
6LVWHP�3DNDU�5HNRPHQGDVL�2EDW�$QWLGLDEHWLND�2UDO�GDQ�

,QWHUDNVLQ\D�7HUKDGDS�2EDW�/DLQ

5LND�,VPD\DQWL

��������

7HVLV�GLDMXNDQ�VHEDJDL�V\DUDW�XQWXN�PHUDLK�JHODU�0DJLVWHU�.RPSXWHU

.RQVHQWUDVL�,QIRUPDWLND�0HGLV

3URJUDP�6WXGL�7HNQLN�,QIRUPDWLND 3URJUDP�0DJLVWHU

)DNXOWDV�7HNQRORJL�,QGXVWUL

8QLYHUVLWDV�,VODP�,QGRQHVLD
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6LVWHP�3DNDU�5HNRPHQGDVL�2EDW�$QWLGLDEHWLND�2UDO�GDQ�,QWHUDNVLQ\D�7HUKDGDS�

2EDW�/DLQ

5LND�,VPD\DQWL

��������

<RJ\DNDUWD���-XQL������

3HPELPELQJ��

'U��6UL�.XVXPDGHZL��6�6L���0�7

3HPELPELQJ��

GU��(UOLQD�0DUILDQWL��0�6F���6S�3'
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6LVWHP�3DNDU�5HNRPHQGDVL�2EDW�$QWLGLDEHWLND�2UDO�GDQ�,QWHUDNVLQ\D�7HUKDGDS�

2EDW�/DLQ

5LND�,VPD\DQWL

��������

<RJ\DNDUWD��-XQL������

7LP�3HQJXML�

'U��6UL�.XVXPDGHZL��6�6L���0�7�

.HWXD BBBBBBBBBBBBBBBBBBBBBBBBBBBB

'U��GU��,VQDWLQ�0LODGL\DK��0��.HV

$QJJRWD�, BBBBBBBBBBBBBBBBBBBBBBBBBBBB

,]]DWL�0XKLPPDK��6�7���0�6F���3K�'

$QJJRWD�,, BBBBBBBBBBBBBBBBBBBBBBBBBBBB

0HQJHWDKXL�

.HWXD�3URJUDP�6WXGL�7HNQLN�,QIRUPDWLND�3URJUDP�0DJLVWHU

)DNXOWDV�7HNQRORJL�,QGXVWUL

8QLYHUVLWDV�,VODP�,QGRQHVLD

,]]DWL�0XKLPPDK��6�7���0�6F���3K�'�
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$EVWUDN

6LVWHP�3DNDU�5HNRPHQGDVL�2EDW�$QWLGLDEHWLND�2UDO�GDQ�,QWHUDNVLQ\D�7HUKDGDS�

2EDW�/DLQ

3DVLHQ� GLDEHWHV� SHUOX� PHPSHUKDWLNDQ� JD\D� KLGXSQ\D� DJDU� NDGDU� JOXNRVD� WHWDS� GDODP�

NLVDUDQ� QRUPDO� VHSHUWL� SHQJDWXUDQ� GLHW� GDQ� IUHNXHQVL�PDNDQ� VHUWD� RODKUDJD� \DQJ� WHUDWXU��

3HPEHULDQ� DQWLGLDEHWLND� RUDO� GLODNXNDQ� DSDELOD� SHQJDWXUDQ� JD\D� KLGXS� WHUVHEXW� EHOXP�

PDPSX XQWXN� PHQRUPDONDQ� NDGDU� JOXNRVD� GDUDK� SDVLHQ�� $NDQ� WHWDSL�� SHPEHULDQ�

DQWLGLDEHWLND� RUDO� VDQJDW� UHQWDQ� EHULQWHUDNVL� WHUKDGDS� REDW�REDWDQ� ODLQ�� -XPODK� REDW�

DQWLGLDEHWHV� \DQJ�EHUHGDU� VDDW� LQL� WLGDN� VHGLNLW�� GRNWHU� MXJD�PHPLOLNL�NHWHUEDWDVDQ�GDODP�

PHQJLQJDW� NRQWUDLQGLNDVL� VHUWD� LQWHUDNVL� REDW� \DQJ�PXQJNLQ� WHUMDGL� SDGD� VDDW� SHUHVHSDQ�

REDW��7XMXDQ�GDUL�SHQHOLWLDQ� LQL�DGDODK�PHPEDQJXQ�VLVWHP�SDNDU�\DQJ�GDSDW�PHPEHULNDQ�

UHNRPHQGDVL� REDW� \DQJ� VHVXDL� GHQJDQ� NRQGLVL� SDVLHQ�� 6LVWHP� SDNDU� \DQJ� GLNHPEDQJNDQ�

PHQJJXQDNDQ�EDKDVD�SHPURJUDPDQ�3+3�GDQ�EDVLV�GDWD�0\64/��%DVLV�SHQJHWDKXDQ�\DQJ�

GLJXQDNDQ� DGDODK� SHQDODUDQ� EHUEDVLV� DWXUDQ� �5XOH�%DVHG� 5HDVRQLQJ�� GHQJDQ� PHVLQ�

LQIHUHQVL� IRUZDUG�FKDLQLQJ GDQ�PHWRGH�FHUWDLQW\�IDFWRU XQWXN�PHQHQWXNDQ�QLODL�NHSDVWLDQ�

GDODP�VXDWX�DWXUDQ��3HQJXMLDQ� WHUKDGDS�DSOLNDVL�VLVWHP�SDNDU�GLODNXNDQ�GHQJDQ�EODFNER[�

WHVWLQJ�� XML� YDOLGLWDV� GDQ� XML� XVDELOLWDV�� %HUGDVDUNDQ� SHQJXMLDQ� EODFNER[� WHVWLQJ GDSDW�

GLVLPSXONDQ� EDKZD� DSOLNDVL� LQL� GDSDW� EHUIXQJVL� GHQJDQ� EDLN�� +DVLO� SHQJXMLDQ� YDOLGLWDV�

PHQXQMXNNDQ�EDKZD�DSOLNDVL�VLVWHP�SDNDU�PHPLOLNL�QLODL�NHDNXUDWDQ�VHEHVDU���������+DVLO�

XML�XVDELOLWDV�PHQXQMXNNDQ�EDKZD�DSOLNDVL�VLVWHP�SDNDU�PHPLOLNL�QLODL�XVHIXOQHVV VHEHVDU�

��������QLODL�HDV\�RI�XVH VHEHVDU���������QLODL�HDV\�RI�OHDUQLQJ VHEHVDU��������GDQ�QLODL�

VDWLVIDFWLRQ VHEHVDU��������

.DWD�NXQFL

DQWLGLDEHWHV��VLVWHP�SDNDU��FHUWDLQW\�IDFWRU��LQWHUDNVL�REDW
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([SHUW�6\VWHPV�)RU�2UDO�$QWLGLDEHWLF�5HFRPPHQGDWLRQ�$QG�7KHLU�,QWHUDFWLRQV�:LWK

2WKHU�'UXJV

'LDEHWLF�SDWLHQWV�QHHG�WR�SD\�DWWHQWLRQ�WR�WKHLU�OLIHVW\OH�VR�WKDW�JOXFRVH�OHYHOV�UHPDLQ�LQ�WKH�

QRUPDO� UDQJH� VXFK� DV� UHJXODWLQJ� GLHW� DQG� PHDO IUHTXHQF\� DQG� UHJXODU� H[HUFLVH�� 2UDO�

DQWLGLDEHWLFV�LV�JLYHQ�LI�WKH�OLIHVW\OH�UHJXODWLRQ�KDV�QRW�EHHQ�DEOH�WR�QRUPDOL]H�WKH�SDWLHQW
V�

EORRG�JOXFRVH�OHYHOV��+RZHYHU��RUDO�DQWLGLDEHWLFV�DUH�YHU\�VXVFHSWLEOH�WR�LQWHUDFW�ZLWK�RWKHU�

GUXJV��7KH�QXPEHU�RI�DQWLGLDEHWLF�GUXJV�LQ�FLUFXODWLRQ�WRGD\�LV�QRW�VPDOO��GRFWRUV�DOVR�KDYH�

OLPLWDWLRQV� LQ� UHPHPEHULQJ� WKH� FRQWUDLQGLFDWLRQV� DQG� GUXJ� LQWHUDFWLRQV� WKDW� PD\� RFFXU�

ZKHQ�SUHVFULELQJ�GUXJV��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�GHYHORS�DQ�H[SHUW�V\VWHP�WKDW�FDQ�

SURYLGH� GUXJ� UHFRPPHQGDWLRQV� WKDW� DUH� DSSURSULDWH� WR� WKH� SDWLHQW
V� FRQGLWLRQ�� ([SHUW�

V\VWHP� GHYHORSHG� XVLQJ� WKH� 3+3� SURJUDPPLQJ� ODQJXDJH� DQG� 0\64/� GDWDEDVH�� 7KH�

NQRZOHGJH�EDVH�XVHG�LV�UXOH�EDVHG�UHDVRQLQJ��ZLWK�IRUZDUG�FKDLQLQJ�LQIHUHQFH�HQJLQH�DQG�

FHUWDLQW\�IDFWRU�PHWKRG�WR�GHWHUPLQH�WKH�FHUWDLQW\�YDOXH�LQ�D�UXOH��7HVWLQJ�RI�H[SHUW�V\VWHP�

DSSOLFDWLRQV�LV�GRQH�E\�EODFNER[�WHVWLQJ��YDOLGLW\�WHVWLQJ�DQG�XVDELOLW\�WHVWLQJ��%DVHG�RQ�WKH�

EODFNER[� WHVWLQJ� LW� FDQ� EH� FRQFOXGHG� WKDW� WKLV� DSSOLFDWLRQ� FDQ� IXQFWLRQ� SURSHUO\�� 7KH�

YDOLGLW\� WHVW� UHVXOWV� VKRZ� WKDW� WKH� H[SHUW� V\VWHP� DSSOLFDWLRQ� KDV� DQ� DFFXUDF\� YDOXH� RI�

��������8VDELOLW\� WHVW� UHVXOWV� VKRZ� WKDW� WKH� H[SHUW� V\VWHP� DSSOLFDWLRQ� KDV� D� XVHOIXOQHVV�

YDOXH�RI��������DQ�HDV\�RI�XVH�YDOXH�RI���������DQ�HDV\�RI�OHDUQLQJ�YDOXH�RI��������DQG�D�

VDWLVIDFWLRQ�YDOXH�RI���������

.H\ZRUGV

DQWLGLDEHWLF��H[SHUW�V\VWHP��FHUWDLQW\�IDFWRU��GUXJ�LQWHUDFWLRQV
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'DIWDU�3XEOLNDVL

3XEOLNDVL�\DQJ�PHQMDGL�EDJLDQ�GDUL�WHVLV

-XGXO�� 6LVWHP� 3DNDU� 5HNRPHQGDVL� 2EDW� $QWLGLDEHWLND� 2UDO� GDQ� ,QWHUDNVLQ\D� 7HUKDGDS�

2EDW�/DLQ

3XEOLNDVL��-,.2��-XUQDO�,QIRUPDWLND�GDQ�.RPSXWHU��8QLYHUVLWDV�.KDLUXQ

.RQWULEXWRU -HQLV�.RQWULEXVL

5LND�,VPD\DQWL 0HQGHVDLQ�HNVSHULPHQ������

0HQXOLV�SDSHU �����

6UL�.XVXPDGHZL 0HQGHVDLQ�HNVSHULPHQ������

0HQXOLV�GDQ�PHQJHGLW�SDSHU �����

(UOLQD�0DUILDQWL 0HQGHVDLQ�HNVSHULPHQ������

0HQXOLV�GDQ�PHQJHGLW�SDSHU �����
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+DODPDQ�.RQWULEXVL

3LKDN� \DQJ� PHPLOLNL NRQWULEXVL� GDODP� SHQ\XVXQDQ� WHVLV� LQL�� DQWDUD� ODLQ�� 'U�� 6UL�

.XVXPDGHZL��6�6L��0�7� VHODNX�SHPELPELQJ� ,��GU��(UOLQD�0DUILDQWL��0�6F���6S�3'�VHODNX�

SDNDU� GDQ� SHPELPELQJ� ,,�� ,]]DWL� 0XKLPPDK�� 6�7��� 0�6F��� 3K�' VHODNX� SHQJXML� VLGDQJ�

SURSRVDO� GDQ� SURJUHV� WHVLV� \DQJ� WHODK� PHPEHULNDQ� PDVXNDQ� NHSDGD� SHQXOLV� GDODP�

SHQ\XVXQDQ�WHVLV��3LKDN�5XPDK�6DNLW�3.8�0XKDPPDGL\DK�<RJ\DNDUWD��$GL�6XPDUWRQR��

$PG��'HZL�1RYL\DQWL�� 6�)DUP��� $SW� GDQ� GU��+M��1LDUQD� /XVL�� 6S�3'� VHODNX� SDNDU� \DQJ�

WHODK�PHPEDQWX�SHQXOLV�GDODP�PHQJXPSXONDQ�GDWD�VHODPD�SHQ\XVXQDQ�WHVLV�
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.DWD�3HQJDQWDU

$VVDODPX¶DODLNXP�:DUDKPDWXOODKL�:DEDUDNDDWXK�

3XML�V\XNXU�SHQXOLV�SDQMDWNDQ�NHKDGLUDW�$OODK�6:7�NDUHQD�DWDV�L]LQ�1\D�SHQXOLVDQ�

WHVLV�\DQJ�EHUMXGXO�³6LVWHP�3DNDU�5HNRPHQGDVL�2EDW�$QWLGLDEHWLND�2UDO�GDQ�,QWHUDNVLQ\D�

7HUKDGDS�2EDW�/DLQ´�GDSDW�GLVHOHVDLNDQ�GHQJDQ�EDLN�

3HQHOLWLDQ� LQL� PHUXSDNDQ� VDODK� VDWX� V\DUDW� GDODP� PHQFDSDL� JHODU� 0DJLVWHU�

.RPSXWHU� SDGD� 3URJUDP� 6WXGL� 7HNQLN� ,QIRUPDWLND�� )DNXOWDV� 7HNQRORJL� ,QGXVWUL��

8QLYHUVLWDV� ,VODP� ,QGRQHVLD�� 6HODPD� SHQ\XVXQDQ� WHVLV� LQL� SHQXOLV� PHQGDSDWNDQ� EDQ\DN�

EDQWXDQ� GDUL� EHUEDJDL� SLKDN�� 3HQXOLV� PHQJXFDSNDQ� WHULPD� NDVLK� \DQJ� VHEHVDU�EHVDUQ\D�

NHSDGD�

�� 3URI��)DWKXO�:DKLG��6�7���0�6F��3K�'�VHEDJDL�5HNWRU�8QLYHUVLWDV�,VODP�,QGRQHVLD��

�� ,EX�,]]DWL�0XKLPPDK�0�6F���3K�'��VHODNX�NHWXD�3URJUDP�6WXGL�7HNQLN�,QIRUPDWLND

3URJUDP�0DJLVWHU��)DNXOWDV�7HNQRORJL� ,QGXVWUL�8,,�GDQ� MXJD�VHODNX�SHQJXML�� \DQJ�

WHODK�EDQ\DN�PHPEHULNDQ�PDVXNDQ�GDQ�DUDKDQ WHUNDLW�SHQ\XVXQDQ�WHVLV�

�� ,EX�'U��6UL�.XVXPDGHZL��6�6L���07��VHODNX�SHPELPELQJ�,��\DQJ�WHODK�PHOXDQJNDQ�

ZDNWX VHODPD� SURVHV� ELPELQJDQ� WHVLV� VHUWD� PHPEHULNDQ� VDUDQ� GDQ� NULWLN� NHSDGD�

SHQXOLV�VHODPD�SHQXOLVDQ�WHVLV�LQL��

�� ,EX� GU�� (UOLQD� 0DUILDQWL�� 0�6F��� 6S�3' VHODNX� SHPELPELQJ� ,,� \DQJ� WHODK�

PHOXDQJNDQ�ZDNWX VHODPD�SURVHV�ELPELQJDQ�WHVLV�VHUWD EHUVHGLD�PHQMDGL�SDNDU�GDQ�

PHPEHULNDQ�VDUDQ�GDQ�NULWLN�NHSDGD�SHQXOLV�VHODPD�SHQXOLVDQ�WHVLV�LQL���

�� %DSDN� GDQ� ,EX� GRVHQ� 3URJUDP� 6WXGL� 7HNQLN� ,QIRUPDWLND� 3URJUDP� 0DJLVWHU��

)DNXOWDV� 7HNQRORJL� ,QGXVWUL� 8QLYHUVWDV� ,VODP� ,QGRQHVLD� NKXVXVQ\D� .RQVHQWUDVL�

,QIRUPDWLND� 0HGLV \DQJ� WHODK� EHUEDJL� LOPX� SHQJHWDKXDQ� NHSDGD� SHQXOLV� VHODPD�

PDVD�VWXGL�

�� 3LKDN�5XPDK�6DNLW�3.8�0XKDPPDGL\DK�<RJ\DNDUWD�\DQJ�WHODK�PHPEHULNDQ�L]LQ�

SHQHOLWLDQ�NHSDGD�SHQXOLV�XQWXN�PHODNXNDQ�SHQHOLWLDQ�GL�UXPDK�VDNLW�WHUVHEXW�

�� 5HNDQ�UHNDQ� PDKDVLVZD� ,QIRUPDWLND� 0HGLV� DQJNDWDQ� ;,,,� \DQJ� EHUVDPD�VDPD�

EHUMXDQJ�GDODP�PHQ\HOHVDLNDQ�VWXGL�

�� 2UDQJ� WXD� SHQXOLV� \DQJ� VHODOX� PHPEHULNDQ� VHPDQJDW� GDQ� GR¶D� GDODP�

PHQ\HOHVDLNDQ�SHQXOLVDQ�WHVLV�LQL�
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VHPSXUQD��XQWXN� LWX�SHQXOLV�PHQJKDUDSNDQ�DGDQ\D�VDUDQ�\DQJ�PHPEDQJXQ�GDUL�SHPEDFD�

VHKLQJJD� SHQXOLV� GDSDW� PHQMDGL� OHELK� EDLN� ODJL�� 6HPRJD� WHVLV� LQL� GDSDW� PHPEHULNDQ�

PDQIDDW�VHUWD�GDSDW�EHUNRQWULEXVL�GDODP�SHQHOLWLDQ�GLELGDQJ�LQIRUPDWLND�PHGLV�

:DVVDODPX¶DODLNXP�:DUDKPDWXOODKL�:DEDUDNDWXK��

<RJ\DNDUWD��-XQL �����

5LND�,VPD\DQWL
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'DIWDU�7DEHO
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3HQGDKXOXDQ

��� 3HQGDKXOXDQ

'LDEHWHV�PHOOLWXV�DGDODK�VDODK�VDWX�SHQ\DNLW�\DQJ�PHQMDGL�SHQ\HEDE�NHPDWLDQ�WHUEHVDU�GL�

GXQLD��7HUGDSDW�OHELK�GDUL�����MXWD�RUDQJ�GL�GXQLD�\DQJ�PHQJLGDS�SHQ\DNLW�WHUVHEXW� �,')��

������� %HUGDVDUNDQ� GDWD� GDUL� ,')�� ,QGRQHVLD� WHUPDVXN� SHULQJNDW� NH� �� GL� GXQLD� \DQJ�

PHQJLGDS� SHQ\DNLW� GLDEHWHV� GHQJDQ� SHQGHULWD� VHEDQ\DN� ����� MXWD� RUDQJ�� 'L� ,QGRQHVLD��

GLDEHWHV�PHOOLWXV�PHQMDGL� VDODK� VDWX� SHQ\DEDE NHPDWLDQ� WHUEHVDU� NHWLJD� VHWHODK� SHQ\DNLW�

VWURNH�GDQ�3-.��3HQ\DNLW�-DQWXQJ�.RURQHU���3HUVHQWDVH�NHPDWLDQ�DNLEDW�GLDEHWHV�PHOOLWXV�

GL� ,QGRQHVLD� VHEHVDU� ����� VHGDQJNDQ� SHQ\DNLW� VWURNH� VHEHVDU� ������ GDQ� 3-.� VHEHVDU�

�������³0HQNHVௗ��0DUL�.LWD�&HJDK�'LDEHWHV�GHQJDQ�&(5',.�´�������

3HQ\DNLW�GLDEHWHV�GLWDQGDL�GHQJDQ�DGDQ\D�SHQLQJNDWDQ�NDGDU�JOXNRVD�GDODP�GDUDK�

GLNDUHQDNDQ� NHWLGDNPDPSXDQ� WXEXK� GDODP� PHPSURGXNVL� LQVXOLQ� DWDX� NHWLGDNPDPSXDQ�

WXEXK� GDODP� PHQJJXQDNDQ� LQVXOLQ� VHFDUD� HIHNWLI�� 7HUGDSDW� �� WLSH� XWDPD� GLDEHWHV�� \DLWX�

GLDEHWHV� WLSH� �� GDQ� GLDEHWHV� WLSH� ��� 3HQGHULWD� GLDEHWHV� WLSH� �� GLWDQGDL� GHQJDQ� NXUDQJQ\D�

SURGXNVL�LQVXOLQ�GDODP�WXEXKQ\D�VHGDQJNDQ�SHQGHULWD�GLDEHWHV�WLSH���GLWDQGDL�GHQJDQ�WLGDN�

HIHNWLIQ\D� SHQJJXQDDQ� LQVXOLQ� ROHK� WXEXK� �.HPHQNHV� 5,�� ������� .HORPSRN� GLDEHWHV�

ODLQQ\D�DGDODK�'LDEHWHV�0HOOLWXV�*HVWDVLRQDO� �*'0��GDQ�SUD�GLDEHWHV��'LDEHWHV�PHOOLWXV�

JHVWDVLRQDO� DGDODK� GLDEHWHV� \DQJ� WHUMDGL� SDGD� VDDW� NHKDPLODQ� GDQ� GDSDW� EHUDNLEDW� EXUXN�

EDJL� ED\L� GDODP� NDQGXQJDQ� DSDELOD� WLGDN� GLWDQJDQL� GHQJDQ� EDLN�� 3UD�GLDEHWHV� DGDODK�

NRQGLVL� GLPDQD� NDGDU� JXOD� GDUDK� VHVHRUDQJ� EHUNLVDU� GLDQWDUD� NDGDU� QRUPDO� GDQ� GLDEHWHV��

$GD� �� WLSH� SUD�GLDEHWHV� \DLWX� ,PSDLUHG�)DVWLQJ�*OXFRVH �,)*�� DWDX� JOXNRVD� GDUDK� SXDVD�

WHUJDQJJX� GDQ� ,PSDLUHG� *OXFRVH� 7ROHUDQFH �,*7�� DWDX� WROHUDQVL� JOXNRVD� WHUJDQJJX�

�'LUHNWRUDW�-HQGHUDO�%LQD�.HIDUPDVLDQ�GDQ�$ODW�.HVHKDWDQ�'HSNHV�5,��������

3DVLHQ� GLDEHWHV� SHUOX� XQWXN� PHPSHUKDWLNDQ� JD\D� KLGXSQ\D� DJDU� NDGDU� JOXNRVD�

GDODP�GDUDK�WHWDS�GDODP�NLVDUDQ�QRUPDO�VHSHUWL�SHQJDWXUDQ�GLHW�GDQ�IUHNXHQVL�PDNDQ�VHUWD�

RODKUDJD� \DQJ� WHUDWXU�� 3HPEHULDQ� DQWLGLDEHWLND� RUDO� NHSDGD� SHQGHULWD� GLDEHWHV� GLODNXNDQ�

DSDELOD�SHQJDWXUDQ�GLHW�GDQ�IUHNXHQVL�PDNDQ� WHUVHEXW�EHOXP�PDPSX�XQWXN�PHQRUPDONDQ�

NDGDU� JOXNRVD� GDUDK� SDVLHQ�� $NDQ� WHWDSL�� SHPEHULDQ� DQWLGLDEHWLND� RUDO� VDQJDW� UHQWDQ�

EHULQWHUDNVL� GHQJDQ� REDW�REDWDQ� ODLQ� \DQJ� GLEHULNDQ� VHFDUD� EHUVDPDDQ�� (IHN� \DQJ�

GLKDVLONDQ� GDUL� LQWHUDNVL� WHUVHEXW� EHUXSD� HIHN� SRWHQVLDVL� \DQJ� GDSDW� PHQJDNLEDWNDQ�
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KLSRJOLNHPLD� GDQ� HIHN� PHPSHUOHPDK� \DQJ� GDSDW� PHQJDNLEDWNDQ� KLSHUJOLNHPLD��

+LSRJOLNHPLD� DGDODK� NHDGDDQ� GLPDQD� NDGDU� JXOD� GDUDK� WXUXQ� VHFDUD� GUDVWLV� VHGDQJNDQ�

KLSHUJOLNHPLD�DGDODK�NHDGDDQ�GLPDQD�WHUMDGL�SHQLQJNDWDQ�JXOD�GDUDK�GDODP�WXEXK��7MD\�	�

5DKDUGMD��������

%HEHUDSD� SHQHOLWLDQ� PHQ\DPSDLNDQ� EDKZD� WHUGDSDW� NHMDGLDQ� LQWHUDNVL� REDW�

GLEHEHUDSD�UXPDK�VDNLW�GL�,QGRQHVLD��6DODK�VDWXQ\D�DGDODK SHQHOLWLDQ�\DQJ�GLODNXNDQ�ROHK�

�1XUODHODK�� 0XNDGGDV�� 	� )DXVWLQH�� ����� GL� 568'� 8QGDWD� 3DOX�� +DVLO� GDUL� SHQHOLWLDQ�

WHUVHEXW� PHQXQMXNNDQ� EDKZD� WHUGDSDW� NHPXQJNLQDQ� SDVLHQ� PHQJDODPL� LQWHUDNVL� REDW�

VHEHVDU�������GDQ�LQWHUDNVL�IDUNRGLQDPLN�SDGD�SDVLHQ�GLDEHWHV�GHQJDQ�KLSHUWHQVL�GL WDKXQ�

�����VHEHVDU��������

%HVDUQ\D� SHUVHQWDVH� DQJND� NHMDGLDQ� LQWHUDNVL� REDW� GDSDW� PHPEDKD\DNDQ� NRQGLVL�

SDVLHQ� VHKLQJJD� GLSHUOXNDQ� VLVWHP� SHPLOLKDQ� REDW� \DQJ� WHSDW� VHVXDL� GHQJDQ� NRQGLVL�

NHVHKDWDQ� SDVLHQ� DJDU� WLGDN� WHUMDGL� LQWHUDNVL� REDW�� 6DODK� VDWX� SHQHOLWLDQ� \DQJ�PHPEDKDV�

WHQWDQJ� VLVWHP� SHPLOLKDQ� REDW� DGDODK� SHQHOLWLDQ� \DQJ� GLODNXNDQ� ROHK� �1XUKD\DWL�� �������

3HQHOLWLDQ� WHUVHEXW�PHPEDQJXQ� VHEXDK� VLVWHP�SDNDU� XQWXN� SHPLOLKDQ� REDW� DQWLKLSHUWHQVL�

GHQJDQ� PHQJJXQDNDQ� EDVLV� SHQJHWDKXDQ� UXOH�EDVHG� UHDVRQLQJ GDQ� PHVLQ� LQIHUHQVL�

IRUZDUG�FKDLQLQJ EHUEDVLV�SKS�GDQ�0\64/��

'DODP�PHPLOLK� REDW� DQWLGLDEHWHV�� GRNWHU� XPXP�PHPSHUWLPEDQJNDQ� LQGLNDVL� GDQ�

NRQWUDLQGLNDVL� REDW� DQWLGLDEHWHV� EHUGDVDUNDQ� WLQJNDW� NHSDUDKDQ� SHQ\DNLW� GDQ� NRQGLVL�

SDVLHQ��3HPLOLKDQ�DQWLGLDEHWLND�RUDO�\DQJ� WHSDW�GDSDW�PHPSHQJDUXKL� WLQJNDW�NHEHUKDVLODQ�

GDUL� WHUDSL� REDW� $GDQ\D� NHPXQJNLQDQ� WHUMDGLQ\D� LQWHUDNVL� REDW� MXJD�PHQMDGL� VDODK� VDWX�

SHUWLPEDQJDQ�GDODP�PHPLOLK�REDW�DQWLGLDEHWHV��0HQJLQJDW�MXPODK�REDW�\DQJ�WLGDN�VHGLNLW��

VLVWHP�SDNDU�UHNRPHQGDVL�REDW�GDSDW�PHQMDGL VROXVL�XQWXN�PHPEDQWX�GRNWHU�XPXP�GDODP�

PHPLOLK� REDW� \DQJ� WHSDW� EDJL� SDVLHQ� GDQ� PHPLQLPDOLVLU� NHMDGLDQ� LQWHUDNVL� REDW� \DQJ�

PHUXJLNDQ�

��� 5XPXVDQ�0DVDODK

%HUGDVDUNDQ� ODWDU� EHODNDQJ� PDVDODK� GL� DWDV�� PDND� GDSDW� GLWHWDSNDQ� UXPXVDQ� PDVDODK�

VHEDJDL�EHULNXW��

�� %DJDLPDQD�PHPEDQJXQ�PRGHO� VLVWHP� SDNDU� UHNRPHQGDVL� REDW� DQWLGLDEHWLND� RUDO�

EHVHUWD�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ�"

�� %DJDLPDQD�SHQHUDSDQ�&HUWDQW\�)DFWRU SDGD�PHWRGH�5XOH�%DVHG�5HDVRQLQJ GDODP�

PHPEDQJXQ� EDVLV� SHQJHWDKXDQ� UHNRPHQGDVL� REDW� DQWLGLDEHWLND� RUDO� GDQ�

LQWHUDNVLQ\D�"
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��� %DWDVDQ�0DVDODK

%DWDVDQ�PDVDODK�SDGD�SHQHOLWLDQ�LQL�DGDODK��

�� $SOLNDVL�VLVWHP�SDNDU�LQL�KDQ\D�GLWXMXNDQ�EDJL�SDVLHQ�GLDEHWHV�PHOOLWXV�WLSH���

�� 3HQHOLWLDQ�LQL�KDQ\D�PHPEDKDV�REDW�DQWLGLDEHWHV RUDO��WLGDN�WHUPDVXN�LQVXOLQ��

�� ,QWHUDNVL�REDW�\DQJ�GLWHOLWL� DGDODK�NHODV�REDW� WXQJJDO� DWDX�NRPELQDVL���NHODV�REDW

DQWLGLDEHWHV�

�� 3HPLOLKDQ�REDW�DQWLGLDEHWHV�WHUEDWDV�SDGD�NRQGLVL�SDVLHQ�GHQJDQ�SHQ\DNLW�SHQ\HUWD�

WHUWHQWX�

�� *RORQJDQ�REDW�DQWLGLDEHWHV RUDO�\DQJ�WHUPDVXN�DGDODK�JRORQJDQ�REDW�6XOIRQLOXUHD

�*OLEHQFODPLGH�� *OLFOD]LGH�� *OLSL]LGH�� *OLTXLGRQH�� *OLPHSLULGH��� 0HWIRUPLQ��

7LD]ROLGLQGLRQ�� *OLQLG�� 3HQJKDPEDW� Į�JOXNRVLGDVH�� 3HQJKDPEDW� 6*/7��� GDQ�

3HQJKDPEDW�'33�� �6D[DJOLSWLQ��9LOGDJOLSWLQ��6LWDJOLSWLQ��/LQDJOLSWLQ��

��� 7XMXDQ�3HQHOLWLDQ

7XMXDQ�GDUL�SHQHOLWLDQ�LQL�DGDODK�PHPEDQJXQ�DSOLNDVL�VLVWHP�SDNDU�\DQJ�GDSDW�PHPEDQWX�

GRNWHU� XPXP� GDODP� PHPLOLK� REDW� DQWLGLDEHWHV RUDO� EHUGDVDUNDQ� NRQGLVL� WHUWHQWX� GDQ�

PHPEHULNDQ� LQIRUPDVL� WHUNDLW� LQWHUDNVL� REDW� DQWLGLDEHWHV� GHQJDQ� REDW� ODLQ� \DQJ� VHGDQJ�

GLNRQVXPVL�VHKLQJJD�GDSDW�PHPLQLPDOLVLU�WHUMDGLQ\D�LQWHUDNVL�REDW�\DQJ�PHUXJLNDQ�

��� 0DQIDDW�3HQHOLWLDQ

3HQHOLWLDQ�LQL�PHPEHULNDQ�PDQIDDW�NHSDGD�GRNWHU�XPXP�GDODP�PHPLOLK�REDW�DQWLGLDEHWHV�

\DQJ�VHVXDL�EHUGDVDUNDQ�NRQGLVL�WHUWHQWX�VHUWD�PHPEHULNDQ�LQIRUPDVL�WHUNDLW�LQWHUDNVL�REDW�

DQWLGLDEHWHV� WHUKDGDS� REDW� ODLQ� \DQJ� VHGDQJ� GLNRQVXPVL� GDQ� VHEDJDL� EHQWXN� VXPEDQJVLK�

SHQHOLWLDQ�GL�ELGDQJ�LQIRUPDWLND�PHGLV�

��� 0HWRGRORJL�3HQHOLWLDQ

3HQHOLWLDQ�LQL�PHODOXL�EHEHUDSD�WDKDSDQ�\DLWX�

�� ,GHQWLILNDVL�0DVDODK

7DKDSDQ�DZDO�\DQJ�GLODNXNDQ�GDODP�SHQHOLWLDQ� WHVLV� LQL�DGDODK�PHQJLGHQWLILNDVL�PDVDODK�

\DQJ� WHUNDLW� GHQJDQ� LQWHUDNVL� REDW� SDGD� SHQ\DNLW� GLDEHWHV� PHOOLWXV� WLSH� ��� %HUGDVDUNDQ�

LGHQWLILNDVL�PDVDODK� WHUVHEXW�� GLEXDWODK� VROXVL� DOWHUQDWLI� \DQJ� EHUWXMXDQ� XQWXN�PHQFHJDK�

WHUMDGLQ\D�PDVDODK� LQWHUDNVL�REDW�DQWLGLDEHWHV�GHQJDQ�PHPEDQJXQ�VHEXDK�DSOLNDVL�VLVWHP�

SDNDU� \DQJ� GDSDW� PHPEHULNDQ� UHNRPHQGDVL� NHSDGD� GRNWHU� XPXP� GDODP� PHPLOLK� REDW�

XQWXN�SHQGHULWD�GLDEHWHV�PHOOLWXV�GHQJDQ�WHSDW�EHUGDVDUNDQ�NRQGLVL�SDVLHQ�
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�� 3HQJXPSXODQ�'DWD

3HQJXPSXODQ� GDWD� SDGD� SHQHOLWLDQ� LQL� GLODNXNDQ� GHQJDQ� ZDZDQFDUD� GHQJDQ� SDNDU� GDQ�

VWXGL�OLWHUDWXU��'DWD�\DQJ�GLSHUROHK�EHUGDVDUNDQ�ZDZDQFDUD�GDQ�VWXGL�OLWHUDWXU�DGDODK�GDWD�

REDW� DQWLGLDEHWHV� RUDO�� GDWD� SLOLKDQ� NRQGLVL� SDVLHQ� GLDEHWHV� GDQ� GDWD� LQWHUDNVL� REDW�

DQWLGLDEHWHV�GHQJDQ�REDW�ODLQ�

�� 3HQJHPEDQJDQ�6LVWHP

3HQJHPEDQJDQ� VLVWHP�PHUXSDNDQ� WDKDSDQ� SHPEXDWDQ� DOXU� NHUMD� VLVWHP� VHUWD� NRPSRQHQ�

NRPSRQHQ DSD� VDMD� \DQJ� WHUNDLW� GL� GDODPQ\D�� 3DGD� WDKDSDQ� LQL� SXOD� GLUDQFDQJ� XVHU�

LQWHUIDFH GDUL�VLVWHP�\DQJ�GLEDQJXQ��DNWRU�DSD�VDMD�\DQJ�EHUSHUDQ�VHUWD�SHUDQFDQJDQ�GDUL�

GDWDEDVH \DQJ�GLJXQDNDQ�

�� ,PSOHPHQWDVL

7DKDS�LPSOHPHQWDVL�DGDODK�WDKDSDQ�GLPDQD�SURJUDP�DWDX�SHQJNRGHDQ�GLWHUDSNDQ�NHGDODP�

VLVWHP�\DQJ�GLEDQJXQ�

�� 3HQJXMLDQ

'DODP�WDKDS�SHQJXMLDQ�LQL�GLODNXNDQ�XML�YDOLGLWDV�\DQJ�GLODNXNDQ�ROHK�SDNDU�GDODP�KDO�LQL�

DGDODK�GRNWHU�VSHVLDOLV�SHQ\DNLW�GDODP��7DKDSDQ�LQLODK�\DQJ�PHPEXNWLNDQ�DSDNDK�VLVWHP�

\DQJ� GLEDQJXQ� PHUXSDNDQ� VLVWHP� \DQJ� VHVXDL� GDQ� DNXUDW� GHQJDQ� KDVLO� GDUL� GRNWHU�� 8ML�

XVDELOLWDV� GLODNXNDQ� ROHK� GRNWHU� XPXP�GHQJDQ�PHQJLVL� NXHVLRQHU� GHQJDQ�PHQJJXQDNDQ�

VNDOD�SHQJXNXUDQ� OLNHUW��8ML�EODFNER[ GLODNXNDQ�JXQD�PHQJHWDKXL�DSDNDK�DSOLNDVL�VLVWHP�

SDNDU�\DQJ�GLEDQJXQ�GDSDW�EHUIXQJVL�GHQJDQ�EDLN�
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7LQMDXDQ�3XVWDND

��� 3HQHOLWLDQ�6HEHOXPQ\D

3HQHOLWLDQ�\DQJ�EHUNDLWDQ�GHQJDQ�VLVWHP�UHNRPHQGDVL�REDW�GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�

ODLQ�VHUWD�PHQMDGL�UHIHUHQVL�GDODP�SHQHOLWLDQ�GLWDPSLONDQ�SDGD�WDEHO�����
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7DEHO�����PHQMHODVNDQ�WHQWDQJ�HYDOXDVL�SHQHOLWLDQ�WHUGDKXOX�\DQJ�EHUNDLWDQ�GHQJDQ�

VLVWHP� UHNRPHQGDVL� REDW�� �(VIDKDQLDQ�� 6HSHKUL�� 	� $]DURQ�� ����� PHPEDQJXQ� VLVWHP�

SHPLOLKDQ�WHUDSL�IDUPDNRORJL�XQWXN�SHQGHULWD�GLDEHWHV�WLSH����3HQHOLWLDQ�LQL�PHQJJXQDNDQ�

GDWD�UHNRPHQGDVL�GDUL�$'$��$PHULFDQ�'LDEHWHV�$VVRFLDWLRQ��GDQ�SHQJHWDKXDQ�SDNDU�GDUL�

GRNWHU� VSHVLDOLV� HQGRNWULQ�� 7DKDSDQ� SHQHOLWDQ� LQL� GLPXODL� GHQJDQ� PHQJLGHQWLILNDVL� GDQ�

PHQHQWXNDQ� ERERW� NULWHULD� PHQJJXQDNDQ� PHWRGH� 6:$5$�� 6HODQMXWQ\D� PHODNXNDQ�

NRPSXWDVL� GDQ� SHPEHULDQ� SHULQJNDW� DNKLU� GHQJDQ� )�08/7,0225$� \DQJ� WHODK�

GLPRGLILNDVL�� 7DKDS� WHUDNKLU� DGDODK� PHPLOLK� REDW� \DQJ� SDOLQJ� VHVXDL� GHQJDQ� NULWHULD�

NULWHULD�\DQJ�GLWHWDSNDQ�VHEHOXPQ\D�

3HQHOLWLDQ� \DQJ� EHUNDLWDQ� GHQJDQ� DQWLGLDEHWHV� ODLQQ\D� DGDODK� SHQHOLWLDQ� \DQJ�

GLODNXNDQ� ROHK� �&KHQ�� +XDQJ�� %DX�� 	� &KHQ�� ������� &KHQ�GNN�� PHPEDQJXQ� VLVWHP�

UHNRPHQGDVL� XQWXN� SHQJREDWDQ� GLDEHWHV� EHUGDVDUNDQ� GRPDLQ� RQWRORJ\ GHQJDQ� EDVLV�

SHQJHWDKXDQ� \DQJ� GLVHGLDNDQ� ROHK� VSHVLDOLV� UXPDK� VDNLW� GL� GHSDUWHPHQ� NHVHKDWDQ�

7KDLFXQJ�� $GDSXQ� EDVLV� GDWDQ\D� GLSHUROHK� GDUL� $PHULFDQ� $VVRFLDWLRQ� RI� &OLQLFDO�

(QGRFULQRORJLVWV�0HGLFDO� *XLGHOLQHV �$$&(0*���0HWRGH� 6:5/� GDQ� -(66� GLJXQDNDQ�

XQWXN�PHPEHULNDQ�UHVHS�REDW�\DQJ�SDOLQJ�WHSDW�EDJL�SDVLHQ��

3HQHOLWLDQ��6DKDUD������� PHPEXDW�VLVWHP�SHPLOLKDQ�REDW�GHPDP�EHUEDVLV�ZHE�GDQ�

3+3� VHEDJDL� EDKDVD� SHPURJUDPDQQ\D�� 0HWRGH� SHQJHPEDQJDQ� VLVWHP� \DQJ� GLWHUDSNDQ�

DGDODK� PHWRGH� 5DWLRQDO� 8QLILHG� 3URFHVV �583�� \DQJ� WHUGLUL� GDUL� �� WDKDSDQ�� \DLWX� IDVH�

LQFHSWLRQ��IDVH�HODERUDWLRQ��IDVH�FRQVWUXFWLRQV GDQ�IDVH�WUDQVLWLRQ�

3HQHOLWLDQ� \DQJ� GLODNXNDQ� ROHK� �1XUKD\DWL�� ����� PHPXQJNLQNDQ� GRNWHU� GDODP�

PHPLOLK�REDW�DQWLKLSHUWHQVL�\DQJ�WHSDW�GHQJDQ�PHPSHUWLPEDQJNDQ�EHEHUDSD�IDNWRU�NRQGLVL�

SDVLHQ� VHKLQJJD�PHPLQLPDOLVLU� NHMDGLDQ� LQWHUDNVL� REDW� \DQJ� WLGDN� GLLQJLQNDQ��%DVLV� GDWD�

\DQJ�GLSHUROHK�EHUDVDO�GDUL�ZDZDQFDUD�SDNDU�GDQ�EHUGDVDUNDQ� VWXGL� OLWHUDWXU� WDWD� ODNVDQD�

KLSHUWHQVL�-1&���

��� 'DVDU�7HRUL

����� 6LVWHP�3DNDU

6LVWHP� SDNDU� DGDODK� VLVWHP� \DQJ�PHQWUDQVIHU� SHQJHWDKXDQ�PDQXVLD� NH� GDODP� NRPSXWHU�

GDQ� GLKDUDSNDQ� PDPSX� PHPEDQWX� PHQ\HOHVDLNDQ� SHUPDVDODKDQ� \DQJ� PHPEXWXKNDQ�

NHDKOLDQ� PDQXVLD� �7XUEDQ�� $URQVRQ�� 	� /LDQJ�� ������� 6LVWHP� SDNDU� WHUEDJL� PHQMDGL� ��

EDJLDQ�� \DLWX� OLQJNXQJDQ� NRQVXOWDVL� �FRQVXOWDWLRQ� HQYLURQPHQW�� GDQ� OLQJNXQJDQ�

SHQJHPEDQJDQ��GHYHORSPHQW�HQYLURQPHQW���
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/LQJNXQJDQ� NRQVXOWDVL� GLJXQDNDQ� ROHK� QRQ�SDNDU� XQWXN� PHQGDSDWNDQ� LQIRUPDVL�

EHUXSD�SHQJHWDKXDQ�GDQ�VDUDQ�GDUL�SDNDU�VHGDQJNDQ�OLQJNXQJDQ�SHQJHPEDQJDQ�GLJXQDNDQ�

XQWXN�PHPEDQJXQ�VLVWHP�SDNDU�GDQ�PHQJLQSXWNDQ�SHQJHWDKXDQ�GDUL�SDNDU�NHGDODP�EDVLV�

SHQJHWDKXDQ��*DPEDUDQ�GDUL�VWUXNWXU�VLVWHP�SDNDU�GLMHODVNDQ�SDGD�JDPEDU�����

*DPEDU�����6WUXNWXU�6LVWHP�3DNDU��7XUEDQ�HW�DO��������

.HWHUDQJDQ�JDPEDU���� �

D� 6XEVLVWHP�$NXLVLVL�3HQJHWDKXDQ��.QRZOHGJH�$FTXLVLWLRQ�6XEV\VWHP�

$NXLVLVL� SHQJHWDKXDQ� DGDODK� DNXPXODVL�� WUDQVIHU� GDQ� WUDQVIRUPDVL� SHQJHWDKXDQ� \DQJ�

WHUGRNXPHQWDVL� GDODP� SURJUDP� VLVWHP� NRPSXWHU� EDLN� \DQJ� EHUVXPEHU� GDUL� SHQJHWDKXDQ�

SDNDU�DWDX�VXPEHU�SHQJHWDKXDQ�ODLQQ\D�

E� %DVLV�3HQJHWDKXDQ��.QRZOHGJH�%DVH�

%DVLV� SHQJHWDKXDQ� PHQFDNXS� SHQJHWDKXDQ�SHQJHWDKXDQ� \DQJ� UHOHYDQ� XQWXN� PHPDKDPL��

PHUXPXVNDQ��GDQ�PHPHFDKNDQ�PDVDODK��%DVLV�SHQJHWDKXDQ�EHULVLNDQ�NXPSXODQ�IDNWD�GDQ�

DWXUDQ��7HUGDSDW ��PHWRGH�\DQJ�XPXP�GLJXQDNDQ�GDODP�EDVLV�SHQJHWDKXDQ��\DLWX��

�� &DVH�EDVHG�5HDVRQLQJ

3HQDODUDQ�EHUEDVLV�NDVXV�GHQJDQ�PHQJDGDSWDVL� VROXVL�GDUL�SHPHFDKDQ�PDVDODK� WHUGDKXOX�

XQWXN�GLJXQDNDQ�NHPEDOL�GDODP�SHQ\HOHVDLDQ�PDVDODK�\DQJ�EDUX�

�� 5XOH�EDVHG�5HDVRQLQJ

3HQDODUDQ�EHUEDVLV�DWXUDQ�PHQJJXQDNDQ�DWXUDQ�,)�7+(1�GDODP�PHQ\DMLNDQ�SHQJHWDKXDQ�

SDNDU�GL�GDODP�EDVLV�SHQJHWDKXDQ�
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F� 0HVLQ�,QIHUHQVL��,QIHUHQFH�(QJLQH�

0HVLQ� LQIHUHQVL� DGDODK� SURJUDP� \DQJ� EHULVL�PHWRGRORJL� XQWXN� SHQDODUDQ� LQIRUPDVL� \DQJ�

WHUGDSDW�GDODP�EDVLV�SHQJHWDKXDQ�GDQ�EODFNER[ XQWXN�PHQ\HOHVDLNDQ�PDVDODK�VHWLDS�NDOL�

NRQVXOWDVL�GLODNXNDQ��7HUDGDSDW���FDUD�GDODP�PHODNXNDQ�LQIHUHQVL��\DLWX�

�� )RUZDUG�&KDLQLQJ

0HWRGH� SHQHOXVXUDQ� GHQJDQ� SHQGHNDWDQ� EHUEDVLV� GDWD� \DQJ� EHUDZDO� GDUL� IDNWD� DWDX�

LQIRUPDVL�\DQJ�WHUVHGLD XQWXN�PHQDULN�NHVLPSXODQ�

�� %DFNZDUG�&KDLQLQJ

0HWRGH� SHQHOXVXUDQ� GHQJDQ� SHQGHNDWDQ�EHUEDVLV� WXMXDQ� \DQJ� EHUDZDO� GDUL� KLSRWHVLV� GDQ�

PHODNXNDQ�SHQHOXVXUDQ�\DQJ�GDSDW�PHQGXNXQJ�KLSRWHVLV�WHUVHEXW�

G� $QWDUPXND�3HQJJXQD��8VHU�,QWHUIDFH�

8VHU� ,QWHUIDFH� GLJXQDNDQ� XQWXN� PHPIDVLOLWDVL� NRPXQLNDVL� DQWDUD� SHQJJXQD� GHQJDQ�

NRPSXWHU�

H� %ODFNERDUG �ZRUNSODFH�

%ODFNERDUG DGDODK�DUHD�GDUL�PHPRUL�NHUMD�\DQJ�GLJXQDNDQ�XQWXN�PHQGLVNULSVLNDQ�PDVDODK�

VHUWD�PHUHNDP�KLSRWHVLV�GDQ�NHSXWXVDQ�

I� 6XEVLVWHP�3HQMHODVDQ��([SODQDWLRQ�6XEV\VWHP�

6XEVLVWHP�SHQMHODVDQ�EHULVL�DWXUDQ�\DQJ�GLJXQDNDQ�XQWXN�PHPSHUROHK�UHNRPHQGDVL�\DQJ�

VSHVLILN�

J� 6LVWHP�3HUEDLNDQ�3HQJHWDKXDQ��.QRZOHGJH�5HILQLQJ�6\VWHP�

6LVWHP� SHUEDLNDQ� SHQJHWDKXDQ� DGDODK� IDVLOLWDV� XQWXN� PHQJHYDOXDVL� VLVWHP� VHKLQJJD�

SURJUDP�GDSDW�PHQJDQDOLVLV�DODVDQ�NHEHUKDVLODQ�DWDX�NHJDJDODQQ\D�

����� &HUWDLQW\�)DFWRU

&HUWDLQW\� IDFWRU DGDODK� VDODK� VDWX�PHWRGH� XQWXN�PHQ\DWDNDQ� WLQJNDW� NHSHUFD\DDQ� GDODP�

VXDWX�NHMDGLDQ��IDNWD�DWDX�KLSRWHVLV��EHUGDVDUNDQ�EXNWL�DWDX�SHQLODLDQ�SDNDU� �.XVXPDGHZL��

������� 7HUGDSDW� VXDWX� QLODL� GDODP� FHUWDLQW\� IDFWRU \DQJ� PHQXQMXNNDQ� XNXUDQ� NHSDVWLDQ�

WHUKDGDS� VXDWX� IDNWD� DWDX� DWXUDQ��.RQVHS� NH\DNLQDQ� GDQ� NHWLGDN\DNLQDQ� GDODP� FHUWDLQW\�

IDFWRU GLUXPXVNDQ�GDODP�SHUVDPDDQ�����

�	 ሾ�ǡ �ሿ ൌ �� ሾ�ǡ �ሿ Ȃ �� ሾ�ǡ �ሿ �����
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.HWHUDQJDQ�SHUVDPDDQ�����

&)>K�H@�� �IDNWRU�NHSDVWLDQ�

0%>K�H@� �XNXUDQ�NHSHUFD\DDQ�WHUKDGDS�KLSRWHVLV�K��MLND�GLEHULNDQ�HYLGHQFH H��DQWDUD���GDQ�

���

0'>K�H@� �XNXUDQ�NHWLGDNSHUFD\DDQ�WHUKDGDS�KLSRWHVLV�K��MLND�GLEHULNDQ�HYLGHQFH H�

)RUPXOD &HUWDLQW\�IDFWRU XQWXN�NDLGDK�,) (�7+(1�+�GLUXPXVNDQ�GDODP�SHUVDPDDQ�����

�	 ሾ�ǡ �ሿ ൌ �	 ሾ�ǡ �ሿ � �	 ሾ�ǡ �ሿ

.HWHUDQJDQ�SHUVDPDDQ�����

&)�+�H�� �&)�KLSRWHVLV�+�EHUGDVDUNDQ�HYLGHQFH \DQJ�WLGDN�SDVWL��H�

&)�(�H�� �&)�HYLGHQFH (�\DQJ�DGD�SDGD�DQWHVHGHQ��GLVXVXQ�ROHK�HYLGHQFH \DQJ�WLGDN SDVWL��

H��GLEHULNDQ�ROHK�SHQJJXQD��

&)�+�(�� �&)�KLSRWHVLV�+�GHQJDQ�DVXPVL�HYLGHQFH GLNHWDKXL�GHQJDQ�SDVWL��&)�(�H�� ���GDQ�

GLEHULNDQ�ROHK�SDNDU�

&HUWDLQW\�IDFWRU XQWXN�NDLGDK�GHQJDQ�NHVLPSXODQ�\DQJ�VHUXSD��VLPLOLDU\�FRQFOXGH�UXOHV��

DWDX�WHUGDSDW�OHELK�GDUL�VDWX�JHMDOD�GLUXPXVNDQ�GDODP�SHUVDPDDQ�����

&)FRPELQH �&)��&)�� ൞

ଵܨܥ ൅ ଶሺͳܨܥ െ ଵሻܨܥ ଶܨܥଵƬܨܥ ൐ Ͳ
஼ிభା஼ிమ

ଵି୫୧୬ሺȁ஼ிభȁǡȁ஼ிమȁሻ
ଶܨܥݎ݋ݔଵܨܥ ൏ Ͳ

ଵܨܥ ൅ ଶሺͳܨܥ ൅ ଵሻܨܥ ଶܨܥଵƬܨܥ ൏ Ͳ

����� 'LDEHWHV

'LDEHWHV� 0HOOLWXV� PHUXSDNDQ� VDODK� VDWX� GDUL� HPSDW� SHQ\DNLW� WLGDN� PHQXODU� \DQJ�

GLSULRULWDVNDQ��0HQXUXW��:+2������� ³'LDEHWHV�DGDODK�SHQ\DNLW�NURQLV�\DQJ�WHUMDGL�NHWLND�

SDQNUHDV� WLGDN� PHQJKDVLONDQ� FXNXS� LQVXOLQ� �KRUPRQ� \DQJ� PHQJDWXU� JXOD� GDUDK�� DWDX�

VHFDUD� DOWHUQDWLI�� NHWLND� WXEXK� WLGDN� GDSDW� VHFDUD� HIHNWLI� PHQJJXQDNDQ� LQVXOLQ� \DQJ�

GLKDVLONDQQ\D´�� 6HVHRUDQJ� GLNDWDNDQ� PHQGHULWD� GLDEHWHV� NHWLND� NDGDU� JOXNRVD� GDUDK�

SXDVDQ\D� ����� PJ�G/� GDQ� NDGDU� JOXNRVD� GDUDK� �� MDP� VHWHODK� PDNDQ� ����� PJ�G/�

�'LUHNWRUDW�-HQGHUDO�%LQD�.HIDUPDVLDQ�GDQ�$ODW�.HVHKDWDQ�'HSNHV�5,��������

ሺʹǤʹሻ

�����
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7HUGDSDW���WLSH�XWDPD�GLDEHWHV��\DLWX�GLDEHWHV�WLSH���GDQ�GLDEHWHV�WLSH����3HQGHULWD�

GLDEHWHV� WLSH� �� GLWDQGDL� GHQJDQ� NXUDQJQ\D� SURGXNVL� LQVXOLQ� GDODP� WXEXKQ\D� VHGDQJNDQ�

SHQGHULWD�GLDEHWHV�WLSH���GLWDQGDL�GHQJDQ�WLGDN�HIHNWLIQ\D�SHQJJXQDDQ�LQVXOLQ�ROHK�WXEXK��

.HORPSRN�GLDEHWHV�ODLQQ\D�DGDODK�'LDEHWHV�0HOOLWXV�*HVWDVLRQDO��*'0��GDQ�SUD�GLDEHWHV��

'LDEHWHV�PHOOLWXV�JHVWDVLRQDO�DGDODK�GLDEHWHV�\DQJ� WHUMDGL�SDGD�VDDW�NHKDPLODQ�GDQ�GDSDW�

EHUDNLEDW�EXUXN�EDJL�ED\L�GDODP�NDQGXQJDQ�DSDELOD�WLGDN�GLWDQJDQL�GHQJDQ�EDLN��

3UD�GLDEHWHV� DGDODK NRQGLVL� GLPDQD� NDGDU� JXOD� GDUDK� VHVHRUDQJ� EHUNLVDU� GLDQWDUD�

NDGDU�QRUPDO�GDQ�GLDEHWHV��$GD���WLSH�SUD�GLDEHWHV�\DLWX�,PSDLUHG�)DVWLQJ�*OXFRVH �,)*��

DWDX�JOXNRVD�GDUDK�SXDVD�WHUJDQJJX��*'37��GDQ� ,PSDLUHG�*OXFRVH�7ROHUDQFH �,*7��DWDX�

WROHUDQVL�JOXNRVD�WHUJDQJJX��7*7���*OXNRVD�GDUDK�SXDVD�WHUJDQJJX�DGDODK�NHDGDDQ�GLPDQD�

KDVLO� SHPHULNVDDQ� NDGDU� JOXNRVD� SODVPD� SXDVD� EHUDGD� SDGD� NLVDUDQ� ��������PJ�G/� GDQ�

KDVLO� JOXNRVD� SODVPD� �� MDP� VHWHODK� WHV� WROHUDQVL� JOXNRVD� RUDO� ����PJ�G/�� 7ROHUDQVL�

JOXNRVD�WHUJDQJJX�DGDODK�NHDGDDQ�GLPDQD�KDVLO�SHPHULNVDDQ�NDGDU�JOXNRVD�SODVPD�SXDVD�

�����PJ�G/� GDQ� KDVLO� JOXNRVD� SODVPD� �� MDP� VHWHODK� WHV� WROHUDQVL� JOXNRVD� RUDO� EHUNLVDU�

DQWDUD���������PJ�G/��3HUNHQL��������

����� $QWLGLDEHWLND�2UDO

*RORQJDQ�DQWLGLDEHWLND�RUDO�\DQJ�EHUHGDU�GL�,QGRQHVLD�EHUGDVDUNDQ�NRQVHQVXV��3HUNHQL��

����� WHUEDJL�PHQMDGL���JRORQJDQ��\DLWX��

�� 6XOIRQLOXUHD

0HNDQLVPH� NHUMD� GDUL� JRORQJDQ� REDW� VXOIRQLOXUHD� DGDODK� GHQJDQ� PHQLQJNDWNDQ� VHNUHVL�

LQVXOLQ�ROHK�VHO�VHO�ȕ�/DQJHUKDQV�SDQNUHDV��2EDW�JRORQJDQ�VXOIRQLOXUHD�KDQ\D�EHNHUMD�SDGD�

SHQGHULWD� GLDEHWHV� \DQJ� NHOHQMDU� SDQNUHDVQ\D� PDVLK� GDSDW� PHPSURGXNVL� LQVXOLQ�� 2EDW�

JRORQJDQ�VXOIRQLOXUHD�DGDODK�REDW�SLOLKDQ�EDJL�SDVLHQ�GLDEHWHV�WDQSD�EHUDW�EDGDQ�EHUOHELK�

GDQ� WLGDN� SHUQDK� PHQJDODPL� NHWRDVLGRVLV�� 3HQGHULWD� GHQJDQ� JDQJJXDQ� KDWL�� JLQMDO� GDQ�

WLURLG�VHEDLNQ\D�WLGDN�GLDQMXUNDQ�XQWXN�PHQJRQVXPVL�REDW�JRORQJDQ�LQL�

(IHN�VDPSLQJ�GDUL�SHQJJXQDDQ�REDW�GLDEHWHV�JRORQJDQ�VXOIRQLOXUHD�SDGD�XPXPQ\D�

DGDODK�JDQJJXDQ�VDOXUDQ�FHUQD�VHSHUWL�PXDO��GLDUH��VDNLW�SHUXW��KLSHUVHNUHVL�DVDP�ODPEXQJ�

GQD� VDNLW� NHSDOD�� (IHN� VDPSLQJ� ODLQQ\D� DGDODK� DGDQ\D� JDQJJXDQ� VXVXQDQ� V\DUDI� SXVDW�

VHSHUWL� YHUWLJR�� ELQJXQ� GDQ� DWDNVLD�� 2EDW� JRORQJDQ� VXOIRQLOXUHD� FHQGHUXQJ� GDSDW�

PHQ\HEDENDQ� SHQLQJNDWDQ� EHUDW� EDGDQ�� 3HQJJXQDDQ� REDW� JRORQJDQ� VXOIRQLOXUHD� KDUXV�

GLEHULNDQ� GHQJDQ� KDWL�KDWL� NHSDGD� SDVLHQ� XVLD� ODQMXW�� SDVLHQ� GLDEHWHV� GHQJDQ� JDQJJXDQ�

KDWL��JDQJJXDQ�IXQJVL�JLQMDO�GDQ�ZDQLWD�KDPLO� �'LUHNWRUDW�-HQGHUDO�%LQD�.HIDUPDVLDQ�GDQ�

$ODW�.HVHKDWDQ�'HSNHV�5,��������
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2EDW�REDWDQ�\DQJ�PHQJDQGXQJ�VHQ\DZD�VXOIRQLOXUHD�\DQJ�EHUHGDU�VDDW�LQL�DGDODK��

D� *OLEHQFODPLGH

2EDW� LQL� GLLQGLNDVLNDQ� EDJL� SHQGHULWD� GLDEHWHV� PHOOLWXV� WLSH� �� GHQJDQ� WLNDW�

NHSDUDKDQ� ULQJDQ� KLQJJD� VHGDQJ�� 3HQJJXQDDQ� REDW� LQL� GLEHULNDQ� GHQJDQ� KDWL�KDWL�

NHSDGD�SHQGHULWD�GHQJDQ�JDQJJXDQ� IXQJVL�KDWL�GDQ�JLQMDO� VHUWD�SDVLHQ� ODQMXW�XVLD��

(IHN�VDPSLQJ�GDUL�SHPDNDLDQ�REDW�LQL�DQWDUD�ODLQ�DGDQ\D�JHMDOD�VDOXUDQ�SHQFHUQDDQ��

VDNLW�NHSDOD��KLSRJOLNHPLD��JDQJJXDQ�VDOXUDQ�FHUQD�VHSHUWL�PXDO��PXQWDK�GDQ�GLDUH��

JDQJJXDQ� SHQJOLKDWDQ�� DJUDQXORVLWRVLV�� OHXNRSHQLD�� WURPERVLWRSHQLD�� DQHPLD�

DSODVWLN�� DQHPLD� KHPROLWLN�� SDQVLWRSHQLD�� KLSRQDWUHPLD� GDQ� GDSDW� PHQLQJNDWNDQ�

$'+��$QWL�'LXHULN�+RUPRQ���1XU��������

E� *OLFOD]LGH

2EDW� LQL� WLGDN� PHPLOLNL� WLQJNDW� KLSRJOLNHPLN� \DQJ� WLQJJL� VHKLQJJD� MDUDQJ�

PHQ\HEDENDQ� KLSRJOLNHPLD�� *OLFD]LGH� GDSDW� GLEHULNDQ� NHSDGD� SHQGHULWD� GLDEHWHV�

GHQJDQ� JDQJJXDQ� IXQJVL� KDWL� GDQ� JLQMDO� \DQJ� ULQJDQ�� 3HQJJXQDDQ REDW� LQL�

EHUPDQIDDW�VHEDJDL�DQWL�DJUHUDVL� WURPERVLW� �'LUHNWRUDW�-HQGHUDO�%LQD�.HIDUPDVLDQ�

GDQ�$ODW�.HVHKDWDQ�'HSNHV�5,��������

F� *OLSL]LGH

0HNDQLVPH�NHUMD�JOLSL]LGH�DGDODK�GHQJDQ�PHQVWLPXODVL�SHOHSDVDQ� LQVXOLQ�GDUL� VHO�

GDQ�SDQNUHDV��*OLSL]LGH�MXJD�PHQJXUDQJL�SURGXNVL�JOXNRVD�ROHK�KDWL�GDQ�SHPEHULDQ�

REDW� LQL� GDSDW� PHQLQJNDWNDQ� VHQVLWLYLWDV� WHUKDGDS� LQVXOLQ�� *OLSL]LGH� GDSDW�

PHQLQJNDWNDQ� EHUDW� EDGDQ� VHKLQJJD� WLGDN� FRFRN� EDJL� SDVLHQ� GLDEHWHV� GHQJDQ�

REHVLWDV�� 3HQJJXQDDQ� REDW� LQL� GLEHULNDQ� GHQJDQ� KDWL�KDWL� NHSDGD� SDVLHQ� GLDEHWHV�

GHQJDQ� JDQJJXDQ� KDWL� GDQ� JDQJJXDQ� JLQMDO� \DQJ� EHUDW�� (IHN� VDPSLQJ� GDUL�

SHPDNDLDQ� REDW� LQL� DQWDUD� ODLQ� SXVLQJ��PXDO��PXQWDK�� GLDUH�� NRQVWLSDVL� GDQ� GDSDW�

PHQJXUDQJL�QDIVX�PDNDQ��1XU��������

G� *OLTXLGRQH

2EDW� JOLTXLGRQH� EHNHUMD� GHQJDQ� FDUD� PHUDQJVDQJ� MDULQJDQ� SXODQJ� ODQJHUKDQV�

SDQNUHDV� VHKLQJJD� GDSDW� PHQJKDQVLONDQ� LQVXOLQ� HQGRJHQ�� 3HQJJXQDDQ� REDW�

GLEHULNDQ� KDWL�KDWL� NHSDGD� SDVLHQ� ODQMXW� XVLD� GDQ� JDQJJXDQ� JLQMDO� EHUDW�� (IHN�

VDPSLQJ� GDUL� SHQJJXQDDQ� REDW� LQL� DQWDUD� ODLQ� JDQJJXDQ� SHQFHUQDDQ� GDQ� VDNLW�

NHSDOD� GDQ� WHUNDGDQJ� GDSDW� WHUMDGL� UHDNVL� KLSRJOLNHPLD�� UHDNVL� DOHUJL� NXOLW��

SHUXEDKDQ� VLVWHP� KHPRSRHWLN�� WURPERVLWRSHQLD�� DQHPLD� DSODVWLND� GDQ�

DJUDQXORVLWRVLV�� 6HODPD� PHQJRQVXPVL� REDW� LQL� KLQGDUL� PDNDQDQ� \DQJ� GDSDW�

PHQLQJNDWNDQ�NDGDU�JXOD�GDUDK��PHQLQJNDWNDQ�OHPDN�GDQ�NROHVWHURO��1XU��������



��

H� *OLPHSLULGH

2EDW�LQL�GLLQGLNDVLNDQ�EDJL�SDVLHQ�GLDEHWHV�WLSH����2EDW�JOLPHSLULGH�PHPLOLNL�PDVD�

NHUMD� \DQJ� SHQGHN� GDQ� PDVD� NHUMD� \DQJ� ODPD� VHKLQJJD� DPDQ� GLEHULNDQ� GHQJDQ�

SHPEHULDQ� GRVLV� WXQJJDO�� 3HQJJXQDDQ� REDW� LQL� MDUDQJ�PHQLPEXONDQ� KLSRJOLNHPLD�

SDGD� VDDW� DZDO� SHPDNDLDQ� GLEDQGLQJNDQ� GHQJDQ� SHQJJXQDDQ� REDW� JOLEHQFODPLGH�

�'LUHNWRUDW�-HQGHUDO�%LQD�.HIDUPDVLDQ�GDQ�$ODW�.HVHKDWDQ�'HSNHV�5,��������

�� *OLQLG

0HNDQLVPH� NHUMD� REDW� JRORQJDQ� JOLQLG� KDPSLU� VDPD� GHQJDQ� FDUD� NHUMD� REDW� JRORQJDQ�

VXOIRQLOXUHD� \DLWX� GHQJDQ� PHQLQJNDWNDQ� VHNUHVL� LQVXOLQSDGD� IDVH� SHUWDPD�� 7HUGDSDW� ��

PDFDP� REDW� GDODP� JRORQJDQ� LQL� \DLWX� UHSDJOLQLG� �GHULYDW� DVDP� EHQ]RDW�� GDQ� QDWHJOLQLG�

�GHULYDW� IHQLODODQLQ��� 3HQJJXQDDQ� REDW� JRORQJDQ� LQL� GDSDW� GLDEVRUEVL� GHQJDQ� FHSDW� GDQ�

GDSDW�GLHNUHVLNDQ�VHFDUD�FHSDW�SXOD�PHODOXL�KDWL��+LSHUJOLNHPLD�SRVW�SUDQGLDO�GDSDW�GLDWDVL�

GHQJDQ� PHQJRQVXPVL� REDW� JRORQJDQ� LQL�� (IHN� VDPSLQJ� \DQJ� PXQJNLQ� WHUMDGL� GDUL�

SHQJJXQDDQ�REDW�LQL�DGDODK�KLSRJOLNHPLD��3HUNHQL��������

�� 0HWIRUPLQ

0HWIRUPLQ�DGDODK�REDW�DQWLGLDEHWHV�GDUL�JRORQJDQ�ELJXDQLGD��3HQJJXQDDQ�PHWIRUPLQ�GDSDW�

PHQJKDPEDW�SHPEHQWXNDQ�JOXNRVD�GDODP�KDWL�VHUWD�GDSDW�PHQXUXQNDQ�NROHVWHURO�/'/�GDQ�

WULJOLVHULGD�� 0HWIRUPLQ� PDPSX� PHQHNDQ� QDIVX� PDNDQ� VHKLQJJD� GDSDW� GLJXQDNDQ� EDJL�

SDVLHQ� GLDEHWHV� GHQJDQ� NHOHELKDQ� EHUDW� EDGDQ�� (IHN� VDPSLQJ� \DQJ� PXQJNLQ GDUL�

SHQJJXQDDQ�PHWIRUPLQ�DGDODK�JDQJJXDQ�ODPEXQJ�XVXV�VHSHUWL�DQRUH[LD�WHUXWDPD�MLND�GRVLV�

GLDWDV�����J�KDUL��3DGD�SDVLHQ�XVLD�ODQMXW��ODNWDW�DVLGRVLV�GDSDW�WLPEXO�SDGD�JDQJJXDQ�JLQMDO�

DNLEDW� SHPDNDLDQ� REDW� LQL� VHKLQJJD� SHUOX� GLEHULNDQ� GHQJDQ� KDWL�KDWL� �7MD\�	� 5DKDUGMD��

������

�� 3HQJKDPEDW�Į�JOXNRVLGDVH

(IHN�XWDPD�REDW�JRORQJDQ�LQL�DGDODK�PHQJKDPEDW�SHQ\HUDSDQ�JXOD�GL�VDOXUDQ�SHQFHUQDDQ�

VHKLQJJD�NDGDU�JXOD�VHWHODK�PDNDQ�GDSDW�GLWXUXQNDQ��3HQJJXQDDQ�REDW�JRORQJDQ�LQL�HIHNWLI�

SDGD�SDVLHQ�GHQJDQ�NDGDU�JXOD�GDUDK�SXDVD�QRUPDO��8QWXN�SHQJJXQDDQ�REDW�GDODP�MDQJND�

ZDNWX� \DQJ� ODPD� GLSHUOXNDQ� SHPDQWDXDQ� WHUKDGDS� IXQJVL� KDWL� GDQ� JLQMDO�� (IHN� VDPSLQJ�

GDODP� PHQJRQVXPVL� REDW� LQL� DGDODK� DGDQ\D� JDQJJXDQ� IXQJVL� KDWL� GDQ� JDQJJXDQ� IXQJVL�

JLQMDO��9LWDKHDOWK��������

�� 7LD]ROLGLQGLRQ

0HNDQLVPH� NHUMD� GDUL� REDW� JRORQJDQ� LQL� DGDODK� GHQJDQ� PHQXUXQNDQ� UHVLVWHQVL� LQVXOLQ�

SHULIHU�VHKLQJJD�GDSDW�PHQXUXQNDQ�NDGDU�JOXNRVD�GDUDK��2EDW�LQL�GDSDW�GLJXQDNDQ�GHQJDQ�

GRVLV�WXQJJDO�DWDX�NRPELQDVL�GHQJDQ�REDW�JRORQJDQ�ODLQ�VHSHUWL�PHWIRUPLQ�DWDX�JRORQJDQ�



��

REDW� VXOIRQLOXUHD��%DJL� SDVLHQ� GLDEHWHV� GHQJDQ� EHUDW� EDGDQ� EHUOHELK� DWDX� REHVLWDV�� WHUDSL�

NRPELQDVL� WLD]ROLGLQGLRQ� GHQJDQ� PHWIRUPLQ� OHELK� EDLN� GLEDQGLQJNDQ� NRPELQDVL�

WLD]ROLGLQGLRQ�GHQJDQ�REDW�JRORQJDQ�VXOIRQLOXUHD��%320��������

�� 3HQJKDPEDW�6*/7����6RGLXP�*OXFRVH�&R�7UDQVSRUWHU ��

2EDW� LQL� DGDODK� REDW� DQWLGLDEHWHV� MHQLV� EDUX� \DQJ� EHNHUMD� GHQJDQ� FDUD� PHQJKDPEDW�

UHDEVRUSVL�JOXNRVD�GDODP�WXEXOXV�JLQMDO�SURNVLPDO��2EDW�\DQJ�WHUPDVXN�MHQLV�JRORQJDQ�LQL�

DGDODK�FDQDJOLIOR]LQ��GDSDJOLIOR]LQ�GDQ�HPSDJOLIOR]LQ� (IHN�VDPSLQJ�\DQJ�PXQJNLQ�WHUMDGL�

GDUL� SHQJJXQDDQ� REDW� LQL� DGDODK� LQIHNVL� VDOXUDQ� NHPLK�� 2EDW� LQL� MDUDQJ� PHQ\HEDENDQ�

NHWRDVLGRVLV� DNDQ� WHWDSL� SDVLHQ� KDUXV� EHUKHQWL� PHQJRQVXPVL� REDW� LQL� GDQ� VHJHUD�

PHQJXQMXQJL� SLKDN� PHGLV� MLND� PHPLOLNL� JHMDOD� NHWRDVLGRVLV� VHSHUWL� PXDO�� PXQWDK� DWDX�

EDKNDQ� KDO� \DQJ� WLGDN� VSHVLILN� VHSHUWL� NHOHODKDQ� GDQ� UDVD� WLGDN� Q\DPDQ� SDGD� SHUXW�

�&KDXGKXU\�	�0LU]D��������

�� 3HQJKDPEDW�'33����'LSHSWLG\O�3HSWLGDVH�,9�

0HNDQLVPH� NHUMD� REDW� JRORQJDQ� DGDODK� GHQJDQ� FDUD� PHQJKDPEDW� NHUMD� HQ]LP� '33���

VHKLQJJD�*/3��� �*OXFRVH�/LNH�3HSWLGH���� WHWDS�GDODP�NRQVHQWUDVL�\DQJ� WLQJJL�GDQ� WHWDS�

GDODP�EHQWXN�DNWLI� �3HUNHQL���������2EDW� \DQJ� WHUPDVXN�GDODP�JRORQJDQ�REDW� LQL� DQWDUD�

ODLQ�VD[DJOLSWLQ��YLOGDJOLSWLQ��VLWDJOLSWLQ�GDQ�OLQDJOLSWLQ��%320��������

D� 6D[DJOLSWLQ

2EDW� VD[DJOLSWLQ� GLLQGLNDVLNDQ� SDGD� SDVLHQ� GHZDVD GLDEHWHV� PHOOLWXV� WLSH� ���

3HQJJXQDDQ� REDW� LQL� GDSDW� GLNRPELQDVLNDQ� GHQJDQ� PHWIRUPLQ�� REDW� JRORQJDQ�

VXOIRQLOXUHD�DWDX�REDW�JRORQJDQ�WLD]ROLGLQGLRQ�DSDELOD�PRQRWHUDSL�VD[DJOLSWLQ�WLGDN�

FXNXS� GDODP� PHQJRQWURO� JOLNHPLN�� 3HPEHULDQ� REDW� GLODNXNDQ� GHQJDQ� KDWL�KDWL�

NHSDGD�SDVLHQ�GHQJDQ�JDQJJXDQ�IXQJVL�JLQMDO��JDQJJXDQ�IXQJVL�KDWL��SDVLHQ�GQHJDQ�

XVLD� ODQMXW�� LQIHNVL� NXOLW�� JDJDO� MDQWXQJ�� SDVLHQ� GHQJDQ� NHODLQDQ� LPXQ�� SDVLHQ�

GHQJDQ� LQWROHUDQVL� JDODNWRVD� GDQ� PDODEVRUSVL� JOXNRVD� JDODNWRVD�� (IHN� VDPSLQJ�

\DQJ� PXQJNLQ� WHUMDGL� SDGD� VDDW� PHQJRQVXPVL� REDW� LQL� DGDODK� WHUMDGLQ\D�

KLSRJOLNHPLD� SDGD� WHUDSL� NRPELQDVL� GHQJDQ� REDW� JRORQJDQ� VXOIRQLOXUHD�� WLPEXO�

UXDP�GLNXOLW��LQIHNVL�VDOXUDQ�SHUQDSDVDQ�DWDV��LQIHNVL�VDOXUDQ�NHPLK��JDVWURHQWHULWLV��

VLQXQVLWLV�� VDNLW� NHSDOD�� PXQWDK�� SXVLQJ�� NHOHODKDQ�� XGHP� SHULIHU� SDGD� WHUDSL�

NRPELQDVL� GHQJDQ� REDW� JRORQJDQ� WLD]ROLGLQGLRQ� GDQ� GDSDW� WHUMDGL� QDVRIDULQJLWLV�

SDGD�WHUDSL�NRPELQDVL�GHQJDQ�PHWIRUPLQ�

E� 9LOGDJOLSWLQ

2EDW� LQL� GDSDW� GLJXQDNDQ� VHFDUD� NRPELQDVL� GHQJDQ� REDW� JRORQJDQ� VXOIRQLOXUHD��

WLD]ROLGLQGLRQ� GDQ�PHWIRUPLQ� DSDELOD�PRQRWHUDSL� YLOGDJOLSWLQ� GDQ� GLHW� VHKDW� VHUWD�



��

ODWLKDQ� ILVLN� WLGDN� FXNXS� PHPDGDL� GDODP� PHQJRQWURO� JXOD� GDUDK� SDVLHQ�� (IHN�

VDPSLQJ� \DQJ� GDSDW� WHUMDGL� SDGD� VDDW� PHQJRQVXPVL� REDW� LQL� DGDODK� GDSDW�

PHQLQJNDWNDQ�EHUDW�EDGDQ��VDNLW�NHSDOD��SXVLQJ��QDVRIDULQJLWLV��PXDO��GLDUH��HGHPD�

SHULIHU��KLSHUWHQVL��WUHPRU�GDQ�NRQVWLSDVL�

F� 6LWDJOLSWLQ

2EDW� LQL� GLLQGLNDVLNDQ� VHEDJDL� SHQJREDWDQ� PRQRWHUDSL� SDGD� SDVLHQ� GLDEHWHV�

PHOOLWXV� WLSH� ���$SDELOD�PRQRWHUDSL� VLWDJOLSWLQ� GDQ� SHQJDWXUDK� JD\D� KLGXS� EHOXP�

PDPSX� PHQJRQWURO� JXOD� GDUDK� SDVLHQ�� PDND� GDSDW� GLODNXNDQ� WHUDSL� NRPELQDVL�

GHQJDQ� PHWIRUPLQ� DWDX� JRORQJDQ� REDW� WLD]ROLGLQGLRQ�� (IHN� VDPSLQJ� \DQJ� GDSDW�

WHUMDGL� SDGD� VDDW� PHQJRQVXPVL� REDW� LQL� DGDODK� LQIHNVL� VDOXUDQ� QDIDV� DWDV�� VDNLW�

NHSDOD�GDQ�QDVRIDULQJLWLV�

G� /LQDJOLSWLQ

2EDW� LQL� GLLQGLNDVLNDQ� EDJL� SDVLHQ� GHZDVD� GHQJDQ� GLDEHWHV� PHOOLWXV� WLSH� �� GDQ�

VHEDJDL� WHUDSL� WDPEDKDQ� VHODLQ� GLHW� GDQ� ODWLKDQ� ILVLN�� 2EDW� LQL� GDSDW� GLJXQDNDQ�

GHQJDQ� PHWIRUPLQ� DWDX� REDW� JRORQJDQ� VXOIRQLOXUHD� DSDELOD� WHUDSL� WXQJJDO� WLGDN�

PDPSX GDODP� PHQJRQWURO� JOLNHPLN� SDVLHQ�� +LSRJOLNHPL� GDSDW� WHUMDGL� GDUL� HIHN�

VDPSLQJ� SHQJXQDDQ� NRPELQDVL� REDW� OLQDJOLSWLQ� GHQJDQ�PHWIRUPLQ� � DWDX� JRORQJDQ�

REDW� VXOIRQLOXUHD�� (IHN� VDPSLQJ� ODLQ� \DQJ� GDSDW� WHUMDGL� DGDODK� QDVRIDULQJLWLV� GDQ�

KLSHUVHQVLWLYLWDV�

����� ,QWHUDNVL�2EDW

,QWHUDNVL� REDW� DGDODK� SHUXEDKDQ� HIHN� VXDWX� REDW� \DQJ� WHUMDGL� DNLEDW� DGDQ\D� SHQJJXQDDQ�

REDW�ODLQ�VHFDUD�EHUVDPDDQ�\DQJ�GDSDW�PHPSHQJDUXKL�DNWLYLWDV�GDUL�REDW�WHUVHEXW��,QWHUDNVL�

DQWDU�REDW�GDSDW�PHQLQJNDWNDQ�DWDX�PHQXUXQNDQ�HIHN�GDUL�REDW�\DQJ� VHGDQJ�GLNRQVXPVL�

GDQ�GDSDW�PHQJKDVLONDQ�HIHN�\DQJ�WLGDN�GLLQJLQNDQ��%HUGDVDUNDQ�PHNDQLVPHQ\D��LQWHUDNVL�

REDW� WHUEDJL� PHQMDGL� �� \DLWX� LQWHUDNVL� REDW� IDUPDNRNLQHWLND� GDQ� LQWHUDNVL� REDW�

IDUPDNRGLQDPLND��,QWHUDNVL�IDUPDNRNLQHWLND�WHUMDGL�NHWLND�EHEHUDSD�REDW�\DQJ GLNRQVXPVL�

VHFDUD� EHUVDPDDQ� EHNHUMD� SDGD� UHVHSWRU� \DQJ� VDPD�GDQ�PHQJKDVLONDQ� HIHN� VLQHUJLV� DWDX�

DQWDJRQLV�� ,QWHUDNVL� IDUPDNRGLQDPLND� DGDODK� LQWHUDNVL� DQWDU� REDW� VDOLQJ� PHPSHQJDUXKL�

VHKLQJJD�GDSDW�PHQLQJNDWNDQ�DWDX�PHQXUXQNDQ�HIHN�VDODK�VDWX�REDW��1XU\DWL���������

3HQJJXQDDQ�REDW�DQWLGLDEHWHV�\DQJ�GLNRQVXPVL�VHFDUD�EHUVDPDDQ�GHQJDQ�REDW�ODLQ�

GDODP� MDQJND� ZDNWX� \DQJ� ODPD� PHQJDNLEDWNDQ� DGDQ\D� LQWHUDNVL� REDW� VHKLQJJD� GDSDW�

PHQLQJNDWNDQ�DWDX�PHQXUXQNDQ�HIHN�GDUL� VDODK� VDWX�REDW� �6KDUPD��+DULNXPDU��	�1DYLV��

������



��

%$%��

0HWRGRORJL�3HQHOLWLDQ

��� 7DKDSDQ�3HQHOLWLDQ

7DKDSDQ� SHQHOLWLDQ� EHUWXMXDQ� DJDU� SURVHV� SHQHOLWLDQ� OHELK� WHUDUDK� VHKLQJJD�PHPXGDKNDQ�

SHQHOLWL�GDODP�PHODNXNDQ�SHQHOLWLDQ��7DKDSDQ�SHQHOLWLDQ�LQL�GLMHODVNDQ�SDGD�JDPEDU�����

*DPEDU�����7DKDSDQ�3HQHOLWLDQ

.HWHUDQJDQ�JDPEDU���� �

�� ,GHQWLILNDVL�0DVDODK

7DKDSDQ�DZDO�\DQJ�GLODNXNDQ�GDODP�SHQHOLWLDQ� WHVLV� LQL�DGDODK�PHQJLGHQWLILNDVL�PDVDODK�

\DQJ� WHUNDLW� GHQJDQ� LQWHUDNVL� REDW� SDGD� SHQ\DNLW� GLDEHWHV� PHOOLWXV� WLSH� ��� %HUGDVDUNDQ�

LGHQWLILNDVL�PDVDODK� WHUVHEXW�� GLEXDWODK� VROXVL� DOWHUQDWLI \DQJ� EHUWXMXDQ� XQWXN�PHQFHJDK�

WHUMDGLQ\D�PDVDODK� LQWHUDNVL�REDW�DQWLGLDEHWHV�GHQJDQ�PHPEDQJXQ�VHEXDK�DSOLNDVL�VLVWHP�

SDNDU�\DQJ�GDSDW�PHPEHULNDQ�UHNRPHQGDVL�NHSDGD�GRNWHU�XPXP�GDODP�PHPLOLK�REDW�\DQJ�

VHVXDL� EDJL� SDVLHQ� GLDEHWHV� PHOOLWXV� GHQJDQ� WHSDW� EHUGDVDUNDQ� NRQGLVL� SDVLHQ� GDQ�

GLOHQJNDSL� GHQJDQ� LQIRUPDVL� DGDQ\D� LQWHUDNVL� \DQJ�PXQJNLQ� WHUMDGL� MLND� SDVLHQ� GLDEHWHV�

PHQJRQVXPVL�REDW�ODLQ�VHODLQ�REDW�DQWLGLDEHWHV�

,GHQWLILNDVL�0DVDODK

3HQJXPSXODQ�'DWD

3HQJHPEDQJDQ�6LVWHP

,PSOHPHQWDVL

3HQJXMLDQ



��

�� 3HQJXPSXODQ�'DWD

3HQJXPSXODQ� GDWD� SDGD� SHQHOLWLDQ� LQL� GLODNXNDQ� GHQJDQ� ZDZDQFDUD� GHQJDQ� SDNDU� GDQ�

VWXGL�OLWHUDWXU��3DNDU�GDODP�SHQHOLWLDQ�LQL�DGDODK�GRNWHU�VSHVLDOLV�SHQ\DNLW�GDODP��'DWD�\DQJ�

GLSHUROHK� EHUGDVDUNDQ� ZDZDQFDUD� GDQ� VWXGL� OLWHUDWXU� DGDODK� GDWD� REDW� DQWLGLDEHWHV� RUDO��

GDWD� SLOLKDQ� NRQGLVL� SDVLHQ� GLDEHWHV� PHOOLWXV� WLSH� �� GDQ� GDWD� LQWHUDNVL REDW� DQWLGLDEHWHV�

GHQJDQ�REDW�ODLQ�

�� 3HQJHPEDQJDQ�6LVWHP

'DODP�WDKDSDQ�LQL�GLEXDW�DOXU�NHUMD�VLVWHP�VHUWD�NRPSRQHQ�NRPSRQHQ�DSD�VDMD�\DQJ�WHUNDLW�

GL� GDODPQ\D�� 3DGD� WDKDSDQ� LQL� SXOD� GLUDQFDQJ� XVHU� LQWHUIDFH GDUL� VLVWHP� SDNDU� \DQJ�

GLEDQJXQ��$OXU�NHUMD� VLVWHP SDNDU�GLMHODVNDQ�GHQJDQ�PHQJJXQDNDQ�GLDJUDP�NRQWHNV�GDQ�

WHUGDSDW���HQWLWDV�GDODP�VLVWHP�LQL�\DLWX�DGPLQ��SDNDU�GDQ�XVHU�

�� ,PSOHPHQWDVL

7DKDS�LPSOHPHQWDVL�DGDODK�WDKDSDQ�GLPDQD�SURJUDP�DWDX�SHQJNRGHDQ�GLWHUDSNDQ�NHGDODP�

VLVWHP�\DQJ�GLEDQJXQ��$SOLNDVL�VLVWHP SDNDU�LQL�PHQJJXQDNDQ�EDKDVD�SHPURJUDPDQ�3+3�

�+\SHUWH[W�3UHSRFHVVRU��GDQ�EDVLV�GDWD�0\64/�

�� 3HQJXMLDQ

7HUGDSDW���SHQJXMLDQ�SDGD�SHQHOLWLDQ�LQL�\DLWX�XML�EODFNER[��XML�YDOLGLWDV�GDQ�XML�XVDELOLWDV��

8ML� YDOLGLWDV� GLODNXNDQ� ROHK� SDNDU� GDODP�KDO� LQL� DGDODK� GRNWHU� VSHVLDOLV� SHQ\DNLW� GDODP��

7DKDSDQ� LQLODK�\DQJ�PHPEXNWLNDQ�DSDNDK�VLVWHP�\DQJ�GLEDQJXQ�PHUXSDNDQ�VLVWHP�\DQJ�

VHVXDL� GDQ� DNXUDW� GHQJDQ� KDVLO� GDUL� GRNWHU�� 8ML� XVDELOLWDV� GLODNXNDQ� ROHK� GRNWHU� XPXP�

GHQJDQ� PHQJLVL� NXHVLRQHU� GHQJDQ� PHQJJXQDNDQ� VNDOD� SHQJXNXUDQ� OLNHUW�� 8ML� EODFNER[

GLODNXNDQ�JXQD�PHQJHWDKXL� DSDNDK�DSOLNDVL� VLVWHP�SDNDU�\DQJ�GLEDQJXQ�GDSDW�EHUIXQJVL�

GHQJDQ�EDLN�

��� *DPEDUDQ�8PXP

6LVWHP�SDNDU�UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�GLWXMXNDQ�XQWXN�PHPEDQWX�GRNWHU�XPXP�

GDODP�PHPLOLK�REDW�DQWLGLDEHWLND� RUDO�\DQJ� VHVXDL�GHQJDQ�NRQGLVL�SDVLHQ�VHKLQJJD�GDSDW�

PHQFHJDK� WHUMDGLQ\D� LQWHUDNVL� REDW� \DQJ� WLGDN� GLLQJLQNDQ�� 6LVWHP� SDNDU�PHPEXDW� GDIWDU�

UHNRPHQGDVL� EHUGDVDUNDQ� LQSXW NRQGLVL� SDVLHQ� GLDEHWHV� GDQ� REDW� ODLQ� \DQJ� VHGDQJ�

GLNRQVXPVL�� 8VHU PHPLOLK� WLQJNDW� NHSHUFD\DDQ� WHUKDGDS� NRQGLVL� \DQJ� GLLQSXWNDQ�

NHPXGLDQ�VLVWHP�SDNDU�PHQJRODK�GDWD�WHUVHEXW�GDQ�PHQDPSLONDQ�GDIWDU�UHNRPHQGDVL�REDW�

EHVHUWD�WLQJNDW�NHSHUFD\DDQ�\DQJ�WHODK�WHUVLPSDQ�GDODP�EDVLV�SHQJHWDKXDQ�
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.RQVHS� GDVDU� SHUDQFDQJDQ� GDQ� ORJLND� SDGD� VLVWHP� SDNDU� UHNRPHQGDVL� REDW�

DQWLGLDEHWLND� RUDO� GDQ� LQWHUDNVLQ\D� WHUKDGDS� REDW� ODLQ� \DQJ� GLEDQJXQ� GLJDPEDUNDQ� SDGD�

JDPEDU�����

*DPEDU�����'LDJUDP�NRQWHNV�VLVWHP�UHNRPHQGDVL�REDW

*DPEDU� ���� PHQMHODVNDQ� EDJDLPDQD� DOXU� GDWD� GDUL� VLVWHP� SDNDU� UHNRPHQGDVL� REDW�

DQWLGLDEHWLND�RUDO�GDQ� LQWHUDNVLQ\D� WHUKDGDS�REDW� ODLQ��7HUGDSDW� WLJD�HQWLWDV�GDODP�VLVWHP�

SDNDU� \DLWX� DGPLQ�� SDNDU� GDQ� XVHU�� 'DODP� KDO� LQL� XVHU DGDODK� GRNWHU� XPXP� GDQ� SDNDU�

DGDODK� GRNHU� VSHVLDOLV� SHQ\DNLW� GDODP��$GPLQ� EHUWXJDV� XQWXN�PHQJLQSXW� GDWD� SDNDU� GDQ�

GDWD� XVHU�� 3DNDU� EHUWDQJJXQJ� MDZDE� GDODP� PHQJLQSXW� GDWD� REDW� DQWLGLEHWLND� RUDO�� GDWD�

SLOLKDQ� NRQGLVL�� GDWD� REDW� ODLQ� GDQ� GDWD� DWXUDQ� EHVHUWD� QLODL� FHUWDLQW\� IDFWRU GDUL� DWXUDQ�

WHUVHEXW�� 8VHU �GRNWHU� XPXP�� EHUWDQJJXQJ� MDZDE� WHUKDGDS� NRQVXOWDVL� GHQJDQ� SDVLHQ�

GLDEHWHV�PHOOLWXV��'DWD�NRQVXOWDVL�GRNWHU�XPXP�GHQJDQ�SDVLHQ�GLSURVHV�ROHK�VLVWHP�SDNDU��

+DVLO� NRQVXOWDVL� SDVLHQ� EHUXSD� NRQGLVL� SDVLHQ� GDQ� UHNRPHQGDVL� REDW� DQWLGLDEHWHV� \DQJ�

GLVDUDQNDQ�ROHK�GRNWHU�XPXP�



��

%$%��

+DVLO�GDQ�3HPEDKDVDQ

��� %DVLV�3HQJHWDKXDQ

%DVLV� SHQJHWDKXDQ� GDODP� VLVWHP� SDNDU� UHNRPHQGDVL� REDW� DQWLGLDEHWLND� RUDO� GDQ�

LQWHUDNVLQ\D� WHUKDGDS�REDW�ODLQ�EHULVL� IDNWD�IDNWD�GDUL�KDVLO�ZDZDQFDUD�GDQ�VWXGL� OLWHUDWXU��

'DWD� GDODP� SHQHOLWLDQ� LQL� DQWDUD� ODLQ� GDWD� REDW� DQWLGLDEHWLND� RUDO�� GDWD� NRQGLVL� SDVLHQ�

GLDEHWHV�PHOOLWXV�WLSH����GDWD�REDW�ODLQ�VHODLQ�REDW�DQWLGLDEHWHV�GDQ�LQWHUDNVLQ\D��

%HUGDVDUNDQ� KDVLO� VWXGL� OLWHUDWXU� GDUL� NRQVHQVXV� ³3HQJHORODDQ� GDQ� 3HQFHJDKDQ�

'LDEHWHV� 0HOLWXV� 7LSH� �� GL� ,QGRQHVLD� ����´� \DQJ� GLWHUELWNDQ� ROHK� 3HQJXUXV� %HVDU�

3HUNXPSXODQ� (QGRNULQRORJL� ,QGRQHVLD� �3%� 3(5.(1,�� WHUGDSDW� ��� SLOLKDQ� REDW�

DQWLGLDEHWLND�RUDO�\DQJ� WHUVHGLD�GL� ,QGRQHVLD��'DWD�REDW� DQWLGLDEHWLND�RUDO� WHUPXDW�GDODP�

WDEHO�����

7DEHO�����'DWD�REDW�DQWLGLDEHWLND�RUDO

.RGH�2EDW 1DPD�2EDW

$� *OLEHQFODPLGH

$� *OLFOD]LGH

$� *OLSL]LGH

$� *OLTXLGRQH

$� *OLPHSLULGH

$� *OLQLG

$� 0HWIRUPLQ

$� 3HQJKDPEDW�Į�JOXNRVLGDVH

$� 7LD]ROLGLQGLRQ

$�� 6D[DJOLSWLQ

$�� 9LOGDJOLSWLQ

$�� 6LWDJOLSWLQ

$�� /LQDJOLSWLQ

$�� 3HQJKDPEDW�6*/7��

$�� 0HWIRUPLQ���*OLEHQFODPLGH

$�� 0HWIRUPLQ���*OLPHSHULGH

$�� 0HWIRUPLQ���3LRJOLWD]RQH
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$�� 0HWIRUPLQ���6D[DJOLSWLQ

$�� 0HWIRUPLQ���9LOGDJOLSWLQ

$�� 0HWIRUPLQ���6LWDJOLSWLQ

$�� 0HWIRUPLQ���/LQDJOLSWLQ

'DWD� NRQGLVL� SDVLHQ� GLDEHWHV� PHOLWXV� WLSH� �� EHUGDVDUNDQ� VWXGL� OLWHUDWXU� GDQ� ZDZDQFDUD�

GHQJDQ�GRNWHU�VSHVLDOLV�SHQ\DNLW�GDODP�GU��(UOLQD�0DUILDQWL��0�6F���6S��3'�WHUPXDW�GDODP�

WDEHO ����

7DEHO�����'DWD�.RQGLVL

.RGH�.RQGLVL .HWHUDQJDQ

.� 7*7

.� *'37

.� .DGDU�+E$�&��������

.� .DGDU�+E$�&�� �����

.� .DGDU�+E$�&�!������

.� 8PXU�/DQVLD

.� 2EHVLWDV

.� +LSHUWHQVL

.� 3HQ\DNLW�-DQWXQJ�.RURQHU

.�� 6WURNH

.�� $VPD

.�� *DJDO�-DQWXQJ

.�� 'LVOLSLGHPLD

.�� *DQJJXDQ�.RDJXODVL

.�� 5HWLQRSDWL

.�� 1HIURSDWL

.�� 1HXURSDWL

.�� 'LVIXQJVL�(UHNVL

.�� 7XEHUNXORVLV

.�� ,QIHNVL�6DOXUDQ�.HPLK��,6.�

.�� ,QIHNVL�6DOXUDQ�1DIDV

.�� ,QIHNVL�6DOXUDQ�&HUQD

.�� ,QIHNVL�-DULQJDQ�/XQDN�GDQ�.XOLW
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.�� ,QIHNVL�5RQJJD�0XOXW

.�� ,QIHNVL�7HOLQJD

.�� ,QIHNVL�+XPDQ�,PPXQRGHILFLHQF\�9LUXV �+,9�

.�� 6HSVLV

'DWD REDW�ODLQ�VHODLQ�REDW�DQWLGLDEHWLND�RUDO�\DQJ�EHUNDLWDQ�GHQJDQ�NRQGLVL�SDVLHQ�GLDEHWHV�

PHOOLWXV�WLSH���EHUGDVDUNDQ�VWXGL�OLWHUDWXU�GDUL�3XVDW�,QIRUPDVL�2EDW�1DVLRQDO�ROHK�%DGDQ�

3HQJDZDV�2EDW�GDQ�0DNDQDQ�WHUPXDW�GDODP�WDEHO�����

7DEHO�����'DWD�REDW�ODLQ

.RGH�2EDW 1DPD�2EDW

2� 7ULPHWRSULP

2� 3HQJKDPEDW�$&(

2� 5LIDPSLVLQ

2� $,16

2� 6XOIRQDPLG

2� 6LPHWLGLQ

2� .ROHVWLUDPLQ

2� 2UOLVWDW

2� .XLQRORQ

2�� .XPDULQ

2�� .ORUDPIHQLNRO

2�� .ODULWURPLVLQ

2�� 'LJRNVLQ

2�� 'LVRSLUDPLG

2�� %RVHQWDQ

2�� 6LNORVSRULQ

2�� *HPILEUR]LO

2�� .HWRWLIHQ

2�� 6XOILQSLUD]RQ

2�� $QWLMDPXU

2�� 3HQJKDPEDW�0$2

2�� 3DQNUHDWLQ

2�� )HQRWLD]LQ



��

2�� $PLQRJOLNRVLGD

2�� 2NUHRWLG

2�� )LEUDW

2�� )XURVHPLG

'DWD� LQWHUDNVL� REDW� DQWLGLDEHWHV� GHQJDQ� REDW� ODLQ� EHUGDVDUNDQ� VWXGL� OLWHUDWXU� GDUL� 3XVDW�

,QIRUPDVL� 2EDW� 1DVLRQDO� �3,21$6�� ROHK� %DGDQ� 3HQJDZDV� 2EDW� GDQ�0DNDQDQ� GDQ� 7KH�

0RQWKO\�,QGH[�RI�0HGLFDO�6SHFLDOLWLHV��0,06��WHUPXDW�GDODP�WDEHO�����

7DEHO�����,QWHUDNVL�2EDW

1R�
*RORQJDQ�2EDW�

$QWLGLDEHWHV
2EDW�/DLQ .HWHUDQJDQ

�� 6XOIRQLOXUHD

$,16 0HQLQJNDWNDQ�HIHN�VXOIRQLOXUHD

$QWL�MDPXU 0HQLQJNDWNDQ�NRQVHQWUDVL�SODVPD

7ULPHWRSULP .DGDQJ�PHQLQJNDWNDQ�HIHN�VXOIRQLOXUHD

6XOIRQDPLG .DGDQJ�PHQLQJNDWNDQ�HIHN�VXOIRQLOXUHD

6XOILQSLUD]RQ 0HQLQJNDWNDQ�HIHN�DQWLNRDJXODQ

5LIDPSLVLQ 0HPSHUFHSDW�PHWDEROLVPH�VXOIRQLOXUHD

3HQJKDPEDW�0$2 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

3HQJKDPEDW�$&( 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

2NUHRWLG 0HQXUXQNDQ�NHEXWXKDQ�VXOIRQLOXUHD

.XPDULQ 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

.ORUDPIHQLNRO 0HQLQJNDWNDQ�HIHN VXOIRQLOXUHD

)HQRWLD]LQ
0HPEHULNDQ� HIHN� DQWDJRQLV� WHUKDGDS�

HIHN�KLSRJOLNHPLN�VXOIRQLOXUHD

)HQRILEUDW
0HPSHUEDLNL� WROHUDQVL� JOXNRVD� GDQ� HIHN�

DGLNWLI

'LVRSLUDPLG 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

%RVHQWDQ 3HQLQJNDWDQ�UHVLNR�KHSDWRWRNVLVLWDV

6LPHWLGLQ 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

�� *OLQLG

7ULPHWRSULP 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

6LNORVSRULQ 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

5LIDPSLVLQ 0HQXUXQNDQ�NRQVHQWUDVL�SODVPD

.ODULWURPLVLQ 0HQLQJNDWNDQ�HIHN�JOLQLG
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$,16 0HQLQJNDWNDQ�HIHN�JOLQLG

6XOIRQDPLG 0HQLQJNDWNDQ�HIHN�JOLQLG

$QWL�-DPXU
0HQLQJNDWNDQ� HIHN� KLSRJOLNHPLN��

0HQLQJNDWNDQ�NRQVHQWUDVL�SODVPD

2NUHRWLG 0HQXUXQNDQ�NHEXWXKDQ�DNDQ�JOLQLG

*HPILEUR]LO 0HQLQJNDWNDQ�UHVLNR�KLSRJOLNHPLN

�� 0HWIRUPLQ

'LVRSLUDPLG 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

.HWRWLIHQ -XPODK�WURPERVLW�DNDQ�PHQXUXQ

6LPHWLGLQ
0HQXUXQNDQ� HNVUHVL� PHWIRUPLQ��

0HQLJNDWNDQ�NRQVHQWUDVL�SODVPD

2NUHRWLG 0HQXUXQNDQ�NHEXWXKDQ�PHWIRUPLQ

$,16 0HQLQJNDWNDQ�UHVLNR�DVLGRVLV�ODNWDW

7ULPHWRSULP 0HQLJNDWNDQ�NRQVHQWUDVL�SODVPD

3HQJKDPEDW�0$2 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

3HQJKDPEDW�$&( 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

��
3HQJKDPEDW�Į�

JOXNRVLGDVH

3DQNUHDWLQ
0HPEHULNDQ� HIHN� DQWDJRQLV� WHUKDGDS�

HIHN�KLSRJOLNHPLN�REDW

.ROHVWLUDPLQ 0HQLQJNDWNDQ�HIHN�KLSRJOLNHPLN

$PLQRJOLNRVLGD

0HQLQJNDWNDQ� HIHN� KLSRJOLNHPLN� GDQ�

PHPSHUEHUDW� HIHN� VDPSLQJ� SDGD�

JDVWURLQWHVWLQDO

'LJRNVLQ
0HQXUXQNDQ� NRQVHQWUDVL� SODVPD�

GLJRNVLQ

�� 7LD]ROLGLQGLRQ

*HPILEUR]LO 0HQLQJNDWNDQ�NDGDU�SODVPD

$QWL�MDPXU 0HQLQJNDWNDQ�NDGDU�SODVPD

5LIDPSLVLQ 7LQJNDW�SODVPD�PHQXUXQ

��
3HQJKDPEDW�

'33��

$QWL�-DPXU 0HQLQJNDWNDQ�NDGDU�SODVPD

5LIDPSLVLQ 0HQJXUDQJL�NRQVHQWUDVL�SODVPD

��
3HQJKDPEDW�

6*/7��

.ROHVWLUDPLQ 0HQJXUDQJL�SHQ\HUDSDQ�REDW

5LIDPSLVLQ 0HQJXUDQJL�HIHN�REDW

'LJRNVLQ 0HQLQJNDWNDQ�NRQVHQWUDVL�REDW
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7DEHO�NHSXWXVDQ�VLVWHP�SDNDU�UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�EHUGDVDUNDQ�VWXGL�OLWHUDWXU�GDQ�ZDZDQFDUD�GHQJDQ�SDNDU�GU��(UOLQD�0DUILDQWL��

0�6F���6S�3' WHUPXDW�GDODP�WDEHO������%HUGDVDUNDQ�WDEHO�NHSXWXVDQ�WHUVHEXW��GLSHUROHK�����DWXUDQ�GDQ�QLODL�FHUWDLQW\�IDFWRU \DQJ�WHUODPSLU�SDGD�

ODPSLUDQ���

7DEHO�����7DEHO�NHSXWXVDQ

.RQGLVL�	�3HQ\DNLW�3HQ\HUWD

6XOIRQLOXUHD
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�.���7*7 < < <

�.���*'37 < < <

�.���.DGDU�+E$�&�������� < < < < < < < < <

�.���.DGDU�+E$�&�� ����� < < < < < < < < < < < < < < < <
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�.���2EHVLWDV < < <
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�.���3HQ\DNLW�-DQWXQJ�.RURQHU < < < < <

�.����6WURNH < < < < <

�.����$VPD < < < < < < < < <

�.����*DJDO�-DQWXQJ < < < < < < < < < < < < <

�.����'LVOLSLGHPLD < < < < < < < < < < < <

�.����*DQJJXDQ .RDJXODVL < < < < < < < < < <

�.����5HWLQRSDWL < < < < < < < < < < < < < < < < <

�.����1HIURSDWL < < < < < <

�.����1HXURSDWL < < < < < < < < < < < < < < <
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�.����,QIHNVL�+XPDQ�,PPXQRGHILFLHQF\�9LUXV

�+,9�
< < < < < < < < < < < < < < < < <

�.����6HSVLV < < < < < < < < < < < < <
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��� 0HVLQ�,QIHUHQVL�)RUZDUG�&KDLQLQJ

0HWRGH� SHQHOXVXUDQ� IDNWD� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL� DGDODK�PHWRGH� LQIHUHQVL�

IRUZDUG�FKDLQLQJ��3URVHV�GDODP�WDKDSDQ�LQIHUHQVL�GLMHODVNDQ�SDGD�JDPEDU�����

*DPEDU�����3URVHV�SHQHOXVXUDQ�IDNWD

0XODL

,QSXW�GDWD�SDVLHQ

3DVLHQ�

GLDEHWHV"

,QSXW�NRQGLVL�SDVLHQ�GDQ�

REDW�ODLQ�\DQJ�GLNRQVXPVL

\D

WLGDN 3HUPLQWDDQ�WLGDN�

GDSDW�GLSURVHV

'DWD�NRQGLVL�SDVLHQ�WHUVLPSDQ�VHEDJDL�IDNWD

,QSXW�QLODL�FHUWDLQW\�IDFWRU�

XVHU

3HQFRFRNNDQ�IDNWD�GHQJDQ�DWXUDQ�\DQJ�

WHUGDSDW�GDODP�EDVLV�SHJHWDKXDQ

'DIWDU�UHNRPHQGDVL�REDW�

EHVHUWD�QLODL�FHUWDLQW\�IDFWRU

6HOHVDL



��

*DPEDU� ���� PHQMHODVNDQ� WHQWDQJ� WDKDSDQ� SHQHOXVXUDQ� IDNWD� SDGD� VLVWHP� SDNDU�

UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ��7DKDSDQ�SHUWDPD�

GDODP� VLVWHP� SDNDU� LQL� DGDODK� XVHU PHPDVXNNDQ� GDWD� SDVLHQ� ODOX� XVHU DNDQ� PHPLOLK�

DSDNDK�SDVLHQ�PHQJLGDS�GLDEHWHV�DSD�WLGDN��-LND�SDVLHQ�PHQJLGDS�SHQ\DNLW�GLDEHWHV�PDND�

SURVHV� DNDQ� EHUODQMXW� NHWDKDSDQ� VHODQMXWQ\D� VHGDQJNDQ� DSDELOD� SDVLHQ� WLGDN� PHQJLGDS�

GLDEHWHV� PDND� SURVHV� WLGDN� GDSDW� GLODQMXWNDQ��8VHU PHPLOLK� NRQGLVL� SDVLHQ� \DQJ� VHVXDL�

GDUL� ��� SLOLKDQ� NRQGLVL� \DQJ� WHUGDSDW� GDODP� VLVWHP� SDNDU��$SDELOD� SDVLHQ� VHGDQJ� GDODP�

SHQJREDWDQ� ODLQ�PDND� XVHU� GDSDW�PHPLOLK� VDODK� VDWX� DWDX� EHEHUDSD� REDW� GDUL� ��� SLOLKDQ�

REDW� ODLQ� VHODLQ� GLDEHWHV� \DQJ� WHUGDSDW� GDODP� VLVWHP� SDNDU�� 7DKDSDQ� VHODQMXWQ\D� DGDODK

XVHU PHPEHULNDQ� GHUDMDW� NHSDVWLDQ� WHUKDGDS� NRQGLVL� \DQJ� GLSLOLK�� 7LQJNDW� NHSHUFD\DDQ�

XVHU WHUEDJL� PHQMDGL� HPSDW� SLOLKDQ�� \DLWX� ³0XQJNLQ´� GHQJDQ� QLODL� NHSHUFD\DDQ�

����³.HPXQJNLQDQ� %HVDU´� GHQJDQ� QLODL� NHSHUFD\DDQ� ����� ³+DPSLU� 3DVWL´� GHQJDQ� QLODL�

NHSHUFD\DDQ� ���� GDQ� ³3DVWL´� GHQJDQ� QLODL� NHSHUFD\DDQ� �����8VHU MXJD� GDSDW�PHQHQWXNDQ�

QLODL� WKUHVKROG VHKLQJJD� PHPXGDKNDQ� XVHU GDODP� PHQDPSLONDQ� REDW� GHQJDQ� WLQJNDW�

NHSHUFD\DDQ� \DQJ� GLLQJLQNDQ�� 6HWHODK� GDIWDU� UHNRPHQGDVL� REDW� EHVHUWD� QLODL� FHUWDLQW\�

IDFWRU GLWDPSLONDQ��XVHU GDSDW�PHPLOLK�REDW�\DQJ�VHVXDL�GDQ�PHQ\LPSDQQ\D�GDODP�KDVLO�

NRQVXOWDVL��

3DNDU�PHPEHULNDQ�QLODL�GDUL�VHWLDS�NRQGLVL�\DQJ�WHUPXDW�GDODP�DWXUDQ�REDW��'HUDMDW�

NHSHUFD\DDQ�GDUL�SDNDU�NHPXGLDQ�DNDQ�GLRODK�GHQJDQ�GHUDMDW�NHSHUFD\DDQ�GDUL�XVHU��+DVLO�

GDUL�SHUKLWXQJDQ�WHUVHEXW�PHQHQWXNDQ�WLQJNDWDQ�GDODP�UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO��

1LODL�LQWHUSUHWDVL�FHUWDLQW\�IDFWRU�VHRUDQJ�SDNDU�PHQXUXW��6XWRMR��0XO\DQWR��	�6XKDUWRQR��

����� GLWXMXNNDQ�SDGD�WDEHO�����

7DEHO�����,QWHUSUHWDVL�1LODL�&HUWDLQW\�)DFWRU

1R� 8QFHUWDLQ�7HUP &)

�� 'HILQLWHO\�1RW��SDVWL�WLGDN� ����

�� $OPRVW�&HUWDLQO\�QRW��KDPSLU�SDVWL�WLGDN� ����

�� 3UREDEO\�QRW��NHPXQJNLQDQ�EHVDU�WLGDN� ����

�� 0D\EH�QRW��PXQJNLQ�WLGDN� ����

�� 8QNQRZQ��WLGDN�WDKX� �����WR����

�� 0D\EH��PXQJNLQ� ���

�� 3UREDEO\��NHPXQJNLQDQ�EHVDU� ���

�� $OPRVW�FHUWDLQW\��KDPSLU�SDVWL� ���

�� 'HILQLWHO\��3DVWL� ���
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��� 'HVDLQ�$SOLNDVL

'HVDLQ� DSOLNDVL� PHUXSDNDQ� LPSOHPHQWDVL� DQWDUPXND� GDUL� DSOLNDVL� VLVWHP� SDNDU�

UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ�

�� +DODPDQ�/RJLQ

*DPEDU�����+DODPDQ�/RJLQ

*DPEDU�����PHQXQMXNNDQ�KDODPDQ� ORJLQ�SDGD�DSOLNDVL� VLVWHP�SDNDU� UHNRPHQGDVL�

REDW�DQWLGLDEHWLND�RUDO�GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ��3DGD�KDODPDQ�ORJLQ��SHQJJXQD�

GLZDMLENDQ�PHPDVXNNDQ�XVHUQDPH GDQ�SDVVZRUG�

�� +DODPDQ�$GPLQ

*DPEDU�����+DODPDQ�$GPLQ
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*DPEDU�����PHQXQMXNNDQ�KDODPDQ�DGPLQ�GLPDQD�SDGD�KDODPDQ� WHUVHEXW� WHUGDSDW�

WDEHO�SHQJJXQD�VLVWHP�SDNDU� UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�\DQJ� WHUGLUL�GDUL�DGPLQ��

GRNWHU�GDQ�SDNDU��$GPLQ�PHPSXQ\DL�KDN�DNVHV�XQWXN�PHQDPEDK��PHOLKDW��PHQJXEDK�DWDX�

PHQJKDSXV�SHQJJXQD�

�� +DODPDQ�3DNDU

+DODPDQ� SDNDU� WHUGLUL� GDUL� KDODPDQ� REDW�� KDODPDQ� REDW� ODLQ�� KDODPDQ� LQWHUDNVL� REDW��

KDODPDQ�NRQGLVL��KDODPDQ�DWXUDQ��KDODPDQ�SHQFDULDQ�REDW�GDQ�KDODPDQ�KDVLO�NRQVXOWDVL��

*DPEDU�����+DODPDQ�2EDW

*DPEDU�����PHQXQMXNNDQ�KDODPDQ�REDW�DQWLGLDEHWLND�RUDO��7HUGDSDW����GDWD�REDW�

DQWLGLDEHWHV�GDQ�SDNDU�GDSDW�PHQDPEDK��PHOLKDW��PHQJXEDK�VHUWD�PHQJKDSXV�GDWD�REDW�

*DPEDU�����+DODPDQ�2EDW�/DLQ



��

*DPEDU�����PHQXQMXNNDQ�KDODPDQ�REDW�ODLQ�VHODLQ�REDW�GLDEHWHV��7HUGDSDW����GDWD�

REDW�ODLQ�GDQ�SDNDU�GDSDW�PHQDPEDK��PHOLKDW��PHQJXEDK�VHUWD�PHQJKDSXV�GDWD�REDW�ODLQ�

*DPEDU�����+DODPDQ�,QWHUDNVL�2EDW

*DPEDU�����PHQXQMXNNDQ�KDODPDQ�LQWHUDNVL�REDW�DQWDUD�REDW�GLDEHWHV�GHQJDQ�REDW�

ODLQ��3DNDU�GDSDW�PHQDPEDK��PHOLKDW��PHQJXEDK�GDQ�PHQJKDSXV�GDWD�LQWHUDNVL�REDW�

*DPEDU�����+DODPDQ�.RQGLVL



��

*DPEDU� ���� PHQXQMXNNDQ� KDODPDQ� NRQGLVL SDVLHQ� GLDEHWHV�� 7HUGDSDW� ��� GDWD�

NRQGLVL�GDQ�SDNDU�GDSDW�PHQDPEDKNDQ�NRQGLVL�EDUX��PHOLKDW��PHQJXEDK�GDQ�PHQJKDSXV�

GDWD�NRQGLVL��

*DPEDU�����+DODPDQ�$WXUDQ

*DPEDU�����PHQXQMXNNDQ�KDODPDQ�DWXUDQ�\DQJ� WHUGLUL�GDUL�����DWXUDQ�\DQJ�GDSDW�

GLWDPEDK��GLOLKDW� GLXEDK�GDQ�GLKDSXV�ROHK�SDNDU�

�� +DODPDQ�8VHU

+DODPDQ�XVHU WHUGLUL�GDUL�KDODPDQ�SHQFDULDQ�REDW�GDQ�KDODPDQ�KDVLO�NRQVXOWDVL��+DODPDQ�

SHQFDULDQ�REDW�GLDEHWHV�PHOLWXV�WLSH���GLMHODVNDQ�SDGD�JDPEDU�����

*DPEDU�����+DODPDQ�3HQFDULDQ�2EDW
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*DPEDU� ���� PHQXQMXNNDQ� KDODPDQ� SHQFDULDQ� REDW� DQWLGLDEHWLND� RUDO�� 8VHU

PHPDVXNNDQ� GDWD� EHUXSD� WDQJJDO� NRQVXOWDVL� GDQ� QDPD� SDVLHQ�� 'RNWHU� PHPLOLK� DSDNDK�

SDVLHQ�PHQJLGDS�SHQ\DNLW�GLDEHWHV�DSD�WLGDN�NHPXGLDQ�GRNWHU�PHPLOLK�NRQGLVL�\DQJ�VHVXDL�

GHQJDQ�SDVLHQ�VHUWD�REDW�\DQJ�VHGDQJ�GLNRQVXPVL�

*DPEDU������+DODPDQ�+DVLO�.RQVXOWDVL

*DPEDU� �����PHQXQMXNNDQ� KDODPDQ� KDVLO� NRQVXOWDVL� DQWDUD� GRNWHU� GHQJDQ� SDVLHQ�

GLDEHWHV�PHOLWXV� WLSH� ���+DVLO� NRQVXOWDVL� EHULVL� GDWD� QDPD�SDVLHQ�� WDQJJDO� NRQVXOWDVL� GDQ�

REDW�\DQJ�GLSLOLK�ROHK�GRNWHU�SDGD�VDDW�NRQVXOWDVL��3DGD�KDODPDQ�KDVLO�NRQVXOWDVL��GRNWHU�

GDSDW�PHOLKDW�DWDX�PHQJKDSXV�KDVLO�NRQVXOWDVL�

��� 3HQJXMLDQ

3HQJXMLDQ�SDGD�SHQHOLWLDQ�LQL�WHUGLUL�GDUL�SHQJXMLDQ�EODFNER[��XML�YDOLGLWDV�ROHK�SDNDU�GDQ�

XML�XVDELOLWDV�ROHK�GRNWHU�XPXP�VHEDJDL�SHQJJXQD�DSOLNDVL�VLVWHP�SDNDU�

����� 3HQJXMLDQ�%ODFNER[

3HQJXMLDQ� EODFNER[ GLODNXNDQ� JXQD�PHQJXML� DSDNDK� DSOLNDVL� VLVWHP� SDNDU� GDSDW� EHNHUMD�

GHQJDQ� EDLN�� 3HQJXMLDQ� GLODNXNDQ� GHQJDQ�PHQJXML� IXQJVL� GDUL� ILWXU� \DQJ� WHUGDSDW� GDODP�

DSOLNDVL� VLVWHP�SDNDU� UHNRPHQGDVL�REDW� DQWLGLDEHWLND�RUDO�GDQ� LQWHUDNVLQ\D� WHUKDGDS�REDW�



��

ODLQ�� 8ML� EODFNER[ GLODNXNDQ� GHQJDQ�PHQJXML� IXQJVL�IXQJVL� \DQJ� WHUGDSDW� SDGD� KDODPDQ�

DGPLQ�� SDNDU� GDQ� XVHU��7HUDGDSDW� ��� NDWHJRUL� IXQJVL� \DQJ� GLXMLNDQ� \DLWX� KDODPDQ� ORJLQ��

KDODPDQ� DGPLQ�� KDODPDQ� SHQJJXQD�� KDODPDQ GRNWHU� XPXP�� KDODPDQ� SHQFDULDQ� SDGD�

GRNWHU��KDODPDQ�KDVLO�NRQVXQWDVL�SDGD�GRNWHU��KDODPDQ�SDNDU��KDODPDQ�REDW��KDODPDQ�REDW�

ODLQ��KDODPDQ� LQWHUDNVL��KDODPDQ�NRQGLVL�� KDODPDQ�DWXUDQ��KDODPDQ�SHQFDULDQ�SDGD�SDNDU�

GDQ�KDODPDQ�KDVLO�NRQVXOWDVL�SDGD�SDNDU��

+DVLO�GDUL�SHQJXMLDQ�EODFNER[ WHUKDGDS����SRLQ�\DQJ�GLXMLNDQ�PHQXQMXNNDQ�EDKZD�

DSOLNDVL� VLVWHP�SDNDU� UHNRPHQGDVL�REDW� DQWLGLDEHWLND�RUDO�GDQ� LQWHUDNVLQ\D� WHUKDGDS�REDW�

ODLQ� OXOXV� XML� GDQ� GDSDW� EHUIXQJVL� GHQJDQ� EDLN��+DVLO� SHQJXMLDQ� EODFNER[ VHFDUD� OHQJNDS�

GDSDW�GLOLKDW�SDGD�ODPSLUDQ���

����� 3HQJXMLDQ�9DOLGLWDV

3HQJXMLDQ� YDOLGLWDV� GLODNXNDQ� GHQJDQ�PHPEDQGLQJNDQ� KDVLO�PDQXDO� GDUL� GRNWHU� VSHVLDOLV�

SHQ\DNLW�GDODP�GHQJDQ�KDVLO�GDUL�DSOLNDVL�VLVWHP�SDNDU�UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�

GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ��7HUGDSDW���SDNDU�GDODP�SHQJXMLDQ�LQL�\DLWX�GU��(UOLQD�

0DUILDQWL�� 0�6F��� 6S�3'� GDUL� )DNXOWDV� .HGRNWHUDQ� 8QLYHUVLWDV� ,VODP� ,QGRQHVLD� VHEDJDL�

3DNDU���GDQ�GU��+M��1LDUQD�/XVL��6S�3'�GDUL�56��3.8�0XKDPPDGL\DK�<RJ\DNDUWD�VHEDJDL�

3DNDU� ��� 'DWD� \DQJ� GLXMLNDQ� DGDODK� GDWD� SDVLHQ� GLDEHWHV� PHOOLWXV� WLSH� �� \DQJ� KDQ\D�

PHQJRQVXPVL�REDW�DQWLGLDEHWHV�RUDO�GL�UDZDW�MDODQ�56��3.8�0XKDPPDGL\DK�<RJ\DNDUWD�

SHULRGH�-DQXDUL�'HVHPEHU������GDQ�GDWD�DWXUDQ�GDODP�EDVLV�SHQJHWDKXDQ�VLVWHP�SDNDU�

%HUGDVDUNDQ� XML� YDOLGLWDV� \DQJ� GLODNXNDQ� ROHK� SDNDU� GLSHUROHK� KDVLO� XML� YDOLGLWDV�

VLVWHP�SDNDU�UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�VHEHVDU���������-DZDEDQ�GDUL�SDNDU�\DQJ�

WLGDN� VHVXDL� GHQJDQ� KDVLO� GDUL� VLVWHP� SDNDU� UHNRPHQGDVL� REDW� DQWLGLDEHWLND� RUDO� VHEHVDU�

�������� %HUGDVDUNDQ� KDVLO� ZDZDQFDUD� GHQJDQ� SDNDU�� NHWLGDNVHVXDLDQ� KDVLO� MDZDEDQ�

GLNDUHQDNDQ�EHEHUDSD� IDNWRU�\DLWX�SHUWLPEDQJDQ�GRNWHU�GDODP�PHPLOLK�REDW�EHUGDVDUNDQ�

NHWHUVHGLDDQ� REDW� GL� UXPDK� VDNLW� GDQ� MDPLQDQ� DVXUDQVLQ\D� VHUWD� SHUNHPEDQJDQ� NRQGLVL�

SDVLHQ� VHWLDS� NRQVXOWDVL� \DQJ� EHOXP� WHUPDVXN� GDODP� SLOLKDQ� NRQGLVL� GL� VLVWHP� SDNDU�

UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ��+DVLO�XML�YDOLGLWDV�

VLVWHP�SDNDU�VHFDUD�OHQJNDS�GLWDPSLONDQ�SDGD�WDEHO������
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7XEHUNXORVLV
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.DGDU�+E$�&�������
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7XEHUNXORVLV

*OLPHSLULGH ���� 0HWIRUPLQ ����.DGDU�+E$�&������

,QIHNVL�+,9
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5HWLQRSDWL

��
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1HIURSDWL
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1HXURSDWL
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���+LSHUWHQVL
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/DQVLD
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0HQJRQVXPVL�



��

)XURVHPLGH
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7DEHO� ���� PHQXQMXNNDQ� KDVLO� XML� YDOLGLWDV� VLVWHP� SDNDU� UHNRPHQGDVL� REDW�

DQWLGLDEHWLND�RUDO�GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ��%HUGDVDUNDQ�ZDZDQFDUD�GDQ�GLVNXVL�

GHQJDQ�SDNDU�GLSHUROHK�NHVHSDNDWDQ�EDKZD�EDWDV�DPEDQJ�XQWXN�QLODL�FHUWDLQW\�IDFWRU DWDX�

GHUDMDW�NHSDVWLDQ� UHNRPHQGDVL�REDW� DQWLGLDEHWLND�RUDO� DGDODK� VHEHVDU������$QJND� WHUVHEXW�

GLQLODL�FXNXS�DPDQ�XQWXN�PHPLOLK�REDW�DQWLGLDEHWHV��6HKLQJJD�EHUGDVDUNDQ�WDEHO������KDVLO�

UHNRPHQGDVL� REDW� DQWLGLDEHWHV� ROHK� SDNDU� �� \DQJ� PHPHQXKL� QLODL� DPEDQJ� EDWDV� DGDODK�

VHEDQ\DN� ��� REDW� VHGDQJNDQ� KDVLO� UHNRPHQGDVL� REDW� DQWLGLDEHWHV� ROHK� SDNDU� �� \DQJ�

PHPHQXKL� QLODL� DPEDQJ� EDWDV� DGDODK� VHEDQ\DN� ��� REDW�� 1LODL� NHDNXUDWDQ� XQWXN� XML�

YDOLGLWDV�ROHK�SDNDU���DGDODK�VHEHVDU��������GDQ�QLODL�NHDNXUDWDQ�XQWXN�XML�YDOLGLWDV�ROHK�

SDNDU���DGDODK�VHEHVDU�����VHKLQJJD�WRWDO�NHDNXUDWDQ�GDUL�NHVHOXUXKDQ�XML�YDOLGLWDV�VLVWHP�

SDNDU� UHNRPHQGDVL� REDW� DQWLGLDEHWLND� RUDO� GDQ� LQWHUDNVLQ\D� WHUKDGDS� REDW� ODLQ� DGDODK�

VHEHVDU� �������� %HUGDVDUNDQ� SHQJDODPDQ� SDNDU� DGDQ\D� NHWLGDNVHVXDLDQ� KDVLO� MDZDEDQ�

GLNDUHQDNDQ� ROHK� EHEHUDSD� IDNWRU� \DLWX� SHUWLPEDQJDQ� GRNWHU� GDODP� PHPLOLK� REDW�

EHUGDVDUNDQ�NHWHUVHGLDDQ�REDW�GL�UXPDK�VDNLW�GDQ�MDPLQDQ�DVXUDQVLQ\D�VHUWD�SHUNHPEDQJDQ�

NRQGLVL� SDVLHQ� VHWLDS� NRQVXOWDVL� \DQJ� EHOXP� WHUPDVXN� GDODP� SLOLKDQ� NRQGLVL� GL� VLVWHP�

SDNDU�UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ�

����� 3HQJXMLDQ�8VDELOLWDV

3HQJXMLDQ�XVDELOLWDV�GLODNXNDQ�JXQD�PHQJHWDKXL�DSDNDK�VLVWHP�\DQJ�GLEDQJXQ�WHODK�VHVXDL�

GHQJDQ�NHEXWXKDQ�SHQJJXQD��8ML�XVDELOLWDV�GLODNXNDQ�ROHK���UHVSRQGHQ�\DQJ�WHUGLUL�GDUL���

GRNWHU� VSHVLDOLV� SHQ\DNLW� GDODP� VHEDJDL� UHVSRQGHQ� SDNDU� GDQ� �� GRNWHU� XPXP� VHEDJDL�

UHVSRQGHQ� SHQJJXQD� DSOLNDVL� VLVWHP� SDNDU�� 3HQJXMLDQ� GLODNXNDQ� GHQJDQ� PHQMHODVNDQ�

NHSDGD�UHVSRQGHQ�WHQWDQJ�WXMXDQ�GDUL�DSOLNDVL�VLVWHP�SDNDU�UHNRPHQGDVL�REDW�DQWLGLDEHWLND�

RUDO�GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ�VHUWD�EDJDLPDQD�FDUD�PHQJJXQDNDQ�DSOLNDVL�VLVWHP�

SDNDU�WHUVHEXW��5HVSRQGHQ�PHPEHULNDQ� WDQJJDSDQ�GDQ�VDUDQ� WHUNDLW�DSOLNDVL�VLVWHP�SDNDU�

GHQJDQ�PHQJLVL�NXHVLRQHU�VHWHODK�PHODNXNDQ�XML�FRED�DSOLNDVL��

.XHVLRQHU� \DQJ� GLJXQDNDQ� XQWXN� SHQJXMLDQ� XVDELOLWDV� SDGD� VLVWHP� SDNDU�

UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�GDQ�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ�PHQJJXQDNDQ�86(�

4XHVWLRQQDLUH \DQJ� WHUPXDW� GDODP� ��� SHUQ\DWDQ� GDQ� WHUGLUL� GDUL� �� NDWHJRUL� �XVHIXOQHVV��

HDV\� RI� XVH�� HDV\� RI� OHDUQLQJ�� VDWLVIDFWLRQ��� 6NDOD� SHQJXNXUDQ� XML� XVDELOLWDV� GDODP�

SHQHOLWLDQ� LQL� PHQJJXQDNDQ� VNDOD� SHQJXNXUDQ� OLNHUW�� 6NDOD� OLNHUW GLJXQDNDQ� XQWXN�

PHQJXNXU� WLQJNDW� SHUVHWXMXDQ� UHVSRQGHQ� WHUKDGDS� SHUQ\DWDDQ� \DQJ� WHUPXDW� GDODP�

NXHVLRQHU�� 3HQJXMLDQ� XVDELOLWDV� GDODQ� SHQHOLWLDQ� LQL� PHPEHULNDQ� �� DOWHUQDWLI� MDZDEDQ�



��

NHSDGD�UHVSRQGHQ�GDODP�PHQJLVL�NXHVLRQHU�\DLWX�6DQJDW�7LGDN�6HWXMX��676�� 7LGDN�6HWXMX�

�76���1HWUDO��1���6HWXMX��6��GDQ�6DQJDW�6HWXMX��66��

7DEHO�����+DVLO�8ML�8VDELOLWDV

1R 3HUQ\DWDDQ
5HVSRQ�	�3HQLODLDQ 3HUVHQWDVH

676 76 1 6 66 1�6�66

8VHIXOQHVV

�� 6LVWHP� SDNDU� LQL� PHPEDQWX� VD\D�

PHQMDGL�OHELK�HIHNWLI
� � � � �

�������

�� 6LVWHP�LQL�EHUPDQIDDW � � � � �

�� 6LVWHP� SDNDU� LQL� PHPEDQWX� VD\D�

GDODP� PHUHVHSNDQ� REDW� DQWLGLDEHWHV�

RUDO

� � � � �

�� 6LVWHP� LQL� PHQJKHPDW� ZDNWX� VD\D�

NHWLND�PHQJJXQDNDQQ\D
� � � � �

�� 6LVWHP� LQL� VHVXDL� GHQJDQ� NHEXWXKDQ�

VD\D
� � � � �

(DV\�RI�8VH

�� 6LVWHP�LQL�PXGDK�GLJXQDNDQ � � � � �

�������

�� 6LVWHP� LQL� PXGDK� GLSDKDPL� ROHK�

SHQJJXQD
� � � � �

�� 7DKDSDQ� SHQFDULDQ� REDW� GDODP� VLVWHP�

LQL�SUDNWLV
� � � � �

�� 6D\D� GDSDW� PHQJJXQDNDQ� VLVWHP� LQL�

WDQSD�LQVWUXNVL�WHUWXOLV
� � � � �

��� 6D\D� WLGDN� PHOLKDW� DGDQ\D� NHWLGDN�

NRQVLVWHQDQ� VHODPD� VD\D�

PHQJJXQDNDQQ\D�

� � � � �

��� 6D\D� GDSDW� PHQJJXQDNDQ� VLVWHP� LQL�

GHQJDQ� EHUKDVLO� VHWLDS� NDOL� VD\D�

PHQJJXQDNDQQ\D

� � � � �

(DV\�RI�/HDUQLQJ

��� 6D\D� EHODMDU� PHQJJXQDNDQ� VLVWHP� LQL� � � � � � �������



��

GHQJDQ�FHSDW

��� 6D\D� PXGDK� PHQJLQJDW� EDJDLPDQD�

FDUD�PHQJJXQDNDQ�VLVWHP�LQL
� � � � �

��� 6LVWHP�LQL�PXGDK�XQWXN�GLSHODMDUL�FDUD�

SHQJJXQDDQQ\D�
� � � � �

��� 6D\D� FHSDW� PHQMDGL� WHUDPSLO� GHQJDQ�

VLVWHP�LQL
� � � � �

6DWLVIDFWLRQ

��� 6D\D� SXDV� GHQJDQ� VLVWHP� SDNDU�

UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO
� � � � �

�������

��� 6LVWHP� SDNDU� LQL� EHNHUMD� VHSHUWL� \DQJ�

VD\D�LQJLQNDQ
� � � � �

��� 6LVWHP� LQL� PHQ\HQDQJNDQ� XQWXN�

GLJXQDNDQ
� � � � �

��� 6D\D� PHUDVD� VLVWHP� SDNDU� LQL� OD\DN�

GLUHNRPHQGDVLNDQ
� � � � �

��� 6LVWHP�LQL�Q\DPDQ�XQWXN�GLJXQDNDQ � � � � �

7DEHO�����PHQXQMXNNDQ�KDVLO�XML�XVDELOLWDV�\DQJ�GLODNXNDQ�ROHK���UHVSRQGHQ�\DQJ�

WHUGLUL� GDUL� �� GRNWHU� VSHVLDOLV� SHQ\DNLW� GDODP� GDQ� �� GRNWHU� XPXP�� %HUGDVDUNDQ� WDEHO�

WHUVHEXW�GLSHUROHK�KDVLO�SHQJXNXUDQ�XVDELOLWDV�VLVWHP�SDNDU�\DQJ� WHUEDJL�PHQMDGL���DVSHN�

\DLWX�XVHIXOQHVV��HDV\�RI�XVH��HDV\�RI�OHDUQLQJ��VDWLVIDFWLRQ� 3HQLODLDQ�PHQJJXQDNDQ�VNDOD�

OLNHUW�SDGD�SHQHOLWLDQ�LQL��WHUEDJL�PHQMDGL���DOWHUQDWLI�SLOLKDQ�MDZDEDQ�\DLWX�6DQJDW�7LGDN�

6HWXMX��676�� ���SRLQ��7LGDN�6HWXMX��76�� ���SRLQ��1HWUDO��1�� ���SRLQ��6HWXMX��6�� ���SRLQ�

GDQ�6DQJDW�6HWXMX��66�� ���SRLQ��

$VSHN� XVHIXOQHVV WHUGLUL� GDUL� �� SHUQ\DWDDQ� GHQJDQ� ��� MDZDEDQ� QHWUDO� �1��� ���

MDZDEDQ� VHWXMX� �6�� GDQ� �� MDZDEDQ� VDQJDW� VHWXMX� �66��� +DVLO� GDUL� DVSHN� XVHIXOQHVV

PHQXQMXNNDQ� EDKZD� DSOLNDVL� VLVWHP� SDNDU� LQL� PHPLOLNL� WLQJNDW� NHPDQIDDWDQ� VHEHVDU�

�������� $VSHN� HDV\� RI� XVH WHUGLUL� GDUL� �� SHUQ\DWDDQ� GHQJDQ� �� MDZDEDQ� QHWUDO� �1��� ���

MDZDEDQ� VHWXMX� ����� GDQ� �� MDZDEDQ� � VDQJDW� VHWXMX� �66��� +DVLO� GDUL� DVSHN� HDV\� RI� XVH

PHQXQMXNNDQ� VHEHVDU� ������� UHVSRQGHQ� VHWXMX� EDKZD� DSOLNDVL� VLVWHP� SDNDU� LQL� PXGDK�

XQWXN�GLJXQDNDQ��$VSHN�HDV\�RI�OHDUQLQJ WHUGLUL�GDUL���SHUQ\DWDDQ�GHQJDQ���MDZDEDQ�QHWUDO�

�1��� ��� MDZDEDQ� VHWXMX� �6�� GDQ� �� MDZDEDQ� VDQJDW� VHWXMX� �66��� +DVLO� GDUL� DVSHN� HDV\� RI



��

OHDUQLQJ PHQXQMXNNDQ�VHEHVDU��������UHVSRQGHQ�EHUSHQGDSDW�EDKZD�DSOLNDVL�VLVWHP�SDNDU�

LQL�PXGDK�XQWXN�GLSHODMDUL��$VSHN�VDWLVIDFWLRQ WHUGLUL�GDUL���SHUQ\DWDDQ�GHQJDQ����MDZDEDQ�

QHWUDO� �1��� ��� MDZDEDQ� VHWXMX� �6�� GDQ� �� MDZDEDQ� VDQJDW� VHWXMX� �66��� +DVLO� GDUL DVSHN�

VDWLVIDFWLRQ PHQXQMXNNDQ� WLQJNDW� NHSXDVDQ� UHVSRQGHQ� WHUKDGDS� DSOLNDVL� VLVWHP� SDNDU� LQL�

VHEHVDU��������

6HEDJDL�EDKDQ�HYDOXDVL� DSOLNDVL� VLVWHP�SDNDU� UHNRPHQGDVL�REDW� DQWLGLDEHWLND�RUDO�

GDQ� LQWHUDNVLQ\D� WHUKDGDS� REDW� ODLQ�� UHVSRQGHQ�PHPEHULNDQ� WDQJJDSDQ� GDQ� VDUDQ� WHUNDLW�

DSOLNDVL�VLVWHP�SDNDU�LQL��%HEHUDSD�VDUDQ�\DQJ�GLEHULNDQ�ROHK�UHVSRQGHQ�WHUKDGDS�DSOLNDVL�

VLVWHP�SDNDU�LQL�\DLWX��

�� 7HUGDSDW� EHEHUDSD� SHUWLPEDQJDQ� NRQGLVL� SDVLHQ� \DQJ� EHOXP� WHUPDVXN� NHGDODP�

VLVWHP�SDNDU� VHSHUWL�NDGDU�JXOD�GDUDK�SXDVD�GDQ�SRVWSUDQGLDO� VHUWD�SHUNHPEDQJDQ�

SDVLHQ�VHWLDS�NRQVXOWDVL�

�� )LWXU� REDW� \DQJ� VHGDQJ� GLNRQVXPVL� SDGD� DSOLNDVL� VLVWHP� SDNDU� OHELK� EDLN� MLND�

GLWDPEDK� GHQJDQ� NRORP� SHQFDULDQ� VHKLQJJD� GDSDW� PHPXGDKNDQ� GRNWHU� GDQ�

PHQ\LQJNDW�ZDNWX�SHQJLVLDQ�

�� 3HUOX�GLWDPEDK�NRPSOLNDVL�REDW�GDODP�DSOLNDVL�

�� 3LOLKDQ�REDW�ODLQ�XQWXN�SHQ\DNLW�SHQ\HUWD�SHUOX�GLOHQJNDSL�

�� 3HQDPEDKDQ� MHQLV� NRQGLVL� SDVLHQ� EHVHUWD� SLOLKDQ� REDW�REDWDQ� DNDQ� PHPEXDW�

DSOLNDVL�LQL�OHELK�EDLN�ODJL�
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%$%��

.HVLPSXODQ

��� .HVLPSXODQ

.HVLPSXODQ�GDUL�SHQHOLWLDQ�LQL�DGDODK�

�� 3HQGHNDWDQ� UXOH� EDVHG� UHDVRQLQJ GDSDW� GLLPSOHPHQWDVLNDQ� GHQJDQ� EDLN� GDODP�

PHQ\LPSDQ� SHQJHWDKXDQ�SHQJHWDKXDQ� GDUL� SDNDU� WHUNDLW� UHNRPHQGDVL� REDW�

DQWLGLDEHWLND�RUDO�EHVHUWD�LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ�

�� 0HWRGH� LQIHUHQVL� IRUZDUG� FKDLQLQJ GDSDW� GLLPSOHPHQWDVLNDQ� GHQJDQ� EDLN� GDODP�

PHODNXNDQ�SHQHOXVXUDQ�VHUWD�PHODNXNDQ�SHQFRFRNDQ�IDNWD�\DQJ� WHUVHGLD�GL�GDODP�

EDVLV�SHQJHWDKXDQ�VLVWHP�SDNDU�UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�

�� 0HWRGH�FHUWDLQW\� IDFWRU GDSDW�GLWHUDSNDQ�GHQJDQ�EDLN�XQWXN�PHQXQMXNNDQ�GHUDMDW�

NHSDVWLDQ�GDODP�VXDWX�DWXUDQ�GDODP�VLVWHP�UHNRPHQGDVL�REDW�DQWLGLDEHWLND�RUDO�GDQ�

LQWHUDNVLQ\D�WHUKDGDS�REDW�ODLQ�

�� +DVLO� UHNRPHQGDVL� REDW� SDGD� VLVWHP� SDNDU� LQL� GLVHUWDL� GHQJDQ� GHUDMDW� NHSDVWLDQ�

\DQJ�GLRODK�GDUL�QLODL�FHUWDLQW\�IDFWRU SDNDU�GDQ�XVHU��7HUGDSDW�LQIRUPDVL�LQWHUDNVL�

REDW� \DQJ� GDSDW� PHPEHULNDQ� LQIRUPDVL� NHSDGD� GRNWHU� GDODP� PHUHVHSNDQ� REDW�

DQWLGLDEHWHV�DSDELOD�WHUGDSDW�LQWHUDNVL�REDW�\DQJ�PHPEDKD\DNDQ�

�� +DVLO�XML�EODFER[�PHQXQMXNNDQ�EDKZD�DSOLNDVL�VLVWHP�SDNDU�LQL�OXOXV�XML�GDQ�GDSDW�

EHUIXQJVL�GHQJDQ�EDLN�

�� +DVLO� XML� XVDELOLWDV� PHQXQMXNNDQ� EDKZD� DSOLNDVL� VLVWHP� SDNDU� PHPLOLNL� QLODL�

XVHIXOQHVV VHEHVDU���������QLODL�HDV\�RI�XVH VHEHVDU���������QLODL�HDV\�RI�OHDUQLQJ

VHEHVDU��������GDQ�QLODL�VDWLVIDFWLRQ VHEHVDU��������
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'DIWDU�3XVWDND

%320�� �������� 3XVDW� ,QIRUPDVL� 2EDW� 1DVLRDO�� 5HWULHYHG� $XJXVW� ���� ������ IURP�

KWWS���SLRQDV�SRP�JR�LG

&KDXGKXU\��$���	�0LU]D��:����������&OLQLFDO�5HYLHZ�RI�$QWLGLDEHWLF�'UXJVௗ��,PSOLFDWLRQV�

IRU� 7\SH� �� 'LDEHWHV� 0HOOLWXV� 0DQDJHPHQW�� ��-DQXDU\���

KWWSV���GRL�RUJ���������IHQGR�����������

&KHQ��5���+XDQJ��<��� %DX��&���	�&KHQ�� 6�� ��������([SHUW� 6\VWHPV�ZLWK�$SSOLFDWLRQV�$�

UHFRPPHQGDWLRQ� V\VWHP� EDVHG� RQ� GRPDLQ� RQWRORJ\� DQG� 6:5/� IRU� DQWL�GLDEHWLF� GUXJV�

VHOHFWLRQ�� ([SHUW� 6\VWHPV� :LWK� $SSOLFDWLRQV�� ������� ����±������

KWWSV���GRL�RUJ���������M�HVZD������������

'LUHNWRUDW� -HQGHUDO� %LQD� .HIDUPDVLDQ� GDQ� $ODW� .HVHKDWDQ� 'HSNHV� 5,�� ��������

3KDUPDFHXWLFDO�FDUH�XQWXN�SHQ\DNLW�GLDEHWHV�PHOOLWXV�

(VIDKDQLDQ��)���6HSHKUL��0��0���	�$]DURQ��$����������3KDUPDFRORJLFDO�WKHUDS\�VHOHFWLRQ�RI�

W\SH� �� GLDEHWHV� EDVHG� RQ� WKH� 6:$5$� DQG�PRGLILHG�08/7,0225$�PHWKRGV� XQGHU� D�

IX]]\� HQYLURQPHQW�� $UWLILFLDO� ,QWHOOLJHQFH� ,Q� 0HGLFLQH��

KWWSV���GRL�RUJ���������M�DUWPHG������������

,')����������,QWHUQDWLRQDO�'LDEHWHV�)HGHUDWLRQ�(LJKWK�HGLWLRQ�

.HPHQNHV� 5,�� �������� 6LWXDVL� GDQ� $QDOLVLV� 'LDEHWHV�� 3XVDW� 'DWD� 'DQ� ,QIRUPDVL�

.HPHQWHULDQ�.HVHKDWDQ�5,��KWWSV���GRL�RUJ���������

.XVXPDGHZL�� 6�� �������� $UWLILFLDO� ,QWHOOLJHQFH� �7HNQLN� GDQ� $SOLNDVLQ\D��� <RJ\DNDUWD��

*UDKD�,OPX�

0HQNHVௗ��0DUL� .LWD� &HJDK�'LDEHWHV� GHQJDQ�&(5',.�� �������� 5HWULHYHG� $SULO� ��� ������

IURP� KWWS���ZZZ�GHSNHV�JR�LG�DUWLFOH�YLHZ�������������PHQNHV�PDUL�NLWD�FHJDK�

GLDEHWHV�GHQJDQ�FHUGLN�KWPO

1XU�� $�� �������� $GD� DSD� GHQJDQ� REDW� GLDEHWHV� PHOLWXV� GDQ� REDW� KLSHUWHQVL�� �'�� $��

3HUZLWDVDUL��(G����<RJ\DNDUWD��,PSHULXP�

1XUKD\DWL�� �������� 6LVWHP� SDNDU� SHPLOLKDQ� REDW� DQWLKLSHUWHQVL� GDQ� LQWHUDNVL� REDW� DWDX�

PDNDQDQ��������������±���

1XUODHODK��,���0XNDGGDV��$���	�)DXVWLQH��,����������.DMLDQ�LQWHUDNVL�REDW�SDGD�SHQJREDWDQ�

GLDEHWHV�PHOLWXV���GP���GHQJDQ�KLSHUWHQVL�GL�LQVWDODVL�UDZDW�MDODQ��-RXUQDO�RI�3KDUPDF\�����

��±���

1XU\DWL����������)DUPDNRORJL��.HPHQWHULDQ�.HVHKDWDQ�5,�
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3HUNHQL�� ��������3HQJHORODDQ�GDQ�SHQFHJDKDQ�GLDEHWHV�PHOLWXV� WLSH���GL� LQGRQHVLD�������

3%�3HUNHQL�

6DKDUD��:����������6LVWHP�3HQGXNXQJ�.HSXWXVDQ�3HPLOLKDQ�2EDW�'HPDP��6DQDWD�'KDUPD�

8QLYHUVLW\�

6KDUPD��*���+DULNXPDU�� 6�� /���	�1DYLV�� 6�� ��������$�5HYLHZ�RQ�'UXJ�'UXJ� DQG�'UXJ�

)RRG�,QWHUDFWLRQV�LQ�3DWLHQWV�'XULQJ�WKH�7UHDWPHQW�RI�'LDEHWHV�0HOOLWXV�������

6XWRMR��7���0XO\DQWR��(���	�6XKDUWRQR��9����������.HFHUGDVDQ�%XDWDQ��<RJ\DNDUWD��$QGL�

7MD\��+��7���	�5DKDUGMD��.����������2EDW�REDW�SHQWLQJ��NKDVLDW��SHQJJXQDDQ��GDQ�HIHN�HIHN�

VDPSLQJQ\D� �(QDP��� -DNDUWD�� 37�� (OH[� 0HGLD� .RPSXWLQGR�� .HORPSRN� .RPSDV� �

*UDPHGLD�

7XUEDQ��(���$URQVRQ��-��(���	�/LDQJ��7����������'HFLVLRQ�6XSSRUW�6\VWHPV�DQG�,QWHOOLJHQW�

6\VWHPV�

9LWDKHDOWK����������'LDEHWHV��-DNDUWD��*UDPHGLD�3XVWDND�8WDPD�

:+2�� �������� 'LDEHWHV�� :RUOG� +HDOWK� 2UJDQL]DWLRQ�� ��� 5HWULHYHG� IURP�

KWWS���ZZZ�ZKR�LQW�QPK�SXEOLFDWLRQV�IDFWBVKHHWBGLDEHWHVBHQ�SGI
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/$03,5$1

/DPSLUDQ����'DWD�DWXUDQ�VLVWHP�SDNDU

5���,)�.��25�.���25�.���25�.���25�.���25�.���25�.���25�.���25�.���7+(1�

$���&) ����

5���,)�.��25�.��7+(1�$���&) ����

5���,)�.��25�.����25�.����25�.���25�.���25�.���7+(1�$���&) �����

5���,)�.���25�.���25�.���7+(1�$���&) ����

5���,)�.��25�.���7+(1�$���&) ����

5���,)��.��25��.��25�.��7+(1�$���&) �� ����

5���,)�.���7+(1�$���&) �� ����

5���,)�.��7+(1�$���&) �� ����

5���,)��.��25�.���25�.���25�.���25�.���25�.���25�.���25�.���25�.���7+(1�

$���&) ����

5����,)�.��25�.��7+(1�$���&) �����

5���,)�.��25�.����25�.����25�.���25�.���25�.���25�.���7+(1�$���&) ����

5����,)�.���25�.����25�.���7+(1�$���&) �����

5����,)�.��25�.���7+(1�$���&) ����

5����,)��.��25��.��25�.��7+(1�$���&) �� ����

5��� ,)�.��7+(1�$���&) �� ����

5����,)��.��25�.���25�.���25�.���25�.���25�.���25�.���25�.���25�.���7+(1�

$���&) �����

5����,)�.��25�.��7+(1�$���&) �����

5����,)�.��25�.��25�.�����25�.����25�.���25�.���25�.���25�.���7+(1�$���&) �

����

5����,)�.��25�.���7+(1�$���&) �����

5����,)�.���25�.����25�.���7+(1�$���&) �����
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5����,)��.��25��.��25�.��7+(1�$���&) �� ����

5����,)��.��25�.���25�.���25�.���25�.���25�.���25�.���25�.���25�.���7+(1�

$���&) ����

5����,)�.��25�.��7+(1�$���&) �����

5����,)�.��25�.��25�.�����25�.����25�.���25�.���25�.���25�.���7+(1�$���&) �

����

5����,)�.��25�.���7+(1�$���&) �����

5����,)�.���25�.����25�.���7+(1�$���&) �����

5����,)��.��25��.��25�.��7+(1�$���&) �� ����

5����,)��.��25�.���25�.���25�.���25�.���25�.���25�.���25�.���25�.���7+(1�

$���&) ����

5����,)�.��25�.��7+(1�$���&) �����

5����,)�.��25�.��25�.�����25�.����25�.���25�25�.���25�.���7+(1�$���&) ����

5����,)�.��25�.���25�.���7+(1�$���&) �����

5����,)�.���25�.����25�.���7+(1�$���&) �����

5����,)��.��25��.��25�.��7+(1�$���&) �� ����

5����,)�.���25�.����25�.���7+(1�$���&) �����

5����,)��.��25�.���25�.���25�.���25�.���25�.���25�.���25�.���25�.���7+(1�

$���&) ����

5����,)�.��25�.��7+(1�$���&) �����

5����,)�.��25�.��25�.�����25�.����25�.���25�25�.���25�.���7+(1�$���&) ����

5����,)�.��25�.���7+(1�$���&) �����

5����,)��.��25��.��25�.��7+(1�$���&) �� ����

5����,)��.��25��.��25��.��25�.��25�.��7+(1�$���&) �����

5����,)�.��25�.��25�.��25�.�����25�.���25�.���25�.���25�.���25�.���25�.���

7+(1�$���&) ����

5����,)�.��25�.���25�.����25�.���25�.���7+(1�$���&) �����
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5����,)�.���25�.���25�.���25�.���7+(1�$���&) ����

5����,)�.����7+(1�$���&) ����

5����,)�.���25�.���7+(1�$���&) �� ����
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5����,)��.��25��.��25�.��25�.���25�.���25�.����25�.�����25�.����25�.���25�
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5����,)��.��7+(1�$���&) �����

5����,)�.��25�.��25�.��25�.��25�.��25�.���25�.���25�.���25�.���25�.���25�

.���7+(1�$���&) ����

5����,)�.���25�.���25�.���7+(1�$���&) �����

5����,)�.��25�.���25�.���25�.���25�.���7+(1�$���&) ����

5����,)�,)��.��25��.��25�.��25�.���25�.�����25�.����25�.���7+(1�$���&) �����

5����,)��.��25�.��25�.��25�.��25�.���25�.���25�.���25�.���25�.���25�.���

7+(1�$���&) ����

5����,)�.���25�.���7+(1�$���&) �����

5����,)�.��7+(1�$���&) �� ����

5����,)�.����7+(1�$���&) �� ����

5����,)�.���7+(1�$���&) �� ����

5����,)�.��25�.��25�.��25�.��25�.���25�.���25�.�����25�.����25�.���25�.���

25�.���25�.���25�.���25�.����7+(1�$����&) �����

5����,)�.���25�.���25�.���25�.���25�.���7+(1�$����&) �����

5����,)�.���25��.���7+(1�$����&) �����
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�� 3HQJXMLDQ�/RJLQ

'DWD�6DPSOH ([SHFWHG�5HVXOW
5HVXOW�

�3$66�)$,/�
&RQFOXVLRQ

8VHUQDPH 3$66 3$66 6XFFHVV

3DVVZRUG 3$66 3$66 6XFFHVV

/RJLQ 3$66 3$66 6XFFHVV

/XSD�3DVVZRUG 3$66 3$66 6XFFHVV

�� 3HQJXMLDQ�+DODPDQ�3HQJJXQD

'DWD�6DPSOH ([SHFWHG�5HVXOW
5HVXOW�

�3$66�)$,/�
&RQFOXVLRQ

+RPH 3$66 3$66 6XFFHVV

3HQJJXQD 3$66 3$66 6XFFHVV

�� 3HQJXMLDQ�+DODPDQ�3HQJJXQD

'DWD�6DPSOH ([SHFWHG�5HVXOW
5HVXOW�
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/LKDW 3$66 3$66 6XFFHVV
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+DSXV 3$66 3$66 6XFFHVV
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