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3XVDW�3HQHOLWLDQ�.DUHW
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(PDLO��QRUPD�NLQDVLK��#JPDLO�FRP

'LWHULPD������)HEUXDUL��������'LVHWXMXL������0HL�����

$EVWUDFW

7KH� XWLOL]LQJ� RI� QDWXUDO� UXEEHU�
FRPSRVLWH� DV� DQ� DOWHUQDWLYH� FDQDO� EORFNLQJ�
PDWHULDO�VWUXFWXUH�LV�D�QRYHO�WLGLQJV��7KH�DLPV�
RI�WKLV�H[SHULPHQW�ZDV�WR�UHYHDO�WKH�SK\VLFDO�
DQG� PHFKDQLFDO� SURSHUWLHV� DQG� SHDW� ODQGV�
DFLG� UHVLVWDQFH� FKDUDFWHUL]DWLRQ� RI� UXEEHU�
FRPSRVLWH�� 1DWXUDO� UXEEHU� FRPSRVLWH� EDVHG�
FDQDO� EORFNLQJ�ZDV� GHVLJQHG�ZLWK� GLIIHUHQW�
KDUGQHVV�� L�H� ������ DQG� ��� 6KRUH� $�� ,Q�
DGGLWLRQ�� WKH� W\SH� RI� WKH� SDUWLFXODWH� ZDV�
FDUERQ�EODFN�DQG�FDOFLXP�FDUERQDWH��&D&2 ����

7KH�REWDLQHG�GDWD�VKRZHG�WKDW�WKH�RSWLPXP�
QDWXUDO�UXEEHU�FRPSRVLWH�XVHG�����SKU�DQG�
��� SKU� �SHU� KXQGUHG� UXEEHU�� RI� &D&2 � DQG��

FDUERQ� EODFN�� UHVSHFWLYHO\�� 7KLV� FRPSRVLWH�
KDG� JRRG� PHFKDQLFDO� SURSHUWLHV� DQG� DFLGLF�
HQYLURQPHQW� SHDWODQG� UHVLVWDQF\� RQ� S+� ��
�HTXDO�WR�VXOIXULF�DFLG������DQG�S+������HTXDO�
WR�VXOIXULF�DFLG�������ZKLFK�ZDV�GXH�WR�ORZ�
VZHOOLQJ� LQGH[� DQG� YDOXH� FKDQJH� RI�
PHFKDQLFDO� SURSHUWLHV� DIWHU� LPPHUVLRQ� LQ�
VXOIXULF�DFLG�����DQG�����

.H\ZRUGV�� &DQDO� EORFNLQJ�� PHFKDQLFDO�
SURSHUWLHV�� QDWXUDO� UXEEHU�
FRPSRVLWH��SHDW�ODQGV�DFLG�

$EVWUDN

3HQJJXQDDQ�NRPSRVLW�EHUEDVLV�NDUHW�
DODP�VHEDJDL�DOWHUQDWLI�PDWHULDO�NRQVWUXNVL�
FDQDO� EORFNLQJ� PHUXSDNDQ� KDO� \DQJ� EDUX��
7XMXDQ�SHQHOLWLDQ�DGDODK�PHPSHODMDUL�VLIDW�
ILVLN�GDQ�PHNDQLN�GDQ�NHWDKDQDQ�WHUKDGDS�
OLQJNXQJDQ� DVDP� ODKDQ� JDPEXW� PDWHULDO�
FDQDO� EORFNLQJ� \DQJ� WHUEXDW� GDUL� NRPSRVLW�
NDUHW� DODP�� .RPSRVLW� NDUHW� DODP� GLGLVDLQ�
GHQJDQ� QLODL� NHNHUDVDQ� \DQJ� GLYDULDVLNDQ�

VHEHVDU� ���� ��� GDQ� ��� 6KRUH� $� GDQ� MHQLV�
EDKDQ� SHQJLVL� WLSH� SDUWLNXODW� PHOLSXWL�
NDUERQ� KLWDP� GDQ� NDOVLXP� NDUERQDW�
�&D&2 ���'DWD�KDVLO�SHQHOLWLDQ�PHQXQMXNNDQ��

EDKZD�IRUPXODVL�NRPSRVLW�NDUHW�DODP�XQWXN�
SURGXNVL� FDQDO� EORFNLQJ� WHUEDLN� GLSHUROHK�
PHQJJXQDNDQ� SDUWLNXODW� &D&2 � VHEDQ\DN��

����EVN�GDQ�NDUERQ�KLWDP����EVN��.RPSRVLW�
NDUHW� DODP� LQL� PHPLOLNL� VLIDW� ILVLN� GDQ�
NHWDKDQDQ�\DQJ�EDLN�SDGD�OLQJNXQJDQ�DVDP�
ODKDQ� JDPEXW� \DQJ� PHPLOLNL� WLQJNDW�
NHDVDPDDQ� S+� �� �VHWDUD� GHQJDQ� ODUXWDQ�
DVDP�VXOIDW������GDQ�S+������VHWDUD�GHQJDQ�
ODUXWDQ� DVDP� VXOIDW� ������ \DQJ� GLWDQGDL�
GHQJDQ� UHQGDKQ\D� SHUXEDKDQ� YROXPH� GDQ�
VLIDW�ILVLND�VHUWD�PHNDQLN�YXONDQLVDW�VHWHODK�
SHUHQGDPDQ�GDODP�ODUXWDQ�DVDP�VXOIDW�����
GDQ�������

.DWD�NXQFL�� $VDP� ODKDQ� JDPEXW�� FDQDO�
EORFNLQJ��NRPSRVLW�NDUHW�DODP��
VLIDW�ILVLN

�
3(1'$+8/8$1

&DQDO� EORFNLQJ� DGDODK� VXDWX�
EDQJXQDQ� SHQJDWXU� WDWD� NHOROD� DLU� SDGD�
ODKDQ� JDPEXW� XQWXN� PHQXUXQNDQ�
SHUPXNDDQ� DLU� WDQDK�� 3HPDQIDDWDQ� ODKDQ�
JDPEXW� VHEDJDL� DUHD� EXGLGD\D� WDQDPDQ�
SDQJDQ� GDQ� SHUNHEXQDQ� PHPEXWXKNDQ�
OLQJNXQJDQ� DHURELN� EDJL� SHUDNDUDQ�
WDQDPDQ�� PDND� SHUOX� GLEXDW� NDQDO� DWDX�
VDOXUDQ�DLU�XQWXN�PHQXUXQNDQ�SHUPXNDDQ�
DLU�WDQDK��1DSLWXSXOX�	�0XGLDQWRUR��������
:LG\DQWL�� ������� 1DPXQ�� VDDW� LQL� WHUMDGL�
SHPEXDWDQ�NDQDO�\DQJ�WLGDN�WHUNHQGDOL�ROHK�
PDV\DUDNDW� VHKLQJJD� WHUMDGL� GUDLQDVH� DLU�
\DQJ� EHUOHELKDQ� GDQ� PHQ\HEDENDQ�
SHQXUXQDQ� DLU� WDQDK� VHFDUD� GUDVWLV��

-XUQDO�3HQHOLWLDQ�.DUHW�������������������������
,QGRQHVLDQ��-���1DW��5XEE��5HV������������������������
'RL���KWWSV���GRL�RUJ����������SSN�MSN�Y��L�����
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.LQDVLK��&LIULDGL�GDQ�:LMD\D

3HQXUXQDQ� PXND� DLU� WDQDK� �ZDWHU� WDEOH��
SDGD� ODKDQ� \DQJ� GLGUDLQDVH� GDSDW�
PHQJXEDK� VXDVDQD� DQDHURE� �MHQXK� DLU��
PHQMDGL� DHURE� �WLGDN� MHQXK� DLU�� VHKLQJJD�
PHQLQJNDWNDQ� ODMX� GHNRPSRVLVL� GDQ� HPLVL�
&2 ��'LODSRUNDQ�EDKZD�HPLVL�&2 �GDUL�ODKDQ�� �

JDPEXW�GDQ�DOLK�JXQD�ODKDQ�KXWDQ�OHELK�GDUL�
����GDUL�WRWDO�HPLVL�,QGRQHVLD��%RHU�HW�DO���
������+RRLMHU�HW�DO����������6HODLQ�LWX��ODKDQ�
JDPEXW�PHQMDGL�UDZDQ�WHUKDGDS�NHEDNDUDQ�
GDQ� VDDW� WHUMDGL� NHEDNDUDQ�� DSL� VXOLW�
GLSDGDPNDQ� NDUHQD� DLU� WDQDK� VXGDK�
PHQXUXQ�MDXK�GDUL�SHUPXNDDQ��1DSLWXSXOX�
	�0XGLDQWRUR���������

&DQDO�EORFNLQJ�\DQJ�GLJXQDNDQ�VDDW�
LQL�EHOXP�VHSHQXKQ\D�PHPSHUWLPEDQJNDQ�
IDNWRU�SHQJDWXUDQ�NHOXDU�GDQ�PDVXNQ\D�DLU�
VHKLQJJD�NHGDODPDQ�DLU� WDQDK� WLGDN�GDSDW�
GLDWXU� VHVXDL� GHQJDQ� V\DUDW� WXPEXK�
WDQDPDQ�� 'LVDLQ� FDQDO� EORFNLQJ� \DQJ� EDLN�
VHKDUXVQ\D�GDSDW�PHQJDOLUNDQ�NHOHELKDQ�DLU�
VDDW� PXVLP� KXMDQ� GDQ� PHQDKDQ� DLU� VDDW�
PXVLP� NHPDUDX� XQWXN� PHPSHUWDKDQNDQ�
OHQJDV� WDQDK�� 6HODLQ� LWX�� GLVDLQ� FDQDO�
EORFNLQJ� EHOXP� PHPSHUWLPEDQJNDQ� DVSHN�
VLIDW� PDWHULDO� VHSHUWL� NHNXDWDQ�� NHDZHWDQ�
GDQ�NHPXGDKDQ�RSHUDVLRQDO��6HNDUDQJ�LQL��
FDQDO� EORFNLQJ� GLEXDW� VHFDUD� WUDGLVLRQDO�
GHQJDQ� GLVDLQ� VHGHUKDQD� GDUL� EDKDQ� \DQJ�
DGD� GL� NDZDVDQ� WHUVHEXW� �5LW]HPD�� /LPLQ��
.XVLQ��-DXQLDQHQ��	�:RVWHQ���������VHSHUWL�
ND\X�� SDSDQ� ND\X�� NDUXQJ� SDVLU�� SLSD�
SDUDORQ� GDQ� NDLQ� WHUSDO�� GLPDQD� EDKDQ�
EDKDQ� WHUVHEXW� PHPLOLNL� NHNXDWDQ� \DQJ�
VHGDQJ� GDQ� NHDZHWDQ� \DQJ� UHQGDK��0DND��
SDGD� SHQHOLWLDQ� LQL� DNDQ� GLNHPEDQJNDQ�
GLVDLQ�FDQDO�EORFNLQJ�\DQJ�PHPSHUWLPEDQJNDQ�
IDNWRU�ZDWHU�OHYHO�GDQ�PHQJJXQDNDQ�PDWHULDO�
EHUEDVLV� NRPSRVLW� NDUHW� DODP�� GLPDQD�
PHPLOLNL� NHNXDWDQ� EDKDQ� \DQJ� NXDW�
GLEDQGLQJNDQ� PDWHULDO� SHPEDQJXQ� � � � � � �
FDQDO�EORFNLQJ�XPXPQ\D���

.RPSRVLW� NDUHW� DODP� PHUXSDNDQ�
NRPELQDVL�GDUL�PDWHULDO�SHQJLVL��ILOOHU��\DQJ�
EHUIXQJVL� VHEDJDL� SHQJXDW�� EDLN� GDODP�
EHQWXN� VHUDW� DWDXSXQ� SDUWLNXODW� GDQ�
NRPSRQ� NDUHW� �HODVWRPHU�� \DQJ� EHUIXQJVL�
VHEDJDL� PDWULN� �9LQVRQ� 	� 6LHUDNRZVNL��
�������6HFDUD�JDULV�EHVDU��EDKDQ�NRPSRVLW�
WHUGLUL� GDUL� WLJD� PDFDP�� \DLWX� NRPSRVLW�
SDUWLNHO�� NRPSRVLW� VHUDW� GDQ� NRPSRVLW�
ODPLQDW��&LIULDGL���������3DGD�SHQHOLWLDQ�LQL�
DNDQ� GLNHPEDQJNDQ� PDWHULDO� NRPSRVLW�
NDUHW�DODP�GHQJDQ�SHQJXDW�MHQLV�SDUWLNXODW�
VHEDJDL� EDKDQ� EDNX� SHPEXDWDQ� FDQDO�
E O R FN LQJ � � 3HQDPEDKDQ � SDU W LNX OD W �

GLPDNVXGNDQ� XQWXN� PHQLQJNDWNDQ�
NHNXDWDQ�PDWHULDO� GDQ�PHQXUXQNDQ�ELD\D�
SURGXNVL�FDQDO�EORFNLQJ��7HUGDSDW�GXD�MHQLV�
SDUWLNXODW�\DQJ�GLJXQDNDQ�\DLWX�SDUWLNXODW�
EHUSHQJXDW� EHUXSD� NDUERQ� KLWDP� GDQ�
SDUWLNXODW� WLGDN�EHUSHQJXDW�VHSHUWL�&D&2 ���

.DUDNWHULVDVL� VLIDW� ILVLN� NRPSRVLW� WHUVHEXW�
DNDQ�GLDQDOLVLV�XQWXN�PHQJHWDKXL�NHNXDWDQ�
VWUXNWXU�PDWHULDO�VHEDJDL�EDKDQ�EDNX�FDQDO�
EORFNLQJ�

.HWDKDQDQ� NDUHW� DODP� SDGD�
OLQJNXQJDQ� DVDP� VDQJDW� EHUJDQWXQJ� SDGD�
NRQVHQWUDVL� DVDP� WHUVHEXW� �/RQJ�� �������
+DVLO�DQDOLVLV�$NKWDU��6HWXD��'H�GDQ�'H��������
PHQXQMXNNDQ� EDKZD� NDUHW� DODP� \DQJ�
GLYXONDQLVDVL� GHQJDQ� VXOIXU� GDQ� WDQSD�
EDKDQ�SHQJLVL�WHUGHJUDGDVL�VHPSXUQD�SDGD�
OLQJNXQJDQ�DVDP��DVDP�QLWUDW������VHODPD���MDP�
SHUHQGDPDQ��.HWDKDQDQ�NRPSRVLW�NDUHW�DODP�
XQWXN�FDQDO�EORFNLQJ�SDGD�OLQJNXQJDQ�DVDP�
ODKDQ� JDPEXW� SHUOX� GLDQDOLVLV�� PHQJLQJDW�
PLQHUDO� GDVDU� GL� EDZDK� WDQDK� JDPEXW�
XPXPQ\D�EHUXSD�VXOIDW��\DQJ�PHPLOLNL�S+�
\DQJ� UHQGDK� �.VHOLN� HW� DO��� ������� �0DND��
SDGD�SHQHOLWLDQ�NDOL�LQL�DNDQ�GLDQDOLVLV�SXOD�
NHWDKDQDQ� NRPSRVLW� NDUHW� DODP� WHUKDGDS�
OLQJNXQJDQ�DVDP�ODKDQ�JDPEXW��

%$+$1�'$1�0(72'(

3HODNVDQDDQ�SHQHOLWLDQ�GLODNXNDQ�GL�
3DEULN�3HUFREDDQ�GDQ�/DERUDWRULXP�3HQJXML�
3XVDW� 3HQHOLWLDQ� .DUHW� SDGD� EXODQ� 0DUHW�
KLQJJD�'HVHPEHU�������%DKDQ�EDNX�NDUHW�
DODP�WLSH�6,5����GLSHUROHK�GDUL�8'�6XNVHV�
-D\D� 0DNPXU�� 6HGDQJNDQ� EDKDQ� NLPLD�
NRPSRVLW� NDUHW� VHSHUWL� NDUERQ� KLWDP� �&%�
1�����GLSURGXNVL�ROHK�&DERW��VXOIXU��PLQDUH[�
RLO�� &D&2 FXPDUURQH� UHVLQ�� 0%76�� '3*�����

$QWLOX[��704��=Q2�GDQ�DVDP�VWHDUDW�EHUDVDO�
GDUL� VXSSOLHU� ORNDO�� 5HDJHQ� DVDP� VXOIDW�
�+ 62 ������EHUVSHVLILNDVL�SXUH�DQDO\VLV�GDUL�� �

0HUFN�� � 3HUDODWDQ� GDQ� LQVWUXPHQW� \DQJ�
GLJXQDNDQ�DQWDUD�ODLQ��PHVLQ�JLOLQJ�WHUEXND�
�RSHQ� PLOO�%HUVWRUI���0RYLQJ� 'LH� 5KHRPHWHU�
�0'5���FRPSUHVVLRQ�PROGLQJ��FHWDNDQ�FDQDO�
EORFNLQJ��KDUGQHVV�WHVWHU��/OR\G�7HQVRPHWHU�
GDQ�S+�PHWHU��0HWURKP���

)RUPXODVL� &DQDO� %ORFNLQJ� %HUEDVLV�
.RPSRVLW�.DUHW�$ODP

&DQDO� EORFNLQJ� KDUXV� PHPLOLNL�
NHNXDWDQ� \DQJ� FXNXS� DJDU� GDSDW�
GLDSOLNDVLNDQ�GL�ODSDQJDQ�VHKLQJJD�PDPSX�
PHQDKDQ�NHNXDWDQ�ODMX�DLU�GL�ODKDQ�JDPEXW��
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.DUDNWHULVDVL�6LIDW�)LVLN�GDQ�.HWDKDQDQ�7HUKDGDS�/LQJNXQJDQ�$VDP�
/DKDQ�*DPEXW�0DWHULDO�&DQDO�%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP

0DWHULDO�SHPEDQJXQ�FDQDO�EORFNLQJ�EHUEDVLV�
NRPSRVLW� NDUHW� DODP� GLNRQGLVLNDQ� DJDU�
PDPSX� PHPHQXKL� VLIDW� WHUVHEXW�� GHQJDQ�
SHQJDWXUDQ� XWDPD� WHUKDGDS� NHNHUDVDQ�
�KDUGQHVV��\DQJ�WLQJJL��NHNDNXDQ��VWLIIQHVV��
\DQJ� WLQJJL�� GDQ� NHNXDWDQ�� %DKDQ� \DQJ�
GLSHUOXNDQ� XQWXN� PHQGDSDWNDQ� VLIDW�
WHUVHEXW� DGDODK� GHQJDQ� PHQDPEDKNDQ�
EDKDQ�SHQJXDW�DWDX�SHQJLVL�GDODP�NRPSRQ�
NDUHW� \DQJ� EHUEHQWXN� SDUWLNXODW�� VHSHUWL�
ILOOHU�FDUERQ�EODFN�GDQ�&D&2 ��.RPSRQ�NDUHW��

DODP� GLIRUPXODVLNDQ� XQWXN� PHQGDSDWNDQ�
NHNHUDVDQ� \DQJ� EHUYDULDVL� GDUL� QLODL�
NHNHUDVDQ�VHEHVDU���������GDQ����6KRUH�$��
.RPSRQ� GHQJDQ� NHNHUDVDQ� ��� 6KRUH� $�
VHODQMXWQ\D� MXJD� GLYDULDVLNDQ� EDKDQ�
S H Q J L V L Q \ D � � W D Q S D � G D Q � G H Q J D Q �
PHQJNRPELQDVLNDQ� NDUERQ� KLWDP� �FDUERQ�
EODFN�� GDQ� NDOVLXP� NDUERQDW� �&D&2 ����

.RPELQDVL� EDKDQ� SHQJLVL� FDUERQ� EODFN�
GHQJDQ� &D&2 � G LKDUDSNDQ� GDSDW ��

PHPLQLPDOLV LU � ELD\D� EDKDQ� WDQSD�
PHQXUXQNDQ� VLIDW� PHNDQLV�� .HHPSDW�
IRUPXOD� WHUVHEXW� VHODQMXWQ\D� GLEHUL� NRGH�
6���� 6���� 6��� GDQ� 6���� $GDSXQ� NHHPSDW�
IRUPXOD�WHUVHEXW�GLVDMLNDQ�SDGD�7DEHO�����

%DKDQ�EDKDQ�SDGD�7DEHO���WHUVHEXW�
VHODQMXWQ\D�GLJLOLQJ�EHUWDKDS�PHQJJXQDNDQ�
PHVLQ� JLOLQJ� WHUEXND� �RSHQ� PLOO�%HUVWRUI���
6HEHOXP� GLFDPSXU� GHQJDQ� EDKDQ�EDKDQ�
NLPLD�� NDUHW� DODP� 6,5� ��� WHUOHELK� GDKXOX�
GLPDVWLNDVL� VHODPD� �� PHQLW�� 6HODPD�
PDVWLNDVL�WHUVHEXW��GLPDVXNNDQ�SXOD�UHVLQ�
KLQJJD� UHVLQ� PHOXQDN� GDQ� EHUFDPSXU�
GHQJDQ� NDUHW� VHODPD� ���� PHQLW�� %DKDQ�
VHODQMXWQ\D�\DQJ�GLPDVXNNDQ�DGDODK�DVDP�

VWHDUDW� GDQ� =Q2�� .HGXD� EDKDQ� WHUVHEXW�
GLJLOLQJ� KLQJJD� EHUFDPSXU�� NXUDQJ� OHELK� ��
PHQLW��6HODQMXWQ\D�GLJLOLQJ�$QWLOX[�GDQ�704��
VHODPD� �� PHQLW�� &%� 1���� DWDX� &D&2 ��
GLJLOLQJ� EHUVDPDDQ� GHQJDQ� 0LQDUH[� 2LO��
XQWXN� PHPSHUPXGDK� SHQJKRPRJHQDQ�
EDKDQ�SHQJLVL�SDUWLNXODW�SDGD�PDWULN�NDUHW��
.HGXD�EDKDQ�WHUVHEXW�GLJLOLQJ�NXUDQJ�OHELK�
VHODPD� �� PHQLW�� %DKDQ� VHODQMXWQ\D� \DLWX�
'3*�� 0%76� GDQ� 6XOIXU� VHFDUD� EHUWDKDS�
VHODPD� �� PHQLW�� %DKDQ�EDKDQ� \DQJ� WHODK�
E H U F DPSXU � W H U V HEX W � V H O DQ MX WQ\D �
GLKRPRJHQNDQ� NHPEDOL� VHODPD� �� PHQLW��
.RPSRQ� \DQJ� WHODK� KRPRJHQ� VHODQMXWQ\D�
GLWLSLVNDQ� KLQJJD� NHWHEDODQQ\D� �� PP�� �
.RPSRQ� \DQJ� GLSHUROHK� VHODQMXWQ\D�
GLVLPSDQ�SDGD�VXKX�UXDQJ�VHODPD���� MDP�
VHEHOXP�GLYXONDQLVDVL��:DNWX�NHPDWDQJDQ�
R S W LPXP � YX O N DQ L V D W � G L W H Q W XN DQ �
EHUGDVDUNDQ� KDVLO� SHQJXMLDQ� NDUDNWHULVWLN�
YXONDQLVDVL� PHQJJXQDNDQ� LQVWUXPHQW�
0RYLQJ� 'LH� 5KHRPHWHU� �0'5��� .RPSRQ�
VHODQMXWQ\D� GLYXONDQLVDVL� PHQJJXQDNDQ�

�
FRPSUHVVLRQ�PROGLQJ�SDGD�VXKX���� &�GDQ�

�
WHNDQDQ� ���� .J�FP � VHODPD� ZDNWX�
NHPDWDQJDQ�RSWLPXP�\DQJ�GLSHUROHK�GDUL�XML�
NDUDNWHULVWLN�YXONDQLVDVL��

8ML� .DUDNWHULVDVL� 3HPDWDQJDQ� .RPSRQ�
.RPSRVLW�.DUHW�$ODP

0DVLQJ�PDVLQJ� NRPSRQ� WHUVHEXW�
�

GLXML� SDGD� VXKX� ��� &�� 3HQJXMLDQ� GHQJDQ�
UKHRPHWHU� WHUVHEXW� PHQ\DMLNDQ� SDUDPHWHU�
NDUDNWHULVWLN� SHPDWDQJDQ� \DQJ� PHOLSXWL��
WRUVL� PDNVLPXP� �0 �� GDQ� PLQLPXP� �0 ���+ /

GHOWD� WRUVL� �0 � �0 ��� ZDNWX� RSWLPXP�+ /

�

7DEHO����)RUPXOD�NRPSRVLW�NDUHW�DODP
7DEOH����7KH�IRUPXODWLRQ�RI�QDWXUDO�UXEEHU�FRPSRVLWH�

%DKDQ�
0DWHULDOV�

)RUPXOD�NRPSRQ�NDUHW��EVN���
5XEEHU�FRPSRXQG�IRUPXOD��SKU��

6��� 6��� 6��� 6���
6,5���� ���� ���� ���� ����
.DUERQ�KLWDP��&%�1����� ��� ��� ���� ���
0LQDUH[�RLO� �� �� �� ��
&D&2�� �� �� �� ����
&XPDUURQH�UHVLQ� �� �� �� ��
6XOIXU� ���� ���� ���� ����
0%76� ���� ���� ���� ����
'3*� ���� ���� ���� ����
$QWLOX[� �� �� �� ��
704� �� �� �� ��
=Q2� �� �� �� ��
$VDP�VWHDUDW� �� �� �� ��

�
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.LQDVLK��&LIULDGL�GDQ�:LMD\D

YXONDQLVDVL� �W ��� ZDNWX� VFRUFK� YXONDQLVDVL���

�W ��GDQ�LQGHNV�NHFHSDWDQ�UHDNVL��&XUH�5DWH�V�

,QGH[�&5,��� &5,� GLKLWXQJ� EHUGDVDUNDQ�
SHUEHGDDQ� W � GDQ� W � GHQJDQ� SHUVDPDDQ��� V�

EHULNXW��&KRQNDHZ�HW�DO����������

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

8ML�6LIDW�)LVLN�9XONDQLVDW�&DQDO�%ORFNLQJ�
%HUEDVLV�.RPSRVLW�.DUHW�$ODP

3HQJXMLDQ�VLIDW�ILVLN�YXONDQLVDW�NDUHW�
FDQDO� EORFNLQJ� PHOLSXWL� EHUDW� MHQLV��
NHNHUDVDQ��NXDW�WDULN��SHUSDQMDQJDQ�SXWXV��
PRGXOXV� ������ NHWDKDQDQ� VREHN��
NHSHJDVDQ�SDQWXO�GDQ�WHNDQDQ�PHQ\HOXUXK��
3HQJXMLDQ� EHUDW� MHQLV� PHQJDFX� SDGD� ,62�
�����������3HQJXMLDQ�NHNHUDVDQ�YXONDQLVDW�
VHVXDL� GHQJDQ� $670� '���������� GHQJDQ�
VDPSHO� XML� EHUXSD� WLJD� ODSLV� OHPEDUDQ�
SHUVHJL����[���FP��VHWHEDO���PP��3HQJXMLDQ�
NXDW� WDULN�� SHUSDQMDQJDQ� SXWXV� GDQ�
PRGXOXV������VHVXDL�GHQJDQ�$670�'�����
��$(��� GHQJDQ� VDPSHO� XML� EHUEHQWXN�
GXPEEHOO� WLSH� ��� 3HQJXMLDQ� GLODNXNDQ�
PHQJJXQDNDQ�/O\RG�7HQVRPHWHU�SDGD�VXKX�
UXDQJ��3HQJXMLDQ�NHWDKDQDQ�VREHN�PHQJDFX�
SDGD� ,62� ������������ 3HQJXMLDQ� WHNDQDQ�
PHQ\HOXUXK�VHVXDL�GHQJDQ�$670�'��������
3HQJXMLDQ�NHSHJDVDQ�SDQWXO�VHVXDL�GHQJDQ�
$670�'���������

� � � � � ����������

8ML�.HWDKDQDQ�9XONDQLVDW�&DQDO�%ORFNLQJ�
%HUEDVLV�.RPSRVLW�.DUHW�$ODP� WHUKDGDS�
/LQJNXQJDQ�$VDP

3HQJXMLDQ� NHWDKDQDQ� YXONDQLVDW�
WHUKDGDS� OLQJNXQJDQ� DVDP� GLODNXNDQ�
GHQJDQ� PHUHQGDP� YXONDQLVDW� SDGD� DVDP�
VXOIDW� S+� ���� GDQ� ��� 3HQJXMLDQ� GLODNXNDQ�
VHVXDL� $670� '������(��� 3HUHQGDPDQ�
GLODNXNDQ�SDGD�VXKX�UXDQJ��57��GDQ����&�
VHODPD����MDP��3HUHQGDPDQ�SDGD�VXKX����&�
XQWXN� PHQJHWDKXL� SHQJDUXK� DFFHOHUDWHG�
WKHUPDO� DJHLQJ� �SHQJXVDQJDQ� SDQDV�
GLSHUFHSDW��SDGD�NHWDKDQDQ�YXONDQLVDW��*X�
	� ,WRK�� ������� 3HUVHQ� SHUXEDKDQ� YROXPH�
NDUHW� GLKLWXQJ� EHUGDVDUNDQ� SHUVDPDDQ� ����
LQL��GHQJDQ�:X�DGDODK�YROXPH�DZDO�VHEHOXP�
SHUHQGDPDQ�GDQ�:V�DGDODK�YROXPH�VHWHODK�
SHUHQGDPDQ�

8ML� .HWDKDQDQ� 2]RQ� 9XONDQLVDW� &DQDO�
%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP�

3HQJXMLDQ� NHWDKDQDQ� YXONDQLVDW�
WHUKDGDS� R]RQ� G L ODNXNDQ� GHQJDQ�
PHPDSDUNDQ�YXONDQLVDW�GHQJDQ�R]RQ�SDGD�
NRQVHQWUDVL����SSKP�VHODPD����MDP�GDODP�
R]RQH� DJLQJ� WHVWHU�� 3HQJXMLDQ� GLODNXNDQ�
VHVXDL�$670�'��������UD��������.HWDKDQDQ�
YXONDQLVDW�WHUKDGDS�R]RQ�GLNHWDKXL�PHODOXL�
SHQJDPDWDQ� WHUKDGDS� WLPEXOQ\D� UHWDNDQ�
�FUDFNLQJ�� SDGD� SHUPXNDDQ� YXONDQLVDW�
VHWHODK� GLSDSDUL� R]RQ� SDGD� NRQGLVL�
SHQJXMLDQ�

8ML� .DUDNWHULVWLN� 0RUIRORJL� 9XONDQLVDW�
&DQDO�%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�
$ODP

3HQJXMLDQ� NDUDNWHULVWLN� PRUIRORJL�
YXONDQLVDW� GLODNXNDQ� XQWXN� PHQJHWDKXL�
SHQDPSDNDQ� PRUIRORJL� NDUHW� \DQJ� WHODK�
GLUHQGDP�SDGD�OLQJNXQJDQ�DVDP��6DPSHO�XML�
\DQJ� GLJXQDNDQ� DGDODK� VDPSHO� YXONDQLVDW�
\DQJ�PHPLOLNL�NHWDKDQDQ�\DQJ�WHUEDLN�SDGD�
OLQJNXQJDQ�DVDP�HNVWULP� �DVDP�VXOIDW� EHU�
S+� ����� GDQ� WHODK� GLUXVDN� GHQJDQ�
PHQJJXQDNDQ� WHQVRPHWHU�� 6HEDJDL� NRQWURO�
GLJXQDNDQ� SXOD� YXONDQLVDW� GDUL� NRPSRQ�
WHUEDLN� VHEHOXP� PHQJDODPL� SHUHQGDPDQ�
SDGD� OLQJNXQJDQ� DVDP� HNVWULP�� 3HQJXMLDQ�
NDUDNWHU LVW LN� PRUIRORJL � YXONDQLVDW �
PHQJJXQDNDQ � 6FDQQ L Q J � ( O H F W U R Q �
0LVFURVFRS\� �6(0��=(,66� ,QVWUXPHQW�SDGD�
DNVHOHUDVL�YROWDVH����N9��3HUPXNDDQ�VDPSHO�
\DQJ� UXVDN�NDUHQD� WDULNDQ�GLODSLVL�GHQJDQ�
HPDV� XQWXN� PHQMDJD� DJDU� WLGDN� WHUMDGL�
SHQJDUXK�HOHNWURVWDWLN�VHODPD�SHQJDPDWDQ��
3HQJDPDWDQ�PRUIRORJL�YXONDQLVDW�GLODNXNDQ�
SDGD�SHUEHVDUDQ������GDQ��������NDOL�

+$6,/�'$1�3(0%$+$6$1

.DUDNWHULVWLN�3HPDWDQJDQ�.RPSRQ�&DQDO�
%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP

+DVLO� NDUDNWHULVWLN� SHPDWDQJDQ�
NHHPSDW� NRPSRQ� WHUVHEXW� GLVDMLNDQ� SDGD�
7DEHO� ��� +DVLO� NDUDNWHULVWLN� SHPDWDQJDQ�
PHQXQMXNNDQ� EDKZD� 6��� PHPLOLNL� WRUVL�
PDNVLPXP�� WRUVL�PLQLPXP�GDQ�GHOWD� WRUVL�
WHUWLQJJL��*RQ]D�OH]��5RGU×JXH]��'HO�&DPSR��
GDQ�0DUFRV�)HUQDQGH]� �������PHQ\DWDNDQ�
EDKZD�QLODL�WRUVL�PDNVLPXP�GDQ�GHOWD�WRUVL�
PHQXQMXNNDQ�LNDWDQ�VLODQJ�\DQJ�WHUEHQWXN�
GDUL� VHEXDK� NRPSRQ�� +DVLO� WHUVHEXW�



��

.DUDNWHULVDVL�6LIDW�)LVLN�GDQ�.HWDKDQDQ�7HUKDGDS�/LQJNXQJDQ�$VDP�
/DKDQ�*DPEXW�0DWHULDO�&DQDO�%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP

PHQXQMXNNDQ� EDKZD� SHQDPEDKDQ� EDKDQ�
SHQJLVL� PHQLQJNDWNDQ� LNDWDQ� VLODQJ� \DQJ�
WHUEHQWXN�� 6HGDQJNDQ� WRUVL� PLQLPXP� �0 ��/

PHUXSDNDQ� LQGLNDWRU� YLVNRVLWDV� NRPSRQ�
�.RQDU�	�6DKD��������0DUNRYLþ�HW�DO���������
,QGUD� HW� DO��� ������ VHUWD� PHPEHULNDQ�
LQIRUPDVL� WHUNDLW� NHPDPSXDQ� SURVHV� GDUL�
NRPSRQ� �1DELO�� ,VPDLO� 	� $]XUD�� �������
6HPDNLQ� WLQJJL� YLVNRVLWDV� VXDWX� NRPSRQ�
PDND� DNDQ� VHPDNLQ� VXO L W � SURVHV�
SHQJRPSRQDQ� NRPSRQ� WHUVHEXW�� +DO� LQL�
GLVHEDENDQ�NDUHQD�XPXPQ\D�NDUERQ�KLWDP�
WHUEHQWXN� GDUL� SHPEDNDUDQ�PLQ\DN� EXPL��
\DQJ�WHUGLUL�GDUL�SHUFDEDQJDQ�DJUHJDW�\DQJ�
WLGDN� UHJXOHU�� 3HQ\HEDUDQ� NDUERQ� KLWDP�
SDGD� MDULQJDQ� NDUHW� GLODNXNDQ� GHQJDQ�
VHQGLU LQ\D� � 'HQJDQ� PHQLQJNDWQ\D�
NDQGXQJDQ� NDUERQ� KLWDP�� UDQWDL� LNDWDQ�
VHPDNLQ�SHQGHN�GDQ�MXPODK�LNDWDQ�GLDQWDUD�
GXD�LNDWDQ�VLODQJ�DNDQ�EHUNXUDQJ��+HLQULFK�
	� 9LOJLV�� ������� 0DND�� VHPDNLQ� EDQ\DN�
NDUERQ� KLWDP� \DQJ� GLPDVXNNDQ�� VHPDNLQ�
VXOLW�SURVHV�SHQJRPSRQDQ�EHUODQJVXQJ�

3DGD� 7DEHO� �� GLNHWDKXL� EDKZD�
NRPSRQ� 6��� PHPLOLNL� WRUVL� PDNVLPXP��
PLQLPXP� GDQ� GHOWD� WRUVL� \DQJ� OHELK� NHFLO�
GLEDQGLQJNDQ� 6���� +DVL O � WHUVHEXW�
PHQXQMXNNDQ� EDKZD� LQWHUDNVL� DQWDU�
SHUPXNDDQ�PROHNXO�NDUHW�GDQ�EDKDQ�SHQJLVL�
�UXEEHU� ERXQG�� SDGD� NRPSRQ� IRUPXOD� 6���
OHELK�UHQGDK�GLEDQGLQJNDQ�GHQJDQ�NRPSRQ�
IRUPXOD� 6���� +DO� LQL� GLNDUHQDNDQ� SDGD�
NRPSRQ� IRUPXOD� 6��� PHPLOLNL� EDQ\DN�
NDQGXQJDQ� EDKDQ� SHQJLVL� &D&2 � \DQJ��

EHUVLIDW�EXNDQ�SHQJXDW��+DO�LQL�GDSDW�SXOD�
NDUHQD� MXPODK� EDKDQ� SHQJLVL� \DQJ�
GLWDPEDKNDQ� WHODK� PHOHELKL� EDWDVQ\D��
VHKLQJJD� WLGDN� EHNHUMD� PDNVLPDO� �$]XUD��
*KD]DOL��	�0DULDWWL���������

+DVLO� SHQJDPDWDQ� ZDNWX� RSWLPXP�
�W ���VFRUFK� WLPH� �W �� GDQ� LQGHNV�NHFHSDWDQ��� V�

UHDNVL� �&5,�� YXONDQLVDVL� NRPSRQ� FDQDO�
EORFNLQJ� PHQXQMXNNDQ� NDUDNWHULVWLN�
NRPSRQ� VHODPD� SHPDVDNDQ� GDQ� VLIDW�VLIDW�
LQL� VDQJDW� SHQWLQJ� VHODPD� SHPURVHVDQ�
SHPEXDWDQ� SURGXN� NDUHW�� 7DEHO� ��
PHQXQMXNNDQ� EDKZD� SHQDPEDKDQ� GRVLV�
NDUERQ� KLWDP� PHPSHUFHSDW� ZDNWX�
YXONDQLVDVL�� ZDNWX� VFRUFK� GDQ� &5,�� +DVLO�
SHQJDPDWDQ� LQL� VHVXDL� GHQJDQ� SHQHOLWLDQ�
6DDG�HW�DO�� �������GDQ� ,VPDLO�HW�DO�� ��������
GLPDQD�VHPDNLQ�EDQ\DN�EDKDQ�SHQJLVL�\DQJ�
GLPDVXNNDQ�PDND�VHPDNLQ�VLQJNDW�W �GDQ���

W �V�

6LIDW� )LVLN� 9XONDQLVDW� &DQDO� %ORFNLQJ�
%HUEDVLV�.RPSRVLW�.DUHW�$ODP

6LIDW� ILVLN� YXONDQLVDW� FDQDO� EORFNLQJ�
GLVDMLNDQ�SDGD�7DEHO� ���%HUGDVDUNDQ�KDVLO�
SHQJDPDWDQ� GLNHWDKXL� EDKZD� NHHPSDW�
NRPSRQ�PHPLOLNL�EHUDW�MHQLV�\DQJ�PHQLQJNDW�
VHLULQJ� SHQDPEDKDQ� NDUERQ� KLWDP��
3HQDPEDKDQ� GRV LV � NDUERQ� K L WDP�
PHQDPEDK� PDVVD� GDUL� NRPSRQ�� VHKLQJJD�
EHUDW�MHQLV�YXONDQLVDW�PHQJDODPL�NHQDLNDQ��
%HUDW� MHQLV� WHUWLQJJL� WDPSDN� SDGD� NRPSRQ�
6����\DQJ�GLEHUL�GRVLV�����SKU�&D&2 ��

.HNHUDVDQ�YXONDQLVDW�FDQDO�EORFNLQJ�
MXJD� PHQJDODPL� NHQDLNDQ� VH LU LQJ�
SHQDPEDKDQ� GRVLV� NDUERQ� KLWDP� �6DDG� HW�
DO � � � ������� 3HUKLWXQJDQ� NHNHUDVDQ�
YXONDQLVDW�NDUHW�GDSDW�GLSUHGLNVL�GDUL�QLODL�
NHNHUDVDQQ\D� VHFDUD� WHRULWLV�� .DUHW� DODP�
VHFDUD� WHRULWLV�PHPLOLNL� NHNHUDVDQ� VHEHVDU�
���6KRUH�$��3HQDPEDKDQ�EDKDQ�SHQJLVL�GDQ�
SHOXQDN� SDGD� NDUHW� DNDQ� PHPSHQJDUXKL�
NHNHUDVDQ� NDUHW� WHUVHEXW�� %DKDQ� SHQJLVL�
SHJXDW� VHSHUWL� NDUERQ� KLWDP�� DNDQ�

7DEHO����.DUDNWHULVWLN�SHPDWDQJDQ�NRPSRQ�FDQDO�EORFNLQJ�EHUEDVLV�NRPSRVLW�NDUHW�DODP
7DEOH����&XULQJ�FKDUDFWHULVWLF�RI�QDWXUDO�UXEEHU�FRPSRVLWH�EDVHG�FDQDO�EORFNLQJ�FRPSRXQG

.DUDNWHULVWLN SHPDWDQJDQ

&XULQJ�FKDUDFWHULVWLF

.RPSRQ�FDQDO�EORFNLQJ�EHUEDVLV�NRPSRVLW�NDUHW�DODP

1DWXUDO UXEEHU�FRPSRVLWH�EDVHG�FDQDO�EORFNLQJ�

FRPSRXQG

6�� 6�� 6�� 6��

0+ �NJ�FP� ����� ����� ����� �����

0/ �NJ�FP� ����� ����� ����� �����

0+²0/ �NJ�FP� � ��� ���� ����

W�� �PHQLW� ���� ���� ���� ����

W6� �PHQLW� ���� ���� ���� ����

&5, ����� ����� ����� �����



��

7DEHO���� 6LIDW�ILVLN�GDQ�PHNDQLN�YXONDQLVDW�FDQDO�EORFNLQJ�EHUEDVLV�NRPSRVLW�NDUHW�DODP
7DEOH� ��� 3K\VLFDO� DQG�PHFKDQLFDO� SURSHUWLHV� RI� QDWXUDO� UXEEHU� FRPSRVLWH� EDVHG� FDQDO�

EORFNLQJ�YXOFDQL]DWH�

.LQDVLK��&LIULDGL�GDQ�:LMD\D

PHQLQJNDWNDQ� NHNHUDVDQ� ô� GDUL� MXPODK�
\DQJ� GLWDPEDKNDQ�� 3HQDPEDKDQ� EDKDQ�
SHQJLVL�EXNDQ�SHQJXDW�VHSHUWL�&D&2 ��DNDQ��

PHQLQJNDWNDQ� NHNHUDVDQ� ���� GDUL� MXPODK�
\ D Q J � G L W DPEDKN DQ � � 6 H G D Q J N DQ � �
SHQDPEDKDQ� SHOXQDN� GDSDW� PHQXUXQNDQ�
N HN H U D V DQ � ô � G D U L � M XP O DK � \ DQ J �
GLWDPEDKNDQ��

3DGD� NRPSRQ� 6��� GDQ� 6��� QLODL�
NHNHUDVDQ� \DQJ� GLSHUROHK� GL� DWDV� GDUL�
SHUNLUDDQ� NHNHUDVDQ� VHFDUD� WHRULWLV��
VHGDQJNDQ� 6��� GDQ� 6��� QLODL� NHNHUDVDQ�
\DQJ� GLSHUROHK� GL� EDZDK� SHUNLUDDQ�
NHNHUDVDQ� VHFDUD� WHRULWLV�� .HNHUDVDQ�
NRPSRQ�6���PHPLOLNL�NHNHUDVDQ�\DQJ�OHELK�
NHF L O � G LEDQGLQJNDQ� 6��� � +D O � LQ L �
GLPXQJNLQNDQ� NDUHQD� NRPSRQ� 6��� GLEHUL�
SHQJLVL� &D&2 � \DQJ� PHUXSDNDQ� EDKDQ��

SHQJLVL� EXNDQ� SHQJXDW�� VHKLQJJD�PHPLOLNL�
HIHN� NHNHUDVDQ� \DQJ� OHELK� UHQGDK�
GLEDQGLQJNDQ�NDUERQ�KLWDP��

.DUHW� DODP�GHQJDQ�NHNHUDVDQ� \DQJ�
EHVDU�PHQXQMXNNDQ� EDKZD� NDUHW�PHPLOLNL�
NHNDNXDQ� �VWLIIQHVV��\DQJ�WLQJJL�DWDX�WLGDN�
HODVWLV� VHKLQJJD� FHQGHUXQJ� PHPLOLNL� QLODL�
NXDW� WDULN�� SHUSDQMDQJDQ� SXWXV�� PRGXOXV�
������ NHWDKDQDQ� VREHN� GDQ� NHSHJDVDQ�
SDQWXO� \DQJ� UHQGDK�� 3HQDPEDKDQ� NDUERQ�
KLWDP� SDGD� PDWULNV� NDUHW� PHQ\HEDENDQ�
GLVSHUVL�SHQJLVL�GDQ�LQWHUDNVL�DQWDUD�SHQJLVL�
GDQ� PDWULNV� �$]XUD� HW� DO��� ������� 'HQJDQ�
VHPDNLQ� EDQ\DNQ\D� SHQJLV L � \DQJ�
GLWDPEDKNDQ� PDND� LQWHUDNVL� SHQJLVL� GDQ�
PDWULN� DNDQ� VHPDNLQ� OHPDK�� VHKLQJJD�
PHQXUXQNDQ� NHNXDWDQ� NDUHW� �-RE� HW� DO���
������ )URKOLFK� HW� DO�� ������� 7DEHO� ��
PHQXQMXNNDQ� EDKZD� SHQDPEDKDQ� NDUERQ�
K L W DP � S D G D � N RPSRQ � F H Q G H U XQ J �
PHQXUXQNDQ�VLIDW�NXDW�WDULN��SHUSDQMDQJDQ�

SXWXV��PRGXOXV�������NHWDKDQDQ�VREHN�GDQ�
NHSHJDVDQ�SDQWXO�YXONDQLVDW�FDQDO�EORFNLQJ��

1 L O D L � W H N D Q DQ � PHQ \ H O X U XK �
�FRPSUHVVLYH� VWUHQJWK�� PHQXQMXNNDQ�
NHNXDWDQ� VXDWX� YXONDQLVDW�� 3DGD� NRQGLVL�
ODSDQJDQ�GL�ODKDQ�JDPEXW��WHUNDGDQJ�GHELW�
DLU� PHQJDODPL� SHQLQJNDWDQ� VDDW� SDVDQJ��
3HQJXMLDQ� VLIDW� ILVLND� LQL� SHUOX� GLODNXNDQ�
XQWXN�PHQJHWDKXL�NHNXDWDQ�NRPSRQ�NDUHW�
VDDW� GLKDGDSNDQ� SDGD� NRQGLVL� HNVWULP� GL�
ODSDQJDQ��7DEHO���PHQXQMXNNDQ�EDKZD�QLODL�
WHNDQDQ� PHQ\HOXUXK� SDGD� YXONDQLVDW�
PHQLQJNDW� VHLULQJ� MXPODK� NDUERQ� KLWDP�
\DQJ�GLWDPEDKNDQ��QLODL�LQL�VHMDODQ�GHQJDQ�
NHNHUDVDQ�YXONDQLVDW��1DPXQ��QLODL�WHNDQDQ�
PHQ\HOXUXK�PHQJDODPL� VHGLNLW� SHQXUXQDQ�
SDGD�6���GDQ�NHPXGLDQ�QDLN�NHPEDOL�SDGD�
YXONDQLVDW� 6���� 3HQXUXQDQ� WHUVHEXW�
GLPXQJNLQNDQ� NDUHQD� PDWULNV� NRPSRVLW�
�NDUHW��PHQJDODPL�NHUXVDNDQ�VDDW�GLEHULNDQ�
SHUODNXNDDQ� SHQJXMLDQ�� VHKLQJJD� QLODL�
WHNDQDQ�PHQ\HOXUXKQ\D�PHQXUXQ��

.HWDKDQDQ� $VDP� 9XONDQLVDW� &DQDO�
%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP�

/DKDQ� JDPEXW� XPXPQ\D� EHUVLIDW�
DVDP��0LQHUDO�GDVDU�GL�EDZDK�WDQDK�JDPEXW�
XPXPQ\D�EHUXSD�VXOIDW��\DQJ�PHPLOLNL�S+�
\DQJ� UHQGDK� �.VHOLN� HW� DO��� �������
6XOLVWL\DQWR��9DVDQGHU��-DXKLDLQHQ��5LHOH\��
GDQ� /LPLQ� ������� PHQVDPSOLQJ� DLU� SDGD�
NDQDO�DLU�GL�ODKDQ�JDPEXW�.DOLPDQWDQ�GDQ�
GLNHWDKXL� EDKZD� DLU� WHUVHEXW� PHPLOLNL� S+�
GLDQWDUD� ����� GDQ� ������ 0DND� SDGD�
SHQJXMLDQ� NHWDKDQDQ� YXONDQLVDW� WHUKDGDS�
DVDP�GLODNXNDQ�VLPXODVL�SHQJXMLDQ�GHQJDQ�
PHQJJXQDNDQ� DVDP� VXOIDW� �+ 62 �� \DQJ�� �

PHPLOLNL�S+�VHNLWDU���VHEDJDL�SHQJJDQWL�DLU�
ODKDQ� JDPEXW�� 8QWXN� PHQJKDVLONDQ�

6LIDW ILVLND GDQ�PHNDQLN

3K\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV

9XONDQLVDW�FDQDO�EORFNLQJ�EHUEDVLV�NRPSRVLW�NDUHW�DODP

1DWXUDO UXEEHU�FRPSRVLWH�EDVHG�FDQDO�EORFNLQJ�YXOFDQL]DWH

6�� 6�� 6�� 6��

%HUDW MHQLV �J�FP�� ����� ����� ����� �����

.HNHUDVDQ �6KRUH $� �� �� �� ��

.XDW WDULN �1�PP�� ���� ���� ����� ���

SHUSDQMDQJDQ SXWXV ��� ��� ��� ��� ���

PRGXOXV ���� �1�PP� ���� � � �

.HWDKDQDQ VREHN �1�PP� ����� ����� ����� �����

NHSHJDVDQ SDQWXO ��� �� �� �� ��

7HNDQDQ PHQ\HOXUXK ������N1�P�� ����� ����� ����� �����



��

7DEHO����S+�DVDP�VXOIDW�SDGD�EHUEDJDL�NRQVHQWUDVL
7DEOH����S+�RI�VXOIXULF�DFLG�LQ�YDULRXV�FRQFHQWUDWLRQV

.DUDNWHULVDVL�6LIDW�)LVLN�GDQ�.HWDKDQDQ�7HUKDGDS�/LQJNXQJDQ�$VDP�
/DKDQ�*DPEXW�0DWHULDO�&DQDO�%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP

YXONDQLVDW� \DQJ�PHPLOLNL� NHWDKDQDQ� DVDP�
\DQJ�WLQJJL��PDND�YXONDQLVDW�MXJD�GLUHQGDP�
SDGD� DVDP� VXOIDW� EHU�S+� ����� $VDP� VXOIDW�
\DQJ�PHPLOLNL�S+�����GDQ���GLGHNDWL�GHQJDQ�
PHODNXNDQ� SHQHOLWLDQ� SHQGDKXOXDQ��
PHPEXDW� DVDP� VXOIDW� GHQJDQ� EHEHUDSD�
NRQVHQWUDVL� ODOX� PHQJXML� S+� DVDP� VXOIDW�
WHUVHEXW�� +DVLO� SHQHOLWLDQ� SHQGDKXOXDQ�
WHUVHEXW� GLVDM LNDQ� SDGD� 7DEHO � �� �
%HUGDVDUNDQ�KDVLO� SHQHOLWLDQ� SHQGDKXOXDQ�
GLNHWDKXL�EDKZD�DVDP�VXOIDW�EHU�S+�����GDQ�
�� DGDODK� DVDP� VXOIDW� GHQJDQ� NRQVHQWUDVL�
����GDQ�����

3HUVHQ�SHUXEDKDQ�YROXPH�YXONDQLVDW�
SDGD�DVDP�VXOIDW�EHU�S+�����GDQ���GLVDMLNDQ�
SDGD�7DEHO����3DGD�VXDWX�YXONDQLVDW�NDUHW��
NHWDKDQDQQ\D� WDPSDN� SDGD� VHEHUDSD�
EDQ\DN� YXONDQLVDW� WHUVHEXW� WHUODUXW� SDGD�
ODUXWDQ��\DQJ�GLWDQGDL�GDUL�PHQJHPEDQJQ\D�
YXONDQLVDW� GDODP� ODUXWDQ� �/DZDQG\� HW� DO���
������5DPHVDQ�HW�DO���������0DWKHZ�HW�DO���
������� 9DQ� 'XLQ� GDQ� 'LNODQG� �������
PHQMHODVNDQ� OHELK� ODQMXW� EDKZD� WDKDQ�
WHUKDGDS�ODUXWDQ�PHUXSDNDQ�VXDWX�EHQWXN�
SHUODZDQDQ� YXONDQLVDW� XQWXN� WLGDN�
PHQJHPEDQJ� GL� GDODP� ODUXWDQ� WHUVHEXW��
.HWDKDQDQ� GLWHQWXNDQ� GDUL � XVDKD�
YXONDQLVDW�XQWXN�PHQDKDQ�DJDU�WLGDN�ODUXW�
GDODP�ERERW�PROHNXODU�WHUHQGDK�ODUXWDQ�GDQ�
GRURQJDQ�HODVWLV�\DQJ�GDSDW�PHQLQJNDWNDQ�
SHQ\HUDSDQ�ODUXWDQ��0DND��VHPDNLQ�VHGLNLW�
YROXPH� SHQJHPEDQJDQQ\D�� VHPDNLQ� WDKDQ�
YXONDQLVDW�WHUKDGDS�ODUXWDQ��

.HWDKDQDQ� YXONDQLVDW� SDGD� NRQGLVL�
DVDP�S+���PHQXQMXNNDQ�EDKZD�YXONDQLVDW�
6��� PHPLOLNL� SHQJHPEDQJDQ� YROXPH� \DQJ�
SDOLQJ�NHFLO�GLEDQGLQJ�YXONDQLVDW�ODLQ�SDGD�
VXKX� UXDQJ�� 3DGD� XPXPQ\D�� VHPDNLQ�
EDQ\DN�MXPODK�LNDWDQ�VLODQJ�\DQJ�WHUEHQWXN�
PDND� VHPDNLQ� WDKDQ� YXONDQLVDW� WHUKDGDS�
ODUXWDQ� �$FKDU\D� HW� DO�� ������0DQRM� HW� DO��

������ ,VPDLO� HW� DO��� ������� 1DPXQ�� SDGD�
SHQHOLWLDQ� LQL� PHQXQMXNNDQ� EDKZD� LNDWDQ�
VLODQJ�\DQJ�WHUEHQWXN�WLGDN�PHPSHQJDUXKL�
NHWDKDQDQ� YXONDQLVDW� SDGD� ODUXWDQ� DVDP��
9XONDQLVDW�6���PHPLOLNL�LNDWDQ�VLODQJ�\DQJ�
VHGLNLW�OHELK�NHFLO�GLEDQGLQJNDQ�6����7DEHO�
���� QDPXQ� PHPLOLNL� NHNXDWDQ� XQWXN�
PHQDKDQ� \DQJ� OHELK� EHVDU�� 3DGD� KDVLO�
SHQJDPDWDQ� 6(0�� $]XUD� HW� DO� �������
PHQXQMXNNDQ� EDKZD� LQWHUDNVL� SHQJLVL�
SHQJLVL� OHELK� EHVDU� GLEDQGLQJ� LQWHUDNVL�
SHQJLVL�PDWULN�� ,QWHUDNVL� SHQJLVL�SHQJLVL�
\DQJ�OHELK�EHVDU�PHQ\HEDENDQ�DJORPHUDVL��
VHKLQJJD� LNDWDQQ\D� OHELK� PXGDK� SXWXV�
�)URKOLFK� HW� DO�� ������� ,NDWDQ� \DQJ�PXGDK�
SXWXV�LQLODK�\DQJ�PHPEXDW�ODUXWDQ�VHPDNLQ�
PXGDK�WHUVHUDS�PDVXN�NH�GDODP�NRPSRVLW�
NDUHW��

3DGD� SHQJXMLDQ� NHWDKDQDQ� DVDP�
\DQJ� GLSHUFHSDW� �VXKX� ���&��� NHWDKDQDQ�
NDUHW�SDGD�DVDP�GHQJDQ�S+���PHQXQMXNNDQ�
EDKZD� YROXPH� SHQJHPEDQJDQ� YXONDQLVDW�
NDUHW� 6��� KLQJJD� 6��� VHWHODK� SHQJXMLDQ�
PHQJD ODPL � SHQXUXQDQ� � +DV L O � LQ L �
PHQXQMXNNDQ� EDKZD� LNDWDQ� VLODQJ� NDUHW�
WLGDN�ODJL�PDPSX�PHQDKDQ�ODMX�PDVXNQ\D�
ODUXWDQ��VHKLQJJD�NDUHW�ODUXW�GDODP�ODUXWDQ�
DVDP�� 6HGDQJNDQ� YXONDQLVDW � 6���
PHQXQMXNNDQ�YROXPH�SHQJHPEDQJDQ�\DQJ�
OHELK� EHVDU� VHWHODK� SHQJXMLDQ�� PDND�
UHSUHVHQWDVL� SHUXEDKDQ� YROXPHQ\D� PDVLK�
SRVLWLI��+DVLO�LQL�PHQXQMXNNDQ�EDKZD�SDGD�
SHQJXMLDQ� GLSHUFHSDW�� YXONDQLVDW� 6���
PHPLOLNL� NHWDKDQDQ� DVDP� S+� �� GDQ� VXKX�
WLQJJL�\DQJ�OHELK�EDLN�GLEDQGLQJ�YXONDQLVDW�
ODLQ�� .RQGLVL� LQL� GLPXQJNLQNDQ� NDUHQD�
WHUEHQWXNQ\D�LNDWDQ�DQWDUD�SHQJLVL�NDUERQ�
KLWDP�NDUHW�&D&2 �SDGD�PDWULNV�NRPSRVLW���

VHKLQJJD� LNDWDQ�\DQJ� WHUEHQWXN� OHELK�NXDW�
GDQ�PDPSX�PHQDKDQ� ODMX� SHQJHPEDQJDQ�
YROXPHQ\D�SDGD�VXKX�WLQJJL��

.RQVHQWUDVL +�62�

&RQFHQWUDWLRQ�RI�+�62��

���
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�� �����

�� ����
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7DEHO����.HWDKDQDQ�YXONDQLVDW�FDQDO�EORFNLQJ�WHUKDGDS�DVDP�S+�����GDQ��
7DEOH����&DQDO�EORFNLQJ�YXOFDQL]DWH�UHVLVWDQFH�RQ�S+�����DQG���

.LQDVLK��&LIULDGL�GDQ�:LMD\D

.HWDKDQDQ�YXONDQLVDW�SDGD�S+�\DQJ�
OHELK� DVDP� �S+� ����� PHQXQMXNNDQ� EDKZD�
KDQ\D�YXONDQLVDW�6���GDQ�6���\DQJ�PDVLK�
PHPLOLNL� NHNXDWDQ� XQWXN� PHQJKDODQJL�
PDVXNQ\D� ODUXWDQ� DVDP� NH� GDODP� NDUHW��
9XONDQLVDW�6���PHPLOLNL�SHUXEDKDQ�YROXPH�
\DQJ�OHELK�NHFLO�GLEDQGLQJNDQ�6����1DPXQ�
SDGD� SHQJXMLDQ� GLSHUFHSDW� �VXKX� ���&���
YXONDQLVDW�6���WLGDN�ODJL�PHPLOLNL�NHNXDWDQ�
XQWXN�PHQDKDQ�PDVXNQ\D�ODUXWDQ�DVDP�NH�
GDODP�NDUHW��VHKLQJJD�NDUHW�WHUODUXW�GDODP�
ODUXWDQ�DVDP��'DUL�KDVLO�SHQJXMLDQ�GLNHWDKXL�
EDKZD�YXONDQLVDW�6���PHPLOLNL�NHWDKDQDQ�
DVDP� S+� �� GDQ� ���� \DQJ� EDLN� SDGD� VXKX�
UXDQJ�GDQ�VXKX����&��

.HWDKDQDQ�YXONDQLVDW�FDQDO�EORFNLQJ�
WHUKDGDS� DVDP� GLNHWDKXL� SXOD� GDUL�
NHVWDELODQ� VLIDW� PHNDQLV� YXONDQLVDWQ\D�
VHWHODK�GLUHQGDP�SDGD�DVDP�VXOIDW�S+���GDQ�
����� 3HUXEDKDQ� VLIDW� PHNDQLV� YXONDQLVDW�
NDUHW� VHWHODK� SHUHQGDPDQ� GLVDMLNDQ� SDGD�
*DPEDU����.HNHUDVDQ�SDGD�PDVLQJ�PDVLQJ�
YXONDQLVDW� PHQXQMXNNDQ� SHQXUXQDQ�
NHNHUDVDQ� VHWHODK� GLUHQGDP� SDGD� ODUXWDQ�
DVDP� S+� �� GDQ� ����� QDPXQ� SHQXUXQDQ�
NHNHUDVDQ� YXONDQLVDW� FDQDO� EORFNLQJ� WLGDN�
PHQXQMXNNDQ�SHUXEDKDQ�\DQJ�VLJQLILNDQ��

.HFHQGHUXQJDQ� \DQJ� KDPSLU� VDPD�
GLWXQMXNNDQ� SDGD� VLIDW� NXDW� WDULN�
YXONDQLVDW�� GLPDQD� YXONDQLVDW� FDQDO�
EORFNLQJ� PHQXQMXNNDQ� SHQXUXQDQ� VHWHODK�
GLUHQGDP� SDGD� S+� �� GDQ� ����� 3DGD�
YXONDQLVDW� 6��� GDQ� 6���� YXONDQLVDW�
PHQXQMXNNDQ� SHQXUXQDQ� VLIDW� NXDW� WDULN�
\DQJ�OHELK�EHVDU�VHWHODK�GLUHQGDP�GL�S+�����
GLEDQGLQJNDQ� S+� ��� +DO� LQL�PHQXQMXNNDQ�
EDKZD� YXONDQLVDW� 6��� GDQ� 6��� KDQ\D�
PDPSX� EHUWDKDQ� NHWLND� GLUHQGDP� KLQJJD�
S+����6HODLQ�LWX��QLODL�NXDW�WDULN�PHQJDODPL�
SHQXUXQDQ�\DQJ�OHELK�EHVDU�VDDW�GLXML�SDGD�
VXKX����&�GLEDQGLQJ�GL�VXKX�UXDQJ��+DVLO�

LQL�PHQXQMXNNDQ�EDKZD�YXONDQLVDW�6���GDQ�
6��� WLGDN� WDKDQ� WHUKDGDS� SHUHQGDPDQ�
GDODP� ZDNWX� \DQJ� UHODWLI� ODPD�� GHQJDQ�
DVXPVL� SHQJXMLDQ� SDGD� VXKX� ���&�
PHUXSDNDQ�SHQJXMLDQ�\DQJ�GLSHUFHSDW��3DGD�
YXONDQLVDW�6���GDQ�6���PHQXQMXNNDQ�WUHQ�
VHEDOLNQ\D�� GLPDQD� YXONDQLVDW� WHUVHEXW�
PHQJDODPL�NHQDLNDQ�QLODL�NXDW�WDULN�VHWHODK�
GLUHQGDP� SDGD� S+� ����� +DVLO � LQL�
PHQXQMXNNDQ� EDKZD� YXONDQLVDW� 6��� GDQ�
6���PDPSX�EHUWDKDQ�VDDW�GLUHQGDP�SDGD�
S+� KLQJJD� ����� 1DPXQ� NHQDLNDQ� WHUVHEXW�
KDQ\D�WHUMDGL�SDGD�VXKX�SHQJXMLDQ�GL�VXKX�
UXDQJ�GDQ�PHQJDODPL�SHQXUXQDQ�VDDW�GLXML�
SDGD � VXKX� ���&� � +DV L O � W H UVHEXW �
PHQJLQGLNDVLNDQ�EDKZD�YXONDQLVDW�6���GDQ�
6��� PDPSX� EHUWDKDQ� SDGD� OLQJNXQJDQ�
DVDP� HNVWULP� �S+� ����� KDQ\D� SDGD� NXUXQ�
ZDNWX�\DQJ�VLQJNDW�

3HQXUXQDQ� NHNHUDVDQ� YXONDQLVDW�
VH W H ODK � SHUHQGDPDQ� PHQ\HEDNDQ �
NHHODVWLVDQ�NDUHW�PHQLQJNDW�VHKLQJJD�QLODL�
SHUSDQMDQJDQ� SXWXV� NDUHW� PHQLQJNDW��
1DPXQ� SHQLQJNDWDQ� SHUSDQMDQJDQ� SXWXV�
NDUHW� KDQ\D� PDPSX� PHQLQJNDW� VDDW� GLXML�
S D G D � V X KX � U X D Q J � � 6 H O D Q M X W Q \ D �
SHUSDQMDQJDQ� SXWXV� NDUHW� PHQJDODPL�
SHQXUXQDQ� VHWHODK� GLXML� SDGD� VXKX� ���&��
+DVLO� LQL� PHQXQMXNNDQ� EDKZD� YXONDQLVDW�
NDUHW�KDQ\D�PDPSX�EHUWDKDQ�GL�OLQJNXQJDQ�
DVDP� HNVWULP� GDODP� NXUXQ� ZDNWX� \DQJ�
VLQJNDW��

%HUGDVDUNDQ�VHUDQJNDLDQ�SHQJXMLDQ�
VLIDW�PHNDQLN�YXONDQLVDW�WHUVHEXW�GLNHWDKXL�
EDKZD�NRPSRQ�6���GDQ�6���PHPLOLNL�VLIDW�
PHNDQLN�\DQJ�OHELK�EDLN�GLEDQGLQJNDQ�6���
GDQ�6����EDLN�SDGD�NRQGLVL�WDQSD�PDXSXQ�
GHQJDQ� SHUHQGDPDQ� GL� OLQJNXQJDQ� DVDP��
0DWHULDO� SHPEDQJXQ� FDQDO� EORFNLQJ� WLGDN�
KDQ\D� PHPSHUWLPEDQJNDQ� NXDOLWDV� GDQ�
GXUDELOLWDV� EDKDQ�� QDPXQ� MXJD� QLODL�

.RQGLVL SHQJXMLDQ

7UHDWPHQW FRQGLWLRQ

3HUXEDKDQ�YROXPH�

6ZHOOLQJ�EHKDYLRU�

���

VXKX S+ 6�� 6�� 6�� 6��

57
�

���� ���� ���� ����

���& ����� ����� ����� ����

57
���

����� ����� ���� ����

���& ����� ����� ����� ����



��

�

�

�

�

�

��

��

��

��

��

��

��

��

��

���

DZDO S+�� S+���� DZDO S+�� S+���� DZDO S+�� S+���� DZDO S+�� S+����

6�� 6�� 6�� 6��

.RQGLVL�SHQJXMLDQ
7UHDWPHQW�FRQGLWLRQ
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DZDO S+�� S+���� DZDO S+�� S+���� DZDO S+�� S+���� DZDO S+�� S+����

6�� 6�� 6�� 6��

.RQGLVL�SHQJXMLDQ
7UHDWPHQW�FRQGLWLRQ
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DZDO S+�� S+���� DZDO S+�� S+���� DZDO S+�� S+���� DZDO S+�� S+����

6�� 6�� 6�� 6��

.RQGLVL�SHQJXMLDQ
7UHDUWPHQW�FRQGLWLRQ

57 ���&
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*DPEDU����3HUXEDKDQ�VLIDW�PHNDQLN�YXONDQLVDW�FDQDO�EORFNLQJ�EHUEDVLV�NRPSRVLW�NDUHW�DODP�
VHWHODK�SHUHQGDPDQ�GDODP�OLQJNXQJDQ�DVDP

)LJXUH����0HFKDQLFDO�SURSHUWLHV�DOWHUDWLRQ�RI�QDWXUDO�UXEEHU�EDVHG�FDQDO�EORFNLQJ�YXOFDQL]DWH�
DIWHU�VRDNLQJ�LQ�DFLG�HQYLURQPHQW

.DUDNWHULVDVL�6LIDW�)LVLN�GDQ�.HWDKDQDQ�7HUKDGDS�/LQJNXQJDQ�$VDP�
/DKDQ�*DPEXW�0DWHULDO�&DQDO�%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP

HNRQRPLQ\D�� %HUGDVDUNDQ� SHUWLPEDQJDQ�
QLODL� HNRQRPLV�� NRPSRQ� 6��� \DQJ�
EHUPDWHULDO�SHQJLVLQ\D�EHUXSD�FDUERQ�EODFN� �
PHPLO LN L � KDUJD� \DQJ� OHELK� W LQJJL �

GLEDQGLQJNDQ� &D&2 � SDGD� NRPSRQ� 6����

VHKLQJJD�NRPSRQ�6��� � \DQJ�GLSLOLK�XQWXN�
GLNHPEDQJNDQ� VHEDJDL� NRPSRQ� SHQ\XVXQ�
PDWHULDO�FDQDO�EORFNLQJ�EHUEDVLV�NDUHW�DODP�
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9XONDQLVDW�NRPSRVLW�NDUHW��

*DPEDU����$SOLNDVL�YXONDQLVDW�NRPSRVLW�NDUHW�DODP�SDGD�FDQDO�EORFNLQJ��
)LJXUH����$SSOLFDWLRQ�RI�QDWXUDO�UXEEHU�FRPSRVLWH�RQ�FDQDO�EORFNLQJ

7DEHO����.HWDKDQDQ�YXONDQLVDW�FDQDO�EORFNLQJ�WHUKDGDS�R]RQ
7DEOH����&DQDO�EORFNLQJ�YXOFDQL]DWH�UHVLVWDQFH�RQ�R]RQH�FRQGLWLRQ�

9XONDQLVDW�
9XOFDQL]DWH�

3HQDPDSDNDQ�YXONDQLVDW�VHWDODK�XML�NHWDKDQ�R]RQ�
9XOFDQL]DWH�DSSHDUDQFH�DIWHU�R]RQH�DJLQJ�WHVW��

6��� 7LGDN�UHWDN�
6��� 7LGDN�UHWDN�
6��� 7LGDN�UHWDN�
6��� 7LGDN�UHWDN�

�

.LQDVLK��&LIULDGL�GDQ�:LMD\D

.HWDKDQDQ� 2]RQ� 9XONDQLVDW� &DQDO�
%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP�

$SOLNDVL� YXONDQLVDW� FDQDO� EORFNLQJ�
EHUEDVLV�NDUHW�DODP�GL�ODSDQJDQ�PHQJDODPL�
NRQWDN�GHQJDQ�VLQDU�PDWDKDUL��VHSHUWL�\DQJ�
GLVDMLNDQ� SDGD� *DPEDU� ��� VHKLQJJD�
YXONDQLVDW� WHUVHEXW� KDUXV� PHPLOLNL�
NHWDKDQDQ� \DQJ� EDLN� WHUKDGDS� R]RQ�� 3DGD�
KDVLO� SHQJXMLDQ� �7DEHO� ��� PHQXQMXNNDQ�
EDKZD� YXONDQLVDW� WLGDN� PHQJDODPL�
NHUHWDNDQ� VHWHODK� GLSDSDU� R]RQ� ��� SSKP�
VHODPD� ��� MDP�� +DVLO� LQL� PHQXQMXNNDQ�
EDKZD� YXONDQLVDW� WDKDQ� WHUKDGDS� VLQDU�
PDWDKDUL� VHKLQJJD� GLKDUDSNDQ� GDSDW�
GLJXQDNDQ�GHQJDQ�EDLN�GL�NRQGLVL�ODSDQJDQ�

.DUDNWHULVWLN�0RUIRORJL�9XONDQLVDW�&DQDO�
%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP

.DUDNWHULVWLN� PRUIRORJL� YXONDQLVDW�
FDQDO�EORFNLQJ�EHUEDVLV�NRPSRVLW�NDUHW�DODP�
GLVDMLNDQ� SDGD� *DPEDU� ��� 3HQJXMLDQ�
NDUDNWHULVWLN� YXONDQLVDW� PHQJJXQDNDQ�
NRPSRQ� WHUSLOLK�� \DQJ� WDKDQ� SDGD� NRQGLVL�
DVDP� HNVWULP� \DLWX� 6���� 3DGD� SHJDPDWDQ�
PRUIRORJL� YXONDQLVDW� GHQJDQ� SHUEHVDUDQ�
������ NDOL� �*DPEDU� �D� GDQ� �E�� WDPSDN�
EDJDLPDQD�LQWHUDNVL�GDQ�SHOHNDWDQ�PDWULNV�

NDUHW�GDQ�SHQJLVLQ\D��)X��)HQJ��/DXNH�GDQ�
0DL� ������� PHQ\DWDNDQ� EDKZD� NHNXDWDQ�
GDQ� NHNDNXDQ� NRPSRVLW� EHUJDQWXQJ� SDGD�
LQWHNDVL� GDQ� SHOHNDWDQ� PDWULNV� NDUHW� GDQ�
SHQJLVLQ\D�� 3DGD� JDPEDU� WHUVHEXW� WDPSDN�
EDKZD� LQWHUDNVL� PDWULNV� NDUHW� GDQ�
SHQJLVLQ\D� WHODK� KRPRJHQ�� QDPXQ�
SHOHNDWDQQ\D� EHOXP� RSWLPDO�� .RQGLVL�
WHUVHEXW� WDPSDN� OHELK� GHWDLO� SDGD�
PRUIRORJLQ\D� GHQJDQ� SHUEHVDUDQ� �������
NDOL�� 0RUIRORJL� NRPSRQ� 6��� WHUVHEXW�
PHQ\HEDENDQ�QLODL�NHNXDWDQ�WDULNQ\D�UHODWLI�
NHFLO�GLEDQGLQJ�NRPSRQ�ODLQQ\D��7DEHO������

3DGD�SHUEHVDUDQ��������NDOL�WDPSDN�
EDKZD� SHUHQGDPDQ� YXONDQLVDW� FDQDO�
EORFNLQJ� SDGD� DVDP� VXOIDW� EHU� S+� ����
PHUXEDK� PRUIRORJL� YXONDQLVDW�� 3DGD�
*DPEDU��F�WDPSDN�SDGD�LNDWDQ�PDWULN�NDUHW�
GDQ� SHQJLVLQ\D� WHUGDSDW� FHODK� \DQJ� NHFLO��
QDPXQ�SDGD�*DPEDU��G�WDPSDN�FHODK�\DQJ�
OHELK�EHVDU��.RQGLVL�LQL�PHQXQMXNNDQ�EDKZD�
SHUHQGDPDQ� YXONDQLVDW� NDUHW� SDGD� DVDP�
VXOIDW�PHUHQJJDQJNDQ�LNDWDQ�GDQ�SHOHNDWDQ�
PDWULNV� NDUHW� GDQ� SHQJLVL� VHKLQJJD� LNDWDQ�
PHQMDGL� OHPDK�GDQ�PHQXUXQNDQ�VLIDW� ILVLN�
YXONDQLVDW��VHSHUWL�KDVLO�SHQJXMLDQ�VLIDW�ILVLN�
VHWHODK�SHUHQGDPDQ�SDGD�*DPEDU�����
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0DWULNV��NDUHW��SHQJLVL�

.DUDNWHULVDVL�6LIDW�)LVLN�GDQ�.HWDKDQDQ�7HUKDGDS�/LQJNXQJDQ�$VDP�
/DKDQ�*DPEXW�0DWHULDO�&DQDO�%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP

*DPEDU� ��� 6(0� PLNURJUDI� YXONDQLVDW� FDQDO� EORFNLQJ� � 6��� �D�� VHEHOXP� SHUHQGDPDQ�
�SHUEHVDUDQ�������NDOL���E��VHWHODK�SHUHQGDPDQ� �GDODP�DVDP�VXOIDW�EHU�S+�����
GHQJDQ� �SHUEHVDUDQ�������NDOL�� � �F��VHEHOXP�SHUHQGDPDQ�GHQJDQ�SHUEHVDUDQ�
�������NDOL��G�VHWHODK�SHUHQGDPDQ�GDODP�DVDP�VXOIDW�EHU�S+����� ��SHUEHVDUDQ�
�������NDOL��

)LJXUH���� � � �6(0�PLFURJUDSK�RI�6���FDQDO�EORFNLQJ�YXOFDQL]DWH��D��EHIRUH�LPPHUVLRQ������[�
PDJQLILFDWLRQ���E��DIWHU�LPPHUVLRQ�LQ�VXSKDWH�DFLG�S+����������[�PDJQLILFDWLRQ���F��
EHIRUH�LPPHUVLRQ��������[�PDJQLILFDWLRQ���G��DIWHU�LPPHUVLRQ�LQ�VXSKDWH�DFLG�S+�
�����������[�PDJQLILFDWLRQ��

.(6,038/$1�

)RUPXODVL�NRPSRVLW�NDUHW�DODP�GHQJDQ�
SDUWLNXODW� WHODK� GLODNXNDQ� SDGD� NHJLDWDQ�
SHQHOLWLDQ�LQL��)RUPXODVL�NRPSRVLW�RSWLPXP�
DGDODK� NRPSRQ� 6��� GHQJDQ� SDUWLNXODW�
NRPSRVLW�EHUXSD�&D&2 �VHEDQ\DN�����SKU���

.RPSRVLW� 6��� PHPLOLNL� VLIDW� ILVLND� GDQ�
NHWDKDQDQ� SDGD� OLQJNXQJDQ� DVDP� ODKDQ�
JDPEXW� \DQJ� EDLN�� 6HODLQ� LWX�� SDUWLNXODW�
&D&2 UHODWLI� OHELK� PXUDK� GLEDQGLQJNDQ���

N D U E R Q � K L W DP � � 6 H K L Q J J D � G D S D W �
PHPLQLPDOLVLU� ELD\D� SURGXNVL� FDQDO�
EORFNLQJ�� 3HQJXMLDQ� NHWDKDQDQ� YXONDQLVDW�
SDGD� DVDP� GLODNXNDQ� GHQJDQ� PHUHQGDP�
YXONDQLVDW� SDGD� ODUXWDQ� DVDP� VXOIDW� S+� ��
GDQ������GLPDQD�NRQGLVL�WHUVHEXW�HTXLYDOHQW�
GHQJDQ� DVDP� VXOIDW� NRQVHQWUDVL� ���� GDQ�
����� +DVLO� SHQJXMLDQ� NHWDKDQDQ� DVDP�
PHQXQMXNNDQ� EDKZD� VHPDNLQ� EDQ\DN�

EDKDQ� SDUWLNXODW� \DQJ� GLWDPEDKNDQ�PDND�
VHPDNLQ� WDKDQ� YXONDQLVDW� WHUKDGDS�
OLQJNXQJDQ�DVDP��GLPDQD�GLWXQMXNNDQ�GDUL�
NHFLOQ\D� SHUXEDKDQ� YROXPH� GDQ� VLIDW� ILVLN�
YXONQLVDW�VHWHODK�SHUHQGDPDQ�SDGD�NRPSRQ�
6���

'$)7$5�3867$.$

$NKWDU��6���6HWXD��'�.���'H��3�3���	�'H��6�.��
��������6FDQQLQJ�HOHFWURQ�PLFURVFRS\�
VWXGLHV� RQ� QLWULF� DFLG� FRUURVLRQ� RI�
QDWXUDO� UXEEHU� YXFDQL]DWHV�� 3RO\PHU�
'HJUDGDWLRQ�DQG�6WDELOLW\�������������
�����'RL���������������������������
������
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$FKDU\D��+���.XLOD��7���6ULYDVWDYD��6��.���	�
%KRZPLFN�� $�.�� �������� (IIHFW� RI�
OD\HUHG� VLOLFDWH� RQ� (3'0�(9$� EOHQG�
QDQRFRPSRVLWH��'\QDPLF�PHFKDQLFDO��
WKHUPDO�� DQG� VZHOOLQJ� SURSHUWLHV��
3RO\PHU� &RPSRVLWHV�� ������� ���������
'RL����������SF������

$]XUD�� $�5��� *KD]DOL�� 6��� 	� 0DULDWWL�� 0��
��������(IIHFWV�RI�WKH�ILOOHU�ORDGLQJ�DQG�
DJLQJ� WLPH� RQ� WKH� PHFKDQLFDO� DQG�
HOHFWULFDO� FRQGXFWLYLW\� SURSHUWLHV� RI�
FDUERQ� EODFN� ILOOHG� QDWXUDO� UXEEHU��
-RXUQDO� RI� $SSOLHG� 3RO\PHU� 6FLHQFH��
� � � � � � � � � � � ² � � � � � ' R L � �
��������DSS������

%RHU�� 5��� 6XOLVW\RZDWL��� /DV�� ,��� =HG�� )���
0DVULSDWLQ�� 1��� .DUWDNXVXPD�� '�$���
+LOPDQ��'���	�0XO\DQWR��+�6����������
6XPPDU\�IRU�SROLF\�PDNHUV��,QGRQHVLD�
VHFRQG� QDWLRQDO� FRPPXQLFDWLRQ� XQGHU�
WKH� 8QLWHG� 1DWLRQV� IUDPHZRUN�
FRQYHQW LRQ� RQ� F O LPDWH� FKDQJH�
�81)&&&��� -DNDUWD�� ,QGRQHVLD��
0LQLVWU\�RI�)RUHVWU\�

&KRQNDHZ��:���0LQJYDQLVK��:���.XQJOLHDQ��
8���5RFKDQDZLSDUW��1���	�%URVWRZ��:��
�������� 9XOFDQL]DWLRQ� FKDUDFWHULVWLFV�
DQG� G\QDPLF�PHFKDQLFDO� EHKDYLRU� RI�
QDWXUDO� UXEEHU� UHLQIRUFHG�ZLWK�VLODQH�
PRGLILHG�VLOLFD��-RXUQDO�RI�1DQRVFLHQFH�
DQG� 1DQRWHFKQRORJ\�� ������� �����
������'RL����������MQQ����������

&LIULDGL��$����������0DWHULDO�NRPSRVLW�GDODP�
WHNQRORJL� EDUDQJ� MDGL� NDUHW�� :DUWD�
3HUNDUHWDQ����������������

)URKOLFK��-���1LHGHUPHLHU��:���	�/XJLQVODQG��
+�'�� �������� 7KH� HIIHFW� RI� ILOOHU²ILOOHU�
DQG� ILOOHU²HODVWRPHU� LQWHUDFWLRQ� RQ�
UXEEHU�UHLQIRUFHPHQW��&RPSRVLWH��3DUW� �
$�� ���� ���²����� 'RL�� ��������M��
FRPSRVLWHVD������������

)X��6���)HQJ��;���/DXNH��%���	�0DL��<�����������
(IIHFWV�RI�SDUWLFOH�VL]H��SDUWLFOH�PDWUL[�
LQWHUIDFH�DGKHVLRQ�DQG�SDUWLFOH�ORDGLQJ�
RQ � PHFKDQ LFD O � SURSHU W L HV � R I �
SDUWLFXODWH²SRO\PHU� FRPSRVLWHV��
&RPSRVLWHV��3DUW�%���������²�����'RL��
��������M�FRPSRVLWHVE������������

*X��+���	�,WRK��<����������$JLQJ�EHKDYLRUV�RI�
QDWXUDO� UXEEHU� LQ� LVRODWLRQ� EHDULQJV��
$GYDQFHG� 0DWHULDOV� 5HVHDUFK�� ����
� � � � � � � � � � � � � � � � ' R L � �
��������ZZZ�VFLHQWLILF�QHW�$05����
��������������

*RQ]D�OH]��/���5RGU×JXH]��$���'HO�&DPSR��$���
	� 0DUFRV�)HUQDQGH]�� $�� ��������
&URVVOLQN� UHDFWLRQ� RI� QDWXUDO� UXEEHU�
ZLWK� WKLXUDP� VXOSKXU� GRQRUV� LQ� WKH�
SUHVHQFH� RI� D� WKLXUDP� PRQRVXOILGH��
-RXUQDO�RI�$SSOLHG�3RO\PHU�6FLHQFH������
���������'RL����������DSS������

+HLQULFK�� *��� 	� 9LOJLV�� 7�$�� ��������
&RQWULEXWLRQ�RI� HQWDQJOHPHQWV� WR� WKH�
PHFKDQLFDO�SURSHUWLHV�RI�FDUERQ�EODFN�
I L O O H G � S R O \ P H U � Q H W Z R U N V � �
0DFURPROHFXOHV������������������'RL��
��������PD�����D���

+RRLMHU��$���3DJH��6���&DQDGHOO��-�*���6LOYLXV��
0��� .ZDGLMN�� -��� :|VWHQ�� +�� 	�
-DXKLDLQHQ�� -�� �������� &XUUHQW� DQG�
IXWXUH� &2 � HPLVVLRQV� IURP� GUDLQHG��

SHDWODQGV� LQ� 6RXWKHDVW� $VLD� �
%LRJHRVFLHQFHV�� ��� ����²������ 'RL��
��������EJ������������

,QGUD��6��� ,VPDLO��+���	�$]XUD��$�5�� ��������
$ONDRODPLGH� DV� DQ� DFFHOHUDWRU�� IOOHU�
GLVSHUVDQW�DQG�D�SODVWLFL]HU� LQ�VLOLFD�
IOOHG� QDWXUDO� UXEEHU� FRPSRXQG�� �
3RO\PHU� 7HVWLQJ�� ��� ����� �����������
'RL� � ��������M�SRO\PHUWHVWLQJ��
�����������

,VPDLO��+���2PDU�1�)���	�2WKPDQ��1����������
(IIHFW� RI� FDUERQ� EODFN� ORDGLQJ� RQ�
FXULQJ�FKDUDFWHULVWLFV�DQG�PHFKDQLFDO�
SURSHUWLHV� RI� ZDVWH� W\UH� GXVW�FDUERQ�
EODFN�K\EULG�ILOOHU�ILOOHG�QDWXUDO�UXEEHU�
FRPSRXQG��-RXUQDO�RI�$SSOLHG�3RO\PHU�
6FLHQFH�� ����� ����������� 'RL��
��������DSS������

-RE��$�(���2OLYLHUD��)�$���$OYHV��1���*DFRPHWWL��
-�$��� 	� 0DWWRVR�� /�+�&�� ��������
&RQGXFWLYH� FRPSRVLWHV� RI� QDWXUDO�
UXEEHU�DQG�FDUERQ�EODFN�IRU�SUHVVXUH�
VHQVRUV�� 6\QWKHWLF� 0HWDO�� ���²�����
��²����� 'RL� � ��������6�����
����������������
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.DUDNWHULVDVL�6LIDW�)LVLN�GDQ�.HWDKDQDQ�7HUKDGDS�/LQJNXQJDQ�$VDP�
/DKDQ�*DPEXW�0DWHULDO�&DQDO�%ORFNLQJ�%HUEDVLV�.RPSRVLW�.DUHW�$ODP

.RQDU��%�%���	�6DKD��0����������,QIXHQFH�RI� �
S R O \ P H U � F R D W H G � & D & 2 � R Q ��

YXOFDQL]DWLRQ� NLQHWLF� RI� QDWXUDO�
U X E E H U � V X O I X U � Q � R [ \ G L H W K \ O �
EHQ]WKLD]\O� VXOIHQDPLGH� �%60��
V\VWHP�� -RXUQDO� RI� � 0DFURPROHFXO� �
6FLHQFH�3DUW�$��3XUH�$SSOLHG�&KHPLVWU\���
� � � � � � � � � � � � � � � � ' R L � �
����������������������������

.VHOLN��5�$�/���6PLOGH��.�:���5LW]HPD��+�3���
6XEDJ\RQR��.���6DUDJLK��6���'DPDQLN��
0���	�6XZDUGMR��+����������,QWHJUDWHG�
UHVHDUFK� RQ� ZDWHU� PDQDJHPHQW�� VRLO�
IHUWLOLW\�DQG�FURSSLQJ�V\VWHPV�RQ�DFLG�
VXOSKDWH� VRLOV� LQ� 6RXWK� .DOLPDQWDQ��
,QGRQHVLD��3URFHHGLQJ�RI�+R�&KL�0LQK�
&LW\�6\PSRVLXP�RQ�DFLG�VXOSKDWH�VRLOV�
�SS�� ���������� +R� &KL� 0LQK� &LW\��
9LHWQDP��,,/5,�3XEOLFDWLRQ�

/DZDQG\��6�1���%RWURV��6�+�� �	�0RXQLU��$��
�������� (IIHFW� RI� YXOFDQL]LQJ� DJHQW�
FRQFHQWUDWLRQ�RQ�WKH�VZHOOLQJ�EHKDYLRU�
R I � FKORURSUHQH� UXEEHU � XQGHU �
FRPSUHVVLRQ� VWUDLQ�� 3RO\PHU�3ODVWLFV�
7HFKQRORJ\� DQG� (QJLQHHULQJ�� �������
���������'RL����������������������
������

/RQJ�� +�� �������� %DVLF� FRPSRXQGLQJ� DQG�
SURFHVVLQJ� RI� UXEEHU�� 86$�� 5XEEHU�
'LYLVLRQ��$PHULFDQ�&KHPLFDO�6RFLHW\��

0DQRM��.�&���.XPDUL��3���	�8QQLNULVKQDQ��*��
�������� &XUH� FKDUDFWHULVWLFV�� VZHOOLQJ�
EHKDYLRUV��DQG�PHFKDQLFDO�SURSHUWLHV�
RI� FDUERQ� EODFN� ILOOHU� UHLQIRUFHG�
(3'0�1%5�EOHQG�V\VWHP��-RXUQDO� RI�
$SSOLHG� 3RO\PHU� 6FLHQFH�� �����
����²������'RL����������DSS������

0DUNRYLþ�� *��� 0DULQRYLþ�&LQFRYLþ�� 0���
-RYDQRYLþ�� 9��� 6DPDUçLMD�-RYDQRYLþ��
6��� 	� %XGLQVNL�6LPHQGLþ�� -�� ��������
15�&60�ELRJHQLF�VLOLFD�UXEEHU�EOHQG�
FRPSRVLWHV�� &RPSRVLWHV� 3DUW� %��
(QJLQHHULQJ�� ���� ���²����� 'RL��
��������M�FRPSRVLWHVE������������

0DWKHZ�6���%UDKPDNXPDU��0���	�$EUDKDP��
7�(�� �������� 0LFURVWUXFWXUDO� LPDJLQJ�
DQG � FKD UDF W H U L ] D W L RQ � R I � W K H �
PHFKDQLFDO�� FKHPLFDO�� WKHUPDO�� DQG�
VZHOOLQJ�SURSHUWLHV�RI�VWDUFK²FKLWRVDQ�
EOHQG� ILOPV�� %LRSRO\PHUV�� �������
���²�����'RL����������ELS������

1DELO��+��� ,VPDLO�+���	�$]XUD�� $�5�� ��������
&RPSRXQGLQJ�� PHFKDQLFDO� DQG�
PRUSKRORJLFDO� SURSHUWLHV� RI� FDUERQ�
EODFN�IOOHU� QDWXUDO� UXEEHU�UHF\FOHG�
HWK\OHQH�SURS\OHQH�GLHQH�PRQRPHU�
EOHQGV�� 3RO\PHU� 7HVWLQJ�� �������
���²����� 'RL�� ��������M�SRO\PHU�
WHVWLQJ������������

1DSLWXSXOX��6�0���	�0XGLDQWRUR��%����������
3HQJHORODDQ� VXPEHU� GD\D� DLU� SDGD�
ODKDQ� JDPEXW� \DQJ� EHUNHODQMXWDQ��

V W �
3URFFHGLQJV� RI� � $QQXDO� &LYLO�
(QJLQHHULQJ� 6HPLQDU� ����� �S�� ����
��� � � � 3HNDQEDUX � � ,QGRQHV LD � �
8QLYHUVLWDV�5LDX��

5DPHVDQ�� 0�7��� $OH[�� 5��� 	� .KDQK�� 1�9��
�������� 6WXGLHV� RQ� WKH� FXUH� DQG�
PHFKDQLFDO� SURSHUWLHV� RI� EOHQGV� RI�
QDWXUDO� UXEEHU� ZLWK� GLFKORURFDUEHQH�
PRGLILHG� VW\UHQH�EXWDGLHQH� UXEEHU�
DQG� FKORURSUHQH� UXEEHU�� 5HDFWLYH� 	�
)XQFWLRQDO� 3RO\PHUV�� ���� ������� 'RL��
��������M�UHDFWIXQFWSRO\P����������
���

5LW]HPD��+���/LPLQ��6���.XVLQ��.���-DXQLDQHQ��
-���	�:|VWHQ��+����������&DQDO�EORFNLQJ�
VWUDWHJLV�IRU�K\GURORJLFDO�UHVWRUDWLRQ�RI�
GHJUDGH� WURSLFDO�SHDWODQGV� LQ�&HQWUDO�
.DOLPDQWDQ�� ,QGRQHVLD�� &DWHQD�� �����
������ 'RL � � ��������M �FDWHQD� �
�����������

6DDG��,�6���)D\HG��0�6K���	�$EGHO�%DU\��(�0��
��������(IIHFWV�RI�FDUERQ�EODFN�FRQWHQW�
RQ� FXUH� FKDUDFWHULVWLFV�� PHFKDQLFDO�
SURSHUWLHV� DQG� VZHOOLQJ� EHKDYLRXU� RI�
������1%5�&,,5�EOHQG��3URFHHGLQJV�RI�
��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
$HURVSDFH� 6FLHQFHV� 	� $YLDWLRQ�
7HFKQRORJ\�� $6$7���� �S������� .DLUR��
(J\SW��7KH�0LOLWDU\�7HFKQLFDO�&ROOHJH�
&DLUR�� 'LDNVHVV� GDUL� KWWS���ZZZ��
PWF�HGX�HJ

6XOLVWL\DQWR�<��� 9DVDQGHU�� +��� -DXKLDLQHQ��
-���5LHOH\��-�2���	�/LPLQ��6�+����������
1XWULHQW� FRQWHQW� RI� UDLQIDOO�� ZDWHU� LQ�
FDQDO�DQG�ZDWHU�DW�GLIIHUHQW�GHSWKV�LQ�
SHDWODQG� LQ� &HQWUDO� .DOLPDQWDQ��
,QGRQHVLD�� ,Q� -�+�0�� :|VWHQ�� -�2��
5LHOH\�	�6�(��3DJH��(G����5HVWRUDWLRQ�RI�
WURSLFDO� SHDWODQGV�� :DJHQLQJHQ��
1HWKHUODQG�� $OWHUUD� �� :DJHQLQJHQ�
8QLYHUVLW\� DQG�5HVHDUFK�&HQWUH�� DQG�
WKH� (8� ,1&2� ²� 5(67253($7�
3DUWQHUVKLS��
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:LG\DQWL�� (�� �������� .DMLDQ� RSWLPDVL�
SHQJHORODDQ� ODKDQ� JDPEXW� GDQ� LVX�
SHUXEDKDQ� LNOLP�� 7HNQR� +XWDQ�
7DQDPDQ���������������

9DQ� 'XLQ�� 0��� 	� 'LNODQG�� +�� �������� $�
FKHPLFDO� PRGLILFDWLRQ� DSSURDFK� IRU�
LPSURYLQJ� WKH� RLO� UHVLVWDQFH� RI�
HWK\OHQHHSURS\OHQH� FRSRO\PHU��
3RO\PHU�'HJUDGDWLRQ�DQG�6WDELOLW\������
����������� 'RL�� ��������M�SRO\�
PGHJUDGVWDE������������

9LQVRQ��-�5���	�6LHUDNRZVNL��5�/����������7KH�
EHKDYLRU� RI� VWUXFWXUHV� FRPSRVHG� RI�
FRPSRVLWH� PDWHULDOV�� 'RUGUHFKW��
1HWKHUODQGV�� .OXZHU� $FDGHPLF�
3XEOLVKHUV��


