDW�DDQJHHIW�GDW�KHW�SURGXFW�YROGRHW�DDQ�GH�HVVHQWLsOH�YHUHLVWHQ�RS�KHW�JHELHG�YDQ�YHLOLJKHLG��JH]RQGKHLG�HQ�PLOLHX�YDQ�GH�EHWUHIIHQGH�ULFKWOLMQ�HQ���&(1(/(&� &RPLWp�(XURSpHQ�GH�1RUPDOLVDWLRQ�(OHFWURWHFKQLTXH���(XURSHDQ�

&RPPLWWHH�RQ�(OHFWURWHFKQLFDO�6WDQGDUGLVDWLRQ�'&� 'LUHFW�&XUUHQW��JHOLMNVWURRP��'02� 'LUHFW�0RGH�2SHUDWLRQ��]HQGPRGXV�ELM�7(75$��($6� (OHFWURQLF�$UWLFOH�6XUYHLOODQFH��V\VWHHP�YRRU�KHW�HOHNWURQLVFKH�YROJHQ�YDQ�DUWLNHOHQ��PHHVWDO�JHEUXLNW�YRRU�DQWLGLHIVWDOSRRUWMHV��('*(� (QKDQFHG�'DWD�5DWHV�IRU�*OREDO�(YROXWLRQ�(,53� (TXLYDOHQW�,VRWURSLF�5DGLDWHG�3RZHU�(0&� (OHNWURPDJQHWLVFKH�&RPSDWLELOLWHLW�(0&�(6'� 9HUHQLJLQJ�YRRU�HOHNWURPDJQHWLVFKH�FRPSDWLELOLWHLW�HQ�HOHNWURVWDWLVFKH�RQWODGLQJ�(53� (IIHFWLYH�5DGLDWHG�3RZHU�(8� (XURSHVH�8QLH�),2+� )LQVH�,QVWLWXXW�YRRU�%HURHSVJH]RQGKHLG�)0� IUHTXHQWLHPRGXODWLH�)0(�&:0� )HGHUDWLH�0HWDDO�(OHNWUREUDQFKH���&RQWDFW�:HUNJHYHUV�LQ�GH�0HWDDO��RQGHUQHPHUVRUJDQLVDWLH�YRRU�GH�WHFKQRORJLVFK�LQGXVWULsOH�VHFWRU��*356� *HQHUDO�3DFNHW�5DGLR�6HUYLFH�*5� *H]RQGKHLGVUDDG�*60� *OREDO�6\VWHP�IRU�0RELOH�&RPPXQLFDWLRQ�+6&'� +LJK�6SHHG�&LUFXLW�6ZLWFKHG�'DWD�+6(� +HDOWK�DQG�6DIHW\�([HFXWLYH�+6/� KRJHVQHOKHLGVOLMQ�+]� KHU]��HHQKHLG�YDQ�IUHTXHQWLH��,&'� ,PSODQWDEOH�&DUGLRYHUWHU�'HILEULOODWRU�,&1,53� ,QWHUQDWLRQDO�&RPPLWWHH�RQ�1RQ�,RQL]LQJ�5DGLDWLRQ�3URWHFWLRQ�
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,(&� ,QWHUQDWLRQDO�(OHFWURWHFKQLFDO�&RPPLWWHH�,/2� ,QWHUQDWLRQDO�/DERXU�2UJDQLVDWLRQ�.(0$� .HXULQJ�YDQ�(OHNWURWHFKQLVFKH�0DWHULDOHQ�N$� NLORDPSHUH��GXL]HQG�$��N+]� NLORKHU]��GXL]HQG�+]��.1*)� .RQLQNOLMN�1HGHUODQGV�*HQRRWVFKDS�YRRU�)\VLRWKHUDRSLH�N9� NLORYROW��GXL]HQG�9��N:� NLORZDWW��GXL]HQG�:��0+]� PHJDKHU]��PLOMRHQ�+]��0$*� 0HWDO�$FWLYH�*DV�0,*� 0HWDO�,QHUW�*DV�0.%� 0LGGHQ��HQ�.OHLQEHGULMI�0R1HW� VDPHQZHUNLQJVYHUEDQG�YDQ�GH�YLMI�PRELHOH�QHWZHUNRSHUDWRUV�LQ�1HGHUODQG��.31��2UDQJH��7HOIRUW��7�0RELOH�HQ�9RGDIRQH�0:� PHJDZDWW��PLOMRHQ�:��05,� 0DJQHWLF�5HVRQDQFH�,PDJLQJ�P7� PLOOLWHVOD��GXL]HQGVWH�7��
µ7 PLFURWHVOD��PLOMRHQVWH�7��
1(1� 1HGHUODQGV�1RUPDOLVDWLH�,QVWLWXXW�1,/� 1HGHUODQGV�,QVWLWXXW�YRRU�/DVWHFKQLHN�153%� 1DWLRQDO�5DGLRSURWHFWLRQ�%RDUG��WHJHQZRRUGLJ�RQGHUGHHO�YDQ�GH�%ULWVH�+3$���+HDOWK�3URWHFWLRQ�$JHQF\�3(0)� SXOVHG�HOHFWURPDJQHWLF�ILHOGV�5	'� 5HVHDUFK�DQG�'HYHORSPHQW�5)� UDGLRIUHTXHQW�5),'� 5DGLR�)UHTXHQF\�,GHQWLILFDWLRQ��V\VWHHP�YRRU�KHW�HOHNWURQLVFKH�YROJHQ�YDQ�DUWLNHOHQ��5,90� 5LMNVLQVWLWXXW�YRRU�9RONVJH]RQGKHLG�HQ�0LOLHX�5,	(� ULVLFR�LQYHQWDULVDWLH�HQ��HYDOXDWLH�506� 5RRW�0HDQ�6TXDUH�6$5� 6SHFLILF�$EVRUSWLRQ�5DWH�6%,� 6WDQGDDUG�%HGULMIVLQGHOLQJ�6=:� 0LQLVWHULH�YDQ�6RFLDOH�=DNHQ�HQ�:HUNJHOHJHQKHLG�7 WHVOD��HHQKHLG�YDQ�PDJQHWLVFKH�IOX[GLFKWKHLG��7'0$� 7LPH�'LYLVLRQ�0XOWLSOH�$FFHVV�7(75$� 7HUUHVWULDO�7UXQNHG�5DGLR�7,*� 7XQJVWHQ�,QHUW�*DV�706� WUDQVFUDQLDO�PDJQHWLF�VWLPXODWLRQ�702� 7UXQNHG�0RGH�2SHUDWLRQ�712� 1HGHUODQGVH�RUJDQLVDWLH�YRRU�7RHJHSDVW�1DWXXUZHWHQVFKDSSHOLMN�2QGHU]RHN�8076� 8QLYHUVDO�0RELOH�7HOHFRPPXQLFDWLRQV�6\VWHP�
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81(72�91,� RQGHUQHPHUVRUJDQLVDWLH�YRRU�GH�LQVWDOODWLHEUDQFKH�HQ�GH�WHFKQLVFKH�GHWDLOKDQGHO�9 YROW��HHQKHLG�YDQ�HOHNWULVFKH�VSDQQLQJ��9�P� YROW�SHU�PHWHU��HHQKHLG�YDQ�HOHNWULVFKH�YHOGVWHUNWH��912�1&:� RQGHUQHPHUVRUJDQLVDWLH��IXVLH�YDQ�9HUERQG�YDQ�1HGHUODQGVH�2QGHUQHPLQJHQ�HQ�KHW�1HGHUODQGV�&KULVWHOLMN�:HUNJHYHUVYHUERQG��: ZDWW��HHQKHLG�YDQ�YHUPRJHQ��:+2� :RUOG�+HDOWK�2UJDQL]DWLRQ�
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5HIHUHQWLHV�
�
� 5HFWLILFDWLH�YDQ�5LFKWOLMQ���������(*�YDQ�KHW�(XURSHHV�3DUOHPHQW�HQ�GH�5DDG�YDQ�

���DSULO������EHWUHIIHQGH�GH�PLQLPXPYRRUVFKULIWHQ�LQ]DNH�JH]RQGKHLG�HQ�YHLOLJKHLG�
PHW�EHWUHNNLQJ�WRW�GH�EORRWVWHOOLQJ�YDQ�ZHUNQHPHUV�DDQ�GH�ULVLFR¶V�YDQ�I\VLVFKH�
DJHQWLD��HOHNWURPDJQHWLVFKH�YHOGHQ���DFKWWLHQGH�ELM]RQGHUH�ULFKWOLMQ�LQ�GH�]LQ�YDQ�
DUWLNHO�����OLG����YDQ�5LFKWOLMQ��������((*���3XEOLFDWLHEODG�YDQ�GH�(XURSHVH�8QLH�/�
����YDQ����DSULO��������3XEOLFDWLHEODG�YDQ�GH�(XURSHVH�8QLH��/���������PHL�������

� ,&1,53��*XLGHOLQHV�IRU�OLPLWLQJ�H[SRVXUH�WR�WLPH�YDU\LQJ�HOHFWULF��PDJQHWLF��DQG�
HOHFWURPDJQHWLF�ILHOGV��XS�WR�����*+]���+HDOWK�3K\V�����������������������

