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��� /DWDU�%HODNDQJ

3DGD� VDDW� LQL� SHUNHPEDQJDQ� WHNQRORJL� GDODP� EHUEDJDL� ELGDQJ� VDQJDW�

PDMX� GLEDQGLQJNDQ� GHQJDQ� EHEHUDSD� SXOXK� WDKXQ� \DQJ� ODOX�� 3HUNHPEDQJDQ�

WHNQRORJL�LQL�GLGDVDUL�ROHK�NHLQJLQDQ�XQWXN�PHQFLSWDNDQ�VHVXDWX�\DQJ�EDUX�GDQ�

EHUJXQD� XQWXN� RUDQJ�EDQ\DN�� 3HUNHPEDQJDQ� WHNQRORJL� GLPDNVXG�NKXVXVQ\D�

GDODP� SHQJHQGDOLDQ� EHUEDVLV� PLNURNRQWUROHU GDQ� ELGDQJ� NRPXQLNDVL�

PHQJJXQDNDQ�VPDUWSKRQH��7HNQRORJL�LQL�PHQJJXQDNDQ�VLVWHP�NHUMD�FHUGDV�GDQ�

RWRPDWLV� GDODP� NRQVHS� NHUMDQ\D� XQWXN� PHPEDQWX� SHQJKXQL� UXPDK� GDODP�

PHODNXNDQ�VHVXDWX�DJDU�GLNHUMDNDQ�OHELK�PXGDK�GLEDQGLQJ�GHQJDQ�PHODNXNDQ�

VHVXDWX�VHFDUD�PDQXDO��2OHK�NDUHQD�LWX��PDQXVLD�PHQMDGL�VHPDNLQ�EHUJDQWXQJ�

GHQJDQ� DGDQ\D� SHUNHPEDQJDQ� WHNQRORJL�� WHUPDVXN� WHNQRORJL� GDODP� ELGDQJ�

SURSHUWL���$GLW\D�HW�DO��������

6DDW� LQL� VXGDK�EDQ\DN� LQRYDVL� \DQJ�GLODNXNDQ�GDODP�ELGDQJ�SURSHUWL��

VDODK�VDWXQ\D�DGDODK�6PDUW�+RPH�6\VWHP��6+6���6LVWHP�UXPDK�FHUGDV��6PDUW�

+RPH�6\VWHP��DGDODK�VHEXDK�SHUDQJNDW�\DQJ�PHPLOLNL�VLVWHP�RWRPDWLVDVL�VDQJDW�

FDQJJLK�XQWXN�PHQJHQGDOLNDQ� ODPSX�GDQ� VXKX�� SHUDQJNDW�PXOWL�PHGLD�XQWXN�

PHPDQWDX�GDQ�PHQJKLGXSNDQ�VLVWHP�NHDPDQDQ�\DQJ�WHUKXEXQJ�GHQJDQ�SLQWX�

DWDX� MHQGHOD� GDQ� EHEHUDSD� IXQJVL� \DQJ� ODLQQ\D�� �.XUQLDQWR� HW� DO�� �������

.RQVHS� UXPDK� SLQWDU� PHUXSDNDQ� KDVLO� WHNQRORJL� WHUDSDQ� \DQJ�

PHQJJDEXQJNDQ�DQWDUD�UHND\DVD�HOHNWURQLND��LQIRUPDWLND�GDQ�DUVLWHNWXU�

3HQJKXQL� UXPDK� GDSDW� PHQJDWXU� VHPXD� EDJLDQ� UXPDKQ\D� VHFDUD�

RWRPDWLV�DWDX�GHQJDQ�PHQJJXQDNDQ�VLVWHP�\DQJ�WHULQWHJUDVL�NH�VPDUWSKRQH�DWDX�

JDGJHW� ODLQQ\D� VHKLQJJD� UXPDK� SLQWDU� SXQ� NLQL�PHQMDGL� WUHQ� GDQ� VROXVL� DWDV�

NHEXWXKDQ�PDQXVLD� WHUKDGDS� WHPSDW�KXQL�� VLVWHP� LQL� MXJD�ELVD�GLWHUDNDQ�SDGD�
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UXPDK�DWDX�JHGXQJ�\DQJ�EHVDU��VHKLQJJD�GDSDW�PHQJRQWUROQ\D�GDUL�MDUDN�\DQJ�

MDXK� ��3XWUR�HW�DO���������

7HUGDSDW�VXDWX�VLVWHP�PLNURNRQWUROHU�WHUEDUX�\DLWX�$UGXLQR�8QR�\DQJ�

GDSDW� GLPDQIDDWNDQ� XQWXN� GLNRPXQLNDVLNDQ� GHQJDQ VPDUWSKRQH $QGURLG�

PHODOXL� PRGXO� %OXHWRRWK +&����� VHKLQJJD� ELVD� GLJXQDNDQ� XQWXN� DSOLNDVL�

PHPEXND�SLQWX�JHUEDQJ� WDQSD�PHQJJXQDNDQ�FDUD�\DQJ�NRQYHQVLRQDO��QDPXQ�

FXNXS�GLDNVHV�PHODOXL VPDUWSKRQH $QGURLG�VDMD��%OXHWRRWK PHUXSDNDQ�VHEXDK�

WHNQRORJL�NRPXQLNDVL�ZLUHOHVV \DQJ�EHURSHUDVL�SDGD�SLWD�IUHNXHQVL�����± �����

*+]� XQOLFHQVHG� ,60� �,QGXVWULDO�� 6FLHQWLILF DQG�0HGLFDO���%OXHWRRWK PDPSX�

PHQ\HGLDNDQ�OD\DQDQ�NRPXQLNDVL�GDWD�DQWDUD�KRVW�KRVW�EOXHWRRWK GHQJDQ�MDUDN�

MDQJNDXDQ�OD\DQDQ�\DQJ�WHUEDWDV� �6LOYLD�HW�DO���������

'DUL�KDO WHUVHEXW�PDND�SHQXOLV�PHQGDSDWNDQ�VROXVL XQWXN�PHUDQFDQJ�VHEXDK

VLVWHP�NHQGDOL�GDQ�NHDPDQDQ�SDGD�UXPDK�SLQWDU��VPDUWKRPH���2OHK�NDUHQD�LWX��

PDND� SHQHOLWLDQ� LQL� DGDODK ³6,67(0� .(1'$/,� 2720$7,6�

60$57+20( %(5%$6,6� $1'52,' '$1 .2081,.$6,�

%/8(7227+ 60$573+21(´�

��� ,GHQWLILNDVL�0DVDODK

%HUGDVDUNDQ� ODWDU� EHODNDQJ� GLDWDV� PDND� GDSDW� GLUXPXVNDQ� EHEHUDSD�

SHUPDVDODKDQ�\DLWX��

�� %DJDLPDQD�UDQFDQJDQ VLVWHP�VPDUWKRPH�PHQJJXQDNDQ�$UGXLQR�PHJD"

�� %DJDLPDQD UDQFDQJDQ $UGXLQR�GDODP�SHQJRQWURODQ EXND�WXWXS�JDUDVL"

�� %DJDLPDQD UDQFDQJDQ $UGXLQR GDODP SHQJRQWURODQ ODPSX"

�� %DJDLPDQD UDQFDQJDQ $UGXLQR� GDODP SHQJRQWURODQ SHQ\LUDPDQ

WDQDPDQ"

�� %DJDLPDQD UDQFDQJDQ $UGXLQR�GDODP SHQJRQWURODQ NHDPDQDQ�SLQWX"

�� %DJDLPDQD UDQFDQJDQ $UGXLQR�GDODP PHQGHWHNVL DGD�Q\D JDV"

�� %DJDLPDQD UDQFDQJDQ $UGXLQR GDODP PHPDGDPNDQ�JDV DWDX�DSL"

�� %DJDLPDQD UDQFDQJDQ $UGXLQR�GDODP SHQJRQWURODQ NLSDV�DQJLQ"
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��� 7XMXDQ 7XJDV�$NKLU

7XMXDQ�UDQFDQJ�EDQJXQ�VPDUWKRPH�LQL�DGDODK�VHEDJDL�EHULNXW��

�� 0HUDQFDQJ�GDQ�PHPEDQJXQ�VPDUWKRPH PHQJJXQDNDQ�DUGXLQR�PHJD�

�� 0HQJHWDKXL� FDUD� NHUMD� $UGXLQR� PHJD� GDODP� PHQJRQWURO� EXND� WXWXS�

PHQJJXQDNDQ�NDUWX UILG�JDUDVL�

�� 0HQJHWDKXL�FDUD�NHUMD�$UGXLQR�PHJD�GDODP�PHQGHWHNVL�NHEDNDUDQ�

�� 0HQJHWDKXL� FDUD� NHUMD� $UGXLQR� PHJD� GDODP PHQJRQWURO� SHQ\LUDPDQ�

WDQDPDQ�

�� 0HQJHWDKXL� FDUD� NHUMD� $UGXLQR PHJD� GDODP� PHQJRQWURO� NHDPDQDQ�

SLQWX�

�� 0HQJHWDKXL�FDUD�NHUMD�$UGXLQR�PHJD�GDODP�PHQGHWHNVL�DGD�Q\D�JDV�

�� 0HQJHWDKXL�FDUD�NHUMD�$UGXLQR�PHJD�GDODP�PHQJRQWURO�ODPSX�

�� 0HQJHWDKXL�FDUD�NHUMD�$UGXLRQR�PHJD GDODP�PHQJRQWURO�NLSDV�DQJLQ�

��� 0DQIDDW 7XJDV�$NKLU

0DQIDDW UDQFDQJ�EDQJXQ�VPDUWKRPH�LQL�DGDODK�VHEDJDL�EHULNXW��

�� 'DSDW�PHQJRQWURO�EXND�WXWXS�EDJDVL�PHODOXL�WDSSLQJ�UILG�

�� 'DSDW�PHQJRQWURO��GDODP�PHQGHWHNVL�JDV PHODXL�VPDUWSKRQH�

�� 'DSDW� PHQJRQWURO� ZDNWX� GDODP� SHQ\LUDPDQ� WDQDPDQ PHODOXL�

VPDUWSKRQH�

�� 'DSDW�PHQJRQWURO�NHDPDQDQ�SLQWX�UXPDK�PHODXL�VPDUWSKRQH�

�� 'DSDW�PHQJRQWURO�SHPDGDPDQ�JDV VHFDUD�DXWRPDWLV MLND�WHUMDGL�DGD�Q\D�

JDV�

�� 'DSDW�PHQJRQWURO�ODPSX GDQ�NLSDV�DQJLQ UXPDK�PHODOXL�VPDUWSKRQH�
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��� /LQJNXS 7XJDV�$NKLU

5XDQJ�OLQJNXS�SHUPDVDODKDQ�WHUKDGDS VLVWHP�\DQJ�DNDQ�GLEDQJXQ��KDO�

LQL� EHUWXMXDQ� DJDU� SHPEDKDVDQ� PDVDODK� WLGDN� WHUODOX� PHOXDV�� 0DND� UXDQJ�

OLQJNXS�\DQJ�DNDQ�GLEDKDV�DGDODK�VHEDJDL�EHULNXW��

�� 6PDUWKRPH KDQ\D GDSDW�PHQJRQWURO� ODPSX� UXPDK��JDUDVL� PHQGHWHNVL

JDV��NHDPDQDQ�GDQ�WDQDPDQ��

�� $UGXLQR�0(*$�XQWXN�SHPURJUDPDQ�GDQ�SHPEDQJXQDQ�VLVWHP�LQL�

�� 3HQJRQWURODQ�VPDUWKRPH�KDQ\D�ELVD�GLODNXNDQ�GLVHNLWDU�UXPDK�

�� 0HWRGH�\DQJ�GLJXQDNDQ�\DLWX�PHQJJXQDNDQ�SURWRW\SH�

�� 3HQMHODVDQ�VHQVRU�3,5�³%DJDLPDQD�VHQVRU�LQL�EHNHUMD´�

�� 3HQJHUWLDQ�VHQVRU�04���³EDJDLPDQD�VHQVRU�LQL�EHNHUMD´�

�� 'DSDW�PHQJRQWURO�EXND�WXWXS�JDUDVL PHODOXL�WDSSLQJ�UILG�

��� 6LVWHPDWLND�3HQXOLVDQ 7XJDV�$NKLU

3HQ\XVXQDQ�7XJDV�$NKLU�LQL�PHQJJXQDNDQ�NHUDQJND�SHPEDKDVDQ�\DQJ�

WHUEHQWXN�GDODP�VXVXQDQ�EDE� GHQJDQ�XUDLDQ�VHEDJDL�EHULNXW�

%$%�,� 3(1'$+8/8$1

%DE�LQL�GLMHODVNDQ�PHQJHQDL�KDO�\DQJ�WHUGLUL�GDUL�ODWDU�EHODNDQJ��

LGHQWLILNDVL� PDVDODK�� WXMXDQ WXJDV� DNKLU�� PDQIDDW WXJDV� DNKLU��

OLQJNXS WXJDV�DNKLU GDQ�VLVWHPDWLND SHQXOLVDQ�WXJDV�DNKLU�

%$%�,,� 7,1-$8$1�3867$.$

%DE� LQL�PHPEDKDV WHRUL�WHRUL� \DQJ�PHQMDGL�GDVDU�SHQJHWDKXDQ�

\DQJ�GLJXQDNDQ�GDODP�PHQ\XVXQ� WXJDV�DNKLU�

%$%�,,,�0(72'(�3(1(/,7,$1

%DE� LQL� GLMHODVNDQ� WHQWDQJ NHUDQJND� EHUILNLU� PHWRGH�

SHQJHPEDQJDQ� VLVWHP�� RE\HN� SHQHOLWLDQ�� WHNQLN� SHQJXPSXODQ�

GDWD�
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%$%�,9�+$6,/�'$1�3(0%$+$6$1

%DE�LQL�EHULVL�GDWD�KDVLO�SHQHOLWLDQ� DQDOLVLV�VLVWHP�\DQJ�VHGDQJ�

EHUMDODQ�� SHPEDKDVDQ�KDVLO�SHQHOLWLDQ�GDQ�DQDOLVLV�GDWD� DQDOLVLV�

NHEXWXKDQ��DQDOLVLV�SHUDQFDQJDQ��UHQFDQD�SHQJXMLDQ�SHQHOLWLDQ�

%$%�9� .(6,038/$1�'$1�6$5$1

%DE�LQL�EHULVL�NHVLPSXODQ�GDQ�VDUDQ�WHUKDGDS�SHQ\XVXQDQ WXJDV�

DNKLU�


