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&HQJNHK� PHUXSDNDQ� VDODK� VDWX� NRPRGLWDV� SHUNHEXQDQ� \DQJ

PHPEHULNDQ� NRQWULEXVL� WHUKDGDS� SHQGDSDWDQ� QDVLRQDO�PDXSXQ

GDHUDK�VHFDUD�EHUNHODQMXWDQ��EDLN�VHEDJDL�NRPRGLWDV�HNVSRU�PDXSXQ

XQWXN�PHPHQXKL�NHEXWXKDQ�GDODP�QHJHUL��&HQJNHK�EHUNHPEDQJ

SHUWDPD�NDOL�GL�OLPD�SXODX�NHFLO�GL�0DOXNX��\DNQL��%DFDQ��0DNLDQ�

0RWL�� WHUQDWH�� GDQ� 7LGRUH�� 0DV\DUDNDW� PDOXNX� WHODK� PHP�

EXGLGD\DNDQ�FHQJNHK�VHFDUD�WXUXQ�WHPXUXQ�GDQ�0DOXNX�PHPLOLNL

NHUDJDPDQ�VXPEHU�GD\D�JHQHWLN�FHQJNHK�\DQJ�WLQJJL��&HQJNHK�DVOL

0DOXNX�\DQJ�EDQ\DN�GLNHQDO�DGDODK��FHQJNHK�$)2��7LERER��7DXUR�

6LEHOD�� ,QGDUL��$LU�PDWD�� 'RNLUL�� GDQ�'DXQ�%XQWDO�� VHGDQJNDQ

FHQJNHK�EXGL�GD\D�\DLWX�=DQ]LEDU��6LSXWLK��6LNRWRN��GDQ�$PERQ�

.HDQHNDUDJDPDQ� YDULHWDV� GDQ� NRQGLVL� DJURHNRORJL� \DQJ

PHQGXNXQJ�PHQMDGLNDQ�0DOXNX�VHEDJDL�SURGXVHQ�FHQJNHK�WHUEHVDU

GL�,QGRQHVLD�VHWHODK�6XODZHVL�6HODWDQ��3URGXNVL�FHQJNHK�GL�0DOXNX

SDGD�PDVD�PHQGDWDQJ�GLSHUNLUDNDQ�DNDQ�WHUXV�PHQXUXQ�NDUHQD

EHUEDJDL� NHQGDOD�� WHUXWDPD� DNLEDW� PLQLPQ\D� SHUHPDMDDQ� DWDX

UHKDELOLWDVL� WDQDPDQ� UXVDN� NDUHQD� GLWLQJJDONDQ� SHWDQL� VHEDJDL

GDPSDN� UHQGDKQ\D� KDUJD� DWDX� PLQLPQ\D� LQWURGXNVL� WHNQRORJL

VHKLQJJD�SURGXNWLYLWDV�WDQDPDQ�UHQGDK��7XOLVDQ�LQL�PHQMHODVNDQ

SUR\HNVL�SURGXNVL�FHQJNHK�0DOXNX�GHQJDQ�GDQ�WDQSD�UHKDELOLWDVL�

%HUGDVDUNDQ�KDVLO�DQDOLVLV�PRGHO�VLVWHP�GLQDPLV�GLSUR\HNVLNDQ

SHQXUXQDQ�SURGXNVL�FHQJNHK�WHUXV�EHUODQMXW�KLQJJD����VDPSDL���

WDKXQ� PHQGDWDQJ�� 8SD\D� PHPSHUWDKDQNDQ� HNVLVWHQVL� 0DOXNX

VHEDJDL�SHQJKDVLO�FHQJNHK�GDQ�SHQLQJNDWDQ�SURGXNVL�KDUXV�VHJHUD

GLODNXNDQ�WHUXWDPD�GHQJDQ�FDUD�UHKDELOLWDVL�WDQDPDQ�GDODP�MDQJND

SDQMDQJ��8SD\D�UHKDELOLWDVL�GHQJDQ�FDUD�PHQJJDQWL�WDQDPDQ�WXD�GDQ

PHPSHEDLNL�����ODKDQ�UXVDN�SHU�WDKXQ�DNDQ�PHPHQXKL�SHUPLQWDDQ

FHQJNHK�\DQJ�PHQLQJNDW������SHU� WDKXQ��5HKDELOLWDVL� WDQDPDQ

KDUXV�GLLULQJL�GHQJDQ�XSD\D�SHQLQJNDWDQ�SURGXNWLYLWDV�PHODOXL

SHPXSXNDQ�JXQD�PHPSHUEDLNL�NHUXVDNDQ�WDQDPDQ�VHWHODK�SDQHQ

GDQ�GLODNXNDQ�GDODP�MDQJND�SHQGHN�

.DWD� NXQFL�� &HQJNHK�� DUHDO� SHUWDQDPDQ�� UHKDELOLWDVL�

SURGXNWLYLWDV

$%675$&7

&ORYH�LV�RQH�RI�WKH�FRPPRGLWLHV�WKDW�FRQWLQXDOO\�FRQWULEXWHV�WR�ERWK

LQFRPH�QDWLRQDO�DQG�ORFDO�OHYHOV��DV�H[SRUW�FRPPRGLWLHV�RU�IXOOILOOV

GRPHVWLF�GHPDQG��&ORYH�GHYHORSHG�DW�PROXFFDV�ILUVW�LQ�,QGRQHVLD�

QDPHO\��%DFDQ��0DNLDQ��0RWL��7HUQDWH��DQG�7LGRUH��0ROXFFDV�KDYH

FXOWLYDWHG�FORYH�IRU�JHQHUDWLRQV�DQG�KDYH�KLJK�GLYHUVLW\�RI�FORYH

JHQHWLF�UHVRXUFHV��6HYHUDO� IDPRXV�LQGLJHQRXV�FORYHV�DUH�$)2�

7LERER��7DXUR��6LEHOD��,QGDUL��$LU�PDWD��'RNLUL��'DXQ�%XQWDO��DQG

RWKHUV��,Q�DGGLWLRQ��WKHUH�DUH�FORYH�FXOWLYDWLRQ��QDPHO\��=DQ]LEDU�

6LSXWLK�� 6LNRWRN�� DQG�$PERQ��'LYHUVLW\�RI� YDULHWLHV�DQG� DJUR�

HFRORJLFDO�FRQGLWLRQV�PDNHV�0ROXFFDV�EH�ODUJHVW�SURGXFWLRQ�RI

FORYH� DIWHU� 6RXWK� 6XODZHVL��'XH� WR� YDULRXV� FRQVWUDLQWV�� FORYH

SURGXFWLRQ� LV� HVWLPDWHG� GHFUHDVHG�� 7KLV� LV� GXH� WR� ODFN� RI

UHKDELOLWDWLRQ�RI�SODQWV�DV� WKH� LPSDFW�RI� ORZ�SULFHV�RU� ODFN�RI

WHFKQRORJ\� LQWURGXFWLRQ�� 7KLV� SDSHU� GHVFULEHV� DERXW� FORYH

SURGXFWLRQ�LQ�0DOXNX�ZLWK�DQG�ZLWKRXW�UHKDELOLWDWLRQ��%DVHG�RQ

WKH� UHVXOWV� RI� G\QDPLF� V\VWHPV� PRGHO�� FORYH� SURGXFWLRQ� ZDV

SURMHFWHG�GHFOLQH�XQWLO����WR����\HDUV��(IIRUWV�WR�PDLQWDLQ�FORYH

H[LVWHQFH�DV�FORYH�SURGXFHU�DQG�LQFUHDVH�RI�SURGXFWLYLW\�VKRXOG�EH

GRQH� LPPHGLDWHO\� E\� SODQW� UHKDELOLWDWLRQ� LQ� WKH� ORQJ� WHUP�

5HKDELOLWDWLRQ�HIIRUWV�E\�UHSODFLQJ�ROG�SODQW�DQG�UHSODFHPHQW����

RI�GHJUDGHG�ODQG�SHU�\HDU�ZLOO�IXOILOO�WKH�FORYHV�RI�GHPDQG�ZKLFK

LQFUHDVHG������SHU�\HDU��3ODQW�UHKDELOLWDWLRQ�PXVW�EH�DFFRPSDQLHG

ZLWK�LQFUHDVLQJ�SURGXFWLYLW\�LQ�WKH�VKRUW�WHUP�WKURXJK�IHUWLOL]DWLRQ

WR�UHSDLU�WKH�GDPDJH�FURSV�DIWHU�KDUYHVW�

.H\ZRUGV��&ORYHV��FURS�DUHD��UHKDELOLWDWLRQ��SURGXFWLYLW\
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& HQJNHK� PHUXSDNDQ� VDODK� VDWX� NRPRGLWDV

SHUNHEXQDQ� HNVSRU�LPSRU� ,QGRQHVLD� VHMDN� �����

3DGD�WDKXQ�������HNVSRU�FHQJNHK�������WRQ�GDQ�HNVSRU

WHUWLQJJL�WHUMDGL�SDGD�WDKXQ������GHQJDQ�YROXPH�PHQFDSDL

�������WRQ�

3URGXNVL�FHQJNHK�GL�,QGRQHVLD�PHQJDODPL�IOXNWXDVL

DNLEDW� NHWLGDNSDVWLDQ� KDUJD�� 3DGD� WDKXQ� ����� KDUJD

FHQJNHK� GL� WLQJNDW� SURGXVHQ�5S� ������NJ� GDQ� DQMORN

PHQMDGL� ������NJ�SDGD� WDKXQ�������6HWDKXQ�NHPXGLDQ�

KDUJD� FHQJNHK�PXODL�PHQLQJNDW� GDQ� SDGD� WDKXQ� ����

PHORQMDN� KLQJJD� 5S� ��������NJ� �.HPHQWDQ� ������

)OXNWXDVL� KDUJD� FHQJNHK�� WHUXWDPD� GL� SDVDU� HNVSRU�

PHPSHQJDUXKL� PRWLYDVL� SHWDQL� GDODP� PHODNXNDQ

SHUDZDWDQ� GDQ� SHPXSXNDQ� WDQDPDQ� �.LQJX� ������

)OXNWXDVL� KDUJD� MXJD�PHPSHQJDUXKL�SURGXNVL� FHQJNHK

QDVLRQDO�� 6HFDUD� WHNQLV�� WDQDPDQ� FHQJNHK�PHPLOLNL



8SD\D�PHPSHUWDKDQNDQ� HNVLVWHQVL� FHQJNHK� GL� SURYLQVL� ����� �$JXQJ� %XGL� 6DQWRVR� ��

NDUDNWHULVWLN�\DQJ�NKDV�� \DNQL�SDQHQ�EHVDU�\DQJ� GLLNXWL

ROHK�GXD�NDOL�SDQHQ�NHFLO��6LPEDU���������3DGD�SDQHQ�EHVDU�

KDUJD� FHQJNHK� FHQGHUXQJ� WXUXQ� GDQ� EHUSRWHQVL

PHUXJLNDQ� SHWDQL� VHKLQJJD�PHQXUXQNDQ�PLQDW�PHUHND

PHUDZDW�WDQDPDQ��+DO�LQL�EHUGDPSDN�WHUKDGDS�UHQGDKQ\D

SURGXNWLYLWDV��6LUHJDU�������

'DODP�SHULRGH������������DUHDO�SHUWDQDPDQ�FHQJNHK

GL�,QGRQHVLD�WHUOXDV�SHUWDPD�GL�GXQLD�GHQJDQ�NRQWULEXVL

������� �.HPHQWDQ� ������� .HPXGLDQ� GLLNXWL� ROHK

0DGDJDVNDU� GHQJDQ� OXDV� DUHDO� SHUWDQDPDQ����� DWDX

NHGXD� WHUOXDV� GL� GXQLD�� 'L�$VLD�7HQJJDUD��0DOD\VLD

PHUXSDNDQ� QHJDUD� GHQJDQ� DUHDO� SHUWDQDPDQ� FHQJNHK

WHUOXDV�NHGXD�VHWHODK�,QGRQHVLD�GHQJDQ�NRQWULEXVL�������

+DO� LQL� PHQXQMXNNDQ� FHQJNHK� SURGXNVL� ,QGRQHVLD

PHPHJDQJ� SHUDQDQ� SHQWLQJ� GL� SDVDU� GXQLD�� ,QGRQHVLD

MXJD�PHUXSDNDQ�SHPDVRN�PLQ\DN�FHQJNHK�GL�SDVDU�,QGLD

GDQ�$UDE�6DXGL��%XVWDPDQ�������

'L� ,QGRQHVLD��0DOXNX�PHUXSDNDQ�GDHUDK� SHQJKDVLO

FHQJNHK�WHUEHVDU�NHGXD�VHWHODK�6XODZHVL�6HODWDQ�GHQJDQ

NRQWULEXVL� SURGXNVL� ������� GDUL� SURGXNVL� QDVLRQDO�

.RQWULEXVL� SURGXNVL� FHQJNHK� 6XODZHVL� 6HODWDQ� WHUFDWDW

������� GDUL� SURGXNVL� QDVLRQDO�� &HQJNHK�PHUXSDNDQ

WDQDPDQ� DVOL� ,QGRQHVLD� \DQJ�DZDOQ\D� KDQ\D� WXPEXK� GL

OLPD� SXODX� NHFLO� GL�.HSXODXDQ�0DOXNX�� \DNQL� %DFDQ�

0DNLDQ��0RWL�� 7HUQDWH�� GDQ� 7LGRUH� �:LELVRQR� �����

0LUPDQWR� ������� 7DQDPDQ� LQL� NHPXGLDQ�PHQ\HEDU� NH

ZLOD\DK�ODLQQ\D�GL�,QGRQHVLD�VHKLQJJD�SURGXNVL�FHQJNHK

WLGDN� KDQ\D� WHUSXVDW� GL�0DOXNX�� +DO� LQL� WHUQ\DWD

EHUGDPSDN� SHQXUXQDQ� SURGXNVL� FHQJNHK� GL� 0DOXNX

NDUHQD�NXUDQJQ\D�SHUKDWLDQ�WHUKDGDS�SHUDZDWDQ�WDQDPDQ�

7XOLVDQ�LQL�PHPEDKDV�PDVD�GHSDQ�SURGXNVL�FHQJNHK

GL�0DOXNX� GLNDLWNDQ� GHQJDQ�PDVDODK� \DQJ�GLKDGDSL� GL

ODSDQJDQ�� DQWDUD� ODLQ� PLQLPQ\D� SHUHPDMDDQ� DWDX

UHKDELOLWDVL�WDQDPDQ�\DQJ�UXVDN�DNLEDW�GLWLQJJDONDQ�SHWDQL

DNLEDW� SHQXUXQDQ� KDUJD� DWDX� PLQLPQ\D� LQWURGXNVL

WHNQRORJL� VHKLQJJD� SURGXNWLYLWDV� WDQDPDQ� UHQGDK�� GDQ

VWUDWHJL� SHQLQJNDWDQ� SURGXNVL� FHQJNHK�0DOXNX�PHODOXL

UHKDELOLWDVL�GDQ�SHQLQJNDWDQ�SURGXNWLYLWDV�
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%HUGDVDUNDQ� SHQGHNDWDQ� =RQD�$JUR� (NRORJL� �=$(��

VXPEHU�GD\D� LNOLP�GDQ� ODKDQ� GL�0DOXNX� VDQJDW� VHVXDL

XQWXN� SHQJHPEDQJDQ� FHQJNHK�� /DKDQ� \DQJ� WHUVHGLD

XQWXN�SHQJHPEDQJDQ�SHUNHEXQDQ��WHUPDVXN�FHQJNHK��GL

0DOXNX�PHQFDSDL���������KD��\DQJ�WHUVHEDU�GL�EHEHUDSD

NDEXSDWHQ� �6XVDQWR� GDQ� %XVWDPDQ� ������� 0HQXUXW

6XU\DQD�HW�DO����������VHFDUD�ELRILVLN�KDQ\D�WHUGDSDW�OLPD

NRPRGLWDV� SHUWDQLDQ� \DQJ� GDSDW� GLNHPEDQJNDQ� GL

0DOXNX��GL�DQWDUDQ\D�FHQJNHK�GHQJDQ�OXDV�ODKDQ�WHUVHGLD

��������KD�

0DOXNX�PHPLOLNL� NHUDJDPDQ� VXPEHU� GD\D� JHQHWLN

FHQJNHK� \DQJ� WLQJJL�� 3HQJJRORQJDQ� FHQJNHK

EHUGDVDUNDQ�PRUIRORJLQ\D� GLEDJL�PHQMDGL� WLJD�� \DLWX

FHQJNHK� DVOL�0DOXNX�� FHQJNHK� OLDU�� GDQ� FHQJNHK� EXGL

GD\D�� &HQJNHK� DVOL�0DOXNX� DQWDUD� ODLQ�$)2��7LERER�

7DXUR��6LEHOD��,QGDUL��$LU�PDWD��'RNLUL��GDQ�'DXQ�EXQWDO�

&HQJNHK�EXGL�GD\D�WHUGLUL�DWDV�HPSDW�MHQLV��\DLWX�=DQ]LEDU�

6LSXWLK�� 6LNRWRN�� GDQ�$PERQ�� 6HPHQWDUD� FHQJNHK� OLDU

WHUGLUL�DWDV�5DMD��$PDKXVX��+DULD�*XQXQJ��GDQ�FHQJNHK

KXWDQ�ERJRU��3RRO�HW�DO��������7UHVQDZDWL�GDQ�5DQGULDQL

������

&HQJNHK� PHUXSDNDQ� WDQDPDQ� WURSLV� \DQJ

PHPEXWXKNDQ� LNOLP� SDQDV� GHQJDQ� NHOHPEDSDQ� \DQJ

WLQJJL��7HPSHUDWXU�UDWD�UDWD�EHUDGD�SDGD�NLVDUDQ������R�&

GHQJDQ� GLVWULEXVL� KXMDQ� �������� PP� SHU� WDKXQ�

.HOHPEDSDQ� \DQJ� WLQJJL� WLGDN� VHVXDL� EDJL� SURVHV

SHPEXQJDDQ� WDQDPDQ� FHQJNHK� �7KDQJDVHOYDEDL� HW� DO�

������

0DOXNX� \DQJ� EHUDGD� GL� ZLOD\DK� NHSXODXDQ� SDGD

OLQWDVDQ� NKDWXOLVWLZD� PHPLOLNL� VHPXD� V\DUDW� \DQJ

GLSHUOXNDQ� WDQDPDQ� FHQJNHK� XQWXN� WXPEXK� GDQ

EHUNHPEDQJ�� .RQGLVL� JHRUDILV� VHSHUWL� LQL� PHPEXDW

0DOXNX� WHWDS�PHQGDSDW� KXMDQ�PHVNLSXQ�GDODP� WHUOHWDN

SDGD�NDZDVDQ�EHULNOLP�NHULQJ�

'DWD� GDUL�'LUHNWRUDW� -HQGHUDO� 3HUNHEXQDQ� ������

PHQXQMXNNDQ�OXDV�DUHDO�SHUWDQDPDQ�FHQJNHK�GL�0DOXNX

SDGD� WDKXQ� ����� WHUFDWDW� ������� KD� \DQJ� WHUVHEDU� GL

.DEXSDWHQ�0DOXNX�7HQJDK��6HUDP�%DJLDQ�7LPXU��6HUDP

%DJLDQ� %DUDW�� %XUX� 6HODWDQ�� GDQ�$PERQ�� 7DQDPDQ

FHQJNHK�\DQJ�KDQ\D�GDSDW�GLSDQHQ�VHNDOL�GDODP�VHWDKXQ

PHPEXDW�SHWDQL� WLGDN�ELVD�PHQJDQGDONDQ�NRPRGLWDV� LQL

VHEDJDL�VXPEHU�SHQHULPDDQ�VHKDUL�KDUL��2OHK�NDUHQD�LWX�

VHEDJLDQ�EHVDU�SHWDQL�EHUXSD\D�PHQFDUL�XVDKD�WDPEDKDQ�

WHUXWDPD� VHEDJDL�QHOD\DQ� XQWXN�PHPSHUROHK� WDPEDKDQ

SHQJKDVLODQ� �3DWWLQDPD� ������� +DO� LQL�PHQ\HEDENDQ

NHEXQ� FHQJNHK� NXUDQJ�PHQGDSDW� SHUDZDWDQ� VHKLQJJD

SHUWXPEXKDQQ\D� WLGDN� RSWLPDO� NDUHQD� KDUXV� EHUVDLQJ

GHQJDQ� JXOPD�� WHUXWDPD� GDUL� MHQLV� WDQDPDQ� VHPDN�GDQ

ND\X�ND\XDQ�� 6HODLQ� LWX�� WDQDPDQ� FHQJNHK� WLGDN� MDUDQJ

WHUVHUDQJ� KDPD�GDQ�SHQ\DNLW� NDUHQD�NXUDQJ� SHUDZDWDQ�

/XDV� DUHDO� SHUWDQDPDQ� FHQJNHK�\DQJ� UXVDN� DWDX� WLGDN

PHQJKDVLONDQ�PHQFDSDL�������KD��DWDX�������GDUL� WRWDO

OXDV�SHUWDQDPDQ�SDGD�WDKXQ������

7DQDPDQ�FHQJNHK�PHQJKDVLONDQ�GL�0DOXNX�XPXPQ\D

SDGD�XPXU�������WDKXQ��$UWLQ\D��WDQDPDQ�FHQJNHK�\DQJ

GLSDQHQ�VDDW�LQL�GLWDQDP�ROHK�JHQHUDVL�VHEHOXPQ\D��+DO�LQL

PHQMDGL� VDODK� VDWX� SHQ\HEDE� UHQGDKQ\D� SURGXNWLYLWDV

FHQJNHK�GL�0DOXNX��0HQXUXW�*Z\HU���������GDXU�KLGXS

FHQJNHK� DGDODK� ��� WDKXQ�� 3DGD� VDDW� EHUXPXU� OHELK� ��

WDKXQ� WDQDPDQ� FHQJNHK� DNDQ�PHQJDODPL� SHQXUXQDQ

SURGXNWLYLWDV��3URGXNWLYLWDV�FHQJNHK�WLQJJL�VHMDN�EHUXPXU

��� WDKXQ�� 6HMDN� SHUWDPD� NDOL� EHUEXQJD�� SURGXNWLYLWDV

FHQJNHK� WHUXV� PHQLQJNDW� KLQJJD� EHUXPXU� ��� WDKXQ

�.HPDOD�������

.RQGLVL� SHUNHEXQDQ�FHQJNHK�\DQJ�GLGRPLQDVL� ROHK

WDQDPDQ� WXD� GLVHEDENDQ� ROHK� KDUJD� \DQJ� EHUIOXNWXDVL�

&HQJNHK�PHUXSDNDQ� WDQDPDQ� MDQJND� SDQMDQJ� KLQJJD

EHUXPXU�SXOXKDQ�WDKXQ�VHKLQJJD�DUHDO�SHUWDQDPDQ�\DQJ

DGD�VDDW�LQL�PHUXSDNDQ�UHSUHVHQWDVL�GDUL�SHQDQDPDQ����

��� WDKXQ� VHEHOXPQ\D��+DUDSDQ�SHWDQL� FHQJNHK�PHQMDGL

VLUQD�VHMDN�KDUJD�NRPRGLWDV�LQL�WXUXQ�NH�WLWLN�WHUEDZDK�5S



�� -�� /LWEDQJ�3HUW�� 9RO�� ��� 1R�� �� -XQL� ������ �����

������������NJ� \DQJ� VHEHOXPQ\D� SHUQDK�PHQFDSDL�5S

�������NJ�� 3HQXUXQDQ� KDUJD� WHUVHEXW� GLPXODL� VHWHODK

GLEHQWXN� GDQ�GLWXMXNQ\D�%DGDQ�3HQ\DQJJD� 3HPDVDUDQ

&HQJNHK��%33&��SDGD�WDKXQ������GDQ�EHUODQMXW�KLQJJD

WDKXQ� ����� �.HPDOD� �������$NLEDWQ\D�� SHWDQL� WLGDN

PHODNXNDQ�SHPHOLKDUDDQ�GDQ�SHQDPEDKDQ�DUHDO�WDQDPDQ

FHQJNHK��3DGD�WDKXQ�������GL�VDDW�KDUJD�FHQJNHK�PXODL

PHQLQJNDW��0DOXNX�PHQJDODPL�SHUPDVDODKDQ�VRVLDO�DNLEDW

NHUXVXKDQ� \DQJ� WHUMDGL� SDGD� WDKXQ� ����� KLQJJD� VLWXDVL

NHPEDOL�QRUPDO�SDGD�WDKXQ�������3DGD�WDKXQ�������OXDV

SDQHQ�WDQDPDQ�FHQJNHK�PDVLK�OHELK�NHFLO�GLEDQGLQJNDQ

GHQJDQ�WDKXQ������

.HQGDOD�WHNQLV�XVDKD�WDQL�FHQJNHK�DGDODK�PDVD�DZDO

SURGXNVL� \DQJ�FXNXS� SDQMDQJ��\DLWX� SDGD� VDDW� WDQDPDQ

EHUXPXU�����WDKXQ��GDQ�IOXNWXDVL�KDVLO�\DQJ�FXNXS�WLQJJL

WHUMDGL�SDGD�VLNOXV����� WDKXQ��7LQJJLQ\D�SURGXNVL�SDGD

WDKXQ�WHUWHQWX�ELDVDQ\D�GLLNXWL�ROHK�SHQXUXQDQ�SURGXNVL

SDGD�VDWX�DWDX�GXD�WDKXQ�EHULNXWQ\D��3HUPDVDODKDQ� ODLQ

\DQJ�GLKDGDSL�GDODP�SHQJHPEDQJDQ�FHQJNHK�GL�0DOXNX

DGDODK�SURSRUVL�WDQDPDQ�PHQJKDVLONDQ�\DQJ�OHELK�UHQGDK

GLEDQGLQJ� NRQGLVL� LGHDO�� WUHQ� WDQDPDQ� WXD�GDQ� WDQDPDQ

UXVDN�MDXK�OHELK�EHVDU�GLEDQGLQJ�WDQDPDQ�PXGD��-LND�KDO

LQL�WLGDN�VHJHUD�GLSHUEDLNL�PDND�SDGD�VXDWX�VDDW�XVDKD�WDQL

FHQJNHK� WLGDN�PHQJXQWXQJNDQ� NDUHQD� SURSRUVL� OXDV

WDQDPDQ� WXD�UXVDN� OHELK� EHVDU� GLEDQGLQJ� WDQDPDQ

PHQJKDVLONDQ��+XWXHOO\�������

0HPSHUWDKDQNDQ� HNVLVWHQVL� SURGXNVL� FHQJNHK� GL

0DOXNX� VDQJDWODK� SHQWLQJ� NDUHQD� VHMDUDK� WDQDPDQ

FHQJNHK� HUDW� KXEXQJDQQ\D� GHQJDQ�PDV\DUDNDW� VHEDJDL

SURIHVL� WXUXQ� WHPXUXQ�� 6DODK� VDWX� LQGLNDWRU� HNVLVWHQVL

FHQJNHK� GL� GDHUDK� DVDOQ\D� DGDODK� SURGXNVL�\DQJ� VWDELO

GDQ� WHWDS�PHQMDGL� EDJLDQ� NHORPSRN� SURGXVHQ� XWDPD

SHQJKDVLO� FHQJNHK�� 7XOLVDQ� LQL�PHQMHODVNDQ� WHQWDQJ

SUR\HNVL�SURGXNVL�FHQJNHK�GHQJDQ�GDQ�WDQSD�UHKDELOLWDVL�

3UR\HNVL�GLODNXNDQ�GHQJDQ� KDUDSDQ�PHPEHUL� JDPEDUDQ

GDPSDN�XSD\D�UHKDELOLWDVL�WHUKDGDS�SURGXNVL�FHQJNHK�GL

PDVD�PHQGDWDQJ�

352<(.6,�352'8.6,�&(1*.(+
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3URGXNVL� FHQJNHK� GLSHQJDUXKL� ROHK� SURGXNWLYLWDV� GDQ

OXDV� SDQHQ� �6HJDUDQL� GDQ�'HZL� ������� 6HPHQWDUD� LWX�

SURGXNWLYLWDV� FHQJNHK�GLSHQJDUXKL� ROHK� XPXU� WDQDPDQ�

7DQDPDQ�FHQJNHK�PXODL�EHUSURGXNVL�SDGD�XPXU���WDKXQ

GDQ�PHQLQJNDW�SDGD�VDDW�WDQDPDQ�EHUXPXU��������WDKXQ�

6HWHODK�EHUXPXU�GL�DWDV����WDKXQ��SURGXNWLYLWDV�FHQJNHK

PHQXUXQ�KLQJJD�VHSDUR�WDQDPDQ�XVLD�SURGXNWLI��.RQGLVL

DUHDO�SHUWDQDPDQ�FHQJNHK�GL�0DOXNX�GDODP�SHULRGH������

�����GDSDU�GLOLKDW�SDGD�7DEHO���

/XDV�SDQHQ�FHQJNHK�GLSHQJDUXKL�ROHK�OXDV�WDQDPDQ

EHOXP�PHQJKDVLONDQ� GDQ� WLQJNDW�NHUXVDNDQ� ODKDQ��/XDV

ODKDQ� \DQJ� UXVDN� WHUMDGL� SDGD� WDQDPDQ� EHOXP

PHQJKDVLONDQ�GDQ�WDQDPDQ�PHQJKDVLONDQ��6HPDNLQ�WLQJJL

WLQJNDW� NHUXVDNDQ� ODKDQ� VHPDNLQ� UHQGDK� OXDV� SDQHQ

WDQDPDQ� \DQJ�EHUGDPSDN� WHUKDGDS� UHQGDKQ\D� SURGXNVL

FHQJNHK�� .HUXVDNDQ� WDQDPDQ� FHQJNHK� XPXPQ\D

GLVHEDENDQ� ROHK� UHQGDKQ\D�PRWLYDVL� SHWDQL�PHUDZDW

NHEXQ� FHQJNHK� VHKLQJJD� WDQDPDQ� UHQWDQ� WHUKDGDS

VHUDQJDQ� KDPD� GDQ� SHQ\DNLW�� VHSHUWL� EDNWHUL� SHPEXOXK

ND\X�� FDFDU� GDXQ�� JXJXU� GDXQ�� GDQ� SHQJJHUHN� EDWDQJ

FHQJNHK��+XWXHOO\�HW�DO����������/DKDQ�XVDKD�WDQL�FHQJNHK

\DQJ�UXVDN�GL�0DOXNX�SDGD�WDKXQ������PHQFDSDL������

KHNWDU��7DEHO����

3HUHPDMDDQ� DWDX� UHKDELOLWDVL� ODKDQ� \DQJ� UXVDN

PHPEXWXKNDQ� ZDNWX� PLQLPDO� WXMXK� WDKXQ� XQWXN

PHQJKDVLONDQ� WDQDPDQ�FHQJNHK� VLDS� SDQHQ��+XEXQJDQ

DQWDUD�SHXEDK�SHXEDK� WHUVHEXW� GDSDW�GLMHODVNDQ�PHODOXL

PRGHO� SHQJDUXK� SHUHPDMDDQ� WDQDPDQ� WHUKDGDS� WLQJNDW

SURGXNVL� FHQJNHK� SDGD�*DPEDU� ���9DULDEHO� WHUVHEXW

PHOLSXWL� WLQJNDW� NHUXVDNDQ� ODKDQ�� OXDV� ODKDQ� UXVDN�

SURGXNVL�� KDUJD�� WLQJNDW� SHUHPDMDDQ�� WDPEDKDQ� OXDV

SDQHQ��GDQ�OXDV�SDQHQ�

3HQXUXQDQ� SURGXNVL�PHQMDGL� VDODK� VDWX� SHQ\HEDE

NHQDLNDQ�KDUJD�NDUHQD�SHUPLQWDDQ�PHQLQJNDW��.HQDLNDQ

KDUJD�FHQJNHK�GDSDW�PHQMDGL�PRWLYDVL�EDJL�SHWDQL�GDODP

SHUHPDMDDQ� WDQDPDQ�GDQ� UHKDELOLWDVL� ODKDQ��3HUHPDMDDQ

WDQDPDQ�PHQJXUDQJL� OXDV� DUHDO� SHUWDQDPDQ� GDQ� ODKDQ

\DQJ� UXVDN� VHKLQJJD�PHQGRURQJ� WDQDPDQ� SURGXNWLI

NHPEDOL��1XUPDOD��HW�DO����������PHQ\DWDNDQ�MXPODK�SRKRQ

SURGXNWLI� PHUXSDNDQ� VDODK� VDWX� SHXEDK� \DQJ

EHUSHQJDUXK�Q\DWD�WHUKDGDS�SURGXNVL�FHQJNHK�

/XDV� ODKDQ� JDUDSDQ� EHUNRUHODVL� OXDV� SDQHQ� \DQJ

VHODQMXWQ\D� EHUNRQWULEXVL� PHQLQJNDWNDQ� SURGXNVL�

6HPHQWDUD�LWX��IDNWRU�ODLQ�\DQJ�MXJD�GDSDW�PHPSHQJDUXKL

NHUXVDNDQ� ODKDQ� DQWDUD� ODLQ� EHQFDQD� DODP�� NHUXVXKDQ�

NHEDNDUDQ� DNLEDW� NHPDUDX�� GDQ� KDO� ODLQ� \DQJ� WLGDN

EHUKXEXQJDQ�GHQJDQ�SHUNHPEDQJDQ�KDUJD�FHQJNHK�

3HUPLQWDDQ� WHUKDGDS� NRPRGLWDV� FHQJNHK� GL�PDVD

PHQGDWDQJ�GLSUR\HNVLNDQ� DNDQ� WHUXV�PHQLQJNDW� GHQJDQ

ODMX� �����SHU� WDKXQ� �.HPHQWDQ� �������+DO� LQL� VHVXDL

GHQJDQ�GDWD� WDKXQ������\DQJ�PHQXQMXNNDQ�SHUPLQWDDQ

FHQJNHK�0DOXNX�PHQLQJNDW������GDUL�WDKXQ�VHEHOXPQ\D�

3URGXNVL� FHQJNHK�0DOXNX� GLSUR\HNVLNDQ�PHQJ�

JXQDNDQ�VLVWHP�GLQDPLV�EHUGDVDUNDQ�GDWD�VHNXQGHU�\DQJ

WHUGLUL� DWDV� SURGXNVL�� SURGXNWLYLWDV�� WLQJNDW� NHUXVDNDQ

ODKDQ��OXDV�ODKDQ�UXVDN��KDUJD��GDQ�SHQDZDUDQ��0HQXUXW

$[HOOD�GDQ�6XU\DQL���������VLVWHP�GLQDPLV�OHELK�XQJJXO

GLEDQGLQJNDQ� GHQJDQ� SHPRGHODQ� ODLQQ\D�� NDUHQD�� ���

SHQHOLWLDQ� GDSDW�GLODNXNDQ� OLQWDV� VHNWRUDO� GHQJDQ� UXDQJ

OLQJNXS� OHELK� OXDV�� ����GDSDW�PHODNXNDQ�HNVSHULPHQWDVL

7DEHO��� .RQGLVL� DUHDO� SHUWDQDPDQ� FHQJNHK� GL�0DOXNX

GDODP�SHULRGH�����������
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8SD\D�PHPSHUWDKDQNDQ� HNVLVWHQVL� FHQJNHK� GL� SURYLQVL� ����� �$JXQJ� %XGL� 6DQWRVR� ��

WHUKDGDS�VLVWHP������PDPSX�PHQHQWXNDQ�WXMXDQ�DNWLYLWDV

SHQJHORODDQ�GDQ�SHUEDLNDQ�WHUKDGDS�VLVWHP�\DQJ�GLWHOLWL�

GDQ�����GDSDW�PHQGXJD��PHUDPDO��SHULODNX�GDQ�NHDGDDQ

VLVWHP� SDGD�PDVD� \DQJ� DNDQ� GDWDQJ�� /DQJNDK�ODQJNDK

SHPRGHODQ� GHQJDQ� PHWRGH� G\QDPLFV� V\VWHP� DGDODK

VHEDJDL� EHULNXW� �7DVULI� ������� ���� LGHQWLILNDVL� SHULODNX

SHUVRDODQ������PHQHQWXNDQ�PRGHO��GDQ�����SHQJXMLDQ�PRGHO

GDQ�VLPXODVL�VNHQDULR�

,GHQWLILNDVL� SHULODNX� SHUVRDODQ� WHUGLUL� DWDV� SROD

UHIHUHQVL�� K\SRWKHVLV� G\QDPLFV�� GDQ�PHPEXDW� EDWDV

PRGHO�� 3ROD� UHIHUHQVL�PHUXSDNDQ� SROD� KLSRWHVLV� \DQJ

PHQJJDPEDUNDQ�SHULODNX�SHUVRDODQ�\DQJ�VHGDQJ�WHUMDGL�

PHOLSXWL� SHQJXPSXODQ� GDWD� VHEDUDQ� XPXU� WDQDPDQ

FHQJNHK�� WLQJNDW� SURGXNWLYLWDV� GL� VHWLDS� MHQMDQJ� XPXU

WDQDPDQ��WLQJNDW�NHUXVDNDQ�WDQDPDQ�GDQ�ODKDQ��OXDV�EDNX

WDQDPDQ�� GDQ� HODVWLVLWDV� SHQDZDUDQ� WHUKDGDS� KDUJD

FHQJNHK�� -LND� GDWD� WHUVHEXW� GLJDEXQJNDQ� GDODP

KLSRWKHVLV� G\QDPLFV�� PDND� IOXNWXDVL� KDUJD� DNDQ

PHPSHQJDUXKL� WLQJNDW� SHUHPDMDDQ� WDQDPDQ� \DQJ

VHODQMXWQ\D�DNDQ�PHPSHQJDUXKL�SHQDZDUDQ�FHQJNHK�GDQ

PHPEHQWXN�WLQJNDW�KDUJD�\DQJ�EDUX��1DPXQ��SHUHPDMDDQ

WDQDPDQ�PHQJDODPL�SHQXQGDDQ�KLQJJD�PHQXQJJX�XPXU

SURGXNWLI�� 3HULODNX� WHUVHEXW� PHPEHQWXN� OLQJNDUDQ

KXEXQJDQ�VHEDE�DNLEDW��*DPEDU�����0RGHO�VLVWHP�GLQDPLV

LQL�PHPSHUKLWXQJNDQ�NRQGLVL� SHUNHEXQDQ� UDN\DW� WDQSD

FDPSXU�WDQJDQ�SHPHULQWDK�VHSHUWL�NHELMDNDQ�SHPEXNDDQ

ODKDQ�EDUX�DWDX�SHQHWDSDQ�KDUJD�FHQJNHK�

3(1(178$1�02'(/�'$1�6,08/$6,

352<(.6,�352'8.6,�&(1*.(+

0RGHO� SHQJDUXK� SHUHPDMDDQ� FHQJNHK� WHUKDGDS

SHUNHPEDQJDQ� OXDV� SDQHQ� �*DPEDU� ��� PHQMHODVNDQ

KXEXQJDQ�VHEDE�DNLEDW�DQWDUD�IOXNWXDVL�KDUJD�GDQ�WLQJNDW

SHUHPDMDDQ� WDQDPDQ�� 3HPEHQWXNDQ� KDUJD� GLSHQJDUXKL

ROHK� SDVDU� DNLEDW� NHVHLPEDQJDQ� SHUPLQWDDQ� GDQ

SHQDZDUDQ��+DUJD�\DQJ�UHQGDK�DNDQ�PHPLFX�NHUXVDNDQ

WDQDPDQ� VHKLQJJD� OXDV� ODKDQ� DNDQ�PHQXUXQ� GDQ� DNDQ

PHQJXUDQJL� SURGXNVL� GDODP� MDQJND� SHQGHN�� 7LQJNDW

NHUXVDNDQ�ODKDQ�MXJD�GLSHQJDUXKL�ROHK�IDNWRU�ODLQ�VHSHUWL

FXDFD�GDQ�LNOLP��GDODP�KDO�LQL�EHUXSD�NRQVWDQWD�UDQGRP�

+DUJD�\DQJ�WLQJJL�DNDQ�PHQ\HEDENDQ�WLQJNDW�SHUHPDMDDQ

WDQDPDQ�PHQLQJNDW� VHKLQJJD�PHQJXUDQJL� OXDV� ODKDQ

UXVDN�GDQ�EHUDOLK�PHQMDGL�WDPEDKDQ�OXDV�ODKDQ�SURGXNWLI

\DQJ�PHPEXWXKNDQ�ZDNWX��GHOD\��XQWXN�PHQDPEDK�OXDV

SDQHQ� \DQJ� VHODQMXWQ\D� DNDQ�PHPSHQJDUXKL� SURGXNVL�

3URGXNVL� GLSHQJDUXKL� ROHK� OXDV� SDQHQ�� SURSRUVL� XPXU

WDQDPDQ��GDQ�WLQJNDW�SURGXNWLYLWDV��9DULDEHO�WHQDJD�NHUMD

GDQ� VDUDQD� SURGXNVL� GLDVXPVLNDQ� WHWDS� DWDX�PHQJLNXWL

SURSRUVL�OXDV�SDQHQ�

9DOLGDVL�PRGHO�GLODNXNDQ�XQWXN�PHQLODL�DSDNDK�PRGHO

\DQJ� GLEDQJXQ� GDSDW�PHZDNLOL� VLVWHP� VHKLQJJD� GDSDW

GLSHUROHK�NHVLPSXODQ�\DQJ�PH\DNLQNDQ��9DOLGDVL�PRGHO

WHUGLUL� DWDV� XML� YDOLGDVL� VWUXNWXU� GDQ� NLQHUMD�RXWSXW

�0XKDPPDGL� HW� DO���������9DOLGDVL� VWUXNWXU� GLODNXNDQ

PHODOXL� SHQ\HVXDLDQ� GHQJDQ� WHRUL� GDQ� SHQHOLWLDQ

WHUGDKXOX�� 8ML� YDOLGDVL� NLQHUMD� GLODNXNDQ� GHQJDQ

PHPDVWLNDQ�KDVLO�VLPXODVL�PRGHO�PHQJLNXWL�SROD�KLVWRULV

GHQJDQ�PHQJKLWXQJ� QLODL�$EVROXWH�0HDQ�(UURU� �$0(�

GHQJDQ�EDWDV� SHQ\LPSDQJDQ� \DQJ� GLWHULPD�DGDODK� ���

1LODL�$EVROXWH�0HDQ� (UURU�PHUXSDNDQ� VHOLVLK� QLODL

VLPXODVL� SHULRGH�NH�Q�GHQJDQ� QLODL�DNWXDO�SHULRGH�NH�Q�

GLEDJL� GHQJDQ� QLODL� VLPXODVL�� +DVLO� XML� VLPXODVL

PHQXQMXNNDQ�QLODL�$0(�SURGXNVL�FHQJNHK�DGDODK�����

DWDX�GL�EDZDK�����+DO�LQL�EHUDUWL�PRGHO�\DQJ�GLKDVLONDQ

GDSDW�PHZDNLOL�VLVWHP�SURGXNVL�FHQJNHK�GDODP�KXEXQJDQ

WLQJNDW�NHUXVDNDQ�ODKDQ�

+DVLO� SUR\HNVL� SURGXNVL� FHQJNHK� WDQSD� UHKDELOLWDVL

ODKDQ�UXVDN�GLVDMLNDQ�SDGD�*DPEDU����3URGXNVL�FHQJNHK

0DOXNX�DNDQ�EHUIOXNWXDVL�VHVXDL�VLNOXV�SDQHQ�EHVDU�GDQ

SDQHQ�NHFLO�VHWLDS�����WDKXQ�KLQJJD�WDKXQ������DWDX���

WDKXQ�PHQGDWDQJ��1DPXQ� DNDQ� WHUMDGL� WUHQ� SHQXUXQDQ

SURGXNVL�VHWHODK�WDKXQ������KLQJJD�������3DGD�SHULRGH

WHUVHEXW�WDQDPDQ�FHQJNHK�0DOXNX�VXGDK�EHUXPXU�GL�DWDV

��� WDKXQ� GHQJDQ� SURGXNWLYLWDV� \DQJ� VDQJDW� UHQGDK� GDQ

WLQJNDW� NHUXVDNDQ� ODKDQ� VHPDNLQ� WLQJJL� WDQSD� XSD\D

UHKDELOLWDVL�ODKDQ��'L�VLVL�ODLQ��SHUPLQWDDQ�FHQJNHK�WHUXV

PHQLQJNDW�VHLULQJ�GHQJDQ�SHUWDPEDKDQ�MXPODK�SHQGXGXN

GDQ�SHUNHPEDQJDQ�LQGXVWUL�

+DVLO�SUR\HNVL�PHQXQMXNNDQ�EDKZD�SDGD�WDKXQ�����

DWDX����WDKXQ�\DQJ�DNDQ�GDWDQJ�VHOXUXK�WDQDPDQ�FHQJNHK

PDVXN�NDWHJRUL� WXD��7DQDPDQ�\DQJ� VXGDK� WXD�PHPLOLNL

NHOHELKDQ� GDQ� NHNXUDQJDQ�� 7DQDPDQ� WXD� ELDVDQ\D

GLSHUOXNDQ�VHEDJDL�EDKDQ�NROHNVL�JHQHWLN�SODVPD�QXWIDK�

3HQJROHNVLDQ�WDQDPDQ�EHUWXMXDQ�XQWXN�PHPSHUWDKDQNDQ

NHOHVWDULDQ�YDULHWDV�ORNDO�\DQJ�GLSHUOXNDQ�GDODP�SHUDNLWDQ

YDULHWDV� XQJJXO� EDUX� �3XUQRPR� HW� DO�� �������1DPXQ�

WDQDPDQ� \DQJ� EHUXPXU� WXD� ELDVDQ\D� PHPLOLNL

SURGXNWLYLWDV� \DQJ� UHQGDK� EDKNDQ�PHQFDSDL� ����GDUL

XVLD�SURGXNWLI��3HQLQJNDWDQ�SURGXNVL�DNDQ�GLSHUROHK�MLND

OXDV� WDQDPDQ� VHEDJLDQ� EHVDU� EHUDGD� GL� GDODP� NDWHJRUL

WDQDPDQ�SURGXNWLI�

*DPEDU� ��� �0RGHO� SHUHPDMDDQ� WDQDPDQ� GDQ� SHUNHPEDQJDQ

OXDV� SDQHQ� FHQJNHK�

6XPEHU�� .HPHQWDQ� ������� ������
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0HQXUXW� 5XKQD\DW� �������� SURGXNVL� FHQJNHK� GDSDW

GLWLQJNDWNDQ�PHODOXL� SURJUDP� UHKDELOLWDVL� GDQ� LQWHQ�

VLILNDVL�� 5HKDELOLWDVL� PHUXSDNDQ� XSD\D� SHPXOLKDQ

SHUWXPEXKDQ�WDQDPDQ�\DQJ�NULWLV�DJDU�GDSDW�EHUSURGXNVL

NHPEDOL�� 6HPHQWDUD� LQWHQVLILNDVL� DGDODK� XSD\D� XQWXN

PHQLQJNDWNDQ� GDQ� PHPSHUWDKDQNDQ� SURGXNWLYLWDV

WDQDPDQ�PHODOXL�SHQJHORODDQ�VHFDUD�LQWHQVLI��5HKDELOLWDVL

MXJD�GDSDW�GLDUWLNDQ� VHEDJDL� XSD\D�PHQJJDQWL� WDQDPDQ

UXVDN� GHQJDQ� ELELW� \DQJ� EHUNXDOLWDV� WLQJJL� VHKLQJJD

GLPXQJNLQNDQ�PHQLQJNDW� SURGXNVLQ\D� �.HPDOD� GDQ

<XKRQR�������

5HKDELOLWDVL�WDQDPDQ�FHQJNHK�GLSHUOXNDQ�SDGD�ODKDQ

\DQJ� UXVDN� NDUHQD�PHPSHQJDUXKL� SURGXNVL�� (NVWHQ�

VLILNDVL� DWDX� SHQDPEDKDQ� DUHDO� WDQDP� MXJD� GLSHUOXNDQ

NDUHQD�PHQXUXQQ\D� OXDV� SHUWDQDPDQ� �����SHU� WDKXQ�

3UR\HNVL�SURGXNVL�FHQJNHK�GLVLPXODVLNDQ�PHQJJXQDNDQ

VLVWHP�GLQDPLV� GHQJDQ� DVXPVL� UHKDELOLWDVL� WDQDPDQ� WXD

SDGD� VDDW� VXGDK� EHUXPXU� ��� WDKXQ� GDQ� SHUHPDMDDQ

WDQDPDQ�UXVDN�����VHWLDS�WDKXQ�

3HQJJDQWLDQ�WDQDPDQ�SHUNHEXQDQ�PHPLOLNL�SHQXQGD�

DQ� WDKXQDQ�� VHKLQJJD� GDPSDN� UHKDELOLWDVL� EDUX� WHUOLKDW

SDGD� WDKXQ� NH��� VHWHODK� WDQDPDQ�PXODL�PHQJKDVLONDQ�

3DGD�*DPEDU� �� WHUOLKDW� SHQLQJNDWDQ�SURGXNVL� FHQJNHK

VXGDK� WHUOLKDW� SDGD� ��� WDKXQ� SHUWDPD��'DODP� UHQWDQJ

����������PDVLK� WHUMDGL� SHQXUXQDQ� SURGXNVL� NDUHQD

WDQDPDQ�FHQJNHK�VXGDK�PHPDVXNL�XPXU�WXD�GDQ�VHGDQJ

GLODNXNDQ� UHKDELOLWDVL� WDQDPDQ�� 3HQLQJNDWDQ� SURGXNVL

NHPEDOL� WHUOLKDW� SDGD� WDKXQ� ����� KLQJJD� �����

3HQLQJNDWDQ� SURGXNVL� PDVLK� GDSDW� PHQJLPEDQJL

SHQLQJNDWDQ� SHUPLQWDDQ� FHQJNHK��+DO� LQL� WHUOLKDW� GDUL

JDULV� SURGXNVL�PDVLK� EHUDGD� GL� DWDV� JDULV� SHUPLQWDDQ

KLQJJD� WDKXQ� ������ 3DGD� WDKXQ� ����� NH� DWDV� WLQJNDW

SURGXNVL�PXODL�GL�EDZDK�WLQJNDW�SHUPLQWDDQ��2OHK�NDUHQD

LUX�SHUOX�SHQDPEDKDQ��OXDV�DUHDO�SHUWDQDPQ�VHEHOXP�WDKXQ

�����XQWXN�GDSDW�PHPHQXKL�SHUPLQWDDQ�FHQJNHK��/DQJNDK

ODLQ� \DQJ� GDSDW� GLWHPSXK� DGDODK�PHODOXL� SHQLQJNDWDQ

SURGXNWLYLWDV� GHQJDQ� LQWURGXNVL� WHNQRORJL� EXGL� GD\D

WDQDPDQ�FHQJNHK�

&RQWRK� WHNQRORJL� LQWURGXNVL� EXGL� GD\D� FHQJNHK

XQWXN� PHQLQJNDWNDQ� SURGXNVL� DGDODK� SHPEHULDQ

3DFOREXWUD]RO��0RQLQJND�HW�DO��������JXQD�PHQJKDVLONDQ

WDQDPDQ� \DQJ� OHELK� UHQGDK� GHQJDQ� SURGXNWLYLWDV� GDQ

NXDOLWDV�KDVLO�WLQJJL��3HPEHULDQ�MDPXU�PLNRUL]D�DUEXVNXODU

�-0$��PDPSX�PHQLQJNDWNDQ�SHUWXPEXKDQ�EHQLK�FHQJNHK

GDQ�PHQXUXQNDQ�LQWHQVLWDV�SHQ\DNLW�EHUFDN�GDXQ��3XWUL�HW

DO�� ������� 6HODLQ� SHQJJXQDDQ� -0$�� SHUNHPEDQJDQ

YHJHWDWLI� EHQLK� FHQJNHK� MXJD� GDSDW� GLWLQJNDWNDQ

PHQJJXQDNDQ� DLU� NHODSD� VHEDJDL� ]DW� SHQJDWXU� WXPEXK

�0D\XUD�HW�DO��������

3HQLQJNDWDQ�SURGXNVL�FHQJNHK�GDODP�MDQJND�SHQGHN

GDSDW�GLODNXNDQ�GHQJDQ�PHPSHUEDLNL�VWUXNWXU� WDQDK�GDQ

NRQGLVL� WDQDPDQ� �)XGKDLO� HW� DO�� ������� 3HPXSXNDQ

EHUWXMXDQ� XQWXN�PHQLQJNDWNDQ� SURGXNWLYLWDV� ODKDQ� \DQJ

UXVDN�� 5HKDELOLWDVL� GHQJDQ� FDUD�PHQJJDQWL� WDQDPDQ

GHQJDQ�\DQJ�EDUX�PHPHUOXNDQ�ZDNWX�VHGLNLWQ\D���WDKXQ

DJDU�ODKDQ�NHPEDOL�SURGXNWLI�

3XSXN� \DQJ� GDSDW� GLEHULNDQ� GDSDW� EHUXSD� SXSXN

RUJDQLN�GDQ�SXSXN�DQRUJDQLN��DWDX�NRPELQDVL�NHGXDQ\D

�<XVGLDQ� GDQ� +DULV� ������� 3XSXN� GLEHULNDQ� VHWHODK

WDQDPDQ� GLSDQHQ�� +DO� LQL� EHUWXMXDQ� XQWXN�PHPEDQWX

UHJHQHUDVL� SDGD� EDJLDQ� WDQDPDQ� \DQJ� PHQJDODPL

NHUXVDNDQ� SDGD� VDDW� SDQHQ� GDQ�PHQLQJNDWNDQ� SURGXNVL

FHQJNHK�VHWHODK�SDQHQ�SDGD�SHULRGH�VHODQMXWQ\D��$ULQGD

GDQ�<DQWX�������5XQWXQXZX�HW�DO��������

�

�����$0���7XH��'HF���������

3HUHPDMDDQ� ���

3DJH��
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*DPEDU� ���3UR\HNVL� SURGXNVL� FHQJNHK� WDQSD� UHKDELOLWDVL� ODKDQ� UXVDN�

6XPEHU��.HPHQWDQ� ������� ������� GLRODK�



8SD\D�PHPSHUWDKDQNDQ� HNVLVWHQVL� FHQJNHK� GL� SURYLQVL� ����� �$JXQJ� %XGL� 6DQWRVR� ��

'8.81*$1�.(%,-$.$1

3(0(5,17$+�'$/$0�83$<$

5(+$%,/,7$6,�&(1*.(+

5HKDELOLWDVL�\DQJ�GLODNXNDQ�PDV\DUDNDW�VHEDJDL�SHPLOLN

NHEXQ�EHUJDQWXQJ� NHSDGD� IDNWRU� HNVWHUQDO� GDQ� LQWHUQDO�

)DNWRU�HNVWHUQDO�WHUGLUL�GDUL�IOXNWXDWLI�KDUJD�GDQ�NRQGLVL

VRVLDO�� %HUGDVDUNDQ� VHMDUDK� SHUNHPEDQJDQ� SURGXNVL

FHQJNHK��UHKDELOLWDVL�WDQDPDQ�DNDQ�PHQLQJNDW�DSDELOD�DGD

MDPLQDQ�KDUJD�GL�SDVDU��'DUL�VHJL�VRVLDO��SHWDQL�FHQJNHK

WLGDN�PHODNXNDQ�SHUDZDWDQ�WDQDPDQ�GDODP�NRQGLVL�VRVLDO

\DQJ� WLGDN� NRQGXVLI�� VHSHUWL� DGDQ\D� NHUXVXKDQ� GDQ

NRQIOLN�VRVLDO�ODLQQ\D�

6HGDQJNDQ� IDNWRU� LQWHUQDO� \DQJ�PHPSHQJDUXKL

WLQJNDW� UHKDELOLWDVL� DGDODK� MXPODK� WHQDJD�NHUMD�� WLQJNDW

SHQJHWDKXDQ�SHWDQL��GDQ�PRGDO��0LQLPQ\D�MXPODK�WHQDJD

NHUMD�� WLQJNDW� SHQJHWDKXDQ� SHWDQL� GDQ�PRGDO� DNDQ

PHQ\HEDENDQ�SHQXUXQDQ�SURGXNVL�FHQJNHK�

8SD\D� SHQLQJNDWDQ� UHKDELOLWDVL�� LQWHQVLILNDVL�� GDQ

HNVWHQVLILNDVL�NXUDQJ�HIHNWLI�DSDELOD�WLGDN�GLGXNXQJ�ROHK

NHELMDNDQ� SHPHULQWDK� EDLN� SXVDW� PDXSXQ� GDHUDK�

%HEHUDSD�NHELMDNDQ�\DQJ�GDSDW�GLODNXNDQ�ROHK�SHPHULQWDK

SXVDW� GDQ� GDHUDK� XQWXN�PHQLQJNDWNDQ� UHKDELOLWDVL

FHQJNHK�DGDODK�����PHPEHUL�MDPLQDQ�NHVWDELODQ�KDUJD����

PHQLQJNDWNDQ� VDUDQD� LQSXW� EHUXSD� ELELW� XQJJXO� � GDQ

SHQJDGDDQ�SXSXN�����PHQLQJNDWNDQ�SHQJHWDKXDQ�SHWDQL

PHODOXL� GHVLPLQDVL� WHNQRORJL� ���� PHQLQJNDWNDQ

GLYHUVLILNDVL�SURGXN�GHQJDQ�FDUD�LQGXVWULDOLVDVL�FHQJNHK�

GDQ� ����PHPSHUOXDV� SHPDVDUDQ� FHQJNHK��8SD\D±XSD\D

WHUVHEXW� DNDQ�PHPLFX� SHQLQJNDWDQ� SHUPLQWDDQ�FHQJNHK

\DQJ� VHFDUD� WLGDN� ODQJVXQJ� PHPSHQJDUXKL� SHWDQL

PHQLQJNDWNDQ�SURGXNWLYLWDV�FHQJNHK�PHODOXL�UHKDELOLWDVL

WDQDPDQ�

&HQJNHK� DGDODK� NRPRGLWDV� HNVSRUW� \DQJ� SHQWLQJ

EDJL� SHQGDSDWDQ� QDVLRQDO�� 2OHK� NDUHQD� LWX�� NXDOLWDV

PXWX� FHQJNHK�PHQJLNXWL� VWDQGDU�PXWX� SHUGDJDQJDQ

LQWHUQDVLRQDO�� 3HPHULQWDK�GDHUDK�PHPLOLNL� SHUDQ� \DQJ

EHVDU� XQWXN�PHQMDPLQ� NXDOLWDV�PXWX� FHQJNHK�0DOXNX

VHVXDL�GHQJDQ�VWDQGDU�WHUVHEXW��'HVLPLQDVL�WHNQRORJL�GDUL

VHPXD�VXEVLVWHP�DJULVELVQLV��LQSXW��SURGXNVL��SHPDVDUDQ�

GDQ� SHQXQMDQJ�� DNDQ�PHPEDQWX� SHWDQL�PHQLQJNDWNDQ

SHQJHWDKXDQ� GDQ� SROD� SLNLU� VHKLQJJD� PHQGRURQJ

WHUZXMXGQ\D�SHWDQL�\DQJ�PRGHUQ��8SD\D�ODLQ�\DQJ�GDSDW

GLODNXNDQ� SHPHULQWDK� GDHUDK� DGDODK� GHQJDQ� FDUD

PHOHVWDULNDQ�DGDW�LVWLDGDW�\DQJ�EHUKXEXQJDQ�HUDW�GHQJDQ

SROD� SHPHOLKDUDDQ� FHQJNHK��+DO� LQL� GLPDNVXG� GHQJDQ

SHQGHNDWDQ� NHDULIDQ� ORNDO� EDKZD� FHQJNHK�PHUXSDNDQ

VDODK�VDWX�WDQDPDQ�ZDULVDQ�GDUL�OHOXKXU�VHKLQJJD�WHUMDGL

SHQLQJNDWDQ� DGRSVL� WHNQRORJL�� 6HEDJDL� FRQWRK� DGDQ\D

ULWXDO� DGDW� ³SDFD� JR\D´� \DQJ� GLODNXNDQ� SHWDQL� VHKDELV

PXVLP�SDQHQ�EHVDU�FHQJNHK�

.(6,038/$1

&HQJNHK� PHUXSDNDQ� WDQDPDQ� DVOL� 0DOXNX� \DQJ

EHUNHPEDQJ� GHQJDQ� GXNXQJDQ� EHEHUDSD� IDNWRU� VHSHUWL

VXPEHU�GD\D�ODKDQ��LNOLP��JHQHWLN��GDQ�EXGD\D�VHWHPSDW�

7DQDPDQ� LQL�PDPSX� EHUWDKDQ� KLQJJD� SXOXKDQ� WDKXQ

VHKLQJJD�SHUHQFDQDDQ� SHQJHPEDQJDQQ\D�PHQ\HVXDLNDQ

XPXU�FHQJNHK�

3URGXNVL� FHQJNHK� VDDW� LQL� GLKDVLONDQ� GDUL� WDQDPDQ

\DQJ� GLWDQDP� ������ WDKXQ� VHEHOXPQ\D�� 'DODP

SHUNHPEDQJDQQ\D�� WHUMDGL� IOXNWXDVL� KDUJD� \DQJ

PHQJDNLEDWNDQ�PHQLQJNDWQ\D� WLQJNDW� NHUXVDNDQ� ODKDQ

VHKLQJJD� SURGXNVL� FHQJNHK� GL�PDVD� \DQJ� DNDQ� GDWDQJ

�

�����$0���7XH��'HF���������

3HUHPDMDDQ� �����GDQ�3HQJJDQWLDQ�7DQDPDQ�7XD
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�� -�� /LWEDQJ�3HUW�� 9RO�� ��� 1R�� �� -XQL� ������ �����

GLSHUNLUDNDQ�WHUXV�PHQXUXQ�NDUHQD�PLQLPQ\D�SHUHPDMDDQ

DWDX�UHKDELOLWDVL�WDQDPDQ�UXVDN��%HUGDVDUNDQ�PRGHO�VLVWHP

GLQDPLV� GLSUR\HNVLNDQ� SHQXUXQDQ� SURGXNVL� WHUXV

EHUODQMXW�KLQJJD����VDPSDL����WDKXQ�PHQGDWDQJ��GL�VDDW

SHUPLQWDDQ�FHQJNHK�PHQLQJND\������SHU�WDKXQ�

0HPSHUWDKDQNDQ� HNVLVWHQVL� FHQJNHK� GL�0DOXNX

GDSDW� GLXSD\DNDQ�PHODOXL� UHKDELOLWDVL� GDODP� MDQJND

SHQGHN�GDQ�MDQJND�SDQMDQJ��5HKDELOLWDVL� MDQJND�SHQGHN

PHOLSXWL� SHPXSXNDQ� JXQD�PHPSHUEDLNL� NHUXVDNDQ

WDQDPDQ� VHWHODK� SDQHQ��'DODP� MDQJND� SDQMDQJ� DGDODK

GHQJDQ� FDUD� PHQJJDQWL� WDQDPDQ� WXD� GHQJDQ� ELELW

EHUNXDOLWDV� WLQJJL�GDQ�PHPSHUEDLNL�SURGXNWLYLWDV� ODKDQ

UXVDN�����SHU�WDKXQ�

.HELMDNDQ� SHPHULQWDK� GDODP�XSD\D�PHQLQJNDWNDQ

UHKDELOLWDVL� FHQJNHK� GDSDW� GLODNXNDQ� GHQJDQ� FDUD

PHQLQJNDWNDQ�GLVWULEXVL�EHQLK�XQJJXO��MDPLQDQ�KDUJD�GDQ

SDVDU� FHQJNHK�� GDQ�PHQLQJNDWNDQ� SHQJHWDKXDQ� SHWDQL

PHODOXL�GHVLPLQDVL�WHNQRORJL�

'$)7$5�3867$.$

$ULQGD��:��� GDQ�0�5��<DQWX�� ������$QDOLVLV� 3URGXNVL� 7DQDPDQ

&HQJNHK�GL�'HVD�7RQGR�.HFDPDWDQ�6LUHQMD�.DEXSDWHQ�&RQJJDOD�

(�-�$JURWHNELV�� ������ ��������

$[HOOD��2�� GDQ� (�� 6XU\DQL�� ������$SOLNDVL� PRGHO� VLVWHP� GLQDPLN

XQWXN�PHQJDQDOLVLV� SHUPLQWDDQ� GDQ� NHWHUVHGLDDQ� OLVWULN� VHNWRU

LQGXVWUL� �6WXGL�.DVXV�� -DZD�7LPXU��� -XUQDO�7HNQLN� ,76��������$�

����$�����

%XVWDPDQ�� 6�� ������ 3RWHQVL�3HQJHPEDQJDQ�0LQ\DN�'DXQ�&HQJNLK

6HEDJDL�.RPRGLWDV� (NVSRU�0DOXNX�� -XUQDO�/LWEDQJ� 3HUWDQLDQ�

������� ��������

>',7-(1%81@� 'LUHNWRUDW� -HQGHUDO� 3HUNHEXQDQ� ������ 6WDWLVWLN

3HUNHEXQDQ� ,QGRQHVLD� ����������±�&HQJNHK�� -DNDUWD��'LUHNWRUDW

-HQGHUDO� 3HUNHEXQDQ��.HPHQWHULDQ� 3HUWDQLDQ�

)XGKDLO��0���$�.�� 3DORORDQJ�� GDQ�$�� 5DFKPDQ�� ������ (YDOXDVL

.HVHVXDLDQ� /DKDQ�8QWXN� 3HQJHPEDQJDQ�7DQDPDQ� &HQJNHK

�(XJHQLD� DURPDWLFD� /�� GL� 'HVD� 0DURZR� GDQ� %RQHYRWR

.HFDPDWDQ� 8OXERQJND� .DEXSDWHQ� 7RMR� 8QD�8QD�� (�-

$JURWHNELV�� ������ ���±����

*Z\HU��('��������6XSSO\�DQG�'HPDQG�3URMHFWLYHV�IRU�&ORYHV��%,(6�

��±���

+XWXHO\��/���-�%��$OIRQV��$�1��6XVDQWR��0�3��6LUDSSD��$�-��5LHXZSDVVD�

,��+LGD\DK��(�'��:DDV��GDQ�6��0DODZDW��������3HWD�-DODQ� �5RDG

0DS��3HQJHPEDQJDQ�.RPRGLWDV�&HQJNHK�GL�6HUDP�%DJLDQ�%DUDW

GDQ� 0DOXNX� 7HQJDK�� /DSRUDQ�$NKLU��$PERQ� �,'��� %DODL

3HQJNDMLDQ� 7HNQRORJL� 3HUWDQLDQ�0DOXNX�

.HPDOD��6��������$QDOLVLV�3HQJHPEDQJDQ�&HQJNHK�GL�3XODX�6XPDWHUD�

3HPEHULWDDQ�/HPEDJD�3HQHOLWLDQ�7DQDPDQ� ,QGXVWUL�� ���� ��±� ���

.HPDOD�� 6��� DQG� -�� 7��<XKRQR�� ������ 8SD\D� 5HKDELOLWDVL� XQWXN

0HQ\HLPEDQJNDQ�7LQJNDW�3HQDZDUDQ� GDQ�3HUPLQWDDQ�&HQJNHK

'DODP�1HJHUL��:DUWD� SHQHOLWLDQ� GDQ� 3HQJHPEDQJDQ�7DQDPDQ

,QGXVWUL�� ������ ����

.HPDOD�� 6�� ������ 6WDWXV� 7DQDPDQ�� 3URGXNVL� GDQ� 3HQJJXQDDQ

&HQJNHK�� -XUQDO� /,775,�� ������� ��±���

.LQJX�� -�� ������&ORYHV�([SRUW�5HVSRQVH� WR� 7UDGH�/LEHUDOL]DWLRQ� LQ

7DQ]DQLD��$�&RLQWHJUDWLRQ�$QDO\VLV�� -RXUQDO� RI�(FRQRPLFV� DQG

6XVWDLQDEOH�'HYHORSPHQW�� ������ ��±����

0D\XUD�� (���<XGDUILV�� +�� ,GULV�� GDQ� ,�� 'DUZDWL�� ������ 3HQJDUXK

3HPEHULDQ�$LU� .HODSD� GDQ� )UHNXHQVL� 3HPEHULDQ� 7HUKDGDS

3HUWXPEXKDQ�%HQLK� &HQJNHK�� %XO�� /LWUR� ������� ���±����

0LUPDQWR��(GL��������.RPSRVLVL�)ORUD�GDQ�6WUXNWXU�+XWDQ�$ODPL�GL

3XODX�7HUQDWH��0DOXNX� 8WDUD�� -XUQDO� %LRORJL� ,QGRQHVLD�� �����

���±����

0RQLQJND��)�)�� 6��'��5XQWXQXZX�� GDQ� -��0�� 3DXOXV�� ������ 5HVSRQ

3HUWXPEXKDQ�7LQJJL� GDQ�3URGXNVL�7DQDPDQ�&HQJNHK� �6\]LJLXP

DURPDWLFXP� /��� 7HUKDGDS� 3HPEHULDQ� 3DFOREDWUX]RO�� -XUQDO

(XJHQLD� ������� ���±����

0XKDPPDGL��0���(��$PLQXOODK��GDQ�%��6RHVLOR��������$QDOLVLV�6LVWHP

'LQDPLV�� /LQJNXQJDQ�+LGXS�� 6RVLDO�� (NRQRPL��0DQDMHPHQ�

-DNDUWD� �,'���80-� 3UHVV�

1XUPDOD�� 0�� $QWDUD�� +M� KDGD\DQL�� ������ $QDOLVLV� (ILVLHQVL

3HQJJXQDDQ� ,QSXW�3URGXNVL�8VDKD�7DQL�&HQJNHK�'L�.HFDPDWDQ

'DNR� 3HPHDQ�.DEXSDWHQ� 7ROLWROL�� -��$JURODQG� ������� ���±

����

3DWWLPDQD��0�-�� ������ 3HQJHQWDVDQ�.HPLVNLQDQ� GHQJDQ�.HDULIDQ

/RNDO��6WXGL�NDVXV�GL�3XODX�%XUX�0DOXNX�GDQ�6XUDGH�-DZD�%DUDW��

0DNDUD�� 6RVLDO� +XPDQLRUD�� ������� �����

3RRO�� 3$��� 6�-�(��*UHHQ�� DQG�0�7��0XKDPPDG�� ������9DULDWLRQ� LQ

&ORYH� �6\]\JLXP� DURPDWLFXP�� JHUPSODVP� LQ� WKH�0XOORFFDQ

,VODQG�� -�� (XSK\WLFD�� ���� ��������

3XUQRPR��'��:DK\X���$��6DQGUDZDWL��-��5��:LWRQR��,��$��)LMULGL\DQWR�

'��6HWL\DQWL��'��6DIDULQDQXJUDKD��������'HVDLQ�9HJHWDVL�%HUQLODL

.RQVHUYDVL�GDQ�(NRPRQL�3DGD�.DZDVDQ�3HQ\DQJJD�6LVWHP�7DWD

$LU�'$6�%RODQJR�� -�0DQXVLD� GDQ�/LQJNXQJDQ�������� ��������

>386'$7,1@�3XVDW�'DWD�GDQ�6LVWHP�,QIRUPDVL� 3HUWDQLDQ�6HNUHWDULDW

-HQGHUDO� ������2XWORRN�.RPRGLWL�&HQJNHK�� -DNDUWD��3XVDW�'DWD

GDQ� 6LVWHP� ,QIRUPDVL� 3HUWDQLDQ��.HPHQWHULDQ� 3HUWDQLDQ�

3XWUL��$�2�7��� %��+DGLVXWULVQR�� GDQ�$��:LERZR�� ������ 3HQJDUXK

,QRNXODVL�0LNRUL]D�$UEXVNXODU�7HUKDGDS�3HUWXPEXKDQ�%LELW�GDQ

,QWHQVLWDV� 3HQ\DNLW� %HUFDN� GDQ� &HQJNHK�� -XUQDO� 3HPXOLDDQ

7DQDPDQ� +XWDQ�� ������� ��������

5XKQD\DW��$JXV��������$SOLNDVL�0RGHO�3HPXSXNDQ�%HULPEDQJ�3DGD

7DQDPDQ�&HQJNHK� �6\]LJLXP� DURPDWLFXP��� %XO�� /LWWUR�� ������

��������

5XQWXQXZX�� '�� 6HPXHO�� 5��0DPDULPELQJ�� 3�� 7XPHZX�� 5�0�1

5HQJNXQJ�� ������ 3HQJDUXK� 3DFOREXWUD]RO� 7HUKDGDS� .XDOLWDV

%XQJD�&HQJNHK� �6\]\JLXP� DURPDWLFXP� /���� -XUQDO� %LRVORJRV�

������ ������

6HJDUDQL�� /�� 3��0DQLN��� 3��0�� 'HZL�� ������ 3HQJDUXK�/XDV� /DKDQ�

-XPODK� 3URGXNVL�� GDQ�.XUV� 'ROODU� 3DGD� (NVSRU� &HQJNHK� GL

,QGRQHVLD�� (�MXUQDO� (3��8QXG�� ������ ��������

6LPEDU��5�� ������ 6WUXNWXU�%LD\D� 3DQHQ�&HQJNHK� GL�'HVD�.DQH\DQ

.HFDPDWDQ�7DUHUDQ�.DEXSDWHQ�0LQDKDVD� 6HODWDQ��&RFRV� �����

6LUHJDU��$�5��������$QDOLVLV�'LVSDULWDV�+DUJD�GDQ�3RWHQVL�3HUVDLQJDQ

7LGDN� 6HKDW� 3DGD�'LVWULEXVL�&HQJNHK�� -XUQDO�$JULELVQLV� ������

��±���

6XU\DQD��$���'��$OORUHUXQJ�� 3��:DKLG��'��0DQRKDUD�� 5��3ULEDGL�� &�

,QGUDZDQWR�� GDQ� 6XPDU\DQWR�� ������ 3URVSHN� GDQ� $UDK

3HQJHPEDQJDQ�$JULELVQLV�&HQJNHK�� -DNDUWD�� �%DGDQ� 3HQHOLWLDQ

GDQ� 3HQJHPEDQJDQ� 3HUWDQLDQ�� .HPHQWHULDQ� 3HUWDQLDQ�

6XVDQWR��$1��GDQ�6��%XVWDPDQ��������'DWD�GDQ�,QIRUPDVL�6XPEHUGD\D

/DKDQ�XQWXN�0HQGXNXQJ�3HQJHPEDQJDQ�$JULELVQLV�GL�:LOD\DK

.HSXODXDQ� 3URYLQVL� 0DOXNX�� $PERQ�� %DODL� 3HQJNDMLDQ

7HNQRORJL� 3HUWDQLDQ�0DOXNX��.HPHQWHULDQ� 3HUWDQLDQ�

7DVULI��0�� ������$QDOLVLV�.HELMDNDQ�0HQJJXQDNDQ�0RGHO� 6\VWHP

'\QDPLFV� >7HVLV@�� >%DQGXQJ� �,'�@�� ,QVWLWXW� 7HNQRORJL

%DQGXQJ�

7KDQJDVHOYDEDL�� 7���5��.HQQHG\�� -�� 3�� -RVKXD��0�� -D\DVHNDU�� �����

&ORYH� �6\]LJLXP� $URPDWLFXP�� ±� 7KH� 6SLF\� )ORZHU� %XG� RI

6LJQLILFDQFH� ±�$�5HYLHZ��$JULF�5HY��������� ������

7UHVQDZDWL��&��� GDQ� (�� 5DQGULDQL�� ������ 8ML�.HNHUDEDWDQ�$NVHVL

&HQJNHK�GL�.HEXQ�3HUFREDDQ�6XNDSXUD��%XOHWLQ�3ODVPD�1XWIDK

������� ������

:LELVRQR��1�� ������.UHWHN� GDQ�%XGD\D�1XVDQWDUD��:DFDQD� -XUQDO

7UDQVIRUPDVL� 6RVLDO� �������� ��������

<XVGLDQ��<��GDQ�5��+DULV��������5HVSRQ�3HUWXPEXKDQ�%LELW�&HQJNHK

�6\]LJLXP� DURPDWLFXP� �/���0HUU� GDQ� 3HUU\��.XOWLYDU� =DQ]LEDU

$NLEDW� 3XSXN�13.�GDQ� 3XSXN�2UJDQLN�&DLU�� 3DVSDOXP� �����

������


