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7KH�SDSHU�RXWOLQHV�WKH�SXUSRVH�RI�SDQHO�HQWULHV LQ�ORQJZDOO�PLQLQJ UHWUHDW�PHWKRG��&RDO�VHDPV�ZLWK�D�GHSWK�RI�
FRYHU���������PHWHUV�LV�FODVVLILHG�DV�GHHS��LW�LV�QHFHVVDU\�WR�VWXG\�D�JHRORJLFDO�PRGHO��JHRWHFKQLFDO�FRQGLWLRQV�RI�
URFN�PDVVHV�RQ�FRDO�SLOODUV�DV�D�GLVWULEXWLRQ�GXH�WR�PLQLQJ�LQ�RUGHU�WR�PDLQWDLQ�VWDELOLW\�RI�DQ�RSHQLQJ�WXQQHO� 7KH�
VWXG\� SUHVHQWV�D�PHWKRGRORJ\�RI�SLOODU�GHVLJQ�EDVHG�RQ�QXPHULFDO�ILQLWH�HOHPHQW�PHWKRG��)(0��PRGHOHG�XVLQJ�
3KDVH���5RFVFLHQFH��VRIWZDUH�VR�WKDW�WKH�ORQJZDOO�PHWKRG�PLQH�GHVLJQ�FDQ�EH�XVHG�RSWLPDOO\�DQG�WDNH�LQWR�VDIHW\�
DQG�HFRQRPLFDOO\ DVSHFW�

.H\ZRUG� FRDO��XQGHUJURXQG PLQLQJ��ORQJZDOO�PHWKRG

$%675$.

0DNDODK�LQL�PHQJXUDLNDQ�UHQFDQD�SHQDPEDQJDQ�EDWXEDUD�WDPEDQJ�EDZDK�WDQDK�GHQJDQ�PHWRGH�ORQJZDOO�PXQGXU�
�UHWUHDWLQJ���/DSLVDQ�EDWXEDUD�GHQJDQ�NHGDODPDQ���������PHWHU�GLJRORQJNDQ�WDPEDQJ�GDODP��SHUOX�PHPSHODMDUL�
PRGHO�JHRORJL��NRQGLVL�JHRWHNQLN�PDVVD�EDWXDQ�SDGD�SLODU�EDWXEDUD�VHEDJDL�GLVWULEXVL�DNLEDW�SHQDPEDQJDQ�XQWXN�
PHQMDJD�VWDELOLWDV�SDGD�MDODQ�WDPEDQJ��SDQHO�HQWULHV���6WXGL�LQL�PHQ\DMLNDQ�PHWRGRORJL�GHVDLQ�SLODU�EHUGDVDUNDQ�
PHWRGH�HOHPHQ�KLQJJD��)(0��\DQJ�GLPRGHONDQ�PHQJJXQDNDQ�SHUDQJNDW� OXQDN�3KDVH���5RFVFLHQFH�� VHKLQJJD�
GHVDLQ�WDPEDQJ�PHWRGH�ORQJZDOO�GDSDW�GLJXQDNDQ�VHFDUD�RSWLPDO�\DQJ�PHPSHUWLPEDQJNDQ�DVSHN�NHVHODPDWDQ�
GDQ�HNRQRPLV�

.DWD�NXQFL��EDWXEDUD��WDPEDQJ�EDZDK�WDQDK��PHWRGH�ORQJZDOO

3(1'$+8/8$1

/DWDU�%HODNDQJ

'DODP� UDQJND� UHQFDQD� SHQDPEDQJDQ� EDZDK� WDQDK�
GHQJDQ� PHWRGH� ORQJZDOO 37�� %XNLW� $VDP�� 7EN�
�3HUVHUR�� PHODNXNDQ� SHQ\HOLGLNDQ� HNVSORUDVL�
ODQMXWDQ�GHQJDQ�FDUD�SHQJHERUDQ�JHRWHNQLN�GDODP��
GDODP� JXQD� PHODNXNDQ� SHQJNDMLDQ� XODQJ� PRGHO�
JHRORJL�NHPHQHUXVDQ�VHEDUDQ�HQGDSDQ�EDWXEDUD��GDQ�
NRQGLVL� VWUDWLJUDIL�EDWXDQ�GLGDHUDK�SHQHOLWLDQ��VHUWD�
XQWXN� PHQJHWDKXL� VLIDW� ILVLN� GDQ� PHNDQLN� EDWXDQ�
XWXK� VHEDJDL� SDUDPHWHU� XQWXN� DQDOLVLV� NHVWDELODQ�
SDGD�WDPEDQJ�EDZDK�WDQDK�
%HUGDVDUNDQ� DWDV� EHEHUDSD� SHUWLPEDQJDQ�
GLDQWDUDQ\D�� NRQGLVL� JHRORJL� DUHD� SHQDPEDQJDQ�
WHUXWDPD� NHEHUDGDDQ� ODSLVDQ� EDWXEDUD� \DQJ� DNDQ�
GLWDPEDQJ� WRSRJUDIL� GDQ� PRUIRORJL� GL� DWDV� DUHD�
UHQFDQD� SHQDPEDQJDQ�� NRQGLVL� SHUPXNDDQ� EHNDV�
2SHQ�SLW�GL�VHNLWDU�UHQFDQD�PXOXW�WDPEDQJ��NRQGLVL�
JHRWHNQLN�PDVVD�EDWXDQ�DWDS��URRI��GDQ�EDWXDQ�ODQWDL�
�IORRU��� WDUJHW� SURGXNVL� \DQJ� GLLQJLQNDQ� GDQ�
SHUDODWDQ� \DQJ� DNDQ� GLJXQDNDQ�� PDND� PHWRGH�

WDPEDQJ� EDZDK� WDQDK� \DQJ� GLSLOLK� DGDODK� PHWRGH�
/RQJZDOO�PXQGXU��UHWUHDWLQJ��
3HQDPEDQJDQ� EDWXDEDUD� GHQJDQ� PHWRGH� ORQJZDOO
PHPLOLNL� UHVLNR� \DQJ� EHVDU� WHUKDGDS� NHUXQWXKDQ�
DWDS� OXEDQJ� EXNDDQ� GDQ� SDQHO� SHQDPEDQJDQ�� +DO�
WHUVHEXW� GLSHQJDUXKL� ROHK� IDNWRU� NHVWDELODQ� GDUL�
OXEDQJ� EXNDDQ� GDQ� MXJD� SLODU� EDWXEDUD� VHEDJDL�
SHQ\DQJJD� DODPLDK� SDGD� DUHD� SHQDPEDQJDQ��
'HQJDQ� SHUPDVDODKDQ� WHUVHEXW� GLSHUOXNDQ� VXDWX�
NDMLDQ�JHRWHNQLN�WHUKDGDS�UDQFDQJDQ�SLODU�EDWXEDUD�
EDZDK� WDQDK�� DJDU� NHJLDWDQ� SHQDPEDQJDQ� GDSDW�
GLNHUMDNDQ�GHQJDQ�DPDQ�GDQ�ODQFDU�

5XPXVDQ�0DVDODK

6XVXQDQ� EDWXDQ� SDGD� HQGDSDQ� EDWXEDUD� GLGDHUDK�
SHQHOLWLDQ� WHUGLUL� GDUL� SHUODSLVDQ� EDWXSDVLU��
EDWXOHPSXQJ��EDWXODQDX��GDQ�EDWXOHPSXQJ�
NDUERQDQ�� \DQJ� WHUPDVXN� GDODP� NODVLILNDVL� EDWXDQ�
OXQDN�GHQJDQ�NRQGLVL�VDQJDW�MHOHN��YHU\�ZHDN�URFN��
GHQJDQ�NXDW�WHNDQ�����03D��%LHQLDZVNL���������+DO�
LQL� PHQJDNLEDWNDQ� WHUMDGLQ\D� SRWHQVL� UHVLNR�
NHUXQWXKDQ�DWDS�SDGD�DUHD�SHQDPEDQJDQ�\DQJ�OHELK�
EHVDU�



�

$VSHN� NHVHODPDWDQ� GDQ� NHDPDQDQ� �VDIHW\��
PHUXSDNDQ� IDNWRU� XWDPD� \DQJ� KDUXV� GLSHUKDWLNDQ�
GDODP�NHJLDWDQ�SHQDPEDQJDQ��2OHK�VHEDE�LWX��IDNWRU�
VWDELOLWDV�GDUL�UDQFDQJDQ�SHQDPEDQJDQ�EDZDK�WDQDK�
KDUXV� GLSHUKLWXQJNDQ� VHFDUD� NRPSUHKHQVLI� GDQ�
PHPHQXKL� EDWDV� NHDPDQDQ� \DQJ� WHODK� GLWHQWXNDQ��
'DODP� SHQHOLWLDQ� LQL� VLPXODVL� SDGD� GLVHOHVDLNDQ�
DGDODK�PHPEXDW� NDMLDQ� JHRWHNQLN� EDWXEDUD� EDZDK�
WDQDK�VHKLQJJD�DNDQ�GLGDSDWNDQ�VWDELOLWDV�UDQFDQJDQ�
OXEDQJ� EXNDDQ� GDQ� SLODU \DQJ� DPDQ� GDQ� VHVXDL�
VWDQGDU�\DQJ�WHODK�GLWHQWXNDQ�

7XMXDQ�3HQHOLWLDQ

$GDSXQ� WXMXDQ� GDUL� SHQHOLWLDQ� \DQJ� GLODNXNDQ�
DGDODK��

�� 0HODNXNDQ� NDMLDQ� JHRWHNQLN� WHUKDGDS�
UDQFDQJDQ�OXEDQJ�EXNDDQ��SDQHO HQWULHV�

�� 0HODNXNDQ� NDMLDQ� JHRWHNQLN� WHUKDGDS�
UDQFDQJDQ�SLODU��ULE�SLOODU�

7,1-$8$1�3867$.$

/RQJZDOO�0LQLQJ

/RQJZDOO�PLQLQJPHUXSDNDQ�SHQDPEDQJDQ�EDWXEDUD�
\DQJ� UDWD� GDQ� EHUEHQWXN� WDEXODU�� +DO� LQL�
PHPXQJNLQNDQ�XQWXN�SHQDPEDQJDQ�KDPSLU�VHOXUXK�
VXPEHUGD\D�GDSDW�WHUDPELO��3ULQVLS�ORQJZDOO�DGDODK�
EDJLDQ�DUHD�\DQJ�GLWDPEDQJ�PHQJDODPL�NHUXQWXKDQ�
�*DPEDU� ������ $NVHV� MDODQ� GLJDOL� GL� VHNLWDU� SDQHO�
PHPEHQWXN�SLODU�\DQJ�GLJXQDNDQ�XQWXN�PHOLQGXQJL�
DWDS��URRI���-DODQ�PDVXNQ\D�SDQHO�GLVHEXW�KHDGJDWH�
GDQ� NHOXDUQ\D� SDQHO� GLVHEXW� WDLOJDWH�� /HEDU� SDQHO�
SHQDPEDQJDQ� \DQJ� GDSDW� GLEHQWXN� KLQJJD� ����
PHWHU��GHQJDQ�3DQMDQJ�SDQHO�KLQJJD������PHWHU�GDQ�
NHWLQJJLDQ�SDQHO�KLQJJD�����PHWHU��:HQ]HO�������

*DPEDU� ���� 0HWRGH� 3HQDPEDQJDQ� /RQJZDOO�
0LQLQJ��(LFNKRII�&R�������

6HODPD� SURVHV� HNVWUDNVL� EDWXEDUD� DNDQ� GLWDPEDQJ�
ROHK� VKHDUHU GHQJDQ� OHEDU� SRWRQJDQ� VHNLWDU� �����
����� PHWHU� �3HQJ�� ������ GDQ� GLODNXNDQ� VHFDUD�
NRQWLQ\X�� %HOW� FRQYH\RU GLJXQDNDQ� XQWXN�
PHQJDQJNXW� EDWXEDUD� \DQJ� WHODK� GLWDPEDQJ� NH�
ORURQJ� VDPSLQJ�� .HWLND� VKHDUHU PHQFDSDL� XMXQJ�

SDQHO� GDQ� VKHDUHU DNDQ� PHQJJDOL� SDGD� SDQHO�
EHULNXWQ\D�� 6HPHQWDUD� VKHDUHU� EHUJHUDN�� URRI�
VXSSRUW� DNDQ� PDMX� PHQXMX� NH� IDFH� EDUX� GDQ�
PHQ\DQJJD� DWDS� GL� DWDV� XQWXN� PHQFHJDK�
NHUXQWXKDQ�� $WDS� GLEHODNDQJ� IDFH \DQJ� DNWLI�
GLELDUNDQ� UXQWXK�� VHEDJDL� GDPSDN� WHUVHEXW� WHUMDGL�
SHUJHUDNDQ� VWUDWD� \DQJ� PHQ\HEDENDQ� SHQXUXQDQ�
SHUPXNDDQ�

%LOD� GLWLQMDX� GDUL� DUDK� NHPDMXDQ� SHUPXNDDQ� NHUMD�
�ZRUNLQJ�IDFH���PDND�WHUGDSDW����GXD��PHWRGH�SDGD�
ORQJZDOO�� \DLWX� DGYDQFLQJ� �PDMX�� GDQ� UHWUHDWLQJ�
�PXQGXU���3HQMHODVDQQ\D�DGDODK�VHEDJDL�EHULNXW��

�� 6LVWHP�$GYDQFLQJ�/RQJZDOO�
3DGD� VLVWHP� ORQJZDOO�PDMX�� HNVWUDNVL� GLPXODL� GDUL�
PXOXW� PDVXN� VXDWX ]RQD� HNVWUDNVL� EDWXEDUD�� GDQ�
GLWHUXVNDQ� HNVWUDNVL� PDMX� PHQJDUDK� NH� GDODP�
VDPSDL� NHXMXQJ� SDQHO� HNVWUDNVL�� \DQJ� GLODNXNDQ�
VHFDUD� EHUVDPDDQ� XQWXN� ORURQJ� HNVWUDNVL� EDWXEDUD�
GDQ� SHUPXNDDQ� NHUMD�� VDPELO� PHPSHUWDKDQNDQ�
ORURQJ�JRE �*DPEDU������

*DPEDU����
0HWRGH�$GYDQFLQJ�/RQJZDOO

�� 6LVWHP�5HWUHDWLQJ /RQJZDOO�

3DGD�VLVWHP ORQJZDOO�PXQGXU� KHDGJDWH�GDQ�WDLOJDWH�
GLEXDW� WHUOHELK GDKXOX� SDGD� VXDWX� SDQHO�
SHQDPEDQJDQ� \DQJ� DNDQ� GLWDPEDQJ�� GHQJDQ�
SDQMDQJ�ORURQJ�GDQ�OHEDU�DUHD�SHQJJDOLDQ�GLWHQWXNDQ�
EHUGDVDUNDQ� NRQGLVL� JHRORJL� VHUWD� WHNQLN�
SHQDPEDQJDQ�\DQJ�VHVXDL��*DPEDU������

*DPEDU����
0HWRGH�5HWUHDWLQJ�/RQJZDOO

'HVDLQ�3LODU %DWXEDUD

3LODU� EDWXEDUD� DGDODK� EDJLDQ� GDUL� EDWXEDUD� \DQJ�
GLVLVDNDQ� XQWXN� PHQ\DQJJD� RYHUEXUGHQ� GDQ�
PHQMDJD� NHVWDELODQ� OXEDQJ� EXNDDQ�� 6HMDN� SLODU�
GLWHWDSNDQ� VHEDJDL� SHQ\DQJJD�� NHUXQWXKDQ� VDQJDW�
EHUSHQJDUXK� WHUKDGDS� PDVDODK� JURXQG� FRQWURO��
VHFDUD� WUDGLVLRQDO� SLODU� GLWHQWXNDQ� GHQJDQ�
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PHQFRFRNNDQ� EHEDQ� SLODU� GHQJDQ� NHNXDWDQ� SLODU��
%HEHUDSD� IDNWRU� \DQJ� KDUXV� GLSHUKDWLNDQ� XQWXN�
GHVDLQ�SLODU��\DLWX��
�� 6HMDUDK� SHPEHEDQDQ� \DQJ� GLKDUDSNDQ��

PHQFDNXS� SHPEHEDQDQ� SLODU� VHEHOXP� GDQ� VDDW�
SHQDPEDQJDQ�\DQJ�WHULPEDV�WHNDQDQ�DEXWPHQW�

�� 'LVWULEXVL�WHJDQJDQ�GDODP�SLODU
�� .HNXDWDQ�SLODU
�� ,QWHUDNVL�DQWDUD�DWDS��ODQWDL��GDQ�SLODU�
2OHK�NDUHQD�LWX�SHUPDVDODKDQ�SLODU�DGDODK�PDVDODK�
WLJD�GLPHQVL�� \DQJ�PDQD�PHQMHODVNDQ�EDKZD� WLGDN�
DGD�VDWXSXQ�UXPXVDQ�\DQJ�WHODK�EHUKDVLO�GLWHUDSNDQ�
GL� VHPXD� NRQGLVL�� 0DVDODKQ\D� KDQ\D� GDSDW�
GLVHOHVDLNDQ� GHQJDQ� PHPSHUWLPEDQJNDQ� VHPXD�
HPSDW� HOHPHQ� \DQJ� GLVHEXWNDQ� GL� DWDV� VHFDUD�
EHUVDPDDQ�GDODP�UDQFDQJDQ�SLODU��8QWXN�WXMXDQ�LQL�
DQDOLVLV� VWUXNWXU� VLPXODVL� WLJD� GLPHQVL� XUXWDQ�
SHQDPEDQJDQ� \DQJ� VHEHQDUQ\D� DGDODK� ODQJNDK�
XWDPD�NH�GHSDQ�

3HPEHEDQDQ�SLODU

3DGD� WDPEDQJ�EDWXEDUD�EDZDK�WDQDK�DGD�GXD� MHQLV�
NRQGLVL� SHPEHEDQDQ� \DLWX� PHQ\DQJJD� GHQJDQ�
VHUDJDP EHEDQ�GDUL�SHUODSLVDQ�SDGD�SLODU�VHUWD�VDWX�
VHWHQJDK�OHEDU�HQWU\�GL�VHWLDS�VLVL�SLODU��*DPEDU�����

*DPEDU����
7ULEXWDU\�$UHD��2EHUW�DQG�'XYDO�������

-DGL�GDODP�OHWDN�URRP�DQG�SLOODU�WHJDQJDQ�UDWD�UDWD�
SLODU�DGDODK��*DPEDU������XQWXN�SLODU�SHUVHJL�

*DPEDU����

.RQGLVL�SHPEHEDQDQ�SLODU��2EHUW�GDQ�'XYDOO��
�����
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'LPDQD�ı�  �3�:Sð�DGDODK�WHJDQJDQ�UDWD�UDWD�SLODU��
3�DGDODK�EHEDQ�WRWDO�SDGD�SLODU��:S�DGDODK�3DQMDQJ
GDQ�OHEDU�GDUL�SLODU�GDQ�:R�DGDODK�OHEDU�GDUL�HQWU\�
DWDX�URRP��0HQJDFX�SDGD�NHEHUDGDDQ�GDUL�DUHD�JRE�
SDGD� VDWX� DWDX� GXD� VLVL�� VHFDUD� EHUWXUXW�WXUXW��
%HVDUQ\D�EDWDV�WHNDQDQ�DEXWPHQW�PXODL�����VDPSDL�
���� NDOL� GDUL� EHUDW� RYHUEXUGHQ� �3HQJ� GDQ� &KLDQJ��
�������WHUJDQWXQJ�NDUDNWHULVWLN�GDUL�ODSLVDQ�URRI�GDQ�
XUXWDQ�EDWXDQQ\D�

.HNXDWDQ�SLODU

.HNXDWDQ�SLODU�EDWXEDUD�WHUJDQWXQJ�SDGD�XNXUDQ�GDQ�
EHQWXN�GDUL�VSHFLPHQ�\DQJ�GLXML��+XEXQJDQ�WHUVHEXW�
DQWDUD�ODLQ �

�� 6L]H�)IIHFW
.HNXDWDQ� EDWXEDUD� GDSDW� GLWHQWXNDQ� GDUL�
ODERUDWRULXP�GDQ�XML�LQ�VLWX��.HNXDWDQ�EDWXEDUD�
GLSHUROHK� GDUL� XML� ODERUDWRULXP�ELDVDQ\D� OHELK�
EHVDU�NHWLND�XNXUDQ�VSHFLPHQ�PDNLQ�NHFLO��+DO�
LQL�PHQXQMXNDQ�IDNWD�EDKZD�XPXPQ\D VHPDNLQ��
EHVDU� VSHFLPHQ�� PDND� VHPDNLQ� EDQ\DN� NHNDU�
DWDX� IUDFWXUHV�� LWX� PHQXQMXNDQ� KDVLO� NHNXDWDQ�
\DQJ�OHELK�NHFLO��8ML�NHNXDWDQ�LQ�VLWX�GDUL�SLODU�
EDZDK� WDQDK�� GDSDW� PHQJKLODQJNDQ� DWDX�
PHQJXUDQJL�PDVDODK�XNXUDQ�GDQ�KDVLOQ\D�OHELK�
PHZDNLOL��WHWDSL�LWX�VDQJDW�PDKDO�GDQ�PHPDNDQ�
ZDNWX��2OHK�NDUHQD�LWX�PHPHUOXNDQ�XVDKD�\DQJ�
OHELK�XQWXN�PHPSUHGLNVL�NHNXDWDQ�LQ�VLWX�SLODU�
GDUL� KDVLO� XML� ODERUDWRULXP�� +XEXQJDQ� DQWDUD�
XNXUDQ� GDQ� NHNXDWDQ� GDUL� VSHFLPHQ� GDSDW�
GLJHQHUDOLVDVLNDQ�ROHK�SHUVDPDDQ��(YDQV�HW�DO���
������
ଵܵ ൌ ݇ଵ݀

ି௔ �������
'LPDQD�ܵ ଵ DGDODK�8QLD[LDO�FRPSUHVVLYH�VWUHQJWK�

GDUL� NXELNDO� SLODU�� G� DGDODK� SDQMDQJ� VLVL� GDUL�
VSHFLPHQ�� ݇ଵ GDQ� D DGDODK� NRQVWDQWD�� 1LODL� GDUL�
NRQVWDQWD� D PXODL� GDUL� ����� VDPSDL� ����� �3HQJ��
������� GHQJDQ� UDWD�UDWD� ����� %LHQDZVNL� �������
PHQXQMXNDQ�EHEHUDSD�UDQJNDLDQ�GDUL�XML�LQ�VLWX�GDQ�
PHQHPXNDQ� EDKZD� XQWXN� NXELNDO VSHFLPHQ��
NHNXDWDQ� PHQXUXQ� GHQJDQ� EHUWDPEDKQ\D� XNXUDQ�
VSHFLPHQ�
�� 6KDSH�HIIHFW

3DGD� SHQDPEDKDQ� HIHN� XNXUDQ�� NHNXDWDQ�
EDWXEDUD� MXJD� WHUJDQWXQJ� SDGD� JHRPHWUL� VSHFLPHQ�
GDQ� HIHN� EHQWXN�� %DKZD� UDVLR� GDUL� GLDPHWHU� DWDX�
OHEDU�GDQ�WLQJJL�GDUL�VSHFLPHQ��(YDQV�HW�DO���������
2EHUW� GDQ� 'XYDOO�� ������� %DQ\DN� SHUXPXVDQ�
NHNXDWDQ� SLODU� UDWD�UDWD� SXQFDN� LWX� WHODK�
PHPSHUNHQDONDQ� HIHN� EHQWXN�� +DO� � WHUVHEXW� GDSDW�
GLNHORPSRNNDQ�NHGDODP�GXD�WLSH��\DLWX��

ܵଶ ൌ ܵଵ ቀܣ ൅ ܤ
ௐ೛

ு
ቁ �������
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ܵଶ ൌ ଵܵ
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ഀ

ுഁ �������

'LPDQD� ܵଶ DGDODK� NHNXDWDQ� SLODU� GDQ� DNLEDW� HIHN�
EHQWXN�� ଵܵ DGDODK� 8&6� GDUL� NXELNDO� SLODU� \DQJ�
GLSHUROHK� GDUL� SHUVDPDDQ� ������ $�� %�� Į�� ȕ DGDODK�
NRQVWDQWD� \DQJ� WHUJDQWXQJ� SDGD� NDUDNWHULVWLN� GDUL�
VHDP�EDWXEDUD�� ௣ܹ DGDODK�OHEDU�SLODU��GDQ�+�DGDODK�
WLQJJL� SLODU�� 7LQJJL� SLODU��+� ELDVDQ\D� WLQJJL� VHDP��
NHNXDWDQ�SLODU�ܵଶ GLWHQWXNDQ�ROHK�OHEDU�LWX�
%HUGDVDUNDQ� %LHQLDZVNL� �������� GDUL� VHPXD�
UXPXVDQ� NHNXDWDQ� SLODU� \DQJ� WHUVHGLD�� SHUVDPDDQ�
\DQJ� WHODK� GLDSOLNDVLNDQ� SDGD� WDPEDQJ� EDWXEDUD�
8�6�

.ULWHULD�5XQWXK�0RKU�&RXORPE

8QWXN� PHPSHUPXGDK� SHUKLWXQJDQ� GLGDODP�
PHNDQLND� EDWXDQ� PDND� VHOXEXQJ� 0RKU� GLDQJJDS�
VHEDJDL� JDULV� OXUXV� GDQ� SHUVDPDDQQ\D� GLQ\DWDNDQ�
VHEDJDL�0RKU�&RXORPE�

ɒ ൌ � ൅ Ɋɐ
NHWHUDQJDQ��
ɒ  �7HJDQJDQ�JHVHU
ɐ  �7HJDQJDQ�QRUPDO
&� �.RKHVL
Ɋ  �.RHILVLHQ�JHVHN�GDODP�GDUL�EDWXDQ� �WDQ�̴

0HWRGH� (OHPHQ� �'� �� 3ODQH� 6WUDLQ� GDQ� 3ODLQ�
6WUHVV

8QVXU�XQVXU� \DQJ� VHMDXK� LQL� GLMHODVNDQ� EHOXP�
PHUXSDNDQ� HOHPHQ� KLQJJD� \DQJ� EHQDU� NDUHQD�
PHUHND� WHODK� GLJXQDNDQ� XQWXN� PHQ\HOHVDLNDQ�
SHUVDPDDQ� GLIHUHQVLDO� GDODP� VDWX YDULDEHO� UXDQJ�
VDMD�� 'HQJDQ� GHPLNLDQ� PDVDODK� Q\DWD� \DQJ�
PHOLEDWNDQ� GXD� DWDX� WLJD� YDULDEOH� UXDQJ� WHODK�
GLJDQWLNDQ�ROHK�PDVDODK�VDWX�GLPHQVL�\DQJ�KLSRWHVLV�
GDQ� HNXLYDOHQ� VHEHOXP� VROXVL�� 8QVXU�XQVXU� \DQJ�
WHODK� NLWD� SHUWLPEDQJNDQ� GDSDW� GLJDEXQJNDQ�
%HUVDPD�GL�WLWLN��QRGH��GDQ�NHVLQDPEXQJDQ�OHQJNDS�
�NRPSDWLELOLWDV�� GDQ� NHVHWLPEDQJDQ� WHUFDSDL��
'HQJDQ� FDUD� LQL� NLWD� NDGDQJ�NDGDQJ� ELVD
PHQGDSDWNDQ� VROXVL� WHSDW� XQWXN� PDVDODK� KLSRWHVLV�
NLWD��WHUXWDPD�SDGD�QRGH��GL�PDQD�VROXVL�WLGDN�DNDQ�
WHUSHQJDUXK�ROHK�MXPODK�HOHPHQ�\DQJ�GLSLOLK�XQWXN�
PHZDNLOL�VHJPHQ�JDULV�VHUDJDP�
6LWXDVL� LQL� EHUXEDK� VHFDUD� UDGLNDO� NHWLND� PDVDODK�
GDODP� GXD� DWDX� WLJD� GLPHQVL� UXDQJ� GLDQDOLVLV��
0LVDOQ\D��SHUKDWLNDQ�GLQGLQJ�JHVHU�ELGDQJ�GHQJDQ�
EXNDDQ�\DQJ�GLWXMXNDQ�

0(72'2/2*,�3(1(/,7,$1

$QDOLVLV�.HNXDWDQ�3LODU

7HUGDSDW�OLPD�SHUVDPDDQ�NHNXDWDQ�SLODU�\DQJ�WHODK�
GLWHUDSNDQ� VHFDUD� OXDV� SDGD� WDPEDQJ� EDZDK� WDQDK�
EDWXEDUD 86��%DWXEDUD�\DQJ�GLJXQDNDQ�SDGD�GDHUDK�
SHQHOLWLDQ�$LUOD\D�PHPLOLNL� QLODL� N�  � ������� \DQJ�

DNDQ� GLJXQDNDQ� SDGD� SHUVDPDDQ� �������� GHQJDQ�
GHPLNLDQ� EHVDU� NHNXDWDQ� EDWXEDUD� LQVLWX� VHDP�
$LUOD\D� GLSHUNLUDNDQ� �������� SVL�� 1LODL� WHUVHEXW�
GLJXQDNDQ� EHUGDVDUNDQ� OLPD� SHUVDPDDQ� NHNXDWDQ�
SLODU�� EHVDU� NHNXDWDQ� SLODU� EDWXEDUD� GDUL� VHDP�
$LUOD\D�GDSDW�GLSHUNLUDNDQ�VHEDJDL�EHULNXW��

�� 2EHUW�DQG�'XYDOO�)RUPXOD

௣ߪ ൌ ͳ͸ͳǡ͸Ͳ͹ ቂͲǡ͹͹ͺ ൅ Ͳǡʹʹʹሺ
ݓ

݄
ሻቃ

�� +ROODQG�DQG�*DGG\�)RUPXOD
௣ߪ ൌ Ͷʹͷǡ͹ͷൣݓȀ݄ଵȀଶ൧

�� +ROODQG�)RUPXOD
௣ߪ ൌ ͳ͸ͳǡ͸Ͳ͹ሺݓȀ݄ሻଵȀଶ

�� 6DODPRQ�DQG�0XQUR�)RUPXOD

௣ߪ ൌ
Ͷʹͷǡ͹ͷݓ଴ǡସ଺

ͳʹܪ଴ǡ଺଺

�� %LHQDZVNL�)RUPXOD

௣ߪ ൌ ͳ͸ͳǡ͸Ͳ͹ ቂͲǡ͸Ͷ ൅ Ͳǡ͵͸ ቀ
ݓ

݄
ቁቃ

$QDOLVLV�/XEDQJ�%XNDDQ

$QDOLVLV� NHVWDELODQ� OXEDQJ�EXNDDQ�SDGD� VDWX�SDQHO�
SHQDPEDQJDQ� ORQJZDOO WHUGLUL� GDUL� DWDV� DQDOLVLV�
WDLOJDWH GDQ� KHDGJDWH�� $QDOLVLV� PHQJJXQDNDQ�
PHWRGH� HOHPHQ� KLQJJD� �)(0�� GHQJDQ� NULWHULD�
NHUXQWXKDQ� PHQJJXQDNDQ� NULWHULD� UXQWXK� 0RKU�
&RXORPE� ������ 3HQHQWXDQ� QLODL� IDNWRU� NHDPDQDQ�
�).�� PHQJLNXWL� +RHN�� (�� .DLVHU�3�.� GDQ�
%DZGHQ�:�)���������8QWXN�NHDGDDQ�DPDQ�QLODL�).�
!� ���� XPXPQ\D� GLJXQDNDQ� SDGD WDLOJDWH GDQ�
KHDGJDWH NDUQD�EHUVLIDW�VHPHQWDUD��
'DODP�PHQJDQDOLVLV�OXEDQJ�EXNDDQ�WHURZRQJDQ�LQL�
PHQJJXQDNDQ� VRIWZDUH� 3KDVH�� GHQJDQ� NULWHULD�
0RKU� &RXORPE�� $QDOLVLV� \DQJ� GLODNXNDQ� PHOLSXWL�
VLJPD��� VLJPD��� VWUHQJWK� IDNWRU� GDQ� WRWDO�
GLVSODFHPHQW�� +DVLO� DQDOLVLV� LQL� DGDODK� XQWXN�
PHQJHWDKXL� DSDNDK� WHURZRQJDQ� GLSHUOXNDQ�
SHQ\DQJJDDQ� DWDX� WLGDN�XQWXN�PHPSHUNXDW� OXEDQJ�
EXNDDQ� \DQJ� DNDQ� GLEXDW�� 'DWD� PDVXNDQ� XQWXN�
DQDOLVLV�EHUGDVDUNDQ�KDVLO�SHPERUDQ�JHRWHNQLN�GDQ�
GLVDMLNDQ�GDODP�WDEOH�EHULNXW��

7DEHO����
,QSXW�'DWD�'HILQH�0DWHULDO

3URSHUWLHV
&RDO
6HDP�
'

&RDO�
6HDP�
(

6DQGVWRQH 6LOWVWRQH &OD\VWRQH

8QLW�:HLJKW �01�P�� ����� ����� ����� ����� �����

&RKHVLRQ �03D� ����� ����� ���� ���� ����

)ULFWLRQ�$QJOH �2� ����� ����� ����� ����� �����

7HQVLOH�6WUHQJWK �03D� ���� ���� ���� ���� ����

<RXQJ�0RGXOXV �03D� ��� ������ ������ ������ ������

3RLVVRQ
V�5DWLR ����� ���� ���� ���� ����

,QWDFW�&RPSUHVVLRQ�6WUHQJWK
�03D�

���� ���� ���� ���� ����
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6XPEHU���GDWD�ODERUDWRULXP�SHQJXMLDQ�WHN0,5$�

*HRPHWUL�PDLQ�HQWULHV�SDGD� OHYHO��� VHDP�'��OHEDU�
����PHWHU��WLQJJL���PHWHU���OHYHO���VHDP�(��OHEDU�����
PHWHU���WLQJJL���PHWHU��

*DPEDU����
3HUPRGHODQ�/LWRORJL�7DPSDN�'HSDQ

*DPEDU����
6LJPD���$IWHU�([FDYDWLRQ

*DPEDU����
6LJPD���%HIRUH�([FDYDWLRQ

*DPEDU����
6LJPD���$IWHU�([FDYDWLRQ

*DPEDU����
6WUHQJWK�)DFWRU�%HIRUH�([FDYDWLRQ

*DPEDU����
6WUHQJWK�)DFWRU�$IWHU�([FDYDWLRQ

7DEHO����
+DVLO�$QDOLVLV�6HDP�'

x $QDOLVLV�6HDP�(

*DPEDU����
6LJPD���0DLQ�(QWU\�%HIRUH�([FDYDWLRQ

3RVLWLRQ

6LJPD��
�03D�

6LJPD��
�03D�

6WUHQJWK
)DFWRU

7RWDO
'LVSODFHPHQW�

�P�

%HIRUH $IWHU %HIRUH� $IWHU %HIRUH $IWHU %HIRUH $IWHU

&RUQHU�5LJKW�5RRI ����� ����� ���� ���� ���� ���� ������ �����

&RUQHU�/HIW�5RRI ����� ����� ���� ���� ���� ���� ������ �����

&RUQHU�5LJKW�)ORRU ����� ����� ���� ���� ���� ���� ������ �����

&RUQHU�/HIW�)ORRU ����� ����� ���� ���� ���� ���� ������ �����



�

*DPEDU����
6LJPD���0DLQ�(QWU\�$IWHU�([FDYDWLRQ

*DPEDU����
6LJPD���0DLQ�(QWU\�%HIRUH�([FDYDWLRQ

*DPEDU�����
6LJPD���0DLQ�(QWU\�$IWHU�([FDYDWLRQ

*DPEDU�����
6WUHQJWK�)DFWRU�0DLQ�(QWU\�%HIRUH�([FDYDWLRQ

*DPEDU�����
6WUHQJWK�)DFWRU�0DLQ�(QWU\�$IWHU�([FDYDWLRQ

*DPEDU�����
7RWDO�'LVSODFHPHQW�0DLQ�(QWU\�%HIRUH�([FDYDWLRQ

*DPEDU�����
7RWDO�'LVSODFHPHQW�0DLQ�(QWU\�$IWHU�([FDYDWLRQ

7DEHO����
+DVLO�$QDOLVLV�6HDP�(

3(0%$+$6$1

3HPEDKDVDQ� GDODP� SHQHOLWLDQ� LQL� XQWXN� PHQJNDML�
DVSHN� JHRWHNQLN� SDGD� UDQFDQJDQ� SHQDPEDQJDQ�
EDWXEDUD� EDZDK� WDQDK� GHQJDQ� PHWRGH� ORQJZDOO��
.DMLDQ� JHRWHNQLN� \DQJ� GLODNXNDQ� DGDODK� WHUKDGDS�
NHVWDELODQ� OXEDQJ� EXNDDQ� WHUKDGDS� UHNRPHQGDVL�
OHEDU�SLODU GHQJDQ�PHQJJXQDNDQ�QLODL�IDNWRU�VHEDJDL�
DFXDQ� NHDPDQDQ� DGDODK�PHQXUXW�+RHN��(��.DLVHU��
3�.��GDQ�%DZGHQ�:�)���������8QWXN�NHDGDDQ�DPDQ�
QLODL�).�! ����XPXPQ\D�GLJXQDNDQ�XQWXN�EXNDDQ�
WDPEDQJ� VHPHQWDUD� �WHPSRUDU\�� GDQ� ).� !� ����
GLJXQDNDQ�XQWXN�EXNDDQ�WDPEDQJ�SHUPDQHQ��8QWXN�
SDQHO� HQWU\ �WDLOJDWH�� KHDGJDWH�� EHUVLIDW� OXEDQJ�
EXNDDQ�VHPHQWDUD�VHKLQJJD�PHQJJXQDNDQ�).�!�����
�$PDQ��� $SDELOD� WHUGDSDW� QLODL� IDNWRU� NHDPDQDQ�
\DQJ� OHELK� NHFLO� GDUL� VWDQGDU� NHDPDQDQ� PDND�
GLVDUDQNDQ� XQWXN� PHQJJXQDNDQ� SHQ\DQJJD� DWDX�
UHGHVDLQ�XNXUDQ�

$QDOLVLV�.HVWDELODQ�/XEDQJ�%XNDDQ�GDQ�3LODU

+DVLO� SHUKLWXQJDQ� GHQJDQ� PHQJJXQDNDQ� ILQLWH�
HOHPHQW�PHWKRG GLGDSDW�EDKZD�QLODL�VWUHQJWK�IDFWRU
WHUWLQJJL� SDGD� KHDGJDWH� WDKDS� H[FDYDWLRQ� SDGD�
EDJLDQ�DWDS��URRI��GLNDWHJRULNDQ�DPDQ�GHQJDQ�QLODL�
). WHUNHFLO������3DGD�ODQWDL �IORRU��GHQJDQ�QLODL�������

3RVLWLRQ

6LJPD��
�03D�

6LJPD��
�03D�

6WUHQJWK
)DFWRU

7RWDO
'LVSODFHPHQW�

�P�

%HIRUH $IWHU %HIRUH� $IWHU %HIRUH $IWHU %HIRUH $IWHU

&RUQHU�5LJKW�5RRI ����� ����� ����� ���� ���� ���� ����� �����

&RUQHU�/HIW�5RRI ����� ����� ����� ����� ���� ���� ����� �����

&RUQHU�5LJKW�)ORRU ����� ����� ����� ����� ���� ���� ����� �����

&RUQHU�/HIW�)ORRU ����� ����� ����� ���� ���� ���� ����� �����
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*UDILN� ). WHUKDGDS� MDUDN� NHOLOLQJ� OXEDQJ� EXNDDQ�
GDSDW�GLOLKDW�SDGD�*DPEDU����

*DPEDU����
*UDILN�). WHUKDGDS�MDUDN�NHOLOLQJ�OXEDQJ�EXNDDQ�

SDGD�+HDGJDWH

+DVLO� DQDOLVLV� WHUKDGDS� NHVWDELODQ� WDLOJDWH�� XQWXN�
VHPXD� EDJLDQ� OXEDQJ� EXNDDQ� GLNDWHJRULNDQ� DPDQ�
GHQJDQ�QLODL�).�WHUNHFLO������SDGD�DWDS��URRI�

*DPEDU����
*UDILN�). WHUKDGDS�MDUDN�NHOLOLQJ�OXEDQJ�EXNDDQ�

SDGD�7DLOJDWH
%HUGDVDUNDQ� DQDOLVLV� GLDWDV� SHQXOLV� MXJD� PHOLKDW�
KXEXQJDQ� OHEDU�SLODU� WHUKDGDS�SDQHO� SHQDPEDQJDQ�
ORQJZDOO�\DQJ�VHVXDL�GHQJDQ�OHEDU�IDFH�\DQJ�GMXJD�
GLOLKDW�PHODOXL� NHWHUVHGLDDQ�VSHVLILNDVL�DODW� FXWWLQJ�
EDWXEDUD� �VKHDUHU� \DQJ VHVXDL \DQJ� PDQD�
PHQJKDVLONDQ�PLQLPXP�OHEDU�ULE�SLOODU�\DLWX�VHEHVDU�
��� PHWHU� SDGD� SDQHO� SHQDPEDQJDQ� ���� PHWHU��
�*DPEDW�����

*DPEDU����
+XEXQJDQ�OHEDU�SLODU�GDQ�OHEDU�SDQHO�SHQDPEDQJDQ�

ORQJZDOO�GHQJDQ�IDNWRU�NHDPDQDQ�

.(6,038/$1

%HUGDVDUNDQ�XUDLDQ�EDE�EDE�VHEHOXPQ\D�PHQJHQDL�
NDMLDQ�JHRWHNQLN�WHUKDGDS�UDQFDQJDQ�SHQDPEDQJDQ�
EDWXEDUD� EDZDK� WDQDK� 37�� %XNLW� $VDP�� 7EN�
�3HUVHUR���PDND�GDSDW�GLVLPSXONDQ��

�� +DVLO� NDMLDQ� WHUKDGDS� NHVWDELODQ� OXEDQJ�
EXNDDQ��SDQHO�HQWULHV��WHUGLUL�GDUL�KHDGJDWH�
GDQ� WDLOJDWH� VHFDUD� NHVHOXUXKDQ��
GLNDWHJRULNDQ�DPDQ��).!������KDQ\D�SDGD�
GLQGLQJ�NDQDQ�).������IDLOXUH GLVHEDENDQ�
NDUHQD� WHUMDGL� XQGHUFXW SDGD� ODSLVDQ�
EDWXEDUD�'LUHNRPHQGDVLNDQ�PHQJJXQDNDQ�
SHQ\DQJJD� XQWXN� PHPSHUNXDW� OXEDQJ�
EXNDDQ�GDQ�PHQJDQWLVLSDVL�NHUXQWXKDQ�

�� +DVLO�DQDOLVLV�SLODU PHQXQMXNDQ�SHQHQWXDQ�
XNXUDQ� OHEDU� PLQLPXP� SLODU� PHQXUXW�
+RHN��(��.DLVHU��3�.��GDQ�%DZGHQ��:��)����
�����XQWXN� NHDGDDQ� DPDQ�QLODL� ). !�����
SDGD� SDQHO� SHQDPEDQJDQ� ORQJZDOO� \DLWX�
GHQJDQ PLQLPXP OHEDU�ULE�SLOODU����PHWHU�

8&$3$1�7(5,0$.$6,+

3HQXOLV� PHQJXFDSNDQ� WHULPDNDVLK� NHSDGD� VHOXUXK�
SLKDN�\DQJ�PHQGXNXQJ�VHKLQJJD�WHUFLSWDQ\D�NDU\D�
WXOLV�LQL��DQWDUD�ODLQ��

�� 3LKDN�/330�831�³<RJ\DNDUWD´
�� -DMDUDQ� PDQDMHPHQ� 37�%XNLW� $VDP�� 7EN�

�3HUVHUR�
�� 'RVHQ� 3HPELPELQJ� 'U�� ,U�� 6LQJJLK�

6DSWRQR���0�7
�� 'DQ� 6HOXUXK� 3LKDN� \DQJ� WHUOLEDW� GDODP�

SHQXOLVDQ� LQL� \DQJ� WLGDN� GDSDW� SHQXOLV�
WXOLVNDQ�VDWX�SHUVDWX

'$)7$5�3867$.$

%LHQLDZVNL��=��7������´5RFN�0HFKDQLFV�'HVLJQ�LQ�
0LQLQJ�DQG�7XQQHOLQJ´�$�$��%DONHPD��%RVWRQ�
*DOH�� :�� -�������´&RDO� 3LOODU� 'HVLJQ� ,VVXHV� LQ�
/RQJZDOO� PLQLQJ´�&RDO��� &RQIHUHQFH�� 8QLYHUVLW\�
RI�:ROORQJRQJ�
*DOYLQ�� � -��0�������´*URXQG�(QJLQHHULQJ´��16:��
$XVWUDOLD
3HQJ�� 6\G�6�� ������ ³&RDO�0LQH�*URXQG�&RQWURO´��
-RKQ�:LOH\�	�6RQV��,QF��&DQDGD
5DL�� 0DGH� $VWDZD�� .UDPDGLEUDWD�� 6XVHQR�� $QG�
:DWWLPHQD�� 5LGKR� .UHVQD������´0HNDQLND�
%DWXDQ´�%DQGXQJ�,7%
:�$�+XVWUXOLG������´$� 5HYLHZ� RI� &RDO� 6WUHQJWK�
)RUPXOD´�5RFN�0HFK���SS���������


