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+XWDQ� 7DQDPDQ� ,QGXVWUL� �+7,�� PHUXSDNDQ�
XVDKD�PHPEDQJXQ�KXWDQ�WDQDPDQ�XQWXN�PHQLQJ�
NDWNDQ� SURGXNWLYLWDV� KXWDQ� SURGXNVL�� RSWLPDOL�
VDVL�SHPDQIDDWDQ�UXDQJ�NHOROD�GDQ�PHQXQMXNNDQ�
GD\D�VDLQJ�SURGXNVL�KDVLO�KXWDQ�WDQDPDQ�GHQJDQ�
PHQHUDSNDQ�VLOYLNXOWXU�VHVXDL�GHQJDQ� WDSDNQ\D�
�VDWX�DWDX�OHELK�VLVWHP�VLOYLNXOWXU��GDODP�UDQJND�
PHPHQXKL�NHEXWXKDQ�EDKDQ�EDNX�LQGXVWUL�KDVLO�
KXWDQ� ND\X�PDXSXQ� QRQ� ND\X� �'HSKXW�� �������
-HQLV� \DQJ� GLWDQDP� XQWXN� SHPEDQJXQDQ� +7,�

DGDODK�MHQLV�MHQLV�WDQDPDQ�FHSDW�WXPEXK�VHSHUWL�
$FDFLD�PDQJLXP�:LOOG�� �(XFDO\SWXV�PDQJLXP�� �
VSS��� �5R[E��GDQ�*PHOLQD�DUERUHD 3DUDVHULDQWKHV�
IDOFDWDULD�/���1LHOVHQ���3HUWDQDPDQ�PDQJLXP�GL�
6XPDWHUD� GDQ� .DOLPDQ�WDQ� WHODK� PHQJDODPL�
NHUXJLDQ�DNLEDW�GDUL�SHQ\D�NLW�EXVXN�DNDU�\DQJ�
GLVHEDENDQ�ROHK�*DQRGHUPD�SKLOLSSLL� �%UHV��	�
+HQQ�H[6DFF��� 'XD� NHEXQ� EHQLK� GL� :RQRJLUL��
-DZD�7HQJDK� \DQJ� GLWDQDPL� GDUL� JHQXV�$FDFLD�
\DQJ�EHUEHGD�\DLWX�$FDFLD�PDQJLXP�GDQ�$FDFLD�
DXULFXOLIRUPLV�PHQJDODPL� VHUDQJDQ� EXVXN� DNDU�
\DQJ�GLVHEDENDQ�ROHK�*DQRGHUPD�VWH\DHUWDQXP�

8-,�620$7,.�,1.203$7,%,/,7$6� <$1*�0(1<(5$1*��*DQRGHUPD�VWH\DHUWDQXP�
.(%81�%(1,+� ',�:212*,5,��-$:$�7(1*$+$FDFLD�PDQJLXP�:LOOG��

6RPDWLF�,QFRPSDWLELOLW\�7HVW� �ZKLFK�$WWDFN�6HHG�2UFKDG�RI�*DQRGHUPD�VWH\DHUWDQXP $FDFLD�
PDQJLXP�DW�:RQRJLUL��&HQWUDO�-DYD
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*DQRGHUPD�VWH\DHUWDQXP� �$FDFLD�PDQJLXP��LV�D�SDWKRJHQ�ZKLFK�FDXVLQJ�URRW�URW�GLVHDVH�WR 7KLV�VWXG\�DLPHG�WR�WKH�
JHQHWLF� GLYHUVLW\� RI DW�:RQRJLUL��&HQWUDO� -DYD��8VLQJ� VRPDWLF� LQFRPSDWLELOLW\��� �*�� VWH\DHUWDQXP��$��PDQJLXP�
*HQHWLF�PDWHULDO�FRQVLVWHG�RI�LVRODWHV FROOHFWHG�IURP�VHHG�RUFKDG��(DFK�LVRODWH�ZLWK�RWKHU�DQG��*��VWH\DHUWDQXP��
UHSHDWHG���WLPHV��2EVHUYDWLRQV�ZHUH�FRQGXFWHG�RQ�IXQJDO�PRUSKRORJ\�FKDUDFWHUL]DWLRQ�DQG�VFRULQJ�FDOFXODWLRQ�
XVLQJ�PRGLILHG�/DWLIDK�+R�PHWKRG��6HOI�SDLULQJ�WHVW�VKRZHG�FRPSDWLEOH�UHDFWLRQV��2WKHUZLVH�LQFRPSDWLEOH�UHDFWLRQV�
RFFXUHG�ZKHQ�GLIIHUHQW�LVRODWHV�ZHUH�SDLUHG��(LJKW�LVRODWHV�RI��*��VWH\DHUWDQXP�ZHUH�GLIIHUHQW�FORQH�DQG�QRW�LGHQWLF��
,QFRPSDWLEOH�UHDFWLRQ�ZDV�LQGLFDWHG�E\�WKH�IRUPDWLRQ�RI�LQKLELWLRQ�]RQH��EDUUDJH�IRUPDWLRQ�DQG�SLJPHQWDWLRQ��

.H\ZRUGV�� ��URRW�URW��VRPDWLF�LQFRPSDWLELOLW\$FDFLD�PDQJLXP��*DQRGHUPD�VWH\DHUWDQXP

$%675$.

*DQRGHUPD�VWH\DHUWDQXP $FDFLD�PDQJLXP�PHUXSDNDQ�SHQ\HEDE�SHQ\DNLW�EXVXN�DNDU�\DQJ�PHQ\HUDQJ� ��7XMXDQ�GDUL�
SHQHOLWLDQ�LQL�XQWXN�PHOLKDW�NHUDJDPDQ�JHQHWLN�� PHQJJXQDNDQ�XML�VRPDWLN�LQNRPSDWLELOLWDV�.HEXQ�*��VWH\DHUWDQXP�
%HQLK� �)��GL�:RQRJLUL��-DZD�7HQJDK��0DWHUL�JHQHWLN�EHUXSD���LVRODW� \DQJ�GLSHUROHK�GDUL�$��PDQJLXP *��VWH\DHUWDQXP�
.HEXQ�%HQLK� �)��GL�:RQRJLUL��-DZD�7HQJDK��6HWLDS�LVRODW�GLSDVDQJNDQ�GHQJDQ�LVRODW�ODLQQ\D�GDQ�GLXODQJ�$��PDQJLXP
��NDOL��3HQHOLWLDQ�GLODNXNDQ�GHQJDQ�PHQJDPDWL�PRUIRORJL�MDPXU�GDQ�VNRULQJ�PHQJJXQDNDQ�PHWRGH� \DQJ�/DWLIDK�+R�
WHODK� GLPRGLILNDVL�� +DVLO� XML� VRPDWLN� LQNRPSDWLELOLWDV� PHQXQMXNNDQ� EDKZD� VHPXD� SDVDQJDQ� LVRODW� GHQJDQ�
VHVDPDQ\D�� ��PHPEHULNDQ�UHDNVL�NRPSDWLEHO��VHGDQJNDQ�LVRODW�\DQJ�EHUSDVDQJDQ�GHQJDQ�EXNDQ�GLULQ\D�VHOI�SDLULQJ
PHQXQMXNNDQ�UHDNVL� LQNRPSDWLEHO�� �\DQJ�PHQ\HUDQJ�NHEXQ�EHQLK� �)��GL�:RQRJLUL�*��VWH\DHUWDQXP $��PDQJLXP
PHPLOLNL�NHUDJDPDQ�JHQHWLN�\DQJ�WLQJJL�GDQ�WLGDN�EHUDVDO�GDUL�NORQ�\DQJ�VDPD�GDQ�LGHQWLN��5HDNVL�LQNRPSDWLEHO�
GLWXQMXNNDQ� GHQJDQ� SHPEHQWXNDQ� ]RQD� MDUDQJ�� ]RQD� EHQGXQJDQ� GDQ� SLJPHQWDVL� EHUZDUQD� FRNHODW� RUDQ\H�
NHPHUDKDQ��

.DWD�NXQFL�� ��EXVXN�DNDU�� �VRPDWLN�LQNRPSDWLELOLWDV$FDFLD�PDQJLXP *DQRGHUPD�VWH\DHUWDQXP�
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�%��6P�	�6LYDVLWK� HW�DO�� ��*OHQ� ������ � �3HQ\DNLW�
EXVXN� DNDU� GL� NHEXQ� EHQLK� PDQJLXP� WHUVHEXW�
WHODK�PHQLPEXONDQ�NH�PDWLDQ������SDGD�WDKXQ�
����� GDQ�PHQLQJNDW�PHQMDGL� ���� SDGD� EXODQ�
-DQXDUL�������+LGD\DWL��������

*HMDOD�VHUDQJDQ�SHQ\DNLW�EXVXN�DNDU�WLQJNDW�
ULQJDQ�SDGD�WDQDPDQ�VHFDUD�XPXP�DGDODK�OD\X��
WLGDN�EHUNHPEDQJ��NHKLODQJDQ�KHODL�GDXQ�VDPSDL�
ORGRK�SDGD�EDWDQJ��3DGD�VHUDQJDQ�WLQJNDW�ODQMXW��
VHFDUD� XPXP� SHQ\DNLW� GDSDW� GLLGHQWLILNDVL�
GHQJDQ�NHPXQFXODQ�WXEXK�EXDK��7XEXK�EXDK�LQL�
NHUDV� GDQ� EHUND\X� GHQJDQ� XNXUDQ� \DQJ� FXNXS�
EHVDU�� 8NXUDQ� WXEXK� EXDK� GDSDW� PHQFDSDL�
GLDPHWHU����FP�GDQ�NHWHEDODQ���FP��:DUQD�WXEXK�
EXDK�GDUL�FRNHODW�PXGD�KLQJJD�FRNHODW� WXD�GDQ�
EDKNDQ� MLQJJD�� %DJLDQ� DWDV� WXEXK� EXDK� GDSDW�
DJDN�PHQJNLODW�GHQJDQ�EDJLDQ�EDZDK�EHUZDUQD�
SXWLK��+HQHVV\�	�'DO\��������

6HUDQJDQ�MDPXU� SDGD�DNDU�SRKRQ�*DQRGHUPD��
GL� ODSDQJDQ� VXOLW� GLGHWHNVL� NDUHQD� EHUDGD� GL�
GDODP�WDQDK��$NDU�\DQJ�EDUX�WHULQIHNVL�WHUWXWXS�
ROHK� UKL]RPRUID�EHUZDUQD�PHUDK�GDQ�PLVHOLXP�
EHUZDUQD�SXWLK��6HFDUD�XPXP�JHMDOD�SDGD�EDJLDQ�
SRKRQ�GL�SHUPXNDDQ�WDQDK�DGDODK�DGDQ\D�SHQX�
UXQDQ� YLJRU� \DQJ� FHSDW� \DQJ� GLWDQGDL� GHQJDQ�
SHUXEDKDQ�ZDUQD��GDXQ�OD\X��PHQJXQLQJ��PHQJ�
JXJXUNDQ� GDXQ� GDQ� DNKLUQ\D� WDQDPDQ� PDWL��
7XEXK� EXDK� MDPXU� NDGDQJ� WHUEHQWXN� GL� EDJLDQ�
EDZDK�EDWDQJ�\DQJ�VXGDK�PDWL��\DQJ�EHUEDWDVDQ�
GHQJDQ�SHUPXNDDQ�WDQDK��+HUOLDQD� ���������HW�DO�
3HQJHQGDOLDQ�SHQ\DNLW�EXVXN�DNDU�ROHK�MDPXU�*��
VWH\DHUWDQXP�SDGD� WDQDPDQ�PDQJLXP�� WHUOHELK�
GDKXOX� SHUOX� GLNHWDKXL� SROD� VHEDUDQQ\D�� 3ROD�
VHEDUDQ�LQL�GDSDW�GLNHWDKXL�GHQJDQ�PHODNXNDQ�XML�
VRPDWLN� LQNRPSDWLELOLWDV�� NHPXGLDQ� GDUL� XML�
VRPD�WLN� LQNRPSDWLELWDV� DNDQ� GLSHUROHK� LQIRU�
PDVL�DSDNDK�VHWLDS�SRKRQ�\DQJ�WHUVHUDQJ�MDPXU�
WHUVHEXW�EHUDVDO�GDUL�NORQ�MDPXU�\DQJ�VDPD�DWDX�
EHUEHGD��+DVLO� XML� VRPDWLN� LQNRPSDWLELOLWDV� LQL�
QDQWLQ\D� GDSDW� GLJXQDNDQ� XQWXN� PHQJDQDOLVLV�
SRSXODVL� GDQ� SHQ\HEDUDQ� MDPXU� GL� ODSDQJDQ�
�)ULHV��������

3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJXML�VRPD�
WLN�LQNRPSDWLELOLWDV�WHUKDGDS�VHUDQJDQ�MDPXU�*��
VWH\DHUWDQXP� SHQ\HEDE� SHQ\DNLW� EXVXN� DNDU�
SDGD�WDQDPDQ�PDQJLXP�\DQJ�PHQ\HUDQJ�NHEXQ�
EHQLK�PDQJLXP� JHQHUDVL� SHUWDPD� GL�:RQRJLUL��
-DZD�7HQJDK��7HV�VRPDWLN�LQNRPSDWLELOLWDV�PHUX�
SDNDQ� VDODK� VDWX� FDUD� XQWXN� PHPDKDPL� SROD�
SHQ\HEDUDQ�SHQ\DNLW� DJDU� GDSDW� GLNHPEDQJNDQ�
FDUD�FDUD� XQWXN�PHQFHJDK�PHOXDVQ\D� VHUDQJDQ�
SHQ\DNLW��

,,���0(72'(�3(1(/,7,$1

$���,VRODW�-DPXU� �*��VWH\DHUWDQXP

,VRODW� MDPXU� EHUDVDO� GDUL�*�� VWH\DHUWDQXP�
LVRODVL� WXEXK� EXDK� MDPXU� \DQJ� WXPEXK� SDGD�
SDQJNDO�EDWDQJ�WDQDPDQ�PDQJLXP�GHQJDQ�QRPRU�
SRKRQ� \DQJ� EHUEHGD�EHGD� GL� NHEXQ� EHQLK�
PDQJLXP� JHQHUDVL� SHUWDPD�� :RQRJLUL�� -DZD�
7HQJDK��,GHQWLILNDVL�MHQLV�MDPXU�GLODNXNDQ�VHFDUD�
PRUIRORJL�WHUKDGDS�LVRODW�KDVLO�LVRODVL�WXEXK�EXDK�
MDPXU�� ,VRODW� GLWXPEXKNDQ� SDGD� PHGLD� 3'$�
� GHQJDQ�NRQVHQWUDVL������3RWDWR�'HNVWURVH�$JDU��
JU����� PO� DTXDGHV��$GD� �� LVRODW� MDPXU�*DQR�
GHUPD� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL��
'HODSDQ�LVRODW�WHUVHEXW�DGDODK� ����������$������
������%��������������&��������������'�����������
�(�������������)�������������*�������������+��

,VRODW� MDPXU� � \DQJ� GLJXQDNDQ�*DQRGHUPD
XQWXN� WHV� VRPDWLN� LQNRPSDWLELOLWDV� GLVXENXOWXU�
GDUL�NROHNVL�NXOWXU�\DQJ�GLVLPSDQ�GDODP�PHGLD�
\DQJ�EHUEHQWXN�DJDU�PLULQJ�NH�GDODP�SHWULGLVK�
� ���7XMXDQ�SHPEXDWDQ� LQL�LQLWLDO�SODWH LQLWLDO�SODWH�
DJDU�LVRODW�MDPXU�PHPSXQ\DL�XPXU�\DQJ�VHUDJDP�
GDQ� SHUWXPEXKDQ� \DQJ� VHUDJDP� GDODP� KDO�
PHULVWHPDWLV�� YLDELOLWDV� GDQ� YLJRULWDV�� 3HQJDP�
ELODQ�GLODNXNDQ�VHFDUD�DFDN��DGD�\DQJ�EHUDVDO�GDUL�
SRKRQ� \DQJ� WHUOHWDN� EHUGHNDWDQ� VHUWD� DGD� \DQJ�
EHUDVDO� GDUL� SRKRQ� \DQJ� WHUOHWDN� EHUMDXKDQ��
%HULNXW� OHWDN� SRKRQ� PDQJLXP GL� PDQD� WXEXK��
EXDK� GLDPELO�XQWXN�XML�VRPDWLN�*��VWH\DHUWDQXP�
LQNRPSDWLELOLWDV GDODP� SHWD� NHEXQ� EHQLK��
PDQJLXP�)���:RQRJLUL��-DZD�7HQJDK�
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8ML�6RPDWLN�,QNRPSDWLELOLWDV�*DQRGHUPD�VWH\DHUWDQXP�\DQJ
0HQ\HUDQJ�.HEXQ�%HQLK�$FDFLD�PDQJLXP�:LOOG��GL�:RQRJLUL��-DZD�7HQJDK
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.HWHUDQJDQ�

����������SRKRQ� �GHQJDQ�WXEXK�EXDK�$��PDQJLXP *��VWH\DHUWDQXP

*DPEDU��)LJXUH����� 'LDJUDP�VHEDUDQ�WXEXK�EXDK� SDGD�NHEXQ�EHQLK� )���GL�*��VWH\DHUWDQXP� $��PDQJLXP�

:RQRJLUL��-DZD�7HQJDK��'LDJUDP�RI�WKH�VSUHDG�RI�*��VWH\DHUWDQXP�IUXLW�ERGLHV�RQ�

WKH�VHHG�RUFKDG�RI�$��PDQJLXP�)���LQ�:RQRJLUL��&HQWUDO�-DYD�

6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD�
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*DPEDU�� �����)LJXUH D�� .HEXQ� EHQLK� $�� PDQJLXP� JHQHUDVL� SHUWDPD� GL� :RQRJLUL�� -DZD� 7HQJDK�� E��
7DQDPDQ�$��PDQJLXP�\DQJ�PDWL�NDUHQD�SHQ\DNLW�EXVXN�DNDU��F��7XEXK�EXDK�MDPXU
*��VWH\DHUWDQXP�SHQ\HEDE�SHQ\DNLW�EXVXN�DNDU�PHUDK��G��$NDU�$��PDQJLXP�\DQJ�
WHUVHUDQJ�*��VWH\DHUWDQXP��H��0LVHOLXP�*��VWH\DHUWDQXP�SDGD�EDJLDQ�DNDU�VHEHODK�
GDODP��D��7KH�ILUVW�JHQHUDWLRQ�VHHG�RUFKDG�RI�PDQJLXP�LQ�:RQRJLUL��&HQWUDO�-DYD�
E��$��PDQJLXP� WKDW�GLHG�FDXVHG�E\� URRW� URW�� F��)UXLW�ERG\�RI� �*�� VWH\DHUWDQXP�
FDXVLQJ� URRW� URW� GLVHDVH�� G�� 5RRW� RI�$�� PDQJLXP� LQIHFWHG� RI�*�� VWH\DHUWDQXP�
H��0LFHOLXP�RI��*��VWH\DHUWDQXP�LQVLGH�RI�PDQJLXP
V�URRW��
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$�� 3HQJXMLDQ� 6RPDWLN� ,QNRPSDWLELOLWDV� MD�
PXU�*��VWH\DHUWDQXP

3HQJXMLDQ� VRPDWLN� LQNRPSDWLELOLWDV� GLODNX�
NDQ�XQWXN�PHQJHWDKXL�PRGHO�SHQ\HEDUDQ�MDPXU�
*��6WH\DHUWDQXP�GDODP� VXDWX� ORNDVL�� VHODLQ� LWX�
GDSDW� MXJD� GLJXQDNDQ� XQWXN� PHQJHWDKXL� NHUD�
JDPDQ�JHQHWLN�GDUL�VDWX�MHQLV�MDPXU�*��VWH\DHU�
WDQXP�� 3URVHGXU� SHQJXMLDQ� XQWXN� WHVW� VRPDWLN�
LQNRPSDWLELOLWDV� PHQXUXW� /DWLID� 	� +R�� �����
\DLWX�
��� 'XD�LVRODW�MDPXU� GLSDVDQJ�*��VWH\DHUWDQXP�

NDQ�SDGD�PHGLD�3'$�GDODP�FDZDQ�SHWUL��EHU�
GLDPDWHU���FP��

��� %ORN�LQRNXOXP�GLDPELO�GDUL� �GH�LQLWLDO�SODWH
QJDQ�XNXUDQ���PP ��GLOHWDNNDQ�GHQJDQ�MDUDN���

�

�±��PP� DQWDU� GXD� LVRODW� �EHUGHNDWDQ� WHWDSL�
WLGDN� EHUVHQWXKDQ��� 3HPEXDWDQ� EORN� LQRNX�
OXP� GLXVDKDNDQ� PHPSXQ\DL� XNXUDQ� \DQJ�
VDPD�DQWDUD�\DQJ� VDWX�GHQJDQ�\DQJ� ODLQQ\D�
GDODP� VHWLDS� FDZDQ� SHWUL�� DJDU� PHPSXQ\DL�
SHUWXPEXKDQ�\DQJ�VHUDJDP�

��� ,VRODW�LQGXN�� ��GLEXDW�GDUL�SDUHQWV�FXOWXUH LQL�
WLDO�SODWH�XQWXN�VHWLDS�LVRODW�\DQJ�DNDQ�GLXML��
WXMXDQQ\D�VHEDJDL�UHIHUHQVL�LVRODW�GDODP�PHP�
EHUL�VNRU�XML�SDVDQJDQ�

��� 0DVLQJ�PDVLQJ� NRPELQDVL� LVRODW� \DQJ� GLXML�
GDQ�LVRODW�LQGXN�GLEXDW�GDODP���XODQJDQ�

��� .XOWXU�MDPXU�GLLQNXEDVL�SDGD�VXKX��� &�GD�
�

ODP�UXDQJ�LQNXEDVL�
��� $GD� DWDX� WLGDNQ\D�NRQWDPLQDVL� GLDPDWL� GDQ�

GLXNXU� OXDV� SHUWXPEXKDQ� GHQJDQ� PLOLPHWHU�
EORN� VHWLDS� �� KDUL� VHNDOL� KLQJJD� PHQFDSDL�
SHQXK��PHPHQXKL�FDZDQ�SHWUL��DWDX�NRQVWDQ�

��� +DVLO�XML�SDVDQJDQ�GLHYDOXDVL�VHWHODK���KDUL�GL�
WDQDP�GHQJDQ�PHQLODL�UHDNVL�LQNRPSDWLELOLWDV�
DQWDU�LVRODW�EHUGDVDUNDQ�WLQJNDW�SHUWHQWDQJDQ�
Q\D�GHQJDQ�PHQJJXQDNDQ�PHWRGH�$GDVNDYHJ�
	�*LOEHUWVRQ� ������� � /DWLIDK� GDQ�+R�GDODP
�������\DQJ�WHODK�GLPRGLILNDVL��/XDV�PDVLQJ�
PDVLQJ� MDPXU� GLXNXU� GHQJDQ� PHQJXQDNDQ�
PLOLPHWHU� EORN� VHWLDS� �� KDUL� VHNDOL� KLQJJD�
PHQFDSDL�SHQXK��PHPHQXKL�FDZDQ�SHWUL��DWDX�
NRQVWDQ�

%���$QDOLVLV�'DWD

'DWD�\DQJ�GLSHUROHK�EHUXSD�IRWR�IRWR�GLDQDOL�
VLV�VHFDUD�GHVNULSWLI��VHGDQJNDQ�GDWD�OXDV�GLXNXU�
PHQJJXQDNDQ�NHUWDV�PLOOLPHWHU�EORN�GDQ�KDVLO�
Q\D�GLNRQYHUVL�NH�GDODP�VDWXDQ�PP �

�

,,,���+$6,/�'$1�3(0%$+$6$1

$�� 'DWD�6NRULQJ�8ML�6RPDWLN�,QNRPSDWLELOL�
WDV�-DPXU�*��VWH\DHUWDQXP

+DVLO�GDUL�XML�SDVDQJDQ�GXD�LVRODW�MDPXU�*��VWH\D�
HUWDQXP� VHOI�SDLULQJEDLN� VHFDUD� � DWDX� GHQJDQ�
LVRODW�\DQJ�EHUEHGD�SRKRQ�PHQXQMXNNDQ�UHDNVL�
\DQJ�EHUEHGD�XQWXN�VHWLDS�ORNDVL��5HDNVL�SHPD�
VDQJDQ� DQWDU� GXD� LVRODW� MDPXU�*�� VWH\DHUWDQXP�
GDSDW�GLOLKDW�SDGD�7DEHO���

7DEHO��7DEOH�����8ML�VRPDWLN�LQNRPSDWLELOLWDV�DQWDU�LVRODW�MDPXU�*��VWH\DHUWDQXP��6RPDWLF�LQFRPSDWLELOLW\�
WHVW�EHHWZHQ�LVRODWHV�RI�*��VWH\DHUWDQXP�

,VRODW�MDPXU�XML
�*��VWH\DHUWDQXP�WHVW�LVRODWH�

�
$
�

%
�

&
�

'
�

(
�

)
�

*
�

+
�

$� �� �� �� �� �� �� �� ��

% � � � � � � �

& � � � � � �

' � � � � �

(� � � � � �� �� �� ��

) � � �

*� � � � � � � �� ��

+� � � � � � � � ��

�

.HWHUDQJDQ��5HPDUNV��
����NRPSDWLEHO�\DLWX�WLGDN�WHUMDGL�UHDNVL��&RPSDWLEOH�PHDQV�WKDW�WKHUH�LV�QR�UHDFWLRQ�
����LQNRPSDWLEHO�\DLWX�WHUMDGL�UHDNVL�GHQJDQ�WDQSD�SLJPHQWDVL��,QFRPSDWLEOH�PHDQV�WKHUH�LV�UHDFWLRQ�ZLWKRXW�SLJPHQWDWLRQ�
����LQNRPSDWLEHO�\DLWX�WHUMDGL�UHDNVL�GHQJDQ�SHPEHQWXNDQ�SLJPHQWDVL�GL�DQWDUD�SHUWHPXDQ�GXD�PLVHOLXP�MDPXU��,QFRPSDWLEOH�

PHDQV�WWKHUH�LV�UHDFWLRQ�ZLWK�SLJPHQWDWLRQ�RFFXULQJ�EHWZHHQ�WZR�P\FHOLXPV�

1XU�+LGD\DWL�GDQ�6LWL�+XVQD�1XUURKPDK

8ML�6RPDWLN�,QNRPSDWLELOLWDV�*DQRGHUPD�VWH\DHUWDQXP�\DQJ
0HQ\HUDQJ�.HEXQ�%HQLK�$FDFLD�PDQJLXP�:LOOG��GL�:RQRJLUL��-DZD�7HQJDK
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7DEHO���PHQXQMXNNDQ�DGDQ\D�QLODL�GHUDMDW�SHU�
WHQWDQJDQ�DQWDU�LVRODW��5HDNVL�\DQJ�GLWXQMXNNDQ�
GDODP� XML� VRPDWLN� LQNRPSDWLELOLWDV� DQWDUD� ODLQ�
SHPEHQWXNDQ�]RQD�MDUDQJ�DQWDU�PLVHOLXP�MDPXU�
\DQJ� GLSDVDQJNDQ� GDQ� GLQGLQJ� SHPLVDK� \DQJ�
PHUXSDNDQ�GLQGLQJ� �GDUL�SHQJJXPSDODQ�VFOHURWLD
KLID� \DQJ� WHUEHQWXN�SDGD�SHUWHPXDQ�GXD�PLVH�
OLXP�MDPXU��6HPXD�SDVDQJDQ�LVRODW�VHODLQ�LVRODW�
VHOI�SDLULQJ�PHQXQMXNNDQ�UHDNVL�\DQJ�LQNRPSD�
WLEHO� \DQJ� EHUDUWL� WHUGDSDW� NHUDJDPDQ� JHQHWLN��
JHQR�WLSQ\D�EHUEHGD�GDQ�WLGDN�EHUDVDO�GDUL�VDWX�
NORQ�\DQJ�VDPD�PHVNLSXQ�PHPSXQ\DL�NHVDPDDQ�
VHFDUD�PRUIRORJL��

%HUGDVDUNDQ�KDVLO�SHQJDPDWDQ�EORN�LQRNXOXP�
MDPXU� �\DQJ�WHODK�GLWDQDP��WXP�*��VWH\DHUWDQXP
EXK�PHPEHQWXN�PLVHOLXP�EHUXSD�VHUDEXW�KDOXV�
EHUZDUQD�SXWLK� GHQJDQ� FLUL� NKDV�ZDUQD�NXQLQJ�
SDGD�EDJLDQ�WHQJDK�NXOWXU�\DQJ�WHUEHQWXN�VHMDN�
DZDO�SHUWXPEXKDQ�GDQ� WHUXV�DGD�VDPSDL�NXOWXU�
EHUZDUQD�FRNHODW�WXD��0LVHOLXP�FHQGHUXQJ�GDWDU��
WLGDN�PHQJJXPSDO�GDQ�KDOXV�SDGD�SHUPXNDDQ�
Q\D�� 3DGD� SHUWXPEXKDQ� ODQMXW�� PLVHOLXP� EHU�
ZDUQD� NXQLQJ�FRNHODW� PXGD�FRNHODW� WXD� \DQJ�
PHQ\HEDU� VHFDUD� UDGLDO�� VHGDQJNDQ� EDJLDQ� WH�
QJDKQ\D�WHWDS�EHUZDUQD�NXQLQJ��3HUPXNDDQQ\D�
KDOXV�GDQ�GDWDU��EHQWXN�PLVHOLXPQ\D�FHQGHUXQJ�
PHQHPSHO� SDGD� SHUPXNDDQ� PHGLD�� 7HUNDGDQJ�
WDPSDN�DGDQ\D�KLID�\DQJ�PHQJHUDV�SDGD�EDJLDQ�
WHQJDK�\DQJ�PHQ\HEDU�NHOXDU�\DQJ�ELDVD�GLVHEXW�
VHEDJDL� �� DGD� MXJD� \DQJ� PHPEHQWXN�FUXVWRVH
JXPSDODQ�PLVHOLXP�SDGD�SHUPXNDDQQ\D�

�

�� ��

*DPEDU��)LJXUH����� .RORQL�WXQJJDO�\DQJ�WHUEHQWXN�SDGD�UHDNVL�NRPSDWLEHO�SDGD�SDVDQJDQ� �VHOI�SDLULQJ
��D��WDPSDN�DWDV�GDQ��E��WDPSDN�EDZDK���6LQJOH�FRORQ\�IRUPHG�E\�WKH�FRPSDWLEOH�
UHDFWLRQ�RQ�VHOI�SDLULQJ��DUURZ�VLJQ��D��WRS�YLHZ�DQG��E��ERWWRP�YLHZ�

5HDNVL�NRPSDWLEHO�DWDX�WLGDN�DGDQ\D�NHUDJD�
PDQ�JHQHWLN�GLWHPXNDQ�SDGD�XML�SDVDQJDQ�VHFDUD�
VHOI�SDLULQJ��$�$��%�%��&�&��'�'��(�(��)�)��*�
*�� +�+��� 3HPDVDQJDQ� LVRODW� MDPXU� *�� VWH\D�
HUWDQXP� WLGDN� PHPEHQWXN� JDULV� SHPLVDK� GL�
DQWDUD� NHGXD� PLVHOLXP�� 6HPXD� LVRODW� WXPEXK�
EHUVDPD� GDQ� PHQ\DWX� GHQJDQ� LVRODW� \DQJ� ODLQ�
PHPEHQWXN�NRORQL�WXQJJDO�VHSHUWL�SDGD�*DPEDU�
��DQWDUD�SDVDQJDQ�LVRODW�&��+DO� WHUVHEXW�VDQJDW�
ZDMDU�NDUHQD�LVRODW�\DQJ�GLSDVDQJNDQ�PHUXSDNDQ�
SDVDQJDQ�GHQJDQ�GLULQ\D�VHQGLUL�\DLWX�SDVDQJDQ�
LVRODW�EHUDVDO�GDUL�NXOWXU� \DQJ�VDPD��LQLWLDO�SODWH�
\DQJ� EHUDUWL� EHUDVDO� GDUL� NORQ� \DQJ� VDPD� MDGL�
WLGDN�DNDQ�PHQXQMXNNDQ�UHDNVL�LQNRPSDWLEHO�GDQ�
DNDQ� PHQ\DWX� PHPEHQWXN� NRORQL� WXQJJDO��
0HQXUXW� :RUDOO� �������� WHUEHQWXNQ\D� NRORQL�
WXQJJDO� WHUVH�EXW� WHUMDGL� NDUHQD� PLVHOLD� MDPXU�
VDOLQJ� EHUJDEXQJ� GDQ� KLID� PHQJDODPL� DQDVWR�
PRVLV�\DLWX�SHQJJDEXQJDQ�GXD�KLID�\DQJ�EHUEHGD�
PHQMDGL� KLID� GLNDU\RWLN� \DQJ� GLLNXWL� GHQJDQ�
SHUSLQGDKDQ� LVL� KLID�� $QDVWRPRVLV� SDGD� KLID�
ELDVDQ\D� GLLNXWL� GHQJDQ� WHUEHQWXNQ\D� VWUXNWXU�
VHSWDO� NKXVXV�SDGD�PLVHOLD� MDPXU�\DQJ�GLVHEXW�
GHQJDQ� �\DQJ�PHUXSDNDQ�FLUL�FODPS�FRQQHFWLRQ
NKDV�SDGD�JRORQJDQ� �%DVLGLRP\FHWHV

8QWXN�OXDV�MDPXU�SDGD�SDVDQJDQ� �VHOI�SDLULQJ
WLGDN� PHPSHQJDUXKL� DQWDU� SDVDQJDQ� LVRODW��
0DVLQJ�PDVLQJ�MDPXU�WLGDN�VDOLQJ�PHQJKDPEDW�
SHUWXPEXKDQ� GDQ� VDOLQJ� PHQ\DWX� DQWDU� SHUWH�
PXDQ�NHGXD�PLVHOLXP��*DPEDU�����+DO�WHUVHEXW�
WHUMDGL� NDUHQD� NHGXD� LVRODW� MDPXU� EHUDVDO� GDUL�
NORQ� \DQJ� VDPD�� 7HUOLKDW� PLVHOLXP� GDUL� NHGXD�
LVRODW�VDOLQJ�PHQ\DWX�

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ
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*DPEDU��)LJXUH����� =RQD�MDUDQJ�DQWDU�PLVHOLXP�SDGD�UHDNVL�\DQJ�LQNRPSDWLEHO��WDQGD�SDQDK��D��WDPSDN�
DWDV� GDQ� �E�� WDPSDN�EDZDK�� �5DUH� ]RQH�EHWZHHQ�P\FHOLXPV� LQ� WKH� LQFRPSDWLEOH�
UHDFWLRQ��DUURZ�VLJQ��D��WRS�YLHZ�DQG��E��ERWWRP�YLHZ�

5HDNVL� LQNRPSDWLELOLWDV� �UHDNVL� NHWLGDN��
FRFRNDQ�VRPDWLN��GLWHPXNDQ�SDGD�EHEHUDSD�XML�
SDVDQJDQ�LVRODW��5HDNVL�GLWXQMXNNDQ�GDODP�EHU�
EDJDL�PDFDP�IHQRPHQD�EHQWXN�GHPDUNDVL��PXODL�
GDUL� IHQRPHQD� SHPEHQWXNDQ� ]RQD� MDUDQJ� DQWDU�
PLVHOLXP�MDPXU�\DQJ�GLSDVDQJNDQ��*DPEDU�����
SHPEHQWXNDQ�JDULV�GHPDUNDVL�\DQJ�GLVHUWDL�SHP�
EHQWXNDQ� SLJPHQWDVL�� %HQWXN� JDULV� GHPDUNDVL�
WHUEHQWXN� SDGD� KDPSLU� VHPXD� SDVDQJDQ� LVRODW�
\DQJ�PHPSXQ\DL�WLSH�PLVHOLD�\DQJ�EHUEHGD�DWDX�
WLGDN�LGHQWLN�VHFDUD�JHQHWLN�EDLN�SDGD�PRQRVSR�
URXV�DWDX�PLVHOLD�VHNXQGHU��:RUDOO��������

/XDV� SHUWXPEXKDQ� PDVLQJ�PDVLQJ� LVRODW�
MDPXU� NHWLND� GLSDVDQJNDQ� GHQJDQ� LVRODW� \DQJ�
EHUEHGD� SRKRQ� PHQXQMXNNDQ� KDVLO� \DQJ� WLGDN�
EHUEHGD�MDXK��6HEDJDL�FRQWRK�DGDODK�LVRODW�$�GDQ�
)�\DQJ�SHUWXPEXKDQQ\D�FHSDW� �7DEHO����NHWLND�
NHGXD� LVRODW� GLSDVDQJNDQ� SHUEHGDDQ� OXDVQ\D�
WLGDN� WHUODOX� MDXK� PHVNLSXQ� GL� WHQJDK�WHQJDK�
SHUWHPXDQ�PLVHOLXP�NHGXD�LVRODW�WHUGDSDW�VHSHUWL�
JDULV�SHPEDWDV�\DQJ�PHUXSDNDQ�UHDNVL�LQNRPSD�
WLEHO��VHKLQJJD�SHUWXPEXKDQ�KLID�KLID�MDPXU�DNDQ�
NHVDPSLQJ� �*DPEDU� �E��� 'DSDW� GLOLKDW� SDGD�
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*DPEDU��)LJXUH����� 3HPEHQWXNDQ�]RQD�EHQGXQJDQ�EHUXSD�GLQGLQJ� ��WDQGD�SDQDK��D��WDPSDN�DWDV�VFOHURWLD
GDQ��E��WDPSDN�EDZDK���7KH�IRUPDWLRQ�RI�WKH�EDUUDJH�]RQH�RFFXUHG�LQ�WKH�IRUP�RI�
VFOHURWLD��DUURZ�VLJQ��D��WRS�YLHZ�DQG��E��ERWWRP�YLHZ�

7DEHO���OXDV�LVRODW�SDUHQWDO�MDPXU�*��VWH\DHUWD�
QXP� EDKZD� LVRODW� MDPXU� )� VHGLNLW� OHELK� FHSDW�
GDULSDGD�LVRODW�MDPXU�$�VHKLQJJD�SDGD�*DPEDU��E�
GDSDW� WHUOLKDW� MXJD� EDKZD� OXDV� MDPXU� )� VHGLNLW�
OHELK�OXDV�GDUL�MDPXU�$�

5HDNVL�LQL�NDGDQJ�MXJD�GLVHUWDL�GHQJDQ�DGDQ\D�
SHPEHQWXNDQ�SLJPHQWDVL�SDGD�SHUWHPXDQ�PLVH�
OLXP��*XOHU��������PHQMHODVNDQ�EDKZD�SHPEHQ�
WXNDQ� SLJPHQ� GL� DQWDUD� PLVHOLXP� MDPXU� \DQJ�
GLSDVDQJNDQ�SDGD�XML�LQNRPSDWLELOLWDV�LWX�PHUX�
SDNDQ�KDO�\DQJ�SHQWLQJ��7HUEHQWXNQ\D�SLJPHQ�
WDVL�VDQJDW�PHPEDQWX�GDODP�PHQHQWXNDQ�LQNRP�
SDWLELOLWDV�VXDWX�XML�SDVDQJDQ��$NDQ�WHWDSL�WLGDN�
VHPXD�UHDNVL�LQNRPSDWLEHO�PHPEHQWXN�SLJPHQ�
WDVL� SDGD�SHUWHPXDQ�PLVHOLXPQ\D�� VHSHUWL� KDVLO�
\DQJ�GLSDSDUNDQ�ROHK�6XZDQGL� ����������SDGD�HW�DO
5LJLGRSRUXV�OLJQRVXV�PHQXQMXNNDQ�GXD�WLSH�LQ�
NRPSDWLELOLWDV��\DLWX�DGDQ\D�]RQD�GHPDUNDVL�PL�
VHOLXP�\DQJ�MDUDQJ�WDQSD�DGDQ\D�SLJPHQWDVL�GDQ�
]RQD�GHPDUNDVL�PLVHOLXP�GHQJDQ�SHPEHQWXNDQ�
SLJPHQWDVL�� 3HUEHGDDQ� SLJPHQWDVL� LQL� GLSHQJD�
UXKL�ROHK�IDNWRU�PHGLD�NXOWXU�\DQJ�GDSDW�PHPSH�
QJDUXKL�LQWHQVLWDV�UHDNVL�LQNRPSDWLELOL�WDV�

1XU�+LGD\DWL�GDQ�6LWL�+XVQD�1XUURKPDK

8ML�6RPDWLN�,QNRPSDWLELOLWDV�*DQRGHUPD�VWH\DHUWDQXP�\DQJ
0HQ\HUDQJ�.HEXQ�%HQLK�$FDFLD�PDQJLXP�:LOOG��GL�:RQRJLUL��-DZD�7HQJDK
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6XPEHU��6RXUFH�����������������������������"""



���

+DVLO� UHDNVL� LQNRPSDWLELOLWDV� MXJD� GLWXQMXN�
NDQ�GHQJDQ�DGDQ\D�GLQGLQJ�SHPLVDK�\DQJ�PHUX�
SDNDQ�GLQGLQJ� �GDUL�SHQJJXPSDODQ�KLID�VFOHURWLD
\DQJ� WHUEHQWXN� SDGD� SHUWHPXDQ� GXD� PLVHOLXP�
MDPXU��6HSHUWL�SDGD�*DPEDU���\DLWX�DQWDUD�SDVD�
QJDQ�LVRODW�)�GDQ�LVRODW�+�\DQJ�NHWLND�GLSDVDQJ�
NDQ�PHPEHQWXN�GLQGLQJ�VFOHURWLD�

+DVLO� UHDNVL� LQNRPSDWLELOLWDV� SDGD� MDPXU�
*DQRGHUPD� PHQXQMXNNDQ� DGDQ\D� SHUEHGDDQ�
SHPEHQWXNDQ� SLJPHQWDVL� �*DPEDU� ���� 6HEHODV�
UHDNVL� LQNRPSDWLELOLWDV�XML� SDVDQJDQ�$�&��$�(��
$�)��%�'��&�(��&�)��&�*��'�)��(�)�� )�*�� )�+�
SDGD�SHUWHPXDQ�PLVHOLXPQ\D�WLGDN�PHPEHQWXN�
SLJPHQWDVL�� GLQGLQJ� � PDXSXQ� ]RQD�VFOHURWLD
MDUDQJ�� .RPELQDVL� XML� LQNRPSDWLELOLWDV� VHODLQ�
SDVDQJDQ�GL� DWDV�GDQ� VHODLQ� PHP�VHOI�SDLULQJ��
EHQWXN�SLJPHQWDVL�SDGD�SHUWHPXDQ�PLVHOLXPQ\D��
3LJPHQWDVL�PXODL�GDSDW�GLOLKDW�SDGD�XPXU���KDUL�
\DQJ� GLWDQGDL� GHQJDQ� DGDQ\D� JDULV� EHUZDUQD�
NXQLQJ� NHFRNHODWDQ� SDGD� SHUWHPXDQ� PLVHOLXP�
MDPXU� \DQJ� EHUXEDK� PHQMDGL� FRNHODW� RUDQJH�

�

�� ��
��

'�
'�

��

*DPEDU� ��� 3HPEHQWXNDQ�SLJPHQWDVL�EHUZDUQD�FRNHODW�RUDQJH�NHPHUDKDQ��DQDN�SDQDK��SDGD��)LJXUH��
]RQD�JDULV�GHPDUNDVL�\DQJ�PHUXSDNDQ�SHUWHPXDQ�DQWDU�GXD�LVRODW�SDGD�XML�SDVDQJDQ�
$�*���D��WDPSDN�DWDV���E��WDPSDN�EDZDK��7KH�IRUPDWLRQ�RI�RUDQJH�UHGGLVK�EURZQ�
SLJPHQWDWLRQ� �DUURZ� VLJQ��RQ�GHPDUFDWLRQ� OLQH� ]RQH�ZKLFK� LV� WKH�PHHWLQJ�SRLQW�
EHWZHHQ�WZR�LVRODWHV�LQ�$���FRXSOH�WHVW��DUURZ�VLJQ��D��WRS�YLHZ�DQG��E��ERWWRP�YLHZ��

NHPHUDKDQ�SDGD�XPXU�ODQMXW�VHSHUWL�SDGD�*DPEDU�
�E�DQWDUD�SDVDQJDQ� LVRODW�$�GDQ� LVRODW�*��3DGD�
SHUNHPEDQJDQ� ODQMXW� LQL� DNDQ�*�� VWH\DHUWDQXP�
PHPEHQWXN� � \DQJ� ELVD� PHQ\HEDE�NDQ�FUXVWRVH
NHUDQFXDQ�GDODP�PHOLKDW�SLJPHQWDVL��3LJPHQWDVL�
GDUL� UHDNVL� LQNRPSDWLELOLWDV� WHUOLKDW� SDGD� DZDO�
SHUWXPEXKDQ�PLVHOLXP��EHUEHGD�KDOQ\D�GHQJDQ�
FUXVWRVH�DWDX�SHQJJXPSDODQ�PLVHOLXP�\DQJ�DNDQ�
WHUEHQWXN�VHWHODK�LVRODW�EHUXPXU�WXD��3XVSLWDVDUL�
	�5LPEDZDQWR���������3HPEHQWXNDQ�SLJPHQWDVL�
\DQJ�EHUZDUQD�NXQLQJ�GDQ�]RQD�EHQGXQJDQ�MXJD�
WHUMDGL� SDGD� XML� VRPDWLN� LQNRPSDWLELOLWDV� SDGD�
7UDPHWHV�YHUVLFRORU� �/���/\RG�� �*XOHU�	�%LFHU��
������

%�� *��3HUWXPEXKDQ� ,VRODW� 3DUHQWDO� -DPXU�
VWH\DHUWDQXP

7DEHO� �� PHQXQMXNNDQ� OXDV� LVRODW� SDUHQWDO�
MDPXU� \DQJ�PHQFDSDL�OXDV�PDN�*��VWH\DHUWDQXP�
VLPXP� �PHPHQXKL� FDZDQ� SHWUL�� GHQJDQ� ZDNWX�
\DQJ�EHUEHGD�EHGD�

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

9RO����1R����$JXVWXV�������������

6XPEHU��6RXUFH�������������������������������"""





EXNWLNDQ�EDKZD�NDUDNWHULVWLN�SHUWXPEXKDQ�GDUL�
PDVLQJ�PDVLQJ�MDPXU�WLGDN�VDPD�PHVNLSXQ�VDWX�
VSHVLHV�

3HUWXPEXKDQ�MDPXU�GLSHQJDUXKL�ROHK�VXEWUDW�
�QXWULVL��� S+�� VXKX� GDQ� VHQ\DZD� NLPLD� \DQJ�
GLNHOXDUNDQ�ROHK�MDPXU��)DNWRU�IDNWRU�\DQJ�PHP�
SHQJDUXKL�SHUWXPEXKDQ�MDPXU�GDODP�SHQHOLWLDQ�
GLEXDW� KRPRJHQ� VHKLQJJD� GL� GXJD� IDNWRU� GDUL�
GDODP� LVRODW� MDPXU� VHQGLUL� \DQJ� PHQ\HEDENDQ�
DGDQ\D� SHUEHGDDQ� SHUWXPEXKDQ�� 3HUWXPEXKDQ�
PHUXSDNDQ�SHUWDPEDKDQ�YROXPH�VHO��NDUHQD�DGD�
Q\D�SHUWDPEDKDQ�SURWRSODVPD�GDQ�VHQ\DZD�DVDP�
QXNOHDW�\DQJ�PHOLEDWNDQ�VLQWHVLV�'1$�GDQ�SHP�
EHODKDQ�PLWRVLV��3HUWDPEDKDQ�YROXPH�VHO�WHUVH�
EXW�DGDODK� DUWLQ\D�WLGDN�GDSDW�NHP�LUUHYHUVLEOH��
EDOL� NH� YROXPH� VHPXOD�� )DNWRU� LQWHUQDO� \DQJ�
PHPSHQJDUXKL�SHUWXPEXKDQ�GDQ�SHUNHPEDQJDQ�
WXPEXKDQ� GDSDW� GLEHGDNDQ� DWDV� IDNWRU� LQWUDVH�
OXOHU�GDQ� IDNWRU� LQWHUVHOXOHU��)DNWRU� LQWUDVHOXOHU�
DGDODK� IDNWRU� GDUL� GDODP� VHO�� EHUXSD� JHQ� \DQJ�
PHPSHQJDUXKL�VLIDW�WXPEXKDQ�GDQ�PHPEHULNDQ�
SRWHQVL� EDJL� WXPEXKDQ� XQWXN� WXPEXK� GDQ� EHU�
NHPEDQJ��8PXPQ\D�VXDWX�PLVHOLXP�GLJXQDNDQ�
VHEDJDL�NULWHULD�WHUMDGLQ\D�SHUWXPEXKDQ��NDUHQD�
PDVD�VHO�VHO�WHUVHEXW�EHUDGD�GDUL�VDWX�VHO��6HVXDWX�
\DQJ�VHPXOD�WLGDN�WHUOLKDW��\DLWX�VSRUD�DWDX�NRQL�
GLD� MDPXU�DWDX�VSRUD� IXQJL�DNDQ�PHQMDGL�PLVH�
OLXP�DWDX�\DQJ�GDSDW�GLOLKDW��%LOD�VXDWX�NRQLGLD�
DWDX� VSRUD� MDPXU� GLWDQDP� GL� DWDV� DJDU� GDODP�
FDZDQ�SHWUL��PDND�VHWHODK�VDWX�DWDX�GXD�KDUL�EDUX�
WHUOLKDW�VXDWX�SHUPXNDDQ�DJDU�\DQJ�GDSDW�EHUXSD�
WHWHVDQ�NHQWDO�DSDELOD�VXDWX�NKDPLU�DWDX�EHUXSD�
EHQDQJ�EHQDQJ�ELOD�EHQWXN�WHUVHEXW�DGDODK�NDSDQJ�
�*DQGMDU� ���������HW�DO�

+DVLO� XML� SDVDQJDQ� GDQ� OXDV� SHUWXPEXKDQ�
LVRODW�MDPXU� LQL�GLHYDOXDVL�VHWH�*��VWH\DHUWDQXP�
ODK� �� PLQJJX� NDUHQD� PLVHOLXP� SDGD� MDPXU�*��
VWH\DHUWDQXP�VXGDK�PXODL�WXPEXK�GDQ�ELVD�XQWXN�
GLQLODL�VHUWD�GLKLWXQJ�OXDVQ\D��3HQJKLWXQJDQ�OXDV�
MDPXU�GLODNXNDQ�VDDW�NXOWXU�XML�MDPXU�*DQRGHUPD�
EHUXPXU� �� KDUL�� � LVRODW� )� GDQ�+�3DUHQWDO� SODWH
PHQFDSDL�OXDV�SHQXK�SDGD�XPXU�NXOWXU����KDUL��
SDUHQWDO� SODWH� LVRODW� $� GDQ� *�� PHQFDSDL� OXDV�
SHQXK�SDGD�XPXU�NXOWXU����KDUL�� �SDUHQWDO�SODWH
LVRODW�&�PHQFDSDL�OXDV�SHQXK�SDGD�XPXU�NXOWXU����
KDUL� �LVRODW�(�PHQFDSDL�OXDV�SHQXK��SDUHQWDO�SODWH
SDGD� XPXU� NXOWXU� ��� KDUL�� VHGDQJNDQ� SDUHQWDO�
SODWH�LVRODWH�%�GDQ�'�SDGD�XPXU�NXOWXU����OXDVQ\D�
NRQVWDQ�VDPSDL���NDOL�SHQJDPDWDQ�WHWDS�NRQVWDQ��
+DO�WHUVHEXW�GDSDW�WHUMDGL�NDUHQD�EHEHUDSD�IDNWRU�
NHPXQJNLQDQ�\DLWX� LVRODW� MDPXU� WHUVHEXW� VLNOXV�
KLGXSQ\D�EHUEHGD�\DLWX�SHUWXPEXKDQ�\DQJ�ODP�
EDW�GDQ�NHPXQJNLQDQ�QXWULVL�GDODP�PHGLD�VXGDK�
KDELV�� VHKLQJJD� MDPXU� WHUVHEXW� WLGDN� PDPSX�
WXPEXK�ODJL�

*DPEDU���PHQXQMXNNDQ�SHUWXPEXKDQ�DQWDUD�
LVRODW�LVRODW�MDPXU�\DQJ�GLXML��3HUWXPEXKDQ�LVRODW�
MDPXU�%�GDQ�(�EHOXP�DGD� \DQJ� GRPLQDQ� SDGD�
DZDO� SHUWXPEXKDQQ\D� GDQ� VDODK� VDWX� PHQMDGL�
OHELK� GRPLQDQ� SDGD� KDUL� VHODQMXWQ\D�� +DO� LQL�
GLVHEDENDQ�NDUHQD�DGDQ\D�NRPSHWLVL�UXDQJ�GDQ�
PDNDQDQ� SDGD� NHGXD� MDPXU� \DQJ� EHULQWHUDNVL�
PHQ\HEDENDQ� SHUWXPEXKDQ� VDODK� VDWX� MDPXU�
WHUGHVDN��3XUZDQWLVDUL��������

6RPDWLN�LQNRPSDWLELOLWDV�VXGDK�WHUVHEDU�OXDV�
SDGD�PDNURIXQJL��3HQWLQJQ\D�PHPDKDPL�SULQVLS�
GDQ� WHNQLN� XML� VRPDWLN� LQNRPSDWLELOLWDV� MDPXU�
GDSDW�GLWHUDSNDQ�SDGD�EHUEDJDL�MHQLV�MDPXU�\DQJ
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*DPEDU�� ����� 8ML�VRPDWLN�LQNRPSDWLELOLWDV�DQWDUD�LVRODW�%�;�(��D���WDPSDN�DWDV��E��WDPSDN�EDZDK�)LJXUH
� ��6RPDWLF�LQFRPSDWLELOLW\�%�;�(�LVRODWH� �D��WRS�YLHZ���E��ERWWRP�YLHZ�

���

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

9RO����1R����$JXVWXV�������������

6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD�



PHQ\HEDENDQ�SHQ\DNLW�SDGD�WDQDPDQ��(YDOXDVL�
KDVLO�XML�SDVDQJDQ�VHWHODK���PLQJJX�GHQJDQ�PHQL�
ODL�UHDNVL�LQNRPSDWLELOLWDV�DQWDU�LVRODW�EHUGDVDU�
NDQ�WLQJNDW�SHUWHQWDQJDQQ\D�GHQJDQ�PHQJJXQD�
NDQ� PHWRGH� $GDVNDYHJ� 	� *LOEHUWVRQ� �������
GDODP�/DWLIDK�	�+R��������\DQJ�WHODK�GLPRGLIL�
NDVL��6RPDWLN�,QNRPSDWLELOLWDV�GLJXQDNDQ�XQWXN�
PHQXQMXNNDQ�MLND�LVRODW�MDPXU�\DQJ�EHUDVDO�GDUL�
JHQRWLS� \DQJ� EHUEHGD� DWDX� NORQ� GDUL� VLQJOH�
JHQRWLSH�� � 6RPDWLN� LQNRPSDWLELOLWDV� GDODP�
%DVLGLRP\FHWHV�DGDODK�SHQRODNDQ�PLVHOLD�\DQJ�
EHUODLQDQ�JHQHWLN�\DQJ�EHUIXQJVL�XQWXN�PHQMDJD�
VXDWX� LQGLYLGX� WLGDN� WHUMDGL� SHUXEDKDQ� JHQHWLN��
6RPDWLN�LQNRPSDWLELOLWDV�PHQJDWXU�SHQRODNDQ�GDQ�
SHQJDNXDQ�DOHO�DOHO�DWDX�JHQ�JHQ�\DQJ�VHVXDL�GDQ�
WLGDN� VHVXDL� \DQJ� PHQJLNXWL� SHPEHQWXNDQ� VHO�
WXEXK�GDODP�VHEXDK�JUXS�RUJDQLVPH��)ULHV��������
PHQMHODVNDQ� EDKZD� VWXGL� WHQWDQJ� VRPDWLN� LQ�
NRPSDWLELOLWDV� GDSDW� GLJXQDNDQ� XQWXN� PHQJH�
WDKXL�DSDNDK�VHWLDS�SRKRQ�\DQJ�WHUVHUDQJ�MDPXU�
EHUDVDO�GDUL�NORQ�MDPXU�\DQJ�VDPD�DWDX�EHUEHGD�
\DQJ� QDQWLQ\D� GDSDW� GLJXQDNDQ� XQWXN� PHQJ�
DQDOLVLV�SRSXODVL�GDQ�SHQ\HEDUDQ�MDPXU�GL�ODSD�
QJDQ��6WXGL�WHQWDQJ�VRPDWLN�LQNRPSDWLELOLWDV�LQL�
GDSDW�GLJXQDNDQ�XQWXN�PHQJHWDKXL�GLVWULEXVL�JH�
QRWLS�SDGD�VXDWX�SRSXODVL��3XVSLWDVDUL�	�5LPED�
ZDQWR��������

,9���.(6,038/$1�'$1�6$5$1

$���.HVLPSXODQ

,VRODW�LVRODW� SDGD�PDQJLXP�*��VWH\DHUWDQXP��
\DQJ�PHQXQMXNNDQ�DGDQ\D�VRPDWLN�LQNRPSDWLEL�
OLWDV�WHUMDGL�SDGD�VHOXUXK�SDVDQJDQ�XML�\DQJ�EHU�
EHGD�GHQJDQ�WHUEHQWXNQ\D�]RQD�MDUDQJ��GLQGLQJ�
VFOHURWLD VFOH��WDQSD�SLJPHQWDVL�PDXSXQ�GLQGLQJ�
URWLD�GHQJDQ�SLJPHQWDVL�

%���6DUDQ�

+DVLO�XML�VRPDWLN�LQNRPSDWLELOLWDV�*��VWH\DHU�
WDQXP� GDUL� NHEXQ� EHQLK� PDQJLXP�� :RQRJLUL��
-DZD�7HQJDK��PHQXQMXNNDQ�UHDNVL�LQNRPSDWLEHO�
DQWDUD�GXD�LVRODW�\DQJ�EHUEHGD��2OHK�NDUHQD�LWX�
VHEDLNQ\D�WDQDPDQ�\DQJ�WHUVHUDQJ�SHQ\DNLW�EX�
VXN� DNDU� GLEHUVLKNDQ� VDPSDL� DNDU�DNDUQ\D� GDQ�
GLNHOXDUNDQ�GDUL�ORNDVL�NHEXQ�EHQLK�

8&$3$1�7(5,0$�.$6,+

3HQHOLWLDQ� LQL� GLODNXNDQ� GHQJDQ� GDQD�',3$�
%DODL�%HVDU�3HQHOLWLDQ�%LRWHNQRORJL�GDQ�SHPX�
OLDDQ�7DQDPDQ�+XWDQ�<RJ\DNDUWD��3HQXOLV�PHQJ�

XFDSNDQ� WHULPD� NDVLK� NHSDGD� 7LP�$NDVLD� DWDV�
NHUMDVDPDQ\D� GDODP� SHQHOLWLDQ� LQL� GDQ� 7LP�
$&,$5� \DQJ� VXGDK� EDQ\DN� PHPEDQWX� GDODP�
SHODNVDQDDQ�SHQHOLWLDQ�GDQ�SHQ\HGLDDQ�UHIHUHQVL�
GDODP�SHQXOLVDQ�QDVNDK�

'$)7$5�3867$.$

'HSDUWHPHQ�.HKXWDQDQ�� ��������3HUDWXUDQ�3HPHULQ�
WDK�5HSXEOLN�,QGRQHVLD�1RPRU����0HQKXW�,,��
�����WHQWDQJ�3HGRPDQ�3HQLODLDQ�.HEHUKDVLODQ�
5HNODPDVL� +XWDQ�� -DNDUWD�� .HPHQWHULDQ�
.HKXWDQDQ�

'HSDUWHPHQ�.HKXWDQDQ����������6WDWLVWLN�.HKXWDQDQ�
,QGRQHVLD� ������ 'HSDUWHPHQ� .HKXWDQDQ��
-DNDUWD�

)ULHV�� 1�� �������� 6RPDWLF� LQFRPSDWLELOLW\� DQG� ILHOG�
GLVWULEXWLRQ� RI� WKH� HFWRP\FRUUKL]DO� IXQJXV�
6XLOOXV�OXWHXV� 1HZ�3K\WRO����%ROHWDFHDH��� �����
��������

*DQGMDU��,QGUDZDWL��6MDPVXULG]DO��:���GDQ�$UL\DQWL��2��
��������0LNRORJL�'DVDU�GDQ�7HUDSDQ��-DNDUWD��
<D\DVDQ�2ERU�,QGRQHVLD�

*OHQ��0���1HDOH��/�%���$QWKRQ\��$�)��� 6XVDQ��4�1���
/HH��6�6���5DJLO��/���.DUHQ��0�%���&KULVWRSKHU�
/�%���	�0RKDPPHG��&�/���������� �*DQRGHUPD
DQG� � VSHFLHV� DVVRFLDWHG� ZLWK�$PDXURGHUPD
URRW�URW�GLVHDVH�RI� �SODQWDWLRQ�WUHHV�$��PDQJLXP
LQ�,QGRQHVLD�DQG�0DOD\VLD��$XVWUDODVLDQ�3ODQW�
3DWKRORJ\��������������

*XOHU��3����������6RPDWLF�LQFRPSDWLELOLW\�LQ�$JDULFXV�
ELWRUTXLV� $IULFDQ� -RXUQDO� RI��4XHO��� 6DFF��
%LRWHFKQRORJK\����������������

*XOHU�� 3��� 	� %LFHU�� +�� �������� 7KH� 6RPDWLF�
,QFRPSDWLELOLW\� LQ� �/���7UDPHWHV� YHUVLFRORU�
/\RG�

+HQHVV\��&���	�'DO\��$���������� ��*DQRGHUPD�'LVHDVHV
'DUZLQ��1RUWKHUQ�7HUULWRU\�*RYHUQPHQW��3ODQW�
3DWKRORJ\��'LDJQRVWLF�6HUYLFHV�

+HUOL\DQD���(�1���'DUPRQR��7���	�+D\DWL��0����������
3HQ\DNLW�DNDU� VS��SDGD�VHQJRQ�GL�*DQRGHUPD�
-DZD�%DUDW�GDQ� -DZD�7LPXU��-XUQDO�0DQDMH�
PHQ�+XWDQ�7URSLND���;9,,,��������������

+LGD\DWL��1����������8ML�UHVLVWHQVL�EXVXN�DNDU��/DSRUDQ�
+DVLO� 3HQHOLWLDQ��%DODL�%HVDU� 3HQHOLWLDQ�%LR�
WHNQRORJL� GDQ� 3HQHOLWLDQ� 7DQDPDQ� +XWDQ��
%DGDQ� /LWEDQJ� .HKXWDQDQ�� 7LGDN� 'LSXEOL�
NDVLNDQ�

/DWLIDK�� =��� 	� +R�� <�:�� �������� 0RUSKRORJLFDO�
FKDUDFWHULVWLFV�DQG�VRPDWLF�LQFRPSDWLELOLW\�RI�
*DQRGHUPD� IURP� ,QIHFWHG� 2LO� 3DOP� IURP�
7KUHH� ,QODQG� (VWDWHV��0DOD\VLDQ� -RXUQDO� RI�
0LFURELRORJ\��������������

���

1XU�+LGD\DWL�GDQ�6LWL�+XVQD�1XUURKPDK

8ML�6RPDWLN�,QNRPSDWLELOLWDV�*DQRGHUPD�VWH\DHUWDQXP�\DQJ
0HQ\HUDQJ�.HEXQ�%HQLK�$FDFLD�PDQJLXP�:LOOG��GL�:RQRJLUL��-DZD�7HQJDK



3XUZDQWLVDUL��6���	�%XGL��5�+����������8ML�DQWDJRQLV�
MDPXU� � SHQ\HEDE�3K\WRSKWKRUD� LQIHVWDQV
SHQ\DNLW� EXVXN� GDXQ� GDQ� XPEL� WDQDPDQ�
NHQWDQJ�GHQJDQ� �PHQJJXQDNDQ�7ULFKRGHUPD�
VSS��,VRODW�/RNDO��-XUQDO�%LRPD������������

3XVSLWDVDUL�� '��� 	� 5LPEDZDQWR�� $�� �������� 8ML�
VRPDWLN� LQNRPSDWLELOLWDV�*DQRGHUPD� SKLOLS�
SLL�XQWXN�PHQJHWDKXL�SROD�SHQ\DNLW�EXVXN�DNDU�
SDGD� WDQDPDQ� � GDODP�$�� PDQJLXP -XUQDO�
3HPXOLDDQ�7DQDPDQ�+XWDQ���� �� ���������

6XZDQGL��+DPLGVRQ��+��	�1DLWR��6�� ��������'LVWUL�
EXWLRQ�RI� JHQRW\SH�LQ�D�5LJLGRSRUXV�OLJQRVXV�
UXEEHU� SODQWDWLRQ�� DV� UHOHYHDG� E\� VRPDWLF�
FRPSDWLELOLW\�� ����������0\FRVFLHQFH��

:RUDOO�� -�-�� �������� 6RPDWLF� LQFRPSDWLELOLW\� LQ�
%DVLGLRP\FHWHV��0\FRORJLD���������������

:RUDOO��-�-����������6XPPHU�KHDW�DQG�DQ�HSLGHPLF�RI�
F\WRVSRUD�FDQNHU�RI�$OQXV��&DQDGLDQ�-RXUQDO�
RI�3ODQW�3DWKRORJ\��������������

���

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

9RO����1R����$JXVWXV�������������


