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3HQJJXQDDQ� ODKDQ� GDQ� VLVWHP� KLGURORJL�
PHUXSDNDQ� VXDWX� VLVWHP� \DQJ� VDOLQJ� WHUNDLW�
GLPDQD� SHQJJXQDDQ� ODKDQ� PHQJRQWURO� SURVHV�
SURVHV�\DQJ�WHUNDLW�GHQJDQ�LQWHUVHSVL�FXUDK�KXMDQ�
GDQ�HYDSRWUDQVSLUDVL�\DQJ�EHUSHQJDUXK�WHUKDGDS�
SHQ\LPSDQDQ�GDQ�DOLUDQ�DLU��1\HNR� ��������HW�DO��

3HQJJXQDDQ�ODKDQ�GDQ�SHUXEDKDQQ\D�PHUXSDNDQ�
VDODK� VDWX� IDNWRU� NULWLV� \DQJ� PHPSHQJDUXKL�
NRPSRQHQ� GDODP� KLGURORJL� VHSHUWL� HYDSRUDVL��
DOLUDQ� SHUPXNDDQ�� LQILOWUDVL� GDQ� SHQJLVLDQ� DLU�
SHUPXNDDQ� �2]WXUN� � ������� 3HUXEDKDQ�HW� DO��
SHQJJXQDDQ� ODKDQ� MXJD� DNDQ� EHUGDPSDN� SDGD�
VXSODL� DLU� GHQJDQ� PHUXEDK� SURVHV�SURVHV�
KLGURORJL� VHSHUWL� LQILOWUDVL�� SHQJLVLDQ� DLU� WDQDK��

'$03$.�3(58%$+$1�3(1**81$$1�/$+$1�7(5+$'$3�5(6321�
+,'52/2*,6�',�'$6�$6$+$1

/DQGXVH�&KDQJH�,PSDFW�RQ�+\GURORJLF�5HVSRQVHV�LQ�$VDKDQ�:DWHUVKHG

$KPDG�'DQ\�6XQDQGDU ��(QGDQJ�6XKHQGDQJ ��+HQGUD\DQWR �
� � �

,�1HQJDK�6XUDWL�-D\D �GDQ�DQG�0DULPLQ
� �

�
%DODL�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�/LQJNXQJDQ�+LGXS�GDQ�.HKXWDQDQ��$HN�1DXOL��,QGRQHVLD

-O��5D\D�3DUDSDW�.P������'V��6LEDJDQGLQJ��3DUDSDW��6XPDWHUD�8WDUD��,QGRQHVLD
7OS����������������)D[���������������

�
)DNXOWDV�.HKXWDQDQ�,QVWLWXW�3HUWDQLDQ�%RJRU

-O��/LQJNDU�$NDGHPLN�.DPSXV�,3%�'UDPDJD�%RJRU��������-DZD�%DUDW��,QGRQHVLD
7OS������������������)D[����������������

�
)DNXOWDV�7HNQRORJL�3HUWDQLDQ�,QVWLWXW�3HUWDQLDQ�%RJRU

-O��0HUDQWL��.DPSXV�,3%�'UDPDJD�%RJRU��������-DZD�%DUDW��,QGRQHVLD
7OS���������������������������)D[�����������������(PDLO��IDSHUWD#LSE�DF�LG

(PDLO��VXQDQGDUBGDQ\#\DKRR�FRP��HBVXKHQGDQJ#\DKRR�FRP��KHQGUD\DQWR#JPDLO�FRP��LQV�MD\D#FEQ�QHW�LG

7DQJJDO�GLWHULPD�����$SULO�������7DQJJDO�GLUHYLVL����0HL�������7DQJJDO�GLVHWXMXL�

$%75$&7

/DQG�XVH�FKDQJH�LV�D�G\QDPLF�SURFHVV�RI�KXPDQ�DFWLYLW\�DQG�WKHVH�FKDQJHV�ZLOO�DIIHFW�K\GURORJLFDO�UHVSRQVH�RI�D�
ZDWHUVKHG��7KH�UHVHDUFK�DLPHG�WR�LGHQWLI\�K\GURORJLFDO�UHVSRQVHV�RI�$VDKDQ�ZDWHUVKHG�GXH�WR�ODQG�XVH�FKDQJH��3RVW�
FODVVLILFDWLRQ�LPDJH�DQDO\VLV�PHWKRG�ZDV�DSSOLHG�WR�DQDO\]H�ODQGVDW�LPDJH�WR�GHWHFW�ODQG�XVH�FKDQJH��6:$7�PRGHO�
ZDV�EXLOW�XVLQJ�ODQG�XVH�GDWD��VRLO�W\SH�DQG�GDLO\�FOLPDWH�GDWD�IURP������������7KH�UHVXOWV�VKRZHG�WKDW�ODQGXVH�
FKDQJH�ZHUH�PRUH�SUHYDOHQW�LQ�QRQ�IRUHVW�ODQG�ZKLOH�WKH�IRUHVW�ZDV�UHODWLYHO\�IL[HG��2SWLPXP�ODQG�XVH�ZDV�VKRZQ��LQ�
������LQGLFDWHG�ZLWK�WKH�ORZHVW�VXUIDFH�UXQ�RII�DQG�WKH�KLJKHVW�ZDWHU�\LHOG��,PSURYHG�K\GURORJLFDO�UHVSRQVH�RI�
$VDKDQ�:DWHUVKHG�WKURXJKRXW�����������RFFXUHG�GXH�WR�UHODWLYHO\�IL[HG�DUHD�RI�IRUHVW�FRYHU��UHGXFWLRQ�RI�EDUUHQG�
ODQG�DQG�VKUXEV�DQG�DGGLWLRQ�RI�SODQWDWLRQ�DUHD�

.H\ZRUGV��6XUIDFH�UXQ�RII��ODQGXVH��ZDWHUVKHG��ZDWHU�\LHOG

$%675$.

3HUXEDKDQ� SHQJJXQDDQ� ODKDQ�PHUXSDNDQ� SURVHV� \DQJ� GLQDPLV� GDUL� DNWLYLWDV�PDQXVLD� GDQ� SHUXEDKDQ� LQL� DNDQ�
EHUSHQJDUXK�WHUKDGDS�UHVSRQ�KLGURORJL�GDODP�VXDWX�'DHUDK�$OLUDQ�6XQJDL��'$6���3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�
PHQJLGHQWLILNDVL�UHVSRQ�KLGURORJL�'$6�$VDKDQ�DNLEDW�SHUXEDKDQ�SHQJJXQDDQ�ODKDQ�\DQJ�WHUMDGL�GL�'$6�$VDKDQ��
$QDOLVLV�SHUXEDKDQ�SHQJJXQDDQ�ODKDQ�GLODNXNDQ�PHODOXL�DQDOLVLV�FLWUD� �GHQJDQ�PHWRGH�/DQGVDW SRVW�FODVVLILFDWLRQ�
LPDJH�DQDO\VLV��0RGHO�6:$7�GLEDQJXQ�GHQJDQ�GDWD�SHQJJXQDDQ�ODKDQ��GDWD�MHQLV�WDQDK�GDQ�LNOLP�KDULDQ�DQWDUD�
WDKXQ������������+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�SHUXEDKDQ�ODKDQ�OHELK�EDQ\DN�WHUMDGL�GL�ODKDQ�QRQ�KXWDQ�
VHGDQJNDQ�ODKDQ�KXWDQ�UHODWLI�WHWDS��3HQJJXQDDQ�ODKDQ�RSWLPDO��WHUOLKDW�SDGD�WDKXQ������\DQJ�GLWXQMXNNDQ�GHQJDQ�
DOLUDQ�SHUPXNDDQ�\DQJ�SDOLQJ�NHFLO�GDQ�KDVLO�DLU�\DQJ�WLQJJL��3HUEDLNDQ�UHVSRQ�KLGURORJLV�'$6�$VDKDQ�GDUL�WDKXQ�
����������WHUMDGL�NDUHQD�OXDV�KXWDQQ\D�UHODWLI� WHWDS��EHUNXUDQJQ\D�OXDV�ODKDQ�WHUEXND�GDQ�VHPDN�EHOXNDU�VHUWD�
EHUWDPEDKQ\D��OXDV�ODKDQ�SHUNHEXQDQ�

.DWD�NXQFL��$OLUDQ�SHUPXNDDQ��GDHUDK�$OLUDQ�6XQJDL��KDVLO�DLU��SHQJJXQDDQ�ODKDQ
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DOLUDQ� GDVDU� GDQ� OLPSDVDQ� SHUPXNDDQ� � ��UXQ� RII
�/LQ� �������GDQ�NXDOLWDV�DLU��KDELWDW�SHUDLUDQ�HW�DO��
GDQ� VDOXUDQ� VHUWD� PRUIRORJL� EDQMLU� �-DPHV� 	�
/HFFH���������

3HQJDUXK� SHQXWXSDQ� ODKDQ� �VHSHUWL� KXWDQ��
WHUKDGDS� UHVSRQ� KLGURORJL� GDODP� '$6� VXGDK�
EDQ\DN� GLEXNWLNDQ� PHODOXL� EHUEDJDL� SHQHOLWLDQ�
�0XEDURN� �� ������ 'DVDQWR� �� ������HW� DO� HW� DO�
=KDQJ� 	� :HL�� ������ :LQNOHU� �� �������HW� DO�
3HUXEDKDQ� WXWXSDQ� ODKDQ� KXWDQ� GDQ� IDNWRU�
PDQDMHPHQ� \DQJ� GLDSOLNDVLDNDQ� SDGD� VXDWX�
NDZDVDQ�KXWDQ� �DNDQ�PHUXEDK�UHVSRQ�KLGURORJL�
GDODP�VXDWX�'$6��3LNH� ��������-RQHV� ��HW�DO� HW�DO�
������� 'L� ,QGRQHVLD�� SHQHOLWLDQ� PHQJHQDL�
SHQJDUXK�SHUXEDKDQ�SHQJJXQDDQ�ODKDQ�WHUKDGDS�
UHVSRQ�KLGURORJLV�WHODK�EDQ\DN�GLODNXNDQ��$QZDU�
HW� DO�� ������� PHQ\DWDNDQ� EDKZD� SHQXUXQDQ�
SHQXWXSDQ� ODKDQ� KXWDQ� GL� '$6� %DULWR� +XOX�
VHEDQ\DN� ������ GDUL� NRQGLVL� VHPXOD� GDSDW�
PHQLQJNDWNDQ� KDVLO� DLU�� HYDSRWUDQVSLUDVL� GDQ�
HURVL� EHUWXUXW�WXUXW� VHEHVDU� ������� ������ GDQ�
����� WRQ� SHU� KD� SHU� WDKXQ� VHUWD� VLPSDQDQ� DLU�
PHQXUXQ� VHEHVDU� �������� 3UDVHQD� 	� 6UHVWKD�
�������PHQ\DWDNDQ� EDKZD� EHUNXUDQJQ\D� ODKDQ�
NHEXQ� FDPSXUDQ� PHQMDGL� ODKDQ� SHPXNLPDQ�
VHEDQ\DN� ������ GDQ� PHQLQJNDWNDQ� OLPSDVDQ�
DQWDUD�������������

6DODK� VDWX� PRGHO� XQWXN� PHQGXJD� GDPSDN�
SHUXEDKDQ� SHQJJXQDDQ� ODKDQ� WHUKDGDS� UHVSRQ�
KLGURORJL�DGDODK� �6RLO�DQG�:DWHU�$VVHVVPHQW�7RRO
�6:$7�� �'HFKPL� 8QWXN� PHP�HW� DO��� �������
EDQJXQ� VHEXDK� PRGHO� PHQJJXQDNDQ� 6:$7��
GLSHUOXNDQ� GDWD� VSDVLDO� GDQ� WDEXODU� \DQJ� DNDQ�
GLJDEXQJ� NH� GDODP� PRGHO�� 'DWD� VSDVLDO� \DQJ�
GLEXWXKNDQ�DGDODK�GDWD� �'LJLWDO�(OHYDWLRQ�0RGHO
�'(0��XQWXN�PHPEHQWXN�DOLUDQ�GDQ�SHWD�NHODV�
OHUHQJ�� GDWD� MHQLV� WDQDK� GDQ� GDWD� WXWXSDQ� DWDX�
SHQJJXQDDQ� ODKDQ�� 'DWD� LNOLP� GDODP� EHQWXN�
WDEXODU� NHPXGLDQ� GLJDEXQJNDQ� XQWXN� PHP�
EDQJXQ�PRGHO��'DODP�DSOLNDVLQ\D��6:$7�PHP�
EDJL� VHEXDK� '$6� PHQMDGL� EHEHUDSD� VXE� '$6�
\DQJ� GLKXEXQJNDQ� GHQJDQ� MDULQJDQ� VXQJDL� GDQ�
+\GURORJLF�5HVSRQVH�8QLW��+58��\DQJ�GLEDQJXQ�
GDUL� NRPELQDVL� WXWXSDQ� ODKDQ�� MHQLV� WDQDK� GDQ�
OHUHQJ�SDGD�VHWLDS�VXE�'$6��1REHUW�	�-HUHPLDK��
�������'DODP�6:$7��NDOLEUDVL�PHUXSDNDQ�XSD\D�
XQWXN�PHQJKDVLONDQ�SDUDPHWHU�PRGHO�\DQJ�OHELK�
EDLN�� VHVXDL� GHQJDQ� NRQGLVL� '$6� VHWHPSDW��
VHKLQJJD� ELVD� PHQJXUDQJL� NHWLGDNSDVWLDQ� SUH�
GLNVL��$UQROG� �������HW�DO��

$SOLNDVL� 6:$7� GDODP� EHUEDJDL� NHSHUOXDQ�
WHUNDLW�GHQJDQ�KLGURORJL�GDODP�'$6�GL�,QGRQHVLD�
WHODK� EDQ\DN� GLODNXNDQ� GLDQWDUDQ\D� XQWXN�
HYDOXDVL�NLQHUMD�'$6�GDQ�VLPXODVL�NRQVHUYDVL�GL�
VXE� '$6� 7DEXQJ�� 6LDN� �)DMUL� ��� �������HW� DO

SHQJHORODDQ�'$6�&LVDGDQH��-XQDLGL�	�7DULJDQ��
������� NDMLDQ� UHVSRQ� SHUXEDKDQ� SHQJJXQDDQ�
ODKDQ� WHUKDGDS� NDUDNWHULVWLN� KLGURORJL� GL� '$6�
&LUDVHD� �<XVXI�� ������ GDQ� XQWXN� SHQJHORODDQ�
ODKDQ� WHUEDLN� GL� VXE� '$6� &LOLZXQJ� +XOX�
�<XVWLND�� ������� 3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN�
PHQJHWDKXL� GDPSDN� SHUXEDKDQ� SHQJJXQDDQ�
ODKDQ� WHUKDGDS� UHVSRQ� KLGURORJLV� �DOLUDQ� SHU�
PXNDDQ��GHELW��DOLUDQ�GDVDU�GDQ�KDVLO�DLU��GL�'$6�
$VDKDQ�\DQJ�WHUMDGL�DQWDUD�WDKXQ������������

,,���0(72'2/2*,�

$��:DNWX�GDQ�7HPSDW�3HQHOLWLDQ

3HQHOLWLDQ�GLODNVDQDNDQ�SDGD�EXODQ�1RYHP�
EHU������VDPSDL�GHQJDQ�-DQXDUL�������3HQHOLWLDQ�
LQL�GLODNXNDQ�GL�'$6�$VDKDQ��3URYLQVL�6XPDWHUD�
8WDUD�\DQJ�WHUOHWDN�DQWDUD��������������%7�GDQ�
�����������%7� �*DPEDU� ����/XDV�'$6�$VDKDQ�
EHUGDVDUNDQ�KDVLO�GHOLQHDVL�PHQJJXQDNDQ�PRGHO�
6:$7� DGDODK� ��������� NP � GHQJDQ� SDQMDQJ�

�

VXQJDL� XWDPD�PHQFDSDL� ���� NP��'$6�$VDKDQ�
PHPSXQ\DL�WRSRJUDIL�\DQJ�FXUDP�GL�VHNLWDU�KXOX��
WHWDSL� ODQGDL� GL� WHQJDK� KLQJJD� NH� KLOLU� GDQ�
PHPSXQ\DL� HOHYDVL�PXODL� GDUL� ��P�GSO� KLQJJD�
NHWLQJJLDQ� ������ P� GSO�� 3HQJJXQDDQ� ODKDQ�
GLGRPLQDVL� ROHK� SHUWDQLDQ� ODKDQ� NHULQJ� GDQ�
SHUNHEXQDQ� GHQJDQ� GHQJDQ� NRPRGLWDV� XWDPD�
EHUXSD�NHODSD�VDZLW�GDQ�NDUHW��&XUDK�KXMDQ�DQWDUD�
������������ PP� SHU� WDKXQ� �EHUGDVDUNDQ� GDWD�
WDKXQ������������

%��%DKDQ�GDQ�$ODW

%DKDQ� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ�
EHUXSD�GDWD�VSDVLDO�GDQ�GDWD�WDEXODU��'DWD�VSDVLDO�
\DQJ�GLJXQDNDQ� DGDODK�GDWD� KDVLO� DQDOLVLV� FLWUD�
/DQGVDW� \DQJ� PHQDPSLONDQ� FLWUD� SHQXWXSDQ�
ODKDQ� WDKXQ� ����� �SDWK� ����� URZ� ���� GDWH�
DFTXLVLWLRQ����'HVHPEHU��������������SDWK������
URZ����� � ��)HEUXDUL� ������ GDQ�GDWH� DFTXLVLWLRQ
����� �SDWK� ����� URZ� ���� ���GDWH� DFTXLVLWLRQ�
)HEUXDUL� ������� GDWD� '(0� �'LJLWDO� (OHYDWLRQ�
0RGHO���GDWD�MHQLV�WDQDK�GDQ�DWULEXWQ\D��MXPODK�
ODSLVDQ�� NHWHEDODQ� VHWLDS� ODSLVDQ�� EHUDW� MHQLV��
IUDNVL�� \DQJ� GLSHUROHK� GDUL� 3XVDW� 3HQHOLWLDQ�
7DQDK� GDQ� $JURNOLPDW� GDQ� KDVLO� SHQJDPDWDQ�
VHUWD�GDWD�LNOLP��KXMDQ�KDULDQ��VXKX�PDNVLPXP��
PLQLPXP� KDULDQ�� NHOHPEDEDQ� UHODWLI�� ODPD�
SHQ\LQDUDQ�PDWDKDUL�� NHFHSDWDQ� DQJLQ� UDWD�UDWD�
KDULDQ��\DQJ�GLSHUROHK�GDUL�%DGDQ�0HWHRURORJL�
*HRILVLND� GDQ� .OLPDWRORJL� XQWXN� VWDVLXQ� \DQJ�
EHUDGD�GL�'$6�$VDKDQ�VHUWD�VHEDJDL�GDWD�SHP�
EDQGLQJ� GDODP� SURVHV� NDOLEUDVL� GDQ� YDOLGDVL�
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'DPSDN�3HUXEDKDQ�3HQJJXQDDQ�/DKDQ�WHUKDGDS�5HVSRQ
+LGURORJLV�GL�'$6�$VDKDQ

DGDODK� GDWD� GHELW� VXQJDL� GL�'$6�$VDKDQ� �GDWD�
WHUVHGLD� DGDODK� WDKXQ� ���������� PLQXV� WDKXQ�
����� GDQ� ������ \DQJ� GLSHUROHK� GDUL� %DODL�
:LOD\DK� 6XQJDL� ,,� 0HGDQ� GDQ� 3XVDW� /LWEDQJ�
3HQJDLUDQ��.HPHQWHULDQ�3HNHUMDDQ�8PXP��$ODW�
\DQJ� GLJXQDNDQ� DGDODK� NRPSXWHU� GHQJDQ�
VRIWZDUH�$UF*,6������GHQJDQ�WDPEDKDQ�HNVWHNVL�
6:$7�� � �*36�� GDQ�*OREDO� 3RVLVWLRQLQJ� 6\VWHP
DODW�SHQJDPELODQ�FRQWRK�WDQDK�

&���0HWRGH

$QDOLVLV�SHUXEDKDQ�SHQJJXQDDQ�ODKDQ�GLODNX�
NDQ�PHQJJXQDNDQ�FLWUD�/DQGVDW�\DQJ�GLSHUROHK�
WDKXQ� DNXLVLVL� ������ ����� GDQ� ����� GLDQDOLVLV�
GHQJDQ�PHQJJXQDNDQ�SURJUDP�(5'$6�,PDJLQH�
GHQJDQ� PHWRGH� YLVXDO� GHOLQHDWLRQ�� 3HQHQWXDQ�
SHQXWXSDQ� DWDX� SHQJJXQDDQ� ODKDQ� GLGDVDUNDQ�
SDGD� SDQGXDQ� \DQJ� GLNHOXDUNDQ� ROHK� %DGDQ�
3ODQRORJL� .HKXWDQDQ� ������� GDQ� PHPEDJL�
SHQXWXSDQ� DWDX� SHQJJXQDDQ� ODKDQ� PHQMDGL� ���
NHODV�� \DLWX� KXWDQ� FDPSXUDQ�� SHUNHEXQDQ��
SHUWDQLDQ�� SHPXNLPDQ�� WDQDK� WHUEXND�� VDZDK��
PDQJURYH�� ODKDQ� EDVDK� WLGDN� EHUKXWDQ�� UDZD��
VHPDN�EHOXNDU�GDQ�WXEXK�DLU��8QWXN�PHQJHWDKXL�
SHUXEDKDQ�\DQJ�WHUMDGL�GLODNXNDQ�SRVW�FODVVLILFD�
WLRQ�LPDJH�DQDO\VLV�GHQJDQ�PHODNXNDQ�WXPSDQJ�

*DPEDU�� �����/RNDVL�SHQHOLWLDQ��)LJXUH 5HVHDUFK�ORFDWLRQ�

VXVXQ�GDQ�NHPXGLDQ�GLLGHQWLILNDVL�GDQ�GLNXDQWL�
ILNDVL�SHUXEDKDQ�\DQJ�WHUMDGL�

3HPEDQJXQDQ�PRGHO�KLGURORJL�PHQJJXQDNDQ�
6:$7� GLODNXNDQ� GDODP� EHEHUDSD� WDKDSDQ��
7DKDSDQ� SHUWDPD� DGDODK� SHQGHILQLVLDQ� DUHDO�
WDQJNDSDQ�GDQ�GHOLQLDVL�EDWDV�GHQJDQ�PHQJJXQD�
NDQ� GDWD� '(0� GDQ�PDVNLQJ� �SHQHQWXDQ� EDWDV�
DUHD��� 3DGD� WDKDSDQ� LQL� MXJD� GLODNXNDQ� SHP�
EHQWXNDQ�VXE�'$6�\DQJ�GDODP�SHQHOLWLDQ�LQL�DUHD�
PLQLPXPQ\D�GLDWXU�SDGD��������KD�GDQ�GLWHQWX�
NDQ�WLWLN�RXWOHW�'$6��7DKDSDQ�EHULNXWQ\D�DGDODK�
SHPEHQWXNDQ� +58� \DQJ� PHUXSDNDQ� KDVLO�
WXPSDQJ�VXVXQ�DQWDUD�SHQJJXQDDQ�DWDX�SHQXWXS�
DQ�ODKDQ��MHQLV�WDQDK�GDQ�NHODV�OHUHQJ��%DWDV�DWDX�
WKUHVKROG�\DQJ�GLJXQDNDQ�DGDODK�SHUVHQWDVH�OXDV�
DUHD� GDQ� GLJXQDNDQ� PDVLQJ�PDVLQJ� XQWXN�
SHQJJXQDDQ� DWDX� SHQXWXSDQ� ODKDQ�� MHQLV� WDQDK�
GDQ� NHODV� OHUHQJ� PDVLQJ�PDVLQJ� DGDODK� �����
����GDQ����

3HPDVXNDQ� GDWD� LNOLP� PHQMDGL� WDKDSDQ�
EHULNXWQ\D�GLPDQD�GDWD� LNOLP�KDVLO�SHQJRODKDQ�
PHQMDGL� GDWD� LQSXW� GDODP� ZHDWKHU� JHQHUDWRU�
�³ZJQ´�� VHEDJDL� SHPEDQJNLW� GDWD� LNOLP� GDUL�
6WDVLXQ�,NOLP�6DPSDOL��0HGDQ��'DWD�FXUDK�KXMDQ�
KDULDQ� GDQ� VXKX� PDNVLPXP±PLQLPXP� KDULDQ�
EHUDVDO�GDUL�OLPD�VWDVLXQ�SHQJXNXU�KXMDQ��6HWHODK�
GDWD� LNOLP� WHULQSXW� PDND� PRGHO� 6:$7� GDSDW�
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GLVLPXODVLNDQ�� 'DODP� VLPXODVL� LQL�� GDWD� SHQJ�
JXQDDQ� DWDX� SHQXWXSDQ� ODKDQ� \DQJ� GLJXQDNDQ�
DGDODK�GDWD�WDKXQ������

$QDOLVLV� VHQVLWLYLWDV� GDQ� NDOLEUDVL� PRGHO�
6:$7� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL�
PHQJJXQDNDQ�SURJUDP�6:$7�&83�68),���\DQJ�
PHUXSDNDQ� SURJUDP� NDOLEUDVL� VHPL� DXWRPDWLV�
�$EEDVSRXU�� ������� 3HQHQWXDQ� SDUDPHWHU� \DQJ�
GLNDOLEUDVL�GLGDVDUNDQ�SDGD�KLGURJUDI�\DQJ� WHU�
EHQWXN�KDVLO�VLPXODVL�6:$7�\DQJ�GLEDQGLQJNDQ�
GHQJDQ� GDWD� GHELW� KDVLO� SHQJXNXUDQ�� .DOLEUDVL�
PHQJJXQDNDQ� GDWD� GHELW� UDWD�UDWD� EXODQDQ� GDUL�
-DQXDUL������VDPSDL�GHQJDQ�$JXVWXV������GDQ�
GDWD�SHQXWXSDQ�ODKDQ�WDKXQ������GHQJDQ�MXPODK�
LWHUDVL�DWDX�SHQJXODQJDQ�VHEDQ\DN�����NDOL�GDQ�
GLKDUDSNDQ� PHQJKDVLONDQ� QLODL� 16(� \DQJ�
PHQGHNDWL����0HQXUXW�0RULDVL�HW�DO���������QLODL�
16(� DGDODK� DQWDUD� ����� DSDELOD� QLODL� 16(�
PHQGHNDWL���EHUDUWL�UDWD�UDWD�QLODL�REVHUYDVL�OHELK�
EDLN� GDUL� QLODL� VLPXODVL� GDQ� KDO� LQL� PHQJLQGL�
NDVLNDQ�NLQHUMD�PRGHO�\DQJ�WLGDN�GDSDW�GLWHULPD��
3URVHV� NDOLEUDVL� LQL� DNDQ� PHQJKDVLONDQ� QLODL�
SDUDPHWHU� WHUEDLN� GDQ� SDUDPHWHU� \DQJ� VHQVLWLI�
WHUKDGDS� SHUXEDKDQ� QLODLQ\D�� 1LODL� SDUDPHWHU�

\DQJ� WHUEDLN� NHPXGLDQ� DNDQ� GLYDOLGDVL� XQWXN�
PHQJXML� NHKDQGDODQ� PRGHO� \DQJ� GDODP�
SHQHOLWLDQ� LQL�GLODNXNDQ�XQWXN�GDWD�GHELW� WDKXQ�
���������� GDQ� GDWD� SHQJJXQDDQ� ODKDQ� WDKXQ�
�����

8QWXN�PHQJDQDOLVLV�GDPSDN�SHUXEDKDQ�SHQJ�
JXQDDQ�OXDVDQ�ODKDQ�WHUKDGDS�UHVSRQ�KLGURORJLV�
GL�'$6�$VDKDQ��GLJXQDNDQ�GXD�PHWRGH��0HWRGH�
SHUWDPD� PHODOXL� DQDOLVLV� GHVNULSWLI� GHQJDQ�
PHPEDQGLQJNDQ� FXUDK� KXMDQ� GHQJDQ� GHELW�
�REVHUYDVL�� \DQJ� GLKDVLONDQ�� 0HWRGH� NHGXD�
DGDODK� PHODOXL� VLPXODVL� PHQJJXQDNDQ� PRGHO�
6:$7�� XQWXN� PHQJLGHQWLILNDVL� GDPSDN�
SHUXEDKDQ� SHQJJXQDDQ� ODKDQ� WHUKDGDS� DOLUDQ�
SHUPXNDDQ��DOLUDQ�GDVDU�GDQ�KDVLO�DLU�

,,,��+$6,/�'$1�3(0%$+$6$1

%HUGDVDUNDQ�KDVLO�DQDOLVLV�FLWUD�VDWHOLW��SHUX�
EDKDQ�OXDVDQ�SHQXWXSDQ�ODKDQ�WHUMDGL�GL�VHOXUXK�
WLSH�SHQXWXSDQ� ODKDQ��+DVLO� WDEXODVL�SHUXEDKDQ�
\DQJ�WHUMDGL�GDSDW�GLOLKDW�SDGD�7DEHO���

7DEHO��7DEOH����G/XDV�PDVLQJ�PDVLQJ�WXWXSDQ�ODKDQ�GDQ�SHUXEDKDQQ\D��KD���&RYHUDJH�DUHDV�RI�ODQG�
XVH�DQG�LWV�FKDQJH���KD�

1R�
7XWXSDQ�ODKDQ�
�/DQGXVH�W\SH��

/XDV��$UHDV���KD��

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

�� +XWDQ�ODKDQ�NHULQJ�

�'U\ODQG�IRUHVW��

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

�� +XWDQ�ODKDQ�EDVDK�

�:HWODQG�IRUHVW��

����� ������������ ����� �� ���� ����

�� 3HPXNLPDQ��8UEDQ�� �������� ����������� ����������� �� ���� ����
�� 3HUNHEXQDQ���3ODQWDWLRQ�� ���������� �������� �������� ����� ������ ������

�� 3HUWDQLDQ�ODKDQ�NHULQJ�

�'U\ODQG�DJULFXOWXUH��

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

�� 5DZD��6ZDPS�� ������� ������ ������� ���� ����� �����

�� 6DZDK��3DGG\�ILHOG�� ��������� ��������� ������� ���� ������ ������

�� 6HPDN�EHOXNDU��%XVK�� ��������� ��������� ��������� ������� ����� �������
�� 7DQDK�WHUEXND�

�%DUUHQG�ODQG��

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

��� 7XEXK�DLU��:DWHU�ERG\�� ������� �������� ��������� �� ���� ����

��� 9HJHWDVL�UDZD��

�1RQ�IRUHVW�VZDPS�YHJHWDWLRQ��

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

6XPEHU��6RXUFH���+DVLO�LQWHUSUHWDVL�FLWUD��,PDJH�LQWHUSUHWDWLRQ�UHVXOW�

9RO����1R����-XQL������������
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$KPDG�'DQ\�6XQDQGDU��(QGDQJ�6XKHQGDQJ��+HQGUD\DQWR��,�1HQJDK�6XUDWL�-D\D�GDQ�0DULPLQ

'DPSDN�3HUXEDKDQ�3HQJJXQDDQ�/DKDQ�WHUKDGDS�5HVSRQ
+LGURORJLV�GL�'$6�$VDKDQ

7XWXSDQ�ODKDQ�
�/DQGXVH�W\SH��

/XDV�SHUXEDKDQ�SHQJJXQDDQ�ODKDQ�WDKXQ�������������KD��

�/DQGXVH�FKDQJH�DUHDV�LQ������WR���������KD��

+/.� +/%�30.0� 3.%1� 3/.5� 5DZD� 6DZDK� 6�%� 77%.� 7��$,5� 9*5:�

+XWDQ�ODKDQ�NHULQJ�
�'U\ODQG�IRUHVW��

�� �� �� �� �� �� �� �� ���� �� ��

+XWDQ�ODKDQ�EDVDK�

�:HWODQG�IRUHVW��

�� �� ��� �� �� �� �� �� �� �� ��

3HPXNLPDQ��8UEDQ�� �� �� �� �� �� �� �� �� �� �� ��

3HUNHEXQDQ�
�3ODQWDWLRQ��

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

3HUWDQLDQ�ODKDQ�NHULQJ�

�'U\ODQG�DJULFXOWXUH��

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

5DZD��6ZDPS�� �� �� �� ��� ���� �� �� �� � �� ��

6DZDK��3DGG\�ILHOG�� �� �� �� ���� �� �� �� �� �� �� ��

6HPDN�EHOXNDU��%XVK�� ��� �� �� ������ ���� �� ������ �� �� �� ��
7DQDK�WHUEXND�

�%DUUHQG�ODQG��

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

7XEXK�DLU��:DWHU�ERG\�� �� �� �� �� ��� �� �� �� � �� ��

9HJHWDVL�UDZD��

�1RQ�IRUHVW�VZDPS�

YHJHWDWLRQ��

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

6XPEHU�� ����+DVLO�SHQJRODKDQ�FLWUD �� �6RXUFH �/DQGVDW /DQGVDW�LPDJH�SURFHVVLQJ�UHVXOW
.HWHUDQJDQ�� ���+/.�� +XWDQ� ODKDQ� NHULQJ� � +/%�� +XWDQ� ODKDQ� EDVDK� � 30.0��5HPDUNV 'U\ODQG� IRUHVW��� :HWODQG� IRUHVW���

3HPXNLPDQ� � 3.%1�� 3HUNHEXQDQ� � 3/.5�� 3HUWDQLDQ� ODKDQ� NHULQJ� �8UEDQ��� 3ODQWDWLRQ��� 'U\ODQG�
DJULFXOWXUH��� %XVK��� :DWHU� ERG\���6�%�� 6HPDN�EHOXNDU� � 7��$LU�� 7XEXK� DLU� � 77%.�� 7DQDK� WHUEXND�
� 9*5:��YHJHWDVL�UDZD��QRQ�KXWDQ��� �%DUUHQG�ODQG��� 6ZDPS�IRUHVW

3HUXEDKDQ� OXDV� WHUEHVDU� DGDODK� SHUNHEXQDQ�
\DQJ�EHUWDPEDK�KLQJJD�������KD�GDQ�SHUWDQLDQ�
ODKDQ� NHULQJ� VHOXDV� ������ KD�� 3HQDPEDKDQ� LQL�
NDUHQD� EDQ\DNQ\D� SHUNHEXQDQ� EDUX� \DQJ� GL�
EDQJXQ�VHLULQJ�GHQJDQ�QDLNQ\D�KDUJD�NRPRGLWDV�
SHUNHEXQDQ��3HUOXDVDQ�DUHDO�SHUNHEXQDQ�VHEDJL�
DQ�EHVDU�EHUDVDO�GDUL�NDZDVDQ�KXWDQ�ODKDQ�EDVDK��
WHUXWDPD�KXWDQ� UDZD� GDQ� VHPDN�EHOXNDU�� 3HUX�
EDKDQ� SHQJJXQDDQ� ODKDQ� ODLQQ\D� \DQJ� FXNXS�
EHVDU�DGDODK�VDZDK�GDQ�SHUWDQLDQ�ODKDQ�NHULQJ�

3HQDPEDKDQ� VDZDK� GLGXJD� NDUHQD� DGDQ\D�
VDOXUDQ�LULJDVL��GLPDQD�GDODP�UHQFDQD�WDWD�UXDQJ�
ZLOD\DK�.DEXSDWHQ�$VDKDQ�� 3HQDPEDKDQ� DUHDO�
LULJDVL� PHQMDGL� VDODK� VDWX� IRNXV� SHPEDQJXQDQ�
ZLOD\DK��.DEXSDWHQ�$VDKDQ���������.HEHUDGDDQ�
ODKDQ�KXWDQ�GL�'$6�$VDKDQ�UHODWLI�WHWDS��KDQ\D�
PHQJDODPL� SHQDPEDKDQ� ���� KD�� \DQJ� GLGXJD�
EHUDVDO�GDUL�KXWDQ�WDQDPDQ�NDUHQD�KXWDQ�WDQDPDQ�
GDODP�SHQHOLWLDQ� LQL� GLPDVXNNDQ�SDGD�NDWDJRUL�
KXWDQ� ODKDQ� NHULQJ�� 8QWXN� PHOLKDW� GLVWULEXVL�
SHUXEDKDQ� SHQJJXQDDQ� ODKDQ� \DQJ� WHUMDGL� GL�
'$6�$VDKDQ�GDSDW�GLOLKDW�SDGD�7DEHO���

3DGD� SHULRGH� SHUXEDKDQ� DQWDUD� WDKXQ� �����
������ SHUXEDKDQ� WHUEHVDU� GDUL� VHPDN�WHUMDGL�
EHOXNDU�\DQJ�EHUXEDK�PHQMDGL�WDQDK�WHUEXND�GDQ�

SHUNHEXQDQ�PHQMDGL�WDQDK�WHUEXND��+DO�LQL� �WHUMDGL
NDUHQD�DGDQ\D�PDVD�SHUJLOLUDQ�WDQDPDQ�GL�ODKDQ�
SHUWDQLDQ � VHEDJDL� \DQJ� WHUGHWHNVL� GDODP� FLWUD �
WDQDK�WHUEXND��%HJLWX�MXJD�GL�DUHDO�SHUNHEXQDQ��
GLGXJD UHSODQWLQJ �� DGDQ\D�PDVD� � VHKLQJJD�DUHDO�
WHUVHEXW�PHUXSDNDQ�DUHDO�SHUNHEXQDQ�WHWDSL�\DQJ�
WHUOLKDW�GDODP�FLWUD�DGDODK�VHEDJDL�WDQDK�WHUEXND��
3HULRGH� WDKXQ� ����������� SHUXEDKDQ� WHUEHVDU�
GDUL� WDQDK� WHUEXND GDQ� YHJHWDVL� UDZD�� PHQMDGL�
ODKDQ�SHUNHEXQDQ�VHUWD�GDUL�SHUNHEXQDQ�PHQMDGL�
ODKDQ�SHUWDQLDQ�

+XWDQ� ODKDQ� NHULQJ� EHUWDPEDK� GDUL� WDKXQ�
����� �����VHEHVDU�����K � HVNLSXQ�GL�VDPSDL� D� 0
VLVL�ODLQ �DGD�ODKDQ�KXWDQ�\DQJ�EHUXEDK�PHQMDGL��
WDQDK� WHUEXND� WHWDSL� SHUXEDKDQ� GDUL� SHUWDQLDQ�
ODKDQ�NHULQJ�\DQJ�EHUXEDK�PHQMDGL�KXWDQ�OHELK�
EHVDU� VHSHUWL� \DQJ� WHUOLKDW� SDGD� 7DEHO� ���
3HUWDPEDKDQ� � NDUHQD� GDODP�DUHDO� KXWDQ� WHUMDGL
NODVLILNDVL� KXWDQ� ODKDQ� NHULQJ� WHUPDVXN� KXWDQ�
WDQDPDQ � GDQ\D�SHQDQDPDQ�EDUX�GL�ODKDQ�KXWDQ�� $
WDQDPDQ� PHQ\HEDENDQ� EHUWDPEDKQ\D� KXWDQ�
ODKDQ� NHULQJ�� 6HODLQ� LWX�� GDHUDK� GHQJDQ� SHQX�
WXSDQ�ODKDQ�KXWDQ�WLGDN�EDQ\DN�EHUXEDK�NDUHQD�
EHUDGD� GL� GDHUDK� GHQJDQ� WRSRJUDIL� \DQJ� UHODWLI�
FXUDP�GDQ�PHPSXQ\DL�HOHYDVL�\DQJ�UHODWLI�WLQJJL�

7DEHO�� ����7DEOH G'LVWULEXVL� SHUXEDKDQ� SHQJJXQDDQ� ODKDQ� DQWDUD� WDKXQ� ���������� �/DQGXVH� FKDQJH�
GLVWULEXWLRQ�IURP�����������



��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

GHQJDQ� DNVHVLELOLWDV� \DQJ� WHUEDWDV�� VHKLQJJD�
GDSDW� WHUMDJD� NHXWXKDQQ\D�� +DO� LQL� VHMDODQ�
GHQJDQ�SHQHOLWLDQ�GDUL�)UHLWDV� ��������\DQJ�HW�DO�
PHQ\DWDNDQ� EDKZD� WRSRJUDIL� EHUSHQJDUXK�
WHUKDGDS�SHQJJXQDDQ�ODKDQ�GDQ�GLQDPLND�KXWDQ��
6LVL�KXNXP��GDHUDK�LQL�MXJD�PHUXSDNDQ�NDZDVDQ�
KXWDQ� OLQGXQJ�� VHKLQJJD� VHFDUD� KXNXP� OHELK�
GDSDW�WHUOLQGXQJL�

+DVLO�SHUKLWXQJDQ�GLSHUROHK�EDKZD�VHEHOXP�
NDOLEUDVL� QLODL� 5 �  � ����� GHQJDQ� 16(�  � � ����

�
�

0HVNLSXQ� LQL� VXGDK� FXNXS� EDLN � QDPXQ�PDVLK��
ELVD� OHELK� EDLN� ODJL� GHQJDQ� SURVHV� NDOLEUDVL��
3URVHV� NDOLEUDVL� GLODNXNDQ� GHQJDQ� PHPEDJL�
ZDNWX�VLPXODVL�PHQMDGL�WLJD�EDJLDQ��\DLWX�ZDUP�
XS�SHULRG��SHULGH�NDOLEUDVL�GDQ�SHULRGH�YDOLGDVL�
�$UQROG� ��������3DUDPHWHU�\DQJ�GLJXQDNDQ�HW�DO��
GDODP� NDOLEUDVL� DGDODK� PHQFDNXS� DOLUDQ� �JZ���
DOLUDQ� SHUPXNDDQ� GDQ� � VHUWD� +58��URXWLQJ
3DUDPHWHU� \DQJ� VH VLWLI� XQWXN� NHOXDUDQ� PRGHO�Q
SDGD� SURVHV� NDOLEUDVL� PHOLSXWL� SDUDPHWHU� \DQJ�
VHQVLWLI� WHUKDGDS� GHELW� DOLUDQ�� \DQJ� PHOLSXWL�
PHWRGH� SHQHOXVXUDQ� DLU� SDGD� DOLUDQ� VXQJDL�
� ��� SDUDPHWHU� �� SDUDPHWHU� SDGD�URXWLQJ EDVHIORZ
VDOXUDQ�VXQJDL�XWDPD��SDUDPHWHU�SDGD�WLQJNDW�VXE�
'$6�GDQ�+58��,QSXW�SDUDPHWHU�\DQJ�GLJXQDNDQ�
GDSDW�GLOLKDW�SDGD�7DEHO���GDQ�NDOLEUDVL�GLODNXNDQ�
PHQJJXQDNDQ�6XIL���6:$7�&83�

+DVLO�NDOLEUDVL�GHQJDQ�PHQJJXQDNDQ�6:$7�
&83�PHPEHULNDQ�KDVLO�\DQJ�EDLN�\DLWX�QLODL�5 � �

�

����� GDQ� 16(�  � ������ +DO� LQL� PHQXQMXNNDQ�
EDKZD�PRGHO�6:$7�VXGDK�FXNXS�EDLN�GDQ�GDSDW�
GLJXQDNDQ�XQWXN�YDOLGDVL��3URVHV�YDOLGDVL�GLODNX�
NDQ�GHQJDQ�PHQJJXQDNDQ�QLODL�SDUDPHWHU�KDVLO�
NDOLEUDVL� GDQ�GLODNXNDQ�XQWXN�SHQXWXSDQ� ODKDQ�
WDKXQ������GDQ�GDWD�GHELW�EXODQDQ�WDKXQ������
�����

9DOLGDVL� PHUXSDNDQ� ODQJNDK� HYDOXDVL� WHU�
KDGDS�PRGHO�GDQ�EHUWXMXDQ�XQWXN�PHPEXNWLNDQ�
EDKZD�PRGHO�\DQJ�GLEDQJXQ�GDSDW�GLGXJD�SDGD�
VHEDJLDQ�EHVDU�'$6��$SDELOD�DOLUDQ�SHUPXNDDQ�
LQL� EHUXEDK� DNDQ� EHUGDPSDN� SDGD� SHUXEDKDQ�
VHOXUXK�NRPSRQHQ�GDODP�NHVHWLPEDQJDQ�KLGUR�
ORJLV��$UQROG�HW�DO����������5HFKDUJHBGS�DGDODK�

NRHILVLHQ� SHUNRODVL� GDUL� DNXLIHU�� -LND� QLODL�
5HFKDUJHBGS� GLWLQJNDWNDQ� DNDQ� EHUSHQJDUXK�
SDGD� SHQLQJNDWDQ� SHQJLVLDQ� DNXLIHU� GDODP�
�$EUDKDP�HW�DO����������3HUEHGDDQ�DQWDUD�GHELW�
KDVLO� REVHUYDVL� GHQJDQ� GHELW� VLPXODVL� VHEHOXP�
GDQ�VHVXGDK�NDOLEUDVL�GDSDW�GLOLKDW�SDGD�*DPEDU�
��GDQ�*DPEDU���

3HUXEDKDQ� SHQJJXQDDQ� ODKDQ� GLOLKDW� GDUL�
DVSHN�KLGURORJL��EHUSHQJDUXK�ODQJVXQJ�WHUKDGDS�
NDUDNWHULVWLN� SHQXWXSDQ� ODKDQ�� VHKLQJJD� DNDQ�
PHPSHQJDUXKL� VLVWHP� WDWD� DLU�'$6��)HQRPHQD�
LQL� GLWXQMXNNDQ� ROHK� NDUDNWHULVWLN� '$6� \DQJ�
GDSDW� GLNHQDOL� PHODOXL� SURGXNVL� DLU�� HURVL� GDQ�
VHGLPHQ�� 3HUXEDKDQ� SROD� GHELW� WHUKDGDS�
SHUXEDKDQ� SHQJJXQDDQ� ODKDQ� GL� '$6� $VDKDQ�
GDSDW�GLOLKDW�SDGD�7DEHO���GDQ�JUDILN�KXEXQJDQ�
FXUDK� KXMDQ� GHQJDQ� GHELW� SDGD�PDVLQJ�PDVLQJ�
SHQJJXQDDQ�ODKDQ�GDSDW�GLOLKDW�SDGD�*DPEDU���

%HUGDVDUNDQ� *DPEDU� ��� WHUGDSDW� SHUEHGDDQ�
SROD� SDGD� GHELW� XQWXN� PDVLQJ�PDVLQJ� WDKXQ�
SHQJJXQDDQ�ODKDQ��3HQJJXQDDQ�ODKDQ�WDKXQ������
PHQXQMXNNDQ� EDKZD� FXUDK� KXMDQ� \DQJ� WLQJJL�
UHODWLI� WLGDN� EHUSHQJDUXK� WHUKDGDS� GHELW� \DQJ�
GLKDVLONDQ��+DO�LQL�GLWXQMXNNDQ�ROHK�SHQ\H�EDUDQ�
GHELW�\DQJ�PHQGHNDWL����PP�SDGD�NRQGLVL�FXUDK�
KXMDQ�\DQJ�PHQLQJNDW�

%HUEHGD� GHQJDQ� SHQJJXQDDQ� ODKDQ� WDKXQ�
������GLPDQD�DGD�NHFHQGHUXQJDQ�NHQDLNDQ�GHELW�
VHLULQJ�GHQJDQ�NHQDLNDQ�FXUDK�KXMDQ�PHVNLSXQ�
SDGD�FXUDK�KXMDQ�������PP�PHQJKDVLONDQ�GHELW�
�����PP��SDGD�EXODQ�-DQXDUL��������,QL�GLNDUHQD�
NDQ�FXUDK�KXMDQ�\DQJ� UHODWLI� OHELK� VHGLNLW�SDGD�
WDKXQ� ������ VHKLQJJD� NHQDLNDQ� FXUDK� KXMDQ�
GLUHVSRQ�GHQJDQ�SRVLWLI� ROHK�GHELW��3DGD�SHQJ�
JXQDDQ�ODKDQ�WDKXQ�������GHELW�\DQJ�GLKDVLONDQ�
PHPSXQ\DL� SROD� \DQJ� KDPSLU� VDPD� GHQJDQ�
SHQJJXQDDQ�ODKDQ�SDGD�WDKXQ�������1DPXQ�GHELW�
SDGD�SHQJJXQDDQ�ODKDQ�WDKXQ������UHODWLI�OHELK�
WLQJJL� GDQ� FHQGHUXQJ� QDLN� OHELK� WLQJJL� VHLULQJ�
GHQJDQ� NHQDLNDQ� FXUDK� KXMDQ� GLEDQGLQJNDQ�
SHQJJXQDDQ�ODKDQ�WDKXQ������

%HVDUDQ�GHELW�\DQJ� UHODWLI� VWDELO�SDGD�SHQJ�
JXQDDQ� ODKDQ� WDKXQ������GDQ������GLVHEDENDQ�

7DEHO�� �� �7DEOH � G��3DUDPHWHU�\DQJ�GLJXQDNDQ�GDODP�NDOLEUDVL��3DUDPHWHUV�XVHG�LQ�FDOLEUDWLRQ�SURFHVV�

3DUDPDWHU�

�3DUDPHWHUV��

1LODL�DNKLU�

�(QG�YDOXHV��

0LQLPXP�

�0LQLPXP��

0DNVLPXP�

�0D[LPXP��
W�VWDW� 3�YDOXH�

����&1��PJW� ������ ���� ��� ������ �����

����$/3+$B%1.�UWH� ������ �� �� ����� �����

����5&+5*B'3�JZ� ������ �� �� ������ �����

����'((367�JZ� ������ �� ������ ������ �����

����*:+7�JZ� ������� �� ��� ������ �����
����+58B6/3�KUX� ������ �� ���� ����� �����

6XPEHU�� ���+DVLO�SHQJRODKDQ�GHQJDQ�6:$7�&83��6:$7�&83� � ��6RXUFH SURFHVVLQJ UHVXOW

�
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��

$KPDG�'DQ\�6XQDQGDU��(QGDQJ�6XKHQGDQJ��+HQGUD\DQWR��,�1HQJDK�6XUDWL�-D\D�GDQ�0DULPLQ

'DPSDN�3HUXEDKDQ�3HQJJXQDDQ�/DKDQ�WHUKDGDS�5HVSRQ
+LGURORJLV�GL�'$6�$VDKDQ

*DPEDU�� ����� 3HUEDQGLQJDQ�GDWD�GHELW�REVHUYDVL�GDQ�GHELW�VLPXODVL�VHEHOXP�NDOLEUDVL��)LJXUH &RPSDUD�
WLRQ�EHWZHHQ�REVHUYHG�DQG�VLPXODWLRQ�GLVFKDUJH�EHIRUH�FDOLEUDWLRQ�

*DPEDU�� ����� 3HUEDQGLQJDQ�GDWD�GHELW�REVHUYDVL�GDQ�GHELW�VLPXODVL�VHWHODK�NDOLEUDVL��&RPSDUD�)LJXUH
WLRQ�EHWZHHQ�REVHUYHG�DQG�VLPXODWLRQ�GLVFKDUJH�DIWHU�FDOLEUDWLRQ�
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-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

ROHK� SHQXWXSDQ� YHJHWDVL� \DQJ� UHODWLI� PHUDWD�
GHQJDQ� SHUVHQWDVH� WDQDK� WHUEXND� \DQJ� SDOLQJ�
NHFLO��7DEHO�����VHKLQJJD�FXUDK�KXMDQ�\DQJ�WXUXQ�
WLGDN� EHUSHQJDUXK� WHUKDGDS� GHELW� \DQJ� GLKDVLO�
NDQ��3DGD�NRQGLVL�ODKDQ�WHUWXWXS�YHJHWDVL��VHSHUWL�
SDGD� SHQJJXQDDQ� ODKDQ� WDKXQ� ����� GDQ� ������
DNDQ�PHPSHUEHVDU� GD\D� VDQJJD�'$6� WHUKDGDS�
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*DPEDU�� ����� 3HUEDQGLQJDQ�GDWD�GHELW�REVHUYDVL�GDQ�GHELW�VLPXODVL�VHEHOXP�NDOLEUDVL��)LJXUH &RPSDUD�
WLRQ�EHWZHHQ�REVHUYHG�DQG�VLPXODWLRQ�GLVFKDUJH�EHIRUH�FDOLEUDWLRQ�

7DEHO�� ����G5HVSRQ� GHELW� WHUKDGDS� KXMDQ� SDGD� PDVLQJ�PDVLQJ� WDKXQ� SHQJJXQDDQ� ODKDQ� �PP��7DEOH
�'LVFKDUJH�UHVSRQVH�RQ�UDLQIDOO�LQ�HDFK�ODQG�XVH��PP��

����� ����� �����

&XUDK�KXMDQ�

�5DLQIDOO��

'HELW�

�'LVFKDUJH��

&XUDK�KXMDQ�

�5DLQIDOO��

'HELW�

�'LVFKDUJH��

&XUDK�KXMDQ�

�5DLQIDOO��

'HELW�

�'LVFKDUJH�

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

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

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

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

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

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

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

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

������� ����� ������� ��� � �

������� ����� ������� ����� � �

6XPEHU��6RXUFH���+DVLO�6:$7��6:$7�UHVXOW��

GHELW� SXQFDN� NDUHQD� OHELK� EDQ\DN� FXUDK� KXMDQ�
\DQJ� WHULQILOWUDVL� NH� GDODP� WDQDK� GDQ� DOLUDQ�
SHUPXNDDQ� DNDQ� EHUNXUDQJ�� 6HEDOLNQ\D� SDGD�
SHQJJXQDDQ� ODKDQ� WDKXQ� ����� GLPDQD� WHUMDGL�
SHQJXUDQJDQ�ODKDQ�EHUYHJHWDVL�GHQJDQ�PHQLQJ�
NDWQ\D� WDQDK� WHUEXND� �7DEHO� ���� +DO� LQL� GDSDW�
PHQXUXQNDQ�GD\D�VDQJJD�'$6�PHVNLSXQ�FXUDK�
KXMDQ�WXUXQ�DNDQ�GLUHVSRQ�SRVLWLI�ROHK�GHELW�

9RO����1R����-XQL������������
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$KPDG�'DQ\�6XQDQGDU��(QGDQJ�6XKHQGDQJ��+HQGUD\DQWR��,�1HQJDK�6XUDWL�-D\D�GDQ�0DULPLQ

'DPSDN�3HUXEDKDQ�3HQJJXQDDQ�/DKDQ�WHUKDGDS�5HVSRQ
+LGURORJLV�GL�'$6�$VDKDQ

%HUGDVDUNDQ� 7DEHO� ��� WHUOLKDW� EDKZD� SDGD�
SHQJJXQDDQ� ODKDQ� WDKXQ� ����� GHQJDQ� FXUDK�
KXMDQ� VHEHVDU� ������ PP�� PHQJKDVLONDQ� GHELW�
VHEHVDU� ����PP�� DOLUDQ� SHUPXNDDQ� ������PP��
DOLUDQ�GDVDU�������PP�VHUWD�KDVLO�DLU���������PP���
-LND�GLUDVLRNDQ��PDND�GDUL�WRWDO�FXUDK�KXMDQ�\DQJ�
WXUXQ� GL� '$6� $VDKDQ� VHODPD� VDWX� WDKXQ��
VHEDQ\DN� ������� GLNRQYHUVL� PHQMDGL� DOLUDQ�
�KDVLO� DLU�� \DQJ� PHUXSDNDQ� SHQMXPODKDQ� GDUL�
DOLUDQ� SHUPXNDDQ�� DOLUDQ� GDVDU� GDQ� SHUNRODVL��
&XUDK�KXMDQ�\DQJ�PHPEHQWXN�DOLUDQ�SHUPXNDDQ�
VHEHVDU�������GDQ��������PHQMDGL�DOLUDQ�GDVDU�
�/DPSLUDQ�����*DPEDUDQ�KXEXQJDQ�DQWDUD�FXUDK�
KXMDQ�GHQJDQ�UHVSRQ�KLGURORJL��SDGD�*DPEDU���
WHUOLKDW� EDKZD� SHQJJXQDDQ� ODKDQ� WDKXQ� �����
PHPEHULNDQ� UHVSRQ� \DQJ� UHODWLI� WHWDS� WHUKDGDS�
GHELW�GDQ�DOLUDQ�GDVDU�VHGDQJNDQ�WHUKDGDS�DOLUDQ�
SHUPXNDDQ�� DNDQ� PHPEHULNDQ� NRUHODVL� \DQJ�
SRVLWLI� GHQJDQ� SHQLQJNDWDQ� FXUDK� KXMDQ��
'HPLNLDQ�MXJD�XQWXN�KDVLO�DLU�\DQJ�EHUNRUHODVL�
SRVLWLI�GHQJDQ�NHQDLNDQ�FXUDK�KXMDQ�

3DGD�WDKXQ�������FXUDK�KXMDQ�MDXK�PHQXUXQ�
�������PP��GDQ�LQL�GLUHVSRQ�GHQJDQ�GHELW�\DQJ�
WXUXQ� PHQMDGL� �� � PP�� SHQXUXQDQ� DOLUDQ� SHU��
PXNDDQ�PHQMDGL�� �PP��KDVLO�DLU�PHQMDGL�� �� ��
PP� VHGDQJNDQ� DOLUDQ� GDVDU� UHODWLI� VDPD� �����
PP��� 3HQJJXQDDQ� ODKDQ� SDGD� WDKXQ� ����� LQL�
PHQJNRQYHUVL�OHELK�EDQ\DN�FXUDK�KXMDQ�PHQMDGL�
DOLUDQ��\DLWX�KDVLO�DLU�VHEHVDU���������DOLUDQ�GDVDU�
�������� GHELW� ������� GDQ� DOLUDQ� SHUPXNDDQ�
��� ���/DPSLUDQ�����+DVLO�LQL�UHODWLI�OHELK�EDLN��
GLEDQGLQJNDQ� SHQJJXQDDQ� ODKDQ� WDKXQ� ������
GLPDQD�DOLUDQ�SHUPXNDDQ�MDXK�OHELK�NHFLO�GHQJDQ�
WRWDO�KDVLO�DLU�\DQJ�OHELK�EHVDU��&XUDK�KXMDQ�\DQJ�
OHELK� NHFLO� PDPSX� GLUHVSRQ� GHQJDQ� EDLN� ROHK�
SHQJJXQDDQ� ODKDQ� \DQJ� DGD� VHUWD� VWUXNWXU�
JHRORJLQ\D�� VHKLQJJD�PHQJKDVLONDQ� DOLUDQ� SHU�
PXNDDQ�\DQJ�UHODWLI�OHELK�NHFLO�GHQJDQ�KDVLO�DLU�
\DQJ�OHELK�EDQ\DN�

3DGD� VDDW� FXUDK� KXMDQ� UHODWLI� UHQGDK�� PDND�
WHUMDGLQ\D� NHOHELKDQ� NDSDVLWDV� LQILOWUDVL� DNDQ�
OHELK�NHFLO��VHKLQJJD�DLU�KXMDQ�\DQJ�WXUXQ�OHELK�
EDQ\DN�WHULQILOWUDVL�PHQMDGL�DOLUDQ�GDVDU��.RQGLVL�
LQL�GDSDW�GLOLKDW�VHSHUWL�SDGD�*DPEDU����WHQJDK��
GLPDQD� DOLUDQ� GDVDU� FHQGHUXQJ� QDLN� GDQ� DOLUDQ�
SHUPXNDDQ�UHODWLI�GDWDU�SDGD�NRQGLVL�FXUDK�KXMDQ�
NXUDQJ�GDUL�����PP�SHU�EXODQ��3HUEHGDDQ�UHVSRQ�
WHUOLKDW�SDGD�VDDW�GLPDQD�FXUDK�KXMDQ�\DQJ�UHODWLI�
WLQJJL�VHSHUWL�SDGD�WDKXQ������VDDW�FXUDK�KXMDQ�
\DQJ�GLNRQYHUVL�PHQMDGL�DOLUDQ�SHUPXNDDQ�QDLN�
GDQ� DOLUDQ� GDVDU� PHQXUXQ� �*DPEDU� ���� 3DGD�
NRQGLVL� SHQJJXQDDQ� ODKDQ� WDKXQ� ����� LQL�� DLU�
\DQJ�EHUXEDK�PHQMDGL�DOLUDQ�GDVDU�OHELK�VHGLNLW�
GLEDQGLQJNDQ�SDGD�WDKXQ������VHGDQJNDQ�SDGD�
WDKXQ� ������ WHUMDGL� NHQDLNDQ� DOLUDQ� GDVDU� \DQJ�

SDOLQJ� WLQJJL� GLEDQGLQJ� SHQJJXQDDQ� ODKDQ�
VHEHOXPQ\D��VHKLQJJD�KDVLO�DLUQ\D�SDOLQJ�WLQJJL�

3HQJJXQDDQ� ODKDQ� WDKXQ� ����� FHQGHUXQJ�
PHPSXQ\DL�SROD�\DQJ�PLULS�GHQJDQ�WDKXQ������
GHQJDQ� FXUDK� KXMDQ�PHQFDSDL� ������PP� \DQJ�
PHQJKDVLONDQ�DOLUDQ�SHUPXNDDQ�����PP��DOLUDQ�
GDVDU� ���� PP� GDQ� KDVLO� DLU� ����� PP�� 3DGD�
SHQJJXQDDQ�ODKDQ�WDKXQ������LQL��NRQYHUVL�FXUDK�
KXMDQ� PHQMDGL� GHELW� DGDODK� ������� �XQWXN�
VHSXOXK�EXODQ���DOLUDQ�SHUPXNDDQ��������DOLUDQ�
GDVDU��������GDQ�KDVLO�DLU���������/DPSLUDQ����

%HUGDVDUNDQ�*DPEDU����WHUOLKDW�EDKZD�GHELW�
GDQ� DOLUDQ� FHQGHUXQJ� WHWDS� GHQJHQ� NHQDLNDQ�
FXUDK� KXMDQ� VHGDQJNDQ� DOLUDQ� SHUPXNDDQ�
PHVNLSXQ�QDLN�QDPXQ�VDQJDW�VHGLNLW��'LOLKDW�GDUL�
UHVSRQ� KLGURORJLV�� KDVLO� \DQJ� GLWXQMXNNDQ� ROHK�
SHQJJXQDDQ�ODKDQ�WDKXQ������UHODWLI�OHELK�EDLN�
GDUL� SHQJJXQDDQ� ODKDQ� WDKXQ� ����� GDQ� ������
.RQGLVL� JHRORJLV� \DQJ� WHWDS�� QDPXQ� PDPSX�
PHQJNRQYHUVL� OHELK� EDQ\DN� DLU� KXMDQ� PHQMDGL�
KDVLO�DLU�GHQJDQ�OHELK�VHGLNLW�DOLUDQ�SHUPXNDDQ�
\DQJ�WHUMDGL��

+DVLO�DQDOLVLV�GHELW�GDQ�VLPXODVL�6:$7�VHFDUD�
XPXP�PHQXQMXNNDQ� EDKZD� SHQJJXQDDQ� ODKDQ�
\DQJ� WHUEDLN� DGDODK� SDGD� SHQJJXQDDQ� ODKDQ�
WDKXQ�������NDUHQD�SDGD�WDKXQ�LQL�PHPEHULNDQ�
UHVSRQ� KLGURORJL� \DQJ� SDOLQJ� EDLN�� 0HVNLSXQ�
GHPLNLDQ�� SHQJJXQDDQ� ODKDQ� \DQJ� DGD� VDDW� LQL�
�GLDVXPVLNDQ� WDKXQ� ������ EHOXP� PHUXSDNDQ�
SHQJJXQDDQ�ODKDQ�WHUEDLN�XQWXN�PHPDNVLPDONDQ�
KDVLO� DLU� GDQ� PHPLQLPDONDQ� DOLUDQ� SHUPXNDDQ�
\DQJ�WHUMDGL�GL�'$6�$VDKDQ�

,9���.(6,038/$1�'$1�6$5$1

$��.HVLPSXODQ

3HUXEDKDQ�SHQJJXQDDQ�ODKDQ�\DQJ�WHUMDGL�GL�
'$6�$VDKDQ� VHEDJLDQ� EHVDU� EHUDGD� GL� EDJLDQ�
WHQJDK�NH�DUDK�KLOLU�'$6�GDQ�PHUXSDNDQ�ODKDQ�
SHUWDQLDQ�GDQ�SHUNHEXQDQ��'DODP�UHQWDQJ�ZDNWX�
��� WDKXQ�� OXDV� KXWDQ� UHODWLI� WLGDN� EHUXEDK� GDQ�
SHUXEDKDQ�SHQJJXQDDQ�ODKDQ�\DQJ�OHELK�GLQDPLV�
WHUMDGL� SDGD� DUHDO� SHUWDQLDQ� ODKDQ� NHULQJ��
SHUNHEXQDQ�GDQ�ODKDQ�EDVDK��0RGHO�6:$7�\DQJ�
GLEDQJXQ�PDPSX�PHPEHULNDQ� KDVLO� \DQJ� EDLN�
GDQ�PDPSX�PHQJJDPEDUNDQ� UHVSRQ�KLGURORJLV�
DNLEDW� GDUL� SHUXEDKDQ� SHQJJXQDDQ� ODKDQ��
3HUXEDKDQ�UHVSRQ�KLGURORJLV�GLWXQMXNNDQ�GHQJDQ�
SHUXEDKDQ�DOLUDQ�SHUPXNDDQ��GHELW��DOLUDQ�GDVDU�
GDQ� KDVLO� DLU� WHUKDGDS� FXUDK� KXMDQ� \DQJ� WXUXQ�
SDGD� PDVLQJ�PDVLQJ� WDKXQ� SHQJJXQDDQ� ODKDQ��
3HQJJXQDDQ� ODKDQ� SDGD� WDKXQ� ����� PDPSX�
PHQXUXQNDQ� DOLUDQ� SHUPXNDDQ�� PHQLQJNDWNDQ�
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-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

*DPEDU�� �� ��)LJXUH � +XEXQJDQ�FXUDK�KXMDQ�GHQJDQ�GHELW��DOLUDQ�SHUPXNDDQ��DOLUDQ�GDVDU�GDQ�KDVLO�DLU�
SDGD� SHQJJXQDDQ� ODKDQ� WDKXQ� ����� �DWDV��� ����� �WHQJDK��� ����� �EDZDK��
�5HODWLRQVKLS�DPRQJ�UDLQIDOO�DQG�GLVFKDUJH��UXQ�RII��EDVH�IORZ�DQG�ZDWHU�\LHOG�LQ�
������WRS���������PLGGOH��DQG�������ERWWRP��ODQG�XVH�

DOLUDQ�GDVDU�GDQ�KDVLO�DLU��'HQJDQ�OXDV�KXWDQ�\DQJ�
UHODWLI�WHWDS��SHQXUXQDQ�OXDV�ODKDQ�WHUEXND��VHPDN�
EHOXNDU� \DQJ� GLLULQJL� GHQJDQ� SHQDPEDKDQ�SHU�
NHEXQDQ� GDSDW� PHPSHUEDLNL� UHVSRQ� KLGURORJLV�
'$6� $VDKDQ�� 8QWXN� PHPSHUEDLNL� UHVSRQ�
KLGURORJLV� '$6�$VDKDQ� PDND� SHUOX� GLODNXNDQ�
RSWLPDVL� SHQJJXQDDQ� ODKDQ� EHUGDVDUNDQ� SHQJ�
JXQDDQ�ODKDQ�\DQJ�DGD�VDDW�LQL�

%�� 6DUDQ

.DZDVDQ�KXWDQ�\DQJ�DGD�GL�GDHUDK�KXOX�WHWDS�
GLSHUWDKDQNDQ�GDQ�SHUXEDKDQ�SHQJJXQDDQ�ODKDQ�
NH�QRQ�KXWDQ�SHUOX�GLSHUWLPEDQJNDQ�GHQJDQ�EDLN�
DJDU� WLGDN� WHUMDGL� SHUXEDKDQ� UHVSRQ� KLGURORJLV�
\DQJ�EHUVLIDW�PHUXJLNDQ��2SWLPDVL� ODKDQ�GDSDW�
GLODNXNDQ�XQWXN�PHQJXUDQJL�ODKDQ�WHUEXND�GDQ�
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$KPDG�'DQ\�6XQDQGDU��(QGDQJ�6XKHQGDQJ��+HQGUD\DQWR��,�1HQJDK�6XUDWL�-D\D�GDQ�0DULPLQ

'DPSDN�3HUXEDKDQ�3HQJJXQDDQ�/DKDQ�WHUKDGDS�5HVSRQ
+LGURORJLV�GL�'$6�$VDKDQ

VHPDN� EHOXNDU� GDQ� GLWDQDPL� GHQJDQ� WDQDPDQ�
SHUHQQLDO�XQWXN�PHQLQJNDWNDQ�GD\D�VDQJJD�'$6�
SDGD�VDDW�WHUMDGLQ\D�VXUSOXV�DLU�\DQJ�WXUXQ�GDODP�
'$6�$VDKDQ�

8&$3$1�7(5,0$�.$6,+

7HULPD� NDVLK� NHSDGD� SDUD� SHPELPELQJ�
GLVHUWDVL� \DQJ� WHODK� PHQFXUDKNDQ� ZDNWX�
SHUKDWLDQ� GDQ� SHPLNLUDQQ\D� KLQJJD� VHOHVDLQ\D�
QDVNDK� LQL��7HULPD� NDVLK� MXJD� SHQXOLV� XFDSNDQ�
NHSDGD� %DODL� 3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ�
/LQJNXQJDQ� +LGXS� GDQ� .HKXWDQDQ� $HN� 1DXOL�
DWDV� EDQWXDQQ\D� KLQJJD� SHQJDPELODQ� GDWD� GL�
ODSDQJDQ� ELVD� WHUODNVDQD�� 7HULPD� NDVLK� MXJD�
XQWXN�WHPDQ�WHPDQ�VHVDPD�PDKDVLVZD�6��GL�,3%�
\DQJ� WHODK� PHPEDQWX� GDODP� SHODWLKDQ� 6:$7��
3DN�,ZDQ�5LGZDQV\DK��0EDN�0DOD�GDQ�ODLQQ\D��
VHKLQJJD� SHQXOLV� GDSDW� PHQ\HOHVDLNDQ� QDVNDK�
WXOLVDQ�LQL�

'$)7$5�3867$.$

$EEDVSRXU�� .�� �������� 6:$7� &83��� 6:$7�
&DOLEUDWLRQ�DQG�XQFHUWDLQW\�SURJUDP�±�D�XVHU�
PDQXDO��(DZDJ�

$EUDKDP�/�=��5RHKULJ�-���	�'LOQHVDZ�$�&����������
&DOLEUDWLRQ�DQG�YDOLGDWLRQ�RI�6:$7�K\GURORJL�
FDO� PRGHO� IRU� 0HNL� :DWHUVKHG� (WKLRSLD��
8QLYHUVLW\�RI�$SSOLHG�6FLHQFH��&RORJQH�

$QZDU��0���3DZLWDQ��+���0XUWLODNVRQR��.���	�-D\D��
,�1�6����������5HVSRQ�KLGURORJL�DNLEDW�GHIRUHV�
WDVL�GL�'$6�%DULWR�+XOX��.DOLPDQWDQ�7HQJDK��
-XUQDO�0DQDMHPHQ�+XWDQ�7URSLND�������������
�����

$UQROG�-�*���0RULDVL��'�1��*DVVPDQ��3�:��$EEDVSRXU��
.�&���:KLWH��0�-���6ULQLYDVDQ��5���6DQWKL��&���
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