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$EVWUDN 

'HVDLQ� KLGURJUDI� EDQMLU� GLSHUOXNDQ� XQWXN� PHUHQFDQDNDQ� LQIUDVWUXNWXU� VXPEHU� GD\D� DLU� VHSHUWL� ZDGXN� DWDX�
EHQGXQJDQ�� 8PXPQ\D� ORNDVL� UHQFDQD� LQIUDVWUXNWXU� VXPEHU� GD\D� DLU� EHOXP� WHUVHGLD� GDWD� KLGURORJL� XQWXN�
PHQGDSDWNDQ� KLGURJUDI� EDQMLU�� 0RGHO� KLGURJUDI� VDWXDQ� VLQWHWLV� �+66�� GLJXQDNDQ� XQWXN� PHPSHUROHK� KLGURJUDI�
EDQMLU�SDGD�ORNDVL�\DQJ�EHOXP�WHUVHGLD�GDWD�KLGURORJL��XQJDXJHG���0RGHO�KLGURJUDI�VDWXDQ�VLQWHWLV�VDQJDW�SRSXOHU�
GLJXQDNDQ� GL� ,QGRQHVLD� NDUHQD� NHWHUEDWDVDQ� GDWD� \DQJ� WHUVHGLD� GDQ� SHQJJXQDDQQ\D� \DQJ� VHGHUKDQD� \DLWX�
EHUGDVDUNDQ� NDUDNWHULVWLN� '$6�� 1DPXQ� XQWXN� PHQGDSDWNDQ� KDVLO� KLGURJUDI� EDQMLU� \DQJ� VHVXDL� GHQJDQ� GDWD�
SHQJDPDWDQ�PHPHUOXNDQ�NDOLEUDVL�SDUDPDWHU�PRGHO�KLGURJUDI�VDWXDQ�VLQWHWLV��0RGHO�+66�'30$-,2+�PHUXSDNDQ�
VDODK� VDWX� PRGHO� \DQJ� GLNHPEDQJNDQ� EHUGDVDUNDQ� PRGLILNDVL� PHWRGH� '30$-,2+� �PHQJKLWXQJ� UDWD� UDWD� GHELW�
SXQFDN� EDQMLU�� \DQJ� GLNHPEDQJNDQ� ROHK� '30$� �'LUHNWRUDW� 3HQ\HOLGLNDQ� 0DVDODK� $LU�� GDQ� ,2+� �,QVWLWXWH� RI�
+\GURORJ\���0HWRGH�'30$-,2+�PHUXSDNDQ�PHWRGH�HPSLULV�\DQJ�GLNHPEDQJNDQ�GL�,QGRQHVLD�NKXVXVQ\D�GL�3XODX�
-DZD� GDQ� 6XPDWHUD�� 0RGHO� +66� '30$-,2+� PHQJHPEDQJNDQ� SHUVDPDDQ� XQWXN� PHQJKLWXQJ� GHELW� SXQFDN�
KLGURJUDI� VDWXDQ�� ZDNWX� NH� SXQFDN� GDQ� ZDNWX� GDVDU� EHUGDVDUNDQ� NDUDNWHUVLWLN� '$6� VHUWD� EHQWXN� KLGURJUDIQ\D��
3UHGLNVL�GHELW�SXQFDN�KLGURJUDI�VDWXDQ�GLWHQWXNDQ�EHUGDVDUNDQ�QLODL�UDWD-UDWD�GHELW�EDQMLU�WDKXQDQ�\DQJ�GLKLWXQJ�
GHQJDQ�PHWRGH�'30$-,2+��3DUDPHWHU�ZDNWX� NH� SXQFDN� GDQ�ZDNWX� GDVDU� GLWHQWXNDQ� EHUGDVDUNDQ� NDUDNWHULVWLN�
'$6��%HQWXN�NXUYD�KLGURJUDI�VDWXDQ�PHQJJXQDNDQ�GXD�SHQGHNDWDQ�\DLWX�SHQGHNDWDQ�PRGHO�GLVWULEXVL�SUREDELOLWDV�
JDPPD� GDQ� EHUGDVDUNDQ� IXQJVL� SHUVDPDDQ� NXUYD� QDLN� GDQ� NXUYD� WXUXQ�� 0RGHO� +66� '30$-,2+� \DQJ� WHODK�
GLKDVLONDQ�� GLWHUDSNDQ� SDGD� EHEHUDSD� '$6� GL� ,QGRQHVLD� \DLWX� '$6� &LOLZXQJ-.DWXODPSD� �3XODX� -DZD��� '$6�
3DOXQJ-6XURGDGL� �3XODX� /RPERN��� '$6� 7XNDG� %DQGXQJ-'HQSDVDU� �3XODX� %DOL��� '$6� 7XNDG� 1\XOLQJ-7L\LQJWDOL�
�3XODX�%DOL���'$6�.HQGLOR��3XODX�.DOLPDQWDQ��GDQ�'$6�6LQJNR\R��3XODX�6XODZHVL���+DVLO�XMLFRED�SDGD�EHEHUDSD�
'$6� WHUVHEXW�PHQXQMXNNDQ� EDKZD�PRGHO�+66�'30$-,2+�PHPLOLNL� NRHILVLHQ�1DVK-6XWFOLIIH� GL� DWDV� �����XQWXN�
PHQJKDVLONDQ� KLGURJUDI� EDQMLU�� VHKLQJJD� GDSDW�PHPEDQWX� SDUD� SHUHQFDQD� VXPEHU� GD\D� DLU� GDODP�PHQMDODQNDQ�
WXJDVQ\D� 

.DWD-NDWD� .XQFL�� 'HELW� SXQFDN� EDQMLU�� KLGURJUDI� VDWXDQ� VLQWHWLV�� KLGURJUDI� VDWXDQ�� ZDNWX� NH� SXQFDN� EDQMLU��
K\GURJUDI�EDQMLU 

$EVWUDFW 

:DWHU� UHVRXUFHV� LQIUDVWUXFWXUH� SODQQLQJ� VXFK� DV� UHVHUYRLUV� RU� GDPV� UHTXLUH� WKH� GHVLJQ� RI� D� IORRG� K\GURJUDSK��
+\GURORJLFDO� GDWD� DUH� JHQHUDOO\� QRW� DYDLODEOH� DW� WKH� ORFDWLRQ� RI� WKH�ZDWHU� UHVRXUFHV� LQIUDVWUXFWXUH� SODQ�� )ORRG�
K\GURJUDSK� GHVLJQ� XVHV� K\GURORJLFDO� GDWD�� 'HVLJQ� RI� IORRG� K\GURJUDSKV� DW� ORFDWLRQV� ZLWKRXW� K\GURORJLFDO� GDWD�
�XQJDXJHG� FDWFKPHQW�� FDQ� XVH� V\QWKHWLF� XQLW� K\GURJUDSKV�� 7KH� V\QWKHWLF� XQLW� K\GURJUDSK� PRGHO� LV� D� SRSXODU�
DSSOLFDWLRQ�LQ�,QGRQHVLD�EHFDXVH�RI�WKH�OLPLWHG�GDWD��DQG�LWV�VLPSOH�XVH�ZKLFK�LV�EDVHG�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�
ZDWHUVKHG�� +RZHYHU�� WR� JHW� IORRG� K\GURJUDSK� UHVXOWV� WKDW� DUH� LQ� DFFRUGDQFH� ZLWK� REVHUYDWLRQDO� GDWD� UHTXLUHV�
FDOLEUDWLRQ�RI�SDUDPHWHUV�RI�V\QWKHWLF�XQLW�K\GURJUDSK�PRGHOV��7KH�'30$-,2+¶V�V\QWKHWLF�XQLW�K\GURJUDSKV�PRGHO�
LV�RQH�RI�WKH�PRGHOV�GHYHORSHG�EDVHG�RQ�WKH�PRGLILFDWLRQ�RI�WKH�'30$-,2+�PHWKRG��FDOFXODWLQJ�WKH�PHDQ�DQQXDO�
IORRG� GLVFKDUJH�� GHYHORSHG� E\� WKH� '30$� �'LUHNWRUDW� 3HQ\HOLGLNDQ� 0DVDODK� $LU�� DQG� WKH� ,2+� �,QVWLWXWH� RI�
+\GURORJ\���7KLV�HPSLULFDO�PHWKRG�ZDV�GHYHORSHG�LQ�,QGRQHVLD��HVSHFLDOO\�LQ�-DYD�DQG�6XPDWHUD�WR�FDOFXODWH�WKH�
PHDQ�DQQXDO�IORRG�GLVFKDUJH� '30$-,2+¶V�V\QWKHWLF�XQLW�K\GURJUDSKV�ZDV�GHYHORSHG�EDVHG RQ PHDQ�DQQXDO�IORRG�
GLVFKDUJH�DQG�ZDWHUVKHG�FKDUDFWHULVWLFV� WR�SUHGLFW� WKH�XQLW�K\GURJUDSK�SHDN� IORZ�� WLPH� WR�SHDN�DQG�EDVH� WLPH�RI�
XQJDXJHG�FDWFKPHQW��3UHGLFWLRQ�RI�XQLW�K\GURJUDSK�SHDN�IORZ�LV�GHWHUPLQHG�EDVHG RQ PHDQ�DQQXDO�IORRG�GLVFKDUJH�
FDOFXODWHG� E\� WKH '30$-,2+ PHWKRG�� 7KH� WLPH� WR� SHDN� DQG� EDVH� WLPH� SDUDPHWHUV� DUH� GHWHUPLQHG� EDVHG� RQ� WKH�
FKDUDFWHULVWLFV� RI� WKH�ZDWHUVKHG�� 7KH�XQLW� K\GURJUDSK� VKDSH� XVLQJ� WZR� DSSURDFKHV�� 7KHUH� DUH� XVLQJ� WKH� JDPPD�
SUREDELOLW\� GLVWULEXWLRQ� DQG� D� ULVLQJ� DQG� OLPE� UHFHVVLRQ� FXUYH� IXQFWLRQ�� 7KH� '30$-,2+¶V� V\QWKHWLF� XQLW�
K\GURJUDSK�PRGHO�LV�DSSOLHG�WR�VHYHUDO�ZDWHUVKHGV�LQ�,QGRQHVLD��QDPHO\�WKH�&LOLZXQJ-.DWXODPSD�ZDWHUVKHG��-DYD�
,VODQG��� 3DOXQJ-6XURGDGL� ZDWHUVKHG� �/RPERN� ,VODQG��� 7XNDG� %DGXQJ-'HQSDVDU� ZDWHUVKHG� �%DOL� ,VODQG��� 7XNDG�
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1\XOLQJ-7L\LQJWDOL� ZDWHUVKHG� �%DOL� ,VODQG��� .HQGLOR� :DWHUVKHG� �.DOLPDQWDQ� ,VODQG�� DQG� 6LQJNR\R� :DWHUVKHG�
�6XODZHVL�,VODQG���7KH�UHVXOWV�RI�DSSOLFDWLRQ�LQ�VHYHUDO�ZDWHUVKHGV�KDYH�VKRZQ�WKDW�WKH�'30$-,2+¶V�V\QWKHWLF�XQLW�
K\GURJUDSKV�PRGHO�KDV�DERYH����SHUFHQW�1DVK-6XWFOLIIH�FRHIILFLHQW�IRU�REWDLQLQJ�IORRG�K\GURJUDSKV��7KH�'30$-
,2+¶V�V\QWKHWLF�XQLW�K\GURJUDSK�PRGHO�FDQ�KHOS�SODQQHUV�WR�GHVLJQ�IORRG�K\GURJUDSKV� 

.H\ZRUGV��3HDN�GLVFKDUJHV��V\QWKHWLF�XQLW�K\GURJUDSK��WLPH�WR�SHDN��XQLW�K\GURJUDSK��IORRG�K\GURJUDSKV� 

���3HQGDKXOXDQ 

3HUHQFDQDDQ� LQIUDVWUXNWXU� VXPEHU� GD\D� DLU� ELDVDQ\D�
PHPHUOXNDQ� LQIRUPDVL� GHVDLQ� KLGURJUDI� EDQMLU��
8PXPQ\D� ORNDVL� SHUHQFDQDDQ� LQIUDVWUXNWXU� EHOXP�
WHUVHGLD� GDWD� \DQJ� PHPDGDL� XQWXN� PHQGDSDWNDQ�
LQIRUPDVL� KLGURJUDI� EDQMLU�� VHKLQJJD� PHPHUOXNDQ�
KLGURJUDI� VDWXDQ� VLQWHWLV� �+66�� XQWXN� PHQGHVDLQ�
KLGURJUDI�EDQMLU��+LGURJUDI�VDWXDQ�VLQWHWLV��+66��\DQJ�
VHULQJ�GLJXQDNDQ�XQWXN�PHQGHVDLQ�KLGURJUDI�EDQMLU�GL�
,QGRQHVLD� WHUGLUL� GDUL� EHEHUDSD� PRGHO� \DLWX� PRGHO�
+66� 1DND\DVX�� +66� 6Q\GHU-$OH[VH\HY�� +66� 6RLO�
&RQVHUYDWLRQ�6HUYLFH��6&6���+66�*$0$-���+66�,7%
-�� 	� ,7%-��� +66� /LPDQWDUD�� GDQ� ODLQ� VHEDJDLQ\D��
0RGHO� +66� WHUVHEXW� XPXPQ\D� PDVLK� SHUOX�
SHQ\HVXDLDQ� SDUDPDWHU� NDUHQD� PHWRGH� WHUVHEXW�
GLNHPEDQJNDQ� GL� OXDU� ,QGRQHVLD�� VHSHUWL� PRGHO� +66�
1DND\DVX�� +66� 6Q\GHU� GDQ� +66� 6&6�� 0RGHO� +66�
*$0$-�� GDQ� +66� /LPDQWDUD� GLNHPEDQJNDQ�
EHUGDVDUNDQ�GDWD�NDUDNWHULVWLN�GL� ,QGRQHVLD� VHPHQWDUD�
+66� ,7%-�	,7%-�� EHUGDVDUNDQ� SHQGHNDWDQ� WHRULWLV�
NRQVHSWXDO�� 

0HWRGH� KLGURJUDI� VDWXDQ� VLQWHWLV� GDODP�
SHUNHPEDQJDQQ\D�� PHQJJXQDNDQ� VHSHUDQJNDW�
SHUVDPDDQ�HPSLULV�\DQJ�PHQJKXEXQJNDQ�NDUDNWHULVWLN�
ILVLN� '$6� WHUKDGDS� XQVXU-XQVXU� SHPEHQWXNDQ�
KLGURJUDI� VHSHUWL� GHELW� SXQFDN� �TS��� ZDNWX� NH� SXQFDN�
�WS��� GDQ� ZDNWX� GDVDU� �7E��� 'HQJDQ� GHPLNLDQ�� PDND�
PHWRGH�+66�WHUVHEXW�OHELK� WHSDW�SHQJJXQDDQQ\D�SDGD�
GDHUDK� ORNDVL� SHQJHPEDQJDQ� PHWRGH� +66� WHUVHEXW�
GLNHPEDQJNDQ�� 3HQJJXQDDQ� KLGURJUDI� VDWXDQ� �+6��
XQWXN� PHPSUHGLNVL� OLPSDVDQ� PHUXSDNDQ� SHQGHNDWDQ�
\DQJ� GLNULWLN�� WHWDSL� VHULQJ� GLJXQDNDQ� GDQ� GLWHULPD�
GDODP� DQDOLVLV� KLGURORJL� �6LQJK�� ������� +LGURJUDI�
VDWXDQ� �+6�� PHQMDGL� SHQJHWDKXDQ� \DQJ� SRSXOHU� EDJL�
DKOL� KLGURORJL� VHMDN� 6KHUPDQ� �������
PHPSHUNHQDONDQQ\D� XQWXN� PHUHVSRQ� GDHUDK� DOLUDQ�
VXQJDL��'$6��\DQJ�WLGDN�PHPSXQ\DL�GDWD��XQJDXJHG��
XQWXN� PHQJKDVLONDQ� OLPSDVDQ� ODQJVXQJ��
.HVHGHUKDQDDQ� GDQ� NHPXGDKDQ� SHQJHPEDQJDQQ\D��
WHODK� PHPSRSXOHUNDQ� KLGURJUDI� VDWXDQ� VLQWHWLV��
WHUPDVXN� NHEXWXKDQ� GDWD� \DQJ� OHELK� VHGLNLW� GDQ�
PHPEHULNDQ�NXUYD�\DQJ�KDOXV�GDQ�XQLN�VHVXDL�GHQJDQ�
YROXPH�OLPSDVDQ�VDWX�VDWXDQ�� 

%HQWXN� KLGURJUDI� VDWXDQ� NRQYHQVLRQDO� GHQJDQ� EHQWXN�
IXQJVL� GLVWULEXVL� SUREDELOLVWLN� PHPLOLNL� NHPLULSDQ��
VHKLQJJD� EHEHUDSD� XSD\D� WHODK� GLODNXNDQ� PHODOXL�
SHQHOLWLDQ� XQWXN� PHQXUXQNDQ� +66� PHQJJXQDNDQ�
IXQJVL� GLVWULEXVL� SUREDELOLWDV� �3')���1DVK� �������GDQ�
'RRJH� ������� PHQJHPEDQJNDQ� SHUVDPDDQ� XPXP�
KLGURJUDI� VDWXDQ� LQVWDQ�VHVDDW� �,8+�� GDODP� EHQWXN�
GLVWULEXVL� *DPPD� GXD-SDUDPHWHU�� 6HODQMXWQ\D��
+DNWDQLU� GDQ� 6H]HQ� ������� GDQ�%KXQ\D� HW� DO�� �������
PHQXUXQNDQ� +66� XQWXN� '$6� GL� 7XUNL� GDQ� ,QGLD�
GHQJDQ� PHQJJXQDNDQ� GLVWULEXVL� *DPPD� GXD�
SDUDPHWHU���S��GDQ�GLVWULEXVL�%HWD�WLJD�SDUDPHWHU���S���

-HQD� GDQ� 7LZDUL� ������� PHPRGHONDQ� SDUDPHWHU� +66�
PHQJJXQDNDQ� SDUDPHWHU� JHRPRUIRORJL� �SDUDPHWHU�
VDOXUDQ� GDQ� '$6�� XQWXN� GXD� '$6� GL� ,QGLD� GDQ�
PHPSUHVHQWDVLNDQ� PRGHO� QRQOLQLHU� \DQJ�
PHQJKXEXQJNDQ� SDUDPHWHU� +6� GHQJDQ� SDUDPHWHU�
JHRPRUIRORJL� \DQJ� PHPLOLNL� WLQJNDW� NRUHODVL� \DQJ�
OHELK� WLQJJL� GHQJDQ� SDUDPHWHU� +6�� 5RVVR� �������
PHQJDGRSVL� SHQGHNDWDQ� SDUDPHWULN� XQWXN�
PHQGHILQLVLNDQ� EHQWXN� KLGURJUDI� VDWXDQ� LQVWDQ� �,8+��
GHQJDQ� PHQJKXEXQJNDQ� SDUDPHWHU� PRGHO� 1DVK�
GHQJDQ� UDVLR�+RUWRQ�\DQJ�GLJXQDNDQ�ROHK�5RGULJXHV-
,WXUEH� GDQ�9DOGHV� �������� %KXQ\D� HW� DO�� ������� OHELK�
ODQMXW� PHPSHUOXDV� NDMLDQ� 5RVVR� ������� GDQ�
PHQJJXQDNDQ�GLVWULEXVL�:HLEXOO�GXD�SDUDPHWHU�GDODP�
PHQJJDPEDUNDQ�EHQWXN�KLGURJUDI�VDWXDQ�LQVWDQ��,8+��
GDQ� PHPEXDW� SHUEDQGLQJDQ� DQWDUD� GLVWULEXVL�:HLEXOO�
GXD� SDUDPHWHU� GDQ� GLVWULEXVL� *DPPD� GXD� SDUDPHWHU�
PHQJJXQDNDQ�GDWD�ODSDQJDQ�� 

.HEXWXKDQ� DNDQ� LQIRUPDVL� KLGURJUDI� VDWXDQ� SDGD�
ORNDVL� '$6� \DQJ� WLGDN� PHPLOLNL� GDWD� �XQJDXJHG�
FDWFKPHQW�� GL� ,QGRQHVLD� PHQMDGL� SHPLFX� XQWXN�
PHQJHPEDQJNDQ� PHWRGH� KLGURJUDI� VDWXDQ� VLQWHWLV�
�+66��\DQJ�GDSDW�GLJXQDNDQ�VHFDUD�OXDV��'DODP�KDO�LQL�
DNDQ�GLNHPEDQJNDQ�PRGHO�+66�'30$-,2+��0HWRGH�
LQL� VHEHOXPQ\D�PHUXSDNDQ� VDODK� VDWX�PHWRGH� HPSLULV�
\DQJ� GLNHPEDQJNDQ� ROHK� '30$� �'LUHNWRUDW�
3HQ\HOLGLNDQ� 0DVDODK� $LU�� VHNDUDQJ� 3XVDW� /LWEDQJ�
6XPEHU� 'D\D� $LU�� GDQ� ,2+� �,QVWLWXWH� RI� +\GURORJ\��
XQWXN� PHQJKLWXQJ� UDWD� UDWD� GHELW� SXQFDN� EDQMLU�
WDKXQDQ�� 0HWRGH� LQL� VHULQJ� GLVHEXW� VHEDJDL� PHWRGH�
'30$-,2+� �%61�� ������� 0HWRGH� LQL� PHUXSDNDQ�
PHWRGH� HPSLULV� \DQJ� GLNHPEDQJNDQ� NKXVXVQ\D� GL�
3XODX� -DZD� GDQ� 6XPDWHUD�� 0HWRGH� HPSLULV� '30$-
,2+� KDQ\D� PHPEHULNDQ� LQIRUPDVL� UDWD-UDWD� GHELW�
SXQFDN� EDQMLU� WDKXQDQ� SDGD� VXDWX� ORNDVL�� VHPHQWDUD�
\DQJ� GLEXWXKNDQ� GDODP� SHUHQFDQDDQ� LQIUDVWUXNWXU�
VXPEHU� GD\D� DLU� DGDODK� LQIRUPDVL� KLGURJUDI� EDQMLU��
2OHK� NDUHQD� LWX�� PDND� GLEXWXKNDQ�PRGLILNDVL�PHWRGH�
'30$-,2+� DJDU� GDSDW� PHQJKDVLONDQ� LQIURPDVL�
KLGURJUDI� EDQMLU� GHQJDQ� PHQJHPEDQJNDQQ\D� PHQMDGL�
KLGURJUDI�VDWXDQ�VLQWHWLV��+66��'30$-,2+��+LGURJUDI�
VDWXDQ� 6LQWHWLV� '30$-,2+� GLNHPEDQJNDQ�
EHUGDVDUNDQ� KDVLO� DQDOLVLV� HPSLULV� GDUL� EHEHUDSD�
SDUDPHWHU� NDUDNWHUVLWLN� '$6� \DQJ� DGD� GL� GL� 3XODX�
-DZD�GDQ�SHQHUDSDQ�+66�WHUVHEXW�SDGD�EHEHUDSD�'$6�
GL� ,QGRQHVLD�� 0RGHO� KLGURJUDI� VDWXDQ� VLQWHWLV� �+66��
'30$-,2+� \DQJ� WHODK� GLNHPEDQJNDQ�� GLKDUDSNDQ�
GDSDW� PHPEHULNDQ� VROXVL� EDJL� SHUHQFDQD� GL� ELGDQJ�
VXPEHU� GD\D� DLU� GDODP� UDQJND�PHPSHUROHK� LQIRUPDVL�
KLGURJUDI� EDQMLU� SDGD� GDHUDK-GDHUDK� \DQJ� WLGDN�
PHPLOLNL�GDWD�KLGURORJL�\DQJ�PHPDGDL� 

���+LGURJUDI�6DWXDQ�6LQWHWLV 

0RGHO� KLGURORJL� PHPEXWXKNDQ� GDWD� FXUDK� KXMDQ� GDQ�
GHELW��0RGHO� LQL� WLGDN�EHUODNX� XQWXN�'$6�\DQJ� WLGDN�
PHPLOLNL� GDWD� �XQJDJXJHG��� 'DODP� NRQWHNV� PRGHO�



�� sŽů͘�Ϯϳ�EŽ͘�ϭ͕��Ɖƌŝů�ϮϬϮϬ 

*LQWLQJ��8WDPLQLQJVLK� 
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NRQVHSWXDO�� GLSHUOXNDQ� GDWD� FXUDK� KXMDQ� GDQ� GHELW� DWDX�
NDUDNWHULVWLN�'$6� \DQJ� GDSDW� GLXNXU� VHFDUD� ILVLN� XQWXN�
PHQHQWXNDQ� SDUDPHWHU� PRGHO�� 3DUDPHWHU� PRGHO�
GLWHQWXNDQ� PHODOXL� SURVHV� RSWLPDVL� VXEMHNWLI� NH� IXQJVL�
REMHNWLI��+DO�LQL�NHPXGLDQ�GLJXQDNDQ�XQWXN�PHPSUHGLNVL�
GHELW� GDUL� SHULVWLZD� FXUDK� KXMDQ� ODLQ� \DQJ� WLGDN�
GLJXQDNDQ� GDODP� RSWLPDVL�� 3HQGHNDWDQ� ODLQ� WHUPDVXN�
\DQJ�PHPEDQJXQ�KXEXQJDQ� OLQLHU�DWDX�QRQOLQHDU�DQWDUD�
SDUDPHWHU� PRGHO� GDQ� NDUDNWHULVWLN� '$6� WHUXNXU� VHFDUD�
ILVLN�� +XEXQJDQ-KXEXQJDQ� LQL� NHPXGLDQ� GLDQJJDS� EDLN�
XQWXN� GDHUDK� DOLUDQ� VXQJDL� ODLQ� \DQJ� PHPLOLNL�
NDUDNWHULVWLN� KLGURORJL� \DQJ� VHUXSD�� -DGL�� KXEXQJDQ�
DQWDUD�KLGURJUDI�OLPSDVDQ�GDQ�NDUDNWHULVWLN�GDHUDK�DOLUDQ�
VXQJDL�WHODK�PHODKLUNDQ�JDJDVDQ�KLGURJUDI�VDWXDQ�VLQWHWLV�
�+66�� \DQJ� SDOLQJ� WHSDW� GLWHUDSNDQ� SDGD� GDHUDK� '$6�
\DQJ�WLGDN�WHUXNXU��XQJDXJHG��� 

+6� DGDODK� KLGURJUDI� OLPSDVDQ� SHUPXNDDQ� \DQJ�
GLKDVLONDQ� GDUL� VDWX� XQLW� FXUDK� KXMDQ� EHUOHELK� �HIHNWLI��
\DQJ�WHUGLVWULEXVL�VHUDJDP�VHFDUD�VSDVLDO�GDQ�WHPSRUHU�GL�
GDHUDK� DOLUDQ� VXQJDL� �'$6�� XQWXN� VHOXUXK� SHULRGH�
NHOHELKDQ� FXUDK� KXMDQ� \DQJ� GLWHQWXNDQ� �&KRZ�� �������
+LGURJUDI� VDWXDQ� �+6�� GDQ� +LGURJUDI� VDWXDQ� VLQWHWLV�
�+66�� PHPLOLNL� VHPXD� NDUDNWHULVWLN� IXQJVL� GLVWULEXVL�
SUREDELOLWDV� �SGI��� %HQWXN� IXQJVL� GLVWULEXVL� SUREDELOLWDV�
PLULS� GHQJDQ� KLGURJUDI� VDWXDQ� NRQYHQVLRQDO�� 2OHK�
NDUHQD� LWX�� EDQ\DN� \DQJ� WHODK� GLODNXNDQ� XQWXN�
PHQJJXQDNDQ�IXQJVL�GLVWULEXVL�SUREDELOLWDV�\DQJ�EHUEHGD�
GDODP� PHQXUXQNDQ� KLGURJUDI� VDWXDQ� �1DVK�� ������
'RRJH��������*UD\��������$URQ�GDQ�:KLWH��������&UROH\�
,,��������&LHSLHORZVNL��������+DNWDQLU�GDQ�6H]HQ���������
<XH�HW�DO���������PHQJXML�NHPDPSXDQ�GLVWULEXVL�*DPPD�
GDQ� %HWD� XQWXN� PHQGDSDWNDQ� EHQWXN� KLGURJUDI� EDQMLU�
XQWXN� SHULRGH� XODQJ� 7-WDKXQ�� %KXQ\D� HW� DO� �������
PHQXQMXNNDQ� IOHNVLELOLWDV� GLVWULEXVL�%HWD� WLJD-SDUDPHWHU�
GDODP�SUHGLNVL�KLGURJUDI�VDWXDQ�XQWXN�'$6�GL�,QGLD�GDQ�
7XUNL�� %KDWWDFKDUM\D� ������� PHQJJXQDNDQ� GLVWULEXVL�
SUREDELOLWDV� *DPPD� GDQ� /RJ-1RUPDO� XQWXN� PHZDNLOL�
KLGURJUDI� VDWXDQ� GHQJDQ� PHQJHPEDQJNDQ� GXD� PRGHO�
RSWLPDVL� QRQOLQLHU� GDQ�PHQ\HOHVDLNDQQ\D�PHQJJXQDNDQ�
DOJRULWPD� JHQHWLND� EHUNRGH� ELQHU�� %KXQ\D� HW� DO�� �������
PHQJHYDOXDVL� NHPDPSXDQ� HPSDW� IXQJVL� GLVWULEXVL�
SUREDELOLWDV�� \DLWX��GLVWULEXVL�&KL-VTXDUH� VDWX-SDUDPHWHU��
GLVWULEXVL�*DPPD�GXD-SDUDPHWHU��GLVWULEXVL�:HLEXOO�GXD-
SDUDPHWHU� GDQ� GLVWULEXVL� %HWD� WLJD-SDUDPHWHU� XQWXN�
PHQGDSDWNDQ� +66�� +DVLOQ\D� GDSDW� GLVLPSXONDQ� EDKZD�
GLVWULEXVL� %HWD� DGDODK� PHWRGH� \DQJ� OHELK� FRFRN��
1DGDUDMDK� ������� PHQJHNVSORUDVL� SHQJJXQDDQ� VHEHODV�
GLVWULEXVL�SUREDELOLWDV�SDOLQJ�IOHNVLEHO�XQWXN�PHQXUXQNDQ�
KLGURJUDI� VDWXDQ� VLQWHWLV�� %KXQ\D� HW� DO�� �������
PHQJHYDOXDVL� SRWHQVL� GLVWULEXVL� &KL-VTXDUH� VDWX-
SDUDPHWHU� GDQ� GLVWULEXVL� )UpFKHW� GXD-SDUDPHWHU� XQWXN�
PHQJJDPEDUNDQ� +66� PHQJJXQDNDQ� SDUDPHWHU�
JHRPRUIRORJL� '$6� GDQ� PHPEDQGLQJNDQQ\D� GHQJDQ�
GLVWULEXVL� *DPPD� GXD-SDUDPHWHU� XQWXN� GXD� '$6� GL�
,QGLD�� +DVLOQ\D� PHQXQMXNNDQ� SRWHQVL� \DQJ� VDPD� GDUL�
NHGXD� IXQJVL� GLVWULEXVL� SUREDELOLWDV� XQWXN� PHQXUXQNDQ�
+66�� 5DL� HW� DO�� ������� PHQJJXQDNDQ� GLVWULEXVL�
1DNDJDPL-P�XQWXN�PHQXUXQNDQ�+6�XQWXN�GDHUDK�DOLUDQ�
VXQJDL� \DQJ� EHUEHGD� GDQ� PHPEDQGLQJNDQQ\D� GHQJDQ�
GHODSDQ� GLVWULEXVL� ODLQQ\D� GHQJDQ� NHVLPSXODQ� EDKZD�
GLVWULEXVL� 1DNDJDPL-P�PHQJKDVLONDQ�+6� GDQ� KLGURJUDI�
OLPSDVDQ� ODQJVXQJ� VHFDUD� WHSDW�� 0RQGDO� HW� DO�� �������
PHQHUDSNDQ� PRGHO� KLGURJUDI� VDWXDQ� LQVWDQ� �,8+��
JHRPRUIRORJL�*DPPD�XQWXN�SUHGLNVL� OLPSDVDQ�ODQJVXQJ�

GDQ� PHPEDQGLQJNDQQ\D� GHQJDQ� PRGHO� MDULQJDQ� VDUDI�
WLUXDQ� �$11��� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD�
NHGXD�PRGHO�SUHGLNVL�PHEHULNDQ�KDVLO�PHPXDVNDQ� 

3HUNHPEDQJDQ� PHWRGH� KLGURJUDI� VDWXDQ� VLQWHWLV�
PHQJDODPL� SHUXEDKDQ� VHLULQJ� GHQJDQ� SHUNHPEDQJDQ�
WHNQRORJL� GDODP� PHQ\DMLNDQ� GDQ� PHQ\HGLDNDQ� GDWD��
%DQ\DN� PHWRGH� \DQJ� GDSDW� GLJXQDNDQ� XQWXN�
PHQJKDVLONDQ�KLGURJUDI�VDWXDQ�VLQWHWLV��VHKLQJJD�GDODP�
NDMLDQ� 6LQJK�� HW�DO��� �������PHQJHQDL� KLGURJUDI� VDWXDQ�
VLQWHWLV�� GLODNXNDQ� SHQJHORPSRNDQ� KLGURJUDI� VDWXDQ�
VLQWHWLV� PHQMDGL� HPSDW� NDWHJRUL� \DLWX� �6LQJK�� HW�DO���
������� 

�� 0RGHO� +66� 7UDGLVLRQDO� DWDX� (PSLULV� �� 6Q\GHU�
�������� 7D\ORU� DQG� 6FKZDU]� ������� DQG� 6RLO�
&RQVHUYDWLRQ�6HUYLFH��6&6������� 

�� 0RGHO� +66� .RQVHSWXDO� �� &ODUN� �������� 1DVK�
�������� 'RRJH� �������� 6LQJK� �������� 'LVNLQ� HW� DO��
��������%KXQ\D�HW�DO��������� 

�� 0RGHO� +66� 3UREDELOLVWLN� �� *UD\� �������� &UROH\�
�������� $URQ� DQG� :KLWH� �������� 6LQJK� DQG�
&KRZGKXU\� ��������0F&XHQ� �������� +DNWDQLU� DQG�
6H]HQ� �������� 6LQJK� �������� %KXQ\D� HW� DO�� �������
������������ 

�� GDQ� 0RGHO� +66� *HRPRUIRORJL� �� %HUQDUG� ��������
6Q\GHU� �������� 7D\ORU� DQG� 6FKZDU]� �������� *UD\�
��������%R\G���������%R\G�HW�DO����������5RGUtJXH]
-,WXUEH� DQG� 9DOGpV� �������� 9DOGpV� HW� DO�� ��������
5RGUtJXH]-,WXUEH� HW� DO�� ������� DQG� *XSWD� HW� DO��
������� 

0HUXMXN�SDGD�SHPEDJLDQ�NDWHJRUL�+66�WHUVHEXW�GLDWDV��
PDND�PRGHO�+66�'30$-,2+�\DQJ�GLNHPEDQJNDQ�LQL�
WHUPDVXN� GDODP� NDWHJRUL� PRGHO� +66� 7UDGLVLRQDO�
�HPSLULV��GDQ�PRGHO�+66�3UREDELOLVWLN�� 

���3HQJHPEDQJDQ�0RGHO�+LGURJUDI�6DWXDQ�
6LQWHWLV�'30$-,2+ 

0RGHO�+66�EHUNHPEDQJ�NDUHQD�PDVLK�WHUEDWDVQ\D�GDWD�
\DQJ�GLPLOLNL�SDGD�VXDWX�'$6��0RGHO�KLGURJUDI�VDWXDQ�
VLQWHWLV� '30$-,2+� VHEDJDL� VDODK� VDWX� DOWHUQDWLI�
PHWRGH�\DQJ�GDSDW�GLJXQDNDQ�GL�,QGRQHVLD�SDGD�GDHUDK�
\DQJ� WLGDN� PHPLOLNL� GDWD�� 0RGHO� +66� '30$-,2+�
GLNHPEDQJNDQ� XQWXN� PHPEDQWX� SDUD� SHUHQFDQD� GL�
ELGDQJ� VXPEHU� GD\D� DLU�� 0RGHO� +66� LQL� GLKDUDSNDQ�
GDSDW�GLJXQDNDQ�VHFDUD�OXDV��PHQJLQJDW�PHWRGH�'30$
-,2+� WHODK� GLJXQDNDQ� GL� ,QGRQHVLD� XQWXN� PHQJKLWXQJ�
UDWD-UDWD�GHELW�EDQMLU�WDKXQDQ�� 

����+LGURJUDI�VDWXDQ�VLQWHWLV��+66��'30$-,2+ 

+LGURJUDI� VDWXDQ� VLQWHWLV� �+66�� '30$-,2+�
PHUXSDNDQ�KDVLO�PRGLILNDVL�GDQ�SHQJHPEDQJDQ�PHWRGH�
SHUKLWXQJDQ� UDWD-UDWD� GHELW� EDQMLU� WDKXQDQ� \DQJ� XPXP�
GLJXQDNDQ� GL� ,QGRQHVLD� GDQ� VXGDK� GLDGRSVL� GDODP�
6WDQGDUG�1DVLRQDO� ,QGRQHVLD� �61,�� XQWXN� SHUKLWXQJDQ�
EDQMLU� UHQFDQD�� 0RGLILNDVL� GHELW� SXQFDN� PHQMDGL�
EHQWXN� KLGURJUDI� PHQMDGL� WXMXDQ� XWDPD� GDODP� NDMLDQ�
LQL�� 0HQJHPEDQJDQ� +66� '30$-,2+� PHPHUOXNDQ�
EHEHUDSD� XQVXU� \DQJ� EHUWXMXDQ� XQWXN� PHPEHWXN�
KLGURJUDI� VDWXDQ��(OHPHQ-HOHPHQ� WHUVHEXW�DGDODK�GHELW�
SXQFDN� KLGURJUDI� VDWXDQ� �TS��� ZDNWX� NH� SXQFDN� �WS���



�� :ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů 

3HQJHPEDQJDQ�0RGHO�+LGURJUDI«����� 
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ZDNWX� GDVDU� �7E�� GDQ� IXQJVL� NXUYD� QDLN� GDQ� WXUXQ�
�ULVLQJ� OLPE� GDQ� UHVVHFLRQ� OLPE��� 0RGHO� HOHPHQ-
HOHPHQ�WHUVHEXW�GLMHODVNDQ�EHULNXW�LQL�� 

������'HELW�SXQFDN�KLGURJUDI�VDWXDQ 

'HELW� SXQFDN� KLGURJUDI� VDWXDQ� �� � �� GLSHUROHK�
EHUGDVDUNDQ� SHUVDPDDQ� HPSLULV�� 3HPEXDWDQ� PRGHO�
HPSLULV� EHUGDVDUNDQ� SDGD� QLODL� UDWD-UDWD� GHELW� SXQFDN�
EDQMLU� WDKXQDQ� �PHDQ� DQQXDO� IORRG��� 0RGHO� HPSLULV�
\DQJ� GLNHPEDQJNDQ� DGDODK� PHQJKXEXQJNDQ� DQWDUD�
GHELW� SXQFDN� KLGURJUDI� VDWXDQ� �� � � �� GHQJDQ� UDWD-UDWD�
GHELW� SXQFDN� EDQMLU� WDKXQDQ� �� � ��� 'HELW� SXQFDN�
KLGURJUDI� VDWXDQ� �� � �� GLSHUROHK� EHUGDVDUNDQ� GDWD�
SHQJDPDWDQ� ODSDQJDQ� \DQJ� GLWXUXQNDQ� EHUGDVDUNDQ�
GDWD� KLGURJUDI� EDQMLU� \DQJ� WHUFDWDW� SDGD� EHEHUDSD�
ORNDVL� SRV� GXJD� DLU�� $GDSXQ� SHUVDPDDQ� XPXP� GHELW�
SXQFDN� KLGURJUDI� VDWXDQ� \DQJ� GLNHPEDQJNDQ� DGDODK�
VHEDJDL�EHULNXW� 

���������������������P��V�PP� 

.HWHUDQJDQ�� 

���������DGDODK�GHELW�SXQFDN�KLGURJUDI�VDWXDQ��P��V�PP���� 
��F�G� DGDODK� NRHILVLHQ� \DQJ� PHQJKXEXQJNDQ� DQWDUD�

GHELW�SXQFDN�EDQMLU�GHQJDQ�UDWD-UDWD�GHELW�EDQMLU�
WDKXQDQ� 

1LODL� NRHILVLHQ� F� GDQ� G� SDGD� SHUVDPDDQ� GL� DWDV�
GLSHUROHK� GDUL� KDVLO� DQDOLVLV� XQWXN� PHQ\HVXDLNDQ�
DQWDUD�UDWD-UDWD�GHELW�SXQFDN�EDQMLU�WDKXQDQ�������\DQJ�
GLSHUROHK� EHUGDVDUNDQ� SHUVDPDDQ� '30$-,2+��
GHQJDQ�QLODL�GHELW�SXQFDN�KLGURJUDI�VDWXDQ����������P��V�
PP�� 

������ 3HUKLWXQJDQ� UDWD-UDWD� GHELW� SXQFDN� EDQMLU�
�PHDQ�DQQXDO�IORRG�� 

0HWRGH� LQL� PHUXSDNDQ� VDODK� VDWX� SHUVDPDDQ� HPSLULV�
\DQJ� WHODK� GLNHPEDQJNDQ� ROHK� 'LUHNWRUDW�
3HQ\HOLGLNDQ� 0DVDODK� $LU� �'30$�� GDQ� ,2+�
EHUGDVDUNDQ�GDWD�KXMDQ�GDQ�NDUDNWHULVWLN�ILVLN�'$6�GL�
-DZD� GDQ� 6XPDWHUD�� .DUDNWHULVWLN� ILVLN� '$6� \DQJ�
GLJXQDNDQ�DGDODK��'30$�DQG�,2+��������� 

�� OXDV� '$6� �$�� PHUXSDNDQ� NDUDNWHULVWLN� \DQJ�
SHQWLQJ�GDODP�PHQHQWXNDQ�EHVDU�SXQFDN�EDQMLU�GDQ�
GLXNXU� GDODP� NLORPHWHU� SHUVHJL�� SHQJXNXUDQ� OXDV�
'$6� EHUGDVDUNDQ� SHWD� WRSRJUDIL� DWDX�
PHQJJXQDNDQ� GLJLWDO� HOHYDWLRQ� � PRGHO� �'(0��
GHQJDQ� SHUDQJNDW� OXQDN� VLVWHP� LQIRUPDVL�
JHRJUDILV� 

�� ,QGHNV�NHPLULQJDQ��P�NP��GLSHUROHK�GDUL� UDWD-UDWD�
QLODL�NHPLULQJDQ��VORSH��GDUL�VHOXUXK�JULG�FHOO�SDGD�
VXDWX�'$6��GLQ\DWDNDQ�GDODP�PHWHU�SHU�NLORPHWHU� 

�� ,QGHNV� GDQDX� �/X��� \DLWX� WDPSXQJDQ� GDUL� VXDWX�
GDQDX� DWDX�ZDGXN� GDSDW� VHFDUD� Q\DWD�PHQJXUDQJL�
WLQJJL�SXQFDN�EDQMLU��%HVDUQ\D�SHQJXUDQJDQ�EDQMLU�
WHUJDQWXQJ�GDUL� OHWDN�GDQDX� WHUKDGDS�'$6��,QGHNV�
GDQDX�GLKLWXQJ�GHQJDQ�SHUVDPDDQ� 

 

+DUJD� LQGHNV� GDQDX� \DQJ� GLJXQDNDQ� GDODP�
SHUVDPDDQ� UHJUHVL� WLGDN� EROHK� PHOHELKL� ������
$SDELOD�OXDV�SHUPXNDDQ�GDQDX�OHELK�NHFLO�GDULSDGD�
����PDND�LQGHNV�GDQDX�GDSDW�GLDEDLNDQ� 

�� 5DWD-UDWD�FXUDK�KXMDQ�WHUEHVDU�VHODPD����MDP�GDODP�
VHWDKXQ� ���܁� \DLWX� KDUJD� UDWD-UDWD� FXUDK� KXMDQ�
WHUEHVDU� VHODPD� ��� MDP� GDODP� VHWDKXQ� �3PD[�� GDQ�
GLNDOLNDQ� GHQJDQ� IDNWRU� SHQJXUDQJ� �$5)���
6HODQMXWQ\D�IDNWRU�SHQJDOL��$5)��GLGDSDW�GDUL� OXDV�
'$6�VHSHUWL�SDGD�7DEHO��� 

7DEHO����1LODL�DUHD�UHGXFWLRQ�IDFWRU��$5)��XQWXN�SHQJXUDQJDQ�
QLODL�KXMDQ��'30$�DQG�,2+������� 

1R /XDV�'$6���$��NP�� $5) 

� ��–��� ���� 

� ���–��� ���� 

� ���–������ ������–��������/RJ�$ 

'DUL� NHHPSDW� SDUDPHWHU� NDUDNWHULVWLN� '$6� GL� DWDV��
WHODK� GLSHUROHK� SHUVDPDDQ� UHJUHVL� XQWXN� PHQJKLWXQJ�
EHVDUQ\D� QLODL� UDWD-UDWD� GHELW� SXQFDN� EDQMLU� �PHDQ�
DQQXDO�IORRG��VHEDJDL�EHULNXW��'30$�DQG�,2+��������� 

���������������������������������������������������������P��V��� 

GLPDQD�� Y� PHUXSDNDQ� IXQJVL� OXDV� '$6� GDQ� GLKLWXQJ�
GHQJDQ�SHUVDPDDQ�� 

 

������:DNWX�NH�SXQFDN��WLPH�WR�SHDN� 

:DNWX�NH�SXQFDN�PHUXSDNDQ�YDULDEHO�\DQJ�GLSHUOXNDQ�
GDODP�PHQJHPEDQJNDQ� KLGURJUDI� VDWXDQ��9DULDEHO� LQL�
GLSHUROHK� EHUGDVDUNDQ� SHUVDPDDQ� HPSLULV� GHQJDQ�
PHQJJXQDNDQ� GDWD� NDUDNWHULVWLN� '$6�� 7HUGDSDW�
EHEHUDSD� SDUDPHWHU� NDUDNWHULWLN�'$6� \DQJ� GLJXQDNDQ�
XQWXN� PHQJHPEDQJNDQ� SHUVDPDDQ� ZDNWX� NH� SXQFDN��
$GDSXQ� SDUDPHWHU� NDUDNWHULVWLN�'$6� \DQJ� GLJXQDNDQ�
XQWXN� PHQJHPEDQJNDQ� SHUVDPDDQ� ZDNWX� NH� SXQFDN�
DGDODK�SDQMDQJ�VXQJDL� �NP���NHOLOLQJ�'$6��NP��� MDUDN�
GDUL� RXWOHW� NH� WLWLN� EHUDW� '$6�� OXDV� '$6� GDQ� OHEDU�
'$6�� 3HUVDPDDQ� XPXP� \DQJ� GLJXQDNDQ� XQWXN�
PHQJKLWXQJ�ZDNWX� NH� SXQFDN�PHPLOLNL� EHQWXN� IXQJVL�
VHEDJDL�EHULNXW� 

 

GLPDQD� 
 �� WLPH�WR�SHDN��ZDNWX�NH�SXQFDN�EDQMLU��MDP� 

 �� /HQJWK�RI�PDLQ�ULYHU��3DQMDQJ�VXQJDL�XWDPD��NP� 

 �� 0HDQ�EDVLQ�ZLGWK� ���������OHEDU�'$6�GDODP��NP� 

 �� 3HULPHWHU�RI�ZDWHUVKHG���.HOLOLQJ�'$6��NP� 

 �� $UHD�RI�ZDWHUVKHG��OXDV�'$6��NP�� 

 � 'LVWDQFH� IURP� WKH� RXWOHW� WR� D� SRLQW� RQ� WKH�
 VWUHDP�QHDUHVW� WKH�FHQWURLG�RI� � � WKH�ZDWHUVKHG�
 DUHD��NP� 

.DUDNWHULVWLN�ILVLN�'$6�VHSHUWL�MDUDN�GDUL�WLWLN�RXOHW�NH�
WLWLN� EHUDW� '$6� �'�� GLLGHQWLILNDVL� EHUGDVDUNDQ�
SHUVDPDDQ�� 
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��� 
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�� sŽů͘�Ϯϳ�EŽ͘�ϭ͕��Ɖƌŝů�ϮϬϮϬ 

*LQWLQJ��8WDPLQLQJVLK� 

�ŝƚĞƌŝŵĂ�ϮϬ��ŐƵƐƚƵƐ�ϮϬϭϵ͕��ŝƌĞǀŝƐŝ��Ϭϵ�DĂƌĞƚ�ϮϬϮϬ͕��ŝƚĞƌŝŵĂ�ƵŶƚƵŬ�ĚŝƉƵďůŝŬĂƐŝŬĂŶ�ϭϰ��Ɖƌŝů�ϮϬϮϬ 
�ŽƉǇƌŝŐŚƚ������ϮϬϮϬ��ŝƚĞƌďŝƚŬĂŶ�ŽůĞŚ�:ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů�/d�͕�/^^E�Ϭϴϱϯ-ϮϵϴϮ͕��K/͗�ϭϬ͘ϱϲϭϰͬũƚƐ͘ϮϬϮϬ͘Ϯϳ͘ϭ͘ϵ 

�*UD\�� ������� GLPDQD� /� PHUXSDNDQ� SDQMDQJ� VXQJDL�
XWDPD�GDODP�NLORPHWHU��NP�� 

������:DNWX�GDVDU��EDVH�WLPH� 

:DNWX� GDVDU� PHUXSDNDQ� ZDNWX� \DQJ� GLSHUOXNDQ� VHODPD�
DOLUDQ� PXODL� QDLN� GDQ� VDPSDL� WXUXQ� NHPEDOL� NH� SRVLVL�
DOLUDQ� VHPXOD��:DNWX�GDVDU�PHUXSDNDQ� VDODK� VDWX�XQVXU�
\DQJ� GLSHUOXNDQ� GDODP� PHPEHQWXN� KLGURJUDI� VDWXDQ�
VXDWX� '$6�� :DNWX� GDVDU� VHFDUD� XPXP� GDSDW�
GLSHUNLUDNDQ� GDUL� NDUDNWHULVWLN� '$6�� QDPXQ� SDGD�
EHEHUDSD� PHWRGH� KLGURJUDI� VDWXDQ� VLQWHWLV�� QLODL� ZDNWX�
GDVDU�GLWHWDSNDQ��8QWXN�KLGURJUDI�VDWXDQ�VLQWHWLV�'30$-
,2+�� GLWHQWXNDQ� EHUGDVDUNDQ� GDWD� SHQJDPDWDQ� GDUL�
EHEHUDSD�'$6�\DQJ�WHODK�GLNXPSXONDQ�� 

������)XQJVL�NXUYD�KLGURJUDI�VDWXDQ� 

D� )XQJVL�GLVWULEXVL�SUREDELOLWDV�JDPPD 

3HQJJXQDDQ� IXQJVL� GLVWULEXVL� SUREDELOLWDV� �SGI�� GDODP�
PHQXUXQNDQ� KLGURJUDI� VDWXDQ� VLQWHWLN� �68+�� WHODK�
PHQMDGL�SHUKDWLDQ�NDUHQD�NHVDPDDQQ\D�GHQJDQ�VLIDW-VLIDW�
KLGURJUDI� VDWXDQ� �*KRUEDQL�� HW�DO��� ������� 1DVK� �������
GDQ�'RRJH��������PHQJKDVLONDQ�KLGURJUDI� VDWXDQ�VHVDDW�
�LQVWDQWDQHRXV� XQLW� K\GURJUDSK�� ,8+�� EHUGDVDUNDQ�
NRQVHS� OLQLHULVDVL� VHMXPODK� Q� ZDGXN� GHQJDQ� NRHILVLHQ�
SHQ\LPSDQDQ� �.�� \DQJ� GLLVWLODKNDQ� GHQJDQ� IXQJVL�
JDPPD�VHEDJDL�EHULNXW� 

 

 

GLPDQD�� Q� GDQ� .� EHUIXQJVL� XQWXN� PHQHQWXNDQ� EHQWXN�
,8+�GDQ�T����MDP��DGDODK�NHGDODPDQ�OLPSDVDQ�SHU�VDWXDQ�
ZDNWX�SHU�VDWXDQ�FXUDK�KXMDQ�HIHNWLI��+XEXQJDQ�DQWDUD�Q�
GDQ�.�GLWXOLV�VHEDJDL��&KRZ�������� 

 
 

6HEXDK�SDUDPHWHU�\DQJ�WLGDN�EHUGLPHQVL�����GLGHILQLVLNDQ�
GHQJDQ� PHQJNDOLNDQ� SDUDPHWHU� � � GDQ� � �VHKLQJJD�
SDUDPHWHU�����PHQMDGL�VHEDJDL�EHULNXW� 

 

 

8QWXN� PHPXGDKNDQ� GDODP� SHQJJXQDDQ\D�� PDND�
SHUVDPDDQ� GLDWDV� GLVHOHVDLNDQ� GHQJDQ� PHQJJXQDNDQ�
SHQGHNDWDQ� VROXVL� QXPHULN�� 3HUVDPDDQ� \DQJ� GLKDVLONDQ�
EHUGDVDUNDQ� VROXVL� QXPHULN� WHUVHEXW� DGDODK� �%KXQ\D� HW�
DO��������� 

�����������������������������������������XQWXN� 

�����������������������������������������XQWXN� 

)XQJVL� GLVWULEXVL� SUREDELOLWDV� JDPPD� VHSHUWL� \DQJ�
GLMHODVNDQ�GL�DWDV�GLJXQDNDQ�GDODP�PHPEHQWXN�KLGURJUDI�
VDWXDQ�VLQWHWLV�'30$-,2+� 

E� )XQJVL�.XUYD�1DLN�GDQ�7XUXQ 

)XQJVL� GLVWULEXVL� JDPPD� GLJXQDNDQ� GDODP� PHPEHQWXN�
KLGURJUDI� VDWXDQ� VLQWHWLV� '30$-,2+�� 6HODLQ� IXQJVL�

GLVWULEXVL� JDPPD�� GLJXQDNDQ� SHUVDPDDQ� IXQJVL� NXUYD�
QDLN� GDQ� IXQJVL� NXUYD� WXUXQ�� $GDSXQ� UHQFDQD�
SHPEXDWDQ� EHQWXN� NXUYD� KLGURJUDI� VDWXDQ� VLQWHWLV�
'30$-,2+�EHUGDVDUNDQ�SDGD�*DPEDU��� 

����8MLFRED�KLGURJUDI�VDWXDQ�VLQWHWLV� �+66��'30$-
,2+ 

0RGHO� +66�'30$-,2+� GL� XMLFRED� XQWXN� PHQJHWDKXL�
NLQHUMD� PRGHO�� 8MLFRED� SHQHUDSDQ� GLODNXNDQ� SDGD�
EHEHUDSD�'$6�\DQJ�PHPLOLNL�GDWD�SHQJDPDWDQ��.LQHUMD�
0RGHO� +66� WHUVHEXW� PHOLSXWL� NRPSRQHQ� GHELW� SXQFDN�
�TS��� GDQ� NHVHVXDLDQ� EHQWXN� KLGURJUDI� \DQJ� GLXNXU�
�GLQLODL�� GHQJDQ� DQJND� SHQ\LPSDQJDQ� PDVLQJ-PDVLQJ�
NRPSRQHQ�� $QDOLVLV� NHVHVXDLDQ� EHQWXN� KLGURJUDI�
GLHYDOXDVL� GHQJDQ� XML� SHUEDQGLQJDQ� DQWDUD� GHELW�
SHQJXNXUDQ� GHQJDQ� GHELW� VLQWHWLV� PHQJJXQDNDQ�
NRHILVLHQ� 1DVK–6XWFOLIIH� �(��� 3HUVDPDDQ� XQWXN�
PHQHQWXNDQ� NRHILVLHQ� 1DVK–6XWFOLIIH� DGDODK� VHEDJDL�
EHULNXW��1DVK�GDQ�6XWFOLIIH�������� 

 
 

GLPDQD� 

 �� QLODL�GHELW�SHUKLWXQJDQ��P��SDGD�ZDNWX�NH-W 

 �� QLODL�GHELW�SHQJDPDWDQ��R��SDGD�ZDNWX�NH-W 

 �� QLODL�UDWD-UDWD�GHELW�SHQJDPDWDQ��R� 

1LODL�NRHILVLHQ�1DVK–6XWFOLIIH��16(��EHUNLVDU�DQWDUD�¥�
–� ��� 6HPDNLQ� UHQGDK� QLODL� 16(�� PDND� PRGHO� \DQJ�
GLKDVLONDQ�PHPLOLNL�NLQHUMD�\DQJ�UHQGDK�GDQ�VHEDOLNQ\D�
DSDELOD� QLODL� 16(� VHPDNLQ� WLQJJL� PHQGHNDWL� �� PDND�
NLQHUMD�PRGHO�VHPDNLQ�WLQJJL�� 

���+DVLO�$QDOLVLV�GDQ�'LVNXVL 

����0RGHO�GHELW�SXQFDN�KLGURJUDI�VDWXDQ 

'DWD� GHELW� SXQFDN� KLGURJUDI� VDWXDQ� \DQJ� WHODK�
GLNXPSXONDQ�� GLJXQDNDQ� XQWXN� PHPEXDW� PRGHO�
SUHGLNVL� GHELW� SXQFDN� KLGURJUDI� VDWXDQ� EHUGDVDUNDQ�
NDUDNWHULVWLN�'$6��'DWD�GHELW� SXQFDN�KLGURJUDI� VDWXDQ�
GLSHUROHK� GHQJDQ� FDUD�PHQXUXQNDQ� GDUL� GDWD� KLGURJUDI�
SHQJDPDWDQ�SDGD�SRV�GXJD�DLU�GDQ�GDUL�EHUEDJDL�VXPEHU�
OLWHUDWXU� �6XOLVW\RZDWL�� HW�DO�������� 6HODPHW�� %��� ������

��� 

��� 

��� 

���� 

���� 

���� 

*DPEDU����*UDILN�KLGURJUDI�VDWXDQ�VLQWHWLV�'30$-,2+ 

���� 



�� :ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů 

3HQJHPEDQJDQ�0RGHO�+LGURJUDI«����� 

�ŝƚĞƌŝŵĂ�ϮϬ��ŐƵƐƚƵƐ�ϮϬϭϵ͕��ŝƌĞǀŝƐŝ��Ϭϵ�DĂƌĞƚ�ϮϬϮϬ͕��ŝƚĞƌŝŵĂ�ƵŶƚƵŬ�ĚŝƉƵďůŝŬĂƐŝŬĂŶ�ϭϰ��Ɖƌŝů�ϮϬϮϬ 
�ŽƉǇƌŝŐŚƚ������ϮϬϮϬ��ŝƚĞƌďŝƚŬĂŶ�ŽůĞŚ�:ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů�/d�͕�/^^E�Ϭϴϱϯ-ϮϵϴϮ͕��K/͗�ϭϬ͘ϱϲϭϰͬũƚƐ͘ϮϬϮϬ͘Ϯϳ͘ϭ͘ϵ 

6DIDULQD�� $�%��� ������ /LPDQWDUD�� /�0��� ������ \DQJ�
PHQ\DMLNDQ� WHQWDQJ� GHELW� SXQFDN� KLGURJUDI� VDWXDQ��
'DWD� GHELW� SXQFDN� KLGURJUDI� VDWXDQ� \DQJ� WHUNXPSXO��
VHODQMXWQ\D� GLODNXNDQ� DQDOLVLV� XQWXN� PHQGDSDWNDQ�
NDUDNWHULVWLN� '$6� GDUL� PDVLQJ-PDVLQJ� '$6� \DQJ�
PHPLOLNL� GDWD� KLGURJUDI� VDWXDQ�� .DUDNWHULVWLN� '$6�
\DQJ� GL� DQDOLVLV� PHOLSXWL� OXDV� '$6�� SDQMDQJ� VXQJDL��
NHPLULQJDQ�'$6�� LQGHNV� GDQDX� DWDX�ZDGXN� GDQ� UDWD-
UDWD� KXMDQ� PDNVLPXP� WDKXQDQ� SDGD� '$6� WHUVHEXW��
'DWD� NDUDNWHULVWLN� '$6� \DQJ� WHODK� GLSHUROHK�� OHELK�
ODQMXW� GLRODK� XQWXN� PHQGDSDWNDQ� LQIRUPDVL� UDWD-UDWD�
GHELW�EDQMLU� WDKXQDQ� �PHDQ�DQQXDO� IORRG��EHUGDVDUNDQ�
SHUVDPDDQ� PHWRGH� '30$-,2+�� 6HPXD� LQIRUPDVL�
\DQJ�GLNXPSXONDQ�GDQ�KDVLO�DQDOLVLV�GL�UHVXPH�VHSHUWL�
WHUOLKDW� SDGD�7DEHO� ��� 'DWD� SDGD�7DEHO� �� GLJXQDNDQ�
XQWXN� PHPEXDW� PRGHO� XQWXN� PHPSUHGLNVL� GHELW�
SXQFDN�KLGURJUDI�VDWXDQ��0RGHO�\DQJ�GLEHQWXN�GHQJDQ�
PHPEXDW� KXEXQJDQ� DQWDUD� GHELW� SXQFDN� KLGURJUDI�
VDWXDQ� SDGD� VXPEX-<� GDQ� UDWD-UDWD� GHELW� EDQMLU�
WDKXQDQ�SDGD�VXPEX-;��+XEXQJDQ�\DQJ�GLSLOLK�GHQJDQ�
PHOLKDW� NRHILVLHQ� GHWHUPLQDVL� �5��� \DQJ� OHELK� WLQJJL��
%HUGDVDUNDQ� KDVLO� DQDOLVLV� VWDWLVWLN�� PDND� GLJXQDNDQ�
SHUVDPDDQ�HNVSRQHQVLDO�VHSHUWL� WHUOLKDW�SDGD�*DPEDU�
���3HUVDPDDQ�HNVSRQHQVLDO�\DQJ�GLKDVLONDQ�GDUL�JUDILN�
WHUVHEXW�DGDODK�VHEDJDL�EHULNXW�� 

 

GHQJDQ�NRHILVLHQ�GHWHUPLQDVL�VHNLWDU��������� 

'DUL� SHUVDPDDQ� HNVSRQHQVLDO� \DQJ� GLKDVLONDQ��
VHODQMXWQ\D� GLLQWHJUDVLNDQ� GHQJDQ� SHUVDPDDQ� XQWXN�
PHQJKLWXQJ� UDWD-UDWD� GHELW� EDQMLU� WDKXQDQ� �ۡ���
VHKLQJJD�SHUVDPDDQ�GL�DWDV�PHQMDGL�SHUVDPDDQ�EHULNXW�
LQL� 

� 

 

3HUVDPDDQ� GL� DWDV� PHUXSDNDQ� PRGHO� \DQJ� GLJXQDNDQ�
XQWXN�PHPSHUNLUDNDQ�EHVDUQ\D�GHELW�SXQFDN�KLGURJUDI�
VDWXDQ�GDODP�UDQJND�XQWXN�PHQJHPEDQJNDQ�KLGURJUDI�
VDWXDQ�VLQWHWLV�� 

����:DNWX�NH�SXQFDN��WLPH�WR�SHDN� 

:DNWX�NH�SXQFDN��WS��PHUXSDNDQ�VDODK�VDWX�XQVXU�\DQJ�
GLSHUOXNDQ� XQWXN� PHQJHPEDQJNDQ� PRGHO� KLGURJUDI�
VDWXDQ� VLQWHWLV�� :DNWX� NH� SXQFDN� GLSHUROHK�
EHUGDVDUNDQ� GDWD� KLGURJUDI� SHQJDPDWDQ� GL� '$6-'$6�
\DQJ� PHPLOLNL� GDWD�� 7HUGDSDW� VHNLWDU� ��� '$6� GDQ�
6XE'$6� GL� 3XODX� -DZD� \DQJ� PHPLOLNL� GDWD� GDQ�
GLJXQDNDQ� XQWXN� PHQJHPEDQJNDQ� PRGHO� SUHGLNVL�
ZDNWX�NH�SXQFDN�EHUGDVDUNDQ�NDUDNWHULVWLN�'$6��'$6�
\DQJ�PHPLOLNL� GDWD�ZDNWX� NH� SXQFDN�GLDQDOLVLV� XQWXN�
PHQGDSDWNDQ�LQIRUPDVL�NDUDNWHULVWLN�'$6Q\D��$GDSXQ�
LQIRUPDVL� NDUDNWHULVWLN� '$6� \DQJ� GLJXQDNDQ� XQWXN�
PHQJHPEDNDQ� PRGHO� ZDNWX� NH� SXQFDN� GDSDW� GLOLKDW�
SDGD�7DEHO���� 

0RGHO�\DQJ�GLNHPEDQJNDQ�XQWXN�PHPSUHGLNVL�ZDNWX�
NH� SXQFDN� �WS�� PHQJJXQDNDQ� SHUVDPDDQ� PXOWLSOH�
YDULDEOH� UHJUHVVLRQ�� $QDOLVLV� VWDWLVWLN� XQWXN�
PHQJKDVLONDQ� UHJUHVL� GHQJDQ� PXOWLSOH� YDULDEHO� GDSDW�
GLODNXNDQ�GHQJDQ�SHUDQJNDW�OXQDN�H[FHO�PHODOXL�PHQX�
GDWD�DQDO\VLV�GDQ�UHJUHVVLRQ��$GDSXQ�ZDNWX�NH�SXQFDN�
GLJXQDNDQ� VHEDJDL� YDULDEHO� \DQJ� WHULNDW� �GHSHQGHQW��
GDQ� �� �OLPD�� NDUDNWHULVWLN� '$6� GLJXQDNDQ� VHEDJDL�
YDULDEHO� EHEDV� �LQGHSHQGHQW��� .HOLPD� NDUDNWHULVWLN�
'$6� \DQJ� GLJXQDNDQ� XQWXN� PHQGXJD� QLODL� ZDNWX� NH�
SXQFDN�EDQMLU� DGDODK� OXDV�'$6��SDQMDQJ�VXQJDL�� OHEDU�
'$6��MDUDN�GDUL�RXWOHW�NH�WLWLN�PDVVD�'$6�GDQ�NHOLOLQJ�
'$6� 

7DEHO����'DWD�GHELW�UDWD-UDWD�EDQMLU�KDVLO�SHUKLWXQJDQ�PHWRGH�'30$-,2+�GDQ�GHELW�SXQFDN�KLGURJUDI�VDWXDQ 

EŽ͘ EĂŵĂ�^ƵŶŐĂŝ WŽƐ��ƵŐĂ��ŝƌ 
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ϭ �ƌĂŶƚĂƐ 'ĂĚĂŶŐ ϳϯϭ͘ϯϳ ϯϱ͘Ϯϯ Ϭ͘ϬϬ ϮϬϮ͘ϮϬ ϳϰ͘ϴϱ ϵϯ͘ϲϵ Ϭ͘ϴϬ Ϭ͘ϵϰϭ ϯϰ͘ϳϵ ϮϴϮ͘ϱ 
Ϯ >ĞƐƟ dǁ͘ZĞŶũĞŶŝ ϯϴϮ͘ϱϭ ϰϬ͘Ϭϳ Ϭ͘ϬϬ Ϯϯϴ͘ϬϬ ϭϬϮ͘ϲϯ ϭϮϯ͘ϭϮ Ϭ͘ϴϯ Ϭ͘ϵϰϵ ϭϵ͘Ϯϯ ϯϱϰ͘ϰ 
ϯ �ƌĂŶƚĂƐ <ŽŶƚŽ�ϭ ϭϴϲ͘ϬϬ ϯϯ͘ϱϬ Ϭ͘ϬϬ ϯϮϱ͘ϳϬ ϴϯ͘ϯϭ ϵϱ͘ϱϯ Ϭ͘ϴϳ Ϭ͘ϵϱϴ ϭϲ͘ϯϵ ϭϭϲ͘ϱ 
ϰ �ŝŵĂŶƵŬ >ĞƵǁŝĚĂƵŶ ϳϳϭ͘ϳϱ ϲϭ͘ϬϬ Ϭ͘ϬϬ ϭϵϭ͘ϳϰ ϳϯ͘Ϭϳ ϵϭ͘ϴϬ Ϭ͘ϴϬ Ϭ͘ϵϰϭ ϭϵ͘ϬϲĐ Ϯϳϳ͘ϯ 
ϱ tŝŶŽŶŐŽ ^ŝŶĚƵĂĚŝ ϯϳ͘ϲϰ ϭϰ͘ϬϬ Ϭ͘ϬϬ ϱϭ͘ϲϳ ϭϭϴ͘ϲϬ ϭϮϯ͘ϴϰ Ϭ͘ϵϲ Ϭ͘ϵϳϳ Ϭ͘ϰϵĐ ϱϭ͘ϳ 
ϲ 'ĂũĂŚǁŽŶŐ WĂƉƌŝŶŐĂŶ ϮϬ͘ϲϭ ϭϮ͘ϬϬ Ϭ͘ϬϬ ϰϳ͘ϵϴ ϭϭϳ͘ϱϯ ϭϭϴ͘ϳϮ Ϭ͘ϵϵ Ϭ͘ϵϴϰ ϭ͘ϮϱĐ Ϯϴ͘ϱ 
ϳ 'ĂũĂŚǁŽŶŐ tŽŶŽŬƌŽŵŽ ϳϮ͘ϱϲ Ϯϯ͘ϬϬ Ϭ͘ϬϬ ϯϱ͘ϮϮ ϭϬϭ͘ϮϬ ϭϬϵ͘ϳϬ Ϭ͘ϵϮ Ϭ͘ϵϲϵ ϭ͘ϱϱĐ ϲϭ͘ϲ 
ϴ �ŽĚĞ WŽŐƵŶŐ ϯϱ͘Ϭϳ Ϯϲ͘ϬϬ Ϭ͘ϬϬ ϴϲ͘ϰϬ ϭϭϱ͘ϵϴ ϭϮϬ͘ϲϯ Ϭ͘ϵϲ Ϭ͘ϵϳϴ ϭ͘ϬϴĐ ϰϴ͘ϳ 
ϵ tŝŶŽŶŐŽ WĂĚŽŬĂŶ ϵϲ͘ϱϰ ϯϭ͘ϱϵ Ϭ͘ϬϬ ϰϬ͘ϭϱ ϭϬϯ͘ϯϲ ϭϭϯ͘ϵϯ Ϭ͘ϵϭ Ϭ͘ϵϲϱ Ϯ͘ϮϬĐ ϴϱ͘ϱ 
ϭϬ �ŽĚĞ <ŽůŽƌĂŶ ϱϲ͘ϮϮ ϯϯ͘Ϯϳ Ϭ͘ϬϬ ϲϯ͘Ϭϲ ϭϬϳ͘ϲϴ ϭϭϱ͘Ϭϭ Ϭ͘ϵϰ Ϭ͘ϵϳϮ ϯ͘ϬϭĐ ϲϬ͘ϳ 
ϭϭ �ŝŬĞƌƵŚ :ĂƟǁĂŶŐŝ ϭϬϰ͘ϳϬ ϯϬ͘ϬϬ Ϭ͘ϬϬ ϭϰϯ͘ϱϭ ϭϭϵ͘ϳϳ ϭϯϮ͘ϲϱ Ϭ͘ϵϬ Ϭ͘ϵϲϰ ϰ͘ϱϴĐ ϭϱϯ͘Ϯ 
ϭϮ �ŝƐĂŶŐŬƵǇ <ĂŵĂƐĂŶ ϭϵϬ͘ϵϰ ϯϰ͘ϬϬ Ϭ͘ϬϬ ϮϮϯ͘Ϭϭ ϳϭ͘ϰϵ ϴϮ͘ϭϬ Ϭ͘ϴϳ Ϭ͘ϵϱϳ ϱ͘ϯϴĐ ϳϴ͘ϱ 
ϭϯ �ŝůŝǁƵŶŐ ^ƵŐƵƚĂŵƵ Ϯϱϯ͘ϱϰ ϳϴ͘ϬϬ Ϭ͘ϬϬ ϭϴϳ͘ϰϵ ϭϬϬ͘Ϯϱ ϭϭϳ͘ϭϳ Ϭ͘ϴϲ Ϭ͘ϵϱϰ ϴ͘ϰϲĐ ϮϮϲ͘ϰ 
ϭϰ �ŝůƵƚƵŶŐ �ĂŶƚĂƌŵĞƌĂŬ ϰϱϭ͘ϭϵ ϯϯ͘ϬϬ Ϭ͘ϬϬ ϭϮϴ͘Ϯϱ ϵϭ͘ϱϮ ϭϭϬ͘ϵϳ Ϭ͘ϴϮ Ϭ͘ϵϰϳ ϭϬ͘ϯϱĐ Ϯϴϴ͘Ϭ 
ϭϱ �ŝůƵƚƵŶŐ �Ăŵ�<ĂŵƵŵ ϲϯϬ͘ϰϮ ϱϱ͘ϭϳ Ϭ͘ϬϬ ϭϴϬ͘ϴϯ ϵϬ͘Ϯϵ ϭϭϭ͘ϵϭ Ϭ͘ϴϭ Ϭ͘ϵϰϯ ϭϰ͘ϵϱĐ ϯϴϴ͘Ϭ 
ϭϲ >ĞŶŐŬŽŶŐ tŝĚĂƐ ϭϮϵϳ͘Ϭ ϲϳ͘ϬϬ Ϭ͘ϬϬ ϭϬϱ͘ϭϱ ϳϱ͘ϮϮ ϵϳ͘ϵϯ Ϭ͘ϳϳ Ϭ͘ϵϯϰ Ϯϭ͘ϰϯĚ ϰϯϮ͘ϲ 
ϭϳ �ŝƚĂƌƵŵ EĂŶũƵŶŐ ϭϳϲϮ͘ϲ ϴϮ͘ϬϬ Ϭ͘ϬϬ ϭϲϰ͘Ϭϲ ϲϰ͘ϴϬ ϴϲ͘ϭϵ Ϭ͘ϳϱ Ϭ͘ϵϯϭ ϰϳ͘ϭϭĐ ϰϭϬ͘Ϭ 
ϭϴ �ƌĂŶƚĂƐ :Ğůŝ ϱϬϬϱ͘ϵ ϭϴϮ͘ϬϬ Ϭ͘ϬϬϯϰ ϭϱϯ͘ϯϭ ϳϭ͘Ϯϵ ϭϬϮ͘ϰϰ Ϭ͘ϳϬ Ϭ͘ϵϭϴ ϵϳ͘ϵϰĐ ϭ͕Ϯϭϲ͘ϵ 
ϭϵ �ƌĂŶƚĂƐ WůŽƐŽ ϵϬϴϬ͘ϱ Ϯϰϴ͘ϵϯ Ϭ͘ϬϬϭϵ ϭϮϳ͘Ϯϴ ϲϳ͘Ϭϱ ϭϬϬ͘ϵϵ Ϭ͘ϲϲ Ϭ͘ϵϭϭ ϭϳϰ͘ϭĐ ϭ͕ϲϲϮ͘ϭ 
ϮϬ WƌŽŐŽ <ƌĂŶŐĂŶ ϰϯϭ͘ϵϰ ϯϲ͘ϱϬ Ϭ͘ϬϬ ϭϰϲ͘ϱϵ ϴϯ͘Ϯϭ ϭϬϬ͘ϲϭ Ϭ͘ϴϯ Ϭ͘ϵϰϴ ϮϬ͘ϲϯĂ ϮϮϯ͘ϭ 
Ϯϭ <ĞŶŝŶŐ  ϴϬϮ͘ϭϭ ϳϵ͘ϴϵ Ϭ͘ϬϬ ϲϲ͘ϮϬ ϳϯ͘ϭϭ ϵϮ͘Ϭϵ Ϭ͘ϳϵ Ϭ͘ϵϰϬ ϭϰ͘ϱϮ Ϯϱϯ͘ϱ 
ϮϮ <Ăůŝ�DĂĚŝƵŶ ^ĞŬĂǇƵ ϭϬϬϮ͘ϲ ϰϱ͘ϲϮϰ Ϭ͘ϬϬ ϭϵϵ͘ϵϲ ϳϯ͘Ϭϭ ϵϯ͘ϯϲϳ Ϭ͘ϳϴ Ϭ͘ϵϯϳ ϯϯ͘ϴϵ ϯϰϴ͘ϭ 
Ϯϯ <͘�<ĞĚƵĂŶŐ EŐĂĚŝƉŝƌŽ ϯϳϱ͘ϱϳ ϰϰ͘ϱϭϲ Ϭ͘ϬϬ ϭϳϵ͘ϬϮ ϴϲ͘ϯϲ ϭϬϯ͘ϰϴ Ϭ͘ϴϯ Ϭ͘ϵϰϵ ϭϳ͘ϮϬ �ϮϮϭ͘Ϯ 
Ϯϰ <͘�tŝƌŽŬŽ ^ƵůŝŶŐŝ ϭϳϴ͘ϰϬ ϯϭ͘ϰϲ Ϭ͘ϬϬ Ϯϰϯ͘ϱϰ ϵϳ͘Ϯϰ ϭϭϭ͘ϮϬ Ϭ͘ϴϳ Ϭ͘ϵϱϴ ϵ͘ϭϱď ϭϱϴ͘ϯ 

D���6ODPHW��%����������������E���6XOLVW\RZDWL��HW�DO���������������F���6DIDULQD��$�%�����������G���/LPDQWDUD��/�0��������� 

���� 

���� 

���� 



�� sŽů͘�Ϯϳ�EŽ͘�ϭ͕��Ɖƌŝů�ϮϬϮϬ 

*LQWLQJ��8WDPLQLQJVLK� 

�ŝƚĞƌŝŵĂ�ϮϬ��ŐƵƐƚƵƐ�ϮϬϭϵ͕��ŝƌĞǀŝƐŝ��Ϭϵ�DĂƌĞƚ�ϮϬϮϬ͕��ŝƚĞƌŝŵĂ�ƵŶƚƵŬ�ĚŝƉƵďůŝŬĂƐŝŬĂŶ�ϭϰ��Ɖƌŝů�ϮϬϮϬ 
�ŽƉǇƌŝŐŚƚ������ϮϬϮϬ��ŝƚĞƌďŝƚŬĂŶ�ŽůĞŚ�:ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů�/d�͕�/^^E�Ϭϴϱϯ-ϮϵϴϮ͕��K/͗�ϭϬ͘ϱϲϭϰͬũƚƐ͘ϮϬϮϬ͘Ϯϳ͘ϭ͘ϵ 

*DPEDU����+XEXQJDQ�GHELW�SXQFDN�KLGURJUDI�VDWXDQ�GHQJDQ�
UDWD-UDWD�GHELW�EDQMLU�WDKXQDQ 

%HUGDVDUNDQ� DQDOLVLV� \DQJ� GLODNXNDQ�� PDND� GLSHUROHK�
KDVLO� VHSHUWL� SDGD� 7DEHO� ��� +DVLO� DQDOLVLV� WHUVHEXW�
PHQXQMXNNDQ�EDKZD�SHUVDPDDQ�HPSLULV�\DQJ�GLKDVLONDQ�
PHPLOLNL�NRHILVLHQ�NRUHODVL�5� ����������5�� ����������
GDQ�NHVDODKDQ�VWDQGDU�SHUNLUDDQ�XQWXN�ZDNWX�NH�SXQFDN�
�ORJDULWPLF� QDWXUDO�� /Q� WS�� VHNLWDU� ������ DWDX� VHWDUD�
GHQJDQ� ����� MDP�� 3DGD� PRGHO� LQL� VHPXD� YDULDEHO�
PHPSXQ\DL� DQJND� VLJQLILNDQ� GL� EDZDK� ������ VHKLQJJD�
VHPXD� YDULDEHO� GDODP� PRGHO� WHUVHEXW� FXNXS� VLJQLILNDQ�
PHPSHQJDUXKL�EHVDUQ\D�ZDNWX�NH�SXQFDN�XQWXN�Į� ������ 

7DEHO����:DNWX�NH�SXQFDN�EDQMLU��WS��GDQ�NDUDNWHULVWLN�ILVLN�'$6 

1R� '$6 6XQJDL 2XWOHW WS 
.DUDNWHULVWLN�)LVLN�'$6 

$ / 0 ' 3 

� %UDQWDV %UDQWDV *DGDQJ ���� ������ ����� ����� ������ ������� 

� %UDQWDV /HVWL 7Z��5HQMHQL ���� ������ ����� ���� ������ ������� 

� %UDQWDV %UDQWDV .RQWR�� ���� ������ ����� ���� ������ ������ 

� &LOLZXQJ &LOLZXQJ &LERJR ���� ����� ����� ���� ����� ����� 

� %HNDVL &LNHDV 1DJUDN ���� ����� ����� ���� ������ ������ 

� %UDQWDV %UDQJNDO 'LQR\R ���� ������ ����� ����� ����� ����� 

� %UDQWDV %UDQJNDO -DSDQ ���� ������ ����� ���� ������ ������ 

� %UDQWDV :LGDV /HQJNRQJ ���� ������� ����� ����� ������ ������ 

� %��6ROR .�0DGLXQ 6HND\X ���� ������� ����� ����� ������ ������ 

�� &LVDGDQH &LVDGDQH *HQWHQJ ���� ������ ����� ���� ������ ����� 

�� &LVDGDQH &LVDGDQH %DWXEHODK ���� ������ ����� ����� ������ ������ 

�� &LVDGDQH &LVDGDQH 6HUSRQJ ���� ������� ����� ����� ������ ������ 

�� %��6ROR .��'HQJNHQJ -DUXP ���� ������ ����� ���� ������ ������ 

�� &LOLZXQJ &LOLZXQJ 6XJXWDPX ���� ������ ����� ���� ������ ������ 

�� %��6ROR .��.HGXDQJ 1JDGLSLUR ���� ������ ����� ���� ������ ����� 

�� &LSLQDQJ .�&LSLQDQJ .HERQ�3DOD ���� ����� ����� ���� ������ ����� 

�� &LSLQDQJ .�&LSLQDQJ .HODSD�'XD ���� ����� ����� ���� ����� ����� 

�� *DUDQJ *DUDQJ 6LPRQJDQ ���� ������ ����� ���� ������ ����� 

�� *DUDQJ *DUDQJ 3DWHPRQ ���� ����� ����� ���� ������ ����� 

�� 6HUD\X 6HUD\X %DQMDUQHJDUD ���� ������ ����� ����� ������ ������ 

�� 3URJR 3URJR .UDQJJDQ ���� ������ ����� ����� ������ ������ 

�� 3URJR 3URJR %DGUDQ ���� ������ ����� ����� ������ ������ 

�� 3URJR 3URJR %RUREXGXU ���� ������� ����� ����� ������ ������ 

�� *ULQGXOX *ULQGXOX 3DFLWDQ ���� ������ ����� ����� ������ ������ 

�� &LWDUXP &LNDSXQGXQJ 0DULED\D ���� ����� ����� ���� ����� ����� 

�� &LWDQGX\ &LMRODQJ %HEHGDKDQ ���� ������ ����� ���� ������ ������ 

�� &LWDQGX\ &LWDQGX\ &LUDKRQJ ���� ������ ����� ����� ������ ������ 

�� %UDQWDV .�6DGDU 6DGDU�+XOX ���� ����� ����� ���� ������ ����� 

�� .DOL�$QJNH $QJNH 3DPXODQJ ���� ����� ����� ���� ������ ������ 
�� %��6ROR .DOL�6DPLQ 3HUHQ ���� ������ ����� ���� ������ ������ 

.HW��$��/XDV�'$6��NP����/��3DQMDQJ�6XQJDL��NP���0��/HEDU�'$6��NP���'��-DUDN�GDUL�RXWOHW�NH�WLWLN�EHUDW�'$6��NP���3��.HOLOLQJ�%DWDV�'$6��NP� 

%HUGDVDUNDQ� DQDOLVLV� SDGD� 7DEHO� ��� PDND� GLSHUROHK�
PRGHO� WHUEDLN� DGDODK� PRGHO� \DQJ� PHPLOLNL� QLODL�
NRHILVLHQ�GHWHUPLQDVL� \DQJ� WHUEHVDU��'DUL�KDVLO� DQDOLVLV�
WHUVHEXW� GLSHUROHK� PRGHO� WHUEDLN� XQWXN� PHQJKLWXQJ�
ZDNWX� NH� SXQFDN� �WS�� GHQJDQ� PHQJJXQDNDQ� HPSDW�
YDULDEHO�NDUDNWHULVWLN�'$6�VHEDJDL�EHULNXW�� 

 

'LPDQD� 

 � WLPH�WR�SHDN��ZDNWX�NH�SXQFDN��MDP� 

 �� GLVWDQFH�IURP�WKH�RXWOHW�WR�D�SRLQW�RQ�WKH�VWUHDP�
 QHDUHVW�WKH�FHQWURLG�RI��WKH�ZDWHUVKHG�DUHD��NP� 

 �� PHDQ�EDVLQ�ZLGWK��OHEDU�'$6����������NP� 

 �� SHULPHWHU�RI�ZDWHUVKHG��.HOLOLQJ�'$6��NP� 

 �� DUHD�RI�ZDWHUVKHG��OXDV�'$6��NP�� 

����:DNWX�GDVDU��WLPH�EDVH� 

:DNWX� GDVDU� PHUXSDNDQ� VDODK� VDWX� XQVXU� GDODP�
PHQHQWXNDQ� EHQWXN� KLGURJUDI� VDWXDQ� SDGD� VXDWX�'$6��
:DNWX� GDVDU�PHUXSDNDQ�ZDNWX� \DQJ� GLSHUOXNDQ�PXODL�
GDUL� QDLNQ\D� DOLUDQ� VXQJDL� VDPSDL� GHQJDQ� WXUXQ�
NHPEDOL�� :DNWX� GDVDU� VDQJDW� WHUJDQWXQJ� GDUL� SDGD�
EHQWXN� '$6�� 'DWD� ZDNWX� GDVDU� GLSHUROHK� EHUGDVDUNDQ�
GDWD�KLGURJUDI�SHQJDPDWDQ�GDUL�PDVLQJ-PDVLQJ�'$6�GL�
3XODX� -DZD�� $GDSXQ� GDWD� ZDNWX� GDVDU� \DQJ� WHODK�
GLNXPSXONDQ�GDUL� VHNLWDU����'$6�GDQ�6XE�'$6�GDSDW�
GLOLKDW�SDGD�7DEHO��� 

���� 



�� :ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů 

3HQJHPEDQJDQ�0RGHO�+LGURJUDI«����� 

�ŝƚĞƌŝŵĂ�ϮϬ��ŐƵƐƚƵƐ�ϮϬϭϵ͕��ŝƌĞǀŝƐŝ��Ϭϵ�DĂƌĞƚ�ϮϬϮϬ͕��ŝƚĞƌŝŵĂ�ƵŶƚƵŬ�ĚŝƉƵďůŝŬĂƐŝŬĂŶ�ϭϰ��Ɖƌŝů�ϮϬϮϬ 
�ŽƉǇƌŝŐŚƚ������ϮϬϮϬ��ŝƚĞƌďŝƚŬĂŶ�ŽůĞŚ�:ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů�/d�͕�/^^E�Ϭϴϱϯ-ϮϵϴϮ͕��K/͗�ϭϬ͘ϱϲϭϰͬũƚƐ͘ϮϬϮϬ͘Ϯϳ͘ϭ͘ϵ 

7DEHO����+DVLO�DQDOLVLV�VWDWLVWLN�XQWXN�ZDNWX�NH�SXQFDN�GHQJDQ�PXOWLSOH�YLULDEHO�UHJUHVVLRQ 

%HUGDVDUNDQ� GDWD� \DQJ� WHODK� GLNXPSXONDQ� XQWXN� ���
'$6� GL� 3XODX� -DZD� GDSDW� GLQ\DWDNDQ� EDKZD� QLODL�
ZDNWX� GDVDU� �7E�� GLSHUNLUDNDQ� EHUNLVDU� DQWDUD� ���� V�G�
��� NDOL� ZDNWX� NH� SXQFDN� �WS�� DWDX� GHQJDQ� UDWD-UDWD� ��
NDOL� ZDNWX� NH� SXQFDN� �WS��� 1LODL� WHUVHEXW� GLSHUROHK�
EHUGDVDUNDQ� SHUEDQGLQJDQ� DQWDUD� ZDNWX� GDVDU� �7E��
GHQJDQ� ZDNWX� NH� SXQFDN� �WS��� 8QWXN� PHPSUHGLNVL�
VHFDUD� OHELK� GHWDLO� ZDNWX� GDVDU� �7E�� SDGD� VXDWX� '$6�
GDSDW�GLJXQDNDQ�EHUGDVDUNDQ�SHUVDPDDQ�HPSLULV�\DQJ�
GLNHPEDQJNDQ�� 3HUVDPDDQ� HPSLULV� GLKDVLONDQ�
EHUGDVDUNDQ� DQDOLVLV� PXOWLSOH� YDULEHO� UHJUHVL� VHSHUWL�
SDGD�7DEHO���� 

+DVLO�DQDOLVLV�UHJUHVL��GLSHUROHK�VHNLWDU����OLPD��GDUL���
�WXMXK�� SDUDPHWHU� NDUDNWHULVWLN� ILVLN� '$6� \DQJ�
GLJXQDNDQ� XQWXN�PHPSUHGLNVL� QLODL�ZDNWX� GDVDU� �7E���
.H-OLPD� SDUDPHWHU� NDUDNWHULVWLN� ILVLN� '$6� WHUVHEXW�
DGDODK�ZDNWX�NH�SXQFDN��WS���OXDV�'$6��$���3HULPHWHU�
'$6� �3��� )DNWRU� EHQWXN� '$6� �6)�� GDQ� -DUDN� WLWLN�
RXWOHW�NH�WLWLN�EHUDW�'$6��'���3HUVDPDDQ�UHJUHVL�\DQJ�
GLKDVLONDQ� XQWXN� PHPSUHGLNVL� QLODL� ZDNWX� GDVDU�
EHUGDVDUNDQ� NH-OLPD� NDUDNWHULVWLN� ILVLN� '$6� WHUVHEXW�
VHEDJDL�EHULNXW� 

 

3HUVDPDDQ� UHJUHVL� \DQJ� GLKDVLONDQ� PHPLOLNL� WLQJNDW�
DNXUDVL�\DQJ�WLQJJL�GLPDQD�GLKDVLONDQ�QLODL�PXOWLSOH�5��
VHNLWDU��������� 

����.XUYD�KLGURJUDI�VDWXDQ�GHQJDQ�IXQJVL�JDPPD 

3HQJJXQDDQ� IXQJVL� GLVWULEXVL� SUREDELOLWDV� �SGI�� GDODP�
PHQXUXQNDQ� KLGURJUDI� VDWXDQ� VLQWHWLN� �68+�� WHODK�
PHQMDGL� SHUKDWLDQ� NDUHQD� NHVDPDDQQ\D� GHQJDQ� VLIDW-
VLIDW� XQLW� KLGURJUDI� �*KRUEDQL�� HW�DO��� ������� 1DVK�
������� GDQ� 'RRJH� ������� PHQJKDVLONDQ� KLGURJUDI�
VDWXDQ� VHVDDW� �LQVWDQWDQHRXV� XQLW� K\GURJUDSK�� ,8+��
EHUGDVDUNDQ� NRQVHS� OLQLHULVDVL� VHMXPODK� Q� ZDGXN�
GHQJDQ� NRHILVLHQ� SHQ\LPSDQDQ� �.�� \DQJ� GLLVWLODKNDQ�
GHQJDQ�IXQJVL�*DPPD�VHEDJDL�EHULNXW� 

 
 

GL�PDQD��Q�GDQ�.�EHUIXQJVL�XQWXN�PHQHQWXNDQ�EHQWXN�
,8+� GDQ� T� ���MDP�� DGDODK� NHGDODPDQ� OLPSDVDQ� SHU�

���� 

���� 

VDWXDQ�ZDNWX�SHU�VDWXDQ�FXUDK�KXMDQ�HIHNWLI��+XEXQJDQ�
DQWDUD�Q�GDQ�.�GLWXOLV�VHEDJDL��&KRZ�������� 

 

6HEXDK� SDUDPHWHU� \DQJ� WLGDN� EHUGLPHQVL�[[[GLGHILQLVLNDQ��
GHQJDQ�PHQJNDOLNDQ� SDUDPHWHU� � � � � GDQ� � � � � �� VHKLQJJD�
SDUDPHWHU�����PHQMDGL�VHEDJDL�EHULNXW� 

 

8QWXN� PHPXGDKNDQ� GDODP� SHQJJXQDDQ\D�� PDND�
SHUVDPDDQ� GLDWDV� GLVHOHVDLNDQ� GHQJDQ� PHQJJXQDNDQ�
SHQGHNDWDQ�VROXVL�QXPHULN��3HUVDPDDQ�\DQJ�GLKDVLONDQ�
EHUGDVDUNDQ�VROXVL�QXPHULN�WHUVHEXW�DGDODK��%KXQ\D�HW�
DO��������� 

����������������������������������������XQWXN�������������� 

����������������������������������������XQWXN� 

����0HQJHPEDQJNDQ�IXQJVL�NXUYD�KLGURJUDI�VDWXDQ�
VLQWHWLV 

������)XQJVL�NXUYD�QDLN�GDQ�WXUXQ 

.XUYD� KLGURJUDI� VDWXDQ� VLQWHWLV� GDSDW� GLEHQWXN� GDUL�
EHEHUDSD� IXQJVL� SHUVDPDDQ�� 6HFDUD� XPXP� WHUGLUL� GDUL�
GXD� NXUYD� \DLWX� NXUYD� QDLN� �ULVLQJ� OLPE�� GDQ� NXUYD�
WXUXQ� �UHVVHFLRQ� OLPE��� 'DUL� PDVLQJ-PDVLQJ� NXUYD�
ELDVDQ\D� GLEHQWXN� GDUL� EHEHUDSD� IXQJVL� SHUVDPDDQ�
XQWXN�PHQJKDVLONDQ�NXUYD�\DQJ� VHVXDL�GHQJDQ�EHQWXN�
KLGURJUDI� VDWXDQ�� )XQJVL� SHUVDPDDQ� \DQJ� GLEXDW�
ELDVDQ\D� PHQJJXQDNDQ� YDULDEHO� \DQJ� EHUKXEXQJDQ�
GHQJDQ� ZDNWX� NH� SXQFDN� �WS�� GDQ� ZDNWX� GDVDU� �7E���
3HUVDPDDQ� IXQJVL� KLGURJUDI� VDWXDQ� WHUVHEXW� DNDQ�
GLEHGDNDQ� PHQMDGL� GXD� EDJLDQ� \DLWX� IXQJVL� QDLN� GDQ�
IXQJVL� WXUXQ�� *UDILN� \DQJ� DNDQ� GLNHPEDQJNDQ� DGDODK�
KXEXQJDQ�DQWDUD�VLVL�<�\DQJ�GLZDNLOL�ROHK�GHELW�DOLUDQ 

�P��V�PP��GDQ�VLVL-;���������������������$GDSXQ�SHQMHODVDQ�GDUL 

�VHWLDS�RUGLQDWH�GDQ�DEVLV�DGDODK�VHEDJDL�EHULNXW� 

 

VHGDQJNDQ� QLODL� XQWXN�ZDNWX� GDVDUQ\D� DGDODK� VHEDJDL�
EHULNXW� 

 

���� 

���� 
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�� sŽů͘�Ϯϳ�EŽ͘�ϭ͕��Ɖƌŝů�ϮϬϮϬ 

*LQWLQJ��8WDPLQLQJVLK� 

�ŝƚĞƌŝŵĂ�ϮϬ��ŐƵƐƚƵƐ�ϮϬϭϵ͕��ŝƌĞǀŝƐŝ��Ϭϵ�DĂƌĞƚ�ϮϬϮϬ͕��ŝƚĞƌŝŵĂ�ƵŶƚƵŬ�ĚŝƉƵďůŝŬĂƐŝŬĂŶ�ϭϰ��Ɖƌŝů�ϮϬϮϬ 
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7DEHO����'DWD�ZDNWX�GDVDU��7E��GDQ�NDUDNWHULVWLN�ILVLN�'$6�GDUL�EHEHUDSD�'$6 

1R '$6 6XQJDL 2XWOHW 

.DUDNWHULVWLN�+LGURJUDI�
6DWXDQ .DUDNWHULVWLN�)LVLN�'$6 

7% 73 $ / 0 6) ' 3 

� %UDQWDV %UDQWDV *DGDQJ ���� ��� ����� ���� ���� ��� ���� ����� 

� %UDQWDV /HVWL 7DZDQJUHQMHQL ���� ��� ����� ���� ��� ��� ���� ����� 

� %UDQWDV %UDQWDV .RQWR�� ���� ��� ����� ���� ��� ��� ���� ���� 

� &LOLZXQJ &LOLZXQJ &LERJR ���� ��� ���� ���� ��� ��� ��� ���� 

� %HNDVL &LNHDV 1DJUDN ���� ��� ���� ���� ��� ���� ���� ����� 

� %UDQWDV %UDQJNDO 'LQR\R ���� ��� ����� ���� ���� ��� ��� ���� 

� %UDQWDV %UDQJNDO -DSDQ ���� ��� ����� ���� ��� ��� ���� ����� 

� %UDQWDV :LGDV /HQJNRQJ ���� ��� ������ ���� ���� ��� ���� ����� 

� %�6ROR .�0DGLXQ 6HND\X ���� ��� ������ ���� ���� ��� ���� ����� 

�� 3HVDQJUDKDQ 3HVDQJUDKDQ 6DZDQJDQ ���� ��� ���� ���� ��� ���� ���� ���� 

�� 3HVDQJUDKDQ 3HVDQJUDKDQ .HEXQ�-HUXN ���� ���� ����� ���� ��� ���� ���� ����� 

�� 3HVDQJUDKDQ 3HVDQJUDKDQ 7DQDK�.XVLU ���� ��� ���� ���� ��� ���� ���� ����� 

�� &LVDGDQH &LVDGDQH *HQWHQJ ���� ��� ����� ���� ��� ��� ���� ���� 

�� &LVDGDQH &LVDGDQH %DWXEHODK ���� ��� ����� ���� ���� ��� ���� ����� 

�� &LVDGDQH &LVDGDQH 6HUSRQJ ���� ��� ������ ���� ���� ��� ���� ����� 

�� %��6ROR .��'HQJNHQJ -DUXP ���� ��� ����� ���� ��� ��� ���� ����� 

�� &LOLZXQJ &LOLZXQJ 6XJXWDPX ���� ��� ����� ���� ��� ���� ���� ����� 

�� %�6ROR .��.HGXDQJ 1JDGLSLUR ���� ��� ����� ���� ��� ��� ���� ���� 

�� &LSLQDQJ .�&LSLQDQJ &LSLQDQJ�+LOLU ���� ��� ���� ���� ��� ���� ���� ���� 

�� &LSLQDQJ .�&LSLQDQJ &LSLQDQJ�+XOX ���� ��� ���� ���� ��� ���� ��� ���� 

�� *DUDQJ *DUDQJ 6LPRQJDQ ���� ��� ����� ���� ��� ��� ���� ���� 

�� *DUDQJ *DUDQJ 3DWHPRQ ���� ��� ���� ���� ��� ���� ���� ���� 

�� 6HUD\X 6HUD\X %DQMDUQHJDUD ���� ��� ����� ���� ���� ��� ���� ����� 

�� 3URJR 3URJR .UDQJJDQ ���� ��� ����� ���� ���� ��� ���� ����� 

�� 3URJR 3URJR %DGUDQ ���� ��� ����� ���� ���� ��� ���� ����� 

�� 3URJR 3URJR %RUREXGXU ���� ��� ������ ���� ���� ��� ���� ����� 

�� *ULQGXOX *ULQGXOX 3DFLWDQ ���� ��� ����� ���� ���� ��� ���� ����� 

�� &LWDUXP &LNDSXQGXQJ 0DULED\D ���� ��� ���� ���� ��� ��� ��� ���� 

�� &LWDQGX\ &LMRODQJ %HEHGDKDQ ���� ��� ����� ���� ��� ���� ���� ����� 

�� &LWDQGX\ &LWDQGX\ &LUDKRQJ ���� ��� ����� ���� ���� ��� ���� ����� 

�� %UDQWDV .�6DGDU 6DGDU�+XOX ���� ��� ���� ���� ��� ���� ���� ���� 

�� .DOL�$QJNH $QJNH 3DPXODQJ ���� ��� ���� ���� ��� ���� ���� ����� 

�� %��6ROR .DOL�6DPLQ 3HUHQ ���� ��� ����� ���� ��� ���� ���� ����� 

�� %�6ROR .DOL�.HQLQJ  - ���� ���� ����� ���� ���� ��� ���� ����� 

�� %�6ROR .DOL�:LURNR 6XOLQJL ���� ��� ����� ���� ��� ��� ���� ����� 

.HW��$��/XDV�'$6��NP����/��3DQMDQJ�6XQJDL��NP���0��/HEDU�'$6��NP���'��-DUDN�GDUL�RXWOHW�NH�WLWLN�EHUDW�'$6��NP���3��.HOLOLQJ�%DWDV�'$6��NP���6)��6KDSH�)DFWRU��7%��7LPH�%DVH��MDP���73��7LPH�
WR�SHDN��MDP� 

������)XQJVL�NXUYD�QDLN��ULVLQJ�OLPE� 

)XQJVL� NXUYD� QDLN� \DQJ� GLJXQDNDQ� XQWXN� KLGURJUDI�
VDWXDQ� PHQJLNXWL� IXQJVL� NXGUDWLN�� 3HUVDPDDQ� NXDGUDWLN�
\DQJ� GLJXQDNDQ� XQWXN� NXUYD� QDLN� KLGURJUDI� VDWXDQ�
VDPSDL� SDGD� WLWLN� SXQFDN�� � GHQJDQ� � NULWHULD� � � � � � � � � � � ��
PHQJLNXWL�IXQJVL�SHUVDPDDQ�EHULNXW�LQL� 

 

 

���� 

������)XQJVL�NXUYD�WXUXQ��UHFHVVLRQ�OLPE� 

)XQJVL� NXUYD� WXUXQ� WHUGLUL� PHQJJXQDNDQ� IXQJVL�
HNVSRQHQVLDO�� )XQJVL� HNVSRQHQVLDO� GLPXODL� SDGD� DZDO�
WXUXQ�GDUL�SXQFDN��FUHVW�OHYHO��VDPSDL�GHQJDQ�NH�SRVLVL�
DZDO�� $GDSXQ� IXQJVL� HNVSRQHQVLDO� \DQJ� GLJXQDNDQ�
PXODL�GDUL�����������������PHQJLNXWL�SHUVDPDDQ�HNVSRQHQVLDO�
VHEDJDL�EHULNXW�� 

 ���� 
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7DEHO����+DVLO�DQDOLVLV�VWDWLVWLN�XQWXN�ZDNWX�GDVDU�GHQJDQ�PXOWLSOH�YLULDEHO�UHJUHVVLRQ 

$JDU� RUGLQDWH� KLGURJUDI� VDWXDQ� EHUDNKLU� SDGD� ZDNWX�
GDVDU��7E���PDND�GLWDPEDKNDQ�VHEXDK�NRHILVLHQ�����SDGD�
SHUVDPDDQ�GL�DWDV��%HVDUQ\D�QLODL�NRHILVLHQ����[�GLWHQWXNDQ�GDUL�
SHUVDPDDQ� GL� DWDV� GHQJDQ� PHPEXDW� � � � � � � � � SDGD�
ZDNWX� � � � �� 1DPXQ� SHUVDPDDQ� WHUVHEXW� WLGDN�
PHPXQJNLQNDQ�PHPLOLNL�QLODL� � � � � � � � � � � �� VHKLQJJD�QLODLQ\D�
PHQGHNDWL�QRO�����������������j����-LND�GLDVXPVLNDQ�QLODL 
�[[[�����������PDND�NRHILVLHQ��������GDSDW�GLKLWXQJ�GHQJDQ�
SHUVDPDDQ�EHULNXW� 

 

$SDELOD� QLODL� � � � � � � � � � � � � � ��PDND� NRHILVLHQ� � � � � GDSDW�
GLKLWXQJ�GHQJDQ�SHUVDPDDQ�EHULNXW� 

 

6HKLQJJD�EHQWXN�XPXP�SHUVDPDDQ�XQWXN�NRHILVLHQ[[[��
GDSDW�GLKLWXQJ�GHQJDQ�SHUVDPDDQ�EHULNXW� 

 

'LPDQD�����DGDODK�ELODQJDQ�SRVLWLS�GDQ�GLJXQDNDQ�MXJD�
XQWXN� PHQ\HVXDLNDQ� YROXPH� KLGURJUDI� VDWXDQ� \DQJ�
GLKDVLONDQ� 

���� 3HQHUDSDQ� +66� '30$-,2+� GL� GDHUDK� DOLUDQ�
VXQJDL 

������'$6�&LOLZXQJ�-�.DWXODPSD 

0RGHO� +66� '30$-,2+� WHODK� VLDS� XQWXN� GLWHUDSNDQ�
SDGD� GDHUDK� DOLUDQ� VXQJDL� GDQ�PHQJXML� NLQHUMD�PRGHO�
WHUVHEXW�� 3HQHUDSDQ� +66� '30$-,2+� WHUVHEXW�
GLODNXNDQ�SDGD�'$6�&LOLZXQJ�+XOX��3HQJXMLDQ�PRGHO�
WHUVHEXW� GLODNXNDQ� WHUKDGDS� GDWD� KLGURJUDI� VDWXDQ�
SHQJDPDWDQ�GL�.DWXODPSD�\DQJ�WHODK�GLODNXNDQ�NDMLDQ�
ROHK� 6ODPHW�� %��� �������� %HUGDVDUNDQ� KDVLO� NDMLDQ�
6ODPHW��%����������WHODK�GLKDVLONDQ�KLGURJUDI�VDWXDQ�GL�
.DWXODPSD�\DQJ�WHODK�GLUDWD-UDWD�XQWXN�PDVLQJ-PDVLQJ�
WDKXQ� ������ ����� GDQ� ������ 6HEHOXP� PHODNXNDQ�
SHQJXMLDQ� NLQHUMD� PRGHO� +66� '30$-,2+�� PDND�
WHUOHELK�GDKXOX�KDUXV�PHQGDSDWNDQ�NDUDNWHULVWLN�'$6�

&LOLZXQJ-.DWXODPSD�� DJDU� PRGHO� WHUVHEXW� GDSDW�
PHQJKDVLONDQ� KLGURJUDI� VDWXDQ� VLQWHWLV�� %HUGDVDUNDQ�
DQDOLVLV� WRSRJUDIL�� PDND� GLSHUROHK� NDUDNWHULVWLN� '$6-
.DWXODPSD�VHEDJDL�EHULNXW� 

/XDV�'$6 ����������NP� 

3DQMDQJ�VXQJDL�XWDPD ����������NP 

.HPLULQJDQ�'$6 ����������� 

.HOLOLQJ�'$6 ���������NP 

$GDSXQ� EDWDV� '$6� &LOLZXQJ� –� .DWXODPSD� GDSDW�
GLOLKDW� SDGD� *DPEDU� ��� 1LODL� UDWD� UDWD� KXMDQ�
PDNVLPXP� WDKXQDQ� GL� '$6� &LOLZXQJ� –� .DWXODPSD�
GLSHUROHK� VHNLWDU� ���� PP�� KDUL� �*LQWLQJ�� �������
%HUGDVDUNDQ� GDWD� LQIRUPDVL� \DQJ� WHODK� GLKDVLONDQ� GL�
DWDV�� VHODQMXWQ\D� GLODNXNDQ� SHUKLWXQJDQ� KLGURJUDI�
VDWXDQ�VLQWHWLV�GHQJDQ�PRGHO�+66�'30$-,2+��VHSHUWL�
WHUOLKDW�SDGD�7DEHO����%HUGDVDUNDQ�KDVLO�SHUKLWXQJDQ�GL�
DWDV�� PDND� WHODK� GLSHUROHK� KLGURJUDI� VDWXDQ� VLQWHWLV�
GHQJDQ� PRGHO� '30$-,2+�� +DVLO� SHUKLWXQJDQ�
GLSHUROHK� QLODL� GHELW� SXQFDN� KLGURJUDI� VDWXDQ� VHNLWDU�
����� P��V�PP� GDQ� ZDNWX� NH� SXQFDN� �WLPH� WR� SHDN��
VHNLWDU� ����� MDP� VHUWD�ZDNWX� GDVDU� �WLPH� EDVH�� VHNLWDU�
������MDP��7HUGDSDW�GXD�EHQWXN�NXUYD�\DQJ�GLKDVLONDQ�
GHQJDQ� +66� '30$-,2+� \DLWX� EHUGDVDUNDQ� IXQJVL�
*DPPD�GDQ�IXQJVL�NXUYD�QDLN�GDQ�NXUYD�WXUXQ��.XUYD�
KLGURJUDI� VDWXDQ� VLQWHWLV� '30$-,2+� \DQJ� WHODK�
GLKLWXQJ� GDQ� GLEDQGLQJNDQ� GHQJDQ� KLGURJUDI� VDWXDQ�
SHQJDPDWDQ�GL�.DWXODPSD�GDSDW�GLOLKDW�SDGD�*DPEDU�
��� %HUGDVDUNDQ� DQDOLVLV� NLQHUMD� PRGHO� PDND� WHODK�
GLSHUROHK� QLODL� NRHILVLHQ� 1DVK–6XWFOLIIH� �(�� XQWXN�
WDKXQ� ����� VHNLWDU� ����� WDKXQ� ����� VHNLWDU� ����GDQ�
WDKXQ������VHNLWDU�������0HUXMXN�SDGD�QLODL�NRHILVLHQ�
1DVK-6XWFOLIIH�\DQJ�WHODK�GLKDVLONDQ�GDSDW�GLVLPSXONDQ�
EDKZD� NLQHUMD� PRGHO� +66� '30$-,2+� SDGD� '$6�
&LOLZXQJ-.DWXODPSD�EHUNLQHUMD�EDLN� 

������'$6�3DOXQJ-6XURGDGL 

3HQHUDSDQ� PRGHO� +66� '30$-,2+� GLODNXNDQ� MXJD�
SDGD�'$6�3DOXQJ�\DQJ�EHUDGD�GL�3XODX�/RPERN��1XVD�
7HQJJDUD� %DUDW�� /RNDVL� SHQJDPDWDQ� GHELW� KLGURJUDI�
EHUDGD�GL�6XURGDGL��VHKLQJJD�XQWXN�VHODQMXWQ\D�GLVHEXW�
VHEDJDL� '$6� 3DOXQJ-6XURGDGL��� /XDV� '$6� 3DOXQJ-
6XURGDGL� VHNLWDU� ����� NP��� GHQJDQ� SDQMDQJ� VXQJDL�

ĺ 

���� 

���� 

���� 



�� sŽů͘�Ϯϳ�EŽ͘�ϭ͕��Ɖƌŝů�ϮϬϮϬ 

*LQWLQJ��8WDPLQLQJVLK� 
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7DEHO����3HUKLWXQJDQ�+66�'30$-,2+ 

$��.DUDNWHULVWLN�'$6�GDQ�+XMDQ 

.DUDNWHULVWLN�'$6�� &LOLZXQJ-.DWXODPSD 

/XDV�'$6 ������ NP� 
3DQMDQJ�6XQJDL ����� NP 
3HULPHWHU��3� ����� NP 
,QGHNV�.HPLULQJDQ ����� P�NP 
,QGHNV�/XDV�'DQDX � - 
-DUDN�NH�WLWLN�EHUDW��'� ������ NP 
0HDQ�EDVLQ�ZLGWK ���� NP 
6KDSH�)DFWRU��%HQWXN�'$6� ���� - 
5DWD��+XMDQ�0DNVLPXP�7DKXQDQ ��� PP 
$UHD�5HGXFWLRQ�)DFWRU��$5)� ����� - 
.RHILVLHQ�Y ����� - 
+XMDQ�0DNVLPXP�'$6 ����� PP 

%��3DUDPHWHU�KLGURJUDI�VDWXDQ�VLQWHWLV�� 
5DWD-5DWD�'HELW�%DQMLU ������ P��V 
'HELW�3XQFDN�+LGURJUDI�6DWXDQ ���� P��V�PP 
7LPH�WR�3HDN��WS� ���� MDP 
7LPH�%DVH��7E� ����� -DP 
.RHILVLHQ�ĳ ����� - 
9DULDEHO�Q ����� - 

&��&KHFN�9ROXPH�GDQ�7LQJJL�/LPSDVDQ 
2UGLQDWHV�WLPH�VWHSV ��� �-DP 

9ROXPH�+66 �������� P� 

7LQJJL�/LPSDVDQ ���� �PP 

6XPEHU�� *LQWLQJ�� 6��� ������ +LGURJUDI� VDWXDQ� VLQWHWLV� �+66�� '30$-,2+� GDQ� DSOLNDVLQ\D��
SURVLGLQJ�SHUWHPXDQ�LOPLDK�WDKXQDQ��3,7��+$7+,�NH����GL�.XSDQJ 

*DPEDU����%DWDV�'$6�3DOXQJ-6XURGDGL 

XWDPD�VHNLWDU�������NP��'$6�3DOXQJ-6XURGDGL�PHPLOLNL�
NHPLULQJDQ� '$6� VHNLWDU� ������ P�NP� GHQJDQ� NHOLOLQJ�
EDWDV� '$6� VHNLWDU� ������ NP�� $GDSXQ� EDWDVDQ� '$6�
3DOXQJ-6XURGDGL� GDSDW� GLOLKDW� SDGD� *DPEDU� ��� 'DWD�
NRQGLVL� KXMDQ� GL� '$6� 3DOXQJ-6XURGDGL� PHPLOLNL�
NDUDNWHULVWLN� VHSHUWL� UDWD-UDWD� KXMDQ� PDNVLPXP� WDKXQDQ�
VHNLWDU� ���� PP�KDUL�� %HUGDVDUNDQ� LQIRUPDVL� WHUVHEXW� GL�
DWDV��PDND�GDSDW�GLKLWXQJ�KLGURJUDI�VDWXDQ�VLQWHWLV�XQWXN�
'$6� WHUVHEXW�� %HUGDVDUNDQ� KDVLO� SHUKLWXQJDQ� GHQJDQ�
PHQJJXQDNDQ� +66� '30$-,2+� PDND� GLSHUROHK�
KLGURJUDI� VDWXDQ� VLQWHWLV� VHSHUWL� SDGD�*DPEDU� ��� 'HELW�
SXQFDN� KLGURJUDI� VDWXDQ� VLWHQWLV� \DQJ� GLSHUROHK� GDUL�
PRGHO�VHNLWDU������P��V�PP��+DVLO�SHUKLWXQJDQ�KLGURJUDI�
VLQWHWLV� WHUVHEXW� VHODQMXWQ\D� GLEDQGLQJNDQ� GHQJDQ�
KLGURJUDI� VDWXDQ� SHQJDPDWDQ� \DQJ� WHUGDSDW� SDGD� ORNDVL�
VWXGL�� +LGURJUDI� SHQJDPDWDQ� GLSHUROHK� GDUL� KDVLO� VWXGL�
/LPDQWDUD�� /�0��� �������� 'DWD� KLGURJUDI� SHQJDPDWDQ�
WHUVHEXW� VHODQMXWQ\D� GLDQDOLVLV� XQWXN� PHQGDSDWNDQ�
KLGURJUDI� VDWXDQ� SHQJDPDWDQ�� 7HUGDSDW� NHMDGLDQ�
KLGURJUDI� EDQMLU� SDGD� WDQJJDO� �� 'HVHPEHU� ����� \DQJ�
DNDQ� GLEDQGLQJNDQ� GHQJDQ� KLGURJUDI� VLQWHWLV��
%HUGDVDUNDQ� KDVLO� SHUEDGLQJNDQ� WHUVHEXW�� PDND� GDSDW�
GLDQDOLVLV�NLQHUMD�PRGHO�+66�'30$-,2+��.LQHUMD�\DQJ�
GLOLKDW� DGDODK� NHGHNDWDQ� KDVLO� KLGURJUDI� VDWXDQ� VLQWHWLV�
\DQJ� GLKDVLONDQ� GHQJDQ� KLGURJUDI� VDWXDQ� SHQJDPDWDQ�
SDGD� WDQJJDO� �� 'HVHPEHU� ������ %HUGDVDUNDQ� KDVLO�
DQDOLVLV� PDND� GLSHUROHK� QLODL� NRHILVLHQ� 1DVK-6XWFOLIIH�
VHNLWDU� ������1LODL� WHUVHEXW�PHQXQMXNNDQ�EDKZD�PRGHO�
+66� '30$-,2+� WHUVHEXW� PHPLOLNL� NLQHUMD� \DQJ� EDLN�
XQWXN�GLWHUDSNDQ�SDGD�'$6�3DOXQJ-6XURGDGL� 

*DPEDU����%DWDV�'$6�&LOLZXQJ�-�.DWXODPSD 

*DPEDU����*UDILN�KDVLO�+66�'30$-,2+�GDQ�+6�SHQJDPDWDQ 

*DPEDU����+LGURJUDI�VDWXDQ�VLQWHWLV�GDQ�KLGURJUDI�VDWXDQ�
SHQJDPDWDQ�GL�'$6�3DOXQJ-6XURGDGL 
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������'$6�WXNDG�%DGXQJ-'HQSDVDU 

8MLFRED� PRGHO� +66� '30$-,2+� GLODNXNDQ� GL� '$6�
7XNDG�%DGXQJ-'HQSDVDU��'$6�7XNDG�%DGXQJ�EHUDGD�
GL� GXD� ZLOD\DK� DGPLQLVWUDWLI� \DLWX� EDJLDQ� KXOX�
.DEXSDWHQ� %DGXQJ� GDQ� EDJLDQ� KLOLU� .RWD� 'HQSDVDU��
6XQJDL� 7XNDG� %DGXQJ� GHQJDQ� SDQMDQJ� DOXU� XWDPD�
������ NP�PHPSXQ\DL� DQDN-DQDN� VXQJDL� \DLWX� 6XQJDL�
7DJ-WDJ� GDQ� 6XQJDL� 0HGLK� '$6� 7XNDG� %DGXQJ�
GHQJDP�WLWLN�RXWOHW�SDGD�ORNDVL�SRV�GXJD�DLU�'HQSDVDU�
PHPLOLNL� OXDV� VHNLWDU� �������� NP��� GHQJDQ� SDQMDQJ�
VXQJDL� XWDPD� PXODL� GDUL� WLWLN� RXWOHW� NH� KXOX� VHNLWDU�
������� NP�� '$6� 7XNDG� %DGXQJ-'HQSDVDU� PHPLOLNL�
NHPLULQJDQ�'$6� VHNLWDU� ������P�NP� GHQJDQ� NHOLOLQJ�
EDWDV� '$6� VHNLWDU� ������ NP�� VHSHUWL� WHUOLKDW� SDGD�
*DPEDU����.RQGLVL�KXMDQ�HNVWULP�\DQJ�WHUMDGL�GL�'$6�
7XNDG� %DGXQJ� GLDQDOLVLV� EHUGDVDUNDQ� GDWD� KXMDQ�
PDNVLPXP� WDKXQDQ� \DQJ� WHUFDWDW� GL� 3RV� +XMDQ�
7DPSDN� 6LULQJ� ����F��� 5DWD-UDWD� KXMDQ� PDNVLPXP�
WDKXQDQ� \DQJ� WHUFDWDW� GL� SRV� KXMDQ� WHUVHEXW� DGDODK�
VHNLWDU��������PP�KDUL��� 

,QIRUPDVL�WHUVHEXW�GL�DWDV�GLJXQDNDQ�XQWXN�PHQJKLWXQJ�
KLGURJUDI� VDWXDQ� VLQWHWLV� GL� '$6� WHUVHEXW�� +DVLO�
SHUKLWXQJDQ�GHQJDQ�PHQJJXQDNDQ�PRGHO�+66�'30$-
,2+�� GLSHUROHK� KLGURJUDI� VDWXDQ� VLQWHWLV� VHSHUWL� SDGD�
*DPEDU� ��� +DVLO� SHUKLWXQJDQ� KLGURJUDI� VLQWHWLV�
WHUVHEXW� VHODQMXWQ\D� GLEDQGLQJNDQ� GHQJDQ� KLGURJUDI�
VDWXDQ� SHQJDPDWDQ� \DQJ� WHUGDSDW� SDGD� ORNDVL� VWXGL��
+LGURJUDI� GHELW� SHQJDPDWDQ�GLSHUROHK�GDUL� KDVLO� VWXGL�
/LPDQWDUD�� /�0��� �������� 'DWD� KLGURJUDI� GHELW�
SHQJDPDWDQ� WHUVHEXW�� VHODQMXWQ\D� GLDQDOLVLV� XQWXN�
PHQGDSDWNDQ� KLGURJUDI� VDWXDQ� SHQJDPDWDQ�� 7HUGDSDW�
WLJD� NHMDGLDQ� KLGURJUDI� EDQMLU� \DQJ� \DQJ� GLDQDOLVLV�
XQWXN�PHGDSDWNDQ� KLGURJUDI� VDWXDQ� SHQJDPDWDQ� \DLWX�
WDQJJDO����-DQ���������-DQ������GDQ����2NWREHU�������
.HWLJD� KLGURJUDI� VDWXDQ� SHQJDPDWDQ� WHUVHEXW� GLUDWD-
UDWDNDQ� GDQ� GLJXQDNDQ� XQWXN� PHQLODL� NLQHUMD� PRGHO�
+66� '30$-,2+�� .LQHUMD� PRGHO� +66� '30$-,2+�
GLDQDOLVLV� PHQJJXQDNDQ� PHWRGH� 1DVK-6XWFOLIIH��
3HUEHGDDQ� GHELW� SXQFDN� KLGURJUDI� VDWXDQ� VLQWHWLV�
GHQJDQ� UDWD-UDWD� GHELW� SXQFDN� SHQJDPDWDQ� DGDODK�
VHNLWDU� �� ��� $QDOLVLV� PHQJJXQDNDQ� PHWRGH� 1DVK-
6XWFOLIIH�� PHQXQMXNNDQ� KDVLO� NRHILVLHQ� VHNLWDU� ������
DWDX� VHNLWDU� ��� ��� %HUGDVDUNDQ� KDVLO� WHUVHEXW�� PDND�
GDSDW�GLNDWDNDQ�EDKZD�NLQHUMD�GDUL�PRGHO�+66�'30$
-,2+�VDQJDW�EDLN� 

������'$6�WXNDG�1\XOLQJ-7L\LQJWDOL 

8MLFRED� PRGHO� +66� '30$-,2+� GLODNXNDQ� GL� '$6�
7XNDG� 1\XOLQJ�7L\LQJWDOL�� '$6� 7XNDG� 1\XOLQJ-
7L\LQJWDOL� PHPLOLNL� SDQMDQJ� DOXU� XWDPD� ������� NP��
'$6� 7XNDG� 1\XOLQJ� GHQJDP� WLWLN� RXWOHW� SDGD� ORNDVL�
SRV� GXJD� DLU� 7L\LQJWDOL�PHPLOLNL� OXDV� VHNLWDU� ��������
NP��� '$6� 7XNDG� 1\XOLQJ�7L\LQJWDOL� PHPLOLNL�
NHPLULQJDQ�'$6� VHNLWDU� ������P�NP� GHQJDQ� NHOLOLQJ�
EDWDV� '$6� VHNLWDU� ������ NP�� VHSHUWL� WHUOLKDW� SDGD�
*DPEDU� ��� .DUDNWHULVWLN� KXMDQ� HNWUHP� \DQJ�PHQMDGL�
GDVDU� GDODP� SHUKLWXQJDQ� LQL� PHQJJXQDNDQ� GDWD� SRV�
KXMDQ�$PODSXUD��.DUDQJDVHP���GHQJDQ�UDWD-UDWD�KXMDQ�
PDNVLPXP�WDKXQDQ�VHNLWDU�����PP�KDUL�� 

,QIRUPDVL�WHUVHEXW�GL�DWDV�GLJXQDNDQ�XQWXN�PHQJKLWXQJ�
KLGURJUDI� VDWXDQ� VLQWHWLV� GL� '$6� WHUVHEXW�� +DVLO�

*DPEDU����%DWDV�'$6�7XNDG�%DGXQJ-'HQSDVDU 

*DPEDU����+LGURJUDI�VDWXDQ�VLQWHWLV�GDQ�SHQJDPDWDQ�GL�
'$6�7XNDG�%DGXQJ-'HQSDVDU 

*DPEDU����%DWDV�ORNDVL�'$6�WXNDG�1\XOLQJ-7L\LQJWDOL 

*DPEDU�����+LGURJUDI�VDWXDQ�VLQWHWLV�GDQ�SHQJDPDWDQ�GL�
'$6�7XNGD�1\XOLQJ-7L\LQJWDOL 
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*LQWLQJ��8WDPLQLQJVLK� 
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SHUKLWXQJDQ� GHQJDQ� PHQJJXQDNDQ� PRGHO� +66� '30$-
,2+�� GLSHUROHK� KLGURJUDI� VDWXDQ� VLQWHWLV� VHSHUWL� SDGD�
*DPEDU�����+DVLO�SHUKLWXQJDQ�KLGURJUDI�VLQWHWLV�WHUVHEXW�
VHODQMXWQ\D� GLEDQGLQJNDQ� GHQJDQ� KLGURJUDI� VDWXDQ�
SHQJDPDWDQ� \DQJ� WHUGDSDW� SDGD� ORNDVL� VWXGL�� +LGURJUDI�
GHELW� SHQJDPDWDQ� GLSHUROHK� GDUL� KDVLO� VWXGL� /LPDQWDUD��
/�0��� ��������'DWD�KLGURJUDI�GHELW�SHQJDPDWDQ� WHUVHEXW��
VHODQMXWQ\D� GLDQDOLVLV� XQWXN� PHQGDSDWNDQ� KLGURJUDI�
VDWXDQ� SHQJDPDWDQ�� 7HUGDSDW� HPSDW� NHMDGLDQ� KLGURJUDI�
EDQMLU� \DQJ� \DQJ�GLDQDOLVLV� XQWXN�PHGDSDWNDQ� KLGURJUDI�
VDWXDQ� SHQJDPDWDQ� \DLWX� WDQJJDO� ��� 0DU� ������ �)HE�
��������)HE�������GDQ����-DQ�������.HHPSDW�KLGURJUDI�
VDWXDQ� SHQJDPDWDQ� WHUVHEXW� NHPXGLDQ� GLUDWD-UDWD� XQWXN�
GLJXQDNDQ� GDODP� PHQLODL� NLQHUMD� PRGHO� +66� '30$-
,2+�� +DVLO� GHELW� SXQFDN� KLGURJUDI� VDWXDQ� SHQJDPDWDQ�
GLSHUROHK� VHNLWDU� ����� P��V�PP�� VHPHQWDUD� EHUGDVDUNDQ�
KDVLO� SHUKLWXQJDQ� GHQJDQ� PHQJJXQDNDQ� +66� '30$-
,2+� GLSHUROHK� KDVLO� VHNLWDU� ����� P��V�PP�� 3HUEHQGDDQ�
DQWDUD� KDVLO� SHUKLWXQJDQ� GHELW� SXQFDN� GHQJDQ� GDWD�
SHQJDPDWDQ� WHUMDGL� VHNLWDU� ��� ��� 3HQLODLDQ� NHFRFRNDQ�
JUDILN�KLGURJUDI�VDWXDQ�\DQJ�GLKDVLONDQ�GLODNXNDQ�GHQJDQ�
PHQJJXQDNDQ� PHWRGH� 1DVK-6XWFOLIIH�� +DVLO� DQDOLVLV�
PHQJKDVLONDQ� NRHILVLHQ� 1DVK-6XWFOLIIH� VHNLWDU� ����� ���
VHKLQJJD�GDSDW�GLNDWDNDQ�EDKZD�NLQHUMD�GDUL�PRGHO�+66�
'30$-,2+�VDQJDW�EDLN� 

������'$6�.HQGLOR 

8MLFRED� PRGHO� +66� '30$-,2+� GLODNXNDQ� GL� '$6�
.HQGLOR�� GL� 3XODX� .DOLPDQWDQ�� '$6� .HQGLOR� PHPLOLNL�
SDQMDQJ� DOXU� XWDPD� ������� NP��'$6�.HQGLOR�PHPLOLNL�
OXDV� VHNLWDU� �������� NP��� '$6� .HQGLOR� PHPLOLNL�
NHPLULQJDQ� '$6� VHNLWDU� ������ P�NP� GHQJDQ� NHOLOLQJ�
EDWDV� '$6� VHNLWDU� �������� NP�� VHSHUWL� WHUOLKDW� SDGD�
*DPEDU� ���� .DUDNWHULVWLN� KXMDQ� HNVWULP� \DQJ� WHUMDGL�
'$6� .HQGLOR� GLDQDOLVLV� GDUL� GDWD� SHQJDPDWDQ� GL� SRV�
KXMDQ� 7DQDK� *URJRW� GHQJDQ� UDWD-UDWD� KXMDQ� PDNVLPXP�
WDKXQDQ�VHNLWDU�������PP�KDUL�� 

.DUDNWHULVWLN�'$6�GDQ� KXMDQ� HNVWULP� \DQJ� GLSHUROHK� GL�
DWDV� GLJXQDNDQ� XQWXN� PHQJKLWXQJ� KLGURJUDI� VDWXDQ�
VLQWHWLV� GL� '$6� WHUVHEXW�� +DVLO� SHUKLWXQJDQ� GHQJDQ�
PHQJJXQDNDQ� PRGHO� +66� '30$-,2+�� GLSHUROHK� GHELW�
SXQFDN� KLGURJUDI� VDWXDQ� VLQWHWLV� VHNLWDU� ������ P��V�PP�
VHGDQJNDQ� GHELW� SXQFDN� KLGURJUDI� VDWXDQ� SHQJDPDWDQ�
VHNLWDU� ������ P��V�PP�� GDUL� KDVLO� WHUVHEXW� GLSHUROHK�
SHUEHGDDQ�GHELW�SXQFDN�OHELK�WLQJJL�VHNLWDU���������+DVLO�
SHUKLWXQJDQ� KLGURJUDI� VLQWHWLV� WHUVHEXW� VHODQMXWQ\D�
GLEDQGLQJNDQ�GHQJDQ�KLGURJUDI�VDWXDQ�SHQJDPDWDQ�\DQJ�
WHUGDSDW� SDGD� ORNDVL� VWXGL�� +LGURJUDI� GHELW� SHQJDPDWDQ�
GLSHUROHK�GDUL�KDVLO� VWXGL�/LPDQWDUD��/�0��� ��������'DWD�
KLGURJUDI� GHELW� SHQJDPDWDQ� WHUVHEXW�� VHODQMXWQ\D�
GLDQDOLVLV� XQWXN� PHQGDSDWNDQ� KLGURJUDI� VDWXDQ�
SHQJDPDWDQ�� VHSHUWL� WHUOLKDW� SDGD�*DPEDU� ��� 7HUGDSDW�
WLJD�NHMDGLDQ�KLGURJUDI�EDQMLU�\DQJ�\DQJ�GLDQDOLVLV�XQWXN�
PHGDSDWNDQ� KLGURJUDI� VDWXDQ� SHQJDPDWDQ� \DLWX� WDQJJDO�
��� )HE� ������ ��� )HE� ������ GDQ� ��� 1RY� ������ .HWLJD�
KLGURJUDI� VDWXDQ� SHQJDPDWDQ� WHUVHEXW� GLUDWD-UDWD� XQWXN�
GLJXQDNDQ� GDODP� PHQLODL� NLQHUMD� PRGHO� +66� '30$-
,2+��.HFRFRNDQ�JUDILN�KLGURJUDI� VDWXDQ� VLQWHWLV�GHQJDQ�
KLGURJUDI� VDWXDQ� SHQJDPDWDQ� GLDQDOLVLV� PHQJJXQDNDQ�
PHWRGH� 1DVK-6XWFOLIIH�� +DVLO� DQDOLVLV� WHUVHEXW�
PHQJKDVLONDQ� NRHILVLHQ�1DVK-6XWFOLIIH� VHNLWDU� ���������
1LODL� NRHILVLHQ� \DQJ� GLSHUROHK� FXNXS� NHFLO� VHKLQJJD�
GDSDW�GLNDWDNDQ�EDKZD�KDVLO�EHQWXN�KLGURJUDI�GDUL�PRGHO�
+66�'30$-,2+�SDGD�'$6�.HQGLOR�WLGDN�VHVXDL�GHQJDQ�

*DPEDU�����+LGURJUDI�VDWXDQ�VLQWHWLV�GDQ�SHQJDPDWDQ�GL�
'$6�.HQGLOR 

*DPEDU�����%DWDV�ORNDVL�'$6�.HQGLOR 

NHQ\DWDDQ�� 5HQGDKQ\D� QLODL� NRHILVLHQ� 1DVK-6XWFOLIIH�
SDGD� '$6� .HQGLOR� GDSDW� GLVHEDENDQ� ROHK� NDUHQD�
EHQWXN� '$6� .HQGLOR� PHQ\HUXSDL� EHQWXN� UDGLDO��
VHKLQJJD� SDUDPHWHU� XQWXN� OHEDU� '$6� �PHDQ� EDVLQ�
ZLGWK��FXNXS�EHVDU�� 

������'$6�6LQJNR\R 

'$6� 6LQJNR\R� EHUDGD� GL� 3XODX� 6XODZHVL� 3URYLQVL�
6XODZHVL� 7HQJDK�� /XDV� '$6� 6LQJNR\R� VHNLWDU� �������
NP��� GHQJDQ�SDQMDQJ� VXQJDL� XWDPD� VHNLWDU� �������NP��
'$6� 6LQJNR\R� PHPLOLNL� NHPLULQJDQ� '$6� VHNLWDU�
�������P�NP�GHQJDQ�NHOLOLQJ�EDWDV�'$6�VHNLWDU��������
NP�� .DUDNWHULVWLN� KXMDQ� PDNVLPXP� GL� '$6� 6LQJNR\R�
GLSHUROHK� GDUL� SRV� KXMDQ� 6DXVX� GL� 3DULJL� 0RXWRQJ�
GHQJDQ� UDWD-UDWD� KXMDQ� PDNVLPXP� WDKXQDQ� VHNLWDU�
������� PP�KDUL�� $GDSXQ� EDWDV� '$6� 6LQJNR\R� GDSDW�
GLOLKDW�SDGD�*DPEDU�����%HUGDVDUNDQ�LQIRUPDVL�GL�DWDV��
PDND� GDSDW� GLKLWXQJ� KLGURJUDI� VDWXDQ� VLQWHWLV� XQWXN�
'$6�WHUVHEXW��+DVLO�SHUKLWXQJDQ�GHQJDQ�PHQJJXQDNDQ�
+66� '30$-,2+�� GLSHUROHK� KLGURJUDI� VDWXDQ� VLQWHWLV�
VHSHUWL� SDGD�*DPEDU� ���� +DVLO� SHUKLWXQJDQ� KLGURJUDI�
VLQWHWLV� WHUVHEXW� GLEDQGLQJNDQ� GHQJDQ� KLGURJUDI� VDWXDQ�
SHQJDPDWDQ�\DQJ� WHUGDSDW�SDGD� ORNDVL� VWXGL��+LGURJUDI�
SHQJDPDWDQ� GLSHUROHK� GDUL� KDVLO� VWXGL� 7XQDV�� ,�*���
��������'DWD�KLGURJUDI�SHQJDPDWDQ�WHUVHEXW�VHODQMXWQ\D�
GLDQDOLVLV� XQWXN� PHQGDSDWNDQ� KLGURJUDI� VDWXDQ�
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3HQJHPEDQJDQ�0RGHO�+LGURJUDI«����� 
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*DPEDU�����%DWDV�ORNDVL�'$6�6LQJNR\R 

*DPEDU�����+LGURJUDI�VDWXDQ�VLQWHWLV�GDQ�SHQJDPDWDQ�GL�
'$6�6LQJNR\R 

SHQJDPDWDQ�� 7HUGDSDW� EHEHUDSD� NHMDGLDQ� KLGURJUDI�
EDQMLU� \DQJ� DNDQ� GLEDQGLQJNDQ� GHQJDQ� KLGURJUDI�
VLQWHWLV� VHSHUWL� SDGD� NHMDGLDQ� EDQMLU� WDQJJDO� ��� -DQ�
������ ��� -DQ� ������ �� $SULO� ������ ���$SULO� ������ ���
0HL� ����� GDQ� ��� -XOL� ������ 'HELW� SXQFDN� KLGURJUDI�
VDWXDQ� SHQJDPDWDQ� GDUL� EHEHUDSD� NHMDGLDQ� WHUVHEXW�
PHQJKDVLONDQ� UDWD� VHNLWDU� ����� P��V�PP�� VHGDQJNDQ�
EHUGDVDUNDQ� KDVLO� SHUKLWXQJDQ� GHQJDQ� +66� '30$-
,2+� GLSHUROHK� VHNLWDU� ����� P��V�PP�� 7HUGDSDW�
SHUEHGDDQ�VHNLWDU�������XQWXN�GHELW�SXQFDN�KLGURJUDI�
VDWXDQ�� .LQHUMD� XQWXN� EHQWXN� KLGURJUDI� VDWXDQ�
GLODNXNDQ� GHQJDQ� PHPEDQGLQJNDQ� DQWDUD� UDWD-UDWD�

KLGURJUDI� VDWXDQ�SHQJDPDWDQ� GHQJDQ�KLGURJUDI� VDWXDQ�
VLQWHWLV� PHQJJXQDNDQ� PHWRGH� 1DVK-6XWFOLIIH�� +DVLO�
NRHILVLHQ� 1DVK-6XWFOLIIH� GLSHUROHK� VHNLWDU� ������ ��
\DQJ�PHQJLQGLNDVLNDQ�EDKZD�KLGURJUDI�VDWXDQ�VLQWHWLV�
GHQJDQ� KLGURJUDI� VDWXDQ� SHQJDPDWDQ� PHPLOLNL�
NHFRFRNDQ�EHQWXN�\DQJ�EDLN� 

���.HVLPSXODQ� 

· 0RGHO� KLGURJUDI� VDWXDQ� VLQWHWLV� EDQ\DN� GLJXQDNDQ�
GDODP� SHUHQFDQDDQ� VXPEHU� GD\D� DLU� GL� ,QGRQHVLD��
+LGURJUDI� VDWXDQ� VLQWHWLV� KDQ\D� PHPHUOXNDQ�
NDUDNWHULVWLN� '$6� XQWXN� GDSDW� PHPSHUNLUDNDQ�
KLGURJUDI� VDWXDQ�GDODP�UDQJND�PHPEXDW� LQIRUPDVL�
KLGURJUDI� EDQMLU�� 0HWRGH� '30$-,2+� VDDW� LQL�
KDQ\D� GDSDW� PHQJKLWXQJ� UDWD-UDWD� GHELW� EDQMLU�

WDKXQDQ��VHPHQWDUD�GDODP�SHUHQFDQDDQ�LQIUDVWUXNWXU�
VXPEHU� GD\D� DLU�� XPXPQ\D�PHPHUOXNDQ� LQIRUPDVL�
KLGURJUDI� EDQMLU��8QWXN�PHQJDWLVLSDVL� KDO� WHUVHEXW��
PDND� GLODNXNDQ� SHQJHPEDQJDQ� PHWRGH� '30$-
,2+� PHQMDGL� PRGHO� KLGURJUDI� VDWXDQ� VLQWHWLV��
0RGHO� WHUVHEXW� GLQ\DWDNDQ� GHQJDQ� +66� '30$-
,2+�� 

· 0RGHO� +66� '30$-,2+� PHPLOLNL� IXQJVL�
SHUVDPDDQ� XQWXN� PHQJKLWXQJ� GHELW� SXQFDN�
KLGURJUDI� VDWXDQ�TS��� IXQJVL� SHUVDPDDQ� ZDNWX� NH�
SXQFDN� �WS��� IXQJVL� SHUVDPDDQ� XQWXN� ZDNWX� GDVDU�
�7%���GDQ� IXQJVL�SHUVDPDDQ�XQWXN�PHPEXDW�JUDILN�
NXUYD� QDLN� GDQ� WXUXQ� �ULVLQJ� DQG� UHFHVVLRQ� OLPE���
6HODLQ� IXQJVL� SHUVDPDDQ� NXUYD� QDLN� GDQ� WXUXQ��
GLWHUDSNDQ�MXJD�IXQJVL�GLVWULEXVL�SUREDELOLWDV�VHSHUWL�
GLVWULEXVL� JDPPD� XQWXN� PHPEHQWXN� JUDILN�
KLGURJUDI�� VHKLQJJD� PRGHO� +66� '30$-,2+�
PHPLOLNL� GXD� SLOLKDQ� GDODP� PHPEHQWXN� JUDILN�
KLGURJUDIQ\D�� 

· 0RGHO� +66� '30$-,2+� \DQJ� WHODK� GLKDVLONDQ��
OHELK� ODQMXW� GLODNXNDQ� XMLFRED� SDGD� EHEHUDSD�'$6�
GL� ,QGRQHVLD�� /RNDVL� '$6� \DQJ� GLODNXNDQ� XMLFRED�
DGDODK� '$6� &LOLZXQJ-.DWXODPSD� �3XODX� -DZD���
'$6� 3DOXQJ-6XURGDGL� �3XODX� /RPERN��� '$6�
7XNDG�%DGXQJ-'HQSDVDU� �3XODX�%DOL���'$6�7XNDG�
1\XOLQJ-7L\LQJWDOL� �3XODX� %DOL��� '$6� .HQGLOR�
�3XODX� .DOLPDQWDQ�� GDQ� '$6� 6LQJNR\R� �3XODX�
6XODZHVL��� +DVLO� XMLFRED� \DQJ� GLODNXNDQ� SDGD�
EHEHUDSD� '$6� WHUVHEXW�� GLSHUROHK� KDVLO� NLQHUMD�
PRGHO� +66� '30$-,2+� EHUGDVDUNDQ� NRHILVLHQ�
1DVK-6XWFOLIIH� GLDWDV� ��� ��� QDPXQ� WHUGDSDW� VDWX�
ORNDVL� '$6� \DQJ� PHPEHULNDQ� NLQHUMD� PRGHO�
GHQJDQ� NRHILVLHQ� 1DVK-6XWFOLIIH� GLEDZDK� ��� ��
\DLWX� SDGD� '$6� .HQGLOR�� +DO� LQL� GLVHEDENDQ�
NHVDODKDQ�GDODP�PHPSUHGLNVL�ZDNWX�NH�SXQFDN��WS��
\DQJ� FXNXS� EHVDU� NDUHQD� EHQWXN� '$6� .HQGLOR�
EHUEHQWXN�UDGLDO�VHKLQJJD�OHEDU�'$6Q\D�EHVDU� 

���'DIWDU�3XVWDND� 

$URQ�� *�� DQG� :KLWH�� (�/��� ������ )LWWLQJ� D� JDPPD-
GLVWULEXWLRQ� RYHU� D� V\QWKHWLF� XQLW-K\GURJUDSK��
:DWHU�5HVRXUFHV�%XOOHWLQ�������–��� 

%DGDQ�6WDQGDU�1DVLRQDO��������7DWD�FDUD�SHUKLWXQJDQ�
GHELW� EDQMLU�� 6WDQGDU� 1DVLRQDO� ,QGRQHVLD� 1R�
������%DGDQ�6WDQGDU�1DVLRQDO� 

%HUQDUG��0���������$Q�DSSURDFK�WR�GHWHUPLQDWH�VWUHDP�
IORZ�� 7UDQVDFWLRQV� RI� WKH� $PHULFDQ� 6RFLHW\� RI�
&LYLO�(QJLQHHUV����������–���� 

%KDWWDFKDUM\D�� 5�.��� ������ 2SWLPDO� GHVLJQ� RI� XQLW�
K\GURJUDSKV� XVLQJ� SUREDELOLW\� GLVWULEXWLRQ� DQG�
JHQHWLF�DOJRULWKPV��6DGKDQD������������-���� 

%KXQ\D��3�.���0LVKUD��6�.��DQG�%HUQGWVVRQ��5���������
6LPSOLILHG� WZR� SDUDPHWHU� JDPPD� GLVWULEXWLRQ�
IRU� GHULYDWLRQ� RI� V\QWKHWLF� XQLW� K\GURJUDSK��
-RXUQDO�RI�+\GURORJLFDO�(QJLQHHULQJ�����������-
���� 

%KXQ\D�� 3�� .��� 0LVKUD�� 6�� .��� 2MKD�� &�� 6�� 3�� DQG�
%HUQGWVVRQ�� 5��� ������ 3DUDPHWHU� HVWLPDWLRQ� RI�
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*LQWLQJ��8WDPLQLQJVLK� 
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%HWDGLVWULEXWLRQ�IRU�XQLW�K\GURJUDSK�GHULYDWLRQ��-��
+\GURO��(QJ��$6&(�����������–���� 

%KXQ\D��3�.��� HW� DO��� ������+\EULG�PRGHO� IRU� GHULYDWLRQ�
RI� V\QWKHWLF� XQLW� K\GURJUDSK�� -RXUQDO� RI�
+\GURORJLF� (QJLQHHULQJ�� ��� ����� ���–�����
GRL����������$6&(�����-�������������������� 

%KXQ\D�� 3�.��� HW� DO��� ������ 6XLWDELOLW\� RI� JDPPD�� FKL-
VTXDUH��:HLEXOO�DQG�EHWD�GLVWULEXWLRQV�DV�V\QWKHWLF�
XQLW�K\GURJUDSKV��-RXUQDO�RI�+\GURORJ\���������–
����GRL���������M�MK\GURO������������ 

%KXQ\D��3�.���HW�DO���������&RPSDULVRQ�EHWZHHQ�:HLEXOO�
DQG� JDPPD� GLVWULEXWLRQV� WR� GHULYH� V\QWKHWLF� XQLW�
K\GURJUDSK�XVLQJ�+RUWRQ�UDWLRV��:DWHU�5HVRXUFHV�
5HVHDUFK�� ���� :������ GRL����������
����:5������� 

%KXQ\D�� 3�.��� 6LQJK�� 3�.��� DQG� 0LVKUD�� 6�.��� ������
)UpFKHW� DQG� FKLVTXDUH� SDUDPHWULF� H[SUHVVLRQV�
FRPELQHG�ZLWK�+RUWRQ�UDWLRV�WR�GHULYH�D�V\QWKHWLF�
XQLW� K\GURJUDSK��+\GURORJLFDO� 6FLHQFHV� -RXUQDO��
�����������–�����GRL���������K\VM��������� 

%R\G�� 0�-��� ������ $� VWRUDJH-URXWLQJ� PRGHO� UHODWLQJ�
GUDLQDJH� EDVLQ� K\GURORJ\� DQG� JHRPRUSKRORJ\��
+\GURORJLFDO�6FLHQFHV�%XOOHWLQ��������–��� 

&LHSLHORZVNL�� $��� ������ 6WDWLVWLFDO� PHWKRGV� RI�
GHWHUPLQLQJ� W\SLFDO� ZLQWHU� DQG� VXPPHU�
K\GURJUDSKV� RI� XQJDXJHG� FDWFKPHQWV�� ,Q�� 6LQJK��
Y�3���HG����ULHGHO��GRUGUHFKW��WKH�QHWKHUODQGV��)ORRG�
+\GURORJ\� 

&ODUN��&��2���������6WRUDJH�DQG�XQLW�K\GURJUDSK��7UDQV��
$P��6RF��&LYLO�(QJUV����������–����� 

&UROH\� ,,��� 7�(��� ������ *DPPD� V\QWKHWLF� K\GURJUDSKV��
-RXUQDO� RI� +\GURORJ\�� ���� ��–����
GRL�������������-�������������-�� 

&KRZ�� 9�� 7��� ������ +DQGERRN� RI� $SSOLHG� +\GURORJ\��
0F�*UDZ-+LOO�%RRN�&R��,QF���1HZ�<RUN 

'LVNLQ�� 0�+��� ,QFH�� 0��� DQG� .ZDEHQD�� 2�1��� ������
3DUDOOHO� FDVFDGHV� PRGHO� IRU� XUEDQ� ZDWHUVKHGV��
-RXUQDO� RI� +\GUDXOLFV� 'LYLVLRQ�� 3URFHHGLQJV�
$6&(��������������–��� 

'LUHNWRUDW� 3HQ\HOLGLNDQ� 0DVDODK� $LU� GDQ� ,QVWLWXWH� RI�
+\GURORJ\��������)ORRG�'HVLJQ�0DQXDO�IRU�-DYD�
DQG� 6XPDWHUD�� *RYHUQPHQW� RI� 7KH� 5HSXEOLF� RI�
,QGRQHVLD��0LQLVWU\�RI�3XEOLF�:RUNV��'LUHFWRUDWH�
*HQHUDO�RI�:DWHU�5HVRXUFHV�'HYHORSPHQW� 

'RRJH�� -�� &�� ,��� ������ $� JHQHUDO� WKHRU\� RI� WKH� XQLW�
K\GURJUDSK��-��*HRSK\V��5HV������������–����� 

(GVRQ�� &�� *��� ������ 3DUDPHWHUV� IRU� UHODWLQJ� XQLW�
K\GURJUDSK� WR� ZDWHUVKHG� FKDUDFWHULVWLFV�� 7UDQV��
$P��*HRSK\V��8QLRQ�����������–����� 

(VSH\��:��+��DQG�$OWPDQ��'��*���������1RPRJUDSK� IRU�
��-PLQXWH�XQLW�K\GURJUDSKV�IRU�VPDOO�ZDWHUVKHGV��
$GGHQGXP� �� RI�8UEDQ�5XQRII� &RQWURO� 3ODQQLQJ��

5HSRUW� (3$-�����-��-����� (QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��:DVKLQJWRQ�'&��86$�� 

(VSH\��:��+���-U��$OWPDQ��'��*��DQG�*UDYHV��&��%���-U���
������ 1RPRJUDSK� IRU� ��� PLQXWHV� XQLW�
K\GURJUDSKV� IRU� XUEDQ� ZDUWHUVKHGV�� 7HFK��
0HPR�� ���� $P�� 6RF�� &LYLO� (QJUV�� 1HZ� <RUN��
86$�� 

*LQWLQJ��6���������.DMLDQ�GDQ�(IHNWLYLWDV�3HQJHQGDOLDQ�
%DQMLU� GL� '.,� -DNDUWD�� 7HVLV� 0DJLVWHU�
3HQJHORODDQ� 6XPEHU� 'D\D� $LU�� ,QVWLWXW�
7HNQRORJL� %DQGXQJ�� %DQGXQJ� �WLGDN�
GLSXEOLNDVLNDQ�� 

*LQWLQJ�� 6��� ������ +LGURJUDI� VDWXDQ� VLQWHWLV� �+66��
'30$-,2+� GDQ� $SOLNDVLQ\D�� 3URVLGLQJ�
3HUWHPXDQ� ,OPLDK�7DKXQDQ� �3,7��+$7+,�NH����
GL�.XSDQJ 

*KRUEDQL�� 0�� $��� .DVKDQL�� 0�� +��� DQG� 6DED� =H\QDOL��
������ 'HYHORSPHQW� RI� 6\QWKHWLF� 8QLW�
+\GURJUDSK�8VLQJ�3UREDELOLW\�0RGHOV��5HVHDUFK�
LQ�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��������
�������-��� 

*UD\��'��0���������6\QWKHWLF�XQLW�K\GURJUDSK�IRU�VPDOO�
GUDLQDJH�DUHDV��-��+\GUDXO��'LY��$6&(����������
–��� 

*UD\��'�0���������'HULYDWLRQ�RI�+\GURJUDSKV�IRU�6PDOO�
:DWHUVKHGV� )URP� 0HDVXUDEOH� 3K\VLFDO�
&KDUDFWHULVWLFV�� 5HVHDUFK� %XOOHWLQ� �����
$JULFXOWXUDO� DQG� +RPH� (FRQRPLF� ([SHULPHQW�
6WDWLRQ� ,RZD� 6WDWH� 8QLYHUVLW\� RI� 6FLHQFH� DQG�
7HFKQRORJ\ 

*XSWD�� 9�.���:D\PLUH�� (��� DQG�:DQJ�� &�7��� ������ $�
UHSUHVHQWDWLRQ� RI� DQ� LQVWDQWDQHRXV� XQLW�
K\GURJUDSK� IURP� JHRPRUSKRORJ\�� :DWHU�
5HVRXUFHV� 5HVHDUFK�� ��� ����� ���–�����
GRL����������:5���L���S������ 

+DNWDQLU�� 7��� DQG� 6H]HQ�� 1��� ������ 6XLWDELOLW\� RI� WZR-
SDUDPHWHU� JDPPD� GLVWULEXWLRQ� DQG� WKUHH-
SDUDPHWHU� EHWD� GLVWULEXWLRQ� DV� V\QWKHWLF�
K\GURJUDSKV� LQ� $QDWROLD��+\GURO�� 6FL�� -��� ��� ���
���–���� 

-HQD��6�.��DQG�7LZDUL��.�1���������0RGHOLQJ�V\QWKHWLF�
XQLW� K\GURJUDSK� SDUDPHWHUV� ZLWK�
JHRPRUSKRORJLF� SDUDPHWHUV� RI� ZDWHUVKHGV�� -��
+\GURO��������� 

/LPDQWDUD�� /�0��� ������ 0RGHO� +LGURJUDI� 6DWXDQ�
6LQWHWLV�XQWXN�'$6-'$6�GL�6HEDJLDQ�,QGRQHVLD��
'LVHUWDVL�'RNWRU��8QLYHUVLWDV�%UDZLMD\D� 

0F&XHQ�� 5�+��� ������+\GURORJLF� DQDO\VLV� DQG� GHVLJQ��
(QJOHZRRG�&OLIIV��1-��3UHQWLFH-+DOO� 

0RQGDO�� 6�.��� -DQD�� 6���0���0�� DQG�5R\��'��� ������$�
FRPSDUDWLYH�VWXG\�IRU�SUHGLFWLRQ�RI�GLUHFW�UXQRII�
IRU� D� ULYHU� EDVLQ� XVLQJ� JHRPRUSKRORJLFDO�
DSSURDFK�DQG�DUWLILFLDO�QHXUDO�QHWZRUNV��$SSOLHG�
:DWHU�6FLHQFH���������-�� 



�� :ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů 

3HQJHPEDQJDQ�0RGHO�+LGURJUDI«����� 
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1DGDUDMDK�� 6��� ������ 3UREDELOLW\� PRGHOV� IRU� XQLW�
K\GURJUDSK� GHULYDWLRQ�� -RXUQDO� RI� +\GURORJ\��
����� ���–����� GRL���������M��
MK\GURO������������� 

1DVK�� -�� (��� ������ 'HWHUPLQLQJ� UXQRII� IURP� UDLQIDOO��
3URF��,QVWQ�&LYLO�(QJUV�/RQGRQ��������–����� 

1DVK�� -�� (��� ������ 6\VWHPDWLF� GHWHUPLQDWLRQ� RI� XQLW�
K\GURJUDSK�SDUDPHWHUV��-��*HRSK\V��5HV���������
���–����� 

1DVK�� -�� (��� ������ $� XQLW� K\GURJUDSK� VWXG\� ZLWK�
SDUWLFXODU�UHIHUHQFH�WR�%ULWLVK�FDWFKPHQWV��3URF��
,QVWQ�&LYLO�(QJUV�/RQGRQ��������–���� 

1DVK�� -�(��� ������ 6\QWKHWLF� GHWHUPLQDWLRQ� RI� XQLW�
K\GURJUDSK�SDUDPHWHUV��-RXUQDO�RI�*HRSK\VLFDO�
5HVHDUFK������������-������ 

1DVK�� -�� (�� DQG� 6XWFOLIIH�� -�� 9��� ������ 5LYHU� IORZ�
IRUHFDVWLQJ�WKURXJK�FRQFHSWXDO�PRGHOV�SDUW�,�—�
$� GLVFXVVLRQ� RI� SULQFLSOHV�� -�� +\GURO��� �������
���–����� GRL�������������-�������������-���
������ 

5DL��5�.��� 6DUNDU�� 6���8SDGK\D\��$�� DQG�6LQJK��9�3���
������ (IILFDF\� RI� QDNDJDPL-P� GLVWULEXWLRQ�
IXQFWLRQ� IRU� GHULYLQJ� XQLW� K\GURJUDSK�� :DWHU�
5HVRXUFHV�0DQDJHPHQW������������-����� 

5RGUtJXH]-,WXUEH�� ,�� DQG� 9DOGpV�� -��� ������ 7KH�
JHRPRUSKRORJLF� VWUXFWXUH� RI� K\GURORJLF�
UHVSRQVH�� :DWHU� 5HVRXUFHV� 5HVHDUFK�� ��� �����
����–������GRL���������:5���L���S������ 

5RGUtJXH]-,WXUEH�� ,��� 'HYRWR�� *��� DQG� 9DOGpV�� -�%���
������ 'LVFKDUJH� UHVSRQVH� DQDO\VLV� DQG�
K\GURORJLF� VLPLODULW\�� WKH� LQWHUUHODWLRQ�EHWZHHQ�
WKH� JHRPRUSKRORJLF� ,8+� DQG� WKH� VWRUP�
FKDUDFWHULVWLFV�� :DWHU� 5HVRXUFHV� 5HVHDUFK�� ���
����� ����–������ GRL���������
:5���L���S������ 

5RVVR�� ������ 1DVK� PRGHO� UHODWLRQ� WR� +RUWRQ� RUGHU�
UDWLRV��:DWHU�5HVRXU�5HV�����������������-��� 

6RLO� &RQVHUYDWLRQ� 6HUYLFH�� ������ 8VH� RI� VWRUP� DQG�
ZDWHUVKHG� FKDUDFWHULVWLFV� LQ� V\QWKHWLF�
K\GURJUDSK� DQDO\VLV� DQG� DSSOLFDWLRQ�� 9��
0RFNXV��� 86�'HSDUWPHQW� 2I� $JULFXOWXUH�� 6RLO�
&RQVHUYDWLRQ�6HUYLFH��:DVKLQJWRQ��'&�� 

6XOLVW\RZDWL��$���-D\DGL��5��GDQ�5DKDUGMR��$�3����������
8QLW� +\GURJUDSK� 0RGHOLQJ� XVLQJ�
*HRPRUSKRORJLFDO� ,QVWDQWDQHRXV� 8QLW�
+\GURJUDSK� �*,8+�� 0HWKRG�� -RXUQDO� RI� WKH�
&LYLO� (QJLQHHULQJ� )RUXP� 9RO�� �� 1R�� ��
�6HSWHPEHU������ 

6ODPHW�� %��� ������ 0RGHO� +LGURJUDI� 6DWXDQ� 6LQWHWLN�
0HQJJXQDNDQ� 3DUDPHWHU� 0RUIRPHWUL� �6WXGL�
.DVXV� '$6� &LOLZXQJ� +XOX��� 7HVLV� 3URJUDP�
0DJLVWHU�,3%��%RJRU 

6DIDULQD�� $�%��� ������ 5HOLDELOLW\� RI� 1DND\DVX�
6\QWKHWLF� 8QLW� +\GURJUDSK� LQ� 9DULRXV�

:DWHUVKHG� $UHD�� 3URFHHGLQJV� ,QWHUQDWLRQDO�
6HPLQDU� RQ� :DWHU� 5HODWHG� 5LVN� 0DQDJHPHQW��
-DNDUWD����-���-XO\�������SS�����-���� 

6KHUPDQ�� ������ 6WUHDPIORZ� IURP� UDLQIDOO� E\� WKH� XQLW�
K\GURJUDSK� PHWKRG�� � (QJUJ� 1HZV� 5HF� ������
��������-�� 

6LQJK�� 6�� .��� ������ 7UDQVPXWLQJ� V\QWKHWLF� XQLW�
K\GURJUDSKV� LQWR� JDPPD� GLVWULEXWLRQ�� � -��
+\GURORJLF�(QJ������������–���� 

6LQJK�� 9�3�� DQG� &KRZGKXU\�� 3��� ������ 2Q� ILWWLQJ�
JDPPD� GLVWULEXWLRQ� WR� V\QWKHWLF� UXQRII�
K\GURJUDSKV��1RUGLF�+\GURORJ\���������–���� 

6LQJK�� 6�.��� ������ &ODUN¶V� DQG� HVSH\¶V� XQLW�
K\GURJUDSKV� YV� WKH� JDPPD� XQLW� K\GURJUDSK��
+\GURORJLFDO� VFLHQFHV� MRXUQDO�� ������� ����-
������ 

6LQJK�� 6�� .��� ������ 6LPSOLILHG� XVH� RI� JDPPD-
GLVWULEXWLRQ�1DVK�PRGHO�IRU�UXQRII�PRGHOOLQJ��-��
+\GURO��(QJQJ�$6&(����������–����� 

6LQJK�� 6�� .��� ������ 7UDQVPXWLQJ� V\QWKHWLF� XQLW�
K\GURJUDSK� LQWR� D� JDPPD� GLVWULEXWLRQ�� -��
+\GURO��(QJQJ�$6&(����������–����� 

6LQJK�� 3�.��� 0LVKUD� 6�.�� DQG� -DLQ�� 0�.��� ������ $�
UHYLHZ� RI� WKH� V\QWKHWLF� XQLW� K\GURJUDSK�� IURP�
WKH� HPSLULFDO� 8+� WR� DGYDQFHG�
JHRPRUSKRORJLFDO� PHWKRGV�� +\GURORJLFDO�
6FLHQFHV� -RXUQDO�� ������ ���-����� '2,��
����������������������������� 

6Q\GHU�� )�)��� ������ 6\QWKHWLF� XQLW� K\GURJUDSKV��
7UDQVDFWLRQV�$PHULFDQ�*HRSK\VLFDO�8QLRQ������
���-����� 

7D\ORU�� $�� %��� DQG� 6FKZDU]�� +�� (��� ������ 8QLW�
K\GURJUDSK� ODJ� DQG� SHDN� IORZ� UHODWHG� WR� EDVLQ�
FKDUDFWHULVWLFV��7UDQV��$P��*HRSK\V��8QLRQ����
��������–���� 

7XQDV�� ,�*��� ������ 3HQJHPEDQJDQ� 0RGHO� +LGURJUDI�
6DWXDQ� 6LQWHWLN� %HUGDVDUNDQ� .DUDNWHULVWLN�
)UDNWDO� 'DHUDK� $OLUDQ� 6XQJDL�� 'LVHUWDVL�
3URJUDP� 'RNWRU�� ,QVWLWXW� 7HNQRORJL� 6HSXOXK�
1RYHPEHU��6XUDED\D� 

9DOGpV��-�%���)LDOOR��<���DQG�5RGUtJXH]-,WXUEH��,���������
$� UDLQIDOO� UXQRII� DQDO\VLV� RI� WKH�
JHRPRUSKRORJLF� ,8+�� :DWHU� 5HVRXUFHV�
5HVHDUFK�� ��� ����� ����–������ GRL���������
:5���L����S������ 

:HLEXOO�� :��� ������ 7KH� SKHQRPHQRQ� RI� UXSWXUHV� LQ�
VROLGV�� 6WRFNKROP�*HQHUDO� VWDEHQD� /LWRJUDILVND�
$QVWDOWV�)RUODJ������� 
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