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'H�5XLPWH6FDQQHU�PRHW�ZRUGHQ�EHVFKRXZG�DOV�KHW�SURWRW\SH�YDQ�HHQ�LQVWUXPHQW�ZDDULQ�LVJHWUDFKW�RP�EDVLVEHVWDQGHQ��SURJQRVHUHVXOWDWHQ�YDQ�H[RJHQH�GHPRJUDILVFKH�HQ�UXLPWHOLMN�HFRQRPLVFKH�PRGHOOHQ�PLGGHOV�HHQ�UXLPWHOLMN�DOORFDWLHPRGHO�ELM�HONDDU�WH�EUHQJHQ�HQ�WHLQWHJUHUHQ��'H�PHHUZDDUGH�YDQ�KHW�SURMHFW�LV�HFKWHU�QLHW�DOOHHQ�JHOHJHQ�LQ�GH�RSOHYHULQJ�YDQ�HHQUXLPWHOLMN�LQIRUPDWLHV\VWHHP�GDW�KHW�PRJHOLMN�PDDNW�KHW�WRHNRPVWLJ�ODQGJHEUXLN�LQ�1HGHUODQG�WHVLPXOHUHQ�+HW�EHJULS�³5XLPWH6FDQQHU´�VWDDW�RRN�YRRU�HHQ�JURHS�RQGHU]RHNHUV�GLH�HHQ�JHPHHQVFKDSSHOLMNHYLVLH�KHEEHQ�RS�GH�ZLM]H�ZDDURS�PRGHUQH�LQIRUPDWLHV\VWHPHQ�PRHWHQ�ZRUGHQ�RQWZLNNHOG�GLH�KHWPRJHOLMN�PDNHQ�GHUJHOLMNH�VLPXODWLHV�XLW�WH�YRHUHQ��(U�VWDSW�LPPHUV�JHHQ�SLORRW�PHHU�LQ�HHQYOLHJWXLJ�YRRUGDW�KLM�XLWJHEUHLG�KHHIW�JHRHIHQG�LQ�HHQ�VLPXODWRU��7HYHQV�]DO�JHHQ�YOLHJWXLJRSVWLMJHQ�DOV�HU�QLHW�HHUVW�]HHU�]RUJYXOGLJ�LV�JHDQDO\VHHUG�KRH�KHW�]LFK�]DO�JHGUDJHQ�LQ�GH�OXFKW�=RXGHQ�ZH�RQV�KHW�GDQ�QRJ�NXQQHQ�SHUPLWWHUHQ�HHQ�SODQ�YRRU�GH�LQULFKWLQJ�YDQ�HHQ�ODQG�YRRU�WHVWHOOHQ�]RQGHU�GDW�GH�LQULFKWHUV�KHEEHQ�PRHWHQ�RHIHQHQ�LQ�HHQ�VLPXODWLH�RPJHYLQJ"�0DDU�KHW�OLJWGDQ�WHYHQV�YRRU�GH�KDQG�GDW�ZH�RQ]H�NHQQLV�HQ�HQHUJLH�DDQZHQGHQ�RP�HHQ�GHUJHOLMNH�VLPXODWRU]RGDQLJ�WH�RQWZLNNHOHQ�GDW�]LM�RRN�LQ�GH�SUDNWLMN�JRHG�EUXLNEDDU�LV�RP�LQ]LFKW�WH�NULMJHQ�LQ�GHPRJHOLMNKHGHQ�HQ�FRQVHTXHQWLHV�YDQ�HHQ�EHSDDOGH�UXLPWHOLMNH�LQULFKWLQJ�YDQ�1HGHUODQG�
+HW�RP]HWWHQ�YDQ�HHQ�YLVLH�LQ�SURGXFWHQ�HQ�ZHUNZLM]H�YHUORRSW�QLHW�YDQ�GH�HQH�GDJ�RS�GH�DQGHUH�+HHO�YHHO�WLMG�HQ�HQHUJLH�LV�JHwQYHVWHHUG�LQ�KHW�YRHUHQ�YDQ�GLVFXVVLHV��KHW�RQWZLNNHOHQ�YDQPHWKRGHQ�HQ�WHFKQLHNHQ��KHW�LQWHJUHUHQ�YDQ�GLYHUVH�GDWDEDVHV�HQ�KHW�WRHSDVVHQ�YDQ�GH�HHUVWHGHHOSURGXFWHQ��,Q�YHUVFKLOOHQGH�UDSSRUWHQ��DUWLNHOHQ�HQ�ERHNHQ�LV�LQPLGGHOV�RYHU�GH5XLPWH6FDQQHU�HQ�KDDU�UHVXOWDWHQ�JHVFKUHYHQ��'H�GLVFXVVLH�RYHU�KDDU�YLVLH�KHHIW�GH5XLPWH6FDQQHU�JURHS�LQPLGGHOV�RS�YHOH�SODDWVHQ�QDWLRQDDO�HQ�LQWHUQDWLRQDDO�JHYRHUG��'HSURMHFWJURHS�LV�LQWXVVHQ�RRN�HQLJV]LQV�YDQ�VDPHQVWHOOLQJ�JHZLM]LJG��:HLQLJ�DIYDOOHUV��YHOHQLHXZHOLQJHQ�GLH�]LFK�DIYUDJHQ�ZDDURP�GH�VRIWZDUH�QRJ�QLHW�YHHO�PRRLHU�LV�
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��

7HJHQ�GH]H�DFKWHUJURQG�HQ�YRRUWERXZHQG�RS�KHW�5,90�RQGHU]RHN�WHU�RQGHUERXZLQJ�YDQ�KHWJHELHGVJHULFKWH�EHOHLG��5HLOLQJ��������9DQ�GH�9HOGH���������LV�KHW�KLHU�JHUDSSRUWHHUGH�RQGHU]RHNJHVWDUW��'DDUELM�LV�HHQ�SUREOHHPVWHOOLQJ�JHIRUPXOHHUG�GLH�XLWHHQYDOW�LQ�GH�YROJHQGH�GHHOYUDJHQ�
x RS�ZHONH�ZLM]H�NDQ�HHQ�PHWKRGLHN�ZRUGHQ�RQWZLNNHOG�HQ�WRHJHSDVW�RP�GH�EHKRHIWH�DDQUXLPWH�YRRU�GH�YHUVFKLOOHQGH�WH�RQGHUVFKHLGHQ�IXQFWLHV��ZRQHQ��ZHUNHQ��QDWXXU�HWFHWHUD��WHYHUWDOHQ�QDDU�GH�PRJHOLMNH�YHUDQGHULQJHQ�LQ�KHW�I\VLHNH�UXLPWHJHEUXLN�RS�HHQ�JHGHWDLOOHHUGUXLPWHOLMN�QLYHDX"x RS�ZHONH�ZLM]H�NDQ�HHQ�UXLPWHOLMNH�LQIRUPDWLH�LQIUDVWUXFWXXU�ZRUGHQ�RQWZLNNHOG�GLH�LQWHJUDWLHYDQ�GH�GLYHUVH�GDWDEHVWDQGHQ�PRJHOLMN�PDDNW��HQ�GLH�LQ�GH�WRHNRPVW�YHUGHU�NDQ�ZRUGHQRQWZLNNHOG�QDDU�HHQ�EHKHHURPJHYLQJ"x RS�ZHONH�ZLM]H�NDQ�GH]H�LQIUDVWUXFWXXU�JHVFKLNW�ZRUGHQ�JHPDDNW�YRRU�UXLPWHOLMNH�DIZHJLQJHQGRRU�KHW�EHOHLG��ZDDUELM�YHUVFKLOOHQGH�WRHNRPVWYHUNHQQLQJHQ�RQGHUOLQJ�NXQQHQ�ZRUGHQDIJHZRJHQ"
'DDUPHH�LV�HHQ�]HHU�XLWGDJHQGH��PDDU�RRN�]HHU�EUHGH�SUREOHHPVWHOOLQJ�JHIRUPXOHHUG��GLHYDQZHJH�KDDU�RPYDQJULMNKHLG�JHIDVHHUG�GLHQW�WH�ZRUGHQ�XLWJHZHUNW��,Q�GH�HHUVWH�IDVH�ULFKWHQ�ZHRQV�PHW�QDPH�RS�GH�YROJHQGH�GRHOVWHOOLQJHQ�x KHW�UHDOLVHUHQ�YDQ�HHQ�LQVWUXPHQW�ZDDUELM�GH�YHHOVRRUWLJH�HQ�GLYHUVH�LQIRUPDWLH�RYHUUXLPWHOLMNH�FODLPV�XLW�EHOHLGVQRWD¶V��UHNHQUHVXOWDWHQ�LQ�KHW�NDGHU�YDQ�GH�/DQJH�7HUPLMQ9HUNHQQLQJHQ�YDQ�KHW�&HQWUDDO�3ODQEXUHDX�HQ�EDVLVLQIRUPDWLH�RYHU�KHW�KXLGLJH�UXLPWHJHEUXLNRS�RYHU]LFKWHOLMNH�ZLM]H�NDQ�ZRUGHQ�RQWVORWHQ�HQ�JHSUHVHQWHHUG�x KHW�UHDOLVHUHQ�YDQ�HHQ�RSHUDWLRQHHO�LQVWUXPHQWDULXP��ZDDUPHH�VQHO�HQ�RS�HHQYRXGLJH�ZLM]HGLYHUVH�VFHQDULR¶V�NXQQHQ�ZRUGHQ�GRRUYHUWDDOG�QDDU�NDDUWEHHOGHQ�PHW�KHW�ELMEHKRUHQGHUXLPWHJHEUXLN�x GH�LQWHJUDWLH�YDQ�EHVWDDQGH�NHQQLV�HQ�GDWDEURQQHQ��ZDDUELM�KHW�NXQQHQ�DDQVOXLWHQ�RSUHNHQUHVXOWDWHQ�GLH�GRRU�GHUGHQ�HQ�YDQXLW�GLYHUVH�H[SHUWLVH�YHOGHQ�ZRUGHQ�WRHJHOHYHUG�KHWXLWJDQJVSXQW�YRUPW�
2P�GH]H�GRHOVWHOOLQJHQ�WH�EHUHLNHQ�PRHW�DOOHUHHUVW�HHQ�DDQWDO�EHJULSSHQ�XLW�GH�SUREOHHPVWHOOLQJYHUGHU�ZRUGHQ�DIJHEDNHQG��2QGHU�KHW�UXLPWHJHEUXLN�ZRUGW�YHUVWDDQ�KHW�I\VLHNH�EHVODJ�HQEHGHNNLQJ�YDQ�GH�UXLPWH�GRRU�HHQ�PDDWVFKDSSHOLMNH�RI�µQDWXXUOLMNH¶�IXQFWLH��'H�IXQFWLHV�GLHZRUGHQ�RQGHUVFKHLGHQ�]LMQ�LQ�WH�GHOHQ�LQ�GH�FDWHJRULHsQ�ZRQHQ��ZHUNHQ��ODQGERXZ��UHFUHDWLH�QDWXXU�HQ�LQIUDVWUXFWXXU��$OV�UXLPWHOLMNH�HHQKHLG�YRRU�GH�VLPXODWLHV�YDQ�KHW�UXLPWHJHEUXLN�]LMQJULGFHOOHQ�PHW�HHQ�JURRWWH�YDQ��������PHWHU�JHNR]HQ��5XLPWHFODLPV�]LMQ�GH��YHHODO�YLD�VHFWRUDOHUHNHQPRGHOOHQ�WRW�VWDQG�JHNRPHQ��SURJQRVHV�YDQ�GH H[WUD�EHQRGLJGH�UXLPWH�GLH�IXQFWLHV�RYHUHHQ�EHSDDOGH�SHULRGH�]XOOHQ�QRGLJ�KHEEHQ��RI�JHJHYHQV�ZDDUXLW�GH]H�HHQYRXGLJ�NXQQHQ�ZRUGHQDIJHOHLG�
��� &RQFHSWXHHO�UDDPZHUN�HQ�QDGHUH�XLWZHUNLQJ
'H�RQWZLNNHOLQJ�YDQ�KHW�UXLPWHJHEUXLN�RS�ODQJH�WHUPLMQ�LV�PHW�JURWH�RQ]HNHUKHGHQ�RPJHYHQ��2PLQ]LFKW�WH�NULMJHQ�LQ�GH]H�RQ]HNHUKHGHQ�ZRUGW�LQ�YHHO�YHUNHQQLQJHQ�GH�PHWKRGLHN�YDQ�VFHQDULR¶VWRHJHSDVW��(U�EHVWDDQ�YHUVFKLOOHQGH�W\SHQ�VFHQDULR¶V��GLH�LHGHU�HHQ�YHUVFKLOOHQGH�IXQFWLH�KHEEHQELM�WRHNRPVWJHULFKW�RQGHU]RHN�'RRU�PHHUGHUH�SODXVLEHOH�VFHQDULR¶V�WH�RQWZHUSHQ�NDQ�GH�EDQGEUHHGWH�YDQ�YHUVFKLOOHQGHZDDUVFKLMQOLMNH�WRHNRPVWEHHOGHQ�ZRUGHQ�DDQJHGXLG��1DDVW�µZDDUVFKLMQOLMNH¶�VFHQDULR¶V��ZRUGHQ�LQYHUNHQQLQJHQ�YDQ�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�RRN�VFHQDULR¶V�RSJHVWHOG�GLH�XLWJDDQ�YDQ�KHWPRJHOLMNH�RS�KHW�JHELHG�YDQ�WHFKQLVFKH��HFRQRPLVFKH�HQ�VRFLDDO�FXOWXUHOH�RQWZLNNHOLQJHQ��]LHRQGHU�PHHU�'H�-RQJ�HQ�)ULHOLQJ���������(HQ�GHUGH�FDWHJRULH�YRUPHQ�GH�VFHQDULR¶V�ZDDULQ�HHQJHZHQVW�UXLPWHOLMN�EHHOG�ZRUGW�RSJHVWHOG��GDW�YHUYROJHQV�NDQ�GLHQHQ�RP�YLD�GH�PHWKRGH�YDQµEDFN�FDVWLQJ¶�WH�DQDO\VHUHQ�ZDW�ZDDUVFKLMQOLMNH�RI�PRJHOLMNH�URXWHV�]LMQ�GLH�WRW�GLW�UXLPWHOLMN�EHHOGNXQQHQ�OHLGHQ�



��

2S�EDVLV�YDQ�HHQ�VFHQDULR�EHUHGHQHHUW�PHQ�YHUYROJHQV�KRHYHHO�UXLPWH�QRGLJ�LV�YRRU�GHYHUVFKLOOHQGH�PDDWVFKDSSHOLMNH�HQ�QDWXXUOLMNH�UXLPWHOLMNH�IXQFWLHV��9HUYROJHQV�GLHQW�GH]H�YUDDJ�WHZRUGHQ�YHUWDDOG�QDDU�HHQ�FRQFUHWH�UXLPWHYUDDJ�YRRU�LHGHUH�RQGHUVFKHLGHQ�IXQFWLH��ZDDUELMUHNHQLQJ�GLHQW�WH�ZRUGHQ�JHKRXGHQ�PHW�GRRU�KHW�EHOHLG�UHHGV�YDVWJHOHJGH�UXLPWHOLMNHEHVWHPPLQJHQ�9RRU�ELMYRRUEHHOG�GH�/DQJH�7HUPLMQ�9HUNHQQLQJHQ������YDQ�KHW�&HQWUDDO�3ODQEXUHDX��/7����LVHHQ�UDDPZHUN�RSJH]HW��ZDDULQ�GH�VDPHQKDQJ�WXVVHQ�GULMYHQGH�NUDFKWHQ�HQ�GH�UXLPWHYUDDJ�YDQGH�EHODQJULMNVWH�PDDWVFKDSSHOLMNH�DFWLYLWHLWHQ��ZRQHQ��ZHUNHQ��ODQGERXZ�HQ�QDWXXU��LV�XLWJHZHUNW�9RRU�GH�/7���]LMQ�HHQ�GULHWDO�VFHQDULR¶V�RSJHVWHOG�QDPHOLMN�'LYLGHG�(XURSH��(XURSHDQ&RRUGLQDWLRQ�HQ�*OREDO�&RPSHWLWLRQ��3HU�VFHQDULR�LV�EHUHGHQHHUG�HQ�YHUYROJHQVJHRSHUDWLRQDOLVHHUG�ZHONH�UXLPWHYUDDJ�NDQ�ZRUGHQ�YHUZDFKW��JHJHYHQ�YHURQGHUVWHOOLQJHQ�WHQDDQ]LHQ�YDQ�GH�����LQWHUQDWLRQDOH�HFRQRPLVFK�SROLWLHNH�RQWZLNNHOLQJHQ������VRFLDDO�FXOWXUHOHIDFWRUHQ�HQ�GH�WHFKQRORJLVFKH�RQWZLNNHOLQJ������HFRQRPLVFKH�RQWZLNNHOLQJHQ�HQ����GHPRJUDILVFKH�RQWZLNNHOLQJHQ�'H]H�NRUWH�VFKHWV�YDQ�GH�URO�YDQ�GH�VFHQDULR¶V�LQ�KHW�FRQFHSWXHHO�UDDPZHUN�YROVWDDW�KLHU��9RRUHHQ�YHUGHUH�XLWZHUNLQJ�YDQ�GH�VFHQDULR¶V�ZRUGW�YHUZH]HQ�QDDU�GH�GLYHUVH�YHUNHQQLQJHQ��0LOLHX�HQ�1DWXXUYHUNHQQLQJHQ��GH�5XLPWHOLMNH�3HUVSHFWLHYHQQRWD�HQ�GH�(FRQRPLVFKH�9HUNHQQLQJHQ�HQGH�GDDUELM�KRUHQGH�DFKWHUJURQGUDSSRUWHQ��������=RDOV�LQ�GH�YRRUJDDQGH�SDUDJUDDI�XLWHHQJH]HW��LV�GH�LQ�GH]H�VWXGLH�WH�RQWZLNNHOHQ�PHWKRGLHN�HQLQIRUPDWLH�LQIUDVWUXFWXXU�EHGRHOG�RP�RQGHUVWHXQLQJ�WH�ELHGHQ�ELM�KHW�RSVWHOOHQ�YDQ�ZDDUVFKLMQOLMNHHQ�PRJHOLMNH�WRHNRPVWEHHOGHQ�YRRU�KHW�UXLPWHJHEUXLN�RS�HHQ�UHJLRQDDO�WRW�QDWLRQDDOVFKDDOQLYHDX��:DW�EHwQYORHGW�QX�RS�GLW�VFKDDOQLYHDX�KHW�WRHNRPVWLJH�UXLPWHJHEUXLN�YRRU�GHEHODQJULMNVWH�PDDWVFKDSSHOLMNH�DFWLYLWHLWHQ��ZRQHQ��ZHUNHQ��ODQGERXZ�HQ�QDWXXU"'DDUELM�NDQ�HHQ�RQGHUVFKHLG�JHPDDNW�ZRUGHQ�WXVVHQ�GH�RPYDQJ�YDQ�GH�YUDDJ�QDDU�UXLPWH�HQ�GHYHUGHOLQJ�YDQ�GH]H�YUDDJ�RYHU�GH�UXLPWH��RIWHZHO�
x :HONH�GULMYHQGH�NUDFKWHQ�EHSDOHQ�KRHYHHO�UXLPWH�GH�YHUVFKLOOHQGH�UXLPWHOLMNH�IXQFWLHV�]XOOHQYUDJHQ�x :HONH�PHFKDQLVPHQ�EHSDOHQ�KRHYHHO�UXLPWH�GH�YHUVFKLOOHQGH�UXLPWHOLMNH�IXQFWLHV�]XOOHQNULMJHQ�HQ�ZDDU�GH]H�IXQFWLHV�]XOOHQ�ZRUGHQ�JHVLWXHHUG"
,Q�ILJXXU�����LV�GH�JOREDOH�VDPHQKDQJ�WXVVHQ�ERYHQVWDDQGH�FRPSRQHQWHQ�DIJHEHHOG�

)LJXXU���� *OREDOH�VDPHQKDQJ�YDQ�GH�YRRUQDDPVWH�SURFHVVHQ�ELM�YHUDQGHULQJ�LQ�KHW�UXLPWHJHEUXLN�
,Q�1HGHUODQG�JDDW�KHW�&HQWUDDO�3ODQEXUHDX�XLW�YDQ�PDFUR�RQWZLNNHOLQJHQ�RS�KHW�JHELHG�YDQEHYRONLQJ��EHGULMYLJKHLG��ODQGERXZ�HQ�QDWXXU��'RRU�GH]H�RQWZLNNHOLQJHQ�YHUDQGHUW�GH�YUDDJ�QDDU

5XLPWHYUDDJ
:HUNHQ
:RQHQ

/DQGERXZ
1DWXXU

,QIUDVWUXFWXXU

7RHNRPVWLJUXLPWHJHEUXLN+XLGLJUXLPWHJHEUXLN

0HFKDQLVPHQDFKWHU�GHYHUGHOLQJYDQ�GH�UXLPWH

2QWZLNNHOLQJHQLQ��
���'HPRJUDILH
���(FRQRPLH
���6RFLDDOHFRQRPLVFKHIDFWRUHQ�	WHFKQRORJLH
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UXLPWH�HQ�]DO�RS�UHJLRQDOH�VFKDDO�PHHU�RI�PLQGHU�UXLPWH�YRRU�GH�YHUVFKLOOHQGH�PDDWVFKDSSHOLMNHIXQFWLHV�ZRUGHQ�JHFODLPG��+HW�DUHDDO�PHW�HHQ�EHSDDOGH�IXQFWLH�]DO�LQNULPSHQ��JHOLMN�EOLMYHQ�RIXLWEUHLGHQ�'H]H�DOORFDWLH��RS�HHQ�UHJLRQDDO�VFKDDOQLYHDX��GLHQW�WH�ZRUGHQ�XLWJHYRHUG�GRRU�KHWPRGHOLQVWUXPHQW�YDQ�GH�5XLPWH6FDQQHU��ILJXXU������
+HW�LQVWUXPHQW�5XLPWH6FDQQHU�GLHQW�KHW�PHFKDQLVPH�DFKWHU�GH�SODDWVJHERQGHQ�YHUGHOLQJ�YDQ�GHUXLPWH�WH�YHUNODUHQ�HQ�WH�PRGHOOHUHQ��8LWJDQJVSXQW�GDDUELM�LV�GH�DWWUDFWLYLWHLW�YDQ�HHQ�JHELHG�YRRUHHQ�EHSDDOGH�YRUP�YDQ�UXLPWHJHEUXLN�HQ�GH�FRQFXUUHQWLH�WXVVHQ�GH�GLYHUVH�UXLPWHYUDJHUV��'HDWWUDFWLYLWHLW�ZRUGW�]RZHO�EHwQYORHG�GRRU�GH�³QDGHU�WH�GHILQLsUHQ´�NZDOLWHLW�YDQ�GH�YHVWLJLQJVSODDWVDOV�GRRU�KHW�UXLPWHOLMN�EHOHLG�

)LJXXU���� $OORFDWLH�YDQ�UXLPWHOLMNH�IXQFWLHV
2EMHFWLHYH�YHVWLJLQJVSODDWVIDFWRUHQ�DOV�GH�QDELMKHLG�YDQ��DQGHUH��PDDWVFKDSSHOLMNH�DFWLYLWHLWHQHQ�I\VLVFKH�RPJHYLQJVNDUDNWHULVWLHNHQ�YDQ�HHQ�JHELHG��ERGHPJHVWHOGKHLG��K\GURORJLH��H�G���]LMQPHHVWDO�HHQ�DIJHOHLGH�YDQ�KHW�KXLGLJH�UXLPWHJHEUXLN��+HW�KXLGLJ�UXLPWHJHEUXLN�LV�GDQ�RRN�HHQEHODQJULMN�XLWJDQJVSXQW�ELM�GH�EHSDOLQJ�YDQ�GH�DWWUDFWLYLWHLW�YRRU�YHUDQGHULQJHQ�LQ�KHWUXLPWHJHEUXLN�LQ�GH�WRHNRPVW��(FKWHU��1HGHUODQG�NHQW�HHQ�ODQJH�HQ�GLHSJHZRUWHOGH�WUDGLWLH�YDQUXLPWHOLMN�EHOHLG��'RRUGDW�KHW�UXLPWHOLMN�EHOHLG�EHSDDOGH�JHELHGHQ�DDQWUHNNHOLMN�RI�MXLVWRQDDQWUHNNHOLMN��RI�]HOI�RQPRJHOLMN��PDDNW�YRRU�EHSDDOGH�YRUPHQ�YDQ�JURQGJHEUXLN��EHwQYORHGW�GLWEHOHLG�GH�DWWUDFWLYLWHLW�YDQ�JHELHGHQ�HYHQHHQV�
��� :HWHQVFKDSSHOLMN�UDDPZHUN
'LYHUVH�DXWHXUV�KHEEHQ�]LFK�LQ�GH�DIJHORSHQ�GHFHQQLD�JHERJHQ�RYHU�KHW�KLHUERYHQ�RPVFKUHYHQSUREOHHPYHOG��(FKWHU��LQ�]HHU�YHHO�JHYDOOHQ�KHEEHQ�]LM�]LFK�QLHW�JHZDDJG�DDQ�HHQ�SRJLQJ�WRWWRWDOH�LQWHJUDWLH�YDQ�DOOH�UXLPWHJHEUXLNVIXQFWLHV��9HHO�VWXGLHV�ULFKWHQ�]LFK�RS�GH�RQWZLNNHOLQJHQ�LQKHW�VWHGHOLMN�UXLPWHJHEUXLN��ELMYRRUEHHOG�$ORQVR��������0LOOV��������)XMLWD���������'H]H�PRGHOOHQODWHQ�KHW�ODQGHOLMN�JHELHG�EXLWHQ�EHVFKRXZLQJ�RI�VWHOOHQ�KHW�VOHFKWV�]HHU�RSSHUYODNNLJ�DDQ�GHRUGH��'LW�JHOGW�HYHQHHQV�YRRU�YROOHGLJH�RSHUDWLRQHOH�PRGHOOHQ�]RDOV�RQWZLNNHOG�GRRU�$QDV

$OORFDWLH�UXLPWHOLMNHIXQFWLHV
,QWHJUDDO�WRHNRPVWEHHOGODQGERXZ��QDWXXU��ZRQHQHQ��ZHUNHQ

5XLPWHOLMN�FODLPVODQGERXZ

0DFURRQWZLNNHOLQJHQ0DFURRQWZLNNHOLQJHQ

&3%�/DQJH�WHUPLMQ�VFHQDULR¶V
0DFUR�RQWZLNNHOLQJHQEHYRONLQJ�HQ
5XLPWHOLMNH�FODLPVZRQHQ��ZHUNHQ�HQLQIUDVWUXFWXXU

5XLPWHOLMNHFODLPV�QDWXXU



��

��������2S�HHQ�YHUJHOLMNEDUH�ZLM]H�]LMQ�HU�GLYHUVH�PRGHOOHQ�GLH�]LFK�YROOHGLJ�ULFKWHQ�RS�KHWDJUDULVFK�JURQGJHEUXLN��]RDOV�KHW�*URQGEDODQVHQ�PRGHO�GDW�LV�RQWZLNNHOG�GRRU�/(,�'/2��������PDDU�ZDDU�KHW�VWHGHOLMN�JHELHG�RI�UXLPWHJHEUXLN�YRRU�QDWXXU�QLHW�RS�V\VWHPDWLVFKH�ZLM]H�]LMQJHwQFRUSRUHHUG�(HQ�EHODQJULMN�EH]ZDDU�LQ�YHHO�YDQ�GH]H�PRGHOOHQ�LV�KHW�XLWJDQJVSXQW�GDW�GH�KRRJVWH�ELHGHU�KHWJURQGJHEUXLN�EHSDDOW��+HW�PRJH�GXLGHOLMN�]LMQ�GDW�GH�RYHUKHLG�LQ�YHHO�ODQGHQ�HHQ�EHODQJULMNH�UROVSHHOW�ELM�GH�WRHZLM]LQJ�YDQ�JURQG�HQ�GDW�KLHUGRRU�KHW�KXLGLJH�JURQGJHEUXLN�PDDU�]HHU�WHQ�GHOHYHUNODDUG�NDQ�ZRUGHQ�GRRU�GH�PDUNWZHUNLQJ��(HQ�DQGHU�YDDN�YHUJHWHQ�DVSHFW�YRUPHQ�GH�KRJHNRVWHQ�GLH�LQ�EHSDDOGH�JHYDOOHQ�VSHOHQ�ELM�HHQ�YHUDQGHULQJ�YDQ�JURQGJHEUXLN��'RRU�GH�JURWHLQYHVWHULQJHQ�HQ�RI�GH�EHQRGLJGH�WLMG�NDQ�KHW�YRRUNRPHQ�GDW�GH�XLWHLQGHOLMNH�YHUDQGHULQJ�YDQJURQGJHEUXLN�VWHUN�YHUWUDDJG�ZRUGW�HQ�SDV�QD�ODQJH�WLMG�GDDGZHUNHOLMN�SODDWV�]DO�YLQGHQ�
$OV�UHNHQLQJ�JHKRXGHQ�PRHW�ZRUGHQ�PHW�GH�GLYHUVH�KLHUYRRU�JHQRHPGH�DVSHFWHQ��GDQ�OHLGW�GLWWRW�GH�IRUPXOHULQJ�YDQ�G\QDPLVFKH�JURRWVFKDOLJH�PRGHOOHQ��(HQ�JURRW�DDQWDO�YDQ�GH]H�PRGHOOHQ]LMQ�JHEDVHHUG�RS�KHW�µ]LFK�]HOI�RUJDQLVHUHQG�V\VWHHP¶�FRQFHSW�RQWZLNNHOG�GRRU�&RQZD\�HW�DO���������9RQ�1HXPDQQ�LQWURGXFHHUGH�UHHGV�LQ������KHW�FRQFHSW�YDQ�µFHOOXODLUH�DXWRPDWD¶��ZDDUELMFHOOHQ�HHQ�EHSDDOGH�YHUVFKLMQLQJVYRUP�DDQQHPHQ�RS�EDVLV�YDQ�GH�FHOHLJHQVFKDSSHQ�HQ�GHQDELMKHLG�YDQ�DQGHUH�FHOOHQ��9HHO�YRRUNRPHQGH�WRHSDVVLQJHQ�]LMQ�ERVEUDQGHQ�RI�ROLHOHNNHQ�RS]HH��9HUJHOLMNEDUH�FRQFHSWHQ�]LMQ�YRRU�KHW�ODQGJHEUXLN�RQWZLNNHOG�GRRU�$OOHQ���������(QJHOHQ�������HQ�5R\�HQ�6QLFNDUV���������6DQGHUV��������KHHIW�JHWUDFKW�GH�YHUVFKLOOHQGH�FRQFHSWHQ�GLHJHKDQWHHUG�ZRUGHQ�ELM�GHUJHOLMNH�G\QDPLVFKH�V\VWHHPPRGHOOHQ�WH�LQYHQWDULVHUHQ�HQ�NRPW�GDDUELMWRW�HHQ�RQGHUVFKHLG�LQ�GULH�JURHSHQ�YDQ�PRGHOOHQ��+DDU�FRQFOXVLH�LV�LQWHUHVVDQW��LQWHJUDWLH�YDQGH�GULH�JURHSHQ�LQ�HHQ�GDWDULMNH�RPJHYLQJ�LV�KHW�PHHVW�YHHOEHORYHQG�
0DDU�ZH�PRHWHQ�HLJHQOLMN�QRJ�HHQ�VWDSMH�YHUGHU�WHUXJ�JDDQ�LQ�GH�JHVFKLHGHQLV�YDQ�GH]HJURRWVFKDOLJH�PRGHOOHQ��(HQ�EHODQJULMN�LMNSXQW�LQ�GH]H�JHVFKLHGHQLV�ZDV�GH�SXEOLFDWLH�µ5HTXLHPIRU�/DUJH�6FDOH�PRGHOV¶�YDQ�/HH��/HH���������,Q�GH]H�SXEOLFDWLH�EHVFKRXZW�/HH�GH�YHOH�SRJLQJHQLQ�GH�MDUHQ�]HVWLJ�HQ�]HYHQWLJ�RP�WRW�GH�RQWZLNNHOLQJ�YDQ�GHUJHOLMNH�PRGHOOHQ�WH�NRPHQ��+LMGHILQLHHUGH�JURRWVFKDOLJH�PRGHOOHQ�KLHUELM�DOV�� JURRW�LQ�GH�]LQ�GDW�GH�HQLJH�PDQLHU�RP�WRW�RQWZLNNHOLQJ�WH�NRPHQ�KHW�JHEUXLN�YDQ�HHQFRPSXWHU�LV�� UXLPWHOLMN�JHGLVDJJUHJHHUG��DFWLYLWHLWHQ�WRHZLM]HQG�DDQ�EHSDDOGH�UXLPWHOLMNH�]RQHV�� JHULFKW�RS�HHQ�JURRW�JHELHG��GDDUPHH�QLHW�JOREDDO�HQ�DEVWUDFW�
/HH�FRQVWDWHHUGH�RS�EDVLV�YDQ�GH HYDOXDWLH�YDQ�GH�GLYHUVH�SRJLQJHQ�RP�WRW�GH�ERXZ�WH�NRPHQ�GDW�� GH�PRGHOOHQ�JHEDVHHUG�ZDUHQ�RS�WKHRULH��µWKHRU\�GULYHQ¶��LQ�SODDWV�YDQ�HHQ�SUREOHHP�DOVXLWJDQJVSXQW��µSUREOHP�GULYHQ¶��� EHODQJULMNH��SROLWLHNH��VWXXUYDULDEHOHQ�LQ�GH�PRGHOOHQ�QLHW�YHUDQGHUG�NRQGHQ�ZRUGHQ�� GH�HUYDULQJHQ�YDQ�GH�PRGHOOHXUV�VOHFKW�JHGRFXPHQWHHUG�HQ�YHHODO�QLHW�JHHYDOXHHUG�ZDUHQZDDUGRRU�KHW�WRW�VWDQG�EUHQJHQ�YDQ�YHUEHWHULQJHQ�LQ�KHW�PRGHORQGHU]RHN�PRHL]DDP�YHUOLHS�
=LMQ�YHUGHUH�DQDO\VH�OHLGW�WRW�HHQ�OLMVW�YDQ�YHHOJHPDDNWH�IRXWHQ��µWKH�VHYHQ�VLQV�RI�/DUJH�6FDOH0RGHOV¶��7HYHQV�NRPW�KLM�WRW�HHQ�OLMVW�PHW�DDQEHYHOLQJHQ�YRRU�GH�YHUGHUH�PRGHOERXZ��ZDQWRQGDQNV�GDW�KHW�DUWLNHO�GRRU�YHOHQ�KHULQQHUG�]DO�ZRUGHQ�DOV�KHW�HLQGH�YDQ�GH�JURRWVFKDOLJHPRGHOOHQ��ZDV�/HH�ZHO�GHJHOLMN�RYHUWXLJG�YDQ�GH�PRJHOLMNKHGHQ�HQ�GH�QRRG]DDN�RP�WRW�GHUJHOLMNHPRGHOOHQ�WH�NRPHQ��,Q�]LMQ�DDQEHYHOLQJHQ�JDDW�/HH�LQ�RS�GH�PRJHOLMNH�YHUEHWHULQJHQ�YDQ�GHDQDO\WLVFKH�SURFHGXUHV��PDDU�KLM�FRQFOXGHHUW�GDW�KHW�YRRUDO�QRRG]DNHOLMN�LV�GDW�GHUJHOLMNHV\VWHPHQ�RS�WUDQVSDUDQWH�ZLM]H�ZRUGHQ�RSJHERXZG��RSGDW�KHW�PRJHOLMN�LV�YRRU�DQGHUHQ�KHWPRGHO�WH�EHRRUGHOHQ�HQ�RS�SXQWHQ�ZDDURYHU�RQHQLJKHLG�EHVWDDW�DOWHUQDWLHYHQ��WH�FUHsUHQ��(HQEHODQJULMNH�YRRUZDDUGH�LV�GDQ�GDW�KHW�PRGHO�YDQ�HHQ�]HNHUH�HHQYRXG�LV��=LMQ�DUJXPHQW�GDDUELM�LVGDW�FRPSOH[H�PRGHOOHQ�YHHODO�QLHW�ZHUNHQ��HQ�PRFKW�GLW�ZHO�KHW�JHYDO�]LMQ��GDQ�ZRUGHQ�]LM�YDDNQLHW�JHEUXLNW�RP�GDW�QLHPDQG�KHW�PRGHO�GRRUJURQGW�HQ�YHUWURXZW��'DDUQDDVW�GLHQHQ�GHPRGHORQWZLNNHOLQJHQ�HHQ�EDODQV�WH�YRUPHQ�WXVVHQ�WKHRULH��LQWXwWLH�HQ�REMHFWLYLWHLW��7H�JURWHQDGUXN�RS�GH�WKHRULH�NDQ�OHLGHQ�WRW�HHQ�PLQGHU�JURWH�JHVFKLNWKHLG�YRRU�KHW�EHOHLG�
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1X��ELMQD�GHUWLJ�MDDU�ODWHU��NXQQHQ�ZH�HHQ�DDQWDO�EH]ZDUHQ�YDQ�/HH�PDNNHOLMN�ZHJQHPHQ�� FRPSXWHUFDSDFLWHLW�LV�EHVFKLNEDDU�JHNRPHQ�LQ�HHQ�YHHOYRXG�ZDDU�LQ�GH�MDUHQ�]HYHQWLJ�]HOIVQLPPHU�DDQ�LV�JHGDFKW�� JHJHYHQV�]LMQ�HYHQHHQV�LQ�HQRUPH�KRHYHHOKHGHQ�EHVFKLNEDDU�JHNRPHQ�HQ�RS�HHQ�VWHHGVILMQHUH�VFKDDO�� HU�LV�YRRUWJDQJ�JHERHNW�LQ�UXLPWHOLMNH�DQDO\WLVFKH�SURFHGXUHV��DOOHHQ�LV�GDDU�GH�YRRUWJDQJYHHO�PLQGHU�LQGUXNZHNNHQG�GDQ�ELM�GH�WZHH�YRRUWJDDQGH�SXQWHQ��HQ�WRW�VORW� HU�LV�LQ�GH�DIJHORSHQ�YLMIWLHQ�MDDU�]HHU�YHHO�YRRUXLWJDQJ�JHERHNW�ELM�KHW�FUHsUHQ�YDQ�HHQLQWHJUDWLHNDGHU��$DQYDQNHOLMN�RQGHU�GH�QDDP�*HRJUDILVFKH�,QIRUPDWLH�6\VWHPHQ��*,6��ZDDUELM�GH�6�ODWHU�RRN�YDDN�VWDDW�YRRU�6FLHQFH��LV�HU�HHQ�DUFKLWHFWXXU�RQWVWDDQ�GLH�]LFK�QRJVWHHGV�YHUGHU�RQWZLNNHOG��GLH�KHW�HHQ�JHEUXLNHU�PRJHOLMN�PDDNW�UXLPWHOLMNH�JHJHYHQV�UXLPWHOLMNH�UHNHQSURFHGXUHV�HQ�NDDUWYHUYDDUGLJLQJVSURFHGXUHV�LQWHJUDDO�WRW�]LMQ�EHVFKLNNLQJWH�KHEEHQ�
(HQ�DDQWDO�]HHU�KHUNHQEDUH�HUYDULQJHQ�YDQ�/HH�GLHQHQ�ZH�RQV�HFKWHU�QRJ�VWHHGV�WHU�KDUWH�WHQHPHQ��]RDOV�HHQ�HYHQZLFKW�WXVVHQ�WKHRULH�HQ�SUDNWLMN��VWDSVJHZLMV�RQWZLNNHOHQ��PDDU�YRRUDO�KHWERXZHQ�YDQ�HHQ�WUDQVSDUDQW�V\VWHHP��ZDDULQ�FRPSRQHQWHQ�EHGLVFXVVLHHUG�NXQQHQ�ZRUGHQ�HQGHVQRRGV�YHUYDQJHQ�GRRU�DOWHUQDWLHYHQ�
��� 2SERXZ�YDQ�GLW�ERHN
'LW�ERHN�LV�LQ�GULH�GHOHQ�RSJHVSOLWVW��,Q�GHHO����KHW�WKHRUHWLVFK�NDGHU�HQ�GH�PRGHOVWUXFWXXU��ZRUGWYHUGHU�LQJHJDDQ�RS�GH�RSHUDWLRQDOLVHULQJ�YDQ�GH�FRPSRQHQWHQ�YDQ�KHW�V\VWHHP�HQ�KHW�PRGHO��,QKRRIGVWXN����GH�NUDFKW�DFKWHU�GH�UXLPWH��ZRUGW�VWLO�JHVWDDQ�ELM�GH�SURFHVVHQ�DFKWHU�GH�µYHUNODULQJ¶YDQ�KHW�UXLPWHJHEUXLN��,Q�KRRIGVWXN���ZRUGW�HHQ�JOREDDO�RYHU]LFKW�JHJHYHQ�YDQ�GH�LQIRUPDWLH�LQIUDVWUXFWXXU�YDQ�5XLPWH6FDQQHU�HQ�LQ�KRRIGVWXN���ZRUGW�KHW�UHNHQPRGHO�YDQ�GH�5XLPWH6FDQQHUYHUGHU�XLWJHZHUNW��,Q�KRRIGVWXN���ZRUGW�HHQ�EHVFKULMYLQJ�JHJHYHQ�YDQ�GH�YDOLGDWLH��HQFDOLEUDWLHSURFHVVHQ�GLH�KHEEHQ�SODDWVJHYRQGHQ��7RW�VORW�ZRUGW�LQ�KRRIGVWXN���LQJHJDDQ�RS�GHHFRQRPLVFKH�FRPSRQHQW�LQ�KHW�PRGHO��GH�JURQGSULM]HQ�
,Q�KHW�WZHHGH�GHHO�ZRUGW�LQJHJDDQ�RS�GH�WRHSDVVLQJHQ�YDQ�GH�5XLPWH6FDQQHU��+RRIGVWXN���JHHIWHHQ�EHVFKULMYLQJ�YDQ�GH�WRHSDVVLQJ�YRRU�GH�1DWLRQDOH�0LOLHXYHUNHQQLQJHQ�YDQ������WRW������+RRIGVWXN���EHVFKULMIW�KHW�JHEUXLN�YDQ�5XLPWH6FDQQHU�YRRU�GH�YHUWDOLQJ�YDQ�UXLPWHOLMNHSHUVSHFWLHYHQ�LQ�UXLPWHOLMNH�VWUDWHJLHsQ��,Q�KRRIGVWXN���ZRUGW�LQJHJDDQ�RS�GH�GLVFXVVLH�RYHUDOWHUQDWLHYH�ORFDWLHV�YRRU�6FKLSKRO��GLH�LQ������HQ������]HHU�DFWXHHO�ZDV�
,Q�KHW�GHUGH�GHHO�SUREHUHQ�ZH�WRW�HHQ�PDDWVFKDSSHOLMNH�LQNDGHULQJ�YDQ�KHW�JHEUXLN�YDQ�GH5XLPWH6FDQQHU�WH�NRPHQ��,Q�KRRIGVWXN����ZRUGW�HHQ�PLOLHXWRHWV�YDQ�GH�YHUVWHGHOLMNVVFHQDULR¶VEHVFKUHYHQ�HQ�LQ�KRRIGVWXN����ZRUGW�GH�LQYORHG�YDQ�KHW�UXLPWHJHEUXLN�LQ�KHW�YHUOHGHQJHDQDO\VHHUG�HQ�GH PRJHOLMNKHGHQ�YRRU�JHEUXLN�YDQ�GH]H�NHQQLV�ELQQHQ�GH�5XLPWH6FDQQHUYHUNHQG�7RW�VORW�ZRUGW�LQ�KRRIGVWXN����HHQ�HHUVWH�EDODQV�RSJHPDDNW�YDQ�5XLPWH6FDQQHU��HHQPRPHQWRSQDPH�LQ�HHQ�SURFHV�YDQ�RQWZLNNHOLQJ�HQ�WRHSDVVLQJ��ZDDUELM�RRN�QDDU�GHWRHNRPVWSODQQHQ�JHNHNHQ�]DO�ZRUGHQ�
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/LWHUDWXXU
$//(1��3����������'\QDPLTXH�GHV�FHQWUHV�XUEDLQV��6FLHQFHV�HW�7HFKQLTXHV������SS��������$/2162��:�$���������/RFDWLRQ�DQG�ODQG�XVH��WRZDUG�D�JHQHUDO�WKHRU\�RI�ODQG�UHQW ��+DUYDUG8QLYHUVLW\�3UHVV��&DPEULGJH�$1$6��$� 5HVLGHQWLDO�ORFDWLRQ�PRGHOV�DQG�XUEDQ�WUDQVSRUWDWLRQ ��$FDGHPLF�3UHVV��1HZ�<RUN�(1*(/(1��*� ��������7KH�WKHRU\�RI�VHOI�RUJDQL]DWLRQ DQG�PRGHOOLQJ�FRPSOH[�XUEDQ�V\VWHPV�(XURSHDQ�-RXUQDO�RI�RSHUDWLRQDO�UHVHDUFK������������),6&+(5�0���6&+2/7(1�+�-���81:,1��'� ��������HGV���6SDWLDO�$QDO\WLFDO�3HUVSHFWLYHV�RQ�*,6�*,6'DWD����/RQGHQ��7D\ORU�	�)UDQFLV�)8-,7$��0� �������8UEDQ�HFRQRPLF�WKHRU\��ODQG�XVH�DQG�FLW\�VL]H � &DPEULGJH�8QLYHUVLW\�3UHVV�&DPEULGJH�/((��'�%��-5� ��������5HTXLHP�IRU�ODUJH�VFDOH�PRGHOV��-RXUQDO�RI�WKH�$PHULFDQ�LQVWLWXWH�RI�SODQQHUV��SS�����������:DVKLQJWRQ�'&�0,//6��(�6� ��������6WXGLHV�LQ�WKH�VWUXFWXUH�RI�WKH�XUEDQ�HFRQRP\��-RKQ�+RSNLQV�8QLYHUVLW\3UHVV��%DOWLPRUH�1(80$11��-��921 ������� 7KHRU\�RI�VHOI�UHSURGXFLQJ�DXWRPDWD � 8QLYHUVLW\�RI�,OOLQRLV�3UHVV�8UEDQD��1,-.$03��3��$1'�+�-��6&+2/7(1 �������6SDWLDO�,QIRUPDWLRQ�6\VWHPV��'HVLJQ��0RGHOOLQJ�DQG�8VH�LQ�3ODQQLQJ��,Q��,QWHUQDWLRQDO�-RXUQDO�RI�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHPV�������S��������5(,/,1*��5���-�%��/$7285��)�+�:�0��%(.+8,6 ��������*HELHGVJHULFKWH�LQWHJUDWLH��HHQWXVVHQEDODQV��5,90�UDSSRUW������������5,90��%LOWKRYHQ�52<��*�*��	�61,&.$56�)� ��������&LW\�OLIH��D�VWXG\�RI�FHOOXODU�DXWRPDWD�LQ�XUEDQ�G\QDPLFV�,Q�)LVFKHU��0�)���+�-��6FKROWHQ�	�'��8QZLQ��HGV����6SDWLDO�DQDO\WLFDO�SHUVSHFWLYHV�LQ�*,6�SS���������7D\ORU�DQG�)UDQFLV��/RQGRQ�6$1'(56��/� ��������'\QDPLF�PRGHOOLQJ�RI�XUEDQ�V\VWHPV ��,Q��)LVFKHU��0�)���+�-��6FKROWHQ�	�'�8QZLQ��HGV����6SDWLDO�DQDO\WLFDO�SHUVSHFWLYHV�LQ�*,6��SS�����������7D\ORU�DQG�)UDQFLV��/RQGRQ�6&+2/7(1��+�-���67,//:(//�-�&�+� ��������*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHPV�IRU�8UEDQ�DQG�5HJLRQDO�3ODQQLQJ��.OXZHU�$FDGHPLF�3XEOLVKHUV��'HOIW�67,//:(//�	�6&+2/7(1 ������� -�&�+��6WLOOZHOO�DQG�+�-��6FKROWHQ��HGV����/DQG�8VH�6LPXODWLRQIRU�(XURSH��.OXZHU�$FDGHPLF�3XEOLVKHUV�9(/'(��5�-��9$1�'( ��������3URMHFWEHVFKULMYLQJ�0LOLHXNZDOLWLHW�*URHQH�5XLPWH��5,90�%LOWKRYHQ��,QWHUQH�1RWLWLH�
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� '(�.5$&+7�$&+7(5�'(�58,07(
5�-��YDQ�GH�9HOGH-�)�0��YDQ�GHU�:DDOV0��5DQVLMQ

��� ,QOHLGLQJ
'ULH�PHGHZHUNHUV�YDQ�GH�53'�VFKULMYHQ�LQ�������µ7ZLMIHO�RYHUKHHUVW�ELM�GH�DQDO\VH�YDQ�PRJHOLMNHUXLPWHOLMNH�RQWZLNNHOLQJHQ�LQ�GH�WRHNRPVW�¶�,HWV�YHUGHURS�NRPW�WRFK�HHQ�YRRU]LFKWLJH�PDDUVRPEHUH�WRHNRPVWVFKHWV�QDDU�YRUHQ�DOV�]H�VFKULMYHQ��
1RJ�QLHW�]R�ODQJ�JHOHGHQ�YHUZDFKWWH�PHQGDW�GH]H�RQWZLNNHOLQJ��FRPIRUWDEHOH�ZRQLQJHQ��YROGRHQGH�YRRU]LHQLQJHQ��DIZLVVHOHQGHVWDGVYHUQLHXZLQJ��JURWH�PRELOLWHLW�HQ�JRHGH�ZHUNSODDWVHQ��UHG����]RX�NXQQHQ�ZRUGHQ�GRRUJH]HW�DOOHV�QRJ�PRRLHU�HQ�JURWHU�HQ�YRRU�PHHU�PHQVHQ�EHUHLNEDDU��'LH�YHUZDFKWLQJ�LV�ZHJ�HQ�KHHIW�QXSODDWVJHPDDNW�YRRU�GH�YUHHV�YDQ�YHUYDO�YDQ�ZDW�QX�DDQZH]LJ�LV
��9HUEDDQ� HW�DO����������'LWWRHNRPVWEHHOG�LV��PHW�GH�RSWLPLVWLVFKH�HFRQRPLVFKH�VFHQDULR
V�DQQR������HQ�QLHXZHLQYHVWHULQJHQ�LQ�GH�UXLPWHOLMNH�VWUXFWXXU�YDQ�1HGHUODQG�LQ�KHW�YHUVFKLHW��LQPLGGHOV�DFKWHUKDDOG�0DDU�GH�RQ]HNHUKHLG�HQ�RQGXLGHOLMNKHLG�RYHU�GH�ULFKWLQJ�GLH�GH�UXLPWHOLMNH�RQWZLNNHOLQJ�RS�]DOJDDQ�LV�QRJ�PLQVWHQV�]R�DFWXHHO�DOV�LQ������'H�UXLPWHOLMNH�LQULFKWLQJ�YDQ�1HGHUODQG�VWDDW�VWHUN�LQ�GH�EHODQJVWHOOLQJ��+HW�GLFKWEHYRONWH1HGHUODQG�KHHIW�QRJDO�ZDW�DPELWLHV�RS�KHW�JHELHG�YDQ�HFRQRPLH�����JURHL�SHU�MDDU���ORJLVWLHN�HQWUDQVSRUW��ZHUHOGKDYHQ��OXFKWKDYHQ���ODQGERXZ��
V�ZHUHOGV�GHUGH�YRHGVHOH[SRUWHXU��HQ�QDWXXU�EHKHUHQ�YDQ�GH�GHOWD���9RHJ�GDDUELM�GH�YHUZDFKWH�JURHL�YDQ�GH�EHYRONLQJ�HQ�KHW�LV�GXLGHOLMN�GDWUXLPWH�GRRU�HQ�YRRU�DO�GH]H�ZHQVHQ�HHQ�VFKDDUV�JRHG�LV��6WHHGV�GXLGHOLMNHU�ZRUGW�GDDUQDDVW�GDWGH�UXLPWHOLMNH�QHHUVODJ�YDQ�DOOH�HFRQRPLVFKH��GHPRJUDILVFKH�HQ�WHFKQRORJLVFKH�RQWZLNNHOLQJHQ�YDQ�JURWH�LQYORHG�LV�RS�GH�PLOLHXNZDOLWHLW��'LW�JHOGW�QLHW�DOOHHQ�YRRU�GH�NZDOLWHLW�YDQ�ERGHP��ZDWHUHQ�OXFKW��PDDU�RRN�YRRU�GH�NZDOLWHLW�YDQ�GH�I\VLHNH�RPJHYLQJ��+HW�JDDW�GDQ�RP�EHJULSSHQ�DOVUXLPWHOLMNH�NZDOLWHLW�HQ�OHHIRPJHYLQJVNZDOLWHLW��ELMYRRUEHHOG�GH�NZDOLWHLW�YDQ�QDWXXU�HQ�ODQGVFKDSYRRU�UXLPWHOLMNH�IXQFWLHV�DOV�ZRQHQ�HQ�UHFUHsUHQ�,Q�KHW�NDGHU�YDQ�KDDU�WDDN�YDQ�PLOLHX��HQ�QDWXXUSODQEXUHDX�ZLO�KHW�5,90�KDDU�H[SHUWLVH�RS�KHWJHELHG�YDQ�RPJHYLQJVNZDOLWHLW�PHHU�LQKRXG�JHYHQ��+LHUGRRU�NXQQHQ�UXLPWHOLMNH�RQWZLNNHOLQJHQHQ�GH�DFKWHUJURQGHQ�HQ�JHYROJHQ�GDDUYDQ�HHQ�YROZDDUGLJ�RQGHUGHHO�ZRUGHQ�YDQ�KDDUYRRUVSHOOLQJHQ�HQ�VFHQDULRVWXGLHV�
3UREOHHPVWHOOLQJ,Q�GLW�KRRIGVWXN�ZRUGHQ�GH�UHVXOWDWHQ�JHSUHVHQWHHUG�YDQ�HHQ�VWXGLH�QDDU�GH�NUDFKWHQ�DFKWHUUXLPWHOLMNH�RQWZLNNHOLQJHQ�LQ�1HGHUODQG��XLWJHYRHUG�GRRU�KHW�5,90�LQ�VDPHQZHUNLQJ�PHW�GH�9ULMH8QLYHUVLWHLW�HQ�GH 8QLYHUVLWHLW�8WUHFKW��+LHUGRRU�ZRUGW�JHGHHOWHOLMN�LQYXOOLQJ�JHJHYHQ�DDQ�GHHHUVWH�GHHOYUDDJ�YDQ�GH�LQ�KRRIGVWXN���JHSUHVHQWHHUGH�SUREOHHPVWHOOLQJ��QDPHOLMN�GHRQWZLNNHOLQJ�YDQ�HHQ�PHWKRGLHN�RP�GH�EHKRHIWH�DDQ�UXLPWH�YRRU�GH�YHUVFKLOOHQGHUXLPWHJHEUXLNVIXQFWLHV�RS�HHQ�JHGHWDLOOHHUG�UXLPWHOLMN�QLYHDX�WH�NXQQHQ�EHUHNHQHQ��8LWJDQJVSXQWLV�GDQ�RRN�GDW�GH]H�VWXGLH�HHQ�DDQ]HW�YRUPW�YRRU�RQGHU]RHN�QDDU�GH�G\QDPLHN�YDQ�KHWUXLPWHJHEUXLN��'DDUWRH�LV�GH�YROJHQGH�RQGHU]RHNVYUDDJ�JHIRUPXOHHUG�
:HONH�NUDFKWHQ�EHSDOHQ�KHW�KXLGLJH�HQ�WRHNRPVWLJH�UXLPWHJHEUXLN�LQ�1HGHUODQG��WRW�ZHONHUXLPWHOLMNH�VWUXFWXXU�OHLGW�GLW�HQ�ZHONH�DVSHFWHQ�YDQ�GH]H�NUDFKWHQ�EHKRHYHQ�QDGHU�RQGHU]RHN"
9RRU�GH�EHDQWZRRUGLQJ�YDQ�GH]H�RQGHU]RHNVYUDDJ�LV�RS�YRRUKDQG�JHVWHOG�GDW�KLHUELM�HHQ�GULHWDOWKHPD
V�DOV�URGH�GUDDG�DDQ�ERG�PRHW�NRPHQ��WH�ZHWHQ��UHODWLH�RYHUKHLG�PDUNW��LQIUDVWUXFWXXU�HQPHHUYRXGLJ�UXLPWHJHEUXLN�'H�LQYHQWDULVDWLH�YDQ�GH�NUDFKWHQ�DFKWHU�KHW�UXLPWHJHEUXLN�OHLGW�WRW�HHQ�LQ�SDUDJUDDI����
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EHVFKUHYHQ�FRQFHSWXHHO�PRGHO�GDW�HQHU]LMGV�GULMYHQGH�HQ�DQGHU]LMGV�VWUXFWXUHUHQGH�NUDFKWHQRQGHUVFKHLGW��'DDUQD�ZRUGW�DDQ�GH�KDQG�YDQ�HHQ�OLWHUDWXXUYHUNHQQLQJ�HHQ�EHHOG�JHVFKHWVW�YDQGH�VWDQG�GHU�NHQQLV�RYHU�GH�LQYORHG�YDQ�GH]H�GULMYHQGH�HQ�VWUXFWXUHUHQGH�NUDFKWHQ�RS�KHWUXLPWHJHEUXLN��,Q�SDUDJUDDI�����ZRUGHQ�GH�GULMYHQGH�NUDFKWHQ�YHUGHU�XLWJHZHUNW��WH�ZHWHQHFRQRPLH�WHFKQRORJLH�HQ�GHPRJUDILVFKH�HQ�VRFLDDO�FXOWXUHOH�RQWZLNNHOLQJHQ��LQ�SDUDJUDDI�����GHVWUXFWXUHUHQGH�NUDFKWHQ�LQIUDVWUXFWXXU�HQ�UXLPWHOLMN�UHOHYDQW�EHOHLG�
'RHOVWHOOLQJ+HW�XLWHLQGHOLMNH�GRHO�YDQ�GH]H�VWXGLH�LV�GH�LGHQWLILFDWLH�YDQ�HHQ�DDQWDO�WKHPD
V�YRRU�RQGHU]RHNZDDUGRRU�NDQ�ZRUGHQ�ELMJHGUDJHQ�DDQ�GH�RQWZLNNHOLQJ�YDQ�HHQ�QDWLRQDOH�PRGHORPJHYLQJ�YRRUGH�G\QDPLHN�YDQ�KHW�UXLPWHJHEUXLN��$OJHPHHQ�JHVWHOG�LV�YRRU�HHQ�PRGHORPJHYLQJ�LQ]LFKW�QRGLJLQ�GH�UHODWLHV�WXVVHQ�YDULDEHOHQ�HQ�SDUDPHWHUV��9RRU�GH�PRGHORPJHYLQJ�ZDDU�KHW�KLHU�RP�JDDWPRHWHQ�GH]H�UHODWLHV�GDDUQDDVW�DOV�NZDQWLWDWLHYH�UHNHQPRGHOOHQ�EHVFKUHYHQ�NXQQHQ�ZRUGHQ�HQWRHSDVEDDU�]LMQ�LQ�VLPXODWLHV�HQ�WRHNRPVWYHUNHQQLQJHQ�YRRU�EHOHLGVYRRUEHUHLGLQJ���XLWYRHULQJ�HQ�HYDOXDWLH�,Q�SDUDJUDDI�����ZRUGHQ�GDDURP�ZHUNYHOGHQ�JHwGHQWLILFHHUG��ZDDUELM�KHW�PRJHOLMN�OLMNW�RP�ELQQHQHHQ�SHULRGH�YDQ�����MDDU�WH�NRPHQ�WRW�RSHUDWLRQHOH�ERXZVWHQHQ��UHNHQPRGHOOHQ�HQJHRGDWDEHVWDQGHQ��GLH�GRRU�JHwQWHJUHHUGH�WRHSDVVLQJ�EHOHLGVUHOHYDQWH�LQIRUPDWLH�YHUVFKDIIHQRYHU�GH�G\QDPLHN�YDQ�KHW�UXLPWHJHEUXLN�HQ�GH�PRJHOLMNKHGHQ�YRRU�HHQ�YHUVWHUNW��PHHUYRXGLJ�JHEUXLN�YDQ�GH�UXLPWH�
��� .UDFKWHQ�DFKWHU�GH�UXLPWHOLMNH�VWUXFWXXU
5XLPWHOLMNH�VWUXFWXXU�RPVFKULMYHQ�ZH�LQ�GH]H�VWXGLH�DOV�KHW�UXLPWHJHEUXLN�YDQ�DFWLYLWHLWHQ�DOVZRQHQ��ZHUNHQ��LQIUDVWUXFWXXU�HQ�YRRU]LHQLQJHQ��GH�ZLM]H�ZDDURS�GH]H�DFWLYLWHLWHQ�WHQ�RS]LFKWHYDQ�HONDDU�JHOHJHQ�]LMQ�HQ�GH�UXLPWHOLMNH�VDPHQKDQJ�WXVVHQ�GH]H�DFWLYLWHLWHQ��9HUDQGHULQJHQ�LQGH�UXLPWHOLMNH�VWUXFWXXU��RI�DQGHUV�JH]HJG��UXLPWHOLMNH�RQWZLNNHOLQJHQ��EHwQYORHGHQ�GH�NZDOLWHLWYDQ�GH�RPJHYLQJ��'H]H�UXLPWHOLMNH�VWUXFWXXU�NRPW�WRW�VWDQG�LQ�HHQ�FRPSOH[�NUDFKWHQYHOG�GDW�ZHLQ�]LMQ�PHHVW�HHQYRXGLJH�YRUP�NXQQHQ�RPVFKULMYHQ�PHW�GH�EHJULSSHQ�GULMYHQGH�NUDFKWHQ�HQVWUXFWXUHUHQGH�NUDFKWHQ��ILJXXU�������'H]H�GULMYHQGH�HQ�VWUXFWXUHUHQGH�NUDFKWHQ�EHwQYORHGHQHONDDU�ZHGHU]LMGV�

)LJXXU���� .UDFKWHQ�DFKWHU�GH�UXLPWHOLMNH�VWUXFWXX
9RRU�GH]H�VWXGLH�LV�GLW�VFKHPD�YHUGHU�XLWJHZH]LMQ�WZHH�W\SHQ�GULMYHQGH�NUDFKWHQ�RQGHUVFKHLGRQWZLNNHOLQJHQ�HQ�GHPRJUDILVFKH�VRFLDDO�FXOWXDOOHUKDQGH�ZHQVHQ�HQ�HLVHQ�YDQ�GH�WRHNRPVWLJNZDOLWHLW�YDQ�GRRU�KHQ�JHZHQVWH�IXQFWLHV�'H]H�ZHQVHQ�HQ�HLVHQ�]XOOHQ�QLHW�]RQGHU�PHHG\QDPLVFKH�PDDWVFKDSSHOLMNH�SURFHVVHQ�VWDD�VWUXFWXUHUHQGH�NUDFKWHQ��GLH�DOV�HHQ�FRQWUDPDUXLPWHJHEUXLN�LQ�GH�QDELMH�HQ�YHUUH�WRHNRPVW�LQNUDFKWHQYHOG�RQWVWDDW�YRRUWGXUHQG�HHQ�QLHXZHWRW�QLHXZH�PDDWVFKDSSHOLMNH�RQWZLNNHOLQJHQ��(

'ULMYHQGHNUDFKWHQ 6WUXFWXUHUHQGHNUDFKWHQ

U
UNW�WRW�HHQ�RPJHYLQJVHIIHFWNHWHQ��ILJXXU�������+LHULQHQ��WH�ZHWHQ�HFRQRPLVFKH�WHFKQRORJLVFKHUHOH�RQWZLNNHOLQJHQ��6DPHQ�OHLGHQ�GH]H�WRWH�JHEUXLNHUV�YDQ�GH�UXLPWH��RYHU�RPYDQJ�HQ
U�JHUHDOLVHHUG�ZRUGHQ��ZDQW�WHJHQRYHU�GHQ�LQIUDVWUXFWXXU�HQ�UXLPWHOLMN�UHOHYDQW�EHOHLGO�GH�VWRUWYORHG�DDQ�ZHQVHQ�HQ�HLVHQ�RYHU�KHW�EDQHQ�OHLGHQ�HQ�HHQ�SODDWV�JHYHQ��8LW�GLW�UXLPWHOLMNH�VWUXFWXXU��GLH�RS�KDDU�EHXUW�ZHHU�OHLGWU�LV�VSUDNH�YDQ�HHQ�FRQWLQX�SURFHV�ZDDULQ�GH



��

UXLPWHEHKRHIWHQ�HQ�ORFDWLHNHX]HV�YHUDQGHULQJHQ�WHZHHJEUHQJHQ�LQ�GH�UXLPWHOLMNH�VWUXFWXXU�HQ�GHGDDUXLW�YRRUWYORHLHQGH�RPJHYLQJVNZDOLWHLW�HQ�GDDU�YHUYROJHQV�]HOI�ZHHU�GRRU�EHwQYORHG�ZRUGHQ�

)LJXXU���� 'H�RPJHYLQJVHIIHFWNHWHQ
'ULMYHQGH�NUDFKWHQ'H�GULMYHQGH�NUDFKWHQ�NXQQHQ�ZH�]LHQ�DOV�KHW�FRPSOH[H�VDPHQVSHO�YDQ�SURFHVVHQ�LQ�GHPDDWVFKDSSLM��,HGHUH�NUDFKW�EH]LW�HHQ�HLJHQ�RPYDQJ��G\QDPLHN�HQ�FRPSOH[LWHLW��$OV�YLHUEHODQJULMNVWH��PDDWVFKDSSHOLMNH�RQWZLNNHOLQJHQ�YRRU�KHW�UXLPWHJHEUXLN�RQGHUVFKHLGHQ�ZH�WHFKQRORJLVFKH��HFRQRPLVFKH��GHPRJUDILVFKH�HQ�VRFLDDO�FXOWXUHOH�RQWZLNNHOLQJHQ��,Q�KHW:HWHQVFKDS��7HFKQRORJLH�HQ�.DSLWDDO�PRGHO��:7.�PRGHO��9HUPHHUVFK�������PDDU�RRN�LQVWXGLHV�YDQ�KHW�&3%�NRPHQ�IDFWRUHQ�DOV�GH]H�DDQ�GH�RUGH��,Q�GLW�KRRIGVWXN�EHVFKRXZHQ�ZHHFRQRPLVFKH�HQ�WHFKQRORJLVFKH�RQWZLNNHOLQJHQ�WH]DPHQ�DOV�GH�HQH�GULMYHQGH�NUDFKW��GHGHPRJUDILVFKH�HQ�VRFLDDO�FXOWXUHOH�RQWZLNNHOLQJHQ�WH]DPHQ�DOV�GH�DQGHUH�2S�KHW�YODN�YDQ�HFRQRPLVFKH�HQ�WHFKQRORJLVFKH�RQWZLNNHOLQJHQ�VSHOHQ�WZHH�EHODQJULMNH�WUHQGV�$OOHUHHUVW�HHQ�YHUGHUJDDQGH�WHUWLDLULVHULQJ��'LW�KRXGW�QLHW�DOOHHQ�GH�RSNRPVW�YDQ�QLHXZH�HQ�JURHLYDQ�EHVWDDQGH�GLHQVWYHUOHQHQGH�EHGULMYLJKHLG�LQ��PDDU�RRN�HHQ�WRHQHPHQGH�DIKDQNHOLMNKHLG�YDQGLHQVWHQ�HQ�LQIRUPDWLH�ELQQHQ�GH�WUDGLWLRQHOH�VHFWRUHQ�LQGXVWULH�HQ�ODQGERXZ��7HFKQRORJLVFKHRQWZLNNHOLQJHQ�LQ�GH�LQIRUPDWLHWHFKQRORJLH�KDQJHQ�KLHU�QDXZ�PHH�VDPHQ��(HQ�WZHHGH�WUHQG�LVVFKDDOYHUJURWLQJ�YDQ�QDWLRQDOH�HQ�LQWHUQDWLRQDOH�PDUNWHQ��1DDVW�GH�RSNRPVW�YDQ�LQWHUQDWLRQDOHPDUNWHQ��YUDJHQ�RQWZLNNHOLQJHQ�RS�ORNDOH�PDUNWHQ�IOH[LELOLWHLW�RP�VQHO�WH�NXQQHQ�UHDJHUHQ�RSYHUDQGHULQJHQ��+LHUELM�PRHW�JHGDFKW�ZRUGHQ�DDQ�GH�JHYROJHQ�YRRU�GH�SURGXFWLHZLM]H�YDQYHUDQGHUHQGH�FRQVXPHQWHQYRRUNHXUHQ�HQ�YDQ�GH�VWHUN�YHUUXLPGH�ORJLVWLHNH�PRJHOLMNKHGHQ�'HPRJUDILVFKH�HQ�VRFLDDO�FXOWXUHOH�RQWZLNNHOLQJHQ�EHwQYORHGHQ�YRRUDO�GH�UXLPWHFODLPV�HQORNDWLHNHX]HV�YDQ�KXLVKRXGHQV��=R�OHLGHQ�EHYRONLQJVJURHL�HQ�WRHQDPH�YDQ�KHW�DDQWDO�HHQ��HQWZHHSHUVRRQVKXLVKRXGHQV��ZDW�VDPHQKDQJW�PHW�YHUJULM]LQJ�HQ�LQGLYLGXDOLVHULQJ��WRW�HHQWRHQDPH�YDQ�GH�UXLPWHFODLPV�YRRU�ZRQHQ��'H�RQWZLNNHOLQJ�YDQ�GH�UXLPWHOLMNH�VSUHLGLQJ�YDQ�GHEHYRONLQJ�ZRUGW�YRRUDO�EHSDDOG�GRRU�GH�ELQQHQODQGVH�HQ�EXLWHQODQGVH�PLJUDWLH��,Q�GLW�YHUEDQG]LMQ�GH�ZRRQZHQVHQ�YDQ��YHUVFKLOOHQGH�W\SHQ��KXLVKRXGHQV�YDQ�EHODQJ�



��

6WUXFWXUHUHQGH�NUDFKWHQ'H�WZHH�NUDFKWHQ�GLH�YRRU�GH�VWUXFWXUHULQJ�YDQ�KHW�ZHQVHQ��HQ�HLVHQSDNNHW�]RUJHQ��QDPHOLMNLQIUDVWUXFWXXU�HQ�UXLPWHOLMN�UHOHYDQW�EHOHLG��]LMQ�VWHUN�YHUVFKLOOHQG��'H�URO�YDQ�RYHUKHLGVEHOHLG�LVHHQ�
SDSLHUHQ
�VWUXFWXUHUHQGH�ZHUNLQJ��3ODQQHQ��ZHWWHQ��QRWD
V�HQ�GHUJHOLMNH��EHSDOHQ�YRRU�HHQJURRW�GHHO�ZDW�ZHO�HQ�QLHW�PDJ�LQ�HHQ�EHSDDOG�JHELHG��$DQ�GH�DQGHUH�NDQW�EHSDOHQ�GH�I\VLHNHNHQPHUNHQ�YDQ�HHQ�JHELHG�ZDDU�HHQ�JHELHG�ZHO�HQ�QLHW�DDQWUHNNHOLMN�RI�JHVFKLNW�YRRU�LV�,Q�KHW�UXLPWHOLMN�UHOHYDQW�EHOHLG�ZRUGW�JHVWUHHIG�QDDU�KHW�UHDOLVHUHQ�YDQ�EHSDDOGHRPJHYLQJVNZDOLWHLWHQ��8LWJDDQGH�YDQ�SHUFHSWLHV�HQ�GRHOHQ�PHW�EHWUHNNLQJ�WRW�GH�KXLGLJH�HQ�RIWRHNRPVWLJH�RPJHYLQJVNZDOLWHLW�SUREHHUW�GH�RYHUKHLG�GH�UXLPWHOLMNH�VWUXFWXXU�WH�EHwQYORHGHQ�2QGHU�UXLPWHOLMN�UHOHYDQW�EHOHLG�ZRUGW�YHUVWDDQ�DO�KHW�RYHUKHLGVEHOHLG�GDW�YDQ�LQYORHG�LV�RS�GHUXLPWHOLMNH�VWUXFWXXU��1DDVW�KHW�UXLPWHOLMN�EHOHLG�LQ�HQJH�]LQ��GDW�YRRUDO�PRJHOLMNKHGHQ�HQEHSHUNLQJHQ�FUHsHUW�GRRU�EHVWHPPLQJHQ�DDQ�WH�JHYHQ�HQ�UXLPWHFODLPV�DI�WH�ZHJHQ��JDDW�KHWKLHUELM�RP�HHQ�YHHOKHLG�DDQ�EHOHLGVWHUUHLQHQ�GLH�YRRUDO�YRRU�GH�LQULFKWLQJ�HQ�KHW�EHKHHU�YDQJHELHGHQ�]RUJGUDJHQ��]RDOV�HFRQRPLVFK�EHOHLG��YHUNHHUV��HQ�YHUYRHUEHOHLG��ODQGLQULFKWLQJ�ODQGERXZEHOHLG�HQ�QDWXXUEHOHLG��'H]H�VHFWRUDOH�EHOHLGVWHUUHLQHQ�KHEEHQ�HHQ�EHSDOHQGH�URO�ELMGH�UHDOLVHULQJ�YDQ�JHZHQVWH�EHVWHPPLQJHQ�0LVVFKLHQ�LV�GRRU�KHW�ERYHQVWDDQGH�GH�LQGUXN�JHZHNW�GDW�UXLPWHJHEUXLN�]HHU�JHPDNNHOLMN�WHYHUDQGHUHQ�LV��+HW�LV�HFKWHU�GXLGHOMN�GDW�JHRJUDILVFKH�LQHUWLH�RRN�HHQ�EHODQJULMNH�URO�VSHHOW�2PGDW�HHQ�JURRW�GHHO�YDQ�KHW�UXLPWHJHEUXLN�YDVWOLJW�RI�DOOHHQ�RS�]HHU�ODQJH�WHUPLMQ�NDQYHUDQGHUHQ�LV�KHW�KXLGLJ�UXLPWHJHEUXLN�GXV�HHQ�EHODQJULMNH�EHSDOHQGH�IDFWRU�YRRU�KHW�WRHNRPVWLJUXLPWHJHEUXLN��'H�EHVWDDQGH��KLVWRULVFK�JHJURHLGH��UXLPWHOLMNH�VWUXFWXXU�ELHGW�PRJHOLMNKHGHQ�HQEHSHUNLQJHQ�YRRU�ORFDWLHNHX]HV�YDQ�KXLVKRXGHQV��EHGULMYHQ�HQ�LQVWHOOLQJHQ��=R�VSHOHQERGHPVRRUW��JHRPRUIRORJLH�HQ�K\GURORJLH�HHQ�URO�ELM�GH�UXLPWHOLMNH�VSUHLGLQJ�YDQ�GH�ODQGERXZ�HQRHIHQHQ�EHVWDDQGH�VWHGHQ�DDQWUHNNLQJVNUDFKW�XLW�RS�KXLVKRXGHQV�HQ�EHGULMYHQ��,Q�GH]H�VWXGLHEHKDQGHOHQ�ZH�ppQ�DVSHFW�YDQ�KHW�KXLGLJH�UXLPWHJHEUXLN��QDPHOLMN�LQIUDVWUXFWXXU��DOVVWUXFWXUHUHQGH�NUDFKW��'H�LQIUDVWUXFWXXU��KLHU�RSJHYDW�DOV�ZDWHU���VSRRU��HQ�DXWRZHJHQ��KHHIW�QLHWDOOHHQ�GLUHFWH�UXLPWHOLMNH�FRQVHTXHQWLHV�LQ�WHUPHQ�YDQ�UXLPWHEHVODJ��PDDU�EHwQYORHGW�RRN�GHORFDWLHNHX]HV�YDQ�KXLVKRXGHQV��LQVWHOOLQJHQ�HQ�EHGULMYHQ��HQ�KLHUPHH�RS�LQGLUHFWH�ZLM]H�KHWUXLPWHJHEUXLN�
��� 'ULMYHQGH�NUDFKWHQ
����� (FRQRPLVFKH�HQ�WHFKQRORJLVFKH�RQWZLNNHOLQJHQ
0XVWHUG�HQ�9DQ�GHU�9DDUW��������RQGHUVFKHLGHQ�DOV�HFRQRPLVFKH�HQ�WHFKQRORJLVFKH�NUDFKWHQDFKWHU�KHW�UXLPWHJHEUXLN�WHUWLDLULVHULQJ��HQ�GDQ�PHW�QDPH�GH�URO�YDQ�LQIRUPDWLH�HQLQIRUPDWLHWHFKQRORJLH�GDDULQ��HQ�LQWHUQDWLRQDOLVHULQJ��RI�VFKDDOYHUJURWLQJ�LQ�EUHGHUH�]LQ���HQ�GDQPHW�QDPH�GH�IOH[LELOLWHLW�HQ�G\QDPLHN�GLH�GLW�YDQ�EHGULMYHQ�YUDDJW�$DQ�GH�HQH�NDQW�OHLGW�VFKDDOYHUJURWLQJ�WRW�KHW�RQWVWDDQ�YDQ�JURWHUH�EHGULMYHQ��UXLPWHOLMNHGHFRQFHQWUDWLH�YDQ�GHOHQ�YDQ�KHW�SURGXFWLHSURFHV�HQ�YHUYRHU�RYHU�VWHHGV�JURWHUH�DIVWDQGHQ�YDQJURQGVWRIIHQ��KDOIIDEULNDWHQ�HQ�HLQGSURGXNWHQ��%HODQJULMNVWH�RRU]DDN�KLHUYDQ�LV�GDW�GRRUJRHGNRSHU�YHUYRHU�GH�WUDQVSRUWNRVWHQ�HHQ�VWHHGV�NOHLQHU�GHHO�YDQ�GH�WRWDOH�SURGXNWLHNRVWHQ�]LMQJDDQ�YRUPHQ��.HHULV��������$DQ�GH�DQGHUH�NDQW�PRHWHQ�EHGULMYHQ�VWHHGV�PHHU�LQVSHOHQ�RS�GH�YUDDJ�YDQ�FRQVXPHQWHQ�RSORNDOH�PDUNWHQ��,QGLYLGXHOH�YHVWLJLQJHQ�NULMJHQ�GDDUYRRU�YDDN�HHQ�JURWH�PDWH�YDQ�]HOIVWDQGLJKHLGHQ�YHUDQWZRRUGHOLMNKHLG��PHW�ELMEHKRUHQGH�KRRJJHNZDOLILFHHUGH�EHURHSHQ��0XVWHUG�HQ�9DQ�GHU9DDUW���������'LW�JDDW�JHSDDUG�PHW�HHQ�YHUDQGHUHQGH�RUJDQLVDWLH�YDQ�GH�EHGULMIVYRHULQJ��+RHZHOVRPV�ZRUGW�JHVWHOG�GDW�VFKDDOYHUJURWLQJ�EHGULMYHQ�YROOHGLJ�RQDIKDQNHOLMN�YDQ�KXQ�RPJHYLQJPDDNW��EOLMNW�LQ�GH�SUDNWLMN�GDW�ORNDOH�RPJHYLQJVIDFWRUHQ�MXLVW�VWHHGV�EHODQJULMNHU�ZRUGHQ�YRRU�GHFRQFXUUHQWLHYHUKRXGLQJHQ�YDQ�EHGULMYHQ��(HQ�SRVLWLH�LQ�GH�EXXUW�YDQ�GH�ORNDOH�PDUNWHQ�LV�HHQEHODQJULMNH�IDFWRU�YRRU�GH�ORFDWLHNHX]H�YDQ�EHGULMYHQ��.HHULV��������7HJHOLMNHUWLMG�PRHWHQ�ZH�RQV�UHDOLVHUHQ�GDW�KHW�EHJULS�ORNDDO�DDQ�LQIODWLH�RQGHUKHYLJ�LV��+HW�JDDWQLHW�ODQJHU�RP�VWDG�HQ�SODWWHODQG��HHUGHU�PRHWHQ�ZH�KHW�KHEEHQ�RYHU�HGJH�FLWLHV�HQ�XUEDQ�ILHOGV�*DUUHDX���������)ULHGPDQQ��������EHLGH�EHVSURNHQ�LQ�0XVWHUG�HQ�9DQ�GHU�9DDUW���������6WHGHQ



��

VWDDQ�QLHW�ODQJHU�RS�]LFK]HOI��PDDU�YRUPHQ�IXQFWLRQHOH�QHWZHUNHQ�PHW�DQGHUH�VWHGHQ�HQJHELHGHQ�ZDDULQ�VWHHGV�PHHU�HQ�KRRJZDDUGLJHU�IXQFWLHV�JHFRPELQHHUG�ZRUGHQ��'LW�DVSHFW�YDQVFKDDOYHUJURWLQJ�KDQJW�VWHUN�VDPHQ�PHW�GH�JURWHUH�DFWLHUDGLXV�YDQ�PHQVHQ�]RDOV�GLH�WRW�XLWLQJNRPW�LQ�GH�QRJ�LPPHU�WRHQHPHQGH�PRELOLWHLW��HQ�GH�UXLPWHOLMNH�XLWVSOLWVLQJ�YDQDFWLYLWHLWHQSDWURQHQ�GLH�KLHUGRRU�PRJHOLMN�ZRUGW�JHPDDNW�
'DDUQDDVW�KHHIW�WHUWLDLULVHULQJ�RRN�YRRU�KXLVKRXGHQV�PRJHOLMN�JURWH�JHYROJHQ��'RRU�GHRQWZLNNHOLQJ�YDQ�GH�LQIRUPDWLHWHFKQRORJLH�]DO�KHW�EHVWDDQGH�RQGHUVFKHLG�WXVVHQ�ZRRQ��HQZHUNSOHNNHQ�YHUYDJHQ��+RHZHO�WRW�QX�WRH�IDFH�WR�IDFH�FRQWDFWHQ�PHW�FROOHJD
V�YDDN�DOV�WHEHODQJULMN�ZRUGHQ�HUYDUHQ�RP�YDVWH�ZHUNSOHNNHQ�YROOHGLJ�DI�WH�VFKDIIHQ��LV�KHW�YDDN�QLHWQRRG]DNHOLMN�RP�GH�YROOHGLJH�ZHUNWLMG�RS�NDQWRRU�DDQZH]LJ�WH�]LMQ��'H]H�RQWZLNNHOLQJ�]RX�HUWRHNXQQHQ�OHLGHQ�GDW�GH�IXQFWLH�YDQ�ZRQLQJHQ�JDDW�YHUVFKXLYHQ�HQ�GDW�ZRQLQJHQ�DDQ�KHOH�QLHXZHHLVHQ�YRRU�KHW�
WKXLVNDQWRRU
�PRHWHQ�JDDQ�YROGRHQ��7H�YHUZDFKWHQ�LV�GDW�GLW�]DO�OHLGHQ�WRW�HHQYUDDJ�QDDU�JURWHUH�ZRQLQJHQ�PHW�HHQ�JRHGH�DDQVOXLWLQJ�RS�LQIRUPDWLHVWUXFWXXU�HQ�WHUWLDLUHYRRU]LHQLQJHQ��2S�GH�ODQJHUH�WHUPLMQ�]RX�GLW�JURWH�HIIHFWHQ�RS�GH�UXLPWHOLMNH�VWUXFWXXU�NXQQHQKHEEHQ��/RXZ��������
2RN�RS�HHQ�DQGHUH�PDQLHU�]DO�GH�HFRQRPLH�GH�NRPHQGH�GHFHQQLD�HHQ�VWHHGV�JURWHU�VWHPSHO�RSGH�UXLPWHOLMNH�RQWZLNNHOLQJ�JDDQ�GUXNNHQ��/DQJH�WLMG�KDG�GH�JURQGPDUNW�HHQ�VWHUN�JHUHJXOHHUGNDUDNWHU��,Q�YHHO�JHYDOOHQ�LV�PHW�KHW�UXLPWHOLMN�EHOHLG�YROOHGLJH�PDQLSXODWLH�YDQ�JURQGSULM]HQPRJHOLMN�JHZHHVW��.UXLMW�HW�DO����������0HW�GH�WRHJHQRPHQ�OLEHUDOLVHULQJ�YDQ�GH�PDUNW�LQ1HGHUODQG�LV�KHW�WH�YHUZDFKWHQ�GDW�]RZHO�GRRU�RYHUKHLGVLQJULMSHQ�DOV�GRRU�GH�WRHQHPHQGHLQYORHG�YDQ�SDUWLFXOLHUH�LQLWLDWLHYHQ��GH�JURQGPDUNW�VWHHGV�PHHU�YROJHQV�GH�HFRQRPLVFKH�YUDDJ�DDQERG�ZHWWHQ�JDDW�IXQFWLRQHUHQ��$QDO\VH��HQ�YRRUVSHOOLQJVPRGHOOHQ�RS�EDVLV�YDQ�GH]HHFRQRPLVFKH�ZHWPDWLJKHGHQ�]XOOHQ�GDDUPHH�QLHXZH�PRJHOLMNKHGHQ�NULMJHQ�(HQ�RQWZLNNHOLQJ�GLH�LQGLUHFW�YDQ�ELM]RQGHU�JURWH�LQYORHG�NDQ�]LMQ�RS�KHW�IXQFWLRQHUHQ�YDQ�GHJURQGPDUNW�HQ�GH�UXLPWHOLMNH�RQWZLNNHOLQJ�DOV�JHKHHO��LV�GH�OLEHUDOLVDWLH�YDQ�GH�ODQGERXZPDUNW�=RZHO�GH�:HWHQVFKDSSHOLMNH�5DDG�YRRU�KHW�5HJHULQJVEHOHLG�DOV�KHW�/DQGERXZNXQGLJ(FRQRPLVFK�,QVWLWXXW�JDDQ�LQ�YHUVFKLOOHQGH�VWXGLHV�XLW�YDQ�HHQ�VWHUNH�DIQDPH�YDQ�KHWODQGERXZDUHDDO��PHW��HQLJV]LQV�SDUDGR[DDO��LQ�VRPPLJH�JHYDOOHQ�MXLVW�HHQ�JURWHUH�UXLPWHYUDDJYDQ�GH�ODQGERXZ�LQ�:HVW�1HGHUODQG��2YHU�KHW�JHKHHO�LV�KHW�GXLGHOLMN�GDW�GH�ODQGERXZ�LQ�GHWRHNRPVW�DUHDDO�]DO�YHUOLH]HQ�DDQ�DQGHUH�UXLPWHJHEUXLNHUV��:55��������/XLMW��������
����� 'HPRJUDILVFKH�HQ�VRFLDDO�FXOWXUHOH�RQWZLNNHOLQJHQ
'HPRJUDILVFKH�HQ�VRFLDDO�FXOWXUHOH�RQWZLNNHOLQJHQ�]LMQ�YRRUDO�YDQ�EHODQJ�YDQZHJH�GH�LQYORHG�RSGH�UXLPWHFODLPV�YRRU�GH�IXQFWLH�ZRQHQ�HQ�GH�ORFDWLHYRRUNHXUHQ�YDQ�KXLVKRXGHQV�+HW�UXLPWHEHVODJ�YRRU�ZRQHQ�ZRUGW�EHSDDOG�GRRU�KHW�DDQWDO�KXLVKRXGHQV�HQ�GHUXLPWHFRQVXPSWLH�SHU�KXLVKRXGHQ��=RZHO�KHW�EHYRONLQJVYROXPH��GH�EHYRONLQJVVDPHQVWHOOLQJ�OHHIWLMGVRSERXZ��HWQLFLWHLW��DOV�OHHIVWLMOHQ��LQGLYLGXDOLVHULQJ��KHEEHQ�LQYORHG�RS�KHW�DDQWDOKXLVKRXGHQV��7RW������ZRUGW�HHQ�EHYRONLQJVJURHL�WRW������WRW������PLOMRHQ�PHQVHQ�YRRUVSHOG�5,90������D���7HYHQV�ZRUGW�YHUZDFKW�GDW�KHW�DDQWDO�HHQ��HQ�WZHHSHUVRRQVKXLVKRXGHQV�RQGHULQYORHG�YDQ�GH�YHUJULM]LQJ�QRJ�YHUGHU�WRH�]DO�QHPHQ��'DDUQDDVW�VSHOHQ�]DNHQ�DOV�GH�WRHQHPHQGHEHKRHIWH�DDQ�YRUPJHYLQJ�YDQ�GH�HLJHQ�LGHQWLWHLW�HQ�WRHQHPHQGH�GLIIHUHQWLDWLH�YDQ�OHHIVWLMOHQ�HHQURO��0LQLVWHULH�YDQ�9520���������0HW�QDPH�GRRU�GH�WRHJHQRPHQ�ZHOYDDUW�LV�GHUXLPWHFRQVXPSWLH�YDQ�KXLVKRXGHQV�VWHUN�WRHJHQRPHQ��=R�JURHLGH�KHW�VWHGHOLMN�UXLPWHEHVODJ�SHULQZRQHU�SHU�MDDU�JHPLGGHOG�PHW���P � WXVVHQ������HQ�������1HHGKDP��������LQ�0XVWHUG�HQ�9DQGHU�9DDUW���������7RHQDPH�YDQ�GH�WRWDOH�EHYRONLQJ��WRHQDPH�YDQ�KHW�DDQWDO�ZHOYDUHQGH
VHQLRUHQ
�HQ�YDQ�KHW�DDQWDO�WZHHYHUGLHQHUV�GRHQ�YHUZDFKWHQ�GDW�GH]H�JURHL�GRRU�]DO�]HWWHQ�1LHW�DOOHHQ�KHW�UXLPWHEHVODJ��PDDU�RRN�GH�UXLPWHOLMNH�YHUGHOLQJ�YDQ�GH�EHYRONLQJ�LV�YDQ�EHODQJ�'H�YHUKRXGLQJHQ�LQ�GH�YHUGHOLQJ�YDQ�GH�ZRQLQJYRRUUDDG�WXVVHQ�GH�ODQGVGHOHQ�LV�LQ�GH�DIJHORSHQ���MDDU�QRJ�JHHQ�SURFHQW�YHUVFKRYHQ��53'���������5HJLRQDOH�YHUVFKLOOHQ�LQ�JHERRUWH�HQ�VWHUIWH]LMQ�LQ�1HGHUODQG�VWHUN�DIJHQRPHQ��]RGDW�YHUDQGHULQJHQ�LQ�GH�UXLPWHOLMNH�YHUGHOLQJ�YDQ�GHEHYRONLQJ�YRRU�HHQ�JURRW�GHHO�GRRU�PLJUDWLH�ZRUGHQ�YHUNODDUG�
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%LM�PLJUDWLH�NDQ�HHQ�RQGHUVFKHLG�ZRUGHQ�JHPDDNW�WXVVHQ�YHUKXLVUHGHQHQ�HQ�ZRRQZHQVHQ�9HUKXLVUHGHQHQ�KHEEHQ�YDDN�EHWUHNNLQJ�RS�DVSHFWHQ�YDQ�GH�ZRQLQJ�RI�HHQ�JHZLM]LJGHKXLVKRXGHQVVLWXDWLH�HQ�PLQGHU�RS�DVSHFWHQ�YDQ�GH�ZRRQRPJHYLQJ��1DDVW�GH�JURRWWH�YDQ�GHZRQLQJ�LV�GH�ZHQV�RP�HHQ�WXLQ�WH�KHEEHQ�ELM�VWHGHOLMNH�ZRRQFRQVXPHQWHQ�YDDN�HHQ�EHODQJULMNHYHUKXLVUHGHQ��.HPSHQ��UHG�����������-DDUOLMNV�YHUKXLVW�RQJHYHHU�����YDQ�GH�1HGHUODQGVHEHYRONLQJ��(HQ�]HHU�JURRW�GHHO�YDQ�GH�YHUKXL]LQJHQ�YLQGW�ELQQHQ�JHPHHQWHQ�SODDWV��,Q������KDGELMYRRUEHHOG�YDQ�DOOH�YHUKXL]LQJHQ�VOHFKWV������EHWUHNNLQJ�RS�PHQVHQ�GLH�YDQXLW�GH�5DQGVWDGQDDU�JHELHGHQ�EXLWHQ�GH�5DQGVWDG�YHUKXLVGHQ��$OV�DO�RYHU�ODQJH�DIVWDQGHQ�ZRUGW�YHUKXLVG�YRUPHQ�YHUDQGHULQJHQ�LQ�GH�ZHUNVLWXDWLH�ZHOLVZDDU�YDDN�GH�DDQOHLGLQJ��PDDU�HHQ�JURWH�ZRRQ�ZHUNDIVWDQG�JHHIW�RS�]LFK�QDXZHOLMNV�DDQOHLGLQJ�WRW�YHUKXL]LQJHQ��+RRLPHLMHU�HQ�3RXOXV��������/DQJH�DIVWDQGVPLJUDWLH�RP�XLWVOXLWHQG�ZRRQUHGHQHQ�LV�PHHU�XLW]RQGHULQJ�GDQ�UHJHO��)ORRU��9DQ.HPSHQ�HQ�'H�9RFKW���������(HQ�QXDQFHULQJ�KLHURS�LV�GDW�PHQ�QDWXXUOLMN�RRN�YDQZHJH�KHW�PDWLJJHZDDUGHHUGH�ZRRQNOLPDDW�HOGHUV�ZHUN�NDQ�JDDQ�]RHNHQ��6DEpH��������2RN�ELM�ZRRQZHQVHQ�VSHOHQ�DVSHFWHQ�GLH�GLUHFW�PHW�GH�ZRQLQJ�WH�PDNHQ�KHEEHQ�HHQ�EHODQJULMNHURO��'H�ZHQVHQ�YRRU�GH�ZRRQRPJHYLQJ�]LMQ�PLQGHU�EHODQJULMN��PHW�XLW]RQGHULQJ�YDQ�GH�ORFDWLHYDQ�GH�ZRQLQJ��ZLMN��VWDGVGHHO�RI�NHUQ�ZDDU�PHQ�ZLO�ZRQHQ���.HPSHQ��UHG�����������8LWRQGHU]RHN�YDQ�:DVVHQEHUJ�HW�DO���������EOLMNW�GDW�WRHNRPVWLJH�EHZRQHUV�YDQ�9,1(;�ORFDWLHV�UHODWLHI�KRJH�LQNRPHQV��LQ�JURWH�PHHUGHUKHLG�HHQ�YRRUNHXU�KHEEHQ�YRRU�HHQ�VXEXUEDDQ�ODQGHOLMN�ZRRQPLOLHX�PHW�HHQJH]LQVZRQLQJHQ�LQ�KHW�JURHQ��������WHUZLMO�����YRRUNHXU�KHHIW�YRRUHHQ�VWHGHOLMN�ZRRQPLOLHX��'H]H�VWHUNH�YRRUNHXU�ZRUGW�ELM�DOOH�KXLVKRXGHQVW\SHQ�DDQJHWURIIHQ�+RRJERXZ�LV�QLHW�JHOLHIG��(HQ�JURWH�JURHS�VWHOW�HHQ�WXLQ�RS�SULMV��PDDU�KHW�RQWEUHNHQ�KLHUYDQ�NDQVRPV�JHFRPSHQVHHUG�ZRUGHQ�GRRU�H[WUD�NZDOLWHLW�LQ�GH�ZRRQRPJHYLQJ��:DVVHQEHUJ� HW�DO��������'ULHVVHQ�HQ�9DQ�'DP��������PDNHQ�RQGHUVFKHLG�WXVVHQ�EDVLVYRRU]LHQLQJHQ�HQ�QLHW�EDVLVYRRU]LHQLQJHQ��%DVLVYRRU]LHQLQJHQ�]LMQ�HHQ�UHGHOLMN�RQGHUKRXGHQ�ZRQLQJ��PHW�YROGRHQGHUXLPWH�HQ�]RQGHU�JHOXLGVRYHUODVW��JHOHJHQ�LQ�HHQ�YHLOLJH��QLHW�WH�GUXNNH�ZRRQRPJHYLQJ�PHWVSHHOJHOHJHQKHLG�YRRU�NLQGHUHQ��7RW�GH�QLHW�EDVLVYRRU]LHQLQJHQ�EHKRUHQ�HHQ�WXLQ��KHW�XLWHUOLMNYDQ�GH�EHERXZLQJ��VRFLDOH�FRQWDFWHQ��HHQ�SDUN��QDELMKHLG�YDQ�ZLQNHOV��GH�ZRRQ�ZHUNDIVWDQG�HQSDUNHHUJHOHJHQKHLG��'H�DIZH]LJKHLG�YDQ�EDVLVYRRU]LHQLQJHQ�OHLGW�WRW�RQWHYUHGHQKHLG�RYHU�KHWKHOH�ZRRQPLOLHX��:HOYDDUWVVWLMJLQJ�OHLGW�HU�WRH�GDW�KHW�EHODQJ�YDQ�QLHW�EDVLVYRRU]LHQLQJHQ�UHODWLHIWRHQHHPW��'ULHVVHQ�HQ�9DQ�'DP��������1DDVW�GH�ELQQHQODQGVH�PLJUDWLH�LV�RRN�GH�EXLWHQODQGVH�PLJUDWLH�YDQ�EHODQJ�YRRU�GH�WRHNRPVWLJHUXLPWHOLMNH�YHUGHOLQJ�YDQ�GH�EHYRONLQJ��5HODWLHI�YHHO�PLJUDQWHQ�ZRQHQ�LQ�GH�JURWH�VWHGHQ�LQ�GH5DQGVWDG��'LW�KDQJW�VDPHQ�PHW�GH�UXLPWHOLMNH�VSUHLGLQJ�LQ�GH�YUDDJ�QDDU��LQGXVWULsOH��DUEHLG�RSOHLGLQJVPRJHOLMNKHGHQ��DDQWUHNNLQJVNUDFKW�YDQ�HHUGHU�JHYHVWLJGH�PLJUDQWHQ��KHW�JURRWVWHGHOLMNOHHIPLOLHX�HQ�LQVWLWXWLRQHOH�UHJHOLQJHQ��53'��������
��� 6WUXFWXUHUHQGH�NUDFKWHQ
����� 5XLPWHOLMN�UHOHYDQW�EHOHLG
(HQ�YHHOKHLG�DDQ�EHOHLGVWHUUHLQHQ�LV�YDQ�LQYORHG�RS�GH UXLPWHOLMNH�VWUXFWXXU��1DDVW�KHW�UXLPWHOLMNEHOHLG��GDW�YRRUDO�EHVWHPPLQJHQ�DDQJHHIW��NDQ�JHGDFKW�ZRUGHQ�DDQ�EHOHLGVWHUUHLQHQ�DOV�YHUNHHUHQ�ZDWHUVWDDW��ODQGLQULFKWLQJ��ODQGERXZEHOHLG�HQ�HFRQRPLVFK�EHOHLG��GLH�YRRU�GH�LQULFKWLQJ�YDQJHELHGHQ�HHQ�EHSDOHQGH�URO�VSHOHQ�
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+HW�]ZDDUWHSXQW�LQ�GH�UXLPWHOLMNH�RUGHQLQJ�OLJW�LQ�IRUPHOH�HQ�MXULGLVFKH�]LQ�ELM�KHW�JHPHHQWHOLMNEHVWHPPLQJVSODQ��'H�KRJHUH�RYHUKHGHQ�JHYHQ�HHQ�NDGHU�GRRU�PLGGHO�YDQ�EHOHLGVQRWD
V�HQNXQQHQ�JHEUXLN�PDNHQ�YDQ�WRH]LFKWVEHSDOLQJHQ��%HVWHPPLQJVSODQQHQ�ZRUGHQ�LQ�GH�SUDNWLMNYRRUDO�RSJHVWHOG�QDDU�DDQOHLGLQJ�YDQ�HHQ�FRQFUHWH�UXLPWHOLMNH�FODLP�HQ�QLHW�]R]HHU�WHU�EHJHOHLGLQJYDQ�RQWZLNNHOLQJHQ��9DQ�'DPPH�HQ�9HUGDDV���������'H�KDQGKDYLQJ�YDQ�EHVWHPPLQJVSODQQHQ�LVQRJDO�HHQV�SUREOHPDWLVFK��*HPHHQWHQ�QHPHQ�JHGHWDLOOHHUGH�QRUPHQ�LQ�KXQEHVWHPPLQJVSODQQHQ�RS��PDDU�EOLMNHQ�GDDU�LQ�GH�SUDNWLMN�YHHOYXOGLJ�YDQ�DI�WH�ZLMNHQ��+RLWLQN�HQ0LFKLHOV���������'DDUQDDVW�QHHPW�PHHU�UHFHQWHOLMN�KHW�EHODQJ�YDQ�VWDGVJHZHVWHOLMNHVDPHQZHUNLQJVYHUEDQGHQ�YDQ�JHPHHQWHQ��%R1�UHJLR
V��WRH��1HHGKDP� HW�DO���������
2RN�VSHHOW�GH�NUDFKWVYHUKRXGLQJ�WXVVHQ�RYHUKHLG�HQ�PDUNW�HHQ�EHODQJULMNH�URO��PHW�QDPH�LQ�KHWEHOHLG�WHQ�DDQ]LHQ�YDQ�VWHGHOLMNH�JHELHGHQ��,Q�GH�9LHUGH�1RWD�RYHU�GH�5XLPWHOLMNH�2UGHQLQJ�([WUD�9,1(;��ZRUGW�JHVWUHHIG�QDDU�EXQGHOLQJ�YDQ�YHUVWHGHOLMNLQJ�LQ�GH�VWDGVJHZHVWHQ��ELM�YRRUNHXUGRRU�PLGGHO�YDQ�YHUGLFKWLQJ��HQ�KHW�YULMZDUHQ�YDQ�
RSHQ�UXLPWHQ
�DOV�KHW�*URHQH�+DUW��0HWSURYLQFLHV�HQ��VDPHQZHUNHQGH��JHPHHQWHQ�KHHIW�KHW�5LMN�DIVSUDNHQ�JHPDDNW�YRRU�GH�UHDOLVDWLHYDQ�ZRQLQJERXZORFDWLHV��1HHGKDP� HW�DO���������,Q�KHW�YHUOHGHQ�]LMQ�JURWH�YHUVWHGHOLMNLQJVORFDWLHV�YRRUQDPHOLMN�JHUHDOLVHHUG�RS�GRRU�KHW�ULMNVEHOHLGDDQJHZH]HQ�SOHNNHQ��JURHLNHUQHQ��FRPSDFWH�VWDG�ORFDWLHV���+HW�EHSHUNHQ�YDQ�YHUVWHGHOLMNLQJ�LQKHW�ODQGHOLMN�JHELHG��HHQ�YDQ�GH�DFKWHUOLJJHQGH�GRHOVWHOOLQJHQ��LV�HFKWHU�VOHFKWV�JHGHHOWHOLMNJHOXNW��,Q�YHHO�JHELHGHQ�PHW�UHVWULFWLHI�EHOHLG�]LMQ�GH�ZHUNJHOHJHQKHLG��GH�EHYRONLQJ�HQ�GHZRQLQJYRRUUDDG�UHODWLHI�VWHUN�JHJURHLG��3URYLQFLHV�HQ�JHPHHQWHQ�]LMQ�QLHW�DOWLMG�LQ�VWDDW�RI�EHUHLGKHW�UHVWULFWLHI�EHOHLG�WH�HIIHFWXHUHQ��RPGDW�KHW�WHJHQ�GH�PDUNW�LQJDDW��0DVWRS� HW�DO����������2PGDW]R
Q�����YDQ�GH�ZRQLQJHQ�RS�9,1(;�ORFDWLHV�LQ�GH�PDUNWVHFWRU�ZRUGW�JHUHDOLVHHUG��ZRUGW�KHWRQWZLNNHOHQ�YDQ�ERXZJURQG�FRPPHUFLHHO�DDQWUHNNHOLMNHU�GDQ�LQ�KHW�YHUOHGHQ��2S�YHUVFKLOOHQGH9,1(;�ORFDWLHV�]LMQ�GDQ�RRN�JURRWVFKDOLJH�JURQGDDQNRSHQ�GRRU�SULYDWH�SDUWLMHQ�JHGDDQ�1HHGKDP�HW�DO����������'LW�NDQ�OHLGHQ�WRW�HHQ�YHUWUDDJGH�RI�DQGHUH�LQYXOOLQJ�YDQ�9,1(;�ORFDWLHVHQ�PHHU�ZRQLQJERXZ�RS�EHOHLGVPDWLJ�RQJHZHQVWH�SOHNNHQ��1HHGKDP� HW�DO����������,Q�KRHYHUUHGH�RQWZLNNHOLQJ�YDQ�GH�YHUVWHGHOLMNLQJ�LQ�KHW�YHUOHGHQ�WRH�WH�VFKULMYHQ�LV�DDQ�GH�RYHUKHLG�RI�GHPDUNW�LV�QLHW�QDGUXNNHOLMN�RQGHU]RFKW��6WXGLHV�EHSHUNHQ�]LFK�YDDN�WRW�DQDO\VH�YDQEHOHLGVSURFHVVHQ��1HHGKDP�HW�DO���������.RUWKDOV�$OWHV��������RI�GH�GRRUZHUNLQJ�YDQ�QDWLRQDDOEHOHLG�ELM�ODJHUH�RYHUKHGHQ��9DQ�GHU�+HLMGH��������2RN�LQ�KHW�]RJHQDDPGH�ORFDWLHEHOHLG��GDW�JHULFKW�LV�RS�YHVWLJLQJ�YDQ�EHGULMYHQ�HQ�YRRU]LHQLQJHQRS�JRHG�SHU�RSHQEDDU�YHUYRHU�EHUHLNEDUH�SOHNNHQ��VSHHOW�GH�VSDQQLQJ�WXVVHQ�PDUNW�HQ�RYHUKHLGHHQ�URO��%HGULMYHQ�GLH�]LFK�RP�HFRQRPLVFKH�UHGHQHQ�ODQJV�GH�VQHOZHJ�ZLOOHQ�YHVWLJHQ�ZRUGHQGRRU�JHPHHQWHQ�QLHW�DOWLMG�WHJHQJHKRXGHQ��+RHZHO�KHW�ORFDWLHEHOHLG�LQ�ELMQD�DOOH�VWDGVJHZHVWHQZRUGW�RQGHUVFKUHYHQ��NULMJW�KHW��PRELOLWHLWVDUJXPHQW��LQ�GH�XLWYRHULQJ�QLHW�KHW�JHZLFKW�GDW�YRRU�KHWXLWYRHUHQ�YDQ�HHQ�VWULQJHQW�ORFDWLHEHOHLG�QRRG]DNHOLMN�LV��/HQVLQN�HQ�6SLW��������
0HW�EHWUHNNLQJ�WRW�KHW�ODQGHOLMN�JHELHG�VSHHOW�KHW�(XURSHVH�ODQGERXZEHOHLG�HHQ�EHODQJULMNH�URO�(HQ�VWHUNH�OLEHUDOLVDWLH�YDQ�ODQGERXZPDUNWHQ�]DO�WRW�HHQ�UHODWLHI�JURWH�DIQDPH�YDQ�KHWODQGERXZDUHDDO�OHLGHQ��5,90�HW�DO�������E���'DDUQDDVW�]LMQ�GLYHUVH�EHOHLGVWHUUHLQHQ�YDQ�EHODQJYRRU�GH��RQ�PRJHOLMNKHGHQ�YDQ�PHHUYRXGLJ�UXLPWHJHEUXLN��PHW�QDPH�YHUZHYLQJ�YDQ�ODQGERXZ�HQQDWXXU��=R�]LMQ�LQ�GH�9,1(;�YLHU�
NRHUVHQ
�YRRU�JHZHQVWH�RQWZLNNHOLQJVULFKWLQJHQ�RQGHUVFKHLGHQ�'H�GRRUZHUNLQJ�KLHUYDQ�QDDU�SODQQHQ�YDQ�ODJHUH�RYHUKHGHQ�RI�SURMHFWHQ�LV�HFKWHU�PDUJLQDDO�'ULHVVHQ�HW�DO����������0HHU�FRQFUHWH�EHVOLVVLQJHQ�RYHU�PHHUYRXGLJ�UXLPWHJHEUXLN�ZRUGHQ�LQODQGLQULFKWLQJVSURMHFWHQ�JHQRPHQ��,Q�KHW�QDWXXUEHOHLG�VWDDW�UHDOLVDWLH�YDQ�GH�(FRORJLVFKH�+RRIG6WUXFWXXU��(+6��FHQWUDDO��8LWHLQGHOLMN�RPYDW�GH�(+6�]R
Q���������KHFWDUH�QDWXXUJHELHG�HQ�UXLP��PLOMRHQ�KHFWDUH�ZDWHU��5,90�HW�DO�������E���5RQGRP�GH�VWHGHQ�LQ�GH�5DQGVWDG�ZRUGW�HHQ5DQGVWDGJURHQVWUXFWXXU�RQWZLNNHOG��EHVWDDQGH�XLW�ERV���UHFUHDWLH��HQ�QDWXXUJHELHGHQ��,Q�KHWNDGHU�YDQ�EHVWULMGLQJ�YDQ�YHUGURJLQJ�ZRUGW�HHQ�EXIIHUEHOHLG�JHULFKW�RS�VFKHLGLQJ�YDQ�QDWXXU�HQODQGERXZ�JHYRHUG��0LQLVWHULH�YDQ�/19���������7LHQ�JHELHGHQ�ZDDU�VSUDNH�LV�YDQ�HHQ�FRPSOH[HEHGUHLJLQJ�RI�HHQ�DDQ]LHQOLMNH�DFKWHUVWDQG�YDQ�GH�PLOLHXNZDOLWHLW�]LMQ�LQ�GH�9,1(;�DDQJHZH]HQDOV�520�JHELHG��5,90��������9RRU�KHW�ODQGHOLMN�JHELHG�]LMQ�YHUGHU�EHOHLGVWHUUHLQHQ�DOV�ODQGVFKDSVEHOHLG��ODQGERXZPLOLHXEHOHLGHQ�ERVEHOHLG�YDQ�WRHSDVVLQJ��2PGDW�GH]H�YRRU�GH�GULH�LQ�SDUDJUDDI�����JHQRHPGH�KRRIGWKHPD
VPLQGHU�EHODQJULMN�OLMNHQ��]DO�GDDU�QX�QLHW�YHUGHU�RS�ZRUGHQ�LQJHJDDQ�
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����� ,QIUDVWUXFWXXU
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��� +(7�,1)250$7,(6<67((0�58,07(6&$11(5
&�*�-��6FKRWWHQ:�7��%RHUVPD

��� +HW�LQIRUPDWLHV\VWHHP
+HW�LQIRUPDWLHV\VWHHP�5XLPWH6FDQQHU�NHQW�HHQ�GULHOHGLJH�DUFKLWHFWXXU� ZDDULQ�RQGHUVFKHLG�LVJHPDDNW�WXVVHQ�L��GH�JUDILVFKH�XVHU�LQWHUIDFH�RI�*8,��LL��KHW�DOORFDWLH�DOJRULWPH�HQ�LQJHERXZGH*,6�IXQFWLRQDOLWHLW�HQ�LLL��YHUVFKLOOHQGH�GDWDEDVHV�+HW�JURWH�YRRUGHHO�YDQ�GH]H�DUFKLWHFWXXU�LV�GDW�GHLQGLYLGXHOH�FRPSRQHQWHQ�YDQ�KHW�LQIRUPDWLHV\VWHHPRQDIKDQNHOLMN�YDQ�HONDDU�NXQQHQ�ZRUGHQ�RQWZLNNHOGHQ�YHUDQGHUG�'H�WZHH�KRRIGWDNHQ�YDQ�GH�JUDILVFKH�XVHU�LQWHUIDFH]LMQ�GH�YLVXDOLVDWLH�YDQ�GDWD�RSJHVODJHQ�LQ�GHYHUVFKLOOHQGH�GDWDEDVHV�HQ�GH FRPPXQLFDWLH�WXVVHQJHEUXLNHU��KHW�DOORFDWLHPRGHO�HQ�GH�GDWDEDVHV��'HFRPPXQLFDWLH�ZRUGW�JHUHJHOG�GRRU�PLGGHO�YDQ�HHQERRPVWUXFWXXU�GLH�HHQ�JUDILVFKH�DIVSLHJHOLQJ�LV�YDQGH�JHGHILQLHHUGH�UHODWLHV�WXVVHQ�GH�YHUVFKLOOHQGHFRPSRQHQWHQ�YDQ�KHW�V\VWHHP�RI�EHZHUNLQJHQ�GLHNDDUWHQ�PRHWHQ�RQGHUJDDQ�RP�]H�JHVFKLNW�WH�PDNHQYRRU�HHQ�VLPXODWLH��'H�ERRPVWUXFWXXU�KHHIW�KHW]HOIGHXLWHUOLMN�DOV�GH�:LQGRZV�([SORUHU��]LH�ILJ������%HODQJULMN�YRRUGHHO�YDQ�GH�ERRPVWUXFWXXU�LV�GDW�GHJHEUXLNHU�]R�GH�PRJHOLMNKHLG�JHERGHQ�ZRUGW�RPFRPSOH[H�EHUHNHQLQJHQ�YDQ�VFHQDULR¶V�WHRSHUDWLRQDOLVHUHQ�LQ�NOHLQH�RYHU]LFKWHOLMNH�VWDSSHQ�'DDUQDDVW�NDQ�GRRU�GH�ERRPVWUXFWXXU�VQHO�LQ]LFKWYHUNUHJHQ�ZRUGHQ�LQ�GH�RQGHUOLQJH�UHODWLHV�WXVVHQ�EDVLV�GDWD��JHRSHUDWLRQDOLVHHUGH�VFHQDULR¶V�HQUHVXOWDWHQ�

)LJXXU���� %RRPVWUXFWXXU�YDQ�GH�5XLPWH6FDQQHU
&RQFHSWXHHO�LV�KHW�LQIRUPDWLHV\VWHHP�5XLPWH6FDQQHU�RSJHERXZG�XLW�HHQ�YLMIWDO�FRPSRQHQWHQ�GLHZHHUJHJHYHQ�]LMQ�LQ�ILJXXU������RQWOHHQG�DDQ�6FKRWWHQ�HW�DO���������+HW�KDUW�YDQ�KHWLQIRUPDWLHV\VWHHP�ZRUGW�JHYRUPG�GRRU�GH�DOORFDWLHPRGXOH��'H]H�PRGXOH�EHYDW�KHW�DOORFDWLH�DOJRULWPH��ZDDUYDQ�GH�PDWKHPDWLVFKH�IRUPXOHULQJ�ZRUGW�JHJHYHQ�LQ�KHW�YROJHQGH�KRRIGVWXN�HQZDDULQ�GH�HLJHQOLMNH�VLPXODWLH�YDQ�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�XLWJHYRHUG�ZRUGW��'DDUQDDVWKHHIW�KHW�LQIRUPDWLHV\VWHHP�GH�YROJHQGH�GULH�GDWDEDVHV�QRGLJ�RP�HHQ�VLPXODWLH�XLW�WH�NXQQHQYRHUHQ�� (HQ�GDWDEDVH�PHW�KHW�KXLGLJ�UXLPWHJHEUXLN�� (HQ�GDWDEDVH�PHW�GH�FODLPV�RS�GH�UXLPWH�LQ�KHW�]LFKWMDDU�WHQ�RS]LFKWH�YDQ�KHW�KXLGLJUXLPWHJHEUXLN�� (HQ�GDWDEDVH�PHW�JHVFKLNWKHLGV��RI�DWWUDFWLYLWHLWVNDDUWHQ�GLH�HHQ�RSHUDWLRQDOLVDWLH�]LMQ�YDQUXLPWHOLMNH�VFHQDULR
V�
+HW�UHVXOWDDW�YDQ�HHQ�VLPXODWLH�LV�RRN�ZHHU�HHQ�GDWDEDVH�ZDDULQ�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�LVZHHUJHJHYHQ�HQ�GLH�JHEUXLNW�NDQ�ZRUGHQ�RP�YHUYROJHQV�GH�HIIHFWHQ�YDQ�HHQ�VFHQDULR�RS�KHW
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UXLPWHJHEUXLN��HFRQRPLVFKH�VWUXFWXXU��PLOLHX��QDWXXU�HQ�ODQGVFKDS��WH�EHSDOHQ�PHW�EHKXOS�YDQDQGHUH�PRGHOOHQ�

)LJXXU���� 6FKHPDWLVFKH�ZHHUJDYH�YDQ�GH�ZHUNLQJ�YDQ�GH�5XLPWH6FDQQHU�
,Q�GH�YROJHQGH�SDUDJUDIHQ�]XOOHQ�GH�YHUVFKLOOHQGH�FRPSRQHQWHQ�YDQ�KHW�LQIRUPDWLHV\VWHHP5XLPWH6FDQQHU�PHHU�XLWJHEUHLG�ZRUGHQ�EHVFKUHYHQ�
��� +XLGLJ�UXLPWHJHEUXLN
6WDUWSXQW�YDQ�DOOH�VFHQDULREHUHNHQLQJHQ�LV�GH�KXLGLJH�VLWXDWLH��+HW�KXLGLJ�UXLPWHJHEUXLN�LVDIJHOHLG�XLW�HHQ�FRPELQDWLH�YDQ�GH�%RGHPVWDWLVWLHN�YDQ�KHW�&%6���&%6��������HQ�KHW�EHVWDQG/DQG�*HEUXLN�1HGHUODQG��/*1����YDQ�6&�'/2��1RRUGPDQ�HW�DO���������'H�UHGHQ�YRRU�GH]HFRPELQDWLH�LV�KHW�IHLW�GDW�EHLGH�EHVWDQGHQ�HONDDU�DDQYXOOHQ��'H�%RGHPVWDWLVWLHN�KHHIW�HHQJHGHWDLOOHHUGH�NODVVHQLQGHOLQJ�LQ�EHERXZG�JHELHG��WHUZLMO�KHW�/*1�EHVWDQG�HHQ�JURRWRQGHUVFKHLGHQG�YHUPRJHQ�KHHIW�LQ�KHW�ODQGHOLMN�JHELHG��ELMYRRUEHHOG�GLYHUVH�W\SHQODQGERXZJHZDVVHQ�'H�EHVWDQGHQ�]LMQ��YROJHQV�HHQ�DDQWDO�YXLVWUHJHOV��VDPHQJHYRHJG�WRW�HHQ�EDVLVNDDUW�ZDDULQ�SHUFHO�YDQ�����ELM�����PHWHU����UXLPWHJHEUXLNVW\SHQ�ZRUGHQ�RQGHUVFKHLGHQ��9DQ�LHGHUH�FHO�YDQ����ELM�����PHWHU�LV�GXV�EHNHQG�KRH�GH�UXLPWH�ZRUGW�JHEUXLNW�HQ�ZHON�SHUFHQWDJH�YDQ�KHW�RSSHUYODNGRRU�LHGHUH�YRUP�YDQ�UXLPWHJHEUXLN�ZRUGW�LQJHQRPHQ��'H�H[DFWH�OLJJLQJ�ELQQHQ�GH�FHO�LV�QLHWEHNHQG��'H]H����UXLPWHJHEUXLNVW\SHQ�]LMQ�RS�KXQ�EHXUW�ZHHU�VDPHQJHYRHJG�WRW���



��

UXLPWHJHEUXLNVNODVVHQ��]LH�ELMODJH�����+RHZHO�KHW�DDQWDO�UXLPWHJHEUXLNVW\SHQ�HQ�±NODVVHQ�LQSULQFLSH�YDULDEHO�LV��ZRUGW�LQ�GH�KXLGLJH�YHUVLH�YDQ�GH�5XLPWH6FDQQHU�VWDQGDDUG�YRRU����NODVVHQKHW�WRHNRPVWLJ�UXLPWHJHEUXLN�JHVLPXOHHUG�)LJXXU�����JHHIW�HHQ�LQGUXN�YDQ�KHW�KXLGLJ�UXLPWHJHEUXLN��'H����UXLPWHJHEUXLNVNODVVHQ�]LMQ�KLHUYRRU�NDUWRJUDILVFKH�GRHOHLQGHQ�YHUGHU�JHDJJUHJHHUG�WRW�]HYHQ�NODVVHQ��9RRU�HONH�FHO�LV�LQ�GH]HILJXXU�KHW�GRPLQDQWH�UXLPWHJHEUXLN�ZHHUJHJHYHQ�

)LJXXU���� +XLGLJ�UXLPWHJHEUXLN�LQ�]HYHQ�NODVVHQ��ZRQHQ��ZHUNHQ��LQIUDVWUXFWXXU��ODQGERXZ��QDWXXU��ERV�HQZDWHU%URQ��%RGHPVWDWLVWLHN�������&%6��HQ�/*1����'/2�6WDULQJ�&HQWUXP��
��� 5XLPWHFODLPV
9RRU�HHQ�VLPXODWLH�LV�QDDVW�GH�EHJLQVLWXDWLH��KHW�KXLGLJ�UXLPWHJHEUXLN��YRRU�LHGHUH�RQGHUVFKHLGHQNODVVH�LQIRUPDWLH�QRGLJ�RYHU�GH�FODLP�RS�GH�UXLPWH�LQ�KHW�]LFKWMDDU�WHQ�RS]LFKWH�YDQ�KHW�KXLGLJUXLPWHJHEUXLN��$OOHHQ�YRRU�NODVVHQ�ZDDUYDQ�DDQJHQRPHQ�ZRUGW�GDW�HU�JHHQ�FODLP�RS�GH�UXLPWH�WHYHZDFKWHQ�YDOW��]RDOV�LQ�YHHO�JHYDOOHQ�ZDWHU���RI�ZDDUYDQ�GH�YHUDQGHULQJ�LQ�UXLPWHJHEUXLNH[RJHHQ�EHSDDOG�LV�HQ�JHHQ�UHVXOWDDW�LV�YDQ�GH�VWULMG�RP�GH�UXLPWH��]RDOV�GH�YRRUQDPHOLMN�GRRUEHVWDDQG�EHOHLG�EHSDDOGH�LQIUDVWUXFWXXU���ZRUGW�HU�JHHQ�UXLPWHJHEUXLN�JHVLPXOHHUG�HQ�]LMQ�HU�GLHQWHQ�JHYROJH�RRN�JHHQ�UXLPWHFODLPV�QRGLJ�,Q�KHW�NDGHU�YDQ�/DQJH�7HUPLMQ�9HUNHQQLQJHQ������]LMQ�GRRU�YHUVFKLOOHQGH�LQVWLWXWHQ
�&3%��53'��6&�'/2��/(,�'/2��,.&�1�/%/�HQ�KHW�5,90��EHUHNHQLQJHQ�JHPDDNW�YDQ�KHW�LQ�GHWRHNRPVW��������EHQRGLJGH�DUHDDO�YRRU�ZRQHQ��ZHUNHQ��ODQGERXZ�HQ�QDWXXU�LQ�YHUJHOLMNLQJ�PHWGH�KXLGLJH�VLWXDWLH��'DDU�ZDDU�UXLPWHOLMN�EHOHLG�YDQ�WRHSDVVLQJ�LV��ZRUGHQ�GH�JHVFKLNWKHLGV�VFRUHVDDQJHSDVW�GRRU�VFRUHV�YRRU�EHOHLGVLQWHUYHQWLH��JHEDVHHUG�RS�GH�EHOHLGVNDDUWHQ��SDUDJUDDI�������HUELM�RS�WH�WHOOHQ�RI�HUYDQ�DI�WH�WUHNNHQ��'H�UHVXOWHUHQGH�³DDQJHSDVWH�JHVFKLNWKHLG´�ZDDUGHQ]XOOHQ�YRRU�KHW�JHPDN�³JHVFKLNWKHLG´�JHQRHPG�ZRUGHQ��'H�DUHDOHQ�]LMQ�GRRUJDDQV�XLWNRPVWHQYDQ�VHFWRUVSHFLILHNH�PRGHOOHQ�GLH�UHVXOWDWHQ�JHQHUHUHQ�RS�KHW�QLYHDX�YDQ�DGPLQLVWUDWLHYH�UHJLR¶V

5HVLGHQWLDO�DUHDV1DWXXU:DWHU
%RV/DQGERXZ,QIUDVWUXFWXXU:HUNHQ:RQHQ
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RI��]RDOV�LQ�KHW�JHYDO�YDQ�QDWXXU��KHW�UHVXOWDDW�]LMQ�YDQ�HHQ�FRQYHQDQW�WXVVHQ�GH�SURYLQFLHV�HQ�KHWULMN�,Q�GH�5XLPWH6FDQQHU�]LMQ�VWDQGDDUG�GH�UXLPWHFODLPV�RYHUJHQRPHQ�YDQ�GH�GULH�&3%�VFHQDULR
V'LYLGHG�(XURSH��(XURSHDQ�&RRUGLQDWLRQ�HQ�*OREDO�&RPSHWLWLRQ�]RDOV�JHSUHVHQWHHUG�LQ�GH0LOLHXYHUNHQQLQJHQ����5,90��������,Q�ELMODJH���LV�HHQ�RYHU]LFKW�JHJHYHQ�YDQ�GH�FODLPV�RS�GH�UXLPWH�]RDOV�DINRPVWLJ�XLW�GH]HVHFWRUVSHFLILHNH�PRGHOOHQ�
��� 5XLPWHOLMNH�VFHQDULR¶V
%LM�HHQ�VLPXODWLH�ZRUGW�QLHW�DOOHHQ�GH�RPYDQJ�YDQ�GH�YHUDQGHULQJ�LQ�UXLPWHJHEUXLN�YRRU�GHRQGHUVFKHLGHQ�NODVVHQ�LQ�NDDUW�JHEUDFKW��GH�FODLPV��PDDU�RRN�KHW�UXLPWHOLMN�SDWURRQ�GDW�GHUHVXOWDDW�LV�YDQ�HHQ�EHSDDOG�UXLPWHOLMN�VFHQDULR�,Q�GH�KXLGLJH�YHUVLH�YDQ�GH�5XLPWH6FDQQHU�LV�KHW�PRJHOLMN�YLMI�UXLPWHOLMNH�VFHQDULR
V�GRRU�WHUHNHQHQ�GLH�UHHGV�YRRUJHSURJUDPPHHUG�]LMQ��2SJHPHUNW�PRHW�ZRUGHQ�GDW�KHW�HFKWHU�RRN�JRHGPRJHOLMN�LV�]HOI�JHGHILQLHHUGH�UXLPWHOLMNH�VFHQDULR¶V�RI�VWUDWHJLHQ�WH�GHILQLHUHQ�HQ�XLW�WH�ZHUNHQ�%LM�GH�YRRUJHSURJUDPPHUGH�VFHQDULR¶V�JDDW�KHW�RP�GH�YLHU�UXLPWHOLMNH�SHUVSHFWLHYHQ�GLHRQWZLNNHOG�]LMQ�LQ�KHW�NDGHU�YDQ�KHW�SURMHFW�1HGHUODQG������YDQ�GH�53'���������QDPHOLMN6WHGHQODQG��6WURPHQODQG��3DUNODQGVFKDS�HQ�3DOHW��9RRU�HHQ�PHHU�XLWJHEUHLGH�GLVFXVVLH�YDQ�GHXLWJDQJVSXQWHQ�RI�UXLPWHOLMNH�VWUDWHJLHsQ�DFKWHU�GH]H�YLHU�VFHQDULR
V�ZRUGW�YHUZH]HQ�QDDUKRRIGVWXN����'DDUQDDVW�LV�QRJ�HHQ�UXLPWHOLMNH�VWUDWHJLH�XLWJHZHUNW�GLH�QHHUNRPW�RS�KHWGRRUWUHNNHQ�YDQ�KHW�EHVWDDQGH�EHOHLG��'LW�EHVWDDW�GDQ�XLW�KHW�FRPSDFWH�VWDG�EHOHLG�ZDW�EHWUHIWYHUVWHGHOLMNLQJ�HQ�UHDOLVDWLH�YDQ�GH�(FRORJLVFKH�+RRIG�6WUXFWXXU�]RDOV�DDQJHJHYHQ�LQ�KHW6WUXFWXXUVFKHPD�*URHQH�5XLPWH�'H�UXLPWHOLMNH�VFHQDULR¶V�ZRUGHQ�LQ�GH�5XLPWH6FDQQHU�JHRSHUDWLRQDOLVHHUG�PHW�EHKXOS�YDQ]RJHQDDPGH�DWWUDFWLYLWHLWVNDDUWHQ��+LHURQGHU�]DO�ZRUGHQ�LQJHJDDQ�RS�KHW�YDVWVWHOOHQ�YDQ�GH]HDWWUDFWLYLWHLWVNDDUWHQ�HQ�GH�KLHUYRRU�EHQRGLJGH�JHJHYHQV�
$WWUDFWLYLWHLW
(HQ�DWWUDFWLYLWHLWVNDDUW�NDQ�]RZHO�NZDQWLWDWLHI�DOV�NZDOLWDWLHI�ZRUGHQ�YDVWJHVWHOG��%LM�KHW�RSNZDQWLWDWLHYH�ZLM]H�EHSDOHQ�YDQ�GH�DWWUDFWLYLWHLWVNDDUWHQ�ZRUGW�HHQ�VWDWLVWLVFKH�DQDO\VHXLWJHYRHUG��(HUVW�ZRUGHQ�GRRU�PLGGHO�YDQ�HHQ�FRUUHODWLHDQDO\VH�GLH�IDFWRUHQ�XLW�GH�EHVFKLNEDUHEDVLVGDWD�JHVHOHFWHHUG�GLH�VLJQLILFDQW�YHUNODUHQG�]LMQ�YRRU�GH�KLVWRULVFK�JHYRQGHQYHUDQGHULQJVSDWURQHQ��'DDUQD�ZRUGW�PHW�EHKXOS�YDQ�HHQ�VWDSVJHZLM]H�UHJUHVVLHDQDO\VH�GHYHUNODUHQGH�ZDDUGH�YDQ�GH�YHUVFKLOOHQGH�YDULDEHOHQ�EHSDDOG��2S�EDVLV�YDQ�YHUZDFKWH�UHODWLHV�HQGH�JHYRQGHQ�UHJUHVVLHZDDUGHQ�ZRUGHQ�YDULDEHOHQ�WRHJHYRHJG�HQ�YHUZLMGHUG�QHW�]R�ODQJ�WRW�GHEHVW�YHUNODUHQGH�FRPELQDWLH�YDQ�YDULDEHOHQ�LV�JHYRQGHQ��'H�UHVXOWHUHQGH�UHJUHVVLHYHUJHOLMNLQJZRUGW�LQ�GH�5XLPWH6FDQQHU�DOV�DWWUDFWLYLWHLW�LQJHYXOG�HQ�JHEUXLNW�YRRU�GH�VLPXODWLH�YDQ�KHWWRHNRPVWLJ�JURQGJHEUXLN�+HW�RS�HHQ�NZDOLWDWLHYH�ZLM]H�EHSDOHQ�YDQ�GH�DWWUDFWLYLWHLWVNDDUWHQ�JHEHXUW�RS�EDVLV�YDQ�H[SHUWMXGJPHQW�0HHVWDO�ZRUGW�HHQ�PHHVWDO�JURHS�H[SHUWV�XLWJHQRGLJG�RP�DDQ�WH�JHYHQ�ZHONH�GULMYHQGHNUDFKWHQ�]LM�YDQ�EHODQJ�DFKWHQ�ELM�GH�RSHUDWLRQDOLVDWLH�YDQ�HHQ�EHSDDOG�UXLPWHOLMN�VFHQDULR��,QRYHUOHJ��ZRUGHQ�YDVWJHVWHOG�ZHONH�UXLPWHOLMNH�JHJHYHQV�HHQ�JRHGH�ZHHUJDYH�JHYHQ�YDQ�GH]HGULMYHQGH�NUDFKWHQ�HQ�KRH�GH�RQGHUOLQJH�JHJHYHQV�RQGHUOLQJ�JHZRJHQ�PRHWHQ�ZRUGHQ��0HW�GHLQJHERXZGH�*,6�IXQFWLRQDOLWHLWHQ�ZRUGHQ�GH�UXLPWHOLMNH�JHJHYHQV�UHNHQNXQGLJ�EHZHUNW�WRW�HHQXLWHLQGHOLMNH�DWWUDFWLYLWHLWVNDDUW��'LW�ZRUGW�KHUKDDOG��YRRU�LHGHUH�YRUP�YDQ�UXLPWHJHEUXLN�2P�GLW�ERYHQVWDDQGH�SURFHV�VQHO�WH�ODWHQ�YHUORSHQ�LV�HU�LQ�GH�5XLPWH6FDQQHU�HHQ�GDWDEDVHEHVFKLNEDDU�ZDDULQ�WDO�YDQ�NDDUWHQ�]LMQ�RSJHQRPHQ�GLH�LQIRUPDWLH�EHYDWWHQ�RYHU�GH�I\VLVFKHJHVFKLNWKHLG�YRRU�YHUVFKLOOHQGH�IXQFWLHV��GH�YHURQGHUVWHOGH�UXLPWHOLMNH�VDPHQKDQJ�WXVVHQIXQFWLHV��XLWJHGUXNW�LQ�SRWHQWLDDOZDDUGHQ��HQ�UHOHYDQWH�EHOHLGVYRRUQHPHQV�
)\VLVFKH�JHVFKLNWKHLG
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)\VLVFK�JHRJUDILVFKH�HLJHQVFKDSSHQ�YDQ�GH�ERGHP��]RDOV�]XXUJUDDG��YRHGVHOULMNGRP�]DQGJHKDOWH��JURQGZDWHUVWDQG�HQ�KRRJWH�YDQ�KHW�PDDLYHOG�EHwQYORHGHQ�GH�JHVFKLNWKHLG�YRRU�GHYHUVFKLOOHQGH�RQGHUVFKHLGHQ�UXLPWHOLMNH�IXQFWLHV��+HW�]DO�GXLGHOLMN�]LMQ�GDW�GH]H�LQYORHG�KHW�JURRWVWLV�ELM�GH�PHHU�ODQGHOLMNH�IXQFWLHV�DOV�ODQGERXZ�HQ�QDWXXU��=R�NRPHQ�EHSDDOGH�JHZDVW\SHQ�DOVEROOHQ��DDUGDSSHOHQ�HQ�PDLV�DOOHHQ�PDDU�YRRU�RS�EHSDDOGH�FRPELQDWLHV�YDQ�ERGHPVRRUW�HQJURQGZDWHUWUDS��(HQ�YRRUEHHOG�KLHUYDQ�LV�GH�RSEUHQJVWGHUYLQJVNDDUW�YRRU�DNNHUERXZ�LQ�)LJXXU�����2S�EDVLV�YDQ�ERGHP��HQ�JURQGZDWHUNHQPHUNHQ�LV�PHW�NHQQLVUHJHOV�EHUHNHQG�ZDW�GHRSEUHQJVWGHUYLQJ�LV��XLWJHGUXNW�LQ�SURFHQWXHOH�RRJVWUHGXFWLH�WHQ�RS]LFKWH�YDQ�KHW�PD[LPXP�2RN�ELM�KHW�UHDOLVHUHQ�YDQ�WRHNRPVWLJH�QDWXXU�HQ�KHW�RSVWHOOHQ�YDQ�PHHU�HFRORJLVFKH�VFHQDULR¶VYRRU�VWHGHOLMNH�IXQFWLHV�VSHOHQ�I\VLVFKH�FRQGLWLHV�HHQ�EHODQJULMNH�URO��+LHUELM�NDQ�JHGDFKW�ZRUGHQDDQ�KHW�QLHW�EHERXZHQ�YDQ�GH�ODJHU�JHOHJHQ�JHELHGHQ�RP�VFKDGH�GRRU�RYHUVWURPLQJHQ�WHYRRUNRPHQ�
5XLPWHOLMNH�VDPHQKDQJ�WXVVHQ�YHUVFKLOOHQGH�IXQFWLHV
+HW�LGHH�DFKWHU�GH�SRWHQWLDDONDDUW�RI�JUDYLWHLWVNDDUW�LV�GDW�UXLPWHOLMNH�IXQFWLHV�VDPHQKDQJYHUWRQHQ��%HSDDOGH�IXQFWLHV�YHUJURWHQ�RI�YHUNOHLQHQ�GH�DWWUDFWLYLWHLW�YDQ�KXQ�RPJHYLQJ�YRRUDQGHUH�IXQFWLHV��=R�NXQQHQ�ZH�ELMYRRUEHHOG�YHURQGHUVWHOOHQ�GDW�KHW�DDQWUHNNHOLMN�ZRQHQ�LV�LQ�GHEXXUW�YDQ�QDWXXUJHELHGHQ�HQ�GDW�ORFDWLHV�YODN�ELM�RS��HQ�DIULWWHQ�YDQ�VQHOZHJHQ�DDQWUHNNHOLMN�]LMQYRRU�GH�YHVWLJLQJ�YDQ�EHGULMYLJKHLG��PDDU�PLQGHU�YRRU�ZRQHQ�'H�DDQWUHNNLQJVNUDFKW�ZRUGW�XLWJHGUXNW�LQ�SRWHQWLDDOZDDUGHQ��'H]H�DDQWUHNNLQJVNUDFKW�QHHPWGRRUJDDQV�DI�PHW�GH�DIVWDQG�WRW�GH�
DWWUDFWRU
��'H�SRWHQWLDDOZDDUGHQ�ZRUGHQ�EHUHNHQG�PHW�HHQDIVWDQGVYHUYDOFXUYH�HQ�]LMQ�KHW�JURRWVW�LQ�GH�FHOOHQ�GLH�JUHQ]HQ�DDQ�GH�DWWUDFWRU�HQ�NOHLQHU�LQFHOOHQ�GLH�YHUGHU�YDQ�GH�DWWUDFWRU�DI�OLJJHQ��6RPV�HFKWHU�ZRUGW�HHQ�QHJDWLHI�YHUEDQGYHURQGHUVWHOG�WXVVHQ�GH�DDQZH]LJKHLG�YDQ�EHSDDOGH�YRUPHQ�YDQ�UXLPWHJHEUXLN�HQ�GHDWWUDFWLYLWHLW�YRRU�DQGHUH�UXLPWHJHEUXLNVW\SHQ��,Q�GDW�JHYDO�EHSDOHQ�ZH�GH�LQYHUVH�HQ�NULMJHQJHELHGHQ�GLH�KHW�GLFKWVW�ELM�GH�DWWUDFWRU�OLJJHQ�KHW�SUHGLNDDW�
RQDDQWUHNNHOLMN
��'H�SRWHQWLDDO��GLH�LQGLW�JHYDO�GH�RQDDQWUHNNHOLMNKHLG�ZHHUJHHIW��LV�RRN�ZHHU�KHW�JURRWVW�LQ�GH�FHOOHQ�GLH�JUHQ]HQ�DDQGH�DWWUDFWRU�HQ�NOHLQHU�LQ�FHOOHQ�GLH�YHUGHU�YDQ�GH�DWWUDFWRU�OLJJHQ� ,Q�ILJXXU�����]LMQ�GH�SRWHQWLDDOQDDU�KXLGLJH�QDWXXUJHELHGHQ�HQ�DNNHUERXZJHELHGHQ�YRRUEHHOGHQ�YDQ�SRWHQWLDDONDDUWHQ��7LMGHQVGH�DOORFDWLH�LQ�HHQ�ODWHU�VWDGLXP�ZRUGHQ�GH]H�SRWHQWLDDOZDDUGHQ�GDQ�QHJDWLHI�JHwQWHUSUHWHHUG�+HW�LQIRUPDWLHV\VWHHP�5XLPWH6FDQQHU�EHYDW�HHQ�JURRW�DDQWDO�YRRUJHSURJUDPPHHUGHSRWHQWLDDONDDUWHQ�PDDU�ELHGW�GDDUQDDVW�GH�PRJHOLMNKHLG�RP�]HOI�SRWHQWLDOHQ�WH�EHUHNHQHQ�
%HOHLG
+HW�UXLPWHOLMN�EHOHLG�KHHIW�YRRU�VRPPLJH�JHELHGHQ�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�DO�LQ�PHHU�RIPLQGHUH�PDWH�YDVWJHOHJG��,Q�GH�5XLPWH6FDQQHU�LV�GDDURP�HHQ�JURRW�DDQWDO�EHOHLGVNDDUWHQRSJHQRPHQ��2S�GH]H�NDDUWHQ�VWDDQ�RQGHU�DQGHUH�GH�YRRU]LHQH�XLWEUHLGLQJ�YDQ�GH�LQIUDVWUXFWXXU�6FKLSKRO��QLHXZH�VSRRUZHJHQ�HQ�ZHJHQ���QLHXZH�ZRRQ��HQ�ZHUNORFDWLHV��9,1(;�ORFDWLHV�HQZHUNORFDWLHV�XLW�1HGHUODQG�LQ�3ODQQHQ���HQ�GH�(FRORJLVFKH�+RRIGVVWUXFWXXU��(+6��ZDDU�KHWDFFHQW�ZRUGW�JHOHJG�RS�RQWZLNNHOLQJ�HQ�XLWEUHLGLQJ�YDQ�QDWXXU�HQ�ERV�
$OORFDWLHPRGHO
0HW�DDQ�GH�HQH�NDQW�GH�DWWUDFWLYLWHLW�YDQ�GH�JULGFHOOHQ�YRRU�GH�ODQGJHEUXLNVW\SHQ�HQ�DQGHU]LMGVGH�FODLP�SHU�IXQFWLH�HQ�SHU�UHJLR�XLW�GH�VHFWRUVSHFLILHNH�PRGHOOHQ��EHSDDOW�KHW�DOORFDWLHPRGHO�GHPRJHOLMNH�YHUGHOLQJ�YDQ�GH�YHUVFKLOOHQGH�UXLPWHJHEUXLNVIXQFWLHV�RYHU�GH�JULGFHOOHQ��'H]HUXLPWHOLMNH�DOORFDWLH�YLQGW�SODDWV�GRRU�SHU�JULGFHO�FODLPV�HQ�DWWUDFWLYLWHLWHQ�WH�ODWHQ�FRQFXUUHUHQ�LQHHQ�YUDDJ�DDQERG�PRGHO��'DDUELM�ZRUGW�LQ�SULQFLSH�KHW�W\SH�UXLPWHJHEUXLN�JHSODDWVW�LQ�GH�JULGFHOPHW�GH�KRRJVWH�DWWUDFWLYLWHLW�YRRU�GDW�W\SH��2S�KHW�PRPHQW�GDW�YHUVFKLOOHQGH�W\SHQ�UXLPWHJHEUXLNPHHU�UXLPWH�FODLPHQ�GDQ�EHVFKLNEDDU�LV��JDDQ�GH]H�IXQFWLHV�WHJHQ�HONDDU�RSELHGHQ�5XLPWHJHEUXLN�ZDDUYDQ�HHQ�JURRW�GHHO�YDQ�GH�FODLP�QRJ�JHSODDWVW�PRHW�ZRUGHQ��ZRUGW�GDDUELM
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H[WUD�DDQWUHNNHOLMN�YRRU�GH�EHWUHIIHQGH�JULGFHO��5XLPWHJHEUXLN�ZDDUYDQ�DO�ELMQD�GH�KHOH�FODLP�LVJHSODDWVW�LV�UHODWLHI�PLQGHU�DDQWUHNNHOLMN�YRRU�GH�JULGFHO��0HHU�LQIRUPDWLH�RYHU�GH�PRGHOPDWLJHXLWZHUNLQJ�YDQ�GH�DOORFDWLHPRGXOH�LV�WH�YLQGHQ�LQ�KRRIGVWXN���
��� +HW�WRHNRPVWLJ�UXLPWHJHEUXLN
'H�VLPXODWLHV�PHW�GH�5XLPWH6FDQQHU�OHYHUHQ�WZHH�VRRUWHQ�NDDUWHQ�PHW�WRHNRPVWLJ�UXLPWHJHEUXLNRS��2S�GH�HHUVWH�SODDWV�NDDUWHQ�GLH�SHU�FHO�YRRU�LHGHUH�YRUP�YDQ�UXLPWHJHEUXLN�KHW�SHUFHQWDJHZHHUJHYHQ�GDW�GH]H�YRUP�YDQ�UXLPWHJHEUXLN�LQ�EHVODJ�QHHPW�SHU�FHO�YDQ�����ELM�����PHWHU��'RRUGH]H�DI]RQGHUOLMNH�NDDUWHQ�WH�FRPELQHUHQ�NDQ�RRN�HHQ�NDDUW�ZRUGHQ�DIJHOHLG�PHW�KHW�GRPLQDQWHUXLPWHJHEUXLN�SHU�FHO�7HU�LOOXVWUDWLH�LV�LQ�ILJXXU�����GH�VLPXODWLH�ZHHUJHJHYHQ�YDQ�KHWUXLPWHJHEUXLN�GRRU�QDWXXU�HQ�DNNHUERXZ��LQ�������'H�DWWUDFWLYLWHLWVNDDUWHQ YRRU�EHLGH�IXQFWLHV�VSHOHQ�KLHUELM�HHQ�FHQWUDOH�URO��'H�DWWUDFWLYLWHLWVNDDUWYRRU�QDWXXU�LV�VDPHQJHVWHOG�XLW�RQGHU�PHHU�GH�EDVLVNDDUWHQ�PHW�GH�OLJJLQJ�YDQ�WRHNRPVWLJHQDWXXUJHELHGHQ��UHODWLHQRWDJHELHGHQ��HQ�GH�SRWHQWLDDOZDDUGHQ�YDQ�GH�DIVWDQG�WRW�EHVWDDQGHQDWXXU��9RRU�GH�DWWUDFWLYLWHLWVNDDUW�YRRU�DNNHUERXZ�]LMQ�NDDUWHQ�YDQ�GH�YHUZDFKWHRSEUHQJVWGHUYLQJ�RS�EDVLV�YDQ�GH ERGHP�HQ�JURQGZDWHUVLWXDWLH�HQ�YDQ�GH�SRWHQWLDDOZDDUGHQ�WHQRS]LFKWH�YDQ�KXLGLJH�QDWXXUJHELHGHQ�JHEUXLNW��, Q�GH]H�ILJXXU�LV�RRN�KHW�GRPLQDQWH�UXLPWHJHEUXLNZHHUJHJHYHQ�GDW�KHW�UHVXOWDDW�LV�YDQ�KHW�VDPHQYRHJHQ�YDQ�DOOH����YRUPHQ�YDQ�UXLPWHJHEUXLN�LQHHQ�NDDUWEHHOG�+HW�XLWHLQGHOLMNH�NDDUWEHHOG�ODDW�KHW�JHVLPXOHHUGH�ODQGJHEUXLN�]LHQ�LQ������DOV�XLWJHJDDQ�ZRUGWYDQ�KHW�KXLGLJ�JURQGJHEUXLN�HQ�KHW�EHVWDDQGH�EHOHLG��FRPSDFWH�VWDG�EHOHLG�HQ�XLWYRHULQJ�YDQ�KHW6WUXFWXXUVFKHPD�*URHQH�5XLPWH���+LHUELM�LV�YRRU�GH�RPYDQJ�YDQ�GH�FODLPV�XLWJHJDDQ�ZRUGW�YDQKHW�(XURSHDDQ�&R�RUGLQDWLRQ�VFHQDULR�,Q�GH�KXLGLJH�YHUVLH�YDQ�GH�5XLPWH6FDQQHU�]LMQ�GULH�&3%�VFHQDULR¶V�PHW�UXLPWHFODLPV�HQ�YLMIUXLPWHOLMNH�VFHQDULR¶V�XLWJHZHUNW��]RGDW�LQ�WRWDDO����YHUVFKLOOHQGH�VLPXODWLHV�NXQQHQ�ZRUGHQEHNHNHQ�/LWHUDWXXU
&%6���������6WDWLVWLHN�YDQ�KHW�ERGHPJHEUXLN��¶V�*UDYHQKDJH��&%6�&3%���������(FRQRPLH�HQ�I\VLHNH�RPJHYLQJ��EHOHLGVRSJDYHQ�HQ�RSORVVLQJVULFKWLQJHQ������������'HQ�+DDJ��6GX�8LWJHYHUV�1225'0$1��(���+�$�0��7+(811,66(1�	�+��.5$0(5 ��������9HUYDDUGLJLQJ�HQQDXZNHXULJKHLG�YDQ�KHW�/*1����JURQGJHEUXLNVEHVWDQG��DFKWHUJURQGLQIRUPDWLH�ELM�KHW�JHEUXLNYDQ�KHW�EHVWDQG��'/2���6WDULQJ�&HQWUXP�UDSSRUW������:DJHQLQJHQ��6&�'/2�53'���������1HGHUODQG��������'LVFXVVLHQRWD��YHUNHQQLQJ�UXLPWHOLMNH�SHUVSHFWLHYHQ��'HQ�+DDJ�53'�5,90���������$FKWHUJURQGHQ�ELM�1DWLRQDOH�0LOLHXYHUNHQQLQJ����$OSKHQ�DDQ�GHQ�5LMQ��6DPVRP+�'��7MHHQN�:LOOLQN�EY�6&+277(1��&�*�-���5�-��9$1�'(�9(/'(��+�-��6&+2/7(1��:�7��%2(560$��0��+,/)(5,1.�0��5$16,-1��3��5,(79(/'�(1�5��=87������D��µ'H�5XLPWH6FDQQHU��JHwQWHJUHHUG�UXLPWHOLMNLQIRUPDWLHV\VWHHP�YRRU�GH�VLPXODWLH�YDQ�WRHNRPVWLJ�UXLPWHJHEUXLN¶��5DSSRUW�QU������������%LOWKRYHQ�
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)LJXXU���� 6LPXODWLH�YDVFHQDULR

$WWUDFWLYLWHLWDNNHUERXZ

$UDN

3RWHQWLDDODNNHUERXZ 5HODWLHQRWD�JHELHGHQ $IVWDQG�WRWQDWXXU

:RQHQ
/DQGERXZ%RV
:DWHU

:HUNHQ

1DWXXU
,QIUDVWXFW
2SEUHQJVWGHUYLQJDNNHUERXZ
Q�KHW�UXLPWHJHEXLN�LQ������XLWJDDQGH�YDQ�EHVWDDQG�EHOHLG�HQ�GH�FODLPV�XLW�KHW�(&

$WWUDFWLYLWHLWQDWXXU

HDDONHUERXZ $UHDDO�1DWXXU

'RPLQDQW�JURQGJHEUXLN�����(&�VFHQDULR
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� ((1�1$'(5(�8,7:(5.,1*�9$1�+(758,07(6&$11(5�02'(/
0��+LOIHULQN3��5LHWYHOG

��� ,QOHLGLQJ
,Q�GLW�KRRIGVWXN ZRUGHQ�GH�PRGHOPDWLJH�DVSHFWHQ�YDQ�GH�5XLPWHV6FDQQHU� QDGHU�WRHJHOLFKW�$FKWHUHHQYROJHQV�]XOOHQ�HQNHOH�HLJHQVFKDSSHQ�YDQ�KHW�PRGHO��GH�RQGHUVFKHLGHQ�FDWHJRUL sQJURQGJHEUXLN��GH�JHEUXLNWH�VFHQDULR ¶V��GH�LQSXW�YDQ�DQGHUH�PRGHOOHQ�HQ�GH�URO�YDQ�JHVFKLNWKHLGV�HQ�EHOHLGVNDDUWHQ�NRUW�EHVFKUHYHQ�ZRUGHQ LQ�SDUDJUDDI������'DDUQD�]DO�GH�PDWKHPDWLVFKHIRUPXOHULQJ�YDQ�KHW�PRGHO�EHVSURNHQ�ZRUGHQ�LQ�SDUDJUDDI���� � ,Q�SDUDJUDDI�����HQ�����]DOYHUYROJHQV�QDGHU�LQJHJDDQ�ZRUGHQ�RS�GH�PRGHOFRPSRQHQW�JHVFKLNWKHLGVNDDUWHQ�HQ�KHWFDOLEUHUHQ�YDQ�KHW�PRGHO��1D�HHQ�EHNQRSWH�EHVFKRXZLQJ�YDQ�GH�V\VWHHPDUFKLWHFWXXU�LQSDUDJUDDI�����YROJHQ�GH�FRQFOXVLHV�LQ�SDUDJUDDI�����
��� $OJHPHQH�EHVFKULMYLQJ�YDQ�KHW�5XLPWH6FDQQHU�PRGHO
:H�EHJLQQHQ�PHW�HHQ�NRUWH�EHVFKULMYLQJ�YDQ�GH� NDUDNWHULVWLHNH�NHQPHUNHQ�YDQ�KHW5XLPWH6FDQQHU PRGHO�
����� (LJHQVFKDSSHQ�YDQ�KHW�PRGHO
(HQ�EHODQJULMN�NHQPHUN�LV�DOOHUHHUVW�GDW�GH� 5XLPWH6FDQQHU JHEUXLN�PDDNW�YDQUDVWHUJHJHYHQV��+HW�PRGHO�EHVFKULMIW�YRRU�DOOH�JULGFHOOHQ�GH�UHODWLHYH�KRHYHHOKHLG�JURQG�GLHLQ�EHVODJ�JHQRPHQ�ZRUGW�GRRU� HHQ�DDQWDO�W\SHQ�JURQGJHEUXLN��'H�PRGHOVSHFLILFDWLH�HQ�VRIWZDUH�VWDDQ�HHQ JURRW�DDQWDO�JULGFHOOHQ�WRH��'H�KXLGLJH�YHUVLH�YDQ�KHW�PRGHO� KHHIW�HHQUXLPWHOLMNH�GHNNLQJ�YDQ� KHHO 1HGHUODQG��GDW�]LMQ�LQ WRWDDO���������JULGFHOOHQ�YDQ�����ELM����PHWHU�HON�9HUGHU�LV�GH�5XLPWH6FDQQHU�XLWSXWWHQG LQ�GLH�]LQ�GDW�DOOH�JULGFHOOHQ�ELQQHQ�HHQUXLPWHOLMNH�HHQKHLG��LQ�RQV�JHYDO�HHQ�ODQG��JHKHHO�ZRUGHQ�EHVFKRXZG��$OOH�W\SHQJURQGJHEUXLN�ZRUGHQ�H[SOLFLHW�RYHUZRJHQ�]RGDW�HU�JHHQ�
UHVW
�FDWHJRULHsQ�RQEHKDQGHOGEOLMYHQ��+HW�PRGHO�NDQ�ERYHQGLHQ�]R�ZRUGHQ�JHIRUPXOHHUG�GDW�RP]HWWLQJ�YDQ�ZDWHU�LQ�ODQG�LQSULQFLSH�PRJHOLMN�LV�(HQ�DQGHU�EHODQJULMN�NHQPHUN�LV�GH� G\QDPLHN PHW�EHWUHNNLQJ�WRW�YHUDQGHULQJHQ�LQJURQGJHEUXLN��+RHZHO�KHW�PRGHO�XLWJDDW�YDQ�GH�KXLGLJH�SDWURQHQ�YDQ�JURQGJHEUXLN��ZRUGWGH�JHVFKLNWKHLG�YDQ�GH�JULGFHOOHQ�YRRU�HHQ�EHSDDOG�W\SH�JURQGJHEUXLN�QLHW�DOV�FRQVWDQWYHURQGHUVWHOG��HQ�NDQ�GH]H�JHVFKLNWKHLG�GXV�YHUDQGHUHQ�DOV�JHYROJ�YDQ�ZLM]LJLQJHQ�LQ�KHWJURQGJHEUXLN�JHGXUHQGH�YHUORRS�YDQ�WLMG�0HW�EHWUHNNLQJ�WRW�GH�LQSXW�ZRUGW�KHW�PRGHO�JHGUHYHQ�GRRU�YRRUVSHOOLQJHQ�RS�QDWLRQDDO�RIUHJLRQDDO�QLYHDX�GLH�YHUWDDOG�ZRUGHQ�LQ�YDULDEHOHQ�]RDOV�EHYRONLQJ��ODQGERXZ�SURGXNWLH�HQ�LQIUDVWUXFWXXU��'H]H�YRRUVSHOOLQJHQ�NXQQHQ�RS�KXQ�EHXUW�ZHHU�DINRPVWLJ�]LMQ�XLW�� VSHFLILHNH�VHFWRUPRGHOOHQ��]RDOV�ZRQLQJPDUNW��HQ�EHGULMYLJKHLGVPRGHOOHQ��'LW�JHOGW�RRN�YRRU�VHFWRUDDOEHOHLG�PHW�VWHUNH�UXLPWHOLMNH�LPSOLFDWLHV��'H�5XLPWH6FDQQHU�PDDNW�GH]H�LPSOLFDWLHV�H[SOLFLHW]LFKWEDDU��+HW�PRGHO�KHOSW�GDDUGRRU�YUDJHQ�RS�WH�ORVVHQ�RYHU�GH�W\SHQ�JULGFHOOHQ�ZDDULQEHODQJULMNH�EHOHLGVFRQIOLFWHQ�NXQQHQ�ZRUGHQ�YHUZDFKW��(U�LV�GXV�VSUDNH�YDQ�HHQ�VRRUWVDWHOOLHWVWUXFWXXU ZDDUELM�KHW�PRGHO�HHQ�UDDPZHUN�YRUPW�YRRU�GH�LQWHJUDWLH�YDQ�VHFWRUDOHPRGHOOHQ�HQ�EHOHLGVRSWLHV�GRRU�GH]H�DOV�LQYRHU�LQ�HHQ�UXLPWHOLMNH�FRQWH[W�WH�FRPELQHUHQ�%RYHQGLHQ�NDQ�KHW�PRGHO�JHEUXLNW�ZRUGHQ�RP�GH�JHYROJHQ�YDQ�KHW�YHVWLJLQJVEHOHLG�HQ�YDQSDWURQHQ�YDQ�JURQGJHEUXLN�WH�RQGHU]RHNHQ�0HW�EHWUHNNLQJ�WRW�GH�XLWNRPVWHQ�YDQ�KHW�PRGHO�PRHW�RSJHPHUNW�ZRUGHQ�GDW�GH]H�RS�HHQVWRFKDVWLVFKH�ZLM]H GLHQHQ�WH�ZRUGHQ�JHwQWHUSUHWHHUG�DOV�YHUZDFKWH�KRHYHHOKHGHQ�ODQG�GLH�QRGLJ
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]LMQ�YRRU�GH�YHUVFKLOOHQGH�W\SHQ�JURQGJHEUXLN��+HW�YRRUQDDPVWH�QXW�YDQ�KHW�PRGHO�LV�HFKWHU�QLHWGDW�KHW�YRRUVSHOOLQJHQ�GRHW�RYHU�KHW�WRHNRPVWLJ�JURQGJHEUXLN�LQ�VSHFLILHNH��NOHLQH�JULGFHOOHQ��KHWYRRUQDDPVWH�QXW�LV�GDW�KHW�PRGHO�LPSOLFDWLHV�JHHIW�RYHU�GH�UXLPWHOLMNH�SDWURQHQ�YDQ�JURQGJHEUXLNGRRU�SURFHVVHQ�]RDOV�EHYRONLQJVJURHL��SURGXNWLH��EHGULMYLJKHLG��ODQGERXZ��HWFHWHUD��HQQDWXXUEHKRXG��'H�PRJHOLMNKHLG�WRW� LQWHJUDWLH EHWHNHQW�GDW�GH�5XLPWH6FDQQHU�JHEUXLNW�NDQZRUGHQ�DOV�HHQ�LQVWUXPHQW�RP�FRPPXQLFDWLH�WXVVHQ�RQGHU]RHNHUV�XLW�YHUVFKLOOHQGHEHOHLGVWHUUHLQHQ�WH�YHUEHWHUHQ��2RN�KHOSW�KHW�PRGHO�GH�FRQVLVWHQWLH�WH�YHUEHWHUHQ�WXVVHQ�GHXLWNRPVWHQ�YDQ�YHUVFKLOOHQGH�VHFWRUDOH�GHHOPRGHOOHQ��'H�5XLPWH6FDQQHU�IXQFWLRQHHUW�GDDURPQLHW�DOOHHQ�DOV�HHQ�PRGHOLQVWUXPHQW��PDDU�KHHIW�RRN�HHQ� FRPPXQLFDWLHYH�IXQFWLH �
����� 0RGHOFRPSRQHQWHQ
,Q�ILJXXU�����LV�ZHHUJHJHYHQ�XLW�ZHONH�PRGHOFRPSRQHQWHQ�GH�5XLPWH6FDQQHU�EHVWDDW�HQ�KRHGH]H�FRPSRQHQWHQ�PHW�HONDDU�VDPHQKDQJHQ��'H�ZLWWH�EORNNHQ�JHYHQ�KLHUELM�KHW�UHNHQKDUW�YDQGH�5XLPWH6FDQQHU�ZHHU��GH�JULM]H�EORNNHQ�GH�EHQRGLJGH�LQYRHUJHJHYHQV��'H�EHODQJULMNVWHFRPSRQHQWHQ�]XOOHQ�YHUYROJHQV�NRUW�EHVSURNHQ�ZRUGHQ�

5XLPWHOLMNHSHUVSHFWLHYHQ

*HVFKLNWKHLGVNDDUWVSHFLILFDWLHV
*ULGFHO�DWWULEXWHQ

5HJLRQDOH�SURMHFWLHVSHUJURQGJHEUXLNVW\SH*HVFKLNWKHLGVNDDUWHQ�SHUJURQGJHEUXLNVW\SH
0RGHO�HQJLQH�DOORFDWLH�YDQJURQGJHEUXLN�SHUJULGFHO

&3%�VFHQDULR
V

([RJHQHUHJLRQDOHPRGHOUHVXOWDWHQ

+XLGLJJURQGJHEUXLN�SHUJULGFHO

([RJHQHHQEHSDDOG�JURQG�JHEUXLN��LQIUD�VWUXFWXXU��HWF��

)LJXXU���� 0RGHOFRPSRQHQWHQ
����� &DWHJRULHsQ�YDQ�JURQGJHEUXLN
,Q�GH�KXLGLJH�YHUVLH�YDQ�KHW�PRGHO�ZRUGHQ�GH�YROJHQGH�KRRIG��HQ�QHYHQFDWHJRULHQ�YDQJURQGJHEUXLN�RQGHUVFKHLGHQ��� 6WHGHOLMN��ZRRQJHELHGHQ��ZHUNJHELHG��ZHJHQ��VSRRUZHJHQ��HQ�YOLHJYHOGHQ�� /DQGERXZ��ZHLGH��PDwVODQG��DNNHUODQG��DDUGDSSHOV��ELHWHQ��JUDDQ���EORHPEROOHQ��JDDUGHQ�JODVWXLQERXZ�HQ�DQGHUH�ODQGERXZ�� 1DWXXUOLMNH�JHELHGHQ��ERV��RYHULJH�QDWXXU�� :DWHU
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:H�NRPHQ�KLHUPHH�XLW�RS����YHUVFKLOOHQGH�W\SHQ�JURQGJHEUXLN��'LW�DDQWDO�NDQ�ZRUGHQ�XLWJHEUHLG�HU�]LMQ�GDWD�EHVFKLNEDDU�YRRU�HHQ�JHGHWDLOOHHUGHUH�LQGHOLQJ��ZDDUGRRU�RS����W\SHQ�JURQGJHEUXLNXLWJHNRPHQ�]RX�ZRUGHQ� 'H]H�JURQGJHEUXNVW\SHQ�YRUPHQ�GH�EDVLV�YDQ�KHW�OLQNHUERYHQ�EORN�LQ)LJ�����
����� 6FHQDULR¶V
2P�PHW�GH�EDVDOH�RQ]HNHUKHGHQ�RYHU�GH�WRHNRPVW�RP�WH�NXQQHQ�JDDQ��]LMQ�VFHQDULR¶V�YDQ�GHHFRQRPLVFKH�RQWZLNNHOLQJ�RS�GH��PLGGHO��ODQJH�WHUPLMQ�RSJHQRPHQ�HQ�JH�RSHUDWLRQDOLVHUG�LQ�KHW5XLPWH6FDQQHU�PRGHO��'H]H�VFHQDULR¶V�]LMQ�RQWZLNNHOG�GRRU�KHW�&HQWUDDO�3ODQ�%XUHDX��&3%��������=H�NXQQHQ�DOV�YROJW�ZRUGHQ�JHNDUDNWHULVHHUG�
'LYLGHG�(XURSH ,Q�GLW�VFHQDULR�]LMQ�GH�LQGLYLGXHOH�(XURSHVH�ODQGHQ�VWHU N�JHQHLJG�WRWSURWHFWLRQLVPH��'H�HFRQRPLVFKH�JURHL�LV�ODDJ�HQ�KHW�DDQWDO�LQZRQHUVYDQ�1HGHUODQG�VWLMJW�QDDU������PLOMRHQ��+HW�KXLGLJH�(XURSHVHJHPHHQVFKDSSHOLMNH�ODQGERXZEHOHLG�ZRUGW�YRRUWJH]HW�(XURSHDQ�FR�RUGLQDWLRQ 'H�LQWHJUDWLH�YDQ�GH�LQGLYLGXHOH�(XURS HVH�ODQGHQ�ZRUGW�YHUVQHOG��'HHFRQRPLVFKH�JURHL�LV�UHGHOLMN�RQGDQNV�KHW�WRW������PLOMRHQ�VWLMJHQGHDDQWDO�LQZRQHUV�YDQ�1HGHUODQG��(U�ZRUGW�HHQ�JH]DPHQOLMN�(XURSHHVEHOHLG�JHwPSOHPHQWHHUG��ZDW�LPSOLFHHUW�GDW�HU�HHQ�EHSDDOG�QLYHDX�YDQEHVFKHUPLQJ�YRRU�GH�ODQGERXZ�HQ�GH JHPHHQVFKDSSHOLMNH�PDUNW�LV�*OREDO�FRPSHWLWLRQ 'H�NUDFKWHQ�YDQ�GH�PDUNWZHUNLQJ�GRPLQHUHQ�GH�ZHUHOGHFRQRPLH�HQ�GHHFRQRPLVFKH�JURHL�LV�KRRJ��$O�LV�KHW�DDQWDO�LQZRQHUV�YDQ�1HGHUODQG�����PLOMRHQ��GH�JURHL�YDQ�ZRRQJHELHGHQ�LV�GRRU�GH�YHUKRRJGHLQGLYLGXDOLVDWLH�LQ�GLW�VFHQDULR�JURWHU�GDQ�LQ�KHW�(XURSHDQ�&R�RUGLQDWLRQVFHQDULR��+HW�KXLGLJH�JHPHHQVFKDSSHOLMNH�ODQGERXZEHOHLG�ZRUGWYHUODWHQ�HQ�GH�DJUDULVFKH�VHFWRU�PRHW�FRQFXUUHUHQ�RS�GH�ZHUHOGPDUNW�
����� 5HJLRQDOH�UHVWULFWLHV�GRRU�RQGHUVWHXQHQGH�PRGHOOHQ
+HW�5XLPWH6FDQQHU�PRGHO�PDDNW�JHEUXLN�YDQ�GH�XLWNRPVWHQ�YDQ�DQGHUH�VHFWRU�VSHFLILHNHPRGHOOHQ�GLH�UHVXOWDWHQ�JHQHUHUHQ�RS�HHQ�YHHO�ODJHU�UXLPWHOLMN�GHWDLOQLYHDX��$OOH�XLWNRPVWHQ�]LMQJHUHODWHHUG�DDQ�KHW�MDDU�������'H�YRRUVSHOOLQJHQ�YRRU� GH�GLYHUVH�W\SHQ�YDQ JURQGJHEUXLN�]LMQJHGDDQ�YRRU�HON�YDQ�GH�YHUVFKLOOHQGH�VFHQDULR¶V�GLH�KLHUERYHQ�JHQRHPG�]LMQ��2P�GH�FRQVLVWHQWLHYDQ�GH�DDQJHOHYHUGH�JHJHYHQV�WH�FRQWUROHUHQ�PRHW� HHQ�FKHFN�ZRUGHQ�XLWJHYRHUG��]LH�SDUDJUDDI����� 9RRUNRPHQ�GLHQW�LPPHUV�WH�ZRUGHQ�GDW�GH� 5XLPWH6FDQQHU ZRUGW�JHYRHG�PHW� LQFRQVLVWHQWHLQSXWV��(HQ�YRRUEHHOG�GDDUYDQ�]RX�]LMQ�GDW�HU�LQ�HHQ�UHJLR�PHHU�UXLPWH�]RX�ZRUGHQ�JHFODLPG�YRRUGLYHUVH�VRRUWHQ�JURQGJHEUXLN�GDQ�HU�LQ�GH�UHJLR�ZHUNHOLMN�DDQ�UXLPWH�DDQZH]LJ�LV�+LHURQGHU�YROJW�HHQ�NRUWH�EHVFKULMYLQJ�YDQ�GH�WRWVWDQGNRPLQJ�YDQ�GH�UHJLRQDOH�UHVWULFWLHV�GLH�LQKHW�PRGHO�JHEUXLNW�ZRUGHQ��]LH�ILJXXU�������0HHU�GHWDLOV�NXQQHQ�ZRUGHQ�JHYRQGHQ�LQ�6FKRWWHQ� HWDO� �������'H�YRRUVSHOGH�KRHYHHOKHLG�VWHGHOLMN�JURQGJHEUXLN�LV�JHJHQHUHHUG�GRRU�GH�53'��5LMNV3ODQRORJLVFKH�'LHQVW��RS�&2523�QLYHDX�HQ�ZRUGW�XLWJHGUXNW�LQ�DDQWDOOHQ�KHFWDUHQ�ZRRQ��HQZHUNJHELHG��'H�&2523�UHJLR¶V�]LMQ�]XLYHU�VWDWLVWLVFKH�UXLPWHOLMNH�HHQKHGHQ�GLH�TXD�RPYDQJHUJHQV�WXVVHQ�SURYLQFLHV�HQ�JHPHHQWHQ�LQ]LWWHQ��=H�NRPHQ�RQJHYHHU�RYHUHHQ�PHW�GHDUEHLGVPDUNWUHJLR¶V��,Q�1HGHUODQG�]LMQ�LQ�WRWDDO����&2523�UHJLR¶V�'H�SURMHFWLHV�YRRU�DJUDULVFK�JURQGJHEUXLN�]LMQ�JHPDDNW�GRRU�KHW�/(,�'/2��/DQGERXZ(FRQRPLVFK�,QVWLWXXW��HQ�KHW�6&�'/2��6WDULQJ�&HQWUXP���=H�ZRUGHQ�XLWJHGUXNW�LQ�DDQWDOOHQKHFWDUHQ�YRRU�GH�PHHVWH�VRRUWHQ�ODQGERXZ�SURGXNWHQ�RS�KHW�QLYHDX�YDQ�DJUDULVFKH�UHJLR¶V (U]LMQ����YDQ�GH]H�UHJLR¶V�LQ�1HGHUODQG�9RRU�QDWXXUJHELHGHQ�]LMQ�UHVWULFWLHV�PHW�EHWUHNNLQJ�WRW�GH�KRHYHHOKHLG�JURQGJHEUXLN�JHJHYHQYRRU����UHJLR¶V��'H]H�UHVWULFWLHV�HQ�GRHOVWHOOLQJHQ�]LMQ�JHIRUPXOHHUG�GRRU�KHW�5,90��5LMNV�,QVWLWXXWYRRU�9RONVJH]RQGKHLG�HQ�0LOLHX���KHW�,.&�1��,QWHJUDDO�.HQQLV�&HQWUXP�1DWXXU��HQ�KHW�/%/� ��'HUHVWULFWLHV�LPSOLFHUHQ�GDW�GH�WRWDOH�RSSHUYODNWH�GLH�JHEUXLNW�ZRUGW�YRRU�QDWXXU�SHU�UHJLR�DDQ�HHQPLQLPXP�LV�YHUERQGHQ�HQ�WHQPLQVWH�GDW�JHVWHOGH�PLQLPXP�PRHW�EHGHNNHQ�



��

����� *HVFKLNWKHLGVNDDUWHQ
9RRU�HON�W\SH�JURQGJHEUXLN�ZRUGW�HHQ�JHVFKLNWKHLGVNDDUW�JHPDDNW�ZDDULQ�GH�JHVFKLNWKHLG�YDQHONH�JULGFHO�YRRU�GDW�W\SH�JURQGJHEUXLN�ZRUGW�DDQJHJHYHQ��'H]H�JHVFKLNWKHLGVNDDUWHQ�ZRUGHQEHUHNHQG�GRRU�GH�YROJHQGH�JHJHYHQV�WH�FRPELQHUHQ�x JURQGNZDOLWHLWx WUDQVLWLHNRVWHQ��JHJHYHQ�KHW�HHUGHUH�JURQGJHEUXLNx LQIUDVWUXFWXXU�HQ�WRHJDQNHOLMNKHLG�YDQ�IDFLOLWHLWHQx KRHYHHOKHLG�JHOLMNVRRUWLJ�JURQGJHEUXLN�LQ�GH�RPJHYLQJ0HHU�GHWDLOV�RYHU�GH�JHVFKLNWKHLGVNDDUWHQ�ZRUGHQ�JHJHYHQ�LQ�SDUDJUDDI�����
'HPRJUDILVFKH�HQ�HFRQR�PLVFKH�RQWZLNNHOLQJHQ /DQGERXZNXQGLJHRQWZLNNHOLQJHQ

5HJLRQDOH�XUEDQHRQWZLNNHOLQJHQ�53'�
5HJLRQDDO�DJULFXOWXUHHOPRGHO��JURQGEDODQVHQ��6&�'/2�/(,�'/2�

3URMHFWLHV�YRRU�UHVLGHQWLHHOHQ�LQGXVWULHHO�JURQGJHEUXLNSHU�&2523�UHJLR

2QWZLNNHOLQJHQ�PEWQDWXXUJHELHGHQ
(+6�PRGHO�5,90�,.&�1�/%/�

$JULFXOWXUHOH�SURMHFWLHV�SHU���/(,�UHJLRV 3URMHFWLHV�YRRU�KHW�EHKRXGHQ�RQWZLNNHOLQJ�YDQQDWXXUJHELHGHQ�SHUSURYLQFLH
*URQGJHEUXLNV�DOORFDWLH�PRGHO�SHUJULGFHO�5,90�/(,�'/2�*HRGDQ�53'�98�
*URQGJHEUXLN�YRRU�ZRQHQ��ZHUNHQ�LQIUDVWUXFWXXU��ODQGERXZ�HQ�QDWXXUSHU�JULGFHO

0RGHOOHQ�YRRU�PLOLHX�QDWXXUZDDUGH�HQODQGVFKDSVZDDUGHULQJ
)LJXXU���� $DQOHYHUHQGH�HQ�RYHULJH�JHUHODWHHUGH�PRGHOOHQ
����� %HOHLGVNDDUWHQ
2QWZLNNHOLQJHQ�LQ�JURQGJHEUXLN�YLQGHQ�SODDWV�ELQQHQ�UDQGYRRUZDDUGHQ�GLH�GRRU�GH�RYHUKHLGEHSDDOG�]LMQ��,QEHJUHSHQ�]LMQ�x EHOHLG�PHW�EHWUHNNLQJ�WRW�ERXZYHUJXQQLQJHQ�YRRU�ZRRQ��HQ�ZHUNJHELHGHQ��9,1(;�ORFDWLHV�x EHOHLG�EHWUHIIHQGH�KHW�EHKRXG�HQ�GH�RQWZLNNHOLQJ�YDQ�QDWXXUOLMNH�JHELHGHQ��(+6�'H]H�UHVWULFWHUHQGH�EHOHLGVIDFWRUHQ�]LMQ�LQ�EHOHLGVNDDUWHQ�ZHHUJHJHYHQ��=RDOV�]DO�ZRUGHQXLWJHOHJG�LQ�SDUDJUDDI������ZRUGHQ�GH�HIIHFWHQ�YDQ�KHW�UXLPWHOLMN�EHOHLG�RS�KHW�ORNDWLHNHX]HJHGUDJYDQ�GH�EHVFKRXZGH�JURQGJHEUXLNVDFWRUHQ�JHPRGHOOHHUG�GRRU�GH�EHOHLGVNDDUWHQ�HHQ�URO�WH�ODWHQVSHOHQ�LQ�GH�EHSDOLQJ�YDQ�GH�JHVFKLNWKHLGVNDDUWHQ��'H�UHVXOWHUHQGH�JHVFKLNWKHLGVNDDUWHQ�JHYHQGXV�QLHW�DOOHHQ�GH�DDQWUHNNHOLMNKHLG�YDQ�ORNDWLHV�YRRU�JURQGJHEUXLNHUV�ZHHU��PDDU�RRN�GHPRJHOLMNKHLG�RP�ELQQHQ�GH�NDGHUV�YDQ�KHW�UXLPWHOLMN�EHOHLG�GH�ORNDWLHV�WH�JHEUXLNHQ�



��

��� 0DWKHPDWLVFKH�IRUPXOHULQJ�YDQ�KHW�PRGHO
����� :HHUJDYH�YDQ�GH�JHVFKLNWKHLG�YRRU�JURQGJHEUXLNVW\SHQ
(HQ�NHUQ�YDULDEHOH�YDQ�KHW�PRGHO�LV�GH�JHVFKLNWKHLG�V FM YRRU�JURQGJHEUXLN�YDQ�KHW�W\SH�M�LQJULGFHO�F��'H]H�JHVFKLNWKHLG�UHSUHVHQWHHUW�GH�QHWWR�ZLQVW��RSEUHQJVW�PLQ�NRVWHQ��YDQJURQGJHEUXLN�W\SH�M�LQ�FHO�F��'HV�WH�KRJHU�GH�JHVFKLNWKHLG�YRRU�JURQGJHEUXLN�W\SH�M��GHV�WH�KRJHUGH�ZDDUVFKLMQOLMNKHLG�[FM GDW�GH�FHO�YRRU�GDW�W\SH�]DO�ZRUGHQ�JHEUXLNW��,Q�GH�VLPSHOVWH�YHUVLH�YDQKHW�PRGHO�JHEUXLNHQ�ZH�HHQ�EHQDGHULQJ�JHEDVHHUG�RS�KHW�ORJLWPRGHO�RP�GH]H�ZDDUVFKLMQOLMNKHLGWH�EHSDOHQ� � �� �[ V VFM FM

FMM
 � �¦H[SH[S 



EE YRRU�DOOH�F�HQ�M ���
'XV�DOV�E JHOLMN�LV�DDQ�QXO��KHEEHQ�DOOH�W\SHQ�JURQGJHEUXLN�GH]HOIGH�ZDDUVFKLMQOLMNKHLG��'DW�ZLO]HJJHQ�GDW�GH�JHVFKLNWKHLGVIDFWRU�V FM LQ�GDW�JHYDO�JHHQ�HQNHOH�URO�VSHHOW�RP�GH]H�DDQGHOHQ�WHEHSDOHQ��$DQ�GH�DQGHUH�NDQW��DOV� E QDDU�RQHLQGLJ�JDDW��LV�GH�OLPLHW�YDQ�GH�ZDDUVFKLMQOLMNKHLG�GDWGH�FDWHJRULH�PHW�GH�KRRJVWH�JHVFKLNWKHLG�GH�FHO�NULMJW�JHOLMN�DDQ���8LWJHGUXNW�LQ�YHUZDFKWH�ZDDUGHQ��LV�GH�YHUZDFKWH�RSSHUYODNWH�YDQ�JURQGJHEUXLN�/ FM YRRUFDWHJRULH�M�LQ�FHO�F�JHOLMN�DDQ�/ [ /FM FM F � YRRU�DOOH�F�HQ�M ���
ZDDULQ�/F GH�WRWDOH�RSSHUYODNWH�LQ�FHO�F ZHHUJHHIW��0HW�FHOOHQ�YDQ�GH]HOIGH�JURRWWH�]DO�/ F QDWXXUOLMNJHOLMN�]LMQ�YRRU�DOOH�F��(U�NXQQHQ�HFKWHU�FHOOHQ�YDQ�RQJHOLMNH�JURRWWH�YRRUNRPHQ�LQ�GH�JHYDOOHQZDDUELM�FHOOHQ�GLFKWELM�GH�ODQGVJUHQV�OLJJHQ��RI�ZDDUELM�FHOOHQ�JHGHHOWHOLMN�XLW�ZDWHU�EHVWDDQ��DOVHHQ�WUDQVIHU�YDQ�ZDWHU�QDDU�µQLHW�ZDWHU¶�ODQG�QLHW�WRHJHVWDDQ�LV���RI�ZDDUELM�FHOOHQ�YRRUEHVWHPGJURQGJHEUXLN�KHEEHQ�JHEDVHHUG�RS�H[RJHQH�GDWD��]RDOV�ELM�LQIUDVWUXFWXUHOH�RQWZLNNHOLQJHQ�=RDOV�KHW�KLHU�ZRUGW�JHIRUPXOHHUG��JDUDQGHHUW�KHW�PRGHO�QLHW�GDW�GH�YHUGHOLQJ�YDQ�RSSHUYODNWHRYHU�GH�PRJHOLMNH�YRUPHQ�YDQ�JURQGJHEUXLN�LQ�RYHUHHQVWHPPLQJ�LV�PHW�GH�DOJHPHQH�HLVHQ�'DDURP�PRHWHQ�H[WUD�YRRUZDDUGHQ�ZRUGHQ�LQJHVWHOG�RP�HU�]HNHU�YDQ�WH�]LMQ�GDW�GH�VRP�YDQ�KHWJHDOORFHHUGH�JURQGJHEUXLN�RYHUHHQNRPW�PHW�GH�JHJHYHQ�WRWDOH�YUDDJ�'LW�OHLGW�WRW�GH�KHUIRUPXOHULQJ�YDQ�KHW�PRGHO��6WHO�GDW�' M HHQ�UHVWULFWLH�RS�GH�WRWDOH�YUDDJ�YRRU�GHFDWHJRULH�YDQ�JURQGJHEUXLN�M�LV��(Q�VWHO�YRRUWV�GDW�0 FM GH�YHUZDFKWH�KRHYHHOKHLG�JURQG�LQ�FHO� FDDQJHHIW�GLH�JHEUXLNW�]DO�ZRUGHQ�YRRU�FDWHJRULH� M��ZDDUELM�ZHO�UHNHQLQJ�ZRUGW�JHKRXGHQ�PHW�GHUHJLRQDOH�UHVWULFWLHV��'DQ�NRPHQ�ZH�RS�HHQ�GXEEHO�JHUHVWULFWHHUG�DWWUDFWLYLWHLWHQPRGHO�0 D E VFM M F FM � � �H[SE YRRU�GH�JHUHVWULFWHHUGH�M�HQ�DOOH�F���
ZDDULQ�GH�EDODQVIDFWRUHQ�D M HQ�EF ]R�JHNR]HQ�ZRUGHQ�GDW�DDQ�GH�YROJHQGH�YRRUZDDUGHQ�ZRUGWYROGDDQ�

0 'FM MF  ¦ YRRU�GH�JHUHVWULFWHHUGH�M ���
0 /FM FM  ¦ YRRU�DOOH�F ���

9HUJHOLMNLQJ���JDUDQGHHUW�GDW�GH�YHUZDFKWH�KRHYHHOKHLG�JURQG�GLH�JHEUXLNW�ZRUGW�YRRUJURQGJHEUXLN�W\SH�M�JHOLMN�LV�DDQ�GH YDVWJHVWHOGH�KRHYHHOKHLG�' M��%RYHQGLHQ�LPSOLFHHUWYHUJHOLMNLQJ���GDW�GH�VRP�YDQ�GH�YHUZDFKWH�KRHYHHOKHGHQ�JURQG�YRRU�GH�YHUVFKLOOHQGH�W\SHQJURQGJHEUXLN�SHU�FHO�JHOLMN�LV�DDQ�GH WRWDOH�RSSHUYODNWH�YDQ�HONH�FHO�:H�JHEUXLNHQ�GH�XLWGUXNNLQJ��YRRU�GH�JHUHVWULFWHHUGH�M��DOV�YRRU�HHQ�EHSDDOG�JURQGJHEUXLNVW\SH� MHHQ�UHJLRQDOH�UHVWULFWLH�JHJHYHQ�LV��+HW�LV�GXLGHOLMN�GDW�GH�UHVWULFWLHV�NXQQHQ�LPSOLFHUHQ�GDW�HUJHHQ�SDVVHQGH�RSORVVLQJ�EHVWDDW��'LW�NDQ�ZRUGHQ�JHFRQWUROHHUG�GRRU�WH�]RHNHQ�QDDU�HHQ



��

EHJLQRSORVVLQJ�YDQ�KHW�V\VWHHP�LQ�HHQ�FRQWH[W�YDQ�OLQHDLUH�SURJUDPPHULQJ��$OV�HU�JHHQSDVVHQGH�RSORVVLQJ�ZRUGW�JHYRQGHQ��PRHWHQ�GH�UHJLRQDOH�UHVWULFWLHV�ZRUGHQ�KHURYHUZRJHQ�9RRU�GLH�W\SHQ�JURQGJHEUXLN� M ZDDUYRRU�JHHQ�UHJLRQDOH�UHVWULFWLH�YDQ�WRHSDVVLQJ�LV��NRPHQ�ZH�XLWRS�0 E VFM F FM � �H[SE YRRU�RQJHUHVWULFWHHUGH�M�HQ�DOOH�F ��¶�
ZDDUELM�EF ]R�JHNR]HQ�ZRUGW�GDW�DDQ�YHUJHOLMNLQJ�����YROGDDQ�ZRUGW�HQ�ZDDUELM�D M JHOLMN�JHVWHOG�LVDDQ����,Q�KHW�JHYDO�GDW�JHHQ�YDQ�GH�W\SHQ�JURQGJHEUXLN�HQLJH�UHJLRQDOH�UHVWULFWLHV�KHHIW�
JHOGW�RYHULJHQV�GDW 0 /FM FM YRRU�DOOH�F�HQ�M��HQ� � �E / VF F

FMM
 �¦H[S 

 E YRRU�DOOH�F�

����� %DODQVIDFWRUHQ
'H�KLHUERYHQ�JHNR]HQ�IRUPXOHULQJ�DOV�GXEEHO�JHUHVWULFWHHUG�PRGHO�LV�KDQGLJ�RP�GH�VWUXFWXXU�YDQKHW�PRGHO�WH�EHJULMSHQ��'H�VWUXFWXXU�LV�YHUJHOLMNEDDU�PHW�GXEEHO�JHUHVWULFWHHUG�UXLPWHOLMNHLQWHUDFWLH�PRGHOOHQ�GLH�JHEUXLNW�ZRUGHQ�ELM�YHUNHHU��HQ�YHUYRHUVPRGHOOHQ��]LH�ELMYRRUEHHOG)RWKHULQJKDP�HQ�2
.HOO\��������1X�NRPHQ�ZH�WRW�GH�LQWHUSUHWDWLH�YDQ�GH�EDODQVIDFWRUHQ��8LW�YHUJHOLMNLQJHQ���������YROJW�GDW�� �E /D VF F

M FMM
 � �¦ H[S E YRRU�DOOH�F ��D�

� �D 'E VM M
F FMF

 � �¦ H[S E YRRU�GH�JHUHVWULFWHHUGH�M ��E�
D M  �� YRRU�DQGHUH�M ��F�
'H�WHUP� � �E VF FMF � �¦ H[S E NDQ�ZRUGHQ�JHwQWHUSUHWHHUG�DOV�GH�RSJHWHOGH�JHVFKLNWKHLG�YDQ�JURQG
YRRU�KHW�W\SH�JURQGJHEUXLN�M��DOV�GH�JHVFKLNWKHLG�YDQ�KHW�W\SH�JURQGJHEUXLN�M�ODDJ�LV�LQ�WHUPHQYDQ�VFM��]DO�GH�ZDDUGH�YDQ�GH�QRHPHU�LQ���E��RRN�ODDJ�]LMQ��'H�EDODQVIDFWRU�D M ]DO�KRRJ�]LMQ�DOVHHQ�KRJH�UHJLRQDOH�UHVWULFWLH�' M ZRUGW�JHFRPELQHHUG�PHW�HHQ�ODJH�JHDJJUHJHHUGH�JHVFKLNWKHLG�2S�HHQ]HOIGH�PDQLHU�NDQ�GH�WHUP� � �D VM FMM � �¦ H[S E LQ���D��ZRUGHQ�JHwQWHUSUHWHHUG�DOV�HHQ
PDDW�YRRU�GH�YUDDJ�QDDU�JURQGJHEUXLN�LQ�FHO�F��(HQ�KRJH�ZDDUGH�HUYDQ�EHWHNHQW�GDW�GH�YUDDJQDDU�GH�JURQG�LQ�FHO�F�YRRU�GH�YHUVFKLOOHQGH�JURQGJHEUXLN�W\SHQ�UHODWLHI�KRRJ�LV��ZDDUELM�UHNHQLQJZRUGW�JHKRXGHQ�PHW�GH�EHKRHIWH�DDQ�GH�YHUVFKLOOHQGH�W\SHQ�JURQGJHEUXLN�JHUHSUHVHQWHHUG�GRRUDM���'LW�OHLGW�WRW�HHQ�ODJH�ZDDUGH�YDQ�GH�EDODQVIDFWRU�E F��=R�ZRUGW�GXV�YHU]HNHUG�GDW�GH�WRWDOHKRHYHHOKHLG�JURQG�GLH�XLWHLQGHOLMN�LQ�YHUJHOLMNLQJ�����DDQ�FHO� F ZRUGW�WRHJHZH]HQ�QLHW�GHEHVFKLNEDUH�KRHYHHOKHLG�JURQG�/ F RYHUVFKULMGW�.RUWRP��GH�RSORVVLQJ�YDQ�KHW�GXEEHO�JHUHVWULFWHHUG�PRGHO�JHHIW�GH�VFKDGXZ�SULM]HQ�YDQ�ODQG�LQGH�FHOOHQ�DOV�ELMSURGXNW�(HQ�DQGHUH�PDQLHU�RP�GH�EDODQVIDFWRUHQ�WH�LQWHUSUHWHUHQ�NDQ�EHZHUNVWHOOLJG�ZRUGHQ�GRRUYHUJHOLMNLQJ�����WHU�KHUVFKULMYHQ�DOV�> @� �0 V D EFM FM M F � � � � �� �H[S ORJ� � ORJ� �E E E� �
YRRU�GH�JHUHVWULFWHHUGH�M�DQG�DOOH�F ��¶¶�



��

(HQ�KRJH�ZDDUGH�YDQ�D M LPSOLFHHUW�HHQ�VWHUNH�GUXN�RS�KHW�W\SH�JURQGJHEUXLN�M��+HW�NDQ�ZRUGHQRSJHYDW�DOV�HHQ�VXEVLGLH�RS�GLW�W\SH�JURQGJHEUXLN��GH�VXEVLGLH�ZRUGW�JHJHYHQ�RP�WH�YHU]HNHUHQGDW�KHW�JHVWHOGH�GRHO�YRRU�KHW�W\SH�JURQGJHEUXLN�M�ZRUGW�EHUHLNW��,Q�KHW�WHJHQRYHUJHVWHOGH�JHYDOKHHIW�DM HHQ�ODJH�ZDDUGH��'DW�NDQ�ZRUGHQ�RSJHYDW�DOV�HHQ�EHODVWLQJ�RS�GLW�W\SH�JURQGJHEUXLN�RPRYHUVFKULMGLQJ�YDQ�KHW�JHVWHOGH�GRHO�WH�YRRUNRPHQ��+HW�WXVVHQOLJJHQGH�JHYDO�]DO�RSWUHGHQ�DOV�D MJHOLMN�LV�DDQ����ZDW�LPSOLFHHUW�GDW�ORJ��D M�� ���2P�GH�URO�YDQ�GH�EDODQVIDFWRUHQ�WH�YHUGXLGHOLMNHQ��YRHUHQ�ZH�GH�YROJHQGH�WUDQVIRUPDWLH�RS���

�XLW��GHILQLHHU�GH�SULMV�YDQ�JURQGJHEUXLN�S F LQ�FHO�F�DOV�����E��ORJ�EF��HQ�GH�SULMV�OM YRRU�GHJHUHVWULFWHHUGH�M�DOV�����E��ORJ��DM���0FM NDQ�QX�ZRUGHQ�EHVFKRXZG�DOV�HHQ�YUDDJIXQFWLH�YDQJURQGJHEUXLN�GLH�DIKDQJW�YDQ�SULMV�SF�
0FM��SF �� �H[S��E ��VFM ��OM ��SF � ��


�
'H]H�IRUPXOHULQJ�ZHUSW�OLFKW�RS�GH�IDFWRU EF��(HQ�KRJH�ZDDUGH�YDQ�E F EHWHNHQW�GDW�KHW�JHEUXLN�YDQFHO�F�ZRUGW�RQWPRHGLJG��'DDURP�NDQ�KHW�ZRUGHQ�RSJHYDW�DOV�HHQ�LQGLFDWRU�YDQ�GH�YUDDJ�HQDDQERG�FRQGLWLHV�LQ�HONH�FHO�(HQ�WRHQDPH�YDQ�GH�WRWDOH�YUDDJ�QDDU�FDWHJRULH�M�]DO�OHLGHQ�WRW�HHQ�YHUVFKXLYLQJ�LQ�KHWJURQGJHEUXLN��'LW�JHEHXUW�RS�GH�YROJHQGH�PDQLHU��(HQ�KRJHUH�ZDDUGH�YDQ�' M ]DO�OHLGHQ�WRW�HHQKRJHUH�EDODQVIDFWRU�D M��ZDW�]DO�OHLGHQ�WRW�HHQ�FRUUHVSRQGHUHQGH�WRHQDPH�YDQ�KHW�YHUZDFKWHJURQGJHEUXLN�LQ�GH�YHUVFKLOOHQGH�JULGFHOOHQ�DIKDQNHOLMN�YDQ�GH�UHODWLHYH�JHVFKLNWKHLG�YDQ�GHJULGFHOOHQ�YRRU�GH�YHUVFKLOOHQGH�W\SHQ�JURQGJHEUXLN�
����� 8LWEUHLGLQJHQ�YDQ�KHW�GXEEHO�JHUHVWULFWHHUG�PRGHO
,Q�ZHUNHOLMNKHLG�LV�KHW�PRGHO�FRPSOH[HU�GDQ�KLHU�ZRUGW�ZHHUJHJHYHQ��(HQ�FRPSOLFDWLH�LV�QDPHOLMNGDW�GH�UHVWULFWLHV�QLHW�DOWLMG�LQ��YHUJHOLMNLQJHQ�YDQ��JHOLMNKHGHQ��PDDU�RRN�LQ��YHUJHOLMNLQJHQ�YDQ�RQJHOLMNKHGHQ�NXQQHQ�ZRUGHQ�JHJHYHQ��'HQN�ELM�YRRUEHHOG�DDQ�GH�UHVWULFWLH�GDW�

0 'FM MF t¦ ��¶�
'DQ�KHEEHQ�ZH�LQ�KHW�JHYDO�GDW�GH�UHVWULFWLH�QLHW�ELQGHQG�LV�D M  ���HQ�LQ�KHW�JHYDO�GDW�GHEHSHUNLQJ�ZHO�ELQGHQG�LV�KHEEHQ�ZH�D M ]RDOV�JHGHILQLHHUG�LQ���E���$OGXV�NRPHQ�ZH�LQ�GLW�JHYDO�XLWELM�

� �D 'E VM M
F FMF

 � �
®°°̄

½¾°¿°¦PD[ � H[S� E YRRU�DOOH�µORZHU�ERXQGHG¶�M���
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½¾°¿°¦PLQ � H[S� E YRRU�DOOH�µXSSHU�ERXQGHG¶�M���

(HQ�DQGHUH�FRPSOLFDWLH�LV�GDW�GH�RSJHWHOGH�UHVWULFWLHV�QLHW�DOOHHQ�IXQFWLRQHUHQ�RS�QDWLRQDDOQLYHDX��PDDU�RRN�RS�YHUVFKLOOHQGH�UHJLRQDOH�QLYHDXV��'LW�KRXGW�ELM�YRRUEHHOG�LQ�GDWYRRUVSHOOLQJHQ�RYHU�GH�SRSXODWLH�JHPDDNW�]LMQ�YRRU�DUEHLGVPDUNWUHJLR¶V��RI�GDW�DJUDULVFKHSURGXNWLH�ZRUGW�YRRUVSHOG�RS�KHW�QLYHDX�YDQ�DJUDULVFKH�JHELHGHQ��$OV�GLW�ZRUGW�PHHJHQRPHQNRPHQ�ZH�WRW�HHQ�XLWJHEUHLGHUH�YHUVLH�YDQ�KHW�PRGHO�ZDDULQ�GH�EDODQVIDFWRU�D M VSHFLILHN�ZRUGWYRRU�LHGHUH�UHJLR�ZDDUYRRU�HHQ�UHVWULFWLH�LV�JHIRUPXOHHUG�)LJXXU�����WRRQW�DO�DDQ�GDW�HHQYRXGLJ�WRW�LQFRQVLVWHQWLH�NDQ�ZRUGHQ�JHNRPHQ��,Q�KHW�YRRUEHHOGYDQ�UHJLR���LV�GH�YUDDJ�QDDU�KHW�W\SH�JURQGJHEUXLN�$����KHFWDUH��,Q�UHJLR���LV�GH�YUDDJ�QDDU�KHWW\SH�JURQGJHEUXLN�%�RRN����KHFWDUH��:H�KHEEHQ�KLHU�GXLGHOLMN�WH�PDNHQ�PHW�HHQ�SUREOHHP�DOV�GH
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WRWDOH�RSSHUYODNWH�YDQ�EHLGH�UHJLR¶V�VOHFKWV�����KHFWDUH�LV��=RDOV�KLHUERYHQ�DO�ZRUGW�DDQJHJHYHQ�SDUDJUDDI���������NDQ�KHW�EHVWDDQ�YDQ�HHQ�SDVVHQGH�RSORVVLQJ�ZRUGHQ�JHFRQWUROHHUG�GRRUPLGGHO�YDQ�OLQHDLUH�SURJUDPPHULQJ�,Q�SULQFLSH�LV�KHW�RRN�PRJHOLMN�RP�GH�UHVWULFWLHV�WH�IRUPXOHUHQ�RS�KHW�QLYHDX�YDQ�LQGLYLGXHOHJULGFHOOHQ��%LM�YRRUEHHOG�GRRU�DDQ�WH�JHYHQ�GDW�LQ�EHSDDOGH�JULGFHOOHQ�VSHFLILHNH�W\SHQJURQGJHEUXLN�ZRUGHQ�XLWJHVORWHQ��RI�GDW�DQGHUH�W\SHQ�JURQGJHEUXLN�DDQZH]LJ�]RXGHQ�PRHWHQ]LMQ�YRRU�HHQ�SHUFHQWDJH�YDQ�WHQ�PLQVWH�[���&RQFHSWXHHO�LV�HU�JHHQ�SUREOHHP�ELM�KHW�EHKDQGHOHQYDQ�GLW�VRRUW�UHVWULFWLHV��'LW�EHWHNHQW�ZHO�GDW�KHW�WRWDOH�DDQWDO�YDULDEHOHQ�VXEVWDQWLHHO�WRHQHHPW�:DQQHHU�GH�UHVWULFWLHV�HQNHO�RS�QDWLRQDDO�QLYHDX�ZRUGHQ�JHIRUPXOHHUG��]LMQ�HU�VOHFKWV����D MYDULDEHOHQ��PDDU�DOV�GH�UHVWULFWLHV�RS�KHW�QLYHDX�YDQ�YHOH�NOHLQH�UHJLR¶V��RI�]HOIV�RS�LQGLYLGXHHO�FHOQLYHDX��ZRUGHQ�JHIRUPXOHHUG��QHPHQ�GH�DDQWDOOHQ�VXEVWDQWLHHO�WRH��%HGHQN�KLHUELM�GDW�HU��������FHOOHQ�LQ�KHW�PRGHO�]LMQ�RSJHQRPHQ�

5HJLR����RSS�� �����KD��FODLP� ����KD
2YHUODS�YDQ�EHLGH�UHJLRV�LV����KD5HJLR����RSS�� �����KD��FODLP� ����KD

���KD ���KD
���KD

FODLP�����KD
FODLP����KD

)LJXXU���� &RQIOLFWHUHQGH�DDQVSUDDN�RS�JURQGJHEUXLN
����� 2SORVVLQJ�YDQ�KHW�GXEEHO�JHUHVWULFWHHUGH�JURQGJHEUXLNVPRGHO
+HW�PRGHO�ZRUGW�RSJHORVW�PHW�EHKXOS�YDQ�HHQ�LWHUDWLHYH�RSORVVLQJVPHWKRGH��,Q�KHW�JHYDO�YDQJHOLMNZDDUGLJH�UHVWULFWLHV�NRPW�GDW�QHHU�RS�KHW�YLQGHQ�YDQ�GH�ZDDUGHQ�YDQ�D M HQ�EF LQYHUJHOLMNLQJHQ���D�F���%HJLQQHQGH�PHW�DUELWUDLUH�ZDDUGHQ�YRRU�D M NXQQHQ�ZH�GH�UHVXOWHUHQGHZDDUGHQ�YRRU�EF EHUHNHQHQ�PHW�EHKXOS�YDQ���D���'DDUQD�ZRUGHQ�GH�EHUHNHQGH�ZDDUGHQ�YRRU�EFLQJHYRHUG�LQ�YHUJHOLMNLQJ���E���ZDW�OHLGW�WRW�JHUHYLVHHUGH�ZDDUGHQ�YRRU�D M�,Q�KHW�JHYDO�GDWVRPPLJH�YDQ�GH�UHVWULFWLHV�DOV�RQJHOLMNKHGHQ�ZRUGHQ�JHJHYHQ��PRHWHQ�YHUJHOLMNLQJHQ�����HQ����JHEUXLNW�ZRUGHQ�LQ�SODDWV�YDQ�YHUJHOLMNLQJ���E���$OV�GH]H�IDFWRUHQ�HHQPDDO�EHSDDOG�]LMQ��NDQ�KHWGDDURQGHU�EHJUHSHQ�SDWURRQ�YDQ�JURQGJHEUXLN�HHQYRXGLJ�JHYRQGHQ�ZRUGHQ�GRRU�PLGGHO�YDQYHUJHOLMNLQJ������2P�HHQ�RSORVVLQJ�YRRU�KHW�PRGHO�WH�EHUHNHQHQ��ZRUGW�YHUJHOLMNLQJ���D��JHEUXLNWRP�EF WH�YHUYDQJHQ�LQ�YHUJHOLMNLQJ�����RP�]R�GH�EHSHUNLQJ�YDQ�KHW�DDQERG�YDQ�JURQG��JHJHYHQGRRU������WH�LQFRUSRUHUHQ�LQ�GH�EHUHNHQLQJ�YDQ�0 FM�



��

� �� �0 / D VD VFM F M FM
M FMM

 � � �� �¦ H[SH[S
 



EE YRRU�DOOH�F�HQ�GH�JHUHVWULFWHHUGH�M��¶¶¶¶�
'H�ZDDUGHQ�YRRU�D M GLH�YROGRHQ�DDQ�GH�YRRUZDDUGHQ�YDQ�JURQGJHEUXLN�JHJHYHQ�GRRU������NXQQHQJHYRQGHQ�ZRUGHQ�GRRU�D M KHUKDOHQG�DDQ�WH�SDVVHQ�WRWGDW�DDQ�GH�YRRUZDDUGHQ�ZRUGW�YROGDDQ�D D '0M M M

FMF

  �¦ YRRU�GH�JHUHVWULFWHHUGH�M ��E¶�

2P�KHW�LWHUDWLHSURFHV�WH�YHUVQHOOHQ��ZRUGW�GH�WHUP� � �D VM FM� �H[S E YHUYDQJHQ�GRRU�7 FM�� �D VM FMM 
 

 H[S� �¦ E ZRUGW�YHUYDQJHQ�GRRU�7 F��HQ� 0FMF¦ ZRUGW�YHUYDQJHQ�GRRU�0 M�
'LW�LWHUDWLH�DOJRULWPH�ZRUGW�VDPHQJHYDW�LQ�ILJXXU�����
,QLWLDOLVDWLH� � �D7 VM
FM FM
�� H[S  �� E

*URQGJHEUXLNVDOORFDWLH�

¦
¦
 � 

 
F FMM

FFMFFM
M FMF

00 77/0
77

� ��
�

$DQSDVVLQJ�YDQ�GH�UHJLRQDOHYUDDJIDFWRUHQ�D D ' 07 7 ' 0M M M M
FM FM M M
� �� � � �

9HUJHOLMN�PHW�UHJLRQDOHFODLPV�' 0M M  6WRS�LQGLHQ�YROGRHQGHEHQDGHULQJ�LV�EHUHLNW�
)LJXXU���� 2SORVVLQJ�YDQ�KHW�GXEEHO�JHUHVWULFWHHUGH�JURQGJHEUXLNVPRGHO
+HW�OHLGW�WRW�HHQ�VQHO�FRQYHUJHUHQG�SURFHV��&RQYHUJHQWLH�ZRUGW�JHPHWHQ�PHW�EHKXOS�YDQ�GHRYHUHHQNRPVW�WXVVHQ�KHW�YHUZDFKWH�JURQGJHEUXLN�' M HQ�KHW�WRHJHZH]HQ�JURQGJHEUXLN�$ M�KLHUYRRU�ZRUGW�GH�WHUP�JRRGQHVV�RI�ILW�JHKDQWHHUG� ��1D�RQJHYHHU����LWHUDWLHV�ZRUGHQ�GHYHUDQGHULQJHQ�LQ�GH�EDODQVIDFWRUHQ�H[WUHHP�NOHLQ � ,Q�ILJXXU���� LV�DDQJHJHYHQ�KRH�VQHO�GHJRRGQHVV�RI�ILW� WLMGHQV�GH�LWHUDWLHV YHUEHWHUW���(HQ�SHUVRQDO�FRPSXWHU�PHW�HHQ�3HQWLXP�SURFHVVRU����0E��GRHW�HU�RQJHYHHU�GULH�PLQXWHQ�RYHU�RP�HHQ�JHFRQYHUJHHUGH�RSORVVLQJ�YRRUW�WH�EUHQJHQ�
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SURJUHVV�RI�WKH�*RRGQHVV�RI�ILW

� � � � � �� �� �� �� �� �� �� �� �� ��QU�LWHUDWLRQV

*2) GLYLGHG�(XURSH

JOREDO�FRPSHWLWLRQ

����

���

(XURSHDQ�FRRUGLQDWLRQ

)LJXXU���� *RRGQHVV�RI�)LW�DOV�IXQFWLH�YDQ�KHW�DDQWDO�LWHUDWLHV
��� +HW�EHSDOHQ�YDQ�JHVFKLNWKHLGVNDDUWHQ
'H�EDVLVZDDUGHQ�YDQ�V FM YRRU�GH�YHUVFKLOOHQGH�VRRUWHQ�YDQ�JURQGJHEUXLN�]LMQ�RS�GH�YROJHQGHPDQLHU�EHQDGHUG��9RRU�DOOH�FDWHJRULHsQ�YDQ�JURQGJHEUXLN�LV�GH�JHVFKLNWKHLG�JHPHWHQ�RS�HHQVFKDDO�YDQ�±���WRW����9RRU�UHVLGHQWLHHO�JURQGJHEUXLN�LV�RQV�XLWJDQJVSXQW�GDW�KHW�KXLGLJH�JHEUXLN�YRRU�ZRQHQ�LQ�����WRW�KHW�MDDU������EHKRXGHQ�]DO�EOLMYHQ��'LW�KRXGW�LQ�GDW�KHW�EHVWDDQGH�UHVLGHQWLsOH�JURQGJHEUXLNH[RJHHQ�YDVW�OLJW�9RRU�KHW�NRPHQGH�GHFHQQLXP�LV�DO�HHQ�DDQWDO�ORFDWLHV�DDQJHZH]HQ�ZDDU�JURWH�ERXZSURMHFWHQ]XOOHQ�JDDQ�SODDWVYLQGHQ��GH�]RJHQDDPGH�9,1(;�ORFDWLHV���'H]H�ORFDWLHV�RQWYDQJHQ�HHQPD[LPDOH�VFRUH�YDQ�����%RYHQGLHQ�]LMQ�HU�]RHNULFKWLQJHQ�JHIRUPXOHHUG�LQ�EHOHLGVQRWLWLHV��'H]HORFDWLHV�RQWYDQJHQ�HHQ�VFRUH�YDQ����%LMNRPHQG�ELM�GH]H�ULFKWOLMQHQ�YDQ�QDWLRQDOHEHOHLGVRYHUZHJLQJHQ�]LMQ�GH�PDUNWJHRULsQWHHUGH�RQWZLNNHOLQJHQ�LQ�GH�JHVFKLNWKHLG�RSJHQRPHQ�'H]H�PDUNWJHRULsQWHHUGH�RQWZLNNHOLQJHQ�YHUZLM]HQ�QDDU�HHQ�KRJHUH�DDQWUHNNLQJVNUDFKW�YDQFHQWUDOH�YRRU]LHQLQJVHOHPHQWHQ� �GLYHUVH�XUEDQH�YRRU]LHQLQJHQ�]RDOV�ZLQNHOV��VFKROHQ�HQ�DQGHUHQRQ�SURILW�YRRU]LHQLQJHQ� ZDQQHHU�]LM�]LFK�LQ�GH�EXXUW�YDQ�EHVWDDQGH�VWHGHOLMNH�JHELHGHQ�JHRSHUDWLRQDOLVHHUG�YLD�HHQ�EHUHLNEDDUKHLGV�LQGLFDWRU��RI�LQ�GH�EXXUW�YDQ�HHQ�WUHLQVWDWLRQEHYLQGHQ��'H�]ZDDUWH�YDQ�GH]H�IDFWRUHQ�LV�EHSDDOG�LQ�RYHUOHJ�PHW�H[SHUWV��2P�]DNHQ�DOV�GHDDQWUHNNLQJVNUDFKW�YDQ�GH�QDWXXUOLMNH�RPJHYLQJ�HQ�GH EHUHLNEDDUKHLG�YDQ�VQHOZHJHQ�PHH�WHZHJHQ��NXQQHQ�DQGHUH�IDFWRUHQ�ZRUGHQ�WRHJHYRHJG�5XLPWHJHEUXLN�GRRU�EHGULMYLJKHLG�ZRUGW�RS�GH]HOIGH�PDQLHU�EHKDQGHOG��ZH�QHPHQ�DDQ�GDW�KHWKXLGLJH�UXLPWHJHEUXLN�GRRU�GH]H�IXQFWLH�QLHW�]DO�YHUDQGHUHQ��*HELHGHQ�GLH�UHHGV�EHVWHPG�]LMQYRRU�ZHUNIXQFWLHV�NULMJHQ�HHQ�VFRUH�YDQ�����HQ]RYRRUW��'H�EHSDOLQJ�YDQ�GH�JHVFKLNWKHLG�ZRUGWYHUGHU�JHEDVHHUG�RS�GH�JHVFKLNWKHLG�YDQ�EHVWDDQGH�ZHUNORFDWLHV�HQ�GH�LQIUDVWUXFWXXU��'H]ZDDUWH�ZDDUPHH�GH]H�IDFWRUHQ�PHHZHJHQ�LV�ZHGHURP�EHSDDOG�LQ�RYHUOHJ�PHW�H[SHUWV�9RRU�GH�YHUVFKLOOHQGH�W\SHQ�DJUDULVFK�JURQGJHEUXLN�QHPHQ�ZH�DDQ�GDW�GH�JHVFKLNWKHLG�YDQJULGFHOOHQ�GHHOV�DIKDQJW�YDQ�GH�KXLGLJH�KRHYHHOKHLG�YDQ�GH]H�W\SHQ�JURQGJHEUXLN�LQ�GHJULGFHOOHQ��'LW�JHHIW�DDQ�GDW�YHUDQGHULQJHQ�LQ�JURQGJHEUXLN�]HNHUH�NRVWHQ�PHW�]LFK�PHHEUHQJHQ�'H�WUDQVLWLHNRVWHQ�OHLGHQ�WRW�HHQ�PLQGHUH�JHVFKLNWKHLG�YRRU�DQGHUH�W\SHQ�JURQGJHEUXLN�GDQ�KHWKXLGLJH�JURQGJHEUXLN��'DDUQDDVW�KDQJHQ�GH�JHVFKLNWKHGHQ�RRN�DI�YDQ�JHGHWDLOOHHUGHODQGERXZNXQGLJH�JHJHYHQV�RPWUHQW�GH�SURGXNWLYLWHLW�YDQ�JULGFHOOHQ�YRRU�GH�YHUVFKLOOHQGH�W\SHQDJUDULVFK�JURQGJHEUXLN�
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'H�HIIHFWHQ�YDQ�QDELMJHOHJHQ�]RQHV�RS�GH�JHVFKLNWKHLG�YRRU�KHW�EHWUHIIHQGH�UXLPWHJHEUXLNZRUGHQ�PHHJHQRPHQ�GRRU�KHW�JHEUXLN�YDQ�HHQ�SRWHQW LDDO IXQFWLH�PHW�JHSDUDPHWHULVHHUG�EHUHLNHQ�YHUYDO��'H�JHVFKLNWKHLG�YRRU�ZRRQJHELHG�ZRUGW�YHURQGHUVWHOG�YHHO�KRJHU�WH�]LMQ�DOV�GH�JURQGLQ�GH�EXXUW�YDQ�DQGHUH�UHVLGHQWLsOH�JHELHGHQ�OLJW��LQ�GH�EXXUW�YDQ�ZHUNORFDWLHV��HQ�]R�YRRUW�6RRUWJHOLMNH�UXLPWHOLMNH�DIKDQNHOLMNKHGHQ�ZRUGHQ�JHEUXLNW�YRRU�GH�EHSDOLQJ�YDQ�GH�JHVFKLNWKHLGYRRU�ZHUN��LQGXVWULH�HQ�DJUDULVFK�JURQGJHEUXLN��$QGHUH�UXLPWHOLMNH�IDFWRUHQ�]RDOV�GH�DIVWDQG�WRWGH�DI]HWPDUNW�HQ�KHW�DDQERG�YDQ�GLHQVWHQ�]LMQ�WRW�QX�WRH�QLHW�LQ�RYHUZHJLQJ�JHQRPHQ�+HW�QXW�YDQ�UXLPWHJHEUXLN�GRRU�QDWXXU�HQ�ERVVHQ�LV�JHEDVHHUG�RS�HHQ�DDQWDO�EHOHLGVGRFXPHQWHQZDDULQ�UHJLR¶V�YDQ�KRJH�QDWXXUNZDOLWHLW�]LMQ�DDQJHJHYHQ�'H�DQGHUH�W\SHQ�UXLPWHJHEUXLN��YHUVFKLOOHQGH�W\SHQ�LQIUDVWUXFWXXU�HQ�ZDWHU��]LMQ�WRW�QX�WRH�EXLWHQKHW�PRGHO�JHKRXGHQ��'H]H�W\SHQ�ZRUGHQ�QDPHOLMN�RIZHO�YHURQGHUVWHOG�FRQVWDQW�WH�EOLMYHQ�RQDIKDQNHOLMN�YDQ�GH�WLMG��RI�]H�]LMQ�LQ�KHW�PRGHO�YHUZHUNW�DOV�H[RJHQH�YHUDQGHULQJHQ�ELMYRRUEHHOG�GH�ERXZ�YDQ�HHQ�QLHXZH�KRJHVQHOKHLGV�VSRRUOLMQ�RI�HHQ�QLHXZ�YOLHJYHOG��
��� &DOLEUHUHQ�YDQ�KHW�PRGHO
+HW�5XLPWH6FDQQHU�PRGHO�]RDOV�KHW�KLHU�JHEUXLNW�ZRUGW��ELHGW�YRRUVSHOOLQJHQ�RYHU�JURQGJHEUXLNLQ�GH�WRHNRPVW��KLHU��������JHJHYHQ�KHW�JURQGJHEUXLN�LQ�HHQ�EHSDDOG�EDVLVMDDU��KLHU�������HQ�GHRSJHWHOGH�UHVWULFWLHV�HQ�JHVFKLNWKHLG�YDQ�JULGFHOOHQ��2P�KHW�PRGHO�WH�NXQQHQ�FDOLEUHUHQ�PRHWHQZH�KHW�WRHSDVVHQ�RS�HHQ�YURHJHU�EDVLVMDDU��ELMYRRUEHHOG��������9HUYROJHQV�PRHW�GH�FRPELQDWLHYDQ�JHVFKLNWKHLGVLQGH[HQ�HQ�GH E SDUDPHWHU�ZRUGHQ�JHYRQGHQ�GLH�GH�EHVWH�YRRUVSHOOLQJ�JHHIWYRRU�GH�ZHUNHOLMNH�VLWXDWLH�YDQ�JURQGJHEUXLN�$ FM LQ�KHW�MDDU�������1DWXXUOLMN�LV�KHW�QLHW�PRJHOLMN�RPGH�JHVFKLNWKHLGVLQGH[HQ�]HOI�WH�FDOLEUHUHQ�GDDU�KHW�HU�]R�YHHO�]LMQ����������������'H�SDUDPHWHUVGLH�GH�YHUNODDUEDUH�IDFWRUHQ�DDQ�GH�JHVFKLNWKHLGVLQGH[HQ�NRSSHOHQ��PRHWHQ�JHYRQGHQ�ZRUGHQ�%LMYRRUEHHOG��GH�JHVFKLNWKHLG�YRRU�UHVLGHQWLHHO�JURQGJHEUXLN�KDQJW�DI�YDQ�IDFWRUHQ�]RDOV�GHEHUHLNEDDUKHLG�YDQ�VWHGHOLMNH�JHELHGHQ��DDQZH]LJKHLG�YDQ�QDWXXUJHELHGHQ��HWFHWHUD��$OV�GH]HSDUDPHWHUV�HHQPDDO�]LMQ�YDVWJHVWHOG�NXQQHQ�ZH�HHQYRXGLJ�YRRU�LHGHU�JURQGJHEUXLN�W\SH�GHJHVFKLNWKHLGVNDDUWHQ�YDVWVWHOOHQ��SDUDJUDDI��������GRRU�HHQ�JHZRJHQ�RYHU]LFKW�YDQRQGHUOLJJHQGH�NDDUWHQ�9RRU�KHW�FDOLEUHUHQ�YDQ�KHW�PRGHO�ZRUGHQ�GH�YROJHQGH�VWDSSHQ�JHEUXLNW��ILJXXU������
(IIHFWLHYHUH�SURFHGXUHV�NXQQHQ�ZRUGHQ�DIJHOHLG�YDQ�GH]H�PHWKRGH�GRRU�GH�VHOHFWLH�YDQSDUDPHWHUV�WH�YHUEHWHUHQ�GRRU�UHVXOWDWHQ�YDQ�GH�YRRUJDDQGH�KHUKDOLQJHQ�WH�JHEUXLNHQ��KRHZHOKLHUELM�PRHW�ZRUGHQ�RSJHSDVW�GDW�KHW�FDOLEUDWLHDOJRULWPH�QLHW�WRW�HHQ�ORNDDO�RSWLPXP�]DO�OHLGHQ�+HODDV�]LMQ�JHJHYHQV�RYHU�YRRUJDDQGH�FDWHJRULHsQ�YDQ�JURQGJHEUXLN�RS�KHW�JHZHQVWH�QLYHDXYDQ�UXLPWHOLMN�GHWDLO�QRJ�QLHW�EHVFKLNEDDU��'HUKDOYH�]DO�YROOHGLJH�FDOLEUDWLH�YDQ�KHW�PRGHO�PRHWHQZDFKWHQ�WRWGDW�GHUJHOLMNH�GDWD�EHVFKLNEDDU�NRPHQ�YRRU�JHEUXLN��=RDOV�YHUPHOG�LQ�SDUDJUDDI����ZRUGW�GH�]ZDDUWH�YDQ�GH�IDFWRUHQ�GLH�GH�JHVFKLNWKHLGVLQGH[HQ�RQGHUVWHXQHQ�LQ�GH�KXLGLJH�YHUVLHYDQ�KHW�PRGHO�GRRU�RRUGHOHQ�YDQ�H[SHUWV�LQ�GH�YHUVFKLOOHQGH�FDWHJRULHsQ�YDQ�JURQGJHEUXLN�VWHGHOLMN��DJUDULVFK�HQ�QDWXXUO�EHSDDOG��'H]H�EHRRUGHOLQJHQ�YDQ�GH�]ZDDUWH�YDQ�GH�IDFWRUHQ�]LMQWRW�VWDQG�JHNRPHQ�WLMGHQV�HHQ�VHULH�YDQ�LQWHUDFWLHYH�VHVVLHV�
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6HOHFWHHU�HHQ�YDULDEHOHZDDUGH�XLW�HHQ�JHJHYHQEHUHLN�YRRU�HONH�FDOLEUDWLHSDUDPHWHUE VHW�WR�LQLWLDO�YDOXHV�V W�WR�L
%HUHNHQ�0 FM PHW�KHWDOJRULWPH�YDQ�ILJXXU���

%HZDDU�SDUDPHWHUZDDUGHQ�DOV�GH�NDQVJURWHU�LV�GDQ�LHGHUH�YRULJHSDUDPHWHU�VHW�
6WRS�DOV�GH�WLMG�RS�LV�

%HUHNHQ�NDQV�RS�UHDOLVDWLHJHJHYHQ�GH�YRRUVSHOOLQJ�YDQKHW�PRGHO�/ $ 0 /FM FM FFM� ORJ � §©̈ ·¹̧¦

6WDUW�FDOLEUDWLH

)LJXXU���� &DOLEUHUHQ�YDQ�KHW�JURQGJHEUXLN�PRGHO
+HW�SUREOHHP�KRH�GH�E SDUDPHWHU�PRHW�ZRUGHQ�LQJHVFKDW�EOLMIW��'H]H�SDUDPHWHU�KHHIW�HHQ�VWHUNHLQYORHG�RS�GH�XLWNRPVWHQ�YDQ�KHW�PRGHO��]RDOV�ZRUGW�XLWJHOHJG�LQ�SDUDJUDDI� �����+HW�EHSDDOW�GHPDWH�ZDDULQ�JHPHQJG�JURQGJHEUXLN�LQ�GH�FHOOHQ�]DO�SODDWVYLQGHQ��(HQ�KRJH�ZDDUGH�YDQ� ELQVLQXHHUW�HHQ�KRJH�JUDDG�YDQ�KRPRJHQLWHLW�YDQ�JURQGJHEUXLN�SHU�FHO��%LM�HHQ�ODJH�ZDDUGH�YDQ� E]DO�HU�HHQ�KRJH�JUDDG�YDQ�JHPHQJG�JURQGJHEUXLN�]LMQ�SHU�FHO��+HW�FDOLEUDWLH�VFKHPD�DOVZHHUJHJHYHQ�LQ�ILJXXU� ����ZRUGW�JHEUXLNW�RP�HHQ�VFKDWWLQJ�YDQ� E WH�PDNHQ� ,Q�KRRIGVWXN���ZRUGWQDGHU�LQJHJDDQ�RS�GH�UHVXOWDWHQ�YDQ�GH
��� ,PSOHPHQWDWLH�YDQ�KHW�5XLPWH6FDQQHU�PRGHO�LQ�HHQ�*HRJUDILVFK�,QIRUPDWLH6\VWHHP
2P�GH�5XLPWH6FDQQHU�WH�LPSOHPHQWHUHQ�HQ�WH�JHEUXLNHQ�LV�HHQ�LQIRUPDWLHV\VWHHP�LQ�&��RQWZLNNHOG��'H�DUFKLWHFWXXU�YDQ�KHW�V\VWHHP��ILJXXU������LV�]RGDQLJ�GDW�HON LQ�GH]H�ILJXXUJHQRHPG�DWWULEXXW��ELMYRRUEHHOG�HHQ�EHSDDOG�VFHQDULR ��RI�HHQ�EHSDDOGH�JULGNDDUW�GLHJHVFKLNWKHGHQ�DDQGXLGW� GRRU�JHEUXLNHUV�JHVSHFLILFHHUG�NDQ�]LMQ��'RRU�JHEUXLNHUVJHVSHFLILFHHUGH�DWWULEXWHQ�ZRUGHQ�GRRU�KHW�5XLPWH6FDQQHU�V\VWHHP�EHUHNHQG�PHW�EHKXOS�YDQHHQ�GRRU�GH�JHEUXLNHU�RSJHJHYHQ�PRGHOH[SUHVVLH��,HGHU�UHVXOWDDW�YDQ�KHW�PRGHO�NDQ�]RZHODOJHPHHQ�DOV�VSHFLILHN�RS�HHQ�VFHQDULR�WRHSDVEDDU�]LMQ�+HW�5XLPWH6FDQQHU�V\VWHHP�EHKHHUW�HHQ�VHW�YDQ�WDEHOOHQ�JHUHODWHHUG�DDQ�JULGFHOOHQ�HQ�HHQ�VHWYDQ�WDEHOOHQ�JHUHODWHHUG�DDQ�UHJLR¶V��'H�WDEHOOHQ�JHUHODWHHUG�DDQ�JULGFHOOHQ�EHYDWWHQ�DWWULEXWHQRYHU�KXLGLJ�JURQGJHEUXLN��DDQWUHNNHOLMNKHLGVIDFWRUHQ��JHORNDOLVHHUGH�EHOHLGVJHJHYHQV�HQGHUJHOLMNH��'H�WDEHOOHQ�JHUHODWHHUG�DDQ�UHJLR¶V�EHYDWWHQ�DWWULEXWHQ�RYHU�UHJLRQDOH�UXLPWHFODLPV�,HGHUH�WDEHO�NDQ�DDQJHGXLG�ZRUGHQ�DOV�VFHQDULRVSHFLILHN�(HQ�JHEUXLNHU�NDQ�DDQJHYHQ�KRH�GH�VSHFLILHNH�JHVFKLNWKHLGVNDDUWHQ�YRRU�HON�JURQGJHEUXLNVW\SHPRHWHQ�ZRUGHQ�EHUHNHQG�HQ�KRH�UHJLRQDOH�FODLPV�PRHWHQ�ZRUGHQ�DIJHOHLG�YDQ�GH�UHVXOWDWHQ�XLWVHFWRUDOH�UHJLRQDOH�PRGHOOHQ��%RYHQGLHQ�ODDW�GH�5XLPWH6FDQQHU�GH�JHEUXLNHU�GH�PRJHOLMNKHLGRP�]LMQ�RI�KDDU�HLJHQ�PRGHO H[FHUFLWLH� XLW�WH�YRHUHQ�RP�YHUYROJHQV�GH�UHVXOWDWHQ�WH�HYDOXHUHQGRRU�GH�PDWH�YDQ�GLYHUVLWHLW�YDQ�JURQGJHEUXLN��ODQGVFKDDUVWH�HQ�GHUJHOLMNH�WH�EHUHNHQHQ�� 'H5XLPWH6FDQQHU ELHGW�KLHUPHH�YHHO IOH[LELOLWHLW�DDQ�JHEUXLNHUV�GLH�KHW�PRGHO�YDQXLW�HHQ�VSHFLILHNHLQYDOVKRHN�ZLOOHQ�JHEUXLNHQ��,Q�SULQFLSH�LV�GH� 5XLPWH6FDQQHU ELMYRRUEHHOG�RRN�SULPD�JHVFKLNWYRRU�DQDO\VHV�GLH�RS�SURYLQFLDDO�QLYHDX�VSHOHQ�
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0RGHO�VSHFLIL�FDWLRQ�WDEOHV5HJLRQ�UHODWHGWDEOHV*ULG�FHOO�UHODWHGWDEOHV
'DWD�LQWHUIDFH�OD\HU�PDQDJLQJ�VFHQDULR��PRGHO�VWRUDJH��DQG�SURFHVV�VWDWH�GHVFULSWLRQV

0RGHO�EDVHx HOHPHQWDU\RSHUDWLRQVx DOORFDWLRQPRGHOVx HYDOXDWLRQPHDVXUHVx HWF�

*UDSKLFDO�'DWD9LVXDOLVDWLRQx PDSVx OHJHQGVx VWDWLVWLFVx �JUDSKV�x �WDEOHV�x �HWF��

8VHU�&RQWURO

6FHQDULR�EDVHx VFHQDULRVx SROLF\�RSWLRQVx �UROHV�x �SDUDPHWHUV�

6FHQDULR�FRQWUROOHU 0RGHO'HILQLWLRQ(GLWRU
'DWD�9LHZ,QWHUDFWRUV�DQG(GLWRUV

)LJXXU���� 6\VWHHP�$UFKLWHFWXXU
(ON�DWWULEXXW�HQ�PRGHOUHVXOWDDW�NDQ�GRRU�GH�JHEUXLNHU�ZRUGHQ�JHYLVXDOLVHHUG�PHW�HHQRYHU]LFKWVNDDUW��'LW�JHOGW�ELMYRRUEHHOG�YRRU�x H[RJHQH�GDWD��ELMYRRUEHHOG�KXLGLJ�JURQGJHEUXLN��JHORNDOLVHHUGH�EHOHLGVGDWD��DDQWUHNNHOLMNKHLGVGDWDx EHUHNHQGH�LQWHUPHGLDLUH�PRGHOUHVXOWDWHQ�]RDOV�JHVFKLNWKHLGVNDDUWHQ��UHJLRQDOH�DDQVSUDNHQ��HQNDDUWHQ�PHW�HHQ�PDDW�YRRU�GH�RPJHYLQJ�YDQ�LHGHUH�JULGFHO��SRWHQWLDDONDDUWHQ�x WRHJHZH]HQ�WRHNRPVWLJ�JURQGJHEUXLNVNDDUWHQx GRRU�JHEUXLNHUV�JHVSHFLILFHHUGH�HYDOXDWLHPDWHQ�PHW�EHWUHNNLQJ�WRW�WRHJHZH]HQ�WRHNRPVWLJJURQGJHEUXLN
��� &RQFOXVLHV
+HW�5XLPWH6FDQQHU�V\VWHHP�LQWHJUHHUW�JHGHWDLOOHHUGH�UXLPWHOLMNH�GDWDEDVHV�HQ�GH�UHVXOWDWHQ�YDQVHFWRUDOH�PRGHOOHQ�ELQQHQ�HHQ�FRQVLVWHQW�UXLPWHOLMN�UDDPZHUN��+HW�PRGHO�JHQHUHHUWWRHNRPVWEHHOGHQ�YDQ�YRRUVSHOG�UXLPWHJHEUXLN�HQ�NDQ�ZRUGHQ�JHEUXLNW�RP�HIIHFWHQ�YDQUXLPWHOLMNH�RQWZLNNHOLQJVVFHQDULR
V�WH�EHSDOHQ��+HW�V\VWHHP�KHHIW�QLHW�DOOHHQ�HHQ�ELMGUDJHJHOHYHUG�DOV�PRGHOOHHUJHUHHGVFKDS�PDDU�RRN�DOV�FRPPXQLFDWLHPLGGHO�ELM�KHW�XLWZLVVHOHQ�YDQLGHHsQ��PRGHOOHHUFRQFHSWHQ�HQ�UXLPWHOLMNH�JHJHYHQV�WXVVHQ�GH�YHUVFKLOOHQGH�RUJDQLVDWLHV�GLHEHWURNNHQ�]LMQ�ELM�UXLPWHOLMNH�SODQYRUPLQJ�HQ�UXLPWHOLMN�HFRQRPLVFK�RQGHU]RHN�
+HW�5XLPWH6FDQQHU�PRGHO�YHUVLH�����NDQ�ZRUGHQ�XLWJHEUHLG�RI�ZRUGW�XLWJHEUHLG�LQ�GH�YROJHQGHULFKWLQJHQ�
�� ,QWHQVLWHLWHQ�YDQ�UXLPWHJHEUXLN ]LMQ�WRW�QX�WRH�QLHW�EHVFKRXZG��0RJHOLMNH�XLWEUHLGLQJHQ�KLHUWRH]LMQ�KHW��VFKDGXZ�SULMVDIKDQNHOLMN�PDNHQ�YDQ�GH�JHDJJUHJHHUGH�YUDDJ�QDDU�UXLPWHJHEUXLN�RIYDQ�GH�KRHYHHOKHLG�EHVFKLNEDUH�JURQG�SHU�JULGFHO��DDQERG�YDQ�UXLPWH���(HQ�KRJH



��

VFKDGXZSULMV�YRRU�JHDJJUHJHHUGH�YUDDJ�QDDU�UXLPWHJHEUXLN�NDQ�GDQ OHLGHQ�WRW�PHHU�LQWHQVLHIJHEUXLN��'RRU�GH�UXLPWH�SHU�JULGFHO�DOV�YLUWXHOH�UXLPWH�WH�EHVFKRXZHQ�HQ�GH]H�DIKDQNHOLMN�WHPDNHQ�YDQ�GH�JURQGSULMV�SHU�JULGFHO�NXQQHQ�ORFDWLHJHERQGHQ�LQWHQVLWHLWVYHUVFKLOOHQ�ZRUGHQZHHUJHJHYHQ��%LM�HHQ�KRJHUH�JURQGSULMV�LQ�HHQ�JULGFHO�NDQ�GH�YLUWXHOH�UXLPWH�WRHQHPHQ�RPGH�ORNDOH�YHUKRJLQJYDQ�LQWHQVLWHLW�ZHHU�WH�JHYHQ��� 'H�YHUELQGLQJVUHODWLHV�PHW�GH�LQSXW�OHYHUHQGH�VHFWRUDOH�PRGHOOHQ ]LMQ�WRW�QX�WRH�HHQ]LMGLJ��'HNZDOLWHLW�YDQ�KHW�V\VWHHP�]RX�YHUEHWHUHQ�DOV�GH�UHVXOWDWHQ�YDQ�GH�5XLPWH6FDQQHU�NXQQHQZRUGHQ�WHUXJJHNRSSHOG�QDDU�GH]H�VHFWRUDOH�PRGHOOHQ��� +HW VHFWRUDDO�GHWDLOQLYHDX YDQ�KHW�PRGHO�LV�YRRU�YHUEHWHULQJ�YDWEDDU��9RRUDO�VWHGHOLMNH�HQQDWXXUIXQFWLHV�NXQQHQ�PHHU�JHGHWDLOOHHUG�RQGHUYHUGHHOG�ZRUGHQ�GDQ�QX�KHW�JHYDO�LV��� 'H FDOLEUDWLH YDQ�KHW�PRGHO�LV�WRW�QX�WRH�JHULFKW�JHZHHVW�RS�KHW�VFKDWWHQ�YDQ�ppQ� ESDUDPHWHU��(HQ�JHDXWRPDWLVHHUGH�FDOLEUDWLH��JHEDVHHUG�RS�KLVWRULVFKH�JHJHYHQV�HQPHHUGHUH�SDUDPHWHUV��LV�JHZHQVW��� 'H UHODWLH�WXVVHQ�EHUHNHQGH�VFKDGXZSULM]HQ�HQ�ZDDUJHQRPHQ�JURQGSULM]HQ�RI�JURQGSULM]HQLQ�DQGHUH�JURQGJHEUXLNVPRGHOOHQ ]RX�QDGHU�RQGHU]RFKW�PRHWHQ�ZRUGHQ�� (HQ�DDQ]HW�WRW�HHQGHUJHOLMNH�YHUJHOLMNLQJ�LV�JHOHYHUG�LQ�GH�VWXGLH�5HJLRQDOH�*URQGEDODQVHQ�GRRU�KHW�/(,��]LHKRRIGVWXN������ +HW FRQIOLFWHUHQ�RI�VDPHQZHUNHQ�YDQ�JURQGJHEUXLNHUV��V\QHUJLH�HIIHFWHQ� ]LMQ�WRW�QX�WRHEXLWHQ�EHVFKRXZLQJ�JHEOHYHQ ��� (IIHFWHQ�YDQ�UXLPWHOLMNH�LQWHUDFWLH KHEEHQ�QRJ�ZHLQLJ�DDQGDFKW�JHNUHJHQ��1DELMKHLGVHIIHFWHQNXQQHQ�]RZHO�SRVLWLHI�DOV�QHJDWLHI�XLWZZHUNHQ��DIKDQNHOLMN�YDQ�DIVWDQG�WRW�HHQ�EURQ��� (U�LV�EHKRHIWH�DDQ�KHW�EHSDOHQ�YDQ� HYDOXDWLH�LQGLFDWRUHQ��'H]H�LQGLFDWRUHQ�JHYHQ�HHQEHNQRSWH�VDPHQYDWWLQJ�YDQ� EHSDDOGH�EHOHLGVJHRULHQWHHUGH� PRGHO XLWNRPVWHQ�GLH�HHQ�QXWWLJHDDQYXOOLQJ�ELHGHQ�QDDVW�GH�XLWNRPVWHQ�GLH�LQ�WHUPHQ�YDQ�NDDU WEHHOGHQ�ZRUGHQ�JHJHYHQ�ELMYRRUEHHOG��KHW�SHUFHQWDJH�YDQ�GH�ZRQLQJHQ�GDW�ELQQHQ�HHQ�EHSDDOGH�DIVWDQG�YDQ�HHQLQWHUFLW\�VWDWLRQ�DIOLJW��� (U�LV�EHKRHIWH�DDQ�RQGHUVWHXQLQJ�YDQ�PRGHO�UHVXOW�PDQDJHPHQW � 'RRU�GH�YHHOKHLG YDQDQDO\VHV�GLH�RS�YHUVFKLOOHQGH�SODDWVHQ�HQ�GRRU�YHUVFKLOOHQGH�JHEUXLNHUV�ZRUGHQ�XLWJHYRHUG�LVKHW�ULVLFR�YDQ�GXEEHO�ZHUN QLHW�GHQNEHHOGLJ��'DDURP�LV�KHW�JHZHQVW�GDW�YHUVFKLOOHQGHJHEUXLNHUV�RYHU]LFKW�KHEEHQ�YDQ�GH�GLYHUVH�WRHSDVVLQJHQ�YDQ�GH� 5XLPWH6FDQQHU�
/LWHUDWXXU
&(175$$/�3/$1�%85($8 ��������(FRQRPLH�HQ�I\VLHNH�RPJHYLQJ��'HQ�+DDJ��&3%�)27+(5,1*+$0��$�6��	�0�(��2
.(//< ��������6SDWLDO�LQWHUDFWLRQ�PRGHOV��IRUPXODWLRQV�DQGDSSOLFDWLRQV��'RUGUHFKW��.OXZHU�6&+277(1��&�*�-��5�-��9$1�'(�9(/'(��+�-��6&+2/7(1��:�7��%2(560$��0��+,/)(5,1.�0��5$16,-1��3��5,(79(/'�(1�5��=87 �����D���
'H�5XLPWH6FDQQHU��JHwQWHJUHHUG�UXLPWHOLMNLQIRUPDWLHV\VWHHP�YRRU�GH�VLPXODWLH�YDQ�WRHNRPVWLJ�UXLPWHJHEUXLN
��5DSSRUWQU������������5,90��%LOWKRYHQ�
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� 9$/,'$7,(�(1�&$/,%5$7,(�9$1�'(�58,07(6&$11(5
0��5DQVLMQ0��+LOIHULQN5��=XW3��5LHWYHOG

��� 'H�QRRG]DDN�YDQ�YDOLGDWLH�HQ�FDOLEUDWLH
%HJLQ������LV�GH�WZHHGH�IDVH�LQ�GH�RQWZLNNHOLQJ�YDQ�GH�5XLPWH6FDQQHU�JHVWDUW�ZDDULQ�WZHHWKHPD¶V�FHQWUDDO�VWRQGHQ��WH�ZHWHQ�YHUILMQLQJ�HQ�YHUEHWHULQJ�YDQ�GH�5XLPWH6FDQQHU��HQ�KHWYHUJURWHQ�YDQ�KHW�GUDDJYODN�YDQ�GH�5XLPWH6FDQQHU��5RQGRP�KHW�WKHPD�µYHUILMQLQJ�HQ�YHUEHWHULQJYDQ�GH�5XLPWH6FDQQHU¶�LV�HHQ�DDQWDO�RQGHU]RHNHQ�JHVWDUW��ZDDURQGHU�HHQ�YDOLGDWLH��HQFDOLEUDWLHVWXGLH��,Q�GLW�KRRIGVWXN�ZRUGHQ�GH�UHVXOWDWHQ�YDQ�GH]H�VWXGLH�JHSUHVHQWHHUG��'H�YUDDJGLH�KLHUELM�FHQWUDDO�VWDDW�LV�

µ:DW�LV�GH�JHYRHOLJKHLG�YDQ�KHW�PRGHO�YRRU�GH�YHUVFKLOOHQGH�YDULDEHOHQ�HQ�KRH�NDQ�KHWPRGHO�YHUEHWHUG�ZRUGHQ"¶
+HW�GRHO�YDQ�GH�VWXGLH�LV�GDQ�RRN�RP�RS�EDVLV�YDQ�HHQ�V\VWHPDWLVFKH�WHVW�YDQ�GH�ZHUNLQJ�YDQKHW�PRGHO�IRXWHQ�HQ�DIZLMNLQJHQ�LQ�KHW�PRGHO�RS�WH�VSRUHQ�HQ�ZDDU�PRJHOLMN�GLUHFW�YHUEHWHULQJHQHQ�YHUILMQLQJHQ�LQ�KHW�PRGHO�DDQ�WH�EUHQJHQ��JHFRPELQHHUG�PHW�DDQEHYHOLQJHQ�YRRU�GHRQWZLNNHOLQJ�YDQ�KHW�PRGHO�RS�ODQJHUH�WHUPLMQ�+HW�FRQWUROHUHQ�HQ�YHUEHWHUHQ�YDQ�HHQ�PRGHO�]RDOV�KLHUERYHQ�EHGRHOG�LV�LQ�IHLWH�KHW]HOIGH�DOVYDOLGHUHQ�HQ�FDOLEUHUHQ��2QGHU�YDOLGHUHQ�YHUVWDDQ�ZH�KHW�FRQWUROHUHQ�YDQ�GH�LQWHUQH�FRQVLVWHQWLHYDQ�KHW�PRGHO��GDW�ZLO�]HJJHQ�RI�GH�ZHUNLQJ�YDQ�KHW�PRGHO�RYHUHHQNRPW�PHW�GH�YHUZDFKWLQJ�HQGH�EHVFKULMYLQJ��&DOLEUHUHQ�EHWHNHQW�KHW�]R�JRHG�PRJHOLMN�DDQ�ODWHQ�VOXLWHQ�YDQ�KHW�PRGHO�ELM�GHZHUNHOLMNKHLG�GRRU�GH�LQYRHUJHJHYHQV�HQ�GH�SURFHVSDUDPHWHUV�WH�SUHFLVHUHQ�� .LUNE\�HW�DO��������S�������VFKULMYHQ�RYHU�GH]H�IDVH��
,Q�PDQ\�FDVHV�LW�LV�OLNHO\�WKDW�ZH�VKDOO�KDYH�REVHUYHG�WKHUHVSRQVH�RI�WKH�V\VWHP��JLYLQJ�XV�VRPHWKLQJ�WR�FRPSDUH�DJDLQVW�WKH�PRGHOV�SUHGLFWLRQ�RU�RXWSXW�DOWKRXJK�LQ�VRPH�IRUHFDVWLQJ�DSSOLFDWLRQV��WKLV�PD\�QRW�EH�WKH�FDVH�¶�2S�EDVLV�YDQ�GH�KLHUERYHQ�JHIRUPXOHHUGH�KRRIGYUDDJ�]LMQ�GH�YROJHQGH�GHHOYUDJHQ�YRRU�GLWRQGHU]RHN�JHIRUPXOHHUG�
�� 9ROGRHQ�GH�JHJHYHQV�LQ�GH�FODLPWDEHOOHQ�DDQ�GH�HLVHQ�GLH�KHW�PRGHO�VWHOW�HQ�ZHONHYHUEHWHULQJHQ�]LMQ�PRJHOLMN"�� +RH�RQWZLNNHOHQ�GH�VFKDGXZSULM]HQ�]LFK"�� :HONH�PRJHOLMNKHGHQ�]LMQ�HU�RP�KHW�PRGHO�WH�FDOLEUHUHQ�HQ�ZDW�]LMQ�GH�UHVXOWDWHQ"
'H�HHUVWH�WZHH�RQGHU]RHNVYUDJHQ�]XOOHQ�LQ�SDUDJUDDI�����ZRUGHQ�EHKDQGHOG��'LW�]LMQ�GHRQGHU]RHNVYUDJHQ�GLH�EHWUHNNLQJ�KHEEHQ�RS�GH�YDOLGDWLH��,Q�SDUDJUDDI�����JDDQ�ZH�LQ�RS�GHFDOLEUDWLH�YDQ�GH�5XLPWH6FDQQHU�DDQ�GH�KDQG�YDQ�GH�GHUGH�RQGHU]RHNVYUDDJ��$DQEHYHOLQJHQEHVOXLWHQ�GLW�UDSSRUW�LQ�SDUDJUDDI�����
2YHULJHQV�PRHW�QRJ�YHUPHOG�ZRUGHQ�GDW�LQ�GLW�KRRIGVWXN�LV�XLWJHJDDQ�YDQ�YHUVLH�����YDQ�GH5XLPWH6FDQQHU�]RDOV�GH]H�RS���MDQXDUL������GRRU�*HRGDQ�RS�&'�520�LV�YDVWJHOHJG�*DDQGHZHJ�GLW�RQGHU]RHN�]LMQ�YHUVFKLOOHQGH�YHUEHWHULQJHQ�HQ�YHUDQGHULQJHQ�GRRUJHYRHUG�LQGH]H�HHUVWH�YHUVLH��ZDDUPHH�YHUYROJHQV�LQ�GLW�RQGHU]RHN�YHUGHU�LV�JHZHUNW��5HOHYDQWHYHUDQGHULQJHQ�LQ�GH]H�QLHXZH�YHUVLHV�WHQ�RS]LFKWH�YDQ�YHUVLH�����]XOOHQ�ZDDU�QRGLJ�ZRUGHQDDQJHJHYHQ�
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��� 9DOLGDWLH
'H�YDOLGDWLH�EHVWDDW�XLW�HHQ�DDQWDO�RQGHUGHOHQ�ZDDUELM�ZH�FRQWUROHUHQ�RI�KHW�PRGHO�]LFK�YROJHQVGH�YHUZDFKWLQJHQ�JHGUDDJW��$OV�HHUVWH�FRQWUROHUHQ�ZH�HHQ�DDQWDO�SDUDPHWHUV�LQ�GH�WDEHOOHQ�PHWKHW�KXLGLJ�HQ�WRHNRPVWLJ�JURQGJHEUXLN��VXESDUDJUDDI���������9HUYROJHQV�FKHFNHQ�ZH�GHRQWZLNNHOLQJHQ�YDQ�GH�VFKDGXZSULMV��VXESDUDJUDDI���������7RW�VORW�ZRUGHQ�FODLPV�PHWRQJHOLMNKHLGVUHVWULFWLHV�EHKDQGHOG��LQ�VXESDUDJUDDI��������,Q�KHW�ODDWVWH�GHHO�YDQ�GH�SDUDJUDDI�VXESDUDJUDDI��������ZRUGW�GH�DOORFDWLHPRGXOH�YDQ�GH�5XLPWH6FDQQHU�QDGHU�EHVFKRXZG�$DQ�KHW�HLQG�YDQ�HONH�VXESDUDJUDDI�]DO�ZRUGHQ�DDQJHJHYHQ�RI�GH�FRQWUROHV�DO�RI�QLHW�KHEEHQJHOHLG�WRW�DDQSDVVLQJHQ�DDQ�KHW�5XLPWH6FDQQHU�PRGHO�YHUVLH�����]RDOV�YDVWJHOHJG�LQ�GHUHIHUHQWLHYHUVLH�RS�&'�
����� 'H�SDUDPHWHUV�LQ�GH�WDEHOOHQ�PHW�KHW�KXLGLJ�HQ�WRHNRPVWLJ�JURQGJHEUXLN
$FKWHUJURQGHQ�YDQ�GH�FODLPWDEHOOHQ=RDOV�UHHGV�XLWHHQJH]HW�LQ�KRRIGVWXN���ZRUGW�RS�EDVLV�YDQ�KHW�KXLGLJH�JURQGJHEUXLN��GHJHVFKLNWKHLGVNDDUWHQ�HQ�GH�YRRUVSHOOLQJHQ�YDQ�GH�DUHDOHQ�YDQ�HHQ�DDQWDO�W\SHQ�UXLPWHJHEUXLN�LQGH�WRHNRPVW��LQ�GH�5XLPWH6FDQQHU�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�EHUHNHQG��'H]H�XLWNRPVWHQ�]LMQRSJHVODJHQ�LQ�HHQ�JUDILVFK�IRUPDDW�HQ�ZRUGHQ�RS�KHW�VFKHUP�LQ�GH�YRUP�YDQ�NDDUWHQ�RS���������PHWHU�JULGFHOQLYHDX�JHSUHVHQWHHUG��2PGDW�GH�DUHDOHQ�SHU�JULGFHO��LQ�YHUVLH������QLHWHHQYRXGLJ�]LMQ�DI�WH�OHLGHQ�XLW�GH]H�JUDILVFKH�EHVWDQGHQ�NXQQHQ�GH]H�NDDUWHQ�PRHLOLMN�YRRU�HHQNZDQWLWDWLHYH�FRQWUROH�ZRUGHQ�JHEUXLNW�+LHUQDDVW�ZRUGW�HHQ�DDQWDO�WDEHOOHQ�DOV�LQYRHUEHVWDQGHQ�JHEUXLNW�HQ�DOV�XLWYRHUEHVWDQGHQJHSURGXFHHUG��'H]H�WDEHOOHQ�EHYDWWHQ�RQGHU�PHHU�SDUDPHWHUV�YRRU�GH�YHUVFKLOOHQGH�W\SHQUXLPWHJHEUXLN�HQ�GH�YHUVFKLOOHQGH�UHJLR¶V��]LH�YRRU�HHQ�XLWOHJ�YDQ�GH�YHUVFKLOOHQGH�SDUDPHWHUV%RHUVPD�HW�DO����������0HW�QDPH�GH�]RJHQDDPGH�³FODLPWDEHOOHQ´�]LMQ�HHQ�HVVHQWLsOH�VFKDNHO�LQKHW�PRGHO��RPGDW�KLHULQ�GH�YRRUVSHOOLQJHQ�RYHU�GH�DUHDDOYHUDQGHULQJHQ�LQ�GH�WRHNRPVW�]LMQRSJHVODJHQ�9RRU�HHQ�JRHG�EHJULS�YDQ�GH�FODLPEHVWDQGHQ�LV�KHW�QRRG]DNHOLMN�RP�NRUW�LQ�WH�JDDQ�RS�GHRQWVWDDQVJHVFKLHGHQLV�YDQ�KHW�PRGHO��%LM�KHW�RQWZHUSHQ�YDQ�GH�PRGHORS]HW�]LMQ�ZDWEHWUHIW�GDWDRYHU�KHW�UXLPWHJHEUXLN�KHW�YROJHQGH�YHURQGHUVWHOG�
�� 9RRU�GH�YHUVFKLOOHQGH�W\SHQ�UXLPWHJHEUXLN�]LMQ� UHJLRQDOH FODLPV�EHVFKLNEDDU��'RHO�YDQ�GH5XLPWH6FDQQHU�LV�RP�GH]H�FODLPV�LQ�GH�GHVEHWUHIIHQGH�UHJLR�RS�HHQ����������PHWHU�JULGFHOQLYHDX�WH�DOORFHUHQ��� (HQ�FODLP�JHHIW�GH� WRWDOH RSSHUYODNWH�YDQ�HHQ�W\SH�UXLPWHJHEUXLN�LQ�HHQ�UHJLR�LQ�HHQ�EHSDDOGMDDU�LQ�GH�WRHNRPVW�
'H�HHUVWH�YHURQGHUVWHOOLQJ�EOHHN�LQGHUGDDG�YDQ�WRHSDVVLQJ��2S�GLW�PRPHQW�ZHUNW�KHW5XLPWH6FDQQHU�PRGHO�LQGHUGDDG�PHW�FODLPV�SHU�UHJLR��&RPSOLFHUHQGH�IDFWRU�GDDUELM�LV�ZHO�GDWYRRU�GH�YHUVFKLOOHQGH�W\SHQ�UXLPWHJHEUXLN�YHUVFKLOOHQGH�UHJLR�LQGHOLQJHQ�]LMQ�JHEUXLNW�'H�WZHHGH�YHURQGHUVWHOOLQJ�EOHHN�ELM�KHW�YHU]DPHOHQ�YDQ�GH�GDWD�YRRU�KHW�UXLPWHJHEUXLN�LQ�GHWRHNRPVW�QLHW�WH�NORSSHQ��'H�WRHNRPVWLJH�DUHDOHQ�YRRU�GH�YHUVFKLOOHQGH�W\SHQ�JURQGJHEUXLN�]LMQJHIRUPXOHHUG�DOV�WRH��RI�DIQDPH�YDQ�KHW�DUHDDO�WHQ�RS]LFKWH�YDQ�HHQ�EDVLVMDDU�HQ�QLHW�DOV�WRWDOHRSSHUYODNWH�YDQ�KHW�GHVEHWUHIIHQGH�W\SH�JURQGJHEUXLN��2P�PHW�GH]H�JHWDOOHQ�WH�NXQQHQ�ZHUNHQ]LMQ�H[WUD�EHZHUNLQJHQ�QRGLJ�JHZHHVW��'H]H�EHZHUNLQJHQ�KLHOGHQ�LQ�GDW�RS�EDVLV�YDQ�GH/DQGJHEUXLNVNDDUW�1HGHUODQG����/*1���HQ�GH�%RGHPVWDWLVWLHN�YDQ�KHW�&%6�HHQ�EDVLVNDDUW�YDQKHW�UXLPWHJHEUXLN�YRRU������LV�JHPDDNW��'H�WRH��HQ�DIQDPHQ�YDQ�GH�YHUVFKLOOHQGH�W\SHQJURQGJHEUXLN�]LMQ�KLHUELM�RSJHWHOG�ELM�RI�DIJHWURNNHQ��,Q�GH�FODLPWDEHOOHQ�LV�GH]H�LQIRUPDWLHRSJHVODJHQ�LQ�GH�NRORPPHQ� EDVHTXDQW �KHW�KXLGLJH�DUHDDO�XLW�GH�EDVLVNDDUW��G�L��GH�RSSHUYODNWHLQ�KHW�VWDUWMDDU���GHOWD ��GH�WRH��DIQDPH�YDQ�RSSHUYODNWH��HQ�GH� TXDQWLW\ �KHW�WH�DOORFHUHQ�DUHDDO�EHUHNHQG�PHW�GH�IRUPXOH�EDVHTXDQW���GHOWD��
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+HW�RQWEUHNHQ�YDQ�JHJHYHQV�RYHU�GH�WRWDOH�RSSHUYODNWHFODLPV�LQ�HHQ�EHSDDOG�MDDU�LQ�GH�WRHNRPVWOHYHUW�GULH�ULVLFR
V�PHW�EHWUHNNLQJ�WRW�GH�EHWURXZEDDUKHLG�HQ�GH�LQWHUQH�FRQVLVWHQWLH�YDQ�KHWPRGHO�RS��QDPHOLMN�
�� ,Q�GH�HHUVWH�SODDWV�PRHW�HU�YRRU�JH]RUJG�ZRUGHQ�GDW�DOOH�FODLPV�GDDGZHUNHOLMN�JHIRUPXOHHUG]LMQ�DOV�YHUDQGHULQJ�WHQ�RS]LFKWH�YDQ�KHW�MDDU�YDQ�GH�EDVLVNDDUW���������� ,Q�GH�WZHHGH�SODDWV�PRHWHQ�YRRU�GH�YHUVFKLOOHQGH�UXLPWHOLMNH�IXQFWLHV�ZDDUYRRU�FODLPVZRUGHQ�LQJHYRHUG��GH�MXLVWH��YDQ�GH�LQ�WRWDDO�����UXLPWHJHEUXLNVNODVVHQ�XLW�GH�EDVLVNDDUWZRUGHQ�JHEUXLNW��$QGHUV�JH]HJG��GH�GHILQLWLH�YDQ�LHGHU�W\SH�UXLPWHJHEUXLN�PRHW�YHUWDDOGNXQQHQ�ZRUGHQ�QDDU�GH����UXLPWHJHEUXLNVNODVVHQ�XLW�GH�EDVLVNDDUW��� 'H�DDQOHYHUHQGH�PRGHOOHQ�PRHWHQ�RQGHUOLQJ�FRQVLVWHQW�]LMQ��GDW�ZLO�]HJJHQ��JHHQFRQIOLFWHUHQGH�FODLPV�DDQOHYHUHQ��KLHURS�NRPHQ�ZH�YHUGHURS�XLWJHEUHLG�WHUXJ��
,Q�GH�KXLGLJH�YHUVLH YDQ�GH�5XLPWH6FDQQHU LV�QRJ�JHHQ�PRGXOH�JHLQWHJUHHUG�RP GH�DDQVOXLWLQJYDQ�GH�FODLPV�RS�GH EDVLVNDDUW��]RZHO�ZDW EHWUHIW�KHW�UHIHUHQWLHMDDU�DOV�UXLPWHJHEUXLNVNODVVHQ WHFRQWUROHUHQ��([WHUQH�FRQWUROH�YDQ�]RZHO�KHW�UHIHUHQWLHMDDUWDO�DOV�GH�UXLPWHJHEUXLNVNODVVHQ�LVGDDURP�ELM�GH�DO�RSJHQRPHQ�JHJHYHQV� HQ�ELM�QLHXZ�LQ�WH�YRHUHQ�JHJHYHQV�YDQ�WHYRUHQ�QRGLJ�'H]H�FRQVLVWHQWLH�FRQWUROH�YLQGW�GXV�YRRUDOVQRJ�EXLWHQ�GH� 5XLPWH6FDQQHU ]HOI�SODDWV� +HW�OLJWYRRU�GH�KDQG�RP�GLW�ELM�YHUGHUH�RQWZLNNHOLQJ�LQ�GH� 5XLPWH6FDQQHU WH�LQWHJUHUHQ��'H�KLHURQGHUEHVSURNHQ�FRQWUROH�YDQ�GH�FODLPWDEHOOHQ�KHHIW�GXV�YRRUDO�EHWUHNNLQJ�RS�KHW�GHUGH�ULVLFR�
&RQWUROH�YDQ�GH�FODLPWDEHOOHQ2S�JURQG�YDQ�ERYHQJHQRHPGH�SXQWHQ�GLHQHQ�GH�YROJHQGH�FRQWUROHV� RS�GDWD�EHWUHIIHQGH�GHRPYDQJ YDQ�JURQGJHEUXLN� WH�ZRUGHQ�XLWJHYRHUG��� 9HUJHOLMNLQJ�YDQ�GH�EDVHTXDQWLWLHV �+HW�JDDW�KLHU�RP�KHW�KXLGLJH�DUHDDO�YDQ�GH�IXQFWLHV�XLW�GH�EDVLVJURQGJHEUXLNVNDDUW��� 9HUJHOLMNLQJ�YDQ�GH�GHOWD
V �YHUDQGHULQJHQ�LQ�WRWDDO�JURQGJHEUXLN� �'LW�]LMQ�GH�YHUDQGHULQJHQ�LQ�RSSHUYODNWH�SHU�W\SH�JURQGJHEUXLN�SHU�UHJLR�]RDOV�GRRU�GHYHUVFKLOOHQGH�LQVWLWXWHQ�DDQJHOHYHUG��'H]H�GHOWD
V�]LMQ�WHQ�RS]LFKWH�YDQ�HHQ�KXLGLJ�DUHDDOJHGHILQLHHUG�HQ�NXQQHQ�SRVLWLHI��ELM�WRHQDPH�DUHDDO��RI�QHJDWLHI��ELM�DIQDPH�DUHDDO��]LMQ��� 9HUJHOLMNLQJ�YDQ�GH�TXDQWLWLHV �'LW�]LMQ�GH�DUHDOHQ�GLH�GRRU�GH�5XLPWH6FDQQHU�JHDOORFHHUG�PRHWHQ�ZRUGHQ��ELM�GH�DOORFDWLHYDQ�KHW�WRHNRPVWLJ�JURQGJHEUXLN�DOORFHHUW�5XLPWH6FDQQHU�LQ�SULQFLSH�KHW�WRWDOH�UXLPWHJHEUXLNRSQLHXZ��QLHW�DOOHHQ�GH�H[WUD�FODLPV��� 9HUJHOLMNLQJ�YDQ�GH�JHDOORFHHUGH�RSSHUYODNWHQ �'LW�]LMQ�GH�DUHDOHQ�GLH�GRRU�GH�5XLPWH6FDQQHU�JHDOORFHHUG�]LMQ�
5HVXOWDWHQ�YDQ�GH�FRQWUROH�YDQ�GH�SDUDPHWHUV+LHURQGHU�ZRUGHQ�GH�UHVXOWDWHQ�YDQ�GH]H�FRQWUROHV�EHVFKUHYHQ��'H�FRQWUROHV�]LMQ�XLWJHYRHUGYRRU�GH�GULH�ODQJH�WHUPLMQ�VFHQDULR¶V�(XURSHDQ�&RRUGLQDWLRQ��'LYLGHG�(XURSH�HQ�*OREDO&RPSHWLWLRQ�
DG���9HUJHOLMNLQJ�YDQ�GH�EDVHTXDQWLWLHV'H�DUHDOHQ�YDQ�GH�EDVHTXDQW�]RDOV�GLH�YRRU�DOOH�GULH�GH�VFHQDULR¶V�LQ�GH�UHIHUHQWLHYHUVLH�]LMQJHEUXLNW��]LMQ�QLHW�DOOHHQ�RQGHUOLQJ�YHUVFKLOOHQG��PDDU�YHUVFKLOOHQ�RRN�YDQ�KHW�DUHDDO�GDW�GH5XLPWH6FDQQHU�QD�HWWHOLMNH�FRUUHFWLHV�YRRU�IRXWHQ� JHHIW� 2S�GH]H��]HHU�JHULQJH��DIZLMNLQJ�NRPHQZH�ELM�SXQW���WHUXJ�
DG���9HUJHOLMNLQJ�YDQ�GH�GHOWD
V �YHUDQGHULQJHQ�LQ�WRWDDO�JURQGJHEUXLN� �(HQ�YDQ�GH�YRRUZDDUGHQ�YDQ�KHW�PRGHO�LV��GDW�KHW�DUHDDO�DDQ� KDUGH�FODLPV RS�UHJLRQDDO�QLYHDXQLHW�JURWHU�LV�GDQ�KHW�EHVFKLNEDUH�DUHDDO�� $OV�GH�RSWHOVRP�YDQ�GH�FODLPV� YRRU�GH�YHUVFKLOOHQGHVRRUWHQ�JURQGJHEUXLN� LQ�HHQ�UHJLR�JURWHU�LV�GDQ� GH�GDDGZHUNHOLMNH�RSSHUYODNWH�NXQQHQ�GH]HFODLPV�QDWXXUOLMN�QLHW�KRQGHUG�SURFHQW�KDUG�]LMQ��+HW�PRGHO�PRHW�GDDURP�GH�PRJHOLMNKHLG�KHEEHQRP�KDUGH�HQ�]DFKWH�FODLPV�WH�RQGHUVFKHLGHQ��=DFKWH�FO DLPV�NXQQHQ�UXLPWH�L QOHYHUHQ�]RGDW�KDUGHFODLPV�]LFK�NXQQHQ�UHDOLVHUHQ� 9RRUDI�GLHQW�HHQ�DQDO\VH�WH�ZRUGHQ�XLWJHYRHUG�LQ�KRHYHUUH�GH



FODLPV�LQGHUGDDG�GH�EHVFKLNEDUH�UXLPWH�RYHUWUHIIHQ��,QGLHQ�GLW�LQGHUGDDG�KHW�JHYDO�LV�GLHQW�KHWRQGHUVFKHLG�WXVVHQ�KDUGH�HQ�]DFKWH�FODLPV�WH�ZRUGHQ�JHKDQWHHUG��]LH�RRN�SDU��������
2S�QDWLRQDDO�QLYHDX�ZRUGW�YRRU�GULH�VFHQDULR ¶V�HHQ�EHHOG�JHJHYHQ�YDQ�KHW�YHUVFKLO��GHOWD��WXVVHQGH�WRWDOH�FODLPV�HQ�GH�EHVFKLNEDUH�UXLPWH��+HW�EOLMNW�GDW�LQ�WZHH�YDQ�GH�GULH�JHYDOOHQ�HU�VSUDNH�LVYDQ�HHQ�WRWDOH�FODLP�GLH�GH EHVFKLNEDUH�UXLPWH�RYHUWUHIW�� +HW�JDDW�KLHU�RYHULJHQV�RP�WDPHOLMNEHSHUNWH�RYHUVFKUHLGLQJHQ�YDQ�PLQGHU�GDQ����YDQ�KHW�WRWDO�DUHDDO ��+HW�EHWUHIW�HFKWHU�ZHO�HHQEHODQJULMN�WKHPD�RPGDW�KHW�PRGHO�QDWXXUOLMN�XLWHLQGHOLMN�ZHO�HHQ�FRQVLVWHQW�UHVXOWDDW�PRHWRSOHYHUHQ�ZDDUELM�GH�WRWDOH� FODLPV�LQ�KDUPRQLH�PRHWHQ�ZRUGHQ�JHEUDFKW�PHW�KHW�WRWDDOEHVFKLNEDUH�DUHDDO ��,Q�SDU������ ZRUGW�KLHU�XLWJHEUHLG�RS�WHUXJJHNRPHQ�

HQRPHQ�LQ�GH�YHUVFKLOOHQGH�VFHQDULR¶V
ZH�LQIRUPDWLH�RS��RPGDW�GH]H

HQDULR¶V�HHQ�YHUVFKLO�YDQ����KHFWDUHHOWD��2PGDW�KHW�JDDW�RP�HHQUOR]HQ�� 'H�RRU]DDN�OLJW�YHUPRHGHOLMN
Q�GH�H[RJHQH�JURQGJHEUXLNVNODVVHQ
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'LYLGHG(XURSH (XURS�&R|UGLQ� *OREDO&RPSHWLW�2SSH
UYODN
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)LJXXU���� 'H�VRP�YDQ�GH�GHOWD¶V�YRRU�KHHO�1HGHUODQG�]RDOV�RSJ
DG��9HUJHOLMNLQJ�YDQ�GH�TXDQWLWLHV(HQ�YHUJHOLMNLQJ�YDQ�GH�TXDQWLWLHV�OHYHUW�LQ�SULQFLSH�JHHQ�QLHXEHUHNHQG�LV�YROJHQV�GH�IRUPXOH�
TXDQWLW\� �EDVHTXDQW���GHOWD
7RFK�EOLMNW�ELM�FRQWUROH�YDQ�GH]H�EHUHNHQLQJ�ELM�DOOH�GULH�GH�VFWH�EHVWDDQ�WXVVHQ�GH�TXDQWLW\�HQ�GH�VRP�YDQ�EDVHTXDQW�HQ�GRSSHUYODNWH�GLH�NOHLQHU�LV�GDQ�WZHH�JULGFHOOHQ�LV�GLW�WH�YHUZDDLQ�GH�VIHHU�YDQ�DIURQGLQJVYHUVFKLOOHQ�
DG���9HUJHOLMNLQJ�YDQ�GH�JHDOORFHHUGH�RSSSHUYODNWHQ7KHRUHWLVFK�JH]LHQ�]RX�HU��ELM�JHOLMNH�DUHDDOYHUDQGHULQJHQ�YD
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�HQ�GDW�LV�KLHU�KHW�JHYDO��YRRU�DOOH�VFHQDULR
V�HHQ]HOIGH�JHDOORFHHUGH�RSSHUYODNWH�PRHWHQ�ZRUGHQEHUHNHQG��,Q�ZHUNHOLMNKHLG�EOLMNW�HU�VSUDNH�WH�]LMQ�YDQ�PLQL HPH�YHUVFKLOOHQ��������YDQ�GH�WRWDOHRSSHUYODNWH��+HW�EHWUHIW�KLHU�HHQ�NOHLQH�RQHIIHQKHLG�GLH�PRJHOLMN�WH�PDNHQ�KHHIW�PHW� JULGFHOOHQDDQ�GH NXVW�GLH�VRPV�ZHO�HQ�VRPV�QLHW�PHW� HHQ�EHSDDOG�W\SH�JURQGJHEUXLN�ZRUGHQ�JHYXOG��'LWSUREOHHP�YDQ�RQJHOLMNH�FHOOHQFODVVLILFDWLH ]DO�LQ�WRHNRPVWLJH�RQWZLNNHOLQJ�YDQ�GH� 5XLPWH6FDQQHUPRHWHQ�ZRUGHQ�DDQJHSDNW��*H]LHQ�GH�]HHU�JHULQJH�RPYDQJ�YDQ�GH�EHWUHIIHQGH�RSSHUYODNWHQ� LVKHW�RYHULJHQV�DOV�HHQ� YHUZDDUORRVEDDU SUREOHHP�WH�W\SHUHQ�
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����� 'H�RQWZLNNHOLQJ�YDQ�GH�VFKDGXZSULMV
$FKWHUJURQGHQ�YDQ�GH�VFKDGXZSULM]HQ(HQ�YROJHQGH�VWDS�LQ�GH�FRQWUROH�YDQ�GH�ZHUNLQJ�YDQ�KHW�PRGHO�OLJW�ELM�GH�VFKDGXZSULM]HQ��'H]HVFKDGXZSULM]HQ�]LMQ�LQ�IHLWH�DDQSDVVLQJHQ�YDQ�GH�DWWUDFWLYLWHLWVNDDUWHQ�RP�WH�NRPHQ�WRW�HHQYROOHGLJH�DOORFDWLH�YDQ�GH UXLPWHOLMNH�FODLPV LQ�DOOH�JULGFHOOHQ��%LM�FRUUHFWH�FODLPV �GDW�ZLO�]HJJHQFODLPV�GLH�ELQQHQ�GH�WRWDOH�EHVFKLNEDUH�UXLPWH�EOLMYHQ� NDQ�LQ�HHQ�DDQWDO�LWHUDWLHV�HHQ�]RGDQLJHVFKDGXZSULMV�ZRUGHQ�EHUHNHQG��GDW�DOOH�FODLPV�ELQQHQ�GH�EHWUHIIHQGH�UHJLR�RS�GH�YRRU�GLW�W\SHUXLPWHJHEUXLN�PHHVW�DWWUDFWLHYH� �JULGFHO��WHUHFKW�NRPHQ��'H�VFKDGXZSULM]HQ ]LMQ�JHwQWURGXFHHUGLQ�SDU�������� =H� ZRUGHQ�SHU�LWHUDWLH�YRRU�DOOH�FODLPV�RSQLHXZ�EHUHNHQG�DDQ�GH�KDQG�YDQ�KHWJHDOORFHHUGH�DUHDDO�WHQ�RS]LFKWH�YDQ�KHW�WRWDDO�WH�DOORFHUHQ�DUHDDO��$OV�HU� SHU�FHO�HHQ�JURWHUDUHDDO�JHDOORFHHUG�ZRUGW�GDQ GH�EHVFKLNEDUH�RSSHUYODNWH ��PRHW�GH�VFKDGXZSULMV�GDOHQ�RPHYHQZLFKW�WH�EHUHLNHQ��$DOV�HU�HHQ�NOHLQHU�DUHDDO�JHDOORFHHUG�ZRUGW�GDQ�LQ�GH�FODLP�JHYUDDJG�PRHW�GH�VFKDGXZSULMV�VWLMJHQ�� :DQQHHU�GH�FODLPV�QLHW�RSORVEDDU�]LMQ��]XOOHQ�GH�VFKDGXZSULM]HQEOLMYHQ�VWLMJHQ��'H�VFKDGXZSULMV�LV�LQ�GH�FODLPWDEHOOHQ�RSJHQRPHQ�LQ�GH�NRORP�µSULFH¶�,Q�ILJXXU������ILJXXU������HQ�ILJXXU�����LV�ZHHUJHJHYHQ�ZDW�GH�RQWZLNNHOLQJ�YDQ�GH�VFKDGXZSULMV�LVPHW�KHW�GRRUORSHQ�YDQ�WLHQ�LWHUDWLHF\FOL�ELM�GH�GULH�JHQRHPGH�VFHQDULR¶V��9DQZHJH�KHW�JURWHDDQWDO�FODLPV��GH]H�]LMQ�SHU�JURQGJHEUXLNVFDWHJRULH�HQ�SHU�UHJLR�JHVSHFLILFHHUG ��]LMQ�LQ�GH]HILJXUHQ�GH�PHHVW�LQ�KHW�RRJ�VSULQJHQGH�VFKDGXZSULM]HQ�RSJHQRPHQ�
'H�FRQWUROH�YDQ�GH�VFKDGXZSULM]HQ:DW�ELM�GH�FRQWUROH�YDQ�GH�FODLPWDEHOOHQ�DO�ZHUG�YHUPRHG��ZRUGW�LQ�GLW�RQGHUGHHO�EHYHVWLJG�QDPHOLMN�GDW�KHW�PRGHO�PHW�GH]H�FODLPV�QRRLW�HHQ�HYHQZLFKW�]DO�EHUHLNHQ��'RRU�HHQ�WH�JURRWDUHDDO�DDQ�FODLPV�EOLMIW�KHW�PRGHO�DDQSDVVLQJHQ�DDQ�GH�VFKDGXZSULM]HQ�XLWYRHUHQ��ZDW�EOLMNW�XLW�GHVWLMJHQGH�HQ�GDOHQGH�OLMQHQ�LQ�ILJXXU����������HQ�����
'H]H�H[HUFLWLH�PDDNW�GXLGHOLMN�GDW�KHW�PRGHO�QLHW�FRQYHUJHHUW�DOV�DOOH�FODLPV�LQ�KHW�PRGHO�DOVKDUGH�FODLPV�ZRUGHQ�JH wQWHUSUHWHHUG��'LW�NRPW�DDQ�GH�RUGH�LQ�GH�YROJHQGH�SDUDJUDDI�ZDDULQ]DFKWH�FODLPV�ZRUGHQ�JHwQWURGXFHHUG� 'H�5XLPWH6FDQQHU�LV�]RGDQLJ�RSJH]HW�GDW�KHW�RRNPRJHOLMN�LV�RP�PHW�RQJHOLMNKHLGVUHVWULFWLHV�WH�ZHUNHQ �]LH�SDU ��������'DW�ZLO�]HJJHQ�GDW�YDQLHGHUH�FODLP�DDQJHJHYHQ�NDQ�ZRUGHQ�RI�KHW�LQ�GH�FODLPWDEHO�YHUPHOGH�DUHDDO�VWULNW��PLQLPDDO�RIPD[LPDDO�JHDOORFHHUG�PRHW�ZRUGHQ�� 2S�GH]H�PDQLHU�ZRUGW�EHUHLNW�GDW�GH�FODLPV�LQ�LHGHU�JHYDOQLHW�LQFRQVLVWHQW�]XOOHQ�]LMQ��ZDDUGRRU�GDDGZHUNHOLMN�HHQ�HYHQZLFKWVSULMV�EHSDDOG�NDQ�ZRUGHQ�
����� &ODLPV�PHW�HHQ�RQJHOLMNKHLGVUHVWULFWLH
+HW�ZHUNHQ�PHW�RQJHOLMNKHLGVUHVWULFWLHV�ELHGW�HHQ�DDQWDO�QLHXZH�PRJHOLMNKHGHQ��3HU�FODLP�NDQ�GHRSHUDWRU��  ��� ��! �RI�����ZRUGHQ�DDQJHJHYHQ��1LHW�DOOHHQ�NXQQHQ�GH�KXLGLJH�FODLPV�DOVPLQLPXP��! ��RI�PD[LPXP��� ��ZRUGHQ�RSJHJHYHQ��PDDU�RRN�NDQ�URQG�LHGHUH�FODLP�HHQEDQGEUHHGWH�ZRUGHQ�DDQJHJHYHQ�GRRU�HHQ�µRXGH¶�FODLP�WH�YHUYDQJHQ�GRRU�HHQ�µQLHXZ¶�SDDU��HHQPLQLPXP��HQ�HHQ�PD[LPXPFODLP���7DEHO�����EHYDW�YRRUEHHOGHQ�KLHUYDQ� 'H�HHUVWH�UHJHO�LQ�GH]HWDEHO�JHHIW�ELMYRRUEHHOG�DDQ�GDW�GH�FODLP�RS�JUDVODQG�LQ�/(,�UHJLR���� YDQ�������KD�DOV�HHQERYHQJUHQV�PRHW�ZRUGHQ�JHLQWHUSUHWHHUG�
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SULFH
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)LJXXU���� :HHUJDYH�YDQ�GH�VFKDGXZSULMVRQWZLNNHOLQJHQ�QD����LWHUDWLHV�YRRU�HHQ�VHOHFWLH�YDQ�HHQ�DDQWDOFODLPV�YRRU�VFHQDULR�*OREDO�&RPSHWLWLRQ
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7DEHO���� 6HOHFWLH�XLW�HHQ�FODLPWDEHO�GLH�HHQ�DDQWDO�PRJHOLMNKHGHQ�YDQ�GH�RQJHOLMNKHLGVUHVWULFWLHV�WRRQW
3DUWLWLRQ 5HJLRLG *JW\SH 5HJLRBQDDP 2SHU 4XDQWLW\ 3ULFH $OORF 'HOWD %DVH�H[SU/(,�� � *5$6 ERXZK�	KRJHO � ����� QHJ� ����� � +*�*5$6
/(,�� � *5$6 YHHQN��	ROGDP ! ����� SRV��QHJ� ����� � +*�*5$6
&2523 � :21(1 =:�'UHQWH � ��� SRV��QHJ� ��� ���&2523 � :21(1 =:�'UHQWH ! ��� SRV��QHJ� ��� ���
2P�WH�FRQWUROHUHQ�RI�KHW�PRGHO�PHW�RSORVEDUH�FODLPV�LQGHUGDDG�HHQ������*RRGQHVV�RI�)LWEHUHNHQW��LV�YRRU�DOOH�GULH�GH�VFHQDULR¶V�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�RS�EDVLV�YDQ�PLQLPXP��PD[LPXPFODLPV�EHUHNHQG��,Q�WDEHO�����LV�DDQJHJHYHQ�ZHONH�YHUJHOLMNLQJVRSHUDWRUHQ�YRRU�GHYHUVFKLOOHQGH�W\SHQ�UXLPWHJHEUXLN�]LMQ�JHEUXLNW�YRRU�KHW�RSHUDWLRQDOLVHUHQ�YDQ�GH�DDQQDPH�µODQGERXZ�]DO�RYHUDO�DUHDDO�YHUOLH]HQ��RYHULJ�UXLPWHJHEUXLN�]DO�RYHUDO�WRHQHPHQ¶��'H�UHVXOWDWHQYDQ�GH]H�EHUHNHQLQJHQ�]LMQ�LQ�ILJXXU���� ZHHUJHJHYHQ YRRU�KHW�'LYLGHG�(XURSH VFHQDULR��'H]HILJXU�LV� KHW�UHVXOWDDW�YDQ�KRQGHUG�LWHUDWLHV�PHW�HHQ���SDUDPHWHU�YDQ�������RS�GH���SDUDPHWHUNRPHQ�ZH�LQ�GH�YROJHQGH�SDUDJUDDI�WHUXJ�� 9HUJHOLMNEDUH�FRQYHUJHUHQGH�UHVXOWDWHQ�ZRUGHQJHYRQGHQ�YRRU�GH�DQGHUH�RQGHUVFKHLGHQ�VFHQDULR¶V �
7DEHO����� *HEUXLNWH�RSHUDWRUHQ�YRRU�GH�PLQLPXP��PD[LPXPFODLPV�YDQ�GH�ILJXUHQ����������HQ�����
5XLPWHJHEUXLN 2SHUDWRU*UDV � 0DwV � $NNHUERXZ � %ROOHQ � %RRPJDDUG � *ODVWXLQERXZ � 2YHULJH�ODQGERXZ � %RV ! 1DWXXU ! :RQHQ ! :HUNHQ ! 
(YHQZLFKW8LW�GH�EHUHNHQLQJHQ�EOLMNW�GDW�YROOHGLJ�GRRU�KHW�PRGHO�LQVWHOEDUH�UXLPWHOLMNH�FODLPV�LQGHUGDDG�KHWPRGHO�WRW�HHQ�HYHQZLFKW�ODWHQ�NRPHQ��'H�*RRGQHVV�RI�)LW�EHUHLNW�DO�QD�HHQ�EHSHUNW�DDQWDOLWHUDWLHV�GH�������'DDUQDDVW�VWDELOLVHUHQ�GH�EHUHNHQGH�VFKDGXZSULM]HQ�]LFK�
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)LJXXU���� +HW�WRHNRPVWLJ�UXLPWH�JHEUXLN�ELM�DIQHPHQGH�ODQGERXZ�DUHDOHQ�HQ�WRHQHPHQGH�DUHDOHQ�YDQDOOH�DQGHUH�UXLPWHJHEUXLN�YROJHQV�VFHQDULR�'LYLGHG�(XURSH
6FKDGXZSULM]HQ,Q�ILJXXU�����LV�WH�]LHQ�GDW�YRRU�GH�PHHVWH�FODLPV�JHHQ�VFKDGXZSULM]HQ�ZRUGHQ�EHUHNHQG��9RRUGH]H�FODLPV�JHOGW�GDW�GH�DOORFDWLHPRGXOH�ELQQHQ�GH�UHJLR¶V�ZDDUYRRU�GH�FODLPV�JHIRUPXOHHUG�]LMQJHQRHJ�UXLPWH�NDQ�YLQGHQ�GRRU�HHQYRXGLJZHJ��ELQQHQ�GH�JHVWHOGH�JUHQ]HQ��WH�YDULsUHQ�PHW�KHWWH�DOORFHUHQ�DUHDDO�YRRU�LHGHU�W\SH�UXLPWHJHEUXLN��'H�JHELHGHQ�ZDDU�HHQ�QHJDWLHYH�VFKDGXZSULMVZRUGW�EHUHNHQG�]LMQ�JHELHGHQ�ZDDU�PHHUGHUH�W\SHQ�ODQGERXZ�RQGDQNV�HHQ�UHODWLHI�KRJHDWWUDFWLYLWHLW�LQ�GH�WRHNRPVW�PLQGHU�]XOOHQ�YRRUNRPHQ��$OOHHQ�GRRU�VWHUN�QHJDWLHYH�VFKDGXZSULM]HQWH�EHUHNHQHQ�OXNW�KHW�GH]H�W\SHQ�UXLPWHJHEUXLN LQ�WH�SHUNHQ�� ,Q�GLW�JHYDO�ZLMNHQ�GXV�GH�SURJQRVHVYRRU�GH�YUDDJ�QDDU�JURQGJHEUXLN� YDQXLW�KHW�DJUDULVFKH�VHFWRU�PR GHO�GXLGHOLMN�DI�YDQ�GH�LQ�GH5XLPWH6FDQQHU ]HOI�JHKDQWHHUGH�DWWUDFWLYLWHLW�YDQ�GLW�VRRUW�W\SHQ�JURQGJHEUXLN ��'LW GXLGW�HURS�GDWLQ�YROJHQGH�YHUVLHV�YDQ� GH�5XLPWH6FDQQHU LQSXWV�YDQ�VHFWRUVSHFLILHNH�PRGHOOHQ�GLHQHQ�WHZRUGHQ�JHEUXLNWELM�GH�YDVWVWHOOLQJ�YDQ�DWWUDFWLYLWHLWVNDDUWHQ �'H�SRVLWLHYH�VFKDGXZSULM]HQ�ZRUGHQ JHYRQGHQ YRRU�UHJLR¶V�ZDDU�HHQ�EHSDDOG�W\SH�UXLPWHJHEUXLN�PHW�QDPH�QDWXXU��HHQ�DDQ]LHQOLMNH�UXLPWHYUDDJ�NHQW��WHUZLMO�GH�DWWUDFWLYLWHLW�ODJHU�OLJW�GDQ�YRRUDQGHUH�W\SHQ�UXLPWHJHEUXLN��2P�WRFK�YROGRHQGH�JURQG�LQ�GH]H�JHELHGHQ�WH�YHUZHUYHQ�PRHW�HHQKRJHUH�SULMV�ZRUGHQ�EHWDDOG�� +HW�JDDW�KLHU�RP�VRRUWHQ�JURQGJHEUXLN�ZDDUYDQ�GH�HFRQRPLVFKHZDDUGH�EHSHUNW�LV��2P�GH�JHVWHOGH�GRHOHQ�WHQ�DDQ]LHQ�YDQ�UXLPWH�YRRU�QDWXXUJHELHGHQ�WHEHUHLNHQ�PRHW�GH�RYHUKHLG�PRHW�GXV�PHW�H[WUD�JHOG�RYHU�GH�EUXJ�NRPHQ��RPGDW�DQGHUV�GHJURQGHQ�QLHW�NXQQHQ�ZRUGHQ�YHUZRUYHQ�
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)LJXXU���� 'H�VFKDGXZSULMV� YDQ�UHJLRQDOH�FODLPV ]RDOV�GLH�EHUHNHQG�ZRUGW�YRRU�VFHQDULR�'LYLGHG�(XURSHELM�PLQLPXP��PD[LPXPFODLPV ELM�GLYHUVH�VRRUWHQ�JURQGJHEUXLN�
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'LVFXVVLH�URQG�GH�PLQLPXP����PD[LPXPFODLPV%LM�GH�FRQWUROH�LV GXLGHOLMN�JHZRUGHQ�GDW�KHW�ZHUNHQ�PHW�RQJHOLMNKHLGVUHVWULFWLHV�QDDVW�QLHXZHPRJHOLMNKHGHQ�RRN�QLHXZH�NQHOSXQWHQ�WRW�JHYROJ�KHHIW��+HW�JDDW�GDDUELM�]RZHO�RP�LQKRXGHOLMNHDOV�RP�PHHU�WHFKQLVFKH�DVSHFWHQ�2RUVSURQNHOLMN�LV�GH�5XLPWH6FDQQHU RSJH]HW�DOV�HHQ�V\VWHHP�GDW�FODLPV�YRRU�HHQ�EHSHUNW�DDQWDOVRRUWHQ�JURQGJHEUXLN�JHVSHFLILFHHUG�RS�UHJLRQDDO�QLYHDX�NDQ�GRRUYHUWDOHQ�QDDU�YHUZDFKWJURQGJHEUXLN�YRRU�DOOH�W\SHQ�JURQGJHEUXLN� RS�JULGFHO�QLYHDX��2S�KHW�PRPHQW�GDW�GH�FODLPV�YRRUWRHNRPVWLJ�UXLPWHJHEUXLN� LQFRQVLVWHQW�EOLMNHQ�NDQ�GLW�XLWJDQJVSXQW�QLHW�PHHU�JHKDQGKDDIGZRUGHQ�� 'H�5XLPWH6FDQQHU�JDDW�GDQ�QLHW�DOOHHQ�GH�SODDWV�YDQ�KHW�UXLPWHJHEUXLN�LQ�GH�WRHNRPVWEHSDOHQ��PHW�GH�DOORFDWLHPRGXOH���PDDU�RRN�WRW�RS�ZHONH�KRRJWH�FODLPV�ZHO�RI�QLHW�JHUHDOLVHHUGZRUGHQ�'DDUPHH�NRPW�HHQ�WZHHGH�EHODQJULMNH�IXQFWLH�YDQ�GH� 5XLPWH6FDQQHU LQ�EHHOG��'H�SURJQRVHVYDQ�GH�VHFWRU�PRGHOOHQ�YLQGHQ�SODDWV�ELQQHQ�KHW�SHUVSHFWLHI�YDQ�GH�EHWUHIIHQGH�VHFWRUHQ�]RGDWZHLQLJ�DDQGDFKW�ZRUGW�JHJHYHQ�DDQ� WKHPD¶V�]RDOV�VDPHQKDQJ�PHW�RI�YHUGULQJLQJ�GRRU�DQGHUHVHFWRUHQ��'RRU�]LMQ�LQWHJUDOH�EHQDGHULQJ�NRPHQ�GH]H�DVSHFWHQ�LQ�GH� 5XLPWH6FDQQHU MXLVW�ZHO�LQEHHOG��'RRU�KHW�KDQWHUHQ�YDQ�]DFKWH�FRQVWUDLQWV�LQ�WHUPHQ�YDQ�PLQLPXP�RI�PD[LPXP�JUHQ]HQOJHHIW GH�5XLPWH6FDQQHU LQ�IHLWH�WHUXJNRSSHOLQJHQ�DDQ�GH�DD QOHYHUHQGH�PRGHOOHQ�HQ�VHFWRUHQ�2S�GLH�PDQLHU�ZRUGW�HHQ�ZDDUGHYROOH�XLWEUHLGLQJ�YDQ�KHW�LQIRUPDWLHV\VWHHP� EHUHLNW�HQ�NRPW�HHQEHWHUH�DIVWHPPLQJ�WXVVHQ�KHW�DOORFDWLHJHGHHOWH�HQ�GH�WRHOHYHUHQGH�VHFWRUPRGHOOHQ LQ�EHHOG�
����� &RQFOXVLH
'H�LQ�GH]H�SDUDJUDDI�JHSUHVHQWHHUGH�WHVWV�]LMQ�DDQOHLGLQJ�YRRU�GH�YROJHQGH�RSPHUNLQJHQ�RYHUGH��RQ�PRJHOLMNKHGHQ�YDQ�GH�5XLPWH6FDQQHU��PHW�QDPH�YDQ�GH�DOORFDWLHPRGXOH�8LW�GH�FRQWUROHV�EHVFKUHYHQ�LQ�GH�HHUVWH�VXESDUDJUDDI�EOLMNW�GDW�HU�ZHOLVZDDU�NOHLQH�DIZLMNLQJHQWHQ�RS]LFKWH�YDQ�GH�YHUZDFKWH�UHVXOWDWHQ�LQ�GH�UHVXOWDDWWDEHOOHQ�YRRUNRPHQ��PDDU�GDW�GH]HYHUZDDUORRVEDDU�NOHLQ�]LMQ��'H�FRQWUROHV�WHQ�DDQ]LHQ�YDQ�GH�RQWZLNNHOLQJ�YDQ�GH�VFKDGXZSULMV�LQVXESDUDJUDDI�������ODWHQ�LQ�HHUVWH�LQVWDQWLH�HHQ�WHOHXUVWHOOHQG�EHHOG�]LHQ�RPGDW�EOLMNW�GDW�PHW�GHH[DFWH�DUHDOHQ�YRRU�WRHNRPVWLJ�UXLPWHJHEUXLN��]RDOV�GLH�GRRU�GH�GHHOQHPHQGH�LQVWLWXWHQ�]LMQDDQJHOHYHUG��GH�DOORFDWLHPRGXOH�JHHQ�RSORVVLQJ�NDQ�YLQGHQ��'H�VFKDGXZSULM]HQ�EOLMYHQGRRUVWLMJHQ��$OV�UHPHGLH�WHJHQ�GH]H�RQRSORVEDUH�FODLPV�LV�KHW�PRGHO�YHUYROJHQV�JHZLM]LJG�]RGDWRRN�PLQLPXP��PD[LPXPFODLPV�LQJHYRHUG�NRQGHQ�ZRUGHQ��8LW�FRQWUROH�YDQ�GH�RQWZLNNHOLQJHQ�YDQDOORFDWLH�HQ�VFKDGXZSULMV�ELM�PLQLPXP��PD[LPXPFODLPV�LV�GXLGHOLMN�JHZRUGHQ�GDW�GH]H�LQGHUGDDGWRW�RSORVEDUH�FODLPV�OHLGHQ �'XLGHOLMN�LV�GDW�ELM�GH�YHUGHUH�RQWZLNNHOLQJ�YDQ�GH� 5XLPWH6FDQQHU GH�WHUXJNRSSHOLQJ�PHW�GHVHFWRUPRGHOOHQ�DDQGDFKW�YUDDJW��+LHUGRRU�NDQ�ZRUGHQ�EHUHLNW�GDW�PRGHO�XLWNRPVWHQ�PLQGHUJHYRHOLJ�ZRUGHQ�YRRU�GH�NHX]H�YDQ�FRQVWUDLQWV�LQ�WHUPHQ�YDQ�KDUG�HQ�]DFKW��HQ�HYHQWXHHO YDQERYHQ�HQ�RQGHUJUHQ]HQ�YDQ�GH�UDQJHV�ZDDUELQQHQ�GH�ZDDUGHQ�NXQQHQ�YDULHUHQ�
��� &DOLEUDWLH
����� ,QOHLGLQJ
&DOLEUDWLH�YDQ�HHQ PRGHO�KRXGW�LQ�GDW�GH�SDUDPHWHUZDDUGHQ�]R�ZRUGHQ JHNR]HQ�GDW XLWNRPVWHQYDQ�KHW�PRGHO�]R�JRHG�PRJHOLMN�DDQ VOXLWHQ�ELM�GH�ZHUNHOLMNKHLG��+HW�JDDW�HU�GDDUELM� WH��EHUHLNHQGDW�GH�DOORFDWLHPRGXOH��GH�GHILQLWLHV�HQ�GH�IRUPXOHULQJ�YDQ�GH�FODLPV�HQ�GH DWWUDFWLYLWHLWVNDDUWHQHHQ�QDWXXUJHWURXZH�DEVWUDFWLH�YDQ�GH�ZHUNHOLMNKHLG�]LMQ�ZDDUPHH�GH�5XLPWH6FDQQHU�HHQEHWURXZEDUH�YRRUVSHOOLQJ�YDQ�KHW�JURQGJHEUXLN�LQ�GH�WRHNRPVW�NDQ�EHUHNHQHQ��'DDUYRRU�PRHWHQGH�JHZLFKWHQ�YDQ�KHW�KXLGLJH�JURQGJHEUXLN��GH�PDWH�YDQ�H[SUHVVLYLWHLW�YDQ�GH�DWWUDFWLYLWHLWHQ�HQGH�ZDDUGH�YDQ�GH���SDUDPHWHU�YDQ�KHW�DOORFDWLHPRGHO�ZRUGHQ�JHRSWLPDOLVHHUG�� 9RRUDOVQRJEHSHUNHQ�ZH�RQV�WRW�HHQ�V\VWHPDWLVFKH�FDOLEUDWLH�YDQ�DOOHHQ�GH ��SDUDPHWHU� =RDOV�DDQJHJHYHQLQ�KRRIGVWXN���LV�GLW�HHQ�EHODQJULMNH�SDUDPHWHU�RPGDW�GH]H�EHSDDOW�LQ�ZHONH�PDWH�HHQ�KRJHUH
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DWWUDFWLYLWHLW�YDQ�HHQ�EHSDDOGH�VRRUW�JURQGJHEUXLN�RRN�OHLGW�WRW�HHQ�GDDGZHUNHOLMNH�GRPLQDQWLH�LQHHQ�JULGFHO��$OV�GH���SDUDPHWHU ODDJ�LV��GDQ�]XOOHQ�QRJ�VWHHGV�DOOH�JURQGJHEUXLNVFDWHJRULHHQ�HHQJRHGH�NDQV�PDNHQ�RS�UHDOLVDWLH��LV�GDDUHQWHJHQ�GH���SDUDPHWHU�KRRJ��GDQ�]DO�GHJURQGJHEUXLNVFDWHJRULH�PHW�GH�KRRJVWH�DWWUDFWLYLWHLW�KHW�JURQGJHEUXLN�LQ�HHQ�FHO�GRPLQHUHQ�(HUGHU LV�DO�RSJHPHUNW�GDW�KHW�FDOLEUHUHQ�YDQ�YRRUVSHOOLQJVPRGHOOHQ�ODVWLJ�NDQ�]LMQ�RPGDW�RS�GLWPRPHQW�QX�HHQPDDO�QLHW�EHNHQG�LV�ZDW�GH�VLWXDWLH�LQ�GH�WRHNRPVW�]DO�]LMQ��FRQWUROH�YDQ�GHYRRUVSHOOLQJ�PHW�KHW�PRGHO�DDQ�GH�ZHUNHOLMNH�VLWXDWLH�LV�GDQ�RRN�QLHW�]RQGHU�PHHU�PRJHOLMN��,QGH]H�SDUDJUDDI�SUHVHQWHUHQ�ZH�DOV�HHUVWH�HHQ�EHSDDOGH�PHWKRGH�GLH�JHEUXLNW�NDQ�ZRUGHQ�RPKHW�PRGHO�WH�FDOLEUHUHQ��2P�GH]H�PHWKRGH�WH�NXQQHQ�JHEUXLNHQ�]LMQ�LQ�GH�DIJHORSHQ�SHULRGHHQLJH�XLWEUHLGLQJHQ�DDQ�GH�5XLPWH6FDQQHU�WRHJHYRHJG��9HUYROJHQV�JHEUXLNHQ�ZH�GH]H�PHWKRGHYRRU�GH�FDOLEUDWLH�YDQ�GH���SDUDPHWHU�
����� )RUPXOHULQJ�YDQ�HHQ�PHWKRGH�YRRU�SDUDPHWHUVFKDWWLQJ
7KHRULH'H�WH�JHEUXLNHQ�WHFKQLHN�YRRU�KHW�VFKDWWHQ�YDQ�GH�SDUDPHWHUV�YDQ�HHQ�NDQVPRGHO�DOV�GH5XLPWH6FDQQHU�LV�GH�PD[LPXP�OLNHOLKRRG�VFKDWWLQJVPHWKRGH��+HW�SULQFLSH�YDQ�GH�PD[LPXPOLNHOLKRRG�LV�KHW�NLH]HQ�YDQ�HHQ�DV\PSWRWLVFK�HIILFLsQWH�VFKDWWHU�YRRU�HHQ�SDUDPHWHU�RI�HHQYHU]DPHOLQJ�YDQ�SDUDPHWHUV�GRRU�RQGHU�YHUVFKLOOHQGH�SDUDPHWHUZDDUGHQ�WH�EHSDOHQ�ZHONH�GHPHHVW�ZDDUVFKLMQOLMNH�UHVXOWDWHQ�RSOHYHUW��'LW�NRPW�LQ�IHLWH�QHHU�RS�KHW�GRRU�WULDO�DQG�HUURU�EHSDOHQYDQ�GLH�LQVWHOOLQJHQ�YDQ�HHQ��DDQWDO��SDUDPHWHU�V��GLH�GH�EHVWH�UHVXOWDWHQ�JHYHQ�'H�GHILQLWLH�YDQ�GH�OLNHOLKRRGIXQFWLH�OXLGW�/�S�� �I�\���\���«��\Q�� �I�\�_S��I�\�_S�«I�\Q_S�� ��L I�\L_S�� �/�S_�\���\���«��\Q����,Q�QDYROJLQJ�YDQ�GH�WKHRULH�YDQ�ELQDU\�FKRLFH�PRGHOV�NDQ�KHW�PRGHO�EHVFKRXZG�ZRUGHQ�DOV�KHWSHU�KHFWDUH�WRHZLM]HQ�YDQ�JURQG�LQ�HHQ�JULGFHO�DDQ�GH�YHUVFKLOOHQGH�JURQGJHEUXLNVNODVVHQ��'DWZLO�]HJJHQ�JURQGJHEUXLNHU�J�NULMJW�GLH�RSSHUYODNWH�RI�QLHW�� 'XV�I�\L_S�� �3�<L  �\� ���*HEUXLNPDNHQG�YDQ�GH]H�PRGHOHLJHQVFKDS�ZRUGW�YHUNUHJHQ�/�S�  ��\�L�� � >��±[FL�S�@��\�L� � [FL�S� ��¶�

 ��\�L�� � >[FL�S�@\�L� � >����[FL�S��@��±�\�L� ��¶¶�'RRU�KHW�QHPHQ�YDQ�KHW�QDWXXUOLMNH�ORJDULWPH�YDQ�GH]H�IXQFWLH�ZRUGW�YHUNUHJHQ�/Q�/� �6L >\L OQ�[FL�S�������±�\L��OQ����±�[FL�S��@ ���2PGDW�HHQ�JURQGJHEUXLNHU�J�SURSRUWLRQHHO�QDDU�NDQV�JURQG�NULMJW�WRHJHZH]HQ�]DO�< J QLHW�ELQDLUPDDU�FRQWLQXH�WXVVHQ�QXO�HQ�ppQ�]LMQ�0HW�GH�YROJHQGH�XLWZHUNLQJ�YDQ�GH]H�PHWKRGH�NRPHQ�ZH�WRW�HHQ�SDUWLRQHOH�SDUDPHWHUVFKDWWLQJ�+LHUELM�EHSDOHQ�ZH�YRRU�HHQ�HQNHOH�SDUDPHWHU�HQ�YRRU�HHQ�HQNHO�UXLPWHJHEUXLNVW\SH�GH�ORJ�OLNHOLKRRG�//��'FJ��[FJ�S���/F�� �'FJ � ORJ���[FJ�S���/FJ�����/F ��'FJ��� ORJ���/F ��[FJ�S��/F����:DDUELM�'FJ  KHW�KXLGLJH�DUHDDO�YDQ�JURQGJHEXLNVW\SH�J�LQ�JULGFHO�F�� 6J 'FJ  �/F�[FJ  KHW�EHUHNHQGH��JHDOORFHHUGH��DUHDDO�YDQ�JURQGJHEUXLNVW\SH�J�LQ�JULGFHO�F�� 6J [FJ  �/F�/F  KHW�EHVFKLNEDUH�DUHDDO� YRRU�DOORFDWLH�LQ�JULGFHO�F�����KHFWDUH���H[RJHHQJURQGJHEUXLN�S  SDUDPHWHU�V�
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0D[LPXP�/LNHOLKRRG�6FKDWWHU����//��'H�PD[LPDOH�ORJ�OLNHOLKRRG�ZRUGW�JHYRQGHQ�GRRU�XLW�HHQ�VHW�SDUDPHWHUZDDUGHQ�GLH�ZDDUGH�WHNLH]HQ�ZDDUYRRU�GH�ORJ�OLNHOLKRRG�GH�JURRWVWH�LV�
»¼º«¬ª ¦ ¦%� F J FFJFJ /['// ����PD[DUJÖ �EE ���

3UDNWLMN0HW�ERYHQVWDDQGH�WZHH�XLWZHUNLQJHQ�ZRUGW�KHW�EHUHNHQGH�JURQGJHEUXLN�JHWRHWVW�DDQ�KHW�KXLGLJHJURQGJHEUXLN��0HW�KHW�YDULsUHQ�YDQ�HHQ�SDUDPHWHU�NDQ�XLWHLQGHOLMN�HHQ�PHHVW�ZDDUVFKLMQOLMNHLQVWHOOLQJ�YDQ�GH�SDUDPHWHU�ZRUGHQ�JHYRQGHQ��/HW�ZHO�GDW�KLHUELM�KHW�EHUHNHQGH��WRHNRPVWLJH�JURQGJHEUXLN�ZRUGW�YHUJHOHNHQ�PHW�KHW�KXLGLJH�JURQGJHEUXLN��$QGHUV�JH]HJG��KRH�EHWHU�KHWEHUHNHQGH�JURQGJHEUXLN�RYHUHHQNRPW�PHW�KHW�KXLGLJH�JURQGJHEUXLN��KRH�ZDDUVFKLMQOLMNHU�GHXLWNRPVW�LV�HQ�KRH�EHWHU�GH�ORJ�OLNHOLKRRG�VFRUH�LV��+HW�PDJ�GXLGHOLMN�]LMQ�GDW�GH]H�PHWKRGH�QLHWLGHDDO�LV��PDDU�GRRU�KHW�RQWEUHNHQ�YDQ�HHQ�WZHHGH��RQDIKDQNHOLMNH�GDWDVHW�LV�HU�JHHQµRQDIKDQNHOLMNH¶�FDOLEUDWLH�PRJHOLMN�+HW�EHSDOHQ�YDQ�GH�PD[LPDOH�ORJ�OLNHOLKRRG�ZDDUGH�NDQ�RS�KHW�PRPHQW�DOOHHQ�GRRU�GHDOORFDWLHPRGXOH�KHW�UXLPWHJHEUXLN�WH�ODWHQ�DOORFHUHQ�YRRU�LHGHUH�LQVWHOOLQJ��HQ�YHUYROJHQV�GH�ORJ�OLNHOLKRRG�WH�EHUHNHQHQ��+HW�LV�QLHW�PRJHOLMN�RP�JHDXWRPDWLVHHUG�YRRU�YHUVFKLOOHQGH�ZDDUGHQ�YDQGH�SDUDPHWHUV�GH�ORJ�OLNHOLKRRG�WH�EHUHNHQHQ�,Q�GH�YROJHQGH�VXESDUDJUDDI�EHSDOHQ�ZH�GH�RSWLPDOH�ZDDUGH�YRRU�GH���SDUDPHWHU��'H]H���SDUDPHWHU�LV�YRRU�DOOH�JULGFHOOHQ�JHOLMN��,Q�SULQFLSH�]RX�RRN�HHQ�FDOLEUDWLH�YDQ�GHDWWUDFWLYLWHLWVNDDUWHQ�XLWJHYRHUG�NXQQHQ�ZRUGHQ��0DDU�RPGDW�HU�RS�KHW�PRPHQW�QRJ�JHHQPHWKRGH�EHVWDDW�RP�YDQ�HHQ�FRPELQDWLH�YDQ�SDUDPHWHUV�WHJHOLMNHUWLMG�GH�RSWLPDOH�LQVWHOOLQJHQ�WHEHUHNHQHQ��LV�RS�GLW�PRPHQW�DOOHHQ�GH���SDUDPHWHU�JHFDOLEUHHUG��'H�DWWUDFWLYLWHLWHQ�YRRU�LHGHUHJULGFHO�YRRU�DOOH�W\SHQ�JURQGJHEUXLN�]LMQ�YULMZHO�XQLHN��,HGHUH�DWWUDFWLYLWHLW�SHU�JULGFHO�SHUJURQGJHEUXLN�LV�GDDUGRRU�HHQ�DI]RQGHUOLMN�WH�FDOLEUHUHQ�SDUDPHWHU��'LW�OHYHUW�HHQ�ELM]RQGHU�JURWHKRHYHHOKHLG�YHUVFKLOOHQGH�SDUDPHWHUZDDUGHQ�RS��GLH�RS�GLW�PRPHQW�QLHW�DXWRPDWLVFK��HQ�]HNHUQLHW�KDQGPDWLJ��EHSDDOG�NXQQHQ�ZRUGHQ�
����� &DOLEUDWLH�YDQ�GH���SDUDPHWHU
$FKWHUJURQGHQ�ELM�GH���SDUDPHWHU,Q�GH�IRUPXOH�YDQ�KHW�PRGHO�LV�GH���SDUDPHWHU�HHQYRXGLJ�WHUXJ�WH�YLQGHQ�$FJ  �DJ � EF � H[S�E � VFJ � F��J ���8LW�GH]H�IRUPXOH�LV�WH�OH]HQ�GDW�GH���SDUDPHWHU�LQ�IHLWH�UHJHOW�LQ�ZHONH�PDWH�GHDWWUDFWLYLWHLWVNDDUWHQ�GH�XLWHLQGHOLMNH�YHUGHOLQJ�YDQ�KHW�JURQGJHEUXLN�EHSDOHQ��GH���SDUDPHWHUZRUGW�LPPHUV�YHUPHQLJYXOGLJG�PHW�GH�DWWUDFWLYLWHLWVNDDUWHQ���%LM�HHQ�ZDDUGH�YDQ���WXVVHQ���HQ��ZRUGHQ�GH�DWWUDFWLYLWHLWHQ�DIJH]ZDNW��ELM�HHQ���JURWHU�GDQ���ZRUGHQ�GH�DWWUDFWLYLWHLWHQ�YHUVWHUNW�$QGHUV�JH]HJG��ELM�HHQ���JURWHU�GDQ���EHSDDOW�GH�KRRJVWH�DWWUDFWLYLWHLW�YDQ�HHQ�JULGFHO��YULMZHO�YROOHGLJ�KHW�UXLPWHJHEUXLN�LQ�GLH�JULGFHO��%LM�HHQ���NOHLQHU�GDQ���LV�GLW�VWHHGV�PLQGHU�KHW�JHYDO�WRWXLWHLQGHOLMN��DOV�GH���RS�QXO�ZRUGW�JH]HW��KHW�UXLPWHJHEUXLN�HJDDO�RYHU�1HGHUODQG�ZRUGW�YHUGHHOGHQ�GH�DWWUDFWLYLWHLWVNDDUWHQ�KHOHPDDO�JHHQ�URO�PHHU�VSHOHQ��,Q�GH�ILJXUHQ����������HQ�����LV�GHZHUNLQJ�YDQ�GH���SDUDPHWHU�]LFKWEDDU��+LHU�LV�RRN�GXLGHOLMN�WH�]LHQ�ZDDURP�DQGHUH�QDPHQ�YRRUGH���SDUDPHWHU�YHUYDOSDUDPHWHU�RI�PHQJSDUDPHWHU�]LMQ�



��

)LJXXU���� +HW�SHUFHQWDJH�
ZHUNHQ
�SHU�JULGFHO�ELM�HHQ���YDQ������URRG�LV�KRRJ��EODXZ�LV�ODDJ��ZLW�LV�QXO�

)LJXXU���� +HW�SHUFHQWDJH�
ZHUNHQ
�SHU�JULGFHO�ELM�HHQ���YDQ������URRG�LV�KRRJ��EODXZ�LV�ODDJ��ZLW�LV�QXO�

)LJXXU���� +HW�SHUFHQWDJH�
ZHUNHQ
��SHU�JULGFHO�ELM�HHQ���YDQ�������URRG�LV�KRRJ��EODXZ�LV�ODDJ��ZLW�LV�QXO��'H�FRQWUROH0HW�EHKXOS�YDQ�GH�KLHUERYHQ�EHKDQGHOGH�ORJ�OLNHOLKRRG�IXQFWLH�EHSDOHQ�ZH�GH�ZDDUGH�YDQ�GH���SDUDPHWHU�ZDDUELM�GH�RYHUHHQNRPVW�WXVVHQ�GH�YHUVSUHLGLQJ�YDQ�KHW�WRHNRPVWLJ�HQ�GHYHUVSUHLGLQJ�YDQ�KHW�KXLGLJ�JURQGJHEUXLN�KHW�JURRWVW�LV��2PGDW��]RDOV�LQ�SDUDJUDDI�����LVJHFRQVWDWHHUG��GH�YDVWH�FODLPV�LQ�IHLWH�QLHW�JHEUXLNW�PRJHQ�ZRUGHQ��SUHVHQWHUHQ�ZH�KLHURQGHUDOOHHQ�GH�UHVXOWDWHQ�YDQ�GH�FDOLEUDWLH�YDQ�GH���SDUDPHWHU�YRRU�PLQLPXP��PD[LPXPFODLPV��9RRU



��

GH�PLQLPXP��PD[LPXPFODLPV�]LMQ�GH�RSHUDWRUHQ�XLW�WDEHO�����JHEUXLNW��PHW�GDW�YHUVFKLO�GDWZRQHQ�DOV�PLQLPXPFODLP�LV�RSJHJHYHQ�9RRU�GH�DJJUHJDWLH�YDQ�GH�ORJ�OLNHOLKRRG�RS�QDWLRQDDO�QLYHDX�ZRUGW�JHEUXLN�JHPDDNW�YDQ�GHDOJHPHQH�DJJUHJDWLHSURFHGXUH�]RDOV�EHVFKUHYHQ�LQ�KHW�WHNVWNDGHU�RS�GH]H�SDJLQD��7DEHO����WRRQW�KRH�GH]H�PHWKRGH�JHVSHFLILFHHUG�LV�LQ�HHQ�PRGHOWDEHO��,Q�GH�NRORP�%$6((;35�ZRUGW�YRRUHONH�FODLP�GH�HQNHOYRXGLJH�ORJ�OLNHOLKRRGIXQFWLH�YDQ�KXLGLJ�HQ�WRHNRPVWLJ�JURQGJHEUXLNRSJHJHYHQ�
7DEHO���� 9RRUEHHOG�YDQ�KHW�HHUVWH�UHFRUG�LQ�KHW�DJJUHJDWLH�EHVWDQG�YDQ�GH�//��ORJ�OLNHOLKRRG
3$57,7 5(*,2�,' **�7<3( 5(*,2B1$$0 &203$5(23 48$17,7< 35,&( $//2& '(/7$ %$6((;35 %$6(48$17/(,�� � *5$6 %RXZKRHN�HQKRJHODQG �� ������ ���� ���� ���� OO��+*�*5$6�*�����*5$6��>����@� ������

1D�EHUHNHQLQJ�ZRUGW�LQ�GH�NRORP�%$6(48$17�YRRU�LHGHUH�FODLP�GH�ORJ�OLNHOLKRRG�ZHHUJHJHYHQ�'H]H�NDQ�YHUYROJHQV�YRRU�DOOH�FODLPV�ZRUGHQ�JHVRPPHHUG�RP�GH�WRWDOH�ORJ�OLNHOLKRRG�WH�JHYHQ�'H�WRWDOH�ORJ�OLNHOLKRRG�LV�GDDUPHH6J 6F //��'FJ��[FJ ��/F� ���,Q�ILJXXU������VWDDQ�GH�XLWNRPVWHQ�YDQ�GH�EHUHNHQLQJHQ�YDQ�GH�WRWDOH�ORJ�OLNHOLKRRG��+LHUXLW�EOLMNWGDW�GH�WRWDOH�ORJ�OLNHOLKRRG�KHW�JURRWVWH�LV�ELM�HHQ���YDQ�������2QGHU�GH]H���ZRUGW�HHQYHUVSUHLGLQJ�YDQ�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�EHUHNHQG�GLH�KHW�PHHVW�RYHUHHQNRPW�PHW�GLH�YDQGH�KHW�KXLGLJ�UXLPWHJHEUXLN��'H�*RRGQHVV�RI�)LW�YDQ�GH�DOORFDWLH�ELM����LWHUDWLHV�LV�RQGHU�HONH��JURWHU�GDQ��������,Q�WDEHO�����]LMQ�YRRU�GH�YHUVFKLOOHQGH�JURQGJHEUXLNVNODVVHQ�DI]RQGHUOLMN�GH�JHDJJUHJHHUGH�ORJ�OLNHOLKRRGV�RSJHQRPHQ�YRRU�YHUVFKLOOHQGH�ZDDUGHQ�YRRU����,Q�GH�RQGHUVWH�ULM�VWDDQ�GH���ZDDUGHQYDQ�GH�JURRWVWH�ORJ�OLNHOLKRRG�ZDDUGHQ��+HW�IHLW�GDW�GH���ZDDUGHQ�YRRU�GH�YHUVFKLOOHQGH�W\SHQUXLPWHJHEUXLN�VWHUN�XLWHHQ�ORSHQ��EHWHNHQW�GDW�GH�H[SUHVVLYLWHLW�YDQ�GH�DWWUDFWLYLWHLWVNDDUWHQ�VWHUNXLWHHQ�ORRSW��,PPHUV��ZDQQHHU�ZH�GH���DOV�µXLWVPHHUIDFWRU¶�EHVFKRXZHQ��EHWHNHQW�HHQ���GLH��QDGHUW�GDW�GH�YHUVFKLOOHQ�LQ�DWWUDFWLYLWHLW�WXVVHQ�GH�JULGFHOOHQ�RYHUHHQNRPHQ�PHW�GH�JHZHQVWHDOORFDWLH��ZHLQLJ�XLWVPHULQJ�QRGLJ���(HQ���GLH���QDGHUW��EHWHNHQW�GDW�GH�YHUVFKLOOHQ�LQ�DWWUDFWLYLWHLWYHHO�WH�JURRW�]LMQ�HQ�HU�WH�JHFRQFHQWUHHUG�ZRUGW�JHDOORFHHUG��YHHO�XLWVPHULQJ�QRGLJ��0HW�QDPH�KHW�JURWH�DUHDDO�DDQ�JUDVODQG��HQ�LQ�PLQGHUH�PDWH�QDWXXU��]RUJW�HUYRRU�GDW�GHPD[LPDOH�ORJ�OLNHOLKRRG�ZRUGW�JHYRQGHQ�ELM�HHQ���YDQ�������RQGDQNV�KHW�IHLW�GDW�YRRU�HHQ�DDQWDOW\SHQ�UXLPWHJHEUXLN�HHQ�YHHO�KRJHUH���HHQ�EHWHUH�ORJ�OLNHOLKRRG�]RX�JHYHQ��/RJLVFK�JHYROJKLHUYDQ�]RX�KHW�JHEUXLN�YDQ�HHQ�VSHFLILHNH���YRRU�LHGHU�W\SH�JURQGJHEUXLN��RI�HLJHQOLMNDWWUDFWLYLWHLWVNDDUW��]LMQ��2PGDW�GLW�HHQ�DDQ]LHQOLMNH�DDQSDVVLQJ�YDQ�PRGHO�HQ�SURJUDPPDWXXUEHWHNHQW��LV�GLW�KLHU�QLHW�JHwPSOHPHQWHHUG�'H�YUDDJ�LV�LQ�KRHYHUUH�GH�PRGHO�XLWNRPVW�ELM�HHQ���ZDDUGH�YDQ������YHUVFKLOW�YDQ�GH�PRGHOXLWNRPVW�ELM�HHQ���YDQ������]RDOV�GLH�RS�GLW�PRPHQW�VWDQGDDUG�VWDDW�LQJHVWHOG�YRRU�KHW�PRGHO�ILJXXU���������%LM�HHQ�YHUJHOLMNLQJ�YDQ�GH�WZHH�XLWNRPVWHQ�YRRU�GH�ORJ�OLNHOLKRRG�NXQQHQ�ZH�HHQOLNHOLKRRG�UDWLRWHVW�JHEUXLNHQ��%LM�GH� F��YHUGHOLQJ�GLH�KLHUELM�KRRUW�LV�GH�VLJQLILFDQWLH�VWHUNDIKDQNHOLMN�YDQ�KHW�DDQWDO�YULMKHLGVJUDGHQ�
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� ��� ��� ��� ��� ��� ��� ��� ��� ��� �%HWD�SDUDPHWHU

ORJ�OLNH
OLKRRG

)LJXXU����� 'H�WRWDOH�ORJ�OLNHOLKRRG�ZDDUGH�YRRU�YHUVFKLOOHQGH�LQVWHOOLQJHQ�YDQ�GH���SDUDPHWHU
7DEHO���� 'H�EHUHNHQGH�ORJ�OLNHOLKRRGV�YRRU�GH�YHUVFKLOOHQGH�W\SHQ�UXLPWHJHEUXLN�ELM�YHUVFKLOOHQGH���ZDDUGHQ
� *5$6 0$,6 $..(5% %2//(1 %220* */$67% 29�/$1'% %26 1$7885 :(5.(1
������ ��������� �������� ���������� ������� �������� �������� ���������� ���������� ���������� ���������������� ���������� �������� ���������� ������� �������� �������� ���������� ���������� ���������� ���������������� ���������� �������� ���������� ������� �������� �������� ���������� ���������� ���������� ���������������� ���������� �������� ���������� ������� �������� �������� ���������� �������� ���������� ���������������� ���������� �������� ���������� ������� �������� �������� ���������� �������� ���������� ���������������� ���������� �������� ���������� ������� �������� �������� ���������� ���������� ���������� ���������������� ���������� �������� ���������� ������� �������� �������� ���������� ���������� ���������� ����������0D[LPDOH�� ���� ��� ��� ��� ���� ���� ���� ���� ��� ���
+HW�YHUVFKLO�WXVVHQ�GH�ORJ�OLNHOLKRRG�YDQ��� ������HQ��� �����LV�

�����������±������������ ��������
0HW�KHW�DDQWDO�JULGFHOOHQ�PLQXV�ppQ�DOV�KHW�DDQWDO�YULMKHLGVJUDGHQ�EHWHNHQW�GLW�HHQ�OLNHOLKRRG�UDWLRYDQ�

������������������ ����
:DQQHHU�ZH�GH�YXLVWUHJHO�DDQKRXGHQ�GDW�HHQ�UDWLR�JURWHU�GDQ���VLJQLILFDQW�LV��PRJHQ�ZHFRQFOXGHUHQ�GDW�HHQ�YHUDQGHULQJ�YDQ�GH���SDUDPHWHU�VLJQLILFDQW�HQ�GXV�LQ�SULQFLSH�ZHQVHOLMN�LV�-XGJH�HW�DO����������.DQWWHNHQLQJ�GDDUELM�LV�GDW�ELM�GH]H�FDOLEUDWLH�LV�JHVWHOG�GDW�HHQ�YRRUVSHOOLQJGLH�KHW�GLFKWVWH�GH�VLWXDWLH�XLW�KHW�VWDUWMDDU�EHQDGHUW��RSWLPDDO�LV��+HW�]RX�GDQ�RRN�]R�NXQQHQ�]LMQGDW�HHQ�YRRUVSHOOLQJ�GLH�PHHU�DIZLMNW�YDQ�KHW�VWDUWMDDU�EHWHU�LV��2PGDW�GDW�HFKWHU�QLHW�WHFRQWUROHUHQ�LV��HQ�KHW�QLHW�HHQYRXGLJ�LV�NZDOLWDWLHI�LQ�WH�VFKDWWHQ�ZHONH�YRRUVSHOOLQJ�EHWHU�LV��JHYHQ�ZH�GH�YRRUNHXU�DDQ�KHW�DIUHJHOHQ�YDQ�GH���SDUDPHWHU�PHW�GH�ERYHQVWDDQGH�PLQLPDOHOLNHOLKRRG�UDWLR��9HUGHU�EOLMNW�XLW�GH]H�WHVW�GDW�GH�PRGHOXLWNRPVWHQ�JHYRHOLJ�]LMQ�YRRUYHUDQGHULQJHQ�YDQ�GH���SDUDPHWHU��$DQSDVVLQJHQ�LQ�GH�RUGH�YDQ�JURRWWH�YDQ�HHQ�GHFLPDDOJHYHQ�VLJQLILFDQW�DQGHUH�XLWNRPVWHQ�



��

����� &RQFOXVLH
,GHDOLWHU�KDGGHQ�ZH�LQ�GLW�KRRIGVWXN�GH�ZHUNZLM]H�NXQQHQ�YROJHQ�]RDOV�GLH�LV�EHVFKUHYHQ�GRRU.LUNE\�HW�DO���������S��������=LM�VFKULMYHQ��µ$YDLODEOH�REVHUYHG�GDWD�DUH�VSOLW�LQWR�WZR�VXEVHWV��RQHEHLQJ�XVHG�IRU�FDOLEUDWLRQ�DQG�WKH�RWKHU�IRU�YHULILFDWLRQ��,I�WKH�UHVXOW�LV�VWDEOH��YHULILFDWLRQ�VKRXOGUHVXOW�LQ�IXOO\�DFFHSWDEOH�SUHGLFWLRQV�¶=RDOV�LQ�GH�LQOHLGLQJ�DO�LV�JHVWHOG��]LMQ�PHWLQJHQ�RPWUHQW�KHW�UXLPWHJHEUXLN�LQ�GH�WRHNRPVWYDQ]HOIVSUHNHQG�QLHW�YRRUKDQGHQ��'DDURP�LV�HHQ�DQGHUH�PDQLHU�JH]RFKW�RP�GH�YRRUVSHOOLQJHQGLH�GH�5XLPWH6FDQQHU�JHQHUHHUW�RPWUHQW�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�WH�FDOLEUHUHQ�HQ�ZHO�GRRUGH�YRRUVSHOOLQJHQ�WH�YHUJHOLMNHQ�PHW�KHW�KXLGLJ�UXLPWHJHEUXLN��0HW�GH�VWHOOLQJ�GDW�GH�EHVWHYRRUVSHOOLQJ�YDQ�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�KHW�KXLGLJ�UXLPWHJHEUXLN�LV��EOLMNW�HHQ���SDUDPHWHUYDQ������GH�EHVWH�PRGHOXLWNRPVWHQ�WH�JHYHQ�'H]H�FDOLEUDWLH�YDQ�GH���SDUDPHWHU�LV�VOHFKWV�HHQ�]HHU�EHSHUNWH�FDOLEUDWLH�RPGDW�GH���YRRU�DOOHUXLPWHJHEUXLN�HQ�JULGFHOOHQ�WH]DPHQ�JHOGW��(HQ�FDOLEUDWLHPHWKRGH��ZDDUELM�PHHUGHUH�SDUDPHWHUVWHJHOLMNHUWLMG�JHFDOLEUHHUG�ZRUGHQ��]RX�EHWHU�]LMQ��PDDU�LV�RS�GLW�PRPHQW�QRJ�QLHW�PRJHOLMN�
��� 6DPHQYDWWLQJ�HQ�DDQEHYHOLQJHQ
1D�HHQ�NRUWH�VDPHQYDWWLQJ�]XOOHQ�LQ�GH]H�SDUDJUDDI�WHFKQLVFKH�HQ�LQKRXGHOLMNH�DDQEHYHOLQJHQYRRU�YHUGHUH�RQWZLNNHOLQJ�YDQ�GH�5XLPWH6FDQQHU�ZRUGHQ�JHGDDQ�
����� 6DPHQYDWWLQJ
+LHURQGHU�YROJW�DOV�HHUVWH�HHQ�WDEHO�ZDDULQ�HHQ�RYHU]LFKW�ZRUGW�JHJHYHQ�YDQ�GH�FRQWUROHV�GLH�]LMQXLWJHYRHUG�YRRU�GH�YDOLGDWLH�HQ�FDOLEUDWLH��WDEHO������
'H�YHUDQGHULQJHQ�HQ�XLWEUHLGLQJHQ�GLH�YRRU�GH]H�WHVWV�QRRG]DNHOLMN�ZDUHQ�RI�QDDU�DDQOHLGLQJ�YDQGH]H�WHVWV�]LMQ�XLWJHYRHUG�DDQ�GH�5XLPWH6FDQQHU��]LMQ�LQ�KHW�NRUW�GH�YROJHQGH�x EHSDOLQJ�YDQ�HHQ�ORJ�OLNHOLKRRG�NZDOLWHLWVPDDW�LV�PRJHOLMN�x SDUDPHWHUV�XLW�GH�FODLPWDEHOOHQ�NXQQHQ�SHU�UHJLR�JHVRPPHHUG�HQ�EHZDDUG�ZRUGHQ�x RQJHOLMNKHLGVUHVWULFWLHV��PLQLPXP��PD[LPXPFODLPV��NXQQHQ�ZRUGHQ�LQJHYRHUG�x LQ�GH�*RRGQHVV�RI�)LW�ZRUGW�UHNHQLQJ�JHKRXGHQ�PHW�RQJHOLMNKHLGVUHVWULFWLHV�x GH�*RRGQHVV�RI�)LW�PDDW�LV�DDQJHSDVW��]ZDDUGHU�JHPDDNW��]RGDW�HHQ�UHDOLVWLVFKHUSHUFHQWDJH�ZRUGW�JHJHYHQ�x GH���HQ�KHW�DDQWDO�LWHUDWLHV�LV�SHU�DOORFDWLH�LQ�WH�VWHOOHQ�x GH�EHZDDUGH�JURQGSULM]HQ�]LMQ�YDQ�GH]HOIGH�RUGH�DOV�GH�JHVFKLNWKHLGVZDDUGHQ�HQ�GH�FODLP�SULM]HQ���RQJHYHHU�WXVVHQ�����HQ�������



��

7DEHO���� .RUW�RYHU]LFKW�YDQ�GH�YRRU�GH�YDOLGDWLH�HQ�FDOLEUDWLH�XLWJHYRHUGH�WHVW��PHW�JHZHQVWH�HQJHYRQGHQ�XLWNRPVWHQ
3DUDPHWHU 7HVW *HZHQVWH�XLNRPVW *HYRQGHQ�XLWNRPVW 3UREOHHP"9DOLGDWLH$UHDOHQ�LQFODLPWDEHOOHQ EDVHTXDQW�RSQLHXZ�EHUHNHQHQ�HQYHUJHOLMNHQ � PLQLPDOH�YHUVFKLOOHQ 1HH

WRWDDO�YDQ�GH�GHOWD¶V�YHUJHOLMNHQ ,Q�SULQFLSH�� PLQLPDOH�YHUVFKLOOHQ 1HH
WRWDDO�YDQ�GH�TXDQWLWLHV�YHUJHOLMNHQ ,Q�SULQFLSH�]HOIGH�DOVEDVHTXDQW PLQLPDOH�YHUVFKLOOHQ 1HH
WRWDDO�YDQ�GH�DOORFDWHG�DUHDVYHUJHOLMNHQ ,Q�SULQFLSH�]HOIGH�DOVTXDQWLWLHV PLQLPDOH�YHUVFKLOOHQ 1HH

6FKDGXZ�SULM]HQ 2QWZLNNHOLQJ�EHUHNHQGH�VFKDGXZSULMVYROJHQ 6WDELOLVDWLH VWLMJHQ�GRRU -D
2QWZLNNHOLQJ�YDQ�GH�*RRGQHVV�RI�)LWXLW]HWWHQ ���� *HHQ����� -D

0LQLPXP�PD[LPXPFODLPV 2PYDQJ�JHDOORFHHUGH�DUHDOHQFRQWUROHUHQ HYHQZLFKWLJ ODQGERXZ�YHUGZLMQW -D
%HUHNHQGH�VFKDGXZSULM]HQ�FRQWUROHUHQ VFKDGXZSULM]HQ�YRRUPHHVWH�FODLPV ZHLQLJ�VFKDGXZSULM]HQ -D

.ZDOLILFDWLH��SDUDPHWHU *RRGQHVV�RI�)LW�EHUHNHQHQ =R�ODDJ�PRJHOLMN RSWLPDOH��  ����� 1HH
2S�EDVLV�YDQ�GH]H�FRQWUROHV�]LMQ�LQ�GH�WZHH�YRRUJDDQGH�SDUDJUDIHQ�DI]RQGHUOLMN�FRQFOXVLHVJHIRUPXOHHUG��'H�EHODQJULMNVWH�FRQFOXVLHV�]LMQ�
x KRHZHO�HU�NOHLQH�YHUVFKLOOHQ�EHVWDDQ��NRPHQ�GH�GRRU�GH�DOORFDWLHPRGXOH�EHUHNHQGH�ZDDUGHQRYHUHHQ�PHW�GH�WH�YHUZDFKWHQ�ZDDUGHQ�x GH�JHEUXLNWH�YRRUVSHOOLQJHQ�RYHU�GH�WRHNRPVWLJH�DUHDOHQ�YDQ�GH�YHUVFKLOOHQGH�W\SHQUXLPWHJHEUXLN�]LMQ�QLHW�]RQGHUPHHU�EUXLNEDDU�LQ�GH�5XLPWH6FDQQHU�RPGDW�KHW�WRWDDO�DUHDDOYDQ�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN��YHHO��JURWHU�LV�GDQ�KHW�I\VLHN�DDQZH]LJH�DUHDDO�x PHW�PLQLPXP��PD[LPXPFODLPV�LV�ZHOLVZDDU�HHQ�FRUUHFWH�DOORFDWLH�PRJHOLMN�PDDU�]H�PRHWHQPHW�GH�QRGLJH�YRRU]LFKWLJKHLG�ZRUGHQ�JHEUXLNW�RPGDW�KHW�PRGHO�KLHUPHH�H[WUHHP�JHYRHOLJZRUGW�YRRU�GH�NZDOLWHLW�YDQ�GH�DWWUDFWLYLWHLWVNDDUWHQ�x GH�HQLJH�SDUDPHWHU�GLH�RS�GLW�PRPHQW�REMHFWLHI�WH�FDOLEUHUHQ�LV��LV�GH���SDUDPHWHU��RRN�ZHOYHUYDO��RI�PHQJSDUDPHWHU�JHQRHPG���0HW�GH�KXLGLJH�LQVWHOOLQJHQ�YRRU�DWWUDFWLYLWHLW�HQWRHNRPVWLJ�UXLPWHJHEUXLN�LV�GH�RSWLPDOH���SDUDPHWHU�������+HODDV�PRHW�YRRU�GH�FDOLEUDWLH�KHWKXLGLJ�UXLPWHJHEUXLN�DOV�LMNSXQW�ZRUGHQ�JHQRPHQ��'LW�EHWHNHQW�GDW�GH�SDUDPHWHULQVWHOOLQJ�PHWGH�ODDJVWH�ORJ�OLNHOLKRRG�QLHW�SHU�GHILQLWLH�GH�EHVWH�YRRUVSHOOLQJ�OHYHUW�PDDU�VOHFKWV�KHW�EHVWHKHW�KXLGLJ�UXLPWHJHEUXLN�EHQDGHUW��:HO�PDNHQ�WHVWV�GXLGHOLMN�GDW�KHW�PRGHO�JHYRHOLJ�LV�YRRUYHUDQGHULQJHQ�YDQ�GH���SDUDPHWHU�x HHQ�YHULILFDWLH�PHW�HHQ�WZHHGH�RQDIKDQNHOLMNH�GDWDVHW�LV�GRRU�KHW�JHEUHN�DDQ�HHQ�GHUJHOLMNHGDWDVHW�QLHW�PRJHOLMN�
2S�EDVLV�YDQ�GH]H�FRQFOXVLHV�]LMQ�RQGHUVWDDQGH�DDQEHYHOLQJHQ�JHIRUPXOHHUG��'H�DDQEHYHOLQJHQ]LMQ�LQ�HHUVWH�LQVWDQWLH�LQ�WZHH�JURHSHQ�WH�RQGHUVFKHLGHQ��WH�ZHWHQ�LQKRXGHOLMNH�DDQEHYHOLQJHQQDDVW�WHFKQLVFKH�DDQEHYHOLQJHQ��'H�WHFKQLVFKH�DDQEHYHOLQJHQ�]LMQ�YRRUVWHOOHQ�ZDDUPHH�KHWPRGHO�HHQYRXGLJHU�WH�EHKHUHQ�HQ�FRQWUROHUHQ�ZRUGW��'H�LQKRXGHOLMNH�DDQEHYHOLQJHQ�]LMQJHEXQGHOG�LQ�HHQ�GULHWDO�VFHQDULR¶V�GLH�JHYROJG�NXQQHQ�ZRUGHQ�LQ�KHW�YHUGHUH�RQWZLNNHOLQJV��HQJHEUXLNVWUDMHFW�YDQ�GH�5XLPWH6FDQQHU�
����� 7HFKQLVFKH�DDQEHYHOLQJHQ
�� *HVWUXFWXUHHUG�ELMKRXGHQ�YDQ�PRGHOVSHFLILFDWLHV��� *HVWUXFWXUHHUG�ELMKRXGHQ�YDQ�JHFRQVWDWHHUGH�GDWD��HQ�PRGHOSUREOHPHQ��IRXWHQ�



��

�� $XWRPDWLVFK�ORJERHN�ZDDULQ�HQNHOH�SDUDPHWHUV�GLH�]RZHO�LQSXW�DOV�RXWSXW�EHVFKULMYHQZRUGHQ�ZHJJHVFKUHYHQ�]RGDW��GH�NZDOLWHLW�YDQ��GH�UHVXOWDWHQ�HQ�GH�LQYRHUJHJHYHQV�]R�JRHGPRJHOLMN�KHUOHLG�NXQQHQ�ZRUGHQ��� 2SQHPHQ�YDQ�HHQ�VWDWLVWLHNYHQVWHU�GDW�VWDWLVWLVFKH�JHJHYHQV�YDQ�GH�DFWLHYH�NDDUW�EHYDW��� 2SQHPHQ�YDQ�HHQ�JUDILHNYHQVWHU�PHW�HHQ�KLVWRJUDP�YDQ�GH�GDWD�GLH�LQ�GH�DFWLHYH�NDDUWZRUGHQ�ZHHUJHJHYHQ�
����� ,QKRXGHOLMNH�DDQEHYHOLQJHQ��WZHH�RQWZLNNHOLQJVOLMQHQ YRRU�GH�5XLPWH6FDQQHU
2S�EDVLV�YDQ�GLW�KRRIGVWXN�NXQQHQ�YHUVFKLOOHQGH�SDGHQ�ZRUGHQ�JHIRUPXOHHUG�YRRU�GH�YHUGHUHRQWZLNNHOLQJ�YDQ�GH�5XLPWH6FDQQHU��1DDVW�HHQ�RQWZLNNHOLQJVOLMQ�ZDDULQ�KHW�DFFHQW�OLJW�RSSURJUDPPDWXXU��LV�HU�RRN�HHQ�ZDDULQ GH�LQKRXG�FHQWUDDO�VWDDW�
2QWZLNNHOLQJVOLMQ ���1DGUXN�RS�SURJUDPPDWXXU,Q�GLW�VFHQDULR�OLJW�GH�QDGUXN�RS�KHW�YHUGHU�XLWEUHLGHQ�YDQ�GH�VWDWLVWLVFK�PDWKHPDWLVFKH�NDQW�YDQGH�5XLPWH6FDQQHU�ZDDUGRRU�GH�SDUDPHWHUV�PRGHOPDWLJ�NXQQHQ�ZRUGHQ�YDVWJHOHJG�
$XWRPDWLVFKH�FDOLEUDWLH�'H�HHUVWH�RSWLH�LV�KHW�PHHVW�DPELWLHXV��GH�ODDWVWH�RSWLH�LV�KHW�HHQYRXGLJVW��� 2QWZLNNHOLQJ�YDQ�HHQ�PRGXOH�ZDDUPHH�GH�DWWUDFWLYLWHLWVNDDUWHQ�RS�JULGFHOQLYHDX�JHFDOLEUHHUGZRUGHQ��]LH�SDUDJUDDI��������7KHRULH����� 2QWZLNNHOLQJ�YDQ�HHQ�PRGXOH�ZDDUPHH�YRRU�LHGHUH�DWWUDFWLYLWHLWVNDDUW�DI]RQGHUOLMN�GHRSWLPDOH���NDQ�ZRUGHQ�EHSDDOG�HQ�LPSOHPHQWDWLH�YDQ�KHW�JHEUXLN�YDQ�VSHFLILHNH��¶V�YRRULHGHUH�DWWUDFWLYLWHLWVNDDUW�LQ�GH�DOORFDWLHPRGXOH��� 2QWZLNNHOLQJ�YDQ�HHQ�PRGXOH�ZDDUPHH�GH���SDUDPHWHU�DXWRPDWLVFK�NDQ�ZRUGHQJHFDOLEUHHUG�ELM�YHUDQGHULQJ�LQ�FODLPV�HQ�DWWUDFWLYLWHLWHQ�
9HUEHWHULQJ�FODLPV��� 2QWZLNNHOLQJ�YDQ�HHQ�PRGXOH�ZDDUPHH�YRRU�GH�DOORFDWLH�ZRUGW�JHWRHWVW�RI�GH�FODLPVRSORVEDDU�]LMQ�
2QWZLNNHOLQJVOLMQ ���1DGUXN�RS�LQKRXGHOLMNH�YHU]ZDULQJ,Q�GLW�VFHQDULR�OLJW�GH�QDGUXN�RS�RSWLPDOH�IOH[LELOLWHLW�HQ�LQVWHOEDDUKHLG�GRRU�GH��RQ�ZHWHQGHJHEUXLNHU�
&ODLPV�HQ�DWWUDFWLYLWHLWHQ��� 2QWZLNNHOLQJ�YDQ�HHQ�PRGXOH�ZDDUPHH�YRRU�GH�DOORFDWLH�ZRUGW�JHWRHWVW�RI�GH�FODLPVRSORVEDDU�]LMQ��� %HSDOHQ�ZHONH�DWWUDFWLYLWHLWVSDUDPHWHUV�LQ�ZHONH�PDWH�YDULDEHO�]LMQ�HQ�KHW�PRGHO�]RGDQLJDDQSDVVHQ�GDW���HQ�DWWUDFWLYLWHLWVNDDUWHQ�HHQYRXGLJ�LQVWHOEDDU�JHPDDNW�NXQQHQ�ZRUGHQ��� 'LIIHUHQWLsUHQ�YDQ�GH�RRUVSURQNHOLMNH�FODLPV�LQ�PD[LPXP��RI�PLQLPXPFODLPV�HQ�FODLPVZDDUYRRU�HHQ��]R�NOHLQ�PRJHOLMNH��EDQGEUHHGWH�NDQ�ZRUGHQ�RSJHQRPHQ�
%DVLVJHJHYHQV��� &RQWUROH�YDQ�GH�GHILQLWLHV�YDQ�DOOH�W\SHQ�JURQGJHEUXLN�HQ�YDQ�KHW�EDVLVMDDU�ZDDUYRRU�GHGLYHUVH�FODLPV�]LMQ�RSJHVWHOG��� 2SVSOLWVLQJ�ZHUNHQ�HQ�QDWXXU�LQ�PHHUGHUH�VXEFDWHJRULHsQ��]RZHO�ZDW�EHWUHIW�FODLPV�DOVDWWUDFWLYLWHLWHQ���� 7HU�FRQWUROH�YDQ�SULMVRQWZLNNHOLQJ�JHDJJUHJHHUG�WRHSDVVHQ�YDQ�GH�FODLPV��GXV�QLHW�SHU�UHJLRPDDU�YRRU�KHHO�1HGHUODQG���� +HW�NRSSHOHQ�YDQ�JHVFKLNWKHLG�DDQ�HHQ�PRQHWDLUH�HHQKHLG��� 2SQDPH�YDQ�RPVFKDNHO��VDQHULQJVNRVWHQ�LQ�JURQGJHEUXLNVNDDUWHQ�
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9HULILFDWLH��� 2QGHU]RHNHQ�ZHONH�ODQGJHEUXLNVGDWD�EHVFKLNEDDU�]LMQ�RP�HHQ�KLVWRULVFKH�DQDO\VH�PHH�WHYHUULFKWHQ��� 2QGHU]RHNHQ�ZHONH�DWWUDFWLYLWHLWVSDUDPHWHUV�PHW�HHQ�KLVWRULVFKH�DQDO\VH�]LQYRO�JHFDOLEUHHUG�NXQQHQ��ZRUGHQ�
'XLGHOLMN�LV�GDW�GH�WZHH�RQWZLNNHOLQJVOLMQHQ�QLHW�VWULMGLJ�PHW�HONDDU�]LMQ��PDDU�FRPSOHPHQWDLU�
/LWHUDWXXU
%2(560$��:���:�'289(1��0��+,/)(5,1.�	�3�5,(79(/' ��������(LQGUDSSRUWDJH�'H5XLPWH6FDQQHU��$PVWHUGDP��*HRGDQ�-8'*(��*�-���(7�$/� ��������,QWURGXFWLRQ�WR�WKH�WKHRU\�DQG�SUDFWLFH�RI�HFRQRPHWULFV���QG�HGLWLRQ�1HZ�<RUN��:LOH\�.,5.%<��0�-���3�6��1$'(1��7�3��%857�	�'�3��%87&+(5���������&RPSXWHU�VLPXODWLRQ�LQSK\VLFDO�JHRJUDSK\��&KLFKHVWHU��:LOH\�
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� *(35,-6'(�.$$57(1��'(�922563(//(1'(:$$5'(�9$1�'(�58,07(6&$11(5�23�+(7�7(55(,19$1�$*5$5,6&+(�*521'35,-=(1
5�:��*RHWJHOXN0��+LOIHULQN0��5DQVLMQ

��� ,QOHLGLQJ
'H�UXLPWHOLMNH�YHUGHOLQJ�YDQ�KHW�JURQGJHEUXLN�LV�HHQ�UHVXOWDQWH�YDQ�GH�YUDDJ�DDQERGYHUKRXGLQJHQ�RS�GH�JURQGPDUNW��,Q�GH�5XLPWH6FDQQHU�ZRUGW�GLW�JHVLPXOHHUG�GRRU�RQGHUFRQGLWLHV�GH�JHVFKLNWKHLGVNDDUWHQ�PHW�HONDDU�WH�ODWHQ�FRQFXUUHUHQ��=RDOV�UHHGV�XLWHHQJH]HW�LQKRRIGVWXN���HQ����GLHQHQ�EHSDDOGH�DFWLYLWHLWHQ�ILQDQFLHHO�SRVLWLHI�RI�QHJDWLHI�JHVXEVLGLHHUG�WHZRUGHQ�RP�GH�UHJLRQDOH�FODLPV�WH�UHDOLVHUHQ��GH�]RJHQDDPGH�VFKDGXZSULMV��'H�YUDDJ�GLH�LQ�GLW�KRRIGVWXN�ZRUGW�JHVWHOG�LV�RI�GH�UXLPWHOLMNH�VSUHLGLQJ�YDQ�GH�VFKDGXZSULM]HQRYHUHHQNRPW�PHW�GLH�XLW�GLHSWH�RQGHU]RHN�QDDU�GH�JURQGSULM]HQ��,Q�GLW�KRRIGVWXN�EHSHUNHQ�ZHRQV�WRW�GH�DJUDULVFKH�JURQGPDUNW�HQ�PDNHQ�GDDUELM�JHEUXLN�YDQ�KHW�/(,�'/2�RQGHU]RHNµ5HJLRQDOH�*URQGEDODQVHQ�WRW�����¶��GDW�LQ�RSGUDFKW�YDQ�GH�0LQLVWHULHV�YDQ�/19�HQ�9520�LVYHUULFKW��/XLMW������D��'LW�KRRIGVWXN�LV�RSJHERXZG�XLW�YLMI�SDUDJUDIHQ��3DUDJUDDI�����EHVFKULMIW�LQ�PHHU�GHWDLO�GHGRHOVWHOOLQJ�YDQ�GH�YHUJHOLMNLQJ�YDQ�GH�JURQGSULM]HQ�HQ�GH�GDDUXLW�YRRUWYORHLHQGHRQGHU]RHNVYUDJHQ��'H�GDDURS�YROJHQGH�SDUDJUDDI�JHHIW�LQ]LFKW�LQ�GH�UHVXOWDWHQ�YDQ�KHW�/(,�'/2RQGHU]RHN�µ5HJLRQDOH�*URQGEDODQVHQ�WRW�����¶�HQ�KHW�YHUVFKLO�KLHUYDQ�PHW�GH�XLWNRPVWHQ�YDQ�GH5XLPWH6FDQQHU��3DUDJUDDI�����JDDW�LQ�RS�GH�PHWKRGHQ�GLH�]LMQ�JHEUXLNW�RP�VFKDWWLQJHQ�PHW�GH5XLPWH6FDQQHU�WH�PDNHQ�WHQHLQGH�GH�YHUJHOLMNLQJ�PRJHOLMN�WH�PDNHQ��3DUDJUDDI�����WRRQW�GHPRGHOUHVXOWDWHQ�HQ�GH�YHUJHOLMNLQJHQ�WXVVHQ�EHLGH�PRGHOOHQ��'H�ODDWVWH�SDUDJUDDI�JDDW�LQ�RSRQWEUHNHQGH�NHQQLVYHOGHQ�HQ�RSORVVLQJVULFKWLQJHQ�RP�LQ�GH]H�ODQFXQHV�WH�YRRU]LHQ�
��� 'RHOVWHOOLQJ�HQ�RQGHU]RHNVYUDJHQ
+HW�/(,�'/2�KHHIW�HHQ�PRGHO�RQWZLNNHOG�ZDDUPHH�YRRUVSHOOLQJHQ�RYHU�KHW�WRHNRPVWLJ�DJUDULVFKJURQGJHEUXLN�NXQQHQ�ZRUGHQ�JHPDDNW��'LW�PRGHO�PDDNW�JHEUXLN�YDQ�GH]HOIGH�XLWJDQJVSXQWHQ�DOVGH�5XLPWH6FDQQHU�PDDU�YRRUVSHOW�KHW�WRHNRPVWLJ�JURQGJHEUXLN�RS�HHQ�DQGHUH�ZLM]H��'H�YUDDJ�LVRI�EHLGH�PRGHOOHQ�XLWNRPVWHQ�OHYHUHQ�GLH�YHUJHOLMNEDDU�]LMQ��+HW�GRHO�YDQ�GLW�RQGHU]RHN�OXLGW�GDQRRN�µ+HW�YHUNULMJHQ�YDQ�LQ]LFKW�LQ�GH�PDWH�YDQ�RYHUHHQNRPVW�WXVVHQ�GH�PRGHOXLWNRPVWHQ�YDQ�GH5XLPWH6FDQQHU�HQ�GH 5HJLRQDOH�*URQGEDODQVHQ�WRW������DOVPHGH�GH�LQWHUSUHWDWLH�GDDUYDQ�HQKHW�IRUPXOHUHQ�YDQ�PRJHOLMNKHGHQ�RP�GH�5XLPWH6FDQQHU�RS�GLW�JHELHG�WH�YHUEHWHUHQ�¶
2P�ERYHQVWDDQGH�GRHOVWHOOLQJ�WH�UHDOLVHUHQ�LV�HHQ�YLHUWDO�RQGHU]RHNVYUDJHQ�JHIRUPXOHHUG��WHZHWHQ�
�� µ:HONH�HLJHQVFKDSSHQ�KHEEHQ�EHLGH�PRGHOOHQ�HQ�ZDW�LV�GH�VDPHQKDQJ�RI�KHW�YHUVFKLO�LQ�GHDFKWHUOLJJHQGH�WKHRULHHQ"¶'H]H�VWDS�LV�QRRG]DNHOLMN�RPGDW�NDQ�ZRUGHQ�YHUZDFKW�GDW�YHUVFKLOOHQGH�PRGHOOHQYHUVFKLOOHQGH�XLWNRPVWHQ�JHQHUHUHQ��+HW�LV�YDQ�EHODQJ�HHQ�LQVFKDWWLQJ�WH�PDNHQ�ZDDU�GHPRJHOLMNH�YHUVFKLOOHQ�NXQQHQ�ZRUGHQ�YHUZDFKW�HQ�ZDW�PRJHOLMNH�YHUNODULQJHQ�KLHUYRRU�]LMQ��� µ2S�ZHONH�ZLM]H�NXQQHQ�PHW�GH�5XLPWH6FDQQHU�DJUDULVFKH�JURQGSULM]HQ�ZRUGHQ�EHUHNHQG"¶



��

'H�5XLPWH6FDQQHU�VLPXOHHUW�FRQFXUUHQWLH�WXVVHQ�DOOH�JURQGJHEUXLNHUV��WHUZLMO�KHW�/(,�PRGHO]LFK�EHSHUNW�WRW�GH�DIVWHPPLQJ�YDQ�YUDDJ�HQ�DDQERG�GRRU�DJUDULsUV�QDGDW�QLHW�DJUDULVFKHFODLPV�RS�YRRUKDQG�]LMQ�JHKRQRUHHUG��'LW�YUDDJW�RP�HHQ�DDQJHSDVW�JHEUXLN�YDQ�GH5XLPWH6FDQQHU�
�� µ2S�ZHONH�ZLM]H�NXQQHQ�GH�SULM]HQ�LQ�JXOGHQV�YDQ�KHW�/(,�JURQGPDUNWPRGHO�ZRUGHQYHUJHOHNHQ�PHW�GH�SDUDPHWHUZDDUGHQ��GLH�UHODWLHYH�SULMVYHUVFKLOOHQ�DDQJHYHQ��YDQ�GH5XLPWH6FDQQHU"¶¶(U�ZRUGW�XLWJHJDDQ�YDQ�HHQ�YHUJHOLMNLQJ�YDQ�GH�JURQGSULM]HQ�XLW�KHW�/(,�JURQGPDUNWPRGHOPHW�GH�EHUHNHQGH�JURQGSULM]HQ�YDQ�GH�5XLPWH6FDQQHU�YRRU�KHW�VFHQDULR�(XURSHDQ�&R�RUGLQDWLRQ��'LW�VFHQDULR�VOXLW�KHW�PHHVW�DDQ�ELM�GH�KXLGLJH�JDQJ�YDQ�]DNHQ��,V�GHJURQGSULMVEHUHNHQLQJ�ELM�KHW�/(,�JURQGPDUNWPRGHO�HHQ�HHQGXLGLJ��GLUHFW�DIOHHVEDDU�JHWDO��ELMGH�5XLPWH6FDQQHU�LV�GDW�QLHW�GLUHFW�KHW�JHYDO��8LW�GH�EHUHNHQLQJHQ�YDQ�GH�5XLPWH6FDQQHU]LMQ�GH�JURQGSULM]HQ�RS�WZHH�PDQLHUHQ�DI�WH�OH]HQ��KLHU�NRPHQ�ZH�XLWJHEUHLG�RS�WHUXJ���HHQLQGH[�GLH�RSJHYDW�NDQ�ZRUGHQ�DOV�HHQ�VFKDGXZSULMV�RI�HHQ�LQGH[�GLH�GH�JHVFKLNWKHLG�YRRUHHQ�EHSDDOG�JURQGJHEUXLNVW\SH�DDQJHHIW��2PGDW�GH�5XLPWH6FDQQHU�IOH[LEHOHU�LV�GDQ�KHW�/(,�JURQGPDUNWPRGHO��LV�DDQ�GH�NDQW�YDQ�GH�5XLPWH6FDQQHU�HUYRRU�JH]RUJG�GDW�GH�PRGHOOHQGH]HOIGH�DDQQDPHV�JHEUXLNHQ��$OV�EDVLV�LV�GH�JHGRFXPHQWHHUGH�HQ�RS�&'�520YDVWJHOHJGH�YHUVLH�����YDQ�GH�5XLPWH6FDQQHU�JHEUXLNW�
�� µ,Q�ZHONH�PDWH�NRPHQ�GH�XLWNRPVWHQ�YDQ�EHLGH�PRGHOOHQ�RYHUHHQ�HQ�ZHONH�PRJHOLMNKHGHQ]LMQ�EHVFKLNEDDU�RP�GH�5XLPWH6FDQQHU�RI�KHW�/(,�JURQGPDUNWPRGHO�WH�YHUEHWHUHQ"¶'H]H�YUDDJ�JHHIW�DQWZRRUG�RS�GH�GRHOVWHOOLQJ�YDQ�GH]H�VWXGLH��+LHUYRRU�ZRUGW�PHHU�LQ�GHWDLOJHNHNHQ�QDDU�GH�LQYORHG�YDQ�GH�YHUVFKLOOHQGH�W\SHQ�JURQGJHEUXLN�RS�KHW�RQWVWDDQ�YDQ�GHXLWHLQGHOLMNH�JURQGSULM]HQ�LQ�GH�5XLPWH6FDQQHU��'H]H�YHUJHOLMNLQJ�NDQ�LQ]LFKW�ELHGHQ�LQ�GHPRJHOLMNKHGHQ�RP�EHLGH�PRGHOOHQ�WH�RSWLPDOLVHUHQ�
,Q�SDUDJUDDI�����ZRUGW�GH�HHUVWH�RQGHU]RHNVYUDDJ�EHDQWZRRUG��'H]H�YUDDJ�VWRQG�FHQWUDDO�WLMGHQVHHQ�ZRUNVKRS�PHW�DOV�GHHOQHPHUV�GH�RQWZHUSHUV�YDQ�EHLGH�PRGHOOHQ��,Q�SDUDJUDDI�����ZRUGHQGH�WZHHGH�HQ�GHUGH�YUDDJ�EHDQWZRRUG��3DUDJUDDI�����JDDW�LQ�RS�YUDDJ�YLHU��'H�DQWZRRUGHQ�RSGH]H�RQGHU]RHNVYUDJHQ�]LMQ�WRW�VWDQG�JHNRPHQ�GRRU�WH�H[SHULPHQWHUHQ�PHW�GH�5XLPWH6FDQQHU�
��� 'H�PRGHOOHQ�YHUJHOHNHQ
:H�]XOOHQ�KLHU�QLHW�LQJDDQ�RS�KHW�LQVWUXPHQW�5XLPWH6FDQQHU��GH]H�LV�DO�XLWYRHULJ�EHVFKUHYHQ�LQYRRUJDDQGH�KRRIGVWXNNHQ��,Q�GH]H�SDUDJUDDI�ULFKWHQ�ZH�RQV�HHUVW�NRUW�RS�KHW�/(,�'/2RQGHU]RHN�µ5HJLRQDOH�*URQGEDODQVHQ�WRW�����
��'DDUELM�]DO�NRUW�ZRUGHQ�LQJHJDDQ�RS�KHWDFKWHUOLJJHQGH�/(,�'/2�PRGHO�HQ�GH GDDUDDQ�WHQ�JURQGVODJ�OLJJHQGH�UHHNV�PLFUR�VLPXODWLHPRGHOOHQ�)(6�HQ�$3352;,��9RRU�HHQ�PHHU�XLWJHEUHLGH�EHVSUHNLQJ�ZRUGW�GH�OH]HUGRRUYHUZH]HQ�QDDU�GH�RQGHU]RHNVYHUVODJHQ�µ5HJLRQDOH�*URQGEDODQVHQ�WRW�����
��/XLMW������D�HQ�GH�GLVVHUWDWLHV�YDQ�+HQQHQ��������HQ�0XOGHU���������9HUYROJHQV�]XOOHQ�ZH�LQ�GH]H�SDUDJUDDILQJDDQ�RS�GH�YHUJHOLMNLQJ�WXVVHQ�GH�5XLPWH6FDQQHU�HQ�KHW�LQ�µ5HJLRQDOH�*URQGEDODQVHQ�WRW�����¶JHEUXLNWH�/(,�PRGHOLQVWUXPHQWDULXP��KLHU�YHUGHU�VDPHQJHYDW�DOV�KHW�/(,�JURQGPDUNWPRGHO�
����� 5HJLRQDOH�*URQGEDODQVHQ�WRW�����
+HW�RQGHU]RHN�µ5HJLRQDOH�*URQGEDODQVHQ�WRW�����¶�KDG�DOV�GRHO�LQ]LFKW�WH�YHUVFKDIIHQ�LQWRHNRPVWLJH�DJUDULVFKH�JURQGSULM]HQ�HQ�KHW�DJUDULVFK�JURQGJHEUXLN�LQ�GH�YHHUWLHQ�/(,�'/2ODQGERXZJHELHGHQ��JHJHYHQ�GH�/DQJH�7HUPLMQYHUNHQQLQJHQ¶���YDQ�KHW�&3%�HQ�EHVWDDQG�EHOHLG�PHW�QDPH�KHW�JHDFWXDOLVHHUGH�9,1(;��HQ�QDWXXUEHOHLG��(HQ�EHODQJULMNH�DDQQDPH�LV�GDW�GH�SULMVYRUPLQJ�LQ�DJUDULVFKH�HQ�QLHW�DJUDULVFKH�JURQGPDUNWHQHONDDU�QLHW�ZHGHU]LMGV�EHwQYORHGW��/XLMW������E���'RRU�SODQRORJLVFKH�UHJHOJHYLQJ�ZRUGW�JURQG�YRRUODQGERXZ�RQWWURNNHQ�YRRU�DQGHU�JURQGJHEUXLN��(HQ]HOIGH�PHFKDQLVPH�ZRUGW�JHKDQWHHUG�YRRU�GH(+6��2PGDW�DDQJHQRPHQ�ZRUGW�GDW�HU�JHHQ�ZHGHU]LMGVH�EHwQYORHGLQJ�EHVWDDW�WXVVHQ�GH
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YHUVFKLOOHQGH�GHHOPDUNWHQ��ZRUGW�HU�RRN�QDXZHOLMNV�DQWLFLSDWLH�GRRU�DJUDULsUV�YHURQGHUVWHOG��+HWDDQERG�LV�GXV�QDXZHOLMNV�HODVWLVFK��,Q�KRHYHUUH�GH]H�DDQQDPH��LQ�GH�WRHNRPVW��MXLVW�LV��LV�]HHU�GHYUDDJ��+HW�OLMNW�HURS�GDW�GH�YHUVFKLOOHQGH�JURQGPDUNWHQ�HONDDU�VWHHGV�PHHU�JDDQ�EHwQYORHGHQ�2QGHU]RHN�RS�GLW�JHELHG�LV�HFKWHU�]HHU�JHIUDJPHQWHHUG�.HQPHUNHQG�DDQ�KHW�/(,�JURQGPDUNWPRGHO�LV�GH�VLPXODWLH�YDQ�KHW�RQGHUQHPHUVJHGUDJ��*HEUXLNZRUGW�JHPDDNW�YDQ�KHW�DFKWHUOLJJHQGH�)LQDQFLHHO�(FRQRPLVFK�6LPXODWLHPRGHO��0XOGHU��������HQHHQ�NHQQLVPRGHO�$3352;,��+HQQHQ���������%HLGH�PRGHOOHQ�PDNHQ�ZHHU�JHEUXLN�YDQ�GHLQWHJUDOH�ODQGERXZWHOOLQJ��9%6��HQ�KHW�/(,�'/2�%HGULMIV�,QIRUPDWLH�1HW��%,1���+HW�%,1�EHWUHIW�HHQVWHHNSURHI�XLW�GH�ODQGERXZWHOOLQJ�ZDDULQ�LQNRPVWHQ��XLWJDYHQ�HQ�JHGUDJ�YDQ�DJUDULVFKHRQGHUQHPHUV�LV�YDVWJHOHJG�+HW�)(6�PRGHO�ZRUGW�JHEUXLNW�RP�KHW�DDQERG�YDQ�YULMNRPHQGH�JURQG�WH�VFKDWWHQ��,Q�KHW�)(6�LVGDDUYRRU�RQGHU�PHHU�KHW�RSKHIIHQ�YDQ�EHGULMYHQ�LQ�KHW�OLFKW�YDQ�GH�/DQJH�7HUPLMQ�VFHQDULR¶VJHPRGHOOHHUG��+HW�OHHXZHGHHO�YDQ�KHW�UHVXOWHUHQGH�DDQERG�YDQ�JURQG�RQWVWDDW�GRRUGHPRJUDILVFKH�IDFWRUHQ��ELMYRRUEHHOG�KHW�RQWEUHNHQ�YDQ�HHQ�RSYROJHU��'DDUQDDVW�ZRUGHQDJUDULsUV�XLWJHNRFKW�YRRU�QLHW�DJUDULVFKH�FODLPV��PDDU�GH]H�GUDJHQ�YDQ]HOIVSUHNHQG�QLHW�ELM�DDQKHW�RQWVWDDQ�YDQ�DDQERG�YDQ�JURQG��.HQPHUNHQG�DDQ�KHW�DDQERG�YDQ�JURQG�RS�GH�DJUDULVFKHJURQGPDUNW�LV�GDW�KHW�QDJHQRHJ�LQHODVWLVFK�LV��GDW�ZLO�]HJJHQ�GDW�GH�KRHYHHOKHLG�DDQJHERGHQJURQG�QLHW�VWHUN�DIKDQNHOLMN�LV�YDQ�SULMVYHUDQGHULQJHQ��/XLMW������E��'H�YUDDJ�QDDU�JURQG�ZRUGW�EHSDDOG�GRRU�GH�RYHUEOLMYHQGH�YLWDOH�DJUDULVFKH�RQGHUQHPLQJHQ�'H]H�YUDDJ�ZRUGW�PHW�KHW�$3352;,�PRGHO�JHVFKDW��'LW�JHEHXUW�SHU�ODQGERXZJHELHG�HQ�SHUEHGULMIVWDN��PHONYHH��DNNHUERXZ��WXLQERXZ�HQ�RYHULJH�WDNNHQ���7HYHQV�ZRUGW�PHW�KHW�)(6�PRGHOJHFRQWUROHHUG�RI�GH�DDQNRRS�YDQ�JURQG�ILQDQFLHHO�KDDOEDDU�LV��,Q�WHJHQVWHOOLQJ�WRW�KHW�DDQERG�LVGH�YUDDJ�ZHO�HODVWLVFK��(HQ�ELM]RQGHUH�DJUDULVFKH�YUDDJ�ZRUGW�XLWJHRHIHQG�GRRU�GH�XLWJHNRFKWHEHGULMYHQ��QLHW�DJUDULVFKH�FODLPV���,Q�KHW�WRW������JHOGHQGH�ILVFDOH�VWHOVHO�JROG�GDW�KHW�VWDNHQ�YDQHHQ�EHGULMI�]HHU�RQJXQVWLJ�LV�ZDDUGRRU�YHUSODDWVLQJ�YDQ�HHQ�EHGULMI�YRRU�GH�KDQG�ODJ�µ9HUSODDWVHUV¶�KDGGHQ�LQ�GH�UHJHO�PHHU�EXGJHW�GDQ�µEOLMYHUV¶��%RYHQGLHQ�NRFKWHQ�]LM�LQ�GH�UHJHORRN�PHHU�JURQG�GDQ�GH�µEOLMYHUV¶��/RXZHUV��������,Q�GH�PDUNWPRGXOH�ZRUGHQ�WHQVORWWH�GH�YUDDJ�HQ�KHW�DJUDULVFKH�DDQERG�PHW�HONDDUJHFRQIURQWHHUG��'H�QLHW�DJUDULVFKH�YUDDJ�ZRUGW�DOV�HHUVWH�JHKRQRUHHUG��'LW�OHLGW�WRW�HHQ�DIQDPHYDQ�KHW�DJUDULVFKH�DDQERG�ZDDUGRRU�GH�UHJLRQDOH�JURQGSULMV�VWLMJW��9HUYROJHQV�ZRUGW�GH�YUDDJYDQ�GH�YHUSODDWVHUV�JHKRQRUHHUG��2RN�GLW�OHYHUW�HHQ�SULMVVWLMJLQJ�RS��'DDUQD�ZRUGW�GH�YUDDJ�YDQNDSLWDDOLQWHQVLHYH�WXLQERXZ�WRHJHNHQG��7HQVORWWH�EOLMYHQ�GH�RYHULJH�DJUDULVFKH�RQGHUQHPHUVRYHU��7RHNHQQLQJ�YDQ�GH�YUDDJ�YLQGW�SODDWV�RS�EDVLV�YDQ�GH�ELHGSULM]HQ�YDQ�GH�RQGHUQHPHUV�'H]H�DOORFDWLH�YLQGW�LQ�YLHU�URQGHQ�YDQ�HON�YLMI�MDDU�SODDWV��2S�GH]H�ZLM]H�NXQQHQ�YHUSODDWVHUV�LQGH�ORRS�YDQ�GH�WLMG�HHQ�DQGHUH�EHVWHPPLQJVJHELHG�VHOHFWHUHQ�,Q�KHW�RQGHU]RHN�µ5HJLRQDOH�JURQGEDODQVHQ�WRW�����¶�ZRUGW�GXV�JHEUXLNW�JHPDDNW�YDQ�HHQ�NHWHQYDQ�PRGHOOHQ��ZDDULQ�LHGHU�PRGHO�]LMQ�HLJHQ�YHURQGHUVWHOOLQJHQ��PRJHOLMNKHGHQ�HQ�EHSHUNLQJHQNHQW��(HQ�EHODQJULMN�SUREOHHP�KLHUELM�LV�GDW�JHEUXLN�ZRUGW�JHPDDNW�YDQ�VWHHNSURHIJHJHYHQV�LQ�GHYRUP�YDQ�SXQWVFKDWWLQJHQ��)RXWYRRUWSODQWLQJ�NDQ�KHUELM�QDXZHOLMNV�ZRUGHQ�YDVWJHVWHOG�*RHWJHOXN�HW�DO����������(HQ�DQGHUH�EHSHUNLQJ�LV�GH�VWDSVJHZLM]H�RSERXZ�YDQ�GH�PRGHONHWHQZDDUGRRU�WHUXJNRSSHOLQJVHIIHFWHQ�QLHW�RSWUHGHQ��*RHWJHOXN� HW�DO����������(HQ�PRJHOLMN�DOWHUQDWLHIYRRU�GH�JHKDQWHHUGH�PRGHONHWHQ�LV�KHW�UHFHQW�EHVFKLNEDDU�JHNRPHQ�'XWFK�5HJLRQDOL]HG$JULFXOWXUDO�0RGHO��+HOPLQJ���������+HW�'5$0�LV�HHQ�VHFWRUPRGHO�ZDDUELM�HHQ�JHELHG�ZRUGWRSJHYDW�DOV�HHQ�ERHUGHULM��+HOPLQJ��������+HW�LV�HHQ�FRQVLVWHQW�HFRQRPHWULVFK�PRGHO�GDWERYHQGLHQ�H[SOLFLHW�UHNHQLQJ�KRXGW�PHW�GH�PDUNWLQYORHGHQ�YDQ�RQGHU�DQGHUH�PHVW��HQPLOLHXEHOHLG�
����� (VVHQWLsOH�YHUVFKLOOHQ�PHW�GH�5XLPWH6FDQQHU
,Q�KHW�/(,�JURQGPDUNWPRGHO�ZRUGW�RQGHUQHPHUVJHGUDJ�LQ�UHODWLH�WRW�KHW�DDQERG�YDQ�JURQG��PHON�HQ�PHVWTXRWD¶V�HQ�GH SULMV�YDQ�JURQG�JHPRGHOOHHUG��'DDUELM�VSHOHQ�]HHU�YHHO�IDFWRUHQ�HHQ�URO�]RDOV�ERGHPYUXFKWEDDUKHLG��JURQGZDWHUVWDQG��DDQZH]LJKHLG�YDQ�DQGHUH�RQGHUQHPHUV�OHHQFDSDFLWHLW��VROYDELOLWHLW��YHUYRHUVNRVWHQ��HQ�YHUZDFKWLQJHQ�RYHU�SURGXNWLYLWHLW�HQSULMVRQWZLNNHOLQJHQ��GLH�YDQ�LQYORHG�]LMQ�RS�GH�DDUG�HQ�LQWHQVLWHLW�YDQ�KHW�JURQGJHEUXLN��8LW�GH
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PRGHOOHQ�ZRUGHQ�YUDDJFXUYHQ�JHVFKDW�YRRU�YHUVFKLOOHQGH�VHFWRUHQ�LQ�GH�/(,����JHELHGHQ��'HDIVWHPPLQJ�YDQ�GH�UHJLRQDOH�YUDDJ�HQ�DDQERG�YLQGW�SODDWV�PHW�GH�ELHGSULM]HQ�,Q�GH�5XLPWH6FDQQHU�ZRUGW�RQGHUQHPHUVJHGUDJ�GDDUHQWHJHQ�QLHW�JHPRGHOOHHUG�PDDU�ZRUGHQJHVFKLNWKHLGVNDDUWHQ��FODLPV�HQ�JURQGSULM]HQ�JHEUXLNW�RP�RS�HHQ�KRJHU�VFKDDOQLYHDX�GHDIVWHPPLQJ�YDQ�YUDDJ�HQ�DDQERG�LQ�DUHDOHQ�WH�PRGHOOHUHQ��$DQJHQRPHQ�GDW�GH�H[RJHHQJHVFKDWWH�FODLPV�NORSSHQ��LV�KHW�DDQWDO�JHVFKLNWKHLGVNDDUWHQ�HQ�GH�NZDOLWHLW�HUYDQ�FUXFLDDO��:DWEHWUHIW�GH�JHVFKLNWKHLGVNDDUWHQ�YRRU�GH�ODQGERXZ�]LMQ�RS�GLW�PRPHQW�DOOHHQ�I\VLHNH�HQNOLPDWRORJLVFKH�DVSHFWHQ�RSJHQRPHQ�GLH�JHFRPELQHHUG�ZRUGHQ�WRW�RSEUHQJVWGHUYLQJVNDDUWHQ�$QGHUH�IDFWRUHQ��]RDOV�GH�WHFKQLVFKH�PRJHOLMNKHGHQ�GLH�HHQ�RQGHUQHPHU�NDQ�WRHSDVVHQ�RP�GHRSEUHQJVWGHUYLQJ�WH�YHUNOHLQHQ��]LMQ�QLHW�RSJHQRPHQ�LQ�GH�JHVFKLNWKHLGVNDDUWHQ��+HOPLQJ��������'H�KXLGLJH�JHVFKLNWKHLGVNDDUWHQ�ZRUGHQ�GDDUGRRU�WH�VWHUN�JHGRPLQHHUG�GRRU�I\VLVFKH�IDFWRUHQDOV�ERGHPW\SH�HQ�JURQGZDWHUWUDSSHQ��*HEUXLN�YDQ�H[WUD�RI�DOWHUQDWLHYH�JHVFKLNWKHLGVNDDUWHQ�NDQHHQ�YHUEHWHULQJ�YDQ�GH]H�JHVFKLNWKHLGVNDDUWHQ�RSOHYHUHQ��(HQ�YRRUEHHOG�KLHUYDQ�LV�GH�6(236�NDDUW��9DQ�GH�6WHHJ�HQ�9DQ�'LHSHQ���������,Q�KHW�NDGHU�YDQ�GH�6WUDWHJLVFKH�([SHUWLVH2QWZLNNHOLQJ�3ODWWHODQGVRQWZLNNHOLQJ�HQ�6FHQDULRPHWKRGLHNHQ��H[SHUWLVH�RQWZLNNHOLQJ�ELM�GH'LHQVWHQ�ODQGERXZNXQGLJ�2QGHU]RHN��ZDDUWRH�RRN�KHW�/(,�EHKRRUW��LV�HHQ�DOWHUQDWLHYH�NDDUWJHPDDNW��+LHU�ZRUGW�GH�ODQGERXZNXQGLJH�SRWHQWLH�YDQ�HHQ�JHELHG�RPVFKUHYHQ�DOV�GHNHX]HUXLPWH�LQ�ODQGJHEUXLN�HQ�ERXZSODQ��KDDOEDUH�JHZDVRSEUHQJVWHQ�HQ�PRJHOLMNKHGHQ�WRWPHFKDQLVDWLH�YRRU�]RYHU�EHSDDOG�GRRU�ERGHP��NOLPDDW�HQ�JURQGZDWHU�QDDVW�UHVWULFWLHV�HQQRUPHULQJHQ�GLH�JHOGHQ�WHQ�DDQ]LHQ�YDQ�EHPHVWLQJ�HQ�KHW�JHEUXLN�YDQ�JURQG��HQRSSHUYODNWHZDWHU�(HQ�EHODQJULMNH�RYHUHHQNRPVW�LV�GDW�LQ�EHLGH�PRGHOOHQ�JHZHUNW�ZRUGW�PHW�YUDDJ��HQDDQERGIXQFWLHV��ZDDUELM�GH�YUDDJ�LQ�EHLGH�PRGHOOHQ�DIKDQNHOLMN�LV�YDQ�GH�JURQGSULMV��'H�EHSDDOGHSULMV�LV�GLH�SULMV�ZDDUELM�YUDDJ�HQ�DDQERG�LQ�HYHQZLFKW�]LMQ��,Q�WDEHO�����]LMQ�GH�YHUVFKLOOHQ�WXVVHQEHLGH�PRGHOOHQ�VDPHQJHYDW�'H�YHUZDFKWLQJ�LV�GDW�GH�PDWFK�WXVVHQ�GH�5XLPWH6FDQQHU�HQ�KHW�/(,�JURQGPDUNWPRGHO�JHULQJ]RX�NXQQHQ�]LMQ��9DQXLW�KHW�/(,�JURQGPDUNWPRGHO�LV�GH�JHGUDJVFRPSRQHQW�]HHU�JRHG�RQWZLNNHOG�PDDU�LV�GH�UXLPWHOLMNH�YHUWDOLQJ�VOHFKWV�RS�KHW�VFKDDOQLYHDX�YDQ�HHQ�WDPHOLMN�JURWH�UHJLR�%HOHLGVPDWLJ�OLMNW�HHQ�GHUJHOLMN�VFKDDOQLYHDX�PLQGHU�LQWHUHVVDQW�WH�ZRUGHQ�RPGDW�GH�KXLGLJH�HQYHUZDFKWH�YHUDQGHULQJVSURFHVVHQ�]XOOHQ�OHLGHQ�WRW�HHQ�UXLPWHOLMNH�GLIIHUHQWLDWLH�YDQ�JURQGJHEUXLNHQ�ODQGVFKDSSHQ�RS�HHQ�ODJHU�VFKDDOQLYHDX�GDQ�GH�/(,�����:HWHQVFKDSSHOLMN�LV�KHW�PLFURQLYHDXYDQ�EHODQJ�RPGDW�GH�DFWRU�GH�KDQGHOHQGH�HHQKHLG�LV��HQ�QLHW�KHW�DUHDDO��+HW�UHDOLVHUHQ�YDQ�HHQNRSSHOLQJ�WXVVHQ�KHW�PLFUR��HQ�KHW�PDFURQLYHDX��]LH�*RHWJHOXN��������]RX�HU�WRH�NXQQHQ�OHLGHQGDW�NHQQLV�RSJHVODJHQ�LQ�DFWRUJHULFKWH�PRGHOOHQ�EHWHU�EHQXW�]RX�ZRUGHQ�YRRU�GLW�VRRUWWRHSDVVLQJHQ�
7DEHO���� 9HUVFKLOOHQ�WXVVHQ�KHW�/(,�JURQGPDUNWPRGHO�HQ�GH�5XLPWH6FDQQHU
9HUVFKLOSXQW 5HJLRQDOH�*URQGEDODQVHQ�WRW����� 5XLPWH6FDQQHU����������
5XLPWHOLMNH�HHQKHLG /(,�� ��������JULGFHOOHQ
*URQG0DUNWHQ $JUDULVFKH�JURQGPDUNW�LV�JHVFKHLGHQYDQ�DQGHUH�JURQGPDUNWHQ ,HGHUH�JURQGJHEUXLNHU�ELHGW�RYHUDO�PHH
9UDDJ ([RJHHQ��$FWXDOLVDWLH�9,1(;��(+6(QGRJHHQ��JURHL��KHUYHVWLJLQJ ([RJHHQ��WRHQDPH�LQIUDVWUXFWXXU��KXLGLJHZRRQJHELHGHQHQGRJHHQ��DOOH�JURQGJHEUXLNHUV$DQERG 8LWJHNRFKW��VWRSSHUV $OOH�JURQG�GLH�QX�HQGRJHHQ�JHEUXLNW�ZRUGW
3ULMV ,Q�JXOGHQV�SHU�KD ,Q�JHVFKLNWKHLGVPDDW�HHQKHGHQ����������
$DQWDO�SHULRGHQ � �
-DDU�YDQ�YRRUVSHOOLQJ ���� ��������
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*URRW�YRRUGHHO�YDQ�GH�5XLPWH6FDQQHU�LV�KHW�H[SOLFLHW�RSQHPHQ�YDQ�DOOH�PRJHOLMNH�FRQFXUUHQWHQRP�GH�JURQG��DOVPHGH�GH�YHUWDOLQJ�RS�HHQ�EHOHLGVPDWLJ�LQWHUHVVDQWHU�UXLPWHOLMN�VFKDDOQLYHDX�QDPHOLMN�RS�KHW�QLYHDX�YDQ����������P�FHOOHQ��'LW�]RUJW�YRRU�HHQ�ILMQPD]LJ�UXLPWHOLMN�EHHOG��'H/(,����JHELHGHQ�XLW�GH�5HJLRQDOH�*URQGEDODQVHQ�]LMQ�GDDUPHH�YHUJHOHNHQ�YHHO�JURYHU�HQOHYHUHQ�GDDURP�QDXZHOLMNV�LQWHUHVVDQWH�UXLPWHOLMNH�EHHOGHQ�RS�
��� 0HWKRGHQ
'H]H�SDUDJUDDI�EHKDQGHOW�GH�YHUJHOLMNLQJ�YDQ�GH�JURQGSULM]HQ�LQ�EHLGH�PRGHOOHQ��'DDUYRRU�LV�GH5XLPWH6FDQQHU�DDQJHSDVW�DDQ�GH�XLWJDQJVSXQWHQ�YDQ�GH�5HJLRQDOH�*URQGEDODQVHQ�WRW�������(UZRUGHQ�WZHH�PHWKRGHQ�JHEUXLNW�RP�GH�JURQGSULMV�WH�EHUHNHQHQ��2P�KHW�LQ]LFKW�LQ�GH�ZHUNZLM]H�WHYHUJURWHQ�ZRUGW�WHYHQV�NRUW�WRHJHOLFKW�KRH�GH�DIVWHPPLQJ�YDQ�YUDDJ�HQ�DDQERG�LQ�GH5XLPWH6FDQQHU�SODDWVYLQGW��+HW�JHEUXLN�YDQ�HQNHOH�IRUPXOHV�LV�ZHOLVZDDU�ODVWLJ�YRRU�GH�OHHN�PDDU�EHKXOS]DDP�YRRU�GH�PRGHOERXZHU��0HW�EHKXOS�YDQ�HHQ�UHJUHVVLHDQDO\VH�ZRUGHQ�GHXLWNRPVWHQ�YDQ�GH�EHUHNHQLQJHQ�YHUJHOHNHQ�
����� $DQSDVVLQJHQ�YDQ�GH�5XLPWH6FDQQHU
*HVFKHLGHQ�JURQGPDUNWHQ%LM�KHW�/(,�JURQGPDUNWPRGHOZRUGW�XLWJHJDDQ�YDQ�JHVFKHLGHQ�PDUNWHQ�YRRU�DJUDULVFKJURQGJHEUXLN�HQ�DQGHU�JURQGJHEUXLN�]RDOV�ZRQHQ��%LM�GH�5XLPWH6FDQQHU�ZRUGW�GLW�RQGHUVFKHLGQLHW�]R�H[SOLFLHW�JHPDDNW��KRHZHO�PHW�EHOHLGVYDULDEHOHQ�EHSDDOGH�W\SHQ�JURQGJHEUXLN�ELMEHSDDOGH�JULGFHOOHQ�NXQQHQ�ZRUGHQ�XLWJHVORWHQ�+HW�LGHH�YDQ�GH�JHVFKHLGHQ�JURQGPDUNWHQ�LV�LQ�GH�5XLPWH6FDQQHU�YRRU�GH]H�VWXGLH�PHHUH[SOLFLHW�JHPDDNW�YRRU�QDWXXU�YHUVXV�DQGHU�JURQGJHEUXLN��7RW�QX�WRH�]LMQ�LQ�GH�5XLPWH6FDQQHU�GH(+6�JHELHGHQ�DOV�SRVLWLHI�YRRU�QDWXXU�JHZDDUGHHUG��0HW�GLH�PHWKRGH�PRHW�QDWXXU�YDNHURSELHGHQ�WHJHQ�DQGHU�JURQGJHEUXLN��ZDW�JH]LHQ�GH�]ZDNNHUH�FRQFXUUHQWLHSRVLWLH�YDQ�QDWXXU�QLHWDOWLMG�OHLGW�WRW�KHW�KDOHQ�YDQ�GH�GRHOVWHOOLQJHQ��'H]H�XLWNRPVW�LV�RYHULJHQV�FRQIRUP�GHZHUNHOLMNKHLG��8LW�JHJHYHQV�YDQ�GH�'LHQVW�/DQGHOLMN�*HELHG��YRRUKHHQ�/%/�HQ�YHUDQWZRRUGHOLMNYRRU�JURQGDDQNRSHQ�YRRU�RQGHU�DQGHUH�GH�(+6��EOLMNW�WHQ�WLMGH�YDQ�GLW�RQGHU]RHN�GDW�LQ�KHWZHVWHQ�GHV�ODQGV�GH]H�DDQNRSHQ�QLHW�RS�VFKHPD�OLJJHQ��+HW�RRUVSURQNHOLMNH�XLWJDQJVSXQW�LQ�GH5XLPWH6FDQQHU�OLMNW�GXV�FRQIRUP�GH�ZHUNHOLMNH�JDQJ�YDQ�]DNHQ�WH�]LMQ��9RRU�GH�YHUJHOLMNLQJ�PHWKHW�/(,�JURQGPDUNWPRGHOPRHVW�GH]H�WRFK�ZRUGHQ�DDQJHSDVW�RPGDW�YRRU�GH�5HJLRQDOH*URQGEDODQVHQ�WRW������GRRU�GH�RSGUDFKWJHYHUV�JHVWHOG�ZHUG�GDW�DO�KHW�QLHW�DJUDULVFKHJURQGJHEUXLN�JHUHDOLVHHUG�PRHVW�ZRUGHQ�'H�DDQSDVVLQJ�GLH�JHPDDNW�LV��LV�HHQYRXGLJ��'RRU�JHELHGHQ�GLH�]LMQ�DDQJHZH]HQ�DOV�(+6�HQ6WUDWHJLVFKH�*URHQSURMHFWHQ�QHJDWLHI WH�ZDDUGHUHQ�YRRU�DOOH�JURQGJHEUXLN�EHKDOYH�QDWXXU��]XOOHQGH�(+6�JHELHGHQ�SDV�LQ�KHW�XLWHUVWH�JHYDO�YRRU�HHQ�DQGHUH�IXQFWLH�GDQ�QDWXXU�ZRUGHQ�JHEUXLNW�0HW�GH]H�PHWKRGH�RQWVWDDW�HU�HHQ�DIJHVFKHUPGH�JURQGPDUNW�YRRU�QDWXXU��*URQGJHEUXLNHUVPRJHQ�GXV�DOOHHQ�GDDU�PHHELHGHQ�ZDDU�]LM�RRN�GH�JURQG�PRJHQ�NRSHQ�:H�PDNHQ�ZHO�HHQ�NDQWWHNHQLQJ��'RRU�GH�VWRFKDVWLVFKH�EHQDGHULQJ�YDQ�GH�5XLPWH6FDQQHU�]DOLHGHUH�JURQGJHEUXLNHU�DOWLMG�HQLJV]LQV�PHHELHGHQ��'LW�HIIHFW�NDQ�ZHO�YHUZDDUORRVEDDU�NOHLQJHPDDNW�ZRUGHQ��3UREOHPDWLVFK�EOLMYHQ�GH�JULGFHOOHQ�GLH�LQ�HHQ�JUHQV]RQH�OLJJHQ�HQ�ZDDUELQQHQJURWH�YHUVFKLOOHQ�LQ�JHVFKLNWKHLG�RSWUHGHQ��&HOOHQ�GLH�ELMYRRUEHHOG�WHQ�GHOH�(+6�HQ�WHQ�GHOH9,1(;�]LMQ��]LMQ�]RZHO�H[WUD�RQJHVFKLNW�DOV�H[WUD�JHVFKLNW�YRRU�ZRQLQJHQ��9HUZDFKW�ZRUGW�GDW�GLWHFKWHU�QLHW�HUJ�YDDN�RSWUHHGW�
(IIHFWHQ�YDQ�GH�UHJLRQDOH�FODLPV�LQ�5XLPWH6FDQQHU��DJJUHJDWLH�QDDU�1HGHUODQG3HU�W\SH�JURQGJHEUXLN�NDQ�HHQ ZLOOHNHXULJH�UHJLR�LQGHOLQJ�YDQ�1HGHUODQG�ZRUGHQ�JHNR]HQ��9RRULHGHUH�JHELHG�ZRUGW�RSJHJHYHQ�ZHON�DUHDDO�KHW�JURQGJHEUXLN�LQ�GH�WRHNRPVW�]DO�LQQHPHQ��,Q�GHUHIHUHQWLHYHUVLH�YDQ�GH�5XLPWH6FDQQHU�ZRUGHQ�ELMYRRUEHHOG�&2523�JHELHGHQ�JHEUXLNW�YRRUZRQHQ��9RRU�DJUDULVFK�JURQGJHEUXLN�HQ�GH (+6�ZRUGW�GH�/(,����LQGHOLQJ�JHEUXLNW��2P�WZHH
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UHGHQHQ�JHEUXLNHQ�ZH�LQ�GLW�RQGHU]RHN�YRRU�KHW�JURQGJHEUXLN�JHHQ�UHJLR�LQGHOLQJ��PDDU�FODLPVYRRU�KHHO�1HGHUODQG�
�� 'H�HHUVWH�UHGHQ�LV�GDW�LQ�KHW�/(,�JURQGPDUNWPRGHO�KHW�YHUSODDWVHQ�YDQ�GH�XLWJHNRFKWHERHUHQ�H[SOLFLHW�LV�JHPRGHOOHHUG��/XLMW������D��WRRQW�DDQ�GDW�KHW�YHUSODDWVHQ�JHSDDUG�JDDWPHW�HHQ�VWLMJLQJ�YDQ�GH�UHJLRQDOH�JURQGSULMV��+LHUYRRU�]LMQ�PHHUGHUH�RRU]DNHQ�DDQ�WH�ZLM]HQ�7HQ�HHUVWH�OHLGW�KHW�XLWNRSHQ�YDQ�DJUDULVFKH�JURQG�ORJLVFKHUZLM]H�WRW�PLQGHU�DDQERG�YDQDJUDULVFKH�JURQG�LQ�GH�HLJHQ�UHJLR��'DDUQDDVW�]XOOHQ�GH�XLWJHNRFKWH�YLWDOH�DJUDULVFKHEHGULMYHQ�ELM�KHUYHVWLJLQJ�RS�GH�QLHXZH�ORFDWLH�ELMQD�����PDDO�]R�YHHO�JURQG�NRSHQ�DOV�GH�QLHW�XLWJHNRFKWH�EHGULMYHQ��/RXZHUV���������'DQN]LM�KXQ�UXLPHUH�EXGJHW�]XOOHQ�]LM�RRN�HHQ�EHWHUHFRQFXUUHQWLHSRVLWLH�KHEEHQ�GDQ�GH�RYHUEOLMYHQGH�ERHUHQ��,Q�GH�/(,�'/2�VWXGLH�LV�ERYHQGLHQDO�HQLJV]LQV�UHNHQLQJ�JHKRXGHQ�PHW�YHUDQGHUHQGH�ORFDWLHYRRUNHXUHQ�YDQ�GH�YHUSODDWVHUV�DOVJHYROJ�YDQ�GH]H�SULMVVWLMJLQJHQ�RPGDW�PHW�WLMGVWDSSHQ�YDQ�YLMI�MDDU�ZRUGW�JHUHNHQG��'H5XLPWH6FDQQHU�]DO�LQ�]LMQ�RRUVSURQNHOLMNH�YRUP�KHW�YHUSODDWVHQ�QLHW�NXQQHQ�QDERRWVHQ�RPGDWHU�UHJLRQDOH�FODLPV�JHOGHQ��'RRU�KHW�DDQSDVVHQ�YDQ�GH�JHVFKLNWKHLGVNDDUWHQ�NXQQHQ�GHUHJLRQDOH�FODLPV�]RQGHU�DO�WH�JURWH�EH]ZDUHQ�ZRUGHQ�JHDJJUHJHHUG�QDDU�QDWLRQDOH�FODLPV�]LH�KLHUERYHQ��
�� +HW�WRHNRPVWLJ�DDQWDO�KHFWDUHV�DJUDULVFK�JURQGJHEUXLN��GH�DJUDULVFKH�FODLPV��GDW�LQ�GH5XLPWH6FDQQHU�LV�RSJHQRPHQ��LV�GH�XLWNRPVW�YDQ�KHW�LQ�µ5HJLRQDOH�*URQGEDODQVHQ�WRW�����¶JHEUXLNW�/(,�JURQGPDUNWPRGHO��'DDU�GH�XLWNRPVWHQ�YDQ�GH�5HJLRQDOH�*URQGEDODQVHQ�WRW�����WRW�VWDQG�]LMQ�JHNRPHQ�RS�EDVLV�YDQ�EHUHNHQLQJHQ�YDQ�GH�JURQGSULMV��NXQQHQ�GH]H�QLHWRRN�QRJ�HHQV�YRRU�GH�EHUHNHQLQJ�YDQ�GH�JURQGSULMV�LQ�GH�5XLPWH6FDQQHU�ZRUGHQ�LQJHYRHUG�$OV�GDW�ZHO�JHEHXUW��NXQQHQ�IRXWH��WHJHQJHVWHOGH�HIIHFWHQ�ZRUGHQ�EHUHNHQG��:DQQHHU�LQ�KHW/(,�JURQGPDUNWPRGHOKHW�DDQERG�YDQ�JURQG�ODDJ�LV��LV�LQ�GH�UHJHO�GH�SULMV�KRRJ�HQ�GXV�GHDOORFDWLH�JHULQJ��'H]H�DOORFDWLH�LV�GH�FODLP�YDQ�GH�5XLPWH6FDQQHU��(Q�RPGDW�GH�DJUDULVFKHFODLP�JHULQJ�LV��]DO�GH�5XLPWH6FDQQHU�YHUYROJHQV�MXLVW�HHQ�ODJH�VFKDGXZSULMV�EHUHNHQHQ�
����� %HSDOLQJ�YDQ�GH�JURQGSULMV�LQ�GH�5XLPWH6FDQQHU
$IVWHPPLQJ�WXVVHQ�YUDDJ�HQ�DDQERG0HQ�NDQ�GH�5XLPWH6FDQQHU�RSYDWWHQ�DOV�HHQ�YHU]DPHOLQJ�PHW�HONDDU�FRQFXUUHUHQGHNUXLVWDEHOOHQ��,HGHUH�NUXLVWDEHO�KHHIW�EHWUHNNLQJ�RS�HHQ�JURQGJHEUXLNVW\SH�HQ�HHQ�UHJLR��'HFHOOHQ�YDQ�GH�WDEHO�KHEEHQ�HON�HHQ�[�HQ�\�FR|UGLQDDW��JHRJUDILVFKH�OHQJWH�HQ�EUHHGWH��HQ�YRUPHQGXV�GH�NOHLQHUH�GHHOJHELHGMHV��+HHO�1HGHUODQG�LV�RS�GH]H�ZLM]H�RSJHERXZG�XLW�JULGFHOOHQ�YDQ����ELM�����PHWHU��9DQ�HONH�NUXLVWDEHO�LV�GH�WRWDOH�FODLP�YDQ�HHQ�JURQGJHEUXLNVW\SH� J��EHNHQG�'DW�EHWHNHQW�GDW�GH�VRP�YDQ�GH�FHOOHQ�YDQ�GDW�JURQGJHEUXLNVW\SH�JHOLMN�PRHW�]LMQ�DDQ�GLH�FODLP�'H�YUDDJ�GLH�LQ�GH�5XLPWH6FDQQHU�ZRUGW�RSJHORVW��LV�KRH�GLH�YHUGHOLQJ�RYHU�GLH�FHOOHQ�HU�XLW�]DO]LHQ��'H�FRPSOLFDWLH�LV�GDW�HU�PHHUGHUH�NUXLVWDEHOOHQ�]LMQ��LHGHUH�JULGFHO�NDQ�LQ�DDQPHUNLQJNRPHQ�YRRU�HHQ��PHHUGHUH�RI�DOOH�JURQGJHEUXLNVW\SH�Q���'H�YUDDJ�LV�GXV�ZLH�ZLQW�HQ�ZLH�YHUOLHVW�8LWJDQJVSXQW�LV�GXV�KHW�]RHNHQ�YDQ�HHQ�HYHQZLFKW�WXVVHQ�GH�KRHYHHOKHLG�JURQG��;��YRRUJURQGJHEUXLNVW\SH�J�LQ�HHQ�JULGFHO�F��; FJ��HQ�GH�SULMV��3��GLH�GDDUYRRU�EHWDDOG�PRHW�ZRUGHQ�%RHUVPD�HW�DO���������6FKRWWHQ�HW�DO���������+LOIHULQN�	�5LHWYHOG���������,Q�KHW�PRGHO�EHVWDDW�GHYUDDJ�XLW�GH�UHJLRQDOH�FODLPV�YRRU�ZRQHQ��ZHUNHQ��QDWXXU�HQ�ODQGERXZ��+HW�DDQERG�LV�GHEHVFKLNEDUH�JURQG�SHU�JULGFHO�SHU�UHJLR��'H�FODLPV�OHJJHQ�UHVWULFWLHV�DDQ�KHW�PRGHO�RS�RPGDWGH]H�JHUHDOLVHHUG�PRHWHQ�ZRUGHQ�LQ�KHW�PRGHO��'H�JHVFKLNWKHLGVNDDUWHQ�EHSDOHQ�ZHONJURQGJHEUXLNVW\SH�KHW�PHHVW�SDVW�LQ�HHQ�EHSDDOGH�JULGFHO�
'H�YUDDJIXQFWLH�LV�

' �S� V � SFJ FJH[S� � ���:DDULQ�'FJ�S�  9UDDJ�YRRU�JURQGJHEUXLNVW\SH�J�DIKDQNHOLMN�YDQ�JURQGSULMV��S��LQ�JULGFHO�F6FJ *HVFKLNWKHLG�YDQ�JULGFHO�F�YRRU�JURQGJHEUXLNVW\SH�J



��

0HUN�RS�GDW�DOV�HHQ�JULGFHO�RQHLQGLJ�JHVFKLNW�LV�YRRU�JURQGJHEUXLNVW\SH� J HQ�GH�SULMV�LV�RQHLQGLJODDJ��GH�YUDDJ�RQHLQGLJ�]DO�]LMQ��,PPHUV��LQ�GH�IRUPXOH�OHLGW�GLW�WRW�HHQ�RQHLQGLJ�JURWH�H[SRQHQW�Hf���2PJHNHHUG�LV�KHW�RRN�PRJHOLMN�GDW�GH�SULMV�YRRU�JURQGJHEUXLNVW\SH� J WH�KRRJ�LV�YHUJHOHNHQPHW�GH�JHVFKLNWKHLG��,Q�GDW�JHYDO�QHHPW�GH�YUDDJ�GXV�HQRUP�DI��H� �f���:H�NXQQHQ�QX�DOEHUHGHQHUHQ�GDW�KHW�VXEVLGLsUHQ�RI�EHERHWHQ�HHQ�PRJHOLMNKHLG�LV�RP�GH�SULMV�LQ�RYHUHHQVWHPPLQJPHW�GH�JHVFKLNWKHLG�WH�PDNHQ��$QGHUV�JHVWHOG��GH�5XLPWH6FDQQHU�NDQ�LQ�SULQFLSH�ZRUGHQJHEUXLNW�RP�KHW�EHKDOHQ�YDQ�EHOHLGVGRHOVWHOOLQJHQ��GHQN�DDQ�GH (+6��WH�VLPXOHUHQ�HQ�GHHIIHFWHQ��GHQN�DDQ�GH SULMV��WH�HYDOXHUHQ�$IVWHPPLQJ�WXVVHQ�YUDDJ�HQ�DDQERG�YLQGW�VOHFKWV�SODDWV�DOV�DDQ�WZHH�YRRUZDDUGHQ�LV�YROGDDQ��,QGH�HHUVWH�SODDWV�PRHW�GH�KRHYHHOKHLG�WRHJHNHQGH�JURQG�JHOLMN�]LMQ�DDQ�KHW�DDQERG��+HW�DDQERGEHWUHIW�SHU�JULGFHO�PD[LPDDO����KHFWDUHV�PLQXV�H[RJHQH�µKDUGH¶�FODLPV�]RDOV�LQIUDVWUXFWXXU��7HQWZHHGH�PRHW�DDQ�GH�UHJLRQDOH�FODLP��]RDOV�GH�KRHYHHOKHLG�KHFWDUHV�ZRRQJHELHGHQ�RI�(+6�ZRUGHQ�YROGDDQ�+HW�YLQGHQ�YDQ�HHQ�HYHQZLFKW�WXVVHQ�YUDDJ�HQ�DDQERG�YLQGW�SODDWV�YLD�GH�SULMVYRUPLQJ��$OV�GHYHUKRXGLQJ�WXVVHQ�GH�FODLP�YRRU�JURQGJHEUXLNW\SH� J� HQ�GH�JHDOORFHHUGH�FODLP�JURWHU�LV�GDQYRRU�JURQGJHEUXLNVW\SH�J� HQ�GH�JULGFHO�LV�YRRU�EHLGHQ�HYHQ�JHVFKLNW��GDQ�NDQ�YHUZDFKW�ZRUGHQGDW�HU�YRRU�JURQGJHEUXLNW\SH� J� PHHU�JHERGHQ�]DO�ZRUGHQ��'H�SULMV�YRRU�HHQ�H[WUD�KRHYHHOKHLGJURQG�ZRUGW�GH�VFKDGXZSULMV�JHQRHPG� +HW�EHJULS�VFKDGXZSULMV�NDQ�LQ�GH�HFRQRPLVFKH�OLWHUDWXXU�]LH�ELMYRRUEHHOG�+HOPLQJ��������RRN�RSJHYDW�ZRUGHQ�DOV�GH�SULMV�GLH�ELMYRRUEHHOG�HHQ�ERHU�ZLOEHWDOHQ�YRRU�GH�SURGXNWLHIDFWRU�JURQG�RP�]R�RSWLPDDO�PRJHOLMN�WH�SURGXFHUHQ��NRVWHQ�RSEUHQJVWHQ���,Q�GLH�RSWLHN�ZRUGW�HHQ�VFKDGXZSULMV�GXV�YHUNODDUG�YDQXLW�HHQ�DDQQDPH�GDW�DOOHIDFWRUNRVWHQ�EHNHQG�]LMQ�HQ�QXWVPD[LPDOLVDWLH�]DO�JHOGHQ�
' �S� V � SFJ FJ JH[S� �� O ���:DDULQ�'FJ�S�  9UDDJ�YRRU�JURQGJHEUXLNVW\SH�J�DIKDQNHOLMN�YDQ�JURQGSULMV��S��LQ�JULGFHO�F6FJ � *HVFKLNWKHLG�YDQ�JULGFHO�F�YRRU�JURQGJHEUXLNVW\SH�JOJ 6FKDGXZSULMV�YRRU�JURQGJHEUXLNVW\SH�J

+HW�WH�DOORFHUHQ�JURQGJHEUXLN�� [FJ��ZRUGW�JHOLMN�JHVWHOG�DDQ�GH�YUDDJ� 'FJ�S��ZDDUELM�S ]RGDQLJJHNR]HQ�ZRUGW�GDW�GH�VRP�QRRLW�PHHU�PDJ�]LMQ�GDQ�GH����KHFWDUHV��,QGLHQ�ZH�QX�QLHW�VSUHNHQRYHU�KHFWDUHV��PDDU�RYHU�GH�NDQV�GDW�HHQ�JURQGJHEUXLNVW\SH� J LQ�JULGFHO�F�]DO�YRRUNRPHQ��GDQZRUGW�GXLGHOLMN�GDW�GH�VRP�KLHUYDQ�RS���PRHW�XLWNRPHQ�
[FJJ¦  � ���

:DDUELM�GH�KRHYHHOKHLG�EHVFKLNEDUH�JURQG�DOV�HHQKHLG�JHNR]HQ�LV
'H�ZDDUGH�YDQ�S ZDDUELM�GLW�HYHQZLFKW�YRRU�JULGFHO� F JHYRQGHQ�ZRUGW��ZRUGW�DIJHOHLG�XLW�GH�YRULJHIRUPXOH��GH�S OLQNV�YDQ�KHW� �WHNHQ�LV�XLW�GH�H[SRQHQW�JHKDDOG��HQ�EHGUDDJW�� �S VF FJ JJ �§©̈ ·¹̧¦ORJ H[S O ���
'H�KLHUXLW�YRRUWYORHLHQGH�DOORFDWLH� [FJ��EHGUDDJW� �� �; V 6FJ FJ J

FJ JJ
 ��¦H[SH[S OO ���



��

0HW�EHKXOS�YDQ�ERYHQVWDDQGH�XLWJDQJVSXQWHQ�NXQQHQ�WZHH�PHWKRGHQ�ZRUGHQ�DIJHOHLG�RP�GHJURQGSULM]HQ�LQ�GH�5XLPWH6FDQQHU�WH�YHUJHOLMNHQ�PHW�GLH�EHUHNHQG�PHW�KHW�/(,�JURQGPDUNWPRGHO�
0HWKRGH����GLUHFWH�DJJUHJDWLH�YDQ�DJUDULVFKH�JULGFHOOHQ,Q�GH]H�PHWKRGH�ZRUGW�GH�JURQGSULMV�EHSDDOG�GRRU�DOOHHQ�QDDU�GLH�JULGFHOOHQ�WH�NLMNHQ�ZDDU�KHWJURQGJHEUXLN�RYHUZHJHQG�DJUDULVFK�LV��+LHUPHH�ZRUGW�HHQ�NOHLQH�RQGHUVFKDWWLQJ�YHUNUHJHQ�GRRUGH�DIZH]LJKHLG�YDQ�JULGFHOOHQ�ZDDULQ�DQGHUH�UXLPWHOLMNH�IXQFWLHV�GH�RYHUKDQG�KHEEHQ�'H�UHJLRQDOH�JURQGSULMV��3 U��ZRUGW�YHUNUHJHQ�GRRU�YRRU�DOOH�JULGFHOOHQ�LQ�HHQ�JHELHG�GH�JURQGSULMVLQ�HHQ�JULGFHO��3F��WH�YHUPHQLJYXOGLJHQ�PHW�GH�JHDOORFHHUGH�KRHYHHOKHLG�JURQG�YRRU�DOOHDJUDULVFKH�JURQGJHEUXLNVW\SHQ�J�LQ�GLH�JULGFHO�F��[ FJ���GH]H�SURGXNWHQ�WH�VRPPHUHQ�HQ�WH�GHOHQGRRU�GH�WRWDOH�JHDOORFHHUGH�KRHYHHOKHLG�DJUDULVFKH�JURQGJHEUXLN�YROJHQV�

S [ S
[U
FJJ FF
FJJF

 
§©̈ ·¹̧ �ª¬«« º¼»»¦¦ ¦¦ YRRU�F�LQ�JHELHG�U��HQ�DJUDULVFKH�J ��D�

:DDULQ�SF  JURQGSULMV�LQ�JULGFHO�F�[FJ  JHDOORFHHUGH�KRHYHHOKHLG�JURQG�YRRU�JURQGJHEUXLNW\SH�J�LQ�JULGFHO�F�SU  JHDJJUHJHHUGH�SULMV�YRRU�JHELHG�U�
:H�KHUVFKULMYHQ�ERYHQVWDDQGH�IRUPXOH�RS�HHQ�]RGDQLJH�ZLM]H�GDW�LQ]LFKWHOLMN�ZRUGW�KRH�GHUHJLRQDOH�JURQGSULMV�VDPHQKDQJW�PHW�GH�SULMV�SHU�JULGFHO��S F���'H�JURQGSULMV�LQ�JULGFHO�F�ZDVEHSDDOG�YROJHQV� � �S VF FJ JJ �ª¬« º¼»¦ORJ H[S O YRRU�DOOH�JURQGJHEUXLNVW\SHQ�J ���
'H]H�IRUPXOH�NXQQHQ�ZH�LQ�ERYHQVWDDQGH�IRUPXOH�LQWHJUHUHQ��,Q�SODDWV�YDQ�KHW�DJJUHJHUHQ�YDQGH]H�JURQGSULMV��NXQQHQ�ZH�RRN�GH�H[SRQHQW�YDQ�GH�JURQGSULMV�DJJUHJHUHQ�

S [ S
[U

FJJ FF
FJJF


 ORJ H[S� � �ª¬« º¼»ª
¬
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º
¼
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¦¦ ¦¦ YRRU�F�LQ�JHELHG�U��HQ�DJUDULVFKH�J��E�

'XV�ZH�NXQQHQ�GH�HHUVWH�IRUPXOH�YDQ�GH]H�SDUDJUDDI�YHUYDQJHQ�GRRU�� �S [ V
[U

FJJ FJ JJF
FJJF


 ORJ H[S 
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¼
»»»»»

¦ ¦¦ ¦¦ O YRRU�F�LQ�JHELHG�U��DJUDULVFKH�J�HQ�DOOH�JURQGJHEUXLNVW\SHQ�J
��E¶�
0HWKRGH����DJJUHJDWLH�YDQ�GH�DJUDULVFKH�JHVFKLNWKHLGVNDDUWHQ



��

=RDOV�LQ�GH�YRULJH�SDUDJUDDI�XLWHHQJH]HW�]LMQ�GH�JURQGSULM]HQ�VDPHQJHVWHOG�XLW�GH�JHVFKLNWKHLGPHW�GDDUELM�RSJHWHOG�GH�VFKDGXZSULMV��'RRU�UHFKWVWUHHNV�GH�JHVFKLNWKHLGVNDDUWHQ�WH�DJJUHJHUHQZRUGW�KHW�HIIHFW�YDQ�GH�VFKDGXZSULM]HQ�JHQHJHHUG��'LW�NDQ�RS�WZHH�PDQLHUHQ�
S [ V

[U
FJ FJFJ

FJFJ

 
  �¦¦ YRRU�F�LQ�JHELHG�U��HQ�DJUDULVFKH�J ��D�

:DDUELM� VFJ  JHVFKLNWKHLG�YRRU�JURQGJHEUXLNVW \SH�J LV�
(HQ�YHUJHOLMNEDUH�DIOHLGLQJ�DOV�ELM�PHWKRGH���NDQ�KLHU�ZRUGHQ�ZHJJHODWHQ��%HODQJULMN�LV�VOHFKWVGDW�LQ�GH�IRUPXOHULQJ�YDQ�S F GH�SDUDPHWHU�YRRU�GH�VFKDGXZSULMV�LV�YHUGZHQHQ��2RN�QX�NXQQHQ�ZHGH�H[SRQHQW�YDQ�GH�JHVFKLNWKHLG�DJJUHJHUHQ�

S [ V
[U

FJJ FJF
FJJF


 
 
 ORJ H[S� � �ª
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»»»

¦¦ ¦¦ YRRU�F�LQ�JHELHG�U��HQ�DJUDULVFKH�J ��E�
/HW�RS�GDW�GH�JHVFKLNWKHLG�SHU�JURQGJHEUXLNVW\SH�LV�JHJHYHQ��GXV�GDW�HU�JHDJJUHJHHUG�ZRUGW�SHUJURQGJHEUXLNVW\SH��7HQHLQGH�GH]H�WH�DJJUHJHUHQ�QDDU�KHW�JHKHHO�YDQ�DJUDULVFK�JURQGJHEUXLN�GLHQHQ�HHUVW�GH�VRPPHQ�SHU�JURQGJHEUXLNVW\SH�WH�ZRUGHQ�RSJHWHOG�'H]H�EHUHNHQLQJ�HQ�GH�EHUHNHQLQJ�RS�EDVLV�YDQ�GH�5XLPWH6FDQQHU�JURQGSULM]HQ��3 F��]LMQ�LQ�GH5XLPWH6FDQQHU�LQ�FRPELQDWLH�PHW�([FHO�XLWJHYRHUG�
��� 'H�YHUJHOLMNLQJ
,Q�GH]H�SDUDJUDDI�JDDQ�ZH�LQ�RS�HHQ�DDQWDO�EHUHNHQLQJHQ��(HUVW�ZRUGHQ�GH�JHPLGGHOGHUHJLRQDOH�JURQGSULM]HQ�PHW�HONDDU�YHUJHOHNHQ��YHUYROJHQV�GLH�YRRU�WZHH�VSHFLILHNH�DJUDULVFKHJURQGJHEUXLNVW\SHQ��DNNHUERXZ�HQ�PDwV�
����� 'H�JHPLGGHOGH�DJUDULVFKH�JURQGSULMV
9RRU�KHW�VFHQDULR�(XURSHDQ�&R�RUGLQDWLRQ�]LMQ�GH�JURQGSULM]HQ�YDQ�KHW�/(,�JURQGPDUNWPRGHO�HQGH�JURQGSULM]HQ�HQ�JHVFKLNWKHGHQ�]RDOV�EHUHNHQG�GRRU�GH�5XLPWH6FDQQHU��]LH�YRULJH�SDUDJUDDI�LQ�RQGHUVWDDQGH�WDEHO�RSJHQRPHQ��%LM�GH�DQDO\VH�]LMQ�YRRUORSLJH�XLWNRPVWHQ�YDQ�KHW�/(,�JURQGPDUNWPRGHORS�KHW�VFKDDOQLYHDX�YDQ�GH�/(,����JHELHGHQ�JHEUXLNW�
7DEHO���� 'H�PRGHOXLWNRPVWHQ�YDQ�KHW�/(,�JURQGPDUNWPRGHO�HQ�GH 5XLPWH6FDQQHU
5HJLR /(,�JURQGPDUNWPRGHO 5XLPWH6FDQQHU�3ULMV��PHWKRGH��� 5XLPWH6FDQQHU�*HVFKLNWKHLG��PHWKRGH���%RXZKRHN�HQ�+RJHODQG���� ������ ���� ����9HHQNRORQLsQ�HQ�2OGDPEW���� ������ ���� ����1RRUGHOLMN�ZHLGHJHELHG���� ������ ���� ����2RVWHOLMN�9HHKRXGHULMJHELHG���� ������ ���� ����&HQWUDDO�9HHKRXGHULMJHELHG���� ������ ���� ����,-VVHOPHHUSROGHUV���� ������ ���� ����:HVWHOLMN�+ROODQG���� ������ ���� ����



��

:DWHUODQG�	�'URRJPDNHULMHQ���� ������ ���� ����+ROODQGV�8WUHFKWV�:HLGHJHELHG��� ������ ���� ����5LYLHUHQJHELHG����� ������ ���� ����=XLGHOLMN�$NNHUERXZJHELHG����� ������ ���� ����=XLGZHVW�%UDEDQW����� ������ ���� ����=XLGHOLMN�9HHKRXGHULMJHELHG����� ������ ���� ����=XLG�/LPEXUJ����� ������ ���� ����
0HUN�RS�GDW�GH�SULM]HQ�HQ�GH�JHVFKLNWKHGHQ�XLW�GH�5XLPWH6FDQQHU�QLHW�GLUHFW�KHUOHLGEDDU�]LMQ�WRWUHsOH�JURQGSULM]HQ��:H�ZLOOHQ�HFKWHU�ZHWHQ�RI�GH�UHJLRQDOH�GLIIHUHQWLDWLH�LQ�SULM]HQ�HQJHVFKLNWKHGHQ�YHUJHOLMNEDDU�LV�PHW�GLH�]RDOV�EHUHNHQG�LQ�KHW�RQGHU]RHN�µ5HJLRQDOH*URQGEDODQVHQ�WRW�����¶��%RYHQGLHQ�ZLOOHQ�ZH�HHQ�YHUWDDOVODJ�]LHQ�WXVVHQ�GH�XLWNRPVWHQ�YDQEHLGH�VWXGLHV��0HW�EHKXOS�YDQ�HHQ�UHJUHVVLHPRGHO�LV�GLW�PRJHOLMN��,Q�GH�YROJHQGH�SDUDJUDDI�LV�GLWXLWJHYRHUG�YRRU�GH�YHUERXZ�YDQ�PDwV�
����� 'H�UHJUHVVLHDQDO\VHV�YRRU�GH�YHUERXZ�YDQ�PDwV
$OV�YROJHQGH�VWDS�LV�RQGHU]RFKW�LQ�KRHYHUUH�GH�JURQGSULM]HQ�XLW�KHW�/(,�JURQGPDUNWPRGHOYHUNODDUG�NXQQHQ�ZRUGHQ�PHW�JURQGSULM]HQ��PHWKRGH����RI�DWWUDFWLYLWHLWHQ��PHWKRGH����YRRUDI]RQGHUOLMNH�W\SHQ�JURQGJHEUXLN��'DDUELM�LV�LHGHUH�JULGFHO�QDDU�UDWR�YDQ�KHW�RSSHUYODN�YDQ�KHWGHVEHWUHIIHQGH�W\SH�JURQGJHEUXLN�PHHJHWHOG��0HW�EHKXOS�YDQ�HHQ�OLQHDLUH�UHJUHVVLHDQDO\VH�NDQGH�VDPHQKDQJ�WXVVHQ�GH�SULM]HQ�YDQ�EHLGH�PRGHOOHQ�ZRUGHQ�RQGHU]RFKW��'H�DIKDQNHOLMNHYDULDEHOH�ZRUGW�JHYRUPG�GRRU�GH�SULM]HQ�LQ�JXOGHQV��'H�LQWHUFHSW�JHHIW�KHW�VQLMSXQW�PHW�GH�<�DVZHHU�HQ�NDQ�EHVFKRXZG�ZRUGHQ�DOV�HHQ�EHJLQZDDUGH��'H�%�JHHIW�DDQ�KRHYHHO�GH�SULMV�LQ�JXOGHQVWRHQHHPW�ELM�GH�YHUDQGHULQJ�YDQ�HHQ�HHQKHLG�YDQ�GH�YHUNODUHQGH�YDULDEHOH�XLW�GH�5XLPWH6FDQQHU�KHOOLQJVKRHN���+HW�UHJUHVVLHFRsIILFLsQW��E��NDQ�ELM�HHQ�JRHGH�ILW�YDQ�KHW�PRGHO�WHYHQV�GH�VOHXWHO]LMQ�RP�GH�SULM]HQ�YDQ�GH�5XLPWH6FDQQHU�YRRUWDDQ�WH�YHUWDOHQ�QDDU�JXOGHQV��,QGLHQ�GHUHJUHVVLHOLMQ�GH�JHREVHUYHHUGH�ZDDUGHQ��]RDOV�LQ�GH�VFDWWHUSORW��JRHG�VFKDW��LV�GH�DIZLMNLQJWXVVHQ�EHLGH�JHULQJ��GH�YHUNODDUGH�YDULDQWLH�LV�JURRW��'H]H�YHUNODDUGH�YDULDQWLH�ZRUGW�XLWJHGUXNWLQ�GH�5�NZDGUDDW��%ODORFN��������
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� ����� ����� ����� ����� �����*URQGEDODQV�SULMV�SHU�UHJLR

5XLPWH
VFDQQH

U�SULMV�
SHU�UHJ

LR

5XLPWHVFDQQHU��SULMV�PHWKRGH���5XLPWHVFDQQHU��DJUDULVFKHJHVFKLNWKHLG��PHWKRGH���

)LJXXU���� 6FDWWHUSORW�YDQ�GH�EHUHNHQGH�JURQGSULM]HQ�LQ�GH�/(,���JHELHGHQ�YROJHQV�5HJLRQDOH*URQGEDODQVHQ�WRW������HQ�GH�5XLPWH6FDQQHU
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*HVWDUW�ZRUGW�PHW�GH�JHDJJUHJHHUGH�JURQGJHEUXLNVNODVVHQ��ILJXXU�������=RDOV�XLW�GH�SXQWHQZRONGXLGHOLMN�QDDU�YRUHQ�NRPW��LV�GH�YHUNODULQJVNUDFKW�QLKLO��2P�GH]H�UHGHQ�]LMQ�GH�UHJUHVVLHUHVXOWDWHQQLHW�RSJHQRPHQ��'H�YROJHQGH�FRQFOXVLHV�NXQQHQ�ZH�WUHNNHQ��7HQ�HHUVWH�EOLMNHQ�GHJHVFKLNWKHGHQ�HQ�SULM]HQ�ZHLQLJ�YDQ�HONDDU�DI�WH�ZLMNHQ��,Q�VOHFKWV�HHQ�EHSHUNW�DDQWDO�JHYDOOHQ�[�DV�URQG��������JXOGHQ��LV�GH�LQYORHG�YDQ�GH�VFKDGXZSULMV�PHUN]DDP��0HW�DQGHUH�ZRRUGHQ�YRRU�GH�WRWDOH�DJUDULVFKH�JURQGPDUNW�]LMQ�JHPLGGHOG�JHQRPHQ�VFKDDUVWH�HQ�RYHUYORHG�QDXZHOLMNVJHVLPXOHHUG��]LH�QRRW�����'H�FRUUHODWLH�LV�GXV�HUJ�JURRW��7HQ�WZHHGH�EOLMNW�GDW�GH�UHJLRQDOHGLIIHUHQWLDWLH�YDQ�GH�5XLPWH6FDQQHU�XLWNRPVWHQ�]HHU�JHULQJ�LV��7HQ�GHUGH�NDQ�ZRUGHQJHFRQFOXGHHUG�GDW�GH�FRUUHODWLH�WXVVHQ�GH�JURQGSULM]HQ�YROJHQV�KHW�/(,�JURQGPDUNWPRGHO�HQYROJHQV�GH�5XLPWH6FDQQHU�]ZDN�LV�
,Q�HHQ�WZHHWDO�DQGHUH�EHUHNHQLQJHQ�]LMQ�GH�SULM]HQ�VSHFLILHNHU�JHPDDNW��9RRU�PDwV�HQ�DNNHUERXZ]LMQ�PHW�EHKXOS�YDQ�GH�5XLPWH6FDQQHU�QLHXZH�JURQGSULM]HQ�JHVFKDW��(HUVW�]LMQ�GH�SULM]HQ�XLW5HJLRQDOH�*URQGEDODQVHQ�WRW������YHUJHOHNHQ�PHW�JHVFKLNWKHLG�YRRU�PDwV�XLW�GH5XLPWH6FDQQHU��'H�YHUNODDUGH�YDULDQWLH��5 ���LV�ODDJ��FLUFD�GHUWLJ�SURFHQW���7DEHO����D�HQ�WDEHO���E�WRQHQ�GH�ZDDUGH�YDQ�GH�UHJUHVVLHSDUDPHWHUV�HQ�KXQ�VWDWLVWLVFKH�EHWHNHQLV��+LHUXLW�EOLMNW�GDWGH�EDVLVJURQGSULMV�RS��������JXOGHQ�OLJW��=RGUD�HHQ�H[WUD�HHQKHLG�XLW�GH�5XLPWH6FDQQHU�ZRUGWWRHJHYRHJG�EOLMN�GH�SULMVVWLMJLQJ�UXLP�������JXOGHQ�WH�]LMQ��'H]H�SDUDPHWHUV�EOLMNHQ�VWDWLVWLVFKVLJQLILFDQW�WH�]LMQ��RIZHO�GH�NDQV�GDW�]H�JHOLMN�]LMQ�DDQ�QXO�LV�]HHU�NOHLQ��3���
7DEHO����D 'H�SDUDPHWHUV�YRRU�KHW�UHJUHVVLHPRGHO�µ0DwV¶
3DUDPHWHUV :DDUGH 6WDQGDDUG�IRXW W�ZDDUGH 3,QWHUFHSW ����� ���� ��� �����% ���� ���� ��� �����

,V�GH�YHUNODDUGH�YDULDQWLH�YRRU�PDwV�DO�QLHW�]R�KRRJ��GH�UHVXOWDWHQ�YRRU�GH�DNNHUERXZ�]LMQEXLWHQJHZRRQ�PDJHU��GH�5 � LV�WLHQ�SURFHQW�
7DEHO����E 'H�SDUDPHWHUV�YRRU�KHW�UHJUHVVLHPRGHO�µ$NNHUERXZ¶
3DUDPHWHUV :DDUGH 6WDQGDDUG�IRXW W�ZDDUGH 3,QWHUFHSW ������ ����� ��� ���% ������ ����� ���� ���

2S�EDVLV�YDQ�GH�UHVXOWDWHQ�PRJHQ�ZH�FRQFOXGHUHQ�GDW�GH�PRGHOXLWNRPVWHQ�YDQ�GH5XLPWH6FDQQHU�RS�GLW�PRPHQW�QRJ�GXLGHOLMN�WHNRUWVFKLHWHQ��'DDUELM�LV�GH�DDQQDPH�QDWXXUOLMN�ZHOGDW�GH�XLWNRPVWHQ�YDQ�KHW�/(,�JURQGPDUNWPRGHOYDOLGH�HQ�EHWURXZEDDU�]LMQ��*H]LHQ�GHSULMVRQWZLNNHOLQJHQ�YDQ�DJUDULVFKH�JURQG�LQ�GH�DIJHORSHQ�GHFHQQLD�HQ�GH�HFRQRPLVFKHYHUZDFKWLQJHQ�YDQ�GH�/DQJH�7HUPLMQYHUNHQQLQJHQ�¶���PDJ�ZRUGHQ�DDQJHQRPHQ�GDW�GLW�/(,�'/2RQGHU]RHN�GH�PHHVW�EHWURXZEDUH�EURQ�LV�
��� 7HNRUWNRPLQJHQ�HQ�RSORVVLQJVULFKWLQJHQ
'H�UHJUHVVLHDQDO\VHV�GLH�WRW�QX�WRH�]LMQ�JHGDDQ�JHYHQ�JHHQ�VLJQLILFDQW�YHUEDQG�WXVVHQ�GHJURQGSULM]HQ�YDQ�GH�5XLPWH6FDQQHU�HQ�GLH�YDQ�KHW�LQ�µ5HJLRQDOH�*URQGEDODQVHQ�WRW�����¶JHKDQWHHUGH�/(,�PRGHO��(HQ�YHUJHOLMNLQJ�SHU�PRGHOFRPSRQHQW�NDQ�GH�YUDDJ�EHDQWZRRUGHQZHONH�FRPSRQHQWHQ�WRW�YHUVFKLOOHQGH�UHVXOWDWHQ�OHLGHQ�HQ�ZDDURP��:H�KHEEHQ�UHHGVJHFRQVWDWHHUG�GDW�EHLGH�PRGHOOHQ�HHQ�HYHQZLFKWVSULMV�EHSDOHQ�RS�EDVLV�YDQ�YUDDJ�HQ�DDQERG��,QEHLGH�PRGHOOHQ�ZRUGHQ�YUDDJ��HQ�DDQERGIXQFWLHV�VDPHQJHVWHOG�XLW�GLYHUVH�FRPSRQHQWHQ��+HW�LQ
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NDDUW�EUHQJHQ�YDQ�GH]H�IXQFWLHV��RIZHO�KHW�RSVWHOOHQ�YDQ�HHQ�JURQGEDODQV��]RX�PRJHOLMNKHGHQNXQQHQ�ELHGHQ�RP�GH�XLWNRPVWHQ�YDQ�EHLGH�PRGHOOHQ�RS�HONDDU�WH�ODWHQ�DDQVOXLWHQ�'H�EDODQV�YDQ�YUDDJ�HQ�DDQERG�YDQ�JURQG�LQ�GH�5XLPWH6FDQQHU�NDQ�YHUJHOLMNEDDU�ZRUGHQJHPDDNW�PHW�GH�EDODQV�YDQ�YUDDJ�HQ�DDQERG�LQ�KHW�/(,�JURQGPDUNWPRGHO��]LH�WDEHOOHQ�����HQ������2S�GH]H�ZLM]H�NDQ�QLHW�DOOHHQ�GH�KXLGLJH�JURQGSULMV�EHSDDOG�ZRUGHQ��PDDU�NXQQHQ�GHYROOHGLJH�YUDDJ��HQ�DDQERGIXQFWLHV�YDQ�GH�RQGHUVFKHLGHQ�JURQGJHEUXLNHUV�YHUJHOHNHQ�ZRUGHQ�'LVFUHSDQWLHV�NXQQHQ�]R�EHWHU�YHUNODDUG�ZRUGHQ��'H�YHUVFKLOOHQ�LQ�EDODQVHQ�WXVVHQ�GH5XLPWH6FDQQHU�HQ�KHW�/(,�JURQGPDUNWPRGHO�]LMQ�ZHHUJHJHYHQ�LQ�WDEHO�����
7DEHO���� 9HUVFKLOEDODQV�5XLPWH6FDQQHU�YHUVXV�/(,�JURQGPDUNWPRGHO
5XLPWH6FDQQHU /(,�JURQGPDUNWPRGHO7RHQDPH�LQIUDVWUXFWXXU �$IQDPH�ZHUNHQ��ERV�HQ�QDWXXU �7RHQDPH�ERV�HQ�QDWXXU (+67RHQDPH�ZRQHQ 9,1(;�ZRQHQ7RHQDPH�ZHUNHQ 9,1(;�ZHUNHQ9HUDQGHULQJ�ODQGERXZ�SHU�JURQGJHEUXLNVW\SH �KHUYHVWLJLQJ���XLWEUHLGLQJ�������XLWJHNRFKW��VWRSSHUV��SHU�JURQGJHEUXLNVW\SH