� *H]RQGKHLGVUDDG��(OHNWURPDJQHWLVFKH�YHOGHQ��-DDUEHULFKW�������'HQ�+DDJ��
*H]RQGKHLGVUDDG�����QRYHPEHU�������SXEOLFDWLH�QU����������

� 5DOWH[���:HUNERHN�ULVLFR�LQYHQWDULVDWLH�HQ��HYDOXDWLH�YRRU�/LQQHQYHUKXXU��HQ�
:DVVHULMEHGULMYHQ� 6WLFKWLQJ�5DOWH[��7LOEXUJ���������

� 5DDG�YDQ�GH�(XURSHVH�*HPHHQVFKDSSHQ��$DQEHYHOLQJ�YDQ�GH�5DDG�YDQ����MXOL������
EHWUHIIHQGH�GH�EHSHUNLQJ�YDQ�EORRWVWHOOLQJ�YDQ�GH�EHYRONLQJ�DDQ�HOHNWURPDJQHWLVFKH�
YHOGHQ�YDQ���+]�������*+]�����������(*���3XEOLFDWLHEODG�YDQ�GH�(XURSHVH�
*HPHHQVFKDSSHQ��/���������������

� .OHLQMDQV�+$:�HQ�6FKXXUPDQ�+:��*H]RQGKHLGVULVLFR¶V�YDQ�EORRWVWHOOLQJ�DDQ�QLHW�
LRQLVHUHQGH�HOHNWURPDJQHWLVFKH�VWUDOLQJ�HQ�YHOGHQ�LQ�DUEHLGVVLWXDWLHV��MXOL�������

� %LMYRRUEHHOG�GH�1DWLRQDO�5DGLRORJLFDO�3URWHFWLRQ�%RDUG��153%��9HUHQLJG�
.RQLQNULMN���1DWLRQDO�,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��1,26+��86$��
HQ�$XVWUDOLDQ�5DGLDWLRQ�3URWHFWLRQ�DQG�1XFOHDU�6DIHW\�$JHQF\��$53$16$���

� &RRSHU�7*��2FFXSDWLRQDO�([SRVXUH�WR�(OHFWULF�DQG�0DJQHWLF�)LHOGV�LQ�WKH�&RQWH[W�
RI�WKH�,&1,53�*XLGHOLQHV��&KLOWRQ��8.��1DWLRQDO�5DGLRORJLFDO�3URWHFWLRQ�%RDUG��
�����6HS��153%�:����

� +LHWDQHQ�0��+lPlOlLQHQ�$�0�DQG�9RQ�1DQGHOVWDGK�3��(OHFWURPDJQHWLF�)LHOGV�LQ�
WKH�:RUN�(QYLURQPHQW�*XLGDQFH�IRU�RFFXSDWLRQDO�H[SRVXUH�DVVHVVPHQW��+HOVLQNL��
)LQQLVK�,QVWLWXWH�RI�2FFXSDWLRQDO�+HDOWK��),2+���������

��� )ORGHUXV�%��6WHQOXQG�&��&DUOJUHQ�)��2FFXSDWLRQDO�H[SRVXUHV�WR�KLJK�IUHTXHQF\�
HOHFWURPDJQHWLF�ILHOGV�LQ�WKH�LQWHUPHGLDWH�UDQJH���!����+]����0+]���%LRHOHFWUR�
PDJQHWLFV���������������������

��� *DEULHO��&��DQG�/DX��5��$VVHVVPHQW�DQG�PDQDJHPHQW�RI�WKH�H[SRVXUH�RI�ZRUNHUV�WR�
HOHFWURPDJQHWLF�ILHOGV�LQ�WKH�ZRUNSODFH��1RUZLFK��8.��+HDOWK�	�6DIHW\�([HFXWLYH��
������&55�����������

��� &HQWUDDO�%XUHDX�YRRU�GH�6WDWLVWLHN��6WDQGDDUG�%HGULMIVLQGHOLQJ�������6%,�¶�����
9HUVLH�������YDQ�NUDFKW�PHW�LQJDQJ�YDQ���MDQXDUL�������
�KWWS���ZZZ�FEV�QO�QO�VWDQGDDUGHQ�FODVVLILFDWLHV�VEL�LQGH[�KWP� JHUDDGSOHHJG�MDQXDUL�
�������

��� YDVWJHOHJG�LQ�GH�YROJHQGH�YHUVODJHQ��
%ROWH�-)%��,PSUHVVLH�,QIRUPDWLHGDJ�(XURSHVH�5LFKWOLMQHQ��(0&�(6'�9HUHQLJLQJ��
$UQKHP�����DSULO�������%ROWH�-)%��9HUVODJ�SUHVHQWDWLH�)0(�&:0��=RHWHUPHHU�����
DSULO�������3UXSSHUV�0-0��%HYLQGLQJHQ�QDDU�DDQOHLGLQJ�YDQ�RYHUOHJ�PHW�&ROOHJH�
.$0�YDQ�81(72�91,��:RHUGHQ�����PHL��������
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��� -RQNHU�+7��6DPHQYDWWLQJ�(0�YHOGVWHUNWHPHWLQJHQ�.(0$�4XDOLW\�����������LQ�
UHODWLH�WRW�YRONVJH]RQGKHLGVDVSHFWHQ��.(0$�UDSSRUW���������48$�'0&����������
.(0$�4XDOLW\�%�9���$UQKHP��6HSWHPEHU�������

���� 1(1�(1��������������%HRRUGHOLQJ�YDQ�EORRWVWHOOLQJ�YDQ�KHW�PHQVHOLMN�OLFKDDP�DDQ�
HOHNWURPDJQHWLVFKH�YHOGHQ�DINRPVWLJ�YDQ�WRHVWHOOHQ�JHEUXLNW�LQ�(OHNWURQLVFKH�$UWLNHO�
%HZDNLQJ��($%���5DGLR�)UHTXHQF\�,GHQWLILFDWLRQ��5),'��HQ�VRRUWJHOLMNH�
WRHSDVVLQJHQ��6WDDWVFRXUDQW����MDQXDUL�������QU������SDJ������

���� +DUULV�&��%RLYLQ�:��%R\G�6��&ROHWWD�-��.HUU�/��.HPSD�.�DQG�6�$UDQRZ��
(OHFWURPDJQHWLF�ILHOG�VWUHQJWKV�OHYHOV�VXUURXQGLQJ�HOHFWURQLF�DUWLFOH�VXUYHLOODQFH�
�($6��V\VWHPV��+HDOWK�3K\VLFV���������������������

���� -RNHOD��.��$VVHVVPHQW�RI�PDJQHWLF�ILHOG�H[SRVXUH�IURP�($6�GHYLFHV�DQG�PHWDO�
GHWHFWRUV��6�����±�6������LQ��3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�ZRUNVKRS�
(OHFWURPDJQHWLF�)LHOGV�LQ�WKH�:RUNSODFH���-��.DUSRZLF]�HQ�.��*U\]��HGV��±�
:DUVFKDX��3ROHQ������VHSWHPEHU�������

���� *DQGKL�2P�3�DQG�*�.DQJ��&DOFXODWLRQ�RI�LQGXFHG�FXUUHQW�GHQVLWLHV�IRU�KXPDQV�E\�
PDJQHWLF�ILHOGV�IURP�HOHFWURQLF�DUWLFOH�VXUYHLOODQFH�GHYLFHV��3K\V��0HG��%LRO������
�����������������

���� *DQGKL��2P�3��1XPHULFDO�PRGHOLQJ�RI�LQGXFHG�ERG\�FXUUHQWV�DQG�6$5V�IRU�D�KXPDQ�
IRU�WKH�PDJQHWLF�ILHOGV�RI�WKH�1('$3�($6�2,'�V\VWHP�ZLWK�2,'���DQWHQQDV��6DOW�
/DNH�&LW\��8QLYHUVLW\�RI�8WDK��)HEUXDU\�����������RQGHU]RHNVUDSSRUW�LQ�RSGUDFKW�
YDQ�1('$3��,QJ��-$0�+XOVKRI��

��� -RNHOD�.��5HVWULFWLQJ�H[SRVXUH�WR�SXOVHG�DQG�EURDGEDQG�PDJQHWLF�ILHOGV��+HDOWK�
3K\VLFV����������������������

���� ,&1,53��,&1,53�VWDWHPHQW�UHODWHG�WR�WKH�XVH�RI�VHFXULW\�DQG�VLPLODU�GHYLFHV�
XWLOL]LQJ�HOHFWURPDJQHWLF�ILHOGV��+HDOWK�3K\VLFV���������������������

���� %RLYLQ�:��&ROHWWD�-�DQG�/�.HUU��&KDUDFWHUL]DWLRQ�RI�WKH�PDJQHWLF�ILHOGV�DURXQG�
ZDON�WKURXJK�DQG�KDQG�KHOG�PHWDO�GHWHFWRUV��+HDOWK�3K\VLFV���������������������

���� :HEVLWH�$,0��3HUVEHULFKW�1RUP�2QWZLNNHOLQJHQ�YHUSDNNLQJHQ��KWWS���ZZZ�DLP�
QHG�QO�YHUSDNNLQJ�DVS� JHUDDGSOHHJG���RNWREHU�������

���� :HEVLWH�YDQ�$VVRFLDWLRQ�IRU�$XWRPDWLF�,GHQWLILFDWLRQ�DQG�0RELOLW\��$,0��
1HGHUODQG��ZZZ�DLP�QHG�QO� JHUDDGSOHHJG����RNWREHU�������

���� 3ROLFKHWWL�$�DQG�3�9HFFKLD��,QWHUPHGLDWH�IUHTXHQF\������+]�±����0+]��
HOHFWURPDJQHWLF�ILHOGV��SK\VLFDO�FKDUDFWHULVWLFV�DQG�SXEOLF�H[SRVXUH��LQ��0DWWKHV�5��
9DQ�5RQJHQ�(�DQG�0+�5HSDFKROL��HGV����+HDOWK�HIIHFWV�RI�HOHFWURPDJQHWLF�ILHOGV�LQ�
WKH�IUHTXHQF\�UDQJH�����+]�WR����0+]��,&1,53������

��� 0LQLVWHULH�YDQ�(=��1DWLRQDDO�)UHTXHQWLHSODQ�������1)3���'HQ�+DDJ��0LQ�(=��
'*73��������

��� ,QWHUQDWLRQDO�/DERXU�2UJDQL]DWLRQ�,D:��6DIHW\�LQ�WKH�XVH�RI�UDGLRIUHTXHQF\�
GLHOHFWULF�KHDWHUV�DQG�VHDOHUV��2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�6HULHV��1R������
,QWHUQDWLRQDO�/DERXU�2IILFH��*HQHYD��������

��� :LOpQ�-��+RUQVWHQ�5��6DQGVWURP�0�HW�DO��(OHFWURPDJQHWLF�ILHOG�H[SRVXUH�DQG�KHDOWK�
DPRQJ�5)�SODVWLF�VHDOHU�RSHUDWRUV��%LRHOHFWURPDJQHWLFV�������������������

��� *DQGKL�23�DQG�&KHQ�-�<��5)�FXUUHQWV�DQG�6$5V�LQ�DQ�DQDWRPLFDOO\�EDVHG�PRGHO�RI�
PDQ�IRU�OHDNDJH�ILHOGV�RI�D�SDUDOOHO�SODWH�GLHOHFWULF�KHDWHU��)LQDO�UHSRUW��1,26+��
'HYLVLRQ�RI�%LRPHGLFDO�DQG�%HKDYLRUDO�6FLHQFH��3K\VLFDO�$JHQWV�(IIHFWV�%UDQFK��
&LQFLQDWWL��2KLR�����-XO\��������
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��� *DQGKL�23��:X�'���&KHQ�-�<�DQG�'�/��&RQRYHU��,QGXFHG�FXUUHQW�DQG�6$5�
GLVWULEXWLRQV�IRU�D�ZRUNHU�PRGHO�H[SRVHG�WR�DQ�5)�GLHOHFWULF�KHDWHU�XQGHU�VLPXODWHG�
ZRUNSODFH�FRQGLWLRQV��+HDOWK�3K\VLFV������������������������

��� -RNHOD�.��3XUDQHQ�/��2FFXSDWLRQDO�5)�H[SRVXUHV��5DGLDWLRQ�3URWHFWLRQ�'RVLPHWU\��
�������������������������

��� *DQGKL�23�DQG�&KHQ�-�<��&XUUHQWV�,QGXFHG�LQ�D�+XPDQ�%HLQJ�IRU�3ODQH�ZDYH�
([SRVXUH�&RQGLWLRQV��±���0+]�DQG�IRU�5)�6HDOHUV��,(((�7UDQV��%LRPHG��(QJ��
%0(�����������±������������

��� &KHQ�-�<��*DQGKL�23�DQG�&RQRYHU�'/��6$5�DQG�,QGXFHG�&XUUHQW�'LVWULEXWLRQV�IRU�
2SHUDWRU�([SRVXUH�WR�5)�'LHOHFWULF�6HDOHUV��,(((�7UDQV��(OHFWURPDJ��&RPSDW��
(0&�����������±������������

��� +6(��6DIHW\�LQ�WKH�XVH�RI�UDGLR�IUHTXHQF\�GLHOHFWULF�KHDWLQJ�HTXLSPHQW��+HDOWK�DQG�
6DIHW\�([HFXWLYH��������*XLGDQFH�1RWH�30�����3ODQW�DQG�0DFKLQHU\�����

��� ,&1,53��*XLGDQFH�RQ�GHWHUPLQLQJ�FRPSOLDQFH�RI�H[SRVXUH�WR�SXOVHG�DQG�FRPSOH[�
QRQ�VLQXVRLGDO�ZDYHIRUPV�EHORZ�����N+]�ZLWK�,&1,53�JXLGHOLQHV��+HDOWK�3K\V��
�����0DU���������������

��� 0RHQ�%(��'UDEORV�3$��3HGHUVHQ�6��6MRHQ�0�DQG�7KRPPHVHQ�*��$EVHQFH�RI�UHODWLRQ�
EHWZHHQ�VLFN�OHDYH�FDXVHG�E\�PXVFXORVNHOHWDO�GLVRUGHUV�DQG�H[SRVXUH�WR�PDJQHWLF�
ILHOGV�LQ�DQ�DOXPLQXP�SODQW��%LRHOHFWURPDJQHWLFV���������������������

��� &KDGZLFN�3��$VVHVVPHQW�RI�LQGXVWULDO�H[SRVXUH�WR�PDJQHWLF�ILHOGV��5DGLDWLRQ�
3URWHFWLRQ�'RVLPHWU\������������������������

��� ZZZ�UDG\QH�FRP� JHUDDGSOHHJG����DSULO�������
��� $OOHQ�6*��HW�DO��5HYLHZ�RI�2FFXSDWLRQDO�([SRVXUH�WR�2SWLFDO�5DGLDWLRQ�DQG�(OHFWULF�

DQG�0DJQHWLF�)LHOGV�ZLWK�5HJDUG�WR�WKH�3URSRVHG�&(&�3K\VLFDO�$JHQWV�'LUHFWLYH��
153%�UHSRUW�5�����������

��� &KDGZLFN�3��(0)�H[SRVXUHV�IURP�LQGXFWLRQ�KHDWHUV��6���������LQ��3URFHHGLQJV�RI�
WKH�,QWHUQDWLRQDO�ZRUNVKRS�(OHFWURPDJQHWLF�)LHOGV�LQ�WKH�:RUNSODFH���-��.DUSRZLF]�
HQ�.��*U\]��HGV��±�:DUVFKDX��3ROHQ������VHSWHPEHU�������

��� /ySH]�GH�,SLxD�-�0D���5XELR�-���SUHVHQWLQJ���5XELR�%���$OJRUWD�-���/DUUDUWH�(���
0DUJDUHWR�-���'H�OD�3HxD�0D�1���������7KLQNLQJ�DERXW�WKH�GHYHORSPHQW�RI�D�JXLGH�WR�
LPSOHPHQW�WKH���������&(�(0)�'LUHFWLYH�LQ�WKH�%DVTXH�FRXQWU\��6SDLQ���3����LQ��
3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�ZRUNVKRS�(OHFWURPDJQHWLF�)LHOGV�LQ�WKH�:RUNSODFH�
� -��.DUSRZLF]�HQ�.��*U\]��HGV��±�:DUVFKDX��3ROHQ������VHSWHPEHU�������

��� 6NRWWH�-+��+MROOXQG�+,��([SRVXUH�RI�ZHOGHUV�DQG�RWKHU�PHWDO�ZRUNHUV�WR�(/)�
PDJQHWLF�ILHOGV��%LRHOHFWURPDJQHWLFV��������������������

��� +6(��0HDVXUHPHQW�DQG�DQDO\VLV�RI�PDJQHWLF�ILHOGV�IURP�ZHOGLQJ�SURFHVVHV��
3UHSDUHG�E\�7:,�/WG�IRU�WKH�+HDOWK�DQG�6DIHW\�([HFXWLYH�������+6(�UHSRUW�������

��� 1DGHHP�0��+DPQHULXV�<��0LOG�.+��3HUVVRQ�0��0DJQHWLF�ILHOG�IURP�VSRW�ZHOGLQJ�
HTXLSPHQW��LV�WKH�EDVLF�UHVWULFWLRQ�H[FHHGHG"�%LRHOHFWURPDJQHWLFV�����������������
����

��� 0HDVXUHPHQW�DQG�DQDO\VLV�RI�PDJQHWLF�ILHOGV�IURP�ZHOGLQJ�SURFHVVHV��+6(�
0DLQVWUHDP�5HVHDUFK�1HZV��,VVXH�����DSULO�������
KWWS���ZZZ�KVH�JRY�XN�UHVHDUFK�MRXUQDOV�PUQ���SGI� JHUDDGSOHHJG����IHEUXDUL�������

��� +DPQHULXV�<�HQ�0�3HUVVRQ��+RZ�WR�GHWHUPLQDWH�FRPSOLDQFH�ZLWK�WKH�GLUHFWLYH¶V�
H[SRVXUH�OLPLW�YDOXHV��,&1,53�EDVLF�UHVWULFWLRQV��IRU�HOHFWULF�ZHOGLQJ��6���������
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LQ�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�ZRUNVKRS�RQ�(OHFWURPDJQHWLF�)LHOGV�LQ�WKH�
:RUNSODFH���.DUSRZLF]�-��HQ�.��*U\]��HGV���±�:DUVFKDX��3ROHQ������VHSWHPEHU�
������

��� KWWS���HPYW�QO�'RZQORDG�'3�/DVSURFHVVHQ�SGI� JHUDDGSOHHJG����IHEUXDUL�������
��� =LH�ELMY��KWWS���ZZZ�OLQFROQHOHFWULF�QO�SURGXFWV�PVGV�� JHUDDGSOHHJG����MXOL�������
��� /DVNHQQLV�2SJHIULVW�����KWWS���ZZZ�QLO�QO�IULV���KWP��JHUDDGSOHHJG���IHEUXDUL�������
��� 1(1�(1�,(&���������������±�8LWUXVWLQJ�YRRU�ERRJODVVHQ��'HHO�����

(OHNWURPDJQHWLVFKH�FRPSDWLELOLWHLW��(0&��HLVHQ���HQ��IU���6WDDWVFRXUDQW�����DXJXVWXV�
������QU��������SDJ������

��� 1(1�(1������������2QWZ��±�%DVLVQRUP�YRRU�GH�HYDOXDWLH�YDQ�GH�EORRWVWHOOLQJ�YDQ�
KHW�PHQVHOLMN�OLFKDDP�DDQ�HOHNWURPDJQHWLVFKH�YHOGHQ�YDQ�DSSDUDWXXU�YRRU�
ERRJODVVHQ�HQ�YHUZDQWH�SURFHVVHQ���HQ���.ULWLHN�YRRU�������������6WDDWVFRXUDQW��
���IHEUXDUL�������QU�������SDJ������

��� 1(1�(1������������2QWZ��±�3URGXFWJURHSQRUP�RP�GH�RYHUHHQVWHPPLQJ�DDQ�WH�
WRQHQ�YDQ�DSSDUDWXXU�YRRU�ZHHUVWDQGODVVHQ��ERRJODVVHQ�HQ�YHUZDQWH�SURFHVVHQ�PHW�
GH�EDVLVHLVHQ�YRRU�GH�EORRWVWHOOLQJ�YDQ�KHW�PHQVHOLMN�OLFKDDP�DDQ�HOHNWURPDJQHWLVFKH�
YHOGHQ����+]�±�����*+]����HQ���.ULWLHN�YRRU�������������6WDDWVFRXUDQW��
���IHEUXDUL�������QU�������SDJ������

��� +LOO�'/��0F/HLVK�.�DQG�.HHYLO�6)��,PSDFW�RI�HOHFWURPDJQHWLF�ILHOG�H[SRVXUH�OLPLWV�
LQ�(XURSH��LV�WKH�IXWXUH�RI�LQWHUYHQWLRQDO�05,�VDIH"�$FDG�5DGLRO�������6HS��
���������������

��� :+2��(OHFWURPDJQHWLF�ILHOGV�DQG�SXEOLF�KHDOWK��6WDWLF�HOHFWULF�DQG�VWDWLF�PDJQHWLF�
ILHOGV��:+2��*HQHYH��0DUFK��������)DFWVKHHW������

��� :+2��6WDWLF�ILHOGV��:+2��*HQHYH��������(QYLURQPHQWDO�+HDOWK�&ULWHULD�YRO�������
��� )HOPOHH�-3�DQG�9HWWHU�5-��5DGLR�IUHTXHQF\�VXUYH\�DW�WKH�ERUH�RI�D�����7�05�LPDJHU��

5DGLRORJ\����������������������
��� ,&1,53���,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�1RQ�,RQL]LQJ�5DGLDWLRQ�3URWHFWLRQ��0HGLFDO�

PDJQHWLF�UHVRQDQFH��05��SURFHGXUHV��SURWHFWLRQ�RI�SDWLHQWV��+HDOWK�3K\V�������
$XJ�����������������

��� /LWYDN�(��)RVWHU�.5�DQG�5HSDFKROL�0+��+HDOWK�DQG�VDIHW\�LPSOLFDWLRQV�RI�H[SRVXUH�
WR�HOHFWURPDJQHWLF�ILHOGV�LQ�WKH�IUHTXHQF\�UDQJH�����+]�WR����0+]��
%LRHOHFWURPDJQHWLFV�������-DQ���������������

��� &2*,5��WKH�(XURSHDQ�&RRUGLQDWLRQ�&RPPLWWHH�RI�WKH�5DGLRORJLFDO�DQG�(OHFWUR�
PHGLFDO�,QGXVWU\��7KH�(8�'LUHFWLYH�RQ�WKH�SURWHFWLRQ�RI�ZRUNHUV�DJDLQVW�(0)�
�'LUHFWLYH���������(&����$�WKUHDW�IRU�KLJK�TXDOLW\�KHDOWKFDUH�LQ�WKH�IXWXUH"���6SHFLDO�
,VVXH�RI�&2*,51HZV��ZZZ�FRJLU�RUJ� 'HFHPEHU��������

��� )UHVH�*�DQG�(QJHOV�+��0DJQHWLF�5HVRQDQFH�,PDJLQJ��05,��DQG�(OHFWURPDJQHWLF�
)LHOGV��(0)���ZZZ�PDJUHV�QRWWLQJKDP�DF�XN�VDIHW\�HX�)UHVHBWH[W�SGI� $SULO�������

��� 6WXFKO\�0$��5HSDFKROL�0+��/HFX\HU�':�DQG�0DQQ�5'��([SRVXUH�WR�WKH�RSHUDWRU�
DQG�SDWLHQW�GXULQJ�VKRUW�ZDYH�GLDWKHUP\�WUHDWPHQWV��+HDOWK�3K\V�������0DU��
��������������

��� 7RIDQL�6�DQG�$JQHVRG�*��7KH�DVVHVVPHQW�RI�XQZDQWHG�UDGLDWLRQ�DURXQG�GLDWKHUP\�
5)�FDSDFLWLYH�DSSOLFDWRUV��+HDOWK�3K\V�������$XJ����������������

��� 7]LPD�(��DQG�0DUWLQ�&-��$Q�HYDOXDWLRQ�RI�VDIH�SUDFWLFHV�WR�UHVWULFW�H[SRVXUH�WR�
HOHFWULF�DQG�PDJQHWLF�ILHOGV�IURP�WKHUDSHXWLF�DQG�VXUJLFDO�GLDWKHUP\�HTXLSPHQW��
3K\VLRO�0HDV�������0D\�����������������
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��� 0DQWLSO\�('��3RKO�.5��3RSSHOO�6:�DQG�0XUSK\�-$��6XPPDU\�RI�PHDVXUHG�
UDGLRIUHTXHQF\�HOHFWULF�DQG�PDJQHWLF�ILHOGV�����N+]�WR����*+]��LQ�WKH�JHQHUDO�DQG�
ZRUN�HQYLURQPHQW��%LRHOHFWURPDJQHWLFV����������������������

��� 6KLHOGV�1��2¶+DUH�1�DQG�*RUPOH\�-��$Q�HYDOXDWLRQ�RI�VDIHW\�JXLGHOLQHV�WR�UHVWULFW�
H[SRVXUH�WR�VWUD\�UDGLRIUHTXHQF\�UDGLDWLRQ�IURP�VKRUW�ZDYH�GLDWKHUP\�XQLWV��3K\V�
0HG�%LRO��������������������������

��� ,QWHUQDWLRQDO�/DERXU�2UJDQL]DWLRQ��3URWHFWLRQ�RI�ZRUNHUV�DJDLQVW�UDGLR�IUHTXHQF\�
DQG�PLFURZDYH�UDGLDWLRQ��$�WHFKQLFDO�UHYLHZ��2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�
6HULHV��1R������,QWHUQDWLRQDO�/DERXU�2IILFH��*HQHYD��������

��� 5XJJHUD�3�6��0HDVXUHPHQWV�RI�HPLVVLRQ�OHYHOV�GXULQJ�PLFURZDYH�DQG�VKRUW�ZDYH�
GLDWKHUP\�WUHDWPHQWV��������86�'HSW��RI�+HDOWK�DQG�+XPDQ�6HUYLFHV�3XEOLFDWLRQ�
�)'$�����������

��� *UDQGROIR��0DUWLQR�DQG�6SLQHOOL��0DULD�&RQFHWWD��2FFXSDWLRQDO�([SRVXUH�7R�
6KRUWZDYH�$QG�0LFURZDYH�(OHFWURPDJQHWLF�)LHOGV�'XULQJ�'LDWKHUP\�7UHDWPHQWV��
�QG�,QWHUQDWLRQDO�:RUNVKRS�RQ�%LRORJLFDO�(IIHFWV�RI�(OHFWURPDJQHWLF�)LHOGV���
5KRGRV���������2FWREHU��������5KRGRV��*UHHFH��(%($�������2FW�����������

��� .RRW�0��6LPRQV�0�HQ�,QJHQKRHV�5��5HSRUW�RI�3URMHFW�6WUD\�5DGLDWLRQ��(UDVPXV�0&�
� 'DQLsO�GHQ�+RHG�.OLQLHN��������

��� 0HGLFLQHV�DQG�+HDOWKFDUH�SURGXFWV�5HJXODWRU\�$JHQF\��+LJK�SRZHU�HOHFWURVXUJHU\�
UHYLHZ�XSGDWH�������0+5$�GRFXPHQW��������'HSDUWPHQW�RI�+HDOWK��$SULO�������

��� /LOMHVWUDQG�%��6DQGVWURP�0�DQG�0LOG�.+��5)�([SRVXUH�'XULQJ�8VH�RI�(OHFWUR�
VXUJLFDO�8QLWV��(OHFWURPDJQHWLF�%LRORJ\�DQG�0HGLFLQH������������	������������

��� 0LOG�.��/\�&��/LOMHVWUDQG�%��6DQGVWU|P�0�DQG�)RVWHU�.5��'RVLPHWULF�VWXGLHV�RQ�
HOHFWURVXUJLFDO�XQLWV��$EVWUDFW�FROOHFWLRQ��%LRHOHFWURPDJQHWLFV�6RFLHW\��$QQXDO�
0HHWLQJ��6W�3DXO��0LQQHVRWD��86$��-XQH��������������

��� 6KXSDN�1��7KRPDV�$:�DQG�3UDWR�)6��7KHUDSHXWLF�XVHV�RI�SXOVHG�PDJQHWLF�ILHOG�
H[SRVXUH��,QWHUQDWLRQDO�1,5�:RUNVKRS�	�6\PSRVLXP��6HYLOOH��6SDLQ�������0D\����
����

��� *HRUJH�06��/LVDQE\�6+�DQG�6DFNHLP�+$��7UDQVFUDQLDO�PDJQHWLF�VWLPXODWLRQ��
DSSOLFDWLRQV�LQ�QHXURSV\FKLDWU\��$UFK�*HQ�3V\FKLDWU\�������$SU����������������

��� .DUOVWU|P�()��/XQGVWURP�5��6WHQVVRQ�2�DQG�0LOG�.+��7KHUDSHXWLF�VWDII�H[SRVXUH�WR�
PDJQHWLF�ILHOG�SXOVHV�GXULQJ�706�U706�WUHDWPHQWV��%LRHOHFWURPDJQHWLFV�������)HE��
�������������

��� 5LPLQHVL�&��$QGUHXFFHWWL�'��)RVVL�5�DQG�3H]]DWL�0��(/)�PDJQHWLF�ILHOG�H[SRVXUH�LQ�
D QHRQDWDO�LQWHQVLYH�FDUH�XQLW��%LRHOHFWURPDJQHWLFV�������2FW�������������

��� 0RUL\DPD�.��6DWR�+��7DQDND�.��1DNDVKLPD�<�DQG�<RVKLWRPL�.��([WUHPHO\�ORZ�
IUHTXHQF\�PDJQHWLF�ILHOGV�RULJLQDWLQJ�IURP�HTXLSPHQW�XVHG�IRU�DVVLVWHG�UHSURGXFWLRQ��
XPELOLFDO�FRUG�DQG�SHULSKHUDO�EORRG�VWHP�FHOO�WUDQVSODQWDWLRQ��WUDQVIXVLRQ��DQG�
KHPRGLDO\VLV��%LRHOHFWURPDJQHWLFV�������-DQ���������������

��� %XOORXJK�-��5HD�06�DQG�6WHYHQV�5*��/LJKW�DQG�PDJQHWLF�ILHOGV�LQ�D�QHRQDWDO�
LQWHQVLYH�FDUH�XQLW��%LRHOHFWURPDJQHWLFV�����������������������

��� 6FKlIHU�70��0DXUHU�-��9RQ�+DJHQ�-�DQG�:LHVEHFN�:��([SHULPHQWDO�
&KDUDFWHUL]DWLRQ�RI�5DGLR�:DYH�3URSDJDWLRQ�LQ�+RVSLWDOV��,(((�7UDQVDFWLRQV�RQ�
(OHFWURPDJQHWLF�&RPSDWLELOLW\��0D\����������������������

��� $ISHOOHQ�YDQ�EHWRQZDQGHQ��QD�RSZDUPLQJ�PHW�HHQ�PDJQHWURQ�NDQ���j����FP�YDQ�HHQ�
EHWRQZDQG�ZRUGHQ�DIJHSHOG��WRHSDVVLQJ�ELMYRRUEHHOG�LQ�PHW�UDGLRDFWLYLWHLW�EHVPHWWH��
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ERXZGHOHQ�YDQ�HHQ�NHUQFHQWUDOH�GLH�LV�JHVORWHQ��7HOHIRQLVFK�LQWHUYLHZ�PHW�+HQN�YDQ�
'HYHQWHU��FRQWDFWSHUVRRQ�1HGHUODQGVH�:HUNJURHS�'URJHQ��1:*'�����DSULO�������

��� 2QWVPHWWHQ�YDQ�WXLQERXZJURQGHQ��DOV�DOWHUQDWLHI�YRRU�WRHSDVVLQJ�YDQ�PHWK\OEURPLGH�
�RP�PLOLHXUHGHQHQ�YHUERGHQ���GH�RSHQ�JURQG�VWUXFWXXU�EOLMIW�EHKRXGHQ��
$JUDWURQ�YHHOEHORYHQG�DOWHUQDWLHI�YRRU�VWRPHQ��$UWLNHO�LQ��9DNEODG�YRRU�GH�
EORHPLVWHULM�����DSULO�������JHUDDGSOHHJG�YLD�ZZZ�DJULKROODQG�QO���HQ�
3RWYHHU�DOWHUQDWLHI�VWRPHQ��SRWJURQG�LQ�GH�PDJQHWURQ��$UWLNHO�LQ��%ORHPEROOHQ9LVLH�
QU��������IHEUXDUL�������ZZZ�FQE�QO�EORHPEROOHQYLVLH����

��� %HVWULMGLQJ�YDQ�GH�ERQWH�NQDDJNHYHU�LQ�KRXWHQ�VNHOHWWHQ��GH�ODUYH�NDQ�QLHW�WHJHQ�
ZDUPWH��DOOHHQ�LQ�ODERUDWRULXPRPVWDQGLJKHGHQ�RQGHU]RFKW��JHHQ�WRHSDVVLQJHQ��
7HOHIRQLVFK�LQWHUYLHZ�PHW�:LP�-DQVHQ�����DSULO�������

��� 7HOHIRQLVFK�LQWHUYLHZ�PHW�GKU��:HEHU�YDQ�:HEHU�'URRJWHFKQLHN�QDDU�DDQOHLGLQJ�YDQ�
EHULFKWHQ�LQ�GH�PHGLD�RYHU�EHVWULMGLQJ�YDQ�GH�ERQWH�NQDDJNHYHU�LQ�HHQ�NHUNWRUHQ�
�8WUHFKWV�1LHXZVEODG���MXOL�������'H�7HOHJUDDI���MXOL������HQ�126�7HOHWHNVW���MXOL�
����������MXOL�������]LH�RRN�ZZZ�ZHEHUGURRJWHFKQLHN�QO�

��� .RRW�-��2SHUDWLH����N9��2YHUJDQJ�JHOLMN��QDDU�ZLVVHOVSDQQLQJ�SDV�YROJHQG�
GHFHQQLXP��'H�,QJHQLHXU�����������MXOL�������S���������

��� 0LQGHU�&(�DQG�3IOXJHU�'+��/HXNHPLD��EUDLQ�WXPRUV��DQG�H[SRVXUH�WR�H[WUHPHO\�ORZ�
IUHTXHQF\�HOHFWURPDJQHWLF�ILHOGV�LQ�6ZLVV�UDLOZD\�HPSOR\HHV��$P�-�(SLGHPLRO�������
0D\������������������

��� 0LQGHU�&(�DQG�3IOXJHU�'+��([WUHPHO\�ORZ�IUHTXHQF\�HOHFWURPDJQHWLF�ILHOG�
PHDVXUHPHQWV��(/)�(0)��LQ�6ZLVV�UDLOZD\�HQJLQHV��5DGLDW�3URW�'RVLPHWU\�
�����������±���

��� 9HFFKLD�3��6RXUFHV�RI�H[SRVXUH�WR�(/)�ILHOGV�DW�ZRUNSODFHV��5DG��3URW��'RV�����
������������S���������

��� 5RVVL�3�HQ�)DOVDSHUOD�5��(0)�H[SRVXUH�DVVHVVPHQW�RI�UDLOZD\�V\VWHP¶V�ZRUNHUV��WKH�
H[SHULHQFH�LQ�,WDO\��6���������LQ�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�ZRUNVKRS�RQ�
(OHFWURPDJQHWLF�)LHOGV�LQ�WKH�:RUNSODFH���.DUSRZLF]�-��HQ�.��*U\]��HGV���±�
:DUVFKDX��3ROHQ������VHSWHPEHU�������

��� /HYD�$��0RUDQGR�$3�DQG�=LFK�5(��2Q�WKH�XQZDQWHG�UDGLDWHG�ILHOGV�GXH�WR�WKH�
VOLGLQJ�FRQWDFWV�LQ�D�WUDFWLRQ�V\VWHP��,(,&(�7UDQV��&RPPXQ��(���%����0DUFK��������
S�����������

��� 7UHQLWDOLD��&KDUDFWHUL]DWLRQ�RI�WKH�OHYHOV�RI�H[SRVXUH�WR�PDJQHWLF�ILHOGV�RQ�UDLOZD\�
UROOLQJ�VWRFN����+]������N+]���7HFKQLFDO�VSHFLILFDWLRQ��7,�8705�&(0�������
)ORUHQFH��$SULO�������

��� 0XF�$0��(OHFWURPDJQHWLF�ILHOGV�DVVRFLDWHG�ZLWK�WUDQVSRUWDWLRQ�V\VWHPV��5DGLDWLRQ�
+HDOWK�DQG�6DIHW\�&RQVXOWLQJ��7RURQWR��&DQDGD��0D\�����������

��� 1LFKRODV�-6��%XWOHU�*&��/DFNODQG�'7��+RRG�:&�-U��+RHO�'*�DQG�0RKU�/&�-U��
)OLJKW�GHFN�PDJQHWLF�ILHOGV�LQ�FRPPHUFLDO�DLUFUDIW��$P�-�,QG�0HG�������
1RY���������������

��� 0DVODQ\M�03�DQG�$OOHQ�6*��$�UHYLHZ�RI�HOHFWURPDJQHWLF�ILHOGV�DVVRFLDWHG�ZLWK�
PRWRULVHG�DSSOLDQFHV��1DWLRQDO�5DGLRORJLFDO�3URWHFWLRQ�%RDUG�IRU�+6(��&RQWUDFW�
5HVHDUFK�5HSRUW��1XPEHU������+6(�%RRNV��������

��� )HUUDUL�3��0DULVFRWWL�$��0RWWD�$�DQG�3R]]RERQ�3��(OHFWURPDJQHWLF�HPLVVLRQV�IURP�
HOHFWULFDO�URWDWLQJ�PDFKLQHU\��,(((�7UDQVDFWLRQV�RQ�(QHUJ\�&RQYHUVLRQ�������0DUFK�
��������������
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��� &KDGZLFN�3-��3HUVRRQOLMNH�FRPPXQLFDWLH��VHSWHPEHU�������
��� %ROWH�-)%�HQ�0-0�3UXSSHUV��*H]RQGKHLGVHIIHFWHQ�YDQ�EORRWVWHOOLQJ�DDQ�

UDGLRIUHTXHQWH�HOHNWURPDJQHWLVFKH�YHOGHQ���3UREOHHPDQDO\VH�QLHW�LRQLVHUHQGH�
VWUDOLQJ��5,90�UDSSRUWQU�������������5,90��%LOWKRYHQ��������

��� 5LMNVRYHUKHLG��&RQYHQDQW�LQ�KHW�NDGHU�YDQ�KHW�1DWLRQDDO�$QWHQQHEHOHLG�LQ]DNH�
YHUJXQQLQJYULMH�DQWHQQH�LQVWDODWLHV�YRRU�PRELOH�WHOHFRPPXQLFDWLH��'HQ�+DDJ��
0LQLVWHULH�YDQ�9HUNHHU�HQ�:DWHUVWDDW��QDPHQV�GH�5LMNVRYHUKHLG��������

��� :HEVLWH�YDQ�KHW�1DWLRQDDO�$QWHQQHEXUHDX��8076�PLVYHUVWDQGHQ��
KWWS���ZZZ�DQWHQQHEXUHDX�QO�LQGH[�SKS"LG ���� JHUDDGSOHHJG����PHL�������

��� %RQJHUV�)��0DOWKD�6��%HNNHUV�5��1LHXZHQKXLV�%��6HJHUV�-��9HUKDJHQ�/��HQ�0�
)LMQYDQGUDDW��(YDOXDWLH�1DWLRQDDO�$QWHQQHEHOHLG�±�2QGHU]RHN�LQ�RSGUDFKW�YDQ�KHW�
0LQLVWHULH�YDQ�(FRQRPLVFKH�=DNHQ��'LDORJLF�LQQRYDWLH�	�LQWHUDFWLH��IHEUXDUL�������
'RZQORDGEDDU�RS��KWWS���ZZZ�H]�QO�FRQWHQW�MVS"REMHFWLG ������ JHUDDGSOHHJG�
� MXQL�������

���� :HEVLWH�YDQ�KHW�1DWLRQDDO�$QWHQQHEXUHDX��$QWHQQHUHJLVWHU��
KWWS���ZZZ�DQWHQQHUHJLVWHU�QO�ZZZ�WSO�IUDPHVHW�KWPO� JHUDDGSOHHJG����RNWREHU�
������

���� 9DQ�2RLMHQ�-:7��5LVLFR�LQYHQWDULVDWLH�HQ�±HYDOXDWLH��(OHNWURPDJQHWLVFKH�YHOGHQ�
YDQ�*60�LQVWDOODWLHV��./0�$UER�6HUYLFHV�EY��/XFKWKDYHQ�6FKLSKRO��
GHFHPEHU�������UDSSRUWQU��DV�EQY����������

����� :HEVLWH�0R1HW��9HLOLJ�0RELHO���5,	(�WRRO���YHLOLJ�ZHUNHQ�ELM�DQWHQQHV��
GRZQORDGEDDU�RS�KWWS���ZZZ�PRQHW�LQIR�QO�� JHUDDGSOHHJG����DSULO�������

����� :HEVLWH�,72��,QIRUPDWLH�HQ�&RPPXQLFDWLH�HQ�7HFKQRORJLH�2UJDQLVDWLH���:DW�LV�
&����"�KWWS���ZZZ�LWR�QO�LQGH[�KWPO� JHUDDGSOHHJG����DXJXVWXV�������

����� :HEVLWH�&������&������GLJLWDDO�QHWZHUN��KWWS���ZZZ�F�����QO� JHUDDGSOHHJG���MXQL�
������

����� 1DWLRQDDO�$QWHQQHEXUHDX��1DWLRQDDO�$QWHQQHEHOHLG��9UDDJEDDN�YRRU�GH�XLWYRHULQJ��
1DWLRQDDO�$QWHQQHEXUHDX��*URQLQJHQ��GHFHPEHU�������

����� %ULHI�YDQ�GH�0LQLVWHU�YDQ�%LQQHQODQGVH�=DNHQ�DDQ�GH�7ZHHGH�.DPHU�PHW�ELMODJH��
9RRUWJDQJVUDSSRUWDJH�&������.HQPHUN�9HQ0��������������RNWREHU�������

����� &OHPHQV�&+0�HQ�$%�:ROWHULQJ��6WUDOLQJVQLYHDXV�LQ�GH�QDELMKHLG�YDQ�&�����
EDVLVVWDWLRQV��712��µV�*UDYHQKDJH��������712�UDSSRUW��)(/����&�����

����� :HEVLWH�,72��,QIRUPDWLH�HQ�&RPPXQLFDWLH�HQ�7HFKQRORJLH�2UJDQLVDWLH���:DW�LV�
&����"�KWWS���ZZZ�LWR�QO�LQGH[�KWPO� JHUDDGSOHHJG����DXJXVWXV�������

����� &OHPHQV�&+0��9RVVHQ�6+-$��:ROWHULQJ�$%�HQ�$30�=ZDPERUQ��2QGHU]RHN�QDDU�
PRJHOLMNH�JH]RQGKHLGVHIIHFWHQ�ELM�KHW�JHEUXLN�YDQ�SRUWRIRRQV�ELQQHQ�KHW�&�����
UDGLRQHWZHUN��712��µV�*UDYHQKDJH��������712�UDSSRUW��)(/����&�����

����� &OHPHQV�&+0�HQ�$%�:ROWHULQJ��6WUDOLQJVQLYHDXV�LQ�GH�QDELMKHLG�YDQ�&�����
EDVLVVWDWLRQV��712��µV�*UDYHQKDJH��������712�UDSSRUW��)(/����&�����

����� 153%��3RVVLEOH�+HDOWK�(IIHFWV�IURP�7HUUHVWULDO�7UXQNHG�5DGLR��7(75$���153%�
$GYLVRU\�*URXS�RQ�1RQ�LRQLVLQJ�5DGLDWLRQ��$*1,5���&KLOWRQ��'LGFRW��2[RQ��
9HUHQLJG�.RQLQNULMN��������'RFXPHQWV�RI�WKH�153%��YROXPH�����QR����

���� *H]RQGKHLGVUDDG��0RELHOH�WHOHIRRQV��HHQ�JH]RQGKHLGVNXQGLJH�DQDO\VH��'HQ�+DDJ��
*H]RQGKHLGVUDDG��������SXEOLFDWLH�QU�����������
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����� (76,��'LJLWDO�FHOOXODU�WHOHFRPPXQLFDWLRQV�V\VWHP��3KDVH������5DGLR�WUDQVPLVVLRQ�
DQG�UHFHSWLRQ��(76,�7&�60*��6RSKLD�$QWLSROLV��9DOERQQH��)UDQNULMN��������*60�
�������YHUVLRQ�������MXO\�������,&6��������������

����� $*1,5��+HDOWK�(IIHFWV�IURP�5DGLRIUHTXHQF\�(OHFWURPDJQHWLF�)LHOGV��153%��
&KLOWRQ��'LGFRW��2[RQ��������9HUHQLJG�.RQLQNULMN��'RFXPHQWV�RI�WKH�153%��
9ROXPH�����1R����

����� 3HGHUVHQ�*)�DQG�-%�$QGHUVHQ��5)�DQG�(/)�H[SRVXUH�IURP�FHOOXODU�SKRQH�KDQGVHWV��
7'0$�DQG�&'0$�V\VWHPV��5DGLDWLRQ�3URWHFWLRQ�'RVLPHWU\���������������������

����� 9DQ�/HHXZHQ�*0��/DJHQGLMN�--:��9DQ�/HHUVXP�%-$0�DQG�$30�=ZDPERUQ��
7KHUPDO�	�5)�0RGHOOLQJ�RI�&HOOXODU�3KRQHV��7+(50,&��:RUN�SDFNDJH����
'HPRQVWUDWLRQ�DQG�YDOLGDWLRQ�RI�WKH�PRGHOV��712��µV�*UDYHQKDJH��������712�
UDSSRUW��)(/����&�����

���� :HEVLWH�0RWRUROD��0RWRUROD�0HGLDFHQWHU���3UHVV�5HOHDVHV��
� KWWS���ZZZ�PRWRUROD�FRP�PHGLDFHQWHU�QHZV�GHWDLO������������B����B������KWPO�

JHUDDGSOHHJG����DXJXVWXV�������
����� :HEVLWH�1RNLD��3KRQH�PRGHOV���$IULFD��(XURSH��0LGGOH�(DVW��

KWWS���ZZZ�QRNLD�FRP�QRNLD����������KWPO� JHUDDGSOHHJG����MXOL�������
����� 0LQLVWHULH�YDQ�(=��(�PDLO�SHUVEHULFKW��6WDUW�XLWJLIWH�:LUHOHVV�/RFDO�/RRS�

YHUJXQQLQJHQ�����MDQXDUL��������
����� :HEVLWH�(=��9HUJXQQLQJYHUOHQLQJ�:LUHOHVV�/RFDO�/RRS��://��
� KWWS���ZZZ�H]�QO�GHIDXOWBEHO�DVS"SDJLQD ZOO� JHUDDGSOHHJG����VHSWHPEHU�������
����� 7URPPHOHQ�3+��9DQ�6WDDOGXLQHQ�.-�HQ�0$$�0HOWHUV��7HFKQLVFKH�UDQGYRRUZDDUGHQ�

YRRU�GH�XLWJLIWH�YDQ�IUHTXHQWLHV�YRRU�µ:LUHOHVV�/RFDO�/RRS¶�V\VWHPHQ��712��µV�
*UDYHQKDJH��������712�UDSSRUW��)(/����F�����

���� *H]RQGKHLGVUDDG��*60�EDVLVVWDWLRQV��'HQ�+DDJ��*H]RQGKHLGVUDDG��������SXEOLFDWLH�
QU�������������� &OHYHODQG�5�)���6\OYDU�'�0���DQG�8OFHN�-�/��(YDOXDWLQJ�&RPSOLDQFH�ZLWK�)&&�
JXLGHOLQHV�IRU�KXPDQ�H[SRVXUH�WR�UDGLRIUHTXHQF\�HOHFWURPDJQHWLF�ILHOGV��)HGHUDO�
&RPPXQLFDWLRQ�&RPPLVVLRQ��)&&���:DVKLQJWRQ��'&��9HUHQLJGH�6WDWHQ��������2HW�
%XOOHWLQ�����HGLWLRQ�������

����� 0LQLVWHULH�YDQ�(FRQRPLVFKH�=DNHQ��'H�'LJLWDOH�'HOWD��1HGHUODQG�R1/OLQH��0LQ��(=��
'HQ�+DDJ��MXQL�������KWWS���ZZZ�H]�QO�SXEOLFDWLHV�SGIV���U����SGI �

����� :HEVLWH�$JHQWVFKDS�7HOHFRP��2YHU]LFKW�YDQ�DQDORJH�HQ�GLJLWDOH�79�]HQGHUV��
KWWS���ZZZ�DW�H]�QO�GDY�� JHUDDGSOHHJG���PDDUW�������

���� &RRSHU�7�*���$OOHQ�6�*���%ODFNZHOO�5�3���/LWFKILHOG�,���0DQQ�6�0���3RSH�-�0��DQG�
9DQ�7RQJHUHQ�0�-�$��$VVHVVPHQW�RI�RFFXSDWLRQDO�H[SRVXUH�WR�UDGLRIUHTXHQF\�ILHOGV�
DQG�UDGLDWLRQ��5DGLDWLRQ�3URWHFWLRQ��'RVLPHWU\�9RO�������1R����SS�����������������

����� -RNHOD�.�DQG�/�3XUDQHQ��2FFXSDWLRQDO�5)�([SRVXUHV��5DGLDWLRQ�3URWHFWLRQ�
'RVLPHWU\�9RO������1RV������SS�����������������

����� 3XUDQHQ�/��5)�)LHOGV�DW�)0�79�EURDGFDVW�VWDWLRQV��6���������LQ�3URFHHGLQJV�RI�WKH�
,QWHUQDWLRQDO�ZRUNVKRS�RQ�(OHFWURPDJQHWLF�)LHOGV�LQ�WKH�:RUNSODFH���.DUSRZLF]�-��
HQ�.��*U\]��HGV���±�:DUVFKDX��3ROHQ������VHSWHPEHU������������ 'DKPH�0��5HVLGHQWLDO�5)�H[SRVXUHV��5DGLDWLRQ�3URWHFWLRQ�'RVLPHWU\��������9RO��
����1RV�����SS�����������
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����� ,QWUHV�(/��0HWLQJHQ�$0�]HQGHUV�7ULQWHOKDYHQ��712�)(/��¶V�*UDYHQKDJH��
IHEUXDUL�������712�UDSSRUW�)(/����(0����

����� :LWYOLHW�%�HQ�%�%RJDDUG��9HOGVWHUNWHPHWLQJHQ�7ULQWHOKDYHQ��$0�PLGGHQJROI�
�����N+]��$JHQWVFKDS�7HOHFRP��*URQLQJHQ��DXJXVWXV��������

���� *H]RQGKHLGVUDDG��&RPPLVVLH�(/)�HOHNWURPDJQHWLVFKH�YHOGHQ��%ORRWVWHOOLQJ�DDQ�
HOHNWURPDJQHWLVFKH�YHOGHQ����+]������0+]���'HQ�+DDJ��*H]RQGKHLGVUDDG��������
SXEOLFDWLH�QU���������

����� :HEVLWH�%XQGHVDPEW�I�U�6WUDKOHQVFKXW]��)$4V�+DXVKDOWJHUlWH��+lXILJ�JHVWHOOWH�
)UDJHQ�]XP�7KHPD�µ(OHNWULVFKH�XQG�PDJQHWLVFKH�)HOGHU�EHL�+DXVKDOWJHUlWHQ¶��7H�
GRZQORDGHQ�RS��KWWS���ZZZ�EIV�GH�HOHNWUR�IDT�IDTBKDXVKDOW�KWPO� JHUDDGSOHHJG����
QRYHPEHU�������

���� 9LQN��:-3��1LHW�GHVWUXFWLHI�RQGHU]RHN�������������,6%1�������������;��
���� -DFNVRQ��-'��&ODVVLFDO�(OHFWURG\QDPLFV���UG� HG��1HZ�<RUN��-RKQ�:LOH\�	�6RQV��

,QF���������
���� 'XIILQ�-:��(OHFWULFLW\�DQG�PDJQHWLVP���UG� /RQGRQ��0F*UDZ�+LOO�%RRN�&RPSDQ\�

/WG���������
���� &KDGZLFN�3-��2FFXSDWLRQDO�H[SRVXUH�WR�HOHFWURPDJQHWLF�ILHOGV��3UDFWLFDO�DSSOLFDWLRQ�

RI�153%�JXLGDQFH��&KLOWRQ��153%�5�����������
���� 1(1�(1������������±�%DVLVQRUP�YRRU�GH�EHUHNHQLQJ�HQ�KHW�PHWHQ�YDQ�

HOHNWURPDJQHWLVFKH�YHOGVWHUNWH�HQ�6$5�PHW�EHWUHNNLQJ�WRW�EORRWVWHOOLQJ�YDQ�GH�PHQV�
DDQ�UDGLREDVLVVWDWLRQV�HQ�YDVWH�HLQGVWDWLRQV�YRRU�GUDDGOR]H�WHOHFRPPXQLFDWLH�
V\VWHPHQ������0+]�±����*+]���6WDDWVFRXUDQW�����RNWREHU�������QU��������SDJ������

���� %DODQLV��&$��$QWHQQD�WKHRU\��DQDO\VLV�DQG�GHVLJQ����QG�HG���GLVNHWWH����������1HZ�
<RUN���:LOH\��

���� 3XUDQHQ�/�DQG�.�-RNHOD��5DGLDWLRQ�+D]DUG�$VVHVVPHQW�RI�3XOVHG�0LFURZDYH�
5DGDUV��-RXUQDO�RI�0LFURZDYH�3RZHU�DQG�(OHFWURPDJQHWLF�HQHUJ\��������9RO�����
1R����SDJ����������

���� 3LQVNL�6/��(PHUJHQFLHV�UHODWHG�WR�LPSODQWDEOH�FDUGLRYHUWHU�GHILEULOODWRUV��&ULW�&DUH�
0HG�������2FW��������6XSSO��1��������

���� 0LOOHU��&��6���/HRQHOOL��)��0���DQG�/DWKDP��(��6HOHFWLYH�LQWHUIHUHQFH�ZLWK�SDFHPDNHU�
DFWLYLW\�E\�HOHFWULFDO�GHQWDO�GHYLFHV��2UDO�6XUJ�2UDO�0HG�2UDO�3DWKRO�2UDO�5DGLRO�
(QGRG�������-DQ��������������

���� ,UQLFK��:��(OHFWURQLF�VHFXULW\�V\VWHPV�DQG�DFWLYH�LPSODQWDEOH�PHGLFDO�GHYLFHV��
3DFLQJ�&OLQ�(OHFWURSK\VLRO�������$XJ�����������������

���� :+2��(OHNWURPDJQHWLVFKH�YHOGHQ�HQ�YRONVJH]RQGKHLG���5DGDUVWUDOLQJ�HQ�
JH]RQGKHLG��,QIRUPDWLHEODG�QU������MXQL�������

���� %HVOXLW�YDQ�GH�6WDDWVVHFUHWDULV�YDQ�6RFLDOH�=DNHQ�HQ�:HUNJHOHJHQKHLG�YDQ���MXOL�
������'LUHFWLH�$UEHLGVYHLOLJKHLG�HQ��JH]RQGKHLG��QU��$	*�:	3�������������WRW�
ZLM]LJLQJ�YDQ�GH�%HOHLGVUHJHOV�DUEHLGVRPVWDQGLJKHGHQZHWJHYLQJ�LQ�YHUEDQG�PHW�GH�
RSQDPH�LQ�KHW�$UEHLGVRPVWDQGLJKHGHQEHVOXLW�YDQ�UHJHOV�EHWUHIIHQGH�H[SORVLHYH�
DWPRVIHUHQ��6WDDWVFRXUDQW���MXOL�������QU��������SDJ�����
5LFKWOLMQ���������(*�YDQ�KHW�(XURSHHV�3DUOHPHQW�HQ�GH�5DDG�YDQ����GHFHPEHU�
�����EHWUHIIHQGH�PLQLPXPYRRUVFKULIWHQ�YRRU�GH�YHUEHWHULQJ�YDQ�GH��JH]RQGKHLGV�
EHVFKHUPLQJ�HQ�YDQ�GH�YHLOLJKHLG�YDQ�ZHUNQHPHUV�GLH�GRRU�H[SORVLHYH�DWPRVIHUHQ�
JHYDDU�NXQQHQ�ORSHQ��Y IWLHQGH�E ]RQGHUH�ULFKWO Q LQ�GH�]LQ�YDQ�DUWLNHO�����OLG����
YDQ�5LFKWO Q �������((*���3%�/��������������MDQXDUL��������



����YDQ����� �
�

���� 5LFKWOLMQ�������(*�YDQ�KHW�(XURSHHV�3DUOHPHQW�HQ�GH�5DDG�YDQ����MXQL�������LQ]DNH�
GH�RQGHUOLQJH�DDQSDVVLQJ�YDQ�GH�ZHWJHYLQJHQ�YDQ�GH�OLGVWDWHQ�EHWUHIIHQGH�PDFKLQHV��
3%�/��������������MXQL�������

���� ,QWHUQDWLRQDO�/DERXU�2UJDQL]DWLRQ��3URWHFWLRQ�RI�ZRUNHUV�IURP�SRZHU�IUHTXHQF\�
HOHFWULF�DQG�PDJQHWLF�ILHOGV��2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�6HULHV��1R������
,QWHUQDWLRQDO�/DERXU�2IILFH��*HQHYD��������

���� 1(1�(1�������9HLOLJKHLG�YDQ�PDFKLQHV�±�%HRRUGHOLQJ�HQ�YHUPLQGHULQJ�YDQ�KHW�
JHYDDU�YHURRU]DDNW�GRRU�VWUDOLQJ�XLWJH]RQGHQ�GRRU�PDFKLQHV��'HHO��������±�
$OJHPHQH�EHJLQVHOHQ��'HHO����������6WUDOLQJVHPLVVLH�PHHWSURFHGXUH��HQ�
'HHO��������±�5HGXFWLH�YDQ�VWUDOLQJ�GRRU�YHU]ZDNNLQJ�HQ�DIVFKHUPLQJ��2QWZLNNHOG�
GRRU�&(1�LQ�KHW�NDGHU�YDQ�GH�0DFKLQHULFKWOLMQ��5LFKWOLMQ�������(*�YDQ�KHW�
(XURSHHV�3DUOHPHQW�HQ�GH�5DDG�YDQ����MXQL������LQ]DNH�GH�RQGHUOLQH�DDQSDVVLQJ�
YDQ�GH�ZHWJHYLQJHQ�YDQ�GH�OLGVWDWHQ�EHWUHIIHQGH�PDFKLQHV��3%�/�����������

���� (QYLURQPHQWDO�+HDOWK�'LUHFWRUDWH��+HDOWK�3URWHFWLRQ�%UDQFK���6DIHW\�&RGH����/LPLWV�
RI�+XPDQ�([SRVXUH�WR�5DGLRIUHTXHQF\�(OHFWURPDJQHWLF�)LHOGV�LQ�WKH�)UHTXHQF\�
5DQJH�IURP���N+]�WR�����*+]���2WWDZD��2QWDULR��(QYLURQPHQWDO�+HDOWK�'LUHFWRUDWH��
3XEOLVKHG�E\�$XWKRULW\�RI�WKH�0LQLVWHU�RI�1DWLRQDO�+HDOWK�DQG�:HOIDUH�RI�&DQDGD��
���(+'������������

���� .DQDO�(��%RUJVWHGH�-3��%DUNRYLFK�$-��%HOO�&��%UDGOH\�:*��)HOPOHH�-3��)URHOLFK�
-:��.DPLQVNL�(0��.HHOHU�(.��/HVWHU�-:��6FRXPLV�($��=DUHPED�/$��=LQQLQJHU�
0'��$PHULFDQ�&ROOHJH�RI�5DGLRORJ\�:KLWH�3DSHU�RQ�05�6DIHW\��$-5�������
��������±������

���� :HEVLWH�1RYHF�%9��0HOGLQJ�ZHUN]DDPKHGHQ�1RYHF�VLWH��KWWS���ZZZ�QRYHFEY�QO�
JHUDDGSOHHJG����DSULO�������

���� 0LQLVWHULHV�YDQ�(FRQRPLVFKH�=DNHQ��-XVWLWLH�HQ�9RONVKXLVYHVWLQJ��5XLPWHOLMNH�
2UGHQLQJ�HQ�0LOLHX��(IIHFWEHRRUGHOLQJ�9RRUJHQRPHQ�5HJHOJHYLQJ��
3XEOLFDWLHQXPPHU���0(����0HOGSXQW�9RRUJHQRPHQ�5HJHOJHYLQJ��'HQ�+DDJ��MXOL�
������

���� :HEVLWH�&%6��JHUDDGSOHHJG����MDQXDUL�������
� KWWS���ZZZ�FEV�QO�QO�1/�PHQX�PHWKRGHQ�EHJULSSHQ�DOIDEHW�Y�GHIDXOW�KWP�
���� %DDUV�$-��3HOJURP�60*-��+RH\PDQV�)+*0��9DQ�5DDLM�070��*H]RQGKHLGV�

HIIHFWHQ�HQ�]LHNWHODVW�GRRU�EORRWVWHOOLQJ�DDQ�VWRIIHQ�RS�GH�ZHUNSOHN�±�HHQ�YHUNHQQHQG�
RQGHU]RHN��5,90�UDSSRUW������������������

���� 5HOHYDQWH�ULFKWOLMQHQ�]LMQ�LQ�GLW�YHUEDQG�
� GH�/RZ�9ROWDJH�'LUHFWLYH��5LFKWOLMQ�������((*�YDQ�GH�5DDG�YDQ����IHEUXDUL�
�����EHWUHIIHQGH�GH�RQGHUOLQJH�DDQSDVVLQJ�YDQ�ZHWWHOLMNH�YRRUVFKULIWHQ�GH�/LG�
6WDWHQ�LQ]DNH�HOHNWULVFK�PDWHULDDO�EHVWHPG�YRRU�JHEUXLN�ELQQHQ�EHSDDOGH�VSDQQLQJV�
JUHQ]HQ��3%�/��������PDDUW�������S�����������
� GH�5	77(�'LUHFWLYH��5LFKWOLMQ��������(*�YDQ�KHW�(XURSHHV�3DUOHPHQW�HQ�GH�
5DDG�YDQ���PDDUW������EHWUHIIHQGH�UDGLRDSSDUDWXXU�HQ�WHOHFRPPXQLFDWLH�
HLQGDSSDUDWXXU�HQ�GH�ZHGHU]LMGVH�HUNHQQLQJ�YDQ�KXQ�FRQIRUPLWHLW��3%�/�������DSULO�
������S����������HQ�
� GH�(0&�'LUHFWLYH��5LFKWOLMQ��������((*�YDQ���PHL������EHWUHIIHQGH�GH�
RQGHUOLQJH�DDQSDVVLQJ�YDQ�GH�ZHWJHYLQJHQ�YDQ�GH�OLGVWDWHQ�LQ]DNH�
HOHNWURPDJQHWLVFKH�FRPSDWLELOLWHLW��3%�/�����YDQ����PHL�������S������ODDWVWHOLMN�
JHZLM]LJG�ELM�5LFKWOLMQ�������((*��3%�/�����YDQ����DXJXVWXV�������EO]������
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