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3HQGDKXOXDQ

.RSL� *D\R� VHEDJDL� NRSL� VSHFLDOW\� \DQJ�
EHUNHPEDQJ�GL�,QGRQHVLD��GLEXGLGD\DNDQ�ROHK�
PDV\DUDNDW� \DQJ� WLQJJDO� GL� 'DWDUDQ� 7LQJJL�
*D\R��*D\R�+LJKODQG���3URSLQVL�$FHK��WHSDWQ\D�
GL�.DEXSDWHQ�$FHK�7HQJDK��.DEXSDWHQ�%HQHU�
0HULDK� GDQ� .DEXSDWHQ� *D\R� /XHV� GHQJDQ��
OXDV� � DUHDO� VHNLWDU� ������� KHNWDU� SDGD�
NHWLQJJLDQ����������PHWHU�GLDWDV�SHUPXNDDQ�
ODXW� �+XOXSL�� 1XJURKR� 	� <XVLDQWR�� ������
'LWMHQEXQ���������%DJL�PDV\DUDNDW�*D\R��NRSL�
PHUXSDNDQ� NRPRGLWDV� SHQWLQJ� \DQJ� WXUXW�
PHQ LQJND WNDQ � SHQGDSD WDQ � NH OXD UJ D ��
PHQJJHUDNNDQ� HNRQRPL� PDV\DUDNDW� GDQ�
VHNDOLJXV� PHQDPEDK� SHQGDSDWDQ� DVOL� GDHUDK�
�3$'���

.DEXSDWHQ� $FHK� 7HQJDK� GDQ� .DEXSDWHQ�
%HQHU� 0HULDK� PHUXSDNDQ� ZLOD\DK� SHQJKDVLO�
NRSL�WHUEHVDU�GL�$FHK��GLKXQL�ROHK�VXNX�*D\R�
VHEHVDU����SHUVHQ��VXNX�$FHK����SHUVHQ��VXNX�
-DZD����SHUVHQ�GDQ�VLVDQ\D�DGDODK�VXNX�VXNX�
ODLQQ\D� \DQJ� GDWDQJ� GDUL� EHUEDJDL� GDHUDK�
PDXSXQ� SURSLQVL� GL� ,QGRQHVLD�� 3HQGDSDWDQ�
WHUEHVDU� PDV\DUDNDW� DGDODK� EHUVXPEHU� GDUL�
KDVLO� SHUNHEXQDQ� NRSL�� ZDODXSXQ� EHEHUDSD�
SHQGXGXN�EHUVWDWXV�SHJDZDL�QHJHUL�VLSLO�WHWDSL�
WHWDS� PHPLOLNL� SHNHUMDDQ� VDPSLQJDQ� VHEDJDL�
SHWDQL�NHEXQ��6LOLWRQJD���������.RSL�PHQMDGL�
NRPRGLWDV� SHUWDQLDQ� XWDPD� GLNHPEDQJNDQ�
ROHK� PDV\DUDNDW� VHODLQ� GDUL� VD\XUDQ�� EXDK�
EXDKDQ�GDQ� WDQDPDQ� ODLQQ\D��6HPHQWDUD�GDUL�
VHJL�WLQJNDW�SHQGLGLNDQ�PDV\DUDNDW�GLNDZDVDQ��
WHUVHEXW�VHNLWDU����SHUVHQ�6'�����SHUVHQ�603��
���SHUVHQ�60$������SHUVHQ�37�GDQ�ODLQQ\D�����
SHUVHQ�� -DGL� VHFDUD�XPXP�WLQJNDW�SHQGLGLNDQ�
PDV\DUDNDW�GL�NDZDVDQ�SURGXNVL�NRSL�*D\R�LQL�
PDVLK�FXNXS�UHQGDK��DSDODJL�ELOD�GLKDGDSNDQ�
GHQJDQ�SHUVDLQJDQ�GDODP�NRQWHNV�0DV\DUDNDW�
(NRQRPL�$6($1��0($��

0HQXUXW�)DWPD��������SHQJHORODDQ�NRSL�PDVLK�
EHUVLIDW� WUDGLVLRQDO� GDQ� EHOXP�PHQJJXQDNDQ�
WHNQRORJL�EXGLGD\D�NRSL�VHFDUD�EDLN�GDQ�EHQDU��
KDO� LQL� PHQJJDPEDUNDQ� PDVLK� UHQGDKQ\D�
SHQJHWDKXDQ� SHWDQL� NRSL� WHQWDQJ� WHNQRORJL�
EXGLGD\D� NRSL� � 3DGDKDO� WXMXDQ� XWDPD�
SHQJHORODDQ� XVDKD� WDQL� NRSL� DGDODK� XQWXN�
PHQLQJNDWNDQ� SURGXNVL� DJDU� SHQGDSDWDQ�
SHWDQL� NRSL� MXJD�PHQLQJNDW�� VHKLQJJD� SHWDQL�

VHEDJDL�SHQJHOROD�XVDKD�VHPHVWLQ\D�PHQJHUWL�
FDUD�PHQJDORNDVLNDQ�VXPEHU�GD\D�DWDX�IDNWRU�
SURGXNVL�\DQJ�GLPLOLNLQ\D�DJDU�WXMXDQ�WHUVHEXW�
GDSDW�WHUFDSDL��

%HUGDVDUNDQ�KDO� WHUVHEXW� GL� DWDV��PDND� SHUOX�
GLODNXNDQ� SHPELQDDQ� PHODOXL� EHUEDJDL� FDUD�
GD O DP� PHQJHPEDQJNDQ � NHPDPSXDQ�
NRPSHWHQVL�GDQ�NXDOLWDV�VXPEHU�GD\D�PDQXVLD�
�6'0��� LOPX� SHQJHWDKXDQ�� WHNQRORJL�� GDQ�
S HQG L G L N DQ � � . D U HQ D � E D J D LPDQDSXQ�
NRPSHWHQVL � SHODNX� DJURLQGXVWU L � DNDQ�
PHQJJDPEDUNDQ� NHWHUDPSLODQ�� SHQJHWDKXDQ��
SHULODNX�� NDUDNWHULVWLN� SHUVRQDO� GDQ� PRWLYDVL�
\DQJ� DNDQ� EHUNRUHODVL� GHQJDQ� NHVXNVHVDQ�
GDODP�PHQMDODQNDQ�XVDKD��6HPXD�KDO�WHUVHEXW�
WHQWX� PHPHUOXNDQ� NRQWULEXVL� EHUEDJDL�
SHPDQJNX� NHSHQWLQJDQ� \DQJ� WHUOLEDW� GL�
GDODPQ\D��WHUPDVXN�SHPHULQWDK�VHQGLUL��2OHK�
NDUHQDQ\D� IDNWRU� SURGXNVL� WHQDJD� NHUMD�
EHUVDPD�VDPD�GHQJDQ�IDNWRU�SURGXNVL�ODLQQ\D��
ELOD�GLPDQIDDWNDQ�VHFDUD�RSWLPDO�DNDQ�PDPSX�
PHQLQJNDWNDQ� SURGXNVL� VHFDUD� PDNVLPDO��
.DUHQD� ELDVDQ\D� VHWLDS� SHQJJXQDDQ� WHQDJD�
NHU MD � SURGXNW L I � KDPSLU � VH OD OX � GDSDW�
PHQLQJNDWNDQ�SURGXNVL��

%HEHUDSD�SHQHOLWLDQ�VHEHOXPQ\D�PHQXQMXNNDQ�
EDKZD�EHOXP�DGD�\DQJ�VHFDUD�VSHVLILN�PHQJNDML�
W HQ WDQJ � SHQJHPEDQJDQ � 6'0� VHFDUD�
PHQGDODP� SDGD� DJURLQGXVWUL� NRSL� *D\R��
3HQHOLWLDQ�SHQHOLWLDQ� PHQJHQDL� DJURLQGXVWUL�
NRSL�*D\R�\DQJ�DGD�VHODPD�OHELK�PHQHNDQNDQ�
SDGD� DVSHN� SURGXNVL�� EDKDQ� EDNX�� HNRQRPL��
NHXDQJDQ�� VLVWHP� VHUWLILNDVL�� UDQWDL� SDVRN��
NHOHPEDJDDQ�GDQ� OLQJNXQJDQ��)DGKLO��0DDULI��
%DQWDFXW�	�+HUPDZDQ�� ������:DONHU�� ������
-D\D�� ������ %LOKDN� 	� 0DDULI�� ������ 1RYLWD��
������ ,QGUD�� ������ $OPTYLVW�� ������ )DWPD��
������ 5RPDQR�� ������� \DQJ� VHGLNLW� GLNDLWNDQ�
GHQJDQ�DVSHN�6'0��6HPHQWDUD�DUWLNHO�LQL�DNDQ�
EHUNRQWULEXVL� OHELK� IRNXV� SDGD� DVSHN� 6'0�
GHQJDQ� SHQGHNDWDQ� VRIW� V\VWHP� PHWKRGRORJ\�
�660���660�DGDODK�VHEXDK�SHQGHNDWDQ�KROLVWLN�
GL� GDODP� PHOLKDW� DVSHN�DVSHN� ULLO� GDQ�
NRQVHSWXDO� GL� PDV\DUDNDW�� 660� GLSDQGDQJ�
VHEDJDL� VDODK� VDWX� VWUDWHJL� GDODP�PHQDQJDQL�
EHUEDJDL�PDVDODK�PDQDMHPHQ� \DQJ� ODKLU� GDUL�
VLVWHP�DNWLYLWDV�PDQXVLD� �KXPDQ�DFWLYLW\� V\VWHP��
�%HUJYDOO�.DUHERUQ��������0DUWLQ���������
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6HUDQJNDLDQ�DNWLYLWDV�PDQXVLD�GLVHEXW�VHEDJDL�
VHEXDK�VLVWHP�NDUHQD�VHWLDS�DNWLYLWDV�DNWLYLWDV�
WHUVHEXW�VDOLQJ�EHUKXEXQJDQ�DQWDUD�VDWX�VDPD�
OD LQQ\D� GDQ� PHPEHQWXN� VXDWX� LNDWDQ�
�NHWHUNDLWDQ�� WHUWHQWX�� 3HQGHNDWDQ� VRIW� V\VWHPV�
GLDQJJDS� VHEDJDL� PHWRGRORJL� \DQJ� VDQJDW�
SURGXNWLI � XQWXN�PHPSHODMDUL� VHWLDS� DNWLYLWDV�
PDQXVLD�\DQJ�WHURUJDQLVLU�GL�GDODP�PHQFDSDL�
WXMXDQ�WXMXDQ�WHUWHQWX�WHUVHEXW��3DWHO����������

6 H K L Q J J D � 6 6 0 � V D Q J D W � F R F R N�
GLLPSOHPHQWDVLNDQ� VHEDJDL� VHEXDK� NHUDQJND�
NHUMD� �IUDPHZRUN�� SHPHFDKDQ� PDVDODK� \DQJ�
GLUDQFDQJ� VHFDUD� NKXVXV� SDGD� NHDGDDQ� \DQJ�
VHFDUD�KDNLNDWQ\D�PDVDODK�WHUVHEXW�VXOLW�XQWXN�
GLGHILQLVLNDQ��0DUWLQ��������6LQQ���������660�
MXJD� VHULQJ� GLSDNDL� XQWXN� PHPEXDW� NRQVHS�
PRGHO�� PHPSHUEDLNL� WLQGDNDQ� SUDJPDWLV��
PHQFDUL� NRPSURPL�� PDXSXQ� SHPEHODMDUDQ�
E H U V DP D � G D Q � S D U W L V L S D W L I � V H S H U W L�
SHQJHPEDQJDQ�RUJDQLVDVL�GDQ�SHQJHPEDQJDQ�
NRPXQLWDV��VHUWD�XQWXN�SHQJHPEDQJDQ�XVDKD�

7X MXDQ � SHQH O L W L DQ � L Q L � DGD O DK � XQ WXN�
PHUXPXVNDQ� PRGHO� VWUDWHJL� SHQJHPEDQJDQ�
6'0� DJ UR LQGXVW U L � NRSL � *D\R� GD ODP�
PHQJKDGDSL�0($�GHQJDQ�SHQGHNDWDQ�VLVWHP�
PHQJJXQDNDQ� VRIW� V\VWHP� PHWKRGRORJ\� �660���
'HQJ DQ � GHPLN L DQ � G LKD UDSNDQ � GDSD W�
PHQJKDVLONDQ�SHUPRGHODQ�NRQVHSWXDO�VWUDWHJL�
SHQJHPEDQJDQ�6'0�SDUD�SHODNX� �VWDNHKROGHU��
D J U R L QGX V W U L � G HQJ DQ � PHQ L Q JN D W Q \ D�
S U R G X N W L I L W D V � G D O DP � P HZ X M X G N D Q�
NHVHMDKWHUDDQ� GDQ� NHEHUODQMXWDQ� DJURLQGXVWUL�
NRSL�*D\R�

0HWRGRORJL�3HQHOLWLDQ

8Q W X N � P HP I R U PX O D V L N D Q � V W U D W H J L�
SHQJHPEDQJDQ�6'0�DJURLQGXVWUL�NRSL�*D\R�
GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ� PHWRGH� VRIW�
V\VWHP� PHWKRGRORJ\� �660�� \DQJ� GLNHPEDQJNDQ�
ROHK�&KHFNODQG�GDQ�3RXOWHU���������&KHFNODQG�
GDQ�6FKROHV���������6HSHUWL�SHQGHNDWDQ�VLVWHP�
ODLQQ\D�� LQWL� GDUL� 660� LQL� VHQGLUL� DGDODK�
PHPEHULNDQ�SHUEDQGLQJDQ�DQWDUD�GXQLD�Q\DWD�
GHQJDQ� VXDWX� SHUPRGHODQ� \DQJ� GLSHUNLUDNDQ�
PHUHSUHVHQWDVLNDQ�GXQLD�LWX�VHQGLUL��

7XMXDQ� SHUEDQGLQJDQ� LQL� QDQWLQ\D� DNDQ�
PHPEHULNDQ� SHPDKDPDQ� \DQJ� OHELK� EDLN�
PHQJHQD L � GXQLD � Q\DWD � � U H V HD U FK � � GDQ�
PHPEHULNDQ� LGH�LGH� SHUEDLNDQ� �DFWLRQ��
�6RQDWKD�	�3UD\DPD��������%URFNOHVE\�������
&KHFNODQG�	�6FKROHV���������

660�PHPLOLNL�NDSDELOLWDV�GDODP�PHQ\HGLDNDQ�
NHUDQJND�NHUMD�XQWXN�PHPDKDPL�PDVDODK�\DQJ�
GLKDGDSL� EDKNDQ� PDVDODK� \DQJ� NRPSOHNV�
VHNDOLSXQ� �'DHOOHQEDFK� 	� 0F1LFNOH�� ��������
,PSOHPHQWDVL�660�SDGD�EHUEDJDL�GLVLSOLQ�LOPX�
VXGDK� EDQ\DN� GLWHUDSNDQ� ROHK� SDUD� SDNDU��
SHQHOLWL� GDQ� DNDGHPLVL�� PXODL� GDUL� SHUVRDODQ�
VWUXNWXUDO�� NHELMDNDQ�� PLOLWHU�� OLQJNXQJDQ��
PHWRGH� SHQJDMDUDQ�� VRVLDO�� SHUPDVDODKQ�
HQHUJL�� LQGXVWUL�� LQRYDVL� GDQ� VHEDJDLQ\D�
�7UL\RQJJR�� 0DDULI � 	� 6XNPDZDWL�� ������
1RYDQL�� 3XWUR�	�+HUPDZDQ�� ������5L\DQWR��
(UL\DWQR�	�3DVDULEX��������6WDDGW��������/LX��
0HQJ�� 0LQJHUV�� 7DQJ� 	� :DQJ�� ������
0DKUHJDQ�� +RVVHLQ]DGHK� 	� .D]HPL�� ������
&R[��������%MHUNH��������6WDNHU��������.KLVW\��
������3DWHO��������.RQLV��������

0HWRGH�660�PHPLOLNL���WDKDSDQ��*DPEDU�����
\DLWX�
����0HQJNDML� PDVDODK� \DQJ� WLGDN� WHUVWUXNWXU��

3DGD� WDKDS� LQL� GLODNXNDQ� SHQJXPSXODQ�
VHMXPODK� LQIRUPDVL� \DQJ� GLSHUOXNDQ�
EHUNDLWDQ� GHQJDQ� VWUDWHJL� SHQJHPEDQJDQ�
6'0� DJURLQGXVWUL� NRSL� *D\R�� WHUPDVXN��
SDQGDQJDQ� GDQ� DVXPVL� SDUD� SLKDN� \DQJ�
WHUOLEDW��,QIRUPDVL�SULPHU�GLSHUROHK�PHODOXL�
GLVNXVL�PHQGDODP�GHQJDQ�SDUD�SDNDU�\DQJ�
EHUNRPSHWHQ�� 3DUD� SDNDU� \DQJ� GLSLOLK�
VHEDQ\DN���RUDQJ�\DLWX�GDUL�'LQDV�3HUWDQLDQ�
. DEXSD W HQ � $F HK � 7HQJ DK � � GR V HQ�
8QLYHUVLWDV� *DMDK� 3XWLK� GL� 7DNHQJRQ��
SHWDQL� NRSL� *D\R�� SHGDJDQJ� SHQJXPSXO��
GDQ� NRSHUDVL� NRSL� *D\R�� 8QWXN� GDWD�
VHNXQGHU� GLSHUROHK� GDUL� GRNXPHQ�
GRNXPHQ�NHSXVWDNDDQ�OHPEDJD�SHPHULQWDK�
GDQ� VZDVWD� WHUPDVXN� EDKDQ�EDKDQ� KDVLO�
SHQHOLWLDQ�

����0HQJHNVSUHVLNDQ� VLWXDVL� PDVDODK�� %DKDQ�
\DQJ� GLSHUROHK� SDGD� WDKDS� SHUWDPD��
VHODQMXWQ\D� GLJXQDNDQ� XQWXN�PHPEDQJXQ�
ULFK�SLFWXUH��SHQJJDPEDUDQ�SHWD�GXQLD�Q\DWD��
DWDX� GLVHEXW� MXJD� UHSUHVHQWDVL� NHDGDDQ�
VHNDUDQJ���
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����0HPEDQJXQ� GHILQLVL� SHUPDVDODKDQ� \DQJ�
EHUNDLWDQ� GHQJDQ� VLWXDVL� PDVDODK�� %DJLDQ�
LQL� DGDODK� PHUXPXVNDQ� URRW� GHILQLWLRQ�
�GHILQLVL�DNDU���\DLWX�VXDWX�NDOLPDW�VLQJNDW�
\DQJ�PHQ\DWDNDQ�´VXDWX�VLVWHP�PHODNXNDQ�
3�GHQJDQ�FDUD�4�XQWXN�PHQFDSDL�5µ��5RRW�
GHILQLWLRQ� VHODQMXWQ\D� GLWXDQJNDQ� GDODP�
PQHPRQLF�&$7:2(�VHEDJDLPDQD�7DEHO���

����0 HPE D Q J X Q � PRG H O � N R Q V H S W X D O ��
%HUGDVDUNDQ� URRW� GHILQLWLRQ� GL� DWDV� XQWXN�
VHWLDS�HOHPHQ�\DQJ�GLGHILQLVLNDQ��NHPXGLDQ�
G LEDQJXQ� PRGH O � NRQVHSWXD O � \DQJ�
GLEXWXKNDQ� XQWXN� PHQFDSDL� WXMXDQ� \DQJ�
LGHDO�� �0RGHO� LQL�PHQJLGHQWLILNDVL� VLVWHP�
DNWLYLWDV� PDQXVLD� KDVLO� HNVSUHVL� VLWXDVL�
P D V D O D K � G D O DP � U L F K � S L F W X U H � G D Q�
PHPSUHVHQWDVLNDQ� KXEXQJDQ� DQWDU�
NHJLDWDQ��0RGHO�NRQVHSWXDO�LQL�PHUXSDNDQ�
SURVHV�DGDSWLI��NDUHQD�WHUMDGL�XPSDQ�EDOLN�
DQWDUD� SURVHV� PHPRGHONDQ� GHQJDQ� KDVLO�
HNVSUHVL� VLWXDVL� PDVDODK�� 6HPXD� HOHPHQ�
\DQJ�WHUWXDQJ�GDODP�&$7:2(�GLVHUWDNDQ�
GDODP�PRGHO�NRQVHSWXDO�

����0HPEDQGLQJNDQ� PRGHO� NRQVHSWXDO�
GHQJDQ�VLWXDVL�PDVDODK��0RGHO�NRQVHSWXDO�
GLEDQGLQJNDQ� GHQJDQ� GXQLD� Q\DWD� XQWXN�
PHQ\RURWL� NHPXQJNLQDQ� SHUXEDKDQ� GL�
GXQLD� Q\DWD�� 6HWLDS� SLKDN� \DQJ� WHUOLEDW�
PHPEHULNDQ� SHUVHSVL� GDQ� SHQLODLDQ�
WHUKDGDS�DNWLYLWDV�\DQJ�GLPRGHONDQ��XQWXN�
PHQHQWXNDQ� DSD� \DQJ� VHKDU XVQ\D�
GLODNXNDQ�� GLSHUWDKDQNDQ�� GLSHUEDLNL� DWDX�
GLWLQMDX� NHPEDOL�� 'UDIW� DZDO� PRGHO�
NRQVHSWXDO� GLGHVDLQ� ROHK� SHQHOLWL� \DQJ�
VHODQMXWQ\D�GLPLQWD�NRUHNVL��PDVXNDQ�GDQ�
NODULILNDVL� NHSDGD� VHWLDS� SDNDU� VHEDJDL�
QDUDVXPEHU�GDUL�SHQHOLWLDQ�LQL��

6XDWX� PRGHO� SHUEDQGLQJDQ� GLUXPXVNDQ�
PHOLSXWL� DNWLYLWDV� \DQJ� GLWDZDUNDQ�� UHDOLWD�
DWDX� NRQGLVL� GXQLD� Q\DWD� \DQJ� WHUMDGL� GDQ�
UHNRPHQGDVL�XQWXN�WLQGDN�ODQMXW��0RGHO�LQL�
G L VHPSXUQDNDQ� GDQ� DNDQ� PHQMDG L�
UHNRPHQGDVL�XQWXN�SHUXEDKDQ��

����0HQHWDSNDQ� SHUXEDKDQ� \DQJ� OD\DN� GDQ�
GLLQJLQNDQ��7XMXDQ� WDKDS� LQL� DGDODK�XQWXN�
PHQJLGHQWLILNDVL� GDQ� PHQFDUL� SHUXEDKDQ�
\DQJ�GLLQJLQNDQ�VHFDUD�VLVWHPLN�GDQ� OD\DN��
3HUXEDKDQ�GDSDW�WHUMDGL�GDODP�KDO�VWUXNWXU��
SURVHGXU�DWDX�VLNDS�RUDQJ�RUDQJ���

����0HODNXNDQ� WLQGDNDQ� SHUEDLNDQ� DWDV�
PDVDODK�� 3DGD� WDKDS� LQL� DNDQ� PXQFXO�
UHNRPHQGDVL� SHUXEDKDQ� XQWXN� GDSDW�
GLLPSOHPHQWDVLNDQ�� $NDQ� GLWXQMXNNDQ�
VLVWHP� \DQJ� WHSDW� XQWXN� PHODNXNDQ�
SHUXEDKDQ�\DQJ�DNWLYLWDVQ\D�GDSDW�PHQMDGL�
´GXQLD�Q\DWDµ�

+DVLO�GDQ�3HPEDKDVDQ

%H UG D V D U N DQ � W DK DS DQ � W DK DS DQ � \ DQJ�
GLNHPEDQJNDQ� PHODOXL� SHQGHNDWDQ� 660��
EHULNXW� LQL� GLXUDLNDQ� SHQMHODVDQ� KDVLO� GDQ�
SHPEDKDVDQ� \DQJ� GLSHUROHK� GDUL� PDVLQJ�
PDVLQJ�WDKDSDQ�\DQJ�GLNDML��

3HUPDVDODKDQ�7LGDN�7HUVWUXNWXU
6DODK�VDWX�SHUPDVDODKDQ�GDODP�SHPEDQJXQDQ�
DJURLQGXVWUL�DGDODK�DVSHN�NXDOLWDV�6'0��<DQJ�
GLPDNVXG� GHQJDQ� 6'0� GDODP� NRQWHNV�
DJURLQGXVWUL�DGDODK�SRWHQVL�\DQJ�GLPLOLNL�ROHK�
LQGLYLGX�LQGLYLGX� VHEDJDL� PRGDO� LQVDQL� \DQJ�
GDSDW� GLNHPEDQJNDQ� XQWXN� VXDWX� SURVHV��
SURGXNVL� VHKLQJJD� PHQXQMXNNDQ� XNXUDQ�
SURGXNWLILWDV�WHUWHQWX��

7DEHO����
(OHPHQ�GDQ�'HVNULSVL�&$7:2(�

(OHPHQ�&$7:2(� 'HVNULSVL�

&RVWXPHU� 6LDSD�\DQJ�PHQGDSDWNDQ�PDQIDDW�GDUL�DNWLYLWDV�WXMXDQ"�
$FWRU� 6LDSD�\DQJ�PHODNVDQDNDQ�DNWLYLWDV�DNWLYLWDV"�
7UDQVIRUPDWLRQ� $SD�\DQJ�KDUXV�EHUXEDK�DJDU�LQSXW�PHQMDGL�RXWSXW"�
:RUOG�YLHZ� &DUD�SDQGDQJ�VHSHUWL�DSD�\DQJ�PHPEXDW�VLVWHP�EHUDUWL"�
2ZQHU� 6LDSD�\DQJ�GDSDW�PHQJKHQWLNDQ�DNWLYLWDV�DNWLYLWDV"�
(QYLURQPHQW� +DPEDWDQ�DSD�\DQJ�DGD�GDODP�OLQJNXQJDQ�VLVWHP"�

�'LDGRSVL�GDUL�&KHFNODQG�GDQ�6FKROHV��������
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%HEHUDSD� SHUVRDODQ� GDODP� DVSHN� 6'0�
DJURLQGXVWUL�NRSL�*D\R�\DQJ�EHUKDVLO�GLSHUROHK�
GDUL�SHQHOLWLDQ�LQL�DGDODK�VHEDJDL�EHULNXW�
���3HQJHPEDQJDQ� GDQ� SHQLQJNDWDQ� � 6'0�

VDQJDW�WHUJDQWXQJ�SDGD�SHQ\XOXK�SHUWDQLDQ�
GHQJDQ� IDVLOLWDV� \DQJ� PLQLP� GDQ� MXPODK�
SHWXJDV� \DQJ� WHUEDWDV� EHUEDQGLQJ� ZLOD\DK�
SHUNHEXQDQ�\DQJ�PHVWL�GLWDQJDQL��.RQGLVL�
LQL�VHUXSD�GHQJDQ�WHPXDQ�-D\D��������GDQ�
6LOLWRQJD��������

���.XUDQJQ\D� SHQJHPEDQJDQ� SHPDKDPDQ�
GDQ� PDQDMHPHQ� SHQJHWDKXDQ� GDODP�
EXGLGD\D� NRSL�� WHUPDVXN� WHNQRORJL� GDQ�
LQRYDVL�WHUNLQL��NDUHQD�OHELK�PHQJDQGDONDQ�
SHQJHWDKXDQ� VHFDUD� WXUXQ� WHPXUXQ� GDUL�
NHOXDUJD�� +DO� LQL� MXJD� SHUQDK� GLODSRUNDQ�
ROHK�,QGUD��������GDQ�5RPDQR��������\DQJ�
PHO LKDW � EDKZD� SURVHV� EHU WDQL � GDQ�
SHQJHORODDQ� SHUWDQLDQ� EDLN� SUD� GDQ� SDVFD�
SDQHQ�OHELK�GLSHQJDUXKL�ROHK�SHQJHWDKXDQ�
GDUL�RUDQJ�WXD�\DQJ�GLWUDQVIHU�NHSDGD�DQDN�
DQDNQ\D�

���3URGXNWLYLWDV� EHOXP� RSWLPDO� NDUHQD�
SHQJXDVDDQ� WHNQRORJL� \DQJ� NXUDQJ� GDQ�
OHPDKQ\D� NHWHUDPSLODQ� SHWDQL�� 0HQXUXW�
ODSRUDQ�%LOKDN�GDQ�0DDULI ���������,EUDKLP�
GDQ� =DLODQL� �������� 6LOLWRQJD� ������� MXJD�
PHQHPXNDQ� NHDGDDQ� \DQJ� VDPD�� GLPDQD�
NHWHUDPSLODQ�SHWDQL� OHELK�GRPLQDQ�NDUHQD�
DXWRGLGDN�� VDQJDW� MDUDQJ� NHWHUDPSLODQ�
SHWDQL�GLWLQJNDWNDQ�PHODOXL�VXDWX�SURJUDP�
SHQLQJNDWDQ�NHDKOLDQ�WHUWHQWX�

���.XUDQJQ\D� NUHDWLILWDV� GDQ� LQRYDVL� GDODP�
SHQJ R O DKDQ � S URGXN � G DQ � L QGX V W U L�
SHQJRODKDQ� \DQJ� PLQLP�� WHUXWDPD�
EHUNDLWDQ�GHQJDQ�SHQDQJDQDQ�SDVFD�SDQHQ�
GDQ� SHQJRODKDQ� DZDO� VHSHUWL� IHUPHQWDVL��
SHQJRODKDQ� VHPL� EDVDK� GDQ� HILVLHQVL�
SHQJJXQDDQ�DLU��7HPXDQ�\DQJ�VHUXSD�MXJD�
GLSHUROHK�GDUL�)DWPD��������GDQ�%LOKDN�GDQ�
0DDULI ��������

���,QWHQVLWDV�SHQGLGLNDQ�GDQ�SHODWLKDQ�VHFDUD�
NRQWLQ\X� WHUKDGDS� SHWDQL� NRSL� VDQJDW�
G LSHU OXNDQ� DJDU � NXDO L WDV � SURGXNVL�
DJURLQGXVWUL�PHQMDGL�OHELK�EDLN�� �3HQGDSDW�
LQL� MXJD� GLDNXL� ROHK� :DONHU� �������� -D\D�
��������1RYLWD���������GDQ�0XMLEXUUDKPDQ�
�������

,QGULDWL��������PH\DNLQL�EDKZD�6'0�PHPLOLNL�
SHUDQ� SHQWLQJ� GDODP�PHQFDSDL� NHEHUKDVLODQ��
NDUHQD� IDVLOLWDV� \DQJ� FDQJJLK� GDQ� OHQJNDS�
EHOXP� PHUXSDNDQ� MDPLQDQ� DNDQ� EHUKDVLOQ\D�
VXDWX�RUJDQLVDVL�WDQSD�GLLPEDQJL�ROHK�NXDOLWDV�
6'0� \DQJ� DNDQ� PHPDQIDDWNDQ� IDVLOLWDV�
WHUVHEXW���

$GDP�GDQ�*KDO\��������EHUSDQGDQJDQ�EDKZD�
VDODK� VDWX� VWUDWHJL� GDODP� PHQFDSDL� LQGXVWUL�
NRSL� VHFDUD� EHUNHODQMXWDQ� DGDODK� GHQJDQ�
PHPEHUGD\DNDQ� �HPSRZHUPHQW�� SHWDQL� XQWXN�
PHQLQJNDWNDQ� NDSDVLWDV� SDVRNDQ� GDQ�
SHPHQXKDQ�PXWX��

)DGKLO��0DDULI��%DQWDFXW��GDQ�+HUPDZDQ��0RGHO�6WUDWHJL�3HQJHPEDQJDQ�6XPEHU�'D\D�0DQXVLD�$JURLQGXVWUL�.RSL�*D\R�GDODP�0HQJKDGDSL�
0DV\DUDNDW�(NRQRPL�$6($1

*DPEDU����7DKDSDQ�6RIW�6\VWHP�0HWKRGRORJ\�

'LDGRSVL�GDUL�&KHFNODQG���������&KHFNODQG�GDQ�3RXOWHU�������
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-XUQDO�0DQDMHPHQ�7HNQRORJL����������������������

+DO�LQL�VHMDODQ�GHQJDQ�NHELMDNDQ�'HSDUWHPHQ�
3HULQGXVWULDQ� 5HSXEOLN� ,QGRQHVLD� GDODP�
PHPSULRULWDVNDQ� SHQJHPEDQJDQ� LQGXVWUL� GL�
PDVD� \DQJ� DNDQ� GDWDQJ� DGDODK� LQGXVWUL� \DQJ�
EHUEDVLV� DJUR� �DJURLQGXVWUL��� NDUHQD�PHPLOLNL�
NDUDNWHULVWLN� LQGXVWUL� EHUNHODQMXWDQ� GDQ� OHELK�
PHQJDQGDONDQ� SDGD� 6'0� EHUSHQJHWDKXDQ�
GDQ� WHUDPSLO�� VXPEHU� GD\D� DODP� \DQJ��
WHUEDUXNDQ��VHUWD�SHQJXDVDDQ�WHNQRORJL��

'DUL� EHUEDJDL� SHUVRDODQ� \DQJ� GLNHPXNDNDQ�
GLDWDV� � SHUDQ� SHPDQJNX� NHSHQW LQJDQ�
�VWDNHKROGHU��VDQJDW�SHQWLQJ�GDODP�PHQGRURQJ�
SHQJHPEDQJDQ�6'0�WHUXWDPD�VHEDJDL�EDJLDQ�
\DQJ�WLGDN�WHUSLVDKNDQ�DQWDUD�VDWX�GHQJDQ�\DQJ�
ODLQQ\D��8QWXN�PHQMHODVNDQ� KDO� LQL� GLXUDLNDQ�
GDODP� EHQWXN� WDEXODVL� DQDOLVLV� KLHUDUNL�
SHUPDVDODKDQ� GDQ� SHUDQ� SDUD� SLKDN� \DQJ�
WHUOLEDW� GDODP� SHUPDVDODKDQ� SHQJHPEDQJDQ�
6'0�DJURLQGXVWUL�NRSL�*D\R��7DEHO����

6HEDJDL� VHNWRU� XQJJXODQ�� DJURLQGXVWUL� VDQJDW���
GLWXQMDQJ�ROHK��NHPDPSXDQ��GDQ�NHWHUDPSLODQ�
SDUD�SHODNXQ\D�GDUL�EHUEDJDL�VXE�VLVWHP�GDODP�
PHQMDODQNDQ� SHUDQQ\D� PDVLQJ�PDVLQJ��
WHUPDVXN� NRPLWPHQ� XQWXN� VHFDUD� EHUVDPD�
VDPD� PHQJHPEDQJNDQ� VHOXUXK� VXE�VLVWHP�
DJURLQGXVWUL�� 6HOXUXK� NRPSRQHQ� VXE�VLVWHP�
DJURLQGXVWUL� \DQJ� PHOLSXWL� RUJDQLVDVL��
PDQDMHPHQ��PHNDQLVPH��VLVWHP�GDQ�SURVHGXU�
GDUL� VXE�VLVWHP� SURGXNVL�� SHQDQJDQDQ� SDVFD�
SDQHQ�VDPSDL�SHPDVDUDQ�GDQ�GLVWULEXVL��KDUXV�
PDPSX�PHQJHPEDQ�PLVLQ\D�GDQ�WLGDN�KDQ\D�
GDODP� PHQMDODQNDQ� IXQJVLQ\D� VHFDUD� SDUWLDO��
WHWDSL�MXJD�KDUPRQLVDVL�GDODP�SHQJHPEDQJDQ�
DJURLQGXVWUL�VHFDUD�LQWHJUDO��0DDULI��������

3HPHWDDQ�0DVDODK
8QWXN�PHQJJDPEDUNDQ� VLWXDVL�PDVDODK� \DQJ�
GLKDGDSL�GDODP�SHQJHPEDQJDQ�6'0���VHEXDK����
ULFK� SLFWXUH� GLWDPSLONDQ� GHQJDQ� EHUEDJDL�
SHUVSHNWLI �\DQJ�PHQHNDQNDQ�VWUXNWXU��SURVHV��
KXEXQJDQ�� NRQIOLN� GDQ� NHWLGDNSDVWLDQ�� VHUWD�
PHQJXQJNDSNDQ� PDVDODK�� QLODL�QLODL� \DQJ�
GL\DNLQL� GDQ� GLYLVXDOLVDVLNDQ� PHODOXL� VLPERO�
VLPERO��*DPEDU����

%HUGDVDUNDQ�ULFK�SLFWXUH�\DQJ�WHUEDQJXQ��GDSDW�
GLSDKDPL� SHWD� PDVDODK� \DQJ� PHOLQJNXSL�
SHUVRDODQ� SHQJHPEDQJDQ� 6'0�� 0XODL� GDUL�
PDVDODK�NHPDPSXDQ�GDQ�NXDOLWDV�6'0�\DQJ�
DGD�VDDW�LQL��SHQJHPEDQJDQ�LOPX�SHQJHWDKXDQ�
GDQ� WHNQRORJL�� SHQGLGLNDQ� GDQ� NHWHUDPSLODQ�
VDPSDL�NHWHUOLEDWDQ�PXOWL�SLKDN�\DQJ�EHUSHUDQ�
GLGDODPQ\D�� .HELMDNDQ� \DQJ� GLSXWXVNDQ�
SHPHULQWDK� XQWXN� WHUOLEDW� GDODP� SHUGDQJDQ�
EHEDV� VHWLQJNDW� $6($1�� PHQMDGL� WDQWDQJDQ�
GDQ�VHNDOLJXV�DQFDPDQ�EDJL�6'0�DJURLQGXVWUL�
NRSL�*D\R�

�-LND�WLQGDNDQ�GDQ�GXNXQJDQ�SDUD�SLKDN�GDODP�
PHQJ HPEDQJNDQ � 6'0� SD U D � S H O D NX�
DJURLQGXVWUL�� WHUXWDPD� SHWDQL�� SHGDJDQJ�
SHJXPSXO��SHQJHOROD�NRSHUDVL�GDQ�SHUXVDKDDQ�
DJURLQGXVWUL�NRSL�ORNDO�WLGDN�GLWDQJDQL�GHQJDQ�
EDLN�� PDND� DNDQ� PHQMDGL� SHUVRDODQ� VHULXV�
GLNHPXGLDQ� KDUL�� 0DVXNQ\D� WHQDJD� DVLQJ�
GHQJDQ� SHQJHWDKXDQ� GDQ� NHWHUDPSLODQ� \DQJ�
O HE LK � ED LN � ER O HK � M DG L � PHQ\HEDENDQ�
NHWHUSLQJJLUDQ�SHODNX�DJURLQGXVWUL�NLWD�VHQGLUL��
NDUHQD�NDODK�GDODP�SHUVDLQJDQ��+DO�LQL�SXODODK�
\DQJ�GLFHPDVNDQ�7UL\RQJJR�GNN���������\DQJ�
PHQJDQDOLVLV� EDJDLPDQD� NHVLDSDQ� 6'0�
,QGRQHVLD� GDODP� PHQJKDGDSL� 0DV\DUDNDW�
(NRQRPL� $6($1�� WHUXWDPD� GDUL� NDODQJDQ�
SUDNWLVLQ\D�

'HILQLVL�$NDU��5RRW�'HILQLWLRQ�
3HQLQJNDWDQ� PXWX� 6'0� \DQJ� VWUDWHJLV�
W H U K D G D S � N H W H U DPS L O D Q � � P R W L Y D V L ��
S H Q J H P E D Q J D Q � G D Q � P D Q D M H P H Q���
SHQJRUJDQLVDVLDQ����6'0����PHUXSDNDQ�V\DUDW�
XWDPD� GDODP� HUD� JOREDOLVDVL� XQWXN� PDPSX���
EHUVDLQJ���GDQ���PDQGLUL���0DDULI���������,QLODK�
\DQJ� VHGDQJ� GLKDGDSL� GDODP� NRQWHNV� 0($�
\DQJ� VXGDK� PXODL� EHUMDODQ� VHMDN� DZDO� WDKXQ�
�����\DQJ�ODOX�
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7DEHO����
$QDOLVLV�+LHUDUNL�3HUPDVDODKDQ

)DGKLO��0DDULI��%DQWDFXW��GDQ�+HUPDZDQ��0RGHO�6WUDWHJL�3HQJHPEDQJDQ�6XPEHU�'D\D�0DQXVLD�$JURLQGXVWUL�.RSL�*D\R�GDODP�0HQJKDGDSL�
0DV\DUDNDW�(NRQRPL�$6($1

/HYHOLVDVL�
3LKDN�\DQJ�
WHUOLEDW�

)RNXV�,VX� 6LIDW�

'LUHNWLI�

��3HPHULQWDK�
GDHUDK�

��3LPSLQDQ�
NRSHUDVL�

��3LPSLQDQ�
SHUXVDKDDQ�
DJURLQGXVWUL�

��3HUEDQNNDQ�

��.HELMDNDQ�SHQJHPEDQJDQ�
6'0�

��3HQJDUDKDQ�GDQ�
3HQJDZDVDQ��

��6WUDWHJL�.HXDQJDQ�GDQ�
.UHGLW�XVDKD�

��.HDPDQDQ�GDQ�.RQIOLN�
6RVLDO�3ROLWLN�

��3HUHQFDQDDQ�
6WUDWHJLV�

��.HELMDNDQ�
3HPEDQJXQDQ�

��,QYHVWDVL�	�
.HXDQJDQ�

6WUDWHJLV�

��0DQDMHPHQ�
.RSHUDVL�

��0DQDMHPHQ�
3HUXVDKDDQ�

��'LQDV�
3HUWDQLDQ�
GDQ�
3HUNHEXQDQ�

��3HUDQFDQJ�GDQ�3HODNVDQD�
3URJUDP�3HQJHPEDQJDQ�
6'0�

��3URVHV�3HQDQJDQDQ�GDQ�
3HPEHUGD\DDQ�6'0�

��0DQDMHPHQ�3HQJHWDKXDQ�	�
.RRUGLQDVL�DQWDU�XQLW�

��0DQDMHULDO�

��3HQJRUJDQLVDVLDQ�

��(YDOXDVL�GDQ�
3HQJDZDVDQ�

7DNWLV�

��3HQ\XOXK�
SHUWDQLDQ�

��.RPXQLWDV�
PDV\DUDNDW��
NHORPSRN�
XVDKD�WDQL�

��/HPEDJD�
VZDGD\D�
PDV\DUDNDW�

��3HQGDPSLQJDQ�SHODNX�
DJURLQGXVWUL�

��3HQJRUJDQLVDVLDQ�
NHORPSRN�PDV\DUDNDW�

��3HQJHPEDQJDQ�NDSDVLWDV�
6'0�PHODOXL�OHPEDJD�GDQ�
NHOHPEDJDDQ�

��3HPEHUGD\DDQ�PDV\DUDNDW�
WDQL�SHNHEXQ�

��2SHUDVLRQDO�
WHNQLV�

��.DZDVDQ�
SHUNHEXQDQ�

��$QWDU�OHPEDJD�
GDQ�NHPLWUDDQ�

2SHUDVLRQDO�
�� 3HWDQL�

�� 3HGDJDQJ�
3HQJXPSXO��

�� 3URGXNWLILWDV�6'0�

�� 3HQJHPEDQJDQ�GLUL�GDQ�
NHWHUDPSLODQ�

�� 5HODVL�VRVLDO�\DQJ�GLQDPLV�

��3HUNHEXQDQ�

��.DZDVDQ�SURGXNVL�

�
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-XUQDO�0DQDMHPHQ�7HNQRORJL����������������������

*DPEDU�����5LFK�3LFWXUH�3HUPDVDODKDQ�

8QWXN� PHQGHVNULSVLNDQ� EDJDLPDQD� SURVHV�
VLVWHP� SHQJHPEDQJDQ� NDSDVLWDV� 6'0� \DQJ�
KHQGDN� GLEDQJXQ� PDND� GLDQDOLVLV� GHQJDQ�
PHQJJXQDNDQ�WDEHO�&$7:2(��7DEHO�����

0RGHO�.RQVHSWXDO
'HQJDQ� EHUSHGRPDQ� SDGD� URRW� GHILQLWLRQ��
VHODQMXWQ\D� GLVXVXQODK� JDPEDUDQ� PRGHO�
NRQVHSWXDO� GDODP� PHQJLGHQWLILNDVL� DNWLYLWDV�
\DQJ�GLSHUOXNDQ�GDODP�VLVWHP�SHQJHPEDQJDQ�
6'0� \DQJ� GLEDQJXQ�� 0RGHO� NRQVHSWXDO� LQL�
PHUXSDNDQ� SURVHV� DGDSWLI�� GLPDQD� WHUMDGL��
DNWLYLWDV� �SDUD� � �SHODNX� �GDQ� �DGDQ\D�XPSDQ�
EDOLN� DQWDUD� SURVHV� GDQ� SHODNX� GDODP� VLVWHP�
�*DPEDU����

$QWDUD�0RGHO�GDQ�'XQLD�1\DWD
6HWHODK� PRGHO� NRQVHSWXDO� GLSHUROHK�� PDND�
W DKDS � EHU LNX WQ\D � DGD O DK � PH ODNXNDQ�
SHUEDQGLQJDQ� DQWDUD� PRGHO� NRQVHSWXDO��
�KXPDQ��DFWLYLW\��V\VWHP��GHQJDQ�GXQLD�Q\DWD�\DQJ�
PHQJKDVLONDQ� UHNRPHQGDVL� WHQWDQJ� DSD� \DQJ�
VHEDLNQ\D� GLSHUWDKDQNDQ�� GLWLQJNDWNDQ� DWDX�
GLEXDW�\DQJ�EDUX��5HNRPHQGDVL�\DQJ�GLEHULNDQ�
GDODP� SURVHV� LQL� PHOLSXWL� WXMXK� KDO�� \DLWX�
S H O D W L K D Q � S H Q J HPE DQ J D Q � G L U L � G D Q�
NHWHUDPSLODQ�� SHQJHPEDQJDQ� NHOHPEDJDDQ��
VWXGL� EDQGLQJ� VHEDJDL� PHGLD� SHPEHODMDUDQ�
ODQJVXQJ�� SDPHUDQ� DJURLQGXVWUL�� SHQ\XOXKDQ�
LQWHQVLI��WHQDJD�SHQGDPSLQJ�SHUNHEXQDQ�GDQ�
SHQHOLWLDQ� EHUNHVLQDPEXQJDQ�� 8QWXN� OHELK�
GHWLOQ\D�VHSHUWL�\DQJ�GLMHODVNDQ�SDGD�7DEHO���
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7DEHO����
$QDOLVLV�&$7:2(

'HVNULSVL� +DVLO�'HILQLVL�

&�
&R V WXP H U�� RUDQJ� \DQJ�
EHUSHQJDUXK�GLSHQJDUXKL�
ROHK�VLVWHP��

3HWDQL�� 3HGDJDQJ� 3HQJXPSXO�� .RSHUDVL� GDQ�
3HUXVDKDDQ�

$�
$F WR U�� RUDQJ� GDQ� SHUDQ�
VLVWHP�GDODP�DNWLYLWDV�

�� 3HWDQL�� SHODNX� \DQJ� PHODNXNDQ� EXGLGD\D��
SHQDQJDQDQ�SDUD�	�SDVFD�SDQHQ��

�� 3HGDJDQJ� 3HQJXPSXO�� PHODNXNDQ� SHQDQJDQDQ�
SDVFD� SDQHQ� GDQ� SHUGDJDQJDQ� NHSDGD�
DJURLQGXVWUL��NRSHUDVL�GDQ�SHUXVDKDDQ��

�� .RSHUDVL�GDQ�3HUXVDKDDDQ��SLKDN�\DQJ�PHODNXNDQ�
SHPEHOLDQ� NHSDGD� SHWDQL� GDQ� SHGDJDQJ�
SHQJXPSXO� \DQJ� NHPXGLDQ� PHQMXDO� NHSDGD�
SHPEHOL��EX\HU��QDVLRQDO�GDQ�LQWHUQDVLRQDO�

�� 3HUJXUXDQ� 7LQJJL�� %373� �%DODL� 3HQJNDMLDQ�
7HNQRORJL� 3HUWDQLDQ��� /HPEDJD� SHQHOLWLDQ��
OHPEDJD�\DQJ�PHQ\HGLDNDQ�LOPX��WHNQRORJL�

�����GDQ�PHODNXNDQ�GLVHPLQDVL�KDVLO�SHQHOLWLDQ�NHSDGD�
SHWDQL�GDQ�SHGDJDQJ�SHQJXPSXO��VHUWD�SHODNVDQD�
EDJL�SHPEHUL�NHELMDNDQ�

�� 3HQ\XOXK� GDQ� 3HQGDPSLQJ�� SHODNX� \DQJ�
PHQGHVLPLQDVLNDQ� KDVLO�KDVLO� SHQHOLWLDQ� GDQ�
WHNQRORJL�VHUWD�VHEDJDL�PLWUD�SHODNX�DJURLQGXVWUL�

7�
7UDQ V IR UP DWLR Q �� SURVHV�
GDQ�SHUXEDKDQ�

7HUEDQJXQQ\D�VWUDWHJL�SHQJHPEDQJDQ�NDSDVLWDV�6'0�
DJURLQGXVWUL� NRSL� *D\R� PHODOXL� EHUEDJDL� SURJUDP��
SHODWLKDQ�� SHQ\XOXKDQ�� SHPEHUGD\DDQ� PDV\DUDNDW��
SHQHOLWLDQ�GDQ�SHUXPXVDQ�NHELMDNDQ�

:�
:R UOG �Y LH Z ��'DPSDN�GDUL�
LPSOHPHQWDVL�VLVWHP��

7HUEHQWXNQ\D�NHELMDNDQ�SHPHULQWDK�GDQ�WHUEDQJXQQ\D�
SHQJHWDKXDQ� \DQJ� EDLN� VHFDUD� EHUVDPD�VDPD� EDJL�
VHOXUXK� HOHPHQ� \DQJ� WHUOLEDW� XQWXN� PHPLOLNL� UDVD�
WDQJJXQJ�MDZDE�GDODP�PHUHQFDQDNDQ��PHQJHQGDOLNDQ�
GDQ� PHPSHUEDLNL� SHQJHPEDQJDQ� NDSDVLWDV� 6'0�
DJURLQGXVWUL�NRSL�*D\R�VHFDUD�EHUNHODQMXWDQ��

(� 2Z Q H U��3DUD�SLKDN� .RSHUDVL��3HUXVDKDDQ��3HPHULQWDK�'DHUDK�

&�

(QY LUR QP H Q W��NHQGDOD�
OLQJNXQJDQ�\DQJ�
PHOLQJNXSL�VLVWHP�GDQ�
LPSOLNDVLQ\D�

�� 3URJUDP� SHQJHPEDQJDQ� 6'0� PDVLK� VDQJDW�
VHGLNLW�GDQ�WHUEDWDV�MDQJNXDQQ\D�

�� 7UDQVIHU� SHQJHWHWDKXDQ� EXGLGD\D� VHUWD�
SHQDQJDQDQ� SUD� GDQ� SDVFD� SDQHQ� KDQ\D�
EHUGDVDUNDQ�SHQJHWDKXDQ�WXUXQ�WHPXUXQ�

5227�'(),1,7,21��
6LVWHP�PHODNXNDQ�NHJLDWDQ�SHQJHPEDQJDQ�6'0�DJURLQGXVWUL�NRSL�*D\R��3��GHQJDQ�FDUD�
SHQHUDSDQ�EHUEDJDL�SURJUDP�VHFDUD�HIHNWLI�GDQ�WHSDW�VDVDUDQ�GHQJDQ�NHWHUOLEDWDQ�EHUEDJDL�
SLKDN��4��XQWXN�GDSDW�PHQLQJNDWNDQ�NDSDVLWDV�6'0�PDQXVLD�VHFDUD�EHUNHODQMXWDQ�GDODP�
PHQJKDGDSL�SHUGDJDQJDQ�EHEDV�WHUPDVXN�0($��5��

�
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\DQJ�

�

EDQJXQQ\D�

�

*DPEDU�����0RGHO�.RQVHSWXDO�6WUDWHJL�3HQJHPEDQJDQ�6'0�

5HQFDQD�3HUXEDKDQ
7XMXDQ� XWDPD� SHQJHORODDQ� XVDKD� WDQL� NRSL�
*D\R� DGDODK� XQWXN� PHQLQJNDWNDQ� SURGXNVL�
DJDU�SHQGDSDWDQ�SHWDQL�NRSL�PHQLQJNDW��NDUHQD�
LWX� SHWDQL� VHEDJDL� SHQJHOROD� XVDKDQ\D� KDUXV�
PHQJHUWL� FDUD� PHQJDORNDVLNDQ� VXPEHU� GD\D�
DWDX�IDNWRU�SURGXNVL�\DQJ�GLPLOLNLQ\D�VHKLQJJD�
WXMXDQ� WHUVHEXW� GDSDW� WHUFDSDL�� .RSL� \DQJ�
GLKDVLONDQ� KDUXV� PHPHQXKL� V\DUDW� NXDOLWDV�
WHUWHQWX�VHKLQJJD�GDSDW�GLWHULPD�SDVDU��6DODK�
V D W X � X S D \ D � \ D Q J � G L O D N X N D Q � D G D O D K�
PHQLQJNDWNDQ� NXDOLWDV� 6'0� SHWDQL� GDQ�
SHQJXDVDDQ� WHUKDGDS� LOPX� GDQ� WHNQRORJL�
WHQWDQJ� DJURLQGXVWUL� GDQ� NXDOLWDV� NRSL��.RSL�
*D\R�\DQJ�PHUXSDNDQ�VDODK�VDWX�NRSL�WHUEDLN�
GDUL�NRSL�\DQJ�DGD�GL�,QGRQHVLD�DGDODK�PRGDO�
GDVDU�\DQJ�GLPLOLNL�GDHUDK�VHEDJDL�GD\D�VDLQJ�
EDJL�SHPHQXKDQ�NHEXWXKDQ�NRSL�GXQLD��

3HWDQL� VHKDUXVQ\D� PHQJXDVDL� WHNQRORJL�
SHQDQJDQDQ� SUD� GDQ� SDVFD� SDQHQ� XQWXN�
PHPSHUROHK� NRSL� \DQJ� PHPHQXKL� VWDQGDU�
NXDOLWDV� WHUEDLN� VHKLQJJD� PHQGDSDWNDQ� QLODL�
MXDO� WHUEDLN� SXOD�� 0HODNXNDQ� SURJUDP�
SURJUDP� SHQJHPEDQJDQ� 6'0� VHPHVWLQ\D�
PHQMDGL� SHUKDWLDQ� XWDPD� EHUEDJDL� SLKDN� GL�
$FHK�PDXSXQ�,QGRQHVLD��XQWXN�PHQLQJNDWNDQ�
NDSDVLWDV�SHODNX�DJURLQGXVWUL�VHKLQJJD�PDPSX�
EHUVDLQJ�GHQJDQ�EHUEDJDL�NRPSHWLWRU�ODLQQ\D��
%HUEDJDL� EHQWXN� NHU MDVDPD� DQWDU� XQLW�
SHPHULQWDK�� VZDVWD� GDQ� SHUJXUXDQ� WLQJJL�
VDQJDW�SHQWLQJ�GLODNXNDQ�DJDU�SHOXDQJ�SHOXDQJ�
GDODP� UDQJND� LPSOHPHQWDVL� NHELMDNDQ� XQWXN�
SHQJHPEDQJDQ� 6'0� GDSDW� GLODNVDQDNDQ�
VHFDUD � LQRYDW L I � GDQ� YDU LD W L I � PHOD OX L�
SHQGHNDWDQ�SHQGHNDWDQ�VRVLDO�NHPDV\DUDNDWDQ���
GHQJDQ���PHPSHUKDWLNDQ�NHDULIDQ�ORNDO��
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$NWLYLWDV� .RQGLVL�'XQLD�1\DWD� 5HNRPHQGDVL�

3HODWLKDQ�
SHQJHPEDQJDQ�GLUL�
GDQ�NHWHUDPSLODQ�

)DVLOLWDV�GDQ�VDUDQD�
SHQJHPEDQJDQ�GLUL�PDXSXQ�
NHWHUDPSLODQ�PDVLK�VDQJDW�
WHUEDWDV�

0HPSHUEDQ\DN�IDVLOLWDV�GDQ�VDUDQD�
SHQJHPEDQJDQ�GLUL�GDQ�NHWHUDPSLODQ��
PHQJXVDKDNDQ�DJDU�PHQ\HQWXK�
PDV\DUDNDW�\DQJ�OHELK�MDXK�NH�SHGHVDDQ�
GDQ�GDSDW�PHQMDOLQ�NHUMDVDPD�\DQJ�EDLN�
GHQJDQ�SHUJXUXDQ�WLQJJL��OHPEDJD�
VZDGD\D�PDV\DUDNDW�PDXSXQ�NRPXQLWDV�
NRSL�ODLQQ\D��

3HQJHPEDQJDQ�
NHOHPEDJDDQ�

3HQGHNDWDQ�SHQJHPEDQJDQ�
NHOHPEDJDDQ�WHUOLKDW�
VHUDJDPDQ��SDGDKDO�VHWLDS�
EHQWXN�NHOHPEDJDDQ�PHPLOLNL�
NRQGLVL�\DQJ�EHUEHGD�EHGD�

0HODNXNDQ�SHPLODKDQ�VLVWHP�
SHQGHNDWDQ�NHOHPEDJDDQ��DGD�\DQJ�SHUOX�
GL�GLEDQWX��DVVLVWDQFH���GLIDVLOLWDVL�
�IDFLOLWDWLRQ��DWDX�FXNXS�GL�SURPRVLNDQ�
�SURPRWLRQ��VDMD��

6WXGL�EDQGLQJ�
VHEDJDL�PHGLD�
SHPEHODMDUDQ�
ODQJVXQJ�

%HEHUDSD�NRSHUDVL�VXGDK�
PHPSURJUDPNDQ�NHJLDWDQ�
VWXGL�EDQGLQJ�NH�SHUXVDKDDQ�
GDQ�NRSHUDVL�NRSL�GL�GDHUDK�
ODLQ�GL�,QGRQHVLD��WHUPDVXN�NH�
SXVDW�SHQHOLWLDQ�GDQ�
SHQJHPEDQJDQ�NRSL�GL�-HPEHU��

.RSHUDVL�GDQ�SHUXVDKDDQ�SHUOX�
PHODNXNDQ�SURJUDP�VWXGL�EDQGLQJ�
VHFDUD�NRQWLQ\XH�XQWXN�PHQDPEDK�
SHQJHWDKXDQ�EDUX�GDQ�PHPEXND�
ZDZDVDQ��3HUDQ�VHUWD�SHPHULQWDK�VDQJDW�
GLKDUDSNDQ�WXUXW�EHUSDUWLVLSDVL�
PHQGXNXQJ�GDQ�PHPIDVLOLWDVL�NHUMDVDPD�
DQWDU�GDHUDK�GDQ�ZLOD\DK�DJURLQGXVWUL�
NRSL�

3DPHUDQ�
DJURLQGXVWUL�

3DUWLVLSDVL�SDPHUDQ�
DJURLQGXVWUL�GDQ�VHMHQLVQ\D�
VHODPD�LQL�OHELK�GL�GRPLQDVL�
ROHK�SHUXVDKDDQ�GDQ�NRSHUDVL��
VDQJDW�VHGLNLW�DWDV�LQLVLDWLI�GDQ�
SDUWLVLSDVL�NHORPSRN�
PDV\DUDNDW�VHFDUD�PDQGLUL�

3HUOX�GRURQJDQ�GDQ�SHQ\HGLDDQ�ZDGDK�
SDPHUDQ�DJURLQGXVWUL�GDODP�VNDOD�UDN\DW��
GLPDQD�NHORPSRN�NHORPSRN�WDQL�GDSDW�
WDPSLO�PHQXQMXNNDQ�NHOHELKDQ�DWDXSXQ�
SUHVWDVL�WHUWHQWX�GDODP�XVDKD�WDQLQ\D�

3HQ\XOXKDQ�LQWHQVLI�

7HQDJD�SHQ\XOXK�PDVLK�
WHUEDWDV�GDQ�WLGDN�PHQMDQJNDX�
GDHUDK�GDHUDK�\DQJ�PHPLOLNL�
NRQGLVL�DODP�\DQJ�VXOLW�
�SHGDODPDQ��VXVDK�WUDQVSRUWDVL�
GDQ�DODP�\DQJ�HNVWULP���

3HQDPEDKDQ�MXPODK�SHQ\XOXK�GDQ�
SHQJHPEDQJDQ�NDSDVLWDV�SHQ\XOXK�
VDQJDW�SHQWLQJ�XQWXN�GLSHUKDWLNDQ��
VHKLQJJD�VHODLQ�MXPODK�\DQJ�OHELK�
PHPDGDL�MXJD�PHPLOLNL�SHQJHWDKXDQ�
\DQJ�WHUXV�EHUNHPEDQJ�

7HQDJD�SHQGDPSLQJ�
SHUNHEXQDQ�

7HQDJD�SHQGDPSLQJ�VHODPD�LQL�
GLUHNUXW�GDUL�DOXPQL�SHUJXUXDQ�
WLQJJL�PHODOXL�SURJUDP�
WHUWHQWX�SDGD�VXDWX�XQLW�
SHPHULQWDKDQ��

3HPHULQWDK�GDHUDK�SHUOX�
PHPSHUWLPEDQJNDQ�XQWXN�PHUHNUXW�
SHQGDPSLQJ�WHUVHQGLUL�XQWXN�NDZDVDQ�
SHUNHEXQDQ�NRSL�*D\R��DWDX�GDSDW�MXJD�
PHQ\HGLDNDQ�SHQGLGLNDQ�NHWHUDPSLODQ�
WHNQLV�VHWDUD�'LSORPD�EDJL�NHOXDUJD�
�DQDN�DQDN��SHWDQL�NHEXQ�NRSL��

3HQHOLWLDQ�
EHUNHVLQDPEXQJDQ�

3HUJXUXDQ�WLQJJL��%337��
OHPEDJD�SHQHOLWLDQ�ODLQQ\D�
OHELK�EDQ\DN�PHODNXNDQ�ULVHW�
SDGD�KDO�KDO�WHNQLV�EXGLGD�
\D��SHQDQJDQDQ�SUD�	�SDVFD�
SDQHQ��ODKDQ��GDQ�VHMHQLVQ\D��
VHPHQWDUD�NDMLDQ�NDMLDQ�
WHQWDQJ�SHQJHPEDQJDQ�6'0�
PDVLK�VDQJDW�WHUEDWDV��

.DMLDQ�NDMLDQ�SHQJHPEDQJDQ�6'0�SHUOX�
VHFDUD�WHUXV�PHQHUXV�GLODNXNDQ�
SHQHOLWLDQ��VHKLQJJD�GDUL�ZDNWX�NH�ZDNWX�
NXDOLWDV�6'0�SHWDQL��SHGDJDQJ�
SHQJXPSXO�GDQ�SHODNX�DJURLQGXVWUL�NRSL�
ODLQQ\D�VHPDNLQ�EHUNHPEDQJ�GDQ�
PHQLQJNDW�OHELK�EDLN�GDODP�
PHZXMXGNDQ�NHVHMDKWHUDDQ�NHOXDUJD�GDQ�
PDV\DUDNDW�GL�ZLOD\DK�SURGXNVL�NRSL��

�

7DEHO����
3HUEDQGLQJDQ�0RGHO�GHQJDQ�'XQLD�1\DWD�
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SHUOX�

6DODK� VDWX� XSD\D� SHUFHSDWDQ� WUDQVIHU�
SHQJHWDKXDQ� GDQ� WHNQRORJL� DGDODK� PHODOXL�
SHQGLGLNDQ� NHSDGD� JHQHUDVL� SHQHUXV� SHWDQL�
SHNHEXQ� NRSL� GDQ� SHODNX� DJURLQGXVWUL� NRSL�
ODLQQ\D�PHODOXL�VDUDQD�SHQGLGLNDQ�

3HPHULQWDK� GDHUDK� NKXVXVQ\D� GL� .DEXSDWHQ�
$FHK� 7HQJDK� GDQ� .DEXSDWHQ� %HQHU�0HULDK�
SHUOX� PHPSHUWLPEDQJNDQ� VHEXDK� OHYHO�
SHQGLGLNDQ� WHNQLV�NHWHUDPSLODQ�EDJL� JHQHUDVL�
PXGD� GL� GDHUDK� WHUVHEXW� GDODP� NDLWDQQ\D�
GHQJDQ�DJURLQGXVWUL�NRSL��PXODL�GDUL�EXGLGD\D�
VDPSDL�SHPDVDUDQ��3HQGLGLNDQ�VHWDUD�'LSORPD�
PXQJNLQ� GDSDW� MDGL� DOWHUQDWLI � \DQJ� GDSDW�
WHUVHUDS� ODQJVXQJ� EDLN� NHSDGD� XQLW� SHQ\HGLD�
WHQDJD�NHUMD� DWDXSXQ�PHQJHPEDQJNDQ�XVDKD�
VHQGLUL��ZLUDXVDKD��

7LQGDNDQ�8QWXN�3HUEDLNDQ
6WUDWHJL� �SHQJHPEDQJDQ� �6'0� �DJURLQGXVWUL�
NRSL�*D\R�EXNDQODK�SHNHUMDDQ�PXVLPDQ�GDQ�
W H P S R U D O � � P H O D L Q N D Q � D N W L I L W D V�
EHUNHVLQDPEXQJDQ�\DQJ�WHQWXQ\D�GLKDUDSNDQ�
GDUL�ZDNWX�NH�ZDNWX�VHPDNLQ�EHUNHPEDQJ�GDQ�
PHQMDGL� OHELK� EDLN�� 6HEXDK� GHVDLQ� IRUPXODVL�
V W U D W H J L � S H U O X � G L U X P X V N D Q � G D Q�
GLLPSOHPHQWDVLNDQ� VHFDUD� PHQ\HOXUXK��
WHUPDVXN�HYDOXDVL�GDQ�SHQJDZDVDQ�VHSDQMDQJ�
ZDNWX� SHODNVDQDDQQ\D�� )RUPXODVL� VWUDWHJL����
DNDQ����PHPEHULNDQ�VHEXDK�SHWD�MDODQ�NHPDQD�
DUDK� \DQJ� DNDQ� GLWXMX� GDQ� PHODOXL� MDODQ� DSD�
\DQJ� GLSLOLK� GHQJDQ� VHJDOD� GLQDPLND� \DQJ�
PXQJNLQ�DNDQ�WHUXV�EHUNHPEDQJ�VHWLDS�VDDW�

%HUGDVDUNDQ�*DPEDU����WHUOLKDW�EDKZD�GDODP����
VWUDWHJL�����SHQJHPEDQJDQ����6'0�DJURLQGXVWUL�
NRSL�*D\R��WHUGDSDW�WLJD�HOHPHQ�SHQWLQJ�GDODP�
PHQGRURQJ� SURVHV� SHQJHPEDQJDQ� NDSDVLWDV�
6'0�\DQJ� GDSDW� GLWXUXQNDQ�GDODP�EHUEDJDL�
SURJUDP�� 3HUWDPD�� NHELMDNDQ� SHQJHPEDQJDQ�
6'0� WHUXWDPD� GHQJDQ� SURJUDP�SURJUDP�
SHPHULQWDK� GDHUDK� PHODOXL� GLQDV� WHUNDLW��
.HGXD�� GHQJDQ� VLVWHP� VHUWLILNDVL� SURGXN��
0HQXUXW�'LVEXQ���������VHNLWDU����SHUVHQ�NRSL�
$UDELND�*D\R�LQL�WHODK�PHQGDSDWNDQ�VHUWLILNDW�
SURGXN�\DQJ�EHUSULQVLS�SDGD�VLVWHP�SHUWDQLDQ�
EHUNHODQMXWDQ� VHSHUWL�2UJDQLF� FHUWLILHG��)DLUWUDGH�
GDQ� 5DLQIRUHVW�� 6LVWHP� VHUWLILNDVL� LQL� GHQJDQ�
VHQGLULQ\D�PHOLEDWNDQ� � �OHPEDJD� � �SHQJLPSRU���
XQWXN�PHQMDPLQ�NXDOLWDV�GDQ�SURVHV�SURGXNVL�

NRSL�\DQJ�GLKDVLONDQ��:DONHU��������$OPTYLVW��
������� 2OHK� NDUHQDQ\D� OHPEDJD� SHQJLPSRU�
\DQJ� PHQJJXQDNDQ� VHUWLILNDVL� WHUVHEXW�
EHUNHZDMLEDQ� XQWXN� PHPELQD� 6'0� SHODNX�
DJURLGXVWUL� \DQJ� WHUOLEDW� GDODP� MDULQJDQ�
NHUMDQ\D�� .HWLJD�� PHUXSDNDQ� LQLVLDVL� VHFDUD�
VZDGD\D�GDUL�NRPXQLWDV�SHFLQWD�NRSL�GLWLQJNDW�
ORNDO� GDQ� OHPEDJD�OHPEDJD� SHQHOLWLDQ�� EDLN�
SHUJXUXDQ� WLQJJL�PDXSXQ�SHPHULQWDK�VHSHUWL�
%337��%DODL�3HQJNDMLDQ�7HNQRORJL�3HUWDQLDQ���
6HPXD� LQVWLWXVL� LQL� GLKDUDSNDQ� PHPEHULNDQ�
VDVDUDQ�NHSDGD�SHWDQL��SHGDJDQJ�SHQJXPSXO��
SHQ\X OXK � � SHQGDPSLQJ � SHUNHEXQDQ ��
PDQDMHPHQ� NRSHUDVL� PDXSXQ� SHUXVDKDDQ�
DJURLQGXVWUL� VHFDUD� ODQJVXQJ�� 3HQGHNDWDQ�
XQWXN� VHWLDS� VHJPHQ�PXQJNLQ� ELVD� EHUEHGD�
EHGD��WHUJDQWXQJ�GHQJDQ�FDSDLDQ�\DQJ�KHQGDN�
GLLQJLQNDQ��0LVDOQ\D�SHWDQL�GLIRNXVNDQ�GHQJDQ�
S URJ UDP� SHQJHPEDQJ DQ � � EXG LGD\D ��
SHQDQJDQDQ�SUD�GDQ�SDVFD�SDQHQ��PDQDMHPHQ�
PXWX�GDQ�SHQ\LPSDQDQ��

8QWXN�SHGDJDQJ�SHQJXPSXO�GDSDW�GLODNXNDQ�
GHQJDQ� SHQLQJNDWDQ� SHPDKDPDQ� WHQWDQJ�
SHQDQJDQDQ�SUD�GDQ�SDVFD�SDQHQ��PDQDMHPHQ�
PXWX��SHQ\LPSDQDQ�GDQ�SHQJJXGDQJDQ�NHFLO��
%DKNDQ� EHEHUDSD� SURJUDP� WDPEDKDQ� VHSHUWL�
WHNQLN�VRUWDVL�GDQ�SHQJNHODVDQ��JUDGLQJ��PDQXDO�
MXJD� GDSDW� GLEHNDOL� XQWXN� SDUD� SHGDJDQJ�
SHQJXPSXO� LQL�� %DJL� SHQ\XOXK� GDQ� WHQDJD�
SHQGDPSLQJ�SHUNHEXQDQ��SHUOX�GLNHPEDQJNDQ�
EHUEDJDL� SHODWLKDQ� �WUDLQLQJ��� SHQGDPSLQJDQ�
�PHQWRULQJ���SHPELQDDQ��FRDFKLQJ���GDQ�NRQVHOLQJ�
�FRXQVHOLQJ��� VHKLQJJD� PHUHND� VHODOX� WHUDVDK�
SHQJHWDKXDQ� GDQ� NHDK O LDQQ\D � GD ODP�
PHPEHULNDQ� SHQ\XOXKDQ� GDQ� SHQGDPSLQJDQ�
EDJL�SDUD�SHWDQL��WHQDJD�SHQJXPSXO�GDQ�SHODNX�
DJURLQGXVWUL�ODLQQ\D�GLODSDQJDQ��

8QWXN� SHODNX� DJURLQGXVWUL� NHODV� PHQHQJDK�
VHSHUWL� PDQDMHPHQ� NRSHUDVL� GDQ� SHUXVDKDDQ�
DJURLQGXVWUL�� SHUOX� GLODNXNDQ� SHQGHNDWDQ�
DVLVVWHQVL� �DVVLVWDQFH��� IDVLOLWDVL� �IDFLOLWDWLRQ�� DWDX�
SURPRVL� �SURPRWLRQ��� ,QL� VHVXDL� GHQJDQ�
SDQGDQJDQ� 1RUWK� �������� \DQJ� PHQ\DWDNDQ�
EDKZD�VHWLDS�OHPEDJD�SHUOX�GLNHWDKXL�NRQGLVL�
WHUNLQLQ\D� �H[LVWLQJ� LQVWLWXWLRQ�� VHKLQJJD� GDSDW�
GLSXWXVNDQ� EHQWXN� LQWHUYHQVL� \DQJ� GDSDW�
GLEHULNDQ�� DSDNDK� GLEDQWX�� GLIDVLOLWDVL� DWDX�

FXNXS�PHQGDSDWNDQ�GXNXQJDQ�SURPRVL�VDMD�
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)DGKLO��0DDULI��%DQWDFXW��GDQ�+HUPDZDQ��0RGHO�6WUDWHJL�3HQJHPEDQJDQ�6XPEHU�'D\D�0DQXVLD�$JURLQGXVWUL�.RSL�*D\R�GDODP�0HQJKDGDSL�
0DV\DUDNDW�(NRQRPL�$6($1

*DPEDU�����)RUPXODVL�6WUDWHJL�3HQJHPEDQJDQ�6'0�$JURLQGXVWUL�.RSL�*D\R

5HNRPHQGDVL� XQWXN� SHUXEDKDQ� PHUXSDNDQ�
VHEXDK� NHELMDNDQ� \DQJ� WLGDN� PXGDK�� DSDODJL�
PHUXEDK� NHELDVDDQ� \DQJ� VXGDK� EHUJHQHUDVL�
GDQ� WHUNHVDQ� Q\DPDQ�� QDPXQ� SHUXEDKDQ�
PHPDQJ�KDUXV�VHODOX�GLPDNQDL�VHEDJDL�VHEXDK�
FDUD�XQWXN�PHQMDGLNDQ�VHVXDWX�OHELK�EDLN�GDUL�
NHDGDDQ� VHEHOXPQ\D� \DQJ� NXUDQJ� EDLN� DWDX�
NXUDQJ� RSWLPDO�� +DO� LQL� SHQWLQJ� XQWXN�
PHQJKDUJDL� EDKZD� VHWHODK� SHUXEDKDQ� LQL�
G L O D N V DQDNDQ � � V L W X D V L � PD V D O DK � DN DQ�
GLPRGLILNDVL�GDQ�SDGD�DNKLUQ\D�SURVHV�WHUVHEXW�
WLGDN� SHUQDK� EHUKHQWL� SDGD� VDWX� WLWLN� DNKLU��
'HQJDQ� NDWD� ODLQ� SURVHV� DGDODK� VLNOXV� \DQJ�
GLODNXNDQ� GHQJDQ� SHUEDLNDQ� VHFDUD� WHUXV�
PHQHUXV�VHEDJDLPDQD�GLVDMLNDQ�GDODP�*DPEDU�
��WHUVHEXW�

6DODK� VDWX� KDVLO� SHQWLQJ� GDUL� SHQHOLWLDQ� LQL�
G L W HPXNDQ � E DKZD � S H U DQ � S HPDQJNX�
NHSHQWLQJDQ��VWDNHKROGHU��VDQJDW�VWUDWHJLV�XQWXN�
PHQGRURQJ� SHQJHPEDQJDQ� 6'0�� 8QWXN�
PHPDVWLNDQ� VLQHUJLVLWDV� GDQ� KDUPRQLVDVL�
KXEXQJDQ� DQWDU� SDUD� SLKDN� VHEDJDL� SHODNX�
DJURLQGXVWUL� NRSL�*D\R� WHUVHEXW�� VHODQMXWQ\D�
SHUOX� GLNDML� VLVWHP� NHOHPEDJDDQ� VHSHUWL� DSD�
\DQJ� FXNXS� HIHNWLI � XQWXN� GLNHPEDQJNDQ��
7HUPDVXN� KDO� \DQJ� WHUSHQWLQJ� SXOD� DGDODK�
EDJDLPDQD� PHODNXNDQ� SHQLODLDQ� WLQJNDW�
NHPDWDQJDQ� NHOHPEDJDDQ� \DQJ� VXGDK�
WHUEHQWXN�VHODPD�LQL��VHKLQJJD�QDQWLQ\D�GDSDW�
GLNHWDKXL� OHELK� ODQMXW� EHQWXN� LQWHUYHQVL� DSD�
\DQJ� DNDQ� GLODNXNDQ� WHUKDGDS� NHOHPEDJDDQ�
WHUVHEXW� WHUNDLW� KXEXQJDQQ\D� GHQJDQ�
SHQJHPEDQJDQ�6'0�NHGHSDQ�

-XUQDO
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-XUQDO�0DQDMHPHQ�7HNQRORJL����������������������

6LPSXODQ

6WUDWHJL�SHQJHPEDQJDQ�VXPEHU�GD\D�PDQXVLD�
�6'0�� DJURLQGXVWL� NRSL� *D\R� PHUXSDNDQ�
W LQGDNDQ� V W UD WHJ LV � XQWXN� PHODK L UNDQ�
NRPSHWHQVL� GDQ� NXDOLWDV� SHODNX� DJURLQGXVWUL�
GHQJDQ�GD\D�VDLQJ�\DQJ�WLQJJL�WHUXWDPD�GDODP�
PHQJKDGDSL�SHUVDLQJDQ�JOREDO�GDQ�SHUVDLQJDQ�
GDODP�NDZDVDQ�0DV\DUDNDW�(NRQRPL�$6($1��
3HQGHNDWDQ� VRIW� V\VWHP� PHWKRGRORJ\� PDPSX�
PHQJXUDLNDQ� SHUPDVDODKDQ� GHQJDQ� EDLN� GDQ�
PHQHPXNDQ�PRGHO� NRQVHSWXDO� VHEDJDL� VXDWX�
EHQWXN� IRUPXODVL� VWUDWHJL� SHQJHPEDQJDQ�
6'0�DJURLQGXVWUL�NRSL�*D\R��

%HUEDJDL� SURJUDP� SHQJHPEDQJDQ� NDSDVLWDV�
6'0� GLUHNRPHQGDVLNDQ� XQWXN� GDSDW� OHELK�
GLWLQJNDWNDQ� GHQJDQ� PHOLEDWNDQ� EHUEDJDL�
SLKDN� EDLN� SHPHULQWDK�� VZDVWD� PDXSXQ�
SHUJXUXDQ� WLQJJL� GDQ� OHPEDJD� SHQHOLWLDQ��
7H U G D S D W � O L P D � N H O RP S R N � V D V D U D Q�
SHQJHPEDQJDQ�6'0�\DQJ�EHUNDLWDQ�ODQJVXQJ�
VHEDJDL�SDUD�SHODNX�DJURLQGXVWUL��\DLWX�SHWDQL��
SHGDJDQJ�SHQJXPSXO��SHQ\XOXK��SHQGDPSLQJ��
GDQ� PDQDMHPHQ� NRSHUDVL�SHUXVDKDDQ�
DJURLQGXVWUL�� ,QYHVWDVL� 6'0� VHVXQJJXKQ\D�
PHUXSDNDQ� VHEXDK� LQYHVWDVL� LQWHOHNWXDO� \DQJ�
PHPLOLNL� DUWL� SHQWLQJ� EDJL� SHPEDQJXQDQ�
GDHUDK� GDQ� PHQLQJNDWNDQ� NHVHMDKWHUDDQ�
PDV\DUDNDW�GL�NDZDVDQ�SURGXNVL� DJURLQGXVWUL�
NRSL��WHUPDVXN�NRSL�*D\R�

'DIWDU�3XVWDND

$GDP��0��	�*KDO\��$�(����������0D[LPL]LQJ�
VXVWDLQDELOLW\� RI � WKH� FRVWD� ULFDQ� FRIIHH�
LQGXVWU\��-RXUQDO�RI �&OHDQHU�3URGXFWLRQ�����
� � � � � � � � � � � � � � � � � G R L ��
KWWS���G[�GRL�RUJ����� �����M�� MFOHSUR��
������������

$OPTYLVW��$��&�� ��������&RIIHH�� D� IDLU� WUDGH"�²D�
VWXG\� DERXW� IDLUWUDGH� FHUWLILHG� JD\R� FRIIIHH�
IDUPHUV� LQ� $FHK�� ,QGRQHVLD�� >7KHVLV@��
'HSDUWPHQW�RI �+RUWLFXOWXUH��)DFXOW\�RI �
/DQGFDSH� 3ODQQLQJ�� +RUWLFXOWXUH� DQG�
$JULFXOWXUDO�6FLHQFH��6ZHGLVK�8QLYHUVLW\�
RI �$JULFXOWXUDO�6FLHQFHV��6/8��

%LOKDN��$���	�0DDULI��6����������3HQJHPEDQJDQ�
DJ U LE L VQ LV � NRSL � GD ODP� NHUDQJND�
SHPEDQJXQDQ� HNRQRPL� ZLOD\DK� GL�
NDEXSDWHQ�$FHK� 7HQJDK�� -XUQDO� 7HNQLN�
3:.����������������

%HUJYDOO�.DUHERUQ�� %�� �������� 4XDOLI\LQJ�
IXQFWLRQ�LQ�660�PRGHOLQJ�²�D�FDVH�VWXG\��
6\VWHPLF�3UDFWLFH�DQG�$FWLRQ�5HVHDUFK���������
���������

%MHUNH��2��/����������6RIW�V\VWHPV�PHWKRGRORJ\�LQ�
DFWLRQ��D�FDVH�VWXG\�DW�D�SXUFKDVLQJ�GHSDUWPHQW��
>7KHVLV@�� 'HSDUWPHQW� RI � $SSOLHG�
,QIRUPDWLRQ�7HFKQRORJ\��,7�8QLYHUVWL\�
RI � *|WHERUJ�� &KDOPHUV� 8QLYHUVLW\� RI �
7HFKQR ORJ \ � DQG � 8Q LYH U V W L \ � R I �
*RWKHQEXUJ�*|WHERUJ��6ZHGHQ�

%URFNOHVE\�� -�� �������� 8VLQJ� VRIW� V\VWHPV�
PHWKRGRORJ\� WR� LGHQWLI\� FRPSHWHQFH�
UHTXLUHPHQWV� LQ� +50�� ,QWHUQDWLRQDO�
-RXUQDO�RI �0DQSRZHU�����������������

&KHFNODQG��3��	�6FKROHV�� -�� ��������6RIW� V\VWHP�
PHWKRGRORJ\�LQ�DFWLRQ��(QJODQG��-KRQ�:LOH\�
	�6RQV�/WG��

&KHFNODQG�� 3�� �������� 6\VWHPV� WKLQNLQJ�� V\VWHPV�
SUDFWLFH��&KLFKHVWHU��:LOH\�	�6RQV�

&KHFNODQG��3���	�3RXOWHU��-����������/HDUQLQJ�IRU�
DFWLRQ��D�VKRUW�GHILQLWLYH�DFFRXQW�RI �VRIW�V\VWHPV�
PHWKRGRORJ\�� DQG� LWV� XVH� IRU� SUDFWLWLRQHUV��
WHDFKHUV�DQG�VWXGHQWV��1HZ�<RUN��:LOH\�

&R[��*����������'HILQLQJ�LQQRYDWLRQ��XVLQJ�VRIW�
V\VWHPV�PHWKRGRORJ\� WR� DSSURDFK� WKH�
FRPSOH[LW\�RI �LQQRYDWLRQ�LQ�HGXFDWLRQDO�
WHFKQRORJ\�� ,QWHUQDWLRQDO� -RXUQDO� RI �
(GXFDWLRQ�DQG�'HYHORSPHQW�XVLQJ�,QIRUPDWLRQ�
DQG�&RPPXQLFDWLRQ�7HFKQRORJ\��,-(',&7���
��������������

'DHOOHQEDFK�� +��� 	� 0F1LFNOH�� '�� ��������
0DQDJHPHQW�VFLHQFH��GHFLVLRQ�PDNLQJ�WKURXJK�
V\VWHPV� WKLQNLQJ�� +DPSVLUH�� 3DOJUDYH�
0DFPLOODQ�

'LVEXQ� >'LQDV� 3HUNHEXQDQ� 3URYLQVL� $FHK@��
��������3URVSHN�SHQJHPEDQJDQ�NRSL�DUDELND�
*D\R�GL�NDEXSDWHQ�$FHK�7HQJDK�GDQ�%HQHU�
0HULDK��$FHK��,'���'LVEXQ�

'LWMHQEXQ� >'LUHNWRUDW� -HQGHUDO� 3HUNHEXQDQ@��
��������6WDWLVWLN�SHUNHEXQDQ�LQGRQHVLD������
�� ������ NRSL� �FRIIHH��� -DNDUWD�� 'HVHPEHU�
�����
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)DGKLO�� 5��� 0DDULI�� 0�� 6��� %DQWDFXW�� 7��� 	�
+HUPDZDQ��$����������6LVWHP�SHQXQMDQJ�
NHSXWXVDQ � PXO W L � N U L W H U L D � XQ WXN�
SHQJHPEDQJDQ� DJURLQGXVWUL� NRSL� JD\R�
PHQJJXQDNDQ� SHQGHNDWDQ� IX]]\�
HFNHQURGH� GDQ� IX]]\�WRSVLV�� -XUQDO�
7HNQRORJL� ,QGXVWUL� 3HUWDQLDQ�� ������� ����
� � � � � G R L � � K W W S � � � G [ � G R L � R U J � � � ��
������M�WHN�LQG�SHUW��������������

)DWPD�� =�� ��������$QDOLVLV� IXQJVL� SURGXNVL� GDQ�
HILVLHQVL� XVDKD� WDQL� NRSL� UDN\DW� GL� $FHK�
7HQJDK�� >7KHVLV@�� 6HNRODK� 3DVFDVDUMDQD�
,3%�

+XOXSL��5���1XJURKR��'���	�<XVLDQWR����������
.HUDJDDQ� EHEHUDSD� YDULHWDV� ORNDO� NRSL�
DUDELND� GL� GDWDUDQ� WLQJJL� *D\R�� 3HOLWD�
3HUNHEXQDQ���������������

,EUDKLP��+�:���	�=DLODQL��6����������$�UHYLHZ�
RQ�WKH�FRPSHWLWLYHQHVV�RI �JOREDO�VXSSO\�
FKDLQ�LQ�D�FRIIHH�LQGXVWU\�LQ�,QGRQHVLD��
,QWHUQDWLRQDO� %XVLQHVV� 0DQDJHPHQW�� ������
���������GRL����������LEP��������������

,QGUD�� �������� 3HQHQWXDQ� VNDOD� XVDKD� GDQ�
DQDOLVLV�HILVLHQVL�HNRQRPL�XVDKD�WDQL�NRSL�
UDN\DW� GL� NDEXSDWHQ� $FHK� 7HQJDK��
$JULVHS�������������

,QGULDWL��$�� ��������6WUDWHJL�SHQLQJNDWDQ�NXDOLWDV�
VXPEHU� GD\D� PDQXVLD� XQWXN� PHQLQJNDWNDQ�
NLQHUMD�XVDKD�NHFLO�GDQ�PHQHQJDK��>7KHVLV@��
6HNRODK� 3DVFDVDUMDQD� ,QWLWXW� 3HUWDQLDQ�
%RJRU�

-D\D�� 5�� �������� 0RGHO� SHQJHORODDQ� SDVRNDQ�
GDQ�ULVLNR�PXWX�UDQWDL�SDVRN�NRSL�*D\R��
-XUQDO� 7HNQRORJL� GDQ� ,QGXVWUL� 3HUWDQLDQ�
,QGRQHVLD���������������

-D\D��5����������5DQFDQJ�EDQJXQ�UDQWDL�SDVRN�NRSL�
*D\R� EHUNHODQMXWDQ�� >'LVHUWDVL@�� %RJRU��
'HSDU WHPHQ� 7HNQRORJL � ,QGXVWU L�
3HUWDQLDQ��6HNRODK�3DVFDVDUMDQD�,3%�

.KLVW\��&��-����������6RIW�V\VWHP�PHWKRGRORJ\��
DV�OHDUQLQJ�DQG�PDQDJHPHQW�WRRO��-RXUQDO�
RI �8UEDQ�3ODQQLQJ�DQG�'HYHORSPHQW����������
�������

.RQLV��&��<����������$�VRIW�V\VWHP�PDQDJHPHQW�
DSSURDFK� WR� HQHUJ\� PDQDJHPHQW� DQG�
FRQVHUYDWLRQV�IRU�WKH�KRWHO�LQGXVWU\�RI �
&\SUXV�� ,QWHUQDWLRQDO� 6\VWHP� '\QDPLFV�
&RQIHUHQFH����������

/LX��:��%���0HQJ��:���0LQJHUV��-���7DQJ��1���	�
:DQJ� � :�� ������ � � 'HYHORSLQJ� D�
SHUIRUPDQFH�PDQDJHPHQW�V\VWHP�XVLQJ�
VRIW� V\VWHPV� PHWKRGRORJ\�� D� &KLQHVH�
FDVH�VWXG\��(XURSHDQ�-RXUQDO�RI �2SHUDWLRQDO�
5 H V H D U F K � � � � � � � � � � � � � � � � � � G R L ��
K W W S V � � � G R L � R U J � � � � � � � � ��
M�HMRU�������������

0DDULI��0��6����������5HYLWDOLVDVL�NHOHPEDJDDQ�
DJULELVQLV��$*5,0(',$��������������

0DUWLQ�� (�� �������� $SOLNDVL� PHWRGRORJL� VLVWHP�
OXQDN� XQWXN� SHQJHORODDQ� NDZDVDQ� KXWDQ�
UDZDQ� NRQIOLN�� NDVXV� KXWDQ� SHQHOLWLDQ�
%HQDNDW�� 6XPDWHUD� 6HODWDQ�� >'LVHUWDVL@��
%RJRU��,'���,QVWLWXW�3HUWDQLDQ�%RJRU�

0DKUHJDQ�� 0�� 5��� +RVVHLQ]DGHK�� 0��� 	�
.D]HPL�� $�� �������� $Q� DSSOLFDWLRQ� RI �
VRIW�V\VWHP�PHWKRGRORJ\��3URFHGLD���6RFLDO�
DQG� %HKDYLRUDO� 6FLHQFHV�� ���� ���������
K W W S V � � � G R L � R U J � � � � � � � � � M ��
VEVSUR�������������

0XMLEXUUDKPDQ����������6LVWHP�MDULQJDQ�SDVRN�
GDQ�QLODL�WDPEDK�HNRQRPL�NRSL�RUJDQLN�
�VWXGL� NDVXV� GL� .%4� %DEXUUD\DQ�
NDEXSDWHQ�$FHK�7HQJDK���$JULVHS���������
�����

1RUWK�� '�� &�� �������� ,QVWLWXWLRQV�� LQVWLWXWLRQDO�
FKDQJH� DQG� HFRQRPLF� SHUIRUPDQFH�� (ERRN���
&DPEULGJH� 8QLYHUVLW\� 3UHVV�� (ERRN�
(GLWRUV�� 5DQGDOO� &DOYHUW� DQG� 7KUDLQQ�
(JJHUWVVRQ�

1RYDQL��6���3XWUR��8��6���	�+HUPDZDQ�3����������
$Q � DSS O L FD W LRQ � RI � VR I W � V \ V WHP�
PHWKRGRORJ\� LQ�EDWLN� LQGXVWULDO�FOXVWHU�
VROR� E\� XVLQJ� VHUYLFH� V\VWHP� VFLHQFH�
SHUVSHFWLYH��3URFHGLD���6RFLDO�DQG�%HKDYLRUDO�
6FLHQFHV����������������GRL��KWWSV���GRL�RUJ��
��������M�VEVSUR��������������

1RYLWD��(����������'HVDLQ�SURVHV�SHQJRODKDQ�SDGD�
DJURLQGXVWUL� NRSL� UREXVWD� PHQJJXQDNDQ�
PRGLILNDVL� WHNQRORJL� RODK� EDVDK� EHUEDVLV�
SURGXNVL� EHUVLK�� >'LVHUWDVL@�� %RJRU� �,'���
,QVWLWXW�3HUWDQLDQ�%RJRU�

3DWHO��1��9����������$SSOLFDWLRQ�RI �VRIW�V\VWHPV�
PHWKRGRORJ\�WR�WKH�UHDO�ZRUOG�SURFHVV�
RI � WHDFKLQJ� DQG� OHDUQLQJ�� ,QWHUQDWLRQDO�
-RXUQDO� RI � (GXFDWLRQDO� 0DQDJHPHQW�� ������
������

)DGKLO��0DDULI��%DQWDFXW��GDQ�+HUPDZDQ��0RGHO�6WUDWHJL�3HQJHPEDQJDQ�6XPEHU�'D\D�0DQXVLD�$JURLQGXVWUL�.RSL�*D\R�GDODP�0HQJKDGDSL�
0DV\DUDNDW�(NRQRPL�$6($1
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5L\DQWR��$���(UL\DWQR��3DVDULEX��%���	�0DXODQD��
$����������3HUDQFDQJDQ�PRGHO�LQWHJUDVL�
PDQDMHPHQ� NHELMDNDQ� RXWVRXUFLQJ�
GDODP� SHUVSHNWLI � KXEXQJDQ� LQGXVWULDO��
-XUQDO�0DQDMHPHQ�7HNQRORJL����������������
GRL������������MPW������������

5RPDQR����������.DMLDQ�VLVWHP�DJULELVQLV�NRSL�
RUJDQLN� GL� GDHUDK� SHJXQXQJDQ� *D\R��
-XUQDO�$SOLNDVL�0DQDMHPHQ���������������

6LOLWRQJD�� &�� 0�� �������� $QDOLVLV� NHXQJJXODQ�
EHUVDLQJ� NRSL� DUDELND� *D\R� RUJDQLN� GL�
,QGRQHVLD�� >7KHVLV@�� 0HGDQ�� 8QLYHUVLWDV�
7HUEXND�

6LQQ��-��6����������$�FRPSDULVRQ�RI �LQWHUDFWLYH�
SODQQLQJ�DQG�VRIW�V\VWHPV�PHWKRGRORJ\��
HQKDQF LQJ� WKH � FRPSOHPHQWDU L V W�
SRVLWLRQ�� 6\VWHPLF� 3UDFWLFH� DQG� $FWLRQ�
5HVHDUFK�������������²����

6RQDWKD��<���	�3UD\DPD��'����������3HQHUDSDQ�
VRIW � V\VWHP� PHWKRGRORJ\� GDODP�
PHQJ D W D V L � S H UPDVD O DKDQ � KRPH�
PRQLWRULQJ��3ROL�5HND\DVD�����������������

6WDDGW��-����������5HGHVLJQLQJ�D�SURMHFW�RULHQWHG�
RUJDQL]DWLRQ�LQ�D�FRPSOH[�V\VWHP��D�VRIW�
V\VWHPV� PHWKRGRORJ\� DSSURDFK��
,QWHUQDWLRQDO�-RXUQDO�RI �0DQDJLQJ�3URMHFWV�LQ�
%XVLQHVV�� ������ ������� GRL����������
������������������

6WDNHU��5�-����������$Q�DSSOLFDWLRQ�RI �FKHFNODQG
V�
VRIW�V\VWHPV�PHWKRGRORJ\�WR�WKH�GHYHORSPHQW�RI �D�
PLOLWDU\� LQIRUPDWLRQ� RSHUDWLRQV� FDSDELOLW\� IRU�
WKH� DXVWUDO LDQ� GH I HQFH � IRU FH � � '672�
(OHFWURQLFV� DQG� 6XUYHLOODQFH� 5HVHDUFK�
/DERUDWRU\�$XVWUDOLD�

7UL\RQJJR��<���0DDULI��0��6���6XNPDZDWL��$���	�
%DJD��/��%���������� �$QDOLVLV�VLWXDVLRQDO�
NRPSHWHQVL� SUDNWLVL� VXPEHU� GD\D�
PDQXVLD� LQGRQHVLD� PHQJKDGDSL� 0($�
������ -XUQDO�0DQDMHPHQ� 7HNQRORJL�� �������
���������GRL������������MPW������������

:DONHU��+����������.RSL��FRRSHUDWLYHV�	�FRPSOLDQFH��
D�FDVH�VWXG\�RI �IDLU�WUDGH�LQ�$FHK��,QGRQHVLD��
>7KHVLV @ � � 6FKRRO � RI � *HRJUDSK\��
(QYLURQPHQW�	�(DUWK�6FLQHFH��9LFWRULD�
8QLYHUVLW\�RI �:HOOLQJWRQ�

-XUQDO�0DQDMHPHQ�7HNQRORJL����������������������
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