
:DKDQD�)LVLND������������������-���� 
KWWS���HMRXUQDO�XSL�HGX�LQGH[�SKS�ZDIL 
H-,661�������-��������KWWSV���GRL�RUJ����������ZDIL�Y�L������� 

 
����_�&RS\ULJKW���������:DKDQD�)LVLND��H-,661�����-���� 

5HNRQWUXNVL�6HW�$ODW�3UDNWLNXP�*HROLVWULN�SDGD�
0DWDNXOLDK�(NVSORUDVL�*HRILVLND�GL�'HSDUWHPHQ�

3HQGLGLNDQ�)LVLND�8QLYHUVLWDV�3HQGLGLNDQ�,QGRQHVLD 

&DK\R�3XML�$VPRUR���+DQD�6XVDQWL���1DQDQJ�'ZL�$UGL� 

 

��3URJUDP�6WXGL�)LVLND��8QLYHUVLWDV�3HQGLGLNDQ�,QGRQHVLD��-O��'U��6HWLDEXGKL������������

%DQGXQJ��������,QGRQHVLD 

 

�3HQXOLV�3HQDQJJXQJMDZDE��(-PDLO��FS�DVPRUR#XSL�HGX��&DK\R�3XML�$VPRUR� 

$%675$. 

3UDNWLNXP�0HWRGH�*HROLVWULN�EHUWXMXDQ�XQWXN�PHQ\HOLGLNL�NHDGDDQ�EDZDK�SHU�

PXNDDQ� GHQJDQ� PHQJJXQDNDQ� VLIDW-VLIDW� NHOLVWULNDQ� EDWXDQ�� 0HWRGH� WHUVHEXW�

GHQJDQ�PHQJLQMHNVLNDQ� DUXV� OLVWULN�NH�GDODP�EXPL�PHODOXL�GXD�EXDK� HOHNWRGD�

DUXV��%HGD�SRWHQVLDO�\DQJ� WHUMDGL�GLXNXU�PHODOXL�GXD�EXDK�HOHNWURGD�SRWHQVLDO��

GDUL�KDVLO�SHQJXNXUDQ�DUXV�GDQ�EHGD�SRWHQVLDO�XQWXN�VHWLDS�MDUDN�HOHNWURGD�WHU�

WHQWX�� GDSDW� GLWHQWXNDQ� YDULDVL� KDUJD� WDKDQDQ� MHQLV� PDVLQJ-PDVLQJ� ODSLVDQ� GL�

EDZDK�WLWLN�XNXU���3UDNWLNXP�0HWRGH�*HROLVWULN�PHUXSDNDQ�VDODK�VDWX�SHPEHOD�

MDUDQ�SDGD�PDWD�NXOLDK�(NVSRODUDVL�*HRILVLND�GL�'HSDUWHPHQ�3HQGLGLNDQ�)LVLND��

GDUL� KDVLO� SHQJDPDWDQ� GDQ� GLVNXVL� GHQJDQ� SUDNWLNDQ� GL� NHWDKXL� EDKZD� EHQWXN�

HOHNWURGD� PHQMDGL� VDODK� VDWX� IDNWRU� SHQJKDPEDW� GDODP� SHQJDPELODQ� GDWD� VH�

KLQJJD�SUDNWLNXP�EHUMDODQ�NXUDQJ�HIHNWLI� GDQ� HILVLHQ��3HQHOLWLDQ� LQL� GLODNXNDQ�

XQWXN�PHQJHWDKXL�NRQVWUXNVL�LGHDO�VHW�DODW�JHROLVWULN�SDGD�EDJLDQ�HOHNWURGD��DJDU�

PHPSHUROHK�GDWD�\DQJ�DNXUDW�WHUNDLW�QLODL�WDKDQDQ�MHQLV�PDVLQJ-PDVLQJ�ODSLVDQ�

EDZDK� WDQDK�GDQ�PXGDK�VHUWD�DPDQ�GDODP�SHQJJXQDDQQ\D��0HWRGH�SHQHOLWLDQ�

\DQJ� GLJXQDNDQ� DGDODK� SHQJXPSXODQ� GDWD� EHUGDVDUNDQ� HNVSHULPHQ�� XQWXN�

PHQJDQDOLVLV�HOHNWURGD�VHFDUD�GHVDLQ�DNDQ�GLODNXNDQ�GDUL�VHJL�SHQJJXQDDQ�GDQ�

EHUDW�GDUL�HOHNWURGD�VHGDQJNDQ�IXQJVL�DNDQ�GLODNXNDQ�PHWRGH�JHROLVWULN�NRQILJ�

XUDVL� 6FKOXPEHUJHU� GHQJDQ� PHQJJXQDNDQ� HOHNWURGD� ODPD� GDQ� HOHNWURGD� EDUX�

SDGD���ORNDVL�GHQJDQ�MHQLV�ODKDQ�\DQJ�EHUEHGD��3HQJRODKDQ�GDWD�PHQXQMXNNDQ�

NRQVWUXNVL�(OHNWURGD�%DUX�PHPLOLNL�NHPDPSXDQ�XQWXN�SHQJDPELODQ�GDWD�\DQJ�

OHELK�HIHNWLI�GDQ�HILVLHQ�VHFDUD�GHVDLQ�PDXSXQ�IXQJVL�VHKLQJJD�ELVD�GLJXQDNDQ�

XQWXN�3UDNWLNXP�0HWRGH�*HROLVWULN� 

.DWD�.XQFL���*HROLVWULN��(OHNWURGD��5HVLVWLYLWDV 
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���3HQGDKXOXDQ 

3UDNWLNXP�PHWRGH� JHROLVWULN�PHUXSDNDQ�

VDODK� VDWX� SHPEHODMDUDQ� \DQJ� GLSHUROHK�

SDGD� PDWD� NXOLDK� (NVSORUDVL� *HRILVLND�

GHQJDQ�NRGH�),����EDJL�SDUD�PDKDVLVZD�

ILVLND� GL� GHSDUWHPHQ� 3HQGLGLNDQ� ILVLND�

)30,3$� 8QLYHUVLWDV� 3HQGLGLNDQ��������

,QGRQHVLD� \DQJ� PHQJDPELO� ELGDQJ�

NDMLDQ� ILVLND� EXPL�� &DSDLDQ���������������

SHPEHODMDUDQ� PDWDNXOLDK� LQL� DGDODK����

PDKDVLVZD� GDSDW� ��� 0HPLOLNL�������������

NHPDQGLULDQ� GDODP� PHPDVDQJ� GDQ����

PHQJRSHUDVLNDQ� DODW� JHROLVWULN��������������

$%675$&7 

7KH�*HRHOHFWULF�0HWKRG�SUDFWLFXP�DLPV�WR�LQYHVWLJDWH�VXEVXUIDFH�FRQGLWLRQV�XVLQJ�WKH�

HOHFWULFDO�SURSHUWLHV�RI� URFNV��7KH�PHWKRG� LV�E\� LQMHFWLQJ�DQ�HOHFWULF�FXUUHQW� LQWR� WKH�

HDUWK�WKURXJK�WZR�FXUUHQW�HOHFWURGHV��7KH�SRWHQWLDO�GLIIHUHQFH�WKDW�RFFXUV�LV�PHDVXUHG�

WKURXJK� WZR�SRWHQWLDO� HOHFWURGHV�� IURP� WKH�PHDVXUHPHQW�RI� WKH� FXUUHQW� DQG�SRWHQWLDO�

GLIIHUHQFH�IRU�HDFK�SDUWLFXODU�HOHFWURGH�GLVWDQFH�� WKH�YDULDWLRQ� LQ� WKH�UHVLVWLYLW\�YDOXH�

RI�HDFK�OD\HU�EHORZ�WKH�PHDVXULQJ�SRLQW�FDQ�EH�GHWHUPLQHG��7KH�*HRHOHFWULF�0HWKRG�

3UDFWLFXP�LV�RQH�RI�WKH�OHVVRQV�LQ�WKH�*HRSK\VLFDO�([SORUDWLRQ�FRXUVH�LQ�WKH�'HSDUW�

PHQW�RI�3K\VLFV�(GXFDWLRQ��IURP�WKH�UHVXOWV�RI�REVHUYDWLRQV�DQG�GLVFXVVLRQV�ZLWK�SUDF�

WLWLRQHUV�LW�LV�NQRZQ�WKDW�WKH�VKDSH�RI�WKH�HOHFWURGH�LV�RQH�RI�WKH�LQKLELWLQJ�IDFWRUV�LQ�

GDWD�FROOHFWLRQ�VR�WKDW�WKH�SUDFWLFXP�UXQV�OHVV�HIIHFWLYHO\�DQG�HIILFLHQWO\��7KLV�UHVHDUFK�

ZDV�FRQGXFWHG�WR�GHWHUPLQH�WKH�LGHDO�FRQVWUXFWLRQ�RI�WKH�JHRHOHFWULF�GHYLFH�VHW�DW�WKH�

HOHFWURGH��LQ�RUGHU�WR�REWDLQ�DFFXUDWH�GDWD�UHJDUGLQJ�WKH�UHVLVWLYLW\�YDOXH�RI�HDFK�VXE�

VRLO�DQG�LW�LV�HDV\�DQG�VDIH�WR�XVH��7KH�UHVHDUFK�PHWKRG�XVHG�LV�GDWD�FROOHFWLRQ�EDVHG�

RQ�H[SHULPHQWV��WR�DQDO\]H�WKH�HOHFWURGHV�E\�GHVLJQ�ZLOO�EH�FDUULHG�RXW�LQ�WHUPV�RI�XVH�

DQG�ZHLJKW�RI�WKH�HOHFWURGHV�ZKLOH�WKH�IXQFWLRQ�ZLOO�EH�FDUULHG�RXW�E\�WKH�6FKOXPEHUJ�

HU�FRQILJXUDWLRQ�JHRHOHFWULF�PHWKRG�XVLQJ�WKH�ROG�HOHFWURGH�DQG�WKH�QHZ�HOHFWURGH�DW���

ORFDWLRQV�ZLWK�GLIIHUHQW�W\SHV�RI�ODQG��'DWD�SURFHVVLQJ�VKRZV�WKDW�WKH�1HZ�(OHFWURGH�

FRQVWUXFWLRQ�KDV�WKH�DELOLW\�WR�FROOHFW�GDWD�PRUH�HIIHFWLYHO\�DQG�HIILFLHQWO\�LQ�WHUPV�RI�

GHVLJQ�DQG�IXQFWLRQ�VR�WKDW�LW�FDQ�EH�XVHG�IRU�WKH�*HRHOHFWULF�0HWKRG�3UDFWLFXP� 

.H\ZRUGV��*HRHOHFWULF��(OHFWURGH��5HVLVWLYLW\ 

��� PHQMHODVNDQ� SULQVLS�� DNXLVLVL������������

SHQJRODKDQ� GDWD� GDQ� SHPRGHODQ� PHWRGH�

JHROLVWULN�� ��� 0HQHUDSNDQ� WHNQRORJL� DODW�

JHROLVWULN�����0HPDQIDDWNDQ�WHNQRORJL�DODW�

JHROLVWULN��GDQ����0HPEXDW�VROXVL�WHUKDGDS�

PDVDODK�OLQJNXQJDQ�GHQJDQ�PHQJJXQDNDQ�

PHWRGH�JHROVLWULN� 

0HWRGH� JHROLVWULN� UHVLVWLYLWDV�����������

EHUWXMXDQ� XQWXN� PHQ\HOLGLNL� NHDGDDQ�

EDZDK� SHUPXNDDQ� GHQJDQ� PHQJJXQDNDQ�

VLIDW-VLIDW� NHOLVWULNDQ� �WDKDQDQ� MHQLV��������

EDWXDQ��3ULQVLS�NHUMDQ\D�DGDODK�DUXV�OLVWULN�

GLLQMHNVLNDQ� NH� GDODP� EXPL� PHODOXL����������
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��EXDK�HOHNWRGD� DUXV��%HGD�SRWHQVLDO� \DQJ�

WHUMDGL� GLXNXU� PHODOXL� �� EXDK� HOHNWURGD��

SRWHQVLDO�� GDUL� KDVLO� SHQJXNXUDQ� DUXV� GDQ�

EHGD�SRWHQVLDO�XQWXN�VHWLDS� MDUDN�HOHNWURGD�

WHUWHQWX�� GDSDW� GLWHQWXNDQ� YDULDVL� KDUJD��

WDKDQDQ� MHQLV� PDVLQJ-PDVLQJ� ODSLVDQ� GL�

EDZDK� WLWLN� XNXU�� 0HWRGH� JHROLVWULN��������

UHVLVWLYLWDV� GLJXQDNDQ� XQWXN� HNVSORUDVL�

\DQJ� VLIDWQ\D� GDQJNDO� VHSHUWL� SHQHQWXDQ�

]RQDVL� SHQFHPDUDQ� DLU� >���@�� LGHQWLILNDVL�

]RQD� ORQJVRU� >���@�� LQWUXVL� DLU� JDUDP� >�@��

GDQ� LQILOWUDVL� FXUDK� KXMDQ� NH� SHUPXNDDQ�

WDQDK�>�@�� 

%HUGDVDUNDQ� WXMXDQ� SHQ\HOLGLNDQQ\D�

PHWRGH� UHVLVWLYLWDV� GDSDW� GLEDJL� PHQMDGL�

GXD� NHORPSRN� EHVDU�� \DLWX� VRXQGLQJ� GDQ�

PDSSLQJ�� 6RXQGLQJ� EHUWXMXDQ� XQWXN�

PHQJHWDKXL� YDULDVL� UHVLVWLYLWDV� ODSLVDQ�

EDZDK� SHUPXNDDQ� VHFDUD� YHUWLNDO�� GHQJDQ�

FDUD�PHQJXEDK�YDULDVL�MDUDN�DQWDU�HOHNWURGD�

DUXV� GDQ� SRWHQVLDO�� SDGD� WLWLN� SHQJXNXUDQ�

\DQJ� VDPD�� 0DSSLQJ� EHUWXMXDQ� XQWXN�

PHQJHWDKXL� YDULDVL� UHVLVWLYLWDV� ODSLVDQ�

EDZDK� SHUPXNDDQ� VHFDUD� KRULVRQWDO��

GHQJDQ� FDUD� EHUSLQGDK� WLWLN� SHQJXNXUDQ�

WHWDSL� PHPSHUWDKDQNDQ� MDUDN� DQWDU���������

HOHNWURGD� DUXV� GDQ� SRWHQVLDO� >�@�� 'DUL�

WXMXDQ� WHUVHEXW� GDSDW� NLWD� NHWDKXL� EDKZD�

NRQILJXUDVL�HOHNWURGD�PHQMDGL�NXQFL�XWDPD�

GDODP� PHWRGH� VXUYHL� JHROLVWULN�� DGD� ����

NRQILJXUDVL� \DQJ� XPXP� GL� JXQDNDQ� \DLWX�

NRQILJXUDVL� :HQQHU�� NRQILJXUDVL������

6FKOXPEHUJHU�� GDQ� NRQILJXUVL� 'LSROH-

'LSROH�� 

 .RQILJXUDVL� :HQQHU� GLODNXNDQ�

GHQJDQ�FDUD�PHOHWDNNDQ�WLWLN�WLWLN�HOHNWURGD�

GHQJDQ� EHGD� MDUDN� VDWX� VDPD� ODLQ� \DQJ���

VDPD�� HOHNWURGD� \DQJ� EHUVHEHODKDQ� DNDQ�

EHUMDUDN�VDPD��&�3�� �3�3�� �3�&�� �D���

.RQILJXUDVL 6FKOXPEHUJHU� GLODNXNDQ�

GHQJDQ� FDUD� \DQJ� VDPD� GHQJDQ� :HQQHU��

QDPXQ� MDUDN� HOHNWURGD� DUXV� GDSDW� GLXEDK�

WLGDN� VDPD� GHQJDQ� MDUDN� HOHNWURGD����������

SRWHQVLDO�� .RQILJXUDVL 'LSROH-GLSROH�����

EHUEHGD� GHQJDQ� GXD� NRQILJXUDVL�����������

VHEHOXPQ\D��HOHNWURGD�SRWHQVLDO�GLOHWDNNDQ�

EHUMDXKDQ� GHQJDQ� MDUDN� QD� GDUL� HOHNWURGH�

DUXV�� .RQILJXUDVL� LQL� VDQJDW� EDLN� XQWXN�

SHPHWDDQ� VHFDUD� KRUL]RQWDO� DWDX� ODWHUDO��

MDUDN� HOHNWURGD� \DQJ� GLEXDW� VDPD�

PHQJKDVLONDQ� DOLUDQ� DUXV� OLVWULN� \DQJ�

PDNVLPDO� SDGD� NHGDODPDQ� WHUWHQWX���������

VHKLQJJD� NRQWUDV� UHVLWLYLWDV� KRUL]RQWDO�

GDSDW�GLSHUNLUDNDQ�>�@� 

 

 
*DPEDU����6HW�$ODW�3UDNWLNXP�0HWRGH���

*HROLVWULN 

 

$ODW� 0HWRGH� *HROLVWULN� 5HVLVWLYLW\����

0HWHU� \DQJ� GLPLOLNL� ROHK� 'HSDUWHPHQ���

3HQGLGLNDQ� )LVLND� \DQJ� GDODP� KDO� LQL�

GLNHOROD� ROHK� /DERUDWRULXP� %XPL� GDQ�

$QWDULNVD�DGDODK�1DQLXUD�0RGHO�15'����6�

�*DPEDU� ���� WHPXDQ� GL� ODSDQJDQ������������
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EHUGDVDUNDQ� SHQJDPDWDQ� GDQ� NHOXKDQ� GDUL�

PDKDVLVZD� GLNHWDKXL� EDKZD� NHWLND� SURVHV�

SHQDQFDSDQ�HOHNWURGD�SDGD�ELGDQJ�OLQWDVDQ�

\DQJ� DNDQ� GLXNXU� PHPHUOXNDQ� HNVWUD���

WHQDJD�NDUHQD�KDUXV�GLSXNXO�PHQJJXQDNDQ�

SDOX� GDQ� NHPXGLDQ� GLFDEXW�� /DQJNDK�����

WHUVHEXW� GLXODQJ� NHPEDOL� GL� WLWLN� ODLQ�

GHQJDQ� MXPODK� PLQLPDO� WLWLN� SHQDQFDSDQ�

��� WLWLN� XQWXN� VDWX� OLQWDVDQ� SHQJXNXUDQ��

VDMD�� VHKLQJJD� XQWXN� SHQJDPELODQ� GDWD��

GDODP�VHKDUL�KDQ\D�ELVD�VDWX�OLQWDVDQ�VDMD� 

 

 
*DPEDU����(OHNWURGD�/DPD 

 

3URVHV� SHPXNXODQ� PHQJJXQDNDQ� SDOX�

MXJD� PHQ\HEDENDQ� HOHNWURGD� PHQMDGL��

WHUNLNLV� GDQ� SLSLKDQ� WDMDP� WHUOLKDW� VHSHUWL�

SDGD� JDPEDU� ��� VHODLQ� LWX� ULVLNR��������������

NHFHODNDDQ� VDODK� SXNXO� DWDX� WHUJRUHV�����

SLSLKDQ�HOHNWURGD�NHWLND�SURVHV�SHQFDEXWDQ�

MXJD� PHQMDGL� DQFDPDQ� \DQJ� PHPEDKD�

\DNDQ�DVSHN�.���6HODLQ�LWX����NHWLND�SURVHV�

PHPEDZD� VHW� DODW� JHROLVWULN� LQL� HOHNWURGD�

GDQ� SDOX� PHQMDGL� SHPEHUL� NRQWULEXVL�����

VLJQLILNDQ�WHUKDGDS�WRWDO�PDVVD�NHVHOXUDKDQ�

VHW�DODW�� � -XPODK���EXDK�SDOX�PHQMDGL�GXD�

VLVL� PDWD� SLVDX�� MLND� GLWDPEDK� DNDQ�

PHQDPEDK� EHEDQ� EDZDDQ� GDQ� MLND� WLGDN�

GLWDPEDK� DNDQ� PHPDNDQ� ZDNWX� NDUHQD�

EHUJDQWLDQ� PHQJJXQDNDQ� SDOX� XQWXN�����

PHQDQFDSNDQ� HOHNWURGD� DSDODJL� XQWXN�

VSDVL�HOHNWURGD�\DQJ�SDQMDQJ�� 

 

7DEHO����6HEDUDQ�0DVD�6HW�*HROLVWULN� 

 

3HUDODWDQ� SUDNWLNXP� GL� ODERUDWRULXP�

PHQMDGL� KDO� SHQWLQJ� GDODP� SHQFDSDLDQ�

WDUJHW� SHPEHODMDUDQ� \DQJ� GLLQJLQNDQ� >�@��

3HPLOLKDQ� DODW� GDQ� EDKDQ� VHUWD� WHNQLN�

\DQJ� WHSDW�DNDQ�PHQMDGL�NRQVWUXNVL�GDVDU�

GDODP� PHQGDSDWNDQ� GDWD� \DQJ� SUHVLVL�

VHNDOLJXV� NHDPDQDQ�� EDLN� XQWXN���������

SUDNWLNXP� PDXSXQ� SHQHOLWLDQ�� %HUGDVDU�

NDQ� PDVDODK� WHUVHEXW� PDND� GLSHUOXNDQ�

UHNRQVWUXNVL� \DQJ� WHSDW� XQWXN� VHW� DODW���

JHROLVWULN�� GDODP� KDO� LQL� PHPEXDW���������

HOHNWURGD� GHQJDQ� GHVDLQ� EDUX� \DQJ� OHELK�

HIHNWLI� GDQ� HILVLHQ�� SHQHOLWLDQ� GLODNXNDQ�

LQL� XQWXN� PHQJHWDKXL� IXQJVL� GDQ� NLQHUMD�

GDUL�HOHNWURGD�EDUX� 

 

���%DKDQ�GDQ�0HWRGH 

%DKDQ� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ�

LQL� DGDODK� �� *XOXQJ� .DEHO�� �� -DFN�������

%DQDQD�GDQ���EXDK�$NL���9ROW��$GDSXQ�

1R 1DPD -XPODK 0DVD 

� 5HVLVWLYLWLPHWHU � ����.J 

� 0XOWLPHWHU � ����.J 

� 0HWHUDQ � ����.J 

� $NL�.HULQJ � ����.J 

� 5RO�.DEHO � ��.J 

� (OHNWURGD � a���.J 

� 3DOX � a���.J 

  7RWDO �� ���.J 
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SHUDODWDQ� \DQJ� GLJXQDNDQ� \DLWX� UHVLVWLYL�

WLPHWHU� 1DQLXUD� 15'��6�� PXOWLPHWHU��

SHQJLVL�GD\D�DNL����EXDK�SDOX�GDQ���EXDK�

HOHNWURGD�ODPD�GDQ���EXDK�HOHNWURGD�EDUX� 

 

 
 *DPEDU����(OHNWURGD�/DPD�GDQ�%DUX 

 0HWRGH� SHQHOLWLDQ� \DQJ� GLJXQDNDQ�

DGDODK�PHWRGH�HNVSHULPHQ��HOHNWURGD�EDUX�

\DQJ� WHODK�EHUKDVLO�GLUDQFDQJ��VHODQMXWQ\D�

GLXML� GHQJDQ� PHODNXNDQ� SHQJXNXUDQ�

GHQJDQ� VNDOD� ODSDQJDQ� WHUEDWDV�� 3DGD���

SHQJXMLDQ�LQL�GLODNXNDQ�SDGD���MHQLV�WDQDK��

NHEXQ� GHQJDQ� SDQMDQJ� OLQWDVDQ� ��� PHWHU�

PHQJJXQDNDQ� NRQILJXUDVL� 6FKOXPEHUJHU�

DNDQ� GLODNXNDQ� DQDOLVLV� GHVDLQ� HOHNWURGD�

GDQ�DQDOLVLV�IXQJVL�� 

6XVXQDQ� HOHNWURGD� NRQILJXUDVL� 6FKOXP�

EHUJHU� >��@� GDSDW� GLOLKDW� SDGD� *DPEDU� ���

$GDSXQ� XQWXN� SHUVDPDDQ� � � � � UHVLWLYLWDV�

VHPX�GLMDEDUNDQ�SDGD�����������SHUVDPDDQ�����

VDPSDL�GHQJDQ�����>��@� 

%HGD� SRWHQVLDO� OLVWULN� DQWDUD� HOHNWURGD�

0�GDQ�1�DGDODK�VHEHVDU 

�������� 

 

0DND�SHUVDPDDQ�UHVLVWLYLWDV�PHQMDGL 

�������� 

*DPEDU����0HWRGD�*HROLVWULN�.RQILJXUDVL�6FKOXPEHUJHU 
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������������������� 

 

GLPDQD�N 

 ����������������� 

 

0DND 

��������������������������� 

 

'HQJDQ�ȡ�DGDODK�UHVLWLYLWDV�VHPX����P���

N�DGDODK�IDNWRU�JHRPHWUL�NRQILJXUDVL��ǻ9�

DGDODK�EHGD�SRWHQVLDO��9ROW��GDQ�,�DGDODK�

EHVDU�NXDW�DUXV��DPSHUH��� 

 'DWD� \DQJ� GLSHUROHK� GDUL� KDVLO�����

SHQJXNXUDQ� DGDODK� GDWD� EHGD� SRWHQVLDO�

GDQ� NXDW� DUXV�� NHPXGLDQ� GLKLWXQJ� QLODL�

UHVLWLYLWDV� SDGD� SHUVDPDDQ� ���� GDQ�

GLODQMXWNDQ� GHQJDQ� SHQJRODKDQ�

PHQJJXQDNDQ� VRIWZDUH� 3URJUHVV�

>��������@�� %HUGDVDUNDQ� KDVLO� SHQ�

JRODKDQ�GDWD�WHUVHEXW�GLSHUROHK�������SHQ�

DPSDQJ�JHROLVWULN� UHVLWLYLWDV�YHUWLNDO� WHU�

KDGDS�NHGDODPDQ� 

 .HPXGLDQ� GLEDQGLQJNDQ� GDWD� \DQJ�

GLKDVLONDQ� ROHK� HOHNWURGD� EDUX� GDQ���������

HOHNWURGD�ODPD�DSDNDK�PHPLOLNL�NHPDP�

SXDQ� \DQJ� VDPD� DWDX� OHELK� EDLN� GDODP�

PHQJKDVLONDQ�GDWD� \DQJ�DNDQ�NLWD� WLQMDX�

GDUL�HUURU�GDWD�\DQJ�GLSHUROHK� 

 

���+DVLO�GDQ�3HPEDKDVDQ 

�����$QDOLVLV�'HVDLQ�(OHNWURGD 

(OHNWURGD�EDUX�\DQJ�WHODK�GLEXDW�VHFDUD�

GHVDLQ� PHPLOLNL� WLQJNDW� HIHNWLI� OHELK�

EDLN� NDUHQD� GDODP� SHQJJXQDDQQ\D�

GLNDUHQDNDQ� WLGDN� PHPHUOXNDQ� SDOX� XQWXN�

GLWDQFDSNDQ�NH�WDQDK��*DPEDU�����UHVLNR�.��

DNDQ�OHELK�DPDQ�� 

 
*DPEDU����&DUD�SHQDQFDSDQ�HOHNWURGD 

 

  'DUL� VHJL� ZDNWX� SHQJXNXUDQ� VDWX�

NHJLDWDQ� SHQJDPELODQ� GDWD� GHQJDQ� ��� WLWLN�

SHQJXNXUDQ� XQWXN� PDVLQJ-PDVLQJ� HOHNWURGD�

SDGD� �� MHQLV� ODKDQ� WDQDK� GDSDW� GLOLKDW� SDGD�

WDEHO� ��� ZDNWX� SHQJXNXUDQ� GL� WDQDK� XUXJ�

OHELK�ODPD�NDUHQD�NRQGLVL�WDQDK�\DQJ�FXNXS�

NHUDV��SHQJJXQDDQ�HOHNWURGD�EDUX�OHELK�FHSDW�

��PHQLW�GLEDQGLQJNDQ�SHQJJXQDDQ�HOHNWURGD�

ODPD�� 6HGDQJNDQ� SDGD� WDQDK� NHEXQ� \DQJ�

NRQGLVL�WDQDK�OHELK�OXQDN�ZDNWX�SHQJXNXUDQ�

OHELK� FHSDW� XQWXN� VHPXD� WLSH� HOHNWURGD��

VHOLVLK�ZDNWX�VHODPD���PHQLW�OHELK�FHSDW�XQ�

WXN�SHQJXQDDQ�HOHNWURGD�EDUX� 

7DEHO����:DNWX�3HQJXNXUDQ�*HROLVWULN 

 

1R 3HQJXNXUDQ :DNWX 

� 7DQDK�8UXJ�(OHWURGD�
%DUX ���0HQLW 

� 7DQDK�8UXJ�(OHWURGD�
/DPD ���0HQLW 

� 7DQDK�.HEXQ�(OHWURGD�
%DUX ���0HQLW 

� 7DQDK�.HEXQ�(OHWURGD�
/DPD ���PHQLW 
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%HQWXN� HOHNWURGD� \DQJ� OHELK� NHFLO� GDQ�

SHQGHN� PHPEHULNDQ� NRQVHNXHQVL������

WHUKDGDS� PDVVD� HOHNWURGD�� GL� PDQD�����

HOHNWURGD� ODPD� PHPLOLNL� PDVVD�

���JUDP� GDQ� XQWXN� HOHNWURGD� ODPD�

PHPLOLNL� PDVD� ���� JUDP� �*DPEDU� ����

'HQJDQ� VHOLVLK� ���� JUDP�HOHNWURGD��

PDND� XQWXN� �� HOHNWURGD� DNDQ� PHQJX�

UDQJL�PDVVD�EHEDQ�XQWXN�PRELOLVDVL�6HW�

$ODW� 3UDNWLNXP� VHEHVDU� ����� NJ� GDQ� ��

NJ�GDUL���SDOX�\DQJ�WLGDN�GLJXQDNDQ� 

 

 
*DPEDU����3HUEDQGLQJDQ�PDVVD��������

HOHNWURGD 

 

�����$QDOLVLV�)XQJVL�(OHNWURGD 

/RNDVL� SHQHOLWLDQ� EHUDGD� GL� ZLOD\DK���

.HOXUDKDQ� %DURV�� .RWD� &LPDKL�� -DZD�

%DUDW� GHQJDQ� NRQGLVL� WDQDK� \DQJ�������

EHUEHGD� XQWXN� PHQJXML� NHPDPSXQ���

HOHNWURGD�EDUX�� \DLWX� ORNDVL� �$��7DQDK�

8UXJ�GDQ��%��7DQDK�.HEXQ� �*DPEDU�

��� GHQJDQ� PDVLQJ-PDVLQJ� OLQWDVDQ�

VHSDQMDQJ����PHWHU�GHQJDQ�NRQILJXUDVL�

6FKOXPEHUJHU�� � 'L� PDQD� MDUDN� DQWDU��

HOHNWURGD� SRWHQVLDO� �D�� GLEXDW� WHWDS�

VHSDQMDQJ�����PHWHU�GDQ�Q�� ��D� �DWDX���

PHWHU�� GDQ� Q��� Q��� Q�� GDQ� VHWHUXVQ\D���

EHUWDPEDK�����PHWHU� 

�$��/RNDVL�7DQDK�8UXJ 

3DGD� *DPEDU� �� GDQ� *DPEDU� �� GDSDW�

WHUOLKDW� EDKZD� SROD� JUDILN� \DQJ���������

WHUEHQWXN� KDPSLU� VDPD� SHUVLV�� EDLN� GDODP�

SHQJXNXUDQ� GHQJDQ� SHQJXQDDQ� HOHNWURGD�

EDUX� PDXSXQ� ODPD�� PHQJDFX� SDGD� QLODL� UH�

VLVWLYLWDV� WLDS� VSDVL� SXQ�PHPLOLNL� QLODL� \DQJ�

WLGDN� WHUODOX� MDXK� VHEDJDL� FRQWRK�SDGD� VSDVL�

����PHWHU�GL�GDSDWNDQ�QLODL�UHVLVWLYLWDV�WDQDK�

VHEHVDU����������P�GDQ����������P�� 

 
*DPEDU����/RNDVL�3HQHOLWLDQ��$��GDQ��%� 

 

 3HQJRODKDQ� PHQJJXQDNDQ� VRIWZDUH�����

3URJUHVVÜ� GLGDSDWNDQ� �� SHQDPSDQJ�ODSLVDQ�

GL� ORNDVL� WDQDK�XUXJ�� �*DPEDU���GDQ���SDGD�

EDJLDQ� 5HVLWLYLW\� /RJ� PHPSHUOLKDWNDQ�����

NHVDPDDQ� QLODL� UHVLVWLYLWDV� ODSLVDQ� WDQDK����

\DLWX�SDGD�ODSLVDQ�SHUWDPD�GL�NHGDODPDQ���–�

���� PHWHU� PHPLOLNL� QLODL� UHVLVWLYLWDV� �� ���

��P��ODSLVDQ�NH�GXD�GL�NHGDODPDQ�����–�����

PHWHU� PHPLOLNL� QLODL� UHVLVWLYLWDV� �� ���� ��P�

GDQ� ODSLVDQ� NH� WLJD� GL� NHGDODPDQ� ���� –� ����

PHWHU�PHPLOLNL�QLODL�UHVLVWLYLWDV�SDGD�UHQWDQJ�

��-������P� 

 'HQJDQ�3DQMDQJ�OLQWDVDQ����PHWHU�GHQJDQ�

VSDVL� ���� PHWHU� GDQ� IDNWRU� Q�  � ��� PDND����

EHUGDVDUNDQ�GDWD�WDEHO�/RNH�PDND�SHUNLUDDQ�

NHGDODP�\DQJ�GLGDSDW�DGDODK� ����[������� �

����� PHWHU� >��@�� -LND� PHOLKDW� GDWD� \DQJ�

WHUVDML�PDND�SDGD�NHGDODPDQ���–������PHWHU�

PDVLK� PHPLOLNL� UHVLVWLYLWDV� \DQJ� KDPSLU���
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*DPEDU����+DVLO�6RIWZDUH�3URJUHVV�SDGD�
WDQDK�XUXJ�GHQJDQ�HOHNWURGD�EDUX 

*DPEDU����+DVLO�6RIWZDUH�3URJUHVV�SDGD�
WDQDK�XUXJ�GHQJDQ�HOHNWURGD�ODPD 

VDPD�� GDQ� OHELK� GDODP� ODJL� PHPLOLNL�������

UHVLVWLYLWDV� \DQJ�EHUYDULDVL�PDNVLPDO�GL� ���

��P�� %HUGDVDUNDQ� QLODL� WHUVHEXW� GDSDW� GL�

LQWHUSUHVWDVLNDQ� EDKZD� ODSLVDQQ\D� PDVLK�

VDPD� \DLWX� WDQDK� OHPSXQJ� GDQ� VHGLNLW� DGD�

SDVLUDQ� \DQJ� PXQJNLQ� GDUL� KDVLO� XUXJDQ�

EHUXSD�EDWXDQ� 

 0HQJDFX� SDGD� 506� �5RRW� 0HDQ�

6TXDUH�� DWDX� HUURU� GDWD� GLSHUROHK� XQWXN�

SURILO� GDWD� GHQJDQ� HOHNWURGD� EDUX� ������

GDQ� SURILO� GDWD� GHQJDQ� HOHNWURGD� ODPD�

������� � +DQ\D� VHOLVLK� ����� GDQ� PDVLK� GL�

EDZDK�����VHEDJDL�EDWDV�EDZDK�HUURU�VXDWX�

GDWD�>��@�� 

/RNDVL�7DQDK�.HEXQ 

'DUL� *DPEDU� ��� GDQ� *DPEDU� ��� MXJD���

WHUOLKDW�EDKZD�SROD�JUDILN�\DQJ�WHUEHQWXN�

KDPSLU� VDPD� EDLN� SDGD� SHQJXNXUDQ�

GHQJDQ� SHQJJXQDDQ� HOHNWURGD� EDUX����

PDXSXQ� ODPD�� PHQJDFX� SDGD� QLODL�������

UHVLVWLYLWDV� WLDS� VSDVL� SXQ� PHPLOLNL� QLODL�

\DQJ� WLGDN� WHUODOX� MDXK� VHEDJDL� FRQWRK�

SDGD� VSDVL� �� PHWHU� GL� GDSDWNDQ� QLODL����

UHVLVWLYLWDV�WDQDK�VHEHVDU����������P�GDQ�

���������P�� 

 3HQJRODKDQ�PHQJJXQDNDQ� VRIWZDUH�

3URJUHVVÜ� SDGD� WDQDK� NHEXQ� SXQ� NLWD�

PHQGDSDWNDQ� �� SHQDPSDQJ�ODSLVDQ������

3DGD� *DPEDU� ��� GDQ� ��� GL� EDJLDQ��������
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*DPEDU�����+DVLO�6RIWZDUH�3URJUHVV�SDGD�
WDQDK�NHEXQ�GHQJDQ�HOHNWURGD�EDUX 

*DPEDU�����+DVLO�6RIWZDUH�3URJUHVV�
SDGD�WDQDK�NHEXQ�GHQJDQ�HOHNWURGD�ODPD 

5HVLWLYLW\�/RJ�PHQXQMXNNDQ�NHVDPDDQ�QLODL�

UHVLVWLYLWDV� ODSLVDQ�WDQDK�\DLWX�SDGD�ODSLVDQ�

SHUWDPD� GL� NHGDODPDQ� �� –� ���� PHWHU�����

PHPLOLNL� QLODL� UHVLVWLYLWDV����������P��GDQ�

SDGD�ODSLVDQ�NH�WLJD�GL�NHGDODPDQ�����–�����

PHWHU� PHPLOLNL� QLODL� UHVLVWLYLWDV� SDGD�

UHQWDQJ���-������P�� 

 %HUGDVDUNDQ�SHPRGHODQ�ODSLVDQ�WDQDK�

GLGDSDWNDQ� KDVLO� \DQJ� PHQDULN� \DLWX� OLKDW�

SDGD� *DPEDU� ��� GL� ODSLVDQ� NH� WLJD�

PHQGDSDWNDQ�QLODL���������P�GL�NHGDODPDQ�

����–�����PHWHU�VHGDQJNDQ�SDGD�*DPEDU����

GL�ODSLVDQ�NH�GXD�PHQGDSDW�QLODL���������P�

GL� NHGDODPDQ� ���� –� ���� PHWHU�� DGD� ��

NHPXQJNLQDQ� KDO� WHUVHEXW� WHUMDGL� SHUWDPD�

NDUHQD� XNXUDQ� SDQMDQJ� HOHNWURGD� \DQJ����

EHUEHGD� DWDX� NDUHQD� IDNWRU� WDQDK� NHEXQ�

\DQJ�FHQGHUXQJ�JHPEXU�VHKLQJJD�VHWHODK�

SHQDQFDSDQ� SHUWDPD� PHPEXDW� WDQDK�

PHQMDGL� OHELK� JHPEXU� DWDX� EHURQJJD���

VHKLQJJD� PHPSHQJDUXKL� SHUEHGDDQ� QLODL�

UHVLVWLYLWDV�SDGD�ODSLVDQ�WHUVHEXW�� 

0HVNL� GDUL� WLDS� ODSLVDQ� WHUVHEXW���

PHPLOLNL�QLODL�UHVLVWLYLWDV�\DQJ�EHUYDULDWLI�

DNDQ� WHWDSL�QLODLQ\D�PDVLK�GL�EDZDK�GDUL�

�����P��%HUGDVDUNDQ� LQWHUSUHWDVL� OLWRORJL�

EDWXDQ� WHUKDGDS� KDVLO� SHPRGHODQ� SDGD�

*DPEDU� ��� GDQ� ��� EDKZD� ODSLVDQ� WDQDK�

NHEXQ� WHUVHEXW� PDVLK� EHUXSD� WDQDK�

OHPSXQJ�� 

0HQJDFX� SDGD� 506� �5RRW� 0HDQ�

6TXDUH�� DWDX� HUURU� GDWD� \DQJ����������������
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GLSHUEROHKNDQ� \DLWX� GL� EDZDK� ����PDND�

NHGXD� SURILO� GDWD� \DQJ� GLSHUROHK� VXGDK�

VDQJDW� EDJXV� GL� PDQD� XQWXN� SURILO� GDWD�

GHQJDQ� HOHNWURGD� EDUX� ������ GDQ� SURILO�

GDWD�GHQJDQ�HOHNWURGD�ODPD�������>��@�� 

 

���6LPSXODQ 

5HNRQWUXNVL� VHW� DODW� SUDNWLNXP� JHROLVWULN�

WHODK� EHUKDVLO� GLODNXNDQ� GHQJDQ� EDLN�� HO�

HNWURGD�EDUX� \DQJ� WHODK�GLEXDW� VHFDUD�GH�

VDLQ� PHPLOLNL� WLQJNDW� HIHNWLI� GDQ� HILVLHQ�

\DQJ� GLVLPSXONDQ� GDUL� KDVLO� HNVSHULPHQ�

\DQJ�WHODK�GLODNXNDQ�GHQJDQ�PHPEHULNDQ�

NHPXGDKDQ� GDODP� SHQJJXQDDQ�� WLQJNDW�

.��\DQJ�OHELK�EDLN��NHFHSDWDQ�SHQJDPEL�

ODQ�GDWD�GDQ�OHELK�ULQJDQ�GDODP�PRELOLVDVL�

VHW�DODW�GDUL�VHEHOXPQ\D��'DUL�VHJL�IXQJVL�

HOHNWURGD� EDUX� LQL� PHPLOLNL� IXQJVL� \DQJ�

VDPD� NDUHQD� PHQJKDVLONDQ� SHQJXNXUDQ�

GHQJDQ�HUURU�GDWD�GL�EDZDK����� 

 

���8FDSDQ�7HULPD�.DVLK 

3HQXOLV�PHQJXFDSNDQ�WHULPD�NDVLK�NHSDGD�

5HNWRU� 8QLYHUVLWDV� 3HQGLGLNDQ� ,QGRQHVLD�

\DQJ� WHODK� PHPEHULNDQ� +LEDK� 'DQD�

3HQHOLWLDQ�7DKXQ�$QJJDUDQ�������GHQJDQ�

6XUDW� .HSXWXVDQ� 5HNWRU� 1RPRU�� �����

81���30������ 

 

���5HIHUHQVL 

��� � )HUDQLH�� 6��� ,U\DQWL�� 0��� 8WDUL�� 6��� 	���

$UGL��1��'����������=RQD�0LJUDVL�3HQFH�

PDUDQ�$LU� GL� 6HNLWDU� 73$� � � � � %DEDNDQ�

&LSDUD\� .DEXSDWHQ� %DQGXQJ� GHQJDQ�

0HQJJXQDNDQ� 0HWRGH� � *HROLVWULN������

7DKDQDQ�-HQLV� -XUQDO�+DVLO�3HQHOLWLDQ� 

 

�� $UGL�� 1�� '��� 	� ,U\DQWL�� 0�� �����������

6HSWHPEHU��� 5HVLVWLYLW\� PDSSLQJ� DQG�

JHRFKHPLFDO� GDWD� IRU� JURXQGZDWHU���

FRQWDPLQDWLRQ� DW� 6DULPXNWL� PXQLFLSDO�

ODQGILOO�� :HVW� %DQGXQJ�� ,Q $,3�������

&RQIHUHQFH� 3URFHHGLQJV �9RO�� ������

1R�����S�����������$,3�3XEOLVKLQJ�//&� 

�� $UGL�� 1�� '��� 	� ,U\DQWL�� 0�� �����������

)HEUXDU\���6OLGLQJ�]RQH�LGHQWLILFDWLRQ�RI�

ODQGVOLGH� DUHD� XVLQJ� UHVLVWLYLW\� PHWKRG�

LQ� &LMDPEH�� 6XEDQJ�:HVW� -DYD�� ,Q $,3�

&RQIHUHQFH� 3URFHHGLQJV �9RO�� ������

1R�����S�����������$,3�3XEOLVKLQJ�//&� 

�� $UGL��1��'���,U\DQWL��0���$VPRUR��&��3���

1XUKD\DWL�� 1��� 	� $JXVWLQH�� (�� ��������

0DSSLQJ� ODQGVOLGH� SRWHQWLDO� DUHD� XVLQJ�

IDXOW� IUDFWXUH� GHQVLW\� DQDO\VLV� RQ�������

XQPDQQHG�DHULDO�YHKLFOH��8$9��LPDJH��

,Q ,23� &RQIHUHQFH� 6HULHV�� (DUWK� DQG�

(QYLURQPHQWDO� 6FLHQFH �9RO�� ����� 1R��

���SS������-������ 

�� $UGL��1��'���,U\DQWL��0���$VPRUR��&��3���

<XVXI�� $��� 6XQGDQD�� $�� 1�� $��� 6DIXUD��

+�� <��� ���� 	� $IULDQWL�� 5�� ����������������

*HRHOHFWULF� LPDJLQJ� IRU� VDOLQH� ZDWHU�

LQWUXVLRQ� LQ� *HRSDUN� ]RQH� RI� &LOHWXK�

%D\�� ,QGRQHVLD� -3K&6� ���������

������� 

�� $UGL�� 1�� '��� ,U\DQWL�� 0��� $JXVWLQH�� (���

$VPRUR��&��3���<XVXI��$���6XQGDQD��$��

1�� $��� ���� 	� $IULDQWL�� 5�� ����������������

1RYHPEHU��� 0RQLWRULQJ� RI� UDLQIDOO����

LQILOWUDWLRQ� WR� XQGHU� VXUIDFH� XVLQJ� '&�

UHVLVWLYLW\� PHWKRG�� ,Q -RXUQDO� RI����

3K\VLFV��&RQIHUHQFH�6HULHV �9RO�� ������

1R�����S�����������,23�3XEOLVKLQJ� 
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�� 9HEULDQWR�� 6�� ������� (NVSORUDVL� 0HWRGH�

*HROLVWULN�� 8QLYHUVLWDV� %UDZLMD\D� 3UHVV�

��������0RGXO� 3UDNWLNXP�*HROLVWULN� GDQ�

(OHNWURPDJQHWLN��  8QLYHUVLWDV������������

7DQMXQJSXUD��3RQWLDQDN� 

�� ,VODPL�� 1�� 3(1*(0%$1*$1�

3(5$/$7$1� 35$.7,.80� 3$'$�

0$7$.8/,$+� ),6,.$� .(%80,$1�

/$1-87� -XUQDO� 3HQGLGLNDQ� ������ ���-

���� 

�� 6HKDK�� 6��� 	� $]L]�� $�� 1�� ��������

3HQGXJDDQ� .HGDODPDQ� $LU� 7DQDK�

0HQJJXQDNDQ� 0HWRGH� *HROLVWULN�������

.RQILJXUDVL� 6FKOXPEHUJHU� GL� 'HVD������

%RMRQJVDUL��.HFDPDWDQ�$OLDQ��.DEXSDWHQ�

.HEXPHQ� -XUQDO�1HXWULQR��-XUQDO�)LVLND�

GDQ�$SOLNDVLQ\D� �����$35,/�����-��� 

��� =XEDLGDK�� 7��� 	� .DQDWD�� %�� ��������

3HPRGHODQ� ILVLND� DSOLNDVL� PHWRGH��������

JHROLVWULN�NRQILJXUDVL�VFKOXPEHUJHU�XQWXN�

LQYHVWLJDVL�NHEHUDGDDQ�DLU�WDQDK� -�7HNQLN�

(OHNWUR� ��������-��� 

��� 5XELDQWRUR��3����������3(0$1)$$7$1�

0(72'(� *(2/,675,.��������������������

5(6,67,9,7$6� .21),*85$6,�

6&+/80%(5*(5� '$/$0�

3(1'8*$$1� /$3,6$1� $.8,)(5�

8178.� 327(16,� $,57$1$+� ',����

'(6$� &(0$5$� .(&$0$7$1�

68%2+� .$%83$7(1����������������������
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