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6DPHQYDWWLQJ
$DQOHLGLQJ
'LW�RQGHU]RHN�LV�DDQ�GH�)DFXOWHLW�GHU�(FRQRPLVFKH�:HWHQVFKDSSHQ�YDQ�GH�9ULMH�8QLYHUVLWHLWXLWJHYRHUG�LQ�GH�SHULRGH�MDQXDUL�±�PHL�������DOV�GHHO�YDQ�HHQ�JURWHU�EHOHLGVRQGHUVWHXQHQGRQGHU]RHN�YRRU�GH�9LMIGH�1RWD�5XLPWHOLMNH�2UGHQLQJ��'LW�RQGHU]RHN�LV�YHUULFKW�GRRU�5,90HQ�712�,QUR��*RHWJHOXN�HW�DO���������'RHO�YDQ�GLW�RQGHU]RHN�LV�RP�GH�WRHQDPH�LQ�GHZRQLQJYRRUUDDG�HQ�ZHUNJHOHJHQKHLG�WXVVHQ������HQ������YRRU�GULH�/DQJH�7HUPLMQ�VFHQDULR¶VYDQ�KHW�&3%��GLH�JHOHYHUG�ZRUGHQ�RS�KHW�UXLPWHOLMNH�VFKDDOQLYHDX�YDQ�&2523�JHELHGHQ�HQODQGVGHOHQ��UXLPWHOLMN�WH�GHVDJJUHJHUHQ�RS�KHW�UXLPWHOLMNH�VFKDDOQLYHDX�YDQ�����ELM�����PHWHU�'H]H�UXLPWHOLMNH�DOORFDWLH�YLQGW�SODDWV�RS�EDVLV�YDQ�WUHQGDQDO\VHV�HQ�KHW�GRRUWUHNNHQ�YDQEHVWDDQG�EHOHLG��*HEUXLNW�ZRUGHQ�GH�UHVSHFWLHYHOLMN�GH�PRGHOOHQ�5XLPWHVFDQQHU��5,90��HQ2SHUD��712�,QUR���'H�98�LV�LQJHVFKDNHOG�RP�HHQ�WUHQGDQDO\VH�WH�PDNHQ�YDQ�GH�ZRQLQJERXZRSGDW�GH�UHVXOWDWHQ��PRGHOVFKDWWLQJ��JHwPSOHPHQWHHUG�ZRUGHQ�LQ�GH�5XLPWHVFDQQHU�
'RHO�HQ�RQGHU]RHNVYUDJHQ�YDQ�GH�98�VWXGLH
+HW�GRHO�YDQ�GH�RS�GH�98�XLWJHYRHUGH�WUHQGDQDO\VH�LV�KHW�YHUNULMJHQ�YDQ�HHQ�LQWHJUDDO�EHHOG�YDQ�GH�IHLWHOLMNH�UXLPWHOLMNH�ZRQLQJERXZ�RQWZLNNHOLQJHQ�LQ�GH�DIJHORSHQ����MDDU��ZHONH�GH�EDVLV�YRUPHQ�YRRU�KHW�YRRUXLW�EHUHNHQHQ�YDQGH�DXWRQRPH�ZRQLQJERXZRQWZLNNHOLQJHQ�WRW������
'H]H�GRHOVWHOOLQJ�LV�YHUWDDOG�LQ�GH�YROJHQGH�YLHU�RQGHU]RHNVYUDJHQ�x 2S�ZHONH�ZLM]H�NXQQHQ�GH]H�UXLPWHOLMNH�RQWZLNNHOLQJHQ�RS�HHQ�DQDO\WLVFKH�ZLM]H�ZRUGHQYHUNODDUG"x :HONH�VFKDWWLQJVPHWKRGLHN�VOXLW�]R�RSWLPDDO�PRJHOLMN�DDQ�RS�GH�UXLPWHOLMNHDOORFDWLHSURFHGXUH�YDQ�GH�5XLPWHVFDQQHU"x :HONH�VRIWZDUH�LV�JHVFKLNW�RP�GH�UXLPWHOLMNH�DQDO\VHV�PHW�]R�PLQ�PRJHOLMNHFRQYHUVLHVWDSSHQ�YDQ�JHJHYHQV�WH�DQDO\VHUHQ"x :DW�]LMQ�GH�UXLPWHOLMNH�RQWZLNNHOLQJHQ�PHW�EHWUHNNLQJ�WRW�GH�XLWEUHLGLQJ�YDQ�KHW�ZRQHQWXVVHQ������HQ�����"
0RGHO�HQ�JHJHYHQV
+HW�98�UDSSRUW�EHVFKULMIW�GH�UXLPWHOLMNH�RQWZLNNHOLQJHQ�LQ�GH�1HGHUODQGVH�ZRQLQJERXZ�YDQ�����WRW�HQ�PHW������DDQ�GH�KDQG�YDQ�HHQ�UXLPWHOLMN�VWDWLVWLVFKH�DQDO\VH�PHW�EHKXOS�YDQ�HHQORJLVWLVFKH�UHJUHVVLHPRGHO��NDQVHQPRGHO��HQ�JHRJUDILVFKH�LQIRUPDWLH�V\VWHPHQ�+HW�LV�HHQ�YULM�WHFKQLVFKH�VWXGLH��'H�QDGUXN�OLJW�RS�GH�JHPDDNWH�NHX]HV�PHW�EHWUHNNLQJ�WRW�GHYHUNODUHQGH�YDULDEHOHQ��GH�JHJHYHQVPDQLSXODWLH��GH�NHX]H�YDQ�KHW�PRGHO�HQ�GHUJHOLMNH��+���0HW�GLW�LQ]LFKW�NXQQHQ�GH�UHVXOWDWHQ��+��RS�KXQ�ZDDUGH�ZRUGHQ�EHRRUGHHOG�
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,Q�KHW�98�RQGHU]RHN�ZRUGHQ�WZHH�KRRIGW\SHQ�ZRQLQJHQ�RQGHUVFKHLGHQ��HHQJH]LQV��HQPHHUJH]LQVZRQLQJHQ��6SHFLILHN�LV�JHNHNHQ�QDDU�GH�UXLPWHOLMNH�UHODWLHV�WXVVHQ�GH�JURHL�YDQ�GHZRQLQJYRRUUDDG�SHU�ZRQLQJW\SH��RS�KHW�YRRU�ZRQLQJERXZ�EHVFKLNEDUH�DUHDDO��HQ�GHUXLPWHOLMNH�IDFWRUHQ�GLH�GH]H�JURHL�EHwQYORHGHQ��'H�DQDO\VHV�]LMQ�XLWJHYRHUG�RS�HHQVFKDDOQLYHDX�YDQ�JULGFHOOHQ�YDQ�����[�����PHWHU�
'H�WH�YHUNODUHQ�YDULDEHOH�LV�GH�NDQV�RS�GH�WRHQDPH�YDQ�GH�ZRQLQJGLFKWKHLG�QDDU�ZRQLQJW\SHWXVVHQ������HQ�������'H�YHUNODUHQGH�YDULDEHOHQ�]LMQ�JHVHOHFWHHUG�RS�EDVLV�YDQ�EHVWDDQGHZHWHQVFKDSSHOLMNH�NHQQLV�RS�KHW�WHUUHLQ�YDQ�KHW�UXLPWHOLMNH�NHX]HJHGUDJ�YDQZRRQFRQVXPHQWHQ��(U�LV�JHHQ�UHNHQLQJ�JHKRXGHQ�PHW�DQGHUH�DFWRUHQ�LQ�KHW�VSHO��]RDOVJHPHHQWHQ��JURQGHLJHQDUHQ�HQ�LQVWLWXWLRQHOH�LQYHVWHHHUGHUV��6WDWLVWLVFK�LV�JHWRHWVW�LQ�ZHONHPDWH�GH]H�YHUNODUHQGH�YDULDEHOHQ�GH�WRHQDPH�YDQ�GH�GLFKWKHLG�JRHG�EHVFKULMYHQ��'LW�KHHIWSODDWVJHYRQGHQ�RS�EDVLV�YDQ�WHQ�HHUVWH�HHQ�FRUUHODWLH��HQ�WHQ�WZHHGH�HHQ�ORJLVWLVFKUHJUHVVLHPRGHO��'DDU�GH�UXLPWHOLMNH�VSUHLGLQJ�LQ�GH�WRHQDPH�RQJHOLMN�NDQ�]LMQ��]LMQ�GH�DQDO\VHVDSDUW�JHPDDNW�YRRU�GH�5DQGVWDG��GH�,QWHUPHGLDUH�]RQH�HQ�GH�3HULIHULH��'H]H�LQGHOLQJ�LV�HHUGHUJHEUXLNW�LQ�RQGHU]RHN��8LW�GH�DQDO\VHV�EOLMNW�GDW�GH�KHWHURJHQLWHLW�WXVVHQ�EHLGH�ODDWVWH�]RQHVJHULQJ�LV�HQ�]LMQ�EHLGH�VDPHQJHYRHJG�
(U�LV�JHEUXLN�JHPDDNW�YDQ�HHQ�ORJLVWLVFK�UHJUHVVLH�PRGHO��'H�PRGHOVFKDWWLQJHQ�I�[��NXQQHQUHFKWVWUHHNV�ZRUGHQ�JHwPSOHPHQWHHUG�LQ�GH�5XLPWHVFDQQHU��'H�SDUDPHWHUV��EHWD¶V�GLH�GHLQYORHG�YDQ�GH�YHUNODUHQGH�YDULDEHOHQ�NZDQWLWLHI�ZHHUJHYHQ��YDQ�GLW�PRGHO�]LMQ�QLHW�]RHHQYRXGLJ�WH�LQWHUSUHWHUHQ�DOV�LQ�HHQ�JHZRQH�PXOWLSOH�UHJUHVVLHPRGHO��'H�SDUDPHWHUV�ZRUGHQQDPHOLMN�LQJHYXOG�LQ�HHQ�H[SRQHQWLsOH�NDQVIXQFWLH�3 HI�[�������HI�[����ZDDUELM�I�[��GHUHJUHVVLHYHUJHOLMNLQJ�LV��3�GH�NDQV�LV�HQ�H�VWDDW�YRRU�HHQ�H�PDFKWIXQFWLH��Ha������,QGLHQ�GHUHJUHVVLHYHUJHOLMNLQJ�I�[��GH�ZDDUGH�QXO�KHHIW�ZRUGW�GH�NDQV�RS�HHQ�WRHQDPH��H�����H���KHWJHHQ�LGHQWLHN�LV���������RIZHO�������,QGLHQ�GH�IXQFWLH�GH�ZDDUGH���KHHIW�GDQ�ZRUGW�GH�NDQV�������H�����H���RIZHO����������������,V�GH�ZDDUGH�YDQ�GH�IXQFWLH�±��GDQ�ZRUGW�GH�NDQV������%RYHQVWDDQGH�GULH�YRRUEHHOGHQ�PDNHQ�LQ]LFKWHOLMN�KRH�GH�EHWD¶V�PRHWHQ�ZRUGHQ�EHKDQGHOG�
'H�UHVXOWDWHQ
8LW�GH�UHJUHVVLH�DQDO\VHV�NRPW�HHQ�DDQWDO�VLJQLILFDQW�ELMGUDJHQGH�YDULDEHOHQ�QDDU�YRUHQ�ZDDUPHH�GH�UXLPWHOLMNH�RQWZLNNHOLQJHQ�LQ�GH�ZRQLQJERXZ�LQ�GH�SHULRGH�YDQ������WRW�HQ�PHW�����JRHG�VWDWLVWLVFK�WH�YHUNODUHQ�]LMQ��'LW�ZLO�]HJJHQ�GDW�GH�EHUHNHQGH�YHUGHOLQJ�YDQ�NDQVHQRS�WRHQDPH�YDQ�ZRQLQJHQ�YLVXHHO�HQ�VWDWLVWLVFK�YHUJHOLMNEDDU�]LMQ�PHW�GH�YHUGHOLQJ�YDQ�GHZHUNHOLMNH�WRHQDPH�YDQ�GH]H�ZRQLQJW\SHQ�WXVVHQ������HQ�������%LM�GH]H�YHUJHOLMNLQJ�EOLMNWGDW�GH�NDQVYHUGHOLQJ�HQ�KHW�PRGHO�LQ�KHW�DOJHPHHQ�JRHG�PHW�HONDDU�RYHUHHQ�NRPHQ�0HW�QDPH�GH�EHVWDDQGH�ZRQLQJERXZ��GH�OLJJLQJ�LQ�JURHLNHUQHQ��ERXZORFDWLHV���GH�QDELMKHLGYDQ�ZHUNJHOHJHQKHLG�HQ�GH�DIVWDQGHQ�WRW�16�VWDWLRQV�HQ��LQ�LHWV�PLQGHUH�PDWH��RS��HQ�DIULWWHQYDQ�VQHOZHJHQ��GUDJHQ�LQ�SRVLWLHYH�ZLM]H�DDQ�GH�YHUNODULQJ�YDQ�GH�JURHL�LQ�GH�ZRQLQJYRRUUDDGELM��2RN�GH�QDELMKHLG�YDQ�ERV��QDWXXU�HQ�UHFUHDWLHJHELHGHQ�OHYHUW�HHQ�NOHLQH��PDDU�VLJQLILFDQWH�ELMGUDJH�DDQ�GH�YHUNODULQJ�YDQ�GH�WRHQDPH�YDQ�GH�GLFKWKHLG�LQ�GH�ZRQLQJYRRUUDDG�%RYHQVWDDQGH�WDEHO�WRRQW�GH�XLWNRPVWHQ��ZDDUELM�GH�W�ZDDUGHQ�DDQJHYHQ�RI�HHQ�EHWDVLJQLILFDQW�DIZLMNW�YDQ�QXO�
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5DQGVWDG(HQJH]LQV 0HHUJH]LQV% W�ZDDUGH % W�ZDDUGH6WDUWZDDUGH�LQWHUFHSW ����� ������� ������ �������.HQQLVGLHQVWHQ 1YW 1YW ���� ������5HFUHDWLHI�ERVJHELHG ����� ������ ���� ������:HJHQ ����� ������ ����� ������5DLO ����� ������ 1YW 1YW6WDWLRQV ����� ������� ����� �������2S��HQ�DIULWWHQ ���� ����� ���� �����*URHLNHUQ ���� ������ ���� �������(HQJH]LQVZRQLQJHQ ���� ������ ���� �������0HHUJH]LQVZRQLQJHQ ���� ����� ���� �������2YHULJ�1HGHUODQG(HQJH]LQV 0HHUJH]LQV% W�ZDDUGH % W�ZDDUGH6WDUWZDDUGH�LQWHUFHSW ������ ������� ������ �������,QGXVWULH ���� ������ 1YW 1YW.HQQLVGLHQVWHQ 1YW 1YW ���� �����5HFUHDWLHI�ERVJHELHG 1YW 1YW 1YW 1YW1DWWH�QDWXXU ���� ����� ���� �����:HJHQ ����� ������ ����� ������5DLO ����� ������ ����� ������6WDWLRQV ���� ������� ����� �������2S��HQ�DIULWWHQ ���� ����� 1YW 1YW*URHLNHUQ ���� ������ ���� ������(HQJH]LQVZRQLQJHQ ���� ������ ���� ������0HHUJH]LQVZRQLQJHQ ���� ������ ���� ������
$DQEHYHOLQJHQ�YRRU�YHUGHU�RQGHU]RHN
x (HQ�DDQWDO�YDQ�GH�EHVOLVVLQJHQ�DDQJDDQGH�GH�WH�YROJHQ�PHWKRGLHN�]LMQ�JHQRPHQ�RS�JURQGYDQ�GH�EHVFKLNEDDUKHLG�YDQ�GH�RS�GDW�PRPHQW�JHZHQVWH�GDWD��=R�NRQ�HU�ELMYRRUEHHOG�QLHWPHW�GH�JHZHQVWH�ZRRQPLOLHX
V�JHZHUNW�ZRUGHQ��PDDU�PRHVW�PHW�YLMI�ZRRQW\SHV�JHZHUNWZRUGHQ�GLH�YHUYROJHQV�ZHHU�WRW�WZHH�YHUVFKLOOHQGH�ZRRQW\SHQ�VDPHQJHYRHJG�PRHVWHQZRUGHQ��$DQJH]LHQ�JHZHUNW�ZRUGW�RS�HHQ�VFKDDOQLYHDX�YDQ�����PHWHUFHOOHQ�ZDV�RRN�GHKRPRJHQH�YHUGHOLQJ�YDQ�DDQWDOOHQ�DUEHLGVSODDWVHQ�SHU�SRVWFRGHJHELHG�QDDU�����PHWHUFHOOHQ��JHHQ�LGHDOH�RSORVVLQJ��,Q�YHUEDQG�PHW�KHW�WH�YROJHQ�WLMGVSDG�NRQ�HFKWHU�QLHWJHZDFKW�ZRUGHQ�RS�QLHXZH�GDWD��,QGLHQ�GH�JHZHQVWH�GDWD�DOVQRJ�WHU�EHVFKLNNLQJ�NRPWNXQQHQ�GH�UHJUHVVLH�DQDO\VHV�YHUGHU�YHUEHWHUG�ZRUGHQ�x 'H]H�WUHQGVWXGLH�LV�YDOLGH�YRRU�KHW�RQGHU]RHN�YDQ�5,90�HQ�712�,QUR�ZDDULQ�GH�DDQQDPHFHQWUDDO�VWDDW�GDW�GH�EHVWDDQGH�YHUKRXGLQJ�WXVVHQ�HQHU]LMGV�GH�UHJXOHUHQGH�RYHUKHLG�PRJHOLMNKHGHQ�HQ�EHSHUNLQJHQ��DOV�SXEOLHN�RUJDDQ�HQ�DQGHU]LMGV�GH�ZRRQFRQVXPHQWHQ�HQ�LQGLUHFW�GH�RYHUKHLG�DOV�SULYDDW�RUJDDQ�HQ�DDQELHGHUV�YDQ�ZRRQUXLPWH�HQ�ZRRQGLHQVWHQ�HHQYRXGLJ�NRQ�ZRUGHQ�GRRUJHWURNNHQ��9RRU�GH�RQWZLNNHOLQJ�YDQ�DOWHUQDWLHYH�UXLPWHOLMNHVFHQDULR¶V�YROGRHW�HHQ�GHUJHOLMNH�WUHQGDQDO\VH�RS�EDVLV�YDQ�UXLPWHOLMNH�LQIRUPDWLH�QLHW��,QKHW�ODDWVWH�JHYDO�GLHQW�HHQ�PRGHOVSHFLILFDWLH�WH�ZRUGHQ�JHEUXLNW�RS�EDVLV�YDQ�HHQJHGUDJVPDWLJH�RQGHUERXZLQJ�YDQ�KHW�EHVOXLWYRUPLQJVJHGUDJ�YDQ�GH�UHOHYDQWH�DFWRUHQ�LQKHW�VSHO
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x 'H�YHUNODUHQGH�YDULDEHOH�JURQGSULM]HQ�LV�QLHW�LQ�GH�DQDO\VH�PHHJHQRPHQ�RPGDW�KLHU�JHHQJHVFKLNWH�GDWD�YDQ�YRRUKDQGHQ�ZDV��9DQZHJH�KHW�YHUZDFKWH�YHUEDQG�WXVVHQ�JURQGSULM]HQHQ�GH�YHUVFKLOOHQGH�ZRQLQJW\SHQ�ZRUGW�DDQEHYROHQ�GH]H�YDULDEHOH��LQGLHQ�EHVFKLNEDDU��RSWH�QHPHQ�LQ�GH�WUHQGDQDO\VHV��,Q�GH]H�VWXGLH�KRHIWH�GH�JURQGSULMV�QLHW�WH�ZRUGHQRSJHQRPHQ�YDQZHJH�GH�DDQQDPHV�LQ�GH�5,90�HQ�712�,QUR�VWXGLH��*RHWJHOXN�HW�DO�������x %HKDOYH�GH�EHVFKLNEDDUKHLG�YDQ�GH�GDWD�OHYHUGH�GH�RPYDQJ�YDQ�GH�LQ�6�3OXV��VWDWLVWLVFKSDNNHW��LQ�WH�YRHUHQ�GDWD�VHW�SUREOHPHQ�RS�PHW�GH�UHNHQNUDFKW�YDQ�GH�JHEUXLNWHFRPSXWHUV��*HSUREHHUG�LV�WH�ZHUNHQ�PHW�VDPSOHV�YDQ�GH�GDWDVHW���������JULGFHOOHQ�LQSODDWV�YDQ�����������GLW�OHYHUGH�HFKWHU�DIZLMNHQGH�UHVXOWDWHQ�RS�WHQ�RS]LFKWH�YDQ�GHYROOHGLJH�GDWDVHW��2P�VQHOOHU�WH�NXQQHQ�ZHUNHQ�ZRUGW�GDDURP�KHW�JHEUXLN�YDQ�NUDFKWLJHUFRPSXWHUV� PHW�YHHO�RSVODJUXLPWH�DDQJHUDGHQ�x ,Q�GH�KXLGLJH�RS]HW�LV�JHZHUNW�PHW�ppQ�WLMGVSHULRGH�YDQ������WRW�HQ�PHW�������,QGLHQ�PHHUWLMG��HQ�PHHU�GDWD��EHVFKLNEDDU�LV��NXQQHQ�GH�DQDO\VHV�SHU�WLMGVSHULRGH��ELMYRRUEHHOGSHULRGHQ�YDQ�YLMI�MDDU��YHUULFKW�ZRUGHQ��]RGDW�RRN�RQWZLNNHOLQJHQ�LQ�GH�WLMG�YDQ�YDULDEHOHQHQ�FRsIILFLHQWHQ�NXQQHQ�ZRUGHQ�ZDDUJHQRPHQ��'H]H�WUHQGV�NXQQHQ�YHUYROJHQV�ZHHU�QDDUGH�WRHNRPVW�ZRUGHQ�GRRUJHWURNNHQ�x 8LWJHJDDQ�LV�YDQ�HHQ�PD[LPDDO�DDQWDO�ZRQLQJHQ�SHU�ZRQLQJW\SH�SHU�FHO�LQ�������'LWDDQWDO�KRHIW�QLHW�GH�KRRJVWH�GLFKWKHLG�YDQ�ZRQLQJHQ�SHU�FHO�WH�YHUWHJHQZRRUGLJHQ�:HOOLFKW�NDQ�EHWHU�PHW�GH�KRRJVW�PRJHOLMNH�GLFKWKHLG�JHZHUNW�ZRUGHQ��'H]H�NDQJHYRQGHQ�ZRUGHQ�GRRU�HHUVW�KHW�QLHW�YRRU�ZRQHQ�JHVFKLNWH�DUHDDO�YDQ�DOOH�JULGFHOOHQ�DI�WHWUHNNHQ�HQ�KHW�DDQWDO�ZRQLQJHQ�GDQ�GRRU�GH�UHVWHUHQGH�FHORSSHUYODNWH�WH�GHOHQ��9HUYROJHQVNDQ�XLWJHJDDQ�ZRUGHQ�YDQ�HHQ�PD[LPDDO�DDQWDO�ZRQLQJHQ�SHU�YRRU�ZRQHQ�JHVFKLNWHKHFWDUH�x 'H�UXLPWHOLMNH�VFKDDO�ZDDURS�FODLPV�ZRUGHQ�JHEUXLNW�EHSDDOW�LQ�KRJH�PDWH�GHXLWNRPVWHQ�8LW�GH�DQDO\VHV�NZDPHQ�GXLGHOLMNH�UHJLRQDOH�YHUVFKLOOHQ�QDDU�YRUHQ�WXVVHQ�GH5DQGVWDG�HQ�RYHULJ�1HGHUODQG��,QGLHQ�KHW�RQGHU]RHN�ZRUGW�XLWJHEUHLG�NXQQHQ�PHHUUHJLRQDOH�LQGHOLQJHQ�JHDQDO\VHHUG�ZRUGHQ��]RDOV�HHQ�DQDO\VH�SHU�ZRQLQJPDUNWJHELHG�'H]H�ZRUGHQ�RPVFKUHYHQ�DOV�KHW�JHELHG�ZDDU�GH�PHHVWH�PHQVHQ�YHUKXL]HQ�RPZLOOH�YDQZRRQUHGHQHQ�]RQGHU�GDW�KLHUELM�GH�EHUHLNEDDUKHLG�YDQ�IDPLOLH��YULHQGHQ�HQ�KHW�ZHUN�LQJHGLQJ�NRPW�
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+HW�LQWHJUDOH�EHHOG�EHWUHIW�GH�NZDQWLWDWLHYH�UHODWLHV��LQ�GH�YRUP�YDQ�UHNHQUHJHOV��WXVVHQ�GHJURHL�YDQ�GH�GLFKWKHLG�LQ�GH�ZRQLQJYRRUUDDG�LQ�GH�SHULRGH������±����� HQ�GH�UXLPWHOLMNHIDFWRUHQ�GLH�GH]H�JURHL�EHwQYORHGHQ��'H�UHVXOWHUHQGH�UHNHQUHJHOV�GLHQHQ�GLUHFW�LQJHYRHUG�WHNXQQHQ�ZRUGHQ�LQ�KHW�DOORFDWLH�PRGHO��0RGHO�5XLPWHVFDQQHU��GDW�GRRU�KHW�5,90�JHEUXLNWZRUGW�RP�GH�WUHQG�XLW�KHW�YHUOHGHQ�WH�YHUWDOHQ�QDDU�WRHNRPVWLJH�RQWZLNNHOLQJHQ�
'H]H�GRHOVWHOOLQJ�LV�YHUWDDOG�LQ�GH�YROJHQGH�YLHU�RQGHU]RHNVYUDJHQ�x 2S�ZHONH�ZLM]H�NXQQHQ�GH]H�UXLPWHOLMNH�RQWZLNNHOLQJHQ�RS�HHQ�DQDO\WLVFKH�ZLM]H�ZRUGHQYHUNODDUG"x :HONH�VFKDWWLQJVPHWKRGLHN�VOXLW�]R�RSWLPDDO�PRJHOLMN�DDQ�RS�GH�UXLPWHOLMNHDOORFDWLHSURFHGXUH�YDQ�GH�5XLPWHVFDQQHU"
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x :HONH�VRIWZDUH�LV�JHVFKLNW�RP�GH�UXLPWHOLMNH�DQDO\VHV�PHW�]R�PLQ�PRJHOLMNHFRQYHUVLHVWDSSHQ�YDQ�JHJHYHQV�WH�DQDO\VHUHQ"x :DW�]LMQ�GH�UXLPWHOLMNH�RQWZLNNHOLQJHQ�PHW�EHWUHNNLQJ�WRW�GH�XLWEUHLGLQJ�YDQ�KHW�ZRQHQWXVVHQ������HQ�����"
'H�YHUNUHJHQ�UHJUHVVLHUHVXOWDWHQ��I�[���NXQQHQ�UHFKWVWUHHNV�ZRUGHQ�JHwPSOHPHQWHHUG�LQ�KHWPRGHO�5XLPWHVFDQQHU�GDW�JHEUXLNW�ZRUGW�RP�GH�WRHNRPVWLJH�YHUZDFKWH�XLWEUHLGLQJ�YRRU�GHZRQLQJYRRUUDDG��'H]H�XLWEUHLGLQJ�ZRUGW�JHOHYHUG�RS�KHW�UXLPWHOLMNH�VFKDDOQLYHDX�YDQ&2523�JHELHGHQ��NDDUW������

.DDUW���� 9RRUEHHOGHQ�YDQ�GH�XLWEUHLGLQJVYUDDJ�SHU�&2523�JHELHG�GLH�RS�HHQ�ODJHU�UXLPWHOLMN�VFKDDOQLYHDXPRHWHQ�ZRUGHQ�JHDOORFHHUG��EURQ��5,90�712�
%RYHQVWDDQGH�FODLPV�PRHWHQ�UXLPWHOLMN�JHDOORFHHHUG�ZRUGHQ�RS�HHQ�ODJHU�UXLPWHOLMNVFKDDOQLYHDX��NDDUW�������'H�YUDDJ�LV�KRH�GDW�PRHW��9RRU�GDW�GRHO�ZRUGW�GH�5XLPWHVFDQQHUJHEUXLNW��'H�DOORFDWLHSURFHGXUH�YDQ�GLW�PRGHO�LV�RQGHU�DQGHUH�RQWZLNNHOG�GRRU�GH�IDFXOWHLW�GHU(FRQRPLVFKH�:HWHQVFKDSSHQ�YDQ�GH�9ULMH�8QLYHUVLWHLW�
+HW�GRHO�YDQ�GH�5XLPWHVFDQQHU�LV�RP�GH]H�XLWEUHLGLQJ�UXLPWHOLMN�WH�DOORFHUHQ�RS�KHW�ODJHUXLPWHOLMNH�VFKDDOQLYHDX�YDQ�����ELM�����PHWHU��JULGFHO���'H�5XLPWHVFDQQHU�EH]LW�HHQUXLPWHOLMN�DOORFDWLHPRGXOH�RS�EDVLV�YDQ�HHQ�ORJLVWLVFK�UHJUHVVLHPRGHO��,Q�GH�LQYXOOLQJ�YDQ�GHSDUDPHWHUV�YDQ�GLW�PRGHO�LV�DIKDQNHOLMN�YDQ�KHW�RQGHU]RHNVGRHO��,Q�GLW�RQGHU]RHN�PRHWHQ�GHSDUDPHWHUV�JHEDVHHUG�]LMQ�RS�HHQ�WUHQGDQDO\VH�YDQ�GH�WRHQDPH�YDQ�GH�ZRQLQJYRRUUDDGJHJHYHQ�KHW�EHVFKLNEDUH�DUHDDO��.HQPHUNHQG�DDQ�GH�5XLPWHVFDQQHU�LV�GDW�GH�UXLPWHOLMNHFODLPV�RS�HHQ�KRRJVFKDDOQLYHDX�RS�HHQ�ODJHU�UXLPWHOLMN�VFKDDOQLYHDX�]RGDQLJ�ZRUGHQ
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JHDOORFHHUG�WRWGDW�GH�FODLP�µRS¶LV��0HW�DQGHUH�ZRRUGHQ��YHURQGHUVWHOG�ZRUGW�GDW�GH�FODLPµZDDU¶�LV��NDDUW������

.DDUW���� +HW�DUHDDO�ZRQHQ�LQ������EURQ��5,90�712�
2S]HW�UDSSRUWDJH
'LW�UDSSRUW�OHJW�VWHUN�GH�QDGUXN�RS�GH�JHEUXLNWH�PHWKRGLHN�KRHZHO�QDWXXUOLMN�GH�UHVXOWDWHQ�YDQGH�DQDO\VHV�UHOHYDQW�]LMQ�YRRU�KHW�RQGHU]RHN�YDQ�5,90�HQ�712�,QUR��7RFK�JHOGW�GDW�GHXLWNRPVWHQ�SDV�UHOHYDQWLH�KHEEHQ�LQ�KHW�OLFKW�YDQ�GH�JHPDDNWH�NHX]HV�WHQ�DDQ]LHQ�YDQ�GHYDULDEHOHQ��KHW�UHJUHVVLHPRGHO�HQ�GH�VFKDWWLQJVWHFKQLHN��+HW�]LMQ�LPPHUV�GH]H�NHX]HV�GLHQRRG]DNHOLMNHUZLM]H�OHLGHQ�WRW�GH]H�XLWNRPVWHQ�+RRIGVWXN���JDDW�LQ�RS�GH�JHPDDNWH�NHX]HV�HQ�JDDW�GDDURP�H[SOLFLHW�LQ�RS�GH�EHDQWZRRUGLQJYDQ�GH�RQGHU]RHNVYUDJHQ���WRW�HQ�PHW����+HW�JDDW�LQ�RS�GH�VHOHFWLH�HQ�EHZHUNLQJHQ�YDQ�GHJHJHYHQV��GH�DUJXPHQWDWLH�YRRU�KHW�JHEUXLN�YDQ�KHW�ORJLVWLVFKH�UHJUHVVLHPRGHO�LQ�KHW�OLFKW�YDQGH�WRHSDVVLQJ�PHW�GH�5XLPWHVFDQQHU��,Q�KRRIGVWXN���ZRUGHQ�GH�UHVXOWDWHQ�YDQ�GH�DQDO\VHJHSUHVHQWHHUG�HQ�ZRUGW�GH�ODDWVWH�RQGHU]RHNVYUDDJ�EHQDWZRRUG��+RRIGVWXN���LV�HHQFRQFOXGHUHQG�KRRIGVWXN��'DDUQDDVW�NHQW�GLW�UDSSRUW�HHQ�JURRW�DDQWDO�ELMODJHQ�GLH�JHEUXLNW
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NXQQHQ�ZRUGHQ�DOV�QDVODJZHUN�HQ�RPZLOOH�YDQ�GH�OHHVEDDUKHLG�YDQ�KHW�UDSSRUW�QLHW�LQ�GHKRRIGWHNVW�]LMQ�RSJHQRPHQ�
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0RGHOOHQ�	�'DWD
,QOHLGLQJ
,Q�GLW�KRRIGVWXN�JDDQ�ZH�LQ�RS�GH�JHKDQWHHUGH�VFKDWWLQJVPHWKRGLHN�YRRU�GH�DOORFDWLH�YDQQLHXZH�ZRQLQJHQ��GH�JHEUXLNWH�GDWD�HQ�GH�RS�GH�98�JHYROJGH�ZHUNZLM]H�RP�GHPRGHOSDUDPHWHUV�WH�EHSDOHQ��(U�ZRUGW�NRUW�LQJHJDDQ�RS�GH�5XLPWHVFDQQHU��'H�UHGHQ�LV�GDW�GHJHYROJGH�VFKDWWLQJVPHWKRGLHN�PHW�EHKXOS�YDQ�UXLPWHOLMNH�JHJHYHQV�RS�KHW�UXLPWHOLMNHVFKDDOQLYHDX�YDQ�����ELM�����PHWHU�HQ�KHW�JHEUXLNWH�ORJLVWLVFKH�UHJUHVVLHPRGHO�LGHQWLHN�DDQGH�DOORFDWLHPRGXOH�YDQ�GH�5XLPWHVFDQQHU��'H�NHX]HV�GLH�LQ�GLW�KRRIGVWXN�ZRUGHQ�EHVFKUHYHQEHSDOHQ�GXV�KRH�GH�UXLPWHOLMNH�RQWZLNNHOLQJ�YDQ�GH�ZRQLQJYRRUUDDG�����������]DO�ZRUGHQJHwQWHUSUHWHHUG�HQ�KHEEHQ�GXV�JHYROJHQV�YRRU�KHW�WRHNRPVWEHHOG�YRRU������
*OREDOH�ZHUNLQJ�0RGHO�5XLPWHVFDQQHU
+HW�PHGH�GRRU�GH�98�RQWZLNNHOGH�PRGHO�5XLPWHVFDQQHU��6FKRWWHQ�HW�DO���������LV�LQ�GLWSURMHFW�LQJH]HW�RP�GH�PRJHOLMNH�YHUGHOLQJ�YDQ�KHW�UXLPWHJHEUXLN�YDQ�ZRQHQ�HQ�ZHUNHQ�LQ1HGHUODQG�WRW������LQ�EHHOG�WH�EUHQJHQ�(HQ�EHODQJULMNH�GRHOVWHOOLQJ�ELM�GH�RQWZLNNHOLQJ�YDQ�KHW�PRGHO�5XLPWHVFDQQHU�ZDV�GHPRJHOLMNKHLG�RP�RS�HHQYRXGLJH�HQ�VQHOOH�ZLM]H�UXLPWHOLMNH�VFHQDULR¶V�WH�NXQQHQ�YHUWDOHQ�QDDUNDDUWHQ�PHW�PRJHOLMN�WRHNRPVWLJ�UXLPWHJHEUXLN��+HW�PRGHO�LV�LQ�SULQFLSH�RRN�JHVFKLNW�RP�GHIHLWHOLMNH�UXLPWHOLMNH�RQWZLNNHOLQJHQ�XLW�KHW�YHUOHGHQ�GRRU�WH�WUHNNHQ�QDDU�GH�WRHNRPVW�HQGDDUPHH�HHQ�UHIHUHQWLH�EHHOG�WH�FUHsUHQ�YRRU�DOWHUQDWLHYH�VFHQDULR¶V��'LW�RQGHU]RHN�VWDDWGDDURP�WHQ�GLHQVWH�RP�HHQ�ZHWHQVFKDSSHOLMNH�RQGHUERXZLQJ�WH�JHYHQ�YDQ�GH�WRHNRPVWLJHUXLPWHOLMNH�VSUHLGLQJ�YDQ�KHW�ZRQHQ�WHQ�EHKRHYH�YDQ�KHW�RQGHU]RHN�YDQ�5,90�HQ�712�,QUR�8LWJDQJVSXQWHQ�ELM�GH�VLPXODWLHV�YDQ�KHW�WRHNRPVWLJ�JURQGJHEUXLN�]LMQ�KHW�KXLGLJHJURQGJHEUXLN�HQ�GH�EHNHQGH�UXLPWHFODLPV�YRRU�HHQ�EHSDDOG�]LFKWMDDU��]LH�KRRIGVWXN�����'HFODLPV�ZRUGHQ�DDQ�HHQ�EHSDDOGH�ORFDWLH�WRHJHNHQG�GRRU�GH�DWWUDFWLYLWHLW��DDQWUHNNHOLMNKHLG�YDQ�HHQ�EHSDDOGH�JURQGJHEUXLNVNODVVH�WH�RSHUDWLRQDOLVHUHQ�DDQ�GH�KDQG�YDQ�UHNHQUHJHOVZDDULQ�EHOHLG��UXLPWHOLMNH�RUGHQLQJ��QDWXXU��HWF����I\VLVFKH�HQ�HFRQRPLVFKH�HLJHQVFKDSSHQ�HQGH�UXLPWHOLMNH�UHODWLHV�WXVVHQ�YHUVFKLOOHQGH�VRRUWHQ�JURQGJHEUXLN�]LMQ�RSJHQRPHQ��'HDWWUDFWLYLWHLW�YDQ�HHQ�EHSDDOGH�JURQGJHEUXLNVNODVVH�ZRUGW�ZHHUJHJHYHQ�LQ�]RJHQDDPGHµDWWUDFWLYLWHLWVNDDUWHQ¶��'H]H�NDDUWHQ�]LMQ�ODQGVGHNNHQG��,Q�GLW�SURMHFW�]LMQ�GHDWWUDFWLYLWHLWVNDDUWHQ�VDPHQJHVWHOG�DDQ�GH�KDQG�YDQ�GH�UHNHQUHJHOV�GLH�YROJHQ�XLW�GHWUHQGDQDO\VH�ZRQHQ�����±�����'H�XLWHLQGHOLMNH�WRHGHOLQJ�YDQ�GH�YHUVFKLOOHQGH�JURQGJHEUXLNVNODVVHQ�YLQGW�SODDWV�RS�JURQGYDQ�HHQ�DOORFDWLH�DOJRULWPH�ZDDULQ�GH�NDQV�RS�WRHGHOLQJ�QLHW�DOOHHQ�DIKDQJW�YDQ�GH�DWWUDFWLYLWHLWYDQ�HHQ�EHSDDOGH�FHO�PDDU�RRN�YDQ�GH�JURRWWH�YDQ�GH�UXLPWHYUDDJ�SHU�JURQGJHEUXLNVNODVVH�+LHURS�NRPHQ�ODWHU�LQ�GLW�KRRIGVWXN�WHUXJ��5HVXOWDDW�]LMQ�NDDUWHQ�ZDDURS�KHW�JURQGJHEUXLN�LQHHQ�µ]LFKWMDDU¶�LV�ZHHUJHJHYHQ�RS�HHQ�VFKDDOQLYHDX�YDQ�����ELM�����PHWHU�
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6FKDWWLQJVPHWKRGLHN
,Q�GH]H�SDUDJUDDI�ZRUGW�HHUVW�LQJHJDDQ�RS�GH�NHX]H�YDQ�KHW�VRRUW�DQDO\VHPRGHO��9HUYROJHQVZRUGW�GH�DDUG�YDQ�GH�VFKDWWLQJVPHWKRGLHN�EHKDQGHOG��GLH�DDQVOXLW�RS�GH�PHWKRGLHN�YDQ�GH5XLPWHVFDQQHU��'DDUQD�ZRUGW�NRUW�LQJHJDDQ�KRH�GH�LQYORHG�YDQ�GH�YHUNODUHQGH�IDFWRUHQ�RS�GHWH�YHUNODUHQ�YDULDEHOH��GH�UXLPWHOLMNH�VSUHLGLQJ�YDQ�GH�WRHQDPH�YDQ�GH�ZRQLQJGLFKWKHLG������������NDQ�ZRUGHQ�JHVFKDW��'H]H�WZHH�SDUDJUDIHQ�]LMQ�WHFKQLVFK�YDQ�DDUG��7HQVORWWH�ZRUGWQRJPDDOV�PLQGHU�WHFKQLVFK�LQJHJDDQ�RS�GH�DDUG�YDQ�GH�ORJLVWLVFKH�UHJUHVVLHPRGHO��GDW�HHQYDULDQW�LV�YDQ�KHW�PXOWLSOH�UHJUHVVLHPRGHO��GH�LQWHUSUHWDWLH�YDQ�GH�SDUDPHWHUV��GH�ZDDUGH�GLHDDQ�GH]H�SDUDPHWHUV�YDQXLW�HHQ�VWDWLVFK�RSWLHN�PRHW�ZRUGHQ�JHJHYHQ��GH�ZLM]H�ZDDURS�GHEHVWH�UHJUHVVLHYHUJHOLMNLQJ�NDQ�ZRUGHQ�JHYRQGHQ�HQ�KRH�GH�VHW�YDQ�YHUNODUHQGH�YDULDEHOHQ�NDQZRUGHQ�JHUHGXFHHUG�DOYRUHQV�PHW�GH�UHJUHVVLHDQDO\VH�WH�VWDUWHQ�
7KHRUHWLVFKH�HQ�SUDJPDWLVFKH�RQGHUERXZLQJ�YRRU�HHQ�UXLPWHOLMN�DQDO\WLVFK�PRGHO�RP�GHDWWUDFWLYLWHLWVNDDUWHQ�WH�EHSDOHQ
2P�GH�UXLPWHOLMNH�DWWUDFWLYLWHLWHQ�YDQ�ZRQHQ�WH�VFKDWWHQ�]LMQ�LQ�GH�YRRUEHUHLGHQGH�IDVH�WZHHPRJHOLMNH�RSORVVLQJHQ�DDQJHGUDJHQ��HHQ�JHGUDJVPDWLJ�RQGHUERXZGH�PHWKRGH�RS�EDVLV�YDQZRQLQJPDUNRQGHU]RHNHQ��]LH�ELMYRRUEHHOG�:RRQYHUNHQQLQJHQ�������'*9+�������RI*RHWJHOXN���������RI�HHQ�UXLPWHOLMN�VWDWLVWLVFKH�EHQDGHULQJ�ZDDULQ�ZRUGW�JHSUREHHUG�GHWRHQDPH�YDQ�GH�ZRQLQJGLFKWKHLG�����������]R�JRHG�PRJHOLMN�YHUNODUHQG�WH�UHSURGXFHUHQ��,QRYHUOHJ�PHW�GH�EHJHOHLGLQJVJURHS�YDQ�GLW�RQGHU]RHN�HQ�GH�5LMNVSODQRORJLVFKH�'LHQVW��LVJHNR]HQ�YRRU�GH�WZHHGH�PHWKRGH�YDQ�UXLPWHOLMN�VWDWLVWLVFKH�WUHQGDQDO\VH��'DDU�HU�JHHQDQDO\VH�YDQ�ZRRQPLOLHXV�PRJHOLMN�LV�JHZHHVW�YDQZHJH�KHW�RQWEUHNHQ�YDQ�JHVFKLNWH�GDWD��LVEHVORWHQ�GH�DQDO\VHV�XLW�WH�YRHUHQ�RS�JURQG�YDQ�GH�YHUVFKLOOHQGH�ZRQLQJW\SHQ�
,QKRXGHOLMN�LV�ERYHQJHQRHPGH�SUDJPDWLVFKH�NHX]H�YRRU�KHW�KHW�RQGHU]RHN�YDQ�5,90�(1712�,QUR�RRN�JRHG�YHUGHGLJEDDU��,QGLHQ�DXWRQRPH�RQWZLNNHOLQJHQ�ZRUGHQ�RSJHYDW�DOV�KHWGRRUWUHNNHQ�YDQ�GH�KXLGLJH�RQWZLNNHOLQJHQ�GDQ�LV�GH�RQGHUOLJJHQGH�DVVXPSWLH�GDW�YRRUNHXUHQHQ�UHVWULFWLHV��EHOHLG��FRQVWDQW�EOLMYHQ�LQ�GH�WLMG�'LW�EHWHNHQW�GDW�HHQ�YRRUXLWEHUHNHQLQJ�YDQ�GH�WRHNRPVWLJH�VSUHLGLQJ�YDQ�ZRQHQ�PHW�EHKXOSYDQ�GH�5XLPWHVFDQQHU�QLHW�]R]HHU�KRHYHQ�JHEDVHHUG�WH�]LMQ�RS�GH�KXLGLJH�VDPHQVWHOOLQJ�YDQ�GHDWWUDFWLYLWHLWVNDDUWHQ��EHOHLG��FRQVXPHQWHQYRRUNHXUHQ��I\VLHNH�JHVFKLNWKHGHQ���PDDU�RS�HHQDWWUDFWLYLWHLWVNDDUW�GLH�ORXWHU�HQ�DOOHHQ�GH�VSUHLGLQJ�YDQ�ppQ�JURQGJHEUXLNVW\SH�DOVPHGH�GHVDPHQKDQJ�WXVVHQ�GH�VSUHLGLQJ�YDQ�YHUVFKLOOHQGH�JURQGJHEUXLNVW\SHQ�ZHHUJHHIW�'H�RQGHUOLJJHQGH�YHUNODULQJ�YRRU�GH]H�DDQZH]LJH�VWDWLVWLVFKH�VDPHQKDQJHQ�KRHYHQ�ZH�GDQQLHW�JHGUDJVPDWLJ�WH�RQGHU]RHNHQ��PDDU�NXQQHQ�ZH�NZDOLWDWLHI�QDWXXUOLMN�ZHO�GXLGHQ�RS�JURQGYDQ�EHVWDDQG�RQGHU]RHN��+LHUELM�NXQQHQ�ZH�GHQNHQ�DDQ�GH�VSUHLGLQJ�YDQ�ZRQHQ�LQ�UHODWLH�WRWUHVSHFWLHYHOLMN�GH�LQIUDVWUXFWXXU�HQ�ZHUNORFDWLHV�(HQ�PHWKRGH�GLH�KLHUYRRU�HHQ�XLWNRPVW�NDQ�EUHQJHQ�LV�GH�UXLPWHOLMNH�DXWRFRUUHODWLH��,Q�SODDWVYDQ�HHQ�DQDO\VH�YDQ�GH�UXLPWHOLMNH�DXWRFRUUHODWLH�YRRU������±�GXV�GH�UHSURGXFWLH�YDQ�GH�NDDUW������LV�KHW�]LQYROOHU�RP�GH�RQWZLNNHOLQJ�LQ�GH�WLMG�RS�GH]H�PDQLHU�WH�PRGHOOHUHQ��$IKDQNHOLMNYDQ�GH�EHVFKLNEDDUKHLG�YDQ�GH�JHJHYHQV�NDQ�YRRU�HHQ�DDQWDO�LQWHUYDOOHQ��ELMYRRUEHHOG������������GH�UXLPWHOLMNH�VSUHLGLQJ�YDQ�ZRQHQ�HQ�GH�VDPHQKDQJ�YDQ�GLH�VSUHLGLQJ�PHW�DQGHUH
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JURQGJHEUXLNVNODVVHQ�ZRUGHQ�JHPRGHOOHHUG��2S�GH]H�ZLM]H�NDQ�UHNHQLQJ�ZRUGHQ�JHKRXGHQPHW�GH�G\QDPLHN�LQ�GH�WLMG�'H�YUDDJ�LV�QX�ZHONH�SHULRGH�JHNR]HQ�PRHW�ZRUGHQ�RP�GLH�G\QDPLHN�WH�VFKDWWHQ��'DDUYRRUJHOGHQ�SUDJPDWLVFKH�HQ�LQKRXGHOLMNH�DUJXPHQWHQ��(HQ�IRUV�GHHO�YDQ�GH�ZRQLQJYRRUUDDG�LQ�����VWDDW�GDDU�DO�KHHO�ODQJ��:LOOHQ�ZH�HHQ�YHUNODULQJ�JHYHQ�YDQ�GH�YHUDQGHULQJHQ�LQ�GHZRQLQJYRRUUDDG�LQ�KHW�OLFKW�YDQ�GH�GRHOVWHOOLQJ�YDQ�KHW�5,90�HQ�712�,QUR�RQGHU]RHN��GDQ�LVKHW�JHZHQVW�GH�DQDO\VH�WH�ULFKWHQ�RS�GH�QLHXZERXZ�LQ�HHQ�UHFHQWH�SHULRGH��ELMYRRUEHHOG�������������'H�WH�YHUNODUHQ�YDULDEHOH�LV�GDQ�QLHW�ODQJHU�GH�WRWDOH�RSSHUYODNWH�SHU�FHO�EHVWHHG�DDQZRQHQ�RS�HHQ�EHSDDOG�PRPHQW��PDDU�GH�JURHL�LQ�GH�RSSHUYODNWH�SHU�FHO�EHVWHHGW�DDQ�ZRQHQ�LQGH�DIJHORSHQ�SHULRGH��'H]H�GLHQW�GDQ�WH�ZRUGHQ�YHUNODDUG�RS�EDVLV�YDQ�GH�NHQPHUNHQ�YDQ�GHFHO�DDQ�KHW�EHJLQ�YDQ�GH�SHULRGH�'H�NHX]H�YRRU�GH�SHULRGH�����������YDOW�JRHG�WH�YHUGHGLJHQ�LQ�KHW�OLFKW�YDQ�GHRQGHU]RHNVRSGUDFKW�YDQ�5,90�HQ�712�,QUR��KHW�GRRUWUHNNHQ�YDQ�KHW�KXLGLJH�FRPSDFWHVWDGEHOHLG�DDQJHYXOG�PHW�DXWRQRPH�RQWZLNNHOLQJHQ�LQ�GH�UXLPWHOLMNH�VSUHLGLQJ�YDQ�ZRQHQ�YDQ�����WRW�������0HW�DXWRQRPLH�GRHOHQ�ZH�GDQ�RS�GH�YDVWVWDDQGH�YHUKRXGLQJHQ�WXVVHQ�EXUJHUHQ�RYHUKHLG��'H]H�SHULRGH�LV�UHGHOLMN�WXUEXOHQW�JHZHHVW��'H�ZRQLQJPDUNW�NHQGH�HHQ�SHULRGHYDQ�VWDJQDWLH��LQVWRUWLQJ�ZRQLQJPDUNW���KHUVWHO�HQ�JURWH�EORHL��2RN�LV�KHW�HHQ�SHULRGH�ZDDULQEHOHLGVPDWLJ�GH�UXLPWHOLMNH�RUGHQLQJ�YDQ�KHW�ZRQHQ�YHUDQGHUGH�YDQ�JHEXQGHOGHGHFRQFHQWUDWLH�QDDU�KHW�FRPSDFWH�VWDG�LGHH��'LW�FRQFHSW�ZRUGW�LQ�KHW�RQGHU]RHN�YDQ�5,90�HQ712�,QUR�GRRUJHWURNNHQ�WRW�������2RN�LV�KHW�GH�SHULRGH�ZDDULQ�GH�PDUNWZHUNLQJ�RS�GHZRQLQJPDUNW�PHHU�HQ�PHHU�JHVWDOWH�NULMJW�HQ�YHUZRRUG�LV�LQ�GH�1RWD�+HHUPD��������GLHELQQHQNRUW�ZRUGW�JHsYDOXHHUG��'H]H�SHULRGH�NHQPHUNW�]LFK�GDDURP�RRN�GRRU�HHQ�WRHQHPHQGHYULMKHLG�YDQ�GH�ZRRQFRQVXPHQW�PHW�QDPH�LQ�GLH�JHELHGHQ�ZDDU�GH�GUXN�RS�GH�ZRQLQJPDUNWEHSHUNW�LV��]LH�R�D��*RHWJHOXN�������HQ�UHODWLHI�FRQVWDQWH�FRQVXPHQWHQSUHIHUHQWLHV��%RRWVPD�������%RRWVPD�WRRQW�DDQ�GDW�YDQ�HHQ�UHXUEDQLVDWLHSURFHV�RS�EDVLV�YDQ�SUHIHUHQWLHV�JHHQHQNHOH�VSUDNH�LV��+HW�FRPSDFWH�VWDGVEHOHLG�LV�GXV�ZRRQFRQVXPHQWHQYUHHPG�
*HJHYHQ�GH�QRRG]DDN�GH�G\QDPLHN�LQ�GH�WLMG�WH�PHWHQ��XLWJHGUXNW�LQ�GH�WRHQDPH�YDQ�GHZRQLQJGLFKWKHLG��NDQ�PHW�GH�UXLPWHOLMNH�DXWRFRUUHODWLH�ZRUGW�DDQJHJHYHQ�LQ�ZHONH�PDWH�HUVDPHQKDQJ�EHVWDDW�WXVVHQ�GH�RPYDQJ�YDQ�KHW�JURQGJHEUXLN�LQ�HHQ�]RQH�HQ�LQ�RPULQJHQGH]RQHV��,Q�GH�OLWHUDWXXU�]LMQ�FRsIILFLsQWHQ�RQWZLNNHOG�RP�KHW�QLYHDX�YDQ�UXLPWHOLMNHDXWRFRUUHODWLH�WH�PHWHQ��(HQ�EHNHQG�YRRUEHHOG�LV�GH�0RUDQ�FRsIILFLsQW��'H]H�FRsIILFLsQW�KHHIWYRRUDO�HHQ�EHVFKULMYHQGH�EHWHNHQLV��,QWHUHVVDQWHU�LV�KHW�RP�QD�WH�JDDQ�RI�HU�LQ�GH�ORRS�YDQ�GHWLMG�YHUDQGHULQJHQ�RSWUHGHQ�LQ�GH�RQGHUOLQJH�YHUKRXGLQJHQ�WXVVHQ�VRRUWHQ�JURQGJHEUXLN�'DDUQDDVW�LV�KHW�PRJHOLMN�RP�UXLPWHOLMNH�DXWRFRUUHODWLH�HHQ�SODDWV�WH�JHYHQ�LQ�HHQ�YHUNODUHQGHDQDO\VH��+HW�JDDW�HU�GDQ�ELMYRRUEHHOG�RP�GDW�GH�RPYDQJ�YDQ�HHQ�EHSDDOG�W\SH�JURQGJHEUXLN�LQHHQ�]RQH�QLHW�DOOHHQ�DIKDQJW�YDQ�GH�NHQPHUNHQ�YDQ�GH�]RQH�]HOI��PDDU�RRN�YDQ�GH�YUDDJ�LQKRHYHUUH�GLW�JURQGJHEUXLN�LQ�RPOLJJHQGH�]RQHV�YRRUNRPW��'LW�NDQ�ELMYRRUEHHOG�GXLGHQ�RSDJJORPHUDWLH�YRRUGHOHQ��2RN�LV�KHW�PRJHOLMN�RP�UHNHQLQJ�WH�KRXGHQ�PHW�SRVLWLHYH��RIQHJDWLHYH��UXLPWHOLMNH�FRUUHODWLHV�WHQ�DDQ]LHQ�YDQ�DQGHUH�VRRUWHQ�JURQGJHEUXLN��'HHHQYRXGLJVWH�PDQLHU�RP�GLW�WH�GRHQ�LV�GRRU�GH�YHUNODUHQGH�YDULDEHOHQ��;��YRRU�GH�WRHQDPHYDQ�GH�GLFKWKHLG�YDQ�KHW�ZRQHQ��<��GH�VFRUH�RS�GH�YHUNODUHQGH�YDULDEHOHQ�YDQ�GH�RPOLJJHQGHJULGFHOOHQ�PHH�WH�QHPHQ��,QKRXGHOLMN�NORSW�GLW�QDWXXUOLMN�RPGDW�GH�DWWUDFWLYLWHLW�YDQ�HHQERXZORFDWLH�RRN�GRRU�]LMQ�RPJHYLQJ�ZRUGW�EHSDDOG�'LW�LV�UHHGV�PRJHOLMN�LQ�GH�KXLGLJH�YHUVLH�YDQ�GH�5XLPWHVFDQQHU��'H�DWWUDFWLYLWHLW�YDQ�HHQORNDWLH�YRRU�ZRQHQ�KDQJW�YDQ�HHQ�JHGHVDJJUHHUG�EHSHUNW�UXLPWHOLMN�LQWHUDFWLHPRGHO
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�ORJLVWLVFK��YDQ�GH�RPYDQJ�YDQ�ZRRQDFWLYLWHLWHQ�LQ�GH�RPJHYLQJ��'H�ZLM]H�ZDDURS�GLWPRGHOPDWLJ�NDQ�ZRUGHQ�EHSDDOG�ZRUGW�LQ�GH�YROJHQGH�SDUDJUDDI�EHKDQGHOG�
'H�DFKWHUJURQG�YDQ�GH�JHEUXLNWH�VFKDWWLQJVPHWKRGLHN
%LM�GH�VFKDWWLQJVWHFKQLHN�ZRUGW�DDQJHVORWHQ�ELM�KHW�JURQGJHEUXLNVPRGHO�5XLPWHVFDQQHU�6FKRWWHQ�HW�DO���������]RDOV�GDW�LQ�SDUDJUDDI�����EHVFKUHYHQ�LV��+HW�PRGHO�DQDO\VHHUW�GHDOORFDWLH�YDQ�JURQG�WXVVHQ�YHUVFKLOOHQGH�JURQGJHEUXLNVFDWHJRULHHQ�M ������-�LQ�FHOOHQ�F ������&�'H�DWWUDFWLYLWHLW�YDQ�FHO�F�YRRU�JURQGJHEUXLNV�FDWHJRULH�M�ZRUGW�JHUHSUHVHQWHHUG�GRRU�VFM�+LHUELM�LV�VFM HHQ�IXQFWLH�YDQ�HHQ�DDQWDO�IDFWRUHQ�N ������.�GLH�WH]DPHQ�EHSDOHQ�KRH�GHDWWUDFWLYLWHLW�LV�YDQ�FHO�F�YRRU�JURQGJHEUXLN�M��8LWJDDQGH�YDQ�HHQ�OLQHDLU�PRGHO�JHEDVHHUG�RSNHQPHUNHQ�[FN NRPHQ�ZH�XLW�RS�

VFM  �E�M[F� ������E.M[F.� YRRU�DOOH�F�HQ�M
,Q�VFM ]LMQ�DOOH�UHOHYDQWH�JHVFKLNKHLGVEHSDOHQGH�IDFWRUHQ�PHHJHQRPHQ�RS�ppQ�QD��GH�SULMV���'HSULMV�YDQ�JURQG�LQ�FHO�F�ZRUGW�JHUHSUHVHQWHHUG�DOV�SF��+HW�QHWWR�QXW�YDQ�JURQGJHEUXLN�M�LQ�FHO�FLV�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��+LHURQGHUJDDQ�ZH�GLHSHU�LQ�RS�GH�VFKDWWLQJ�YDQ�GH�SDUDPHWHUV�DM HQ�EFM�
:H�EHVFKRXZHQ�QX�HHQ�DFWRU��ELMYRRUEHHOG�
JH]LQQHQ
��GLH�GH�JURQG�LQ�DOOH�FHOOHQ�YHUJHOLMNWQDDU�KXQ�DDQWUHNNHOLMNKHLG��QHWWR�QXW�YFM��DOV�ZRRQORFDWLH��'H]H�DDQWUHNNHOLMNKHLG�KDQJW�VWHHGVDI�YDQ�KHW�YHUVFKLO�WXVVHQ�JHVFKLNWKHLG�HQ�SULMV�VFM�DMSF��+RH�KRJHU�GH]H�ZDDUGH�LV�KRH�KRJHU�GHNDQV�GDW�JH]LQQHQ�KXQ�DFWLYLWHLW�M��ZRQHQ��LQ�FHO�F�]XOOHQ�ORNDOLVHUHQ��9ROJHQV�KHW�VWDQGDDUGORJLW�PRGHO�LV�GH�NDQV�TFM GDW�JH]LQQHQ�ELM�DFWLYLWHLW�M�NLH]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�YDQXLW�JHJDDQ�GDWDOOH�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�GDW�VRPPLJH�]RQHV�GRRUEHOHLGVPDDW�UHJHOHQ��]RQHULQJ��VOHFKWV�YRRU�HHQ�GHHO�RI�KHOHPDDO�QLHW�LQ�DDQPHUNLQJ�NRPHQYRRU�JURQG�JHEUXLNVW\SH�M��(U�JHOGW�RRN�HHQ�DQGHU�DVSHFW��'H�WRWDOH�UXLPWH�LQ�HHQ�JULGFHO�LVRRN�QLHW�JHKHHO�EHVFKLNEDDU�RPGDW�GH�EHVWDDQGH�EHERXZGH�UXLPWH�QLHW�HHQYRXGLJ�NDQ�ZRUGHQRQWNHQG��'H�UXLPWH�SHU�FHO�GLH�LQ�GH�DQDO\VH�ZRUGW�EHWURNNHQ�LV�GDQ�LPPHUV�JHOLMN�DDQ�GHWRWDOH�UXLPWH�/F�PLQXV�GH�UXLPWH�5F�GLH�DDQ�KHW�EHJLQ�YDQ�GH�SHULRGH�DO�DDQ�ZRQHQ�ZRUGWEHVWHHG��2YHULJHQV�NDQ�5F�/F�ZHO�HHQ�URO�VSHOHQ�DOV�YHUNODUHQGH�YDULDEHOH�YDQ�GH�YHUDQGHULQJYDQ�KHW�JURQGJHEUXLN�LQ�HHQ�FHO��'H�PDWH�ZDDULQ�KHW�QLHW�ZRRQ�JHGHHOWH�YDQ�HHQ�FHO�]DOZRUGHQ�LQJHYXOG�YRRU�ZRQHQ�NDQ�LPPHUV�DIKDQJHQ�YDQ�GH�RPYDQJ�YDQ�KHW�ZRRQJHGHHOWH�LQHHQ�FHO�LQ�GH�XLWJDQJVVLWXDWLH��=LM�/F GH�RPYDQJ�YDQ�FHO�F��'DQ�NDQ�DOV�YROJW�H[SOLFLHW�UHNHQLQJZRUGHQ�JHKRXGHQ�PHW�YHUVFKLOOHQ�LQ�GH�RPYDQJ�YDQ�FHOOHQ�
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TFM  �/F�H[S�VFM �DMSF����>/��H[S�V�M�DMS�������/&�H[S�V&M�DMS&�@� YRRU�DOOH�F�HQ�M
'XLGHOLMN�LV�GDW�EHLGH�YRULJH�IRUPXOHV�LGHQWLHN�]LMQ�DOV�GH�RPYDQJ�YDQ�GH�JURQG�LQ�DOOH�FHOOHQHYHQ�JURRW�LV�
1HHP�QX�DDQ�GDW�YRRU�GH�GLYHUVH�JURQGJHEUXLNVW\SHQ�GH�WRWDOH�YUDDJ�JHJHYHQ�LV��ZHHUJHJHYHQDOV�4M'���'LW�KRXGW�LQ�GDW�GH�YUDDJ�H[RJHHQ�LV�HQ�RS�JHDJJUHJHHUG�QLYHDX�LQHODVWLVFK�LV��:HJDDQ�HU�KLHU�YDQXLW�GDW�GH�JHDJJUHJHHUGH�YUDDJ�JHOLMN�LV�DDQ�GH�KHW�WRWDOH�DDQERG�YDQ�JURQG�LQKHW�ODQG��'H�YHUZDFKWH�KRHYHHOKHLG�JURQG�GLH�JHYUDDJG�ZRUGW�YRRU�W\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�GDOHQGH�IXQFWLH�LVYDQ�GH�JURQGSULMV�LQ�GH�HLJHQ�FHO��YLD�GH�WHOOHU��HQ�HHQ�VWLMJHQGH�IXQFWLH�YDQ�GH�SULMV�LQ�DOOHDQGHUH�FHOOHQ��YLD�GH�QRHPHU���+HW�ORJLW�PRGHO�VWHOW�RQV�LQ�VWDDW�RP�GH�SDUDPHWHUV�YDQ�GHODDWVWH�YHUJHOLMNLQJ�WH�VFKDWWHQ�
'XLGHOLMN�LV�GDW�GH�WH�VFKDWWHQ�JHZLFKWHQ�YRRU�GH�ZDDUGHULQJ�YDQ�DWWUDFWLYLWHLW�YRRU�GHDFWLYLWHLW�ZRQHQ�LQ�KHW�YHUOHGHQ�HHQ�FRPELQDWLH�LV�YDQ�]RZHO�YUDDJHOHPHQWHQ��DOV�YDQRYHUKHLGVEHOHLG��+HW�]RX�RYHULJHQV�LQWHUHVVDQW�]LMQ�RP�QD�WH�JDDQ�LQKRHYHUUH�VFKDWWLQJ�YDQ�GHSDUDPHWHUV�ENM�LQ�GH�ORRS�YDQ�GH�WLMG�OHLGW�WRW�V\VWHPDWLVFKH�WUHQGV�GLH�HYHQWXHHO�]RXGHQNXQQHQ�ZRUGHQ�GRRUJHWURNNHQ�ELM�KHW�JHEUXLN�YDQ�GH�5XLPWHVFDQQHU�YRRU�GH�VFKDWWLQJ�YDQWRHNRPVWLJ�JURQGJHEUXLN�
,Q�ERYHQVWDDQGH�LV�DDQJHJHYHQ�GDW�GH�SULMV�HHQ�EHODQJULMNH�IDFWRU�LV�RP�FRQFXUUHQWLH�WXVVHQJURQGJHEUXLNVW\SHQ�WH�VLPXOHUHQ�]RDOV�GH�FRQFXUUHQWLH�WXVVHQ�ZRQHQ��ZHUNHQ�HQ�LQIUDVWUXFWXXUGH�VLPXOHUHQ��,Q�KHW�RQGHU]RHN�YDQ�5,90�HQ�712�,QUR�LV�GLW�HYHQZHO�QLHW�YDQ�EHODQJ�$DQJHQRPHQ�ZRUGW�QDPHOLMN�GDW�LQIUDVWUXFWXXU��QDWXXU��(+6��HQ�GH�ZRRQORFDWLHV�LQ�%HVWDDQGH6WHGHOLMN�*HELHG��%6*��HQ�GH�9,1(;�XLWOHJ�VRZLHVR�ZRUGHQ�JHUHDOLVHHUG��,Q�KHW�RQGHU]RHNZRUGW�RRN�DDQJHQRPHQ�GDW�RS�GH�ZHUNORFDWLHV��]RDOV�DDQJHJHYHQ�RS�GH�SODQNDDUW�1HGHUODQG�LQ3ODQQHQ��53'��DOVPHGH�KXLGLJH�ZHUNORFDWLHV��JHHQ�ZRQLQJHQ�PRJHQ�NRPHQ�'H�UHVWHUHQGHZRQLQJFODLP�SHU�&2523��GH�WRWDOH�ZRQLQJFODLP�SHU�&2523�PLQXV�KHW�D�SULRUL�JHDOORFHHUGHGHHO�YDQ�GH]H�FODLP�SHU�&2523��]DO�UXLPWHOLMN�YHUVSUHLG�ZRUGHQ�FRQIRUP�GH�KLHUJHSUHVHQWHHUGH�WUHQGDQDO\VH��'H]H�UHVWFODLP�ZRUGW�JHDOORFHHUG�LQ�HQHU]LMGV�2YHULJH�%RXZ/RFDWLHV��EHVWHPPLQJVSODQQHQ�HQ�GHUJHOLMNH�EXLWHQ�GH�%6*�HQ�9,1(;�8LWOHJ��HQ�DQGHU]LMGVKHW�ODQGHOLMNH�JHELHG��XLWJH]RQGHUG�%6*���'DDUELM�ZRUGW�DDQJHQRPHQ�GDW�GH�SULMV�GLH�GHZRQLQJERXZ�NDQ�EHWDOHQ�YRRU�HHQ�KHFWDUH�JURQG�D�SULRUL�KRJHU�LV�GDQ�YRRU�DQGHUHJURQGJHEUXLNVW\SHQ��(HQ�SUREOHHP�]RX�VOHFKWV�NXQQHQ�RSGRHPHQ�YRRU�ORFDWLHV�GLH�YRRUZHUNJHOHJHQKHLG�HQ�YRRU�ZRQHQ�HYHQ�WRHJDQNHOLMN�]LMQ��$DQJHQRPHQ�ZRUGW�GDW�HU�YROGRHQGHZHUNORFDWLHV�ZRUGHQ�JHYRQGHQ�LQ�ZRRQJHELHGHQ��+LHU�GHQNH�PHQ�DDQ�GH�GHWDLOKDQGHO�HQ�GH]DNHOLMNH�GLHQVWYHUOHQLQJ�LQ�GH�%6*�
5HVXPHUHQG�EHWHNHQW�GLW�GDW�GH�JURQGPDUNW�EXLWHQ�VSHO�VWDDW��'H�DWWUDFWLYLWHLW�LV�GXV�JHHQUHVXOWDQWH�YDQ�GH�SULMV�NZDOLWHLWVYHUKRXGLQJ��PDDU�ORXWHU�HQ�DOOHHQ�YDQ�GH�NZDOLWHLW��'H]HYHUJDDQGH�YHURQGHUVWHOOLQJ�NDQ�VOHFKWV�JHOGHQ�YRRU�KHW�VSHFLILHNH�VFHQDULR�LQ�KHW�RQGHU]RHN
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YDQ�5,90�HQ�712�,QUR��9RRU�YHUGHUH�GHWDLOV�YHUZLM]HQ�ZLM�QDDU�GLW�UDSSRUW��*RHWJHOXN�HW�DO�������
0D[LPXP�/LNHOLKRRG�VFKDWWLQJVSURFHGXUH
'H�YUDDJ�LV�QX�KRH�GH�FRsIILFLsQWHQ�ENM XLW�YHUJHOLMNLQJ�����NXQQHQ�ZRUGHQ�JHVFKDW��,Q�KHWNDGHU�YDQ�GH�KXLGLJH�VWXGLH�EHSHUNHQ�ZH�RQV�WRW�GH�FRHIILFLHQWHQ�GLH�EHWUHNNLQJ�KHEEHQ�RS�KHWJURQGJHEUXLN�YRRU�KHW�ZRQHQ��2S�EDVLV�YDQ�GH�ZDDUJHQRPHQ�YHUDQGHULQJHQ�LQ�KHWJURQGJHEUXLN�JHGXUHQGH�GH�DIJHORSHQ�SHULRGH�NXQQHQ�GH�EHWUHIIHQGH�FRsIILFLsQWHQ�DOV�YROJWZRUGHQ�JHVFKDW�+HW�ZDDUJHQRPHQ�DDQWDO�JHERXZGH�ZRQLQJHQ�:F LQ�JULG�FHO�F�NXQQHQ�ZH�EHVFKRXZHQ�DOV�GHXLWNRPVW�YDQ�HHQ�NDQVSURFHV��'LW�NDQVSURFHV�KDQJW�DI�YDQ�GH�VFRUHV�YDQ�GH�YHUNODUHQGHYDULDEHOHQ�[F������[F. HQ�GH�QRJ�RQEHNHQGH�ELMSDVVHQGH�FRsIILFLsQWHQ�ENM��*HJHYHQ�KHW�W\SHZRQLQJ��NXQQHQ�HU�PD[LPDDO�0�ZRQLQJHQ�SHU�KD�JHERXZG�ZRUGHQ��1HHP�DDQ�GDW�HU�LQ�HHQ�FHO/F KD�EHVFKLNEDDU�LV�YRRU�ZRQLQJHQ�GDQ�]RXGHQ�HU�LQ�KHW�XLWHUVWH�JHYDO�LQ�FHO�F�1F 0�/FZRQLQJHQ�NXQQHQ�ZRUGHQ�JHERXZG��+HW�ZHUNHOLMNH�DDQWDO�JHERXZGH�ZRQLQJHQ�:F YDQ�KHWEHWUHIIHQGH�W\SH�LV�GRRUJDDQV�XLWHUDDUG�NOHLQHU�GDQ�1F��:H�EHVFKRXZHQ�QX�GH�NDQV�RS�GHUHDOLVDWLH�YDQ�:F ZRQLQJHQ��DOV�GH�XLWNRPVW�YDQ�HHQ�ELQRPLDDO�NDQVSURFHV�PHW�1F WUHNNLQJHQPHW�HHQ�NDQV�3F RS�UHDOLVDWLH�YDQ�GH�ZRRQIXQFWLH��'H]H�NDQV�3F LV�HHQ�IXQFWLH�YDQ�GH�JHVFKLNW�KHLG�YFM YDQ�FHO�F�YRRU�KHW�ZRQHQ��GLH�]RDOV�DDQJHJHYHQ�LQ�����RQGHUPHHU�DIKDQJW�YDQ�GH�WHVFKDWWHQ�FRHIILFLHQWHQ�ENM��9RRU�GH�IXQFWLRQHOH�YRUP�PDNHQ�ZH�GDDUELM�JHEUXLN�YDQ�GHEDVLVYRUP�YDQ�KHW�ORJLW�PRGHO�

3F  �H�YFM�����H�YFM��'XLGHOLMN�LV�GDW�ELM�HHQ�]HHU�KRJH�JHVFKLNWKHLG�YFM GH�NDQV�RS�UHDOLVDWLH�ELMQD�JHOLMN�]DO�ZRUGHQDDQ����ZDW�YROJHQV�KHW�NDQVPRGHO�]RX�OHLGHQ�WRW�HHQ�]HHU�KRRJ�DDQGHHO�YDQ�GH�EHVFKLNEDUHJURQG�LQ�FHO�F�GLH�GH�EHVWHPPLQJ�ZRQHQ�NULMJW��'H�NDQV�RS�HHQ�UHDOLVDWLH�YDQ�:F ZRQLQJHQ�LQFHO�F�LV�QX�YROJHQV�KHW�ELQRPLDOH�PRGHO�
/F �:F��YFM�� ���>:F���1F�:F����1F�@��>�3F A�:F@ ��>��3F@�A�>1F�:F@

'H�WZHHGH�HQ�GH�GHUGH�IDFWRU�]LMQ�DIKDQNHOLMN�YDQ�GH�WH�VFKDWWHQ�FRsIILFLHQWHQ��'DW�JHOGW�QLHWYRRU�GH�HHUVWH�IDFWRU��GH]H�KDQJW�QLHW�DI�YDQ�GH�WH�VFKDWWHQ�FRsIILFLHQWHQ��'H]H�IDFWRU�JHHIW�KHWDDQWDO�PDQLHUHQ�DDQ�ZDDURS�:F ZRQLQJHQ�RS�1F SHUFHOHQ�NXQQHQ�ZRUGHQ�JHERXZG�'H�ZDDUJHQRPHQ�UHDOLVDWLHV�SHU�FHO�VWHOOHQ�RQV�QX�LQ�VWDDW�RP�PHW�GH�EHKXOS�YDQ�GH�PD[LPXPOLNHOLKRRG�PHWKRGH�GH�ZDDUGHQ�YDQ�GH�FRHIILFLHQWHQ�ENM WH�VFKDWWHQ��9RRU�GHWDLOV�YHUZLM]HQ�ZHQDDU�ELMODJH���
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/RJLVWLVFKH�UHJUHVVLHPRGHO�HQ�FRUUHODWLH�DQDO\VH
8LW�GH�YRULJH�SDUDJUDDI�HQ�XLW�ELMODJH���EOLMNW�GDW�JHEUXLN�ZRUGW�JHPDDNW�YDQ�HHQUHJUHVVLHPRGHO�GLH�GH�NDQV��3��ZHHUJHHIW�RS�HHQ�JHEHXUWHQLV��,Q�GLW�RQGHU]RHN�LV�GLHJHEHXUWHQLV�GH�WRHQDPH�YDQ�GH�ZRQLQJGLFKWKHLG�����������LQ�HHQ�EHSDDOGH�JULGFHO�DOV�JHYROJYDQ�GH�LQYORHG�YDQ�GH�YHUNODUHQGH�YDULDEHOHQ��;���$DQJHWRRQG�NDQ�ZRUGHQ�GDW�HHQ�PXOWLSOHUHJUHVVLHPRGHO�YRRU�KHW�GRHO�YDQ�GLW�RQGHU]RHN�QLHW�JHVFKLNW�LV��:ULJOH\������SS���������HQGDW�HHQ�ORJLVWLVFKH�UHJUHVVLHPRGHO�KHW�DOWHUQDWLHI�LV��:ULJOH\�������SS���������
(HQ�ORJLVWLVFKH�UHJUHVVLHPRGHO�ZRUGW�JHEUXLNW�RP�GH�UHODWLH�WXVVHQ�KHW�VWXGLHRQGHUZHUS�HQPHHUGHUH�YHUNODUHQGH�YDULDEHOHQ�WH�RQGHU]RHNHQ��0HW�QDPH�DOV�GH�PHHWVFKDOHQ��ELMYRRUEHHOGQRPLQDDO�YHUVXV�LQWHUYDO�RI�UDWLR��YDQ�GH�YHUNODUHQGH�HQ�GH�WH�YHUNODUHQ�YDULDEHOHQYHUVFKLOOHQG�]LMQ��LV�KHW�ORJLVWLVFKH�UHJUHVVLHPRGHO�JRHG�WRHSDVEDDU��2RN�VOXLW�GH�ORJLVWLVFKHUHJUHVVLH�JRHG�DDQ�ELM�GH�PDQLHU�ZDDURS�5XLPWHVFDQQHU�JURQGJHEUXLN�WRHGHHOW��QDPHOLMN�LQWHUPHQ�YDQ�NDQV�RS�YRRUNRPHQ�WXVVHQ���HQ����'H�UHODWLH�LQ�HHQ�ORJLVWLVFKH�UHJUHVVLH�DQDO\VHZRUGW�DOV�YROJW�XLWJHGUXNW�

<� ���������;�������;����«�Q�;Q���H
+LHULQ�LV�<�GH�EHVWXGHHUGH��DIKDQNHOLMNH��YDULDEHOH�HQ�;�GH�YHUNODUHQGH��RQDIKDQNHOLMNH�YDULDEHOH�����VWDDW�YRRU�GH�LQWHUFHSW�HQ��Q�VWHOW�GH�EHUHNHQGH�SDUDPHWHU�YRRU�YDQ�GH�YDULDEHOH;Q��'H�LQWHUFHSW�VWDDW�YRRU�GH�JHPLGGHOGH�ZDDUGH��JHRPHWULVFK�JHPLGGHOGH��YDQ�<�LQGLHQJHHQ�UHNHQLQJ�ZRUGW�JHKRXGHQ�PHW�GH�YHUNODUHQGH�YDULDEHOHQ��'H�EHWD¶V�JHYHQ�GH�ULFKWLQJ�QHJDWLHI�HQ�SRVLWLHI��HQ�GH�VWHUNWH�YDQ�KHW�YHUEDQG�WXVVHQ�;�HQ�<�DDQ��'H�OHWWHU�H�VWDDW�YRRU�GHUDQGRP�YHUGHHOGH�IRXW�LQ�GH]H�UHODWLH�
'H�<�LQ�ERYHQVWDDQGH�YHUJHOLMNLQJ�LV�LGHQWLHN�DDQ�GH�9FM LQ�GH�YRULJH�SDUDJUDDI��,Q�GH�YRULJHSDUDJUDDI�KHEEHQ�ZH�UHHGV�JH]LHQ�GDW�GH�9FM ZRUGW�LQJHSDVW�LQ�GH�YHUJHOLMNLQJ�RP�3F WHEHSDOHQ��'H�SDUDPHWHUV��EHWD¶V�GLH�GH�LQYORHG�YDQ�GH�YHUNODUHQGH�YDULDEHOHQ�NZDQWLWLHIZHHUJHYHQ��YDQ�GLW�PRGHO�]LMQ�QLHW�]R�HHQYRXGLJ�WH�LQWHUSUHWHUHQ�DOV�LQ�HHQ�JHZRQH�PXOWLSOHUHJUHVVLHPRGHO��'H�SDUDPHWHUV�ZRUGHQ�QDPHOLMN�LQJHYXOG�LQ�HHQ�H[SRQHQWLsOH�NDQVIXQFWLH3 HI�[�������HI�[����ZDDUELM�I�[��GH�UHJUHVVLHYHUJHOLMNLQJ�LV��3�GH�NDQV�LV�HQ�H�VWDDW�YRRU�HHQ�H�PDFKWIXQFWLH��Ha������,QGLHQ�GH�UHJUHVVLHYHUJHOLMNLQJ�I�[��GH�ZDDUGH�QXO�KHHIW�ZRUGW�GH�NDQVRS�HHQ�WRHQDPH��H�����H����KHWJHHQ�LGHQWLHN�LV���������RIZHO�������,QGLHQ�GH�IXQFWLH�GH�ZDDUGH��KHHIW�GDQ�ZRUGW�GH�NDQV��������H�����H���RIZHO����������������,V�GH�ZDDUGH�YDQ�GH�IXQFWLH�±�GDQ�ZRUGW�GH�NDQV�������%RYHQVWDDQGH�GULH�YRRUEHHOGHQ�PDNHQ�LQ]LFKWHOLMN�KRH�GH�EHWD¶VPRHWHQ�ZRUGHQ�EHKDQGHOG�
'H�YUDDJ�GLH�QX�JHVWHOG�ZRUGW��LV�ZHONH�YDULDEHOHQ�HHQ�]LQYROOH�ELMGUDJH�OHYHUHQ�DDQ�GHYHUNODULQJ�LQ�GH�WRHQDPH�YDQ�KHW�DDQWDO�ZRQLJHQ�WXVVHQ������������%LM�GH�XLWYRHULQJ�YDQ�GHUHJUHVVLH�DQDO\VH�ZRUGHQ�GH�SDUDPHWHUV���V��YDQ�GH�YHUVFKLOOHQGH�YDULDEHOHQ�EHUHNHQG��'HSDUDPHWHUV�EHSDOHQ�KHW�UHODWLHYH�JHZLFKW�SHU�[�YDULDEHOH�LQ�GH�GLVWULEXWLH�YDQ�GH�WH�YHUNODUHQ\�YDULDEHOH��,Q�KHW�DOJHPHHQ�NDQ�JHVWHOG�ZRUGHQ�GDW�LQ�HHQ�HIILFLsQW�UXLPWHOLMN�PRGHO�PHW�HHQ]R�NOHLQ�PRJHOLMN�DDQWDO�EHSDOHQGH�YDULDEHOHQ�WRFK�HHQ�YROGRHQGH�SUHFLH]H�YRRUVSHOOLQJ�NDQZRUGHQ�JHGDDQ��<XH�+RQJ�&KRX��������'H�YROJHQGH�EHODQJULMNH�VWDS�LV�GDDURP�WH�EHSDOHQ�ZHONH�YDQ�GH�YDULDEHOHQ�LQ�KHW�UHJUHVVLH�PRGHO�HHQ�VLJQLILFDQWH�ELMGDJH�KHEEHQ�DDQ�GH�YHUNODULQJ�YDQ�GH�\�YDULDEHOH��2QGHU�GH]H
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ELMGDUHJ�ZRUGW�YHUVWDDQ�HHQ�ELMGUDJH�GLH�QLHW�DIZLMNW�YDQ�QXO��'LW�ZRUGW�JHGDDQ�DDQ�GH�KDQGYDQ�VLJQLILFDQWLH�WHVWHQ�YDQ�GH�EHUHNHQGH�SDUDPHWHUV���V���'H�JHEUXLNWH�VLJQLILFDQWLH�WHVW�LV�GHW�WHVW�YDQ�VWDWLVWLVFKH�VLJQLILFDQWLH��'H�W��ZDDUGH�LV�DOV�YROJW�JHGHILQLHHUG�
W� �����6�

'H�6��LV�GH�VWDQGDDUG�IRXW�RIZHO�GH�VSUHLGLQJ��VWDQGDUGHYLDWLH��YDQ�ZDDUGHQ�RP�GH�EHWD��GLHPHW�GH�0/�LV�JHVFKDW��0HW�DQGHUH�ZRRUGHQ��HHQ�EHWD�PHW�HHQ�]HHU�JHULQJH�VSUHLGLQJ�HHQµEHWHUH¶�EHWD�GDQ�PHW�HHQ�JURWH�VSUHLGLQJ��,Q�GH�JHEUXLNWH�ORJLW�UHJUHVVLH�LQ�6�SOXV�ZRUGW�GH�W�ZDDUGH�DXWRPDWLVFK�EHUHNHQG��GLH�YHUYROJHQV�YHUJHOHNHQ�ZRUGW�PHW�GH�ZDDUGH�LQ�GH�W�WDEHOPHW�HHQ�VLJQLILFDQWLH�QLYHDX�YDQ������HQ�HHQ�RQHLQGLJ�DDQWDO�YULMKHLGVJUDGHQ��=RODQJ�GHEHSDDOGH�W��ZDDUGH�KRJHU�LV�GDQ�GH�W�ZDDUGH�XLW�GH�WDEHO�NDQ�JHVWHOG�ZRUGHQ�GDW�GH�EHWUHIIHQGHEHWD�DIZLMNW�YDQ�QXO�:DW�EHWHNHQW�]R¶Q�VLJQLILFDQWLHQLYHDX�YDQ�����"�:H�VWHOOHQ�DOV�RQGHU]RHNHU�GDW�ELM�HHQRQHLQGLJ�DDQWDO�VFKDWWLQJHQ�ZH�YLMI�YDQ�GH�KRQGHUG�NHHU�RQWHUHFKW�EHZHUHQ�GDW�GH�EHWD�YDQ�QXODIZLMNW��'H]H�IRXW�ZRUGW�HHQ�IRXW�YDQ�HHUVWH�RUGH�RIZHO�HHQ�DOSKD�IRXW�JHQRHPG��'H]H�IRXWNDQ�QDPHOLMN�H[DFW�ZRUGHQ�EHSDDOG�RS�EDVLV�YDQ�GH�NDQVWKHRULH��,QGLHQ�ZH�JHHQ�UHODWLHYHUZDFKWHQ�RS�WXVVHQ�<�HQ�;�]DO�GH�ZDDUGH�YDQ�GH�EHWD�YDQ�GH�;�HHQYRXGLJ�KHW�UHVXOWDDW�]LMQYDQ�WRHYDOWUHIIHUV��,QGLHQ�GH�ZDDUGH�YDQ�GH�EHWD�HFKWHU�JURWHU�LV�GDQ�GH�WRHYDOVWUHIIHUZDDUGHGDQ�WRHWVHQ�ZH�VWDWLVWLVFK�ELQQHQ�ZHONH�PDUJH�GH]H�DIZLMNLQJ�µHFKW¶�DIZLMNW�YDQ�QXO��(Q�GDW�LVGH�IRXW�RS�GH�HHUVWH�RUGH�RIZHO�GH�DOSKD�IRXW�+LHUXLW�YROJW�WHYHQV�RS�ZHONH�ZLM]H�EHSDDOG�NDQ�ZRUGHQ�ZHONH�YHUNODUHQGH�YDULDEHOHQ�QXGDDGZHUNHOLMN�LQYORHG�KHEEHQ�RS�GH�WRHQDPH�YDQ�GH�GLFKWKHLG�YDQ�KHW�ZRQHQ��<���,QGLHQ�ZHGH]H�YDULDEHOHQ�XLW�GH�UHJUHVVLHYHUJHOLMNLQJ�KDOHQ��NXQQHQ�ZH�WRHWVHQ�RI�GH�JHVFKDWWH�WRHQDPHYDQ�GH�GLFKWKHLG�YDQ�KHW�ZRQHQ�VLJQLILFDQW�DIZLMNW�YDQ�GH�ZDDUJHQRPHQ�WRHQDPH�YDQ�GHGLFKWKHLG��'H�WRHWV�LV�QX�RI�KHW�YHUVFKLO�WXVVHQ�VFKDWWLQJ�HQ�ZDDUQHPLQJ�VLJQLILFDQW�DIZLMNW�YDQQXO��,QGLHQ�GLW�QLHW�]R�LV�GDQ�EHWHNHQW�GLW�GDW�GH�JHUHGXFHHUGH�UHJUHVVLHYHUJHOLMNLQJ�XLWVWHNHQGLQ�VWDDW�LV�RP�GH�ZHUNHOLMNKHLG�WH�EHQDGHUHQ��'LW�LV�RRN�KHW�GRHO�YDQ�GH�DQDO\VH��HHQ�]R�VLPSHOPRJHOLMNH�UHJUHVVLHYHUJHOLMNLQJ�8LW�ELMODJH���EOLMNW�GDW�GLW�UHGXFWLHSURFHV�QLHW�LQ�ppQ�VWDS�NDQ��KHW�ZHJODWHQ�YDQ�ppQ�YDULDEHOHNDQ�GH�LQYORHG�YDQ�GH�DQGHUH�YDULDEHOHQ�GRHQ�YHUDQGHUHQ��'LW�LV�PRJHOLMN�DOV�HU�VDPHQKDQJEHVWDDW�WXVVHQ�GH�YHUNODUHQGH�YDULDEHOHQ��+\SRWKHWLVFK�NXQQHQ�GH�YDULDEHOHQ�JHKHHO�PHWHONDDU�VDPHQKDQJHQ��]RZHO�QHJDWLHI�DOV�SRVLWLHI��JHKHHO�QLHW�HQ�HHQ�EHHWMH��+HW�LV�HYLGHQW�GDWYDULDEHOHQ�GLH�JHKHHO�PHW�HONDDU�RYHUHHQNRPHQ�QLHW�EHLGHQ�LQ�GH�UHJUHVVLHYHUJHOLMNLQJ�KRHYHQYRRU�WH�NRPHQ��'H�YUDDJ�LV�KRH�GLH�VDPHQKDQJ�NDQ�ZRUGHQ�DFKWHUKDDOG�RP�WRW�HHQ�UHGXFWLHYDQ�GH�YDULDEHOHQVHW�WH�NRPHQ��+HW�DQWZRRUG�LV�HHQ�FRUUHODWLH�DQDO\VH�
0HW�GH�FRUUHODWLH�DQDO\VH�ZRUGW�GH�JURRWWH�YDQ�KHW�RQGHUOLQJH�YHUEDQG�WXVVHQ�YHUVFKLOOHQGHYDULDEHOHQ�JHPHWHQ��'LW�ZRUGW�XLWJHGUXNW�LQ�GH�FRUUHODWLH�FRsIILFLHQW�U��GLH�HHQ�ZDDUGH�WXVVHQ����HQ����NDQ�DDQQHPHQ��'H]H�FRUUHODWLHFRsIILFLHQW�JHHIW�JURIZHJ�GH�KRHYHHOKHLG�VSUHLGLQJ�DDQURQGRP�GH�OLQHDLUH�
OHDVW�VTXDUH
�YHUJHOLMNLQJ��$OV�DOOH�[��\�SXQWHQ�YDQ�WZHH�WHJHQ�HONDDUXLWJH]HWWH�YDULDEHOHQ�SUHFLHV�RS�ppQ�OLMQ�OLJJHQ�GDQ�LV�U�JHOLMN�DDQ���RI�����DIKDQNHOLMN�RI�GHUHODWLH�SRVLWLHI�RI�QHJDWLHI�LV��2YHULJHQV�ZLO�HHQ�U�ZDDUGH�YDQ�QXO�QRJ�QLHW�]HJJHQ�GDW�HU�JHHQUHODWLH�LV�WXVVHQ�WZHH�YDULDEHOHQ��'H�PRJHOLMNKHLG�EHVWDDW�GDW�HU�HHQ�QLHW�OLQHDLU�YHUEDQG�WXVVHQGH�WZHH�YDULDEHOHQ�EHVWDDW��'LW�LV�KHW�EHVW�WH�FRQWUROHUHQ�GRRU�HHQ�
VFDWWHUGLDJUDP
�SXQWHQZRONGLDJUDP��YDQ�GH�YDULDEHOHQ�WH�PDNHQ��ZDDUPHH�RRN�YHU�ZHJ�OLJJHQGH�ZDDUGHQJRHG�JHwGHQWLILFHHUG�NXQQHQ�ZRUGHQ��9HUGHU�NXQQHQ�GH�U�ZDDUGHQ�WXVVHQ�YHUVFKLOOHQGH
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YDULDEHOHQ�DOOHHQ�PDDU�JOREDDO�YHUJHOHNHQ�ZRUGHQ�RPGDW�GH�FRUUHODWLH�PHW�ZHLQLJYRRUNRPHQGH�YDULDEHOHQ�
&RQFOXVLH
+HW�LV�JHJHYHQ�GH�DDQQDPHV�YDQ�KHW�RQGHU]RHN�YDQ�5,90�HQ�712�,QURLV�KHW�PRJHOLMN�RP�WHNLH]HQ�YRRU�HHQ�UXLPWHOLMN�DQDO\WLVFK�YHUKDDO�LQ�SODDWV�YDQ�HHQ�JHGUDJVPDWLJ�RQGHUERXZLQJ�ZDDULQ�ZRRQFRQVXPHQWHQSUHIHUHQWLHV�ZRUGHQ�DIJH]HW�WHJHQ�GRRU�RQGHU�DQGHUH�GRRU�KHW�EHOHLGJHFUHsHUGH�PRJHOLMNKHGHQ�HQ�UHVWULFWLHV��(HQ�ORJLVWLVFK�UHJUHVVLHPRGHO�NDQ�ZRUGHQ�JHVFKDW�'LW�UHJUHVVLHPRGHO�EOLMNW�ERYHQGLHQ�JHKHHO�RYHUHHQ�WH�NRPHQ�PHW�KHW�UXLPWHOLMN�DOORFDWLHDOJRULWPH�YDQ�GH�5XLPWHVFDQQHU��'LW�ODDWVWH�PRGHO�ZRUGW�JHEUXLNW�RP�GH�WRHQDPH�YDQ�GHZRQLQJYRRUUDDG�����������RS�&2523�QLYHDX�RS�KHW�UXLPWHOLMNH�VFKDDOQLYHDX�YDQ�����ELM����PHWHU�WH�DOORFHUHQ��'H�YROJHQGH�YUDJHQ�GLH�QX�EHDQWZRRUG�PRHWHQ�ZRUGHQ�LV�ZDW�GHYHUNODUHQ�HQ�ZDW�GH�YHUNODUHQGH�YDULDEHOHQ�]LMQ�LQ�GH�DQDO\VH�
'H�YDULDEHOHQ
,Q�GH]H�SDUDJUDDI�ZRUGW�HHUVW�LQJHJDDQ�RS�GH�NHX]H�HQ�GH�EHZHUNLQJHQ�YDQ�GH�WH�YHUNODUHQYDULDEHOH��9HUYROJHQV�ZRUGW�LQJHJDDQ�RS�GH�VHOHFWLH�HQ�GH�EHZHUNLQJHQ�YDQ�GH�YHUNODUHQGHYDULDEHOHQ�
'H�WH�YHUNODUHQ�YDULDEHOH��<�
9RRU�GH�MDUHQ������HQ������]LMQ�ODQGVGHNNHQGH�EHVWDQGHQ��3$3��JHEUXLNW�PHW�YRRU�LHGHUHJULGFHO�YDQ�����[�����PHWHU�KHW�DDQWDO�ZRQLQJHQ�YDQ�HHQ�EHSDDOG�W\SH��'H�YROJHQGHZRQLQJW\SHQ�]LMQ�RQGHUVFKHLGHQ�x :RQLQJW\SH��� �ppQJH]LQV��YULMVWDDQG���NDS�ERHUGHULMx :RQLQJW\SH��� �ppQJH]LQV��ULMWMHVx :RQLQJW\SH��� �PHHUJH]LQV��HWDJH�EHQHGHQ�ERYHQZRQLQJx :RQLQJW\SH��� �PHHUJH]LQV��IODWx :RQLQJW\SH��� �%$5��RQ]HOIVWDQGLJH�ZRRQUXLPWHQ��HQ�RYHULJ
'H]H�ZRQLQJW\SHV�]LMQ�HYHQZHO�VDPHQJHYRHJG�WRW�HHQ��HQ�PHHUJH]LQVZRQLQJHQ�RPGDW�LQ�KHWRQGHU]RHN�YDQ�5,90�HQ�712�,QUR�GH�WRHQDPH�YDQ�GH�ZRQLQJYRRUUDDG�����������SHU&2523�JHELHG�VOHFKWV�EHVWDDW�XLW�GH]H�WZHH�NODVVHV��2SJHPHUNW�]LM�GDW�KLHUGRRU�D�SULRULKHWHURJHQLWHLW�RQWVWDDW��,QWXwWLHI�LV�LPPHUV�GXLGHOLMN�GDW�YULMVWDDQGH�ZRQLQJHQ�HQ�WZHHNDSSHUVYDDN�RS�DQGHUH�ORFDWLHV�GDQ�ULMWMHVZRQLQJHQ�ZRUGHQ�JHYRQGHQ��,GHP�GLWR�JHOGW�GLW�YRRU�GHUXLPWHOLMNH�VSUHLGLQJ�YDQ�IODWZRQLQJHQ�HQ�ERYHQ��HQ�EHQHGHQZRQLQJHQ�7HYHQV�KHEEHQ�ZH�WHQ�EHKRHYH�YDQ�GH�UHJUHVVLH�DQDO\VHV�HHQ�NDDUW�PHW�KHW�DDQWDO�KHFWDUHVZRRQJHELHG�SHU�JULGFHO�LQ����� JHEUXLNW��%URQ��&%6��%RGHPVWDWLVWLHN��������$QGHUV�JHVWHOG�HU�NDQ�GXV�EHSDDOG�ZRUGHQ�ZDW�GH�ZRRQGLFKWKHGHQ�QDDU�W\SH�SHU�����ELM�����PHWHU�JULGFHO]LMQ�
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'H�YROJHQGH�EHZHUNLQJHQ�]LMQ�LQ�6�SOXV�JHPDDNW��,Q�6�SOXV�]LMQ�GHUKDOYH�WZHH�NRORPPHQWRHJHYRHJG��G\ZW���HQ�G\ZW����ZDDULQ�GH�WRHQDPH�YDQ�UHVSHFWLHYHOLMN�KHW�DDQWDO�ppQJH]LQVHQ�KHW�DDQWDO�PHHUJH]LQVZRQLQJHQ�LQ�GH�SHULRGH�����������LV�ZHHUJHJHYHQ�
G\ZW��� �G�����ZW����G�����ZW� ��WRHQDPH�DDQWDO�ppQJH]LQVZRQLQJHQ�����������G\ZW���� �G�����ZW����G�����ZW����G�����ZW�� ��WRHQDPH�DDQWDO�PHHUJH]LQVZRQLQJHQ����������
'H�YROJHQGH�VWDS�LV�GH�PD[LPDOH�WRHQDPH�YDQ�KHW�DDQWDO�ZRQLQJHQ�SHU�FHO���WH�UHODWHUHQ�DDQGH�EHVFKLNEDUH�UXLPWH�YRRU�ZRQLQJERXZ��+HW�YRRU�ZRQLQJERXZ�EHVFKLNEDUH�DUHDDO�ZRUGWEHUHNHQG�GRRU�GH�PD[LPDOH�FHORSSHUYODNWH�����KHFWDUH��WH�YHUPLQGHUGHQ�PHW�KHW�EHVWDDQGHZRQLQJDUHDDO�HQ�KHW�ZDWHUDUHDDO�GLH�EHLGHQ�DOV�RQYHUDQGHUOLMN�ZRUGHQ�EHVFKRXZG��+LHU�DDQYRRUDIJDDQG�]LMQ�HHUVW�]RZHO�KHW�ZRRQDUHDDO������HQ�KHW�ZDWHUDUHDDO�������&%6��������DOVNRORPPHQ�DDQ�GH�KRRIGWDEHO�YDQ�6�SOXV�WRHJHYRHJG�
Z\ZW���K� �������������
���������:221$5($���:$7(5$5($����PD[LPDDO�DDQWDO�ppQVJH]LQVZRQLQJHQ�SHU�KHFWDUH�EHVFKLNEDDU�ZRRQDUHDDO
Z\ZW����K� �������������
���������:221$5($���:$7(5$5($����PD[LPDDO�DDQWDO�PHHUJH]LQVZRQLQJHQ�SHU�KHFWDUH�EHVFKLNEDDU�ZRRQDUHDDO
,Q�GH�EHUHNHQLQJ�YDQ�KHW�YRRU�ZRQLQJERXZ�EHVFKLNEDUH�ZRRQDUHDDO�LV��������KHFWDUHQJHQRPHQ�LQ�SODDWV�YDQ����KHFWDUHQ���'H�UHGHQ�KLHUYRRU�LV�GDW�DOV�ZRRQDUHD�����ZDWHUDUHD�VDPHQ����KHFWDUH�LV��KHW�YRRU�GH�ZRQLQJERXZ�EHVFKLNEDUH�DUHDDO�GXV�QXO�LV��'H]H�XLWNRPVW�LVRQJHZHQVW�RPGDW�LQ�GH�YROJHQGH�VWDS�GH�ZRQLQJWRHQDPH�GRRU�KHW�EHVFKLNEDUH�DUHDDO�����PLQZRRQRSSHUYODN������PLQ�ZDWHURSSHUYODN�������JHGHHOG�ZRUGW�HQ�GHOHQ�GRRU�QXO�HHQ�
PLVVLQJYDOXH
�RSOHYHUW��'H]H�NOHLQH�DIZLMNLQJ�ZRUGW�DFFHSWDEHO�JHDFKW�RPGDW�GH�EHUHNHQLQJ�YDQ�KHWYRRU�ZRQLQJERXZ�EHVFKLNEDUH�DUHDDO�DO�HHQ�JURYH�EHQDGHULQJ�YDQ�GH�ZHUNHOLMNKHLG�LV��0HQ]RX�HU�ELMYRRUEHHOG�RRN�YDQ�XLW�NXQQHQ�JDDQ��GDW�KHW�DUHDDO�GDW�LQ�EHVODJ�ZRUGW�JHQRPHQ�GRRULQIUDVWUXFWXXU�]RDOV�VSRRU��HQ�VQHOZHJHQ�QLHW�EHVFKLNEDDU�NRPW�YRRU�ZRQLQJERXZ�
(U�]LMQ�HYHQZHO�HQNHOH�H[WUD�FRQGLWLHV��'H�HHUVWH�FRQGLWLH�ZDDU�GH�\�YDULDEHOH�DDQ�PRHWYROGRHQ�LV�GDW�KHW�YHUVFKLO�YDQ�KHW�DDQWDO�ppQJH]LQV��RI�PHHUJH]LQVZRQLQJHQ�WXVVHQ������HQ�����SRVLWLHI�PRHW�]LMQ��DOOHHQ�WRHQDPHV���DQGHUV�ZRUGW�GH�WRHQDPH�RS�QXO�JHVWHOG��'LW�ZRUGWEHUHLNW�PHW�HHQ�LIHOVH�FRQVWUXFWLH�
WXV\ZW���K� ��WXVVHQUHVXOWDDW�FRQGLWLH���ppQVJH]LQVZRQLQJHQ�LIHOVH�G\ZW��!���G\ZW���Z\ZW���K����
WXV\ZW����K� ��WXVVHQUHVXOWDDW�FRQGLWLH���PHHUJH]LQVZRQLQJHQ�LIHOVH�G\ZW���!���G\ZW����Z\ZW����K����
:H�PRGHOOHUHQ�GXV�EHZXVW�GH�NDQV�GDW�GH�EHVFKLNEDUH�SHUFHOHQ�EHERXZG�ZRUGHQ�HQ�GDW�KHWDDQWDO�ZRQLQJHQ�GXV�WRHQHHPW��'H�NDQV�GDW�ZRQLQJHQ�JHVORRSW�ZRUGHQ�HQ�HU�GXV�DIQDPH
� 0D[LPXP�DDQWDO�ppQJH]LQVZRQLQJHQ�SHU�FHO�LQ������������ZRQLQJHQ�0D[LPXP�DDQWDO�PHHUJH]LQVZRQLQJHQ�SHU�FHO�LQ������������ZRQLQJHQ�
� (HQ�EHWHUH�PDQLHU�]RX�JHZHHVW�]LMQ�GH]H�FHOOHQ�HUXLW�WH�ILOWHUHQ��ZDDUPHH�HFKWHU�ZHO�GH�PRJHOLMNKHLG�WRW�KHWEHUHNHQHQ�YDQ�GH�NDQV�RS�GH�YHUJURWLQJ�YDQ�GH�GLFKWKHLG�YDQ�KHW�DDQWDO�ZRQLQJHQ�ZRUGW�YHUZLMGHUG�
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SODDWVYLQGW�LV�KHW�UHVXOWDDW�YDQ�DQGHUH��EXLWHQ�EHVFKRXZLQJ�JHODWHQ�SURFHVVHQ��+LHUYRRU�NDQDOV�DUJXPHQW�JHOGHQ�GDW�LQ�KHW�RQGHU]RHN�YDQ�5,90�HQ�712�,QUR�KHW�KXLGLJH�EHOHLG�ZRUGWGRRUJHWURNNHQ�ZDDULQ�GH�WRHQDPH�YDQ�GH�GLFKWKHLG�HHUGHU�JHUHDOLVHHUG�]DO�ZRUGHQ�GDQ�HHQDIQDPH�
'H�WZHHGH�FRQGLWLH�YRRU�GH�\�YDULDEHOH�LV�GDW�GH�PD[LPDOH�WRHQDPH�YDQ�KHW�DDQWDO�QLHXZHZRQLQJHQ�ZRUGW�EHJUHQVG�RS�KHW�PD[LPDOH�DDQWDO�ZRQLQJHQ�GDW�LQ������LQ�HHQ�FHO�LV�ZDDUJH�QRPHQ���,V�GH�WRHQDPH�JURWHU�GDQ�GLW�DDQWDO��GDQ�LV�NHQQHOLMN�VSUDNH�YDQ�YHUGLFKWLQJ�HQ�ZRUGWKHW�UHVXOWDDW�RS�� JHVWHOG��'LW�ZRUGW�EHUHLNW�PHW�GH�YROJHQGH�LIHOVH�FRQVWUXFWLH�
\ZW���K� �LIHOVH�WXV\ZW���K!����WXV\ZW���K� ��HLQGUHVXOWDDW�FRQGLWLH����ppQJH]LQV�
\ZW����K� �LIHOVH�WXV\ZW����K!����WXV\ZW����K� ��HLQGUHVXOWDDW�FRQGLWLH����PHHUJH]LQV�
2PGDW�LQ�GH�DQDO\VH�KHW�EHODQJ�YDQ�JHELHGHQ�PHW�YHHO�EHVFKLNEDUH�ZRRQUXLPWH�JURWHU�LV�GDQELMQD�YROJHERXZGH�JHELHGHQ��ZRUGW�LQ�GH�UHJUHVVLH�EHUHNHQLQJHQ�DDQ�GH�HHUVW�JHQRHPGHJHELHGHQ�HHQ�JURWHU�JHZLFKW�WRHJHNHQG�GDQ�DDQ�GH�UHHGV�GLFKWEHERXZGH�JHELHGHQ�7HU�LOOXVWUDWLH��WDEHO������HHQ�VLPSHO�UHNHQYRRUEHHOG�PHW�WZHH�ZLOOHNHXULJH�FHOZDDUGHQ�YRRUPHHUJH]LQVZRQLQJHQ��PHW�HHQ�PD[LPXP�YDQ������ZRQLQJHQ�SHU�FHO�LQ�������
7DEHO���� (HQ�UHNHQYRRUEHHOG�YRRU�GH�EHZHUNLQJHQ�YDQ�GH�WH�YHUNODUHQYDULDEHOH$��G\ZW���7RHQDPH�DDQWDO�ZRQLQJHQ�����������:F�

%�����ZRQHQ�ZDWHU%HVFKLNEDDU�ZRRQDUHDDO������/F�
&��Z\ZW����KPD[LPDDO�DDQWDO�ZRQLQJHQ������RSEHVFKLNEDUH�ZRRQDUHDDO��1F�

'$�&
��� � ��� ������� �� ���� ����

'��$�&��LV�GH�WH�YHUNODUHQ�YDULDEHOH�HQ�HHQ�JHVFKLNWH�JHZLFKWVPDDW�LV�&��Z\ZW����K��%RYHQVWDDQGH�ZHJLQJ�NDQ�LQWXwWLHI�GXLGHOLMN�ZRUGHQ�DOV�PHQ�EHVHIW�GDW�GH�LQIRUPDWLH�GDW����YDQ�KHW�EHVFKLNEDUH�DUHDDO�YRRU�ZRQHQ�ZRUGW�JHEUXLNW��HHQ�JURWHUH�EHWHNHQLV�KHHIW�ZDQQHHUKHW�JDDW�RP�HHQ�DUHDDO�YRRU�����ZRQLQJHQ�YHUJHOHNHQ�PHW�HHQ�DUHDDO�YRRU������ZRQLQJHQ��,QKHW�HHUVWH�JHYDO�LV�LPPHUV�PHHU�NDQV�GDW�GH�VFRUH�YDQ�����HHQ�WRHYDOVWUHIIHU�LV�GDQ�LQ�KHWWZHHGH�JHYDO��+HW�JHZLFKW�ZRUGW�HHQYRXGLJZHJ�DOV�NRORPQDDP�LQ�KHW�LQYXOVFKHUP�YDQ�GHOLQHDLUH�UHJUHVVLH�DQDO\VH�LQJHYXOG��]LH�ILJXXU�����

� +LHUYRRU�KDG�RYHULJHQV�RRN�XLWJHJDDQ�NXQQHQ�ZRUGHQ�YDQ�GH�KRRJVWH�GLFKWKHLG�ZRQLQJHQ�SHU�FHO��GXV�WHQRS]LFKWH�YDQ�KHW�YRRU��ZRQHQ�EHVFKLNEDUH�DUHDDO��]RQGHU��ZDWHU��
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)LJXXU������LQYXOVFKHUP�OLQHDLUH�UHJUHVVLHV�6�3OXV
'H�YHUNODUHQGH�YDULDEHOHQ��;�
+LHURQGHU�YROJW�HHQ�OLMVW�YDQ�YDULDEHOHQ�ZDDUYDQ�RS�EDVLV�YDQ�ZRRQFRVXPHQWHQRQGHU]RHN�HQEHVFKLNEDUH�JHJHYHQV�YHUZDFKW�PDJ�ZRUGHQ�GDW�]H�YDQ�LQYORHG�]LMQ�RS�GH�JURHL�YDQ�GHZRQLQJYRRUUDDG��'H�LQ�KHW�PRGHO�RS�WH�QHPHQ�YHUNODUHQGH�YDULDEHOHQ�YRRU�GH�NDQV�GDW�HHQ�FHOYRRU�KHW�JURQGJHEUXLNVW\SH�ZRQHQ�ZRUGW�JHEUXLNW�EHWUHIIHQ�x 'H�PDWH�ZDDULQ�LQ�RPOLJJHQGH�FHOOHQ�GH�IXQFWLH�ZRQHQ�YRRUNRPW��+HW�1HGHUODQGVHUXLPWHOLMN�EHOHLG�ZRUGW�LPPHUV�PHGH�JHOHLG�GRRU�GH�ZHQV�RP�WRW�HHQ�]HNHUH�UXLPWHOLMNHEXQGHOLQJ�WH�NRPHQ�YDQ�ZRRQDFWLYLWHLWHQ��+HW�OLJW�YRRU�GH�KDQG�GDW�GH�GLUHFWHZRRQRPJHYLQJ�KLHU�]ZDDUGHU�WHOW�GDQ�GH�YHUGHU�DIJHOHJHQ�ZRRQRPJHYLQJ��9HUGHU�VSHOHQSHUVRRQOLMNH�YRRUNHXUHQ�HHQ�EHODQJULMNH�URO��PHQVHQ�ZRQHQ�JUDDJ�LQ�GH�EXXUW�YDQ�DQGHUHPHQVHQ��YRRU]LHQLQJHQ��YHLOLJKHLG��HWF����&RQFUHHW�EHWHNHQW�GLW�GDW�GH�GLUHFWH�RPJHYLQJYDQ�EHODQJ�]DO�]LMQ�x 'H�PDWH�ZDDULQ�LQ�GH��UXLPHUH��RPJHYLQJ�YDQ�HHQ�FHO�ZHUNJHOHJHQKHLGV�FRQFHQWUDWLHV�WHYLQGHQ�]LMQ��(HQ�IRUV�GHHO�YDQ�GH�1HGHUODQGVH�EHYRONLQJ�SDUWLFLSHHUW�LPPHUV�RS�GHDUEHLGVPDUNW�HQ�]DO�GXV�ELM�GH�ZRRQORFDWLHNHX]H�PHGH�RS�GH�OLJJLQJ�WHQ�RS]LFKWH�YDQVQHOZHJHQ�OHWWHQ��=R�ZHUNW�PHHU�GDQ������YDQ�GH�PHQVHQ�RS�HHQ�UHLVDIVWDQG�YDQ�PLQGHUGDQ����PLQXWHQ��+DP���������1X�OLJW�KHW�YRRU�GH�KDQG�GH�ZLMGHUH�RPJHYLQJ�YDQ�LQYORHG]DO�]LMQ�RS�GH�DWUUDFWLYLWHLW�YDQ�HHQ�JULGFHO�
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x 'H�PDWH�ZDDULQ�GH�RPJHYLQJ�YDQ�HHQ�FHO�ODQGVFKDSSHOLMN�DDQWUHNNHOLMN�LV��ELMYRRUEHHOGQDWXXUOLMN�JURQGJHEUXLN���2RN�QX�OLJW�KHW�YRRU�GH�KDQG�GDW�GH�ZLMGHUH�RPJHYLQJ�HHQ�UROVSHHOW�x 'H�RQWVOXLWLQJ�YDQ�HHQ�FHO�LQ�WHUPHQ�YDQ�GH�OLJJLQJ�WHQ�RS]LFKWH�YDQ�HHQ�RSULW�YDQ�HHQVQHOZHJ��+LHU�LV�GH�DIVWDQG�GH�FHO�WHQ�RS]LFKWH�YDQ�GH�VQHOZHJ�KHW�PHHVW�YRRU�GH�KDQGOLJJHQG�x 'H�RQWVOXLWLQJ�YDQ�HHQ�FHO�LQ�WHUPHQ�YDQ�GH�OLJJLQJ�WHQ�RS]LFKWH�YDQ�HHQ�16�VWDWLRQ�0DDWVWDI��DIVWDQG�WRW�KHW�VWDWLRQ�
,Q�KHW�KLHUQDYROJHQGH�ZRUGW�GLHSHU�LQJHJDDQ�SHU�W\SH�YDULDEHOH��%LMODJH���WRRQW�VWDWLVWLHNHQ�
:HUNJHOHJHQKHLG'H�YRRU�GLW�RQGHU]RHN�EHVFKLNEDDU�JHVWHOGH�JHJHYHQV�YDQ�712�,QUR�RYHU�DUEHLGVSODDWVHQKHEEHQ�EHWUHNNLQJ�RS�KHW�MDDU�������SHU�JHPHHQWH�PHW�HHQ�GRRUYHUWDOLQJ�QDDU�YLHUFLMIHULJHSRVWFRGHJHELHGHQ��RQGHUVFKHLGHQ�QDDU����HFRQRPLVFKH�VHFWRUHQ��YDQ�ZDDUXLW�RSWHOOLQJHQ�]LMQJHPDDNW�QDDU�HHQ�QHJHQWDO�EUHGHUH�HFRQRPLVFKH�VHFWRUHQ��DINRPVWLJ�XLW�KHW�23(5$�PRGHOYDQ�712�,QUR��/RXWHU���������ODQGERXZ��LQGXVWULH��ERXZQLMYHUKHLG��WUDQVSRUW��GHWDLOKDQGHO�JURRWKDQGHO��]DNHOLMNH�GLHQVWYHUOHQLQJ��RYHULJH�GLHQVWYHUOHQLQJ��HQ�RYHULJH�VHFWRUHQ�KDYHQ�OXFKWKDYHQ��(HQ�SRVWFRGH�JHELHG�EHVODDW�RYHU�KHW�DOJHPHHQ�PHHUGHUH�JULGFHOOHQ��1D�KHW�YHUUDVWHUHQ�YDQ�GHSRVWFRGH�JHELHGHQ���SRO\JRRQ��QDDU�����[�����PHWHU�JULGFHOOHQ�LV�KHW�DDQWDO�DUEHLGVSODDWVHQSHU�SRVWFRGH�JHELHG�JHGHHOG�GRRU�KHW�DDQWDO�JULGFHOOHQ�SHU�SRVWFRGH�JHELHG��'H�UHVXOWDWHQ�YDQGH�GHOLQJ�]LMQ�QDDU�EHQHGHQ�DIJHURQG��&RQVHTHQWLH�YDQ�GH]H�SURFHGXUH�LV�GXV�GDW�KHW�DDQWDODUEHLGVSODDWVHQ�ELQQHQ�GH�SRVWFRGH�JHELHGHQ�KRPRJHHQ�RYHU�GH�JULGFHOOHQ�]LMQ�YHUGHHOG�WHUZLMO�GLW�LQ�ZHUNH�OLMNKHLG�PHHVWDO�HHQ�KHWHURJHQH�YHUGHOLQJ�]DO�]LMQ��2S�KHW�PRPHQW�YDQ�GLWRQGHU]RHN�ZDV�HU�HFKWHU�QRJ�JHHQ�DOWHUQDWLHI�EHVFKLNEDDU�
,QIUDVWUXFWXXU*HEUXLN�LV�JHPDDNW�YDQ�QDDU�����PHWHU�FHOOHQ�YHUUDVWHUGH�YHNWRUNDDUWHQ�PHW�UHVSHFWLHYHOLMN�GHDXWRVQHOZHJHQ�YDQ������HQ�GH�VSRRUZHJHQ�YDQ�������*RHWJHOXN�HW�DO���������'H�ZHJHQ�]LMQLQ�$UF�,QIR�YLD�HHQ�DXWRPDWLVFKH�YHNWRU�UDVWHU�RSHUDWLH�YHUUDVWHUG��'DW�ZLO�]HJJHQ�GDW�DDQFHOOHQ�GH�ZDDUGH�ppQ�RI�QXO�LV�WRHJHNHQG�DIKDQNHOLMN�YDQ�KHW�ZHO�RI�QLHW�YRRUNRPHQ�YDQ�GHJHGLJLWDOLVHHUGH�YHNWRU�YDQ�GH�VQHO��RI�VSRRUZHJ�LQ�GH�EHWUHIIHQGH�FHO��+HW�UHVXOWDDW�YDQ�GH]HSURFHGXUH�LV�HHQ�%RROHDQ�NDDUW��ZpO�RI�JppQ�YRRUNRPHQ�YDQ�GH�EHVFKRXZGH�JURQGJHEUXLNV�NODVVH��7HYHQV�KHEEHQ�ZH�JHEUXLN�JHPDDNW�YDQ�QDDU�����PHWHU�FHOOHQ�YHUUDVWHUGH�SXQWNDDUWHQ�*RHWJHOXN�HW�DO��������PHW�UHVSHFWLHYHOLMN�GH�RS��HQ�DIULWWHQ�YDQ�VQHOZHJHQ�YDQ������HQ�GH16�VWDWLRQV�YDQ�������2RN�KLHU�LV�ELM�DDQZH]LJKHLG�YDQ�HHQ�RS��HQ�DIULW�RI�HHQ�16�VWDWLRQ�GHKHOH�FHO�DOV�]RGDQLJ�JHFODVVLILFHHUG��+HW�UHVXOWDDW�YDQ�GH]H�SURFHGXUH�LV�HYHQHHQV�HHQ�%RROHDQNDDUW��ZpO�RI�JppQ�YRRUNRPHQ�YDQ�GH�EHVFKRXZGH�JURQGJHEUXLNVNODVVH��
1DWXXU2QGHUVFKHLGHQ�]LMQ�UHVSHFWLHYHOLMN�GURJH��HQ�QDWWH�QDWXXUWHUUHLQHQ�HQ�ERVJHELHGHQ�LQ�������'LWEHWUHIIHQ�JULGNDDUWHQ�ZDDULQ�SHU�����PHWHU�FHO�GH�RSSHUYODNWH�YDQ�GH]H�JHELHGHQ�LVDDQJHJHYHQ��&%6��������
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:DWHU*HEUXLN�LV�JHPDDNW�YDQ�HHQ�NDDUW�PHW�RYHULJ�ZDWHU�EUHGHU�GDQ���PHWHU��+LHURQGHU�YDOOHQULYLHUHQ��NDQDOHQ��JUDFKWHQ��YDDUWHQ�HQ�VORWHQ�EUHGHU�GDQ���PHWHU��PHUHQ�HQ�SODVVHQ��VOLNNHQ�KDYHQV�HQ�ZDWHU�LQ�QDWWH�QDWXXUOLMNH�WHUUHLQHQ��&%6��������
5HFUHDWLH:H�KHEEHQ�JHHQ�GDWD�JHEUXLNW�YRRU�ELQQHQVWHGHOLMN�JURHQ�YDQZHJH�KHW�EHYRONLQJVYROJHQGHNDUDNWHU��'HUKDOYH�LV�DOOHHQ�JHEUXLN�JHPDDNW�YDQ�JULGNDDUWHQ�ZDDULQ�SHU�����PHWHU�FHO�GHRSSHUYODNWH�PHW�ERVUHFUHDWLH�JHELHGHQ�LV�DDQJHJHYHQ��&%6���������+LHUWRH�ZRUGHQ�JHUHNHQGERVWHUUHLQHQ�GLH�GRRU�KXQ�OLJJLQJ�WH�PLGGHQ��RI�DDQ�GH�UDQG��YDQ�GH�EHERXZLQJ�QDJHQRHJGH]HOIGH�IXQFWLH�KHEEHQ�DOV�GH�PHHU�JHFXOWLYHHUGH�HQ�YHHODO�]RUJYXOGLJHU�RQGHUKRXGHQ�SDUNHQ�'H�ERVVHQ�]LMQ�YRRU�HHQ�LHGHU�YULM�WRHJDQNHOLMN��+RXWRSEUHQJVW�LV�HHQ�QHYHQIXQFWLH�
5HJLR�LQGHOLQJHQ2PGDW�ZH�UHJLRQDOH�YHUVFKLOOHQ�YHUZDFKWHQ�LQ�GH�UXLPWHOLMNH�UHODWLHV�WXVVHQ�GH�JURHL�YDQ�GHYRRUUDDG�ZRQLQJHQ�HQ�GH�UXLPWHOLMNH�IDFWRUHQ�GLH�GH]H�JURHL�EHwQYORHGHQ��KHEEHQ�ZH�NDDUWHQJHPDDNW�ZDDULQ�GULH�UHJLR¶V�ZRUGHQ�RQGHUVFKHLGHQ��GH�5DQGVWDG��GH�,QWHUPHGLDLUH�]RQH�HQ�GH3HULIHUH�]RQH��'H�NDDUWHQ�]LMQ�JHEDVHHUG�RS�HHQ�QDDU�����PHWHU�FHOOHQ�YHUUDVWHUGH�NDDUW�YDQ�GH���&2523�JHELHGHQ�LQ�1HGHUODQG��9RFKW���������'H�JHEUXLNWH�UHJLR�LQGHOLQJ�LV�ZHHUJHJHYHQLQ�NDDUW����

.DDUW���� 5DQGVWDG��,QWHUPHGLDLUH�]RQH�HQ�GH�3HULIHULH
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%LQQHQ�GH�KLHUERYHQ�JHQRHPGH�KRRIGJURHSHQ�YDQ�YDULDEHOHQ�KHHIW�HHQ�YHUGHUH�XLWVSOLWVLQJSODDWVJHYRQGHQ��'H�YDULDEHOH�ZHUNJHOHJHQKHLG�ELMYRRUEHHOG�LV�JHEDVHHUG�RS�HHQ�EHVWDQG�PHWDDQWDOOHQ�DUEHLGVSODDWVHQ�SHU�VHFWRU�SHU�JULGFHO�YDQ�����[�����PHWHU��9RRU�GLW�RQGHU]RHN�LVHHQ�LQGHOLQJ�JHEUXLNW�LQ�QHJHQ�YHUVFKLOOHQGH�DUEHLGVVHFWRUHQ�GLH�HON�KXQ�HLJHQ�VSHFLILHNHYHUEDQG��NXQQHQ��KHEEHQ�PHW�GH�WRHQDPH�YDQ�ZRQLQJERXZ��$DQ�GH�KDQG�YDQ�HHQ�FRUUHODWLH�DQDO\VH��]LH�KRRIGVWXN����KHEEHQ�ZH�EHRRUGHHOG�ZHONH�YDQ�GH]H�QHJHQ�VXEYDULDEHOHQ�KHWVWHUNVWH�YHUEDQG�KHHIW�PHW�GH�WRHQDPH�YDQ�ZRQLQJERXZ��7HYHQV�KHEEHQ�ZH�JHNHNHQ�QDDU�GHRQGHUOLQJH�FRUUHODWLH�YDQ�GH�VXEYDULDEHOHQ�
,Q�SDUDJUDDI�������LV�DDQJHJHYHQ�GDW�GH�DWWUDFWLYLWHLW�YDQ�HHQ�JULGFHO�YRRU�ZRQHQ�DIKDQNHOLMN�LVYDQ�GH�RPJHYLQJ��'H�YUDDJ�LV�ZDW�RQGHU�RPJHYLQJ�PRHW�ZRUGHQ�YHUVWDDQ��,Q�GH�YROJHQGHSDUDJUDDI�ZRUGW�KLHURS�LQJHJDDQ�
'H�RPJHYLQJ�JHRSHUDWLRQDOLVHHUG+HW�YHUEDQG�WXVVHQ�QLHXZH�ZRQLQJERXZ�HQ�GH�DDQZH]LJKHLG�YDQ�ELMYRRUEHHOG�KHW�DDQWDODUEHLGVSODDWVHQ�LQ�GH�RPJHYLQJ�]RX�RS�KHW�QLYHDX�YDQ�LQGLYLGXHOH�FHOOHQ�EHSDDOG�NXQQHQZRUGHQ��'H�NDQV�LV�HFKWHU�JURRW�GDW�GH�RS�GH]H�ZLM]H�JHYRQGHQ�YHUEDQGHQ�HUJ�NOHLQ�]LMQ�RPGDWKLHULQ�JHHQ�UHNHQLQJ�LV�JHKRXGHQ�PHW�GH�PRELOLWHLW�YDQ�PHQVHQ�HQ�GH�EHUHLGKHLG�HHQ�EHSDDOGHDIVWDQG��EXLWHQ�GH�HLJHQ�FHO��DI�WH�OHJJHQ�WRW�ELMYRRUEHHOG�ZHUN�RI�UHFUHDWLHPRJHOLMNKHGHQ��=RLV�LQWXwWLHI�GXLGHOLMN�GDW�HHQ�VWDGVSDUN�RS�����PHWHU�PHHU�LQYORHG�KHHIW�GDQ�RS����NLORPHWHU�
(HQ�PDDW�RP�GH�DWWUDFWLYLWHLW�WH�ODWHQ�VDPHQKDQJHQ�PHW�GH�DIVWDQG�LV�GH�SRWHQWLDDOPDDW��'HSRWHQWLDDO�LV�GXV�HHQ�PDDW�GLH�GH�EHUHLNEDDUKHLG�DDQJHHIW��RIWHZHO�KHW�SRWHQWLDDO�DDQ�WHEHUHLNHQ�EDQHQ��ERV�HQ�GHUJHOLMNH�+LHULQ�ZRUGW�SHU�FHO�DDQJHJHYHQ�ZDW�GH�SRWHQWLDDOZDDUGH�LVWHQ�RS]LFKWH�YDQ�HHQ�EHSDDOGH�IDFWRU�]RDOV�KHW�DDQWDO�DUEHLGVSODDWVHQ�ELQQHQ�HHQ�EHSDDOGH��TXDUHLVWLMG�DFFHSWDEHOH��DIVWDQG��&HOOHQ�PHW�KHW�DDQWDO�DUEHLGVSODDWVHQ�RS�HHQ�JURWHUH�DIVWDQGNULMJHQ�KLHUELM�HHQ�ODJHU�JHZLFKW�PHH�GDQ�FHOOHQ�PHW�DUEHLGVSODDWVHQ�RS�NRUWHUH�DIVWDQG��GLHDDQWUHNNHOLMNHU�ZRUGHQ�JHDFKW�'H�ZLM]H�ZDDURS�GH�DIVWDQG�LQYORHG�KHHIW�RS�GH�DDQWUHNNHOLMN�KHLG�YDQ�GH�DUEHLGVSODDWVHQ�LQ�HHQ�EHSDDOGH�FHO�ZRUGW�YDVWJHOHJG�LQ�HHQ�EHSDDOGHDIVWDQGVYHUYDOIXQFWLH��,Q�GLW�RQGHU]RHN�LV�JHEUXLN�JHPDDNW�YDQ�UHHGV�EHNHQGH�XLW�GH�OLWHUDWXXUDINRPVWLJH�DIVWDQGVYHUYDOIXQFWLHV��+LOEHUV�	�9HUURHQ���������'H�DIVWDQGHQ�ZRUGHQ�LQKHPHOVEUHGH�ULFKWLQJ�JHPHWHQ��(XFOLGLDQ�GLVWDQFH���+LHUELM�LV�JHHQ�UHNHQLQJ�JHKRXGHQ�PHWZHUNHOLMNH�UHLVWLMGHQ��GLH�DIKDQNHOLMN�]LMQ�YDQ�KHW�ZHJHQQHWZHUN��RSHQEDDU�YHUYRHU�HQYHUNHHUVGUXNWH��+LHUYRRU�]LMQ�JHJHYHQV�RS�FHOEDVLV�QRGLJ�GLH�QLHW�GLUHFW�EHVFKLNEDDU�]LMQ�9HUGHU�ZRUGW�HU�YDQ�XLWJHJDDQ�GDW�GH�ELM�GH�ZRRQNHX]H�GH�DIVWDQGHQ�WRW�ZHUN��UHFUHDWLH�HWF�RRN�RS�HHQ�JOREDOH�PDQLHU�EHSDDOG�ZRUGHQ��'H�SRWHQWLDDO�SHU�FHO�ZRUGW�WHQVORWWH�EHSDDOG�GRRUGH�GRRU�GH�DIVWDQGVYHUYDOIXQFWLH�JHFRUULJHHUGH�FHOZDDUGHQ�LQ�KHW�RPULQJHQGH�LQYORHGVJHELHGELM�HONDDU�RS�WH�WHOOHQ��'H]H�RSHUDWLHV�]LMQ�YHUULFKW�PHW�
IRFDO�VXP
�IXQFWLHV�LQ�GH�JULGPRGXOHYDQ�$UF�,QIR��]LH�KLHURQGHU��(HQ�EHODQJULMNH�NHX]H�LV�GXV�GH�DIVWDQGVYHUYDOIXQFWLH�RPGDW�GH]H�LPPHUV�GH�DWWUDFWLYLWHLWEHwQYORHGW��(U�ZRUGW�JHEUXLN�JHPDDNW�YDQ�GH�JHYDOLGHHUGH�DIVWDQGVYHUYDOIXQFWLH�YDQ�712,QUR��+LOEHUV�	�9HUURHQ���������'LW�LV�RRN�ZHHU�HHQ�H[SRQHQWLsOH�IXQFWLH�GLH�YHUJHOLMNEDDU�LVPHW�GLH�YDQ�GH�5XLPWHVFDQQHU�

3�[� �����H��D�E
OQ[��
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+LHUELM�VWDDW�GH�;�YRRU�PLQXWHQ�UHLVWLMG��GH�D�GH�LQWHUFHSW�HQ�GH�E�VWDDW�YRRU�GH�EHWD�
'H�JHVHOHFWHHUGH�YHUYDOIXQFWLHV�]LMQ�x :RQHQ�ZHUNHQ�WRWDDO��PD[����NLORPHWHU�x :RQHQ�UHFUHDWLH�WRWDDO��PD[�����NLORPHWHU�x :RQHQ�VRFLDDO�WRWDDO��PD[������NLORPHWHU�
9RRU�ZRQHQ�ZRQHQ�ZRUGW�JHHQ�YHUYDOIXQFWLH�JHEUXLNW��PDDU�ZRUGW�GLUHFW�GH�SRWHQWLDDOEHUHNHQG��]LH�KLHURQGHU���)LJXXU�����WRRQW�YRRU�ERYHQJHQRHPGH�IXQFWLHV�KHW�DIVWDQGVYHUYDOGRRU�KHW�YHUVFKLO�WH�QHPHQ�WXVVHQ�WZHH�UHLVWLMGHQ��+LHUXLW�ZRUGW�GXLGHOLMN�GDW�QD�HHQ�DDQWDOPLQXWHQ�UHLVWLMG��DIVWDPG�JHGHHOG�GRRU�HHQ�JHPLGGHOGH�VQHOKHLG��PHQVHQ�LQGLIIHUHQW�ZRUGHQ�0HQVHQ�]RHNHQ�GXV�HHQ�ZRQLQJ�GLFKW�ELM�KXQ�EDDQ�HQ�YLFH�YHUVD��YDQ�+DP���������(FKWHU�

]RGUD�HHQ�GUHPSHOZDDUGH�ZRUGW�RYHUVFKUHGHQ��PDDNW�KHW�QLHW�PHHU�]R�YHHO�XLW�RI�KHW�RP����RIRP����PLQXWHQ�JDDW�
)LJXXU�����$IVWDQGVYHUYDOFXUYHV�YRRU�GULH�YRUPHQ�YDQ�UXLPWHOLMNH�LQWHUDFWLH
2S�ZHONH�ZLM]H�ZRUGHQ�QX�GH�SRWHQWLDDONDDUWHQ�JHPDDNW"�'H�SRWHQWLDDONDDUWHQ�ZRUGHQ�LQ�$UF,QIR�JHPDDNW�PHW�GH�JULG�IXQFWLH�µIRFDOVXP¶��+LHUPHH�ZRUGW�YRRU�HONH�FHO�LQ�KHW�JULG�GHSRWHQWLDDO�EHUHNHQG�YROJHQV�HHQ�PD[LPDOH�LQYORHGVDIVWDQG�HQ�HHQ�DIVWDQGVYHUYDO�IXQFWLH�GLHZRUGHQ�RSJHJHYHQ�LQ�HHQ�]RJHQDDPGH�µ.HUQHO¶�DVFLL�EHVWDQG��]RDOV�KLHURQGHU�ZRUGWJHwOOXVWUHHUG�

3RWHQWLDDOJULG� �IRFDOVXP�VRXUFHJULG��LUUHJXODU��NHUQHOILOH�
2S�GH]H�ZLM]H�ZRUGHQ�YRRU�DOOH�QHJHQ�VHFWRUHQ�ZHUN��GH�YLHU�YHUVFKLOOHQGH�YRUPHQ�YDQUHFUHDWLH�HQ�GH�WZHH�RQGHUVFKHLGHQ�ZRRQW\SHQ�DSDUWH�SRWHQWLDDO�JULGV�JHPDDNW��9RRU�GH

��������������������������������������������

� ��� ���� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����UHLVWLMGLQWHUYDO�YDQ���PLQXWHQ

�LQWHQ
VLWHLW

�W���L
QWHQV

LWHLW�W

ZRQHQ�VRFLDDO:RQHQ�ZHUNHQ:RQHQ�UHFUHDWLH
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SRWHQWLDDONDDUW�ZRQHQ�ZRUGW�]RDOV�JH]HJG�JHHQ�DIVWDQGVYHUYDO�IXQFWLH�JHEUXLNW��+LHU�ZRUGWHHQ�
IRFDO�VXP
�PHW�HHQ�
IRFDOSRLQW
�YDQ���EHUHNHQG�ZDDULQ�SHU�FHO�GH�ZDDUGHQ�YDQ�GH�DFKWRPULQJHQGH�FHOOHQ��GXV�PD[LPDDO�����NLORPHWHU��ELM�HONDDU�ZRUGHQ�RSJHWHOG�HQ�WRHJHNHQG�DDQGH�GHVEHWUHIIHQGH�FHO��'H�SRWHQWLDDOZDDUGHQ�YDQ�GH�YHUVFKLOOHQGH�JULGFHOOHQYHUWHJHQZRRUGLJHQ�KLHUPHH�GH�ZDDUGHQ�YDQ�GH�YHUNODUHQGH�YDULDEHOHQ�GLH�YHUYROJHQV�DOVLQSXW�YRRU�GH�VWDWLVWLVFKH�DQDO\VHV�ZRUGHQ�JHEUXLNW�
9DQ�GH�NDDUWHQ�PHW�GH�RS�HQ�DIULWWHQ�YDQ�VQHOZHJHQ�HQ�GH�16�VWDWLRQV��]LMQ�EHUHLNEDDUKHLGV�NDDUWHQ�JHPDDNW��'H]H�NDDUWHQ�JHYHQ�SHU�FHO�DDQ�ZDW�GH�DIVWDQG�LV�WRW�GH�GLFKWVW�ELM]LMQGH�RS�HQ�DIULW�RI�16�VWDWLRQ��2P�GH]H�NDDUWHQ�WH�PDNHQ�]LMQ�GH�µERROHDQ¶�NDDUWHQ�YDQ�GH�RS��HQDIULWWHQ�HQ�GH�16�VWDWLRQV�HHUVW�RPJH]HW�LQ�NDDUWHQ�ZDDUELM�GH�QXO�ZDDUGH�YDQ�DOOH�FHOOHQZDDULQ�JHHQ�RS��HQ�DIULW�RI�16�VWDWLRQ�LV�JHOHJHQ�LV�RPJH]HW�QDDU�12'$7$��9DQ�GHUHVXOWHUHQGH�NDDUWHQ�NXQQHQ�YHUYROJHQV�GH�JHZHQVWH�EHUHLNEDDUKHLGV�NDDUWHQ�ZRUGHQ�DIJHOHLGGRRU�GH�µ(XFOLGHDQ�GLVWDQFH¶� YDQ�DOOH�JULGFHOOHQ�WRW�GH�PHW�GDWD�JHYXOGH�FHOOHQ�WH�EHUHNHQHQ�:H�KHEEHQ�PHW�RS]HW�JHZHUNW�PHW�GH�DIVWDQG�WRW�GH�GLFKWVW�ELM]LMQGH�RS�HQ�DIULW�RI�16�VWDWLRQHQ�QLHW�PHW�GH�SRWHQWLDDO��GH�VRP�YDQ�KHW�DDQWDO�RS�HQ�DIULWWHQ�RI�16�VWDWLRQV�ELQQHQ�HHQEHSDDOGH�DIVWDQG���:H�JDDQ�HUYDQ�XLW�GDW�GH�DIVWDQG�WRW�GH�GLFKWVW�ELM]LMQGH�RS��HQ�DIULW�RI�16�VWDWLRQ�KHW�PHHVW�EHSDOHQG�LV��GDDU�KHW�RYHU�KHW�DOJHPHHQ�JXQVWLJHU�LV�ppQ�RS��HQ�DIULW�RI�16�VWDWLRQ�YODN�LQ�GH�EXXUW�WH�KHEEHQ��ZDDUYDQGDDQ�GH�DQGHUH�NQRRSSXQWHQ�PDNNHOLMN�EHUHLNWNXQQHQ�ZRUGHQ��GDQ�PHHUGHUH�RS��HQ�DIULWWHQ�RI�16�VWDWLRQV�RS�JURWHUH�DIVWDQG�
&RQFOXVLH
'H�GH�WH�YHUNODUHQ�HQ�GH�YHUNODUHQGH�YDULDEHOHQ�]LMQ�JURWHQGHHOV�EHVFKLNEDDU�YRRU�KHW�GRHO�YDQGLW�RQGHU]RHN��,Q�GH�EHZHUNLQJHQ�]LWWHQ�DDQQDPHV�GLH�ELQQHQ�KHW�NDGHU�YDQ�KHW�RQGHU]RHN�YDQ5,90�(1�712�,QUR�YHUGHGLJEDDU�]LMQ��PDDU�LQ�HHQ�DQGHUH�LQYXOOLQJ�YDQ�KHW�RQGHU]RHN�WH�NRUW]RXGHQ�VFKLHWHQ�RPGDW�GH]H�DDQQDPHV�µWH�VWDU¶�]LMQ��+HW�PRJH�GXLGHOLMN�]LMQ�GDW�GHEHZHUNLQJHQ�HQ�GH�DQDO\VH�DUEHLGVLQWHQVLHI�]LMQ�HQ�YUDJHQ�RP�HHQ�NRSSHOLQJ�WXVVHQ�HQHU]LMGVHHQ�JHRJUDILVFK�LQIRUPDWLH�V\VWHHP�HQ�DQGHU]LMGV�HHQ�NUDFKWLJ�VWDWLVWLVFK�SDNNHW��'H�YUDDJ�KRHGH]H�NRSSHOLQJ�NDQ�ZRUGHQ�JHPDDNW��LV�GDQ�RRN�HHQ�H[SOLFLHWH�RQGHU]RHNVYUDDJ�JHZHHVW��,QRQGHUVWDDQGH�SDUDJUDDI�ZRUGW�GDDU�RS�LQJHJDDQ�
*HEUXLNWH�VWDWLVWLVFKH�VRIWZDUH
$OOH�NDDUWHQ�]LMQ�GRRU�KHW�5,90�JHOHYHUG�RS�$UF�,QIR�JULGIRUPDDW��'H]H�NDDUWHQ�]LMQ�RS�GH98�RPJH]HW�QDDU�$UF�9LHZ�IRUPDDW��2PGDW�$UF�9LHZ�JHNRSSHOG�NDQ�ZRUGHQ�DDQ�KHWVWDWLVWLVFKH�SDNNHW�6�SOXV��LV�KHW�LQ�SULQFLSH�PRJHOLMN�HHQ�DDQWDO�UXLPWHOLMN�VWDWLVFKH�DQDO\VHVXLW�WH�YRHUHQ��'H�IXQFWLRQDOLWHLW�YDQ�GH�6�3OXV�H[WHQWLH�YDQ�$UF�9LHZ��ZDV�HFKWHU�QLHWWRHUHLNHQG�RP�GH�XLWHLQGHOLMN�JHZHQVWH�VWDWLVWLVFKH�DQDO\VHV�XLW�WH�YRHUHQ��'DDURP�ZDV�KHW
� 'LW�LV�GH�KHPHOVEUHGH�DIVWDQG��,Q�HHQ�JULG�ZRUGW�GH]H�JHPHWHQ�YDQDI��KHW�PLGGHOSXQW�YDQ�GH�FHO�WRW�KHWPLGGHOSXQW�YDQ�GH�GRHOFHO��+RUL]RQWDDO�HQ�YHUWLNDDO�EHWUHIW�GLW�GXV�KHW�DDQWDO�WXVVHQOLJJHQGH�FHOOHQ�PDDO�GHFHOJURRWWH���'LDJRQDDO�ZRUGW�GH�DIVWDQG�WXVVHQ�GH�PLGGHOSXQWHQ�YROJHQV�GH�IXQFWLH�YDQ�3K\WDJRUDV�XLWJHUHNHQG�
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QRRG]DNHOLMN�DOOH�NDDUWHQ�VWXN�YRRU�VWXN�WH�NRSSHOHQ�DDQ�HHQ�EDVLVJULG� ZDDULQ�HONH�JULGFHOHHQ�XQLHN�QXPPHU�NULMJW��'RRUGDW�DOOH�NDDUWHQ�RS�GH]H�ZLM]H�JHUHIHUHHUG�]LMQ�DDQ�GH]HOIGHVOHXWHONRORP�PHW�XQLHNH�JULGFHOZDDUGHQ��NXQQHQ�GH�NDDUWHQ�LQ�WDEHOYRUP�PHW�HONDDUYHUJHOHNHQ�ZRUGHQ��2P�GH�NDDUWHQ�RS�GH�MXLVWH�ZLM]H�WH�NRSSHOHQ�LV�KHW�YDQ�EHODQJ�GDW�RRN�GH]RJHQDDPGH�9$7��YDOXH�DWWULEXWH�WDEOHV��YDQ�GH�YHUVFKLOOHQGH�JULGNDDUWHQ�DDQ�HONDDUJHNRSSHOG�ZRUGHQ��'H�NRSSHOLQJ�YDQ�GH�YHUVFKLOOHQGH�JULGNDDUWHQ�HQ�KHW�EDVLVJULG�LVXLWJHYRHUG�PHW�GH�IXQFWLH�
&RPELQH
�GLH�LQ�$UF�9LHZ��PHW�6SDWLDO�DQDO\VW�H[WHQVLRQ�EHVFKLNEDDU�LV�PHW�GH�H[WHQVLH�
*ULG�&RQYHUVLRQ�7RROV
��0D[LPDDO�WZLQWLJ�JULGV�NXQQHQWHJHOLMN�ZRUGHQ�JHFRPELQHHUG�ZDDUQD�HHQ�QLHXZ�JULG�PHW�XQLHNH�FHOZDDUGHQ�ZRUGW�JHPDDNW�'H�UHVXOWHUHQGH�9$7�YDQ�GLW�JULG�LV�LQ�]LMQ�JHKHHO�JHFRQYHUWHHUG�QDDU�HHQ�'�EDVH�WDEHO��'%)��(HQ�'%)�EHVWDQG�LV�HHQYRXGLJ�LQ�WH�OH]HQ�LQ�6�3OXV��GRRU�ELM�GH�GDWD�LPSRUW�IXQFWLH�DDQ�WHJHYHQ�ZHON�'%)�EHVWDQG�PRHW�ZRUGHQ�LQJHOH]HQ��,Q�GLW�VFKHUP�LV�HHQ�ILOWHU�WDEEODG�DDQZH]LJZDDULQ�NDQ�ZRUGHQ�RSJHJHYHQ�ZHONH�VHOHFWLH�LQ�GH�UHFRUGV�PRHW�ZRUGHQ�JHPDDNW�HQ�RI�HU�HHQVWHHNSURHI�PRHW�ZRUGHQ�JHQRPHQ���2P�KHW�DDQWDO�FHOOHQ�LQ�GH�EHUHNHQLQJ�WRW�KHW�PLQLPXP�WHEHSHUNHQ�]LMQ�ELMYRRUEHHOG�DOOH�FHOOHQ�GLH�YROOHGLJ�XLW�ZDWHU�EHVWDDQ�ZHJJHILOWHUG��:+(5(:$7(5�������VHOHFWHHU�DOOH�FHOOHQ�PHW�HHQ�ZDWHU�RSSHUYODNWH�NOHLQHU�GDQ����KHFWDUH���'H�LQ6�SOXV�JHwPSRUWHHUGH�WDEHO�LV�QX�LQ�SULQFLSH�JHVFKLNW�RP�GH�JHZHQVWH�FRUUHODWLH�HQ�UHJUHVVLH�DQDO\VHV�XLW�WH�YRHUHQ��7HYHQV�NXQQHQ�HU�EHUHNHQLQJHQ�ZRUGHQ�XLWJHYRHUG�WXVVHQ�GHNRORPPHQ�RQGHUOLQJ�HQ�NXQQHQ�GH�UHVXOWDWHQ�LQ�QLHXZH�NRORPPHQ�ZHJJHVFKUHYHQ�ZRUGHQ�

� $OV�EDVLVJULG�LV�ppQ�YDQ�GH�GRRU�KHW�5,90�JHOHYHUGH�JULGV�JHQRPHQ��GURJH�QDWXXUWHUUHLQHQ�������&%6������ZDDULQ�DOOH�JULGFHOOHQ�LQ�GH�1RRUG]HH��GH�=HHXZVH�ZDWHUHQ��KHW�,-VVHOPHHU�HQ�GH�5DQGPHUHQ�GH�ZDDUGH
12'$7$
�KHEEHQ��'LW�EHWUHIW�GHUKDOYH�HHQ�JULG�PHW��������GXL]HQG�XQLHN�JHQXPPHUGH�FHOOHQ��8LWJDQJVSXQWKLHUELM�LV�GDW�JHQRHPGH�ZDWHUJHELHGHQ�QLHW�UHOHYDQW�]LMQ�DOV�SRWHQWLHHO�ZRRQJHELHG��LQGLHQ�RQWZLNNHOLQJHQ�XLWKHW�YHUOHGHQ�ZRUGHQ�GRRUJHWURNNHQ��ORNDWLHV�LQ�KHW�ZDWHU�DOV�,-EXUJ�ZRUGHQ�KLHU�GXV�YDQ�XLWJH]RQGHUG���+HW�JULGLV�]R�NOHLQ�PRJHOLMN�JHQRPHQ�RP�GH�JURWH�KRHYHHOKHLG�EHQRGLJGH�UHNHQWLMG�YDQ�GH�UHJUHVVLH�DQDO\VHV�LQ�6�SOXV]R�YHHO�PRJHOLMN�WH�EHSHUNHQ�
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7UHQGDQDO\VH
,QOHLGLQJ
,Q�GH�WUHQGDQDO\VH�ZRUGW�JHSUREHHUG�]R�JRHG�PRJHOLMN�GH�UXLPWHOLMNH�YHUGHOLQJ�LQ�GH�WRHQDPHYDQ�GH�ZRQLQJGLFKWKHLG�����±������WH�YHUNODUHQ��,Q�GLW�KRRIGVWXN�ZRUGHQ�GH�LQ�KRRIGVWXN��JHVHOHFWHHUGH�YDULDEHOHQ�YHUGHU�RQGHU]RFKW�RS�KXQ�ELMGUDJH�DDQ�GH�YHUNODULQJ�YDQ�GH�WHYHUNODUHQ�YDULDEHOH��'LW�JHEHXUW�HHUVW�RS�HHQ�JOREDOH�ZLM]H�GRRU�PLGGHO�YDQ�FRUUHODWLH�DQDO\VH�ZDDULQ�GH�VWHUNWH�YDQ�KHW�YHUEDQG�WXVVHQ�HONH�DI]RQGHUOLMNH�[�YDULDEHOH�PHW�GH�\�YDULDEHOH�qQGH�VWHUNWH�YDQ�GH�UHODWLHV�WXVVHQ�GH�YHUNODUHQGH�YDULDEHOHQ�ZRUGHQ�EHSDDOG��$OV�HU�RS�JURQGKLHUYDQ�UHGHQHQ�]LMQ�RP�WH�JHORYHQ�GDW�EHSDDOGH�YDULDEHOHQ�JHHQ�QXWWLJH�ELMGUDJH�OHYHUHQ�LQKHW�UHJUHVVLH�PRGHO��ZRUGHQ�GH]H�YHUZLMGHUG��2RN�NDQ�KHW�]LMQ�GDW�XLW�GH�RQGHUOLQJH�FRUUHODWLHEOLMNW�GDW�VRPPLJH�[�YDULDEHOHQ�VWHUN�DDQ�HONDDU�JHFRUUHOHHUG�]LMQ�ZDDUGRRU�PHHU�GDQ�ppQ�YDQGH]H�YDULDEHOHQ�QLHW�QRGLJ�RI�QLHW�QXWWLJ�]LMQ��1D�GH]H�YRRUVHOHFWLH�YDQ�YDULDEHOHQ�NDQ�GHHLJHQOLMNH�UHJUHVVLH�DQDO\VH�EHJLQQHQ��ZDDULQ�QLHW�DOOHHQ�GH�VWHUNWH�YDQ�GH�UHODWLHV�EHSDDOGZRUGW��PDDU�RRN�GH�ULFKWLQJ�YDQ�KHW�YHUEDQG�WXVVHQ�HHQ�VHW�YHUNODUHQGH�YDULDEHOHQ�HQ�GH�WHYHUNODUHQ�YDULDEHOH�
&RUUHODWLH�DQDO\VH
5HVXOWDWHQ
,Q�WDEHO�����]LMQ�GH�FRUUHODWLHV�ZHHUJHJHYHQ�WXVVHQ�GH�WRHQDPH�YDQ�KHW�DDQWDO�ZRQLQJHQ�WXVVHQ�����HQ������HQ�DOOH����JHVHOHFWHHUGH�YDULDEHOHQ�ZDDUYDQ�DDQJHQRPHQ�ZRUGW�GDW�]H�HHQ�PHHURI�PLQGHU�JURWH�LQYORHG�KHEEHQ�RS�GH�ORNDWLH�YDQ�QLHXZERXZZRQLQJHQ��ELMODJH�����2SJHPHUNW]LM�GDW�LQ�GH�JHSUHVHQWHHUGH�WDEHO�GH�ZRQLQJW\SHQ�HQHU]LMGV�RI�HHQ��HQ�PHHUJH]LQVZRQLQJHQ]LMQ��GH]H�FODVVLILFDWLH�ZRUGW�LQ�GH�5XLPWHVFDQQHU�JHEUXLNW��HQ�DQGHU]LMGV�HHQ�YHUGHUJDDQGHXLWVSOLWVLQJ�QDDU�W\SH��'H]H�XLWVSOLWVLQJ�LV�WRFK�JHEUXLNW�RP�DDQ�WH�WRQHQ�GDW�GH�QRRG]DNHOLMNHGLFKRWRPLH�QDDU�ZRQLQJW\SH�OHLGW�WRW�KHWHURJHQLWHLW�LQ�GH�VFKDWWLQJHQ�PRHW�OHLGHQ�
'H�U�ZDDUGHQ�]LMQ�RYHU�KHW�DOJHPHHQ�HUJ�ODDJ��=H�ODWHQ�ZHO�HHQ�ORJLVFK�HQ�FRQVLVWHQW�SDWURRQ]LHQ�HQ�ZRUGHQ�GDDURP�EUXLNEDDU�JHDFKW��'H�WRHQDPH�YDQ�GH�YRRUUDDG�YDQppQJH]LQVZRQLQJHQ��W\SHQ���HQ����FRUUHOHHUW�QDDU�YHUZDFKWLQJ�UHGHOLMN�JRHG�PHW�GH�SRWHQWLDDOYDQ�GH�ppQJH]LQVZRQLQJHQ�HQ�URQGXLW�VOHFKW�PHW�GH�SRWHQWLDDO�YDQ�PHHUJH]LQVZRQLQJHQ��0DDURRN�GH�PHHUJH]LQV�IODWZRQLQJHQ��W\SH����FRUUHOHUHQ�JRHG�PHW�GH�SRWHQWLDDO�YDQ�GHppQJH]LQVZRQLQJHQ��ZDW�NDQ�ZLM]HQ�RS�HHQ�YHUVFKXLYLQJ�LQ�GH�ODDWVWH�GHFHQQLD�LQ�GHORNDOLVHULQJ�YDQ�GH]H�ZRQLQJHQ��1RJ�RSYDOOHQGHU�HFKWHU�LV�GH�QHJDWLHYH�U�ZDDUGH�YDQ�GHZRQLQJJURHL�YDQ�W\SH����PHHUJH]LQV��HWDJH���EHQHGHQ���ERYHQZRQLQJHQ���PHW�GH�SRWHQWLDDOYDQ�PHHUJH]LQVZRQLQJHQ��+LHUXLW�NDQ�JHFRQFOXGHHUG�ZRUGHQ�GDW�GLW�VRRUW�ZRQLQJHQ�GH�ODDWVWH���MDDU�NHQQHOLMN�LQ�PLQGHUH�PDWH�LQ�GH�EXXUW�YDQ�GH�EHVWDDQGH�ORNDWLHV�YRRU�GH]H�W\SHQZRQLQJHQ�]LMQ�JHERXZG��GH�ELQQHQVWHGHQ��
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7DEHO������&RUUHODWLHV�WXVVHQ�GH�YHUNODUHQGH�HQ�GH�WH�YHUNODUHQ�YDULDEHOH
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'H�FRUUHODWLH�WXVVHQ�QLHXZERXZZRQLQJHQ�HQ�GH�SRWHQWLDDOZDDUGHQ�YRRU�ERVJHELHGHQ�LV�RYHUKHW�DOJHPHHQ�QHJDWLHI�HQ�NOHLQ��1DDU�YHUZDFKWLQJ�LV�GH�SRVLWLHYH�FRUUHODWLH�PHW�GH�YULMVWDDQGHppQJH]LQVZRQLQJHQ�YDQ�ZRQLQJW\SH����'LW�W\SH�ZRQLQJHQ�LV�LQ�GH�DIJHORSHQ����MDDU�NHQQHOLMNPHHU�LQ�GH�RPJHYLQJ�YDQ�GH�ERVULMNH�JHELHGHQ�JHERXZG�RI�ERV�LV�RQWVWDDQ�ELM�GH]H�ORFDWLHV�$OOH�QLHXZH�ZRQLQJERXZ�VFRRUW�SRVLWLHI�PHW�GH�SRWHQWLDDO�YRRU�ERVUHFUHDWLH��+LHUXLW�NDQJHFRQFOXGHHUG�ZRUGHQ�GDW�HU�HHQ�WHQGHQV�LV�QLHXZH�ZRQLQJERXZ�GLFKW�ELM�ERVJHELHGHQ�PHWERVUHFUHDWLH�WH�VLWXHUHQ�'H�U�ZDDUGHQ�YRRU�GH�SRWHQWLDDO�YDQ�GURJH�HQ�QDWWH�QDWXXUWHUUHLQHQ�]LMQ�]R�ODDJ���������EHKDOYH�YRRU�ZRQLQJW\SH����GDW�JHFRQFOXGHHUG�NDQ�ZRUGHQ�GDW�HU�JHHQ�GXLGHOLMN�YHUEDQGEHVWDDW�PHW�QLHXZH�ZRQLQJERXZ��(HQ�NOHLQH�SRVLWLHYH�FRUUHODWLH�LV�DDQZH]LJ�WXVVHQ�JHELHGHQLQ�GH�EXXUW�YDQ�ZDWHU�HQ�QLHXZH�ZRQLQJERXZ��$OOHHQ�ZRQLQJHQ�YDQ�W\SH���VFRUHQ�QHJDWLHI�LQGDW�RS]LFKW��ZDW�FRUUHVSRQGHHUW�PHW�GH�OLJJLQJ�YDQ�GH]H�ZRQLQJERXZORNDWLHV�LQ�ERVJHELHGHQGLH�RYHU�KHW�DOJHPHHQ�KRJHU�HQ�YHUGHU�ZHJ�JHOHJHQ�]LMQ�YDQ�ZDWHU�$OOH�QLHXZH�ZRQLQJERXZ�FRUUHOHHUW�GXLGHOLMN�SRVLWLHI�PHW�GH�SRWHQWLDDO�YDQ�KHW�DDQWDO�DUEHLGV�SODDWVHQ�SHU�VHFWRU��GDW�ZLO�]HJJHQ�LQGLHQ�GH]H�GLFKW�LQ�GH�EXXUW�]LMQ�JHOHJHQ�YDQ�JHELHGHQ�PHWYHHO�DUEHLGVSODDWVHQ��'LW�JHOGW�PHW�QDPH�YRRU�ZRQLQJW\SHQ���HQ����HHQJH]LQV�ULMWMHVZRQLQJHQHQ�PHHUJH]LQV�IODWZRQLQJHQ��GLH�YRRU�ELMQD�DOOH�DUEHLGVVHFWRUHQ�U�ZDDUGHQ�ERYHQ�GH����KHEEHQ��'H�YHUVFKLOOHQ�WXVVHQ�GH�DUEHLGVVHFWRUHQ�RQGHUOLQJ�]LMQ�NOHLQ�WH�QRHPHQ�:RQLQJW\SHQ���WRW�HQ�PHW���FRUUHOHUHQ�KHW�VWHUNVW�PHW�GH�GHWDLOKDQGHO�HQ�GH�NZDUWDLU��HQNHQQLVGLHQVWHQ��:RQLQJW\SH���FRUUHOHHUW�KHW�EHVW�PHW�GH�VHFWRU�LQGXVWULH��ERXZ�HQ�ODQGERXZ�KHWJHHQ�QDDU�YHUZDFKWLQJ�LV��(HQ�XLW]RQGHULQJ�RS�KHW�DOJHPHQH�SDWURRQ�ZRUGW�JHYRUPG�GRRUGH�VHFWRU�ODQGERXZ��GLH�XLWJH]RQGHUG�YRRU�ZRQLQJW\SH����VOHFKWHU�FRUUHOHHUW�GDQ�GH�DQGHUHVHFWRUHQ��$UEHLGVSODDWVHQ�LQ�GH�ODQGERXZ�]LMQ�MXLVW�EXLWHQ�GH�VWHGHOLMNH�ZRRQJHELHGHQ�JHOHJHQHQ�]LMQ�PHHU�JHVSUHLG�RYHU�KHW�ODQG��PHW�XLW]RQGHULQJ�YDQ�KHW�:HVWODQGJHELHG�ZDDU�HHQ�KRJHFRQFHQWUDWLH�DUEHLGVSODDWVHQ�LV�WH�YLQGHQ�LQ�GH�NDVVHQERXZ�'H�1HGHUODQGVH�VQHOZHJHQ�]LMQ�DOV�HHQ�ERROHDQ�NDDUW��ZDDUGH���RI����DOV�YDULDEHOHRSJHQRPHQ��9HUZDFKW�ZHUG�GDW�GH]H�JHELHGHQ�GRRU�PHW�QDPH�JHOXLGVRYHUODVW�RQDDQWUHNNHOLMN]RXGHQ�]LMQ�YRRU�QLHXZH�ZRQLQJERXZ��(U�LV�HFKWHU�HHQ�SRVLWLHYH�FRUUHODWLH�JHYRQGHQ�WXVVHQ�GHGLUHFWH�RPJHYLQJ�YDQ�VQHOZHJHQ�HQ�QLHXZH�ZRQLQJERXZ��0HW�QDPH�GH�YULMVWDDQGHHHQJH]LQVZRQLQJHQ�YDQ�W\SH����!�������JHYROJG�GRRU�GH�ULMWMHVZRQLQJHQ��ZRQLQJW\SH���FRUUHOHUHQ��ZHOLVZDDU�QLHW�VWHUN�PDDU��SRVLWLHI�PHW�GH�VQHOZHJHQ��(HQ�PRJHOLMNH�YHUNODULQJ�LVGDW�UHODWLHI�YHHO�QLHXZH�ZRRQZLMNHQ�YODNELM�VQHOZHJHQ�]LMQ�JHERXZG��ZDDUELM�GHJHOXLGVRYHUODVW�DO�GDQ�QLHW�LV�DIJHVFKHUPG�PHW�JHOXLGVLVROHUHQGH�YRRU]LHQLQJHQ��9RRU�GHDDQZH]LJKHLG�YDQ�VSRRUZHJHQ�JHOGW�MXLVW�GDW�GH]H�KHW�KRRJVW�JHFRUUHOHHUG�]LMQ�PHW�GHPHHUJH]LQV�ZRQLQJW\SHQ���HQ����PHW�QDPH�GH�IODWZRQLQJHQ�YDQ�W\SH���VFRUHQ�UHODWLHI�KRRJ��!������'H�QDELMKHLG�YDQ�HHQ�RS��HQ�DIULW�YDQ�HHQ�VQHOZHJ�FRUUHOHHUW�SRVLWLHI�PHW�QLHXZH�ZRQLQJERXZ�'H]H�FRUUHODWLH�LV�KHW�VWHUNVW�YRRU�ZRQLQJW\SH������HQ����+HW]HOIGH�JHOGW�YRRU�GH�DIVWDQG�WRW�KHWGLFKWVW�ELM�JHOHJHQ�VWDWLRQ��:RQLQJW\SH����GH�HHQJH]LQV�ULMWMHVKXL]HQ�FRUUHOHHUW�]RZHO�ELM�GHRS��HQ�DIULWWHQ�DOV�GH�VWDWLRQV�KHW�VWHUNVW�7HQVORWWH�YDOW�HHQ�KRJH�SRVLWLHYH�FRUUHODWLH�ZDDU�WH�QHPHQ�WXVVHQ�GH�JHELHGHQ�GLH�LQ�GH�MDUHQ]HYHQWLJ�DOV�JURHLNHUQ�]LMQ�DDQJHZH]HQ�HQ�GH�QLHXZERXZ�YDQ�HHQJH]LQV�ULMWMHVKXL]HQ�YDQ�W\SH���!�������'H�FRUUHODWLH�PHW�GH�RYHULJH�ZRQLQJERXZ�W\SHQ�LV�RRN�SRVLWLHI�PDDU�EHGXLGHQGODJHU�����������'H�DOV�JURHLVWHGHQ�DDQJHZH]HQ�JHELHGHQ�ODWHQ�JHHQ�RSYDOOHQG�SRVLWLHYHFRUUHODWLHV�]LHQ�YRRU�ppQ�YDQ�GH�ZRQLQJW\SHQ�
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,Q�ELMODJH���LV�HHQ�WDEHO�RSJHQRPHQ�PHW�GH�RQGHUOLQJH�FRUUHODWLHV�WXVVHQ�GH�
YHUNODUHQGH
YDULDEHOHQ��:DW�EHWUHIW�GH�RQGHUOLQJH�FRUUHODWLHV�LV�HHQ�DDQWDO�YHUEDQGHQ�LQWHUHVVDQW��'HSRWHQWLDDONDDUW�ERVJHELHGHQ�FRUUHOHHUW�VWHUN�PHW�GH�SRWHQWLDDONDDUW�GURJH�QDWXXUWHUUHLQHQ�9RRU�GH�UHJUHVVLH�DQDO\VH�EHWHNHQW�GLW�GDW�ppQ�YDQ�EHLGH�YDULDEHOHQ�JHNR]HQ�PRHW��2RN�ERVJH�ELHGHQ�HQ�ERVUHFUHDWLH�FRUUHOHUHQ�JRHG�PDDU�QLHW�]R�VWHUN�GDW�ZH�RS�YRRUKDQG�NXQQHQEHVOXLWHQ�ppQ�YDQ�EHLGH�YDULDEHOHQ�WH�ODWHQ�YDOOHQ�
'H�RQGHUOLQJH�FRUUHODWLHV�YDQ�GH�YHUVFKLOOHQGH�DUEHLGVVHFWRUHQ�]LMQ�]HHU�KRRJ�WH�QRHPHQ��'H�U�ZDDUGHQ�OLJJHQ�LQ�GH�PHHVWH�JHYDOOHQ�ERYHQ�GH������$OOHHQ�LQGXVWULH��FD��WXVVHQ�����HQ������HQODQGERXZ��FD��WXVVHQ�����HQ������KHEEHQ�HQLJV]LQV�ODJHUH�FRUUHODWLHV�PHW�GH�DQGHUH�VHFWRUHQ�KHWJHHQ�FRQVLVWHQW�LV��*HFRQFOXGHHUG�NDQ�ZRUGHQ�GDW�GH�RQGHUOLQJH�FRUUHODWLH�YDQ�GHDUEHLGVVHFWRUHQ�RYHU�KHW�DOJHPHHQ�]R�VWHUN�LV�GDW�LQ�GH�UHJUHVVLH�DQDO\VHV�JHNR]HQ�PRHWZRUGHQ�YRRU�ppQ�YDQ�GH�YDULDEHOHQ��RPGDW�PHHUGHUH�YDULDEHOHQ�QLHW�ELMGUDJHQ�DDQ�GHYHUNODULQJ�YDQ�GH�\�YDULDEHOH��:HO�NDQ�HYHQWXHHO�LQGXVWULH�RI�ODQGERXZ�DOV�DSDUWH�YDULDEHOHRSJHQRPHQ�ZRUGHQ�
&RQFOXVLHV�WHQ�DDQ]LHQ�YDQ�NHX]H�YDULDEHOHQ
7DEHO�����JHHIW�HHQ�RYHU]LFKW�YDQ�GH�JHVHOHFWHHUGH�YDULDEHOHQ��'H�SRWHQWLDDONDDUWHQ�YDQERVJHELHGHQ�HQ�ERVUHFUHDWLH�WRQHQ�LQ�GH�FRUUHODWLH�DQDO\VH�HHQ�OLFKW�PDDU�VSHFLILHN�YHUEDQGDDQ�PHW�GH�WRHQDPH�YDQ�GH�ZRQLQJYRRUUDDG�HQ�ZRUGHQ�GDDURP�LQ�GH�UHJUHVVLH�DQDO\VHRSJHQRPHQ��2QGDQNV�GH�]HHU�ODJH�FRUUHODWLH�YDQ�GH�WRHQDPH�LQ�GH�ZRQLQJ�YRRUUDDG�PHW�GHSRWHQWLDDO�YDQ�GURJH�HQ�QDWWH�QDWXXUWHUUHLQHQ�KHEEHQ�ZH�EHVORWHQ�RRN�GH]H�WZHH�YDULDEHOHQYRRUORSLJ�WH�KDQGKDYHQ��2RN�GH�SRWHQWLDDONDDUW�PHW�ZDWHUJHELHGHQ�ODDW�LQ�KHW�DOJHPHHQ�HHQOLFKW�SRVLWLHYH�FRUUHODWLH�PHW�QLHXZH�ZRQLQJERXZ ]LHQ�HQ�LV�GDDURP�YRRUORSLJ�DOV�YDULDEHOHRSJHQRPHQ�YRRU�GH�UHJUHVVLH�DQDO\VH�
7DEHO���� 'H�JHVHOHFWHHUGH�YDULDEHOHQ�YRRU�GH�UHJUHVVLH�DQDO\VH�RS�EDVLV�YDQ�GH�FRUUHODWLH�DQDO\VH9DULDEHOHQ3RWHQWLDDO�DUEHLGVSODDWVHQ�ODQGERXZ�����3RWHQWLDDO�DUEHLGVSODDWVHQ�LQGXVWULH�����3RWHQWLDDO�DUEHLGVSODDWVHQ�WUDQVSRUWVHFWRU�����3RWHQWLDDO�DUEHLGVSODDWVHQ�NHQQLVVHFWRU�����3RWHQWLDDO�ERVJHELHGHQ�����3RWHQWLDDO�ERVUHFUHDWLH�����3RWHQWLDDO�GURJH�QDWXXUWHUUHLQHQ�����3RWHQWLDDO�QDWWH�QDWXXUWHUUHLQHQ�����3RWHQWLDDO�ZDWHUJHELHGHQ�����$DQZH]LJKHLG�DXWRVQHOZHJHQ������LQ�JULGFHO��MD�QHH�$DQZH]LJKHLG�VSRRUZHJHQ������LQ�JULGFHO��MD�QHH�$IVWDQG�WRW�GLFKWVW�ELM�JHOHJHQ�RS��HQ�DIULW�����$IVWDQG�WRW�GLFKWVW�ELM�JHOHJHQ�16�VWDWLRQ�����/LJJLQJ�LQ�JURHLNHUQ�LQ������"���MD�QHH�/LJJLQJ�LQ�JURHLVWDG�LQ������"���MD�QHH�3RWHQWLDDO�ZRRQJHELHG�HHQJH]LQVZRQLQJHQ�����3RWHQWLDDO�ZRRQJHELHG�PHHUJH]LQVZRQLQJHQ�����
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'H�SRWHQWLDDO�YDQ�KHW�DDQWDO�DUEHLGVSODDWVHQ�FRUUHOHHUW�GXLGHOLMN�SRVLWLHI�PHW�QLHXZH�ZRQLQJ�ERXZ��GH�YHUVFKLOOHQ�SHU�VHFWRU�]LMQ�HFKWHU�NOHLQ�WH�QRHPHQ��8LW]RQGHULQJHQ�KLHURS�YRUPHQ�GHVHFWRUHQ�ODQGERXZ�HQ�LQGXVWULH�GLH�VOHFKWHU�FRUUHOHUHQ�PHW�ZRQLQJW\SHQ���W�P����PDDU�EHWHUPHW�ZRQLQJW\SH���'H]H�WZHH�VHFWRUHQ�]LMQ�YDQZHJH�GH�DIZLMNHQGH�FRUUHODWLH�DOV�DSDUWHYDULDEHOHQ�JHVHOHFWHHUG��9DQ�GH�RYHULJH�VWHUNHU�FRUUHOHUHQGH�DUEHLGVVHFWRUHQ�]LMQ�GH�NHQQLV��HQGH�WUDQVSRUWVHFWRU�JHNR]HQ��RPGDW�DDQJHQRPHQ�ZRUGW�GDW�GH�NHQQLVVHFWRU�PHHU�LQ�GHVWHGHOLMNH�JHELHGHQ�YRRUNRPW�HQ�GH�WUDQVSRUWVVHFWRU�PHHU�LQ�JRHG�EHUHLNEDUH�JHELHGHQ�RI�LQ�GHEXXUW�YDQ�NQRRSSXQWHQ�YDQ�LQIUDVWUXFWXXU��0HW�GH�NHX]H�YDQ�GH]H�YLHUZHUNJHOHJHQKHLGVYDULDEHOHQ�LV�]RZHO�HHQ�JRHGH�UXLPWHOLMNH�VSUHLGLQJ�WXVVHQ�GH�YHUVFKLOOHQGHVHFWRUHQ�JHZDDUERUJG�DOV�HHQ�JRHGH�VSUHLGLQJ�YDQ�SRWHQWLHOH�ZHUNQHPHUV�F�T�EHZRQHUVJURHSHQ��]RGDW�GH�PRJHOLMNH�YHUVFKLOOHQ�]R�JURRW�PRJHOLMN�]LMQ�HQ�GH�RYHUODS�WXVVHQGH�YDULDEHOHQ�GXV�]R�NOHLQ�PRJHOLMN�$OOH�LQIUDVWUXFWXXUYDULDEHOHQ�ODWHQ�PHHU�RI�PLQGHU�GXLGHOLMNH�FRUUHODWLHV�]LHQ�PHW�GH�WRHQDPHYDQ�GH�ZRQLQJYRRUUDDG��$DQJH]LHQ�GH]H�YDULDEHOHQ�JHRJUDILVFK�JH]LHQ�RS�YHUVFKLOOHQGHORNDWLHV�YRRUNRPHQ�LV�KHW�JHYDDU�YRRU�RYHUODS�LQ�GLW�JHYDO�QLHW�YDQ�EHODQJ�HQ�KHEEHQ�ZH�]HGXV�DOOH�YLHU�DOV�YDULDEHOH�YRRU�GH�UHJUHVVLH�DQDO\VH�RSJHQRPHQ��7HQVORWWH�KHEEHQ�ZH�GHJURHLNHUQHQ�DOV�YDULDEHOH�RSJHQRPHQ�GDDU�GH]H�]HHU�GXLGHOLMN�SRVLWLHI�FRUUHOHUHQ�PHW�ppQ�YDQGH�ZRQLQJW\SHQ��W\SH�����'H]H�YDULDEHOH�NDQ�LQ�GH�WRHNRPVWLJH�VLPXODWLHV�GLHQHQ�DOV�SUR[\YRRU�QLHXZ�DDQ�WH�ZLM]HQ�JURHLJHELHGHQ��ELMYRRUEHHOG�URQG�GH�WUDQVSRUWFRUULGRUV��2RN�DO�ODWHQGH�DOV�JURHLVWHGHQ�DDQJHZH]HQ�JHELHGHQ�JHHQ�RSYDOOHQGH�FRUUHODWLHV�]LHQ�PHW�ppQ�YDQ�GHZRQLQJW\SHQ��KHEEHQ�ZH�WRFK�EHVORWHQ�GH]H�YDULDEHOH�LQ�GH�HHUVWH�UHJUHVVLH�DQDO\VHV�RS�WHQHPHQ�
5HJUHVVLH�DQDO\VH
2QGHUVWDDQGH�WDEHO�����WRRQW�]LMQ�YRRU�UHVSHFWLHYHOLMN�GH�5DQGVWDG�HQ�GH�5HVW�YDQ�1HGHUODQGHQ�YRRU�HHQ��HQ�PHHUJH]LQVZRQLQJHQ�GH�UHVXOWDWHQ�YDQ�GH�UHJUHVVLHDQDO\VHV�EHVFKUHYHQ��,QELMODJH���LV�GH�WRWDOH�XLWYRHU�YDQ�GH�VWHS�ZLVH�UHJUHVVLRQ�RSJHQRPHQ�RSGDW�GXLGHOLMN�ZRUGWZHONH�YDULDEHOHQ�ZDDURP��LQ�VWDWLVWLVFKH�]LQ��QLHW�ZRUGHQ�RSJHQRPHQ�LQ�KHW�GHILQLWLHYHUHVXOWDDW��,Q�GH�DI]RQGHUOLMNH�SDUDJUDIHQ�ZRUGW�GLHSHU�LQJHJDDQ�RS�GH�LQWHUSUHWDWLH�YDQ�WDEHO���
/RJLVWLVFKH�UHJUHVVLHV�5DQGVWDG�HQ�HHQJH]LQVZRQLQJHQ
1D�HHQ�HHUVWH�UHJUHVVLH�PHW�GH�VWDUWVHW�YDQ����YDULDEHOHQ� SHU�UHJLR��]LMQ�GDDUQD�UHJUHVVLHVXLWJHYRHUG�PHW�NOHLQHUH�JURHSHQ�YDULDEHOHQ��ZDDUELM�LQ�HHUVWH�LQVWDQWLH�LV�XLWJHJDDQ�YDQ�GH�VHWVYDULDEHOHQ�GLH�]LMQ�RYHUJHEOHYHQ�XLW�GH�VWHS�ZLVH�UHJUHVVLRQ�
*HFRQFOXGHHUG�NDQ�ZRUGHQ�GDW�GH�IDFWRU�DUEHLG�DOV�YHUNODUHQGH�IDFWRU�YRRU�GH�JURHL�YDQ�GHYRRUUDDG�HHQJH]LQVZRQLQJHQ�QLHW�YDQ�VLJQLILFDQW�EHODQJ�LV��'H�EHODQJULMNVWH�UHGHQ�KLHUYRRU�LVZDDUVFKLMQOLMN�GDW�RQJHDFKW�GH�ORNDWLH�LQ�GH�5DQGVWDG�GH�EHUHLNEDDUKHLG�YDQ�JHELHGHQ�PHWYROGRHQGH�ZHUNJHOHJHQKHLG�DOWLMG�YROGRHQGH�LV��9DQ�DP�������
� $OOHHQ�GH�YDULDEHOH�JURHLVWHGHQ�LV�YHUZLMGHUG��RPGDW�QLHW�GXLGHOLMN�LV�RI�GH�RSJHWUHGHQ�JURHL�KHW�UHVXOWDDW�ZDV�YDQ�EHOHLG�RIYDQ�DXWRQRPH�RQWZLNNHOLQJHQ�HQ�HU�ERYHQGLHQ�JHHQ�HTXLYDOHQW�YRRU�GH]H�YDULDEHOH�QDDU�GH�WRHNRPVW�LV�



5XLPWHOLMNH�RQWZLNNHOLQJHQ�ZRQLQJERXZ������������

9ULMH�8QLYHUVLWHLW�$PVWHUGDP��IHEUXDUL����� ��

9RRU�GH��]HHU�NOHLQH��QHJDWLHYH�ZDDUGH�YDQ�GH�SRWHQWLDDO�ERVUHFUHDWLH�NDQ�JHHQ�GLUHFWH�YHUNOD�ULQJ�JHJHYHQ�ZRUGHQ��PRJHOLMN�KRXGW�GLW�YHUEDQG�PHW�GH�JHNR]HQ�DIVWDQGVYHUYDO�IXQFWLH�PD[LPDOH�LQYORHGVDIVWDQG����NLORPHWHU��
7DEHO���� %HWD¶V�HQ�W�ZDDUGHQ�YDQ�GH�UHJUHVVLHYHUJHOLMNLQJHQ�YRRU�GH�JURHL�YDQ�KHW�DDQWDO�HHQ��HQPHHUJH]LQVZRQLQJHQ�LQ�GH�5DQGVWDG�HQ�2YHULJ�1HGHUODQG5DQGVWDG(HQJH]LQV 0HHUJH]LQV% W�ZDDUGH % W�ZDDUGH6WDUWZDDUGH�LQWHUFHSW ����� ������� ������ �������.HQQLVGLHQVWHQ 1YW 1YW ���� ������5HFUHDWLHI�ERVJHELHG ����� ������ ���� ������:HJHQ ����� ������ ����� ������5DLO ����� ������ 1YW 1YW6WDWLRQV ����� ������� ����� �������2S��HQ�DIULWWHQ ���� ����� ���� �����*URHLNHUQ ���� ������ ���� �������(HQJH]LQVZRQLQJHQ ���� ������ ���� �������0HHUJH]LQVZRQLQJHQ ���� ����� ���� �������2YHULJ�1HGHUODQG(HQJH]LQV 0HHUJH]LQV% W�ZDDUGH % W�ZDDUGH6WDUWZDDUGH�LQWHUFHSW ������ ������� ������ �������,QGXVWULH ���� ������ 1YW 1YW.HQQLVGLHQVWHQ 1YW 1YW ���� �����5HFUHDWLHI�ERVJHELHG 1YW 1YW 1YW 1YW1DWWH�QDWXXU ���� ����� ���� �����:HJHQ ����� ������ ����� ������5DLO ����� ������ ����� ������6WDWLRQV ���� ������� ����� �������2S��HQ�DIULWWHQ ���� ����� 1YW 1YW*URHLNHUQ ���� ������ ���� ������(HQJH]LQVZRQLQJHQ ���� ������ ���� ������0HHUJH]LQVZRQLQJHQ ���� ������ ���� ������
1LHW�RQYHUZDFKW�]LMQ�GH�QHJDWLHYH�ZDDUGHQ�YRRU�ZHJHQ�HQ�VSRRUZHJHQ��'H��NOHLQH��SRVLWLHYHZDDUGH�YRRU�GH�DIVWDQG�WRW�RS��DIULWWHQ�YDQ�VQHOZHJHQ��EHWHNHQW�MXLVW�HHQ�NOHLQHUH�NDQV�RSZRQLQJERXZ�YODN�ELM�RS��HQ�DIULWWHQ��'LW�NDQ�EHWHNHQHQ�GDW�KHW�EHODQJ�YDQ�HHQ�GLFKW�ELMJHOHJHQ�RS��HQ�DIULW�YRRU�GH�ZRQLQJERXZ�YDQDI������UHODWLHI�JHULQJ�LV��'LW�LQ�WHJHQVWHOOLQJ�WRWGH�JURHL�YDQ�EHGULMIVWHUUHLQHQ�HQ�NDQWRRUORNDWLHV�GLH�MXLVW�KHW�KRRJVW�LV�YODNELM�RS��HQ�DIULWWHQ�:DJWHQGRQN���������9RRU�16�VWDWLRQV�JHOGW�GDW�GH�ZRQLQJERXZ�VQHOOHU�JURHLW�GLFKW�ELM�GHVWDWLRQV�GDQ�RS�JURWHUH�DIVWDQG��%LM�EHGULMIVWHUUHLQHQ�LV�GLW�YHUEDQG�ZHHU�SUHFLHV�DQGHUVRP�9HUGHU�ZRUGW�XLW�GH���ZDDUGHQ�GXLGHOLMN�GDW�GH�OLJJLQJ�LQ�HHQ�JURHLNHUQ�HHQ�EHODQJULMNHSRVLWLHYH�IDFWRU�LV�HQ�RRN�GH�SRWHQWLDDOZDDUGH�YDQ�GH�EHVWDDQGH�ppQJH]LQVZRQLQJHQ�]ZDDUPHHWHOW��(HQ�KRJH�SRVLWLHYH���ZDDUGH�ZRUGW�WHQVORWWH�JHYRQGHQ�YRRU�GH�SRWHQWLDDO�YDQ�GHEHVWDDQGH�YRRUUDDG�ppQJH]LQVZRQLQJHQ�
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/RJLVWLVFKH�UHJUHVVLHV�5DQGVWDG�HQ�PHHUJH]LQVZRQLQJHQ
'H�KRRJVWH��SRVLWLHYH����ZDDUGH�ZRUGW�JHYRQGHQ�YRRU�GH�DUEHLGVSRWHQWLDDO�NHQQLV��'LW�LV�JHHQRQYHUZDFKW�UHVXOWDDW��GDDU�]RZHO�GH�PHHUJH]LQVZRQLQJHQ�DOV�GH�NHQQLVFHQWUD�]LFKKRRIG]DNHOLMN�LQ�GH�JURWH�VWHGHQ�FRQFHQWUHUHQ��'H�ERVJHELHGHQ�ODWHQ�HHQ�OLFKW�SRVLWLHI�YHUEDQG]LHQ�PHW�GH�WRHQDPH�YDQ�PHHUJH]LQVZRQLQJHQ��PRJHOLMN�RPGDW�KHW�DDQZH]LJH�ERV�LQ�GH5DQGVWDG�GLFKW�ELM�GH�JURWH�VWHGHQ��PHW�PHHUJH]LQVZRQLQJHQ��JHOHJHQ�LV��ELMYRRUEHHOG�GH8WUHFKWVH�KHXYHOUXJ���,Q�YHUJHOLMNLQJ�PHW�GH�UHJUHVVLHUHVXOWDWHQ�YDQ�GH�ppQJH]LQVZRQLQJHQ�LQGH�5DQGVWDG�YDOW�YRRU�GH�PHHUJH]LQVZRQLQJHQ�GH��OLFKW��SRVLWLHYH���ZDDUGH�RS�YRRU�GHDDQZH]LJKHLG�YDQ�VSRRUZHJHQ��RS�NRUWH�DIVWDQG���'LW�EHWUHIW�ZDDUVFKLMQOLMN�GH�ERXZ�YDQJHVWDSHOGH�PHHUJH]LQVZRQLQJHQ�LQ�GH�JURWH�VWHGHQ�YODNELM�KHW�VSRRU��'H�QHJDWLHYH�ZDDUGHYRRU�GH�DXWRVQHOZHJHQ�LV�QLHW�YHUED]LQJZHNNHQG��GDDU�GH]H�RYHU�KHW�DOJHPHHQ�YHUGHU�EXLWHQGH�VWDG�JHOHJHQ�]LMQ��+HW�YHUEDQG�WXVVHQ�GH�QDELMKHLG�YDQ�RS�HQ�DIULWWHQ�YDQ�VQHOZHJHQ�HQ�16�VWDWLRQV��UHVSHFWLHYHOLMN�QHJDWLHI�HQ�SRVLWLHI��LV�YHUJHOLMNEDDU�PHW�KHW�YHUEDQG�ELM�GHppQJH]LQVZRQLQJHQ��'H�OLJJLQJ�LQ�HHQ�JURHLNHUQ�LV�JH]LHQ�GH�ODJHUH���ZDDUGH�YDQDDQPHUNHOLMN�PLQGHU�EHODQJ�YRRU�PHHUJH]LQVZRQLQJHQ�LQ�GH�5DQGVWDG�GDQppQJH]LQVZRQLQJHQ��ZDW�WH�YHUNODUHQ�LV�GRRU�KHW�UHODWLHI�JHULQJH�DDQGHHO�YDQ�PHHUJH]LQVZR�QLQJHQ�LQ�GH�JURHLNHUQHQ��7HQVORWWH�YDOW�RS�GDW�GH�SRWHQWLDDO�YDQ�ppQJH]LQVZRQLQJHQ�OHLGW�WRWHHQ�KRJHUH���ZDDUGH�GDQ�GH�SRWHQWLDDO�PHW�PHHUJH]LQVZRQLQJHQ��ZDW�JHGHHOWHOLMN�HHQ�JHYROJLV�YDQ�KHW�NOHLQHUH�DDQGHHO�PHHUJH]LQVZRQLQJHQ��
/RJLVWLVFKH�UHJUHVVLHV�LQWHUPHGLDU�SHULIHHU�5DQGVWDG�HQ�HHQJH]LQVZRQLQJHQ
%XLWHQ�GH�5DQGVWDG�OHYHUW�YDQ�GH�RQGHU]RFKWH�YDULDEHOHQ�GH�DUEHLGVSRWHQWLDDO�GH�KRRJVWH���ZDDUGH�RS�YRRU�GH�FDWHJRULH�ppQJH]LQVZRQLQJHQ��,Q�YHUJHOLMNLQJ�PHW�GH�5DQGVWDG�YDOW�RS�GDWQX�RRN�HHQ�OLFKW�SRVLWLHI�YHUEDQG�ZRUGW�JHYRQGHQ�YRRU�GH�SRWHQWLDDO�YDQ�QDWWH�QDWXXU��'HDDQZH]LJKHLG�YDQ�HHQ�ZDWHUULMNH�RPJHYLQJ�LV�EXLWHQ�GH�5DQGVWDG�NHQQHOLMN�YDQ�JURWHU�EHODQJ�2PGDW�QDWWH�QDWXXU�HQ�GH�ERVJHELHGHQ�GLH�RRN�HHQ�OLFKW�SRVLWLHI�YHUEDQG�ODWHQ�]LHQ��RQGHUOLQJQLHW�FRUUHOHUHQ��]LMQ�EHLGH�YDULDEHOHQ�LQ�GLW�JHYDO�RSJHQRPHQ��=RZHO�YODNELM�JHOHJHQDXWRZHJHQ�DOV�VSRRUZHJHQ�ODWHQ�EXLWHQ�GH�5DQGVWDG�HHQ�GXLGHOLMN�QHJDWLHI�YHUEDQG�]LHQ�PHWGH�WRHQDPH�YDQ�GH�YRRUUDDG�ppQJH]LQVZRQLQJHQ��2RN�GH�QDELMKHLG�YDQ�RS��HQ�DIULWWHQ�HQ�16�VWDWLRQV�ODWHQ�HHQ�QRUPDDO�YHUEDQG�]LHQ��UHVSHFWLHYHOLMN�QHJDWLHI�HQ�SRVLWLHI���7HQVORWWH�ZRUGHQKRJH���ZDDUGHQ�JHYRQGHQ�YRRU�GH�OLJJLQJ�LQ�JURHLNHUQHQ�HQ�YRRU�JHELHGHQ�LQ�GH�QDELMKHLG�YDQEHVWDDQGH�FRQFHQWUDWLHV�ppQJH]LQVZRQLQJHQ�
/RJLVWLVFKH�UHJUHVVLHV�LQWHUPHGLDU�SHULIHHU�5DQGVWDG�HQ�PHHUJH]LQVZRQLQJHQ
9RRU�PHHUJH]LQVZRQLQJHQ�EXLWHQ�GH�5DQGVWDG�JHOGW�QHW�DOV�YRRU�PHHUJH]LQVZRQLQJHQ�LQ�GH5DQGVWDG�GDW�GH�DUEHLGVSRWHQWLDDO�NHQQLV�GH�KRRJVWH���ZDDUGH�RSOHYHUW��1HW�DOV�ELM�GHppQJH]LQVZRQLQJHQ�OHYHUW�QX�RRN�GH�SRWHQWLDDO�YDQ�QDWWH�QDWXXUJHELHGHQ�HHQ�GXLGOLMN�SRVLWLHIYHUEDQG�RS��'H�ERVJHELHGHQ�GRHQ�HFKWHU�ZHLQLJ�HQ�]LMQ�GDDURP�ZHJJHODWHQ��2RN�KLHU�VFRUHQ
� LQ������FD������PLOMRHQ�PHHUJH]LQVZRQLQJHQ�W�R�Y������PLOMRHQ�ppQJH]LQVZRQLQJHQ��]LH�VXPPDU\�VWDWLVWLFV�ELMODJH����
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]RZHO�DXWRVQHO�ZHJHQ�DOV�VSRRUZHJHQ�QHJDWLHI��,Q�GLW�JHYDO�ZRUGW�JHHQ�VLJQLILFDQW�YHUEDQGJHYRQGHQ�PHW�GH�QDELMKHLG�YDQ�RS��HQ�DIULWWHQ��:HO�ZRUGW�ZHGHURP�HHQ�SRVLWLHI�YHUEDQGJHYRQGHQ�PHW�GH�QDELMKHLG�YDQ�16�VWDWLRQV��2RN�GH�OLJJLQJ�LQ�HHQ�JURHLNHUQ�OHYHUW�ZHHU�HHQVWHUN�SRVLWLHI�YHUEDQG�RS��PDDU�PLQGHU�VWHUN�GDQ�LQ�KHW�JHYDO�YDQ�GH�ppQJH]LQVZRQLQJHQ��1HWDOV�LQ�GH�5DQGVWDG�ZHHJW�GH�SRWHQWLDDO�YDQ�ppQJH]LQVZRQLQJHQ�]ZDDUGHU�GDQ�GH�SRWHQWLDDO�YDQPHHUJH]LQVZRQLQJHQ�
9LVXHOH�WRHWVLQJ�UHJUHVVLH�UHVXOWDWHQ
'H�UHJUHVVLH�UHVXOWDWHQ�NXQQHQ�JHYLVXHDOLVHHUG�ZRUGHQ�GRRU�GH�UHJUHVVLH�YHUJHOLMNLQJHQ�PHWELMEHKRUHQGH���ZDDUGHQ�RP�WH�]HWWHQ�LQ�NDQVHQNDDUWHQ��'H�UHGHQ�LV�RP�GH�DEVWUDFWH�UHVXOWDWHQWH�WRHWVHQ�RS�KXQ�SODXVLELOHLW�+LHUWRH�ZRUGW�SHU�ZRQLQJW\SH�GH�\�ZDDUGH�RS�RQGHUVWDDQGH�ZLM]H�XLW�GH�UHJUHVVLH�YHUJHOLMNLQJEHUHNHQG��+LHUELM�ZRUGHQ�GH�UHJLR
V�5DQGVWDG�HQ�RYHULJ�1HGHUODQG�DSDUW�EHUHNHQG��'HEHUHNHQGH�NDQV�LV�GH�NDQV�RS�GH�PD[LPDOH�WRHQDPH�LQ�HHQ�FHO�YDQ�UHVSHFWLHYHOLMN�����ppQJH]LQVZRQLQJHQ�RI������PHHUJH]LQVZRQLQJHQ��,Q�WDEHO�����]LMQ�GH�EHLGHUHJUHVVLHYHUJHOLMNLQJHQ�]RDOV�GH]H�LQ�SUDNWLMN�ZRUGHQ�JHEUXLNW�ZHHUJHJHYHQ��'H]HYHUJHOLMNLQJ�ZRUGW�RRN�LQ�GH�5XLPWHVFDQQHU�JHEUXLNW�
7DEHO���� 'H�UHJUHVVLHYHUJHOLMNLQJHQ�YRRU�HHQJH]LQV��HQ�PHHUJH]LQVZRQLQJHQ�]RDOV�JHwPSOHPHQWHHUG�LQ�GH5XLPWHVFDQQHU.DQVIXQFWLHV 3�\�� �H[S�\���������H[S�\��(HQJH]LQVZRQLQJHQ \ LIHOVH�5$1'67$'�  ��������������������������������
�ORJ�3�,1'86����������������������
�ORJ�3�%26*(%�����������������������
�ORJ�3�1$7175�����������������������
�:(*(1�������������������
�5$,/������������������
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�ORJ�'�67$7�����������������������
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�ORJ�3�((1*(=�����������������������
�ORJ�3�0((5*(=��������0HHUJH]LQVZRQLQJHQ \ LIHOVH�5$1'67$'�  ��������������������������������
�ORJ�3�,1'86����������������������
�ORJ�3�%26*(%�����������������������
�ORJ�3�1$7175�����������������������
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5XLPWHOLMNH�RQWZLNNHOLQJHQ�ZRQLQJERXZ������������

9ULMH�8QLYHUVLWHLW�$PVWHUGDP��IHEUXDUL����� ��

.DDUW���� 'H�NDQV�RS�WRHQDPH�YDQ�HHQJH]LQVZRQLQJHQ������������EURQ��5,90�712EHZHUNLQJ�

.DDUW���� 'H�NDQV�RS�WRHQDPH�YDQ�HHQJH]LQVZRQLQJHQ������������EURQ��5,90�712EHZHUNLQJ�
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0HW�EHKXOS�YDQ�EHLGH�UHJUHVVLHYHUJHOLMNLQJHQ�ZRUGW�DDQ�LHGHUH�JULGFHO�HHQ�NDQV�WRHJHNHQG�DDQGH�WRHQDPH�YDQ�GH�GLFKWKHLG��'H]H�NDQVHQ�NXQQHQ�QDWXXUOLMN�JHYLVXDOLVHHUG�ZRUGHQ�LQ�*,6�NDDUWHQ��.DDUW�����WRRQW�GH�NDQV�RS�GH�PD[LPDOH�WRHQDPH�YDQ�ppQJH]LQVZRQLQJHQZHHUJHJHYHQ��.DDUW�����WRRQW�GH�NDQV�RS�GH�PD[LPDOH�WRHQDPH�YDQ�PHHUJH]LQVZRQLQJHQZHHUJHJHYHQ��7HYHQV�LV�LQ�EHLGH�NDDUWHQ�KHW�ELM�GH�NDQVHQ�KRUHQGH�DDQWDO�ZRQLQJHQ�YHUPHOG�
2S�EDVLV�YDQ�HHQ�YLVXHOH�LQWHUSUHWDWLH�NDQ�JH]HJG�ZRUGHQ�GDW�]RZHO�GH�NDQVHQYHUGHOLQJ�YDQ�GHppQJH]LQV��DOV�GH�PHHUJH]LQVZRQLQJHQ�JRHG�RYHUHHQ�OLMNW�WH�NRPHQ�PHW�GH�YHUGHOLQJ�YDQ�GHZHUNHOLMNH�WRHQDPH�YDQ�GH]H�ZRQLQJW\SHQ�WXVVHQ������HQ�������$OOHHQ�GH�NDQV�RSZRQLQJERXZWRHQDPHV�LQ�GH�VWDG�$OPHUH�OLMNW�WH�ODDJ�LQJHVFKDW�LQ�YHUJHOLMNLQJ�PHW�GHZHUNHOLMNKHLG��'LW�ZHNW�HFKWHU�JHHQ�YHUED]LQJ��RPGDW�LQ�KHW�JHYDO�YDQ�$OPHUH�VSUDNH�LVJHZHHVW�YDQ�HHQ�ELM]RQGHUH�EHOHLGVLQVSDQQLQJ�JHGXUHQGH�GH�EHVFKRXZGH�SHULRGH
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&RQFOXVLHV
,QOHLGLQJ
,Q�GLW�ODDWVWH�KRRIGVWXN�JDDQ�ZH�NRUW�LQ�RS�GH�EHODQJULMNVWH�FRQFOXVLHV��(HUW�ZRUGW�NRUWLQJHJDDQ�RS�GH�ZDDUGH�YDQ�GH�JHEUXLNWH�PHWKRGLHN�HQ�GH�UHVXOWDWHQ��9HUYROJHQV�ZRUGHQDDQEHYHOLQJHQ�YRRU�YHUGHU�RQGHU]RHN�JHSUHVHQWHHUG�
(HQ�WHUXJEOLN
'H�FRUUHODWLH�HQ�UHJUHVVLH�DQDO\VHV�KHEEHQ�YRRU�GH�WZHH�YHUVFKLOOHQGH�UHJLR
V�JHOHLG�WRW�HHQVHOHFWLH�YDQ�HHQ�DDQWDO�YHUNODUHQGH�YDULDEHOHQ�SHU�RQGHUVFKHLGHQ�ZRQLQJW\SH�2QGDQNV�UHODWLHI�ODJH�U�ZDDUGHQ�LQ�GH�FRUUHODWLH�DQDO\VH�NXQQHQ�GH�SRVLWLHYH�HQ�QHJDWLHYHYHUEDQGHQ�HQ�GH�UHODWLHYH�YHUVFKLOOHQ�XLW�GH�UHJUHVVLH�DQDO\HV��RYHU�KHW�DOJHPHHQ�JRHGYHUNDDUG�ZRUGHQ��ZDDUXLW�JHFRQFOXGHHUG�ZRUGW�GDW�GH�JHNR]HQ�PHWKRGH�HQ�GH�JHNR]HQYDULDEHOHQ�EUXLNEDDU�]LMQ�YRRU�GH�XLWJHYRHUGH�KLVWRULVFKH�DQDO\VH�YDQ�UXLPWHOLMNHRQWZLNNHOLQJHQ�LQ�GH�ZRQLQJERXZ�LQ�GH�SHULRGH������������2SYDOOHQG�GDDUELM�LV��LV�GDW�RRNGH�UXLPWHOLMNH�IDFWRUHQ�DOV�QDWXXU�HQ�UHFUHDWLH�HQLJ�VLJQLILFDQW�YHUEDQG�ODWHQ�]LHQ�PHW�GHWRHQDPH�YDQ�GH�ZRQLQJYRRU�UDDG��'H�JHNR]HQ�VFKDDOIDFWRU�PHW�JULGFHOOHQ�YDQ�����ELM����PHWHU�LV�GDDUELM�ZDDUVFKLMQOLMN�YDQ�GRRUVODJJHYHQG�EHODQJ��,Q�HHQ�YHUJHOLMNEDUH�VWXGLH�LQ%HOJLVFK�9ODDQGHUHQ��,*($7��8/%��������RS�JHPHHQWHQLYHDX��ZHUG�ELMYRRUEHHOG�DOOHHQ�HHQVLJQLILFDQWH�LQYORHG�JHYRQGHQ�YDQ�GH�GH�EHUHLNEDDUKHLG�WRW�ZHUNJHOHJHQKHLG��9RRU�YDULDEHOHQDOV�QDWXXU�HQ�UHFUHDWLH�ZHUG�LQ�GLH�VWXGLH�JHHQ�VLJQLILFDQWH�LQYORHG�JHYRQGHQ�2RN�ELM�HHQ�YLVXHOH�YHUJHOLMNLQJ�YDQ�GH�PHW�KHW�UHJUHVVLHPRGHO�EHUHNHQGH�NDQVHQ�RS�WRHQDPHYDQ�ZRQLQJHQ�PHW�GH�YHUGHOLQJ�YDQ�GH�ZHUNHOLMNH�WRHQDPH�YDQ�GH]H�ZRQLQJW\SHQ�WXVVHQ�����HQ�������EOLMNHQ�GH]H�RYHU�KHW�DOJHPHHQ�JRHG�PHW�HONDDU�RYHUHHQ�WH�NRPHQ�
$DQEHYHOLQJHQ�YRRU�RQGHU]RHN
x (HQ�DDQWDO�YDQ�GH�EHVOLVVLQJHQ�DDQJDDQGH�GH�WH�YROJHQ�PHWKRGLHN�]LMQ�JHQRPHQ�RS�JURQGYDQ�GH�EHVFKLNEDDUKHLG�YDQ�GH�RS�GDW�PRPHQW�JHZHQVWH�GDWD��=R�NRQ�HU�ELMYRRUEHHOG�QLHWPHW�GH�JHZHQVWH�ZRRQPLOLHX
V�JHZHUNW�ZRUGHQ��PDDU�PRHVW�PHW�YLMI�ZRRQW\SHV�JHZHUNWZRUGHQ�GLH�YHUYROJHQV�ZHHU�WRW�WZHH�YHUVFKLOOHQGH�ZRRQW\SHQ�VDPHQJHYRHJG�PRHVWHQZRUGHQ��$DQJH]LHQ�JHZHUNW�ZRUGW�RS�HHQ�VFKDDOQLYHDX�YDQ�����PHWHUFHOOHQ�ZDV�RRN�GHKRPRJHQH�YHUGHOLQJ�YDQ�DDQWDOOHQ�DUEHLGVSODDWVHQ�SHU�SRVWFRGHJHELHG�QDDU�����PHWHUFHOOHQ��JHHQ�LGHDOH�RSORVVLQJ��,Q�YHUEDQG�PHW�KHW�WH�YROJHQ�WLMGVSDG�NRQ�HFKWHU�QLHWJHZDFKW�ZRUGHQ�RS�QLHXZH�GDWD��,QGLHQ�GH�JHZHQVWH�GDWD�DOVQRJ�WHU�EHVFKLNNLQJ�NRPWNXQQHQ�GH�UHJUHVVLH�DQDO\VHV�YHUGHU�YHUEHWHUG�ZRUGHQ�x 'H]H�WUHQGVWXGLH�LV�YDOLGH�YRRU�KHW�RQGHU]RHN�YDQ�5,90�HQ�712�,QUR�ZDDULQ�GH�DDQQDPHFHQWUDDO�VWDDW�GDW�GH�EHVWDDQGH�YHUKRXGLQJ�WXVVHQ�HQHU]LMGV�GH�UHJXOHUHQGH�RYHUKHLG�PRJHOLMNKHGHQ�HQ�EHSHUNLQJHQ��DOV�SXEOLHN�RUJDDQ�HQ�DQGHU]LMGV�GH�ZRRQFRQVXPHQWHQ�HQ�LQGLUHFW�GH�RYHUKHLG�DOV�SULYDDW�RUJDDQ�HQ�DDQELHGHUV�YDQ�ZRRQUXLPWH�HQ�ZRRQGLHQVWHQ�
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HHQYRXGLJ�NRQ�ZRUGHQ�GRRUJHWURNNHQ��9RRU�GH�RQWZLNNHOLQJ�YDQ�DOWHUQDWLHYH�UXLPWHOLMNHVFHQDULR¶V�YROGRHW�HHQ�GHUJHOLMNH�WUHQGDQDO\VH�RS�EDVLV�YDQ�UXLPWHOLMNH�LQIRUPDWLH�QLHW��,QKHW�ODDWVWH�JHYDO�GLHQW�HHQ�PRGHOVSHFLILFDWLH�WH�ZRUGHQ�JHEUXLNW�RS�EDVLV�YDQ�HHQJHGUDJVPDWLJH�RQGHUERXZLQJ�YDQ�KHW�EHVOXLWYRUPLQJVJHGUDJ�YDQ�GH�UHOHYDQWH�DFWRUHQ�LQKHW�VSHOx 'H�YHUNODUHQGH�YDULDEHOH�JURQGSULM]HQ�LV�QLHW�LQ�GH�DQDO\VH�PHHJHQRPHQ�RPGDW�KLHU�JHHQJHVFKLNWH�GDWD�YDQ�YRRUKDQGHQ�ZDV��9DQZHJH�KHW�YHUZDFKWH�YHUEDQG�WXVVHQ�JURQGSULM]HQHQ�GH�YHUVFKLOOHQGH�ZRQLQJW\SHQ�ZRUGW�DDQEHYROHQ�GH]H�YDULDEHOH��LQGLHQ�EHVFKLNEDDU��RSWH�QHPHQ�LQ�GH�WUHQGDQDO\VHV��,Q�GH]H�VWXGLH�KRHIWH�GH�JURQGSULMV�QLHW�WH�ZRUGHQRSJHQRPHQ�YDQZHJH�GH�DDQQDPHV�LQ�GH�5,90�HQ�712�,QUR�VWXGLH��*RHWJHOXN�HW�DO�������x %HKDOYH�GH�EHVFKLNEDDUKHLG�YDQ�GH�GDWD�OHYHUGH�GH�RPYDQJ�YDQ�GH�LQ�6�3OXV��VWDWLVWLVFKSDNNHW��LQ�WH�YRHUHQ�GDWD�VHW�SUREOHPHQ�RS�PHW�GH�UHNHQNUDFKW�YDQ�GH�JHEUXLNWHFRPSXWHUV��*HSUREHHUG�LV�WH�ZHUNHQ�PHW�VDPSOHV�YDQ�GH�GDWDVHW���������JULGFHOOHQ�LQSODDWV�YDQ�����������GLW�OHYHUGH�HFKWHU�DIZLMNHQGH�UHVXOWDWHQ�RS�WHQ�RS]LFKWH�YDQ�GHYROOHGLJH�GDWDVHW��2P�VQHOOHU�WH�NXQQHQ�ZHUNHQ�ZRUGW�GDDURP�KHW�JHEUXLN�YDQ�NUDFKWLJHUFRPSXWHUV�� PHW�YHHO�RSVODJUXLPWH�DDQJHUDGHQ�x ,Q�GH�KXLGLJH�RS]HW�LV�JHZHUNW�PHW�ppQ�WLMGVSHULRGH�YDQ������WRW�HQ�PHW�������,QGLHQ�PHHUWLMG��HQ�PHHU�GDWD��EHVFKLNEDDU�LV��NXQQHQ�GH�DQDO\VHV�SHU�WLMGVSHULRGH��ELMYRRUEHHOGSHULRGHQ�YDQ�YLMI�MDDU��YHUULFKW�ZRUGHQ��]RGDW�RRN�RQWZLNNHOLQJHQ�LQ�GH�WLMG�YDQ�YDULDEHOHQHQ�FRsIILFLHQWHQ�NXQQHQ�ZRUGHQ�ZDDUJHQRPHQ��'H]H�WUHQGV�NXQQHQ�YHUYROJHQV�ZHHU�QDDUGH�WRHNRPVW�ZRUGHQ�GRRUJHWURNNHQ�x 8LWJHJDDQ�LV�YDQ�HHQ�PD[LPDDO�DDQWDO�ZRQLQJHQ�SHU�ZRQLQJW\SH�SHU�FHO�LQ�������'LWDDQWDO�KRHIW�QLHW�GH�KRRJVWH�GLFKWKHLG�YDQ�ZRQLQJHQ�SHU�FHO�WH�YHUWHJHQZRRUGLJHQ�:HOOLFKW�NDQ�EHWHU�PHW�GH�KRRJVW�PRJHOLMNH�GLFKWKHLG�JHZHUNW�ZRUGHQ��'H]H�NDQJHYRQGHQ�ZRUGHQ�GRRU�HHUVW�KHW�QLHW�YRRU�ZRQHQ�JHVFKLNWH�DUHDDO�YDQ�DOOH�JULGFHOOHQ�DI�WHWUHNNHQ�HQ�KHW�DDQWDO�ZRQLQJHQ�GDQ�GRRU�GH�UHVWHUHQGH�FHORSSHUYODNWH�WH�GHOHQ��9HUYROJHQVNDQ�XLWJHJDDQ�ZRUGHQ�YDQ�HHQ�PD[LPDDO�DDQWDO�ZRQLQJHQ�SHU�YRRU�ZRQHQ�JHVFKLNWHKHFWDUH�x 'H�UXLPWHOLMNH�VFKDDO�ZDDURS�FODLPV�ZRUGHQ�JHEUXLNW�EHSDDOW�LQ�KRJH�PDWH�GHXLWNRPVWHQ�8LW�GH�DQDO\VHV�NZDPHQ�GXLGHOLMNH�UHJLRQDOH�YHUVFKLOOHQ�QDDU�YRUHQ�WXVVHQ�GH5DQGVWDG�HQ�RYHULJ�1HGHUODQG��,QGLHQ�KHW�RQGHU]RHN�ZRUGW�XLWJHEUHLG�NXQQHQ�PHHUUHJLRQDOH�LQGHOLQJHQ�JHDQDO\VHHUG�ZRUGHQ��]RDOV�HHQ�DQDO\VH�SHU�ZRQLQJPDUNWJHELHG�'H]H�ZRUGHQ�RPVFKUHYHQ�DOV�KHW�JHELHG�ZDDU�GH�PHHVWH�PHQVHQ�YHUKXL]HQ�RPZLOOH�YDQZRRQUHGHQHQ�]RQGHU�GDW�KLHUELM�GH�EHUHLNEDDUKHLG�YDQ�IDPLOLH��YULHQGHQ�HQ�KHW�ZHUN�LQJHGLQJ�NRPW�
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/LWHUDWXXU
%ODORFN��+�0���������6RFLDO�VWDWLVWLFV�0F*UDZ�+LOO�ERRN�FR���6LQJDSRUH�
%RRWVPD��+�*����������7KH�P\WK�RI�UHXUEDQL]DWLRQ��ORFDWLRQ�G\QDPLFV�RI�KRXVHKROGV�LQ�WKH�1HWKHUODQGV��7KHOD7KHVLV�1HWKXU'�3XEOLFDWLRQV��$PVWHUGDP
&%6���������6WDWLVWLHN�YDQ�KHW�ERGHPJHEUXLN�������&HQWUDDO�%XUHDX�YRRU�GH�6WDWLVWLHN��9RRUEXUJ�+HHUOHQ�
&KRX�<�+���������([SORULQJ�VSDWLDO�DQDO\VLV�LQ�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHPV��2QZRUG�3UHVV��6DQWD�)H��86$�
&UDPHU��-�6����������7KH�/2*,7�PRGHO��DQ�LQWURGXFWLRQ�IRU�HFRQRPLVWV�(GZDUG�$UQROG��/RQGHQ��
&UDPHU��-�6����������(FRQRPHWULF�DSSOLFDWLRQV�RI�0D[LPXP�/LNHOLKRRG�PHWKRGV�&DPEULGJH�8QLYHUVLW\�3UHVV�
'XERLV��2���(��:ROII�	�0�)��*RGDUW���������$�PRGHO�RI�QHZ�UHVLGHQWLDO�KRXVLQJ�ORFDWLRQ�LQ�:DOORQLD�,*($7�8/%��%UXVVHO� 3RVWHU�JHSUHVHQWHHUG�RS�GH�
(XUR�FRQIHUHQFH�RI�6RFLR�HFRQRPLF�DQDO\VLV�DQG�*,6
�LQ�(VSLQKR�3RUWXJDO���������PHL������
*RHWJHOXN��5�:����������%RPHQ�RYHU�:RQHQ��ZRQLQJPDUNWRQGHU]RHN�PHW�EHVOLVVLQJVERPHQ��.RQLQNOLMN1HGHUODQG�$DUGULMNVNXQGLJ�*HQRRWVFKDS������GLVVHUWDWLH��8WUHFKW�
*RHWJHOXN��5�:���3�-��/RXWHU��-�$�0��%RUVERRP�9DQ�%HXUGHQ��0�$�-��.XLMSHUV�/LQGH��-�)�0��YDQ�GHU�:DDOV�	.�7��*HXUV���������:RQHQ�HQ�ZHUNHQ�UXLPWHOLMN�YHUNHQG��ZDDU�ZRQHQ�HQ�ZHUNHQ�ZH�LQ������YROJHQV�HHQFRPSDFWH�LQULFKWLQJVYDULDQW�YRRU�GH�9LMGH�1RWD�5XLPWHOLMNH�RUGHQLQJ�5,90��%LOWWKRYHQ��5,90�UDSSRUW����������
+DP��0��YDQ���������-RE�DFFHVV�LQ�D�SRO\QXFOHDWHG�PHWURSROLWDQ�UHJLRQ��FRPPXWLQJ�WROHUDQFH�DQG�MRE�DFFHVV�LQWKH�1HWKHUODQGV��3DSHU�IRU�WKH�(1+5�<+5�(GXFDWLRQDO�6HPLQDLU�,VWDQEXO��7XUNH\��������0D\������
+DUWV�-�-��&��0DDW��0��	�0�-��=HLMOPDQV�YDQ�(PPLFKKRYHQ���������0HHUYRXGLJ�VWHGHOLMN�UXLPWHJHEUXLN�PHWKRGHQ�HQ�DQDO\VH�'HOIW�8QLYHUVLW\�SUHVV��UHHNV�VWHGHOLMNH�HQ�UHJLRQDOH�YHUNHQQLQJHQ�1R����
+LOEHUV��+�'��	�(�-��9HUURHQ���������+HW�EHRRUGHOHQ�YDQ�GH�EHUHLNEDDUKHLG�YDQ�ORNDWLHV��GHILQLsULQJ�PDDWVVWDYHQ��WRHSDVVLQJ�HQ�EHOHLGVLPSOLFDWLHV�5DSSRUW����19�����712�,QUR��'HOIW�
/RXWHU��3�-����������'H�HFRQRPLVFKH�NDDUW�YDQ�1HGHUODQG�LQ�������EHVFKULMYLQJ�YDQ�HHQ�SURWRW\SHYDQ�KHW�23(5$�PRGHO��HHQ�YHUNODUHQGH�VKLIW�VKDUH�DQDO\VH�YRRU�ZHUNJHOHJHQKHLGV�JURHL��712�,QUR��'HOIW�
5DQVLMQ��0��	�5��9UHHNHU���������+LVWRULVFKH�DQDO\VH�YDQ�UXLPWHJHEUXLN�HQ�UXLPWHOLMN�EHOHLG�LQ1HGHUODQG��9ULMH�8QLYHUVLWHLW��$PVWHUGDP�
5LHWYHOG�3���������0RGHORQWZLNNHOLQJ�YDQ�GH�UXLPWHVFDQQHU��9ULMH�8QLYHUVLWHLW��$PVWHUGDP�
6FKRWWHQ��&�*�-���5�-��YDQ�GH�9HOGH�HQ�+�-��6FKROWHQ��:�7��%RHUVPD��0��+LOIHULQN��0�5DQVLMQ��3��5LHWYHOG�	�5��=XW���������'H�5XLPWHVFDQQHU��JHwQWHJUHHUG�UXLPWHOLMNLQIRUPDWLHV\VWHHP�YRRU�GH�VLPXODWLH�YDQ�WRHNRPVWLJ�UXLPWHJHEUXLN��5,90�UDSSRUW������������5,90��%LOWKRYHQ�
9RFKW��$��GH���������,QGHOLQJ�YDQ�1HGHUODQGVH�JHPHHQWHQ��)DFXOWHLW�5XLPWHOLMNH�ZHWHQVFDKSSHQ��8QLYHUVLWHLW8WUHFKW�
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:DJWHQGRQN��$�-��	�&�*�-��6FKRWWHQ���������5XLPWHOLMNH�RQWZLNNHOLQJHQ�YDQ�EHGULMIVWHUUHLQHQ�LQ�1HGHUODQG������± ������(HQ�KLVWRULVFKH�DQDO\VH�WHU�RQGHUVWHXQLQJ�YDQ�KHW�0RGHO�5XLPWHVFDQQHU��RS�HHQ�VFKDDOQLYHDX�YDQ����PHWHU�FHOOHQ��5,90��%LOWKRYHQ��5,90�UDSSRUW������������LQ�YRRUEHUHLGLQJ��
:ULJOH\��1����������&DWHJRULFDO�GDWD�DQDO\VLV�IRU�JHRJUDSKHUV�DQG�HQYLURQPHQWDO�VFLHQWLVWV��/RQJPDQ�/RQGRQ�1HZ�<RUN�
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%LMODJH���0/��SDUDPHWHU�VFKDWWLQJHQ�YDQ�GH�IDFWRUHQ�YRRU�ZRQLQJERXZJURHL
,Q�JULG�FHO�F NXQQHQ�YRRU�HHQ�EHSDDOG�ZRQLQJW\SH�PD[LPDDO�1F � 0F � /F ZRQLQJHQ�JHERXZG�ZRUGHQ��ZDDUELM�/FKHW�DDQWDO�PRJHOLMN�WH�EHERXZHQ�KD�JURQG�LQ�JULG�FHO�F LV�HQ�0F LV�KHW�PD[LPXP�DDQWDO�ZRQLQJHQ�YDQ�GDW�W\SH�SHUKD���0F  �LQWHQVLWHLW��
:H�NXQQHQ�KHW�ZDDUJHQRPHQ�DDQWDO�JHERXZGH�ZRQLQJHQ�:F EHVFKRXZHQ�DOV�XLWNRPVW�YDQ�HHQ�ELQRPLQDDONDQVSURFHV�PHW�1F WUHNNLQJHQ�PHW�NDQV�3F ZDDUELM�3F HHQ�IXQFWLH�LV�YDQ�<F��ZDDUELM

<F � �;F � E  �6N�>�;FN �EN�@�
PHW�;F�HHQ�YHFWRU�PHW�GH�H[RJHQH�NDQVEHSDOHQGH�IDFWRUHQ�LV�HQ�E GH�YHFWRU�YDQ�GH�WH�EHSDOHQ�PRGHOSDUDPHWHUV�
9RRU�GH�UHODWLH�WXVVHQ�3F HQ�<F LV�JHNR]HQ�YRRU�GH�ORJLW�IXQFWLH�

3�\��� �H[S�\ ������H[S�\�
:H�GHILQLHUHQ�

4�\��� ����3�\�� ���������H[S�\�
:H�NXQQHQ�QX�3c�\��DIOHLGHQ�

3c�\�� �3�\��� 4�\�� HQ4c�\�� ���3�\��� 4�\�
'H�LQYHUVH�YDQ�GH�3 IXQFWLH��GLW�LV�GH�OLQN�IXQFWLH�LQ�6�SOXV��

\ �S�� �OQ�S ��OQ�����S�� �OQ�>�S �����S�@
/LNHOLKRRG�/F �:F��E��;F��YDQ�ZDDUJHQRPHQ�DDQWDO�QLHXZH�ZRQLQJHQ�:F JHJHYHQ�SDUDPHWHU�YHFWRU�E HQ�H[RJHQHIDFWRUHQ�;F ZRUGW�JHGHILQLHHUG�DOV�

/F �:F��E��;F��� �3�;F � E ��A :F � 4�;F � E ��A�� 1F � :F��� &��1F���:F�
(U�ZRUGW�GXV�HHQ�ELQRPLQDDO�NHX]HSURFHV��ZHO�RI�QLHW�ZRQLQJ�ERXZHQ��JHVFKDW�PHW�NDQV3�E��;F��HQ�DDQWDOZDDUQHPLQJHQ�1F��+HW�LV�HHQYRXGLJ�GLW�PRGHO�XLW�WH�EUHLGHQ�PHW�PHHUGHUH�NHX]HPRJHOLMNKHGHQ�WRW�HHQPXOWLQRPLQDDO�PRGHO��'H�YDQ�GH�PRGHOSDUDPHWHUV�RQDIKDQNHOLMNH�WHUP�&�:F��1F��VWDDW�YRRU�KHW�DDQWDO�PRJHOLMNHPDQLHUHQ�ZDDURS�PHQ :F KXL]HQ�RS�1F SHUFHOHQ�NDQ�ERXZHQ�HQ�LV�DOV�YROJW�JHGHILQLHHUG�

&��1F���:F��� �1F����>�:F��� �1F ��:F���@
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'H�OLNHOLKRRG�YDQ�GH�ZDDUJHQRPHQ�ZHO�QLHW�ZRQLQJERXZ�LQ�DOOH�JULGFHOOHQ�WH]DPHQ�
/��:��E��;��� ��F�>�/F��:F��E��;F��@
+LHUXLW�YROJW�GDW�
OQ�/��:��E��;��� �6F�>:F�� OQ�3�;F�� E ������1F���:F��� OQ�4�;F�� E ����OQ�&��1F���:F��@
'H�0D[LPXP�/LNHOLKRRG�VFKDWWHU�YRRU�E ZRUGW�JHYRQGHQ�GRRU�OQ�/��:��E��;��WH�PD[LPHUHQ��ZDW�LPSOLFHHUW�GDWGH�SDUWLHOH�DIJHOHLGHQ�QDDU�E N� �w OQ�/��:��E��;����w E N�DDQ���JHOLMN�JHVWHOG�NXQQHQ�ZRUGHQ�
w OQ�/��:��E��;����w E N� 6F�>�:F���3�;F�� E ���� 3c�;F�� E ��� ;FN������1F���:F����4�;F�� E ���� 4c �;F�� E ��� ;FN�@� 6F�;FN�� 3c�;F�� E ��� >:F���3�;F�� E ������1F���:F����4�;F�� E ��@� 6F�;FN�� >:F�� 4�;F�� E ������1F���:F��� 3�;F�� E ��@� 6F�;FN�� >:F���1F�� 3�;F�� E ��@
+LHUXLW�EOLMNW�GDW�GH�WHUP�OQ�&��1F���:F��JHHQ�URO�VSHHOW�LQ�KHW�EHSDOHQ�YDQ�GH�0/�HVWLPDWRU�YRRU�E��'LWRQGHUVWHXQW�GH�FRQVWDWHULQJ�GDW�;F�� E DOV�DWWUDFWLYLWHLWVZDDUGH�YRRU�ZRQHQ�LQ�JULGFHO�F�JHQRPHQ�NDQ�ZRUGHQ�LQKHW�DOORFDWLHPRGHO�LQ�GH�UXLPWHVFDQQHU�
$SSHQGL[
'H�DIOHLGLQJ�YDQ�3c�\�� �3�\��� 4�\��LV�JHEDVHHUG�RS�G�D�E�� �GD�� E�±�GE�� D���EA�3c�\��� �>�H[S�\��� >��H[S�\�@�±�H[S�\�A�@���>��H[S�\�@A� �H[S�\����>��H[S�\�@A�� �3�\��� ����3�\��w 3F�w EN� �;FN�� 3c��;F�� E �
w OQ�/��:��E��;����w E N� �6F�>:F���3F�� w 3F��w EN�����1F���:F������3F��� w 3F��w EN@ �6F�>�w 3F�w EN�� >:F���3F�����1F���:F��������3F�@�@ �6F�>�;FN�� 3F�� ����3F��� >�:F���3F�����1F���:F������3F�@�@ �6F�>�;FN�� >����3F���:F���3F�� ��1F���:F�@�@ �6F�>�;FN�� �:F���3F�� 1F��@
JHJHYHQ�DOOH�DQGHUH�E N��ORV�RS�w OQ�/�E���w EN�  ��6F�>�;FN�� �:F���3F�� 1F��@�  ��PHUN�RS�GDW�6F�>�;FN�� �:F���3F�� 1F��@�PRQRWRRQ�GDOHQG�LV�LQ�E Nw �6F�>�;FN�� �:F���3F�� 1F��@����w E N� ���6F�>;FN�A��� 1F�� 3F�� ����3F��@
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%LMODJH���VXPPDU\�VWDWLVWLFV�����



��6XPPDU\�6WDWLVWLFV�IRU�GDWD�LQ���WRWDDOZRQHQ���




367$7�����5$,/����3%26*(%����3%265(&����3'5*175����31$7175����3292:75���3:21���7���1(:�3,1'860LQ��������������������������������������������������������������������������������������������������0HDQ��������������������������������������������������������������������������������������������������0HGLDQ��������������������������������������������������������������������������������������������������0D[��������������������������������������������������������������������������������������������������7RWDO�1��������������������������������������������������������������������������������������������������1$
V���������������������������������������������������������������������������������������������������9DULDQFH��������������������������������������������������������������������������������������������������6WG�'HY���������������������������������������������������������������������������������������������������6XP��������������������������������������������������������������������������������������������������
1(:�3.(11,��1(:�3/$1'%�1(:�375$13��323$)������:(*(1���3�((1*(=�����*52(,.51���:<:7���+����<:7���+0LQ��������������������������������������������������������������������������������������������������0HDQ��������������������������������������������������������������������������������������������������0HGLDQ��������������������������������������������������������������������������������������������������0D[��������������������������������������������������������������������������������������������������7RWDO�1��������������������������������������������������������������������������������������������������1$
V���������������������������������������������������������������������������������������������������9DULDQFH��������������������������������������������������������������������������������������������������6WG�'HY���������������������������������������������������������������������������������������������������6XP��������������������������������������������������������������������������������������������������

:<:7����+���<:7����+�,17(50(',$���5$1'67$'0LQ���������������������������������������������0HDQ���������������������������������������������0HGLDQ���������������������������������������������0D[���������������������������������������������7RWDO�1���������������������������������������������1$
V����������������������������������������������9DULDQFH���������������������������������������������6WG�'HY����������������������������������������������6XP���������������������������������������������
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%LMODJH���2QGHUOLQJH�FRUUHODWLHV�
YHUNODUHQGH
�YDULDEHOHQ
'H�QDDPJHYLQJ�YDQ�GH�YDULDEHOHQ�LQ�GH�6SOXV�XLWJHYRHUGH�DQDO\VHV�FRUUHVSRQGHHUW�QLHW�JHKHHOPHW�GH�JHKDQWHHUGH�QDDPJHYLQJ�LQ�GLW�UDSSRUW��+LHURQGHU�YROJW�GHUKDOYH�HHUVW�HHQ�YHUNODUHQGRYHU]LFKW�
,Q�UDSSRUW ,Q�6�3OXV3RWHQWLDDO�DUEHLGVSODDWVHQ�ERXZ����� 1(:�3%28:��3RWHQWLDDO�DUEHLGVSODDWVHQ�GHWDLOKDQGHO����� 1(:�3'7+$1��3RWHQWLDDO�DUEHLGVSODDWVHQ JURRWKDQGHO����� 1(:�3*5+$1��3RWHQWLDDO�DUEHLGVSODDWVHQ NZDUWDLUH�VHFWRU����� 1(:�3.:$57��3RWHQWLDDO�DUEHLGVSODDWVHQ�ODQGERXZ����� 1(:�3/$1'%��3RWHQWLDDO�DUEHLGVSODDWVHQ�LQGXVWULH����� 1(:�3,1'86��3RWHQWLDDO�DUEHLGVSODDWVHQ�WUDQVSRUWVHFWRU����� 1(:�375$13��3RWHQWLDDO�DUEHLGVSODDWVHQ�NHQQLVVHFWRU����� 1(:�3.(11,��3RWHQWLDDO�DUEHLGVSODDWVHQ�RYHULJH�VHFWRUHQ����� 1(:�329(5,��3RWHQWLDDO�ERVJHELHGHQ����� 3%26*(%��3RWHQWLDDO�ERVUHFUHDWLH����� 3%265(&��3RWHQWLDDO�GURJH�QDWXXUWHUUHLQHQ����� 3'5*175��3RWHQWLDDO�QDWWH�QDWXXUWHUUHLQHQ����� 31$7175��3RWHQWLDDO�ZDWHUJHELHGHQ����� 3292:75��$DQZH]LJKHLG�DXWRVQHOZHJHQ������LQ�JULGFHO��MD�QHH� :(*(1��$DQZH]LJKHLG�VSRRUZHJHQ������LQ�JULGFHO��MD�QHH� 5$,/��$IVWDQG�WRW�GLFKWVW�ELM�JHOHJHQ�RS��HQ�DIULW����� 323$)��$IVWDQG�WRW�GLFKWVW�ELM�JHOHJHQ�16�VWDWLRQ����� 367$7��/LJJLQJ�LQ�JURHLNHUQ�LQ������"���MD�QHH� *52(,.51/LJJLQJ�LQ�JURHLVWDG�LQ������"���MD�QHH� *52(,67'3RWHQWLDDO�JHELHG�ppQJH]LQVZRQLQJHQ�W\SH��������� 3:21���7�3RWHQWLDDO�JHELHG�ppQJH]LQVZRQLQJHQ�W\SH��������� 3:21���7�3RWHQWLDDO�JHELHG�PHHUJH]LQVZRQLQJHQ�W\SH������HQ��������� 3:21���7���

367$7�������5$,/���� 3%26*(%�����3%265(&�� 3'5*175������31$7175��367$7�������������������������������������������������������������������������������5$,/�������������������������������������������������������������������������������3%26*(%�������������������������������������������������������������������������������3%265(&�������������������������������������������������������������������������������3'5*175�������������������������������������������������������������������������������31$7175�������������������������������������������������������������������������������3292:75�������������������������������������������������������������������������������3:21���7������������������������������������������������������������������������������3:21���7������������������������������������������������������������������������������3:21���7��������������������������������������������������������������������������������1(:�3%28:�������������������������������������������������������������������������������1(:�3'7+$1�������������������������������������������������������������������������������1(:�3*5+$1�������������������������������������������������������������������������������1(:�3,1'86�������������������������������������������������������������������������������1(:�3.(11,�������������������������������������������������������������������������������1(:�3.:$57�������������������������������������������������������������������������������1(:�3/$1'%�������������������������������������������������������������������������������1(:�329(5,�������������������������������������������������������������������������������1(:�375$13�������������������������������������������������������������������������������323$)�������������������������������������������������������������������������������
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