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7XMXDQ� SHQHOLWLDQ� DGDODK�PHQJNRQVWUXNVL� PRGHO� OD\DQDQ� DLU� EHUVLK� �DLU� PLQXP�� GL�

'.,�-DNDUWD�NKXVXVQ\D�XQWXN�SDUDPHWHU�NRQWLQXLWDV�SHOD\DQDQ����MDP��0HWRGH�SHQHOLWLDQ�
PHQJJXQDNDQ� PHWRGH� NXDOLWDWLI�� 3RSXODVL� GDQ� VDPSHO� SHQHOLWLDQ� WHUGLUL� GDUL� PDV\DUDNDW�
SHODQJJDQ� DLU� 3$0� GL� ZLOD\DK� 7LPXU� -DNDUWD� VHEDQ\DN� ���� UHVSRQGHQ� VHUWD� SLKDN�
SHQJHOROD� �SHUXVDKDDQ�� DLU� EHUVLK� 37�� $(75$�� 6DPSHO� GLSLOLK� EHUGDVDUNDQ� WHNQLN�
SXUSRVVLYH� VDPSOLQJ�� 7HNQLN� SHQJXPSXODQ� GDWD� PHODOXL� ZDZDQFDUD� ODQJVXQJ� GHQJDQ�
EDQWXDQ� SDQGXDQ� ZDZDQFDUD�� 'LVDPSLQJ� LWX�� GDWD� SULPHU� MXJD� GLSHUROHK�PHODOXL� SURVHV�
)*'��IRFXV�JURXSV�GLVFXVVLRQ��� ,QVWUXPHQ�SHQHOLWLDQ�PHQJJXQDNDQ�SDQGXDQ�ZDZDQFDUD
GDQ� SDQGXDQ� XPXP� GLVNXVL� XQWXN� SHODNVDQDDQ� )RFXV� *URXS� 'LVFXVVLRQ�� 'DWD� WHURODK�
GLDQDOLVLV�PHODOXL�V\VWHP�GLQDPLN��

+DVLO�SHQHOLWLDQ PHQXQMXNNDQ�EDKZD�������)DNWRU�IDNWRU�\DQJ�EHUSHQJDUXK�WHUKDGDS�
SHQLQJNDWDQ�NRQWLQXLWDV�OD\DQDQ�DLU�PLQXP�GL�'.,�-DNDUWD DGDODK�MXPODK�SHQGXGXN��WDULI�DLU�
EHUVLK�� NDSDVLWDV� WHUSDVDQJ�� WLQJNDW� NHKLODQJDQ� DLU�� GDQ� NXDQWLWDV� DLU� EDNX�� ���� 0RGHO�
GLQDPLND�NRQWLQXLWDV�OD\DQDQ�DLU�PLQXP�GL�'.,�-DNDUWD GDSDW�GLVXVXQ�GDUL�WLJD�DVSHN��\DLWX�
DVSHN�DVSHN� SHODQJJDQ�� NDSDVLWDV� SHQJRODKDQ�� GDQSDVRNDQ� DLU�� )DNWRU�IDNWRU� SHQGXGXN�
GDQ� WDULI� GDSDW� GLJRORQJNDQ� NHGDODP� VXE� PRGHO� SHODQJJDQ�� )DNWRU�IDNWRU� NDSDVLWDV�
WHUSDVDQJ GDQ� WLQJNDW� NHKLODQJDQ� DLU� GDSDW� GLJRORQJNDQ� NHGDODP� VXE� PRGHO� NDSDVLWDV�
SHQJRODKDQ��6HPHQWDUD� IDNWRU� NXDQWLWDV�DLU� EDNX�GDSDW� GLJRORQJNDQ�NHGDODP�VXE�PRGHO�
SDVRNDQ�DLU�

.DWD�NXQFL���0RGHO�(YDOXDVL��.RQWLQXLWDV�OD\DQDQ�DLU�PLQXP��'.,�-DNDUWD�

3(1'$+8/8$1
.RWD�-DNDUWD�DGDODK�NDZDVDQ�\DQJ�

PHPEHQWDQJ� GL� ZLOD\DK� SHVLVLU� GDQ�
SHVLVLU� SDGD� KDNLNDWQ\D� PHUXSDNDQ�
NDZDVDQ� SDOLQJ� SURGXNWLI� WHUOHELK�
EHUEDJDL� DNWLYLWDV� HNRQRPL� PHQJDPELO�
WHPSDW� GL� VLQL�� 'DQ� VHEDJDL� NDZDVDQ�
\DQJ� WHUXV� EHUNHPEDQJ�� NRWD� -DNDUWD�
MXJD� WHUXV� PHQJDODPL� WHNDQDQ� EDLN�
GLVHEDENDQ� ROHK� SHUWXPEXKDQ�
SHQGXGXN�� SHUXEDKDQ� SHQJJXQDDQ�
ODKDQ�� PDXSXQ� SHQXUXQDQ� NXDOLWDV�
VXPEHU� GD\D� SHVLVLU�� GDQ� SHQXUXQDQ�
NXDOLWDV� DLU� UHODWLI� UHQWDQ� WHUKDGDS�
SHUXEDKDQ� NDZDVDQ� DNLEDW� WXPEXKQ\D�
ZLOD\DK� SHUPXNLPDQ� VHFDUD� FHSDW� \DQJ�

ELDVDQ\D� GLSLFX� ROHK� SHUWXPEXKDQ�
LQGXVWUL�� 'XD NDZDVDQ� SHUPXNLPDQ� GDQ�
LQGXVWUL� ELDVDQ\D� MXJD� PHPHUOXNDQ� DLU�
EHUVLK� UHODWLI� EHVDU�� EDLN� \DQJ� GLSHUROHK�
GDUL� VXSODL� DLU� EHUVLK� VLVWHP� SHUSLSDDQ�
�DLU� 3$0�� PDXSXQ� PHODOXL� SHPRPSDDQ�
DLU�WDQDK�

0HQLQJNDWQ\D� SURSRUVL� GDUL�
SRSXODVL� GDODP� SHQJJXQDDQ� VXPEHU� DLU�
PLQXP� OD\DN� DNDQ� PHFHUPLQNDQ�
SHUVHQWDVH� SHQGXGXN� \DQJ�
PHQJJXQDNDQ� VDODK� VDWX� VXPEHU� DLU�
EHUVLK� EHULNXW�� DLU� OHGHQJ� NH� UXPDK�
WLQJJDO��SORW�DWDX�KDODPDQ��KLGUDQ�XPXP��
VXPXU� ERU�� VXPXU� JDOL�� PDWD� DLU�
WHUOLQGXQJ�� SHQDPSXQJDQ� DLU� KXMDQ� GDQ�
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DLU� PLQXP� NHPDVDQ� �MLND VXPEHU�
VHNXQGHU� \DQJ� WHUVHGLD� DGDODK� MXJD�
PHQLQJNDW��� GDQ� MLND� NRQVXPVL� VHPDNLQ�
WLQJJL�� ELVD� VDMD� SHQ\HGLDDQ� DLU� EHUVLK�
SHQGXGXN� KDUXV� GLXSD\DNDQ� EHUVXPEHU�
GDUL� DLU� JHUREDN�� WDQNL� DLU� GDUL�PRELO�� DLU�
SHUPXNDDQ� �ODQJVXQJ� GDUL� VXQJDL��
NRODP��VXQJDL��GDQDX��ZDGXN�DWDX�LULJDVL�
VDOXUDQ�� \DQJ� VXGDK� GLRODK� WHUOHELK�
GDKXOX��$OL�.DUQLE��������

7HUNDLW� SHQJJXQDDQ� VXPEHU�
VHNXQGHU� WHUVHEXW� GL� DWDV�� ELVD� VDMD�
GLNHPEDQJNDQ� GHQJDQ� PHPSHUKDWLNDQ�
FDUD�FDUD� SDOLQJ� HIHNWLI� GDQ� VHFDUD�
NRQVLVWHQ� PHPDVWLNDQ� NHVHODPDWDQ�
SDVRNDQ� DLU� PLQXP� �*DEULHOOD�
/RFNKDUW� :LOOLDP� (�� 2VZDOG� %ULDQ�
+XEEDUG� (OL]DEHWK� 0HGOLQ�� DQG 5LFKDUG�
-�� *HOWLQJ�� ������ :+2�� ������ GDQ�
PHODOXL� SHQJRODKDQ� VHUWD� SHQJHORODDQ�
VHFDUD� VWDQGDU� GDQ� GDSDW� GLHYDOXDVL� GL�
VHOXUXK� GXQLD� �*HOWLQJ� 5-�� 'HOHD� .��
0HGOLQ� (��� ������� 'DQ� NDUHQDQ\D��
EHEHUDSD�SHQGHNDWDQ�XQWXN�PHQHQWXNDQ�
PRGHO� HYDOXDVL� GDQ� SHPHQXKDQ� DLU�
EHUVLK� SHQGXGXN� GL� NDZDVDQ� SHUNRWDDQ�
GDSDW�PHQJJXQDNDQ�SHQGHNDWDQ�DQDOLVLV�
UHJUHVL� VSDVLDO� GHQJDQ� *HRJUDSKLFDOO\�
:HLJKWHG� 5HJUHVLRQ� �5XOOL� 3UDWLZL�
6HWLDZDQ�� ������� PHWRGH� *RDO�
3URJUDPPLQJ�� PHWRGH� SHPRGHODQ�
GLQDPLND� V\VWHP�� 0RGHO� 3DUWQHUVKLS��
GDQ� EHUEDJDL SHQGHNDWDQ� ODLQ� \DQJ�
VHVXDL� GHQJDQ� NRQGLVL� HNVLVWLQJ�
SHOD\DQDQ� VHUWD� NDUDNWHU�
PDV\DUDNDWQ\D��

3HQGHNDWDQ�SHQGHNDWDQ� WHUVHEXW�
GL�DWDV�GLSDQGDQJ�PDPSX�PHQJHYDOXDVL�
GDQ� PHQLQJNDWNDQ� NRQWLQXLWDV� OD\DQDQ�
DLU� PLQXP� VHEDJDL� HIHN� SRVLWLI� GDUL�
UHQFDQD� NHVHODPDWDQ� DLU� WDQSD�
PHPHUOXNDQ� SHQJDZDVDQ� \DQJ� OXDV��
VWXGL�GDQ�ZDNWX�\DQJ�UHODWLYH� OHELK� ODPD�
JXQD� PHPEDQWX� PHQLQJNDWNDQ�
SHUEDLNDQ� NXDOLWDV� DLU� GDQ� NHVHKDWDQ�
PDV\DUDNDW��*HOWLQJ�5-��'HOHD�.� 0HGOLQ�

(��� ������ VHVXDL� GHQJDQ� NDUDNWHULVWLN�
SHUPDVDODKDQ�\DQJ�GLKDGDSL�

3HUPDVDODKDQ� \DQJ� GLKDGDSL� ROHK�
SHQ\HOHQJJDUD� SHQJHORODDQ� DLU� EHUVLK�
'.,� -DNDUWD� VDQJDWODK� NRPSOHNV�� PXODL�
GDUL�WHUEDWDVQ\D�NHWHUVHGLDDQ�GDQ�VXSODL�
DLU� EDNX�� SHQLQJNDWDQ� NHEXWXKDQ�
�GHPDQG��� FDNXSDQ� OD\DQDQ�\DQJ�PDVLK�
UHODWLI� UHQGDK�� WLQJJLQ\D� DQJND�
NHKLODQJDQ�DLU��PDVLK�UHQGDKQ\D�VWDQGDU�
SHOD\DQDQ�� GDQ�VDPSDL�DGDQ\D� WXQWXWDQ�
WHUKDGDS� NHELMDNDQ� SHPEDWDVDQ�
HNVWUDNVL� DLU� WDQDK� GDODP� �GHHS�
JURXQGZDWHU����

0DVDODK� ODLQ� VHSHUWL� EHUDJDPQ\D�
ODWDU� EHODNDQJ� NRQVXPHQ� �HNRQRPL��
SHQGLGLNDQ�� GDQ� VHEDJDLQ\D��� NHLQJLQDQ�
VHUWD� NHPDPSXDQ� PHPED\DU� KDUJD� DLU��
NHERFRUDQ�� GDQ� DWDX� SHQFXULDQ� DLU��
PHQMDGLNDQ� SHUXVDKDDQ� DLU� 3$0�
NDGDQJ�NDGDQJ� PHPEHULNDQ� SULRULWDV�
SHOD\DQDQ� NHSDGD� NRQVXPHQ� ELVQLV�
XWDPDQ\D� WHUKDGDS� VHJPHQ� LQGXVWUL��
'DQ� EDJL� NRQVXPHQ� UXPDK�
WDQJJD�GRPHVWLN�� PDVDODK� GL� DWDV�
VHULQJNDOL� PHQLPEXONDQ� PDVDODK�
WHUKDGDS� SROD� GLVWULEXVL� DOLUDQ� \DQJ�
PHUHND� UDVDNDQ�� 3HUEHGDDQ� SHOD\DQDQ�
WHUVHEXW� ELVD� VDMD� GLPXQJNLQNDQ� ROHK�
NHSHQWLQJDQ� SHUXVDKDDQ� XQWXN�
PHPHQXKL� WDUJHW� SHOD\DQDQ� GDQ�
SHQFDSDLDQ� NHXQWXQJDQ� SHUXVDKDDQ�
XQWXN� NHODQFDUDQ� XVDKDQ\D�� .HVHPXD�
SHUPDVDODKDQ� GL� DWDV� SDGD� DNKLUQ\D�
PHQJKDUDSNDQ� VROXVL� \DQJ� ELVD� GHQJDQ�
VHJHUD�GLZXMXGNDQ��

.RQWLQXLWDV� DGDODK� VDODK� VDWX�
XQVXU� SHQWLQJ� GLPDQD� SHOD\DQDQ� \DQJ�
EDLN� DGDODK� \DQJ� PHQGDSDWNDQ�
SHOD\DQDQ� VHFDUD� SHQXK� ��� MDP� WHUXV�
PHQHUXV�� .RQWLQXLWDV� PHQFHUPLQNDQ�
EDLNQ\D� SHQJHORODDQ� DLU� EHUVLK� VHFDUD�
WHNQLV� RSHUDVLRQDO�� 'HQJDQ� PHQJHWDKXL�
SRVLVL� SHOD\DQDQ� ��� MDP� GL� ZLOD\DK�'.,�
-DNDUWD�� GDSDW� GLMDGLNDQ� GDVDU� XQWXN�
PHPEDQWX� PHQHWDSNDQ� SULRULWDV� WLQJNDW�
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SHOD\DQDQ�� 'DQ� EHUGDVDUNDQ� KDVLO�
SHQHOLWLDQ�GL�WDKXQ�SHUWDPD�VHEHOXPQ\D��
GLPDQD� WHODK� GLSHUROHK� 3HWD� 'LVWULEXVL�
/D\DQDQ� DLU� EHUVLK� EDLN� \DQJ� PDVXN�
NHGDODP� NDWHJRUL� ��� MDP� IXOO� WHUOD\DQL�
PDXSXQ� WLGDN� WHUOD\DQL� ��� MDP�� PDND�
SHQHOLWLDQ GL� WDKXQ� NHGXD� LQL� DGDODK�
XQWXN� PHQJNRQVWUXNVL� PRGHO� HYDOXDVL�
GDQ� SHQLQJNDWDQ� NRQWLQXLWDV� OD\DQDQ� DLU�
PLQXP� GL� '.,� -DNDUWD�� VHKLQJJD� ELVD�
PHQGRURQJ�SHQLQJNDWDQ�NXDOLWDV�OD\DQDQ�
WHUKDGDS� NHEXWXKDQ� DLU� EHUVLK� EDJL�
PDV\DUDNDW��

0(72'2/2*,�3(1(/,7,$1
7XMXDQ� SHQHOLWLDQ� DGDODK�

PHQJNRQVWUXNVL�PRGHO�OD\DQDQ�DLU�EHUVLK�
�DLU� PLQXP�� GL� '.,� -DNDUWD� NKXVXVQ\D�
XQWXN� SDUDPHWHU� NRQWLQXLWDV� SHOD\DQDQ�
��� MDP�� VHKLQJJD� ELVD� PHQGRURQJ�
SHQLQJNDWDQ� NXDOLWDV� OD\DQDQ� WHUKDGDS�
NHEXWXKDQ� DLU� EHUVLK� EDJL� PDV\DUDNDW��
0HWRGH� SHQHOLWLDQ� GL� WDKXQ� NHGXD�
PHQJJXQDNDQ� NXDOLWDWLI�� 3RSXODVL� GDQ�
VDPSHO�SHQHOLWLDQ� WHUGLUL�GDUL�PDV\DUDNDW�
SHODQJJDQ� DLU� 3$0� GL� ZLOD\DK� 7LPXU�
-DNDUWD� VHEDQ\DN� ���� UHVSRQGHQ� VHUWD�
SLKDN� SHQJHOROD� �SHUXVDKDDQ�� DLU� EHUVLK�
37��$(75$��6DPSHO�GLSLOLK� EHUGDVDUNDQ�
WHNQLN�SXUSRVVLYH�VDPSOLQJ���

7HNQLN�SHQJXPSXODQ�GDWD�GL�WDKXQ�
NHGXD� GLNXPSXONDQ� PHODOXL� ZDZDQFDUD�

ODQJVXQJ� GHQJDQ� EDQWXDQ� SDQGXDQ�
ZDZDQFDUD�� 'LVDPSLQJ� LWX�� GDWD� SULPHU�
MXJD� GLSHUROHK� PHODOXL� SURVHV� )*'�
�IRFXV� JURXSV� GLVFXVVLRQ��� ,QVWUXPHQ�
SHQHOLWLDQ� GL� WDKXQ� NHGXD�PHQJJXQDNDQ�
SDQGXDQ� ZDZDQFDUD GDQ� SDQGXDQ�
XPXP�GLVNXVL� XQWXN�SHODNVDQDDQ�)RFXV�
*URXS� 'LVFXVVLRQ�� 'DWD� WHURODK� SDGD�
WDKXQ� NHGXD� GLDQDOLVLV� PHODOXL� V\VWHP�
GLQDPLN��

+$6,/�'$1�3(0%$+$6$1
3HWD�'LVWULEXVL�$LU�0HQJDOLU����-DP�
GDQ�%XNDQ����-DP�GL�7LPXU�-DNDUWD

%HUGDVDUNDQ� SHQHOLWLDQ� WDKXQ�
VHEHOXPQ\D�� \DQJ� PHQJKDVLONDQ� SHWD�
GLVWULEXVL� OD\DQDQ�� NKXVXVQ\D� XQWXN�
SDUDPHWHU�NRQWLQXLWDV�SHOD\DQDQ����MDP��
PHQXQMXNNDQ�EDKZD�NXDOLWDV�$LU��3$0�GL�
ZLOD\DK�SHQHOLWLDQ�PHPLOLNL�DQJND�VXUYH\�
WHUWLQJJL�SDGD�VHODOX�MHUQLK VHEDQ\DN�����
��� �� DWDX� ���� UHVSRQGHQ�� 'LLNXWL�
GHQJDQ� NRQGLVL� NDGDQJ� NHUXK� ���� �����
DWDX� ���� UHVSRQGHQ�� 6HUWD� NRQGLVL� DLU�
3$0�\DQJ� VHULQJ� NHUXK� VHEDQ\DN� ��� ���
�� DWDX� KDQ\D� �� UHVSRQGHQ�� 'HQJDQ�
GHPLNLDQ�� KDO� WHUVHEXW� PHQJLQGLNDVLNDQ�
EDKZD� SHUXVDKDDQ� SHQJHOROD� DLU� EHUVLK�
GDODP�KDO�LQL�37��$HWUD�UDWD�UDWD�PHPLOLNL�
.XDOLWDV�$LU�\DQJ�VHODOX�-HUQLK�
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*DPEDU����3HWD�.XDOLWDV��.HOXKDQ��$LU�3$0�GL�37��$HWUD

6HGDQJNDQ� UDWD�UDWD� DLU� PHQJDOLU�
GDODP�VHKDUL�GL�ORNDVL�SHQHOLWLDQ�PHPLOLNL�
DQJND� WHUWLQJJL� SDGD� UDWD�UDWD� DLU�
PHQJDOLU� ��� MDP�GHQJDQ����� UHVSRQGHQ�
DWDX� ���� ��� ��� 'LLNXWL� GHQJDQ� UDWD�UDWD�
DLU� PHQJDOLU� ������ MDP� GHQJDQ� ����
UHVSRQGHQ� DWDX� GHQJDQ� ���� ��� ��
PHPLOLNL� DLU� UDWD�UDWD� ����� MDP� GDODP�

VHKDUL� GDQ� ��� UHVSRQGHQ� DWDX� GHQJDQ�
���������PHPLOLNL�DLU�UDWD�UDWD�������MDP�
GDODP� VHKDUL�� 'DQ� WHUSHQWLQJ�� SHQHOLWLDQ�
LQL� PHQJKDVLONDQ� VHEXDK� SHWD� GLVWULEXVL�
OD\DQDQ�� NKXVXVQ\D� XQWXN� SDUDPHWHU�
NRQWLQXLWDV�SHOD\DQDQ����MDP�SDGD�ORNDVL�
SHQHOLWLDQ�
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*DPEDU�����3HWD�6HEDUDQ�5HVSRQGHQ�EHUGDVDUNDQ�UDWD�UDWD�DLU�PHQJDOLU

.RQWLQXLWDV�3HOD\DQDQ�$LU�3$0�EDJL�
3HODQJJDQ

(IHNWLYLWDV� SHUXVDKDDQ� SHQJHOROD�
DLU� DNDQ� WHUOLKDW� GDUL� GLVWULEXVL� DOLUDQ�
NHEXWXKDQ� DLU� EDJL� PDV\DUDNDW�
SHQJJXQD� PDXSXQ� SDGD� NXDOLWDV� GDQ�
NXDQWLWDV�DLU�\DQJ�GLKDVLONDQ���.HQ\DWDDQ�
LQL� PHQJDNLEDWNDQ� DORNDVL� VXPEHUGD\D�
DLU� PHQMDGL� WLGDN� HILVLHQ� GDQ� WLGDN� DGD�
LQVHQWLI�XQWXN�PHODNXNDQ�NRQVHUYDVL�EDJL�
NHOHVWDULDQ� VXPEHUGD\D� WHUVHEXW��
3HPDNDLDQ� DLU� \DQJ� EHUOHELKDQ�
XWDPDQ\D� DLU� WDQDK� SDGD� DNKLUQ\D�
PHQLPEXONDQ� PDVDODK� EDJL� SHUVHGLDDQ�
DLU� EHUVLK�� .HODQJNDDQ� DLU� VHFDUD� ILVLN�

GLVHEDENDQ�ROHK�SHQLQJNDWDQ�SHPDNDLDQ�
DLU� PHQJLNXWL� ODMX� SHUWDPEDKDQ� MXPODK�
SHQGXGXN�� VHGDQJ� SHUVHGLDDQQ\D�
VHPDNLQ�PHQLSLV� NDUHQD� EHUEDJDL� IDNWRU�
VHSHUWL� NHUXVDNDQ� VLVWHP� SHUOLQGXQJDQ�
DLU�PDXSXQ�SHUPLQWDDQ�DJUHJDW�WHUKDGDS�
VXPEHUGD\D� DLU� PHOHELKL� ODMX�
SHPXOLKDQQ\D� NHPEDOL�� .HODQJNDDQ�
HNRQRPL GLWDQGDL� GHQJDQ� VHPDNLQ�
WLQJJLQ\D�KDUJD�DLU�NDUHQD�SHQDZDUDQ�DLU�
OHELK� UHQGDK� GDUL� SHUPLQWDDQQ\D� GL�
VDPSLQJ� ELD\D�PDUMLQDO� SHPDQIDDWDQ�DLU�
OHELK� WLQJJL�GDUL�SHQHULPDDQ�PDUMLQDOQ\D��
6XPEHUGD\D� DLU� PHUXSDNDQ� FRPPRQ�
UHVRXUFHV DWDX� EHUVLIDW� QRQ� H[FOXVLYH�
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ULJKW VHULQJ� EHUKDGDSDQ� GHQJDQ�
PDVDODK�PDVDODK� LQHILVLHQVL� GDODP�
SHQJHORODDQ�GDQ�SHPDQIDDWDQQ\D�

%HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� GL�
WDKXQ� SHUWDPD� �WDKXQ� �������
PHQXQMXNNDQ�EDKZD�NXDOLWDV�$LU��3$0�GL�
ZLOD\DK�SHQHOLWLDQ�PHPLOLNL�DQJND�VXUYH\�
WHUWLQJJL�SDGD�VHODOX�MHUQLK�VHEDQ\DN�����
��� �� DWDX� ���� UHVSRQGHQ�� 'LLNXWL�
GHQJDQ� NRQGLVL� NDGDQJ� NHUXK� ���� �����
DWDX� ���� UHVSRQGHQ�� 6HUWD� NRQGLVL� DLU�
3$0�\DQJ� VHULQJ� NHUXK� VHEDQ\DN� ��� ���
�� DWDX� KDQ\D� �� UHVSRQGHQ�� 'HQJDQ�
GHPLNLDQ�� KDO� WHUVHEXW� PHQJLQGLNDVLNDQ�
EDKZD� SHUXVDKDDQ SHQJHOROD� DLU� EHUVLK�
GDODP�KDO�LQL�37��$HWUD�UDWD�UDWD�PHPLOLNL�
.XDOLWDV� $LU� \DQJ� VHODOX� -HUQLK��
6HGDQJNDQ� UDWD�UDWD� DLU� PHQJDOLU� GDODP�
VHKDUL�GL�ORNDVL�SHQHOLWLDQ�PHPLOLNL�DQJND�
WHUWLQJJL� SDGD� UDWD�UDWD� DLU� PHQJDOLU� ���
MDP�GHQJDQ� ���� UHVSRQGHQ� DWDX����� ���
��� 'LLNXWL� GHQJDQ� UDWD�UDWD� DLU� PHQJDOLU�
������ MDP� GHQJDQ� ���� UHVSRQGHQ� DWDX�
GHQJDQ����������PHPLOLNL�DLU�UDWD�UDWD���
��� MDP� GDODP� VHKDUL� GDQ� ��� UHVSRQGHQ�
DWDX�GHQJDQ����������PHPLOLNL� DLU� UDWD�
UDWD�������MDP�GDODP�VHKDUL��

.HQ\DWDDQ� GL� DWDV� PHPHUOXNDQ�
DNWLYDVL� SHUDQ� \DQJ� OHELK� EHVDU�
VWDNHKROGHU GHPL� WHUEXNDQ\D� DOWHUQDWLI�
DOWHUQDWLI� SHQJHPEDQJDQ� VWUDWHJL�
SHUOXDVDQ�GLVWULEXVL�GDQ�SHOD\DQDQ�SULPD�
NHSDGD�SHQGXGXN��%DKZD�PDVLK�DGDQ\D�
SHQGXGXN� \DQJ�PHQJJXQDNDQ� DLU� WDQDK�
ELVD� VDMD� GLDVXPVLNDQ� EDKZD� WLQJNDW�
SHPHQXKDQ�DLU�PLQXP�NHSDGD�SHQGXGXN�
UHODWLI�PDVLK�EHOXP�PHPXDVNDQ��

$QDOLVLV�)DNWRU�6HEDE�$NLEDW�
3HOD\DQDQ�$LU�%HUVLK�GL�-DNDUWD
%HUGDVDUNDQ� DQDOLVLV� PHQGDODP�

GDQ�ZDZDQFDUD�WHUVWUXNWXU��NHWHUVHGLDDQ�
DLU� EHUVLK� SHUSLSDDQ� GLWHQWXNDQ� ROHK�
EHUEDJDL� IDNWRU�IDNWRU� SHUPLQWDDQ� GDQ�
SHQ\HGLDDQ� DLU� EHUVLK�� 'DUL� VLVL�
SHUPLQWDDQ�� NHWHUVHGLDDQ� DLU� EHUVLK�
SHUSLSDDQ�GLSHQJDUXKL�ROHK�SHUWXPEXKDQ�

SHQGXGXN�� +DO� WHUVHEXW� OHELK� MDXK� ODJL�
GDSDW� GLSHQJDUXKL� ROHK� NHODKLUDQ��
NHPDWLDQ�� GDQ� PLJUDVL�� 'DUL� VLVL�
SHQ\HGLDDQ�� NHWHUVHGLDDQ� DLU� EHUVLK�
SHUSLSDDQ� GLSHQJDUXKL� ROHK� NDSDVLWDV�
SHQJRODKDQ� XQWXN� PHPDVRN��
PHQDPSXQJ�� PHQJRODK�� GDQ�
PHQGLVWULEXVLNDQ� DLU� NHSDGD� SHODQJJDQ��
+DO� LQL� OHELK� MDXK� ODJL� MXJD� GLSHQJDUXKL�
NHWHUVHGLDDQ� GDQD� 3'$0�� 6HODLQ� LWX��
NHWHUVHGLDDQ� DLU� EHUVLK� SHUSLSDDQ� MXJD�
GLSHQJDUXKL� ROHK� NHWHUVHGLDDQ� DLU� EDNX��
+DO� LQL� OHELK� MDXK� ODJL� MXJD� GDSDW�
GLSHQJDUXKL� ROHK� SHUXEDKDQ� JXQD� ODKDQ�
\DQJ� WHUMDGL� VHLULQJ� GHQJDQ�
SHUNHPEDQJDQ� ZLOD\DK�� +XEXQJDQ� GL�
DQWDUD� EHUEDJDL� IDNWRU� WHUVHEXW� EHUVLIDW�
NRPSOHNV� GDQ� GLQDPLV� VHUWD� VDOLQJ�
PHPSHQJDUXKL��

6LQWHVD� IDNWRU� \DQJ� WHUGLUL� GDUL�
WDKDS� LGHQWLILNDVL� EHUEDJDL� OLWHUDWXU��
YHULILNDVL�� GDQ� SHQHWDSDQ� IDNWRU�
PHPEHULNDQ� KDVLO EDKZD� IDNWRU�IDNWRU�
\DQJ� PHPSHQJDUXKL� NHWHUVHGLDDQ� DLU�
EHUVLK� SHUSLSDDQ� DQWDUD� ODLQ� MXPODK�
SHQGXGXN�� WDULI� DLU� EHUVLK�� NDSDVLWDV�
WHUSDVDQJ�� NHKLODQJDQ� DLU�� GDQ� NXDQWLWDV�
DLU� EDNX�� 8QWXN� PHPXGDKNDQ� DQDOLVLV��
EHUEDJDL� IDNWRU� WHUVHEXW� GLJRORQJNDQ�
NHGDODP� EHEHUDSD� DVSHN� \DLWX� DVSHN�
SHODQJJDQ�� NDSDVLWDV� SHQJRODKDQ�� GDQ�
SDVRNDQ�DLU��3HQGXGXN�GDQ�WDULI�DLU�GDSDW�
GLJRORQJNDQ� NHGDODP� VXEPRGHO�
SHODQJJDQ�� .DSDVLWDV� WHUSDVDQJ� GDQ�
WLQJNDW�NHKLODQJDQ�DLU�GDSDW�GLJRORQJNDQ�
NHGDODP� VXEPRGHO� NDSDVLWDV�
SHQJRODKDQ�� 6HPHQWDUD NXDQWLWDV� DLU�
EDNX� GDSDW� GLJRORQJNDQ� NHGDODP�
VXEPRGHO�SDVRNDQ�DLU�

.RQVHSWXDOLVDVL�0RGHO (YDOXDVL�

.RQWLQXLWDV�/D\DQDQ�$LU�0LQXP
0RGHO�HYDOXDVL�NRQWLQXLWDV�OD\DQDQ�

DLU� PLQXP� \DQJ� GLNHPEDQJNDQ� GDODP�
SHQHOLWLDQ� LQL� WHUGLUL� GDUL� WLJD� VXEPRGHO�
\DLWX� VXEPRGHO� SHODQJJDQ�� VXPRGHO�
NDSDVLWDV� SHQJRODKDQ�� GDQ� VXEPRGHO�
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SDVRNDQ� DLU�� ,QWHUDNVL� GLDQWDUD� NHWLJD�
VXEPRGHO� PHQJKDVLONDQ� WXMXK� XPSDQ�
EDOLN� \DQJ� WHUGLUL� GDUL� VDWX� XPSDQ� EDOLN�
SRVLWLI GDQ�HQDP�XPSDQ�EDOLN�QHJDWLI�
�� 6XE�PRGHO�SHODQJJDQ

6XEPRGHO� SHODQJJDQ�
PHQXQMXNNDQ� MXPODK� SHODQJJDQ� \DQJ�
GLSHQJDUXKL� ROHK� SHUWXPEXKDQ�
SHQGXGXN�� NHVHGLDDQ� PHPED\DU�� GDQ�
MXJD� NHWHUVHGLDDQ� DLU� EHUVLK�� .HVHGLDDQ�
PHPED\DU�GLWHQWXNDQ�ROHK�WDULI�DLU�EHUVLK�
\DQJ� GLWHWDSNDQ� 3'$0� GDQ� MXJD� EHVDU�
WDULI� \DQJ� GDSDW� GLED\DU� SHQGXGXN�
�ZLOOLQJQHVV� WR� SD\��� 7DULI� DLU� GDSDW�
PHPSHQJDUXKL� WLQJNDW� NRQVXPVL�
SHODQJJDQ� \DQJ� MXJD� DNDQ�
PHPSHQJDUXKL� NHWHUVHGLDDQ� DLU��
6HPHQWDUD� NHWHUVHGLDDQ� DLU� PHUXSDNDQ�
UDVLR� DQWDUD� YROXPH� DLU� WHUMXDO� GHQJDQ�
YROXPH� DLU� \DQJ� GLEXWXKNDQ�� -XPODK�
SHQGXGXN� DNDQ� PHQHQWXNDQ� EDQ\DNQ\D�
SRWHQVL� SHODQJJDQ� 3'$0�� 'DODP�
VXEPRGHO� LQL�� VHPDNLQ� EDQ\DN� MXPODK�
SHODQJJDQ� DNDQ� PHQLQJNDWNDQ� FDNXSDQ�
SHOD\DQDQ� MLND� ODMX� SHUWDPEDKDQQ\D�
OHELK� EHVDU� GDUL� ODMX� SHUWXPEXKDQ�
SHQGXGXN��
�� 6XE�PRGHO�NDSDVLWDV�SHQJHORODDQ��

6XE� PRGHO� NDSDVLWDV� SHQJRODKDQ�
PHQMHODVNDQ� EDJDLPDQD� YROXPH� DLU�
WHUMXDO� GLSHQJDUXKL� ROHK� NDSDVLWDV�
SURGXNVL�� NDSDVLWDV� WHUSDVDQJ�� GDQ� MXJD�
NHKLODQJDQ� DLU�� 'DODP� VXEPRGHO� LQL��
EHVDU� NDSDVLWDV� SURGXNVL� GLEDWDVL� ROHK�
NDSDVLWDV� WHUSDVDQJ� GDQ� GLSHQJDUXKL�
ROHK� NHWHUVHGLDDQ� DLU� EDNX� VHUWD� MXPODK�
SHODQJJDQ�� 3DGD� SURVHV� SHQ\HGLDDQ� DLU�
EHUVLK��VHWHODK�GLSURGXNVL�DLU�EHUVLK�DNDQ�
GLJXQDNDQ� NHPEDOL� XQWXN� SHPDNDLDQ�
SURGXNVL�� 3DGD� SURVHV� GLVWULEXVL� WHUMDGL�
NHKLODQJDQ� DLU� VHKLQJJD� YROXPH� DLU�
WHUMXDO� DNDQ� EHUNXUDQJ� GDUL� YROXPH� DLU�

WHUGLVWULEXVL�� 6HODQMXWQ\D�� YROXPH� DLU�
WHUMXDO�DNDQ�PHPSHQJDUXKL�NHWHUVHGLDDQ�
DLU��
�� 6XE�PRGHO�SDVRNDQ�DLU�EHUVLK�

6XE� PRGHO� SDVRNDQ� DLU�
PHQMHODVNDQ�EDJDLPDQD�SRWHQVL�DLU�EDNX�
GLSHQJDUXKL�ROHK�SHUXEDKDQ�JXQD� ODKDQ��
%HUWDPEDKQ\D� MXPODK� SHQGXGXN�
PHQ\HEDENDQ� SHUXEDKDQ� JXQD� ODKDQ�
GDUL� ODKDQ� QRQ�WHUEDQJXQ�PHQMDGL� ODKDQ�
WHUEDQJXQ�� +DO� LQL� EHUGDPSDN� SDGD�
PHQXUXQQ\D�DLU� \DQJ�GDSDW�PHUHVDS�NH�
GDODP� WDQDK� �LQILOWUDVL��� %HUNXUDQJQ\D�
GHELW� LQILOWUDVL� DNDQ� PHQ\HEDENDQ�
EHUNXUDQJQ\D� SRWHQVL� DLU� EDNX� XQWXN�
NHEXWXKDQ� SHQGXGXN�� 3RWHQVL� DLU� EDNX�
MXJD� GLSHQJDUXKL� ROHK� GHELW� DLU�
SHUPXNDDQ� \DQJ� EHUDVDO� GDUL� VXQJDL��
6HODQMXWQ\D�� SRWHQVL� DLU� EDNX�
EHUSHQJDUXK� WHUKDGDS� NDSDVLWDV�
SURGXNVL�3'$0��

3HUXPXVDQ�0RGHO�(YDOXDVL�
.RQWLQXLWDV�/D\DQDQ�$LU�0LQXP
%HUGDVDUNDQ� KDVLO� VLQWHVD� IDNWRU�

GLSHUROHKEDKZD� IDNWRU�IDNWRU� \DQJ�
EHUSHQJDUXK� WHUKDGDS� NHWHUVHGLDDQ� DLU�
EHUVLK� SHUSLSDDQ� DGDODK� MXPODK�
SHQGXGXN�� WDULI� DLU� EHUVLK�� NDSDVLWDV�
WHUSDVDQJ�� WLQJNDW� NHKLODQJDQ� DLU� GDQ�
NXDQWLWDV�DLU�EDNX��

0RGHO� GLQDPLND XQWXN� HYDOXDVL�
GDQ� SHQLQJNDWDQ� NRQWLQXLWDV� OD\DQDQ� DLU�
EHUVLK� GDSDW� GLVXVXQ� GDUL� WLJD� DVSHN��
\DLWX� DVSHN� SHODQJJDQ�� NDSDVLWDV�
SHQJRODKDQ��GDQ�SDVRNDQ�DLU��3HQGXGXN�
GDQ� WDULI� GDSDW� GLJRORQJNDQ� NHGDODP�
VXEPRGHO� SHODQJJDQ�� .DSDVLWDV�
WHUSDVDQJ� GDQ� WLQJNDW� NHKLODQJDQ� DLU�
GDSDW� GLJRORQJNDQ� NHGDODP� VXEPRGHO�
NDSDVLWDV� SHQJRODKDQ�� 6HPHQWDUD�
NXDQWLWDV�DLU� EDNX�GDSDW� GLJRORQJNDQ�NH�
GDODP�VXEPRGHO�SDVRNDQ�DLU�
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*DPEDU����0RGHO�GLQDPLV�HYDOXDVL�NRQWLQXLWDV�OD\DQDQ�DLU�EHUVLK

%HUGDVDUNDQ� KDVLO� VLPXODVL��
SHUWDPEDKDQ� SHQGXGXN� PHQ\HEDENDQ�
WHUMDGL� SHUXEDKDQJXQD� ODKDQ� GDUL� ODKDQ�
QRQ�WHUEDQJXQ�PHQMDGL� ODKDQ�WHUEDQJXQ��
+DO� WHUVHEXW� EHUGDPSDN� SDGD�
EHUNXUDQJQ\D� SRWHQVL� DLUEDNX� \DQJ�
VHODQMXWQ\D� EHUSHQJDUXK� WHUKDGDS�
MXPODK� DLU� \DQJ� GDSDW� GLSURGXNVL��
.DSDVLWDV� SURGXNVL� VHODQMXWQ\D� DNDQ�
PHPSHQJDUXKL� WLQJNDW� NHWHUVHGLDDQ�
DLUPHODOXL� YROXPH� DLU� WHUMXDO��
.HWHUVHGLDDQ� DLU� EHUVLK� \DQJ� PDPSX�
PHPHQXKL� VHWLGDNQ\D� NHEXWXKDQ� GDVDU�
SHODQJJDQ� VHUWD� WDULI� \DQJ�PDVLK� GDODP�
EDWDV� NHVHGLDDQ� PHPED\DU� SHQGXGXN�
PHQ\HEDENDQ� SHUWDPEDKDQ� SHODQJJDQ�
WHUXV� WHUMDGL�� $GDSXQ� MXPODK� SHODQJJDQ�
MXJD�GLSHQJDUXKL�SHUWDPEDKDQ�SHQGXGXN�
\DQJ� PHQLQJNDWNDQ� SRWHQVL� SHODQJJDQ��
'HQJDQ� GHPLNLDQ�� NHWLJD� VXE� PRGHO�
GDODP� PRGHO� NHWHUVHGLDDQ� DLU� EHUVLK�

SHUSLSDDQ�GDODP�SHQHOLWLDQ�LQL�WHUKXEXQJ�
VDWX�VDPD�ODLQ
6WUDWHJL�3HODNVDQDDQ�0RGHO (YDOXDVL�

.RQWLQXLWDV�/D\DQDQ�$LU�0LQXP
'DODP� SHPEDKDVDQ� LQL�� DVSHN�

HILVLHQVL�� NXDOLWDV� SHOD\DQDQ� GDQ�
SHQJHORODDQ� LQIUDVWUXNWXU� \DQJ� GLDQJJDS�
KDUXV� GLWLQJNDWNDQ�� GLGLVNXVLNDQ� GDODP�
IRFXV� JURXS� GLVFXVVLRQ�� +DO� LQL�
GLODWDUEHODNDQJL� ROHK� DVXPVL� EDKZD�
SHUOXQ\D� SHUDQ� SHPHULQWDK� VHEDJDL�
UHJXODWRU� GDQ� HQDEOHU� VZDVWD� VHEDJDL�
RSHUDWRU� GDQ� SURYLGHU� SHO�D\DQDQ� DLU�
EHUVLK� XQWXN� DLU� PLQXP�� %DJL� SLKDN�
VZDVWD�� PHPEXWXKNDQ� HNVLVWHQVL� GDQ�
NHORQJJDUDQ� ZDNWX� GDODP� KDO�
SHQJHORODDQ� VHODPD� SHULRGH� WHUWHQWX��
6HGDQJNDQ� GDODP� SULYDWLVDVL�� VZDVWD�
PHQJHOROD� VHODPDQ\D� VHWHODK� PHQMDGL�
KDN� PLOLN� �ELDVDQ\D� PHODOXL� SHQMXDODQ�
DVHW��

7DEHO����0RGHO�SHQJHORODDQ�LQIUDVWUXNWXU�SHQJHORODDQ�DLU�EHUVLK�DLU�PLQXP

3HPHULQWDK 2XWVRXUFKLQJ
.HUMDVDPD�3HPHULQWDK�

6ZDVWD
3ULYDWLVDVL

'LWDQJDQL�SHQXK�
ROHK�SHPHULQWDK

0DQDMHPHQ�
SHQJHORODDQ�GLDPELO�
GDUL�SLKDN�OXDU��ELVD�

GDUL�VZDVWD�

3HQJHORODDQ�GLVHUDKNDQ�
NHSDGD�SLKDN�VZDVWD��DVVHW�
PDVLK�WHWDS�PLOLN�SHPHULQWDK�
\DQJ�GLNHPEDOLNDQ�VHWHODK�

SHQJHORODDQ�VHOHVDL

3HQJHORODDQ�PXUQL�
PHQMDGL�KDN�VZDVWD��

3HUXEDKDQ�NHSHPLOLNDQ�
DVHW��VHWHODK�GLMXDO�
NHSDGD�VZDVWD�

6XPEHU��8UDLDQ�+DVLO�)*'�SDGD�'DWD�/DSDQJ�������
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$SDELOD� VLVWHP� LQL� GDSDW� EHUMDODQ�
GHQJDQ� EDLN� DNDQ� PHPEHULNDQ� GDPSDN�
SRVLWLI� VHFDUD� WLGDN� ODQJVXQJ� SDGD� LNOLP�
HYDOXDVL� GDQ� GDQ� SHQLQJNDWDQ�
NRQWLQXLWDV� OD\DQDQ� DLU� PLQXP GL� ORNDVL�
SHQHOLWLDQ�� 3HOD\DQDQ� DLU� EHUVLK� \DQJ�
EDLN� MXJD� GDSDW� PHPEHULNDQ�
NHQ\DPDQDQ�� NHVHMDKWHUDDQ�� GDQ�
NHLQGDKDQ�SDGD�GDHUDK�WHUVHEXW��

3HQJHORODDQ� DLU� EHUVLK� GHQJDQ�
PHPLVDKNDQ� VLVWHP� GHQJDQ� PHPEDJL�
PHQMDGL�EHEHUDSD�EDJLDQ��\DLWX���
�� 6XPEHU�DLU�EHUVLK�GDQ�NRQVHUYDVL
�� 6LVWHP� WUDQVPLVL�� ,QVWDODVL�

3HQJHORODDQ�$LU� �,3$��� UHVHUYRLU�� GDQ�
SRPSD��RSHUDVL�GDQ�SHPHOLKDUDDQ�

�� 6LVWHP� GLVWHULEXVL� DLU� EHUVL� �RSHUDVL�
GDQ�SHPHOLKDUDDQ�

�� $GPLQLVWUDVL�� PLVDOQ\D� SHQFDWDWDQ�
PHWHUDQ�DLU�
5HJXODVL� \DQJ� PHQJDWXU� GDODP�

.HUMDVDPD� 3HPHULQWDK� 6ZDVWD� DGDODK��
SHUWDPD�� .HSSUHV� 1R�� �� 7DKXQ� �����
WHQWDQJ� .HUMDVDPD� 3HPHULQWDK� GDQ�
%DGDQ� 8VDKD� 6ZDVWD� GDODP�
3HPEDQJXQDQ� GDQ�DWDX� 3HQJHORODDQ�
,QIUDVWUXNWXU�� .HPXGLDQ� GLSHUMHODV�
NHPEDOL�ROHK�3HUSUHV�1R�����WDKXQ������
WHQWDQJ� .HUMDVDPD� 3HPHULQWDK� GHQJDQ�
%DGDQ� 8VDKD� GDODP� 3HQ\HGLDDQ�
,QIUDVWUXNWXU��.HGXD��DGDODK�.HSUUHV�1R��
���WDKXQ������WHQWDQJ�.RPLWH�.HELMDNDQ�
3HUFHSDWDQ� 3HPEDQJXQDQ� ,QIUDVWUXNWXU�
GHQJDQ� GLSHUMHODV� ROHK� 3HUSUHV� 1R�� ���
WDKXQ� ����� WHQWDQJ� .HELMDNDQ�
3HUFHSDWDQ�3HQ\HGLDDQ�,QIUDVWUXNWXU��

,PSOLNDVL�3HQHOLWLDQ
�� ,QGLNDVL� NHELMDNDQ� \DQJ� WHUGLUL� GDUL��

SHQLQJNDWDQ�NDSDVLWDV� WHUSDVDQJ�GDQ�
SHQLQJNDWDQ� UXDQJ� WHUEXND� KLMDX��
SHQLQJNDWDQ�NDSDVLWDV� WHUSDVDQJ�GDQ�
SHQJHQGDOLDQ� NHKLODQJDQ� DLU��
SHQ\HVXDLDQ� WDULI� DLU� EHUVLK�� DWDX�
JDEXQJDQ� GDUL� NHWLJDQ\D�� ,QWHUYHQVL�
LQWHUYHQVL� WHUVHEXW� GDSDW� GLODNXNDQ�
GHQJDQ� FDUD�PHPSHUEDLNL� NHUXVDNDQ�

MDULQJDQ� SLSD� GHQJDQSHPHULNVDDQ�
EHUNDOD�� VWXGL� SHQ]RQLQJDQ� SLSD�
OD\DQDQ��SHQHUDSDQ�VLVWHP�SHOD\DQDQ�
EHUJHUDN��PHQJJDQWL�PHWHUDQ�DLU�\DQJ�
UXVDN�� PHPDVDQJ� PHWHU� DLU� LQGXN�
SHQDMDULQJDQ� SLSD� GLVWULEXVL�� VHUWD�
PHODNXNDQ� VRVLDOLVDVL� NHSDGD�
PDV\DUDNDW� XQWXN� PHODSRUNDQ�
NHERFRUDQ�DWDX�NHUXVDNDQ�PHWHU�DLU��

�� .DSDVLWDV� WHUSDVDQJ� VHEDLNQ\D�
GLWLQJNDWNDQ� GHQJDQ� PHPEDQJXQ�
LQIUDVWUXNWXU� \DQJ� EDUX� DWDX�
PHPRGLILNDVL� NDSDVLWDV� WHUSDVDQJ��
$SDELOD�XSD\D�LQL�GDSDW�PHQLQJNDWNDQ�
NDSDVLWDV� WHUSDVDQJ� GDQ�PHQJXUDQJL�
WLQJNDW� NHKLODQJDQ� DLU� VHFDUD�
EHUWDKDS�� PDND� MXPODK� DLU� WHUMXDO�
GDSDW�GLWLQJNDWNDQ�SXOD�

�� 0HPSHUWDKDQNDQ�UXDQJ� WHUEXND�KLMDX�
\DQJ�VXGDK�DGD�VHUWD�PHQJHQGDOLNDQ�
SHUXEDKDQ� JXQD� ODKDQ� GHQJDQ�
PHQHUDSNDQ� SHUDWXUDQ� ]RQDVL� VHUWD�
PHNDQLVPH� SHQJHQGDOLDQ�
SHPDQIDDWDQ�UXDQJ�ODLQQ\D��6HODLQ�LWX�
GDSDW� GLODNXNDQ� SHPEDQJXQDQ�
SHUXPDKDQ� YHUWLNDO� VHEDJDL� VROXVL�
WHUKDGDS� PHQLQJNDWQ\D� NHEXWXKDQ�
KXQLDQ�SHQGXGXN��UXDQJ�WHUEXND�KLMDX�
GDSDW� GLWLQJNDWNDQ� GHQJDQ�
PHPDQIDDWNDQ� ODKDQ� NRVRQJ� \DQJ�
SRWHQVLDO� XQWXN� GLMDGLNDQ� UXDQJ�
WHUEXND� KLMDX�� 3HQJHQGDOLDQ�
SHUXEDKDQ� JXQD� ODKDQ� PHQMDGL�
VHWHQJDKQ\D� GDQ� SHQLQJNDWDQ�
NDSDVLWDV� DLU� PHQJDOLU� PHUXSDNDQ�
LQGLNDVL� GDUL� NHPXLQJNLQDQ� GDSDW�
PHQLQJNDWNDWQ\D�YROXPH�DLU�WHUMXDO��

.(6,038/$1
�� %HUGDVDUNDQ� KDVLO� VLQWHVD� IDNWRU�

GLSHUROHK� EDKZD� IDNWRU�IDNWRU� \DQJ�
EHUSHQJDUXK� WHUKDGDS� SHQLQJNDWDQ�
NRQWLQXLWDV� OD\DQDQ� DLU�PLQXP�GL�'.,�
-DNDUWD DGDODK�MXPODK�SHQGXGXN��WDULI�
DLU�EHUVLK�NDSDVLWDV�WHUSDVDQJ��WLQJNDW�
NHKLODQJDQ�DLU��GDQ�NXDQWLWDV�DLU�EDNX��
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�� 0RGHO� GLQDPLND� NRQWLQXLWDV� OD\DQDQ�
DLU� PLQXP� GL� '.,� -DNDUWD GDSDW�
GLVXVXQ� GDUL� WLJD� DVSHN�� \DLWX� DVSHN�
DVSHN� SHODQJJDQ�� NDSDVLWDV�
SHQJRODKDQ�� GDQSDVRNDQ� DLU��
3HQGXGXN�GDQ�WDULI�GDSDW�GLJRORQJNDQ�
NHGDODP� VXE� PRGHO� SHODQJJDQ��
.DSDVLWDV� WHUSDVDQJ� GDQ� WLQJNDW�
NHKLODQJDQ� DLU� GDSDW� GLJRORQJNDQ�
NHGDODP� VXE� PRGHO� NDSDVLWDV�
SHQJRODKDQ�� 6HPHQWDUD� NXDQWLWDV� DLU�
EDNX�GDSDW�GLJRORQJNDQ�NHGDODP�VXE�
PRGHO�SDVRNDQ�DLU��

�� %HUGDVDUNDQ� KDVLO� VLPXODVL��
SHUWDPEDKDQ� SHQGXGXN�
PHQ\HEDENDQ�WHUMDGL�SHUXEDKDQ�JXQD�
ODKDQ� GDUL� ODKDQ� QRQ�WHUEDQJXQ�
PHQMDGL� ODKDQ�WHUEDQJXQ��0DVDODK�LQL�
EHUGDPSDN� SDGD� EHUNXUDQJQ\D�
SRWHQVL� DLU� EDNX� \DQJ� VHODQMXWQ\D�
EHUSHQJDUXK�WHUKDGDS�MXPODK�DLU�\DQJ�
GDSDW� GLSURGXNVL�� .DSDVLWDV� SURGXNVL�
VHODQMXWQ\D� DNDQ� PHPSHQJDUXKL�
WLQJNDW� NHWHUVHGLDDQ� DLU� PHODOXL�
YROXPH� DLU� WHUMXDO�� .RQWLQXLWDV� DNDQ�
NHWHUVHGLDDQ� DLU� EHUVLK� \DQJ� PDPSX�
PHPHQXKL� VHWLGDNQ\D� NHEXWXKDQ�
GDVDU� SHODQJJDQ� VHUWD� WDULI� \DQJ�
PDVLK� GDODP� EDWDV� NHVHGLDDQ�
PHPED\DU� SHQGXGXN� PHQ\HEDENDQ�
SHUWDPEDKDQ�SHODQJJDQ� WHUXV� WHUMDGL��
$GDSXQ� MXPODK� SHODQJJDQ� MXJD�
GLSHQJDUXKL� ROHK� SHUWDPEDKDQ�
SHQGXGXN�\DQJ�PHQLQJNDWNDQ�SRWHQVL�
SHODQJJDQ�� 'HQJDQ� GHPLNLDQ�� NHWLJD�
VXE�PRGHO�GDODP�PRGHO�NHWHUVHGLDDQ�
DLU� EHUVLK� DNDQ� PHQMDPLQ� NRQWLQXLWDV�
OD\DQDQ�DLU�PLQXP�GL�'.,�-DNDUWD GDQ�
WHUKXEXQJ�VDWX�VDPD�ODLQ�
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LQ� /HEDQRQ� $UWLFOH� LQ� -RXUQDO� RI�
:DWHU�� 6DQLWDWLRQ� DQG� +\JLHQH� IRU�
'HYHORSPHQW�� 0DUFK� ������ '2,��
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KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLF
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BTXDOLW\BRIBVHUYLFHBRIBWKHBZDWHUBV
XSSO\BGHOLYHU\BLQB/HEDQRQ
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.HELMDNDQ� 3XEOLN�� (GLVL�
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3UHVV��<RJ\DNDUWD�

*DEULHOOD� /RFNKDUW� :LOOLDP� (��
2VZDOG� %ULDQ� +XEEDUG� (OL]DEHWK�
0HGOLQ�� DQG 5LFKDUG� -�� *HOWLQJ��
'HYHORSPHQW� RI� LQGLFDWRUV� IRU�
PHDVXULQJ� RXWFRPHV� RI� ZDWHU�
VDIHW\� SODQV�� $UWLFOH� LQ� -RXUQDO� RI�
:DWHU�� 6DQLWDWLRQ� DQG� +\JLHQH� IRU�
'HYHORSPHQW�� 3XEOLVKHG 0DUFK
����� � ��� ����
���� '2,� ��������ZDVKGHY�������
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KWWS���ZDVKGHY�LZDSRQOLQH�FRP�FRQW
HQW��������
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FRQFHSWXDO� IUDPHZRUN� WR� HYDOXDWH�
WKH�RXWFRPHV�DQG� LPSDFWV�RI�ZDWHU�
VDIHW\� SODQV� -RXUQDO� RI� :DWHU��
6DQLWDWLRQ� DQG� +\JLHQH� IRU�
'HYHORSPHQW� �������������±����

KWWS���ZZZ�ZDWHUMXVWLFH�RUJ�XSORDGV�DWWDF
KPHQWV�ZK\ZDWHUSULYDWLVDWLRQIDLOV�S
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/\PDQ�� 5�� $VKOH\�� ������3HDN� DQG�2II�
3HDN� 5HVLGHQWLDO� :DWHU� 'HPDQG�
GDODP� :DWHU� 5HVRXUFH�
5HVHDUFKHV�� ������� �����������
$PHULFDQ�*HRSK\VLFDO�8QLRQ�

0DGDQDW�� 6DPHU�� ������ $� 0RGHO� RI�
+RXVHKROG�&KRLFH�RI�:DWHU�6XSSO\�
6\VWHPV� LQ� 'HYHORSLQJ� &RXQWULHV�
GDODP� :DWHU� 5HVRXUFH�
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$PHULFDQ�*HRSK\VLFDO�8QLRQ�

1DQF\�5REHUWV�HW�DO�������,QWURGXFWLRQ�WR�
&RPSXWHU� 6LPXODWLRQ�� $� V\VWHP�
G\QDPLFV� PRGHOLQJ� DSSURDFK��
$GGLVRQ�:HVOH\�
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1LHVZLDGRP\�� 0LFKDHO� /�� ������
(VWLPDWLQJ�8UEDQ�5HVLGHQWLDO�:DWHU�
'HPDQG�� (IIHFW� RI� 3ULFH� 6WUXFWXUH��
&RQVHUYDWLRQ�DQG�(GXFDWLRQ���������
��������� $PHULFDQ� *HRSK\VLFDO�
8QLRQ�

7KRPDV��5��0��������&RQQHFWLRQLVP�DQG�
G\QDPLF� V\VWHPV�� ,Q 5HFHQW�
7KHRULHV� RI� +XPDQ�
'HYHORSPHQW� 7KRXVDQG�2DNV�� &$��
6DJH�
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