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3HQWLQJQ\D� NHOHVWDULDQ� VXPEHUGD\D� KXWDQ�
EDJL�NHKLGXSDQ�EDLN�GDUL�DVSHN�HNRQRPL��HNRORJL�
PDXSXQ�VRVLDO�VHPDNLQ�PHQLQJNDW�NDUHQD�KXWDQ�
DODP�PHQJDODPL�SHQXUXQDQ�\DQJ�VLJQLILNDQ�GDUL�
VHJL�NXDQWLWDV�GDQ�NXDOLWDVQ\D��8SD\D�\DQJ�GDSDW�
GLODNXNDQ� XQWXN� PHQXQMDQJ� NHOHVWDULDQ� NHWLJD�
DVSHN�WHUVHEXW�DGDODK�SHPEDQJXQDQ�KXWDQ�UDN\DW�
SDGD� ODKDQ�ODKDQ�PLOLN�\DQJ�GLNHOROD�ROHK�PD�
V\DUDNDW�

6DDW� LQL� SHQHOLWLDQ� PHQJHQDL� KXWDQ� UDN\DW�
OHELK� EDQ\DN� PHQJNDML� DVSHN� VRVLDO� HNRQRPL��

PLVDOQ\D�.XVPHGL� ��������PHQJNDML�DQDOLVLV�HW�DO�
ILQDQVLDO�SHQJHORODDQ�KXWDQ�UDN\DW��3ULKDGL� �HW�DO�
�������PHQLODL�NHOHPEDJDDQ�NHPLWUDDQ�LQGXVWUL�
SHQJRODKDQ�ND\X�GL�KXWDQ�UDN\DW��6HGDQJNDQ�DV�
SHN�SHUHQFDQDDQ�SHQJHORODDQ�EHOXP�EDQ\DN�GL�
NHPEDQJNDQ��6DODK�VDWX�DVSHN�\DQJ�PDVLK�SHUOX�
GLWHOLWL�DGDODK�HIHNWLILWDV�SHQGXJDDQ�SRWHQVL�SR�
KRQ�GDQ�WHJDNDQ�GL�KXWDQ�UDN\DW��.XUDQJQ\D�SH�
QJHWDKXDQ�PDV\DUDNDW� GDODP�PHQGXJD� SRWHQVL�
SRKRQ�GDQ�WHJDNDQ�GDSDW�PHQLPEXONDQ�NHVDODK�
DQ�SHUKLWXQJDQ�QLODL�ND\X�VDDW�SHQMXDODQ�VHKLQJJD�
PHQJDNLEDWNDQ� NHUXJLDQ� HNRQRPL� EDJL� SHWDQL�
KXWDQ�UDN\DW��
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V�)DUPHU

$UL�$UGHOLQD ��7DWDQJ�7LU\DQD GDQ�DQG�0XKGLQ
�� ��� ��

��
3DVFDVDUMDQD�3URJUDP�6WXGL�,OPX�3HQJHORODDQ�+XWDQ��)DNXOWDV�.HKXWDQDQ�,3%

���
'HSDUWHPHQ�0DQDMHPHQ�+XWDQ��)DNXOWDV�.HKXWDQDQ�,3%

(PDLO��DULDUGHOLQD#JPDLO�FRP
��

3URJUDP�6WXGL�,OPX�3HQJHORODDQ�+XWDQ��)DNXOWDV�.HKXWDQDQ��.DPSXV�,3%�'DUPDJD�
%RJRU��-DZD�%DUDW��,QGRQHVLD

��
(PDLO��WDQWLU#JPDLO�FRP

7DQJJDO�GLWHULPD�����-DQXDUL�������7DQJJDO�GLUHYLVL�����-XOL�������7DQJJDO�GLVHWXMXL����$JXVWXV�����

$%675$&7

6HOOLQJ�V\VWHP�RI�VHQJRQ��3DUDVHULDQWKHV�IDOFDWDULD� ��WLPEHU�LQ�FRPPXQLW\�IRUHVWV�ZLWKRXW�XVLQJ�DSSURSULDWH�WUHH�/�
YROXPH�PRGHOV�PD\�JHQHUDWH�SURILW�ORVV�IRU�WKH�IDUPHUV��7KH�REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�WR�GHYHORS�YROXPH�PRGHOV�RI�
VHQJRQ� DQG� WR� HYDOXDWH� WKH� SURILW� ORVVHV� RI� FRPPRQO\� SUDFWLFHG� WHFKQLTXHV� IRU� VHOOLQJ� WKH� VHQJRQ� WLPEHU� LQ�
FRPPXQLW\�IRUHVW��7KH�UHVXOW�VKRZHG�WKDW�WKH�SURSRVHG�YROXPH�PRGHO�FDQ�EH�XVHG�DFFXUDWHO\�WR�HVWLPDWH�WKH�YROXPH�
RI�VHQJRQ�WUHHV�LQ�WKH�FRPPXQLW\�IRUHVW�E\�PHDVXULQJ�WUHH�GLDPHWHUV��7KLV�VWXG\�FRQILUPHG�WKDW�WKH�VHOOLQJ�V\VWHP�
EDVHG�RQ�SHU�ORJ�DQG�WRWDO�VWDQG�DUHD�FDXVHG�SURILW�ORVVHV�RI��������DQG��������UHVSHFWLYHO\��WR�WKH�IDUPHUV��7R�
DYRLG�VXFK�GLVDGYDQWDJHV��WKHUHIRUH�WKH�XVH�RI�WKH�SURSRVHG�YROXPH�PRGHO�LV�UHFRPPHQGHG�WR�IDFLOLWDWH�DFFXUDWH�
HVWLPDWLRQ�RI�WKH�YROXPH�RI�VHQJRQ�WUHHV�

.H\ZRUGV��&RPPXQLW\�IRUHVW��SURILW�ORVV��YROXPH�PRGHOV

$%675$.

6LVWHP�SHQMXDODQ�SRKRQ�VHQJRQ�� /���GL�KXWDQ�UDN\DW�WDQSD�PHQJJXQDNDQ�PRGHO�YROXPH�3DUDVHULDQWKHV�IDOFDWDULD�
SRKRQ� \DQJ� WHSDW� GDSDW� PHQLPEXONDQ� NHKLODQJDQ� NHXQWXQJDQ� SHWDQL�� 7XMXDQ� SHQHOLWLDQ� LQL� DGDODK� XQWXN�
PHPSHUROHK�PRGHO�YROXPH�VHQJRQ�GDQ�PHQJHYDOXDVL�SUDNWHN�\DQJ�ELDVD�GLODNXNDQ�GDODP�SHQMXDODQ�ND\X�VHQJRQ�GL�
KXWDQ� UDN\DW�� +DVLO� SHQHOLWLDQ�PHQXQMXNNDQ� EDKZD�PRGHO� YROXPH� \DQJ� GDSDW� GLJXQDNDQ� VHFDUD� DNXUDW� XQWXN�
PHPSHUNLUDNDQ�YROXPH�SRKRQ� VHQJRQ�GL�KXWDQ� UDN\DW�GDSDW�GLGXJD�GHQJDQ�KDQ\D�PHQJXNXU�GLDPHWHU�SRKRQ��
6LVWHP�SHQMXDODQ�EHUGDVDUNDQ�EDWDQJDQ�GDQ�OXDVDQ�PHQ\HEDENDQ�SHWDQL�NHKLODQJDQ�NHXQWXQJDQ�VHEHVDU��������
GDQ���������8QWXN�PHQJKLQGDUL� NHOHPDKDQ� WHUVHEXW�PDND�GLUHNRPHQGDVLNDQ�PRGHO� YROXPH� VHEDJDL� SHQGXJD�
YROXPH�SRKRQ�VHQJRQ�GHQJDQ�DNXUDW�

.DWD�NXQFL��+XWDQ�UDN\DW��NHKLODQJDQ�NHXQWXQJDQ��PRGHO�YROXPH
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3RWHQVL�WHJDNDQ�GDSDW�GLGXJD�GHQJDQ�PHQJ�
JXQDNDQ�PRGHO� SHQGXJD� YROXPH� SRKRQ�� 6DODK�
VDWX�MHQLV�WHJDNDQ�\DQJ�EDQ\DN�GLNHPEDQJNDQ�GL�
KXWDQ�UDN\DW�DGDODK�VHQJRQ��3DUDVHULDQWKHV�IDO�
FDWULD�/����%HEHUDSD�SHQHOLWL�WHODK�PHQJHPEDQJ�
NDQ�PRGHO�PRGHO�SHQGXJD�YROXPH�XQWXN�KXWDQ�
WDQDPDQ�VHQJRQ��0LVDOQ\D��%XVWRPL� ��������HW�DO�
PHQ\XVXQ�PRGHO�SHQGXJD�YROXPH�SRKRQ�VHQJRQ�
XQWXN� KXWDQ� WDQDPDQ� GL� -RQJJRO�� -DZD� %DUDW��
.XULQREX� ��������PHQ\XVXQ�SHUVDPDDQ�WD�HW�DO�
SHU�XQWXN�PHQGXJD�YROXPH�SRKRQ�VHQJRQ�SDGD�
KXWDQ�WDQDPDQ�GL�3DUH��-DZD�7LPXU��1DPXQ�XQ�
WXN�KXWDQ�UDN\DW��PRGHO�PRGHO�SHQGXJD�YROXPH�
SRKRQ�VHQJRQ�EHOXP�EDQ\DN�GLNHPEDQJNDQ�VH�
VXDL�GHQJDQ�NDUDNWHULVWLN�WLDS�ORNDVL�KXWDQ�UDN\DW�
\DQJ�SHQJHORODDQQ\D�FHQGHUXQJ�EHUDJDP��%UD�
PDVWR�	�7LU\DQD�������

.HWHUVHGLDDQ� DODW� SHQGXJD� YROXPH� SRKRQ�
�PLVDOQ\D�PRGHO�YROXPH��GLSHUOXNDQ�XQWXN�PHQ�
GXNXQJ�VLVWHP�SHQMXDODQ�ND\X�GL�KXWDQ� UDN\DW��
6DDW�LQL�SHQMXDODQ�ND\X�GL�KXWDQ�UDN\DW�XPXPQ\D�
GLODNXNDQ�GHQJDQ�VLVWHP�EDWDQJDQ�GDQ�ERURQJDQ��
WHEDVDQ��'LQL\DWL� ���������6LVWHP�SHQMXDODQ�HW�DO�
EDWDQJDQ� GLODNXNDQ� SHWDQL� EHUGDVDUNDQ� MXPODK�
EDWDQJ�SRKRQ��VHGDQJNDQ�VLVWHP�SHQMXDODQ�ERUR�
QJDQ�WHEDVDQ� GLODNXNDQ� SHWDQL� GHQJDQ�PHQMXDO�
OXDVDQ�DUHDO�WHUWHQWX��3DGD�NHGXD�VLVWHP�SHQMXDO�
DQ�WHUVHEXW�KDUJD�ND\X�WLGDN�GLWHQWXNDQ�EHUGDVDU�
NDQ�YROXPH�SRKRQ��PHODLQNDQ�EHUGDVDUNDQ�WDNVL�
UDQ�KDUJD�SHU�EDWDQJ�SRKRQ��XQWXN�VLVWHP�SHQ�
MXDODQ�EDWDQJDQ��GDQ�WDNVLUDQ�KDUJD�WRWDO�WHJDNDQ�
�XQWXN�VLVWHP�SHQMXDODQ�ERURQJDQ�WHEDVDQ��\DQJ�
ELDVDQ\D�GLWHQWXNDQ�VHFDUD�VHSLKDN�ROHK�WHQJNX�
ODN��6LVWHP�SHQMXDODQ�ND\X�VHSHUWL�LWX�EHUSRWHQVL�
PHUXJLNDQ�SHWDQL��NDUHQD�VDQJDW�PXQJNLQ�WHUMDGL�
NHVDODKDQ�GDODP�SHQGXJDDQ�YROXPH�ND\X�\DQJ�
GDSDW� PHQJDNLEDWNDQ� NHKLODQJDQ� NHXQWXQJDQ�
SHWDQL�KXWDQ�UDN\DW�

6DODK� VDWX� VXPEHU� NHVDODKDQ� � �� GDODP�HUURU
SHQGXJDDQ�YROXPH�ND\X�GL�KXWDQ�UDN\DW�DGDODK�
DODW�SHQGXJD�YROXPH�SRKRQ��6HODLQ�PHQJJXQD�
NDQ�PRGHO�YROXPH��SHQGXJDDQ�YROXPH�SRKRQ�GD�
SDW�GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�DQJND�EHQ�
WXN�SRKRQ�GDQ�SHUVDPDDQ� �SRKRQ��+XVFK�WDSHU HW�
DO����������.HWHOLWLDQ�GDUL�DODW�DODW�SHQGXJD�YR�
OXPH�SRKRQ�WHUVHEXW�SHUOX�GLDQDOLVLV�XQWXN�PH�
QJHWDKXL�EHVDUQ\D�NHVDODKDQ�SHQGXJDDQ�YROXPH�
ND\X�GL�KXWDQ�UDN\DW��&KDYH� ��������PHQXQ�HW�DO�
MXNNDQ�EDKZD�NHVDODKDQ�GDODP�SHQJXNXUDQ�SR�
KRQ�GDQ�SHPLOLKDQ�PRGHO�SHQGXJD�ELRPDVVD�SR�
KRQ�PHQ\HEDENDQ� WHUMDGLQ\D�SHUDPEDWDQ�NHVD�
ODKDQ�� ��GDODP�SHQGXJDDQ�ELR�HUURU�SURSDJDWLRQ
PDVVD�WHJDNDQ�GL�KXWDQ�WURSLV�

6DDW�LQL�EHOXP�EDQ\DN�SHQHOLWLDQ�\DQJ�PHQJ�
DQDOLVLV�NHWHOLWLDQ�SHQJJXQDDQ�DODW�DODW�SHQGXJD�
YROXPH�SRKRQ�GDODP�NDLWDQQ\D�GHQJDQ�SRWHQVL�
NHKLODQJDQ� SHQGDSDWDQ� ILQDQVLDO� SHWDQL��
NKXVXVQ\D�XQWXN�KXWDQ�UDN\DW�VHQJRQ��2OHK�NDUH�
QD�LWX��SHQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQ\XVXQ�
PRGHO�YROXPH�SRKRQ�VHQJRQ�GDQ�PHPEDQGLQJ�
NDQ� NHWHOLWLDQQ\D� GHQJDQ� DODW�DODW� SHQGXJD�
YROXPH� ODLQ� �\DLWX� DQJND� EHQWXN� SRKRQ� GDQ�
SHUVDPDDQ� WDSHU�� VHUWD� PHQJDQDOLVLV� SRWHQVL�
NHKLODQJDQ�NHXQWXQJDQ�SHWDQL�GDUL�SHQMXDODQ�ND�
\X�VHQJRQ�GL�KXWDQ�UDN\DW�
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$���/RNDVL�3HQHOLWLDQ

3HQHOLWLDQ� LQL� GLODNVDQDNDQ� GL� KXWDQ� UDN\DW�
VHQJRQ� GL� 'HVD� .DU\DVDUL�� .HFDPDWDQ� /HXZL�
OLDQJ�� .DEXSDWHQ� %RJRU�� -DZD� %DUDW�� 'HVD� LQL�
WHUOHWDN� �� NP� GDUL� SXVDW� NRWD�.HFDPDWDQ� /HX�
ZLOLDQJ�����NP�GDUL�SXVDW�NRWD�%RJRU�GDQ����NP�
GDUL�LEXNRWD�3URYLQVL�-DZD�%DUDW��/XDV�ZLOD\DK�
GHVD�.DU\DVDUL�������+D�\DQJ�WHUOHWDN�SDGD�NH�
WLQJJLDQ����±����P�GDUL�SHUPXNDDQ�ODXW��3HPH�
ULQWDK�'DHUDK�%RJRU��������

%���3HQJXPSXODQ�'DWD

3HQJXPSXODQ�GDWD�GLODNXNDQ�SDGD�EXODQ�$SULO�
VDPSDL�-XQL������XQWXN�PHPSHUROHK�GDWD�YROX�
PH� SRKRQ� FRQWRK� GDQ� GDWD� SHQMXDODQ� ND\X� VH�
QJRQ��'DWD�YROXPH�SRKRQ�FRQWRK�GLSHUROHK�GDUL�
KDVLO�SHQJXNXUDQ�����SRKRQ�VHQJRQ�\DQJ�GLSLOLK�
VHFDUD�SXUSRVLI�GHQJDQ�NULWHULD�EHUEDWDQJ�OXUXV��
WXPEXK� VHKDW�� GDQ� PHZDNLOL� VHEDUDQ� GLDPHWHU�
WHJDNDQ�VHQJRQ�GL�KXWDQ�UDN\DW��3DGD�WLDS�SRKRQ�
FRQWRK� GLODNXNDQ� SHQJXNXUDQ� GLDPHWHU� EDWDQJ�
SDGD�NHWLQJJLDQ�����P��GLVHEXW�GLDPHWHU�VHWLQJJL�
GDGD��'EK��GHQJDQ�PHQJJXQDNDQ� ��SHQJ�SKLEDQG
XNXUDQ�GLDPHWHU�SHU�VHNVL�EDWDQJ��SDQMDQJ���P���
WLQJJL�EHEDV�FDEDQJ�GDQ� WLQJJL� WRWDO�SRKRQ�GH�
QJDQ� PHQJJXQDNDQ� � SHQJ�&ULWHULRQ� 5'� �����
XNXUDQ� MDUDN�GDWDU�GHQJDQ�PHQJJXQDNDQ�/DVHU�
5DQJHILQGHU�

'DWD�SRKRQ�XQWXN�PHQJKLWXQJ�SRWHQVL�NHUX�
JLDQ� GLSHUROHK� PHODOXL� SHJXNXUDQ� SRKRQ� GDUL�
DUHDO�KXWDQ�UDN\DW�VHOXDV�����P ��GHQJDQ�PHQJ�

�

KLWXQJ�VHOXUXK�WHJDNDQ�VHQJRQ�����SRKRQ���XQWXN�
VLVWHP� ERURQJDQ� GDQ� VDWX� SRKRQ� XQWXN� VLVWHP�
EDWDQJDQ��3DGD�WLDS�SRKRQ�GLODNXNDQ�SHQJXNXUDQ�
'EK��GLDPHWHU�SHU� VHNVL�EDWDQJ� �SDQMDQJ���P���
WLQJJL�EHEDV�FDEDQJ��GDQ�WLQJJL�WRWDO�SRKRQ��'DWD�
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0RGHO�9ROXPH�3RKRQ�6HQJRQ�XQWXN�0HQLODL
.HKLODQJDQ�.HXQWXQJDQ�3HWDQL�+XWDQ�5DN\DW

SHQMXDODQ� ND\X� VHQJRQ� GLSHUROHK� PHODOXL� ZD�
ZDQFDUD� GHQJDQ� SHWDQL� GDQ� SHQJHSXO�� NDUHQD�
SDGD�VDDW�SHQHOLWLDQ�WLGDN�DGD�SUDNWLN�SHQMXDODQ�
ND\X� \DQJ� GLODNXNDQ� ROHK� SHWDQL�� :DZDQFDUD�
GLODNXNDQ�WHUKDGDS����SHWDQL�VHQJRQ�GDUL�EHEH�
UDSD� NHORPSRN� WDQL� GL� 'HVD� .DU\DVDUL� XQWXN�
PHQJHWDKXL� SUDNWLN� SHQMXDODQ� ND\X� \DQJ� ELDVD�
GLODNXNDQ� GDQ� PHQJHWDKXL� SRWHQVL� SHQGDSDWDQ�
SHWDQL�GDUL�SUDNWLN�WHUVHEXW��:DZDQFDUD�WHUKDGDS�
SHQJHSXO�GLODNXNDQ�XQWXN�PHPSHUROHK�WDNVLUDQ�
KDUJD�ND\X�MLND�SHQMXDODQ�GLODNXNDQ�GHQJDQ�VLV�
WHP�EDWDQJDQ�GDQ�VLVWHP�ERURQJDQ�WHEDVDQ�XQWXN�
PHQJDQDOLVLV�SRWHQVL�SHQGDSDWDQ�SHWDQL�GDUL�VLV�
WHP�SHQMXDODQ�ND\X�VHQJRQ�WHUVHEXW�

&�� 3HQHQWXDQ�9ROXPH�GDQ�$QJND�%HQWXN�
3RKRQ

9ROXPH� SRKRQ� FRQWRK� � �� P �� GLWHQWXNDQ�
�

9
PHODOXL� SHQMXPODKDQ� YROXPH� WLDS� VHNVL� EDWDQJ�
� �� P �� EHUGDVDUNDQ� OXDV� SHQDPSDQJ� OLQWDQJ�

�
YL
SDQJNDO� VHNVL� � ��P ��� OXDV�SHQDPSDQJ� OLQWDQJ�

�
JS

XMXQJ� VHNVL� � �� P ��� GDQ� SDQMDQJ� VHNVL� � �� P��
�

J OX

GHQJDQ� PHQJJXQDNDQ� UXPXV� 6PDOLDQ� VHEDJDL�
EHULNXW��+XVFK� ��������HW�DO�
���������������������������������������������������������������������������

8QWXN� DQDOLVLV� GDWD� VHODQMXWQ\D�� GDWD� SRKRQ�
FRQWRK�GLEDJL�PHQMDGL�GXD�EDJLDQ��7DEHO�����\DLWX�
GDWD�PRGHO�XQWXN�SHQ\XVXQDQ�DODW�DODW�SHQGXJD�
YROXPH�SRKRQ��DQJND�EHQWXN��SHUVDPDDQ�WDSHU��
PRGHO�YROXPH��GDQ�GDWD�YDOLGDVL�XQWXN�PHQLODL�
NHWHOLWLDQ�DODW�DODW�SHQGXJD�YROXPH�SRKRQ�

'DODP� SHQHOLWLDQ� LQL� GLDQDOLVLV� GXD� PDFDP�
DQJND� EHQWXN�� \DLWX� DQJND� EHQWXN� DEVROXW� GDQ�
EXDWDQ� \DQJ� GLKLWXQJ� GHQJDQ� UXPXV� �6LPRQ��
������

������������ ����������������������������������������������D�
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'���3HQ\XVXQDQ�3HUVDPDDQ�7DSHU

3HUVDPDDQ� � GLVXVXQ� EHUGDVDUNDQ� GDWD�WDSHU
GLDPHWHU�SHU�VHNVL�� ��FP��GDQ�WLQJJL�EDWDQJ�SHU�G
VHNVL�� ��P��GDUL�SRKRQ�FRQWRK�PHODOXL�DQDOLVLV�K
UHJUHVL�� 3HUVDPDDQ� � \DQJ� VHVXDL� XQWXN�WDSHU
PHQJJDPEDUNDQ� EHQWXN� EDWDQJ� VHQJRQ� GLSLOLK�
GDUL� SHUVDPDDQ�SHUVDPDDQ�EHULNXW� LQL� �0XKGLQ�
	�+DNLP��������
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3HUVDPDDQ� YROXPH� GLVXVXQ� GHQJDQ� FDUD�
PHQJLQWHJUDONDQ� SHUVDPDDQ� � WHUSLOLK�WDSHU
GHQJDQ�WLQJJL�EDWDQJ�SHU�VHNVL�VDPSDL�GLDPHWHU�
EDWDQJ���FP��+��
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(���3HQ\XVXQDQ�0RGHO�9ROXPH�

0RGHO�YROXPH�SRKRQ�VHQJRQ�GLVXVXQ�GHQJDQ�
PHQJJXQDNDQ� VDWX� SHXEDK� EHEDV� �GLDPHWHU�
SRKRQ�� GDQ� GXD� SHXEDK� EHEDV� �GLDPHWHU� GDQ�
WLQJJL� SRKRQ��� 0RGHO�PRGHO� UHJUHVL� \DQJ�
GLDQDOLVLV�DGDODK��6LPRQ��������
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3DUDPHWHU� PRGHO� 9�� GDQ� 9�� GLSHUROHK�
PHODOXL� WUDQVIRUPDVL� ORJDULWPD� PHQMDGL� PRGHO�
OLQLHU�� 7UDQVIRUPDVL� EDOLN� NH� EHQWXN� PRGHO�
VHPXOD�PHQ\HEDENDQ�ELDV��VHKLQJJD�SDUDPHWHU� �E�
SDGD� PRGHO�PRGHO� WHUVHEXW� KDUXV� GLNRUHNVL�
GHQJDQ� QLODL� NXDGUDW� WHQJDK� VLVDDQ� �VWDQGDUG�
HUURU�RI�HVWLPDWH��6((��PHODOXL�UXPXV�EHULNXW�LQL�
�6SUXJHO��������

&)� �H[S� ���
�

6((

3HQLODLDQ�NHVHVXDLDQ�� ��PRGHO�JRRGQHVV�RI�ILW
PRGHO�UHJUHVL�GLODNXNDQ�GHQJDQ�PHQJXML�VLJQL�
ILNDQVL�SDUDPHWHU�PRGHO��<DQJ� ��������GDQ�HW�DO�
PHPEDQGLQJNDQ� QLODL� �URRW� PHDQ� VTXDUH� HUURU
�506(�� GDQ� NRHILVLHQ� GHWHUPLQDVL� WHUNRUHNVL�
�5 ��GHQJDQ�UXPXV�VHEDJDL�EHULNXW��'UDSHU�	�

�

DGM

6PLWK�������+XDQJ� �������HW�DO�
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7DEHO����'HVNULSVL�VWDWLVWLN�SRKRQ�FRQWRK��'HVFULSWLYH�VWDWLVWLFV�RI�VDPSOH�WUHHV�
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.HWHUDQJDQ��5HPDUNV�� �  � YROXPH� DNWXDO�� YROXPH�� \L�Ô�f
GXJDDQ� PRGHO�� UDWD�UDWD� YROXPH��
DNWXDO�� � �MXPODK�GDWD�� � �MXPODK�Q S
SDUDPHWHU�PRGHO

0RGHO� YROXPH�SRKRQ� WHUSLOLK� DGDODK�PRGHO�
\DQJ�PHPLOLNL� QLODL�506(� WHUNHFLO�� GDQ� �5 ��

�

DGM

WHUEHVDU��6HODLQ�LWX�PRGHO�WHUVHEXW�KDUXV�PHPH�
QXKL�DVXPVL�NHQRUPDODQ�VLVDDQ�GDQ�KRPRJHQLWDV�
VLVDDQ�

)���9DOLGDVL�$ODW�DODW�3HQGXJD�9ROXPH�3RKRQ

$ODW�DODW� SHQGXJD� YROXPH� SRKRQ� �DQJND�
EHQWXN�� SHUVDPDDQ� �� GDQ� PRGHO� YROXPH��WDSHU
VHODQMXWQ\D� GLJXQDNDQ� XQWXN�PHQGXJD� YROXPH�
SRKRQ� FRQWRK� GDQ� PHPEDQGLQJNDQ� NHWHOLWLDQ�
SHQGXJDDQQ\D� GHQJDQ� PHQJJXQDNDQ� GDWD�
YDOLGDVL��7DEHO�����6HEDJDL�SHPEDQGLQJ��GLQDOLVLV�
SXOD�NHWHOLWLDQ�PRGHO�YROXPH�SRKRQ�VHQJRQ�\DQJ�
GLNHPEDQJNDQ�ROHK�%XVWRPL��������EHULNXW�LQL�

/RJ  �����������������ORJ�9 � '%

$GDSXQ� NULWHULD� VWDWLVWLN� \DQJ� GLJXQDNDQ�
GDODP�YDOLGDVL�DODW�DODW�SHQGXJD�YROXPH�WHUVHEXW�
DGDODK� � � ��� �PHDQ� HUURU 0( SHUFHQWDJH� HUURU
� ��� �� ���3(� PHDQ�DEVROXWH�GLIIHUHQFH 0$' PHDQ�
VTXDUH�HUURU�RI�SUHGLFWLRQ 06(3 UHODWLYH�HUURU��� ���
LQ� SUHGLFWLRQ 5(� PRGHOLQJ� HIILFLHQF\� � ��� GDQ� �
� ���\DQJ�GLKLWXQJ�VHEDJDL�EHULNXW��+XDQJ� �() HW�DO�
������7LU\DQD� ��������HW�DO�

0(� � ��D�!! 06(3� � ��G�� ����������� � �� �������������������

3(��� � 5(�� �� ����E� ���������������������H�!

0(� ()� ����� � ����F�� � �������I�

0(�� 3(�� GDQ� 0$'� PHQJXNXU� ELDV� DWDX�
NHDNXUDWDQ�PRGHO��VHGDQJNDQ�06(3��5(��GDQ�

()�PHQJXNXU� NHWHOLWLDQ� GDUL�PRGHO� SHQGXJDDQ�
�+XDQJ� ��������HW�DO�

*�� $QDOLVLV�3RWHQVL�.HKLODQJDQ�.HXQWXQJDQ�
3HWDQL

3RWHQVL� NHKLODQJDQ� NHXQWXQJDQ� SHWDQL� GDUL�
SHQMXDODQ�ND\X�VHQJRQ�GLDQDOLVLV�GHQJDQ�PHQVL�
PXODVLNDQ�VLVWHP�SHQMXDODQ�EDWDQJDQ�GDQ�ERUR�
QJDQ�WHEDVDQ��8QWXN�VLVWHP�SHQMXDODQ�EDWDQJDQ��
KDUJD�ND\X�WDNVLUDQ�SHQJHSXO�GLEDQGLQJNDQ�GH�
QJDQ�KDUJD�ND\X�VHKDUXVQ\D�\DQJ�GLKLWXQJ�EHU�
GDVDUNDQ� YROXPH� SRKRQ� GHQJDQ� PHQJJXQDNDQ�
DODW�SHQGXJD�YROXPH�SRKRQ�WHUSLOLK��8QWXN�VLV�
WHP�SHQMXDODQ�ERURQJDQ��WRWDO�KDUJD�WHJDNDQ�SDGD�
OXDVDQ�����P �GDUL�WDNVLUDQ�SHQJHSXO�GLEDQGLQJ�

�

NDQ�GHQJDQ�WRWDO�KDUJD�WHJDNDQ�VHKDUXVQ\D�\DQJ�
GLKLWXQJ� EHUGDVDUNDQ� SHQMXPODKDQ� YROXPH� SHU�
SRKRQ�GHQJDQ�PHQJJXQDNDQ�DODW�SHQGXJD�YROX�
PH�WHUSLOLK��3DGD�NHGXD�VLPXODVL�VLVWHP�SHQMXDO�
DQ� WHUVHEXW��SRWHQVL�NHKLODQJDQ�NHXQWXQJDQ�SH�
WDQL�GLKLWXQJ�VHEDJDL�VHOLVLK�DQWDUD�WDNVLUDQ�KDUJD�
ND\X�GDUL�SHQJHSXO�GHQJDQ�KDUJD�SDVDU�ND\X��SHU�
P ���GHQJDQ�PHPSHUKLWXQJNDQ�KDUJD�SHPDQHQDQ�

�

ND\X�\DQJ�GLNHOXDUNDQ�ROHK�SHQJHSXO�

,,,���+$6,/�'$1�3(0%$+$6$1

$���+DVLO

����$QJND�EHQWXN�SRKRQ�VHQJRQ

3RKRQ�VHQJRQ�GL�KXWDQ�UDN\DW�PHPLOLNL�UDWD�
UDWD� DQJND� EHQWXN� EXDWDQ� �������� \DQJ� UHODWLI�
OHELK�EHVDU�GLEDQGLQJ�DQJND�EHQWXN�DEVROXWQ\D�
�������� 7DEHO� ���� 1DPXQ� DQJND� EHQWXN� EXDWDQ�
SRKRQ�VHQJRQ�WHUVHEXW�FHQGHUXQJ�OHELK�VHUDJDP�
� ��GLEDQGLQJ�DQJND�EHQWXN�DEVROXWQ\D�&9 ���
� �&9 ��� �

7DEHO��7DEOH����� 'HVNULSWLI�VWDWLVWLN�DQJND�EHQWXN�DEVROXW�GDQ�EXDWDQ�SRKRQ�VHQJRQ��'HVFULSWLYH�VWDWLVWLFV�
RI�DEVROXWH�DQG�DUWLILFLDO�IRUP�IDFWRU�IURP�VHQJRQ�WUHH�

$QJND�%HQWXN�

�)RUP�IDFWRU��
0LQ� 0D[� 0HDQ� 6'� &9�����

$EVROXW� ������ ������ ������ ������ �� �

%XDWDQ� ������ ������ ������ ������ �� �

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD�
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7DEHO����3HUVDPDDQ�7DSHU�3RKRQ�6HQJRQ��7DSHU�HTXDWLRQV�RI�VHQJRQ�WUHH�

1R� 3HUVDPDDQ��(TXDWLRQV�� ��V� 5�� 5�DGM� 3�YDOXH�

�� G�'� ��������������K�+� ������ ������� ������� ��������

�� G�'� ��������������K�+����������K�+��� ������ ������� ������� ��������

�� G�'� ��������������K�+����������K�+������������K�+��� ������ ������� ������� ��������

�� �G�'��� ��������������K�+� ������ ������� ������� ��������

�� �G�'��� �������������K�+����������K�+��� ������ ������� ������� ��������

�� �G�'��� �������������K�+����������K�+������������K�+��� ������ ������� ������� ��������

�

����3HUVDPDDQ� �SRKRQ�VHQJRQWDSHU

.HHQDP� SHUVDPDDQ� � EHUVLIDW� VDQJDW�WDSHU
Q\DWD��3� ����������\DQJ�EHUDUWL�EDKZD�SHX�YDOXH
EDK�WLQJJL�GDSDW�PHQGXJD�SHXEDK�GLDPHWHU�SDGD�
EHUEDJDL�NHWLQJJLDQ�EDWDQJ�SRKRQ��1DPXQ��EHU�
GDVDUNDQ� QLODL� NRHILVLHQ� GHWHUPLQDVL� �5  �

�

DGM

�������GDQ�QLODL�VLPSDQJDQ�EDNX��  ��������SHU�V
VDPDDQ� �WHUEDLN�DGDODK�SHUVDPDDQ�NHOLPD��WDSHU
�G�'� � �������������K�+����������K�+� �7DEHO�����

� ��

'DUL�KDVLO�LQWHJUDVL� �SHUVDPDDQ�WHUVHEXW�GL�WDSHU
SHUROHK�PRGHO�YROXPH�SRKRQ�VHEDJDL�EHULNXW�

�
97� �������' +

����0RGHO�YROXPH�SRKRQ�VHQJRQ

6HPXD�SDUDPHWHU�SDGD�PRGHO�SHUVDPDDQ�9���
9���9��GDQ�9��EHUVLIDW�Q\DWD��3�YDOXH����������

\DQJ�EHUDUWL�EDKZD�SHXEDK�GLDPHWHU��SDGD�PRGHO�
9�� GDQ� 9��� DWDX� SHXEDK� GLDPHWHU� GDQ� WLQJJL�
�SDGD�PRGHO�9��GDQ�9���GDSDW�GLJXQDNDQ�XQWXN�
PHQGXJD�YROXPH�SRKRQ�7DEHO�����0RGHO�PRGHO�
WHUVHEXW� GDSDW�PHQMHODVNDQ� NHUDJDPDQ� YROXPH�
SRKRQ�VHEHVDU���±�����0RGHO�9��PHPLOLNL�QLODL�
506(� WHUNHFLO� ��������ZDODXSXQ� WLGDN�EHUEHGD�
MDXK�GHQJDQ�PRGHO�9���506( ��������8ML�.RO�
PRJRURY�6PLUQRY� PHQXQMXNNDQ� EDKZD� PRGHO�
9���3�YDOXH �������GDQ�9���3�YDOXH �������PH�
PHQXKL� DVXPVL� NHQRUPDODQ� VLVDDQ� �SDGD� WDUDI�
Q\DWD� ����� $QDOLVLV� VLVDDQ� MXJD� PHQXQMXNNDQ�
EDKZD�PRGHO�9��GDQ�9��PHPHQXKL�DVXPVL�NHKR�
PRJHQDQ�UDJDP�VLVDDQ��'HQJDQ�GHPLNLDQ��PRGHO�
9�� GDQ� 9�� PHUXSDNDQ� PRGHO�PRGHO� YROXPH�
WHUEDLN�GLEDQGLQJNDQ�PRGHO�PRGHO�ODLQQ\D�\DQJ�
WLGDN�PHPHQXKL�DVXPVL�NHQRU�PDODQ�VLVDDQ�GDQ�
NHKRPRJHQDQ�UDJDP�VLVDDQ�

7DEHO��7DEOH����� 1LODL�QLODL� SDUDPHWHU� GDQ� NULWHULD� VWDWLVWLN� XQWXN�PRGHO�PRGHO� YROXPH� �3DUDPHWHU�
HVWLPDWHV�DQG�FULWHULD�VWDWLVWLFV�RI�YROXPH�PRGHOV�

0RGHO� 3DUDPHWHU� 6(� 3�YDOXH� 506(� 5������
5�DGM�

����
6�

1RUPDOLWDV�VLVDDQ�

�1RUPDOLW\�RI�

UHVLGXDOV��

+RPRJHQLWDV�

UDJDP�VLVDDQ�

�+RPRJHQHLW\�RI�

YDULDQFH�UHVLGXDOV��

9�� E�� ������� � ������� � ��������� ������ ������ ������ ������ 7LGDN��1R��� 7LGDN��1R���

� E�� ��������� ����������� ��������� � � � � � �

9�� E�� ������ � ������ � ������ ������ ������ ������ ������ 7LGDN��1R��� 7LGDN��1R��

� E�� ������� � �������� � ������ � � � � � �

� E�� ������� � ����������� ��������� � � � � � �

9�� E�� ��������� ������ � ��������� ������ ������ ������ ������ 7HUSHQXKL� 7HUSHQXKL�

� E�� ���� � ������� � ��������� � � � � �<HV� � �<HV� �

9�� E�� ��������� ������� � ��������� ������ ������ ������ ������ 7HUSHQXKL� 7HUSHQXKL�

� E�� ���� � ������� � ��������� � � � � �<HV� � �<HV� �

� E�� ����� � ������� � ��������� � � � � � �

9�� E�� ������ � �������� � ��������� ������ ������ ������ ������ 7LGDN��1R�� 7LGDN��1R��

� E�� ��������� ����������� ��������� � � � � � �

9�� E�� ������ � ������� � ������ ������ ������ ������ ������ 7LGDN��1R�� 7LGDN��1R��

� E�� ������� � ����������� ��������� � � � � � �

� E�� ��������� ����������� ��������� � � � � � �

�� E�� ������ � �������� � ������ �� �� �� �� �� ��

�

$UL�$UGHOLQD��7DWDQJ�7LU\DQD�GDQ�0XKGLQ

0RGHO�9ROXPH�3RKRQ�6HQJRQ�XQWXN�0HQLODL
.HKLODQJDQ�.HXQWXQJDQ�3HWDQL�+XWDQ�5DN\DW

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

6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD�
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7DEHO��7DEOH����� 1LODL�QLODL�VWDWLVWLN�KDVLO�XML�YDOLGDVL�PRGHO�PRGHO�SHQGXJD�YROXPH�SRKRQ��9DOLGDWLRQ�
VWDWLVWLFV�RI�WUHH�YROXPH�PRGHOV�

0RGHO� 0(� 3(����� 0$'� 06(3� 5(����� ()�

9�� ������ ������ ������ ������ ������ ������

9�� ������ ������ ������ ������ ������ ������

9�ID� ������� ������� ������ ������ ������ ������

9�IE� ������� �������� ������ ������ ������ ������

9WDSHU� ������� �������� ������ ������ ������ ������

9%�� ������ ������ ������ ������ ������ ������

��� .HWHOLWLDQ�PRGHO�PRGHO� SHQGXJD� YROXPH�
SRKRQ

0RGHO�9��PHQXQMXNNDQ�SHUIRUPDQVL�WHUEDLN��
NDUHQD� OHELK� DNXUDW� �QLODL� �� GDQ� �0(�3(� 0$'
SDOLQJ�UHQGDK��GDQ�OHELK�WHOLWL��QLODL�06(3��5(��
SDOLQJ�UHQGDK�GDQ�()�SDOLQJ�WLQJJL���GLVEDQGLQJ�
PRGHO�PRGHO� ODLQQ\D� GDODP� PHQGXJD� YROXPH�
SRKRQ�VHQJRQ��7DEHO�����0RGHO�WHUEDLN�EHULNXW�
Q\D�DGDODK�9��GDQ�NHPXGLDQ�EHUWXUXW�WXUXW�9 ��ID

9 ��9 ��GDQ�9 �% 7 IE

����3RWHQVL�NHKLODQJDQ�NHXQWXQJDQ�SHWDQL

'DODP�VLVWHP�SHQMXDODQ�ND\X�VHQJRQ�GL�ORNDVL�
SHQHOLWLDQ�� SHQJHSXO�PHQDQJJXQJ� VHPXD� ELD\D�
SHPDQHQDQ��SHQHEDQJDQ��SHPLNXODQ��GDQ�SHQJ�
DQJNXWDQ��� 2OHK� NDUHQD� LWX�� ELD\D� SHPDQHQDQ�
WHUVHEXW� GLSHUKLWXQJNDQ� GDODP� WRWDO� KDUJD� MXDO�
XQWXN�PHQJDQDOLVLV�SRWHQVL�SHQGDSDWDQ�SHQMXDO�
DQ�ND\X��7DEHO����

3DGD�VLVWHP�SHQMXDODQ�ND\X�VHQJRQ�SHU�EDWDQJ�
GDQ� SHU� OXDVDQ�� EHUSRWHQVL� PHQLPEXONDQ� NHKL�
ODQJDQ�NHXQWXQJDQ�\DQJ�FXNXS�EHVDU�EDJL�SHWDQL��
6LVWHP�SHQMXDODQ�ND\X�SHU�EDWDQJDQ�PHQLPEXO�
NDQ� NHKLODQJDQ� NHXQWXQJDQ� VHEHVDU� ��������
VHGDQJNDQ� VLVWHP� SHQMXDODQ� ND\X� SHU� OXDVDQ�

7DEHO��7DEOH������7RWDO�KDUJD�MXDO�ND\X�VHQJRQ��7RWDO�VHOOLQJ�SULFH�RI�VHQJRQ�

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

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

6LVWHP�

3HQMXDODQ�

�6HOOLQJ�

V\VWHPV��

/XDV�

ODKDQ�

�7RWDO�

DUHD���

-XPODK�

�7RWDO��

+DUJD�-XDO��

�3ULFH��

%LD\D�ELD\D��5S���

�&RVW��

7RWDO�+DUJD�

-XDO��7RWDO�RI�

VHOOLQJ�SULFH��

�P���
�%DWDQJ��

�/RJ��
�5S��

3HQHEDQJDQ�

�/RJJLQJ���

3HPLNXODQ�

�0DQXDO�

7UDQVSRUWDWLRQ��

3HQJDQJNXWDQ�

�7UDQVSRUWDWLRQ��
�5S��

SHU�EDWDQJ�

�SHU�ORJ��
�� �� �������� ������ ������ ������ ��������

SHU�OXDVDQ�

�SHU�DUHD��
���� ��� ���������� ��������� ��������� ������� ����������

.HWHUDQJDQ��5HPDUNV���,QIRUPDVL�KDUJD�GDQ�ELD\D�GLSHUROHK�GDUL�WHQJNXODN�ORFDO�
6XPEHU��6RXUFH���'LRODK�GDUL�GDWD�ODSDQJ��&RPSLOHG�DQG�DQDO\]HG�IURP�ILHOG�GDWD��

PHQLPEXONDQ� NHKLODQJDQ� NHXQWXQJDQ� VHEHVDU�
��������7DEHO�����+DO� LQL�PHQXQMXNNDQ�EDKZD�
VLVWHP�SHQMXDODQ�ND\X�GHQJDQ�WDQSD�PHQJKLWXQJ�
YROXPH�SRKRQ�DWDX�WHJDNDQ�VHQJRQ�VHVXQJJXK�
Q\D�VDQJDW�EHUSRWHQVL�PHQLPEXONDQ�NHKLODQJDQ�
NHXQWXQJDQ�EDJL�SDUD�SHWDQL�KXWDQ�UDN\DW�

%���3HPEDKDVDQ

$QJND� EHQWXN� SRKRQ�PHUXSDNDQ� VDODK� VDWX�
NRPSRQHQ�SHQHQWX�YROXPH�SRKRQ�\DQJ�PHUXSD�
NDQ�SHQJJDPEDUDQ�GDUL�EHQWXN�EDWDQJ��7LGDN�DGD�
SHUEHGDDQ�\DQJ�VLJQLILNDQ�DQWDUD�DQJND�EHQWXN�
EXDWDQ� GDQ� DEVROXW� VHKLQJJD� NHGXDQ\D�PDPSX�
PHQMHODVNDQ�EHQWXN�EDWDQJ�� ���������)DGDHL�HW�DO�
WHWDSL� PDVLQJ�PDVLQJ� DQJND� EHQWXN� PHPLOLNL�
QLODL�DNXUDVL�\DQJ�EHUEHGD��$QJND�EHQWXN�\DQJ�
VHULQJ� GLJXQDNDQ� DGDODK� DQJND� EHQWXN� EXDWDQ�
NDUHQD� �ELDVD�GLJXQDNDQ�VHEDJDL�FLUL�GLDPHWHU�GEK
SRKRQ��6LPRQ���������1DPXQ��KDVLO�SHQHOLWLDDQ�
PHQXQMXNNDQ�EDKZD�DQJND�EHQWXN�DEVROXW�OHELK�
DNXUDW�GDODP�PHQGXJD�YROXPH�SRKRQ�GLEDQGLQJ�
NDQ�DQJND�EHQWXN�EXDWDQ��+DO�LQL�GLGXJD�NDUHQD�
SRKRQ� VHQJRQ� GL� KXWDQ� UDN\DW� WLGDN� EHUEDQLU�
VHKLQJJD�GLDPHWHU�SDQJNDO�PHPSXQ\DL�NRUHODVL�
\DQJ�NXDW�GHQJDQ�YROXPH�EDWDQJ�
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3URVHV�SHQMXDODQ�VHQJRQ�GL�ORNDVL�SHQHOLWLDQ�
WLGDN�PHQJKLWXQJ� GLPHQVL� SRKRQ� GDODP�PHQH�
WDSNDQ�KDUJD��-XDO�EHOL�GLODNVDQDNDQ�PHODOXL�SUR�
VHV�WDZDU�PHQDZDU�KDUJD�DQWDUD�SHQJHSXO�GHQJDQ�
SHWDQL�� 3HQJHSXO�PHPHJDQJ� SHUDQDQ� NXQFL� VH�
PHQWDUD�SHWDQL�PHPLONL�SHUDQ�\DQJ�UHQGDK�GDODP�
WDWD�QLDJD�ND\X��6LVZR\R���������3HQJHSXO�PHQH�
WDSNDQ� KDUJD� EHUGDVDUNDQ� SHQGXJDDQ� WDQSD�
PHQJXNXU� SRKRQ�� 3UDNWHN� SHQMXDODQ� WHUVHEXW�
PHQLPEXONDQ� NHVDODKDQ� SHQJKLWXQJDQ� QLODL�
ND\X�� .HVDODKDQ� QLODL� ND\X� DNDQ� PHUDPEDW�
NHSDGD� KDUJD� MXDO�� 3HUEDQGLQJDQ� QLODL� ND\X�
DQWDUD�SUDNWHN�SHQMXDODQ�\DQJ�GLODNXNDQ�GHQJDQ�
QLODL�ND\X�EHUGDVDUNDQ�YROXPH�SRKRQ�PHQXQMXN�
NDQ� EDKZD� SHWDQL� GL� KXWDQ� UDN\DW� PHQJDODPL�
NHKLODQJDQ� NHXQWXQJDQ� VHEHVDU� ������� XQWXN�
SHQMXDODQ� SHU� EDWDQJ�� GDQ� ������� XQWXN� SHU�
OXDVDQ�� +DO� LQL� PHQXQMXNNDQ� EDKZD� VLVWHP�
SHQMXDODQ�ND\X�WDQSD�PHQJKLWXQJ�YROXPH�SRKRQ�
DWDX� WHJDNDQ� VHQJRQ� VHVXQJJXKQ\D� VDQJDW� EHU�
SRWHQVL�PHQLPEXONDQ�NHKLODQJDQ�NHXWXQJDQ�EDJL�
SDUD�SHWDQL�KXWDQ�UDN\DW�

9���.(6,038/$1�'$1�6$5$1

$���.HVLPSXODQ

9ROXPH�SRKRQ�VHQJRQ�GL�KXWDQ�UDN\DW�GDSDW�
GLGXJD� VHFDUD� DNXUDW� GDQ� WHOLWL� PHODOXL� PRGHO�

����9 ��������' ��6LVWHP�SHQMXDODQ�ND\X�VHQJRQ�
\DQJ� OD]LP� GLWHUDSNDQ� GL� KXWDQ� UDN\DW� \DQJ�
PHQJJXQDNDQ�VLVWHP�SHQMXDODQ�ND\X�SHU�EDWDQJ�
PHQLPEXONDQ� SRWHQVL� NHKLODQJDQ� NHXQWXQJDQ�
VHEHVDU���������VHGDQJNDQ�\DQJ�PHQJJXQDNDQ�
VLVWHP�SHQMXDODQ�ND\X�SHU�OXDVDQ�NHKLODQJDQQ\D�
VHEHVDU��������

%���6DUDQ

3HQHOLWLDQ�LQL�PHPLOLNL�EDWDVDQ�GDODP�SHPLOL�
KDQ�SRKRQ�FRQWRK�\DLWX�SRKRQ�OXUXV��VHPHQWDUD�
MHQLV�SRKRQ�VHQJRQ�WHUGLUL�GDUL�EHUEDJDL�PDFDP�
EHQWXN�DUVLWHNWXU��2OHK�VHEDE�LWX��SHUOX�SHQHOLWLDQ�
OHELK� ODQMXW� XQWXN� SHQ\XVXQDQ� PRGHO� YROXPH�
SRKRQ� GDODP� EHUEDJDL�PDFDP� DUVLWHNWXU� XQWXN�
DUHDO�KXWDQ� UDN\DW�\DQJ� ODLQ�GDODP�UDQJND�PH��
QLQJNDWNDQ�NHWHOLWLDQ�GDODP�SHQ\XVXQDQ�PRGHO�
YROXPH�SRKRQ�

8&$3$1�7(5,0$�.$6,+

'LVDPSDLNDQ� XFDSDQ� WHULPD� NDVLK� NHSDGD�
%DSDN�0DQVXU�GDQ�%DSDN�$IGDO�\DQJ�WHODK�PHP�
EDQWX�GDODP�SHODNVDQDDQ�SHQHOLWLDQ�GDQ�SHQJXP�
SXODQ�GDWD�GL�ODSDQJDQ�

'$)7$5�3867$.$

%OXKP�� $�$��� *DUEHU�� 6�0��� 	� +LEEV�� '�(��
��������7DSHU�HTXDWLRQ�DQG�YROXPH�WDEOHV�
IRU�SODQWDWLRQ�JURZQ�UHG�DOGHU��:DVKLQJ�
WRQ��2UHJRQ�6WDWH�8QLYHUVLW\�

%XVWRPL�� 6��� +DUEDJXQJ�� 	� .ULVQDZDWL�� +��
��������7DEHO�LVL�SRKRQ�ORNDO�MHQLV�6HQJRQ�
�3DUDVHULDQWKHV� IDOFDWDULD�� GL� .3+� %R�
JRU��,QGRQHVLD��%XOHWLQ�3HQHOLWLDQ�+XWDQ��
�����������

&KDYH��-���&RQGLW��5���$JXLODU��6���+HUQDQGH]��$���
/DR�� 6��� 	� 3HUH]�� 5�� �������� (UURU�
SURSDJDWLRQ�DQG�VFDOLQJ�IRU�WURSLFDO�IRUHVW�
ELRPDVV� HVWLPDWHV�� 3HUDQFLV�� 7KH� 5R\DO�
6RFLHW\�

'LQL\DWL�� '��� 6DQWRVR�� +�%��� 	� 5XKLPDW�� ,�6��
��������3HUDQ�KXWDQ�UDN\DW�GDODP�PHQLQJ�
NDWNDQ�NHVHMDKWHUDDQ�PDV\DUDNDW�GL�VHNL�
WDU�+XWDQ�*XQXQJ�6DZDO��%DODL�3HQHOLWLDQ�
.HKXWDQDQ��S���������

'UDSHU�� 1�5��� 	� 6PLWK�� +�� �������� $QDOLVLV�
UHJUHVL�WHUDSDQ��*UDPHGLD��-DNDUWD�

)DGDHL��)���)DOODK��$���/DWLIL��+���	�0RKDPPDGL��
.�� �������� 'HWHUPLQLQJ� WKH� EHVW� IRUP�
IDFWRU� IRUPXOD� IRU� /REOROO\� 3LQH� �3LQXV�
WDHGD�/���SODQWDWLRQV�DW� WKH�DJH�RI����� LQ�
*XLODQ�QRUWKHUQ�,UDQ��-RXUQDO�RI�(QYLURQ�
PHQWDO�6FLHQFHV�������������

+DUEDJXQJ�� +��� 	� .ULVQDZDWL�� �������� 0RGHO�
WDSHU� EDWDQJ� WDQDPDQ� .KD\D� DQWKRWHFD�
&�'&�� GL� +XWDQ� 3HQHOLWLDQ� 3DVLUKDQWDS�
6XNDEXPL��-DZD�%DUDW�� �-XUQDO�3HQHOWLDQ�
+XWDQ�GDQ�.RQVHUYDVL�$ODP�������������

+XDQJ��6���<DQJ��<���	�:DQJ��<����������$�FULWLFDO�
ORRN� DW� SURFHGXUHV� IRU� YDOLGDWLQJ�JURZWK�
DQG�\LHOG��,Q��$PDUR�$���5HGG�'���6RDUHV�3��
�HGV��0RGHOOLQJ�IRUHVW�V\VWHPV��*XLOGIRUG��
&$%,�3XEOLVKLQJ��S����������

+XVFK��%���%HHUV��7�:���	�.HUVKDZ��-�$����������
)RUHVW�PHQVXUDWLRQ��)ORULGD��7KH�5RQDOG�
3UHVV�&RPSDQ\�

.XULQREX�� 6��� 3UHKDWLQ��'���0RKDPPDG��1���	�
0DWVXQH��.����������$�VWHP�WDSHU�HTXDWLRQ�
FRPSDWLEOH�WR�YROXPH�HTXDWLRQ�IRU�3DUD�
VHULDQWKHV� IDOFDWDULD� LQ� 3DUH�� (DVW� -DYD��
,QGRQHVLD��LWV�LPSOLFDWLRQV�IRU�WKH�SODQWD�
WLRQ� PDQDJHPHQW�� -RXUQDO� RI� )RUHVW�
5HVHDUFK��������������

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ
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.XVPHGL�� 3��� 	� -DUL\DK�� 1�$�� ��������$QDOLVLV�
ILQDQVLDO�SHQJHORODDQ�DJURIRUHVWUL�GHQJDQ�
SROD� VHQJRQ� NDSXODJD� GL� 'HVD� 7LULS��
.HFDPDWDQ� :DGDVOLQWDQJ�� .DEXSDWHQ�
:RQRVRER�� -XUQDO� 3HQHOLWLDQ� 6RVLDO� GDQ�
(NRQRPL�.HKXWDQDQ���������������

0XKGLQ�� 	� +DNLP�� $�5�� �������� 3HQHQWXDQ�
MXPODK� SRKRQ� FRQWRK� PLQLPDO� XQWXN�
SHQ\XVXQDQ� SHUVDPDDQ� YROXPH� PHODOXL�
IXQJVL� WDSHU�� -XUQDO� 0DQDMHPHQ� +XWDQ�
7URSLND���������������

1XJURKR��%���7LU\DQD��7����������,PSOLFDWLRQV�RI�
WKH�SULYDWH�SURSHUW\�ULJKW�WR�WKH�FRPPXQLW\�
IRUHVW� EXVLQHVVHV� IRUPDOL]DWLRQ� WKURXJK�
WKH�FHUWLILFDWLRQ�SROLF\��-XUQDO�0DQDMHPHQ�
+XWDQ�7URSLND�����������������

3HPHULQWDK� 'DHUDK� %RJRU�� ������ 0RQRJUDIL�
'HVD�.DU\DVDUL��%RJRU��%RJRU�

3ULKDGL�� 1��� 'DUXVPDQ�� '��� 1XJURKR�� %��� 	�
:LMD\DQWR��1����������.HOHPEDJDDQ�NHPL�
WUDDQ� LQGXVWUL� SHQJRODKDQ� ND\X� EHUVDPD�
UDN\DW�XQWXN�PHPEDQJXQ�KXWDQ�GL�3XODX�
-DZD�� -XUQDO�3HQHOLWLDQ� 6RVLDO� GDQ�(NR�
QRPL�.HKXWDQDQ����������������

6LPRQ�� +�� �������� 0HWRGH� ,QYHQWRUH� +XWDQ��
<RJ\DNDUWD��3HQHUELW�$GLW\D�0HGLD�

6LVZR\R��%�� ��������+XWDQ� UDN\DW� GDQ� VHUEXDQ�
SDVDU�� 6WXGL� UHIOHNVL� SHQJXVDKDDQ� KXWDQ�
UDN\DW�OHVWDUL�VHFDUD�NRODERUDWLI�GL�3DFLWDQ��
-DZD�7LPXU��-XUQDO�,OPX�6RVLDO�GDQ�,OPX�
3ROLWLN����������������

6SUXJHO��'�*����������&RUUHFWLQJ�IRU�ELDV�LQ�ORJ�
WUDQVIRUPHG�DOORPHWULF�HTXDWLRQV��-RXUQDO�
(FRORJ\�����������������

6SXUU��+�� ��������)RUHVW� ,QYHQWRU\��1HZ�<RUN��
7KH�5RQDOG�3UHVV�&RPSDQ\�

7LU\DQD��7���7DWVXKDUD��6���	�6KLUDVKL��1����������
(PSLULFDO�PRGHOV�IRU�HVWLPDWLQJ�WKH�VWDQG�
ELRPDVV� RI� WHDN� SODQWDWLRQV� LQ� -DYD��
,QGRQHVLD��-RXUQDO�RI�)RUHVW�3ODQQLQJ������
��������

<DQJ��<��� 5REHUW��$��� 0RQVHUXG�� 	� +XDQJ�� 6��
��������$Q� HYDOXDWLRQ� RI� GLDJQRVWLF� WHVW�
DQG�WKHLU�UROHV�LQ�YDOLGDWLQJ�IRUHVW�ELRPH�
WULF�PRGHOV��-RXUQDO� RI�)RUHVW�5HVHDUFK��
������������

$UL�$UGHOLQD��7DWDQJ�7LU\DQD�GDQ�0XKGLQ

0RGHO�9ROXPH�3RKRQ�6HQJRQ�XQWXN�0HQLODL
.HKLODQJDQ�.HXQWXQJDQ�3HWDQL�+XWDQ�5DN\DW


