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��� 7DKDS SHQHOLWLDQ

3HQHOLWLDQ LQL DNDQ PHOLEDWNDQ WDKDSDQ NUXVLDO GDODP NODVLILNDVL VDPSDK�

8QWXN PHQGHWHNVL MHQLV VDPSDK RUJDQLN GDQ DQRUJDQLN� GDODP SHQHOLWLDQ LQL VD\D

DNDQ PHQJJXQDNDQ WLJD VHQVRU \DQJ EHUEHGD� 'DWD \DQJ GLKDVLONDQ ROHK NHWLJD

VHQVRU LQL NHPXGLDQ DNDQ GLSURVHV GDQ GLDQDOLVLV PHQJJXQDNDQ PHWRGH ORJLND

)X]]\ XQWXN PHQJKDVLONDQ NHSXWXVDQ NODVLILNDVL DNKLU�

*DPEDU����� $OXU�SHQHOLWLDQ
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�� 6WXGL OLWHUDWXU

3DGD WDKDS DZDO SHQHOLWLDQ LQL� GLODNXNDQ VWXGL OLWHUDWXU HNVWHQVLI XQWXN

PHPSHUROHK ODQGDVDQ WHRUL \DQJ NXDW� 3URVHV LQL PHOLEDWNDQ PHPEDFD� PHQJXWLS�

GDQ PHPEXDW FDWDWDQ GDUL EHUEDJDL VXPEHU SXVWDND \DQJ UHOHYDQ� VHSHUWL EXNX�

VNULSVL� MXUQDO LOPLDK� GDQ UHIHUHQVL ODLQQ\D� NKXVXVQ\D \DQJEHUIRNXV SDGD SHPLODK

VDPSDK RWRPDWLV PHQJJXQDNDQ PHWRGH )X]]\� 'DUL VWXGL OLWHUDWXU LQL� NDPL

PHQGDSDWNDQ SHPDKDPDQ PHQGDODP PHQJHQDL EHEHUDSD NRQVHS NXQFL� WHUPDVXN

SULQVLS NHUMD VHQVRU SUR[LPLW\� VHQVRU VXKX '+7��� GDVDU�GDVDU PHWRGH )X]]\� GDQ

SHQJJXQDDQ $UGXLQR 8QR� 3HQMHODVDQ GHWDLO PHQJHQDL WHRUL�WHRUL LQL GLVDMLNDQ SDGD

%DE ��

�� 'DWDVHW

3DGD SHQHOLWLDQ LQL� SHQJXPSXODQ GDWD GLODNXNDQ PHQJJXQDNDQ VDPSHO

VDPSDK UHDO �Q\DWD� \DQJ EHUYDULDVL� PHOLSXWL MHQLV RUJDQLN GDQ DQRUJDQLN�

3HQJXPSXODQ GDWD GDODP SHQHOLWLDQ LQL GLODNXNDQ PHODOXL HNVSHULPHQ ODQJVXQJ

WHUKDGDS VLVWHP SHPLODK VDPSDK RWRPDWLV \DQJ WHODK GLEDQJXQ GDQ GLXML� 6LVWHP LQL

PHPDQIDDWNDQ WLJD MHQLV VHQVRU� \DLWX VHQVRU SUR[LPLW\ LQGXNWLI� SUR[LPLW\

NDSDVLWLI� VHUWD VHQVRU '+7��� \DQJ PDVLQJ�PDVLQJ GLJXQDNDQ XQWXN PHQGHWHNVL

FLUL ILVLN GDUL REMHN VDPSDK� VHSHUWL NHEHUDGDDQ ORJDP� PDWHULDO QRQ�ORJDP� VHUWD

WLQJNDW NHOHPEDEDQ GDQ VXKX GL VHNLWDU REMHN�

6HODLQ LWX SHQHOLWLDQ LQL MXJD PHPEXWXKNDQ GDWD GDUL VHQVRU \DQJ DNDQ GL

GLJXQDNDQ FRQWRKQ\D VHQVRU SUR[LPLW\ LQGXNWLI� SUR[LPLW\ NDSDVLWLI GDQ VHQVRU

'+7���

x 6HQVRU SUR[LPLW\ NDSDVLWLI �/-&��$��%�

0RGHO QXPEHU /-&��$��% VHULHV

([WHUQDO GLPHQVLRQV 0��[�[��

,QVWDOODWLRQ W\SH 1RQ�VKLHOGHG

'HWHFWLRQ GLVWDQFH ��PP����
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6HWWLQJ GLVWDQFH ��� PP

6XSSO\ YROWDJH �����9GF �����9GF�� �������9DF ����
���9DF�� �����+]

5DWHG RXWSXW FXUUHQW 1�3 7\SH� ���P$ PD[� ' W\SH� ���P$ PD[�
$& 7\SH� ���P$

6WDQGDUG GHWHFWHG REMHFW ,URQ 63&& ���[��[�PP�

6HQVLQJ REMHFW 0HWDOV�1RQ�PHWDOV

5HVSRQVH IUHTXHQF\ ��+]

x 6HQVRU SUR[LPLW\ LQGXNWLI �/-��$����

0RGHO QXPEHU /-��$��� VHULHV

([WHUQDO GLPHQVLRQV 0��[�[��

,QVWDOODWLRQ W\SH 1RQ�VKLHOGHG

'HWHFWLRQ GLVWDQFH �PP

6HWWLQJ GLVWDQFH ����� PP

6XSSO\ YROWDJH ����9GF� �9GF� ������9DF� ��9DF� ���9DF�
�����+]

2XWSXW FXUUHQW '& W\SH� ���P$ PD[� $& 7\SH� ���P$

6WDQGDUG GHWHFWHG
REMHFW

0LOG VWHHO ���[��[�PP�

6HQVLQJ REMHFW 0DJQHWLF PHWDOV �LI LW LV QRW PDJQHWLF PHWDOV� WKH
VHQVLQJ GLVWDQFH ZRXOG GHFUHDVH�

5HVSRQVH IUHTXHQF\ ���+]

0DWHULDO &DVH� %UDVV�QLFNHO SODWHG� 6HQVLQJ VXUIDFH� $%6

$OLDV QDPH /-��$��� VHULHV F\OLQGHU LQGXFWLYH SUR[LPLW\
VZLWFKHV

x 6HQVRU '+7��

3DUDPHWHU 1LODL�.HWHUDQJDQ

7HJDQJDQ 2SHUDVL ��� ± ��� 9 '&

$UXV 2SHUDVL ��� P$ �PHDVXULQJ�� ��� �$ �VWDQGE\�
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�� 3HUDQFDQJDQ 6LVWHP

6HWHODK PHPDKDPL WHRUL GDQ WHNQRORJL \DQJ UHOHYDQ� GLODNXNDQ SHUDQFDQJDQ

VLVWHP VHFDUD PHQ\HOXUXK� 3HUDQFDQJDQ PHOLSXWL GHVDLQ SHUDQJNDW NHUDV VHSHUWL

SHPLOLKDQ VHQVRU SUR[LPLW\ NDSDVLWLI� LQGXNWLI� VHQVRU NHOHPEDEDQ '+7���

PLNURNRQWUROHU $UGXLQR 8QR� 6HODLQ LWX SHUDQFDQJDQ SHUDQJNDW OXQDN EHUXSD

DOJRULWPD ORJLND IX]]\ XQWXN NODVLILNDVL VDPSDK MXJD GLODNXNDQ� 'HVDLQ VLVWHP LQL

EHUWXMXDQ DJDU DODW GDSDW PHQGHWHNVL VDPSDK VHVXDL MHQLVQ\D RUJDQLN GDQ DQRUJDQLN

�*HVVHO�HW�DO���������

5HQWDQJ 3HQJXNXUDQ 6XKX � ± �� �&

$NXUDVL 6XKX �� �&

5HVROXVL 6XKX � �&

5HQWDQJ 3HQJXNXUDQ
.HOHPEDEDQ

�� ± ��� 5+

$NXUDVL .HOHPEDEDQ ��� 5+

5HVROXVL .HOHPEDEDQ �� 5+

2XWSXW 'LJLWDO VLJQDO YLD ��ZLUH EXV

:DNWX 5HVSRQV �� GHWLN XQWXN NHOHPEDEDQ

)UHNXHQVL 6DPSOLQJ � +] �� SHPEDFDDQ SHU GHWLN�

'LPHQVL ����� [ �� [ ��� PP

-XPODK 3LQ � SLQ �9&&� 'DWD� 1&� *1'�

6HQVLQJ (OHPHQW 3RO\PHU KXPLGLW\ UHVLVWRU 	 17&
WKHUPLVWRU
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'DWD \DQJ WHUNXPSXO GDUL NHWLJD VHQVRU LQL NHPXGLDQ DNDQ GLDQDOLVLV PHODOXL

PHWRGH ORJLND )X]]\� 3HQGHNDWDQ )X]]\ LQL VDQJDW HIHNWLI GDODP PHQJRODK GDWD

\DQJ PXQJNLQ WLGDN SDVWL DWDX PHPLOLNL QLODL \DQJ WXPSDQJ WLQGLK� VHKLQJJD

PHPXQJNLQNDQ VLVWHP PHPEXDW NHSXWXVDQ NODVLILNDVL \DQJ OHELK WHSDW GDQ FHUGDV�

6HWHODK SURVHV DQDOLVLV )X]]\ VHOHVDL� KDVLO NODVLILNDVL DNDQ GLNLULPNDQ NH

PLNURNRQWUROHU� 0LNURNRQWUROHU LQL EHUSHUDQ VHEDJDL XQLW SHPURVHV XWDPD \DQJ

DNDQ PHQJLQWHUSUHWDVLNDQ GDWD KDVLO )X]]\ XQWXN VHFDUD SDVWL PHQHQWXNDQ MHQLV

VDPSDK� 6HODQMXWQ\D� PLNURNRQWUROHU DNDQ PHQ\DPSDLNDQ LQIRUPDVL NODVLILNDVL

VDPSDK LQL NHSDGD SHQJJXQD PHODOXL VHEXDK SODWIRUP ZHEVLWH� PHPXQJNLQNDQ

SHQJJXQD XQWXN PHPDQWDX VWDWXV SHPLODKDQ VDPSDK VHFDUD UHDO�WLPH�

'HQJDQ GHPLNLDQ� VLVWHP LQL PHQDZDUNDQ VROXVL XQWXN SHQJHORODDQ VDPSDK�

PHQJJDEXQJNDQ NHPDPSXDQ GHWHNVL VHQVRU \DQJ FDQJJLK� NHFHUGDVDQ EXDWDQ

PHODOXL ORJLND )X]]\� GDQ DNVHV LQIRUPDVL \DQJ PXGDK EDJL SHQJJXQD�

*DPEDU����� $OXU�SURVHV
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*DPEDU���� )ORZFKDUW SHQGHWHNVL VDPSDK
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6LVWHP LQL GLPXODL GHQJDQ WLJD VHQVRU XWDPD \DQJ EHUIXQJVL VHEDJDL PDVXNDQ \DLWX

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

7XJDV XWDPD VHQVRU�VHQVRU LQL DGDODK PHQGHWHNVL NHEHUDGDDQ VHUWD NDUDNWHULVWLN

REMHN \DQJ GLWHPSDWNDQ GL DWDVQ\D� 'DODP DOXU VLVWHP �IORZFKDUW�� WHUGDSDW NRQGLVL

VSHVLILN \DQJ GLUDQFDQJ XQWXN PHPEHGDNDQ DQWDUD VDPSDK RUJDQLN GDQ DQRUJDQLN�

.RQGLVL LQL PHQMDGL SHQHQWX GDODP PHQJDPELO NHSXWXVDQ NODVLILNDVL EHUGDVDUNDQ

MHQLV VDPSDK \DQJ EHUKDVLO WHUGHWHNVL�

6NHQDULR SHQJXMLDQ DZDO GHWHNVL VDPSDK DQRUJDQLN XQWXN PHQJHYDOXDVL

NLQHUMD PDVLQJ�PDVLQJ VHQVRU� VHUDQJNDLDQ SHQJXMLDQ DZDO GLODNXNDQ GHQJDQ

PHQJJXQDNDQ VDPSDK DQRUJDQLN VHEDJDL REMHN XML�

D� 3HQJXMLDQ GHQJDQ 6HQVRU 3UR[LPLW\ ,QGXNWLI�

$ZDOQ\D� VDPSDK DQRUJDQLN GLWHPSDWNDQ SDGD VHQVRU SUR[LPLW\ LQGXNWLI� 6LVWHP

NHPXGLDQ DNDQ PHQFRED PHPEDFD GDQ PHQJNDWHJRULNDQ MHQLV VDPSDK WHUVHEXW�

-LND REMHN EHUKDVLO WHUGHWHNVL� GDWD \DQJ GLSHUROHK DNDQ GLSURVHV XQWXN PHQHQWXNDQ

WLQJNDW DNXUDVL SHPEDFDDQ VHQVRU� 6HWHODK SHPURVHVDQ VHOHVDL� VHEXDK JUDILN DNDQ

GLWDPSLONDQ� PHQXQMXNNDQ SHUVHQWDVH DNXUDVL VHQVRU SUR[LPLW\ LQGXNWLI GDODP

PHQGHWHNVL REMHN VDPSDK DQRUJDQLN� 1DPXQ� MLND SDGD WDKDS SHPEDFDDQ VHQVRU

REMHN WLGDN WHUGHWHNVL� PDND DNDQ GLODNXNDQ SHQJXMLDQ XODQJ WHUKDGDS REMHN

VDPSDK \DQJ VDPD�

E� 3HQJXMLDQ GHQJDQ 6HQVRU 3UR[LPLW\ .DSDVLWLI�

6HODQMXWQ\D� GHQJDQ PHQJJXQDNDQ MHQLV VDPSDK DQRUJDQLN \DQJ VDPD� SHQJXMLDQ

GLDOLKNDQ NH VHQVRU SUR[LPLW\ NDSDVLWLI� 3DGD WDKDS LQL� VLVWHP DNDQ PHPEDFD

UHVSRQV VHQVRU SUR[LPLW\ NDSDVLWLI WHUKDGDS REMHN VDPSDK DQRUJDQLN� -LND VHQVRU

EHUKDVLO PHQGHWHNVL REMHN� GDWD \DQJ GLWHULPD DNDQ GLSURVHV XQWXN PHQHQWXNDQ

VHEHUDSD DNXUDW VHQVRU SUR[LPLW\ NDSDVLWLI GDSDW PHQJLGHQWLILNDVL VDPSDK WHUVHEXW

VHEDJDL DQRUJDQLN� 0LULS GHQJDQ SHQJXMLDQ VHEHOXPQ\D� JUDILN DNDQ PXQFXO \DQJ

PHQXQMXNNDQ SHUVHQWDVH NHEHUKDVLODQ VHQVRU GDODP PHPEDFD REMHN VDPSDK

DQRUJDQLN� $SDELOD SDGD WDKDS SHPEDFDDQ VHQVRU REMHN WLGDN WHUEDFD� SHQJXMLDQ

XODQJ DNDQ GLODNXNDQ SDGD REMHN VDPSDK WHUVHEXW�
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F� 3HQJXMLDQ GHQJDQ 6HQVRU 6XKX '+7���

3HUFREDDQ NHWLJD MXJD PHQJJXQDNDQ MHQLV VDPSDK DQRUJDQLN \DQJ VDPD� QDPXQ

NDOL LQL PHOLEDWNDQ VHQVRU VXKX '+7��� /DQJNDK VHODQMXWQ\D DGDODK PHQJXML

NHPDPSXDQ VHQVRU VXKX '+7�� GDODP PHQGHWHNVL REMHN VDPSDK DQRUJDQLN� -LND

VHQVRU EHUKDVLO PHQGHWHNVL REMHN GDQ GDWD SHPURVHVDQ PHQXQMXNNDQ EDKZD VHQVRU

VXKX '+7�� PHPLOLNL SHUVHQWDVH WHUWHQWX GDODP PHQJRQILUPDVL EDKZD VDPSDK

WHUVHEXW DQRUJDQLN� PDND JUDILN DNXUDVL DNDQ GLWDPSLONDQ� *UDILN LQL DNDQ

PHQJJDPEDUNDQ VHEHUDSD WHSDW VHQVRU '+7�� GDSDW PHQGHWHNVL REMHN VDPSDK

WHUVHEXW�

G� +DVLO SHQJXMLDQ

0HODOXL NHWLJD SHQJXMLDQ \DQJ GLODNXNDQ SDGD PDVLQJ�PDVLQJ VHQVRU GHQJDQ REMHN

VDPSDK DQRUJDQLN \DQJ VDPD� DNDQ GLSHUROHK GDWD DNXUDVL \DQJ EHUEHGD� 'DWD LQL

DNDQ PHPXQJNLQNDQ SHQHOLWL XQWXN PHQHQWXNDQ VHQVRU PDQD \DQJ SDOLQJ HIHNWLI

GDQ DQGDO GDODP PHQGHWHNVL REMHN VDPSDK DQRUJDQLN VHVXDL NULWHULD \DQJ WHODK

GLWHWDSNDQ� +DVLO SHUEDQGLQJDQ LQL GDSDW GLDPDWL GHQJDQ MHODV GDUL JUDILN DNXUDVL

PDVLQJ�PDVLQJ VHQVRU \DQJ WHODK GLWDPSLONDQ�

*DPEDU���� 8VH FDVH GLDJUDP SHQJJXQD
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3DGD VNHQDULR SHQJJXQDDQ SHUWDPD LQL� SHQJJXQD GDSDW VHFDUD ODQJVXQJ PHQJXML

NLQHUMD VHQVRU GHQJDQ PHQHPSDWNDQ REMHN VDPSDK GL DWDVQ\D� 6LVWHP \DQJ VXGDK

GLOHQJNDSL GHQJDQ EHUEDJDL VHQVRU DNDQ VHFDUD RWRPDWLV PHPSURVHV GDQ

PHQGHWHNVL NDUDNWHULVWLN GDUL REMHN VDPSDK \DQJ GLOHWDNNDQ� ,QL PHPXQJNLQNDQ

SHQJJXQD XQWXN PHQJDPDWL UHVSRQV DZDO GDUL VHQVRU WHUKDGDS EHUEDJDL MHQLV

VDPSDK� 6NHQDULR SHQJJXQDDQ NHGXD EHUSXVDW SDGD SHPEHULDQ XPSDQ EDOLN NHSDGD

SHQJJXQD� 6HWHODK SHQJXMLDQ GHWHNVL VDPSDK GLODNXNDQ SDGD XVH FDVH SHUWDPD�

VLVWHP DNDQ PHQJDQDOLVLV GDWD \DQJ WHUNXPSXO� 3HQJJXQD NHPXGLDQ DNDQ

PHQHULPD LQIRUPDVL WHUSHULQFL PHQJHQDL WLQJNDW DNXUDVL GDUL PDVLQJ�PDVLQJ VHQVRU

GDODP PHQGHWHNVL GDQ PHQJLGHQWLILNDVL MHQLV VDPSDK� ,QIRUPDVL LQL PHPEDQWX

SHQJJXQD PHPDKDPL VHEHUDSD EDLN VHWLDS VHQVRU GDSDW PHQJNRQILUPDVL GDQ

PHPDVWLNDQ NDWHJRUL VSHVLILN GDUL VDPSDK \DQJ GLXML�

*DPEDU ��� $FWLYLW\ VDPSDK RUJDQLN 	 DQRJDQLN
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'LDJUDP DNWLYLWDV LQL PHQMHODVNDQ DOXU LQWHUDNVL NHWLND SHQJJXQD LQJLQ

PHQGDSDWNDQ LQIRUPDVL PHQJHQDL NODVLILNDVL VDPSDK \DQJ WHODK GLXML�

x 0XODL LQWHUDNVL SHQJXMLDQ SURVHV GLDZDOL NHWLND SHQJJXQD PHPXODL

SHQJXMLDQ GHQJDQ PHQHPSDWNDQ REMHN VDPSDK SDGD DUHD GHWHNVL VHQVRU�

x 'HWHNVL REMHN ROHK VHQVRU VHWHODK REMHN GLOHWDNNDQ� VHQVRU VHJHUD PXODL

EHNHUMD XQWXN PHQGHWHNVL NHEHUDGDDQ REMHN WHUVHEXW�

x 9HULILNDVL GHWHNVL REMHN VLVWHP NHPXGLDQ PHODNXNDQ YHULILNDVL XQWXN

PHPDVWLNDQ DSDNDK REMHN EHUKDVLO WHUGHWHNVL ROHK VHQVRU�

x 8ML XODQJ �-LND 7LGDN 7HUGHWHNVL� DSDELOD VLVWHP PHQHPXNDQ EDKZD REMHN

WLGDN WHUGHWHNVL� PDND DOXU DNDQ NHPEDOL NH WDKDS DZDO SHQJXMLDQ VHQVRU�

PHPXQJNLQNDQ SHQJJXQD XQWXN PHQFRED ODJL DWDX PHQ\HVXDLNDQ SRVLVL

REMHN�

x 3HQHULPDDQ GDWD VHQVRU �-LND 7HUGHWHNVL� QDPXQ� MLND REMHN EHUKDVLO

WHUGHWHNVL� VHQVRU DNDQ PHQHULPD GDQ PHQJXPSXONDQ GDWD WHUNDLW

NDUDNWHULVWLN REMHN WHUVHEXW�

x 3HPEDFDDQ DNXUDVL GHWHNVL VHQVRU VHODQMXWQ\D� VLVWHP DNDQ PHQJDQDOLVLV

GDWD \DQJ GLWHULPD XQWXN PHQJKLWXQJ WLQJNDW DNXUDVL VHQVRU GDODP

PHQGHWHNVL GDQ PHQJLGHQWLILNDVL REMHN VDPSDK \DQJ GLXML�

x 7DPSLODQ KDVLO SDGD ZHEVLWH KDVLO DNXUDVL GHWHNVL LQL NHPXGLDQ GLWDPSLONDQ

VHFDUD YLVXDO PHODOXL ZHEVLWH \DQJ GDSDW GLDNVHV ROHK SHQJJXQD� ,QL

PHPXQJNLQNDQ SHQJJXQD XQWXN PHOLKDW VHEHUDSD WHSDW VHQVRU EHNHUMD�

x $NKLU DNWLYLWDV VHWHODK LQIRUPDVL DNXUDVL GLWDPSLONDQ GDQ GDSDW GLDNVHV

SHQJJXQD� VHOXUXK UDQJNDLDQ DNWLYLWDV VHOHVDL�

�� ,PSOHPHQWDVL IX]]\

7DKDS NUXVLDO LQL EHUSXVDW SDGD SHQHUDSDQ DOJRULWPD ORJLND )X]]\ NH GDODP

VLVWHP� 0HODOXL LQL� GDWD \DQJ GLWHULPD GDUL VHQVRU SUR[LPLW\ GDQ NHOHPEDEDQ DNDQ

GLRODK VHFDUD SURJUHVLI� 3URVHVQ\D GLPXODL GHQJDQ IX]]LILNDVL �NRQYHUVL QLODL

QXPHULN NH OLQJXLVWLN�� GLLNXWL ROHK LQIHUHQVL EHUGDVDUNDQ DWXUDQ )X]]\ \DQJ WHODK

GLWHWDSNDQ� GDQ GLDNKLUL GHQJDQ GHIX]]LILNDVL XQWXN PHQJKDVLONDQ NODVLILNDVL
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VDPSDK DNKLU� 3HQHUDSDQ LQL PHQMDPLQ NHPDPSXDQ VLVWHP GDODP

PHQJNODVLILNDVLNDQ VDPSDK VHFDUD DNXUDW� PHVNLSXQ WHUGDSDW YDULDVL DWDX

NHWLGDNSDVWLDQ GDODP SHPEDFDDQ VHQVRU �$QDV�HW�DO���������

�� 3HQJXMLDQ VHQVRU

6HWHODK VLVWHP WHUSDVDQJ GDQ DOJRULWPD EHUMDODQ� GLODNXNDQ SHQJXMLDQ VHQVRU

VHFDUD ODQJVXQJ PHQJJXQDNDQ VDPSHO VDPSDK RUJDQLN GDQ DQRUJDQLN� 3HQJXMLDQ

PHOLSXWL SHQJXNXUDQ DNXUDVL VHQVRU GDODP PHQGHWHNVL MHQLV VDPSDK SDGD EHUEDJDL

NRQGLVL VHSHUWL MHQLV VDPSDK� GDQ NHOHPEDEDQ� 'DWD KDVLO SHQJXMLDQ GLFDWDW XQWXN

GLDQDOLVLV OHELK ODQMXW� 3HQJXMLDQ LQL SHQWLQJ XQWXN PHQJHWDKXL SHUIRUPD VHQVRU GDQ

HIHNWLYLWDV DOJRULWPD GDODP VLVWHP SHPLODK VDPSDK RWRPDWLV

�� $QDOLVLV GDWD

'DWD \DQJ GLSHUROHK GDUL SHQJXMLDQ VHQVRU NHPXGLDQ GLDQDOLVLV PHQJJXQDNDQ

PHWRGH VWDWLVWLN XQWXN PHQJXNXU SDUDPHWHU VHSHUWL DNXUDVL� SUHVLVL� GDQ UHFDOO�

$QDOLVLV LQL EHUWXMXDQ XQWXN PHQJHYDOXDVL NLQHUMD VLVWHP VHFDUD NHVHOXUXKDQ GDQ

PHPEDQGLQJNDQ HIHNWLYLWDV PDVLQJ�PDVLQJ VHQVRU� +DVLO DQDOLVLV DNDQ PHQMDGL

GDVDU XQWXN PHQHQWXNDQ DSDNDK VLVWHP VXGDK PHPHQXKL WDUJHW \DQJ GLKDUDSNDQ

GDQ XQWXN PHPEHULNDQ UHNRPHQGDVL SHQJHPEDQJDQ OHELK ODQMXW�

��� 3HQJRODKDQ GDWD

3HQJRODKDQ GDWD GDODP SHQHOLWLDQ LQL GLPXODL VHWHODK VHWLDS VDPSHO VDPSDK

VHOHVDL GLXML PHQJJXQDNDQ WLJD VHQVRU \DQJ EHUEHGD� 6HQVRU�VHQVRU \DQJ WHUOLEDW

GDODP IDVH SHQJXMLDQ GDQ SHQJXPSXODQ GDWD LQL PHOLSXWL VHQVRU SUR[LPLW\ LQGXNWLI

�XQWXN PHQGHWHNVL DQRUJDQLN�� VHQVRU SUR[LPLW\ NDSDVLWLI �XQWXN PHQGHWHNVL

RUJDQLN�QRQ�ORJDP�� VHUWD VHQVRU VXKX GDQ NHOHPEDSDQ '+7�� �ELVD XQWXN

PHQGHWHNVL RUJDQLN�� 7DKDS SHQJRODKDQ GDWD LQL PHQMDGL ODQJNDK NUXVLDO XQWXN

PHQJDQDOLVLV LQIRUPDVL \DQJ WHUNXPSXO GDUL NHWLJD VHQVRU WHUVHEXW�

PHPSHUVLDSNDQQ\D XQWXN GLJXQDNDQ GDODP SHPRGHODQ GDQ SHQHQWXDQ DNXUDVL

NODVLILNDVL VDPSDK� 3URVHV ORJLND IX]]\ GDODP VLVWHP SHPLODK VDPSDK RWRPDWLV LQL

GLPXODL GHQJDQ SHQJDPELODQ GDWD GDUL VHQVRU� 6LVWHP PHPDQIDDWNDQ WLJD MHQLV

VHQVRU� \DLWX VHQVRU SUR[LPLW\ LQGXNWLI XQWXN PHQJHWDKXL NHEHUDGDDQ XQVXU ORJDP�
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VHQVRU SUR[LPLW\ NDSDVLWLI XQWXN PHQJHQDOL PDWHULDO QRQ�ORJDP VHSHUWL SODVWLN DWDX

VLVD PDNDQDQ� VHUWD VHQVRU '+7�� \DQJ GLJXQDNDQ XQWXN PHPEDFD VXKX GDQ

NHOHPEDEDQ XGDUD GL VHNLWDU REMHN� 'DWD \DQJ GLNXPSXONDQ EHUXSD DQJND QXPHULN

GDQ GLJLWDO� VHSHUWL VWDWXV �WHUGHWHNVL DWDX WLGDN�� NHOHPEDEDQ GDODP VDWXDQ SHUVHQ�

GDQ VXKX GDODP GHUDMDW &HOVLXV�

3URVHV�LPSOHPHQWDVL�ORJLND�IX]]\�PHOLSXWL�WDKDSDQ�WDKDSDQ�\DQJ�VHFDUD�VLVWHPDWLV�

PHQJXUDLNDQ� FDUD� SHQJRODKDQ� GDWD� VHQVRU� ROHK� VLVWHP� KLQJJD� PHQJKDVLONDQ�

NHSXWXVDQ�NODVLILNDVL�\DQJ�VHVXDL�GHQJDQ�DWXUDQ�IX]]\�

��� 3HQJHPEDQJDQ PRGHO

'DODP�SHQHOLWLDQ� \DQJ�DNDQ�VD\D� ODNXNDQ�� VLVWHP�GHWHNVL� VDPSDK�GLNHPEDQJNDQ�

EHUGDVDUNDQ�SHQHUDSDQ�DWXUDQ�/RJLND�)X]]\�0DPGDQL��$OXU�SHQJHPEDQJDQ�\DQJ

SDOLQJ� VHVXDL� GLJXQDNDQ� DGDODK� 0RGHO� 3HQJHPEDQJDQ� 6LVWHP� &HUGDV� %HUEDVLV�

3UR\HN��,QWHOOLJHQW�6\VWHP�3URMHFW�'HYHORSPHQW�0RGHO���0RGHO�LQL�GLSLOLK�NDUHQD�

PDPSX� PHQJLQWHJUDVLNDQ� VHFDUD� PHQ\HOXUXK� DQWDUD� NRPSRQHQ� SHUDQJNDW� NHUDV�

�KDUGZDUH�� GDQ� HOHPHQ� NHFHUGDVDQ� EXDWDQ� �$UWLILFLDO� ,QWHOOLJHQFH�� PHODOXL�

SHQHUDSDQ� ORJLND� IX]]\� GDODP� SURVHV� SHQJDPELODQ� NHSXWXVDQ �7MXW�$GHN� HW� DO���

������ %HULNXW� PHUXSDNDQ� UDQJNDLDQ� WDKDSDQ� SHQJHPEDQJDQ� PRGHO� \DQJ�

GLJXQDNVDQ�GDODP�SHQHOLWLDQ� LQL� $OXU�WHUVHEXW�PHQMHODVNDQ�SURVHV \DQJ�WHUVXVXQ�

VHFDUD� VLVWHPDWLV� GDODP� SHUDQFDQJDQ�� SHQJHPEDQJDQ�� VHUWD� SHQHUDSDQ� VLVWHP�

*DPEDU���� 'HVDLQ SHUDQFDQJDQ
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FHUGDV� EHUEDVLV� /RJLND� )X]]\� 0DPGDQL� \DQJ� EHUIXQJVL� XQWXN�PHQGHWHNVL� MHQLV�

VDPSDK�VHFDUD�RWRPDWLV�

�� 3HQJDPELODQ�'DWD�6HQVRU��,QSXW�&ULVS�

3HQJDPELODQ�GDWD�GDUL� VHQVRU�PHUXSDNDQ� WDKDSDQ�XQWXN�PHPSHUROHK� QLODL�

QLODL�PHQWDK�\DQJ�GLKDVLONDQ�ROHK�VHQVRU�GDODP�PHQJXNXU�EHVDUDQ� ILVLN�WHUWHQWX��

1LODL�QLODL�WHUVHEXW�GLVHEXW�VHEDJDL�FULVS�LQSXW�DWDX�QLODL�Q\DWD��NDUHQD�EHUXSD�GDWD�

QXPHULN�\DQJ�PHPLOLNL�QLODL�SDVWL�GDQ�WHUXNXU��'DWD�QXPHULN�LQL�ELVD�EHUVLIDW�DQDORJ�

DWDX� NRQWLQX�� \DLWX� GDWD� \DQJ� PHPLOLNL� UHQWDQJ� QLODL� \DQJ� EHUNHVLQDPEXQJDQ��

8PXPQ\D��GDWD�VHPDFDP�LQL�GLSHUROHK�GDUL�VHQVRU�\DQJ�PHQGHWHNVL�EHVDUDQ�ILVLN�

VHSHUWL� VXKX� ��&��� MDUDN� �PHWHU��� NHOHPEDSDQ� ����� WHNDQDQ�� PDXSXQ� WLQJNDW�

NHDVDPDQ��S+���

&RQWRK� WDKDSDQ� DZDO� SDGD� SHQHOLWLDQ� VD\D� PHUXSDNDQ� SURVHV� NHWLND� VLVWHP�

PHODNXNDQ� SHPEDFDDQ� WHUKDGDS� QLODL� FULVS� DWDX� QLODL� QXPHULN� \DQJ� GLSHUROHK�

ODQJVXQJ�GDUL�VHQVRU��&RQWRKQ\D��SDGD�VHQVRU�'+7���GLGDSDWNDQ�GDWD�NHOHPEDSDQ�

VHEHVDU� ����� VHGDQJNDQ�SDGD� VHQVRU� SUR[LPLW\� QLODL� \DQJ� WHUEDFD� DGDODK� VHQVRU�

LQGXNWLI� ����DNWLI��GDQ�VHQVRU�NDSDVLWLI� ����WLGDN�DNWLI��

�� 7DKDS�IX]]\ILNDVL��NRQYHUVL�NHQLODL�OLQJXLVWLN�

7DKDS�LQL�EHUIXQJVL�XQWXN�PHQJXEDK�QLODL�FULVS�DWDX�GDWD�QXPHULN�\DQJ�SDVWL�

PHQMDGL�QLODL�NHDQJJRWDDQ�SDGD�KLPSXQDQ� IX]]\��3URVHV� LQL�PHQXQMXNNDQ�VHMDXK�

PDQD� VXDWX� QLODL� WHUPDVXN� GDODP� NDWHJRUL� WHUWHQWX�� VHKLQJJD� VLVWHP� GDSDW�

PHODNXNDQ�DQDOLVLV�GDQ�SHQJDPELODQ�NHSXWXVDQ�VHFDUD�OHELK�IOHNVLEHO�GHQJDQ�ORJLND�

IX]]\�� )X]]LILNDVL� PHUXSDNDQ� WDKDS� GL� PDQD� QLODL� PDVXNDQ� \DQJ� EHUVLIDW� WHJDV�

�FULVS�LQSXW��GDUL�GXQLD�Q\DWD�ELDVDQ\D�EHUXSD�GDWD�QXPHULN�KDVLO�SHPEDFDDQ�VHQVRU�

GLNRQYHUVL�PHQMDGL� QLODL� OLQJXLVWLN� DWDX� QLODL� VDPDU� �IX]]\� YDOXH���1LODL� WHUVHEXW�

GLUHSUHVHQWDVLNDQ� GDODP� EHQWXN� GHUDMDW� NHDQJJRWDDQ� �[�� GHQJDQ�NLVDUDQ� DQWDUD� ��

KLQJJD� ��� 3URVHV� LQL� EHUSHUDQ� VHEDJDL� SHQJKXEXQJ� \DQJ� PHPXQJNLQNDQ� VLVWHP�

ORJLND� IX]]\� PHQDIVLUNDQ� GDQ� PHQJRODK� GDWD� VHQVRU� \DQJ� EHUVLIDW� SUHVLVL�

PHQJJXQDNDQ�EHQWXN�EDKDVD�OLQJXLVWLN�\DQJ�OHELK�PHQGHNDWL�FDUD�EHUSLNLU�PDQXVLD��

6HSHUWL�PHQHUMHPDKNDDQ�FRQWRKQ\D NHEDKDVD�PDQXVLD�GHQJDQ�IX]]LILNDVL�QLODL��[��

����������NRVHS�OLQJLVWLNQ\D��VDQJDW�NHULQJ��VHGDQJNDQ��[��������������NHULQJJ��
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�� ,QIHUHQVL�IX]]\��DQDOLVLV�GHQJDQ�DWXUDQ�,)�� 7+(1�

7DKDS�LQIHUHQVL�IX]]\��\DQJ�MXJD�GLNHQDO�VHEDJDL�PHVLQ�LQIHUHQVL��LQIHUHQFH�

HQJLQH���PHU XSDNDQ�SURVHV�SHUKLWXQJDQ�\DQJ�PHQLUX�FDUD�EHUSLNLU�PDQXVLD��3DGD�

WDKDS�LQL��VLVWHP�PHQJHYDOXDVL�VHOXUXK�DWXUDQ�EHUEHQWXN�³,)±7+(1´�\DQJ�WHUGDSDW�

GDODP� EDVLV� SHQJHWDKXDQ� �UXOH� EDVH�� GHQJDQ� PHPDQIDDWNDQ� QLODL� GHUDMDW�

NHDQJJRWDDQ�KDVLO�GDUL�SURVHV�IX]]LILNDVL�SDGD�LQSXW�VHQVRU��<DQJ�FRQWRKQ\D�VHSHUWL�

EHULNXW�

� ,)� .DSDVLWLI� DNWLI� $1'� .HOHPEDEDQ�  � ([WUHPHO\� 'U\� 7+(1�2XWSXW�  �

$QRUJDQLN

� ,)� .DSDVLWLI� DNWLI� $1'� .HOHPEDEDQ�  � 6OLJKWO\� 0RLVW� 7+(1� 2XWSXW�  �

2UJDQLN

�� 'HIX]]LILNDVL

3URVHV� LQL� EHUIXQJVL� XQWXN�PHQJXEDK�QLODL� NHOXDUDQ� \DQJ�PDVLK� EHUEHQWXN�

IX]]\�PHQMDGL� QLODL� FULVS� \DQJ� GDSDW� GLJXQDNDQ� GDODP� SHQHUDSDQ� Q\DWD��7XMXDQ�

XWDPD� GDUL� WDKDS� GHIX]]LILNDVL� DGDODK� PHQJRQYHUVL� KDVLO� DQDOLVLV� IX]]\� PHQMDGL�

QLODL� QXPHULN� \DQJ� MHODV� GDQ� WHUXNXU�� 'HQJDQ� GHPLNLDQ�� KDVLO� SHUKLWXQJDQ� GDUL�

VLVWHP� IX]]\� GDSDW� GLWHUDSNDQ� VHFDUD� WHSDW� GDQ� SDVWL� GDODP� NRQGLVL� DWDX� VLWXDVL�

SUDNWLV�

�� 7DKDS�SHQJXMLDQ��WHVWLQJ�

7DKDS� 3HQJXMLDQ�� 9DOLGDVL�� GDQ� 2SWLPDVL� DGDODK� IDVH� NULWLV� GDODP�

SHQJHPEDQJDQ� VLVWHP� FHUGDV� SHQHOLWLDQ� \DQJ� DNDQ� VD\D� EXDW��7XMXDQQ\D� DGDODK�

PHPDVWLNDQ�EDKZD�PRGHO�)X]]\�0DPGDQL�\DQJ�WHODK�GLLPSOHPHQWDVLNDQ�EHNHUMD�

VHFDUD�DNXUDW�GDODP�PHQGHWHNVL�MHQLV�VDPSDK� 7DKDS�LQL�GLODNXNDQ�XQWXN�PHQJXNXU�

NLQHUMD�VLVWHP�SHPLODK�VDPSDK�GHQJDQ�PHQJJXQDNDQ�FRQWRK�VDPSDK�Q\DWD��VHSHUWL�

VLVD�PDNDQDQ��ERWRO�SODVWLN��GDQ�NDOHQJ�DOXPLQLXP�

6HODPD� SURVHV� SHQJXMLDQ�� VLVWHP� DNDQ� PHQJKDVLONDQ� NHOXDUDQ� EHUXSD�

NODVLILNDVL� MHQLV� VDPSDK� �2UJDQLN� DWDX� $QRUJDQLN��� +DVLO� WHUVHEXW� NHPXGLDQ�

GLEDQGLQJNDQ�GHQJDQ�NDWHJRUL�\DQJ�VHEHQDUQ\D�XQWXN�PHQLODL�WLQJNDW�NHWHSDWDQ�GDQ�

NHDNXUDWDQ�VLVWHP�GDODP�PHODNXNDQ�SURVHV�SHPLODKDQ �$U\R�6HQR�6XZDQGL�HW�DO���

������
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��� 5HQFDQD (YDOXDVL

6HWLDS VHQVRU \DQJ GLJXQDNDQ �SUR[LPLW\ NDSDVLWLI� SUR[LPLW\ LQGXNWLI� GDQ

'+7��� DNDQ GLXML PHQJJXQDNDQ �� MHQLV VDPSDK Q\DWD� 0DVLQJ�PDVLQJ VDPSDK

DNDQ GLXML VHEDQ\DN Q NDOL �PLVDO �� NDOL� XQWXN PHQGDSDWNDQ KDVLO SHPEDFDDQ

VHQVRU \DQJ NRQVLVWHQ� (YDOXDVL WHUKDGDS VLVWHP IX]]\ GLODNXNDQ GHQJDQ

PHPEDQGLQJNDQ RXWSXW NODVLILNDVL IX]]\ GHQJDQ ODEHO VHEHQDUQ\D GDUL VDPSDK

�JURXQG WUXWK�� 3HQJXMLDQ DNDQ GLODNXNDQ SDGD GDWD XML �GDWD VDPSDK \DQJ EHOXP

SHUQDK GLJXQDNDQ GDODP SURVHV GHVDLQ IX]]\�� 3DUDPHWHU \DQJ GLJXQDNDQ \DLWX

3UHFLVLRQ �NHWHSDWDQ�� 5HFDOO �NHOHQJNDSDQ�� GDQ $FFXUDF\ �DNXUDVL NHVHOXUXKDQ��

x 73  7UXH 3RVLWLYH

x )3  )DOVH 3RVLWLYH

x 71  7UXH 1HJDWLYH

x )1  )DOVH 1HJDWLYH

D� $FFXUDF\

$FFXUDF\ DGDODK UDVLR SUHGLNVL EHQDU �EDLN SRVLWLI PDXSXQ QHJDWLI� WHUKDGDS

NHVHOXUXKDQ GDWD�

$FFXUDF\  
்௉ା்ே

்௉ା்ேାி௉ାிே
ܺ ͳͲͲ

E� 3UHFLVLRQ

3UHFLVLRQ DGDODK UDVLR SUHGLNVL EHQDU SRVLWLI GLEDQGLQJNDQ GHQJDQ VHOXUXK

KDVLO \DQJ GLSUHGLNVL SRVLWLI�

3UHFLVLRQ  
்௉

்௉ାி௉
ܺ ͳͲͲ

F� 5HFDOO

5HFDOO �VHQVLWLYLWDV� DGDODK UDVLR SUHGLNVL EHQDU SRVLWLI GLEDQGLQJNDQ GHQJDQ

VHOXUXK GDWD \DQJ VHEHQDUQ\D SRVLWLI�

5HFDOO  
்௉

்௉ାிே
ܺ ͳͲͲ


