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���� /DWDU�%HODNDQJ
6LVWHP� SHUQDSDVDQ� � PHPSXQ\DL� VWUXNWXU� GDQ� IXQJVL� \DQJ�

NRPSOHNV� VHKLQJJD� VXOLW� XQWXN� GL� OLKDW� VHFDUD� NDVDW� PDWD�� 0HGLD�
SHPEHODMDUDQ� GHQJDQ� YLUWXDO� UHDOLW\ DNDQ� VDQJDW� PHPEDQWX� EDJL�
NHODQJVXQJDQ� EHODMDU� SDUD� SHVHUWD� GLGLN�� 9LUWXDO� UHDOLW\ PHUXSDNDQ�
WHNQRORJL�\DQJ�PHPEXDW�SHQJJXQD�VHSHUWL�EHULQWHUDNVL�VHFDUD�ODQJVXQJ�
GHQJDQ� OLQJNXQJDQ� PD\D� \DQJ� GLVLPXODVLNDQ� VHSHUWL� Q\DWD� ROHK�
NRPSXWHU��6LVWHP�SHUQDSDVDQ�SDGD PDQXVLD�EHUWXMXDQ�XQWXN�PHPSUROHK�
RNVLJHQ� GDUL� XGDUD� GDQ� PHQJHOXDUNDQ� JDV� VLVD� SHPEDNDUDQ�� 2NVLJHQ�
GLSHUOXNDQ�XQWXN�PHPEDNDU�PDNDQDQ�GDUL�KDVLO�SHQFHUQDDQ�\DQJ�GLXEDK�
PHQMDGL� HQHUJL�� 6LVWHP� SHUQDSDVDQ� SDGD� PDQXVLD� WHUGLUL� GDUL� KLGXQJ��
ODULQJ �SDQJNDO� WHQJJRURNDQ��� WUDNHD� �EDWDQJ� WHQJJRURNDQ��� EURQNXV
�FDEDQJ� EDWDQJ�� GDQ SXOPR �SDUX�SDUX��� 7HUJDQJJXQ\D� VLVWHP�
SHUQDSDVDQ�PDND�PDQXVLD�DNDQ�NHVXOLWDQ�XQWXN�PHODNXNDQ�NHJLDWDQ�DWDX�
SHNHUMDDQ� SHQ\DNLW� \DQJ� WHUGDSDW� SDGD� VLVWHP� SHUQDSDVDQ� PDQXVLD�
DPDWODK� NRPSOHN�� 'DODP� KDO� LQL� SHQHOLWL� PHQJJXQDNDQ� YLUWXDO� UHDOLW\
VHEDJDL� DOWHUQDWLI� PHPSHUNHQDONDQ� EHQWXN� VLVWHP� SHUQDSDVDQ� PDQXVLD�
GHQJDQ� EHQWXN� � Q\DWD� DJDU� OHELK� PXGDK� GLSDKDPL� WHUXWDPD� ELVD�
GLMDGLNDQ�VHEDJDL�PHGLD�SHPEHODMDUDQ�XQWXN�PDWD�SHODMDUDQ�,3$>�@�

9LUWXDO� UHDOLW\ �95�� DGDODK� VDODK� VDWX� DSOLNDVL� GDUL� WHNQRORJL�
PXOWLPHGLD�PHPLOLNL�NHOHELKDQ�GDODP�PHQGHVNULSVLNDQ�VHEXDK�NHDGDDQ�
DWDX� VHEXDK� RE\HN� GLPDQD� YLVXDOLVDVL� \DQJ� GLWDPSLONDQ� WLGDN� KDQ\D�
GDSDW� GLOLKDW� GDUL� VDWX� VXGXW� SDQGDQJ� VDMD� QDPXQ� GDSDW� GLOLKDW� GDUL�
VHJDOD�VXGXW��NDUHQD�PHPLOLNL���GLPHQVL�YLVXDO�VHKLQJJD�SHQJJXQD�GDSDW�
EHULQWHUDNVL�GHQJDQ�VXDWX�OLQJNXQJDQ�\DQJ�GLVLPXODVLNDQ�ROHK�NRPSXWHU�
�9LUWXDO� (QYLURQPHQW��� $XJPHQWHG� UHDOLW\ PHUXSDNDQ� NHEDOLNDQ� GDUL�
YLUWXDO�UHDOLW\��GLPDQD�PRGHO�DWDX�REMHN�VHQJDMD�GLWDPEDKNDQ�NHGDODP�
GXQLD� Q\DWD�� 2OHK� VHEDE� LWX� SHQHOLWL� PHPDQIDDWNDQ� DSOLNDVL� 9LUWXDO�
UHDOLW\ VHEDJDL� VDODK� VDWX�PHGLD� SHPEHODMDUQ� NDUHQD� EDLN� EDJL� SHVHUWD�
XQWXN� PHPDKDPL� VHFDUD� ODQJVXQJ� WHQWDQJ� EHQWXN�� OHWDN� GDQ� IXQJVL�
VLVWHP� SHUQDSDVDQ� SDGD� PDQXVLD�� $SOLNDVL� GLUDQFDQJ� GHQJDQ�
PHQJJDEXQJNDQ� KLEXUDQ� GDQ� SHQJHWDKXDQ� \DLWX� SHQJJXQD� EHULQWHUDNVL�
GHQJDQ�OLQJNXQJDQ�YLUWXDO�GDQ�PHOLKDW�OHWDN�GDQ�IXQJVL�SHUQDSDVDQ�SDGD�
PDQXVLD�VHSHUWL�Q\DWD>�@�

6HFDUD� ODQJVXQJ� WHNQRORJL� GLJXQDNDQ� GDODP� PHODNXNDQ�
SHQJHQDODQ� VLVWHP� SHUQDSDVDQ� PDQXVLD�� DJDU OHELK� PHPSHUEDQ\DN�
VXPEHU� XQWXN� PHQGDSDWNDQQ\D� GDQ� WLGDN� WHUJDQWXQJ� SDGD� PHGLD
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SHPEHODMDUDQ \DQJ� VXGDK DGD� GHQJDQ� EHUEDJDL� NHWHUEDWDVDQQ\D�� EDLN�
GDODP� SHQDPSLODQQ\D� DWDXSXQ� GDODP NHWHUJDQWXQJDQQ\D� SDGD� VXPEHU�
GD\D� ODLQQ\D�PDND� SHQHOLWL� PHPEXDW� LQRYDVL� EDUX� \DQJ� OHELK PHQDULN�
GDQ� LQWHUDNWLI�\DLWX�GHQJDQ�PHQJJXQDNDQ� DSOLNDVL�9LUWXDO�UHDOLW\ XQWXN�
SHQJHQDODQ� WHQWDQJ VLVWHP� SHUQDSDVDQ� PDQXVLD�� GHQJDQ� PHQJJXQDNDQ�
NDFDPDWD� *RRJOH� &DUGERDUG� DJDU SHQJJXQD� VHDNDQ� PHOLKDW� VHFDUD�
ODQJVXQJ� SDGD� VLVWHP� SHUQDIDVDQ� PDQXVLD�� VHKLQJJD� PHPEHULNDQ
SHQJDODPDQ� EDUX�� NDUHQD� SHQJJXQD� GDSDW� PHOLKDW� VLVWHP� SHUQDSDVDQ�
GDODP�EHQWXN�YLVXDOLVDVL�\DQJ VHGHPLNLDQ�PLULS�GHQJDQ�DVOLQ\D�GHQJDQ�
WDPSLODQ��'�GDQ�WLGDN�WHUJDQWXQJ�ODJL�GHQJDQ�LQWHUQHW GDQ�LQVWLWXVL�\DQJ�
PHPLOLNL�NRQSHWHQWVL�\DQJ�GLEDWDVL�ROHK�UXDQJ�GDQ�ZDNWX>�@�

3HQHUDSDQ� PHWRGH� SHPEHODMDUDQ� \DQJ� PHQDULN� GDQ� DWUDNWLI�
WHODK�PHQMDGL�NHEXWXKDQ�FXNXS�SHQWLQJ�GDODP�SURVHV�EHODMDU�PHQJDMDU��
WHUOHELK� GDODP�PDWD� SHODMDUDQ� \DQJ�PHPLOLNL�PDWHUL� YLVXDO�� FRQWRKQ\D�
ELRORJL�� .DUHQD� LWX�� SHUOX� GLWHUDSNDQ� PHWRGH� SHPEHODMDUDQ� EDUX SDGD�
PDWD� SHODMDUDQ� LQL�� � GHQJDQ� PHQJJXQNDQ� DSOLNDVL� WHNQRORJL� YLUWXDO�
5HDOLW\ \DQJ� LQWHUDNWLI�� 'HQJDQ� DGDQ\D� PHWRGH� SHPEHODMDUDQ� \DQJ��
LQWHUDNWLI�LQL�VHVXDL GDODP�EHODMDU�PDWHUL�WHQWDQJ�DQDWRPL�WXEXK�PDQXVLD��
3HODMDUDQ� WHUVHEXW� GLSHODMDUL� XQWXN� GLPHQJHUWL� GDQ� GLKDIDONDQ� VHFDUD�
GHWDLO�� PDVDODKQ\D� NHWHUEDWDVDQ� ZDNWX� JXUX� GDODP� PHQ\DPSDLNDQ�
PDWHUL� SHPEHODMDUDQ�� 6HODLQ� LWX�� SDGD� VDDW� JXUX� GDODP� PHQ\DPSDLNDQ�
PDWHUL� WHUVHEXW� VLVZD� WHUOLKDW� IRNXV�� QDPXQ� EHEHUDSD� PHQLW� IRNXV�
SHUKDWLDQ�VLVZD�EHUNXUDQJ�VHKLQJJD�VLVZD�OHELK�PHPLOLK�XQWXN�EHUELFDUD�
GHQJDQ� WHPDQQ\D�� *XUX� OHELK� � EHQ\DN� PHQJJXQNDQ� SDSDQ� WXOLV� GDQ�
SHQGHNDWDQ� NODVLNDO� GHQJDQ� PHWRGH� SHPEHODMDUDQ� FHUDPDK� XQWXN�
PHQ\DPSDLNDQ�PDWHUL>�@�

2OHK� NDUHQD� LWX�� $SOLNDVL� 9LUWXDO� 5HDOLW\ VLVWHP� SHUQDSDVDQ�
PDQXVLD� GL� EXDW� VHEDJDL� PHGLD� SHPEHODMDUDQ� GDODP� PHQ\DPSDLNDQ�
PDWHUL� ELRORJL� WHQWDQJ� RUJDQ�� $SOLNDVL� SHPEHODMDUDQ� DQDWRPL� VLVWHP�
SHUQDSDVDQ� PDQXVLD� LQL� PXGDK GLJXQNDQ� NDUHQD� PHPXGDKNDQ� XVHU
PHVNLSXQ�VHEHOXPQ\D�XVHU EHOXP�SHUQDK�PHQJJXQNDQ�YLUWXDO�5HDOLW\��
3DGD� DSOLNDVL� LQL� � PHQ\DPSLNDQ� EDJLDQ�EDJLDQ� GHILQLVL�� JDQJXDQ� SDGD�
VLVWHP�SHUQDSDVDQ�GDQ�SHQJJDPEDUDQ�EHUXSD�REMHN��'�

���� 3HUXPXVDQ�0DVDODK
%HUGDVDUNDQ� SHQMHODVDQ� SDGD� ODWDU� EHODNDQJ� \DQJ� WHODK�

GLSDSDUNDQ�GL�PXND� WHUGDSDW� VXDWX�SHUPDVDODKDQ� \DLWX� VHEHUDSD� VHVXDL�
PHGLD� SHPEHODMDUDQ� VLVWHP� SHUQDSDVDQ� PDQXVLD GL� 076�0,)7$+8/�
8/80 PHQJJXQDNDQ DSOLNDVL 9LUWXDO�5HDOLW\"
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���� 7XMXDQ�GDQ�0DQIDDW
$GDSXQ�7XMXDQ�GDQ�PDQIDDW�\DQJ�GDSDW�GLDPELO�GDUL�SHUPDVDODKDQ�

GLDWDV�DQWDUD�ODLQ�

������ 7XMXDQ
7XMXDQ� EHUGDVDUNDQ� SHUXPXVDQ� PDVDODK� GL� DWDV�� PDND� WXMXDQ�

\DQJ� LQJLQ� GL� FDSDL� GDODP� SHQHOLWLDQ� LQL� DGDODK� XQWXN� PHQJHWDKXL�
VHEHUDSD�VHVXDL�PHGLD�SHPEHODMDUDQ�VLVWHP�SHUQDSDVDQ�PDQXVLD�GL�076�
0,)7$+8/�8/80�PHQJJXQDNDQ�DSOLNDVL�9LUWXDO�5HDOLW\�

������ 0DQIDDW
0DQIDDW� GDUL� SHQHOLWLDQ� LQL� DGDODK� XQWXN� PHPEHULNDQ�

SHQJDODPDQ� EDUX� GDODP� SHPEHODMDUDQ� WHQWDQJ� VLVWHP� SHUQDSDVDQ�
PDQXVLD�PHQJJXQDNDQ�WHNQRORJL�YLUWXDO�UHDOLW\�

���� %DWDVDQ�0DVDODK
%DWDVDQ�0DVDODK�GDODP�SHQJHUMDDQ�SHQHOLWLDQ LQL�DGDODK��

�� 7HPSDW�SHQHOLWLDQ� LQL�DGDODK�VDODK�VDWX�VHNRODK�076�0,)7$+8/�
8/80�

�� )LWXU� \DQJ� WHUGDSDW� GDODP� DSOLNDVL� WHUVHEXW� DQWDUD� ODLQ� EHQWXN��
VLVWHP�SHUQDSDVDQ�PDQXVLD�GDQ�EHEHUDSD�LQIRUPDVL�SDGD�SDUX�SDUX�

�� $SOLNDVL�KDQ\D�GDSDW�GLJXQDNDQ�SDGD�VPDUWSKRQH \DQJ�PHQGXNXQJ�
ILWXU�J\URVFRSH�

�� 0HQJJXQDNDQ� JRRJOH� &DUGERDUG VHEDJDL� DODW� SHQGXNXQJ� 9LUWXDO�
UHDOLW\�

���� 0HWRGRORJL�3HQHOLWLDQ
6HFDUD� JDULV� EHVDU� WDKDSDQ�PHWRGRORJL� SHQHOLWLDQ� \DQJ� GLJXQDNDQ�

GDODP�SHQHOLWLDQ�6NULSVL LQL�DGDODK�VHEDJDL�EHULNXW��
�� %HUGDVDUNDQ� WXMXDQ� UDQFDQJ� EDQJXQ� DSOLNDVL� PHGLD� SHPEHODMDUDQ�

GDSDW� GLLGHQWLILNDVL� EDKZD� � .HEXWXKDQ� 8QWXN� PHQHQWXNDQ� DQDOLVLV�
NHEXWXKDQ�VLVWHP��GLSHUOXNDQ�SHQHOLWLDQ�WHUKDGDS�SHQJJXQD�DSOLNDVL��
DGDSXQ�NHEXWXKDQ�\DQJ�GDSDW�GLDQDOLVLV�

�� 3DGD� WDKDS� LQL� GLODNXNDQ� SHQJHPEDQJDQ� DSOLNDVL� PHGLD�
SHPEHODMDUDQ� VLVWHP� SHUQDSDVDQ� PDQXVLD� EHUEDVLV� DQGURLG� \DQJ�
VHVXDL�GHQJDQ�PRGHO� SHQJHPEDQJDQ� SHUDQJNDW� OXQDN� \DQJ�
GLJXQDNDQ��7DKDS�SHUDQFDQJDQ�\DQJ� GLEXDW� PHOLSXWL� 8VH� &DVH�
'LDJUDP��'LDJUDP�DOXU�VLVWHP�GDQ�SHUDQFDQJDQ�GHVDLQ�
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�� $GDSXQ� SDGD� WDKDS� SHQJXPSXODQ� EDKDQ� XQWXN� SHPEXDWDQ� DSOLNDVL�
\DLWX�� � REMHN� �'�9LUWXDO� UHDOLW\ DNDQ�PHQJJXQDNDQ� �'� HGLWRU GDQ�
EOHQGHU�'�

�� 3DGD� WDKDS� LQL� DSOLNDVL� DNDQ� GLEXDW� GHQJDQ� VHPXD� REMHN� �'� DWDX�
EDKDQ� PXOWLPHGLD� \DQJ� WHODK� GLEXDW� VHEHOXPQ\D� VHUWD� PHODNXNDQ�
EHEHUDSD�SHQ\HVXDLDQ�\DQJ�GL�EXWXKNDQ�

�� 6HEHOXP� DSOLNDVL� LQL� GLVHEDUNDQ� NHSDGD� VLVZD�� PDND� DSOLNDVL�
PHQJHFHN� NHPEDOL� DSDELOD� DGD� NHVDODKDQ� PDND� SURJUDP� DNDQ�
GLEHWXONDQ� GDQ� MLND� VXGDK� EHUMDODQ� GHQJDQ� EDLN�� PDND� GLVHEDUNDQ�
NHSDGD�VLVZD��3HQJXMLDQ�\DQJ� GLODNXNDQ� VHFDUD� REMHNWLI�� <DLWX�
GLXML� VHFDUD� ODQJVXQJ� WHUKDGDS� VLVZD� \DQJ� EHUDGD� GL� OLQJNXQJDQ�
6HNRODK� 076� 0,)7$+8/� 8/80 GHVD� 5DEDVDQ� NHFDPDWDQ�
.HGXQJGXQJ�NDEXSDWHQ�6DPSDQJ \DLWX�GHQJDQ� PHPEXDW�
NXHVLRQHU�PHQJHQDL�NHSXDVDQ�XVHU GDUL�DSOLNDVL�\DQJ�GLEXDW�

�� 3DGD�7DKDSDQ�LQL�DNDQ�GLODNXNDQ�SHQGLVWULEXVLDQ�GHQJDQ�PHODNXNDQ�
SHQ\LPSDQDQ� SURJUDP� DSOLNDVL� \DQJ� VHOHVDL� GLEXDW� GDODP� EHQWXN�
�H[H��SURJUDP�DSOLNDVL�\DQJ�VXGDK�PHOHZDWL�WDKDS�SHQJXMLDQ�GDQ�VLDS�
XQWXN�GLJXQDNDQ�DNDQ�GLODNXNDQ�SHQ\LPSDQDQ�GHQJDQ�PHQJJXQDNDQ�
PHGLD� SHQ\LPSDQDQ� GLDQWDUDQ\D� KDUGLVN DWDX� &'� \DQJ� VXGDK�
GLMDGLNDQ�ILOH�GHQJDQ� IRUPDWQ\D�

��� 6LVWHPDWLND�3HQXOLVDQ
6HFDUD� JDULV� EHVDU�� 6LVWHPDWLND� SHQXOLVDQ� EXNX� GDODP6NULSVL LQL�

DGDODK�VHEDJDL�EHULNXW��

%$%�,���3(1'$+8/8$1
3DGD�EDE� LQL�PHQMHODVNDQ� WHQWDQJ� ODWDU�EHODNDQJ�SHQHOLWLDQ��SHUXPXVDQ�
PDVDODK�� WXMXDQ�� PDQIDDW�� EDWDVDQ� PDVDODK�� PHWRGH� SHQHOLWLDQ�� VHUWD�
6LVWHPDWLND�SHQXOLVDQ�GDODP�ODSRUDQ�6NULSVL LQL�

%$%�,,���678',�3867$.$
%DE�LQL�PHPEDKDV�PHQJHQDL�ODQGDVDQ�WHRUL�WHRUL SRNRN�\DQJ�GLJXQDNDQ�
GDODP� PHQ\XVXQ� SHQHOLWLDQ� LQL�� /DQGDVDQ� WHRUL� \DQJ� GLEDKDV� PHOLSXWL�
WHRUL�XPXP�GDQ�WHRUL�NKXVXV�

%$%�,,,���3(5$1&$1*$1�6,67(0
3DGD� EDE� LQL� PHQMHODVNDQ� WHQWDQJ� UDQFDQJDQ� 6LVWHP GDQ� NHVHOXUXKDQ�
6LVWHP \DQJ� GLEXDW� EHVHUWD� UDQFDQJDQ� DOXU� IORZFKDUW SDGD� WLDS�WLDS�
SURVHV�SDGD�6LVWHP�
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%$%�,9���,03/(0(17$6,�6,67(0
3DGD� EDE� LQL� PHQMHODVNDQ� WHQWDQJ� LPSOHPHQWDVL� 6LVWHPEHUGDVDUNDQ�
UDQFDQJDQ� SDGD� %$%� ,,,�� 'DQ� PHQMHODVNDQ� KDVLO� DQDOLVD� GDUL� 6LVWHP
\DQJ�WHODK�GLEXDW�

%$%�9���3(18783
3DGD�EDE�SHQXWXS�LQL�PHQMHODVNDQ�WHQWDQJ�NHVLPSXODQ�GDUL�KDVLO�XML�FRED�
\DQJ� WHODK� GLODNXNDQ� VHUWD� VDUDQ� \DQJ� PHQMDGL� PDVXNDQ� GDODP�
SHQJHPEDQJDQ�SHQHOLWLDQ�EHULNXWQ\D�
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