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��� /DWDU�%HODNDQJ�

3HODEXKDQ� 3DWLPEDQ� PHUXSDNDQ� SUR\HN� VWUDWHJLV� QDVLRQDO� \DQJ� WHODK�

WHUFDQWXP� GDODP� SHUDWXUDQ� SUHVLGHQ� 1RPRU� ��� 7DKXQ� ����� WHQWDQJ� $WDV�

3HUDWXUDQ�3UHVLGHQ�1RPRU���WDKXQ������WHQWDQJ�3HUFHSDWDQ�3HODNVDQDDQ�3UR\HN�

6WUDWHJLV� 1DVLRQDO� GDQ� 3HUSUHV� 1RPRU� ��� 7DKXQ� ����� WHQWDQJ� SHQHWDSDQ�

3HODEXKDQ� 3DWLPEDQ� GL� .DEXSDWHQ� 6XEDQJ� VHEDJDL� SUR\HN� VWUDWHJLV� QDVLRQDO��

3HODEXKDQ�\DQJ�VHGDQJ�GLEDQJXQ�GL�'HVD�3DWLPEDQ��.HFDPDWDQ�3XVDNDQDJDUD��

.DEXSDWHQ�6XEDQJ��-DZD�%DUDW��GLEDQJXQ�GDODP�ODKDQ�VHOXDV�������+D�GHQJDQ�

NDSDVLWDV�PDPSX�PHQDPSXQJ�NRQWDLQHU�VHEDQ\DN�����MXWD�7(8¶6��7ZHQW\�)RRW�

(TXLYDOHQW� 8QLW�� GDQ� NHQGDUDDQ� VHEDQ\DN� �������� &%8� �&RPSOHWHO\� %XLOW�

8QLW�>�@>�@��

3HODEXKDQ� PHPLNL� SHUDODWDQ� SHQWLQJ� XQWXN� PHQXQMDQJ� SURVHV� ERQJNDU�

PXDW� NDSDO�� 'LDQWDUDQ\D� FRQWDLQHU� FUDQH� EHUIXQJVL� XQWXN� ERQJNDU� PXDW�

FRQWDLQHU� GHQJDQ� MDQJNDXDQ� URZ� \DQJ�FXNXS� MDXK�� WUDQVWDLQHU�EHUIXQJVL�XQWXN�

PHQJDQJNXW� DWDX� PHQXPSXN� GDQ� PHPERQJNDU� SHWL� NHPDV� GL� ODSDQJDQ�

SHQXPSXNDQ��FRQWDLQHU�\DUG���IRUNOLIW�EHUIXQJVL�VHEDJDL�DODW�ERQJNDU�EXDW�NDSDO�

\DQJ� GLJXQDNDQ� XQWXN� DQJNDW� EDUDQJ� XPXP� GHQJDQ� NDSDVLWDV� DQJNDW� WHUWHQWX�

GDQ� PHPSXQ\DL� MDQJNDXDQ� � SHQJDQJNDWDQ� \DQJ� WHUEDWDV�� PRELO� FUDPH�

PHUXSDNDQ� DODW� DQJNDW� EDUDQJ� XPXP� GHQJDQ� NDSDVLWDV� DQJNDW� WHUWHQWX� GDQ�

PHSXQ\DL� MDQJNDXDQ� \DQJ� UHODWLI� MDXK�� UHDFK� VWDFNHU� EHUIXQJVL� VHEDJDL� DODW�

ERQJNDU�PXDW�NDSDO�\DQJ�GLNRPELQDVL�DQWDUD�DQWDUD�IRUNLOIW�GHQJDQ�PRELOH�FUDQH

GLOHQJNDSL� VSUHDGHU� �SHQJDQJNDW� SHWLNHPDV�� VHKLQJJD� PDPSX� PHQJDQJNDW�

SHWLNHPDV� GDQ�PHPSXQ\DL� MDQJNDXDQ� SHQJDQJNDWDQ� \DQJ� IOHNVLEHO�� WRS� ORDGHU

EHUIXQJVL� VHEDJDL� ERQJNDU� PXDW� NDSDO� VHSHUWL� IRUNOLIW� WHWDSL� PHPSXQ\DL�

NHPDPSXDQ� PHQJDQJNDW� SHWLNHPDV� GDQ� PHPSXQ\DL� MDQJNDXDQ� SHQJDQJNDWDQ�

\DQJ� WHUEDWDV�� KDUERXU� PRELOH� FUDQH� EHUIXQJVL� VHEDJDL� DODW� ERQJNDU� PXDW�

GLSHODEXKDQ�DWDX�FUDQH�\DQJ�GDSDW�EHUSLQGDK�SLQGDK�WHPSDW�VHUWD�PHPLOLNL�VLIDW�

\DQJ� IOHNVLEHO� VHKLQJJD�ELVD�GLJXQDNDQ�XQWXN�ERQJNDU�PXDW�FRQWDLQHU�PDXSXQ�
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EDUDQJ�FXUDK�GHQJDQ�NDSDVLWDV�6:/��VDIHW\�ZHLJKW�ORDG���5XEEHU�7\UHG�*DQWU\

