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(XFDOLSW�� �6�7��%ODNH� LV�RQH�RI�H[FHOOHQW�WLPEHU�SURGXFW��IRU�1JDGD�'LVWULFW��7KH�ZRRG�SURGXFW�(XFDO\SWXV�XURSK\OOD �
FDQ�EH�XVHG�DV�EXLOGLQJ�PDWHULDO��+RZHYHU��TXDQWLWDWLYH�LQIRUPDWLRQ�RI�LWV�VWDQG�LV�OLPLWHG��7KH�DLP�RI�WKLV��UHVHDUFK�
ZDV�WR�REWDLQ�LQIRUPDWLRQ�RI�VWDQG�JURZWK�DQG�HVWLPDWLRQ�PRGHO�RI�HXFDOLSW�WUHH�YROXPH��7KH�LQFUHPHQW�GDWD�ZHUH�
FROOHFWHG�WKURXJK�WKH�REVHUYDWLRQ�RI����[����P�SHUPDQHQW�VDPSOH�SORW�DQG�WKH�VHOHFWLRQ�RI����VDPSOH�WUHHV�IRU�WUHH�
YROXPH�HVWLPDWLRQ��7KH�JURZWK�RI�HXFDOLSW�VWDQG�RQ�DJH����\HDUV�ZHUH�����FP�\HDU �IRU�GLDPHWHU�LQFUHPHQW������P�
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7KH�YROXPH�HVWLPDWLRQ�PRGHO�RQ�FURZQ�EDVH�KHLJKW�ZDV� ZLWK�VWDQGDUG�HUURU �VTXDUH�
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��������ZKHUH�'��FP��LV�GLDPHWHU�DW�EUHDVW�KHLJKW�

.DWD�NXQFL���(XFDOLSW��HVWLPDWLRQ�PRGHO��1JDGD��FURZQ�EDVH

$%75$.

$PSXSX�� �6�7��%ODNH��PHUXSDNDQ�VDODK�VDWX�SURGXN�ND\X�XQJJXODQ�GL�.DEXSDWHQ�1JDGD��\DQJ�(XFDO\SWXV�XURSK\OOD
GLPDQIDDWNDQ�VHEDJDL�EDKDQ�EDQJXQDQ��$NDQ�WHWDSL��,QIRUPDVL�NXDQWLWDWLI�WHJDNDQ�DPSXSX�GL�1JDGD��PDVLK�UHODWLI�
NXUDQJ��3HQHOLWLDQ�EHUWXMXDQ�XQWXN�PHPSHUROHK�LQIRUPDVL�ULDS�WHJDNDQ�GDQ�PRGHO�SHQGXJD�YROXPH�SRKRQ�DPSXSX��
'DWD�ULDS�GLNXPSXONDQ�PHODOXL�SHQJDPDWDQ�SHWDN�XNXU�SHUPDQHQ����[����P�VHODPD�GXD�WDKXQ�GDQ�SHPLOLKDQ����
SRKRQ�FRQWRK�XQWXN�SHQJDPDWDQ�YROXPH�SRKRQ�GL�NDZDVDQ�+XWDQ�:RORER��%DMDZD��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�
EDKZD�ULDS�WHJDNDQ�DPSXSX�SDGD�XPXU����WDKXQ�DGDODK�ULDS�GLDPHWHU�����FP�WDKXQ��ULDS�WLQJJL�����P�WDKXQ��GDQ�ULDS�
YROXPH�WHJDNDQ������P �KD�WDKXQ��DQJND�EHQWXN�EDWDQJ�UDWD�UDWD��I��DGDODK�DGDODK�������GDQ�PRGHO�SHQGXJD�YROXPH�
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GLPDQD�'��FP��DGDODK�GLDPHWHU�SRKRQ�VHWLQJJL�GDGD�

.DWD�NXQFL���$PSXSX��PRGHO�SHQGXJD��JJDGD��SDQJNDO�WDMXN

,��3(1'$+8/8$1

$PSXSX� � � 6�7�� %ODNH��(XFDO\SWXV� XURSK\OOD
PHUXSDNDQ� VDODK� VDWX� NRPRGLWL� XQJJXODQ� GL�
.DEXSDWHQ�1JDGD�NDUHQD�NHEHUDGDDQQ\D�VDQJDW�
SRWHQVLDO� GDQ� PHQ\HEDU� KDPSLU� GL� VHOXUXK�
NDZDVDQ� KXWDQ� GL� .DEXSDWHQ� 1JDGD�� %DKNDQ�
MHQLV�LQL�GLWDQDP�GDQ�WHUVHEDU�KDPSLU�GL�VHOXUXK�
NDZDVDQ� KXWDQ� GDUDWDQ� )ORUHV�� .HEHUKDVLODQ�
WDQDPDQ�DPSXSX�PHUXSDNDQ�KDVLO�UHERLVDVL�ROHK�
'LQDV�.HKXWDQDQ�3URYLQVL�1XVD�7HQJJDUD�7LPXU�

GDQ�'LQDV�.DEXSDWHQ�1JDGD�SDGD� WDKXQ� WDQDP�
�����DQ��.D\X�DPSXSX�GLPDQIDDWNDQ�ROHK�PD�
V\DUDNDW�)ORUHV�VHEDJDL�ND\X�SHUWXNDQJDQ�WHUXWD�
PD�XQWXN�EDKDQ�EDQJXQDQ��NXVHQ��MHQGHOD��EDKDQ�
NRQ�WUXNVL��GDQ�ODLQ�ODLQ��

7HJDNDQ�DPSXSX�\DQJ�WXPEXK�SDGD�NDZDVDQ�
KXWDQ� SURGXNVL� GL� .DEXSDWHQ� 1JDGD� SHUOX� GL�
NHOROD� GHQJDQ�PDQDMHPHQ� \DQJ� EDLN� DJDU� SHU�
NHPEDQJDQ� SHUWXPEXKDQ� WHJDNDQQ\D� RSWLPDO��
'DODP�PHQJHOROD�KXWDQ�WHUVHEXW�GLSHUOXNDQ�EHU�
EDJDL� LQIRUPDVL�GDWD��6HODPD� LQL� LQIRUPDVL�PH�

,661�������������(�,661�����������
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QJHQDL�KXWDQ�WDQDPDQ�\DQJ�WHUVHGLD�DGDODK�LQIRU�
PDVL�\DQJ�EHUVLIDW�NXDOLWDWLI��VHGDQJNDQ�GDWD�NX�
DQWLWDWLIQ\D� EHOXP� EDQ\DN� GLNHWDKXL�� SDGDKDO�
LQIRUPDVL� \DQJ� EHUVLIDW� NXDQWLWDWLI� VHSHUWL� GDWD�
SHUWXPEXKDQ�GDQ�SRWHQVL�WHJDNDQ�VDQJDW�GLSHUOX�
NDQ���%HUGDVDUNDQ��LQIRUPDVL�SHUWXPEXKDQ�GDSDW�
GLNHWDKXL� PHQJHQDL� GDXU�� SROD� WDQDP�� SRWHQVL��
NXELNDVL�WHJDNDQ��SHQJDWXUDQ�KDVLO�GDQ�ODLQ�ODLQ�

3HUWXPEXKDQ� GDQ� KDVLO� WHJDNDQ� PHUXSDNDQ�
LQIRUPDVL� VDQJDW� SHQWLQJ� XQWXN� NHEHUKDVLODQ�
SHQJHORODDQ� KXWDQ�� NDUHQD� WLQJNDW� SHQJXDVDDQ�
LQIRUPDVL� WHUVHEXW� VDQJDW� PHQHQWXNDQ� SHQ\X�
VXQDQ�UHQFDQD�SHQJHORODDQ�\DQJ�PHUXSDNDQ�WLWLN�
WRODN�WLQJNDW�SHUROHKDQ�KDVLO�GDQ�SHQFDSDLDQ�D]DV�
NHOHVWDULDQ��+DUEDJXQJ���������3HPDQHQDQ�\DQJ�
PHOHELKL� NDSDVLWDV� SHUWXPEXKDQ� DNDQ� PHQ\H�
EDENDQ� WLGDN� WHUFDSDLQ\D� D]DV� NHOHVWDULDQ��
6HEDOLNQ\D� DSDELOD� LQWHQVLWDV� SHPDQHQDQ� WHU�
ODPSDX�UHQGDK�EHUDUWL�SHPDQIDDWDQ�VXPEHUGD\D�
KXWDQ�WLGDN�RSWLPDO�GDQ�PHQJXUDQJL�SHQGDSDWDQ�
XVDKD��'DWD�SHUWXPEXKDQ�GDQ�KDVLO�WHJDNDQ�\DQJ�
GLSHUROHK� VHWLDS� WDKXQ� VHFDUD� EHUXODQJ�� GDSDW�
GLVXVXQ�PRGHO�SHUWXPEXKDQ�WHJDNDQ���0RGHO�LQL�
GDODP�SHQJHORODDQ�KXWDQ�GDSDW�GLJXQD�NDQ�XQWXN�
PHQLODL� SURGXNWLYLWDV� KXWDQ� GDQ� PHP�SUHGLNVL�
KDVLO�ND\X�SDGD�PDVD�GDWDQJ��VHUWD�XQWXN�PHQJXML�
EHEHUDSD� SLOLKDQ� WHNQLN� VLOYLNXOWXU� GDQ� SHPD�
QHQDQ�� XQWXN�PHQHWDSNDQ� SDQHQDQ� OHVWDUL�� GDQ�
PHQJXML� GDPSDN� SHQJHORODDQ� KXWDQ� WHUKDGDS�
QLODL� KXWDQQ\D� �9DQFOD\�� ������ *DUGLQJHQ� 	�
3KLOLSV��������

'DWD�SRWHQVL� WHJDNDQ�SDGD�XPXPQ\D�GLSHU�
ROHK�GDUL�KDVLO�NHJLDWDQ�LQYHQWDULVDVL��GLPDQD�GD�
ODP�LQYHQWDULVDVL�WHUVHEXW�PDVVD�WHJDNDQ�GLWDNVLU�
PHODOXL�SHQGXJDDQ�YROXPH�VHWLDS�SRKRQ�SHQ\X�
VXQ� WHJDNDQ� \DQJ� EHUVDQJNXWDQ�� %HUDJDPQ\D�
NHDGDDQ� WHJDNDQ� PHQXUXW� WHPSDW� WXPEXK� GDQ�
OLQJNXQJDQQ\D� PHQ\HEDENDQ� EHQWXN� EDWDQJ�
SRKRQ� �DQJND�EHQWXN� � I��EHUYDULDVL�GDUL� VXDWX�
NRQGLVL� WHPSDW� WXPEXK� GHQJDQ� NRQGLVL� WHPSDW�
WXPEXK�\DQJ�EHUEHGD��3DGDKDO�VHODPD�LQL��MHQLV�
SRKRQ�\DQJ�EHOXP�GLNHWDKXL� DQJND�EHQWXN�ED�
WDQJQ\D�VHODOX�PHQJJXQDNDQ�EHVDUDQ�DQJND�EHQ�
WXN�XPXP��)�� �����XQWXN�PHQDNVLU�YROXPH�SR�
KRQ�EHUGLUL�� �%DQ\DN�KDVLO�SHQHOLWLDQ�PHQJHQDL�
EHVDUDQ� DQJND� EHQWXN� SRKRQ� XQWXN� MHQLV�MHQLV�
SRKRQ� WHUWHQWX� EHUNLVDU� DQWDUD� ����±������ VH�
KLQJJD�PHQ\HEDENDQ�ELDV�GXJDDQ�FXNXS� WLQJJL�
� ��DQWDUD���±�����6LVZDQWR�	�6X\DW��RYHUHVWLPDWH
�������6HKXEXQJDQ�GHQJDQ�LWX��FDUD�SHQDNVLUDQ�
YROXPH� SRKRQ� VHFDUD� VHUDJDP� GHQJDQ� PHQJ�
JXQDNDQ�SHUDQJNDW�SHQGXJD�YROXPH�SRKRQ�\DQJ�
PHQJJXQDNDQ�VDWX�PDFDP�DQJND�EHQWXN�EDWDQJ�
VHEDLNQ\D�GLKLQGDUNDQ�NDUHQD�KDO�WHUVHEXW�PHUX�
SDNDQ�VXPEHU�NHVDODKDQ�KDVLO�WDNVLUDQ�

6DPSDL� VDDW� LQL� SHUDQJNDW� SHQGXJD� YROXPH�
SRKRQ� MHQLV� DPSXSX� GL� )ORUHV� EHOXP� WHUVHGLD��
VHGDQJNDQ�GDODP�NHELMDNVDQDDQ� �WHU�HFRODEHOOLQJ
FDQWXP�NHKDUXVDQ�EDKZD�NRPSRQHQ�WHUVHGLDQ\D�
WDEHO�YROXPH�SRKRQ�PHUXSDNDQ�VDODK�VDWX�GDVDU�
SHQLODLDQ� NLQHUMD� NHJLDWDQ� SHQJHORODDQ� KXWDQ�
VHFDUD�OHVWDUL��%XVWRPL� ���������7DEHO�YROX�HW�DO�
PH�SRKRQ�GLEHGDNDQ�PHQMDGL�GXD�PDFDP��\DLWX�
WDEHO�YROXPH�SRKRQ�ORNDO��WDULI�YROXPH�SRKRQ��
\DQJ� EHUGDVDUNDQ� VDWX� NXQFL� SHPEDFDDQ� �GLD�
PHWHU�DWDX�WLQJJL�VDMD��GDQ�WDEHO�YROXPH�VWDQGDU�
\DQJ� GLGDVDUNDQ� EHEHUDSD� SHXEDK� �'LUMHQ�
.HKXWDQDQ������� +DUEDJXQJ ����������GDODP� �HW�DO
2OHK� NDUHQD� LWX�� GDODP� VHWLDS� NHJLDWDQ� LQYHQ�
WDULVDVL�KXWDQ�PXWODN�GLWXQWXW�WHUVHGLDQ\D�SHUDQJ�
NDW�SHQGXJDDQ�YROXPH�SRKRQ�

6HKXEXQJDQ�GHQJDQ� LWX�� LQIRUPDVL�GDQ�KDVLO�
SHQHOLWLDQ�LQL�GLVXVXQ�GDODP�UDQJND�PHQJ�DQWL�
VLSDVL�SHUPDVDODKDQ�WHUVHEXW�GL�DWDV��8QWXN�LWX��
SHQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN�PHPSHUROHK� SH�
UDQJNDW�SHUWXPEXKDQ�\DQJ�GLSHUOXNDQ� ULDS�GDQ�
PRGHO�SHQGXJDDQ�YROXPH�SRKRQ�EHUGLUL�DPSXSX�
VDPSDL�WLQJJL�SRKRQ�SDQJNDO�WDMXN�GDQ�LQIRUPDVL�
ULDS� WHJDNDQ�DPSXSX�GL�.DZDVDQ�+XWDQ�:ROR�
ORER�%DMDZD�)ORUHV�

,,���0(72'2/2*,

$���/RNDVL�GDQ�:DNWX�3HQHOLWLDQ

3HQJXNXUDQ�SHUWDPD�SHQHOLWLDQ� ULDS� WHJDNDQ�
DPSXSX�SDGD�EXODQ�-XQL�WDKXQ������GDQ�EHUXODQJ�
SDGD� EXODQ� \DQJ� VDPD� WDKXQ�������6HPHQWDUD��
SHQHOLWLDQ� SHQGXJDDQ� YROXPH� SRKRQ� DPSXSX�
GLODNXNDQ�EHUVDPDDQ�GHQJDQ�NHJLDWDQ�SHQJXNXU�
DQ�SHUWDPD�ULDS�WHJDNDQ�������/RNDVL�SHQHOLWLDQ�
WHUOHWDN�GL� �.DZDVDQ�+XWDQ�:RORERER��5HJLVWHU�
7DQDK�.HKXWDQDQ��57.������.HFDPDWDQ�%DMDZD��
.DEXSDWHQ�1JDGD��6WDWXV�NDZDVDQ�VHEDJDL�NDZD�
VDQ� KXWDQ� SURGXNVL� VHOXDV� ��������� KD�� -HQLV�
WDQDK� GLGRPLQDVL� ROHK� MHQLV� WDQDK� PHGLWHUDQ�
����������WDQDK�/DNWRVRO�����������WDQDK�OLWRVRO�
��������� GDQ� WDQDK� DOOXYLDO� ������� �$QRQLP��
�������7RSRJUDIL�GDWDU�VDPSDL�EHUJHORPEDQJ��NH�
WLQJJLDQ�GDUL�SHUPXNDDQ�ODXW���������P���7HJDNDQ�
GLWDQDP�WDKXQ������GHQJDQ�MDUDN�WDQDP���[���P�
GDQ�NHUDSDWDQ�WHJDNDQ�VDDW�LQL�����SRKRQ�KD�

%���%DKDQ�GDQ�$ODW

%DKDQ�GDQ�SHUDODWDQ�\DQJ�GLSHUJXQDNDQ�GD�
ODP�SHQHOLWLDQ�LQL�DGDODK�WHJDNDQ�KXWDQ�WDQDPDQ�
DPSXSX�WDKXQ�WDQDP�������FDW�GDQ�NXDV��WDQJJD��
NRPSDV��PHWHUDQ��JDODK��KDJD��GDQ�� �WDOO\�VKHHW
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5LDS�GDQ�'XJDDQ�9ROXPH�7HJDNDQ�$PSXSX��(XFDO\SWXV�XURSK\OOD�6�7��%ODNH�
GL�.DZDVDQ�+XWDQ�:RORORER��%DMDZD�)ORUHV

&���0HWRGH�3HQHOLWLDQ

����3HQJDPDWDQ�ULDS�WHJDNDQ�DPSXSX

3HQJDPDWDQ� 5LDS� WHJDNDQ� DPSXSX� GLDZDOL�
GHQJDQ�SHPEXDWDQ�SHWDN��XNXU�SHUPDQHQ��383���
SORW�GLDPELO�VHFDUD� ��7DWDFDUD�SXUSRVLYH�VDPSOLQJ
SHPEXDWDQQ\D�PHQJDFX�SDGD�WDWDFDUD�SHPLOLKDQ�
GDQ�SHPEXDWDQ�383�XQWXN�KXWDQ�WDQDPDQ��+DU�
EDJXQJ�	�:DK\RQR���������3URVHGXU�SHPEXDWDQ�
383�GLODNXNDQ�GHQJDQ�XUXWDQ�VHEDJDL�EHULNXW�
D�� 3HPEHUVLKDQ��SHPEDEDGDQ��WXPEXKDQ�EDZDK��

GL�DUHDO�383�
E�� 383�GLEXDW�GDODP�EHQWXN�EXMXU�VDQJNDU�GH�

QJDQ�XNXUDQ�MDUDN�GDWDU����[����P�
F�� 'L�WHQJDK�383�GLEXDW�SHWDN�SHQJDPDWDQ�EHU�

XNXUDQ����[����P��GDQ� WHUEDJL� ODJL�PHQMDGL�
SORW�SORW�XNXUDQ����[����P�EHUMXPODK����SORW�
�*DPEDU����

G�� 6HPXD� �SRKRQ� �\DQJ� �EHUDGD� �GL�GDODP� �SORW� �
GLSROHW��GLWDQGDL��GDQ�GLEHUL�QRPRU��3HQRPRU�
DQ� GLODNXNDQ� VHFDUD� EHUXUXWDQ� GLPXODL� GDUL�
SRKRQ�SRKRQ� \DQJ� WHUOHWDN� SDGD� SORW� NH���
NHPXGLDQ�GLDNKLUL�SDGD�SORW�NH����

H�� 3DUDPHWHU�\DQJ�GLXNXU�DGDODK�GLDPHWHU�SRKRQ�
VHWLQJJL�GDGD�������P��GDQ�WLQJJL�SRKRQ�WRWDO�
SDGD�VHWLDS�LQGLYLGX�SRKRQ�GL�GDODP�SORW�SDGD�
383�
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*DPEDU�� �����3HWDN�8NXU�3HUPDQHQ)LJXUH
�3HUPDQHQW�VDPSOH�SORWV�

����3HQGXJDDQ�YROXPH�SRKRQ

-XPODK�SRKRQ�\DQJ�GLJXQDNDQ�VHEDJDL�VDP�
SHO� �SRKRQ�FRQWRK��XQWXN�SHQHOLWLDQ�SHQGXJDDQ�
YROXPH�SRKRQ�DPSXSX�VHEDQ\DN����SRKRQ��3R�
KRQ�SRKRQ�FRQWRK�WHUVHEXW�WHUVHEDU�GDQ�PHZDNLOL�
NRQGLVL�WHJDNDQ�DPSXSX�GL�NDZDVDQ�+XWDQ�:ROR�
ORER��3DUDPHWHU�\DQJ�GLXNXU�WHUKDGDS�SRKRQ�FRQ�
WRK�DGDODK�GLDPHWHU�EDWDQJ�VHWLQJJL�GDGD��GEK���
WLQJJL� SRKRQ� VDPSDL� SDQJNDO� WDMXN� �7SW�� GDQ�
NHOLOLQJ�EDWDQJ�SHUVHNVL�VHWLDS�SDQMDQJ���P��3HQJ�
XNXUDQ�NHOLOLQJ�EDWDQJ�SHUVHNVL�GLODNXNDQ�PHOD�
OXL� SHPDQMDWDQ� SRKRQ� VDPSDL� VHWLQJJL� SDQJNDO�
WDMXN�SRKRQ��6HNVL�SHUWDPD�GLXNXU�SDGD�GLDPHWHU�
SRKRQ�VHWLQJJL����FP�GDUL�SHUPXNDDQ�WDQDK�NH�
PXGLDQ�EDWDQJ�SRKRQ�GLEDJL�PHQMDGL�VHNVL�VHNVL�
VHSDQMDQJ���P�

+DVLO� SHQJXNXUDQ� SDUDPHWHU� SRKRQ�SRKRQ�
FRQWRK� LQL�� VHEDJLDQ�GLJXQDNDQ�XQWXN�SHQ\XVX�
QDQ�PRGHO�SHQGXJDDQ�YROXPH�SRKRQ�GDQ�VHEDJL�
DQ� ODJL�XQWXN�XML�YDOLGDVL�PRGHO��6HEDUDQ�NHODV�
GLDPHWHU� GDQ� MXPODK� LQGLYLGX� SRKRQ� XQWXN� SH�
Q\XVXQDQ�PRGHO�GDQ�XML� YDOLGDVL�PRGHO�� GLVDML�
NDQ�SDGD�7DEHO����'DWD�SDUDPHWHU�VDWX�LQGLYLGX�
SRKRQ�FRQWRK�GLEXDQJ��SHQFLODQ���NDUHQD�XNXUDQ�
GLDPHWHU�EDWDQJ��GEK��!����FP�

'���$QDOLVLV�'DWD

����5LDS�WHJDNDQ

5LDS� WHJDNDQ� DPSXSX� GLKLWXQJ� EHUGDVDUNDQ�
LQIRUPDVL� ULDS� UDWD�UDWD� WDKXQDQ� �PHDQ� $QQXDO�
,QFUHPHQW FXU��±�0$,��GDQ�ULDS�WDKXQ�EHUMDODQ��
UHQW�DQQXDO�LQFUHPHQW�±�&$,���\DQJ�GDSDW�GLQR�
WDVLNDQ�VHEDJDL�EHULNXW��

� ������������< �W
������0$,��� ��
��������������������������W��������
.HWHUDQJDQ��5HPDUNV���<W�  � GLDPHWHU��FP��DWDX�WLQJJL�SR�

KRQ��P��SDGD�XPXU�NH�W�
� W�  � XPXU��WDKXQ��

7DEHO�� ����� 6HEDUDQ� GLDPHWHU� SRKRQ� FRQWRK� XQWXN� SHQ\XVXQDQ� PRGHO� GDQ� YDOLGDVL� PRGHO�7DEOH
� �'LVWULEXWLRQ�RI�VDPSOH�WUHH�GLDPHWHU�IRU�PRGHO�SUHSDUDWLRQ�DQG�YDOLGDWLRQ

.HODV�GLDPHWHU�

�&ODVVHV�RI�GLDPHWHU��

�FP��

-XPODK�SRKRQ��1XPEHU�RI�WUHH��

3HQ\XVXQDQ�PRGHO�

�0RGHO�SUHSDUDWLRQ��

9DOLGDVL�PRGHO �

�0RGHO�YDOLGDWLRQ��

���±���� �� ��

���±���� ��� ��

���±���� �� ���

���±���� �� ��

���±���� �� ��

-XPODK� ��� ���

6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD�

6XPEHU��6RXUFH���6XVLOD�������
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.HWHUDQJDQ��5HPDUNV�� < �  � GLDPHWHU� �FP�� DWDX� WLQJJL�� W

SRKRQ��P��VDDW�SHQJDPDWDQ�
� < � � GLDPHWHU� �FP�� DWDX� WLQJJL�W��

SRKRQ��P��VHEHOXPQ\D�
� 7�  � MDUDN� ZDNWX� SHQJXNXUDQ�

�EXODQ��

����3HQGXJDDQ�YROXPH�SRKRQ

9ROXPH� SRKRQ� PHUXSDNDQ� MXPODK� YROXPH�
VHWLDS� VHNVL� GDUL� SRKRQ� \DQJ� EHUVDQJNXWDQ��
9ROXPH� VHWLDS� VHNVL� GLKLWXQJ� GHQJDQ� UXPXV�
6PDOOLDQ��3URGDQ��������

%�����E
9V�� �����������������[�/

�

.HWHUDQJDQ��5HPDUNV��� �  � YROXPH�VHNVL�EDWDQJ�9V

� �  � OXDV� ELGDQJ� GDVDU� SDQJNDO� �%
VHNVL

� �  � OXDV� ELGDQJ� GDVDU� XMXQJ�E
VHNVL��GDQ

� �  � SDQMDQJ�VHNVL�/

$QJND� EHQWXN� EDWDQJ� �I�� GLKLWXQJ� VHEDJDL�
SHUEDQGLQJDQ�DQWDUD�LVL�ND\X�PHODOXL�SHUKLWXQJDQ�
YROXPH�SHU�VHNVL�GHQJDQ�LVL�VLOLQGHU�\DQJ�PHP�
SXQ\DL�GEK�GDQ�WLQJJL�SRKRQ�\DQJ�VDPD��3HQJ�
XMLDQ�KLSRWHVD�DQJND�EHQWXN�EDWDQJ�GHQJDQ������
GLODNXNDQ�GHQJDQ�XML� W�VHEDJDL�EHULNXW��,ULDQWR��
�������

+ ���)� ������ODZDQ�+ ���)�������������������
� �

�������������I�����)
7�KLW� �������������GHUDMDW�EHEDV��Q���
���������������6I

.HWHUDQJDQ��5HPDUNV���)�  �DQJND� EHQWXN� EDWDQJ� KLSRWH�
WLN�

� I�  �UDWD�UDWD� GDUL� DQJND� EHQWXN�
SRKRQ�

� 6I� �NHVDODKDQ�EDNX�DQJND�EHQWXN�
EDWDQJ�

0RGHO� SHQGXJDDQ� YROXPH� SRKRQ� GLVXVXQ�
GHQJDQ�DQDOLVLV�UHJUHVL��+XEXQJDQ�DQWDUD�YROXPH�
GHQJDQ�GLDPHWHU�GDQ� WLQJJL�GLDVXPVLNDQ�PHP�
SXQ\DL� KXEXQJDQ� \DQJ� OLQHDU� GDQ� QRQ� OLQHDU�
VHKLQJJD�GDODP�KDO� LQL�PRGHO�SHQGXJD�YROXPH�
DPSXSX�DGDODK�IXQJVL�GDUL�û � �¦���'��7 ��SW SW�

.HWHUDQJDQ��5HPDUNV���û � �YROXPH�EDWDQJ�SRKRQ�VDPSDL�SW

WLQJJL� SRKRQ� SDGD� SDQJNDO�
WDMXN��P ��

�

� '�  �GLDPHWHU�VHWLQJJL�GDGD��FP��
� 7 �  �WLQJJL� SRKRQ� SDGD� SDQJNDO�SW

WDMXN� �P�� �4LURP� 	� 6XSUL�
\DGL��������

0RGHO�UHJUHVL�\DQJ�GLXML�DGDODK�PRGHO�OLQHDU��
SRZHU�� ORJDULWPD�� NXDGUDWLN� GDQ� HNVSRQHQVLDO�
GHQJDQ� PHOLKDW� NHVDODKDQ� EDNX�� NRHIHVLHQ�
GHWHUPLQDVL� �(OFRP�� ������ GDQ� NHVHGHUKDQDDQ�
PRGHO�� 0RGHO�PRGHO� UHJUHVL� \DQJ� GLFREDNDQ�
GDSDW�GLQRWDVLNDQ��VHEDJDL�EHULNXW��6LPRQ�������
GDQ� ���&XUYH�([SHUW����

�
y�0RGHO�OLQHDU�JDULV�OXUXV�����û� �D���E�'

E�
SRZHU�

�
y�0RGHO� JHRPHWULN����û� �D�'

E�'
HNVSRQHQVLDO

�
y�0RGHO� ���û� ��D�H

�
y�0RGHO�/RJDULWPD���û� �/RJ�D���E�ORJ�'��

�
y�0RGHO�OLQHDU����û� �D���E�'���F�7���GXD�SHXEDK�
y�0RGHO� ����û� �D�' 7 ��GXD�SHXEDK���

E� F�
SRZHU

.HWHUDQJDQ��5HPDUNV���û�  � GXJDDQ�YROXPH�SRKRQ�
� '�  � GLDPHWHU�EDWDQJ��GEK��
7LQJJL�SRKRQ��D�E��GDQ�F��DGDODK�NRQVWDQWD��GDQ�H� ��������

8NXUDQ�NHVDNVDPDDQ�PRGHO�YROXPH�GLGDVDU�
NDQ� SDGD� SHUWLPEDQJDQ� NHFLOQ\D� SHUVHQ� VLP�
SDQJDQ�EDNX��6(����VLPSDQJDQ�DJUHJDWLI��6$��GDQ�
VLPSDQJDQ�UDWDDQ��65���6(��6$�GDQ�65�GLKLWXQJ�
GDODP� EHQWXN� UXPXV� VHEDJDL� EHULNXW� �+XVFK��
������6XEHGL�	�6KDUPD��������
6(� ��DQWLORJ���06(��������[������
6$� �����9$�± 9 9$�[��������� ������
65� ����_9$�±�9�_�9$��1�[�������

.HWHUDQJDQ��5HPDUNV��� 06(� � UDWDDQ�NXDGUDW�JDODW�
� 9 �  �YROXPH�DNWXDO�$

� 9�  �YROXPH� GXJDDQ� �PHQXUXW�
SHUVDPDDQ���GDQ�1�DGDODK�
MXPODK�SRKRQ�VDPSHO�

'DODP� PHQ\XVXQ� PRGHO� SHUVDPDDQ� UHJUHVL�
\DQJ�PHQJJXQDNDQ�VDWX�SHXEDK�GLSHUNHQDQNDQ�
VLPSDQJDQ�EDNX�PDNVLPDO������VHGDQJNDQ�DSD�
ELOD�PHQJJXQDNDQ�GXD�SHXEDK�GLSHUNHQDQNDQ�6(�
PDNVLPDO������3URGDQ���������0HQXUXW�0DUFH�
OLQR� ������� � 6LVZDQWR� 	� 6X\DW� ��������GDODP
PHQ\DWDNDQ�EDKZD�WLQJNDW�NHWHOLWLDQ�PRGHO�SHU�
VDPDDQ�UHJUHVL�GDSDW�GLOLKDW�GDUL�QLODL�6$�GDQ�65�
\DQJ�OHELK�UHQGDK�GDUL����GDQ������� �6LJQLIL�
NDQVL�PRGHO�GDUL� SDUDPHWHU�GXJDDQ�DGDODK�3���
������6XFKRPHO� ���������HW�DO

,,,���+$6,/�'$1�3(0%$+$6$1

$���5LDS�7HJDNDQ�$PSXSX

3HUNHPEDQJDQ�SHUWXPEXKDQ�WHJDNDQ�DPSXSX�
VHODPD��SHQJXNXUDQ�GLVDMLNDQ�SDGD�7DEHO�����3DGD�
WDEHO�WHUVHEXW�WHUOLKDW�EDKZD�SHUNHPEDQJDQ�ULDS�
WDKXQDQ�UDWD�UDWD��0$,��WHJDNDQ�DPSXSX�VDPSDL�
XPXU� ��� WDKXQ� DGDODK� ���� FP�WDKXQ� GDQ� ULDS�
WLQJJL� SRKRQ� ����P�WDKXQ�� 5LDS� WDKXQ� EHUMDODQ�

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

9RO����1R����$JXVWXV��������������
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�&$,��GDUL�XPXU����WDKXQ�NH�XPXU����WDKXQ�VH�
EHVDU�����FP�WDKXQ�XQWXN�&$,�GLDPHWHU��&$,�GLD�
PHWHU� GDQ� WLQJJL� SRKRQ� OHELK� EHVDU� GDULSDGD�
0$,��KDO�LQL�WHUMDGL�NHPXQJNLQDQ�DQWDUD�&$,�GDQ�
0$,�EHOXP�WHUMDGL�SHUSRWRQJDQ��.HWLJJLDQ�WHP�
SDW�� ��SDGD�ORNDVL�LQL��NHPXQJNLQDQ�FRFRN�DOWLWXGH
XQWXN�SHUWXPEXKDQ�DPSXSX�NDUHQD�KDELWDW�DODP�
DPSXSX�GL�NDZDVDQ�+XWDQ�0XWLV�7LPDX�7LPRU��
1XVD�7HQJJDUD�7LPXU�� UDWD�UDWD� WXPEXK�GL� DWDV�
NHWLQJJLDQ�������P�GL�DWDV�SHUPXNDDQ�ODXW��1D�
PXQ�GHPLNLDQ�� MLND�GLEDQGLQJNDQ�GHQJDQ�WHJD�
NDQ�DPSXSX�GL�3XMRQ��-DZD�7LPXU��SDGD�XPXU����
WDKXQ� GDQ� MDUDN� WDQDP� \DQJ� VDPD�PHPSXQ\DL�
ULDS�WHJDNDQ�\DQJ�OHELK�WLQJJL�\DLWX�ULDS�WDKXQDQ�
UDWD�UDWD�GLDPHWHU�DGDODK�����FP�GDQ�WLQJJL�SRKRQ�
����P��+DUEDJXQJ���������0HQXUXW�&OXWWHU� �HW�DO�
��������SHUWXPEXKDQ�MHQLV�WDQDPDQ�GLSHQJDUXKL�
ROHK�HPSDW� IDNWRU�\DLWX�XPXU� WHJDNDQ��NXDOLWDV�
WDSDN��NHUDSDWDQ�WHJDNDQ�GDQ�WLQGDNDQ�VLOYLNXO�
WXU�� 'DODP� KDO� LQL�� \DQJ� EHUSHQJDUXK� WHUKDGDS�
SHUEHGDDQ�SHUWXPEXKDQ�ULDS�WHJDNDQ�DGDODK�GL�
GXJD� NDUHQD� SHUEHGDDQ� NXDOLWDV� WDSDN� VHSHUWL�
WLQJNDW� NHVXEXUDQ� WDQDK� GDQ� �� GDQ� WLQ�DOWLWXGH
GDNDQ� VLOYLNXOWXU� VHSHUWL� VLVWHP� SHPHOLKDUDDQ�
WHJDNDQ��$OUDVMLG��������PHQ\DWDNDQ�EDKZD�IDN�
WRU� NXDOLWDV� ODKDQ� \DQJ� EHUSHUDQ� GDODP� PHP�
SHQJDUXKL� SHUWXPEXKDQ� WDQDPDQ� DGDODK� NDQ�
GXQJDQ�KXPXV��NDQGXQJDQ�XQVXU�QLWURJHQ��DOWL�
WXGH��GUDLQDVH�WDQDK��VROXP�WDQDK��FXUDK�KXMDQ��
MXPODK� PXVLP� �KXMDQ�NHPDUDX�� SHU� WDKXQ� GDQ�
IDNWRU�WHNVWXU�WDQDK��/HELK�ODQMXW�GLQ\DWDNDQ�MXJD�
ROHK�7LVGDOH� � �5L\DQWR�	�7MD�HW�DO� �������GDODP
NUDZDUVD� ������� WHQWDQJ�SHQJDUXK� WDSDN�GDODP�
NDLWDQQ\D� GHQJDQ� NDQGXQJDQ� XQVXU�XQVXU� KDUD�
WHUXWDPD�NHWHUVHGLDDQ�QLWURJHQ�\DQJ�GDSDW�PH�
QLQJNDWNDQ�SHUWXPEXKDQ�WDQDPDQ��.RQGLVL�WDSDN�
WHJDNDQ�DPSXSX�ORNDVL�SHQHOLWLDQ�SDGD�XPXPQ\D�

GLGRPLQDVL�ROHK�MHQLV�WDQDK�PHGLWHUDQ�����������
ODNWRVRO�����������GDQ�OLWRVRO����������GDQ�WD�
QDK�DOOXYLDO���������VHED�JLDQ�EHVDU�UHODWLI�SHND�
WHUKDGDS�HURVL��$QRQLP��������

+DVLO�DQDOLVLV�PHQXQMXNNDQ�EDKZD�ULDS�YROX�
PH�WHJDNDQ�DPSXSX�VDPSDL�XPXU����WDKXQ�DGD�
ODK������PH�KD�WDKXQ�GDQ�GHQJDQ�NHUDSDWDQ�WHJD�
NDQ�����SRKRQ�KD��7DEHO�����.RQGLVL�ULDS�WHJDNDQ�
GL�NDZDVDQ�+XWDQ�:RORORER��.DEXSDWHQ�1JDGD��
1XVD� 7HQJJDUD� 7LPXU� UHODWLI� UHQGDK�� SDGDKDO�
MHQLV�DPSXSX�\DQJ�GLNHPEDQJNDQ�GL�+XWDQ�7DQD�
PDQ�,QGXVWUL�GL�.DEXSDWHQ�6LPDOXQJXQ��6XPD�

�WHUD� 8WDUD�� ULDS� YROXPH� WHJDNDQ� ������ P �KD��
WDKXQ�GHQJDQ�GDXU�WHEDQJ���WDKXQ��'DUZR�HW�DO���
�������0HQXUXW�%DGDQ�/LEDQJ�NHKXWDQDQ���������
ULDS�YROXPH�WHJDNDQ�XQWXN�MHQLV�EHUGDXU�SHQGHN�
�V�G�XPXU���� WDKXQ��DGDODK���±���P �KD�WDKXQ��

�

GDXU� PHQHQJDK� �V�G� ��� WDKXQ�� DGDODK� ��±���
P �KD�WDKXQ��GDQ�EHUGDXU�SDQMDQJ��V�G����WDKXQ��

�

DGDODK� ��� P �KD�WDKXQ�� 'L� $XVWUDOLD�� WHUFDWDW�
�

SURGXNVL� ND\X� DPSXSX� \DQJ� EHUDVDO� GDUL� ELML�
ELDVD�VHEHVDU���±���P �KD�WK��KDVLO�XML�SURYHQDQ�

�

���P �KD�WK��KLEULG�DQWDUD�(��XURSK\OOD�[�(XFD�
�

O\SWXV� JUDQGLV� ��±���� P �KD�WK� \DQJ� GLSDQHQ�
�

SDGD�XPXU����WDKXQ��7XUQEXOO�	�%URNHU��������

%���$QJND�%HQWXN�%DWDQJ

$QJND� EHQWXN� EDWDQJ� DPSXSX� �I�� GLKLWXQJ�
VHEDJDL� SHUEDQGLQJDQ� DQWDUD� LVL� ND\X� PHODOXL�
SHUKLWXQJDQ�YROXPH�SHU�VHNVL�GHQJDQ�LVL�VLOLQGHU�
\DQJ�PHPSXQ\DL�GLDPHWHU�EDWDQJ�VHWLQJJL�GDGD�
������P��GDQ�WLQJJL�SRKRQ�VDPSDL�SDQJNDO�WDMXN���
1LODL� UDWD�UDWD� DQJND� EHQWXN� EDWDQJ� SRKRQ�
DPSXSX�DGDODK�I� �������6HEDJLDQ�EHVDU�SRKRQ�
PRGHO� PHPSXQ\DL� DQJND� EHQWXN� DQWDUD� ����±�
������7DEHO����

7DEHO�� ����� 3HUNHPEDQJDQ�ULDS�WHJDNDQ�DPSXSX�GL�NDZDVDQ�+XWDQ�:RORORER��%DMDZD 7KH�WUHQG�RI�7DEOH ��
DPSXSX�VWDQG�LQFUHPHQW�DW�:RORORER�)RUHVW�DUHD��%DMDZD�

3DUDPHWHU�

5LDS�WDKXQDQ�UDWD�UDWD��0HDQ�DQQXDO�LQFUHPHQW��

�FP�WDKXQ��P�WDKXQ��P��KD�WDKXQ��
7DKXQ�EHUMDODQ�

�&XUUHQW�

DQQXDO��3HQJXNXUDQ��0HDVXUHPHQW���,� 3HQJXNXUDQ��0HDVXUHPHQW��,,�

'LDPHWHU��FP�� ���� ��� ���� ������������ ���� ��� ���� ������������ ����

7LQJJL�SRKRQ��P�� ���� ��� ���� ������������ ���� � �� ����� ������������ ����

9ROXPH��P ��KD�� �������������� ������������ �������������� ������������ �����

�.HWHUDQJDQ�� V��5HPDUN
�	��  � 3HQJXNXUDQ�,�XPXU����GDQ�,,�XPXU����WDKXQ�� DJH����\HDUV�DQG����\HDUV7KH�ILUVW�DQG�VHFRQG�PHDVXUHPHQW�RI�� �
�  � -DUDN�ZDNWX�DQWDUD�SHQJXNXUDQ�,�GDQ�,,�VHODPD����EXODQ��7KH�WLPH�GLVWDQFH�EHWZHHQ�ILVUW�DQG�VHFRQG�PHDVXUHPHQW�ZDV�

���PRQWKV�

,�:D\DQ�:LGKDQD�6XVLOD�GDQ�'DUZR

5LDS�GDQ�'XJDDQ�9ROXPH�7HJDNDQ�$PSXSX��(XFDO\SWXV�XURSK\OOD�6�7��%ODNH�
GL�.DZDVDQ�+XWDQ�:RORORER��%DMDZD�)ORUHV
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7DEHO�� ����! 6HEDUDQ�IUHNXHQVL�DQJND�EHQWXN�EDWDQJ�SRKRQ�DPSXSX��7DEOH 'LVWULEXWLRQ�RI� IUHTXHQF\�RI�
VWHP�IRUP�IDFWRU�RI�DPSXSX�WUHHV�

$QJND�EHQWXN
�)RUP�IDFWRU�

�
1LODL�WHQJDK
�0HDQ�

�
)UHNXHQVL
�)UHTXHQF\�

�
3HUVHQWDVH

�3HUFHQWDJH�����

3HUFHQWDJH
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�%HUGDVDUNDQ� VHEDUDQ� QLODL� DQJND� EHQWXN� VH�
SHUWL�7DEHO����PDND�GDSDW�GLWHQWXNDQ�VLPSDQJDQ�
EDNXQ\D�\DLWX���������0HODOXL�XML�W��PDND�GLSHU�
ROHK� W�KLWXQJ�Q\D� DGDODK� ��������� \DQJ� OHELK�
EHVDU�GDULSDGD�W�WDEHO�GHQJDQ�WLQJNDW�NHSHUFD\D�
DQ�������W ��\DLWX���������:LELVRQR��������� ���������

+DO�LQL�PHQXQMXNNDQ�EDKZD�DQJND�EHQWXN�SRKRQ�
DPSXSX�WLGDN�ELVD�PHQJJXQDNDQ�����GDQ�DQJND�
EHQWXN�SRKRQ�\DQJ�WHSDW�DGDODK������-LND�PHQJ�
JXQDNDQ�DQJND�EHQWXN������XQWXN�PHQGXJD�YROX�
PH�SRKRQ�DPSXSX�EHUGLUL�VDPSDL�WLQJJL�SRKRQ�GL�
EDZDK�SDQJNDO�WDMXN�PHQJKDVLONDQ�GXJDDQ�\DQJ�
RYHUHVWLPDWH� �OHELK� GDUL� YROXPH� ND\X� GHQJDQ�
PHQJJXQDNDQ�I� �������VHEHVDU����������

&���3HQGXJDDQ�9ROXPH�3RKRQ

0RGHO�PRGHO� UHJUHVL� \DQJ� GLFREDNDQ� XQWXN�
PHQGXJD�YROXPH�SRKRQ�DPSXSX�\DLWX�PRGHO�OL�
QHDU��ORJDULWPLN��NXDGUDWLN�� �GDQ�HNVSRQHQ��SRZHU
0RGHO�UHJUHVL�WHUEDLN�GLSLOLK�EHUGDVDUNDQ�WLQJNDW�
NHWHOLWLDQ�NHWHSDWDQ� GDQ� NHVHGHUKDQDDQ� PRGHO��
7LQJNDW�NHWHOLWLDQ�PRGHO�GLFLULNDQ�ROHK�UHQGDK�
Q\D�QLODL�NHVDODKDQ�EDNX��6(��GDQ�WLQJJLQ\D�QLODL�
NRHIHVLHQ�GHWHUPLQDVL��5 ���0RGHO�PRGHO�GXJDDQ�

�

\DQJ� GLSHUROHK� GDQ� GLDJUDP� SHQFDU� KXEXQJDQ�

YROXPH� GHQJDQ� GLDPHWHU� SRKRQ� GLVDMLNDQ� SDGD�
7DEHO���

3DGD� 7DEHO� �� GDSDW� GLOLKDW� EDKZD� VHPXD�
PRGHO�PHPSXQ\DL�NHVDODKDQ�EDNX�VHVXDL�GHQJDQ��
SHUV\DUDWDQ� \DQJ� GLSHUNHQDQNDQ�� 0HQXUXW�
3URGDQ� ������� � +DUGMDQD� �������� GDODP�GDODP
PHQ\XVXQ�PRGHO�EHUGDVDUNDQ�SHUVDPDDQ�UHJUHVL�
\DQJ�PHQJJXQDNDQ�VDWX�SHXEDK�GLSHUNHQDQNDQ�
NHVDODKDQ�EDNX��6(��PDNVLPDO������VHGDQJNDQ�
DSDELOD�PHQJJXQDNDQ�GXD�SHXEDK�GLSHUNHQDQNDQ�
NHVDODKDQ� EDNX� PDNVLPDO� ����� 6HPXD� PRGHO�
PHPSXQ\DL�NRHIHVLHQ�GHWHUPLQDVL�UHODWLI�WLQJJL��
\DLWX�UDWD�UDWD� OHELK�GDUL�����GDQ�IDNWRU�IDNWRU�
\DQJ� EHUSHQJDUXK� VDQJDW� VLJQLILNDQ� GHQJDQ�
VHODQJ�NHSHUFD\DDQ�OHELK�GDUL�������%HUGDVDUNDQ�
QLODL�6(��PRGHO�\DQJ�SDOLQJ�DNXUDW�DGDODK�PRGHO�
QRPRU� �� �PRGHO� NXDGUDWLN�� GHQJDQ� 6(� \DQJ�
SDOLQJ�UHQGDK��\DLWX�������GHQJDQ�5 � �������� �

�

8QWXN�SHQJXMLDQ�PRGHO�OHELK�ODQMXW��XML�YDOLGDVL���
NHVHGHUKDQDDQ�PRGHO� SHUOX� MXJD�GLSHUWLPEDQJ�
NDQ�GLVDPSLQJ�NHVDNVDPDDQ�PRGHO��NDUHQD�OHELK�
PXGDK� PHQJDSOLNDVLNDQ� GL� ODSDQJDQ�� 0RGHO�
SHUVDPDDQ�QRPRU����PRGHO�OLQHDU��GDQ�QRPRU���
�PRGHO� �� OHELK�VHGHUKDQD�GDULSDGD�PRGHO�SRZHU
NXDGUDWLN�

7DEHO�� ����! 0RGHO�PRGHO� SHQGXJD� YROXPH� SRKRQ� VDPSDL� WLQJJL� SDQJNDO� WDMXN� �7DEOH 0RGHOV� RI� WUHH�
YROXPH��HVWLPDWLRQ�RQ�FURZQ�EDVH�KHLJKW�

1R�� 0RGHO�UHJUHVL� 3HUVDPDDQ�UHJUHVL� 6(����� 5������ 6LJ�

�� /LQHDU� 9SW� ����������������'� ����� ������

�� 3RZHU� 9SW� ���������'������ ����� ������
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3DGD� 7DEHO� �� GDSDW� GLOLKDW� EDKZD� NRUHODVL�
DQWDU� YDULDEHO� EHEDV�� \DLWX� GLDPHWHU� GDQ� WLQJJL�
SRKRQ�VDQJDW�NXDW��U� ���������2OHK�NDUHQD�LWX��
XQWXN�PHQGXJD�YROXPH�SRKRQ�ELVD�PHQJJXQD�
NDQ�VDWX�YDULDEHO�GLDPHWHU�SRKRQ��+DVLO�XML�VWDWLV�
WLN� �PHQXQMXNNDQ�EDKZD�YDULDEHO�GLDPH�VWHSZLVH
WHU�VHEDJDL�SHQGXJD�YROXPH�SRKRQ�DPSXSX�NDUH�
QD�OHELK�NXDW�NRUHODVLQ\D�GHQJDQ�YROXPH�SRKRQ�
GDULSDGD�WLQJJL�SRKRQ�GHQJDQ�YROXPH�SRKRQ�

8ML�YLDELOLWDV�PRGHO�PRGHO�GLODNXNDQ�GHQJDQ�
PHQJJXQDNDQ�3DUDPHWHU�6LPSDQJDQ�$JUHJDW��6$���
6WDQGDUG�(UURU��6'��GDQ�6LPSDQJDQ�5HODWLI��65���
GDQ�KDVLOQ\D�GLVDMLNDQ�SDGD�7DEHO����3DGD�7DEHO���
GDSDW�GLOLKDW�EDKZD�XQWXN�VDWX�YDULDEHO��PRGHO�
SHUVDPDDQ�QRPRU������GDQ���FXNXS�VDNVDPD�ND�
UHQD�PHPSXQ\DL�QLODL�6$�GDQ�65�VHVXDL�GHQJDQ�
SHUV\DUDWDQ��0DUFHOLQR� ������� � 6LVZDQWR�GDODP
	�6X\DW���������PHQ\DWDNDQ�EDKZD�VHODLQ�NHVD�
ODKDQ�EDNX��WLQJNDW�NHWHOLWLDQ�SHUVDPDDQ�UHJUHVL�
GDSDW�GLOLKDW�GDUL�QLODL�6$��������GDQ�65�������
���� 1DPXQ� QLODL� 6$� PRGHO� QRPRU� �� � ��SRZHU
DGDODK�QHJDWLI��\DQJ�EHUDUWL�PRGHO�WHUVHEXW�EHU�

NHFHQGHUXQJDQ�PHQDNVLU�YROXPH�SRKRQ�DPSXSX�
VDPSDL� WLQJJL� SRKRQ� SDGD� SDQJNDO� WDMXN� RYHU�
HVWLPDWH��OHELK�GDUL�QLODL�VHEHQDUQ\D���-LND�GLSHU�
EDQGLQJNDQ�NHWLJD�PRGHO�WHUVHEXW��PRGHO�SRZHU�
OHELK� VHGHUKDQD� GDQ� OHELK�PXGDK�XQWXN� GLDSOL�
NDVLNDQ� GL� ODSDQJDQ��0HQXUXW�0XKGLQ� ��������
GDUL�VHNLDQ�EDQ\DN�SHUVDPDDQ�UHJUHVL�\DQJ�GDSDW�
GLFRED��PRGHO�SHUVDPDDQ�SRZHU��9� � �D' ��GL��
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PDQD�9� �YROXPH�SRKRQ��'� �GEK��D��E� �NRQ�
VWDQWD��� DGDODK� SHUVDPDDQ� UHJUHVL� \DQJ� SDOLQJ�
EDQ\DN�GLJXQDNDQ�NDUHQD�DODVDQ�NHVHGHUKDQDDQ�
PRGHO�GDQ�NHSUDNWLVDQ��%HEHUDSD�KDVLO�SHQHOLWLDQ�
\DQJ�PHQGDSDWNDQ�PRGHO�SHUVDPDDQ�SRZHU�DGD�
ODK�SHQGXJDDQ�YROXPH�SRKRQ�EHUGLUL�MHQLV�$FDFLD�
PDQJLXP�VDPSDL�NHWLQJJLDQ�SRKRQ�SDGD�GLDPH�
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$���.HVLPSXODQ

7HJDNDQ� DPSXSX� SDGD� XPXU� ��� WDKXQ� GL�
NDZDVDQ� +XWDQ�:RORORER�� .DEXSDWHQ� %DMDZD��
)ORUHV��PHPSXQ\DL�UDWD�UDWD�ULDS�WDKXQDQ�GLDPH�
WHU�DGDODK�����FP�WDKXQ��ULDS�WLQJJL�����P�WDKXQ��
GDQ� ULDS� YROXPH� WHJDNDQ� �����P �KD�WDKXQ� GH�

�

QJDQ�UDWD�UDWD�DQJND�EHQWXN�EDWDQJ�DPSXSX�UDWD�
UDWD� �I�� DGDODK� ������0RGHO� SHUVDPDDQ� WHUEDLN�
XQWXN�PHQGXJD�YROXPH�SRKRQ�DPSXSX�DGDODK�9 �SW
 ���������' ��GHQJDQ�6(� ��������5 � �

�����
�VTXDUH

�������GLPDQD�'�DGDODK�GLDPHWHU�SRKRQ�VHWLQJJL�
GDGD��FP��GDQ�9 DGDODK�YROXPH�VDPSDL�WLQJJL�SW�

SRKRQ�SDGD�SDQJNDO�WDMXN��P ��
�

%���6DUDQ

0RGHO� SHQGXJD� LQL� KDQ\D� EHUODNX� XQWXN�
ORNDVL�GL�NDZDVDQ�+XWDQ�:RORORER��.DEXSDWHQ�
%DMDZD��)ORUHV��DWDX�WHPSDW�ODLQ�GHQJDQ�NRQGLVL�
WHJDNDQ�GDQ�WHPSDW�WXPEXK�\DQJ�VDPD�

8&$3$1�7(5,0$�.$6,+

'LVDPSDLNDQ� WHULPD� NDVLK� NHSDGD� .HSDOD�
%DODL�3HQHOLWLDQ�GDQ�7HNQRORJL�+DVLO�+XWDQ�%X�
NDQ�.D\X�NDUDQJDQ�\DQJ�WHODK�PHPELD\DL�SHQH�
OLWLDQ� LQL�GDQ�.HSDOD�3HUKXWDQDQ�	�.RQVHUYDVL�
7DQDK�.DEXSDWHQ�1JDGD�)ORUHV��1XVD�7HQJJDUD�
7LPXU��

'$)7$5�3867$.$

$OUDVMLG��+����������)DNWRU�NXDOLWDV�ODKDQ�SHP�
EDWDV�XQWXN�SHUWXPEXKDQ� ��*PHOLQD�DUERUHD
%XOHWLQ� 3HQHOLWLDQ�+XWDQ�� ����� ������ %RJRU��
3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+XWDQ�

$QRQLP����������/DSRUDQ�7DKXQDQ�'LQDV�.HKXWDQDQ�
.DEXSDWHQ�1JDGD�7DKXQ�������%DMDZD��'LQDV�
.HKXWDQDQ�.DEXSDWHQ�1JDGD�

%DGDQ� /LEDQJ� .HKXWDQDQ�� �������� �5RDGPDS
3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� ����±������
-DNDUWD�� 'HSDUWHPHQ� .HKXWDQDQ�� %DGDQ�
3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�.HKXWDQDQ�

%XVWRPL�� 6�� �������� 7DEHO� LVL� SRKRQ� ORNDO� $FDFLD�
PDQJLXP %XO��3HQ���XQWXN�GDHUDK�%DOLNSDSDQ��
+XWDQ��������������%RJRU��3XVDW�3HQHOLWLDQ�GDQ�
3HQJHPEDQJDQ�+XWDQ�%RJRU�

%XVWRPL��6���+DUEDJXQJ��:DK\RQR��'���	�3DUWKDPD��
,�%�3�� �������� 3HWXQMXN� WHNQLV� WDWD� FDUD�
SHQ\XVXQDQ� WDEOH�YROXPH�SRKRQ�� ,QIR�KXWDQ��
%RJRU��%DGDQ�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�
.HKXWDQDQ�

&OXWWHU -�/���	�)RUWVRQ��-�&���	�3LHQDDU��/�9� ������� �� ��
7LPEHU�PDQDJHPHQW��$�TXDQWLWDWLYH�DSSURDFK���
0DODEDU��)/��.ULHJHU�3XEOLVKLQJ�

&XUYH�([SHUW������$NVHV�WDQJJDO���6HSWHPEHU�������
GDUL�KWWS���ZZZ��)OX�RUJ�FQ�HQ�GRZQORDG�±�����
+WQO�

'DUZR��6XKHQGDQJ��(���-D\D��,�1�6���3XUQRPR��+���	�
3UDWLZL�� �������� .XDOLILNDVL� NXDOLWDV� WHPSDW�
WXPEXK�GDQ�SURGXNWLYLWDV�WHJDNDQ�XQWXN�KXWDQ�
WDQDPDQ�HXNDOLSWXV�GL�.DEXSDWHQ�6LPDOXQJXQ��
6XPDWHUD� 8WDUD�� -XUQDO� 3HQHOLWLDQ� 7DQDPDQ�
+XWDQ�7DQDPDQ��������������

(OFRP������������6366�����6WDWLVWLN�GHVNULSWLI��WDEXODVL�
VLODQJ�GDQ�NRUHODVL��PHDQ��WUDQVIRUPDVL�GDWD��
DQDOLVLV� YDULDQ�� DQDOLVLV� UHJUHVL��<RJ\DNDUWD��
&9��$QGL�RIIVHW�

*DUGLQJHQ��3�5���	�3KLOOLSV��3�'����������(FRORJLFDO� �
VSHFLHV� �JURXSLQJ� �IRU� �IRUHVW�PDQDJHPHQW�E\�
37�,QKXWDQL�,��%)03�5HSRUW��%DOLNSDSDQ�

+DUEDJXQJ����������0RGHO�SHUWXPEXKDQ�GLDPHWHU�GDQ�
WLQJJL� WHJDNDQ� KXWDQ� WDQDPDQ� (XFDO\SWXV�
XURSK\OOD�%ODNH��GL�GDHUDK��3XMRQ��-DZD�7LPXU��
%XOHWLQ�3HQHOLWLDQ�+XWDQ�������������

+DUEDJXQJ�� 	� :DK\RQR�� '�� �������� 7DWDFDUD�
SHPEXDWDQ� GDQ� SHQJXNXUDQ� 3HWDN� 8NXU�
3HUPDQHQ� �383��� ,QIRUPDVL� 7HNQLV�� %RJRU��
3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+XWDQ�GDQ��
.RQVHUYDVL�$ODP�

+DUEDJXQJ�� �������� .XDQWLILNDVL� SHUWXPEXKDQ� GDQ�
KDVLO�SDGD�KXWDQ�WDQDPDQ�MHQLV�MHQLV�SULRULWDV�
�DQGDODQ�VHWHPSDW���-DNDUWD��%DGDQ�3HQHOLWLDQ�
GDQ�3HQJHPEDQJDQ�.HKXWDQDQ�

+DUEDJXQJ�� �������� 0RGHO� SHWXPEXKDQ� GDQ� KDVLO�
KXWDQ� WDQDPDQ�� 3URSRVDO� SHQHOLWLDQ� 7LP�
3HQHOLWL��3373��7DKXQ�$QJJDUDQ�������%RJRU��
%DGDQ� 3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� .HKX�
WDQDQ���WLGDN�GLWHUELWNDQ��

+DUEDJXQJ�� %XVWRPL�� 6��� 6LVZDQWR�� %�(��� 6X\DW��
5XNPDQ��5REDQL��+HUPDZDQ��$���6HWLDZDQ��%��
��������.XDQWLILNDVL�3HUWXPEXKDQ�GDQ�+DVLO�
7HJDNDQ�+XWDQ�7DQDPDQ��3373�7DKXQ�'LQDV�
������ %RJRU�� 3XVDW� 3HQHOLWLDQ� GDQ� 3HQJHP�
EDQJDQ�+XWDQ�7DQDPDQ���WLGDN�GLWHUELWNDQ��

+XVFK��%����������)RUHVW�PHQVXUDWLRQ�DQG�VWDWLVWLFV��
1HZ�<RUN��7KH�5RQDOG�3UHVV�&RPSDQ\�

,ULDQWR�� $�� �������� 6WDWLVWLN�� NRQVHS� GDVDU� GDQ�
DSOLNDVLQ\D��-DNDUWD��3UHQDGD�0HGLD�*URXS�

0XKGLQ������������'LPHQVL�SRKRQ�GDQ�SHUNHPEDQJDQ��
PHWRGH�SHQGXJDDQ�YROXPH�SRKRQ��3HQJDQWDU�
)DOVDIDK�6DLQV��3URJUDP�3DVFD�6DUMDQD��,QVWLWXW�
3HUWDQLDQ�%RJRU��%RJRU�

3URGDQ�� 0�� �������� )RUHVW� %LRPHWULF�� /RQGRQ��
3HUJDQRQ��2[IRUG�
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4LURP��0�$���	�6XSUL\DGL�� ��������0RGHO�SHQGXJD�
YROXPH� SRKRQ� Q\DZDL� � �)LFXV� YDULHJDWD
%OXPH�� GL� .DOLPDQWDQ� 7LPXU�� -XUQDO�
3HQHOLWLDQ�+XWDQ�7DQDPDQ��������

5L\DQWR�� +�'��� 	� 7MDNUDZDUVD�� *�� �������� 3HUWXP�
EXKDQ� WDQDPDQ� UHKDELOLWDVL� SROD� DJURIRUHVWU\�
VHQJRQ�GDQ� MDERQ�SDGD� ODKDQ� WHUGHJUDGDVL�GL�
7ORJRZXQJX� 3DWL��3URVLGLQJ� 6HPLQDU�1DVLR�
QDO� +DVLO� 3HQHOLWLDQ� 7HNQRORJL� 3HQJHORODDQ�
'$6�� %RJRU�� 3XVDW� 3HQHOLWLDQ� GDQ� 3HQJHP�
EDQJDQ�.RQVHUYDVL�GDQ�5HKDELOLWDVL�

6LPRQ��+����������6WDWLVWLN�XQWXN�NHKXWDQDQ��<RJ\D�
NDUWD��3XVWDND�3HODMDU�

6LVZDQWR�� %�(��� 	� '�� :DKMRQR�� �������� 7DEHO� LVL�
SRKRQ� MHQLV� 5DVDPDOD� � �$OWLQJLD� H[FHOVD
1RURQKDH��GL�.3+�&LDQMXU��-DZD�%DUDW��%XO��
3HQ��+XWDQ�������������

6LVZDQWR�� %�(��� 	� .ULVQDZDWL�� +�� �������� 7DULI� LVL�
SRKRQ� XQWXN� � 6DOLVE�� GL�$JDWKLV� ORUDQWKLIROLD
.HVDWXDQ� 3HPDQJNXDQ� +XWDQ� %DQ\XPDV�
%DUDW��-DZD�7HQJDK��%XO��3HQ��+XWDQ������������

6LVZDQWR��%�(���	�6X\DW����������0RGHO�SHQGXJDDQ�LVL�
SRKRQ� MHQLV� � %OXPH�� GL�(XFDO\SWXV� GHJOXSWD

%RULVDOOR��6XODZHVL�6HODWDQ��-XUQDO�3HQHOLWLDQ�
+XWDQ�GDQ�.RQVHUYDVL�$ODP�������������

6XEHGL�� 0�5��� 	� 6KDUPD�� 5�3�� �������� $OORPHWULF�
ELRPDVV� PRGHOV� IRU� EDUN� RI� &LQQDPRPXP�
WDPDOD� LQ� 0LG�+LOO� RI� 1HSDO�� %LRPDVV� DQG�
%LRHQHUJ\������������

6XFKRPHO��&���3\WWHO��3��� �%HFNHU��*���	�%DXKXV�� -��
�������� %LRPDVV� HTXDWLRQV� IRU� VHVVLOH� RDN�
� ��0DWW���/LHEO���DQG�KRUEHDP�4XHUFXV�SHWUDHD
� �/���LQ�$JHG�&RSSLFHG�)RUHVW�&DUSLQXV�EHWXOXV
LQ� 6RXWKZHVW� *HUPDQ\�� %LRPDVV� DQG� %LR�
HQHUJ\��������������

7XUEXOO��-���	�%URNHU��,����������7LPRU�PRXQWDLQ�JXP��
(XFDO\SWXV�XURSK\OOD�6�7��%ODNH�� �)RUHVW�7UHH�
6HULHV� ����� 0HOERXUQH� $XVWUDOLD�� &RPRQ�
ZHDOWK� 6FLHQWLILF� DQG� ,QGXVWULDO� 5HVHDUFK�
2UJDQL]DWLRQ�

9DQFOD\�� -�.�� ��������0RGHOOLQJ� IRUHVW� JURZWK� DQG�
\LHOG��$SSOLFDWLRQ�WR�0L[HG�7URSLFDO�)RUHVW���
:DOOLQJIRUG��8.��&$%�,QWHUQDWLRQDO�

:LELVRQR��<����������� �0HWRGH�6WDWLVWLN�� �<RJ\DNDUWD��
*DMDK�0DGD�8QLYHUVLW\�3UHVV�


