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3HQHQWXDQ�-HEDNDQ�6LVWHP�+LGURNDUERQ�'HQJDQ�0HWRGH���

*D\D�%HUDW�'L�'DHUDK�0DMDOHQJND 

/XWIL�0XQDZDU�$O-DQVKRUL���'DGDQ�'DQL�:DUGKDQD���'DGL�5XVGLDQD� 

 
�'HSDUWHPHQ�3HQGLGLNDQ�)LVLND�83,��-O��'��6HWLDEXGKL�1R������%DQGXQJ������ 

�3XVDW�3HQHOLWLDQ�*HRWHNQRORJL��/,3,��%DQGXQJ������ 

 

�3HQXOLV�3HQDQJJXQJMDZDE��(-PDLO��VLWLD]L]DKVXWLVQD#JPDLO�FRP� 

$%675$. 

3HQHQWXDQ�MHEDNDQ�VLVWHP�KLGURNDUERQ�PHQJJXQDNDQ�PHWRGH�JD\DEHUDW�EHUDGD�

GL� GDHUDK� 0DMDOHQJND�� -DZD� %DUDW�� 'DWD� JHRORJL� UHJLRQDO� GDHUDK� SHQHOLWLDQ�

PHQXQMXNDQ�DGDQ\D�SRWHQVL�MHEDNDQ�VLVWHP�KLGURNDUERQ��VHKLQJJD�XQWXN�WXMXDQ�

LGHQWLILNDVL� DGDQ\D� SRWHQVL� MHEDNDQ� KLGURNDUERQ� SHUOX� GLODNXNDQ� VXUYHL� HN�

VSORUDVL� JHRILVLND� SDGD� GDHUDK� SHQHOLWLDQ�� 6XUYH\� HNVSORUDVL� JHRILVLND�PHODOXL�

PHRWGH�JD\DEHUDW�PHQJKDVLONDQ�QLODL�DQRPDOL�ERXJXHU�OHQJNDS�\DQJ�WHODK�GLO�

DNXNDQ� NRUHNVL�� .HPXGLDQ� KDVLO� SHQJRODKDQ� GDWD� GLSORW� PHQMDGL� SHWD� NRQWXU�

DQRPDOL� ERXJXHU�GDQ� DNDQ�GLMDGLNDQ�DFXDQ�GDODP�SHPEXDWDQ�PRGHO��'��%HU�

GDVDUNDQ� KDVLO� SHPRGHODQ�� SDGD� PRGHO� OLQWDVDQ� $-$¶� GLLQGHQWLILNDVL� DGDQ\D�

MHEDNDQ�VLVWHP�KLGURNDUERQ�EHUXSD�EDWXDQ�LQGXN�GHQJDQ�QLODL�GHQVLWDV�����JU�FF��

UHVHUYRLU�GHQJDQ�QLODL�GHQVLWDV������JU�FF��ODSLVDQ�SHQXWXS�GHQJDQ�QLODL�GHQVLWDV�

�����JU�FF��VHUWD�DGDQ\D�EHQWXN�VWUXNWXU�EHUXSD�MHEDNDQ�DQWLNOLQ� 

.DWD�.XQFL���PHWRGH�JD\DEHUDW��MHEDNDQ��VLVWHP�KLGURNDUERQ��GHQVLWDV� 



:DKDQD�)LVLND����������������-��� 
KWWS���HMRXUQDO�XSL�HGX�LQGH[�SKS�ZDIL 
H-,661�������-����  

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

$%675$&7 

'HWHUPLQDWLRQ�RI�WUDSV�RI�K\GURFDUERQ�V\VWHPV�XVLQJ�DOWHUQDWLYH�PHWKRGV�

LQ� 0DMDOHQJND�� :HVW� -DYD�� 7KH� JHRORJLFDO� GDWD� RI� WKH� UHVHDUFK� DUHD�

VKRZV� WKH� SRWHQWLDO� RI� WUDSV� RI� WKH� K\GURFDUERQ� V\VWHP�� VR� IRU� WKH�������

SXUSRVH�RI� LGHQWLI\LQJ� WKH�SRWHQWLDO�RI�K\GURFDUERQ� WUDSV� LW� LV�QHFHVVDU\�

WR� FRQGXFW� JHRSK\VLFDO� VXUYH\� LQ� WKH� UHVHDUFK� DUHD�� 6XUYH\� RI����������������

JHRSK\VLFDO� H[SORUDWLRQ� WKURXJK� JUDYLW\� PHWKRG� RI� FRPSOHWH� ERXJXHU�

DQRPDO\�KDV�EHHQ�GRQH��7KHQ�WKH�UHVXOW�RI�GDWD�SURFHVVLQJ�LV�SORWWHG�LQWR�

FRQWRXU�PDS�RI�ERXJXHU�DQRPDO\�DQG�ZLOO�EH�XVHG�DV�UHIHUHQFH�LQ�PDNLQJ�

�'� PRGHO�� %DVHG� RQ� WKH� PRGHOLQJ� UHVXOWV�� WKH� $$� WUDMHFWRU\� PRGHOV��

LGHQWLILHG�WKH�WUDSV�RI�WKH�K\GURFDUERQ�V\VWHP�ZLWK�WKH�SDUHQW�URFN�ZLWK�D�

GHQVLW\�RI�����J�FF��D�UHVHUYRLU�ZLWK�D�GHQVLW\�RI������J�FF��D�VHDO�ZLWK�D�

GHQVLW\�YDOXH�RI������J�FF��DQG�WKH�VWUXFWXUH�RI�DQWLFOLQH�WUDSV� 

.H\ZRUGV��JUDYLW\�PHWKRG��WUDS��K\GURFDUERQ�V\VWHP��GHQVLW\ 

�� 3HQGDKXOXDQ 

6HEDJDL� VDODK� VDWX� QHJDUD��������

EHUNHPEDQJ�� ,QGRQHVLD� PHPLOLNL��

WLQJNDW� SRSXODVL� SHQGXGXN� \DQJ�

FXNXS� WLQJJL� GDQ� WHUXV� EHUNHPEDQJ��

6HLULQJ� EHUWDPEDKQ\D� SRSXODVL� WHUVH�

EXW�� PDND� WLQJNDW� NHEXWXKDQ� DWDV�

VXPEHU� HQHUJL� SXQ� DNDQ� VHPDNLQ�

PHQLQJNDW�� 6DODK� VDWX� VXPEHU� HQHUJL�

\DQJ� SDOLQJ� EHUSHQJDUXK� EDJL� VXDWX�

QHJDUD� \DLWX� PLQ\DN� GDQ� JDV� EXPL��

%HUGDVDUNDQ� NHPHQWULDQ� (QHUJL� GDQ�

6XPEHU� 'D\D� 0LQHUDO� �(6'0�������

WHUFDWDW� SDGD� WDXQ� ����� NRQVXPVL��

QDVLRQDO�PLQ\DN�EXPL�VHEHVDU����MXWD�

NLOROLWHU� GDQ� GDUL� WDKXQ-NHWDKXQ� WHUXV�

PHQJDODPL�SHQLQJNDWDQ��+DO��WHUVHEXW�

WLGDN� VHLPEDQJ� GHQJDQ� SURGXNVL���

PLQ\DN� EXPL� GDODP� QHJHUL� \DQJ��������

\DQJ�PHQJDODPL� SHQXUXQDQ� GDUL� WDKXQ-

NHWDKXQ� \DLWX� KDQ\D� VHEVHVDU� ��� MXWD�

NLOROLWHU�SHUWDKXQ��3HUDWXUDQ�NHPHQWULDQ�

(6'0�SDVDO���D\DW���88�1R�����WDKXQ�

����� PHQ\DWDNDQ� EDKZD� SHPHULQWDK�

ZDMLE� PHQMDPLQ� NHWHUVHGLDDQ� GDQ������

NHODQFDUDQ�SHQGLVWULEXVLDQ�%DKDQ�%DNDU�

0LQ\DN� GDQ� JDV� EXPL� \DQJ�PHUXSDNDQ�

NRPRGLWDV� YLWDO� GDQ� PHQJXDVDL� KDMDW�

KLGXS� RUDQJ� EDQ\DN�� %HUGDVDUNDQ��������

SHUDWXUDQ�WHUVHEXW�PDND�SHUOX�GLODNXNDQ�

NHJLDWDQ� HVNSORUDVL� VHFDUD� PDNVLPDO�

XQWXN�PHQXWXSL� FDGDQJDQ�PLQ\DN� \DQJ�

PHQLSLV� GDQ�PHQDPEDK� FDGDQJDQ� \DQJ�

EDUX� VHEDJDL� XSD\D� RSWLPDOLVDVL�

SHPHQXKDQ� NHEXWXKDQ� PDV\DUDNDW� GL�

HUD�JOREDOLVDVL�LQL� 

.HEHUDGDDQ� GDQ� SHQ\HEDUDQ�PLQ\DN�

EXPL�GLSHQJDUXKL�ROHK�NHDGDDQ�JHRORJL�
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VHWHPSDW� GDQ� WHUQ\DWD� GLGDSDWNDQ����

GDODP� VXDWX� FHNXQJDQ� VHGLPHQ��

&HNXQJDQ� VHGLPHQ� DGDODK� VHEXDK���

WHPSDW�GL�NHUDN�%XPL�\DQJ�UHODWLI�OHELK�

FHNXQJ� GLEDQGLQJNDQ� VHNLWDUQ\D�����

WHPSDW� VXQJDL-VXQJDL� PHQJDOLU� �

EHUPXDUD�� GDQDX� DWDX� ODXW� EHUORNDVL����

WHPSDW� VHGLPHQ-VHGLPHQ� GLHQGDSNDQ��

6HWHODK� PHQJDODPL� SURVHV� JHRORJL��

VHODPD� MXWDDQ� WDKXQ�� PDND� FHNXQJDQ�

VHGLPHQ�LWX�ELVD�EHULVL�EDWXDQ�VHGLPHQ�

\DQJ� NHWHEDODQQ\D� ELVD� EHUDJDP� GDUL�

EHEHUDSD� UDWXV�PHWHU� VDPSDL� EHEHUDSD�

SXOXK�ULEX�PHWHU�>�@� 

0HWRGH�JD\DEHUDW�DGDODK�VDODK�VDWX�

PHWRGD� JHRILVLND� \DQJ� GDSDW�

GLJXQDNDQ� XQWXN� PHQJHWDKXL�

NRQILJXUDVL� FHNXQJDQ� EHUDVDUNDQ�

SHUEGHDDQ�SDUDPHWHU�ILVLV�UDSDW�PDVVD��

+DVLO� VXUYHL� ELDVDQ\D� GLWDPSLONDQ�

GDODP� EHQWXN� SHWD� DQRPDOL� JD\DEHUDW�

ERXJXHU� 

�����/RNDVL�3HQHOLWLDQ 

'DHUDK� SHQHOLWLDQ� WHUPDVXN� GDODP�

ZLOD\DK� .DEXSDWHQ� 0DMDOHQJND��

3URYLQVL� -DZD� %DUDW�� 6HFDUD� JHRJUDILV�

WHUOHWDN� SDGD� NRRUGLQDW� ������¶�����´�

–� ������¶��´� %XMXU� 7LPXU� GDQ�

����¶��´� –� ����¶�����´� /LQWDQJ�

VHODWDQ��*DPEDU���� 

 

 
*DPEDU����3HWD�ORNDVL�GDHUDK�SHQHOLWLDQ�

�VXPEHU�JRRJOHPDS� 

 

'DHUDK� SHQHOLWLDQ� WHUPDVXN� GDODP���

=RQD�%RJRU�\DQJ�PHPEHQWDQJ�PXODL�GDUL�

UDQJNDVELWXQJ�PHODOXL�%RJRU��3XUZDNDUWD��

6XEDQJ�� 6XPHGDQJ�� .XQLQJDQ� GDQ�

0DMDOHQJND� �*DPEDU� ���� 'DHUDK� LQL��

PHUXSDNDQ� SHUEXNLWDQ� OLSDWDQ� \DQJ������

WHUEHQWXN�GDUL�EDWXDQ�VHGLPHQ�WHUVLHU�ODXW�

GDODP�PHPEHQWXN�VXDWX�DQWLNORQRULXP��GL�

EHEHUDSD�WHPSDW�PHQJDODPL�SDWDKDQ�\DQJ�

GLSHUNLUDNDQ� SDGD� ]DPDQ� 3OLRVHQ-

3OLVWRVHQ� VH]DPDQ� GHQJDQ� WHUEHQWXNQ\D�

3DWDKDQ� /HPEDQJ� GDQ� SHQJDQJNDWDQ�

3HJXQXQJDQ� 6HODWDQ�� =RQD� %RJRU�

VHNDUDQJ� WHUOLKDW� VHEDJDL� GDHUDK� \DQJ�

EXNLW-EXNLW� UHQGDK� GL� VHEDJLDQ� WHPSDW�

VHFDUD� VSRUDGLV� WHUGDSDW� EXNLW-EXNLW�

GHQJDQ� EDWXDQ� NHUDV� \DQJ� GLQDPDNDQ��

YXONDQLV�QHFN� DWDX� VHEDJDL� EDWXDQ� LQWUXVL�

VHSHUWL� JXQXQJ� 3DUDQJ� 'DQ� *XQXQJ��

6DQJJDEXDZDQD� GL� 3OHUHG� 3XUZDNDUWD��

*XQXQJ� .URPRQJ� GDQ� *XQXQJ� &LUHPDL�

������� PHWHU�� GL� .XQLQJDQ� GDQ� *XQXQJ�

7DPSRPDV� ������� PHWHU�� GL� 6XPHGDQJ�

>�@� 
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 VHEDJDL�UHVUYRLU�KLGURNDUERQ��VHSHUWL�\DQJ�

WHODK� GLEXNWLNDQ� GL� &HNXQJDQ� .XWHL��

%UXQHL�� 7DUDNDQ�� 6XPDWHUD� 8WDUDQ�� -DZD�

7LPXU�� GDQ� &HNXQJDQ� 3DODZDQ� >�@��

6WUDWLJUDIL� UHJLRQDO� FHNXQJDQ� WHUVHEXW�

WHODK� GLEXDW� ROHK�0DUWRGMR\R� ������� GDQ�

GLPRGLILNDVL�ROHK�6DW\DQD�������>�@�� 

 $GD� �� SROD� NHOXUXVDQ� VWUXNWXU� GL�

GDHUDK� SHQHOLWLDQ�� \DLWX� EDUDWODXW-

WHQJJDUD�� XWDUD-VHODWDQ�� WLPXUODXW-

EDUDWGD\D�� GDQ� EDUDW-WLPXU� �*DPEDU� ����

6WUXNWXU�EHUDUDK�EDUDW-WLPXU�GDQ�EDUDW�ODXW

-WHQJJDUD� XPXPQ\D� PHUXSDNDQ� MHQLV�

VHVDU�QDLN�\DQJ�GLSRWRQJ�ROHK�VHVDU-VHVDU�

JHVHU� EHUDUDK� XWDUD-VHODWDQ� PDXSXQ�

WLPXUODXW-WHQJJDUD�� 6HVDU� SDGD� DUDK�

WLPXUODXW-EDUDWGD\D� PHUXSDNDQ� VHVDU�

PHQGDWDU� VLQLVWUDO�� VHGDQJNDQ� SDGD� DUDK�

EDUDWODXW� PHUXSDNDQ� VHVDU� PHQGDWDU�

GHNVWUDO��7HODK�PHODNXNDQ�NDMLDQ�VWXUNWXU�

GL� GDHUDK� 0DMDOHQJND� EHUGDVDUNDQ� IRWR�

XGDUD�� FLWUD� ODQGVDW�� SHQJDPDWDQ� GDQ�

SHQJXNXUDQ� ODSDQJDQ�� 6HVDU� %DULELV�

PHUXSDNDQ� VHVDU� XWDPD� GL� GDHUDK�

SHQHOLWLDQ�� 6HVDU� LQL� PHPLOLNL� DUDK�

EDUDWODXW-WHQJJDUD� \DQJ� PHUXSDNDQ� VHVDU�

QDLN�� 'L� GDHUDK� .DGLSDWHQ-0DMD�� VHVDU�

QDLN� %DULELV� EHUEHORN� DUDK� OHELK� NH�

WHQJJDUD� GDQ� MHQLV� JHUDNDQQ\D� EHUXEDK�

PHMDGL� VHVDU� JHVHU� PHQJDQDQ� �GH[WUDO���

6HVDU� %DULELV� GLSRWRQJ� ROHK� VHVDU� JHVHU�

\DQJ� XNXUDQQ\D� UHODWLI� OHELK� NHFLO�� \DLWX�

6HVDU� &LNDQGXQJ�� 6HVDU� &LSDQDV�� 6HVDU�

&LSHODQJ�GDQ�6HVDU�&LPDQXN�>�@� 

 
*DPEDU����3HWD�ILVLRJUDIL�-DZD�%DUDW�>�@ 

 

 &HNXQJDQ�%RJRU�PHUXSDNDQ�FHNXQJDQ�

VHGLPHQ� EHUNDUDNWHU� HQGDSDQ� ODXW� GDODP�

\DQJ�EHUNHPEDQJ�PXODL�DZDO�7HUVLHU�GDQ�

WHUEHQWDQJ� PXODL� GDUL� =RQD� %RJRU� GL����

EDJLDQ� %DUDW� VDPSDL� =RQD� .HQGHQJ� GL�

EDILDQ�WLPXUQ\D��6HFDUD�ILVLRJUDIL�MDOXU�LQL�

PHPEHQWDQJ� GL� WHQJDK� SXODX� MDZD� GDQ�

GLVHEXW� %RJRU� –� 1RUWK� 6HUD\X-.HQGHQJ�

$QWLFOLQRULXP� >�@� DWDX� %RJRU-1RUWK� 6HU�

D\X�–�.HQGHQJ�GHHSZDWHU�]RQH�>�@�VHSHUWL�

GLSHUOLKDWNDQ�SDGD�*DPEDU��� 

 
*DPEDU� ��� &HNXQJDQ� %RJRU� \DQJ� GLWXWXSL� ROHK�
NXDUWHU�GDQ�YXONDQLV�>�@� 

 

 6HFDUD� WHNWRQLN� &HNXQJDQ� %RJRU�

PHUXSDNDQ� &HNXQJDQ� %XVXU� %HODNDQJ�

�%DFN�$UF�%DVLQ��WHUKDGDS�EXVXU�YXONDQLN�

2OLJR-0LRVHQ� \DQJ�EHUDGD� GL� VHODWDQQ\D��

6DDW� LQL� VHGLPHQ� ODXW� GDODP� MXJD�

PHQGDSDW� SHUJDWLDQ� NDUHQD� EHUSRWHQVL�



:DKDQD�)LVLND����������������-��� 
KWWS���HMRXUQDO�XSL�HGX�LQGH[�SKS�ZDIL 
H-,661�������-����  

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

 �SDGD�VDWX�WLWLN�DFXDQ�\DQJ�GLVHEXW�EDVH�

VWDWLRQ�PHQJJXQDNDQ�DODW�*UDYLW\PHWHU�

/DFRVWH�	�5RPEHUJ�7\SH�*-�����'DWD�

KDVLO� SHQJXNXUDQ� GLRODK� GHQJDQ� FDUD�

PHODNXNDQ� EHEHUDSD� UHGXNVL�NRUHNVL�

XQWXN� PHQGDSDWNDQ� QLODL� DQRPDOL�

JD\DEHUDW�SDGD�GDHUDK�SHQHOLWDQ�EHUXSD�

NRUHNVL� OLQWDQJ�� NRUHNVL� XGDUD� EHEDV��

NRUHNVL� ERXJXHU� GDQ� NRUHNVL� PHGDQ��

3HUKLWXQJDQ� $QRPDOL� %RXJXHU�

GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ�

SHUVDPDDQ�EHULNXW�>�@�� 

%$� �*REV�-�*Q���)$&�-�%&���7&������������� 

 

%$�  � *REV� -� *Q� �� ��������K� -

�������ȡ�K���&����ȡ���ǻK ��������� 

 

'LPDQD� 

%$�  ������%RXJHU�$QRPDOL 

*2EV �� � +DUJD� JD\DEHUDW� KDVLO�
REHUVYDVL 

*Q  � +DUJD� JD\DEHUDW� QRUPDO�
�OLQWDQJ� 

))$&  ����.RUHNVL�XGDUD�EHEDV 

%& ���������� ���.RUHNVL�%RXJXHU 

7F ���������� ���.RUHNVL�0HGDQ 

ȡ������������� ���'HQVLWDV 

K ���������� ���7LQJJL�WLWLN�DPDW��PHWHU� 

ǻK���  ����%HGD�WLQJJL�WLWLN�DPDW�
GHQJDQ�WRSRJUDIL�
VHNLWDUQ\D� 

 

 

 

 
*DPEDU� ��� 3HWD� *HRORJL� /HPEDU�
$UMDZLQJDQXQ�>�@� 

 

����0HWRGH�3HQHOLWLDQ 

0HWRGH� JD\D� EHUDW� PHUXSDNDQ� VDODK�

VDWX� PHWRGD� JHRILVLND� \DQJ� GDSDW�

GLJXQDNDQ� XQWXN� PHQJHWDKXL� NRQGLVL�

EDZDK� SHUPXNDDQ� �NRQILJXUDVL�

FHNXQJDQ�� EHUGDVDUNDQ� SHUEHGDDQ�

SDUDPHWHU� ILVLV� GHQVLWDV� EDWXDQ� >�@��

6DODK� VDWX� SHQHUDSDQ� PHWRGH�

JD\DEHUDW� SDGD� WDKDS� DZDO� HNVSORUDVL�

KLGURNDUERQ� \DLWX� GLJXQDNDQ� XQWXN�

PHPSHUNLUDNDQ�NHEHUDGDDQ�FHNXQJDQ��

PHPRGHONDQ� EDZDK� SHUPXNDDQ�

EHUGDVDUNDQ� QLODL� NRQWUDV� GHQVLWDV��

VHUWD� PHPEHULNDQ� UHNRPHQGDVL� DUHD�

SURVSHN� KLGURNDUERQ� XQWXN� HNVSORUDVL�

OHELK� ODQMXW�� 8QWXN� PHQGDSDWNDQ�

LQIRUPDVL� WHUVHEXW� GLODNXNDQ� DQDOLVD�

VHFDUD� NXDOLWDWLI� SDGD� SHWD� DQRPDOL�

%RXJXHU�� 6HGDQJNDQ� DQDOLVD� VHFDUD�

NXDQWLWDWLI�PHODOXL�SHPEXDWDQ�PRGHO���

GLPHQVL�JD\DEHUDW� 

3HQJDPELODQ� GDWD� JD\DEHUDW�

GLODNXNDQ� GHQJDQ� VLVWHP� SHQJXNXUDQ��

WHUWXWXS� �ORRSLQJ�� GHQJDQ� PHQJDFX�
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 0RGHO� �-'� SHQDPSDQJ� EDZDK�

SHUPXNDDQ�GLEXDW�GHQJDQ�PHQJJXQDNDQ�

VRIWZDUH� 2DVLV� 0RQWDM� *P-6\V��

%HEHUDSD� SDUDPHWHU� \DQJ� GLJXQDNDQ�

GDODP�LQSXW�GDWD�VRIWZDUH�WHUVHEXW�DQWDUD�

ODLQ� DGDODK� &URVV� VHFWLRQ� EHUXSD� QLODL�

MDUDN�GDUL�KDVLO�VOLFLQJ�GL�VXUIHU�YHUVL����

WLDS�OLQWDVDQ�GDQ�NHGDODPDQ��7RSRJUDSK\�

EHUXSD� QLODL� MDUDN� GDQ� NHWLQJJLDQ� \DQJ�

GLSHUROHK� GDUL� KDVLO� VOLFLQJ� VHUWD� � VHUWD�

JUDYLW\�VWDWLRQ�EHUXSD�NRRGLQDW�GDQ�QLODL�

DQRPDOL�ERXJXHU�OHQJNDS��3DGD�VRIWZDUH�

2DVLV� 0RQWDM� *P-6\V� QLODL� GHQVLWDV�

PHPLOLNL� VDWXDQ� \DLWX� JU�FF�� 'DODP�

SHPRGHODQ� �-'� GLEXDW� SHQDPSDQJ�

VD\DWDQ� \DLWX� OLQWDVDDQ� $-$¶� GHQJDQ�

MDUDN� OLQWDVDQ� $-$¶� SDGD� �*DPEDU� ���

EHUNLVDU��������PHWHU� 

/LQWDVDQ� $-$¶� PHPLOLNL� MDUDN� VHEHVDU�

������� PHWHU� GHQJDQ� OLQWDVDQ����������

PHPEHQWDQJ� OXUXV� GDUL� VHODWDQ� KLQJJD�

XWDUD�� 'DUL� KDVLO� SHPRGHODQ� �'� \DQJ��

����+DVLO�GDQ�3HPEDKDVDQ 

%HUGDVDUNDQ� SHWD� NRQWXU� DQRPDOL�

ERXJXHU� \DQJ� GLWXQMXNDQ� SDGD�

�*DPEDU� ���� GLSHUROHK� LQIRUPDVL� EDK�

ZD� QLODL� DQRPDOL� SDGD� GHDUDK�

SHQHOLWLDQ�EHUNLVDU�DQWDUD���P*DO�–����

P*DO�� 3DGD� SHWD� NRQWXU� DQRPDOL�

ERXJXHU�GLGXJD�WHUGDSDWQ\D�VHVDU-VHVDU�

\DQJ� GLLQWHUSUHWDVL� EHUGDVDUNDQ� NH�

UDSDWDQ� NRQWXU�� 1LODL� DQRPDOL� WLQJJL�

FHQGHUXQJ� PHQHPSDWL� GDHUDK� � WL�

PXUODXW� SDGD� SHWD� � NRQWXU� DQRPDOL�

ERXJXHU�� $QRPDOL� WLQJJL� LQL� NHPXQJ�

NLQDQ� GLVHEDENDQ� ROHK� SHQJDUXK� WHU�

VLQJNDSQ\D� EDWXDQ� DODV� GL� SHUPXNDDQ�

\DQJ� PHPSXQ\DL� NRQWUDV� UDSDW� PDVVD�

OHELK�WLQJJL�GLEDQGLQJNDQ�GHQJDQ�UDSDW�

PDVVD� EDWXDQ� VHGLPHQ� GL� VHNLWDUQ\D��

6HGDQJNDQ�QLODL�DQRPDOL�UHQGDK�EHUDGD�

GL��EDUDWGD\D�SDGD�SHWD�NRQWXU�DQRPDOL�

ERXJXHU�� 6HODLQ� LWX�� SDGD� SHWD� NRQWXU�

DQRPDOL� ERXJXHU� GLGXJD� WHUGDSDWQ\D�

VHVDU-VHVDU� \DQJ� GL� UHSUHVHQWDVL�������

EHUGDVDUNDQ�NHUDSDWDQ�NRQWXU� 

 

 

 

 

 

 

 

 

 

*DPEDU� ��� 3HWD� .RQWXU� $QRPDO\�
*UDYLW\�0DMDOHQJND 

*DPEDU����/LQWDVDQ�$QRPDOL�%RXJXHU 
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 IRUPDVL� LQL� SXOD� WHUGDSDW� EDWX� SDVLU�

WXIDQ� GDQ� EDWX� JDPSLQJ� SDVLUDQ� \DQJ�

EHUZDUQD�ELUX�NHDEX-DEXDQ� 

��� /DSLVDQ� EDWXDQ� GHQJDQ� GHQVLWDV� �����

JU�FF� \DQJ� GLWXQMXNDQ� ROHK� ZDUQD�

FRNHODW�� /DSLVDQ� LQL� GLGXJD� VHEDJDL�

EDVHPHQW�� /DSLVDQ� EDVHPHQW� LQL�

KDPSLU� PHQGHNDWL� SHUPXNDDQ�� ODSLVDQ�

LQL�MXJD�GLVHEXW�EDVHPHQW�KLJK� 

 
*DPEDU����3HQDPSDQJ�OLQWDVDQ��'�$-$¶ 

 

