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$EVWUDN� 

6DODK� VDWX� XVDKD� \DQJ� GDSDW� GLWHPSXK� XQWXN� PHQJRSWLPDVL� SHQJJXQDDQ� VXPEHU� GD\D� DLU�� WHUXWDPD� XQWXN�

PHQJKDVLONDQ� HQHUJL�� LDODK� GHQJDQ� PHODNXNDQ� RSWLPDVL� WHUKDGDS� SHQJHORODDQ� VXDWX� ZDGXN�� 0DVDODK� \DQJ�

WHUVXOLW� GDODP� PHPDQIDDWNDQ� NHOHELKDQ� GHELW� GDQ� PHQJRSWLPDONDQ� SHQJHORODDQ� ZDGXN� WHUOHWDN� SDGD�

NHWLGDNPDPSXDQ� XQWXN� PHQJDQWLVLSDVL� EHVDUQ\D� GHELW� DLU� SDGD� PDVD� \DQJ� DNDQ� GDWDQJ�� � PDND� SHUOX� GLEXDW�

PRGHO� XQWXN� PHPSHUNLUDNDQ� GHELW� LQIORZ� GHQJDQ� PHQJJXQDNDQ� PRGHO� ³.RQWLQX� +XMDQ� 'HELW� 5HJUHVL� /LQLHU�

*DQGD´�GDQ�³0RGHO�'LVNULW�&KDLQ�0DUNRY´��+DVLO�GDUL�NHGXD�PRGHO�VHODQMXWQ\D�GDSDW�GLJXQDNDQ�SDGD�PRGHO�

RSWLPDVL� ZDGXN� GHQJDQ� 3URJUDP� 'LQDPLN� %HOOPDQ�� 'DODP� PRGHO� &KDLQ� 0DUNRY� GLODNXNDQ� SHQ\HGHUKDQDDQ�

EHVDUDQ� GHELW� DLU� \DQJ� PDVXN� ZDGXN� GHQJDQ� PHPEDJLQ\D� PHQMDGL� �� NODV� \DQJ� GLJXQDNDQ� XQWXN� PHQHOXVXUL�

UXQWXQ� NHMDGLDQ� GHELW� DLU� SHQFDWDWDQ� KLVWRULN�� 'DUL� KDVLO� SURVHV� NRPSXWHULVDVL� \DQJ� GLGDVDUNDQ� SHQJXMLDQ�

VHQVLWLILWDV�PRGHO�RSWLPDVL�%HOOPDQ�WHUKDGDS�GHELW�VLQWHWLV�KDVLO�PRGHO�NRQWLQX�5HJUHVL�/LQLHU�*DQGD�GDQ�'LVNULW�

&KDLQ� 0DUNRY�� PDND� WUD\HN� RSWLPXP� \DQJ� SDOLQJ� DPDQ� GLSHUJXQDNDQ� DGDODK� WUD\HN� RSWLPXP� SDGD� NRQGLVL�

HNVWULP� NHULQJ� �NODV� ���� NDUHQD� GHQJDQ� PHQJJXQDNDQ� WUD\HN� WHUVHEXW� GDSDW� PHQJDWDVL� NRQGLVL� ZDGXN� GDODP�

NHDGDDDQ�NULWLV��GHILVLW�DLU���VHGDQJNDQ�WUD\HN�RSWLPDO�SDGD�NRQGLVL�GHELW�QRUPDO�GDQ�GHELW�HNVWULP�EDVDK�WLGDN�

GDSDW�PHQJDWDVL�NRQGLVL�ZDGXN�GDODP�NHDGDDQ�NULWLV 

.DWD-NDWD�.XQFL��6WRNDVWLN��FKDLQ�PDUNRY��RSWLPDVL�ZDGXN�� 

$EVWUDFW 

2QH� ZD\� UHDFKHG� LV� WR� GHWHUPLQH� PXOEHUU\� RI� ZDWHU� YROXPH� LQ� UHVHUYRLU�� HVSHFLDOO\� WR� SURGXFH� HQHUJ\�� E\�

DFFRPSOLVKLQJ�RSWLPL]DWLRQ�WR�PDQDJH�UHVHUYRLU��'LIILFXOW�SUREOHP�WR�XWLOL]H�IORZ�VXUSOXV�DQG�RSWLPDO�WR�PDQDJH�

ZDWHU� UHVHUYRLU� LV� SODFHG� LQ� XQFDSDELOLW\� WR� DQWLFLSDWH�PXOEHUU\� RI� ZDWHU� GLVFKDUJH� LQ� IXWXUH��5HPHPEHU� VXFK�

SUREOHP�LW�FDQ�PDGH�SUHGLFWLRQ�PRGHO�RI�IORZ�RI�ZDWHU�XVLQJ�³)ORZ�RI�:DWHU�5DLQ�&RQWLQXH�RI�0XOWLSOH�/LQHDU�

5HJUHVWLRQ� � PRGHO� DQG� ³'LVFUHW� &KDLQ� 0DUNRY� 0RGHO´�� VR� LW� FDQ� SUHGLFW� IORZ� RI� ZDWHU� WKDW� HQWHU� 6DJXOLQJ�

5HVHUYRLU�LQ�QH[W�PRQWK�EDVHG�RQ�GDWD�RI�K\GURORJ\�DQG�XQLW�SUHYLRXVO\��5HVXOW�IURP�ERWK�PRGHO�LV�H[DPLQHG�WR�

RSWLPL]DWLRQ�PRGHO�RI�%HOOPDQ�'\QDPLF�3URJUDP��,Q�&KDLQ�0DUNRY�PRGHO� LV�SHUIRUPHG�VLPSOLFLW\�PXOEHUU\�RI�

ZDWHU�GHELW�ZKLFK�HQWHU�WR�UHVHUYRLU�DQG�GLYLGH�LW�EHFRPH���FODVV��)URP�UHVXOW�RI�FRPSXWHUL]DWLRQ�SURVHV�EDVHG�RQ�

VHQVLWLYLUW\� WHVWLQJ� XVLQJ� %HOOPDQ� 2SWLPL]DWLRQ�PRGHO� WR� V\QWKHVLV� IORZ� RI� ZDWHU� E\� FRQWLQXH� PRGHO� RI� /LQHDU�

5HJUHVVLRQ�DQG�'LVFUHW�&KDLQ�0DUNRY�PRGHO��VR�WKH�SURWHFWHG�RSWLPXP�URXWH�WKDW�XVLQJ�LV�WKH�RSWLPXP�URXWH�LQ�

H[WUHPH�GU\�FRQGLWLRQ� �&ODVV�����EHFDXVH�E\�XVLQJ�VXFK�URXWH�FDQ�XQGHUWDNH�FULWLFDO� UHVHUYRLU�FRQGLWLRQ� �ZDWHU�

GHILFLW���ZKHUHDV�WKH�RSWLPDO�URXWH�LQ�QRUPDO�IORZ�RI�ZDWHU�FRQGLWLRQ�DQG�H[WUHPH�ZHW�IORZ�RI�ZDWHU�FRQGLWLRQ�LV�

QRW�ILQLVK�D�FULWLFDO�UHVHUYRLU�FRQGLWLRQ� 

.H\ZRUG��6WRFKDVWLF��FKDLQ�PDUNRY��RSWLPDWLRQ�RI�UHVHUYRLU� 

0HWRGH�0HPSHUNLUDNDQ�'HELW�$LU�\DQJ�0DVXN�NH�:DGXN� 

GHQJDQ�0HWRGH�6WRNDVWLN�&KDLQ�0DUNRY 
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���3HQGDKXOXDQ 

7XMXDQ� GLEDQJXQQ\D� VHEXDK� ZDGXN� DNDQ� VDQJDW�

PHPSHQJDUXKL� GDODP� PHQHQWXNDQ� VWUDWHJL�

SHQJRSHUDVLDQQ\D�� PLVDOQ\D� VHEXDK� ZDGXN� GDSDW�

EHUIXQJVL� XQWXN� PHQJKDVLONDQ� HQHUJL�� PHQVXSODL�

NHEXWXKDQ� LULJDVL� VHUWD� SHQJHQGDOLDQ� EDQMLU� PDXSXQ�

NHEXWXKDQ� ODLQQ\D�� 8QWXN� ZDGXN� \DQJ� VHUED� JXQD�

WHQWXQ\D� DNDQ� PHPEXWXKNDQ� VWUDWHJL� SHQJRSHUDVLDQ�

\DQJ� EHUEHGD� GHQJDQ� ZDGXN� \DQJ� EHUWXMXDQ� PLVDOQ\D�

KDQ\D�XQWXN�PHQJKDVLONDQ�HQHUJL�OLVWULN� 

$QDOLVLV� XQWXN� PHQHQWXNDQ� VWUDWHJL� SHQJRSHUDVLDQ�

VXDWX�VLVWHP�VXPEHU�GD\D�DLU�EHUXSD�ZDGXN��PHOLEDWNDQ�

VWRUDJH�\DQJ�EHUYDULDVL�GDQ�SHQJDWXUDQ�GLVWULEXVL�VXSODL�

DLU� GHQJDQ� WXMXDQ� XWDPD� DJDU� GDSDW� PHPHQXKL�

NHEXWXKDQ� \DQJ� WHODK� GLWHWDSNDQ�� )DNWD� \DQJ� DGD�

PHQ\DWDNDQ� EDKZD� NHRSWLPDODQ� VXDWX� ZDGXN� GDSDW�

GLFDSDL� DSDELOD� GDODP� DQDOLVLVQ\D� PHPSHUKLWXQJNDQ�

NHVHLPEDQJDQ�DQWDUD�VWRUDJH�GDQ�UHOHDVH��DUWLQ\D�KDUXV�

GLXVDKDNDQ�VHGDSDW�PXQJNLQ�DJDU�EHVDUQ\D�VXPEHUGD\D�

DLU�\DQJ�DGD�GDSDW�GLPDQIDDWNDQ�VHPDNVLPDO�PXQJNLQ��

1DPXQ� SDGD� NHQ\DWDDQQ\D� KDO� WHUVHEXW� VXNDU� WHUFDSDL�

NDUHQD� IDNWRU� NHWLGDNVHUDJDPDQ� LQIORZ� VHWLDS� EXODQ�

VHUWD� IDNWRU� EDWDVDQ� ILVLN� ZDGXN�� VHKLQJJD� WLPEXO�

SHUVRDODQ� EDJDLPDQD� VWUDWHJL� SHQJRSHUDVLDQ� ZDGXN�

GDSDW� PHQJDNRPRGDVL� KDO-KDO� WHUVHEXW� GL� DWDV� VHVXDL�

GHQJDQ�WXMXDQ�SHPEDQJXQDQQ\D�� 

3HQJHOXDUDQ� DLU� GDODP� SHQJRSHUDVLDQ� VHEXDK� ZDGXN�

GLSHQJDUXKL�ROHK� LQIORZ�\DQJ�PDVXN�NH�GDODP�ZDGXN��

'DWD�PHQJHQDL�EHVDUQ\D�DOLUDQ�GL�PDVD�ODOX�PHUXSDNDQ�

VDWX-VDWXQ\D� LQIRUPDVL� \DQJ� WHUVHGLD� XQWXN� PHP�

SHUNLUDNDQ� SHPEHULDQ� DLU� GL� PDVD� \DQJ� DNDQ� GDWDQJ��

6DPSDL� VDDW� LQL� VHFDUD� SUDNWLV� GDWD� KLVWRULV� GLJXQDNDQ�

XQWXN�PHQGHILQLVLNDQ�PDVD-PDVD� NULWLV� GLPDQD� LQIORZ�

\DQJ� PDVXN� DPDW� VHGLNLW�� GDQ� VHODQMXWQ\D� PDVD-PDVD�

NULWLV� WHUVHEXW� GLJXQDNDQ� XQWXN� PHPSHODMDUL� NHDGDDQ�

VLVWHP�\DQJ�DGD�GL�PDVD�PHQGDWDQJ��6DODK�VDWX�VWUDWHJL�

\DQJ� GDSDW� GLODNXNDQ� DGDODK� PHQHQWXNDQ� KDUJD� SDVWL�

LQIORZ�EHUGDVDUNDQ�GDWD-GDWD�\DQJ�WHODK�GLFDWDW�GL�PDVD�

ODOX�� 7HWDSL� KDPSLU� VHOXUXK� SURVHV� KLGURORJL� DGDODK�

VWRNDVWLN� �WLGDN� SDVWL��� DWDX� VHNXUDQJ-NXUDQJQ\D�PHUX�

SDNDQ� NRPELQDVL� DQWDUD� SURVHV� GHWHUPLQLVWLN� GDQ� VWR�

NDVWLN��NDUHQDQ\D�VHWLDS�VWXGL�SHQHQWXDQ�SHQJRSHUDVLDQ�

ZDGXN� \DQJ� UHDOLVWLV� KDUXV� PHPSHUKLWXQJNDQ� DVSHN�

VWRNDVWLN�GDUL�LQIORZ�GL�PDVD�PHQGDWDQJ� 

'HQJDQ� PHQJHWDKXL� EHUDSD� EHVDU� LQIORZ� \DQJ� PDVXN�

PDND� UHOHDVH� GDSDW� GLDWXU� GDQ� NRQGLVL� VWRUDJH� VHGDSDW�

PXQJNLQ� GLVHVXDLNDQ� GHQJDQ� SHGRPDQ� \DQJ� WHODK�

GLWHWDSNDQ��3HQJHOXDUDQ�DLU�KDUXV�GLODNXNDQ�VHGHPLNLDQ�

UXSD� VHKLQJJD� VWRUDJH� ZDGXN� VHWLDS� VDDW� GDSDW� PHQ�

GHNDWL�SHGRPDQ�SHQJRSHUDVLDQ�\DQJ�DGD��.RQGLVL�\DQJ�

PXWODN�KDUXV�GLKLQGDUL�DGDODK�VWRUDJH�ZDGXN�SDGD�DNKLU�

VXDWX� SHULRGD� SHQJRSHUDVLDQ� PLVDOQ\D� VHWHODK� VDWX���

WDKXQ�� WHUQ\DWD� EHUDGD� GL� EDZDK� JDULV� SHGRPDQ�� DWDX�

GHQJDQ�NDWD�ODLQ�WLGDN�GDSDW�WHULVL�NHPEDOL�VHSHUWL�\DQJ�

GLLQJLQNDQ� 

7XMXDQ� GDUL� SHQHOLWLDQ� LQL� DGDODK� PHPEDQJXQ� VXDWX�

PRGHO� KLGURORJL� XQWXN� GDSDW� PHPSHUNLUDNDQ� DWDX�

PHQJDQWLVLSDVL�GHELW�DLU�\DQJ�PDVXN�NH�VHEXDK�ZDGXN�

VHKLQJJD� GDSDW� GLJXQDNDQ� VHEDJDL� LQSXW� GDODP�PDQD�

MHPHQ� SHQJRSHUDVLDQQ\D� VHUWD� PHODNXNDQ� RSWLPDVL�

WHUKDGDS� SHPDNDLDQ� DLU� GL� ZDGXN� GHQJDQ�

PHQJJXQDNDQ�PRGHO� GLNVULW� &KDLQ�0DUNRY� GDQ� KDVLO�

Q\D� GLEDQGLQJNDQ� GHQJDQ� PRGHO� NRQWLQX� KXMDQ� GHELW�

PHQJJXQDNDQ�PHWRGH�UHJUHVL�OLQLHU�JDQGD� 

���6WXGL�/LWHUDWXU 

����3URVHV�KLGURORJL�GDQ�NODVLILNDVL�KLGURORJL� 

3URVHV� DGDODK� JDPEDUDQ� IHQRPHQD� \DQJ� PHQJDODPL�

SHUXEDKDQ� WHUXV-PHQHUXV� WHUXWDPD� WHUKDGDS� ZDNWX��

.DUHQD� VHPXD� IHQRPHQD� KLGURORJL� EHUXEDK� PHQXUXW�

ZDNWX��PDND�KDO�LWX�GLVHEXW�SURVHV�KLGURORJL��-LND�SHUX�

EDKDQ�YDULDEHO�VHODPD�SURVHV�GLEDUHQJL�GHQJDQ�KXNXP�

NHSDVWLDQ�SURVHV�WHUVHEXW�WLGDN�WHUJDQWXQJ�NHSDGD�SHOX�

DQJ�� PDND� GLQDPDNDQ� SURVHV� GHWHUPLQLVWLF� �%HVDJ��

������� 3URVHV� GHWHUPLQLVWLN� MXJD� PHUXSDNDQ� SURVHV�

\DQJ� WLGDN� EHUXEDK� NDUHQD� ZDNWX�� 7HWDSL� MLND� SHUX�

EDKDQ� YDULDEHO� PHUXSDNDQ� IDNWRU� SHOXDQJ�� SURVHVQ\D�

GLQDPDNDQ�VWRNDVWLN�DWDX�SUREDELOLVWLF��+DDQ�������� 

8PXPQ\D� SURVHV� VWRNDVWLN� GLSDQGDQJ� VHEDJDL� SURVHV�

\DQJ� WHUJDQWXQJ� SDGD�ZDNWX� VHGDQJNDQ� SURVHV� SURED�

ELOLVWLN� DGDODK� SURVHV� \DQJ� WLGDN� WHUJDQWXQJ� SDGD���

ZDNWX�� .HEDQ\DNDQ� SURVHV� KLGURORJL� WHUPDVXN� SURVHV�

VWRNDVWLN� �<HYMHYLFK�� ������� 6HEHQDUQ\D� SURVHV�

KLGURORJL� WHUGLUL� DWDV� NRPSRQHQ-NRPSRQHQ�

GHWHUPLQLVWLN� GDQ� VWRNDVWLN�� %HVDUQ\D� NDGDU� PDVLQJ-

PDVLQJ�NRPSRQHQ�PHQHQWXNDQ�DSDNDK�SURVHV�WHUVHEXW�

GDSDW�GLVHOHVDLNDQ�VHFDUD�GHWHUPLQLVWLN�DWDX�VWRNDVWLN� 

����0RGHO�KLGURORJL�PDWHPDWLN�GDQ�VLPXODVL 

'DODP� SHQJHUWLDQ� PDWHPDWLV�� NDWD� PRGHO�

PHQJJDPEDUNDQ� VXDWX� VLVWHP� SHPLVDODQ�� SHUVDPDDQ-

SHUVDPDDQ�� GDQ� FDUD-FDUD� XQWXN� PHOXNLVNDQ� XQMXN�

NHUMD� VXDWX� VLVWHP� SURWRWLS� �+DOO� GDQ� 1DWKDQ�� �������

'HQJDQ� PXQFXOQ\D� NRPSXWHU� GLJLWDO�� PDND� LVWLODK�

PRGHO� KLGURORJL� GLSDNDL� NHPEDOL� XQWXN� PHPEHULNDQ�

JDPEDUDQ� PDWHPDWLV� \DQJ� UHODWLI� NRPSOHNV� WHQWDQJ�

VLNOXV� KLGURORJL�� \DQJ� SHQ\HOHVDLDQQ\D� GLGHVDLQ� SDGD�

VHEXDK�NRPSXWHU��0RGHO-PRGHO�PDWHPDWLN�GDODP�LOPX�

KLGURORJL� SDGD� GDVDUQ\D� GDSDW� GLEDJL� PHQMDGL� GXD�

NHORPSRN��+DDQ��������EHVDU�\DLWX� 

D��'HWHUPLQLVWLN 

E��6WRNDVWLN 

-LND�DGD�GLDQWDUD�YDULDEHO-YDULDEHO�DFDN��UDQGRP��\DQJ�

PHPSXQ\DL� GLVWULEXVL� GDQ� SUREDELOLWDV� PDND�

GLQDPDNDQ� PRGHO� VWRNDVWLN� �/L�� ������� GDODP�

NHORPSRN� VWRNDVWLN� YDULDEHO-YDULDEHO� KLGURORJL� \DQJ�

GLJXQDNDQ� OHELK� GLWHNDQNDQ� NHWHUJDQWXQJDQQQ\D�

NHSDGD� ZDNWX�� -LND� YDULDEHO-YDULDEHOQ\D� EHEDV� GDQ�
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NHUDJDPDQ� DFDN�� VHKLQJJD� WLGDN� DGD� \DQJ� PHPSXQ\DL�

GLVWULEXVL� GDODP� SUREDELOLWDV�� PDND� PRGHO� WHUVHEXW�

GLSDQGDQJ�VHEDJDL�PRGHO�GHWHUPLQLVWLF��/L�������� 

0RGHO� KLGURORJL� EHUXVDKD� XQWXN� PHQJJDPEDUNDQ�

SURVHV-SURVHV� ILVLV� \DQJ� VHVXQJJXKQ\D� GDUL� VLNOXV�

KLGURORJL��GHQJDQ�FDUD�PHQLUXNDQ� �VLPXODVL��SHULVWLZD-

SHULVWLZD� KLGURORJL� \DQJ� WHUMDGL�� PLVDOQ\D� GHQJDQ�

PHPEXDW�WUDQVIRUPDVL�GDUL�VHUDQJNDLDQ�PDVXNDQ�FXUDK�

KXMDQ� NH� KLGURJUDI� DOLUDQ� \DQJ� GLKDVLONDQQ\D�� 0RGHO-

PRGHO� LQL� GLOXNLVNDQ� VHEDJDL� GHWHUPLQLVWLN�� GLGDVDUNDQ�

SDGD� VLIDW� ILVLVQ\D�� GDQ� NRQVHSWXDO��*RORQJDQ� ODLQ� GDUL�

PRGHO-PRGHO� KLGURORJL� \DLWX� PRGHO� VWRNDVWLN� EHUXVDKD�

PHQJXQJNDSNDQ� NHPEDOL� SHULODNX� VWDWLVWLN� GDUL�

VHUDQJNDLDQ� ZDNWX� KLGURORJL� WDQSD� PHPSHUKDWLNDQ�

NHMDGLDQ�\DQJ�VHEHQDUQ\D� 

'LEDQGLQJNDQ� GHQJDQ� SHQJXPSXODQ� GDWD� GHELW��

SHQJXPSXODQ� GDWD� FXUDK� KXMDQ� SDGD� XPXPQ\D� MDXK�

OHELK�PXGDK��-LND�GDWD�FXUDK�KDULDQ�\DQJ�WHUVHGLD�FXNXS�

SDQMDQJ�� PHVNLSXQ� GHUHW� GDWD� GHELW� KDULDQQ\D� KDQ\D�

SHQGHN��PLVDOQ\D���WDKXQ��PDND�GHUHW�GDWD�GHELW�KDULDQ�

WHUVHEXW� GDSDW� GLUHQWDQJ� VHSDQMDQJ� GHUHW� GDWD� FXUDK�

KXMDQ�KDULDQ��+DO�LQL�GDSDW�GLWHPSXK�GHQJDQ�FDUD�VLPX�

ODVL� \DQJ� PHQJJXQDNDQ� PRGHO-PRGHO� PDWHPDWLN��

'HQJDQ� FDUD� WHUVHEXW� EDKNDQ� GDSDW� PHUDPDO� NHGHSDQ�

GDODP� KDO� GHUHW� GDWD� GHELW� EXODQDQ� EHUGDVDUNDQ� GHUHW�

GDWD�GHELW�EXODQDQ�PDVD�ODPSDX��3HUDPDODQ�GHELW�GLSHU�

OXNDQ�PLVDOQ\D�XQWXN�PHPEXDW�SROD�HNVSORLWDVL�ZDGXN�

XQWXN�WDKXQ�EHULNXWQ\D��:XUEV�������� 

����+LGURORJL�VWRNDVWLN 

'DODP� LOPX� SHQJHWDKXDQ� VWDWLVWLN�� NDWD� VWRNDVWLN������

VLQRQLP�GHQJDQ� DFDN�� QDPXQ�GDODP� KLGURORJL�� NDWD� LWX�

GLSDNDL� VHFDUD� NKXVXV� \DQJ� PHQXQMXN� SDGD� VXDWX�

UDQJNDLDQ�ZDNWX�� GL� PDQD� GLGDODPQ\D� KDQ\D� VHEDJLDQ�

VDMD� \DQJ� EHUVLIDW� DFDN� �5RVV�� ������� +LGURORJL�

VWRNDVWLN� PDPSX� PHQJLVL� NHNRVRQJDQ� \DQJ� DGD� GL�

DQWDUD� PHWRGH-PHWRGH� GHWHUPLQLVWLN�� GDQ� KLGURORJL�

SUREDELOLVWLF� �:HLOEXOO�� ������� 'DODP� KLGURORJL�

GHWHUPLQLVWLN�� YDULDELOLWDV� ZDNWX� GLDQJJDS� WHUMHODVNDQ�

VHOXUXKQ\D�ROHK�YDULDEHO-YDULDEHO� ODLQ�GDODP�SHQHUDSDQ�

PRGHO� \DQJ� WHSDW��'DODP� KLGURORJL� SUREDELOLVWLN�� WLGDN�

GLSHUKDWLNDQ� XUXWDQ-XUXWDQ� ZDNWX�� \DQJ� GLSHUKDWLNDQ�

KDQ\DODK� SUREDELOLWDV� DWDX� SHOXDQJ� GLVDPDL� DWDX�

GLODPSDXLQ\D� VXDWX� NHMDGLDQ�� 6HGDQJNDQ� GDODP�

KLGURORJL�VWRNDVWLN�XUXWDQ-XQLWDQ�ZDNWX�PXWODN�SHQWLQJ��

SHQ\DMLDQ�VWRNDVWLN�PHPSHUWDKDQNDQ�VLIDW-VLIDW�SHOXDQJ�

\DQJ�EHUKXEXQJDQ�GHQJDQ�XUXWDQ-XUXWDQ�NHMDGLDQQ\D� 

0HWRGH-PHWRGH� VWRNDVWLN� SHUWDPD� NDOL� GLSHUNHQDONDQ�

GDODP� KLGURORJL� XQWXN� PHQJDWDVL� PDVDODK� GHVDLQ�

ZDGXN�� .DSDVLWDV� \DQJ� GLEXWXKNDQ� ZDGXN� WHUJDQWXQJ�

SDGD�XUXWDQ-XUXWDQ�DOLUDQ��WHUXWDPD�XUXWDQ-XUXWDQ�DOLUDQ�

UHQGDK�� -LND� VXDWX� ZDGXN� EHURSHUDVL� SDGD� VXDWX� DOXU�

NHULQJ� VHOXUXKQ\D�� PDND� NHWHUDQGDODQ� ZDGXN� GDSDW�

GLPLLOLNL��\DLWX�SUREDELOLWDV�EDKZD�ZDGXN�DNDQ�PDPSX�

PHPEHULNDQ� KDVLOQ\D� VHSHUWL� \DQJ� GLUHQFDQDNDQ� VHWLDS�

WDKXQ�EHUGDVDUNDQ�VXDWX�DQDOLVLV�GDWD�DOLUDQ�\DQJ�SHUQDK�

WHUMDGL�� DVDONDQ� GDWD� LQL� FXNXS� SDQMDQJ�� %LOD� GDODP�

RSHUDVLQ\D� ZDGXN� PHQJDPELO� VLPSDQDQ� XQWXN�

PHPHQXKL�NHEXWXKDQ�\DQJ�GLSHUOXNDQ�SDGD�WDKXQ-WDKXQ�

\DQJ�NHULQJ��PDND�GDWD�KLVWRULNQ\D�PXQJNLQ� WDN�GDSDW�

PHPEHULNDQ� LQIRUPDVL� \DQJ� PHPDGDL� WHQWDQJ�

NHWHUDQGDODQ� 

'DWD�LWX�XPXPQ\D�WHUODOX�VLQJNDW�XQWXN�GDSDW�PHQHWDS�

NDQ�SUREDELOLWDV�UDQJNDLDQ�WDKXQ�\DQJ�EHUDGD�GL�EDZDK�

QRUPDO�� 0HWRGH� VWRNDVWLN� PHQ\HGLDNDQ� VXDWX� FDUD���

XQWXN�PHPSHUNLUDNDQ� SUREDELOLWDV� XUXWDQ-XUXWDQ� WDKXQ�

NHULQJ� VHODPD� SHULRGD� \DQJ� GLLQJLQNDQ� SDGD� PDVD�

PHQGDWDQJ�� %DKNDQ� ELOD� FDWDWDQ� KLVWRULNQ\D�

PHQ\DUDQNDQ�DJDU�ZDGXN�LWX�EHURSHUDVL�SDGD�VXDWX�GDXU�

WDKXQDQ� VHNDOLSXQ�� WHWDSL� DGD� VXDWX� NHPXQJNLQDQ� WHU�

MDGLQ\D� GXD� DWDX� OHELK� WDKXQ� NHULQJ� GL� GDODP� XUXWDQ-

XUXWDQQ\D��PDND�DQDOLVLV�VWRNDVWLN�KDUXV�PHQMDGL�EDJLDQ�

GDUL�VWXGL�KLGURORJL�SDGD�VHPXD�ZDGXN�\DQJ�WHUJDQWXQJ�

SDGD�DOLUDQ�VXQJDL�DODPLDK� 

���� 3HQHUDSDQ� VWDWLVWLN� GDODP� PRGHO� KLGURORJL�

VWRNDVWLN 

.DUDNWHULVWLN-NDUDNWHULVWLN� GDQ� XUXWDQ� DOLUDQ� GL� PDVD�

ODPSDX� PHPEHULNDQ� SHUWDQGD� XQWXN� DOLUDQ� GLPDVD�

GDWDQJ�� -LND� DOLUDQ� WDKXQ� LQL� NHFLO�� PHVNLSXQ� EHOXP�

SDVWL��PXQJNLQ�DOLUDQ�WDKXQ�EHULNXWQ\D�DNDQ�OHELK�NHFLO�

GDULSDGD� QLODL� WHQJDKP\D�� 'HPLNLDQ� SXOD� DOLUDQ� EHVDU�

FHQGHUXQJ� PHQJLNXWL� DOLUDQ-DOLUDQ� EHVDU�� 2OHK� NDUHQD�

LWX�VHMDUDK�GDUL�VXDWX�DOLUDQ�PHPEHULNDQ�LQIRUPDVL�\DQJ�

EHUKDUJD� WHQWDQJ� DOLUDQ� \DQJ� PXQJNLQ� WHUMDGL� GLPDVD�

PHQGDWDQJ��0RGHO�XQWXN�PHUHJHQHUDVL� KDUXVODK�PHQJ�

JXQDNDQ� LQIRUPDVL� WHUVHEXW�PHVNLSXQ�SDGD�ZDNWX�\DQJ�

EHUVDPDDQ� KDUXV� GLPDVXNNDQ� NRPSRQHQ� DFDN� XQWXN�

PHQJJDPEDUNDQ� NHWLGDNPDPSXDQ�PHUDPDO� XUXWDQ� DOL�

UDQ�GL�PDVD�GDWDQJ�VHFDUD�HNVDN� 

������.RPSRQHQ�DFDN 

6XDWX� KLPSXQDQ� DOLUDQ� KLVWRULV� DWDX� VLQWHWLN� GDUL� VXDWX�

VXQJDL�DGDODK�PHUXSDNDQ�XUXWDQ�DQJND-DQJND�DWDX�QLODL

-QLODL� \DQJ� GLKDVLONDQ� ROHK� SURVHV� DFDN� GDODP� XUXWDQ�

LQWHUYDO�ZDNWX� VHFDUD� EHUJDQWLDQ�� XUXWDQ� WHUVHEXW� GLQD�

PDNDQ�GHUHW�ZDNWX�\DQJ�GLWXOLV�GHQJDQ�[L�� \DQJ�PHUX�

SDNDQ�SHQMXPODKDQ�GXD�EXDK�NRPSRQHQ�\DLWX� 

[L GL�HL��������������������������������������������������������������� ��������������������������������������

GLPDQD�� 

GL� � .RPSRQHQ�GHWHUPLQLVWLN��VXDWX�DQJND�\DQJ�GLWHQ�

WXNDQ�ROHK�VXDWX�IXQJVL�\DQJ�HNVDN��\DQJ�GLEHQWXN�

ROHK�SDUDPHWHU-SDUDPHWHU�GDQ�QLODL-QLODL�WHUGDKXOX�

GDUL�SURVHV��GL�GDSDW�EHUXSD�IXQJVL�GDUL�QLODL�WHQJDK�

GHELW��NHUDJDPDQ�DOLUDQ� \DQJ�GLXNXU�GDQ�VWDQGDUG�

GHYLDVLQ\D� GDQ� GDUL� GHELW-GHELW� PDVD� ODPSDX���

VHSHUWL�[L�-���[L-� 
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HL� � .RPSRQHQ� DFDN� GDQ� PRGHO�� HL�PHUXSDNDQ� DQJND�

DFDN� \DQJ� GLDPELO� DWDX� KDVLO� VDPSOLQJ� GDUL�����

KLPSXQDQ� DQJND-DQJND� DFDN� \DQJ� PHPSXQ\DL�

GLVWULEXVL�DWDX�SROD�SUREDELLWDV�WHUWHQWX� 

������1L,DL�WHQJDK�GDQ�VWDQGDUG�GHYLDVL 

8UXWDQ� GHELW� KLVWRULV� GLWDQGDL� ROHK� DGDQ\D� SHUVLVWHQVL��

6HEDJDL� FRQWRK�� DOLUDQ� NHFLO� OHELK� EHVDU� SHOXDQJQ\D�

GLLNXWL�ROHK�DOLUDQ�NHFLO�GLEDQGLQJNDQ�GLLNXWL�ROHK�DOLUDQ�

EHVDU�� GDQ� EHJLWX� SXOD� DOLUDQ� EHVDU� OHELK� EHVDU�

SHOXDQJQ\D� GLLNXWL� ROHK� DOLUDQ� EHVDU� ODLQQ\D�� 8UDLDQ�

VHFDUD� VWDWLVWLN�PHQJHQDL�JHMDOD� WHUVHEXW�DGDODK�EDKZD�

DOLUDQ-DOLUDQ� \DQJ� EHUXUXWDQ� LWX� GLNRUHODVLNDQ� VHFDUD�

SRVLWLI�� 3HUVLVWHQVL� \DQJ� GHPLNLDQ� LWX� PHPEHULNDQ���

LQIRUPDVL� \DQJ� EHQDU� PHQJHQDL� QLODL� WHQJDK� SRSXODVL�

\DQJ�GLNDQGXQJ�ROHK�VDPSOH�GHQJDQ�SDQMDQJ�WHUWHQWX� 

.DUDNWHULVWLN� SHQWLQJ� NHGXD� GDUL� GDWD� KLVWRULN� DGDODK�

NHUDJDPDQ� �YDULDVL�� DWDX� SHQ\HEDUDQQ\D� GDWD�� \DQJ�

GLXNXU� GHQJDQ� NHUDJDPDQ� GDQ� VWDQGDUG� GHYLDVLQ\D��

'HILQLVL� NHUDJDPDQ� DWDX� VWDQGDUG� GHYLDVL� DGDODK� QLODL�

\DQJ�GLGXJD�GDQ�NXDGUDW�EHGD�QLODL�\DQJ�GLWDULN�VHFDUD�

DFDN� GDUL� SRSXODVL� GHQJDQ� QLODL� WHQJDK� SRSXODVL�

WHUVHEXW�� %LOD� (� PHUXSDNDQ� RSHUDWRU� GXJD�� PDND�

NHUDJDPDQ�V��GDSDW�GLUXPXVNDQ�VHEDJDL�EHULNXW��� 

�V�� �(�>�[�-�P��@����������������������������������������������� 

6HGDQJNDQ�VWDQGDU�GHYLDVL�PHUXSDNDQ�DNDU�NXDGUDW�GDUL�

NHUDJDPDQ�� 8QVXU-XQVXU� GHUHW� ZDNWX� GDSDW� GHQJDQ�

PXGDK� GLWUDQVIRUPDVLNDQ� NH� GDODP� GHUHW� ODLQ� GHQJDQ�

QLODL� WHQJDK� GDQ� VWDQGDUG� GHYLDVL� WHUWHQWX�� -LND� WL�
PHUXSDNDQ� YDULDEHO� DFDN� GHQJDQ� QLODL� WHQJDK� �� GDQ�

NHUDJDPDQ� L�� PDND� YDULDEHO� DFDN� \DQJ�

GLWUDQIRUPDVLNDQ�GDSDW�GLWXOLV�VHEDJDL�EHULNXW�� 

:L� �V�WL���P����������������������������������������������������� 

\DQJ� DNDQ� GLVWULEXVLNDQ� VHFDUD� XPXP� VHSHUWL� W�� WHWDSL�

GHQJDQ�QLODL�WHQJDK�P�GDQ�NHUDJDPDQ�V�� 

������.RHIOVLHQ�.RUHODVL 

'DODP� VWXGL-VWXGL� \DQJ� PHQLQMDX� SHUVLVWHQVL� GHELW��

\DQJ� NKDV� EHUKXEXQJDQ� GHQJDQ� PXVLP� KXMDQ� GDQ�

NHPDUDX�� GLSHUOXNDQ� PRGHO-PRGHO� \DQJ� OHELK� WHULQFL��

6WDWLVWLN� VDPSOH� DOLUDQ� KLVWRULN� EHULNXWQ\D� \DQJ� GDSDW�

GLJDEXQJNDQ� GDODP� PRGHO� DGDODK� NRHILVLHQ� NRUHODVL�

VHULDO� ODJ� VDWX�� 'HILQLVL� GDUL� EHVDUDQ� WHUVHEXW� \DQJ�

PHQGDVDUL�PRGHO�DOLUDQ�DGDODK� 

UO�  � ^(>�[L�-�P��[L���-�P�@`���V
��GLPDQD������������������������ 

P�  �� QLODL�WHQJDK�SRSXODVL 

V�  �� NHUDJDPDQ�SRSXODVL�GHELW�[a 

UO  � XNXUDQ�EHVDUQ\D�UHQWDQJDQ�WHUKDGDS�PDQD�VXDWX�

GHELW� FHQGHUXQJ� XQWXN� PHQHQWXNDQ� DOLUDQ�����

EHULNXWQ\D� 

.RHILVLHQ�NRUHODVL�GHQJDQ�RUGH�\DQJ� OHELK�WLQJJL�GDSDW�

GLUXPXVNDQ� MLND� GLNHKHQGDNL�� $GDODK� EHUDODVDQ� XQWXN�

PHQGXJD�DGDQ\D�GHELW�WDKXQ�LQL�\DQJ�EHUJDQWXQJ�NHSD�

GD�GHELW�WDKXQ�\DQJ�ODOX��GDQ�MXJD�GHELW�GXD�WDKXQ�VHEH�

OXPQ\D� DWDX� EDUDQJNDOL� GHELW� WDKXQ-WDKXQ� VHEHOXPQ\D�

LWX��8QWXN�NRHILVLHQ� NRUHODVL� VHULDO� ODJ� -� N� GLUXPXVNDQ�

VHEDJDL�EHULNXW� 

UN� �^(>�[L�-�P��[L�N�-�P�@`���V
��������������������� ���������������� 

������0RGHO�0DUNRY� 

6HWHODK� SDUDPHWHU-SDUDPHWHU� DOLUDQ� GLWHQWXNDQ� GDQ�

VHWHODK� GLVWULEXVLQ\D� GLSLOLK�� PDND� VHODQMXWQ\D���������

GLODNXNDQ�SURVHV�SHPLOLKDQ�PRGHO�XQWXN�DOLUDQ�VLQWHWLN��

'DODP� KDO� LQL� DNDQ� GLMHODVNDQ� VDODK� VDWX� PRGHO� \DLWX�

PRGHO� 0DUNRY�� 0RGHO� 0DUNRY� PHPSXQ\DL� EHQWXN�

�'HVFRPEHV�GDQ�%HUWKRG��������VHEDJDL�EHULNXW�� 

TL� �GL���HL������������������������������������������������������������������������������� 

GLPDQD� 

GL� �NRPSRQHQ�GHWHUPLQLVWLN 

HL� �NRPSRQHQ�DFDN 

.RPSRQHQ� GHWHUPLQLVWLNQ\D� PHPSXQ\DL� EHQWXN�

RWRUHJUHVLS�OLQLHU�VEE� 

GL� �E�����E�TW-����E�TW-�����«««��EPTW-P���������������������� 

GLPDQD�GL�PHUXSDNDQ�NRPELQDVL� OLQLHU� GDUL�P�EXDK�DOL�

UDQ� VHEHOXPQ\D�� XQWXN� VXDWX� P� WHUEDWDV�� 0RGHO� \DQJ�

SDOLQJ�VHGHUKDQD�PHPSXQ\DL�EHQWXN�VEE� 

GL� �E�����E�TW-���H����������������������������������������������������������� 

'DODP�PRGHO�GL�DWDV�GLDQJJDS�EDKZD�VHOXUXK�SHQJDUXK�

VHEHOXPQ\D� WHUKDGDS� DOLUDQ� VHNDUDQJ� GLUHIOHNVLNDQ��

GDODP� QLODL� DOLUDQ� \DQJ� WHUGDKXOX�� 6HODQMXWQ\D� GDODP�

PRGHO� ODJ�VDWX�NLWD�WHQWXNDQ�EHVDUQ\D�NRQVWDQWD��E��GDQ�

E�� GDQ� EHQWXN� HNVDN� HL� DWDX� VXNX� VHVDWDQQ\D�� 3HUWDPD�

NDOL�GLDQJJDS�EDKZD�DOLUDQ�PHQJLNXWL�GLVWULEXVL�QRQQDO��

-LND�P�PHUXSDNDQ�QLODL�WHQJDK�DOLUDQ��U�DGDODK�NRHILVLHQ�

NRUHODVL� VHULDO� ODJ� VDWX� GDQ�V� NHUDJDPDQ� DOLUDQ�� PDND�

GLGDSDW�EHQWXN�SHUVDPDDQ�VHEDJDL�EHULNXW�� 

T�� �P���U��TL-�-�P����HL������������������������������������������������������������������������������� 

'L� VLQL� GLDQJJDS� EDKZD� DOLUDQ� TL�PHUXSDNDQ�SHQMXPOD�

KDQ� GDUL� QLODL� WHQJDK�� VHEDJLDQ� GDUL� SHUEHGDDQ� DOLUDQ�

VHEHOXPQ\D�TL-��GHQJDQ�QLODL�WHQJDK�GDQ�NRPSRQHQ�DFDN�

HL�� -LND� TL�PHPSXQ\DL� GLVWULEXVL� QRUPDO�� PDND� HL�KDUXV�

PHPSXQ\DL� GLVWULEXVL� QRUPDO� MXJD�� $OLUDQ� TL� PHPSX�

Q\DL� QLODL� WHQJDK� P�� VHKLQJJD� EHQWXN� \DQJ� GLVDUDQNDQ�

DNDQ�PHPEHUL�QLODL� WHQJDK�\DQJ�GLNHKHQGDNL��$OLUDQ�TL�

PHPSXQ\DL�NHUDJDPDQ�� 

(�>P����TL-�-�P��HL@
��
-�P�� �V�U����VH

���������������� 
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Nuraeni 

GLPDQD� VH
�� PHUXSDNDQ� NHUDJDPDQ� NRPSRQHQ� DFDN� HL��

.HUDJDPDQ� TL�PHPSXQ\DL� KXEXQJDQ� GHQJDQ� VH
��\DQJ�

GLQ\DWDNDQ�GDODP�UXPXV�EHULNXW� 

VH
�� �V����-U������������������������������������������������ ��������������� 

-LND�WL�PHUXSDNDQ�YDULDEHO�DFDN�\DQJ�PHPSXQ\DL�GLVWUL�

EXVL� QRUPDO�� WLGDN� EHUJDQWXQJ� VHFDUD� VHULDO� EHUQLODL�

WHQJDK�QRO�GDQ�EHUVWDQGDUG�GHYLDVL�VDWX�PDND 

WL�V�����-�U
���������������������������������������������������������������������� 

MXJD� PHUXSDNDQ� YDULDEHO� \DQJ� EHUGLVWULEXVL� QRUPDO��

WLGDN� WHUJDQWXQJ� VHFDUD� VHULDO�� EHUQLODL� WHQJDK� QRO� GDQ�

EHUYDULDQFH�V�� ��-U����'HQJDQ�GHPLNLDQ� EHQWXN�PRGHO�

PHQMDGL�VEE� 

TL� �P���U��TL-�-�P����WL�V�����-�U
������������������� ��������������� 

���0HWRGH 

����$QDOLVLV�VLVWHP�VXPEHU�GD\D�DLU� 

3HUHQFDQDDQ� SHQJHPEDQJDQ� VXPEHU� GD\D� DLU� SDGD�

XPXPQ\D� EHUNLVDU� SDGD� PDVDODK� SHQJDWXUDQ� ³:DNWX´�

GDQ�³7HPSDW´�VXPEHU�GD\D�DLU�\DQJ�WHUVHGLD�XQWXN�VDWX�

DWDX� EHEHUDSD� NHJXQDDQ� VHNDOLJXV�� 8QWXN� LWX� SHUOX��

GLODNXNDQ�DQDOLVLV� VLVWHP�VXPEHU�GD\D�DLU� \DQJ�FHUPDW�

EHUGDVDUNDQ� NRQGLVL� \DQJ� DGD� GDQ� NRQGLVL� \DQJ�������

GLLQJLQNDQ� 

8QWXN� GDSDW� PHQJDQWLVLSDVL� GHELW� LQIORZ�� PDND�

GLEDQJXQ� VXDWX� PRGHO� NRQWLQX� KXMDQ-GHELW� GHQJDQ�

PHWRGH� UHJUHVL� OLQLHU� JDQGD� XQWXN�PHQHOXVXUL� NHMDGLDQ�

KXMDQ� GDQ� NRQWULEXVLQ\D� WHUKDGDS� GHELW� DLU� :DGXN���

6DJXOLQJ�� 6HODLQ� PRGHO� NRQWLQX� KXMDQ� GHELW� GLEDQJXQ�

SXOD� PRGHO� GLVNULW� GHELW-GHELW� GHQJDQ� PHWRGH� &KDLQ�

0DUNRY� \DQJ� GDSDW� PHPSHUNLUDNDQ� GHELW� DLU� \DQJ���

PDVXN� NH�:DGXN� 6DJXOLQJ� SDGD� EXODQ� EHULNXWQ\D� �WQ��

EHUGDVDUNDQ� GDWD� KLGURORJL� GHELW� DLU� Q� VDWXDQ� ZDNWX�

VHEHOXLQQ\D� �WQ-P��� +DVLO� NHGXD� PRGHO� LQL� VHODQMXWQ\D�

GDSDW� GLXMLNDQ� WHUKDGDS�PRGHO� RSWLPDVL� SHQJRSHUDVLDQ�

ZDGXN�PLVDOQ\D�PHQJJXQDNDQ�SURJUDP�GLQDPLN�%HOO�

PDQ� 

���� 3HUNLUDDQ� VWRNDVWLN� GHELW� DLU� PRGHO� NRQWLQX�

KXMDQ-GHELW� GDQ� GHELW-GHELW� GHQJDQ� PHWRGH�

UHJUHVL�OLQOHU�JDQGD� 

7XMXDQ�GDQ� SHPEXDWDQ�PRGHO� NRQWLQX� KXMDQ-GHELW� GDQ�

GHELW-GHELW� LQL� DGDODK� XQWXN� GDSDW� PHODNXNDQ� DQDOLVLV�

NRUHODVL� OLQLHU� JDQGD� XQWXN� PHOLKDW� NHWHUNDLWDQ� DQWDU�

VWDVLXQ-VWDVLXQ� SHQJXNXU� KXMDQ�� 8QWXN� PHQGDSDWNDQ�

PRGHO� \DQJ� WHUEDLN��PDND� GLSLOLK� WLJD� FDUD� SHQJHUMDDQ�

XQWXN� PHPSHUROHK� QLODL� NRHILVLHQ� NRUHODVL� \DQJ�

WHUEHVDU� \DQJ� GDSDW� GLMDGLNDQ� SHQLODLDQ� VHEHUDSD�

HUDWQ\D�KXEXQJDQ�DQWDUD�YDQLDEHO-YDQLDEHO�\DQJ�GLSLOLK�

GDODP� SHUVDPDDQ� UHJUHVL� \DQJ� GLEHQWXN�� +DVLO� GDUL�

PRGHO� WHUEDLN� NHWLJD� FDUD� LQL� NHPXGLDQ� DNDQ� GLXMLNDQ�

WHUKDGDS� PRGHO� RSWLPDVL� 3URJUDP� 'LQDPLN� %HOOPDQ��

$GDSXQ�NHWLJD�FDUD�WHUVHEXW�DGDODK��� 

������$QDOLVLV�NRUHODVL�GDQ�UHJUHVL�GHQJDQ�������GDQ���

YDULDEHO����� 

3DGD�FDUD�SHQJHUMDDQ�SHUWDPD�LQL��DNDQ�GLODNXNDQ�DQDOL�

VLV� NRUHODVL� GDQ� UHJUHVL� WHUKDGDS� PRGHO� SHUVDPDDQ���

UHJUHVL� OLQLHU� PXODL� GDUL� �� YDULDEHO� VDPSDL� �� YDULDEHO��

3DGD�FDUD�SHUWDPD�LQL�PRGHO�KXMDQ-GHELW�GLEDJL�PHQMD�

GL���PRGHO�\DLWX�PRGHO�KRPRJHQ�GDQ�PRGHO�KHWHURJHQ��

6HGDQJNDQ� MHQLV� PRGHO� \DQJ� GLSHUEDQGLQJNDQ� XQWXN�

GDSDW� PHPSUHGLNVL� GHELW� VHFDUD� WHSDW� GDSDW� GLJRORQJ�

NDQ�PHQMDGL���MHQLV�PRGHO�\DLWX� 

�� PRGHO�KXMDQ-GHELW�KRPRJHQ� 

�� PRGHO�KXMDQ-GHELW�KHWHURJHQ 

�� PRGHO�KXMDQ�ZLOD\DK-GHELW� 

�� PRGHO�GHELW-GHELW 

3DGD� WDKDS� DNKLU� DQDOLVLV� DNDQ� GLSLOLK� PRGHO� WHUEDLN�

\DLWX� PRGHO� \DQJ� PHPSXQ\DL� NRHILVLHQ� NRUHODVL� UDWD-

UDWD�\DQJ�WHUEHVDU� 

������ $QDOLVLV� NRUHODVL� GDQ� UHJUHVL� GHQJDQ� VWHS�

UHJUHVL�HOHPLQDVL�NHEHODNDQJ���YDULDEHO 

$QDOLVLV�FDUD�NHGXD�LQL�GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�

SURJUDP� NRPSXWHU� GL� PDQD� SURVHGXUQ\D� GLPXODL�

GHQJDQ� PHQJJXQDNDQ� VHOXUXK� FDORQ� YDULDEHO� EHEDV�

GDODP� PRGHO�� NHPXGLDQ� YDULDEHO� GHQJDQ� VWDWLVWLN� )�

SDUVLDO� \DQJ� SDOLQJ� NHFLO� GLKLODQJNDQ� VDPSDL� KDQ\D�

WHUVLVD���YDULDEHO�EHEDV�GDODP�SHUVDPDDQ�UHJUHVL�OLQLHU��

+DVLO� DNKLU� DQDOLVLV� FDUD� NHGXD� LQL� DNDQ� GLSHUROHK�

PRGHO� UHJUHVL� OLQLHU� �� YDULDEHO� GHQJDQ� NRHILVLHQ�

NRUHODVL�WHUEHVDU� 

������ $QDOLVLV� NRUHODVL� GDQ� UHJUHVL� GHQJDQ� VWHS�

UHJUHVL� HOHPLQDVL� NH� EHODNDQJ� WHUKDGDS�

MXPODK�YDULDEHO�RSWLPXP 

&DUD� NHWLJD� LQL� SURVHGXUQ\D� VDPD� GHQJDQ� FDUD� NHGXD�

WHWDSL� MXPODK� YDULDEHO� EHEDV� \DQJ� GLJXQDNDQ� SDGD��

PRGHO�WLGDN�GLEDWDVL�KDQ\D���YDULDEHO�VDMD��WHWDSL�GL�VLQL�

GLFDUL�MXPODK�YDULDEHO�\DQJ�SDOLQJ�RSWLPXP�� 

+DVLO-KDVLO�PRGHO�UHJUHVL� OLQLHU� WHUEDLN�GDUL�NHWLJD�FDUD�

\DQJ�GLJXQDNDQ� WHUVHEXW� NHPXGLDQ� DNDQ�GLSHUJXQDNDQ�

VHEDJDL�GHELW�LQSXW�SDGD�PRGHO�RSWLPDVL�ZDGXN�GHQJDQ�

PHQJJXQDNDQ�SURJUDP�GLQDPLN�%HOOPDQ�� 

��� 3HUNLUDDQ� VWRNDVWLN� GHELW� DLU� PRGHO� GLVNULW�

FKDLQ�PDUNRY�GHELW�DLU� 

'DODP�PRGHO�&KDLQ�0DUNRY�LQL�GLODNXNDQ�SHQ\HGHUKD�

QDDQ� EHVDUDQ� GHELW� DLU� \DQJ� PDVXN� ZDGXN� GHQJDQ�

PHPEDJLQ\D� PHQMDGL� �� NODV�� %HUGDVDUNDQ� SHPEDJLDQ�

NODV� GHELW� DLU� GLFRED� XQWXN�PHQHOXVXUL� PHPRLU�UXQWXQ�

NHMDGLDQ� GHELW� DLU� SHQFDWDWDQ� KLVWRULN�� VHKLQJJD� VHWLDS�

EXODQQ\D� GDSDW� GLEXDW�PDWULN� VWRNDVWLN� \DQJ�PHPEDJL�
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NODV� GHELW� DLU� \DQJ� PDVXN� ZDGXN� DLU� GDODP� �� NODV����

DGDSXQ� WDKDSDQ� SHQJHUMDDQ� &KDLQ� 0DUNRY� GHELW-GHELW�

LQL�DGDODK�VHEDJDL�EHULNXW��� 

������$QDOLVLV�GLVWULEXVL�IUHNXHQVL 

3DGD� SURVHGXU� SHPEXDWDQ�PRGHO� &KDLQ�0DUNRY� WHUVH�

EXW� SHUWDPD-WDPD� WHUOHELK� GDKXOX� GLODNXNDQ� DQDOLVLV�

IUHNXHQVL� GLVWULEXVL� GHELW� DLU� WLDS� EXODQ� WHUKDGDS� GDWD�

VHODPD����WDKXQ��NHPXGLDQ�WHUKDGDS�GLVWULEXVL�IUHNXHQ�

VL� GDWD� KLVWURULV� GLODNXNDQ� SHQFRFRNDQ� GHQJDQ� GXD�

PRGHO� GLVWULEXVL� IUHNXHQVL� \DLWX� GLVWULEXVL�1RUPDO� GDQ�

GLVWULEXVL� /RJ� 1RUPDO�� 6HWLDS� EXODQ� GLSLOLK� VHEDUDQ�

GLVWULEXVL� \DQJ� SDOLQJ� FRFRN� GDUL� �� DOWHUQDWLI� MHQLV����

GLVWULEXVL� WHUVHEXW�� 3HQLODLDQ� NHFRFRNDQ� GLVWULEXVL� GDWD�

KLVWRULN�GHQJDQ�GLVWULEXVL�QRUPDO�GDQ� ORJ�QRUPDO�GDSDW�

GLOLKDW� GDUL� SORW� NXUYD� GDWD� KLVWURULV� WHUKDGDS� PDVLQJ-

PDVLQJ� DOWHUQDWLI� MHQLV� GLVWULEXVL� GDQ� GDSDW� GLOLKDW� GDUL�

WDUDI�Q\DWD�\DQJ�GLSHUROHK� 

������3HPEDJLDQ�.ODV� 

7DKDS� NHGXD� VHWHODK� SHPLOLKDQ� GLVWULEXVL� IUHNXHQVL��

DGDODK�SHPEDJLDQ�NHODV�GHELW�DLU��'DODP�SHQHOLWLDQ� LQL�

SURVHV� \DQJ� GLWHOLWL� DGDODK� RUGH� VDWX� XQWXN� WLJD� NODV��

8QWXN�LWX�EHVDUDQ�GHELW�GLEDJL�PHQMDGL�WLJD�NODV�VHEDJDL�

EHULNXW�� 

���'HELW�NHULQJ��\DQJ�GLQ\DWDNDQ�GHQJDQ��� 

���'HELW�QRUQDO��\DQJ�GLQ\DWDNDQ�GHQJDQ��� 

���'HELW�EDVDK��\DQJ�GLQ\DWDNDQ�GHQJDQ��� 

3HQHQWXDQ� LQWHUYDO� NHODV� XQWXN� WLDS� SHPEDJLDQ� NHODV�

GLSHUROHK� GHQJDQ� PHPEDJL� NXUYD� SUREDELOLWDV� GDUL�

GLVWULEXVL�SRSXODVL�WHUSLOLK�PHQMDGL���EDJLDQ�\DQJ�VDPD�

\DLWX� ������� �������� GDQ� ���%HVDU� QLODL� XPWXN�PDVLQJ-

PDVLQJ�NODV�DGDODK�QLODL�WHQJDK�GDUL�WLDS-WLDS�NODV�\DLWX�

SDGD�NXUYD�SUREDELOLWDV��������������GDQ�������� 

������3HPEHQWXNDQ�PDWULN�WUDQVLVL� 

3URVHGXU�SHUROHKDQ�PDWULN�WUDQVLVL�DGDODK�VEE� 

�� 0HQHQWXNDQ�EDQ\DNQ\D�SHPEDJLDQ�NODV��Q� 

�� 0HPDVXNNDQ�GDWD�KLVWRULN�NH�GDODP�SHPEDJLDQ�NODV�

VHVXDL� GHQJDQ� EDWDV� NHODV� \DQJ� WHODK� GLWHQWXNDQ�

VHEHOXPQ\D� 

�� 0HQFDUL� QLODL� SUREDELOLWDV� NHMDGLDQ� M� SDGD�ZDNWX� WQ�

WHUMDGL�ELOD�NHMDGLDQ�L�WHUMDGL�SDGD�ZDNWX�WQ-��GHQJDQ�

VHODQJ�ZDNWX�NHWHUJDQWXQJDQ�VDWX�VDWXDQ�ZDNWX 

�� 0HPEDQJXQ� PDWULNV� WUDQVLVL� GHQJDQ� HOHPHQ� WLDS�

EDULV� GDQ� NRORPQ\D� KDVLO� SHUKLWXQJDQ� � SUREDELOLWDV�

WUDQVLVL�SDGD�ZDNWX�\DQJ�GLWLQMDX� 

������6LPXODVL 

3URVHGXU� WHUDNKLU� GDUL� SHPEXDWDQ� PRGHO� GLVNULW� &KDLQ�

0DUNRY� GHELW� DLU� DGDODK� PHODNXNDQ� VLPXODVL�� 3URVHV�

VLPXODVL� LQL� GLODNXNDQ� EHUGDVDUNDQ�SURVHVXV� GXD� WDKDS�

\DLWX� 

O�� 7DKDS� SHUWDPD�� 7DULNDQ� ELODQJDQ� DFDN� GDODP�

UDQJND�PHQHQWXNDQ�NODV�GDQ�GHELW�DLU�SDGD�ZDNWX�W�

GHQJDQ� PHQJJXQDNDQ� IXQJVL� GLVWULEXVL� GHELW� DLU�

KLVWRULN� 

��� 7DKDS� NHGXD�� 0HQHQWXNDQ� EHVDUDQ� GHELW� DLU� SDGD�

ZDNWX�W���GHQJDQ�PHQJJXQDNDQ�PDWULN�VWRNDVWLN� 

+DVLO� PRGHO� GLVNULW� &KDLQ�0DUNRY� LQL� NHPXGLDQ� DNDQ�

GLXMLNDQ� SDGD� PRGHO� RSWLPDVL� SURJUDP� GLQDPLN�

%HOOPDQ�XQWXN�PHOLKDW� WLQJNDW�VHQVLWLILWDVQ\D�WHUKDGDS�

PRGHO�RSWLPDVL�� 

����3HPEHQWXNDQ�WUD\HN�RSWLPXP�EHOOPDQ 

8QWXN� SHQJXMLDQ� WHUKDGDS�PRGHO� NRQWLQX� KXMDQ� GHELW��

PDND� GLODNXNDQ� SHQFDULDQ� WUD\HN� RSWLPXP� GHQJDQ�

PHQJJXQDNDQ�LQSXW�GHELW�DLU�UDWD-UDWD��GHELW�DLU�HNVWULP�

NHULQJ� GDQ� GHELW� DLU� HNVWULP� EDVDK�� VHGDQJNDQ� XQWXN�

SHQJXMLDQ� PRGHO� GLVNULW� WUD\HN� RSWLPXP� GLEXDW�

EHUGDVDUNDQ� LQSXW� GHELW� \DQJ� WHODK� GLGLVWULEXVLNDQ� NH�

GDODP���NODV��$GDSXQ�VHEDJDL�RXWSXWQ\D�DGDODK�EHUXSD�

EHVDUDQ-EHVDUDQ� GHELW� \DQJ� GLJXQDNDQ� XQWXN�

PHQJJHUDNNDQ� WXUELQ�� SURGXNVL� OLVWULN� \DQJ� GLSHUROHK�

GDQ�EHQHILW�\DQJ�GLKDVLONDQ�GDSDW�GLOLKDW�SDGD�*DPEDU�

�� 

'HELW� VLQWHWLV� \DQJ� GLKDVLONDQ� GDUL� PRGHO� VWRNDVWLN�

NRQWLQX� KXMDQ� GHELW� GDQ� PRGHO� GLVNULW� &KDLQ� 0DUNRY�

GHELW-GHELW� NHPXGLDQ� DNDQ� GLJXQDNDQ� VHEDJDL� LQSXW�

EDJL� WUD\HN� RSWLPXP� \DQJ� GLKDVLONDQ� ROHK� PRGHO�

RSWLPDVL� 3URJUDP� 'LQDPLN� %HOOPDQ� GHQJDQ� PHWRGH�

IRUZDUG��'L�VLQL�DNDQ�GLOLKDW�WLQJNDW�VHQVLWLILWDV�PDVLQJ

-PDVLQJ� PRGHO� VWRNDVWLN� GHELW� DLU� WHUVHEXW� WHUKDGDS�

PRGHO�RSWLPDVL�%HOOPDQ�GDSDW�GLOLKDW�SDGD�*DPEDU��� 

8QWXN�SHQJXMLDQ�WHUKDGDS�GHELW�LQSXW�KDVLO�SHUKLWXQJDQ�

PRGHO�NRQWLQX�KXMDQ�GHELW�PHWRGH�UHJUHVL� OLQLHU�JDQGD��

GLEXDW� WUD\HN� YROXPH� ZDGXN� RSWLPXP� GHQJDQ�

PHQJJXQDNDQ� GHELW� HNVWULP� NHULQJ� GDQ� GHELW� HNVWULP�

EDVDK�� -DOXU� RSWLPXP� \DQJ� WHUEHQWXN� GLSHUWDKDQNDQ�

XQWXN�GLXML�VHQVLWLILWDVQ\D�WHUKDGDS�GHELW�LQIORZ�VLQWHWLV�

KDVLO�PRGHO�NRQWLQX�KXMDQ�GHELW� 

8QWXN�SHQJXMLDQ�WHUKDGDS�GHELW�LQSXW�KDVLO�SHUKLWXQJDQ�

PRGHO�GLVNULW�GHELW-GHELW�PHWRGH�&KDLQ�0DUNRY���NODV�

RUGH� VDWX�� GLEXDW� WUD\HN� YROXPH� ZDGXN� RSWLPXP�

GHQJDQ� PHQJJXQDNDQ� GLVWULEXVL� GHELW� 6DJXOLQJ� NH�

GDODP� �� NODV�� -DOXU� RSWLPXP� \DQJ� WHUEHQWXN�

GLSHUWDKDQNDQ�XQWXN�GLXML�VHQVLWLILWDVQ\D�WHUKDGDS�GHELW�

LQIORZ�VHQWHWLV�KDVLO�PRGHO�GLVNULW�GHELW-GHELW� 

*DPEDU����3HPEXDWDQ�WUD\HN�RSWLPXP 

*DPEDU����3HQJXMLDQ�PRGHO�VWRNDVWLN�GHELW�DLU 



� Vol. 18 No. 2 Agustus 2011 

Nuraeni 

����'DWD�KLGURORJL�\DQJ�GLJXQDNDQ� 

'DWD� FXUDK� KXMDQ� KDULDQ� \DQJ�GLJXQDNDQ� \DQJ� WHUVHGLD�

FXNXS�SDQMDQJ�GL�'$6�&LWDUXP�±�6DJXOLQJ�WHUGLUL�GDUL���

VWDVLXQ� SHQJXNXU� KXMDQ� \DQJ� WHUVHEDU� GL� '$6�� 8QWXN�

SHPEXDWDQ� PRGHO� UHJUHVL� OLQLHU� JDQGD� GDWD� KLGURORJL�

\DQJ�GLJXQDNDQ�DGDODK�GDWD�FXUDK�KXMDQ�EXODQDQ��PP��

GDQ�GDWD�GHELW�DLU�UDWD-UDWD�EXODQDQ��P��GHWLN��VHODPD����

WDKXQ� GDSDW� GLOLKDW� SDGD� 7DEHO� ��� 6HGDQJNDQ� XQWXN�

GHELW� GLJXQDNDQ� GDWD� GHELW� KDVLO� HNVWUDSRODVL� \DQJ�

GLODNXNDQ� ROHK� SUR\HN� ,QGXN� 3HPEDQJNLW� /LVWULN�

7HQDJD�+LGUR� �3LNLOGUR�� -DZD�%DUDW��8QWXN�SHPEXDWDQ�

PRGHO�&KDLQ�0DUNRY�GLJXQDNDQ�GHELW�DLU�EXODQDQ��P��

GHWLN��\DQJ�PDVXN�NH�:DGXN�6DJXOLQJ�\DQJ�PHUXSDNDQ�

GDWD� KDVLO� HNVWUDSRODVL� \DQJ� GLODNXNDQ� ROHK� 3LNLOGUR�

VHODPD����WDKXQ�GDSDW�GLOLKDW�SDGD�7DEHO��� 

����3HQ\HVXDLDQ�MXPODK�KDUL�SHU�EXODQ 

3DGD� XPXPQ\D�� VHWDKXQ� GLDQJJDS� PHPLOLNL� ���� KDUL��

0HVNLSXQ� VDWX� WDKXQ� WHUGLUL� GDUL� ��� EXODQ� VHWLDS� EXODQ�

GDSDW�PHPLOLNL�MXPODK�KDUL�\DQJ�EHUEHGD�GDQ�EHUYDULDVL�

DQWDUD����VDPSDL�GHQJDQ����KDUL��6HEHOXP�GDWD�PHQWDK�

FXUDK� KXMDQ� GDQ� GHELW� DLU� GLJXQDNDQ�� WHUOHELK� GDKXOX�

GLODNXNDQ� SHQ\HVXDLDQ� WHUKDGDS� MXPODK� KDUL� GDODP��

EXODQ�� 3HQ\HVXDLDQ� GLODNXNDQ� GHQJDQ� MDODQ� PHPEDJL�

GDWD� EXODQDQ� GHQJDQ� MXPODK� KDUL� GDODP� �� EXODQ� \DQJ�

EHUVDQJNXWDQ� DJDU� PHPSHUROHK� GDWD� SHU� KDUL�� %LOD����

GLLQJLQNDQ� DQJND-DQJND� WHUVHEXW� WLGDN� EHUXEDK�� PDND�

-DQ 3HE 0DU $SU 0HL -XQ -XO $JW 6HS 2NW 1RS 'HV 5DWD-5DWD 

��� ��� ��� ��� �� �� �� �� �� �� �� ��� ���� 

7DEHO�����'HELW�,QSXW�UDWD-UDWD�EXODQDQ�'$6�6DJXOLQJ��P��GHW� 

6XPEHU��3LONLOGUR��3/1�-DEDU 

-DQ 3HE 0DU $SU 0HL -XQ -XO $JW 6HS 2NW 1RS 'HV 5DWD-5DWD 

��� ��� ��� ��� ��� ��� �� �� �� ��� ��� ��� ����� 

7DEHO�����'HELW�,QSXW�UDWD-UDWD�EXODQDQ�'$6�6DJXOLQJ��KP��GHW� 

6XPEHU��3LONLOGUR��3/1�-DEDU 

*DPEDU����.DSDVLWDV�WDPSXQJDQ�ZDGXN�VDJXOLQJ 

6XPEHU��3LNLOGUR�-DEDU 

DQJND� KDULDQ� \DQJ� GLSHUROHK� KDUXV� GLNDOLNDQ� GHQJDQ�

MXPODK� KDUL� UDWD-UDWD� SHUEXODQ� VHEDQ\DN� �������  �

�������� 

'DWD� GHELW� DLU� EXODQDQ� GDQ� GDWD� FXUDK� KXMDQ� EXODQDQ�

GLVHVXDLNDQ� VHKLQJJD� WLDS� EXODQQ\D� PHPLOLNL� MXPODK�

KDUL� \DQJ� VDPD� ����������� 'DWD� GHELW� DLU� GDQ� FXUDK��

KXMDQ� EXODQ� \DQJ� WHODK� GLVHVXDLNDQ� GLSHUROHK� GHQJDQ�

PHQJJXQDNDQ�3HUVDPDDQ������VHEDJDL�EHULNXW�� 

'�   G�
����������;���������������������������������������������������� 

G�   GDWD�GHELW�DLU�\DQJ�EHOXP�GLVHVXDLNDQ�� 

;   MXPODK�KDUL�GDODP�EXODQ�\DQJ�EHUVDQJNXWDQ 

����3HUKLWXQJDQ�KXMDQ�ZLOD\DK�� 

8QWXN� SHUKLWXQJDQ� KXMDQ�ZLOD\DK� GLJXQDNDQ� ��PHWRGH�

\DLWX�PHWRGH�3ROLJRQ�7KLHVVHQ�GDQ�0HWRGH�$QLWPHWLND� 

������0HWRGH�3ROLJRQ�7KLHVVHQ� 

+XMDQ�ZLOD\DK�PHWRGH�SROLJRQ�7KLHVVHQ�GLGDSDW�GHQJDQ�

PHQJDOLNDQ�GDWD�KXMDQ�GL�VHWLDS�VWDVLXQ�GHQJDQ�SHUVHQ�

WDVH� OXDV� '$6� &LWDUXP-6DJXOLQJ� \DQJ� GLSHQJDUXKL��

VWDVLXQ�SHQJXNXU�KXMDQ�WHUVHEXW��NHPXGLDQ�GLMXPODKNDQ�

VHOXUXKQ\D�� 3HUVHQWDVH� OXDV� WHUVHEXW� PHUXSDNDQ� IDNWRU�

SHPERERW�EDJL�VHWLDS�VWDVLXQ�GDQ�GLGDSDW�GHQJDQ�PHP�

EDQGLQJNDQ� OXDV� GDHUDK� \DQJ� GLEDWDVL� ROHK� SROLJRQ�

GHQJDQ�OXDV�'$6�VHOXUXKP\D��*DPEDU�SHPEDJLDQ�'$6�

&LWDUXP� GDQ� SHUVHQWDVH� OXDVQ\D� GDSDW� GLOLKDW� SDGD�

*DPEDU���� 
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������0HWRGH�$ULWPHWLND� 

3HUKLWXQJDQ� KXMDQ� ZLOD\DK� GHQJDQ� PHWRGH� DULWPHWLND�

GLODNXNDQ� GHQJDQ� FDUD� PHPEDJL� UDWD-UDWD� SHQJXNXUDQ�

SDGD� VHPXD� SRV� KXMDQ� WHUKDGDS� MXPODK� VWDVLXQ� GDODP�

GDHUDK� DOLUDQ� \DQJ� EHUVDQJNXWDQ�� 5XPXV� SHUKLWXQJDQ�

KXMDQ� ZLOD\DK� PHWRGH� DULWPHWLND� LQL� GHQJDQ�

PHQJJXQDNDQ� GDWD� FXUDK� KXDQ� NHVHPELODQ� VWDVLXQ�

SHQJDPDW�DGDODK�VHEDJDL�EHULNXW� 

 

 

GLPDQD�3�����3��������3����DGDODK�WLQJJL�KXMDQ�SDGD�

VWDVLXQ-VWDVLXQ�SHQJDPDW�������2������������ 

����3HUKLWXQJDQ�GLVSHUVL�GHELW�DLU�:DGXN�6DJXOLQJ� 

8QWXN� PHPSHUROHK� GHELW� HNVWULP� NHULQJ� GDQ� GHELW�

HNVWULP� EDVDK� GLJXQDNDQ� GLVWULEXVL� IUHNXHQVL� ORJ�

QRUPDO�� $GDSXQ� UXPXV-UXPXV� \DQJ� GLJXQDNDQ� SDGD�

GLVWULEXVL� ORJ� QRUPDO� �� SDUDPHWHU� DGDODK� VHEDJDL�

EHULNXW�� 

3HUVDPDDQ�7UDQVIRUPDVL 

 

 

6HKLQJJD� UXPXV� \DQJ� GLSDNDL� XQWXN� PHPSHUNLUDNDQ�

GHELW�HNVWULP�NHULQJ�GDQ�EDVDK�DGDODK�VHEDJDL�EHULNXW���� 

OQ�[� �PQ�����\VQ���DWDX�����������������  ��������������� 

ORJ�[� �PQ���\VQ�������������������������������������������������������������������� 

GLPDQD� 

PQ�   QLODL� UDWD-UDWD� KLWXQJ� GDQ� SRSXODVL� DWDX� VDPSHO�

QLODL�ORJDULWPLN��OQ[�DWDX�ORJ[�� 

VQ�   VLPSDQJDQ� EDNX� GDQ� SRSXODVL� DWDX� VDPSHO� QLODL�

ORJDULWPDLN��OQ[�DWDX�ORJ[� 

<�   .DUDNWHULVWLN� GDQ� GLVLULEXVL� ORJ� QRUPDO�� %LVD� GL�

*DPEDU����3HUVHQWDVH�/XDV�'$6�\DQJ�GLSHQJDUXKL�
WLDS�VWDVLXQ�SHQJXNXU�KXMDQ 

�6XPEHU��+DVLO�3HUKLWXQJDQ� 

���� 

 

x

x
x

Y

ln

ln
ln

V

P�
 ���� 

GDSDW�GDUL�WDEHO�\DQJ�PHUXSDNDQ�IXQJVL�SUREDEL�

OLWDV�NXPXODWLI�GDQ�NRHILVLHQ�YDULDVL�&Y� 

$GDSXQ�SDUDPHWHU�GLVWULEXVL�ORJ�QRUPDO�GXD�SDUDPHWHU�

DGDODK�VHEDJDL�EHULNXW�� 

-�0RPHQ�SDQJNDW���GDUL�[�WHUKDGDS�WLWLN�SXVDW 

 

 

 

 

���+DVLO�GDQ�3HPEDKDVDQ 

��� 0RGHO� NRQWLQX� KXMDQ-GHELW� GHQJDQ� PHWRGH���

UHJUHVL�OLQLHU�JDQGD 

����� $QDOLVLV�NRUHODVL�GDQ�UHJUHVL�GHQJDQ�������GDQ�

��YDULDEHO 

������� .RHILVLHQ� NRUHODVL� KXMDQ� ZLOD\DK-GHELW�

PHWRGH�WKLHVVHQ�GDQ�DULWPHWLND 

.RHILVLHQ� NRUHODVL� DQWDUD� GHELW� GHQJDQ� KXMDQ� ZLOD\DK�

PHWRGH� 7KLHVVHQ� GDQ� DULWPHWLND� WLGDN� WHUGDSDW�

SHUEHGDDQ�\DQJ�PHQ\RORN�� UDWD-UDWD�NRHILVLHQ�NRUHODVL�

NHGXD� PHWRGH� LQL� KDPSLU� VDPD�� 8QWXN� SHUVDPDDQ�

UHJUHVL� OLQLHU� GHQJDQ� �� GDQ� �� YDULDEHO� PHWRGH�

DULWPHWLND� PHPSXQ\DL� QLODL� NRHILVLHQ� NRUHODVL� \DQJ�

OHELK� EHVDU�� VHGDQJNDQ�XQWXN�SHUVDPDDQ� UHJUHVL���GDQ�

�� YDULDEHO� PHWRGD� SROLJRQ� 7KLHVVHQ� \DQJ�PHPSXQ\DL�

NRHILVLHQ� NRUHODVL� \DQJ� OHELK� WLQJJL�� 'HQJDQ� PHOLKDW�

EHVDUQ\D� NRHILVLHQ� NRUHODVL� DQWDUD� NHGXD� PHWRGH�

SHQHQWXDQ� KXMDQ� ZLOD\DK� WHUVHEXW� \DQJ� KDPSLU� VDPD��

GHQJDQ�GHPLNLDQ�NHGXD�PHWRGH�LQL�GDSDW�GLSHUJXQDNDQ�

XQWXN�PHPSHUNLUDNDQ� KXMDQ�ZLOD\DK�GL�'$6�&LWDUXP�

6DJXOLQJ� 

 2/2
nn

emi
VPP �  ���� 

 � �12
22 �  nexx

VPV9DULDVL ���� 

 � � 2/1

1
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�  neCv
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.RHILVLHQ�YDULDVL� ���� 

*DPEDU����3HUEDQGLQJDQ�5DWD-UDWD�NRHILVLHQ�
NRUHODVL�KXMDQ�ZLOD\DK�GHELW�0HWRGH�7KLHVVHQ�YV�

$ULWPHWLND 
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������� .RHILVLHQ� .RUHODVL� +XMDQ� %XODQ� Q� -� 'HELW�

%XODQ�Q����0DVLQJ-PDVLQJ�6WDVLXQ 

8QWXN� PHQJHWDKXL� VWDVLXQ� PDQD� \DQJ� SDOLQJ� HUDW�

KXEXQJDQQ\D� GDODP� PHPSHUNLUDNDQ� GHELW� SDGD� EXODQ�

EHULNXWQ\D�PDND�GLODNXNDQ� DQDOLVLV� WHUKDGDS�NRHILVLHQ�

NRUHODVL�DQWDUD�FXUDK�KXMDQ�SDGD�PDVLQJ-PDVLQJ�VWDVLXQ�

SHQJXNXU� KXMDQ� GHQJDQ� EXODQ� EHULNXWQ\D� XQWXN� VHWLDS�

EXODQQ\D��'DQ� KDVLO� DQDOLVLV� LQL� DNDQ� GLSLOLK� �� VWDVLXQ�

\DQJ� SDOLQJ� EHVDU� NRHILVLHQ� NRUHODVLQ\D� VHWLDS�

EXODQQ\D�� 'DWD� GDUL� NHWLJD� VWDVLXQ� SHQJXNXU� LQL� DNDQ�

GLSHUJXQDNDQ�VHEDJDL�YDULDEHO�EHEDV�SDGD�PRGHO�KXMDQ

-GHELW� KHWHURJHQ�� -DGL� SDGD� PRGHO� KXMDQ-GHELW�

KHWHURJHQ�� VWDVLXQ� SHQJXNXU� \DQJ� GLSHUJXQDNDQ�

EHUEHGD-EHGD� VHWLDS� EXODQQ\D�� VHGDQJNDQ� SDGD� PRGHO�

KXMDQ-GHELW� KRPRJHQ� DNDQ� GLSHUJXQDNDQ� �� VWDVLXQ�

SHQJXNXU�\DQJ�VDPD�VHWLDS�EXODQQ\D� 

8QWXN�PHPLOLK� �� VWDVLXQ� SHQJXNXU� SDGD�PRGHO� KXMDQ-

GHELW� KRPRJHQ� GLSLOLK� SHQJXNXU� \DQJ� SDOLQJ� VHULQJ�

PXQFXO� VHWLDS� EXODQQ\D� VHEDJDL� VWDVLXQ� \DQJ� EHVDU�

NRHILVLHQ� NRUHODVLQ\D�� 'DQ� KDVLO� SHUKLWXQJDQ�

GLGDSDWNDQ� VWDVLXQ� SHQJXNXU� &LQ\LUXDQ� PXQFXO�

VHEDQ\DN� �� NDOL� VHEDJDL� VWDVLXQ� \DQJ� SDOLQJ� EHVDU�

NRHILVLHQ� NRUHODVLQ\D�� VHGDQJNDQ� VWDVLXQ� 0DODEDU� GDQ�

0DMDOD\D� PXQFXO� VHEDQ\DN� ��� PDND� NHWLJD� VWDVLXQ�

LQLODK�\DQJ�DNDQ�GLSHUJXQDNDQ�SDGD�PRGHO�KXMDQ-GHELW�

KRPRJHQ� 

������� +DVLO� SHUEDQGLQJDQ� NRHILVLHQ� EHUEDJDL���

PRGHO�UHJUHVL�OLQLHU�JDQGD 

'DUL� KDVLO� SHUEDQGLQJDQ� EHUEDJDL� PRGHO� UHJUHVL� OLQLHU�

\DQJ�GLJXQDNDQ��SHUVDPDDQ�UHJUHVL�OLQLHU�JDQGD�GHQJDQ�

��YDULDEHO�PHPSXQ\DL�UDWD-UDWD�NRHILVLHQ�NRUHODVL�\DQJ�

WHUEHVDU�� GDQ� SDGD� EHUEDJDL� PDFDP� SHUVDPDDQ� UHJUHVL�

OLQLHU�JDQGD�GHQJDQ���YDULDEHO� LQL�QLODL�NRHILVLHQ�NRUH�

ODVL� WHUEHVDU� GLSHUROHK� SDGD�PRGHO� KXMDQ-GHELW� KHWHUR�

JHQ�\DLWX�VHEHVDU�������VHGDQJNDQ�XUXWDQ�NHGXD�DGDODK�

PRGHO� KXMDQ-GHELW� KRPRJHQ� VHEHVDU� ������� NHGXD���

PRGHO� LQLODK� \DQJ� GLSLOLK� VHEDJDL� PRGHO� WHUEDLN� \DQJ�

DNDQ�GLSHUJXQDNDQ�XQWXN�PHQJDQWLVLSDVL�GHELW�DLU�\DQJ�

PDVXN� NH� ZDGXN� 6DJXOLQJ�� GDQ� DNDQ� GLXML� EDJDLPDQD�

*DPEDU����.RHILVLHQ�.RUHODVL�+XMDQ�%XODQ�Q-�GHELW�EXODQ�Q���0DVLQJ-PDVLQJ�VWDVLXQ 

VHQVLWLILWDV� NHGXD� PRGHO� WHUKDGDS� PRGHO� RSWLPDVL����

SURJUDP� GLQDPLN� %HOOPDQ� \DQJ� DNDQ� GLEHQWXN� XQWXN�

SHQJRSWLPDVL�SHQJRSHUDVLDQ�ZDGXN�DLU�6DJXOLQJ�� 

����� $QDOLVLV� NRUHODVL� GDQ� UHJUHVL� GHQJDQ� VWHS�

UHJUHVL�HOHPLQDVL�NHEHODNDQJ���YDULDEHO 

3DGD� FDUD� NHGXD� LQL� ODQJVXQJ� GLSLOLK� UHJUHVL� OLQLHU�

JDQGD� �� YDULDEHO� PRGHO� KXMDQ-GHELW� KHWHURJHQ��

SHUEHGDDQQ\D� LDODK� GDODP� SHPLOLKDQ� VWDVLXQ� RSWLPXP�

VHWLDS� EXODQQ\D�� 3DGD� FDUD� SHQJHUMDDQ� VWHS� UHJUHVL� LQL�

SHUWDPD-WDPD�GLSLOLK�VHPXD�FDORQ�YDULDEHO�EHEDV�XQWXN�

PRGHO� UHJUHVL� OLQLHU�JDQGD� \DQJ�DNDQ�GLEHQWXN�'L� VLQL�

FDORQ�YDULDEHO�EHEDV�\DQJ�GLSLOLK�LDODK�GDWD�FXUDK�KXMDQ�

GDUL� �� VWDVLXQ� SHQJXNXU� GLWDPEDK� GDWD� GHELW� SDGD� ��

EXODQ� VHEHOXPQ\D� GDQ� GDWD� GHELW� VDWX� EXODQ�

VHEHOXPQ\D�� 3DGD� DNKLU� SHQ\HOHVDLDQ� VWHS� UHJUHVL� LQL�

DNDQ�GLEDWDVL�KDQ\D���YDULDEHO�EHEDV�\DQJ�PHPEHQWXN�

SHUVDPDDQ� UHJUHVL� OLQLHU� JDQGD� \DQJ� PHPEHULNDQ�

NRHILVLHQ� NRUHODVL� \DQJ� WHUEHVDU�� +DVLO� SHUVDPDDQ���

UHJUHVL�OLQLHU�JDQGD�LQL�GDSDW�GLOLKDW�SDGD�7DEHO������ 

 

Q(Q1)
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SPPQ(Q1)-HE 
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%XODQ 3HUVDPDDQ 7DUDI�1\DWD 6GW�(UURU 5� U 

-DQXDUL �������������3�����������3����-������3��� ������ ������� �������� ������ 
)HEUXDUL �����������4��-������3����-�����3��� ����� ������� �������� ������ 
0DUHW �������������4��������3�����������3��� ������ ������ �������� ������ 
$SULO �������������4��-������3����-������3��� ������ ������ �������� ������ 
0HL -�������������4��������4���������3��� ����� ������� �������� ������ 
-XQL �������������4���������3�����������3��� ����� ������� �������� ������ 
-XOL �������������3����-������3�����������3��� ������ ������� �������� ������ 
$JXVWXV ������������4��������3����-������3��� � ������� �������� ������ 
6HSWHPEHU �����������4��������3����-������3��� � ������� ������� ������ 
2NWREHU ������-������3���������3����������3��� ����� ������ ������� ������ 
1RYHPEHU ������������4���������3���������3��� � ������� �������� ������ 
'HVHPEHU ��������������3����-�����3�����������3��� ������ ������� �������� ����� 

7DEHO����0RGHO�WHUEDLN�KDVLO�UHJUHVL�EHUWDKDS�HPSDW�YDULDEHO 

����� $QDOLVLV� NRUHODVL� GDQ� UHJUHVL� GHQJDQ� VWHS�

UHJUHVL�HOHPLQDVL�NHEHODNDQJ�WHUKDGDS�MXPODK�

YDULDEHO�RSWLPXP 

7HUKDGDS� -XPODK� 9DULDEHO� 2SWLPXP�� SDGD� PHWRGH�

SHQJHUMDDQ� \DQJ� NHWLJD� LQL� WLGDN� DGD� SHPEDWDVDQ�

WHUKDGDS� MXPODK�YDULDEHO� EHEDV� \DQJ�DNDQ�PHPEHQWXN�

SHUVDPDDQ� UHJUHVL� OLQLHU� JDQGD�� WHWDSL� GLVLQL� GLFDUL�

MXPODK�RSWLPXP�YDULDEHO�EHEDV�\DQJ�DNDQ�PHPEHQWXN�

PRGHO�� .ULWHULD� \DQJ� GLSHUJXQDNDQ� XQWXN� PHQFDUL�

MXPODK�YDULDEHO�RSWLPXP�LDODK�GLOLKDW�GDUL�SHUWDPEDKDQ�

NRHILVLHQ� GHWHUPLQDVLQ\D�� 3DGD� VHWLDS� SHQDPEDKDQ�

MXPODK� YDULDEHO� DNDQ� WHUMDGL� SHQDPEDKDQ� NRHILVLHQ�

GHWHUPLQDVL��WHWDSL�SDGD�VXDWX�VDDW�DNDQ�WHUOLKDW�GHQJDQ�

SHQDPEDKDQ� MXPODK� YDULDEHO� EHEDV� WLGDN� DNDQ�

PHPEHULNDQ� ODJL� NHQDLNDQ� NRHILVLHQ� GHWHUPLQDVL� \DQJ�

EHUDUWL�� KDO� LQL� EHUDUWL� EDKZD� SHQDPEDKDQ� MXPODK�

YDULDEHO� EHEDV� WLGDN� HIHNWLI� ODJL�� .ULWHULD� NHGXD� \DQJ�

GLJXQDNDQ� DGDODK� QLODL� UDWD-UDWD� HUURU� NXDGUDW� DWDX�

06(�� 6HFDUD� XPXP� 06(� PHQXUXQ� MLND� MXPODK�

YDULDEHO�EHEDV�GLWDPEDK��WHWDSL�KDO�LQL�WLGDN�DNDQ�VHODOX�

WHUMDGL� GHPLNLDQ�� 3HQHQWXDQ� MXPODK� YDULDEHO� EHEDV�

RSWLPXP� GDSDW� GLWHQWXNDQ� GHQJDQ� PHOLKDW� QLODL� 06(�

\DQJ� WHUNHFLO�� SDGD� JUDILN� KDVLO� SHUKLWXQJDQ� GDSDW�

GLOLKDW� EDKZD�XPXPQ\D�SDGD� QLODL�06(�\DQJ� WHUNHFLO�

DNDQ� WHUOLKDW� QLODL� NRHILVLHQ� GHWHUPLQDVL� VXGDK�

PHQGHNDWL�NRQVWDQ��3DGD� WLWLN� LQLODK�GLSLOLK�SHUVDPDDQ�

UHJUHVL�\DQJ�WHUEDLN�GDSDW�GLOLKDW�SDGD�*DPEDU��� 

*DPEDU����3ORW�5��GDQ�06(�WHUKDGDS�MXPODK�YDULDEOH�EHEDV�EXODQ�-DQXDUL 

����0RGHO�GLVNULW�FKDLQ�PDUNRY�GHELW�DLU 

������D��3URVHVXV�FKDLQ�PDUNRY 

$QDOLVLV� GHELW� EXODQDQ� GDODP� IXQJVL� ZDNWX� XPXPQ\D�

PXQFXO� HNVLVWHQVL� NHWHUJDQWXQJDQ� VWRNDVWLN�� \DLWX�

NHWHUJDQWXQJDQ�XQWXN�PHPSHUWDKDQNDQ�VLIDW-VLIDW�SHOX�

DQJ� \DQJ� EHUKXEXQJDQ� GHQJDQ� XUXWDQ-XUXWDQ�����������

NHMDGLDQQ\D�� 3URVHV� 0DUNRY� DGDODK� VLVWHP� VWRNDVWLN�

\DQJ� PHPSXQ\DL� NDUDNWHU� EDKZD� WHUMDGLQ\D� VXDWX�

NHDGDDQ� �VWDWH�� SDGD� VXDWX� VDDW� EHUJDQWXQJ� SDGD� GDQ�

KDQ\D�SDGD�NHDGDDQ� �VWDWH�� VHEHOXPQ\D��0DND�DSDELOD�

W�� �� W�««�WQ��Q�  ��� ������ \DQJ� PHQ\DWDNDQ� WLWLN-WLWLN�

ZDNWX��NXPSXODQ�YDULDEHO�UDQGRP�^;�WQ�`�DGDODK�VXDWX�

SURVHV�0DUNRY�MLND�PHPHQXKL�VLIDW�EHULNXW�LQL��� 

�3�^;�7Q�� �;Q,;�WQ-��� �;Q-������;�WR�� �;�`� �3�^;�WQ��

 � ;Q,;�WQ-���  � ;Q-�`� XQWXN� VHOXUXK� KDUJD� ;�WR��� ;�W����

««���;�WQ������������������������������  �������������� 

3UREDELOLWDV�3�[Q-��[Q� �3�^;�WQ�� �;Q,;�WQ-��� �;Q-�`�DWDX�

3LM �3^;�WQ� M�;�WQ-�� L`�������  �������������� 

GLVHEXW� VHEDJDL� SUREDELLWDV� WUDQVLVL�� <DQJ�PHQ\DWDNDQ�

SUREDELOLWDV�EHUV\DUDW�GDUL�VLVWHP�SDGD�NHDGDDQ��M��SDGD�

VDDW� WQ-�� MLND� GLNHWDKXL� EDKZD� VLVWHP� LQL� EHUDGD� GDODP�

NHDGDDDQ��L��SDGD�VDDW�WQ-��GDQ�GLDVXPVLNDQ�SUREDELOLWDV�

LQL� WHWDS� VHSDQMDQJ� ZDNWX�� DWDX� SHOXDQJ� NHMDGLDQ� M���

WHUMDGL�ELOD�GLNHWDKXL�NHMDGLDQ�L�WHUMDGL� 
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Nuraeni 

%XODQ 3HUVDPDDQ -XPODK 6WG 5� U 7DUDI 
    9DULDEHO (UURU     1\DWD 
    %HEDV         

-DQXDUL 
�������������3����-������3����������3����-������
3��� � ����� ��� ���� ������ 

)HEUXDUL 
�������������4���������3����-������3����-������3����
������3����-�����3��� � ����� ���� ��� ����� 

0DUHW 
������-�����4���������4���������3�����������3������
�����3����-������3�����������3��� � ����� ��� ���� ������ 

$SULO 
��������������4��-������4���������3����-������3����
-������3����-������3����-������3����-������3��� � ����� ���� ���� ������ 

0HL 
-�����������4���������4���������3����-������3������
����3�����������3��� � ����� ���� ���� ������ 

-XQL 
�������������4��������3����-������3�����������3����
�������3�����������3����-������3����������3��� � ����� ���� ��� ����� 

-XOL 
-�����������4���������3����-������3����-������3������
�����3�����������3����-������3��� � �� ���� ���� ������ 

$JXVWXV ������������4���������3����-������3��� � ����� ���� ��� � 

6HSWHPEHU 
������������4��-������4���������3����-������3����-�
�����3����-������3����-������3�����������3��� � ��� ���� ���� � 

2NWREHU 
������������4���������3�����������3����-������3����
�������3�����������3��� � ����� ���� ���� ������ 

1RYHPEHU ������������4���������3����������3��� � ����� ��� ���� � 

'HVHPEHU 
�������������4�������3����-������3����-������3����-�
�����3����-������3�����������3��� � ����� ���� ���� ������ 

7DEHO����0RGHO�WHUEDLN�KDVLO�UHJUHVL�EHUWDKDS�PHWRGH�HOHPLQDVL�NH�EHODNDQJ� 
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*DPEDU����3HUEDQGLQJDQ�NRHILVLHQ�NRUHODVL�PRGHO�UHJUHVL�OLQLHU�JDQGD� 

8QWXN� VXDWX�&KDLQ�0DUNRY� GHQJDQ�1� NHDGDDQ��PDND�

SUREDELOLWDV� WUDQVLVL� GDUL� NHDGDDDQ� ;Q-��� DWDX� �L�� NH�

NHDGDDDQ� ;Q� DWDX� �M�� LQL� DNDQ� OHELK� PXGDK� GLVXVXQ��

GDODP� EHQWXN�PDWULNV� 3� EHUXNXUDQ�1[1�� GHQJDQ�1�  �

QP�GL� PDQD� Q� DGDODK� EDQ\DNQ\D� NHDGDDQ� �NODV�� GDQ�P�

DGDODK�NHWHUJDQWXQJDQ�&KDLQ�0DUNRY�GDODP�P-�VHODQJ�

ZDNWX� 

������3URVHVXV�PXOWLNODV�RUGH�VDWX� 

0XOWLNODV� DGDODK� ELOD� VLVWHP� PHQJDQGXQJ� Q-NHDGDDQ�

�NODV�� \DQJ� EHUEHGD� GL� PDQD� Q� OHELK� EHVDU� GDUL� GXD��

-LND� NHDGDDQ� GHELW� EXODQ� WQ� KDQ\D� WHUJDQWXQJ� SDGD�

NHDGDDQ� GHELW� VDWX� VDWXDQ� ZDNWX� VHEHOXPQ\D� �WQ-���

PDND� SURVHVXV� GLVHEXW� SURVHVXV� RUGH� VDWX�� VHKLQJJD�

DNDQ� GLSHUROHK� PDWULN� WUDQVLVL� EHUXNXUDQ� 1[1� \DQJ�

GDSDW�GLJDPEDUNDQ�VHEDJDL�EHULNXW�� 

.HDGDDQ�
'HELW .HDGDDQ�'HELW�:DNWX�WQ 

:DNWX�WQ-� � � � « 1 

� 3�� 3�� 3�� «� 3�1 

� 3�� 3�� 3�� «� 3�1 

� 3�� 3�� 3�� «� 3�1 

«� «� «� «� «� «� 
1 31� 31� 31� 311 311 

7DEHO����0DWULN�WUDQVLVL�RUGH�VDWX 

'LPDQD���3LM� �3URE�^;WQ� �M�;WQ-�� �L`������������������������� 

3LM� PHQ\DWDNDQ� SUREDELOLWDV� WUDQVLVL� NHDGDDQ� GHELW� M�

SDGD� ZDNWX� WQ�� GHQJDQ� PHQJHWDKXL� EDKZD� NHDGDDQ��

GHELW�L�WHODK�GLUHDOLVDVLNDQ�SDGD�ZDNWX�WQ-��PDND�� 

 

 

���� 
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0DWULN�7UDQVLVL�RUGH�VDWX�PHPLOLNL�VLIDW�PDWULN�VWRNDV�

WLN�GDQ�PHPSXQ\DL�KXEXQJDQ�VHEDJDL�EHULNXW�� 

$L����$L����$L�� ���GLPDQD���,� ������GDQ�� 

������3HPLOLKDQ�GLVWULEXVL�IUHNXHQVL� 

'DWD�GHELW�DLU�ELVWRULN�:DGXN�6DJXOLQJ�GLSORW�WHUKDGDS�

�� NHPXQJNLQDQ� GLVWULEXVL� \DQJ� GLSLOLK� \DLWX� GLVWULEXVL�

QRUPDO� DWDX� ORJ� QRUPDO�� 'DODP� SHPLOLKDQ� GLVWULEXVL�

\DQJ� SDOLQJ� PHQGHNDWL� VHEDUDQ� GDWD� GHELW� KLVWRULV�

6366�� GLPDQD� SHUDQJNDW� OXQDN� LQL� DNDQ�PHPSORW� GDWD�

KLVWRULN� WHUKDGDS� GLVWULEXVL� \DQJ� GLSLOLK� VHNDOLJXV����

PHODNXNDQ� XML� VWDWLVWLN� EHUXSD� XML� &KL� .XDGUDW�� GDQ�

KDVLO�XML�VWDWLVWLN�LQL�DNDQ�GLSHUROHK�EHVDUQ\D�WDUDI�Q\DWD�

�D�� SDGD� SHQHULPDDQ� GLVWULEXVL� \DQJ� GLSLOLK�� 0RGHO�

GLVWULEXVL� IUHNXHQVL� \DQJ�PHPSXQ\DL� WDUDI� Q\DWD� \DQJ�

WHUNHFLO� \DQJ� GLSLOLK� VHEDJDL� GLVWULEXVL� IUHNXHQVL� \DQJ�

SDOLQJ� PHQGHNDWL� VHEDUDQ� GLVWULEXVL� QRUPDO�� 6HODLQ�

SHPLOLKDQ� GLVWULEXVL� IUHNXHQVL� SHUDQJNDW� OXQDN� 6366�

GDSDW� GLJXQDNDQ� XQWXN�PHQHQWXNDQ� EHVDUQ\D� GHELW� DLU�

\DQJ�GLGLVWULEXVLNDQ�NH�GDODP���NODV�� 

������3HPEHQWXNDQ�PDWULN�WUDQVLVL� 

6HWHODK� GLODNXNDQ� GLVWULEXVL� GHELW� PHQMDGL� WLJD� NODV�

PDND�GDSDW�GLEHQWXN�PDWULN�WUDQVLVL�WLJD�NODV�RUGH�VDWX��

+DVLO� SHUKLWXQJDQ� PDWULN� WUDQVLVL� GDSDW� GLOLKDW� SDGD�

7DEHO��� 

������H��6LPXODVL� 

3DGD�SURVHV�VLPXODVL� LQL�� LQLVLDO�SUREDELOLWDV�XQWXN�WLJD�

NODV� RUGH� VDWX� GLDPELO� SDGD� NHDGDDQ� GHELW� DLU� EDVDK��

&RQWRK�KDVLO�VLPXODVL�GDSDW�GLOLKDW�SDGD�7DEHO���� 

��� +DVLO� SHQJXMLDQ� VHQVLWLILWDV� PRGHO� NRQWLQX�

KXMDQ� GHELW� GDQ� PRGHO� GLVNULW� GHELW� DLU�

WHUKDGDS�WUD\HN�RSWLPXP�EHOOPDQ 

'DUL� EHUEDJDL� SHUFREDDQ� SHQJJXQDDQ� WUD\HN� YROXPH�

ZDGXN� RSWLPDO� SDGD� NRQGLVL� GHELW� LQSXW� :DGXN�

6DJXOLQJ� \DQJ� EHUYDULDVL� PXODL� GDUL� NHDGDDQ� GHELW�

HNVWULP� NHULQJ�� QRUPDO� VDPSDL� GHELW� HNVWULP� EDVDK��

WHUQ\DWD� KDQ\D� WUD\HN� YROXPH� ZDGXN� RSWLPDO� SDGD�

NRQGLVL� GHELW� HNVWULP� NHULQJ� VDMD� \DQJ� GDSDW�

GLSHUJXQDNDQ� XQWXN� SHQJRSHUDVLDQ� :DGXN� 6DJXOLQJ�

SDGD�EHUEDJDL�NRQGLVL�GHELW�\DQJ�PDVXN�ZDGXN��NDUHQD�

SHQJJXQDDQ�WUD\HN�YROXPH�ZDGXN�RSWLPDO�SDGD�NRQGLVL�

QRUPDO� WLGDN� GDSDW� PHQJDQWLVLSDVL� ODJL� NRQGLVL� GHELW�
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