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/DWDU %HODNDQJ 0DVDODK

6DPSDK PHUXSDNDQ PDVDODK VHULXV \DQJ GLKDGDSL ROHK EDQ\DN NRWD� WHUPDVXN

\DQJ DGD GL OLQJNXQJDQ 8QLYHUVLWDV� SHUNDQWRUDQ GDQ PDV\DUDNDW �)DMDU� 7HJDU�

5DPDGKDQL��������� %HUGDVDUNRDQ LQIRUPDVL \DQJ GL EHULNDQ ROHK 6,361 �6LVWHP

LQIRUPDVL 3HQJRODKDQ VDPSDK 1DVLRQDO� EDKZD WLPEXQDQ VDPSDK ELVD PHQFDSDL

��������� WRQ SHU KDUL� GDUL 3HUWXPEXKDQ SHQGXGXN \DQJ FHSDW GDQ SHUXEDKDQ JD\D

KLGXS PRGHUQ WHODK PHQ\HEDENDQ SHQLQJNDWDQ VLJQLILNDQ GDODP SURGXNVL VDPSDK�

0HQJDFX SDGD GDWD GDUL .HPHQWHULDQ /LQJNXQJDQ +LGXS� EHUDSDNDK SURSRUVL

WHUEHVDU VDPSDK GL ,QGRQHVLD� \DQJ EHUXSD VLVD PDNDQDQ ������ GDQ VDPSDK

SODVWLN VHEHVDU ������� 0DQXVLD PHQJKDVLONDQ VDDPSDK EHUEDJDL MHQLV VHSHUWL

VDPSDK RUJDQLN� DQRUJDQLN GDQ VDPSDK ORJDP� \DQJ PHPSXQ\DL VLIDW \DQJ VHUWD

PHWRGH SHQJRODKDQQ\D \DQJ EHUEHGD EHGD �.XVXPD�$VWXWL��������

3HQJHORODDQ VDPSDK PHQMDGL VDODK VDWX SHUPDVDODKDQ JOREDO \DQJ SHUOX

GLFDUL VROXVL LGHDOQ\D� -LND SHPHULNVDDQ VDPSDK WLGDN GLODNXNDQ VHFDUD UXWLQ�

WHUODPEDW� DWDX WLGDN VDPSDK +DO \DQJ EHUFDPSXU FDPSXU� PDND DNDQ WHUMDGL

SHQXPSXNDQ VDPSDK \DQJ EHUOHELKDQ GL WHPSDW VDPSDK� LQL GDSDW PHQLPEXONDQ

EDX WLGDN VHGDS GL VHNLWDU DUHD WHUVHEXW �+DQDILH�HW�DO��������

6HMDXK LQL SHQJHORODDQ VDPSDK PHODOXL VLVWHP RSHQ GXPSLQJ \DQJ EHUDNKLU

ODQJVXQJ GL �73$�� 6LVWHP SHPEXDQJDQ VDPSDK WHUEXND �RSHQ GXPSLQJ� WHUEXNWL

PHUXVDN OLQJNXQJDQ� 3HPEHQWXNDQ DLU OLQGL PHQFHPDUL WDQDK� VHPHQWDUD SHOHSDVDQ

JDV UXPDK NDFD \DQJ WLGDN WHUNRQWURO PHPSHUSDUDK SHUXEDKDQ LNOLP� .HOHPDKDQ

VLVWHP \DQJ VXGDK ODPD EHUMDODQ LQL MXJD WHUOHWDN SDGD NHWLGDN PDPSXDQQ\D

PHPLVDKNDQ VDPSDK RUJDQLN GDQ DQRUJDQLN� \DQJ EHUXMXQJ SDGD SHQXPSXNDQ GL

73$ GDQ SHQFHPDUDQ VXQJDL VHUWD VDOXUDQ DLU �5RKPDGL�HW�DO���������

3HPLODK VDPSDK PHPLOLNL SHUDQ SHQWLQJ PHQJLQJJDW SHUWXPEXKDQ YROXPH

VDPSDK \DQJ SHVDW WLGDN GL LPEDQJL VLVWHP SHQJHORODKDQ \DQJ PXPSXQL� \DQJ

EHUXMXQJ SDGD SHQXPSXNDQ GDQ SRSXODVL OLQJNXQJDQ \DQJ VHULXV� .HWLGDN HIHNWLIDQ

SHPLODKDQ PHQMDGL SHQJKDODQJ XWDPD GDODP XSD\D GDXU XODQJ GDQ SHQJHORODDQ
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VDPSDK \DQJ EDLN� 'HQJDQ PHODNXNDQ SHPLODKDQ� VDPSDK GDSDW GLGDXU XODQJ GDQ

PHPLOLNL QLODL MXDO� VHKLQJJD WLGDN KDQ\D PHQJXUDQJL MXPODK VDPSDK \DQJ VXOLW

WHUXUDL WHWDSL MXJD EHUSRWHQVL PHQLQJNDWNDQ NRQGLVL HNRQRPL PDV\DUDNDW �$VKU�

+DILL]K�7DQWUL�������

6HKLQJJD PXQJNLQ SHUOX GLNHPEDQJNDQQ\D VLVWHP SHPLODKDQ VDPSDK

RWRPDWLV .HXQJJXODQ SHPDQWDXDQ GDQ DODW SHPLODK RWRPDWLV DGDODK

NHPDPSXDQQ\D GDODP PHPLVDKNDQ VDPSDK RUJDQLN VHFDUD FHSDW GDQ WHSDW WDQSD

PHPHUOXNDQ LQWHUYHQVL PDQXVLD ODQJVXQJ� \DQJ PHQJKDVLONDQ SHQJKHPDWDQ ZDNWX

GDQ WHQDJD \DQJ VLJQLILNDQ GLEDQGLQJNDQ SHPLODKDQ PDQXDO �(NR�:LGRGR��������

$GDSXQ EHEHUDSD SHQHOLWLDQ WHUGDKXOX \DQJ PHQJJXQDNDQ EHEHUDSD VHQVRU XQWXN

PHQGHWHNVL MHQLV VDPSDK EDLN RUJDQLN PDXSXQ DQRUJDQLN�

3HQJJXQDDQ VHQVRU XQWXN PHQGHWHNVL MHQLV VDPSDK VXGDK GLODNXNDQ ROHK

EHEHUDSD SHQHOLWL� $GD SHQHOLWLDQ GHQJDQ MXGXO ³5DQFDQJ %DQJXQ $ODW 2WRPDWLV

3HPLODK 6DPSDK /RJDP� 2UJDQLN 'DQ $QRUJDQLN 0HQJJXQDNDQ 6HQVRU 3UR[LPLW\

,QGXNVL 'DQ 6HQVRU 3UR[LPLW\ .DSDVLWLI´� SHQHOLWLDQ LQL PHPEHULNDQ KDVLO EDKZD

SUHVHQWDVL VDPSDK QRQ RUJDQLN VHSHUWL SODVWLN \DQJ GL GHWHNVL EHUKDVLO WHUGHWHNVL

GHQJDQ DNXUDVL UDWD UDWD ������ GHQJDQ �� SHQJXMLDQ �$JXVW\D�HW�DO��������$GD

MXJD SHQHOLWLDQ \DQJ PHPDNDL VHQVRU SUR[LPLW\ NDSDVLWLI GDQ SUR[LPLW\ LQIUDUHG�

3HQHOLWLDQ LQL EHUIRNXV SDGD SHQJXMLDQ SURWRWLSH WHPSDW VDPSDK RWRPDWLV \DQJ

GLUDQFDQJ XQWXN PHPLODK VDPSDK RUJDQLN GDQ DQRUJDQLN� +DVLO SHQJXMLDQ

PHQXQMXNNDQ EDKZD VHQVRU \DQJ GLJXQDNDQ PDVLK PHPLOLNL NHWHUEDWDVDQ� WHUXWDPD

GDODP PHQGHWHNVL VDPSDK SODVWLN QRQ�WUDQVSDUDQ GHQJDQ NHWHEDODQ WHUWHQWX� 8QWXN

HYROXVL OHELK ODQMXW� DODW SHPLODK VDPSDK RUJDQLN GDQ DQRUJDQLN GDSDW GLRSWLPDONDQ

PHODOXL LPSOHPHQWDVL PDFKLQH OHDUQLQJ� 6LVWHP LQL DNDQ EHODMDU GDUL KLPSXQDQ GDWD

YLVXDO VDPSDK �6XOLVW\RULQL�HW�DO�������� �

SHQHOLWLDQ VHODQMXWQ\D \DQJ EHUMXGXO �5$1&$1* %$1*81 6,67(0

3(0,/$+ 6$03$+ 2720$7,6 %(5%$6,6 $5'8,12 � 6HEXDK VROXVL

WHPSDW VDPSDK SLQWDU VHGDQJ GLNHPEDQJNDQ GHQJDQ NHPDPSXDQ XQWXN PHPLODK

VHFDUD RWRPDWLV WLJD MHQLV VDPSDK� \DLWX ORJDP� RUJDQLN� GDQ DQRUJDQLN� 6LVWHP LQL

PHQJLPSOHPHQWDVLNDQ EHUDJDP VHQVRU� PLNURNRQWUROHU $UGXLQR 8QR� GDQ

NRQHNWLYLWDV ,QWHUQHW RI 7KLQJV �,R7� \DQJ PHPXQJNLQNDQ QRWLILNDVL GLNLULPNDQ NH

VPDUWSKRQH VDDW WHPSDW VDPSDK SHQXK� 6HQVRU '+7�� �SHQJXNXU NHOHPEDEDQ�
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EHUSHUDQ SHQWLQJ GDODP NODVLILNDVL VDPSDK NHOHPEDEDQ GL DWDV ��� PHQDQGDNDQ

VDPSDK RUJDQLN� VHPHQWDUD GL EDZDK ��� GLLQWHUSUHWDVLNDQ VHEDJDL VDPSDK

DQRUJDQLN��8MDQJ�:LKDUMD�������

3DGD SHQHOLWLDQ LQL DNDQ PHPEDKDV WHQWDQJ � SHUEDQGLQJDQ VHQVRU XQWXN

PHQJHWDKXL SHQ\HVXDLQ VHQVRU PDQD \DQJ OHELK DNXUDW XQWXN PHQGHWHNVL MHQLV

VDPSDK RUJDQLN GDQ RUJDQLN $GD WLJD VHQVRU \DQJ DNDQ GL XML \DLWX DGD VHQVRU

SUR[LPLW\ NDSDVLWLI� VHQVRU SUR[LPLW\ LQGXNWLI GDQ VHQVRU '+7��� .HWLWJD VHQVRU

WHUVHEXW PHVNLSXQ PHPLOLNL WXMXDQ \DQJ VDPD DNDQ WHWDSL PHPSXQ\DL NLQHUMD

PDVLQJ PDVLQJ FRQWRKQ\D SDGD VHQVRU SUR[LPLW\ LQGXNWLI VHQVRU XPXP GLSDNDL

XQWXN PHQGHWHNVL NHEHUDGDDQ REMHN ORJDP GDUL MDUDN MDXK WDQSD NRQWDN ILVLN�

SULQVLS NHUMD VHQVRU LQL DGDODK LQGXNVL HOHNWURPDJQHWLN� .HWLND ORJDP PHQGHNDW�

PHGDQ HOHNWURPDJQHWLN \DQJ GLSDQFDUNDQ VHQVRU EHUXEDK� GDQ SHUXEDKDQ LQL

PHPLFX VLQ\DO GHWHNVL GDUL VHQVRU �8WRPR�HW�DO��������� 6HQVRU SUR[LPLW\ NDSDVLWLI

OHELK VHUEDJXQD GLNDUHQDNDQ GDSDW PHQGHWHNVL ORJDQ GDQ QRQ ORJDP� VHODLQ LWX

VHQVRU LQL HIHNWLI XQWXN PHQJHQDOL VDPSDK PDNDQDQ �RUJDQLN� VHSHUWL NXOLW EXDK�

VLVD VD\XU� GDQ VLVD PDNDQDQ ODLQ �6DQWRVR�HW�DO���������

'HQJDQ PHQJLQWHJUDVLNDQ EHUEDJDL VHQVRU WHPSDW VDPSDK RWRPDWLV GDSDW

PHPSHUROHK GDWD WHUNLQL PHQJHQDL PDWHULDO \DQJ GLEXDQJ� 'DWD LQL ODOX GLDQDOLVLV

PHPDNDL DOJRULWPD ORJLND IX]]\ XQWXN PHQJNDWHJRULNDQ VDPSDK PHQMDGL RUJDQLN

DWDX QRQ�RUJDQLN� %HUODQGDVNDQ WHRUL ORJLND IX]]\� VLVWHP IX]]\ GLEDQJXQ GHQJDQ

PHNDQLVPH NHUMD� GHILQLVL� GDQ GHVNULSVL \DQJ WHUSHULQFL GDQ VLVWHPDWLV �%DKDXGGLQ��

������ 6HODLQ� SHUPDVDODKDQ� SHQJHORODDQ� VDPSDK� VHFDUD� XPXP�� NRQGLVL� GL�

OLQJNXQJDQ� NDPSXV� 8QLYHUVLWDV� 0XKDPPDGL\DK� 6XUDED\D� MXJD� PHQXQMXNNDQ�

EDKZD� EHOXP� WHUVHGLD� VLVWHP� SHPLODKDQ� VDPSDK� RUJDQLN� GDQ� DQRUJDQLN� \DQJ�

EHNHUMD� VHFDUD� RWRPDWLV� PDXSXQ� WHUVWDQGDULVDVL�� 6HODPD� LQL�� SURVHV� SHPLODKDQ�

PDVLK� PHQJDQGDONDQ� FDUD� PDQXDO�� VHKLQJJD� SRWHQVL� VDPSDK� EHUFDPSXU� VDQJDW�

WLQJJL� GDQ� VHULQJ� PHQLPEXONDQ� SHQXPSXNDQ�� EDX� WLGDN� VHGDS� 6DPSDK� RUJDQLN�

PLVDOQ\D�VLVD�PDNDQDQ�DWDX�GDXQ�GDSDW�WHUGHNRPSRVLVL VHFDUD�DODPL�GDODP�ZDNWX�

UHODWLI�VLQJNDW��6HEDOLNQ\D��VDPSDK�DQRUJDQLN��VHSHUWL�SODVWLN��NDFD��PDXSXQ�ORJDP��

PHPEXWXKNDQ�ZDNWX� \DQJ� MDXK� OHELK� ODPD�XQWXN�PHQJDODPL� SURVHV� SHQJXUDLDQ�

VHUWD� NHVXOLWDQ� GDODP� SURVHV� GDXU� XODQJ�� 6LWXDVL� WHUVHEXW� PHQXQMXNNDQ� SHUOXQ\D�

SHQJHPEDQJDQ� WHNQRORJL�SHPLODKDQ�VDPSDK�\DQJ� OHELK� EDLN�XQWXN�GLWHUDSNDQ�GL�
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OLQJNXQJDQ�NDPSXV �'RO\�,OKDP�6DSXWUD�+XWD�-XOX�	�'HZL�1XUGL\DK�������� 2OHK�

NDUHQD� LWX��SHQHOLWLDQ� LQL�PHQMDGL�SHQWLQJ�GLODNXNDQ�VHEDJDL� ODQJNDK�DZDO�GDODP�

PHQJKDGLUNDQ� VLVWHP� NODVLILNDVL� VDPSDK� EHUEDVLV� VHQVRU� GDQ� ORJLND� IX]]\� \DQJ�

PDPSX�PHQGXNXQJ�SHQJHORODDQ�VDPSDK�\DQJ�OHELK�PRGHUQ�GDQ�EHUNHODQMXWDQ�GL�

806XUDED\D�

3HUXPXVDQ 0DVDODK

%HUGDVDUNDQ ODWDU EHODNDQJ \DQJ WHODK GLSDSDUNDQ� SHUPDVDODKDQ XWDPD

GDODP SHQHOLWLDQ LQL GDSDW GLUXPXVNDQ VHEDJDL EHULNXW�

�� %DJDLPDQD FDUD PHQHUDSNDQ ORJLND IX]]\ XQWXN PHPLODK VDPSDK

RUJDQLN GDQ DQRUJDQLN

�� 0HQHQWXNDQ GDQ PHPEDQGLQJDQ � VHQVRU SHPLODK VDPSDK \DQJ SDOLQJ

DNXUDW

7XMXDQ GDQ 0DQIDDW 3HQHOLWLDQ

7XMXDQ \DQJ GLKDUDSNDQ WHUFDSDLQ\D SDGD SHQHOLWLDQ WXJDV DNKLU LQL \DLWX�

�� 0HQJRSWLPDONDQ NLQHUMD GDWD \DQJ GLKDVLONDQ GDUL VHQVRU \DQJ GL JXQDNDQ

GHQJDQ PHQJJXQDNDQ ORJLND IX]]\�

�� 0HQHUDSNDQ PHWRGH ORJLND )X]]\ PXOWL�LQSXW XQWXN PHPSURVHV GDWD \DQJ

EHUDVDO GDUL VHQVRU SUR[LPLW\ GDQ VHQVRU NHOHPEDEDQ� 6HKLQJJD VLVWHP GDSDW

PHQJDPELO NHSXWXVDQ NODVLILNDVL VDPSDK VHFDUD OHELK FHUGDV GDQ IOH[LEHO

0DQIDDW \DQJ GLKDUDSNDQ SDGD SHQHOLWLDQ WXJDV DNKLU LQL \DLWX �

�� 3HQHOLWLDQ LQL GLKDUDSNDQ PHQMDGL IRQGDVL SHQWLQJ EDJL NHPDMXDQ WHNQRORJL

RWRPDWLVDVL \DQJ PHPDQIDDWNDQ VHQVRU GDQ ORJLND )X]]\ GL VHNWRU

OLQJNXQJDQ� .RQWULEXVLQ\D EHUSRWHQVL GLWHUDSNDQ SDGD EHUEDJDL VLVWHP

FHUGDV ODLQ� PLVDOQ\D SDGD SHQJHPEDQJDQ WHPSDW VDPSDK SLQWDU�

�� 3HQHOLWLDQ LQL PHQGRURQJ SHQHUDSDQ WHNQRORJL FHUGDV \DQJ PHQGXNXQJ

SHULODNX KLGXS EHUVLK GDQ SHQJHORODDQ VDPSDK \DQJ PRGHUQ�
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.RQWULEXVL GDQ 2ULVLQDOLWDV 3HQHOLWLDQ

3HQHOLWLDQ LQL PHPLOLNL EHEHUDSD NRQWULEXVL \DLWX �

x 7HPXDQ GDUL SHQHOLWLDQ LQL DNDQ PHPEHULNDQ SDQGXDQ GDODP PHPLOLK

VHQVRU \DQJ SDOLQJ WHSDW �DNXUDW GDQ HILVLHQ� XQWXN PHQGHWHNVL EHUDJDP

MHQLV VDPSDK� ,QIRUPDVL LQL NUXVLDO XQWXN SHQJHPEDQJDQ VLVWHP SHPLODK

VDPSDK RWRPDWLV \DQJ GDSDW GLWHUDSNDQ GL OLQJNXQJDQ NDPSXV�

SHUNDQWRUDQ� KLQJJD VNDOD SHUNRWDDQ

x +DVLO GDUL SHQJXMLDQ GDQ SHUEDQGLQJDQ SHUIRUPD VHQVRU SDGD VDPSHO

VDPSDK Q\DWD PHQJKDVLONDQ UHNRPHQGDVL LPSOHPHQWDWLI GDUL VXGXW

SDQGDQJ SUDNWLV GDQ WHNQLV� 5HNRPHQGDVL LQL GLWXMXNDQ XQWXN

SHQJHPEDQJDQ DODW SHPLODK VDPSDK RWRPDWLV \DQJ OHELK XQJJXO GDQ

PDPSX PHQ\HVXDLNDQ GLUL GHQJDQ YDULDVL VLIDW VDPSDK GL ,QGRQHVLD�

%DWDVDQ 3HQHOLWLDQ

%DWDVDQ SHQHOLWLDQ LQL DGDODK VHEDJDL EHULNXW�

D� 'DODP SHQOLWLDQ LQL KDQ\D PHQJJXQDNDQ � VHQVRU VHEDJDL XML FRED

SHPLODKDQ VDPSDK

E� 'DODP SHQHOLWLDQ KDQ\D PHQJKLWXQJ MDUDN� WLGDN VDPSDDL PHQJKLWXQJ

NHWLQJJLDQ VDPSDK KLQJJD GDSDW WHUGHWHNVL ROHK VHQVRU�

6LVWHPDWLND 3HQXOLVDQ

6LVWHPDWLND SHQXOLVDQ GRNXPHQ SURSRVDO GLVHUWDVL GLEDJL PHQMDGL WLJD EDE�

%DE , EHULVL WHQWDQJ ODWDU EHODNDQJ� UXPXVDQ SHUPDVDODKDQ� WXMXDQ� PDQIDDW�

NRQWULEXVL� GDQ EDWDVDQ SHQHOLWLDQ GDQ VLVWHPDWLND SHQXOLVDQ� %DE ,, PHQMHODVNDQ

NDMLDQ SXVWDND GDUL SHQHOLWLDQ VHEHOXPQ\D \DQJ EHUNDLWDQ GHQJDQ SHQHOLWLDQ LQL�

6HODLQ NDMLDQ SXVWDND� %DE ,, MXJD PHQMHODVNDQ WHQWDQJ NRQVHS GDVDU WHRUL VHEDJDL

SHGRPDQ GDODP SHQHOLWLDQ LQL� %DE ,,, PHQMHODVNDQ ODQJNDK�ODQJNDK \DQJ DNDQ

GLODNXNDQ GDODP SHQHOLWLDQ LQL�


