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6HLULQJ�VHMDODQ�GHQJDQ�SHUWXPEXKDQ�HNRQRPL�GDQ�MXPODK�SHQGXGXN��NHEXWXKDQ�HQHUJL�
OLVWULN�VHPDNLQ�EHVDU�SXOD��$SDODJL�GHQJDQ�SHVDWQ\D�SHUWXPEXKDQ��LQGXVWUL�GDQ�VHPDNLQ�
EHUDJDPQ\D� SHUDODWDQ� NRQVXPHQ� \DQJ� PHQJJXQDNDQ� WHQDJD� OLVWULN�� 6HPDNLQ�
EHUNHPEDQJ�VLVWHP�WHQDJD�OLVWULN�GDSDW�PHQJDNLEDWNDQ�OHPDKQ\D�SHUIRUPDQVL�V\VWHP�
SHUDODWDQ� WHQDJD� OLVWULN� NHWLND� PHQJDODPL� JDQJJXDQ�� 2EMHN� SHQHOLWLDQ� LQL� DGDODK
EHNHUMDQ\D�UHOD\�SHQXWXS�EDOLN��DXWR�UHFORVHU��WLJD�IDVD�GLDNLEDWNDQ�ROHK JDQJJXDQ�SDGD�
JDUGX� LQGXN� GL� 3/1� 6HNWRU� 7HOOR� GDODP MDQJND SHULRGH -XQL� ���� ± 0HL� ������
$GDSXQFDUD�DWDX� WHNQLN�DQDOLVLV�GDWD�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�LQL�LDODK WHNQLN�
DQDOLVLV� GHVNULSWLI�� \DLWX� PHQGHVNULSVLNDQ� GDWD� GHQJDQ� PHPDQIDDWNDQ WDEOH� MXPODK�
JDQJJXDQ� GDQ� ODPD� ZDNWX� JDQJJXDQ� JXQD� PHPXWXVNDQ NHDQGDODQ� VLVWHP� SURWHNVL�
IHHGHU�UHOD\�SHQXWXS�EDOLN��DXWR�UHFORVHU�� 7RWDO�GD\D \DQJ�WLGDN�WHUVDOXU�GLDNLEDWNDQ�
ROHK�JDQJJXDQ�SDGD�IHHGHU�\DQJ�WLGDN�PHPDNDL�DXWR�UHFORVHU�\DLWX��� NDOL�JDQJJXDQ�
GHQJDQ�MXPODK�ZDNWX�SHPXWXVDQ�DWDX�SHPDGDPDQ����� MDP��UDWD�UDWD�EHEDQ�IHHGHU�\DQJ�
WLGDN�PHQJJXQNDQ�DXWR�UHFORVHU�DGDODK��� $PSHUH��VHGDQJNDQ�MXPODK�GD\D�\DQJ�WLGDN�
WHUVDOXU�NDUHQD�DNLEDW�JDQJJXDQ�SDGD�IHHGHU�\DQJ�PHQJJXQDNDQ�DXWR�UHFORVHU�\DLWX�����
NDOL�JDQJJXDQ�GHQJDQ�MXPODK�ZDNWX�SHPDGDPDQ����� MDP

.DWD�.XQFL��$QDOLVLV��UHOD\�SHQXWXS�EDOLN��.HKDQGDODQ

,�3(1'$+8/8$1��

6HMDODQ�GHQJDQ�SHUWXPEXKDQ�HNRQRPL�GDQ� MXPODK�SHQGXGXN��NHEXWXKDQ DNDQ

HQHUJL�OLVWULN�VHPDNLQ�EHVDU�SXOD��$SDODJL�GHQJDQ�SHVDWQ\D�SHUWXPEXKDQ��LQGXVWUL�GDQ�

VHPDNLQ� EHUDJDPQ\D� SHUDODWDQ� \DQJ� GLJXQDNDQ� ROHK� NRQVXPHQ� \DQJ� PHQJJXQDNDQ�

WHQDJD�OLVWULN��6HPDNLQ�EHUNHPEDQJ�VLVWHP�WHQDJD�OLVWULN�GDSDW�EHUDNLEDW�SDGD WLQJNDW�

SHUIRUPDQVL� V\VWHP�SHUDODWDQ� WHQDJD� OLVWULN� VDDW PHQJDODPL�JDQJJXDQ��'DODP�KDO� LQL�

DGD�EHEHUDSD�MHQLV�JDQJJXDQ�\DQJ�GDSDW�PHQJDNLEDWNDQ�JDJDOQ\D�SHQ\DOXUDQ�OLVWULN�NH�

NRQVXPHQ��\DNQL JDQJJXDQ�VLVWHP�GDQ�JDQJJXDQ�QRQ�VLVWHP� 3HQHOLWLDQ�LQL�EHUWXMXDQ

XQWXN� PHQJHWDKXL� WHQWDQJ� NHDQGDODQ� VLVWHP� SURWHNL� IHHGHU� GHQJDQ� FDUD�
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PHPEDQGLQJNDQ�� DQWDUD� IHHGHU� \DQJ� PHQJJXQDNDQ� DXWR� UHFORVHU� GHQJDQ� WLGDN�

PHQJJXQDNDQ�DXWR�UHFORVHU��2EMHN�SHQHOLWLDQ�LQL�\DLWX�EHNHUMDQ\D�UHOD\�SHQXWXS�EDOLN�

�DXWR�UHFORVHU��WLJD�IDVD�DNLEDW�JDQJJXDQ�SDGD�JDUGX�LQGXN�GL�3/1�6HNWRU�7HOOR�VHODPD�

GDODP�SHULRGH�WHUWHQWX��$GDSXQ�WHNQLN�DQDOLVLV�GDWD�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�

LQL� DGDODK� WHNQLN� DQDOLVLV� GHVNULSWLI�� \DLWX� XQWXN� PHQGHVNULSVLNDQ� GDWD� GHQJDQ�

PHQJJXQDNDQ� WDEOH� MXPODK� JDQJJXDQ� GDQ� ODPD� ZDNWX� JDQJJXDQ� XQWXN� PHQHQWXNDQ�

NHDQGDODQ�VLVWHP�SURWHNVL�IHHGHU�UHOD\�SHQXWXS�EDOLN��DXWR�UHFORVHU�� 3URWHNVL�\DQJ�WHSDW�

KDUXV�GDSDW�EHNHUMD�FXNXS�FHSDW��VHOHNWLI�GDQ�DQGDO�VHKLQJJD�EXVXU�JDQJJXDQ�DWDX�SDGD�

EDJLDQ�VLVWHP� �SHUDODWDQ�\DQJ�GLODODOXL� DUXV�JDQJJXDQ� \DQJ�ELVD�NHUXVDNDQ�SHUDODWDQ�

\DQJ�PXQJNLQ�WLPEXO�GDSDW�GLKLQGDUL�GDQ�NHVWDELODQ�VLVWHP�GDSDW�WHUMDJD� 6HEDOLNQ\D�

MLND� SURWHNVL� JDJDO� EHNHUMD� DWDX� WHUODOX� ODPEDW� EHNHUMD�� PDND� DUXV� JDQJJXDQ� LQL�

EHUODQJVXQJ� OHELK� ODPD�� VHKLQJJD� SDQDV� \DQJ� GLWLPEXONDQQ\D� GDSDW� PHQJDNLEDWNDQ�

NHEDNDUDQ� \DQJ� KHEDW�� NHUXVDNDQ� \DQJ� SDUDK� SDGD� SHUDODWDQ� LQVWDODVL� GDQ� NHWLGDN�

VWDELODQ�VLVWHP� 7DQJNL�WUDIR�GD\D�\DQJ�PHQJJHOHPEXQJ�DWDX PHQJDODPL MHERO�NDUHQD

JDQJJXDQ� ELDVDQ\D� GLDNLEDWNDQ� NDUHQD� PHQJDODPL� NHJDJDODQ� NHUMD� DWDX� NHODPEDWDQ�

NHUMD� SURWHNVL�� .HJDJDODQ� DWDX� NHODPEDWDQ� NHUMD� SURWHNVL� DNDQ� PHQJDNLEDWNDQ�

EHNHUMDQ\D�SURWHNVL�ODLQ�GLVHEHODK�KXOXQ\D��VHEDJDL�UHPRWH�EDFN�XS��VHKLQJJD QDQWLQ\D

GDSDW�PHQJDNLEDWNDQ�SHPDGDPDQ�\DQJ�OHELK�PHOXDV�DWDX�EDKNDQ�PDPSX�PHQ\HEDENDQ�

UXQWXKQ\D�VLVWHP��FROODSVH��

,,�0(72'(�3(1(/,7,$1

3HQHOLWLDQ�NHDQGDODQ�VLVWHP�SURWHNVL�IHHGHU�GHQJDQ�UHOD\�SHQXWXS�EDOLN��DXWR�

UHFORVHU��SDGD�*,�3/1�6HNWRU�7HOOR��PDND�YDULDEOH�SHQHOLWLDQQ\D�DGDODK�EHNHUMDQ\D�

UHOD\�SHQXWXS�EDOLN��DXWR�UHFORVHU��DNLEDW�JDQJJXDQ�\DQJ�WHUMDGL�SDGD�*,�3/1�6HNWRU�

7HOOR�

%HNHUMDQ\D�UHOD\�SHQXWXS�EDOLN��DXWR�UHFORVHU��DNLEDW�DGDQ\D�JDQJJXDQ�SDGD�

*,�\DQJ�WHUGLUL�GDUL�VXE�YDULDEOH�\DLWX�

�� -XPODK�JDQJJXDQ�\DQJ�WHUMDGL�SDGD�IHHGHU�IHHGHU�*,�

�� /DPD�ZDNWX�JDQJJXDQ�SDGD�IHHGHU�IHHGHU�*,�
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�� -XPODK GD\D� \DQJ� WLGDN� WHUVDOXU� DNLEDW� JDQJJXDQ� \DQJ� WHUMDGL� SDGD� IHHGHU�

IHHGHU�*,�

7HNQLN� SHQJXPSXODQ� GDWD� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL� DGDODK�

VHEDJDL�EHULNXW�

D� 'RNXPHQWDVL��\DLWX�FDUD�\DQJ�GLJXQDNDQ�XQWXN�PHQJXPSXONDQ�GDWD�GHQJDQ�

PHQJDGDNDQ�SHQFDWDWDQ�GDWD� \DQJ�GLEXWXKNDQ�GDUL�EHUEDJDL� VXPEHU� UHVPL��

\DLWX� GDWD� WHQWDQJ� JDQJJXDQ� \DQJ� WHUMDGL� GDQ� ODPD�ZDNWX� JDQJJXDQ� SDGD�

IHHGHU�IHHGHU�*,�3/1�VHFWRU�WHOOR�

E� 2EVHUYDVL��\DLWX�SHQJXPSXODQ�GDWD�GDQ�SHQFDWDWDQ�VHFDUD�ODQJVXQJ�WHUKDGDS�

REMHN� SHQHOLWLDQ�� \DLWX� WHQWDQJ� EDQ\DNQ\D� IHHGHU�IHHGHU� VHUWD� UHOD\ \DQJ�

WHUSDVDQJ�SDGD�*,�3/1�6HNWRU�7HOOR�

F� :DZDQFDUD��\DLWX�VXDWX�FDUD�\DQJ�GLWHPSXK�XQWXN�PHQJXPSXONDQ�GDWD�DWDX�

LQIRUPDVL� ODQJVXQJ�� \DLWX� GDWD� WHQWDQJ� NHOHELKDQ� IHHGHU�IHHGHU� \DQJ�

GLOHQJNDSL�GHQJDQ�UHOD\�DXWR�UHFORVHU GLEDQGLQJ�GHQJDQ�IHHGHU�\DQJ� WLGDN�

GLOHQJNDSL�GHQJDQ��UHOD\�DXWR�UHFORVHU�

'DWD��\DQJ�GLJDPEDUNDQ�GDODP�SHQHOLWLDQ�LQL�DQWDUD�ODLQ�VHEDJDL�EHULNXW�

'HVNULSVL�GDWD�SDGD�JDQJJXDQ�IHHGHU�LQL�PHPEHULNDQ�JDPEDUDQ�WHQWDQJ�KDVLO�SHQHOLWLDQ�

XQWXN�MXPODK�JDQJJXDQ�IHHGHU�IHHGHU�*DUGX�,QGXN��XQWXN�IHHGHU�WDQSD�DXWR�UHFORVHU�GDQ�

IHHGHU�GHQJDQ�DXWR�UHFORVHU�DGDODK�

D� )HHGHU� WDQSD� DXWR� UHFORVHU�� MXPODK� JDQJJXDQ� \DQJ� WHUMDGL� �307� WULS��

VHEDQ\DN�

E� )HHGHU�GHQJDQ�DXWR�UHFORVHU��MXPODK�JDQJJXDQ�\DQJ�WHUMDGL�WHUMDGL��307�

WULS��

F� -XPODK�:DNWX�3HPDGDPDQ�DNLEDW�*DQJJXDQ

8QWXN� PHQGDSDWNDQ� JDPEDUDQ� WHQWDQJ� NHDQGDODQ� VLVWHP� SURWHNVL� IHHGHU�

GLPDQD�ZDNWX�SHPDGDPDQ�VHEDJDL�REMHN�SHQHOLWLDQ�\DQJ�GLRODK�PHQXUXW�DQDOLVLV�

GHVNULSWLI�GHQJDQ�PHQJKLWXQJ�WRWDO�ZDNWX�GDUL�MXPODK�JDQJJXDQ�\DQJ�WHUMDGL�
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*DPEDU����$OXU�3HQHOLWLDQ

,,,�+$6,/�3(1(/,7,$1

$� +DVLO

*DPEDU����'LDJUDP�6DWX�*DULV�,QGXN�7HOOR
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%HUGDVDUNDQ� DQDOLVD� GDWD� GL� DWDV�� PHPEHULNDQ� JDPEDUDQ� EDKZD� MXPODK�

JDQJJXDQ� \DQJ� WHUMDGL� SDGD� IHHGHU�IHHGHU�*DUGX� ,QGXN� VHEDJLDQ� EHVDU� DWDX� UDWD�UDWD�

JDQJJXDQ�RYHU�FXUUHQW��GDQ�VHODPD�NXUXQ�ZDNWX�-XQL����� VDPSDL�0HL����� JDQJJXDQ�

XQGHU�IUHNXHQVL�WLGDN�GLWHPXNDQ��*DQJJXDQ�\DQJ�SDOLQJ�VHULQJ�WHUMDGL�DGDODK�JDQJJXDQ�

RYHU�FXUUHQW GHQJDQ�IDVD�WHUKXEXQJ�NH�WDQDK�GDQ�LQGLNDVL�\DQJ�PXQFXO�GLUHOD\�DGDODK�

RYHU� FXUUHQW� UHOD\� JURXQG� %HUGDVDUNDQ� SHUKLWXQJDQ� WHUVHEXW�� GDODP� KDVLO� SHQHOLWLDQ�

MXJD�PHPEHULNDQ�JDPEDUDQ�EDKZD�MXPODK�JDQJJXDQ�\DQJ�WHUMDGL�GLVHWLDS�IHHGHU�\DQJ�

PHPXQFXONDQ�SDGD�IHHGHU�%XNLW�%DUXJD�DGDODK�IHHGHU�\DQJ�SDOLQJ�VHULQJ�PHQJDODPL�

JDQJJXDQ��+DO� LQL�GLVHEDENDQ�NDUHQD�EHEDQ� IHHGHU�%XNLW�%DUXJD�DGDODK�\DQJ�SDOLQJ�

WLQJJL�GLEDQGLQJNDQ�GHQJDQ�IHHGHU�IHHGHU�ODLQQ\D��'LVDPSLQJ�LWX��IHHGHU�%XNLW�%DUXJD�

MXJD�PHPSXQ\DL� -DULQJDQ�8GDUD�7HJDQJDQ�0HQHQJDK� �-870�� \DQJ� SDOLQJ� SDQMDQJ�

GLEDQGLQJNDQ�GHQJDQ�IHHGHU�IHHGHU�\DQJ�ODLQ�

-870� \DQJ� SDQMDQJ� VDQJDW� PHPXQJNLQNDQ� WHUMDGL� JDQJJXDQ� EHEDQ� IHHGHU�

PHOHELKL� NHPDPSXDQ� NDSDVLWDVQ\D�� MXJD� JDQJJXDQ� \DQJ� GLDNLEDWNDQ� ROHK� VDPEDUDQ�

SRKRQ�GLVHSDQMDQJ� -870��'DQ�JDQJJXDQ� \DQJ� SDOLQJ� EDQ\DN�GHQJDQ� LQGLNDVL�2YHU�

&XUUHQW� 5HOD\� *URXQG� �2&5�*URXQG�� DGDODK� DNLEDW� VDPEDUDQ� UDQWLQJ� SRKRQ� DWDX�

UDQWLQJ�SRKRQ�PHQ\DQJNXW�SDGD�-870��

)HHGHU� \DQJ� SDOLQJ� PLQLP� JDQJJXDQQ\D� DGDODK� IHHGHU� 3DURSR�� +DO� LQL�

GLVHEDENDQ�NDUHQD�IHHGHU�3DURSR�PHODOXL�-870�\DQJ�VDQJDW�GHNDW�GDUL�3/78�7HOOR�GDQ�

NRQGLVL�DODP�\DQJ�GLODOXL�ROHK�-870�VHEDJLDQ�EHVDU�DGDODK�SHUXPDKDQ�\DQJ�NXUDQJ�

SHSRKRQDQ�� 6HGDQJNDQ� IHHGHU� 3$0� VXGDK� WHUJDEXQJ� GHQJDQ� IHHGHU� .RGDP� 'DUL�

SHUKLWXQJDQ�MXPODK�ZDNWX�SHPDGDPDQ�DNLEDW�JDQJJXDQ��MXPODK�JDQJJXDQ�\DQJ�WHUMDGL�

SDGD�IHHGHU�GHQJDQ�DXWR�UHFORVHU�OHELK�EDQ\DN�GLEDQGLQJNDQ�GHQJDQ�IHHGHU�\DQJ�WLGDN�

GLOHQJNDSL�GHQJDQ�DXWR� UHFORVHU��+DO� LQL�GLVHEDENDQ�NDUHQD�SURVHV�SHPXOLKDQ�VLVWHP�

DWDX�SURVHV�PDVXNQ\D�307�SDGD�IHHGHU�GHQJDQ�UHOD\�DXWR�UHFORVHU�GLEXWXKNDQ�ZDNWX�

KDQ\D� ��� GHWLN� SDGD� UHFORVHU� SHUWDPD� �,�� GDQ� ��� GHWLN� SDGD� UHFORVHU� NHGXD� �,,���

6HGDQJNDQ�ZDNWX�SHPXOLKDQ�SDGD�IHHGHU�\DQJ�WLGDN�GLOHQJNDSL��GHQJDQ DXWR�UHFORVHU�

UDWD�UDWD�GLEXWXKNDQ�ZDNWX�VHNLWDU����GHWLN�WLDS�NDOL�WULS��+DO�LQL�GLVHEDENDQ�NDUHQD�\DQJ�

PHPDVXNNDQ�307�MLND�WULS�DGDODK�*DUGX�,QGXN�
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%HUGDVDUNDQ�SHUKLWXQJDQ�MXPODK�ZDNWX�SHPDGDPDQ�DNLEDW�JDQJJXDQ�GDSDW�SXOD�

GLKLWXQJ�MXPODK�GD\D�\DQJ�WLGDN WHUVDOXU�DNLEDW�JDQJJXDQ�WHUVHEXW��-XPODK�GD\D�\DQJ�

WLGDN�WHUVDOXU�EHUEDQGLQJ�OXUXV�GHQJDQ�MXPODK�SHPDGDPDQ�DUWLQ\D�VHPDNLQ�ODPD�VLVWHP�

LWX�SDGDP�PDND�VHPDNLQ�EHVDU�SXOD�GD\D�\DQJ�WLGDN�WHUVDOXUNDQ�NH�NRQVXPHQ� 'HQJDQ�

DVXPVL� LQL� MXPODK�ZDNWX�SHPDGDPDQ�GDQ MXPODK�GD\D�\DQJ�WLGDN�WHUVDOXU�NLWD� WLQMDX�

GDUL�GXD�VLVL�\DQJ�EHUEHGD�

D� %DJL�SLKDN�SHODQJJDQ

%HUGDVDUNDQ� PLVL� 3/1� VHEDJDL� SHOD\DQ� PDV\DUDNDW� PDND� VDVDUDQ�

XWDPDQ\D� DGDODK� NHSXDVDQ� SHODQJJDQ��.HSXDVDQ� SHODQJJDQ� GLWHQWXNDQ� ROHK�

WHUVDOXUQ\D� HQHUJL� OLVWULN� GDQ WHUVHGLDQ\D� HQHUJL� OLVWULN� NHWLND� SHODQJJDQ�

PHPEXWXKNDQ�� ,QL� EHUDUWL� 3/1� PHPSXQ\DL� PLVL� PHPLQLPDONDQ� JDQJJXDQ�

OLVWULN�GL�UXPDK�UXPDK�NRQVXPHQ��DWDX�XQLW�\DQJ�PHPEXWXKNDQ�HQHUJL�OLVWULN��

6DODK� VDWX� FDUD� PHPLQLPDONDQ� MXPODK� ZDNWX� SHPDGDPDQ� DNLEDW� JDQJJXDQ�

SDGD�IHHGHU�IHHGHU�DJDU�VXSD\D�NHEXWXKDQ�SHODJJDQ�WHUSHQXKL�DGDODK�GHQJDQ�

PHPDVDQJ�DXWR�UHFORVHU�GLVHWLDS�IHHGHU�VHFDUD�EHUWDKDS�

E� %DJL�SLKDN�3/1

6HWHODK�PHQJXVDKDNDQ�NHSXDVDQ�GDQ�PHPLQLPDONDQ�ZDNWX�WHUSXWXVQ\D�

DOLUDQ� OLVWULN� NH� SHODQJJDQ�� ,QL� WHQWX�PHPSXQ\DL� NHXQWXQJDQ� WHUVHQGLUL� EDJL�

3/1��0HPLQLPDONDQ�ZDNWX�DNLEDW�SHPDGDPDQ�LQL�EHUDUWL�PHPLQLPDONDQ�GD\D�

\DQJ�WLGDN�WHUVDOXU�NH�SHODQJJDQ��7LGDN�WHUVDOXUQ\D�HQHUJL�OLVWULN�NH�NRQVXPHQ�

VHEDJDL� SHODQJJDQ� PHQJDNLEDWNDQ� ELD\D� RSHUDVLRQDO� WLQJJL� VHPHQWDUD�

SHPDVXNDQ�PHQJDODPL�SHQXUXQDQ��6HPDNLQ�ODPD�ZDNWX�SHPDGDPDQ�VHPDNLQ�

ODPD�SXOD�GD\D�\DQJ�WLGDN�WHUDVOXU��VHPHQWDUD�GD\D�OLVWULN�\DQJ�GLEDQJNLWNDQ�

ROHK�3/1�UHODWLYH�WHWDS�DWDX�NRQVWDQ���

%�3HPEDKDVDQ

D� 3HUKLWXQJDQ�'D\D�5DWD�UDWD�SDGD�7LDS�WLDS�)HHGHU

3HUKLWXQJDQ� MXPODK� GD\D� UDWD�UDWD� SDGD� WLDS� IHHGHU� GLKLWXQJ�

EHUGDVDUNDQ�UXPXV�
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ࡼ ൌ ξ૜ ൈ ࢂ ൈ ࡵ ൈ ܛܗ܋ ࣂ

'LPDQD�

3� ��'D\D�GDOD�VDWXDQ��:DWW�-DP�

9� ��7HJDQJDQ��9ROW�

,� ��$UXV��$PSHUH�

��� ߠ �����

8QWXN�SHUKLWXQJDQ�DUXV�GHQJDQ�EHEDQ� \DQJ�EHUYDULDVL��PDND \DQJ�

GLDPELO�DGDODK�EHEDQ�UDWD�UDWD�\DLWX�

࢔ࢇ࢈ࢋ࡮ ࢇ࢚ࢇ࢘ െ ࢇ࢚ࢇ࢘ ൌ
࢔ࢇ࢈ࢋ࢈ ࢏ࢍࢍ࢔࢏࢚࢘ࢋ࢚ ൅ ࢔ࢇ࢈ࢋ࢈ ࢎࢇࢊ࢔ࢋ࢘ࢋ࢚

૛

'DQ�XQWXN�WHJDQJDQ�NHUMDQ\D�GLDPELO��������YROW�

-DGL�� MXPODK� GD\D� \DQJ� WLGDN� WHUVDOXU� NDUHQD� JDQJJXDQ� SDGD� IHHGHU� \DQJ� WLGDN�

PHQJJXQDNDQ�DXWR�UHFORVHU�\DLWX����NDOL�JDQJJXDQ�GHQJDQ�MXPODK�ZDNWX�SHPDGDPDQ�

����� MDP�� 'DQ� EHEDQ� UDWD�UDWD� IHHGHU� \DQJ� WLGDN�PHQJJXQNDQ� DXWR� UHFORVHU� �IHHGHU�

.RGDP��DGDODK����$PSHUH��0DND�GD\D�\DQJ�WLGDN�WHUVDOXU�

ൌ ξ૜ ൈ ࢂ ൈ ࡵ ൈ ࣂܛܗ܋

ൌ ξ૜ ൈ ૛૙Ǥ ૙૙૙ ൈ ૟૜ ൈ ૙ǡ ૡ

ൌ ૚ૠ૝૞ૢ૙ૠǡ ૛ ࢓ࢇࡶȀ࢚࢚ࢇࢃ

ൌ ૚ૠ૝૞ǡ ૢ૙ૠ૛ ࢓ࢇࡶȀࢃࡷ

ൌ ૚ૠ૝૞ǡ ૢ૙ૠ૛ ൈ ૙ǡ ૢ૞ ൌ ૚૟૞ૡǡ ૟૚૚ૡ ࢃࡷ

6HGDQJNDQ�MXPODK�GD\D�\DQJ�WLGDN�WHUVDOXU�NDUHQD�JDQJJXDQ�SDGD�IHHGHU�

\DQJ�PHQJJXQDNDQ�DXWR�UHFORVHU�\DLWX�����NDOL�JDQJJXDQ�GHQJDQ�MXPODK�ZDNWX�

SHPDGDPDQ� ����� MDP�� 'DQ� EHEDQ� UDWD�UDWD� IHHGHU� \DQJ� PHQJJXQNDQ� DXWR�

UHFORVHU��IHHGHU�%XNLW�%DUXJD��8QKDV�%DUX��7DPDODQUHD�GDQ�3DURSR��DGDODK��

࢔ࢇ࢈ࢋ࡮ ࢇ࢚ࢇࡾ െ ࢇ࢚ࢇ࢘ ൌ
ૢ૛ǡ ૞ ൅ ૟૛ǡ ૞ ൅ ૞ૢ ൅ ૛૞

૝
ൌ
૛૜ૢ

૝

ൌ ૞ૢǡ ૠ૞ ࢋ࢘ࢋ࢖࢓࡭



Ϯϱ

9ROXPH�� 1RPRU�����$SULO������
3�±,661��������������(�,661������������
2MV��KWWS���MRXUQDO�XLQ�DODXGGLQ�DF�LG�LQGH[�SKS�LQVWHN�LQGH[
(PDLO���LQVWHN#XLQ�DODXGGLQ�DF�LG

0DND�GD\D�\DQJ�WLGDN�WHUVDOXU�

ൌ ξ૜ ൈ ࢂ ൈ ࡵ ൈ ࣂܛܗ܋

ൌ ξ૜ ൈ ૛૙Ǥ ૙૙૙ ൈ ૞ૢǡ ૠ૞ ൈ ૙ǡ ૡ

ൌ ૚૟૞૞ૡ૝૙ǡ ૞ ࢓ࢇࡶȀ࢚࢚ࢇࢃ

ൌ ૚૟૞૞ǡ ૡ૝૙૞ ࢓ࢇࡶȀࢃࡷ

ൌ ૚૟૞૞ǡ ૡ૝૙૞ ൈ ૛ǡ ૝૜ ൌ ૝૙૛૜ǡ ૢ૛૝૚ ࢃࡷ

-DGL��MXPODK�GD\D�\DQJ�WLGDN�WHUVDOXU�DNLEDW�IHHGHU�\DQJ�PHQJJXQDNDQ�

DXWR�UHFORVHU�DGDODK�VHEDQ\DN�����������.:�

,9�.(6,038/$1

%HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� \DQJ� WHODK� GL� XUDLNDQ�� PDND� GDSDW� GLWDULN�

NHVLPSXODQ�VHEDJDL�EHULNXW�

�� 7RWDO� GXUDVL� DWDX� ODPD� ZDNWX� SHPDGDPDQ� GLDNLEDWNDQ� ROHK JDQJJXDQ� SDGD�

IHHGHU� WDQSD� DXWR� UHFORVHU� MDXK� OHELK� EDQ\DN� GLEDQGLQJ� GHQJDQ� IHHGHU� \DQJ�

GLOHQJNDSL� GHQJDQ� DXWR� UHFORVHU�� VHGDQJ� MXPODK�JDQJJXDQ� \DQJ� WHUMDGL� MXVWUX�

OHELK�EDQ\DN�SDGD�IHHGHU�\DQJ�PHQJJXQDNDQ�DXWR�UHFORVHU�

�� -XPODK� GD\D� \DQJ� WLGDN� WHUVDOXU� GLNDUHQDNDQ JDQJJXDQ� SDGD� IHHGHU� \DQJ�

GLOHQJNDSL� GHQJDQ� UHOD\� DXWR� UHFORVHU� OHELK� VHGLNLW� MXPODKQ\D� GLEDQGLQJNDQ�

GHQJDQ�IHHGHU�WDQSD�DXWR�UHFORVHU�



Ϯϲ

9ROXPH�� 1RPRU�����$SULO������
3�±,661��������������(�,661������������
2MV��KWWS���MRXUQDO�XLQ�DODXGGLQ�DF�LG�LQGH[�SKS�LQVWHN�LQGH[
(PDLO���LQVWHN#XLQ�DODXGGLQ�DF�LG

'$)7$5 3867$.$

$ULNXQWR��6XKDUVLPL��������3URVXGHU�3HQHOLWLDQ��5LQHND�&LSWD���-DNDUWD�

$ULVPXQDQGDU��$UWRQR��������7HNQLN�7HJDQJDQ�7LQJJL��3UDG\DQD�3DUDPLWD���-DNDUWD�

'LUMHQ� 'LNQDV�� ����� .RPSRQHQ� GDQ� 6LVWHP� 3URWHNVL� 7HQDJD� /LVWULN�� 'HSGLNQDV�
�-DNDUWD��'DUL�SURWHNVLBWHQDJDBOLVWULN�SGI�

+DGL��$EGXO�GDQ�3DEOD�$6��������6LVWHP�'LVWULEXVL�'D\D�/LVWULN��(UODQJJD���-DNDUWD�

3RHZDGDUPLQWD��:�-�6��������.DPXV�%DKDVD�,QGRQHVLD��&HWDNDQ�.H�����%DODL 3XVWDND�
��-DNDUWD�

0LU¶DWXVVDDGD��$GHOLQD �HSULQWV�SROVUL�DF�LG�������(YDOXDVL�&DUD�.HUMD�$XWR�5HFORVHU�
6HEDJDL��3HQJDPDQ�3DGD�MDULQJDQ�'LVWULEXVL�GL�37�3/1��3(56(52��.HUDPDVDQ�

3UDWDPD��0XKDPPDG�2NWDYLDQ �HSULQWV�SROVUL�DF�LG������ 3ROLWHNQLN�1HJHUL�6ULZLMD\D�
$QDOLVD�6HWWLQJ�5HOD\�*DQJJXDQ�7DQDK�3DGD�3HQ\XODQJ����.Y�'L�*DUGX�,QGXN�
6HGXGXN�3XWLK�

3XWUD�� $GH� �UHSRVLWRU\�XP\�DF�LG� ������ 6WXGL� $QDOLVLV� 6LVWHP� .RRUGLQDVL� 3URWHNVL�
2YHU�&XUUHQW�5HOD\� �2&5��GDQ�*URXQG�)DXOW�5HOD\� �*)5��3DGD�*DUGX� ,QGXN�
*RGHDQ

5DLV 0�� �����´�$QDOLVLV�7HJDQJDQ�'LS�$NLEDW�0DVXNQ\D�6PHOWHU�3DGD� -DULQJDQ�
7UDQVPLVL�'HQJDQ�3HPRGHODQ�6LPXODVL�.RPSXWHU´��8QLYHUVLWDV�3DWULD�$UWKD��
KWWS���HMRXUQDO�SDWULD�DUWKD�DF�LG YRO���1R���$SULO����������

,QVDQ�� ,YDQ�$KVDQXO ������ 2SWLPDOLVDVL� 6LPXODVL�0D[LPXP� 3RZHU� 3RLQW� 7UDFNLQJ�
�0SSW�� 3DGD� 6RODU�:LQG� 7XUELQH� 0HQJJXQDNDQ� 0HWRGH� ,QFUHPHQWDO�
&RQGXFWDQFH� %DFKHORUV� GHJUHH� �V��� WKHVLV�� XQLYHUVLW\� RI� PXKDPPDGL\DK�
PDODQJ�

+DGL� 6LUDW� 0$�� 5DLV� 0�� 3XWUL� $1�� -DODO� 05�� ������� 2SWLPL]DWLRQ� RI� *URXQGLQJ�
5HVLVWDQFH�WR�0LQLPL]H�7UDQVLHQW�&XUUHQW�$W����N9�6XOVHOUDEDU�6\VWHP��,(((
,&2,$&7�


