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$EVWUDFW�

7KLV�VWXG\�DLPV�WR�DVVHVV�DQG�DQDO\]H�WKH�DSSOLFDWLRQ�RI�WKH�SULQFLSOH�RI�OH[�VSHFLDOLV�WKH�GHURJDW�OHJL�
JHQHUDOL�LQ�WKH�&ULPLQDO�-XVWLFH�6\VWHP�UHODWHG�WR�WKH�VWDJHV�LQ�WKH�FULPLQDO�MXVWLFH�SURFHVV��DQG�WKH�
IRUP�RI�WKH�LQGLFWPHQW�LQ�DSSO\LQJ�WKH�SULQFLSOH�RI�OH[�VSHFLDOLV�WKH�GHURJDW�OHJL�JHQHUDOL��7KH�PHWKRG�
XVHG�LV�HPSLULFDO�MXULGLFDO�ZLWK�GHVFULSWLYH�DQDO\WLFDO��7KH�UHVXOW�VKRZV�WKDW�WKLV�SULQFLSOH�LV�DSSOLHG�
LQ�FULPLQDO�FDVHV�WKDW�YLRODWLQJ�WKH�JHQHUDO�DQG�VSHFLDO�FULPLQDO�SURYLVLRQV�LQ�WKH�3HQDO�&RGH��WKH�
JHQHUDO�FULPLQDO�SURYLVLRQV�LQ�WKH�3HQDO�&RGH�DQG�VSHFLDO�FULPLQDO�SURYLVLRQV�RXWVLGH�WKH�3HQDO�
&RGH��DV�ZHOO�DV�FULPLQDO�FDVHV�WKDW�YLRODWLQJ�WZR�VSHFLDO�FULPLQDO�DFWV�RXWVLGH�WKH�3HQDO�&RGH��
5HJDUGLQJ�WKH�IDVH�RI�FULPLQDO�SURFHGXUH�LQ�KDQGOLQJ�WKH�FDVH�XQGHU�WKLV�SULQFLSOH��LW�LV�LPSOHPHQWHG�
LQ�WKH�DGMXGLFDWLRQ�SURFHVV��XVLQJ�WKH�VXEVLGLDULW\�RU�FXPXODWLYH�PRGHO�RI�FKDUJLQJ�

.H\ZRUGV��/H[�6SHFLDOLV�'HURJDW�/HJL�*HQHUDOL��&ULPLQDO�-XVWLFH�6\VWHP�

$EVWUDN

3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJNDML�GDQ�PHQJDQDOLVLV�SHQHUDSDQ�DVDV�OH[�VSHFLDOLV�GHURJDW�OHJL�
JHQHUDOL�GDODP�6LVWHP�3HUDGLODQ�3LGDQD�WHUNDLW�GHQJDQ�WDKDSDQ�GDODP�SURVHV�SHUDGLODQ�SLGDQD��
GDQ�EHQWXN�VXUDW�GDNZDDQ�GDODP�PHQHUDSNDQ�DVDV�OH[�[SHFLDOLV�GHURJDW�OHJL�JHQHUDOL�WHUVHEXW��
0HWRGH�SHQHOLWLDQ�\DQJ�GLJXQDNDQ�DGDODK�PHWRGH��\XULGLV�HPSLULV�\DQJ�EHUVLIDW�GHVNULSWLI�DQDOLWLV��
+DVLO�SHQHOLWLDQ�PHPSHUOLKDWNDQ�EDKZD�DVDV�OH[�VSHFLDOLV�GHURJDW�OHJL�JHQHUDOL�GLWHUDSNDQ�GDODP�
SHUNDUD�SLGDQD�\DQJ�PHPSHUWHPXNDQ�NHWHQWXDQ�SLGDQD�XPXP�GDQ�NKXVXV�GDODP�.8+3��NHWHQWXDQ�
SLGDQD�XPXP�GDODP�.8+3�GDQ�NHWHQWXDQ�SLGDQD�NKXVXV�GL�OXDU�.8+3��VHUWD�SHUNDUD�SLGDQD�\DQJ�
PHPSHUWHPXNDQ�GXD�DWDX�OHELK�NHWHQWXDQ�SLGDQD�NKXVXV�GL�OXDU�.8+3��%HUNHQDDQ�GHQJDQ�WDKDSDQ�
GDODP�VLVWHP�SHUDGLODQ�SLGDQD��DVDV�LQL�GLWHUDSNDQ�GDODP�WDKDS�DGMXGLFDWLRQ��\DQJ�PHQJKDUXVNDQ�
VXUDW�GDNZDDQ�GLEXDW�GDODP�PRGHO�VXEVLGLDULWDV�DWDX�NXPXODWLI�

.DWD�NXQFL��$VDV�/H[�6SHFLDOLV�'HURJDW�/HJL�*HQHUDOL��6LVWHP�3HUDGLODQ�3LGDQD�

$�� 3HQGDKXOXDQ
��� /DWDU�%HODNDQJ

'DODP� VXDWX� SHUNDUD� SLGDQD�� WHUGDSDW�
S H U E X D W D Q � V H V H R U D Q J � \ D Q J � V H F D U D�
PDWHULLO�MDVPDQLDK� KDQ\D� PHODNXNDQ� VDWX�
SHUEXDWDQ�� WHWDSL� PHODQJJDU� EHEHUDSD�
NH W HQ WXDQ � KXNXP� S LGDQD � V HND O L JXV�
�HHQGDDGVFKH� VDPHQORRS��� EDLN� KXNXP�
SLGDQD�XPXP�PDXSXQ�KXNXP�SLGDQD�NKXVXV��
PLVDOQ\D�PHODQJJDU�88�.HKXWDQDQ�GDQ�88�
3HPEHUDQWDVDQ�7LQGDN�3LGDQD�.RUXSVL� �88�

373.��� DWDX�PHODQJJDU� 88� 3HUEDQNDQ� GDQ�
88�373.��DWDX�PHODQJJDU�88�3DMDN�GDQ�88�
373.�

3UDNWLN� SHQHJDNDQ� KXNXP� SLGDQD�
W H U K D G D S � N D V X V � N D V X V � G HP L N L D Q ��
PHPSHUOLKDWNDQ� SHQHUDSDQ� KXNXP� \DQJ�
LQNRQVLVWHQ� GDQ� GLVNULPLQDWLI�� 'DODP� NDVXV�
'/�6LWRUXV�PLVDOQ\D��\DQJ�GLGXJD�PHUXJLNDQ�
QHJDUD�NDUHQD�PHODNXNDQ�SHQHEDQJDQ�KXWDQ�
GL� DUHDO� \DQJ� EXNDQ� +3+�Q\D�� KDQ\D�
GLNHQDNDQ�88�.HKXWDQDQ��VHPHQWDUD�$GHOLQ�

(PHUVRQ�<XQWR��������0HQ\HODPDWNDQ�3HPEDODN�/LDU��+DVLO�(NVDPLQDVL�3XEOLN�3XWXVDQ�31�0HGDQ�GDODP�3HUNDUD�7LQGDN�
3LGDQD�.RUXSVL�GDQ�,OOHJDO�/RJJLQJ��-DNDUWD��,QGRQHVLD�&RUUXSWLRQ�:DWFK��KOP����
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/LV��GLNHQDNDQ�88�373.�GDQ�88�.HKXWDQDQ��
'DODP�NDVXV� WLQGDN� SLGDQD� SHUEDQNDQ� \DQJ�
PHOLEDWNDQ�PDQWDQ�'LUXW�%DQN�0DQGLUL�(&:�
1HORH��KDQ\D�GLNHQDL�88�373.��EHJLWX�MXJD�
6\DKULU� 6DELULQ�� SDGDKDO� SHUEXDWDQ� PHUHND�
EHUDGD�GDODP�UDQDK�KXNXP�SHUEDQNDQ��.DVXV�
ODLQ� GDODP� UDQDK� KXNXP� \DQJ� VDPD� KDQ\D�
GLNHQDNDQ�8QGDQJ�XQGDQJ�1RPRU����7DKXQ�
�����WHQWDQJ�3HUEDQNDQ��3XWXVDQ�0$�1RPRU��
����.�3LGVXV�������

3UDNWLN�SHQHJDNDQ�KXNXP�\DQJ� �EHUVLIDW�
GLVNULPLQDWLI� GDQ� LQNRQVLVWHQ� WHUVHEXW�
PHQLPEXONDQ�GLVSDULWDV�SLGDQD��NHWLGDNDGLODQ�
VHUWD�NHWLGDNSDVWLDQ�KXNXP��.RQGLVL�WHUVHEXW�
GLVHEDENDQ� ROHK� DGDQ\D� NHWLGDNVDPDDQ�
SH U V HSV L � G L � DQ W D U D � SHQHJDN � KXNXP�
�NHWLGDNVLQNURQDQ� NXOWXUDO�� WHQWDQJ� DVDV� OH[�
VSHFLDOLV� GHURJDW� OHJL� JHQHUDOL�� WHQWDQJ�
NHWHQWXDQ�KXNXP�SLGDQD�NKXVXV��VHUWD�PRGHO�
VXUDW� GDNZDDQ� GDODP� PHQHUDSNDQ� DVDV�
WHUVHEXW�� .RQGLVL� LQL� WLGDN� GDSDW� GLELDUNDQ��
NDUHQD� EHUDNLEDW� SDGD� NHWLGDNSHUFD\DDQ�
PDV\DUDNDW� WHUKDGDS� SHQHJDNDQ� KXNXP��
.RQGLVL� LQL� MXJD� PHQJKDPEDW� WHUZXMXGQ\D�
VLVWHP�SHUDGLODQ�SLGDQD�WHUSDGX�NDUHQD�VDODK�
VDWX�NDUDNWHULVWLN�GDUL�VLVWHP�SHUDGLODQ�SLGDQD�
WHUSDGX� �LQWHJUDWHG� FULPLQDO� MXVWLFH� V\VWHP��
DGDODK� VLQNURQLVDVL�� EDLN� VLQNURQLVDVL�
VWUXNWXUDO��VXEWDQVLDO��PDXSXQ�NXOWXUDO�

%HUGDVDUNDQ� XUDLDQ� ODWDU� EHODNDQJ� GL�
D WDV � � PDND� SHQXO LV � DNDQ� PHPEDKDV�
SHUPDVDODKDQ��DQWDUD�ODLQ�����%DJDLPDQDNDK�
SHQHUDSDQ� DVDV� OH[� VSHFLDOLV� GHURJDW� OHJL�
JHQHUDOL� GDODP� 6LVWHP� 3HUDGLODQ� 3LGDQD�
WHUNDLW� GHQJDQ� WDKDSDQ� GDODP� SURVHV�
SHUDGLODQ� SLGDQD"� ��� %DJDLPDQDNDK� EHQWXN�
VXUDW� GDNZDDQ� GDODP� PHQHUDSNDQ� DVDV� OH[�
[SHFLDOLV� GHURJDW� OHJL� JHQHUDOL� SDGD�6LVWHP�
3HUDGLODQ�3LGDQD"�

��� 0HWRGH�3HQHOLWLDQ
0HWRGH�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�

LQL� DGDODK� PHWRGH� \XULGLV� HPSLULV� \DQJ�
EHUVLIDW� GHVNULSWLI� DQDOLWLV�� NDUHQD� PHQFRED�
PHQGDSDWNDQ�JDPEDUDQ�PHQ\HOXUXK�WHQWDQJ�

SHQHUDSDQ� DVDV� OH[� VSHFLDOLV� GHURJDW� OHJL�
JHQHUDOL� � GDODP� SURVHV� SHUDGLODQ� SLGDQD��
3HQHOLWLDQ� GLODNXNDQ� GHQJDQ� EHUVDQGDUNDQ�
SDGD� DVDV� GDQ� DMDUDQ� KXNXP� \DQJ� UHOHYDQ�
XQWXN�PHQJNDML�SHUPDVDODKDQ�GLPDNVXG��

��� .HUDQJND�7HRUL
D�� � $VDV� /H[� 6SHFLDOLV� 'HURJDW� /HJL�

*HQHUDOL�VHEDJDL�$VDV�3UHIHUHQVL�
$VDV� OH[�VSHFLDOLV�GHURJDW� OHJL�JHQHUDOL�

�KXNXP� NKXVXV� PHQ\DPSLQJNDQ� KXNXP�
XPXP��PHUXSDNDQ�VDODK�VDWX�DVDV�SUHIHUHQVL�
\DQJ� GLNHQDO� GDODP� LOPX� KXNXP�� $VDV�
SUHIHUHQVL�DGDODK�DVDV�KXNXP�\DQJ�PHQXQMXN�
KXNXP�PDQD�\DQJ�OHELK�GLGDKXOXNDQ��XQWXN�
GLEHUODNXNDQ��� MLND� GDODP� VXDWX� SHULVWLZD�
�KXNXP�� WHUNDLW� DWDX� WHUODQJJDU� EHEHUDSD�
SHUDWXUDQ�� 3XUQDGL� 3XUEDFDUDND� GDQ�
6RHUMRQR�6RHNDQWR�PHQJDWDNDQ�EDKZD��

0DNVXG� GDUL� DVDV� LQL� DGDODK� EDKZD�
WHUKDGDS� SHULV W LZD� NKXVXV� ZDMLE�
GLEHUODNXNDQ� XQGDQJ�XQGDQJ� \DQJ�
PHQ\HEXW�SHULVWLZD�LWX��ZDODXSXQ�XQWXN�
SHULVWLZD� NKXVXV� WHUVHEXW� GDSDW� SXOD�
GLEHUODNXNDQ� XQGDQJ�XQGDQJ� \DQJ�
PHQ\HEXW�SHULVWLZD�\DQJ�OHELK�OXDV�DWDX�
OHELK� XPXP� \DQJ� GDSDW� PHQFDNXS�
SHULVWLZD�NKXVXV�WHUVHEXW�

6 HPHQ W D U D � L W X � � (GG\ � 26 � + L D U L H M�
PHQJHPXNDNDQ�EDKZD�

'LOLKDW� GDUL� SHUVSHNWLI� SROLWLN� KXNXP�
SLGDQD��SHQDO�SROLF\���HNVLVWHQVL��DVDV�
OH[�
VSHFLDO LV � GHURJDW � OHJL � JHQHUDO L��
VHEHQDUQ\D�PHUXSDNDQ�DVDV�KXNXP�\DQJ�
PHQHQWXNDQ�GDODP�WDKDS�DSOLNDVL��7DKDS�
LQL�PHUXSDNDQ�WDKDS�SHQHUDSDQ�SHUDWXUDQ�
SHUXQGDQJ�XQGDQJDQ� SLGDQD� \DQJ� WHODK�
GLODQJJDU�WHUKDGDS�SHULVWLZD�NRQNULW��LXV�
RSHUDWXP�� PHODOXL� SURVHV� SHQHJDNDQ�
KXNXP�� � 2OHK� NDUHQD� LWX�� DVDV� ³OH[�
VSHFLDOLV´� LQL� � PHQMDGL� SHQWLQJ� EDJL�
DSDUDW� SHQHJDN� KXNXP� NHWLND� DNDQ�
PHQHUDSNDQ� SHUDWXUDQ� SHUXQGDQJ�
XQGDQJDQ�SLGDQD�WHUKDGDS�SHUNDUD�SLGDQD�
\DQJ�GLWDQJDQLQ\D�
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6\DULIXGGLQ�HW�DO��������%HQDQJ�.XVXW�3HUDGLODQ�.RUXSVL�3HUEDQNDQ��&DWDWDQ�+DVLO�(NVDPLQDVL�3XWXVDQ�1HORH�GNN��-DNDUWD��
.RQVRUVLXP�5HIRUPDVL�+XNXP�1DVLRQDO��KOP���
(GG\�26�+LDULHM�������� �3RWHQVL�.HMDKDWDQ�'DODP�$QDOLVLV�.UHGLW��PDWHUL�SHODWLKDQ�WLQGDN�SLGDQD�SHUEDQNDQ�SDGD�%DQN�%1,��
<RJ\DNDUWD��KOP���
6KLQWD�$JXVWLQD�GNN��������3HUVHSVL�$SDUDW�3HQHJDN�+XNXP�7HQWDQJ�3HODNVDQDDQ�$VDV�/H[�6SHFLDOLV�'HURJDW�/HJL�*HQHUDOL�
'DODP�6LVWHP�3HUDGLODQ�3LGDQD��/DSRUDQ�3HQHOLWLDQ��3DGDQJ��/330�8QDQG��KOP�����
0XODGL��������.DSLWD�6HOHNWD�6LVWHP�3HUDGLODQ�3LGDQD��6HPDUDQJ��3HQHUELW�8QGLS��KOP����
3XUQDGL�3XUEDFDUDND�GDQ�6RHUMRQR�6RHNDQWR��������3HUXQGDQJ�XQGDQJDQ�GDQ�<XULVSUXGHQVL��%DQGXQJ��&LWUD�$GLW\D�%DNWL��KOP����
(GG\�26�+LDULHM�GNN��������3HUVHSVL�GDQ�3HQHUDSDQ�$VDV�/H[�6SHFLDOLV�'HURJDW�/HJL�*HQHUDOL�GL�.DODQJDQ�3HQHJDN�+XNXP�
/DSRUDQ�3HQHOLWLDQ��<RJ\DNDUWD��)DNXOWDV�+XNXP�8QLYHUVLWDV�*DMDK�0DGD��KOP����
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'DODP� ELGDQJ� KXNXP� SLGDQD�� DVDV� OH[�

VSHFLDOLV� GHURJDW� OHJL� JHQHUDOL� GLQRUPDNDQ�

GDODP� 3DVDO� ��� D\DW� ���� .8+3� \DQJ�

PHQHQWXNDQ� EDKZD�� ³-LND� VXDWX� WLQGDNDQ�

PDVXN�GDODP�VXDWX�NHWHQWXDQ�SLGDQD�XPXP��

WHWDSL�WHUPDVXN�MXJD�GDODP�NHWHQWXDQ�SLGDQD�

NKXVXV�� PDND� KDQ\D� \DQJ� NKXVXV� LWX� \DQJ�

GLWHUDSNDQ´��$UWLQ\D��MLND�WHUMDGL�VXDWX�WLQGDN�

SLGDQD�\DQJ�PHODQJJDU�GXD�NHWHQWXDQ�KXNXP�

SLGDQD�DWDX�OHELK��\DQJ�VDODK�VDWXQ\D�DGDODK�

NHWHQWXDQ� KXNXP� SLGDQD� XPXP�� GDQ� \DQJ�

ODLQQ\D� DGDODK� NHWHQWXDQ� KXNXP� SLGDQD�

NKXVXV��PDND�NHWHQWXDQ�KXNXP�SLGDQD�NKXVXV�

LWXODK�\DQJ�GLNHQDNDQ�NHSDGD�SHODNXQ\D��
1DPXQ��.8+3�WLGDN�PHQMHODVNDQ�GDODP�

VLWXDVL� VHSHUWL� DSD�� WHUGDSDW� SHULVWLZD� \DQJ�
PHODQJJDU� NHWHQWXDQ� SLGDQD� XPXP� GDQ�
SLGDQD� NKXVXV� WHUVHEXW�� 0HPRULH� YDQ�
7RHOLFKWLQJ��0Y7��KDQ\D�PHQ\DWDNDQ�EDKZD��

³,QGLHQ�KHW�HHQH�VWUDIEDUH�IHLW�VOHFKWV�LV�
HHQH� ELM]RQGHU� JHQRHPGH� VRRUW� YDQ� KHW�
DQGHUH��HQ�GXV�XLW�]LMQHQ�DDUG�GDDURQGHU�UHHGV�
LV�EHJUHSHQ��GDQ�JHOGW�GH�UHJHO�OH[�VSHFLDOLV�
GHURJDWH� OHJL� JHQHUDOL�� RQYHUVFKLOOLJ� RI� GH�
VSHFLHV�]ZDDUGHU�RI�OLFKWHU�ZRUGW�JHVWUDIW�GDQ�
KHW�JHQXV��HQ�RQYHUVFKLOOLJ�RI�]LM�DO�GDQ�QLHW�
HHQ�HLJHQ�QDDP�KHHIW�

�-LND� VXDWX� WLQGDN�SLGDQD�KDQ\DODK� VDWX�
MHQLV�NKXVXV�GDUL� VXDWX�SHUEXDWDQ�\DQJ� ODLQ��
GDQ� GDUL� PDNQD� \DQJ� DGD� VXGDK� GLSDKDPL��
PDND�EHUODNX�DWXUDQ�OH[�VSHFLDOLV�GHURJDW�OHJL�
JHQHUDOL�� WDQSD�PHPSHGXOLNDQ� DSDNDK� \DQJ�
NKXVXV� LWX� GLKXNXP� OHELK� EHUDW� DWDX� OHELK�
ULQJDQ� GDULSDGD� \DQJ� XPXP�� GDQ� WDQSD�
PHPSHGXOLNDQ� SXOD� DSDNDK� GLD� PHPLOLNL�
VHEXWDQ�VHQGLUL��

0HQXUXW� 1ROWH�� SDGD� DZDOQ\D� RUDQJ�
VHSDNDW�EDKZD�GDODP�SHUDGLODQ�SLGDQD��DVDV�
LQL� KDQ\D� GLWHUDSNDQ�� ELODPDQD� VXDWX�
SHUEXDWDQ�PHPHQXKL�VHPXD�XQVXU�GDUL�VXDWX�
WLQGDN� SLGDQD� \DQJ� GLDWXU� GDODP� VXDWX�
NHWHQWXDQ�SLGDQD��WHWDSL�MXJD�PHPHQXKL�XQVXU�
GDU L � VXDWX� W LQGDN� SLGDQD� OD LQ � � \DQJ�
GLUXPXVNDQ� GDODP� VXDWX� NHWHQWXDQ� SLGDQD�
ODLQQ\D�� \DQJ� XQVXU�XQVXU� GDUL� NHWHQWXDQ�

SLGDQD� SHUWDPD� WDGL� PHQ\DWX� NH� GDODPQ\D��
6H OD UD V � GHQJDQ � 1RO W H � � 9DQ � +D W WXP�
PHQ\DWDNDQ� EDKZD� SHQHUDSDQ� KXNXP� \DQJ�
GHPLNLDQ� PHPSHUO LKDWNDQ� KXEXQJDQ�
NHNKXVXVDQ� \DQJ� ORJLV� GDUL� VDWX� NHWHQWXDQ�
KXNXP� SLGDQD� GHQJDQ� NHWHQWXDQ� KXNXP�
SLGDQD� ODLQQ\D�� NDUHQD� VHPXD� XQVXU� GDUL�
NHWHQWXDQ�SLGDQD�\DQJ�SHUWDPD�GDSDW�GLWHPXL�
MXJD� GDODP� NHWHQWXDQ� SLGDQD� \DQJ� WHUDNKLU��
EDKNDQ�NHWHQWXDQ�WHUDNKLU�LQL�PHPLOLNL�XQVXU�
ODLQ�� 1DPXQ�� SUDNWLN� SHQHJDNDQ� KXNXP�
SLGDQD� NHPXGLDQ� MXJD� PHPSHUOLKDWNDQ�
GLWHULPDQ\D�SHQHUDSDQ�DVDV�WHUVHEXW�WHUKDGDS�
NHWHQWXDQ� SLGDQD� NKXVXV� \DQJ� VLVWHPDWLV��
GLPDQD� NHWHQWXDQ� \DQJ� ODLQ� LWX� GLDQJJDS�
VHEDJDL� NHWHQWXDQ� NKXVXV� EXNDQ� NDUHQD�
PHPLOLNL� VHPXD� XQVXU� GDUL� NHWHQWXDQ� \DQJ�
ODLQ��WHWDSL�NDUHQD�SHQJDWXUDQ�DWDX�QDPD�GHOLN�
DWDX� VHMDUDKQ\D��PHUXSDNDQ� NHWHQWXDQ� \DQJ�
OHELK�NKXVXV�

E�� �*DEXQJDQ�7LQGDN�3LGDQD��6DPHQORRS��
YDQ�6WUDIEDUH�)HLWHQ��!
3HQHUDSDQ�DVDV�OH[�VSHFLDOLV�GHURJDW�OHJL�

JHQHUDOL�GDODP�KXNXP�SLGDQD�WHUNDLW�GHQJDQ�
SUDQDWD�KXNXP�JDEXQJDQ�SHUEDUHQJDQ�WLQGDN�
SLGDQD� �VDPHQORRS� DWDX� FRQFXUVXV���+DO� LQL�
GLVHEDENDQ� SHQJDWXUDQ� DVDV� WHUVHEXW� EHUDGD�
GDODP� %DE� 9,� %XNX� ,� � GHQJDQ� MXGXO�
³JDEXQJDQ � W LQGDN � S LGDQD´ � � 6LPRQV�
PHQJDWDNDQ�EDKZD�

6XDWX� VDPHQORRS� YDQ� VWUDIEDUH� IHLWHQ�
DWDX�JDEXQJDQ�GDUL�SHUEXDWDQ�SHUEXDWDQ�\DQJ�
GDSDW� GLKXNXP� LWX� KDQ\D� DGD�� \DLWX� DSDELOD�
SHUEXDWDQ�SHUEXDWDQ�WHUVHEXW�WHODK�GLODNXNDQ�
ROHK� VDWX� RUDQJ� \DQJ� VDPD� GDQ� GLDQWDUD�
SHUEXDWDQ�SHUEXDWDQ� WHUVHEXW� WLGDN� WHUGDSDW�
VXDWX� SXWXVDQ� KDNLP� \DQJ� WHODK� PHQJDGLOL�
VDWX�DWDX�OHELK�SHUEXDWDQ�SHUEXDWDQ�WHUVHEXW��

'DODP� NHDGDDQ� GHPLNLDQ� DNDQ� WHUMDGL�
SHPEHUDWDQ�SLGDQD��\DQJ�GLVHVXDLNDQ�GHQJDQ�
DMDUDQ� VDPHQORRS� WHUKDGDS� EHUEDJDL� EHQWXN�
FRQFXUVXV� WHUVHEXW�� 'DODP� GRNWULQ� KXNXP�
SLGDQD�GLNHQDO�WLJD�PDFDP�EHQWXN�VDPHQORRS�
DWDX� FRQFXUVXV�� \DLWX� ���� FRQFXUVXV� LGHDOLV�
DWDX� HHQGDDGVH� VDPHQORRS�� VHEDJDLPDQD�

�

+�-��6FKPLGW��������*HVFKLHGHQLV�YDQ�+HW�:HWERHN�YDQ�6WUDIUHFKW��9ROOHGLJH�9HU]DPHOLQJ�YDQ�5HJHHULQJVRQWZHUSHQ��*HZLVVHOGH�
6WXNNHQ��*HYRHUGH�%HUDDGVODJLQJHQ�HQ]��(HHUVWH�'HHO��+DDUOHP��+�'��7MHHQN�:LOOLQN��KOP�����
+�-�$��1ROWH��������+HW�6WUDIUHFKW�LQ�'H�$I]RQGHUOLMNH�:HWWHQ��5HFKWVKLVWRULVFK��5HFKWV¿ORVRSKLVFK�HQ�6\VWHPDWLVFKH�%HZHUNW��
8WUHFKW��'HNNHU�	�9DQ�'H�9HJW�19��KOP������
8WUHFKW��������+XNXP�3LGDQD�,,��6XUDED\D��3XVWDND�7LQWD�0DV��KOP�����
-��'H�+XOOX��������0DWHULHHO�6WUDIUHFKW��2YHU�$OJHPHQH�/HHUVWXNNHQ�YDQ�6WUDIUHFKWHOLMNH�DDQVSUDNHOLMNKHLG�QDDU�1HGHUODQGV
5HFKW��9LHUGH�GUXN��'HYHQWHU��.OXZHU��KOP�����

���

���

���

��

�

��

��

��

6KLQWD�$JXVWLQD��,PSOHPHQWDVL�$VDV�/H[�6SHVLDOLV�'HURJDW�/HJL�*HQHUDOLV

���



GLDWXU� GDODP� 3DVDO� ��� D\DW� ���� .8+3�� ����
FRQFXUVXV�UHDOLV�DWDX�PHHUGDDGVH�VHPHQORRS��
\DQJ� GLDWXU� GDODP� 3DVDO� ��� GDQ� ��� .8+3���
VHUWD� ���� YRRUJH]HW� KDQGHOLQJ� \DQJ� GLDWXU�
GDODP�3DVDO����.8+3��

3HUVRDODQ�XWDPD�GDODP�DMDUDQ�JDEXQJDQ�
WLQGDN� SLGDQD� DGDODK� DSD� \DQJ� GLPDNVXG�
GHQJDQ�VDWX�SHUEXDWDQ��HHQ�IHLW��GDODP�3DVDO�
��� D\DW� ���� GDQ� ���� WHUVHEXW��0RGGHUPDQ�
GDODP�NHWHUDQJDQQ\D�XQWXN�UDQFDQJDQ�:Y6�
PHQMH ODVNDQ � WHQ WDQJ � ´PHQ� PHW � KH W�
OLFKDDPHOLMNH�RRJ�HHQH�HHQKHLG�]LHW�HQ�PHW�KHW�
RRJ�GHV�JHHWHV�HHQH�SOXUDOLWHLW��ELMYRRUEHHOG�
HHQH�YURXZ�ZRUGW�LQ�KHW�RSHQEDDU�YHUNUDFKW´��
-XULVSUXGHQVL�EHUGDVDUNDQ�SXWXVDQ�+5�SDGD�
DZDOQ\D� MXJD� PHQHULPD� ´SHUEXDWDQ� PDWHULO�
�OLFKDPHOLMN�KDQGHOLQJ��LWX�VHEDJDL�SDUDPHWHU�
VDWX� SHUEXDWDQ�� 1DPXQ�� SHUNHPEDQJDQ�
SUDNWLN� SHQHJDNDQ� KXNXP� GDUL� SXWXVDQ� +5�
WDKXQ������\DQJ�GLNHQDO�GHQJDQ�+HW� �2XGH�
NLMN� LQ� 
W� -DWVWUDDW� $UUHVW�� PHQHULPD� DMDUDQ�
$VSHFWHQ� /HHU��$MDUDQ� LQL�PHQHULPD� EDKZD�
VDWX� SHUEXDWDQ� PDWHU L O � \DQJ� GL O LKDW�
EHUGDVDUNDQ� SHUVIHNWLI� KXNXP� SLGDQD��
PHPLOLNL�EHEHUDSD�DUWL�DWDX�PDNQD��WLGDN�ODJL�
GLDQJJDS� VHEDJDL� VDWX� SHUEXDWDQ�PHODLQNDQ�
WHODK�PHODKLUNDQ�PHHUGDDGVH�VDPHQORRS���

!
F�� 0RGHO� 6XUDW� 'DNZDDQ� GDQ� 6LVWHP�

3HUDGLODQ�3LGDQD��! !
6LVWHP� 3HUDGLODQ� 3LGDQD� �633�� DGDODK�

VHEXDK� VLVWHP� \DQJ� GL� GDODPQ\D� WHUGDSDW�
VXEVLVWHP�\DQJ�VDOLQJ�WHUNDLW�VDWX�VDPD�ODLQ��
\DNQL� VXEVLVWHP� .HSROLVLDQ�� .HMDNVDDQ��
3HQJDGLODQ�GDQ�VXE�VLVWHP�SHQGXNXQJ�ODLQQ\D�
VHSHUWL� /HPEDJD� 3HPDV\DUDNDWDQ�� ,PLJUDVL��
GDQ� LQVWDQVL� ODLQ� \DQJ� WHUNDLW�� 6HPXD� VXE�
VLVWHP�\DQJ�WHUOLEDW�GL�GDODPQ\D�VHKDUXVQ\D�
EHUDGD�GDODP�VDWX�PDWD�UDQWDL�\DQJ�WHUSDGX��
VDOLQJ� PHQGXNXQJ� VHUWD� WHUGDSDWQ\D� VXDWX�
VLQNURQLVDVL�GDQ�NRRUGLQDVL�SHODNVDQDDQ�WXJDV�
GDQ�ZHZHQDQJ�

0XODGL� PHQJDWDNDQ� EDKZD� GDODP� 633�
KDUXV� WHUGDSDW� VLQNURQLVDVL� DWDX� NHVHODUDVDQ�
GDODP� WLJD� KDO� EHULNXW�� \DLWX�� NHVHODUDVDQ�

VXEWDQVLDO�� NHVHODUDVDQ� VWUXNWXUDO�� GDQ�
NHVHODUDVDQ�NXOWXUDO��<DQJ�GLPDNVXG�0XODGL�
GHQJDQ�NHVHODUDVDQ�NXOWXUDO�DGDODK�NHVDPDDQ�
SHUVHSVL� GDQ� SHPDKDPDQ� GL� DQWDUD� DSDUDWXU�
SHQHJDN�KXNXP�WHQWDQJ�SHUDWXUDQ�\DQJ�DGD��
WHQWDQJ�DVDV��NRQVHS��GDQ�SULQVLS�\DQJ�EHUODNX�
GDODP� KXNXP� SLGDQD�� EDLN� WHUWXOLV� PDXSXQ�
WLGDN�WHUWXOLV��7HUNDLW�GHQJDQ�WHPD�SHQHOLWLDQ�
LQL� PHQMDGL� SHQWLQJ� DGDQ\D� NHVDPDDQ�
SHPDKDPDQ�DSDUDWXU�SHQHJDN�KXNXP�WHQWDQJ�
DVDV� OH[� VSHFLDOLV�� DMDUDQ� JDEXQJDQ� WLQGDN�
SLGDQD�GDQ�PRGHO�VXUDW�GDNZDDQ�\DQJ�WHSDW�
XQWXN�GLJXQDNDQ�GDODP�SHUNDUD�SLGDQD�WHUNDLW�
SHQHUDSDQ�DVDV�WHUVHEXW�

'DODP� SURVHV� SHUDGLODQ� SLGDQD�� -DNVD�
3HQXQWXW� 8PXP� KDUXV� PHPEXDW� VXUDW�
GDNZDDQ� VDDW� PHPEDZD� VXDWX� NDVXV� NH�
SHQJDGLODQ��6XUDW�GDNZDDQ�LWX�PHQMDGL�GDVDU�
SHPHULNVDDQ�SHUNDUD�GL�SHQJDGLODQ��VHNDOLJXV�
MXJD� SHGRPDQ� SHPHULNVDDQ� DJDU� SURVHV�
EHUMDODQ� VHVXDL� GHQJDQ� SHUPDVDODKDQ� GDODP�
SHUNDUD�WHUVHEXW��6XUDW�GDNZDDQ�MXJD�PHQMDGL�
GDVDU�EDJL�KDNLP�GDODP�PHQHWDSNDQ�SXWXVDQ�
GDQ� SHPEXNWLDQ� EDJL� MDNVD�� 6XUDW� GDNZDDQ�
\DQJ�WHSDW�GDODP�SHQDQJDQDQ�VHEXDK�SHUNDUD�
SLGDQD�� PHUXSDNDQ� DZDO� NHEHUKDVLODQ�
SHQHJDN� KXNXP� GDODP� SURVHV� SHQHJDNDQ�
KXNXP�� 0RGHO� VXUDW� GDNZDDQ� \DQJ� DNDQ�
GLJXQDNDQ� ROHK� -38� GDODP� PHQGDNZD�
VHRUDQJ� SHODNX� WLQGDN� SLGDQD�� EHUJDQWXQJ�
NHSDGD� SHUEXDWDQ� WHUGDNZD� GDQ� DODW� EXNWL�
\DQJ�WHUVHGLD�

6HFDUD� WHRULWLV�� GDODP� � GRNWULQ� KXNXP�
DFDUD�SLGDQD�GLNHQDO���PRGHO�VXUDW�GDNZDDQ��
\DQJ� PDVLQJ�PDVLQJ� GLVHVXDLNDQ� GHQJDQ�
NDVXV� \DQJ� GLWDQJDQL�� .HOLPD� PRGHO� VXUDW�
GDNZDDQ�WHUVHEXW�DGDODK��
��� 6XUDW� GDNZDDQ� WXQJJDO�� \DQJ� GLEXDW�

XQWXN�SHUNDUD�SLGDQD�GLPDQD�KDQ\D�DGD�
VDWX� SHUEXDWDQ� GDQ� SHUEXDWDQ� WHUVHEXW�
KDQ\D�PHODQJJDU�VDWX�SHUDWXUDQ�

����� 6XUDW�GDNZDDQ�DOWHUQDWLI��\DQJ�GLEXDW�
MXJD� XQWXN� SHUNDUD� SLGDQD� \DQJ� KDQ\D�
DGD� VDWX� SHUEXDWDQ� GDQ� VDWX� SHUDWXUDQ�
\DQJ� GLODQJJDU�� 1DPXQ� MDNVD� SHQXQWXW�
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3$)�/DPLQWDQJ��������'DVDU�GDVDU�+XNXP�3LGDQD�,QGRQHVLD��%DQGXQJ��6LQDU�%DUX��KOP������
�+�-��6FKPLGW���/RF�&LW��
�&K��-��(QVFKHGH��������%HJLQVHOHQ�9DQ�6WUDIUHFKW��.OXZHU��'HYHQWHU��KOP�����
�-��'H�+XOOX��2S�&LW��KOP�����
�$OOHQ��5RQDOG�-D\��HW�DO��������&RPSUHKHQVLYH�&ULPLQDO�3URFHGXUH��1HZ�<RUN��$VSHQ�/DZ�DQG�%XVVLQHVV��KOP�����
0DUGMRQR� 5HNVRGLSXWUR�� ������ +DN� $VDVL� 0DQXVLD� GDODP� 6LVWHP� 3HUDGLODQ� 3LGDQD�� -DNDUWD�� /HPEDJD� .ULPLQRORJL� GDQ�
3HQJNDMLDQ�3HUDGLODQ�,QGRQHVLD��KOP����
0XODGL��������.DSLWD�6HOHNWD�6LVWHP�3HUDGLODQ�3LGDQD��6HPDUDQJ��3HQHUELW�8QGLS��KOP����
�0�<DK\D�+DUDKDS��������3HGRPDQ�3HPEDKDVDQ�GDQ�3HUPDVDODKDQ�.8+$3��%XNX�.HGXD��3HQXQWXWDQ�GDQ�3HUVLGDQJDQ��-DNDUWD��
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XPXP�PDVLK� EHOXP� GDSDW�PHPDVWLNDQ�
PDQD� SDVDO� \DQJ� VHVXQJJXKQ\D� DNDQ�
WHUEXNWL� � GLODQJJDU� ROHK� WHUGDNZD�
E H U G D V D U N D Q � S H P H U L N V D D Q � G L�
SHUVLGDQJDQ��PDND�GLEXDW�GXD�SDVDO�\DQJ�
EHUVLIDW�DOWHUQDWLI��SLOLKDQ���

��� � 6XUDW� GDNZDDQ� VXEVLGLDULWDV� �SULPHU�
VXEVLGHU��� \DQJ� GLEXDW� XQWXN� SHUNDUD�
SLGDQD� \DQJ� PHODQJJDU� EHEHUDSD�
NHWHQWXDQ� VHNDOLJXV�� \DQJ� ELDVDQ\D�
EHUEHQ WXN � GH O LN � DZDO � GDQ � GH O LN�
NXDOL¿NDVL�� VHKLQJJD� GDNZDDQ� GLEXDW�
PXODL� GDUL� SDVDO� \DQJ� WHUEHUDW� VDPSDL�
SDGD� SDVDO� WHULQJDQ�� 6XUDW� GDNZDDQ� LQL�
VHEHQDUQ\D� MXJD� GLWXMXNDQ� EDJL� VDWX�
SHUEXDWDQ�VDMD��WHWDSL�WHUKDGDS�SHUEXDWDQ�
WHUVHEXW� WHUGDSDW� EHEHUDSD� NHWHQWXDQ�
\DQJ�PHQJDWXUQ\D��\DQJ�PDQD�NHWHQWXDQ�
\DQJ�VDWX��EHUVLIDW�OHELK�NKXVXV�GDULSDGD�
NHWHQWXDQ�ODLQQ\D�\DQJ�EHUVLIDW�XPXP��

��� � �6XUDW�GDNZDDQ�NXPXODWLI��\DQJ�GLEXDW�
XQWXN� SHUNDUD� SLGDQD�� \DQJ� SHODNXQ\D��
WHODK�PHODNXNDQ�EHEHUDSD�WLQGDN�SLGDQD�
VHNDOLJXV�� GDQ� PDVLQJ�PDVLQJ� WLQGDN�
SLGDQD�WHUVHEXW�KDUXV�GLEXNWLNDQ��GDQ�

��� 6XUDW� GDNZDDQ� JDEXQJDQ��\DLWX� VXUDW�
GDNZDDQ�\DQJ�GLEXDW�EDJL�SHUNDUD�SLGDQD�
\DQJ� SHODNXQ\D� WHODK� PHODNXNDQ�
EHEHUDSD� SHUEXDWDQ� VHNDOLJXV�� GDQ� GL�
DQWDUD� SHUEXDWDQ� WHUVHEXW� DGD� \DQJ�
PHUXSDNDQ� GHO LN � DZDO � GDQ� GHO LN�
NXDOL¿NDVL�

%�� +DVLO�GDQ�3HPEDKDVDQ�
��� ,PSOHPHQWDVL� $VDV� /H[� 6SHFLDOLV�

'HURJDW�/HJL�*HQHUDOL�GDODP�3HUNDUD�
3LGDQD� GHQJDQ� .DUDNWHU� *DEXQJDQ�
7LQGDN�3LGDQD�
'DUL� HPSDW� SXOXK � SXWXVDQ� GDODP�

\XULVSUXGHQVL�0DKNDPDK�$JXQJ�\DQJ�GLWHOLWL��
WHUOLKDW� EDKZD� GDODP� PHQDQJDQL� SHUNDUD�
SLGDQD� GHQJDQ� NDUDNWHULVWLN� SHODQJJDUDQ�
WHUKDGDS� KXNXP� SLGDQD� XPXP� GDQ� KXNXP�
SLGDQD� NKXVXV� VHNDOLJXV�� VDQJDW� MDUDQJ�
GLWHPXNDQ� SHUQ\DWDDQ� HNVSOLVLW�� EDLN� GDODP�
VXUDW�GDNZDDQ�DWDX�SXQ�GDODP�SXWXVDQ�KDNLP��
DVDV� OH[� VSHFLDOLV� GHURJDW� OHJL� JHQHUDOL�
GLWHUDSNDQ�� %HJLWX� SXOD� VDQJDW� MDUDQJ�
GLWHPXNDQ��SHUQ\DWDDQ�HNVSOLVLW�EDKZD�GDODP�
SHUNDUD� GHPLNLDQ�� 3DVDO� ��� D\DW� ���� .8+3�
GLWHUDSNDQ��'DUL�NHVHOXUXKDQ�SXWXVDQ�SHUNDUD�

SLGDQD� \DQJ� GLWHOLWL�� SHUQ\DWDDQ� WHQWDQJ�
NHKDUXVDQ� GLEHUODNXNDQQ\D� KXNXP� SLGDQD�
NKXVXV�GDODP�SHUNDUD�WHUVHEXW��KDQ\D�GLWHPXL�
GDODP� �� SHUNDUD��1DPXQ� GHPLNLDQ�� SHQHOLWL�
EHUSDQGDQJDQ� WHUGDSDW� SHQHUDSDQ� DVDV� LQL�
VHFDUD� WHUVLUDW�� GHQJDQ� PHQJNDML� EHQWXN�
SHUEXDWDQ�\DQJ�VHFDUD�PDWHULO�KDQ\D�VDWX��HHQ�
IHLW���PRGHO� VXUDW� GDNZDDQ�\DQJ�GLJXQDNDQ��
VHUWD�SHUWLPEDQJDQ�KDNLP�GDODP�PHPXWXVNDQ�
WHUGDNZD�EHUVDODK�PHODNXNDQ� WLQGDN� SLGDQD�
GDODP�GDNZDDQ�SULPHU�DWDX�GDODP�GDNZDDQ�
NHVDWX�

$VDV�LQL�GLWHUDSNDQ�SDGD�SHUNDUD�SLGDQD�
\DQJ�PHUXSDNDQ�JDEXQJDQ�WLQGDN�SLGDQD�GDUL�
VDWX�SHUEXDWDQ��HHQGDDGVH�VDPHQORRS��� �+DO�
LQL� WHUOLKDW� GDUL� PRGHO� VXUDW� GDNZDDQ� \DQJ�
GLJXQDNDQ�GDODP�PHQDQJDQL�SHUNDUD�SLGDQD�
WHUVHEXW�� %DJLDQ� WHUEHVDU� SHUNDUD� GLWDQJDQL�
GHQJDQ� PRGHO� GDNZDDQ� VXEVLGLDULWDV� GDQ�
NXPXODVL�WHUKDGDS�SHUEXDWDQ�\DQJ�PHUXSDNDQ�
JDEXQJDQ�WLQGDN�SLGDQD�GDUL�VDWX�SHUEXDWDQ��
EDLN�\DQJ�PHODQJJDU�NHWHQWXDQ�XPXP��GHOLN�
SRNRN�� GDQ� NHWHQWXDQ� NKXVXV� GDODP�.8+3�
�GHOLN� \DQJ� GLNXDOL¿NDVL� �JHTXDOL¿VHHUGH�
GHOLFW��� PDXSXQ� GHOLN� \DQJ� OHELK� ULQJDQ�
�JHSULYL OHJLHHUGH� GHO LF W � � � D WDX� \DQJ�
PHODQJJDU�NHWHQWXDQ�XPXP�GDODP�.8+3�GDQ�
NHWHQWXDQ�NKXVXV�GL�OXDU�.8+3��DWDXSXQ�\DQJ�
PHODQJJDU� GXD� NHWHQWXDQ� NKXVXV� GL� OXDU�
.8+3����

'DODP� SHUNDUD� SLGDQD� \DQJ� PHODQJJDU�
NHWHQWXDQ� XPXP� GDQ� NKXVXV� GDODP�.8+3��
VH OD OX � GLGDNZDNDQ� GHQJDQ� GDNZDDQ�
VXEVLGLDULWDV� �SULPHU� VXEVLGHU��� 'DNZDDQ�
SULPHU� PHQJJXQDNDQ� SDVDO� GHOLN� \DQJ�
GLNXDOL¿NDVL�� VHGDQJNDQ� GDNZDDQ� VXEVLGHU�
DWDX� OHELK� VXEVLGHU�� GLNHQDNDQ� NHWHQWXDQ�
XPXP��GHOLN�SRNRN���0LVDOQ\D�GDODP�SHUNDUD�
SHQJJHODSDQ� \DQJ� PHQJHQDNDQ� 3DVDO� ����
.8+3�VHEDJDL�GDNZDDQ�SULPHU�GDQ�3DVDO�����
.8+3� VHEDJDL� GDNZDDQ� VXEVLGHU� �3HUNDUD�
1RPRU� ��� .�.U�3LG�������� GDODP� SHUNDUD�
PDWLQ\D� RUDQJ� GHQJDQ� 3DVDO� ���� .8+3�
VHEDJDL� GDNZDDQ� SULPHU�� 3DVDO� ���� .8+3�
VHEDJDL�GDNZDDQ�VXELVLGHU��3DVDO�����D\DW�����
VHEDJDL� GDNZDDQ� OHELK� VXEVLGHU�� VHUWD� 3DVDO�
���� D\DW� ���� .8+3� VHEDJDL� GDNZDDQ� OHELK�
VXEV LGH U � O DJ L � �3H UND U D � 1RPRU � ����
.�3LG�������� 6HPHQWDUD� GDODP� SHUNDUD�
SLGDQD� \DQJ� PHODQJJDU� NHWHQWXDQ� XPXP�
GDODP�.8+3� GDQ� NHWHQWXDQ� NKXVXV� GL� OXDU�

&RUWHQV��*-0�GDQ��0-��%RUJHQV��������+HW�1HGHUODQGV�6WUDISURFHVUHFKW��'HYHQWHU��.OXZHU��KOP���������
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.8+3� � G L J X Q D N D Q � V X U D W � G D NZ D D Q�
VXEVLGLDULWDV� GDQ� VXUDW� GDNZDDQ� NXPXODVL��
&RQWRK�� 3DVDO� �� 88� 3HUOLQGXQJDQ� $QDN�
VHEDJDL�GDNZDDQ�SULPHU�GDQ�3DVDO�����D\DW�
����.8+3�VHEDJDL�GDNZDDQ�VXEVLGHU��3HUNDUD�
1RPRU�����.�3LGVXV���������

.HGXD�PRGHO�VXUDW�GDNZDDQ�WHUVHEXW�MXJD�
GLJXQDNDQ�GDODP�PHQDQJDQL�SHUNDUD�SLGDQD�
\DQJ� PHODQJJDU� GXD� DWDX� OHELK� NHWHQWXDQ�
KXNXP� SLGDQD� NKXVXV� GL� OXDU� .8+3��
'LDQWDUDQ\D� GDNZDDQ� VXEVLGLDULWDV� GDODP�
SHUNDUD� ���.�.U������� \DQJ� PHQJJXQDNDQ�
88�1RPRU����3136������VHEDJDL�GDNZDDQ�
SULPHU��3HUSX�1RPRU����WDKXQ������VHEDJDL�
GDNZDDQ�VXEVLGHU��VHPHQWDUD�GDNZDDQ�OHELK�
VXEVLGHU� 3DVDO� ����� GDQ� OHELK� VXEVLGHU� ODJL�
3DVDO�����.8+3��%HJLWX�MXJD�GDODP�SHUNDUD�
1RPRU�� ���.�.U������� \DQJ� PHQJJXQDNDQ�
PRGHO�VXUDW�GDNZDDQ�NXPXODVL�GHQJDQ�3DVDO���
D\DW� ���� VXE� E� 88� 1RPRU� �� 7DKXQ� �����
VHEDJDL�GDNZDDQ�NHVDWX��3DVDO���D\DW�����VXE�F�
88�1RPRU� ��7DKXQ������ VHEDJDL� GDNZDDQ�
NHGXD�� GDQ� 3DVDO� ��� DQJND� ,,� F�� G�� GDQ� H�
2UGRQDQVL�%HD�MR�3DVDO��VXE���KXUXI�K�MR�3DVDO�
��88�1R���'UW�������

'DUL� NHVHOXUXKDQ� NDVXV� \DQJ� GLGDNZD�
VHFDUD� VXEVLGLDULWDV�� VHPXD� GLQ\DWDNDQ�
EHUVDODK� PHODNXNDQ� WLQGDN� SLGDQD� GDODP�
GDNZDDQ�SULPHU�GDQ�GLSLGDQD�GHQJDQ�SLGDQD�
EHUGDVDUNDQ�GDNZDDQ�SULPHU�WHUVHEXW��+DO�LQL�
VHVXQJJXKQ\D� PHQLPEXONDQ� SHUWDQ\DDQ��
PHQJDSD� SDVDO� DWDX� NHWHQWXDQ� XPXP� WHWDS�
GLGDNZDNDQ� MLND� GDUL� DODW� EXNWL� \DQJ� DGD�
VXGDK� GLNHWDKXL� EDKZD� SHUEXDWDQ� WHUGDNZD�
PHPHQXKL� NHWHQWXDQ� NKXVXV�� 7HUKDGDS�
SHUWDQ\DDQ�WHUVHEXW��EDJLDQ�EHVDU�UHVSRQGHQ�
PHQJDWDNDQ�EDKZD�KDO�LQL�PHUXSDNDQ�VWUDWHJL�
GDUL� -38� XQWXN� EHUMDJD�MDJD� MLND� VDPSDL� GL�
SHUVLGDQJDQ� DGD� VDNVL� \DQJ� PHQFDEXW�
NHWHUDQJDQ�� KLQJJD� XQVXU� NKXVXV� GDODP�
NHWHQWXDQ�NKXVXV�WDGL�ELVD�VDMD�PHQMDGL�WLGDN�
WHUEXNWL��'HQJDQ�NDWD�ODLQ��-38�PHQJJXQDNDQ�
PRGHO� GDNZDDQ� VXEVLGLDULWDV�� EXNDQ� NDUHQD�
PHQHUDSNDQ� DVDV� OH[� VSHFLDOLV� GHURJDW� OHJL�
JHQHUDOL�� WDSL�VHEDJDL�VWUDWHJL�DJDU�WHUGDNZD�
WLGDN� OHSDV� GDUL� MHUDW� KXNXP�� 1DPXQ��
SHPLOLKDQ�NHWHQWXDQ�NKXVXV�VHEDJDL�GDNZDDQ�
S U LPH U � V HEHQD UQ\D � V H FD U D � LPS O L V L W�
PHQXQMXNNDQ� EDKZD� GDODP� KDO� LQL� DGD�
SHQHUDSDQ� DVDV� OH[� VSHFLDOLV� GHURJDW� OHJL�
JHQHUDOL�� EXNDQ� KDQ\D� SHUVRDODQ� VWUDWHJL�
GDODP�SHQXQWXWDQ��

.HVDGDUDQ� WHQWDQJ� SHUOXQ\D� � NHWHQWXDQ�

NKXVXV� GLWHUDSNDQ� WHUOHELK� GDKXOX� GDODP�
SHUNDUD� GHPLNLDQ�� MXJD� WHUOLKDW� SDGD�
SHPLOLKDQ� NHWHQWXDQ� NKXVXV� \DQJ� GLMDGLNDQ�
GDNZDDQ�SULPHU�GDQ�NHWHQWXDQ�.8+3�VHEDJDL�
GDNZDDQ�VXEVLGHU�� �6HPHQWDUD�GDODP�PRGHO�
GDNZDDQ�NXPXODVL��NHWHQWXDQ�NKXVXV�GL�OXDU�
.8+3� PHQMDGL� GDNZDDQ� NHVDWX�� GDQ�
NHWHQWXDQ� .8+3� VHEDJDL� GDNZDDQ� NHGXD��
DWDX� NHWLJD�� +DO� \DQJ� PHQDULN� DGDODK�
SHQHUDSDQ�EHEHUDSD�NHWHQWXDQ�NKXVXV�GL�OXDU�
.8+3� \DQJ� WHUGDSDW� GDODP� GDNZDDQ�
NXPXODVL�� 'DUL� SXWXVDQ� GDODP� SHUNDUD�
WHUVHEXW�� WLGDN� WHUGDSDW� SHQMHODVDQ� WHQWDQJ�
SHUWLPEDQJDQ� -38� DWDX� KDNLP� WHUKDGDS�
SHQJJXQDDQ� EHEHUDSD� NHWHQWXDQ� WHUVHEXW��
0 L V D O Q \ D � � X Q W X N � P H Q M D G L N D Q � 88�
3HUOLQGXQJDQ�$QDN�VHEDJDL�GDNZDDQ�NHVDWX��
VHPHQWDUD� 88� 3�.'57� VHEDJDL� GDNZDDQ�
NHGXD��GDQ�VHWHUXVQ\D��$WDX�SHQJJXQDDQ�88�
1RPRU���7DKXQ������VHEDJDL�GDNZDDQ�NHVDWX�
GDQ�NHGXD��VHUWD�2UGRQDVL�%HD�MR�88�1RPRU���
'UW�7DKXQ������VHEDJDL�GDNZDDQ�NHWLJD��

1DPXQ�� DVXPVL� SHQHOLWL� DGDODK� EDKZD�
SHQHJDN� KXNXP� PHQJDQJJDS� SHUEXDWDQ�
SHODNX�� PHPDQJ� PHODQJJDU� EHEHUDSD�
NHWHQWXDQ� KXNXP� SLGDQD� NKXVXV� VHNDOLJXV�
DWDX� PHPHQXKL� UXPXVDQ� GHOLN� GDODP�
EHEHUDSD� 88�� VHKLQJJD� PDVLQJ�PDVLQJ�
SHODQJJDUDQ�WHUVHEXW�KDUXV�GLEXNWLNDQ��2OHK�
NDUHQD� LWX� GDODP� SHUNDUD� GHPLNLDQ� WLGDN�
GLJXQDNDQ�VXUDW�GDNZDDQ�VXEVLGLDULWDV��\DQJ�
PDVLQJ�PDVLQJQ\D� EHUVLIDW� VXEVWLWXVL�
VHKLQJJD�MLND�GDNZDDQ�SULPHU�WHUEXNWL�PDND�
GDNZDDQ� VXEVLGHU� DWDX� OHELK� VXEVLGHU� ODJL�
WLGDN�SHUOX�GLEXNWLNDQ�ODJL�����

+DO�\DQJ�PHQDULN�GDUL�WHPXDQ�LQL�DGDODK�
VHPXD� PRGHO� VXUDW� GDNZDDQ� \DQJ� GLNHQDO�
GDODP� GRNWU LQ � KXNXP� DFDUD � SLGDQD��
GLSHUJXQDNDQ� ROHK� -38� XQWXN� PHQGDNZD�
SHODNX� WLQGDN� SLGDQD� \DQJ� PHUXSDNDQ�
JDEXQJDQ�WLQGDN�SLGDQD�GDUL�VDWX�SHUEXDWDQ��
'HQJDQ� NDWD� ODLQ�� WLGDN� WHUGDSDW� NHVDPDDQ�
DWDX� NHVDWXDQ� PRGHO� DWDX� EHQWXN� VXUDW�
GDNZDDQ� GDODP� PHQDQJDQL� SHUNDUD� SLGDQD�
WHUVHEXW�� .RQGLVL� LQL� PHQJXDWNDQ� KDVLO�
WHPXDQ�GDWD�SULPHU� WDKXQ� VHEHOXPQ\D�\DQJ�
PHPSHUOLKDWNDQ� DGDQ\D� SHUEHGDDQ� SHUVHSVL�
GL�DQWDUD�SHQHJDN�KXNXP��EDLN�WHQWDQJ�KXNXP�
SLGDQD�NKXVXV�GDQ�DVDV�OH[�VSHFLDOLV�GHURJDW�
OHJL� JHQHUDOL�� WHQWDQJ� MHQLV� DWDX� QXDQVD�
SHUNDUD� SLGDQD� \DQJ� KDUXV� � GLWHUDSNDQ� DVDV�
WHUVHEXW�� WDKDSDQ� GDODP� SURVHV� SHUDGLODQ�
SLGDQD�� VHUWD� PRGHO� VXUDW� GDNZDDQ� \DQJ�
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GLJXQDNDQ�GDODP�PHQHUDSNDQ��DVDV�WHUVHEXW��

��� 0RGH O � 6XUD W � 'DNZDDQ � GD O DP�
0HQHUDSNDQ� $VDV� /H[� 6SHFLDOLV�
'HURJDW� /HJL� *HQHUDOL� GDQ� 7DKDSDQ�
GDODP�6LVWHP�3HUDGLODQ�3LGDQD���

!'DUL� KDVLO� SHQHOLWLDQ�� GLWHPXNDQ� EDKZD�
GDODP� PHQDQJDQL� SHUNDUD� SLGDQD� \DQJ�
PHPSHUOLKDWNDQ� JDEXQJDQ� WLQGDN� SLGDQD�
\DQJ�PHPSHUWHPXNDQ�KXNXP�SLGDQD�XPXP�
GDQ� NKXVXV�� DWDX� KXNXP� SLGDQD� NKXVXV�
GHQJDQ� KXNXP� SLGDQD� NKXVXV�� SHQHJDN�
KXNXP� PHQJJXQDNDQ� VHPXD� PRGHO� VXUDW�
GDNZDDQ�\DQJ�GLNHQDO�GDODP�GRNWULQ�KXNXP�
DFDUD� SLGDQD�� 0HVNL� GHPLNLDQ�� PRGHO�
WHUEDQ\DN� \DQJ� GLJXQDNDQ� DGDODK� PRGHO�
VXEVLGLDULWDV��NXPXODVL��GDQ�JDEXQJDQ��

� )DNWD� EDKZD� PDVLK� GLGDNZDNDQQ\D�
NHWHQWXDQ� XPXP� GDODP� VXUDW� GDNZDDQ� GL�
VDPSLQJ� NHWHQWXDQ� NKXVXV�� VHVXQJJXKQ\D�
PHQXQMXNNDQ� SDQGDQJDQ� SHQHJDN� KXNXP�
EDKZD� DVDV� WHUVHEXW� EDUX� GLWHUDSNDQ� SDGD�
WDKDS� SHUVLGDQJDQ� � WHSDWQ\D� VHWHODK�
SHPEXNWLDQ�� .RQGLVL� LQL� EHUEHGD� GHQJDQ�
WHPXDQ�SDGD�WDKXQ�VHEHOXPQ\D��EDKZD�OHELK�
EDQ\DN� SHQHJDN� KXNXP�\DQJ� EHUSDQGDQJDQ�
EDKZD� DVDV� LQL� GLWHUDSNDQ� SDGD� WDKDS�
SHQ\LGLNDQ�� +DQ\D� VHEDJLDQ� NHFLO� SHQHJDN�
KXNXP�EHUSHQGDSDW�EDKZD�DVDV�LQL�GLWHUDSNDQ�
SDGD� VDDW� SHQHUDSDQ� SLGDQD�� \DLWX� VHWHODK�
GLEXNWLNDQ� GL� SHUVLGDQJDQ� EDKZD� SHUEXDWDQ�
WHUGDNZD�PHODQJJDU�NHGXD�NHWHQWXDQ�KXNXP�
SLGDQD��XPXP�GDQ�NKXVXV���EDUXODK�3DVDO����
D\DW� ���� GLWHUDSNDQ�� 'HQJDQ� NDWD� ODLQ��
SHQHUDSDQ� SDVDO� WHUVHEXW� �\DQJ� EHUDUWL� MXJD�
SHQHUDSDQ�DVDV�OH[�VSHFLDOLV��KDQ\D�EHUNHQDDQ�
GHQJDQ� SLGDQD� \DQJ� DNDQ� GLWHUDSNDQ�� \DLWX�
VDQNVL�SLGDQD�\DQJ�WHUGDSDW�GDODP�NHWHQWXDQ�
SLGDQD�NKXVXV��
� � 6HPHQWDUD� LWX�� WHUKDGDS� SHQJJXQDDQ�

PRGHO�VXUDW�GDNZDDQ�NXPXODVL�GDODP�SHUNDUD�
SLGDQD�\DQJ�PHPSHUWHPXNDQ�GXD�DWDX�OHELK�
NHWHQWXDQ� KXNXP� SLGDQD� NKXVXV� GL� OXDU�
.8+3�� PHQGXNXQJ� SDQGDQJDQ� VHEDJLDQ�
SHQHJDN�KXNXP��EDKZD�GDODP�SHUNDUD�SLGDQD�
GHPLNLDQ�� DVDV� WHUVHEXW� WLGDN� GLWHUDSNDQ��
'HQJDQ� NDWD� ODLQ�� GDODP� NRQGLVL� GHPLNLDQ��
NHGXD� NHWHQWXDQ� NKXVXV� WHUVHEXW� KDUXV�
GLWHUDSNDQ� VHFDUD� EHUVDPD�VDPD�� 3HQHUDSDQ�

SLGDQD� GDODP� SHUNDUD� GHPLNLDQ� GDSDW�
GLMDGLNDQ�SHGRPDQ�ROHK�3DVDO����D\DW�����DWDX�
3DVDO����.8+3��

&�� 6LPSXODQ�GDQ�6DUDQ�
3DVDO� ��� D\DW� ���� .8+3� PHQHJDVNDQ�

EDKZD� WHUKDGDS� W LQGDN� SLGDQD� \DQJ�
PHODQJJDU� NHWHQWXDQ� XPXP� GDQ� NHWHQWXDQ�
NKXVXV�VHNDOLJXV��KDQ\D�GLNHQDNDQ�NHWHQWXDQ�
NKXVXV��.HWHQWXDQ�LQL�PHUXSDNDQ�QRUPDWLVDVL�
DVDV�OH[�VSHFLDOLV�GHURJDW�OHJL�JHQHUDOL�GDODP�
KXNXP� SLGDQD�� 1DPXQ�� NHWHQWXDQ� LQL� WLGDN�
PHPEHUL�SHGRPDQ�GDODP�SHUNDUD�VHSHUWL�DSD�
WHUGDSDW� WLQGDN� SLGDQD� \DQJ� PHODQJJDU�
NHWHQWXDQ� XPXP� GDQ� NHWHQWXDQ� NKXVXV�
V HND O L JXV � � 3DGD � S U DN W L NQ\D � W H U M DG L�
NHWLGDNVDPDDQ� SHUVHSVL� GL� DQWDUD� SHQHJDN�
KXNXP�� WHQWDQJ� FDUD� PHQHUDSNDQ� DVDV� OH[�
VHSFLDOLV� GHURJDW� OHJL� JHQHUDOL�� WHUXWDPD�
GDODP� PHQDQJDQL� SHUNDUD� SLGDQD� \DQJ�
PHUXSDNDQ�JDEXQJDQ�WLQGDN�SLGDQD�GDUL�VDWX�
SHUEXDWDQ��\DQJ�PHODQJJDU�NHWHQWXDQ�SLGDQD�
XPXP� GDQ� NHWHQWXDQ� SLGDQD� NKXVXV� GDODP�
.8+3� �JHTXD O L ¿ V H H UG H � G H O L F W � G D Q�
JHSULYHOHJLHHUGH�GHOLFW���PHODQJJDU�NHWHQWXDQ�
SLGDQD�XPXP��.8+3��GDQ�NHWHQWXDQ�SLGDQD�
NKXVXV� GL� OXDU� .8+3�� VHUWD� PHODQJJDU� GXD�
NHWHQWXDQ� KXNXP� SLGDQD� NKXVXV� �GL� OXDU�
.8+3���

6HKDUXVQ\D� WHUKDGDS� SHUNDUD� \DQJ�
PHODQJJDU� GXD� DWDX� OHELK� NHWHQWXDQ� KXNXP�
SLGDQD�NKXVXV��WLGDN�GLNHQDNDQ�DVDV�WHUVHEXW��
NDUHQD� SDGD� GDVDUQ\D� GDODP� SHUNDUD�
GHPLNLDQ�� WHUGDSDW� GXD� WLQGDN� SLGDQD� \DQJ�
EHUEHGD�\DQJ�GLDWXU�GDODP�GXD�NHWHQWXDQ�\DQJ�
EHUEHGD�SXOD��6XUDW�GDNZDDQ�GDODP�SHUNDUD�
GHPLNLDQ� MXJD� KDUXV� GLEXDW� GHQJDQ� PRGHO�
NXPXODV L � � V HK LQJJD � PDV LQJ�PDV LQJ�
SHODQJJDUDQ�NHWHQWXDQ�NKXVXV�WHUVHEXW�KDUXV�
GLEXNWLNDQ��3HQHUDSDQ�SLGDQD�NHPXGLDQ�GDSDW�
PHQJJXQDNDQ�3DVDO����D\DW�����DWDX�3DVDO����
.8+3�

'$)7$5�3867$.$

$JXVWLQD��6KLQWD��HW�DO��������3HUVHSVL�$SDUDW�
3HQHJDN�+XNXP�7HQWDQJ�,PSOHPHQWDVL�
$VDV� /H[� 6SHFLDOLV� 'HURJDW� /HJL�
*HQHUDOL� 'DODP� 6LVWHP� 3HUDGLODQ�
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3LGDQD��/DSRUDQ�3HQHOLWLDQ��/3�8$�
$OOHQ��5RQDOG�-D\��HW�DO��������&RPSUHKHQVLYH�

&ULPLQDO�3URFHGXUH��1HZ�<RUN��$VSHQ�
/DZ�DQG�%XVVLQHVV

&RUWHQV�� *-0� GDQ�0-�� %RUJHQV�� ������+HW�
1HGHUODQGV�6WUDISURFHVUHFKW��'HYHQWHU��
.OXZHU

'H�+XOOX��-��������0DWHULHHO�6WUDIUHFKW��2YHU�
$ O J H P H Q H � / H H U V W X N N H Q � Y D Q�
6WUDIUHFKWHOLMNH� DDQVSUDNHOLMNKHLG� QDDU�
1HGHU ODQGV � 5HFKW � � 9LHUGH � GUXN��
'HYHQWHU��.OXZHU

(QVFKHGH�� &+�� -�� ������ %HJLQVHOHQ� 9DQ�
6WUDIUHFKW��'HYHQWHU��.OXZHU�

+DUDKDS� � 0�<DK\D � � ����� � 3HGRPDQ�
3HPEDKDVDQ� GDQ� 3HUPDVDODKDQ�
.8+$3�� %XNX� .HGXD�� 3HQXQWXWDQ� GDQ�
3HUVLGDQJDQ��-DNDUWD��.DUWLQL�*UXS

+LDULHM�� (GG\�26�� ������3RWHQVL� .HMDKDWDQ�
'DODP�$QDOLVLV�.UHGLW��0DWHUL�SHODWLKDQ�
WLQGDN�SLGDQD�SHUEDQNDQ�SDGD�%DQN�%1,��
<RJ\DNDUWD�

+LDULHM�� (GG\� 26� GNN�� ������ 3HUVHSVL� GDQ�
3HQHUDSDQ�$VDV� /H[� 6SHFLDOLV� 'HURJDW�
/HJL� *HQHUDOL� GL� .DODQJDQ� 3HQHJDN�
+XNXP��/DSRUDQ�3HQHOLWLDQ��<RJ\DNDUWD��
)DNXOWDV� +XNXP� 8QLYHUVLWDV� *DMDK�
0DGD�

0XODGL�� ������ .DSLWD� 6HOHNWD� 6LVWHP�
3HUDGLODQ� 3LGDQD�� 6HPDUDQJ�� 3HQHUELW�
8QGLS�

/DPLQWDQJ��3$)��������'DVDU�GDVDU�+XNXP�
3LGDQD�,QGRQHVLD��%DQGXQJ��6LQDU�%DUX
1ROWH�� +�-�$�� ������ +HW� 6WUDIUHFKW� LQ� 'H�

$I]RQGHUOLMNH� :HWWHQ�� 5HFKWVKLVWRULVFK��
5HFKWV¿ORVRSKLVFK� HQ� 6\VWHPDWLVFKH�
%HZHUNW��8WUHFKW��'HNNHU�	�9DQ�'H�9HJW�
19

3XUEDFDUDND��3XUQDGL�GDQ�6RHUMRQR�6RHNDQWR��
������ 3HUXQGDQJ�XQGDQJDQ� GDQ�
<XULVSUXGHQVL�� %DQGXQJ�� &LWUD� $GLW\D�
%DNWL�

5HNVRGLSXWUR�� 0DUGMRQR�� ������ +DN� $VDVL�
0DQXVLD� GDODP� 6LVWHP� 3HUDGLODQ�
3LGDQD��-DNDUWD��/HPEDJD�.ULPLQRORJL�
GDQ�3HQJNDMLDQ�3HUDGLODQ�,QGRQHVLD

6PRQV��������/HHUERHN�YDQ�+HW�1HGHUODQGV�
6WUDIUHFKW�� 7HUMHPDKDQ� /DPLQWDQJ��
%DQGXQJ��3LRQLU�-D\D

6PLGW�� +�-�� ������ *HVFKLHGHQLV� YDQ� +HW�
:HWERHN� YDQ� 6WUDIUHFKW�� 9ROOHGLJH�
9HU]DPHOLQJ�YDQ�5HJHHULQJVRQWZHUSHQ��
*HZL V VH OGH � 6 WXNNHQ � � *HYRHUGH�

%HUDDGVODJLQJHQ� HQ]�� (HHUVWH� 'HHO��
+DDUOHP��+�'��7MHHQN�:LOOLQN

6\DULIXGLQ�� HW�DO�� ������ %HQDQJ� .XVXW�
3HUDGLODQ�.RUXSVL�3HUEDQNDQ��&DWDWDQ�
+DVLO� (NVDPLQDVL� 3XWXVDQ� 1HORH� GNN��
-DNDUWD��.RQVRUVLXP�5HIRUPDVL�+XNXP�
1DVLRQDO�

8WUHFKW�� ������+XNXP�3LGDQD� ,,��6XUDED\D��
3XVWDND�7LQWD�0DV

<XQWR��(PHUVRQ��GNN��������0HQ\HODPDWNDQ�
3HPEDODN�/LDU��+DVLO�(NVDPLQDVL�3XEOLN�
3XWXVDQ� 31� 0HGDQ� SHUNDUD� WLQGDN�
SLGDQD� NRUXSVL� GDQ� LOOHJDO� ORJJLQJ��
-DNDUWD��,&:
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