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���� 2EMHN�3HQHOLWLDQ

2EMHN� SHQHOLWLDQ� DGDODK� KDO� DZDO� \DQJ� KDUXV� GLWHQWXNDQ� GDODP� NHJLDWDQ�

SHQHOLWLDQ� VHKLQJJD� SHQHOLWLDQ� GDSDW� GLODNXNDQ� VHFDUD� HIHNWLI� GDQ� HILVLHQ� VHVXDL�

GHQJDQ� WXMXDQ� SHQHOLWLDQ�� 3HPLOLKDQ� GDQ� SHQHQWXDQ� REMHN� SHQHOLWLDQ� \DQJ� WHSDW�

GLKDUDSNDQ� GDSDW� PHQXQMDQJ� NHJLDWDQ� VHODPD� SHQHOLWLDQ�� VHKLQJJD� KDO�KDO� \DQJ�

GLSHUOXNDQ�GDODP�SHQHOLWLDQ�DNDQ�PXGDK�GLFDSDL��

2EMHN�SHQHOLWLDQ�GDODP�SHQHOLWLDQ�LQL�DGDODK��NDU\DZDQ�SDGD�&DKD\D�%DJL�

1HJHUL��&%1��,QGRQHVLD�SHULRGH�����������\DQJ�EHUMXPODK�����RUDQJ�

���� 0HWRGH�3HQJXPSXODQ�'DWD

0HWRGH� SHQJXPSXODQ� GDWD� GDODP� SHQHOLWLDQ� LQL� GLODNXNDQ� GHQJDQ� FDUD�

2EVHUYDVL��:DZDQFDUD�GDQ�6WXGL�3XVWDND��

������2EVHUYDVL

2EVHUYDVL� DGDODK� PHWRGH� SHQJXPSXODQ� GDWD� \DQJ� GLJXQDNDQ� XQWXN�

PHPSHUROHK�GDWD�GHQJDQ�FDUD�PHQJDGDNDQ�SHQJDPDWDQ�WHUKDGDS�REMHN�SHQHOLWLDQ

�6DEDQD\R���������.HJLDWDQ�\DQJ�GLODNXNDQ�DGDODK PHQJDPDWL�VHFDUD�ODQJVXQJ�GL�

NDQWRU�<D\DVDQ�&DKD\D�%DJL�1HJHUL�
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������:DZDQFDUD

:DZDQFDUD�DGDODK��PHODNXNDQ�DWDX�PHQJDMXNDQ�SHUWDQ\DDQ�VHFDUD�ODQJVXQJ�

NHSDGD� QDUDVXPEHU� XQWXN� PHPSHUROHK� GDWD�� 'DODP� SHQHOLWLDQ� LQL� GLODNXNDQ�

ZDZDQFDUD� GHQJDQ� LEX� /DXUD� 2QDUHOO\ EDJLDQ� +5� �+XPDQ� 5HVRXUFHV� XQWXN�

PHQJHWDKXL� DSD� VDMD� SHUPDVDODKDQ� GDQ� NULWHULD� DSD� VDMD� \DQJ� SHQWLQJ� GDODP�

SHQHQWXDQ� NDU\DZDQ� WHUEDLN� GL� <D\DVDQ� &DKD\D� %DJL� 1HJHUL�� 6HUWD� ZDZDQFDUD�

GHQJDQ�LEX�1HO\�+HUJHQGL�VHODNX�&22 �&KLHI�2SHUDWLRQDO�2IILFHU� GDUL�SHUXVDKDDQ�

XQWXN�PHQGDSDWNDQ LQIRUPDVL�PHQJHQDL�SURVHV�SHPLOLKDQ�NDU\DZDQ�WHUEDLN \DQJ�

VXGDK�GLWHUDSNDQ��VHUWD�SHUPRKRQDQ�L]LQ�XQWXN�PHQJDPELO GDWD�NDU\DZDQ��

������6WXGL�3XVWDND

6WXGL�3XVWDND�PHUXSDNDQ�PHWRGH�SHQJXPSXODQ�GDWD�\DQJ�GLODNXNDQ�GHQJDQ�

PHQFDUL�� PHPEDFD�� GDQ� PHQJXPSXONDQ� GRNXPHQ�GRNXPHQ� VHEDJDL� UHIHUHQVL��

VHSHUWL�EXNX��DUWLNHO��GDQ� OLWHUDWXU�OLWHUDWXU�WXJDV�DNKLU�\DQJ�EHUKXEXQJDQ�GHQJDQ�

SHQHOLWLDQ�� 6WXGL� 3XVWDND� GLJXQDNDQ� XQWXN� PHQGDSDWNDQ� LQIRUPDVL� WDPEDKDQ�

WHQWDQJ� 63.�� WHQWDQJ� PHWRGH� 6LPSOH� $GGLWLYH� :HLJKWLQJ�� SHPLOLKDQ� NDU\DZDQ�

WHUEDLN�GDQ�ODLQ�VHEDJDLQ\D�

���� 0HWRGH�3HQJHPEDQJDQ�6LVWHP

0HWRGH SHQJHPEDQJDQ VLVWHP SHQGXNXQJ NHSXWXVDQ GDODP SHQHOLWLDQ LQL

PHQJJXQDNDQ PHWRGH ZDWHUIDOO� 0HQXUXW 3UHVVPDQ GDQ 5RJHU� 6 ������ 'DODP

SHQJHPEDQJDQQ\D PHWRGH ZDWHUIDOO PHPLOLNL EHEHUDSD WDKDSDQ \DQJ EHUXUXW

\DLWX� UHTXLUHPHQW �DQDOLVLV NHEXWXKDQ�� GHVLJQ V\VWHP �GHVDLQ VLVWHP��

,PSOHPHQWDWLRQ �3HQHUDSDQ 3URJUDP�� 7HVWLQJ �SHQJXMLDQ�� GDQ 0DLQWHQDQFH
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�SHPHOLKDUDDQ�� 5LQFLDQ GDUL WLDS 7DKDSDQ SDGD PHWRGH ZDWHUIDOO DGDODK VHEDJDL

EHULNXW �

�� 5HTXLUHPHQW $QDO\VLV

3DGD WDKDS SHQJHPEDQJDQ VLVWHP LQL GLSHUOXNDQ NRPXQLNDVL

\DQJ EHUWXMXDQ XQWXN PHPDKDPL SHUDQJNDW OXQDN \DQJ GLKDUDSNDQ ROHK

SHQJJXQD GDQ EDWDVDQ SHUDQJNDW OXQDN WHUVHEXW� ,QIRUPDVL LQL ELDVDQ\D

GDSDW GLSHUROHK PHODOXL ZDZDQFDUD� GLVNXVL DWDX VXUYHL ODQJVXQJ�

.HPXGLDQ LQIRUPDVL DNDQ GLDQDOLVLV XQWXN GLGDSDWNDQ GDWD \DQJ

GLEXWXKNDQ ROHK SHQJJXQD�

�� 6\VWHP 'HVLJQ

3DGD WDKDS LQL GLODNXNDQ VSHVLILNDVL NHEXWXKDQ GDUL WDKDS

VHEHOXPQ\D� DNDQ GLSHODMDUL GDODP IDVH LQL GDQ GHVDLQ VLVWHP GLVLDSNDQ�

'HVDLQ 6LVWHP PHPEDQWX GDODP PHQHQWXNDQ SHUDQJNDW NHUDV

�KDUGZDUH� GDQ SHUV\DUDWDQ VLVWHP VHUWD MXJD PHPEDQWX GDODP

PHQGHILQLVLNDQ DUVLWHNWXU VLVWHP VHFDUD NHVHOXUXKDQ�

�� ,PSOHPHQWDWLRQ

3DGD WDKDS LQL� VLVWHP SHUWDPD NDOL GLNHPEDQJNDQ GL SURJUDP NHFLO

\DQJ GLVHEXW XQLW� \DQJ WHULQWHJUDVL GDODP WDKDS VHODQMXWQ\D�

6HWLDS XQLW GLNHPEDQJNDQ GDQ GLXML XQWXN IXQJVLRQDOLWDV \DQJ GLVHEXW

VHEDJDL XQLW WHVWLQJ�

�� ,QWHJUDWLRQ 	 7HVWLQJ

6HOXUXK XQLW \DQJ GLNHPEDQJNDQ GDODP WDKDS LPSOHPHQWDVL

GLLQWHJUDVLNDQ NH GDODP VLVWHP VHWHODK SHQJXMLDQ \DQJ GLODNXNDQ



Ϯϲ

PDVLQJ�PDVLQJ XQLW� 6HWHODK LQWHJUDVL VHOXUXK VLVWHP GLXML XQWXN

PHQJHFHN VHWLDS NHJDJDODQ PDXSXQ NHVDODKDQ�

�� 2SHUDWLRQ 	0DLQWHQDQFH

7DKDS DNKLU GDODP PRGHO ZDWHUIDOO� 3HUDQJNDW OXQDN

\DQJ VXGDK MDGL� GLMDODQNDQ VHUWD GLODNXNDQ SHPHOLKDUDDQ�

3HPHOLKDUDDQ WHUPDVXN GDODP PHPSHUEDLNL NHVDODKDQ \DQJ WLGDN

GLWHPXNDQ SDGD ODQJNDK VHEHOXPQ\D� 3HUEDLNDQ

LPSOHPHQWDVL XQLW VLVWHP GDQ SHQLQJNDWDQ MDVD VLVWHP VHEDJDL NHEXWXKDQ

EDUX�

����� 3HUEDQGLQJDQ 0HWRGH 3HQJHPEDQJDQ 6LVWHP

7DEHO������3HUEDQGLQJDQ�0HWRGH�3HQJHPEDQJDQ�6LVWHP

1DPD�
0HWRGH

3HQMHODVDQ .HOHELKDQ .HNXUDQJDQ

:DWHUIDOO�
0RGHO

0HWRGH�
SHQJHPEDQJDQ�
VLVWHP�\DQJ�
EHUWDKDS�GDUL�IDVH�
VDWX�NH�EHULNXWQ\D

Ͳ 0XGDK�GLWHUDSNDQ�
GDQ�GLDSOLNDVLNDQ�

Ͳ 0HPEHULNDQ�
WHPSODWH�WHQWDQJ�
FDUD�PHQJDQDOLVLV��
GHVDLQ��SHQJNRGHDQ��
SHQJXMLDQ��GDQ�
SHPHOLKDUDDDQ�

%HUVLIDW�NDNX�
VHKLQJJD�VXOLW�
XQWXN�GLXEDK�SDGD�
VLVWHP�SHUDQJNDW�
OXQDNQ\D

3URWRW\SLQJ�
0RGHO

0HWRGH�
SHQJHPEDQJDQ�
VLVWHP�GHQJDQ�
PHPEXDW�
SURWRW\SH

Ͳ 0HQJKHPDW�ZDNWX�
SHQJHPEDQJDQ

Ͳ 3HQJHPEDQJ�GDSDW�
PHQHQWXNDQ�
NHEXWXKDQ�
SHODQJJDQ�VHKLQJJD�
GLD�GDSDW�EHNHUMD�
GHQJDQ�EDLN

8VHU NDGDQJ�WLGDN�
PHOLKDW�DWDX�
PHQ\DGDUL�EDKZD�
SHUDQJNDW�OXQDN�
\DQJ�DGD�EHORP�
PHQFDQWXPNDQ�
NXDOLWDV�SHUDQJNDW�
OXQDN�VHFDUD�
NHVHOXUXKDQ
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1DPD�
0HWRGH

3HQMHODVDQ .HOHELKDQ .HNXUDQJDQ

5$'�
0RGHO

0HWRGH�
SHQJHPEDQJDQ�
VLVWHP�\DQJ�WLGDN�
SHUOX�EHUWDKDS�
\DQJ�SHQWLQJ�
VHVXDL�NHLQJLQDQ�
XVHU

&RFRN�XQWXN�SUR\HN�
\DQJ�PHPHUOXNDQ�
ZDNWX�VLQJNDW

5$'�WLGDN�FRFRN�
GLJXQDNDQ�XQWXN�
VLVWHP�\DQJ�
PHPSXQ\DL�UHVLNR�
WHNQLN�\DQJ�WLQJJL�

���� 0HWRGH�6LVWHP�3HQXQMDQJ�.HSXWXVDQ

3HQHOLWLDQ� LQL� PHQJJXQDNDQ� PHWRGH� 6LPSOH� $GGLWLYH� :HLJKWLQJ �6$:���

0HWRGH� WHUVHEXW� PHPHUOXNDQ� NULWHULD�NULWHULD� GDQ� ERERW� XQWXN� GLMDODQNDQ�

SHUKLWXQJDQQ\D� VHKLQJJD� GLGDSDWNDQ� DOWHUQDWLI� WHUEDLN�� 0HWRGH� 6$:� PHQJHQDO�

DGDQ\D����GXD��DWULEXW�\DLWX�NULWHULD�NHXQWXQJDQ��EHQHILW��GDQ�NULWHULD�ELD\D��FRVW���

3HUEHGDDQ�PHQGDVDU�GDUL�NHGXD�NULWHULD�LQL�DGDODK�GDODP�SHPLOLKDQ�NULWHULD�NHWLND�

PHQJDPELO�NHSXWXVDQ��+LGD\DW�	�%DLKDTL���������

����� 3HUEDQGLQJDQ�0HWRGH�6LVWHP�3HQGXNXQJ�.HSXWXVDQ

7DEHO����� 3HUEDQGLQJDQ�0HWRGH�6LVWHP�3HQXQMDQJ�.HSXWXVDQ

1DPD�0HWRGH 3HQMHODVDQ .HOHELKDQ .HNXUDQJDQ

6$:��6LPSOH�
$GGLWLYH�
:HLJKWLQJ�

0HWRGH�
SHQMXPODKDQ�
WHUERERW

0XGDK�GLWHUDSNDQ�
GDQ�GLDSOLNDVLNDQ�

0HPHUOXNDQ�
LQSXW�\DQJ�
EDQ\DN�VHKLQJJD�
SURVHVQ\D�ODPD

$+3��$QDO\WLF�
+LHUDUFK\�
3URFHVV�

0HWRGH�
3HQGHNRPSRVLVLDQ�
PDVDODK�GDUL�\DQJ�

'DSDW�GLJXQDNDQ�
XQWXN�PDVDODK�
GHQJDQ�NRPSOHNVLWDV�
WLQJJL

3HQHUDSDQQ\D�
VXOLW�GDQ�UXPLW
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NRPSOHNV�PHQMDGL�
OHELK�VHGHUKDQD��

3520(7+(( 0HWRGH�SHQHQWXDQ�
XUXWDQ�SULRULWDV

'DODP�SURVHV�
SHUDQNLQJDQ�DOWHUQDWLI�
DNDQ�GLJXQDNDQ�GDWD�
NXDQWLWDWLI�PDXSXQ�
GDWD�NXDOLWDWLI�
VHKLQJJD�OHELK�GHWLO

0HPEXWXKNDQ�
GDWD�\DQJ�EDQ\DN�
VHKLQJJD�
SURVHVQ\D�
SDQMDQJ�GDQ�
ODPD�

��� 3HQHUDSDQ�0DQXDO�0HWRGH�6$: �6LPSOH�$GGLWLYH�:HLJKWLQJ�

3DGD� WDKDS� LQL� GLODNXNDQ� SHQJXMLDQ� GDWD� VHFDUD� PDQXDO� PHQJJXQDNDQ�

PHWRGH�6LPSOH�$GGLWLYH�:HLJKWLQJ �6$:���'LJXQDNDQ ��9DULDEHO�.ULWHULD�VHEDJDL�

FRQWRK� \DLWX WDWD� NUDPD�� NHFHUGDVDQ�� WDQJJXQJ� MDZDE� WLQJNDW� DEVHQVL�� GDQ�

NHWHUWLEDQ�� 7DEHO� EHULNXW� DGDODK� WDEHO NULWHULD� GHQJDQ� FRQWRK� ERERWQ\D� PDVLQJ�

PDVLQJ�

7DEHO������&RQWRK�.ULWHULD�GHQJDQ�%RERW

1R .ULWHULD 7LSH�.ULWHULD %RERW�.ULWHULD

� 7DWD�NUDPD %HQHILW ��

� .HFHUGDVDQ %HQHILW ��

� 7DQJJXQJ�-DZDE %HQHILW ��

� 7LQJNDW�$EVHQVL &RVW ��

� .HWHUWLEDQ %HQHILW ��

%HUGDVDUNDQ� NULWHULD� \DQJ� DGD�� GLEXDW� FRQWRK� NDVXV� GLPDQD� XVHU PHQJLQSXW�

SHQLODLDQ�WHUKDGDS���FDORQ�DOWHUQDWLI�VHSHUWL�SDGD�WDEHO�EHULNXW�
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7DEHO������&RQWRK�.DVXV

$OWHUQDWLI .ULWHULD

7DWD�NUDPD
�EHQHILW�

.HFHUGDVDQ
�EHQHILW�

7DQJJXQJ�
MDZDE�
�EHQHILW�

7LQJNDW�
DEVHQVL
�FRVW�

.HWHUWLEDQ�
�EHQHILW�

$QGUHDV �� �� �� � ��

$GULDQ �� �� �� � ��

%LDQFD �� �� �� � ��

&ODUD �� �� �� � ��

'HERUDK �� �� �� � ��

6HWHODK�GLEXDW�FRQWRK�SHQLODLDQ�WHUKDGDS�WLDS�DOWHUQDWLI��NHPXGLDQ�NLWD�ODNXNDQ�

QRUPDOLVDVL�XQWXN�VHWLDS�NULWHULD�PHQJLNXWL�UXPXV�SDGD�SHUVDPDDQ�����

D� 8QWXN�NULWHULD�7DWD�.UDPD �EHQHILW�
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E� 8QWXN�NULWHULD�.HFHUGDVDQ �EHQHILW�
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F� 8QWXN�NULWHULD�7DQJJXQJ�MDZDE��EHQHILW�
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G� 8QWXN�NULWHULD DEVHQVL �FRVW�
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H� 8QWXN�NULWHULD�NHWHUWLEDQ��EHQHILW�
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3URVHV�EHULNXWQ\D�DGDODK�SHUDQNLQJDQ�GHQJDQ�PHQJJXQDNDQ�ERERW�\DQJ�WHODK�

GLEHULNDQ�XQWXN�VHWLDS�NULWHULD�VHSHUWL�SDGD�WDEHO������%RERW�GLEHUL�VLPERO�Z� �

>����������������������@��+DVLO�\DQJ�GLSHUROHK�DGDODK�VHEDJDL�EHULNXW�

9�� ���������������������������������������������������������� �����

9�� ��������������������������������������������������������������� ������

9�� ������������������������������������������������������������ ������

9�� ���������������������������������������������������������� ������

9�� ��������������������������������������������������������������� �����

1LODL�WHUEHVDU�DGD�SDGD�9��GHQJDQ�QLODL����� VHKLQJJD�DOWHUQDWLI�$��DGDODK�DOWHUQDWLI�

\DQJ�WHUSLOLK�VHEDJDL�DOWHUQDWLI�WHUEDLN��'HQJDQ�NDWD�ODLQ��$QGUHDV�EHUKDN�PHQHULPD�

SHQJKDUJDDQ�VHEDJDL�NDU\DZDQ�WHUEDLN�
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��� 3HUDQFDQJDQ�6LVWHP

$NDQ�GLUDQFDQJ�VHEXDK�VLVWHP�XQWXN�PHPSHUEDLNL�NHNXUDQJDQ�GDUL�VLVWHP�

SHQLODLDQ� PDQXDO� \DQJ� VHGDQJ� EHUMDODQ�� /DQJNDK�ODQJNDK� GDODP� SHUDQFDQJDQ�

WHUGLUL�GDUL�WHUGLUL�GDUL�

D� 3HUDQFDQJDQ� 3URVHV� GDODP� DSOLNDVL� PHQJJXQDNDQ� )XQFWLRQDO�

0RGHOOLQJ�

E� 3HUDQFDQJDQ�VWUXNWXU�GDQ�WDPSLODQ�PHQX�SURJUDP�DSOLNDVL�

��� (YDOXDVL 6LVWHP

3DGD� WDKDSDQ� HYDOXDVL� VLVWHP�� GLODNXNDQ� SHQ\HVXDLDQ� GHQJDQ� FDORQ� XVHU

PHQJHQDL� VLVWHP� \DQJ� LQJLQ� GLEXDW�� 'LODNXNDQ� HYDOXDVL� XQWXN� PHOLKDW� DSDNDK�

UDQFDQJDQ� \DQJ� GLEXDW� VXGDK� VHVXDL� GHQJDQ� NHLQJLQDQ� XVHU�� +DVLO� HYDOXDVL�

NHPXGLDQ� GLJXQDNDQ� XQWXN� PHPRGLILNDVL� �� PHPSHUEDLNL� UDQFDQJDQ� VLVWHP�

.HPXGLDQ� XQWXN� PHPDVWLNDQ� EDKZD� VLVWHP� EHUKDVLO� PHQJKDVLONDQ� GDWD� VHVXDL�

GHQJDQ�\DQJ�GLKDUDSNDQ��PDND�GLODNXNDQ�SHQJXMLDQ�DNXUDVL�

��� ,PSOHPHQWDVL�	�.RQVWUXNVL�6LVWHP

,PSOHPHQWDVL�	�NRQVWUXNVL�VLVWHP�SHQGXNXQJ�NHSXWXVDQ�SHQHQWXDQ�

NDU\DZDQ�WHUEDLN�GL�&DKD\D�%DJL�1HJHUL�GLEXDW�GHQJDQ�PHQJJXQDNDQ�GDWDEDVH�

0\64/ GHQJDQ�EDKDVD�SHPURJUDPDQ�+70/��&66��GDQ�3+3


