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��� 'DVDU 7HRUL

'DODP SHQHOLWLDQ ³0HQJHPEDQJNDQ 6LVWHP 3HPLODK 6DPSDK 2WRPDWLV

0HQJJXQDNDQ 0HWRGH /RJLND )X]]\´ PHPHUOXNDQ EHEHUDSD SHUVLDSDQ�

'LDQWDUDQ\D PHODNXNDQ OLWHUDWXUH UHYLHZ XQWXN PHQJXWLS GDQ PHPSHUROHK

LQIRUPDVL \DQJ EHUKXEXQJDQ GHQJDQ MXGXO SHQHOLWLDQ� VHUWD GLMDGLNDQ VHEDJDL EDKDQ

SHUWLPEDQJDQ

��� 3XWDND

����� 6DPSDK

6DPSDK PHUXSDNDQ VHVXDWX \DQJ GLKDVLONDQ GDUL DNWLYLWDV PDQXVLD�EDLN

DNWLYLWDV GRPHVWLF �UXPDK WDQJJD� PDXSXQ DNWLYLWDV LQGXVWUL� GDQ OHELK EHURULHQWDVL

SDGD PDWHULDO VLVD \DQJ WLGDN GLLQJLQNDQ DWDX WLGDN EHUPDQIDDW ODJL �$\X�6XVLDQL�

'HZL�� ������ 0HQXUXW .%%,� VDPSDK DGDODK EDUDQJ DWDX EHQGD \DQJ GLEXDQJ

NDUHQD WLGDN WHUSDNDL ODJL� 6HGDQJNDQ PHQXUXW 88 1RPRU �� 7DKXQ ���� WHQWDQJ

3HQJHORODDQ 6DPSDK� \DQJ GLPDNVXG GHQJDQ VDPSDK DGDODK VLVD NHJLDWDQ VHKDUL�

KDUL PDQXVLD GDQ�DWDX SURVHV DODP \DQJ EHUEHQWXN SDGDW �VLDJLDQ�������� 6DPSDK

MXJD PHQMDGL VDODK VDWX PDVDODK EHVDU \DQJ WDN NXQMXQJ XVDL� 5DWD�UDWD PDVDODK

VDPSDK KDPSLU GLKDGDSL ROHK VHOXUXK QHJDUD GL GXQLD� 7LGDN KDQ\D GLQHJDUD�QHJDUD

EHUNHPEDQJ VHSHUWL LQGRQHVLD� WHWDSL MXJD GL QHJDUD�QHJDUD PDMX VDPSDK VHODOX

PHQMDGL PDVDODK \DQJ WDN NXQMXQJ XVDL� 'L LQGRQHVLD� VDPSDK GLNRWD�NRWD EHVDU

VHWLDS KDULQ\D PHQJKDVLONDQ SXOXKDQ WRQ VDPSDK� 6HEDJDL FRQWRK� 0HQXUXW .HSDOD

'LQDV /LQJNXQJDQ +LGXS �'/+� .RWD 6XUDED\D PHQJDWDNDQ� VHFDUD WHRUL MXPODK

VDPSDK \DQJ GLSURGXNVL PDV\DUDNDW 6XUDED\D VHEHVDU ����� SHU KDUL �$ULILQ��������

+DUL GHPL KDUL VDPSDK WHUXV PHQXPSXN GDQ WHUMDGLODK EXNLW VDPSDK DWDX JXQXQJ

VDPSDK� 6DPSDK \DQJ PHQXPSXN WHUVHEXW VDQJDW PHQJJDQJJX SHQGXGXN VHNLWDU

GDQ WHUMDGL SHQFHPDUDQ EDLN XGDUD PDXSXQ WDQDK� 6HODLQ PHQMDGL EDXQ\D \DQJ WLGDN

VHGDS� PHQXPSXNDQ VDPSDK MXJD GDSDW PHQMDGL ZDEDK SHQ\DNLW�

6DPSDK GDSDW GLJRORQJNDQ NHGDODP GXD MHQLV \DLWX VDPSDK RUJDQLN GDQ

VDPSDK DQRUJDQLN� 6DPSDK DQRUJDQLN DGDODK VDPSDK \DQJ GLKDVLONDQ GDUL SURVHV

LQGXVWUL GDQ PHPEXWXKNDQ ZDNWX \DQJ VDQJDW ODPD XQWXN GLSHUEDKDUXL ROHK DODP�



ϳ

'LNDUHQDNDQ PHPHUOXNDQ ZDNWX \DQJ UHODWLI ODPD� VDPSDK DQRUJDQLN VHPDNLQ

ODPD DNDQ VHPDNLQ PHQXPSXN GDQ GDSDW PHQJJDQJJX NHEHUODQJVXQJDQ PDNKOXN

KLGXS �=XUDLGDK��������

�� 6DPSDK 2UJDQLN

6DPSDK RUJDQLN EHUDVDO GDUL GDUL EDKDQ�EDKDQ \DQJ PHQ\XVXQ WXPEXKDQ

GDQ KHZDQ \DQJ GLDPELO GDUL DODP DWDX GLKDVLONDQ GDUL NHJLDWDQ SHUWDQLDQ�

SHULNDQDQ� DWDX \DQJ ODLQ� 6DPSDK RUJDQLN PXGDK WHUXUDL GHQJDQSURVHV DODPL \DQJ

VHEDJLDQ EHVDU EHUDVDO GDUL VDPSDK UXPDK WDQJJD� VHSHUWL VD\XU�VD\XUDQ� EXDK�

EXDKDQ� GDQ GDXQ �3UDVHW\R�HW�DO�������� 6DPSDK RUJDQLN NDODX GLEXDQJ PHQJKDVLO

JDV PHWDQ \DQJ PHQJDNLEDWNDQ JDV UXPDK NDFD� 6HPHQWDUD� ,QGRQHVLD

EHUNRPLWPHQ PHQJXUDQJL JDV UXPDK NDFD �DGPLQLVWDWRU��������

*DPEDU����� 6DPSDK�RUJDQLN
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7DEHO ��� &LUL ILVLN RUJDQLN

�� 6DPSDK $QRUJDQLN

6DPSDK DQRUJDQLN DGDODK OLPEDK \DQJ WLGDN EHUDVDO GDUL PDNKOXN KLGXS GDQ

WLGDN GDSDW WHUXUDL VHFDUD DODPL ROHK PLNURRUJDQLVPH �$PLQXGGLQ�������� 6HFDUD

XPXP VDPSDK DQRUJDQLN WHUGLUL GDUL EDKDQ VHSHUWL SODVWLN� NDFD� ORJDP� GDQ NHUWDV

\DQJ GLODSLVL DWDX GL FDPSXU EDKDQ QRQ�ELRGHJUDGDEOH� 6DPSDK QRQ�ELRGHJUDGDEOH

.DWHJRUL

6DPSDK

&RQWRK

6DPSDK

&LUL )LVLN .DUDNWHULVWLN

8PXP

2UJDQLN � 6LVD

PDNDQDQ

�QDVL� VD\XU�

EXDK�

/HPEHN� EDVDK�

FHSDW PHPEXVXN

0XGDK WHUXUDL ROHK

PLNURRUJDQLVPH

� 'DXQ GDQ

UDQWLQJ

NHULQJ

5LQJDQ� PXGDK

KDQFXU ELOD

GLUHQGDP

%LVD GLMDGLNDQ

NRPSRV DWDX SXSXN

DODPL

� .XOLW EXDK�

VLVD ODXN

%HUEDX� WHNVWXU

OHPEXW�OXQDN

0HQJDQGXQJ DLU�

EHUVLIDW

ELRGHJUDGDEOH

� 5RWL EDVL�

VLVD

PLQXPDQ

/HPEDE� VHULQJ

EHUMDPXU

8PXU VLPSDQ

SHQGHN� PXGDK

PHPEXVXN

*DPEDU����� 6DPSDK�DQRUJDQLN
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PHUXSDNDQ MHQLV VDPSDK \DQJ WLGDN GDSDW WHUXUDL ROHK EDNWHUL PDXSXQ

PLNURRUJDQLVPH VHSHUWL SODVWLN� ORJDP� GDQ NDFD �$EGXO�/DWLHI�HW�DO���������

7DEHO ��� &LUL ILVLN DQRUJDQLN

����� )X]]\

/RJLND )X]]\� VHEXDK NRQVHS \DQJ GLSHUNHQDONDQ ROHK 3URIHVRU /RWIL $�

=DGHK SDGD WDKXQ ����� DGDODK VHEXDK PHWRGRORJL NRQWURO VLVWHP \DQJ GLUDQFDQJ

XQWXN PHQJDWDVL PDVDODK� 3HQGHNDWDQ LQL VDQJDW IOHNVLEHO GDQ GDSDW

1R� -HQLV

6DPSDK

$QRUJDQLN

&RQWRK &LUL )LVLN .DUDNWHULVWLN

� 3ODVWLN .DQWRQJ SODVWLN�

ERWRO DLU

PLQHUDO� VHGRWDQ

5LQJDQ� OHQWXU�

WLGDN PHQ\HUDS

DLU

7LGDN PXGDK

WHUXUDL� DZHW� ELVD

GLEHQWXN XODQJ

� /RJDP .DOHQJ

PLQXPDQ� EHVL

EHNDV�

DOXPXQLXP

.HUDV� EHUDW�

NRQGXNWLI�

EHUNLODX

7DKDQ WHUKDGDS

SDQDV� WLGDN

PHPEXVXN

� .DFD %RWRO NDFD�

SHFDKDQ MHQGHOD�

VWRSOHV

7UDQVSDUDQ�

NHUDV� PXGDK

SHFDK

7LGDN PHQ\HUDS DLU�

WDKDQ ODPD� ELVD

GLGDXU XODQJ

� .DEHO %HNDV .DEHO OLVWULN�

NDEHO FKDUJHU

UXVDN

/HQWXU� WHUGLUL

GDUL SODVWLN 	

ORJDP

0HQJDQGXQJ

WHPEDJD

�NRQGXNWRU�� LVRODVL

SODVWLN

� %DWHUDL

%HNDV

%DWHUDL $$�

EDWHUDL +3�

EDWHUDL OLWKLXP

.HFLO� NHUDV�

EHUDW� WHUWXWXS

ORJDP

0HQJDQGXQJ ]DW

NLPLD EHUEDKD\D�

VXOLW WHUXUDL

� 7HNVWLO .DLQ SHUFD�

SDNDLDQ UXVDN

/HPEXW� WLGDN

PXGDK UREHN

7LGDN PHPEXVXN�

WDKDQ ODPD
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GLLPSOHPHQWDVLNDQ GDODP EHUEDJDL MHQLV VLVWHP� PXODL GDUL \DQJ VHGHUKDQD� VLVWHP

NHFLO� VLVWHP WHUWDQDP �HPEHGGHG V\VWHP�� MDULQJDQ NRPSXWHU SULEDGL �3&

QHWZRUN�� VLVWHP DNXLVLVL GDWD PXOWL�VDOXUDQ �PXOWLFKDQQHO GDWD DFTXLVLWLRQ�� KLQJJD

ZRUNVWDWLRQ GDQ VLVWHP NRQWURO \DQJ OHELK NRPSOHNV� 3HQHUDSDQ PHWRGRORJL LQL MXJD

ELVD GLODNXNDQ SDGD SHUDQJNDW NHUDV� SHUDQJNDW OXQDN� DWDX NRPELQDVL NHGXDQ\D�

%HUEHGD GHQJDQ ORJLND NODVLN \DQJ KDQ\D PHQJHQDO GXD NHPXQJNLQDQ QLODL �ELQHU��

VHSHUWL �<D DWDX 7LGDN�� �%HQDU DWDX 6DODK�� DWDX �%DLN DWDX %XUXN� ² \DQJ

GLUHSUHVHQWDVLNDQ GHQJDQ QLODL NHDQJJRWDDQ � DWDX � ² ORJLND )X]]\

PHPXQJNLQNDQ DGDQ\D QLODL NHDQJJRWDDQ GL DQWDUD � GDQ �� ,QL EHUDUWL VXDWX NRQGLVL

ELVD PHPLOLNL NDUDNWHULVWLN �<D� GDQ �7LGDN� VHFDUD EHUVDPDDQ� �%HQDU� GDQ

�6DODK� VHFDUD VLPXOWDQ� DWDX �%DLN� GDQ �%XUXN� SDGD ZDNWX \DQJ VDPD� 1DPXQ�

VHEHUDSD EHVDU QLODL GDUL PDVLQJ�PDVLQJ NDUDNWHULVWLN WHUVHEXW VDQJDW EHUJDQWXQJ

SDGD ERERW NHDQJJRWDDQ \DQJ GLPLOLNLQ\D GDODP VNDOD � KLQJJD �� 'HQJDQ

GHPLNLDQ� ORJLND )X]]\ PHQ\HGLDNDQ FDUD XQWXN PHPRGHONDQ SHQDODUDQ PDQXVLD

\DQJ PHOLEDWNDQ NHWLGDNSDVWLDQ GDQ DPELJXLWDV �%DKDXGGLQ�������

'DODP ORJLND IX]]\� NRQVHS YDULDEHO GDQ SHUQ\DWDDQ GLHNVSUHVLNDQ

PHQJJXQDNDQ KLPSXQDQ IX]]\� GL PDQD VHWLDS HOHPHQ PHPLOLNL IXQJVL

NHDQJJRWDDQ 3HQGHNDWDQ LQL PHPXQJNLQNDQ VLVWHP XQWXN PHQJHOROD GDWD \DQJ

WLGDN SDVWL GDQ NRPSOHNV VHFDUD HIHNWLI� NDUHQD ORJLND IX]]\ GLUDQFDQJ XQWXN

PHQDQJNDS NHWLGDN MHODVDQ GDODP GDWD GDQ PHPEHULNDQ IOHNVLELOLWDV VDDW

PHQJDPELO NHSXWXVDQ�6DODK VDWX NHXQJJXODQ XWDPD ORJLND IX]]\ DGDODK

NHPDPSXDQQ\D XQWXN PHQJDWDVL WDQWDQJDQ NHWLGDNSDVWLDQ GDQ NRPSOHNVLWDV GDODP

EHUEDJDL VLVWHP� 6HODLQ LWX� ORJLND )X]]\ PHQDZDUNDQ NHPDPSXDQ DGDSWLI \DQJ

VLJQLILNDQ� PHPXQJNLQNDQQ\D XQWXN PHQDQJDQL GDWD \DQJ PXQJNLQ WLGDN OHQJNDS

DWDX PHPLOLNL DPELJXLWDV �1XUMDQQDK�HW�DO���������

$UVLWHNWXU VLVWHP ORJLND IX]]\ VHFDUD IXQGDPHQWDO� DUVLWHNWXU VLVWHP ORJLND

IX]]\ WHUVXVXQ DWDV HPSDW NRPSRQHQ XWDPD�

x %DVLV DWXUDQ �5XOHV %DVH�� %DJLDQ LQL EHULVL NXPSXODQ DWXUDQ �-,.$�

0$.$� �,)�7+(1� \DQJ PHUHSUHVHQWDVLNDQ SHQJHWDKXDQ DWDX NHDKOLDQ

WHQWDQJ VLVWHP� $WXUDQ�DWXUDQ LQL PHQMDGL SDQGXDQ EDJDLPDQD VLVWHP KDUXV

EHUHDNVL WHUKDGDS EHUEDJDL LQSXW�
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x )X]]LILNDVL �)X]]LILFDWLRQ�� ,QL DGDODK SURVHV GL PDQD QLODL�QLODL QXPHULN

\DQJ SUHVLVL GDUL LQSXW VHQVRU DWDX GDWD GLXEDK PHQMDGL QLODL�QLODL OLQJXLVWLN

)X]]\ �PLVDOQ\D� �UHQGDK�� �VHGDQJ�� �WLQJJL��� )XQJVL NHDQJJRWDDQ

GLJXQDNDQ GDODP WDKDS LQL XQWXN PHQHQWXNDQ GHUDMDW NHDQJJRWDDQ VHWLDS

QLODL SDGD KLPSXQDQ )X]]\ \DQJ UHOHYDQ�

x 6LVWHP ,QIHUHQVL )X]]\ �)X]]\ ,QIHUHQFH 6\VWHP � ),6�� 6HWHODK IX]]LILNDVL�

VLVWHP LQIHUHQVL )X]]\ DNDQ PHQJRODK QLODL�QLODL OLQJXLVWLN WHUVHEXW

EHUGDVDUNDQ DWXUDQ�DWXUDQ \DQJ DGD GL EDVLV DWXUDQ� 3URVHV LQL PHOLEDWNDQ

HYDOXDVL VHWLDS DWXUDQ XQWXN PHQJKDVLONDQ NHVLPSXODQ )X]]\�

x 'HIX]]LILNDVL �'HIX]]LILFDWLRQ�� 3DGD WDKDS DNKLU LQL� KDVLO )X]]\ \DQJ WHODK

GLSHUROHK GDUL VLVWHP LQIHUHQVL GLXEDK NHPEDOL PHQMDGL QLODL QXPHULN \DQJ

MHODV GDQ GDSDW GLJXQDNDQ ROHK VLVWHP NRQWURO DWDX DNWXDWRU� 3URVHV LQL

�PHQJNULVWDONDQ� NHVLPSXODQ )X]]\ PHQMDGL WLQGDNDQ NRQNUHW�

����� 6HQVRU SUR[LPLW\ NDSDVLWLI

6HQVRU SUR[LPLW\ NDSDVLW VHQVRU \DQJ PHQGHWHNVL NHKDGLUDQ REMHN� EDLN

NRQGXNWLI PDXSXQ QRQ�NRQGXNWLI� WDQSD NRQWDN ILVLN \DQJ PHPLOLNL NDHPDPSXDQ

NHPDPSXDQ GHWHNVL REMHN \DQJ IOHNVLEHO� %HUGDVDUNDQ SULQVLS NDSDVLWLI� VHQVRU LQL

GDSDW PHQGHWHNVL EHUEDJDL MHQLV PDWHULDO� PXODL GDUL ORJDP KLQJJD QRQ�ORJDP

VHSHUWL SODVWLN� NDOHQJ� NXOLW EXDK� GDQ NDFD� VHODPD PDVLK GDODP MDQJNDXDQQ\D

�6DQWRVR� HW� DO��� ������ &DUD NHUMD VHQVRU NDSDVLWLI XQWXN PHQGHWHNVL VDPSDK

EHUJDQWXQJ SDGD SHUXEDKDQ NDSDVLWDV OLVWULN� .HWLND VDPSDK EHUDGD GHNDW VHQVRU� LD

PHPHQJDUXKL PHGDQ HOHNWURVWDWLN VHQVRU� \DQJ PHQ\HEDENDQ SHUXEDKDQ QLODL

NDSDVLWDQVL �5HVVLDQD��������

*DPEDU���� 3UR[LPLWL�NDSDVLWLI
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&RQWRKQ\D 6HQVRU NDSDVLWLI GLSDVDQJ SDGD MDOXU NRQYH\RU DWDX WHPSDW VDPSDK

RWRPDWLV� 6DDW VDPSDK PHOLQWDV DWDX PHQGHNDW� VHQVRU LQL PHPDQFDUNDQ PHGDQ

HOHNWURVWDWLN� .HEHUDGDDQ VDPSDK �RUJDQLN� SODVWLN� NHUWDV� DWDX QRQ�ORJDP ODLQQ\D�

GDODP MDQJNDXDQ VHQVRU PHQ\HEDENDQ SHUXEDKDQ QLODL NDSDVLWDQVL \DQJ EHUJDQWXQJ

SDGD NDUDNWHULVWLN GLHOHNWULN PDWHULDO VDPSDK�

����� 6HQVRU SUR[LPLWL LQGXNWLI

6HQVRU SUR[LPLW\ LQGXNWLI PHPLOLNL IXQJVL XWDPD XQWXN PHQGHWHNVL NHKDGLUDQ

VXDWX REMHN� 6HQVRU SUR[LPLW\ LQGXNWLI� \DQJ VHULQJ GLJXQDNDQ XQWXN PHQGHWHNVL

EHQGD ORJDP� PHPLOLNL NHXQJJXODQ NDUHQD GDSDW PHODNXNDQQ\D GDUL MDUDN WHUWHQWX

WDQSD NRQWDN ILVLN� 3ULQVLS GHWHNVLQ\D GLGDVDUNDQ SDGD SHPDQIDDWDQ DUXV LQGXNVL

\DQJ GLKDVLONDQ ROHK PHGDQ PDJQHW NHWLND DGD EHQGD ORJDP GL GHNDWQ\D �$ULERZR�

HW�DO���������

*DPEDU����� 3UR[LPLW\�LQGXNWLI
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����� $UGXLQR 8QR

$UGXLQR PHUXSDNDQ VHEXDK SODWIRUP SXUZDUXSD HOHNWURQLN �HOHFWURQLF

SURWRW\SLQJ SODWIRUP� EHUEDVLV VXPEHU WHUEXND �RSHQ�VRXUFH� \DQJ GLNHQDO NDUHQD

IOHNVLELOLWDV GDQ NHPXGDKDQ SHQJJXQDDQQ\D� EDLN GDUL VHJL SHUDQJNDW NHUDV

PDXSXQ SHUDQJNDW OXQDN� .HXQJJXODQ XWDPD $UGXLQR WHUOHWDN SDGD NRPXQLWDV

SHQJJXQDQ\D \DQJ EHVDU� \DQJ PHQJKDVLONDQ NHWHUVHGLDDQ SXVWDND NRGH SURJUDP

�FRGH OLEUDU\� GDQ PRGXO SHQGXNXQJ �KDUGZDUH VXSSRUW PRGXOHV� GDODP MXPODK

PHOLPSDK� VHKLQJJD VDQJDW PHPEDQWX SHPXOD GDODP PHPSHODMDUL GXQLD

PLNURNRQWUROHU �1XOKDNLP�������� $UGXLQR 8QR EHUWXJDV PHQMDODQNDQ DOJRULWPD

NKXVXV \DQJ PHPXQJNLQNDQ VLVWHP XQWXN PHQJLGHQWLILNDVL MHQLV VDPSDK �RUJDQLN�

DQRUJDQLN� ORJDP�� %HUGDVDUNDQ LGHQWLILNDVL LQL� $UGXLQR 8QR DNDQ PHQJLULPNDQ

SHULQWDK \DQJ VHVXDL� PLVDOQ\D XQWXN PHQJDNWLINDQ PHNDQLVPH SHPLODKDQ VDPSDK

�$UGLDQV\DKL�	�$NEDU�5LWRQJD��������

����� 6HQVRU '+7�� �VHQVRU NHOHPEDEDQ�

6HQVRU '+7��� EHUSHUDQ VHEDJDL NRPSRQHQ XQWXN PHQJXNXU WLQJNDW

NHOHPEDEDQ GL GDODP ZDGDK SHPLODK VDPSDK� 3HQHOLWLDQ LQL SHUOX GLODNXNDQ VHFDUD

NRPSUHKHQVLI KLQJJD WDKDS SHQJDPELODQ GDWD VHOHVDL� GDQ VHODQMXWQ\D KDVLO

SHQHOLWLDQ LQL GLVXVXQ VHFDUD VLVWHPDWLV� 6HQVRU '+7�� GLJXQDNDQ XQWXN PHQJXNXU

WLQJNDW NHOHPEDSDQ GL VHNLWDU VDPSDK� $SDELOD NHOHPEDSDQ \DQJ WHUGHWHNVL

*DPEDU���� 6HQVRU�'+7��

*DPEDU����� $UGXLQR�XQR
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PHOHELKL ���� VLVWHP DNDQ PHQJNODVLILNDVLNDQ VDPSDK WHUVHEXW VHEDJDL VDPSDK

RUJDQLN��8MDQJ�:LKDUMD��������

����� $UHD�SHQDPSXQJDQ�VDPSDK

'L� OLQJNXQJDQ� 8QLYHUVLWDV� 0XKDPPDGL\DK� 6XUDED\D�� DUHD� SHQDPSXQJDQ�

VDPSDK�\DQJ�WHUVHGLD�PDVLK�WHUJRORQJ�NHFLO�GDQ�EHOXP�GLOHQJNDSL�GHQJDQ�IDVLOLWDV�

SHPLODKDQ�DQWDUD�VDPSDK�RUJDQLN�GDQ�DQRUJDQLN��.RQGLVL�LQL�PHQXQMXNNDQ�EDKZD�

SURVHV�SHQJHORODDQ�VDPSDK�PDVLK�GLODNXNDQ�VHFDUD�XPXP�WDQSD�SHPLVDKDQ�MHQLV��

VHKLQJJD�GLSHUOXNDQ�VLVWHP�\DQJ� OHELK� WHUVWUXNWXU�XQWXN�PHQGXNXQJ�SHQJHORODDQ�

VDPSDK�\DQJ�OHELK�EDLN�

��� 3HQHOLWLDQ 7HUGDKXOX

7DEHO �� � 3HQHOLWLDQ WHUGDKXOX

-XGXO $XWKRU 7DKXQ +DVLO

3(5$1&$1*$1 6,67(0

3(0,/$+ 6$03$+

25*$1,. '$1

$125*$1,. %(5%$6,6

0,.52.21752/(5

'(1*$1 0(1**81$.$1

,PPDFXO

DWD <ROLD

'HZL

:�� -RQL

0DXOLQG

DU��

����

6LVWHP EHUKDVLO PHPLODK

VDPSDK VHFDUD RWRPDWLV

EHUGDVDUNDQ MHQLV

RUJDQLN GDQ DQRUJDQLN

GHQJDQ PHQJJXQDNDQ

NRPELQDVL VHQVRU

*DPEDU����� 3HQDPSXQJDQ�VDPSDK
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6(1625 352;,0,7<

