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3HQ\XVXQDQ� 7XJDV� $NKLU� PHQJHQDL� SHUDQFDQJDQ� MDULQJDQ� WUDQVPLVL�

PLFURZDYH GL� ZLOD\DK� &LODFDS�%DQ\XPDV� PHQJJXQDNDQ� WLJD� UHIHUHQVL� MXUQDO�

VNULSVL� DWDX� WXJDV� DNKLU� VHEDJDL� EDKDQ� SHQHOLWLDQ�� $GDSXQ� NHOHELKDQ� GDQ�

NHNXUDQJDQ�EHEHUDSD�SHQHOLWLDQ�VHEHOXPQ\D�GLWXQMXNNDQ�SDGD�7DEHO�����

7DEHO����� 5HIHUHQVL�3HQHOLWLDQ

1R -XUQDO���7XJDV�$NKLU .HWHUDQJDQ

�

,PSOHPHQWDVL� GDQ� $QDOLVLV� 'RXEOH�

3DVVLYH� 5HSHDWHU WHUKDGDS� 1LODL�

$YDLODELOOLW\� /LQN 7UDQVPLVL�

:LOD\DK� %RJRU� PHQJJXQDNDQ�

3DWKORVV� ����� 0XKDPPDG� 5L]DO�

.XUQLDZDQ� 7DKXQ�����>�@

3HUDQFDQJDQ� PHQJJXQDNDQ�

3DVVLYH�5HSHDWHU�QLODL�DYDLODELOLW\

GLKDVLONDQ�VHEHVDU�����������GDQ�

SDGD�SHUDQFDQJDQ�'RXEOH�3DVVLYH�

5HSHDWHU PHQJDODPL� SHQLQJNDWDQ�

SHUIRUPD� QLODL� DYDLODELOLW\ \DQJ�

GLKDVLONDQ�VHEHVDU������������

�

3DVVLYH� 5HSHDWHU� %DFN� WR� %DFN�

$QWHQQD GDQ� 3DVVLYH� 5HSHDWHU�

3ODQH� 5HIOHFWRU PHQJJXQDNDQ�

3DWKORVV� ����� ,QWDQ� (UOLWD� 'HZDQWL��

7DKXQ������>�@

+DVLO� SHUDQFDQJDQ� PHQJJXQDNDQ�

UHSHDWHU� EDFN� WR� EDFN

PHQJKDVLONDQ� DYDLODELOLW\ VLVWHP�

VHEHVDU� ���������� GDQ�

XQDYDLODELOLW\ VHEHVDU� ����� GHWLN�

SHU� WDKXQ� VHGDQJNDQ�SHUDQFDQJDQ

PHQJJXQDNDQ� SODQH UHIOHFWRU��

DYDLODELOLW\ \DQJ� GLKDVLONDQ� \DLWX�

���������� GDQ� XQDYDLODELOLW\

VHEHVDU��������GHWLN�SHUWDKXQ�

�

3HUDQFDQJDQ� -DULQJDQ� 7UDQVPLVL�

0LFURZDYH PHQJJXQDNDQ� 3DVVLYH�

5HSHDWHU�%DFN� WR�%DFN GDQ�'RXEOH�

)ODW� 5HIOHFWRU PHQJJXQDNDQ�

8QWXN� DYDLODELOLW\� UHSHDWHU� EDFN�

WR� EDFN VHEHVDU� ���������� GDQ�

XQWXN� GRXEOH� IODW� UHIOHFWRU

GLKDVLONDQ� QLODL� DYDLODELOLW\
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3DWKORVV������2VVD� ,TILUOLD�=XKHUU\��

7DKXQ ����>�@

VHEHVDU� ����������� 'DODP�

SHQHOLWLDQ� LQL� GDSDW� GLVLPSXONDQ�

EDKZD�SHQJJXQDDQ� UHSHDWHU� EDFN�

WR�EDFN�PHQJKDVLONDQ�DYDLODELOLW\

\DQJ�OHELK�EDLN

���� '$6$5�7(25,

������ 6LVWHP�.RPXQLNDVL�5DGLR�*HORPEDQJ�0LNUR

6LVWHP� NRPXQLNDVL� UDGLR� JHORPEDQJ� PLNUR� DGDODK� VLVWHP� NRPXQLNDVL�

\DQJ�GDSDW�PHQJLULPNDQ� LQIRUPDVL�GDUL�VDWX� ORNDVL�SHQJLULP�NH� ORNDVL�SHQHULPD�

WDQSD� WHUJDQJJX� NRQGLVL� GDUDWDQ�� .RPXQLNDVL� EHUXSD� VXDUD�� YLGHR�� GDQ� GDWD�

GLNLULPNDQ� PHODOXL� XGDUD� EHEDV� �DLU� LQWHUIDFH� SDGD� UDQJH IUHNXHQVL� �� *+]�

VDPSDL� ��� *+]�� EHUGDVDUNDQ� VWDQGDU� \DQJ� GLUHNRPHQGDVLNDQ� ROHK� &RPPLWWHH�

&RQVXOWDWLYH�,QWHUQDWLRQDO�RQ�5DGLR �&&,5�>�@�

6LVWHP�NRPXQLNDVL�PLFURZDYH WHUGLUL�DWDV���EDJLDQ�SRNRN��\DLWX�SHPDQFDU�

�WUDQVPLWWHU��GDQ�SHQHULPD��UHFHLYHU���'DODP�SHUMDODQDQQ\D�GDUL�DQWHQD�SHPDQFDU�

NH�DQWHQD�SHQHULPD��JHORPEDQJ�UDGLR�PHODOXL�EHUEDJDL�OLQWDVDQ�GHQJDQ�EHEHUDSD�

PHNDQLVPH�SHUDPEDWDQ�GDVDU��0HNDQLVPH�SHUDPEDWDQ�GDVDU�WHUVHEXW�DGDODK�/LQH�

RI� 6LJKW �/26�� PHUXSDNDQ� OLQWDVDQ� JHORPEDQJ� UDGLR� \DQJ� PHQJLNXWL� JDULV�

SDQGDQJ� \DQJ� EHUDUWL� EDKZD� DQWDUD� DQWHQD� SHPDQFDU� GDQ�DQWHQD� SHQHULPD� WLGDN�

DGD� SHQJKDODQJ� �REVWDFOH�� \DQJ� PHQJKDODQJL� OLQWDVDQ� SHUDPEDWDQ� JHORPEDQJ�

PLNUR�VHSHUWL�SDGD�*DPEDU�����\DQJ�PHUXSDNDQ�SURSDJDVL�/26�

*DPEDU����� 3URSDJDVL�/26>�@
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%DLN�VWDVLXQ�SHPDQFDU�PDXSXQ�SHQHULPD�\DQJ�GLJXQDNDQ�GDODP�MDULQJDQ�

KDUXV� GLWHPSDWNDQ� GL� WHPSDW� \DQJ� WLQJJL�� DWDX� SDGD� PHQDUD� \DQJ� WLQJJL� DJDU�

GLSHUROHK�GDHUDK�SURSDJDVL�/26�\DQJ�PDNVLPXP��6HKLQJJD�NHWLND�SURSDJDVL�/26�

PDNVLPXP� DNDQ GLSHUROHK� OLQWDVDQ� SURSDJDVL� ODQJVXQJ� �GLUHFW� VLJQDO� SDWK���

3URSDJDVL� /26� XQWXN� UDGLR� JHORPEDQJ� PLNUR� PHQJJXQDNDQ� VLQ\DO� JHORPEDQJ�

UDGLR�DWDX�5DGLR�)UHTXHQF\ �5)��\DQJ�PHUXSDNDQ�JHORPEDQJ�HOHNWURPDJQHWLN>�@�

.RPXQLNDVL� UDGLR� PLFURZDYH ELDVDQ\D� GLJXQDNDQ� XQWXN� VLVWHP�

NRPXQLNDVL� VDWHOLW� PDXSXQ� VLVWHP� NRPXQLNDVL� WHUUHVWULDO \DQJ� GLUDPEDWNDQ�

PHODOXL� DWPRVIHU�� VHKLQJJD� NRQGLVL� DWPRVIHU� DNDQ� VDQJDW� PHPSHQJDUXKL� HQHUJL�

SHUDPEDWDQ�JHORPEDQJQ\D��)OXNWXDVL�SHQXUXQDQ�HQHUJL�EHUNDV�JHORPEDQJ�DNLEDW�

DWPRVIHU LQL�GLVHEXW�GHQJDQ�IDGLQJ>�@�

������ /LQN�0LFURZDYH

�� .RPSRQHQ�/LQN�0LFURZDYH

7HUGDSDW�GXD�NRPSRQHQ�XWDPD�GDODP� OLQN PLFURZDYH�� \DLWX� ,QGRRU�8QLW

�,'8��GDQ�2XWGRRU�8QLW �2'8��VHUWD�WHUGDSDW�PXOWLSOH[HU GDQ�FRPELQHU VHEDJDL�

NRPSRQHQ�SHQGXNXQJQ\D>�@��

D� ,QGRRU�8QLW

,QGRRU� 8QLW VHULQJ� GLVHEXW� MXJD� GHQJDQ� ,'8�� ,'8� EHULVL� PRGHP� UDGLR�

EHUIXQJVL�VHEDJDL�WLWLN�WHUPLQDVL�XQWXN�VLQ\DO�GLJLWDO�GDUL�SHUDQJNDW� HQG�XVHU GDQ�

NHPXGLDQ� PHUXEDKQ\D� NH� GDODP� VLQ\DO� EHUEDVLV� VLQ\DO� UDGLR� XQWXN� GLNLULPNDQ�

VHSDQMDJ�PHGLD� WUDQVPLVL�PLFURZDYH GHQJDQ�PHQJJXQDNDQ� VNHPD�PRGXODVL�GDQ�

MXJD� PHPRGXODVLNDQ� FDUULHU NH� VLQ\DO� GLJLWDO� SDGD� SHQHULPD�� 7HUOHSDV� GDUL�

PRGXODVL� GDQ� GHPRGXODVL� VLQ\DO�� ,'8� MXJD� EHUIXQJVL� VHEDJDL� )RUZDUG� (UURU�

&RQWURO �)(&���SHPXOWLSOHNV�DQ�GDWD�XVHU��FRQWURO XQLW GDQ�EHUSHUDQ�VHEDJDL�NDQDO�

NRPXQLNDVL� DQWDUD� 106� GDQ� 2'8�� ,'8� ELDVDQ\D� GLWHPSDWNDQ� GLORNDVL�

WHUSURWHNVL>�@�

E� 2XWGRRU�8QLW�

2XWGRRU� 8QLW VHULQJ� GLVHEXW� MXJD� GHQJDQ� 2'8�� 2'8� EHUIXQJVL�

PHQJNRQYHUVLNDQ� VLQ\DO� GLJLWDO� EHUIUHNXHQVL� UHQGDK� �,QWHUPHGLDWH )UHTXHQF\��

PHQMDGL� VLQ\DO� UDGLR� EHUIUHNXHQVL� WLQJJL� �5DGLR )UHTXHQF\��� .HWLND� VLQ\DO�

GLWHULPD� ROHK� DQWHQD�� VLQ\DO� GLOHZDWNDQ� NH� /RZ� 1RLVH� $PSOLILHU �/1$�� XQWXN�

GLNXDWNDQ��.HPXGLDQ�GLOHZDWNDQ�NH�$XWRPDWLF�*DLQ�&RQWURO �$*&���2'8�EHULVL�
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SHUDQJNDW�5DGLR�)UHTXHQF\ SHQJLULP�GDQ�SHQHULPD��'HQJDQ�ILWXU�LQL��2'8�MXJD�

GLVHEXW� VHEDJDL� UDGLR� WUDQVFHLYHU�� 2'8� PHQGDSDWNDQ� FDWXDQ� OLVWULN� GDQ� VLQ\DO�

WHUPRGXODVL� EHUIUHNXHQVL� UHQGDK� �,)�� GDUL� ,'8�PHODOXL� NDEHO� NRDNVLDO��7HUGDSDW�

WLJD�NRQILJXUDVL�\DQJ�VHULQJ�GLJXQDNDQ�SDGD�2'8��\DLWX��

�� .RQILJXUDVL� ���� \DLWX� PHPLOLNL� VDWX� UDGLR� 2'8� GDQ� VDWX� DQWHQD�

PLFURZDYH GL� VHWLDS� %76�� $SDELOD� 2'8� PHQJDODPL� NHUXVDNDQ� PDND�

VHFDUD� RWRPDWLV� OLQN DNDQ� WHUSXWXV�� 6HSHUWL� SDGD� JDPEDU� ���� DGDODK�

NRQILJXUDVL����>�@�

*DPEDU����� .RQILJXUDVL����>�@

�� .RQILJXUDVL�����+RW�6WDQGE\ \DLWX�PHPLOLNL�VDWX�DQWHQD�0LFURZDYH GDQ�

GXD�UDGLR�2'8�SDGD�VHWLDS�%76��5DGLR�2'8�LQL�GXD�GXDQ\D�DNWLI��KDQ\D�

VDMD�2'8�\DQJ�NHGXD�EHUVLIDW�6WDQGE\��+DO� LQL�GLODNXNDQ�XQWXN�PHQMDJD�

DSDELOD�PDLQ UDGLR�2'8�PHQJDODPL NHUXVDNDQ�PDND�VHFDUD�RWRPDWLV�DNDQ�

GL� EDFNXS ROHK� 2'8� \DQJ� NHGXD�� 6HSHUWL� SDGD� JDPEDU� ���� DGDODK�

NRQILJXUDVL�����+RW�6WDQGE\>�@�

*DPEDU�����.RQILJXUDVL ����+RW�6WDQGE\>�@�

�� .RQILJXUDVL� ���� 6SDFH� GLYHUVLW\ \DLWX�� PHPLOLNL� GXD� DQWHQD� PLFURZDYH

GDQ� GXD� UDGLR� 2'8�� 6HSHUWL� SDGD� JDPEDU� ���� DGDODK� NRQILJXUDVL� ����

6SDFH�GLYHUVLW\>�@�
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*DPEDU����� .RQILJXUDVL ����6SDFH�GLYHUVLW\>�@

D� &RPELQHU

&RPELQHU �K\EULG�� EHUIXQJVL� XQWXN� PHQJJDEXQJNDQ� NHGXD�

VLQ\DO�XQWXN�PHPLQLPDONDQ�GLVWRUVL�DWDX�SHPHFDK�IUHNXHQVL�GHQJDQ�

FDUD�PHQJKXEXQJNDQ�GXD�VLQ\DO�UDGLR>�@�

E� 0XOWLSOH[HU

0XOWLSOH[HU PHUXSDNDQ�SHUDQJNDW�SHPLOLKDQ�EHEHUDSD�MDOXU�GDWD�

NH� GDODP� VDWX� MDOXU� GDWD� XQWXN� GL� NLULP� NH� WLWLN� ODLQQ\D� GDQ�

PHPSXQ\DL�GXD� MDOXU�DWDX� OHELK�VLQ\DO�GLJLWDO�VHEDJDL�PDVXNDQ�GDQ�

FRQWURO XQWXN� SHPLOLK� GDWD� �VHOHFWRU��� 'L� PDQD� PXOWLSOH[HU GDODP�

SHPEDQJXQDQ�OLQN WUDQVPLVL�UDGLR�GLJXQDNDQ�XQWXN�PHQJKXEXQJNDQ�

NH�EDJLDQ�,'8>�@�

�� .ODVLILNDVL�/LQN�0LFURZDYH

.RPXQLNDVL�UDGLR�PLFURZDYH GLJXQDNDQ�GDODP�VLVWHP�NRPXQLNDVL�VHOXOHU�

VHEDJDL� MDOXU� WUDQVPLVL� \DQJ�PHQJKXEXQJNDQ� VDWX�06&�GHQJDQ�06&� \DQJ� ODLQ�

GDODP� VDWX� MDULQJDQQ\D�� SHQJKXEXQJ� 06&� GHQJDQ� %6&�� SHQJKXEXQJ� %6&�

GHQJDQ� EHEHUDSD� %76�� PDXSXQ� DQWDU� %76�� :DODXSXQ� WHUGDSDW� DOWHUQDWLI� ODLQ�

GHQJDQ�PHQJJXQDNDQ� MDOXU� WUDQVPLVL�NDEHO� VHUDW�RSWLN�� DWDXSXQ� VDOXUDQ�ZLUHOLQH

ODLQQ\D��MDOXU�WUDQVPLVL�PLFURZDYH PDVLK�OHELK�VHULQJ�GLJXQDNDQ��3DGD�XPXPQ\D�

OLQN� PLFURZDYH EHURSHUDVL� SDGD� UDQJH IUHNXHQVL� �� *+]� VDPSDL� ��� *+]��

%HUGDVDUNDQ� UDQJH IUHNXHQVL� NHUMDQ\D� OLQN� PLFURZDYH GDSDW� GLNODVLILNDVLNDQ�

PHQMDGL�WLJD�NDWHJRUL�\DLWX�VKRUW�KDXO��PHGLXP�KDXO��GDQ�ORQJ�KDXO>�@�

D� 6KRUW�+DXO

.DWHJRUL� VKRUW�KDXO EHNHUMD�SDGD� UDQJH IUHNXHQVL�\DQJ� VDQJDW� WLQJJL� ����

*+]�± ���*+]���\DQJ�GHPLNLDQ�KDQ\D�PHQMDQJNDX�MDUDN�\DQJ�SHQGHN�\DLWX������

NP��3DGD�UDQJH IUHNXHQVL�\DQJ�OHELK�UHQGDK�SDGD�EDQG LQL��OLQN DNDQ�GLSHQJDUXKL�
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ROHK�PXOWLSDWK GDQ�UDLQ�IDGLQJ��3DGD�IUHNXHQVL�\DQJ�OHELK�WLQJJL�SDGD�VDDW�SDQMDQJ�

OLQWDVDQ� KDQ\D� EHEHUDSD� NLORPHWHU�� SHQJDUXK�PXOWLSDWK WLGDN� DNDQ�PHPEHULNDQ�

GDPSDN�\DQJ� VLJQLILNDQ��7HWDSL��EDJDLPDQDSXQ�KXMDQ�DNDQ�PHPEHULNDQ�GDPSDN�

EHVDU�SDGD�OLQN�LQL��%HULNXW�IUHNXHQVL�\DQJ�WHUPDVXN NDWHJRUL�VKRUW�KDXO>�@��

�� %DQG )UHNXHQVL����*+]

D� 'D\D�MDQJNDX�PDNVLPDO����NP

E� 'LDPHWHU� DQWHQD� ������� FP�XQWXN� JDLQ�EHUNLVDU� DQWDUD� ����� G%L� ± �����

G%L

F� 5DLQ�IDGLQJ GDQ�PXOWLSDWK�IDGLQJ

G� $WWHQXDWLRQ DWPRVIHU� KXMDQ� VHNLWDU� �� GE�NP� SDGD� VDDW� FXUDK� KXMDQ� ���

PP�MDP

H� 0HQJJXQDNDQ���SRODULVDVL�KRUL]RQWDO�GDQ�YHUWLNDO

�� %DQG )UHNXHQVL����GDQ����*+]

D� 'D\D�MDQJNDX�PDNVLPDO����NP

E� 5DLQ�IDGLQJ

F� 'LDPHWHU�DQWHQD�������FP

G� 0HQJJXQDNDQ���SRODULVDVL��KRUL]RQWDO�GDQ�YHUWLFDO

H� $WHQXDVL�NDUHQD�KXMDQ�VHNLWDU���G%�NP�VDDW�FXUDK�KXMDQ����PP�K

I� $WHQXDVL�DWPRVIHU�����G%�NP

�� %DQG )UHNXHQVL����*+]

D� 'D\D�MDQJNDX�PDNVLPDO����NP

E� 5DLQ�IDGLQJ�

F� 'LDPHWHU�DQWHQD����FP�GHQJDQ�JDLQ ������G%

G� 0HQJJXQDNDQ���SRODULVDVL�YHUWLNDO

H� $WHQXDVL�DNLEDW�KXMDQ�VHNLWDU���G%�NP�VDDW�FXUDK�KXMDQ����PP�K

I� $WHQXDVL�DWPRVIHU������G%�NP

�� %DQG )UHNXHQVL����*+]

D� 'D\D�MDQJNDX�PDNVLPDO�NXUDQJ�OHELK�EHEHUDSD�NLORPHWHU�VDMD

E� 5DLQ IDGLQJ

F� 'LDPHWHU�DQWHQD����FP�GHQJDQ�JDLQ ������G%

G� 0HQJJXQDNDQ���SRODULVDVL�YHUWLNDO

H� $WHQXDVL�DNLEDW�KXMDQ�VHNLWDU���G%�NP�VDDW�FXUDK�KXMDQ����PP�K



��

I� $WHQXDVL�DWPRVIHU������G%�NP

�� %DQG )UHNXHQVL����*+]

D� 'D\D�MDQJNDX�PDNVLPDO�KDQ\D���± ��NP

E� 5DLQ�IDGLQJ

F� 'LDPHWHU�DQWHQD����FP

G� +DQ\D�XQWXN�SRODULVDVL�YHUWLNDO

H� $WHQXDVL�DNLEDW�KXMDQ�VHNLWDU���G%�NP�VDDW�FXUDK�KXMDQ����PP�K

I� $WHQXDVL�DWPRVIHU����G%�NP

E� 0HGLXP�+DXO

)UHNXHQVL�RSHUDVL�OLQN LQL�ELDVDQ\D�DQWDUD����*+]�± ���*+]��'LSHQJDUXKL�

ROHK�NRQGLVL�LNOLP�GDQ�IUHNXHQVL�RSHUDVL��3DQMDQJ�OLQWDVDQ�DQWDUD����± ���NP��/LQN

LQL�MXJD�GLSHQJDUXKL�ROHK�UDLQ IDGLQJ GDQ�PXOWLSDWK�IDGLQJ>�@�

�� %DQG )UHNXHQVL����*+]

D� 'D\D�MDQJNDX�PDNVLPDO����NP

E� 0XOWLSDWK�IDGLQJ

F� 'LDPHWHU� DQWHQD� ��� FP� ����� FP� XQWXN�JDLQ DQWHQD� EHUNLVDU� ����� G%� ±

�����G%

G� 0HQJJXQDNDQ���SRODULVDVL��KRUL]RQWDO�GDQ�YHUWLNDO

�� %DQG )UHNXHQVL����*+]

D� 'D\D�MDQJNDX�PDNVLPDO����NP

E� 0XOWLSDWK IDGLQJ

F� 'LDPHWHU�DQWHQD����FP�± ����FP�GHQJDQ�JDLQ DQWHQD�EHUNLVDU����G%�± ���

G%

G� 0HQJJXQDNDQ���SRODULVDVL��KRUL]RQWDO�GDQ�YHUWLNDO

�� %DQG )UHNXHQVL����*+]

D� 'D\D�MDQJNDX�PDNVLPDO����NP

E� 0XOWLSDWK IDGLQJ

F� 'LDPHWHU�DQWHQD�KLQJJD����FP�± ����FP�GHQJDQ�JDLQ ���G%�± ���G%

G� 0HQJJXQDNDQ���SRODULVDVL��KRUL]RQWDO�GDQ�YHUWLNDO

H� $WHQXDVL�DNLEDW�KXMDQ�VHNLWDU���G%�NP�VDDW�FXUDK�KXMDQ����PP�K

I� $WHQXDVL�DWPRVIHU�����G%�NP



��

F� /RQJ�+DXO

)UHNXHQVL� RSHUDVL� OLQN LQL� ELDVDQ\D� DQWDUD� ��*+]� VDPSDL� ���*+]�� 3DGD�

NRQGLVL�LNOLP�WHUEDLN�GDQ�IUHNXHQVL�RSHUDVL��MDUDN�\DQJ�GDSDW GLFDNXS�ROHK�OLQN LQL�

GDSDW�EHUNLVDU�DQWDUD����NP�± ���NP��/LQN LQL�GLSHQJDUXKL�PXOWLSDWK�IDGLQJ>�@�

�� %DQG )UHNXHQVL���*+]

D� 'D\D�MDQJNDX�PDNVLPDO����NP

E� 0XOWLSDWK IDGLQJ

F� 'LDPHWHU�DQWHQD�����FP�GHQJDQ�JDLQ DQWHQD����G%

G� 0HQJJXQDNDQ���SRODULVDVL��KRUL]RQWDO�GDQ�YHUWLNDO

�� %DQG )UHNXHQVL���*+]

D� 'D\D�MDQJNDX�PDNVLPDO����NP

E� 0XOWLSDWK IDGLQJ

F� 'LDPHWHU�DQWHQD�����FP�GHQJDQ�JDLQ DQWHQD������G%

G� 0HQJJXQDNDQ���SRODULVDVL��KRUL]RQWDO�GDQ�YHUWLNDO

�� %DQG )UHNXHQVL����*+]

D� 'D\D�MDQJNDX�PDNVLPDO����NP

E� 0XOWLSDWK IDGLQJ

F� 'LDPHWHU�DQWHQD�KLQJJD����� ����FP�XQWXN�UDQJH�JDLQ ���G%�± ���G%

G� 0HQJJXQDNDQ���SRODULVDVL��KRUL]RQWDO�GDQ�YHUWLNDO

����� )DNWRU�)DNWRU�\DQJ�0HPSHQJDUXKL�7UDQVPLVL�5DGLR

'DODP�VLVWHP�NRPXQLNDVL�UDGLR�JHORPEDQJ�PLNUR�WHUGDSDW�EHUEDJDL�IDNWRU�

\DQJ� PHPSHQJDUXKL� NLQHUMD� VLVWHP� UDGLR�� )DNWRU�IDNWRU� \DQJ� PHPSHQJDUXKL�

NLQHUMD�WHUVHEXW�DQWDUD�ODLQ>�@�

�� $QWHQD

$QWHQD�PHUXSDNDQ� VXDWX� SHUDQJNDW� SHQJXEDK� �WUDQVGXFHU�� HQHUJL� OLVWULN�

GDUL�VDOXUDQ� WUDQVPLVL��PHQMDGL�JHORPEDQJ�HOHNWURPDJQHWLN�\DQJ�GLSDQFDUNDQ�NH�

UXDQJ�EHEDV��GDQ�VHEDOLNQ\D��'HQJDQ�NDWD�ODLQ�DQWHQD�PHQMDGL�VWUXNWXU�SHUDQWDUD�

SHQJXEDK� JHORPEDQJ� 5DGLR� )UHTXHQF\ �5)�� WHUELPELQJ� PHQMDGL� JHORPEDQJ�

UXDQJ� EHEDV�� VHKLQJJD� SHUDQJNDW� LQL�PHUXSDNDQ� EDJLDQ� XWDPD� SDGD� NRPXQLNDVL�

UDGLR�PLFURZDYH>�@�



��

�� $WPRVIHU

7HWHVDQ�WHWHVDQ�DLU�KXMDQ�GDSDW�PHPEHULNDQ�UHGDPDQ�WHUKDGDS�JHORPEDQJ�

HOHNWURPDJQHWLN� \DQJ� PHOLQWDVLQ\D�� 6HPDNLQ� OHEDW� FXUDK� KXMDQ� PDND� UHGDPDQ�

\DQJ�GLDNLEDWNDQ�VHPDNLQ�EHVDU>�@�

�� $EVRUSWLRQ�/RVV

$EVRUSWLRQ DGDODK� SHQ\HUDSDQ� VHEDJLDQ� HQHUJL� JHORPEDQJ� PLNUR� ROHK�

RNVLJHQ� GDODP� DWPRVIHU�� KXMDQ� GDQ� NDEXW�� +DO� LQL� GDSDW� PHQ\HEDENDQ� HQHUJL�

HOHNWURPDJQHWLN� \DQJ� GLSDQFDUNDQ� GL� UXDQJ� EHEDV� PHQJDODPL� UHGDPDQ�� $NDQ�

WHWDSL�UHGDPDQ�DNLEDW�SHQ\HUDSDQ�LQL�PDVLK�WHUJRORQJ�FXNXS�NHFLO>�@�

�� 5HIUDFWLRQ

5HIUDFWLRQ DGDODK� SHPEHORNDQ� JHORPEDQJ� UDGLR� DNLEDW� SHUXEDKDQ�

NDUDNWHULVWLN�DWPRVIHU��WHPSHUDWXU��NHUDSDWDQ��NHOHPEDEDQ���3HUXEDKDQ�NHUDSDWDQ�

DWPRVIHU�PHPSHQJDUXKL�FHSDW�UDPEDW�JHORPEDQJ>�@��3DGD�NHQ\DWDDQQ\D�OLQWDVDQ�

JHORPEDQJ� UDGLR� PHOHQJNXQJ� VHSHUWL� SDGD� JDPEDU� ����� 1DPXQ� XQWXN�

PHPXGDKNDQ�DQDOLVLV��OLQWDVDQ�JHORPEDQJ�UDGLR�GLPDQLSXODVL�VHSHUWL�SDGD�JDPEDU�

����

*DPEDU�����0LFURZDYH�3DWK >�@

�D� 5HDO�(DUWK

�E� (TXLYDOHQ�(DUWK



��

3HPEHORNDQ� ROHK� EXPL� \DQJ� WHUMDGL� GLVHEDENDQ� UHIUDFWLRQ

GLUHSUHVHQWDVLNDQ� VHEDJDL� N�IDFWRU�� \DLWX� SHUEDQGLQJDQ� DQWDUD� UDGLXV� EXPL�

HNXLYDOHQ�GHQJDQ�UDGLXV�EXPL�VHEHQDUQ\D��VHSHUWL�SDGD�SHUVDPDDQ����>�@�

.  �
௘௤௨௜௩௔௟௘௡௧ ௘௔௥௧௛ ௥௔ௗ௜௨௦

௧௥௨௘ ௘௔௥௧௛ ௥௔ௗ௜௨௦
 �

௥

௥଴
��������������������������������������������������

GHQJDQ�

N  �N�IDFWRU

U  �UDGLXV�EXPL�HNXLYDOHQ

U�  �UDGLXV�EXPL�VHVXQJJXKQ\D

6DDW� NRQGLVL� DWPRVIHU� QRUPDO�� GDODP� SHUKLWXQJDQ� UDGLXV� EXPL� HNXLYDOHQ�

ELDVDQ\D� GLJXQDNDQ� N� � ����� %LOD�PHQJJXQDNDQ� N� � ���� GDQ�PHQJDOLNDQ� UDGLXV�

EXPL�VHVXQJJXKQ\D�GHQJDQ�KDUJD�N�WHUVHEXW��PDND�SDGD�VDDW�PHPHWDNDQ�OLQWDVDQ�

SURSDJDVL� JHORPEDQJ�� NXUYDWXU� EXPL GDSDW� GLPRGLILNDVL� VHGHPLNLDQ� UXSD��

VHKLQJJD� OLQWDVDQ� UDGLR� GDSDW� GLJDPEDUNDQ� VHFDUD� JDULV� OXUXV�� +DVLO� PRGLILNDVL�

NXUYDWXU� EXPL� XQWXN� UDGLXV� EXPL� HNXLYDOHQ� XQWXN� KDUJD� N�  � ����� \DQJ� GLVHEXW�

GHQJDQ�SURILO�OLQWDVDQ�DWDX�3DWK�3URILOH N� �����

*DPEDU����� 3HUXEDKDQ�+DUJD�N�IDFWRU >�@

7HUGDSDW�EHEHUDSD�NRQGLVL�N�IDFWRU ODLQQ\D��GHQJDQ�QLODL�SHUXEDKDQ�KDUJD�

N�IDFWRU VHSHUWL�\DQJ�GLWXQMXNNDQ�SDGD�JDPEDU�����GDQ�WDEHO����>�@�



��

7DEHO�����3HUXEDKDQ�+DUJD N�IDFWRU

&XDFD &LUL�FLULQ\D .

3HUIHFW 6WDQGDUG�$WP 3DQDV��WLGDN�
EHUNDEXW��ODSLV�XGDUD�
PDODP�GDQ�VLDQJ�
WLGDN�MDXK�EHUEHGD

����
��� ����

,GHDO 7LGDN�DGD�
ODSLVDQ�XGDUD

.HULQJ�JXQXQJ�WDQSD�
NDEXW

5DWD�UDWD .DEXW 5DWD��SDQDV��NDEXW�
WLSLV

�����± �

%XUXN /HPEDE�GDQ�
DWDV�DLU

3DQWDL� ����± ���

-LND� O�������6XE�UHIUDFWLYH�$WP�� -DOXU�GDUL�JHORPEDQJ� UDGLR� WHUODOX�GHNDW�

GHQJDQ� SHUPXNDDQ� EXPL�� 1LODL� N� \DQJ� WHUODOX� UHQGDK� EHUKXEXQJDQ� GHQJDQ�

WLQJJLQ\D�SUREDELOLWDV�JHORPEDQJ�UDGLR�\DQJ�WHUKDODQJL�ROHK�SHUPXNDDQ�WDQDK��N�

!� ���� 6XSHU�UHIUDFWLYH� $WP�� -DOXU� GDUL� JHORPEDQJ� UDGLR� WHUODOX� MDXK� GDUL�

SHUPXNDDQ�EXPL�GDQ�ELVD�PHPSHUOXDV�LQWHUIHUHQVL�\DQJ�WLGDN�GLLQJLQNDQ�

�� 'XFWLQJ �-HEDNDQ�$WPRVIHU�

'XFWLQJ DGDODK� SHULVWLZD� GL� PDQD� WHUSHUDQJNDSQ\D� JHORPEDQJ� PLNUR�

GDODP�VHEXDK�DWPRVIHU�ZDYHJXLGH VHSHUWL�GLWXQMXNNDQ�SDGD�JDPEDU������,QL�ELDVD�

WHUMDGL� SDGD� NHWLQJJLDQ� \DQJ� UHQGDK� GHQJDQ� ODSLVDQ� DWPRVIHU� \DQJ� VDQJDW� SDGDW�

GDQ�WHUMDGL�GL�GHNDW�DWDX�GL�DWDV�SHUPXNDDQ�DLU>��@�

*DPEDU����� 3HULVWLZD�'XFWLQJ>��@



��

�� (IHN�3HUPXNDDQ�%XPL��7HUUDLQ�(IIHFW�

6HODLQ�DWPRVIHU��NRQGLVL�GDHUDK�\DQJ�GLOLQWDVL�JHORPEDQJ�UDGLR� MXJD�ELVD�

PHQ\HEDENDQ�JHORPEDQJ� WHUVHEXW�PHQJDODPL�PXOWLSDWK�OLQWDVDQ� MDPDN��(IHN� LQL�

GLVHEDENDQ� ROHK� EHQGD�EHQGD� \DQJ� EHUDGD� GL� SHUPXNDDQ� EXPL�� PLVDOQ\D� EDWX��

WXPEXKDQ�� JHGXQJ�� EDKNDQ� GDSDW� SXOD� GLVHEDENDQ� ROHK� EHQWXN� NXUYD� EXPL� LWX�

VHQGLUL�

�� 5HIOHFWLRQ

%HUXSD�SHPDQWXODQ�EHUNDV�\DQJ�PHQ\HEDENDQ�EHUNDV�GDSDW�EHUXEDK�VXGXW�

IDVHQ\D�� EHUNDV� JHORPEDQJ�PLNUR� \DQJ� EHUXEDK� VXGXW� IDVH� GDSDW� PHQLPEXONDQ�

SHQJXDWDQ� DWDX� UHGDPDQ� EDJL� HQHUJL� EHUNDV�� 6DODK� VDWX� FRQWRK� SHPDQWXODQ�

PLVDOQ\D�SHPDQWXODQ�WDQDK�DWDX�JURXQG�UHIOHFWLRQ>��@�

�� )UHVQHO�=RQH

8QWXN� PHQJKLQGDUL� SHQJDUXK� PXOWLSDWK SDGD� SDQWXODQ� WDQDK�� PDND�

GLWHWDSNDQ� GDHUDK� FOHDUDQFH �EHEDV� GDUL� SHQJKDODQJ�REVWDFOH�� \DQJ� VDODK� VDWX�

NRPSRQHQQ\D� DGDODK� )UHVQHO� =RQH�� )UHVQHO� =RQH PHUXSDNDQ� KDO� \DQJ� SDWXW�

GLSHUKDWLNDQ�GDODP�SHUHQFDQDDQ�OLQWDVDQ�JHORPEDQJ�UDGLR�OLQH�RI�VLJKW��'DHUDK�LQL�

VHELVD� PXQJNLQ� KDUXV� EHEDV� GDUL� KDODQJDQ� SDQGDQJDQ� NDUHQD� ELOD� WLGDN� DNDQ�

PHQDPEDK�UHGDPDQ�OLQWDVDQ>�@�

*DPEDU�����PHQXQMXNNDQ�GXD�EHUNDV�OLQWDVDQ�SURSDJDVL�JHORPEDQJ�UDGLR�

GDUL�SHPDQFDU�NH�SHQHULPD��\DLWX�EHUNDV�OLQWDVDQ�ODQJVXQJ��GLUHFW UD\��GDQ�EHUNDV�

OLQWDVDQ� SDQWXODQ� �UHIOHFWHG� UD\�� \DQJ� PHPSXQ\D� UDGLXV� )� GDUL� JDULV� OLQWDVDQ�

ODQJVXQJ�� -LND� EHUNDV� OLQWDVDQ� SDQWXODQ�PHPSXQ\DL� SDQMDQJ� VHWHQJDK� NDOL� OHELK�

SDQMDQJ�GDUL�EHUNDV�OLQWDVDQ�ODQJVXQJ��PDND�GLDQJJDS�EXPL�PHUXSDNDQ�SHPDQWXO�

\DQJ�VHPSXUQD��NRHILVLHQ�SDQWXO�VDPD�GHQJDQ� ����DUWLQ\D�JHORPEDQJ�GDWDQJ�GDQ�

JHORPEDQJ� SDQWXO� EHUEHGD� IDVH� ���ஈ��� PDND� SDGD� VDDW� WLED� GL� SHQHULPD� DNDQ�

PHPSXQ\DL�IDVH�\DQJ�VDPD�GHQJDQ�JHORPEDQJ�ODQJVXQJ��$NLEDWQ\D�DNDQ�WHUMDGL�

LQWHQVLWDV� NHGXD� JHORPEDQJ� SDGD� VDDW� PHQFDSDL� DQWHQD� SHQHULPD� DNDQ� VDOLQJ�

PHQJXDWNDQ�



��

*DPEDU����� 'DHUDK )UHVQHO>�@

3HUVDPDDQ� XQWXN� PHQFDUL� EDWDV� GDHUDK� )UHVQHO DGDODK� GHQJDQ�

PHQJJXQDNDQ�SHUVDPDDQ����>�@�

௡ܨ ൌ ͳ͹ǡ͵ට
௡ǤௗଵǤௗଶ

௙Ǥ஽
����������������������������������������������������������������������������

GHQJDQ�

)Q  �UDGLXV�GDHUDK�)UHVQHO NH�Q��NP�

G�  �MDUDN�DQWDUD�SHPDQFDU�GHQJDQ�SHQJKDODQJ��NP�

G�  �MDUDN�DQWDUD�SHQJKDODQJ�GHQJDQ�SHQHULPD��NP�

'  �G��G�

I  �IUHNXHQVL��*+]�

Q  �GDHUDK�)UHVQHO NH�����������GDQ�VHWHUXVQ\D�

�� &OHDUDQFH

$QDOLVLV� MDUL�MDUL� )UHVQHO GLKLWXQJ� SDGD� NRQGLVL� SHUPXNDDQ� EXPL� GDWDU��

NDUHQD� LWX� XQWXN� DQDOLVLV� SDGD� SHUPXNDDQ� EXPL� EXODW� �NRQGLVL� UHDO�� SHUOX�

GLWDPEDKNDQ� SHUKLWXQJDQ� IDNWRU� NRUHNVL� WHUKDGDS� NHWLQJJLDQ� WLWLN� REVWDFOH \DQJ�

EHUQLODL�VDPD�GHQJDQ�NHOHQJNXQJDQ�EXPL��)DNWRU�NRUHNVL�WHUKDGDS�NHOHQJNXQJDQ�

EXPL�PHQJJXQDNDQ�SHUVDPDDQ����>�@�

K�NRUHNVL� �
଴ǡ଴଻଼ହ ௫ ௗଵ ௫ ௗଶ

௞
��������������������������������������������������������������������

GHQJDQ�

K�NRUHNVL  �IDNWRU�NRUHNVL�NHWLQJJLDQ�WLWLN�SHQJKDODQJ��P�

G�  �MDUDN�DQWDUD�SHPDQFDU�GHQJDQ�SHQJKDODQJ��P�

G�  �MDUDN�DQWDU�SHQJKDODQJ�GHQJDQ�SHQHULPD��P�

N  �IDNWRU�NHOHQJNXQJDQ�EXPL��GHQJDQ��

N�  �����± ��� ��GDHUDK�NXWXE



��

N�  ���� ��GDHUDK�VHGDQJ

N�  �����± ��� ��GDHUDK�WURSLV

6HKLQJJD� QLODL� FOHDUDQFH GHQJDQ� IDNWRU� NRUHNVL� GLWXQMXNNDQ� SDGD�

SHUVDPDDQ����>��@�

&/  �����)����K�NRUHNVL������������������������������������������������������������������������

GHQJDQ�

&/  �GDHUDK�FOHDUDQFH �P�

+�NRUHNVL  �IDNWRU�NRUHNVL�NHWLQJJLDQ�WLWLN�SHQJKDODQJ��P�

)�  �GDHUDK�IUHVQHO SHUWDPD

��� 'LIIUDFWLRQ

'LIUDNVL� DGDODK� NDUDNWHULVWLN� JHORPEDQJ� HOHNWURPDJQHWLN� \DQJ� WHUMDGL�

NHWLND�EHDP�PHQ\HQWXK�VHEXDK�SHQJKDODQJ��'LIUDNVL�WHUMDGL�MLND�JHORPEDQJ�UDGLR�

PHPEHQWXU� EHQGD� DWDX� SHQJKDODQJ� \DQJ� EHUXSD� XMXQJ� \DQJ� WDMDP�� VXGXW�VXGXW�

DWDX� VXDWX� SHUPXNDDQ� EDWDV�� *HORPEDQJ� UDGLR� \DQJ� GHPLNLDQ� DNDQ� WHUXUDL� GDQ�

GDSDW�PHQMDQJNDX�GDHUDK�EHUED\DQJ�ED\DQJ��VKDGRZHG�UHJLRQ���*HORPEDQJ�\DQJ�

EHUIUHNXHQVL�WLQJJL�FHQGHUXQJ�XQWXN�PHQJLNXWL�/26�GDQ�WLGDN�PHQJDODPL�GLIUDNVL�

NH� GDHUDK� GLEHODNDQJ� ED\DQJDQ�� VHGDQJNDQ� XQWXN� IUHNXHQVL� \DQJ� OHELK� UHQGDK�

GLIUDNVL� OHELK� VHULQJ� WHUMDGL� GDQ� PHQJKDVLONDQ� ORVV ED\DQJDQ� \DQJ� OHELK�

EDQ\DN>��@�

��� (IHN�)DGLQJ

.RPXQLNDVL�PLFURZDYH MXJD�GDSDW�WHUMDGL�NDUHQD�HIHN�SXGDUDQ�DWDX�IDGLQJ��

\DLWX� IOXNWXDVL� \DQJ� WHUMDGL� SDGD� SURSDJDVL� JHORPEDQJ UDGLR�� PHQJDNLEDWNDQ�

WXUXQQ\D� GD\D� \DQJ� GLWHULPD� GDQ� UXVDNQ\D� NXDOLWDV� WUDQVPLVL�� %HUGDVDUNDQ�

SHQ\HEDE�IDGLQJ GDSDW�GLEHGDNDQ�PHQMDGL���MHQLV��DQWDUD�ODLQ>��@�

D� 0XOWLSDWK�)DGLQJ

0XOWLSDWK� )DGLQJ PHUXSDNDQ� GLWHULPDQ\D� JHORPEDQJ� \DQJ� PHUDPEDW�

PHODOXL� MDODQ�\DQJ�EHUEHGD�� VHKLQJJD� WHUMDGL� VDOLQJ� LQWHUIHUHQVL��7HUJDQWXQJ�

SDGD� IUHNXHQVL�� MDUDN� GDQ� NHDGDDQ�� 3HULVWLZD� WHUMDGLQ\D� 0XOWLSDWK� )DGLQJ

GLWXQMXNNDQ�SDGD�JDPEDU����>��@�



��

*DPEDU�����0XOWLSDWK�)DGLQJ>��@

E� 3RZHU�)DGLQJ

3RZHU� IDGLQJ DGDODK� SHUJHVHUDQ� SDQFDUDQ� JHORPEDQJ� \DQJ� GLWHULPD�� ELDVD�

GLDNLEDWNDQ�ROHK�JDQJJXDQ�SHUPXNDDQ�EXPL�DWDX�ODSLVDQ�DWPRVIHU�NH�GDODP�

OLQWDVDQ�SURSDJDVL>��@�

F� )DGLQJ N�IDFWRU

)DGLQJ LQL�GLVHEDENDQ�ROHK�UHIOHNVL�NDUHQD�SHUXEDKDQ�IDNWRU�N>��@�

G� )DGLQJ NDUHQD�'XFWLQJ

'LVHEDENDQ� NDUHQD� SHPEHORNDQ� JHORPEDQJ� NH� DWDV� DWDX� NH� EDZDK��

PHQJDNLEDWNDQ� WHUMDGLQ\D� GDHUDK� NDQWRQJ� GL� PDQD� JHORPEDQJ� WLGDN� GDSDW�

GLWHULPD>��@�

��� $YDLODELOLW\

8NXUDQ� NHKDQGDODQ� VLVWHP� VHULQJ� GLVHEXW� VHEDJDL� DYDLODELOLW\�� 6HFDUD�

LGHDO�� VHPXD� VLVWHP�KDUXV�PHPLOLNL� DYDLODELOLW\ ������7HWDSL� KDO� WHUVHEXW� WLGDN�

PXQJNLQ� GLSHQXKL�� VHKLQJJD� GDODP� VLVWHP� SDVWL� WHUGDSDW� NHKDQGDODQ� VLVWHP�

�XQDYDLODELOLW\�>��@�

��� 'LYHUVLW\

'LYHUVLW\ DGDODK�VXDWX�WHNQRORJL�\DQJ�GLWHUDSNDQ�SDGD�SHQHULPDDQ�VLVWHP�

NRPXQLNDVL� \DQJ� SDGD� GDVDUQ\D� XQWXN� PHQJDWDVL� SHQJDUXK� IDGLQJ \DQJ� WHUMDGL�

SDGD�OLQWDVDQ�MDOXU�NRPXQLNDVL�PLFURZDYH GDQ�RSHUDVL�VLVWHP�LQL�GLODNXNDQ�ROHK���

DWDX�OHELK�SDGD�VLVWHP�VHFDUD�EHUVDPDDQ�XQWXN�PHQLQJNDWNDQ�NXDOLWDV�VLQ\DO�\DQJ�

GLWHULPD>�@�



��

��� /LQN�%XGJHW�$QDO\VLV

$QDOLVLV� OLQN� EXGJHW� FDOFXODWLRQ GLODNXNDQ� DJDU� SHUHQFDQDDQ� MDULQJDQ�

WUDQVPLVL�PLFURZDYH DQWDUD�%76�1HDU� (QG GDQ�%76�)DU� (QG GDSDW�PHPHQXKL�

NRQGLVL� VLVWHP� NRPXQLNDVL� \DQJ� EHNHUMD� VHFDUD� RSWLPDO� GDODP� PHODNXNDQ�

SHUIRUPDQVL�NRPXQLNDVL�UDGLR�PLFURZDYH>��@�

������ 3HUKLWXQJDQ�/LQN�%XGJHW�0LFURZDYH

$GDSXQ� SDUDPHWHU�SDUDPHWHU� \DQJ� GLJXQDNDQ� GDODP� SHUKLWXQJDQ� OLQN

EXGJHW PLFURZDYH DGDODK�VHEDJDL�EHULNXW��

�� *DLQ�$QWHQD

$QWHQD�DGDODK�VXDWX�SHUDQJNDW�\DQJ�GLJXQDNDQ�XQWXN�PHQJLULPNDQ�VLQ\DO�

LQIRUPDVL� \DQJ� EHUDVDO� GDUL� SHPDQFDU� PDXSXQ� SHQHULPD� GDQ� MXJD� PHQJXEDK�

VLQ\DO� LQIRUPDVL� PHQMDGL� VHEXDK� JHORPEDQJ� HOHNWURPDJQHWLN�� VHODLQ� LWX� DQWHQD�

MXJD� EHUIXQJVL� VHEDJDL� SHQJXDW� GD\D� LQIRUPDVL� \DQJ� GLNLULPNDQ� GDQ�PHQJXEDK�

JHORPEDQJ� 5)� PHQMDGL� JHORPEDQJ� UXDQJ� EHEDV� GDQ� VHEDOLNQ\D>�@�� 6LVWHP�

SHQJDUDKDQ� DQWHQD� SDGD� JHORPEDQJ� PLNUR� KDUXV� EHEDV� KDPEDWDQ�� NDUHQD� MLND�

VLQ\DO� LQIRUPDVL� \DQJ� GLNLULPNDQ� WHUKDODQJ� PDND� VLQ\DO� WHUVHEXW� WLGDN� DNDQ�

PHQFDSDL�WXMXDQ�

*DLQ DQWHQD�PHQJXNXU�NHPDPSXDQ�DQWHQD�XQWXN�PHQJLULPNDQ�JHORPEDQJ�

\DQJ� GLLQJLQNDQ� NH� DUDK� WXMXDQ�� 3DGD� DQWHQD� SDUDEROD�� HILVLHQVL� WLGDN�PHQFDSDL�

����� NDUHQD� EHEHUDSD� GD\D� KLODQJ�� 6HFDUD� NRPHUVLDO�� HILVLHQVL� DQWHQD� SDUDEROD�

DQWDU� ���� KLQJJD� ����� %HVDUQ\D� QLODL� GDSDW� GLFDUL� GHQJDQ� PHQJJXQDNDQ�

SHUVDPDDQ����>�@�

*  ����ORJ I �����ORJ�G �����ORJ�Ș �����������������������������������������������������

GHQJDQ�

*DLQ  �JDLQ�SHQJXDWDQ�DQWHQD��G%L�

G  �GLDPHWHU�DQWHQD��P�

Ș  �HILVLHQVL�DQWHQD����

I  �IUHNXHQVL�DQWHQD �*+]�

�� )UHH�6SDFH�/RVV �)6/�

3DGD�IUHNXHQVL�GL�DWDV����*+]��SDWKORVV GDSDW�GLDQJDS�VHEDJDL�)UHH�6SDFH

/RVV �)6/���)UHH�6SDFH�/RVV PHUXSDNDQ�IXQJVL� MDUDN�GDQ�IUHNXHQVL��)UHH�6SDFH



��

/RVV DGDODK�UHGDPDQ�\DQJ�VHSDQMDQJ�UXDQJ�DQWDUD�DQWHQD�SHPDQFDU�GDQ�SHQHULPD�

3DGD�UXDQJ�LQL�WLGDN�GL�EROHKNDQ�DGDQ\D�SHQJKDODQJ��NDUHQD�WUDQVPLVLQ\D�VHQGLUL�

EHUNDUDNWHU�/26��%HVDUQ\D�)6/�GDSDW�GLKLWXQJ�GHQJDQ�SHUVDPDDQ����>��@�

)6/  ������������ORJ �I*+]�������ORJ �'NP�������������������������������������������

GHQJDQ�

)6/  �)UHH�6SDFH�/RVV �G%�

I  �)UHNXHQVL��*+]�

'  �-DUDN�DQWDUD�DQWHQD�SHPDQFDU�GDQ�SHQHULPD��NP�

$SDELOD� IUHNXHQVL� \DQJ� GLJXQDNDQ� GDODP� VDWXDQ�0+]�� PDND� SHUVDPDDQ�

\DQJ�GLJXQDNDQ�XQWXN�PHQFDUL�)6/�DGDODK�SHUVDPDDQ����>�@�

)6/  ������������ORJ��I0+]�������ORJ��'NP�����������������������������������

GHQJDQ�

)6/  �)UHH�6SDFH�/RVV

I  �IUHNXHQVL��0+]�

'  �MDUDN�DQWDUD�DQWHQD�SHPDQFDU�GDQ�SHQHULPD��NP�

�� (IIHFWLYH�,VRWURSLF�5DGLDWHG�3RZHU ��(,53�

(,53� PHUXSDNDQ� GD\D� PDNVLPXP� JHORPEDQJ� VLQ\DO� PLNUR� \DQJ� NHOXDU�

GDUL� DQWHQD� SHPDQFDU� DWDX� XQWXN� PHQXQMXNNDQ� QLODL� HIHNWLI� GD\D� \DQJ�

GLSDQFDUNDQ�� GDODP� DUWL� ODLQ� GD\D� WHUVHEXW� VXGDK� PHQJDODPL� SHQJXDWDQ�� (,53�

GLSHUROHK�GHQJDQ�PHQMXPODKNDQ�GD\D�RXWSXW GDUL� DQWHQD�SHPDQFDU�GHQJDQ�JDLQ

DQWHQD�ODOX�GLNXUXQJNDQ�ROHK�ORVV DWDX�GDSDW�GLWXOLVNDQ�VHSHUWL�SHUVDPDDQ����>��@�

(,53  �37[ ��*DQW � /7[ ������������������������������������������������������������������������

GHQJDQ�

(,53  �(IIHFWLYH�,VRWURSLF�5DGLDWHG�3RZHU �G%P�

37[  �'D\D�SDQFDU��G%P�

*DQW  �*DLQ DQWHQD��G%L�

/7[  �7UDQVPLWWHU�ORVV �G%�

�� ,VRWURSLF�5HFHLYHG�/HYHO �,5/�

,VRWURSLF�5HFHLYHG�/HYHO��,5/��PHUXSDNDQ�QLODL� OHYHO GD\D�LVRWURSLF \DQJ�

GLWHULPD�ROHK�VWDVLXQ�SHQHULPD��1LODL�,5/�LQL�EXNDQ�QLODL�GD\D�\DQJ�GLWHULPD�ROHK�

VLVWHP�DWDX�UDQJNDLDQ�GHFRGLQJ��DNDQ�WHWDSL�QLODL�LQL�DGDODK�QLODL�OHYHO GD\D�WHULPD�



��

DQWHQD� VWDVLXQ� SHQHULPD�� 8QWXN�PHQGDSDWNDQ� QLODL� GD\D� WHULPD�PDND� QLODL� ,5/�

KDUXV� GLGDSDWNDQ� WHUOHELK� GDKXOX�� %HVDU� QLODL� ,5/� GLGDSDWNDQ� GDUL� SHUVDPDDQ�

���>��@�

,5/  �(,53 ± )6/�����������������������������������������������������������������������������

GHQJDQ�

,5/  �,VRWURSLF�5HFHLYHG�/HYHO �G%P�

(,53  �(IIHFWLYH�,VRWURSLF�5DGLDWHG�3RZHU �G%P�

)6/  �)UHH�6SDFH�/RVV �G%�

�� 5HFHLYHG�6LJQDO�/HYHO �56/�

5HFHLYHG� 6LJQDO� /HYHO �56/�� PHUXSDNDQ� OHYHO GD\D� \DQJ� GLWHULPD� ROHK�

SLUDQWL�SHQJRODK�GHFRGLQJ��1LODL�56/� LQL�GLSHQJDUXKL�ROHK� UXJL�UXJL� MDOXU�GL� VLVL�

DQWHQD�SHQHULPD�GDQ�JDLQ DQWHQD�SHQHULPD��'HQJDQ�LQL�QLODL�56/�GDSDW�GLKLWXQJ�

GHQJDQ�SHUVDPDDQ�����>��@�

56/  �,5/ � *5[ � /5[ �������������������������������������������������������������������������

GHQJDQ�

56/  �5HFHLYHG�6LJQDO�/HYHO �G%P�

,5/  �,VRWURSLF�5HFHLYHG�/HYHO �G%P��

*5[  �*DLQ $QWHQD��G%L�

/5[  �5HFHLYHG�/RVV �G%�

�� +RSORVV

+RSORVV�PHUXSDNDQ�SHUEHGDDQ�DWDX�VHOLVLK�DQWDUD�JDLQ GDQ� ORVV SDGD� OLQN

PLFURZDYH��*DLQ PHUXSDNDQ�SHQJXDWDQ�SDGD�VLVL�ODLQ��VHGDQJNDQ�ORVV PHUXSDNDQ�

MXPODK� GDUL� UHGDPDQ� UXDQJ� EHEDV� GDQ� UHGDPDQ� VHSHUWL� DWHQXDVL� HNVWUD� GDQ�

DWPRVIHU� �XDS� DLU� GDQ� RNVLJHQ��� 'HQJDQ� PHPSHUWLPEDQJNDQ� OLQN PLFURZDYH��

PDND�EHVDUQ\D�+RSORVV GLQ\DWDNDQ�GHQJDQ�SHUVDPDDQ�����>��@�

/K �)6/ ��/7[ ��/5[ ��/$WP ± �*7[ ��*5[�����������������������������������������������

GHQJDQ�

/K  �+RSORVV �G%�

)6/  �)UHH�6SDFH�/RVV �G%�

/7[  �7UDQVPLWWHU�/RVV �G%�

/5[  �5HFHLYH�/RVV �G%�
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/$WP  ��$WPRVKSHUH�/RVV �G%�

*7[  �*DLQ�7UDQVPLWW�$QWHQQD �G%L�

*5[  �*DLQ�5HFHLYH�$QWHQQD �G%L�

�� )DGLQJ�0DUJLQ

8QWXN�PHQJDWDVL� IDGLQJ PDND�GLSHUOXNDQ�FDGDQJDQ�GD\D�\DQJ�GLJXQDNDQ�

DJDU�GDSDW�PHPSHUWDKDQNDQ�OHYHO GD\D�WHULPD�GL�DWDV�OHYHO DPEDQJ��U[�WKUHVKROG���

&DGDQJDQ� GD\D� WHUVHEXW� GLVHEXW� GHQJDQ� IDGLQJ� PDUJLQ�� 7HUGDSDW� �� MHQLV� IDGH

PDUJLQ��GLDQWDUDQ\D��WKHUPDO�IDGH�PDUJLQ��IODW�IDGH�PDUJLQ��HIIHFWLYH�IDGH�PDUJLQ�

%HVDUQ\D� WKHUPDO� IDGH� PDUJLQ GDSDW� GLKLWXQJ� GDUL� VHOLVLK� DQWDUD� GD\D�

WHULPD�GDQ�GD\D�WHULPD�PLQLPXP��5[�7KUHVKROG���$GDSXQ�KXEXQJDQ�DQWDUD�IDGLQJ�

PDUJLQ GHQJDQ�5HFHLYHG�6LJQDO�/HYHO GLWXQMXNNDQ�SDGD�SHUVDPDDQ�������

)0WKHUPDO  �56/ � 5[7+ �������������������������������������������������������������������

GHQJDQ�

)0WKHUPDO  �)DGLQJ�0DUJLQ �G%�

56/  �5HFHLYH�6LJQDO�/HYHO �G%P�

5[7+  �5[�7KUHVKROG�/HYHO �G%P�

6HODQMXWQ\D�IODW�IDGH�PDUJLQ��\DLWX�IDGH�PDUJLQ \DQJ�GLSHQJDUXKL�WKHUPDO

IDGH�PDUJLQ GDQ� LQWHUIHUHQFH� IDGH�PDUJLQ��1DPXQ�MLND� LQWHUIHUHQFH�IDGH�PDUJLQ

WLGDN� WHUVHGLD�� PDND� GDSDW� GLDEDLNDQ� DWDX� GLDQJJDS� EHUQLODL� QRO�� 6HSHUWL� SDGD�

SHUVDPDDQ������

)0IODW  �����ORJ���
ିிெ௧௛௘௥௠௔௟ሺௗ஻ሻ

ଵ଴
����

ିிெ௔௖ሺௗ஻ሻ

ଵ଴
�����

ିிெ௘௫ሺௗ஻ሻ

ଵ଴
������������

'HQJDQ�

)0WKHUPDO  �7KHUPDO�IDGH�PDUJLQ �G%�

)0DF  �$GMDQFHQW�FKDQQHO�LQWHUIHUHQFH�IDGH�PDUJLQ �G%�

)0H[  �([WHUQDO�LQWHUHIHUHQFH�IDGH�PDUJLQ �G%�

6HWHODK� IODW� IDGH� PDUJLQ GLNHWDKXL�� VHODQMXWQ\D� GDSDW� GLKLWXQJ� HIIHFWLYH�

IDGH PDUJLQ��)DGH�PDUJLQ LQL�GLSHQJDUXKL�ROHK� IODW�IDGH�PDUJLQ�� IDGH�RFFXUHQFH�

IDFWRU�� GDQ� GLVSHUVLYH� IDGH� PDUJLQ�� 6HKLQJJD� GLGDSDWNDQ� SHUKLWXQJDQ� VHSHUWL�

SHUVDPDDQ������

)0HIIHFWLYH� �����ORJ����
ିிெ௙௟௔௧ሺௗ஻ሻ

ଵ଴
��5�î���

ିிௌ௜௦௣௘௥௦௜௩௘ሺௗ஻ሻ

ଵ଴
��������������
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GHQJDQ�

)0HIIHFWLYH  �(IIHFWLYH�IDGH�PDUJLQ �G%�

5  �)DGH�RFFFXUHQFH�IDFWRU �G%�

)0GLVSHUVLYH  �([WHUQDO�LQWHUIHUHQFH�IDGH�PDUJLQ �G%�

1LODL�IDGH�RFFXUHQFH�IDFWRU GLWHQWXNDQ�ROHK�NRQGLVL�SURSDJDVL�VLQ\DO�\DQJ�

GDSDW�GLODOXL��.HWHUDQJDQQ\D�VHEDJDL�EHULNXW�

5� �����VDPSDL��� ��XQWXN�NRQGLVL�SURSDJDVL�EDLN

5� �� ��XQWXN��NRQGLVL�SURSDJDVL�UDWD�UDWD

5� ���VDPSDL�� ��XQWXN�NRQGLVL�SURSDJDVL�VXOLW

5� �� ��XQWXN�NRQGLVL�SURSDJDVL�VDQJDW�VXOLW

3DGD� VLVWHP� WDQSD� GLYHUVLW\�� IDGLQJ� PDUJLQ GDSDW� GLKLWXQJ� GHQJDQ�

SHUVDPDDQ�����>��@�

)0  ����ORJ ' �����ORJ �D�[�E�[�����[�I��± ���ORJ�8Q$YSDWK ± ������������

GHQJDQ�

'  �SDQMDQJ�OLQWDVDQ��NP�

8Q$YSDWK  �NHWLGDNKDQGDODQ�VLVWHP

I  �IUHNXHQVL�NHUMD��*+]�

D  �IDNWRU�NHNDVDUDQ�EXPL

D�������XQWXN GDHUDK�KDOXV��ODXW��GDQDX�GDQ�JXUXQ

D�������XQWXN�GDHUDK�NHNDVDUDQ�UDWD�UDWD��GDWDUDQ

D���ó���XQWXN�SHJXQXQJDQ�GDQ�GDWDUDQ�WLQJJL�

E  �IDNWRU�LNOLP

E���ò���XQWXN�GDHUDK�SDQDV�GDQ�OHPEDE

E���ó���XQWXN�GDHUDK�QRUPDO

E���������XQWXN�GDHUDK�SHJXQXQJDQ��VDQJDW�NHULQJ�

�� &�)DFWRU

1LODL� &� IDFWRU GLSHQJDUXKL� ROHK� FOLPDWLF� IDFWRU GDQ� WHUUDLQ� URXJKQHVV��

1LODL� &� IDFWRU GLJXQDNDQ� GDODP� SHUKLWXQJDQ� XQDYDLODELOLW\ SDGD� SHUVDPDDQ�

�����>��@�

&  �FI [�ቀ
௦

ଵହǡଶ
ቁ െ ͳǡ͵ ��������������������������������������������������������������������������

GHQJDQ�



��

&I  �&OLPDWLF�IDFWRU

&I  ������XQWXN�ORNDVL�SHJXQXQJDQ�GDQ�EHULNOLP�NHULQJ

&I  �� ��XQWXN�GDHUDK�GHQJDQ�NHWLQJJLDQ�UDWD�UDWD

&I  �� ��XQWXN�GDHUDK�SHVLVLU�ODXW�GDQ�GL�DWDV�SHUDLUDQ

6  �7HUUDLQ�5RXJKQHVV �P�

�� $YDLODELOLW\

$YDLODELOLW\� PHUXSDNDQ� XNXUDQ� NHKDQGDODQ� VLVWHP�� 6HFDUD� LGHDO� VHPXD�

VLVWHP�KDUXV�PHPLOLNL�DYDLODELOLW\ ������1DPXQ�NHDGDDQ�WHUVHEXW�WLGDN�PXQJNLQ�

WHUSHQXKL� NDUHQD� GL GDODP� VXDWX� VLVWHP� SDVWL� WHUGDSDW� NHJDJDODQ� VLVWHP� GDODP�

PHPEHULNDQ� SHOD\DQDQ>�@�� .HJDJDODQ� VLVWHP� GDODP� PHPEHULNDQ� SHOD\DQDQ�

GLVHEXW�VHEDJDL�XQDYDLODELOLW\��%HVDUQ\D�QLODL�XQDYDLODELOLW\ GDQ�DYDLODELOLW\ GDSDW�

GLFDUL�GHQJDQ�SHUVDPDDQ������GDQ������

8Q$YSDWK �D�[�E�[�����[�I�[�'� [����� [ ���)0��� ������������������������������������

$YSDWK �����± 8Q$YSDWK ��[�����������������������������������������������������������������

GHQJDQ�

8Q$YSDWK  �XQDYDLODELOLW\ VLVWHP

$YSDWK  �DYDLODELOLW\ VLVWHP

������ 3HUDQFDQJDQ 5HSHDWHU

3HQJXMLDQ�HIHN� UDLQ� IDGLQJ SDGD� OLQN JHORPEDQJ�PLNUR�GHQJDQ� IUHNXHQVL�

\DQJ�WLQJJL�PHQJKDVLONDQ�VHPDNLQ�SDQMDQJ�VHEXDK�MDULQJDQ�WUDQVPLVL�JHORPEDQJ�

PLNUR�PDND�DNDQ�VHPDNLQ�VXOLW�XQWXN�PHPHQXKL�WXMXDQ�NLQHUMD��6HODLQ�LWX��XQWXN�

PHPEXDW�MDULQJDQ�WUDQVPLVL�JHORPEDQJ�PLNUR�GHQJDQ�MDUDN�\DQJ�MDXK�GLSHUOXNDQ�

XQWXN�PHPEDQJXQ�%76�\DQJ�WLQJJL�XQWXN�PHPSHUWDKDQNDQ�/LQH�RI�6LJKW �/26���

.DUHQD� DODVDQ� WHUVHEXW�� GLEXWXKNDQ� SHUDQFDQJDQ� MDULQJDQ� WUDQVPLVL� JHORPEDQJ�

PLNUR�\DQJ�PHPLOLNL�OHELK�GDUL�VDWX�³KRS´��8QWXN�PHPSHUWDKDQNDQ�/LQH�RI�6LJKW

GLSHUOXNDQ� SHQHPSDWDQ� VHEXDK� UHSHDWHU SDGD� WLWLN� WHUWHQWX�� -DULQJDQ� WUDQVPLVL�

JHORPEDQJ� PLNUR� GHQJDQ� MDUDN� OLQWDVDQ� \DQJ� SHQGHN� MXJD� DNDQ� PHPEXWXKNDQ�

UHSHDWHU MLND� MDULQJDQ� WUDQVPLVL� JHORPEDQJ� PLNUR� WHUVHEXW� WHUKDODQJ� ROHK�

REVWDFOH��3DGD�VLVWHP�GLJLWDO��NLQHUMD�MDXK�OHELK�EDLN�GLSHUROHK�GHQJDQ�GHPRGXODVL�

VLQ\DO� SDGD� VHWLDS� VWDVLXQ� UHSHDWHU GDQ� PHQJHPEDOLNDQ� SDQFDUDQ� VLQ\DO��

.HXQJJXODQ�\DQJ�GL PLOLNL�VLVWHP�GLJLWDO�SDGD�UHSHDWHU EHUDVDO�GDUL�NHPDPSXDQ�



��

XQWXN� PHQJKDVLONDQ� VLQ\DO� \DQJ� EHEDV� GDUL� QRLVH SDGD� VHWLDS� UHSHDWHU�� 6HPXD�

SHUKLWXQJDQ� \DQJ� EHUNDLWDQ� DQWDUD� VLQ\DO� WR� QRLVH� UDWLR GDQ� HUURU� UDWH WHODK�

GLDVXPVLNDQ� EDKZD� VLQ\DO� DVOL� DGDODK� \DQJ� EHEDV� QRLVH�� 'DODP� VLVWHP� DQDORJ��

QRLVH DNDQ�WHUDNXPXODVL�VHEDJDL�VLQ\DO�\DQJ�EHUODQJVXQJ�GDUL�KRS NH�KRS��6HEDJDL�

DNLEDW� GDUL� KDO� WHUVHEXW�� VLVWHP� UDGLR� DQDORJ� MDXK� OHELK� UHQGDK� GDULSDGD� VLVWHP�

UDGLR�GLJLWDO�NHWLND�PHQJJXQDNDQ�MDULQJDQ�WUDQVPLVL�JHORPEDQJ�PLNUR�PXOWL�KRS��

5HSHDWHU GLEDJL�PHQMDGL�GXD�\DLWX�$FWLYH�5HSHDWHU GDQ�3DVVLYH�5HSHDWHU>��@�

�� $FWLYH�5HSHDWHU

6HEXDK� DNWLI� UHSHDWHU PHPLOLNL� SHQJXDW� \DQJ� EHUIXQJVL� XQWXN�

PHPXOLKNDQ� NHPEDOL� VLQ\DO� GHQJDQ� NXDOLWDV� DZDO� VHEHOXP� NHPEDOL�

GLSDQFDUNDQ��5HSHDWHU DNWLI�PHPLOLNL�VHEXDK�DPSOLILHU XQWXN�PHQJHPEDOLNDQ�

VLQ\DO� NH� NXDOLWDV� DVOLQ\D� VHEHOXP� GLWUDQVPLVLNDQ� NHPEDOL�� 3DGD� VLVWHP�

GLJLWDO�� NLQHUMD� GHPRGXODVL� VLQ\DO� \DQJ� EDLN� \DLWX� GL� VHWLDS� UHSHDWHU�� VLQ\DO�

WUDQVPLVL�GLNHPEDOLNDQ�PHQMDGL�EDVHEDQG��.HXQWXQJDQ�\DQJ�GLPLOLNL�VLVWHP�

GLJLWDO� SDGD� VLVWHP� UHSHDWHU DGDODK� PDPSX� PHQJDWDVL� QRLVH GL� UHSHDWHU

PDVLQJ�PDVLQJ�� 7RWDO� NHVDODKDQ�HUURU NLUD�NLUD� VDPD� GHQJDQ� MXPODK�

NHVDODKDQ�HUURU SDGD� PDVLQJ�PDVLQJ� KRS�� 3DGD� VLVWHP� DQDORJ� WLGDN�

GLPXQJNLQNDQ�XQWXN�PHQJKLODQJNDQ�QRLVH�

*DPEDU������ $FWLYH�5HSHDWHU�6\VWHP>��@

�� 3DVVLYH�5HSHDWHU

7HUGDSDW�GXD�PHWRGH�DOWHUQDWLI�PHQHUDSNDQ�SDVVLYH�UHSHDWHU��\DLWX�EDFN�

WR EDFN�DQWHQQD GDQ�UHIOHFWRUV�ELOOERDUG��3DVVLYH�UHSHDWHU GLEXWXKNDQ�NHWLND�

MDULQJDQ� WUDQVPLVL� JHORPEDQJ� PLNUR� GL� WHPSDW� \DQJ� PHPLOLNL� EHEHUDSD�

SHQJKDODQJ� �REVWDFOH�� \DQJ� WLGDN� GDSDW� GLKLQGDUL�� VHSHUWL� SHJXQXQJDQ� DWDX�

JHGXQJ��3DVVLYH� UHSHDWHU GLJXQDNDQ� XQWXN�PHQJXODQJ� VLQ\DO� UDGLR� GHQJDQ�

PHQJXEDK�DUDK�SDQFDUDQ�UDGLR�WDQSD�DSOLNDVL�SHUDODWDQ�HOHNWURQLN�

.HWLND� VHEXDK�KRS JHORPEDQJ�PLNUR� WHUGDSDW�GL� WHPSDW�\DQJ�PHPLOLNL�

REVWDFOH \DQJ� WLGDN� GDSDW� GL KLQGDUL�� SDVVLYH� UHSHDWHU GDSDW� PHQJDWDVL�

PDVDODK� WHUVHEXW�� 3DVVLYH� UHSHDWHU VHULQJ� GLJXQDNDQ� NHWLND� REVWDFOH WLGDN�
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GDSDW�GLKLQGDUL�VHSHUWL�SXQFDN�JXQXQJ�KDUXV�GL DWDVL�GDQ�WLGDN�GDSDW�GL�DNVHV�

GHQJDQ� DNWLI� UHSHDWHU�� 7HUGDSDW� �� WLSH� XWDPD� GDUL� SDVVLYH� UHSHDWHU�� \DLWX�

UHIOHFWRU GDQ�EDFN�WR�EDFN�DQWHQQD>��@�

D� 5HIOHFWRU�6\VWHP

5HIOHFWRU PHUXSDNDQ� VHEXDK� DOWHUQDWLI� PHQDULN� VHEDJDL� ³SDSDQ�

SDQWXO´� VLQ\DO� \DQJ�GLWHPSDWNDQ�GL DQWDUD�NHGXD�XMXQJ� OLQN��6DODK� VDWX�

NHXQWXQJDQ� GDUL� UHIOHFWRU DGDODK� OHELK� PXGDK� XQWXN� PHPEDQJXQ�

UHIOHFWRU EHVDU� GDULSDGD� PHPEDQJXQ� DQWHQD� \DQJ� EHVDU�� 6HODLQ� LWX�

SHPEDQJXQDQ� 0RXQW� UHIOHFWRU OHELK� PHPXQJNLQNDQ� GDULSDGD�

SHPEDQJXQDQ�DQWHQD�EDUX�\DQJ�EHVDU>��@�

*DPEDU������ 6LVWHP 6LQJOH�5HIOHFWRU>��@

5HIOHNWRU�VHSHUWL� LQL� WLGDN�FRFRN�XQWXN�GLWHPSDWNDQ�VHMDMDU GHQJDQ�

JDULV�KRS OLQN� 5HIOHNWRU���ELOOERDUG SHPDQWXO��GDSDW�GLJXQDNDQ�VHEDJDL�

UHSHDWHU SDVLI��,QL�KDQ\D�PHQFHUPLQNDQ�VLQ\DO�GDUL�DQWHQD�VDWX�NH�\DQJ�

ODLQ��5HSHDWHU LQL� WHUJDQWXQJ� SDGD� XNXUDQ�� IUHNXHQVL RSHUDVL� GDQ� VXGXW�

DQWDUD�MDODQ>��@�

*  �����������ORJ )�*+]�������ORJ�$�P��������ORJሾ���ሺ
ఏ

ଶ
ሻሿ �����������ܤ݀�

GHQJDQ�

$� �/XDV�3HUPXNDDQ�%LGDQJ�5HIOHNWRU��P��

/XDV� ELGDQJ� UHIOHNWRU� GLSHQJDUXKL� ROHK� IUHNXHQVL� NHUMD� \DQJ�

GLJXQDNDQ�� 6HPDNLQ� EHVDU� IUHNXHQVL� PDND� ELGDQJ� UHIOHNWRU� \DQJ�

GLSHUOXNDQ�VHPDNLQ�NHFLO�

E� %DFN�WR�%DFN�$QWHQQD

3HPEDQJXQDQ� DQWHQD� SDVVLYH� EDFN� WR� EDFN� UHSHDWHU PHOLEDWNDQ�

PHQHPSDWNDQ� GXD� DQWHQD� SDGD� NHWLQJJLDQ� WHUWHQWX� SDGD�PHQDUD� NHWLND�

GXD�OLQN VHGDQJ�GLLPSOHPHQWDVLNDQ��1DPXQ��WLGDN�DNDQ�DGD�NDEHO�IHHGHU
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\DQJ�PHQMDODU� GL� DWDV�PHQDUD� XQWXN� DQWHQD�� GDQ� WLGDN�DNDQ�DGD� OHPDUL�

\DQJ� EHULVL� WUDQVFHLYHU GDQ� SHUDODWDQ� WHUNDLW�� 6HEDOLNQ\D�� DQWHQD� VDWX�

DNDQ� WHUKXEXQJ� ODQJVXQJ� NH� \DQJ� ODLQ� PHODOXL� MDOXU� SHQGHN� GDUL�

ZDYHJXLGH>��@�

3DGD�SDVVLYH�UHSHDWHU MHQLV�EDFN�WR�EDFN�DQWHQQD��DNDQ�GLGDSDWNDQ�

SHQJXDWDQ� GDUL� DQWHQD� SDVVLYH� UHSHDWHU WHUVHEXW�� *DLQ GDUL� VHEXDK�

UHSHDWHU GHQJDQ�EDFN�WR�EDFN�DQWHQQD GLEHULNDQ�GHQJDQ�SHUVDPDDQ������

*  �*$� ��*$� � *$&���������������������������������������������������������������

GHQJDQ�

*$�  �JDLQ VDODK�VDWX�DQWHQD�UHSHDWHU �G%�

*$�  �JDLQ GDUL�DQWHQD�ODLQ�UHSHDWHU �G%�

*$&  �FRXSOLQJ�ORVV �ZDYHJXLGH��DQWHQD��G%�

*DPEDU������ %DFN�WR�%DFN�$QWHQQD>��@

3DGD� OLQN \DQJ� SHQGHN�� GDQ� NHWLND� DGD� SHQJKDODQJ� GLDQWDUD� OLQN��

PDND� GLPXQJNLQNDQ XQWXN� PHPLQLPDOLVLU ELD\D� SHPEXDWDQ� UHSHDWHU

DNWLI PDND�VHEDLNQ\D�JXQDNDQ�UHSHDWHU SDVLI��*DPEDU���� PHQXQMXNNDQ�

NRQILJXUDVL�DQWHQD�EDFN�WR�EDFN�SDVLYH UHSHDWHU>��@�

������ )UHNXHQVL�3DGD�.RPXQLNDVL�5DGLR

7HUGDSDW� EHEHUDSD� FDUD� SHQDPDDQ� WHUNDLW� IUHNXHQVL�� GLDQWDUDQ\D� VHSHUWL�

WDEHO� ���� VDODK� VDWX� SHUWDQ\DDQ� NODVLN� \DQJ� VHULQJ� PXQFXO� DGD� VHPDNLQ� WLQJJL�

IUHNXHQVL�� SDQFDUDQ� PDXSXQ� WDQJNDSDQQ\D� PHPDQJ� VHPDNLQ� PXGDK� GLDUDKNDQ��

1DPXQ� UXJL� �ORVV�� GD\D� SHU� VDWXDQ� SDQMDQJ� MDUDN� WHPSXK� MXJD� VHPDNLQ� WLQJJL��

2OHK� NDUHQD� LWX�� SHPLOLKDQ� IUHNXHQVL� WHUNDLW� GHQJDQ� MHQLV� SHPDNDLDQQ\D� SHUOX�

GLSHUWLPEDQJNDQ�NHOD\DNDQ�LPSOHPHQWDVLQ\D>��@�

3DGD� WDEHO� ���� JHORPEDQJ�PLNUR� EHUDGD�SDGD� IUHNXHQVL� ����0+]� ± ����

*+]� DWDX� GDUL� 8+)� �8OWUD� +LJK� )UHTXHQF\�� VDPSDL� 6+)� �6XSHU� +LJK�

)UHTXHQF\��



��

7DEHO����� *HORPEDQJ�UDGLR�EHUGDVDUNDQ�IUHNXHQVL

)UHNXHQVL 1DPD

���± ����+] (/)��([WUHPHO\�/RZ�)UHTXHQF\�

����+]�± ��.+] 8/)��8OWUD�/RZ�)UHTXHQF\�

��± ���.+] 9/)��9HU\�/RZ�)UHTXHQF\�

���± ����.+] /)��/RZ�)UHTXHQF\�

����.+]�± ��0+] 0)��0HGLXP�)UHTXHQF\�

��± ���0+] +)��+LJK�)UHTXHQF\�

���± ����0+] 9+)��9HU\�+LJK�)UHTXHQF\�

����0+]�± ��*+] 8+)��8OWUD�+LJK�)UHTXHQF\�

������*+] (+)��([WUD�+LJK�)UHTXHQF\�

���± ����*+] 6+)��6XSHU�+LJK�)UHTXHQF\�

������ 3DWKORVV

3DWKORVV YHUVL���PHUXSDNDQ�SHUDQJNDW�OXQDN��VRIWZDUH��XQWXN�SHUDQFDQJDQ�

MDULQJDQ� NRPXQLNDVL� UDGLR� PLFURZDYH \DQJ� GLJXQDNDQ� ROHK� VHEDJLDQ� EHVDU�

SHUHQFDQD� MDULQJDQ��$SOLNDVL� LQL�GDSDW�PHQDPSLONDQ�VLPXODVL�\DQJ�FXNXS�DNXUDW�

GDODP�KDO�SHUDQJNDW�GDQ�OLQJNXQJDQ�GL PDQD�MDULQJDQ�UDGLR�DNDQ�GLWHUDSNDQ�

$JDU� MDULQJDQ� UDGLR� GDSDW� GLVLPXODVLNDQ� GHQJDQ� VHPSXUQD�� PDND�

GLSHUOXNDQODK�EHEHUDSD�GDWD�DWDX�ILOH SHQGXNXQJ�\DQJ�EHULVL�VSHVLILNDVL�SHUDQJNDW�

EHVHUWD�OLQJNXQJDQQ\D��'DWD�ILOH \DQJ�GLSHUOXNDQ�GLDQWDUDQ\D��

�� )UHTXHQF\�3ODQ

)LOH�)UHTXHQF\�3ODQ�LQL�EHULVL�GDIWDU�IUHNXHQVL�EHUOLVHQVL�\DQJ�GLPLOLNL�

ROHK� EHUEDJDL� YHQGRU�� 6HWLDS� YHQGRU PHPSXQ\DL� GDIWDU� IUHNXHQVL� \DQJ�

EHUEHGD�VHVXDL�GHQJDQ�OLVHQVL�\DQJ�GLEHOL�

�� 0LFURZDYH�$QWHQQD�'DWD�)LOHV��0$6�

)LOH� 0$6� LQL� PHUXSDNDQ� UHSUHVHQWDVL� NDUDNWHULVWLN� DQWHQD� \DQJ�

GLSURGXNVL�ROHK YHQGRU�

�� 5DGLR�0RGHOV�'DWD�)LOHV��056�

6HGDQJNDQ ILOH�056�EHULVL LPSOHPHQWDVL�UDGLR�\DQJ�VHVXDL�GHQJDQ ILOH�

0$6�



��

�� 6570�'DWD�*HRJUDILV

6570�EHULVL�GDWD�WRSRJUDIL�\DQJ�GLEXDW�ROHK�1$6$��ILOH�LQL�MXJD�GDSDW�

GLXQGXK�VHFDUD�EHEDV�GL�LQWHUQHW��-LND�HPSDW�GDWD�ILOH GLDWDV�VXGDK�OHQJNDS�

GLPLOLNL��PDND�VLPXODVL�OLQN�EXGJHW SXQ�VXGDK�GDSDW�GLEXDW>��@�

������ *RRJOH�(DUWK

*RRJOH� (DUWK PHUXSDNDQ� SURJUDP� VHSHUWL� VHEXDK� JOREH� YLUWXDO� \DQJ�

VHEHQDUQ\D� VHULQJ� GLVHEXW� (DUWK� 9LHZHU \DQJ� GLEXDW� ROHK� SHUXVDKDDQ� .H\KROH��

,QF��3URJUDP�LQL�PHQJJDPEDUNDQ�GDQ�PHPHWDNDQ�EXPL�GDUL�SHPSRVLVLDQ�JDPEDU�

\DQJ� GLNXPSXONDQ� GDUL� VXDWX� SHPHWDDQ� VDWHOLW�� IRWRJUDIL� GDUL� XGDUD� EHEDV� GDQ�

JOREH�*,6��'��*RRJOH�(DUWK WHUVHGLD�GDODP �� OLVHQVL�\DQJ�DQWDUD� ODLQ� ��*RRJOH�

(DUWK� IUHH GHQJDQ� ILWXU� \DQJ� WHUEDWDV�� *RRJOH� (DUWK� 3OXV ������ GHQJDQ� ILWXU�

WDPEDKDQ��GDQ�*RRJOH (DUWK�3UR ������WDKXQ��\DQJ�GLJXQDNDQ�XQWXN�SHQJJXQDDQ�

NRPHUVLDO�� $ZDOQ\D� *RRJOH� (DUWK GLNHQDO� VHEDJDL� (DUWK� 9LHZHU \DQJ�

GLNHPEDQJNDQ� ROHK� .H\KROH�� ,QF��� NHPXGLDQ� SHUXVDKDDQ� LQL� GLDPELO� DOLK� ROHK�

*RRJOH SDGD� WDKXQ� ������ .HPXGLDQ� SURGXN� LQL� GLJDQWL� QDPD� PHQMDGL� *RRJOH�

(DUWK ROHK�*RRJOH SDGD�WDKXQ�������WHUVHGLD�GDQ�GDSDW�GLMDODQNDQ�XQWXN�NRPSXWHU�

SHUVRQDO�GHQJDQ�VLVWHP�RSHUDVL�:LQGRZV�������;3��9LVWD��0DF�26�;��������NH�

DWDV��/LQX[�GDQ�)UHH%6'�

*DPEDU������ 7DPSLODQ�DZDO *RRJOH�(DUWK

*OREH�YLUWXDO�LQL�GDSDW�PHPSHUOLKDWNDQ�EDQJXQDQ��ODOX�OLQWDV��GDQ�EDKNDQ�

RUDQJ�EHVHUWD� ODOX� OLQWDVQ\D��5HVROXVL�JDPEDU�\DQJ�GLWDPSLONDQ� WHUJDQWXQJ�SDGD�

WHPSDW�\DQJ�GLFDUL��8QWXN�VDDW�LQL�/DV�9HJDV��1HYDGD��GDQ�&DPEULGJH�PHPLOLNL�

UHVROXVL� WHUWLQJJL�� DGD�NHWLQJJLDQ����FP���� LQFKL���*RRJOH�(DUWK PHPXQJNLQNDQ�



��

SHQJJXQDQ\D� XQWXN� PHQFDUL� DODPDW�� PHQFDUL� WLWLN� NRRUGLQDW�� DWDXSXQ� PHQFDUL�

ORNDVL�GHQJDQ�PHQJJXQDNDQ�PRXVH�

*DPEDU������ 3HWD *RRJOH�(DUWK

*RRJOH�(DUWK MXJD�PHQ\LPSDQ�GDWD�'LJLWDO�(OHYDWLRQ�0RGHO �'(0��\DQJ�

GLNXPSXONDQ� ROHK� 0LVL� 7RSRJUDIL� 5DGDU� 8ODQJ� $OLN� PLOLN� 1$6$�� 'HQJDQ�

PDNVXG�DJDU�SHQJJXQDQ\D�GDSDW�PHOLKDW�*UDQG�&DQ\RQ DWDXSXQ�*XQXQJ�(YHUHVW�

GDODP� FLWUD� WLJD� GLPHQVL�� GDULSDGD� KDQ\D� GHQJDQ� PHOLKDW� FLWUD� GXD� GLPHQVL��

3HPDQGDQJDQ��'�XQWXN�*XQXQJ�(YHUHVW�GDQ�SHJXQXQJDQ�ODLQQ\D�VXGDK�GDSDW�GL

QLNPDWL�SHQJJXQDQ\D�VHMDN�1RYHPEHU������GHQJDQ�SHQJJXQDDQ�GDWD�'(0�XQWXN�

PHOHQJNDSL�FDNXSDQ�6570�


