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� ,QOHLGLQJ'H� 5XLPWHVFDQQHU� LV� HHQ� LQIRUPDWLHV\VWHHP� GDW� LQ]LFKW� ELHGW� LQ� WRHNRPVWLJHUXLPWHJHEUXLNRQWZLNNHOLQJHQ�� 1X� LV� KHW� GDDGZHUNHOLMN� YRRUVSHOOHQ� YDQ� GH� WRHNRPVWQDWXXUOLMN� RQPRJHOLMN�� +HW� PRGHO� NDQ� DFKWHU� ZHO� UHOHYDQWH� UXLPWHOLMNH� JHJHYHQVRSVODDQ�� FRPELQHUHQ� HQ� SUHVHQWHUHQ�� 0HW� EHKXOS� YDQ� HHQ� HFRQRPLVFK� JHRULsQWHHUGDOORFDWLHPHFKDQLVPH�NXQQHQ�RS�EDVLV�YDQ�GH�EHVFKLNEDUH�EDVLVJHJHYHQV�HQ�KHUOHLGEDUHDDQQDPHQ�NDDUWEHHOGHQ�JHJHQHUHHUG�ZRUGHQ�GLH� LQ]LFKW�JHYHQ� LQ�PRJHOLMN� WRHNRPVWLJUXLPWHJHEUXLN��'H�5XLPWHVFDQQHU� LV� EHWUHNNHOLMN� XQLHN� LQ� GH� ]LQ� GDW� KHW� HHQ� JHELHGV�GHNNHQGH�� JHwQWHJUHHUGH� UXLPWHJHEUXLNVLPXODWLH� PDDNW� ZDDULQ� YUDDJ� HQ� DDQERG� YDQ]RZHO�VWHGHOLMNH�DOV�UXUDOH�JURQGJHEUXLNW\SHQ�ZRUGW�DIJHZRJHQ�
5HFHQW�LV�HHQ�RYHU]LFKWVSXEOLFDWLH�YHUVFKHQHQ�RYHU�GH�RQWZLNNHOLQJ�HQ�HHUVWH�WRHSDVVLQJYDQ�GH�5XLPWHVFDQQHU�RQGHU� UHGDFWLH�YDQ�6FKROWHQ� HQ� DQGHUHQ� ��������+HW�PHUHQGHHOYDQ�GH]H�ELMGUDJHQ�KHHIW�EHWUHNNLQJ�RS�GH�VLWXDWLH�LQ������������5HFHQWH�WRHSDVVLQJHQHQ� ZLM]LJLQJHQ� LQ� KHW� PRGHO� RQWEUHNHQ�� 'DDUQDDVW� KHEEHQ� HQNHOH� DVSHFWHQ� PLQGHUDDQGDFKW�JHNUHJHQ��ELMYRRUEHHOG��GH�JHEUXLNWH�EDVLVJHJHYHQV�RI�GH�SUDNWLVFKH�ZHUNLQJYDQ� KHW�PRGHO�� 'H� YRRUOLJJHQGH� UDSSRUWDJH� JDDW� YHUGHU� ZDDU� GH� RYHU]LFKWVSXEOLFDWLHVWRSW�HQ�EHVFKULMIW�GH�KXLGLJH�VLWXDWLH�YDQ�GH�5XLPWHVFDQQHU�HQ�DDQYHUZDQWH�RQWZLNNH�OLQJHQ�� 1DDVW� DDQGDFKW� YRRU� HQNHOH� DFWXHOH� RQWZLNNHOLQJHQ� EHWHNHQW� GLW� YRRUDO� HHQJHGHWDLOOHHUGH�EHVFKRXZLQJ�YDQ�GH�JHEUXLNWH�EDVLVJHJHYHQV� HQ� HQNHOH�PRGHODVSHFWHQ�'H�KLHUDDQ�JHUHODWHHUGH�NZDOLWHLWVDVSHFWHQ�HQ�PRJHOLMNH�YHUEHWHULQJHQ�YDQ�KHW�KXLGLJHJHEUXLN�YDQ�GH�5XLPWHVFDQQHU�VWDDQ�GDDUELM�FHQWUDDO�
'H]H�VWXGLH�LV�WRW�VWDQG�JHNRPHQ�LQ�KHW�NDGHU�YDQ�KHW�PHHUMDUHQ�RQGHU]RHNVSURJUDPPD�0RGHOOHULQJ�7RHNRPVWLJ�5XLPWHJHEUXLN��GDW�GH�9ULMH�8QLYHUVLWHLW�$PVWHUGDP�XLWYRHUWYRRU�GH�5LMNVSODQRORJLVFKH�GLHQVW�HQ�KHW�QLHXZ�RSJHULFKW�5XLPWHOLMN�3ODQEXUHDX��,Q�KHWHHUVWH� MDDU�YDQ�GLW�RQGHU]RHN� LV�YRRUDO�JHZHUNW�DDQ�KHW�GRRUJURQGHQ�YDQ�GH�HFRQRPL�VFKH� DFKWHUJURQG� HQ� PRGHORSERXZ� YDQ� GH� 5XLPWHVFDQQHU� HQ� KHW� YHUNHQQHQ� YDQ� GHPRJHOLMNH� WRHSDVVLQJ� KLHUYDQ� LQ� GH� VWXGLH� QDDU� GH� DDQWDVWLQJ� YDQ� RSHQ� UXLPWH� LQ1HGHUODQG��(HQ�HQ�DQGHU�LV�YHUZRRUG�LQ�HHQ�WZHHWDO�FRQJUHVELMGUDJHQ�GLH�DOV�ELMODJH�ELMGH]H� UDSSRUWDJH� ]LMQ� JHYRHJG�� 'LW� UDSSRUW� SRRJW� GH� RQGHU]RHNVHUYDULQJHQ� PHW� GH5XLPWHVFDQQHU� LQ� HHQ� EUHGHU� HQ� YRRUDO� SUDNWLVFKHU� NDGHU� WH� ]HWWHQ� HQ� GDDUPHHJHwQWHUHVVHHUGHQ� LQ� UXLPWHJHEUXLNPRGHOOHULQJ� LQ�1HGHUODQG�HHQ�EHHOG� WH�JHYHQ�YDQ�GHPRJHOLMNKHGHQ�HQ�EHSHUNLQJHQ�YDQ�KHW�LQVWUXPHQW�5XLPWHVFDQQHU��'RHOJURHS�LV�GH�VFKLOWXVVHQ�GH�EHOHLGVPDNHUV�HQ�GH�PRGHOEHGLHQHUV��'LW�EHWUHIW�JHwQWHUHVVHHUGH�RQGHU]RHNHUVHQ�RQWZHUSHUV��]RZHO�ELQQHQ�KHW�5XLPWHOLMN�3ODQEXUHDX�DOV�GDDUEXLWHQ�
+HW� EHVFKULMYHQ� YDQ� GH� NZDOLWHLWVDVSHFWHQ� YDQ� GH�5XLPWHVFDQQHU� LV� RP� YHUVFKLOOHQGHUHGHQHQ�EHKRRUOLMN� FRPSOH[��+HW� LQVWUXPHQW� LV� LQ� GH� ORRS� GHU� WLMG� YRRU� XLWHHQORSHQGHWRHSDVVLQJHQ� JHEUXLNW� HQ� GDDUELM� YDDN� RS� HHQ� JHKHHO� YHUVFKLOOHQGH� PDQLHU� LQJH]HW�'DDUQDDVW� ]LMQ�HU�YHUVFKLOOHQGH�YHUVLHV�YDQ�GH� VRIWZDUH� JHEUXLNW� HQ� ]LMQ� HU� UHJHOPDWLJQLHXZH�JHRJUDILVFKH�EDVLVEHVWDQGHQ�WRHJHYRHJG�RI�RXGH�EHVWDQGHQ�LQ�RQEUXLN�JHUDDNW�2P� HHQ� LQGUXN� WH� JHYHQ� YDQ� GH� YHUVFKLOOHQGH�PDQLHUHQ� ZDDURS� GH� 5XLPWHVFDQQHU� LVLQJH]HW�ZRUGW�LQ�KHW�HHUVWH�KRRIGVWXN�WRHSDVVLQJ�HQ�WRHNRPVW HQNHOH�UHFHQWH�WRHSDVVLQ�JHQ�EHVFKUHYHQ��+LHUELM�]DO�RRN�NRUW�LQJHJDDQ�ZRUGHQ�RS�GH�YHUVLH�RQWZLNNHOLQJ�YDQ�GHVRIWZDUH�HQ�UHFHQWH�SODQQHQ�YRRU�HHQ�QLHXZ�1HGHUODQGV�UXLPWHJHEUXLNPRGHO�ZDDULQ�KHW5XLPWHVFDQQHU� FRQFHSW� RSJHQRPHQ� ]DO� ZRUGHQ�� 'DDUQD� ]DO� LQ� KHW� KRRIGVWXNEDVLVJHJHYHQV LQJHJDDQ� ZRUGHQ� RS� GH� NZDOLWHLWVDVSHFWHQ� GLH� VDPHQKDQJHQ� PHW� GHJHEUXLNWH�EDVLVJHJHYHQV��,Q�PRGHOEHVFKULMYLQJ NRPW�YHUYROJHQV�GH�SUDNWLVFKH�ZHUNLQJ
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YDQ�KHW�PRGHO� DDQ�GH�RUGH� HQ� ]DO� KHW� DOORFDWLHPHFKDQLVPH�QDGHU�ZRUGHQ� EHVFKUHYHQ�7RW�QX�WRH�EOLMNW�GH�H[DFWH�ZHUNLQJ�YDQ�KHW�PRGHO�YRRU�YHHO�EHWURNNHQHQ�RQGXLGHOLMN�WH]LMQ��ZDW�VRPV�JHOHLG�KHHIW�WRW�HHQ�QLHW�JHKHHO�RSWLPDDO�JHEUXLN�YDQ�KHW�LQVWUXPHQW��,QGLW� KRRIGVWXN� NRPHQ� RRN� HQNHOH� SRVLWLHYH� HQ� QHJDWLHYH� JHEUXLNVDVSHFWHQ� DDQ� ERG�� ,QDDQEHYHOLQJHQ WHQVORWWH�ZRUGHQ� GH� EHODQJULMNVWH� YRRUVWHOOHQ� YRRU� YHUEHWHULQJ� YDQ� KHWLQVWUXPHQW� VDPHQJHYDW�� *HGHWDLOOHHUGH� DFKWHUJURQGLQIRUPDWLH� LV� RSJHQRPHQ� LQ� GHELMODJHQ�
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� 7RHSDVVLQJ�HQ�WRHNRPVW'H� 5XLPWHVFDQQHU� LV� GH� DIJHORSHQ� MDUHQ� YHHOYXOGLJ� LQJH]HW� ELM� KHW� WRHWVHQ� HQYRRUEHUHLGHQ�YDQ� UXLPWHOLMN�EHOHLG� LQ�1HGHUODQG��'H�HHUVWH� WRHSDVVLQJHQ�EHWURIIHQ�KHWVLPXOHUHQ� YDQ� UXLPWHOLMNH� SHUVSHFWLHYHQ� YRRU� GH� LQULFKWLQJ� YDQ� 1HGHUODQG� LQ� �����6FKRWWHQ�HW�DO�������HQ�KHW�LQ�NDDUW�EUHQJHQ�YDQ�GH�UXLPWHOLMNH�LQYORHG�YDQ�YHUVFKLOOHQ�GH�DOWHUQDWLHYH�ORFDWLHV�YRRU�HHQ�QLHXZH�QDWLRQDOH�OXFKWKDYHQ��YDQ�GH�9HOGH�HW�DO�������'H]H� HHUVWH� WRHSDVVLQJHQ� ]LMQ� XLWJHEUHLG� EHVFKUHYHQ� LQ� GH� EXQGHO�� �5XLPWHVFDQQHU�LQIRUPDWLHV\VWHHP�YRRU�GH�ODQJH�WHUPLMQYHUNHQQLQJ�YDQ�UXLPWHJHEUXLN���6FKROWHQ�HW�DO�������� (HQ� FRPSOHHW� RYHU]LFKW� YDQ� GH� SXEOLFDWLHV� GLH� LQJDDQ� RS� GH� DFKWHUJURQG� HQWRHSDVVLQJ�YDQ�GH�5XLPWHVFDQQHU�LV�WH�YLQGHQ�LQ�%LMODJH����,Q�GLW�KRRIGVWXN�ZRUGW�NRUWLQJHJDDQ�RS�HQNHOH� UHFHQWH� WRHSDVVLQJHQ�YDQ�GH�5XLPWHVFDQQHU��'DDUELM�ZRUGW�YRRUDODDQGDFKW�EHVWHHG�DDQ�GH�ZLM]H�ZDDURS�KHW�LQVWUXPHQW�LV�LQJH]HW�
��� 9LMIGH�1RWD�RYHU�GH�5XLPWHOLMNH�2UGHQLQJ'H�5XLPWHVFDQQHU�LV�LQ�����������PHHUGHUH�PDOHQ�LQJH]HW�WLMGHQV�GH�YRRUEHUHLGLQJ�HQKHW�WRHWVHQ�YDQ�GH�9LMIGH�1RWD�RYHU�GH�5XLPWHOLMNH�2UGHQLQJ��9520�������
,Q� GH� HHUVWH� RQGHU]RHNVIDVH� WHQ� EHKRHYH� YDQ� KHW� HHUVWH� GHHO� YDQ� GH� 9LMIGH� 1RWD� LVRQGHU]RHN� JHGDDQ� QDDU� PRJHOLMNH� WRHNRPVWLJH� UXLPWHOLMNH� RQWZLNNHOLQJHQ�� 'H� 9ULMH8QLYHUVLWHLW� $PVWHUGDP� KHHIW� DDQ� GLW� RQGHU]RHN� ELMJHGUDJHQ� LQ� GH� YRUP� YDQ� HHQKLVWRULVFK�NZDQWLWDWLHYH�DQDO\VH�YDQ�GH� UXLPWHOLMNH�RQWZLNNHOLQJHQ� LQ�GH�ZRQLQJERXZ�:DJWHQGRQN�	�5LHWYHOG��������'H�5XLPWHVFDQQHU�LV�YHUYROJHQV�JHEUXLNW�RP�RS�EDVLVYDQ� GH� JHYRQGHQ� KLVWRULVFKH� WUHQGV� GH� WRHNRPVWLJH� ZRQLQJFODLPV� UXLPWHOLMN� WRH� WHZLM]HQ��]LH�*RHWJHOXN�HW�DO��������'H]H�WUHQGYROJHQGH�UHIHUHQWLHVFHQDULR
V�]LMQ�JHEUXLNWLQ� GH� H[�DQWH� WRHWV� YDQ� GH� 9LMIGH� 1RWD�� ]LH� ELMYRRUEHHOG� *HXUV� 	� 5LWVHPD� YDQ� (FN������� YRRU� GH� YHUZDFKWH�PRELOLWHLWVHIIHFWHQ�� 5LWVHPD� YDQ� (FN� ������� EHVFKULMIW� KRHPHW� EHKXOS� YDQ� 06�$FFHVV� EHUHLNEDDUKHLGVLQGLFDWRUHQ� NXQQHQ� ZRUGHQ� EHUHNHQG� RSEDVLV� YDQ� RQGHU� DQGHUH�5XLPWHVFDQQHU� VLPXODWLHV��'H� WUHQGYROJHQGH� VLPXODWLH� YDQ� GHUHIHUHQWLHYDULDQW�ZDV�GH�HHUVWH�WRHSDVVLQJ�YDQ�GH�5XLPWHVFDQQHU�ZDDUELM�QLHW�JHKHHO�YDQH[SHUW� MXGJHPHQW� ZHUG� XLWJHJDDQ� ELM� KHW� RSVWHOOHQ� YDQ� GH� DWWUDFWLYLWHLWHQNDDUWHQ�2SYDOOHQG�LV�YHUGHU�GDW�GH�5XLPWHVFDQQHU�DOOHHQ�JHEUXLNW�LV�YRRU�KHW�VLPXOHUHQ�YDQ�GHZRRQIXQFWLH��9RRU�GH� UXLPWHOLMNH�DOORFDWLH�YDQ�GH� IXQFWLH�ZHUNHQ� LV� JHEUXLNW�JHPDDNWYDQ� KHW�2SHUD�PRGHO�� 'DW�PRGHO� NDQ� WRW� RS� ��SRVLWLH� SRVWFRGHQLYHDX� XLWVSUDDN� GRHQRYHU�DDQWDOOHQ�DUEHLGVSODDWVHQ�YRRU����HFRQRPLVFKH�VHFWRUHQ��+HW�DDQWDO�DUEHLGVSODDWVHQZRUGW� GDQ� YHUYROJHQV� RPJHUHNHQG� LQ� HHQ� UXLPWHEHVODJ�� 'RRU� GH� DOORFDWLH� YRRU� GH]HUXLPWHJHEUXLNIXQFWLHV� JHVFKHLGHQ� XLW� WH� YRHUHQ� LV� JHHQ� JHEUXLN� JHPDDNW� YDQ� KHWLQWHJUHUHQGH�NDUDNWHU�YDQ�GH�5XLPWHVFDQQHU�
7LMGHQV�KHW�JHUHHGPDNHQ�YDQ�GH�9LMIGH�1RWD�3.%�GHHO���KHHIW�GH�PLQLVWHU�YDQ�9520DDQ�GH�SODQEXUHDXV�JHYUDDJG�GH�HFRQRPLVFKH��HFRORJLVFKH�HQ�VRFLDDO�FXOWXUHOH�HIIHFWHQYDQ�GH�1RWD�WH�WRHWVHQ��2P�KHW�PRJHOLMN�HIIHFW�YDQ�KHW�YRRUJHVWHOGH�UXLPWHOLMN�EHOHLG�WHNXQQHQ� EHRRUGHOHQ� KHHIW� KHW� 5,90� HHUVW� HHQ� WUHQGYDULDQW� RSJHVWHOG�� 'H� WUHQGYDULDQWODDW� ]LHQ� ZDDU� LQ� GH� SHULRGH� ���������� GH� YHUVWHGHOLMNLQJVGUXN� KHW� JURRWVW� LV�� 9RRUZHUNHQ� ZRUGW� XLWJHJDDQ� YDQ� HHQ� GRRUZHUNLQJ� YDQ� GH� KLVWRULVFKH� WUHQG� ������������9RRU� ZRQHQ� ]LMQ� GH� DFWXHOH� ZRRQZHQVHQ� EHSDOHQG� JHVWHOG�� GH� HQLJH� UXLPWHOLMNHEHSHUNLQJ�LV�GDW�HU�JHHQ�ZRQLQJHQ�LQ�GH�(+6�JHERXZG�PRJHQ�ZRUGHQ��0HW�KHW�FHQWUDDOVWHOOHQ� YDQ� GH� ZRRQZHQVHQ� ZLMNW� GH� WUHQGYDULDQW� DI� YDQ� GH� UHIHUHQWLHVFHQDULR
V� GLHHHUGHU� LQ� GH� H[�DQWH� WRHWV� ZDUHQ� JHEUXLNW�� 9RRU� HHQ� YHUGHUH� EHVFKULMYLQJ� YDQ� GHWUHQGYDULDQW�]LH��&URPPHQWXLQ�HW�DO��LQ�YRRUEHUHLGLQJ��
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'H� 5XLPWHVFDQQHU� LV� YHUYROJHQV� JHEUXLNW� RP� GH� UXLPWHOLMNH� YHUGHOLQJ� YDQ� GHZRRQIXQFWLH�WH�EHSDOHQ�LQ������HQ�������,Q�HHQ�ODWHU�VWDGLXP�LV�GH�5XLPWHVFDQQHU�RRNJHEUXLNW�RP�HHQ�LQWHJUDOH�UXLPWHJHEUXLNVNDDUW�VDPHQ�WH�VWHOOHQ��9RRU�GH�JURQGJHEUXLN�IXQFWLHV�EHERXZLQJ�HQ� QDWXXU� ]LMQ� KLHUYRRU� GH� DOORFDWLHUHVXOWDWHQ� XLW� DQGHUH�PRGHOOHQJHEUXLNW�� DOOHHQ� YRRU� GH� ODQGERXZIXQFWLHV� LV� KHW� DOORFDWLHPHFKDQLVPH� YDQ� GH5XLPWHVFDQQHU� ]HOI� JHEUXLNW�� ,Q� GH]H� EHQDGHULQJ� ZRUGHQ� DFKWHUHHQYROJHQV� GHNDDUWODJHQ� YRRU� EXLWHQODQG�� EHERXZLQJ�� LQIUDVWUXFWXXU�� ZDWHU�� RYHULJH� JURQGJHEUXLN�QDWXXU�HQ�ERRPJDDUGHQ�HHQ�YRRU�HHQ�ELM�HONDDU�RSJHWHOG��7HONHQV�DOV�KHW�DDQWDO�KHFWDUHQLQ�HHQ�JULGFHO�ERYHQ�KHW�PD[LPXP�����KHFWDUH��XLWNRPW��ZRUGW�KLHUYRRU�JHFRUULJHHUG�9HUYROJHQV�ZRUGW�YRRU�GH�ODQGERXZNODVVHQ�JODVWXLQERXZ��EROOHQ��DNNHUERXZ��PDwV�HQJUDVODQG� JHDOORFHHUG� LQ� GH� RYHUJHEOHYHQ� UXLPWH�� 2YHULJHQV� ]LMQ� KLHUYRRU� DJUDULVFKHFODLPWDEHOOHQ� XLW� KHW� '5$0�PRGHO� RS� JHPHHQWHQLYHDX� JHEUXLNW�� ZDW� LQKRXGW� GDW� GHDOORFDWLHYULMKHLG� YDQ� GH�5XLPWHVFDQQHU� ]HHU� JHULQJ�ZDV��'H]H� EHQDGHULQJ��ZDDUELM� GHPHHVW�YHHOHLVHQGH�JURQGJHEUXLNIXQFWLH�DOV�HHUVWH�RS�GH�NDDUW�ZRUGW�JH]HW�HQ�YHUYROJHQVGH�]DFKWHUH�FODLPV�ZRUGHQ�WRHJHZH]HQ��ZRUGW�ELM�5,90�RRN�ZHO�GH�YHUGULQJLQJVUHHNVJHQRHPG��+HW� XLWHLQGHOLMN� UHVXOWDDW� LV� HHQ� LQWHJUDOH� JURQGJHEUXLNNDDUW� GLH� HFKWHU� ZHOHHQ� ]HHU� KHWHURJHQH� HQ� PRHLOLMN� KHUOHLGEDUH� DFKWHUJURQG� KHHIW�� ,Q� GH]H� DDQSDN� LVZHGHURP� QLHW� WHQ� YROOH� JHEUXLN� JHPDDNW� YDQ� KHW� DOORFDWLHPHFKDQLVPH� YDQ� GH5XLPWHVFDQQHU��+HW�UHVXOWDDW�YDQ�GH�WRHWV�RS�GH�9LMIGH�1RWD�LV�WHUXJ�WH�OH]HQ�LQ�0LOLHX�HQ� 1DWXXUSODQEXUHDX� ������� HQ� *HXUV� 	� 5LWVHPD� YDQ� (FN� �������� (HQ� EHODQJULMNHFRQFOXVLH� YDQ� KHW� GRRUUHNHQHQ� YDQ� GH� WUHQGYDULDQW� ZDV� GDW� GH� QLHXZH� ZRRQ�� HQZHUNEHERXZLQJ� UXLP���� SURFHQW� YDQ� GH� ODQGVFKDSSHQ� ]RX� DDQWDVWHQ� GLH� LQ� GH�9LMIGH1RWD� DOV� ZDDUGHYRO� ZRUGHQ� EHVWHPSHOG�� 'H� EHVFKULMYLQJ� YDQ� GH� WRHSDVVLQJ� YDQ� GH5XLPWHVFDQQHU� LV� RQWOHHQG� DDQ� PRQGHOLQJ� FRQWDFW� PHW� 6FKRWWHQ� HQ� %RHUVPD�� LQWHUQ5,90�FXUVXVPDWHULDDO�HQ�%RUVERRP�HW�DO��������
��� 1DWXXU��HQ�0LOLHXYHUNHQQLQJHQ9RRU� GH� 1DWLRQDOH� 1DWXXUYHUNHQQLQJ� �� �5,90� ������ ]LMQ� YLHU� RPJHYLQJVVFHQDULR
VRQWZLNNHOG� RS� EDVLV� YDQ� HQNHOH� GRPLQDQWH� HFRQRPLVFKH� HQ� PDDWVFKDSSHOLMNH� WUHQGV�'H]H�PRJHOLMNH�WRHNRPVWVFHQDULR
V�]LMQ�YHUYROJHQV�XLWJHZHUNW�WRW�JURQGJHEUXLNNDDUWHQYRRU� KHW� MDDU� ������ 'H� 5XLPWHVFDQQHU� LV� JHEUXLNW� RP� GH� PRJHOLMNH� UXLPWHOLMNHRQWZLNNHOLQJHQ� LQ� GH� ODQGERXZ� ZHHU� WH� JHYHQ�� 'H� RYHULJH� UXLPWHJHEUXLNIXQFWLHV�ZRQHQ��ZHUNHQ�HQ�QDWXXU��]LMQ�JHVLPXOHHUG�PHW�GH�/HHI2PJHYLQJV9HUNHQQHU��=LH�1LMVHW�DO��������YRRU�HHQ�XLWJHEUHLGH�EHVFKULMYLQJ��+LHUPHH�LV�RSQLHXZ�YRRU�HHQ�K\EULGH�HQODVWLJ�KHUOHLGEDUH�UXLPWHJHEUXLNVLPXODWLH�JHNR]HQ�
,Q� RSGUDFKW� YDQ� $OWHUUD� LV� RS� EDVLV� YDQ� GH� 5XLPWHVFDQQHU� GH� QDWXXUSODQJHQHUDWRURQWZLNNHOG��0HW�GLW�LQVWUXPHQW�NXQQHQ�YHUVFKLOOHQGH�QDWXXUW\SHQ�UXLPWHOLMN�WRHJHZH]HQZRUGHQ�� 1LHXZ� WHQ� RS]LFKWH� YDQ� KHW� RRUVSURQNHOLMNH� DOORFDWLHPHFKDQLVPH� XLW� GH5XLPWHVFDQQHU� LV� KHW� ZHUNHQ� PHW� HHQ� PLQLPXPDUHDDO� YRRU� WRHZLM]LQJ� YDQ� HHQQDWXXUW\SH� SHU� FHO�� 'LW� YRRUNRPW� HHQ� VWHUNH� UXLPWHOLMNH� VSUHLGLQJ� ELM� DOORFDWLH�� GLHVDPHQKDQJW�PHW�GH�ZDDUVFKLMQOLMNKHLGVDDQSDN�LQ�GH�5XLPWHVFDQQHU��=LH�VHFWLH���� YRRUHHQ�QDGHUH�GLVFXVVLH�YDQ�GLW�IHQRPHHQ�
9RRU�GH�1DWLRQDOH�0LOLHXYHUNHQQLQJ������������5,90�HW�DO�������]LMQ�GH�UXLPWHOLMNHWRHNRPVWEHHOGHQ� JHEUXLNW� GLH� ]LMQ� JHEDVHHUG� RS� GH� UXLPWHOLMNH� SHUVSHFWLHYHQ� YRRU� GHLQULFKWLQJ�YDQ�1HGHUODQG�LQ�������]LH�6FKRWWHQ�HW�DO��������'H�DWWUDFWLYLWHLWHQNDDUWHQ�XLWODDWVWJHQRHPGH�VWXGLH�]LMQ� LQ�FRPELQDWLH�PHW�QLHXZH� UXLPWHOLMNH�FODLPV�JHEUXLNW�YRRUKHW� VLPXOHUHQ� YDQ� KHW� JURQGJHEUXLN� LQ� ������ 'H� PHW� EHKXOS� YDQ� GH� 5XLPWHVFDQQHUJHPDDNWH� NDDUWEHHOGHQ� GLHQGHQ� DOV� EDVLV� YRRU� KHW� EHRRUGHOHQ� YDQ� PLOLHX�� HQ
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QDWXXUHIIHFWHQ�� 'H]H� HHUVWH� 5XLPWHVFDQQHU� WRHSDVVLQJ� JHEUXLNWH� KHW� YROOHGLJHLQWHJUHUHQGH� YUDDJ� HQ� DDQERG� NDUDNWHU� YDQ� KHW� DOORFDWLHPHFKDQLVPH� HQ� ERRG� GHJHOHJHQKHLG� RP� LQ� UHODWLHI� NRUWH� WLMG� GH� YHUVFKLOOHQGH� WRHNRPVWEHHOGHQ� KHUOHLGEDDU� LQNDDUW� WH�EUHQJHQ��(HQ�KLHUPHH�VDPHQKDQJHQG�QDGHHO� LV� HFKWHU�GDW�GH� LQYXOOLQJ�YDQ�GHDWWUDFWLYLWHLWHQNDDUWHQ�JHKHHO�YRRU�UHNHQLQJ�NZDP�YDQ�GH�H[SHUWV�HQ�GDDUPHH�RSHQVWDDWYRRU�GLVFXVVLH�
��� 2QGHU]RHN1DDVW�GH�ERYHQJHQRHPGH�EHOHLGVWRHSDVVLQJHQ�LV�GH�DIJHORSHQ�SDDU�MDDU�RRN�RQGHU]RHNYHUULFKW�QDDU�GH�YHUGHUH�RQGHUERXZLQJ�HQ�XLWEUHLGLQJ�YDQ�GH�5XLPWHVFDQQHU�
,Q� ����� LV� HHQ� KLVWRULVFKH� DQDO\VH� JHPDDNW� YDQ� GH� UXLPWHOLMNH� YHUDQGHULQJHQ� YDQEHGULMIVWHUUHLQHQ�LQ�GH�SHULRGH������������:DJWHQGRQN�	�6FKRWWHQ��������$DQOHLGLQJYRRU� GLW� RQGHU]RHN� ZDV� KHW� WKHPD� UXLPWHOLMNH� RQWZLNNHOLQJHQ� LQ� 1HGHUODQG� LQ� GH0LOLHXEDODQV� ������ 'RHO� YDQ� KHW� RQGHU]RHN� ZDV� GH� KLVWRULVFKH� JURHL� YDQ� KHW� DUHDDOEHGULMIVWHUUHLQHQ� LQ� EHHOG� WH� EUHQJHQ� HQ� PLGGHOV� ORNDWLHIDFWRUHQ� WH� YHUNODUHQ�9HUYROJHQV� LV� RQGHU]RFKW� LQ� KRHYHUUH� GH]H� JHJHYHQV� LQ� GH� 5XLPWHVFDQQHU� JHEUXLNWNXQQHQ�ZRUGHQ�YRRU� WRHNRPVW�VLPXODWLHV��8LW� GH� DQDO\VHV� NZDP�GXLGHOLMN� QDDU� YRUHQGDW�LQ�KHW�RQGHU]RFKWH�GHFHQQLXP�KHW�UXLPWHJHEUXLN�YDQ�GH�VHFWRUHQ�LQGXVWULH�HQ�KDQGHOKHW�VWHUNVW�LV�WRHJHQRPHQ�URQG�GH�RS��HQ�DIULWWHQ�YDQ�VQHOZHJHQ�HQ�LQ�GH�DOV�VWDGVUDQGHQJHGHILQLHHUGH�]RQHV�
+HW�FRQFHSW�YDQ�GH�5XLPWHVFDQQHU�LV�RRN�LQ�(XURSHHV�YHUEDQG�WRHJHSDVW��]LH�6FKRWWHQHW�DO��������HQ�6WLOOZHOO�	�6FKROWHQ���������,Q�KHW��VLPXODWLRQ�RI�ODQG�FRYHU�G\QDPLFV��6,0,/25�� SURMHFW� ZHUNWHQ� 5,90�� *HRGDQ�� :DJHQLQJHQ� 8QLYHUVLW\� DQG� 5HVHDUFKFHQWUH� HQ� GH� 9ULMH� 8QLYHUVLWHLW� $PVWHUGDP� DDQ� KHW� VLPXOHUHQ� YDQ� WRHNRPVWLJJURQGJHEUXLN�RS�HHQ�(XURSHVH�VFKDDO��2S�EDVLV�YDQ�HHQ�KLVWRULVFKH�VDWHOOLHWEHHOGDQDO\VH]LMQ�XUEDQH�H[SDQVLHWUHQGV�EHSDDOG�YRRU�GULH�PHWURSROLWDQH�UHJLR
V�LQ�(XURSD��/LVVDERQ�3DULMV�HQ�GH�5DQGVWDG��'H]H�WUHQGV�]LMQ�JHFRUUHOHHUG�DDQ�GLYHUVH�UXLPWHOLMNH�YDULDEHOHQHQ�YHUYROJHQV�WRHJHSDVW�YRRU�KHW�VLPXOHUHQ�YDQ�WRHNRPVWLJ�JURQGJHEUXLN�
+HW� DIJHORSHQ� MDDU� KHHIW� GH� 9ULMH� 8QLYHUVLWHLW� $PVWHUGDP� RQGHU]RHN� JHGDDQ� QDDU� GHJURQGSULMVYRUPLQJ� LQ� GH� 5XLPWHVFDQQHU�� 7ZHH� HHUGHUH�� EHNQRSWH� VWXGLHV� QDDU� GLWRQGHUZHUS�]LMQ�UHFHQW�RSJHQRPHQ�LQ�6FKROWHQ�HW�DO���������5DQVLMQ�HQ�DQGHUHQ�QDPHQKHW� SUREOHHP� YDQ� KHW� XLWEOLMYHQ� YDQ� HYHQZLFKWVSULMVYRUPLQJ� RQGHU� GH� ORXSH�� $OV� KHWWRWDDO�DDQ�UXLPWHFODLPV�JURWHU�LV�GDQ�GH�EHVFKLNEDUH�KRHYHHOKHLG�UXLPWH�NRPW�KHW�PRGHOQLHW� WRW� HHQ� GHILQLWLHYH� DOORFDWLH� HQ� EOLMYHQ� GH� JURQGSULM]HQ� VWLMJHQ�� 'RRU� VRPPLJHFODLPV� DOV� PD[LPXP� WH� EHVFKRXZHQ� HQ� GDDUPHH� YRRU� GH]H� JURQGJHEUXLNW\SHQ� HHQODJHUH� WRHZLM]LQJ� WH� DFFHSWHUHQ�ZRUGW� GLW� SUREOHHP�YRRUNRPHQ��9RRUZDDUGH� YRRU� KHWJRHG� IXQFWLRQHUHQ� YDQ� KHW� YUDDJ�� HQ� DDQERG� PHFKDQLVPH� LV� QDPHOLMN� GDW� HHQHYHQZLFKWVFRQGLWLH� KDDOEDDU� PRHW� ]LMQ�� =LH� KLHUYRRU� YHUGHU� VHFWLH� ����� *RHWJHOXN� HQDQGHUHQ�YHUJHOHNHQ�GH�JURQGSULM]HQ�LQ�GH�5XLPWHVFDQQHU�PHW�GLH�YDQ�KHW�*URQGEDODQ�VHQ�PRGHO�YDQ�KHW�/(,��=LM�PLGGHOGHQ�GDDUWRH�GH�5XLPWHVFDQQHU�JURQGSULM]HQ�SHU�/(,�UHJLR� HQ� FRQVWDWHHUGHQ� YHUYROJHQV� GDW� 5XLPWHVFDQQHU� SULM]HQ� QDXZHOLMNV� UHJLRQDOHVSUHLGLQJ� YHUWRRQGHQ� HQ� GLHQWHQJHYROJH� VOHFKW� YHUJHOHNHQ� PHW� GH� *URQGEDODQVHQSULM]HQ��$OV�QDGHUH�XLWEUHLGLQJ�RS�GH]H�VWXGLH�KHEEHQ�.RRPHQ�HQ�%XXUPDQ��������GHGDDGZHUNHOLMNH� JURQGSULM]HQ� YHUJHOHNHQ� PHW� GH� WKHRUHWLVFKH� JURQGSULM]HQ� XLW� GH5XLPWHVFDQQHU��+LHUYRRU�LV�JHEUXLN�JHPDDNW�YDQ�GH�XLWJHEUHLGH�VHW�SHUFHHOVSULM]HQ�HQKHW� YHUNODUHQGH� PRGHO� YRRU� JURQGSULM]HQ� XLW� KHW� ORSHQGH� SURPRWLHRQGHU]RHN� YDQ%XXUPDQ�� %LM� GLW� EHNQRSWH� YHUJHOLMN� EOHHN� GH� JURWH� LQYORHG� YDQ� GH� DWWUDFWLYLWHLWHQ�
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NDDUWHQ� RS� GH� JURQGSULMVYRUPLQJ�� ]HHU� DDQWUHNNHOLMNH� ORNDWLHV� NULMJHQ� HHQ� KRJHJURQGSULMV�� 1DGHUH� VWXGLH� QDDU� HHQ� WKHRUHWLVFK� YHUDQWZRRUGH� RSERXZ� YDQ� GHDWWUDFWLYLWHLWHQNDDUWHQ� LV� GDQ� RRN� RS� ]LMQ� SODDWV�� 'H� UHVXOWDWHQ� YDQ� GLW� YHUJHOLMN� ]LMQJHSUHVHQWHHUG�RS�KHW�$*,/(�FRQJUHV������HQ�WHYHQV�DOV�%LMODJH�� ELM�GH]H�UDSSRUWDJHRSJHQRPHQ��(HQ�XLWJHEUHLGH�EHVFKULMYLQJ�YDQ�KHW�JURQGSULM]HQPRGHO� LV�RSJHQRPHQ� LQ%XXUPDQ�HW�DO��������
5,=$� KHHIW� HLQG� ����� HHQ� HHUVWH� YHUNHQQLQJ� ODWHQ� GRHQ� QDDU� GH� WRHSDVVLQJ� YDQ� GH5XLPWHVFDQQHU� YRRU� KDDU�'URRJWHVWXGLH�� ]LH�.RRPHQ�	�'HNNHUV� ��������0HW� EHKXOSYDQ� GH� UXLPWHFODLPV� XLW� GH� 1DWLRQDOH� 1DWXXUYHUNHQQLQJ� �� HQ� ]HOI� JHGHILQLHHUGHDWWUDFWLYLWHLWHQNDDUWHQ� NRQGHQ� UHODWLHI� VQHO� NDDUWEHHOGHQ� JHJHQHUHHUG� ZRUGHQ� YRRUHQNHOH�XLWHHQORSHQGH�VFHQDULR
V�LQ�GH�VWXGLH�QDDU�HHQ�PRJHOLMN� WRHNRPVWLJ�GURRJWHSUR�EOHHP�LQ�1HGHUODQG��'H�NHQQLV�HQ�HUYDULQJ�GLH�KLHUPHH�]LMQ�RSJHGDDQ��]LMQ�GHHOV�LQ�GLWUDSSRUW�YHUZHUNW�
��� 9HUVLH�RQWZLNNHOLQJ8LW� KHW� ERYHQVWDDQGH� EOLMNW� GDW� GH� 5XLPWHVFDQQHU� LQ� KHW� UHFHQWH� YHUOHGHQ� RS� ]HHUYHUVFKLOOHQGH�PDQLHUHQ�LV�LQJH]HW�ELM�EHOHLGVRQWZLNNHOLQJ��'DDUQDDVW�LV�GH�SURJUDPPD�WXXU� YDQ� GH� 5XLPWHVFDQQHU� VLQGV� KDDU� HHUVWH� WRHSDVVLQJHQ� LQ� ����� HQNHOH� PDOHQLQJULMSHQG�JHZLM]LJG��9DQDI�EHJLQ������LV�YHUVLH�����EHVFKLNEDDU�GLH�JHEUXLN�PDDNW�YDQGH�'DWD�0RGHO�6HUYHU��'06��VRIWZDUH�FRPSRQHQW��'06�LV�PHW�QDPH�EHGRHOG�YRRU�KHWEHKHUHQ�YDQ�GDWD��PRGHOOHQ��PRGHOUXQV��PRGHOUHVXOWDWHQ�HQ�VFHQDULR¶V��'H�FRPSRQHQW�LVYRRUDO�]LQYRO�LQ�RPJHYLQJHQ�ZDDU�PHW�UHODWLHI�JURWH�KRHYHHOKHGHQ�GDWD�HQ�EHUHNHQLQJHQZRUGW�JHZHUNW��'LW�LV�YDDN�KHW�JHYDO�LQ�EHVOLVVLQJV��HQ�EHOHLGVRQGHUVWHXQHQGH�V\VWHPHQ�'H� RS]HW�PDDNW� KHW�PRJHOLMN� RP�YLD� HHQ� ERRPVWUXFWXXU� GRRU� GH� HQRUPH�KRHYHHOKHLGEHVFKLNEDUH�JHRJUDILVFKH�GDWDVHWV�WH�EODGHUHQ�
6LQGV�GLW�MDDU�LV�RRN�HHQ�YHUVLH�YDQ�GH�5XLPWHVFDQQHU�EHVFKLNEDDU�YRRU�GH�QLHXZH�YHUVLH����YDQ�GH�'06�VRIWZDUH��'H]H�QLHXZH�YHUVLH�ZRUGW�YDDN�RPVFKUHYHQ�DOV�5XLPWHVFDQ�QHU� ���� HQ� KHHIW� DOV� EHODQJULMN� YRRUGHHO� GDW� KHW� UHNHQVFKHPD� LQ� HHQ� DSDUW� VFULSW� LVRSJHQRPHQ�� +LHUGRRU� LV� KHW� HHQYRXGLJHU� JHZRUGHQ� QD� WH� JDDQ� KRH� GH� DOORFDWLHGDDGZHUNHOLMN� SODDWVYLQGW� HQ� LV� KHW� EHWHU�PRJHOLMN� RP� ]HOI� NOHLQH� ZLM]LJLQJHQ� DDQ� WHEUHQJHQ��%LM�KHW�HHUVWH�JHEUXLN�YDQ�GH]H�YHUVLH�YLHOHQ�HQNHOH�RSOHYHUSUREOHPHQ�RS�GLHLQ� RYHUOHJ� PHW� GH� PDNHU� �0DDUWHQ� +LOIHULQN� YDQ� <86(� *62�2EMHFW� 9LVLRQ�� ]LMQRSJHORVW��,Q�%LMODJH�� LV�HHQ�RYHU]LFKW�RSJHQRPHQ�PHW�HQNHOH�JHFRQVWDWHHUGH�SUREOHPHQHQ�GH�ELMEHKRUHQGH�RSORVVLQJHQ��5,90�KHHIW� LQ�DXJXVWXV������HHQ�FRPSOHWH�HYDOXDWLHYDQ�YHUVLH����� DIJHURQG��2S�EDVLV� KLHUYDQ� LV� DDQ�<86(�*62�2EMHFW�9LVLRQ� RSGUDFKWYHUVWUHNW� RP� WRW� HHQ� DDQJHSDVWH� YHUVLH� ����PHW� ELMEHKRUHQGH� GRFXPHQWDWLH� WH� NRPHQ�/HYHULQJ�YDQ�GH]H�YHUVLH�LV�YRRU]LHQ�YRRU�RNWREHU�������'H]H�YHUVLH�]DO�JHEUXLN�PDNHQYDQ� HHQ� JHZLM]LJGH� XVHU� LQWHUIDFH� ZDDULQ� GH� *HROLE� FRPSRQHQW� YRRU� KHW� WRQHQ� YDQJHRJUDILVFKH� LQIRUPDWLH� LV� YHUYDQJHQ� GRRU� HHQ�0DS2EMHFWV� FRPSRQHQW�� 'LW� PRHW� KHWLPSRUWHUHQ� YDQ� QLHXZH� JHRJUDILVFKH� LQIRUPDWLH� PDNNHOLMNHU� PDNHQ�� $OV� HHUVWHWRHSDVVLQJ�ZLO�5,90�GH]H�YHUVLH�JDDQ�LQ]HWWHQ�YRRU�GH�1DWLRQDOH�0LOLHXYHUNHQQLQJ���
��� 7RHNRPVWSODQQHQ1DDVW� GH�5XLPWHVFDQQHU� EHVWDDW� DO� HQNHOH� MDUHQ� GH� /HHI2PJHYLQJV9HUNHQQHU� �/29��'LW�PRGHO�LV�RRN�JHVFKLNW�YRRU�KHW�VLPXOHUHQ�YDQ�WRHNRPVWLJ�UXLPWHJHEUXLN��=RZHO� LQJHEUXLNWH� EDVLVJHJHYHQV� DOV� LQ� PRGHORS]HW� YHUWRQHQ� GH� EHLGH� LQVWUXPHQWHQ� JURWHRYHUHHQNRPVWHQ�� +HW� JURRWVWH� YHUVFKLO� ]LW� LQ� KHW� JHEUXLNWH� DOORFDWLHPHFKDQLVPH�� 'H/29� KDQWHHUW� KHW� SULQFLSH� YDQ� GH� FHOOXODLUH� DXWRPDWD�� WHUZLMO� GH� 5XLPWHVFDQQHU� HHQ
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HFRQRPLVFKH�JHRULsQWHHUG�HYHQZLFKWVSULQFLSH�JHEUXLNW�RP�UXLPWHYUDDJ�HQ� �DDQERG�RSHONDDU�DI�WH�VWHPPHQ��+HW�5,90�KHHIW�HHQ�EHODQJULMNH�URO�JHVSHHOG�ELM�KHW�RQWZLNNHOHQYDQ�GH�EHLGH�PRGHOOHQ�HQ�LV�GLW�MDDU�JHVWDUW�PHW�HHQ�VWXGLH�QDDU�GH�PRJHOLMNKHLG�RP�]HWH� LQWHJUHUHQ�� 'H]H� LQWHJUDWLH� PRHW� RS� WHUPLMQ� OHLGHQ� WRW� HHQ� QLHXZH� WRROER[� YRRUODQGJHEUXLNPRGHOOHULQJ� GLH� GH� QDDP� /$QG� XVH� 02GHOOLQJ� 6\VWHP� �/8026�� KHHIWJHNUHJHQ��0DDUW������LV�HHQ�HHUVWH�GHILQLWLHVWXGLH�YHUVFKHQHQ��*HHUWPDQ�	�9HUVFKRRU������� +LHULQ� ZRUGW� GXLGHOLMN� GDW� GH� LQWHJUDWLH� YRRUDO� EHWUHNNLQJ� KHHIW� RS� GH� LQSXW�]RDOV� EDVLVJHJHYHQV��� RXWSXW� �ELMYRRUEHHOG� SUHVHQWDWLH��� EHKHHU� HQ� GH� JUDILVFKHXVHULQWHUIDFH��'H�DOORFDWLHPHFKDQLVPHQ�EOLMYHQ�LQ�SULQFLSH�RQJHZLM]LJG��0HW�HHQ�EUHGHJURHS�RQGHU]RHNHUV�HQ�EHOHLGVPDNHUV� LV�GLW�YRRUQHPHQ�LQ�MXQL������EHVSURNHQ�HQ�]LMQGH�YHUZDFKWLQJHQ� HQ�ZHQVHQ� WHQ� DDQ]LHQ� YDQ� GH� LQWHJUDWLH� JHwQYHQWDULVHHUG��2S� EDVLVKLHUYDQ�ZRUGW�QX�HHQ�GHILQLWLHI�YRRUVWHO�XLWJHZHUNW�
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� %DVLVJHJHYHQV'LW�KRRIGVWXN�JDDW�QDGHU�LQ�RS�GH�UXLPWHOLMNH�EDVLVJHJHYHQV�YDQ�GH�5XLPWHVFDQQHU��+HWLV�PHW� QDPH�JHULFKW� RS� GH�PHHVW� UHFHQWH� HQ� FRPSOHWH� VHW� EDVLVJHJHYHQV� ]RDOV� GLH� ELMYHUVLH� ���� YDQ� GH� 5XLPWHVFDQQHU� LV� PHHJHOHYHUG�� $OOHUHHUVW� ZRUGW� HHQ� RYHU]LFKWJHSUHVHQWHHUG� YDQ� GH]H� JHJHYHQV�� ,Q� HHUGHUH� SXEOLFDWLHV� �R�D�� 6FKRWWHQ� HW� DO�� ����� HQ6FKROWHQ�HW�DO��������LV�KLHU�VOHFKWV�EHNQRSW�DDQGDFKW�DDQ�JHJHYHQ��,QJHJDDQ�]DO�ZRUGHQRS� GH� KHUNRPVW� HQ� DFWXDOLWHLW� YDQ� GH� EDVLVEHVWDQGHQ�� 2YHULJHQV� ]LMQ� YRRU� EHSDDOGHWRHSDVVLQJHQ�� ]RDOV� ELMYRRUEHHOG� GH� 9LMIGH� 1RWD�VWXGLHV�� H[WUD� JHJHYHQV� DDQ� GH5XLPWHVFDQQHU� WRHJHYRHJG�� 'H]H� SURMHFW�VSHFLILHNH� JHJHYHQV� ]LMQ� HFKWHU� QRRLWDOJHPHHQ�YHUVSUHLG�HQ�GDDURP�RRN�QLHW�LQ�GLW�RYHU]LFKW�EHKDQGHOG�� ,Q�VHFWLH�����ZRUGWVSHFLDOH� DDQGDFKW� EHVWHHG� DDQ� KHW� KXLGLJ� JURQGJHEUXLN�� RPGDW� GLW� EHVWDQG� GH� EDVLVYRUPW�YRRU�DOOH�YHUGHUH�UXLPWHJHEUXLNVLPXODWLHV��9HUYROJHQV�ZRUGW�LQJHJDDQ�RS�HQNHOHQLHXZH�RQWZLNNHOLQJHQ�GLH�NXQQHQ�ELMGUDJHQ�DDQ�GH�DFWXDOLVDWLH�YDQ�GH�EDVLVJHJHYHQV�6HFWLH�����LQWURGXFHHUW�HHQ�QLHXZH�PRJHOLMNKHLG�RP�PLGGHOV�LQWHUQHW�GH�EDVLVJHJHYHQVYDQ�GH�5XLPWHVFDQQHU� WH�RQWVOXLWHQ��+HW�KRRIGVWXN�VOXLW�DI�PHW�HQNHOH�FRQFOXVLHV�RYHUGH�NZDOLWHLW�YDQ�GH�EDVLVJHJHYHQV�
��� 2YHU]LFKW�EDVLVJHJHYHQV,Q�GLW�RYHU]LFKW�]LMQ�DOOH�DI]RQGHUOLMNH�JHRJUDILVFKH�JHJHYHQVEHVWDQGHQ�RSJHQRPHQ�GLHJHEUXLNW�]LMQ�LQ�GH�5XLPWHVFDQQHU�YHUVLH������'H�OLMVW� LV�JHEDVHHUG�RS�ELMODJH���YDQ�GH1*6�SXEOLFDWLH� µ5XLPWHVFDQQHU¶� �6FKROWHQ� HW� DO� ������� HLJHQ� QD]RHNZHUN� HQ� YHUGHUHQDYUDDJ� ELM� .HHV� 6FKRWWHQ� HQ� :LGHNH� %RHUVPD� YDQ� KHW� 5,90�� 9RRU� ]RYHU� WHDFKWHUKDOHQ� ZDV�� LV� ELM� HON� EHVWDQG� KHW� MDDUWDO� RSJHQRPHQ� ZDDURS� GH� JHJHYHQVEHWUHNNLQJ� KHEEHQ�� 9HUGHU� LV� GH� KHUNRPVW� YHUPHOG�� :DDU� PRJHOLMN� EHWUHIW� GLW� GHRRUVSURQNHOLMNH�SURGXFHQW�YDQ�GH�JHJHYHQV��,Q�GH�RYHULJH�JHYDOOHQ�JDDW�KHW�RP�GHJHQHGLH� GH� GDWD� DDQOHYHUGH�� (HQ� GHHO� YDQ� GH� JHJHYHQV� LV� XLWJHEUHLG� EHVFKUHYHQ� LQ� GH*HELHGHQDWODV� �%HXJHOLQN� HW� DO�� ������ RI� GH� PHWDJHJHYHQVGDWDEDVHV� �6SDFHEDVH� RI*HREDVH��YDQ�KHW�5,90��$OV�GLW�KHW�JHYDO�LV��ZRUGW�GDDU�LQ�GH�WHNVW�QDDU�YHUZH]HQ��,QQLHW� DOOH� JHYDOOHQ�ZDV� KHW�PRJHOLMN� MDDUWDO� HQ� KHUNRPVW� WH� DFKWHUKDOHQ��ZDW� KHW� ODVWLJPDDNW�RP�XLWVSUDNHQ�RYHU�DFWXDOLWHLW�HQ�NZDOLWHLW�WH�GRHQ��%LM�WRHNRPVWLJH�WRHSDVVLQJHQYDQ� GH�5XLPWHVFDQQHU� LV� KHW� YDQ� EHODQJ� RP� WHUXJKRXGHQG�PHW� GH]H� JHJHYHQV� RP� WHJDDQ��%LM�YRRUNHXU�]RXGHQ�QLHXZH�JHJHYHQV�JHEUXLNW�PRHWHQ�ZRUGHQ�ZDDUYDQ�MDDUWDO�HQNZDOLWHLW�EHVFKUHYHQ�]LMQ�
9HUOHGHQx $DQWDO�LQZRQHUV�SHU����P�JULGFHO�����������������+HW�EHVWDQG�LV�GRRU�:LGHNH�%RHUVPD��WRHQ�ZHUN]DDP�ELM�*HRGDQ��LQ�RSGUDFKW�YDQ5,90�JHPDDNW��(HQ�QDGHUH�EHVFKULMYLQJ�YDQ�GH�WRWVWDQGNRPLQJ�LV�QLHW�JHYRQGHQ�x $DQWDO�ZRQLQJHQ�SHU����P�JULGFHO�����������������+HW�EHVWDQG�LV�GRRU�:LGHNH�%RHUVPD��WRHQ�ZHUN]DDP�ELM�*HRGDQ��LQ�RSGUDFKW�YDQ5,90�JHPDDNW��(HQ�QDGHUH�EHVFKULMYLQJ�YDQ�GH�WRWVWDQGNRPLQJ�LV�QLHW�JHYRQGHQ�x *UHQ]HQ�YHUVWHGHOLMNLQJ�����������������'H� JUHQ]HQ� YDQ� GH� YHUVWHGHOLMNLQJ� ]LMQ� GRRU� :LP� (YHUV� RS� KHW� 5,90� JHPDDNWXLWJDDQGH� YDQ� GH� ERGHPVWDWLVWLHN� ������ 0HW� EHKXOS� YDQ� ZRQLQJJHJHYHQV� �SHUZRQLQJ� LV�KHW�ERXZMDDU�EHNHQG��HQ�RQGHUVWHXQG�GRRU�HHQ�YLVXHOH� LQWHUSUHWDWLH�PHWWRSRJUDILVFKH�NDDUWHQ�KHHIW�KLM�GH�YHUVWHGHOLMNLQJVJUHQ]HQ�YDVWJHVWHOG�YRRU�GH�MDUHQ�����HQ�������'H�EHVWDQGHQ�PHW�YHUVWHGHOLMNLQJVJUHQ]HQ�VWDDQ�LQ�6SDFHEDVH�
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+XLGLJ�JURQGJHEUXLN'H�EDVLVNDDUW�YRRU�KHW�KXLGLJ�JURQGJHEUXLN�LQ�GH�5XLPWHVFDQQHU�EHYDW����YHUVFKLOOHQGHJURQGJHEUXLNW\SHQ� HQ� LV� JHEDVHHUG� RS� HHQ� FRPELQDWLH� YDQ� GH� RQGHUVWDDQGH� WZHHEDVLVEHVWDQGHQ��0HHU�LQIRUPDWLH�RYHU�KHW�VDPHQYRHJHQ�YDQ�GH]H�EHLGH�EHVWDQGHQ�YROJWLQ�VHFWLH�����x &%6�ERGHPVWDWLVWLHN�������HQ������'LW�EHNHQGH�EDVLVEHVWDQG�YDQ�KHW�&HQWUDDO�%XUHDX�YRRU�GH�6WDWLVWLHN�LV�RQGHU�PHHUEHVFKUHYHQ�LQ�&%6��������x /DQGHOLMN�*URQGJHEUXLNEHVWDQG�1HGHUODQG��/*1�������HQ�/*1�SOXV������+HW� /*1�ZRUGW� JHSURGXFHHUG� GRRU� KHW�&HQWUXP� YRRU�*HR�LQIRUPDWLH� YDQ�$OWHUUD�:DJHQLQJHQ� 8QLYHUVLW\� DQG� 5HVHDUFK� FHQWUH��� PHHU� LQIRUPDWLH� LV� RQGHU� PHHU� WHYRQGHQ�RS��]LH�ZZZ�OJQ�QO�
$ELRWLVFKH�VLWXDWLHx %RGHPVRRUWHQ'LW� EHVWDQG� EHYDW� HHQ� KRRIGLQGHOLQJ� YDQ� ERGHPVRRUWHQ� LQ� �� JOREDOH� W\SHQ� HQ� LVYHUGHU�EHVFKUHYHQ�LQ�*HREDVH�x *URQGZDWHUWUDSSHQ'H�JURQGZDWHUWUDSSHQ�EHVFKULMYHQ�FRPELQDWLHV�YDQ�KRRJVWH�HQ�ODDJVWH�JURQGZDWHU�VWDQGHQ��0HHU�LQIRUPDWLH�RYHU�KHW�EHVWDQG�LV�RSJHQRPHQ�LQ�*HREDVH�x %RGHPI\VLVFKH�HHQKHGHQ'LW�EHVWDQG�EHYDW�HHQ�JHGHWDLOOHHUGH�EHVFKULMYLQJ�����W\SHQ��YDQ�GH�ERGHPRSERXZHQ� LV� DINRPVWLJ� YDQ� 5,=$�� +HW� LV� RQGHU� PHHU� JHEUXLNW� YRRU� KHW� PDNHQ� YDQ� GHRSEUHQJVWGHUYLQJVNDDUWHQ�x /DQGVFKDSVW\SHQ�������'H]H�EDVLVNDDUW�EHVFKULMIW�KHW�1HGHUODQGVH�ODQGVFKDS�LQ���KRRIGW\SHQ�HQ�LV�DINRP�VWLJ�XLW�GH�1RWD�/DQGVFKDS��1DGHU�EHVFKUHYHQ�LQ�*HREDVH�HQ�GH�*HELHGHQDWODV������x $ELRWLVFKH�NDQVULMNGRP�1DWXXU'H]H� NDDUW� LV� DINRPVWLJ� YDQ� +DQV� )DUMRQ� �$OWHUUD�� HQ� JHHIW� SHU� NLORPHWHUKRN� RSEDVLV� YDQ� GH� DELRWLVFKH� VLWXDWLH� ZHHU� ZHONH� YDQ� �� YHUVFKLOOHQGH� QDWXXUW\SHQ� WHUSOHNNH�KHW�NDQVULMNVW�LV�x 2SEUHQJVWGHUYLQJVNDDUWHQ'H]H� NDDUWHQ� JHYHQ� DDQ� LQ� KRHYHUUH� HHQ� ORNDWLH� JHVFKLNW� LV� YRRU� GH� WHHOW� YDQ� GHRQGHUVWDDQGH����JHZDVW\SHQ��*UDV��0DwV��$DUGDSSHOHQ��%LHWHQ��*UDQHQ��%ORHPERO�OHQ��3LW��	� VWHHQIUXLW�� /DDQERPHQ��2YHULJH�ERRPWHHOW��$DUGEHLHQ�	�EHVVHQ��%ODG�JURHQWHQ�	� ERVSHHQ�� 3UHL�	� VSUXLWHQ�	� EORHPNRRO�� (UZWHQ�	� ERQHQ�	� NRRO�� 'HNDDUWHQ�]LMQ�JHPDDNW�RS�EDVLV�YDQ�ERGHPI\VLVFKH�HHQKHGHQ��JURQGZDWHUWUDSSHQNDDUWHQ� GH� %RGHPJHVFKLNWKHLGVWDEHOOHQ� YRRU� ODQGERXZNXQGLJH� YRUPHQ� YDQ� ERGHPJH�EUXLN��(HQ�RSEUHQJVWGHUYLQJ�YDQ�����SURFHQW�JHHIW�DDQ�GDW�WHHOW�RQPRJHOLMN�LV��(HQRSEUHQJVWGHUYLQJ�YDQ���SURFHQW�JHHIW�DDQ�GDW�GH�RPVWDQGLJKHGHQ�RSWLPDDO�]LMQ�
,QIUDVWUXFWXXU,Q� HQNHOH� EHVWDQGHQ� LV� LQIRUPDWLH� RSJHQRPHQ� RYHU� GH� 1HGHUODQGVH� LQIUDVWUXFWXXU�2SQDPH�YDQ�OLMQYRUPLJH�LQIUDVWUXFWXXU�LQ�HHQ�*5,'�RPJHYLQJ�LV�HFKWHU�QRRLW�RSWLPDDO�:HJHQ� ]LMQ� VRPV� QLHW� EUHGHU� GDQ� ��� PHWHU�� PDDU� PRHWHQ� WRFK� LQ� HHQ� JULGFHO� YDQ���[����PHWHU�ZRUGHQ�RSJHQRPHQ��0HHVWDO� NULMJW� HHQ� JULGFHO� GDQ� LQ� ]LMQ� JHKHHO� HHQFRGHULQJ�GLH�DDQJHHIW�RI�HU�ZHO�RI�JHHQ� LQIUDVWUXFWXXU� DDQZH]LJ� LV��'DW�NDQ� OHLGHQ� WRWHHQ�HQRUPH�RYHUVFKDWWLQJ�YDQ�KHW�ZHJHQRSSHUYODN��2I�DQGHUVRP�YDOW�VRPV� LQIRUPDWLHZHJ��]RDOV�ELM�KRRIGWUDQVSRUWDVVHQ�JHEHXUG�LV�
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x +RRIGWUDQVSRUWDVVHQ+HW�EHVWDQG�PHW�GH�+RRIGWUDQVSRUWDVVHQ��+7$
V�� LV�DINRPVWLJ�YDQ�GH�53'��+HW� LVYHU]DPHOG�YRRU�KHW�PDNHQ�YDQ�GH�VLPXODWLHV�YDQ�GH�UXLPWHOLMNH�SHUVSHFWLHYHQ�����HQ� GDWHHUW� GXV� ]HNHU� YDQ� YRRU� ������ 'LW� EHVWDQG� KDQWHHUW� RYHULJHQV� HHQ� EUHGHUHGHILQLWLH�YDQ�+RRIGWUDQVSRUWDVVHQ�GDQ�ELMYRRUEHHOG�LV�RSJHQRPHQ�LQ�GH�9LHUGH�1RWD5XLPWHOLMNH� 2UGHQLQJ�� 'H� LQKRXG� NRPW� PHHU� RYHUHHQ� PHW� KHW� 1HGHUODQGVH� DXWR�VQHOZHJHQQHW�� 1DGHUH� EHVWXGHULQJ� OHHUW� YHUGHU� GDW� GH� +RRIGWUDQVSRUWDVVHQ� QLHWJHKHHO� DDQHHQJHVORWHQ� ]LMQ�RSJHQRPHQ��:DDUVFKLMQOLMN� LV� ELM� GH� FRQYHUVLH� YDQ� KHWRRUVSURQNHOLMNH�OLMQHQ�EHVWDQG�QDDU�HHQ�*5,'�HHQ�GHHO�YDQ�GH� LQIRUPDWLH�YHUORUHQJHJDDQ��]LH�)LJXXU�����x $XWRZHJHQ,Q�GLW�EHVWDQG� LV�HHQ�EHKRRUOLMN�GLFKW�QHW�YDQ� UHJLRQDOH�ZHJHQ�RSJHQRPHQ��2YHUL�JHQV�RQWEUHNHQ�KLHULQ�GH� DXWRVQHOZHJHQ�� ]LH�)LJXXU������+HW�EHVWDQG� LV� DINRPVWLJYDQ�GH�53'��]LH�ERYHQ�

)LJXXU���� +RRIGWUDQVSRUWDVVHQ�HQ�DXWRZHJHQ�LQ�GH�5XLPWHVFDQQHU��XLWVQHGH�]XLGHOLMNH�5DQGVWDG�x 2S��HQ�DIULWWHQ$INRPVWLJ�YDQ�GH�53'��]LH�ERYHQ�x 9HHUGLHQVWHQ$INRPVWLJ�YDQ�GH�53'��]LH�ERYHQ�x 6SRRUZHJHQ��ZDDUVFKLMQOLMN������'LW�VSRRUZHJHQQHW�LV�DINRPVWLJ�YDQ�*HRGDQ�HQ�NRPW�JRHG�RYHUHHQ�PHW�KHW�KXLGLJHVSRRUZHJQHW�� ,Q� KHW� YHUOHGHQ� LV� UHJHOPDWLJ� JHZHUNW� PHW� EHVWDQGHQ� GLH� VWHUNHUDIZHNHQ�YDQ�GH�ZHUNHOLMNH�VLWXDWLH��=HOIV� LQ�*RHWJHOXN�HW�DO�� �������LV�EOLMNHQV�KHWNDDUWPDWHULDDO�QRJ�JHZHUNW�PHW�UHHGV�ODQJ�LQ�RQEUXLN�JHUDDNWH�VSRRUWUDFpV�x 7UHLQVWDWLRQV���16�VWDWLRQV��ZDDUVFKLMQOLMN������$INRPVWLJ�YDQ�*HRGDQ
5HJLR�LQGHOLQJHQx *HPHHQWHQ%HVWDQG�PHW�JHPHHQWHJUHQ]HQ��KHUNRPVW�HQ�MDDUWDO�RQEHNHQG�x 3URYLQFLHV%HVWDQG�PHW�SURYLQFLHJUHQ]HQ��KHUNRPVW�HQ�MDDUWDO�RQEHNHQG�
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x &RURSJHELHGHQ'LW�]LMQ�HFRQRPLVFK�VWDWLVWLVFKH�UHJLR
V�GLH�ELMYRRUEHHOG�GRRU�KHW�&%6�YHHO�JHEUXLNWZRUGHQ�� 'H� EDVLV� YRRU� GH]H� LQGHOLQJ� ]LMQ� GH� JHPHHQWHJUHQ]HQ�� 'H� KHUNRPVW� HQMDDUWDO�YDQ�KHW�EHVWDQG�]LMQ�RQEHNHQG�x %21�JHELHGHQ��������'H�%21�JHELHGHQ�EHWUHIIHQ���EHVWXXUOLMNH�VDPHQZHUNLQJVUHJLR
V��'H]H�]LMQ�VDPHQ�JHVWHOG�XLW�GH�GHHOQHPHQGH�JHPHHQWHQ��'H�EHJUHQ]LQJ�ZLM]LJW�GDQ�RRN�PHW�YHUDQGH�UHQGH�JHPHHQWHJUHQ]HQ��+HW�EHVWDQG�FRPELQHHUW�GH�%21�JHELHGHQ�PHW�GH�UHVWHUHQ�GH�GHOHQ�YDQ�GH�SURYLQFLHV�LQ�ppQ�JHJHYHQVODDJ��9HUGHUH�LQIRUPDWLH�LV�WH�YLQGHQ�LQ*HREDVH�HQ�GH�*HELHGHQDWODV������x :HUNUHJLR
V'LW�EHVWDQG�EHVFKULMIW�1HGHUODQG�LQ���GHOHQ�HQ�ZRUGW�JHEUXLNW�ELM�KHW�DOORFHUHQ�YDQUXLPWHFODLPV�YRRU�EHGULMIVKXLVYHVWLQJ�x /DQGERXZ�HFRQRPLVFKH�UHJLR
V'H]H�LQGHOLQJ�LQ����HQ����UHJLR¶V�LV�DINRPVWLJ�YDQ�KHW�/(,�HQ�ZRUGW�JHEUXLNW�ELM�KHWEHVFKULMYHQ�HQ�DOORFHUHQ�YDQ�UXLPWHOLMNH�DJUDULVFKH�RQWZLNNHOLQJHQ�x '5$0��'H� UHJLR�LQGHOLQJ� YDQ� KHW� 'XWFK� 5HJLRQDO� $JULFXOWXUDO� 0RGHO� �'5$0�� LV� RRNRSJHQRPHQ�LQ�GH�5XLPWHVFDQQHU��0RJHOLMN�DINRPVWLJ�YDQ�KHW�/(,�
'H�JHPHHQWHNDDUWHQ�VSHOHQ�GLUHFW�RI� LQGLUHFW�HHQ�EHODQJULMNH� URO�ELM�KHW� WRHZLM]HQ�YDQUXLPWHOLMNH�FODLPV��:RQLQJFODLPV��PDDU�VRPV�RRN�EHGULMIVORNDWLH��RI�DJUDULVFKH�FODLPVZRUGHQ�DDQJHOHYHUG�RS�JHPHHQWHOLMN�RI�GDDUYDQ�DIJHOHLG�QLYHDX��ELMYRRUEHHOG�&2523��9RRU� FRUUHFWH� DOORFDWLH� ]LMQ� GH� JHPHHQWHJUHQ]HQ� XLW� KHW]HOIGH� MDDU� QRGLJ�� 'RRUJUHQVZLM]LJLQJHQ� HQ� EHVWXXUOLMNH� KHULQGHOLQJHQ� NXQQHQ� YDQ� MDDU� WRW� MDDU� QDPHOLMNYHUVFKLOOHQ� RSWUHGHQ�� 9HHO� YDQ� ERYHQVWDDQGH� EHVWXXUOLMNH� LQGHOLQJHQ�PRHWHQ� GDQ� RRNHLJHQOLMN�SHU�MDDU�JHDFWXDOLVHHUG�ZRUGHQ�
5XLPWHOLMN�RUGHQLQJVEHOHLGx 7ZHHGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�������,Q� YLHU� ORVVH� EHVWDQGHQ� �6WHGHQ�� 3DUNHQ�� 6SRRUZHJHQ� HQ� $XWRZHJHQ�� ]LMQ� HQNHOHSODQQHQ�XLW�GH�WZHHGH�QRWD�YRRU�GH�5XLPWHOLMNH�RUGHQLQJ�ZHHUJHYHQ��'H]H�]LMQ�RSEDVLV�YDQ�GH RRUVSURQNHOLMNH�QRWD�JHGLJLWDOLVHHUG�GRRU�0DWWKLMV�5DQVLMQ�YDQ�GH�9ULMH8QLYHUVLWHLW�$PVWHUGDP��2YHULJHQV�LV�YRRU�GH�VWHGHQ�DOOHHQ�GH�EHERXZLQJVNHUQ�DOVppQ� HQNHOH� JULGFHO� RSJHQRPHQ�� KHWJHHQ� UXLPWHOLMNH� DQDO\VHV� PHW� GLW� EHVWDQG� EH�PRHLOLMNW�x 9LHUGH�1RWD�5XLPWHOLMNH�2UGHQLQJ�([WUD�������9DQ� GH� 9LHUGH� 1RWD� 5XLPWHOLMNH� 2UGHQLQJ� ([WUD� �9,1(;�� ]LMQ� HQNHOH� UHOHYDQWHEHOHLGVJHELHGHQ� LQ� DSDUWH� EHVWDQGHQ� RSJHQRPHQ�� :RRQORNDWLHV�� :HUNORNDWLHV�.RHUVHQ��%XIIHU]RQHV�HQ�5HVWULFWLHI�EHOHLGVJHELHGHQ��1DWLRQDDO�HQ�SURYLQFLDDO���'HEHVWDQGHQ� ]LMQ� DDQJHOHYHUG� GRRU� GH� 53'�� 'H� GULH� ODDWVWJHQRHPGH� EHVWDQGHQ� ]LMQEHVFKUHYHQ�LQ�GH�JHELHGHQDWODV������'H�ZRRQ�� HQ�ZHUNORNDWLHV� ]LMQ�YHURXGHUG� HQ�ZHUGHQ� WRW� HQ�PHW�YHUVLH����� YDQ� GH5XLPWHVFDQQHU�JHEUXLNW��9DQDI�YHUVLH����� LV� LQ�SODDWV�KLHUYDQ�GH�%DODQVNDDUW�����JHNRPHQ�� QX� ]RX� KHW� EHVWDQG�1HGHUODQG� LQ� 3ODQQHQ� JHEUXLNW� NXQQHQ�ZRUGHQ�� 'HNRHUVHQ�EHWUHIIHQ�HHQ�LQGHOLQJ�YDQ�KHW�ODQGHOLMN�JHELHG�LQ�GH�HHQ�JHZHQVWH�RQWZLN�NHOLQJVULFKWLQJ�YDQ�KHW�SODWWHODQG�DDQJHYHQ��EY�JURHQH�NRHUV� LV� SODWWHODQGVRQWZLN�NHOLQJ��'H]H�LQGHOLQJ�LV�QRRLW�JRHG�DDQJHVODJHQ�HQ�GDDURP�RRN�QLHW�JHEUXLNW� LQ�GH5XLPWHVFDQQHU�
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x ,&(6�ZHUNNDDUW:HUNNDDUWHQ� WHQ� EHKRHYH� YDQ� GH� ,QWHUGHSDUWHPHQWDOH� &RPPLVVLH� (FRQRPLVFKH6WUXFWXXUYHUVWHUNLQJ��,&(6��GLVFXVVLHV��,Q�YHUVFKLOOHQGH�EHVWDQGHQ�]LMQ�GH�YROJHQGHJHELHGHQ� EHVFKLNEDDU�� $FKWHUVWDQGVEXXUWHQ�� +DYHQWHUUHLQHQ� 9(50�� &RUULGRUVYDUNHQVJHELHG�� 1DWWH� QDWXXU�� *URHQH� +DUW�� ,QIUDVWUXFWXXU�NDQDOHQ�� +RRJZDDUGLJRSHQEDDU�YHUYRHU��1LHXZH�ZHJHQ��:HJUHFRQVWUXFWLHV��1LHXZH�VSRRUZHJHQ��*URHQHDGHUV�:HVWODQG��6OHXWHOSURMHFWHQ�JURWH�VWHGHQ�HQ�+DYHQRQWZLNNHOLQJ�	�VOXL]HQ��+HWLV� RQGXLGHOLMN� ZLH� GH]H� EHVWDQGHQ� KHHIW� DDQJHOHYHUG� HQ� LQ� KRHYHUUH� ]H� RRLW� YRRU5XLPWHVFDQQHU�VLPXODWLHV�]LMQ�JHEUXLNW�x %DODQVNDDUW�����'LW�LV�HHQ�XLWJHEUHLG�EHVWDQG�PHW�LQIRUPDWLH�RYHU�UXLPWHOLMNH�SODQQHQ��ZDDUVFKLMQOLMNDINRPVWLJ� YDQ� GH� 53'�� 9RRU� GH� ZHUNEDDUKHLG� LV� KHW� RRUVSURQNHOLMNH� EHVWDQGRSJHVSOLWVW� LQ� DSDUWH� JHRJUDILVFKH� EHVWDQGHQ� YRRU� GH� RQGHUVWDDQGH� FDWHJRULHsQ�:RQLQJERXZORNDWLHV�� %HGULMIVORNDWLHV�� =RHNUXLPWH� YRRU� ZRQHQ�� =RHNUXLPWH� YRRUZHUNHQ�� /XFKWKDYHQV�� *ODVWXLQERXZORNDWLHV�� *URHQSURMHFWHQ�� 1LHXZH� NDQDOHQ�9HUEUHGLQJHQ�EHVWDDQGH�VSRRU��1LHXZH�VSRRUOLMQHQ��1RRUGHOLMNH�WUDFp�+6/��2RVWH�OLMNH�WUDFp�+6/��%HWXZH�VSRRUOLMQ��9HUEUHGLQJHQ�EHVWDDQGH�ZHJHQ��1LHXZH�ZHJHQ�9RRU� WRHNRPVWLJH� 5XLPWHVFDQQHU�WRHSDVVLQJHQ� LV� KHW� 53'�EHVWDQG� 1HGHUODQG� LQSODQQHQ�������RI�UHFHQWHU��EHWHU�JHVFKLNW�x 3ODQQHQ�����'LW�EHVWDQG�EHYDW�LQ�WZHH�JHVFKHLGHQ�ODJHQ�PRJHOLMNH�:RQLQJERXZ��HQ�%HGULMIVOR�NDWLHV�� +HW� LV� DOV� ZHUNNDDUW� RSJHVWHOG� GRRU� GH� LQVSHFWHXUV� 52� YDQ� GH� 53'� DOVYRRUEHUHLGLQJ�RS�GH�QRWD�SHUVSHFWLHYHQ�������=H�KLHOGHQ�GDDUELM�GH�9,1(;�VSHOUH�JHOV�LQ�KHW�DFKWHUKRRIG��+HW�LV�JHHQ�RIILFLHHO�YDVWJHVWHOGH�EHOHLGVNDDUW�HQ�KHHIW�GDQRRN�JHHQ�VWDWXV��'H�NDDUW�LV�RQGHUWXVVHQ�DFKWHUKDDOG��PDDU�RPGDW�LQ�GH�5XLPWHVFDQ�QHU�YHUVLH�����PHW�GH�5XLPWHOLMNH�3HUVSHFWLHYHQ������JHZHUNW�ZRUGW��ZDV�KHW�RS�GDWPRPHQW�ZHO�YDQ�EHODQJ�x 1LHXZH�NDDUW�YDQ�1HGHUODQG�����'LW�EHVWDQG�LV�LQ������GRRU�HHQ�DSDUWH�VWLFKWLQJ�VDPHQJHVWHOG�HQ�EHYDW�GH�UXLPWHOLM�NH�SODQQHQ�YDQ�JHPHHQWHQ��SURYLQFLHV�HQ�PLQLVWHULHV�GLH�EHWUHNNLQJ�KHEEHQ�RS�KHWMDDU� ������ 0HHU� LQIRUPDWLH� LV� WH� YLQGHQ� RS� ]LH� KWWS���ZZZ�QLHXZHNDDUW�QO��� +HWEHVWDQG�LV�WHYHQV�LQ�*HREDVH�EHVFKUHYHQ�� ,Q�DSDUWH� ODJHQ�]LMQ� LQ�GH�5XLPWHVFDQQHUGH�SODQQHQ�RSJHQRPHQ�RS�KHW�JHELHG�YDQ��,QIUDVWUXFWXXU��:RQHQ��:HUNHQ��+RRIG�RQWVOXLWLQJ�� :DWHU�� 5HFUHDWLH�� 1DWXXU�� /DQGERXZ�� 2YHULJ� VWHGHOLMN�� 3URGXFWLHERV�=DQGZLQJHELHGHQ��'LW� LV� RYHULJHQV� QLHW� GH� FRPSOHWH� LQKRXG� YDQ� GH� QLHXZH� NDDUW�9HUVFKLOOHQGH� RRUVSURQNHOLMNH� NDDUWODJHQ�� DWWULEXXWJHJHYHQV� HQ� GLYHUVH� UXLPWHOLMNHGHWDLOV�RQWEUHNHQ�LQ�GH�5XLPWHVFDQQHU�
1DWXXU��HQ�ODQGVFKDSVEHOHLGx (FRORJLVFKH�KRRIGVWUXFWXXU�������'H�HFRORJLVFKH�KRRIGVWUXFWXXU��(+6��LV�HHQ�EHODQJULMN�EDVLVEHVWDQG�YRRU�UXLPWHOLM�NH� DOORFDWLH�� +HW� RRUVSURQNHOLMNH� EHVWDQG� LV� JHEDVHHUG� RS� KHW� 6WUXFWXXUVFKHPD*URHQH� 5XLPWH� HQ� DDQJHOHYHUG� GRRU� KHW� ,.&� 1DWXXUEHKHHU�� 0HHU� LQIRUPDWLHKLHURYHU�LV�WH�YLQGHQ�LQ�*HREDVH�HQ�GH�*HELHGHQDWODV�������'H�YHUVLH�LQ�GH�5XLP�WHVFDQQHU� PDDNW� LQ� WHJHQVWHOOLQJ� WRW� KHW� RRUVSURQNHOLMNH� EHVWDQG� RYHULJHQV� JHHQRQGHUVFKHLG�QDDU�NHUQ��RI�RQWZLNNHOLQJVJHELHGHQ��QRFK�QDDU�ODQG�RI�ZDWHU��2RN�GHYHUELQGLQJV]RQHV� RQWEUHNHQ�� 1DDVW� GH]H� JURYH�� EUXWR� (+6� EHVWDDQ� RRN� QDGHUXLWJHZHUNWH� SURYLQFLDOH� LQYXOOLQJHQ��'H� ]RJHKHWHQ� SURYLQFLDOH� (+6� LV� YDDN� JHGH�WDLOOHHUGHU�HQ�LQ�LHGHU�JHYDO�DFWXHOHU��'H�SURYLQFLDOH�LQYXOOLQJ�NRPW�IHLWHOLMN�LQ�SODDWVYDQ� GH� RRUVSURQNHOLMNH� ODQGHOLMNH�(+6� HQ� YHUGLHQW� GDDURP� HLJHQOLMN� GH� YRRUNHXU�
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(HQ� SUREOHHP� LV� HFKWHU� ZHO� GDW� GH� SURYLQFLHV� VRPV� RS� KHHO� YHUVFKLOOHQGH�PDQLHULQYXOOLQJ� KHEEHQ� JHJHYHQ� DDQ� GH� (+6� HQ� GDW� HU� JHHQ� ODQGHOLMN� RYHU]LFKW� YDQ� KHWXLWHLQGHOLMNH�UHVXOWDDW�EHVWDDW�x 1DWLRQDOH�SDUNHQ��YRRU������'LW� EHVWDQG� EHYDW� GH� JUHQ]HQ� YDQ� EHVWDDQGH�� SRWHQWLsOH� HQ� LQ� RSULFKWLQJ� ]LMQGH1DWLRQDOH�SDUNHQ��/HYHUDQFLHU�53'��=LH�YHUGHU�*HREDVH�HQ�GH�*HELHGHQDWODV������2YHULJHQV� ZDV� GLW� EHVWDQG� YROJHQV� GH� JHELHGHQDWODV� LQ� ����� DO� YHURXGHUG� WHQRS]LFKW�YDQ�KHW�WRHQ�JHOGHQGH�6WUXFWXXUVFKHPD�*URHQH�5XLPWH�x :DDUGHYROOH�FXOWXXUODQGVFKDSSHQ�������,Q� GLW� EHVWDQG� ]LMQ� HQNHOH� UHJLR
V� RSJHQRPHQ�PHW� XLW]RQGHUOLMNH� QDWXXU�� HQ� ODQG�VFKDSVZDDUGHQZDDUGHQ� GLH� WHYHQV� DDQWUHNNHOLMN� ]LMQ� YRRU� UHFUHDWLH�� ODQG�� HQ� ERV�ERXZ��2RUVSURQNHOLMN�RSJHQRPHQ�LQ�KHW�6WUXFWXXUVFKHPD�*URHQH�5XLPWH��/HYHUDQ�FLHU�53'��%HVFKUHYHQ�LQ�*HREDVH�HQ�GH�*HELHGHQDWODV������x 5HFUHDWLHI�WRHULVWLVFKH�JHELHGHQ�������2RUVSURQNHOLMN� RSJHQRPHQ� LQ� KHW� 6WUXFWXXUVFKHPD� *URHQH� 5XLPWH�� /HYHUDQFLHU53'��%HVFKUHYHQ�LQ�*HREDVH�HQ�GH�*HELHGHQDWODV������x 1DWLRQDDO�ODQGVFKDSVSDWURRQ�������%HYDW� GH� WH� RQWZLNNHOHQ� ODQGVFKDSVSDWURQHQ�� GH]H� YDOOHQ� GHHOV� VDPHQ� PHW� (+6�2RUVSURQNHOLMN�RSJHQRPHQ�LQ�GH�1RWD�/DQGVFKDS��/HYHUDQFLHU� ,.&�1DWXXUEHKHHU�%HVFKUHYHQ�LQ�*HREDVH�HQ�GH�*HELHGHQDWODV������x /DQGLQULFKWLQJVJHELHGHQ�������'LW�]LMQ�JHELHGHQ�GLH�LQ�DDQPHUNLQJ�NRPHQ�YRRU�/DQGLQULFKWLQJ�RI�UXLOYHUNDYHOLQJ�(HQ� RQGHUYHUGHOLQJ� LV� JHPDDNW� QDDU� FDWHJRULH� �� �PHW� DGPLQLVWUDWLHI� NDUDNWHU�� RIFDWHJRULH��� �GDDGZHUNHOLMNH�YHUDQGHULQJ���2RUVSURQNHOLMN�RSJHQRPHQ� LQ�KHW�6WUXF�WXXUVFKHPD� *URHQH� 5XLPWH�� /HYHUDQFLHU� ,.&� 1DWXXUEHKHHU� %HVFKUHYHQ� LQ� GH*HELHGHQDWODV������x 1DWXXUJHELHGHQ+HUNRPVW�RQEHNHQG��+HW�EHVWDQG�EHYDW�YHHO�EHNHQGH�QDWXXUJHELHGHQ�x 5HODWLHQRWDJHELHGHQ+HUNRPVW�RQEHNHQG��+HW�EHVWDQG�EHYDW�HHQ�JURRW�DDQWDO�NOHLQH�JHELHGHQ��WRWDDO�UXLP�������KHFWDUH��EXLWHQ�GH�EHNHQGH�QDWXXUJHELHGHQ�
3RWHQWLDDONDDUWHQ$OV� EDVLV� YRRU� GH� DWWUDFWLYLWHLWHQNDDUWHQ� NHQW� GH� 5XLPWHVFDQQHU� HHQ� JURRW� DDQWDOSRWHQWLDDONDDUWHQ�� 0HW� GH]H� NDDUWHQ� NDQ� KHW� EHODQJ� YDQ� GH� QDELMKHLG� YDQ� EHSDDOGHUXLPWHOLMNH� IXQFWLHV� ZRUGHQ� XLWJHGUXNW�� )HLWHOLMN� ZRUGW� SHU� JULGFHO� HHQ� UXLPWHOLMNJHZRJHQ�JHPLGGHOGH�EHSDDOG�YRRU�HHQ�JHJHYHQ�UXLPWHJHEUXLN��%LM�KHW�RSERXZHQ�YDQGH� SRWHQWLDDONDDUWHQ� LV� HHQ� DDQWDO� VWDQGDDUGDIVWDQGHQ� HQ� YHUYDOIXQFWLHV� JHEUXLNW�� GH]HVWDDQ� YHUPHOG� LQ� KHW� GPV�VFULSW� GDW� GH� JHRJUDILH� EHVFKULMIW� �YDQDI� YHUVLH� �� LQ� GH5XLPWHVFDQQHU���'H�SRWHQWLDDONDDUWHQ�]LMQ�SHU�GHILQLWLH�DIJHOHLG�YDQ�DQGHUH�EDVLVEHVWDQ�GHQ�� 0HHVWDO� LV� DOV� EDVLV� KHW� EHVWDQG� JHQRPHQ� PHW� KHW� KXLGLJ� JURQGJHEUXLN� LQ� ��NODVVHQ��2P�YRRU�HHQ�HLJHQ�VLPXODWLH�WRW�HHQ�RSWLPDOH�LQYXOOLQJ�YDQ�GH�DWWUDFWLYLWHLWHQ�NDDUWHQ� WH� NRPHQ� NDQ� KHW� QRGLJ� ]LMQ� QLHXZH� SRWHQWLDDONDDUWHQ� WH� PDNHQ�� 0LGGHOVDDQSDVVLQJ� YDQ� KHW� KHGHQSRWHQWLDDO�GPV� VFULSW� �HQ� HYHQWXHHO� JHRJUDILH�GPV�� LV� GDWPRJHOLMN��,Q�RQGHUVWDDQG�RYHU]LFKW�LV�DDQJHJHYHQ�ZHONH�SRWHQWLDDONDDUWHQ�VWDQGDDUG�LQGH�5XLPWHVFDQQHU� EHVFKLNEDDU� ]LMQ��'H�PLQGHU� YRRU� GH� KDQG� OLJJHQGH� EDVLVEHVWDQGHQ]LMQ�WXVVHQ�KDDNMHV�WRHJHYRHJG�x $OOH����JURQGJHEUXLNNODVVHQ��LQFOXVLHI�ZDWHU�HQ�VRFLDOH�YRRU]LHQLQJHQ�x 2S�HQ�DIULWWHQx 16�VWDWLRQV
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x +RRIGWUDQVSRUWDVVHQx /DQGVFKDSVRYHUJDQJHQ��RS�EDVLV�YDQ�QDWLRQDDO�ODQGVFKDSVSDWURRQ�x 5HODWLHQRWDJHELHGHQ��GH�UHODWLHQRWDJHELHGHQ�]LMQ�WH�EHVFKRXZHQ�DOV�YRRUJDQJHU�YDQGH� (+6�� GH� (+6� EHVWDDW� QDDVW� UHODWLHQRWDJHELHGHQ� XLW� UHVHUYDDWVJHELHGHQ� � HQQDWXXURQWZLNNHOLQJVJHELHGHQ�� 9RRU� WRHNRPVWLJH� WRHSDVVLQJHQ� LV� KHW� EHWHU� RP� GHKXLGLJH�EHJUHQVGH�(+6�WH�QHPHQ�x /XFKWKDYHQV��XLWEUHLGLQJHQ�YDQ�OXFKWKDYHQV�XLW�GH�EDODQVNDDUW������
5XLPWHFODLPV'H�5XLPWHVFDQQHU�GRHW�]HOI� JHHQ�XLWVSUDDN�RYHU�GH� WH�YHUZDFKWHQ�KRHYHHOKHLG� UXLPWHGLH� HONH� UXLPWHIXQFWLH� LQ� GH� WRHNRPVW� QRGLJ� KHHIW�� +HW� PRGHO� ZLMVW� VOHFKWV� GHUXLPWHFODLPV� WRH� GLH� GRRU� GH� GLYHUVH� VHFWRUDOH� PRGHOOHQ� YDQ� YHUVFKLOOHQGH� LQVWLWXWHQZRUGHQ�DDQJHOHYHUG��'H�YHUZDFKWH�UXLPWHYUDDJ�LV�PHHVWDO�JHEDVHHUG�RS�GH�GULH�VRFLDDO�HFRQRPLVFKH�ODQJH�WHUPLMQ�VFHQDULR
V�GLH�]LMQ�RSJHVWHOG�GRRU�KHW�&3%��'LYLGHG�(XURSH�(XURSHDQ� &RRUGLQDWLRQ� HQ� *OREDO� &RPSHWLRQ� �]LH� RQGHU� PHHU� &3%�� ������� 'H� GULHVFHQDULR
V� EHYDWWHQ� YHUVFKLOOHQGH� RSYDWWLQJHQ� RYHU� HFRQRPLVFKH�� SROLWLHNH�� GHPRJUDIL�VFKH��WHFKQRORJLVFKH�HQ�VRFLDDO�FXOWXUHOH�RQWZLNNHOLQJHQ��2S�EDVLV�YDQ�GH]H�VFHQDULR
VKHHIW� GH� 53'� UXLPWHFODLPV� EHUHNHQG� YRRU� GH� IXQFWLH� ZRQHQ�� 6&�'/2�� /(,�'/2� HQ5,90� KHEEHQ� GDW� JHGDDQ� YRRU� ODQGERXZ�� 53'� HQ� &3%� YRRU� ZHUNHQ� HQ� ,.&�1DWXXUEHKHHU�� /%/� HQ� 5,90� YRRU� QDWXXU�� 'H]H� UXLPWHFODLPV� ]LMQ� DOV� WDEHOOHQRSJHQRPHQ� ELM� GH� 5XLPWHVFDQQHU� YHUVLH� ����� %LM� KHW� EHSDOHQ� YDQ� GH� GDDGZHUNHOLMNHUXLPWHYUDDJ�VSHHOW�QDDVW�HHQ�RSYDWWLQJ�RYHU�GH�JURRWWH�YDQ�GH�WRHNRPVWLJH�UXLPWHYUDDJ�DDQWDO�WH�ERXZHQ�KXL]HQ��RRN�GH�UXLPWHOLMNH�GLPHQVLH��KRHYHHO�ZRQLQJHQ�SHU�KHFWDUH�HHQ� URO�� 'H� DDQQDPHQ� RPWUHQW� GLH� UXLPWHOLMNH� GLPHQVLH� ]LMQ� YDDN� QLHW� PHHU� WHDFKWHUKDOHQ��'H�UXLPWHFODLPV�KHEEHQ�DOOHQ�EHWUHNNLQJ�RS�KHW�MDDU�������PDDU�YDDN�]LMQYHUVFKLOOHQGH� UHJLR�LQGHOLQJHQ� JHKDQWHHUG�� 2S� GH� FRQVHTXHQWLHV� KLHUYDQ� ZRUGW� LQKRRIGVWXN���LQJHJDDQ��%LM�GH�VLPXODWLHV�YRRU�GH�9LMIGH�1RWD�LV�GHHOV�JHEUXLN�JHPDDNWYDQ�DQGHUH�UXLPWHFODLPV��9RRU�ODQGERXZ�]LMQ�ELMYRRUEHHOG�XLWNRPVWHQ�XLW�KHW�'5$0�PRGHO� RS� JHPHHQWH� QLYHDX� JHEUXLNW�� 'H]H� FODLPWDEHOOHQ� ]LMQ� HFKWHU� QLHW� VWDQGDDUGRSJHQRPHQ�LQ�GH�5XLPWHVFDQQHU�
'H� FODLPV� EHYDWWHQ� HHQ� DGGLWLRQHOH� UXLPWHYUDDJ� WHQ� RS]LFKWH� YDQ� GH� KXLGLJH� VLWXDWLH�2PGDW� GH� 5XLPWHVFDQQHU� KDDU� DOORFDWLH� LQ� SULQFLSH� YDQDI� HHQ� EODQFR� NDDUW� EHJLQW�ZRUGHQ�GH�DGGLWLRQHOH�FODLPV�RSJHWHOG�ELM�KHW�KXLGLJ�JURQGJHEUXLN�YRRU�GH�EHWUHIIHQGHUXLPWHJHEUXLNIXQFWLH�RP�WRW�HHQ�WRWDOH�UXLPWHFODLP�WH�NRPHQ��%LM�KHW�EHVSUHNHQ�YDQ�KHWDOORFDWLHPHFKDQLVPH� �VHFWLH� ����� ZRUGW� KLHU� QDGHU� RS� LQJHJDDQ�� $OV� GH� WRWDOHUXLPWHFODLPV� YRRU� GH� YHUVFKLOOHQGH� UXLPWHJHEUXLNIXQFWLHV� RSWHOOHQ� WRW� PHHU� GDQ� KHWWRWDOH� YRRU� DOORFDWLH� EHVFKLNEDUH� RSSHUYODN� RQWVWDDW� HU� LQ� SULQFLSH� HHQ� SUREOHHP�0LGGHOV�RQJHOLMNKHLGVUHVWULFWLHV�NDQ�GLW�SUREOHHP�RQGHUYDQJHQ�ZRUGHQ��]LH� VHFWLH�����'LW�EHWHNHQW�HFKWHU�ZHO�GDW�JHEUXLNHU�GH�5XLPWHVFDQQHU�RSGUDDJW�YRRUUDQJ�WH�JHYHQ�DDQEHSDDOGH� JURQGJHEUXLNIXQFWLHV�� +LHUELM� ZRUGW� GXV� GHHOV� YRRUELM� JHJDDQ� DDQ� GHRRUVSURQNHOLMNH�VHFWRUDOH�PRGHOOHQ�
��� +XLGLJ�JURQGJHEUXLN�QDGHU�EHVFKRXZG'H�EDVLVNDDUW�PHW�KHW�KXLGLJ�JURQGJHEUXLN�LV� LQ�GH�PHHVW�UHFHQWH� WRHSDVVLQJHQ�YDQ�GH5XLPWHVFDQQHU� VDPHQJHVWHOG� XLW� GH� FRPELQDWLH�� &%6� ERGHPVWDWLVWLHN� ����� HQ/*1�SOXV���������,Q�HHUGHUH�YHUVLHV�LV�JHZHUNW�PHW�GH�FRPELQDWLH�&%6�ERGHPVWDWLVWLHN����� HQ� /*1�� ��������+HW� DDQWDO� JURQGJHEUXLNNODVVHQ� LV� GRRU� KHUNODVVLILFDWLH� YHHODOWHUXJJHEUDFKW� WRW����RI���� ,Q�7DEHO���� LV�DDQJHJHYHQ�KRH�GH�RRUVSURQNHOLMNH�&%6�HQ/*1� JHJHYHQVODJHQ� �UHFKWHUNRORP�� ]LMQ� JHFRPELQHHUG� WRW� ��� EDVLVNODVVHQ� �NRORP
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VXEVXENODVVH���7HYHQV�LV�DDQJHJHYHQ�ZHONH�NODVVHQ�LQ�GH�YHUVFKLOOHQGH�KHUNODVVLILFDWLHV�KRRIG�� HQ� VXENODVVH�� ]LMQ� VDPHQJHQRPHQ�� 'H�ZLM]H� ZDDURS� GH� KHUNODVVLILFDWLH� KHHIWSODDWVJHYRQGHQ� LV� QRJ� QLHW� HHUGHU� JHSXEOLFHHUG�� PDDU� WHUXJJHYRQGHQ� LQ� GH� GLJLWDOHGRFXPHQWDWLH�YDQ�5XLPWHVFDQQHU�YHUVLH�����
+RRIGNODVVH���� 6XENODVVH����� 6XEVXENODVVH����� NODVVH�LQ�&%6�ERGHPVWDWLVWLHN��%6��RI�/*1��:21(1 ZRQHQ ZRRQJHELHG %V���ZRRQJHELHG��LQFOXVLHI�SULPDLUH�YRRU]LHQLQJHQ�DOVZLQNHOV��VFKROHQ�HWF���ZRRQZDJHQNDPSHQ�ZRRQERRWKDYHQV�HWF��ERV�GLFKW�EHERXZG /JQ���ERV�PHW�GLFKWH�EHERXZLQJ��YLOODZLMNHQ�VRFLDDO�FXOWXUHHO %V���VRFLDDO�FXOWXUHOH�YRRU]LHQLQJHQ��RQGHUZLMV�LQWHUQDWHQ��NHUNHQ��PXVHD��SROLWLH��EUDQGZHHU�HWF��WXLQHQ %V��YRONVWXLQHQVSRUW %V��VSRUWWHUUHLQHQEHJUDDI %V��EHJUDDISODDWVHQERV %V���SDUNHQ�HQ�SODQWVRHQHQ����
�GLYHUV /JQ���VWHGHOLMN�EHERXZG��IXQFWLH�RQEHNHQG�%V���ERXZWHUUHLQHQ�RYHULJ��ERXZWHUUHLQ�GDW�QRJ�JHHQEHVWHPPLQJ�KHHIW�%V��VSDDUEHNNHQV��ZDWHUUHVHUYRLUV�YHUEOLMIVUHNUHDWLH %V���YHUEOLMIVUHNUHDWLH��NDPSHHU��FDUDYDQ��EXQJDORZHWF��GDJUHNUHDWLH %V���GDJUHNUHDWLHYH�REMHFWHQ�HQ�WHUUHLQHQ��R�D�SUHWSDUNHQ��GLHUHQWXLQHQ��MDFKWKDYHQV��JROIWHUUHLQHQ�����
�EHERXZLQJ�QLHW�VWHGHOLMN /JQ���EHERXZLQJ�EXLWHQJHELHG:(5.(1 ZHUNHQ LQGXVWULH�KDYHQ�RYHULJ %V������LQGXVWULH�KDYHQ�RYHULJ������ERXZWHUUHLQ�GDWLQGXVWULH�KDYHQ�]DO�ZRUGHQ�KDQGHO %V���KDQGHO��YHLOLQJHQ��YHHPDUNWHQ�JRHGHUHQPDUN�WHQ���SDUNHHU�JDUDJHV�HWF��NDQWRRUORNDWLHV %V���GLHQVWYHUOHQHQGH�VHFWRU��ZLQNHOFHQWUD��NDQWRUHQ�EDQNHQ��PLQLVWHULHV��ODERUDWRULD�HWF��RYHULJ�RSHQEDDU %V���RYHULJH�RSHQEDUH�YRRU]LHQLQJHQ��QXWVEHGULMYHQ�ZDWHU]XLYHULQJ��RSVODJSODDWVHQ�HWF������
�GLYHUV /JQ���VWHGHOLMN�EHERXZG��IXQFWLH�RQEHNHQG�%V���ERXZWHUUHLQHQ�RYHULJ��ERXZWHUUHLQ�GDW�QRJ�JHHQEHVWHPPLQJ�KHHIW�%V��VSDDUEHNNHQV��ZDWHUUHVHUYRLUV�VWRUWSODDWVHQ %V���VWRUWSODDWVHQZUDNNHQRSVODJ %V���ZUDNNHQRSVODJSODDWVHQGHOIVWRIIHQ %V���GHOIVWRIIHQZLQQLQJRYHULJ %V���RYHULJH�JURQGHQ����
�EHERXZLQJ�QLHW�VWHGHOLMN /JQ���EHERXZLQJ�EXLWHQJHELHG,1)5$� VSRRUZHJHQ VSRRUZHJHQ %V��VSRRUZHJHQ�WUDP�PHWUR6758&7885 ZHJHQ DXWR�VQHO�ZHJHQ %V��YHUKDUGH�ZHJHQRQYHUKDUGH�ZHJHQ %V��RQYHUKDUGH�HQ�KDOIYHUKDUGH�ZHJHQZHJHQ�DOJHPHHQ /JQ���KRRIG��HQ�VSRRUZHJHQOXFKWKDYHQ OXFKWKDYHQV %V��YOLHJYHOGHQ/$1'%28: JUDV JUDV /JQ��JUDVPDwV PDwV /JQ��PDwVDNNHUERXZ DDUGDSSHOHQ /JQ��DDUGDSSHOHQELHWHQ /JQ��ELHWHQJUDQHQ /JQ��JUDQHQEORHPEROOHQ EORHPEROOHQ /JQ���EROOHQERRPJDDUG ERRPJDDUGHQ /JQ��ERRPJDDUGHQJODVWXLQERXZ JODVWXLQERXZ /JQ��JODVWXLQERXZRYHULJHODQGERXZ RYHULJH�ODQGERXZ�LQFO��EUDDN /JQ�����HQ�! ����RYHULJH�ODQGERXZJHZDVVHQ�HQPHQJNODVVHQ�HQ�EUDDNOLJJHQG�%26 ERV ORRIERV /JQ���ORRIERVQDDOGERV /JQ���QDDOGERVERV�UHNUHDWLH %V���ERV�UHNUHDWLHYH�KRRIGIXQNWLH��NRPW�QLHW�YRRU�1$7885 QDWXXU KHLGH /JQ���GURJH�KHLGHQDWWH�QDWXXU %V���QDW�QDWXXUOLMN�WHUUHLQGURJH�QDWXXU %V���GURRJ�QDWXXUOLMN�WHUUHLQNDOH�JURQG /JQ���NDOH�JURQG�LQ�QDWXXUJHELHG:$7(5 ZDWHU 1RRUG]HH %V���1RRUG]HH:DGGHQ]HH��(HPV��'ROODUG %V���:DGGHQ]HH��(HPV��'ROODUG6FKHOGHV %V���2RVWHU��HQ�:HVWHUVFKHOGH,-VVHOPHHU %V���,-VVHOPHHURYHULJ�ELQQHQZDWHU %V��RYHULJ�ZDWHU�!���PHWHU��OJQ���RSHQ��ELQQHQ�ZDWHU7DEHO� ��� +HUNRPVW� EDVLVNDDUW� KXLGLJ� JURQGJHEUXLN� LQ� 5XLPWHVFDQQHU� HQ� KHUNODVVLILFDWLH� WRW� �� HQ� ��VXENODVVHQ�
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%LM�KHW�VDPHQVWHOOHQ�YDQ�GH�EDVLVNDDUW�HQ�GH�ODWHUH�KHUNODVVLILFDWLH��]RDOV�GLH�EHVFKUHYHQLV�LQ�7DEHO���� ]LMQ�HQNHOH�RSPHUNLQJHQ�WH�PDNHQ��.ODVVH����YDQ�GH�%RGHPVWDWLVWLHN�LVJHHQ�+DQGHO��PDDU�ZDWHU�PHW�HHQ� UHFUHDWLHYH�KRRIGIXQFWLH��'H]H�NODVVH� LV� GXV� IRXWLHIWRHJHGHHOG� DDQ� GH� JURQGJHEUXLNNODVVH� ZHUNHQ� �PRQGHOLQJH� PHGHGHOLQJ� :LGHNH%RHUVPD���9DQ� HHQ� WZHHWDO� VXEVXENODVVHQ� �GLYHUV� HQ� EHERXZLQJ� QLHW� VWHGHOLMN�� XLW� GHEDVLVNDDUW�ZRUGW�KHW�RSSHUYODN�SHU�JULGFHO�ELM�KHUNODVVLILFDWLH�YRRU�GH�KHOIW�WRHJHZH]HQDDQ�GH�NODVVH�ZRQHQ�HQ�YRRU�GH�DQGHUH�KHOIW�DDQ�GH�NODVVH�ZHUNHQ��9DQ�GH]H�UHVWNODVVHQLV�QDPHOLMN�QLHW�JHKHHO�GXLGHOLMN�ZDW�YRRU�VRRUW�EHERXZLQJ�KHW�EHWUHIW�� ,Q�GH�YROJHQGHVHFWLHV�ZRUGW�VSHFLILHN�LQJHJDDQ�RS�GH�KRRIGNODVVHQ�ZRQHQ�HQ�ODQGERXZ�LQ�KHW�KXLGLJJURQGJHEUXLN�
:RQHQ'H�KHUNODVVLILFDWLH�WRW����NODVVHQ�OHLGW�HU�PHW�QDPH�ELM�GH�IXQFWLH�ZRQHQ�WRH�GDW�HHQ�YHHOJURWHU�JHELHG�WRW�GH]H�NODVVH�JHUHNHQG�ZRUGW�GDQ�VWULNW�JHQRPHQ�YHUZDFKW�PDJ�ZRUGHQ�)LJXXU���� ODDW�HHQ�XLWVQHGH�URQG�$PVWHUGDP�]LHQ�YDQ�GH�EDVLVNDDUW�HQ�GH�KHUNODVVLIL�FDWLH�LQ����NODVVHQ�YRRU�GH�IXQFWLH�ZRQHQ��3HU�FHO�YDQ����KHFWDUH�LV�DDQJHJHYHQ�KRHYHHOKHFWDUH� ZRQHQ� DDQZH]LJ� LV�� 'H� EDVLVNDDUW� LQ� KHW� OLQNHUGHHO� YDQ� GH� ILJXXU� JHHIW� GHEHNHQGH�RPWUHN�YDQ�*URRW�$PVWHUGDP�DDQ��'H�KHUNODVVLILFDWLH�LQ�KHW�UHFKWHUGHHO�WRRQWHHQ�YHHO�JURWHU�JHELHG�PHW�HHQ�EHODQJULMNH�ZRRQIXQFWLH��PHHU�GDQ����KHFWDUH�SHU�FHO��'LW�JURWH�YHUVFKLO�ZRUGW�YRRU�HHQ�EHODQJULMN�GHHO�YHURRU]DDNW�GRRU�KHW�DOV�ZRRQIXQFWLHNODVVLILFHUHQ� YDQ� RQGHU�PHHU� VWHGHOLMN� JURHQ� HQ� UHFUHDWLHJHELHGHQ�� ,Q� KHHO� 1HGHUODQGNULMJW���������KHFWDUH�GH�IXQFWLH�ZRQHQ�WRHJHZH]HQ��WHUZLMO�GLW�LQ�GH�EDVLVNDDUW�VOHFKWV��������LV��HHQ�WRHQDPH�GHUKDOYH�YDQ�ELMQD����SURFHQW�
'H�UXLPH�LQWHUSUHWDWLH�YDQ�ZRQHQ�ELM�GH�KHUNODVVLILFDWLH�LV�WH�YHUGHGLJHQ�GRRU�WH�VWHOOHQGDW�GH�PHHJHQRPHQ�IXQFWLHV�JHERQGHQ�]LMQ�DDQ�VWHGHOLMN�JHELHG��]RQGHU�EHZRQLQJ�LV�HUELMYRRUEHHOG�JHHQ�QRRG]DDN�YRRU� UHFUHDWLHWHUUHLQHQ�RI�EHJUDDISODDWVHQ��$DQJH]LHQ� KHWKXLGLJ�JURQGJHEUXLN�GH�EDVLV�YRUPW�YRRU�WRHNRPVWVLPXODWLHV�LQ�GH�5XLPWHVFDQQHU�LV�KHWYDQ�EHODQJ�UHNHQLQJ�WH�KRXGHQ�PHW�GH�UXLPH�GHILQLWLH�YDQ�ZRQHQ��%LM�KHW�VDPHQVWHOOHQYDQ�GH�DWWUDFWLYLWHLWHQNDDUWHQ�ZRUGHQ�GH�KXLGLJH�ZRRQORNDWLHV�YDDN�DOV�]HHU�DDQWUHNNH�OLMN� YRRU� WRHNRPVWLJH� EHZRQLQJ� YHURQGHUVWHOG��'H� UXLPH� KHUNODVVLILFDWLH� ]RUJW� HU� GDQYRRU� GDW� HU� UHODWLHI� YHHO� UXLPWH� EHVFKLNEDDU� LV� ZDDUGRRU� GH� ZRRQIXQFWLH� PDNNHOLMNHUWRHJHZH]HQ�NDQ�ZRUGHQ�GDQ� LQ�ZHUNHOLMNKHLG�KHW� JHYDO� LV��2YHULJHQV�ZRUGW� GLW� HIIHFWZHHU� JHWHPSHUG� GRRUGDW� ELM� GH� DOORFDWLH� YDQ� GH� ZRRQFODLPV�� KXLGLJ� HQ� WRHNRPVWLJZRQHQ� HHUVW� ZRUGHQ� RSJHWHOG� HQ� YHUYROJHQV� RS� HHQ� �OHJH�� NDDUW� ZRUGW� ZHJJH]HW�7RHNRPVWLJ� ZRQHQ� PDDNW� PHHVWDO� GDQ� RRN� PDDU� HHQ� NOHLQ� GHHO� XLW� YDQ� GH� WRWDOHZRRQFODLP�� ,Q� KHW� (XURSHDQ� &RRUGLQDWLRQ� VFHQDULR� ELMYRRUEHHOG� LV� GH� FODLP� YRRUWRHNRPVWLJ�ZRQHQ�PHW�ELMQD��������KHFWDUH�QRJ�JHHQ����SURFHQW�YDQ�GH� WRWDOH� FODLP�%LMQD����SURFHQW�YDQ�GH�ZRRQFODLP�EHVWDDW�GXV�XLW�GH��UXLPH� LQWHUSUHWDWLH��YDQ�KXLGLJZRQHQ�
2SPHUNHOLMN�LQ�GLYHUVH�NDDUWODJHQ�YDQ�KHW�KXLGLJ�JURQGJHEUXLN�LV�KHW�QDDU�YRUHQ�NRPHQYDQ� GH� SURYLQFLH� 1RRUG�%UDEDQW�� +HW� GXLGHOLMNVW� LV� GDW� WH� ]LHQ� LQ� GH� VDPHQJHVWHOGHZRRQIXQFWLH� NDDUWODDJ� YDQ� KHW� KXLGLJ� JURQGJHEUXLN� LQ� ��� NODVVHQ�� ]LH� )LJXXU� ����9ROJHQV� GH]H� ILJXXU� KHHIW� ELMQD� KHW� JHKHOH� %UDEDQWVH� SODWWHODQG� HHQ� ]HHU� ODJHZRRQGLFKWKHLG� YDQ� ����� �� �� KHFWDUH� SHU� JULGFHO�� ,Q� GH� RPOLJJHQGH� SURYLQFLHV� OLJW� GHZRRQGLFKWKHLG�RS�KHW�SODWWHODQG�YHHOHO�EHQHGHQ�GH������KHFWDUH�SHU�JULGFHO��'LW�YHUVFKLOLV� WHUXJ� WH� YRHUHQ� RS� KHW� /*1�� EDVLVEHVWDQG�� %LM� GH� VDPHQVWHOOLQJ� GDDUYDQ� LV� KHWWRHQPDOLJH�$OWHUUD�RS�HHQ�KRRJ�GHWDLOQLYHDX�EHJRQQHQ�ELM�1RRUG�%UDEDQW��'H]H�DDQSDNEOHHN�HFKWHU�GXVGDQLJ�DUEHLGVLQWHQVLHI�GDW�PHQ�YRRU�GH�RYHULJH�SURYLQFLHV�RYHUJHJDDQ
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LV�QDDU�HHQ�ODJHU�GHWDLOQLYHDX��+RHZHO�GLW�YHUVFKLO�LQ�GHWDLOQLYHDX�EHWUHNNHOLMN�JHULQJ�LV�NDQ�KHW� LQ� ODWHUH� VLPXODWLHV� YDQ� LQYORHG� ]LMQ��2YHULJHQV� GRHQ� GLW� VRRUW� LQFRQVLVWHQWLHV]LFK�QRJ�YHHO�VWHUNHU�YRRU�ELM�KHW�YHUJHOLMNHQ�YDQ�YHUVFKLOOHQGH� MDDUJDQJHQ�YDQ�]RZHOKHW�&%6�DOV�KHW�/*1�EDVLVEHVWDQG��=LH�ELMYRRUEHHOG�5D]LHL�	�(YHUV��������

)LJXXU���� 'H�NODVVH�ZRQHQ� LQ�GH�EDVLVNDDUW� �OLQNV�� HQ�QD�KHUNODVVLILFDWLH� LQ���� NODVVHQ� �UHFKWV�� LQ� GHRPJHYLQJ� YDQ� $PVWHUGDP�� +HW� VWHGHOLMN� RSSHUYODN� OLMNW� ELMQD� YHUGXEEHOG�� 'H� HHQKHLG� LV� KHW� DDQWDOKHFWDUHQ�ZRRQIXQFWLH�SHU�JULGFHO�YDQ����KHFWDUH

)LJXXU���� 'H�NODVVH�ZRQHQ�QD�KHUNODVVLILFDWLH�LQ����NODVVHQ��'H�SURYLQFLH�1RRUG�%UDEDQW�YDOW�GXLGHOLMNRS�GRRUGDW�KHW�DDQWDO�KHFWDUHQ�SHU�JULGFHO�]HOGHQ�EHQHGHQ�GH������OLJW�/DQGERXZ0HHU�GDQ�GH�KHOIW�YDQ�KHW�KXLGLJ�JURQGJHEUXLN�ZRUGW�LQJHQRPHQ�GRRU�ODQGERXZJURQG�9ROJHQV�GH�5XLPWHVFDQQHU�JHJHYHQV�EHGUDDJW�GLW�RSSHUYODN�]HOIV�����YDQ�KHW� JHKHOH1HGHUODQGVH� ODQGRSSHUYODN� ����������� RS� ���������� KHFWDUH��� 7DEHO� ��� JHHIW� HHQRYHU]LFKW� YDQ� GH� RSSHUYODNWHV� YRRU� GH� YHUVFKLOOHQGH� ODQGERXZW\SHQ� GLH� LQ� GH5XLPWHVFDQQHU�ZRUGHQ�RQGHUVFKHLGHQ�HQ�YHUJHOLMNW�GLH�PHW�GH�&%6�ODQGERXZWHOOLQJHQYRRU������
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5XLPWHVFDQQHU�NODVVH 5XLPWHVFDQQHU�RSSHUYODN��KD� &%6�RSSHUYODN�KD� YHUVFKLO�KD� YHUVFKLO���JUDV ��������� ��������� ������� ��PDLV ������� ������� ������� ���DNNHUERXZ�DDUGDSSHOHQ��ELHWHQ��JUDQHQ� ������� ������� �������� ���
EORHPEROOHQ ������ ������ ������ ���ERRPJDDUG ������ ������ ����� �JODVWXLQERXZ ������ ������ �� �RYHULJH�ODQGERXZ�LQFO��EUDDN ������� ������� ������� ��7RWDDO ��������� ��������� ������� ��7DEHO� ��� 9HUJHOLMN� ODQGERXZRSSHUYODN� YROJHQV� 5XLPWHVFDQQHU� HQ� &%6�ODQGERXZWHOOLQJ� ������ �EURQ6WDW/LQH�GDWDEDQN��ZZZ�FEV�QO��
$OOHUHHUVW� YDOW� LQ� GH]H� WDEHO� KHW� IRUVH� YHUVFKLO� LQ� WRWDDO� ODQGERXZRSSHUYODN� RS�� GH5XLPWHVFDQQHU� RQGHUVFKHLGW� RQJHYHHU� �������� KHFWDUH� PHHU� GDQ� KHW� &%6�� 'LW� YDOWHFKWHU�YRRU�HHQ�EHODQJULMN�GHHO�WH�YHUNODUHQ�XLW�KHW�IHLW�GDW�&%6�LQ�KDDU�WHOOLQJHQ�XLWJDDWYDQ� KHW� QHWWR� EHWHHOEDUH� RSSHUYODN�� 'H� ODQGERXZJHJHYHQV� LQ� GH� 5XLPWHVFDQQHU� ]LMQDINRPVWLJ�XLW�KHW�/*1���EHVWDQG�YDQ������GLH�JHEDVHHUG�]LMQ�RS�VDWHOOLHWEHHOGHQ��+HW�LVGXLGHOLMN�GDW�GDDULQ�QLHW�DOOHHQ�QDDU�KHW�QHWWR�RSSHUYODN�JHNHNHQ�NDQ�ZRUGHQ��PDDU�GDWGH� ODQGERXZJURQG� ]RQGHU� SURGXFWLHIXQFWLH� �VORWHQ�� ZHJHQ�� YLMYHUV�� KRXWZDOOHQ�EHGULMIVJHERXZHQ�HWF���RRN�ZRUGW�PHHJHQRPHQ�LQ�GH�ODQGERXZNODVVLILFDWLH��+HW� WRWDOHODQGERXZRSSHUYODN� NRPW� JRHG� RYHUHHQ� PHW� KHW� GRRU� &%6� RQGHUVFKHLGHQ� WRWDOHEHGULMIVRSSHUYODNWH� �FXOWXXUJURQG� HQ� QLHW�FXOWXXUJURQG�� EHKRUHQG� ELM� ODQG�� HQWXLQERXZEHGULMYHQ������������KHFWDUH��9HUED]HQG�LV�HFKWHU�GDW�KHW�DOV�EUXWR�ODQGERXZ�RSSHUYODN�WH�EHVFKRXZHQ�DUHDDO�LQ�GH�5XLPWHVFDQQHU�YRRU�EHSDDOGH�ODQGERXZJHZDVVHQDDQ]LHQOLMN� NOHLQHU� LV� GDQ� KHW� QHWWR�DUHDDO� GDW� KHW� &%6� YRRU� GH]H� JHZDVVHQ� KDQWHHUW�.HQQHOLMN��PLVW��GH�5XLPWHVFDQQHU�GXV�DDQ]LHQOLMNH�RSSHUYODNNHQ�PDwV�HQ�DNNHUERXZ�JURQG�� PDDU� ZRUGW� GDW� LQ� ]LMQ� WRWDOLWHLW� JHFRPSHQVHHUG� GRRU� HHQ� WHYHHO� DDQ� JUDV� HQRYHULJH�ODQGERXZ��0RJHOLMNH�YHUNODULQJHQ�YRRU�GH]H�DIZLMNLQJHQ�]LMQ�YHUVFKLOOHQ�LQ�KHWH[DFWH�RSQDPH�WLMGVWLS�RI�RQYRONRPHQKHGHQ�LQ�GH�VDWHOOLHWEHHOG�NODVVLILFDWLH�RI�GH�&%6�PHWKRGLHN�� 9RRU� ]RZHO� GH� 5XLPWHVFDQQHU� DOV� GH� &%6�JHJHYHQV� LV� KHW� RQGXLGHOLMNKRHYHHO�JURQG�JHEUXLNW�ZRUGW�YRRU�GH�LQWHQVLHYH�YHHKRXGHULM��8LW�DQGHUH�&%6�JHJHYHQVEOLMNW� LQ� ���� ELMQD� ������� KHFWDUH� FXOWXXUJURQG� JHEUXLNW� WH� ]LMQ� YRRU� KRNGLHUHQ�YOHHVNDOYHUHQ��YOHHVYDUNHQV�HQ�NLSSHQ���(HQ�DDQ]LHQOLMN�JURWHU�RSSHUYODN�GXV��GDQ�KHWHYHQHHQV�EHERXZG�RJHQGH�HQ�ZHO�RQGHUVFKHLGHQ�JODVWXLQERXZRSSHUYODN�
2S�JURQG�YDQ�KHW�KLHU�JHSUHVHQWHHUGH�YHUJHOLMN�LV�GXLGHOLMN�JHZRUGHQ�GDW�KHW�KXLGLJH�HQ]HNHU� KHW� JHVLPXOHHUGH� WRHNRPVWLJH� RSSHUYODN� YRRU� GH� YHUVFKLOOHQGH� ODQGERXZ�JHZDVVHQ�QLHW�DO�WH�SUHFLHV�JHwQWHUSUHWHHUG�NDQ�ZRUGHQ�
��� 5HFHQWH�RQWZLNNHOLQJHQ8LW� KHW� KLHUYRRU� RSJHQRPHQ� RYHU]LFKW� YDQ� GH� EDVLVJHJHYHQV� EOLMNW� GDW� KHW�PHUHQGHHOYDQ� GH� EHVWDQGHQ� LQ� GH� 5XLPWHVFDQQHU� RXGHU� LV� GDQ� �� MDDU�� ,Q� KHW� VQHO� YHUDQGHUHQGH1HGHUODQG�EHWHNHQW�GDW��GDW�PHW�QDPH�GH�JHJHYHQV�RYHU�JURQGJHEUXLN��LQIUDVWUXFWXXU�HQUXLPWHOLMNH� SODQQHQ� YHURXGHUG� ]LMQ�� *HOXNNLJ� ]LMQ� HU� GH� DIJHORSHQ� MDUHQ� GLYHUVHYHUQLHXZGH� EHVWDQGHQ� EHVFKLNEDDU� JHNRPHQ�� ,Q� GH]H� VHFWLH� ZRUGHQ� HQNHOH� UHOHYDQWHJHDFWXDOLVHHUGH� EHVWDQGHQ� JHQRHPG�� 'DDUQDDVW� ZRUGW� NRUW� LQJHJDDQ� RS� HQNHOHLQLWLDWLHYHQ� GLH� QX� JHQRPHQ�ZRUGHQ� RP� WRW� DFWXDOLVHULQJ� YDQ� GH� EDVLVJHJHYHQV� LQ� GH5XLPWHVFDQQHU�WH�NRPHQ�



'H�5XLPWHVFDQQHU�YHUNHQGYULMH 8QLYHUVLWHLW�� DPVWHUGDP ��

%RGHPJHEUXLN+HW� &%6� ZHUNW� DDQ� HHQ� QLHXZH� YHUVLH� YDQ� KDDU� ERGHPJHEUXLNEHVWDQG�� 'LW� EHVWDQGZRUGW� JHEDVHHUG� RS� KHW� WRS��YHFWRU� EHVWDQG� YDQ� GH� WRSRJUDILVFKH� GLHQVW� HQ� EHYDWLQIRUPDWLH� RYHU� GH� WRHVWDQG� LQ� KHW� MDDU� ������ +HW� EHVWDQG� ]DO� QDDU� YHUZDFKWLQJ� HLQG�����XLWNRPHQ�
+HW� :DJHQLQJVH� FHQWUXP� YRRU� *HR�LQIRUPDWLH� KHHIW� HLQG� ����� KHW� QLHXZH� /*1�EHVWDQG�RSJHOHYHUG��'LW�EHVWDQG�EHVFKULMIW�KHW�ERGHPJHEUXLN�LQ�������:HVW�1HGHUODQG�HQ� ����� �2RVW�1HGHUODQG��� +HW� /*1�� LV� QX�� YRRU�ZDW� EHWUHIW� GH� ODQGERXZJHZDVVHQ�JHNRSSHOG�DDQ�KHW�WRS��YHFWRU�EHVWDQG�
(HQ� DQGHU� ]HHU� LQWHUHVVDQW� EHVWDQG� ZDDU� KHW� :DJHQLQJHQ� 8QLYHUVLW\� DQG� 5HVHDUFK&HQWUH�DDQ�ZHUNW�LV�KHW�KLVWRULVFK�JURQGJHEUXLN�YDQ�1HGHUODQG��+*1���'H]H�GDWDVHW�LVRS� VHPL�DXWRPDWLVFKH� ZLM]H� YHUYDDUGLJG� YDQDI� JHVFDQGH� WRSRJUDILVFKH� NDDUWHQ� XLW� GHSHULRGH������������+LHUPHH�NRPW�HHQ�GLJLWDDO�JHRJUDILVFK�EHVWDQG�EHVFKLNEDDU�GDW�HHQJHGHWDLOOHHUGH�DQDO\VH�YDQ�JURQGJHEUXLNYHUDQGHULQJHQ�RYHU�HHQ�ODQJH�SHULRGH�PRJHOLMNPDDNW��,Q�GH�ORRS�YDQ�GLW�MDDU�NRPHQ�GH�ODDWVWH�GHOHQ�YDQ�GLW�EHVWDQG�EHVFKLNEDDU�
,QIUDVWUXFWXXU'H�$GYLHVGLHQVW�9HUNHHU� HQ�9HUYRHU� �$99�� YDQ�5LMNVZDWHUVWDDW� SURGXFHHUW� KHW� ]HHUJHGHWDLOOHHUGH�1DWLRQDOH�:HJHQEHVWDQG��1:%���+HW�EHVWDQG�LV�GHHOV�JHEDVHHUG�RS�KHWWRS��YHFWRU�EHVWDQG�HQ�EHYDW���������NP�ULMZHJHQ��������NP�YDDUZHJHQ�HQ�������NPVSRRUZHJHQ�� 2S� EDVLV� YDQ� GLW� EHVWDQG� NXQQHQ� YHOH� WKHPDWLVFKH� XLWVQHGHQ� ZRUGHQJHPDDNW�GLH�DOV�EDVLVEHVWDQG�YRRU�GH�5XLPWHVFDQQHU�NXQQHQ�GLHQHQ�
5XLPWHOLMNH�SODQQHQ,Q������KHHIW�GH�53'�YRRU�GH�GHUGH�NHHU�KHW�NDDUWEHHOG�1HGHUODQG�LQ�3ODQQHQ�JHPDDNWPHW�GDDULQ�HHQ�RYHU]LFKW�YDQ�GH�RPYDQJULMNH�SODQQHQ�RS�KHW�JHELHG�YDQ�YHUVFKLOOHQGHIXQFWLHV�]RDOV��ZRQHQ��ZHUNHQ��JODVWXLQERXZ��LQIUDVWUXFWXXU�HQ�QDWXXU��HQ�UHFUHDWLHSUR�MHFWHQ��9DQ� GH� RSJHQRPHQ�SODQQHQ�ZRUGW� YHUZDFKW� GDW� ]H� LQ� ����� JHUHDOLVHHUG� RI� LQDDQERXZ� ]LMQ��+HW� EHVWDQG� JHHIW� HHQ� JHDJJUHJHHUG� RYHU]LFKW�� GH� RSJHQRPHQ� SODQQHQKHEEHQ�HHQ�PLQLPXP�RPYDQJ�YDQ����KHFWDUH�HQ�]LMQ�JOREDDO�RPJUHQVG�
(HQ�JHGHWDLOOHHUGHU�RYHU]LFKW�YDQ�UXLPWHOLMNH�SODQQHQ�LV�RSJHQRPHQ�LQ�GH�QLHXZH�YHUVLHYDQ� GH� QLHXZH� .DDUW� YDQ� 1HGHUODQG� GLH� EHWUHNNLQJ� KHHIW� RS� GH� SHULRGH� ����������+LHULQ�]LMQ�SODQQHQ�RSJHQRPHQ�]RDOV�GLH�]LMQ�DDQJHOHYHUG�GRRU�JHPHHQWHQ��SURYLQFLHV�PLQLVWHULHV�� ZDWHUVFKDSSHQ� HQ� RQWZHUSEXUHDXV�� 8LWJHEUHLGH� LQIRUPDWLH� HQ� ]HOIV� HHQLQWHUDFWLHI�EHHOG�YDQ�GH�SODQQHQ�LV�WH�YLQGHQ�RS��KWWS���ZZZ�QLHXZHNDDUW�QO��
$FWXDOLVDWLH�LQLWLDWLHYHQ2S� EDVLV� YDQ� &%6����� HQ� /*1�� NDQ� HHQ� QLHXZH� YHUVLH� YDQ� KHW� EDVLVEHVWDQGJURQGJHEUXLN�ZRUGHQ�VDPHQJHVWHOG�GDW�GDQ�EHWUHNNLQJ�KHHIW�RS�KHW�MDDU������������'HNRSSHOLQJ�ZRUGW�GLWPDDO�YHUEHWHUG�GRRUGDW�EHLGH�EHVWDQGHQ��GHHOV��JHNRSSHOG�]LMQ�DDQKHW�WRS��YHFWRU��5,90�GHQNW�PRPHQWHHO�QD�RYHU�HHQ�OLFKW�JHZLM]LJGH�PDQLHU�RP�GH]HEHVWDQGHQ�WH�NRSSHOHQ�HQ�]H�DOV�EDVLV�WH�ODWHQ�GLHQHQ�YRRU�]RZHO�GH�5XLPWHVFDQQHU�DOVGH�/HHI2PJHYLQJV9HUNHQQHU��'H]H�DFWLH�]DO� LQ�KHW�NDGHU�YDQ�GH�/8026�DFWLYLWHLWHQZRUGHQ�XLWJHYRHUG�
,Q� ����� KHHIW� KHW� 5,90� HHQ� JURRW� DDQWDO� NDDUWHQ� HQ� ELMEHKRUHQGH� GLJLWDOH� EHVWDQGHQYHU]DPHOG�GLH�EHWUHNNLQJ�KHEEHQ�RS�GLYHUVH�YRUPHQ�JHELHGVJHULFKW�EHOHLG��%HXJHOLQN�HW
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DO���������2S�GLW�PRPHQW�ZRUGW�JHZHUNW�DDQ�HHQ�DFWXDOLVDWLH�YDQ�GH]H�DWODV��'H�KLHUYRRUYHU]DPHOGH� JHJHYHQV� NXQQHQ� JRHG� DOV� EDVLV� GLHQHQ� YRRU� KHW� DFWXDOLVHUHQ� YDQ� GHEHOHLGVJHUHODWHHUGH�EHVWDQGHQ� LQ�GH�5XLPWHVFDQQHU��'DDUQDDVW�ZHUNW�5,90�LQWHUQ�DDQGUDDLERHN� ZDDULQ� SURFHGXUHV� ZRUGHQ� RSJHVWHOG� KRH� RPJHJDDQ� PRHW� ZRUGHQ� PHWJHJHYHQVXSGDWHV�� 2RN� GLW� SURMHFW� NDQ� UHOHYDQWH� LQIRUPDWLH� RSOHYHUHQ� YRRU� KHWDFWXDOLVHUHQ�YDQ�GH�EDVLVJHJHYHQV�YRRU�GH�5XLPWHVFDQQHU�
��� 1LHXZH�*HR�LQIRUPDWLH�LQIUDVWUXFWXXU�YRRU�GH�5XLPWHVFDQQHU'H� VWHUNH� NDQW� YDQ� KHW� 5XLPWHVFDQQHU�PRGHO� LV� GH� LQWHJUDWLH� YDQ� XLWHHQORSHQGHUXLPWHOLMNH� JHJHYHQV� RYHU� KXLGLJ� HQ� WRHNRPVWLJ� UXLPWHJHEUXLN� YDQ� YHUVFKLOOHQGHKHUNRPVW��,Q�GH�DIJHORSHQ�MDUHQ�EOHHN�HFKWHU�GDW�GLH�XLWZLVVHOLQJ�VRPV�JHKLQGHUG�ZHUGGRRU�WHFKQLVFKH�HQ�RUJDQLVDWRULVFKH�EHOHPPHULQJHQ��1LHXZH�WHFKQLVFKH�RQWZLNNHOLQJHQDOV�KHW�WRHQHPHQG�JHEUXLN�YDQ�LQWHUQHW�HQ�GH�2SHQ*,6�RPJHYLQJ�ELHGHQ�PRJHOLMNKHGHQWRW� YHUEHWHULQJ� YDQ� GH� KXLGLJH� VLWXDWLH�� 0LGGHOV� HHQ� ]RJHKHWHQ� *HR3RUWDDO� NDQ� KHWXLWZLVVHOHQ� YDQ� EDVLVJHJHYHQV� ELQQHQ� KHW� 5XLPWHVFDQQHU�FRQVRUWLXP� DDQ]LHQOLMNZRUGHQ� YHUJHPDNNHOLMNW�� 'H]H� VHFWLH� EHVFKULMIW� NRUW� GH� RS]HW� YDQ� ]R
Q� QLHXZH� JHR�LQIRUPDWLH�LQIUDVWUXFWXXU� HQ� JDDW� LQ� RS� GH� PRJHOLMNKHGHQ� GLH� GH]H� ELHGW� YRRU� GH5XLPWHVFDQQHU�EHWURNNHQHQ�
&HQWUDDO� LQ� GH� QLHXZH� RS]HW� YDQ� HHQ� *HR3RUWDDO� VWDDW� KHW� JHEUXLN� YDQ� LQWHUQHW� HQJHGLVWULEXHHUGH� GDWDEDVHV�� ]LH� )LJXXU� ����� 0HW� EHKXOS� YDQ� HHQ� VWDQGDDUG� EURZVHUNXQQHQ� JHEUXLNHUV� YHUELQGLQJ� PDNHQ� PHW� HHQ� FHQWUDOH� ZHEVLWH�� 'H]H� VLWH� UHJHOW� GHWRHJDQJ�WRW�GH�GDWD�VHUYHUV�YDQ�GH�GHHOQHPHQGH�LQVWHOOLQJHQ��'H�GDWD��GDWDEHVFKULMYLQ�JHQ� HQ�RYHULJH�EDVLVIXQFWLHV�GLH�GH� LQVWHOOLQJHQ� DDQELHGHQ�EOLMYHQ�GXV� ORNDDO� VWDDQ� HQZRUGHQ� GRRU� GH� HLJHQDDU� EHKHHUG� HQ� JHDFWXDOLVHHUG�� 2S� GH]H�PDQLHU� LV� GH� JHEUXLNHUYHU]HNHUG� YDQ� DFWXHOH� JHJHYHQV� HQ� KRXGW� GH� HLJHQDDU� WRH]LFKW� RS� KHW� JHEUXLN� YDQ� GHJHJHYHQV�� 8LWHUDDUG� GLHQW� GH� JHEUXLNHU� ZHO� JHUHFKWLJG� WH� ]LMQ� RP� GH� GDWD� WH� NXQQHQLQ]LHQ�HQ�GRZQORDGHQ�
'H�QLHXZH�LQIUDVWUXFWXXU�ELHGW�GH�PRJHOLMNKHLG�RP�EHKDOYH�JHRJUDILVFKH�JHJHYHQV�RRNJHRJUDILVFKH� IXQFWLRQDOLWHLW� DDQ� WH� ELHGHQ�� =R� NDQ� GH� JHEUXLNHU� ELMYRRUEHHOG� PLGGHOVZHEPDSSLQJ� LQ� VWDDW� JHVWHOG� ZRUGHQ� GH� JHJHYHQV� WH� EHYUDJHQ�� VHOHFWLHV� WH�PDNHQ� RINDDUWEHHOGHQ�VDPHQ�WH�VWHOOHQ��+HW�]RHNHQ��JHEUXLNHQ�HQ�EHZHUNHQ�YDQ�JHGLVWULEXHHUGHEHVWDQGHQ�LV�SDV�UHFHQW�PRJHOLMN�JHZRUGHQ�GRRU�GH�2SHQ*,6�WHFKQRORJLH�
+HW�LV�GXLGHOLMN�GDW�PHW�GH]H�LQIRUPDWLH�LQIUDVWUXFWXXU�GH�WHFKQLHN�HQ�GH�JHJHYHQV�NODDUOLJJHQ�RP�GH�5XLPWHVFDQQHU�EHWURNNHQHQ�WRHJDQJ�WH�JHYHQ�WRW�GH�QRRG]DNHOLMNH�DFWXHOHEHVWDQGHQ�� 'H� EHVFKUHYHQ� LQIUDVWUXFWXXU� LV� QDWXXUOLMN� HYHQ]HHU� YDQ� EHODQJ� YRRU� GH/HHI2PJHYLQJV9HUNHQQHU��'LW�LQVWUXPHQW�KHHIW�LPPHUV�HHQ�]HHU�YHUJHOLMNEDUH�EHKRHIWHDDQ�HHQ�JURWH��DFWXHOH�GDWDVHW��5,90�KHHIW�EHJLQ�GLW� MDDU�HHQ� IXQFWLRQHHO�HQ� WHFKQLVFKRQWZHUS�YRRU�HHQ�*HR3RUWDDO�YRRU�GH�5XLPWHVFDQQHU��/HHI2PJHYLQJV9HUNHQQHU� ODWHQRSVWHOOHQ�� ]LH� %iQNL� 	� 7KHZHVVHQ� �������� %LQQHQ� GH� /8026�RQWZLNNHOLQJHQ� ]DOKLHURS�WHUXJJHNRPHQ�ZRUGHQ�
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)LJXXU� ��� 2S]HW� YRRU� *HR3RUWDDO� YRRU� 5XLPWHVFDQQHU�/HHIRPJHYLQJVYHNHQQHU� �EURQ %iQNL� 	7KHZHVVHQ �����
��� &RQFOXVLHV1DDU� DDQOHLGLQJ� YDQ� KHW� KLHU� JHSUHVHQWHHUGH� RYHU]LFKW� YDQ� GH� 5XLPWHVFDQQHUEDVLVJHJHYHQV�PRHW�DOOHUHHUVW�RSJHPHUNW�ZRUGHQ�GDW�KHW�DFKWHUKDOHQ�YDQ�KHUNRPVW� HQDFWXDOLWHLW�YDQ�GH�JHJHYHQV�]HHU� ODVWLJ�EOHHN��+HW�RQWEUHHNW�DDQ�HHQ�FHQWUDOH��FRPSOHWHEHVFKULMYLQJ�YDQ�GH�EDVLVJHJHYHQV��,Q�GH�5XLPWHVFDQQHU�]HOI�LV�JHHQ�LQIRUPDWLH�RYHU�GHRSJHQRPHQ�EHVWDQGHQ�EHVFKLNEDDU�WHUZLMO�GDW�LQ�YHUVLH�����LQ�SULQFLSH�ZHO�PRJHOLMN�LV�2RN�GH�PDQLHU�ZDDURS�EHVWDQGHQ�JHFRPELQHHUG�]LMQ��ELMYRRUEHHOG�ELM�KHW�VDPHQVWHOOHQYDQ�GH�EDVLVNDDUW�KXLGLJ�JURQGJHEUXLN�� LV�VOHFKWV�VXPPLHU�EHVFKUHYHQ��9RRU�HHQ�JRHGLQ]LFKW� LQ� GH� NZDOLWHLW� YDQ� GH� UXLPWHJHEUXLNVLPXODWLHV� LV� KHW� QRRG]DNHOLMN� GHDFKWHUJURQG�YDQ�GH�JHEUXLNWH�EDVLVJHJHYHQV� WH�NHQQHQ��+HW�YHUGLHQW� GDQ�RRN� VWHUN�GHDDQEHYHOLQJ�RP�EHVFKULMYLQJHQ�YDQ�GH�EDVLVEHVWDQGHQ�RS�WH�QHPHQ�LQ�GH�5XLPWHVFDQQHURI� LQ� HHQ� DOJHPHHQ� WRHJDQNHOLMN� LQIRUPDWLHV\VWHHP�� +HW� KLHUYRRU� JHwQWURGXFHHUGH*HR3RUWDDO�FRQFHSW�ELHGW�GDDUWRH�JRHGH�PRJHOLMNKHGHQ�
2S� EDVLV� YDQ� GH� JHJHYHQVEHVFKULMYLQJHQ� GLH� YRRU� GH]H� VWXGLH� ]LMQ� DFKWHUKDDOGLQIRUPDWLH� EOLMNW� YRRUDO� GDW� YHHO� JHJHYHQV� RQGHUWXVVHQ� YHURXGHUG� ]LMQ�� 0HW� QDPH� GHEHVWDQGHQ�GLH�EHWUHNNLQJ�KHEEHQ�RS�UXLPWHOLMN�RUGHQLQJVEHOHLG��KXLGLJ�JURQGJHEUXLN�HQLQIUDVWUXFWXXU� ]LMQ� YHURXGHUG�� -DPPHU� JHQRHJ� ]LMQ� JHJHYHQV� GLH� LQ� KHW� NDGHU� YDQEHSDDOGH�SURMHFWHQ�]LMQ�JHEUXLNW��QLHW�VWDQGDDUG� WRHJHYRHJG�DDQ�GH�5XLPWHVFDQQHU��=RRQWEUHNHQ�ELMYRRUEHHOG�GH�ZRRQORNDWLHV�XLW�KHW�1HGHUODQG�LQ�3ODQQHQ�EHVWDQG�GLH�YRRUGH�9LMIGH�1RWD� VWXGLHV� ]LMQ� JHEUXLNW��+LHUPHH� LV� HHQ� NDQV� RS� WXVVHQWLMGVH� DFWXDOLVDWLHYHUORUHQ�JHJDDQ�
+HW� JRHGH� QLHXZV� LV� GDW� GH� DIJHORSHQ� MDUHQ� HQNHOH� EHODQJULMNH� EDVLVEHVWDQGHQYHUQLHXZG�]LMQ�HQ�GDW�KHW�5,90�RS�GLW�PRPHQW�ZHUNW�DDQ�KHW�DFWXDOLVHUHQ�YDQ�HQNHOHEDVLVJHJHYHQV�� =R� ZRUGW� QDJHGDFKW� RYHU� HHQ� QLHXZ� EDVLVEHVWDQG� YRRU� KHW� KXLGLJJURQGJHEUXLN�HQ�NRPW�HU�PHW�KHW�DFWXDOLVHUHQ�YDQ�GH�JHELHGHQDWODV�]LFKW�RS�PRJHOLMNKH�GHQ� RP� GH� EHOHLGJHUHODWHHUGH� EHVWDQGHQ� LQ� GH� 5XLPWHVFDQQHU� WH� YHUQLHXZHQ�� %LM� KHWVDPHQVWHOOHQ� YDQ� HHQ� QLHXZH� EDVLVNDDUW� YRRU� KXLGLJ� JURQGJHEUXLN� LV� KHW� VWHUN� DDQ� WH
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UDGHQ� RP� HHQ� VRRUWJHOLMNH� NZDOLWHLWVDQDO\VH� XLW� WH� YRHUHQ� ]RDOV� GLH� LQ� GH]H� VWXGLH� LVXLWJHYRHUG�� 2S� GLH� PDQLHU� NDQ� HHQ� LQGUXN� YHUNUHJHQ� ZRUGHQ� YDQ� GH� NZDOLWHLW� HQEUXLNEDDUKHLG�YDQ�KHW�EHVWDQG�YRRU�UXLPWHJHEUXLNVLPXODWLHV�
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� 0RGHOEHVFKULMYLQJ'LW�KRRIGVWXN�JDDW�QDGHU�LQ�RS�GH�PRGHONDQW�YDQ�GH�5XLPWHVFDQQHU��2YHU�GH�RS]HW�HQDFKWHUJURQG�YDQ�KHW�PRGHO�LV�DO�YHHOYXOGLJ�JHSXEOLFHHUG��'H�QDGUXN�OLJW�KLHU�RS�HQNHOHPLQGHU�EHOLFKWH��SUDNWLVFKH�DVSHFWHQ��1D�HHQ�]HHU�EHNQRSWH�PDWKHPDWLVFKH�EHVFKULMYLQJYDQ�KHW�DOORFDWLHPHFKDQLVPH�ZRUGW� LQJHJDDQ�RS�GH�PDQLHU�ZDDURS�KHW�PDWKHPDWLVFKHPRGHO�LV�RPJH]HW�LQ�HHQ�FRPSXWHUPRGHO��+LHUYRRU�ZRUGHQ�GH�YHUVFKLOOHQGH�UHNHQVWDS�SHQ� LQ� KHW� DOORFDWLHVFULSW� WRHJHOLFKW�� 9HUYROJHQV� ZRUGW� LQJHJDDQ� RS� KHW� JHEUXLN� YDQPLQLPXP�HQ�PD[LPXPFODLPV�RP�KHW�PRGHO�FRUUHFW�WH�ODWHQ�ZHUNHQ��,Q�ELMODJH���LV�HHQEHNQRSWH� VWXGLH� QDDU� GH� HFRQRPLVFKH� DFKWHUJURQG� HQ� JURQGSULMVYRUPLQJ� LQ� GH5XLPWHVFDQQHU�RSJHQRPHQ��,Q�GH�QRJ�WH�YHUVFKLMQHQ�GLVVHUWDWLH�YDQ�-RRVW�%XXUPDQ�]DOKLHU�PHHU�DDQGDFKW�DDQ�ZRUGHQ�EHVWHHG�
��� 0DWKHPDWLVFK�PRGHO'H�5XLPWHVFDQQHU� JHEUXLNW� HHQ� HFRQRPLVFK� HYHQZLFKWVSULQFLSH� RP� YUDDJ� HQ� DDQERGYRRU�YHUVFKLOOHQGH�JURQGJHEUXLNIXQFWLHV�DI�WH�ZHJHQ��'H�FUXFLDOH�YDULDEHOH�KLHULQ�LV�GHJHVFKLNWKHLG�YDQ�HHQ�ORFDWLH�YRRU�HHQ�EHSDDOG�JURQGJHEUXLNW\SH��'H]H�JHVFKLNWKHLG� LVYDVWJHOHJG� LQ� GH� DWWUDFWLYLWHLWHQNDDUWHQ�� +RH� KRJHU� GH� DWWUDFWLYLWHLW� YRRU� HHQ� EHSDDOGJURQGJHEUXLNW\SH�� KRH� JURWHU� GH�ZDDUVFKLMQOLMNKHLG� GDW� HHQ� FHO� YRRU� GLW� W\SH� JHEUXLNWZRUGW��'H]H�ZDDUVFKLMQOLMNKHLG�ZRUGW�EHVFKUHYHQ�PLGGHOV�HHQ� ORJLW�DDQSDN��(U�JHOGHQWZHH�EHSHUNLQJHQ�RS�GH�WRHZLM]LQJ�YDQ�JURQGJHEUXLN�DDQ�HHQ�FHO��GH�WRWDOH�YUDDJ�QDDUJURQG�YRRU�GH�GLYHUVH�JURQGJHEUXLNIXQFWLHV�HQ�GH�EHVFKLNEDUH�KRHYHHOKHLG�JURQG��'RRUKHW� RSOHJJHQ� YDQ� GH]H� EHSHUNLQJHQ� RQWVWDDW� HHQ� ]RJHKHWHQ� �GRXEO\� FRQVWUDLQHG� ORJLWPRGHO��GDW�DOV�YROJW�JHIRUPXOHHUG�NDQ�ZRUGHQ�

HED0 FMVFMFM �� �E�� +LHULQ�LV�0FM GH�YHUZDFKWH�KRHYHHOKHLG�JURQG�LQ�FHO�F�GLH�JHEUXLNW�JDDW�ZRUGHQ�YRRU�JURQGJHEUXLNW\SH�M�DM GH�YUDDJ�EDODQVIDFWRU��GH]H�]RUJW�HU�YRRU�GDW�GH�WRWDOH�KRHYHHOKHLG�WRHJHZH]HQ�JURQG�YRRU�W\SH�MJHOLMN�LV�DDQ�GH�RRUVSURQNHOLMNH�FODLP�EF GH�DDQERG�EDODQVIDFWRU��GH]H�]RUJW�HU�YRRU�GDW�GH�WRWDOH�KRHYHHOKHLG�JURQG�GLH�DDQ�HHQ�FHO�ZRUGWWRHJHZH]HQ�QLHW�JURWHU�LV�GDQ�GH�EHVFKLNEDUH�KRHYHHOKHLG�JURQG�LQ�GLH�FHO�H GH�EDVLV�YRRU�KHW�QDWXXUOLMN�ORJDULWPH�� ���������E HHQ�SDUDPHWHU�ZDDUPHH�KHW�PRGHO�LQJHVWHOG�NDQ�ZRUGHQ��(HQ�KRJH�ZDDUGH�YRRU�E ]RUJW�HU�YRRUGDW�GH�DWWUDFWLYLWHLW�HHQ�JURWH�URO�VSHHOW�HQ�OHLGW� WRW�HHQ�JHPHQJG�JURQGJHEUXLNSDWURRQ�GDW�VWHUNGH�DWWUDFWLYLWHLWVSDWURQHQ�YROJW��(HQ�ODJH�ZDDUGH�OHLGW�WRW�HHQ�KRPRJHQHU�JURQGJHEUXLNSDWURRQ�VFM GH�DWWUDFWLYLWHLW�YDQ�FHO�F�YRRU�JURQGJHEUXLNW\SH�M��GH]H�LV�JHEDVHHUG�RS�I\VLHNH�NDUDNWHULVWLHNHQ�JHOGHQG�EHOHLG�HQ�UHODWLHV�PHW�RPOLJJHQGH�FHOOHQ�=LH�+LOIHULQN�HQ�5LHWYHOG��������YRRU�HHQ�JHGHWDLOOHHUGHUH�PDWKHPDWLVFKH�EHVFKULMYLQJ�
.HQPHUNHQG� YRRU� GH� 5XLPWHVFDQQHU�DDQSDN� LV� GDW� GH� ZDDUVFKLMQOLMNKHLG� RS� KHWYRRUNRPHQ�YDQ�JURQGJHEUXLNW\SH�M�LQ�FHO�F�ZRUGW�EHVFKUHYHQ��'H]H�ZDDUVFKLMQOLMNKHLG�;FM��LV�LQ�EDVLV�JHGHILQLHHUG�DOV�¦ �E�E 

M VVFM HH; FM
FM �� ��

'H� NDQV� RS� KHW� YRRUNRPHQ� YDQ� HHQ� EHSDDOG� JURQGJHEUXLNW\SH� LV� GXV� QLHW� DOOHHQDIKDQNHOLMN�YDQ�GH�JHVFKLNWKHLG�YRRU�GDW�VSHFLILHNH� W\SH��PDDU�RRN�YDQ�KHW� WRWDDO�YDQDOOH� JHVFKLNWKHGHQ� LQ� GLH� FHO�� 'H]H� NDQV� OLJW� JHJHYHQ� GH� KLHUERYHQ� JHwQWURGXFHHUGHGHILQLWLH� WXVVHQ� �� HQ� ��� PDDU� ]DO� GLH� XLWHUVWHQ� QRRLW� EHUHLNHQ�� 'LW� LPSOLFHHUW� GDW� HONJURQGJHEUXLNW\SH�LQ�HONH�FHO�HHQ��VRPV�KHHO�NOHLQH��NDQV�RS�YRRUNRPHQ�KHHIW��$OV�GH]H
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NDQVHQ�YHUYROJHQV�SHU�FHO�ZRUGHQ�RPJH]HW�QDDU�HHQ�YHUZDFKWH�KRHYHHOKHLG�JURQG�SHUJURQGJHEUXLNW\SH�RQVWDDW�KHW�HQLJV]LQV�GLIIXVH�JURQGJHEUXLNSDWURRQ�]RDOV�GDW� GRRU�GH5HJW��������LV�EHGLVFXVVLHHUG�
��� 2SHUDWLRQDOLVHUHQ�WRW�FRPSXWHU�PRGHO2P� QD� WH� JDDQ� KRH� KHW� PDWKHPDWLVFKH� DOORFDWLH�PHFKDQLVPH� QX� GDDGZHUNHOLMN� LQ� GH5XLPWHVFDQQHU� LV� RSJHQRPHQ��ZRUGHQ� KLHURQGHU� GH� YHUVFKLOOHQGH� UHNHQVWDSSHQ� LQ� KHWPRGHO� EHVFKUHYHQ�� +HHO� EHNQRSW� VWDDW� GLW� RRN� LQ� +LOIHULQN� 	� 5LHWYHOG� �������� +HWRYHU]LFKW� LV� JHEDVHHUG� RS� KHW� VFULSW�� 56��B5HNHQVFKHPDB$OORFDWHB3HULRG�GPV�� 'HVWDSSHQ�YDQ�KHW�UHNHQVFKHPD�]LMQ�RRN�ZHHUJHJHYHQ�LQ�)LJXXU������� %HUHNHQHQ� DWWUDFWLYLWHLWHQNDDUWHQ� RS� EDVLV� YDQ� GH� UHHGV� JHGHILQLHHUGH� UHNHQUHJHOV�'H]H� NDDUWHQ� ]LMQ� GXV� QLHW� VWDQGDDUG� DDQZH]LJ��'H� DWWUDFWLYLWHLWHQNDDUWHQ� EHYDWWHQSHU� JULGFHO� HQ� SHU� ODQGJHEUXLNW\SH� GH� VXLWDELOLW\� �VFM��� ,Q� VHFWLH� ��� ZRUGW� QDGHULQJHJDDQ�RS�GH�RSERXZ�YDQ�GH�DWWUDFWLYLWHLWHQNDDUWHQ��� ,QLWLDOLVHHU�GH�YUDDJ�EDODQVIDFWRU�YRRU�DOOH�ODQGJHEUXLNW\SHQ�RS�ZDDUGH����DM  ���� %HUHNHQ�YRRU�DOOH�JULGFHOOHQ�HQ�DOOH�ODQGJHEUXLNW\SHQ�GH�YUDDJ��7FM  �DM 
�H[S�E
VFM��DM HQ�VFM ]LMQ�UHHGV�EHNHQG�HQ�E LV�HHQ�JHJHYHQ�FRQVWDQWH��YDDN�LQJHVWHOG�RS�ZDDUGH���GLH�DDQJHHIW�KRH�VWHUN�GH�LQYORHG�YDQ�GH�DWWUDFWLYLWHLW�LV�RS�GH�DOORFDWLH��� 7HO�SHU�FHO�GH�WRWDOH�YUDDJ�YDQ�DOOH�ODQGJHEUXLNW\SHV�RS��7F  �6M� 7FM�� %HUHNHQ� SHU� FHO� GH� DDQERG�EDODQVIDFWRU�� EF  � /F �� 7F�� /F LV� GH� KRHYHHOKHLGEHVFKLNEDUH�JURQG�SHU�FHO��GH]H�LV�UHHGV�EHNHQG��� %HUHNHQ�SHU�FHO�GH�KRHYHHOKHLG�WRHJHZH]HQ�ODQG�YRRU�HON�ODQGJHEUXLNW\SH�0FM  �EF 
�7FM��� 7HO�GH�WRWDOH�KRHYHHOKHLG�WRHJHZH]HQ�ODQG�RS��0M  �6F� 0FM��� &RQWUROHHU� SHU� ODQGJHEUXLNW\SH� RI� GH� WRWDOH� FODLP� JHOLMN� LV� DDQ� GH� WRHJHZH]HQKRHYHHOKHLG�ODQG��'M  "�0M��'M LV�KHW�WRWDDO�YDQ�KXLGLJ�JURQGJHEUXLN�HQ�GH�WRHNRP�VWLJH�FODLPV�HQ�LV�WH�KHUOHLGHQ�XLW�GH�FODLPWDEHOOHQ��� 9RRU�GH�ODQGJHEUXLNW\SHQ�ZDDU�GH�FODLP�RQJHOLMN�LV�DDQ�GH�WRHJHZH]HQ�KRHYHHOKHLGZRUGW�GH�YUDDJ�EDODQVIDFWRU�DDQJHSDVW��DM � �DM 
�'M ��0M��6WDUW�YHUYROJHQV�RSQLHXZPHW� VWDS����'RRUGDW� ]RZHO� JHFRUULJHHUG�ZRUGW� YRRU� KHW� DDQERG� DDQ� JURQG� SHU� FHO�PLGGHOV� EF�� DOV� YRRU� GH� YUDDJ� QDDU� JURQG� YRRU� YHUVFKLOOHQGH� ODQGJHEUXLNW\SHQ�PLGGHOV�DM��NDQ�KHW�RSELHGSURFHV�YHOH�LWHUDWLHV�GXUHQ�%LM� KHW� JHRSHUDWLRQDOLVHHUGH� PRGHO� ]LMQ� HQNHOH� RSPHUNLQJHQ� WH� PDNHQ�� (HQ� HHUVWHFRPSOLFDWLH�LQ�ERYHQVWDDQG�YHUKDDO�LV�GDW�GH�UXLPWHFODLPV�SHU�UHJLR�ZRUGHQ�RSJHJHYHQHQ�GDW�GH�UHJLR�LQGHOLQJ�SHU�ODQGJHEUXLNW\SH�NDQ�DIZLMNHQ��,Q�IHLWH�ZRUGHQ�GH�VWDSSHQ��WRW�HQ�PHW���LQ�GH�ERYHQVWDDQGH�SURFHGXUH�GXV�YRRU�HON�ODQGJHEUXLNW\SH��YRRU�HONH�UHJLRDI]RQGHUOLMN� XLWJHYRHUG�� 'DDUQDDVW� LV� GH� UHJLR�LQGHOLQJ� YRRU� GH� YHUVFKLOOHQGH� FODLPVRQJHOLMN��VHFWLH���� VWDDW�GDDU�XLWYRHULJ�ELM�VWLO�
8LW� KHW� ERYHQVWDDQG� VFKHPD� EOLMNW� GDW� KHW� PRGHO� VWUHHIW� QDDU� GH� XLWHLQGHOLMNHKRHYHHOKHLG� WRHJHZH]HQ� JURQG� JHOLMN� WH� PDNHQ� DDQ� GH� YRRUDI� RSJHJHYHQ� FODLPV�+LHUYRRU�LV�KHW�QRRG]DNHOLMN�GDW�KHW�DDQERG�YDQ�JURQG�HQ�GH�YUDDJ�GDDUQDDU�PHW�HONDDULQ� HYHQZLFKW� ]LMQ��6HFWLH���� JDDW� GLHSHU� LQ� RS� GH� QRRG]DDN� KLHUYDQ� HQ� EHVFKULMIW� HHQPRJHOLMNKHLG�RP�WRFK�WH�VLPXOHUHQ�ELM�KHW�RQWEUHNHQ�YDQ�HYHQZLFKW�
=RDOV�DO�NRUW�LV�DDQJHVWLSW�ELM�KHW�EHVSUHNHQ�YDQ�GH�UXLPWHFODLPV�LQ�KRRIGVWXN����ZHUNWGH� 5XLPWHVFDQQHU� PHW� WRWDOH� UXLPWHFODLPV� GLH� ]LMQ� VDPHQJHVWHOG� XLW� KHW� KXLGLJJURQGJHEUXLN� HQ� GH� DGGLWLRQHOH� FODLP� YRRU� ELMYRRUEHHOG� GH� SHULRGH� ����������7RHZLM]LQJ�JHVFKLHGW�GXV� LQ� IHLWH�RS�HHQ� �OHJH��NDDUW��2P�HHQ�EHSDDOG� W\SH�JURQGJH�
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EUXLN� LQ� KHW� VLPXODWLHUHVXOWDDW� WH� ODWHQ� WHUXJNHUHQ� RS� ]LMQ� KXLGLJH� SODDWV� LV� KHWQRRG]DNHOLMN�GH]H� ORNDWLH� DOV� ]HHU� DDQWUHNNHOLMN� WH�GHILQLsUHQ�� ,Q� VHFWLH���� ZRUGW� KLHUQDGHU�RS�LQJHJDDQ�� ,Q�HHQ�HHUGHUH� WRHSDVVLQJ��6FKRWWHQ�HW�DO�������� LV�RYHULJHQV�GHHOVYRRU� HHQ� DQGHUH� DDQSDN� JHNR]HQ�� KHW� KXLGLJ� JURQGJHEUXLN� YRRU� ZRQHQ� ZHUG� GDDULQJHKDQGKDDIG� HQ� DOOHHQ� GH� DGGLWLRQHOH� FODLP� ZHUG� PLGGHOV� KHW� DOORFDWLHPHFKDQLVPHWRHJHZH]HQ�

)LJXXU� ��� +HW� 5XLPWHVFDQQHU� UHNHQVFKHPD�� QDGHUH� XLWOHJ� ZRUGW� JHJHYHQ� LQ� KHW� ELMJDDQGHVWDSSHQVFKHPD,Q�YHUVLH�����YDQ�GH�5XLPWHVFDQQHU�ZRUGHQ�HQNHOH�JURQGJHEUXLNW\SHQ�QLHW�PLGGHOV�KHWDOORFDWLHPHFKDQLVPH�WRHJHZH]HQ��:DWHU�HQ�YHUVFKLOOHQGH�VRRUWHQ�LQIUDVWUXFWXXU�ZRUGHQDOV� H[RJHQH� JURQGJHEUXLNW\SHQ� EHVFKRXZG�� 'H� ORNDWLH� YDQ� GH]H� W\SHQ� LV� YDVWRSJHQRPHQ�HQ�YHUDQGHUW�QLHW�PHW�GH� VLPXODWLHV��9RRU�GH]H�NODVVHQ�]LMQ�GDQ�RRN�JHHQFODLPV� EHVFKLNEDDU�� 'H� JURQG� GLH� KLHUGRRU� ZRUGW� LQJHQRPHQ� LV� GXV� QLHW� EHVFKLNEDDUYRRU� GH� DQGHUH� JURQGJHEUXLNW\SHQ�� ,Q� YHUVLH� ���� LV� KHW� RYHULJHQV� ZHO� PRJHOLMNUXLPWHFODLPV� YRRU� LQIUDVWUXFWXXU� �ELMYRRUEHHOG� %HWXZHOLMQ�� +6/�� XLWEUHLGLQJOXFKWKDYHQV��QLHXZH�VQHOZHJHQ�HQ�NDQDOHQ��WH�VHOHFWHUHQ��'H�WRHNRPVWLJH�ORNDWLH�YDQ�GHLQIUDVWUXFWXXU� LV� KDUG� LQ� GH� 5XLPWHVFDQQHU� RSJHQRPHQ�� 7RHZLM]LQJ� PLGGHOV� KHW� RSZDDUVFKLMQOLMNKHLG� JHEDVHHUGH� DOORFDWLHPHFKDQLVPH� ]RX� QDPHOLMN� QRRLW� WRW� GH� H[DFWYRRUJHQRPHQ�ORNDWLH�YRRU�GH�JHSODQGH�LQIUDVWUXFWXXU�OHLGHQ�
,Q� GH� YROJHQGH� VHFWLHV� ZRUGW� LQ� PHHU� GHWDLO� RS� HQNHOH� VSHFLILHNH� PRGHODVSHFWHQLQJHJDDQ�
��� 5HJLR�LQGHOLQJHQ�YRRU�UXLPWHFODLPV'H� UHJLR�LQGHOLQJ� GLH� JHKDQWHHUG� ZRUGW� ELM� GH� UXLPWHFODLPV� YHUVFKLOW� YDDN� SHUJURQGJHEUXLNW\SH��=R�]LMQ�ZRQLQJFODLPV�PHHVWDO�EHVFKLNEDDU�SHU�&2523�UHJLR��WHUZLMOYRRU� ELMYRRUEHHOG�ZHUNFODLPV� YHHODO� HHQ� GULHGHOLQJ� YDQ�1HGHUODQG� JHKDQWHHUG� ZRUGW�'LW�YHUVFKLO�KHHIW�JHYROJHQ�YRRU�GH�XLWHLQGHOLMNH�VLPXODWLH��)LJXXU���� WRRQW�HQNHOH�YHHOJHEUXLNWH� UHJLR�LQGHOLQJHQ�� KLHUELM� LV� LQJH]RRPG� RS� FHQWUDDO� 1HGHUODQG�� 6WHO� QX� GDW
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ZRQHQ�YRRU�KHW�&2523�JHELHG�8WUHFKW�WHQ�RS]LFKWH�YDQ�GH�RYHULJH�IXQFWLHV�HHQ�UHODWLHIJURWH� FODLP�KHHIW��'LW� ]DO� HU� WRH� OHLGHQ� GDW�ZRQHQ��PLGGHOV� DDQSDVVLQJ� YDQ� GH� YUDDJ�EDODQVIDFWRU�� ]DO� SUREHUHQ� YHHO� JURQG� LQ� WH� QHPHQ�� +LHUELM� ]XOOHQ� XLWHLQGHOLMN� RRN� GHYRRU� ZRQHQ� PLQGHU� DDQWUHNNHOLMNH� ORNDWLHV� LQ� EHVFKRXZLQJ� ZRUGHQ� JHQRPHQ�� 'LWSURFHV�NDQ�HU�WRH�OHLGHQ�GH�ORNDWLHV�GLH�]RZHO�YRRU�ZRQHQ�DOV�ZHUNHQ�DDQWUHNNHOLMN�]LMQYRRUQDPHOLMN�]XOOHQ�ZRUGHQ�LQJHQRPHQ�GRRU�ZRQHQ��:HUNHQ�]DO� LPPHUV�PLQGHU�VWHUNKDDU� YUDDJ�EDODQVIDFWRU� DDQSDVVHQ� RPGDW� HU� YROGRHQGH� UXLPWH� ELQQHQ� KDDU� UHJLREHVFKLNEDDU� LV� RP� GH� JHVWHOGH� FODLP� WH� UHDOLVHUHQ��*HYROJ� LV� GDQ�ZHO� GDW�ZHUNHQ� ]DOXLWZLMNHQ� QDDU� HHQ�PLQGHU� EHWZLVW� JHELHG� ELQQHQ� GH� ZHUNUHJLR� 5DQGVWDG� HQ� ELMYRRU�EHHOG� JHSODDWVW� ]DO�ZRUGHQ� LQ� HHQ� GHHO� YDQ�1RRUG�� RI� =XLG�+ROODQG�ZDDUYRRU�PLQGHUVWHUNH� ZRRQFODLPV� JHOGHQ�� =R� RQVWDDW� GXV� HHQ� ]HNHUH� VFKHLGLQJ� WXVVHQ� ZRQHQ� HQZHUNHQ��GLH�QLHW�DOWLMG�UHDOLVWLVFK�KRHIW� WH�]LMQ�RPGDW�HHQ�GHHO�YDQ�GH�ZHUNJHOHJHQKHLGZHO�GHJHOLMN�HHQ�VWHUNH�YRRUNHXU�YRRU�8WUHFKW�NDQ�KHEEHQ��(HQ�YHUJHOLMNEDUH�VLWXDWLH�]DORSWUHGHQ�ELM�GH�ODQGERXZFODLPV�GLH�JHGHILQLHHUG�ZRUGHQ�RS�/(,����QLYHDX��%LM�UHODWLHIJURWH�ZRRQFODLPV�YRRU�KHW�&2523�JHELHG�8WUHFKW�]DO�ODQGERXZ�XLWZLMNHQ�QDDU�PLQGHUGH�EHWZLVWH�GHOHQ�YDQ�GH�/(,�UHJLRV�GLH�RYHUODSSHQ�PHW�GLW�&2523�JHELHG��/DQGERXZZRUGW� GDQ� ELMYRRUEHHOG� JHSODDWVW� LQ� *HOGHUODQG� RI� =XLG�+ROODQG�� (HQ� JHKHHO� DQGHUHVLWXDWLH�RQWVWDDW�HFKWHU�DOV�GH]HOIGH�ODQGERXZFODLPV�JHGHILQLHHUG�]RXGHQ�]LMQ�SHU�/(,���� UHJLR�� ,Q� GDW� JHYDO� OLJJHQ� YLMI� FRPSOHWH� /(,�UHJLR
V� ELQQHQ� KHW� &2523�JHELHG8WUHFKW�HQ�RQWVWDDW�HU�HHQ�VHULHX]H�FRQFXUUHQWLHVWULMG��'LH�NDQ�HU� WRH�OHLGHQ�GDW�ZRQHQHQ� ODQGERXZ� DQGHUH� IXQFWLHV� QRJ� VWHUNHU� YHUGULMYHQ��2RN� NDQ� EOLMNHQ� GDW� HU� YRRU� GLHUHJLR
V� JHHQ� SDVVHQGH� RSORVVLQJ� EHVWDDW�� 'XLGHOLMN� LV� GDW� KHW� PRGHO� HHQ� JURWHUHDOORFDWLHYULMKHLG�KHHIW�DOV�GH�FODLPV�JHJHYHQV�ZRUGHQ�YRRU�JURWHUH�UHJLR
V��,Q�GDW�JHYDOVSHHOW�GH�DWWUDFWLYLWHLW��GLH�YRRU�GH�YHUVFKLOOHQGH�IXQFWLHV�JHGHILQLHHUG�LV��HHQ�EHODQJULMNHURO��'RRUGDFKWH�LQYXOOLQJ�GDDUYDQ�LV�GXV�YDQ�JURRW�EHODQJ�

)LJXXU� ��� 9HHO� JHEUXLNWH� UHJLR�LQGHOLQJHQ� LQ� GH� 5XLPWHVFDQQHU�� &2523�UHJLR
V� YRRU� ZRQHQ�� ZHUN�UHJLR
V�HQ�/(,����RI�/(,����JHELHGHQ�YRRU�/DQGERXZ��7HU�RULsQWDWLH�]LMQ�SURYLQFLHJUHQ]HQ�RSJHQRPHQ�
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��� 2QJHOLMNKHLGVUHVWULFWLHV9RRU�HHQ�JRHGH�ZHUNLQJ�YDQ�KHW�DOORFDWLHPHFKDQLVPH�LV�KHW�QRRG]DNHOLMN�GDW�YUDDJ�HQDDQERG� RYHUHHQNRPHQ�� $OV� GH� JHYUDDJGH� KRHYHHOKHLG� JURQG� JURWHU� LV� GDQ� GHEHVFKLNEDUH� KRHYHHOKHLG� EOLMIW� KHW� PRGHO� LQ� SULQFLSH� RQHLQGLJ� LWHUHUHQ�� 'H� JURQGJH�EUXLNW\SHQ�GLH�WHNRUW�NRPHQ�]XOOHQ�QDPHOLMN�EOLMYHQ�YUDJHQ�RP�PHHU�JURQG��]LH�VWDS��LQ�KHW�KLHUYRRU�EHVSURNHQ�UHNHQVFKHPD��'LW�OHLGW�WRW�KHW�RQGHU�PHHU�GRRU�7LPPHUPDQV�������HQ�5DQVLMQ�HQ�DQGHUHQ� �LQ�6FKROWHQ�HW�DO��������DDQJHKDDOGH�NULWLHNSXQW�GDW�GHJURQGSULM]HQ�LQ�GH�5XLPWHVFDQQHU�EOLMYHQ�VWLMJHQ��'H�5XLPWHVFDQQHU�ELHGW�HYHQZHO�HHQPRJHOLMNKHLG� RP� ELM� KHW� RQWEUHNHQ� YDQ� GH� QRRG]DNHOLMNH� HYHQZLFKWVFRQGLWLH� WRFK� WHVLPXOHUHQ�� 0LGGHOV� RQJHOLMNKHLGVUHVWULFWLHV� NDQ� QDPHOLMN� DDQJHJHYHQ� ZRUGHQ� ZHONHUXLPWHFODLPV� JHKHHO� JHKRQRUHHUG�PRHWHQ�ZRUGHQ� HQ� ZHONH� FODLPV�PHW�PLQGHU� JURQGJHQRHJHQ�NXQQHQ�QHPHQ��7RW�RS�KHGHQ�LV�GH]H�RSWLH�HFKWHU�QLHW�JHEUXLNW�
,Q� GH� FODLPWDEHOOHQ� LV� HHQ� NRORP� RSHUDWRU� WRHJHYRHJG� ZDDUPHH� DDQJHJHYHQ� ZRUGWZHONH�RQJHOLMNKHLGVUHVWULFWLH�JHOGW��:HONH�ZDDUGH�LQ�GH]H�NRORP�PRHW�ZRUGHQ�JHEUXLNWLV� QX� RS� GULH� SODDWVHQ� YHUVFKLOOHQG� EHVFKUHYHQ�� 1DYUDDJ� ELM� GH� RRUVSURQNHOLMNHSURJUDPPHXU�� 0DDUWHQ� +LOIHULQN�� OHHUW� GDW� GH� 5XLPWHVFDQQHU� GH� RSHUDWRUZDDUGH� �LQWHUSUHWHHUW� DOV� PLQLPXP� FODLP� �PHHU� PDJ��� �� DOV� JHOLMNVWHOOHQGH� FODLP� HQ� �� DOVPD[LPXP�FODLP��PLQGHU�PDJ���+HW�H[DFWH�JHEUXLN�YDQ�GH�RSHUDWRU�LV�WHUXJ�WH�YLQGHQ�LQGH�IXQFWLH�FODLPBFRUU�GLH�ZRUGW�JHGHILQLHHUG� LQ�5HZULWH([SU�OVS��+HW�NRPW�HU�RS�QHHUGDW�GH�DDQSDVVLQJ�YDQ�$M��YUDDJ�EDODQVIDFWRU��DDQ�JUHQ]HQ�LV�JHERQGHQ��,Q�KHW�JHYDO�YDQHHQ�PLQLPXP�FODLP��RSHUDWRU� ����JHOGW�$M�! ����ELM�GH�LWHUDWLHYH�DDQSDVVLQJ�ZRUGW�$MWHONHQV�YHUKRRJW�]RGDW�GH�FODLP�JHKDDOG�ZRUGW��RI�]HOIV�RYHUVFKUHGHQ�NDQ�ZRUGHQ��%LMPD[LPXP�FODLPV��RSHUDWRU� ����OLJW�GH�DDQJHSDVWH�ZDDUGH�YDQ�$M�� ����'H�WRHZLM]LQJZRUGW�ZHO� QDDU� EHQHGHQ� JHFRUULJHHUG��PDDU� QLHW� RPKRRJ��2YHULJHQV� ]DO� ELM� SDVVHQGHFODLPV�HQ�YROGRHQGH�LWHUDWLHV�KHW�PRGHO�VWUHYHQ�QDDU�JHOLMNKHLG�YDQ�DOOH�FODLPV��%LM�HHQRSHUDWRU�ZDDUGH�YDQ����PDDU�IHLWHOLMN�ELM�HONH�DQGHUH�ZDDUGH�GDQ���RI����ZRUGW�$M�]RZHOQDDU�ERYHQ�DOV�EHQHGHQ�DDQJHSDVW�
,Q�HHQ�VSUHDGVKHHW�LV�GH�LQYORHG�YDQ�GH�FODLPFRUUHFWLH�RS�GH�DOORFDWLH�JHVLPXOHHUG��'DWOHYHUGH�WHYHQV�HHQ�LQWHUHVVDQWH� LOOXVWUDWLH�ELM�GH�ZHUNLQJ�YDQ�GH�EDODQVIDFWRUHQ�RS��%LMHHQ�GUHLJHQG�UXLPWHWHNRUW�EOLMNW�GH]H�DDQSDN�LQGHUGDDG�WH�ZHUNHQ��+HW�LV�RYHULJHQV�ZHOYDQ�EHODQJ�WH�UHDOLVHUHQ�GDW�GRRU�JHEUXLN�YDQ�GH]H�RSWLH�HHQ�GHHO�YDQ�GH�RRUVSURQNHOLMNHUXLPWHFODLPV� QLHW� JHUHDOLVHHUG� NDQ�ZRUGHQ��'H� JHEUXLNHU� JHHIW� GH�5XLPWHVFDQQHU� GXVIHLWHOLMN�RSGUDFKW�EHSDDOGH�VHFWRUDOH�FODLPV�PLQGHU�VHULHXV�WH�QHPHQ�GDQ�DQGHUH�
��� $WWUDFWLYLWHLWHQNDDUWHQ,Q� GH� DWWUDFWLYLWHLWHQNDDUWHQ� LV� SHU� JULGFHO� GH� DDQWUHNNHOLMNKHLG� YRRU� EHSDDOGHJURQGJHEUXLNIXQFWLHV� YDVWJHOHJG�� 'H]H� DDQWUHNNHOLMNKHLG� ZRUGW� PHHVWDO� EHSDDOG� RSEDVLV�YDQ�I\VLHNH�JHVFKLNWKHLG��E�Y��ERGHPW\SH�YRRU�ODQGERXZJHZDVVHQ���DIVWDQGVUHOD�WLHV��E�Y��QDELMKHLG�ZHUNJHOHJHQKHLG��YDVWJHOHJG�LQ�SRWHQWLDDONDDUWHQ��HQ�EHOHLGVNDDUWHQ�E�Y��9,1(;� ORFDWLHV���'H]H�NDDUWHQ� EHSDOHQ� LQ� KRJH�PDWH� GH� XLWHLQGHOLMNH� VLPXODWLH�UHVXOWDWHQ�� =RDOV� DOV� RQGHU�PHHU� GRRU�:DJWHQGRQN� HQ� 6FKRWWHQ� ������� LV� YDVWJHVWHOG�]RX� KHW� VDPHQVWHOOHQ� YDQ� GLH� NDDUWHQ� EHWHU� JHVWUXFWXUHHUG� HQ� RQGHUERXZG� PRHWHQJHEHXUHQ��9RRU�GH]H�VWXGLH�LV�LQ�GHWDLO�JHNHNHQ�QDDU�GH�RSERXZ�YDQ�GH�DWWUDFWLYLWHLWHQ�NDDUWHQ�YRRU�KHW�FRPSDFWH�VWDG�VFHQDULR�]RDOV�GDW�GRRU�5,90�WHU�YRRUEHUHLGLQJ�RS�GH9LMIGH�1RWD�LV�JHGDDQ��]LH�%LMODJH����,Q�GH]H�VHFWLH�ZRUGHQ�HQNHOH�DOJHPHQH�FRQFOXVLHVJHWURNNHQ�XLW�GLH�DQDO\VH�
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,Q� GH� SUDNWLMN� EOLMNHQ� GH�ZDDUGHQ� YDQ� GH� DWWUDFWLYLWHLWHQNDDUWHQ� YRRU� GH� YHUVFKLOOHQGHJURQGJHEUXLNIXQFWLHV� EHKRRUOLMN� XLWHHQ� WH� ORSHQ�� 9RRU� GH� DJUDULVFKH� IXQFWLHV� NRPHQYDDN�ZDDUGHQ� WXVVHQ� ��� HQ� ��� YRRU�� WHUZLMO� YRRU� GH� RYHULJH� IXQFWLHV� DOOHHQ� SRVLWLHYHZDDUGHQ� JHKDQWHHUG��'H�PD[LPDOH�ZDDUGHQ� OLJJHQ� WXVVHQ� ��� �ZRQHQ�� HQ� ��� �QDWXXU��%LM�KHW�RSERXZHQ�YDQ�GH� DWWUDFWLYLWHLWHQNDDUWHQ�YRRU�KHW� VWURPHQODQG� VFHQDULR�NRPHQ]HOIV�PD[LPD�YDQ� �����HQ������YRRU��'H]H�KRJH�ZDDUGHQ�YRRU�ZRQHQ� HQ� QDWXXU� ]LMQLQJHEUDFKW� RP� HU� ]HNHU� YDQ� WH� ]LMQ� GDW� GH]H� IXQFWLHV� RS� GH� EHGRHOGH� SODDWVHQ� WHUHFKWNRPHQ��'DW�EHWUHIIHQ�YHHODO�GH�KXLGLJH�ORFDWLHV�YDQ�GH]H�IXQFWLHV��+HW�LV�KLHUELM�JRHG�WHUHDOLVHUHQ�GDW�KHW�WRWDDO�YDQ�KXLGLJ�JURQGJHEUXLN�HQ�WRHNRPVWLJH�FODLP�WHJHOLMN�ZRUGHQWRHJHZH]HQ�� $OORFDWLH� YLQGW� IHLWHOLMN� SODDWV� RS� HHQ� �OHJH�� NDDUW�� 9RRU� GH� PHHVWHJURQGJHEUXLNIXQFWLHV�LV�HFKWHU�WH�YHUZDFKWHQ�GDW�KHW�KXLGLJH�JURQGJHEUXLN�JHKDQGKDDIGEOLMIW��+HW� LV� RQZDDUVFKLMQOLMN�GDW� GH�EHVWDDQGH�EHERXZLQJVNHUQHQ�ZRUGHQ� DIJHEURNHQRI� KXLGLJH� QDWXXUJHELHGHQ� YDQ� IXQFWLH� YHUDQGHUHQ�� GXV� GH]H� ORFDWLHV� PRHWHQ� DOV� ]HHUDDQWUHNNHOLMN� ZRUGHQ� JHGHILQLHHUG�� 'DDUQDDVW� LV� KHW� YRRU� EHSDDOGH� EHOHLGVJHELHGHQEHKRRUOLMN�]HNHU�GDW�GH�JHSODQGH�IXQFWLHV�GDDU�JHUHDOLVHHUG�JDDQ�ZRUGHQ��'XV�RRN�GH]HJHELHGHQ�RQWYDQJHQ�YDDN�HHQ�UHODWLHI�KRJH�ZDDUGH�
+HW�EHwQYORHGHQ�YDQ�GH�VLPXODWLH�PLGGHOV�GH]H�RQJHOLMNH�VFKDOLQJ�YDQ�GH�DWWUDFWLYLWHL�WHQNDDUWHQ� LV� QLHW� FRQIRUP� GH� RRUVSURQNHOLMNH� PRGHORS]HW�� +HW� YUDDJ�� HQ� DDQERGPHFKDQLVPH� IXQFWLRQHHUW� RS� GH]H�ZLM]H� QLHW� YROOHGLJ�� (HQ� QHJDWLHYH� DWWUDFWLYLWHLW� NDQOHLGHQ�WRW�QHJDWLHYH�SULMVYRUPLQJ�GLH�HFRQRPLVFK�JH]LHQ�QLHW�HFKW�UHDOLVWLVFK�LV��9ROJHQV+LOIHULQN� HQ� 5LHWYHOG� ������� YHUGLHQW� KHW� GH� YRRUNHXU� DOOH� DWWUDFWLYLWHLWHQ� JHOLMN� WHVFKDOHQ� WXVVHQ� ���� HQ� ����0HW� GH���SDUDPHWHU� NDQ� LQJHVWHOG�ZRUGHQ� GDW� GH� JURQGJH�EUXLNVLPXODWLH�VWHUNHU�GH�DWWUDFWLYLWHLW�PRHW�YROJHQ�
2P�WRW�DWWUDFWLYLWHLWHQNDDUWHQ� WH�NRPHQ�GLH�EHWHU�JHIXQGHHUG�]LMQ� LQ�GH�DFKWHUOLJJHQGHHFRQRPLVFKH� WKHRULH� LV� HHQ� H[SOLFLHWHUH� RSQDPH� YDQ� NRVWHQ� GHQNEDDU�� +LHUELM� LV� HHQQDGHUH�DDQVOXLWLQJ�RS�KHW�YHUNODUHQGH�JURQGSULM]HQPRGHO�YDQ�-RRVW�%XXUPDQ�PRJHOLMNRP� ELMYRRUEHHOG� GH� JHVFKLNWKHLG� YDQ� JURQG� YRRU� DJUDULVFKH� IXQFWLHV� WH� GHILQLsUHQ�'DDUQDDVW�NDQ�RSQDPH�YDQ�WUDQVLWLHNRVWHQ�ELMGUDJHQ�DDQ�KHW�EHVFKULMYHQ�YDQ�GH�LQHUWLHYDQ� EHSDDOGH� KXLGLJH� JURQGJHEUXLNIXQFWLHV�� /DDWVWJHQRHPGH� DDQSDVVLQJHQ� YDQ� GHDWWUDFWLYLWHLWHQNDDUWHQ� YHUJHQ� HFKWHU� HHQ� JHGHJHQ� HFRQRPLVFKH� VWXGLH� HQ� ]LMQ� GDDGRRUQLHW� GLUHFW� WRHSDVEDDU��$OV�GH�RSERXZ�YDQ�GH� DWWUDFWLYLWHLWHQNDDUWHQ� JHUHODWHHUG�ZRUGWDDQ� NRVWHQ�� LV� KHW� RYHULJHQV� GHQNEDDU� GDW� GH� DWWUDFWLYLWHLWHQ� YRRU� GH� YHUVFKLOOHQGHJURQGJHEUXLNW\SHQ� QLHW� JHOLMN� JHVFKDDOG� ]XOOHQ� ]LMQ� ]RDOV� +LOIHULQN� HQ� 5LHWYHOGVXJJHUHUHQ�
+HW� LV� VWHUN� DDQ� WH� UDGHQ� ELQQHQ� HHQ� RI� PHHU� FDVH�VWXGLHV� GH� PRJHOLMNKHGHQ� YDQERYHQJHQRHPGH�DDQSDVVLQJHQ�WH�RQGHU]RHNHQ��0LGGHOV�KHW�JHIXQGHHUG�ELMVWHOOHQ�YDQ�GHDWWUDFWLYLWHLWZDDUGHQ� HQ� YHUYROJHQV� EHVWXGHUHQ� YDQ� GH� VLPXODWLHUHVXOWDWHQ� NDQ� HHQUHDOLVWLVFKH� HQ� YHUDQWZRRUGH� VLPXODWLH� ZRUGHQ� QDJHVWUHHIG�� 'DDUELM� ]DO� RRN� DDQGDFKWDDQ� GH� WKHRUHWLVFKH� LQEHGGLQJ� YDQ� KHW� EHJULS� DWWUDFWLYLWHLW�� KRH� NDQ� DWWUDFWLYLWHLW� LQHFRQRPLVFKH�WHUPHQ�JHGHILQLHHUG�ZRUGHQ"
��� 2QGHUGHHO�LQ�PRGHONHWHQ'H�5XLPWHVFDQQHU� LV� HHQ� JHVFKLNW� LQVWUXPHQW� RP� EHVWDDQGH�� NOHLQVFKDOLJH� UXLPWHOLMNHFODLPV� JURRWVFKDOLJ� WH� DOORFHUHQ�� 1RUPDOLWHU� JDDW� KHW� RP� FODLPV� RS� ELMYRRUEHHOG&2523�QLYHDX�GLH�DDQ� LQGLYLGXHOH� FHOOHQ�YDQ����[����PHWHU�ZRUGHQ� WRHJHZH]HQ�� ,QGLH�]LQ�ZLMNW�GH�5XLPWHVFDQQHU�DI�YDQ�YHHO�ODQGJHEUXLNPRGHOOHQ�GLH�]HOI�GH�RPYDQJ�YDQGH� UXLPWHFODLPV� EHSDOHQ�� 'H� 5XLPWHVFDQQHU� LV� HHQ� VWDS� LQ� GH� NHWHQ� VHFWRUPRGHO�



'H�5XLPWHVFDQQHU�YHUNHQGYULMH 8QLYHUVLWHLW�� DPVWHUGDP ��

DOORFDWLHPRGHO� HQ� HIIHFWEHSDOLQJ�� ]LH� )LJXXU� ����� 'H� VHFWRUDOH� PRGHOOHQ� OHYHUHQ� SHUJURQGJHEUXLNW\SH� GH� UXLPWHFODLPV�� GH� 5XLPWHVFDQQHU� ZLMVW� GH]H� WRH� DDQ� LQGLYLGXHOHFHOOHQ�HQ�GH�XLWNRPVWHQ�NXQQHQ�LQ�DSDUWH�PRGHOOHQ�JHWRHWVW�ZRUGHQ�RS�ELMYRRUEHHOG�KXQPLOLHX�HIIHFWHQ��]LH�E�Y��:DDOV�HW�DO�������
'H]H� PRGXODLUH� RS]HW� YDQ� GH� 5XLPWHVFDQQHU� KHHIW� DOV� QDGHHO� GDW� KHW� PRGHO� JHHQLQYORHG�NDQ�XLWRHIHQHQ�RS�]LMQ� LQSXW�JHJHYHQV�HQ�GDW�HU�ELQQHQ�KHW�PRGHO�VOHFKWV�]HHUEHSHUNWH�PRJHOLMNKHGHQ�]LMQ�RP�VLPXODWLHUHVXOWDWHQ�WH�HYDOXHUHQ��$DQ�EHLGH�NDQWHQ�YDQKHW�PRGHO�LV�YHUEHWHULQJ�GHQNEDDU�HQ�ZHQVHOLMN�RP�WRW�HHQ�UHDOLVWLVFKHU�HQ�EUXLNEDDUGHUPRGHO�WH�NRPHQ�

)LJXXU���� 3RVLWLH�5XLPWHVFDQQHU�LQ�PRGHONHWHQ�ODQGJHEUXLNVLPXODWLH+HW�WRHYRHJHQ�YDQ�HHQ�WHUXJNRSSHOLQJ�RS�GH�UXLPWHFODLPV�GLH�DOV�LQSXW�YRRU�KHW�PRGHOGLHQHQ� NDQ� KHOSHQ� ELM� KHW� RQWEUHNHQ� YDQ� HYHQZLFKW� WXVVHQ� YUDDJ� HQ� DDQERG�� ,Q� KHWKXLGLJH�PRGHO�NDQ�ELM�KHW�DIZH]LJ�]LMQ�YDQ�HYHQZLFKW�JHUHNHQG�ZRUGHQ�PHW�KDUGH� HQ]DFKWH�FODLPV��]LH�VHFWLH�������'LW�OHYHUW�ZHO�HHQ�SDVVHQGH�RSORVVLQJ�RS��PDDU�RQWEHHUWHHQ� WKHRUHWLVFK� JHIXQGHHUGH� RQGHUERXZLQJ�� 'H� JHEUXLNHU� EHSDDOW� ]HOI� ZHONH� FODLPVUXLPWH�PRHWHQ� LQOHYHUHQ�� ,Q�ZHUNHOLMNKHLG� ]DO� KHW� UXLPWHWHNRUW� GHHOV�ZRUGHQ� RSJHORVWGRRU� IXQFWLHFRPELQDWLH� �ELMYRRUEHHOG� ZHUNHQ� RS� LQIUDVWUXFWXXU��� LQWHQVLYHULQJ�ELMYRRUEHHOG�PHHU�ZRQLQJHQ�SHU�KHFWDUH���LQVFKLNNLQJ��ELMYRRUEHHOG�PLQGHU�ODQGERXZ�HQ�ODQGDDQZLQQLQJ��GHQN�DDQ�,-EXUJ�RI�HHQ�WZHHGH�0DDVYODNWH���2SQDPH�YDQ�GHUJHOLMNHPHFKDQLVPHQ� ]RX� PHHU� UHFKW� GRHQ� DDQ� GH� UHDOLWHLW�� 0HW� QDPH� HHQ� GDDGZHUNHOLMNHHFRQRPLVFKH� DIZHJLQJ� WXVVHQ� JURQGSULMV� HQ� JURQGJHEUXLN� ]RX� YDQXLW� HFRQRPLVFKZHWHQVFKDSSHOLMN�SHUVSHFWLHI�HHQ�YHUULMNLQJ�YDQ�KHW�PRGHO�EHWHNHQHQ��,Q�%LMODJH�� LV�HHQQRWLWLH�YDQ�3URI��'U��3��5LHWYHOG�RSJHQRPHQ�GLH�HQNHOH�HHUVWH�YRRUVWHOOHQ�LQ�GLH�ULFKWLQJGRHW��'XLGHOLMN� LV�GDW�GH]H�VXJJHVWLHV�HHQ�VWHYLJH�DDQSDVVLQJ�YDQ�KHW�EHVWDDQGH�PRGHOYUDJHQ�
2P� GH� GLUHFWH� EUXLNEDDUKHLG� YDQ� GH� 5XLPWHVFDQQHU� WH� YHUJURWHQ� LV� KHW� GHQNEDDU� RPHQNHOH� HHQYRXGLJH� LQGLFDWRUHQ� DDQ� KHW�PRGHO� WRH� WH� YRHJHQ��2S�GLW�PRPHQW� LV� KHW� LQYHUVLH�����DOOHHQ�PRJHOLMN�HHQ�NDDUW�PHW�KHW�GRPLQDQWH�JURQGJHEUXLN�WH�PDNHQ�YDQ�GHXLWHLQGHOLMNH�VLPXODWLH��2S�JHOLMNH�ZLM]H�DOV�ELM�GH�/HHI2PJHYLQJV9HUNHQQHU��]LH�1LMV�HWDO� ������ ]RXGHQ� GDDU� QRJ� HQNHOH� HHQYRXGLJH� NZDOLWHLWVPDWHQ� DDQ� NXQQHQ� ZRUGHQWRHJHYRHJG�� (HQ� DDQ]HW� WRW� HHQ� XLWJHEUHLGHUH� LQGLFDWRU� YRRU� KHW� EHVFKULMYHQ� YDQ� GHDDQWDVWLQJ�YDQ�RSHQ�UXLPWH�ZRUGW�JHJHYHQ�LQ�%LMODJH���
��� *HEUXLNHUVDVSHFWHQ'H� 5XLPWHVFDQQHU� EHYDW� HHQ� VFKDW� DDQ� JHJHYHQV� GLH� YDQ� EHODQJ� ]LMQ� YRRU� KHWRQWZLNNHOHQ�HQ�EHRRUGHOHQ�YDQ�UXLPWHOLMN�EHOHLG��0LGGHOV�HHQ�ERRPVWUXFWXXU�NXQQHQ�RSYULM�HHQYRXGLJH�ZLM]H�JHRJUDILVFKH�JHJHYHQV�JHWRRQG�ZRUGHQ�RYHU�ELMYRRUEHHOG��KXLGLJJURQGJHEUXLN�� UXLPWHOLMNH�SODQQHQ�HQ�EHOHLGVJHELHGHQ��'DDUQDDVW�NXQQHQ�RS�EDVLV�YDQGH� DDQZH]LJH� EDVLVJHJHYHQV� HQ� KHW� RSJHQRPHQ� DOORFDWLHPHFKDQLVPH� VLPXODWLHV� YDQWRHNRPVWLJ�JURQGJHEUXLN�ZRUGHQ�XLWJHYRHUG��0LGGHOV� LQYXOVFULSWV� LV�KHW�PRJHOLMN�]HOIVFHQDULR
V� WH� GHILQLsUHQ� HQ� WH� ODWHQ� GRRUUHNHQHQ�� 'RRUGDW� GH� 5XLPWHVFDQQHU� GHEDVLVJHJHYHQV�RS�LQWHOOLJHQWH�ZLM]H�RSVODDW�GXUHQ�YROOHGLJH�VLPXODWLHV�YDDN�PDDU�HQNHOHPLQXWHQ�RS�HHQ�UHJXOLHUH�3&��3HQWLXP�3UR�PHW�����0%�5$0��

EHSDOHQ�UXLPWHFODLPV�VHFWRU�PRGHO� LQWHJUDOH�VLPXODWLH�5XLPWHVFDQQHU� HYDOXHUHQ�XLWNRPVWHQ�DSDUWH�LQGLFDWRUHQ�
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+HW�LQVWUXPHQW�LV�QX�HFKWHU�QLHW�JHVFKLNW�RP�5XLPWHJHEUXLNVLPXODWLHV�WH�ODWHQ�XLWYRHUHQGRRU� RQJHWUDLQGH� JHEUXLNHUV�� =R� LV� KHW� LQYRHJHQ� YDQ� QLHXZH� UXLPWHOLMNH� JHJHYHQV� RIUXLPWHFODLPV�QLHW�HHQYRXGLJ��'H�UXLPWHOLMNH�JHJHYHQV�PRHWHQ�ZRUGHQ�RPJH]HW�QDDU�HHQ���� [� ���� PHWHU� JULG� HQ� LQ� HHQ� ]HHU� VSHFLILHN� EHVWDQGVIRUPDDW� �*7)�� ZRUGHQDDQJHOHYHUG� HQ� YHUYROJHQV� PLGGHOV� DDQSDVVLQJHQ� LQ� GH� FRQILJXUDWLH�VFULSWV� ZRUGHQWRHJHYRHJG�� 1LHXZH� UXLPWHFODLPV� NXQQHQ� DOV� HHQYRXGLJH� GEDVH� ILOHV� �GEI�� ZRUGHQDDQJHOHYHUG��PDDU�PRHWHQ�RRN�LQ�GLYHUVH�VFULSWV�ZRUGHQ�RSJHQRPHQ��+HW�ZLM]LJHQ�YDQVFULSWV�YHUJW�HHQ�EHKRRUOLMNH�NHQQLV�YDQ�GH� VWUXFWXXU�YDQ�KHW�PRGHO�HQ� HQLJH�HUYDULQJPHW�SURJUDPPHUHQ��2S�GLW�PRPHQW�LV�KLHUYRRU�JHHQ�KXOS�EHVFKLNEDDU�LQ�KHW�PRGHO�
9HUGHU�NHQW�KHW�PRGHO�HQNHOH� WHFKQLVFKH�JHEUHNHQ�HQ�RQYRONRPHQKHGHQ��PHW�QDPH�LQGH� JHEUXLNHUVVFKLO� �XVHU� LQWHUIDFH��� =R� LV� KHW� QLHW� PRJHOLMN� KHW� UHVXOWDDW� YDQ� HHQVLPXODWLH�VHVVLH�WH�EHZDUHQ��'XV�PRHWHQ�VFHQDULR
V�VWHHGV�RSQLHXZ�ZRUGHQ�JHGHILQLHHUGRI�LQ�HHQ�EDVLVFULSW��56��B7RHNRPVW�GPV��ZRUGHQ�RSJHQRPHQ��2RN�]LMQ�HU�LQ�EHSDDOGHJHYDOOHQ� SUREOHPHQ� PHW� GH� NDUWRJUDILVFKH� ZHHUJDYH� HQ� KHW� EHSDOHQ� YDQ� VWDWLVWLHNHQ�9HUGHU� ZRUGW� KHW� RSJHYHQ� YDQ� RQMXLVWH� LQVWHOOLQJHQ� VRPV� HUJ� KDUG� DIJHVWUDIW� PHWRQEHJULMSHOLMNH� IRXWPHOGLQJHQ� HQ� KHW� YDVWORSHQ� YDQ� HHQ� VHVVLH�� %LMODJH� � JHHIW� HHQRYHU]LFKW� YDQ� HQNHOH� RSYDOOHQGH� SUREOHPHQ� HQ� HLJHQDDUGLJKHGHQ� LQ� YHUVLH� ���� YDQ� GH5XLPWHVFDQQHU�� 5,90� KHHIW� GH]H� RSPHUNLQJHQ� JHEUXLNW� LQ� HHQ� XLWJHEUHLGH� HYDOXDWLHYDQ� GH]H� QLHXZH�YHUVLH��2S� EDVLV� KLHUYDQ� LV� DDQ�<86(�*62�2EMHFW�9LVLRQ� RSGUDFKWYHUVWUHNW�RP�HHQ�EHWHU�ZHUNHQGH�HQ�GDDUPHH�JHEUXLNHUVYULHQGHOLMNHUH�YHUVLH�����YDQ�GH5XLPWHVFDQQHU�RS�WH�OHYHUHQ��'H]H�NRPW�QDDU�YHUZDFKWLQJ�QRYHPEHU������EHVFKLNEDDU�
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� $DQEHYHOLQJHQ'LW�KRRIGVWXN�YDW� GH�EHODQJULMNVWH� FRQFOXVLHV� HQ� DDQEHYHOLQJHQ� XLW� GLW� UDSSRUW� VDPHQ�8LW� KHW� RYHU]LFKW� YDQ� GH� KXLGLJH� WRHSDVVLQJHQ� YDQ� GH� 5XLPWHVFDQQHU� EOLMNW� GDW� KHWPRGHO�VOHFKWV�]HOGHQ�LV�WRHJHSDVW�]RDOV�KHW�EHGRHOG�LV��9DDN�LV�KHW�PRGHO�DOOHHQ�JHEUXLNWYRRU�KHW�VLPXOHUHQ�YDQ�HQNHOH�JURQGJHEUXLNIXQFWLHV�RI�LV�LQ�LHGHU�JHYDO�KHW�LQWHJUHUHQGHDOORFDWLHPHFKDQLVPH� EXLWHQ� VSHO� JH]HW��+HW� LV�PHGH� GDDURP� GDW�53%��98�� 5,90� HQ/(,� LQ� KXQ� UHFHQW� JHVWDUWH� VWXGLH� QDDU� UXLPWHJHEUXLNRQWZLNNHOLQJHQ� LQ� KHW� ODQGHOLMNJHELHG� KHEEHQ� EHVORWHQ� GH� 5XLPWHVFDQQHU� WRH� WH� SDVVHQ� YRRU� KHW� DIZHJHQ� YDQ� DOOHUXLPWHFODLPV�LQ�HHQ�JHELHG��0HW�GH]H�VWXGLH�NDQ�PHHU�NHQQLV�ZRUGHQ�RSJHGDDQ�RYHU�KHWGDDGZHUNHOLMN�IXQFWLRQHUHQ�YDQ�KHW�DOORFDWLHPHFKDQLVPH�
+HW�PHUHQGHHO�YDQ�GH�EDVLVEHVWDQGHQ� LQ�GH�5XLPWHVFDQQHU� LV�RXGHU�GDQ��� MDDU�� ,Q�KHWVQHO� YHUDQGHUHQGH�1HGHUODQG� EHWHNHQW� GDW�� GDW�PHW� QDPH� GH� JHJHYHQV� RYHU� JURQGJH�EUXLN��LQIUDVWUXFWXXU�HQ�UXLPWHOLMNH�SODQQHQ�YHURXGHUG�]LMQ��+HW�LV�YDQ�ZH]HQOLMN�EHODQJYRRU�XLWYRHUHQ�YDQ�QLHXZH�VLPXODWLHV�GDW�GH]H�JHJHYHQV�JHDFWXDOLVHHUG�ZRUGHQ�PHW�GHYHUVFKLOOHQGH�QLHXZH�EHVWDQGHQ�GLH�GH�DIJHORSHQ� MDUHQ�EHVFKLNEDDU�]LMQ�JHNRPHQ��+HW5,90� KHHIW� KLHU� UHFHQW� KHW� YRRUWRXZ� LQJHQRPHQ�� (HQ� QDGHUH� EHVFKRXZLQJ� YDQ� KHWKXLGLJ�JURQGJHEUXLN�OHHUW�GDW�GLW�EDVLVEHVWDQG�HQNHOH�ELM]RQGHUKHGHQ�EHYDW��=R�LV�HU�HHQUXLPH�LQWHUSUHWDWLH�YDQ�KHW�ZRRQJHELHG�HQ�HHQ�VWHUNH�DIZLMNLQJ� LQ�KHW� ODQGERXZDUHDDOWHQ�RS]LFKWH�YDQ�&%6�JHJHYHQV��2YHU�RPYDQJ�HQ� ORNDWLH�YDQ�EHSDDOGH�JURQGJHEUXLN�IXQFWLHV�NDQ�GXLGHOLMN�JHWZLVW�ZRUGHQ��'H�XLWNRPVWHQ�YDQ�GH�VLPXODWLHV�NXQQHQ�GXV�QLHWWH�VWULNW�JHwQWHUSUHWHHUG�ZRUGHQ�
2S� GLW� PRPHQW� RQWEUHNHQ� GXLGHOLMNH� EHVFKULMYLQJHQ� YDQ� ELMYRRUEHHOG� KHUNRPVW� HQSURGXFWLHMDDU�YDQ�GH�JHJHYHQV�GLH�]LMQ�RSJHQRPHQ�LQ�GH�5XLPWHVFDQQHU��9RRU�HHQ�JRHGLQ]LFKW�LQ�GH�NZDOLWHLW�YDQ�GH�VLPXODWLHV�LV�HHQ�EHWHUH�EHVFKULMYLQJ�YDQ�GH�EDVLVJHJHYHQVQRRG]DNHOLMN��+HW�UHFHQW�JHwQWURGXFHHUGH�*HR�3RUWDDO�FRQFHSW�NDQ�KLHU�DDQ�ELMGUDJHQ�
7HQ�DDQ]LHQ�YDQ�KHW�JHEUXLN�YDQ�KHW�DOORFDWLHPRGHO�]LMQ�HQNHOH�VSHFLILHNH�DVSHFWHQ�YDQEHODQJ�x +HW�DOORFDWLHPHFKDQLVPH�YHUHLVW�HYHQZLFKW�WXVVHQ�YUDDJ�HQ�DDQERG�YDQ�JURQG��$OVGDW�HU�QLHW�LV��ELHGW�GH�LQ]HW�YDQ�RQJHOLMNKHLGVUHVWULFWLHV�XLWNRPVW��'H]H�PRJHOLMNKHLGLV�WRW�QX�WRH�RQYROGRHQGH�EHQXW�x (HQ� JHOLMNH� VFKDOLQJ� YDQ� GH� DWWUDFWLYLWHLWHQNDDUWHQ� GRHW� PHHU� UHFKW� DDQ� GHRRUVSURQNHOLMNH�PRGHORS]HW��+HW�LV�HFKWHU�RRN�GHQNEDDU�RP�ELM�GH�LQYXOOLQJ�YDQ�GHDWWUDFWLYLWHLW�YRRU�HHQ�EHSDDOG�JURQGJHEUXLN�JHEUXLN� WH�PDNHQ�YDQ� LQIRUPDWLH�RYHUJURQGSULMV�RI�WUDQVIRUPDWLHNRVWHQ��+LHUPHH�]RX�MXLVW�HHQ�JHIXQGHHUGH�GLIIHUHQWLDWLHLQ�DWWUDFWLYLWHLWHQZDDUGHQ�NXQQHQ�RQWVWDDQ��(HQ�QDGHUH�HFRQRPLVFKH�VWXGLH�QDDU�HHQYHUDQWZRRUGH�LQYXOOLQJ�YDQ�KHW�EHJULS�DWWUDFWLYLWHLW�OLMNW�RS�]LMQ�SODDWV�x +HW�YHUGLHQW�GH�YRRUNHXU�RP�GH�UHJLR�LQGHOLQJHQ�YDQ�GH�UXLPWHFODLPV�RS�HONDDU�DI�WHVWHPPHQ� HQ� GDDUPHH� WH� YRRUNRPHQ� GDW� GH� FODLPV� YRRU� GH� YHUVFKLOOHQGH� IXQFWLHVEHWUHNNLQJ�KHEEHQ�RS�JHELHGHQ�PHW�HHQ�]HHU�YHUVFKLOOHQGH�RPYDQJ��2YHULJHQV�GRHWKHW�DDQOHYHUHQ�YDQ�UXLPWHFODLPV�PHW�HHQ�KRRJ�GHWDLOQLYHDX��ELMYRRUEHHOG���SRVLWLHSRVWFRGHJHELHGHQ��JHHQ�UHFKW�DDQ�GH�DOORFDWLHPRJHOLMNKHGHQ�YDQ�GH�5XLPWHVFDQQHU�
'H� 5XLPWHVFDQQHU� ZLMVW� KHW� WRWDDO� YDQ� KXLGLJ� JURQGJHEUXLN� HQ� GH� WRHNRPVWLJH�DGGLWLRQHOH�FODLP�LQ�HHQ�NHHU� WRH�DDQ�HHQ��OHJH���NDDUW��'LW� LV�RS�WKHRUHWLVFKH�JURQGHQDDQYHFKWEDDU� HQ� SUDNWLVFK� JH]LHQ� ODVWLJ�� (pQ� YDQ� GH� JHYROJHQ� KLHUYDQ� LV� GDW� GHDWWUDFWLYLWHLW�YDQ�ELMYRRUEHHOG�ZRRQ��HQ�QDWXXUJHELHGHQ�RS�KXQ�KXLGLJH�ORNDWLH�HUJ�KRRJ
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ZRUGW� JHPDDNW� RP�GH]H� IXQFWLHV� RS� GLH� SODDWV� WH� KDQGKDYHQ��$QGHUH� RSORVVLQJHQ� GLHPHHU�LQ�GH�OLMQ�YDQ�KHW�PRGHO�OLJJHQ�]LMQ��KHW�KXLGLJ�JURQGJHEUXLN�GHHOV�WH�IL[HUHQ��]RDOVQX� PHW� ZDWHU� JHEHXUW��� WUDQVIRUPDWLHNRVWHQ� WH� H[SOLFLWHUHQ� RI� HHQ� ZDDUVFKLMQOLMNKHLGYRRU�WUDQVIRUPDWLH�RS�WH�QHPHQ��(HQ�GHUJHOLMNH�XLWEUHLGLQJ�YDQ�KHW�PRGHO�NDQ�ELMGUDJHQDDQ�UHDOLVWLVFKHUH�DOORFDWLHV�
2P� ODQGJHEUXLNYHUDQGHULQJHQ�RS�HHQ� LQWHJUDOHUH�PDQLHU� WH�EHQDGHUHQ� LV� KHW� GHQNEDDURP� HHQ� WHUXJNRSSHOLQJ� RS� GH� RRUVSURQNHOLMNH� LQSXW� �GH� VHFWRUDOH� UXLPWHFODLPV�� WHFUHsUHQ��+LHUELM�YDOW�WH�GHQNHQ�DDQ�KHW�RSQHPHQ�YDQ�PHFKDQLVPHQ�DOV��IXQFWLHFRPELQD�WLH��LQWHQVLYHULQJ��LQVFKLNNLQJ�HQ�ODQGDDQZLQQLQJ��2S�GH]H�ZLM]H�NDQ�PHHU�UHFKW�JHGDDQZRUGHQ�DDQ�GH�SURFHVVHQ�GLH� LQ�ZHUNHOLMNKHLG�KHOSHQ�RP�PHW� UXLPWHGUXN�RP� WH�JDDQ�2RN�DDQ�GH�RXWSXW�NDQW�YDQ�GH�5XLPWHVFDQQHU�LV�XLWEUHLGLQJ�GHQNEDDU�HQ�ZHQVHOLMN��=RNXQQHQ�HHQYRXGLJH�NZDOLWHLWVPDWHQ�ZRUGHQ� WRHJHYRHJG�GLH�DOJHPHQH�XLWVSUDNHQ�GRHQRYHU� PRGHOXLWNRPVWHQ�� ELMYRRUEHHOG� HHQ� SURFHQWXHOH� WRHQDPH� YDQ� GH� YHUVWHGHOLMNLQJ�,QWHUHVVDQWHU� QRJ� ]LMQ� LQGLFDWRUHQ� GLH� GH� UXLPWHOLMNH� SDWURQHQ� LQ� RJHQVFKRXZ� QHPHQ�DDQWDO� KHFWDUHQ� EHERXZLQJ� ELQQHQ� EHVFKHUPGH� FRQWRXUHQ�� RI� DDQWDVWLQJ� RSHQ� UXLPWH�(HQ�QDGHUH�VWXGLH�QDDU�GH]H�PRJHOLMNKHGHQ�NDQ�GH�WRHSDVEDDUKHLG�YDQ�GH�5XLPWHVFDQ�QHU�YRRU�KHW�DIZHJHQ�YDQ�UXLPWHOLMNH�RQWZLNNHOLQJHQ�YHUJURWHQ�
'H�KXLGLJH�YHUVLH�������YDQ�GH�5XLPWHVFDQQHU�NHQW�HQNHOH�JHEUHNHQ�LQ�GH�XVHU�LQWHUIDFHHQ�LV�VOHFKWV�GRRU�HQNHOH�JHRHIHQGH�JHEUXLNHUV�WH�EHGLHQHQ��0HW�QDPH�YRRU�KHW�RS]HWWHQYDQ� HHQ� QLHXZH� VLPXODWLH� LV� HQLJH� SURJUDPPHHUNHQQLV� YHUHLVW�� +HW� YHUJURWHQ� YDQ� GHJHEUXLNHUVYULHQGHOLMNKHLG� HQ� KHW� ZHJZHUNHQ� YDQ� HQNHOH� SURJUDPPHHUIRXWHQ� KHHIW� QXKRJH�SULRULWHLW��,Q�GH�QLHXZH�YHUVLH�GLH�RNWREHU������ZRUGW�RSJHOHYHUG�]DO�KLHU�DO�YHHODDQ�YHUEHWHUG�]LMQ��'RRU�KHW� WRHJDQNHOLMNHU�PDNHQ�YDQ�KHW�PRGHO�NDQ�KHW�HHQ�EUHGHUHWRHSDVVLQJ�GDQ� WRW� QX� WRH�NULMJHQ��'LW� VWLPXOHHUW� WHYHQV�GH�GLVFXVVLH�RYHU�NZDOLWHLW� HQXLWEUHLGLQJ� YDQ� KHW� LQVWUXPHQW�� 1DDVW� VRIWZDUH� RQWZLNNHOLQJ� LV� KLHUYRRU� WHYHQV� HHQYRRUWJDDQGH� XLWZLVVHOLQJ� YDQ� JHEUXLNVHUYDULQJHQ� HQ� FRPPXQLFDWLH� RYHU� UHVXOWDWHQEHODQJULMN�
'H� KHUQLHXZGH� HQHUJLH� GLH� QX� JHVWRNHQ� ZRUGW� LQ� KHW� WRHSDVVHQ�� DFWXDOLVHUHQ� HQYHUEHWHUHQ� YDQ� KHW� PRGHO� JHHIW� YHUWURXZHQ� LQ� GH� YHUGHUH� RQWZLNNHOLQJ� YDQ� KHWLQVWUXPHQW��*HYRHJG�ELM�GH�SODQQHQ�YRRU�RSQDPH�YDQ�GH�5XLPWHVFDQQHU�LQ�HHQ�QLHXZHWRROER[� YRRU� ODQGJHEUXLNPRGHOOHULQJ� �/8026��� WRRQW� GLW� DDQ� GDW� KHW� PRGHO� QD� ]LMQHHUVWH�OXVWUXP�QRJ�VSULQJOHYHQG�LV��'H�YRRUOLJJHQGH�UDSSRUWDJH�LV�GDQ�RRN�VOHFKWV�HHQPRPHQWRSQDPH�YDQ�HHQ�FRQWLQX�YHUGHU�RQWZLNNHOHQG�LQVWUXPHQW�
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%LMODJH�� /LWHUDWXXURYHU]LFKW
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V� /DQJH� 7HUPLMQ� 9HUNHQQLQJ� ���������� ZHUNGRFX�PHQW�1R�����&HQWUDDO�3ODQEXUHDX��'HQ�+DDJ�&%6�������� 6WDWLVWLHN�YDQ�KHW�ERGHPJHEUXLN�������&HQWUDDO�EXUHDX�YRRU�GH� VWDWLVWLHN9RRUEXUJ�+HHUOHQ�&URPPHQWXLQ�� /�(�0��� &�� +HXQNV� 	� .�� 6FKRWWHQ� �LQ� YRRUEHUHLGLQJ��� 7UHQGYDULDQW�%HVFKULMYLQJ�YDQ�GH�0HWKRGLHN��5,90��%LOWKRYHQ�*HHUWPDQ�� 6��	�0��9HUVFKRRU� ������� 5DSSRUWDJH� �GHILQLWLHVWXGLH� YRRU� GH� LQWHJUDWLH/29�HQ�56���1(;35,��8WUHFKW�*HRGDQ� ,7� �������� 3LORW� 
.DQVHQ� YRRU� NDVVHQ� RQGHUEUHQJHQ� LQ� GH� 5XLPWHVFDQQHU
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'H]H� SXEOLFDWLH� LV� DSULO� ����� JHSUHVHQWHHUG� RS� GH� �H� $*,/(� &RQIHUHQWLH� RYHU�*HRJUDSKLF�,QIRUPDWLRQ�6FLHQFH��LQ�3DOPD�GH�0DOORUFD��6SDQMH�
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1.   Introduction

/RQJ� WHUP� GHYHORSPHQWV� LQ� ODQG� XVH� SDWWHUQV� DUH� VXUURXQGHG� E\� XQFHUWDLQWLHV�� 7KHFRPSOH[LWLHV� RI� ODQG� XVH�� H[HPSOLILHG� E\� WKH� IDFW� WKDW� ODQG� XVH� LQWHUDFWV� ZLWK� PRVWDVSHFWV�RI� HYHU\GD\� OLIH�� DQG� WKH� LQFHUWLWXGH�RI� WKH� IXWXUH�PDNH� LW� GLIILFXOW� WR� GHYHORSIRXQGHG�YLHZV�DQG�YLVLRQV�RQ�IXWXUH�ODQG�XVH��6HYHUDO�DWWHPSWV�KDYH�EHHQ�PDGH�LQ�WKHSDVW� GHFDGHV� WR� PRGHO� ODQG� XVH� LQ� RUGHU� WR� JHW� D� EHWWHU� XQGHUVWDQGLQJ� RI� ODQG� XVHSDWWHUQV�DQG�PHFKDQLVPV�WKDW�FKDQJH�ODQG�XVH��5HODWLYHO\�IHZ�PRGHOV�KDYH�DWWHPSWHG�WRLQWHJUDOO\�PRGHO�DOO�ODQG�XVH�FDWHJRULHV��WKH�ODFN�RI�VRXQG�LQWHJUDWHG�WKHRULHV�PD\�EH�DUHDVRQ�IRU�WKLV�7KH�SDVW� GHFDGH� VKRZHG� VWURQJ� DGYDQFHPHQWV� LQ� WKH�GHYHORSPHQW�RI�RSHUDWLRQDO� ODQGXVH�PRGHOV��:HJHQHU���������*HRJUDSKLF�LQIRUPDWLRQ�WHFKQRORJ\��IDVWHU�FRPSXWHUV��DQGWKH�DYDLODELOLW\�RI�PRUH�DQG�EHWWHU�GDWD�PDGH�LW�SRVVLEOH�WR�EXLOG�FRPSUHKHQVLYH�PRGHOV�$GYDQFHV� LQ� WKHRUHWLF� GHYHORSPHQW� ZHQW� VORZHU�� 7KHRUHWLF� XQGHUSLQQLQJ� RI� PRGHOVUHPDLQV� LQ� PDQ\� FDVHV� D� SUREOHP� DQG� PRGHOV� UHO\� RQ� VWDWLVWLFDO� DQDO\VLV� WR� PRGHOUHODWLRQV�EHWZHHQ�ODQG�XVH�DQG�DOO�NLQGV�RI�GHYHORSPHQWV�$Q�LQWHJUDWHG�ODQG�XVH�PRGHO�WKDW�KDV�EHHQ�GHYHORSHG�LQ�WKH�SDVW�\HDUV�LV�WKH�/DQG�8VH6FDQQHU��7KH�/DQG�8VH�6FDQQHU� LV�D�*,6�EDVHG�PRGHO� IRU� VLPXODWLQJ� IXWXUH� ODQG�XVH�WKDW� KDV� D� IRXQGDWLRQ� LQ� HFRQRPLF� HTXLOLEULXP� WKHRU\�� 7KH� DLP� RI� RXU� VWXG\� LV� WRFRPSDUH� WKH� HFRQRPLF� WKHRU\� EHKLQG� WKH� /DQG�8VH� 6FDQQHU�ZLWK� WKH�ZRUNLQJ� RI� WKHODQG�PDUNHW�LQ�UHDOLW\��:H�ZLOO�VWDUW�ZLWK�DQ�RYHUYLHZ�RI�D�OLPLWHG�QXPEHU�RI�HFRQRPLFWKHRULHV� RQ� WKH� ODQG� PDUNHW� DQG� VXEVHTXHQWO\� LQWURGXFH� VRPH� ZHOO� NQRZQ� ODQG� XVHPRGHOV� WKDW� DUH� EDVHG� RQ� HFRQRPLF� SULQFLSOHV��:H� ZLOO� WKHQ� IRFXV� RQ� WKH� /DQG� 8VH6FDQQHU� DQG� WKH� ZD\� HFRQRPLF� WKHRU\� LV� LQFRUSRUDWHG� LQ� WKH� PRGHO�� 7KH� WKHRUHWLFDOEDFNJURXQG�RI� WKH�PRGHO�ZLOO� WKHQ�EH�FRQIURQWHG�ZLWK�SUDFWLFH�ZKHQ�ZH�FRPSDUH� WKHODQG�SULFHV�RI�WKH�/DQG�8VH�6FDQQHU�ZLWK�DQ�H[SODQDWRU\�PRGHO�RQ�ODQG�SULFHV�
2.   Economic theories on land prices

/DQG�KDV�VSHFLDO�FKDUDFWHULVWLFV�FRPSDUHG�WR�RWKHU�HFRQRPLF�JRRGV��WKH�VXSSO\�RI�ODQGLV� IL[HG� �ZLWK� WKH� H[FHSWLRQ� RI� ODQG� UHFODPDWLRQ��� HYHU\� SDUFHO� RI� ODQG� KDV� D� IL[HGORFDWLRQ��ZKLFK�LV�D�XQLTXH�SURSHUW\��DQG�WKH�XVH�RI�D�SDUFHO�RI�ODQG�DIIHFWV�WKH�XVH�DQGYDOXH�RI�VXUURXQGLQJ�SDUFHOV��7KLV� ODVW�SURSHUW\��ZKLFK�LV�FDOOHG�DQ�H[WHUQDOLW\�RI� ODQGXVH��JLYHV�ULVH�WR�JRYHUQPHQW�LQWHUYHQWLRQ��7KH�VSHFLDO�FKDUDFWHULVWLFV��WKH�H[WHUQDOLWLHV�DQG�LQWHUYHQWLRQ�PDNH�DQ�DQDO\VLV�RI�WKH�ODQG�PDUNHW�UDWKHU�FRPSOLFDWHG�7KH�DWWHQWLRQ�IRU�ODQG�LQ�HFRQRPLF�WKHRULHV�KDV�FKDQJHG�RYHU�WLPH��7KH�HDUO\�DQG�ZHOO�NQRZQ� WKHRULHV� RI�5LFDUGR� DQG�� LQ� D�PRUH� VSDWLDO� FRQWH[W��9RQ�7K�QHQ� KDYH� ODLG� WKHIRXQGDWLRQ�RI�ODQG�SULFH�DQG�ODQG�XVH�WKHRULHV�DQG�DUH�WR�D�FHUWDLQ�H[WHQW�VWLOO�YDOLG�DQGXVHG�LQ�FXUUHQW�UHVHDUFK��5LFDUGLDQ�ODQG�PRGHOV�H[SODLQ�WKH�H[LVWHQFH�RI�ODQG�UHQWV�IURPGLIIHUHQFHV� LQ� IHUWLOLW\�� RU�PRUH� JHQHUDO�� GLIIHUHQFHV� LQ� ODQG� TXDOLW\�� /DQG� RI� D� KLJKHUTXDOLW\�JHQHUDWHV�VXUSOXVHV�RYHU�ODQG�ZLWK�D�ORZHU�TXDOLW\��7KHVH�VXUSOXVHV�DUH�SDLG�DVUHQW� WR� WKH� ODQGORUG� GXH� WR� FRPSHWLWLRQ� DW� WKH� ODQG� PDUNHW� DQG� DW� WKH� PDUNHW� IRU
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DJULFXOWXUDO�SURGXFWV��9RQ�7K�QHQ¶V�PRGHO� LV� FRQFHUQHG�ZLWK� ORFDWLRQ�DQG� WUDQVSRUWD�WLRQ�FRVWV��ZKLFK�DV�ZHOO�DV�IHUWLOLW\��DUH�FKDUDFWHULVWLFV�RI�D�SDUFHO��7KRXJK�YRQ�7K�QHQPHUHO\�DQDO\VHG�ODQG�XVH�SDWWHUQV��DQ�LPSRUWDQW�UHVXOW�RI�KLV�PRGHO�ZDV�WKH�H[SODQDWLRQRI�ODQG�SULFHV��5LFDUGR¶V�DQG�9RQ�7K�QHQ¶V�WKHRULHV�FDQ�EH�H[WHQGHG�DQG�LPSURYHG�LQPD\�ZD\V��VHH�IRU�H[DPSOH�5DQGDOO�DQG�&DVWOH��������7KH�ELG�UHQW�WKHRU\�LV�EDVHG�RQ�PLFURHFRQRPLF�WKHRU\�DQG�ZDV�PDLQO\�GHYHORSHG�LQ�WKHFRQWH[W� RI� XUEDQ� ODQG� XVHV� DQG� XUEDQ� ODQG� YDOXHV� �VHH� IRU� H[DPSOH� $ORQVR�� ����� RU0LOOV� DQG�+DPLOWRQ�� ������� 7KH� ELG� UHQW� IXQFWLRQ� LQ� WKH� WKHRU\� H[SODLQV� WKH� UHODWLRQEHWZHHQ�XUEDQ�ODQG�XVHV�DQG�XUEDQ�ODQG�YDOXHV��,Q�D�YHU\�VLPSOLILHG�YLHZ��KRXVHKROGVDQG� FRPSDQLHV�PDNH� D� WUDGH� RII� EHWZHHQ� WKH� ODQG� SULFH�� WUDQVSRUWDWLRQ� FRVWV� DQG� WKHDPRXQW�RI�ODQG�WKH\�XVH��7KLV�UHVXOWV�LQ�D�FRQYH[�ODQG�SULFH�FXUYH�ZLWK�WKH�KLJKHVW�ODQGSULFHV�QHDU�WKH�FLW\�FHQWUH��7KH�GHULYDWLRQ�RI�DJULFXOWXUDO�RU�UXUDO�ODQG�YDOXHV�LQ�WKH�ELGUHQW� WKHRU\� RZHV� PRUH� WR� 9RQ� 7K�QHQ¶V� WKHRU\� �VHH� ,VDUG�� ������ WKDQ� WKH� ZRUN� RI$ORQVR��7KH�FURS�WKDW�SURGXFHV�WKH�KLJKHVW�UHYHQXH�DW�D�FHUWDLQ�ORFDWLRQ�ZLOO�EH�DEOH�WRPDNH� WKH� KLJKHVW� ELG� DQG� WKXV� ZLOO� EH� FXOWLYDWHG� RQ� WKDW� SDUFHO�� 7KH� ODQG� LV� VROG� WRKRXVHKROGV�RU�ILUPV�LI�WKHLU�ELG�LV�KLJKHU�WKDQ�WKH�ELG�RI�DJULFXOWXUH��WKH�VLWXDWLRQ�ZKLFKGHILQHV�WKH�OLPLWV�RI�WKH�FLW\�7KH�ELG�UHQW�WKHRU\�GRHV�QRW�GLUHFWO\�OHDG�WR�DQ�RSHUDWLRQDO�PRGHO�IRU�ODQG�XVH�DQG�ODQGSULFHV��,W�UHOLHV�VWURQJO\�RQ�DQ�DQDO\VLV�RI�WKH�PDUNHW��PDUNHW�SULFHV�DQG�ELGV�DFWRUV��,QUHDOLW\�KRZHYHU�WKH�ODQG�PDUNHW�LV�QRW�WUDQVSDUHQW�DQG�PDUNHW�LQIRUPDWLRQ�LV�RIWHQ�KDUGWR�JHW��0RUHRYHU��RWKHU�YDOXHV�WKDQ�WKH�PDUNHW�SULFH� IRU� ODQG�FDQ�H[LVW�� OLNH� WKH�VRFLDOODQG�YDOXH�RU�QRQ�UHYHDOHG�YDOXHV�DV�D�UHVXOW�RI�]RQLQJ�UHVWULFWLRQV��2WKHU�PHWKRGV��OLNHWKH�KHGRQLF�SULFLQJ�PHWKRG�ZKLFK�YDOXHV�WKH�GLIIHUHQW�DPHQLWLHV�RI�D�SDUFHO�RI�ODQG�IRUDQ�DFWRU��FDQ�EH�XVHG�WR�DFWXDOO\�GHWHUPLQH�ODQG�SULFHV�7KH� WKHRULHV�DERYH�FRQVWLWXWH�EDVLFDOO\� WKH� WKHRUHWLFDO� HFRQRPLF� IUDPHZRUN� UHODWHG� WRWKH�ODQG�PDUNHW�LQ�PRVW�ODQG�XVH�PRGHOV��7KH�WKHRUHWLFDO�IUDPHZRUN�KDV�EHHQ�H[WHQGHGLQ�PDQ\�ZD\V�WR�GHDO�ZLWK�WKH�FRPSOH[LWLHV�RI�WKH�ODQG�PDUNHW��VHH�IRU�H[DPSOH�$QDV��������%HVLGHV� WKH� WKHRUHWLFDO� IUDPHZRUN��PDQ\�HPSLULFDO� VWXGLHV� LQ� WKH� ILHOG� RI� ODQGPDUNHWV�DQG�ODQG�XVH�FRQWULEXWHG�FRQVLGHUDEO\�WR�WKH�GHYHORSPHQW�RI��RSHUDWLRQDO��ODQGXVH�PRGHOV�
3.   Economics-based land use models

0RVW�ODQG�XVH�PRGHOV�WKDW�KDYH�LQFRUSRUDWHG�HFRQRPLF�WKHRU\�LQ�WKHLU�IUDPHZRUN�KDYHWKHLU� URRWV� LQ� WKH� IDPLO\� RI� VSDWLDO� LQWHUDFWLRQ� PRGHOV�� 6SDWLDO� LQWHUDFWLRQ� PRGHOV� DUHHVVHQWLDOO\�EDVHG�RQ�1HZWRQV�JUDYLW\� WKHRU\��*HRJUDSKHUV� DV�5DYHQVWHLQ��<RXQJ� �DQG5HLOO\�GHVFULEHG�PLJUDWLRQ�LQ�DQDORJ\�ZLWK�WKLV�WKHRU\�LQ�WKH�ODVW�SDUW�RI�WKH���WK FHQWXU\DQG� WKH� HDUO\� ��WK FHQWXU\�� 7KH\� DVVXPHG� WKDW� WKH� LQWHUDFWLRQ� EHWZHHQ� WZR� HQWLWLHVGHSHQGV� RQ� WKHLU� UHVSHFWLYH� VL]H� DQG� PXWXDO� GLVWDQFH�� /RZU\� IXUWKHU� H[SDQGHG� WKLVFRQFHSW�LQ������ZKHQ�KH�OLQNHG�WZR�SDUWLDO�JUDYLW\�PRGHOV��IRU�UHVLGHQWLDO�ORFDWLRQ�DQGVHUYLFH� ORFDWLRQ�� LQWR� D� JHQHUDO� XUEDQ� PRGHO� �*URWKH�� ������� :LOVRQ� ������� �����UHYLVHG�WKH�JUDYLW\�PRGHO�E\�DSSO\LQJ�HQWURS\�PD[LPLVLQJ�SULQFLSOHV�IURP�\HW�DQRWKHUWKHRU\�RI�SK\VLFV��7KH�HQWURS\�PD[LPLVLQJ�SURFHGXUH�VHHNV�WR�UHYHDO�WKH�PRVW�SUREDEOHVWDWH� RI� LQWHUDFWLRQ� RI� WKH� XUEDQ� V\VWHP� WKDW� FRUUHVSRQGV� WR� WKH� ODUJHVW� QXPEHU� RISRVVLEOH�PLFURVWDWHV��%DWWHQ�DQG�%R\FH��������3HRSOH�OLNH�+XII��������DWWHPSWHG�WR�GHULYH�WKH�JUDYLW\�PRGHO�RQ�WKH�EDVLV�RI�HFRQRPLFSULQFLSOHV�RI�XWLOLW\�PD[LPLVDWLRQ��(PSOR\LQJ�WKH�PLFUR�HFRQRPLF�WKHRU\�RI�FRQVXPHUEHKDYLRXU�� DQ� RSWLPDO� DOORFDWLRQ� RI� RULJLQV� �FRQVXPHUV�� WR� GHVWLQDWLRQV� �VKRSV�� LVREWDLQHG� E\� SRVWXODWLQJ� D� XWLOLW\� IXQFWLRQ� ZKLFK� UHIOHFWV� WKH� UHODWLYH� SUHIHUHQFHV� RI
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SHRSOH�DW�WKH�RULJLQ�]RQHV�IRU�WKH�DWWULEXWHV�RI�WKH�GHVWLQDWLRQ�]RQHV��%ULDVVRXOLV��������7KLV�DSSURDFK�LV�EDVHG�RQ�D�GHVFULSWLRQ�RI�LQGLYLGXDO�FKRLFH�EHKDYLRXU�DQG�VXEVHTXHQWDJJUHJDWLRQ� H�J�� WR� WKH� OHYHO� RI� D� PDUNHW� VHJPHQW�� 7KH� VDPH� XWLOLW\� PD[LPLVDWLRQIUDPHZRUN�ZDV�XVHG�E\�$ORQVR��������WR�GHVFULEH�WKH�XUEDQ�ODQG�PDUNHW��+LV�WUHDWPHQWRI� WKH� ODQG� PDUNHW� LQVSLUHG� PDQ\� �XUEDQ�� ODQG� XVH� PRGHOV� �H�J�� 0LOOV�� ������ )XMLWD������� WKDW�� DSSOLHG� WR�PRQRFHQWULF� FLWLHV��SURYLGH� WKH�ZHOO�NQRZQ�FRQFHQWULF� ODQG�XVHSDWWHUQV�7KH�DERYH�PHQWLRQHG�PRGHOV�WKDW�DSSO\�XWLOLW\�PD[LPLVDWLRQ�DOO�KDYH�D�PLFUR�HFRQRPLFIRFXV� RQ� WKH� EHKDYLRXU� RI� LQGLYLGXDOV�� $�PRUH� JHQHUDO�� PDFUR�HFRQRPLF� DSSURDFK� LVXVHG� LQ� WKH� HTXLOLEULXP� PRGHOV� WKDW� FRQVLGHU� WKH� EDODQFLQJ� RI� VXSSO\� DQG� GHPDQG�0RGHOV� WKDW� FRQFHQWUDWH� RQ�PRUH� WKDQ� RQH�PDUNHW� �H�J�� KRXVLQJ� DQG� DJULFXOWXUH�� DQGPRUH� WKDQ� RQH� UHJLRQ� DUH� JHQHUDOO\� UHIHUUHG� WR� DV� VSDWLDO� JHQHUDO� HTXLOLEULXP�PRGHOV�7KH� GHYHORSPHQW� RI� DQ� RSHUDWLRQDO�� FRPSXWDEOH� YHUVLRQ� RI� WKHVH� WKHRUHWLF� PRGHOV� LVGLIILFXOW��VLQFH�D�ORW�RI�GHWDLOHG�LQIRUPDWLRQ�LV�QHHGHG�RQ�GHPDQG�DQG�VXSSO\�VLGH�RI�WKHYDULRXV� FRQVLGHUHG� PDUNHWV�� ,W� LV� HYHQ� PRUH� GLIILFXOW� WR� PDNH� WKHVH� PRGHOV� VSDWLDOO\H[SOLFLW�� 7KH� /DQG� 8VH� 6FDQQHU� ZKLFK� LV� SUHVHQWHG� LQ� WKH� QH[W� VHFWLRQ� XVHV� WKHHTXLOLEULXP�SULQFLSOH��,W�GRHV�KRZHYHU�QRW�FRQWDLQ�D�FRPSOHWH�GHVFULSWLRQ�RI�WKH�YDULRXVVHFWRUV�� EXW� UDWKHU� WKDQ� WKDW�� LW� LQWHJUDWHV� WKH� RXWFRPHV� RI� RWKHU� VHFWRUDO� PRGHOV� DQGDOORFDWHV�WKHP�LQ�D�KLJKO\�GLVDJJUHJDWHG�ZD\�
4.   Land Use Scanner

7KH�/DQG�8VH�VFDQQHU� LV�D�*,6�EDVHG�PRGHO� WKDW�VLPXODWHV�IXWXUH� ODQG�XVH�DQG�ZKLFKRIIHUV� DQ� LQWHJUDWHG� YLHZ� RQ� DOO� W\SHV� RI� ODQG� XVH�� ,W� GHDOV� ZLWK� XUEDQ�� QDWXUDO� DQGDJULFXOWXUDO� IXQFWLRQV�� QRUPDOO\� GLVWLQJXLVKLQJ� ��� GLIIHUHQW� ODQG� XVH� FDWHJRULHV�� 7KHPRGHO� LV� JULG�EDVHG�� FRYHULQJ� WKH�1HWKHUODQGV� LQ� DOPRVW� �������� FHOOV� RI� ���� E\� ���PHWHU��(DFK�FHOO�GHVFULEHV�WKH�UHODWLYH�SURSRUWLRQ�RI�DOO�SUHVHQW�ODQG�XVH�W\SHV��L�H��D�FHOOFDQ� FRQWDLQ� PRUH� WKDQ� RQH� W\SH� RI� ODQG� XVH�� ,W� WKXV� SUHVHQWV� D� KLJKO\� GLVDJJUHJDWHGGHVFULSWLRQ�RI� WKH�ZKROH�FRXQWU\��5HJLRQDO�SURMHFWLRQV�RI� ODQG�XVH�FKDQJH�DUH�XVHG�DVLQSXW� IRU� WKH� PRGHO�� 7KHVH� SURMHFWLRQV� DUH� GHULYHG� IURP� WKH� VHFWRUDO� PRGHOV� RIVSHFLDOLVHG�LQVWLWXWHV��7KH�YDULRXV�ODQG�XVH�FODLPV�DUH�DOORFDWHG�WR�LQGLYLGXDO�JULG�FHOOVEDVHG�RQ�WKHLU�VXLWDELOLW\��6XLWDELOLW\�PDSV�DUH�JHQHUDWHG�IRU�DOO�GLIIHUHQW�ODQG�XVH�W\SHVEDVHG� RQ� ORFDWLRQ� FKDUDFWHULVWLFV� RI� WKH� JULG� FHOOV� LQ� WHUPV� RI� SK\VLFDO� SURSHUWLHV�RSHUDWLYH�SROLFLHV�DQG�H[SHFWHG�UHODWLRQV�ZLWK�QHDUE\�ODQG�XVH�IXQFWLRQV��8QOLNH�PDQ\RWKHU� ODQG� XVH� PRGHOV� WKH� REMHFWLYH� RI� WKH� /DQG� 8VH� 6FDQQHU� LV� QRW� WR� IRUHFDVW� WKHGLPHQVLRQ�RI�ODQG�XVH�FKDQJH�EXW�UDWKHU�WR�LQWHJUDWH�DQG�DOORFDWH�IXWXUH�ODQG�XVH�FODLPVIURP�GLIIHUHQW�VHFWRUDO�PRGHOV��7KH�RXWFRPHV�RI�WKH�PRGHO�VKRXOG�QRW�EH�LQWHUSUHWHG�DVD�IL[HG�SUHGLFWLRQ�IRU�D�SDUWLFXODU�ORFDWLRQ�EXW�UDWKHU�DV�SUREDEOH�VSDWLDO�SDWWHUQV�7KH� /DQG�8VH� 6FDQQHU� HPSOR\V� WKH� HTXLOLEULXP� SULQFLSOH� WR� EDODQFH� WKH� GHPDQG� IRUYDULRXV�ODQG�XVH�IXQFWLRQV�ZLWK�WKH�VXSSO\�RI�VXLWDEOH�ODQG��7KH�FUXFLDO�YDULDEOH�IRU�WKHDOORFDWLRQ�PRGHO�LV�WKH�VXLWDELOLW\�VFM IRU�ODQG�XVH�RI�W\SH�M�LQ�JULG�FHOO�F��7KLV�VXLWDELOLW\FDQ�EH�LQWHUSUHWHG�WR�UHSUHVHQW�WKH�QHW�EHQHILWV��EHQHILWV�PLQXV�FRVWV��RI�ODQG�XVH�W\SH�MLQ�FHOO�F��7KH�KLJKHU�WKH�VXLWDELOLW\�IRU�ODQG�XVH�W\SH�M��WKH�KLJKHU�WKH�SUREDELOLW\�WKDW�WKHFHOO�ZLOO�EH�XVHG�IRU�WKLV�W\SH��,Q�WKH�VLPSOHVW�YHUVLRQ�RI�WKH�PRGHO�D�ORJLW�W\SH�DSSURDFKLV�XVHG� WR�GHWHUPLQH� WKLV�SUREDELOLW\��7KH�PRGHO� LV�FRQVWUDLQHG�E\� WZR�FRQGLWLRQV�� WKHRYHUDOO�GHPDQG� IRU� WKH� ODQG�XVH� IXQFWLRQV�ZKLFK� LV�JLYHQ� LQ� WKH� LQLWLDO� FODLPV�DQG� WKHWRWDO�DPRXQW�RI�ODQG�ZKLFK�LV�DYDLODEOH�IRU�HDFK�IXQFWLRQ��%\�LPSRVLQJ�WKHVH�FRQGLWLRQVD�GRXEO\�FRQVWUDLQHG�ORJLW�PRGHO�DULVHV�WKDW�FDQ�EH�IRUPXODWHG�DV�
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�H[S� FMFMFM VED0 ��� E,Q�ZKLFK�0FM LV�WKH�H[SHFWHG�DPRXQW�RI�ODQG�LQ�FHOO�F�WKDW�ZLOO�EH�XVHG�IRU�ODQG�XVH�W\SH�M��DM LV�WKH�GHPDQG�EDODQFLQJ�IDFWRU�WKDW�HQVXUHV�WKDW�WKH�WRWDO�DPRXQW�RI�DOORFDWHG�ODQG�IRU�ODQG�XVH�W\SH�M�HTXDOV�WKHVHFWRUDO�FODLP�EF LV�WKH�VXSSO\�EDODQFLQJ�IDFWRU�WKDW�PDNHV�VXUH�WKH�WRWDO�DPRXQW�RI�DOORFDWHG�ODQG�LQ�FHOO�F�GRHV�QRW�H[FHHG�WKHDPRXQW�RI�ODQG�WKDW�LV�DYDLODEOH�IRU�WKDW�SDUWLFXODU�FHOO�E LV�D�SDUDPHWHU�WKDW�DOORZV�IRU�WKH�WXQLQJ�RI�WKH�PRGHO��$�KLJK�YDOXH�IRU�E PDNHV�WKH�VXLWDELOLW\�PRUH�LPSRUWDQWLQ�WKH�DOORFDWLRQ�DQG�ZLOO�OHDG�WR�D�PRUH�PL[HG�XVH�ODQG�SDWWHUQ��VWURQJO\�IROORZLQJ�WKH�VXLWDELOLW\�SDWWHUQ��$�ORZYDOXH�ZLOO�SURGXFH�D�PRUH�KRPRJHQRXV�ODQG�XVH�SDWWHUQ�VFM LV� WKH� VXLWDELOLW\� RI� FHOO� F� IRU� ODQG� XVH� W\SH� M�� EDVHG� RQ� LWV� SK\VLFDO� SURSHUWLHV�� RSHUDWLYH� SROLFLHV� DQGQHLJKERXUKRRG�UHODWLRQV�6HH�+LOIHULQN�DQG�5LHWYHOG��������IRU�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�PDWKHPDWLFDO�IRUPXODWLRQ�7KH� FRQIOLFW� RI� FRPSHWLQJ� FODLPV� LV� UHFRQVWUXFWHG� LQ� WKH�PRGHO� DV� D� ELGGLQJ� SURFHVV�7KH�ODQG�XVH�W\SH�ZLWK�WKH�KLJKHVW�FODLP�LQ�UHODWLRQ�WR�WKH�DPRXQW�RI�ODQG�WKDW�LV�LQLWLDOO\DOORFDWHG�IRU�LW�ZLOO�RIIHU�WKH�KLJKHVW�ELG�RQ�WKH�DYDLODEOH�ODQG��7KHVH�ELGV�FDQ�EH�WUDFHGLQ� WKH� PDWKHPDWLFDO� IRUPXODWLRQ� DV� WKH� GHPDQG� EDODQFLQJ� IDFWRU� DM�� 7KH� LWHUDWLYHVLPXODWLRQ� SURFHVV� \LHOGV� DV� D� VLGH� SURGXFW� DQ� LQGLFDWLRQ� RI� ODQG� VFDUFLW\�� 7KH� ODQGVFDUFLW\� IRU� HDFK� FHOO� GHSHQGV�RQ� WKH�GHPDQG�EDODQFLQJ� IDFWRU�� WKH� VXLWDELOLW\� DQG� WKHDYDLODEOH�VSDFH�LQ� WKH�FHOO��7KLV� ODQG�VFDUFLW\�FDQ�EH� LQWHUSUHWHG�DV�D� ODQG�SULFH�DQG� LVPDWKHPDWLFDOO\�GHILQHG�DV�� �
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VDS H[SORJ�
,Q�ZKLFK�3F LV�WKH�ODQG�SULFH�LQGLFDWLRQ�IRU�FHOO�F/F GHQRWHV�WKH�WRWDO�DPRXQW�RI�DYDLODEOH�ODQG�LQ�FHOO�F
5.   Comparing the Land Use Scanner land prices

,Q�RUGHU�WR�FRPSDUH�WKH�/DQG�8VH�6FDQQHU�ODQG�SULFH�LQGLFDWLRQ�ZLWK�DFWXDO�ODQG�SULFHVZH�PDGH�XVH�RI�D� ODQG�SULFH�PRGHO� WKDW� LV�EHLQJ�GHYHORSHG�IRU� WKH�'XWFK�SURYLQFH�RI1RRUG�%UDEDQW��%XXUPDQ���������7KLV�PRGHO�IRFXVHV�RQ�H[SODLQLQJ�VSDWLDO�SDWWHUQV� LQUXUDO�ODQG�SULFHV��7KHUHIRUH�D�ODUJH�VHW�RI�GDWD�KDV�EHHQ�FROOHFWHG�DQG�DQDO\VHG�LQ�D�*,6�7KH�GDWD� FRPSULVH��������SDUFHOV� WKDW� FKDQJHG�RZQHU� LQ� WKH� SHULRG� -DQXDU\� ����� WLOO-XO\�������$SDUW�IURP�WUDQVDFWLRQ�FKDUDFWHULVWLFV�VXFK�DV�SULFH��WKH�GDWD�VHW�DOVR�LQFOXGHVJHRJUDSKLFDO�WKHPHV�OLNH��LQIUDVWUXFWXUH��ODQG�XVH��VRLO�W\SH�DQG�ODQG�XVH�SODQV�:LWK� WKHVH� GDWD� D� UHJUHVVLRQ� PRGHO� KDV� EHHQ� FRQVWUXFWHG� WKDW� H[SODLQV� WUDQVDFWLRQSULFHV��7KH�UHJUHVVLRQ�PRGHO�FDQ�DOVR�EH�XVHG�WR�SUHGLFW�ODQG�SULFHV�DQG�WR�FUHDWH�D�IXOOFRYHUDJH�PDS�EDVHG�RQ�D�OLPLWHG�QXPEHU�RI�REVHUYDWLRQV��6WDUWLQJ�IURP�D�JLYHQ�ODQG�XVHVLWXDWLRQ�DQG�D�VHW�RI� VWDWLVWLFDO� UHODWLRQV�D� WKHRUHWLFDO� ODQG�SULFH� FDQ�EH� FDOFXODWHG� IRUHYHU\�JULG�FHOO��:LWK�WKH�/DQG�8VH�6FDQQHU�WKH�ODQG�XVH�VLWXDWLRQ�IRU�WKH�\HDU������ZDVVLPXODWHG�EDVHG�RQ�� WKH�SUHVHQW� ODQG�VLWXDWLRQ���������DGGLWLRQDO� ODQG�XVH�FODLPV�IURPYDULRXV�LQVWLWXWLRQV�DQG�FXUUHQW�ODQG�XVH�SROLFLHV��7KH�VLPXODWHG�ODQG�XVH�ZDV�WDNHQ�DVLQSXW�IRU� WKH�ODQG�SULFH�PRGHO��)LJXUH���VKRZV�WKH�UHVXOWLQJ�ODQG�SULFHV� IURP�ERWK� WKHODQG�SULFH�PRGHO�DQG�WKH�ODQG�XVH�VFDQQHU�
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)LJXUH���/DQG�SULFHV�IURP�WKH�UXUDO�ODQG�SULFH�PRGHO�DQG�WKH�/DQG�8VH�6FDQQHU��1RWHWKDW�WKH�ODWWHU�ODFN�D�SURSHU�XQLW�DQG�VROHO\�UHSUHVHQW�ODQG�VFDUFLW\�LQ�WKH�PRGHO�:KHQ� FRPSDULQJ� WKH� RXWFRPHV� RI� WKH� WZR�PRGHOV� RQH� VKRXOG� EHDU� LQ�PLQG� WKDW� WKH\ZHUH�GHYHORSHG�IRU�GLIIHUHQW�SXUSRVHV��7KH�ODQG�SULFH�PRGHO�LV�GHYHORSHG�IRU�H[SODLQLQJODQG� SULFHV� LQ� UXUDO� DUHDV�� VR� WKH� RXWFRPHV� LQ� XUEDQ� DUHDV� VKRXOG� EH� YLHZHG� ZLWKVXVSLFLRQ��7KH�PDLQ�REMHFWLYH�RI�WKH�/DQG�8VH�6FDQQHU�LV�WR�SURYLGH�SUREDEOH�ODQG�XVHVLPXODWLRQV�� LWV� ODQG�SULFHV� UHIOHFW� WKH� VFDUFLW\�RI� ODQG�DQG� DUH�QRW� VFDOHG� WR�PRQHWDU\XQLWV��:H�VKRXOG�WKHUHIRU�IRFXV�RQ�WKH�VSDWLDO�SDWWHUQV�LQVWHDG�RI�WKH�DFWXDO�YDOXHV��7KHODQG�SULFH�PRGHO�RIIHUV�D�PRUH�SURQRXQFHG�PDS��VKRZLQJ�WKH�IXOO�UDQJH�RI�ORZ�DQG�KLJKYDOXHV��7KH�ORZ�YDOXHV�DUH�PRVWO\�IRXQG�DW�WKH�VRXWKHUQ�QDWLRQDO�ERUGHU�DQG�WKH�HDVWHUQSURYLQFLDO� ERUGHU�� +LJK� YDOXHV� FKDUDFWHULVH� WKH� XUEDQ� DUHDV� DQG� HVSHFLDOO\� WKH� XUEDQIULQJHV��7KH�/DQG�8VH�6FDQQHU� ODQG�SULFH�PDS� LV�GRPLQDWHG�E\� UHODWLYHO\� ORZ�YDOXHV�ZKHUHDV� WKH�H[WUHPHV�VHHP�WR�EH� OHVV�SUHVHQW�� ,QWHUPHGLDWH�YDOXHV�FDQ�EH�REVHUYHG� LQWKH�FHQWUDO�XUEDQ�DUHDV��WKH�KLJKHVW�YDOXHV�VHHP�WR�SUHYDLO�LQ�WKH�QDWXUDO�DUHDV�7KH�IDFW�WKDW�WKH�/DQG�8VH�6FDQQHU�SURGXFHV�D� OHVV�RXWVSRNHQ�ODQG�SULFH�PDS�PD\�EHUHODWHG� WR� WKH� VKRUW� SHULRG� RI� VLPXODWLRQ� DQG� DEVHQFH� RI� VWURQJO\� FRQIOLFWLQJ� ODQG� XVHFODLPV�� 7KH� KLJK� ODQG� SULFHV� LQ� WKH� QDWXUDO� DUHDV� UHIOHFW� WKH� VWURQJ� ZLVK� RI� WKHJRYHUQPHQW� WR� LQFUHDVH� QDWXUDO� YDOXHV� LQ� WKH� 1HWKHUODQGV�� 7KLV� ZLVK� LV� VXSSRUWHG� E\]RQLQJ�ODZV�WKDW�DUH�LQFOXGHG�LQ�WKH�/DQG�8VH�6FDQQHU��7KHVH�PHDVXUHV�DUH�KRZHYHU�QRWUHIOHFWHG�LQ�WKH�DFWXDO�ODQG�SULFHV��)XUWKHU�UHVHDUFK�RQ�WKH�/DQG�8VH�6FDQQHU�ZLOO�IRFXVRQ� DQ� HFRQRPLFDOO\�PRUH� UHDOLVWLF� LQFOXVLRQ� RI� WKH� SODQQLQJ� SROLFLHV� IRU� QDWXUDO� DUHDVDQG�SULFH�IRUPDWLRQ�RYHU�D�ORQJHU�VLPXODWLRQ�SHULRG�
6.   Conclusion

3UHOLPLQDU\� UHVXOWV� RI� WKH� SUHVHQW� VWXG\� LQGLFDWH� WKDW� WKH� HFRQRPLF� IRXQGDWLRQ� RI� WKHRSHUDWLRQDO� /DQG� 8VH� 6FDQQHU� PRGHO� GRHV� QRW� JXDUDQWHH� UHDOLVWLF� ODQG� SULFHV�� $SDUWIURP�REYLRXV�SUREOHPV�LQ�VLPXODWLQJ�ODQG�SULFHV�VXFK�DV�JRYHUQPHQW�LQWHUYHQWLRQ�DQG�DQRQ�WUDQVSDUHQW�PDUNHW��WKH�OLQN�EHWZHHQ�WKHRULHV�RI�ODQG�XVH�DQG�ODQG�SULFH�FRXOG�SURYHWR�EH�GLIILFXOW�WR�HVWDEOLVK�IURP�ERWK�DQ�RSHUDWLRQDO�DQG�WKHRUHWLFDO�SRLQW�RI�YLHZ�
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'H�5XLPWHVFDQQHU�YHUNHQG ELMODJHQYULMH 8QLYHUVLWHLW�� DPVWHUGDP ��

%LMODJH�� 0RGHOOLQJ�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFHD�IUDPHZRUN�IRU�DVVHVVLQJ�WKH�LPSDFW�RI�ODQG�XVH�FKDQJH�RQ�RSHQ�VSDFH(ULF�.RRPHQ��-DQ�*URHQ��-XGLWK�%RUVERRP��+HQN�6FKROWHQ

$EVWUDFW,Q� WKH� 1HWKHUODQGV�� RQH� RI� WKH�PRVW� GHQVHO\� SRSXODWHG� FRXQWULHV� LQ� WKH� ZRUOG�� XUEDQIXQFWLRQV�DUH�FRQVWDQWO\�FODLPLQJ�PRUH�VSDFH��7KLV�FRQWLQXLQJ�XUEDQLVDWLRQ�KDV�OHG�WR�DJURZLQJ� FRQFHUQ� IRU� WKH� SUHVHUYDWLRQ� RI� RSHQ� VSDFH� DQG� WKHUHIRUH� UHFHLYHV� D� ORW� RIDWWHQWLRQ� LQ� WKH� VSDWLDO� SODQQLQJ� RI� WKH�1HWKHUODQGV��7KH�'XWFK� JRYHUQPHQW� VWULYHV� WRNHHS� WKH� WRWDO� YROXPH�RI�RSHQ� VSDFH� DW� D� VXIILFLHQWO\� KLJK� OHYHO� DQG� WULHV� WR� DYRLG� LWVIXUWKHU� IUDJPHQWDWLRQ��7KH�SUHVHQW� UHVHDUFK�GHDOV�ZLWK�PRGHOOLQJ� WKH� IUDJPHQWDWLRQ�RIRSHQ� VSDFH�� $�*,6�RULHQWHG� ODQG� XVH�PRGHO� ZLOO� EH� XVHG� WR� VWXG\� WKLV� VXEMHFW�� *,6�WHFKQRORJ\�DOORZV�IRU�D�TXDQWLWDWLYH� LPSOHPHQWDWLRQ�RI� WKH�FRQFHSW�RI�RSHQ�VSDFH�DQGIXUWKHUPRUH�IDFLOLWDWHV�WKH�VSDWLDO�DQDO\VLV�RI�WKH�LPSDFW�RI�ODQG�XVH�FKDQJHV��7KLV�SDSHUSUHVHQWV�WKH�IUDPHZRUN�DQG�D�ILUVW�RXWOLQH�IRU�D�PHWKRG�WR�DVVHVV�WKH�LPSDFW�RI�ODQG�XVHFKDQJH� RQ� RSHQ� VSDFH�� 7KLV� LPSDFW� ZLOO� EH� DVVHVVHG� ERWK� DV� D� WRWDO� DUHD� ORVV� DQG� DJHRJUDSKLFDO�LPSDFW�LQ�WHUPV�RI�IUDJPHQWDWLRQ��7R�VWXG\�WKH�ODWWHU�D�PHWKRGRORJ\�ZLOOEH� GHYHORSHG� WKDW� DGRSWV� H[SHULHQFHV� IURP� VSDWLDO� HFRORJLFDO� UHVHDUFK� RQ� KDELWDWIUDJPHQWDWLRQ�
,QWURGXFWLRQ7KH�1HWKHUODQGV� LV� RQH� RI� WKH�PRVW� GHQVHO\� SRSXODWHG� FRXQWULHV� LQ� WKH�ZRUOG��8UEDQODQG� XVH� KDV� PRUH� WKDQ� GRXEOHG� LQ� WKH� SDVW� ��� \HDUV� �9520� ������� $W� SUHVHQW�DSSUR[LPDWHO\����WR����SHUFHQW�RI�WKH�ODQG�FDQ�EH�FRQVLGHUHG�EXLOW�XS��GHSHQGLQJ�XSRQWKH� GHILQLWLRQ� XVHG� �VHH� 9520� ������ 5,90� ����� DQG� 2WWHQV� �������0RUHRYHU�� WKHFRPELQHG� DGGLWLRQDO� GHPDQG� IRU� VSDFH� IRU� OLYLQJ�� ZRUNLQJ� DQG� LQIUDVWUXFWXUH� LQ� WKHFRPLQJ����\HDUV�LV�H[SHFWHG�WR�EH�DW�OHDVW���������KHFWDUHV�ZKLFK�HTXDOV�DSSUR[LPDWHO\�����RI�WKH�WRWDO�DUHD�RI� WKH�1HWKHUODQGV��9520��������7KLV�FRQWLQXLQJ�XUEDQLVDWLRQKDV�OHG�WR�D�JURZLQJ�FRQFHUQ�IRU�WKH�SUHVHUYDWLRQ�RI�RSHQ�VSDFH��7KH�H[SDQVLRQ�RI�XUEDQODQG� XVH� IRU� H[DPSOH� SXWV� WKH� FRQVHUYDWLRQ� RI� QDWXUH� DUHDV� DQG� KLVWRULFDO� ODQGVFDSHVXQGHU�LQFUHDVLQJ�SUHVVXUH��0LOLHX��HQ�1DWXXUSODQEXUHDX�������$OWKRXJK�QRQ�XUEDQ�ODQG�XVH�IXQFWLRQV�DW�SUHVHQW�RFFXS\�PRUH�WKDQ�����RI�WKH�'XWFKVXUIDFH� DUHD�� ODUJH�XQEXLOW� DUHDV� DUH�EHFRPLQJ� VFDUFH�� ,Q������ RQO\� ��� SHUFHQW� RI� WKHODQG�FRQVLVWHG�RI�RSHQ�DUHDV�RI�PRUH� WKDQ������KHFWDUHV�� DV�RSSRVHG� WR����SHUFHQW� LQ����� �9520� ������� 7KLV� FOHDUO\� LQGLFDWHV� WKH� GLVSHUVHG� FKDUDFWHU� RI� WKH� 'XWFKXUEDQLVDWLRQ� DQG� LQIUDVWUXFWXUH� SDWWHUQ�� 7KH� ORVV� RI� RSHQ� VSDFH� GRHV� QRW� RQO\� SRVHSUREOHPV� RI� IUDJPHQWDWLRQ� IRU� HFRV\VWHPV� RU� �SRWHQWLDO�� DQLPDO� KDELWDW� EXW� LW� DOVRDIIHFWV�WKH�JHRJUDSKLFDO��KLVWRULFDO�DQG�FXOWXUDO�TXDOLWLHV�RI�WKH�ODQGVFDSH��(VSHFLDOO\�WKHW\SLFDO�RSHQ�SROGHUV�DUH�FRQVLGHUHG�D�FUXFLDO�DVVHW�RI�WKH�'XWFK�FRXQWU\VLGH�7KH� SUHVHUYDWLRQ� RI� RSHQ� VSDFH� LV� DQ� LPSRUWDQW� WKHPH� LQ� WKH� VSDWLDO� SODQQLQJ� RI� WKH1HWKHUODQGV��&RQFHQWUDWHG�VXEXUEDQL]DWLRQ�DQG�D�FRPSDFW�WRZQ�SROLF\�KDYH�IRU�GHFDGHVEHHQ� FUXFLDO� LVVXHV� LQ� WKH� YDULRXV� SODQQLQJ� UHSRUWV� �5DQVLMQ� 	� 9UHHNHU� ������� 7KH0LQLVWU\�RI�+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW�KDV�WKH�SDVW�GHFDGH�WULHG�WRSUHYHQW� WKH�XUEDQL]DWLRQ�RI� FHUWDLQ� RSHQ� DUHDV� WKURXJK� D� UHVWULFWLYH� SROLF\��7KHLU� QHZ)LIWK�1DWLRQDO�3K\VLFDO�3ODQQLQJ�5HSRUW�KRZHYHU� VWDWHV� WKDW� WKLV� SROLF\�KDV�QRW� UHDOO\

'H]H�SXEOLFDWLH�LV�DXJXVWXV������JHSUHVHQWHHUG�RS�KHW���H�FRQJUHV�YDQ�(XURSHDQ5HJLRQDO�6FLHQFH�$VVRFLDWLRQ�LQ�'RUWPXQG��'XLWVODQG�
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'HILQLQJ�RSHQ�VSDFH$VVHVVLQJ� WKH� LPSDFW�RI� ODQG�XVH� FKDQJH�RQ�RSHQ� VSDFH� FDOOV� IRU� D� FOHDU�GHILQLWLRQ�RIRSHQ� VSDFH� WKDW� WDNHV� LQWR� DFFRXQW� VSHFLILF� ODQGVFDSH� FKDUDFWHULVWLFV�� 7KLV� GHILQLWLRQPXVW�EH�VWURQJO\�UHODWHG�WR�WKH�SROLF\�FRQWH[W�LQ�ZKLFK�ZH�ZDQW�WR�DSSO\�RXU�PRGHO�,Q� WKH�'XWFK�SODQQLQJ�SUDFWLFH�RSHQ�VSDFH� LV�XVXDOO\�GHILQHG� DV�D� ODUJH�DUHD�ZLWK� IHZYLVXDO� REVWDFOHV�� 2SHQ� VSDFH� HVVHQWLDOO\� JLYHV� SHRSOH� WKH� RSSRUWXQLW\� WR� KDYH� D� IUHHYLHZ�RYHU�D�UHODWLYHO\�ODUJH�DUHD��%XLOGLQJV��KLJK�YHJHWDWLRQ�DQG�KHLJKW�GLIIHUHQFHV�PD\GLVWXUE�WKLV�SDQRUDPLF�YLHZ��6LQJOH�REMHFWV��KLJK�YROWDJH�RU� WHOHYLVLRQ�PDVWV��FDQ�DOVRVHYHUHO\�DIIHFW�WKH�H[SHULHQFH�RI�RSHQ�VSDFH�� ,QIUDVWUXFWXUH�LV� LQ� WKLV�YLVXDO�FRQFHSW�RIRSHQQHVV� QRW� FRQVLGHUHG� LPSRUWDQW�� (OHYDWHG� LQIUDVWUXFWXUH� RQ� WKH� RWKHU� KDQG�� IRUH[DPSOH�IO\RYHUV��EULGJHV�RU�D�URDG�RQ�D�GLNH��ZLOO�KDYH�D�VWURQJ�YLVXDO� LQIOXHQFH�DQGVKRXOG�WKHUHIRUH�EH�FRQVLGHUHG�DV�DQ�LQIOXHQFH�RQ�RSHQQHVV�7KH�FRQVHTXHQFHV�RI�D�VWURQJO\�YLVXDO� LQWHUSUHWDWLRQ�RI�RSHQQHVV�FDQ�EH�GHPRQVWUDWHGZLWK�WKH�ZRUN�RI�WKH�'XWFK�UHVHDUFK�LQVWLWXWH�$OWHUUD��7KH\�KDYH�GHYHORSHG�D�ODQGVFDSHFODVVLILFDWLRQ�EDVHG�RQ�WKH�KHLJKW�RI�ODQGVFDSH�HOHPHQWV��([SHUWLVHFHQWUXP�/19�������%\�XVLQJ�D�GHWDLOHG�JHRJUDSKLFDO�GDWDVHW�WKH\�DVVHVV�WKH�DPRXQW�RI�EXLOGLQJV�DQG�KLJK�ULVLQJ� YHJHWDWLRQ� SHU� JULGFHOO� RI� �� [� �� NP�� 7KHLU� VFDOH� UDQJHV� IURP� D� YHU\� RSHQODQGVFDSH��WKH� W\SLFDO�'XWFK�SROGHUV�� WR�D�YHU\�FORVHG� ODQGVFDSH�FRQVLVWLQJ�RI� IRUHVWV�VHH� )LJXUH� ��� 9LOODJHV� DQG� FLWLHV� UDQN� LQ� EHWZHHQ�� EHLQJ� FODVVLILHG� UHVSHFWLYHO\� DVPRGHUDWHO\� RSHQ� DQG� FORVHG� ODQGVFDSH�� 7KLV� GHILQLWLRQ� FRUUHVSRQGV� ZLWK� WKH� VSDWLDOSODQQLQJ� SHUVSHFWLYH� RI� RSHQ� VSDFH� DV� D� FUXFLDO� HOHPHQW� RI� VSDWLDO� TXDOLW\� LQGLFDWRUVVXFK� DV� VSDWLDO� DQG� FXOWXUDO� GLYHUVLW\� �9520� ������� 7KHVH� LQGLFDWRUV� VWUHVV� WKHLPSRUWDQFH� RI� D� YLVXDOO\� RSHQ� ODQGVFDSH� WR� SUHVHUYH� WKH� FRQWUDVW� EHWZHHQ� UXUDO� DQGXUEDQ�DUHDV�DQG�WR�UHWDLQ�WKH�FXOWXUDO�DQG�KLVWRULFDO�YDOXHV�WKDW�DUH�DWWDFKHG�WR�LW�7KH�YLVXDO�FRQFHSW�RI�RSHQQHVV�KRZHYHU�SURGXFHV�WKH�UHPDUNDEOH�UHVXOW�WKDW�H[WHQVLYHZRRGODQGV�ZLWKRXW�PXFK�KXPDQ�SUHVHQFH�DUH�FRQVLGHUHG�WR�EH�PRUH�FORVHG�WKDQ�WKH�ELJ'XWFK�FLWLHV��:KHQ� WKLV�GHILQLWLRQ� LV� XVHG� WR� DVVHVV� WKH� LPSDFW�RI� ODQG�XVH� FKDQJH�RQRSHQ� VSDFH�� WKH� WUDQVLWLRQ� RI� ZRRGODQG� LQWR� XUEDQ� DUHDV� ZLOO� EH� FRQVLGHUHG� DV� DQLPSURYHPHQW� RI� WKH� RSHQQHVV� RI� WKH� ODQGVFDSH�� :H� UHJDUG� WKLV� DV� DQ� XQGHVLUDEOHLPSOLFDWLRQ� DQG� ZLOO� WKHUHIRUH� H[SORUH� D� GLIIHUHQW� FRQFHSW� RI� RSHQ� VSDFH� WKDW� FRUUH�VSRQGV�EHWWHU�ZLWK�WKH�JHQHUDO�QRWLRQ�RI�RSHQQHVV�
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)LJXUH�� 7KH�RSHQQHVV�RI�WKH�1HWKHUODQGV��OHIW��FRPSDUHG�WR�WKH�XUEDQ�DUHDV��ULJKW���7KH�RSHQQHVV�DW�OHIWLV�SUHVHQWHG�E\�XVLQJ�D�JUH\�VFDOH� LQ�ZKLFK�WKH�OLJKWHU�VKDGHV�LQGLFDWH�RSHQ�DUHDV� �VRXUFH�$OWHUUD��7KHGDUN�DUHDV�DW�ULJKW�VKRZ� WKH�XUEDQ�DUHDV�RI�������6RXUFH�53'���7KH� ILJXUHV�DUH�DGDSWHG� IURP�9520�������
$V�RSSRVHG�WR�WKH�DIRUHPHQWLRQHG�YLVXDO�LQWHUSUHWDWLRQ��RSHQ�VSDFH�FDQ�DOWHUQDWLYHO\�EHLQWHUSUHWHG�DV�D�ODUJH�DUHD�ZLWKRXW�KXPDQ�LQWHUIHUHQFH��7KLV�PRUH�SHUFHSWLRQDO�DSSURDFKFRQIURQWV�WKH�EXV\��XUEDQ�DUHDV�ZLWK�WKH�TXLHW��JUHHQ�FRXQWU\VLGH��2SHQ�VSDFH�FDQ�WKHQEH� GHILQHG� DV� EHLQJ� IUHH� RI� EXLOGLQJV� DQG� RWKHU� SURRIV� RI� KXPDQ� SUHVHQFH�� H�J�JUHHQKRXVHV�RU�LQIUDVWUXFWXUH��2QH�FRXOG�DOVR�FKRRVH�WR�LQFOXGH�KXPDQ�GLVWXUEDQFH��H�J�DLU�SROOXWLRQ�RU�OLJKW�SURGXFWLRQ��LQ�WKLV�GHILQLWLRQ��EXW�ZH�ZLOO�OLPLW�RXUVHOYHV�LQLWLDOO\�WRWKH� GLUHFW� LPSDFW� RI� ODQG� XVH� FKDQJH� RQ� RSHQ� VSDFH�� 7KLV� FRQFHSW� RI� RSHQQHVVFRUUHVSRQGV� URXJKO\� WR� WKH� LQYHUVH�RI�XUEDQLVDWLRQ�DQG� LV�GHPRQVWUDWHG� LQ�)LJXUH�� DWULJKW�� 7KH� QRQ�XUEDQ� DUHDV� LQ� WKLV� ILJXUH� FDQ� EH� FRQVLGHUHG� DV� RSHQ� VSDFHV�� 7KH� WZRSLFWXUHV� LQ� )LJXUH� � FOHDUO\� VKRZ� WKH� GLYHUJHQW� RXWFRPHV� RI� WKH� WZR� DOWHUQDWLYHLQWHUSUHWDWLRQV�RI�RSHQ�VSDFH�7KH� LQWHUSUHWDWLRQ� RI� RSHQ� VSDFH� DV� DQ� DUHD� WKDW� SURYLGHV� SHDFH� DQG� TXLHW� LQ� DQLQFUHDVLQJO\�PRUH�XUEDQ�HQYLURQPHQW� ILWV� LQ�ZHOO�ZLWK� WKH�VSDWLDO�TXDOLW\� LQGLFDWRUV�RIVXVWDLQDELOLW\�DQG�EHDXW\� WKDW�ZHUH� LQWURGXFHG�E\� WKH�'XWFK�SODQQLQJ�DJHQF\� �9520������� 6XVWDLQDELOLW\� GHDOV� LQ� WKHLU� LQWHUSUHWDWLRQ� DPRQJVW� RWKHUV� ZLWK� HFRORJLFDOTXDOLWLHV�DQG�WKHVH�DUH�RI�FRXUVH�PRVWO\�IRXQG�LQ�WKH�QRQ�XUEDQ�DUHDV��%HDXW\�LV�UHODWHGWR� WKH� SXEOLF� DSSUHFLDWLRQ� RI� ODQGVFDSH� DQG� QDWXUDO� DUHDV�� 1RQ�XUEDQ� DQG� HVSHFLDOO\ZRRGHG� DUHDV� DUH� JHQHUDOO\� KLJKO\� DSSUHFLDWHG�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� RSHQSROGHUV�LQ�WKH�ZHVWHUQ�DQG�QRUWKHUQ�SDUW�RI�WKH�FRXQWU\�DUH� OHDVW�YDOXHG�E\�WKH�JHQHUDOSXEOLF��LPSO\LQJ�WKDW�WKH�YLVXDO�FRQFHSW�RI�RSHQ�VSDFH�LV�QRW�ZHOO�VXLWHG�WR�LQFRUSRUDWHSXEOLF�SUHIHUHQFH�:H�ZLOO� DGRSW� ERWK� WKH� YLVXDO� DQG� SHUFHSWLRQDO� LQWHUSUHWDWLRQ� RI� RSHQ� VSDFH� KHUH� DQGGHYHORS�WZR�GLIIHUHQW�LQGLFDWRUV�IRU�WKH�GHVFULSWLRQ�RI�RSHQ�VSDFH�
,PSOHPHQWLQJ�LQGLFDWRUV�IRU�RSHQ�VSDFH)RU�RXU�UHVHDUFK�ZH�ZLOO�XVH�WKH�/DQG�8VH�6FDQQHU��DQ�LQWHJUDWHG�ODQG�XVH�PRGHO� WKDWKDV� EHHQ� XVHG� IRU� YDULRXV� SROLF\� UHODWHG� UHVHDUFK� SURMHFWV�� $SSOLFDWLRQV� LQFOXGH� WKHVLPXODWLRQ�RI�IXWXUH�ODQG�XVH�IROORZLQJ�GLIIHUHQW�VSDWLDO�SODQQLQJ�SHUVSHFWLYHV��6FKRWWHQ
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HW� DO�� ������� WKH� HYDOXDWLRQ� RI� DOWHUQDWLYHV� IRU� D� QHZ� QDWLRQDO� DLUSRUW� �6FKROWHQ� HW� DO�������DQG�PRUH�UHFHQWO\�WKH�SUHSDUDWLRQ�RI�WKH�)LIWK�1DWLRQDO�3K\VLFDO�3ODQQLQJ�5HSRUW�6FKRWWHQ�HW�DO���������7KH�/DQG�8VH�6FDQQHU�LV�D�*,6�EDVHG�ORJLW�PRGHO�WKDW�VLPXODWHVIXWXUH� ODQG� XVH� DQG� RIIHUV� DQ� LQWHJUDWHG� YLHZ� RQ� DOO� W\SHV� RI� ODQG� XVH�� ,W� GHDOV� ZLWKXUEDQ��QDWXUDO�DQG�DJULFXOWXUDO�IXQFWLRQV��QRUPDOO\�GLVWLQJXLVKLQJ����GLIIHUHQW� ODQG�XVHFDWHJRULHV��7KH�PRGHO�LV�JULG�EDVHG�DQG�XVHV�DOPRVW���������FHOOV�RI�����E\�����PHWHUWR� FRYHU� WKH� 1HWKHUODQGV�� )RU� HYHU\� FHOO� WKH� QXPEHU� RI� KHFWDUHV� IRU� HDFK� RI� WKH� ��GLVWLQJXLVKHG� ODQG� XVH� W\SHV� LV� UHJLVWHUHG�� ,W� WKXV� SUHVHQWV� D� KLJKO\� GLVDJJUHJDWHGGHVFULSWLRQ�RI�WKH�ZKROH�FRXQWU\��$�IXOO�GHVFULSWLRQ�RI�WKH�PRGHO�LV�JLYHQ�E\�+LOIHULQNDQG�5LHWYHOG��������7KH�SRVVLELOLWLHV�IRU�FRQVWUXFWLQJ�LQGLFDWRUV�DUH�OLPLWHG�EHFDXVH�UHOHYDQW�LQIRUPDWLRQ�RQIRU� H[DPSOH� KHLJKW� GLIIHUHQFHV� RU� H\H�FDWFKLQJ� REMHFWV� LV� ODFNLQJ�� 7KH� GDWD� KRZHYHUDOORZ�IRU�WKH�FDOFXODWLRQ�RI�EDVLF�LQGLFDWRUV��)ROORZLQJ�WKH�WZR�FRQFHSWV�RI�RSHQ�VSDFHGHVFULEHG� EHIRUH�� ZH� ZLOO� LQWURGXFH� DQ� RSHQQHVV� DQG� DQ� XUEDQLVDWLRQ� LQGLFDWRU�� %RWKLQGLFDWRUV�SRLQW�LQ�IDFW�DW�WKH�LQYHUVH�RI�RSHQQHVV��6R�KLJK�YDOXHV�LQGLFDWH�D�ODFN�RI�RSHQVSDFH�/HG�EH� WKH�YLVXDO�FRQFHSW�RI�RSHQ�VSDFH�ZH�FDQ�GHILQH�RSHQQHVV�DV� WKH�SHUFHQWDJH�RIHDFK� FHOO� WKDW� LV� FRYHUHG� E\� WKH� WRWDO� RI� WKH� IROORZLQJ� ODQG� XVH� IXQFWLRQV�� KRXVLQJ�ZRUNLQJ�� DLUSRUWV�� JUHHQKRXVHV� DQG� ZRRGODQG�� &RUUHVSRQGLQJ� ZLWK� WKH� SHUFHSWLRQDOFRQFHSW�RI�RSHQ�VSDFH�ZH�FDQ�GHILQH�DQ�XUEDQLVDWLRQ�LQGLFDWRU�DV�WKH�SHUFHQWDJH�RI�WKHFHOO�WKDW�LV�FRYHUHG�E\�WKH�ODQG�XVH�IXQFWLRQV��KRXVLQJ��ZRUNLQJ��UDLOZD\V��URDGV��DLUSRUWVDQG�JUHHQKRXVHV�,QGLFDWRU�YDOXHV�FDQ�EH�FDOFXODWHG�IRU�WKH�EDVH�\HDU�VLWXDWLRQ�DQG�WKH�VLPXODWLRQ�UHVXOWV�%\�VXEVHTXHQWO\�FRPSDULQJ�WKHVH�WKH�ORVV�RI�RSHQ�VSDFH�FDQ�EH�REWDLQHG�LQ�WHUPV�RI�DWRWDO�RU�DYHUDJH�FKDQJH��7KLV�DSSURDFK� IRFXVHV�RQ� WKH�FKDQJHV� LQ� LQGLYLGXDO�FHOOV� DQGGRHV� QRW� WDNH� DQ\� UHJLRQDO� LPSDFWV� LQWR� DFFRXQW�� )UDJPHQWDWLRQ� LV� RQH� RI� WKH� PRVWREYLRXV�UHJLRQDO�LPSDFWV�DQG�GHVFULEHV�WKH�GLYLVLRQ�RI�D�ODUJH�DUHD�LQWR�VHYHUDO�VPDOOHUDUHDV��7KH�YDOXH�RI�WKH�VHSDUDWHG�DUHDV�LV�LQ�VRPH�FDVHV�FRQVLGHUHG�WR�EH�OHVV�WKDQ�WKHLURULJLQDO� YDOXH�� 7KLV� PD\� FHUWDLQO\� EH� WUXH� IRU� WKH� ORVV� RI� RSHQ� VSDFH�� &RQVLGHU� IRUH[DPSOH�WKH�VLPXODWLRQ�RI�IXWXUH�ODQG�XVH�IRU�D�UHFWDQJOH�RI���[���FHOOV��WKDW�LV�SUHVHQWHGLQ�)LJXUH����7KH�VLPXODWLRQ�UHVXOW�VKRZV�D�ORQJ�FRUULGRU�ZLWK�KLJK�XUEDQLVDWLRQ�YDOXHV�SRVVLEO\�FDXVHG�E\�D�QHZ�PRWRUZD\�DQG�UHODWHG�FRQVWUXFWLRQ�RI�KRXVHV�DQG�RIILFHV��2QHFRXOG�DUJXH�WKDW�WKH�VPDOO�VWUHWFK�ZLWK�ORZ�XUEDQLVDWLRQ�YDOXHV�LQ�WKH�XSSHU�SDUW�RI�WKHILJXUH� DW� ULJKW� GRHV� QRW� DQ\� ORQJHU� FRQWDLQ� WKH� RULJLQDO� YDOXHV� RI� RSHQ� VSDFH� VXFK� DVOLPLWHG�YLVXDO�GLVWXUEDQFH�RU�SHDFH�DQG�TXLHW�7KH�IROORZLQJ�VHFWLRQ�ZLOO�EULHIO\�LQWURGXFH�WKH�ZD\�IUDJPHQWDWLRQ�LV�KDQGOHG�LQ�VRPHHFRORJLFDO�DQG�JHRPRUSKRORJLF�VWXGLHV��%DVHG�RQ�WKHVH�LGHDV�ZH�ZLOO�GHYHORS�D�PHWKRGIRU�PRGHOOLQJ�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH�
�� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� ��

EDVH�\HDU VLPXODWLRQ�UHVXOW)LJXUH�� ,QGLFDWLRQ�RI�XUEDQLVDWLRQ�YDOXHV�����LQ�D� ODQG�XVH�PRGHO�� VKRZLQJ� WKH� LQLWLDO�VLWXDWLRQ� �OHIW�DQG�WKH�UHVXOW�RI�WKH�VLPXODWLRQ
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0RGHOOLQJ�)UDJPHQWDWLRQ)UDJPHQWDWLRQ�RI�KDELWDWV�KDV�EHHQ�D�VXEMHFW�RI�HFRORJLFDO�VWXG\�IRU�RYHU����\HDUV��VHHIRU�H[DPSOH�*HQHOHWWL� ������� IRU� DQ�RYHUYLHZ��0DQ\�RI� WKHVH� VWXGLHV�XVH�TXDQWLWDWLYHPRGHOV�DQG�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHPV�WR�DVVHVV�KDELWDW�IUDJPHQWDWLRQ��$�KDELWDWLV�D�ORFDWLRQ�ZKHUH�D��JURXS�RI��DQLPDOV�RU�SODQWV�OLYHV��7KHVH�ORFDWLRQV�PD\�FRUUHVSRQGZLWK�ODQGVFDSH�W\SHV��)UDJPHQWDWLRQ�RI�KDELWDWV�OHDGV�WR�D�GHFUHDVH�LQ�KDELWDW�VL]H�DQGDQ� LQFUHDVH� LQ� LVRODWLRQ� DQG� H[SRVXUH� WR� H[WHUQDO� LQIOXHQFHV� �*HQHOHWWL� ������� 6PDOOHUKDELWDWV�SURYLGH�DQLPDOV�ZLWK�WRR�OLWWOH�VSDFH�WR�OLYH�LQ��,QFUHDVHG�LVRODWLRQ�DQG�H[SRVXUHQHJDWLYHO\�LQIOXHQFH�YXOQHUDELOLW\�DQG�OLYLQJ�FRQGLWLRQV��0DQ\�GLIIHUHQW�PHDVXUHV�H[LVWIRU�GHVFULELQJ� ODQGVFDSH�SDWWHUQV�DQG� IUDJPHQWDWLRQ� �%RJDHUW��������EXW�PRVW�KDYH� LQFRPPRQ� WKDW� WKH\� IRFXV� RQ� GLVFUHWH� ODQGVFDSH� XQLWV� FDOOHG� SDWFKHV�� )ROORZLQJ� WKHUHDVRQLQJ�EHKLQG�WKH�H[SHFWHG�LPSDFW�RI�IUDJPHQWDWLRQ�� WKHVH�SDWFKHV�DUH�GHVFULEHG� LQWHUPV� RI� DUHD�� LVRODWLRQ� DQG� VKDSH�� 6KDSH� FDQ� IRU� H[DPSOH� EH� FKDUDFWHULVHG� E\� EDVLFJHRPHWULFDO�GHVFULSWLRQV�DV� WRWDO�ERXQGDU\� OHQJWK�RU� D�SHULPHWHU�DUHD� UDWLR��$� VSHFLILFPHDVXUH� IRU� TXDQWLI\LQJ� WKH� SRWHQWLDO� GLVWXUEDQFH� LPSDFW� RQ� LVRODWHG� KDELWDWV� LV� WKHLQWHULRU�WR�HGJH� UDWLR� �%RJDHUW� HW� DO�� ������� 7KLV� PHWKRG� GLYLGHV� D� SDWFK� LQ� D� QRW� RUPDUJLQDOO\� LQIOXHQFHG� LQWHULRU� DQG� D� GLVWXUEHG� HGJH�� 7KH� GHWHUPLQDWLRQ� RI� WKH� UDWLRGHSHQGV� KHDYLO\� RQ� KDELWDW� DQG� GLVWXUEDQFH� FKDUDFWHULVWLFV� DQG� WKHLU� PXWXDO� UHODWLRQ�6SHFLILF� NQRZOHGJH� RQ� WKH� LPSDFW� UHODWLRQV� LV� WKXV� QHHGHG� WR� FDOFXODWH� WKLV� UDWLR�� %\XVLQJ�WKH�DIRUHPHQWLRQHG�FKDUDFWHULVWLFV�IUDJPHQWDWLRQ�FDQ�IRU�LQVWDQFH�EH�TXDQWLILHG�DVD� GHFUHDVH� LQ� SDWFK� DUHD� RU� LQWHULRU�WR�HGJH� UDWLR� RU� DQ� LQFUHDVHG� ERXQGDU\� OHQJWK� RUSHULPHWHU�DUHD�UDWLR�$�GLIIHUHQW�DSSURDFK�KDV�EHHQ�SURSRVHG�E\�/HHWHUV�HW�DO�� �������IRU� WKH�DVVHVVPHQW�RIIUDJPHQWDWLRQ�RI�JHRPRUSKRORJLF�ODQGVFDSH�IHDWXUHV�LQ�WKH�1HWKHUODQGV��7KH\�GHVFULEHWKH�XVH�RI�D�JHRJUDSKLFDO�LQWHUVHFWLRQ�DQDO\VLV�WR�VWXG\�WKH�LPSDFW�RI�QHZ�LQIUDVWUXFWXUHRQ�GLVFUHWH�PRUSKR�HOHPHQWV�LQ�WHUPV�RI�GLUHFW�GHVWUXFWLRQ��GLVDSSHDUDQFH��DQG�LQGLUHFWGHVWUXFWLRQ� �IUDJPHQWDWLRQ���7KH� VHYHULW\�RI� IUDJPHQWDWLRQ� LV� DVVHVVHG� WKURXJK� VHYHUDODUELWUDU\�FRPSXWDWLRQV�WKDW�UHODWH�WKH�VL]H�RI�WKH�UHPDLQLQJ�IUDJPHQWV�WR�WKH�VL]H�RI�WKHORVW�IUDJPHQW��VHH��)LJXUH���

)LJXUH�� $VVHVVLQJ�WKH�LPSDFW�RI�QHZ�LQIUDVWUXFWXUH��OLJKW�JUH\��RQ�D JHRPRUSKRORJLF�ODQGVFDSH�IHDWXUH�)UDJPHQW� $� �GDUN� JUH\�� ZLOO� GLVDSSHDU�� WKH� VHYHULW\� RI� WKH� LPSDFW� RQ� UHPDLQLQJ� IUDJPHQWV� %� DQG� &GHSHQGV�RQ�WKHLU�VL]H�LQ�UHODWLRQ�WR�IUDJPHQW�$��DIWHU�/HHWHUV�HW�DO��������7KH�SUHVHQWHG� UHVHDUFK�RQ� WKH�PRGHOOLQJ�RI� IUDJPHQWDWLRQ�FDQ�QRW�GLUHFWO\�EH�XVHG� WRGUDZ�XS�D�PRGHO�IRU�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH�VLQFH�WKH�LPSDFW�UHODWLRQV�DUH�QRWQHFHVVDULO\� WKH� VDPH��7KH� KXPDQ� UHDFWLRQ� WR� WKH� IUDJPHQWDWLRQ� RI� RSHQ� VSDFH� FDQ� EHH[SHFWHG�WR�GLIIHU�VLJQLILFDQWO\�IURP�WKH�ZD\�DQLPDOV�UHDFW�RQ�WKH�GHWHULRUDWLRQ�RI�WKHLUKDELWDW��+XPDQV�DUH�IRU�H[DPSOH�QRW�GLUHFWO\�GHSHQGHG�RQ�WKH�VL]H�RI� WKHLU� OLYLQJ�DUHDIRU� IRRG� DQG� SRVVLEOH� SDUWQHUV��$� VHFRQG��PLQRU� OLPLWDWLRQ� LV� WKH� IDFW�ZH� DUH� GHDOLQJZLWK� UDVWHU� GDWD� DQG� FRQWLQXRXV� LQGLFDWRU� YDOXHV� LQVWHDG� RI� YHFWRU� GDWD� DQG� GLVFUHWHSDWFKHV�� 7KLV�PDNHV� LW�PRUH� GLIILFXOW� WR� GR� D� JHRJUDSKLFDO� DQDO\VLV� RI� IUDJPHQWDWLRQ�5DVWHU�GDWD�GR�QRW�DOORZ�IRU�VWDQGDUG�LQWHUVHFWLRQ�PHWKRGV�DQG�FRQWLQXRXV�YDOXHV�GR�QRW
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GLUHFWO\�SURYLGH�FOHDU�ERXQGDULHV�RI�RSHQ�DUHDV��:H�ZLOO�WKHUHIRUH�SURSRVH�DQ�DGMXVWHGPHWKRG�IRU�WKH�DVVHVVPHQW�RI�IUDJPHQWDWLRQ�LQ�WKH�IROORZLQJ�VHFWLRQ�
0RGHOOLQJ�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH7ZR�VHSDUDWH�LPSDFWV�RI�ODQG�XVH�FKDQJH�DIIHFW�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH�LQ�RXURSLQLRQ��:H�ILUVWO\�H[SHFW�D�FHUWDLQ�UDGLDWLRQ�RI�XUEDQ�LQIOXHQFH��7KH�YLVXDO�GLVWXUEDQFHRU� WKH� LQIOXHQFH� RQ� TXLHWQHVV� RI� DQ� XUEDQ�PDVV� VWUHWFKHV� IXUWKHU� WKDQ� LWV� H[DFW� OLPLWV�7KLV�LQIOXHQFH�FDQ�EH�DFFRXQWHG�IRU�LQ�RXU�PRGHO�WKURXJK�D�ZHLJKWHG�PRYLQJ�DYHUDJH�7KH� XVH� RI� WKLV� WHFKQLTXH� IRU� VSDWLDO� DQDO\VLV� KDV� DPRQJVW� RWKHUV� EHHQ� GHVFULEHG� E\%XUURXJK�DQG�0F'RQHOO���������7KLV�PHWKRG�FRPSXWHV�D�GLVWDQFH�ZHLJWKHG�DYHUDJH�IRUD�JURXS�RI�GDWD�SRLQWV��7KH�YDOXH�RI�D�FHOO�FDQ�IRU�H[DPSOH�EH�FDOFXODWHG�DV�WKH�DYHUDJHRI�LWV�LQLWLDO�YDOXH�DQG�WKH�YDOXHV�RI�WKH�HLJKW�QHLJKERXULQJ�FHOOV�LQ�ZKLFK�WKH�FHQWUDO�FHOOUHFHLYHV�D�ZHLJKW�YDOXH�RI���DQG�WKH�RWKHUV�D�VWDQGDUG�ZHLJKW�YDOXH�RI����7KH�RXWFRPHRI� WKLV� FDOFXODWLRQ� IRU� WKH�PRGHOUHVXOWV� LQWURGXFHG� LQ�)LJXUH� � LV� VKRZQ� LQ�)LJXUH� ��7KLV�PHWKRG�QRW�RQO\�H[SUHVVHV�WKH�LQIOXHQFH�RI�KLJK�XUEDQLVDWLRQ�YDOXHV�RQ�ORZHU�RQHV�EXW�DOVR�UHIOHFWV�WKH�RSSRVLWH��,PSO\LQJ�WKDW�DUHDV�ZLWK�ORZ�XUEDQLVDWLRQ�YDOXHV�PLWLJDWHWKH�XUEDQ�DSSHDUDQFH�RU�SHUFHSWLRQ�LQ�QHLJKERXULQJ�DUHDV�ZLWK�KLJK�XUEDQLVDWLRQ�YDOXHV�)XUWKHU� UHVHDUFK� ZLOO� IRFXV� RQ� WKH� RSWLPLVDWLRQ� RI� WKLV� IXQFWLRQ� DQG�PRVW� QRWDEO\� RQILQGLQJ� GLVWDQFH�ZHLJKWV� WKDW� DUH� UHOHYDQW� IRU� WKH� LQIOXHQFH� RI� HLWKHU� XUEDQ� RU� FORVHGDUHDV�RQ�RSHQQHVV�
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VLPXODWLRQ�UHVXOW ZHLJKWHG�PRYLQJ�DYHUDJH)LJXUH�� ,QGLFDWLRQ� RI� XUEDQLVDWLRQ�YDOXHV� ���� LQ� D� ODQG� XVH�PRGHO�� VKRZLQJ� WKH� RULJLQDO� VLPXODWLRQUHVXOW�DQG�LWV�ZHLJKWHG�PRYLQJ�DYHUDJH�WR�H[SUHVV�WKH�XUEDQ�LQIOXHQFH�RQ�RSHQ�VSDFH�
:H� IXUWKHUPRUH� H[SHFW� D�PLQLPXP�GLPHQVLRQ� LQ�ZKLFK�RSHQQHVV� FDQ� EH� DSSUHFLDWHG�7KH�VL]H�RI�WKLV�PLQLPXP�DUHD�PD\�GLIIHU�IRU�WKH�YLVXDO�RU�WKH�SHUFHSWLRQDO�DSSURDFK�RIRSHQQHVV��7KH�PLQLPXP�GLPHQVLRQ�FULWHULRQ�FDQ�IRU�H[DPSOH�EH�LPSOHPHQWHG�WKURXJK�DVHDUFK� RSHUDWLRQ� LQ� ZKLFK� ZH� ORRN� IRU� DQ� DUHD� RI� DW� OHDVW� ��� NP� ZLWK� D� ZHLJKWHGPRYLQJ�DYHUDJH�LQGLFDWRU�YDOXH�RI����RU�OHVV��7R�LPSOHPHQW�WKLV�PLQLPXP�VL]H�ZH�FDQDOVR�PDNH�XVH�RI�WKH�NLQG�RI�PRYLQJ�ZLQGRZ�WHFKQLTXH�GHVFULEHG�DERYH��7KLV�KRZHYHUKDV� WKH� GUDZEDFN� RI� XVLQJ� D� SUHGHILQHG�� QRUPDOO\� UHFWDQJXODU� VKDSH� WKDW� PDNHV� LWGLIILFXOW�WR�GHWHFW�ODUJH�RSHQ�VSDFHV�ZLWK�DQ�LUUHJXODU�IRUP�
,VVXHV�IRU�IXUWKHU�UHVHDUFK7KLV� SDSHU� RIIHUV� RXU� ILUVW� WKRXJKWV� RQ� WKH� PRGHOOLQJ� RI� RSHQ� VSDFH� IUDJPHQWDWLRQ�)XUWKHU� UHVHDUFK�ZLOO�IRFXV�RQ�D�PHDQLQJIXO�DSSOLFDWLRQ�RI� WKH�RSHQQHVV�DQG�XUEDQLVD�WLRQ�LQGLFDWRU�ZH�GHVFULEHG��$Q�LPSRUWDQW�LVVXH�LV�WR�VWUHQJWKHQ�WKH�UDWLRQDO�IRXQGDWLRQRI�WKH�SURSRVHG�GLVWDQFH�ZHLJKWHG�DYHUDJH�IXQFWLRQ�DQG�LWV�ZHLJKW�YDOXHV�WR�DFFRXQW�IRUWKH�UDGLDWLRQ�RI�XUEDQ�LQIOXHQFH��:H�ZLOO�IXUWKHUPRUH� ORRN�IRU�DFFHSWHG�YDOXHV� IRU� WKHPLQLPXP�GLPHQVLRQV�RI�RSHQ�VSDFH�IURP�ERWK�D�YLVXDO�DQG�D�SHUFHSWLRQDO�SHUVSHFWLYH�$�SUDFWLFDO�FRPSDULVRQ�RI�WKH�PRGHO�UHVXOWV�ZLWK�H[SHUW�RSLQLRQV�RQ�WKH�IUDJPHQWDWLRQ
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RI�RSHQ�VSDFH�PLJKW�SURYLGH� VRPH�JXLGHOLQHV� IRU� WKH� LPSOHPHQWDWLRQ�RI� WKH�SUHVHQWHGFULWHULD�DQG�JHQHUDO�XVDELOLW\�RI�RXU�DSSURDFK�LQ�D�SROLF\�FRQWH[W��$Q� LQWHUHVWLQJ� LVVXH�ZLWK� WKH� LPSOHPHQWDWLRQ�RI� WKH�SURSRVHG�PLQLPXP�DUHD� IRU�RSHQVSDFH�LV�KRZ�WR�DFFRXQW�IRU�LUUHJXODU�VKDSHV��7KH�VWXG\�FRXOG�DOVR�EH�H[WHQGHG�ZLWK�WKHXVH�RI�H[WUD�GDWD�WKDW�IRU�H[DPSOH�UHSUHVHQW�WKH�KHLJKW�RU�GLVWXUEDQFH�FKDUDFWHULVWLFV�RIFHUWDLQ�REMHFWV��7KLV�ZRXOG�DOORZ�IRU�PRUH�SUHFLVH�LQGLFDWRU�YDOXHV�EXW�ZRXOG�DOVR�PHDQD�FRQVLGHUDEOH�DGMXVWPHQW�RI�RXU�ODQG�XVH�PRGHO�
5HIHUHQFHV%RJDHUW��-���3��YDQ�+HFNH�	�,��,PSHQV���������$�UHIHUHQFH�YDOXH�IRU�WKH�LQWHULRU�WR�HGJHUDWLR�RI�LVRODWHG�KDELWDWV��$FWD�%LRWKHRUHWLFD�����������%RJDHUW��-�� ��������4XDQWLI\LQJ�KDELWDW� IUDJPHQWDWLRQ�DV�D�VSDWLDO�SURFHVV� LQ�D�SDWFK�FRUULGRU�PDWUL[�ODQGVFDSH�PRGHO� 3K�'��GLVVHUWDWLRQ�8QLYHUVLW\�RI�$QWZHUS�%XUURXJK�� 3�$�� 	� 5�$�� 0F'RQQHOO� �������� 3ULQFLSOHV� RI� *HRJUDSKLFDO� ,QIRUPDWLRQ6\VWHPV��2[IRUG�8QLYHUVLW\�SUHVV�([SHUWLVHFHQWUXP� /19� �������� /DQGVFKDS� LQ� IHLWHQ� HQ� FLMIHUV�KWWS���ZZZ�PLQOQY�QO�OQY�DOJHPHHQ��HFOQY�ODQGVFKDS���ODVW�DFFHVVHG��0D\���������*HQHOHWWL�� '�� �������� (FRORJLFDO� HYDOXDWLRQ� IRU� (QYLURQPHQWDO� ,PSDFW� $VVHVVPHQW�3K�'��GLVVHUWDWLRQ�9ULMH�8QLYHUVLWHLW�$PVWHUGDP�+LOIHULQN��0��	�3��5LHWYHOG���������/DQG�8VH�6FDQQHU��$Q��LQWHJUDWHG�*,6�EDVHG�PRGHOIRU�ORQJ�WHUP�SURMHFWLRQV�RI�ODQG�XVH�LQ�XUEDQ�DQG�UXUDO�DUHDV� -RXUQDO�RI�*HRJUDSKLFDO6\VWHPV����������������/HHWHUV�� (�(�-�0�� 	� +�3�� :ROIHUW� �������� (IIHFWHQ� YDQ� QLHXZH� LQIUDVWUXFWXXU� RSDDUGNXQGLJH� ZDDUGHQ�� 0HWKRGH� YRRU� WUDFpVWXGLHV� HQ� PLOLHX�HIIHFWUDSSRUWDJHV� '/26WDULQJ�&HQWUXP��:DJHQLQJHQ�/19���������1DWXXU�YRRU�PHQVHQ��PHQVHQ�YRRU�QDWXXU��1RWD�QDWXXU��ERV�HQ�ODQGVFKDSLQ�GH���H�HHXZ��0LQLVWHULH�YDQ�/DQGERXZ��1DWXXUEHKHHU�HQ�9LVVHULM��'HQ�+DDJ�0LOLHX��HQ�1DWXXUSODQEXUHDX���������:KR�LV�DIUDLG�RI�UHG��JUHHQ�DQG�EOXH"�7RHWV�YDQGH� 9LMIGH� 1RWD� 5XLPWHOLMNH� 2UGHQLQJ� RS� HFRORJLVFKH� HIIHFWHQ�� 5,90�UDSSRUW�����������5,90��%LOWKRYHQ�2WWHQV�� +�)�/�� �������� 9HUVWHGHOLMNLQJ� HQ� UXLPWHEHVODJ�� QDDU� HQ� QLHXZ� EHOHLG�� LQ�'LHOHPDQ��)�0��	�6��0XVWHUG� �HGV����9RRUELM� GH� FRPSDFWH� VWDG"�� ������� YDQ�*RUFXP$VVHQ�5DQVLMQ��0��	�5��9UHHNHU���������+LVWRULVFKH�DQDO\VH�YDQ�UXLPWHJHEUXLN�HQ�UXLPWHOLMNEHOHLG� LQ� 1HGHUODQG�� LQ�� 6FKROWHQ�� +�-��� 5�-�� YDQ� GH� 9HOGH� 	� -�$�0�� %RUVERRP�YDQ%HXUGHQ �HGV���� 5XLPWHVFDQQHU�� LQIRUPDWLHV\VWHHP� YRRU� GH� ODQJH� WHUPLMQ� YHUNHQQLQJYDQ� UXLPWHJHEUXLN�� 1HGHUODQGVH� *HRJUDILVFKH� 6WXGLHV�� .1$*�98�8WUHFKW�$PVWHUGDP�5,90� �������� 1DWLRQDOH� 1DWXXUYHUNHQQLQJ� ��� ����������� 'HHO� �� EHOHLGVJHULFKWHVDPHQYDWWLQJ��5,90��6WLFKWLQJ�'/2��%LOWKRYHQ�6FKROWHQ��+�-���5��YDQ�GH�9HOGH��3��5LHWYHOG�	�0��+LOYHULQN���������6SDWLDO�LQIRUPDWLRQLQIUDVWUXFWXUH� IRU� VFHQDULR� SODQQLQJ�� WKH� GHYHORSPHQW� RI� D� ODQG� XVH� SODQQHU� IRU+ROODQG�� ,Q��6WLOOZHOO�� -���6��*HHUWPDQ��6��2SHQVKDZ� �HGV����*HRJUDSKLFDO� ,QIRUPDWLRQDQG�3ODQQLQJ������������6SULQJHU�9HUODJ��%HUOLQ
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6FKRWWHQ��&�*�-���:�7��%RHUVPD��-��*URHQ�	��5�-��YDQ�GH�9HOGH���������6LPXODWLH�YDQGH� UXLPWHOLMNH� SHUVSHFWLHYHQ� 1HGHUODQG� ����� 5,90�UDSSRUW� ����������� 5,90�%LOWKRYHQ�6FKRWWHQ�� &�*�-��� 5�� *RHWJHOXN�� 0�� +LOIHULQN�� 3�� 5LHWYHOG� 	� +�-�� 6FKROWHQ� �������5HVLGHQWLDO� FRQVWUXFWLRQ�� ODQG� XVH� DQG� WKH� HQYLURQPHQW�� 6LPXODWLRQV� IRU� 7KH1HWKHUODQGV� XVLQJ� D� *,6�EDVHG� ODQG� XVH� PRGHO� (QYLURQPHQWDO� PRGHOLQJ� DQGDVVHVVPHQW������������9520� �������� %DODQV� UXLPWHOLMNH� NZDOLWHLW� ������ 0LQLVWHULH� YDQ� 9RONVKXLVYHVWLQJ5XLPWHOLMNH�2UGHQLQJ�HQ�0LOLHXEHKHHU��'HQ�+DDJ�9520���������5XLPWH�PDNHQ�� UXLPWH�GHOHQ��9LMIGH�QRWD�RYHU�GH� UXLPWHOLMNH�RUGHQLQJ���������� 0LQLVWHULH� YDQ� 9RONVKXLVYHVWLQJ� 5XLPWHOLMNH� 2UGHQLQJ� HQ� 0LOLHXEHKHHU�'HQ�+DDJ�
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%LMODJH�� 2SERXZ�DWWUDFWLYLWHLWHQNDDUWHQ
+HW� RQGHUVWDDQGH� VFULSW� EHVFKULMIW� GH� RSERXZ� YRRU� GH� DWWUDFWLYLWHLWHQNDDUWHQ� YRRU� KHWFRPSDFWH�VWDG�VFHQDULR��'LW�VFHQDULR�LV�HHQ�YDQ�YLMI�UXLPWHOLMNH�SHUVSHFWLHYHQ�GLH�ELQQHQGH�5XLPWHVFDQQHU�LV�XLWJHZHUNW��$DQ�GLW�RRUVSURQNHOLMNH�VFULSW�LV�LQ�JHZRRQ�1HGHUODQGVHHQ� YHUNODULQJ� YDQ� GH� EHSDOLQJ� YDQ� GH� DWWUDFWLYLWHLWVZDDUGH� WRHJHYRHJG�� 1D� GHLQWHUSUHWDWLH�YDQ�KHW�VFULSW�YROJW�HHQ�NRUWH�GLVFXVVLH�RYHU�GH�PRJHOLMNH�XLWNRPVWHQ��'HWHNVW� KLHUYRRU� LV� JHEDVHHUG� GLYHUVH� ZDDUGHYROOH� RSPHUNLQJHQ� YDQ� &HHV� 6FKRWWHQ�5,90��� (U� EHVWDDQ� ]HHU� YHHO� YHUVFKLOOHQGH� DWWUDFWLYLWHLWHQNDDUWHQ�� 'LW� HQH� YRRUEHHOGGLHQW� VOHFKWV� RP� GH� RSERXZ� YDQ� GH]H� NDDUWHQ� WH� LOOXVWUHUHQ� HQ� HQNHOH� DOJHPHQHNDQWWHNHQLQJHQ�WH�SODDWVHQ�
$WWUDFWLYLWHLWNDDUWHQ� ZRUGHQ� RSJHERXZG� YRRU� DOOH� ��� YHUDQGHUOLMNH� �HQGRJHQH�JURQGJHEUXLNNODVVHQ�HQ�EHYDWWHQ�SHU�JULGFHO�YROJHQV�+LOIHULQN�HQ�5LHWYHOG� ������� HHQZDDUGH�WXVVHQ�±����RQDDQWUHNNHOLMN��HQ������DDQWUHNNHOLMN���9RRU�GLW�SHUVSHFWLHI�ZRUGHQHFKWHU�GHHOV�KRJHUH�ZDDUGHQ�JHEUXLNW��5,90�KHHIW�]LFK�GDW�JHUHDOLVHHUG��PDDU�]DJ�]LFKJHQRRG]DDNW�RP��HHQ�SDDU�NHHU�DDQ�GH�NQRSSHQ�WH�GUDDLHQ��RP�HHQ�SODXVLEHO�VLPXODWLH�UHVXOWDDW�WH�NULMJHQ��0HW�QDPH�KHW�JHFRQFHQWUHHUG�WRHZLM]HQ�YDQ�GH�QDWXXUFODLPV�EOHHNODVWLJ��2YHULJHQV�LV�KHW�]R�GDW�GH�5XLPWHVFDQQHU�YDVWORRSW�DOV�MH�GH�DWWUDFWLYLWHLWZDDUGHQWH�KRRJ�PDDNW��(U�RQWVWDDQ�QXPHULHNH�RYHUIORZV�RPGDW�GH�DDQWUHNNHOLMNKHLG�ELQQHQ�HHQH[SRQHQWIXQFWLH�JHEUXLNW�ZRUGW�
5,90�JHHIW�YHUGHU�DDQ�GDW�GH�DFKWHUJURQG�YDQ�GH�RRUVSURQNHOLMN�EHGRHOGH�ZDDUGHQ�����WRW������KDDU�QLHW�GXLGHOLMN�LV��:DDURP�]RXGHQ�ELMYRRUEHHOG�JHHQ�ZDDUGHQ�WXVVHQ�����HQ����JHNR]HQ�NXQQHQ�ZRUGHQ"�(HQ�EHODQJULMN�SXQW�YDQ�]RUJ�KLHUELM� LV��RRN� LQ�GH�RJHQYDQ� KHW� 5,90�� GH� RQGHUOLQJH� YHUJHOLMNEDDUKHLG� YDQ� GH� DWWUDFWLYLWHLWHQ� YRRU� GHYHUVFKLOOHQGH� ODQGJHEUXLNIXQFWLHV�� ,GHDOLWHU�]RX�GH�EHVFKULMYLQJ�KLHUYDQ�RS� ppQ� HQNHOHXQLIRUPH� EURQ� ]LMQ� JHEDVHHUG�� 'H� RQGHUVWDDQGH� ZDDUGHQ� ]LMQ� JHEDVHHUG� RS� H[SHUWMXGJHPHQW�
�������������������������������������������������������������������������������������������������������������������������&RQILJXUDWLH�5XLPWHVFDQQHU�������������������������������������������������������������������������������������������������������������������������������������������������������������������5,90���98������������������������������������������������������������������������DSULO�����������MDQXDUL���������������������������������������������������������������������������������������������������������������������������'H]H�'06�ILOH�ZRUGW�DDQJHURHSHQ�GRRU�7RHNRPVW�GPV������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� &RPSDFWVWDG�GPV������������������������������������������������,Q�GH]H�FRQILJXUDWLHILOH�ZRUGHQ�GH�DWWUDFWLYLWHLVNDDUWHQ�YDQ�GH����JJHEUXLNNODVVHQ������YRRU�KHW�SHUVSHFWLHI�&RPSDFWH�VWDG�XLWJHZHUNW���������������������������������������������
�,QWHQVLWHLWHQ������QLHW�XLWJHZHUNW�GDDURP�PHW����RQ]LFKWEDDU�JHPDDNW�LQ�GPV�WUHH�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
&RQWDLQHU�&RPSDFWVWDG������VWRUDJH� �JWI�UHVXOWV�FRPSDFWBDWWU�JWI�^ DWWULEXWH��$WWUDFWLYLWHLW!�:RQHQ�*ULG&HOO,'��([SU� ��LLI�RU�LV3RVLWLYH�%DODQV�����:RRQORN�����������������LV3RVLWLYH�3ODQNDDUW�����:RRQORN������������YDOXH������$WWUDFWLYLWHLW��������YDOXH������$WWUDFWLYLWHLW��������YDOXH�������$WWUDFWLYLWHLW��
�SRWHQWLDDOJJ���:RQHQB����
$WWUDFWLYLWHLW�YRRU�ZRQHQ� x ��YRRU�GH�ZRQLQJERXZORNDWLHV�XLW�GH�EDODQVNDDUW������RI�XLW�GH�SODQNDDUW�����x ��YRRU�GH�RYHULJH�JHELHGHQ�����
�GH�IUDFWLH��WXVVHQ���HQ����YRRU�ZRQHQ�LQ�GH�SRWHQWLDDONDDUW��ZRQHQB����
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'H�EDODQVNDDUW������LV�HHQ�YRRUORSHU�YDQ�1HGHUODQG�LQ�3ODQQHQ��EHLGH�EHVWDQGHQ�]LMQ�YDQ�GH53'��,Q�SULQFLSH�EHYDWWHQ�GH]H�EHVWDQGHQ�GH]HOIGH�LQIRUPDWLH�DOV�GH�WHJHQZRRUGLJ�EHVFKLNEDUH1LHXZH�NDDUW�YDQ�1HGHUODQG��,Q�KHW�NRUW�]LMQ�HU�GH�YROJHQGH�YHUVFKLOOHQG�x 1HGHUODQG�LQ�SODQQHQ�HQ�]LMQ�YRRUJDQJHU�%DODQVNDDUW������JHYHQ�HHQ�GRRUNLMN�WRW������GH�1LHXZH�NDDUW�WRW�����x 1,3�HQ�GH�%DODQVNDDUW�����JHYHQ�KHW�EHOHLG�ZHHU�GDW�LQ�GH�9,1(;�QRWD�H�G��SDVW��'H1LHXZH�NDDUW�LV�HHQ�LQYHQWDULVDWLH�YDQ�UXLPWHOLMNH�SODQQHQ�ELM�R�D��JHPHHQWHQ
(HQ�SRWHQWLDDONDDUW�EHYDW�KHW�DDQGHHO�YDQ�HHQ�UXLPWHJHEUXLNIXQFWLH�LQ�HHQ�FHO�GDW�LVEHSDDOG�XLW�KHW�UHODWLHYH�JHPLGGHOGH�YRRU�GH�RPOLJJHQGH����FHOOHQ��2PGDW�JHUHNHQG�ZRUGW�PHWGH�HLJHQ�FHO�HQ����FHOOHQ�LQ�QRRUGHOLMNH��]XLGHOLMNH��ZHVWHOLMNH�HQ�RRVWHOLMNH�ULFKWLQJZRUGHQ�WRWDDO����������A�� ������FHOOHQ�EHVFKRXZG��+HW�JHPLGGHOGH�YDQ�GH�FHOOHQ�LQ�JHQRHPGHPDWUL[�ZRUGW�EHSDDOG�GRRU�UHNHQLQJ�WH�KRXGHQ�PHW�GH�DIVWDQG�WRW�GH�FHQWUDOH�FHO��'H]HDIVWDQGVYHUYDOIXQFWLHV�NXQQHQ�]RZHO�OLQHDLU�DOV�ORJ�OLQHDLU�]LMQ��/DDWVWJHQRHPGH�IXQFWLHV]LMQ�E�Y��ZHO�HHQV�YRRU�GH�9LMIGH�1RWD�VWXGLHV�JHEUXLNW��,Q�5XLPWHVFDQQHU���NRQ�PHW�GH]HIXQFWLH�RRN�GH�DIVWDQGHQ�WRW�EHSDDOGH�REMHFWHQ�LQ�E�Y��NLORPHWHUV�EHUHNHQG�ZRUGHQ�
'H�WKHRUHWLVFK�PRJHOLMNH�ZDDUGHQ�OLJJHQ�WXVVHQ���HQ������ ������LQ�ZHUNHOLMNKHLG���HQ����
�� ^�,QWHQVLW\�LV�GHDOW�ZLKW�LQ�D�VHSDUDWH�&DOFXODWLRQ�6FHPH�� DWWULEXWH��$WWUDFWLYLWHLW!�LQWHQVLW\�*ULG&HOO,'���� ([SU� ��LLI�%DODQV�����:RRQORN�!������������������ `�

DWWULEXWH��$WWUDFWLYLWHLW!�:HUNHQ�*ULG&HOO,'��([SU� ��SRWHQWLDDOJJ���:HUNHQB���
�YDOXH�������$WWUDFWLYLWHLW������LLI�RU�LV3RVLWLYH�%DODQV�����:HUNORN������� LV3RVLWLYH�3ODQNDDUW�����:HUNORN������������YDOXH������$WWUDFWLYLWHLW��������YDOXH������$WWUDFWLYLWHLW�����$WWUDFWLYLWHLW�YRRU�ZHUNHQ� x ���
�GH�IUDFWLH��WXVVHQ���HQ����YRRU�ZHUNHQ�LQ�GH�SRWHQWLDDONDDUW��ZHUNHQB���x ����YRRU�GH�ZHUNORNDWLHV�XLW�GH�EDODQVNDDUW������RI�XLW�GH�SODQNDDUW�����x ����YRRU�GH�RYHULJH�JHELHGHQ
'H�PRJHOLMNH�ZDDUGHQ�OLJJHQ�GXV�WXVVHQ���HQ������ �����LQ�ZHUNHOLMNKHLG���HQ������

DWWULEXWH��$WWUDFWLYLWHLW!�*UDV�*ULG&HOO,'��([SU� ��YDOXH������$WWU3HU+D��
�JJ���*UDV�����QRUPDOL]H�+HGHQ�2PJHYLQJ�DELR�2EGBJUDV���$WWUDFWLYLWHLW�YRRU�JUDV� x ����
�KHW�DDQWDO�KHFWDUH�JUDV�SHU�JULGFHO��WXVVHQ���HQ����x ��GH�JHQRUPDOLVHHUGH�RSEUHQJVWGHUYLQJVZDDUGH�YRRU�JUDV��RRUVSURQNHOLMN�WXVVHQ���HQ�����QD�QRUPDOLVDWLH�WXVVHQ�FLUFD�±����HQ������
'H�QRUPDOL]H�IXQFWLH�PDDNW�HHQ�QRUPDOH�YHUGHOLQJ�YDQ�GH�RUJLQHOH�YHUGHOLQJ�YDQ�DOOH�ZDDUGHQLQ�GH�2%'�NDDUWHQ��'H�ZHUNLQJ�KLHUYDQ�LV�RSJHQRPHQ�LQ�5HZULWH([SU�OVS��LQ�GLW�VFULSW�ZRUGHQVWDQGDDUG�UHNHQUHJHOV�HQ�DOLDVVHQ��V\QRQLHPHQ��EHVFKUHYHQ��1RUPDOL]H�ZRUGW�KLHULQ�RS�HHQDDQWDO�PDQLHUHQ�JHGHILQLHHUG��GH�VLPSHOVWH�YHUVLH�LV���;�;JHP��;VG��'LW�KRXGW�LQ�GDW�YDQHONH�ZDDUGH�GH�DIZLMNLQJ�WRW�KHW�JHPLGGHOGH�ZRUGW�EHSDDOG��GH]H�DIZLMNLQJ�ZRUGW�YHUYROJHQVJHGHHOG�GRRU�GH�VWDQGDDUG�GHYLDWLH��'H�ZDDUGHQ�YDQ�GH�GDWDVHW�ZRUGHQ�]R�WHUXJJHEUDFKW�WRWHHQ�QRUPDDO�YHUGHOLQJ�URQG����LQ�GLW�JHYDO�NODDUEOLMNHOLMN�WXVVHQ�����HQ�������:DW�ELM�HHQJHPLGGHOGH�YDQ����HHQ�YULM�KRJH�VWDQGDDUG�GHYLDWLH�YDQ����EHWHNHQW�

DWWULEXWH��$WWUDFWLYLWHLW!�0DLV�*ULG&HOO,'��([SU� ��YDOXH������$WWU3HU+D��
�JJ���0DLV�����QRUPDOL]H�+HGHQ�2PJHYLQJ�DELR�2EGBPDLV���]LH�JUDV
DWWULEXWH��$WWUDFWLYLWHLW!�$NNHUERXZ�*ULG&HOO,'��([SU� ��YDOXH������$WWU3HU+D��
�JJ���$NNHUERXZ�����QRUPDOL]H��+HGHQ�2PJHYLQJ�DELR�2EGBDDUG���+H�GHQ�2PJHYLQJ�DELR�2EGBELHW���+HGHQ�2PJHYLQJ�DELR�2EGBJUDDQ���]LH� JUDV�� QX� ZRUGHQ� �� 2%'BZDDUGHQ� YDQ� ���� 
� KHW KXLGLJ� JURQGJHEUXLN� DIJHWURNNHQ�� 'HQRUPDOL]H�IXQFWLH�]RUJW�YRRU�ZDDUGHQ�WXVVHQ�±��HQ������
DWWULEXWH��$WWUDFWLYLWHLW!�%ROOHQ�*ULG&HOO,'��([SU� ��YDOXH������$WWU3HU+D��
�JJ���%ROOHQ�����QRUPDOL]H�+HGHQ�2PJHYLQJ�DELR�2EGBERO���]LH�JUDV
DWWULEXWH��$WWUDFWLYLWHLW!�%RRPJDDUG�*ULG&HOO,'��([SU� ��YDOXH������$WWU3HU+D��
�JJ���%RRPJDDUG�
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����QRUPDOL]H�+HGHQ�2PJHYLQJ�DELR�2EGBSLWIU���+H�GHQ�2PJHYLQJ�DELR�2EGBOERRP���+HGHQ�2PJHYLQJ�DELR�2EGBRYERRP���]LH�JUDV
DWWULEXWH��$WWUDFWLYLWHLW!�*ODVWXLQE�*ULG&HOO,'��([SU� ��YDOXH������$WWU3HU+D��
JJ���*ODVWXLQE�����LLI�LV3RVLWLYH�%DODQV�����*ODVWXLQE��������YDOXH������$WWUDFWLYLWHLW��������YDOXH������$WWUDFWLYLWHLW����$WWUDFWLYLWHLW�YRRU�JODVWXLQE� x ����
�KHW�DDQWDO�KHFWDUH�JUDV�SHU�JULGFHO��WXVVHQ���HQ����x ����YRRU�JODVWXLQERXZJHELHGHQ�RS�GH�EDODQVNDDUW�����

7KHRUHWLVFK�OLJJHQ�GH�PD[LPDOH�ZDDUGHQ�WXVVHQ���HQ������
�� ���� �����,Q�ZHUNHOLMNKHLGOLJJHQ�]H�WXVVHQ���HQ�����
DWWULEXWH��$WWUDFWLYLWHLW!�2YODQGE�*ULG&HOO,'��([SU� ��YDOXH������$WWU3HU+D��
�JJ���2YODQGE�����QRUPDOL]H�+HGHQ�2PJHYLQJ�DELR�2EGBDDUGEH��+HGHQ�2PJHYLQJ�DELR�2EGBEODGJU���+HGHQ�2PJHYLQJ�DELR�2EGBSUHL���+H�GHQ�2PJHYLQJ�DELR�2EGBHUZW���]LH� JUDV�� QX� ZRUGHQ� �� 2%'BZDDUGHQ� YDQ� ���� 
� KHW KXLGLJ� JURQGJHEUXLN� DIJHWURNNHQ�� 'HQRUPDOL]H�IXQFWLH�]RUJW�YRRU�ZDDUGHQ�WXVVHQ�±��HQ�������
DWWULEXWH��$WWUDFWLYLWHLW!�%RV�*ULG&HOO,'��([SU� ��LLI�LV3RVLWLYH�%DODQV�����*URHQSURM��������YDOXH�������$WWUDFWLYLWHLW��������LLI�8,QW���%HOHLG�1DWXXUODQGVFKDS�5HOQRWD��  �������������YDOXH������$WWUDFWLYLWHLW������������LLI�LV3RVLWLYH�%HOHLG�1DWXXUODQGVFKDS�(+6����������������YDOXH������$WWUDFWLYLWHLW����������������YDOXH������$WWUDFWLYLWHLW���������YDOXH������$WWU3HU+D��
�*URQGJHEUXLN�JJ���%RV�����SRWHQWLDDOJJ���%RVB����$WWUDFWLYLWHLW�YRRU�ERV� x ���YRRU�JURHQSURMHFWHQ�XLW�GH�EDODQVNDDUW�����x RI���YRRU�UHODWLHQRWDJHELHGHQ�PHW�W\SH��x RI���YRRU�(+6�JHELHGHQx RI���YRRU�RYHULJH�JHELHGHQx ������
�KHW�DDQWDO�KHFWDUH�ERV�SHU�JULGFHO��WXVVHQ���HQ����x ��GH�IUDFWLH��WXVVHQ���HQ����YRRU�ERV�LQ�GH�SRWHQWLDDONDDUW��ERVB���

+HW� WKHRUHWLVFK� PD[LPXP� YDQ� GH]H EHUHNHQLQJ� LV�� �������
�� ���� ���� GH� XLWHLQGHOLMNHZDDUGHQ�OLJJHQ�WXVVHQ���HQ������
DWWULEXWH��$WWUDFWLYLWHLW!�1DWXXU�*ULG&HOO,'��([SU� ��LLI�RU�8,QW���%HOHLG�1DWXXUODQGVFKDS�5HOQRWD��  �������������8,QW���%HOHLG�1DWXXUODQGVFKDS�5HOQRWD��  ����������YDOXH������$WWUDFWLYLWHLW������ LLI�LV3RVLWLYH�%HOHLG�1DWXXUODQGVFKDS�(+6������������YDOXH������$WWUDFWLYLWHLW������������YDOXH������$WWUDFWLYLWHLW��������YDOXH������$WWUDFWLYLWHLW��
�*URQGJHEUXLN�JJ���1DWXXU�����YDOXH������$WWUDFWLYLWHLW��
�SRWHQWLDDOJJ���1DWXXUB�������YDOXH������$WWUDFWLYLWHLW��
�SRWHQWLDDOJJ���%RVB���$WWUDFWLYLWHLW�YRRU�QDWXXU� x ��YRRU�UHODWLHQRWDJHELHGHQ�PHW�W\SH���RI��x RI���YRRU�(+6�JHELHGHQx RI���YRRU�RYHULJH�JHELHGHQx ������
�KHW�DDQWDO�KHFWDUH�QDWXXU�SHU�JULGFHO��WXVVHQ���HQ����x ����
�GH�IUDFWLH��WXVVHQ���HQ����YRRU�QDWXXU�LQ�GH�SRWHQWLDDONDDUW��QDWXXUB���x ������
�GH�IUDFWLH��WXVVHQ���HQ����YRRU�ERV�LQ�GH�SRWHQWLDDONDDUW��ERVB���x 0D[LPDOH�ZDDUGH�LQ�WKHRULH� ������������������ �������LQ�ZHUNHOLMNKHLG�������

`
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%LMODJH�� 0RGHORQWZLNNHOLQJ�YD Q�GH�5XLPWHVFDQQHU3URI��'U��3��5LHWYHOG

�� ,QOHLGLQJ
,Q�GH�KXLGLJH�YHUVLH�YDQ� GH� UXLPWHVFDQQHU�ZRUGW� SHU� FHO� GH� JURQG� YHUGHHOG� WXVVHQ� GHYHUVFKLOOHQGH�JURQGJHEUXLNFDWHJRULHsQ�RS�EDVLV�YDQ�GH�JHVFKLNWKHLG�YDQ�GH�FHO�YRRU�GHYHUVFKLOOHQGH�VRRUWHQ�YDQ�JHEUXLN�
%LM�GH�LQWHUSUHWDWLH�YDQ�KHW�PRGHO�LQ�HFRQRPLVFKH�WHUPHQ�]LMQ�QRJ�ZHO�HQNHOH�YUDJHQ�WHVWHOOHQ�� =R� LV� QLHW� KHOHPDDO� GXLGHOLMN� ZDW� GH� VFKDDO� LV� YDQ� GH� JHVFKLNWKHLGVLQGLFHV�SULM]HQ"�� QXW"�� HQ� KRH� GH� VFKDOHQ� YDQ� GH� JHVFKLNWKHLGVLQGLFHV� YRRU� GH� YHUVFKLOOHQGHJURQGJHEUXLNFDWHJRULHHQ� ]LFK� WRW� HONDDU� YHUKRXGHQ�� 2RN� LV� GH� LQWHUSUHWDWLH� YDQ� KHWPRGHO�LQ�WHUPHQ�YDQ�YUDDJIXQFWLHV�QLHW�JHKHHO�GXLGHOLMN��=R�LV�HU�QLHW�GLUHFW�HHQ�YUDDJ�IXQFWLH�WH�RQGHUNHQQHQ�QDDU�JURQG�LQ�FHO�F�YRRU�JURQGJHEUXLNFDWHJRULH�M��(HQ�HLV�GLH�DDQ]R¶Q�YUDDJIXQFWLH�NDQ�ZRUGHQ�JHVWHOG�LV�GDW�GH�YUDDJ�QLHW�DOOHHQ�DIKDQJW�YDQ�GH�SULMV�LQFHO�F��PDDU�RRN��YDQ�GH�JURQGSULMV�LQ�GH�DQGHUH�FHOOHQ��(HQ�GHUJHOLMNH�YUDDJIXQFWLH�]RXPHQ�ZHO�YHUZDFKWHQ�RS�EDVLV�YDQ�GH�HFRQRPLVFKH�WKHRULH��'H]H�JHHIW� LPPHUV�DDQ�GDWGH�YUDDJ�QDDU�HHQ�JRHG�DIKDQJW�YDQ�GH�SULMV�YDQ�HHQ�JRHG�HQ�YDQ�GH�SULM]HQ�YDQ�DQGHUHJRHGHUHQ� GLH� DOV� VXEVWLWXXW� NXQQHQ� GLHQHQ�� -XLVW� YRRU� GH� YUDDJ� QDDU� JURQG� LQ� HHQEHSDDOGH�FHO�YRUPHQ�DQGHUH�FHOOHQ�HHQ�YRRU�GH�KDQG�OLJJHQG�DOWHUQDWLHI��HQ�GDW�EHWHNHQWGDW� PHQ� UHNHQLQJ� PRHW� KRXGHQ� PHW� KRJH� NUXLVHOLQJVH� SULMVHODVWLFLWHLWHQ�� ,Q� GHUXLPWHVFDQQHU� NRPHQ� GH]H� NUXLVHOLQJVH� HIIHFWHQ� RYHULJHQV� ZHO� LQ� EHHOG� YLD� GHJHDJJUHJHHUGH� FRQVWUDLQWV� RS� WRWDDO� JURQGJHEUXLN�� PDDU� GDW� EOLMIW� DOOHPDDO� WDPHOLMNLPSOLFLHW�
+LHURQGHU� YROJW� HHQ� IRUPXOHULQJ� YDQ� GH� 5XLPWHVFDQQHU� GLH� WHJHPRHW� NRPW� DDQERYHQVWDDQGH� SUREOHHP� SXQWHQ�� 7HYHQV� ELHGW� GH]H� DOWHUQDWLHYH� IRUPXOHULQJ� JRHGHPRJHOLMNKHGHQ� RP� YHUDQWZRRUGH� ZDDUGHQ� YDQ� GH� SDUDPHWHUV� YDQ� GH� JHVFKLNW�KHLGVLQGLFDWRUHQ� SHU� W\SH� JURQGJHEUXLN� WH� LQWURGXFHUHQ� �]LH� SDU� ���� 'DDUQDDVW� ZRUGWLQJHJDDQ�RS�x G\QDPLHN�LQ�KHW�PRGHO��SDU���x HODVWLVFKH�JHDJJUHJHHUGH�YUDDJ��SDU���x WUDQVLWLH�NRVWHQ�HQ�JURQGSULM]HQ��SDU���x UHJXOHULQJ�YHUVXV�PDUNW�ELM�JURQGJHEUXLN��SDU������ 0RGHOOHULQJ�YDQ�JURQGPDUNWHQ�LQ�GH�UXLPWHVFDQQHU���� *OREDOH�VFKHWV&HQWUDDO� LQ� GH� DDQJHSDVWH� IRUPXOHULQJ� VWDDW� HHQ� DFWRU� �ELMYRRUEHHOG� GH� VHFWRUJODVWXLQERXZ�� RI� GH� VHFWRU� JH]LQQHQ�� GLH� YRRU� HHQ� EHSDDOG� VRRUW� JURQGJHEUXLN�JODVWXLQERXZ��ZRQHQ��RS�]RHN�LV�QDDU�GH�PHHVW�JHVFKLNWH�ORFDWLHV��$DQJHQRPHQ�ZRUGWGDW�GH� WRWDOH�YUDDJ�QDDU�JURQG�YRRU� LHGHUH� VRRUW� JURQGJHEUXLN�JHJHYHQ� LV�RS�JHDJJUH�

'H]H�FRQFHSW�QRWLWLH�XLW�PHL������EHYDW�HHQ�HHUVWH�YHUNHQQLQJ�QDDU�HQNHOH�PRJHOLMNHDDQSDVVLQJHQ�DDQ�KHW�DOORFDWLHPHFKDQLVPH�YDQ�GH�5XLPWHVFDQQHU��'H�QRWLWLH�LV�QRRLWEUHHG�YHUVSUHLG�HQ�NZDP�RS�HHQ�PRPHQW�GDW�GH�RQWZLNNHOLQJ�YDQ�KHW�PRGHO�VWLO�ODJ�*H]LHQ�GH�UHFHQWH�RQWZLNNHOLQJHQ�URQG�GH�5XLPWHVFDQQHU�OLMNW�KHW�QX�HHQ�JRHGPRPHQW�RP�GH�WHNVW�RSQLHXZ�RQGHU�GH�DDQGDFKW�WH�EUHQJHQ�



'H�5XLPWHVFDQQHU�YHUNHQG ELMODJHQYULMH 8QLYHUVLWHLW�� DPVWHUGDP ��

JHHUG�QLYHDX��'H�JHVFKLNWKHLG�YDQ�GH�ORNDWLHV�KDQJW�DI�YDQ�GLYHUVH�ORNDWLHIDFWRUHQ��HQYDQ�GH�SULMV�YDQ�GH�JURQG��'H�WRWDOH�YUDDJ�QDDU�JURQG�SHU�JHEUXLNVW\SH�ZRUGW�YHUGHHOGRYHU�DOOH�ORNDWLHV�QDDU�GH�PDWH�YDQ�GH�JHVFKLNWKHLG��ORNDWLHV�PHW�HHQ�JURWH�JHVFKLNWKHLGZRUGHQ�LQ�VWHUNHUH�PDWH�JHEUXLNW�GDQ�ORNDWLHV�GLH�PLQGHU�JHVFKLNW�]LMQ��(VVHQWLHHO�LV�GDWYRRU�LHGHUH�VRRUW�JURQGJHEUXLN�DFWRUHQ�NLH]HQ�YRRU�GLH�ORFDWLHV�GLH�KHW�PHHVW�JHVFKLNW]LMQ�� UHNHQLQJ� KRXGHQG� PHW� GH� JURQGSULMV�� 7RW� ]RYHU� LV� GH� DDQSDN� SDUWLHHO�� GDW� ZLO]HJJHQ�GDW�GH�DQDO\VH�YRRU�LHGHU�JURQGJHEUXLNW\SH�DSDUW�ZRUGW�XLWJHYRHUG�
'RRU� FRPELQDWLH� YDQ� GH� SDUWLsOH� EHQDGHULQJHQ� SHU� VRRUW� JURQGJHEUXLN� ZRUGW� HHQJHwQWHJUHHUGH�DQDO\VH�YDQ�JURQGJHEUXLN�EHUHLNW��'DDUYRRU�LV�QRGLJ�GDW�GH�JURQGSULM]HQIOH[LEHO�ZRUGHQ�JHPDDNW��JURQGSULM]HQ�PRHWHQ�HU�YRRU�]RUJHQ�GDW�GH�YUDDJ�QDDU�JURQGLQ�DOOH�FHOOHQ�JHOLMN�LV�DDQ�KHW�DDQERG����� 0RGHOIRUPXOHULQJ1D� GH]H� JOREDOH� VFKHWV� YDQ� GH� VWUXFWXXU� YROJW� HHQ� QDXZNHXULJHU� EHVFKULMYLQJ� YDQ� GHUHODWLHV�
:H�JDDQ�XLW�YDQ�FHOOHQ�F ������&�HQ�JURQGJHEUXLNFDWHJRULHHQ�M �����-�
'H�JHVFKLNWKHLG�YDQ�FHO�F�YRRU�JURQGJHEUXLNFDWHJRULH�M�ZRUGW�JHUHSUHVHQWHHUG�GRRU�VFM�+LHUELM� LV�VFM HHQ�IXQFWLH�YDQ�HHQ�DDQWDO�IDFWRUHQ�N ������.�GLH� WH]DPHQ�EHSDOHQ�KRH�GHJHVFKLNWKHLG� LV� YDQ� FHO� F� YRRU� JURQGJHEUXLN� M�� 8LWJDDQGH� YDQ� HHQ� OLQHDLU� PRGHOJHEDVHHUG�RS�NHQPHUNHQ�[FN NRPHQ�ZH�XLW�RS�
VFM  �E�M[F� ������E.M[F.� YRRU�DOOH�F�HQ�M ���
,Q� VFM� ]LMQ� DOOH� UHOHYDQWH� JHVFKLNWKHLGVEHSDOHQGH� IDFWRUHQ�PHHJHQRPHQ�RS� ppQ� QD�� GHSULMV�� � 'H� SULMV� YDQ� JURQG� LQ� FHO� F� ZRUGW� JHUHSUHVHQWHHUG� DOV� SF�� +HW� QHWWR� QXW� YDQJURQGJHEUXLN�M�LQ�FHO�F�LV�KHW�YHUVFKLO�WXVVHQ�GH�JHVFKLNWKHLG�HQ�GH�SULMV��VFM�DMSF�
YFM  �E�M[F� ������E.M[F. �DMSF�� YRRU�DOOH�F�HQ�M ���
ZDDUELM� DM GH� RPUHNHQ� IDFWRU� ZHHUJHHIW� WXVVHQ� JHVFKLNWKHLG� YRRU� JHEUXLN� M� HQ� JHOG�+LHURQGHU��SDU����JDDQ�ZH�GLHSHU�LQ�RS�GH�VFKDWWLQJ�YDQ�GH�SDUDPHWHUV�DM HQ�EFM�:H� EHVFKRXZHQ� QX� HHQ� DFWRU� �ELMYRRUEHHOG� µJH]LQQHQ¶�� GLH� GH� JURQG� LQ� DOOH� FHOOHQYHUJHOLMNW� QDDU� KXQ� DDQWUHNNHOLMNKHLG� �QHWWR� QXW� YFM�� DOV�ZRRQORFDWLH�� 'H]H� DDQWUHNNH�OLMNKHLG�KDQJW�VWHHGV�DI�YDQ�KHW�YHUVFKLO�WXVVHQ�JHVFKLNWKHLG�HQ�SULMV��VFM�DMSF���+RH�KRJHUGH]H�ZDDUGH�LV�KRH�KRJHU�GH�NDQV�GDW�JH]LQQHQ�KXQ�DFWLYLWHLW�M��ZRQHQ��LQ�FHO�F�]XOOHQORNDOLVHUHQ��9ROJHQV�KHW�VWDQGDDUG�ORJLW�PRGHO�LV�GH�NDQV�TFM GDW�JH]LQQHQ�ELM�DFWLYLWHLW�MNLH]HQ�YRRU�FHO�F�JHOLMN�DDQ�
TFM  �H[S�VFM�DMSF����>H[S�V�M�DMS�������H[S�V&M�DMS&�@YRRU�DOOH�F�HQ�M ���
'H]H� YHUJHOLMNLQJ� KHHIW� QRJ� HHQ� WHNRUWNRPLQJ�� HU� ZRUGW� QDPHOLMN� LPSOLFLHW� YDQXLWJHJDDQ�GDW�DOOH�FHOOHQ�HYHQ�JURRW�]LMQ�� ,Q�ZHUNHOLMNKHLG�LV�GDW�QLHW�]R��VRPPLJH�FHOOHQ]LMQ�NOHLQHU� �ELMYRRUEHHOG�DOV�]H�DDQ�GH�JUHQV� OLJJHQ�� HQ�GDDUQDDVW� LV�KHW�PRJHOLMN�GDWVRPPLJH� ]RQHV�GRRU�EHOHLGVPDDWUHJHOHQ� �]RQHULQJ�� VOHFKWV�YRRU� HHQ� GHHO� RI� KHOHPDDO
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QLHW� LQ�DDQPHUNLQJ�NRPHQ�YRRU�JURQGJHEUXLNW\SH� M��=LM�/F GH�RPYDQJ�YDQ� FHO�F��'DQNDQ� DOV� YROJW� H[SOLFLHW� UHNHQLQJ�ZRUGHQ� JHKRXGHQ�PHW� YHUVFKLOOHQ� LQ� GH� RPYDQJ� YDQFHOOHQ�
TFM  �/F�H[S�VFM�DMSF����>/��H[S�V�M�DMS�������/&�H[S�V&M�DMS&�@YRRU�DOOH�F�HQ�M ��¶�'XLGHOLMN�LV�GDW���¶��HTXLYDOHQW�LV�DDQ�����DOV�GH�RPYDQJ�YDQ�GH�JURQG�LQ�DOOH�FHOOHQ�HYHQJURRW�LV�
1HHP� QX� DDQ� GDW� YRRU� GH� GLYHUVH� JURQGJHEUXLNW\SHQ� GH� WRWDOH� YUDDJ� JHJHYHQ� LV�ZHHUJHJHYHQ�DOV�4M'���'LW�KRXGW�LQ�GDW�GH�YUDDJ�H[RJHHQ�LV�HQ�RS�JHDJJUHJHHUG�QLYHDXLQHODVWLVFK�LV��:H�JDDQ�HU�KLHU�YDQXLW�GDW�GH�JHDJJUHJHHUGH�YUDDJ�JHOLMN�LV�DDQ�KHW�WRWDOHDDQERG�YDQ�JURQG�LQ�KHW�ODQG��'H�YHUZDFKWH�KRHYHHOKHLG�JURQG�GLH�JHYUDDJG�ZRUGW�YRRUW\SH�M�LQ�FHO�F��4FM��LV�
4FM �^>/F�H[S�VFM�DMSF����>/��H[S�V�M�DMS��������/&�H[S�V&M�DMS&�@`�4M'YRRU�DOOH�F�HQ�M ���
+LHUPHH�LV�GXLGHOLMN�GDW�GH�YUDDJ�QDDU�JURQG�LQ�FHO�F�YRRU�JHEUXLNVGRHO� M�HHQ�GDOHQGHIXQFWLH�LV�YDQ�GH�JURQGSULMV�LQ�GH�HLJHQ�FHO��YLD�GH�WHOOHU��HQ�HHQ�VWLMJHQGH�IXQFWLH�YDQ�GHSULMV�LQ�DOOH�DQGHUH�FHOOHQ��YLD�GH�QRHPHU��
0HW�YHUJHOLMNLQJ� ����KHEEHQ�ZH� HHQ� VWHOVHO� YDQ�YUDDJYHUJHOLMNLQJHQ�QDDU� JURQG��'H]HYUDDJYHUJHOLMNLQJ�PRHWHQ�ZRUGHQ� JHFRQIURQWHHUG�PHW�KHW� DDQERG� YDQ� JURQG� SHU� FHO� F�/F���'LW�VWHOW�RQV�LQ�VWDDW�RP�GH�HYHQZLFKWVSULM]HQ�SF DI�WH�OHLGHQ�'H�WRWDOH�YUDDJ�QDDU�JURQG�RYHU�DOOH�JHEUXLNVW\SHQ�M�LQ�]RQH�F�LV�JHOLMN�DDQ�
4F'  �4F� ������4F- YRRU�DOOH�F ���
*HOLMNKHLG�YDQ�YUDDJ�HQ�DDQERG�
4F'  �/F YRRU�DOOH�F ���
LPSOLFHHUW�
>/F�4�'�$�@H[S�VF��D�SF��������>/F�4-'�$-@H[S�V&M�D-SF�� �/FYRRU�DOOH�F ���ZDDUELM�$M JHGHILQLHHUG�LV�DOV�GH�QRHPHU�YDQ���¶��
$M  �/��H[S�V�M�DMS�������/&�H[S�V&M�DMS&�YRRU�DOOH�M ���
'XLGHOLMN� LV� GDW� $M DIKDQJW� YDQ� GH� JURQGSULM]HQ� LQ� DOOH� ]RQHV�� 'H]H� IDFWRU� GXLGW� GHJHPLGGHOGH� DDQWUHNNHOLMNKHLG� YDQ� GH� ]RQHV� ZHHU� YRRU� JURQGJHEUXLNW\SH� M�� UHNHQLQJKRXGHQG�PHW�GH�JHOGHQGH�JURQGSULM]HQ�LQ�GH�FHOOHQ��$M LV�KRRJ�YRRU�JURQGJHEUXLN�W\SHQPHW� HHQ� JHPLGGHOG� KRJH� DWWUDFWLYLWHLW�� (HQ� KRJH� ZDDUGH� YDQ� DM LPSOLFHHUW� HHQ� ODJH
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ZDDUGH� YRRU� $M�� 9HUGHU� JHOGW� GDW� HHQ� KRJH� JURQGSULMV� SF LQ� FHOOHQ� PHW� HHQ� KRJHDWWUDFWLYLWHLW� OHLGW� WRW� HHQ� ODJH� ZDDUGH� YRRU� $M�� 'H� IDFWRUHQ� $M NXQQHQ� ZRUGHQJHwQWHUSUHWHHUG� DOV� EDODQVIDFWRUHQ� GLH� JDUDQGHUHQ� GDW� GH� WRWDOH� YUDDJ� QDDU� JURQG� YRRUJURQGJHEUXLN�M�LQGHUGDDG�JHUHDOLVHHUG�ZRUGW�
+HW� HYHQZLFKW� RS� GH� JURQGPDUNW� � NRPW� WRW� VWDQG� GRRU� JURQGSULMV� DDQSDVVLQJHQ� YRRULHGHUH�FHO�F��:H�NXQQHQ�GH�JURQGSULMV�HHQYRXGLJ�H[SOLFLHW�VFKULMYHQ� LQGLHQ�ZH�DDQQH�PHQ�GDW�D� ��� D- ��,Q�GLW�JHYDO�YROJW�
SF  �OQ�^>4�'�$�@H[S�VF���������>4-'�$-@H[S�VF-�`YRRU�DOOH�F ���
8LW�����YROJW�GDW�GH�JURQGSULMV�KRRJ�LV�LQ�FHOOHQ�F�PHW�HHQ�KRJH�ZDDUGH�YRRU�GH�GLYHUVHVFM�� 2YHULJHQV� ]LMQ� GH� EDODQVIDFWRUHQ� $M LQ� ���� ]HOI� RRN� ZHHU� IXQFWLHV� YDQ� SULM]HQ�9HUJHOLMNLQJ� ���� JHHIW� GXV� JHHQ� KHUOHLGH� YRUP��9RRU� HHQ� RSORVVLQJ� YDQ� KHW�PRGHO� LVGDDURP�HHQ�LWHUDWLHYH�EHQDGHULQJ�QRGLJ�
'H]H�LWHUDWLHYH�EHQDGHULQJ�OXLGW�DOV�YROJW�VWDS��� .LHV�VWDUWZDDUGHQ�YRRU�GH�SULM]HQ�SF LQ�DOOH�FHOOHQ��ELMYRRUEHHOG�SF ��VWDS�� %HUHNHQ�GH�EDODQVIDFWRUHQ�$M GRRU�PLGGHO�YDQ�����VWDS�� %HUHNHQ�HYHQZLFKWVSULM]HQ�SF GRRU�PLGGHO�YDQ�����VWDS�� &KHFN� FRQYHUJHQWLH� YDQ� HYHQZLFKWVSULM]HQ�� ,QGLHQ� FRQYHUJHQWLH� QRJ� QLHWRSWUHHGW��JD�WHUXJ�QDDU�VWDS����LQGLHQ�FRQYHUJHQWLH�ZHO�LV�RSJHWUHGHQ��VWRS�
%RYHQVWDDQGH�IRUPXOHULQJ�LV�JHEDVHHUG�RS�GH�DDQQDPH�GDW�GH�DM SDUDPHWHUV�JHOLMN�]LMQDDQ����'LW� OHLGW� WRW�HHQ�EHWUHNNHOLMN�HHQYRXGLJH�IRUPXOHULQJ�YDQ�GH�HYHQZLFKWVSULM]HQ�:DQQHHU� ZH� GH]H� DDQQDPH� ORVODWHQ� NRPHQ� ZH� XLW� RS� HHQ� HQLJV]LQV� DDQJHSDVWHIRUPXOHULQJ�
SF  �OQ�^>4�'�%F�@H[S�VF���������>4-'�%F-@H[S�VF-`YRRU�DOOH�F ��¶�
,Q� SODDWV� YDQ� GH� EDODQVIDFWRUHQ� $M ILJXUHUHQ� KLHU� GH� DDQJHSDVWH� EDODQVIDFWRUHQ� %FM�JHGHILQLHHUG�DOV�
%FM  �$M�H[S�DM���SF]RGDW�
%FM  �>/��H[S�V�M�DMS�������/&�H[S�V&M�DMS&�@>H[S�D����SF@YRRU�DOOH�M ��¶�
'XLGHOLMN�LV�GDW�DOV�YRRU�DOOH�M�JHOGW��DM ���GH�EDODQVIDFWRUHQ�%FM JHOLMN�]LMQ�DDQ�$M�2P� KHW� PRGHO� RS� WH� ORVVHQ� NDQ� ZHHU� KHW� LWHUDWLHYH� SURFHV� KLHUERYHQ� ZRUGHQ� EHQXWZDDUELM�����HQ�����ZRUGHQ�YHUYDQJHQ�GRRU���¶��HQ���¶��
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�� 6FKDWWLQJ�YDQ�SDUDPHWHUV+LHURQGHU�JDDQ�ZH�GLHSHU�LQ�RS�GH�VFKDWWLQJ�YDQ�VFM��=RDOV�KLHUERYHQ�DDQJHJHYHQ�]DO�KHWQHWWR�QXW� YDQ� DOWHUQDWLHI� F�YFM YRRU�JHEUXLNVW\SH� M� DIKDQJHQ� YDQ� GH� SULMV� SF HQ� YDQ� GHDWWUDFWLYLWHLW�VFM GLH�RS�]LMQ�EHXUW�DIKDQJW�YDQ�HHQ�DDQWDO�NHQPHUNHQ�[FN��%LM�HHQ�OLQHDLUPRGHO�LPSOLFHHUW�GLW�
VFM  �E�M[F� ������E.M[F.� ����
]RGDW�
YFM  �E�M[F� ������E.M[F. �DMSF ����
'H�SDUDPHWHUV�DM HQ�ENM NXQQHQ�PHW�EHKXOS�YDQ�HHQ� ORJLW�PRGHO�ZRUGHQ�JHVFKDW�YRRULHGHUH�JURQGJHEUXLNFDWHJRULH�
+LHUELM� NXQQHQ� WZHH� EHQDGHULQJHQ�ZRUGHQ� RQGHUVFKHLGHQ�� UHYHDOHG SUHIHUHQFH� YHUVXVVWDWHG�SUHIHUHQFH��'H� HHUVWH�KRXGW� LQ�GDW� YRRU� LHGHUH� VRRUW� JURQGJHEUXLN�XLW� JHJHYHQVYDQ� GH� ZHUNHOLMNH� YHUGHOLQJ� YDQ� GDW� JURQGJHEUXLN� WXVVHQ� GH� YHUVFKLOOHQGH� FHOOHQ� GHDFKWHUOLJJHQGH�SDUDPHWHUV�ZRUGHQ�JHVFKDW�
%LM� GH� WZHHGH� EHQDGHULQJ� ZRUGW� GH� VFKDWWLQJ� JHEDVHHUG� RS� GH� XLWNRPVWHQ� YDQJHVWUXFWXUHHUGH�LQWHUYLHZV�PHW�GH�EHWURNNHQ�DFWRUHQ��ZDDUELM�YUDJHQ�ZRUGHQ�YRRUJHOHJG]RDOV�� ³VWHO� X� NXQW� NLH]HQ� WXVVHQ� WZHH� ORFDWLHV�� GH� HQH� KHHIW� HHQ� JURQGSULMV� [� HQEHUHLNEDDUKHLG� \��� GH� DQGHUH� KHHIW� GH� VFRUHV� [� HQ� \��� $DQ� ZHONH� WZHH� JHHIW� X� GHYRRUNHXU"´�
'XLGHOLMN�LV�GDW�RS�GH]H�PDQLHU�GH�SDUDPHWHUV�YDQ�KHW�PRGHO�YRRU�LHGHUH�JURQGJHEUXLN�FDWHJRULH�DI]RQGHUOLMN�NXQQHQ�ZRUGHQ�JHVFKDW��2RN�LV�KHW�PRJHOLMN�RP�SDUDPHWHUV�YDQUHHGV�HOGHUV�YHUULFKWH�GHHOVWXGLHV�LQ�GH�UXLPWHVFDQQHU�WH�LQFRUSRUHUHQ�'H�GLPHQVLH�YDQ�GH�JHVFKLNWKHLGVLQGLFDWRU�LV�µQXW¶��1XW�HQ�JURQGSULMV�ZRUGHQ�LQ�HONDDUYHUWDDOG�YLD�GH�SDUDPHWHU�DM��'H]H�SDUDPHWHU�KHHIW�DOV�GLPHQVLH�>QXW@�>JXOGHQ�SHU�P�@�0HQ�]RX�ZHOOLFKW�NXQQHQ�PHQHQ�GDW�KHW�QLHW�XLWPDDNW�DOV�KHW�QXW�ZRUGW�JHPRGHOOHHUG�LQJHOG�WHUPHQ�GRRU�DM JHOLMN�DDQ���WH�VWHOOHQ�HQ�]R�GH�JURQGSULMV�DOV�QXPHUDLUH�WH�KDQWHUHQ�,QGHUGDDG�YROJW�XLW�����GDW�
YFM�DM  ��E�M�DM�[F� �������E.M�DM�[F. �SF��YRRU�DOOH�F�HQ�M
:DQQHHU� QX� KHW� JHVWDQGDDUGLVHHUGH� QXW� ]FM  YFM�DM LQ� YHUJHOLMNLQJ� ���� ]RX� ZRUGHQJHKDQWHHUG�LQ�SODDWV�YDQ�YFM ]DO�GLW�GH�UHVXOWDWHQ�VWHUN�NXQQHQ�EHwQYORHGHQ��DDQJH]LHQ�GHVFKDDO�ZDDURS�YFM ZRUGW�JHPHWHQ�VWHUN�YDQ�LQYORHG�LV�RS�GH�VFKHHIKHLG�LQ�GH�YHUGHOLQJYDQ� JURQGJHEUXLN� M� WXVVHQ� GH� FHOOHQ�� %LM� HHQ� ]HHU� NOHLQH� DEVROXWH� UDQJH� YDQ�ZDDUGHQYRRU� ]FM ]RXGHQ� GH� YHUVFKLOOHQ� LQ� SUHVHQWLH� YDQ� JURQGJHEUXLN� M� LQ� GH� GLYHUVH� FHOOHQJHULQJ�]LMQ��%LM�HHQ�EUHGH�DEVROXWH�UDQJH�]RXGHQ�GH�YHUVFKLOOHQ�MXLVW�KHHO�JURRW�]LMQ�
'LW�URHSW�QRJ�ZHO�GH�YUDDJ�RS�KRH�RP�WH�JDDQ�PHW�SDUDPHWHUV�ENM HQ�DM GLH�YLD�DQGHURQGHU]RHN�]LMQ�YHUNUHJHQ��2RN�DO�]RXGHQ�GH�UHODWLHYH�YHUKRXGLQJHQ�SHUIHFW�JHVFKDW�]LMQ�GDQ� QRJ� LV� KHW� GH� YUDDJ� KRH� GH� DEVROXWH� ZDDUGHQ� PRHWHQ� ZRUGHQ� YDVWJHVWHOG�� (HQPRJHOLMNKHLG�]RX�]LMQ�RP�PHW�GH�GDWD�RYHU�JURQGJHEUXLN�LQ�GH�EDVLVSHULRGH��XLWJDDQGH



'H�5XLPWHVFDQQHU�YHUNHQG ELMODJHQYULMH 8QLYHUVLWHLW�� DPVWHUGDP ��

YDQ�GH�JHVFKDWWH�ZDDUGHQ�YDQ�E�M�DM WRW�HQ�PHW�E.M�DM GH�ELMSDVVHQGH�ZDDUGH�YDQ�DM WHVFKDWWHQ��� '\QDPLVFKH�IRUPXOHULQJ�YDQ�GH�5XLPWHVFDQQHU7RW�QX�WRH�LV�ZHLQLJ�DDQGDFKW�EHVWHHG�DDQ�G\QDPLVFKH�DVSHFWHQ�YDQ�GH�UXLPWHVFDQQHU�+LHURQGHU�YROJW�HHQ�IRUPXOHULQJ�YDQ�GH�UXLPWHVFDQQHU�DOV�G\QDPLVFK�PRGHO�8LWJDQJVSXQW�LV�KHW�JURQGJHEUXLN�LQ�HHQ�VWDUWMDDU�W��QRWDWLH��4FMW��'H�JHVFKLNWKHLG�YDQ�GHJURQG�YRRU�GLYHUVH�GRHOHQ�LQ�MDDU�W���KDQJW�DI�YDQ�DOOHUOHL�H[RJHQH�YDULDEHOHQ�]FMW�� ]RDOVGH�JURQGSURGXFWLYLWHLW�YRRU�EHSDDOGH�JHZDVVHQ�HQ�YDQ�KHW�ZHUNHOLMNH�JURQGJHEUXLN� LQMDDU�W�
VFMW�� �I^4FMW��]FMW��`� ����
0HUN�RS�GDW������KHW�PRGHO�G\QDPLVFK�PDDNW�
+HW�KLHUERYHQ�UHHGV�JHIRUPXOHHUGH�GHHO�YDQ�GH�UXLPWHVFDQQHU�JHHIW�DDQ�
4FMW��  �J^VFMW����4M'` ����(HQ� FRQVHTXHQWLH� YDQ� GH]H� IRUPXOHULQJ� LV� GDW� ZH� ELM� SURMHFWLHV� YRRU� HHQ� EHSDDOGYHUDIJHOHJHQ�MDDU�HLJHQOLMN�QLHW�LQ�HHQ�NHHU�GH�WRHNRPVWLJH�DOORFDWLH�PRHWHQ�YRRUVSHOOHQ�PDDU�GDW�GLW�LQ�VWDSSHQ�PRHW�ZRUGHQ�JHGDDQ�
�� 0RGHOOHULQJ�YDQ�GH JHDJJUHJHHUGH�YUDDJ,Q�GH�KLHUERYHQ�JHVFKHWVWH�YRUP�JDDW�KHW�PRGHO�XLW�YDQ�HHQ�JHDJJUHJHHUGH�LQHODVWLVFKHYUDDJ��'LW� OHLGW� WRW� SUREOHPHQ� DOV� GH� JHDJJUHJHHUGH� YUDDJ� JURWHU� RI� NOHLQHU� LV� GDQ� GHWRWDDO� EHVFKLNEDUH� JURQG�� ,Q� GDW� JHYDO� LV� HHQ� DDQSDN� YLD� RQJHOLMNKHLGV� UHVWULFWLHVPRJHOLMN��YRRU�EHSDDOGH�VRRUWHQ�JURQGJHEUXLN�ZRUGW�GDDUPHH�GH�JHDJJUHJHHUGH�YUDDJHLJHQOLMN�RQHLQGLJ�HODVWLVFK�JHPDDNW��GH]H�YUDDJ�GDDOW�RI�VWLMJW�QDDU�JHODQJ�HU�HHQ�JURQGRYHUVFKRW�RI�WHNRUW�LV�
(HQ�SUREOHHP�KLHUELM�LV�GDW�DOV�HU�PHHUGHUH�JURQGJHEUXLNFDWHJRULHHQ�]LMQ�GLH�HHQ�WHNRUWVLWXDWLH�PRHWHQ� KHOSHQ� RSORVVHQ� QLHW� RS� YRRUKDQG� GXLGHOLMN� LV� ZHONH� KLHUYDQ� GDW� ]RXPRHWHQ� GRHQ�� RI� LQ� ZHONH� PDWH� GDW� ]RX� PRHWHQ� JHEHXUHQ�� 'H� UXLPWHVFDQQHU� LQ� ]LMQKXLGLJH�YRUP�JHHIW�GDDU�JHHQ�DQWZRRUG�RS�
(HQ�PHHU�V\VWHPDWLVFKH�DDQSDN�LV�RP�GH�JHDJJUHJHHUGH�YUDDJ�QDDU�JURQG�HHQ�IXQFWLH�WHPDNHQ�YDQ�GH�EHWUHIIHQGH�JURQGSULMV�
'H�JHPLGGHOGH�SULMV�SM GLH�EHWDDOG�ZRUGW�YRRU�JURQGJHEUXLN�M�LV�JHOLMN�DDQ�GH�SULMV�GLH�LQDOOH�FHOOHQ�F�ZRUGW�EHWDDOG�UHNHQLQJ KRXGHQG�PHW�KHW�DDQGHHO�YDQ�M�LQ�LHGHUH�FHO�
SM  �T�M�S� ������T&M�S& ����'H� LQWURGXFWLH�YDQ� HODVWLVFKH�YUDDJ�EHWHNHQW�ZHO�GDW� YRRU� LHGHUH� VRRUW� JURQGJHEUXLN� MDDQJHJHYHQ�ZRUGW�RI�GH�YUDDJ�HODVWLVFK�LV�HQ�]R�MD��LQ�ZHONH�PDWH��,Q�SODDWV�YDQ�GH�FRQ�VWDQWH�4M' YHUVFKLMQW�QX�LQ�KHW�PRGHO��4M'�SM��YRRU�GLH�FDWHJRULHsQ�PHW�HHQ�SULMVHODVWLFL�WHLW�RQJHOLMN�DDQ�QXO�
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(HQ�HQ�DQGHU�LPSOLFHHUW�GDW�HU�HHQ�H[WUD�LWHUDWLH�LQ�KHW�PRGHO�NRPW��1DDVW�HHQ�FKHFN�YDQGH� FRQYHUJHQWLH� YDQ� GH� JURQGSULM]HQ� PRHW� RRN� ZRUGHQ� QDJHJDDQ� RI� KHW� WRWDOHJURQGJHEUXLN�ZHO�YROGRHW�DDQ�GH�HLV�GDW�GH]H�JHOLMN�LV�DDQ�KHW�WRWDOH�DDQERG�
+HW� HODVWLVFK� PDNHQ� YDQ� GH� WRWDOH� YUDDJ� EHWHNHQW� WHYHQV� HHQ� RSORVVLQJ� YRRU� KHWSUREOHHP�GDW�]LFK�LQ�SDU���YRRUGRHW�DOV�JHHQ�KDUGH�UDQGYRRUZDDUGH�4M' YRRUKDQGHQ�LVYRRU�EHSDDOGH�VRRUWHQ�JURQGJHEUXLN�
�� *URQGSULM]HQ�HQ�WUDQVLWLHNRVWHQ*URQGJHEUXLN�ZRUGW�JHNHQPHUNW�GRRU�HHQ�KRJH�PDWH�YDQ�LQHUWLH��'DW�NRPW�GRRUGDW� LQYHHO�JHYDOOHQ�GH�NRVWHQ�YDQ�YHUDQGHULQJ�YDQ�JHEUXLN�JURRW�]LMQ�
'LW�KHHIW�RRN�JHYROJHQ�YRRU�GH�JURQGSULMV�]RDOV�GH]H�JHPHWHQ�ZRUGW��'H�JURQGSULMV�YDQODQGERXZJURQG�OLJW�RS�HHQ�KHHO�DQGHU�QLYHDX�GDQ�GH�JURQGSULMV�YRRU�ZRQHQ��GLW�]DO�RRNJHOGHQ�YRRU�GH�]RQHV�ZDDULQ�EHLGH�YRRUNRPHQ��(U�LV�LQ�GDW�JHYDO�JHHQ�VSUDNH�YDQ�HHQXQLHN� SULMVQLYHDX� LQ� HHQ� FHO�� 'LW� EHWHNHQW� GDW� ZH� YRRU� HHQ� JHwQWHJUHHUGH� DQDO\VH� GHSULM]HQ�PRHWHQ�VWDQGDDUGLVHUHQ��(HQ�PRJHOLMNKHLG�LV�RP�LQ�GH�UXLPWHVFDQQHU�XLW�WH�JDDQYDQ�GH�SULMV�YRRU�RQEHERXZGH�JURQG��QDWXXU��ODQGERXZ���2P�GH]H�SULM]HQ�XLW�KHW�PRGHOYHUJHOLMNEDDU�WH�PDNHQ�PHW�GH�ZDDUJHQRPHQ�SULM]HQ�LQ�VWHGHOLMNH�JHELHGHQ�PRHWHQ�KLHUHHUVW�GH�WUDQVLWLH�NRVWHQ��NRVWHQ�ERXZULMS�PDNHQ��ELM�ZRUGHQ�RSJHWHOG�
9RRU�GH�UXLPWHVFDQQHU�KHEEHQ�GH�WUDQVLWLHNRVWHQ�KHW�JHYROJ�GDW�LQ�SODDWV�YDQ�
YFM  �VFM ��DMSF ����
GH�YROJHQGH�XLWGUXNNLQJ�YHUVFKLMQW�
YFM  �VFM ��DM�SF�WUFFM� ����
'H�WUDQVLWLHNRVWHQ�WUFFM ]LMQ�QXO�DOV�GH�JHKHOH�FHO�DO�JHEUXLNW�ZRUGW�YRRU�GRHO�M��:DQQHHUGDW�QLHW�]R�LV�]LHQ�GH�WUDQVLWLHNRVWHQ�HU�DOV�YROJW�XLW�
WUFFM  �TF�W>D�M@������T&MW>D-M@� ����
+LHUELM�]LMQ�GH�TFM¶ GH�DDQGHOHQ�YDQ�GH�GLYHUVH�VRRUWHQ�JURQGJHEUXLN�LQ�GH�]RQH��WHUZLMODM¶M GH� NRVWHQ� SHU� HHQKHLG� JURQG� ]LMQ� RP� HHQ� WUDQVLWLH� YDQ� EHVWHPPLQJ� M¶� QDDUEHVWHPPLQJ�M�WH�UHDOLVHUHQ�
�� 5HJXOHULQJ�YDQ�JURQGJHEUXLN,Q� GH� ERYHQVWDDQGH� IRUPXOHULQJ� YDQ� KHW� PRGHO� LV� GH� UHDOLVDWLH� YDQ� KHW� JURQGJHEUXLNSXXU�HHQ�NZHVWLH�YDQ�DIZHJLQJ� WXVVHQ�JHVFKLNWKHLG�YDQ�HHQ�FHO�YRRU�GH�YHUVFKLOOHQGHVRRUWHQ�JURQGJHEUXLN�VFM HQ�GH�NRVWHQ�HUYDQ� �DMSF���(HQ�H[SOLFLHWH�YHUZLM]LQJ�QDDU�HHQRYHUKHLG� GLH� UHJXOHUHQG� RSWUHHGW� RQWEUHHNW�� +HW� LV� RYHULJHQV� EHVW� PRJHOLMN� HHQGHUJHOLMNH� UHJXOHULQJ� LQ� WH� YRHUHQ�� 'DW� NDQ� GRRU� H[RJHHQ� EHSDDOGH� YRUPHQ� YDQJURQGJHEUXLN� LQ� EHSDDOGH� FHOOHQ� WH� IL[HUHQ� �ELMYRRUEHHOG� RP� QDWXXUJHELHGHQ� WHEHVFKHUPHQ�WHJHQ�YHUVWHGHOLMNLQJ��
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(HQ�GHUJHOLMN�EXLWHQ�GH�PDUNW�SODDWVHQ�YDQ�EHSDDOGH�JURQGHQ�NDQ�EHUHLNW�ZRUGHQ�GRRULQ� KHW� ORNDWLHNHX]H� PRGHO� QLHW� ODQJHU� JHKHHO� 1HGHUODQG� DOV� SRWHQWLsOH� ORNDWLH� RS� WHQHPHQ��PDDU�RP�GH�NHX]H�VHW�LQ�KHW�ORJLW�PRGHO�WH�EHSHUNHQ�WRW�GLH�GHOHQ�ZDDU�GH�PDUNWGDDGZHUNHOLMN� IXQFWLRQHHUW�� =HOIV� OLMNW� KHW�PRJHOLMN� RP� KLHU�PHW� JUDGDWLHV� WH�ZHUNHQ�GRRU� KHW� KDQWHUHQ� YDQ� HHQ� IDFWRU� IF GLH� OLJW� WXVVHQ� �� �YRRU� FHOOHQ� JHKHHO� EXLWHQ� GHJURQGPDUNW��HQ����YRRU�FHOOHQ�JHKHHO�ELQQHQ�GH�JURQGPDUNW���'LW�]RX�LPSOLFHUHQ�GDW�LQYHUJHOLMNLQJ�����HQ���¶��GH�VFKDDO�/F VWHHGV�]RX�ZRUGHQ�YHUPHQLJYXOGLJG�PHW�GH�IDFWRUIF�(HQ�DQGHUH�PDQLHU�RP�HU�YRRU�WH�]RUJHQ�GDW�HHQ�EHSDDOGH�YRUP�YDQ�JURQGJHEUXLN�M�LQFHO�F�JHFRQVHUYHHUG�ZRUGW� LV�GH]H�HHQ�ELM]RQGHU�KRJH�JHVFKLNWKHLG�VFM WH�JHYHQ��RIZHOGRRU� GH� FRQFXUUHUHQGH� YRUPHQ� YDQ� JURQGJHEUXLN� HHQ� ELM]RQGHU� ODJH� JHVFKLNWKHLG� WHJHYHQ�� +HW� SUREOHHP� YDQ� EHLGH� ODDWVWH� EHQDGHULQJHQ� LV� GDW� ]H� LQYORHG� KHEEHQ� RS� GHSULMVYRUPLQJ� RS� GH� PDUNW�� HQ� ]R� HHQ� YHUVWRUHQGH� LQYORHG� NXQQHQ� KHEEHQ�� 2P� GH]HUHGHQ�]RX�LN�YRRUVWDQGHU�]LMQ�YDQ�GH�HHUVWH�EHQDGHULQJ�
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%LMODJH�� 2SPHUNLQJHQ�ELM�5XLPWHVFDQQHU�YHUVLH����7LMGHQV� KHW� ZHUNHQ�PHW� GH� QLHXZH� YHUVLH� ���� YDQ� GH� 5XLPWHVFDQQHU� NZDPHQ� HQNHOHSUREOHPHQ� HQ� RQGXLGHOLMNKHGHQ� QDDU� YRUHQ�� ,Q� RYHUOHJ� PHW� 0DDUWHQ� +LOIHULQN� YDQ<86(�*62�2EMHFW� 9LVLRQ� NRQGHQ� HQNHOH� JURWHUH� SUREOHPHQ� RSJHORVW� ZRUGHQ�� 'H]HELMODJH�EHVFKULMIW�EHNQRSW�GH�JHFRQVWDWHHUGH�SUREOHPHQ�HQ�JHHIW�GH�ELMEHKRUHQGH�UHDFWLHRI� RSORVVLQJ� YDQ� 0DDUWHQ� +LOIHULQN�� 'DDUQDDVW� ]LMQ� HQNHOH� RSPHUNLQJHQ� RYHUELMYRRUEHHOG�KHW� H[SRUWHUHQ�YDQ� JHJHYHQV�QDDU�$UF9LHZ�RSJHQRPHQ��'LW� RYHU]LFKW� LVGRRU�5,90�JHEUXLNW�ELM�GH�XLWJHEUHLGH�HYDOXDWLH�YDQ�YHUVLH������2S�EDVLV�KLHUYDQ�LV�DDQ<86(� *62�2EMHFW� 9LVLRQ� RSGUDFKW� YHUVWUHNW� RP� WRW� HHQ� DDQJHSDVWH� YHUVLH� ���� PHWELMEHKRUHQGH�GRFXPHQWDWLH�WH�NRPHQ�
DOJHPHHQ+HW�OXNW�QLHW�RP�HHQ�]HOIJHPDDNWH�FIV�RI�GPV�ILOH� LQ� WH� OH]HQ� LQ�GH�5XLPWHVFDQQHU�� ,NNULMJ�GDQ�HHQ�IRXWPHOGLQJ��PHWD�GDWD�QRW�IRXQG�%HNHQG�SUREOHHP��0RJHOLMN�OXNW�KHW�ZHO�RP�WH�H[SRUWHUHQ�DOV�[PO��QLHW�JHSUREHHUG���,QLHGHU�JHYDO�LV�KHW�PRJHOLMN�FDVHV�WRH�WH�YRHJHQ�DDQ��56��BWRHNRPVW�GPV
/LPEXUJ�RQWEUHHNW�LQ�SRWHQWLDDONDDUWHQ�HQ�DVFLL�RXWSXW�'HILQLWLH�UGF��ULMNVGULHKRHNVJULG��LQ�56��B8QLWV�GPV�DOV�YROJW�DDQSDVVHQ�XQLW�VSRLQW!�UGF�����UDQJH� �>������������������!�
,Q�'RP��HQ�'RP��ZHHUJDYH�YDQ�KHW�VLPXODWLHUHVXOWDDW� LV�GH�JUHQV�YDQ�1HGHUODQG� DOVZDWHU�ZHHUJHJHYHQ�'LW�ZRUGW�YHURRU]DDNW�GRRU�KHW�VDPHQQHPHQ�YDQ�ZDWHU�HQ�XQFODLPHG�ODQG�LQ���NODVVH�2S� WH� ORVVHQ� GRRU� GH� GHILQLWLHV� YDQ� GRP�� HQ� GRP�� DDQ� WH� SDVVHQ� LQ� 56��B5HNHQ�VFKHPDB$OORFDWH3HULRG�GPV��YHUZLMGHU�8QFODLPHG�ELM��GHILQLWLH�ZDWHU�HQ�YRHJ�WRH��0DNH'HILQHG�8QFODLPHG��YDOXH������JJ+D����
0HW�ZHON�GRHO�ZRUGW� HHQ�GRPLQDQW� JURQGJHEUXLN� �� NODVVHV� �GRP��� DDQJHPDDNW� LQ� GHDGMXVWHG� GHPDQGV� UHVXOWDWHQ�� 'H]H� DGMXVWHG� GHPDQG� JHYHQ� WRFK� JHHQ� PRJHOLMNJURQGJHEUXLN� ZHHU�� PDDU� VOHFKWV� HHQ� LQGLFDWLH� YDQ� GH� YUDDJ� QDDU� GH� YHUVFKLOOHQGHJURQGJHEUXLNW\SHQ��'H]H�GRP��ZLMNW�RYHULJHQV� UHGHOLMN�DI�YDQ�GH�GRP��YRRU�GH� ODQGXVH�UHVXOWDWHQ�'RHO� LV� VOHFKWV� GH� GRPLQDQWH� GHPDQG� ZHHU� WH� JHYHQ�� 'DDULQ� RQWEUHNHQ� GH� H[RJHQHFODLPV��LQIUD�HWF���GXV�KHW�NDDUWEHHOG�NDQ�EHKRRUOLMN�DI�ZLMNHQ�
:DW�NDQ�LN�EXLWHQ�GH�5XLPWHVFDQQHU�PHW�GH�PDS�GHILQLWLRQ�ILOHV��PGI�EHVWDQGHQ�"'H]H�NDDUWRSPDDNEHVWDQGHQ�NRPHQ�XLW�KHW�*HROLE�GHHO�YDQ�GH�'06��'LW�IRUPDDW�LV�QLHWEUXLNEDDU�LQ�UHJXOLHUH�VRIWZDUH�
6WDWLVWLFV�RSYUDJHQ�LQ�5XLPWHVFDQQHU� OXNW�ZHO�YRRU�EY�KXLGLJ�JURQGJHEUXLN��PDDU�QLHWYRRU�VLPXODWLHUHVXOWDDW��&RPSXWHU�EOLMIW�KDQJHQ�'LW� RQGHUGHHO� ZRUGW� JHGDDQ� LQ� *HROLE�� � PRJHOLMN� LV� HU� HHQ� SUREOHHP� LQ� GH� PDQLHUZDDURS�*HROLE�RPJDDW�PHW�GH�QR�GDWD�YDOXHV�
9LVXDOLVHUHQ� YDQ� VLPXODWLH� UHVXOWDWHQ� RI� SRWHQWLDDONDDUWHQ� LQ� 56���� JHHIW� YDDNIRXWPHOGLQJHQ��/LJW�GLW�DDQ�KHW�RQWEUHNHQ�YDQ�FGI�ILOHV"
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H[SRUW�QDDU�$UF9LHZ+RH�NDQ�LN�5XLPWHVFDQQHU�UHVXOWDWHQ��E�Y��LQKRXGHOLMNH�UHVXOWDWHQ�DOV�NDDUWHQ��LQ�DQGHUHSURJUDPPD
V��EY�$UF9LHZ��JHEUXLNHQ"([SRUWHUHQ�NDQx DOV�DVFLL�JULG��VWDQGDDUG�PHQX�RSWLH�YRRU�HQNHOYRXGLJH�JULGV��EY�VLPXODWLHUHVXOWDDWZRQHQ��� PDDU� GDQ� LQ� KHW� RXWSXWEHVWDQG� PHW� EY� ZRUGSDG� QRJ� ZHO� YHUDQGHUHQ\OOFRUQHU� ��������HQ�JULGFHO� ������GH�VWDQGDDUG�UHIHUHQWLH�DDQ�HHQ�EDVLVJULG�JHHIWWHONHQV�IRXWPHOGLQJHQ��,PSRUW�LQ�$UFYLHZ�YLD�LPSRUW�GDWD�VRXUFH��DVFLL�JULG�NLH]HQ�LQSXW�ILOH�VHOHFWHUHQ��RXWSXW�QDDP�RSJHYHQ��*((1�LQWHJHU�ELM�ELMYRRUEHHOG�VLPXOD�WLHUHVXOWDWHQ� SHU� JURQGJHEUXLNW\SH� LQ� KHFWDUHQ�� 6WDWLVWLHNHQ� ]LMQ� RS� WH� YUDJHQ� QDWRHYRHJHQ�YDQ�HHQ�LQWHJHU�*ULG�GDW�KHHO�1/�EHVFKULMIW�HQ�GH�RSWLH�VXPPDUL]H�]RQHVRQGHU�DQDO\VLV�2YHULJHQV�VFKULMIW�GH�5XLPWHVFDQQHU�GH�DVFLL�ILOHV�VRPV�RQGHU�HHQ�DQGHUH�QDDP�ZHJGDQ�MH�RSJHHIW�x YLD�VKRZ�GDWD�HQ�&RS\��&�UHFKWV�RQGHU��YHUYROJHQV�3DVWH�LQ�:RUGSDG�RI�:RUG��YRRUJURWH�ILOHV��HQ�EHZDUHQ�DOV�W[W�ILOH��'H]H�RSWLH�LV�RRN�JHVFKLNW�YRRU��PHHUYRXGLJH�JULGV� �E�Y�� KXLGLJ� JURQGJHEUXLN� LQ� ��� NODVVHQ�� HQ� OHYHUW� HHQ� YROOHGLJH�PDWUL[�PHWULMHQ�HQ�NRORPPHQ�RS��,Q�$UF9LHZ�DOV�WDEOH�WRH�WH�YRHJHQ�RP�EY�VWDWLVWLHNHQ�PHH�WHEHUHNHQHQ��OHW�RS�GDW�YHOGHQ�ZHO�QXPHULHN�]LMQ�� ]R�QLHW�� VDYH�DV�GEI�� VWDUW� HGLWLQJ�DGG� ILHOG� QXPHULHN�� �� GHFLPDO� SODFHV�� PDS� FDOFXODWRU� WH[WYHOGQDDP�$V1XPEHU��'H]H�RSWLH�LV�QLHW�GLUHFW�JHVFKLNW�YRRU�KHW�PDNHQ�YDQ�HHQ�JULG�EHVWDQG�x LQ�WKHRULH�DOV�W[W�ILOH��PDDU�GH]H�RSWLH�IXQFWLRQHHUW�QLHWx GRRU�GH�VWRUDJH�QDDP�H[WHQVLH�YDQ�GH�UHVXOWVFRQWDLQHU�WH�ZLM]LJHQ�LQ�56��B5HNHQ�VFKHPDB$OORFDWH3HULRG�GPV��1LHW�JHSUREHHUG�
ZHUNHQ�PHW�RQJHOLMNKHLGVUHVWULFWLHV'H� RSHUDWRU� GLH� EHVFKULMIW� ZHONH� RQJHOLMNKHLGVUHVWULFWLH� JHOGW� ZRUGW� RS� GULH� SODDWVHQYHUVFKLOOHQG�EHVFKUHYHQ��� ,Q�56��BXQLWV�GPV�VWDDW���XQLW�XLQW��!��2SHUDWRU5DQJH�����UDQJH� �>��������@�����HTXDO����OHVV�RU�HTXDO�����JUHDWHU�RU�HTXDO�� ,Q� KHW� 'DWD� HQ� 0RGHO� VHUYHU� GRFXPHQW� �DOJHPHQH� LQOHLGLQJ� HQ� UHNHQNXQGLJHRSHUDWRUHQ��WRHSDVVLQJ�5XLPWHVFDQQHU������YDQ�IHEUXDUL������VWDDW������JHHQ�UHVWULF�WLH�� � ���PD[LPXPVWHOOHQGH� UHVWULFWLH�� � ��� JHOLMNVWHOOHQGH� UHVWULFWLH�� ���PLQLPXPVWHO�OHQGH�UHVWULFWLH��� ,Q�KHW�56��BUHNHQVFKHPD�ZRUGW�GH�FODLPVXPPDU\�DOV�YROJW�EHSDDOG�����PLQLPXPFODLPV��!���PD[LPXPFODLPV��:DDUELM���GXV�LQ�EHLGH�NODVVHQ�YDOW�:DW�LV�QX�MXLVW"'H�5XLPWHVFDQQHU� LQWHUSUHWHHUW���DOV�PLQLPXP�FODLP����DOV�JHOLMNVWHOOHQGH�FODLP�HQ��DOV�PD[LPXP�FODLP��%LM�KHW�EHSDOHQ�YDQ�GH�FODLPVXPPDU\�JDDW�KHW�GXV�JRHG��%HGHQNGDDUELM�GDW�GH�RQJHOLMNKHLGVUHVWULFWLH�KHW�JHOLMN�]LMQ�YDQ�FODLP�HQ�WRHZLM]LQJ�DFFHSWHHUW�+HW�H[DFWH�JHEUXLN�YDQ�GH�RSHUDWRU�LV�WHUXJ�WH�YLQGHQ�LQ�GH�IXQFWLH�FODLPBFRUU�GLH�ZRUGWJHGHILQLHHUG�LQ�5HZULWH([SU�OVS��+HW�NRPW�HU�RS�QHHU�GDW�GH�DDQSDVVLQJ�YDQ�$M�� WRWDOHFODLP�WRWDOH�WRHZLM]LQJ�SHU�JURQGJHEUXLNNODVVH�SHU�UHJLR��GH�IDFWRU�GLH�HU�YRRU�]RUJW�GDWKHW�PRGHO� GH� RSJHJHYHQ� FODLPV� UHDOLVHHUW�� DDQ� JUHQ]HQ� LV� JHERQGHQ�� %LMYRRUEHHOG� LQJHYDO�YDQ�HHQ�PLQLPXP�FODLP��RSHUDWRU� �����$M�! ����GH� LWHUDWLHYH� WRHZLM]LQJ�ZRUGWWHONHQV�YHUKRRJW�]RGDW�GH�FODLP�JHKDDOG�ZRUGW��RI�]HOIV�RYHUVFKUHGHQ�NDQ�ZRUGHQ��%LMPD[LPXP�FODLPV��RSHUDWRU� ���OLJW�GH�DDQJHSDVWH�ZDDUGH�YDQ�$M�� ����'H� WRHZLM]LQJZRUGW� ZHO� QDDU� EHQGHQ� JHFRUULJHHUG�� PDDU� QLHW� RPKRRJ�� 2YHULJHQV� ]DO� ELM� SDVVHQGHFODLPV�HQ�YROGRHQGH�LWHUDWLHV�KHW�PRGHO�VWUHYHQ�QDDU�JHOLMNKHLG�YDQ�DOOH�FODLPV��%LM�HHQ
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RSHUDWRU�ZDDUGH�YDQ����PDDU�IHLWHOLMN�ELM�HONH�DQGHUH�ZDDUGH�GDQ���RI����ZRUGW�$M�]RZHOQDDU�ERYHQ�DOV�EHQHGHQ�DDQJHSDVW�
,Q�GH�FODLPVXPPDU\�ZRUGW�YDVWJHVWHOG�RI�GH�FODLPV�ILWWHQ��'H�FODLPILW�LV�WUXH�DOV�JHOGW�DQG���IUHH/DQG�! �PLQ&ODLPV���IUHH/DQG�� �PD[&ODLPV����:DDUELM�JHOGW�GDW�]RZHO�GHPLQFODLPV� DOV�GH�PD[FODLPV�RRN�GH�JHOLMNVWHOOHQGH� FODLPV�EHYDWWHQ�� � ,Q� ERYHQVWDDQGHH[SUHVVLH� RQWEUHHNW� QDDU� PLMQ� LGHH� GH� QRWLH� GDW� ELM� GH� WZHHGH� YRRUZDDUGH� RRN� YDQEHODQJ�LV�RI�HU�FODLPV�DOV�PLQLPXP�]LMQ�RSJHJHYHQ��$OV�GDW�]R�LV��LV�KHW�JHHQ�SUREOHHPGDW� GH� PD[LPXP� HQ� JHOLMNVWHOOHQGH� FODLPV� PLQGHU� GDQ� GH� WRWDDO� EHVFKLNEDUH� UXLPWH�)UHHODQG��EHYUDJHQ��2I�LQWHUSUHWHHU�LN�GH�H[SUHVVLH�YHUNHHUG"�.ORSW�� ]RGUD� HU� HHQ� PLQLPXP� FODLP� LV�� RI� HHQ� QR�FODLP� JURQGJHEUXLNW\SH�� PDJIUHHODQG�RQEHSHUNW�JURRW�]LMQ��DDQJH]LHQ�HU�JHHQ�PD[LPXP�DDQ�GH�FODLP�]LW��$DQJH]LHQODQG�DOORFDWLH�DOWLMG�! ���LV��RRN�ELM�HHQ�PD[LPXP�FODLP�RI�HHQ�QR�FODLP�ODQGXVHW\SHV�PRHW� HU� YRRU� GH� WRWDOH� ODQG� DOORFDWLH� QDWXXUOLMN� YROGRHQGH� IUHH/DQG� ]LMQ� YRRUHXTDO&ODLPV� �2SHUDWRU ��� ��PLQ&ODLPV� �2SHUDWRU�  � ����+HW� IUHH/DQG� � �PD[&ODLPV�2SHUDWRU� !� ��� LV� GXV� RQ]LQ�� HHQ� EHWHU� FULWHULXP� YRRU� FODLPV)LW� ]RX� �QX�� GXV� ]LMQ�IUHH/DQG�! �PLQ&ODLPV��2SHUDWRU�������+HW�PD[&ODLP�FULWHULXP�]RX�QXWWLJ�JHZHHVW�]LMQDOV�YRRU�LHGHUH�FODLP�HHQ�PLQLPXP�(1�PD[LPXP�]RX�]LMQ�JHJHYHQ��'LW� LV�QX�ZHO�KHWJHYDO� YRRU� IL[HG� FODLPV� �PLQ PD[���PD[LPXP� FODLPV� �PLQ ����PDDU� �QRJ�� QLHW� YRRUPLQLPXP�FODLPV��PD[� ��LQILQLWH���,N�OLHS�GXV�ZDW�RS�GH�VLWXDWLH�YRRUXLW��
QDGHUH�DQDO\VH�XLWNRPVWHQ9RRU� GH� VWXGLH� QDDU� GH� JURQGSULMVYRUPLQJ� LQ� GH�5XLPWHVFDQQHU� �]LH�%LMODJH� ��� LV� KHWJURQGJHEUXLN� YDQ� KHW� MDDU� ����� JHVLPXOHHUG� XLW� GDW� YDQ� ������ %LM� HHQ� QDGHUHEHVWXGHULQJ� YDQ� GH� XLWNRPVWHQ� LQ� H[FHO� �DSDUW� EHVWDQG�� QLHW� ELMJHYRHJG�ZDQW�ZHO� HUJWHFKQLVFKH�HQ�XLWJHEUHLG��YLHOHQ�HQNHOH�]DNHQ�RS�� GH�KRHYHHOKHLG�YULM�EHVFKLNEDUH�JURQG��)UHH�ODQG��ZLMNW�DI�YDQ�PLMQ�HLJHQ�RSWHOOLQJ�����RS�UXLP���PLOMRHQ�KD�� GH� KRHYHHOKHLG� IL[HG� ODQG� �ZDWHU� HQ� LQIUD��ZLMNW� DI� YDQ�PLMQ� HLJHQ� RSWHOOLQJ� ����KD���'H� IL[HG� FODLPV�ZRUGHQ� RYHULJHQV� LQ� HHQ� NHHU� YRRU� GH� KHOH� VLPXODWLHSHULRGHWRHJHZH]HQ�� RQJHDFKW�GH� OHQJWH� GDDUYDQ��9RRU� GH� YDULDEHOH� FODLPV�ZRUGW�PLGGHOVHHQ�FODLPIDFWRU�UHNHQLQJ�JHKRXGHQ�PHW�HHQ�HYHQWXHHO�YHUVFKLO�WXVVHQ�KHW�SURMHFWLH�MDDU�HQ�KHW�VLPXODWLHMDDU�� KHW� WRWDDO� YDQ�GH�YDULDEHOH� FODLPV� �LQFOXVLHI�KXLJ� JURQGJHEUXLN��ZLMNW� DI� YDQ�PLMQEHUHNHQLQJ��������KD�� GH�WRWDDO�WRHJHZH]HQ�KRHYHHOKHLG�JURQG�LV�ODJHU�GDQ�KHW�WRWDDO�YDQ�GH�FODLPV�������KD�� ELM� HHQ� WRHQHPHQG� DDQWDO� LWHUDWLHV� NRPW� GH� WRHZLM]LQJ� SHU� ODQGJHEUXLNW\SH� VWHHGVEHWHU� RYHUHHQ� PHW� GH� FODLP�� PDDU� GH� WRWDOH� KRHYHHOKHLG� WRHJHZH]HQ� JURQG� EOLMIWHYHQYHHO�DIZLMNHQ�YDQ�GH�FODLPV�� :LGHNH�%RHUVPD�JDI�DDQ�GDW�GH�ZDDUGH�YRRU�WRWDO� ODQG�����������LHWV�DIZLMNW�YDQGH�GDDGZHUNHOLMNH�ZDDUGH���������FHOOHQ�YDQ����KD �����������+LHU�VSHHOW�ZDDU�VFKLMQOLMN� HHQ� DIURQGLQJVSUREOHHP�GRRUGDW�GH�5XLPWHVFDQQHU�ZHUNW�PHW� HHQ� H[SR�QHQW�QRWDWLH��L�F���������
���H[S����
0RJHOLMN� GDW� KHW� JHYRQGHQ� DIURQGLQJVSUREOHHP� HHQ� GHHO� YDQ� ERYHQVWDDQGH� DIZLMNLQJYHUNODDUW��(YHQWXHOH� DQGHUH�YHUNODULQJHQ�NXQQHQ� VDPHQKDQJHQ�PHW� GH�PDQLHU�ZDDURSRPJHJDDQ�ZRUGW�PHW� XQFODLPHG� ODQG�� RI� IL[HG� FODLPV��� ELMYRRUEHHOG� LQ� KHW� EHUHNHQHQYDQ�GH�MXLVWH�EDODQVIDFWRUHQ��$OV�UHDFWLH�RS�GH]H�YHUVFKLOOHQ�JHHIW�0DDUWHQ�+LOIHULQN�GHYROJHQGH�PRJHOLMNH�RRU]DNHQ�
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� DIURQGLQJHQ��RQZDDUVFKLMQOLMN�GDW KLHUPHH�]XONH�JURWH�YHUVFKLOOHQ�YHUNODDUG�NXQQHQZRUGHQ�� PHW� QDPH� DDQJH]LHQ� EHUHNHQG� ZRUGW� �YRRU� EY� $NNHUERXZ��PD[BHOHP�$GGLWLRQDO&ODLPV�$NNHUERXZ�&ODLP
� FODLP)DFWRU� �� VXP�� RUJ/DQGX�VH�$NNHUERXZ�� 5HJLR,QGHOLQJHQ�/HL��� ��� YDOXH������ JJ+D��� HQ� GH� RUJ/DQGXVHYHHOYRXGHQ�YDQ�������� ������]LMQ��LQ�)ORDW���JHHIW�GLW�JHHQ�DIURQGLQJVIRXW�HQ�HUZRUGW�]RZHO�GRRU�'06�DOV�GRRU�*HROLE�VWDWLVWLFV�JHZRRQ�JHVRPPHHUG��� 8QFODLPHGBODQG��:HOOLFKW�]LW�HHQ�GHHO�YDQ� MRXZ�*HROLE�VWDWLVWLFV�RUJ/DQGXVH�QLHWLQ�HQLJ�/HL���JHELHG��ZDDUGRRU�KHW�QLHW�LQ�ERYHQVWDDQGH�VXP�ZRUGW�PHHJHQRPHQ�� FRQWUROHHU�FODLP)DFWRU��VWDDW�GH]H�LQGHUGDDG�RS����"� VRPPLJH� �QHJDWLHYH�� FODLPV� OHLGHQ� ELM� HHQ� JURWH� FODLP)DFWRU� �YRRU� ����ELMYRRUEHHOG�� WRW� QHJDWLHYH� $GGLWLRQDO
FODLP)DFWRU� �� RUJ/DQGXVH�� 'H]H� ZRUGHQYRRU�EHWUHIIHQGH�/HL�JHELHGHQ�YROJHQV�ERYHQVWDDQGH�EHUHNHQLQJ�RS�� JH]HW��ZDDUMRX� WRWDOHQEHUHNHQLQJ� JHHQ� UHNHQLQJ�PHH� KRXGW��PDDU� GLW� ]RX� � GH� GRRU� GH� '06EHUHNHQGH�DDQWDOOHQ�KD�MXLVW�KRJHU�PRHWHQ�GRHQ�XLWYDOOHQ�
+RHZHO�ERYHQVWDDQGH�YHUVFKLOOHQ�JHULQJ�]LMQ�WHQ�RS]LFKWH�YDQ�KHW�WRWDOH�RSSHUYODN�YDQ1HGHUODQG� LV� KHW� DDQ� WH� UDGHQ� QDGHU� VWXGLH� WH� GRHQ� QDDU� GH� RRU]DDN� HUYDQ��2P�GDW� WHGRHQ�LV�KHW�]LQYRO�RP�WRWDDOWHOOLQJHQ�YDQ�WXVVHQVWDSMHV�WH�PDNHQ��'RRU�GDQ�ELMYRRUEHHOGGH�FODLP)DFWRU�RS���WH�]HWWHQ��HQ�HHQ�SURMHFWLH�YRRU������WH�GRHQ���YDOW�QD�WH�JDDQ�RI�GHUHVXOWHUHQGH� WRWDOH� RUJ/DQGXVH� RYHUHHQNRPW�PHW� GH� VWDWLVWLFV� WHOOLQJ� RI� MXLVW� HYHQYHHOYHUVFKLOW�DOV�LQ�������)UHH/DQG�NDQ�LQJHVWHOG�ZRUGHQ�RS�VXP��RUJ/DQGXVH�$NNHUERXZ�RP�WH�NLMNHQ�RI�GLW�PHHU�LV�GDQ�KHW�WRWDDO�YDQ�VXP��RUJ/DQGXVH�$NNHUERXZ��5HJLR,QGH�OLQJHQ�/HL������,V�GLW�KHW�JHYDO��GDQ�JHHIW�PRJHOLMNH�RRU]DDN���GH�RSORVVLQJ�
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