�:LGD\DQWL�HW�DO���������

1XUFKLP

�

SUR[LPLW\ LQGXNWLI GDQ

NDSDVLWLI� 6HQVRU

NDSDVLWLI HIHNWLI GDODP

PHQGHWHNVL REMHN QRQ�

ORJDP �RUJDQLN��

VHGDQJNDQ VHQVRU

LQGXNWLI EHNHUMD RSWLPDO

XQWXN PHQGHWHNVL ORJDP

�DQRUJDQLN��

5DQFDQJ %DQJXQ $ODW 2WRPDWLV

3HPLODK 6DPSDK /RJDP�

2UJDQLN 'DQ $QRUJDQLN

0HQJJXQDNDQ 6HQVRU

3UR[LPLW\ ,QGXNVL 'DQ 6HQVRU

3UR[LPLW\ .DSDVLWLI �$JXVW\D�HW�

DO��������

$QJJD

)HUQDQGD

$JXVW\D�

$NKPDG

)DKUX]L

����

+DVLO SHQJXMXDQ $ODW

GDSDW PHPLODK VDPSDK

ORJDP� RUJDQLN� GDQ

DQRUJDQLN GHQJDQ FXNXS

EDLN� GHQJDQ UDWD�UDWD

WLQJNDW NHEHUKDVLODQ

NHVHOXUXKDQ PHQFDSDL

������ GDUL �� NDOL

SHQJXMLDQ�

5DQFDQJDQ $ODW 3HPLODK

6DPSDK 2WRPDWLV

0HQJJXQDNDQ 6HQVRU

8OWUDVRQLN +&�65���

0LFURFRQWUROOHU 1RGHPFX� GDQ

6HQVRU 3UR[LPLW\ �$GLW\D�

5XPDQV\DK�HW�DO��������

'KLND

$GLW\D

5XPDQV\

DK�

6DIULQD

$PLQL�

6UL

0XO\DWL�

�

3XUZDQW

R

����

3HQHOLWLDQ LQL PHPEDKDV

SHUDQFDQJDQ GDQ

LPSOHPHQWDVL DODW

SHPLODK VDPSDK RWRPDWLV

\DQJ GDSDW PHPEHGDNDQ

DQWDUD VDPSDK ORJDP GDQ

QRQ�ORJDP VHFDUD

RWRPDWLV PHQJJXQDNDQ

VHQVRU 3UR[LPLW\ ,QGXNWLI

GDQ .DSDVLWLI XQWXN

PHQGHWHNVL MHQLV VDPSDK

�ORJDP DWDX QRQ�ORJDP��

<DQJ PHQ\DUDQNDQ
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SHQJHPEDQJDQ NDWHJRUL

VDPSDK� WLGDN KDQ\D

ORJDP GDQ QRQ�ORJDP�

WHWDSL MXJD PHPLODK

RUJDQLN GDQ DQRUJDQLN

XQWXN PHQLQJNDWNDQ

NHJXQDDQ DODW VHFDUD OXDV�

6PDUW 7UDVK %LQ ZLWK :HE

,QWHJUDWHG 9ROXPH 0RQLWRULQJ

DQG 6RUWLQJ 6\VWHP YLD 0477

3URWRFRO�5DKD\X�HW�DO��������

5DKD\X�

0D\D

1XUNKROL

V :LGODQ

����

PHPEDKDV WHQWDQJ

SHUDQFDQJDQ GDQ

LPSOHPHQWDVL WHPSDW

VDPSDK SLQWDU \DQJ

PDPSX PHODNXNDQ

SHPLODKDQ MHQLV VDPSDK

VHFDUD RWRPDWLV VHUWD

PHPDQWDX YROXPH

VDPSDK VHFDUD UHDO�WLPH�

6LVWHP LQL GLOHQJNDSL

GHQJDQ EHUEDJDL VHQVRU

VHSHUWL SUR[LPLW\

LQGXNWLI� SUR[LPLW\

NDSDVLWLI� LQIUDPHUDK� GDQ

XOWUDVRQLN� 3UR[LPLW\

NDSDVLWLI EHOXP PDPSX

PHQJHQDOL VDPSDK

SODVWLN \DQJ JDJDO

WHUGHWHNVL ROHK VHQVRU

DQWDUD ODLQ SODVWLN PLND�

ERWRO DLU PLQHUDO� GDQ

NHPDVDQ VDFKHW VDPSR�
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6$03$++ 25*$1,. '$1

$125*$1,. �6XOLVW\RULQL� HW�

DO��������

6XOLVW\RU

LQL
����

PHPEDKDV WHQWDQJ

SHQJHPEDQJDQ VLVWHP

WHPSDW VDPSDK SLQWDU

\DQJ PDPSX PHPLODK

VDPSDK VHFDUD RWRPDWLV

PHQMDGL GXD MHQL� RUJDQLN

GDQ DQRUJDQLN \DQJ

PHQJJXQDNDQ VHQVRU

SUR[LPLWL NDSDVLWLI GDQ

SUR[LPLW\ LQUDIUHG� WHWDSL

KDVLO 6HQVRU FDSDFLWLYH

GDQ LQIUDUHG EHOXP

RSWLPDO PHQGHWHNVL

SODVWLN \DQJ WLGDN

WUDQVSDUDQ DWDX VDQJDW

WLSLV�

6&$'$ IRU ZDVWH VRUWLQJ

V\VWHP DV DQ HQYLURQPHQWDO

FRQVHUYDWLRQ HIIRUW �/REOREO\�HW�

DO��������

/REOREO\ ����

SHQHOLWLDQ LQL PHPEDKDV

SHUDQFDQJDQ GDQ

LPSOHPHQWDVL VLVWHP

SHPLODK VDPSDK RWRPDWLV

EHUEDVLV 3/&

�3URJUDPPDEOH /RJLF

&RQWUROOHU� \DQJ

GLNRQWURO GDQ GLSDQWDX

VHFDUD UHDO�WLPH PHODOXL

6&$'$ \DQJ

PHQJJXQDNDQ VHQVRU

SUR[LPLW\ NDSDVLWLI GDQ

SUR[LPLW\ LQGXNWLI� SDGD

SHQHOLWLDQ LQL SHPLODKDQ

VDPSDK DQRUJDQLN DGDODK
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\DQJ SDOLQJ EHUPDVDODK�

GHQJDQ WLQJNDW

NHEHUKDVLODQ KDQ\D

������� 6HQVRU NDSDVLWLI

VHULQJ VDODK PHQGHWHNVL

SODVWLN EHUZDUQD VHEDJDL

VDPSDK RUJDQLN�
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�6DQWRVR�HW�DO��������

(ND

:DK\X

6DQWRVR�

+HUX

$EULDQWR�

$�

'DUPDZ

DQ 6LGLN

����

PHPEDKDV SHUDQFDQJDQ

GDQ SHQJXMLDQ WHPSDW

VDPSDK SLQWDU \DQJ

PDPSX PHODNXNDQ

SHPLODKDQ RWRPDWLV

WHUKDGDS WLJD MHQLV

VDPSDK ORJDP� QRQ�

ORJDP� GDQ EDVDK� VHUWD

PHPDQWDX EHUDW VDPSDK

VHFDUD UHDO�WLPH PHODOXL

ZHEVLWH EHUEDVLV ,R7�

6HQVRU SUR[LPLW\

NDSDVLWLI PHQGHWHNVL QRQ�

ORJDP VHSHUWL ERWRO

SODVWLN GDQ NDUGXV +3

GHQJDQ EDLN�
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$GHOLD

3UDPLWD

'HZL�

5DPGKD

Q

1XJUDKD�

6RQ\

6XPDU\R

����

3HQHOLWLDQ WHUVHEXW

PHPEDKDV

SHQJHPEDQJDQ VLVWHP

WHPSDW VDPSDK SLQWDU

\DQJ PDPSX PHPLODK

VHFDUD RWRPDWLV WLJD MHQLV

VDPSDK NHULQJ� \DLWX

%RWRO SODVWLN� .HUWDV�
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.DOHQJ /RJLND IX]]\

GLJXQDNDQ XQWXN

NODVLILNDVL VDPSDK

EHUGDVDUNDQ QLODL ZDUQD

�5*%� GHQJDQ PHWRGH

6XJHQR� 7LJD NHOXDUDQ

\DQJ GLKDVLONDQ DGDODK

VDPSDK SODVWLN� NHUWDV�

,03/(0(17$6, 6,67(0

V&(5'$6 3(0,/$+

6$03$+ /2*$0�

25*$1,. '$1

$125*$1,. 2720$7,6

'(1*$1 0(72'( )8==<

68*(12 25'( 12/

%(5%$6,6 ,17(51(7 2)

7+,1*6 �678', .$686�

%$1. 6$03$+ .$0381*
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$MLE

%DKDXGG

LQ�

0XQDZD

URK
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PHPEDKDV SHQHUDSDQ

WHNQRORJL ,R7 GDQ ORJLND

IX]]\ GDODP

PHQJHPEDQJNDQ WHPSDW

VDPSDK SLQWDU \DQJ GDSDW

PHODNXNDQ 3HPLODKDQDQ

RWRPDWLV WLJD MHQLV

VDPSDK� ORJDP� RUJDQLN�

GDQ DQRUJDQLN�

0RQLWRULQJ NDSDVLWDV

WRQJ VDPSDK VHFDUD UHDO�

WLPH PHODOXL ZHEVLWH GDQ

ERW 7HOHJUDP� 'DWD

VHQVRU GLSURVHV

PHQJJXQDNDQ PHWRGH

IX]]\ 6XJHQR RUGH QRO�

\DQJ PHQJKDVLONDQ

NHSXWXVDQ

SHQJHORPSRNDQ VHFDUD

RWRPDWLV



ϮϬ

6LPXODVL $ODW 3HQMDULQJ

6DPSDK 2WRPDWLV %HUEDVLV

6HQVRU 8OWUDVRQLF +&�65��

�6DKODQ�������

6DKODQ�

$ODQG

*RUGRQ

����

PHPEDKDV

SHQJHPEDQJDQ GDQ

SHQJXMLDQ VLPXODVL VLVWHP

SHPLODK VDPSDK RWRPDWLV

PHQJJXQDNDQ ORJLND

IX]]\ GDQ VHQVRU

XOWUDVRQLN +&�65��

VHEDJDL LQSXW XWDPD�

7XMXDQ XWDPD DGDODK

PHPEHGDNDQ VDPSDK

ORJDP GDQ QRQ�ORJDP

�GDODP NRQWHNV LQL

WHUPDVXN SODVWLN� VHFDUD

RWRPDWLV EHUGDVDUNDQ GXD

SDUDPHWHU� 0DVVD �EHUDW

REMHN�� GDODP UHQWDQJ �±

��� JUDP�

.HOHPEDEDQ �NDGDU DLU��

GDODP UHQWDQJ �±�����

6LVWHP PHQJJXQDNDQ

)X]]\ /RJLF 7RROER[

0DWODE XQWXN PHQJRODK

LQSXW GDUL PDVVD GDQ

NHOHPEDEDQ PHQMDGL

RXWSXW EHUXSD NODVLILNDVL

VDPSDK�
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8MDQJ

:LKDUMD�
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G
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PHPEDKDV WHQWDQJ

SHQJHPEDQJDQ DODW

WHPSDW VDPSDK SLQWDU

\DQJ PDPSX PHPLODK

VHFDUD RWRPDWLV WLJD MHQLV
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.XUQL\D

ZDQ

VDPSDK� \DLWX VDPSDK

ORJDP� VDPSDK RUJDQLN�

VDPSDK DQRUJDQLN� 3HUDQ

GDUL VHQVRU '+7��

PHQGHWHNVL MHQLV

NHOHPEDEDEQ RE\HN

��� $QDOLVD .HEDUXDQ 3HQHOLWLDQ

3HQHOLWLDQ VHEHOXPQ\D GDODP NODVLILNDVL VDPSDK VHULQJNDOL WHUKDPEDW ROHK

VHGLNLWQ\D VHQVRU \DQJ GLJXQDNDQ� XPXPQ\D KDQ\D GXD� ,QL PHQLPEXONDQ

NHELQJXQJDQ VDDW VHEXDK REMHN GLGHWHNVL EHUEHGD ROHK PDVLQJ�PDVLQJ VHQVRU�

PHPEXDW VLVWHP VXOLW PHQHQWXNDQ NODVLILNDVL DNKLU� /HELK ODQMXW� VWXGL�VWXGL

WHUGDKXOX FHQGHUXQJ PHPEDWDVL NODVLILNDVL VDPSDK KDQ\D SDGD GXD NDWHJRUL� \DLWX

ORJDP GDQ QRQ�ORJDP�

%HUEHGD GHQJDQ SHQGHNDWDQ WHUVHEXW� SHQHOLWLDQ LQL PHQJKDGLUNDQ VHEXDK

LQRYDVL SHQWLQJ GHQJDQ PHQJLPSOHPHQWDVLNDQ VLVWHP NODVLILNDVL VDPSDK \DQJ MDXK

OHELK NXDW GDQ DNXUDW� 3HQHOLLDQ LQL PHQJDWDVL NHWHUEDWDVDQ VHQVRU GHQJDQ

PHQJJXQDNDQ OHELK GDUL GXD VHQVRU� VHKLQJJD PHPLQLPDONDQ SRWHQVL NRQIOLN GDWD

GDQ PHQLQJNDWNDQ NHDQGDODQ GHWHNVL� 6HODLQ LWX� FDNXSDQ NDWHJRUL VDPSDK NDPL

GLSHUOXDV PHQMDGL WLJD MHQLV \DLWX VHQVRU SUR[LPLW\ LQGXNWLI� SUR[LPLW\ NDSDVLWLI GDQ

VHQVRU '+7��� PHODPSDXL SHPLVDKDQ GXD NDWHJRUL ORJDP�QRQ�ORJDP \DQJ DGD�

3HQLQJNDWDQ MXPODK VHQVRU LQL MXJD PHPXQJNLQNDQ GHWHNVL GDQ GLIHUHQVLDVL MHQLV

VDPSDK \DQJ OHELK SUHVLVL� PHQJDWDVL NHWHUEDWDVDQ VHQVRU SDGD SHQHOLWLDQ

VHEHOXPQ\D \DQJ KDQ\D PDPSX PHQJLGHQWLILNDVL GXD MHQLV VDPSDK� 'HQJDQ

GHPLNLDQ� SHQHOLWLDQ NDPL PHQDZDUNDQ VROXVL \DQJ OHELK OHQJNDS GDQ HILVLHQ XQWXN

PDVDODK NODVLILNDVL VDPSDK� ,QRYDVL XWDPD GDODP SHQHOLWLDQ LQL WHUOHWDN SDGD

SHPDQIDDWDQ EHEHUDSD MHQLV VHQVRU VHFDUD EHUVDPDDQ� \DQJ GDWDQ\D NHPXGLDQ

GLSURVHV PHODOXL ORJLND IX]]\� 0HWRGH LQL WLGDN KDQ\D GLJXQDNDQ XQWXN PHQHQWXNDQ

KDVLO DNKLU NODVLILNDVL� WHWDSL MXJD GDODP PHQJDQDOLVLV LQSXW GDUL VHQVRU VHKLQJJD

VLVWHP GDSDW PHQJDPELO NHSXWXVDQ \DQJ OHELK WHSDW GDODP PHQJHQDOL MHQLV VDPSDK�
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3DGD� SHQHOLWLDQ� \DQJ� DNDQ� VD\D� EXDW� LQL� GLIRNXVNDQ� SDGD� SHQJHPEDQJDQ� VLVWHP�

NODVLILNDVL�VDPSDK�EHUEDVLV�NHFHUGDVDQ�EXDWDQ��EXNDQ�KDQ\D�SDGD�DVSHN�SHPEXDWDQ�

DODW��6LVWHP�\DQJ�GLEDQJXQ�EHUIXQJVL�XQWXN�PHQJXML�GDQ�PHPEDQGLQJNDQ�NLQHUMD�

WLJD� MHQLV� VHQVRU� \DLWX VHQVRU� SUR[LPLW\� LQGXNWLI�� NDSDVLWLI�� GDQ� '+7��� GHQJDQ�

WXMXDQ� PHQHQWXNDQ� VHQVRU� \DQJ� PHPLOLNL� DNXUDVL� SDOLQJ� WLQJJL� GDODP�

PHQJLGHQWLILNDVL� MHQLV�VDPSDK�PHODOXL�PHWRGH�ORJLND�IX]]\�0DPGDQL��6HODLQ�LWX��

SHQHOLWLDQ� LQL� MXJD�PHODNXNDQ� HYDOXDVL� NLQHUMD� VHWLDS� VHQVRU� GHQJDQ�PHQJKLWXQJ�

QLODL� DNXUDVL�� SUHVLVL�� GDQ� UHFDOO�� VHUWD� PHQJDQDOLVLV� HIHNWLYLWDV� PDVLQJ�PDVLQJ�

VHQVRU�GDODP�NRQGLVL�Q\DWD�JXQD�PHQJHWDKXL�VHQVRU�\DQJ�SDOLQJ�RSWLPDO�GLJXQDNDQ�

GDODP�SURVHV�NODVLILNDVL�VDPSDK�


