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$QQLVD�1XU¶LPDQL�)DX]LDK���-XGKLVWLUD�$ULD�8WDPD���)HUU\�0��6LPDWXSDQJ� 

 
��3K\VLFV�(GXFDWLRQ�'HSDUWPHQW��8QLYHUVLWDV�3HQGLGLNDQ�,QGRQHVLD� 

-O��'U��6HWLDEXGKL������%DQGXQJ���������,QGRQHVLD 
�.HORPSRN�.HLOPXDQ�$VWURQRPL��,QVWLWXW�7HNQRORJL�%DQGXQJ�� 

-O��*DQHVKD�����%DQGXQJ���������,QGRQHVLD 

 

3HQXOLV�3HQDQJJXQJMDZDE��(-PDLO���DQQLVDIDX]LDK#VWXGHQW�XSL�HGX� 

$%675$. 

$VWHURLG�GHNDW-%XPL�GLNHWDKXL�PHPLOLNL�RUELW�\DQJ�NDRWLN�DNLEDW�VHULQJQ\D�WHUMDGL�SDSDVDQ�

GHNDW�GHQJDQ�SODQHW-SODQHW� WHUHVWULDO��2UELW�\DQJ�NDRWLN�GDSDW�PHPEXDW�SRSXODVL�REMHN�LQL�

EHUDNKLU�VHEDJDL�SHQXPEXN�PDWDKDUL�PDXSXQ�SODQHW-SODQHW��'DODP�SHQHOLWLDQ�LQL�GLJXQDNDQ�

����� VDPSHO� DVWHURLG� GHNDW-%XPL� Q\DWD� GHQJDQ� RUELW� \DQJ� GLNHQDO� EDLN� �8 ���� (YROXVL�

RUELW� VDPSHO� GLODNXNDQ� GHQJDQ� PHPDQIDDWNDQ� SDNHW� LQWHJUDWRU� 6ZLIWB5096��

PHQJJXQDNDQ�PRGHO�7DWD�6XU\D�\DQJ�WHUGLUL�DWDV�0DWDKDUL�GDQ�NHGHODSDQ�SODQHW�WHUPDVXN�

%XODQ�VHEDJDL�REMHN�WHUSLVDK��3URSDJDVL�RUELW�GL�EDZDK�SHQJDUXK�JUDYLWDVL�GLODNXNDQ�KLQJJD�

NXUXQ� �� ´� ���� � WDKXQ� NH� GHSDQ� GHQJDQ� ODQJNDK� ZDNWX� NRPSXWDVL� ��-�� WDKXQ� �a�� MDP���

+LQJJD�DNKLU�NRPSXWDVL�GLSHUROHK�IOXNV�PDVXN�VDPSHO�SRSXODVL�DVWHURLG�GHNDW-%XPL�\DQJ�

EHUDNKLU� GL� ]RQD� SHPEXDQJDQ� �PHQXPEXN� 0DWDKDUL�� WHUOHPSDU� NHOXDU� 7DWD� 6XU\D�� GDQ�

PHQXPEXN� SODQHW-SODQHW�� DGDODK� VHEHVDU� ��� �� �� DVWHURLG� SHU� MXWD� WDKXQ� XQWXN� +����

�EHUVHVXDLDQ� GHQJDQ� GLDPHWHU� DVWHURLG� ����� NP� –� ���� NP��� %HUGDVDUNDQ� LQIRUPDVL� MDUDN�

PLQLPXP� RUELW� �0LQLPXP�2UELW� ,QWHUVHFWLRQ� 'LVWDQFH� –�02,'�� VHOXUXK� VDPSHO� GHQJDQ�

SODQHW� %XPL� GHQJDQ� SHUKLWXQJDQ� EHUGDVDUNDQ� JHRPHWUL�� GLSHUROHK� QLODL� NHEROHKMDGLDQ�

WXPEXNDQ�LQWULQVLN��3L��VHEHVDU�������´���-���SHU�NP��SHU�WDKXQ�SHU�REMHN�\DQJ�EHUVHVXDLDQ�

GHQJDQ� NHMDGLDQ� VDWX� WXPEXNDQ� GHQJDQ� SODQHW� %XPL� VHWLDS� ��� MXWD� WDKXQ�� )UHNXHQVL�

WXPEXNDQ� \DQJ� GLSHUROHK� LQL� OHELK� VLQJNDW� GDULSDGD� \DQJ� GLVLPSXONDQ� GDUL� SHQHOLWLDQ�

WHUGDKXOX��3HQJJXQDDQ�VDPSHO�\DQJ�OHELK�EDQ\DN�GDQ�GHQJDQ�NXDOLWDV�RUELW�\DQJ�OHELK�EDLN�

GLGXJD�NXDW�PHQMDGL�IDNWRU�SHQ\HEDE�SHUEHGDDQ� 

.DWD�.XQFL������$VWHURLG�'HNDW-%XPL��/DMX�3HOXUXKDQ�)UDNVLRQDO��/DMX�7XPEXNDQ��02,'�� 
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$%675$&7 

1HDU-(DUWK� $VWHURLGV� KDG� EHHQ� NQRZQ� IRU� WKHLU� FKDRWLF� RUELWV� GXH� WR� IUHTXHQW�

FORVH-HQFRXQWHU�ZLWK�7HUUHVWULDO�SODQHWV��7KHVH�FKDRWLF�RUELWV�UHVSRQVLEOH�WR�WKHLU�

ILQDO�IDWH�DV�SODQHWV�LPSDFWRU��:LWKLQ�WKLV�ZRUN��VDPSOH�RI�DV�PDQ\�DV�������UHDO�

1HDU-(DUWK� $VWHURLGV� ZLWK� KLJK� TXDLW\� RUELW� �8 ��� KDYH� EHHQ� XVHG�� 7KH�

6ZLIWB5096��LQWHJUDWRU�SDFNDJH�DFFRPRGDWLQJ�WKH�6RODU�6\VWHP�PRGHO�FRQVLVWV�

RI� DOO� SODQHWV� DQG� WUHDWHG� WKH� 0RRQ� DV� D� VHSDUDWHG� REMHFW� ZDV� HPSOR\HG��

$VWHURLGV¶� RUELW� FRPSXWDWLRQ� ZDV� UXQ� IRU� �� ´� ����\HDUV� IRUZDUG�ZLWK� ��-��\HDUV�

�a��KRXUV�� WLPHVWHS� DQG�RQO\� JUDYLWDWLRQDO� IRUFH�ZDV� FRQVLGHUHG��%\� WKH� HQG�RI�

FRPSXWDWLRQ�ZH�IRXQG�WKH�HQWUDQFH�IOX[�IURP�QHDU-(DUWK�UHJLRQ�LQWR�VLQNV��FROOLGH�

WKH�6XQ�RU�SODQHWV�DQG�HMHFWHG�IURP�WKH�6RODU�6\VWHP��DV�PDQ\�DV��������DVWHURLGV�

SHU�PLOOLRQ� \HDUV� IRU� +���� �DVWHURLG¶V� GLDPHWHU� ����� NP� –� ���� NP��� %DVHG� RQ�

FRPSXWHG� DVWHURLG¶V� PLQLPXP� RUELW� GLVWDQFH� �0LQLPXP� 2UELW� ,QWHUVHFWLRQ�

'LVWDQFH�–�02,'���WKH�LQWULQVLF�FROOLVLRQ�SUREDELOLW\��3L��LV�������´���-���SHU�NP��

SHU�\HDU�SHU�DVWHURLG�ZKLFK�FRUUHVSRQG� WR�RQH� LPSDFW�RQ�(DUWK�HYHU\�����\HDUV��

7KLV� YDOXH� LV� ORZHU� WKDQ� SUHYLRXVO\� SUHGLFWHG� E\� RWKHU� UHVHDUFKHUV�� 7KH� XVH� RI�

ODUJHU� VDPSOH� ZLWK� KLJK� TXDOLW\� RUELWV� ZLWKLQ� RXU� ZRUN� DUH� VXVSHFWHG� DV� WKH�

FDXVDWLYH�GLIIHUHQFH�� 

.H\ZRUGV���1HDU-(DUWK�$VWHURLGV��)UDFWLRQDO�'HFD\�5DWH��&ROOLVLRQ�5DWH��02,'� 

�� 3HQGDKXOXDQ 

.XPSXODQ� DVWHURLG� \DQJ� EHUDGD� GL�

DQWDUD� RUELW� SODQHW� 0DUV� GDQ� -XSLWHU��

\DQJ� GLVHEXW� VHEDJDL� DVWHURLG� 6DEXN�

8WDPD� �PDLQ� EHOW��� GDSDW� PHQJDODPL�

SHUDOLKDQ� RUELW� PHQMDGL� REMHN� \DQJ�

EHUDGD�GL�NDZDVDQ�GHNDW-%XPL��0HODOXL�

PHNDQLVPH�� GL� DQWDUDQ\D� WXPEXNDQ�

DQWDU-DVWHURLG� GL� 6DEXN� 8WDPD� \DQJ�

WHUMDGL� GHQJDQ� DUDK� ORQWDUDQ� \DQJ� WHSDW�

GDQ� GHQJDQ� NHFHSDWDQ� ORQWDU� \DQJ�

FXNXS�EHVDU� >�@�� IUDJPHQ-IUDJPHQ�KDVLO�

WXPEXNDQ� GDSDW� PHPDVXNL� GDHUDK�

UHVRQDQVL� JHUDN� UDWD-UDWD� �PHDQ-PRWLRQ�

UHVRQDQFH�� PDXSXQ� UHVRQDQVL� VHNXODU�

�VHFXODU� UHVRQDQFH�� \DQJ� PDPSX�

PHPEXDW� RUELW� REMHN� LQL� PHQMDGL�

PHPRWRQJ� RUELW� SODQHW� 0DUV� >�@��

6HODQMXWQ\D�� LQWHUDNVL� JUDYLWDVL� GHQJDQ�

SODQHW� 0DUV� PHPHJDQJ� SHUDQDQ� SHQWLQJ�

GDODP� PHQJDQWDUNDQ� IUDJPHQ-IUDJPHQ�

KDVLO� WXPEXNDQ� WHUVHEXW� PHPDVXNL�

NDZDVDQ� EDJLDQ� GDODP� 7DWD� 6XU\D�

PHPEHQWXN�SRSXODVL� EDUX�� \DLWX�SRSXODVL�

DVWHURLG� GHNDW-%XPL�� 6HFDUD� GHILQLVL��

UXDQJ� GHNDW-%XPL� PHUXSDNDQ� NDZDVDQ�
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\DQJ�PHPHQXKL�NHWLGDNVDPDDQ�QLODL�T��MDUDN�

SHULKHOLRQ�� �� ���� VD� 	� QLODL� 4� �MDUDN�

DSKHOLRQ��!������VD�>��VD��VDWXDQ�DVWURQRPL��

GLGHILQLVLNDQ��VHEDJDL�MDUDN�UDWD-UDWD�%XPL�–�

0DWDKDUL�\DQJ�EHUQLODL�����[�����NP@�� 

3RSXODVL�DVWHURLG�\DQJ�EHUDGD�GL�UXDQJ�

GHNDW-%XPL� WHUVHEXW� GDSDW� GLNHORPSRNNDQ�

NH� GDODP� HPSDW� NHODV� XWDPD� EHUGDVDUNDQ�

NDUDNWHULVWLN� RUELWQ\D�� .HHPSDW� NHODV�������

DVWHURLG�GHNDW-%XPL�WHUVHEXW�DGDODK�$PRU�>D�

�VHWHQJDK�VXPEX�SDQMDQJ�RUELW� HOLSV��!��� VD�

GDQ�������VD���T�������VD@��$SROOR��D�!�����VD�

GDQ�T���������VD���$WHQ��D�������VD�GDQ�4�!�

������VD���GDQ�$WLUD��D�����VD�GDQ�4���������

VD��� 'HQJDQ� NDUDNWHULVWLN� RUELW� \DQJ�

GHPLNLDQ��NHODV�$PRU�PHUXSDNDQ�NHORPSRN�

DVWHURLG� GHNDW-%XPL� \DQJ� PHPLOLNL� RUELW�

PHPRWRQJ� RUELW� SODQHW� 0DUV�� $SROOR� GDQ�

$WHQ�PHPRWRQJ�RUELW�%XPL��VHPHQWDUD�NHODV�

$WLUD� VHOXUXK� RUELWQ\D� EHUDGD� GL� VHEHODK�

GDODP�RUELW�%XPL���� 

3DSDVDQ� GHNDW� �FORVH� HQFRXQWHU�� \DQJ�

GLDODPL�SRSXODVL�DVWHURLG�GHNDW-%XPL�GHQJDQ�

SODQHW-SODQHW� 7HUHVWULDO� �0HUNXULXV� KLQJJD�

0DUV�� EHUSHQJDUXK� GRPLQDQ� WHUKDGDS�����

GLQDPLND� GL� UXDQJ� GHNDW-%XPL�� %DKNDQ�

EXNDQ� VDMD� SHUDQ� GDUL� SDSDVDQ� GHNDW����

PHODLQNDQ� MXJD� DQGLO� GDUL� GLQDPLND�����������

UHVRQDQVL� \DQJ� PHPSHQJDUXKL� SHOXUXKDQ�

SRSXODVL� DVWHURLG� GHNDW-%XPL� NH� ]RQD������

SHPEXDQJDQ� >�@�� %RWWNH� GNN�� ������>�@��

PHPEDJL� ]RQD� SHPEXDQJDQ� PHQMDGL� ]RQD�

PD\RU�GDQ�PLQRU�EHUGDVDUNDQ�EHVDU-NHFLOQ\D�

FRQWULEXWLQJ� GDODP�PHQJXUDQJL� SRSXODVL� DV�

WHURLG� GHNDW-%XPL�� .RQGLVL� DNKLU� DVWHURLG�

VHEDJDL� SHQXPEXN�0DWDKDUL�PDXSXQ� WHU�

OHPSDU� NHOXDU� GDUL� 7DWD� 6XU\D� �!� �����

WHODK� GLNHWDKXL� PHQGRPLQDVL� NHOXDUDQ�

NRPSXWDVL�QXPHULN��GLEDQGLQJNDQ�GHQJDQ�

NHDGDDQ� DNKLU� VHEDJDL� SHQXPEXN� SODQHW-

SODQHW���������>�@� 

+DVLO�\DQJ�GLSHUROHK�*ODGPDQ�GNN��

�������GDQ�0RUELGHOOL�	�*ODGPDQ�������

>�@�� PHQ\LPSXONDQ� KDQ\D� ��� GDUL�

SRSXODVL� DVWHURLG� GHNDW-%XPL� \DQJ�

EHUDNKLU� VHEDJDL� SHQXPEXN�SODQHW�%XPL��

%XNWL� WXPEXNDQ� DQWDUD� DVWHURLG� GDQ�

NRPHW� GHQJDQ� SODQHW� %XPL� SDGD� PDVD�

ODOX�WHUHNDP�GDODP�VHMDUDK�JHRORJL�SODQHW�

LQL�PHODOXL�NHKDGLUDQ�NDZDK-NDZDK�EHVDU�

GDQ� DQDOLVLV� NDQGXQJDQ� LULGLXP� >�@��

%DKNDQ� SHULVWLZD� WXPEXNDQ� DQWDUD� %XPL�

GHQJDQ�DVWHURLG�EHUJDULV� WHQJDK�EHEHUDSD�

PHWHU�KLQJJD�EHEHUDSD�SXOXK�PHWHU�PDVLK�

WHUMDGL� GL� HUD� PRGHUQ� LQL�� VHSHUWL� \DQJ�

GLDODPL�%XPL�GDQ�DVWHURLG������7&�� >�@�

PDXSXQ� GHQJDQ� ³DVWHURLG�

&KHO\DELQVN´�>���@����������������� 

%HUDQJNDW� GDUL� XUDLDQ� VLQJNDW� GL�

DWDV�� SHQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN����

PHPSHUROHK� IUHNXHQVL� WXPEXNDQ� DQWDUD�

SRSXODVL�DVWHURLG�GHNDW-%XPL�GDUL�VHOXUXK�

NHODV� WDNVRQRPL� \DQJ� WHODK� GLNHWDKXL�

KLQJJD� VDDW� LQL� GHQJDQ� SODQHW� %XPL������

PHODOXL� VLPXODVL� QXPHULN� \DQJ�����������

PHQHUDSNDQ� PHWRGH� EDUX� GDODP��������

SHUKLWXQJDQ� MDUDN� PLQLPXP� RUELW�

�0LQLPXP� 2UELW� ,QWHUVHFWLRQ� 'LVWDQFH� –�

02,'�� XQWXN� VHEDUDQJ� SDVDQJDQ� RUELW�

KHOLRVHQWULN�>��@�� 
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�DVWHURLG�� .HWHUEDWDVDQ� SDNHW� LQWHJUDWRU�

XQWXN� PHODNXNDQ� LQWHJUDVL� RUELW� �����

VDPSHO�DVWHURLG�VHFDUD�VHNDOLJXV��VHKLQJJD�

PHPEXDW�SHQHOLWLWLDQ�LQL�KDUXV�PHODNXNDQ�

SHPHFDKDQ� MXPODK�� 8QWXN� PHQJDWDVLQ\D��

�����VDPSHO�DVWHURLG�\DQJ�GLVXVXQ�EHUGD�

VDUNDQ� UDGLXV� �GDUL� WHUNHFLO� KLQJJD� WHUEH�

VDU�� GLSHFDK� NH� GDODP� HPSDW� NHORPSRN�

�EDWFK���GHQJDQ�SHQJDWXUDQ�EDWFK��VDPSDL�

GHQJDQ�EDWFK��PDVLQJ-PDVLQJ� WHUGLUL� DWDV�

����� DVWHURLG� GDQ�EDWFK�� WHUGLUL� DWDV� ����

DVWHURLG� 

3URVHV�NRPSXWDVL�GLMDODQNDQ�GHQJDQ�

PHPDQIDDWNDQ� IDVLOLWDV� 3&� �3URFHVVRU�

,QWHO�5��&RUH�70�� L�-����7�&38�#�����

*+]�� 5$0� ����� *%�� ��� ELW� RSHUDWLQJ�

V\VWHP�� \DQJ� WHUVHGLD� GL� /DERUDWRULXP�

.RPSXWDVL�'HSDUWHPHQ�3HQGLGLNDQ�)LVLND�

)30,3$� –� 8QLYHUVLWDV� 3HQGLGLNDQ�

,QGRQHVLD�� 3URVHV� NRPSXWDVL� GLMDODQNDQ�

KLQJJD� �[���� WDKXQ� NH� GHSDQ�

PHQJJXQDNDQ� PRGHO� 7DWD� 6XU\D� GHQJDQ�

��� EHQGD� PDVLI� �0DWDKDUL� GDQ� NHGHODSDQ�

SODQHW��0HUNXULXV� KLQJJD�1HSWXQXV�� VHUWD�

%XODQ� \DQJ� GLSHUODNXNDQ� VHEDJDL� EHQGD�

PDQGLUL��� 6HWLDS� EDWFK� GLMDODQNDQ� XQWXN�

NHOLSDWDQ� �[���� WDKXQ�� VHKLQJJD� DNDQ�

GLSHUROHK� KDVLO� NHOXDUDQ� �RXWSXW��

NRPSXWDVL�EDWFK��KLQJJD�EDWFK��SDGD�WLDS�

NHOLSDWDQ� �[���� WDKXQ�� 6HOXUXK� EDWFK�

GLMDODQNDQ�GHQJDQ�SHQJDWXUDQ�\DQJ�VDPD��

\DLWX� PHQJJXQDNDQ� ODQJNDK� ZDNWX�

�WLPHVWHS�� ��-�� WDKXQ� �a�� MDP�� GDQ� KDVLO�

NRPSXWDVL�GLFXSOLN�VHWLDS�����WDKXQ��-HMDN�

HYROXVL� RUELW� VDPSHO� DVWHURLG� GLLNXWL�

KLQJJD� DGD� \DQJ� WHUHOLPLQDVL� NDUHQD�

���0HWRGH 

6LPXODVL�QXPHULN�GDODP�EHQWXN�PDVDODK�

1-EHQGD� �1-ERG\� SUREOHP�� WHODK�

GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL��������

.RPSXWDVL� RUELW� DWDV� VDPSHO� GDWD�

DVWHURLG�GHNDW-%XPL�\DQJ�GLSHUROHK�GDUL�

ODPDQ� KWWS���VVG�MSO�QDVD�JRY�VEGE-

TXHU\�FJL� GLODNXNDQ� PHQJ-JXQDNDQ�

SDNHW� LQWHJUDWRU� 6ZLIWB5096�� \DQJ�

PHUXSDNDQ� YHUVL� WHUDNKLU� GDUL� SDNHW�

6ZLIW� \DQJ� GLNHPEDQJNDQ� /HYLVRQ� 	�

'XQFDQ� �������� $OJRULWPD� 5HJXODUL]HG�

0L[HG-9DULDEOH� 6\PSOHFWLF� �5096��

GDODP� SDNHW� LQWHJUDWRU� 6ZLIW�����������

PHPSHUEDLNL� PHWRGH� 0L[HG-9DULDEOH�

6\PSOHFWLF� �096�� >��@�� 5HJXODULVDVL�

GDODP� DOJRULWPD� LQL� PHUXSDNDQ� VHEXDK�

SURVHV� PDWHPDWLND� \DQJ� EHUWXMXDQ�

PHQJKLODQJNDQ� VLQJXODULWDV� GDUL���������

SHUVDPDDQ� JHUDN� EHQGD� �GDODP� EHQWXN�

SHUVDPDDQ� GLIHUHQVLDO�� \DQJ� KHQGDN����

GLSHFDKNDQ�� 9DULDQ� DOJRULWPD� 5096��

\DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL��

PHUXSDNDQ� YHUVL� \DQJ� PDPSX�

PHQJKLWXQJ� SHULVWLZD� SDSDVDQ� GHNDW��

DQWDUD� DVWHURLG� GHQJDQ� SODQHW-SODQHW���

VHFDUD�OHELK�WHOLWL� 

3URVHV� VHOHNVL� \DQJ� KDQ\D�

PHQ\HUWDNDQ� DVWHURLG� GHNDW-%XPL� GDUL�

NHHPSDW�NHODV��$PRU��$SROOR��$WHQ��GDQ�

$WLUD��� EDLN� \DQJ� VXGDK� EHUQRPRU�

PDXSXQ� EHOXP� GHQJDQ� RUELW� \DQJ� WHODK�

GLNHWDKXL� GHQJDQ� VDQJDW� EDLN� �FRQGLWLRQ�

FRGH� 8 ��� EHUVHVXDLDQ� GHQJDQ� EDWDV�

JDODW�RUELW�NXUDQJ�GDUL��´�GHNDGH��� WHODK�

EHUKDVLO�GLSHUROHK�VHEDQ\DN������VDPSHO�
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PHQXPEXN� 0DWDKDUL�� WHUOHPSDU� PHQMDXK�

GDUL� 0DWDKDUL� KLQJJD� D� !� ���� VD�� DWDX�

PHQJDODPL�WXPEXNDQ�GHQJDQ�SODQHW-SODQHW��

3HQHOLWLDQ� LQL� KDQ\D�PHQ\HUWDNDQ� LQWHUDNVL�

JUDYLWDVL� GDODP� PHQLQMDX� HYROXVL� RUELW�

DVWHURLG� PHODOXL� SDNHW� LQWHJUDWRU� \DQJ�

GLJXQDNDQ�� ,QWHUDNVL�JUDYLWDVL�KDQ\D�WHUMDGL�

DQWDU-EHQGD� PDVLI� GDQ� DQWDU-EHQGD� PDVLI�

GHQJDQ� DVWHURLG�� QDPXQ� WLGDN� XQWXN� DQWDU-

DVWHURLG� \DQJ� GLDQJJDS� VHEDJDL� EHQGD� WDN�

EHUPDVVD��� 

6DODK� VDWX� FDUD� XQWXN� PHPSHUROHK�

SUREDELOLWDV� WXPEXNDQ� DQWDUD� GXD� RUELW�

KHOLRVHQWULN� DGDODK� GHQJDQ� PHQJHVWLPDVL�

QLODL� ODMX�WXPEXNDQ� I� �GDODP�VDWXDQ�� WDKXQ-

��� PHODOXL� WXPEXNDQ� \DQJ� GLDPDWL� VHFDUD�

ODQJVXQJ�GL�GDODP�VLPXODVL�QXPHULN�VHODPD�

ZDNWX� W�� +DQ\D� VDMD� WXPEXNDQ� DQWDUD�

DVWHURLG�GHQJDQ�SODQHW�PHUXSDNDQ�SHULVWLZD�

\DQJ� MDUDQJ� GLMXPSDL� GDODP� VLPXODVL�

QXPHULN�� VHKLQJJD� XQWXN� PHQJKLQGDUL�

SUREOHP�³VPDOO�QXPEHU�VWDWLVWLFV´�GL�GDODP�

SHQHOLWLDQ� LQL� NHMDGLDQ� WXPEXNDQ�

GLLGHQWLILNDVL�PHQJ-JXQDNDQ�NULWHULD�02,'�

�� 5F� �UDGLXV� WDQJNDSDQ� JUDYLWDVL� SODQHW���

1LODL�5F�GLKLWXQJ�GDUL� 

 

������������� 

GHQJDQ� � PHQ\DWDNDQ� UDGLXV� ILVLN�

%XPL�� 9HVF� NHODMXDQ� OHSDV� GL� SHUPXNDDQ�

%XPL�� GDQ� � 9¥� NHODMXDQ� DVWHURLG� VDDW� VDDW�

EHUDGD�GL�MDUDN�\DQJ�MDXK�GDUL�%XPL��� 

3HQJJXQDDQ� 02,'� XQWXN�������

PHPSHUROHK�NHEROHKMDGLDQ�WXPEXNDQ�GDSDW�

GLMXPSDL� GDODP� VHMXPODK� OLWHUDWXU�

>��������@�� 3HUKLWXQJDQ� 02,'� GLODNXNDQ�

GHQJDQ� PHPDQIDDWNDQ� PHWRGH� EDUX�

PHQJJXQDNDQ�SURVHGXU�QXPHULN�GDQ�LWHUDWLI�

XQWXN� VHEDUDQJ� SDVDQJDQ� RUELW� KHOLRVHQWULN

>��@���3HQJJXQDDQ�QLODL�02,'�PHQJL]LQNDQ�

XQWXN� PHQ\HUWDNDQ� SXOD� GXD� RUELW�

KHOLRVHQWULN� \DQJ� WLGDN� EHUSRWRQJDQ�� \DQJ�

GDODP� PHWRGH� NRQYHQVLRQDO� GLDQJJDS�

PHPLOLNL� QLODL� SUREDELOLWDV� WXPEXNDQ� QRO�

���� 

8QWXN� 1� DVWHURLG� �SUR\HNWLO�� GDQ�

VDWX� SODQHW� �WDUJHW�� WHUWHQWX�� QLODL�

NHEROHKMDGLDQ� WXPEXNDQ� LQWULQVLN� 3L� GDSDW�

GLSHUROHK� GDUL� EDQ\DNQ\D� 02,'� \DQJ�

WHUMDGL�DQWDUD�VHOXUXK�DVWHURLG�GHQJDQ�SODQHW�

WHUVHEXW��GLQ\DWDNDQ�VHEDJDL�0��XQWXN�VXDWX�

MDUDN� \DQJ� NXUDQJ� GDUL� QLODL� WHUWHQWX� U�

VHODPD� VHODQJ� ZDNWX� W� \DQJ� GLWLQMDX� >��@��

\DLWX�PHODOXL�SHUVDPDDQ� 

 

������������������������� 

6HPHQWDUD�� ODMX� WXPEXNDQ� I� SHU�

DVWHURLG� GHQJDQ� VXDWX� SODQHW� GDSDW�

GLSHUROHK� GDUL� LQIRUPDVL� 3L� PHODOXL�

KXEXQJDQ� 

 

������������������������� 
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���+DVLO�GDQ�3HPEDKDVDQ� 

3DGD�DNKLU�SURVHV�NRPSXWDVL�� GLSHUROHK�

VHEDQ\DN� ���� VDPSHO� DVWHURLG� WHODK���

EHUDNKLU� GHQJDQ� PHQXMX� ]RQD�����������

SHPEXDQJDQ�� 3HOXUXKDQ� MXPODK� SRSX�

ODVL� VDPSHO� LQL� GLWXQMXNNDQ� GDODP�

*DPEDU� �� 3URVHV� SHOXUXKDQ� MXPODK�

SRSXODVL� \DQJ� WHUMDGL� GDSDW� GLSHUROHK�

GHQJDQ� PHQJJXQDNDQ� IXQJVL�

HNVSRQHQVLDO�\DQJ�GLSHUROHK�EHGDVDUNDQ�

JUDILN� MXPODK� SRSXODVL� VDPSOH� VHEDJDL�

IXQJVL�ZDNWX�EHULNXW�� 

��� �������� 

'HQJDQ� PHQJJXQDNDQ� 3HUVDPDDQ�

����� PDND� GDSDW� GLSHUROHK� ZDNWX�

NDUDNWHULVWLN� \DQJ� PHPEXDW� SRSXODVL�

VDPSHO� PHQMDGL� VHWHQJDK� NDOL� MXPODK�

VHPXOD� �PHGLDQ� G\QDPLFDO� OLIHWLPH��

*ODGPDQ� GNN��� ������� \DLWX� �� ´� ����

WDKXQ��1LODL�\DQJ�GLSHUROHK�LQL�KDPSLU��

´�OHELK�SDQMDQJ�GDULSDGD�GXUDVL�LQWHJUDVL�

\DQJ�WHODK�GLMDODQNDQ��� 

 
*DPEDU����*UDILN�ODMX�SHOXUXKDQ�SRSXODVL�

VDPSHO�DVWHURLG�GHNDW-%XPL�NDUHQD�

EHUDNKLU�PHQXMX�]RQD�SHPEXDQJDQ�VHODPD�

GXUDVL�NRPSXWDVL���´�����WDKXQ� 

*DPEDU���PHQXQMXNDQ�EDKZD�JUDILN�

ODMX� SHOXUXKDQ� SRSXODVL� VDPSHO� DVWHURLG�

GHNDW-%XPL� NDUHQD� EHUDNKLU� PHQXMX� ]RQD�

SHPEXDQJDQ� VHODPD� GXUDVL� NRPSXWDVL� �� [�

���� WDKXQ� WHUMDGL� SHQXUXQDQ�� KDO� WHUVHEXW�

GLNDUHQDNDQ� SDGD� SHQHOLWLDQ� LQL� VDPSHO�

\DQJ� GLJXQDNDQ� VHODPD� ZDNWX� NRPSXWDVL�

PHUXSDNDQ� VDPSHO� \DQJ� VDPD� GHQJDQ�

PHQLQMDX� VDPSHO� \DQJ� EHUDNKLU� PHQXMX�

]RQD�SHPEXDQJDQ�GDQ�PHQJDEDLNDQ�VDPSHO�

\DQJ�PDVXN� NHGDODP� NDZDVDQ� GHNDW-%XPL�

VHODPD�SURVHV�NRPSXWDVL�EHUODQJVXQJ� 

0HQJLNXWL� SURVHGXU� 0RUDLV� 	�������

0RUELGHOOL� ������� >��@� GDQ� %RWWNH� GNN���

������>�@�� GHQJDQ� PHQJJXQDNDQ�

3HUVDPDDQ� ���� GDODP� EHQWXN� ORJDULWPD�

QDWXUDO� PDND� GDSDW� GLSHUROHK� QLODL� ODMX�

SHOXUXKDQ� IUDNVLRQDO� SRSXODVL� VDPSHO�

SHUMXWD� WDKXQ�� 5DMDK� QLODL� ODMX� SHOXUXKDQ�

IUDNVLRQDO� WHUKDGDS� ZDNWX� GLWXQMXNNDQ�

GDODP�*DPEDU���� 

 
*DPEDU����*UDILN�ODMX�SHOXUXKDQ�

IUDNVLRQDO�VHEDJDL�IXQJVL�ZDNWX��'XD�JDULV�

YHUWLNDO�PHQDQGDL�UHQWDQJ�ZDNWX�GHQJDQ�

QLODL�ODMX�SHOXUXKDQ�IUDNVLRQDO�\DQJ�VWDELO�� 
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'HQJDQ� PHODNXNDQ� DQDOLVLV� SDGD�

*DPEDU����GLSHUROHK�QLODL�ODMX�SHOXUXKDQ�

IUDNVLRQDO�\DQJ�VWDELO�SDGD�UHQWDQJ�ZDNWX�

����[����� WDKXQ�VDPSDL�GHQJDQ�����[�����

WDKXQ�� �7HODK� GLKLWXQJ� QLODL� UDWD-UDWD� ODMX�

SHOXUXKDQ� IUDNVLRQDO� VDPSHO� DVWHURLG�

PHQXMX� ]RQD� SHPEXDQJDQ� KDQ\D� VHODPD�

UHQWDQJ�ZDNWX�GHQJDQ�QLODL�ODMX�SHOXUXKDQ�

IUDNVLRQDO� \DQJ� VWDELO�� \DLWX� VHEHVDU�

������� ±� �����[��-�� SHU� MXWD� WDKXQ��

0HQJJXQDNDQ� PRGHO� SRSXODVL� NHDGDDQ�

WXQDN�DVWHURLG�GHNDW-%XPL� VHEHVDU�����±�

����DVWHURLG�XQWXN�+��PDJQLWXGR�DEVROXW��

<� ��� �%RWWNH� GNN��� �����>�@�� VHODQMXWQ\D�

GDSDW� GLKLWXQJ� IOXNV� PDVXN� DVWHURLG� GDUL�

UXDQJ� GHNDW-%XPL� PHQXMX� ]RQD�

SHPEXDQJDQ� GHQJDQ� PHQJNDOLNDQ� QLODL�

UDWD-UDWD�ODMX�SHOXUXKDQ�IUDNVLRQDO�VDPSHO�

DVWHURLG�PHQXMX�]RQD�SHPEXDQJDQ�KDQ\D�

VHODPD� UHQWDQJ� ZDNWX� GHQJDQ� QLODL� ODMX�

SHOXUXKDQ� IUDNVLRQDO� \DQJ� VWDELO� GHQJDQ�

PRGHO� SRSXODVL� NHDGDDQ� WXQDN� DVWHURLG�

GHNDW-%XPL�� VHKLQJJD� GLSHUROHK� IOXNV�

PDVXN� DVWHURLG� GDUL� UXDQJ� GHNDW-%XPL�

PHQXMX� ]RQD� SHPEXDQJDQ� � VHEDQ\DN�

������±������DWDX�VHNLWDU����±���DVWHURLG�

\DQJ�KLODQJ�SHU�MXWD�WDKXQ�DNLEDW�EHUDNKLU�

GL�]RQD�SHPEXDQJDQ�� 

�0HPSHUROHK�SUREDELOLWDV�WXPEXNDQ�

DQWDUD� GXD� RUELW� KHOLRVHQWULN� GHQJDQ�

PHQJHVWLPDVL� QLODL� ODMX� WXPEXNDQ� I�

�GDODP�VDWXDQ��WDKXQ-���PHODOXL�WXPEXNDQ�

\DQJ� GLDPDWL� VHFDUD� ODQJVXQJ� GL� GDODP�

VLPXODVL� QXPHULN� VHODPD� ZDNWX� W�� 'L�

GDODP� SHQHOLWLDQ� LQL� NHMDGLDQ� WXPEXNDQ�

GLLGHQWLILNDVL� PHQJ-JXQDNDQ� NULWHULD�

02,'� �� 5F� �UDGLXV� WDQJNDSDQ� JUDYLWDVL�

SODQHW���'HQJDQ�PHQJJXQDNDQ�3HUVDPDDQ�

����PDND�GLSHUROHK�QLODL�5F� VHEHVDU������[�

��-��DX 

0HQJJXQDNDQ� 3HUVDPDDQ� ����

GLSHUROHK�QLODL�3L�VHEHVDU�������´���-���SHU�

NP�� SHU� WDKXQ�� VHPHQWDUD� GHQJDQ�

3HUVDPDDQ� ���� GLGDSDWNDQ�QLODL� I� �������

´���-��WXPEXNDQ�SHU�WDKXQ��.HEDOLNDQ�GDUL�

QLODL� I� PHQ\DWDNDQ� FROOLVLRQDO� OLIHWLPH��

\DLWX� VNDOD� ZDNWX� VHEXDK� SUR\HNWLO�

EHUWXPEXNDQ�GHQJDQ�REMHN� WDUJHW� WHUWHQWX��

'HQJDQ�QLODL�I�\DQJ�WHODK�GLSHUROHK�GL�DWDV��

WHUMDGL��� WXPEXNDQ�DQWDUD� DVWHURLG�GHQJDQ�

%XPL� GDODP� ZDNWX� a� ���� WDKXQ�� 6HFDUD�

VWDWLVWLN��WXPEXNDQ�DQWDUD�SRSXODVL�DVWHURLG�

GHNDW-%XPL� �+�<� ���� \DQJ�EHUMXPODK�����

±�����DVWHURLG�GHQJDQ�SODQHW�%XPL��WHUMDGL�

WLDS�a�������WDKXQ��� 

 1LODL-WHQJDK� NDOD� KLGXS� VDPSHO�

DVWHURLG�GHNDW-%XPL�\DQJ�GLSHUROHK�GDODP�

SHQHOLWLDQ� LQL� ��[���� WDKXQ�� GHNDW� GHQJDQ�

\DQJ� GLSHUROHK� *ODGPDQ� GNN�� ������>�@��

\DLWX� �[���� WDKXQ�� 3HQHOLWLDQ� LQL� GDQ�

SHNHUMDDQ� \DQJ� GLODNXNDQ� *ODGPDQ� GNN��

�������PHPLOLNL�EHEHUDSD�NHPLULSDQ��\DLWX�

PHQJJXQDNDQ� SDNHW� LQWHJUDWRU� 6ZLIW�

�5096��YHUVL� WHUDNKLU� GDODP� SHQHOLWLDQ�

LQL� GDQ� 5096��YHUVL� VHEHOXPQ\D� GDODP�

SHNHUMDDQ� PHUHND�� GDQ� PHQJJXQDNDQ�

VDPSHO�\DQJ�GLVHOHNVL�EHUGDVDUNDQ�NXDOLWDV�

RUELW�������VDPSHO�GDODP�SHNHUMDDQ�LQL�GDQ�

���� VDPSHO� GDODP� SHNHUMDDQ� PHUHND���

0HVNLSXQ� GHPLNLDQ�� IDNWDQ\D� *ODGPDQ�
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GNN�� ������� PHPSHUROHK� ODMX� WXPEXNDQ�

SRSXODVL� DVWHURLG� GHNDW-%XPL� GHQJDQ�

SODQHW� %XPL� VHQLODL� ���� [� ��-�� SHU� WDKXQ�

�EHUVHVXDLDQ� GHQJDQ� �� WXPEXNDQ� GDODP�

���� [� ���� WDKXQ�� DWDX� �� WXPEXNDQ� GDODP�

����[����� WDKXQ�GHQJDQ� SRSXODVL� DVWHURLG�

GHNDW-%XPL�XQWXN�+�<�����-XPODK�VDPSHO�

GDODP� SHQHOLWLDQ� LQL� \DQJ� a� ��´� OHELK�

EDQ\DN� GDULSDGD� MXPODK� VDPSHO� GDODP�

*ODGPDQ� GNN�� ������� PHPDQJ� GDSDW�

PHPSHUEDLNL� QLODL� VWDWLVWLN� WXPEXNDQ�

DVWHURLG� GDQ� SODQHW�� QDPXQ� SHQJJXQDNDQ�

VDPSHO� \DQJ� OHELK� EHVDU� WLGDN�PHQMDPLQ�

GDSDW� PHPSHUKDOXV� YDULDELOLWDV� QLODL� ODMX�

WXPEXNDQ� \DQJ�PHUHQWDQJ� OHEDU� �5XPSI�

GNN��� �����>��@�� +DO� LQL� NDUHQD� KDVLO�

SHQJDPDWDQ� WHUEDUX� VHODLQ� GDSDW�

PHQDPEDK� SRWHQVL� WXPEXNDQ� GHQJDQ�

PHQJKDGLUNDQ� REMHN� EDUX� GL� GDODP�

VDPSHO�� MXJD� GDSDW� PHUHGXNVL� ODMX�

WXPEXNDQ� PDQDNDOD� EHUKDVLO�

PHQJNRQILUPDVL� SRWHQVL� WXPEXNDQ� \DQJ�

VHEHOXPQ\D� GLDQJJDS� Q\DWD� PHQMDGL�

WHUHOLPLQDVL� EHUNDW� DGDQ\D� SHUEDLNDQ�

NXDOLWDV� RUELW� PHODOXL� GDWD� SHQJDPDWDQ�

\DQJ� EHUWDPEDK�� 'HQJDQ� SHUWLPEDQJDQ�

EDKZD� NULWHULD� NXDOLWDV� RUELW� VDPSHO�

DVWHURLG� WLGDN� GLQ\DWDNDQ� VHFDUD� HNVSOLVLW�

GDODP�*ODGPDQ�GNN��������>�@��IDNWRU�LQL�

GDSDW�PHQMDGL�SHPEHGD� XQWXN�KDVLO� \DQJ�

GLSHUROHK� VHEDJDLPDQD� GLWXQMXNNDQ� GL�

DWDV��� 

+DVLO� \DQJ� GLGDSDWNDQ� GDODP�

SHQHOLWLDQ� LQL� OHELK� GHNDW� GHQJDQ�

SHUROHKDQ� *DOLD]]R� GNN�� �������

>��������@� \DQJ� PHQVLPXODVLNDQ� RUELW� ���

RUELW� ��� DVWHURLG� GHNDW-%XPL� WLSH� 9�

�DVWHURLG�GHQJDQ�PDWHULDO�SHUPXNDDQ�EDVDO�

WLN�� EHVHUWD� KDVLO� NORQLQJQ\D� �WRWDO� EHU�

MXPODK� ����� VDPSHO�� VHODPD����� WDKXQ� NH�

GHSDQ�� 0HQJJXQDNDQ� PRGHO� 7DWD� 6XU\D�

\DQJ�PHQ\HUWDNDQ�0DWDKDUL�GDQ�NHGHODSDQ�

SODQHW�EHVHUWD�%XODQ��*DOLD]]R�GNN���������

PHPSHUROHK� ��� NHMDGLDQ� � � � � � DVWHURLG�PH�

QXPEXN�%XPL��6HEHVDU�������VDPSHO�\DQJ�

GLJXQDNDQ� PHQJDODPL� SDSDVDQ� GHNDW� GL�

MDUDN�NXUDQJ�GDUL��������VD��MDUDN�UDWD-UDWD�

%XPL� –� %XODQ��� 'DUL� MXPODK� � � � WXPEXNDQ�

\DQJ� WHUMDGL�\DQJ�GLSHUROHK� � ODQJVXQJ�GDUL�

VLPXODVL�� GLSHUROHK� IUHNXHQVL� WXPEXNDQ�

GHQJDQ� SODQHW� %XPL� VHEHVDU� � � � � � � �� WXP�

EXNDQ� WLDS� a� ��� MXWD� WDKXQ� �DWDX� WLDS� a�

�������WDKXQ�XQWXN�SRSXODVL�DVWHURLG�GHNDW

-%XPL�GHQJDQ�+���������� 

 

���6LPSXODQ 

'DUL�SHOXUXKDQ������VDPSHO�DVWHURLG�GHNDW

-%XPL�\DQJ�WHUVHOHNVL�EHUGDVDUNDQ�NXDOLWDV�

RUELW� WHUEDLN�� WHODK� GLSHUROHK� IOXNV�PDVXN�

SRSXODVL� NHORPSRN� DVWHURLG� LQL� NH� ]RQD�

SHPEXDQJDQ� VHEHVDU� ��� ±� �� DVWHURLG� SHU�

MXWD� WDKXQ�� 'DUL� VHMXPODK� GL� DWDV��

GLHVWLPDVL� WHUGDSDW� �� NHMDGLDQ� WXPEXNDQ�

DVWHURLG�GHQJDQ�SODQHW�%XPL�GDODP�NXUXQ�

ZDNWX����� WDKXQ�DWDX���SHULVWLZD�GDODP�a�

�������WDKXQ�XQWXN�SRSXODVL�DVWHURLG�GHNDW

-%XPL�GHQJDQ�+��������������������������� 

 

���8FDSDQ�7HULPD�.DVLK 

3HQHOLWLDQ� LQL� GLGDQDL� ROHK� .HPHQWHULDQ�
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5LVHW�� 7HNQRORJL�� GDQ� 3HQGLGLNDQ�

7LQJJL� 5HSXEOLN� ,QGRQHVLD� GHQJDQ�

NRQWUDN� EHUQRPRU� ���$�81���'�

33������� 

 

���5HIHUHQVL� 

�� =DSSDOD�� 9��� HW� DO�� ������ 3KLVLFDO�

DQG� G\QDPLFDO� SURSHUWLHV� RI�

DVWHURLG� IDPLOLHV�� ,WDOLD�� ,QVWLWXWR�

1D]LRQDOH�GL�$VWURILVLFD� 

�� %RWWNH�� :�)��� 9RNURXKOLFNê�� '���

5XELQFDP��'�� 3�� DQG�1HVYRUQê��'��

������ 7KH� <DUNRYVN\� DQG� <253�

HIIHFWV�� LPSOLFDWLRQV� IRU� DVWHURLG�

G\QDPLFV��$QQX��5HY��(DUWK�3ODQHW��

6FL����������–���� 

�� 0LFKHO��3���=DSSDOj��9���&HOOLQR��$��

DQG� 7DQJD�� 3�� ������ (VWLPDWHG�

DEXQGDQFH� RI� DWHQV� DQG� DVWHURLGV�

HYROYLQJ� RQ� RUELWV� EHWZHHQ� HDUWK�

DQG�VXQ��,FDUXV����������–���� 

�� %RWWNH�� :�)��� 0RUELGHOOL�� $���

-HGLFNH�� 5��� 3HWLW�� -�0��� /HYLVRQ��

+�)���0LFKHO��3��DQG�0HWFDOIH��7�6��

������'HELDVHG�RUELWDO�DQG�DEVROXWH�

PDJQLWXGH� GLVWULEXWLRQ� RI� WKH� QHDU-

(DUWK�REMHFWV��,FDUXV����������–���� 

�� *ODGPDQ�� %��� 0LFKHO�� 3�� DQG�

)URHVFKOp��&�� ������7KH� QHDU-HDUWK�

REMHFW�SRSXODWLRQ��,FDUXV����������–

���� 

�� %RWWNH�� :�)��� HW� DO�� ������0DVVLYH�

LPSDFW-LQGXFHG� UHOHDVH� RI� FDUERQ�

DQG�VXOIXU�JDVHV�LQ�WKH�HDUO\�HDUWK¶V�

DWPRVSKHUH�� (DUWK� DQG� 3ODQHWDU\�

�� .RZDOVNL�� $��� HW� DO�� ������ 7KH� 6L]H�

'LVWULEXWLRQV� RI� $VWHURLG� )DPLOLHV� LQ�

WKH� 6'66� 0RYLQJ� 2EMHFW� &DWDORJ� ���

,FDUXV���������-���� 

�� %URZQ�� 3�*��� HW� DO��� ������ $� ���-

NLORWRQ�DLUEXUVW�RYHU�&KHO\DELQVN�DQG�

DQG� HQKDQFHG� KD]DUG� IURP� VPDOO�

LPSDFWRUV��1DWXUH���������–���� 

�� 3RSRYD�� 2�3��� HW� DO�� ������

&KHO\DELQVN� DLUEXUVW�� GDPDJH�

DVVHVVPHQW�� PHWHRULWH� UHFRYHU\�� DQG�

FKDUDFWHUL]DWLRQ�� 6FLHQFH� ����� ����–

����� 

��� :LĞQLRZVNL�� 7�� DQG� 5LFNPDQ�� +��

������ )DVW� JHRPHWULF� PHWKRG� IRU�

FDOFXODWLQJ� DFFXUDWH� PLQLPXP� RUELW�

LQWHUVHFWLRQ� GLVWDQFHV�� $FWD�

$VWURQRPLFD���������-���� 

��� :LVGRP� -�� DQG� +ROPDQ� 0�� ������

6\PSOHFWLF� 0DSV� IRU� WKH� 1-%RG\�

3UREOHP�� &DPEULGJH�� $VWURQRPLFDO�

-XUQDO� 

��� -HRQJ$KQ��<���0DOKRWUD��5��������7KH�
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