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3HQXOLV�3HQDQJJXQJMDZDE�(-PDLO�����QHQNGHH#JPDLO�FRP� 

$%675$. 

5DGLRWHUDSL� PHUXSDNDQ� VDODK� VDWX� PRGDOLWDV� XWDPD� GDODP� SHQJREDWDQ� NDQNHU��

90$7� �9ROXPHWULF� 0RGXODWHG� $UF� 7KHUDS\�� PHUXSDNDQ� VDODK� VDWX� WHNQLN�

UDGLRWHUDSL� \DQJ� PHPEHULNDQ� VHOXUXK� IUDNVL� GRVLV� VHFDUD� NRQWLQ\X� SDGD� VDDW�

JDQWU\� WHUXV�PHQHUXV�EHURWDVL�GHQJDQ�PHQJDWXU�NHFHSDWDQ�URWDVL�JDQWU\��EHQWXN�

SHQDPSDQJ�EHUNDV��0/&�OHDI�SRVLWLRQ���GDQ�IUDNVL�GRVLV�\DQJ�GLEHULNDQ��'DODP�

SHQHOLWLDQ� LQL� GLODNXNDQ� VLPXODVL� 0RQWH� &DUOR� 90$7� GHQJDQ� PHQJJXQDNDQ�

(*6QUF� FRGH� V\VWHP� XQWXN�PHQJHWDKXL� GLVWULEXVL� GRVLV� UDGLDVL� EHUNDV� IRWRQ� ��

09�SDGD�NDVXV�NDQNHU�SDUX�GHQJDQ�GDWD�SDUDPHWHU�EHUDVDO�GDUL�UWSODQ��3KDQWRP�

\DQJ�GLJXQDNDQ�EHUDVDO�GDUL�GDWD�&7�VFDQ�WKRUD[�\DQJ�GLEDFD�GHQJDQ�FWFUHDWH��

6LPXODVL�GLODNXNDQ�GHQJDQ�PHPEDJL� MXPODK�FRQWURO�SRLQW�90$7�NH�GDODP����

NDOL� VLPXODVL� GHQJDQ� VHWLDS� VLPXODVL� WHUGLUL� GDUL� �� EXDK� FRQWURO� SRLQW�� 6HEDJDL�

SHUEDQGLQJDQ� GLODNXNDQ� SXOD� VLPXODVL� 90$7� GHQJDQ� VHOXUXK� FRQWURO� SRLQW�

VHNDOLJXV��+DVLO�PHQXQMXNNDQ�EDKZD�GLVWULEXVL�GRVLV�\DQJ�WHUEHQWXN�GDUL�NHGXD�

VLPXODVL� FHQGHUXQJ� PHPLOLNL� SROD� NXUYD� LVRGRVLV� \DQJ� KDPSLU� VHUXSD�� QDPXQ�

SHUEDQGLQJDQ� MXPODK�KLVWRU\� SDUWLNHO� \DQJ� GLJXQDNDQ� XQWXN�PHPEHQWXN� NXUYD�

LVRGRVLV�\DQJ�VDPD�DQWDUD�NHGXD�VLPXODVL�EHOXP�GDSDW�GLNHWDKXL�VHFDUD�SDVWL� 

 
.DWD�.XQFL���5DGLRWHUDSL��90$7��0RQWH�&DUOR��7LWLN�NRQWURO��.XUYD�,VRGRVLV� 
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$%675$&7 

5DGLRWKHUDS\�LV�RQH�RI�PDMRU�PRGDOLWLHV�LQ�FDQFHU�WUHDWPHQW��90$7��9ROXPHWULF�

0RGXODWHG� $UF� 7KHUDS\�� LV� D� UDGLRWKHUDS\� WHFKQLTXH�� ZKLFK� SURYLGHV� D�

FRQWLQXRXV�IXOO�GRVH�UDGLDWLRQ�DV�WKH�JDQWU\�URWDWHV��G\QDPLF�EHDP�GHOLYHU\��WKDW�

PDQDJHV� JDQWU\� URWDWLRQ� VSHHG�� EHDP� FURVV-VHFWLRQDO� VKDSH� DUUDQJHG� E\� 0/&�

OHDI�SRVLWLRQ��DQG�IUDFWLRQ�RI�WKH�JLYHQ�GRVH�VLPXOWDQHRXVO\�DV�WKH�WUHDWPHQWV�WDNH�

SODFH�� 7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� FRQGXFW� 0RQWH� &DUOR� 90$7� VLPXODWLRQ�

XVLQJ�(*6QUF� FRGH� V\VWHP� WR� GHWHUPLQH� GRVH� GLVWULEXWLRQ� RI� UDGLDWLRQ� LQ� OXQJ�

FDQFHU�XVLQJ�SDUDPHWHUV�GDWD�GHULYLQJ�IURP�WKH�UWSODQ��7KH�SKDQWRP�XVHG�FRPHV�

IURP�GDWD�&7�VFDQV�RI�WKRUD[��ZKLFK�ZDV�WKHQ�UHDG�E\�FWFUHDWH��6LPXODWLRQ�ZDV�

GRQH�E\�GLYLGLQJ�WKH�QXPEHU�RI�FRQWURO�SRLQWV�RI�90$7�LQWR����VLPXODWLRQV�LQ�

ZKLFK�HDFK�VLPXODWLRQ�FRQVLVWV�RI�WKUHH�SLHFHV�RI�FRQWURO�SRLQW��$V�D�FRPSDULVRQ��

D�90$7�VLPXODWLRQ�ZLWK�DOO�RI�FRQWURO�SRLQWV�ZDV�GRQH�VLPXOWDQHRXVO\�DW�D�WLPH��

7KH�UHVXOWV�VXJJHVW�WKDW�WKH�GRVH�GLVWULEXWLRQV�IRUPHG�IURP�WKH�VXP�RI�GDWD�IURP�

DOO� VLPXODWLRQV�ZLWK� �� FRQWURO� SRLQWV� WHQG� WR� KDYH� D� VLPLODU� SDWWHUQ� WR� WKH� GRVH�

GLVWULEXWLRQ�IRUP�RI�VLPXODWLRQV�LQYROYLQJ�DOO�FRQWURO�SRLQWV��EXW�WKH�FRPSDULVRQ�

RI�WKH�QXPEHU�RI�SDUWLFOHV�KLVWRU\�XVHG�WR�IRUP�WKH�VDPH�LVRGRVH�FXUYH�EHWZHHQ�

WKH�WZR�VLPXODWLRQV�FDQ�QRW�EH�NQRZQ�IRU�FHUWDLQ�� 

.H\ZRUGV����5DGLRWHUDSK\��90$7��0RQWH�&DUOR��&RQWURO�SRLQW��,VRGRVH�&XUYH� 

�� 3HQGDKXOXDQ 

5DGLRWHUDSL� DGDODK� VDODK� VDWX� PHWRGH�

SHQJREDWDQ� NDQNHU� GHQJDQ�

PHPDQIDDWNDQ� EHUNDV� UDGLDVL� VLQDU�

SHQJLRQ� EHUHQHUJL� WLQJJL�� 5DGLRWHUDSL�

GLJXQDNDQ� ROHK� KDPSLU� ���� GDUL�

SHQGHULWD� NDQNHU�� EDLN� GLJXQDNDQ�

VHEDJDL� WHUDSL� WXQJJDO� PDXSXQ� WHUDSL�

\DQJ� GLNRPELQDVLNDQ� GHQJDQ�

NHPRWHUDSL� GDQ� DWDX� RSHUDVL�

SHPEHGDKDQ�� 7XMXDQ� XWDPD� GDUL�

UDGLRWHUDSL� DGDODK� XQWXN� PHQJRQWURO�

WXPRU� GHQJDQ� PHPEHULNDQ� GRVLV�

PDNVLPDO� SDGD� VHO-VHO� NDQNHU�� GDQ�
PHPEHULNDQ�GRVLV�PLQLPDO�SDGD�VHO-VHO�

VHKDW�GL�VHNLWDU�NDQNHU�� 

%HUEDJDL� WHNQLN� UDGLRWHUDSL� WHUXV�

GLNHPEDQJNDQ� XQWXN� PHQFDSDL� VLVWHP�

SHQJREDWDQ� \DQJ� OHELK� DNXUDW� GDODP�

PHQLQJNDWNDQ� NRQWURO� WXPRU�� VDODK�

VDWXQ\D� DGDODK� WHNQLN� 9ROXPHWULF�

0RGXODWHG� $UF� 7KHUDS\� DWDX� 90$7�

GHOLYHU\� WHFKQLTXH�� 90$7� PHUXSDNDQ�

VDODK� VDWX� MHQLV� WHNQLN� UDGLRWHUDSL� \DQJ�

PHQJKDQWDUNDQ�VHOXUXK�IUDNVL�GRVLV�VHFDUD�

NRQWLQ\X� SDGD� VDDW� JDQWU\� WHUXV�PHQHUXV�

EHURWDVL� �G\QDPLF� EHDP� GHOLYHU\�� GHQJDQ�

PHQJDWXU� WLJD� YDULDEHO� XWDPD� \DQJ�����

EHUXEDK� VHFDUD� VLPXOWDQ� VDDW� WUHDWPHQW�

EHUODQJVXQJ�� \DLWX� NHFHSDWDQ� URWDVL�����
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JDQWU\�� EHQWXN� SHQDPSDQJ� EHUNDV� \DQJ�

GLDWXU� ROHK� SHUJHUDNDQ� 0XOWL� OHDI�

FROOLPDWRU� �0/&��� GDQ� IUDNVL� GRVLV� \DQJ�

GLEHULNDQ�� 

6HODLQ� SHPLOLKDQ� WHNQLN� UDGLRWHUDSL�

\DQJ� WHSDW�� KDO� ODLQ� \DQJ�SHUOX�GLODNXNDQ�

GDODP�SHUHQFDQDDQ�SHUODNXDQ�SHQJREDWDQ�

DGDODK� SHUKLWXQJDQ� GRVLV� UDGLDVL��

7XMXDQQ\D� DGDODK� XQWXN� PHPDVWLNDQ���

GRVLV� \DQJ� GLEHULNDQ� WHSDW� VDVDUDQ��������

VHKLQJJD� GDSDW� PHPDNVLPDONDQ� GRVLV��

SDGD� VHO� NDQNHU�� GDQ� DPDQ� XQWXN� VHO-VHO�

VHKDW�GL�VHNLWDUQ\D�� 

6DODK� VDWX� PHWRGH� \DQJ� VHULQJ�

GLJXQDNDQ� GDODP� SHUKLWXQJDQ� GRVLV�

DGDODK�PHODOXL�VLPXODVL�NRPSXWDVL�0RQWH�

&DUOR� �0&��� 0HWRGH� LQL� PHPRGHONDQ���

VHOXUXK� SURVHV� PLNURVNRSLN� GHQJDQ�

PHQJLNXWL� WUD\HNWRUL� GDUL� VHWLDS� SDUWLNHO�

\DQJ� GLVLPXODVLNDQ� >�@�� 6HWLDS� LQWHUDNVL�

ILVLV� GDUL� SDUWLNHO� GHQJDQ� PDWHUL� DNDQ���

GLKLWXQJ� GHQJDQ� PHQJJXQDNDQ� PHWRGH�

VDPSOLQJ� GDUL� VXDWX� IXQJVL� GLVWULEXVL��

SUREDELOLVWLN�� VHKLQJJD� EDQ\DN� SHQHOLWLDQ�

\DQJ� PHQ\HEXWNDQ� EDKZD� 0RQWH� &DUOR�

PHUXSDNDQ� PHWRGH� SDOLQJ� DNXUDW� GDODP�

PHQJKLWXQJ� GLVWULEXVL� GRVLV�� NKXVXVQ\D�

SDGD� MDULQJDQ� LQKRPRJHQ� NHWLND� HIHN�

WUDQVSRUW� HOHNWURQ� WLGDN� GDSDW� GLKLWXQJ�

VHFDUD� WHSDW�GHQJDQ�PHWRGH�NRQYHQVLRQDO�

PHQJJXQDNDQ� DOJRULWPD� VHFDUD�������������

GHWHUPLQLVWLN�>�@�� 

6DODK� VDWX� VRIWZDUH� \DQJ� SDOLQJ�

SRSXOHU� GLJXQDNDQ� GDODP� 7UHDWPHQW�

3ODQQLQJ�6\VWHP��736��UDGLRWHUDSL�DGDODK� 

(*6QUF��(OHFWURQ�*DPPD�6KRZHU� �(*6��

PHUXSDNDQ�VXDWX�SHUDQJNDW� OXQDN�GHQJDQ�

DOJRULWPD� 0RQWH� &DUOR� \DQJ� GLJXQDNDQ�

XQWXN� PHQVLPXODVLNDQ� SHUMDODQDQ� IRWRQ�

GDQ� HOHNWURQ�SRVLWURQ� EHUGDVDUNDQ����������

LQWHUDNVL�ILVLV�\DQJ�WHUMDGL�VHFDUD�DFDN�>�@��

)RWRQ�\DQJ�GDSDW�GLVLPXODVLNDQ�PHPLOLNL�

UHQWDQJ� HQHUJL� GDUL� HQHUJL� �� NH9� VDPSDL�

UDWXVDQ� *H9�� GDQ� HOHNWURQ� \DQJ� GDSDW�

GLVLPXODVLNDQ� PHPLOLNL� UHQWDQJ� HQHUJL�

GDUL�SXOXKDQ�NH9�KLQJJD�UDWXVDQ�*H9� 

'DODP� SHQHOLWLDQ� LQL� GLODNXNDQ� VLPX�

ODVL� NRPSXWDVL� WHNQLN� 90$7� GHQJDQ�

PHQJJXQDNDQ� (*6QUF� XQWXN� PHQJHWDKXL�

NXUYD�LVRGRVLV�\DQJ�WHUEHQWXN�SDGD�NDVXV�

NDQNHU� SDUX�� 3KDQWRP� \DQJ� GLJXQDNDQ�

EHUDVDO� GDUL� GDWD� &7� VFDQ�� GDQ� HQHUJL�

IRWRQ� \DQJ� GLJXQDNDQ� VHEHVDU� �� 09���

3HPLOLKDQ� WHNQLN� 90$7� GDODP� VLPXODVL�

LQL�EHUGDVDUNDQ�GDUL�EHEHUDSD�NHXQWXQJDQ�

ELOD� GLEDQGLQJNDQ� � GHQJDQ� � WHNQLN��������

UDGLRWHUDSL� ODLQ� VHSHUWL� �'&57� GDQ�

,0$7�� 'LDQWDUDQ\D� DGDODK� PDPSX�

PHQLQJNDWNDQ� HILVLHQVL� PRQLWRU� XQLW�

�08��\DQJ�GLEHULNDQ�SDGD�SDVLHQ��DUWLQ\D�

08� \DQJ� GLEHULNDQ� VHODPD� SHUODNXDQ�

PHQMDGL� OHELK� UHQGDK� >�@>�@>�@������������

3HQLQJNDWDQ� HILVLHQVL� 08� LQL����������������

PHQ\HEDENDQ� SHQDPEDKDQ� ZDNWX�

SHPDNDLDQ� PHVLQ� OLQDF� GDQ� PHQJXUDQJL�

NHERFRUDQ� GRVLV� DWDXSXQ� GRVLV� \DQJ������

WHUKDPEXU�� VHUWD� PHQJXUDQJL� WHUMDGLQ\D�

UHVLNR� GRVLV� EHUOHELK� SDGD� SDVLHQ�� 6HODLQ�

LWX�� NHXQWXQJDQ� ODLQQ\D� DGDODK������

PHQLQJNDWNDQ�HILVLHQVL�ZDNWX�SHUODNXDQ�� 
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 IRUPDW� ',&20� PDXSXQ� QRQ-',&20��

VHNDOLJXV� GDSDW� � PHPYLVXDOLVDVLNDQ����

JDPEDU� &7� VFDQ�� 'DUL� SHPEDFDDQ� GDWD�

UWSODQ�GHQJDQ�',&20DQ�GLSHUROHK�LQIRU�

PDVL� PHQJHQDL� MXPODK� OHDI� SDGD� 0/&�

GHQJDQ� NHWHEDODQ� PDVLQJ-PDVLQJ� OHDI��

VHUWD� GDWD� VHWLDS� SRVLVL� GDUL� PDVLQJ-

PDVLQJ�OHDI�EDLN�XQWXN�EDQN�$�GDQ�EDQN�%�

�VHWLDS� SDVDQJDQ� OHDI�� SDGD� VHWLDS� SHUX�

EDKDQ� VHJPHQ�� � 6HODQMXWQ\D� GDWD� SRVLVL�

0/&� LQL� GLVLPSDQ� GDODP� VDWX�

ILOH� �VHTXHQFH� \DQJ� QDQWLQ\D� DNDQ�

GLNRPSLODVL� PHQMDGL� %($0� VKDUHG�����

OLEUDU\� XQWXN� PHQJVLQNURQLVDVLNDQ�

%($0QUF� GDQ� '26;<=QUF�� NDUHQD�

0/&�OHDI�SRVLWLRQ�GDODP�VLPXODVL�90$7�

PHUXSDNDQ� NRPSRQHQ� \DQJ� EHUJHUDN�

VHFDUD�GLQDPLV�VDDW�JDQWU\�EHURWDVL�� 

6HODLQ� SRVLVL� 0/&� OHDI�� LQIRUPDVL�

ODLQQ\D� \DQJ� WHUGDSDW� SDGD� UWSODQ� DGDODK�

NRRUGLQDW� LVRFHQWUH�� VXGXW� URWDVL� JDQWU\��

VXGXW� NROLPDWRU�� GDQ� 08� LQGHNV�� \DQJ�

VHODQMXWQ\D� DNDQ� GLJXQDNDQ� GDODP�

SHQJDWXUDQ� PDVLQJ-PDVLQJ� FRQWURO� SRLQW�

'26;<=QUF�� &RQWURO� SRLQW� LQLODK� \DQJ�

PHUXSDNDQ�WLWLN�RSWLPDVL�SHPEHULDQ�GRVLV�

UDGLDVL�GHQJDQ�PHODNXNDQ�SHQJDWXUDQ�GDUL�

VHWLDS� SHUXEDKDQ� EXNDDQ� 0/&� VHUWD���

SHPEHULDQ�08�SDGD�SDVLHQ�VHODPD�JDQWU\�

EHURWDVL�� 

6LPXODVL� GLODNXNDQ� GHQJDQ�

PHQJJXQDNDQ� �� EXDK� NRPSXWHU� GHQJDQ�

VSHVLILNDVL� ,QWHO� L�-����.� ���� *+]�� GDQ�

,QWHO� L�-����.� ���� *+]� GHQJDQ�PDVLQJ-

PDVLQJ� �� FRUH� \DQJ� EHUDGD� GL� ODE��������

����%DKDQ�GDQ�0HWRGH�3HQHOLWLDQ 

6LPXODVL� 90$7� 0&� GLODNXNDQ�

GHQJDQ� PHQJJXQDNDQ� VRIWZDUH�

(*6QUF��\DQJ�GL�GDODPQ\D�WHUGLUL�GDUL�

EHEHUDSD�SURJUDP��GLDQWDUDQ\D�DGDODK��

%($0QUF� GDQ� '26;<=QUF��

%($0QUF� GLJXQDNDQ� XQWXN�

PHPRGHONDQ� VXPEHU� UDGLRWHUDSL�

NKXVXVQ\D� WUHDWPHQW� KHDG� SDGD� OLQDF��

VHGDQJNDQ� '26;<=QUF�

GLNHPEDQJNDQ� XQWXN� PHQVLPXODVLNDQ�

WUDQVSRUWDVL� IRWRQ� PDXSXQ� HOHNWURQ�

GDODP� PDWHUL� GDQ� PHQJKLWXQJ�

GLVWULEXVL� GRVLV� SDGD� SKDQWRP� \DQJ�

WHUVXVXQ� GDUL� EDQ\DN� HOHPHQ� YROXPH�

�YR[HO��� GLPDQD� VHWLDS� YR[HO� GDSDW�

PHPLOLNL� GHQVLWDV� GDQ� PDWHULDO� \DQJ�

EHUYDULDVL�� 

'DWD� SDUDPHWHU� \DQJ� GLJXQDNDQ�

GDODP� VLPXODVL� 90$7-0&� EHUDVDO�

GDUL� � SDUDPHWHU� SODQ� �UWSODQ�� XQWXN�

NDQNHU� SDUX� \DQJ� GLSHUROHK� GDUL� 7DQ�

7RFN� 6HQJ� � � � +RVSLWDO�� 6LQJDSXUD��

3KDQWRP� \DQJ� GLJXQDNDQ� EHUDVDO� GDUL�

GDWD�&7�VFDQ�� WKRUD[�\DQJ�GLNRQYHUVL�

NH� GDODP� SKDQWRP� YLUWXDO� GHQJDQ�

PHQJJXQDNDQ�SURJUDP�FWFUHDWH��6XP�

EHU� EHUNDV� EHUDVDO� GDUL� SKDVH� VSDFH�

ILOH�GDUL�PRGHO�KHDG�OLQDF�\DQJ�VXGDK�

WHUNDOLEUDVL�GHQJDQ�HQHUJL���09� 

3HPEDFDDQ� UWSODQ� GLODNXNDQ�

GHQJDQ� PHQJJXQDNDQ� VRIWZDUH�

',&20DQ�� ',&20DQ� PHUXSDNDQ�

VDODK� VDWX� SLUDQWL� OXQDN� \DQJ� GDSDW�

PHPEDQWX�SHPEDFDDQ� ILOH�EDLN�GDODP�
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%LRILVLND�GDQ�ODE��.RPSXWDVL�,7%��'D�

ODP� SHQHOLWLDQ� LQL�� VLPXODVL� GLODNXNDQ�

GHQJDQ�PHPEDJL�WLWLN�FRQWURO�SRLQW�NH�

GDODP���EHEHUDSD�NDOL�VLPXODVL�GHQJDQ�

MXPODK� FRQWURO� SRLQW� \DQJ� GLJXQDNDQ�

SDGD�VHWLDS�VLPXODVL�VHMXPODK���EXDK��

-XPODK�NHVHOXUXKDQ�FRQWURO�SRLQW�\DQJ�

GLSHUROHK�GDUL�UWSODQ�DGDODK�����EXDK��

VHKLQJJD�VLPXODVL�GLODNXNDQ�VHEDQ\DN�

���NDOL� 

6HEDJDL� SHPEDQGLQJ� GLVWULEXVL� GRVLV�

GDUL� VLPXODVL� 90$7� \DQJ� GLODNXNDQ�

EHEHUDSD�NDOL�GHQJDQ�PHPEDJL�MXPODK�

FRQWURO�SRLQW��GLODNXNDQ�SXOD�VLPXODVL�

90$7� GHQJDQ�PHQJJXQDNDQ� VHOXUXK�

FRQWURO� SRLQW� VHNDOLJXV� �WDQSD�

PHPEDJLQ\D� PHQMDGL� EHEHUDSD�

EDJLDQ���QDPXQ�GHQJDQ�MXPODK�KLVWRU\�

SDUWLNHO� \DQJ� MDXK� OHELK� VHGLNLW�

GLEDQGLQJNDQ� GHQJDQ� MXPODK� WRWDO��

KLVWRU\� \DQJ� GLJXQDNDQ� GDODP� VLPX�

ODVL�\DQJ�GLODNXNDQ�VHFDUD�EHUXODQJ� 

 

����+DVLO�GDQ�3HPEDKDVDQ 

'DUL� KDVLO� SHPEDFDDQ� SDUDPHWHU� SDGD�

UWSODQ� GLSHUROHK� LQIRUPDVL� EDKZD�

JDQWU\� GLDWXU� XQWXN� EHURWDVL� KDQ\D� VDWX�

NDOL� SXWDUDQ� �VLQJOH� DUF� GHOLYHU\�� GDUL�

VXGXW� ����� VDPSDL� GHQJDQ� VXGXW� ������

GHQJDQ� DUDK� SXWDUDQ� VHDUDK� GHQJDQ�

SXWDUDQ� MDUXP� MDP� �FORFN� ZLVH��� 'DODP�

VDWX� NDOL� URWDVL� JDQWU\�� SHPEHULDQ� GRVLV�

UDGLDVL� GLEDJL� PHQMDGL� EHEHUDSD� VHJPHQ�

\DQJ� GLVHEXW� GHQJDQ� FRQWURO� SRLQW��

-XPODK�FRQWURO�SRLQW� VHEDQ\DN�����EXDK��

GHQJDQ� SHUEHGDDQ� VXGXW� DQWDUD� GXD�

FRQWURO� SRLQW� PLQLPDO� ���������� GDQ�

PDNVLPDO� ���������� 3RVLVL� 0/&� DNDQ�

VHODOX� EHUXEDK� VHODPD� JDQWU\� EHURWDVL�

VHVXDL� GHQJDQ� EHQWXN� WDUJHW� \DQJ� DNDQ�

GLUDGLDVL�� 3HUXEDKDQ� SRVLVL� 0/&� LQL�

WHUMDGL� VHEDQ\DN� ���� NDOL� VHVXDL� GHQJDQ�

MXPODK�FRQWURO�SRLQW�� 

3HPEDFDDQ� FLWUD� &7� VFDQ� GHQJDQ�

FWFUHDWH� EHUWXMXDQ� XQWXN� PHQJNRQYHUVL�

GDWD� FLWUD� &7� VFDQ� PHQMDGL� SKDQWRP�

YLUWXDO� \DQJ� EHULVL� LQIRUPDVL� GDWD� \DQJ�

GLEXWXKNDQ� ROHK� '26;<=QUF�� VDODK�

VDWXQ\D� EHUXSD� LQIRUPDVL� GHQVLWDV� GDQ�

PDWHULDO� SHQ\XVXQ� SKDQWRP� VHEDJDLPDQD�

\DQJ� GLVDMLNDQ� SDGD� *DPEDU� ��� 'DUL���

SHPEDFDDQ�WHUVHEXW�GLNHWDKXL�SXOD�XNXUDQ�

�D�� �E�� �F�� 

*DPEDU������D��7DPSLODQ�FLWUD�D[LDO�SKDQWRP�&7�VFDQ�GLYLVXDOLVDVLNDQ�GHQJDQ�PHQJJXQDNDQ�',&20DQ��

�E��3RWRQJDQ�D[LDO�SKDQWRP�\DQJ� WHODK�GLXEDK�GHQJDQ�PHQJJXQDNDQ�FWFUHDWH�GDODP�EHQWXN�

QXPHULN���F��3HUEHVDUDQ�SRWRQJDQ�D[LDO�SKDQWRP�GDODP�EHQWXN�QXPHULN� 
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7DEHO� ��� ,QIRUPDVL� MXPODK� SDUWLNHO� \DQJ�
GLJXQDNDQ� GDODP� VLPXODVL� 0&�
90$7� GHOLYHU\� WHFKQLTXH�
GHQJDQ�'26;<=QUF 

 
MXPODK�KLVWRU\�GDUL�SKVS�ILOH�XQWXN�VHWLDS�

VLPXODVL� VHODOX� EHUQLODL� VDPD� ZDODXSXQ�

VLPXODVL� GLODNXNDQ� SDGD� NRPSXWHU�

EHUEHGD�� +DO� LQL� GLDNLEDWNDQ� NDUHQD�

VHOXUXK� VLPXODVL� GLODNXNDQ�PHQJJXQDNDQ�

SKDVH� VSDVH� ILOH� \DQJ� VDPD� GDQ� GHQJDQ�

SHQJDWXUDQ� MXPODK� KLVWRU\� SDUWLNHO� \DQJ�

VDPD� SXOD�� � 6HGDQJNDQ� QLODL� VXUYLYDO�

UDWLR�� MXPODK� SDUWLNHO� \DQJ� WHUEORN� ROHK�

0/&��ZDNWX�VLPXODVL��GDQ�MXPODK�KLVWRU\�

MDP� GDUL� VHWLDS� VLPXODVL� PHPLOLNL� QLODL�

SKDQWRP� \DQJ� VHODQMXWQ\D� GLODNXNDQ�

SHQJDWXUDQ� XNXUDQ� SKDQWRP� PHQMDGL�

XNXUDQ� \DQJ� OHELK� NHFLO� �YR[HO��

VHEDJDLPDQD�\DQJ�GLVDMLNDQ�SDGD�7DEHO��� 

$QJND-DQJND� \DQJ� WHUGDSDW� SDGD�

SRWRQJDQ� SKDQWRP� YLUWXDO� � �� *DPEDU� ���

GDUL�GDWD�&7�VFDQ�\DQJ�VXGDK�GDODP�EHQ�

WXN�QXPHULN�WHUGLUL�GDUL�GDUL�DQJND����������

GDQ����\DQJ�PDVLQJ-PDVLQJ�DQJND�PHQXQ�

MXNNDQ� MHQLV� PDWHULDO� GDQ� GHQVLWDV�

SHQ\XVXQ� SKDQWRP� \DQJ� EHUEHGD�� $QJND�

�� PHQ\DWDNDQ� PDWHULDO� XGDUD�� DQJND� ��

PHQ\DWDNDQ� PDWHULDO� SDUX�� DQJND� ��

PHQ\DWDNDQ�PDWHULDO� MDULQJDQ� OXQDN�� GDQ�

DQJND���PHQ\DWDNDQ�PDWHULDO�WXODQJ� 

6LPXODVL� \DQJ� GLODNXNDQ� SDGD�

SHQHOLWLDQ� LQL� GLODNXNDQ� EHEHUDSD� NDOL�

GHQJDQ� PHQJJXQDNDQ� MXPODK� KLVWRU\�

VHEDQ\DN� �� [� ���� SDUWLNHO� SDGD� VHWLDS�

VLPXODVLQ\D�� 6HWLDS� VLPXODVL� \DQJ�

GLODNXNDQ� KDQ\D� PHQJJXQDNDQ� MXPODK�

FRQWURO� SRLQW� VHEDQ\DN� �� EXDK� GDUL� ����

EXDK� FRQWURO� SRLQW� VHFDUD� NHVHOXUXKDQ��

VHKLQJJD� MXPODK� SHQJXODQJDQ� VLPXODVL�

DGDODK�VHEDQ\DN����NDOL�� 

7DEHO� �� PHQJLQIRUPDVLNDQ� EDKZD�

MXPODK� KLVWRU\� \DQJ� GLVLPXODVLNDQ� GDQ�

7DEHO����-XPODK�GDQ�8NXUDQ�9R[HO�SDGD�3KDQWRP�7KRUD[ 

6XPEX -XPODK 

9R[HO 

8NXUDQ 

9R[HO��FP� 

1LODL�EDWDV�YR[HO 

; ��� ������ -�������FP�VDPSDL���������FP 

< ��� ������ -�������FP�VDPSDL���������FP 

= ��� ��� -������FP�VDPSDL���������FP 

6XPEHU��FWFUHDWH 

-XPODK�VLPXODVL�\DQJ�
GLODNXNDQ 

���NDOL 

-XPODK�KLVWRU\�\DQJ�
GLJXQDNDQ�SDGD�WLDS�
VLPXODVL 

����[�����SDUWLNHO 

+LVWRU\�GDUL�SKVS�ILOH ������[�����SDUWLNHO 

5DWD-UDWD�VXUYLYDO�UDWLR �������[���-� 

3UHGLNVL�SDUWLNHO�\DQJ�
GLEXWXKNDQ 

������[�����SDUWLNHO 

5DWD-UDWD�-XPODK�
SDUWLNHO�WHUEORN�0/& 

������[�����SDUWLNHO 

5DWD-UDWD�ZDNWX�
VLPXODVL� 

.RPSXWHU�L� 

.RPSXWHU�L� 

  

  

������MDP 

�����MDP 
5DWD-UDWD�+LVWRU\�MDP ������[���� 
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 \DNQL� VHNLWDU� ������� MDP� DWDX� NXUDQJ�

OHELK��������KDUL�� 

6LPXODVL�90$7�GHQJDQ�FRQWURO� SRLQW�

\DQJ� EHUEHGD� WHQWX� VDMD� DNDQ�

PHQJKDVLONDQ� GLVWULEXVL� GRVLV� \DQJ�

EHUEHGD� WHQWX� VDMD� DNDQ� PHQJKDVLONDQ�

GLVWULEXVL�GRVLV�\DQJ�EHUEHGD�SXOD��NDUHQD�

GLVWULEXVL� GRVLV� DNDQ� GLSHQJDUXKL� ROHK�

YDULDEHO� \DQJ� EHUXEDK� VHODPD� JDQWU\�

EHURWDVL��GDODP�KDO�LQL�\DQJ�SDOLQJ�XWDPD�

DGDODK� SRVLVL� VXGXW� JDQWU\� VDDW� GRVLV�

GLKDQWDUNDQ�� GDQ� EHQWXN� EHUNDV� \DQJ��

GLDWXU� ROHK� SRVLVL� 0/&�� *DPEDU� ������

PHQDPSLONDQ� GLVWULEXVL� GRVLV� \DQJ����

GLQ\DWDNDQ� GDODP� NXUYD� LVRGRVLV� GXD���

QLODL� \DQJ�EHUEHGD��1LODL� \DQJ�EHUEHGD� LQL�

NHPXQJNLQDQ� WHUMDGL� GLNDUHQDNDQ� ROHK�

PHNDQLVPH� SHUKLWXQJDQ� PHWRGH� 0RQWH�

&DUOR� \DQJ� PHPDQIDDWNDQ� ELODQJDQ�

UDQGRP�EHUEHGD�SDGD�VHWLDS�VLPXODVL�\DQJ�

GLODNXNDQ� GDQ� GLSHQJDUXKL� SXOD� ROHK�

SHUEHGDDQ� VSHVLILNDVL� NRPSXWHU� \DQJ�

GLJXQDNDQ� GDODP� VLPXODVL�� VHKLQJJD�

LQIRUPDVL� GDUL� VXUYLYDO� UDWLR�� MXPODK�

SDUWLNHO� \DQJ� WHUEORN� ROHK� 0/&�� ZDNWX�

VLPXODVL�� GDQ� MXPODK� KLVWRU\�MDP� SDGD�

7DEHO� �� KDQ\D� PHQ\DMLNDQ� QLODL� UDWD-

UDWDQ\D�VDMD��6HODLQ�LWX�GDSDW�GLKLWXQJ�SXOD�

ZDNWX� WRWDO� \DQJ� GLEXWXKNDQ� XQWXN��������

PHQ\HOHVDLNDQ� VHOXUXK� VLPXODVL� 90$7��

�D�� �E�� �F�� 

*DPEDU����.XUYD�LVRGRVLV��SDGD�VOLFH����GDUL�VLPXODVL�GHQJDQ�PHQJJXQDNDQ��D��FRQWURO�SRLQW�90$7��-��
�E��FRQWURO�SRLQW�90$7���-����F��FRQWURO�SRLQW�90$7����-�����VXPEHU��GDWD�VLPXODVL�� 

*DPEDU� ��� �3URILO� GRVLV� SDGD� VOLFH� ��� GDUL� VLPXODVL� GHQJDQ� SHQJJXQDDQ� FRQWURO� SRLQW� 90$7� � EHUEHGD�
�VXPEHU��GDWD�VLPXODVL��� 
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PHUDWD-UDWDNDQ� VHOXUXK� GDWD� GRVLV� SDGD�

VHWLDS� YR[HO� \DQJ� VDPD� GDUL� VHOXUXK�

SHQJXODQJDQ� VLPXODVL�� .XUYD� LVRGRVLV�

\DQJ� WHUEHQWXN� KDVLO� SHQJRODKDQ� GDWD�

GHQJDQ� EHEHUDSD� PHWRGH� SHQJRODKDQ�

GLWXQMXNNDQ�*DPEDU���� 

*DPEDU� ��� �D�� GDQ� �E�� PHQXQMXNNDQ�

EHQWXN� NXUYD� LVRGRVLV� \DQJ� PHQ\DWDNDQ�

GLVWULEXVL� GRVLV� 90$7� GDUL� KDVLO���������

SHQMXPODKDQ� GDWD� GRVLV� �GRVLV� WRWDO�� GDQ�

KDVLO� UDWD-UDWD� QLODL� GDWD� GRVLV� PHPLOLNL�

EHQWXN� GDQ� SROD� \DQJ� VDPD� SHUVLV���������

ZDODXSXQ� VHEHQDUQ\D� QLODL� GRVLV� \DQJ���

WHUGDSDW�SDGD�NHGXD�NXUYD�PHPLOLNL� QLODL�

\DQJ�EHUEHGD��6HGDQJNDQ�SDGD�*DPEDU����

�F��GDQ��G��VDQJDW�WHUOLKDW�SHUEHGDDQ�\DQJ��

VLJQLILNDQ� DQWDUD� GLVWULEXVL� GRVLV� KDVLO�

GLPHQVL� GDUL� EHEHUDSD� VLPXODVL� 90$7�

0&� GHQJDQ� FRQWURO� SRLQW� \DQJ� EHUEHGD��

VHUWD�*DPEDU���PHQDPSLONDQ�KDVLO�DQDOLVD�

QLODL� GRVLV� SDGD� SURILO� �'� XQWXN� VOLFH����

SDGD� VLPXODVL� 90$7� 0&� VHSDQMDQJ�

VXPEX�[�� 

'DWD�QLODL�GRVLV�SDGD�VHWLDS�YR[HO�\DQJ�

WHUGDSDW� SDGD� ILOH� RXWSXW� ��GGRVH� XQWXN�

VHOXUXK� VLPXODVL� VHODQMXWQ\D� GLRODK� GDQ�

GLDQDOLVLV�GHQJDQ�PHQJJXQDNDQ�EHEHUDSD�

PHWRGH� VWDWLVWLND� VHGHUKDQD�� GHQJDQ�

WXMXDQ� XQWXN� PHQJHWDKXL� NDUDNWHULVWLN�

NXUYD� LVRGRVLV� DNKLU� \DQJ� WHUEHQWXN��

0HWRGH� SHQJRODKDQ� WHUVHEXW� DQWDUD� ODLQ�

DGDODK� GHQJDQ� PHQMXPODKNDQ� VHOXUXK�

GDWD� GRVLV� SDGD� VHWLDS� YR[HO� \DQJ� VDPD�

GDUL� VHOXUXK� SHQJXODQJDQ� VLPXODVL� GDQ�

�D�� �E�� 

�F�� �G�� 

*DPEDU����.XUYD�LVRGRVLV�90$7�SDGD�VOLFH�NH����GDUL�VHOXUXK�VLPXODVL�\DQJ�GLEHQWXN�KDVLO�SHQMXPODKDQ�
GRVLV� �GRVLV� WRWDO� SDGD�PDVLQJ-PDVLQJ� YR[HO�� GDQ� KDVLO� UDWD-UDWD� GRVLV� �GRVLV� UDWD-UDWD� SDGD�
PDVLQJ-PDVLQJ� YR[HO��� �D�� GDQ� �E�� PHQJJXQDNDQ� SURJUDP� PLFURVRIW� H[FHO�� �F�� GDQ� �G��
PHQJJXQDNDQ�SURJUDP�PDWODE���VXPEHU��GDWD�VLPXODVL� 
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 VLPXODVL� GLODNXNDQ� EHEHUDSD� NDOL� GHQJDQ�

PHQJJXQDNDQ�FRQWURO�SRLQW�\DQJ�EHUEHGD��

&RQWURO� SRLQW� LQL� WHQWX� VDMD� GLEHULNDQ�

XQWXN� VXGXW� JDQWU\�� EXNDDQ� 0/&� GDQ�

IUDNVL� GRVLV� \DQJ� EHUEHGD� VHKLQJJD� DNDQ�

PHQJKDQWDUNDQ� GRVLV� \DQJ� EHUDJDP�SDGD�

WLDS�YR[HOQ\D�� 

6WDQGDU� HUURU� GRVLV� SDGD� WLDS� YR[HO� GL�

GDHUDK�VHNLWDU�LVRVHQWHU�GDUL�VLPXODVL�0&�

GHQJDQ� PHPEDJL� WLWLN� NRQWURO� 90$7�

PDVLK� PHPLOLNL� QLODL� \DQJ� VDQJDW� EHVDU�

VHEDJDLPDQD�\DQJ�GLWXQMXNNDQ�*DPEDU����

+DO� LQL� PHQXQMXNNDQ� EDKZD� NHUDJDPDQ�

GRVLV� \DQJ� WHUKDQWDU� SDGD� WLDS� YR[HO��

SKDQWRP� XQWXN� VHWLDS� WLWLN� NRQWURO� \DQJ�

EHUEHGD� PDVLK� VDQJDW� EHVDU� WHUXWDPD����

XQWXN� GL� GDHUDK� SHQXPEUD� \DQJ� GDSDW�

PHQFDSDL� KLQJJD� UDWXVDQ� SHUVHQ�� 8QWXN�

VWDQGDU� HUURU� GRVLV� PLQLPDO� GL� GDHUDK�

VHNLWDU� LVRVHQWHU� DGDODK� VHNLWDU� ��������

VHGDQJNDQ�QLODL�VWDQGDU�HUURU�WHSDW�GL�WLWLN�

LVRVHQWHU�DGDODK�VHNLWDU�������� 

 

*DPEDU� ���*UDILN� 6WDQGDU� (UURU� 'RVLV� 'DHUDK�
6HNLWDU�,VRVHQWHU��VXPEHU��GDWD�VLPXODVL�� 

 
6HEDJDL�SHUEDQGLQJDQ�GDODP�SHQHOLWLDQ�

LQL� GLODNXNDQ� SXOD� VLPXODVL� GHQJDQ�

PHQJJXQDNDQ� VHOXUXK� MXPODK� FRQWURO�

SRLQW�VHNDOLJXV��VLPXODVL�GLODNXNDQ�VHNDOL��

WDQSD� DGDQ\D� SHPEDJLDQ� MXPODK� FRQWURO�

SHQMXPODKDQ� GDQ� KDVLO� UDWD-UDWD� GRVLV��

EDLN� GDUL� VHJL� EHQWXN� PDXSXQ� GDUL� VHJL�

ZDUQD�� 8QWXN� KDVLO� SHQMXPODKDQ� GRVLV�

�GRVLV� WRWDO�� EHQWXN� NXUYD� LVRGRVLV� \DQJ�

WHUEHQWXN� OHELK� OHEDU� GLEDQGLQJNDQ�

GHQJDQ�KDVLO�UDWD-UDWD�GRVLV��'DSDW�WHUOLKDW�

SXOD� EDKZD� NHGXD� NXUYD� VDPD-VDPD�

PHPLOLNL� GLVWULEXVL� GRVLV� \DQJ� WHUIRNXV�

SDGD� GDHUDK� LVRFHQWUH�� DUWLQ\D� VLPXODVL�

PHPEHULNDQ� GRVLV� WLQJJL� SDGD� GDHUDK�

LVRFHQWUH�� 8QWXN� DQDOLVLV� VDWX� GLPHQVL��

JUDILN� SURILO� GRVLV� \DQJ� WHUEHQWXN� GDUL�

NXUYD� LVRGRVLV� KDVLO� SHQMXPODKDQ� GRVLV�

GDQ� UDWD-UDWD� GRVLV� GDSDW� GLOLKDW� SDGD�

*DPEDU��� 

 