%HUGDVDUNDQ� SHWD� NRQWXU� DQRPDO\�

ERXJXHU�� GLWHQWXNDQ� ORNDVL-ORNDVL� \DQJ�

GLGXJD� VXE� FHNXQJDQ� ODOX� GLODNXNDQQ��

VOLFLQJ� XQWXN� PHQGDSDWNDQ� SHQDPSDQJ�

EDZDK� SHUPXNDDQ�� 3HPRGHODQ� IRUZDUG�

PRGHOOLQJ� GLODNXNDQ� GHQJDQ�

PHQJJXQDNDQ� *P-V\V�� 0DND� DNDQ�������

GLWDPSLONDQ� JDULV� SXWXV-SXWXV� EHUZDUQD�

KLWDP� \DQJ� PHUXSDNDQ� UHVSRQ� GDUL�

DQRPDOL� JD\DEHUDW� GDUL� OLQWDVDQ� \DQJ�

GLEXDW�� GDQ� JDULV� PHUDK� PHUXSDNDQ� QLODL�

HUURU� GDUL�PRGHO� \DQJ� GLEXDW��.HPXGLDQ�

PHODNXNDQ� SHQFRFRNDQ� GHQJDQ� GDWD�����

JHRORJL� XQWXN�PHQJHWDKXL� ODSLVDQ� EDZDK�

SHUPXNDDQ�EHVHUWD�QLODL�GHQVLWDVQ\D͘ 

GLWXQMXNDQ� SDGD� �*DPEDU� ���� PRGHO�

SHQDPSDQJ� �'� OLQWDVDQ� $-$¶�PHPLOLNL�

NHGDODPDQ� ����� PHWHU� GHQJDQ� ODSLVDQ�

SHQ\XVXQ�EDWXDQ��DQWDUD�ODLQ� 

�� /DSLVDQ� EDWXDQ� GHQJDQ� GHQVLWDV� ����

JU�FF� \DQJ� GLWXQMXNDQ� ZDUQD� NXQLQJ�

PXGD�� /DSLVDQ� LQL� GLGXJD� VHEDJDL�

EUHNVL� DQGHVLW� \DQJ� WHUVLVLSL� ODSLVDQ�

ODYD�� $OLUDQ� ODYD� PXGD� *XQXQJ�

&DUDPH�� EHUVLIDW� DQGHVLW�� WHUVLQJNDS�

GL�VHNLWDU�*XQXQJ�&DUDPH 

�� %DWXDQ� GHQJDQ� GHQVLWDV� ���� JU�FF�

\DQJ� GLWXQMXNDQ� ROHK� ZDUQD� NXQLQJ��

/DSLVDQ� EDWXDQ� LQL� GLGXJD� VHEDJDL�

IRUPDVL� EDWXSDVLU� WXID�� OHPSXQJ��

NRQJORPHUDW�� %DWXSDVLU� WXIDQ�� SDVLU��

ODQDX� WXIDQ�� OHPSXQJ� NRQJORPHUDW��

EUHNV�WXIDQ�PHQJDQGXQJ�EDWXDSXQJ� 

�� /DSLVDQ� EDWXDQ� GHQJDQ� GHQVLWDV� ����

JU�FF� \DQJ� GLWXQMXNDQ� ROHK� ZDUQD�

RUDQJH�� 'LGXJD� ODSLVDQ� LQL�

PHUXSDNDQ� DQJJRWD� EDWX� OHPSHQJ�

GDUL� IRUPDVL� 6XEDQJ�� � %DWXOHPSXQJ�

PHQJDQGXQJ� ODSLVDQ� EDWXJDPSLQJ�

QDSDODQ� DEX-DEX� WXD�� 'LGDHUDK� LWX�

MXJD� GLWHPXNDQ� VLVLSDQ� EDWXSDVLU�

JORNRQLW�KLMDX� 

�� /DSLVDQ�EDWXDQ�GHQJDQ�GHQVLWDV������

\DQJ� GLWXQMXNDQ� ROHK� ZDUQD� RUDQJH�

PXGD�� 'LGXJD� ODSLVDQ� LQL� DQJJRWD�

DWDV� GDUL� IRUPDVL� SHUPDOL�� )RUPDVL�

SHPDOL� WHUVXVXQ� DWDV� EDWXDQ� QDIDO�

JORELJHULQD� \DQJ� PHPLOLNL� ZDUQD�

ELUX� GDQ� KLMDX� NHDEX-DEXDQ�� 3DGD�
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 $GDQ\D� EDWXDQ� SHQXWXS�PHQ\HEDENDQ�

PLQ\DN�GDQ�JDV�EXPL�WLGDN�ELVD�NHOXDU�

ODJL� VDPSDL� VDDWQ\D� GLWHPXNDQ� ROHK�

PDQXVLD��3DGD��*DPEDU�����WHUOLKDW�SR�

OD� MHEDNDQ� SDWDKDQ�� -HEDNDQ� SDWDKDQ�����

PHUXSDNDQ�SDWDKDQ�\DQJ�WHUKHQWL�SDGD�

ODSLVDQ� EDWXDQ�� -HEDNDQ� LQL� WHUMDGL��������

EHUVDPD� GDODP� VHEXDK� IRUPDVL� GDODP��

EDJLDQ� \DQJ� EHUJHUDN�� NHPXGLDQ�

JHUDNDQ� SDGD� IRUPDVL� LQL� EHUKHQWL� GDQ�

SDGD� VDDW� \DQJ� EHUVDPDDQ� PLQ\DN�

EXPL�PHQJDODPL�PLJUDVL� GDQ� WHUMHEDN�

SDGD�GDHUDK�SDWDKDQ� WHUVHEXW�� ODOX�VHU�

LQJ�NDOL�SDGD� IRUPDVL� \DQJ� LPSHUPHD�

EHO� \DQJ� DGD� SDGD� VDWX� VLVLQ\D� EHU�

KDGDSDQ� GHQJDQ� SHUJHUDNDQ� SDWDKDQ�

\DQJ�EHUVLIDW� VDUDQJ�GDQ� IRUPDVL� \DQJ�

SHUPHDEHO� SDGD� VLVL� \DQJ� ODLQ��

.HPXGLDQ�� PLQ\DN� EXPL� EHUPLJUDVL�

SDGD�IRUPDVL�\DQJ�SHUPHDEHO��0LQ\DN�

GDQ� JDV� GLVLQL� VXGDK� WHUSHUDQJNDS� ND�

UHQD�ODSLVDQ�WLGDN�GDSDW�GLWHPEXV�SDGD�

GDHUDK�MHEDNDQ�SDWDKDQ�LQL� 

 

���6LPSXODQ 

%HUGDVDUNDQ� KDVLO� SHQJRODKDQ� GDWD����

VHUWD� DQDOLVLV� GDUL� KDVLO� SHQJRODKDQ��

GDWD�� PDND� SDGD� ORNDVL� SHQHOLWLDQ�����

GLLGHQWLILNDVL� DGDQ\D� MHEDNDQ� VLVWHP�

KLGURNDUERQ� \DQJ� WHUOHWDN� GL� ZLOD\DK�

8MXQJ� -D\D��+DO� WHUVHEXW� WHUOLKDW� SDGD�

PRGHO� SHQDPSDQJ� �'� OLQWDVDQ� $-$¶�

WHUGDSDWQ\D� NRPSRQHQ� SHQ\XVXQ���

MHEDNDQ� VLVWHP� KLGURNDUERQ� �7UDS���

GLEXDW�� GDQ� JDULV� PHUDK� PHUXSDNDQ� QLODL�

HUURU�GDUL�PRGHO� \DQJ� GLEXDW��.HPXGLDQ�

PHODNXNDQ� SHQFRFRNDQ� GHQJDQ� GDWD�����

JHRORJL� XQWXN�PHQJHWDKXL� ODSLVDQ� EDZDK�

SHUPXNDDQ�EHVHUWD�QLODL�GHQVLWDVQ\D� 

3RWHQVL� PLQ\DN� GDQ� JDV� EXPL�����������

WHUDNXPXODVL� VHGLPHQ� VHEDJDL� FDPSXUDQ�

EXWLUDQ� EDWXDQ�� DLU� GDQ� NDGDU� RUJDQLN��

0HUHND� WHUNXEXU� GDQ� WHUSDGDWNDQ�� IOXLGD�

GDQ� JDV� \DQJ� WHODK� PDWDQJ� DNDQ�����

PHQLQJNDW�YROXPHQ\D�GDQ�WHUSHUDV�NHOXDU�

GDUL� VRXUFH� URFN� NDUHQD� WHQDJD� HQGRJHQ�

\DQJ�PHPSHQJDUXKLQ\D� 

/DOX� SDGD� �*DPEDU� ������ WHUOLKDW����

DGDQ\D� NRPSRQHQ-NRPSRQHQ� SHQ\XVXQ�

VLVWHP� MHEDNDQ� KLGURNUDERQ� PHOLSXWL����

EHEDWXDQ� EDWXDQ� LQGXN�� EDWXDQ� UHVHUYRDU��

ODSLVDQ� SHQXWXS�� GDQ� MHEDNDQ�� %DWXDQ���

LQGXN� PHUXSDNDQ� EDWXDQ� \DQJ� PHQMDGL�

EDKDQ� EDNX� SHPEHQWXNDQ� KLGURNDUERQ��

%DWXDQ� LQGXN� LQL� WHUGLUL� GDUL� GRORPLW�

GHQJDQ� QLODL� GHQVLWDV� ����� JU�FF�� %DWXDQ�

LQL�PHUXSDNDQ�EDWXDQ�NDUERQDW�ND\D�DNDQ�

NDQGXQJDQ� XQVXU� DWRP� NDUERQ� �&�� \DQJ�

GLGDSDW� GDUL� FDQJNDQJ-FDQJNDQJ� IRVLO�

\DQJ� WHUHQGDSNDQ� GL� EDWXDQ� WHUVHEXW���

5HVHUYRDU� MHEDNDQ� VLVWHP� KLGURNDUERQ�

WHUVHEXW� GLGXJD� PHUXSDNDQ� IRUPDVL������

KDODQJ�� $GDSXQ� SHQ\XVXQ� SDGD� IRUPDVL�

LQL�DQWDUD�ODLQ�EDWX�SDVLU�GDQ�NRQJORPHUDW�

\DQJ� EHUVLVLSDQ� GHQJDQ� ODSLVDQ-ODSLVDQ�

WLSLV� QDSDO�� 3DGD� EDJLDQ� SHQXWXS� \DQJ��

WHUDSDW� SDGD� EDJLDQ� DWDV� VXDWX� UHVHUYRDU�

EDWXDQ�SHQ\XVXQ�Q\D�EHUXSD�FOD\VWRQH�� 
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 ����5HIHUHQVL� 

�� .RHVRHPDGLQDWD�� 5�� 3�� ��������

3ULQVLS� -� 3ULQVLS� 6HGLPHQWDVL��

-XUXVDQ� *HRORJL�� ,QVWLWXW�

7HNQRORJL� %DQGXQJ�� � %DQGXQJ���

����� 

�� %HPPHOHQ�� 5�� 9�� �������� 7KH�

JHRORJ\� RI� ,QGRQHVLD�� YRO� ,$��

*HQHUDO� *HRORJ\�� 0DUWLQXV�

1LMKRII�� 7KH� +DJXH��

1HWKHUODQGV� ������ 

�� 6DW\DQD�� $�� +��� 	� $UPDQGLWD�� &��

�������� 'HHSZDWHU� 3OD\V� RI� -DYD��

,QGRQHVLD��5HJLRQDO�(YDOXDWLRQ�RQ�

2SSRUWXQLWLHV�DQG�5LVNV�� 

�� .XVXPDVWXWL�� $��� 0RUWLPHU�� $���

7RGG��&���*XULWQR��(���*RIIH\��*���

%HQQHW�� 0��� 	� $OJDU�� 6�� ��������

'HHS-ZDWHU� SHWUROHXP� SURYLQFHV�

RI� 6RXWKHDVW� $VLD�� D� KLJK� OHYHO�

RYHUYLHZ�� ,QGRQHVLDQ�

6HGLPHQWRORJLVW� )RUXP�� ,Q �QG�

5HJLRQDO�6HPLQDU��K �SS����-����� 

�� 6DW\DQD�� $�� +�� �������� 6WUXFWXUDO�

,QGHQWDWLRQ� RI� &HQWUDO� -DYD�� D�

5HJLRQDO� :UHQFK� 6HJPHQWDWLRQ��

,Q 3URFHHGLQJV� -RLQW� &RQYHQWLRQ�

6XUDED\D–WKH���WK�+$*,��WKH���WK�

,$*,�� DQG� WKH� ��WK� 3(5+$3,�

$QQXDO�&RQIHUHQFH�DQG�([KLELWLRQ��

6XUDED\D�� 

�� :DUGKDQD�'��GNN���������6WUXNWXU�

7LQJJLDQ� GL� 6XE� &HNXQJDQ�

0DMDOHQJND� %HUGDVDUNDQ� 0HWRGH�

.RPSRQHQ� GDUL� MHEDNDQ� VLVWHP���������

KLGURNDUERQ� WHUVHEXW� EHUXSD� DGDQ\D�

EDWXDQ� LQGXN�� EDWXDQ� UHVHUYRDU�� EDWXDQ�

SHQXWXS�� GDQ� VWUXNWXU� MHEDNDQ� DQWLNOLQ��

5HVHUYRDU� SDGD� PRGHO� OLQWDVDQ� $-$¶�

PHPLOLNL� GHQVLWDV� VHEHVDU� ����� JU�FF�

GHQJDQ� MHQLV� EHUXSD� EDWXDQ� VHGLPHQ��

6HGDQJNDQ� EDWXDQ� SHQXWXS� PHPOLNL�

GHQVLWDV� VHEHVDU� ���� JU�FF� XQWXN�PRGHO�

OLQWDVDQ� $-$¶�� 6HODLQ� LWX�� SDGD� PRGHO�

OLQWDVDQ�$-$¶� WHUDPDWL� DGDQ\D� VWUXNWXU�

MHEDNDQ�PHQ\HUXSDL�EHQWXN�DQWLNOLQ�� 

 8QWXN� PHPEXNWLNDQ� NHEHQDUDQ�

VHUWD� NHDNXUDWDQ� KDVLO� SHQHOLWLDQ�� SHUOX�

DGDQ\D� HNVSORUDVL� ODQMXWDQ� GLORNDVL�

\DQJ� VDPD� GHQJDQ� PHWRGH� DQDOLVLV�

VSHNWUXP� \DQJ� EHUWXMXDQ� XQWXN�

PHPHSHUNLUDNDQ� NHGDODPDQ� VXPEHU�

DQRPDOL� GDODP� GDQ� NHPXGLDQ� XQWXN�

PHPLVDKNDQ� DQRPDOL� UHJLRQDO� GDQ�

UHVLGXDO� GLJXQDNDQ� PHWRGH� PRYLQJ�

DYHUDJH� 

 

���8FDSDQ�7HULPDNDVLK 

3HQXOLV� VDQJDW� EHUWHULPD� NDVLK� NHSDGD�

3XVDW� 3HQHOLWLDQ� *HRWHNQRORJL� /,3,�

\DQJ� WHODK� PHPEHULNDQ� GXNXQJDQ�

EHUXSD� IDVLOLWDV� SHQJJXQDDQ� ODE� HDUWK�

XQWXN�PHPSHUNHQDQNDQ� LNXW�PHQJRODK�

GDWD�GDQ�'HSDUWHPHQ�3HQGLGLNDQ�)LVLND�

83,� VHEDJDL� WHPSDW� SHQXOLV� PHQLPED�

LOPX� 
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  *D\DEHUDW�� 5LVHW� *HRORJL� GDQ���

3HUWDPEDQJDQ�/LSL��%DQGXQJ 

�� 'MXUL� �������� 3HWD� *HRORJL�������

/HPEDU� $UMDZLQDQJXQ�� -DZD���

6NDOD� ���������� %DQGXQJ�� %DGDQ����

*HRORJL 

�� 6HWLDGL�� %�� GDQ� 6HW\DQD� ��������

'HOLQHDVL� &HNXQJDQ� 6HGLPHQ����

6XPDWUD� 6HODWDQ� %HUGDVDUNDQ���

$QDOLVLV� 'DWD� *D\DEHUDW�� 3XVDW�

6XUYHL�*HRORJL��%DQGXQJ� 

�� 7HOIRUG�� :�0��� *HOGDUW�� /�3�����

6KHULII�� 5�(��� GDQ� .H\V�� '�$����

��������$SSOLHG�*HRSK\VLFV��&DP�

EULGJH�� &DPEULGJH� 8QLYHUVLW\�

3UHVV 

 