9RRUGDW�HHQ�GHUJHOLMNH�EDODQVYHUJHOLMNLQJ�NDQ�ZRUGHQ�JHPDDNW��PRHWHQ�HHUVW�GH�YUDDJ��HQDDQERGIXQFWLHV�ZRUGHQ�JHVFKDW��'DW�PRHW�LQ�WZHH�VWDSSHQ�SODDWVYLQGHQ�+HW�LV�DOOHUHHUVW�QRRG]DNHOLMN�RP�GH�YUDDJ��HQ�DDQERGIXQFWLHV�SHU�UHJLRQDOH�HHQKHLG�WHYHUNULMJHQ��+HW�RQGHU]RHN�µ5HJLRQDOH�*URQGEDODQVHQ�WRW�����¶�WRRQW�LPPHUV�DDQ�GDW�GHUXLPWHOLMNH�VSUHLGLQJ�YDQ�YUDDJ�HQ�DDQERG�YHUUH�YDQ�KRPRJHHQ�YHUGHHOG�LV��9RRU�GH�DJUDULVFKHVHFWRU�KHHIW�GDW�WH�PDNHQ�PHW�GH�FRQFHQWUDWLHV�YDQ�EHGULMIVW\SHQ�HQ�KXQ�YLWDOLWHLW�JHJHYHQ�GH/7¶����:H�JDDQ�QLHW�YHUGHU�LQ�RS�KHW�EHODQJ�YDQ�GH]H�VWDS��/XLMW������D��'DDUQDDVW�GLHQW�HHQ�KHUVFKDOLQJ�SODDWV�WH�YLQGHQ��DDQJH]LHQ�QLHW�JHGHILQLHHUG�LV�YRRU�KRHYHHOJXOGHQ�SHU�KHFWDUH�HHQ�JHVFKLNWKHLGVHHQKHLG�VWDDW��'DDUELM�VSHOHQ�WZHH�DVSHFWHQ�HHQ�URO��GHJHJHYHQV�]HOI�HQ�KHUVFKDOLQJ�0HW�EHWUHNNLQJ�WRW�GH�JHJHYHQV�]LMQ�RQV�LQ]LHQV�WZHH�RSWLHV�PRJHOLMN��XLWJDDQ�YDQ�JHVFKDWWHJURQGSULM]HQ�RI�VFKDGXZSULM]HQ��]LH�HLQGQRRW�����(HQ�UHsOH�LQVFKDWWLQJ�YDQ�GH�ERGHPSULMV�YRRUJURQG�LV��������JXOGHQ�SHU�KHFWDUH��LQ�KHW�/(,�JURQGPDUNWPRGHOLV��������JXOGHQ�DOV�RQGHUJUHQVJHNR]HQ��RIZHO��������JXOGHQ�SHU�JULGFHO��(HQ�DQGHUH�RSWLH�LV�RP�QLHW�YDQ�GH�JURQGSULMV�XLW�WH�JDDQ��PDDU�YDQGH�VFKDGXZSULMV��'H]H�LV�JHUHODWHHUG�DDQ�KHW�UHQGHPHQW��2QGHU�UHQGHPHQW�ZRUGW�KHW�VDOGR�YDQRSEUHQJVWHQ�HQ�NRVWHQ�YHUVWDDQ��+HW�UHQGHPHQW�YDQ�GH�JURQG�ZRUGW�JHVFKDW�RS�EDVLV�YDQ�GHPDUJLQDOH�RSEUHQJVWHQ�HQ�NRVWHQ��+LHUELM�VSHOHQ�DQGHUH�IDFWRUNRVWHQ��JHERXZHQ��WUDFWRUHQ��RRNHHQ�URO��+HW�GRHO�LV�RP�HHQ�PL[�YDQ�SURGXNWLHIDFWRUHQ�WH�NLH]HQ�ZDDUPHH�]R�RSWLPDDO���OHHVQXWVPD[LPDOLVHUHQG���NDQ�ZRUGHQ�JHSURGXFHHUG��+HW�HIIHFW�YDQ�GH�DDQNRRS�YDQ�HHQ�H[WUDKHFWDUH��NRVWHQ�HQ�RSEUHQJVWHQ��NDQ�JHJHYHQ�GH�DQGHUH�IDFWRUNRVWHQ�ZRUGHQ�EHSDDOG��+HOPLQJ��������8LW�/(,�'/2�RQGHU]RHN�EOLMNW�GDW�KHW�UHQGHPHQW�RS�GH�JURQG�LQ�1HGHUODQG�RQJHYHHUHHQYLMIHQWZLQWLJVWH�YDQ�GH�JURQGSULMV�LV��'LW�EHWHNHQW�GDW�KHW�UHQGHPHQW�RQJHYHHU�YLHU�SURFHQW�LV�0HW�DOV�ODDJVWH�JHVFKDWWH�JURQGSULMV��������JXOGHQ�SHU�KHFWDUH��EHWHNHQW�GDW�HHQ�UHQGHPHQW�YDQ����JXOGHQ�SHU�KHFWDUH�SHU�MDDU�/RV�YDQ�GH�LQGLFDWRU�LV�GH�KHUVFKDOLQJ�]HOI�RQGHUZHUS�YDQ�GLVFXVVLH��(HQ�HHUVWH�RSWLH�KHEEHQ�ZLMUHHGV�JHSUHVHQWHHUG��GH�UHJUHVVLHFRsIILFLsQW�PHW�EHKXOS�YDQ�GH�SULM]HQ�XLW�GH�EHLGH�PRGHOOHQ�3UREOHPDWLVFK�KLHUELM�LV�GDW�GH�VFKDWWLQJ�YDQ�GH�UHJUHVVLHFRsIILFLsQW��E��ZRUGW�EHwQYORHG�GRRU�GHYHUVFKLOOHQGH�PHHWHHQKHGHQ��'H�UHGHQ�LV�GDW�GH�UHJUHVVLHFRsIILFLsQW��E��GHHOV�ZRUGW�EHSDDOGGRRU�GH�FR�YDULDQWLH��GH�YDULDQWLHV�YDQ�GH�DIKDQNHOLMNH�HQ�RQDIKDQNHOLMNH���(HQ�YHUDQGHULQJ�LQHHQ�HHQKHLG�YDQ�GH�DIKDQNHOLMNH�VWDDW�LQ�µJHHQ¶�YHUKRXGLQJ�WRW�KHW�HIIHFW�YDQ�GH�RQDIKDQNHOLMNH�(HQ�DOWHUQDWLHI�LV�RP�GH�VFKDWWLQJHQ�YDQ�HON�PRGHO�WH�VWDQGDDUGLVHUHQ��'LW�ZLO�]HJJHQ�GDW�HONHUHJLRQDOH�JURQGSULMV�RI�VFKDGXZSULMV�ZRUGW�XLWJHGUXNW�WHQ�RS]LFKWH�YDQ�GH�JHPLGGHOGH1HGHUODQGVH�JURQGSULMV�RI�VFKDGXZSULMV��,Q�IHLWH�VSUHNHQ�ZH�YDQ�GH�DIZLMNLQJ��VWDQGDDUGGHYLDWLH�
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YDQ�GH�JHPLGGHOGH�SULMV��%LM]RQGHU�DDQ�GH�VWDQGDDUGLVDWLH�LV�GDW�KHW�JHPLGGHOGH�QXO�LV�HQ�GHVWDQGDDUGGHYLDWLH�ppQ��]�VFRUHV��]LH�%ODORFN���������2S�GH]H�ZLM]H�NDQ�GH�YHUJHOLMNLQJ�YDQ�GHXLWNRPVWHQ�YDQ�GH�5XLPWH6FDQQHU�HQ�KHW�/(,�JURQGPDUNWPRGHO�RQJHYRHOLJ�ZRUGHQ�JHPDDNWYRRU�GH�PHHWHHQKHLG�'H�UHJUHVVLH�DQDO\VH�LV�QX�YRRU����JHELHGHQ�XLWJHYRHUG��WRHSDVVLQJ�RS�GH����/(,�JHELHGHQ�]RXPHHU�]LFKW�JHYHQ�RS�GH�RYHUHHQNRPVWHQ�HQ�YHUVFKLOOHQ�WXVVHQ�EHLGH�PRGHOOHQ��0RGHOPDWLJ�LV�KHWQXWWLJ�GH�EHVFKLNNLQJ�WH�KHEEHQ�RYHU�PHHU�µFDVHV¶��,QKRXGHOLMN�LV�GLW�RRN�YDQ�EHODQJ�RPGDW�GHJHEUXLNWH�LQGHOLQJ�YHUUH�YDQ�KRPRJHHQ�LV�WHQ�DDQ]LHQ�YDQ�GH�GRHOYDULDEHOH�JURQGSULMV��,Q�KHW�/(,�JURQGPDUNWPRGHO�ZRUGHQ�RPZLOOH�YDQ�GH�EHWURXZEDDUKHLG�JHHQ�XLWVSUDNHQ�JHGDDQ�RS�KHWQLYHDX�YDQ�GH����/(,�JHELHGHQ��(HQ�KLVWRULVFKH�DQDO\VH���GXV�JHHQ�VFKDWWLQJ���WRRQW�GHKHWHURJHQLWHLW�LQ�GH�JURQGSULMV�WXVVHQ�GH]H�JHELHGHQ�DDQ��=R�VSOLWVW�/XLMW��������KHW�1RRUGHOLMN:HLGHJHELHG�LQ�HHQ�2YHULMVVHOV�GHHO�HQ�)ULHV�*URQLQJV�GHHO��+HW�&HQWUDDO�9HHKRXGHULMJHELHGZRUGW�JHVSOLWVW�LQ�HHQ�2YHULMVVHOV�GHHO��GH�=XLGHOLMNH�]DQGJURQGHQ�YDQ�'UHQWKH�HQ�KHW�1RRUGHOLMNGHHO��:HVWHOLMN�+ROODQG�ZRUGW�YHUGHHOG�LQ�1RRUG�+ROODQG�HQ�=XLG�+ROODQG��+HW�=XLGZHVWHOLMNH$NNHUERXZJHELHG�ZRUGW�YHUGHHOG�LQ�KHW�=HHXZVH�GHHO�HQ�KHW�RYHULJH�GHHO��7HQVORWWH�ZRUGW�KHW=XLGHOLMN�YHHKRXGHULMJHELHG�JHVSOLWVW�LQ�KHW�1RRUGOLPEXUJVH�GHHO�HQ�KHW�1RRUG�%UDEDQWVH�GHHO�1DDU�RQ]H�PHQLQJ�]LMQ�GH�EHVWDDQGH�RSEUHQJVWGHUYLQJVNDDUWHQ�ZDDULQ�GH�SRWHQWLsOH�RSEUHQJVWZRUGW�JHOLPLWHHUG�GRRU�I\VLHNH�RPVWDQGLJKHGHQ�WH�EHSHUNW��%RHUVPD� HW�DO���������
'H�YUDDJ�LV�RI�ERGHPVRRUW�HQ�JURQGZDWHUWUDSSHQ�HFKW�EHSHUNHQGH�IDFWRUHQ�]LMQ��,Q�GH�NRS�YDQ1RRUG�+ROODQG�VSXLWHQ�EROOHQERHUHQ�]DQG�RS�GH�EHVWDDQGH�JURQG��2SPHUNHOLMN�LV�ERYHQGLHQ�GDWKHW�NOLPDDW�JHHQ�URO�VSHHOW�LQ�GH�KXLGLJH�RSEUHQJVWGHUYLQJVNDDUWHQ��=R�LV�KHW�QRRUGHQ�YDQ1HGHUODQG�YDQZHJH�]LMQ�QRRUGZHVWHOLMNH�]HHZLQG��NRHOHU�HQ�]RXW��]HHU�JHVFKLNW�YRRUSRRWDDUGDSSHOHQ��H[SRUW��RPGDW�GRRU�GH�VSHFLILHNH�NOLPDWRORJLVFKH�RPVWDQGLJKHGHQ�GH�NDQV�RSLQIHFWLHV�YHHO�JHULQJHU�LV�GDQ�HOGHUV��%RYHQVWDDQG�YRRUEHHOG�YDQ�GH�EROOHQERHUHQ�LOOXVWUHHUW�GDWHU�PHHU�IDFWRUHQ�HHQ�URO�VSHOHQ�GLH�EHSDOHQ�RI�HHQ�ORFDWLH�PHHU�RI�PLQGHU�JHVFKLNW�LV��'H�ORFDWLHNHX]H�ZRUGW�EHSDDOG�GRRU�HHQ�PL[�YDQ�YHVWLJLQJVSODDWVIDFWRUHQ��(HQ�GHHO�YDQ�GLH�IDFWRUHQ�NDQJHSODDWVW�ZRUGHQ�LQ�KHW�NDGHU�YDQ�EHGULMIVHFRQRPLVFKH�DIZHJLQJ��$QGHUH�IDFWRUHQ�EHWUHIIHQ�PHWQDPH�KHW�ZRRQPLOLHX�YDQ�GH�RQGHUQHPHUV��,PPHUV��ERHUHQ�]LMQ�QLHW�ORXWHU�HQ�DOOHHQRQGHUQHPHUV��+HW�LV�GH�DIZHJLQJ�WXVVHQ�GH]H�YHVWLJLQJVSODDWVIDFWRUHQ�GLH�XLWHLQGHOLMN�HHQ�ORFDWLHJHVFKLNWHU�PDDNW�GDQ�HHQ�DQGHUH��'LH�JHVFKLNWKHLG�LV�DDQPHUNHOLMN�FRPSOH[HU�GDQ�GHJHVFKLNWKHLG�RS�EDVLV�YDQ�JURQGVRRUW�HQ�JURQGZDWHUWUDSSHQ��9DQGDDU�GDW�GH�ODDWVWH�MDUHQ�ELQQHQKHW�/(,�'/2�JHZHUNW�LV�DDQ�HHQ�UXLPWHOLMN�DOORFDWLH�PRGHO�YRRU�GH�JODVWXLQERXZ��$OOHEODV�	0XOGHU��������HQ�HHQ UXLPWHOLMN�HFRQRPLVFK�PRGHO��0XOGHU��%RXPD��*RHWJHOXN��9HUEHHN��������'H]H�PRGHOOHQ�]XOOHQ�ZRUGHQ�XLWJHEUHLG�QDDU�DQGHUH�EHGULMIVW\SHQ�HQ�HU�ZRUGW�RQGHU]RFKW�KRHGH�UHVXOWDWHQ�NXQQHQ�ZRUGHQ�YHUWDDOG�QDDU�DQGHUH�JHVFKLNWKHLGVNDDUWHQ�YDQ�GH�5XLPWH6FDQQHU�
(HQ�DQGHU�SUREOHHP�ZDDUPHH�ZH�JHFRQIURQWHHUG�ZRUGHQ�LV�GH�PRJHOLMNH�LQWHUDFWLH�WXVVHQYHUVFKLOOHQGH�JURQGPDUNWHQ�HQ�GH�PRJHOLMNKHGHQ�YDQ�PHHUYRXGLJ�JURQGJHEUXLN��,Q�KHW�/(,�JURQGPDUNWPRGHO�ZRUGW�GH]H�RSWLH�XLWJHVORWHQ�YDQZHJH�GH�VSHFLILHNH�RSGUDFKW��/XLW������D��:HO�PDJ�ZRUGHQ�DDQJHQRPHQ�GDW�LQ�GH��QDELMH��WRHNRPVW�GH]H�EHQDGHULQJ�WHUUHLQ�YHUOLHVW�1DGHU�RQGHU]RHN�]RX�PHHU�LQ]LFKW�NXQQHQ�EUHQJHQ�LQ�GH�PRJHOLMNKHGHQ�YRRU�YHUEHWHULQJ�YDQ�GHJHVFKLNWKHLGVNDDUWHQ�'H�FRQFXUUHQWLH�WXVVHQ�YHUVFKLOOHQGH�JURQGJHEUXLNVNODVVHQ�JDDW�QX�QRJ�QLHW�JHSDDUG�PHW�HHQVFKDWWLQJ�YDQ�GH�KHULQULFKWLQJVNRVWHQ��,Q�GH]H�VWXGLH�LV�GXLGHOLMN�JHZRUGHQ�GDW�HHQRP]HWWLQJVPDWUL[�HHQ�]LQYROOH�ELMGUDJH�NDQ�OHYHUHQ��%LM�GH�LQVFKDWWLQJ�YDQ�GH�KHULQULFKWLQJVNRVWHQLV�RRN�GH�PRQHWDLUH�LQWHUSUHWDWLH�YDQ�GH�JHVFKLNWKHLGVZDDUGHQ�YDQ�EHODQJ�+LHURS�DDQVOXLWHQG�OLMNW�KHW�]LQQLJ�RP�GH�FRQFXUUHQWLH�WXVVHQ�JURQGJHEUXLNVW\SHQ�QLHW�DOOHHQ�WHODWHQ�EHSDOHQ�GRRU�JHVFKLNWKHLGVNDDUWHQ�GLH�]LMQ�JHPDDNW�RS�EDVLV�YDQ�EHOHLG��0HW�QDPH�GHJHVFKLNWKHLGVNDDUWHQ�YRRU�ZHUNHQ�HQ�ZRQHQ�KRXGHQ�QDXZHOLMNV�UHNHQLQJ�PHW�GH�DFWRUHQ��/RXWHU��������9HQHPD�	�.ORRVWHUPDQ��������HQ�9DQ�:HH� HW�DO���������WRQHQ�GDW�GH�ORFDWLHNHX]H�YDQEHGULMYHQ�QLHW�ORXWHU�HQ�DOOHHQ�RS�EDVLV�YDQ�ULMNVSODQQHQ�HQ��EHOHLG�LV�JHEDVHHUG��PDDU�]HHU�]HNHURRN�DIKDQJW�YDQ�GH�YRRUNHXUHQ�YDQ�EHGULMYHQ��'H]H�NLH]HQ�YDDN�YRRU�]LFKWORFDWLHV�ODQJV�GHVQHOZHJ��*HPHHQWHQ�ODWHQ�GLW�RPZLOOH�YDQ�KXQ�HFRQRPLVFKH�EHOHLG�RYHU�KHW�DOJHPHHQ�JUDDJ�WRH�
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(HQ�YHUJHOLMNEDUH�RSPHUNLQJ�LV�PRJHOLMN�YRRU�KHW�ZRQHQ��+HW�]RX�GH�5XLPWH6FDQQHU�WHQ�JRHGHNRPHQ��PHW�QDPH�YRRU�GH�KLVWRULVFKH�DQDO\VH��LQGLHQ�GH�FRQFXUUHQWLHYHUKRXGLQJHQ�YRRU�HHQJURQGJHEUXLNVW\SH�NXQQHQ�ZRUGHQ�JHPRGHOOHHUG��,PPHUV�GDQ�NDQ�RRN�GH�LPSDFW�YDQ�KHW�EHOHLGZRUGHQ�EHSDDOG�
/LWHUDWXXU
$//(%/$6��-�7�:��	�0��08/'(5 ��������.DQVHQ�YRRU�NDVVHQ��QDDU�HHQ�HFRQRPLVFKHKRRIGVWUXFWXXU�JODVWXLQERXZ��'HQ�+DDJ��/DQGERXZ�(FRQRPLVFK�,QVWLWXXW��/(,�'/2��%/$/2&.��+�0� ��������6RFLDO�6WDWLVWLFV��7RNLR��-DSDQ��0F*UDZKLOO�%2(560$��:���:��'289(1��0��+,/)(5,1.�	�3��5,(79(/' ��������5XLPWH6FDQQHU��FRQFHSWHLQGUDSSRUWDJH��$PVWHUGDP��*HRGDQ�9ULMH�8QLYHUVLWHLW�$PVWHUGDP�*(2'$1���������&'�520�5XLPWH6FDQQHU�YHUVLH������GHFHPEHU��������$PVWHUGDP��*HRGDQ�*2(7*(/8.��5� ��������%RPHQ�RYHU�ZRQHQ��ZRQLQJPDUNWRQGHU]RHN�PHW�EHVOLVVLQJVERPHQ��GLVVHUWDWLH��8WUHFKW��)DFXOWHLW�5XLPWHOLMNH�:HWHQVFKDSSHQ��8QLYHUVLWHLW�8WUHFKW�.1$*��1*6�����*2(7*(/8.��5���-��/8,-7��-��9$1�5,-6:,-.�	�%��.22/( ��������7KH�IXWXUH�RI�'XWFK�UXUDOODQG�XVH�LQ�������D�PXOWL�GLVFLSOLQDU\�PRGHO�VWUXFWXUH��SDSHU�JHSUHVHQWHHUG�RS�($$(�FRQJHV�'LMRQ�������PDDUW��'HQ�+DDJ��/DQGERXZ�(FRQRPLVFK�,QVWLWXXW��/(,�'/2��+(/0,1*��)�)�0� ��������0RJHOLMNH�RQWZLNNHOLQJHQ�YDQ�ODQGERXZ�HQ�PLOLHX�ELM�HHQ�VWUHQJHUPLOLHXEHOHLG�YRRU�GH�1HGHUODQGVH�ODQGERXZ��HHQ�YHUNHQQHQGH�DQDO\VH�PHW�EHKXOS�YDQ�HHQJHUHJLRQDOLVHHUG�PLOHX�HFRQRPLVFK�PRGHO��SXEOLFDWLH�������'HQ�+DDJ��/DQGERXZ�(FRQRPLVFK,QVWLWXXW��/(,�'/2��+(11(1��:�+�*�/� ��������'HWHFWRU��.QRZOHGJH�EDVHG�V\VWHPV�IRU�GDLU\�IDUP�PDQDJHPHQWVXSSRUW�DQG�SROLF\�DQDO\VLV��PHWKRGV�DQG�DSSOLFDWLRQ�� �GLVVHUWDWLH���'HQ�+DDJ��/DQGERXZ�(FRQRPLVFK�,QVWLWXXW��/(,�'/2���2QGHU]RHNVYHUVODJ�����+,/)(5,1.��0��	�3��5,(79(/' ��������/DQG�8VH�6FDQQHU��$Q�LQWHJUDWHG�PRGHO�IRU�ORQJ�WHUPSURMHFWLRQV�RI�ODQG�XVH�LQ�XUEDQ�DQG�UXUDO�DUHDV�� $PVWHUGDP��SDSHU�YRRU�GH�5HJLRQDO�6FLHQFH$VVRFLDWLRQ�+,/)(5,1.��0���:��'289(1�	�3��5,(79(/' ��������0RGHOEHVFKULMYLQJ�'H�5XLPWH6FDQQHU�GHILQLWLHI�ZHUNYHUVODJ��$PVWHUGDP��*HRGDQ�/287(5��3� ��������'H�HFRQRPLVFKH�NDDUW�YDQ�1HGHUODQG��'HOIW��,152�712�/28:(56��*� ��������+HW�YHUSODDWVLQJVJHGUDJ�YDQ�DJUDULVFKH�RQGHUQHPHUV��:DJHQLQJHQ�'HQ+DDJ��GRFWRUDDO�VFULSWLH�/8:�/(,�'/2�LQ�KHW�NDGHU�YDQ�5HJLRQDOH�*URQGEDODQVHQ�WRW������/8,-7��-� ��������%HUHNHQLQJ�YDQ�GH�����SDFKWQRUP�SHU�JURHS�YDQ�ODQGERXZJHELHGHQ�YRRU������QRWLWLH��'HQ�+DDJ��/DQGERXZ�(FRQRPLVFK�,QVWLWXXW��/(,�'/2��/8,-7��-� �����D���5HJLRQDOH�*URQGEDODQVHQ�WRW�������HHQ�YHUNHQQLQJ�YDQ�GH�JURQGPDUNWHQ�RSEDVLV�YDQ�GULH�ODQJH�WHUPLMQVFHQDULR¶V�YDQ�KHW�&3%��'HQ�+DDJ��/DQGERXZ�(FRQRPLVFK,QVWLWXXW��/(,�'/2��/8,-7��-� �����E���5HDFWLH�FR�UHIHUDDW�5HJLRQDOH�*URQGEDODQVHQ�WRW�������'HQ�+DDJ��/DQGERXZ�(FRQRPLVFK�,QVWLWXXW��/(,�'/2���RQJHSXEOLFHHUG��08/'(5��0� ��������%HGULMIVWDNYHUNHQQLQJ�HQ�)LQDQFL1OH�DQDO\VH��HHQ�VLPXODWLHPRGHO�YRRU�GHJODVWXLQERXZ���GLVVHUWDWLH���'HQ�+DDJ��/DQGERXZ�(FRQRPLVFK�,QVWLWXXW��/(,�'/2��67((*��-��9$1�'(��	�&�$��9$1�',(3(1 ��������%HSDOLQJ�ODQGERXZNXQGLJH�SRWHQWLH�YDQJHELHGHQ�LQ�1HGHUODQG�DDQ�GH�KDQG�YDQ�ERGHP��JURQGZDWHU�HQ�NOLPDDW�LQ�KHW�NDGHU�YDQ�KHWSURMHFW�6WUDWHJLVFKH�([SHUWLVH�2QWZLNNHOLQJ�3ODWWHODQGVYHUQLHXZLQJ�HQ�6FHQDULRPHWKRGLHNHQ�6(236���:DJHQLQJHQ��6&�'/2�7$8:0$%(* ��������1HGHUODQGVH�JURQGSULM]HQ�LQ�RQGHU]RHN��8WUHFKW��7DXZ0DEHJ�9(1(0$��3��	�+��./2267(50$1 ��������'H�LGHDOH�NDQWRRUORFDWLH��,Q��5RRLOLMQ����SS����������:((��%��9$1��7��9$1�'(5�+2251�	�3��952/,-. ��������.DQWRRUYHUSODDWLQJHQ�QDDU�KHW�VSRRU�GH�PRELOLWHLWVFRQVHTXHQWLHV��,Q��5RRLOLMQ����SS����������
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�� 58,07(/,-.(�217:,..(/,1*(1
-�)�0��YDQ�GHU�:DDOV5�-��YDQ�GH�9HOGH

��� ,QOHLGLQJ
,Q�GLW�KRRIGVWXN�SUHVHQWHUHQ�ZH�HHQ�WRHSDVVLQJ�YDQ�GH�5XLPWH6FDQQHU�LQ�GH�1DWLRQDOH0LOLHXYHUNHQQLQJ�������������YDQ�KHW�5,90��+LHULQ�]LMQ�UXLPWHFODLPV�YRRU�YHUVFKLOOHQGH�IXQFWLHVEHUHNHQG�HQ�GRRU�PLGGHO�YDQ�GH�5XLPWH6FDQQHU�YHUWDDOG�LQ�UXLPWHOLMNH�EHHOGHQ��'DDUELM�]LMQ�WZHHDVSHFWHQ�QDGHU�RQGHU]RFKW��QDPHOLMN�GH�UXLPWHOLMNH�YHUGHOLQJ�YDQ�GH�WRHNRPVWLJH�EHYRONLQJVGUXNHQ�GH�DIVWDQG�WRW�QDWXXUJHELHGHQ��(U�LV�JHEUXLN�JHPDDNW�YDQ�GH�GULH�VFHQDULR¶V�XLW�GH�/DQJH7HUPLMQ�9HUNHQQLQJHQ������YDQ�KHW�&3%��QDPHOLMN�(XURSHDQ�&R�RUGLQDWLRQ��(&���*OREDO&RPSHWLWLRQ��*&��HQ�'LYLGHG�(XURSH��'(���]LH�RRN�KRRIGVWXN���HQ�����,Q�SDUDJUDDI����EHKDQGHOHQ�ZH�GH�UXLPWHFODLPV�YDQ�GH]H�VFHQDULR¶V��LQ�SDUDJUDDI�����GH�UXLPWHOLMNH�EHHOGHQ�GLHHUELM�KRUHQ�
��� 5XLPWHFODLPV�LQ�GH�VFHQDULR¶V
����� :RQHQ
+HW�DDQWDO�ZRQLQJHQ�ZRUGW�EHSDDOG�GRRU�GHPRJUDILVFKH�WUHQGV�DOV�EHYRONLQJVJURHL�HQYHUDQGHULQJHQ�LQ�EHYRONLQJVVDPHQVWHOOLQJ��KXLVKRXGHQVW\SHQ��OHHIWLMGVRSERXZ���PDDU�RRN�GRRUPHHU�DOJHPHQH�VRFLDDO�HFRQRPLVFKH�WUHQGV�DOV�LQGLYLGXDOLVHULQJ��9HUZDFKW�ZRUGW�GDW�GHJHPLGGHOGH�KXLVKRXGHQVJURR WWH�DIQHHPW��,Q�(&�QHHPW�KHW�DDQWDO�VDPHQZRQHQGHQ�WRH��ZDDUGRRUGH�JHPLGGHOGH�KXLVKRXGHQVJURRWWH�HU�PLQGHU�GDDOW�GDQ�LQ�KHW�*&�VFHQDULR��2QGDQNV�HHQ�JURWHUHEHYRONLQJ�GDQ�LQ�*&�]LMQ�HU�GXV�PLQGHU�ZRQLQJHQ�QRGLJ��'H�EDQGEUHHGWH�LQ�GH�JURHL�YDQ�KHWDDQWDO�ZRQLQJHQ�ORRSW�GXV�YDQ�����PLOMRHQ�LQ�'(��HQ�����PLOMRHQ�LQ�(&�WRW�����PLOMRHQ�LQ�*&�2S�UHJLRQDOH�VFKDDO�RQWVWDDW�HHQ�H[WUD�EDQGEUHHGWH�YDQZHJH�HHQ�VWHUN�YDULsUHQG�DDQGHHO�LQ�GHEXLWHQODQGVH�PLJUDWLH�HQ�DOV�JHYROJ�YDQ�RQ]HNHUKHGHQ�LQ�GH�PLJUDWLH�WXVVHQ�GH�UHJLR¶V��'HPLJUDWLH�WXVVHQ�GH�UHJLR¶V�ZRUGW�EHwQYORHG�GRRU�GH�RQWZLNNHOLQJ�YDQ�GH�UHJLRQDOHZHUNJHOHJHQKHLG�HQ�GH�NZDOLWHLW�YDQ�KHW�ZRRQPLOLHX��9HUGHU�LV�KHW�GH�YUDDJ�RI�WRHNRPVWLJHJHQHUDWLHV�GH]HOIGH�DIZHJLQJHQ�LQ�KXQ�YHUKXLVEHVOLVVLQJHQ�]XOOHQ�PDNHQ�DOV�YRRUJDDQGHJHQHUDWLHV��:DQQHHU�KHW�PLJUDWLHSDWURRQ�YDQ�GH�DIJHORSHQ����MDDU�WUHQGPDWLJ�ZRUGWGRRUJHWURNNHQ��]DO�GH�JURHL�YDQ�GH�ZRQLQJYRRUUDDG�LQ�KHW�QRRUGHQ�DFKWHUEOLMYHQ�WHQ�RS]LFKWH�YDQKHW�JHPLGGHOGH�HQ�]DO�GH�WRHQDPH�KHW�JURRWVW�]LMQ�LQ�RRVW�1HGHUODQG�%LM�KHW�EHSDOHQ�YDQ�KHW�UXLPWHEHVODJ�SHU�ZRQLQJ�ZRUGW�JHUHNHQG�PHW�KHW�EUXWR�UXLPWHJHEUXLN�RSZLMNQLYHDX��'LW�EUXWR�UXLPWHJHEUXLN�LV�LQFOXVLHI�GH�UXLPWH�YRRU�ZLMNYRRU]LHQLQJHQ�DOV�L QIUDVWUXFWXXU�SDUNHHUSODDWVHQ��JURHQ��HQ�RSHQEDUH�UXLPWHQ��+LHUGRRU�KDQJW�KHW�UXLPWHJHEUXLN�GRRU�ZRQHQPHGH�DI�YDQ�GH�JHUHDOLVHHUGH�GLFKWKHGHQ��'H�JHKDQWHHUGH�EUXWR�ZRQLQJGLFKWKHGHQ�OLJJHQ�LQ�GHEXXUW�YDQ�GH�GLFKWKHGHQ�GLH�JHVFKDW�]LMQ�YRRU�GH�9,1(;�ORFDWLHV��,Q�'(�QHHPW�KHW�UXLPWHEHVODJYRRU�ZRQHQ�WXVVHQ������HQ������WRH�PHW��������KD��LQ�(&�PHW��������KHFWDUH�HQ�LQ�*&�PHW�������KHFWDUH��+LHUELM�]LMQ�GH�ZRQLQJHQ�GLH�LQ�EHVWDDQG�VWHGHOLMN�JHELHG�WHUHFKWNRPHQ�QLHWPHHJHUHNHQG�DOV�HHQ�H[WUD�UXLPWHFODLP�YRRU�Z RQHQ�
����� :HUNHQ
+HW�UXLPWHEHVODJ�YRRU�EHGULMYHQ��LQGXVWULH�HQ�GLHQVWHQ��ZRUGW�EHSDDOG�GRRU�KHW�DDQWDODUEHLGVSODDWVHQ�HQ�GH UXLPWH�SHU�DUEHLGVSODDWV��(HQ�KRJHUH�HFRQRPLVFKH�JURHL�KHHIW�HHQ�KRJHUHYUDDJ�QDDU�DUEHLG�WRW�JHYROJ��7HFKQRORJLVFKH�YHUEHWHULQJHQ��PHFKDQLVHULQJ�HQ�DXWRPDWLVHULQJ�NXQQHQ�HHQ�YHUGHUH�YHUKRJLQJ�YDQ�GH�DUEHLGVSURGXNWLYLWHLW�WRW�JHYROJ�KHEEHQ��ZDW�GH�JURHL�YDQKHW�DDQWDO�DUEHLGVSODDWVHQ�DIUHPW�



��

'H�UXLPWH�SHU�DUEHLGVSODDWV�YHUVFKLOW�VWHUN�SHU�VHFWRU��7HJHOLMNHUWLMG�NXQQHQ�WHFKQRO RJLVFKHRQWZLNNHOLQJHQ�GH�UXLPWH�HIILFLsQWLH�YHUKRJHQ��ELMYRRUEHHOG�GRRU�YHUEHWHUGH�ORJLVWLHN��ZDDUGRRUPLQGHU�RSVODJUXLPWH�QRGLJ�LV��*URQGSULM]HQ�]LMQ�EHODQ JULMN�YRRU�GH�PDWH�ZDDULQ�EHGULMYHQ�]XLQLJPHW�UXLPWH�RPJDDQ�'RRU�KHW�&3%��������LV�GH�UXLPWHYUDDJ�YDQ�EHGULMYHQ�HQ�NDQWRUHQ�WRW������EHUHNHQG�YLD�GHRQWZLNNHOLQJ�YDQ�GH�ZHUNJHOHJHQKHLG��GH�ORFDWLHW\SHQYRRUNHXUHQ�YDQ�GH�EHGULMYHQ�HQ�GHEHQRGLJGH�UXLPWH�SHU�ZHUNQHPHU��+HW�UXLPWHJHEUXLN�SHU�ZHUNQHPHU�YDULHHUW�YDQ�PHHU�GDQ����P� LQ�GH�EDVLVLQGXVWULH�HQ�GH�RYHUVODJ��WXVVHQ�GH�����HQ�����P � LQ�GH�LQGXVWULsOH�HQ�ORJLVWLHNHVHFWRUHQ�HQ�����P� LQ�NDQWRRUKRXGHQGH�VHFWRUHQ�DOV�GH�RYHUKHLG�HQ�]DNHOLMNH�GLHQVWHQ��'HWRHQDPH�YDQ�GH�UXLPWHEHKRHIWH�YRRU�EHGULMYHQ�WXVVHQ������HQ������LV�KHW�JURRWVW�LQ�*&�QDPHOLMN��������KHFWDUH��,Q�(&�LV�GH�WRHQDPH��������KHFWDUH�HQ�LQ�'(�������KHFWDUH�,Q�KHW�*&�VFHQDULR�LV�HU�YRRUDO�HHQ�VWLMJLQJ�LQ�GH�FRPPHUFLsOH�GLHQVWYHUOHQLQJ��GLH�QHHUVODDW�LQ�GHQRRUGYOHXJHO�YDQ�GH�5DQGVWDG��*HOGHUODQG�HQ�%UDEDQW�NHQQHQ�HHQ�VWHUNH�JURHL�YDQ�GHZHUNJHOHJHQKHLG�LQ�GH�HLQGSURGXNWHQLQGXVWULH�HQ�HHQ�UHODWLHI�VWHUNH�YHUSODDWVLQJ�YDQXLW�GH5DQGVWDG�QDDU�GH]H�SURYLQFLHV��,Q�(&�LV�GH�GDOLQJ�LQ�GH�LQGXVWULH�JHULQJHU�HQ�YHUVFKXLIW�GH]H�LQRRVWHOLMNH�HQ�]XLGHOLMNH�ULFKWLQJ��WHUZLMO�HU�LQ�'(�GRRU�GH�JHULQJH�G\QDPLHN�QDXZHOLMNV�UHJLRQDOHYHUVFKXLYLQJHQ�]LMQ�
����� ,QIUDVWUXFWXXU
'H�XLWEUHLGLQJHQ�LQ�KHW�KRRIGZHJHQ��HQ�RSHQEDDUYHUYRHUQHW�]LMQ�LQ�GH�VFHQDULR¶V�FRQIRUP�KHW0HHUMDUHQSURJUDPPD�,QIUDVWUXFWXXU�HQ�7UDQVSRUW�������YRRU�]RYHU�GH]H�LQ�HHQ�SODQVWXGLH��RIUHDOLVDWLHIDVH�YHUNHUHQ��9RRU�ZHJLQIUDVWUXFWXXU�LV�QDDU�VFKDWWLQJ�������������KHFWDUH�QRGLJ�HQYRRU�VSRRUZHJHQ�FLUFD�������KHFWDUH�
����� 1DWXXU�HQ�ERV
,Q�KHW�QDWXXUEHOHLG�VWDDW�UHDOLVDWLH�YDQ�GH�HFRORJ LVFKH�KRRIGVWUXFWXXU��(+6��FHQWUDDO��8LWHLQGHOLMN]DO�GH�HFRORJLVFKH�KRRIGVWUXFWXXU�]R¶Q���������KHFWDUH�QDWXXUJHELHG�HQ�UXLP���PLOMRHQ�KHFWDUHZDWHU�RPYDWWHQ��9RRU�HHQ�JURRW�GHHO�ZRUGW�GH�(+6�JHUHDOLVHHUG�LQ�DO�EHVWDDQGH�QDWXXUJHELHGHQHQ�ERVVHQ�9RRU�GH�UHDOLVDWLH�YDQ�GH�WDDNVWHOOLQJ�XLW�KHW�6WUXFWXXUVFKHPD�*URHQH�5XLPWH��6*5��LV�HHQFRQYHQDQW�DIJHVORWHQ�WXVVHQ�KHW�P LQLVWHULH�YDQ�/19�HQ�KHW�LQWHUSURYLQFLDDO�RYHUOHJ��,32��ZDDULQYRRU]LHQ�ZRUGW�LQ�GH�DDQNRRS�YDQ���������KHFWDUH�UHVHUYDDWVJHELHGHQ�HQ��������KHFWDUHQDWXXURQWZLNNHOLQJVJHELHGHQ�EHKRUHQG�WRW�GH�(+6��,Q�DOOH�VFHQDULR¶V�ZRUGW�HU�YDQ�XLWJHJDDQ�GDWGH]H�DIVSUDNHQ�XLW�KHW�FRQYHQDQW�ZRUGHQ�JHUH DOLVHHUG�,Q�KHW�ERVEHOHLG��]RDOV�YHUZRRUG�LQ�KHW�%RVEHOHLGVSODQ�HQ�KHW�6WUXFWXXUVFKHPD�*URHQH�5XLPWH�ZRUGW�GH�NRPHQGH����MDDU�HHQ�XLWEUH LGLQJ�YDQ�KHW�ERVDUHDDO�QDJHVWUHHIG�PHW�]R¶Q�������KHFWDUH��ZDDUYDQ��������KHFWDUH�WDDNVWHOOHQG��,Q�GH�GULH�VFHQDULR¶V�LV�DDQJHQRPHQ�GDW�WRW�����FLUFD��������KHFWDUH�ERVXLWEUHLGLQJ�RS�ODQGERXZJURQG��HQHUJLHWHHOW��]DO�ZRUGHQ�JHUHDO LVHHUG�
����� /DQGERXZ
+HW�WRWDOH�ODQGERXZDUHDDO�NDQ�YROJHQV�GH�/DQJH�7HUPLMQ�9HUNQHQQLQJHQ�GH�NRPHQGH����MDDUDIQHPHQ�PHW�PD[LPDDO���������WRW���������KHFWDUH��,Q�(&��ZDDULQ�GH�ODQGERXZ�GH�PHHVWH�(8�VWHXQ�RQWYDQJW��YROJW�KHW�ODQGERXZDUHDDO�GH�KLVWRULVFKH�WUHQG�YDQ�HHQ�GDOLQJ�YDQ������SHU�MDDU�,Q�*&��ZDDULQ�HHQ�]HNHUH�PDWH�YDQ�OLEHUDOLVDWLH�YDQ�ODQ GERXZPDUNWHQ�RSWUHHGW��NDQ�KHWODQGERXZDUHDDO�WZHH�NHHU�]R�VQHO�GDOHQ�DOV�LQ�KHW�YHUOHGHQ��'H]H�DUHDDOVYHUPLQGHULQJ�LV�HFKWHUDIKDQNHOLMN�YDQ�KHW�RSNRSHQ�YDQ�ODQGERX ZJURQG�YRRU�QLHW�DJUDULVFKH�EHVWHPPLQJHQ��%OLMIW�GLWDFKWHUZHJH��GDQ�]DO�GH�JURQG�HHQ�VXE�RSWLPDOH�EHVWHPPLQJ�NULMJHQ�ELQQHQ�GH�ODQG��HQ�WXLQERXZ�ELMYRRUEHHOG�GRRU�H[WHQVLYHULQJ�YDQ�GH�SURGXFWLHZLM]H�



��

����� 5XLPWHEDODQV
'H�RSWHOOLQJ�YDQ�GH�UXLPWHOLMNH�FODLPV�JHHIW�DDQ�GDW�HU�WRW������DDQ]LHQOLMNH�YHUVFKXLYLQJHQNXQQHQ�RSWUHGHQ�LQ�KHW�JURQGJHEUXLN��WDEHO������
7DEHO���� 5XLPWHFODLPV�YRRU�GULH�/DQJH�7HUPLMQ�9HUNHQQLQJHQ������VFHQDULR¶V�LQ�����

9HUDQGHULQJ�W�R�Y�������LQ�KHFWDUH�'( (& *&/DQGERXZ �������� �������� ��������1DWXXU��ERV�HQ�UHFUDWLH ������� ������� �������:RQHQ ������ ������ ������:HUNHQ ����� ������ ������,QIUD ����� ����� �����
6DOGR�UXLPWHEDODQV ������� ������ �������
,Q�'(�LV�GH�DIQDPH�LQ�KHW�ODQGERXZDUHDDO�YROGRHQGH�RP�LQ�GH�WRHQDPH�YDQ�KHW�VWHGHOLMN�DUHDDO�ZRQHQ��ZHUNHQ�HQ�LQIUDVWUXFWXXU��HQ�KHW�DUHDDO�ERV�HQ�QDWXXU�WH�YRRU]LHQ��,Q�(&�EHVWDDW�HUVSDQQLQJ�RS�GH�JURQGPDUNW��GH�YUDDJ�RP�UXLPWH�YRRU�YHUVWHGHOLMNLQJ�HQ�QDWXXU�ZRUGW�QLHWJHFRPSHQVHHUG�GRRU�GH�DIQDPH�YDQ�KHW�ODQGERXZDUHDDO��,Q�*&�LV�GH�DIQDPH�LQ�KHWODQGERXZDUHDDO�]RGDQLJ�GDW�GH�XLWEUHLGLQJ�YDQ�KHW�VWHGHOLMN�JHELHG�HQ�KHW�ERV��HQ�QDWXXUDUHDDOPHHU�GDQ�JHFRPSHQVHHUG�ZRUGW��(U�EOLMIW�YROJHQV�GH]H�EHUHNHQLQJHQ�LQ�*&�UXLPWH�RYHU��+RH�GLHZRUGW�EHQXW�KDQJW�DI�YDQ�GH�YUDDJ�RS�GH�JURQGPDUNW�
��� 5XLPWHOLMNH�EHHOGHQ
'H�UXLPWHFODLPV�]LMQ�XLWJHZHUNW�LQ�UXLPWHOLMNH�EHHOGHQ�YRRU�ZRQHQ��EHYRONLQJ�HQ�ZHUNJHOHJHQKHLG�'DDUQDDVW�]LMQ�GH�FRQVHTXHQWLHV�YRRU�GH�DIVWDQG�WRW�QDWXXUJHELHGHQ�YDQ�GH�UXLPWHFODLPV�YRRUQDWXXUJHELHGHQ�LQ�EHHOG�JHEUDFKW�
9RRU�GH�SHULRGH�����������LV�XLWJHJDDQ�YDQ�GH�EHVWDDQGH�UXLPWHOLMNH�DIVSUDNHQ�YRRUWNRPHQG�XLWGH�$FWXDOLVDWLH�YDQ�GH�9LHUGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�([WUD��$F9,1(;���&HQWUDDO�LQ�KHWYHUVWHGHOLMNLQJVEHOHLG�VWDDW�KHW�EXQGHOHQ�YDQ�ZRQHQ��ZHUNHQ�HQ�YRRU]LHQLQJHQ�LQ�VWDGVJHZHVWHQ�1LHXZH�YHUVWHGHOLMNLQJVORFDWLHV�ZRUGHQ�LQ�HQ�]R�GLFKW�PRJHOLMN�ELM�JURWH�HQ�PLGGHOJURWH�VWHGHQJHORNDOLVHHUG��9RRU�GH�]JQ��³RSHQ�UXLPWHQ´�JHOGW�HHQ�UHVWULFWLHI�EHOHLG�WHQ�DDQ]LHQ�YDQYHUVWHGHOLMNLQJ�2P�KHW�JHELHG�GDW�LQ�DDQPHUNLQJ�NRPW�YRRU�ZRQLQJERXZ�WH�EHSDOHQ�]LMQ�NDDUWHQ�JHPDDNW�YDQKHW�EHVWDDQG�VWHGHOLMN�JHELHG��KHW�QLHW�EHERXZEDDU�JHELHG��GH�(FRORJLVFKH�+RRIGVWUXFWXXU�JHSODQGH�EHGULMYHQWHUUHLQHQ��HQ�RYHULJ�JHELHG��2S�EDVLV�YDQ�JHJHYHQV�RYHU�ZRQLQJDDQWDOOHQ�HQGLFKWKHGHQ�LV�GH�EHQRGLJGH�UXLPWH�YRRU�ZRQHQ�LQ������EHSDDOG�YRRU�KHW�EHVWDDQG�VWHGHOLMNJHELHG��XLWOHJORFDWLHV�HQ�RYHULJH�ORFDWLHV��9HURQGHUVWHOG�LV�GDW�ZDQQHHU�WH�YHHO�UXLPWHEHVFKLNEDDU�LV��GH]H�UXLPWH�ZRUGW�EHZDDUG�YRRU�GH�SHULRGH������������:DQQHHU�HU�WH�ZHLQLJUXLPWH�EHVFKLNEDDU�LV��GDQ�YLQGW�YHUGLFKWLQJ�SODDWV��9HURQGHUVWHOG�LV�GDW�ELM�ZRQLQJHQ�PHW�HHQERXZMDDU�YRRU������YHUGLFKWLQJ�SODDWVYLQGW��DDQJH]LHQ�GH]H�ZRQLQJHQ�WRHQWHUWLMG�UXLP�]LMQJHERXZG��:RQLQJHQ�GLH�LQ������RI�GDDUQD�]LMQ�JHERXZG�]LMQ�DO�GLFKW�RS�HONDDU�JHERXZG��KLHUYLQGW�JHHQ�YHUGHUH�YHUGLFKWLQJ�SODDWV�%LM�GH�WRHGHOLQJ�YDQ�ZRQLQJHQ�DDQ�XLWOHJORFDWLHV�HQ�RYHULJH�SURYLQFLDOH�ZRRQORFDWLHV�LV�HHQSRWHQWLDDONDDUW�JHEUXLNW�YDQ�KHW�EHVWDDQG�VWHGHOLMN�JHELHG�LQ������9RRU�GH�SHULRGH�����������LV�XLWJHJDDQ�YDQ�HHQ�H[SHUWYLVLH�YDQ�GH�53'�ZDDULQ�SRWHQWLsOHZRQLQJERXZORFDWLHV�]LMQ�DDQJHJHYHQ�ZHONH�YROGRHQ�DDQ�GH�$F9,1(;�FULWHULD�HQ�GHRYHUJHEOHYHQ�QLHXZERXZORFDWLHV�XLW�GH�SHULRGH������������9DQ�GH]H�ORFDWLHV�LV�YHURQGHUVWHOGGDW�GH�JHELHGHQ�GLH�LQ�KHW�GLFKWVW�ELM�EHVWDDQG�VWHGHOLMN�JHELHG�]LMQ�JHOHJHQ�KHW�HHUVW�EHERXZGZRUGHQ�ELM�KHW�WRHQHPHQ�YDQ�GH�UXLPWHFODLPV�YDQ�'(�QDDU�*&��+LHUELM�LV�HHQ�YHUJHOLMNEDUHZHUNZLM]H�JHYROJG�DOV�ELM������������ZDDUELM�GH�ZRQLQJDDQWDOOHQ�XLW�KHW�(&�VFHQDULR�]LMQJHKDQWHHUG�



��

����� %HYRONLQJ

)LJXXU�����%HYRONLQJVGLFKWKHGHQ������HQ������LQ�KHW�(&�VFHQDULR

)LJXXU���� $IVWDQG�WRW�JURHQ�LQ������HQ�������DOOH�VFHQDULR¶V�
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'LW�NDDUWEHHOG�JHHIW�SHU�FHO�YDQ�����ELM�����PHWHU�KHW�JHPLGGHOGH�YDQ�KHW�DDQWDO�LQZRQHUV�LQ�HHQVWUDDO�YDQ����NLORPHWHU��'LW�VFKDDOQLYHDX�VOXLW�KHW�PHHVWH�DDQ�ELM�KHW�UHJLRQDOH�OHHIPLOLHX��GDW�YRRUGH�VWHGHOLMNH�JHELHGHQ�YDDN�ZRUGW�DDQJHGXLG�PHW�KHW�EHJULS�µGDLO\�XUEDQ�V\VWHP¶��+LHUGRRURQWVWDDW�HHQ�EHHOG�YDQ�GH�UXLPWHOLMNH�VSUHLGLQJ�YDQ�JHELHGHQ�ZDDU�PHQVHQ�YHHO�DFWLYLWHLWHQRQWSORRLHQ�
'H�EHUHNHQLQJHQ�RS�KHW�VFKDDOQLYHDX�YDQ����NLORPHWHU�ZLM]HQ�RS�KHW�XLWVWUHNNHQ�YDQ�GH5DQGVWDGYOHXJHOV�QDDU�KHW�VWDGVJHELHG�$UQKHP�1LMPHJHQ�HQ�GH�%UDEDQWVH�VWHGHQULM��2RN�GHGUXN�RS�KHW�*URHQH�+DUW�QHHPW�WRH��9RRUDO�GH�JHELHGHQ�LQ�GH�RYHUJDQJV]RQH�WXVVHQ�GH5DQGVWDG�HQ�%UDEDQW�HQ�*HOGHUODQG��GLH�JRHG�RQWVORWHQ�]LMQ�HQ�ODQGVFKDSSHOLMN�DDQWUHNNHOLMN�]LMQ�NRPHQ�VWHUN�RQGHU�GUXN�WH�VWDDQ��,Q�GH]H�JHELHGHQ�LV�GH�NDQV�RS�DIZLMNLQJ�YDQ�KHW�UXLPWHOLMNEHOHLG�GDQ�RRN�KHW�JURRWVW�+RHZHO�LQ�GH�UXLPWHOLMNH�EHHOGHQ�LV�XLWJHJDDQ�YDQ�KHW�GRRUWUHNNHQ�YDQ�GH�$F9,1(;�XLWJDQJVSXQWHQ��LV�KHW�GHQNEDDU�GDW�GRRU�PDDWVFKDSSHOLMNH�RQWZLNNHOLQJHQ�UHDOLVDWLH�YDQ�KHWEHOHLG�ZRUGW�EHPRHLOLMNW��:DQQHHU�YDQXLW�GH�NHX]H�YDQ�ZRRQORFDWLHV�YDQ�PHQVHQ�ZRUGWJHUHGHQHHUG��VSHOHQ�]DNHQ�DOV�GH�DDQWUHNNLQJ VNUDFKW�YDQ�KHW�ODQGVFKDS�HQ�GH�DDQVOXLWLQJ�RSLQIUDVWUXFWXXU�HHQ�URO��9DQXLW�ODQGVFKDSSHOLMN�RRJSXQW�KHEEHQ�QDDVW�JURWH�QDWXXUJHELHGHQ�PHWQDPH�RYHUJDQJHQ�WXVVHQ�YHUVFKLOOHQGH�ODQGVFKDSVW\SHQ�HHQ�KRJH�DDQWUHNNLQJVNUDFKW�RP�WHZRQHQ��9HUGHU�ZRUGW�GH�ORFDWLHNHX]H�YDQ�ZRQLQJ]RHNHQGHQ�EHSDDOG�GRRU�GH�NZDOLWHLW�HQRPYDQJ�YDQ�GH�ZRQLQJ��%LM�VWLMJHQGH�LQNRPHQV�]XOOHQ�VWHHGV�PHHU�PHQVHQ�]RHNHQ�QDDU�HHQH[WUD�UXLPH�ZRQLQJ��HHQ�JHYDULHHUGH�EXXUW�PHW�JURHQ�HQ�ZLQNHOV�GLFKWELM��'H�ERYHQVWDDQGHRQWZLNNHOLQJHQ�NXQQHQ�HUWRH�OHLGHQ�GDW�KHW�FRPSDFWH�VWDG�EHOHLG�PRHLOLMN�KDQGKDDIEDDU�ZRUGW�ZDDUGRRU�PHHU�VSUHLGLQJ�LQ�EHERXZLQJ�RSWUHHGW�ODQJV�GH�FRUULGRUV�QDDU�KHW�RRVWHQ�HQ�]XLGHQ�HQLQ�DDQWUHNNHOLMNH�ODQGVFKDSSHQ�
����� :HUNJHOHJHQKHLG
2RN�YRRU��QLHW�DJUDULVFKH��ZHUNJHOHJHQKHLG�]LMQ�PHW�GH�5XLPWH6FDQQHU�SRWHQWLDDONDDUWHQJHPDDNW�YRRU������HQ������LQ�KHW�(&�VFHQDULR��9RRU�GH�WRHGHOLQJ�YDQ�QLHXZH�EHGULMIVWHUUHLQHQ]LMQ�RSQLHXZ�GH�$F�9,1(;�SULQFLSHV�GRRUJHWURNNHQ��RS�EDVLV�YDQ�HHQ�H[SHUWYLVLH�YDQ�GH�53'�+HW�JHPLGGHOGH�YDQ�KHW�DDQWDO�DUEHLGVSODDWVHQ�ELQQHQ�HHQ�VWUDDO�YDQ����NP�LV�DIJHEHHOG��'HNDDUWHQ�]LMQ�]RGRHQGH�WH�LQWHUSUHWHUHQ�DOV�HHQ�LQGLFDWLH�YDQ�KHW�ZHUNJHOHJHQKHLGVDDQERG��KRHKRJHU�GH�ZDDUGH�RS�HHQ�ORFDWLH��KRH�PHHU�DUEHLGVSODDWVHQ�]LFK�EHYLQGHQ�LQ�GH�EXXUW�������NP�YDQ�GLH�ORFDWLH�+HW�NDDUWEHHOG�YRRU������LV�DIJHOHLG�RS�EDVLV�YDQ�HHQ�FRPELQDWLH�YDQ�KHW�/,6$�EHVWDQG��/,6$�������HQ�GH &%6�%RGHPVWDWLVWLHN�������'H�/,6$�JHJHYHQV�XLW�������ZHUN]DPH�SHUVRQHQ��]LMQWRHEHGHHOG�DDQ�JULGV�YDQ�����[�����PHWHU��RPJHUHNHQG�QDDU�KHW�DDQWDO�DUEHLGVSODDWVHQ�HQJHs[WUDSROHHUG�QDDU�KHW�QLYHDX�YDQ�������+HW�/,6$�EHVWDQG�UHJLVWUHHUW�GH�ZHUNJHOHJHQKHLG�SHUYHVWLJLQJ��QLHW�SHU�LQGLYLGXHOH�ZHUNORFDWLH��+LHUGRRU�ZRUGW�GH�ZHUNJHOHJHQKHLG�PHHUJHFRQFHQWUHHUG�GDQ�LQ�ZHUNHOLMNKHLG�KHW�JHYDO�LV��2PGDW�PHW�JHPLGGHOGHQ�YRRU�GH���NP�]RQHV�LVJHUHNHQG��OHLGW�GLW�QLHW�WRW�JURWH�DIZLMNLQJHQ�'H�NDDUW�YRRU������LV�WRW�VWDQG�JHNRPHQ�GRRU�SHU�&2523�JHELHG�GH�QLHW�DJUDULVFKHZHUNJHOHJHQKHLGVJURHL�YRRU�KHW�(&�VFHQDULR��GLH�LV�EHUHNHQG�SHU�&2523�JHELHG��WH�YHUGHOHQRYHU�EHVWDDQGH�HQ�WRHNRPVWLJH�ZRRQ��HQ�ZHUNJHELHGHQ��'DDUELM�LV�DDQJHQRPHQ�GDW�GHZHUNJHOHJHQKHLGVGLFKWKHLG�LQ�QLHXZ�JHELHG�QLHW�YHUVFKLOW�YDQ�GLH�LQ�EHVWDDQG�JHELHG�YDQKHW]HOIGH�W\SH�LQ�GH]HOIGH�&2523�UHJLR��9RRUWV�LV�DDQJHQRPHQ�GDW�GH�YHUGHOLQJ�YDQ�GHZHUNJHOHJHQKHLG�WXVVHQ�EHGULMYHQWHUUHLQHQ�HQ�RYHULJ�VWHGHOLMN�JHELHG�KHW]HOIGH�EOLMIW�DOV�LQ������'RRU�GH]H�DDQQDPH�]DO�HU�VSUDNH�]LMQ�YDQ�HHQ�]HNHUH�RQGHUVFKDWWLQJ�YDQ�GH�ZHUNJHOHJHQKHLG�LQEHVWDDQG�VWHGHOLMN�JHELHG��'LW�RPGDW�GH�JURHL�YDQ�GH�ZHUNJHOHJHQKHLG�]LFK�YRRUDO�]DOFRQFHQWUHUHQ�LQ�GH�GLHQVWHQVHFWRU��GLH�GDDU�YDDN�JHYHVWLJG�LV�'H�PHHVW�LQ�KHW�RRJ�VSULQJHQGH�RQWZLNNHOLQJ�LV�GH�WRHQDPH�YDQ�GH�ZHUNJHOHJHQKHLGVSRWHQWLDDOLQ�GH�5DQGVWDG��]RZHO�LQ�GH QRRUG��DOV�LQ�GH�]XLGYOHXJHO��9RRUDO�LQ�GH�SURYLQFLH�8WUHFKW�YLQGW�HHQVWHUNH�WRHQDPH�SODDWV��������9RRUWV�JURHLW�GH�ZHUNJHOHJHQKHLG�YRRUDO�RS�GH�DV�=XLGYOHXJHO5DQGVWDG���%UDEDQWVH�6WHGHQULM��HQ�ODQJV�GH�DV�YDQ�GH�1RRUGYOHXJHO�QDDU�KHW�JHELHG�URQG$UQKHP�HQ�1LMPHJHQ��6WHGHOLMN�.QRRSSXQW�$UQKHP�1LMPHJHQ��
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����� $IVWDQG�WRW�QDWXXU
'RRU�GH�DDQOHJ�YDQ�GH�5DQGVWDGJURHQVWUXFWXXU�HQ�DDQNRRS�YDQ�GH�QDWXXURQWZLNNHOLQJVJHELHGHQYHUDQGHUW�GH�DIVWDQG�YDQ�ZRRQJHELHGHQ�WRW�QDWXXU��'H�NDDUWEHHOGHQ�XLW�ILJXXU�����]LMQ�DIJHOHLG�RSEDVLV�YDQ�NDDUWEHHOGHQ�RYHU�GH�QDWXXU��HQ�ERVJHELHGHQ�LQ������HQ�������'H�QDWXXU��HQERVORFDWLHV�LQ������]LMQ�EHSDDOG�GRRU�GH�QDWXXU��HQ�ERVJHELHGHQ�XLW�GH�/DQGHOLMNH*URQGJHEUXLNVNODVVLILFDWLH�1HGHUODQG�������1RRUGPDQ��������HQ�GH�1DWXXUJHELHGHQDWODV��5$9,��������XLW�WH�EUHLGHQ�PHW�GH�5DQGVWDGJURHQVWUXFWXXUJHELHGHQ�HQ�HHQ�LQGLFDWLHYH�NDDUW�YDQ�GHDDQNRRS�YDQ�QDWXXUJHELHGHQ�YRRU�GH�(+6��9HUYROJHQV�LV�HHQ�DIVWDQG�EHSDDOG�WRWDDQHHQJHVORWHQ�JHELHGHQ�YDQ�����KHFWDUH�HQ�JURWHU��ZDDUYDQ�WHQPLQVWH�����KHFWDUH�EHVWDDW�XLWERV�HQ�QDWXXU��$OOHHQ�GH�JHELHGHQ�ELQQHQ�HHQ�DIVWDQG�YDQ���NLORPHWHU��ILHWVDIVWDQG��WRW�GHJURWHUH�QDWXXU��HQ�ERVHHQKHGHQ�]LMQ�ZHHUJHJHYHQ��2PGDW�GH�UHDOLVDWLH�YDQ�ERV�HQ�QDWXXU�LQ�GHGULH�VFHQDULR¶V�FRQVWDQW�LV�JHKRXGHQ�LV�HU�ppQ�EHHOG�YRRU������
8LW�GH�ILJXXU�EOLMNW�GDW�GH�YHUVFKLOOHQ�WXVVHQ������HQ������JHULQJ�]LMQ��'LW�NRPW�GRRUGDW�LQ�KHWLQGLFDWLHYH�EHHOG�YDQ�GH�(+6�LQ������LV�DDQJHQRPHQ�GDW�GH�H[WUD�QDWXXUJHELHGHQ�PHHVWDO�NOHLQHHHQKHGHQ�]LMQ�LQ�DDQYXOOLQJ�RS�GH�EHVWDDQGH�KRRIGVWUXFWXXU��'H�DIVWDQG�WRW�KHW�JURHQ�ZRUGW�YRRUGH�LQZRQHUV�LQ�GH�5DQGVWDG�NOHLQHU�
/LWHUDWXXU
&3%���������(FRQRPLH�HQ�I\VLHNH�RPJHYLQJ��%HOHLGVRSJDYHQ�HQ�RSORVVLQJVULFKWLQJHQ������������&HQWUDDO�3ODQEXUHDX��PHW�PHGHZHUNLQJ�YDQ�$GYLHVGLHQVW�9HUNHHU�HQ�9HUYRHU��$99��(QHUJLH�RQGHU]RHN�&HQWUXP��(&1��HQ�5LMNVLQVWLWXXW�YRRU�9RONVJH]RQGKHLG�HQ�0LOLHX��5,90��'HQ�+DDJ��6GX�8LWJHYHUV�/,6$���������/DQGHOLMN�LQIRUPDWLHV\VWHHP�YDQ�DUEHLGVSODDWVHQ�HQ�YHVWLJLQJHQ�LQ�������5HXVHO�0LQLVWHULH�YDQ�6RFLDOH�=DNHQ�1225'0$1��(���+�$�0��7+81,66(1�	�+�/��.5$0(5 ��������9HUYDDUGLJHQ�HQ�QDXZNHXULJKHLGYDQ�KHW�/*1��JURQGJHEUXLNVEHVWDQG��$FKWHUJURQGLQIRUPDWLH�ELM�JHEUXLN�YDQ�KHW�EHVWDQG��6&�'/2�UDSSRUW������:DJHQLQJHQ��6&�'/2�5$9, ��������1HGHUODQGVH�QDWXXU�LQ�NDDUW��SLORW�RQGHU]RHN�XLWJHYRHUG�GRRU�5,90��,.&�1�HQ�&%6�5$9,�UDSSRUW�������$PHUVIRRUW��5DYL�
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� 58,07(/,-.(�3(563(&7,(9(1�����
&�*�-��6FKRWWHQ-��*URHQ

��� 3HUVSHFWLHYHQ�1HGHUODQG�����
'H�5LMNV�3ODQRORJLVFKH�'LHQVW��53'��VWDUWWH�LQ������KHW�SURMHFW�µ1HGHUODQG�����¶�RP�KHWUXLPWHOLMN�EHOHLG�YRRU�GH�SHULRGH�YDQ������WRW������WHU�GLVFXVVLH�WH�VWHOOHQ��6LQGV�LQ������GH9LHUGH�1RWD�([WUD��9,1(;��YHUVFKHHQ��]LMQ�GH�VRFLDDO�FXOWXUHOH�SDWURQHQ�HQ�GH�VRFLDDO�HFRQRPLVFKH�RPVWDQGLJKHGHQ�LQ�1HGHUODQG�QDPHOLMN�YHUDQGHUG��2RN�]LMQ�HU�WZLMIHOV�JHUH]HQ�RIGH��YROJHQV�GH]H�QRWD��QRRG]DNHOLMNH�ERXZ�RSJDYH�QD������ZHO�JHUHDOLVHHUG�NDQ�ZRUGHQ�RSJURQG�YDQ�GH�KXLGLJH�EHOHLGVFRQFHSWHQ�%LQQHQ�KHW�SURMHFW�1HGHUODQG������]LMQ�EHVWDDQGH�EHOHLGVFRQFHSWHQ��]RDOV�KHW�$%&�ORFDWLHEHOHLGHQ�KHW�FRPSDFWH�VWDG�EHOHLG��NULWLVFK�EHNHNHQ��9HUYROJHQV�]LMQ�QLHXZH�FRQFHSWHQ�RQWZLNNHOG�PHWGH�YHUDQGHUGH�VLWXDWLH�LQ�1HGHUODQG�DQQR������DOV�XLWJDQJVSXQW��5HVXOWDDW�YDQ�GH]H�EH]LQQLQJ�LVGH�'LVFXVVLHQRWD�1HGHUODQG�������53'���������+LHULQ�]LMQ�UXLPWHOLMNH�SHUVSHFWLHYHQ�YHUWDDOG�LQUXLPWHOLMNH�VWUDWHJLHsQ�HQ�LV�KHW�HIIHFW�YDQ�GH]H�VWUDWHJLHsQ�LQ�EHHOG�JHEUDFKW�'H�5LMNV�3ODQRORJLVFKH�'LHQVW�KHHIW�GH�YROJHQGH�YLHU�UXLPWHOLMNH�SHUVSHFWLHYHQ�XLWJHZHUNW�� 6WHGHQODQG� 3DUNODQGVFKDS� 6WURPHQODQG� 3DOHW,Q�GLW�KRRIGVWXN�ZRUGW�LQJHJDDQ�RS�GH�VLPXODWLH�YDQ�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�LQ�GH�YLHUSHUVSHFWLHYHQ�PHW�GH�5XLPWH6FDQQHU��2PGDW�LQ�GH�53'�SHUVSHFWLHYHQ�YRRUQDPHOLMN�LQJHJDDQZRUGW�RS�GH�YHUVWHGHOLMNLQJ�YDQ�1HGHUODQG�LV�LQ�GH�VLPXODWLH�JHIRFXVHG�RS�GH�IXQFWLHV�ZRQHQ�HQZHUNHQ��7HU�DIVOXLWLQJ�ZRUGHQ�GH�HIIHFWHQ�YDQ�GH�SHUVSHFWLHYHQ�RS�GH�PRELOLWHLW�EHVFKUHYHQZHONH�EHUHNHQG�]LMQ�PHW�GH�JHVLPXOHHUGH�UXLPWHOLMNH�EHHOGHQ�
��� 6LPXODWLH�YDQ�GH�UXLPWHOLMNH�SHUVSHFWLHYHQ
����� 8LWJDQJVSXQWHQ
=RDOV�EHVFKUHYHQ�LQ�KRRIGVWXN�GULH�HQ�YLHU�]LMQ�YRRU�GH�VLPXODWLH�YDQ�WRHNRPVWLJ�UXLPWHJHEUXLNPHW�GH�5XLPWH6FDQQHU�GH�YROJHQGH�JHJHYHQV�QRGLJ�YRRUGDW�GH�VLPXODWLH�YDQ�GH�UXLPWHOLMNHSHUVSHFWLHYHQ�XLWJHYRHUG�NDQ�ZRUGHQ�� RYHU]LFKW�YDQ�KHW�KXLGLJ�UXLPWHJHEUXLN� FODLPV�RS�GH�UXLPWH�LQ�KHW�]LFKWMDDU�WHQ�RS]LFKWH�YDQ�KHW�KXLGLJ�UXLPWHJHEUXLN� XLWZHUNLQJ�YDQ�GH�UXLPWHOLMNH�VWUDWHJLHHQ�LQ�DWWUDFWLYLWHLWVNDDUWHQ
8LWJDQJVSXQW�YRRU�GH�VLPXODWLH�YDQ�KHW�UXLPWHJHEUXLN�LQ�GH�YHUVFKLOOHQGH�SHUVSHFWLHYHQ�LVQDWXXUOLMN�KHW�KXLGLJ�UXLPWHJHEUXLN�]RDOV�EHVFKUHYHQ�LQ�KRRIGVWXN�GULH�HQ�YLHU��+HW�KXLGLJUXLPWHJHEUXLN�YRUPW�GH�EDVLV�ZDDUWHJHQ�GH�FODLPV�LQ�KHW�]LFKWMDDU�ZRUGHQ�DIJH]HW��'DDUQDDVWYRUPW�KHW�HHQ�EHODQJULMNH�IDFWRU�ELM�KHW�JHQHUHUHQ�YDQ�GH�DWWUDFWLYLWHLWVNDDUWHQ�YRRU�GHYHUVFKLOOHQGH�YRUPHQ�YDQ�WRHNRPVWLJ�UXLPWHJHEUXLN�9RRU�GH�FODLPV�RS�GH�UXLPWH�LQ�KHW�]LFKWMDDU�LV�RRN�KLHU�XLWJHJDDQ�YDQ�GH�GULH�ODQJH�WHUPLMQVFHQDULR¶V�GLH�]LMQ�EHVFKUHYHQ�LQ�GH�SXEOLFDWLH�µ(FRQRPLH�HQ�I\VLHNH�RPJHYLQJ¶�YDQ�KHW�&HQWUDDO3ODQ�%XUHDX��&3%���������'H�FODLPV�RS�GH�UXLPWH�LQ�GH�LQ�GH]H�VWXGLH�EHVFKUHYHQ�&3%VFHQDULR¶V��'LYLGHG�(XURSH��*OREDO�&RPSHWLWLRQ��(XURSHDQ�&RRULGQDWLRQ��]LMQ�ELM�GH�VLPXODWLH�YDQGH�5XLPWHOLMNH�SHUVSHFWLHYHQ�/DQGVFKDSVSDUN��6WURPHQODQG�HQ�3DOHW�DOV�XLWJDQJVVLWXDWLH�JHEUXLNWYRRU�KHW�]LFKWMDDU������HQ�ZRUGHQ�DOV�H[WHUQ�JHJHYHQ�EHVFKRXZG��9RRU�KHW�SHUVSHFWLHI
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6WHGHQODQG�LV�LQ�GH]H�VWXGLH�GH�XLWJDQJVVLWXDWLH�GDW�HU�JHHQ�XLWEUHLGLQJ�YDQ�KHW�DUHDDO�ZRQHQ�HQZHUNHQ�QD������SODDWVYLQGW�
����� 2SHUDWLRQDOLVDWLH�YDQ�UXLPWHOLMNH�VWUDWHJLHsQ
9RRUGDW�KHW�UXLPWHJHEUXLN�LQ�GH�SHUVSHFWLHYHQ�6WHGHQODQG��/DQGVFKDSVSDUN��6WURPHQODQG�HQ3DOHW�NDQ�ZRUGHQ�JHVLPXOHHUG�PRHW�HHUVW�GH�UXLPWHOLMNH�VWUDWHJLH�DFKWHU�LHGHU�YDQ�GHSHUVSHFWLHYHQ�ZRUGHQ�JHRSHUDWLRQDOLVHHUG�� ,Q�VDPHQVSUDDN�PHW�OHGHQ�YDQ�GH�SURMHFWJURHSHQ��GLHELQQHQ�KHW�SURMHFW�1HGHUODQG������GH�YHUVFKLOOHQGH�SHUVSHFWLHYHQ�XLWZHUNHQ��]LMQ�YRRU�LHGHUSHUVSHFWLHI�EDVLVNDDUWHQ�JHNR]HQ�GLH�GRRU�PLGGHO�YDQ�UHNHQNXQGLJH�EHZHUNLQJHQ�RPJH]HW�]LMQ�LQDWWUDFWLYLWHLWVNDDUWHQ��'H�DWWUDFWLYLWHLWVNDDUWHQ�YRRU�ZRQHQ�HQ�ZHUNHQ�]LMQ�YRRU�LHGHU�SHUVSHFWLHIRSQLHXZ�JHJHQHUHHUG�WHUZLMO�GH�DWWUDFWLYLWHLWVNDDUWHQ�YRRU�GH�IXQFWLHV�ODQGERXZ�HQ�QDWXXU�FRQVWDQW]LMQ�JHKRXGHQ��,Q�GH]H�VXESDUDJUDDI�ZRUGHQ�DOOH�SHUVSHFWLHYHQ�NRUW�EHVSURNHQ�HQ�ZRUGW�GLHSHULQJHJDDQ�RS�GH�RSHUDWLRQDOLVDWLH�YDQ�ZRQHQ�HQ�ZHUNHQ�LQ�GH�SHUVSHFWLHYHQ�3DUNODQGVFKDS�HQ6WURPHQODQG��9DQ�GH�DQGHUH�WZHH�SHUVSHFWLHYHQ��6WHGHQODQG�HQ�3DOHW��ZRUGHQ�VOHFKWV�GHDFKWHUJURQGHQ�EHVSURNHQ�HQ�KHW�XLWHLQGHOLMN�JHVLPXOHHUGH�UXLPWHJHEUXLN�ZHHUJHJHYHQ�
3DUNODQGVFKDS+HW�EHOHLGVFRQFHSW�3DUNODQGVFKDS�VWDDW�HHQ�ODQGVFKDS�YRRU�ZDDULQ�W\SLVFK�1HGHUODQGVH�QDWXXUHQ�ZDDUGHYROOH�FXOWXXUODQGVFKDSSHQ�HHQ�UDDPZHUN�YRUPHQ��,Q�GLW�UDDPZHUN�]LMQ�ZRRQ���ZHUN��HQUHFUHDWLHJHELHGHQ�QDXZ�PHW�HONDDU�YHUZHYHQ��0HQ�ZLO�PHW�GH]H�LQULFKWLQJ�YRRUDO�KHW�VFKRQHLPDJR�YDQ�1HGHUODQG�HQ�KHW�LPDJR�YDQ�1HGHUODQG�DOV�
JURHQH
�YHVWLJLQJVSODDWV�LQWHUQDWLRQDDOYHUVWHUNHQ��2RN�ZLO�PHQ�]R�]RYHHO�PRJHOLMN�WHJHPRHW�NRPHQ�DDQ�GH�ZHQV�YDQ�GH VDPHQOHYLQJRP�LQ�HHQ�JURHQH�RPJHYLQJ�WH�ZRQHQ�HQ�WH�ZHUNHQ��'H�1HGHUODQGVH�ODQGVFKDSVW\SHQ�]XOOHQ��DIKDQNHOLMNH�YDQ�KHW�ODQGVFKDSVW\SH��LHGHU�RS�HHQ�DQGHUH�PDQLHU�ZRUGHQ�LQJHYXOG�PHW�JHELHGHQYRRU�ZRQHQ��ZHUNHQ��ODQGERXZ�HQ�UHFUHDWLH�+HW�SHUVSHFWLHI�3DUNODQGVFKDS�VFKHWVW�HHQ�GLIIXVH�YHUVWHGHOLMNLQJ�LQ�ODJH�GLFKWKHGHQ��ZDDUELM�GHYHUVWHGHOLMNLQJ�PRHW�DDQVOXLWHQ�ELM�GH�LGHQWLWHLW�YDQ�KHW�FXOWXXUODQGVFKDS��'LW�OHLGW�WRW�HHQYHUJURWLQJ�YDQ�GH�³UDQGOHQJWH´�WXVVHQ�URRG�HQ�JURHQ��ZDDUGRRU�HHQ�]HNHU�FRQWUDVW�WXVVHQ�VWDG�HQODQG�EOLMIW�EHVWDDQ�
+HW�UDSSRUW�5XLPWHOLMN�3HUVSHFWLHI�µ3DUNODQGVFKDS¶��HHQ�JH]DPHQOLMNH�SXEOLFDWLH�YDQ�KHW�'/2�6WDULQJ�&HQWUXP��2QWZHUSWHDP�6WDG�YDQ�GH�'LHQVW�5XLPWHOLMN�2QGHU]RHN�YDQ�GH�*HPHHQWH$PVWHUGDP��HQ�KHW�1HGHUODQGV�(FRQRPLVFK�,QVWLWXXW� JHHIW�PHHU�DFKWHUJURQGLQIRUPDWLH�RYHU�GHXLWZHUNLQJ�YDQ�GLW�EHOHLGVFRQFHSW��6&�'/2��*HPHHQWH�$PVWHUGDP�HQ�1(,��������+HW�SHUVSHFWLHI�3DUNODQGVFKDS�LV�LQ�GH�VLPXODWLH�PHW�GH�5XLPWH6FDQQHU�JHRSHUDWLRQDOLVHHUG�GRRUXLW�WH�JDDQ�YDQ�GH�YROJHQGH�YHURQGHUVWHOOLQJHQ�x:RQHQ�LQ�3DUNODQGVFKDS�LV�DDQWUHNNHOLMN�RS�GH�RYHUJDQJ�WXVVHQ�YHUVFKLOOHQGHODQGVFKDSVW\SHQ��YODN�ELM�QDWXXUJHELHGHQ��LQ�ZDDUGHYROOH�FXOWXXUODQGVFKDSSHQ�HQ�QDELMKHW�ZDWHU��)LJXXU�����EUHQJW�GH]H�DDQWUHNNHOLMNH�ZRRQJHELHGHQ�LQ�EHHOG��9ROJHQV�KHWKXLGLJH�EHOHLG�LV�KHW�QLHW�ZHQVHOLMN�RP�KXL]HQ�WH�ERXZHQ�LQ�QDWLRQDOH�SDUNHQ��EHVWDDQGHHQ�WRHNRPVWLJH�QDWXXUJHELHGHQ��'H]H�JHELHGHQ�]LMQ�GDQ�RRN�LQ�GH�VLPXODWLH�JHGHILQLHHUGDOV�RQDDQWUHNNHOLMN�YRRU�ZRQHQ�x:HUNHQ�LQ�KHW�3DUNODQGVFKDS�]DO�DDQWUHNNHOLMN�]LMQ�RS�SODDWVHQ�GLH�YODNELM�GH�KXLGLJH�ZRRQ�HQ�ZHUNORFDWLHV�OLJJHQ�HQ�JHPDNNHOLMN�EHUHLNEDDU�]LMQ�PHW�KHW�RSHQEDDU�YHUYRHU��ILJXXU������2QDDQWUHNNHOLMN�RI�QLHW�WRHJHVWDDQ�]LMQ�ORFDWLHV�LQ�GH�EXIIHU]RQHV�XLW�GH�'HUGH�1RWD5XLPWHOLMNH�2UGHQLQJ��LQ�JHELHGHQ�GLH�ELQQHQ�GH�(FRORJLVFKH�+RRIGVWUXFWXXU��(+6�YDOOHQ�HQ�LQ�JHELHGHQ�GLH�LQ�KHW�KXLGLJH�UXLPWHOLMN�RUGHQLQJVEHOHLG�RQGHU�UHVWULFWLHI�EHOHLGYDOOHQ�x2S�EDVLV�YDQ�GH�FODLPV�YRRU�ZRQHQ��ZHUNHQ��ODQGERXZ�HQ�QDWXXU�HQHU]LMGV�HQ�GH�UXLPWHOLMNHRUGHQLQJV�SULQFLSHV�YDQ�KHW�SHUVSHFWLHI�3DUNODQGVFKDS�DQGHU]LMGV�KHHIW�GH5XLPWH6FDQQHU�KHW�UHVXOWHUHQGH�GRPLQDQWH�UXLPWHJHEUXLN�JHVLPXOHHUG��ILJ�������



��

$IVWDQG�WRW�ZDWHU $IVWDQG�WRW�QDWXXU $IVWDQG�QDDU�RYHUJDQJHQLQ�KHW�ODQGVFKDS $IVWDQG�QDDU�KXLGLJHZHUNORNDWLHV $IVWDQG�QDDUWUHLQVWDWLRQV

$WWUDFWLYLWHLW�YRRU�ZRQHQ $WWUDFWLYLWHLW�YRRU�ZHUNHQ

1LHXZH�ZRRQORNDWLHV 1LHXZH�ZHUNORNDWLHV

'RPLQDQW�/DQG�JHEUXLN�LQ�KHW�/DQGVFKDSVSDUN�SHUVSHFWLHI)LJXXU���� 6LPXODWLH�YDQ�KHW�SHUVSHFWLHI�/DQGVFKDSVSDUN

5HVLGHQWLDO�DUHDV2SHQ�QDWXXU:DWHU
%RV/DQGERXZ,QIUDVWUXFWXXU:HUNHQ:RQHQ

+LJK�DWWUDFWLYLW\
/RZ�DWWUDFWLYLW\

����
���

���
3HUFHQWDJHEHERXZLQJ



��

6WURPHQODQG9ROJHQV�KHW�EHOHLGVFRQFHSW�6WURPHQODQG�PRHW�KHW�UXLPWHJHEUXLN�LQ������]LFK�ULFKWHQ�RS�KHWRSWLPDDO�IXQFWLRQHUHQ�YDQ�LQWHUQDWLRQDOH�VWURPHQ��]RZHO�RS�HFRQRPLVFK�DOV�RS�HFRORJLVFKJHELHG��'LW�VWUHYHQ�EHSDDOW�GH�SODDWV�YDQ�ZRRQ���ZHUN���QDWXXU��HQ�UHFUHDWLHJHELHGHQ��'HHFRQRPLVFKH�VWURPHQ�ORSHQ�YLD�KHW�YHUNHHUVQHWZHUN��GH�HFRORJLVFKH�YLD�KHW�ZDWHUQHWZHUN��+HWFRPELQHUHQ�YDQ�EHLGH�VWURPHQ�LV�GH�EHODQJULMNVWH�XLWGDJLQJ�YDQ�GLW�WRHNRPVWVSHUVSHFWLHI�9HUVWHGHOLMNLQJ�ZRUGW�JHEXQGHOG�ODQJV�HQNHOH�KRRIGWUDQVSRUWDVVHQ�LQ�GH�YRUP�YDQ�HHQ³NUDOHQVQRHU´��'H�ORFDWLHV�YDQ�EHGULMYHQ�]LMQ�ODQJV�GH�VQHOZHJHQ��VSRRUZHJHQ�HQYHUYRHUVNQRRSSXQWHQ�JHJURHSHHUG��ZDDUELM�]H�RS�RYHUVODJSXQWHQ�DDQVOXLWHQ��'H�]DNHOLMNHGLHQVWYHUOHQLQJ�EOLMIW�KRRIG]DNHOLMN�LQ�GH�VWHGHQ��:RQLQJERXZ�FRQFHQWUHHUW�]LFK�RS�SODDWVHQ�ODQJVKHW�YHUNHHUVQHWZHUN�GLH�JHPDNNHOLMN�EHUHLNEDDU�]LMQ�+HW�UDSSRUW�µ5XLPWHOLMN�3HUVSHFWLHI�6WURPHQODQG¶�YDQ�KHW�'/2�,QVWLWXXW�YRRU�%RV�HQ1DWXXURQGHU]RHN�LQ�VDPHQZHUNLQJ�PHW�KHW�1HGHUODQGV�(FRQRPLVFK�,QVWLWXXW� JHHIW�PHHUDFKWHUJURQGLQIRUPDWLH�� ,%1�'/2�HQ�1(,��������+HW�SHUVSHFWLHI�6WURPHQODQG�LV�JHRSHUDWLRQDOLVHHUG�GRRU�XLW�WH�JDDQ�YDQ�GH�YROJHQGHYHURQGHUVWHOOLQJHQ�x:RQHQ�LQ�6WURPHQODQG�LV�DDQWUHNNHOLMN�QDELM�VSRRUZHJVWDWLRQV��KRRIGWUDQVSRUWDVVHQ�HQ�RSHQLJH�DIVWDQG�YDQ�RS��HQ�DIULWWHQ��:RQHQ�LQ�YHHQZHLGH��RI�LQ]LMJJHELHGHQ�YRRU�KHWJURQGZDWHU�GDDUHQWHJHQ�LV�QLHW�DDQWUHNNHOLMN��2RN�LQ�JHELHGHQ�PHW�HHQ�UHVWULFWLHIUXLPWHOLMN�RUGHQLQJVEHOHLG�LV�ZRQHQ�QLHW�WRHJHVWDDQ��)LJXXU�����ODDW�]LHQ�KRH�GHDWWUDFWLYLWHLWVNDDUW�YDQ�ZRQHQ�WRW�VWDQG�LV�JHNRPHQ�x:HUNHQ�LQ�6WURPHQODQG�LV�DDQWUHNNHOLMN�RS�SODDWVHQ�ODQJV�GH�KRRIGWUDQVSRUWDVVHQ��YRRUDO�ELMRS��HQ�DIULWWHQ�HQ�ELM�GH�OXFKWKDYHQV�ZDDUYDQ�LQ�GH�QDELMH�WRHNRPVW�XLWEUHLGLQJ�LVYRRU]LHQ��'H�DWWUDFWLYLWHLWVNDDUW�YRRU�ZHUNHQ�LV�ZHHUJHJHYHQ�LQ�ILJXXU�����x$OV�GH�FODLPV�LQ������HQ�GH�UXLPWHOLMNH�RUGHQLQJV�VWUDWHJLH�YDQ�6WURPHQODQG�JHFRPELQHHUGZRUGHQ�LQ�GH�5XLPWH6FDQQHU�LV�KHW�UXLPWHJHEUXLN�LQ�ILJXXU�����GH�UHVXOWDQWH�
6WHGHQODQG+HW�SHUVSHFWLHI�6WHGHQODQG�JDDW�XLW�YDQ�EHERXZLQJ�LQ�KRJH�GLFKWKHGHQ�ELQQHQ�EHVWDDQGH�VWHGHQHQ�KHW�RSHQ�KRXGHQ�YDQ�KHW�ODQGHOLMN�JHELHG��'H�VFKHLGLQJ�WXVVHQ�VWDG�HQ�ODQG�ZRUGW�YHUVFKHUSW�'RRU�FRQFHQWUDWLH�YDQ�YHUVWHGHOLMNLQJ�QHHPW�KHW�GUDDJYODN�YRRU�FROOHFWLHI�YHUYRHU�WRH�+HW�VWUHYHQ�YDQ�KHW�EHOHLGVFRQFHSW�6WHGHQODQG�LV�PD[LPDOH�VFKHLGLQJ�YDQ�VWDG�HQ�ODQGVFKDS��'LWEHWHNHQW�RS�GH�HHUVWH�SODDWV�KHW�YHUVWHUNHQ�YDQ�KHW�FRQWUDVW�WXVVHQ�GH�EHERXZGH�HQ�GH�RSHQUXLPWH��7HYHQV�ZLO�PHQ�PHW�GH]H�VFKHLGLQJ�UXLPWH�FUHsUHQ�YRRU�ODQGVFKDSVRQWZLNNHOLQJ�HQH[WHQVLHYH�ODQGHOLMNH�IXQFWLHV��'RRU�LQ�KHW�ODQGHOLMN�JHELHG�UXLPWHJHEUXLN�GRRU�QDWXXU��ERV��ZDWHU�ODQGERXZ�HQ�UHFUHDWLH�DDQ�HONDDU�WH�NRSSHOHQ��]DO�GH�LQULFKWLQJ�YDQ�KHW�ODQGHOLMN�JHELHGYHUDQGHUHQ�,Q�GH�GHUGH�SODDWV�VWUHHIW�PHQ�HUQDDU�RP�YRRU�VWHGHOLMNH�IXQFWLHV�HQ�LQIUDVWUXFWXXU�]R�PLQ�PRJHOLMNUXLPWH�WH�JHEUXLNHQ��0HQ�ZLO�GLW�EHUHLNHQ�GRRU�KHW�EHVWDDQGH�VWHGHOLMN�JHELHG�LQWHQVLHYHU�WHEHERXZHQ��GH�EHVWDDQGH�ODQGHOLMNH�IXQFWLHV�WH�LQWHQVLYHUHQ�HQ�GH�EHVWDDQGH�LQIUDVWUXFWXXU�WHYHUDQGHUHQ�+HW�UDSSRUW�µ6WHGHQ���ODQG��QDDU�HHQ�HYHQZLFKW�WXVVHQ�QDWXXU�HQ�FXOWXXU�LQ�����¶��=DQGYRRUW2UGHQLQJ�	�DGYLHV�HQ�KHW�2IILFH�IRU�0HWURSROLWDQ�$UFKLWHFWXUH������� JHHIW�PHHUDFKWHUJURQGLQIRUPDWLH �+HW�SHUVSHFWLHI�6WHGHQODQG�LV�JHRSHUDWLRQDOLVHHUG�GRRU�YRRU�GH�YHUVFKLOOHQGH�DWWUDFWLYLWHLWHQ�XLW�WHJDDQ�YDQ�KHW�KXLGLJ�UXLPWHJHEUXLN��LQ�FRPELQDWLH�PHW�GH�XLWEUHLGLQJ�GLH�KHW�KXLGLJH��$FWXDOLVHULQJ�9,1(;�EHOHLG�YRRUVWDDW�HQ�GDW�LQ�GH�%DODQVNDDUW������YDQ�GH�53'�LV�YDVWJHOHJG��2PGDW�GHXLWEUHLGLQJ�YDQ�ZRQHQ�HQ�ZHUNHQ�YDVWVWDDW�NRPHQ�GH�DWWUDFWLYLWHLWVNDDUWHQ�YRRU�GH]H�IXQFWLHVRYHUHHQ�PHW�GH�KXLGLJH�ZRRQ��HQ�ZHUNORFDWLHV�DDQJHYXOG�PHW� GH�JHSODQGH�XLWEUHLGLQJ�YRRU�ZRQHQHQ�ZHUNHQ�WRW������ ,Q�ILJXXU�����LV�KHW�JHVLPXOHHUGH��GRPLQDQWH�UXLPWHJHEUXLN�LQ�KHW�SHUVSHFWLHI6WHGHQODQG�ZHHUJHJHYHQ�



��

$IVWDQG�WRW�RS��HQDIULWWHQ�YDQ�VQHOZHJHQ $IVWDQG�WRW�VQHOZHJHQ $IVWDQG�WRW�VWDWLRQV $IVWDQG�WRW�RS�HQDIULWWHQ�YDQ�VQHOZHJHQ $IVWDQG�WRW�YOLHJYHOGHQGLH�ZRUGHQ�XLWJHEUHLG

$WWUDFWLYLWHLW�ZRQHQ $WWUDFWLYLWHLW�ZHUNHQ

1LHXZH�ZRRQORNDWLHV 1LHXZH�ZHUNORNDWLHV

'RPLQDQW�ODQGJHEUXLN�LQ�KHW�6WURPHQODQG�SHUVSHFWLHI)LJXXU���� 6LPXODWLH�YDQ�KHW�SHUVSHFWLHI�6WURPHQODQG�

+RJH�DWWUDFWLYLWHLW
/DJH�DWWUDFWLYLWHLW

����
���

���
3HUFHQWDJHEHERXZLQJ

5HVLGHQWLDO�DUHDV2SHQ�QDWXXU:DWHU
%RV/DQGERXZ,QIUDVWUXFWXXU:HUNHQ:RQHQ



��

)LJXXU���� 'RPLQDQW�UXLPWHJHEUXLN�YROJHQV�KHW�SHUVSHFWLHI�6WHGHQODQG�
3DOHW+HW�EHOHLGVFRQFHSW�1HHUODQGV�3DOHW�VWDDW�HHQ�RSWLPDOH�NHX]HYULMKHLG�YDQ�EXUJHUV�HQ�EHGULMYHQYRRU��+HW�SDURRO�LV��YDQ�RQGHURS��QLHW�YDQ�ERYHQDI��$OOHV�NDQ�LQ�SULQFLSH�RYHUDO��8LWHLQGHOLMN�]DO�GLWEHOHLG�WRW�HHQ�LQGHOLQJ�YDQ�1HGHUODQG�OHLGHQ�GLH�QLHW�DOOHHQ�KHW�UHVXOWDDW�LV�YDQ�EHVOLVVLQJHQ�YDQLQGLYLGXHOH�EXUJHUV��EHGULMYHQ�HQ�RUJDQLVDWLHV��PDDU�RRN�YDQ�GHPRFUDWLVFK�YDVWJHVWHOGH�HLVHQDDQ�GH NZDOLWHLW�YDQ�ZRQHQ�HQ�ZHUNHQ�HQ�KHW�EHVOXLWYRUPLQJVSURFHV��+HW�UXLPWHJHEUXLN�]DO�ORNDDOHQ�UHJLRQDDO�]HHU�YHUVFKLOOHQ��'LW�EHOHLG�]DO�HHQ�JHYDULHHUG�EHHOG�RSOHYHUHQ�YDQ�OHJH�SOHNNHQ�EHVFKHUPGH�WHUUHLQHQ��LQWHQVLHI�HQ�H[WHQVLHI�JHEUXLNWH�JHELHGHQ�LQ�KHW�ODQGVFKDS�2PGDW�LQ�KHW�SHUVSHFWLHI�3DOHW GH�RYHUKHLG�VWHUN�WHUXJWUHHGW�HQ�KHW�UXLPWHOLMN�EHHOG�EHSDDOG�ZRUGWGRRU�RQGHUKDQGHOLQJHQ�WXVVHQ�EXUJHUV��EHGULMYHQ�HQ�RYHUKHLG��UHVXOWHHUW�HHQ�GLIIXXV�SDWURRQ��,QGLW�SHUVSHFWLHI�YHUYDDJW�KHW�RQGHUVFKHLG�WXVVHQ�VWDG�HQ�ODQG�KHW�PHHVW��'H�PDUNW�EHSDDOW�ZDDU�LQZHONH�LQIUDVWUXFWXXU�JHwQYHVWHHUG�ZRUGW��53'��������+HW�UDSSRUW�µ5XLPWHOLMN�SHUVSHFWLHI�3DOHW¶��1RYLRFRQVXOW�HQ�%XUHDX�9LVWD������� JHHIW�PHHUDFKWHUJURQGLQIRUPDWLH �+HW�SHUVSHFWLHI�3DOHW�LV�JHRSHUDWLRQDOLVHHUG�GRRU�XLW�WH�JDDQ�YDQ�GH�YROJHQGH�YHURQGHUVWHOOLQJHQ�x:RQHQ�LQ�3DOHW�LV�DDQWUHNNHOLMN�ELM�RS��HQ�DIULWWHQ�YDQ�VQHOZHJHQ��QDELM�16�VWDWLRQV��RS�GHRYHUJDQJHQ�WXVVHQ�YHUVFKLOOHQGH�ODQGVFKDSVW\SHQ�HQ�LQ�GH�EXXUW�YDQ�ZDWHU�HQQDWXXUJHELHGHQ��+HW�LV�QLHW�ZHQVHOLMN�RP�KXL]HQ�WH�ERXZHQ�LQ�JHELHGHQ�GLH�]LMQJHUHVHUYHHUG�YRRU�QDWXXU�RI�YODN�ELM�VSRRU��HQ�VQHOZHJHQ��GLW�ODDWVWH�LQ�YHUEDQG�PHW�GHJHOXLGVRYHUODVW�x:HUNHQ�LQ�3DOHW�]DO�DDQWUHNNHOLMN�]LMQ�RS�SODDWVHQ�GLH�GLFKW�ELM�GH�KXLGLJH�ZHUNORFDWLHV�HQRS��HQ�DIULWWHQ�OLJJHQ�x %LM�KHW�RSHUDWLRQDOLVHUHQ�YDQ�GH�UXLPWHOLMNH�VWUDWHJLHsQ�LQ�3DOHW�]LMQ�GH�DWWUDFWLYLWHLWVNDDUWHQYRRU�3DUNODQGVFKDS�HQ�6WURPHQODQG�DOV�EDVLV�JHEUXLNW��'DDURP�ZRUGW�KLHURQGHU�PHWHHQKHW�XLWHLQGHOLMNH�UXLPWHJHEUXLN�LQ�3DOHW�ZHHUJHJHYHQ��ILJXXU������

5HVLGHQWLDO�DUHDV2SHQ�QDWXXU:DWHU
%RV/DQGERXZ,QIUDVWUXFWXXU:HUNHQ:RQHQ



��

)LJXXU���� 'RPLQDQW�ODQGJHEUXLN�LQ�KHW�SHUVSHFWLHI�3DOHW�
��� 0RELOLWHLWVHIIHFWHQ�YDQ�GH�YHUVFKLOOHQGH�SHUVSHFWLHYHQ
1D�VLPXODWLH�YDQ�GH�YLHU�SHUVSHFWLHYHQ�LV�KHW�PRJHOLMN�RP�DDQ�GH�KDQG�YDQ�GH�UXLPWHOLMNHYHUGHOLQJ�YDQ�ZRRQ��HQ�ZHUNORFDWLHV�GH�PRELOLWHLWVHIIHFWHQ�YDQ�GH�SHUVSHFWLHYHQ�WH�EHSDOHQ�+LHUWRH�]LMQ�GH�RSSHUYODNNHQ�ZRQHQ�HQ�ZHUNHQ�SHU�����PHWHU�JULG��YRRU�GH�KXLGLJH�VLWXDWLH�������HQ�YRRU�LHGHU�YDQ�GH�JHVLPXOHHUGH�UXLPWHOLMNH�EHHOGHQ��JHDJJUHJHHUG�QDDU�YLHU�FLMIHULJHSRVWFRGHJHELHGHQ��'H�53'�KHHIW�KHW�KXLGLJH�DDQWDO�LQZRQHUV�HQ�DUEHLGVSODDWVHQ�EHSDDOG�HQPHW�EHKXOS�YDQ�NHQJHWDOOHQ�KHW�DDQWDO�LQZRQHUV�HQ�DUEHLGVSODDWVHQ�YRRU�LHGHU�YDQ�GHSHUVSHFWLHYHQ�DIJHOHLG�XLW�KHW�EHERXZGH�RSSHUYODN�712�,QUR�KHHIW�YHUYROJHQV�PHW�EHKXOS�YDQ�HHQ�YHUYRHUVSURJQRVHPRGHO��6PDUW������6WUDWHJLF0RGHO�IRU�$QDO\VLQJ�5HJLRQDO�7UDYHOSDWWHUQV��HHQ�UDPLQJ�JHPDDNW�YDQ�KHW�HIIHFW�RS�GH�PRELOLWHLWYDQ�LHGHU�YDQ�GH�VWUHHIEHHOGHQ��+LOEHUV�HQ�6FKULMYHU���������8LWJDDQGH�YDQ�GH�GRRU�GH5XLPWH6FDQQHU�EHUHNHQGH�YHUVFKLOOHQ�LQ�GH�YHUGHOLQJ�YDQ�GH�EHYRONLQJ�HQ�ZHUNJHOHJHQKHLG�SHUVWUHHIEHHOG��LV�]R�JHNRPHQ�WRW�HHQ�VFKDWWLQJ�YDQ�GH�HIIHFWHQ�YDQ�GH�YHUVFKLOOHQGH�UXLPWHOLMNHSHUVSHFWLHYHQ�RS�GH�PRELOLWHLW��]LH�WDEHO�������9RRU�GH�RYHULJH�LQYRHUJHJHYHQV�LQ�60$57�ZRUGW�LQDOOH�YLHU�GH�UXLPWHOLMNH�SHUVSHFWLHYHQ�]RYHHO�PRJHOLMN�XLWJHJDDQ�YDQ�KHW�YLJHUHQGH�YHUYRHUVEHOHLGHQ�YDQ�WUHQGPDWLJH�VRFLDDO�HFRQRPLVFKH�RQWZLNNHOLQJHQ��8LW�JHJDDQ�LV�YDQ�GH]HOIGHLQIUDVWUXFWXXUDDQERG��KHW]HOIGH�RSHQEDDU�YHUYRHU�QHW��GH]HOIGH�VRFLDDO�HFRQRPLVFKHYHURQGHUVWHOOLQJHQ�HQ�GH]HOIGH�SULMVRQWZLNNHOLQJ�LQ�DOOH�YLHU�GH�EHHOGHQ��,Q�WDEHO�����LV�SHUSHUVRRQ�KHW�JHPLGGHOG�DDQWDO�YHUSODDWVLQJVNLORPHWHUV�JHJHYHQ�SHU�YHUYRHUVZLM]H��'DDUQDDVW�LVGH�SURFHQWXHOH�YHUGHOLQJ�RYHU�GH�VWUHHIEHHOGHQ�JHJHYHQ�ZDDUELM�GH�JHPLGGHOGH�PRELOLWHLW�SHUYHUYRHUVZLM]H������LV��'H�SHUFHQWDJHV�JHYHQ�GXV�GH�DIZLMNLQJ�DDQ�QDDU�ERYHQ�RI�EHQHGHQ�YDQHON�SHUVSHFWLHI�WHQ�RS]LFKWH�GH]H�JHPLGGHOGH�PRELOLWHLW�

5HVLGHQWLDO�DUHDV2SHQ�QDWXXU:DWHU
%RV/DQGERXZ,QIUDVWUXFWXXU:HUNHQ:RQHQ



���

7DEHO���� 0RELOLWHLWVHIIHFWHQ�SHUVSHFWLHYHQ��YHUSODDWVLQJVNLORPHWHUV�SHU�SHUVRRQ��SHU�GDJ�HQ SHUYHUYRHUVZLM]H��1DDU��+LOEHUV�HQ�6FKULMYHU�������
9HUSODDWVLQJVNP *HPLGGHOG 6WHGHQODQG /DQGVFKDSVSDUN 6WURPHQODQG 3DOHW
$XWREHVWXXUGHU ���� �� ��� ��� ���$XWRSDVVDJLHU ��� �� ��� ��� ���2SHQEDDU�YHUYRHU ��� ��� �� �� ��/DQJ]DDP�YHUNHHU ��� ��� ��� ��� ���7RWDDO ���� �� ��� ��� ���

2S�KRRIGOLMQHQ�EOLMNW�GDW�GH�YHUVWHGHOLMNLQJVYDULDQW��6WHGHQODQG���ZDDUELM�ZRQHQ�HQ�DQGHUHUXLPWHOLMNH�IXQFWLHV�]RDOV�ZHUNHQ�ZRUGHQ�JHPHQJG��WRW�KHW�ODDJVWH�SHUVRQHQDXWRJHEUXLN�OHLGW��+HWJHEUXLN�YDQ�RSHQEDDU�YHUYRHU�LV�LQ�GH]H�YDULDQW�JURRWVW�'H�DQGHUH�SHUVSHFWLHYHQ�NHQPHUNHQ�]LFK�GRRU�HHQ�JURWH�WRHQDPH�YDQ�GH�DXWRPRELOLWHLW�WHQ�NRVWHYDQ�KHW�RSHQEDDU�YHUYRHU��'H�RQGHUOLQJH�YHUVFKLOOHQ�LQ�GLW�RS]LFKW�WXVVHQ�/DQGVFKDSVSDUN�6WURPHQODQG�HQ�3DOHW�]LMQ�YHUZDDUORRVEDDU�
/LWHUDWXXU
&3%���������(FRQRPLH�HQ�I\VLHNH�RPJHYLQJ��EHOHLGVRSJDYHQ�HQ�RSORVVLQJVULFKWLQJHQ������������'HQ�+DDJ��6GX�8LWJHYHUV�'/2�6WDULQJ�&HQWUXP��*HPHHQWH�$PVWHUGDP�G52�2QWZHUSWHDP�6WDG�	�1(,���������5XLPWHOLMN3HUVSHFWLHI�µ3DUNODQGVFKDS¶��:DJHQLQJHQ��6&�'/2�+,/%(56��+�%��	�-�0��6&+5,-9(5 ��������5DPLQJ�PRELOLWHLWVHIIHFWHQ�5'�VWUHHIEHHOGHQ������,QWHUQH�QRWLH��'HOIW��712�,152�,%1�'/2�	�1(,���������5XLPWHOLMN�3HUVSHFWLHI�µ6WURPHQODQG¶��:DJHQLQJHQ��,%1�'/2129,2&2168/7�	�%85($8�9,67$ ��������5XLPWHOLMN�SHUVSHFWLHI�µ3DOHW¶��1LMPHJHQ��$PVWHUGDP�53'���������1HGHUODQG��������7XVVHQVSHO��9HUNHQQLQJ�5XLPWHOLMNH�3HUVSHFWLHYHQ��'HQ�+DDJ�0LQLVWHULH�YDQ�9520�53'���������1HGHUODQG��������'LVFXVVLHQRWD��YHUNHQQLQJ�UXLPWHOLMNH�SHUVSHFWLHYHQ��'HQ�+DDJ�53'�6&+277(1��&�*�-���5�-��9$1�'(�9(/'(��+�-��6&+2/7(1��:�7��%2(560$��0��+,/)(5,1.�0��5$16,-1��3��5,(79(/'�(1�5��=87� 
'H�5XLPWH6FDQQHU��JHwQWHJUHHUG�UXLPWHOLMNLQIRUPDWLHV\VWHHP�YRRU�GH�VLPXODWLH�YDQ�WRHNRPVWLJ�UXLPWHJHEUXLN
�5DSSRUW�QU�������������%LOWKRYHQ�=$1'92257�25'(1,1*�	�$'9,(6�	�2)),&(�)25�0(75232/,7$1�$5&+,7(&785(��������¶6WHGHQODQG¶��QDDU�HHQ�HYHQZLFKW�WXVVHQ�QDWXXU�HQ�FXOWXXU�LQ�������8WUHFKW�5RWWHUGDP�
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� $/7(51$7,(9(�/2&$7,(6�9225�6&+,3+2/
&�*�-��6FKRWWHQ-�)�0��YDQ�GHU�:DDOV0��5DQVLMQ

��� ,QOHLGLQJ
+HW�LQWHUGHSDUWHPHQWDOH�SURMHFW�7RHNRPVWLJH�1HGHUODQGVH�/XFKWYDDUW,QIUDVWUXFWXXU��71/,��KRXGW]LFK�EH]LJ�PHW�GH�YUDDJ�µKRHYHHO�UXLPWH�JHHIW�1HGHUODQG�DDQ�GH�OXFKWYDDUW¶��+HW�SURMHFW�LV�JHVWDUWRPGDW�GH�JUHQ]HQ�YRRU�6FKLSKRO��JHVWHOG�LQ�GH�3.%�6FKLSKRO�HQ�RPJHYLQJ��ELQQHQ�DI]LHQEDUH�WLMGEHUHLNW�GUHLJGHQ�WH�ZRUGHQ�%LQQHQ�71/,�LV�HHQ�JOREDOH�ORFDWLHYHUNHQQLQJ�XLWJHYRHUG�RP�WH�NLMNHQ�QDDU�PRJHOLMNHFRQILJXUDWLHV�YDQ�OXFKWKDYHQLQIUDVWUXFWXXU�HQ�]RHNUXLPWHQ�YRRU�YHUYDQJHQGH�HQ�RI�DDQYXOOHQGHOXFKWKDYHQV��+LHUELM�LV�HHQ�YLHUWDO�FRQILJXUDWLHV�HQ�HHQ�DFKWWDO�]RHNUXLPWHQ��H[FOXVLHI�6FKLSKRO�YRRU�HHQ�YHUYDQJHQGH�RI�DDQYXOOHQGH�OXFKWKDYHQ�RQGHU]RFKW��%LM�KHW�EHSDOHQ�YDQ�GH�PHHVWJHVFKLNWH�ORFDWLH�YRRU�HHQ�PRJHOLMNH�OXFKWKDYHQ�VSHHOW�HHQ�JURRW�DDQWDO�DVSHFWHQ�HHQ�URO��'H5XLPWH6FDQQHU�LV�JHEUXLNW�RP�HHQ�VLPXODWLH�WH�PDNHQ�YDQ�GH�HIIHFWHQ�YDQ�HHQ�OXFKWKDYHQ�RS�KHWUXLPWHJHEUXLN�ELQQHQ�GH�DDQJHZH]HQ�]RHNUXLPWH�'H�FHQWUDOH�YUDDJ�YDQ�GH]H�VWXGLH�LV�QX�DOV�YROJW�JHIRUPXOHHUG�

µ:DDU�HQ�KRH�YHUDQGHUW�KHW�UXLPWHJHEUXLN�LQ�HHQ�]RHNUXLPWH�DOV�JHYROJ�YDQ�KHW�DDQOHJJHQYDQ�HHQ�DDQYXOOHQGH�RI�YHUYDQJHQGH�QDWLRQDOH�OXFKWKDYHQ"¶
,Q�WRWDDO�]LMQ�HU�YRRU�HHQ�QHJHQWDO�YDULDQWHQ�VLPXODWLHV�XLWJHYRHUG��]LH�ILJXXU�������� &RQFHQWUDWLH�RS�6FKLSKRO�� 1RRUG]HH�PHW�DOOH�DIKDQGHOLQJ�YLD�6FKLSKRO�� 0DUNHUPHHU��DOV�VDWHOOLHW�PHW�µHLJHQ¶�LQYORHGVJHELHG�� )OHYRODQG��DOV�VDWHOOLHW�PHW�µHLJHQ¶�LQYORHGVJHELHG�� 0DDVYODNWH��DOV�VDWHOOLHW�PHW�µHLJHQ¶�LQYORHGVJHELHG�� +HW�1RRUGHQ�� 2RVW�DV���$FKWHUKRHN�� 'H�3HHO�� =XLG�DV�:HVW�%UDEDQW
9RRU�DOOH�VLPXODWLHV�JHOGW�GDW�HU�YRRU�GH�XLWZLNNHOLQJ�YDQ�GH�OXFKWYDDUW�XLWJHJDDQ�LV�YDQ�KHW�5$1'��VFHQDULR��5DQG�(XURSH���������'LW�VFHQDULR��GDW�XLWJDDW�]R¶Q�����PLOMRHQ�SDVVDJLHUV�HQ��PLOMRHQ�WRQ�YUDFKW�SHU�MDDU��NHQW�GH�JURRWVWH�JURHL�YDQ�KHW�YOLHJYHUNHHU��'H�YHUZDFKWH�UXLPWHOLMNHHIIHFWHQ�]LMQ�GXV�ELM�GLW�VFHQDULR�KHW�JURRWVW�%LM�YHUGHUH�FRQFHQWUDWLH�RS�6FKLSKRO��YDULDQW����LV�DOOH�H[WUD�ZHUNJHOHJHQKHLG�HQ�GH�GDDUXLWYRRUWYORHLHQGH�ZRQLQJYUDDJ�DDQ�KHW�LQYORHGVJHELHG�YRRU�GH�OXFKWKDYHQ�6FKLSKRO�WRHJHNHQG�9DULDQW���ZRUGW�HHQ�OXFKWKDYHQ�LQ�GH�1RRUG]HH�ZDDUELM�GH�DIKDQGHOLQJ�YDQ�DOOH�SDVVDJLHUV�HQYUDFKW�YLD�GH�KXLGLJH�6FKLSKRO�WHUPLQDO�SODDWV�YLQGW��'H�JHOXLGVFRQWRXUHQ�YDQ�6FKLSKRO�NRPHQ�LQGH]H�YDULDQW�WH�YHUYDOOHQ��9RRU�GH�YDULDQWHQ���WRW�HQ�PHW���JHOGW�GDW�HU�LV�XLWJHJDDQ�YDQ�HHQQLHXZH�QDWLRQDOH�OXFKWKDYHQ�PHW�HHQ�HLJHQ�LQYORHGVJHELHG�
��� 0HWKRGLHN
'H�VLPXODWLHV�YRRU�DOOH�YDULDQWHQ�]LMQ�XLWJHYRHUG�PHW�KHW�5XLPWH6FDQQHU�PRGHO��(HQ�TXDPHWKRGLHN�YHUJHOLMNEDUH�WRHSDVVLQJ�LV�GLH�LQ�KHW�NDGHU�YDQ�GH�5XLPWHOLMNH�SHUVSHFWLHYHQ�YRRU1HGHUODQG�������]RDOV�EHVFKUHYHQ�LQ�KHW�YRRUJDDQGH�KRRIGVWXN��=RDOV�YHUPHOG�LQ�KRRIGVWXN�GULHPRHWHQ�GH�YROJHQGH�JHJHYHQV�EHNHQG�]LMQ�RP�HHQ�VLPXODWLH�YDQ�KHW�WRHNRPVWLJ�UXLPWHJHEUXLNPHW�KHW�PRGHO�5XLPWH6FDQQHU�XLW�WH�NXQQHQ�YRHUHQ���KHW�KXLGLJ�UXLPWHJHEUXLN�
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��GH�UXLPWHFODLPV���GH�DWWUDFWLYLWHLWVNDDUWHQ�
,Q�GH�ZHUNZLM]H�GLH�LV�JHYROJG�]LMQ�GH�UXLPWHFODLPV�HQ�GH DWWUDFWLYLWHLWVNDDUWHQ�VFHQDULR�DIKDQNHOLMN��'H]H�ZRUGHQ�KLHURQGHU�YHUGHU�XLWJHZHUNW�LQ�SDUDJUDDI�����HQ������9RRU�HHQEHVFKULMYLQJ�YDQ�KHW�KXLGLJ�UXLPWHJHEUXLN�ZRUGW�YHUZH]HQ�QDDU�KRRIGVWXN�GULH�
������� 5XLPWHFODLPV
����� $XWRQRPH�UXLPWHFODLPV
=RDOV�EHVSURNHQ�LQ�KRRIGVWXN�GULH�]LMQ�LQ�KHW�NDGHU�YDQ�/DQJH�7HUPLMQ�9HUNHQQLQJHQ������GRRUYHUVFKLOOHQGH�LQVWLWXWHQ��&3%��53'��6&�'/2��/(,�'/2��,.&�1�/%/�HQ�KHW�5,90��EHUHNHQLQJHQJHPDDNW�YDQ�KHW�EHQRGLJGH�H[WUD�DUHDDO�YRRU�ZRQHQ��ZHUNHQ��ODQGERXZ�HQ�QDWXXU�LQ�GHWRHNRPVW���������9RRU�GH�VLPXODWLH�YDQ�KHW�UXLPWHJHEUXLN�QD�DDQOHJ�YDQ�HHQ�OXFKWKDYHQ�LV�XLWGH]H�GULH�EHVFKLNEDUH�VFHQDULR¶V�KHW�(XURSHDQ�&R|UGLQDWLRQ�VFHQDULR��(&��DOV�EDVLV�JHEUXLN�ELMGH�EHUHNHQLQJ�YDQ�GH�FODLPV�RS�GH�UXLPWH�'H�WRHQDPH�YDQ�GH�UXLPWHEHKRHIWH�YRRU�ZRQHQ�WXVVHQ������HQ������ZRUGW�LQ�KHW�(&�JHVFKDW�RSFLUFD��������KD��YRRU�ZHUNHQ�RS��������KHFWDUH�HQ�YRRU�QLHXZH�LQIUDVWUXFWXXU�RS�������WRW������KHFWDUH��9RRU�ODQGERXZ�QHHPW�GH�EHKRHIWH�DDQ�UXLPWH�DI�PHW���������KHFWDUH��7HQ�VORWWH�QHHPWDOV�JHYROJ�YDQ�GH�UHDOLVDWLH�YDQ�GH�5DQGVWDGJURHQVWUXFWXXU�HQ�GH�(FRORJLVFKH�+RRIGVWUXFWXXU�(+6��KHW�DUHDDO�QDWXXU��ERV�HQ�UHFUHDWLH�WRH�PHW���������KHFWDUH��2S�QDWLRQDOH�VFKDDO�LV�HUYROJHQV�GLW�(&�VFHQDULR�HHQ�WHNRUW�DDQ�UXLPWH�YDQ�FLUFD��������KHFWDUH�
������� 5XLPWHFODLPV�PHW�OXFKWKDYHQ�LQ�����
����� +HW�LQYORHGVJHELHG
'H�RPYDQJ�YDQ�GH�UHJLR�ZDDULQ�OXFKWKDYHQJHUHODWHHUGH�EHGULMYHQ�ZRUGHQ�DDQJHWURIIHQ�KHHIW�HHQJHVFKDWWH�VWUDDO�YDQ����j����NLORPHWHU��%XFN�&RQVXOWDQWV�,QWHUQDWLRQDO���������������+HW�JHELHGZDDULQ�GH�EHYRONLQJ�LV�JHKXLVYHVW�GLH�ZHUN]DDP�LV�RS�GH�OXFKWKDYHQ�RI�GH�GDDUDDQ�JHUHODWHHUGHZHUNJHOHJHQKHLG�LV�QDDU�YHUZDFKWLQJ�QRJ�JURWHU��,Q������ZRRQGH�LHWV�PHHU�GDQ�GH�KHOIW�YDQZHUNQHPHUV�RS�6FKLSKRO�ELQQHQ�HHQ�VWUDDO�YDQ����NP�YDQ�GH�OXFKWKDYHQ��HHQ�NOHLQH�����KHHIWHHQ�ZRQLQJ�EXLWHQ�GH�VWUDDO�YDQ����NP��+RPEXUJ�	�0HYLVVHQ��������
2PGDW�LQ�KHW�(&�VFHQDULR�GH�YHUZDFKWH�UXLPWHYUDDJ�YRRU�ZRQHQ�HQ�ZHUNHQ�RS�&2523�QLYHDXEHUHNHQG�LV��]LMQ�DOV�LQYORHGVJHELHGHQ�YDQ�GH�YHUVFKLOOHQGH�ORFDWLHV�GH�&2523�JHELHGHQJHEUXLNW�GLH�]R�GLFKW�ELM�GH�OXFKWKDYHQ�OLJJHQ�GDW�HHQ�VLJQLILFDQW�HIIHFW�RS�GH�EHYRONLQJ�HQ�GHZHUNJHOHJHQKHLG�LQ�GLW�&2523�JHELHG�PDJ�ZRUGHQ�YHURQGHUVWHOG��,Q�ILJXXU�����]LMQ�GHJHKDQWHHUGH�LQYORHGVJHELHGHQ�ZHHUJHJHYHQ��2SJHPHUNW�PRHW�ZRUGHQ�GDW�GH�LQYORHGVJHELHGHQYDQ�GH�ORFDWLHV�6FKLSKRO�HQ�1RRUG]HH�JHOLMN�]LMQ�RPGDW�ELM�GH�ORFDWLH�1RRUG]HH�GH�DIKDQGHOLQJ�YLD6FKLSKRO�]DO�YHUORSHQ�
����� :HUNJHOHJHQKHLG�HQ�UXLPWHEHKRHIWH
%LM�ZHUNJHOHJHQKHLG�NDQ�HHQ�RQGHUVFKHLG�JHPDDNW�ZRUGHQ�QDDU�GLUHFWH�ZHUNJHOHJHQKHLG���HRUGH��HQ�LQGLUHFWH���H�RUGH��ZHUNJHOHJHQKHLG��$OV�ODDWVWH�NDQ�QRJ��H�RUGH�ZHUNJHOHJHQKHLGZRUGHQ�RQGHUVFKHLGHQ��'LW�LV�YHU]RUJHQGH�ZHUNJHOHJHQKHLG�WHQ�EHKRHYH�YDQ�GH�ZHUNQHPHUV�HQKXLVKRXGHQV�GLH�ZRUGHQ�DDQJHWURNNHQ�GRRU�GH��H�HQ��H�RUGH�ZHUNJHOHJHQKHLG��,Q�GH]H�VWXGLH�LVXLWJHJDDQ�YDQ�
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x�������DUEHLGVSODDWVHQ�GLUHFWH�ZHUNJHOHJHQKHLG�RS�KHW�OXFKWKDYHQWHUUHLQx�������DUEHLGVSODDWVHQ�LQGLUHFWH�ZHUNJHOHJHQKHLG�LQ�KHW�LQYORHGVJHELHG�YDQ�GH�OXFKWKDYHQx��������DUEHLGVSODDWVHQ��H�RUGH�ZHUNJHOHJHQKHLG'H�GLUHFWH�ZHUNJHOHJHQKHLG�ZRUGW�JHUHDOLVHHUG�RS�KHW�OXFKWKDYHQ�WHUUHLQ�]HOI��9HUGHU�ZRUGWDDQJHQRPHQ�GDW�GH��H�RUGH�ZHUNJHOHJHQKHLG�JHKHHO�ZRUGW�JHUHDOLVHHUG�ELQQHQ�EHVWDDQGVWHGHOLMN�JHELHG��=RZHO�GH��H�RUGH�DOV�GH��H�RUGH�ZHUNJHOHJHQKHLG�YHURRU]DNHQ�GXV�JHHQ�H[WUDFODLP�RS�GH�UXLPWH�LQ�KHW�LQYORHGVJHELHG�YDQ�GH�OXFKWKDYHQ��$OOHHQ�GH�UXLPWHFODLP�YDQ�GHLQGLUHFWH�ZHUNJHOHJHQKHLG���������DUEHLGVSODDWVHQ��ZRUGW�GXV�JHUHDOLVHHUG�LQ�QX�QRJ�RQEHERXZGJHELHG�2S�EDVLV�YDQ�%XFN�&RQVXOWDQWV�,QWHUQDWLRQDO��������LV�DDQJHQRPHQ�GDW�FLUFD�����YDQ�GHLQGLUHFWH�ZHUNJHOHJHQKHLG�]DO�EHVWDDQ�XLW�]DNHOLMNH�GLHQVWYHUOHQLQJ�HQ�����XLW�LQGXVWULH�HQORJLVWLHN��,Q�OLMQ�PHW�GH�/DQJH�7HUPLMQ�9HUNHQQLQJHQ�������&3%��������LV�YRRU�GH]H�VHFWRUHQ�KHWEUXWR�UXLPWHEHVODJ�SHU�DUEHLGVSODDWV�JHVFKDW�RS�UHVS������HQ���������P ���'LW�OHLGW�WRW�KHWJHPLGGHOGH�YDQ�����P� UXLPWHEHVODJ�SHU�DUEHLGVSODDWV��'H�DDQOHJ�YDQ�HHQ�OXFKWKDYHQ�OHLGW�RSEDVLV�YDQ�GH]H�XLWJDQJVSXQWHQ�WRW�HHQ�H[WUD�UXLPWHEHVODJ�YRRU�LQGLUHFWH�ZHUNJHOHJHQKHLG�YDQFLUFD�������KHFWDUH��QDDVW�KHW�UXLPWHEHVODJ�YDQ�GH�OXFKWKDYHQ�]HOI�
������������ :RQHQ�HQ�UXLPWHEHKRHIWH
'H�YUDDJ�QDDU�ZRQLQJHQ�DOV�JHYROJ�YDQ�GH�DDQOHJ�YDQ�HHQ�OXFKWKDYHQ�]DO�YRRU�KHW�JURRWVWH�GHHOVDPHQKDQJHQ�PHW�GH�YHUDQGHULQJ�LQ�GH�VSUHLGLQJ�YDQ�GH�ZHUNJHOHJHQKHLG��$OV�YXLVWUHJHO�LVJHKDQWHHUG�GDW�KHW�DDQWDO�DUEHLGVSODDWVHQ�QD�DIWUHN�YDQ�HHQ�WZHHYHUGLHQHUVIDFWRU�OHLGW�WRW�KHWDDQWDO�KXLVKRXGHQV��'H]H�WZHHYHUGLHQHUVIDFWRU�LV�DOV�YROJW�JHRSHUDWLRQDOLVHHUG��ZDQQHHU����YDQ�GH�DUEHLGVSODDWVHQ�ZRUGW�LQJHQRPHQ�GRRU�WZHHYHUGLHQHUV��]LMQ�HU�������PLQGHU�ZRQLQJHQQRGLJ��'DDUQDDVW�NDQ�QRJ�HHQ�DDQWDO�ZRQLQJHQ�DDQ�GH�EHVWDDQGH�YRRUUDDG�ZRUGHQ�RQWWURNNHQ�'LW�OHLGW�WRW�GH�YROJHQGH�VFKDWWLQJ�YDQ�KHW�DDQWDO�ZRQLQJHQ��$OV�ZRUGW�XLWJHJDDQ�YDQ�GH]HOIGHEUXWR�ZRQLQJGLFKWKHGHQ�SHU�SURYLQFLH�DOV�JHKDQWHHUG�LQ�KHW�(&�VFHQDULR��]LH�KRRIGVWXN�����OLJW�GHUXLPWHFODLP�YRRU�ZRQHQ�WXVVHQ�������KHFWDUH�LQ�GH�5DQGVWDG�HQ�� ����KHFWDUH�LQ�1RRUG�1HGHUODQG��+LHU�PRHW�GH�NDQWWHNHQLQJ�JHSODDWVW�ZRUGHQ�GDW�EHERXZLQJ�LQ�EHVWDDQG�VWHGHOLMNJHELHG�QLHW�LQ�GH�XLWHLQGHOLMNH�FODLP�RSJHQRPHQ�LV�RPGDW�KHW�JHHQ�YHUDQGHULQJ�YDQ�UXLPWHOLMNHIXQFWLH�EHWUHIW�7DEHO���� 6FKDWWLQJ�WRHQDPH�YDQ�KHW�DDQWDO�ZRQLQJHQ�LQ�GH�]RHNJHELHGHQ

:RQLQJHQ*URHL�DDQ�DUEHLGVSODDWVHQ  ��������DUEHLGVSODDWVHQ  JHZHQVW� �����������7ZHHYHUGLHQHUV�YDQ��������DUEHLGVSODDWVHQ  �������DUEHLGVSODDWVHQ  5HGXFWLH�YDQ� ������
:RQLQJHQ�XLW�EHVWDDQGH�YRRUUDDG  �������ZRQLQJHQ  5HGXFWLH�YDQ� ������7RW��DDQWDO�WH�UHDOLVHUHQ�ZRQLQJHQ �������

7DEHO���� 5XLPWHFODLPV��LQ�KD���YRRU�ZHUNHQ�HQ�ZRQHQ�LQ�GH�]RHNUXLPWHQ�YDQ�GH�YDULDQWHQ
=RHNUXLPWH (&����� :HUNHQ/XFKWKDYHQ 7RWDDO (&����� :RQHQ/XFKWKDYHQ 7RWDDO
&RQF�6FKLSKRO ������ ����� ������ ����� ����� �����1RRUG]HH ������ ����� ������ ����� ����� �����0DUNHUPHHU ����� ����� ������ ����� ����� �����)OHYRODQG ����� ����� ������ ��� ����� �����0DDVYODNWH ����� ����� ������ ����� ����� �����1RRUG ����� ����� ������ ����� ����� �����2RVW�DV���$FKWHUKRHN ����� ����� ������ ����� ����� �����3HHO ����� ����� ������ ����� ����� �����=XLG�DV���:HVW�%UDEDQW ����� ����� ������ ����� ����� �����
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��� $WWUDFWLYLWHLWHQ�HQ�UXLPWHJHEUXLN�QD�DDQOHJ OXFKWKDYHQ
����� $FKWHUJURQGHQ�ELM�GH�DWWUDFWLYLWHLW�YRRU�ZHUNHQ
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��� 7HQWDWLHYH�DQDO\VH�YDQ�GH�UXLPWHOLMNH�RQWZLNNHOLQJ�YDQ�GH�YDULDQWHQ
1DGDW�GH�YHUVFKLOOHQGH�UXLPWHOLMNH�EHHOGHQ�]LMQ�JHVLPXOHHUG�HQ�GH�UXLPWHGUXN�LQ�GH�YHUVFKLOOHQGHYDULDQWHQ�LQ]LFKWHOLMN�LV�JHPDDNW�LV�KHW�PRJHOLMN�RP�GH�XLWNRPVWHQ�WH�WRHWVHQ�DDQ�GH�KDQG�YDQ�HHQDDQWDO�FULWHULD�ZHONH�RSJHVWHOG�]LMQ�GRRU�GH�EHJHOHLGLQJVFRPPLVVLH�YDQ�GH]H�VWXGLH�8LWJHZHUNW�JDDW�KHW�RP�GH�YROJHQGH�FULWHULD�
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���

5HFUHDWLH�HQ�QDWXXUZDDUGHQ%HVWDDQGH�JURRWVFKDOLJH�UHFUHDWLHJHELHGHQ�HQ�VWLOWHJHELHGHQ�PRJHQ�QLHW�LQ�HHQ�YULMZDULQJV]RQH�NRPHQ�WH��OLJJHQ��*HELHGHQ�PHW�KRJH�QDWXXUZDDUGHQ�YROJHQV�YLJHUHQG�EHOHLG��RQGHU�DQGHUHHFRORJLVFKH�KRRIGVWUXFWXXU��PRHWHQ�JHYULMZDDUG�EOLMYHQ�YDQ�GH�GLUHFWH�UXLPWHOLMNH�HIIHFWHQ�HQPLOLHX�HIIHFWHQ�YDQ�OXFKWKDYHQFRPSOH[HQ��9ULMZDULQJV]RQHV�GLHQHQ�GH]H�JHELHGHQ�QLHW�WHRYHUODSSHQ�'LW�FULWHULXP�LV�JHRSHUDWLRQDOLVHHUG�GRRU�WH�EHSDOHQ�LQ�KRHYHUUH�GH�OXFKWKDYHQ��HQ�]LMQJHOXLGVFRQWRXUHQ��RYHUODSW�PHW�VWLOWHJHELHGHQ�HQ�GH�QDWLRQDOH�(+6��:HLQLJ�RYHUODS�ZRUGW�DOVSRVLWLHI�JH]LHQ�2SHQ�5XLPWH�/XFKWKDYHQLQIUDVWUXFWXXU��ELMEHKRUHQGH�ODQG]LMGLJH�RQWVOXLWLQJ�HQ�DDQSDOHQGEHGULMIVWHUUHLQ�PRJHQ�QLHW�WHQ�NRVWH�JDDQ�YDQ�GLH�RSHQ�UXLPWHQ��YLVXHHO�HIIHFW��YHUVWRULQJ��GLHYDOOHQ�RQGHU�KHW�UHVWULFWLHI�UXLPWHOLMN�EHOHLG�'LW�FULWHULXP�LV�JHRSHUDWLRQDOLVHHUG�GRRU�WH�EHSDOHQ�LQ�KRHYHUUH�GH�OXFKWKDYHQ��HQ�]LMQJHOXLGVFRQWRXUHQ��RYHUODSW�PHW�JHELHGHQ�ZDDULQ�HHQ�QDWLRQDDO�RI�SURYLQFLDDO�UHVWULFWLHI�EHOHLGJHOGW��:HLQLJ�RYHUODS�ZRUGW�DOV�SRVLWLHI�JH]LHQ�+HW�UHVXOWDDW�YDQ�GH�WHQWLWDWLHYH�DQDO\VH�LV�ZHHUJHJHYHQ�LQ�WDEHO�����
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&ULWHULD 5HFUHDWLH�HQ�QDWXXUZDDUGHQ9DULDQW &RQFXUUHUHQGHUXLPWHFODLPV (IILFLsQWUXLPWHJHEUXLN 5HVWULFWLHI�52�EHOHLG 6WLOWHJHELHGHQ (+66FKLSKRO � � � � �1RRUG]HH � � � � �0DUNHUPHHU ��� ��� � � �)OHYRODQG ��� ��� ��� � �0DDVYODNWH � � � � �1RRUGHQ � � � � �2RVW�DV � � � � ���3HHO � � � � ���=XLG�DV � ��� ��� � �
9ROJHQV�KHW�(&�VFHQDULR�LV�HU�LQ������LQ�YHHO�UHJLR¶V�VSUDNH�YDQ�HHQ�VWULMG�RP�GH�UXLPWH��$OOHHQ�LQKHW�1RRUGHQ�HQ�=HHODQG�LV�HU�HHQ�JURWHUH�XLWVWRRW�DDQ�JURQG�GRRU�GH�ODQGERXZ�GDQ�HU�GRRUDQGHUH�IXQFWLHV��ZRQHQ��ZHUNHQ�HQ�QDWXXU��JHFODLPG�ZRUGW��'H�H[WUD�YUDDJ�QDDU�ZRRQ��HQZHUNORFDWLHV�GLH�KHW�JHYROJ�LV�YDQ�GH�RQWZLNNHOLQJ�YDQ�HHQ�OXFKWKDYHQ�]DO�GH�FRQFXUUHQWLH�WXVVHQGH�UXLPWHFODLPV�DOOHHQ�PDDU�YHUJURWHQ��+HW�1RRUGHQ�LV�GDQ�RRN�GH�HQLJH�YDULDQW�GLH�SRVLWLHIZRUGW�JHZDDUGHHUG�'H�YDULDQWHQ�1RRUGHQ��2RVW�DV�HQ�3HHO�ZRUGHQ�PRPHQWHHO�JHNHQPHUNW�GRRU�HHQ�YHUVSUHLGHEHERXZLQJ��'H�YDULDQWHQ�LQ�GH�5DQGVWDG�ZRUGHQ�JHNHQPHUNW�GRRU�JHFRQFHQWUHHUGH�EHERXZLQJWHUZLMO�GH�DQGHUH�ORFDWLHV�HHQ�LQWHUPHGLDLUH�SRVLWLH�LQQHPHQ��$QDO\VHV�PHW�GH�5XLPWH6FDQQHUODWHQ�]LHQ�GDW��JHJHYHQ�GH�JHEUXLNWH�DWWUDFWLYLWHLWHQ��HU�JHHQ�YHUDQGHULQJ�LQ�GLW�EHHOG�RSWUHHGW��'HFRPSDFWH�LQULFKWLQJ�YDQ�GH�5DQGVWDG�PDDNW�GDW�GH�YDULDQWHQ�6FKLSKRO��1RRUG]HH�HQ�0DDVYODNWHRS�GLW�FULWHULXP�SRVLWLHI�VFRUHQ�'H�OXFKWKDYHQ�HQ�GH�GDDUELM�EHKRUHQGH�FRQWRXUHQ�KHEEHQ�LQ�GH�YDULDQWHQ�0DUNHUPHHU��1RRUGHQ�2RVW�DV�HQ�3HHO�JHHQ�RYHUODS�PHW�JHELHGHQ�ZDDULQ�HHQ�QDWLRQDDO�RI�SURYLQFLDDO�UHVWULFWLHI�EHOHLGJHOGW��'H]H�YDULDQWHQ�ZRUGHQ�KLHURS�GXV�SRVLWLHI�JHZDDUGHHUG�9RRU�GH�UHFUHDWLH�HQ�QDWXXUZDDUGHQ�LV�JHNHNHQ�QDDU�GH�RYHUODS�PHW�EHVWDDQGH�SURYLQFLDOHVWLOWHJHELHGHQ�HQ�GH�QDWLRQDOH�(+6��2PGDW�GH�JHOXLGVFRQWRXUHQ�YRRU�]RZHO�)OHYRODQG�DOV�2RVW�DV�HHQ�RYHUODS�KHEEHQ�PHW�EHVWDDQGH�VWLOWHJHELHGHQ�VFRUHQ�EHLGH�QHJDWLHI�RS�GLW�FULWHULXP�2PGDW�GH�JURWH�ZDWHUHQ�LQ�1HGHUODQG��0DUNHUPHHU�HQ�1RRUG]HH��WRW�GH�(FRORJLVFKHKRRIGVWUXFWXXU�EHKRUHQ�NULMJHQ�OXFKWKDYHQV�JHSODQG�LQ�GH�JURWH�ZDWHUHQ�HHQ�QHJDWLHYHZDDUGHULQJ�
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���� ,QOHLGLQJ
=RDOV�LQ�KRRIGVWXN���UHHGV�XLWHHQJH]HW�LV��KHHIW�GH�53'�KHHIW�YRRU�GH�UXLPWHOLMNH�RQWZLNNHOLQJWXVVHQ������HQ������LQ�GH�GLVFXVVLHQRWD�¶1HGHUODQG�����¶�YLHU�SHUVSHFWLHYHQ�JHVFKHWVW��,Q�GLWKRRIGVWXN�ZRUGW�QDJHJDDQ�KRH�GH]H�SHUVSHFWLHYHQ�RS�PLOLHX��HQ�QDWXXUHIIHFWHQ�EHRRUGHHOGNXQQHQ�ZRUGHQ��'DDUELM�EHSHUNHQ�ZH�RQV�WRW�YHUVWHGHOLMNLQJ��LQ�UHODWLH�PHW�GH�EHODQJULMNVWHPLOLHXSUREOHPHQ�]RDOV�GLH�LQ�GH�1DWLRQDOH�0LOLHXYHUNHQQLQJ�������������YDQ�KHW�5,90�ZRUGHQJHQRHPG�� GH�HQHUJLH�LQWHQVLHYH�1HGHUODQGVH�HFRQRPLH��GLH�RS�JURWH�VFKDDO�KHW�JHEUXLN�YDQ�IRVVLHOHEUDQGVWRIIHQ�YHUJW�� GH�KRJH�EHYRONLQJVGLFKWKHLG�YDQ�1HGHUODQG�HQ�GH�GDDUPHH�VDPHQKDQJHQGH�YHUVWHGHOLMNLQJHQ�PRELOLWHLW��ZDDUGRRU�HHQ�JURWH�GUXN�RS�GH�UXLPWH�ZRUGW�XLWJHRHIHQG�HQ�PRHLOLMN�RSORVEDUHSUREOHPHQ�EOLMYHQ�EHVWDDQ�LQ�VWHGHQ��JHOXLGKLQGHU��ORNDOH�OXFKWYHURQWUHLQLJLQJ�HQYHLOLJKHLGVULVLFR
V��HQ�LQ�KHW�ODQGHOLMN�JHELHG��DDQWDVWLQJ�YDQ�QDWXXU�HQ�ODQGVFKDS��� GH�LQWHQVLHYH�YHHKRXGHULM�HQ�LQ�PLQGHUH�PDWH�GH�ODQGERXZ�LQ�KHW�DOJHPHHQ��YDQ�ZDDUXLW�HHQRPYDQJULMN�YHUOLHV�YDQ�QXWULsQWHQ�RSWUHHGW��5,90��������'H�PLOLHX�HIIHFWHQ�YDQ�YHUVWHGHOLMNLQJVVFHQDULR¶V�KDQJHQ�YRRUDO�PHW�GH�HHUVWH�WZHH�DVSHFWHQVDPHQ��'DDURP�EHSHUNHQ�ZH�RQV�KLHUWRH�,Q�KHW�NDGHU�YDQ�GH�GLVFXVVLH�RYHU�GH�YHUQLHXZLQJ�YDQ�KHW�UXLPWHOLMN�EHOHLG�]LMQ�GH�UXLPWHOLMNHSHUVSHFWLHYHQ�RQWZLNNHOG�DOV�EHHOGHQ�YDQ�PRJHOLMNH�WRHNRPVWHQ��ZDDU�ZH]HQOLMN�YHUVFKLOOHQGHNHX]HV�DDQ�WHQ�JURQGVODJ�OLJJHQ��,Q�KRRIGVWXN���]LMQ�GH�YHUVFKLOOHQGH�SHUVSHFWLHYHQ�UHHGVWRHJHOLFKW�YDQXLW�KHW�RRJSXQW�YDQ�VLPXODWLH�PHW�GH�5XLPWH6FDQQHU��9RRU�HHQ�NRUWH�EHVFKULMYLQJZRUGW�GDDURP�QDDU�GLW�KRRIGVWXN�YHUZH]HQ��'H�PRJHOLMNH�HIIHFWHQ�YRRU�KHW�UXLPWHJHEUXLN�LQ�GHGLYHUVH�SHUVSHFWLHYHQ�]LMQ�ZHHUJHJHYHQ�LQ�GH�ILJXUHQ�����WRW�HQ�PHW�����:HO�PRHW�QRJ�RSJHPHNUW�ZRUGHQ�GDW�ELM�LHGHU�SHUVSHFWLHI�HHQ�SDNNHW�YDQ�PDDWUHJHOHQ�GHQNEDDULV�RP�GH�PLOLHXNZDOLWHLW�WH�YHUEHWHUHQ��,Q�3DUNODQGVFKDS�HQ�3DOHW�ZRUGHQ�]R�YHHO�PRJHOLMNWHFKQLVFKH�HQ�ILVFDOH�RSORVVLQJHQ�JH]RFKW��,Q�6WURPHQODQG�ZRUGW�LQJH]HW�RS�HHQPLOLHXYULHQGHOLMNH�RUGHQLQJ�YDQ�IXQFWLHV�RS�EDVLV�YDQ�YHUNHHU��HQ�ZDWHUVWURPHQ�LQ�FRPELQDWLH�PHWWHFKQLVFKH�PDDWUHJHOHQ��6WHGHQODQG�ELHGW�YROJHQV�GH�53'�YRRUDO�DDQNQRSLQJVSXQWHQ�YRRUYROXPH��HQ�EURQJHULFKWH�PDDWUHJHOHQ�
���� 0RELOLWHLW
0RELOLWHLW�VSHHOW�LQ�KHW�YHUVWHGHOLMNLQJVEHOHLG�HHQ�EHODQJULMNH�URO��8LW�RQGHU]RHN�YDQ�9HUURHQ� HW�DO��������EOLMNW�GDW�GRRU�EXQGHOLQJ��PHQJLQJ�YDQ�IXQFWLHV�HQ�DDQVOXLWLQJ�RS�KDOWHV�YDQ�RSHQEDDUYHUYRHU�GH�PRELOLWHLW��HQ�GDDUPHH�KHW�HQHUJLHJHEUXLN�HQ�GH HPLVVLH�YDQ�&2 � �EURHLNDVHIIHFW��HQ12[��YHU]XULQJ���NDQ�ZRUGHQ�EHSHUNW��'LW�KRHIW�HFKWHU�QLHW�DOWLMG�WH�EHWHNHQHQ�GDW�EHVWDDQGHVWHGHQ�PRHWHQ�ZRUGHQ�XLWJHEUHLG��LQ�GH�5DQGVWDG�NDQ�GH�DXWRPRELOLWHLW�KHW�EHVW�EHSHUNW�ZRUGHQGRRU�KHW�ERXZHQ�YDQ�QLHXZH�VWHGHQ�ODQJV�RSHQEDDU�YHUYRHU�OLMQHQ�WXVVHQ�GH�VWDGJHZHVWHQ�RSGH�ULQJ�RI�LQ�KHW�*URHQH�+DUW��2RN�XLW�HHUGHUH�VWXGLHV�EOLMNW�GDW�]RZHO�YHUVWHGHOLMNLQJ�RS�GH�ULQJYDQ�GH�5DQGVWDG�DOV�ERXZHQ�LQ�KHW�*URHQH�+DUW�NXQQHQ�UHVXOWHUHQ�LQ�HHQ�UHODWLHI�ODDJ�QLYHDXYDQ�DXWRJHEUXLN��'H�YHUVFKLOOHQ�WXVVHQ�GH�PHHVW�H[WUHPH�YHUVWHGHOLMNLQJVYDULDQWHQ�EHGUDJHQ�EH]LHQ�RYHU�HHQ�SHULRGH�YDQ�WLHQ�MDDU��HQNHOH�SURFHQWHQ�YDQ�KHW�DXWRYHUNHHU��9HUURHQ� HW�DO���������2S�GH�ODQJH�WHUPLMQ�LV�GH�SRWHQWLsOH�PLOLHXZLQVW�GRRU�HHQ�JHULFKW�YHUVWHGHOLMNLQJVEHOHLGJURWHU��$QGHUH�IDFWRUHQ�VSHOHQ��]HNHU�RS�NRUWH�WHUPLMQ��HFKWHU�HHQ�YHHO�JURWHUH�URO��'DDUELM�NDQ
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JHGDFKW�ZRUGHQ�DDQ�GH�LQYORHG�YDQ�HQHUJLHSULM]HQ�HQ�ZHOYDDUWVVWLMJLQJ��2RN�YHUDQGHULQJHQ�LQYHUYRHUVWHFKQRORJLH��VSHFLDOLVDWLH�HQ�VHJPHQWDWLH�YDQ�GH�DUEHLGVPDUNW���ZDDUGRRU�GH�NDQVNOHLQHU�ZRUGW�GDW�PHQVHQ�GLFKW�ELM�KXLV�HHQ�JHZHQVWH�EDDQ�YLQGHQ����GH�UXLPWHOLMNH�RQWZLNNHOLQJYDQ�GH�ZHUNJHOHJHQKHLG�HQ�GH�PRJHOLMNH�RSNRPVW�YDQ�WHOHZHUNHQ�EHwQYORHGHQ�GH�HIIHFWLYLWHLW�YDQHHQ�RS PRELOLWHLWVEHSHUNLQJ�JHULFKW�YHUVWHGHOLMNLQJVEHOHLG��9DQ�GHU�:DDOV��������'RRU�712�,152�]LMQ�GH�PRELOLWHLWVHIIHFWHQ�YDQ�GH�UXLPWHOLMNH�SHUVSHFWLHYHQ�EHUHNHQG��]LH�WDEHO�������6WHGHQODQG�OHLGW�WRW�HHQ�ODJHU�DDQWDO�PHW�GH�DXWR�DIJHOHJGH�NLORPHWHUV�HQ�HHQ�KRJHUDDQGHHO�YDQ�RSHQEDDU�YHUYRHU�HQ�ODQJ]DDP�YHUNHHU�LQ�DIJHOHJGH�NLORPHWHUV�GDQ�GH�GULH�DQGHUHSHUVSHFWLHYHQ��+HW�YHUVFKLO�LQ�DXWRPRELOLWHLW�WXVVHQ�6WHGHQODQG�HQ�6WURPHQODQG�3DOHW�EHGUDDJW���LQGH[SXQWHQ��:DQQHHU�RRN�UHNHQLQJ�ZRUGW�JHKRXGHQ�PHW�WH�YHUZDFKWHQ�YHUVFKLOOHQ�LQ�KHWRSHQEDDU�YHUYRHU�DDQERG�HQ�SDUNHHUPRJHOLMNKHGHQ�NDQ�KHW�DXWRJHEUXLN����LQGH[SXQWHQXLWHHQORSHQ�
7DEHO����� 9HUSODDWVLQJVNLORPHWHUV�SHU�SHUVRRQ�SHU�GDJ��SHU�YHUYRHUZLM]H�HQ�SHU�SHUVSHFWLHI

*HPLGGHOG 3DOHW 3DUNODQGVFKDS 6WURPHQODQG 6WHGHQODQG$XWRNLORPHWHUV �� ��� ��� ��� ��2SHQEDDU�YHUYRHU � �� �� �� ���/DQJ]DDP�YHUNHHU � �� ��� �� ���7RWDDO �� ��� ��� ��� ��
%URQ��+LOEHUV�HQ�6FKULMYHU������
'H�YHUVFKLOOHQGH�VWXGLHV�ZLM]HQ�HU�RS�GDW�GH�UXLPWHOLMNH�SHUVSHFWLHYHQ�YHUVFKLOOHQ�LQPRELOLWHLWVHIIHFWHQ��PDDU�GDW�GH�YHUVFKLOOHQ�WHQ�RS]LFKWH�YDQ�GH�WRWDOH�PRELOLWHLW�RS�NRUWH�WHUPLMQ����MDDU��QLHW�ELM]RQGHU�JURRW�]LMQ��&RPSDFWH�YHUVWHGHOLMNLQJ�ODQJV�RSHQEDDU�YHUYRHU�DVVHQ�ELHGWEHWHUH�PRJHOLMNKHGHQ�RP�WRW�PRELOLWHLWVEHSHUNLQJ�WH�NRPHQ�GDQ�GLIIXVH�YHUVWHGHOLMNLQJ�
���� 9HUVQLSSHULQJ
9HUVWHGHOLMNLQJVVFHQDULR
V�NXQQHQ�YHUVFKLOOHQ�LQ�GH�HIIHFWHQ�RS�YHUVQLSSHULQJ�YDQ�OHHIJHELHGHQYDQ�IDXQD��'RRU�YHUNOHLQLQJ�YDQ�DUHDOHQ�ZRUGHQ�GH�PRJHOLMNKHGHQ�YRRU�YHUVSUHLGLQJ�YDQ�GLHUHQEHOHPPHUG�HQ�NXQQHQ�SRSXODWLHV�XLWVWHUYHQ��,Q�GH�1DWXXUYHUNHQQLQJ��5,90� HW�DO���������]LMQ�GULHYHUVWHGHOLMNLQJVYDULDQWHQ�GRRUJHUHNHQG��&RQFHQWUDWLH��6SUHLGLQJ�HQ�'LIIXXV���ZDDUELM�JHNHNHQ�LVQDDU�GH�RPYDQJ�HQ�EHUHLNEDDUKHLG�YDQ�OHHIJHELHGHQ�YRRU����VRRUWHQ�YRJHOV�HQ�]RRJGLHUHQ��GHHIIHFWHQ�RS�ODQGVFKDSSHOLMNH�ZDDUGHQ�HQ�GH�EHVFKLNEDDUKHLG�YDQ�QDWXXU�LQ�GH�VWHGHOLMNHRPJHYLQJ��'H�RSSHUYODNWH�OHHIJHELHG�YDQ�GH�LQGLFDWRUVRRUWHQ�QHHPW�PHW���WRW����DI��'LIIXVHYHUVWHGHOLMNLQJ�JHHIW�GH�PHHVW�QHJDWLHYH�HIIHFWHQ�RS�QDWXXU�HQ�ODQGVFKDS��PDDU�ZHO�HHQ�EHWHUHEHUHLNEDDUKHLG�YDQ�JHEUXLNVQDWXXU��%LM�HHQ�EHKHHUVWH�VSUHLGLQJ�]LMQ�GH�HIIHFWHQ�YROJHQV�GH1DWXXUYHUNHQQLQJ�HFKWHU�DDQ]LHQOLMN�PLQGHU�QDGHOLJ�GDQ�ELM�KHW�YROOHGLJ�YULMODWHQ�YDQVXEXUEDQLVDWLH��9RRUGHHO�YDQ�EHKHHUVWH�VSUHLGLQJ�ERYHQ�KHW�FRPSDFWH�VWDGEHOHLG�LV�RQGHU�PHHUGH�JURWHUH�UXLPWH�YRRU���HQ�GDDUGRRU�EHWHUH�NZDOLWHLW�YDQ���UHFUHDWLHYH�QDWXXU�LQ�HQ�URQG�GHVWHGHQ��5,90�HW�DO����������2RN�XLW�RQGHU]RHN�YDQ�+DUPV� HW�DO���������NRPW�QDDU�YRUHQ�GDWJHVSUHLGH�YHUVWHGHOLMNLQJ�UHODWLHI�JURWH�QHJDWLHYH�HIIHFWHQ�KHHIW��'H]H�NXQQHQ�YRRU�HHQ�GHHOZRUGHQ�JHFRPSHQVHHUG�GRRU�QDWXXURQWZLNNHOLQJ�HOGHUV��%LM�GLIIXVH�YHUVWHGHOLMNLQJ�LV�FRPSHQVDWLHHFKWHU�PRHLOLMN��RPGDW�HU�ZHLQLJ�UXLPWH�RYHUEOLMIW�YRRU�OHHIJHELHGHQ�YDQ�YROGRHQGH�RPYDQJ�+DUPV�HW�DO���������
���� *HOXLGKLQGHU��ORNDOH�OXFKWYHURQWUHLQLJLQJ��HQHUJLH�HQ�ZDWHU
%LM�GH�EHRRUGHOLQJ�YDQ�GH�UXLPWHOLMNH�SHUVSHFWLHYHQ�NDQ�EHKDOYH�QDDU�GH�HIIHFWHQ�RS�GH�WRWDOH�DXWR�PRELOLWHLW�HQ�YHUVQLSSHULQJ�JHNHNHQ�ZRUGHQ�QDDU�JHOXLGKLQGHU��ORNDOH�OXFKWYHURQWUHLQLJLQJ�HQHUJLHYHUEUXLN��DQGHUV�GDQ�GRRU�KHW�YHUNHHU��HQ�GH�ZDWHUKXLVKRXGLQJ�
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9RRU�EHSHUNLQJ�YDQ� ORNDOH�OXFKWYHURQWUHLQLJLQJ HQ JHOXLGKLQGHU LV�ERXZHQ�LQ�ODJH�GLFKWKHGHQJXQVWLJ��8LW�DQDO\VHV�YDQ�KHW�'RRUORSHQG�/HHIVLWXDWLH�2QGHU]RHN�YDQ�KHW�&%6�EOLMNW�HHQGXLGHOLMNH�UHODWLH�WXVVHQ�JHOXLGKLQGHU��JHXUKLQGHU�HQ�HUYDUHQ�JH]RQGKHLG�HQHU]LMGV�HQ�GHEHYRONLQJVGLFKWKHLG�YDQ�KHW�ZRRQPLOLHX�DQGHU]LMGV��,Q�VWHGHOLMNH�JHELHGHQ��HQ�PHW�QDPH�LQ�GHJURWH�VWHGHQ��RQGHUYLQGW�PHQ�UHODWLHI�YDDN�KLQGHU�YDQ�JHOXLG�HQ�JHXU��5,90���������2RN�WXVVHQERXZGLFKWKHLG�HQ�ORNDOH�OXFKWYHURQWUHLQLJLQJ�DOV�JHYROJ�YDQ�KHW�ZHJYHUNHHU��VWLNVWRIGLR[\GH�EHQ]HHQ��NRROPRQR[\GH��EHVWDDW�HHQ�GXLGHOLMN���SRVLWLHI���YHUEDQG��'H�-RQJ� HW�DO���������'DDUQDDVW�]LMQ�LQ�JURWH�VWHGHQ�FRQFHQWUDWLHV�YDQ�OXFKWYHURQWUHLQLJHQGH�VWRIIHQ�UHODWLHI�JURRW��=RYRQG�LQ������RYHUVFKULMGLQJ�YDQ�GH�MDDUJHPLGGHOGH�QRUP�YRRU�12 � PHW�QDPH�SODDWV�LQ�GH�YLHUJURWH�VWHGHQ�LQ�1HGHUODQG��PDDU�NZDP�ZHLQLJ�YRRU�LQ�NOHLQH�HQ�PLGGHOJURWH�VWHGHQ��5,90��������+HW�SHUVSHFWLHI�6WHGHQODQG�LV�GDQ�RRN�KHW�PHHVW�NZHWVEDDU�YRRU�GH]H�HIIHFWHQ��,Q�3DOHW�HQ3DUNODQGVFKDS�ZRUGW�GH�OXFKWYHURQWUHLQLJLQJ�RYHU�HHQ�JURWHU�JHELHG�YHUVSUHLG��ZDDUGRRU� ORNDOHFRQFHQWUDWLHV�JHULQJHU�]LMQ��$DQ�GH�DQGHUH�NDQW�ELHGW�FRPSDFWH�YHUVWHGHOLMNLQJ�EHWHUHPRJHOLMNKHGHQ�YRRU�KHW�UHDOLVHUHQ�YDQ�DXWROXZH�VWHGHQ��(HQ�FRPELQDWLH�YDQ�UXLPWHOLMNH�HQYROXPHPDDWUHJHOHQ�NDQ�OHLGHQ�WRW�HHQ�IRUVH�LPSXOV�YRRU�]XLQLJH�K\EULGH�RI�HOHNWULVFKH�DXWR¶V�RSHQEDDU�YHUYRHU�HQ�ODQJ]DDP�YHUNHHU�HQ�GDDUPHH�YHUPLQGHULQJ�YDQ�JHOXLGKLQGHU��5,90�������%LM�GH�HIIHFWHQ�RS�KHW HQHUJLHYHUEUXLN ]LMQ�PHW�QDPH�GH�PRJHOLMNKHGHQ�YRRU�WRHSDVVLQJ�YDQVWDGVYHUZDUPLQJ��ZDDUELM�YRRU�GH�ZDUPWHYRRU]LHQLQJ�JHEUXLN�ZRUGW�JHPDDNW�YDQ�HHQQDELMJHOHJHQ�HOHFWULFLWHLWVFHQWUDOH��YDQ�EHODQJ��6WDGVYHUZDUPLQJ�NDQ�OHLGHQ�WRW�HHQ�UHGXFWLH�YDQGH�&2��XLWVWRRW�YDQ�����WHQ�RS]LFKWH�YDQ�FRQYHQWLRQHOH�JDVYRRU]LHQLQJ��'H�9RV���������9RRUWRHSDVVLQJ�YDQ�VWDGVYHUZDUPLQJ�]LMQ�GLFKWKHGHQ�WXVVHQ�GH����HQ����ZRQLQJHQ�SHU�KHFWDUH��HHQPLQLPXP�DDQWDO�ZRQLQJHQ�SHU�ZLMN��DIKDQNHOLMN�YDQ�KHW�W\SH�HOHFWULFLWHLWVFHQWUDOH��������RI�������HQ�HHQ�PD[LPDOH�DIVWDQG�WRW�GH�ZDUPWHEURQ����WRW����NLORPHWHU��YHUHLVW��9DQ�GHU�:DDOV��������'LW�EHWHNHQW�GDW�GH�SHUVSHFWLHYHQ�3DOHW�HQ�3DUNODQGVFKDS��ZDDUELM�LQ�NOHLQH�HHQKHGHQ�ZRUGWJHERXZG��QLHW�RSWLPDDO�]LMQ�YRRU�WRHSDVVLQJ�YDQ�VWDGVYHUZDUPLQJ��:HOOLFKW�NDQ�ZHO�JHEUXLNZRUGHQ�JHPDDNW�YDQ�NOHLQVFKDOLJH�ZDUPWHNUDFKWNRSSHOLQJ��ZDW�HHQ�LHWV�ODJHU�UHQGHPHQW�KHHIW�9HUVWHGHOLMNLQJ�NDQ�YHUGHU�QHJDWLHYH�HIIHFWHQ�RS�GH� ZDWHUKXLVKRXGLQJ KHEEHQ��]RDOV�YHUGURJLQJGRRU�RQWZDWHULQJ�RI�WRHQDPH�YDQ�KHW�YHUKDUGH�RSSHUYODN�HQ�KHW�YHUVQHOG�DIYRHUHQ�YDQ�ZDWHU�ZDDUGRRU�YHUYXLOG�JHELHGVYUHHPG�ZDWHU�PRHW�ZRUGHQ�LQJHODWHQ��'HUJHOLMNH�HIIHFWHQ�NXQQHQHFKWHU�GRRU�WHFKQLVFKH�HQ�VWHGHERXZNXQGLJH�PDDWUHJHOHQ�ZRUGHQ�YRRUNRPHQ��%URRGEDNNHU� HWDO���������
���� 'LVFXVVLH
8LW�KHW�ERYHQVWDDQGH�EOLMNW�GDW�GH�SHUVSHFWLHYHQ�HQLJV]LQV�YHUVFKLOOHQ�LQ�PRELOLWHLWVHIIHFWHQ�YHUVQLSSHULQJ��PRJHOLMNKHGHQ�YRRU�VWDGVYHUZDUPLQJ��ORNDOH�OXFKWYHURQWUHLQLJLQJ�HQ�JHOXLGKLQGHU�,Q�WDEHO������ZRUGHQ�GH�PLOLHX�HIIHFWHQ�YDQ�GH�SHUVSHFWLHYHQ�VDPHQJHYDW��YRRU]RYHU�]H�PHWYHUVWHGHOLMNLQJ�VDPHQKDQJHQ��+HW�EHWUHIW�HHQ�NZDOLWDWLHYH�LQVFKDWWLQJ�GLH�DINRPVWLJ�LV�XLW�GH0LOLHXYHUNHQQLQJ�
7DEHO����� 0LOLHX�HIIHFWHQ�YDQ�GH�SHUVSHFWLHYHQ�YROJHQV�GH�1DWLRQDOH�0LOLHXYHUNHQQLQJ����������

3DOHW 3DUNODQGVFKDS 6WURPHQODQG 6WHGHQODQG%HSHUNLQJ�DXWRPRELOLWHLW��&2 ��12[� � ��� ��� �0RJHOLMNKHGHQ�YRRU�HQHUJLHEHVSDULQJ ��� ��� � �9HUPLQGHULQJ�YDQ�OXFKWYHURQWUHLQLJLQJ � ��� ��� �9HUPLQGHULQJ�YDQ�JHOXLGKLQGHU � ��� � �9HUPLQGHULQJ�YDQ�YHUVQLSSHULQJ � � ��� �
%URQ��5,90������
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*HUHODWHHUG�DDQ�GH�GULH�HHUGHU�JHQRHPGH�IDFWRUHQ�GLH�GH�PLOLHXGUXN�EHSDOHQ��GH�HQHUJLH�LQWHQVLWHLW�YDQ�GH�HFRQRPLH��GH�EHYRONLQJVGLFKWKHLG�HQ�GUXN�RS�GH�UXLPWH�HQ�GH�LQWHQVLHYHYHHKRXGHULM��]LMQ�GH�YHUVFKLOOHQ�WXVVHQ�GH�SHUVSHFWLHYHQ�QLHW�HUJ�JURRW��%LQQHQ�GH�WLMGVKRUL]RQ�GLHLQ�GH�0LOLHXYHUNHQQLQJ�ZRUGW�JHKDQWHHUG��UXLP�WZLQWLJ�MDDU��KHEEHQ�DQGHUH�IDFWRUHQ��PHW�QDPHHFRQRPLH��GHPRJUDILH�HQ�WHFKQRORJLH��HHQ�JURWHUH�LQYORHG�RS�GH�PLOLHXNZDOLWHLW�GDQ�YHUVFKLOOHQWXVVHQ�YHUVWHGHOLMNLQJVVFHQDULR¶V��'H�RPYDQJ�YDQ�GH�PRELOLWHLW�ZRUGW�VWHUNHU�EHSDDOG�GRRUHFRQRPLVFKH�HQ�GHPRJUDILVFKH�RQWZLNNHOLQJHQ�GDQ�GRRU��YHUVFKLOOHQ�LQ��GH�UXLPWHOLMNH�VSUHLGLQJYDQ�IXQFWLHV��2RN�GH�WRHVWDQG�YDQ�GH�QDWXXU�ZRUGW�VWHUNHU�GRRU�ELMYRRUEHHOG�RQWZLNNHOLQJHQ�LQ�GHLQWHQVLHYH�YHHKRXGHULM�GDQ�GRRU�YHUVWHGHOLMNLQJ�EHSDDOG��:DQQHHU�RS�HHQ�ODQJHUH�WHUPLMQ��YLMIWLJMDDU��ZRUGW�JHNHNHQ�NXQQHQ�GH�YHUVFKLOOHQ�WXVVHQ�GH�VFHQDULR¶V�HFKWHU�VXEVWDQWLHHO�]LMQ��=R�NDQELMYRRUEHHOG�GRRU�HHQ�JHULFKW�YHUVWHGHOLMNLQJVEHOHLG�HHQ�UHGXFWLH�YDQ�&2 ��HPLVVLHV�ZRUGHQJHUHDOLVHHUG�WHJHQ�UHODWLHI�ODJH�NRVWHQ�+HW�SHUVSHFWLHI�3DOHW��ZDDUELM�HHQ�VWHUNH�VSUHLGLQJ�YDQ�YHUVWHGHOLMNLQJ�RSWUHHGW��LV�PHW�QDPH�ZDWEHWUHIW�PRELOLWHLWVHIIHFWHQ�HQ�YHUVQLSSHULQJ�KHW�PHHVW�QHJDWLHI��+HW�SHUVSHFWLHI�6WHGHQODQG�ELHGWGH�EHVWH�PRJHOLMNKHGHQ�RP�PLOLHXSUREOHPHQ�RS�WH�ORVVHQ��'H�JHEXQGHOGH�YHUVWHGHOLMNLQJ�ELHGWJRHGH�PRJHOLMNKHGHQ�YRRU�RSHQEDDU�YHUYRHU�HQ�PDDNW�DXWROXZH�VWHGHQ�PRJHOLMN��(U�EHVWDDQ�LQGLW�SHUVSHFWLHI�ZHO�ULVLFR
V�ZDW�EHWUHIW� ORNDOH�OXFKWYHURQWUHLQLJLQJ�HQ�JHOXLGKLQGHU��GLH�HFKWHU�GRRUYRRUKDQGHQ�]LMQGH�WHFKQLVFKH�PDDWUHJHOHQ�ZHOOLFKW�YHUPLQGHUG�NXQQHQ�ZRUGHQ��1DGHOHQ�YDQ�GLWSHUVSHFWLHI�]LMQ�ZHO�GH�EHSHUNWH�UXLPWH�YRRU�VWHGHOLMNH�QDWXXU�HQ�GH�JHYROJHQ�YRRU�GHOHHIEDDUKHLG�*HJHYHQ�GH�KXLGLJH�UXLPWHOLMNH�RQWZLNNHOLQJHQ�OLMNW�6WHGHQODQG�PRHLOLMN�WH�UHDOLVHUHQ��'H�YRRUNHXUYRRU�FRPSDFWH�YHUVWHGHOLMNLQJ�YDQXLW�PLOLHX�RYHUZHJLQJHQ�VWDDW�RS�JHVSDQQHQ�YRHW�PHW�KXLGLJHWUHQGV�QDDU�HHQ�PHHU�GLIIXVH�EHERXZLQJ�HQ�ZHQVHQ�YDQ�KXLVKRXGHQV�HQ�EHGULMYHQ��7RHNRPVWLJHEHZRQHUV�YDQ�9,1(;�ORFDWLHV�KHEEHQ�LQ�JURWH�PHHUGHUKHLG�HHQ�YRRUNHXU�YRRU�HHQ�VXEXUEDDQ�ODQGHOLMN�ZRRQPLOLHX�PHW�HHQJH]LQVZRQLQJHQ�LQ�KHW�JURHQ��(HQ�NOHLQHU�GHHO�SUHIHUHHUW�HHQVWHGHOLMNH�ZRRQRPJHYLQJ��2RN�SDUNHHUJHOHJHQKHLG��HHQ�WXLQ�HQ�HHQ�UXLPH�ZRQLQJ�]LMQEHODQJULMNH�ZHQVHQ��:DVVHQEHUJ� HW�DO����������9HUGHU�LV�LQ�YHHO�EHGULMIVWDNNHQ�VSUDNH�YDQGHFRQFHQWUDWLHWHQGHQ]HQ��3ULHPXV��������6DPHQJHYDW��GH�YHUVFKLOOHQ�LQ�PLOLHX�HIIHFWHQ�WXVVHQ�YHUVWHGHOLMNLQJVVFHQDULR
V�]LMQ�ELQQHQ�HHQWHUPLMQ�YDQ�WZLQWLJ�MDDU�UHODWLHI�EHSHUNW��PDDU�RS�ODQJHUH�WHUPLMQ�OLMNW�6WHGHQODQG�VXEVWDQWLHHO�PHHUPRJHOLMNKHGHQ�WH�ELHGHQ�YRRU�HHQ�NRVWHQHIIHFWLHYH�EHSHUNLQJ�YDQ�PLOLHX�HIIHFWHQ��ZDW�HFKWHUGRRU�WUHQGV�QDDU�GLIIXVH�YHUVWHGHOLMNLQJ�ZRUGW�EHPRHLOLMNW�(HQ�RYHU]LFKW�YDQ�GH�YHUVFKLOOHQGH�PLOLHX�HIIHFWHQ�YDQ�YHUVWHGHOLMNLQJVVFHQDULR
V�LV�WH�YLQGHQ�LQKHW�UDSSRUW�¶'H�PLOLHX�HIIHFWHQ�YDQ�YHUVWHGHOLMNLQJ��/LWHUDWXXUVWXGLH�HQ�V\QWKHVH¶��5,90�UDSSRUWQU�������������
/LWHUDWXXU
%522'%$..(5��1�:���-�/��),6(/,(5��&�/��9$1�'(5�/8*7�	�'��'(�60,7 ��������:DWHU�LQ�GHEHERXZGH�RPJHYLQJ��:DJHQLQJHQ ��0LQLVWHULH�YDQ�/19�,.&�1DWXXUEHKHHU��2QGHUVWHXQLQJGRRU�'+9�:DWHU�%9�+$506��:�%���:�&��.12/�	�5��'(�9,66(5 ��������9HUVWHGHOLMNLQJ�HQ�QDWXXU�LQ�&HQWUDDO1HGHUODQG��(HQ�ERYHQUHJLRQDOH�YHUNHQQLQJ�YDQ�HFRORJLVFKH�NQHOSXQWHQ�HQ�NDQVHQ� '/2�6WDULQJ�&HQWUXP��:DJHQLQJHQ�%XUHDX�9LVWD��$PVWHUGDP��5DSSRUW�����+,/%(56��+�'��	�-�0��6&+5,-9(5 ��������5DPLQJ�PRELOLWHLWVHIIHFWHQ�53'�VWUHHIEHHOGHQ������'HOIW��712�,152�5,90��,.&�1$7885%(+((5��'/2�,%1�	�'/2�67$5,1*�&(17580 ��������1DWXXUYHUNHQQLQJ����$OSKHQ�DDQ�GHQ�5LMQ��6DPVRP�+�'��7MHHQN�:LOOLQN�EY�-21*��5�*��'(��(7�$/� ��������*HOXLG��HQ�JHXUEHODVWLQJHQ�HQ�ORNDOH�OXFKWYHURQWUHLQLJLQJ�LQ1HGHUODQG��712�UDSSRUW���������/HLGHQ��712�3UHYHQWLH�HQ�*H]RQGKHLG�35,(086��+� ��������'H�5DQGVWDG�LQ�KHW�VSDQQLQJVYHOG�WXVVHQ�XUEDQLVDWLH�HQ�VXEXUEDQLVDWLH�,Q��5RRLOLMQ��MDDUJDQJ�����QU�����MDQXDUL�������SS��������5,-.6,167,7887�9225�92/.6*(=21'+(,'�(1�0,/,(8 ��������1DWLRQDOH�0LOLHXYHUNHQQLQJ�������������$SOKHQ�DDQ�GHQ�5LMQ��6DPVRP�+�'��7MHHQN�:LOOLQN�EY�



���

5,-.63/$12/2*,6&+(�',(167 ��������1HGHUODQG��������'LVFXVVLHQRWD��9HUNHQQLQJUXLPWHOLMNH�SHUVSHFWLHYHQ��'HQ�+DDJ��0LQLVWHULH�YDQ�9520�6&+277(1��&�*�-���:�7��%2(560$��-��*52(1�	�5�-��9$1�'(�9(/'( ��������6LPXODWLH�YDQGH�5XLPWHOLMNH�3HUVSHFWLHYHQ�1HGHUODQG������� 5,90�53'��5,90�UDSSRUW�QU�������������%LOWKRYHQ��5,90�9(552(1��(�-���+�'��+,/%(56�	�&�$��60,76 ��������0RGHOWRHWV�5DQGVWDGYLVLH��GH�UHVXOWDWHQ�712�UDSSRUW����19������'HOIW��712�,152�926��5�-�&��'( ��������:DUPWHGLVWULEXWLH�IDYRULHW�LQ�9,1(;�SURMHFWHQ��,Q��(QHUJLH��HQ0LOLHXVSHFWUXP�QU�������MXQL�MXOL������:$$/6��-�)�0�9$1�'(5 ��������'H�PLOLHX�HIIHFWHQ�YDQ�YHUVWHGHOLMNLQJ��/LWHUDWXXUVWXGLH�HQV\QWKHVH� 5,90�UDSSRUW�QU�������������%LOWKRYHQ��5LMNVLQVWLWXXW�YRRU�9RONVJH]RQGKHLG�HQ0LOLHX�:$66(1%(5*��)�$�*���.58<7+2))��+�0���/(/,9(/'��7�$�/��	�-�(�+��9$1�'(5�+(,-'(��������:RRQZHQVHQ�HQ�UHDOLVDWLH�YDQ�9,1(;�ORFDWLH�LQ�GH�5DQGVWDG��GHQ�+DDJ��0LQLVWHULHYDQ�9520�



���

�� +,6725,6&+(�$1$/<6(�9$1�58,07(*(%58,.�(158,07(/,-.�%(/(,'�,1�1('(5/$1'
0��5DQVLMQ5��9UHHNHU

���� ,QOHLGLQJ
'H�5XLPWH6FDQQHU�LV�HHQ�LQIRUPDWLHV\VWHHP�RPWUHQW�KXLGLJ�HQ�WRHNRPVWLJ�UXLPWHJHEUXLN�ZDDULQWRW�QX�WRH�JHHQ�DDQGDFKW�LV�EHVWHHG�DDQ�KLVWRULVFK�UXLPWHJHEUXLN��7RFK�LV�PHHU�DDQGDFKW�YRRUKLVWRULVFK�UXLPWHJHEUXLN�ZHO�YDQ�EHODQJ��,PPHUV��]RDOV�KHW�KXLGLJ�UXLPWHJHEUXLN�YDQ�LQYORHG�LV�RSKHW�WRHNRPVWLJ�UXLPWHJHEUXLN��]R�LV�KHW�KLVWRULVFK�UXLPWHJHEUXLN�YDQ�LQYORHG�JHZHHVW�RS�KHWKXLGLJ�UXLPWHJHEUXLN��'H�YHUZDFKWLQJ�LV�GDQ�RRN�GDW�GH�YRRUVSHOOLQJHQ�YDQ�KHW�WRHNRPVWLJUXLPWHJHEUXLN�YHUEHWHUG�NXQQHQ�ZRUGHQ�GRRU�HHQ�EHWHUH�NHQQLV�RYHU�GH�UHODWLH�WXVVHQ�KHWKLVWRULVFK�HQ�KXLGLJ�UXLPWHJHEUXLN��,Q�HHQ�ODQG�DOV�1HGHUODQG��ZDDU�UXLPWHOLMN�EHOHLG�DOGHFHQQLDODQJ�YDQ�JURWH�LQYORHG�LV�RS�]RZHO�KHW�KXLGLJ�UXLPWHJHEUXLN�DOV�RS�KHW�UXLPWHJHEUXLN�LQKHW�YHUOHGHQ��OLJW�KHW�YRRU�GH�KDQG�RP�GH�URO�HQ�GH�HIIHFWLYLWHLW�YDQ�GLW�UXLPWHOLMN�EHOHLG�WHDQDO\VHUHQ��'H�XLWNRPVWHQ�YDQ�GH]H�VWXGLH�NXQQHQ�GDQ�ZHOOLFKW�JHEUXLNW�ZRUGHQ�RP�GHWRHNRPVWYRRUVSHOOLQJHQ�YDQ�GH�5XLPWH6FDQQHU�YHUGHU�WH�RSWLPDOLVHUHQ��+HW�ERYHQVWDDQGH�OHLGWWRW�GH�YROJHQGH�SUREOHHPVWHOOLQJ�YRRU�GLW�RQGHU]RHN�
µ:HONH�RQWZLNNHOLQJHQ�]LMQ�HU�ZDW�EHWUHIW�UXLPWHOLMN�EHOHLG�HQ�UXLPWHJHEUXLN�GH�DIJHORSHQ�GHFHQQLDRSJHWUHGHQ"¶
+LHUELM�ZRUGW�RQGHU�UXLPWHOLMN�EHOHLG�YHUVWDDQ�KHW�EHOHLG�GDW�GH�QDWLRQDOH�RYHUKHLG�LQ�GHRSHHQYROJHQGH�QRWD¶V�RYHU�GH�UXLPWHOLMNH�RUGHQLQJ�KHHIW�XLWJH]HW��%HOHLGVPDWLJ�JH]LHQ�LV�GHEODXZGUXN�YRRU�GH�UXLPWHOLMNH�RQWZLNNHOLQJ�YDQ�1HGHUODQG�LQ�GH]H�QRWD¶V�YDVWJHOHJG��+LHUELM�PRHWZHO�RSJHPHUNW�ZRUGHQ�GDW�GH]H�QRWD¶V��HQ�GH�ILORVRILHsQ�GDDUDFKWHU��GHHOV�FRQVHTXHQWXLWJHYRHUG�]LMQ��PDDU�GHHOV�RRN�JDDQGHZHJ�VWHUN�YHUDQGHUG�HQ�LQ�GH�SUDNWLMN�QLHW�RI�QDXZHOLMNVWHQ�XLWYRHU�JHEUDFKW��:DW�SUHFLHV�GH�ZDDUGH�HQ�LQYORHG�YDQ�KHW�UXLPWHOLMN�EHOHLG�LV��LV�GDQ�RRNRQGHUZHUS�YDQ�GLVFXVVLH�,Q�GLW�KRRIGVWXN�]DO�GH�NUDFKW�YDQ�KHW�UXLPWHOLMN�EHOHLG�PHW�EHKXOS�YDQ�HHQ�JHRJUDILVFK�LQIRUPDWLHV\VWHHP�RS�HHQ�NZDQWLWDWLHYH�ZLM]H�QDGHU�ZRUGHQ�RQGHU]RFKW��$OV�HHUVWH�JDDW�KHW�GDDUELM�RP�GHRQWZLNNHOLQJHQ�LQ�KHW�UXLPWHOLMN�EHOHLG�JHGXUHQGH�GH�ODDWVWH�GHFHQQLD��9HUYROJHQV�]DOJHDQDO\VHHUG�ZRUGHQ�RI�GLW�EHOHLG�RYHUHHQVWHPW�PHW�GH�IHLWHOLMNH�RQWZLNNHOL QJHQ�%LM�GH]H�DQDO\VH�YRUPW�GH�EHVFKLNEDDUKHLG�YDQ�JHJHYHQV�GH�JURRWVWH�EHSHUNLQJ�LQ�GLW�RQGHU]RHN�,Q�IHLWH�JDDW�KHW�KLHU�RP�YLHU�JURHSHQ�JHJHYHQV��KLVWRULVFK�UXLPWHOLMN�EHOHLG��UHIHUHQWLHMDDU�������KLVWRULVFK�UXLPWHJHEUXLN��KXLGLJ�UXLPWHOLMN�EHOHLG�HQ�KXLGLJ�UXLPWHJHEUXLN��9RRU�KHW�KXLGLJ�UXLPWHOLMNEHOHLG�HQ�UXLPWHJHEUXLN�ZRUGHQ�GH�JHJHYHQV�JHEUXLNW�GLH�YHU]DPHOG�]LMQ�YRRU�GH�5XLPWH6FDQQHU�*HJHYHQV�RYHU�KHW�KLVWRULVFK�UXLPWHOLMN�EHOHLG�HQ�UXLPWHJHEUXLN�]LMQ�YHU]DPHOG�ELQQHQ�GLWRQGHU]RHN�:DW�EHWUHIW�KHW�KLVWRULVFK�HQ�KXLGLJ�UXLPWHJHEUXLN�LV�DDQVOXLWLQJ�JH]RFKW�ELM�GH�5XLPWH6FDQQHU�2P�GLH�UHGHQ�LV�HHQ�LQGHOLQJ�JHKDQWHHUG�LQ�YLMIWLHQ�KRRIGNODVVHQ��]LH�%RHUVPD� HW�DO���������'LWZDV�RRN�GH�UHGHQ�RP�YRRU�KHW�KLVWRULVFK�UXLPWHOLMN�EHOHLG�GH�7ZHHGH�1RWD�RYHU�GH�5XLPWHOLMNH2UGHQLQJ�DOV�XLWJDQJVSXQW�WH�QHPHQ��,Q�GH]H�7ZHHGH�1RWD�LV�YRRU�KHW�HHUVW�HHQ�NDDUWRSJHQRPHQ�PHW�HHQ�JOREDOH�SODQQLQJ�WRW�RQJHYHHU�KHW�MDDU�������2S�EDVLV�YDQ�GH]H�NDDUW�LV�HHQYRRU]LFKWLJH�YHUJHOLMNLQJ�PHW�KHW�KXLGLJ�UXLPWHJHEUXLN�PRJHOLMN�
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historisch

ruimtelijk
beleid

ruimte-JHEUXLN
1 2 3

huidig

)LJXXU������'ULH�GHOHQ�YDQ�GH�KLVWRULVFKH�DQDO\VH
,Q�ILJXXU������]LMQ�GULH�PRJHOLMNH�RQGHU]RHNVULFKWLQJHQ�VFKHPDWLVFK�ZHHUJHJHYHQ��,Q�GH�HHUVWHULFKWLQJ�VWDDW�HHQ�YHUJHOLMNLQJ�WXVVHQ�KHW�KLVWRULVFK�UXLPWHOLMNH�EHOHLG�HQ�KHW�KXLGLJ�UXLPWHOLMN�EHOHLGFHQWUDDO��,Q�GH�WZHHGH�ULFKWLQJ�ZRUGW�GH�LQYORHG�YDQ�KHW�KLVWRULVFK�UXLPWHOLMN�EHOHLG�RS�KHW�KXLGLJUXLPWHJHEUXLN�QDGHU�JHDQDO\VHHUG��,Q�GH�GHUGH�ULFKWLQJ�ZRUGW�KHW�KLVWRULVFK�HQ�KXLGLJUXLPWHJHEUXLN�PHW�HONDDU�YHUJHOHNHQ�
,Q�GLW�KRRIGVWXN�NRPHQ�GH�HHUVWH�HQ�WZHHGH�RQGHU]RHNVULFKWLQJ�DDQ�ERG��+HW�ODDWVWH�YHOG��GHUHODWLH�WXVVHQ�KLVWRULVFK�HQ�KXLGLJ�UXLPWHJHEUXLN�]DO�DDQ�ERG�NRPHQ�LQ�YHUYROJRQGHU]RHN�QDDU�GHPRJHOLMNKHGHQ�RP�KHW�KXLGLJ�UXLPWHJHEUXLN�PHW�EHKXOS�YDQ�GH�5XLPWH6FDQQHU�WH�VLPXOHUHQ�$DQ�GH�KDQG�YDQ�GH]H�LQSHUNLQJ�]LMQ�YRRU�GLW�RQGHU]RHN�YHUYROJHQV�GH�YROJHQGHRQGHU]RHNVYUDJHQ�JHIR UPXOHHUG�
���:DW�EOLMNHQ�GH�EHODQJULMNVWH�YHUVFKLOOHQ�WXVVHQ�KXLGLJ�HQ�KLVWRULVFK�UXLPWHOLMN�EHOHLG�WH�]LMQ�RSEDVLV�YDQ�HHQ NZDOLWDWLHYH�YHUJHOLMNLQJ�HQ�HHQ�NZDQWLWDWLHYH�YHUJHOLMNLQJ��GRRU�*,6�DQDO\VHV�"���,Q�KRHYHUUH�NRPW�KHW�KXLGLJ�UXLPWHJHEUXLN�RYHUHHQ�PHW�KHW�KLVWRULVFK�UXLPWHOLMN�EHOHLG"
,Q�GH�SDUDJUDIHQ������WRW�HQ�PHW������ZRUGHQ�GH�UHVXOWDWHQ�YDQ�GLW�RQGHU]RHN�JHSUHVHQWHHUG��+HWKRRIGVWXN�ZRUGW�EHVORWHQ�PHW�FRQFOXVLHV�LQ�SDUDJUDDI������
���� 2QWZLNNHOLQJ�LQ�KHW�QDWLRQDOH�UXLPWHOLMNH�RUGHQLQJVEHOHLG
,Q�GH]H�SDUDJUDDI�ZRUGHQ�GH�EHODQJULMNVWH�YHUVFKLOOHQ�WXVVHQ�KXLGLJ�HQ�KLVWRULVFK�UXLPWHOLMN�EHOHLGEHVFKUHYHQ�]RDOV�GH]H�QDDU�YRUHQ�]LMQ�JHNRPHQ�XLW�OLWHUDWXXURQGHU]RHN�
������ (HUVWH�1RWD
����5XLPWHOLMNH�RQWZLNNHOLQJ�HQ�UXLPWHOLMNH�RUGHQLQJ�URQG�����5XLPWHOLMN�JH]LHQ�ZHUG�1HGHUODQG�LQ������JHNDUDNWHULVHHUG�GRRU�HHQ�WZHHGHOLQJ��(QHU]LMGV�ZDVHU�KHW�VWHUN�JHwQGXVWULDOLVHHUGH�HQ�RS�GH�GLHQVWHQVHFWRU�JHRULsQWHHUGH�:HVWHQ�GDW�HHQPLJUDWLHRYHUVFKRW�NHQGH��$QGHU]LMGV�ZDUHQ�HU�JHELHGHQ�LQ�µRYHULJ�1HGHUODQG¶�ZDDU�GH�ODQGERXZGRRU�PHFKDQLVDWLH�DUEHLGVNUDFKWHQ�DIVWRRWWH��*HYROJ�ZDV�GDW�HU�LQ�GH]H�JHELHGHQ�VSUDNH�ZDVYDQ�YHUWUHNRYHUVFKRWWHQ�HQ�DFKWHUVWDQG�LQ�RQWZL NNHOLQJ�+HW�QDWLRQDDO�UXLPWHOLMN�EHOHLG�LV�GH]H�MDUHQ�JHULFKW�RS�KHW�EHYRUGHUHQ�YDQ�HHQ�RSWLPDDO�OHHI��HQZHUNPLOLHX�LQ�DOOH�GHOHQ�YDQ�KHW�ODQG��9RRUNRPLQJ�YDQ�RYHUPDWLJH�FRQJHVWLH�LQ�GH�5DQ GVWDG+ROODQG�HQ�EHKRXG�YDQ�UXLPWH�YRRU�GH�VSHFLILHNH�IXQFWLHV�YDQ�KHW�:HVWHQ�PRHWHQ�J HFRPELQHHUGZRUGHQ�PHW�KHW�YHUKRJHQ�YDQ�KHW�RQWZLNNHOLQJVQLYHDX�LQ�GH�JHELHGHQ�PHW�YH UWUDDJGHRQWZLNNHOLQJ��+HW�LQ������RSJHVWHOGH�EHOHLG�PRHW�HHQ�PHHU�KDUPRQLVFKH�VSUHLGLQJ�YDQEHVWDDQVEURQQHQ��ZHUNJHOHJHQKHLG����HQ�GDDUGRRU�WHYHQV�HHQ�KDUPRQLVFKHU�VSUHLGLQJ�YDQ�GHEHYRONLQJ��RYHU�KHW�ODQG�DDQVWXUHQ�
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'H�XLWYRHULQJ�YDQ�GLW�VSUHLGLQJVEHOHLG�EHVWRQG�WHQ�GHOH�XLW�KHW�LQ�JRHGH�EDQHQ�OHLGHQ�YDQVSRQWDQH�RQWZLNNHOLQJHQ��'DDUQDDVW�DFKWWH�PHQ�HHQ�RS]HWWHOLMN�EHwQYORHGLQJ�QRRG]DNHOLMN�RP�WRWHHQ�EHWHU�HYHQZLFKW�WXVVHQ�GH�ODQGVGHOHQ�WH�NRPHQ�
����.HUQSXQWHQ�YDQ�GH�1RWD�LQ]DNH�GH�5XLPWHOLMNH�2UGHQLQJ�YDQ�1HGHUODQGx YHUGHUH�RQWZLNNHOLQJ�YDQ�GH�5DQGVWDG�YRRU�GH�VSHFLILHNH�WDNHQ�YDQ�GLW�JHELHG�x VWLPXOHULQJ�YDQ�GH�SUREOHHPJHELHGHQ�x EHYRUGHULQJ�YDQ�HHQ�JURWHUH�EHYRONLQJVRSQDPH�LQ�GH�JHELHGHQ�EXLWHQ�GH�5DQGVWDG�
������ 7ZHHGH�1RWD
����5XLPWHOLMNH�RQWZLNNHOLQJ�HQ�UXLPWHOLMNH�RUGHQLQJ�URQG�����(HQ�NHQPHUNHQGH�WHQGHQV�YDQ�GH�SHULRGH�URQG������LV�GDW�YHUVFKLOOHQGH�RQWZLNNHOLQJHQ�]LFK�RSHHQ�YHHO�JURWHUH�VFKDDO�HQ�LQ�HHQ�YHHO�KRJHU�WHPSR�JLQJHQ�DIVSHOHQ�GDQ�WHYRUHQ�KHW�JHYDO�ZDV�$OOHUHHUVW�VWRQGHQ�LQ�GH]H�QRWD�GH�FRQVHTXHQWLHV�YDQ�HHQ�PDVVDDO�JHPRWRULVHHUG�1HGHUODQGFHQWUDDO�(HQ�WZHHGH�RQWZLNNHOLQJ�LV�GH�HFRQRPLVFKH�JURHL��ZDDUGRRU�1HGHUODQG�]LFK�VLQGV�KHW�HLQGH�YDQGH�7ZHHGH�:HUHOGRRUORJ�WRW�HHQ�PRGHUQH�ZHOYDDUWVVWDDW�KHHIW�NXQQHQ�RQWZL NNHOHQ��7HJHOLMNHUWLMGJLQJ�GH�YHUVFKXLYLQJ�YDQ�ZHUNJHOHJHQKHLG�YDQ�GH�ODQGERXZVHFWRU�QDDU�GH�LQGXVWULsOH��HQGLHQVWHQVHFWRU�RQYHUDQGHUG�GRRU��(FKWHU��GH�PRJHOLMNKHLG�RP�ZHUNJHOHJHQKHLG�LQ�GHLQGXVWULHVHFWRU�WH�VFKHSSHQ�YHUPLQGHUGH�GRRU�YRRUWJDDQGH�DXWRPDWLVHULQJ�YDQ�KHWSURGXNWLHSURFHV�(HQ�GHUGH�RQWZLNNHOLQJ�LV�GDW�GRRU�GH�WRHJHQRPHQ�ZHOYDDUW�WH�YHUZDFKWHQ�YDOW�GDW�KHWOHHISDWURRQ�YDQ�GH�EHYRONLQJ�LQJULMSHQG�]DO�YHUDQGHUHQ��+HW�JHPLGGHOGH�RSOHLGLQJVQLYHDX��GHYULMH�WLMG�HQ�PRELOLWHLW�]XOOHQ�WRHQHPHQ�ZDDUGRRU�GH�PDDWVFKDSSLM�LQ�KHW�DOJHPHHQ�KRJHUH�HLVHQ]DO�JDDQ�VWHOOHQ�DDQ�KHW�OHHIPLOLHX�HQ�KHW�UXLPWHJHEUXLN�SHU�LQZRQHU�VWHUN�]DO�JDDQ�VWLMJHQ��,Q�KHWUXLPWHOLMN�EHOHLG�PRHW�GDDURP�KRJH�ZDDUGH�ZRUGHQ�WRHJHNHQG�DDQ�KHW�EHKRXG�YDQ�GHGLIIHUHQWLDWLH�ELQQHQ�KHW�ODQG�HQ�WHYHQV�DDQ�KHW�VFKHSSHQ�YDQ�HHQ�QLHXZ�YHHO]LMGLJ��ZRRQ�PLOLHX�
����.HUQSXQWHQ�YDQ�GH�7ZHHGH�1RWD�RYHU�GH�5XLPWHOLMNH�2UGHQLQJ�LQ�1HGHUODQGx LQULFKWLQJ�LQ�GH�JHELHGHQ�PHW�HHQ�VWHUNH�EHYRONLQJVFRQFHQWUDWLH�HQ�HHQ�RS�H[SDQVLH�JHULFKWVWLPXOHULQJVEHOHLG�LQ�GH�JHELHGHQ�GLH�PLQGHU�GLFKWEHYRONW�]LMQ�x ULFKWHQ�YDQ�GH�VSUHLGLQJ�RS�PHW�QDPH�GH�YROJHQGH�YLMI�JHELHGHQ��KHW�1RRUGHQ��GHOHQ�YDQ2YHULMVVHO��GH�.RS�YDQ�1RRUG�+ROODQG��GH�]XLGHOLMNH�,-VVHOPHHUSROGHUV�HQ�=HHODQG��'HVWLPXOHULQJ�YDQ�HFRQRPLVFKH�DFWLYLWHLWHQ�LQ�=HHODQG�HQ�KHW�1RRUGHQ�DFKWWH�GH�5HJH ULQJKLHUELM�HHQ�EHODQJULMN�LQVWU XPHQW�
������ 'HUGH�1RWD
����5XLPWHOLMNH�RQWZLNNHOLQJ�HQ�UXLPWHOLMNH�RUGHQLQJ�URQG�����'H�EHYRONLQJVRQWZLNNHOLQJ�LQ�1HGHUODQG�KHHIW�]LFK�LQ�GH�WLHQ�MDDU�YRRU�GH�'HUGH�1RWD�JHNH QPHUNWGRRU�DIQDPH�YDQ�GH�QDWXXUOLMNH�DDQZDV��WRHQDPH�YDQ�GH�LPPLJUDWLHVDOGL��LQ�KHW�ELM]R QGHU�XLW�GHODQGHQ�URQG�GH�0LGGHOODQGVH�=HH��6XULQDPH�HQ�GH�1HGHUODQGVH�$QWLOOHQ��HQ�HHQ�DIQHPHQGHMDDUOLMNVH�EHYRONLQJVJURHL��'DDUQDDVW�YRQG�HHQ�VWHUNH�YHUJURWLQJ�YDQ�KHW�UXLPW HEHVODJ�SHU�ZRQLQJSODDWV�HQ�HHQ�VWHUN�WRHJHQRPHQ�EHODQJVWHOOLQJ�YRRU�KHW�ZRQHQ�LQ�HHQ�NOHLQH�NHUQ��9DQ�JURRWEHODQJ�LV�RRN�GDW�LQ�KHW�ODDWVWH�GHFHQQLXP�GH�PRELOLWHLW�YDQ�GH�EHYRONLQJ�VSH FWDFXODLU�LVWRHJHQRPHQ��+HW�DDQWDO�DIJHOHJGH�UHL]LJHUVNLORPHWHUV�PHW�SULYp�YHUYRHUPLGGHOHQ�LV�LQ�WLHQ�MDDUWLMG�YHUYLHUYRXGLJG��9HUGHU�LV�HU�VSUDNH�YDQ�HHQ�VWHUNH�UHODWLHYH�DFKWHUXLWJDQJ�YDQ�KHW�RSHQEDDUYHUYRHU��*HHQ�HQNHOH�WHFKQLVFKH�RQWZLNNHOLQJ�KHHIW�GH�UXL PWHOLMNH�VWUXFWXXU�]R�VWHUN�EHwQYORHG�DOVGH�PRWRULVHULQJ�YDQ�GH�EHYRONLQJ�RPGDW�GH]H�GH�VFKHLGLQJ�WXVVHQ�GH�SODDWV�YDQ�ZRQHQ�HQZHUNHQ�PRJHOLMN�PDDNW��HQ�RS�GH]H�PDQLHU�KHW�³EXLWHQ´�ZRQHQ��GXV�RS�HQLJH�DIVWDQG�YDQ�GHGRRUJDDQV�VWHGHOLMNH�FHQWUD�YDQ�ZHUNJHOHJHQKHLG��VWLPXOHHUW��$O�GH]H�IDFWRUHQ�KHEEHQ�HU�WRHJHOHLG�GDW�GH�EXQGHOLQJ�YDQ�GH�ZRRQNHUQHQ�LQ�HHQ�QLHW�WH�XLWJHVWUHNW�VWDGVJHZHVW�RQYROGRHQGH�LV



���

JHOXNW�HQ�KHW�SDWURRQ�YDQ�GH�JHEXQGHOGH�GHFRQFHQWUDWLH�R QYROGRHQGH�WRW�VWDQG�LV�JHNRPHQ�'H]H�RQWZLNNHOLQJHQ�KHEEHQ�HUWRH�JHOHLG�GDW�GH�ZRRQIXQFWLH�YDQ�GH�JURWH�VWHGHQ�DFKWHUXL W LVJHJDDQ�
����.HUQSXQWHQ�XLW�GH�'HUGH�1RWD�RYHU�GH�5XLPWHOLMNH�2UGHQLQJx GRRU�VWDGVYHUQLHXZLQJ��EXQGHOLQJ�YDQ�GH�VXEXUEDQLVDWLH�LQ�GH�GLUHFWH�RPJHYLQJ�YDQ�GHVWHGHQ��EHYRUGHULQJ�YDQ�KHW�RSHQEDDU�YHUYRHU��HHQ�EHWHUH�VSUHLGLQJ�YDQ�GH�EHYRONLQJ�ZHUNJHOHJHQKHLG�HQ�YRRU]LHQLQJHQ�RYHU�KHW�ODQG�HQ�KHUVWUXFWXUHULQJ�YDQ�JHELHGHQ�PHW]ZDNNH�EHGULMIVWDNNHQ�]DO�KHW�UXLPWHOLMN�EHOHLG�PRHWHQ�ELMGUDJHQ�DDQ�HHQ�YHUNOHLQLQJ�YDQ�GHZHOYDDUWVYHUVFKLOOHQ�x KDQGKDYLQJ�HQ�RQWZLNNHOLQJ�YDQ�GH�NZDOLWHLWHQ�YDQ�KHW�QDWXXUOLMN�PLOLHX��EHVFKHUPLQJ�YDQQDWXXUJHELHGHQ�HQ�DDQWUHNNHOLMNH�ODQGVFKDSSHQ��L QVWDQGKRXGLQJ�YDQ�GH�FHQWUDOH�RSHQ�UXLPWHWXVVHQ�GH�VWHGHOLMNH�]RQHV�HQ�EHVWULMGLQJ�YDQ�RYHUODVW�GRRU�YHURQWUHLQLJLQJ�YDQ�OXFKW��ZDWHUHQ�ERGHP�HQ�GRRU�JHOXLG�
������ 9LHUGH�1RWD�HQ�9LHUGH�1RWD�([WUD
����5XLPWHOLMNH�RQWZLNNHOLQJ�HQ�UXLPWHOLMNH�RUGHQLQJ�URQG�����+RHZHO�GH�YHUVFKLOOHQGH�HFRQRPLVFKH�UHFHVVLHV�GH�VWRUPDFKWLJH�RQWZLNNHOLQJHQ�HQLJV]LQVKHEEHQ�DIJHUHPG��LV�GH�D IJHORSHQ�YLMIWLHQ�MDDU�GH�UXLPWHOLMNH�RQWZLNNHOLQJ�PLQ�RI�PHHU�RS�GH]HOIGHYRHW�GRRUJHJDDQ��'H�5DQGVWDG�LV�YHUGHU�XLWJHJURHLG�WRW�]ZDDUWHSXQW�YDQ�KHW�ODQG��'DDUQDDVW�]LMQHHQ�DDQWDO�DQGHUH�JHELHGHQ�WRW�RQWZLNNHOLQJ�JHNRPHQ��9DQ�JURRW�EHODQJ�LV�GH�VWHUN�WRHJHQRPHQPDDWVFKDSSHOLMNH�DDQGDFKW�YRRU�PLOLHXSUREOHPHQ��9DQ�KHW�UXLPWHOLMNH�RUGHQLQJVEHOHLG�ZRUGW�LQGDW�YHUEDQG�HHQ�URO�YHUZDFKW�ELM�GH�YHUPLQGHULQJ�YDQ�YHUNHHUVSUREOHPHQ�HQ�KHW�EHKRXG�YDQQDWXXUZDDUGHQ���PHW�QDPH�GH�URO�YDQ�GH�ODQ GERXZ�GDDUELM��
����.HUQSXQWHQ�YDQ�GH�9LHUGH�1RWD�RYHU�GH�5XLPWHOLMNH�2UGHQLQJ�HQ�GH�9LHUGH�1RWD�RYHU�GH5XLPWHOLMNH�2UGHQLQJ�([WUD5XLPWHOLMN�EHOHLG�NULMJW�DOV�GRHO�KHW�EHYRUGHUHQ�YDQ�]RGDQLJH�UXLPWHOLMNH�HQ�HFRQRPLVFKH�FR QGLWLHVGDW�x GH�ZH]HQOLMNH�VWUHYLQJHQ�YDQ�LQGLYLGXHQ�HQ�JURHSHQ�LQ�GH�VDPHQOHYLQJ�]RYHHO�PRJHOLMN�WRWKXQ�UHFKW�NRPHQ�x HQ�GH�GLYHUVLWHLW��VDPHQKDQJ�HQ�GXXU]DDPKHLG�YDQ�KHW�I\VLHNH�PLOLHX�]R�JRHG�PRJHOLMN�ZRUGWJHZDDUERUJG�
,Q�KHW�UXLPWHOLMN�ULMNVEHOHLG�ZRUGW�QLHW�ODQJHU�JHVWUHHIG�QDDU�ZLM]LJLQJHQ�YDQ�EHWHNHQLV�LQ�GHYHUGHOLQJ�YDQ�GH�EHYRONLQJ�RYHU�KHW�ODQG��+HW�EHOHLG�LV�HU�RS�JHULFKW�WH�YRRU]LHQ�LQ�GH�UXLPWHO LMNHEHKRHIWH�DDQ�KXLVYHVWLQJ��ZHUNJHOHJHQKHLG�HQ�YRRU]LHQLQJHQ�GLH�XLW�GH�VDPHQVWHOOLQJ�YDQ�GHEHYRONLQJ�LQ�HHQ�EHSDDOG�UHJLR�YRRUWYORHLW��'DDUELM�ZRUGW�XLWJHJDDQ�YDQ�GH�HLJHQ�NZDOLWHLWHQ�HQRQWZLNNHOLQJVNDQVHQ�YDQ�GH�RQGHUVFKHLGHQ�UHJLR¶V�+HW�EXQGHOLQJVEHOHLG�KRXGW�LQ�GDW�LQ�JHELHGHQ�PHW�HHQ�JURWH�EHYRONLQJVRPYDQJ�GH�JURHL�YDQ�GHEHKRHIWH�DDQ�KXLVYHVWLQJ��ZHUNJHOHJHQKHLG�HQ�YRRU]LHQLQJHQ�ZRUGW�RSJHYDQJHQ�GRRU�PL GGHO�YDQZRQLQJERXZ�HQ�YHVWLJLQJ�YDQ�EHGULMYHQ�HQ�YRRU]LHQLQJHQ�LQ�VWDGVJHZHVWHQ�RI��EXLWHQ�GHVWDGVJHZHVWHQ��LQ�UHJLRQDOH�RSYDQ JNHUQHQ�9RRU�KHW�EHKRXG�HQ�KHW�YHUJURWHQ�YDQ�GH�DIZLVVHOLQJ�WXVVHQ�VWHGHOLMNH�HQ�ODQGHOLMNH�JHELHGHQ�LVHHQ�DDQWDO�RSHQ�UXLPWHQ�DDQJHZH]HQ��,Q�GH]H�RSHQ�UXLPWHQ�JHOGW�HHQ�UHVWULFWLHI�EHOHLG��,Q�GH�DOVµUHVWULFWLHI�EHOHLG¶�DDQJHJHYHQ�JHELHGHQ�PDJ�LQ�EHJLQVHO�JHHQ�XLWEUHLGLQJ�YDQ�UXLPWHEHVODJ�GRRUYHUVWHGHOLMNLQJ�SODDWVYLQGHQ�



���

���� .ZDQWLWDWLHYH�YHUJHOLMNLQJ�YDQ�KLVWRULVFK�HQ�KXLGLJ�UXLPWHOLMN�EHOHLG
,Q�GH�YRRUJDDQGH�SDUDJUDDI�LV�NRUW�GH�LQKRXG�HQ�DFKWHUJURQG�YDQ�GH�YHUVFKLOOHQGH�QDWLRQDOHQRWD¶V�RYHU�GH�UXLPWHOLMNH�RUGHQLQJ�JHVFKHWVW��,Q�GH�YROJHQGH�VXESDUDJUDIHQ�ZRUGW�GHRQWZLNNHOLQJ�LQ�KHW�UXLPWHOLMNH�RUGHQLQJVEHOHLG�QDXZNHXULJHU�RQGHU]RFKW�GRRU�HHQ�NZDOLWDWLHYHYHUJHOLMNLQJ�YDQ�KLVWRULVFK�UXLPWHOLMN�EHOHLG�PHW�KHW�KXLGLJ�UXLPWHOLMN�EHOHLG��+HW�KLVWRULVFK�UXLPWHOLMNEHOHLG�LV�KHW�EHOHLG�XLW�GH�7ZHHGH�1RWD�RYHU�GH�5XLPWHOLMNH�2UGHQLQJ���������+HW�KXLGLJ�UXL PWHOLMNEHOHLG�LV�KHW�EHOHLG�XLW�GH�9LHUGH�1RWD�RYHU�GH�5XLPWHOLMNH�2UGHQLQJ�([WUD��9,1(;���DDQJHYXOGPHW�RQGHUPHHU�KHW�EHOHLG�YRRU�GH�(FRORJLVFKH�+RRIGVWUXFWXXU��(+6���'H�YROJHQGH�GULH�]DNHQ]LMQ�PHW�HONDDU�YHUJHOHNHQ�
x KLVWRULVFK�QDWXXUEHOHLG�±�KXLGLJ�QDWXXUEHOHLG��ILJXXU������x KLVWRULVFK�YHUVWHGHOLMNLQJVEHOHLG�±�KXLGLJ�QDWXXUEHOHLG��ILJXXU������x KLVWRULVFK�YHUVWHGHOLMNLQJVEHOHLG�±�KXLGLJ�YHUVWHGHOLMNLQJVEHOHLG��ILJXXU������
,Q�GH�YROJHQGH�VXESDUDJUDIHQ�]XOOHQ�GH]H�YHUJHOLMNLQJHQ�QDGHU�EHVFKRXZG�ZRUGHQ�
������ 9HUJHOLMNLQJ�KLVWRULVFK�HQ�KXLGLJ�QDWXXUEHOHLG
9HUJHOHNHQ�]LMQ�GH�SDUNJHELHGHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�HQ�GH�(FRORJLVFKH+RRIGVWUXFWXXU��(+6��JHFRPELQHHUG�PHW�GH�6WUDWHJLVFKH�*URHQSURMHFWHQ��XLW�KHW6WUXFWXXUVFKHPD�*URHQH�5XLPWH���,Q�ILJXXU������LV�GH�ORFDWLH�YDQ�GH]H�JHELHGHQ�WH�]LHQ�

)LJXXU������KLVWRULVFK�HQ�KXLGLJ�QDWXXUEHOHLG
0HW�GH]H�YHUJHOLMNLQJ�NXQQHQ�GH�YHUDQGHULQJHQ�LQ�RPYDQJ�HQ�OLJJLQJ�YDQ�JHELHGHQ�XLW�KHWQDWXXU�JHELHGHQ�EHOHLG�ZR UGHQ�JHNZDQWLILFHHUG�(HQ�DDQWDO�NDQWWHNHQLQJHQ�PRHWHQ�JHPDDNW�ZRUGHQ�RPGDW�EHLGH�NDDUWHQ�GRRU�YHUVFKLOOHQGH



���

)LJXXU������9HUJHOLMNLQJ�YDQ�GH�DUHDOHQ�YDQ�GH�YHUVFKLOOHQGH�W\SHQ�QDWXXUJHELHGHQ�]RDOV�GLH�]LMQRSJHQRPHQ�LQ�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ��������GH�(FRORJLVFKH�+RRIGVWUXFWXXU�HQGH�6WUDWHJLVFKH�*URHQSURMHFWHQ������

GHSDUWHPHQWHQ��PHW�HHQ�YHUVFKLOOHQGH�LQYDOVKRHN��]LMQ�JHPDDNW��'H�7ZHHGH�1RWD�NDDUW�LV�HHQNDDUW�YDQ�GH�5LMNVSODQRORJLVFKH�GLHQVW��53'���GH�NDDUW�PHW�GH�(FRORJLVFKH�+RRIGVWUXFWXXU�HQ6WUDWHJLVFKH�*URHQSURMHFWHQ�LV�HHQ�NDDUW�YDQ�KHW�PLQLVWHULH�YDQ�/19��7HQ�WLMGH�YDQ�GH�7ZHHGH1RWD�EHVWRQGHQ�HU�LQ�IHLWH�JHHQ�RIILFLHOH�EHOHLGVSODQQHQ�YDQ�DQGHUHQ�GDQ�GH�53'�PHW�NDDUWHQ�'DDUQDDVW�NHQGH�QDWXXUEHOHLG�WRHQWHUWLMG�LQ�IHLWH�JHHQ�HLJHQ�UXLPWHOLMNH�XLWZHUNLQJ��SDV�PHW�KHW1DWXXUEHOHLGVSODQ�YDQ�HLQG�MDUHQ�¶���KHHIW�KHW�QDWXXUEHOHLG�HHQ�H[SOLFLHWH�UXL PWHOLMNH�XLWZHUNLQJJHNUHJHQ��:DW�EHWUHIW�GH�LQYDOVKRHN�YDQ�EHLGH�NDDUWHQ�VWDDW�LQ�GH�7ZHHGH�1RWD�NDDUW�GH�ZDDUGHYDQ�QDWXXU�YRRU�GH�PHQV�FHQWUDDO��'H�6WUDWHJLVFKH�*URHQSURMHFWHQ�HQQDWXXURQWZLNNHOLQJVJHELHGHQ�]LMQ�KLHU�PHH�YHUJHOLMNEDDU��GH]H�JHELHGHQ�ZRUGHQ�JHNHQPHUNWGRRU�µJHEUXLNVQDWXXU¶��QDWXXU�ZDDUELM�KHW�]RZHO�RP�EUXLNEDDUKHLG�YRRU�GH�PHQV�JDDW��YRRUDO�YRRUUHFUHDWLH��DOV�RP�QDWXXUNZDOLWHLW��LQ�WHUPHQ�YDQ�GLYHUVLWHLW�HQ�]HOG]DDPKHLG���,Q�GH�NHUQJHELHGHQYDQ�GH�(FRORJLVFKH�+RRIGVWUXFWXXU�OLJW�GH�QD GUXN�YHHO�PHHU�RS�NZDOLWHLW�HQ�NZDQWLWHLW�YRRU�QDWXXU�
+HW�EOLMNW�LQ�GH�HHUVWH�SODDWV�GDW�KHW�WRWDDO�DUHDDO�DDQ�QDWXXUJHELHGHQ�ZDDUYRRU�QDWLRQDDO�EHOHLGLV�JHIRUPXOHHUG�LV�JHGDDOG�PHW�RQJHYHHU������ )LJXXU��������2PGDW�KHW�RP�JOREDOH�EHJUHQ]LQJHQJDDW��LV�GLW�YHUVFKLO�QLHW�ELM]RQGHU�JURRW�WH�QRHPHQ�,QWHUHVVDQW�LV�GDW�EOLMNW�GDW�GH�SDUNJHELHGHQ�XLW�GH�7ZHHGH�1RWD�HQ�GH�KXLGLJH�JHELHGHQ�XLW�KHWQDWXXUEHOHLG��(+6�HQ�6*3��YRRU�VOHFKWV�����RYHUODSSHQ��)LJXXU�������+LHUXLW�EOLMNW�GDW�HU�HHQ�JURRW�YHUVFKLO�LQ�ORFDWLH�LV�WXVVHQ�GH�JHELHGHQ�GLH�LQ������HQ�LQ������DOVEHODQJULMN�YRRU�QDWXXU�ZRUGHQ�EHVFKRXZG��'H�JURRWVWH�YHUDQGHULQJHQ�]LMQ�LQ�)ULHVODQG�HQ*URQLQJHQ��ODQJV�GH�NXVW�HQ�GH�XLWHUZDDUGHQ�ODQJV�GH�JURWH�ULYLHUHQ��'H]H�YHUDQGHULQJ�LV�RRNWHUXJ�WH�YLQGHQ�LQ�GH�PDWH�ZDDULQ�GH�YH UVFKLOOHQGH�W\SHQ�JHELHGHQ�XLW�GH�(+6�HQ�GHSDUNJHELHGHQ�XLW�GH�7ZHHGH�1RWD�RYHUODSSHQ��GH�DDQGDFKW�LQ�GH�(+6�YRRU�QDWXXUJHELHGHQ�GLHJHKHHO�RI�JHGHHOWHOLMN�XLW�ZDWHU�EHVWDDQ�LV�QLHXZ�
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+XLGLJQDWXXUEHOHLG +LVWRULVFKQDWXXUEHOHLG

6WUDWHJLVFKH�JURHQJHELHGHQ��6*3�1DWXXURQWZLNNHOLQJVJHELHGHQ�ZDWHU��12*��ZDWHU��1DWXXUNHUQJHELHGHQ�ZDWHU��1.*��ZDWHU��1DWXXUNHUQ��	�QDWXXURQWZLNNHOLQJVJHELHGHQ��1.*	12*�1DWXXURQWZLNNHOLQJVJHELHGHQ��12*�1DWXXUNHUQJHELHGHQ��1.*�3DUNHQ�YDQ�QDWLRQDOH�HQ�UHJLRQDOH�EHWHNHQLV
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1.* 12* 1.*	12* 1.*�ZDWHU� 12:�ZDWHU� 6*3 7RWDDO
*HHQ�RYHUODS2YHUODS

)LJXXU������+HW�SHUFHQWDJH�YDQ�GH�RSSHUYODNWH�YDQ�GH�YHUVFKLOOHQGH�W\SH�JHELHGHQ�XLW�KHW�KXLGLJHQDWXXUEHOHLG��������GDW�RS�GH]HOIGH�ORFDWLH�OLJW�DOV�GH�SDUNJHELHGHQ�XLW�GH�7ZHHGH�1RWD5XLPWHOLMNH�2UGHQLQJ���������]LH�OHJHQGD�)LJXXU�����YRRU�HHQ�EHVFKULMYLQJ�YDQ�GH�YHUVFKLOOHQGHW\SHQ�JHELHGHQ��
������ 9HUJHOLMNLQJ�KLVWRULVFK�YHUVWHGHOLMNLQJVEHOHLG�HQ�KXLGLJ�QDWXXUEHOHLG
9HUJHOHNHQ�]LMQ�GH�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�HQ�GH(FRORJLVFKH�+RRIGVWUXFWXXU�JHFRPELQHHUG�PHW� GH�6WUDWHJLVFKH�*URHQSURMHFWHQ��]LH�ILJXXU�����YRRU�OLJJLQJ��
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)LJXXU������+LVWRULVFK�YHUVWHGHOLMNLQJVEHOHLG�HQ�KXLGLJ�QDWXXUEHOHLG
'H]H�YHUJHOLMNLQJ�JHHIW�LQ]LFKW�LQ�HHQ�PRJHOLMNH�VDPHQKDQJ�WXVVHQ�KLVWRULVFKYHUVWHGHOLMNLQJVEHOHLG�HQ�UHFHQW�QDWXXUEHOHLG��ZDDU ELM�HHQ�YHUVFKXLYLQJ�YDQ�JHSODQGH�VWHGHQ�QDDUJHSODQGH�QDWXXUJHELHGHQ�WH�YH UZDFKWHQ�LV��'H�UHVXOWDWHQ�]LMQ�ZHHUJ HJHYHQ�LQ�ILJXXU������
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������LQZRQHUV ����������LQZRQHUV
�����������LQZRQHUV

�����������LQZRQHUV

7RWDDO�DDQWDO�JHSODQGH�EHERXZLQJVNHUQHQ
$DQWDO�EHERXZLQJVNHUQHQ�PHW�FHQWUXP�LQ�GH�(+6

)LJXXU������+HW�WRWDDO�DDQWDO�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ��������JHUDQJVFKLNW�QDDU�JURRWWH�HQ�KHW�DDQWDO�GDDUYDQ�ZDDUYDQ�KHW�PLGGHOSXQW�LQ�(+6��RI�6*3�JHELHGHQ��������OLJW
+HW�EOLMNW�GDW�PHW�QDPH�YDQ�GH�WZHH�W\SHQ�NOHLQHUH�E HERXZLQJVNHUQHQ�HHQ�GHHO�KHW�PLGGHO SXQW�LQHHQ�(+6�RI�6*3�JHELHG�KHHIW�OLJJHQ������UHVS�������+HW�OLMNW�GDQ�RRN�GDW�LQ�GH�SHU LRGH�����������HHQ�YHUVFKXLYLQJ�LV�RSJHWUHGHQ�LQ�KHW�QDWLRQDDO�EHOHLG�YRRU�]RZHO�YHUVWHGHOLMNLQJ�DOV�QDWXXU�+HW�KXLGLJH�QDWXXUEHOHLG�ERWVW�RS�VRPPLJH�SODDWVHQ�PHW�GH�YURHJHUH�DPELWLHV�YDQ�GH�UXLPWHOLMNHRUGHQLQJ��PHW�QDPH�ZDWEHWUHIW�GH�NOHLQH�YHUVWHGHOLMNLQJVNHUQHQ��'LW�EHWHNHQW�QLHW�DOOHHQ�GDWNHQQHOLMN�HHQ�GHHO�YDQ�GH�YHUVWHGHOLMNLQJV SODQQHQ�XLW�GH�7ZHHGH�1RWD�QLHW�LV�JHUHDOLVHHUG�YHUGHURS�NRPHQ�ZH�KLHU�XL WJHEUHLG�RS�WHUXJ��PDDU�RRN�GDW�HU�HHQ�YH UVFKXLYLQJ�LV�RSJHWUHGHQYDQ�ERXZHQ�QDDU�QDWXXU�
������ 9HUJHOLMNLQJ�KLVWRULVFK�HQ�KXLGLJ�YHUVWHGHOLMNLQJVEHOHLG
9HUJHOHNHQ�]LMQ�GH�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�HQ�GH�JHELHGHQGLH�LQ�GH�9LHUGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�([WUD��9,1(;��HQ�GH�JHDFWXDOLVHHUGH�9LHUGH�1RWD�$F9,1(;��]LMQ�DDQJHZH]HQ�DOV�ORFDWLHV�YRRU�ZRQHQ�HQ�ZHUNHQ��ILJXXU�������'H�YHUZDFKWLQJ�LV�GDW�HU�ZHOLVZDDU�HHQ�DDQWDO�QLHXZH�ORFDWLHV�]LMQ�DDQJHZH]HQ�LQ�KHW�KXLGLJHEHOHLG�PDDU�GDW�GDDUQDDVW�HHQ�DDQWDO�ORFDWLHV�DO�VLQGV�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�]LMQDDQJHZH]HQ�'RRU�KHW�WKHPDWLVFKH�NDUDNWHU�YDQ�GH�NDDUW�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ��GHEHERXZLQJVNHUQHQ�]LMQ�DOV�EORNNHQ�JHWHNHQG��ZRUGW�GH�DQDO\VH�EHPRHLOLMNW��:DQQHHU�KHWPLGGHOSXQW�YDQ�HHQ�KXLGLJH�ZRRQ��RI�ZHUNORFDWLH��9,1(;�RI�$F9,1(;��ELQQHQ�HHQ�EORN�XLW�GH7ZHHGH�1RWD�NDDUW�YDOW��VSUHNHQ�ZH�YDQ�HHQ�RYHUODS��+RHZHO�GH�QDXZNHXULJKKHLG�KLHUGRRUDIQHHPW��]LMQ�GH�RQGHUVFKHLGGHQ�HHQKHGHQ�]R�JURRW�GDW�XLWVSUDNHQ�RYHU�GH�NDDUWHQ�WHQ�RS]LFKWHYDQ�HONDDU�NXQQHQ�ZRUGHQ�JHGDDQ�2SYDOOHQG�LV�GH�JURWH�RYHUODS�YDQ�]RZHO�ZRRQ��DOV�ZHUNJHELHGHQ�PHW�KHW�KLVWRULVFKHYHUVWHGHOLMNLQJVEHOHLG�
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)LJXXU������+LVWRULVFK�HQ�KXLGLJ�YHUVWHGHOLMNLQJVEHOHLG
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������LQZRQHUV�7152�
����������LQZRQHUV�7152�

�����������LQZRQHUV�7152�
������������LQZRQHUV�7152�

7RWDDO

:HUNORFDWLHV:RRQORFDWLHV
$DQWDO��$F�9,1(;�ORFDWLHV�GDW�RYHUODSW�PHW�HHQ�7152�EHERXZLQJVNHUQHQ

:HUNORFDWLHV��$F�9,1(;��WRWDDO� �����
:RRQORFDWLHV��$F�9,1(;��WRWDDO� ������������LQZRQHUV��7152� �� �������������LQZRQHUV��7152� � ��������������LQZRQHUV��7152� � ���������������LQZRQHUV��7152� � �7RWDDO �� ��

)LJXXU������+HW�DEVROXWH��LQ�WDEHO��HQ�UHODWLHYH��LQ�JUDILHN��DDQWDO�ORFDWLHV�XLW�GH�9LHUGH�1RWD�5XLPWHOLMNH2UGHQLQJ�([WUD�HQ�GH�*HDFWXDOLVHHUGH�9LHUGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�([WUD��������GDW�LV�DDQJHZH]HQYRRU�ZRQLQJERXZ�RI�EHGULMYHQWHUUHLQ�HQ�ZDDUYDQ�KHW�PLGGHOSXQW�JHOHJHQ�LV�LQ�GH�FRQWRXUHQ�YDQ�HHQ�YDQ�GHYLHU�W\SHQ�EHERXZLQJVNHUQ�]RDOV�RSJHQRPHQ�LQ�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ��������



���

8LW�)LJXXU������EOLMNW�GDW�����YDQ�GH�DDQJHZH]HQ�ZRRQORFDWLHV�XLW�KHW�KXLGLJ�EHOHLG��GLH�URQG�KHWMDDU������EHERXZG�PRHWHQ�]LMQ��RRN�LQ�GH����HU�MDUHQ�DO�EHVWHPG�ZDUHQ�YRRU�EHERXZLQJ��HQ�LQKHW�MDDU������EHERXZG�]RXGHQ�PRHWHQ�]LMQ���'RHOVWHOOLQJHQ�YDQ�KHW�KLVWRULVFKHYHUVWHGHOLMNLQJVEHOHLG�]LMQ�KLHU�NHQQHOLMN�QLHW�JHKDDOG��'DDUQDDVW�YDOW�RS�GDW�YLHU�YDQ�GH�9,1(;�ZRRQORFDWLHV�RYHUODSSHQ�PHW�GH�VWHGHQ�XLW�GH�7ZHHGH�1RWD�NDDUW��+LHU�YHUVW RUHQ�GH�YHUVFKLOOHQLQ�NDUDNWHU�YDQ�GH�NDDUWHQ�GH�DQDO\VH��GH�YHUGLFKWLQJ�YDQ�GH�VWHGHOLMNH�E HERXZLQJ�YDOW�LQ�KHW�QLHWELM�GH�IRUVH�EORNNHQ�ZDDUPHH�GH�VWHGHQ�LQ�GH�7ZHHGH�1RWD�NDDUW�]LMQ�JHWHNHQG��'H�JURRWVWHRYHUODS�LV�HFKWHU�DDQZH]LJ�ELM�GH�NOHLQHUH�EHERXZLQJVNHUQHQ��+LHU�EOLMNW�GDW�HQNHOH�WLHQWDOOHQ�YDQGH�DDQJHZH]HQ�9,1(;�ORFDWLHV�DO�GHFHQQLD�RS�GH�OLMVW�YRRU�EHER XZLQJ�VWDDQ��+RHZHO�KLHU�DDQ�GHHQH�NDQW�XLW�NDQ�ZRUGHQ�JHFRQFOXGHHUG�GDW�YHHO�ERXZSODQQHQ�]LMQ�YHUWUDDJG��EHWHNHQW�GH�RYHUODSDDQ�GH DQGHUH�NDQW�GDW�GH�SODQQHQ�YRRU�GH]H�JHELHGHQ�ZHO�FRQVL VWHQW�]LMQ�
���� +HW�KXLGLJ�UXLPWHJHEUXLN�YHUJHOHNHQ�PHW�KHW�KLVWRULVFK�UXLPWHOLMN�EHOHLG
1D�GH�YRRUJDDQGH�YHUJHOLMNLQJ�YDQ�KLVWRULVFK�HQ�KXLGLJ�UXLPWHOLMN�EHOHLG�VWDDW�LQ�GH]H�SDU DJUDDIGH�YHUJHOLMNLQJ�YDQ�KHW�KXLGLJ�UXLPWHJHEUXLN�PHW�KHW�KLVWRULVFK�UXLPWHOLMN�EHOHLG�FHQWUDDO��'HYROJHQGH�GULH�YHUJHOLMNLQJHQ�]LMQ�XL WJHYRHUG�x KLVWRULVFK�QDWXXUEHOHLG���KXLGLJH�QDWXXUJ HELHGHQx KLVWRULVFK�YHUVWHGHOLMNLQJVEHOHLG���KXLGLJH�EHER XZLQJVNHUQHQx KLVWRULVFK�YHUVWHGHO LMNLQJVEHOHLG���KXLGLJH�QDWXXUJHELHGHQ,Q�GH�YROJHQGH�VXESDUDJUDIHQ�]XOOHQ�GH]H�YHUJHOLMNLQJHQ�ZRUGHQ�EHVSURNHQ�
������ 9HUJHOLMNLQJ�KLVWRULVFK�QDWXXUEHOHLG�HQ�KXLGLJH�QDWXXUJHELHGHQ
9HUJHOHNHQ�]LMQ�GH�SDUNJHELHGHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�PHW�GHQDWXXUJHELHGHQ�XLW�KHW�1DWXXUJHELHGHQLQIRUPDWLHV\VWHHP��1,6���,Q�KHW�1,6�]LMQ�GH�HLJHQGRPPHQYDQ�6WDDWVERVEHKHHU��SURYLQFLDOH�ODQGVFKDSSHQ�HQ�SDUWLFXOLHUH�QDWXXUEHVFKHUPLQJVRUJDQLVDWLHVRSJHQRPHQ��,Q�ILJXXU������LV�GH�OLJJLQJ�YDQ�GH�JHELHGHQ�WH�]LHQ�
'RRU�GH�OLJJLQJ�HQ�RPYDQJ�YDQ�GH]H�JHELHGHQ�PHW�HONDDU�WH�YHUJHOLMNHQ�NULMJHQ�ZH�LQ�SULQFLSHLQ]LFKW�LQ�GH�YHUZH]HQOLMNLQJ�YDQ�KHW�KLVWRULVFKH�QDWXXUJHELHGHQEHOHLG�GRRU�GH�DDQ NRRS�YDQJHELHGHQ�GRRU�QDWXXUEHVFKH UPLQJVRUJDQLVDWLHV��'LW�OHYHUW�GXV�LQIRUPDWLH�RS�RYHU�GH�PDWH�ZDDULQKHW�EHOHLG�LV�XLWJHYRHUG��,Q�ILJXXU�������]LMQ�GH�UHVXOWDWHQ�YDQ�GH]H�YHUJHOLMNLQJ�ZHHUJHJHYHQ�
$OV�HHUVWH�YDOW�RS�GDW�KHW�WRWDOH�DUHDDO�DDQ�QDWXXUJHELHGHQ�GDW�LQ������LQ�EH]LW�ZDV�YDQQDWXXUEHVFKHUPLQJVRUJDQLVDWLHV�����EHGUDDJW�YDQ�KHW�WRWDOH�DUHDDO�DDQ�SDUNJHELHGHQ�XLW�GH7ZHHGH�1RWD��*H]LHQ�GH�JURRWWH�YDQ�GH�SDUNJHELHGHQ��KHW�HQLJV]LQV�JOREDOH�NDUDNWHU�HUYDQ�HQGH�JURWH�NRVWHQ�GLH�PHW�YHUZHUYLQJ�YDQ�JURQG�JHPRHLG�]LMQ��LV�GLW�HHQ�DDQ]LHQOLMNH�KRHYHHOKHLG�:DW�EHWUHIW�GH�OLJJLQJ�YDQ�GH]H�QDWXXUJHELHGHQ�LV�KHW�RSYDOOHQG�GDW�����YDQ�GH�QDWXXUJHELHGHQEXLWHQ�GH�SDUNJHELHGHQ�JHOHJHQ�LV��RQGDQNV�KHW�JURWH�RSSHUYODN�YDQ�GH�SDUNJHELHGHQ��+LHUXLWNDQ�JHFRQFOXGHHUG�ZRUGHQ�GDW�KHW�KLVWRULVFK�QDWXXUJHELHGHQEHOHLG�ODQJ�QLHW�RYHUDO�RYHUHHQ�EOLMNWWH�NRPHQ�PHW�GH�DDQJHNRFKWH�QDWXXUJ HELHGHQ�
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)LJXXU������+LVWRULVFK�QDWXXUEHOHLG�HQ�KXLGLJH�QDWXXUJHELHGHQ
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3DUNJHELHGHQ�YDQQDWLRQDOH�HQUHJLRQDOHEHWHNHQLV
1DWXXUJHELHGHQ

2SSHUYODNWH�YDQ�GH�KXLGLJH�QDWXXUJHELHGHQ�������GLH�EXLWHQ�GH�SDUNHQ�YDQ�QDWLRQDOH�HQUHJLRQDOH�EHWHNHQLV�XLW�GH�7ZHHGH�1RWD�OLJJHQ�2SSHUYODNWH�YDQ�GH�KXLGLJH�QDWXXUJHELHGHQ�������GLH�ELQQHQ�GH�SDUNHQ�YDQ�QDWLRQDOH�HQUHJLRQDOH�EHWHNHQLV�XLW�GH�7ZHHGH�1RWD�OLJJHQ�2SSHUYODNWH��NP��

��� ���
������

7152������ 1,6������

)LJXXU������ 2SSHUYODNWH�YDQ�GH�SDUNJHELHGHQ�XLW�GH�7ZHHGH�QRWD�UXLPWHOLMNH�RUGHQLQJ�������YHUJHOHNHQ�PHW�GH�RSSHUYODNWH�DDQ�QDWXXUJHELHGHQ�LQ�������XLW�KHW1DWXXUJHELHGHQLQIRUPDWLHV\VWHHP��HQ�GH�OLJJLQJ�YDQ�GH]H�QDWXXUJHELHGHQ�YDQ�GHSDUNJHELHGHQ�



���

������ 9HUJHOLMNLQJ�KLVWRULVFK�YHUVWHGHOLMNLQJVEHOHLG�HQ�KXLGLJH�EHERXZLQJVNHUQHQ
9HUJHOHNHQ�]LMQ�GH�µEORNNHQ¶�PHW�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJPHW�GH�EHERXZLQJVFRQWRXUHQ�XLW�GH�%RGHPVWDWLVWLHN�YDQ�KHW�&%6�YRRU�KHW�MDDU�������0HW�GH]HYHUJHOLMNLQJ�NULMJHQ�ZH�PHHU�LQ]LFKW�LQ�GH�PDWH�ZDDULQ�GH�JHSODQGH�E HERXZLQJVNHUQHQ�XLW�GH7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�GDDGZHUNHOLMN�JHUHDOLVHHUG�]LMQ�'H�WRWDOH�RSSHUYODNWH�DDQ�EHERXZLQJ�LQ�GH�&%6�ERGHPVWDWLVWLHN�YDQ������LV������NP ���0HW���PLOMRHQ�LQZRQHUV�EHWHNHQW�GDW�JHPLGGHOG�����P � SHU�LQZRQHU��(HQ�EHERXZLQJVNHUQ�PHW�����LQZRQHUV�]RX�GDQ�RQJHYHHU�����KHFWDUH�JURRW�PRHWHQ�]LMQ��:DQQHHU�ZH�YRRU�GH�YLHU�W\SHQEHERXZLQJVNHUQ�������������������������������������������������GH�ERYHQJUHQVYHUPHQLJYXOGLJHQ�PHW�KHW�DDQWDO�YDQ�GH]H�JHSODQGH�EHERXZLQJVNHUQHQ��LV�HU�ZRRQUXLPWH�YRRU�����PLOMRHQ�PHQVHQ��'LW�NRPW�RYHUHHQ�PHW�GH�KXLGLJH�WRWDOH�EHYRONLQJVRPYDQJ�
=RDOV�ELM�HHQ�HHUGHUH�YHUJHOLMNLQJ�RRN�DO�LV�RSJHPHUNW��YHUVFKLOOHQ�GH�WZHH�JHEUXLNWHGDWDEHVWDQGHQ�VWHUN��'H�7ZHHGH�1RWD�NDDUW�LV�VWHUN�WKHP DWLVFK��GH�ORFDWLH�YDQ�GHEHERXZLQJVNHUQHQ�LV�PLQ�RI�PHHU�H[DFW�PDDU�GH�YRUP�YDQ�GH�EHERXZLQJVNHUQHQ�LV�DOWLMGUHFKWKRHNLJ��,Q�WRWDDO�]LMQ�HU�ELMQD������EHERXZLQJVNHUQHQ�LQ�GH]H�NDDUW�RSJHQRPHQ��'HEHERXZLQJVFRQWRXUHQ�XLW�GH�&%6�ERGHPVWDWLVWLHN�GDDUHQWHJHQ�]LMQ�]HHU�SUHFLHV�]RZHO�ZDWEHWUHIWSODDWV�DOV�YRUP��2RN�KHOH�NOHLQH�EHERXZLQJVFRQWRXUHQ��HQNHOH�KXL]HQ��]LMQ�LQ�GH]H�NDDUW��PHWUXLP������FRQWRXUHQ��RSJHQRPHQ�
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������������LQZRQHUV

$DQWDO�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�QRWDUXLPWHOLMNH�RUGHQLQJ�ZDDUYDQ�KHW�PLGGHOSXQWEXLWHQ�GH�EHERXZLQJVFRQWRXUHQ�XLW������OLJW$DQWDO�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�QRWDUXLPWHOLMNH�RUGHQLQJ�ZDDUYDQ�KHW�PLGGHOSXQWELQQHQ�GH�EHERXZLQJVFRQWRXUHQ�XLW������OLJW

)LJXXU������� 'H�RYHUHHQNRPVW�LQ�ORFDWLH�WXVVHQ�GH�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH2UGHQLQJ��������HQ�GH�EHERXZLQJVFRQWXRXUHQ�XLW�GH�%RGHPVWDWLVWLHN�������PLGGHOSXQW�
,Q�)LJXXU�������HQ�)LJXXU�������LV�ZHHUJHJHYHQ�LQ�KRHYHUUH�GH�ORFDWLH�YDQ�GH�EHERXZLQJVNHUQHQXLW�GH�&%6�%RGHPVWDWLVWLHN������RYHUHHQNRPW�PHW�GH�ORFDWLH�YDQ�GH�EHERXZLQ JVNHUQHQ�XLW�GH7ZHHGH�1RWD�NDDUW��2P�HHQ�]R�FRPSOHHW�PRJHOLMN�EHHOG�WH�JHYHQ�]LMQ�GH�WZHH�NDDUWHQ�RS�WZHHPDQLHUHQ�YHUJHOHNHQ��,Q� )LJXXU�������LV�GH�RYHUODS�WXVVHQ�KHW�PLGGHOSXQW�YDQ�GHEHERXZLQJVNHUQHQ��7ZHHGH�1RWD�NDDUW��HQ�GH FRQWRXUHQ��%RGH PVWDWLVWLHN�������EHSDDOG��LQ)LJXXU�������LV�EHSDDOG�RI�GH�SRO\JRQHQ�YDQ�GH�EHER XZLQJVNHUQHQ�HQ�GH�FRQWRXUHQ�RYHUODSSHQ�8LWHUDDUG�LV�GH�RYHUODS�LQ�KHW�ODDWVWH�JHYDO�JURWHU�
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������LQZRQHUV ����������LQZRQHUV
�����������LQZRQHUV

������������LQZRQHUV

$DQWDO�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�QRWDUXLPWHOLMNH�RUGHQLQJ�GLH�QLHW�RYHUODSSHQ�PHW�HHQEHERXZLQJVFRQWRXU�XLW�����$DQWDO�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�QRWDUXLPWHOLMNH�RUGHQLQJ�GLH�RYHUODSSHQ�PHW�HHQEHERXZLQJVFRQWRXU�XLW�����

)LJXXU�������'H�RYHUHHQNRPVW�LQ�ORFDWLH�WXVVHQ�GH�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH2UGHQLQJ��������HQ�GH�EHERXZLQJVFRQWRXUHQ�XLW�GH�%RGHPVWDWLVWLHN�������RYHUODS�WXVVHQSRO\JRQHQ�
,Q�EHLGH�ILJXUHQ�EOLMNW�GDW�GH�RYHUODS�JURWHU�ZRUGW�QDDUPDWH�GH�EHERXZLQ JVNHUQHQ�JURWHU�ZRUGHQ�8LW�)LJXXU�������LV�GXLGHOLMN�GDW�KHW�PLGGHOSXQW�YDQ�HHQ�JURRW�GHHO�YDQ�GH�EHERXZLQJVNHUQHQ�XLWGH�7ZHHGH�1RWD�EXLWHQ�GH�EHERXZLQJVFRQWRXUHQ�LQ�¶���YDOW��+HW�PHHVW�R SYDOOHQG�]LMQ�GHEHERXZLQJVNHUQHQ�PHW�HHQ�JHSODQGH�RPYDQJ�WRW������LQZRQHUV��%LM�GH�VWULNWH�RYHUODS��RSPLGGHOSXQW��EOLMNW�PDDU����������YDQ�LQ�WRWDDO������WH�RYHUOD SSHQ�PHW�GH�GDDGZHUNHOLMNJHUHDOLVHHUGH�EHERXZLQJVFRQWRXUHQ��%LM�GH�PLQGHU�VWULNWH�RYHUODS�RS�SRO\JRRQ��EOLMNW�]R¶Q���������YDQ������WH�RYHUODSSHQ�'H�����JHSODQGH�NHUQHQ�YDQ��������LQZRQHUV�HQ����JHSODQGH�NHUQHQ�YDQ������������LQZRQHUVGLH��YROJHQV�GH]H�DQDO\VH��QLHW�JHUHDOLVHHUG�]LMQ��]RXGHQ�SODDWV�KHEEHQ�NXQQHQ�ELHGHQ�DDQPD[LPDDO���������LQZRQHUV��'DW�EHWHNHQW�GDW�LQ�WRWDDO�HHQ�DUHDDO�YDQ�UXLP��������KHFWDUH�DDQEHERXZLQJ��HHQ�VWDG�PHW�GH�JURRWWH�YDQ�$PVWHUGDP��LV�JHERXZG�RS�SODDWVHQ�GLH�QLHWDDQJHZH]HQ�]LMQ�LQ�GH�7ZHHGH�1RWD�&RQFOXGHUHQG�NDQ�JHVWHOG�ZRUGHQ�GDW��KRHZHO�GH�SODQQLQJ�YDQ�QLHXZH�ORFDWLHV�LQ�GH�7ZHHGH1RWD�NUDS�ZDV��GH]H�LQ�SULQFLSH�YROGRHQGH�RPYDQJ�KDG�RP�GH�EHYRONLQJ�LQ�GH�MDUHQ�¶���WHKXLVYHVWHQ��:HO�EOLMNW�GDW��DIKDQNHOLMN�YDQ�GH�JHEUXLNWH�PHWKRGH��HHQ�DDQ]LHQOLMN�SHUFHQWDJH�YDQGH�KXLGLJH�EHERXZLQJVFRQWRXUHQ�RS�DQGHUH�SODDWVHQ�OLJW�GDQ�LQ�GH�7ZHHGH�1RWD�ZDV�JHSODQG�+HW�UXLPWHOLMN�EHOHLG�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�EOLMNW�YRRU�GH�NOHLQHUHEHERXZLQJVNHUQHQ�PDDU�YDQ�EHSHUNWH�YRRUVSH OOHQGH�ZDDUGH�WH�]LMQ�JHZHHVW�
������ 9HUJHOLMNLQJ�KLVWRULVFK�YHUVWHGHOLMNLQJVEHOHLG�HQ�KXLGLJH�QDWXXUJHELHGHQ
9HUJHOHNHQ�]LMQ�GH�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�PHW�GHQDWXXUJHELHGHQ�XLW�KHW�1DWXXUJHELHGHQLQIRUPDWLHV\VWHHP��1,6���,Q�KHW�1,6�]LMQ�GH�HLJHQGRPPHQYDQ�6WDDWVERVEHKHHU��SURYLQFLDOH�ODQGVFKDSSHQ�HQ�SDUWLFXOLHUH�QDWXXUEHVF KHUPLQJVRUJDQLVDWLHVRSJHQRPHQ��0HW�GH]H�YHUJHOLMNLQJ�NULMJHQ�ZH�LQ�SULQFLSH�LQ]LFKW�LQ�GH�PDWH�ZDDULQ�YURHJHUJHSODQGH�EHERXZLQJVNHUQHQ�QD�HHQ�DDQWDO�GHFHQQLD�ELQQHQ�EHVWDDQGH�QDWXXUJHEL HGHQ�EOLMNHQ�WHOLJJHQ��,Q�KRHYHUUH�GH�QDWXXUJHELHGHQ�WHQ�WLMGH�YDQ�GH�7ZHHGH�1RWD�DO�HLJH QGRP�YDQQDWXXUEHVFKHUPLQJVRUJDQLVDWLHV�ZDUHQ�LV�QLHW�RQGHU]RFKW�PDDU�YHUZDFKW�PDJ�ZR UGHQ�GDW�GLWDDQWDO�DDQ]LHQOLMN�ZDV��'DDUGRRU�]DO�ZDDUVFKLMQOLMN�ZHLQLJ�RYHUODS�WXVVHQ�GH�E HERXZLQJVNHUQHQHQ�GH�QDWXXUJHELHGHQ�EHVWDDQ�
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������LQZRQHUV ����������LQZRQHUV
�����������LQZRQHUV

������������LQZRQHUV

%HERXZLQJVNHUQ�XLW�GH�7ZHHGH�QRWDUXLPWHOLMNH�RUGHQLQJ�ZDDUYDQ�KHWPLGGHOSXQW�LV�JHSODQG�LQ�HHQ�JHELHG�GDWLQ������QDWXXUJHELHG�LV%HERXZLQJVNHUQ�XLW�GH�7ZHHGH�QRWDUXLPWHOLMNH�RUGHQLQJ�ZDDUYDQ�KHWPLGGHOSXQW�QLHW�LV�JHSODQG�LQ�HHQ�JHELHGGDW�LQ������QDWXXUJHELHG�LV

)LJXXU������ 'H�RYHUHHQNRPVW�LQ�ORFDWLH�WXVVHQ�GH�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�1RWD�5XLPWHOLMNH2UGHQLQJ�HQ�GH QDWXXUJHELHGHQ�XLW�KHW�1DWXXUJHELHGHQLQIRUPDWLHV\VWHHP�
��
8LW�GH�DQDO\VHUHVXOWDWHQ��]RDOV�ZHHUJHJHYHQ�LQ� )LJXXU��������EOLMNW�GDW�GH�RYHUODS�LQGHUGDDG�HUJNOHLQ�LV��=RZHO�LQ�DDQWDO�DOV�LQ�DUHDDO�EOLMNW�VOHFKWV����YDQ�GH�QDWXXUJHELHGHQ�LQ������RS�GH]HOIGHORFDWLH�WH�OLJJHQ�DOV�JHSODQGH�EHERXZLQJVNHUQHQ��ZDDUELM�QRJ�NDQ�ZRUGHQ�YHUPHOG�GDW�DOVEHERXZLQJVNHUQHQ�ELQQHQ�HHQ�QDWXXUJHELHG�OLJJHQ��GH]H�DOWLMG�DDQ�GH�UDQG�YDQ�KHW�QDWXXUJHELHGOLJJHQ��+HW�OLMNW�HU�GDQ�RRN�RS�GDW�KLVWRULVFK�YHUVWHGHO LMNLQJVEHOHLG�HQ�GH�OLJJLQJ�YDQQDWXXUJHELHGHQ�QLHW�RI�QDXZHOLMNV�LQ�HONDDUV�YDDUZDWHU�KHEEHQ�JHOHJHQ�
���� &RQFOXVLH
+HW�UXLPWHOLMN�EHOHLG�LV�GH�ODDWVWH�GHFHQQLD�FRPSOH[HU�JHZRUGHQ��9HUJHOLMNHQ�ZH�GH�7ZHHGH�1RWDHQ�ELMEHKRUHQGH�NDDUW�XLW������PHW�GH�9LHUGH�1RWD�HQ�ELMEHKRUHQGH�NDDUW�XLW������GDQ�]LMQ�GHYHUVFKLOOHQ�RS�KHW�HHUVWH�RRJ�JURRW��0HHU�EHOHLGVWHUUHLQHQ��PHHU�VWUHHIEHHOGHQ�HQ�PHHUGRHOVWHOOLQJHQ�]LMQ�YRRU�QDXZNHXULJHU�JHGHILQLHHUGH�JHELHGHQ�RSJHVWHOG��'H�WDDNVWHOOLQJYHUVFKXLIW�YDQ�KHW�ERXZHQ�YDQ�VWHGHQ�QDDU�DDQGDFKW�YRRU�UHJLR¶V�LQ�KXQ�RQGHUOLQJH�VDPH QKDQJ�7RFK�EOLMNW�DDQ�GH�DQGHUH�NDQW�XLW�HHQ�NZDQWLWDWLHYH�YHUJHOLMNLQJ�GDW�YHHO�GLQJHQ�K HOHPDDO�QLHW�]RVQHO�YHUDQGHUHQ��%LMQD�HHQ�GHUGH�YDQ�GH�ORFDWLHV�GLH�RS�GH�OLMVW�VWDDQ�RP�J HEUXLNW�WH�ZRUGHQ�YRRUQLHXZH�ZRQLQJHQ�RI�EHGULMIVWHUUHLQHQ�NZDP�RRN�DO�LQ������RS�HHQ�GHUJHOLMNH�OLMVW�YRRU��(Q�KRHZHOLQ�KHW�KXLGLJH�QDWXXUEHOHLG�GH�WH�EHVFKHUPHQ�JHELHGHQ�NOHLQHU�]LMQ��OLJW�GH�UXJJ HJUDDW�YDQ�GH1HGHUODQGVH�QDWXXU��GH�NHUQJHELHGHQ�YDQ�GH�(FRORJLVFKH�+RRIGVWUXFWXXU��YRRU�GULH NZDUW�ELQQHQGH�FRQWRXUHQ�GLH�DO�LQ������URQG�ZDDUGHYROOH�QDWXXUJHELHGHQ�ZHUGHQ�JH]HW��(HQ�RSYDOOHQGHYHUDQGHULQJ�LQ�KHW�UXLPWHOLMN�EHOHLG�LV�LQ�LHGHU�JHYDO�GH�YHUVFKXLYLQJ�YDQ�E HERXZLQJ�QDDU�QDWXXU�HHQ�RS GH�]HV�YDQ�GH�LQ������JHSODQGH�EHERXZLQJVNHUQHQ�YDOW�VDPHQ�PHW�QDWXXUJHELHGHQ�XLWKHW�KXLGLJH�QDWXXUJHELHGHQEHOHLG��+HW�DDQWDO�JHSODQGH�EHERXZLQJVNHUQHQ�XLW�GH�7ZHHGH�1RWDGDW�VDPHQYDOW�PHW�KXLGLJH�QDWXXUJHELHGHQ�LV�GDDUHQWHJHQ�PDDU�NUDS�����+LHUXLW�EOLMNW�GH�DPELWLHYDQ�KHW�KXLGLJH�QDWXXUEHOHLG��PDDU�RRN�GH�ZHHUVWDQG�WHJHQ�EHERXZLQJ�WHQ�NRVWH�YDQ�QDWXXU�1DDVW�GH]H�YHUJHOLMNLQJ�YDQ�KHW�KLVWRULVFKH�HQ�KHW�KXLGLJH�UXLPWHOLMNH�EHOHLG�LV�JHDQDO\VHHUG�LQKRHYHUUH�KHW�KLVWRULVFKH�UXLPWHOLMNH�EHOHLG�WHUXJ�WH�YLQGHQ�LV�LQ�KHW�KXLGLJH�UXLPWHJHEUXLN��+RHZHOHU�HQLJH�YRRUEHKRXGHQ�JHPDDNW�NXQQHQ�ZRUGHQ�ELM�GH�EUXLNEDDUKHLG�YDQ�GH�J HJHYHQV��YDOOHQHHQ�DDQWDO�]DNHQ�RS��'H�YHUVFKLOOHQ�WXVVHQ�SODQQLQJ�HQ�UHDOLVDWLH�OLMNHQ�RS�KHW�HHUVWH�JH]LFKW�QLHWHUJ�JURRW��PDDU�ELM�HHQ�EHWHUH�DQDO\VH�EOLMNW�GDW�GH�YRRUVSHOOHQGH�NUDFKW�YDQ�KHW�UXLPWHOLMNH�EHOHLGWRFK�HQLJV]LQV�EHSHUNW�LV��0HW�QDPH�ELM�HHQ�VWULNWH�EHVFKRXZLQJ�YDQ�GH�ORFDWLHV�YDQ�GH�JHSODQGHEHERXZLQJVNHUQHQ�LQ�YHUJHOLMNLQJ�WRW�GH�EHERXZLQJVFRQWRXUHQ�XLW�GH�&%6�ERGHPVWDWLVWLHNHQEOLMNW�HHQ�JURRW�DDQWDO��UXLP������YDQ�GH�JHSODQGH�EHERXZLQJVNHUQHQ�YRRU��������LQZRQHUV�QLHWWH�]LMQ�EHERXZG��+RHZHO�GLW�SHUFHQWDJH�YRRU�GH�JURWHUH�EHERXZLQJVNHUQHQ�DDQPHUNHOLMN�ODJHU
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OLJW��EOLMNW�GH�YRRUVSHOOHQGH�ZDDUGH�YDQ�KHW�UXLPWHOLMNH�EHOHLG�]HNHU�JHHQ������WH�]LMQ��2RN�YRRUQDWXXUJHELHGHQ�NDQ�JHFRQFOXGHHUG�ZRUGHQ�GDW�KHW�KLVWRULVFK�UXLPWHOLMN�EHOHLG�HQLJV]LQV�DIZLMNWYDQ�GH�KXLGLJH�VLWXDWLH��9DQ�GH�QDWXXUJHELHGHQ�GLH�RS�GLW�PRPHQW�JRHG�]LMQ�EHVFKHUPG��LQ�KHWEH]LW�YDQ�HHQ�QDWXXUEHVFKHUPLQJVRUJDQLVDWLH��OLJW�����EXLWHQ�GH�JHELHGHQ�GLH�LQ�GH�7ZHHGH1RWD�DOV�EHODQJULMN�]LMQ�DDQJHPHUNW�&RQFOXGHUHQG�NXQQHQ�ZH�YRRU]LFKWLJ�VWHOOHQ�GDW�KHW�RQJHWZLMIHOG�]R�LV�JHZHHVW�GDW�GH�FR QFHSWHQHQ�KHW�JHGDFKWHQJRHG�YDQ�GH�UXLPWHOLMNH�RUGHQLQJ�YDQ�JURRW�EHODQJ�]LMQ�JHZHHVW�YRRU�GHUXLPWHOLMNH�RQWZLNNHOLQJ�YDQ�1HGHUODQG��7RFK�EOLMNW�RRN�GDW�RS�ORFDWLHQLYHDX�GH�RQWZLNNHOL QJHQIRUV�DI�NXQQHQ�ZLMNHQ��:DW�GLW�EHWHNHQW�YRRU�GH�YRRUVSHOOHQGH�NUDFKW�YDQ�KHW�KXLGLJH�UXLPWHOLMNEHOHLG�YRRU�KHW�WRHNRPVWLJ�UXLPWHJHEUXLN�LV�PRHLOLMN�WH�]HJJHQ�PDDU�KHW�OLMNW�ZDDUVFKLMQOLMN�GDW�PHWGH�LQWURGXFWLH�YDQ�GHUHJXOHULQJ�HQ�PDUNWZHUNLQJ�GH�RQWZLNNHOLQJHQ�RS�GHWDLOQLYHDX��QHW�]RDOVYURHJHU��]XOOHQ�EOLMYHQ�DIZLMNHQ�YDQ�GH�DOJHPHQH�OLMQ��:DW�GLW�EHWHNHQW�YRRU�GH�5XLPWH6FDQQHU�LVHHQ�PRJHOLMN�RQGHUZHUS�YRRU�YHUYROJRQGHU]RHN�
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�� 58,07(6&$11(5��'(�%$/$16�23*(0$$.7
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���� ,QOHLGLQJ
,Q�GLW�VORWKRRIGVWXN�ZLOOHQ�ZH�GH�EDODQV�RSPDNHQ�YDQ�GH�RQWZLNNHOLQJ�YDQ�GH�5XLPWH6FDQQHU�WRWQX�WRH��PHW�HHQ�GRRUNLMNMH�QDDU�GH�WRHNRPVW��2QYHUPLMGHOLMN�EHWUHIW�KHW�KLHU�HHQ�PRPHQWRSQDPHLQ�HHQ�YRRUWGXUHQG�SURFHV�YDQ�RQWZLNNHOLQJ�HQ�WRHSDVVLQJ��,Q�SDUDJUDDI������ZRUGHQ�KHW�GRHO�HQGH�PRJHOLMNH�WRHSDVVLQJ�YDQ�GH�5XLPWH6FDQQHU�QRJ�HHQV�VDPHQJHYDW�HQ�LQ�HHQ�ZDW�EUHGHUHFRQWH[W�JHSODDWVW��,Q�SDUDJUDDI������EHVSUHNHQ�ZH�GH�VWHUNH�SXQWHQ�YDQ�GH�5XLPWH6FDQQHU�HQ�LQSDUDJUDDI������ZRUGHQ�GH�SXQWHQ�YRRU�YHUEHWHULQJ�EHKDQGHOG��'LW�KRRIGVWXN�ZRUGW�DIJHVORWHQ�PHWHHQ�NRUWH�FRQFOXVLH�LQ�SDUDJUDDI������
���� 'RHO�HQ�WRHSDVVLQJ�YDQ�GH�5XLPWH6FDQQHU
(HQ�EHRRUGHOLQJ�YDQ�GH�VWHUNH�HQ�]ZDNNH�SXQWHQ�YDQ�HHQ�PRGHO�DOV�GH�5XLPWH6FDQQHU�LVDIKDQNHOLMN�YDQ�KHW�GRHO�ZDDUYRRU�KHW�JHEUXLNW�ZRUGW�,Q�KRRIGVWXN���]LMQ�HHQ�DDQWDO�GULMYHQGH�HQ�VWUXFWXUHUHQGH�NUDFKWHQ�DFKWHU�GH�UXLPWHOLMNH�VWUXFWXXURQGHUVFKHLGHQ��WH�ZHWHQ�HFRQRPLVFKH�WHFKQRORJLVFKH�RQWZLNNHOLQJHQ��GHPRJUDILVFKH�VRFLDDO�FXOWXUHOH�RQWZLNNHOLQJHQ��UXLPWHOLMN�UHOHYDQW�EHOHLG�YDQ�GLYHUVH�RYHUKHGHQ�HQ�LQIUDVWUXFWXXU�5RGH�GUDDG�LQ�GLW�JHKHHO�LV�GH�NUDFKWVYHUKRXGLQJ�WXVVHQ�PDUNW�HQ�RYHUKHLG��'H�UXLPWHOLMNHRQWZLNNHOLQJ�LV�KHW�UHVXOWDDW�YDQ�GH�FRPSOH[H�LQWHUDFWLH�WXVVHQ�DO�GH]H�IDFWRUHQ�*H]LHQ�GH�YHHOKHLG�DDQ�YDULDEHOHQ�HQ�LQWHUDFWLHV�GDDUWXVVHQ�LV�KHW�YRRUVSHOOHQ�YDQ�GH�UXLPWHOLMNHVWUXFWXXU�RS�KHW�QLYHDX�YDQ�FHOOHQ�YDQ�����ELM�����PHWHU�RYHU�HHQ�SHULRGH�YDQ����RI����MDDU�HHQRQPRJHOLMNH�RSJDYH��'H�XLWHLQGHOLMNH�DPELWLH�LV�HFKWHU�ZHO�RP�ZHWHQVFKDSSHOLMN�RQGHUERXZGHVLPXODWLHV�XLW�WH�YRHUHQ�ZDDUPHH�RS�UHJLRQDOH�VFKDDO�GH�EDQGEUHHGWH�YDQ�WRHNRPVWLJH�UXLPWHOLMNHRQWZLNNHOLQJHQ�ZRUGW�DDQJHJHYHQ��GH�UHJLRQDOH�YHUVWHGHOLMNLQJVGUXN�ZRUGW�YHUNHQG��WUHQGVZRUGHQ�GRRUJHWURNNHQ��HQ�GH�UXLPWHOLMNH�VDPHQKDQJ�WXVVHQ�YHUVFKLOOHQGH�EHOHLGVSODQQHQ�ZRUGWDDQJHJHYHQ��'H]H�YHUNHQQLQJHQ�NXQQHQ�JHEUXLNW�ZRUGHQ�RP�GLVFXVVLHV�RYHU�GH�UXLPWHOLMNHWRHNRPVW�YDQ�1HGHUODQG�WH�RQGHUVWHXQHQ�
$OV�EHODQJULMNVWH�WRHSDVVLQJVPRJHOLMNKHGHQ�YDQ�GH�5XLPWH6FDQQHU�ZRUGHQ�GH�YROJHQGH�]DNHQJH]LHQ�x 'H�5XLPWH6FDQQHU�NDQ�JHEUXLNW�ZRUGHQ�RP� DOWHUQDWLHYH�UXLPWHOLMNH�VFHQDULR¶V�WH�YHUNHQQHQHQ�WH�YLVXDOLVHUHQ��'LW�PDDNW�FRQFHSWHQ�DOV�GH�FRPSDFWH�VWDG��JHEXQGHOGH�GHFRQFHQWUDWLH�HQFRUULGRUV�DDQVFKRXZHOLMN�HQ�EUHQJW�WHJHOLMNHUWLMG�GH�FRQFXUUHQWLH�WXVVHQ�YHUVFKLOOHQGHJURQGJHEUXLNVYRUPHQ�LQ�EHHOG��9RRU�GH�5LMNVSODQRORJLVFKH�'LHQVW�]LMQ�ELMYRRUEHHOG�GH5XLPWHOLMNH�3HUVSHFWLHYHQ��VFHQDULR¶V�YRRU������PHW�YHUVFKLOOHQGH�YHURQGHUVWHOOLQJHQ�WHQDDQ]LHQ�YDQ�GH�VSUHLGLQJ�YDQ�ZRQHQ�HQ�ZHUNHQ��XLWJHZHUNW�LQ�UXLPWHOLMNH�EHHOGHQ��]LHKRRIGVWXN�����0HHU�UHFHQW�]LMQ�LQ�GH�SHULRGH�����������WHQ�EHKRHYH�YDQ�GH�9LMIGH�1RWD�RYHUGH�5XLPWHOLMNH�2UGHQLQJ�GLYHUVH�FRPSDFWH�HQ�HHQ�OLEHUDOH�EHOHLGVYDULDQW�WHQ�DDQ]LHQ�YDQQLHXZH�ZRRQ��HQ�ZHUNORFDWLHV�GRRUJHUHNHQG�HQ�EHRRUGHHOG�RS�KXQ�HIIHFWHQ�RS�PLOLHX�HQQDWXXU��*RHWJHOXN�HW�DO��������0LOLHX��HQ�1DWXXUSODQEXUHDX��������'LW�ZDV�WRW�QX�WRH�GHRPYDQJULMNVWH�WRHSDVVLQJ�YDQ�KHW�LQVWUXPHQW��'H�HYDOXDWLH�YDQ�VFHQDULR¶V�RS�EDVLV�YDQNZDOLWHLWVPDWHQ�LV�GHHOV�ELQQHQ�GH�5XLPWH6FDQQHU�PRJHOLMN��9RRU�YHHO�HIIHFWHQ�RS�GHOHHIRPJHYLQJ��]RDOV�PRELOLWHLW��EHUHLNEDDUKHLG��YHUVQLSSHULQJ�YDQ�QDWXXU�HQ�ODQGVFKDS��HQJHOXLGVKLQGHU�]LMQ�HFKWHU�DQGHUH�PRGHOOHQ�QRGLJ��'H]H�PRGHOOHQ�JHEUXLNHQ�GDQ�GH�UXLPWHOLMNHVSUHLGLQJ�HQ�LQWHQVLWHLW�YDQ�KHW�JURQGJHEUXLN�]RDOV�EHUHNHQG�PHW�GH�5XLPWH6FDQQHU�ZHHU�DOV
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LQYRHU��'H�NHQQLV�GLH�GLW�RSOHYHUW�NDQ�JHEUXLNW�ZRUGHQ�DOV�RQGHUERXZLQJ�YRRU�XLWVSUDNHQ�LQQDWLRQDOH�UXLPWHOLMNH�QRWD¶V��=R�]LMQ�GRRU�712�,QUR�LQ�KHW�NDGHU�YDQ�GH�EHUHNHQLQJHQ�YRRU�GHH[�DQWH�HYDOXDWLH�YDQ�GH�9LMIGH�1RWD�JHJHYHQV�RYHU�WRHNRPVWLJH�ZRRQORFDWLHV�JHEUXLNW�RPWRHNRPVWLJH�ZHUNORFDWLHV�WH�EHSDOHQ�PHW�KHW�23(5$�PRGHO��2RN�]LMQ�PHW�GH�UXLPWHOLMNHWRHNRPVWEHHOGHQ�YDQ�ZRQHQ�HQ�ZHUNHQ�GRRU�$99�HQ�+&*�GH�PRELOLWHLWVHIIHFWHQ�YDQ�GHYHUVFKLOOHQGH�VFHQDULR¶V�EHUHNHQG�GRRU�NRSSHOLQJ�DDQ�KHW�/DQGHOLMN�0RGHOV\VWHHP�9HUNHHUHQ�9HUYRHU��*HXUV�HQ�6FKRWWHQ�������*HXUV�HQ�5LWVHPD�YDQ�(FN�������x 1DDVW�KHW�XLWZHUNHQ�YDQ�VFHDQULR¶V�NDQ�GH�5XLPWH6FDQQHU�JHEUXLNW�ZRUGHQ�RP� GH�WHYHUZDFKWHQ�µDXWRQRPH¶�UXLPWHOLMNH�RQWZLNNHOLQJ�]LFKWEDDU�WH�PDNHQ ��+LHUELM�ZRUGHQ�GXV�QLHW]R]HHU�EHOHLGVFRQFHSWHQ�JHwOOXVWUHHUG��PDDU�ZRUGW�GH�IHLWHOLMNH�RQWZLNNHOLQJ�YDQXLW�KHWYHUOHGHQ�GRRUJHWURNNHQ�QDDU�GH�WRHNRPVW��,Q�HHQ�SURMHFW�LQ�KHW�NDGHU�YDQ�GH�YRRUEHUHLGLQJYDQ�GH�9LMIGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�LV�GRRU�KHW�5,90��GH�98�HQ�712�,QUR�HHQ�GHUJHOLMNUHIHUHQWLHVFHQDULR�RSJHVWHOG��+LHUPHH�ZRUGHQ�GLVFUHSDQWLHV�WXVVHQ�UXLPWHOLMNH�GRHOHQ�HQ�GHIHLWHOLMNH�RQWZLNNHOLQJ�]LFKWEDDU�HQ�ZRUGW�HHQ�UXLPWHOLMN�EHHOG�JHJHYHQ�GDW�GH�FRQWH[WDDQJHHIW�YRRU�GH�SODQQHQ�YDQ�GLYHUVH�PLQLVWHULHV�x (HQ�GHUGH�WRHSDVVLQJVYHOG�]LMQ�GH� UXLPWHOLMNH�HIIHFWHQ�YDQ�DI]RQGHUOLMNH�JURWH�LQIUDVWUXFWXUHOHSURMHFWHQ��,Q�GH�]RJHQDDPGH�,&(6�LQYHVWHULQJHQ�LQ�GH�UXLPWHOLMN�HFRQRPLVFKH�VWUXFWXXU�YDQ1HGHUODQG�VSHHOW�DDQOHJ�HQ�YHUEHWHULQJ�YDQ�LQIUDVWUXFWXXU�HHQ�EHODQJULMNH�URO�HQ�HU�LV�GDQ�RRNEHKRHIWH�DDQ�NHQQLV�RYHU�GH�HIIHFWHQ�KLHUYDQ��$DQOHJ�YDQ�LQIUDVWUXFWXXU�NDQ�OHLGHQ�WRWYHUVFKXLYLQJHQ�LQ�GH�VSUHLGLQJ�YDQ�ZRQHQ�HQ�ZHUNHQ��,Q�KHW�NDGHU�YDQ�GH�GLVFXVVLH�RYHU�GHWRHNRPVWLJH�QDWLRQDOH�OXFKWYDDUWLQIUDVWUXFWXXU��71/,��LV�GH�5XLPWH6FDQQHU�JHEUXLNW�RP�GHUXLPWHOLMNH�HIIHFWHQ�YDQ�DDQOHJ�YDQ�HHQ�WZHHGH�OXFKWKDYHQ�RS�QHJHQ�YHUVFKLOOHQGH�ORFDWLHV�WHYHUNHQQHQ��]LH�KRRIGVWXN����x 'H�5XLPWH6FDQQHU�GLHQW�QLHW�DOOHHQ�WHU�RQGHUERXZLQJ�YDQ�QDWLRQDOH�EHOHLGVNHX]HQ��PDDU�NDQRRN�]LQYROOH�WRHSDVVLQJHQ�RS�UHJLRQDOH�VFKDDO YLQGHQ��ELMYRRUEHHOG�LQ�JHELHGVJHULFKWHSURMHFWHQ�JHULFKW�RS�KHW�UHDOLVHUHQ�YDQ�GRHOHQ�LQ�KHW�PLOLHX���UXLPWHOLMN�HQ�HFRQRPLVFK�EHOHLG�3URYLQFLHV�VSHOHQ�KLHUELM�HHQ�EHODQJULMNH�URO��'H�5XLPWH6FDQQHU�]RX�LQWHUDFWLHI�JHEUXLNWNXQQHQ�ZRUGHQ�LQ�VDPHQVSUDDN�PHW�UHJLRQDOH�JURHSHULQJHQ��(HQ�DDQ]HW�KLHUWRH�LV�JHJHYHQLQ�KHW�SLORWSURMHFW�0HHUYRXGLJ�5XLPWHJHEUXLN�=XLGZHVW�1HGHUODQG��.OHS�HQ�:HLMV��������x 1DDVW�GH]H�WRHSDVVLQJ�RS�UHJLRQDOH�VFKDDO�LV�RRN� WRHSDVVLQJ�RS�ERYHQ�QDWLRQDOH�VFKDDOPRJHOLMN��,Q������LV�KLHUYRRU�HHQ�(XURSHVH�µ5XLPWH6FDQQHU¶�RQWZLNNHOG��JHQDDPG�6,0,/25�6,0XODWLRQ�DQG�,QWHJUDWLRQ�RI�/DQG�FRY(5�G\QDPLFV�LQ�(XURSH���JHULFKW�RS�GH�G\QDPLHN�LQKHW�UXLPWHJHEUXLN�LQ�(XURSD��1DDVW�GH�ZDDUGH�YDQ�GH]H�WRHSDVVLQJ�RS�]LFK��]RX�RS�GHQ�GXXUGH�KLHUXLW�YRRUWYORHLHQGH�NHQQLV�RYHU�JUHQVRYHUVFKULMGHQGH�DWWUDFWLYLWHLWHQ�RRN�JHEUXLNWNXQQHQ�ZRUGHQ�LQ�GH�QDWLRQDOH�5XLPWH6FDQQHU��2QWZLNNHOLQJHQ�LQ�%HOJLs�HQ�'XLWVODQGKHEEHQ�LPPHUV�RRN�UXLPWHOLMNH�HIIHFWHQ�LQ�GH�JUHQVUHJLR¶V�YDQ�1HGHUODQG��6FKRWWHQ�HW�DO�����D��6FKROWHQ�HQ�6WLOZHOO�������
���� 6WHUNH�SXQWHQ�YDQ�GH�5XLPWH6FDQQHU
,Q�GH�YRRUJDDQGH�KRRIGVWXNNHQ�KHEEHQ�ZH�JH]LHQ�GDW�PHW�GH�5XLPWH6FDQQHU�HHQLQIRUPDWLHV\VWHHP�LV�JHUHDOLVHHUG�GDW�EHVFKLNW�RYHU�GH�YROJHQGH�VWHUNH�SXQWHQ�x (U�LV�HHQ�RPYDQJULMNH�VHW�DDQ�EDVLVJHJHYHQV JHFUHsHUG��ZDDUPHH�HHQ�LQWHJUDDO�EHHOG�YDQKHW�KXLGLJH�HQ�WRHNRPVWLJH�UXLPWHJHEUXLN�NDQ�ZRUGHQ�YHUNUHJHQ��GDW�DOV�UHIHUHQWLH�NDQGLHQHQ�LQ�WDO�YDQ�SURMHFWHQ�x 0HW�GH�YLVXDOLVDWLH�FRPSRQHQW�YDQ�GH�5XLPWH6FDQQHU�NXQQHQ� LQ]LFKWHOLMNH�EHHOGHQ ZRUGHQJHPDDNW�YDQ�KHW�KXLGLJH�RI�WRHNRPVWLJH�UXLPWHJHEUXLN�HQ�YDQ�GH�UXLPWHOLMNH�LPSOLFDWLHV�YDQSODQQHQ HQ�FRQFHSWHQ��'LW�LV�HHQ�XLWHUPDWH�QXWWLJ�KXOSPLGGHO�LQ�EHOHLGVGLVFXVVLHV��$OOHHQ�DOKHW�KXLGLJ�UXLPWHJHEUXLN�LQ�1HGHUODQG�EOLMNW�YRRU�PHQVHQ�VRPV�YHUUDVVHQGH�LQ]LFKWHQ�RS�WHOHYHUHQ��ELMYRRUEHHOG�GH�VWHUNH�YHUVWHGHOLMNLQJ�LQ�=XLG�/LPEXUJ���2P�FRQFHSWHQ�]RDOV�GHFRPSDFWH�VWDG��VWHGHOLMNH�QHWZHUNHQ��PHHUYRXGLJ�UXLPWHJHEUXLN�HQ�FRUULGRUV�RSHUDWLRQHHO�WHPDNHQ�LV�GH]H�YLVXDOLVDWLH�FRPSRQHQW�EXLWHQJHZRRQ�]LQYRO�x (U�LV�HHQ�LQVWUXPHQW�RQWZLNNHOG�ZDDUPHH� HFRQRPLVFK�GHPRJUDILVFKH�VFHQDULR¶V ��]RDOVELMYRRUEHHOG�LQ�KHW�NDGHU�YDQ�GH�/DQJH�7HUPLMQ�9HUNHQQLQJHQ�GRRU�KHW�&3%�RSJHVWHOG�
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NXQQHQ�ZRUGHQ GRRUYHUWDDOG�LQ�UXLPWHOLMNH�EHHOGHQ ��*HJHYHQV�RYHU�UXLPWHFODLPV�YDQYHUVFKLOOHQGH�VHFWRUHQ�DOV�QDWXXU��ODQGERXZ��LQIUDVWUXFWXXU��YRONVKXLVYHVWLQJ�HQEHGULMYHQWHUUHLQHQ�DINRPVWLJ�XLW�EHOHLGVQRWD¶V�HQ�VHFWRUDOH�PRGHOOHQ�ZRUGHQ�KLHUPHHELMHHQJHEUDFKW�HQ�YHUWDDOG�LQ�UXLPWHOLMNH�SDWURQHQ��]LH�KRRIGVWXN�����*H]LHQ�GH�FRPSOH[LWHLWYDQ�GH]H�DOORFDWLH�PRHW�KLHUELM�QLHW�]R]HHU�ZRUGHQ�JHGDFKW�DDQ�H[DFWH�YRRUVSHOOLQJHQ��PDDUYHHOHHU�DDQ�KHW�DDQJHYHQ�YDQ�GH�EDQGEUHHGWH�YDQ�PRJHOLMNH�RQWZLNNHOLQJHQ�HQ�HYHQWXHOHGLVFUHSDQWLHV�WXVVHQ�EHOHLGVGRHOVWHOOLQJHQ�HQ�WH�YHUZDFKWH�RQWZLNNHOLQJHQ��'H�UXLPWHOLMNHVFHQDULR¶V�]LMQ�YRRUDO�LQWHUHVVDQW�YDQZHJH�KXQ�HIIHFWHQ�YRRU�GH�HFRORJLVFKH��VRFLDDO�HFRQRPLVFKH�HQ�PLOLHX�DVSHFWHQ�YDQ�GH��OHHI�RPJHYLQJ��'LW�JHOGW�LQ�KHW�ELM]RQGHU�YRRU�GHSUREOHPHQ�GLH�VWHUN�LQ�GH�PDDWVFKDSSHOLMNH�HQ�SROLWLHNH�EHODQJVWHOOLQJ�VWDDQ��]RDOVEHUHLNEDDUKHLG��OHHIEDDUKHLG�HQ�QDWXXUEHKRXG��'H]H�HIIHFWHQ�NXQQHQ�PHW�DQGHUH�PRGHOOHQZRUGHQ�EHUHNHQG�x 'H�PRGHOVWUXFWXXU�YDQ�GH�5XLPWH6FDQQHU�LV�LQ]LFKWHOLMN�HQ�LQJHEHG�LQ�HHQ�ZHWHQVFKDSSHOLMNNDGHU��'H�5XLPWH6FDQQHU�LV�TXD�VWUXFWXXU�HQ�PHWKRGLVFK�WHFKQLVFKH�DDQSDN�JHEDVHHUG�RSGLVFUHWH�NHX]H�PRGHOOHQ��GLH�YDQDI�GH���HU�MDUHQ�]LMQ�RQWZLNNHOG�HQ�GLH�LQPLGGHOV�]LMQ�JDDQEHKRUHQ�WRW�KHW�VWDQGDDUGLQVWUXPHQWDULXP�LQ�WRHNRPVWJHULFKW�UXLPWHOLMN�RQGHU]RHN��+HW�PRGHOLV�GXV�JHEDVHHUG�RS�DOJHPHHQ�JHDFFHSWHHUGH�WKHRULHsQ�HQ�VWDWLVWLVFKH�PHWKRGHQ��HQ�LQ�GLH]LQ�DOV�GXXU]DDP�WH�EHVWHPSHOHQ�x 'RRU�GH�RSHQ�RS]HW�YDQ�KHW�PRGHO�LV�GH�5XLPWH6FDQQHU�YRRU�YHHO�YHUVFKLOOHQGH�GRHOHLQGHQLQ�WH�]HWWHQ��'LW�KRXGW�QLHW�DOOHHQ�LQ�GH�PRJHOLMNH�WRHSDVVLQJ�YDQ�KHW�PRGHO�RS�YHUVFKLOOHQGHVFKDDOQLYHDX¶V�WXVVHQ�UHJLRQDDO�HQ�VXSUD�QDWLRQDDO��PDDU�RRN�GH�PRJHOLMNKHLG�RP�GDWD�YDQYHUVFKLOOHQGH�UXLPWHOLMNH�HHQKHGHQ�WH�JHEUXLNHQ�HQ�LQ�SULQFLSH�PHHUYRXGLJ�UXLPWHJHEUXLN�WHVLPXOHUHQ�
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