 
*DPEDU���� �3URILO�'RVLV�+DVLO�3HQMXPOD�
KDQ��GRVLV� WRWDO��GDQ�'RVLV�5DWD-UDWD�GDUL�
GDUL� VHOXUXK�VLPXODVL�SDGD� WLWLN� LVRFHQWUH��
�VXPEHU��GDWD�VLPXODVL� 

 

:DODXSXQ� MXPODK� WRWDO�GRVLV�GDQ� UDWD-

UDWD�GRVLV�PHPLOLNL�EHQWXN�NXUYD�LVRGRVLV�

GDQ� SURILO� GRVLV� \DQJ� KDPSLU� VHUXSD��

QDPXQ�SDGD�NHQ\DWDDQQ\D�NXUYD� LVRGRVLV�

GDQ�SURILO�GRVLV�SDGD� WLDS�YR[HO�SKDQWRP�

WHUVHEXW� GLEHQWXN� GDUL� QLODL� GRVLV� \DQJ�

VDQJDW� EHUDJDP�� +DO� LQL� GLNDUHQDNDQ�
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GHQJDQ� PHQJJXQDNDQ� SURJUDP�

GRV[\]BVKRZ��XQWXN�KDVLO�VLPXODVL�GHQJDQ�

PHQJJXQDNDQ� VHOXUXK� MXPODK� FRQWURO�

SRLQW��GDQ�SURJUDP�PLFURVRIW�H[FHO��XQWXN�

KDVLO� VLPXODVL� GHQJDQ� PHPEDJL� MXPODK�

MXPODK� FRQWURO� SRLQW��� 7DPSDN� EDKZD�

EHQWXN� NXUYD� LVRGRVLV� GDUL� VLPXODVL� \DQJ�

GLODNXNDQ� GHQJDQ� PHPEDJL� MXPODK�

FRQWURO� SRLQW� GDQ� VLPXODVL� GHQJDQ�

PHQJJXQDNDQ� VHOXUXK� FRQWURO� SRLQW�

PHPLOLNL� EHQWXN� SROD� GLVWULEXVL� GRVLV�

\DQJ� KDPSLU� VDPD�� %HJLWX� SXOD� GHQJDQ�

EHQWXN�SURILO�GRVLVQ\D��1DPXQ� WHQWX� VDMD�

MLND� GLOLKDW� GDUL� QLODL� GRVLV� UHODWLI� \DQJ�

WHUKDQWDU� SDGD� WLDS� YR[HO� DNDQ� PHPLOLNL�

SRLQW�VHNDOLJXV��VLPXODVL�GLODNXNDQ�VHNDOL��

WDQSD� DGDQ\D� SHPEDJLDQ� MXPODK� FRQWURO�

SRLQW��� 1DPXQ� MXPODK� KLVWRU\� SDUWLNHO�

\DQJ� GLJXQDNDQ� UHODWLI� VHGLNLW� MLND�

GLEDQGLQJNDQ� GHQJDQ� MXPODK� KLVWRU\�

SDUWLNHO� \DQJ� GLJXQDNDQ� GDODP� VLPXODVL�

EHUXODQJ�� 'DODP� VLPXODVL� LQL� MXPODK�

KLVWRU\� \DQJ� GLJXQDNDQ� KDQ\D� �� [� ����

SDUWLNHO�� 7XMXDQQ\D� DGDODK� XQWXN�

PHQJHWDKXL�NDUDNWHULVWLN�EHQWXN�GLVWULEXVL�

GRVLV� �'� \DQJ� WHUEHQWXN� GDUL� NHGXD�

VLPXODVL�� 

*DPEDU���DGDODK�JDPEDU�SHUEDQGLQJDQ�

GLVWULEXVL� GRVLV� 90$7� EHUNDV� IRWRQ� ��

09� SDGD� VOLFH� ��� \DQJ� GLWDPSLONDQ�

�D�� �E�� 

�F�� �G�� 

*DPEDU���� � �3HUEDQGLQJDQ�'LVWULEXVL�'RVLV�90$7� VOLFH����XQWXN� VLPXODVL� GHQJDQ�PHQJJXQDNDQ� VHOXUXK�
FRQWURO�SRLQW�GDQ�VLPXODVL�GHQJDQ�SHPEDJLDQ�FRQWURO�SRLQW��D��GDQ��E��NXUYD�LVRGRVLV��'��F��
GDQ��G��SURILO�'RVLV��'���VXPEHU��GDWD�VLPXODVL�� 
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 EHOXP� GDSDW� GLNHWDKXL� VHFDUD� SDVWL��

3HQJNDMLDQ� OHELK� ODQMXW� PHQJHQDL�

VLPXODVL� GHQJDQ� PHPEDJL� MXPODK�

FRQWURO� SRLQW� PDVLK� KDUXV� GLODNXNDQ�

XQWXN�GDSDW�GLMDGLNDQ�VDODK�VDWX�VROXVL�

GDODP� PHQJDWDVL� NHWHUEDWDVDQ�

VSHVLILNDVL� NRPSXWHU� \DQJ� WHUVHGLD�

GDODP� PHODNXNDQ� VLPXODVL� 0RQWH�

&DUOR� GDODP� UDQJND� PHODNXNDQ�

SHUQFDQDDQ� SHQJREDWDQ� UDGLDVL� \DQJ�
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QLODL� GRVLV� \DQJ� EHUEHGD�� 8QWXN�
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PDNVLPXP� GRVLVQ\D� DGDODK� VHNLWDU�
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GDSDW� PHQJKDVLONDQ� EHQWXN� NXUYD�

LVRGRVLV� GDQ� SURILO� GRVLV� GDUL� NHGXD�
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XQWXN�PHPEHQWXN�NXUYD�LVRGRVLV�\DQJ�

VDPD� SHUVLV� DQWDUD� NHGXD� VLPXODVL�
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