\DQJ� GDSDW� EHUJHUDN� GDODP� ODSDQJDQ� SHQXPSXNDQ� \DQJ� EHUIXQJVL� XQWXN�

PHQDLNNDQ� DWDX�PHQXUXQNDQ� FRQWDLQHU� GDUL� DWDV� WUDLOHU� DWDX� VHEDOLNQ\D� GDODP�

DUHD� VWDFN� DWDX� SHQXPSXNDQ� EORFN�VORW�URZ� GDQ� WLHU�� +3&� �+DUERXU� SRUWDO�

FUDQH��� VLGH� ORDGHU� DGDODK� VDODK� VDWX� MHQLV� DODW� DQJNDW� DQJNXW� \DQJ� SULQVLS�

NHUMDQ\D� PHQJDQJNDW� GDQ� PHQJDQJNXW� EHEDQ� �SHWL� NHPDV�� GDUL� DUDK� VDPSLQJ��

'HQJDQ� PHWRGH� PHQJJXQDNDQ� �� SHQJXQFL� SDGD� EDJLDQ� DWDV� GDUL� EHEDQ� �� 3HWL�

.HPDV� �� VHUWD� SHQDKDQ� SDGD� 6KRHV� EDJLDQ� EDZDK� SHQJDQJNDW�� EHOW� FRQYH\RU�

EHUIXQJVL�VHEDJDL�DODW�\DQJ�GLJXQDNDQ�XQWXN�PHPLQGDKNDQ�EDUDQJ�FXUDK�EHUXSD�

SDVLU��NHULNLO�� FDLUDQ�GDQ�VHEDJDLQ\D�� GHUHN� NDSDO�� VLOR� VHPHQ�� VWUDGGOH�FDUULHU��

FRQWDLQHU�SHQGLQJLQ��GOO��

'DUL�SHUDODWDQ�GLDWDV�WHUGDSDW�EHEHUDSD�SHUDODWDQ�\DQJ�SHQJRSHUDVLDQQ\D�

PHQJJXQDNDQ� OLVWULN� VHSHUWL� DODW� FRQWDLQHU� FUDQH� \DQJ� PHPEXWXKNDQ� SDVRNDQ�

OLVWULN� ������ N9$�� KDUERXU� PRELOH� FUDQH�� 5XEEHU� 7\UHG� *DQWU\�� +3&�� EHOW�

FRQYH\RU�� GDQ� FRQWDLQHU� SHQGLQJLQ��$JDU� SDVRNDQ� OLVWULN� GL� SHODEXKDQ� EHNHUMD�

VHFDUD�RSWLPDO�PDND�KDUXV�PHPHQXKL�EHEHUDSD�NULWHULD�\DLWX>��@��

�� .HDQGDODQ��5HOLDELOLW\��

3DVRNDQ�OLVWULN�SHODEXKDQ�KDUXV�WHUMDJD�NHDQGDODQQ\D�VHSHUWL�OLVWULN�WLGDN�

EROHK� SDGDP�� DSDELOD� OLVWULN� SDGDP� PDND� KDUXV� VHJHUD� DGD� \DQJ�

PHPEDFN�XS� SDVRNDQ� OLVWULN� ODLQ� GHQJDQ� MDQJND� ZDNWX� \DQJ� VHVLQJNDW�

PXQJNLQ��

�� .HFXNXSDQ��$GHTXDF\��

3DVRNDQ� OLVWULN� NH� SHODEXKDQ� KDUXV� PHPHQXKL� NHEXWXKDQ� EHEDQ� \DQJ�

WHUVHGLD��NHWLND�SDVRNDQ�OHELK�UHQGDK�PDND�DNDQ�WHUGDSDW�SHUDODWDQ�\DQJ�

WLGDN�GDSDW�GLRSHUDVLNDQ�DNLEDW�WLGDN�PHQGDSDW�SDVRNDQ�OLVWULN��

�� .XDOLWDV��4XDOLW\��

3DVRNDQ� OLVWULN� KDUXV� WHWDS� WHUMDJD� NXDOLWDVQ\D�� VHSHUWL� WHJDQJDQ� WLGDN�

EROHK�QDLN�WXUXQ�VHKLQJJD�GDSDW�PHQJDQJJX�NHUMD�PHVLQ��

6DDW� LQL� 3/1� $UHD� 3XUZDNDUWD� \DQJ� PHPEDZDKL� ZLOD\DK� .DEXSDWHQ�

6XEDQJ� WHODK� � PHPLQWD� SHQDPEDKDQ� SDVRNDQ� OLVWULN� XQWXN� .DEXSDWHQ� 6XEDQJ�

VHNLWDU������0:�\DLWX�XQWXN�NHSHUOXDQ�OLVWULN�NH�3HODEXKDQ�/DXW�3DWLPEDQ�GDQ�
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VHNWRU� LQGXVWUL�� /LVWULN� WHUVHEXW� GLSDVRN� GDUL� SHPEDQJNLW� OLVWULN� \DQJ� DGD� GL�

6LVWHP�-DZD�±�%DOL��3DVRNDQ� OLVWULN�NH�3HODEXKDQ�/DXW�3DWLPEDQ�KDUXV�NRQWLQX�

\DLWX�WLGDN�EROHK�SDGDP��'HQJDQ�DGDQ\D�SHQDPEDKDQ�SDVRNDQ�OLVWULN�GDUL�SXVDW�

SHPEDQJNLW�GL�6LVWHP�-DZD�%DOL�WHUVHEXW�NH�.DEXSDWHQ�6XEDQJ�GLKDUDSNDQ�GDSDW�

PHPHQXKL� NHDQGDODQ� SDVRNDQ� OLVWULN� NH� 3HODEXKDQ� /DXW� 3DWLPEDQ�� 3HQHOLWLDQ�

WXJDV� DNKLU� LQL� GLIRNXVNDQ� XQWXN� PHQJHYDOXDVL� DSDNDK� UHQFDQD� SDVRNDQ� NH�

3HODEXKDQ�/DXW�3DWLPEDQ�PHPHQXKL�NULWHULD�NHDQGDODQ���

��� 5XPXVDQ�0DVDODK�

%HUGDVDUNDQ� ODWDU� EHODNDQJ� GLDWDV�� PDND� UXPXVDQ� PDVDODK� \DQJ� GDSDW�

GLVDPSDLNDQ�GDODP�SHQHOLWLDQ�LQL�DGDODK�VHEDJDL�EHULNXW��

�� %DJDLPDQD�DQDOLVLV�NHDQGDODQ�UHQFDQD�SDVRNDQ�OLVWULN�NH�3HODEXKDQ�/DXW�

3DWLPEDQ�GL�6XEDQJ"�

�� %DJDLPDQD� KDVLO� HYDOXDVL� NHDQGDODQ� UHQFDQD� SDVRNDQ� OLVWULN� NH�

3HODEXKDQ�/DXW�3DWLPEDQ�GL�6XEDQJ"�

��� 7XMXDQ�3HQHOLWLDQ�

7XMXDQ�\DQJ�LQJLQ�GLFDSDL�GDUL�SHQHOLWLDQ�LQL�DGDODK���

�� 0HQJDQDOLVLV� WLQJNDW� NHDQGDODQ� SDVRNDQ� OLVWULN� NH� 3HODEXKDQ� /DXW�

3DWLPEDQ�GL�6XEDQJ��

�� 0HQJHYDOXDVL�NHDQGDODQ�SDVRNDQ�OLVWULN�NH�3HODEXKDQ�/DXW�3DWLPEDQ�GL�

6XEDQJ��

��� 0DQIDDW�$NDGHPLV�

0DQIDDW�DNDGHPLV�GDUL�SHQHOLWLDQ�LQL�DGDODK���

�� 3HQHOLWLDQ� LQL� GLKDUDSNDQ� GDSDW� PHPEHULNDQ� NRQWULEXVL� GDODP�

PHQLQJNDWNDQ� SHQJHWDKXDQ� SHQJJXQDDQ� LOPX� VLVWHP� WHQDJD� OLVWULN�

PHQJHQDL�NHDQGDODQ��UHOLDELOLW\��SDVRNDQ�OLVWULN�NH�SHODEXKDQ�ODXW���

�� 3HQHOLWLDQ� LQL� GLKDUDSNDQ� PHPEHULNDQ� MDZDEDQ� DNDGHPLV� PHQJHQDL�

WLQJNDW� NHDQGDODQ� SDVRNDQ� OLVWULN� GDODP�PHPHQXKL� NHEXWXKDQ� OLVWULN� GL�

SHODEXKDQ�ODXW���
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�� 3HQHOLWLDQ� LQL�GLKDUDSNDQ�GDSDW�PHPEHULNDQ�NRQWULEXVL�DNDGHPLN�GDODP�

PHQJHPEDQJNDQ� SHUHQFDQDDQ� OLVWULN� NH� SHODEXKDQ� ODXW� VHEDJDL�

SHQJHPEDQJDQ�LOPX�SHUHQFDQDDQ�WHNQLN�WHQDJD�OLVWULN��

��� 0DQIDDW�3UDNWLV�

0DQIDDW�SUDNWLV�GDUL�SHQHOLWLDQ�LQL�DGDODK���

�� +DVLO� SHQHOLWLDQ� LQL� GLKDUDSNDQ� GDSDW� PHPEHUL� PDVXNDQ� EDJL� 37� 3/1�

�SHUVHUR��'LVWULEXVL� -DZD�%DUDW�GDQ� �37�3(/,1'2�,�GDODP�SHQ\HGLDDQ�

SDVRNDQ�OLVWULN�\DQJ�RSWLPDO�NH�3HODEXKDQ�/DXW�3DWLPEDQ�GL�6XEDQJ��

�� 3HQHOLWLDQ� LQL� GDSDW� EHUPDQIDDW�EDJL� 37�3(/,1'2� ,� VHEDJDL� SHQJHOROD�

SHODEXKDQ� ODXW� XQWXN� PHPLQLPDOLVLU� NHJDJDODQ� \DQJ� GLDNLEDWNDQ� ROHK�

JDQJJXDQ�SDVRNDQ�OLVWULN�GL�MDULQJDQ�OLVWULN�3/1��

��� %DWDVDQ�0DVDODK�

%DWDVDQ�PDVDODK�GDODP�SHQHOLWLDQ�LQL�DGDODK�VHEDJDL�EHULNXW���

�� 3HQHOLWLDQ� LQL� GLIRNXVNDQ� SDGD� VWXGL� NHDQGDODQ� SDVRNDQ� OLVWULN� NH�

SHODEXKDQ�ODXW��

�� $QDOLVLV�WHUEDWDV�KDQ\D�XQWXN�VWXGL�NDVXV�GL�3HODEXKDQ�/DXW�3DWLPEDQ�GL�

6XEDQJ�-DZD�%DUDW��

�� 0HWRGH� SHQHOLWLDQ� NHDQGDODQ� SDVRNDQ� OLVWULN� PHQJJXQDNDQ� PHWRGH�

SUREDELOLWDV�&RPSRVLWH�*HQHUDWLRQ�DQG�7UDQVPLVLRQ�

�� 3HQHOLWLDQ�GLIRNXVNDQ�SDGD�SHUKLWXQJDQ�LQGHNV�NHDQGDODQ��

�� 3HUDQJNDW� OXQDN� \DQJ� GLJXQDNDQ� GLDQWDUDQ\D� DGDODK� SHUDQJNDW� OXQDN�

NRPSXWDVL��

��� 6WDWH�RI�WKH�$UW�

6WDWH� RI� WKH� $UW� DGDODK� SHUQ\DWDDQ� \DQJ� PHQXQMXNDQ� SRVLVL� SHQHOLWLDQ�

WXJDV� DNKLU� GLODNXNDQ� GLDQWDUD� SHQHOLWLDQ� \DQJ� EHUDGD� GL� OLQJNXS� \DQJ� VDPD��

'DODP� EDJLDQ� LQL� DNDQ� GLXUDLNDQ� VHFDUD� VLQJNDW� SHQHOLWLDQ� VHEHOXPQ\D� \DQJ�

EHUVHVXDLDQ� GHQJDQ� SHQHOLWLDQ� WXJDV� DNKLU� LQL�� 6HKLQJJD� GDSDW� PHPEHULNDQ�

PDVXNDQ�WHUKDGDS�SHQHOLWLDQ�\DQJ�DNDQ�GLODNXNDQ�GDQ�GDSDW�PHPSHUNXDW�DODVDQ�

PHQJDSD�SHQHOLWLDQ�LQL�DNDQ�GLODNXNDQ��$GDSXQ�VWDWH�RI�WKH�DUW�GLSDSDUNDQ�SDGD�

7DEHO�����EHULNXW��
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7DEHO�����5HIHUHQVL

-8'8/� 3(1(/,7,� 7$+81� 'HVNULSVL�

3HUIRUPDQFH� DQG�

5HOLDELOLW\� $QDO\VLV�

RI� *ULG�&RQQHFWHG�

0DULQH� &XUUHQW�

7XUELQH� 6\VWHP�

8VLQJ�0RQWH�&DUOR�

(VWLPDWLRQ�0HWKRG�

6D\DPEX�6HQ��

'HEDVLVKK�

'KXD��GNN��

����� 3HQHOLWLDQ� \DQJ� GLODNXNDQ�
DGDODK� 3HUIRUPDQFH� DQG�
5HOLDELOLW\� $QDO\VLV� RI� *ULG�
&RQQHFWHG� 0DULQH� &XUUHQW�
7XUELQH� 6\VWHP�8VLQJ�0RQWH�
&DUOR� (VWLPDWLRQ� 0HWKRG��
3HQHOLWLDQ� LQL� PHQJJXQDNDQ�
PHWRGH� 0RQWH� &DUOR� XQWXN�
PHPSUHGLNVL� � KDVLO� VWDWLVWLN�
GDUL� NHPXQJNLQDQ� NHFHSDWDQ�
DUXV� ODXW� \DQJ� GL� DPELO� GDUL�
GDWD� 1DWLRQDO� %XR\� 'DWD�
&HQWHU� GL� 'DUW� :DYH� *OLGHU�
6WDWLRQ�������R�8WDUD�������R�
%DUDW�� GL� 7HOXN� 0HNVLNR�
GHNDW� )ORULGD�� 'DWD�
.HFHSDWDQ� DUXV� ODXW� WHUVHEXW�
DGDODK� GDVDU� GDODP�
SHQJRSHUDVLDQ� SHPEDQJNLW�
OLVWULN�WHQDJD�DUXV�ODXW>�@��

$QDOLVLV� .HDQGDODQ�

6LVWHP� 'LVWULEXVL�

��NY� 3DGD�

3HQ\XODQJ�

3HNDORQJDQ� �� GDQ�

���

$GLW\D�7HJXK�

3UDERZR��,U��

%DPEDQJ�

ZLQDUGL��

0�.RP��GNN��

�����

3HQHOLWLDQ� LQL� 0HQJDQDOLVLV�

.HDQGDODQ� 6LVWHP� 'LVWULEXVL�

��� N9� � GL� 3HQ\XODQJ�

3HNDORQJDQ� �� GDQ� ��� GHQJDQ�

KDVLO�\DQJ�LQJLQ�GLFDSDL�\DLWX�

QLODL� 6$,),� �6\VWHP� $YHUDJH�

,QWHUUXSWLRQ� )UHTXHQF\�

,QGH[��� 6$,',� �6\VWHP�

$YHUDJH� ,QWHUUXSWLRQ�

'XUDWLRQ� ,QGH[�� GDQ� &$,',�

�&XVWRPHU� DYHUDJH�

LQWHUUXSWLRQ� GXUDWLRQ�

LQGH[�>�@

6WXGL� .HDQGDODQ�

6LVWHP� 7HQDJD�

1RYLR�

0DKHQGUD� �����

3HQHOLWLDQ� \DQJ� GLODNXNDQ�

PHQJHQDL� 6WXGL� .HDQGDODQ�
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/LVWULN� %DQGDUD�

,QWHUQDWLRQDO�

$KPDG� <DQL�

6HPDUDQJ�

3XUQRPR��

'U�,U��

+HUPDZDQ�

'($��GNN��

� 6LVWHP� 7HQDJD� /LVWULN�

%DQGDUD� ,QWHUQDWLRQDO�$KPDG�

<DQL� 6HPDUDQJ�� � 0HWRGH�

\DQJ� GLODNXNDQ� GHQJDQ�

PHQJXPSXONDQ� GDWD� WLQJNDW�

NHJDJDODQ�PHQJJXQDNDQ� GDWD�

VWDQGDU� GDUL� ,(((� 6WG� ����

������+DVLO�GDUL�SHQHOLWLDQ�LQL�

DGDODK� SUR\HNVL� LQGHNV�

NHDQGDODQ� SDGD� %DQGDUD�

,QWHUQDVLRQDO� $KPDG� <DQL�

XQWXN� EHEHUDSD� WDKXQ�

NHGHSDQ>�@��

3HUHQFDQDDQ�

'LVWULEXVL� 6LVWHP�

7HQDJD� /LVWULN� 'L�

37�3HOLQGR� ,,,�

%HQRD�

/XK�5DLVD�

1LWWLD�'HZL�

����� 3HQHOLWLDQ� \DQJ� GLODNXNDQ�

DGDODK� 3HUHQFDQDDQ� 'LVWULEXVL�

6LVWHP� 7HQDJD� /LVWULN� GL�

37�3HOLQGR�,,,�%HQRD��3HQHOLWLDQ�

LQL� PHQJDQDOLVLV� SHUDPDODQ�

EHEDQ�� DQDOLVLV� PDLQ� SRZHU�

KRXVH�SHPEDJLDQ�]RQD�GLVWULEXVL�

WHQDJD� OLVWULN�GOO� XQWXN�

PHQMDZDE� NHEXWXKDQ� DNDQ�

GLVWULEXVL� VLVWHP� WHQDJD� OLVWULN�

\DQJ� PHPLOLNL� NRQWLQXLWDV� GDQ�

NHDQGDODQ� \DQJ� WLQJJL� GHQJDQ�

SHPEDQJNLW� VHPLQLPDO�

PXQJNLQ�

=RQH�%UDQFK�

5HOLDELOLW\�

0HWKRGRORJ\� IRU�

$QDO\]LQJ�

'RQ�2��.RYDO��

)HOORZ��,(((��

GNN�

�����

3HQHOLWLDQ� \DQJ� GLODNXNDQ�

DGDODK� =RQH�%UDQFK�

5HOLDELOLW\� 0HWKRGRORJ\� IRU�

$QDO\]LQJ� ,QGXVWULDO� 3RZHU�



ϳ�

-8'8/� 3(1(/,7,� 7$+81� 'HVNULSVL�

,QGXVWULDO� 3RZHU�

6\VWHPV�

6\VWHP�� 3HQHOLWLDQ� GLDWDV�

PHQJJXQDNDQ� PHWRGH� =RQH�

%UDQFK� XQWXN� PHQHQWXNDQ�

QLODL� LQGH[� NHDQGDODQ� WLWLN�

EHEDQ>�@��

%HUGDVDUNDQ� 7DEHO� ���� GDSDW� GLODFDN� SRVLVL� SHQHOLWLDQ� WXJDV� DNKLU� LQL�

GLDQWDUD� SHQHOLWLDQ� \DQJ� VHELGDQJ�� 3HQHOLWLDQ� SDOLQJ� PXWDNKLU� \DQJ� VHELGDQJ�

DGDODK�SHQHOLWLDQ�\DQJ�GLODNXNDQ�ROHK�6D\DPEKX�6HQ��'HEDVLVK�'KXD��GNN�SDGD�

WDKXQ� ������ 3HQHOLWLDQ� LQL� GLODNXNDQ� SDGD� NDVXV� 3HUIRUPDQFH� DQG� 5HOLDELOLW\�

$QDO\VLV�RI�*ULG�&RQQHFWHG�0DULQH�&XUUHQW�7XUELQH�6\VWHP�8VLQJ�0RQWH�&DUOR�

(VWLPDWLRQ�0HWKRG��PHWRGH�\DQJ�GLJXQDNDQ�DGDODK�PHWRGH�0RQWH�&DUOR�GHQJDQ��

GDWD� \DQJ� GLDPELO� GDUL� GDWD� 1DWLRQDO� %XR\� 'DWD� &HQWHU� GL� 'DUW�:DYH�*OLGHU�

6WDWLRQ� ������R� 8WDUD�� �����R� %DUDW�� GL� 7HOXN�0HNVLNR� GHNDW� )ORULGD�� 'DODP�

SHQHOLWLDQ� WHUVHEXW��ZDNWX� GLEDJL�PHQMDGL���� MDP�PHQJLNXWL� ]RQD�ZDNWX� VHWLDS�

GLODNXNDQ� VLPXODVL�0RQWH� &DUOR� GHQJDQ� DVXPVL� EDKZD� YDULDVL� NHFHSDWDQ� DUXV�

ODXW� PHQJLNXWL� GLVWULEXVL� QRUPDO�� +DVLO� \DQJ� GLFDSDL� DGDODK� SUHGLNVL� KDVLO�

VWDWLVWLN� GDUL� NHPXQJNLQDQ� NHFHSDWDQ� DUXV� ODXW� EHUGDVDUNDQ� GDWD� KLVWRULV� \DQJ�

GLNXPSXONDQ� SDGD� ]RQD� ZDNWX� \DQJ� VDPD�� 'DWD� .HFHSDWDQ� DUXV� ODXW� WHUVHEXW�

DGDODK�GDVDU�GDODP�SHQJRSHUDVLDQ�SHPEDQJNLW�OLVWULN�WHQDJD�DUXV�ODXW>�@��

3HQHOLWLDQ� VHODQMXWQ\D� \DQJ� VHELGDQJ� GLODNXNDQ� ROHK� $GLW\D� 7HJXK�

3UDERZR��,U��%DPEDQJ�:LQDUGL��0�.RP��GNN�SDGD�WDKXQ�������3HQHOLWLDQ�\DQJ�

VGLODNXNDQ�PHQJHQDL�$QDOLVLV�.HDQGDODQ�6LVWHP�'LVWULEXVL����N9�GL�3HQ\XODQJ�

3HNDORQJDQ��� GDQ�����3HQHOLWLDQ� LQL� GLODNXNDQ�PHQJJXQDNDQ�PRGHO� NHDQGDODQ�

MDULQJDQ�GLVWULEXVL�XQWXN�PHQDUL�QLODL�LQGHNV�NHDQGDODQ�ORDG�SRLQW�PDXSXQ�VHDUD�

NHVOXUXKDQ��3HUKLWXQJDQ�LQL�EHUGDVDUNDQ�QLODL�ODMX�NHJDJDODQ�GDQ�ODPD�SHUEDLNDQ��

�U�� GDUL� PDVLQJ� PDVLQJ� NRPSRQHQ� \DQJ� GLJXQDNDQ� GDODP� MDULQJDQ� GLVWULEXVL�

UDGLDO�� +DVLO� \DQJ� GLSHUROHK� \DLWX� QLODLL� 6$,),�6$,',� GDQ� &$,',� XQWXN�

SHQ\XODQJ� 3.1� �� VHEHVDU� ������� NDOL�WDKXQ�� ������� MDP�WDKXQ� GDQ� �������

MDP�SHODQJJDQ� VHGDQJNDQ� XQWXN� SHQ\XODQJ� 3.1� ��� VHEHVDU� ������ NDOL�WDKXQ��

�����MDP�WDKXQ�GDQ��������MDP�SHODQJJDQ>�@��



ϴ�

3HQHOLWLDQ� VHODQMXWQ\D�GLODNXNDQ�ROHK�1RYLR�0DKHQGUD�3XUQRPR��'U�,U��

+HUPDZDQ� '($�� 6XVDW\R� +DQGRNR�� 67��07� SDGD� WDKXQ� ������ 3HQHOLWLDQ� LQL�

EHUMXGXO�6WXGL�.HDQGDODQ�6LVWHP�7HQDJD�/LVWULN��%DQGDUD�,QWHUQDVLRQDO�$KPDG�

<DQL� 6HPDUDQJ�� 3HQHOLWLDQ� GLODNXNDQ� GHQJDQ� PHQJXPSXONDQ� GDWD� WLQJNDW�

NHJDJDODQ�GDUL�PDVLQJ�PDVLQJ�NRPSRQHQ�PHQJJXQDNDQ�GDWD�VWDQGDU�GDUL� ,(((�

6WG�����������EHUGDVDUNDQ�GDWD�GLDWDV�GDSDW�GLFDUL�GDWD�XQWXN�LQGHNV�NHDQGDODQ�

PDVLQJ� PDVLQJ� WLWLN� EHEDQ� XQWXN� PHPDVRN� HQHUJL� GL� VHWLDS� WLWLN� EHEDQ��

3HUKLWXQJDQ� \DQJ� GLJXQDNDQ� DGDODK� VHFDUD� PDQXDO� GHQJDQ� PHQJJXQDNDQ�

SHUDQJNDW� OXQDN� 0DWODE�� +DVLO� GDUL� SHQHOLWLDQ� LQL� DGDODK� SUR\HNVL� LQGHNV�

NHDQGDODQ� SDGD� %DQGDUD� ,QWHUQDVLRQDO� $KPDG� <DQL� XQWXN� EHEHUDSD� WDKXQ� NH�

GHSDQ>�@��

3HQHOLWLDQ�\DQJ�GLODNXNDQ�ROHK�/XK�5DLVD�1LWWLD�'HZL�SDGD� WDKXQ������

EHUMXGXO�3HUHQFDQDDQ�'LVWULEXVL�6LVWHP�7HQDJD�/LVWULN�'L�37�3HOLQGR�,,,�%HQRD��

3HQHOLWLDQ� GLDWDV�PHQHNDQNDQ� SDGD� DQDOLVD� SHUDPDODQ� EHEDQ�� DQDOLVLV�PDLQ� SRZHU�

KRXVH�SHPEDJLDQ� ]RQD� GLVWULEXVL� WHQDJD� OLVWULN�GOO� XQWXN� PHQMDZDE� NHEXWXKDQ� DNDQ�

GLVWULEXVL� VLVWHP� WHQDJD� OLVWULN� \DQJ� PHPLOLNL� NRQWLQXLWDV� GDQ� NHDQGDODQ� \DQJ� WLQJJL�

GHQJDQ�SHPEDQJNLW�VHPLQLPDO�PXQJNLQ�

3HQHOLWLDQ� \DQJ� GLODNXNDQ� ROHK� 'RQ� 2�� .RYDO�� )HOORZ�� ,((�� GNN� SDGD�

WDKXQ� ����� EHUMXGXO� =RQH�%UDQFK� 5HOLDELOLW\� 0HWKRGRORJ\� IRU� $QDO\]LQJ�

,QGXVWULDO� 3RZHU� 6\VWHP�� 3HQHOLWLDQ� GLDWDV� PHQHNDQNDQ� SDGD� DQDOLVD� VLVWHP�

OLVWULN�GL�VHNWRU�LQGXVWUL�GHQJDQ�PHWRGHORJL�NHDQGDODQ�=RQH�%UDQFK��+DVLO�\DQJ�

LQJLQ� GLFDSDL� DGDODK� XQWXN� PHQFDUL� LQGHNV� NHDQGDODQ� WLWLN� EHEDQ� GDQ� GDSDW�

PHQJLGHQWLILNDVL� VNHPD� SHUOLQGXQJDQ� \DQJ� VDODK� \DQJ� PHOLEDWNDQ� VHPXD�

NRPSRQHQ�VLVWHP�WHQDJD�OLVWULN�GL�VHNWRU�LQGXVWUL>�@��

%HUGDVDUNDQ�7DEHO�����GDQ�DQDOLVLV�VWDWH�RI�WKH�DUW��PDND�SHQHOLWLDQ�WXJDV�

DNKLU� LQL� EHUDGD� GL� UDQDK� SHQHOLWLDQ� NHDQGDODQ� SDVRNDQ� OLVWULN�� 'DUL� UHIHUHQVL�

GLDWDV�\DQJ�SDOLQJ�PHQGHNDWL�NH�WXJDV�DNKLU�NHDQGDODQ�SDVRNDQ�OLVWULN�LQL�DGDODK�

SHQHOLWLDQ� \DQJ� GLODNXNDQ� ROHK� /XK� 5DLVD� 1LWWLD� 'HZL� SDGD� WDKXQ� ����� SDGD�

VWXGL�NDVXV�3HUHQFDQDDQ�'LVWULEXVL�6LVWHP�WHQDJD�OLVWULN�GL�37�3HOLQGR�,,,�%HQRD

$GDSXQ�SHUVDPDDQ�GDUL�SHQHOLWLDQ�LQL�DGDODK�VDPD�VDPD�PHQJDQDOLVLV�NHDQGDODQ�

SDVRNDQ� OLVWULN�� 3HUEHGDDQQ\D� DGDODK /XK�5DLVD�1LWWLD�PHQJDQDOLVLV� NHDQGDODQ�



ϵ�

SDGD�VLVWHP�NHDQGDODQ�GLVWULEXVL�WHQDJD�OLVWULN��6HGDQJNDQ�SHQHOLWLDQ�\DQJ�DNDQ�

GLODNXNDQ�LQL�DNDQ�PHQJDQDOLVLV�SDVRNDQ�OLVWULN�NH�SHODEXKDQ�ODXW�PHQJJXQDNDQ�

WHRUL�SUREDELOLWDV��6HFDUD�XPXP��&RPSRVLWH�*HQHUDWLRQ�DQG�7UDQVPLVLRQ�DGDODK�

VDODK� VDWX� PHWRGH� SHQJHPEDQJDQ� SUREDELOLWDV�� VHKLQJJD� SDGD� GDVDUQ\D�

SHQHOLWLDQ�LQL�VHFDUD�PHWRGH�WLGDN�DGD�NHEDUXDQ��QRYHOW\���$NDQ�WHWDSL�NHEDUXDQ�

\DQJ�GLWDZDUNDQ�SDGD�SHQHOLWLDQ�LQL�DGDODK�SDGD�VWXGL�NDVXV�\DLWX�VWXGL�NDVXV�GL�

3HODEXKDQ�/DXW��

��� .HUDQJND�3HPLNLUDQ�

.HUDQJND� EHUSLNLU� GDODP� SHQHOLWLDQ� LQL� GDSDW� GLOLKDW� SDGD� *DPEDU� ����

EHULNXW���



ϭϬ�

D�^�>�,

ϭ͘� WĞŵďĂŶŐƵŶĂŶ� WĞůĂďƵŚĂŶ� >ĂƵƚ� WĂƚŝŵďĂŶ� Ěŝ� ^ƵďĂŶŐ�
ŵĞŵĞƌůƵŬĂŶ� ĚƵŬƵŶŐĂŶ� ƉĂƐŽŬĂŶ� ůŝƐƚƌŝŬ� ǇĂŶŐ� ĂŶĚĂů�
ĚŝŬĂƌĞŶĂŬĂŶ� ƉĞůĂďƵŚĂŶ� ŵĞŵŝůŝŬŝ� ŵĞƐŝŶ� ůŝƐƚƌŝŬ� ǇĂŶŐ� ƚŝĚĂŬ�
ďŽůĞŚ� ƉĂĚĂŵ͕� ĂƉĂďŝůĂ� ƉĂĚĂŵ� ŵĂŬĂ� ĚĂƉĂƚ� ŵĞŶŝŵďƵůŬĂŶ�
ďĂŚĂǇĂ͘
Ϯ͘��ĞůƵŵ�ĂĚĂ�ĚĂƚĂ�ĂƚĂƵ�ŝŶĨŽƌŵĂƐŝ� ƚŝŶŐŬĂƚ�ŬĞĂŶĚĂůĂŶ�ƌĞŶĐĂŶĂ�
ƉĂƐŽŬĂŶ�ůŝƐƚƌŝŬ�ŬĞ�WĞůĂďƵŚĂŶ�>ĂƵƚ�WĂƚŝŵďĂŶ�Ěŝ�^ƵďĂŶŐ͘�

<�^�DW�d�E

ϭ͘�WĞŶŐĞůŽůĂ�ƉĞůĂďƵŚĂŶ�ůĂƵƚ�ŵĞŵďƵƚƵŚŬĂŶ�ďĂŶƚƵĂŶ�
ƉĞƌĞŶĐĂŶĂĂŶ�ƉĞŶǇĞĚŝĂĂŶ�ůŝƐƚƌŝŬ�ǇĂŶŐ�ĂŶĚĂů�ŬĞ�ƉĞůĂďƵŚĂŶ͘

W�E��<�d�E

ϭ͘�WĞŶŐƵŵƉƵůĂŶ�ĚĂƚĂ�ƐĞŬƵŶĚĞƌ�ŬĞ�ŝŶƐƚĂŶƐŝͬůĞŵďĂŐĂ�ǇĂŶŐ�
ďĞƌƐĞƐƵĂŝĂŶ͘
Ϯ͘�̂ ŝŐŚƚ�sŝƐŝƚĞ�ƵŶƚƵŬ�ŵĞŶŝůĂŝ�ůŽŬĂƐŝ�ƉĞůĂďƵŚĂŶ�ůĂƵƚ�ƉĂƚŝŵďĂŶ�ĚĂŶ�
ŬĞƚĞƌƐĞĚŝĂĂŶ�ŝŶĨƌĂƐƚƌƵŬƚƵƌ�ůŝƐƚƌŝŬ͘
ϯ͘�WĞŶŐŽůĂŚĂŶ�ĚĂƚĂ�ƐĞŬƵŶĚĞƌ�ĚĂŶ�ƐŝŵƵůĂƐŝ�ƵŶƚƵŬ�ŵĞŶĞŶƚƵŬĂŶ�
ƚŝŶŐŬĂƚ�ŬĞĂŶĚĂůĂŶ�ƉĂƐŽŬĂŶ�ůŝƐƚƌŝŬ�ŬĞ�ƉĞůĂďƵŚĂŶ�ůĂƵƚ�WĂƚŝŵďĂŶ�Ěŝ�
^ƵďĂŶŐ͘
ϰ͘�WĞŶŐŽůĂŚĂŶ�ĚĂƚĂ�ĚĂŶ�ƐŝŵƵůĂƐŝ�ŵĞŶŐŐƵŶĂŬĂŶ�ƉĞƌĂŶŐŬĂƚ�ůƵŶĂŬ�
<ŽŵƉƵƚĂƐŝ

W�Ez�>�^�/�E�D�^�>�,

ϭ͘�DĞŶŐŚŝƚƵŶŐ�ƚŝŶŐŬĂƚ�ŬĞĂŶĚĂůĂŶ�ƌĞŶĐĂŶĂ�ƉĂƐŽŬĂŶ�ůŝƐƚƌŝŬ�
ŬĞ�ƉĞůĂďƵŚĂŶ�ůĂƵƚ�WĂƚŝŵďĂŶ͘
Ϯ͘�DĞůĂŬƵŬĂŶ�ƐŝŵƵůĂƐŝ�ƵŶƚƵŬ�ŵĞŶĚĂƉĂƚŬĂŶ�ƌĞŶĐĂŶĂ�
ƉĂƐŽŬĂŶ�ůŝƐƚƌŝŬ�ǇĂŶŐ�ĂŶĚĂů�ŬĞ�ƉĞůĂďƵŚĂŶ�ůĂƵƚ�WĂƚŝŵďĂŶ͘

<�>h�Z�E

DĞŶŐĞƚĂŚƵŝ�ƚŝŶŐŬĂƚ�ŬĞĂŶĚĂůĂŶ�ƌĞŶĐĂŶĂ�ƉĂƐŽŬĂŶ�ůŝƐƚƌŝŬ�ŬĞ�ƉĞůĂďƵŚĂŶ�ůĂƵƚ�WĂƚŝŵďĂŶ�ĚĂŶ�
ŵĞƌĞŬŽŵĞŶĚĂƐŝŬĂŶ�ƌĞŶĐĂŶĂ�ƉĂƐŽŬĂŶ�ĚĞŶŐĂŶ�ƚŝŶŐŬĂƚ�ŬĞĂŶĚĂůĂŶ�ǇĂŶŐ�ůĞďŝŚ�ďĂŝŬ͘

*DPEDU�����.HUDQJND�%HUSLNLU�



ϭϭ�

��� 6LVWHPDWLND�3HQXOLVDQ�

3HQXOLVDQ� ODSRUDQ� SHQHOLWLDQ� WXJDV� DNKLU� LQL� PHPLOLNL� VLVWHPDWLND�

SHQXOLVDQ� GHQJDQ� MXPODK� ��EDE��GLPDQD�VHWLDS�PDVLQJ�PDVLQJ� EDE�PHPSXQ\DL�

LVL�VHEDJDL�EHULNXW���

%DE�,�3HQGDKXOXDQ�

3DGD� EDE� LQL� PHQMHODVNDQ� WHQWDQJ� ODWDU� EHODNDQJ� GDUL� SHQHOLWLDQ� LQL��

UXPXVDQ� PDVDODK�� WXMXDQ� GDQ� PDQIDDW� SHQHOLWLDQ�� EDWDVDQ� PDVDODK�� SRVLVL�

SHQHOLWLDQ�� NHUDQJND� EHUSLNLU� VHUWD� VLVWHPDWLND� SHQXOLVDQ� \DQJ� DNDQ� GLODNXNDQ�

GDODP�WXJDV�DNKLU��

%DE�,,�7LQMDXDQ�3XVWDND�

3DGD�EDE� LQL�EHULVL� WLQMDXDQ�SXVWDND�\DQJ�EHUVHVXDLDQ�GHQJDQ�SHQHOLWLDQ�

WXJDV�DNKLU�LQL���

%DE�,,,�0HWRGRORJL�3HQHOLWLDQ�

3DGD� EDE� LQL� EHULVLNDQ� PHWRGRORJL� \DQJ� GLJXQDNDQ� GDODP� SHODNVDQDDQ�

SHQHOLWLDQ�WXJDV�DNKLU�\DQJ�GLPXODL�GDUL�SHQJXPSXODQ�GDWD�VHNXQGHU�NH�OHPEDJD�

\DQJ� EHUVHVXDLDQ�� VLJKW� YLVLWH� XQWXN� PHQLODL� ORNDVL� SHODEXKDQ� ODXW� GDQ�

NHWHUVHGLDDQ� LQVIUDWUXNWXU� OLVWULN�� SHQJRODKDQ� GDWD� VHNXQGHU� GDQ� VLPXODVL� XQWXN�

PHQHQWXNDQ� WLQJNDW� NHDQGDODQ� SDVRNDQ� OLVWULN� NH� 3HODEXKDQ� /DXW� 3DWLPEDQ� GL�

6XEDQJ�GDQ�SHQJRODKDQ�GDWD�PHQJJXQDNDQ�SHUDQJNDW�OXQDN�6SUHDWVKHHW�

%DE�,9�'DWD�'DQ�6LPXODVL�

3DGD�EDE�LQL�PHPDSDUNDQ�GDWD�\DQJ�GLJXQDNDQ�XQWXN�VLPXODVL�NHDQGDODQ�

SDVRNDQ�OLVWULN�VHSHUWL�GDWD�UHQFDQD�SDVRNDQ�OLVWULN�GDUL�3/1��LQIRUPDVL�UHQFDQD�

SHUDODWDQ� OLVWULN� GDUL� SHPHULQWDK� 6XEDQJ� GDQ� GDWD� NDUDNWHULVWLN� VLVWHP�� $GD�

EHEUDSD� WDKDSDQ� VLPXODVL� \DLWX� VLPXODVL� VHVXDL� VNHQDULR� 3/1� VHEHOXP� GDQ�

VHVXGDK�SHUEDLNDQ�VLVWHP��



ϭϮ�

%DE�9�$QDOLVD�.HDQGDODQ�3DVRNDQ�/LVWULN�.H�3HODEXKDQ�/DX�3DWLPEDQ�'L�

6XEDQJ�

3DGD�EDE�LQL�PHPDSDUNDQ�DQDOLVD�KDVLO�VLPXODVL�\DLWX�EDJDLPDQD�DQDOLVD�

VNHQDULR� UHQFDQD� 3/1� VHEHOXP� SHUEDLNDQ�� DQDOLVD� VNHQDULR� VHWHODK� SHUEDLNDQ�

GDQ�PHQJKLWXQJ�LQYHVW�FRV�SHPEDQJNLW��

%DE�9.HVLPSXODQ�

3DGD� EDE� LQL� EHULVL� NHVLPSXODQ� \DQJ�PHUXSDNDQ� JHQHUDOLVDVL� GDUL� KDVLO�

SHQHOLWLDQ�� 'DODP� EDE� LQL� MXJD� PHPDSDUNDQ� VDUDQ� XQWXN� SHQJHPEDQJDQ�

SHQHOLWLDQ�VHODQMXWQ\D��


