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$%675$.
,NDQ�DUZDQD�VHODOX�PHPLOLNL�GD\D�WDULN�WHUVHQGLUL�EDJL�PDV\DUDNDW�
,QGRQHVLD�� PDXSXQ� PDQFDQHJDUD�� 1DPXQ� VHWLDS� PDNKOXN� KLGXS�
SDVWL� SHUQDK� WHUVHUDQJ� SHQ\DNLW�� WHUPDVXN� LNDQ� DUZDQD� VHQGLUL��
3HQ\DNLW�SDGD�DUZDQD�VHULQJ�NDOL�WLGDN WHULGHQWLILNDVL�GHQJDQ�EDLN�
ROHK� SHQJKREL� PDXSXQ� SHPXOD� NDUHQD� EDQ\DN� SDUDPHWHU� \DQJ�
KDUXV� GLSHUKDWLNDQ�� 6DODK� VDWX� PDVDODK� GDODP� PHQJLGHQWLILNDVL�
SHQ\DNLW�DUZDQD�DGDODK�PDVDODK�NHVHVXDLDQ�SDUDPHWHU�DLU�GHQJDQ�
LNDQ�DUZDQD�

6LVWHP� SDNDU� GLOHQJNDSL� GHQJDQ� PHWRGH�)RUZDUG� &KDLQLQJ GDQ�
6LPSOH� $GGLWLYH� :HLJKWLQJ�� )RUZDUG� &KDLQLQJ PHPXQJNLQNDQ�
VLVWHP�SDNDU�PHQDQ\DNDQ�SHUWDQ\DDQ�\DQJ�GLEXWXKNDQ�VDMD��6LPSOH�
$GGLWLYH� :HLJKWLQJ GLJXQDNDQ� XQWXN� PHQHQWXNDQ� WLQJNDW�
NHFRFRNDQ�SDUDPHWHU�SDGD�LNDQ�DUZDQD��0HWRGH�LQL�PHPXQJNLQNDQ�
NLWD� XQWXN� PHQHQWXNDQ� DSDNDK� NXDOLWDV� DLU� FRFRN� GHQJDQ� LNDQ�
DUZDQD� GHQJDQ� PHODNXNDQ� SHUKLWXQJDQ� EHUGDVDUNDQ� ERERW�
SDUDPHWHU�DLU�GHQJDQ�FHSDW�

3HQJXMLDQ� GLODNXNDQ� ROHK� �� SDNDU� SDGD� ��� LNDQ� DUZDQD�� +DVLO�
SHQJXMLDQ� SDGD� VLVWHP� SDNDU� GLDJQRVD� SHQ\DNLW� LNDQ� DUZDQD��
GLGDSDW� WLQJNDW� DNXUDVL� NHVHVXDLDQ� GHQJDQ� SDNDU� GHQJDQ� QLODL�
DNXUDVL������

.DWD� .XQFL�� VLVWHP� SDNDU�� )RUZDUG� &KDLQLQJ�� 6LPSOH�
$GGLWLYH� :HLJKWLQJ�� GLDJQRVD� SHQ\DNLW� LNDQ� DUZDQD�� NHFRFRNDQ�
NXDOLWDV�DLU�SDGD�DUZDQD

$%675$&7
DUZDQD�ILVK�DOZD\V�KDV�LWV�RZQ�FKDUP�IRU�WKH�SHRSOH�RI�,QGRQHVLD��
DV�ZHOO�DV�IRUHLJQ�FRXQWULHV��%XW�HYHU\�OLYLQJ�WKLQJ�PXVW�KDYH�EHHQ�
VWULFNHQ�ZLWK�GLVHDVH��LQFOXGLQJ�WKH�DUZDQD�ILVK�LWVHOI��'LVHDVHV�LQ�
DUZDQD�DUH� RIWHQ� QRW�ZHOO� LGHQWLILHG� E\� KREE\LVWV� DQG�EHJLQQHUV�
EHFDXVH�WKHUH�DUH�PDQ\�SDUDPHWHUV�WKDW�PXVW�EH�FRQVLGHUHG��2QH�
RI�WKH�SUREOHPV�LQ�LGHQWLI\LQJ�DUZDQD�GLVHDVH�LV�WKH�SUREOHP�RI�WKH�
VXLWDELOLW\�RI�ZDWHU�SDUDPHWHUV�ZLWK�DUZDQD�ILVK�

7KLV�H[SHUW�V\VWHP�LV�HTXLSSHG�ZLWK�)RUZDUG�&KDLQLQJ�DQG�6LPSOH�
$GGLWLYH�:HLJKWLQJ�PHWKRGV��)RUZDUG�&KDLQLQJ�DOORZV�WKH�H[SHUW�
V\VWHP�WR�DVN�RQO\�WKH�TXHVWLRQV�LW�QHHGV��6LPSOH�$GGLWLYH�:HLJKWLQJ�
LV�XVHG�WR�GHWHUPLQH�WKH�OHYHO�RI�VXLWDELOLW\�RI�SDUDPHWHUV�LQ�DUZDQD�
ILVK��7KLV�PHWKRG�DOORZV�XV�WR�GHWHUPLQH�ZKHWKHU�WKH�ZDWHU�TXDOLW\�
LV�VXLWDEOH�IRU�WKH�DUZDQD�ILVK�E\�SHUIRUPLQJ�FDOFXODWLRQV�EDVHG�RQ�
WKH�ZHLJKW�RI�WKH�ZDWHU�SDUDPHWHUV�TXLFNO\�

7HVWV�ZHUH� FDUULHG�RXW� E\��� H[SHUWV� RQ����DUZDQD� ILVK��7KH� WHVW�
UHVXOWV� RQ� WKH� H[SHUW� V\VWHP� IRU� GLDJQRVLQJ� DUZDQD� ILVK� GLVHDVH�
REWDLQHG�DQ�DFFXUDF\�OHYHO�RI�FRQIRUPLW\�ZLWK�WKH�H[SHUW�ZLWK�DQ�
DFFXUDF\�YDOXH�RI������

.H\ZRUGV��H[SHUW�V\VWHP��)RUZDUG�&KDLQLQJ��6LPSOH�$GGLWLYH�
:HLJKWLQJ��GLDJQRVLV�RI� DUZDQD� ILVK�GLVHDVH�� VXLWDELOLW\�RI�ZDWHU�
TXDOLW\�LQ�DUZDQD�

�� 3(1'$+8/8$1
,NDQ� DUZDQD� PHUXSDNDQ� LNDQ� NKDV� ,QGRQHVLD� \DQJ� GLOLQGXQJL��
QDPXQ� PDVLK� EROHK� XQWXN� GLSHUGDJDQJNDQ� GHQJDQ� SHPDVDQJDQ�
FKLS� SDGD� LNDQ� DUZDQD� >�@�� 6HWLDS� PDNKOXN� KLGXS� SDVWL� SHUQDK�
WHUVHUDQJ�SHQ\DNLW���WHUPDVXN�LNDQ�DUZDQD�VHQGLUL���3HQ\DNLW�SDGD�
DUZDQD�VHULQJ�NDOL�WLGDN�WHULGHQWLILNDVL GHQJDQ�EDLN�NDUHQD�EDQ\DN�
SDUDPHWHU� \DQJ� KDUXV� GLSHUKDWLNDQ�� 0DVDODK� GDODP�
PHQJLGHQWLILNDVL� SHQ\DNLW� DUZDQD� DGDODK� NHWLGDNVHVXDLDQ�
SDUDPHWHU�DLU��.HWLGDNFRFRNDQ�SDUDPHWHU�DLU�GHQJDQ�LNDQ�DUZDQD�
PHQJDNLEDWNDQ�LNDQ�DUZDQD�GDODP�NRQGLVL�EXUXN�>��@��-LND�WLGDN�
DGD�SHQJHFHNDQ�WHUKDGDS�SDUDPHWHU�DLU�VHFDUD�EHUNHODQMXWDQ�DNDQ�
PHQJDNLEDWNDQ�NHPDWLDQ�SDGD�LNDQ��

6LVWHP� SDNDU� DGDODK� DSOLNDVL� EHUEDVLV� NRPSXWHU� \DQJ� GLJXQDNDQ�
XQWXN�PHQ\HOHVDLNDQ�PDVDODK� VHSHUWL� \DQJ� GLSLNLUNDQ� SDNDU� >�@��
6LVWHP�SDNDU�GLUDQFDQJ�XQWXN�PHZDNLOL�VHRUDQJ�SDNDU�\DQJ�WLGDN�
GDSDW�GLKXEXQJL�DWDX�VHGDQJ�EHUKDODQJDQ��3DNDU�GLVLQL�DGDODK�DKOL�
\DQJ�PHPLOLNL�NHPDPSXDQ�SDGD�VXDWX�ELGDQJ�\DQJ�WLGDN�GLPLOLNL�
ROHK� RUDQJ� DZDP�� .XDOLWDV� GDUL� VLVWHP� SDNDU� VDQJDW� EHUJDQWXQJ�
SDGD� SDNDU� GDQ� VDDW� PHUHSUHVHQWDVLNDQ� SHQJHWDKXDQ� NH� GDODP�
VLVWHP�SDNDU�

0HWRGH� )RUZDUG� &KDLQLQJ PHUXSDNDQ� PHWRGH� SHQDODUDQ� \DQJ�
GLJXQDNDQ� GDODP� PHVLQ� LQIHUHQVL�� GLPDQD� PHWRGH� LQL� GLPXODL�
GHQJDQ�GDWD�XQWXN�PHQXMX�SDGD�VXDWX�NHVLPSXODQ�>��@��0HWRGH�LQL�
PHQJJXQDNDQ� ORJLND� ,)� 7KHQ� 5XOHV XQWXN�PHQJKDVLONDQ� VHEXDK�
IDNWD�� 0HWRGH� LQL� PHQJJXQDNDQ� UXOHV� $1' GDQ� 25 VHEDJDL�
ORJLNDQ\D�

0HWRGH�6LPSOH�$GGLWLYH�:HLJKWLQJ VHULQJ�GLVHEXW�VHEDJDL�PHWRGH�
SHQMXPODKDQ� WHUERERW� >�@�� PHWRGH� LQL� PHQJJXQDNDQ� ERERW� SDGD�
NULWHULD�� ODOX� GLXEDK� NH� EHQWXN� QRUPDO� GDUL� NULWHULD� WHUVHEXW�
VHKLQJJD� GDSDW� GLJXQDNDQ� XQWXN� PHQHQWXNDQ� SHUVHQWDVH�� %RERW�
GDUL� VHWLDS� NULWHULD� \DQJ� GLSHUROHK� GDSDW� GLSHUROHK� GDUL� EDQ\DN�
VXPEHU�VDODK�VDWXQ\D�DGDODK�SDNDU�

7HUGDSDW� EHEHUDSD� SHQHOLWLDQ� VHUXSD�� $ONDGUL� 	� $EGXOODK� >�@�
PHODNXNDQ� SHQHOLWLDQ SDGD� DUZDQD�� 3DGD� SHQHOLWLDQ� LQL�
PHQJKDUXVNDQ�XVHU PHQJLQSXWNDQ�VXDWX�QLODL�WHUKDGDS�JHMDOD�SDGD�
GDWDEDVH�� WDQSD� DGD� LQIHUHQVL�� GHQJDQ� WLQJNDW� DNXUDVL� ��� ���
3HQHOLWLDQ� \DQJ� GLODNXNDQ� 6LKRWDQJ� >��@�� GLNDWDNDQ� PHPLOLNL�
NHOHPDKDQ�SDGD�SHPEHULDQ�QLODL�UDQJH GHQJDQ�WLQJNDW�DNXUDVL����
�� GHQJDQ� SHUEDQGLQJDQ� GHQJDQ� SDNDU�� 6XPDQWRUQR�� HW� DO� >��@�
PHODNXNDQ� SHQHOLWLDQ� SDGD� LNDQ� OHOH� PHQJJXQDNDQ� &HUWDLQW\�
)DFWRU�� 'LNDWDNDQ� SDGD� SHQHOLWLDQ� LQL� NHOHPDKDQ� SDGD� PHWRGH�



&HUWDLQW\�)DFWRU DGDODK�NHWLND�JHMDOD�\DQJ�DGD�VDQJDW�NHFLO��3DNDU�
KDUXV�OHELK�GHWDLO�ODJL�GDODP�PHPEXDW�GDIWDU�JHMDOD��SHQ\DNLW��GDQ�
ERERW� \DQJ� PHQ\HUWDLQ\D� VHKLQJJD� KDVLOQ\D� GDSDW� OHELK� DNXUDW��
SUDNDVLZL�	�ZLUDQDWD�>�@�PHODNXNDQ�SHQHOLWLDQ�SDGD�LNDQ�DUZDQD��
SDGD� SHQHOLWLDQ� LQL� KDVLOQ\D� KDQ\D� PHQMHODVNDQ� EDKZD� VLVWHP�
VDQJDW�PHPEDQWX��7KHQDUGR�	�6LGGLN�>��@�PHODNXNDQ�SHQHOLWLDQ�
WHUKDGDS�EHUEDJDL�PDFDP�MHQLV�LNDQ��QDPXQ�VHWLDS�LNDQ�PHPLOLNL�
SHQ\DNLW�GDQ�JHMDOD�\DQJ�EHUEHGD���6HKLQJJD�GLDJQRVD�DNDQ�PHOXDV�

�� /$1'$6$1�7(25,
�����6LVWHP�3DNDU
6LVWHP� SDNDU� DGDODK� DSOLNDVL� EHUEDVLV� NRPSXWHU� \DQJ� GLJXQDNDQ�
XQWXN�PHQ\HOHVDLNDQ�PDVDODK�VHEDJDLPDQD�\DQJ�GLSLNLUNDQ�SDNDU�
>�@�� 3DNDU� \DQJ� GLPDNVXG� DGDODK� RUDQJ� \DQJ�PHPLOLNL� NHDKOLDQ�
NKXVXV� \DQJ� GDSDW� PHQ\HOHVDLNDQ� PDVDODK� \DQJ� WLGDN� GDSDW�
GLVHOHVDLNDQ� ROHK� RUDQJ� DZDP�� 6WUXNWXU� VLVWHP� SDNDU� DNDQ�
PHQMHODVNDQ�NRPSRQHQ�� NRPSRQHQ�\DQJ�DGD�GDODP�VLVWHP�SDNDU��
'DODP�VLVWHP�SDNDU�NLWD�PHPLOLNL�UXOH VHEDJDL�SHQJHWDKXDQ�SDNDU��
ODOX� LQIHUHQFH� HQJLQH� DNDQ� PHQFDUL� UXOHV� � UXOHV \DQJ� DNDQ�
GLJXQDNDQ� GDQ� PHQ\LPSDQ� VHPXD� IDNWD� SDGD� ZRUNLQJ� PHPRU\��
6LVWHP� SDNDU� MXJD� PHPLOLNL� LQWHUIDFH XQWXN� XVHU �PHQGDSDW�
SHQMHODVDQ� GLDJQRVD�� �� DGPLQ �PHQJRODK� GDWD� \DQJ� GLGDSDW� GDUL�
SDNDU��� 6WUXNWXU� VLVWHP� SDNDU� GDSDW� GLOLKDW� SDGD� *DPEDU� �� >�@��
'HQJDQ�GHWDLO�VHEDJDL�EHULNXW�

*DPEDU����6WUXNWXU�6LVWHP�3DNDU���

Ɣ .QRZOHGJH�%DVH �%DVLV�3HQJHWDKXDQ�
%DVLV� SHQJHWDKXDQ� PHQJDQGXQJ� SHQJHWDKXDQ� XQWXN�
SHPDKDPDQ�� IRUPXODVL�� GDQ� SHQ\HOHVDLDQ� PDVDODK�� 6LVWHP�
SDNDU�GLVXVXQ�DWDV� IDNWD�GDQ�DWXUDQ��)DNWD�EHUXSD� LQIRUPDVL�
GDODP�DUHD�SHUPDVDODKDQ��VHGDQJNDQ�DWXUDQ�PHUXSDNDQ�VXDWX�
LQIRUPDVL�XQWXN�PHQHPXNDQ�IDNWD�EDUX�GDUL�IDNWD�\DQJ�WHODK�
DGD��.QRZOHGJH�EDVH�EHUXSD�VXDWX�NRQGLVL�,) �NRQGLVL!�7KHQ
�DNVL!�

Ɣ ,QIHUHQFH�(QJLQH �0HVLQ�,QIHUHQVL�
0HVLQ� LQIHUHQVL� PHUXSDNDQ� RWDN� GDUL� VHEXDK� VLVWHP� SDNDU��
.RPSRQHQ� LQL� PHQJDQGXQJ� PHNDQLVPH� SROD� SLNLU� GDQ�
SHQDODUDQ�VHRUDQJ�SDNDU�GDODP�PHQ\HOHVDLNDQ�VXDWX�PDVDODK�

Ɣ :RUNLQJ�0HPRU\
%HUJXQD� XQWXN� PHQ\LPSDQ� IDNWD� \DQJ� GLKDVLONDQ� ROHK�
LQIHUHQFH� HQJLQH� GHQJDQ� SHQDPEDKDQ� SDUDPHWHU� EHUXSD�
GHUDMDW�NHSHUFD\DDQ�DWDX�GDSDW�MXJD�GLNDWDNDQ�VHEDJDL�JOREDO�
GDWDEDVH�GDUL�IDNWD�\DQJ�GLJXQDNDQ�ROHK�DWXUDQ�� DWXUDQ�\DQJ�
DGD�

Ɣ ([SODQDWLRQ�)DFLOLW\
0HQ\HGLDNDQ�.HEHQDUDQ�GDUL� VROXVL�\DQJ�GLKDVLONDQ�NHSDGD�
XVHU��UHDVRQLQJ�FKDLQ�

Ɣ .QRZOHGJH�$FTXLVLWLRQ�)DFLOLW\

0HOLSXWL� SURVHV� SHQJXPSXODQ�� SHPLQGDKDQ� GDQ� SHUXEDKDQ�
GDUL� NHPDPSXDQ� SHPHFDKDQ� PDVDODK� VHRUDQJ� SDNDU� DWDX�
VXPEHU� SHQJHWDKXDQ� WHUGRNXPHQWDVL� NH� SURJUDP� NRPSXWHU��
\DQJ� EHUWXMXDQ� XQWXN� PHPSHUEDLNL� DWDX� PHQJHPEDQJNDQ�
EDVLV�SHQJHWDKXDQ�

Ɣ 8VHU�,QWHUIDFH
0HNDQLVPH� XQWXN� PHPEHUL� NHVHPSDWDQ� NHSDGD� XVHU� GDQ�
VLVWHP� SDNDU� XQWXN� EHUNRPXQLNDVL�� $QWDU� PXND� PHQHULPD�
LQIRUPDVL�GDUL�XVHU�GDQ�PHQJXEDKQ\D�NH�GDODP�EHQWXN�\DQJ�
GDSDW�GLWHULPD�ROHK�VLVWHP��6LVWHP�DNDQ�PHQJRODK�LQIRUPDVL�
WHUVHEXW�XQWXN�GLVDMLNDQ�NHSDGD�XVHU�

��� )RUZDUG�&KDLQLQJ
)RUZDUG� FKDLQLQJ DGDODK� WHNQLN� SHQFDULDQ� \DQJ� GLPXODL� GHQJDQ�
IDNWD�\DQJ�GLNHWDKXL��NHPXGLDQ�PHQFRFRNNDQ�IDNWD�IDNWD�WHUVHEXW�
GHQJDQ�EDJLDQ� ,) GDUL� UXOH� ,)�7+(1��%LOD�DGD� IDNWD�\DQJ�FRFRN�
GHQJDQ� NRQGLVL� ,)�� PDND� UXOH� WHUVHEXW� GDSDW� GLHNVHNXVL�� %LOD�
VHEXDK� UXOH GLHNVHNXVL��PDND� VHEXDK� IDNWD� EDUX�GLWDPEDKNDQ�NH�
GDODP� GDWDEDVH >�@�� $OJRULWPD� \DQJ� GLJXQDNDQ� DGDODK� VHEDJDL�
EHULNXW�>�@�

�� /DQJNDK�SHUWDPD�DGDODK�LQLVLDOLVDVL��,QLVLDOLVDVL�PHPHUOXNDQ�
WLJD�WDEHO��\DLWX�WDEHO�:RUNLQJ�0HPRU\��WDEHO�$WWULEXWH�4XHXH��
GDQ� WDEHO� 5XOH� �� 3UHPLV 6WDWXV� 7DEHO� :RUNLQJ� 0HPRU\
GLJXQDNDQ�XQWXN�PHQ\LPSDQ�VHWLDS�LQSXW�GDQ�IDNWD�EDUX�\DQJ�
GLGDSDW��7DEHO�$WWULEXWH�4XHXH�GLJXQDNDQ�XQWXN�PHPHULNVD�
VHWLDS� DWWULEXWH� PDXSXQ� YDOXH� \DQJ� VHGDQJ� GLSURVHV�� 7DEHO�
5XOH ��3UHPLV 6WDWXV�GLJXQDNDQ�XQWXN�PHQ\LPSDQ�VHPXD�UXOH�
GDQ�SUHPLV�\DQJ�DGD��3DGD�WDKDS�LQLVLDOLVDVL�LQL�WDEHO�:RUNLQJ�
0HPRU\ GDQ� $WWULEXWH� 4XHXH DNDQ� GLNRVRQJNDQ� GDWDQ\D��
5XOHV� DNDQ� GLEHULNDQ� VWDWXV� $FWLYH� �$� GDQ� XQPDUNHG� �8���
VHGDQJNDQ�VHWLDS�SUHPLV�GLEHUL�VWDWXV�)UHH�)UHH�&ODXVH��)5���
'DODP�DOJRULWPD�LQL�WHUGDSDW�EHEHUDSD�VWDWXV�ODLQ�\DQJ�DNDQ�
GLEHULNDQ�SDGD�VXDWX�UXOHV ��SUHPLV��\DLWX��
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)LUHG�5XOH

)UHH�&ODXVH

)DOVH�&ODXVH

7UXH�&ODXVH

�� 0HQJDPELO�YDOXH GDUL�DWWULEXWH SDGD� WDEHO�SUHPLV��$WWULEXWH
LQL�DNDQ�GLVLPSDQ�SDGD�WDEHO�$WWULEXWH�4XHXH ODOX�XQWXN�YDOXH
GDUL�DWWULEXWH DNDQ�GLVLPSDQ�NH�GDODP�WDEHO�:RUNLQJ�0HPRU\�

�� 0HPXODL� SURVHV� SHPHULNVDDQ� XQWXN�PHQJHFHN� DGD� WLGDNQ\D�
NHVDPDDQ�GHQJDQ�SUHPLV�GDUL� UXOH��0HQFDUL� UXOH�\DQJ�DNWLI��
MLND�WLGDN�DGD�PDND�SHQFDULDQ�DNDQ�GLKHQWLNDQ��-LND�DGD��PDND�
PHQFRFRNDQ� UXOH� \DQJ� VWDWXV� Q\D�PDVLK�$FWLYH �$�� GHQJDQ�
YDOXH�GDUL�DWULEXW�SDGD�EDJLDQ� WHUDWDV� WDEHO�$WWULEXWH�4XHXH�
8QWXN� SUHPLV� \DQJ� EHUQLODL� EHQDU� PDND� GLEHUL� WDQGD� 7UXH�
&ODXVH��78���VHGDQJNDQ�XQWXN�SUHPLV�\DQJ�WLGDN�VHVXDL�DNDQ�
GLEHUL�WDQGD�)DOVH�&ODXVH �)$���

�� 8QWXN�SUHPLV�\DQJ EHUQLODL VDODK SDGD�VDODK�VDWX�UXOH��XEDK�
VWDWXV�UXOHQ\D�PHQMDGL�' XQWXN�PHQDQGDL�EDKZD�UXOH WHUVHEXW�
VXGDK�WLGDN�GLJXQDNDQ��

�� -LND� DGD� UXOH� \DQJ� VHPXD� SUHPLVQ\D� EHUQLODL� EHQDU�� PDND�
EHULNDQ�WDQGD�7' SDGD�VWDWXV�UXOH XQWXN�PHQXQMXNDQ�EDKZD�
UXOH�WHUVHEXW�GDSDW�GLGLMDODQNDQ�GDQ�IDNWD�EDUX�DNDQ�GLVLPSDQ�
NH�GDODP�WDEOH�ZRUNLQJ�PHPRU\�

�� -LND�WLGDN�DGD�UXOH�\DQJ�VWDWXVQ\D�7'��ODQMXWNDQ�NH�ODQJNDK�
QRPRU����ELOD�DGD�ODQMXWNDQ UXOH \DQJ�VWDWXVQ\D�7' NHPEDOL�
NH ODQJNDK�QRPRU���



�� 6HODQMXWQ\D�KDSXV�DWWULEXWH�WHUDWDV�SDGD�WDEHO�$WWULEXWH�4XHXH�
GDQ�XEDK�MXJD�VWDWXVQ\D�

�� +DSXV�EDJLDQ�WHUDWDV�\DQJ�SDGD�EDJLDQ�WDEHO�$WWULEXWH�4XHXH�
�� &DULODK�UXOH \DQJ�VWDWXVQ\D�PDVLK�$�GDQ�8��-LND�DGD�UXOH�\DQJ�

GLWHPXL�GLEHUL�WDQGD�0 SDGD�UXOH \DQJ�SHUWDPD�NDOL�GLWHPXNDQ�
GDODP�SHQFDKDULDQ�

��� 3DGD�UXOH�\DQJ�GLEHULNDQ�WDQGD�0�JXQDNDQ�UXOH WHUVHEXW�XQWXN�
GLWDQ\DNDQ� NHSDGD� XVHU� %LOD� XVHU PHPEHULNDQ� MDZDEDQ�
ODQMXWNDQ�ODQJNDK�QRPRU����ELOD�WLGDN�PDND�ODQJNDK�LQL�DNDQ�
GLXODQJ� SDGD� VHWLDS� UXOH� EHUWDQGD�0��%LOD� SUHPLV� SDGD� UXOH�
WHODK�GLSHULNVD��NHPEDOL�NH�ODQJNDK�QRPRU���

��� 0DVXNNDQ�DWWULEXWH GDUL UXOH NH�GDODP�EDJLDQ�WHUDWDV GDUL WDEHO�
$WWULEXWH� 4XHXH�� PDVXNNDQ� YDOXH GDUL� DWULEXW� WHUVHEXW� NH�
GDODP�ZRUNLQJ�PHPRU\�XQWXN�PHQ\LPSDQ�IDNWD��ODOX�NHPEDOL�
NH�ODQJNDK�QRPRU���

�����6LPSOH�$GGLWLYH�:HLJKWLQJ
0HWRGH� 6LPSOH� $GGLWLYH� :HLJKWLQJ �6$:�� VHULQJ� MXJD� GLNHQDO�
GHQJDQ� LVWLODK PHWRGH� SHQMXPODKDQ� WHUERERW� >�@�� 0HWRGH� LQL�
PHQFDUL�SHQMXPODKDQ� WHUERERW�GDUL� WLDS�DWULEXW�NULWHULD�\DQJ�DGD��
0HWRGH�LQL�PHPEXWXKNDQ�SURVHV�QRUPDOLVDVL�PDWULNV�NHSXWXVDQ�NH�
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1LODL�UDQJNLQJ�NLQHUMD�WHUQRUPDOLVDVL
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�����&RQFHSWXDO�'DWD�0RGHO �&'0�
&RQFHSWXDO�'DWD�0RGHO �&'0��PHUXSDNDQ�JDPEDUDQ�GDUL�EHQWXN�
GDWDEDVH VHFDUD�NRQVHS��3DGD�VLVWHP�SDNDU�GLDJQRVD�SHQ\DNLW�LNDQ�
DUZDQD�PHPLOLNL�EHEHUDSD�WDEHO�\DLWX�UXOH��SUHPLV��VROXVL��ZRUNLQJ�
PHPRU\�� TXHXH�� SURPSW�� FKRLFH�� PDWUL[ GDQ� ERERW� NXDOLWDV� DLU��
&RQFHSWXDO�'DWD�0RGHO �&'0��GDSDW�GLOLKDW�SDGD�*DPEDU���

*DPEDU����&RQFHSWXDO�'DWD�0RGHO �&'0�

�����3K\VLFDO�'DWD�0RGHO �3'0�
3K\VLFDO� 'DWD� 0RGHO �3'0�� PHUXSDNDQ� JDPEDUDQ� SHPRGHODQ�
GDWDEDVH� VHFDUD� ILVLN� DWDX� EHQWXN� ILVLN� GDUL� GDWDEDVH� \DQJ� DNDQ�
GLJXQDNDQ�� %HQWXN� ILVLN� ,QL� PHUXSDNDQ� KDVLO� GDWDEDVH� GDUL�
&RQFHSWXDO� 'DWD�0RGHO �&'0�� SDGD�*DPEDU� ���3K\VLFDO� 'DWD�
0RGHO �3'0��GDSDW�GLOLKDW�SDGD�*DPEDU���

*DPEDU����3K\VLFDO�'DWD�0RGHO �3'0�

�����'HSHQGHQF\�'LDJUDP
'HSHQGHQF\� GLDJUDP� GLEXDW� XQWXN� PHQJJDPEDUNDQ� KXEXQJDQ�
DQWDUD� SHUWDQ\DDQ� \DQJ� DNDQ� GLJXQDNDQ� GDODP� VLVWHP�� YDULDEOH��
RXWSXW �KDVLO��SDGD�UXOH�\DQJ�DNDQ�GLJXQDNDQ�QDQWLQ\D��3DGD�VNULSVL�
LQL�WHUGDSDW���VHW�UXOHV GDQ�GLEXDW���WLQJNDW��+DO�LQL�EHUWXMXDQ�XQWXN�
VLVWHP� SDNDU� GDSDW� PHQDQ\DNDQ� SHUWDQ\DDQ�SHUWDQ\DDQ� \DQJ�
EHUJDQWXQJ�VDMD��VHKLQJJD�WLGDN�VHPXD�SHUWDQ\DDQ�\DQJ�DGD�SDGD�
GDWDEDVH DNDQ�GLWDQ\DNDQ�NHSDGD�XVHU��'HSHQGHQF\�GLDJUDP�SDGD�
DSOLNDVL�VLVWHP�SDNDU�GLDJQRVD�SHQ\DNLW�LNDQ�DUZDQD�GDSDW�GLOLKDW�
SDGD�*DPEDU���



*DPEDU����'HSHQGHQF\�'LDJUDP 6LVWHP�3DNDU

�����'HVDLQ�8VHU�,QWHUIDFH
'HVDLQ� XVHU� LQWHUIDFH EHUXSD� SURWRWLSH� XQWXN� PHPEHULNDQ�
JDPEDUDQ�EHVDU�GHVDLQ� WDPSLODQ�SDGD� VLVWHP�SDNDU��3URWRWLSH� LQL
\DQJ� DNDQ� GLJXQDNDQ� XQWXN� DFXDQ� PHQGHVDLQ� WDPSLODQ� VLVWHP�
SDNDU�� 8QWXN� PHPSHUPXGDK� GDSDW� PHOLKDW� VWUXNWXU� PHQX� SDGD�
*DPEDU���

*DPEDU����6WUXNWXU�0HQX

�����)ORZFKDUW
3HUWDPD�NDOL�XVHU GDODP�DSOLNDVL�LQL�GLKDGDSNDQ�GHQJDQ�KDODPDQ�
XWDPD��+DODPDQ�LQL�PHUXSDNDQ�KDODPDQ�XQWXN�QDYLJDVL�\DQJ�DNDQ�
PHQXMX�NH�KDODPDQ�WHVW�DLU��GLDJQRVD��GDQ�MXJD�HNVSORU�SHQ\DNLW��
)ORZFKDUW�KDODPDQ�QDYLJDVL�GDSDW�GLOLKDW�SDGD�*DPEDU���

*DPEDU����)ORZFKDUW�+DODPDQ�1DYLJDVL

*DPEDU����)ORZFKDUW�3URVHV�7HVW�$LU

6HWHODK�XVHUPDVXN�NH�KDODPDQ�WHVW�DLU��XVHU�DNDQ�PHQJLNXWL�SURVHV�
WHVW� DLU� 3DGD� IORZFKDUW SURVHV� LQLO� XVHU PHPHUOXNDQ� DODW� GDODP�
SHQJDPDWDQ� VHFDUD� PDQXDO� SDGD� SDUDPHWHU� DLU�� &RQWRKQ\D� VXKX�



XVHU PHPEXWXKNDQ�WHUPRPHWHU�XQWXN�PHQJXNXU��'DUL�SHQJHFHNDQ�
PDQXDO�XVHU DNDQ� LQSXW� KDVLO� NH� GDODP� DSOLNDVL� XQWXN� GLODNXNDQ�
SHUKLWXQJDQ� VHKLQJJD� ELVD� GLGDSDWNDQ� KDVLO� NHFRFRNDQ� DLU��
)ORZFKDUW�LQL�GDSDW�GLOLKDW�SDGD�*DPEDU���
3DGD�IORZFKDUW GLDJQRVD�XVHU DNDQ�PHQMDZDE�EHEHUDSD�SHUWDQ\DDQ�
\DQJ� DNDQ� GLWDPSLONDQ� EHUGDVDUNDQ� LQIHUHQVL�� 6HWHODK� VLVWHP�
PHQGDSDWNDQ� MDZDEDQ� VLVWHP� DNDQ�PHQDPSLONDQ� KDVLO� GLDJQRVD��
)ORZFKDUW�GDSDW�GLOLKDW�SDGD�*DPEDU���
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*DPEDU����)ORZFKDUW�+DODPDQ�'LDJQRVD
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�����3HQJXMLDQ�$SOLNDVL

*DPEDU����+DODPDQ�1DYLJDVL

3DGD� WDPSLODQ� DZDO� DSOLNDVL� XVHU GLKDGDSNDQ� GHQJDQ� PHQX�
QDYLJDVL�� KDODPDQ� GLJXQDNDQ� XQWXN� PHQXMX� KDODPDQ� WHVW� DLU��

GLDJQRVD��PDXSXQ�HNVSORUDVL�SHQ\DNLW��+DODPDQ� LQL�GDSDW�GLOLKDW�
SDGD�*DPEDU���

*DPEDU�����+DODPDQ�7HVW�$LU

-LND� XVHU�PHPLOLK� PHQX� WHVW� DLU�� PDND� XVHU� DNDQ� GLDUDKNDQ� NH�
KDODPDQ� WHVW� DLU�� +DODPDQ� LQL� EHUWXMXDQ� XQWXN� PHODNXNDQ�
SHQJHFHNDQ� WHUKDGDS� SDUDPHWHU� DLU��� +DODPDQ� SHUWDQ\DDQ� WHV� DLU�
GDSDW�GLOLKDW�SDGD�*DPEDU����

6HWHODK� XVHU PHQMDZDE� SHUWDQ\DDQ� \DQJ� DGD�� VLVWHP� DNDQ�
PHQJDUDKNDQ�XVHU PHQXMX�KDODPDQ�KDVLO�WHV�DLU��+DODPDQ�KDVLO�WHV�
NHFRFRNDQ�DLU�GDSDW�GLOLKDW�SDGD�*DPEDU����

*DPEDU�����+DODPDQ�+DVLO�7HVW�$LU

-LND�XVHU PHPLOLK�PHQX�GLDJQRVD��XVHU�DNDQ�GLDUDKNDQ�NH�PHQX�
GLDJQRVD�� +DODPDQ� LQL� GLJXQDNDQ� XQWXN� GLDJQRVD� SDGD� DUZDQD��
3DGD�KDODPDQ� LQL� VLVWHP�PHPEXWXKNDQ� LQSXWDQ�GDUL�XVHU�EHUXSD�
SHUWDQ\DDQ��6HWHODK� LWX�VLVWHP�DNDQ�PHPSURVHV� LQSXWDQ�GDUL�XVHU�
GHQJDQ� PHWRGH� )RUZDUG� &KDLQLQJ��+DODPDQ� SHUWDQ\DDQ� VLVWHP�
SDNDU�GDSDW�GLOLKDW�SDGD�*DPEDU����



*DPEDU�����+DODPDQ�+DVLO�7HVW�$LU

6LVWHP� DNDQ� PHQJDUDKNDQ XVHU PHQXMX� KDODPDQ� KDVLO� GLDJQRVD�
VLVWHP�SDNDU�VHWHODK�VLVWHP�PHQGDSDWNDQ�MDZDEDQ��+DODPDQ�KDVLO�
GLDJQRVD�VLVWHP�SDNDU�GDSDW�GLOLKDW�SDGD�*DPEDU����

*DPEDU�����+DODPDQ�+DVLO�'LDJQRVD

�����3HQJXMLDQ�6LVWHP
3HQJXMLDQ�KDVLO�GLDJQRVD�DNDQ�PHQJJXQDNDQ���FRQWRK�LNDQ�PLOLN�
SHQHOLWL�� ��� LNDQ� PLOLN� SDNDU�� GDQ� �� FRQWRK� LNDQ� \DQJ� SHUQDK�
GLWDQJDQL�ROHK�SDNDU��3DNDU���EHUQDPD�$FKPDG�.KRLUXQ�GDQ�3DNDU�
�� EHUQDPD� 0LFKDHO� &KULVWLDQWR�� 3HQJXMLDQ� LQL� EHUWXMXDQ� XQWXN�
PHQJXNXU�EHUDSD� WLQJNDW�DNXUDVL� VLVWHP�SDNDU�\DQJ� WHODK�GLEXDW��
+DVLO�SHQJXMLDQ�\DQJ�GLSHUROHK�GDSDW�GLOLKDW�SDGD�7DEHO���GDQ���
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-DPXU�+LWDP -DPXU�+LWDP 6HVXDL

�� $GD�-DPXU�
3XWLK

-DPXU�3XWLK
$GD�-DPXU�3XWLK�
SDGD�7XEXK�,NDQ

6HVXDL

��
(NRU�5XVDN�
�&RPWDQN�
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�� $GD�.XWX�
-DUXP

.XWX�-DUXP
7HUGDSDW�.XWX�

-DUXP
6HVXDL

�� 0RJRN�0DNDQ�
%LDVD
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�� 0RJRN�0DNDQ���
.HWLGDNVHVXDLD

Q�3DNDQ�
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�����.HVLPSXODQ
%HUGDVDUNDQ� SHQJXMLDQ� \DQJ� WHODK� GLODNXNDQ� SDGD� VLVWHP� SDNDU�
GLGDSDW�EHEHUDSD�NHVLPSXODQ��\DLWX�

�� 'HQJDQ�SHQJXMLDQ�\DQJ�GLODNXNDQ�ROHK���SDNDU��GDUL����VDPSHO�
GLGDSDW�����GDUL�VDPSHO�PHQGDSDWNDQ�KDVLO�\DQJ�VHVXDL�GHQJDQ�
��SHQGDSDW�SDNDU�����GDUL�VDPSHO�WLGDN�PHPEHULNDQ�KDVLO�\DQJ�
VHVXDL�NDUHQD�SUHPLV�\DQJ�GLLQSXWNDQ�WLGDN�VHVXDL�GHQJDQ�UXOH
\DQJ�DGD�

�� 'DSDW� GLDPELO� NHVLPSXODQ� GDUL� SHQJXMLDQ� \DLWX� VLVWHP� GDSDW�
PHPHQXKL�WDUJHW��DNXUDVL������GHQJDQ�QLODL�DNXUDVL������

�����6DUDQ
%HUGDVDUNDQ� SHQJXMLDQ� \DQJ� WHODK� GLODNXNDQ� SDGD� VLVWHP� SDNDU�
GLGDSDW�EHEHUDSD�VDUDQ��\DLWX�

�� 0HQDPEDKNDQ�PHWRGH�&HUWDLQW\�)DFWRU XQWXN�PHQDPEDKNDQ�
QLODL� NH\DNLQDQ� SDGD� XVHU�� GHQJDQ� PHQDPEDKNDQ� QLODL�
NH\DNLQDQ� XVHU GDODP�PHODNXNDQ� SHQJDPDWDQ� GDQ� QLODL� GDUL�
VHRUDQJ�SDNDU�

�� 0HODNXNDQ�XSGDWH SDGD�UXOHV��MLND�SDGD�SHQHOLWLDQ�EHULNXWQ\D�
WHUGDSDW�SHQ\DNLW�LNDQ�DUZDQD�EDUX�\DQJ�GLWHPXNDQ�

�� 0HQJJDEXQJNDQ� EHEHUDSD� SDNDU� XQWXN� PHQHQWXNDQ� VWDQGDU�
NXDOLWDV�DLU�\DQJ�\DQJ�EDLN�XQWXN�DUZDQD��GLNDUHQDNDQ�VWDQGDU�
VHWLDS�SDNDU�EHUEHGD�GDODP�PHQHQWXNDQ�NXDOLWDV�DLU�\DQJ�EDLN�
EDJL�LNDQ�DUZDQD�
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SHQ\DNLW� SDGD� LNDQ� DUZDQD� GHQJDQ� PHQJJXQDNDQ� PHWRGH�
FHUWDLQW\�IDFWRU�EHUEDVLV ZHE��'LJLWDO�,QWHOOLJHQFH��������������

>�@ ,JQL]LR��-��3��������,QWURGXFWLRQ�WR�H[SHUW�V\VWHPV��0F*UDZ�
+LOO�

>�@ .XVULQL�� ������ $SOLNDVL� 6LVWHP� 3DNDU�� 0HQHQWXNDQ� )DNWRU�
.HSDVWLDQ�3HQJJXQD�GHQJDQ�0HWRGH�.XDQWLILNDVL�3HUWDQ\DDQ�
��&'��3HQHUELW�$QGL�

>�@ 1RIULDQV\DK�� '� ������ .RQVHS� GDWD� PLQLQJ� YV� VLVWHP�
SHQGXNXQJ�NHSXWXVDQ��'HHSXEOLVK�

>�@ 3UDGLW\D�� ,�� ,�������� -XO\����3HPHULQWDK�GRURQJ�NHPDQGLULDQ�
LQGXVWUL� LNDQ� DUZDQD�� /LSXWDQ��FRP��
KWWSV���ZZZ�OLSXWDQ��FRP�ELVQLV�UHDG���������SHPHULQWDK�
GRURQJ�NHPDQGLULDQ�LQGXVWUL�LNDQ�DUZDQD

>�@ 3UDNDVLZL�� '�� $��� 	� :LUDQDWD�� $�� ������ 6LVWHP� SDNDU�
PHQGLDJQRVD� SHQ\DNLW� LNDQ� DUZDQD� �VFOHURSDJHV� IRUPRVXV��
XQWXN� PHPLQLPDOLVLU� SHQ\HEDUDQ� KDPD� GDQ� SHQ\DNLW�
PHQJJXQDNDQ�PHWRGH�IRUZDUG�FKDLQLQJ��)RUWHFK��-RXUQDO�RI�
,QIRUPDWLRQ�7HFKQRORJ\���������������

>�@ 5DPDGKDQ��3��6���	�3DQH��8��)��6��������0HQJHQDO�PHWRGH�
VLVWHP�SDNDU��8ZDLV�,QVSLUDVL�,QGRQHVLD�

>�@ 5RVQHOO\��5��������6LVWHP�SDNDU��NRQVHS�GDQ� WHRUL��3HQHUELW�
$QGL�

>�@ 6LKRWDQJ�� '�� 0�� ������ 3HQHQWXDQ� .XDOLWDV� DLU� XQWXN�
3HUNHPEDQJDQ�,NDQ�/HOH�6DQJNXULDQJ�0HQJJXQDNDQ�0HWRGH�
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KWWSV���GRL�RUJ����������MQWHWL�Y�L�����

>��@ 6XPDUWRQR�� HW� DO�� ������ ([SHUW� 6\VWHP� RI� &DWILVK� 'LVHDVH�
'HWHUPLQDQWV� 8VLQJ� &HUWDLQW\� )DFWRU� 0HWKRG�� ,QWHUQDWLRQDO�
-RXUQDO�RI�5HFHQW�7UHQGV�LQ�(QJLQHHULQJ�DQG�5HVHDUFK��������
���±�����KWWSV���GRL�RUJ����������LMUWHU�����������WF\]�

>��@ 6XU\DDWPDGMD�� 6�� ������ $�]� PHUDZDW� DUZDQD�� 3HQHEDU�
6ZDGD\D��

>��@ 7KHRQDUGR��5���	�6LGGLN��0��������6LVWHP�SDNDU�PHQGLDJQRVD�
SHQ\DNLW� LNDQ� KLDV� DLU� WDZDU�PHQJJXQDNDQ�PHWRGH� IRUZDUG�
FKDLQLQJ�GDQ�WKHRUHPD�ED\HV�EHUEDVLV�ZHE��-XUQDO�0DKDVLVZD�
$SOLNDVL� 7HNQRORJL�.RPSXWHU� GDQ� ,QIRUPDVL� �-0$S7H.VL���
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>��@ :DGL��+��Q�G��6LVWHP�SDNDU�IRUZDUG�FKDLQLQJ�GHQJDQ�MDYD�JXL�
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