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6:+� DGDODK� VLVWHP� SHPDQDV� DLU \DQJ� PHQGDSDWNDQ� HQHUJL� NDORU� GDUL�

PDWDKDUL�XQWXN�PHPDQDVNDQ�DLU��0HQXUXW�SHQHOLWLDQ�\DQJ�GLODNXNDQ�ROHK 2JXHNH��

GNN������� EHUGDVDUNDQ�MHQLV�DOLUDQ�+7)��6:+�PHPLOLNL�GXD�NDWHJRUL�VLVWHP�\DLWX�

VLVWHP� DNWLI� �DFWLYH� V\VWHP�� GDQ� VLVWHP� SDVLI� �SDVVLYH� V\VWHP��� 6LVWHP� DNWLI�

PHQJJXQDNDQ�SRPSD� OLVWULN�� NDWXS�� GDQ� DODW� SHQJRQWURO� XQWXN�PHQ\DOXUNDQ� DLU�

GDUL� WDQJNL� PHQXMX� NROHNWRU�� .DUHQD� PHQJJXQDNDQ�� SRPSD� GDUL� VLVWHP� DNWLI�

DGDODK� GDSDW� GLWHPSDWNDQ� GLPDQD� VDMD�� 6LVWHP� SDVLI� PHPLOLNL� LQVWDODVL� \DQJ�

PHQJJDEXQJNDQ� NROHNWRU� GDQ� SHQ\LPSDQDQ� PHQMDGL� VDWX�� 6LVWHP� SDVLI� WLGDN�

PHQJJXQDNDQ� EDQWXDQ� DODW� GDQ� KDQ\D� PHQJDQGDONDQ� SHQ\DOXUDQ� SDQDV� VHFDUD�

DODPL�XQWXN�PHQJDOLUNDQ� DLU��6LVWHP�DNWLI�PHPLOLNL� QLODL� HILVLHQVL� VHNLWDU�����

����OHELK�WLQJJL�GLEDQGLQJNDQ�GHQJDQ�VLVWHP�SDVLI�

2FVLUHQGL�� GNN� ������ PHUDQFDQJ�6:+�GHQJDQ�NROHNWRU� SODW� GDWDU� WHWDSL�

EHUEHQWXN�VSLUDO�GDQ�EHUEDVLV�PLNURNRQWUROHU��7XMXDQ�GLODNXNDQQ\D�SHUDQFDQJDQ�

WHUVHEXW� DGDODK� XQWXN� PHQJHWDKXL� HIHVLHQVL� GDQ� RSWLPDOLVDVL� ELD\D� GDUL�

SHQJJXQDDQ� 6:+� GHQJDQ� PHWRGH� GHELW� FRQWLQXH GDQ� GLVFRQWLQXH�� 3HQHOLWLDQ�

WHUVHEXW� PHQJKDVLONDQ� NHVLPSXODQ� EDKZD� GDQ� PHWRGH� GHELW� VHFDUD� FRQWLQXH

WHUEXNWL�OHELK�EDLN�GDODP�KDO�HIHNWLILWDV�SHPDQDVDQ�DLU�GLEDQGLQJ�GHQJDQ�PHWRGH�

GHELW�GLVFRQWLQXH�SHUEHGDDQ�VXKX�PDNVLPDO�������ႏ��7HWDSL�GDODP�NRQVXPVL��
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GD\D� OLVWULN� SRPSD� OHELK� EHVDU� GLEDQGLQJ� GHQJDQ� PHWRGH� GLVFRQWLQXH�� NDUHQD�

SHQJJXQDDQ�SRPSD�\DQJ�WHUXV�PHQHUXV�PHQ\DOD�

3HQHOLWLDQ WHQWDQJ VROXVL� SHQ\LPSDQDQ� SDQDV� VHQVLEOH� WHODK� EDQ\DN�

GLODNXNDQ�ROHK�SDUD�SHQHOLWL� WHUGDKXOX� 6DODK�VDWXQ\D�SHQHOLWLDQ�\DQJ�GLODNXNDQ�

*DEULHOD ������� 'DODP� SHQHOLWLDQ� WHUVHEXW� WHODK� GLWHPXNDQ� EDKZD� FDUD� NHUMD�

SHQ\LPSDQDQ�SDQDV�VHQVLEOH DGDODK�GHQJDQ�PHQJXEDK�VXKX�PHGLD�SHQ\LPSDQDQ�

VHSHUWL�DLU��EDWX��WDQDK XQWXN�PHQ\LPSDQ�SDQDV� 3DGD�6+6 WHUGDSDW�VXDWX�NHQGDOD�

\DQJ�ZDMDU� WHUMDGL� \DLWX NHWLND� DLU� SDQDV� GLNHOXDUNDQ�GDUL� WHPSDW� SHQ\LPSDQDQ�

PDND�DNDQ�WHUMDGL�SHUEHGDDQ�VXKX�DQWDUD�DLU�\DQJ�NHOXDU�GHQJDQ�DLU�\DQJ�PDVLK�

GL� GDODP� WHPSDW� SHQ\LPSDQDQ� 'DUL� KDVLO� SHQHOLWLDQ� GDSDW� GLVLPSXONDQ� EDKZD

VLVWHP�SHQ\LPSDQDQ�SDQDV�VHQVLEOH PHPLOLNL�NHOHELKDQ�SDGD�GHVDLQ�\DQJ�VLPSHO�

GDULSDGD� VLVWHP� SHQ\LPSDQDQ� ODLQQ\D� WHWDSL� PHPLOLNL� NHNXUDQJDQ� WLGDN� GDSDW�

PHQ\LPSDQ�DWDX�PHQ\DOXUNDQ�WHPSHUDWXUH�\DQJ�NRQVWDQ�

%HHPNXPDU��GNN������� PHODNXNDQ�SHQHOLWLDQ�WHQWDQJ�VLVWHP�6+6�GDQ�/+6�

PHQJJXQDNDQ�EHEHUDSD�MHQLV�+7)��3HQHOLWLDQ�LQL�PHPEDQGLQJNDQ�WHQWDQJ�DLU�GDQ�

WKHUPLQRO����VHEDJDL�+7)�GDQ�PHQJJXQDNDQ�SDUDIILQ�ZD[ VHEDJDL�3&0�NDUHQD�

PHPLOLNL� ORZ� PHOWLQJ� SRLQW ���ႏ���ႏ��� 3URVHV� SHQJXMLDQ� SHUWDPD� GLODNXNDQ�

PHQJJXQDNDQ� DLU� VHEDJDL� +7)� GHQJDQ� SURVHV� FKDUJLQJ� NHPXGLDQ� GLODQMXWNDQ�

SURVHV GLVFKDUJLQJ�� 3HQJXMLDQ� VHUXSD� MXJD� GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ�

WKHUPLQRO����VHEDJDL�+7)��'DUL�SHQJXMLDQ�WHUVHEXW�GLGDSDWNDQ�EDKZD�WKHUPLQRO�

��� GDSDW� PHQLQJNDWNDQ� NDSDVLWDV� /+6� NDUHQD� WLWLN� OHOHKQ\D� VHNLWDU� ����ႏ� �

���ႏ��� WHWDSL� DLU� PHPLOLNL� NDSDVLWDV� 6+6� \DQJ� OHELK� EHVDU� VHKLQJJD� FRFRN�

GLJXQDNDQ�VHEDJDL�+7)�SDGD�3&0�\DQJ�PHPLOLNL�ORZ�PHOWLQJ�SRLQW�

)DQLQJHU ������ PHODNXNDQ� SHQHOLWLDQ� WHQWDQJ� 7KHUPDO� (QHUJ\� VWRUDJH

�7(6��� 7HUGDSDW� WLJD� PHGLD� FDUD� SHQ\LPSDQDQ� SDQDV� SDGD� 7(6� \DLWX� SDQDV�

VHQVLEOH�� 3KDVH� &KDQJH� 0DWHULDOV �3&0��� GDQ� WKHUPRV� FKHPLFDO� UHDFWLRQ��

0HVNLSXQ�SHQ\LPSDQDQ�SDQDV�PHQJJXQDNDQ�UHDNVL�NLPLD�PDPSX�PHQGDSDWNDQ�

NDSDVLWDV� SDQDV� OHELK� WLQJJL� GLEDQGLQJNDQ� SHQ\LPSDQDQ� SDQDV� VHQVLEOH�� WHWDSL�

SHQ\LPSDQDQ� SDQDV� VHQVLEOH� OHELK� PXUDK� GDQ� WHODK� EDQ\DN� GLJXQDNDQ��

3HQJJXQDDQ�PHGLD�SDQDV�VHQVLEOH \DQJ�SDOLQJ�EDQ\DN�GLJXQDNDQ�DGDODK�DLU��$LU�

SDOLQJ�PXGDK�GLGDSDWNDQ�GDQ�PXUDK�� VHODLQ� LWX�DLU� MXJD�PHPLOLNL�NRQGXNWLYLWDV�
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WHUPDO� WLQJJL�� +DO� LQL� GLEXNWLNDQ� PHODOXL� SHQHOLWLDQ� &HQJHO �������� GDODP�

SHQHOLWLDQ� WHUVHEXW� WHODK� GLWHPXNDQ� EDKZD� DLU� PHPLOLNL� VLIDW�VLIDW� GLDQWDUDQ\D�

DGDODK�QLODL�NRQGXNWLYLWDV�WHUPDO�DLU�#��Ԩ PHQFDSDL�������:�P�.��VSHFLILF�KHDW

#��Ԩ VHEHVDU������N-�NJ�.� ERLOLQJ�SRLQW VHEHVDU����Ԩ�

:LUDZDQ��GNN ������ PHODNXNDQ�SHQHOLWLDQ�WHQWDQJ�SHQJDUXK�MXPODK�SLSD�

WHUKDGDS�ODMX�SHOHSDVDQ�NDORU�GL�NROHNWRU�VXU\D�DEVRUEHU�EDWX�JUDQLW��3HQHOLWLDQ�LQL�

EHUWXMXDQ� XQWXN� PHQJHWDKXL� EHUDSD� ODPD� EDWX� JUDQLW� PHOHSDV� SDQDV� \DQJ�

GLKDVLONDQ GDUL�NROHWRU�VXU\D��'DUL�SHQHOLWLDQ�GLGDSDWNDQ�KDVLO�\DLWX��MXPODK�SLSD�

GDSDW�PHPSHQJDUXKL� EHVDU� NHFLO� ODMX� SHUSLQGDKDQ�GDUL� NHUXJLDQ� NDORU� WHUKDGDS�

OLQJNXQJDQ��-XPODK�GHELW�MXJD�EHUSHQJDUXK�SDGD�EHVDUQ\D�NDORU�\DQJ�GLVHUDS�ROHK�

DLU��GHELW�\DQJ�OHELK�EHVDU�DNDQ�PHPSHQJDUXKL�SHQ\HUDSDQ�NDORU�\DQJ�EHVDU�

6WXGL� QXPHULN� WHQWDQJ� 7(6�PHQJJXQDNDQ� SDUDIILQ ZD[ )13� ����� SDGD�

SURVHV� GLVFKDUJLQJ SHUQDK� GLODNXNDQ� ROHK� :HL�� GNN ������� 'DODP� VWXGL� LQL�

GLODNXNDQ�SHQJDPDWDQ� WHUKDGDS�SHQJDUXK�NRQILJXUDVL�JHRPHWULV� VHUWD�SHQJDUXK�

WHPSHUDWXU�NRQGLVL�DZDO�WDQJNL�GDQ�ODMX�DOLUDQ�PDVVD�SDGD�SURVHV�SHOHSDVDQ�NDORU��

3&0�EHUDGD�SDGD�NDSVXO�GHQJDQ�EHQWXN���JHRPHWUL�\DLWX�EHQWXN�EROD��SODW GDWDU��

VLOLQGHU� GDQ� SLSD� GHQJDQ�GLDPHWHU� GDQ� NHWHEDODQ� \DQJ� EHUEHGD��$LU� GLJXQDNDQ�

VHEDJDL�+7)�\DQJ�PHQJDOLU�GL�OXDU�NDSVXO�XQWXN�NDSVXO�\DQJ�EHUEHQWXN�EROD�GDQ�

VLOLQGHU��VHGDQJNDQ�XQWXN�EHQWXN�NDSVXO�GDQ�SLSD�+7)�GLDOLUNDQ�GDUL�GDODP��+DVLO�

SHQJDPDWDQ \DQJ�GLGDSDWNDQ�DGDODK�SHOHSDVDQ�NDORU�SDGD�7(6�OHELK�FHSDW�GHQJDQ�

SHQLQJNDWDQ�ODMX�DOLUDQ�PDVVD�GDQ�WHPSHUDWXU�LQOHW \DQJ�UHQGDK��9DULDVL�SDGD�GHELW�

MXJD�EHUSHQJDUXK�SDGD�ZDNWX�GLVFKDUJLQJ��'L�DQWDUD�NHHPSDW�JHRPHWULV�WHUVHEXW�

NDSVXO� EHUEHQWXN� EROD� PHPLOLNL� HILVLHQVL� SDOLQJ� EDLN� GDODP� SHOHSDVDQ� NDORU�

NHPXGLDQ�GLLNXWL�EHQWXN�VLOLQGHU��SHODW�GDQ�WDEXQJ�

3HQJJXQDDQ�VRIWZDUH�SHPRGHODQ�WHODK�EDQ\DN�GLODNXNDQ�SDUD�SHQHOLWL�XQWXN�

PHQGDSDWNDQ� KDVLO� SHQHOLWLDQ� \DQJ� OHELK� DNXUDW�� 6DODK� VDWXQ\D� SHQJXMLDQ�

PHQJJXQDNDQ�DSOLNDVL�&)'�XQWXN�PHQJHWDKXL�ODMX�SHUSLQGDKDQ�NDORU�SDGD�SURVHV�

GLVFKDUJLQJ��$IULDQWR��������SHUQDK�PHODNXNDQ�SHQJXMLDQ�GHQJDQ�PHQJJXQDNDQ�

VRIWZDUH� $QV\V WHQWDQJ� SURVHV� SHPEHNXDQ� SDUDIILQ� ZD[ GL� GDODP� WDEXQJ� SLSD�

JDQGD�NRQVHQWULN�SDGD�DUDK�DNVLDO�GDQ�UDGLDO�GHQJDQ�YDULDVL� WHPSHUDWXU�NRQGLVL�

DZDO�3&0����&�� ���& GDQ����&��3URVHV�GLVFKDUJLQJ PHQ\HEDENDQ� WHUMDGLQ\D�
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SURVHV� SHPEHNXDQ� SDGD� SDUDIILQ� ZD[�� DLU� \DQJ� PHQJDOLU� VHFDUD� NRQWLQ\X�

PHQ\HEDENDQ�SHUSLQGDKDQ�NDORU�GDUL�3&0�NH�DLU�GDQ�PHQJDNLEDWNDQ�SHQXUXQDQ�

WHPSHUDWXU�SDGD�3&0�VHKLQJJD�NHPEDOL�NH� IDVH� SDGDW��'DUL�SHQJXMLDQ� WHUVHEXW�

GLGDSDWNDQ� KDVLO� \DLWX� DUDK� UDGLDO� PHPLOLNL� NHFHSDWDQ� ZDNWX� SHPEHNXDQ� \DQJ�

OHELK�FHSDW�GLEDQGLQJNDQ�GHQJDQ�DUDK�DNVLDO��

3HQHOLWLDQ�WHQWDQJ�VLPXODVL�SHOHOHKDQ�GDQ�SHPEHNXDQ�SDGD 3&0�GL�GDODP�

SHPDQDV� DLU� WHQDJD� PDWDKDUL� SHUQDK� GLODNXNDQ� ROHK� 0DUVDK� ������ GHQJDQ�

PHQJJXQDNDQ� PHWRGH� SHUKLWXQJDQ� NRPSXWDVL� GLQDPLN�� 'DODP� SHQHOLWLDQ� LQL�

PRGHO� \DQJ� GLVLPXODVLNDQ� GDODP� �'� GHQJDQ� GLPHQVL� ����� [� ����PP� GHQJDQ�

EDQWXDQ�VRIWZDUH�$QV\V�)OXHQW �����GDQ�PHQJJXQDNDQ�3&0�GHQJDQ�MHQLV�VWHDULF�

DFLG� +DVLO� GDUL� VLPXODVL� \DQJ� WHODK� GLODNXNDQ� DGDODK� SURVHV� GLVFKDUJLQJ DNDQ�

PXODL�EHUODQJVXQJ�SDGD�SXNXO�������:,%�VDDW�VLQDU�PDWDKDUL�VXGDK�EHQDU�EHQDU�

PHQJKLODQJ�

$QJJDUD� ������ PHODNXNDQ� VLPXODVL� SURVHV� SHOHOHKDQ� SDUDIILQ� ZD[��

3DUDIILQ� ZD[ \DQJ� GLJXQDNDQ� EHUMHQLV� 5XELWKHUP ��� �57������ 7XMXDQ� GDUL�

SHQJXMLDQ�LQL�DGDODK XQWXN�PHPSHODMDUL�NDUDNWHULVWLN�SHOHOHKDQ�SDGD�3&0�\DQJ�

GLWHUDSNDQ� SDGD� KHDW�H[FKDQJHU EHUEHQWXN� VLOLQGHU�� .RQILJXUDVL� JHRPHWUL� LQL�

WHUGLUL�GDUL�GXD�WDEXQJ��7DEXQJ�GDODP�EHULVL�3&0�VHPHQWDUD�WDEXQJ�OXDU�VHEDJDL�

+7)��3HQJXMLDQ�LQL�GLODNXNDQ�GHQJDQ�PHQJXQDNDQ�VRIWZDUH�$16<6�)OXHQW \DQJ�

PHQYDULDVLNDQ�WHPSHUDWXU����ႏ���ႏ��GDQ���ႏ��GDQ�GHELW�+7)����/30����/30��

GDQ� ��� /30��� .HVLPSXODQ� \DQJ� GLGDSDWNDQ� GDUL� SHQJXMLDQ� WHUVHEXW� \DLWX�

SHQJDUXK� WHPSHUDWXU� OHELK� EHVDU� GLEDQGLQJNDQ� SHQJDUXK� GHELW� WHUKDGDS�

NDUDNWHULVWLN�SHOHOHKDQ�

6WXGL� QXPHULN WHQWDQJ�SHUEDQGLQJDQ� SHPRGHODQ� SHOHOHKDQ�3&0�SDUUDILQ�

ZD[ GHQJDQ�SHPDQDV�GDUL�GDODP�VHFDUD�KRUL]RQWDO�SHUQDK�GLODNXNDQ�ROHK�5HJLQ��

GNN �������� 'DODP� VWXGL� SHQHOLWLDQ� GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ� WLJD

SHPRGHODQ� \DLWX� SHUWDPD� SHPRGHODQ� PHQFDNXS� SHUDQDQ� NRQGXNVL�� NRQYHNVL��

WDQSD� PHOWLQJ� UDQJH 3&0�� NHGXD� SHPRGHODQ� GLDVXPVLNDQ� WHUGDSDW� SHUDQ�

NRQGXNVL�� NRQYHNVL�� GDQ� WDQSD� PHOWLQJ� UDQJH 3&0�� GDQ� SUPRGHODQ� NHWLJD�

GLDVXPVLNDQ�WHUGDSDW�SHUDQDQ�NRQGXNVL�GDQ�WDQSD�PHOWLQJ�UDQJH��+DVLO��SHQHOWLDQ�
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\DQJ�GLGDSDW�SHPRGHODQ�SHUWDPD�\DQJ�SDOLQJ�PHQGHNDWL�KDVLO�HNVSHULPHQ�GHQJDQ�

DNXPXODVL�HUURU�����\DQJ�WHUMDGL�VDDW�PHPSUHGLNVL�ZDNWX�SHOHODKDQ�
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7DEHO������5LQJNDVDQ�GDUL�7LQMDXDQ�3XVWDND

3HQXOLV -XGXO 7XMXDQ +DVLO

2JXHNH�GNN��

������

$� 5HYLHZ� RI� 6RODU� :DWHU� +HDWLQJ�

6\VWHPV

0HQJHWDKXL� SHUIRUPD� GDUL�

VLVWHP SDVLI� GDQ� DNWLI� SDGD�

6:+�

(ILVLHQVL� SDGD� VLVWHP� DNWLI� OHELK� WLQJJL� ���� � ����

GDULSDGD�VLVWHP�SDVLI�

2FVLUHQGL� GNN�

������

5DQFDQJ� %DQJXQ� 6RODU� :DWHU�

+HDWHU GHQJDQ�.ROHNWRU�3HODW�'DWDU�

%HUEHQWXN� 6SLUDO %HUEDVLV�

0LNURNRQWUROHU

0HQJHWDKXL� HIHVLHQVL� GDQ�

RSWLPDOLVDVL� ELD\D� GDUL�

SHQJJXQDDQ� 6:+� GHQJDQ�

PHWRGH� GHELW� NRQWLQ\X GDQ�

EHUWDKDS�

3HQJJXQDDQ� PHWRGH GHELW VHFDUD� NRQWLQ\X WHUEXNWL�

OHELK� EDLN� GDODP� KDO� HIHNWLILWDV� SHPDQDVDQ� DLU�

GLEDQGLQJ� GHQJDQ� PHWRGH� GHELW� EHUWDKDS SHUEHGDDQ�

VXKX�PDNVLPDO�������ႏ�

*DEULHOD������� 6HDVRQDO�6HQVLEOH�7KHUPDO�(QHUJ\�

6WRUDJH�6ROXWLRQV

0HQJHWDKXL� NHNXUDQJDQ� GDQ�

NHOHELKDQ� VLVWHP� SHQ\LPSDQDQ�

SDQDV�VHQVLEOH�

6+6 PHPLOLNL� NHOHELKDQ� SDGD� GHVDLQ� \DQJ� VLPSHO�

WHWDSL� PHPLOLNL� NHNXUDQJDQ� SDGD� XNXUDQ� \DQJ� EHVDU�

GDQ� WLGDN�GDSDW�PHQ\LPSDQ�GHQJDQ� WHPSHUDWXU�\DQJ�

NRQVWDQ�

%HHPNXPDU��GNN�

������

,QYHVWLJDWLRQ�RI�6HQVLEOH�DQG�/DWHQW�

+HDW�6WRUDJH�6\VWHP�XVLQJ�YDULRXV�

+7)

0HQJHWDKXL� SHUEDQGLQJDQ� DLU�

GDQ�WKHUPLQRO����VHEDJDL�+7)�

$LU�VHEDJDL�+7)�PHPLOLNL�SHQ\LPSDQDQ�6+6�OHELK�

EHVDU��VHGDQJNDQ�WKHUPLQRO����PHQLQJNDWNDQ�

SHQ\LPSDQDQ�SDGD�/+6�
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)DQLQJHU������� 7KHUPDO�(QHUJ\�6WRUDJH 0HQJHWDKXL� NHOHELKDQ� DLU�

VHEDJDL� PHGLD� SHQ\LPSDQDQ�

VHQVLEOH SDGD�7(6�

0HGLD�SHQ\LPSDQDQ�VHQVLEOH� \DQJ�SDOLQJ�GLJXQDNDQ�

DGDODK� DLU� NDUHQD� PXGDK� GLGDSDWNDQ�� PXUDK�� GDQ�

PHPLOLNL�QLODL�NRQGXNWLYLWDV�WHUPDO�\DQJ�WLQJJL�

&HQJHO������� +HDW� 7UDQVIHU� D� 3UDFWLFDO�

$SSURDFK

0HQJHWDKXL� VLIDW�VLIDW� DLU�

VHEDJDL�+7)�

$LU� PHPLOLNL� VLIDW�VLIDW� GLDQWDUDQ\D� DGDODK� QLODL�

NRQGXNWLYLWDV� WHUPDO� DLU� #��Ԩ PHQFDSDL� ������

:�P�.�� VSHFLILF� KHDW #��Ԩ VHEHVDU� ����� -�NJ�.�

ERLOLQJ�SRLQW VHEHVDU����Ԩ�

:LUDZDQ��GNN

������

3HQJDUXK� -XPODK� 3LSD� 7HUKDGDS�

/DMX� 3HOHSDVDQ� .DORU� 3DGD�

.ROHNWRU� 6XU\D� $EVRUEHU� %DWX�

*UDQLW�

0HQJHWDKXL�EHEHUDSD�IDNWRU�

\DQJ�PHPSHQJDUXKL�ODMX�

SHOHSDVDQ�NDORU�SDGD�6+6�

-XPODK�SLSD�GDQ�EHVDUQ\D�GHELW�PHPSHQJDUXKL�ODMX�

SHUSLQGDKDQ�NDORU�SDGD�NROHNWRU�VXU\D�\DQJ�

PHQJJXQDNDQ�PHGLD�6+6�

:HL��GNN������� 6WXG\� RQ� 3&0� +HDW� 6WRUDJH�

6\VWHP�IRU�5DSLG�+HDW�6XSSO\

0HQJHWDKL� SHQJDUXK�

NRQILJXUDVL� JHRPHWULV� VHUWD�

SHQJDUXK� WHPSHUDWXU� NRQGLVL�

DZDO�WDQJNL�

.DSVXO�EHUEHQWXN�EROD�PHPLOLNL�HILVLHQVL�SDOLQJ�EDLN�

GDODP�SHOHSDVDQ�NDORU��GDQ�SHOHSDVDQ�NDORU�SDGD�7(6�

OHELK�FHSDW�GHQJDQ�SHQLQJNDWDQ�ODMX�DOLUDQ�PDVVD�

$IULDQWR������� 6WXGL� 3URVHV� 3HPEHNXDQ� 3DUDIILQ�

:D[ GL� 'DODP� 3LSD� *DQGD�

0HQJHWDKXL� KDVLO� SURVHV�

SHPEHNXDQ� SDUDIILQ� ZD[ GL�

.HFHSDWDQ� ZDNWX� SHQXUXQDQ� VXKX SDGD� DUDK� UDGLDO�

OHELK�FHSDW�GLEDQGLQJNDQ�GHQJDQ�DUDK�DNVLDO�
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.RQVHQWULN� GHQJDQ� 9DULDVL�

7HPSHUDWXU� .RQGLVL� $ZDO� 3KDVH�

&KDQJH� 0DWHULDO 0HQJJXQDNDQ�

6LPXODVL� &RPSXWDWLRQDO� )OXLG�

'\QDPLFV

GDODP� WDEXQJ� SLSD� JDQGD�

NRQVHQWULN�SDGD�DUDK�DNVLDO�GDQ�

UDGLDO�

0DUVDK������� 6LPXODVL�3HOHOHKDQ�GDQ�3HPEHNXDQ�

SDGD� 3KDVH� &KDQJH� 0DWHULDO GL�

'DODP�3HPDQDV�$LU�7HQDJD�6XU\D�

GHQJDQ� 0HQJJXQDNDQ� 0HWRGH�

3HUKLWXQJDQ�.RPSXWDVL�'LQDPLN

0HQJHWDKXL� SURVHV�

PHPEHNXQ\D� 3&0� \DQJ� DGD�

SDGD�NROHNWRU�

3HPEHNXDQ�3&0�WHUMDGL�SDGD�SXNXO������

$QJJDUD������� 6LPXODVL� 3HOHOHKDQ� 3DUDIILQ� :D[

57���SDGD�7DEXQJ�6LOLQGHU

0HQJHWDKXL� SDUDPHWHU� VLPXODVL�

\DQJ� EHUSHQJDUXK� GDODP� KDVLO�

VLPXODVL�

3HQJDUXK� WHPSHUDWXU� OHELK� EHVDU� GLEDQGLQJNDQ�

SHQJDUXK�GHELW�WHUKDGDS�NDUDNWHULVWLN�SHOHOHKDQ�

5HJLQ�GNN������� /DWHQW�KHDW�WKHUPDO�HQHUJ\�VWRUDJH�

XVLQJ�F\OLQGULFDO

FDSVXOH��1XPHULFDO�DQG�

H[SHULPHQWDO�LQYHVWLJDWLRQV

0HQJHWDKXL� SHOHOHKDQ� SDUDIILQ

ZD[� GHQJDQ� PHQJJXQDNDQ� WLJD�

SHPRGHODQ� GHQJDQ� PHQFDNXS��

SHUDQ� NRQGXNVL�� NRQGXNVL� GDQ�

WDQSD�PHOWLQJ�UDQJH�

3HPRGHODQ�SHUWDPD�\DQJ�SDOLQJ�PHQGHNDWL�KDVLO�

HNVSHULPHQ�GHQJDQ�DNXPXODVL�HUURU�����\DQJ�

WHUMDGL�VDDW�PHPSUHGLNVL�ZDNWX�SHOHODKDQ�



��

���� 'DVDU�7HRUL

������ 6RODU�:DWHU�+HDWHU��6:+�

6RODU�:DWHU�+HDWHU��6:+� PHUXSDNDQ�VDODK�VDWX�DSOLNDVL�WHNQRORJL�GDUL�

SHPDQIDDWDQ�HQHUJL�PDWDKDUL�GHQJDQ�FDUD�PHQDQJNDS�HQHUJL�\DQJ�GLKDVLONDQ�GDUL�

UDGLDVL� PDWDKDUL� NHPXGLDQ GLJXQDNDQ XQWXN PHPDQDVNDQ� DLU� \DQJ� GDSDW�

GLJXQDNDQ� XQWXN� NHSHUOXDQ� NRPHUVLDO�� UXPDK� WDQJJD� DWDXSXQ� LQGXVWUL�

�1VKLP\XPXUHP\L�GNN�������� 3HUNHPEDQJDQ�SDVDU�XQWXN�6:+�WXPEXK�GHQJDQ�

FHSDW�\DLWX�PHQ\XPEDQJ�����XQWXN�WLQJNDW�SHUWXPEXKDQ�WDKXQDQ��3DQJVD�SDVDU�

WHUEHVDU�6:+�DGDODK� ,QGLD��&KLQD�� GDQ�(URSD��6HFDUD� XPXP�NRPSRQHQ�6:+�

WHUGLUL�GDUL�NROHNWRU�SDQDV��WDQJNL�SHQ\LPSDQDQ��GDQ�SLSD�SHQJKXEXQJ��-D\DNDQWK�

GNN� ��������%HUGDVDUNDQ�MHQLV�DOLUDQQ\D�VLVWHP�6:+�GLEDJL�PHQMDGL�GXD�NDWHJRUL�

\DLWX�VLVWHP�DNWLI�GDQ VLVWHP�SDVLI��7KHUPRV\SKRQ���'ZLYHGL��������

�������� 6LVWHP�$NWLI

6RODU� :DWHU� +HDWHU VLVWHP� DNWLI� PHUXSDNDQ� SHPDQDV� DLU� \DQJ�

PHQJJXQDNDQ�SRPSD��OLVWULN��YDOYHV��GDQ�FRQWUROOHUV XQWXN�PHQGLVWULEXVLNDQ�DLU�

PHODOXL� NROHNWRU� SDQDV�� 6:+�VLVWHP� DNWLI� OHELK� ODQMXW� ODJL� GLEDJL�PHQMDGL� GXD�

\DLWX�GLUHFW�RSHQ�ORRS GDQ�LQGLUHFW�FORVH�ORRS �6KHONH GNN���������6:+�GHQJDQ�

VLVWHP�DNWLI�GLUHFW�RSHQ�ORRS \DQJ�GLWXQMXNDQ�SDGD�JDPEDU���� PHUXSDNDQ�VLVWHP�

SHPDQDV� DLU� GLPDQD� SDQDV� GLSLQGDKNDQ� ROHK� NROHNWRU� VHFDUD� ODQJVXQJ� PHQXMX�

WDQJNL�WDQSD�PHPEXWXKNDQ�SHUDQWDUD�ODLQ��6HGDQJNDQ��6:+�GHQJDQ�VLVWHP�DNWLI�

LQGLUHFW�FORVH�PHUXSDNDQ�SHPDQDV�DLU�\DQJ�GDODP�PHPLQGDKNDQ�NDORU�IOXLGDQ\D�

WLGDN�WHUFDPSXU�GHQJDQ�IOXLGD�NHUMD�\DQJ�EHUDGD�GL�WDQJNL�

*DPEDU����� 6:+�6LVWHP��D��$NWLI�GLUHFW�2SHQ�/RRS �E��$NWLI�LQGLUHFW�&ORVH

/RRS �'ZLYHGL�������
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�������� 6LVWHP�3DVLI��7KHUPRV\SKRQ�

6RODU :DWHU� +HDWHU GHQJDQ� VLVWHP� SDVLI� DWDX� WKHUPRV\SKRQ� DGDODK�

SHPDQDV� DLU� \DQJ� PHPDQIDDWNDQ� NRQYHNVL� DODPL� DLU� DQWDUD� SDQHO� NROHNWRU�

PDWDKDUL�GHQJDQ�WDQJND�DLU�SDQDV��VHKLQJJD�VLVWHP�LQL�WLGDN�PHPEXWXKNDQ�HQHUJL�

OLVWULN�VHSHUWL \DQJ�GLWXQMXNDQ�SDGD�JDPEDU������6DDW�WHPSHUDWXU�DLU�GL�EDJLDQ�DWDV�

NROHNWRU�WLQJJL��PDVVD�MHQLV�SDGD�DLUQ\D�UHQGDK��6HGDQJNDQ�PDVVD�MHQLV�DLU�SDGD�

EDJLDQ� EDZDK� NROHNWRU� GDQ� GL� GDODP� WDQJNL� UHODWLI� OHELK� WLQJJL� NDUHQD

WHPSHUDWXUQ\D� OHELK� UHQGDK�� +DO� LQL� PHQJDNLEDWNDQ� DLU� GDUL� NROHNWRU� EHUJHUDN�

PHQXMX� WDQJNL� GDQ� DLU� GLQJLQ�PHQJDOLU� NH� NROHNWRU� KLQJJD� WHPSHUDWXU� DLU� SDGD�

NROHNWRU�GDQ�WDQJNL�VDPD�

*DPEDU������6:+�6LVWHP�3DVLI��'ZLYHGL�������

������ 7KHUPDO�(QHUJ\�6WRUDJH �7(6�

7KHUPDO� (QHUJ\� 6WRUDJH �7(6�� DGDODK� VHEXDK� WHPSDW� SHQ\LPSDQDQ�

HQHUJL� SDQDV� EHUXSD� WDQJNL��PHPLOLNL� SULQVLS� NHUMD� \DQJ� EHUIXQJVL�PHQ\LPSDQ�

HQHUJL� SDQDV� DJDU� HQHUJL� \DQJ� WHUVLPSDQ� GDSDW� GLJXQDNDQ� NDSDQ� SXQ� \DQJ�

GLLQJLQNDQ��6KDUPD�GDQ &KHQ������� PHQMHODVNDQ�7(6�DGDODK�NRPSRQHQ�SDOLQJ�

SHQWLQJ�SDGD�VLVWHP�HQHUJL�SDQDV�NDUHQD�PHQ\HGLDNDQ�SHQ\LPSDQDQ�HQHUJL�\DQJ�

GDSDW�PHQJDWDVL�NHWLGDNFRFRNDQ�DQWDUD�ZDNWX�NHWHUVHGLDDQ�HQHUJL�PDWDKDUL�GDQ�

ZDNWX�NHEXWXKDQ�SHQJJXQDDQ�HQHUJL��0HQXUXW�/HIHEYUH�GDQ 7H]HO ������ SDGD�

HQHUJL� SDQDV� WHUGDSDW� SURVHV� PHOWLQJ�� KHDWLQJ�� FRROLQJ�� VROLGLI\LQJ�� WKHUPR�

FKHPLFDO GDQ�YDSRUL]LQJ� VHKLQJJD� HQHUJL� SDQDV� GDSDW� GLVLPSDQ�GDQ� MXJD� GDSDW�

GLOHSDV�� 0HQXUXW� .KRW� GDQ .KDQZDONDU ������ PHQ\DWDNDQ� WLSH� 7(6� GLEDJL�



��

PHQMDGL���\DLWX�6HQVLEOH�+HDW�6WRUDJH��/DWHQW�+HDW�6WRUDJH��GDQ�7HUPR�FKHPLFDO�

6WRUDJH�

�������� 6HQVLEOH�+HDW�6WRUDJH

3DGD�6HQVLEOH�+HDW�6WRUDJH �6+6���HQHUJL�WHUVLPSDQ�GHQJDQ�PHQDLNNDQ�

WHPSHUDWXUH� VXDWX� PHGLD� GHQJDQ� PHQJJXQDNDQ� NDSDVLWDV� \DQJ� GLPLOLNL� PHGLD�

WHUVHEXW�� 6+6� PHPLOLNL� GXD� MHQLV� PHGLD� SHQ\LPSDQDQ� \DLWX� FDLU� GDQ� SDGDW��

$GDSXQ� PHGLD� ]DW� FDLU� \DQJ� GLJXQDNDQ� VHSHUWL� DLU�� PLQ\DN� GDQ� PROWHQ� VDOWV��

.HXQJJXODQ�GDUL�6+6�DGDODK�ELD\D�PXUDK�GDQ�PHGLDQ\D�PXGDK�GLGDSDW��7HWDSL�

6+6� PHPLOLNL� NHNXUDQJDQ� \DLWX GHQVLWDV� HQHUJ\� \DQJ SDOLQJ� UHQGDK� GLDQWDUD�

NHWLJD� WLSH� VWRUDJH� ODLQQ\D� GDQ� KHDW� ORVV� \DQJ� PHUXJLNDQ� VHEDJDL� PDWHULDO�

SHQ\LPSDQ�HQHUJL��3HUEDQGLQJDQ�HQHUJL�\DQJ�\DQJ�WHUVLPSDQ�GDSDW�WHUOLKDW�SDGD�

*DPEDU�����

7RWDO� %HVDUQ\D� HQHUJL� \DQJ� WHUVLPSDQ� �GDODP� -RXOH�� GDSDW� GLKLWXQJ�

GHQJDQ�SHUVDPDDQ������ EHULNXW��6KDUPD GNN��������

4 ׬�  ݌ܿ݉ ݀ܶ
்௙
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4� �PFDS��7I�±7L�������������������������������������������������������������������������������

GHQJDQ��

7L  �WHPSHUDWXU�DNKLU��ႏ�

7I  �WHPSHUDWXU�DZDO��ႏ�

P�  �PDVVD�PDWHULDO�SHQ\LPSDQ��NJ�

&DS  �NDORU�MHQLV�UDWD�UDWD�PDWHULDO�SHQ\LPSDQDQ��-�NJ�ႏ�

*DPEDU������9ROXPH�GDUL�6WRUDJH XQWXN�3HQ\LPSDQDQ������N:K�

�/HYHEYUH�GDQ�7H]HO�������
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�������� /DWHQW�+HDW�6WRUDJH

/DWHQW +HDW� 6WRUDJH �/+6�� PHUXSDNDQ� PHGLD� SHQ\LPSDQDQ� \DQJ�

PHQ\LPSDQ�HQHUJL�SDQDV�NH�GDODP�EHQWXN�HQHUJL�ODWHQ��3DQDV�ODWHQ�\DLWX�MXPODK�

SDQDV�\DQJ�GLVHUDS�DWDX�GLOHSDVNDQ�SDGD�VDDW�SHUXEDKDQ�IDVD�WHUMDGL��0DWHULDO�\DQJ�

GLJXQDNDQ�XQWXN�PHQ\LPSDQ�HQHUJL�SDQDV�ODWHQ�GLVHEXW�3KDVH�&KDQJH�0DWHULDO��

.HXQWXQJDQ�/+6�GLEDQGLQJNDQ�GHQJDQ�6+6�\DLWX�PHPLOLNL�GHQVLWDV�HQHUJL�\DQJ�

WLQJJL�GDQ�SHUXEDKDQ�IDVH�SDGD�3&0�GDUL�SDGDW�NH�FDLU�GDQ�WHPSHUDWXU�OHOHKQ\D�

UHODWLI�VWDELO �6DUEX�GDQ 'RUFD�������

7RWDO� HQHUJL� GDUL� PDWHULDO� 3&0� GDSDW� GLFDUL� DWDX� GLKLWXQJ� GHQJDQ�

PHQJJXQDNDQ�SHUVDPDDQ�����
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GHQJDQ��

P�  �PDVVD��NJ�

/�  �NDORU�ODWHQ�SHUXEDKDQ�SDGDW�FDLU��-�NJ�

/J�  �NDORU�ODWHQ�FDLU�JDV��-�NJ�

&S�J  �NDORU�MHQLV�PDWHULDO�IDVH�JDV��-�NJႏ�

&S�O�  �NDORU�MHQLV�PDWHULDO�IDVH�FDLU��-�NJႏ�

&S�V�  �NDORU�MHQLV�PDWHULDO�IDVH�SDGDW��-�NJႏ�

�������� 7KHUPR�&KHPLFDO�6WRUDJH

7KHUPR�FKHPLFDO� VWRUDJH PHUXSDNDQ� WHNQRORJL� PRGHUQ� GL� ELGDQJ�

SHQ\LPSDQDQ�NDORU��6LVWHP�WHUPR�FKHPLFDO EHUJDQWXQJ�SDGD�UHDNVL�NLPLD�GDODP�

SHQ\HUDSDQ�GDQ� SHOHSDVDQ� HQHUJLQ\D�� 3URVHV� SHQ\LPSDQDQ�NDORU� SDGD�7KHUPR�

FKHPLFDO� 6WRUDJH WHUMDGL� NHWLND� DGDQ\D� HQHUJL� \DQJ� GLVHUDS� GDQ� GLOHSDV� GDODP�

SHPLVDKDQ�GDQ�SHPEHQWXNDQ�LNDWDQ�PROHNXODU�DNLEDW�UHDNVL�UHYHUVLEOH��.HOHELKDQ�

7KHUPR�FKHPLFDO 6WRUDJH DGDODK PHPLOLNL GHQVLWDV� HQHUJL� \DQJ� WLQJJL��

6HGDQJNDQ�NHNXUDQJDQQ\D�\DLWX�GLEXWXKNDQ�NDWDOLVDWRU�XQWXN�PHOHSDV�HQHUJL�GDQ�

PHQJDWXU�UHDNVL�NLPLDQ\D��

7RWDO�HQHUJL�SDGD�PDWHULDO�7KHUPRO�FKHPLFDO�6WRUDJH GDSDW�GLFDUL�DWDX�

GLKLWXQJ�GHQJDQ�PHQJJXQDNDQ�SHUVDPDDQ��������

4� �ĮU�P�¨KU ««««««««««««�«««««������
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GHQJDQ��

P�  �PDVVD�PDWHULDO�SHQ\LPSDQ��NJ�

¨KU  �NDORU�HQGRWHUPLN��N-�PRO�

ĮU  �IUDNVL�\DQJ�EHUHDNVL �PRO�

������ 'LVFKDUJLQJ

3URVHV GLVFKDUJLQJ�\DLWX�DZDO�PXOD�WHPSHUDWXU�WLQJJL�GDQ�VHGLNLW�GHPL�

VHGLNLW�DNDQ�PHOHSDVNDQ�HQHUJL�WHUPDO�\DQJ�WHUVLPSDQ�DLU�\DQJ�GLWDQGDL�GHQJDQ�

SHQXUXQDQ� VXKX� SDGD� DLU�� 3URVHV� GLVFKDUJLQJ DNDQ� WHUXV� EHUODQMXW� KLQJJD�

WHPSHUDWXU�DNKLU PHQFDSDL�KDVLO�GLWHQWXNDQ��

������ &RPSXWDWLRQDO�)OXLG�'\QDPLFV

&RPSXWDWLRQDO�)OXLG�'\QDPLFV �&)'��DGDODK� VHNXPSXODQ�PHWRGRORJL�

EHUEDVLV� NRPSXWHU� EHUPRGHO� PDWHPDWLV� \DQJ� GDSDW� PHQ\HOHVDLNDQ� GDQ�

PHQJDQDOLVD�HOHPHQ�HOHPHQ�SHULODNX� IOXLGD�GLQDPLV� VHFDUD�QXPHULN��.RPSXWHU�

EHUSHUDQ� SHQWLQJ� SDGD� VLPXODVL� &)'� NDUHQD� VDQJDW� GLSHUOXNDQ� VHEDJDL� PHGLD�

SURVHV�GDODP�EHQWXN�LWHUDVL��0HWRGH�SHUKLWXQJDQ�QXPHULN�\DQJ�GLODNXNDQ�DSOLNDVL�

&)'� PHPHUOXNDQ� NRQWURO�NRQWURO� SHUKLWXQJDQ� \DQJ� PHQJJXQDNDQ� SHUVDPDDQ�

SHUVDPDDQ�\DQJ�WHUOLEDW��3HUVDPDDQ�\DQJ�WHUOLEDW�GDODP�DSOLNDVL�&)'�WHUGLUL�GDUL�

WLJD� SULQVLS� GDVDU� ILVLND� \DLWX� KXNXP� NHNHNDODQ� HQHUJL�� KXNXP� NHNHNDODQ�

PRPHQWXP�� GDQ� KXNXP�NHNHNDODQ� HQHUJL��%HULNXW� SHUVDPDDQ������ ����� GDQ� ���

PHUXSDNDQ�SHUVDPDDQ�XPXP�\DQJ�VHULQJ�GLJXQDNDQ�SDGD�&)'�\DQJ�GLDWXU�GDODP�

WKHRU\�JXLGH�$16<6�)OXHQW XQWXN�EDVLF�IOXLG�IORZ�

�� 3HUVDPDDQ�DWXU�PDVVD

డఘ

డ௧
൅ ሬሬԦǤ׏ߩ ܸ ൌ Ͳ««««««««««««««��««««�������

�� 3HUVDPDDQ�DWXU�PRPHQWXP
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GHQJDQ���

ߩ  �'HQVLWDV �NJ�P��

݌  �6WDWLF�SUHVVXUH �3D�

߬Ӗ  �6WUHVV�WHQVRU �3D�

ݐ  �:DNWX �V�

Ԧݒ  �.HFHSDWDQ �P�V�

݈  �8QLW�WHQVRU

Ԧܨ  �*D\D�HNVWHUQDO �1�

Ԧ݃  �*D\D�JUDYLWDVL �1�

׏  �1DEOD

ߤ  �9LVNRVLWDV �3D�V�

ܪ  �(QWKDOS\ �-�NJ�

ܿ௣  �6SHFLILF�KHDW �-�NJ�.�

οܪ  �/DWHQW KHDW �-�NJ�

݇  �.RQGXNWLYLWDV WHUPDO��:�P�.�

ܶ  �7HPSHUDWXU �.�

ܵ  �6RXUFH�WHUP �:�P��

݄௥௘௙  �5HIHUHQFH�HQWKDOS\ �-�NJ�

௥ܶ௘௙  �5HIHUHQFH�WHPSHUDWXU �.�

3HUVDPDDQ�\DQJ�DZDOQ\D�PHPLOLNL�MXPODK�VHO�WDN�WHUKLQJJD��NRQWLQXP��

GLXEDK PHQMDGL�MXPODK�VHO�WHUKLQJJD��GLVNULW���6HODLQ WLJD�SHUVDPDDQ�DWXU�WHUVHEXW��

GDSDW�SXOD�GLWDPEDKNDQ�PRGHO�WDPEDKDQ�VHVXDL�GHQJDQ�NDVXV�\DQJ�GLVLPXODVLNDQ�

'DODP� GXQLD� VLPXODVL� WHNQLN� GDQ� VDLQV� PHPLOLNL� EHUEDJDL� PDFDP�

VRIWZDUH &)'� \DQJ� GDSDW� GLJXQDNDQ�� GLDQWDUD� ODLQ� \DLWX� $16<6� )OXHQW���

0$7+/$%��2SHQ)2$0��� GDQ� ;)ORZ��� $16<6� )OXHQW PHUXSDNDQ� VDODK� VDWX

SLOLKDQ� \DQJ� VHULQJ� GLJXQDNDQ� NDUHQD� PHPLOLNL� ILWXU� \DQJ� FXNXS� OHQJNDS� GDQ�

PXGDK�XQWXN� GLRSHUDVLNDQ��*UDSKLFV�8VHU� ,QWHUIDFH� �*8,��$QV\V� )OXHQW� GDSDW�

GLOLKDW�SDGD�*DPEDU�����
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*DPEDU������7DPSLODQ�*8,�SDGD�$16<6�)OXHQW

%HULNXW�DGDODK�ODQJNDK�ODQJNDK�GDVDU�SHQJJXQDDQ�$16<6�)OXHQW XQWXN�

PHQVLPXODVLNDQ�VHEXDK�NDVXV�

�� 0HVK�9ROXPH�GDQ JHRPHWU\�FKHFN�XS

0HVK VHEDLNQ\D� WLGDN� PHPSXQ\DL� QLODL� YROXPHWULV� \DQJ� QHJDWLI�

NDUHQD�GDSDW�PHQ\HEDENDQ�HUURU�VHODPD�LWHUDVL�EHUODQJVXQJ��1LODL�QHJDWLI�

EHUDVDO� GDUL� QRGH�IDFH� PHVK \DQJ� PHQJDODPL� NHJDJDODQ� GDODP�

SHPEHQWXNDQ� PHVK�� 2OHK� NDUHQD� LWX�� VHEHOXP� PHODNXNDQ� VLPXODVL�

GLSHUOXNDQ� SHQJHFHNDQ� PHVK� YROXPH GDQ� JHRPHWU\� FKHFN� XS WHUOHELK�

GDKXOX�

�� 0HQHWDSNDQ�IRUPXOD�DWDX�PRGHO�GDUL�VLPXODVL

$OLUDQ�IOXLGD�PHPLOLNL�EHUDJDP�MHQLV�VHKLQJJD�SHPLOLKDQ�IRUPXODVL�

DOLUDQ� IOXLGD� PHQJLNXWL� VHVXDL� GHQJDQ� NDVXV� \DQJ� GLWHOLWL�� .HWHWDSDQ�

IRUPXODVL�LQL�GLJXQDNDQ�DJDU�GDSDW�PHPEHULNDQ�KDVLO�\DQJ�DNXUDW�

�� 3HQHQWXDQ�MHQLV�PDWHULDO�XQWXN�&HOO�=RQH

3DGD�OLEUDU\ $16<6�)OXHQW PHPLOLNL�EHUDJDP�MHQLV�PDWHULDO��EDLN�

EHUXSD�PDWHULDO�VROLG PDXSXQ�IOXLGD�\DQJ�GDSDW�GLJXQDNDQ�SDGD�VLPXODVL�



��

�� 3HQHQWXDQ�MHQLV�6ROYHU�6HWWLQJV

3DGD� VLPXODVL� PHPLOLNL� GXD� MHQLV� VROYHU \DQJ� GDSDW� GLJXQDNDQ�

\DLWX�SUHVVXUH�EDVHG GDQ�GHQVLW\�EDVHG�

�� 0HQJDWXU�%RXQGDU\�&RQGLWLRQ

3URVHV� ERXQGDU\� FRQGLWLRQ DGDODK� SURVHV� PHPDVXNDQ� GDWD�

EHUGDVDUNDQ�MHQLV�\DQJ�WHODK�GLWHWDSNDQ�

�� 0HQJDWXU�QLODL�GDUL�8QGHU�5HOD[DWLRQ�)DFWRU

8QGHU� 5HOD[DWLRQ� )DFWRU �85)�� EHUXSD� DQJND� \DQJ� EHUIXQJVL�

XQWXN�PHQJDWXU�EHVDU�DWDX�NHFLOQ\D�WROHUDQVL�XQWXN�YDULDEHO�VHSHUWL�HQHUJL��

NHFHSDWDQ��YLVNRVLWDV��PRPHQWXP��GDQ�ODLQ�ODLQ�

�� 0HQHWDSNDQ�PHWRGH�LQLVLDOLVDVL

,QLVLDOLVDVL� PHUXSDNDQ� SURVHV� PHPDVXNNDQ� QLODL� DZDO� VHEHOXP�

VLPXODVL� GLMDODQNDQ�� 3DGD� $16<6� )OXHQW PHPSXQ\DL� GXD MHQLV� PHWRGH�

LQLVLDOLVDL�\DLWX�VWDQGDUW�LQLWLDOL]DWLRQ GDQ�K\EULG�LQLWLDOL]DWLRQ�

�� 0HPDVXNNDQ�MXPODK�LWHUDVL

6HPDNLQ�UXPLW�DWDX�NRPSOHNV�VHEXDK�PRGHO�PDND� MXPODK� LWHUDVL�

\DQJ�GLSHUOXNDQ�VHPDNLQ�EHVDU�DJDU�KDVLOQ\D�NRQYHUJHQ

�� .DONXODVL

0HPEHULNDQ� SHULQWDK� XQWXN� PHODNVDQDNDQ� LWHUDVL� VHVXDL� GHQJDQ�

GDWD�\DQJ�WHODK�GLPDVXNNDQ�

������ 3URVHV�6LPXODVL�&)'

6HFDUD�JDULV�EHVDU�WHUGDSDW�WLJD�SURVHV�GDODP�VLPXODVL�&)'�\DNQL���SUH�

SURFHVVLQJ��SURFHVVLQJ GDQ�SRVW�SURFHVVLQJ��3URVHV�SURVHV WHUVHEXW�GDSDW�GLODNXNDQ�

VHFDUD ODQJVXQJ�GHQJDQ�EHUDJDP�VRIWZDUH &)'�VDODK�VDWXQ\D�$16<6�)OXHQW�

7DKDSDQ�WDKDSDQ� WHUVHEXW� GDSDW� GLSURVHV� ODQJVXQJ� GHQJDQ� EHUDJDP�

VRIWZDUH &)'�VDODK�VDWXQ\D�$16<6�)OXHQW�

�������� 3UH�SURFHVVLQJ

7DKDS� SUH�SURFHVVLQJ PHUXSDNDQ� WDKDS� DZDO� GDUL� SURVHV�&)'�� SDGD�

WDKDS�LQL�GLODNXNDQ�EHEHUDSD�SURVHV�VHEDJDL�EHULNXW���

�� 3HPEXDWDQ EHQWXN JHRPHWUL� DWDX� GRPDLQ� NRPSXWDVL�� 'RPDLQ� SDGD�

NDVXV�LQL�PHUXSDNDQ�JDPEDU�GHQJDQ�EHQWXN�GXD�GLPHQVL�DWDXSXQ�WLJD�
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GLPHQVL�� 3HPEXDWDQ� JHRPHWUL� GDSDW� PHQJXQDNDQ� VRIWZDUH� $16<6�

)OXHQW DWDX� PHQJJXQDNDQ� VRIWZDUH ODLQ� VHSHUWL� ,QYHQWRU GDQ�

6ROLGZRUNV�� 3HQJJXQDDQ� ,QYHQWRU GDQ� 6ROLGZRUNV GLDQMXUNDQ� XQWXN�

SHPEXDWDQ�JHRPHWUL�\DQJ�UXPLW�

�� 3HPEXDWDQ� 0HVK�� 0HVKLQJ� DGDODK� WDKDSDQ� SHPEDJLDQ� GRPDLQ�

NRPSXWDVL�PHQMDGL�EDJLDQ�NHFLO�DWDX�DWDX�\DQJ�ELDVD�GLVHEXW�VHO�GDODP�

VDWX� NHVDWXDQ� GRPDLQ�� 8NXUDQ� GDQ� EHQWXN� PHVK DNDQ� PHQHQWXNDQ�

SURVHV�VHUWD�KDVLO�DNKLU�GDUL�VLPXODVL�SDGD�&)'��6HPDNLQ�NHFLO�XNXUDQ�

PHVK�� DNXPXODVL PHVK�EHUWDPEDK�EDQ\DN� VHKLQJJD� DNXUDVL� KDVLOQ\D�

DNDQ� VHPDNLQ� EDLN� WHWDSL�PHPEXWXKNDQ�ZDNWX� \DQJ� OHELK� ODPD�GDQ�

NRPSXWHU� \DQJ� GLJXQDNDQ� KDUXV� PHPLOLNL� VSHVLILNDVL� WLQJJL�� 0HVK�

\DQJ�GLKDVLONDQ�GDUL�GRPDLQ�NRPSXWDVL�GXD�GLPHQVL�WHUEDJDL�PHQMDGL�

GXD� MHQLV� VHO \DLWX� 7ULDQJHO� GDQ� 4XDGULODWHUDO�� VHGDQJNDQ� XQWXN

GRPDLQ� NRPSXWDVL� WLJD� GLPHQVL� WHUEDJL� PHQMDGL� WLSH� 7HWUDKHGURQ��

3\UDPLG��7ULDQJXODU�3ULVP��+H[DKHGURQ��GDQ�3RO\KHGURQ VHSHUWL�\DQJ�

GLWXQMXNNDQ�SDGD�*DPEDU������

*DPEDU������0DFDP�PDFDP�%HQWXN�0HVK

8QWXN�PHQJHWDKXL�NXDOLWDV�PHVK GDSDW�GLOLKDW�GHQJDQ�PHQJJXQDNDQ�

VRIWZDUH�$16<6�)OXHQW GHQJDQ�SDUDPHWHU� VNHZQHVV GDQ�RUWKRJRQDO�

TXDOLW\��6NHZQHVV�PHUXSDNDQ�SDUDPHWHU�NXDOLWDV�PHVK�\DQJ�PHQJDUDK�

SDGD�VXGXW�NHPLULQJDQ�PHVK��VHGDQJNDQ�RUWRJRQDO�TXDOLW\PHUXSDNDQ�
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SDUDPHWHU�NXDOLWDV�PHVK \DQJ�WHJDN�OXUXV�SDGD�EHQWXN�PHVK GHQJDQ�

WLQJNDW�RUWKRJRQDO�

�������� 3URFHVVLQJ

3URFHVVLQJ PHUXSDNDQ� WDKDS� NHGXD� SDGD� &)'�� 3DGD� WDKDSDQ� LQL�

GLODNXNDQ� SURVHV� SHUKLWXQJDQ� GDWD�GDWD� LQSXW� GHQJDQ� SHUVDPDDQ� \DQJ� WHUOLEDW�

VHFDUD� LWHUDWLI�� 3URVHV� LQL� DNDQ� VHOHVDL� NHWLND� KDVLO� SHUKLWXQJDQ� WHODK� PHQFDSDL�

NRQYHUJHQ�\DQJ�EHUDUWL�WLQJNDW�NHWHOLWLDQQ\D�WHODK�PHQFDSDL�QLODL�\DQJ�GLWHQWXNDQ�

DWDXSXQ� SHUKLWXQJDQQ\D� WHODK� PHQFDSDL� EDWDV� MXPODK� LWHUDVL� \DQJ� WHODK�

GLWHQWXNDQ��%HULNXW�LQL�DGDODK�WDKDSDQ�WDKDSDQ�SDGD�SURFHVVLQJ �

�� *HQHUDO

*HQHUDO PHPLOLNL�VROYHU�VHWWLQJ GHQJDQ�GXD�PRGHO�\DLWX�W\SH�VROYHU

GDQ� WLPHU� VROYHU��7\SH� VROYHU WHUEDJL� DWDV�SUHVVXUH�EDVHG GDQ�GHQVLW\�

EDVHG�VHGDQJNDQ�WLPH�VROYHU WHUEDJL�DWDV�VWHDG\ GDQ�WUDQVLHQW�

D� 3UHVVXUH�%DVHG

3UHVVXUH�%DVHG DGDODK� SURVHV� VLPXODVL� \DQJ� PHQJJXQDNDQ�

SHUVDPDDQ� PRPHQWXP� GDQ� NRQWLQXLWDV� VHEDJDL� IRUPXOD� XWDPD��

3UHVVXUH�EDVHG�VROYHU GLJXQDNDQ�GDODP�UHJLP�DOLUDQ� \DQJ� OXDV�GDUL�

DOLUDQ�GHQJDQ�NHFHSDWDQ�UHQGDK�VDPSDL�WLQJJL��WHUPDVXN�DOLUDQ�IOXLGD�

LQFRPSUHVVLEOH PDXSXQ�FRPSUHVVLEOH��

E� 'HQVLW\�%DVHG

'HQVLW\�%DVHG DGDODK� SURVHV� VLPXODVL� \DQJ� PHQJJXQDNDQ�

SHUVDPDDQ�PRPHQWXP��NRQWLQXLWDV��HQHUJL��GDQ�VSHVLHV�GDODP�SURVHV�

SHUKLWXQJDQ��'HQVLW\�EDVHG GLJXQDNDQ�MLND�WHUGDSDW�NHWHUNDLWDQ�DQWDUD�

GHQVLWDV�� HQHUJL�� PRPHQWXP� GDQ� VSHVLHV� VHSHUWL� FRQWRKQ\D� GDODP�

NDVXV�FRPEXVWLRQ SDGD� DOLUDQ� FRPSUHVVLEOH NHFHSDWDQ� WLQJJL�� DOLUDQ�

K\SHUVRQLF��LQWHUDNVL�VKRFNZDYH GDQ�ODLQQ\D�

F� 6WHDG\

0HQHQWXNDQ�EDKZD�NDVXV�WLGDN�EHUXEDK�WHUKDGDS�ZDNWX�

G� 7UDQVLHQW

0HQHQWXNDQ�EDKZD�NDVXV�GDSDW�EHUXEDK�WHUKDGDS�ZDNWX�
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�� 0RGHOV�9LVFRXV

0RGHOV� 9LVFRXV \DLWX� PHQHQWXNDQ� MHQLV� DOLUDQQ\D� \DQJ� DNDQ�

GLVLPXODVLNDQ��3DGD�$16<6�)OXHQW WHUGDSDW�WLJD�MHQLV�DOLUDQ�\DLWX LQYLVFLG��

ODPLQDU GDQ�WXUEXOHQ��$NDQ�WHWDSL�DOLUDQ�WXUEXOHQ�PHPLOLNL�EHUDJDP�MHQLV��

EHULNXW�LQL�MHQLV�MHQLV�DOLUDQ�WXUEXOHQ��

D� 6SDODUW�$OOPDUDV

$OLUDQ� WXUEXOHQ� \DQJ� EHUJXQD� XQWXN� PHQ\HOHVDLNDQ� PRGHO�

SHUVDPDDQ�WUDQVSRUW XQWXN�YLVNRVLWDV�NLQHPDWLN�WXUEXOHQ�

E� .�HSVLORQ

.�HSVLORQ PHUXSDNDQ�PRGHO�DOLUDQ�WXUEXOHQ�\DQJ�PHPLOLNL�GXD�

SHUVDPDDQ� VHKLQJJD� NHFHSDWDQ� WXUEXOHQ� GDQ� VNDOD� SDQMDQJ� GDSDW�

GLWHQWXNDQ�VHFDUD� EHUVDPDDQ��6HODLQ� LWX�.�HSVLORQ FRFRN�GLJXQDNDQ�

GDODP�EHUDJDP�MHQLV�DOLUDQ�WXUEXOHQ�

F� .�RPHJD

.�RPHJD PHUXSDNDQ� PRGHO� \DQJ� PHPDVXNDQ� EHEHUDSD�

PRGLILNDVL�XQWXN�PHQJKLWXQJ�DOLUDQ�SDGD�ELODQJDQ�5H\QROGV UHQGDK��

.RPSUHVLELOLWDV�GDQ�SHQ\HEDUDQ�DOLUDQ�JHVHU�

G� 0RGHO�5H\QROGV VWUHVV

5H\QROGV VWUHVV �560��DGDODK�PRGHO�WXUEXOHQVL�\DQJ PHPLOLNL�

NHWHOLWLDQ� \DQJ� SDOLQJ� WLQJJL�� DNDQ� WHWDSL� PHPEXWXKNDQ� ZDNWX�

NRPSXWDVL�\DQJ�ODPD��

H� 0RGHO�/DUJH�(GG\�6LPXODWLRQ �/(6�

/DUJH�(GG\�6LPXODWLRQ �/(6��DGDODK�PRGHO�\DQJ�PHPEXWXKNDQ�

GD\D�NRPSXWDVL�EHVDU�VHODLQ� LWX�XNXUDQ�PHVK�\DQJ�GLJXQDNDQ�KDUXV�

NHFLO�� 2OHK� NDUHQD� LWX� PRGHO� LQL� WLGDN� GLVDUDQNDQ� XQWXN� GLJXQDNDQ�

SDGD�NDVXV�NDVXV�WHNQLN�VHFDUD�XPXP�

I� 0RGHO�1HDU�:DOO�7UHDWPHQW

0RGHO� 1HDU�:DOO� 7UHDWPHQW PHUXSDNDQ� SHPRGHODQ� \DQJ�

NKXVXV�XQWXN�GLJXQDNDQ�SDGD�DOLUDQ�\DQJ�GHNDW�GHQJDQ�ZDOO�
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�� 0HQHQWXNDQ�FHOO�]RQH GDQ�MHQLV�PDWHULDO

/LEUDU\ $16<6� )OXHQW� PHUXSDNDQ� SHUSXVWDNDDQ� DWDX� WHPSDW�

GLPDQD� WHUGDSDW� EHUEDJDL� MHQLV� PDWHULDO� \DQJ� GDSDW� GLJXQDNDQ� XQWXN�

VLPXODVL�EDLN�EHUXSD�PDWHULDO�IOXLG PDXSXQ�VROLG�

�� 0HQJDWXU�%RXQGDU\�&RQGLWLRQV

D� $[LV�GDQ�6\PPHWU\

%RXQGDU\� FRQGLWLRQ LQL� GLJXQDNDQ� XQWXN� PHQHQWXNDQ� PRGHO

V\PPHWU\ GDQ�D[LV\PPHWU\�

E� ,QOHW�9HQW GDQ�2XWOHW�9HQW

%RXQGDU\�FRQGLWLRQ LQL�GLJXQDNDQ�XQWXN�PRGHO�LQOHW GDQ�RXWOHW

\DQJ�GLPDQD�GDSDW�PHQLPEXONDQ�NHUXJLDQ�WHNDQDQ�SDGD�DOLUDQ�

F� 9HORFLW\�,QOHW

%RXQGDU\� FRQGLWLRQ LQL� GLJXQDNDQ� XQWXN� PHQGHILQLVLNDQ

NHFHSDWDQ�DOLUDQ�EHVDUDQ�VNDODU�VLVL�LQOHW�

G� 3UHVVXUH�,QOHW

3DGD�ERXQGDU\�FRQGLWLRQ LQL�EHUIXQJVL�XQWXN�PHQJDWXU�VLVL�LQOHW

GHQJDQ�PHQJJXQDNDQ�GDWD�WHNDQDQ�

H� 3UHVVXUH�2XWOHW

%RXQGDU\� FRQGLWLRQ LQL� GLJXQDNDQ� XQWXN� PHQHQWXNDQ� QLODL�

WHNDQDQ�VWDWLN�SDGD�VLVL�RXWOHW�

I� 0DVV�)ORZ�,QOHW

%RXQGDU\� FRQGLWLRQ LQL� EHUIXQJVL� XQWXN� PHQGHILQLVLNDQ�

NHFHSDWDQ�ODMX�DOLUDQ�PDVVD�

J� :DOO

%RXQGDU\� FRQGLWLRQV LQL� GLJXQDNDQ� VHEDJDL� SHPEDWDV� DQWDUD�

GDHUDK�IOXLGD�GHQJDQ�SDGDWDQ

K� 2XWIORZ

2XWIORZ EHUIXQJVL�NHWLND�GDWD�NHOXDU�SDGD�RXWOHW WLGDN�GLNHWDKXL�

VDPD�VHNDOL�
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�� 0HVK�,QWHUIDFHV

D� 3HULRGLF�%RXQGDU\�&RQGLWLRQ

3HULRGLF� ERXQGDU\� FRQGLWLRQ GLJXQDNDQ� NHWLND� JHRPHWUL�

PHQJDODPL� VLIDW� EHUXODQJ� VHFDUD� EHUNDOD� 0HVK� LQWHUIDFH SHULRGLF

ERXQGDU\�FRQGLWLRQ�GDSDW�GLOLKDW�SDGD�*DPEDU�����

*DPEDU������3HULRGLF�%RXQGDU\�&RQGLWLRQ

E� 3HULRGLF� 5HSHDWV3HULRGLF� 5HSHDWV GLJXQDNDQ� NHWLND� JHRPHWUL�

PHPLOLNL�GXD�DWDX�OHELK�FHOO�]RQHV \DQJ�WHUKXEXQJ�GDQ�PHQJDODPL�

VLIDW� EHUXODQJ� VHFDUD� EHUNDOD� *DPEDU� ���� PHQXQMXNDQ� JDPEDU�

SHULRGLF�UHSHDWV�

*DPEDU����� 3HULRGLF�5HSHDWV�
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F� &RXSOHG�:DOO

&RXSOHG�ZDOO GLJXQDNDQ�XQWXN�PHQJKXEXQJNDQ�DQWDU�LQWHUIDFH

\DQJ�EHUEHGD�ZDOO�FRQGLWLRQ� &RXSOHG�ZDOO GLWXQMXNNDQ�SDGD�*DPEDU�

����

*DPEDU������&RXSOHG�:DOO

G� 0DWFKLQJ

0DWFKLQJ GLJXQDNDQ�NHWLND�GXD�LQWHUIDFH�]RQH WLGDN�WHUKXEXQJ�

GHQJDQ�EDLN�VHSHUWL�EHQWXN�PHVK \DQJ�EHUEHGD��JHRPHWUL�\DQJ�WLGDN�

WHUKXEXQJ� DWDX� PHPLOLNL� JDS� &RQWRK� NDVXV� SHQJJXQDDQ� LQWHUIDFH�

PDWFKLQJ GDSDW�GLOLKDW�SDGD�*DPEDU�����

*DPEDU����� 0DWFKLQJ
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H� 0DSSHG

3HQJJXQDDQ�PDSSHG WLGDN� MDXK� EHUEHGD� GHQJDQ� SHQJJXQDDQ�

FRXSOHG��0DSSHG� GLSLOLK� NHWLND� GXD�ZDOO� FRQGLWLRQ� \DQJ� WHUKXEXQJ�

PHPLOLNL�JDS�DWDX�RYHUODS� *DPEDU����� PHQXQMXNNDQ�FRQWRK�NDVXV�

SHQJJXQDDQ�PDSSHG

*DPEDU�������0DSSHG

I� 6WDWLF

6WDWLF GLJXQDNDQ� NHWLND� JHRPHWUL� WLGDN� PHQJDODPL� VLIDW�

EHUJHUDN�

�� '\QDPLF�0HVK

'\QDPLF�PHVK EHUIXQJVL�XQWXN�PHQHQWXNDQ�SDUDPHWHU�PRGHO�PHVK

\DQJ�EHUJHUDN��$GD�WLJD�MHQLV�SDUDPHWHU�\DQJ�WHUGDSDW�SDGD�G\QDPLF�PHVK

\DLWX�VPRRWKLQJ��OD\HULQJ��GDQ�UHPHVKLQJ�

�� 6ROXWLRQ�0HWKRGV

D� 6HPL�,PSOLFLW�0HWKRG�IRU�3UHVVXUH�/LQNHG�(TXDWLRQ �6,03/(�

6,03/(�GLJXQDNDQ�SDGD�NDVXV�\DQJ�VHGHUKDQD

E� 6,03/(�&RQVLVWHQW��6,03/(&�

6,03/(&� GDSDW� GLJXQDNDQ� SDGD� EHQWXN� JHRPHWUL� \DQJ� WLGDN�

WHUODOX� NRPSOHN�� 0HQJJXQDNDQ� 6,03/(&� GDSDW� PHPSHUFHSDW�

NRQYHUJHQ�
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F� 3UHVVXUH�,PSOLFLW�ZLWK�6SOLWWLQJ�RI�2SHUDWRUV �3,62�

3,62� GLJXQDNDQ� SDGD� NDVXV� \DQJ� PHPLOLNL� PHVK� \DQJ�

PHQJDQGXQJ� VNHZQHVV \DQJ� WLQJJL�� 0HWRGH� LQL� GLGDVDUNDQ� SDGD�

WLQJNDWDQ� \DQJ� OHELK� WLQJJL�GDUL� KXEXQJDQ�SHQGHNDWDQ�DQWDUD� IDNWRU�

NRUHNVL�WHNDQDQ�GDQ�NHFHSDWDQ��

G� &RXSOHG

0HWRGH�LQL�EHUGDVDUNDQ�JDEXQJDQ�WHNDQDQ�VROYHU��3HQJJXQDDQ�

PHWRGH�LQL�VDQJDW�HILVLHQ�GLJXQDNDQ�SDGD�DOLUDQ�VWHDG\�

H� /HDVW�6TXDUHG�&HOO�%DVHG

/HDVW�6TXDUHG�&HOO�%DVHG GLJXQDNDQ�SDGD�SHUVDPDDQ�NRQYHUVL�

PDVVD�� PRPHQWXP�� HQHUJL�� VHUWD� EHVDUDQ� VNDODU� ODLQQ\D� VHSHUWL�

WXUEXOHQ�GDQ�UHDNVL�NLPLD�

I� 35(672�

0HWRGH� LQL�GLJXQDNDQ�SDGD�NDVXV�DOLUDQ�GHQJDQ�SXVDUDQ� \DQJ�

WLQJJL��DOLUDQ�\DQJ�PHOLEDWNDQ�PHGLD�EHUSRUL��GDQ�DOLUDQ�GDODP�VDOXUDQ�

WHUWXWXS�

J� %RG\�)RUFH�:HLJKWHG

0HWRGH� LQL� GLJXQDNDQ� NHWLND� VHEXDK� NDVXV� PHOLNL� ERG\� IRUFH�

\DQJ�WLQJJL��

K� )LUVW�2UGHU�8SZLQG

)LUVW� 2UGHU� 8SZLQG DGDODK� PHWRGH� \DQJ� SDOLQJ� ULQJDQ� GDQ�

FHSDW�PHQFDSDL� NRQYHUJHQ� DNDQ� WHWDSL�PHPLOLNL� NHNXUDQJDQ� \DLWX�

NHWHOLWLDQQ\D�KDQ\D�PHQFDSDL�RUGH�VDWX�

L� 6HFRQG�2UGHU�8SZLQG

6HFRQG� 2UGHU� 8SZLQG PHQJJXQDNDQ� SHUVDPDDQ� \DQJ� OHELK�

WHOLWL� KLQJJD�RUGH�GXD�GDQ�VDQJDW�EDLN�GLJXQDNDQ�SDGD�EHQWXN�PHVK

WUL�WHWUD \DQJ�GLPDQD�DUDK�DOLUDQQ\D�WLGDN�VHMDMDU�GHQJDQ�PHVK��3DGD�

PHWRGH�LQL�PHPLOLNL�NHNXUDQJDQ�\DLWX�NRQYHUJHQQ\D�\DQJ�ODPD�
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M� 4XDGUDWLF�8SZLQG�,QWHUSRODWLRQ �48,&.�

48,&.�GLJXQDNDQ�NHWLND�PHVK PHPLOLNL�EHQWXN�TXDG�KH[ GDQ�

K\EULG��.HWHOLWLDQ�SDGD�48,&.�PHQFDSDL�RUGH�WLJD SDGD�XNXUDQ�PHVK

\DQJ�VHUDJDP�

�� 6ROXWLRQ�,QLWLDOL]DWLRQ

D� 6WDQGDUG�,QLWLDOL]DWLRQ

6WDQGDUG� LQLWLDOL]DWLRQ SDGD� XPXPQ\D� GLJXQDNDQ� ROHK�

SHQJJXQD� XQWXN� GDSDW� PHPLOLK� EHUGDVDUNDQ� ERXQGDU\� FRQGLWLRQV

³FRPSXWH�IURP´�DJDU�VHFDUD�RWRPDWLV�PHQJLVL�QLODL�LQLVLDOLVDVL�GHQJDQ�

QLODL�QLODL�\DQJ�GLWHQWXNDQ�SDGD�EDWDV�LQOHW GDQ�RXWOHW�

E� +\EULG�,QLWLDOL]DWLRQ

+\EULG�,QLWLDOL]DWLRQ DGDODK�PHWRGH�LQLVLDOLVDVL�EDZDQ�\DQJ�GDSDW�

PHPEHULNDQ�SHUKLWXQJDQ�\DQJ�FHSDW�GDUL�VXDWX�DOLUDQ�GHQJDQ�PHWRGH�

\DQJ�DGD�

�������� 3RVW�SURFHVVLQJ

3RVW�SURFHVVLQJ DGDODK� WDKDS� DNKLU� GDUL� VLPXODVL� &)'� \DQJ�

PHQDPSLONDQ� KDVLO� GDUL� SHUKLWXQJDQ� \DQJ� WHODK� GLGDSDWNDQ� GDODP� EHQWXN� GDWD��

FRQWRXU��YHNWRU��GDQ�NXUYD�

������ 3HUSLQGDKDQ�.DORU

3HUSLQGDKDQ�NDORU�DGDODK�LOPX�XQWXN�PHQJHWDKXL�SHUSLQGDKDQ�HQHUJL�GL�

DQWDUD� EHQGD� \DQJ� PHPLOLNL� WHPSHUDWXU� \DQJ� EHUEHGD�� 6HODLQ� PHQJHWDKXL�

EDJDLPDQD� HQHUJL� NDORU� LWX� EHUSLQGDK�� LOPX� LQL� MXJD� GDSDW� PHQJHWDKXL� ODMX�

SHUSLQGDKDQ�NDORU�SDG�NRQGLVL�NRQGLVL�WHUWHQWX�

�������� .RQGXNVL

.RQGXNVL� PHUXSDNDQ� SHUSLQGDKDQ� NDORU� VXDWX� ]DW� PHODOXL� PHGLD�

SHQJDQWDU�WDQSD�GLVHUWDL�SHUSLQGDKDQ�EDJLDQ�EDJLDQ�]DW�WHUVHEXW��3DGD�XPXPQ\D�

SHUSLQGDKDQ� NDORU� VHFDUD� NRQGXNVL� WHUMDGL� SDGD� ]DW� SDGDW�� 'DODP� SHUSLQGDKDQ�

NDORU�WHUVHEXW�WHUGDSDW�PHGLD�SHQJKDQWDU�GLVHEXW�VHEDJDL�NRQGXNWRU��.RQGXNWRU�

DGDODK�VXDWX�EHQGD�\DQJ�GDSDW�PHQJKDQWDUNDQ�NDORU�GDUL�VDWX�VLVL�NH�VLVL�\DQJ�ODLQ�

3HUVDPDDQ� ODMX� SHUSLQGDKDQ� NDORU� NRQGXNVL� GDSDW� GLKLWXQJ� PHQJJXQDNDQ�

SHUVDPDDQ������
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GHQJDQ��

T�  �/DMX�SHUSLQGDKDQ�NDORU��:DWW�

$  �/XDV�SHQDPSDQJ��P��

N�  �.RQGXNWLYLWDV�WHUPDO��:�P�.�

¨7�  �3HUXEDKDQ�WHPSHUDWXU��.�

¨[  �7HEDO��P�

�������� .RQYHNVL�

.RQYHNVL�\DLWX�SURVHV� WUDQVIHU�SDQDV�GHQJDQ�PHOLEDWNDQ�SHUSLQGDKDQ�

PDVVD�PROHNXO�PROHNXO�IOXLGD�GDUL�VDWX�EDJLDQ�NH�EDJLDQ�ODLQQ\D��%HFNPDQ�GDQ
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