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3(51<$7$$1

6D\D� PHQ\DWDNDQ� EDKZD� \DQJ� WHUWXOLV� GL� GDODP� VNULSVL� LQL� EHQDU�EHQDU� KDVLO� NDU\D� VD\D�
VHQGLUL�� EXNDQ� MLSODNDQ�GDUL� NDU\D� WXOLV� RUDQJ� ODLQ� EDLN� VHEDJLDQ� DWDX� VHOXUXKQ\D��3HQGDSDW
DWDX�WHPXDQ�RUDQJ�ODLQ�\DQJ�WHUGDSDW�GDODP�VNULSVL�LQL�GLNXWLS�DWDX�GLUXMXN�EHUGDVDUNDQ�NRGH�
HWLN�LOPLDK��$SDELOD�GLNHPXGLDQ�KDUL�WHUEXNWL�VNULSVL�LQL�DGDODK�KDVLO�MLSODNDQ�GDUL�NDU\D�WXOLV�
RUDQJ�ODLQ��PDND�VD\D�EHUVHGLD�PHQHULPD�VDQNVL�VHVXDL�GHQJDQ�NHWHQWXDQ�\DQJ�EHUODNX�

6HPDUDQJ����0DUHW�����
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0RWWR�
'RQ¶W�-XVW�'UHDP�2I�6XFFHVV
:DNH�8S��*HW�8S��$QG
'R�6RPHWKLQJ�8VHIXOO
�0DULR�7HJXK�

3HUVHPEDKDDQ
7DQSD� PHQJXUDQJL� UDVD� V\XNXU�
NHKDGLUDW� $OODK� 6:7�� NDU\DNX� LQL�
NX�SHUVHPEDKNDQ�NHSDGD��
��� $\DK ,EXNX� WHUFLQWD�� 7XVZDQWR�

+DGL� 6XGLUR GDQ� 6XJLQL�� 6�3G���
\DQJ� WLGDN� SHUQDK� SXWXV�
PHQGRDNDQ�� PHPEHULNDQ�
VHPDQJDW��GDQ�GXNXQJDQQ\D��

��� $OPDPDWHUNX�WHUFLQWD��
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35$.$7$

3XML� V\XNXU� SHQ\XVXQ� SDQMDWNDQ� NHKDGLUDW� $OODK� 6:7� \DQJ� WHODK�
PHOLPSDKNDQ� VHJDOD� UDKPDW� GDQ� NDUXQLD1\D�� VHKLQJJD� SHQ\XVXQ� GDSDW�
PHQ\HOHVDLNDQ� VNULSVL� GHQJDQ� MXGXO� ³3(/$.6$1$$1� 6,67(0�
3(1*(/2/$$1� $56,3� $.7,)�� ,1$.7,)� ',� .$1725� %$'$1�
',./$7�� $56,3� '$1� 3(53867$.$$1� '$(5$+� .$%83$7(1�
&,/$&$3´��6NULSVL� LQL�GLVXVXQ�XQWXN�PHPHQXKL�SHUV\DUDWDQ�JXQD�PHPSHUROHK�
JHODV� 6DUMDQD� 3HQGLGLNDQ� SDGD� SURJUDP� VWXGL� 3HQGLGLNDQ� (NRQRPL� 8QLYHUVLWDV�
1HJHUL�6HPDUDQJ�

3HQ\XVXQ� PHQ\DGDUL� EDKZD� SHQ\XVXQDQ� VNULSVL� LQL� WLGDN� GDSDW�
WHUVHOHVDLNDQ� WDQSD� EDQWXDQ�GDQ� GXNXQJDQ� GDUL� EHUEDJDL� SLKDN��2OHK� NDUHQD� LWX��
SHQXOLV�PHQJXFDSNDQ�WHULPD�NDVLK�NHSDGD�

�� 3URI��'U��)DWKXU�5RNKPDQ��0�+XP���5HNWRU�8QLYHUVLWDV�1HJHUL�6HPDUDQJ�\DQJ�
WHODK�PHQJLMLQNDQ�SHQ\XVXQ�PHQ\HOHVDLNDQ� SHQGLGLNDQ� GL�8QLYHUVLWDV�1HJHUL�
6HPDUDQJ�

�� 'U��:DK\RQR��0�0���'HNDQ�)DNXOWDV�(NRQRPL�8QLYHUVLWDV�1HJHUL�6HPDUDQJ�
\DQJ�WHODK�PHQJHVDKNDQ�VNULSVL�LQL�

�� 'U��$GH�5XVWLDQD��0�6L���NHWXD�-XUXVDQ�SHQGLGLNDQ�(NRQRPL�)DNXOWDV�(NRQRPL�
8QLYHUVLWDV� 1HJHUL� 6HPDUDQJ� \DQJ� WHODK� PHPEHULNDQ� LMLQ� SHQHOLWLDQ� NHSDGD�
SHQ\XVXQ�

�� 'U�� $GH� 5XVWLDQD�� 0�6L��� 'RVHQ� 3HPELPELQJ� \DQJ� WHODK� PHPELPELQJ� GDQ�
PHQJDUDKNDQ�SHQ\XVXQ�GDODP�PHQ\XVXQ�VNULSVL�LQL�



ǀŝŝ

�� 6HOXUXK�%DSDN�GDQ�,EX�GRVHQ�3HQGLGLNDQ�(NRQRPL�\DQJ�WHODK�EHUEDJL�EDQ\DN�
LOPX�VHEDJDL�EHNDO�SHQHOLWLDQ�VNULSVL�GDQ�EHNDO�XQWXN�PDVD�GHSDQ�

�� 7XOXV� :LERZR�� 6+�� 6�3G�� 0�6L��� VHODNX� .HSDOD� %DGDQ� 'LNODW�� $UVLS� GDQ�
3HUSXVWDNDDQ�'DHUDK�.DEXSDWHQ�&LODFDS�\DQJ�WHODK�EHUVHGLD�PHPEHULNDQ�LMLQ�
NHSDGD�SHQ\XVXQ�XQWXN�PHODNXNDQ�SHQHOLWLDQ�

�� &ULVWLDQD� 'HZL�� 6+��� 3HODNVDQD� $GPLQLVWUDVL� 'LNODW� \DQJ� WHODK� PHPEHULNDQ�
LMLQ�GDQ�PHPEDQWX�WHUODNVDQDQ\D�SHQHOLWLDQ�LQL�

�� 6XJHQJ�� 6�6RV���.HSDOD� 3HOHVWDULDQ� GDQ�.HDPDQDQ�$UVLS� \DQJ� WHODK� EHUVHGLD�
PHPELPELQJ�GDQ�PHPEDQWX�WHUODNVDQDQ\D�SHQHOLWLDQ�VNULSVL�

�� $QG\�5DKPDW�*XPLODU��$UVLSDULV�GDQ 6WDII�SHQJHORODDQ�DUVLS�LQDNWLI�\DQJ�WHODK�
EHUSHUDQ�VHEDJDL�UHVSRQGHQ�XQWXN�PHPEDQWX�WHUODNVDQDQ\D�SHQHOLWLDQ�VNULSVL�

��� $GLNNX� WHUVD\DQJ� +DQGRNR� 'ZL� 3UDERZR�� \DQJ� VHODOX� PHPEHULNDQ�
VHPDQJDW�

��� .HOXDUJD� 3$3�$� ����� WHUFLQWD� GDQ� WHPDQ�WHPDQ� 3$3�%� ����� \DQJ� VHODOX�
EHUEDJL�LOPX�GDQ�VDOLQJ�PHQ\HPDQJDWL�GDODP�SHQ\XVXQDQ�VNULSVL�

��� 6HPXD�SLKDN�\DQJ�WLGDN�GDSDW�GLVHEXWNDQ�VDWX�SHUVDWX��\DQJ�WHODK�PHPEDQWX�
GDODP�SHQXOLVDQ�VNULSVL�LQL�

6HPRJD�� VNULSVL� \DQJ� WHODK� WHUVXVXQ� LQL� GDSDW� PHPEHULNDQ� PDQIDDW� GDQ�
PHQDPEDK�LOPX�VHUWD�ZDZDVDQ�EDJL�SHPEDFD�

6HPDUDQJ����0DUHW�����

0XNUL�/LVWLDQL
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6$5,
/LVWLDQL��0XNUL��������³3HODNVDQDDQ�6LVWHP�3HQJHORODDQ�$UVLS�$NWLI�� ,QDNWLI�GL�
.DQWRU� %DGDQ� 'LNODW�� $UVLS�� GDQ� 3HUSXVWDNDDQ� 'DHUDK� .DEXSDWHQ� &LODFDS´��
6DUMDQD� 3HQGLGLNDQ� (NRQRPL� �$NXQWDQVL�� 8QLYHUVLWDV� 1HJHUL� 6HPDUDQJ��
3HPELPELQJ��$GH�5XVWLDQD��0�6L�
.DWD�NXQFL��6LVWHP�3HQJHORODDQ��$UVLS�$NWLI��$UVLS�,QDNWLI

3HODNVDQDDQ� VLVWHP� SHQJHORODDQ� DUVLS� PHUXSDNDQ� EDJLDQ� SHQWLQJ� GDODP�
NHJLDWDQ� DGPLQLVWUDVL�� 6LVWHP� SHQJHORODDQ� DUVLS� GLNDWDNDQ� SHQWLQJ� NDUHQD� DUVLS�
\DQJ�PHUXSDNDQ�KDVLO�UHNDPDQ��DFXDQ��GDQ�EDKDQ�SHUWLPEDQJDQ�VXDWX�NHSXWXVDQ�
PHQMDGLNDQ�SHODNVDQDDQ�VLVWHP�SHQJHORODDQ�DUVLS�KDUXV�GDSDW�GLSHUKDWLNDQ��PXODL�
GDUL� FDUD� EDJDLPDQD� PHQJRODK� DUVLS� GHQJDQ� EDLN� GDQ� EHQDU�� NHJLDWDQ�
SHPHOLKDUDDQ� GDQ� SHQJDPDQDQ� DUVLS�� VHUWD� IDVLOLWDV� \DQJ� KDUXV� GLPLOLNL� GHPL�
PHQGXNXQJ�NHJLDWDQ�VLVWHP�SHQJHORODDQ�DUVLS�

7XMXDQ�SHQHOLWLDQ� LQL�XQWXN�PHQGHVNULSVLNDQ� WHQWDQJ�3HODNVDQDDQ�6LVWHP�
3HQJHORODDQ�$UVLS�$NWLI��,QDNWLI�GL�.DQWRU�%DGDQ�'LNODW��$UVLS��GDQ�3HUSXVWDNDDQ�
'DHUDK� .DEXSDWHQ� &LODFDS�� 3HQHOLWLDQ� LQL� PHUXSDNDQ� SHQHOLWLDQ� .XDOLWDWLI�
'HVNULSWLI� GHQJDQ� PHQJJXQDNDQ� WHNQLN� SHQJXPSXODQ� GDWD� EHUXSD�� REVHUYDVL��
ZDZDQFDUD�GDQ�GRNXPHQWDVL��$QDOLVLV�GDWD�\DQJ�GLJXQDNDQ�DGDODK�SHQJXPSXODQ�
GDWD��SHUHGXNVLDQ�GDWD�GDQ�SHQDULNDQ�NHVLPSXODQ�

+DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD� SHODNVDQDDQ� VLVWHP� SHQJHORODDQ�
DUVLS� DNWLI� PHOLSXWL� NHJLDWDQ� SHQFDWDWDQ�� SHQDWDDQ�� SHQ\LPSDQDQ�� SHPLQMDPDQ�
DUVLS�GDQ�SHQHPXDQ�NHPEDOL�DUVLS��SHPLQGDKDQ�DUVLS�NH�GHSR�DUVLS�VHUWD�NHJLDWDQ�
SHPHOLKDUDDQ� GDQ� SHUDZDWDQ� DUVLS�� 6HGDQJNDQ� SHODNVDQDDQ� VLVWHP� SHQJHORODDQ�
DUVLS�LQDNWLI�GL�%LGDQJ�NHDUVLSDQ�PHOLSXWL�NHJLDWDQ�SHQJXPSXODQ�DUVLS��SHPLODKDQ�
DUVLS�� SHQGLVNULSVLDQ�DUVLS�� SHPEXQJNXVDQ�DUVLS�� SHQLODLDQ�DUVLS��PDQXYHU�NDUWX��
SHQRPRUDQ� GHILQLWLI� PDQXYHU� EHUNDV�� SHQDWDDQ� DUVLS� GDODP� ERNV�� SHQ\XVXQDQ�
ERNV� DUVLS� GL� UDN� DUVLS�� SHQFDWDWDQ� GL� EXNX� GDIWDU� SHUWHODDQ� DUVLS� �'3$���
SHPHOLKDUDDQ� GDQ� SHUDZDWDQ� DUVLS� LQDNWLI�� SHPLQMDPDQ� GDQ� SHQJDZDVDQ� DUVLS�
LQDNWLI��GDQ�NHJLDWDQ�SHPXVQDKDQ�DUVLS�LQDNWLI��

6LPSXODQ�GDUL�SHQHOLWLDQ� LQL�DGDODK�SHODNVDQDDQ� VLVWHP�SHQJHORODDQ�DUVLS�
EDLN� LWX� DUVLS� DNWLI� PDXSXQ� DUVLS� LQDNWLI� VXGDK� WHUODNVDQD� GHQJDQ� EDLN� VHVXDL�
GHQJDQ� SURVHGXU� GDQ� NHEXWXKDQ� RUJDQLVDVL� PXODL� GDUL� SHQ\LPSDQDQ� VDPSDL�
GHQJDQ� SHPXVQDKDQ� DUVLS�� 1DPXQ� WHUGDSDW� NHQGDOD� \DQJ� GLKDGDSL� \DLWX�
NXUDQJQ\D�SHUKDWLDQ�WHUKDGDS�PHWRGH�SHPLQMDPDQ�DUVLS�\DQJ�WLGDN�PHQJJXQDNDQ�
EXNX� GDIWDU� SHPLQMDPDQ� DUVLS� DNWLI�� NXUDQJQ\D� VDUDQD� GDQ� SUDVDUDQD� \DQJ�
PHQGXNXQJ�GL� GHSR�DUVLS�� GDQ�DUVLS�NDFDX� \DQJ� VHMDXK� LQL�GLWHULPD�ROHK�ELGDQJ�
NHDUVLSDQ� GDUL� 6.3'�6.3'� VHWHPSDW� EHUXSD� DUVLS� \DQJ� EHOXP� WHULGHQWLILNDVL�
6DUDQ� GDUL� SHQHOLWLDQ� LQL� \DQJ� GDSDW� GLSHUWLPEDQJNDQ� XQWXN� PHQJDWDVL� NHQGDOD�
\DQJ�DGD�DGDODK�GHQJDQ�PHQHUDSNDQ�SHQJJXQDDQ�EXNX�GDIWDU�SHPLQMDPDQ�DUVLS��
PHPDNVLPDONDQ� VDUDQD� GDQ� SUDVDUDQD� \DQJ� DGD� VHUWD� PHPDNVLPDONDQ� NLQHUMD�
GDODP�PHQJDWDVL�DUVLS�NDFDX�GL�ELGDQJ�NHDUVLSDQ��



ŝǆ

$%675$&7
/LVWLDQL��0XNUL� ������³,PSOHPHQWDWLRQ�2I�5HFRUGV�0DQDJHPHQW�6\VWHPV�$FWLYH��
,QDFWLYH�LQ�7KH�2IILFH�7UDLQLQJ�$JHQF\��/LEUDU\�DQG�$UFKLHYH�FLODFDS�5HJHQF\´�
)LQDO� SURMHFW�� (FRQRPLFV� (GXFDWLRQ� 'HSDUWPHQW�� 6HPDUDQJ� 6WDWH� 8QLYHUVLW\͘�
$GYLVRU��$GH�5XVWLDQD��0�6L
.H\ZRUG� ,PSOHPHQWDWLRQ�� 0DQDJHPHQW� 6\VWHP�� $FWLYH� $UFKLYH�� ,QDFWLYH�
$UFKLYH�

,PSOHPHQW� RI� UHFRUGV� PDQDJHPHQW� V\VWHP� LV� DQ� LPSRUWDQW� SDUW� RI� WKH�
DGPLQLVWUDWLRQ��6\VWHP�PDQDJHPHQW�RI� DUFKLYHV� LV� VDLG� LV� LPSRUWDQW�EHFDXVH� WKH�
DUFKLYH� LV� WKH� UHVXOW� RI� UHFRUGLQJ�� UHIHUHQFH� DQG� FRQVLGHUDWLRQ� RI� D� GHFLVLRQ� WR�
PDNH� WKH� LPSOHPHQWDWLRQ� RI� WKH� PDQDJHPHQW� V\VWHP� WKDW� UHFRUGV� VKRXOG� EH�
FRQVLGHUHG��UDQJLQJ�IURP KRZ�WR�SURFHVV�WKH�UHFRUG�SURSHUO\��WKH�PDLQWHQDQFH�DQG�
VHFXULW\�RI� WKH� DUFKLYH�� DV�ZHOO� DV� WKH� IDFLOLWLHV� WR�EH�SRVVHVVHG� LQ� IDYRU�DUFKLYH�
PDQDJHPHQW�V\VWHP�DFWLYLWLHV�

7KH�SXUSRVH�RI� WKLV�VWXG\� WR�GHVFULEH�WKH�LPSOHPHQWDWLRQ�RI�DFWLYH�DUFKLYH�
PDQDJHPHQW� V\VWHPV� LQ� WKH� RIILFH� RI� LQDFWLYH� WUDLQLQJ� DJHQFLHV�� DUFKLYHV� DQG�
OLEUDULHV�FLODFDS�GLVWULFW��7KLV�UHVHDUFK�LV�D�TXDOLWDWLYH�GHVFULSWLYH�VWXG\�XVLQJ�GDWD�
FROOHFWLRQ� WHFKQLTXHV� VXFK� DV� REVHUYDWLRQ�� LQWHUYLHZV� DQG� GRFXPHQWDWLRQ�� 'DWD�
DQDO\VLV�LV�GDWD�FROOHFWLRQ��GDWD�UHGXFWLRQ�DQG�FRQFOXVLRQ�

7KH� UHVXOWV� VKRZHG� WKDW� WKH� LPSOHPHQWDWLRQ�RI�DFWLYH�DUFKLYH�PDQDJHPHQW�
V\VWHP�LQFOXGHV�UHFRUGLQJ��RUJDQL]DWLRQ��VWRUDJH��DUFKLYDO�DQG�UHWULYDO�ERUURZLQJ�
DUFKLYH�� WUDQVIHU�RI�DUFKLYH� WR� WKH�DUFKLYH�GHSRW�� DV�ZHOO�DV� WKH�PDLQWHQDQFH�DQG�
FDUH�RI�WKH�DUFKLYH��:KLOH�WKH�LPSOHPHQWDWLRQ�RI�WKH�PDQDJHPHQW�V\VWHP�DUFKLYH�
LQDFWLYH�LQ�WKH�ILHOG�RI�DUFKLYHV�FRYHULQJ�WKH�DFWLYLWLHV�RI�WKH�FROOHFWLQJ�DUFKLYHV��
VKRUWLQJ� DUFKLYHV�� GHVFULSWLRQ� DUFKLYH�� ZUDSSLQJ�� DVVHVVPHQW�� �PDQXHYHU� FDUGV��
QXPEHULQJ� GHILQLWLYH�� PHQXHYHULQJ� ILOHV�� PDQDJLQJ� WKH� DUFKLYH� LQ� WKH� ER[�� WKH�
SUHSDUDWLRQ� RI� FULEV� DUFKLYH� LQ� WKH� VKHOI� DUFKLYH�� UHFRUGLQJ� LQ� WKH� UHJLVWHU�
GHVFULSWLRQV� DUFKLYH�� PDLQWHQDQFH� DQG� FDUH� RI� LQDFWLYH� DUFKLYH�OHQGLQJ� DQG�
VXSHUYLVLRQ�RI�LQDFWLYH�UHFRUGV�DQG�GHVWUXFWLRQ�RI�UHFRUGV�RI�LQDFWLYH�DFWLYLWLHV�

&RQFOXVLRQV�RI� WKH� UHVHDUFK� LV� WKH� LPSOHPHQWDWLRQ�RI� UHFRUGV�PDQDJHPHQW�
V\VWHPV�ERWK�DFWLYH�DQG�LQDFWLYH�DUFKLHYHV�DOUHDG\�SHUIRUPLQJ�ZHOO�LQ�DFFRUGDQFH�
ZLWK� WKH� SURFHGXUV� DQG� RUJDQL]DWLRQDO� QHHGV� UDQJLQJ� IURP� VWRUDJH� XQWLO� \MH�
GHVWUXFWLRQ� RI� UHFRUGV�� %XW� WKHUH� DUH� REVWDFOHV� IDFHGV� LV� WKH� ODFN� RI� DWWHQWLRQ� WR�
DUFKLHYH�ERUURZLQJ�PHWKRGV�WKDW�GR�QRW�XVH�ERRNV�ERUURZHG�OLVW�DFWLYH�DUFKLHYH��
ODFN� RI� IDFLOLWLHV� DQG� LQIUDVWUXFWXUH� WKDW� VXSSRUWV� DUFKLHYHV�� DQG� WKH� DUFKLHYH� RI�
FKDRV� WKDW� KDV� VR� IDU� UHFHLYHG� E\� WKH� ILHOG� RI� DUFKLYHV� RI� 6.3'� ORFDO� IRUP� RI�
DUFKLYHV� WKDW� KDYH� QRW� EHHQ� LGHQWLILHG� 6XJJHVWLRQ� WKDW� FDQ� EH� FRQVLGHUHG� WR�
RYHUFRPH�WKH�H[LVWLQJ�REVWDFOHV�FRXOG�LPSOHPHQW�WKH�XVH�RI�DFWLYH�DUFKLYH�ERUURZ�
\RXU� ERRNV�� PD[LPL]LQJ� WKH� WHPSRUDU\� IDFLOLWLHV� DQG� PD[LPL]H� SHUIRUPDQFH� LQ
RYHUFRPLQJ�WKH�FKDRWLF�DUFKLYH�
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���� /DWDU�%HODNDQJ�0DVDODK
$UVLS� PHUXSDNDQ� ZDUNDW� \DQJ� PHPLOLNL� EHUEDJDL� NHJXQDDQ�� :DUNDW�

VHEDJDL� DUVLS� PHPLOLNL� SHUDQ� SHQWLQJ� GDODP� NHDUVLSDQ� \DLWX� VHEDJDL� VXPEHU�
LQIRUPDVL�GDQ�VXPEHU�GRNXPHQWDVL�EDJL�EHUMDODQQ\D�VHEXDK�RUJDQLVDVL��0HQXUXW�
6XJLDUWR����������³DUVLS��UHFRUG��DGDODK�VHWLDS�FDWDWDQ�WHUWXOLV�EDLN�GDODP�EHQWXN�
JDPEDU� DWDXSXQ� EDJDQ� \DQJ� PHPXDW� NHWHUDQJDQ�NHWHUDQJDQ� PHQJHQDL� VHVXDWX�
VXE\HN� �SRNRN� SHUVRDODQ�� DWDXSXQ� SHULVWLZD�SHULVWLZD� \DQJ� GLEXDW� RUDQJ� XQWXN�
PHPEDQWX� GD\D� LQJDW� RUDQJ� LWX� SXOD´�� 'DODP� VHEXDK� RUJDQLVDVL� DWDX� OHPEDJD�
SHPHULQWDKDQ� PDXSXQ� VZDVWD�� DUVLS� PHPLOLNL� SHUDQ� SHQWLQJ� \DQJ� PHPXDW�
NHWHUDQJDQ�NHWHUDQJDQ�DWDX� LQIRUPDVL� \DQJ�GDSDW�GLJXQDNDQ�GDODP�SHQJDPELODQ�
NHSXWXVDQ�\DQJ�WHSDW�WHUNDLW�PDVDODK�\DQJ�GLKDGDSL��

$UVLS� VHEDJDL� VXPEHU�GDWD�GDQ� LQIRUPDVL�GDSDW�GLVLPSDQ�GDODP�EHUEDJDL�
EHQWXN�GDQ�PHGLD��GDQ�DUVLS�VHQGLUL�PHPLOLNL�DUWL�\DQJ�EHUGDVDU�SDGD�88�1R�����
WDKXQ������SDVDO���D\DW���\DLWX��

³5HNDPDQ�NHJLDWDQ�DWDX�SHULVWLZD�GDODP�EHUEDJDL�EHQWXN�GDQ�PHGLD�VHVXDL�
GHQJDQ�SHUNHPEDQJDQ�WHNQRORJL�LQIRUPDVL�GDQ�NRPXQLNDVL�\DQJ�GLEXDW�GDQ�
GLWHULPD� ROHK� OHPEDJD� QHJDUD�� SHPHULQWDKDQ� GDHUDK�� OHPEDJD� SHQGLGLNDQ��
SHUXVDKDDQ��RUJDQLVDVL�SROLWLN��RUJDQLVDVL�NHPDV\DUDNDWDQ��GDQ�SHUVHRUDQJDQ�
GDODP�SHODNVDQDDQ�NHKLGXSDQ�EHUPDV\DUDNDW��EHUEDQJVD�GDQ�EHUQHJDUD´�
'HQJDQ� GHPLNLDQ� DUVLS� PHUXSDNDQ� KDO� \DQJ� WLGDN� DVLQJ� ODJL� EDJL� VXDWX�

RUJDQLVDVL�PDXSXQ�OHPEDJD�SHPHULQWDKDQ�PHQJLQJDW�EDKZD�DUVLS�PHUXSDNDQ�DVHW�
SHQWLQJ�GDODP�NHJLDWDQ�RUJDQLVDVL�GDODP�EHQWXN�UHNDPDQ�NHJLDWDQ�DWDX�SHULVWLZD�
\DQJ�GDSDW� GLMDGLNDQ� DFXDQ�GDODP�EHUWLQGDN�GDQ� �PHQJDPELO NHSXWXVDQ��'DODP�
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EXNXQ\D� 0RHNLMDW� ����������� PHQJDWDNDQ� ³.HDUVLSDQ� PHUXSDNDQ� GDVDU�
SHQ\LPSDQDQ� ZDUNDW�ZDUNDW�� NHDUVLSDQ� PHQJDQGXQJ� SURVHV� SHQ\XVXQDQ� GDQ�
SHQ\LPSDQDQ� ZDUNDW�ZDUNDW� VHGHPLNLDQ� UXSD�� VHKLQJJD� ZDUNDW�ZDUNDW� WHUVHEXW�
GDSDW�GLNHWHPXNDQ�NHPEDOL�DSDELOD�GLSHUOXNDQ´��2OHK�NDUHQD�LWX�VHWLDS�RUJDQLVDVL�
GDQ�OHPEDJD�EDLN�3HPHULQWDK�PDXSXQ�VZDVWD�PHODNXNDQ�VLVWHP�SHQJHORODDQ�DUVLS�
EHUGDVDUNDQ�NHWHQWXDQ�\DQJ�DGD�GDQ�VHVXDL�GHQJDQ�NHEXWXKDQ�GDUL�PDVLQJ�PDVLQJ�
LQVWDQVL�WHUVHEXW��

6LVWHP� SHQJHORODDQ� DUVLS� PHPHJDQJ� SHUDQDQ� SHQWLQJ� GDODP� NHJLDWDQ�
EHURUJDQLVDVL�� � KDO� LQL� WDN� MDXK� SXOD� GDUL� EDJDLPDQD� SLKDN� SHQJRODK�PHODNXNDQ�
SURVHGXU� SHQJHORODDQ� DUVLS� \DQJ� EDLN� GDQ� EHQDU� 'DODP� EXNXQ\D� 6XJLDUWR�
����������PHQMHODVNDQ�EDKZD��

³.DWD� VLVWHP� GDODP� KXEXQJDQQ\D� GHQJDQ� VLVWHP� NHDUVLSDQ� ELDVDQ\D�
PHQXQMXNNDQ� SDGD� PHWRGH� SHQ\XVXQDQ� DWDX� SHQJJRORQJDQ�� DNDQ� WHWDSL�
GDSDW� MXJD� EHUDUWL� PDFDP�PDFDP� SHUOHQJNDSDQ� \DQJ� GLSHUJXQDNDQ��
RUJDQLVDVL�SHQ\XVXQDQ�WHQDJD�NHUMD�GDQ�PHWRGH�PHWRGH�\DQJ�GLSHUJXQDNDQ�
DSDELOD�PHPLQMDP�DWDX�PHQJHPEDOLNDQ�VXUDW�VXUDW��'RNXPHQ�DUVLS�´�
'DODP� KDO� LQL� VXDWX� RUJDQLVDVL� DWDX� OHPEDJD� SHPHULQWDKDQ� WHUWHQWX�

EHUXVDKD�XQWXN�PHODNXNDQ�VLVWHP�SHQJHORODDQ�DUVLS�GHQJDQ�EDLN�GDQ�EHQDU�DJDU�
GDODP�SHQHPXDQ�NHPEDOL�DUVLS�\DQJ�GLEXWXKNDQ�WLGDN�PHPDNDQ�ZDNWX�ODPD�GDQ�
LQIRUPDVL� GDODP� DUVLS� PDVLK� WHUVLPSDQ� DNXUDW�� WLGDN� KDQ\D� GDODP� SURVHV�
SHQJRODKDQ� WHWDSL� GDODP� SHQJHORODDQQ\D� DUVLS� SHUOX� GLWDQJDQL� ROHK� RUDQJ� \DQJ�
PHQJHUWL�GDQ�PHPDKDPL� WHQWDQJ�DUVLS�\DLWX�\DQJ�PHPLOLNL�SHQJHWDKXDQ� WHQWDQJ�
DUVLS�GDQ�EDJDLPDQD�PHQDQJDQL�DUVLS��

6LVWHP�SHQJHORODDQ�DUVLS�\DQJ�EDLN�GDQ�EHQDU�GDODP�SHODNVDQDDQQ\D�SHUOX�
GLGXNXQJ�GHQJDQ�DGDQ\D�VDUDQD�GDQ�SUDVDUDQD�SXOD�\DQJ�PHPDGDL�VHSHUWL�KDOQ\D�
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WHPSDW� SHQ\LPSDQDQ� DUVLS�� UDN� DUVLS�� ER[� DUVLS�� OHPDUL� DUVLS� GDQ� ODLQ�ODLQ��
6HEDJDLPDQD�GLMHODVNDQ�GDODP�8QGDQJ�XQGDQJ�1R����WDKXQ������SDVDO����D\DW���
EDKZD��

³3HQFLSWD� DUVLS� GDQ� OHPEDJD� NHDUVLSDQ�PHQ\HGLDNDQ�SUDVDUDQD� GDQ� VDUDQD�
NHDUVLSDQ� VHVXDL� GHQJDQ� VWDQGDU� NHDUVLSDQ� XQWXN� SHQJHORODDQ� DUVLS�
VHEDJDLPDQD�GLPDNVXG�GDODP�SDVDO���D\DW����´��'HQJDQ�WHUVHGLDQ\D�IDVLOLWDV�
\DQJ� PHPDGDL�� GDSDW� PHQGXNXQJ� SHODNVDQDDQ� SHQJHORODDQ� DUVLS� \DQJ�
GLGXNXQJ� SXOD� GHQJDQ� NHWUDPSLODQ�� NHWHOLWLDQ�� NHUDSLDQ�� GDQ� NHFHUGDVDQ�
VXPEHUGD\D�PDQXVLDQ\D�GDODP�PHPDQIDDWNDQ�IDVLOLWDV�\DQJ�DGD´��
6LVWHP�SHQJHORODDQ�DUVLS�GDODP�VXDWX�RUJDQLVDVL�PHPLOLNL�NHWHQWXDQ�VHQGLUL�

VHVXDL� GHQJDQ� NHEXWXKDQ� RUJDQLVDVL�� GLOLKDW� GDUL� EDJDLPDQD� RUJDQLVDVL� WHUVHEXW�
PHQHQWXNDQ�VLVWHP�DSD�\DQJ�DNDQ�GLJXQDNDQ�XQWXN�PHODNXNDQ�SHQJHORODDQ�DUVLS�
WHUGDSDW�SXOD�EHEHUDSD�SULQVLS�\DQJ�GDSDW�GLJXQDNDQ�VHEDJDL�DFXDQ�EDJL� VHEXDK�
RUJDQLVDVL� WHUWHQWX�GDODP�PHODNVDQDNDQ�VLVWHP�SHQJHORODDQ�\DQJ�EDLN�GDQ�EHQDU�
PHQXUXW 6XJLDUWR� ���������� PHQ\DPSDLNDQ� EDKZD� SULQVLS� GDODP� SHQJHORODDQ�
DUVLS�\DQJ�EDLN�DGDODK�

�� 3HQJHORODDQ�DUVLS�VHGLNLW�PXQJNLQ
�� 3HQJHORODDQ�DUVLS�\DQJ�EHQDU�EHQDU�EHUPDNQD�DWDX�EHUJXQD
�� 3HQJHORODDQ�DUVLS�VHFDUD�KHPDW�GDQ�VHGHUKDQD
�� 3HQJHORODDQ� DUVLS� \DQJ� PXGDK�� FHSDW�� GDQ� WHSDW� GDODP� SHQHPXDQ�

NHPEDOL��
6LVWHP� SHQJHORODDQ� DUVLS� \DQJ� GLJXQDNDQ� ROHK� VHEXDK� RUJDQLVDVL� WHUWHQWX�

PHPLOLNL�NHWHQWXDQ�WHUVHQGLUL�EHUGDVDUNDQ�NHEXWXKDQ�GDQ�NHSHQWLQJDQ�RUJDQLVDVL�
WHUVHEXW��KDO�LQL�WDN�MDXK�GDUL�MHQLV�MHQLV�DUVLS�\DQJ�DNDQ�GLRODK�\DLWX�$UVLS�DNWLI��
DUVLS� LQDNWLI�� GDQ� DUVLS� VWDWLV� \DQJ� SDGD� GDVDUQ\D�PHUXSDNDQ� DUVLS� \DQJ� VDQJDW�
SHQWLQJ� GDODP� NHKLGXSDQ� WHUXWDPD� NHKLGXSDQ� EHURUJDQLVDVL�� 0HQXUXW� 3ULDQVD�
�����������EDKZD�³DUVLS�GLQDPLV�LQDNWLI�DGDODK�DUVLS�\DQJ�VXGDK�WLGDN�GLJXQDNDQ�
VHFDUD�ODQJVXQJ�GDODP�SHQ\HOHVDLDQ�NHJLDWDQ��NDUHQD�NHJLDWDQ�VXGDK�VHOHVDL�WHWDSL�
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VHZDNWX�ZDNWX� PDVLK� GLSHUOXNDQ� VHKLQJJD� SHUOX� GLVLPSDQ´�� $UVLS� ,QDNWLI�
PHUXSDNDQ�DUVLS�\DQJ�VHFDUD�WLGDN�ODQJVXQJ�GLJXQDNDQ�VHEDJDL�EDKDQ�LQIRUPDVL��
WHWDSL� WHWDS�GLODNXNDQ�DGDQ\D�SHQJHORODDQ� WHUKDGDS�DUVLS� LQDNWLI�NDUHQD�DUVLS� LQL�
GDSDW�GLJXQDNDQ�XQWXN�NHSHQWLQJDQ�UHIHUHQVL�SHQJDPELODQ�NHSXWXVDQ��.HGXD�DUVLS�
LQL�EDJDLPDQDSXQ� MXJD�PHUXSDNDQ�VXPEHU� LQIRUPDVL�GDQ�VXPEHU�GDWD�SHQJLQJDW�
EDJL� RUJDQLVDVL�� WHUXWDPD� SLPSLQDQ� \DQJ� DNDQ� EHUWLQGDN� GDODP� PHQJDPELO�
NHSXWXVDQ��

6HEHOXP� VHEXDK� 2UJDQLVDVL� PHPXODL� SURVHV� VLVWHP� SHQJHORODDQ� DUVLS��
SHUOX� GLSDKDPL� WHUOHELK� GDKXOX� WHQWDQJ� DUVLS� MHQLV� DSD� \DQJ� DNDQ� GLNHOROD� GDQ�
NHPXGLDQ�PHQHQWXNDQ�VLVWHP�SHQJHORODDQ EHUGDVDUNDQ�NHEXWXKDQ�DUVLS� WHUVHEXW��
'DODP�EXNXQ\D� 0XO\RQR����������� PHQ\DPSDLDQ�³'DODP�UDQJND�PHQDWD�DUVLS�
GHQJDQ� EDLN�� SHUOX� GLNHORPSRNNDQ� GDODP� �� JRORQJDQ� DUVLS�� +DO� LQL� XQWXN�
PHPXGDKNDQ�SHQLODLDQ�GDODP�SHQ\LPSDQDQ�PDXSXQ�SHQ\LQJNLUDQ�EDJL�DUVLS�\DQJ�
VXGDK� WLGDN� PHPLOLNL� QLODL� JXQD´�� %HUGDVDUNDQ� SDGD� XODVDQ� GLDWDV�� VDQJDW�
GLSHUOXNDQ� SHQJHWDKXDQ� WHQWDQJ� NHDUVLSDQ� SDGD� DUVLS� GLQDPLV�� NDUHQD� DUVLS� LQL�
PHQMDGL� DUVLS� \DQJ� VDQJDW� SHQWLQJ�� 0HQJHWDKXL� EDQ\DN� WHQWDQJ� DUVLS� GLQDPLV�
PDND� DNDQ� GDSDW� PHQHQWXNDQ� VLVWHP� SHQJHORODDQ� DUVLS� GLQDPLV� \DQJ� EDLN� GDQ�
EHQDU�� -LND� GDODP� 3HODNVDQDDQ� VLVWHP� SHQJHORODDQ� DUVLS� GLQDPLV� LWX� EDLN� GDQ�
EHQDU�SDVWL�WLGDN�DNDQ�DGD�NHQGDOD�NHQGDOD�\DQJ�WHUMDGL�GDODP�NHJLDWDQ�RUJDQLVDVL��
MLND�DGD�PDND�NHPXQJNLQDQ�DNDQ�NHFLO�NHQGDOD�\DQJ�GLKDGDSL�

6HSHUWL�\DQJ�GLNHWDKXL�VHWLDS�RUJDQLVDVL��OHPEDJD�PDXSXQ�LQVWDQVL�WHUWHQWX�
PHPLOLNL�NHELMDNDQ�WHUVHQGLUL�WHUKDGDS�3HODNVDQDDQ�VLVWHP�SHQJHORODDQ�DUVLS�\DQJ�
GLPLOLNL�� 8QWXN� LWX� SHQHOLWL� WHUWDULN� PHODNXNDQ� SHQHOLWLDQ� WHUKDGDS SHODNVDQDDQ�



ϱ

VLVWHP� SHQJHORODDQ� DUVLS� DNWLI� LQDNWLI� GL� .DQWRU� %DGDQ� 'LNODW�� $UVLS�� GDQ�
3HUSXVWDNDDQ�'DHUDK�.DEXSDWHQ�&LODFDS��7HUGDSDW���MHQLV�DUVLS�\DQJ�GLNHOROD�GL�
GXD� WHPSDW� EHUEHGD� GHQJDQ SHODNVDQDDQ VLVWHP� SHQJHORODDQ� \DQJ� EHUEHGD� SXOD�
\DLWX� XQWXN� DUVLS� DNWLI� GLNHOROD� GL� .DQWRU� GLNODW� GDQ� DUVLS� LQDNWLI� GL� NHOROD� GL�
.DQWRU� DUVLS� DWDX� 'HSR� DUVLS�� MXJD WHUGDSDW� DUVLS� VWDWLV� \DQJ� GLVLPSDQ� GL� GHSR�
DUVLS�� DUVLS� VWDWLV� LQL� EHUDVDO� GDUL� DUVLS� \DQJ� GLNLULP� ROHK� OHPEDJD�OHPEDJD�
SHPHULQWDKDQ� VHWHPSDW� XQWXN� GLODNXNDQ� SHQ\LPSDQDQ� GDQ� VDDW� GLNLULP� XQWXN�
GLSLQGDKNDQ� VHEHOXPQ\D� DUVLS� LQL� PHUXSDNDQ� DUVLS� MHQLV� DNWLI� \DQJ� NHPXGLDQ�
EHUXEDK�PHQMDGL�DUVLS�LQDNWLI NDUHQD�GLVLPSDQ�GL�GHSR�DUVLS�

%DGDQ�3HQGLGLNDQ�GDQ�SHODWLKDQ�PHPSXQ\DL�WXJDV�SRNRN�\DLWX�0HPEDQWX�
%XSDWL� GDODP� SHQ\XVXQDQ� GDQD� SHODNVDQDDQ� NHELMDNDQ� GDHUDK� GL� ELGDQJ�
SHQGLGLNDQ� GDQ� SHODWLKDQ KDO� LQL� EHUGDVDUNDQ SDGD� 3HUDWXUDQ�'DHUDK�.DEXSDWHQ�
&LODFDS�1R�����WDKXQ�������7DN�KDQ\D�LWX�%DGDQ�GLNODW�MXJD�PHPLOLNL�PLVL�\DLWX�
PHQ\HODPDWNDQ�� PHPHOLKDUD�� GDQ�PHQJDPDQNDQ� DUVLS� VHEDJDL� VDUDQD� LQIRUPDVL�
XWDPD� GDODP� SHQ\HOHQJJDUDDQ� SHPHULQWDKDQ� \DQJ� DFFRXQWDEOH� +DO� LQL� GDSDW�
GLNHWDKXL�EDKZD�%DGDQ�'LNODW�WDN�KDQ\D�VHEDJDL�VHEXDK�%DGDQ�\DQJ�PHPEHULNDQ�
SHQGLGLNDQ�GDQ�SHODWLKDQ� WHUKDGDS�FDORQ�SHJDZDL� WHWDSL� MXJD�PHPLOLNL� WXJDV�GDQ�
IXQJVL�ODLQ�\DLWX�SHUDQQ\D�GDODP�SURVHV�SHQJHORODDQ�DUVLS��

6XGDK� EDQ\DN� DUVLS� DNWLI� PDXSXQ� LQDNWLI� \DQJ� WHUFLSWD� GL� .DQWRU� 'LNODW��
$UVLS�GDHUDK�.DEXSDWHQ�&LODFDS�VHKLQJJD�VXGDK�EDQ\DN�DUVLS�\DQJ�GL�NHOROD�GDQ�
GL� VLPSDQ� GL� .DQWRU� 'LQDV� WHUVHEXW�� 6DODK� VDWX� PLVL� \DQJ� GLPLOLNL� ROHK� %DGDQ�
'LNODW� GDQ� $USXVGD GDODP� SHUDQQ\D� PHPHOLKDUD�� PHQJDPDQNDQ� GDQ�
PHQ\HODPDWNDQ�DUVLS��KDO�LQL�PHQMDGLNDQ�SHQHOLWL�\DNLQ�EDKZD�%DGDQ�'LNODW�GDQ�



ϲ

$USXV�LQL�FXNXS�SURGXNWLI�GDODP�PHODNXNDQ�WXJDV�GDQ�IXQJVLQ\D�XQWXN�PHQJHOROD�
DUVLS�\DQJ�DGD��6LVWHP�GDQ�3URVHGXU�SHQJHORODDQ�DUVLS�GDUL�PDVLQJ�PDVLQJ�DUVLS�
EHUEHGD�VDWX�VDPD�ODLQ��6HEHOXPQ\D�SHQHOLWL�LQJLQ�PHQJXQJNDSNDQ�EDKZD�VLVWHP�
SHQJHORODDQ� DUVLS� DGDODK� ELVD� EHUXSD� VLVWHP� SHQ\LPSDQDQ� EHUGDVDUNDQ� DVDV� GDQ�
VLNOXV�DUVLS�DWDX�MXJD�EHUGDVDUNDQ�SDGD�PHWRGH�SHQJHORODDQ DUVLS�WHWDSL�GDSDW�MXJD�
EHUGDVDUNDQ�SDGD�SHUOHQJNDSDQ�SHUOHQJNDSDQ�\DQJ�GLJXQDNDQ�GDODP�SHQJHORODDQ�
DUVLS��

6LVWHP� 3HQJHORODDQ� DUVLS� DNWLI GDQ� LQDNWLI GL� .DQWRU� 'LNODW GDQ� DUSXVGD
PHQJJXQDNDQ� DVDV� GDQ� VLNOXV� SHQJHORODDQ� 'HVHQWUDOLVDVL�� GLPDQD� SHODNVDQDDQ�
SHQJHORODDQ�DUVLS�GLWHPSDWNDQ�GLPDVLQJ�PDVLQJ�XQLW�RUJDQLVDVL�� VHGDQJNDQ�DUVLS�
VWDWLV� GLGHSR� DUVLS� PHQJJXQDNDQ� VLNOXV� SHQJHORODDQ� VHQWUDOLVDVL�� KDO� LQL� GDSDW�
GLEXNWLNDQ� GHQJDQ� KDVLO� ZDZDQFDUD� SHQHOLWL� GHQJDQ� .HSDOD� 3HQJDPDQDQ� GDQ�
.HOHVWDULDQ�$UVLS�GDODP�NXWLSDQ�ZDZDQFDUD�SDGD�WDQJJDO���2NWREHU������EDKZD�

³NDOR� NLWD� VHQWUDOLVDVL� XQWXN� \DQJ� VWDWLV�� GHVHQWUDOLVDVL� XQWXN� \DQJ� LQDNWLI�
GLEDZDK����WDKXQ��0DNVXGQ\D�EHJLQL�NDOR�\DQJ�PDVLK�GLEDZDK����WDKXQ�LWX�
PDVLK� GL�PDVLQJ�PDVLQJ�6.3'� WDSL� \DQJ� VXGDK�GLDWDV� ��� WDKXQ�GDQ� \DQJ�
VWDWLV� VHQWUDO� VHNDUDQJ�� %DKNDQ� VXGDK� EHUXVDKD� XQWXN� HPP� VDPSDL� NH�
WLQJNDW� GHVD� QDQWLQ\D� DNDQ� NLWD� WDULN� DUVLS� VWDWLV� \DQJ� GLSLQGDK� GLGHVD´��
�.�33$������������
'LSHUNXDW� SXOD� ROHK� SHUQ\DWDDQ� GDUL� 3LKDN�3HODNVDQD�$GPLQLVWUDVL�'LNODW�

GDODP�ZDZDQFDUD�SDGD�WDQJJDO����6HSWHPEHU������VHEDJDL�EHULNXW�
³VHNDUDQJ� VLVWHP�SHQ\LPSDQDQ�NHDUVLSDQQ\D� NLWD�PHPDQJ� VLVWHPQ\D�SDNH�
GHVHQWUDOLVDVL� EXNDQ� VHQWUDOLVDVL�� NDODX� VHQWUDOLVDVL� VHPXD� VXUDW� ELGDQJ�
PDVXN� VLQL� VHPXD�� WDSL� NDODX� GHVHQWUDOLVDVL� DGDODK� NLWD� VHNUHWDULDW� MXJD�
PHQ\LPSDQ�VXUDW�\DQJ�NKXVXV�VHNUHWDULDW�PHQ\LPSDQ��XQWXN�XQLW�SHQJRODK�
VHSHUWL� ELGDQJ�ELGDQJ� MXJD�PHQ\LPSDQ� VHQGLUL� MDGL� VXUDW�PDVXN� \DQJ� WDGL�
VXGDK�GLELGDQJ�GLD�DNDQ�VLPSDQ�VHQGLUL�ROHK�ELGDQJ� WHUVHEXW��EHVHUWD�VXUDW�
MDZDEDQQ\D� NDOR� \DQJ� GLOLQJNXS� VHNUHWDULDW� VD\D� PHQ\LPSDQQ\D� XQWXN�



ϳ

OLQJNXS� VLQL� VDPD� VHSHUWL� WDGL� PDVXNNDQ� VHVXDL� VLVWHPQ\D� PHQJJXQDNDQ�
NRGH�NODVLILNDVL�WDGL��-DGL�SHQ\LPSDQDQQ\D�VHVXDL�XUXW�NRGH�NODVLILNDVL�GDUL�
���VDPSH������,WX�FDUD�SHQ\LPSDQDQ�VXUDWQ\D´���3�$GP������������

6LVWHP� \DQJ� GLJXQDNDQ� GL� .DQWRU� 'LNODW� GDQ� 'HSR� DUVLS� � PHQJJXQDNDQ�
VLVWHP� SHQJHORODDQ� EHUGDVDUNDQ� SDGD� SHQJJRORQJDQ� DWDX� VLVWHP� NODVLILNDVL� GDQ�
QRPRU� \DQJ� EHUSHGRPDQ� SDGD� 3HUDWXUDQ� %XSDWL� 1RPRU� ��� WDKXQ� ����� WHQWDQJ�
3HGRPDQ� .ODVLILNDVL� .HDUVLSDQ� GL� /LQJNXQJDQ� 3HPHULQWDK� .DEXSDWHQ� &LODFDS��
8QWXN� SURVHGXU� SHQJHORODDQ� DUVLS� DNWLI� GL� .DQWRU� 'LNODW� WHUGLUL� GDUL� EHEHUDSD�
WDKDS� \DLWX�� 3HQHULPDDQ� VXUDW�� 3HQFDWDWDQ� GDQ� 3HQ\LPSDQDQ�� SURVHGXU� LQL�
GLODNXNDQ�XQWXN�MHQLV�VXUDW�\DQJ�PDVXN�PDXSXQ�VXUDW�NHOXDU��VHGDQJNDQ�GL�'HSR�
DUVLS� SURVHGXU� SHQJHORODDQ� DUVLS� LQDNWLI� GLODNXNDQ� GHQJDQ EHUEDJDL� WDKDS� SXOD�
\DLWX�� SHPLODKDQ�� SHPEHUNDVDQ�� SHQFDWDWDQ� GL� NDUWX� GHVNULSVL�� SHPEXQJNXVDQ��
0DQXYHU� NDUWX� GDQ� PDQXYHU� ILVLN�� SHQJHER[DQ� VHFDUD� GHILQLWLI�� SHODEHODQ��
SHQHPSDWDQ�GDODP�ERNV��SHQFDWDWDQ�GL�EXNX�GDIWDU�DUVLS��SHQLODLDQ�DUVLS� LQDNWLI��
SHPLQMDPDQ�DUVLS�LQDNWLI�

%HUGDVDUNDQ� SDGD� XUDLDQ GLDWDV� GDSDW� GLOLKDW� EDKZD� SHODNVDQDDQ� VLVWHP�
SHQJHORODDQ� DUVLS� \DQJ� GLODNXNDQ� VXGDK� VHVXDL� GHQJDQ� NHEXWXKDQ� RUJDQLVDVLQ\D�
PHVNL�PDVLK� GLWHPXNDQ� ROHK� SHQHOLWL� EHEHUDSD� NHQGDOD� \DQJ� DGD� VDDW� REVHUYDVL�
GLODNXNDQ� %HUGDVDUNDQ�REVHUYDVL�\DQJ�GLODNVDQDNDQ�SDGD�WDQJJDO����0DUHW������
SXNXO�������:,%�SHQHOLWL�PHQJDPDWL�GL�GXD�WHPSDW�\DLWX�GL�.DQWRU�'LNODW�GDQ�GL�
'HSR� $UVLS� NDUHQD� GXD� MHQLV� DUVLS� LQL� \DLWX� DUVLS� DNWLI� GDQ� LQDNWLI� GLNHOROD� GL�
PDVLQJ�PDVLQJ�WHPSDW�WHUVHEXW� GDQ�PHVNLSXQ�OHWDN�JHGXQJ�NDQWRU�\DQJ�WHUSLVDK�
WHWDSL� VHODPD� SURVHV� REVHUYDVL� GLODNXNDQ� SHQHOLWL� WLGDN� NHVXOLWDQ� GDODP�
PHQJDNVHV�DQWDUD�JHGXQJ�NDQWRU�GLNODW�GDQ�NDQWRU�DUVLS�NDUHQD� MDUDN�\DQJ� WLGDN�



ϴ

WHUODOX� MDXK�� 6HODPD� REVHUYDVL� GLODNXNDQ�� SHQHOLWL� WHODK PHQHPXNDQ� EHEHUDSD�
NHQGDOD� GDODP� SHODNVDQDDQ� VLVWHP� SHQJHORODDQ� DUVLS� GLQDPLV� GL� .DQWRU� %DGDQ�
'LNODW�� $USXVGD� .DEXSDWHQ� &LODFDS� \DLWX� VDDW� PHODNXNDQ� REVHUYDVL� GL� .DQWRU�
$UVLS�'HSR� DUVLS XQWXN� IRNXV� SDGD� DUVLS� LQDNWLIQ\D� GLWHPXNDQ� EDKZD� GDODP�
SHQJHORODDQQ\D�DUVLS�LQDNWLI�PHQJDODPL�NHQGDOD�VDDW�SHPLODKDQ�GLODNXNDQ��KDO�LQL�
GLNDUHQDNDQ� DUVLS� \DQJ� GLWHULPD� GDUL� SLKDN� 6.3'�PDVLK� GDODP� EHQWXN� NDUGXV�
NDUGXV�\DQJ�GLGDODPQ\D�EHOXP�MHODV�LVL��WDWDQDQ�GDQ�WLGDN�DGD�NHWHUDQJDQ�WHUNDLW�
DUVLS� WHUVHEXW� GDQ� NHWLGDNSDVWLDQ GDUL� SLKDN� 6.3'� \DQJ� DNDQ� PHQJLULP� DUVLS�
DUVLSQ\D�NH�GHSR�DUVLS��NDUHQD�GDODP�KDO�LQL�WHUGDSDW�EHEHUDSD�6.3'�\DQJ�EHOXP�
PHQJLULPNDQ� DUVLS�DUVLSQ\D� NH� GHSR�� VHKXEXQJDQ� GHQJDQ� KDO� WHUVHEXW� MXJD�
GLVDPSDLNDQ� ROHK� SHWXJDV� DUVLSDULV� VDDW� ZDZDQFDUD� SDGD� WDQJJDO� �� 0HL� �����
\DLWX�

³PHQJHOROD� DUVLS� LQDNWLIQ\D"LQL� NDGDQJ�NDGDQJ� \D� DUVLS� \DQJ� DUVLSQ\D�
\DQJ�LQDNWLIQ\D�EHQHU�EHQHU�NDFDX�ND\DN�JLWX�WHUODOX�EDQ\DN�DSD�QDPDQ\D�
OLPEDK� GDULSDGD� DUVLS� DUVLSQ\D� LWX� NHOLDWDQ� PHQXPSXN� EDQ\DN� EDQJHW�
EHJLWX�GL�SLODK�WHUQ\DWD�DUVLSQ\D�VHGLNLW�\DQJ�EDQ\DN�OLPEDK��WHUQ\DWD�GDUL�
VLWX� ELVD� GL� GL� DSD� QDPDQ\D� NLWD� ELVD� PHQLODL� RK� L\D� EHOXP� ELVD�
PHPEHGDNDQ�PDQD� \DQJ� DUVLS� GDQ�PDQD� \DQJ� QRQ� DUVLS� VHSHUWL� NRQVHS�
WHUXV�DQX�NRSLDQ�\DQJ��\DQJ�PLVDOQ\D�VXGDK�PHQJNRSL�DUVLS�\DQJ�NRSLDQ�
DUVLS� VHEHQHUQ\D� VDWX� NRSLDQ� FXNXS� WDSL� DGD� \DQJ� NRSLDQ� ODJL� ODJL� ODJL�
GLVLPSDQ�DNKLUQ\D�NDQ�PHQXPSXN�PDX�GLEXDQJ�VD\DQJ�PDX�GLEXDQJ�WDNXW�
GLWXPSXN� DMD� DNKLUQ\D� NHOLDWDQQ\D� DUVLSQ\D� WXPSXNDQQ\D�EDQ\DN�EDQJHW�
VHEHQDUQ\D�LWX�\DQJ�DGD�QRQ�DUVLS�ND\DN�JLWX�WHUXV�DSD�\D�SHPEHUNDVDQQ\D�
EHOXP� LQL� GDUL� GDUL� VDQDQ\D� PDVLK� PHQFDU� PHQFDU� JLWX� MDGL� NLWD� EHQHU�
EHQHU� PHPEHUNDVNDQ� PHQJJDEXQJNDQ� \DQJ� \DQJ� PDVDODK� \DQJ� VDPD�
EHUKXEXQJDQ� LWX� ODPD� PDVDODK� PDVDODK� \DQJ� GL� LQDNWLI� LWX� DMD´��
�3�$UVSO�����������
'LSHUNXDW�SXOD�NHWHUDQJDQ�EDKZD�EHOXP�VHPXD�6.3'�\DQJ�PHQJLULP�NH�

SLKDN�'HSR�DUVLS�



ϵ

³L\D�� WDSL� EHOXP� EHOXP� VHPXD� 6.3'� SHUWDPD� PHQDWD� DUVLS�� PHQDWD�
DUVLSQ\D� \DQJ�NHGXD�EHOXP�PHQ\HUDKNDQ� MXJD�EDQ\DN� MDGL�EHOXP�VHPXD�
6.3'´�3�$UVSO����������

'HQJDQ�GHPLNLDQ�GDODP�KDO�LQL�NHJLDWDQ�SHPLODKDQ�GDQ�SHPEHUNDVDQ�DUVLS�LQDNWLI�
GL�GHSR�DUVLS�PHPEXWXKNDQ�ZDNWX�\DQJ�ODPD�PHQJLQJDW�GDUL�VHPXD�6.3'�\DQJ�
PHQJLULP�DUVLS�DUVLSQ\D�PDVLK�EHUXSD�DUVLS�NDFDX��VHGDQJNDQ�PDVLK�DGD�WDKDSDQ�
WDKDSDQ� DWDX�SURVHGXU� VHODQMXWQ\D� GDODP�PHQJHOROD� DUVLS� VHSHUWL� KDOQ\D� NHJLWDQ�
PDQXYHU�ILVLN�DUVLS�\DQJ�MXJD�PHPEXWXKNDQ�ZDNWX�ODPD�XQWXN�PHQHQWXNDQ�ILVLN�
DUVLS� EHUGDVDUNDQ�PDVDODK� NODVLILNDVL�� +DO� LQL� SXOD�PHPEXNWLNDQ�PDVLK� EDQ\DN�
WXPSXNDQ�WXPSXNDQ� EHUNDV� \DQJ�EHOXP�GL� VRUWLU� GDQ� GLRODK�� NHPXGLDQ� WHUGDSDW�
MXJD� DUVLS� \DQJ� VXGDK� GLEXQJNXV� PHQJJXQDNDQ� NHUWDV� SD\XQJ� EHUZDUQD� FRNODW�
\DQJ� PHQXPSXN� GDQ� EHOXP� GLWLQGDN� ODQMXWL� VHSHUWL� SHQHQWXDQ� QRPRU� GHILQLWLI��
VDPSDL� GHQJDQ� SHQ\LPSDQDQ� GL� ERNV� GDQ� UDN� DUVLS�� +DO� LQL� GLNDUHQDNDQ� SDGD�
SHQJRODKDQ�DUVLS�VHEHOXPQ\D�KDUXV�PHODNXNDQ�NHJLDWDQ SHPLODKDQ�DUVLS�GDQ�QRQ�
DUVLS� VHUWD� GLODNXNDQQ\D� NHJLDWDQ� PDQXYHU� NDUWX� GDQ� PDQXYHU� ILVLN� \DQJ�
PHPEXWXKNDQ� ZDNWX� EHEHUDSD� KDUL� XQWXN� SURVHV� SHQJJDEXQJDQ� EHUNDV� DUVLS�
WHUVHEXW�� 6DUDQD� GDQ� SUDVDUDQD� GL� GHSR� \DQJ� GLQLODL� PDVLK� NXUDQJ� GDODP�
PHQGXNXQJ� NHJLDWDQ SHQJHORODDQ� DUVLS� LQDNWLIQ\D� PXODL� GDUL� NXUDQJQ\D�
SHQHUDSDQ� ,7� \DQJ�GLPLOLNL�NDUHQD�NXUDQJQ\D� DKOL�PHGLD�� NXUDQJQ\D� VDUDQD�GXV�
XQWXNWHPSDW� PHQ\LPSDQ� EHUNDV� DUVLS� VHPHQWDUD� VHEHOXP� GLRODK�� NHPXGLDQ�
NXUDQJQ\D� IDVLOLWDV� \DQJ� PHQGXNXQJ� XQWXN� PHODNXNDQ� NHJLDWDQ� SHPLQGDKDQ�
DUVLS��+DO�LQL�GLVDPSDLNDQ�ROHK�.HSDOD�3HQJDPDQDQ�GDQ�.HOHVWDULDQ�$UVLS�GDODP�
ZDZDQFDUD�SDGD�WDQJJDO���2NWREHU������EDKZD�



ϭϬ

³GLPDVXNNDQ�GDODP�GXV��\D�GXV�\DQJ�EHVDU�DSD�GXV�\DQJ�EHNDV��GXV�EHNDV�
URNRN� DSD�� KDUXVQ\D� LWX� EXNDQ� VHSHUWL� LWX� \D� VHNHGDU� XQWXN� PHQJDWDVL�
NHWHUEDWDVDQ� VDUDQD� GXV�� $ODW� DQJNXW�� DODW� DQJNXW� LWX� VHKDUXVQ\D�
RHPLQGDKDQ� LWX� GLJXQDNDQ� PRELO� WHUWXWXS�� PRELO� ERNV� GHQJDQ� KDUDSDQ�
WLGDN� WHUFHFHU� GLMDODQ� GDQ� DPDQ� XQWXN� PHPLQGDKNDQQ\D�� .D� NDUQD� NLWD�
PRELO� ERNVQ\D� WHUEDWDV� \D� NDOR� SHPLQGDKDQ� NLWD� KDQ\D� PHQJJXQDNDQ�
PRELO�EDN�WHUEXND�NLWD�WXQJJXQL�\D�LVWLODKQ\D�\D´���.�33$�����������
'LVDPSDLNDQ� SXOD� ROHK� SHWXJDV� DUVLSDULV�PHQJHQDL� NXUDQJQ\D� SHQHUDSDQ�

,7�\DQJ�GLPLOLNL�GDQ�NXUDQJQ\D�DKOL�PHGLD�GDODP�ZDZDQFDUD�SDGD�WDQJJDO���0HL�
�����VHEDJDL�EHULNXW�

³VHEHQDUQ\D� PDVLK� NXUDQJ� EDQ\DN� NDUQD� NLWD� NHQGDOD� XQWXN� ,7� PDVLK�
NHWLQJJDODQ� GLEDQGLQJNDQ� WHUQ\DWD� GL� NDEXSDWHQ� ODLQ� LWX� ODULQ\D� NHQFHQJ�
SDGDKDO�NLWD�PDVLK�RK�L\D�VHJLWX�DMD�PLVDOQ\D�DGD�\DQJ�VXGDK�DKOL�PHGLD�
\D�VFHQQHU�LWX�NLWD�EHOXP�WHUXV�DGD \DQJ�VXGDK�PHQJJXQDNDQ�PHQHUDSNDQ��
NLWD�VHEHQHUQ\D�XGDK�SXQ\D�DSOLNDVL� WDSL�EHOXP�PHQHUDSNDQ�NDUQD�EHOXP�
PDQWHS�VHPHQWDUD�GLNDEXSDWHQ�ODLQ�VXGDK�PHQHUDSNDQ�LWX�WDSL�NLWD�VHGDQJ�
PHQFRED� XQWXN� DSD� QDPDQ\D� \D� PHQJHPEDQJNDQ� LWX� ODK� NLWD� PHQFRED�
XQWXN�PHQDPEDK��PHQDPEDK�NHNXUDQJDQ�LWX�ODK�\D�VDUSUDV�VLK�GLNDWDNDQ�
PDVLK� NXUDQJ� VLK�PDVLK� DMD� NDUQD� NLWD� RK� L\D� VHSHUWL� LWX� WDSL� NLWD�PDVLK�
EDQ\DN�\DQJ�NXUDQJ�SHUOX�GLWDPEDK�VHSHUWL�LWX´��3�$UVSO�����������

%HUGDVDUNDQ�88�1R�����7DKXQ������SDVDO����D\DW���PHQ\DWDNDQ�³3UDVDUDQD�GDQ�
VDUDQD� NHDUVLSDQ� VHEDJDLPDQD� GLPDNVXG� SDGD� D\DW� ���� GLPDQIDDWNDQ� GDQ�
GLNHPEDQJNDQ� VHVXDL� GHQJDQ� NHPDMXDQ� WHNQRORJL� LQIRUPDVL� GDQ� NRPXQLNDVL´���
6HVXDL�GHQJDQ�DGDQ\D�VDUDQD�GDQ�SUDVDUQD�\DQJ�PHQGXNXQJ�NHJLDWDQ�SHQJHORODDQ�
DUVLS� DNWLI� PDXSXQ� LQDNWLI� PDND� DNDQ� PHPXGDKNDQ� SHWXJDV� DUVLSDULV� GDODP�
PHQJHOROD�DUVLSQ\D�

2EVHUYDVL� GLODNXNDQ� VHODQMXWQ\D� ROHK� SHQHOLWL� GL� .DQWRU� 'LNODW� \DLWX�
.DQWRU� GLPDQD� DUVLS� DNWLI� GLODNXNDQ� SHQJRODKDQ�� 3DGD� 7DQJJDO� ���0DUHW� �����
SXNXO�������:,%�SHQHOLWL�VHFDUD�ODQJVXQJ�PHQHPXL�3HODNVDQD�$GPLQLVWUDVL�\DQJ�
EHUWDQJJXQJ�MDZDE�GDODP�SHQJHORODDQ�DUVLS�DNWLI�GL�.DQWRU�'LNODW��6DDW�2EVHUYDVL�



ϭϭ

GLODNXNDQ�GDSDW�GLNHWDKXL�EDKZD�PHPDQJ�VHSHQXKQ\D�XQWXN�DUVLS�DNWLI�GLODNXNDQ�
SHQJRODKDQ� ROHK� 3HQJRODK� DUVLS� DNWLI� GL� .DQWRU� 'LNODW�� PXODL� GDUL� SURVHV� VXUDW�
PDVXN�GDQ�NHOXDU�KLQJJD�SHQ\LPSDQDQ�NH�GDODP )LOOLQJ�&DELQHW��'DODP�SURVHV�
ZDZDQFDUD� SDGD� WDQJJDO� ��� 6HSWHPEHU� ����� EHOLDX� PHQ\DPSDLNDQ� VHFDUD�
ODQJVXQJ�NHQGDOD�\DQJ�GLDODPL�VHODPD�EHUWXJDV�GDODP�PHQJRODK�DUVLS�

³VHPHQWDUD� EHOXP� PHPDQJ�� NDUHQD� PHPDQJ� KDUVXQ\D� DGD�� WDSL� NDUQD�
PHPDQJ�NDPL�PDVLK� WHUODOX� DSD� \D�PDVLK� VHQGLUL�� VD\D�PHQJHOROD� VHQGLUL��
NDGDQJ�NDGDQJ�PHPDQJ�EXWXK�NKXVXV�SHQDQJDQDQ�VHSHUWL� LWX�NDQ�PHPDQJ�
VHEHQDUQ\D� NDOR� VHFDUD� EHQDU� EHQDU� VHQWUDOLVDVL� LWX� PHQJHOROD� WLDS�WLDS�
6.3'� WDSL� \D� 6'0� NDPL� \DQJ� PHPDQJ� PDVLK� NXUDQJ�� MDGLQ\D� VDPSDL�
VHNDUDQJSXQ� GDIWDU� SHPLQMDPDQ� DUVLS� EHOXP� WHUODNVDQD�� .KXVXVQ\D� \DQJ�
DNWLI� GLVLQL�� FXPDQ� NDOR� \DQJ� PDVLQJ� PDVLQJ� ELGDQJ� NDUQD� VXGDK�
PHQ\LPSDQ� VHQGLUL� VHQGLUL� PHUHND� WLGDN� VDPSH� PHPLQMDP� NHVLQL�� \DQJ�
SLQMDP� PXQJNLQ� OLQJNXS� VHNUHWDULDW� \DQJ� VXUDW� VXUDW� PHUHND� PDVLK�
SHUOX´�3�$GP������������
'DODP�NHQ\DWDDQQ\D�SURVHV�SHQJHORODDQ� VXUDW� \DQJ�PDVXN�PDXSXQ�NHOXDU�

WLGDN� GLNHOROD� VHSHQXKQ\D� ROHK� EX� GHZL� VHODNX� 3HODNVDQD� $GPLQLVWUDVL� DWDX�
SHQJRODK� DUVLS� GLNODW� WHWDSL� GLEDQWX� ROHK� EHEHUDSD� SLKDN� \DLWX� 3HODNVDQD�
$GPLQLVWUDVL� GLNODW� \DQJ� MXJD� PHQJHOROD� DUVLS� DNWLI� GLNODW�� KDO� LQL� EHUGDVDUNDQ�
KDVLO�ZDZDQFDUD�GHQJDQ�SLKDN�SHODNVDQD�DGPLQLVWUDVL�GLNODW�SDGD� WDQJJDO���0HL�
�����\DLWX�

³DGXK�� EX� GHZL� QLK� VSHVLDOLVQ\D� GDODP� KDO� VXUDW� GLVLQL� NDQ� VD\D� KDQ\D�
PHPEDQWX�\D�GHN�\D´���3�$GP������������

+DO�LQL�GLODNXNDQ�XQWXN�PHQJDWDVL�NXUDQJQ\D�MXPODK�6'0�DUVLSDULV�GLNODW��'DODP�
SURVHV� SHQJHORODDQQ\D� DUVLS� DNWLI� GLNODW� VXGDK� WHUKLWXQJ� EDLN� GDODP�PHQJHOROD�
DUVLS� DNWLIQ\D�� WHWDSL� GDODP� SHQHUDSDQ� PHWRGH� SHPLQMDPDQ� DUVLS� WLGDN�
PHQJJXQDNDQ�NDUWX� VORW�SLQMDP�DUVLS�GDQ�EXNX�GDIWDU�SHPLQMDPDQ� DUVLS�� KDO� LQL�
GLVDPSDLNDQ�ROHK�3HODNVDQD�$GPLQLVWUDVL�GLNODW�SDGD�XUDLDQ�ZDZDQFDUD�EHULNXW�



ϭϮ

³6HPHQWDUD� EHOXP� PHPDQJ�� NDUHQD� PHPDQJ� KDUXVQ\D� DGD�� WDSL� NDUQD�
PHPDQJ�NDPL�PDVLK�WHUODOX��DSD�\D�PDVLK�VHQGLUL��VD\D�PHQJHOROD�VHQGLUL��
NDGDQJ�NDGDQJ�PHPDQJ�EXWXK�NKXVXV�SHQDQJDQDQ�VHSHUWL�LWX�NDQ�PHPDQJ�
VHEHQDUQ\D� NDOR� VHFDUD� EHQDU�EHQDU� VHQWUDOLVDVL� LWX� PHQJHOROD� WLDS�WLDS�
6.3'� WDSL� \D� 6'0� NDPL� \DQJ� PHPDQJ� PDVLK� NXUDQJ�� MDGLQ\D� VDPSDL�
VHNDUDQJ�SXQ�GDIWDU�SHPLQMDPDQ�DUVLS�EHOXP�WHUODNVDQD��.KXVXVQ\D�\DQJ�
DNWLI� GLVLQL�� FXPDQ� NDOR� \DQJ� PDVLQJ�PDVLQJ� ELGDQJ� NDUQD� VXGDK�
PHQ\LPSDQ� VHQGLUL�VHQGLUL� PHUHND� WLGDN� VDPSH� PHPLQMDP� NHVLQL�� \DQJ�
SLQMDP� PXQJNLQ� OLQJNXS� VHNUHWDULDW� \DQJ� VXUDW�VXUDW� PHUHND� PDVLK�
SHUOX´��3�$GP�������������

'LSHUNXDW�GHQJDQ�SHUQ\DWDDQ�ROHK�3HODNVDQD�$GPLQLVWUDVL���EDKZD�
³EXNX�GDIWDU�DUVLS�DNWLI�GLNODW�LWX�GLVLQL�ND\DNQ\D�JDN�SDNH�OKR��WLGDN�SDNH�
EXNX�GDIWDU�DUVLS�MDGL�SDNHQ\D�\D�SDWRNDQQ\D�\D�NRPSXWHULVDVL�LWX�HQWULDQ�
GDWD� LWX�� JD� SDNH� WXK� EXNX� GDIWDU� DUVLS� DNWLI�� 'L� LQDNWLI� DGD� WXK� GL� GHSR�
EXNX� GDIWDU� DUVLS� LQDNWLI�� WDSL� LQDNWLI� DNWLI� JDN� SDNH�
GLNODW´��3�$GP�����������
.HJLDWDQ� SHPLQMDPDQ� DUVLS� PHQXUXW� 0XO\RQR� ������������� ³XQWXN�

PHQFHJDK� KLODQJQ\D� DUVLS� \DQJ� GLNHOXDUNDQ� GDUL� WHPSDW� SHQ\LPSDQDQ� NDUHQD�
GLSLQMDP� ROHK� XQLW� ODLQ� PDXSXQ� RUJDQLVDVL� ODLQ�� PDND� GLDWXU� SHQFDWDWDQ�
SHPLQMDPDQ� GHQJDQ� PHQJJXQDNDQ� NDUWX� SLQMDP� DUVLS� �RXW� VOLS�´� 3DGD�
SHQJHORODDQ� DUVLS� DNWLI� GLNODW� WLGDN� PHQJJXQDNDQ� VORW� NDUWX� SLQMDP� DUVLS� GDQ��
EXNX� GDIWDU� SHPLQMDPDQ� DUVLS� GDODP� NHJLDWDQ� SHPLQMDPDQ� DUVLS� DNWLI� GLNODW��
PHQJLQJDW� ODJL� EDKZD� DUVLS� DNWLI� PHUXSDNDQ� DUVLS� \DQJ� PDVLK� VHULQJ� NHOXDU�
WHPSDW�SHQ\LPSDQDQ�PHPEXDW�DUVLS�DNWLI�LQL�VHULQJ�GLSLQMDP�ROHK�EHEHUDSD�SLKDN�
\DQJ PHPEXWXKNDQ�� 6DDW� REVHUYDVL� GLODNXNDQ� SLKDN� SHPLQMDP� DUVLS� GLNODW�
GLNHWDKXL� KDQ\D� SLKDN� LQWHUQDO� DWDX� SLKDN� GLNODW� VDMD� \DQJ� PHPLQMDP� DUVLS�
DNWLIQ\D�GDQ�EHOXP�SHUQDK�PHQJDODPL�NHUXVDNDQ�PDXSXQ�NHKLODQJDQ�DUVLS��WHWDSL�
DNDQ� OHELK� EDLN� MLND� WHUGDSDW� SHQHUDSDQ�SHQJJXQDDQ�NDUWX� VORW� SLQMDP� DUVLS� GDQ�
EXNX�GDIWDU�SHPLQMDPDQ�DUVLS�DNWLI��0HQXUXW�0XO\RQR�����������³SDGD�GDVDUQ\D�
DUVLS��DUVLS�GLQDPLV�DNWLI��DGDODK�DUVLS�³WHUWXWXS´��DUWLQ\D�WLGDN�VHPXD�RUDQJ�GDSDW�



ϭϯ

PHQJHWDKXL� LVLQ\D�� -DGL� GDODP� SHPLQMDPDQ� DUVLS�� WHUXWDPD� DUVLS� GLQDPLV� SHUOX�
GLDWXU� VHFDUD� NHWDW´��+DO� LQL� XQWXN�PHQJKLQGDUL� NHKLODQJDQ� DUVLS� \DQJ�PXQJNLQ�
WHUMDGL�GL�ZDNWX�\DQJ�DNDQ�GDWDQJ�

)RNXV� SHQHOLWLDQ� LQL� DGDODK� PHQHOLWL� WHQWDQJ� 3HODNVDQDDQ� 6LVWHP�
3HQJHORODDQ� $UVLS� $NWLI�� ,QDNWLI� GL� .DQWRU� %DGDQ� 'LNODW�� $UVLS� .DEXSDWHQ�
&LODFDS�� \DLWX�PHQJDFX� SDGD� SHUPDVDODKDQ� \DQJ� WHUMDGL� SDGD� SHQJHORODDQ� DUVLS�
GHQJDQ�NXUDQJQ\D�MXPODK�6'0��NXUDQJQ\D�SHQHUDSDQ�PHWRGH�SHPLQMDPDQ�EXNX�
GDIWDU� DUVLS� DNWLI�� NXUDQJQ\D� VDUDQD� GDQ� SUDVDUQD� \DQJ� GLPLOLNL� ROHK� ELGDQJ�
NHDUVLSDQ�SDGD�DUVLS�LQDNWLI�

3HQHOLWLDQ� VHEHOXPQ\D� GLODNXNDQ� ROHK� 0DU\XGKL� ������� PHQJHQDL� 6LVWHP�
.HDUVLSDQ� SDGD� %DGDQ� .HOXDUJD� %HUHQFDQD� GDQ� .HOXDUJD� 6HMDKWHUD� .DEXSDWHQ�
%RQH��+DVLO�GDUL�SHQHOLWLDQ�LQL�PHQXQMXNNDQ�EDKZD�VLVWHP�NHDUVLSDQ�SDGD�%DGDQ�
.HOXDUJD� %HUHQFDQD GDQ� .HOXDUJD� 6HMDKWHUD� .DEXSDWHQ� %RQH� EHOXP� EHUMDODQ�
VHVXDL�GHQJDQ�\DQJ�VHKDUXVQ\D��GLPDQD�GDODP�VLVWHP�NHDUVLSDQ�\DQJ�GLWHUDSNDQ�
PDVLK�VHGHUKDQD�GDQ�EHOXP�GLWHUDSNDQ�VLVWHP�SHPLQMDPDQ�VHVXDL�SURVHGXU�VHUWD�
NHQGDOD�NHQGDOD� \DQJ� PHPSHQJDUXKL� VLVWHP� NHDUVLSDQ� VHSHUWL� VXPEHU� GD\D�
PDQXVLD��VDUDQD�GDQ�SUDVDUDQD�GDODP�KDO�LQL�DODW�SHQ\LPSDQDQ�DUVLS�MXJD�WHUPDVXN�
SHPELD\DDQ�DUVLS�EHOXP�WHUVHGLD�GDQ�EHOXP�VHVXDL�NHEXWXKDQ��VHKLQJJD�NHJLDWDQ�
NHDUVLSDQ�EHOXP�EHUMDODQ�GHQJDQ�EDLN�VHVXDL�GHQJDQ�GLKDUDSNDQ��'DODP�SHQHOLWLDQ�
LQL�\DQJ�PHPXDW�VLVWHP�NHDUVLSDQ�EHOXP�EHUMDODQ�GHQJDQ�EDLN� MXJD�GLNDUHQDNDQ�
NXUDQJQ\D�SHUKDWLDQ�NKXVXV�WHUKDGDS�DUVLS�LWX�VHQGLUL�� ,QL�GLOLKDW�GDUL�EDQ\DNQ\D�
SHJDZDL� \DQJ� WLGDN� PHQJHUWL� PHQJHQDL� VLVWHP� NHDUVLSDQ� DWDX� GDSDW� GLNDWDNDQ�
NXUDQJQ\D�WHQDJD NHDUVLSDQ�\DQJ�KDQGDO�PHQ\HEDENDQ�NHJLDWDQ�NHDUVLSDQ�GDODP�



ϭϰ

%DGDQ� WHUVHEXW� WLGDN� EHUMDODQ� ODQFDU� GDQ� PHQJDODPL� NHQGDOD�NHQGDOD� VHSHUWL�
GDODP�KDO�SHQJXUXVDQ�GDQ�SHQJHQGDOLDQ�VXUDW�GRNXPHQ�

%DGDQ� 'LNODW� $UVLS�� GDQ� 3HUSXVWDNDDQ� 'DHUDK� � PHPLOLNL� IXQJVL� GDODP�
SHODNVDQDDQ� WXJDV� ODLQ� GDQ� VDODK� VDWX� PLVL� \DQJ� GL� PLOLNL� ROHK� 'LQDV� WHUVHEXW�
EHUGDVDUNDQ� SDGD� 3HUDWXUDQ� 'DHUDK� .DEXSDWHQ� &LODFDS� 1RPRU� ��� WDKXQ� �����
DGDODK� PHQ\HODPDWNDQ�� PHPHOLKDUD�� GDQ� PHQJDPDQNDQ� DUVLS� VHEDJDL� VDUDQD�
LQIRUPDVL� XWDPD� GDODP� 3HQ\HOHQJJDUDDQ� 3HPHULQWDKDQ�� 'DODP� KDO� LQL� SHQHOLWL�
PHQJNDML� GDUL� REVHUYDVL� \DQJ� GLODNXNDQ� EDKZD� %DGDQ� 'LNODW�� $UVLS�� GDQ�
3HSUXVWDNDDQ� 'DHUDK�PHPLOLNL� SHUDQ� SURGXNWLI� GDODP� SHQJHPEDQJDQ� DUVLS�� WDN�
KDQ\D�IRNXV�SDGD�WXJDV�SRNRN�PDVLQJ�PDVLQJ�ELGDQJ�WHWDSL�WHWDS�PHQJXWDPDNDQ�
DUVLS�VHEDJDL�VXPEHU�LQIRUPDVL�SHUWDPD�GDODP�NHJLDWDQ�RUJDQLVDVL��+DO�LQL�GDSDW�
GLOLKDW� GDUL� WXJDV� GDQ� PLVL� \DQJ� GLPLOLNL� ROHK� GLQDV� WHUVHEXW� GDQ� SHODNVDQDDQ�
VLVWHP�SHQJHORODDQ�WHUKDGDS�DUVLS�\DQJ�GLPLOLNL��PHVNLSXQ�PDVLK�GLWHPXNDQ�ROHK�
SHQHOLWL� EHEHUDSD� NHQGDOD� \DQJ� GLKDGDSL� GDODP� SHODNVDQDDQ� VLVWHP� SHQJHORODDQ�
DUVLS�� %HUGDVDUNDQ� KDO� WHUVHEXW� SHQHOLWL� LQJLQ� PHQJNDML� OHELK� GDODP� WHQWDQJ�
³6LVWHP�3HQJHORODDQ�$UVLS�$NWLI��,QDNWLI�GL�.DQWRU�%DGDQ�'LNODW��$UVLS��GDQ�
3HUSXVWDNDDQ�'DHUDK�.DEXSDWHQ�&LODFDS´� %DJDLPDQD�GDUL�SLKDN�'LQDV�'LNODW�
PDXSXQ�.DQWRU�$UVLS�WHUVHEXW�GDODP�PHODNVDQDNDQ�6LVWHP�SHQJHORODDQ�DUVLSQ\D�
GDQ�XVDKD�XVDKD�\DQJ�GLODNXNDQ�GDODP�PHQJKDGDSL�NHQGDOD�NHQGDOD�\DQJ�WHUMDGL�

���� 3HUXPXVDQ�0DVDODK
%HUGDVDUNDQ�ODWDU�EHODNDQJ�GLDWDV��PDND�SHQHOLWL�PHUXPXVNDQ�PDVDODKQ\D�

VHEDJDL�EHULNXW�



ϭϱ

�� %DJDLPDQD�SHODNVDQDDQ�VLVWHP�SHQJHORODDQ�DUVLS�DNWLI�GL�.DQWRU�%DGDQ�
'LNODW�.DEXSDWHQ�&LODFDS"

�� %DJDLPDQD� SHODNVDQDDQ� VLVWHP� SHQJHORODDQ� DUVLS� LQDNWLI� GL� .DQWRU�
%DGDQ�$UVLS�.DEXSDWHQ�&LODFDS"

�� .HQGDOD�NHQGDOD� DSD� VDMD� \DQJ�GLKDGDSL�SDGD� VDDW� SHODNVDQDDQ� VLVWHP�
SHQJHORODDQ�DUVLS�DNWLI�GDQ�LQDNWLI�GLODNXNDQ"

�� %DJDLPDQD� XVDKD� \DQJ� GLODNXNDQ� XQWXN� PHQJDWDVL� KDPEDWDQ� GDODP�
SHODNVDQDDQ�VLVWHP�SHQJHORODDQ�DUVLS�GLQDPLV"

���� 7XMXDQ�3HQHOLWLDQ
7XMXDQ�GDODP�SHQHOLWLDQ�PHUXSDNDQ� SHQFDSDLDQ� MDZDEDQ�GDUL� SHUXPXVDQ�

PDVDODK�\DQJ�DGD��7XMXDQ�GDUL�SHQHOLWLDQ�LQL�DGDODK�VHEDJDL�EHULNXW�
�� 0HQJHWDKXL� WHQWDQJ� EDJDLPDQD� SHODNVDQDDQ� VLVWHP� SHQJHORODDQ� DUVLS�

DNWLI�GL�.DQWRU�%DGDQ�'LNODW .DEXSDWHQ�&LODFDS�
�� 0HQJHWDKXL� WHQWDQJ� EDJDLPDQD� SHODNVDQDDQ� VLVWHP� SHQJHORODDQ� DUVLS�

LQDNWLI�GL�.DQWRU�%DGDQ�$UVLS�.DEXSDWHQ�&LODFDS�
�� 0HQJHWDKXL�NHQGDOD�NHQGDOD�SDGD�VDDW�SHODNVDQDDQ�VLVWHP�SHQJHORODDQ�

DUVLS� GLQDPLV� GLODNXNDQ� GL� .DQWRU� %DGDQ� 'LNODW�� $UVLS�� GDQ�
3HUSXVWDNDDQ�'DHUDK�.DEXSDWHQ�&LODFDS�

�� 0HQJHWDKXL�EDJDLPDQD�XVDKD�XVDKD� \DQJ�GLODNXNDQ�GDODP�PHQJDWDVL�
KDPEDWDQ�KDPEDWDQ� SDGD� VDDW� SHODNVDQDDQ� VLVWHP� SHQJHORODDQ� DUVLS�
GLODNXNDQ� GL� .DQWRU� %DGDQ� 'LNODW�� $UVLS�� GDQ� 3HUSXVWDNDDQ� 'DHUDK�
.DEXSDWHQ�FLODFDS�



ϭϲ

���� 0DQIDDW�3HQHOLWLDQ
0DQIDDW�\DQJ�ELVD�GL�SHUROHK�GDUL�KDVLO�SHQHOLWLDQ�LQL�DGDODK�

�� 0DQIDDW�7HRULWLV
D� +DVLO� SHQHOLWLDQ� LQL� GLKDUDSNDQ� GDSDW� PHQJNDML� OHELK� GDODP� WHQWDQJ�

SHQJHPEDQJDQ�LOPX�NHDUVLSDQ�
E� +DVLO� SHQHOLWLDQ� LQL� GDSDW� PHQJHPEDQJNDQ� ZDZDVDQ� LOPX� GL� ELGDQJ�

NHDUVLSDQ�
�� 0DQIDDW� 3UDNWLV

D� %DJL�SHQHOLWL
0DQIDDW� EDJL� SHQHOLWL� GLKDUDSNDQ� SHQHOLWLDQ� LQL� GDSDW� PHQDPEDK�
ZDZDVDQ�� SHQJDODPDQ�� SHQGDODPDQ� WHRUL� GDQ� SUDNWLN� NKXVXVQ\D� GL�
ELGDQJ�NHDUVLSDQ�

E� %DJL�,QVWDQVL�'LQDV
+DVLO� SHQHOLWLDQ� LQL� GLKDUDSNDQ� GDSDW�PHQMDGL� VDODK� VDWX� UXMXNDQ� EDJL�
'LQDV�'LNODW�GDQ�$USXVGD�GDODP SHODNVDQDDQ VLVWHP�SHQJHORODDQ�DUVLS��
GLQDPLV�GHQJDQ�OHELK�EDLN��VHKLQJJD�QDQWLQ\D�GDSDW�WHUFLSWD�NHODQFDUDQ�
GDODP�EHURUJDQLVDVL�

F� %DJL�8QLYHUVLWDV
'LKDUDSNDQ� SHQHOLWLDQ� LQL� GDSDW� EHUPDQIDDW� VHEDJDL� VXPEDQJDQ�
SHPLNLUDQ�PHODOXL�SHQHOLWLDQ�LOPLDK�GDQ�GDSDW�GLMDGLNDQ�UHIHUHQVL�GDODP�
SHQJNDMLDQ� LOPX� SHQJHWDKXDQ� \DQJ� OHELK�PHQGDODP� NKXVXVQ\D� GDODP�
ELGDQJ�NHDUVLSDQ�


