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&ULWHULD�DQG�LQGLFDWRUV��&	,��RI�IRUHVW�HFRV\VWHP�KHDOWK�LQ�6XVWDLQDEOH�)RUHVW�0DQDJHPHQW��6)0��ZHUH�GHYHORSHG�
IRU�QDWXUDO�DQG�SODQWDWLRQ�IRUHVWV��ZKLOH�LWV�LPSOHPHQWDWLRQ�IRU�FRPPXQLW\�IRUHVW�LV�QRW�DSSOLHG�\HW��7KH�REMHFWLYH�RI�
WKLV�UHVHDUFK�ZDV�WR�GHYHORS�D�PHWKRG�IRU�DVVHVVPHQW�RI�WKH�KHDOWK�VWDWXV�RI�VHQJRQ�� �0LT���)DOFDWDULD�PROXFFDQD�
%DUQHE\�	�-�:��*ULPHV��FRPPXQLW\�IRUHVWV�EDVHG�RQ�HFRORJLFDO�LQGLFDWRUV�RI�IRUHVW�HFRV\VWHP�KHDOWK��6WXG\�ZDV�
SHUIRUPHG� XVLQJ�)RUHVW�+HDOWK�0DQDJHPHQW� �)+0�� FOXVWHU�SORW� LQ�PRQRFXOWXUH� VHQJRQ� FRPPXQLW\� IRUHVWV� DW�
/DPSXQJ�3URYLQFH��7KH�UHVXOWV�VKRZHG�WKDW�WKH�UDWH�RI�IRUHVW�KHDOWK�LQ�VHQJRQ�FRPPXQLW\�IRUHVW�FRXOG�EH�DVVHVVHG�
XVLQJ�)+0�PHWKRG�ZLWK�SULRULW\�LQGLFDWRUV�ZHUH�SURGXFWLYLW\��VLWH�TXDOLW\��DQG�YLWDOLW\��0HWKRG�GHYHORSPHQW�IRU�
IRUHVW�KHDOWK�DVVHVVPHQW�LQ�VHQJRQ�FRPPXQLW\�IRUHVW�FDQ�XVH�ZHLJKWHG�YDOXHV�DQG�VFRUH�YDOXH�IURP�HDFK�RI�WKH�
SULRULW\�LQGLFDWRU�

.H\ZRUGV��)RUHVW�+HDOWK�0DQDJHPHQW��)+0���FRPPXQLW\�IRUHVWV��LQGLFDWRU�HNRORJLV��VHQJRQ
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.ULWHULD�GDQ�LQGLNDWRU��NKXVXVQ\D�NHVHKDWDQ�KXWDQ�XQWXN�3HQJHORODDQ�+XWDQ�/HVWDUL��3+/��EDUX�GLNHPEDQJNDQ�
WHUKDGDS� KXWDQ� DODP� GDQ� KXWDQ� WDQDPDQ�� VHGDQJNDQ� XQWXN� KXWDQ� UDN\DW� EHOXP� GLNHPEDQJNDQ�� 3HQHOLWLDQ� LQL�
EHUWXMXDQ�XQWXN�PHQJHPEDQJNDQ�PHWRGH�SHQLODLDQ�NHVHKDWDQ�KXWDQ�UDN\DW�VHQJRQ�� �0LT���)DOFDWDULD�PROXFFDQD�
%DUQHE\�	�-�:��*ULPHV��EHUEDVLV�LQGLNDWRU�LQGLNDWRU�HNRORJLV�NHVHKDWDQ�KXWDQ��6WXGL�NDVXV�LQL�GLODNXNDQ�SDGD�
NODVWHU�SORW�)RUHVW�+HDOWK�0DQDJHPHQW��)+0��KXWDQ�UDN\DW�PRQRNXOWXU�VHQJRQ�GL�:LOD\DK�3URYLQVL�/DPSXQJ��
+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD WLQJNDW�NHVHKDWDQ�KXWDQ�UDN\DW�VHQJRQ�GDSDW�GLQLODL�GHQJDQ�PHQJJXQDNDQ��
PHWRGH�)+0�GHQJDQ�LQGLNDWRU�SULRULWDV�DGDODK�SURGXNWLYLWDV��NXDOLWDV�WDSDN��GDQ�YLWDOLWDV��'DODP�SHQJHPEDQJDQ�
PHWRGH�SHQLODLDQ�NHVHKDWDQ�KXWDQ�UDN\DW�VHQJRQ�GDSDW�PHQJJXQDNDQ�QLODL�WHUWLPEDQJ�GDQ�QLODL�VNRU�GDUL�PDVLQJ�
PDVLQJ�LQGLNDWRU�SULRULWDV�WHUVHEXW�

.DWD�NXQFL��)RUHVW�+HDOWK�0DQDJHPHQW��)+0���KXWDQ�UDN\DW��LQGLNDWRU�HNRORJLV��VHQJRQ

,���3(1'$+8/8$1

+XWDQ�UDN\DW�PHUXSDNDQ�KXWDQ�\DQJ�GLPLOLNL�
ROHK�PDV\DUDNDW�\DQJ�GLQ\DWDNDQ�ROHK�NHSHPL�
OLNDQ�ODKDQ��NDUHQDQ\D�KXWDQ�UDN\DW�MXJD�GLVHEXW�
KXWDQ�PLOLN��+DUGMDQWR���������+XWDQ�UDN\DW�GD�
SDW�GLPLOLNL�EDLN�ROHK�SHWDQL�SHURUDQJDQ�PDXSXQ�
EHUVDPD�VDPD�� 'DODP� SHUNHPEDQJDQQ\D�� SH�
QJHORODDQ�KXWDQ� UDN\DW� GL� ,QGRQHVLD� KDUXV� EHU�
ODQGDVNDQ�NHSDGD�SULQVLS�SHQJHORODDQ�KXWDQ�VH�

FDUD�OHVWDUL��3+/���%HUGDVDUNDQ��NULWHULD�GDQ�LQGL�
NDWRU� NHEHUKDVLODQ� 3+/�� NRQGLVL� HNRVLVWHP� VH�
WHPSDW� GDQ� VLVWHP� VLOYLNXOWXU� \DQJ� GLWHUDSNDQ�
PHPSHQJDUXKL�NHEHUKDVLODQ�3+/��NDUHQD�VHWLDS�
ZLOD\DK�KXWDQ�PHPSXQ\DL�NDUDNWHULVWLN�HNRVLV�
WHP�\DQJ�VSHVLILN�DWDX�NKDV��6HFDUD�XPXP�3+/�
KDUXV� PHPSHUKDWLNDQ� NHDGDDQ� NKXVXV� ELRILVLN�
KXWDQ��NHDGDDQ�HNRQRPL�GDQ�VRVLDO�EXGD\D�PD�
V\DUDNDW��6XKHQGDQJ��������

,661�������������(�,661�����������
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'L�DZDO�SHQJHPEDQJDQ�NULWHULD�GDQ�LQGLNDWRU�
3+/�KLQJJD�VHNDUDQJ�PDVLK�EDQ\DN�UXDQJ�VWXGL�
\DQJ�SHUOX�GLWHOLWL�OHELK�ODQMXW��,QL�WHUEXNWL�GHQJDQ�
DGDQ\D� EHUEDJDL� EHQWXN� NULWHULD� GDQ� LQGLNDWRU�
\DQJ�WHODK�EDQ\DN�GLNHPEDQJNDQ��EDLN�ROHK�OHP�
EDJD�SHPHULQWDK�PDXSXQ�QRQ�SHPHULQWDK�GHQJDQ�
FDNXSDQ� QDVLRQDO�� UHJLRQDO�PDXSXQ� LQWHUQDVLR�
QDO�� 8QWXN� PHZXMXGNDQ� 3+/� \DQJ� WHSDW� SDGD�
GDVDUQ\D�KDUXV�PHQ\HVXDLNDQ� WHUKDGDS�NRQGLVL�
HNRVLVWHP�VHWHPSDW��\DQJ�EHUVLIDW�GLQDPLV��DGDS�
WLI�GDQ�PHQMDPLQ�NHOHVWDULDQ�VXPEHU�GD\D�KXWDQ�

6DODK�VDWX�NULWHULD�EDJL�SHQFDSDLDQ�3+/�DGD�
ODK�NHDGDDQ�GDQ�NHVHKDWDQ�HNRVLVWHP�KXWDQ��,7�
72�� �������.ULWHULD� WHUVHEXW� SDGD� WDKXQ�����±�
����� WHODK�GLXML� GDQ�GLNHPEDQJNDQ�ROHK�6($�
0(2�%,27523�GHQJDQ�PHQJDGRSVL�VLVWHP�SH�
PDQWDXDQ�NHVHKDWDQ�KXWDQ��)RUHVW�+HDOWK�0RQL�
WRULQJ�)+0��\DQJ�GLULQWLV�ROHK�(3$�86'$�)6�
XQWXN�PHPDQWDX�NHOHVWDULDQ�KXWDQ�KXMDQ� WURSLV�
,QGRQHVLD��,772�	�6($0(2�%,27523���������
7HNQLN�)+0��0DQJROG��������86'$�)6��������
GL� ,QGRQHVLD� EDUX� WHUEDWDV� GLWHUDSNDQ� GL� KXWDQ�
DODP� SURGXNVL� �3XWUD�� ������ 6DIH
L�� ������
,UZDQWR��������.DVQR� ��������:LQDUQL� ���HW�DO� HW�DO
������� �3XWUD� ��� ������� KXWDQ� OLQGXQJ� GDQ�HW� DO
KXWDQ�WDQDPDQ��.DVQR� ��������WHWDSL�GL�KXWDQ�HW�DO�
UDN\DW� EHOXP� SHUQDK� GLODNXNDQ�� 3DGDKDO� KXWDQ�
UDN\DW�EHUSHUDQ�SHQWLQJ�GDODP�PHPEDQWX�VXSODL�
NHEXWXKDQ� ND\X� GL� ,QGRQHVLD�� NDUHQD� VDDW� LQL�
SDVRNDQ�EDKDQ�EDNX�LQGXVWUL�GDUL�KXWDQ�DODP�GDQ�
KXWDQ� WDQDPDQ�VHPDNLQ�EHUNXUDQJ��0LQGDZDWL��
�������-HQLV�ND\X�\DQJ�GLWDQDP�GL�KXWDQ�UDN\DW�
DQWDUD�ODLQ�VHQJRQ�� �0LT���)DOFDWDULD�PROXFFDQD�
%DUQHE\�	�-�:��*ULPHV -HQLV�LQL�EDQ\DN�PHQJD���
ODPL�JDQJJXDQ�GDUL�KDPD�SHQJJHUHN�EDWDQJ��7XKX�
PXU\��������+XVDHQL�	�+DQHGD���������KDPD�GDXQ�

�6XKDHQGDK� �� ������� GDQ� SHQ\DNLW� NDUDW�HW� DO�
WXPRU��5DKD\X� ��������/HVWDUL� ���������HW�DO� HW�DO�
6HUDQJDQ� KDPD� SHQ\DNLW� WHUVHEXW� PHQXUXQNDQ�
NXDOLWDV� GDQ� NXDQWLWDV� ND\X� VHQJRQ� \DQJ� GLKD�
VLONDQ��6HKXEXQJDQ�GHQJDQ�KDO�LWX��PDND�SHQH�
OLWLDQ� LQL� SHQWLQJ� GLODNXNDQ� XQWXN� PHQJHWDKXL�
NRQGLVL�NHVHKDWDQ�HNRVLVWHP�KXWDQ�UDN\DW�VHQJRQ�
VHUWD�SHUXEDKDQ�\DQJ�WHUMDGL�GL�GDODPQ\D�XQWXN�
PHQMDPLQ� NXDQWLWDV� GDQ� NXDOLWDV� KXWDQ� UDN\DW�
VHQJRQ��\DQJ�SDGD�JLOLUDQQ\D�DNDQ�PHQGXNXQJ�
VLVWHP� SHQJHORODDQ� KXWDQ� UDN\DW� VHQJRQ� \DQJ�
OHVWDUL��3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJHP�
EDQJNDQ�PHWRGH�SHQLODLDQ�NHVHKDWDQ�KXWDQ�UDN�
\DW�VHQJRQ�EHUEDVLV�LQGLNDWRU�HNRORJLV�NHVHKDWDQ�
KXWDQ�GL�3URYLQVL�/DPSXQJ�

,,���0(72'2/2*,

$���%DKDQ

%DKDQ�\DQJ�GLJXQDNDQ�GDODP�SURVHV�SHQJHP�
EDQJDQ�PHWRGH�SHQLODLDQ�NHVHKDWDQ�KXWDQ�UDN\DW�
VHQJRQ� � �0LT���%DUQHE\�)DOFDWDULD�PROXFFDQD�
	�-�:��*ULPHV��DGDODK�GDWD�ODSDQJ�\DQJ�GLSHU�
ROHK�GDUL�SHQJXNXUDQ�LQGLNDWRU�HNRORJLV�NHVHKDW�
DQ�KXWDQ�VHODPD�EXODQ�6HSWHPEHU�±�2NWREHU������
SDGD�GHODSDQ�NODVWHU�SORW�)+0�KXWDQ�UDN\DW�PR�
QRNXOWXU� VHQJRQ� GL�ZLOD\DK� 3URYLQVL� /DPSXQJ�
�*DPEDU����

'HVDLQ�NODVWHU�SORW�PHQJJXQDNDQ�WHNQLN�)+0�
�0DQJROG� ������86'$�)6� ������ �*DPEDU� ����
/XDVDQ� \DQJ� WHUFDNXS� GDODP� VDWX� EXDK� NODVWHU�

�SORW�DGDODK�VHOXDV����������P ��VHGDQJNDQ�OXDVDQ�
KXWDQ�\DQJ�GLZDNLOL�ROHK�VDWX�EXDK�NODVWHU�SORW�
DGDODK�VHOXDV����VDWX��KD�

*DPEDU��)LJXUH����� /RNDVL�NODVWHU�SORW�KXWDQ�UDN\DW�PRQRNXOWXU�VHQJRQ�GL�ZLOD\DK�3URYLQVL�/DPSXQJ�
�/RFDWLRQ�RI�)+0�FOXVWHU�SORWV�LQ�VHQJRQ�FRPPXQLW\�IRUHVW�LQ�/DPSXQJ�3URYLQFH�
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3HQJHPEDQJDQ�0HWRGH�3HQLODLDQ�.HVHKDWDQ�+XWDQ
5DN\DW�6HQJRQ��)DOFDWDULD�PROXFFDQD��0LT���%DUQHE\�	�-�:��*ULPHV��
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�#�'LVWDQFH�EHWZHHQ�SRLQWV�LV������P��

7LWLN�FRQWRK�WDQDK�

�6RLO�VDPSOH�SRLQW��

#�-DUDN�WLWLN�FRQWRK�WDQDK�GDUL�WLWLN�SXVDW�

VXESORW�DGDODK����P��#�'LVWDQFH�VRLO�VDPSOH�

SRLQW�WR�VXESORW�FHQWHU�SRLQW�LV����P��

*DPEDU��)LJXUH����� 'HVDLQ�NODVWHU�SORW�)+0��)+0�&OXVWHU�SORW�GHVLJQ�

%��0HWRGH

7DKDSDQ�GDUL�SHQHOLWLDQ�LQL�WHUGLUL�GDUL�SHUX�
PXVDQ� MDPLQDQ� NXDOLWDV� �PXWX�� LQGLNDWRU� NHVH�
KDWDQ� KXWDQ� UDN\DW� �.+5��� SHQJXPSXODQ� GDWD�
KDVLO�SHQJXNXUDQ�.+5��SHQJRODKDQ�GDQ�DQDOLVLV�
GDWD� KDVLO� SHQJXNXUDQ� .+5�� SHQHQWXDQ� QLODL�
WHUWLPEDQJ�LQGLNDWRU�.+5��SHQHQWXDQ�QLODL�VNRU�
LQGLNDWRU�.+5��GDQ�SHQLODLDQ�.+5�

3HUXPXVDQ�MDPLQDQ�NXDOLWDV��PXWX��LQGLNDWRU�
HNRORJLV�NHVHKDWDQ�KXWDQ�\DQJ�GLNHPXNDNDQ�ROHK�
6XSUL\DQWR� ����������\DLWX�SURGXNWLYLWDV��ELR�HW�DO
GLYHUVLWDV��YLWDOLWDV��GDQ�NXDOLWDV�WDSDN�SHUOX�GLOD�
NXNDQ�SHQJXMLDQ�GHQJDQ�FDUD�PHODNXNDQ�ZDZDQ�
FDUD�WHUKDGDS�SDUD�SDNDU��VHVHRUDQJ�\DQJ�PHP�
SXQ\DL� SHQJHWDKXDQ� GDQ� SHQJDODPDQ� VSHVLILN�
GDODP� VXDWX� ELGDQJ�� KXWDQ� UDN\DW� GL� 3URYLQVL�
/DPSXQJ�GHQJDQ�UHVSRQGHQ�VHEDQ\DN����RUDQJ�
�SHWDQL��DNDGHPLVL��GDQ�SHPHULQWDK���+DVLO�GDUL�
ZDZDQFDUD�GLDQDOLVLV�GHQJDQ�PHQJJXQDNDQ�PH�
WRGH� ��$+3���6DDW\��$QDO\WLFDO�+LHUDUF\�3URFHVV
������������XQWXN�PHQJHWDKXL�VNDOD�SULRULWDV�

3HQJXPSXODQ�GDWD�EHUGDVDUNDQ�SDUDPHWHU�LQ�
GLNDWRU�HNRORJLV�NHVHKDWDQ�KXWDQ��PHOLSXWL�SHU�
WXPEXKDQ� SRKRQ� �SURGXNWLYLWDV��� NRQGLVL� NHUX�
VDNDQ�SRKRQ�GDQ�NRQGLVL�WDMXN��YLWDOLWDV���NHVX�
EXUDQ�WDQDK��NXDOLWDV�WDSDN���VHUWD�ELRGLYHUVLWDV�
PHVNLSXQ�SROD�WDQDPQ\D�PRQRNXOWXU��

3HQJRODKDQ� GDQ� DQDOLVLV� GDWD� GLODNXNDQ� WHU�
KDGDS�KDVLO�SHQJXNXUDQ�SDUDPHWHU�GDUL�LQGLNDWRU�
HNRORJLV� NHVHKDWDQ� KXWDQ�� 3HUWXPEXKDQ� SRKRQ�
GLKLWXQJ�VHEDJDL�SHUWXPEXKDQ�OXDV�ELGDQJ�GDVDU�
�/%'6���.RQGLVL�NHUXVDNDQ�SRKRQ�GLKLWXQJ�EHU�
GDVDUNDQ�LQGHNV�NHUXVDNDQ��0DQJROG��������86�
'$�)6��������1XKDPDUD� ������1XKDPDUD�HW�DO���
	�.DVQR��������\DQJ�GLSHUKLWXQJNDQ�GDODP�GXD�
WLQJNDW�� \DNQL� SDGD� WLQJNDW� SRKRQ� �7UHH� /HYHO�
,QGH[ &OXVWHU� /HYHO��7/,�� GDQ� WLQJNDW� NODVWHU� �
,QGH[�&/,��� .RQGLVL� WDMXN� GLSHUROHK� GDUL� KDVLO�
SHQJJDEXQJDQ� SDUDPHWHU� NRQGLVL� WDMXN� �1XKD�
PDUD�	�.DVQR��������\DQJ�GLNXPSXONDQ�NHGD�
ODP�SHULQJNDW�SHQDPSDNDQ�WDMXN��9LVXDO�&URZQ�
5DWLQJ�9&5���.XDOLWDV�WDSDN�GLSHUROHK�GDUL�GDWD�
WLQJNDW�NHVXEXUDQ�WDQDK�\DQJ�GLZDNLOL�ROHK�QLODL�
.7.��.DSDVLWDV�7XNDU�.DWLRQ��KDVLO�GDUL�DQDOLVLV�
WDQDK�

3HQHQWXDQ�QLODL�WHUWLPEDQJ�PHQJXQDNDQ�QLODL�
HLJHQ $QD��\DQJ�GLSHUROHK�GHQJDQ�PHQJJXQDNDQ�
O\WLF� 1HWZRUNLQJ� 3URFHVV� �$13�� �6DDW\�� ������
:ROIVOHKQHU� ���������/DQJNDK�ODQJNDK�XQ�HW�DO�
WXN�PHQGDSDWNDQ�QLODL�WHUWLPEDQJ�GHQJDQ�WHNQLN�
$13�DGDODK�VHEDJDL�EHULNXW������PHODNXNDQ�SHP�
EDQGLQJDQ� EHUSDVDQJDQ� SDGD� VHWLDS� LQGLNDWRU��
3DGD�WDKDS�LQL�GLSHUROHK�QLODL�WHUWLPEDQJ�LQGLND�
WRU� WHUKDGDS� SHQFDSDLDQ� WXMXDQ�� ����PHPSHUKL�

6XPEHU��6RXUFH����0DQJROG��������86'$�)6�������
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6HEDJDLPDQD� KXWDQ� UDN\DW� SDGD� XPXPQ\D��
KXWDQ�UDN\DW�VHQJRQ�GLPDNVXGNDQ�XQWXN�PHQJ�
KDVLONDQ�ND\X�VHFDUD�VLQDPEXQJ��OHVWDUL��GDQ�VH�
EDJDL�WDEXQJDQ��3XUZDQWR� ����������'HQJDQ�HW�DO
GHPLNLDQ� NHVLQDPEXQJDQ� SURGXNVL� ND\X� KDUXV�
WHUSHOLKDUD��VDODK�VDWX�FDUDQ\D�GHQJDQ�PHQJHWD�
KXL� NRQGLVL� WLQJNDW� SURGXNWLYLWDV�� 7LQJNDW� SUR�
GXNWLYLWDV�PHUXSDNDQ�KDO�\DQJ�SHUOX�GLSHUKDWL�
NDQ�GDODP�SHQJHORODDQ�KXWDQ��VHSHUWL�\DQJ�GLQ\D�
WDNDQ�ROHK�3XWUD��������EDKZD�WLQJJL�UHQGDKQ\D�
SURGXNWLYLWDV�GDODP�KXWDQ�PHQXQMXNNDQ�WLQJNDW�
NHEHUKDVLODQ� SHQJHORODDQ� KXWDQ�� NDUHQD� KDO� LQL�
MXJD� PHUXSDNDQ� FHUPLQ� GDUL� WLQJNDW� NHVHKDWDQ�
KXWDQ�\DQJ�GLNHOROD�

3URGXNWLYLWDV�GLWHQWXNDQ�ROHK�GXD�IDNWRU��\D�
LWX� NRQGLVL� WDSDN� WXPEXK� GDQ� YLWDOLWDV� WHJDNDQ�
�6XSUL\DQWR� ����������3RKRQ�VHQJRQ�GL�KXWDQ�HW�DO
UDN\DW� DNDQ� PDPSX� WXPEXK� GHQJDQ� EDLN� MLND�
GLGXNXQJ� ROHK� NXDOLWDV� WDSDN� WHPSDW� WXPEXK�
\DQJ�GDSDW�PHQ\RNRQJ�SHUWXPEXKDQ�RSWLPDO�WH�
JDNDQ�VHQJRQ��*LQWLQJV�	�1XKDPDUD��������PH�
Q\DWDNDQ�EDKZD�NXDOLWDV�WDSDN�PHQMDGL�VDODK�VDWX�
LQGLNDWRU� NHVHKDWDQ� KXWDQ� \DQJ� SHQWLQJ� NDUHQD�
PHUXSDNDQ�VXDWX�SHQJXNXUDQ�\DQJ�PHQJDFX�NH�
SDGD�NHPDPSXDQ�WDSDN�WXPEXK��WHUXWDPD�WDQDK�
XQWXN�PHQ\RNRQJ�SHUWXPEXKDQ�WDQDPDQ��0HQX�
UXW�0LOH� �������PHQ\DWDNDQ� EDKZD� SHQXUXQDQ�
SURGXNWLYLWDV�GDQ�SHUWXPEXKDQ�VHQJRQ�GL�KXWDQ�
UDN\DW� GLVHEDENDQ� ROHK� WHUMDGLQ\D� SHQXUXQDQ�
NHVXEXUDQ�WDQDK��9LWDOLWDV�PHUXSDNDQ�VXDWX�KDO�
\DQJ� GDSDW�PHQJJDPEDUNDQ� WLQJNDW� NHVXEXUDQ�
VXDWX� VSHVLHV� GDODP� SHUNHPEDQJDQQ\D� VHEDJDL�
UHVSRQ� WHUKDGDS� OLQJNXQJDQ� �3UDQDWD�� �������
9LWDOLWDV�GDSDW�GLMHODVNDQ�DWDX�GLFLULNDQ�ROHK�NRQ�
GLVL�NHUXVDNDQ�SRKRQ�GDQ�NRQGLVL�WDMXN��9LWDOLWDV�
SRKRQ�\DQJ�GLWXQMXNNDQ�ROHK�NRQGLVL�NHUXVDNDQ�
SRKRQ� GDQ� NRQGLVL� WDMXN� SRKRQ� DGDODK� IDNWRU�
\DQJ�VDQJDW�EHUSHQJDUXK�WHUKDGDS�SHUWXPEXKDQ�

SRKRQ� VHKLQJJD� DNDQ� PHPSHQJDUXKL� NXDQ�WLWDV�
GDQ�NXDOLWDV�ND\X�RODKDQ�\DQJ�DNDQ�GLKDVLO�NDQ�
�3XWUD� ���������HW�DO

'L�KXWDQ�DODP�ELRGLYHUVLWDV��NHDQHNDUDJDPDQ�
MHQLV�SRKRQ��GDSDW�PHPSUHVHQWDVLNDQ�WLQJNDW�NH�
OHQWXUDQ� VXDWX� HNRVLVWHP� WHUKDGDS� WHNDQDQ� GDQ�
JDQJJXDQ�\DQJ�DGD��.HPDPSXDQ�VXDWX�HNRVLV�
WHP�GDODP�PHQHULPD�VHMXPODK�JDQJJXDQ�WDQSD�
PHUXEDK� SURVHV� \DQJ� WHUMDGL� GDODP� HNRVLVWHP�
GDQ� VWUXNWXU� HNRVLVWHP� WHUJDQWXQJ� NHSDGD� NH�
PDPSXDQ�HNRVLVWHP�PHODNXNDQ�NRQWURO�WHUKDGDS�
JDQJJXDQ� GDQ� SHPEDKDUXDQ� VLVWHP� SHQJDWXUDQ�
WHUVHEXW��3HWHUVRQ� ���������'HQJDQ�GHPLNLDQ�HW�DO�
LQGLNDWRU�SURGXNWLYLWDV��NXDOLWDV�WDSDN��GDQ�YLWD�
OLWDV� VHFDUD� WHUSLVDK� DWDX� EHUVDPD�VDPD� GDSDW�
PHQMHODVNDQ�NRQGLVL�KXWDQ�UDN\DW�VHQJRQ�GDODP�
WLQJNDW�LQGLYLGX��SORW�GDQ�HNRVLVWHP�

3HUWXPEXKDQ�SRKRQ�GLXNXU�GDUL�SHQDPEDKDQ�
GLDPHWHU� SRKRQ�� 3HUWXPEXKDQ� SRKRQ� GLKLWXQJ�
VHEDJDL�SHUWXPEXKDQ�OXDV�ELGDQJ�GDVDU��/%'6��
GHQJDQ�QLODL�/%'6�SDGD�PDVLQJ�PDVLQJ�NODVWHU�
SORW��7DEHO����

3HPDQIDDWDQ�KXWDQ�UDN\DW�PHODOXL�SHQ\HGLD�
DQ�EDKDQ�EDNX�GDODP�PHQRSDQJ�LQGXVWUL�NHKXWD�
QDQ�PHQMDGL�VXDWX�UHDOLWDV�GDODP�SHPEDQJXQDQ�
NHKXWDQDQ�GL�,QGRQHVLD�VDDW�LQL��8QWXN�PHPHQXKL�
IXQJVL�SURGXNVL�KXWDQ�UDN\DW�WHUVHEXW��PDND�WLQJ�
NDW� SURGXNWLYLWDV� KXWDQ� UDN\DW� PHUXSDNDQ� KDO�
\DQJ� KDUXV� GLSHUKDWLNDQ��7LQJNDW� SURGXNWLYLWDV�
SRKRQ�GDSDW�GLXNXU�PHODOXL�EHEHUDSD�SDUDPHWHU�
SHQJXNXUDQ�DQWDUD�ODLQ�GLDPHWHU�SRKRQ��.RQGLVL�
SURGXNWLYLWDV� SRKRQ� GDSDW� GLMHODVNDQ� GHQJDQ�
PHQJJXQDNDQ� SDUDPHWHU� ODMX� SHUWXPEXKDQ� SR�
KRQ�� 0HQXUXW� 5L\DQWR� 	� 3DPXQJNDV� �������
XQWXN�PHOLKDW� SROD� SHUWXPEXKDQ� GLDPHWHU� GDQ�
WLWLN�RSWLPXP�SHUWXPEXKDQ�GLDPHWHU�GDSDW�PHQJ�
JXQDNDQ�NXUYD�ODMX�SHUWXPEXKDQ�SRKRQ��3HUWXP�
EXKDQ�SRKRQ�DGDODK�SHUNHPEDQJDQ�\DQJ�GLQ\D�

.ODVWHU�SORW
�&OXVWHU�SORW�

8PXU�WDQDPDQ��WDKXQ�
�$JH��\HDUV��

�/%'6��P �KD�
��%DVDO�DUHD��P �KHFWDUH��
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6XPEHU�� ����'LRODK�GDUL�GDWD�ODSDQJ��� �6RXUFH &RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD
.HWHUDQJDQ�� PDUNV���'DWD�NODVWHU�SORW�QRPHU�����������������GDQ����WLGDN�GLWDPSLONDQ�NDUHQD�WHUPDVXN�GDODP�WDQDPDQ�VHQJRQ�5H

FDPSXUDQ�� � �'DWD LQ FOXVWHU�SORW�QXPEHU�RI����������������DQG����DUH�QRW�VKRZQ�EHFDXVH�WKH\�DUH�EHORQJ�WR�
PL[HG�SODQWDWLRQ�IRUHVW�

5DKPDW�6DIH¶L��+DUGMDQWR��6XSUL\DQWR�GDQ�/HWL�6XQGDZDWL

3HQJHPEDQJDQ�0HWRGH�3HQLODLDQ�.HVHKDWDQ�+XWDQ
5DN\DW�6HQJRQ��)DOFDWDULD�PROXFFDQD��0LT���%DUQHE\�	�-�:��*ULPHV��

7DEHO��7DEOH�����1LODL�/XDV�%LGDQJ�'DVDU��/%'6��SDGD�PDVLQJ�PDVLQJ�NODVWHU�SORW��%DVDO�DUHD�YDOXHV�RI�
HDFK�FOXVWHU�SORW�



���

NDQ� GDODP� SHUWXPEXKDQ� XNXUDQ� VXDWX� VLVWHP�
RUJDQLN�VHODPD�MDQJND�ZDNWX�WHUWHQWX��5L\DQWR��
������ GDQ� GDSDW� GLXNXU� GHQJDQ� PHQJJXQDNDQ�
EHUEDJDL�SDUDPHWHU��3DUDPHWHU�SHUWXPEXKDQ�SR�
KRQ�DQWDUD� ODLQ�DGDODK�GLDPHWHU�SRKRQ��+DO� LQL�
VHVXDL� GHQJDQ� SHUQ\DWDDQ�3KLOLS� ������� EDKZD�
SHUWXPEXKDQ� GLDPHWHU� SRKRQ�PHUXSDNDQ� SDUD�
PHWHU� SHUWXPEXKDQ� SRKRQ� \DQJ� PXGDK� GDODP�
SHQJXNXUDQQ\D�GDQ�PHPLOLNL�WLQJNDW�NRQVLVWHQVL�
\DQJ�WLQJJL��3HUWXPEXKDQ�GLDPHWHU�SRKRQ�PHQXUXW�
&OLQH��������GDSDW�GLJXQDNDQ�VHEDJDL�GDVDU�SHU�
KLWXQJDQ� SHUWXPEXKDQ� /%'6� SRKRQ�� /%'6�
SRKRQ� WHUJDQWXQJ� SDGD� GLDPHWHU� EDWDQJ� SRKRQ�
VHWLQJJL�GDGD��+XVFK������� �+DUWDWL���������GDODP
/%'6� SHU� KHNWDU� PHUXSDNDQ� SHQDPSDQJ�
PHOLQWDQJ� GDUL� GLDPHWHU� EDWDQJ� VH�WLQJJL� GDGD�
����� P� GDUL� SHUPXNDDQ� WDQDK�� �6DKLG�� �������
3HUXEDKDQ�/%'6�\DQJ�GLSHUROHK�GDUL�SHUXEDKDQ�
GLDPHWHU� SRKRQ� GDSDW� PHQJXUDQJL� DWDX�
PHQLQJNDWNDQ�WLQJNDW�SURGXNWLYLWDV�KXWDQ�VHFDUD�
NHVHOXUXKDQ��

/%'6�GL�KXWDQ�UDN\DW�VHQJRQ��7DEHO����FHQGH�
UXQJ�PHQXQMXNNDQ� SHQLQJNDWDQ� VHLULQJ� GHQJDQ�
EHUWDPEDKQ\D�XPXU�SRKRQ��+DO�LQL�VHVXDL�GHQJDQ�
SHUQ\DWDDQ�5L\DQWR�	�3DPXQJNDV��������EDKZD�
WDQDPDQ�VHQJRQ�PHPSXQ\DL� SHUWXPEXKDQ�WUHQG�
VHMDODQ�GHQJDQ�EHUWDPEDKQ\D�XPXU��'DQLHO� ��HW�DO
�������PHQ\DWDNDQ� EDKZD� SHUWXPEXKDQ�PHUX�
SDNDQ� IXQJVL� GDUL� XPXU� WHJDNDQ� \DQJ� VLIDWQ\D�
WHUJDQWXQJ�SDGD� MHQLV�GDQ�NXDOLWDV� WHPSDW� WXP�
EXK��

.RQGLVL�NHUXVDNDQ�SRKRQ�GLXNXU�EHUGDVDUNDQ�
ORNDVL�GLWHPXNDQQ\D�NHUXVDNDQ�\DLWX��SDGD�DNDU��

EDWDQJ�� FDEDQJ�� WDMXN�� GDXQ�� SXFXN�� GDQ� WXQDV�
GDODP�PHWRGH�)+0��0DQJROG��������86'$�)6��
�������/RNDVL�NHUXVDNDQ�GL�PDVLQJ�PDVLQJ�NODV�
WHUSORW�KXWDQ�UDN\DW�VHQJRQ�EHUWXUXW�WXUXW�GLGR�
PLQDVL�ROHK�NHUXVDNDQ�GL�GDHUDK�GDXQ��NRGH�����GL�
GDHUDK�EDWDQJ�EDJLDQ�EDZDK��NRGH�����GDQ�GL�GDH�
UDK�EDJLDQ�EDZDK�GDQ�EDJLDQ�DWDV�EDWDQJ��NRGH�
���� GHQJDQ� WLSH� NHUXVDNDQ� GL� PDVLQJ�PDVLQJ�
NODVWHU�SORW� WHUVHEXW� EHUWXUXW�WXUXW� GLGRPLQDVL�
GDXQ�UXVDN��NRGH������NDQNHU��NRGH������GDQ�OXND�
WHUEXND� �NRGH� ���� GHQJDQ� WLQJNDW� NHSDUDKDQ�
WHUEDQ\DN�DGDODK�VHEHVDU������VHSHUWL�GLVDMLNDQ�
SDGD�7DEHO���

3DGD�7DEHO���PHQXQMXNNDQ�EDKZD�ORNDVL�NH�
UXVDNDQ�WHUEDQ\DN�\DQJ�GLWHPXNDQ�SDGD�KDPSLU�
VHPXD�NODVWHU�SORW�KXWDQ�UDN\DW�PRQRNXOWXU�VH�
QJRQ�DGDODK�SDGD� ORNDVL�GDXQ��NRGH����GHQJDQ�
WLSH� NHUXVDNDQ� GDXQ� UXVDN� �NRGH� ����� .RQGLVL�
GDXQ�\DQJ�UXVDN�DNDQ�PHQ\HEDENDQ�SURVHV�IRWR�
VLQWHVLV� WHUJDQJJX�� VHKLQJJD� DNDQ�PHQJJDQJJX�
MXJD� SURVHV� ILVLRORJLV� ODLQQ\D� VHSHUWL� DNWLYLWDV�
SHQJDQJNXWDQ�DLU�GDQ�KDUD�GDUL�WDQDK�NH�GDXQ�WHU�
JDQJJX��.RQGLVL�NHUXVDNDQ�SRKRQ�GLQLODL�GHQJDQ�
LQGHNV� NHUXVDNDQ� WLQJNDW� NODVWHU� �&/,�� GHQJDQ�
QLODL�&/,�SDGD�PDVLQJ�PDVLQJ�NODVWHU�SORW��7DEHO�
���

6DODK�VDWX�SHUPDVDODKDQ�PHQGDVDU�GDUL�NXDOL�
WDV�ND\X�KXWDQ�UDN\DW�DGDODK�DGDQ\D�NHUXVDNDQ�
SRKRQ� \DQJ� PHQJDNLEDWNDQ� FDFDW� ND\X�� .HUX�
VDNDQ�SRKRQ�DGDODK�NRQGLVL�LQGLYLGX�SRKRQ�\DQJ�
PHQJDODPL�NHUXVDNDQ�\DQJ�GLVHEDENDQ�ROHK�SD�
WRJHQ��VHUDQJJD��SROXVL�XGDUD�GDQ�NRQGLVL�DODPL�
DK� ODLQ� VHUWD� DNWLYLWDV�DNWLYLWDV� \DQJ� GLODNXNDQ�

7DEHO�� ����� /RNDVL�NHUXVDNDQ��WLSH�NHUXVDNDQ��GDQ�WLQJNDW�NHSDUDKDQ�WHUEDQ\DN�\DQJ�GLWHPXNDQ�GL�7DEOH
PDVLQJ�PDVLQJ�NODVWHU�SORW��'DPDJH�ORFDWLRQ��GDPDJH�W\SH��DQG�VHYHULW\�FODVV�RI�WKH�
PRVW�IRXQG�LQ�HDFK�FOXVWHU�SORW�

.ODVWHU�

SORW�

�&OXVWHU

�SORW� �

/RNDVL�NHUXVDNDQ� �
�'DPDJH�/RFDWLRQ� �

7LSH�NHUXVDNDQ�

�'DPDJH7\SH � �

7LQJNDW�NHSDUDKDQ�� 6HYHULW\�

FODVV� �

/ � 1 � / �1 �/ �1 �/ �1 �7 �1 �7 �1 �7 �1 �. �1 �. �1 �. 1
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6XPEHU�� ���'LRODK�GDUL�GDWD�ODSDQJ�� �6RXUFH &RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD
.HWHUDQJDQ�� ��� / /RNDVL�.HUXVDNDQ�� ��� WLGDN�DGD�NHUXVDNDQ�� ���� %DWDQJ�EDJLDQ�EDZDK�5HPDUNV 'DPDJH�ORFDWLRQ QR�GDPDJH

� ���� %DJLDQ�EDZDK�GDQ�EDJLDQ�DWDV�EDWDQJ�� ���� %DJLDQ�DWDV�EDWDQJ�/RZHU�EROH /RZHU�DQG�XSSHU�EROH
� ��� GDQ� � � 'DXQ� � ��� 7 7LSH� NHUXVDNDQ� � �� �� � .DQNHU� � ���8SSHU� EROH )ROLDJH 'DPDJH� W\SH &DQFHU
�� /XND�WHUEXND�� ����� 5HVLQRVLV�JXPRVLV�� ����� 6DUDQJ�UD\DS�2SHQ�ZRXQGV 5HVLQRVLV�RU�JXPPRVLV
� ��� �� /LDQD� � ��� �� 'DXQ�� SXFXN� UXVDN� � ��� . 7LQJNDW�1HVW� WHUPLWH /LDQD 'DPDJH� EXGV�� IROLDJH
NHSDUDKDQ�� ���1 -XPODK� �6HYHULW\�FODVV �1XPEHU

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

9RO����1R����'HVHPEHU��������������



���

.ODVWHU�SORW
�&OXVWHU�SORW�

�
8PXU�WDQDPDQ��WDKXQ�

�$JH��\HDUV��
&/,

�&OXVWHU�/HYHO�,QGH[�
�

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

.ODVWHU�SORW
�&OXVWHU�SORW�

�

8PXU�WDQDPDQ��$JH�
�WDKXQ���\HDU��

9&5
�9LVXDO�&URZQ�5DWLQJ�

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

5DKPDW�6DIH¶L��+DUGMDQWR��6XSUL\DQWR�GDQ�/HWL�6XQGDZDWL

3HQJHPEDQJDQ�0HWRGH�3HQLODLDQ�.HVHKDWDQ�+XWDQ
5DN\DW�6HQJRQ��)DOFDWDULD�PROXFFDQD��0LT���%DUQHE\�	�-�:��*ULPHV��

ROHK�PDQXVLD� �,UZDQWR�� ������� VHKLQJJD� VHFDUD�
Q\DWD�GDSDW�PHPSHQJDUXKL�NHVHKDWDQ�KXWDQ��'DP�
SDN�GDUL�NHUXVDNDQ�SRKRQ�DNDQ�PHQJDNLEDWNDQ�
WLQJNDW� SHUWXPEXKDQ� \DQJ� PHQXUXQ�� NRQGLVL�
WDMXN� \DQJ� UHQGDK�� NHKLODQJDQ� ELRPDVVD�� GDQ�
WHUXWDPD�NHPDWLDQ��VHUWD�DNDQ�EHUGDPSDN�SDGD�
NHVHKDWDQ�KXWDQ�VHFDUD�NHVHOXUXKDQ��1XKDPDUD�
HW�DO����������.HUXVDNDQ�SRKRQ�DNDQ�VDQJDW�EHU�
SHUDQ� VHEDJDL� SHULQJDWDQ� GLQL�� GDQ� DNDQ�PHP�
EHULNDQ� LQIRUPDVL� WHQWDQJ� NHOHQWXUDQ�� NHOHV�
WDULDQ��SURGXNWLYLWDV�GDQ�NHOHVWDULDQ�KXWDQ���1LODL�
LQGHNV� NHUXVDNDQ� SDGD� WLQJNDW� SRKRQ� GLEDJL�
GDODP�GXD�WLQJNDW�\DQJ�EHUEHGD��\DLWX�SDGD�WLQJ�
NDW� SRKRQ� GDQ� WLQJNDW� SORW��0HQXUXW�0DQJROG�
�������PHQ\DWDNDQ�EDKZD�NRQVHS�SHQLODLDQ�NH�
VHKDWDQ�KXWDQ�PHQXUXW�NHUXVDNDQQ\D�GLWHQWXNDQ�
ROHK�WLQJNDW�NHVHKDWDQ�SRKRQ�SHQ\XVXQQ\D�GDQ�
GLSHQJDUXKL� ROHK� SHQ\HEDE� GDQ� WLSH� NHUXVDNDQ�
\DQJ�WHUMDGL�SDGD�SRKRQ�WHUVHEXW��7LSH�NHUXVDNDQ�
SRKRQ��ORNDVL�WHUMDGLQ\D�NHUXVDNDQ�SDGD�SRKRQ��
GDQ� WLQJNDW� NHSDUDKDQ� \DQJ� GLWLPEXONDQ� GDSDW�
PHQJJDPEDUNDQ� NHUXVDNDQ� SRKRQ�� VHGDQJNDQ�
QLODL�LQGHNV�NHUXVDNDQ�WLQJNDW�NODVWHU�PHUXSDNDQ�
GDVDU�XQWXN�PHQJHWDKXL�NRQGLVL�NHUXVDNDQ�VXDWX�
YHJHWDVL�

.RQGLVL�WDMXN�SRKRQ�GLXNXU�EHUGDVDUNDQ�SDUD�
PHWHU�SDUDPHWHU� VHEDJDL�EHULNXW� UDVLR� WDMXN�KL�
GXS��.HUDSDWDQ�WDMXN��WUDQVSDUDQVL�WDMXN��'LDPH�
WHU� WDMXN�� GDQ� � �1XKDPDUD� 	� .DVQR�GLHEDFN
������� 3DUDPHWHU�SDUDPHWHU� NRQGLVL� WDMXN� WHU�
VHEXW�GLNXPSXONDQ�GDODP�VHEXDK�SHULQJNDW�SH�
QDPSDNDQ�WDMXN�� �9&5��GH�9LVXDO�&URZQ�5DWLQJ
QJDQ�QLODL�9&5�SDGD�PDVLQJ�PDVLQJ�NODVWHU�SORW�
�7DEHO����

%HUGDVDUNDQ�NODVLILNDVL�9&5���� �VDQJDW�UHQ�
GDK���� �UHQGDK���� �VHGDQJ��GDQ��� �WLQJJL���PDND�
9&5�SDGD� VHPXD� NODVWHU� SORW� WHUPDVXN� VDQJDW�
UHQGDK� GDQ� UHQGDK�� .RQGLVL� WDMXN� SRKRQ� DNDQ�
VDQJDW�EHUSHQJDUXK�WHUKDGDS�SURVHV�IRWRVLQWHVLV�
VHKLQJJD�DSDELOD� WDMXN�SRKRQ�PHQJDODPL�NHUX�
VDNDQ��PDND�XQVXU�KDUD�\DQJ�GLSHUOXNDQ�XQWXN�
SURVHV� IRWRVLQWHVLV� DNDQ� WHUKDPEDW� DWDX� KDQ\D�
VHGLNLW�\DQJ�GLDQJNXW�NH�EDJLDQ�GDXQ�GDQ�EDJLDQ�
SRKRQ� ODLQQ\D��1LODL�9&5�PHUXSDNDQ�SHQMXP�
ODKDQ� OLPD� SDUDPHWHU� SHQJXNXUDQ� WDMXN�� \DLWX�
UDVLR� WDMXN� KLGXS�� WUDQVSDUDVL� WDMXN�� NHUDSDWDQ�
WDMXN��GLDPHWHU�WDMXN�GDQ�GLHEDFN��1XKDPDUD�	�
.DVQR���������'HQJDQ�GHPLNLDQ��QLODL�9&5�WHU�
VHEXW�GLSHQJDUXKL�ROHK�NHOLPD�SDUDPHWHU�SHQJX�
NXUDQ� WDMXN� WHUVHEXW�� 5DVLR� WDMXN� KLGXS� �/LYH

7DEHO��7DEOH�����1LODL�LQGHNV�NHUXVDNDQ�WLQJNDW�NODVWHU��&/,��SDGD�PDVLQJ�PDVLQJ�NODVWHU�SORW��&/,�YDOXHV�
RQ�HDFK�FOXVWHU�SORW�

7DEHO��7DEOH�����1LODL�SHULQJNDW�SHQDPSDNDQ�WDMXN��9&5��SDGD�PDVLQJ�PDVLQJ�NODVWHU�SORW��9&5�YDOXHV�
RQ�HDFK�FOXVWHU�SORWV�



���

&URZQ�5DWLR���/&5��PHQXQMXNNDQ�SURSRUVL�SDQ�

MDQJ�WDMXN�WHUKDGDS�WLQJJL�SRKRQ��5DWD�UDWD�UDVLR�

WDMXN�KLGXS�SDGD�VHEDJLDQ�EHVDU�NODVWHUSORW�PH�

QJDODPL� SHQXUXQDQ�� .HUDSDWDQ� WDMXN� �&URZQ�

GHQVLW\���&GHQ��PHOLSXWL�MXPODK�EDJLDQ�GDUL�WDQD�

PDQ��VHSHUWL�GDXQ��FDEDQJ��GDQ�EXDK��\DQJ�PHP�

EORNLU�GDWDQJQ\D�VLQDU�PDWDKDUL�\DQJ�PDVXN�PH�

ODOXL�NDQRSL�SRKRQ��-DGL�NHUDSDWDQ�WDMXN�PHQXQ�

MXNNDQ�SHUVHQWDVH�GDUL�WRWDO�FDKD\D�\DQJ�GLEORNLU�

ROHK�SHSRKRQDQ��5DWD�UDWD�NHUDSDWDQ�WDMXN�SDGD�

VHEDJLDQ� NODVWHUSORW� PHQXQMXNNDQ� NHFHQGHUX�

QJDQ� WHUMDGL�SHQLQJNDWDQ��1LODL�NHUDSDWDQ� WDMXN�

\DQJ�WLQJJL�PHQXQMXNNDQ�EDKZD�SRKRQ�PHPLOLNL�

VHMXPODK� EHVDU� GHGDXQDQ� \DQJ� WHUVHGLD� XQWXN�

IRWRVLQWHVLV��1LODL� NHUDSDWDQ� WDMXN� \DQJ� UHQGDK�

PHQXQMXNNDQ�SRKRQ� WHUVHEXW�PLVNLQ�GHGDXQDQ��

WDMXN�\DQJ�WLSLV��DWDX�WDMXN�PHUDQJJDV�\DQJ�GLVH�

EDENDQ�ROHK�NHUXVDNDQ�NDUHQD�VHUDQJDQ�VHUDQJJD�

GDQ�SHQ\DNLW�DWDX�IDNWRU�OLQJNXQJDQ�ODLQQ\D�VH�

SHUWL�NHNHULQJDQ��DQJLQ��SHUVDLQJDQ��DWDX�SHPD�

GDWDQ�WDQDK��'LDPHWHU�WDMXN�PHUHIOHNVLNDQ�SDQ�

MDQJ�DNWXDO�WDMXN��5DWD�UDWD�GLDPHWHU�WDMXN�SDGD�

NODVWHUSORW�PHQJDODPL�SHQLQJNDWDQ��$QJND�GLD�

PHWHU�WDMXN�\DQJ�FHQGHUXQJ�PHQLQJNDW�PHQXQ�

MXNNDQ�NRQGLVL�WDMXN�\DQJ�OHEDU�GDQ�OHEDW��7DMXN�

\DQJ�OHEDU�GDQ�OHEDW�GDSDW�PHPIDVLOLWDVL�SURVHV�

IRWRVLQWHVLV� \DQJ�PHQGRURQJ� ODMX�SHUWXPEXKDQ�

SRKRQ��3DGD�WDMXN�\DQJ�NHFLO�GDQ�MDUDQJ�PHQXQ�

MXNNDQ� NRQGLVL� WDSDN� WXPEXK� \DQJ� WLGDN� DWDX�

NXUDQJ�PHQGXNXQJ�SHUWXPEXKDQ� DWDX� DGD� SHU�

VRDODQ�GLVLVWHP�SHUDNDUDQ�SRKRQ�
.HVXEXUDQ�WDQDK�GLGDVDUNDQ�SDGD�QLODL�.DSD�

VLWDV� 7XNDU� .DWLRQ� �.7.�� \DQJ� GLSHUROHK� GDUL�

KDVLO�DQDOLVLV�WDQDK�GLPDVLQJ�PDVLQJ�NODVWHUSORW��

7DQDK�GLDQDOLVLV�GL�/DERUDWRULXP�%DODL�/LWEDQJ�

7DQDK�%RJRU��7DEHO����
3HQJHPEDQJDQ�KXWDQ�UDN\DW�GDODP�VNDOD�EH�

VDU�XQWXN�PHPHQXKL�SDVRNDQ�EDKDQ�EDNX�LQGXVWUL�

PHQXQWXW�DGDQ\D�LQIRUPDVL�NHFXNXSDQ�KDUD�GDQ�

SHUVHGLDDQ�KDUD�\DQJ�DGD�GDODP�WDQDK��6HWLDS�SH�

QJHOXDUDQ�ELRPDVVD�GDUL�VXDWX�KXWDQ�UDN\DW�EHU�

DUWL�SHQJHOXDUDQ�XQVXU�KDUD�GDUL�VXDWX�NDZDVDQ��

+DO�WHUVHEXW�VDQJDW�PHPSHQJDUXKL�VLNOXV�KDUD�GL�

KXWDQ�UDN\DW�VHQJRQ��6DODK�VDWX�VLIDW�NLPLD�WDQDK�

\DQJ�WHUNDLW�HUDW�GHQJDQ�NHWHUVHGLDDQ�KDUD�EDJL�

WDQDPDQ�GDQ�PHQMDGL�LQGLNDWRU�NHVXEXUDQ�WDQDK�

DGDODK�.DSDVLWDV�7XNDU�.DWLRQ��.7.���6LWWDGHZL�

HW�DO����������.7.�PHUXSDNDQ�MXPODK�WRWDO�NDWLRQ�

\DQJ�GDSDW�GLSHUWXNDUNDQ�� ��FDWLRQ�H[FKDQJDEOH

SDGD�SHUPXNDDQ�NRORLG�\DQJ�EHUPXDWDQ�QHJDWLI��

%HUGDVDUNDQ�NHSDGD�NULWHULD�SHQLODLDQ�NHVXEXUDQ�

WDQDK� PHQXUXW� NULWHULD� 3XVDW� 3HQHOLWLDQ� 7DQDK�

�+DUGMRZLJHQR���������PDND�VHPXD�NODVWHU�SORW�

WHUPDVXN�NULWHULD�UHQGDK���±���PH����J����+DVLO�

DQDOLVLV�VLIDW�NLPLD�WDQDK��\DLWX�.7.�SDGD�NODV�

WHU�SORW�KXWDQ�UDN\DW��7DEHO�����.DSDVLWDV� WXNDU�

NDWLRQ�PHQXQMXNNDQ�NHPDPSXDQ�SRWHQVLDO�WDQDK�

XQWXN�PHQDKDQ�QXWULVL�WDQDPDQ�GDQ�PHQFHUPLQ�

NDQ�WLQJNDW�NHVXEXUDQ�WDQDK�GDODP�NODVWHU�SORW�
1LODL�WHUWLPEDQJ��17��SDUDPHWHU�GDUL�LQGLND�

WRU�SURGXNWLYLWDV��SHUWXPEXKDQ�SRKRQ���YLWDOLWDV�

�NRQGLVL�NHUXVDNDQ�SRKRQ�GDQ�NRQGLVL�WDMXN��GDQ�

NXDOLWDV� WDSDN� �NHVXEXUDQ� WDQDK�� GLDQDOLVLV� GH�

QJDQ�PHQJJXQDNDQ� WHNQLN�$QDO\WLFDO�1HWZRUN�

LQJ�3URFHVV��$13���7DEHO����

.ODVWHU�SORW
�&OXVWHU�SORW�

8PXU�WDQDPDQ��WDKXQ�
�$JH��\HDU���

.7.��&(&��

�� ������

�� �����

�� ������

�� �����

�

�

�

�

� �� ������

��� �� ������

��� �� �����

��� �� ������

6XPEHU��6RXUFH���+DVLO�DQDOLVLV�/DERUDWRULXP�%DODL�3HQHOLWLDQ�7DQDK��%RJRU��������$QDO\VLV�UHVXOW�RI�%DODL�3HQHOLWLDQ�7DQDK
�����������������������������/DERUDWRU\��%RJRU�������

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

9RO����1R����'HVHPEHU��������������

7DEHO��7DEOH�����1LODL�NDSDVLWDV�WXNDU�NDWLRQ��.7.��SDGD�PDVLQJ�PDVLQJ�NODVWHU�SORW��&(&�YDOXHV�RQ�HDFK�
FOXVWHU�SORWV�



���

7DEHO�� ����� 1LODL� WHUWLPEDQJ� DNKLU� VHWLDS� SDUDPHWHU� �LQGLNDWRU�� �7DEOH )LQDO� ZHLJKWHG� YDOXH� RQ� HDFK�
SDUDPHWHU��LQGLFDWRU��

�

3HUWXPEXKDQ
SRKRQ

�7UHH�JURZWK�

�

�

.HVXEXUDQ
WDQDK

�6RLO�IHUWLOLW\�

�

�

.HUXVDNDQ
SRKRQ

�7UHH�GDPDJH�

�

�

.RQGLVL�WDMXN
�&URZQ

FRQGLWLRQ�

�

�

1LODL
WHUWLPEDQJ
�:HLJKWHG
YDOXH�

3SKQ��7UHH�JURZWK � � ���� � ���� � ���� � ���� � ����

.WQK��6LWH�TXDOLW\� � ���� � ���� � ���� � ���� � ����

.SKQ��7UHH�GDPDJH � � ���� � ���� � ���� � ���� � ����

.WMN��&URZQ�

FRQGLWLRQ�
�

���� � ���� � ���� � ���� � ����

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

3DGD�7DEHO���PHQXQMXNNDQ�EDKZD�17�LQGLND�
WRU��SDUDPHWHU��WHUHQGDK�DGDODK�NRQGLVL�NHUXVD�
NDQ�SRKRQ� ��������+DO� LQL�PHQXQMXNNDQ�EDKZD�
NRQGLVL� NHUXVDNDQ� SRKRQ� GDSDW�PHPSHQJDUXKL�
SHUWXPEXKDQ�SRKRQ��NHVXEXUDQ� WDQDK�GDQ�NRQ�
GLVL� WDMXN��6XDWX�FRQWRK��DSDELOD�SRKRQ�VHQJRQ�
PHQJDODPL� NHUXVDNDQ� SRKRQ�� \DLWX� NHUXVDNDQ�
SDGD� GDHUDK� EDWDQJ� SHQJDUXKQ\D� DNDQ� WLQJJL�
DSDELOD� GLEDQGLQJNDQ� GHQJDQ� NHUXVDNDQ� SDGD�
WDMXN�� 6DODK� VDWXQ\D� NDUHQD� NHUXVDNDQ� SDGD�
SRKRQ�DNDQ�EHUSHQJDUXK�WHUKDGDS�SHUWXPEXKDQ�
SRKRQ�GDQ�DNDQ�EHUGDPSDN�SDGD�NHVHKDWDQ�KXWDQ�
UDN\DW�� VHSHUWL� GLMHODVNDQ�ROHK�1XKDPDUD� ��HW�DO
������� EDKZD� NHUXVDNDQ� SDGD� EDJLDQ� EDWDQJ�

GDODP�MDQJND�SDQMDQJ�DNDQ�PHQ\HEDENDQ�SHQX�
UXQDQ� YROXPH� GDQ� NXDOLWDV� ND\X��17� LQGLNDWRU�
�SDUDPHWHU��NHVXEXUDQ�WDQDK�FXNXS�WLQJJL��������
PHQXQMXNNDQ�NDLWDQ�SHQWLQJ�.7.�GHQJDQ�NHVH�
KDWDQ�KXWDQ��NDUHQD�.7.�PHQXQMXNNDQ�HIHNWLYL�
WDV�WDQDK�GDODP�PHQ\XSODL�KDUD�\DQJ�GLSHUOXNDQ�
EDJL� SHUWXPEXKDQ� SRKRQ�� 3RKRQ� DNDQ� PDPSX�
WXPEXK�GHQJDQ�EDLN�MLND�GLGXNXQJ�ROHK�NXDOLWDV�
WDSDN�WHPSDW�WXPEXK�SRKRQ�\DQJ�GDSDW�PHQ\R�
NRQJ�SHUWXPEXKDQ�RSWLPDO�WHJDNDQ�

1LODL�VNRU� �16��VHWLDS�SDUDPHWHU� �LQGLNDWRU��
EHUGDVDUNDQ�QLODL�WHUWLQJJL�GDQ�QLODL�WHUHQGDK�GDUL�
PDVLQJ�PDVLQJ� SDUDPHWHU� SDGD�PDVLQJ�PDVLQJ�
NODVWHU�SORW��7DEHO����

7DEHO��7DEOH�����1LODL�VNRU�VHWLDS�SDUDPHWHU��LQGLNDWRU���6FRUH�YDOXH�RQ�HDFK�SDUDPHWHU��LQGLFDWRU��

1LODL�VNRU
�6FRUH�YDOXH�

� .HODV�/%'6
�%DVDO�DUHD�FODVV�

� .HODV�&/,

�&/,�FODVV�

.HODV�9&5
�9&5�YODVV�

�

�
�

.HODV�.7.

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

5DKPDW�6DIH¶L��+DUGMDQWR��6XSUL\DQWR�GDQ�/HWL�6XQGDZDWL

3HQJHPEDQJDQ�0HWRGH�3HQLODLDQ�.HVHKDWDQ�+XWDQ
5DN\DW�6HQJRQ��)DOFDWDULD�PROXFFDQD��0LT���%DUQHE\�	�-�:��*ULPHV��



���

1LODL� VNRULQJ� GLEHULNDQ� SDGD� LQWHUYDO� �±����
6HPDNLQ� WLQJJL�QLODL�VNRU�PHQXQMXNNDQ� WLQJNDW�
NHVHKDWDQ�KXWDQ�UDN\DW�VHPDNLQ�WLQJJL��6NRULQJ�
NRQGLVL� SHUWXPEXKDQ� SRKRQ� GLGDVDUNDQ� SDGD�
EHVDUDQ�QLODL�/%'6�UDWD�UDWD�SRKRQ�SHU�KHNWDU��
6NRULQJ�NHUXVDNDQ�SRKRQ�GLGDVDUNDQ�SDGD�QLODL�
LQGHNV�NHUXVDNDQ�SRKRQ�SDGD�WLQJNDW�SORW��1LODL�
LQGHNV� NHUXVDNDQ� SRKRQ� WLQJNDW� SORW� GLSHUROHK�
GDUL�UDWD�UDWD�SHQMXPODKDQ�QLODL�LQGHNV�NHUXVDNDQ�
SRKRQ�SDGD�WLQJNDW�LQGLYLGX�SRKRQ��\DQJ�GLSHU�
ROHK�GDUL�QLODL�SHPERERWDQ�WHUKDGDS�VHWLDS�NHUX�
VDNDQ�SRKRQ��ORNDVL��WLSH�GDQ�WLQJNDW�NHSDUDKDQ�
NHUXVDNDQ��� 6NRULQJ� NRQGLVL� WDMXN� GLGDVDUNDQ�
SDGD�QLODL�9&5�XQWXN�VHWLDS�LQGLYLGX�SRKRQ�\DQJ�
GLSHUROHK�GDUL�KDVLO�SHQLODLDQ�WHUKDGDS�SDUDPHWHU�
NRQGLVL�WDMXN��6NRULQJ�NXDOLWDV�WDSDN�GLGDVDUNDQ�
SDGD�KDVLO�DQDOLVLV�NLPLD�WDQDK�

.DWHJRUL�NRQGLVL�NHVHKDWDQ�KXWDQ�UDN\DW�VH�
QJRQ�GLSHUROHK�GDUL�QLODL�DPEDQJ�EDWDV�NHVHKDWDQ�
KXWDQ� UDN\DW� VHQJRQ��1LODL� DPEDQJ�EDWDV�NHVH�
KDWDQ� KXWDQ� UDN\DW� GLSHUROHK� EHUGDVDUNDQ� QLODL�
WHUWLQJJL�GDQ�QLODL�WHUHQGDK�GDUL�QLODL�DNKLU�NHVH�
KDWDQ�KXWDQ�UDN\DW��7DEHO����

7DEHO�� ����� 1LODL�DPEDQJ�EDWDV�VWDWXV�NHVHKDWDQ�KXWDQ�UDN\DW�VHQJRQ��7DEOH 7UHVKROG�YDOXH�RI�KHDOWK�VWDWXV�
RI�VHQJRQ�FRPPXQLW\�IRUHVW�

.HODV�QLODL�DNKLU
�)LQDO�YDOXH�FODVV�

�

�

.DWHJRUL�NRQGLVL�NHVHKDWDQ�KXWDQ�UDN\DW
�&RPPXQLW\�IRUHVW�KHDOWK�FRQGLWLRQV�FDWHJRU\�

�

��
����±����� � %DJXV��*RRG� �
����±����

�
6HGDQJ��0RGHUDWH�

�
����±����� -HOHN��3RRU�

6XPEHU�� ���+DVLO�SHQLODLDQ�VHQGLUL�\DQJ�GLRODK�GDUL�GDWD�ODSDQJ��6RXUFH 7KH�UHVXOWV�RI�VHOI�DVVHVVPHQW�ZHUH�SURFHVVHG�IURP�ILHOG�
GDWD�

7DEHO�� ����� 1LODL�DNKLU�VWDWXV�NHVHKDWDQ�KXWDQ�UDN\DW�VHQJRQ��7DEOH )LQDO�YDOXH�RI�KHDOWK�VWDWXV�RI�VHQJRQ�
FRPPXQLW\�IRUHVW�

.ODVWHUSORW

�&OXVWHU�

SORW� �

8PXU�WDQDPDQ
�WDKXQ�

�$JH��\HDUV��

1LODL�DNKLU�NRQGLVL�NHVHKDWDQ
�)LQDO�YDOXH�RI�FRPPXQLW\
IRUHVW�RI�KHDOWK�FRQGLWLRQV�

.DWHJRUL�NRQGLVL�NHVHKDWDQ
KXWDQ�UDN\DW

�&RPPXQLW\�IRUHVW�KHDOWK
FRQGLWLRQV�FDWHJRU\��

� � ���� � %DJXV��*RRG� �
� � ���� � -HOHN��3RRU��
 �
� � ���� � 6HGDQJ��0RGHUDWH� �
� � ���� � -HOHN��3RRU��
 �

�

�

�

�

� � � ���� � %DJXV��*RRG� �
�� � � � ���� � 6HGDQJ��0RGHUDWH� �
�� � � � ���� � -HOHN��3RRU��
 �
�� � � � ���� � 6HGDQJ��0RGHUDWH��

6XPEHU�� ����+DVLO�SHQLODLDQ�VHQGLUL�\DQJ�GLRODK�GDUL�GDWD�ODSDQJ��6RXUFH 7KH�UHVXOWV�RI�VHOI�DVVHVVPHQW�ZHUH�SURFHVVHG�IURP�ILHOG�
GDWD�

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

1LODL�DNKLU�NRQGLVL�NHVHKDWDQ�KXWDQ�GLSHUROHK�
GDUL�SHUNDOLDQ�DQWDUD�17�GHQJDQ�16�SDUDPHWHU�
GDUL� LQGLNDWRU� HNRORJLV� NHVHKDWDQ� KXWDQ�� 1LODL�
DNKLU�VWDWXV�NHVHKDWDQ�KXWDQ�UDN\DW�VHQJRQ�SDGD�
VHWLDS�NODVWHU�SORW�GHQJDQ�NDWHJRUL�NRQGLVL�NHVH�
KDWDQ�KXWDQ�UDN\DW�VHQJRQ��7DEHO����

3DGD�7DEHO���PHQXQMXNNDQ�EDKZD�SDGD�NODV�
WHU� SORW� ��� ��� GDQ� ��� PHPLOLNL� QLODL� NHVHKDWDQ�
KXWDQ�\DQJ�MHOHN�NDUHQD�SDGD�NODVWHU�SORW�������GDQ�
���PHPLOLNL� QLODL� SHUWXPEXKDQ�SRKRQ� �/%'6��
GDQ� NHVXEXUDQ� WDQDK� �.7.�� \DQJ� UHQGDK� VHUWD�
QLODL�WLQJNDW�NHUXVDNDQ�WHJDNDQ��&/,��\DQJ�WLQJ�
JL��3DGD�SHQHOLWLDQ�LQL�QDPSDN�EDKZD�QLODL�9&5�
KDPSLU� VDPD� �UHQGDK� GDQ� VDQJDW� UHQGDK��
VHKLQJJD�WLGDN�WHUODOX�EHUSHQJDUXK�XQWXN�PHQJ�
XNXU� WLQJNDW� NHVHKDWDQ� KXWDQ� UDN\DW� VHQJRQ��
6HFDUD�YLVXDO�SDGD�ZDNWX�GLODNXNDQ�SHQJXNXUDQ�
WHUMDGL�SHQJJXJXUDQ�GDXQ�VHQJRQ�\DQJ�GLVHEDE�
NDQ�ROHK�PXVLP�NHPDUDX��3HQJXNXUDQ�QLODL�9&5�
PXQJNLQ� DNDQ� OHELK� YDOLG� MLND� GLODNXNDQ� GL�
PXVLP�SHQJKXMDQ�NDUHQD�GDXQ�OHELK�ULPEXQ�GDQ�
VHJDU���

9RO����1R����'HVHPEHU��������������



���

5DKPDW�6DIH¶L��+DUGMDQWR��6XSUL\DQWR�GDQ�/HWL�6XQGDZDWL

3HQJHPEDQJDQ�0HWRGH�3HQLODLDQ�.HVHKDWDQ�+XWDQ
5DN\DW�6HQJRQ��)DOFDWDULD�PROXFFDQD��0LT���%DUQHE\�	�-�:��*ULPHV��

,9��.(6,038/$1�'$1�6$5$1

7LQJNDW� NHVHKDWDQ� KXWDQ� UDN\DW� VHQJRQ�
� �0LT���%DUQHE\�	�-�:��)DOFDWDULD�PROXFFDQD�
*ULPHV�� GDSDW� GLQLODL� GHQJDQ� PHQJJXQDNDQ�
PHWRGH�)+0�� ��GHQJDQ�)RUHVW�+HDOW�0RQLWRULQJ
LQGLNDWRU�SULRULWDV�DGDODK�SURGXNWLYLWDV��NXDOLWDV�
WDSDN��GDQ�YLWDOLWDV��'DODP�SHQJHPEDQJDQ�PH�
WRGH� SHQLODLDQ� NHVHKDWDQ� KXWDQ� UDN\DW� VHQJRQ�
GDSDW� PHQJJXQDNDQ� QLODL� WHUWLPEDQJ� GDQ� QLODL�
VNRU�GDUL�PDVLQJ�PDVLQJ�LQGLNDWRU�SULRULWDV�WHU�
VHEXW�

�8&$3$1�7(5,0$�.$6,+

7HULPD�NDVLK�VD\D�VDPSDLNDQ�\DQJ�VHEHVDU�
EHVDUQ\D�NHSDGD�6($0(2�%,27523�DWDV�GX�
NXQJDQ�GDQD�SHQHOLWLDQ�PHODOXL�SHQHOLWLDQ�KLEDK�
GRNWRU� GDQ� .HPHQWHULDQ� 3HQGLGLNDQ� GDQ�
.HEXGD\DDQ� PHODOXL� EHDVLVZD� EDQWXDQ� SHQHOL�
WLDQ�

'$)7$5�3867$.$

&OLQH��6�3����������)+0��(QYLURQPHQWDO�PRQLWRULQJ�
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