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3HQGDKXOXDQ

0HQXUXW�88�1R����������WHQWDQJ�XVDKD�VNDOD�
PLNUR�� NHFLO� GDQ� PHQHQJDK�� XVDKD� PLNUR�
GLNDWHJRULNDQ�VHEDJDL�VXDWX�XQLW�ELVQLV�GHQJDQ�
SHQGDSDWDQ�WDKXQDQ�PDNVLPXP�5S������MXWD��
DWDX� VXDWX� XQLW� ELVQLV� GHQJDQ� WRWDO� DVHW� DZDO�
PDNVLPXP�5S����� MXWD�� WLGDN� WHUPDVXN� ODKDQ�
GDQ�JHGXQJ��8VDKD�NHFLO�GLNDWHJRULNDQ�VHEDJDL�
XQLW� ELVQLV� GHQJDQ� SHQGDSDWDQ� WDKXQDQ�
PDNVLPDO�5S������PLOLDU�DWDX�XQLW�ELVQLV�GHQJDQ�
WRWDO�DVHW�DZDO�DQWDUD�5S�����MXWD�GDQ�����MXWD��
W LGDN� WHUPDVXN� ODKDQ� GDQ� EDQJXQDQ��
6HGDQJNDQ� XVDKD� PHQHQJDK� GLNDWHJRULNDQ�
VHEDJDL�XQLW�ELVQLV�GHQJDQ�SHQGDSDWDQ�WDKXQDQ�
DQWDUD�5S������PLOLDU�GDQ����PLOLDU�� DWDX�XQLW�
ELVQLV�GHQJDQ�WRWDO�DVHW�DZDO�DQWDUD�5S������MXWD�
GDQ� ��� PLOLDU�� WLGDN� WHUPDVXN� ODKDQ� GDQ�
EDQJXQDQ�� 'LEDQGLQJNDQ� GHQJDQ� EHEHUDSD�
QHJDUD�PDMX�GDQ�EHUNHPEDQJ�GL�NDZDVDQ�$VLD�
3DVLILN�� ,QGRQHVLD� PHUXSDNDQ� QHJDUD� \DQJ�
GLDQJJDS� PHPLOLNL� SHUWXPEXKDQ� HNRQRPL�
\DQJ� UHODWLI � VWDELO�� %HUGDVDUNDQ� SUHGLNVL��
SHUWXPEXKDQ�HNRQRPL�,QGRQHVLD�DNDQ�EHUDGD�
GLSRVLVL�WLJD�EHVDU�GXQLD�VHWHODK�7LRQJNRN�GDQ�
,QGLD�GL�WDKXQ������PHQGDWDQJ��

.HEDQJNLWDQ� SHUHNRQRPLDQ� ,QGRQHVLD� LQL�
GLSHQJDUXKL� ROHK� DGDQ\D� SHUEDLNDQ� GDQ�
S H U W XPEXKDQ � S DG D � V H N W R U � L QGX V W U L�
PDQXIDNWXU��3DGD�WDKXQ������\DQJ�ODOX��WHUMDGL�
SHUWXPEXKDQ� ���� SHUVHQ� SDGD� LQGXVWUL�
PDQXIDNWXU� QRQ�PLJDV� \DQJ� GLKLWXQJ� VHFDUD�
NXPXODWLI��$QJND�SHUWXPEXKDQ�LQL�OHELK�WLQJJL�
GLEDQGLQJNDQ� SHUWXPEXKDQ� HNRQRPL� WDKXQ�
VHEHOXPQ\D� \DQJ� PHQFDSDL� ����� SHUVHQ��
.RQWULEXVL� LQGXVWUL� PDQXIDNWXU� LQL� MXJD�
GLQ\DWDNDQ�PHODOXL�GDWD�SHQLQJNDWDQ�LQYHVWDVL�
3HQDQDPDQ� 0RGDO� 'DODP� 1HJHUL� �30'1��
GDQ� 3HQDQDPDQ� 0RGDO� $VLQJ� �30$�� SDGD�
.HPHQWHULDQ�3HULQGXVWULDQ�GDQ�3HUGDJDQJDQ��
0HQXUXW� %DGDQ� .RRUGLQDVL� 3HQDQDPDQ�
0RGDO� ,QGRQHVLD� �%.30��� VHFDUD� XPXP��
VHNWRU� LQGXVWUL� PDQXIDNWXU� QRQ� PLJDV�
PHUXSDNDQ�VHNWRU�\DQJ�SDOLQJ�SRSXODU�GLPDWD�
LQYHVWRU� DVLQJ� PDXSXQ� GDODP� QHJHUL� SDGD�
SHULRGH� ����������� 5HDOLVDVL� LQYHVWDVL� WDKXQ�
�����SDGD�VHNWRU�LQL�PHQFDSDL�5S������WULO\XQ��
DWDX�VHWDUD�GHQJDQ�����QLODL�LQYHVWDVL�WRWDO�GL�
,QGRQHVLD��&11�,QGRQHVLD�����-DQ��������+DO�
LQL � PHQXQMXNNDQ� SHQWLQJQ\D� LQGXVWUL�
PDQXIDNWXU� QRQ�PLJDV� EDJL� SHUHNRQRPLDQ�
,QGRQHVLD�� 7DEHO� �� PHQJJDPEDUNDQ� ODMX�
SHUWXPEXKDQ� 3HQGDSDWDQ� 'RPHVWLN� %UXWR�
�3'%��SDGD�LQGXVWUL�PDQXIDNWXU�GL�,QGRQHVLD�
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6DDW� LQL� WHULQGLNDVL� WHUGDSDW� OHELK� GDUL� �����
SHUXVDKDDQ� LQGXVWUL� PDQXIDNWXU� VNDOD�
PHQHQJDK�GL�,QGRQHVLD�\DQJ�EHUSRWHQVL�XQWXN�
EHUNHPEDQJ�PHQMDGL� SHUXVDKDDQ� VNDOD� EHVDU�
GDQ� EHUGD\D� VDLQJ� JOREDO�� 8VDKD� PHQHQJDK�
�80��VHQGLUL�PHUXSDNDQ�EDJLDQ�SHQWLQJ�\DQJ�
WLGDN� GDSDW� GLOHSDVNDQ� GDUL� GXQLD� XVDKD� GDQ�
ELVQLV��GHQJDQ�MXPODKQ\D�\DQJ�PHQFDSDL�OHELK�
GDU L � �� ����� XQL W � XVDKD� G L � ,QGRQHV LD�
�.HPHQWHULDQ� .RSHUDVL� GDQ� 8VDKD� .HFLO�
0HQHQJDK���������1DPXQ�SDGD�NHQ\DWDDQQ\D��
VHULQJNDOL�SRWHQVL�LQL�WLGDN�GLLULQJL�NHPDPSXDQ�
SHUXVDKDDQ� XQWXN� EHUVDLQJ� VHFDUD� ELD\D�
PDXSXQ� NHFHSDWDQ� UHVSRQV� WHUKDGDS�
SHUXEDKDQ�SHUPLQWDDQ�SURGXN�\DQJ� LQRYDWLI��
/HELK� MDXK� ODJL�� MXPODK� \DQJ� LGHDO� WHUVHEXW�
E H O XP � G L L U L Q J L � G H Q J D Q � N HP DP S X�
EHU WDKDQ� V X V W D L QDE L O L W \ � \DQJ � PDQG L U L�
�7DPEXQDQ��������%DQN�,QGRQHVLD���������

6HULQJNDOL�GLWHPXL�EDKZD�XVDKD�XVDKD�GHQJDQ�
VNDOD� PHQHQJDK� �80�� EHOXP� PHPDKDPL�
SHQWLQJQ\D� NRQVHS� VXVWDLQDELOLW\� GDODP�
XVDKDQ\D�� VHKLQJJD� WDUJHW� XVDKDQ\D� DGDODK�
N H X Q W X Q J D Q � V H P D W D � G D Q � E X N D Q�
NHEHUODQJVXQJDQ� MDQJND� SDQMDQJ�� 3HUXVDKDDQ�
\DQJ� PDPSX� XQWXN� PHQHUXVNDQ� XVDKDQ\D�
GDODP� MDQJND� ZDNWX� \DQJ� SDQMDQJ� PHPLOLNL�
SRWHQVL� \DQJ� OHELK� EHVDU� XQWXN� PDPSX�
PHQFDSDL� NLQHUMD� NHXDQJDQ� \DQJ� OHELK� EDLN�
�$GDPV��7KRUQWRQ��	�6HSHKUL���������

6HODLQ�LWX��JOREDOLVDVL�GDQ�NHPDMXDQ�WHNQRORJL�
WHUXV�EHUNHPEDQJ�EHUVDPDDQ�GHQJDQ�DGDQ\D�
SHUPLQWDDQ�SDVDU�\DQJ�WLGDN�GDSDW�GLSUHGLNVL��
.HPDMXDQ� WHNQRORJL� WXUXW�PHPEDQWX� SHODNX�
LQGXVWUL� GDODP� PHODNXNDQ� HILVLHQVL� GDODP�
SURVHV � PDQXIDN WX U� � 0DQHQW L � � ���� ��
PHQHPXNDQ� IDNWD� EDKZD� SDGD� ��� WDKXQ�
WHUDNKLU� LQL� SHUNHPEDQJDQ� WHNQRORJL� WHODK�
EHUMDVD�GDODP�PHQLQJNDWNDQ�SURGXNWLYLWDV�GDQ�
PHPEDQJXQ� LQGXVWUL� PDQXIDNWXU�� 0HWRGH�
SURVHV�SURGXNVL�WHODK�EHUXEDK�GDQ�OHELK�PDMX�
GHQJDQ�EHUNHPEDQJQ\D�WHNQRORJL�PDQXIDNWXU�
GDQ� WHNQRORJL� LQIRUPDVL�� /HELK� MDXK� ODJL��
0DQHQWL��������MXJD�PHQHPXNDQ��EHUGDVDUNDQ�
SHQHOLWLDQQ\D� WHUKDGDS� ���� SHUXVDKDDQ�
PDQXIDNWXU� EHUNHODV� GXQLD�� EDKZD� VHEDJLDQ�
EHVDU�SHUXVDKDDQ�\DQJ�PDPSX�EHUWDKDQ�WXUXW�
PHPIRNXVNDQ� LQYHVWDVL� SHUXVDKDDQQ\D� SDGD�
SHUDQFDQJDQ�GDQ�SHQHUDSDQ� WHNQRORJL�GLJLWDO�
�GLJLWDO�IDFWRU\���

3HQHOLWLDQ�WHUVHEXW�PHQJXDWNDQ�SHQGDSDW�DNDQ�
SHQWLQJQ\D�SHPDQIDDWDQ�WHNQRORJL��NKXVXVQ\D�
WHNQRORJL�GLJLWDO�\DQJ�WHUXV�EHUNHPEDQJ�FHSDW�
GHZDVD� LQL�� 1DPXQ� GHPLNLDQ�� SRWHQVL� \DQJ�
EHVDU� GDUL� 80� WLGDN� GLLPEDQJL� GHQJDQ�
NHVHPSDWDQ� \DQJ� GLWHULPD� GDQ� KDVLO� \DQJ�
GLFDSDLQ\D�� 80� VHULQJNDOL� GLEDWDVL� ROHK�
EHUEDJDL� PDVDODK� \DQJ� PHQJKDPEDW� XQWXN�
WHUXV�PDMX�� EHUVDLQJ�� GDQ� WHWDS� VXVWDLQ� GL� HUD�
SHUVDLQJDQ�PRGHUQ�LQL��6HODLQ�LWX��80�GLEDWDVL�
MXJD�GHQJDQ�PDVDODK�VXOLWQ\D�PHQHPEXV�SDVDU��
GLWDPEDK� GHQJDQ� NXUDQJQ\D� NHWHUDPSLODQ�
SHNHUMD�GDQ�WHNQRORJL�\DQJ�PDVLK�WHUEHODNDQJ��
7DPEXQDQ� GDQ� &KDQGUD� �������PHQHPXNDQ�
EDKZD�SHUPDVDODKDQ�\DQJ�GLKDGDSL�80�UHODWLI �
VDPD�XQWXN�VHPXD�QHJDUD��GDHUDK��GDQ�VHNWRU�
XVDKD�� 6HODLQ� PDVDODK� PRGDO�� WHUGDSDW�
SHUPDVDODKDQ� ODLQQ\D� VHSHUWL� NHPDPSXDQ�
WHQDJD� NHU MD � � WHNQRORJL� \DQJ� GLPLO LNL�
SHU XVDKDDQ� GDQ� LQIRUPDV L � PHQJHQDL�
SHUPRGDODQ��VLVWHP�UDQWDL�SDVRN��DWXUDQ�PDLQ�
GL�SDVDU��GDQ�ODLQQ\D�

3HQHOLWLDQ�$JZX�GDQ�(PHWL��������GL�1LJHULD�
PHQXQMXNNDQ� EDKZD� VHEDJLDQ� EHVDU� XVDKD�
GHQJDQ� VNDOD� NHFLO� KLQJJD� PHQHQJDK� KDQ\D�
EHUXPXU� SHQGHN�� +DQ\D� VHNLWDU� ��� KLQJJD�
���� \DQJ� PDPSX� XQWXN� VXVWDLQ� GDQ� WHUXV�
EHUNHPEDQJ�� 6LVDQ\D� KDQ\D� EHUXPXU� NXUDQJ�
GDUL� ��� WDKXQ�� 3HUPDVDODKDQ� \DQJ� GLKDGDSL�
MXJD�EHUNLVDU�DQWDUD�PRGDO��NHPDPSXDQ�WHQDJD�
NHUMD�� WHNQRORJL� GDQ� EHUEDJDL� DWXUDQ� GDQ�
UHJXODVL� GDUL� SHPHULQWDKDQ� PHQJHQDL� SDVDU��
3HQHOLWLDQ� %ULDQ� GDQ� 6KLQJLUD\L� ������� GL�
=LPEDEZH� PHQHPXNDQ� EDKZD� XVDKD� VNDOD�
NHFLO� KLQJJD� PHQHQJDK� PHPLOLNL� PDVDODK�
GDODP�KDO� NHEHUODQJVXQJDQ�� \DQJ�GLVHEDENDQ�
SDUDGLJPD� \DQJ� EHUIRNXV� SDGD� SURILW� MDQJND�
SHQGHN�� $NLEDWQ\D�� SHUXVDKDDQ� PHQJDODPL�
ULVLNR�\DQJ�OHELK�EHVDU�GDUL�VHKDUXVQ\D�EDKNDQ�
OHELK� EHVDU� GDUL� \DQJ� PDPSX� GLWDQJJXQJ��
VHKLQJJD�NHEHUODQJVXQJDQ�SHUXVDKDDQ�EXNDQ�
PHUXSDNDQ�YLVL�XWDPD�

.D]LPRWR��������\DQJ�PHODNXNDQ�SHQHOLWLDQ�GL�
7DQ]DQLD� PHQHPXNDQ� EDKZD� DGD� HQDP� KDO�
\DQJ�PHQMDGL�WDQWDQJDQ�GDQ�KDODQJDQ�EDJL�80�
XQWXN� PDPSX� EHUWDKDQ� GDQ� EHUNHPEDQJ��
PHOLSXWL��PRGDO�� NHPDPSXDQ�SHNHUMD�� DWXUDQ�
GDQ�NHWHQWXDQ�SDVDU��GDQ�LQIRUPDVL��
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,QIRUPDVL� PDVLK� PHQMDGL� NHQGDOD� EDJL� 80�
\DLWX�VHJDOD�VHVXDWX�\DQJ�WHUNDLW�NHEXWXKDQ�GDQ�
SHUPLQWDDQ� NRQVXPHQ�� UDQWDL� SDVRN� GDQ�
KXEXQJDQ� GHQJDQ� SDVDU� LQWHUQDVLRQDO��
3UREOHPD� EHULNXWQ\D�� DGDODK� EDJDLPDQD�
PHQJHOROD�SHQJHWDKXDQ�DNDQ�SDVDU��LQIRUPDVL�
WHUNDLW� VXPEHU� GD\D� GDQ� SURGXN�� VHUWD�
NHPDPSXDQ� SHNHUMD� VHFDUD� OHELK� HILVLHQ��
'HQJ DQ � ND WD � O D LQ � � G LSH U OXNDQ � VXD WX�
NHPDPSXDQ� VLPXODVL� EDJL� SDUD� SHODNX� 80�
\DQJ� PHQJLQWHJUDVLNDQ� EHUEDJDL� YDULDEHO� GL�
DWDV�� VHEHOXP� SHQJDPELODQ� NHSXWXVDQ� ELVQLV�
GL ODNXNDQ�� 6HODLQ� LWX�� SHQHOLW LDQ� \DQJ�
PHOLEDWNDQ� 80� VHEDJDL� VXE\HN� SHQHOLWLDQ�
PDVLK� PLQLP�� SDGDKDO� SRWHQVL� 80� GDODP�
PHPEDQJXQ� HNRQRPL� EDQJVD� WHODK� WHUEXNWL�
VLJQLILNDQ��+VLHK�	�2ONHQ���������

.RQVHS�'LJLWDO�IDFWRU\
'LJLWDO�IDFWRU\��')��PHUXSDNDQ�SHUDQJNDW�XQWXN�
PHQGHVDLQ�� PHUHQFDQDNDQ� GDQ� PHQJHYDOXDVL�
SURVHV� GDQ� VLVWHP�PDQXIDNWXU�PHQJJXQDNDQ�
PRGHO� GDQ� VLPXODVL� WLJD� GLPHQVL� DWDX� VHFDUD�
YLUWXDO� �*UHJRU� 	� 0HGYHFN\�� ������� 'LJLWDO�
IDFWRU\�PHUXSDNDQ�JDPEDUDQ�YLVXDO�GDUL�SURVHV�
GDQ� VLVWHP� PDQXIDNWXU� VHFDUD� NHVHOXUXKDQ��
\DQJ�GLJXQDNDQ�XQWXN�PHQVLPXODVLNDQ�GHVDLQ��
SHUHQFDQDDQ� GDQ� HYDOXDVL�� EDLN� GDUL� VLVL�
SHQJHPEDQJDQ�SURVHV�GDQ�VLVWHP�\DQJ�VXGDK�
DGD� PDXSXQ� SURVHV� GDQ� VLVWHP� \DQJ� EDUX��
'LJL WD O � IDF WRU \ � GDSDW� GLJXQDNDQ� XQWXN�
EHUHNVSHULPHQ� PHQJHQDL� UDQFDQJDQ� VLVWHP�
NHUMD� GHQJDQ� EHUEDJDL� PDFDP� DOWHUQDWLI �
GHQJDQ�PXGDK�WDQSD�PHQJJDQJJX�VLVWHP�GDQ�
SURVHV�NHUMD�\DQJ�VHGDQJ�EHUMDODQ��.XUNLQ�GDQ�
%XUHV���������'HQJDQ�GHPLNLDQ��LPSOHPHQWDVL�
')�GDSDW�PHQJKHPDW�ZDNWX�GDQ�WHQDJD��EDLN�
GDODP� UDQJND� SHQJHPEDQJDQ� SURGXN��
SHUHQFDQDDQ�SURGXNVL��PDXSXQ� VLVWHP� UDQWDL�
SDVRN��6&0�:RUOG���������

/HELK� ODQMXW� ODJL��')�GDSDW�GLDUWLNDQ� VHEDJDL�
VHEXDK� OLQJNXQJDQ� \DQJ� WHODK� WHULQWHJUDVL�
GHQJDQ� NRPSXWHU� GDQ� WHNQRORJL� LQIRUPDVL�
GLPDQD�VHPXD�EHQWXN�DVOL�GDUL�HOHPHQ�GDODP�
SDEULN� �IDFWRU\�� PHPLOLNL� EHQWXN� YLUWXDOQ\D�
XQWXN�GLVLPXODVLNDQ��)XUPDQQ���������.XHKQ�
�������� VHRUDQJ� SHQHOLWL� GDUL� :XSSHUWDO��
-HUPDQ��EHUDUJXPHQ�EDKZD�WXMXDQ�GDUL�NRQVHS�
GLJLWDO� IDFWRU\� DGDODK� EHUIRNXV� SDGD� PHWRGH

SURGXNVL� \DQJ� WHUXV� EHULQWHJUDVL�� GDQ� DODW�
SURGXNVL� \DQJ� VHODOX� WHUVHGLD�� .RQVHS� GLJLWDO�
IDFWRU \� LQL� GDSDW� GLOLKDW� VHEDJDL� VHEXDK�
RUJDQLVDVL� SHUXVDKDDQ�� VWUDWHJL� SHQJHORODDQ�
LQIRUPDVL� GDQ� NRODERUDVL� SURVHV�SURVHV�
SURGXNVL�GHQJDQ�MDULQJDQ�UDQWDL�SDVRN��

'LJLWDO�)DFWRU\�PHQDZDUNDQ�PHWRGH�GDQ�VROXVL�
PHODOXL� SHPDQIDDWDQ� VRIWZDUH� XQWXN� GHVDLQ�
SURGXN� GDQ� SHUHQFDQDDQ�� SHQJHPEDQJDQ�
SURGXN� GLJLWDO�� SDEULNDVL� GLJLWDO�� VHUWD�
PHQ L Q J N D W N D Q � N H F H S D W D Q � S U RGXN V L�
�:HVWNlPSHU�� &RQVWDQWLQHVFX�� 	� +XPPHO��
������� +DO� LQL� VDQJDW� PHPEDQWX� GDODP�
PHQJKDGDSL�SHUPLQWDDQ�SDVDU�DWDX�NHEXWXKDQ�
NRQVXPHQ� \DQJ� WHUXV� EHUXEDK� VHLULQJ�
EHUNHPEDQJQ\D� MDPDQ�� 6ROXVL� ODLQ� \DQJ� MXJD�
GDSDW�GLSHUROHK�DGDODK� LQWHJUDVL�VHOXUXK�GDWD�
SURGXN��SURVHV�SURGXNVL�GDQ�LQIRUPDVL�SDEULN�
LWX� VHQGLUL�� 6HKLQJJD� GDWD� \DQJ� GLEXWXKNDQ�
DNDQ� VHODOX� DGD�GDQ� WHUVHGLD�GDODP�NHDGDDDQ�
DSD�SXQ��

/LQJNXQJDQ� ELVQLV� GDQ� SDVDU� \DQJ� VDQJDW�
GLQDPLV� PHQXQWXW� SDUD� SHUDQFDQJ� VLVWHP�
PDQXIDNWXU�XQWXN�PHQJJXQDNDQ�DODW�PDXSXQ�
WHNQLN�GHVDLQ�\DQJ�GDSDW�PHPSHUFHSDW�SURVHV�
SHUDQFDQJDQ�SURGXN�PDXSXQ�SURVHV�SURGXNVL��
GHQJDQ� ELD\D� GDQ� ZDNWX� VHHILVLHQ� PXQJNLQ��
)XUPDQQ�GDQ�.UDMÿRYLÿ��������PHQJXVXONDQ�
SHPDQIDDWDQ�GLJLWDO�IDFWRU\�VHEDJDL�SHQGHNDWDQ�
SDOLQJ�HILVLHQ��)XQJVL�XWDPD�GLJLWDO�IDFWRU\�DGDODK�
PHPRGH O N DQ � � PHQ V LPX O D V L N DQ � � G DQ�
PHPYLVXDOLVDVLNDQ� GDWD�� LQIRUPDVL�� GDQ�
NRQGLVL� OLQJNXQJDQ� VHGHNDW�PXQJNLQ� GHQJDQ�
NRQGLVL�VHEHQDUQ\D��

'HQJDQ� GHPLNLDQ�� GLJLWDO� IDFWRU\� PHPEDQWX�
PHPSHUFHSDW�SURVHV�LQRYDVL��WHUXWDPD�GDODP�
VLVWHP� SURGXNVL� GDQ� SURVHV� SHQJHPEDQJDQ�
SURGXN�� $UJXPHQ� LQL� GLEXNWLNDQ� ROHK�
SHQHOLWLDQ�%RKXVRYD���������\DQJ�PHQHPXNDQ�
IDNWD� EDKZD� SHQHUDSDQ� GLJLWDO� IDFWRU\� WHODK�
EHUKDVLO� PHQLQJNDWNDQ� HILVLHQVL� ZDNWX� GDQ�
ELD\D�GLEHUEDJDL�LQGXVWUL��WHUXWDPD�GL�LQGXVWUL�
RWRPRWLI�� LQGXVWUL� DODW� EHUDW�� LQGXVWUL�
SHQHUEDQJDQ�� LQGXVWUL� SHUNDSDODQ�� LQGXVWUL�
HOHNWURQLN�� KLQJJD� LQGXVWUL� EDUDQJ� NRQVXPVL�
VHKDUL�KDUL�� 1DPXQ� GHPLNLDQ�� SHQJJXQDDQ�
WHNQRORJL�\DQJ�PRGHUQ��GDODP�KDO�LQL�WHNQRORJL�

�6XQDUGL�GDQ�6DSXWUD��,PSOHPHQWDVL�GLJLWDO�IDFWRU\�SDGD�LQGXVWUL�PDQXIDNWXU�VNDOD�PHQHQJDK��VWXGL�SHQGDKXOXDQ�
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GLJLWDO��WLGDN�VHODOX�GDSDW�GLWHULPD�ROHK�VHPXD�
R UDQJ � W DQSD � DGDQ\D � SH U XEDKDQ � GDQ�
SHQJXDVDDQ�\DQJ�FXNXS�GDUL�SHQJJXQD�XQWXN�
PHQHULPD� WHNQRORJL� PRGHUQ� WHUVHEXW��
VHKLQJJD� GLSHUOXNDQ� EHUEDJDL� SHUVLDSDQ� DJDU�
G D O D P � S U R V H V � P D Q X I D N W X U � G D S D W�
PHQJJXQDNDQQ\D� GHQJDQ� HIHNWLI�� 3HQHOLWLDQ�
SHQHO L W LDQ� WHUGDKXOX� PHQJJDPEDUNDQ�
NHEHUKDVLODQ� SHQHUDSDQ� GLJLWDO� IDFWRU \� GL�
EHUEDJDL�SHUXVDKDDQ�EHVDU�EHUEDVLV�WHNQRORJL�
PRGHUQ��6HODLQ�LWX��VHULQJNDOL�GLEXWXKNDQ�EXNWL�
DNDQ� PDQIDDW� GDODP� PHQJLPSOHPHQWDVLDQ�
WHNQRORJL�DWDX�PHWRGH�EDUX��DJDU�VHWLDS�LQVDQ�
G D O DP � R U J DQ L V D V L � PDX � XQ W XN � W X U X W�
PHQHUDSNDQQ\D��3HQHOLWLDQ�LQL�GLVXVXQ�VHEDJDL�
VXDWX�VWXGL�DZDO�XQWXN�PHQFDUL� WDKX�DSD�VDMD�
NULWHULD�\DQJ�GDSDW�PHQGXNXQJ� LPSOHPHQWDVL�
GLJLWDO� IDFWRU\� \DQJ� HIHNWLI�� GDODP� NDLWDQQ\D�
GHQJDQ�NHEHUODQJVXQJDQ� LQGXVWUL�PDQXIDNWXU�
VNDOD�PHQHQJDK�GL�,QGRQHVLD��

3UDV\DUDW�,PSOHPHQWDVL�'LJLWDO�)DFWRU\
,PSOHPHQWDVL�')�VDQJDW�PHQJXQWXQJNDQ�EDJL�
LQGXVWUL�PDQXIDNWXU�VNDOD�PHQHQJDK��0HODOXL�
')��LQGXVWUL�PDQXIDNWXU�VNDOD�PHQHQJDK��\DQJ�
VHFDUD�DVHW�GDQ�SHPRGDODQ�WLGDN�VHNXDW�LQGXVWUL�
V N D O D � E H V D U � � P HP L O L N L � N H V HPS D W D Q�
EHUHNVSHULPHQ�PHQJHQDL�VLVWHP�NHUMD�GHQJDQ�
EHUEDJDL� PDFDP� DOWHUQDWLI � GHQJDQ� PXGDK�
WDQSD�PHQJJDQJJX� SURVHV� VLVWHP� NHUMD� \DQJ�
VHGDQJ�EHUMDODQ��.XUNLQ�	�%XUHV���������

3DGD� SHQHO L W LDQQ\D� � .XUNLQ� 	� %XUHV�
PHQJJXQDNDQ� VRIWZDUH� 7HFKQRPDWLF� 3URFHVV�
'HVLJQHU�XQWXN�SHQJDWXUDQ�ZDNWX�RSHUDVL�GDQ�
PHQGHVDLQ� WHPSDW� NHUMD� VHFDUD� YLUWXDO��
+DVLOQ\D�GLGDSDWNDQ�EDKZD�SHUHQFDQDDQ�NHUMD�
GDQ� SHUKLWXQJDQ�ZDNWX� SDGD� VLPXODVL� YLUWXDO�
\DQJ� GLEXDW� GDSDW� GLODNXNDQ� VHFDUD� Q\DWD�
GHQJDQ� FDWDWDQ� ZDNWX� \DQJ� KDPSLU� VDPD�
GHQJDQ�ZDNWX�NHUMD�\DQJ�VHEHQDUQ\D��5RKUODFN�
�������� PHODOXL� HNVSHULPHQQ\D� PHQ\HEXWNDQ�
EDKZD� VLPXODVL� PHQJJXQDNDQ� PRGHO� WLJD�
GLPHQVL�DNDQ�OHELK�HIHNWLI �GLEDQGLQJNDQ�PRGHO�
GXD� GLPHQVL�� 0RGHO� GXD� GLPHQVL� PHPLOLNL�
EDQ\DN�NHWHUEDWDVDQ�LQIRUPDVL�VHKLQJJD�KDUXV�
GLEXDW� VHFDUD� NKXVXV� WLDS�WLDS� EDJLDQQ\D��
$NLEDWQ\D�PRGHO� \DQJ� KDUXV� GLEXDW�PHQMDGL�
OHELK�EDQ\DN�GDQ�WLGDN�VHPXD�PRGHO�PHQFDNXS�
VLVWHP�VHFDUD�NHVHOXUXKDQ��

0RGHO� WLJD� GLPHQVL� OHELK�PXGDK� GLPHQJHUWL�
GDQ� PHQFDNXS� VHOXUXK� LQIRUPDVL� PHQJHQDL�
VLVWHP�\DQJ�DNDQ�GLVLPXODVLNDQ��.HVHOXUXKDQ�
LQIRUPDVL� GDSDW� GLPDVXNNDQ� NH� GDODP� VDWX�
PRGHO� XWXK� VHKLQJJD� WLGDN� ODJL� GLSHUOXNDQ�
PRGHO � SDUV LD O � SDGD� W LDS�W LDS� EDJLDQ��
.HXQWXQJDQ� OD LQQ\D� DGD ODK� GDU L � V L V L�
SHQJKHPDWDQ� ELD\D�� WHUXWDPD� NDUHQD� PRGHO�
WLJD� GLPHQVL� WLGDN� PHPHUOXNDQ� SHQJHUMDDQ�
XODQJ�� FXNXS� PHQJJXQDNDQ� VLPXODVL� VLVWHP�
VDMD��')�PDPSX�PHQFDNXS�VHOXUXK�LQIRUPDVL�
\DQJ� DGD� SDGD� SURVHV� SURGXNVL�� WHUPDVXN�
LQIRUPDVL� PHQJHQDL� EDQJXQDQ�� SURGXN� GDQ�
SDUD� SHNHUMD�� ,QIRUPDVL� WHUVHEXW� MXPODKQ\D�
VDQJDW�EDQ\DN�GDQ�GDODP�EHUDJDP�EHQWXN�GDWD�
�&DJJLDQR���������+LSRWHVLV�SHQHOLWLDQ���GDSDW�
GLUXPXVNDQ�VHEDJDL�EHULNXW�

+���.HOHQJNDSDQ�GDWD�LQIRUPDVL�EHUSHQJDUXK�VHFDUD�
VLJQLILNDQ�SRVLWLI �WHUKDGDS�NHEHUKDVLODQ�LPSOHPHQWDVL�
')�

+�D��.HOHQJNDSDQ�GDWD�LQIRUPDVL�EDQJXQDQ�SDEULN�
GDQ� WDWD� OHWDNQ\D� EHUSHQJDUXK� VLJQLILNDQ� SRVLWLI �
WHUKDGDS�LPSHOHPQWDVL�')�

+�E��.HOHQJNDSDQ�GDWD�LQIRUPDVL�WHQWDQJ�VSHVLILNDVL�
UDQFDQJDQ� SURGXN� GDQ� SURVHV� SURGXNVLQ\D�
EHUSHQJDUXK�VLJQLILNDQ�SRVLWLI �WHUKDGDS�LPSHOHPQWDVL�
')�

+�F�� .HOHQJNDSDQ� GDWD�LQIRUPDVL� WHQWDQJ� SHNHUMD�
GDQ� SHQJDODPDQQ\D� EHUSHQJDUXK� VLJQLILNDQ� SRVLWLI �
WHUKDGDS�LPSHOHPQWDVL�')�

7HUGDSDW� EHEHUDSD� VRIWZDUH� \DQJ� PDPSX�
PHODNXNDQ�VLPXODVL�YLUWXDO�WLJD�GLPHQVL�VHFDUD�
NHVHOXUXKDQ� GDQ� PHQGXNXQJ� ')�� &DJJLDQR�
������� PHQJJXQDNDQ� VRIWZDUH� '(/0,$� Y����
\DLWX� SHUDQJNDW� OXQDN� SURGXNVL� 'DVVDXOW�
6\VWHPHV� SDGD� WDKXQ� ������ 5RKUODFN� �������
PHQJJXQDNDQ� SHUDQJNDW� OXQDN� SURGXNVL�
VHQGLUL��\DLWX�0LFUR6WDWLRQ��6RIWZDUH�0LFURVWDWLRQ�
PHPEXWXKNDQ� VLVWHP� RSHUDVL� ��� ELW�� ,QWHO��
&RUH�� L�� \DQJ� PHUXSDNDQ� SURVHVRU� \DQJ�
NHPDPSXDQ� \DQJ� WLQJJL� GDQ� PHPRUL� \DQJ�
G L UHNRPHQGDV LNDQ � PHQFDSD L � �� � *%��
6HGDQJNDQ� .XUNLQ� GDQ� %XUHV� �������
PHQJJXQDNDQ� SHUDQJNDW� OXQDN� 7HFQRPDWL[�
3URFHVV�'HVLJQHU�SURGXNVL�GDUL�6LHPHQV��
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3HQJJXQDDQ� SHUDQJNDW� OXQDN� WHUVHEXW�
PHPEXWXKNDQ� SHUVLDSDQ�SHUVLDSDQ� SHUDODWDQ�
SH U DQJND W � NH U D V � D W DX � KD U GZD U H � \ DQJ�
PHQGXNXQJ�� 6HEDJDL� FRQWRK�� '(/0,$�
PHPEXWXKNDQ� VHUYHU� EHVHUWD� FOLHQW� GHQJDQ�
VSHVLILNDVL� \DQJ� FXNXS� WLQJJL� �'DVVDXOW�
6\VWHPHV�� ������� 2OHK� NDUHQD� LWX�� WHUOHELK�
GDKXOX� GLSHUVLDSNDQ� SHUDODWDQ� GDQ� VLVWHP�
NRPSXWHU�\DQJ�VHVXDL�GHQJDQ�VSHVLILNDVL�GDUL�
SHUDQJNDW� OXQDN� DJDU� ')� GDSDW� GLMDODQNDQ�
GDODP�VRIWZDUH�VHFDUD�WHSDW�GDQ�ODQFDU��+LSRWHVLV�
SHQHOLWLDQ���GDSDW�GLUXPXVNDQ�VHEDJDL�EHULNXW�
+���.HWHUVHGLDDQ�KDUGZDUH�GDQ�VRIWZDUH�VLPXODVL�\DQJ�
FDQJJLK�EHUSHQJDUXK�VHFDUD�VLJQLILNDQ�SRVLWLI �WHUKDGDS�
LPSOHPHQWDVL�')�

+�D�� .HWHUVHGLDDQ� KDUGZDU H� \DQJ� FDQJ JLK�
EHUSHQJDUXK�VLJQLILNDQ�SRVLWLI �WHUKDGDS�LPSOHPHQWDVL�
')�

+�E�� .HWHUVHGLDDQ� VRIWZDUH� VLPXODVL� FDQJJLK�
EHUSHQJDUXK�VLJQLILNDQ�SRVLWLI �WHUKDGDS�LPSOHPHQWDVL�
')�

+�F�� .HWHUVHGLDDQ� VLVWHP� RSHUDVL� FRPSXWHU� \DQJ�
FDQJJLK� EHUSHQJDUXK� VLJQLILNDQ� SRVLWLI � WHUKDGDS�
LPSOHPHQWDVL�')�

6HODLQ�LWX��')�WLGDN�KDQ\D�EHUELFDUD�PHQJHQDL�
VLPXODVL�GDUL�DOWHUQDWLI�DOWHUQDWLI �SHUHQFDQDDQ�
\DQJ�GLEXDW��PHODLQNDQ�VXDWX�EHQWXN�JDPEDUDQ�
YLUWXDO� \DQJ� WHULQWHJUDVL� GDQ� PLULS� GHQJDQ�
NHQ\DWDDQQ\D��.XHKQ���������0HQMDODQNDQ�')�
EHUDUWL�PHQMDODQNDQ�VHEXDK�SDEULN�GDODP�GXQLD�
YLUWXDO� VDPD� KDOQ\D� GHQJDQ� GXQLD� Q\DWD��
,PSOHPHQWDVL�')�\DQJ�GLNHPXNDNDQ�*UHJRU�
GDQ � 0HGYHFN\ � ������ � SDGD � LQGXV W U L�
PDQXIDNWXU� VNDOD� EHVDU�PHQXQMXNNDQ� EDKZD�
')� PHUXSDNDQ� VLVWHP� \DQJ� VHFDUD� WHUXV�
PHQHUXV� GDQ� EHUNDOD� KDUXV� GLVHVXDLNDQ� GDQ�
GLNRQWURO� EHUGDVDUNDQ� NRQGLVL� Q\DWD�� $JDU�
GDSDW� EHUPDQIDDW� VHFDUD� WHUXV� PHQHUXV��
GLSHUOXNDQ�NHPDPSXDQ�NKXVXV�GDUL�RSHUDWRU�
\DQJ� PHQDQJDQL� ')�� \DLWX� NHPDPSXDQ� DWDX�
VNLOO� XQWXN� PHUDQFDQJ� PRGHO� WLJD� GLPHQVL�
YLUWXDO��+LSRWHVLV���GDODP�SHQHOLWLDQ�LQL�GDSDW�
GLUXPXVNDQ�VHEDJDL�EHULNXW�

+��� 7LQJNDW� NHPDPSXDQ�VNLOO� GDQ� SHQJDODPDQ�
RSHUDWRU� GDODP� ELGDQJ� VLPXODVL� YLUWXDO� EHUSHQJDUXK�
VLJQLILNDQ�SRVLWLI �WHUKDGDS�LPSOHPHQWDVL�')�

+�D�� 3HQJDODPDQ� RSHUDWRU� GDODP� PHODNXNDQ�
VLPXODVL� YLUWXDO� EHUSHQJDUXK� VLJQLILNDQ� SRVLWLI �
WHUKDGDS�LPSOHPHQWDVL�')�

+�E��.HWUDPSLODQ�RSHUDWRU�PHQJJXQDNDQ�SHUDQJNDW�
VLPXODVL� YLUWXDO� EHUSHQJDUXK� VLJQLILNDQ� SRVLWLI �
WHUKDGDS�LPSOHPHQWDVL�')�

+�F�� 3HQGLGLNDQ� RSHUDWRU� \DQJ� VHPDNLQ� WLQJJL�
VHPDNLQ� EHUSHQJDUXK� VLJQLILNDQ� SRVLWLI � WHUKDGDS�
LPSOHPHQWDVL�')�

6HFDUD� EHUVDPD�VDPD� +LSRWHVLV� SHQHOLWLDQ� ��
GDSDW�GLUXPXVNDQ�VHEDJDL�EHULNXW�

+���.HOHQJNDSDQ�GDWD�GDQ� LQIRUPDVL��NHWHUVHGLDDQ�
KDUGZDUH� GDQ� VRIWZDUH� \DQJ� FDQJJLK�� GDQ� WLQJNDW�
NHPDPSXDQ�GDQ�SHQJDODPDQ�RSHUDWRU�GDODP�ELGDQJ�
VLPXODVL� YLUWXDO� VHFDUD� EHUVDPD�VDPD� EHUSHQJDUXK�
VLJQLILNDQ�SRVLWLI �WHUKDGDS�LPSOHPHQWDVL�')�

.HEHUODQJVXQJDQ�8VDKD��6XVWDLQDELOLW\�
6XNVHV� PHUXSDNDQ� WXMXDQ� GDUL � VHW LDS�
GLGLULNDQQ\D� XVDKD�� 'HQJDQ� PHQJJXQDNDQ�
PRGDO� WHUWHQWX�� VHVHRUDQJ� DWDX� VHNHORPSRN�
RUDQJ�PHQGLULNDQ�XVDKD�GHQJDQ�KDUDSDQ�GDSDW�
PHOLSDWJDQGDNDQ� PRGDOQ\D�� $WDV� GDVDU�
WHUVHEXW�� GDSDW� GLVHEXWNDQ� EDKZD� NULWHULD�
VXNVHV� DGDODK� KDVL O�NHXQWXQJDQ� \DQJ�
GLGDSDWNDQ��/HELK�NRPSOHNV�ODJL��$O�7PHHP\��
$EG X O � 5 D KPDQ � G D Q � + D U X Q � � � � � � ��
PHQJNDWHJRULNDQ�VXNVHV�NHGDODP�WLJD�GLPHQVL��
\D L WX� NHVXNVHVDQ� PDQDMHPHQ� SUR\HN��
NHVXNVHVDQ� SURGXN�� GDQ� NHVXNVHVDQ� SDVDU��
.HVXNVHVDQ� PDQDMHPHQ� SUR\HN� EHUXSD�
NHWHSDWDQ� SDGD� WDUJHW�� MDGZDO� GDQ� UHQFDQD�
ELD\D�� NHVXNVHVDQ� SURGXN� EHUXSD� NHSXDVDQ�
SHODQJJDQ�DNDQ�VSHVLILNDVL�GDQ�NLQHUMD�SURGXN��
6HGDQJNDQ� NHVXNVHVDQ� SDVDU � EHU XSD�
NHXQWXQJDQ�� UHSXWDVL��NHXQJJXODQ�SHUVDLQJDQ�
GDQ�SDQJVD�SDVDU��%LOD�VHPXD�KDO�WHUVHEXW�WHODK�
WHUFDSDL�� PDND� GDSDW� GLNDWDNDQ� EDKZD� VXDWX�
XVDKD�EHUKDVLO�DWDX�VXNVHV�

3HUPDVDODKDQ�PXQFXO�NHWLND�NRQVHS�WHUVHEXW�
GLMDODQNDQ�ROHK�SHODNX�XVDKD��\DLWX�PRGDO�\DQJ�
GLPLOLNL� VXDWX� VDDW� DNDQ� KDELV�� 0RGDO�
EHUKXEXQJDQ� HUDW� GHQJDQ� VXPEHU� GD\D� GDQ�
O LQJNXQJDQ� VHNLWDU�� GLPDQD� M LND� WLGDN�
GLEHUGD\DNDQ�VXDWX�VDDW�DNDQ�KDELV�GDQ�WLGDN�
ODJL�PHPEHUL�NHXQWXQJDQ��

�6XQDUGL�GDQ�6DSXWUD��,PSOHPHQWDVL�GLJLWDO�IDFWRU\�SDGD�LQGXVWUL�PDQXIDNWXU�VNDOD�PHQHQJDK��VWXGL�SHQGDKXOXDQ�
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.XKOPDQ�GDQ�)DUULQJWRQ��������PHQHPXNDQ�
NRQGLVL� GLPDQD� WHUMDGL� NRQWUDGLNVL� DQWDUD�
NHLQJLQDQ� XQWXN� VXNVHV� GHQJDQ� NHSHGXOLDQ�
OLQJNXQJDQ��0HQJDPELO� NHXQWXQJDQ� VHEHVDU�
EHVDUQ\D� PHPHUOXNDQ� PRGDO� WHUXWDPD� GDUL�
OLQJNXQJDQ�GDQ�VXPEHU�GD\D�GL�DODP��QDPXQ�
WLGDN� PHPSHUKDWLNDQ� NHDGDDQ� OLQJNXQJDQ��
$NLEDWQ\D�VXPEHU�GD\D�DODP�GDQ� OLQJNXQJDQ�
SHUODKDQ�ODKDQ� WHUXV� EHUNXUDQJ� GDQ� KDELV�
GDODP�PDVD�PHQGDWDQJ�VHKLQJJD�NHXQWXQJDQ�
WHUXV�PHQXUXQ�GDQ�EDKNDQ�PHUXJL�

)RNXV� GDQ� WXMXDQ� GDUL� VHWLDS� LQGXVWUL� DGDODK�
SURGXNWLYLWDV�� HIHNWLILWDV�� HILVLHQVL�� GDQ� ELD\D�
SURGXNVL�� DWDX� GHQJDQ� NDWD� ODLQ� EHUXVDKD�
VHPDNVLPDO� PXQJNLQ� XQWXN� PHQGDSDWNDQ�
XQWXQJ� EHVDU� GDUL� PRGDO� \DQJ� VHPLQLPDO�
PXQJNLQ�� (IHN� QHJDWLIQ\D� DGDODK� EDKZD�
VHULQJNDOL� SURGXNWLYLWDV� KDQ\D� EHUIRNXV� SDGD�
NHXQWXQJDQ�VHPDWD�GDQ�PHQJDEDLNDQ�NRQGLVL�
DODP� \DQJ� WHUXV� GLNRWRUL� GDQ� GLFHPDUL��
$NLEDWQ\D� GDSDW� GLSHUNLUDNDQ� MLND� VXDWX� VDDW�
VXPEHU� GD\D� DODP� VHEDJDL� PRGDO� WHUVHEXW�
KDELV�� OLQJNXQJDQ� NRWRU� GDQ� WHUFHPDU�� PDND�
XVDKD� WHUVHEXW� WLGDN� GDSDW� GLODQMXWNDQ� GDQ�
WLGDN� DGD� ODJL� VLVD� XQWXN� JHQHUDVL� GL� PDVD�
PHQGDWDQJ� � 2OHK� NDUHQD� L WX � � NRQVHS�
VXVWDLQDELOLW\�PXODL�GLVDGDUL�GDQ�GLJXQDNDQ�ROHK�
EHUEDJD L � SHU XVDKDDQ� � WHU XWDPD� \DQJ�
PHPSURGXNVL� SURGXN� ILVLN�� 3UHGLNVL� EDKZD�
VHJDOD�VXPEHU�GD\D�DODP�\DQJ�SHQWLQJ�XQWXN�
NHKLGXSDQ�DNDQ�KDELV�GDODP�ZDNWX�VDWX�DWDX�
GXD�JHQHUDVL�PHQ\DGDUNDQ�EDKZD�OLQJNXQJDQ�
VHKDUXVQ\D� GLMDJD� EXNDQ� NDUHQD� QLODL�QLODL�
LQWULQVLNQ\D��PHODLQNDQ�XQWXN�PHPSHUVLDSNDQ�
VXPEHU� GD\D� EDJL� JHQHUDVL� VHODQMXWQ\D�
�.XKOPDQ�	�)DUULQJWRQ��������

%DUWOHWW� ������� PHQGHILQLVLNDQ� VXVWDLQDELOLW\�
VHEDJDL� VHJDOD� WLQGDNDQ� GDQ� SHUEXDWDQ� \DQJ�
GLODNXNDQ� \DQJ� WLGDN� PHPEDKD\DNDQ� DWDX�
PHQJXUDQJL� WLQGDNDQ� GDQ� SHUEXDWDQ� GDUL�
JHQHUDVL�PHQGDWDQJ��*HQHUDVL�PHQGDWDQJ�\DQJ�
GLPDNVXG� WLGDN� KDQ\D� EHUDUWL� VDWX� DWDX� GXD�
JHQHUDVL��PHODLQNDQ�VHSDQMDQJ�PDQXVLD�PDVLK�
DGD� GL� EXPL�� DWDX� WDN� EHUKLQJJD� ODPDQ\D��
.HEHUKDVLODQ� PHQMDODQNDQ� ELVQLV� \DQJ�
VXVWDLQDEOH�EHUDUWL�PDPSX�XQWXN�WHWDS�EHUWDKDQ�
GDODP� ZDNWX� \DQJ� SDQMDQJ�� GDUL� JHQHUDVL� NH�
JHQHUDVL��GDQ�WLGDN�KDQ\D�EHUDUWL�NHXQWXQJDQ�
EHVDU�GDODP�MDQJND�ZDNWX�\DQJ�SHQGHN��

6HFDUD� VLQJNDW�� VXVWDLQDELOLW\� EHUDUWL� PDPSX�
PHQJHPEDQJNDQ� XVDKD� VHNDUDQJ� WDQSD�
PHQJXUDQJL�SRWHQVL�SHUNHPEDQJDQ�XVDKD�SDGD�
JHQHUDVL� PHQGDWDQJ�� 8VDKD� GHQJDQ� WXMXDQ�
VXVWDLQDELOLW\�PXODL� UDPDL�GLEDKDV�VHMDN�VHNLWDU�
EHEHUDSD�GHNDGH�WHUDNKLU��$GDPV�HW�DO���������
%RQLQL� 	� *RUQHU� � ������ .XKOPDQ� 	�
)DUULQJWRQ��������/HRQ��������(DUQV�	�<RXQJ��
������VHEDJDL�WXMXDQ�XVDKD�GDQ�NULWHULD�GDODP�
PHQJXNXU � NHEHUKDV L ODQ� VXDWX� XVDKD ��
3HUXVDKDDQ� \DQJ� PHQJDFX� SDGD� NRQVHS�
VXVWDLQDELOLW\�PHPLOLNL�SRWHQVL�\DQJ�OHELK�EHVDU�
GDODP�PHQLQJNDWNDQ�QLODL�GDQ�PHPDNVLPDONDQ�
NHVHMDKWHUDDQ�EDJL�SDUD�SHPHJDQJ�VDKDPQ\D��
VHUWD�PDPSX�PHPEHQWXN� EUDQG� GDQ� UHSXWDVL�
SHUXVDKDDQ� DWDX�SURGXN�GDODP� MDQJND�ZDNWX�
SDQMDQJ��$GDPV� HW�DO���������&ODUN��)HLQHU��	�
9LHKV��������

/DSRUDQ � %RQ LQ L � GDQ � *RPHU � � ���� ��
PHQJJDPEDUNDQ� EDKZD� SHUXVDKDDQ� \DQJ�
PHQHUDSNDQ� NRQVHS� VXVWDLQDELOLW\� PHPLOLNL�
NHXQJJXODQ� GDODP�NRPSHWLVL� \DQJ� OHELK� EDLN�
GLEDQGLQJNDQ�GHQJDQ�SHUXVDKDDQ�\DQJ�KDQ\D�
PHQHUDSNDQ�NRQVHS�SURILW�VHPDWD��.HXQJJXODQ�
LWX�DQWDUD� ODLQ�WLGDN�PXGDK�WHUJR\DKNDQ�ROHK�
SHUXEDKDQ�SHUXEDKDQ� SDGD� SDVDU�� EDKNDQ�
PDPSX� PHPSRVLVLNDQ� GLUL� PHQHQWXNDQ�
SHUXEDKDQ�SHUXEDKDQ� WHUVHEXW�� PDPSX�
EHUJHUDN� GDQ� PHQJDPELO� NHSXWXVDQ� OHELK�
FHSDW��GDQ� VXOLW�XQWXN�GLNHMDU�GDQ�GLMDWXKNDQ�
NDUHQD� SRVLVLQ\D� \DQJ� VXGDK� VXVWDLQDEOH� GDQ�
VWDELO��

'LWDPEDK� ODJL� ROHK� SHQHOLWLDQ� %XVFK��
6WLQFKILHOG�GDQ�:RRG��������\DQJ�PHQHPXNDQ�
EDKZD�SDQGDQJDQ�GDQ�WDUJHW�SHUXVDKDDQ�\DQJ�
WLGDN� ODJL� EHURULHQWDVL� SDGD� SURILW� MDQJND�
SHQGHN��FHQGHUXQJ�PHPLOLNL�NLQHUMD�\DQJ�OHELK�
EDLN�� VHUWD� EHUXPXU� SDQMDQJ�� 6HODLQ� LWX��
SHQHOLWLDQ�&ODUN�HW�DO���������PHQHPXNDQ�IDNWD�
EDKZD� SHUXVDKDDQ� \DQJ� WHODK� PHQHUDSNDQ�
NRQVHS� VXVWDLQDELOLW\� PDPSX� PHQXUXQNDQ�
ELD\D�ELD\D�PRGDO�GDQ�SURGXNVLQ\D��PHPLOLNL�
SHUIRUPD�\DQJ�OHELK�EDLN�GDODP�KXEXQJDQQ\D�
GHQJDQ� OLQJNXQJDQ��VRVLDO�GDQ�SHPHULQWDKDQ��
VHUWD�PDPSX�PHQFDSDL� NLQHUMD�GDQ�NHQDLNDQ�
\DQJ�EDLN�SDGD�KDUJD�VDKDPQ\D��
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7LJD� ZLOD\DK� VHEDJDL� KDVLO� GDUL� SHQHUDSDQ�
VXVWDLQDELOLW\� \DQJ� EDLN�� \DLWX� SHQLQJNDWDQ�
SHUWXPEXKDQ� SHUXVDKDDQ�� PDQDMHPHQ� ULVLNR�
\DQJ� OHELK� EDLN� GDQ� WLQJNDW� SHQHULPDDQ� DWDX�
SHQJHOXDUDQ� \DQJ� OHELK� RSW LPDO � MXJD�
PHUXSDNDQ� RXWFRPHV� GDUL� SHQHUDSDQ� NRQVHS�
VXVWDLQDELOLW\��%RQLQL�	�*RUQHU���������0HQXUXW�
/HRQ� ������� SHUXVDKDDQ� GHQJDQ� NRQVHS�
VXVWDLQDELO L W\ � GLWDPEDK� GHQJDQ� NRQVHS�
NQRZOHGJH�EDVHG�RUJDQL]DWLRQ��VHFDUD�WHRULWLV��DNDQ�
OHELK� PDPSX� XQWXN� EHUDGDSWDVL� SDGD�
NHWLGDNSDVWLDQ� GDQ� SHUXEDKDQ�SHUXEDKDQ�
OLQJNXQJDQ�ELVQLV�\DQJ�VHPDNLQ�FHSDW��6HFDUD�
NRQWHNVWXDO�� UXPXVDQ� +LSRWHVLV� �� SDGD�
SHQHOLWLDQ�LQL�GDSDW�GLDMXNDQ�VHEDJDL�EHULNXW�

+��� ,PSOHPHQWDVL� ')� \DQJ� GLSHQJDUXKL� ROHK�
NHOHQJNDSDQ� GDWD� GDQ� LQIRUPDVL�� NHWHUVHGLDDQ�
KDUGZDUH� GDQ� VRIWZDUH� \DQJ� FDQJJLK�� GDQ� WLQJNDW�
NHPDPSXDQ� GDQ� SHQJDODPDQ� RSHUDWRU� GDODP�
PHODNXNDQ� VLPXODVL� YLUWXDO�� EHUSHQJDUXK� VHFDUD�
VLJQLILNDQ� SRVLWLI � WHUKDGDS� NHEHUODQJVXQJDQ�
SHUXVDKDDQ�

+�D�� ,PSOHPHQWDVL� ')� \DQJ� GLSHQJDUXKL� ROHK�
NHOHQJNDSDQ� GDWD� GDQ� LQIRUPDVL�� NHWHUVHGLDDQ�
KDUGZDUH� GDQ� VRIWZDUH� \DQJ� FDQJJLK�� GDQ� WLQJNDW�
NHPDPSXDQ� GDQ� SHQJDODPDQ� RSHUDWRU� GDODP�
PHODNXNDQ� VLPXODVL� YLUWXDO�� EHUSHQJDUXK� VHFDUD�
VLJQLILNDQ�SRVLWLI �WHUKDGDS�SURVHV�SHQJHPEDQJDQ�GDQ�
GHVDLQ�SURGXN�

+�E�� ,PSOHPHQWDVL� ')� \DQJ� GLSHQJDUXKL� ROHK�
NHOHQJNDSDQ� GDWD� GDQ� LQIRUPDVL�� NHWHUVHGLDDQ�
KDUGZDUH� GDQ� VRIWZDUH� \DQJ� FDQJJLK�� GDQ� WLQJNDW�
NHPDPSXDQ� GDQ� SHQJDODPDQ� RSHUDWRU� GDODP�
PHODNXNDQ� VLPXODVL� YLUWXDO�� EHUSHQJDUXK� VHFDUD�
VLJQLILNDQ� SRVLWLI � WHUKDGDS� HIHNWLYLWDV� SHUDQFDQJDQ�
GDQ�VLPXODVL�SURVHV�SURGXNVL�

+�F�� ,PSOHPHQWDVL� ')� \DQJ� GLSHQJDUXKL� ROHK�
NHOHQJNDSDQ� GDWD� GDQ� LQIRUPDVL�� NHWHUVHGLDDQ�
KDUGZDUH� GDQ� VRIWZDUH� \DQJ� FDQJJLK�� GDQ� WLQJNDW�
NHPDPSXDQ� GDQ� SHQJDODPDQ� RSHUDWRU� GDODP�
PHODNXNDQ� VLPXODVL� YLUWXDO�� EHUSHQJDUXK� VHFDUD�
VLJQLILNDQ�SRVLWLI � WHUKDGDS�NHPDPSXDQ�SHUXVDKDDQ�
PHQJKDGDSL�SHUXEDKDQ�SDVDU�

�6XQDUGL�GDQ�6DSXWUD��,PSOHPHQWDVL�GLJLWDO�IDFWRU\�SDGD�LQGXVWUL�PDQXIDNWXU�VNDOD�PHQHQJDK��VWXGL�SHQGDKXOXDQ�
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*DPEDU����0RGHO�SHQHOLWLDQ�

.HOHQJNDSDQ�GDWD�GDQ�
LQIRUPDVL�WHQWDQJ�XUXWDQ
SURGXNVL��GHVDLQ�SURGXN��
GHVDLQ�EDQJXQDQ��GDQ�
GDWD�SHNHUMD

.HWHUVHGLDDQ�SHUDQJNDW�
NHUDV�GDQ�OXQDN�VLPXODVL

7LQJNDW�NHWUDPSLODQ�GDQ�
SHQJDODPDQ�RSHUDWRU�
GDODP�SHQJJXQDDQ�
VRIWZDUH�VLPXODVL

6XVWDLQDELOLW\

y 3HQJHPEDQJDQ�GDQ�
GHVDLQ�SURGXN�\DQJ�
OHELK�EDLN�
�LQQRYDWLYHQHVV�

y 3HUDQFDQJDQ�GDQ�
VLPXODVL�SURVHV�
SURGXNVL�\DQJ�OHELK�
HILVLHQ��HIILFLHQF\�

y .HPDPSXDQ�
PHQ\HVXDLNDQ�GLUL�
WHUKDGDS�SHUXEDKDQ�
SHUPLQWDDQ�\DQJ�OHELK�
EDLN��DGDSWLYHQHVV�

,PSOHPHQWDVL�
'LJLWDO�)DFWRU\

+�

+�

+�

+�

+�



0HWRGRORJL��3HQHOLWLDQ

6HEDJDL�SHQHOLWLDQ�SHQGDKXOXDQ��SHQHOLWLDQ�LQL�
GLODNXNDQ� SDGD� XVDKD� LQGXVWUL� SHQJRODKDQ�
SODVWLN� VNDOD� PHQHQJDK� GL� 7DQJHUDQJ�� \DQJ�
WHODK� PHQHUDSNDQ� WHNQRORJL� GLJLWDO� GDODP�
SURVHV� SURGXNVLQ\D�� 'HQJDQ� PHQJJXQDNDQ�
SHQGHNDWDQ� VXUYHL� GDODP� VWXGL� NDVXV� �<LQ��
������� GDWD� SULPHU� EHUXSD� UHVSRQ� GDUL� ���
NDU\DZDQ� VHQLRU�� GDUL� WRWDO� ��� NDU\DZDQ� GL�
EDJLDQ�SURGXNVL��GLJXQDNDQ�GDODP�SHQJRODKDQ�
GDWD��.DU\DZDQ�GLSLOLK�VHFDUD�SXUSRVLYH�VDPSOLQJ��
GHQJDQ�NULWHULD�EHULNXW��PLQLPDO�WHODK�EHNHUMD�
VHODPD� WLJD� WDKXQ� GLSHUXVDKDDQ� WHUVHEXW��
WHU O LEDW� GDODP� SURVHV� V LPXODVL � GDODP�
SHUXVDKDDQ�� GDQ� EHUKXEXQJDQ� GHQJDQ�
SHUHQFDQDDQ�SURGXNVL��

'DODP� SHQHOLWLDQ� LQL�� XML� YDOLGLWDVNULWHULD�
�FULWHULRQ� YDOLGLW\�� GLODNXNDQ�XQWXN�PHPDVWLNDQ�
EDKZD� DODW� XNXU� \DQJ� GLJXQDNDQ� PHPLOLNL�
NHWHUNDLWDQ� GHQJDQ� KDVLO� \DQJ� GLSHUROHK�� 8ML�
UHDELOLWDV�EHUWXMXDQ�PHQJHWDKXL�DSDNDK�VXDWX�
NXHVLRQHU�PHQJXNXU�DSD�\DQJ�KHQGDN�GLXNXU�
DWDX� WLGDN��8ML� UHDELOLWDV�PHQJJXQDNDQ�DFXDQ�
&URQEDFK� $OSKD� %DVHG� RQ� 6WDQGDUL]HG� ,WHPV�
PLQLPDO�������6XQDUGL�	�7MDNUDDWPDGMD���������
8ML�YDOLGLWDV� WHUEDJL�PHQMDGL�GXD�EHUGDVDUNDQ�
MHQLV� GLVWULEXVL� GDWD�� 'DWD� \DQJ� WHUGLVWULEXVL�
QRUPDO� GLXML� YDOLGLWDVQ\D� GHQJDQ� XML� 3HDUVRQ�
&RUUHODWLRQ�PHQJJXQDNDQ�GDWD�LQWHUYDO�LQWHUYDO�
KDVLO� NRQYHUVL� 6XFFHVVLYH� ,QWHU YDO� �06,���
6HGDQJNDQ�GDWD�\DQJ�WLGDN�WHUGLVWULEXVL�QRUPDO�
GLXML� YDOLGLWDVQ\D� GHQJDQ� XML� 6SHDUPDQ
V� 5KR�
&RUUHODWLRQ� PHQJJXQDNDQ� GDWD� DVOL� EHUVNDOD�
RUGLQDO��8ML�YDOLGLWDV�GDQ�UHOLDELOLWDV�GLODNXNDQ�
GHQJDQ�VRIWZDUH�6366����

3HQJXMLDQ�KLSRWHVLV�GLODNXNDQ�GHQJDQ�PHWRGH�
3DUWLDO� /HDVW� 6TXDUHV� 3DWK� 0RGHOLQJ� �3/6�30��
GHQJDQ� EDQWXDQ� 6PDUW3/6� ����� 3/6�30�
PHUXSDNDQ� VDODK� VDWX� MHQLV� UHJUHVL�� \DLWX�
PHQJKLWXQJ�SHQJDUXK�DQWDUD�YDULDEHO�\DQJ�VDWX�
GHQJDQ� YDULDEHO� \DQJ� ODLQ�� 3/6�30� WLGDN�
PHPEXWXKNDQ� DVXPVL�DVXPVL� NODVLN� VHSHUWL�
Q R U P D O L W D V � � P X O W L N R O L Q H D U L W D V ��
KHWHURVNHGDVWLVLWDV��DXWRNRUHODVL��GDQ�OLQHDULWDV��
VHKLQJJD� PHUXSDNDQ� XML � VWDWLVWLN� QRQ�
SDUDPHWULN��/DWDQ�	�*R]DOL����������

7DKDSDQ� DQDOLVLV� 3/6�30� GLPXODL� GDUL�
NRQVHSWXDOLVDVL�PRGHO��NHPXGLDQ�PHQHQWXNDQ�
PHWRGD� DQDOLVLV� DOJRULWPD� GDQ� UHVDPSOLQJ��
PHQJJDPEDU� GLDJUDP� MDOXU�� GDQ� HYDOXDVL�
PRGHO�� 0RGHO� SHQHOLWLDQ� LQL� EHUXSD� PRGHO�
PXOWL�GLPHQVLRQDO� GHQJDQ� LQGLNDWRU� UHIOHNVLI �
VHKLQJJD�HYDOXDVL�PRGHO�PHQJJXQDNDQ� VHFRQG�
R U G H U � F R Q V W U X F W � � $ O J R U L WPD � U H V DPS O L Q J�
PHQJJXQDNDQ�PHWRGH�ERRWVWUDSSLQJ�

+DVLO�GDQ�3HPEDKDVDQ

3HQJXPSXODQ�GDWD�GLODNXNDQ�GHQJDQ�PHWRGH�
SXUSRVLYH�VDPSOLQJ�SDGD�SHNHUMD�\DQJ�PHQDQJDQL�
EDJLDQ�SURGXNVL�GDQ�WHODK�EHNHUMD�PLQLPDO�VDWX�
WDKXQ� SDGD� SHUXVDKDDQ�� EHUSHQGLGLNDQ�
PLQLPDO� 60$�� 'LSHUROHK� ��� RUDQJ� \DQJ�
PHPHQXKL� NULWHULD� WHUVHEXW� GDUL� MXPODK�
NHVHOXUXKDQ�SHNHUMD� \DLWX�����8ML� QRUPDOLWDV��
UHDELOLWDV��GDQ�YDOLGLWDV�PHQJKDVLONDQ�EHEHUDSD�
EXWLU�\DQJ�KDUXV�GLNHOXDUNDQ�

(YDOXDVL�PRGHO�3/6�30�GLEDJL�PHQMDGL�GXD��
\DLWX� HYDOXDVL�2XWHU� 0RGHO� GDQ� HYDOXDVL� ,QQHU�
0RGHO��(YDOXDVL�2XWHU�0RGHO�GLODNXNDQ�GHQJDQ�
PHQJXML� YDOLGLWDV� NRQYHUJHQ�� YDOLGLWDV�
GLVNULPLQDQ�GDQ� UHDELOLWDV�NRQVWUXN��(YDOXDVL�
2XWHU�0RGHO�PHQJKDVLONDQ�WLJD�LQGLNDWRU�WLGDN�
PHPHQXKL� UHDELOLWDV� GDQ� YDOLGLWDV� NRQVWUXN�
VHKLQJJD� KDUXV� GLNHOXDUNDQ� GDQ� GLODNXNDQ�
HYDOXDVL�2XWHU�0RGHO� VHNDOL� ODJL� VHWHODK� NHWLJD�
LQGLNDWRU� WHUVHEXW� GLNHOXDUNDQ�� .RQVWUXN�
GLDQJJDS�PHPHQXKL� YDOLGLWDV� NRQYHUJHQ� MLND�
QLODL� ORDGLQJ� IDFWRU� LQGLNDWRU�EHUQLODL� OHELK�GDUL�
����� GDQ� QLODL� $9(� GL� DWDV� ����� �6WHIDQ\� 	�
6XQDUGL���������9DOLGLWDV�GLVNULPLQDQ�WHUFDSDL�
MLND� VHWLDS� QLODL� DNDU� NXDGUDW� $9(� PDVLQJ�
PDVLQJ� YDULDEHO� PHOHELKL� NRHILVLHQ� NRUHODVL�
DQWDU� YDULDEHO�� 6HPXD� QLODL�&RPSRVLWH� 5HDELOLW\�
YDULDEHO�EHUQLODL�GL�DWDV������\DQJ�PHUXSDNDQ�
NULWHULD� PLQLPXP� VXDWX� NRQVWUXN� GLNDWDNDQ�
UHOLDEHO�
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(YDOXDVL�,QQHU�0RGHO�GLODNXNDQ�GHQJDQ�PHWRGH�
ERRWVWUDSSLQJ�� -XPODK� UHVDPSOLQJ� \DQJ� GLSDNDL�
XQWXN� ERRWVWUDSSLQJ� DGDODK� VHMXPODK� SRSXODVL�
GDUL�REMHN�SHQHOLWLDQ�� \DLWX�����+DVLO� HYDOXDVL�
,QQHU� 0RGHO� DGDODK� QLODL� W�KLWXQJ� \DQJ� DNDQ�
PHQJXML�KLSRWHVLV�SHQHOLWLDQ��

*DPEDU����+DVLO�HYDOXDVL�LQQHU�PRGHO

7DEHO����

3DWK�&RHIILFLHQW�GDQ�3HQJXMLDQ�+LSRWHVLV

8QWXN�PHQJKLWXQJ�SHQJDUXK�YDULDEHO�;���;���
GDQ�;��VHFDUD�EHUVDPD�VDPD�WHUKDGDS�YDULDEHO�

� �
;�� GLODNXNDQ� SHUKLWXQJDQ� QLODL� HIIHFW� VL]H� I � ��

�
1LODL�I � �KDVLO�SHUKLWXQJDQ�DGDODK��������%DWDV�

�
EDWDV�QLODL�I � �EHUGDVDUNDQ�/DWDQ�GDQ�*KR]DOL�
������� DGDODK� ����� XQWXN� NHFLO�� ����� XQWXN�
PHQHQJDK�GDQ� ����� XQWXN�EHVDU��1LODL� ������
WHUPDVXN�GDODP�XNXUDQ�EHVDU��$UWLQ\D�NHWLJD�
YDULDEHO�� \DLWX�;���;��� GDQ�;�� EHUSHQJDUXK�
NXDW� WHUKDGDS� YDULDEHO� ;�� GDQ� +�� GLWHULPD��
3HUKLWXQJDQ�*RRGQHVV� RI �)LW� �*R)�� NHPXGLDQ�
GLODNXNDQ� XQWXN� PHQJXML� NHFRFRNDQ� PRGHO�
VHFDUD� NHVHOXUXKDQ�� 1LODL� *R)� GLGDSDW� GDUL�
KDVLO� DNDU� NXDGUDW� GDUL� UDWD�UDWD� FRPPXQDOLW\�
GLNDOLNDQ�UDWD�UDWD�U�VTXDUH�KDVLO�HYDOXDVL�2XWHU�
0RGHO��1LODL�*R)�\DQJ�GLKDVLONDQ�DGDODK��������

7�KLWXQJ�\DQJ�GLJXQDNDQ�DGDODK�SDGD�WLQJNDW�
NH\DNLQDQ�����GDQ� MXPODK� VDPSHO�����PDND�
QLODL�GI�DGDODK����²����\DLWX�����/DWDQ�	�*KR]DOL��
�������1LODL�W�KLWXQJ�EHUGDVDUNDQ�WDEHO�DGDODK�
�������+DVLO�HYDOXDVL�LQQHU�PRGHO�GDSDW�GLOLKDW�
SDGD�*DPEDU���

1LODL�WHUVHEXW�PHQXQMXNNDQ�WLQJNDW�NHFRFRNDQ�
PRGHO�3/6�30�DGDODK�EHVDU��1LODL�*R)�VPDOO�
XQWXN�������PHGLXP�XQWXN������GDQ�ODUJH�XQWXN�
������/DWDQ�	�*KR]DOL���������'DODP�LQGXVWUL�
VNDOD� PHQHQJDK�� GLPDQD� GLJLWDO� IDFWRU\� EHOXP�
GLLPSOHPHQWDVLNDQ�� NHOHQJNDSDQ� GDWD� SDEULN�
WLGDN�GLJXQDNDQ�XQWXN�PHUDQFDQJ�JDPEDU�WLJD�
GLPHQVL� GLJLWDO� IDFWRU \�� PHODLQNDQ� XQWXN�
PHPSH UPXGDK � S HQ F D U L D Q � G D W D � G DQ�
SHQJRODKDQ� GDWD� PHQJHQDL� SHNHUMDDQ� GDODP�
NRPSXWHU�� .RPSXWHULVDVL� GLSHUOXNDQ� GDODP�
SURGXNVL�PHVNLSXQ�SDGD�VDDW�LQL�PDVLK�EHOXP�
VHFDUD�NHVHOXUXKDQ�GLLPSOHPHQWDVLNDQ��QDPXQ�
SHUODKDQ� SDVWL� DNDQ� GLODNXNDQ� GDQ� GDWD�
PHQJHQDL�SDEULN�LWX�PHPDQJ�SHQWLQJ���
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'DWD�\DQJ�OHQJNDS�MLND�WHODK�GLLQWHJUDVLNDQ�NH�
GDODP� SHUDQJNDW� OXQDN� NRPSXWHU�� GDSDW�
PHPSHUPXGDK� SHNHU MDDQ� NDUHQD� OHELK�
WHURUJDQLVLU� GDQ� WHULQWHJUDVL � � .RQGLVL�
GHPLNLDQ�� PHVNLSXQ� WLGDN� GDSDW� GLVHEXW�
VHEDJDL� JDPEDUDQ� SDEULN� VHFDUD� YLVXDO� DWDX�
NDVDW� PDWD�� WHWDSL� GDSDW� GLNDWDNDQ� PHPLOLNL�
GDWD�\DQJ�OHQJNDS�GDQ�GDSDW�PHZDNLOL�VHOXUXK�
SDEULN�WHUVHEXW��

3HPDKDPDQ� NHEXWXKDQ� SHUDQJNDW� NRPSXWHU�
XQWXN� VLPXODVL� NHUMD� VDDW� LQL� GL\DNLQL� OHELK�
NHSDGD�NHEXWXKDQ�SHUDQJNDW�NRPSXWHU�XQWXN�
EHNHUMD�� :DZDQFDUD� GHQJDQ� H[SHUW� GDUL�
SHUXVDKDDQ� PHQJHQDL� NHEXWXKDQ� SHUDQJNDW�
NRPSXWHU� \DQJ�FDQJJLK�PHQXQMXNNDQ�EDKZD�
SHUDQJNDW� WLGDN� KDUXV� FDQJJLK�� PHODLQNDQ�
KDQ\D�VHVXDL�NHEXWXKDQ��3HUDQJNDW�NRPSXWHU�
PHPDQJ� SHUOX� � QDPXQ� KDQ\D� VHEDWDV�
NHEXWXKDQ�GHQJDQ�VSHVLILNDVL�VHFXNXSQ\D��DWDX�
GL�DWDV�PLQLPXP��3HPDNDLDQ�NRPSXWHU�XQWXN�
FRQWRK� NHUMD� WDPSDN� PDVLK� EHOXP� WHUODOX�
GLSDKDPL��PHODLQNDQ�SHPDKDPDQ�PHQJDUDK�NH�
SHQJJXQDDQ�NRPSXWHU�GDODP�SHNHUMDDQ��'LJLWDO�
IDFWRU\� PDVLK� GLDUWLNDQ� VHEDJDL� NRPSXWHULVDVL�
SURVHV� SURGXNVL�� 3HPDKDPDQ� NRQVHS� GLJLWDO�
IDFWRU\� LQL� EHUWRODN� EHODNDQJ� GHQJDQ� NULWHULD�
\DQJ� GLDMXNDQ� ROHK� 'HOPLD� �������� 'HOPLD�
EHUDUJXPHQ� EDKZD� GLJLWDO� IDFWRU \� KDUXV�
PHPHQXKL� NHOHQJNDSDQ� SHUDQJNDW� OXQDN�
PLQLPXP��\DQJ�PHOLSXWL��GLJLWDO�SURGXFW��EHUXSD�
VRIWZDUH�SHUDQFDQJDQ�SURGXN�GHQJDQ�GLOHQJNDSL�
SDUDPHWHU� VWDWLV�GDQ�GLQDPLV��GLJLWDO� SURGXFWLRQ�
SODQQLQJ �� EHUXSD� VRIWZDUH� SHUHQFDQDDQ�
SURGXNVL� VHFDUD� WHULQWHJUDVL�� GDQ� GLJLWDO�
SURGXFWLRQ�� EHUXSD� VRIWZDUH� VLPXODVL� SURVHV�
SURGXNVL�\DQJ�PDPSX�PHPDQIDDWNDQ�GDWD�GDQ�
LQIRUPDVL�GDUL�GLJLWDO��

3HNHUMD�KDUXV�WDKX�FDUD�SHQJRSHUDVLDQ�PHVLQ�
VHEDJDL�EDWDV�PLQLPXP��.HPDPSXDQ�SHNHUMD�
GDODP�ELGDQJ�NRPSXWHU�FXNXS�VHDGDQ\D�VDMD��
WLGDN� KDUXV� DKOL�� 'DSDW� GLVLPSXONDQ� EDKZD�
NHPDPSXDQ� PHQJ JXQDNDQ� NRPSXWHU�
GLSHUOXNDQ�XQWXN�SHNHUMDDQ�WHUWHQWX�VDMD��WLGDN�
PXWODN�KDUXV�VHPXD�SHNHUMD�ELVD��EDKNDQ�DKOL�
GDODP� SHQJJXQDDQ� NRPSXWHU�� 3HNHUMD� \DQJ�
PDPSX� PHQJJXQDNDQ� NRPSXWHU� OHELK� EDLN�
GLEDQGLQJNDQ� \DQJ� ODLQ� WLGDN� DNDQ�PHQGDSDW�
SHUODNXDQ�LVWLPHZD�GDODP�NHDGDDQ�LQL��NDUHQD��

\DQJ� GLEXWXKNDQ� KDQ\DODK� NHPDPSXDQQ\D�
VHFDUD� PLQLPDO�� 6HNDOLSXQ� WLGDN� DGD� SHNHUMD�
\DQJ� DKOL� DWDX� EHUNHPDPSXDQ� WLQJJL� GDODP�
ELGDQJ� NRPSXWHU�� NRPSXWHULVDVL� GDODP�
SHUXVDKDDQ� PDVLK� GDSDW� GLODNXNDQ� GDQ�
EHUMDODQ�GHQJDQ�EDLN��

3HQJ JXQDDQ � NRPSXWH U � GD O DP� VXD WX�
SHUXVDKDDQ� HIHNQ\D� DNDQ� PHQJXQWXQJNDQ�
SHUXVDKDDQ�� GHQJDQ� VLVWHP� NRPSXWHU� \DQJ�
E H U M D O D Q � G H Q J D Q � E D L N � � G D S D W � M D X K�
PHPSHUPXGDK� SHNHUMDDQ� GL� EHUEDJDL� KDO�
VHKLQJJD�VDQJDW�PHQJXQWXQJNDQ�SHUXVDKDDQ��
0HVNLSXQ� EHOXP� VDPSDL� SDGD� WDKDS� GLJLWDO�
IDFWRU\��\DLWX�VLPXODVL�NHUMD�GHQJDQ�NRPSXWHU��
SHUXVDKDDQ� GHQJDQ� VNDOD� PHQHQJDK� OHELK�
EDQ\DN�PHPIRNXVNDQ�GLUL�SDGD�LPSOHPHQWDVL�
SHQJJXQDDQ�NRPSXWHU�XQWXN�VLPXODVL�SURVHV�
SURGXNVL�VHFDUD�VHGHUKDQD��0HVNLSXQ�GL\DNLQL�
PDVLK� VHGHUKDQD�� NHEXWXKDQ� DNDQ� GDWD� GDQ�
LQIRUPDVL� \DQJ� OHQJNDS� WHUNDLW� IDFWRU \�
PHUXSDNDQ� KDO� \DQJ� VDQJDW� SHQWLQJ�� 'DODP�
NRQWHNV� LQL�� SHQJHUWLDQ� GLJLWDO� IDFWRU\� ELVD�
GLVDPDNDQ� GHQJDQ� NRPSXWHULVDVL� LWX� VHQGLUL�
NDUHQD�PHUXSDNDQ�WDKDS�DZDO�GDUL�GLJLWDO�IDFWRU\��
GDQ� VLIDWQ\D� PDVLK� WHUEDWDV� SDGD� VLPXODVL�
SURVHV� SURGXNVL�� 7HPXDQ� LQL� VHDUDK� GHQJDQ�
DUJXPHQ� %OH\� GDQ� =HQQHU� �������� %OH\� GDQ�
=HQQHU� EHUDUJXPHQ� EDKZD� SHQHUDSDQ� GLJLWDO�
IDFWRU\�DNDQ�VHODOX�GLPXODL�GHQJDQ�SHQJJXQDDQ�
NRPSXWHU�VLPXODVL�SDGD�VNDOD�\DQJ�OHELK�NHFLO�
WHUOHELK�GDKXOX��WHUXWDPD�SDGD�VLPXODVL�SURVHV�
SURGXNVL��0HVNLSXQ�KDQ\D�WHUNDLW�SDGD�OLQJNXS�
\DQJ�NHFLO�� SHUXVDKDDQ�KDUXV� WHUOHELK�GDKXOX�
PHOHQJNDSL�GDWD�GDQ� LQIRUPDVL� WHUNDLW� IDFWRU\��
VHKLQJJD�DNXUDVL�VLPXODVL�PHQMDGL�OHELK�DQGDO�

6LPSXODQ

3HQHOLWLDQ� SHQGDKXOXDQ� LQL� PHQJLQGLNDVLNDQ�
EDKZD�NHOHQJNDSDQ�GDWD�GDQ�LQIRUPDVL�WHQWDQJ�
XUXWDQ� SURGXNVL�� GHVDLQ� SURGXN�� GHVDLQ�
EDQJXQDQ�� GDQ� GDWD� SHNHUMD� EHUSHQJDUXK�
VLJQLILNDQ�SRVLWLI �WHUKDGDS�LPSOHPHQWDVL�GLJLWDO�
IDFWRU\�� +DO� LQL� GLVHEDENDQ� NDUHQD� GDODP�
LPSOHPHQWDV L � V L V WHP� NRPSXWHU � \DQJ�
PHUXSDNDQ� GDVDU� GDUL� GLJLWDO� IDFWRU\� PHPDQJ�
PHPEXWXKNDQ� GDWD� \DQJ� OHQJNDS� DJDU�
PHPSHUPXGDK� PHQJDNVHV� DWDX� PHQJDPELO�
GDWD��

�6XQDUGL�GDQ�6DSXWUD��,PSOHPHQWDVL�GLJLWDO�IDFWRU\�SDGD�LQGXVWUL�PDQXIDNWXU�VNDOD�PHQHQJDK��VWXGL�SHQGDKXOXDQ�
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'HQJDQ� GDWD� \DQJ� OHQJNDS� GDODP� NRPSXWHU��
EHQWXN� GLJLWDO� IDFWRU\� \DQJ� KDQ\D� EHUXSD� GDWD�
GDQ�EXNDQ� JDPEDUDQ� YLVXDO� GDSDW� WHUEHQWXN��
3HQHOLWLDQ� LQL� MXJD� PHQJLQGLNDVLNDQ� EDKZD�
NHWHUVHGLDDQ� SHUDQJNDW� NHUDV� GDQ� OXQDN�
VLPXODVL� EHUSHQJDUXK� VLJQLILNDQ� SRVLWLI �
WHUKDGDS� LPSOHPHQWDV L � GLJ L WD O � ID F WR U \ ��
.HWHUVHGLDDQ�SHUDQJNDW�NRPSXWHU�GLEXWXKNDQ�
GDODP�PHPSHUPXGDK�EHUEDJDL�SHNHUMDDQ�GDQ�
SHQJDPELODQ� NHSXWXVDQ�� 1DPXQ� SHUDQJNDW�
\DQJ� FDQJJLK�XQWXN�KDO�KDO�GL� OXDU�SHNHUMDDQ�
SDGD� XPXPQ\D� PDVLK� EHOXP� GLEXWXKNDQ��
3HUEHGDDQ� SHPDKDPDQ� DNDQ� NULWHULD� VRIWZDUH�
FDQJJLK� WHUMDGL�� NDUHQD� SDGD� SUDNWHNQ\D��
S H U X V DKD DQ � V N D O D � PHQHQJ DK � E H O XP�
PHQJJXQDNDQ� NRPSXWHU� SDGD� WLQJNDW� \DQJ�
OHELK�WLQJJL��VHSHUWL�VLPXODVL�YLUWXDO��PHODLQNDQ�
KDQ\D� VHNDGDU� SHNHUMDDQ� PDQXDO� GLJDQWLNDQ�
GHQJDQ� NRPSXWHU� VHUWD� VRIWZDUH� VLPXODVL�
JHQHULN�VHSHUWL�3UR0RGHO�GDQ�$UHQD��

.HPDPSXDQ� DWDX� VNLOO�SHNHUMD� GDODP� ELGDQJ�
VLPXODVL� YLUWXDO� WLGDN� EHUSHQJDUXK� VLJQLILNDQ�
SRVLWLI �WHUKDGDS�LPSOHPHQWDVL�GLJLWDO�IDFWRU\��+DO�
LQL� GLVHEDENDQ� NDUHQD� WLGDN� VHPXD� SHNHUMD�
PHQJJXQDNDQ� NRPSXWHU� GDQ� WLGDN� VHPXD�
SHNHU MD� GLKDUXVNDQ� ELVD� PHQJJXQDNDQ�
NRPSX W H U � G D Q � S H U D Q J N D W � V LPX O D V L ��
.HPDPSXDQ� SHNHUMD� FXNXS� KDQ\D� EDWDV�
PLQLPXP�\DLWX�WDKX�FDUD�SHQJRSHUDVLDQ�PHVLQ�
\DQJ�PHUHND�NHUMDNDQ��WHUXWDPD�PHVLQ�GHQJDQ�
WHNQRORJL� FRPSXWHUL]HG� QXPHULFDO� FRQWURO� �&1&���
6HNDOLSXQ� WLGDN� DGD� SHNHUMD� \DQJ� DKOL� GDODP�
VRIWZDUH�VLPXODVL�PRGHUQ�GLGDODP�SHUXVDKDDQ��
SHUXVDKDDQ�ELVD�WHWDS�EHUMDODQ�GHQJDQ�SHNHUMD�
\DQJ� NHPDPSXDQQ\D� PHOHZDWL� VWDQGDU�
PLQLPXP��

3HQJDUXK�VHOXUXK�NULWHULD�GLJLWDO�IDFWRU\�WHUKDGDS�
LPSOHPHQWDVL�GLJLWDO�IDFWRU\�GDSDW�GLNDWHJRULNDQ�
VLJQLILNDQ� SRVLWLI�� 'HQJDQ� NDWD� ODLQ�� GDSDW�
GLVLPSXONDQ� EDKZD� NHOHQJNDSDQ� GDWD��
NHWHUVHGLDDQ� SHUDQJNDW� NHUDV� GDQ� OXQDN�
VLPXODVL�� GDQ� NHPDPSXDQ� DWDX� VNLOO� SHNHUMD�
GDODP�ELGDQJ�VLPXODVL�YLUWXDO�VHFDUD�EHUVDPD�
VDPD� PHPLOLNL� SHQJDUXK� \DQJ� VLJQLILNDQ�
WHUKDGDS�LPSOHPHQWDVL�GLJLWDO�IDFWRU\��6HODLQ�LWX��
LPSOHPHQWDVL� GLJLWDO� IDFWRU\� \DQJ� GLSHQJDUXKL�
ROHK�NHOHQJNDSDQ�GDWD�GDQ�LQIRUPDVL�WHQWDQJ�
XUXWDQ�SURGXNVL��GHVDLQ�� S U R G X N � � G H V D L Q

EDQJXQDQ�� GDQ� GDWD� SHNHUMD�� NHWHUVHGLDDQ�
SHUDQJNDW�NHUDV�GDQ�OXQDN�VLPXODVL��GDQ�WLQJNDW�
NHPDPSXDQ� DWDX� VNLOO� SHNHUMD� GDODP� ELGDQJ�
VLPXODVL�YLUWXDO��EHUSHQJDUXK�VHFDUD�VLJQLILNDQ�
SRVLWLI �WHUKDGDS�NHEHUODQJVXQJDQ�SHUXVDKDDQ��
+DO� LQL� GLVHEDENDQ� NDUHQD� EDQ\DNQ\D�
NHXQWXQJDQ�\DQJ�GLUDVDNDQ�GDUL�LPSOHPHQWDVL�
GLJ L WD O � IDF WRU \ � VHFDUD� VHGHUKDQD� GDODP�
SHUXVDKDDQ��

,PSOHPHQWDVL� GLJLWDO� IDFWRU\� SDGD� LQGXVWUL�
PDQXIDNWXU� VNDOD� PHQHQJDK� GL� ,QGRQHVLD�
GLKDUDSNDQ�PDPSX�PHQDZDUNDQ�PHWRGH�GDQ�
VROXVL� SHQJJXQDDQ� VRIWZDUH� VLPXODVL� YLUWXDO�
XQWXN�SHQJHPEDQJDQ�SURGXN�GLJLWDO��SDEULNDVL�
GLJLWDO�� SHQLQJNDWDQ� NHFHSDWDQ� GDQ� HIHNWLYLWDV�
SURGXNVL��GHQJDQ�EHUSHGRPDDQ�SDGD�DSD�\DQJ�
PHQMDGL� SHUPLQWDDQ� SDVDU� DWDX� NHEXWXKDQ�
NRQVXPHQ� \DQJ� WHUXV� EHUXEDK�XEDK� VHLULQJ�
E H U N HPEDQ JQ \ D � M DPDQ � � 6 H O D L Q � L W X ��
LPSOHPHQWDVL� GLJLWDO� IDFWRU\� SDGD� LQGXVWUL�
PDQXIDNWXU� VNDOD� PHQHQJDK� GL� ,QGRQHVLD�
GLSUHGLNVL� PDPSX� PHPEHULNDQ� VROXVL� \DQJ�
NRODERUDWLI � GDODP�PHQGXNXQJ�SDUD� RSHUDWRU�
PXODL� GDUL� SHUHQFDQDDQ� SURVHV� SDGD� VHWLDS�
WDKDSDQ� XWDPD� GDUL� SHQJHPEDQJDQ� SURGXN��
EHVHUWD� SHUHQFDQDDQ� WDKDSDQ� SURGXNVLQ\D��
1LODL�WDPEDK�ODLQ�GDUL�SHQHUDSDQ�GLJLWDO�IDFWRU\�
DGDODK� NHPDPSXDQ� PHODNXNDQ� SHQ\HVXDLDQ�
VHLULQJ�SHUXEDKDQ�GDODP� WHNQRORJL� LQIRUPDVL�
GDQ�WHNQRORJL�PDQXIDNWXU��,PSOHPHQWDVL�GLJLWDO�
IDFWRU\� GLKDUDSNDQ� PDPSX� PHQJLQWHJUDVLNDQ�
VHOXUXK� GDWD� SURGXN�� SURVHV� SURGXNVL� GDQ�
LQIRUPDVL�SDEULN�LWX�VHQGLUL��

'HQJDQ� NDWD� ODLQ�� GLJLWDO� IDFWRU\� PHUXSDNDQ�
LQWHJUDVL� GDUL� EHUEDJDL� NHJLDWDQ� VLPXODVL� LWX�
VHQGLUL��\DQJ�PHPEXWXKNDQ�NHOHQJNDSDQ�GDWD�
GDQ�LQIRUPDVL�WHQWDQJ�XUXWDQ�SURGXNVL��GHVDLQ�
SURGXN� GHVDLQ� EDQJXQDQ� GDQ� GDWD� SHNHUMD��
NHWHUVHGLDDQ�SHUDQJNDW�NHUDV�GDQ�OXQDN�XQWXN�
VLPXODVL�� VHUWD� WLQJNDW� NHWUDPSLODQ� GDQ�
SHQJDODPDQ� RSHUDWRU� GDODP� SHQJJXQDDQ�
VRIWZDUH�VLPXODVL��1DPXQ�GHPLNLDQ��PHQJLQJDW�
SHQHOLWLDQ� LQL� EDUX� WHUEDWDV� SDGD� VDWX�
SHUXVDKDDQ�VNDOD�PHQHQJDK�GL�7DQJHUDQJ�\DQJ�
EHUJHUDN� GL� ELGDQJ� SURGXNVL� EDUDQJ�EDUDQJ�
SODVWLN��PDND�GLSHUOXNDQ�SHQHOLWLDQ�\DQJ�OHELK�
PHQGDODP�\DQJ�PHOLEDWNDQ�VXE\HN�SHQHOLWLDQ�
\DQJ�OHELK�OXDV��
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3H Q H O L W L D Q � V H O D Q M X W Q \ D � G D S D W � S X O D�
PHPSHUWLPEDQJNDQ� IDNWRU� SHPEHODMDUDQ�
RUJDQLVDVL�� VHSHUWL� 
SHQHUDSDQ� NQRZOHGJH�
PDQDJHPHQW
�GDODP�PHQJXNXU�EDJDLPDQD�SURVHV�
EHUEDJL� SHQJHWDKXDQ� WXUXW� EHUSHUDQ� GDODP�
SHQHUDSDQ� GLJLWDO� IDFWRU \� GDQ� SHQFDSDLDQ�
NHEHUODQJVXQJDQ�SHUXVDKDDQ��

'DIWDU�3XVWDND

$GDPV�� 0��� 7KRUQWRQ�� %��� 	� 6HSHKUL�� 0��
�������� 7KH� LPSDFW� RI � WKH� SXUVXLW� RI �
V X V W D L Q DE L O L W \ � RQ � WKH � I L Q DQF L D O�
SHUIRUPDQFH� RI � WKH� ILUP�� -RXUQDO� RI �
6XVWDLQDELOLW\�DQG�*UHHQ�%XVLQHVV����²����

$JZX��0��2���	�(PHWL��&�� ,�� �������� ,VVXHV��
FKDOOHQJHV� DQG� SURVSHFWV� RI � VPDOO� DQG�
PHGLXP� VFDOH� HQWHUSULVHV� �60(V�� LQ�
3RUW�+DUFRXUW� &LW\�� 1LJHULD�� (XURSHDQ�
-RXUQDO� RI � 6XVWDLQDEOH� 'HYHORSPHQW�� �� �����
����²�����

$O�7PHHP\��6��0��+���$EGXO�5DKPDQ��+���	�
+DUXQ�� =�� �������� )XWXUH� FULWHULD� IRU�
VXFFHVV�RI �EXLOGLQJ�SURMHFWV�LQ�0DOD\VLD��
,QWHUQDWLRQDO�-RXUQDO�RI �3URMHFW�0DQDJHPHQW��
������������²�����

%DGDQ�3XVDW�6WDWLVWLN���������-XPODK�SHUXVDKDDQ�
LQGXVWUL� EHVDU� VHGDQJ� PHQXUXW� 6XE6HNWRU�
> G L X Q G XK � � � � 0D U H W � � � � � � G D U L�
ZZZ�ESV�JR�LG@��

%DQN�,QGRQHVLD� ��������%XNX�NDMLDQ�DNDGHPLN�
SHPHULQJNDW�NUHGLW�EDJL�XVDKD�PLNUR��NHFLO�GDQ�
PHQHQJDK� GL� ,QGRQHVLD�� -DNDUWD�� %DQN�
,QGRQHVLD� >GLXQGXK� ��� 0DUHW� ����� GDUL�
ZZZ�EL�JR�LG@

%DUOHWW�� $�$�� �������� 7KH� PHDQLQJ� RI �
VXVWDLQDELOLW\�� 7HDFKHUV� &OHDULQJKRXVH� IRU�
6FLHQFH�DQG�6RFLHW\�(GXFDWLRQ�1HZVOHWWHU�����
�����������

%OH\�� +�� 	� =HQQHU�� &�� �������� +DQGOLQJ� RI �
SURFHVV� DQG� UHVRXUFH� YDULDQWV� LQ� WKH�
G LJ L WD O � IDFWRU \� � &,53 � -RXU QD O � R I �
0DQXIDFWXULQJ�6\VWHPV������������������

5RKUODFN��7����������7KH�GLJLWDO�IDFWRU\��IURP�FRQFHSW�
WR� UHDOLW\�� %HQWOH\� 6ROXWLRQV� >GLXQGXK� ���
0DUHW������GDUL�ZZZ�EHQWOH\�FRP@�

%RQLQL��6��	�*RUQHU��6����������7KH�EXVLQHVV�RI �
VXVWDLQDELOLW\�� SXWWLQJ� LW� LQWR� SUDFWLFH��
VXVWDLQDELOLW\�	�UHVRXUFH�SURGXFWLYLW\�SUDFWLFH��
0F.LQVH\�	�&RPSDQ\�>GLXQGXK����-XQL�
�����GDUL�ZZZ�PFNLQVH\�FRP@�

%ULDQ��*�)��	�6KLQJLUD\L��0����������&KDOOHQJHV�
IDFHG� E\� VPDOO� WR� PHGLXP� VFDOH�
H Q W H U S U L V H V � � $ � F D V H � V W X G \ � R I �
&KLWXQJZL]D��=LPEDEZH��*UHHQHU�-RXUQDO�
RI �%XVLQHVV�DQG�0DQDJHQHW�6WXGLHV�������������
²�����

%XVFK�� 7��� 6WLQFKILHOG�� %�7�� GDQ�:RRG��0�6��
�������� $� WULSW\FK� LQTXLU\�� UHWKLQNLQJ�
VXVWDLQDELOLW\�� LQQRYDWLRQ�� DQG� ILQDQFLDO�
S H U I R U P D Q F H � � >:R U N L Q J � 3D S H U @ ��
'XLVHQEHUJ� 6FKRRO� RI � )LQDQFH� ��
7LQEHUJHQ� ,QVWLWXWH� 'LVFXVVLRQ� 3DSHU�
>GLXQGXK� SDGD� ��� -XOL� ����� GDUL�
ZZZ�SDSHUV�WLQEHUJHQ�QO@�

&DJJLDQR�� $�� �������� 'LJLWDO� IDFWRU\� FRQFHSW�
LPSOHPHQWDWLRQ� IRU� IOH[LEOH�DQG�UHFRQILJXUDEOH�
PDQXIDFWXULQJ�V\VWHPV�PRGHOOLQJ�DQG�DQDO\VLV�
>7KHVLV@��1DSROL��8QLYHUVLWD�'HJOL�6WXGL�
GL�1DSROL�)HGHULFR�,,��,WDOLD�

&ODUN��*��/��� )HLQHU��$��	�9LHKV��0�� ��������
)URP�WKH� VWRFNKROGHU� WR� WKH� VWDNHKROGHU��KRZ�
V X V W D L Q D E L O L W \ � F D Q � G U L Y H � I L Q D Q F L D O�
RXWSHUIRUPDQFH��>:RUNLQJ�3DSHU@��2[IRUG��
8QLYHUVLW\�RI �2[IRUG�>GLXQGXK�SDGD����
- X Q L � � � � � � G D U L�
ZZZ�VPLWKVFKRRO�R[�DF�XN@�

'DVVDXOW�6\VWHPHV����������'(/0,$�9HUVLRQ���
5HOHDVH� ���0RGLILFDWLRQ�/HYHO� ���'DVVDXOW�
6\VWHPHV� >GLXQGXK����0DUHW������GDUL�
ZZZ��GV�FRP@�

'HOPLD� �������� 6ROXWLRQV� 3RUWIROLR�� '(/0,$��
3DULV�

(DUQV� 	� <RXQJ� �������� ����� 6L[� JURZLQJ�
WUHQGV� LQ� FRUSRUDWH� VXVWDLQDELOLW\��
*UHHQ%L]� FRUSRUDWLRQ� >GLXQGXK� SDGD� ���
-XQL������GDUL�ZZZ�H\�FRP@�

)XUPDQQ��5����������7KH�SURSRVDO�RI �DQ�DOJRULWKP�
IRU� OD\RXW� GHVLJQ� LQ� YLUWXDO� HQYLURQPHQW��
>'LVVHU WD W LRQ� 7KHV LV @ � � 6 ORYDNLD ��
8QLYHUVLW\� RI � =LOLQD�� 0HFKDQLFDO�
(QJLQHHULQJ�)DFXOW\�

)XUPDQQ��5��	�.UDMÿRYLÿ��0����������,QWHUDFWLYH�
�'�GHVLJQ�RI �SURGXFWLRQ�V\VWHPV��,Q��'LJLWDO�
)DFWRU\� ����� ²�:RUNVKRS�+DQGERRN��
6/&3��åLOLQD��SS����

*UHJRU�� 0�� 	� 0HGYHFN\�� 6�� �������� 'LJLWDO�
IDFWRU\��WKHRU\�DQG�SUDFWLFH��(QJLQHHULQJ�
WKH�)XWXUH��/DV]OR�'XGDV��(G����,Q7HFK��
> G L X Q GXK � � � � 0D U H W � � � � � � G D U L�
ZZZ�LQWHFKRSHQ�FRP@�

�6XQDUGL�GDQ�6DSXWUD��,PSOHPHQWDVL�GLJLWDO�IDFWRU\�SDGD�LQGXVWUL�PDQXIDNWXU�VNDOD�PHQHQJDK��VWXGL�SHQGDKXOXDQ�
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+VLHK�� &�� 7�� 	� 2ONHQ�� %�� $�� �������� 7KH�
PLVVLQJ� ´0LVVLQJ� 0LGGOHµ�� -RXUQDO� RI �
(FRQRPLF�3HUVSHFWLYHV�����������������

.D]LPRWR� � 3� � ������� � $VVHVVPHQW� RI �
FKDOOHQJHV� IDFLQJ� VPDOO� DQG� PHGLXP�
HQWHUSULVHV� WRZDUGV� ,QWHUQDWLRQDO�
0DUNHWLQJ� 6WDQGDUGV�� D� &DVH� 6WXG\� RI �
$UXVKD� 5HJLRQ� 7DQ]DQLD�� ,QWHUQDWLRQDO�
-RXUQDO�RI �$FDGHPLF�5HVHDUFK�LQ�$FFRXQWLQJ��
)LQDQFH�DQG�0DQDJHPHQW�6FLHQFHV�������������
²�����

.HPHQWHULDQ� .RSHUDVL� GDQ� 8VDKD� .HFLO�
0HQHQJDK� �������� 3HUNHPEDQJDQ� GDWD�
XVDKD�PLNUR��NHFLO��PHQHQJDK��80.0��GDQ�
8VDKD� %HVDU� �8%�� ����������� -DNDUWD��
.HPHQWHULDQ� .RSHUDVL� GDQ� 8.0�
5HSXEOLN�,QGRQHVLD� >GLXQGXK����0DUHW�
�����GDUL�ZZZ�EL�JR�LG@�

.XHKQ��:����������'LJLWDO�IDFWRU\�²�LQWHJUDWLRQ�
RI � VLPXODWLRQ� HQKDQFLQJ� WKH� SURGXFW�
DQG� SURGXFWLRQ� SURFHVV� WRZDUGV�
RSHUDWLYH� FRQWURO� DQG� RSWLPL]DWLRQ��
,QWHUQDWLRQDO� -RXUQDO� RI � 6LPXODWLRQ�� �� �����
������

.XKOPDQ��7��	�)DUULQJWRQ��-����������:KDW�LV�
VXVWDLQDELOLW\"��6XVWDLQDELOLW\����������������
²�������

.XUNLQ��2��	�%XUHV��0����������(YDOXDWLRQ�RI �
RSHUDWLRQDO�WLPHV�E\�070�0HWKRGV�LQ�
WKH� 'LJLWDO� )DFWRU\� (QYLURQWPHQW��
$QQDOV�RI �'$$$0�WKH���QG�,QWHUQDWLRQDO�
'$$$0� 6\PSRVLXP�� 9LHQQD�� $XVWULD��
����������������������

/DWDQ�� +�� 	� *KR]DOL�� ,�� �������� 3DUWLDO� OHDVW�
VTXDUHV�� NRQVHS�� WHNQLN� GDQ� DSOLNDVL�
PHQJJXQDNDQ� 6PDUW3/6� ����� 6HPDUDQJ��
3HQHUELW�8QLYHUVLWDV�'LSRQHJRUR�

/HRQ�� 5�� �������� )URP� WKH� VXVWDLQDEOH�
RUJDQL]DWLRQ�WR�VXVWDLQDEOH�NQRZOHGJH�
EDVHG� RUJDQL]DWLRQ�� (FRQRPLFV� ,QVLJKWV�
7UHQGV�DQG�&KDOOHQJHV������������²����

0DQHQWL�� 3�� �������� 7KH� 'LJLWDO� IDFWRU\�� JDPH�
FKDQJLQJ� WHFKQRORJLHV� WKDW� ZLOO� WUDQVIRUP�
PDQXIDFWXULQJ�LQGXVWU\��6&0�:RUOG�5HSRUW��
���1RYHPEHU������>GLXQGXK����-DQXDUL�
�����GDUL�ZZZ�VFPZRUOG�FRP@�

6&0�:RUOG���������7KH�)XWXUH�RI �PDQXIDFWXULQJ���
> G L X Q G XK � � � � 0D U H W � � � � � � G D U L�
ZZZ�VFPZRUOG�FRP@�

6WHIDQL�� 9�� 	� 6XQDUGL�� 2�� �������� 3HUDQ�
'HSHQGHQF\�� &RPPLWPHQW�� 7UXVW� GDQ�
&RPPXQLFDWLRQ� WHUKDGDS� .RODERUDVL�
5DQWDL� 3DVRN� GDQ� .LQHUMD� 3HUXVDKDDQ��
6WXGL� 3HQGDKXOXDQ�� -XUQDO� 0DQDMHPHQ�
7HNQRORJL������������������

6XQDUGL�� 2�� 	� 7MDNUDDWPDGMD�� -�� +�� ��������
(QDEOHUV � WR � .QRZOHGJH � 0DQDJHPHQW�
,PSOHPHQWDWLRQ� LQ� ,QGRQHVLDQ� 0HGLXP�VL]HG�
0DQXIDFWXULQJ� (QWHUSULVHV�� $� 3UHOLPLQDU\�
6WXG\�� 3URVLGLQJ� LOPLDK� SDGD� ��WK�
,QWHUQDWLRQDO� '6,� GDQ� WKH� ��WK� $VLD�
3DFLILF�'6,�&RQIHUHQFH��%DOL��,QGRQHVLD��
����� >GLXQGXK� SDGD� ��� -XOL� ����� GDUL�
ZZZ�JHEUF�QFFX�HGX�WZ@�

7DPEXQDQ�� 7�� �������� 7KH� ,PSDFWV� RI � WUDGH�
OLEHUDOL]DWLRQ� RQ� ,QGRQHVLDQ� VPDOO� DQG�
PHGLXP�VL]HG� HQWHUSULVHV�� ,QWHUQDWLRQDO�
,QVWLWXWH� IRU� 6XVWDLQDEOH�'HYHORSPHQW��
7.1�3ROLF\�3DSHU�

7DPEXQDQ�� 7�� 	� &KDQGUD�� $�&�� ��������
8W L O L VD W LRQ� 5DWH � RI � )UHH � 7UDGH�
$JUHHPHQWV� �)7$V�� E\� /RFDO� 0LFUR���
6PDOO�� DQG�0HGLXP�6L]HG� (QWHUSULVHV��
$� 6 WRU \ � RI � $6($1� � -RX U QD O � R I �
,QWHUQDWLRQDO�%XVLQHVV� DQG�(FRQRPLFV�� ������
��������

<LQ��5�.����������&DVH�VWXG\�UHVHDUFK��GHVLJQ�DQG�
PHWKRGV���WK�(GLWLRQ��*RRJOH�%RRNV�>VHULDO�
RQOLQH@� >GLXQGXK� �� 0HL� ����� GDUL�
KWWSV���ERRNV�JRRJOH�FRP@��

:HVWNlPSHU�� (��� &RQVWDQWLQHVFX�� &��� 	�
+XPPHO�� 9�� �������� 1HZ� SDUDGLJP� LQ�
PDQXIDFWXULQJ� HQJLQHHULQJ�� IDFWRU\� OLIH�
F\FOH��$QQDOV� RI � WKH� $FDGHPLF� 6RFLHW\� IRU�
3URGXFWLRQ� (QJLQHHULQJ�� 5HVHDUFK� DQG�
'HYHORSPHQW��������������
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