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$OO�NLQGV�RI �OLJQR�FHOOXORVH�ILEHU�VWXIIV�DUH�WHFKQLFDOO\�VXLWDEOH�IRU�KDUGERDUG�PDQXIDFWXUH���,Q�,QGRQHVLD��FXUUHQWO\�WKH�
DYDLODEOH�FRQYHQWLRQDO�OLJQR�FHOOXORVH�ILEHUV��HVS��WURSLFDO�QDWXUDO�IRUHVW�ZRRGV��EHFRPH�VFDUFH�DQG�GHSOHWHG��0HDQZKLOH��
GRPHVWLF� ILEHUERDUG�SURGXFWLRQ� LV� ORZHU� WKDQ� LWV� GHPDQGV��$OWHUQDWLYH� ILEHUV�� DEXQGDQWO\� SRWHQWLDO� DQG� ODUJHO\� VWLOO�
XQXWLOL]HG��VKRXOG�EH�LQWURGXFHG��H�J��EDPERR��5HVHDUFK�RQ�EDPERR�XWLOL]DWLRQ�IRU�KDUGERDUG�KDV�EHHQ�FDUULHG�RXW�XVLQJ�WZR�
EDPERR�VSHFLHV�L�H��WDOL�EDPERR��*LJDQWRFKORD�DSXV��DQG�DPSHO�EDPERR��%DPEXVD�YXOJDULV���(DFK�EDPERR�VSHFLHV�
ZDV�SXOSHG�XVLQJ�RSHQ�KRW�VRGD�VHPL�FKHPLFDO�SURFHVV�� �)LYH�SURSRUWLRQV�RI �EDPERR�SXOS�PL[WXUHV�ZHUH�SUHSDUHG�IURP� �
WDOL�EDPERR�SXOS�DQG�DPSHO�EDPERR�SXOSV�L�H��������������������������������������DQG����������
7DQQLQ�UHVRUFLQRO�IRUPDOGHK\GH��75)��DGKHVLYH�ZDV�DGGHG�WR�HDFK�EDPERR�SXOS�PL[WXUHV�DW�WKUHH�GLIIHUHQW�UHVLQ�FRQWHQWV��
L�H���������DQG����EDVHG�RQ�GU\�ZHLJKW�RI �WKH�EDPERR�SXOS�PL[WXUH��%DPERR�KDUGERDUGV�ZHUH�PDQXIDFWXUHG�XVLQJ�ZHW�
IRUPLQJ�SURFHVV�DQG�WKH�UHVXOWHG�ERDUGV�ZHUH�WKHQ�WHVWHG�IRU�WKHLU��SK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV��5HVXOWV�VKRZHG�WKDW�
DGGLWLRQ�RI�75)��XS�WR�����LPSURYHG�KDUGERDUG�SURSHUWLHV��+DUGERDUG�PDGH�IURP�WKH�DPSHO�EDPERR�SXOS��������
SURGXFHG�WKH�KLJKHVW�KDUGERDUG�TXDOLW\��DV�LWV�SURSHUWLHV�PRVWO\�FRQIRUP�ZLWK��WKH�VWDQGDUGV��-,6�DQG�,62��UHTXLUHPHQWV�
IRU�GHQVLW\��PRGXOXV�RI �HODVWLFLW\��02(���PRGXOXV�RI �UXSWXUH��025��DQG�LQWHUQDO�ERQG��,%���ZKLOH�KDUGERDUGV�PDGH�
IURP�WDOL�EDPERR�SXOS��������SRVVHVVHG�WKH�ORZHVW�TXDOLW\��+DUGERDUG�IURP�WDOL�EDPERR�SXOS�DQG�DPSHO�EDPERR�SXOS�
PL[WXUH��DW���������DQG�����������SURSRUWLRQV��DIIRUGHG�WKH�VHFRQG�DQG�WKLUG�SHUIRUPDQFHV��7KH�OHDVW�SURVSHFWLYH�
WDOL�EDPERR�SXOS��������FRXOG�H[SHFWHGO\�EH�LPSURYHG�E\�XVLQJ�PRUH�75)�
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+DUGERDUG�GDSDW�GLEXDW�GDUL�EHUEDJDL�PDFDP�EDKDQ�VHUDW�EHUOLJQR�VHOXORVD��'L�,QGRQHVLD�GHZDVD�LQL�
NHWHUVHGLDDQ� EDKDQ� EDNX� VHUDW� NRQYHQVLRQDO� �NKXVXVQ\D� ND\X� KXWDQ� DODP� WURSLV�� XQWXN� KDUGERDUG�
VHPDNLQ� WHUEDWDV� GDQ� ODQJND�� VHGDQJNDQ� SURGXNVL� GRPHVWLN� KDUGERDUG� EHOXP� GDSDW� PHPHQXKL�
NHEXWXKDQ� \DQJ� DGD�� %DKDQ� EDNX� VHUDW� DOWHUQDWLI � \DQJ� SRWHQVLQ\D� EHUOLPSDK� GDQ� EHOXP� EDQ\DN�
GLPDQIDDWNDQ�SHUOX�GLSHUNHQDONDQ��GLDQWDUDQ\D�EDPEX��3HQHOLWLDQ�SHPDQIDDWDQ�EDPEX�VHEDJDL�EDKDQ�
EDNX�SHPEXDWDQ�KDUGERDUG�WHODK�GLODNXNDQ�GHQJDQ�PHPDQIDDWNDQ�GXD�MHQLV�EDPEX�\DLWX�EDPEX�WDOL�
�*LJDQWRFKORD�DSXV���GDQ�EDPEX�DPSHO��%DPEXVD�YXOJDULV���0DVLQJ�PDVLQJ�MHQLV�EDPEX�GLRODK�PHQMDGL�SXOS�
GHQJDQ�SURVHV�VHPL�NLPLD�VRGD�SDQDV�WHUEXND�� �+DUGERDUG�GLEXDW�GHQJDQ���SURSRUVL�FDPSXUDQ�SXOS�
EDPEX�WDOL���EDPEX�DPSHO�\DLWX�������������������������������������GDQ����������7LDS�
SURSRUVL�GLWDPEDKNDQ�SHUHNDW�WDQLQ�UHVRUVLQRO�IRUPDOGHKLGD��75)��VHEHVDU��������DQG����GDUL�EHUDW�
NHULQJ�SXOS��/HPEDUDQ�KDUGERDUG�GLEHQWXN�GHQJDQ�FDUD�EDVDK�ODOX�GLXML�VLIDW�ILVLV�GDQ�PHNDQLVQ\D��+DVLO�
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� 3DSDQ� VHUDW� DGDODK� VDODK� VDWX� SURGXN� SDQHO�
KDVLO� UHNRQVWLWXVL� ND\X� DWDX� EDKDQ� EHUVHUDW�
OLJQRVHOXORVD� ODLQ�� 3DSDQ� VHUDW� GLEXDW� GHQJDQ�
SHUWDPD�WDPD�PHQFHUDLEHUDLNDQ�ND\X�DWDX�EDKDQ�
EHUVHUDW�EHUOLJQRVHOXORVD� ODLQ�PHQMDGL�SXOS��GDQ�
VHODQMXWQ\D� GLEHQWXN� PHQMDGL� OHPEDUDQ� SDSDQ�
VHUDW�PHQJJXQDNDQ�FDUD�EDVDK�DWDX�FDUD�NHULQJ��
,NDWDQ� DQWDU� VHUDW� XPXPQ\D� EHUDVDO� GDUL� OLJQLQ�
EDKDQ� LWX� VHQGLUL�� VHKLQJJD�EDKDQ�SHUHNDW� WLGDN�
VHODOX� GLSHUOXNDQ��*XQD�PHPSHUEDLNL� VLIDW�VLIDW�
SDSDQ� VHUDW� VHSHUWL� NHNXDWDQ�� NHWDKDQDQ� DLU��
NHDZHWDQ�� GDQ� NHWDKDQDQ� DSL�� EDKDQ� ODLQ� ELVD�
GLWDPEDKNDQ� VHEDJDL� DGLWLI � LQWHUQDO� VHODPD�
SHPEHQWXNDQ� OHPEDUDQ� DWDX� DGLWLI � HNVWHUQDO��
ILQLVKLQJ� VHVXGDK� OHPEDUDQ� WHUEHQWXN�� VHSHUWL�
SHUHNDW�WKHUPRVHWWLQJ�DWDX�WKHUPRSODVWLF��HPXOVL�OLOLQ��
EDKDQ� ODPLQDVL�FRDWLQJ�� EDKDQ� SHQJDZHW�� EDKDQ�
WDKDQ� DSL�� GDQ� SHUODNXDQ� PLQ\DN�RLO� WHPSHULQJ��
6DODK�VDWX�NHXQWXQJDQ�SDSDQ�VHUDW�DGDODK�GDSDW�
GLEXDW�GDUL�EDKDQ�EHUVHUDW�OLJQR�VHOXORVD�EHUPXWX�
UHQGDK��VHSHUWL�ND\X�EHUXNXUDQ�NHFLO��OLPEDK�ND\X��
OLPEDK� SHUWDQLDQ�� GDQ� OLPEDK� SHUNHEXQDQ�� �
.HJXQDDQ� SDSDQ� VHUDW� EDQ\DN� PHQ\DPDL�� DWDX�
EDKNDQ�ELVD�PHOHELKL��SDSDQ�ND\X�VROLG��/DERVN\��
<RES��-DQRZLDN��	�%ODQNHQKRUQ��������
� %HUGDVDUNDQ�NHUDSDWDQ��SDSDQ�VHUDW�WHUGLUL�GDUL�
WLJD�PDFDP��\DLWX�UHQGDK��SDSDQ�LVRODVL�LQVXODWLRQ�

�
ERDUG�� ���������� J�FP ��� VHGDQJ� �PHGLXP� GHQVLW\�

�
ILEHUERDUG�0')�� ���������� J�FP ��� GDQ� WLQJJL�

�
�KDUGERDUG�� ���������� J�FP ��� 6HPDNLQ� WLQJJL�
NHUDSDWDQ�SDSDQ�VHUDW��PDND�VHPDNLQ�EHVDU�SXOD�
SRWHQVL�NHPDPSXDQQ\D�XQWXN�WXMXDQ�NRQVWUXNVL��
VWUXNWXUDO��6XFKVODQG�	�:RRGVRQ��������7VRXPL��
������
� 'L� ,QGRQHVLD� DUWL� SHQWLQJ� NHJXQDDQ� SDSDQ�
VHUDW� WHUFHUPLQ� GDUL� NHFHQGHUXQJDQ� OHELK�
EHVDUQ\D� YROXPH� LPSRU� SDSDQ� VHUDW� GLEDQGLQJ�
NDQ�YROXPH�HNVSRUQ\D�SDGD�SHULRGH�����������

\DLWX�������������MXWD�NJ�WHUKDGDS������������MXWD�
NJ �%DGDQ� 3XVDW� 6WDWLVWLN�� ������� QL�'DWD� L
PHQXQMXNNDQ�EDKZD�VDDW�LQL�SURGXNVL�SDSDQ�VHUDW�
,QGRQHVLD� EHOXP� GDSDW� PHPHQXKL� NHEXWXKDQ�
GRPHVWLN�
� 0HQXUXW� 6XODVWLQLQJVLK� GDQ� 6DQWRVR� ��������
VDDW� LQL� XVDKD� XQWXN� PHQFDUL� DOWHUQDWLI � EDKDQ�
VHEDJDL� VXEVWLWXVL� ND\X� SHUWXNDQJDQ� VHPDNLQ�
PHQLQJNDW� NDUHQD� SDVRNDQ� EDKDQ� EDNX� ND\X�
XQWXN�LQGXVWUL�SHQJRODKDQ�ND\X�GL�,QGRQHVLD�EDLN�
GDUL� KXWDQ� DODP� PDXSXQ� KXWDQ� WDQDPDQ� WLGDN�
PHQFXNXSL� NHEXWXKDQ� \DQJ� DGD�� 6HKXEXQJDQ�
GHQJDQ� LWX�� SHUOX� GLSHUKDWLNDQ� NHPXQJNLQDQ�
SHPDQIDDWDQ� EDKDQ� VHUDW� DOWHUQDWLI � QRQ�ND\X�
\DQJ� SRWHQVLQ\D� EHUOLPSDK� GDQ� EHOXP� EDQ\DN�
GLPDQIDDWNDQ�� DQWDUD� ODLQ� EDPEX�� %DPEX�
PHUXSDNDQ� VDODK� VDWX� MHQLV� WXPEXKDQ� FHSDW�
WXPEXK��2OHK�NDUHQD�LWX�SHPEXGLGD\DDQ�EDPEX�
PHUXSDNDQ� XVDKD� \DQJ� FHSDW� PHQJKDVLONDQ�
NDUHQD� GDODP� ZDNWX� HPSDW� WDKXQ� VXGDK� GDSDW�
PHODNXNDQ�SHPDQHQDQ�\DQJ�SHUWDPD� �6XOWKRQL��
������� %DPEX� MXJD� PHUXSDNDQ� EDKDQ� EHUVHUDW�
OLJQRVHOXORVD��VHKLQJJD�VHFDUD�WHNQLV�OD\DN�XQWXN�
SXOS� GDQ� SURGXN� WXUXQDQQ\D� WHUPDVXN� SDSDQ�
VHUDW� �KDUGERDUG��� 0HQXUXW� .DQW� ������� GDODP�
)DWULDVDUL��'DPD\DQWL��GDQ�$QLWD�������� �EDPEX�
PHPLOLNL� NDQGXQJDQ� VHOXORVD� ������ WRQ�KD��
WDKXQ�\DLWX�������OHELK�WLQJJL�GDUL�ND\X��'HQJDQ�
GHPLNLDQ�SHPDQIDDWDQ�EDPEX�XQWXN�SDSDQ�VHUDW�
DNDQ�PHPEHULNDQ� GDPSDN� SRVLWLI � VHFDUD� JDQGD�
\DLWX�PHQLQJNDWNDQ�GD\D�JXQD�DWDX�QLODL�WDPEDK�
EDPEX� GDQ� VHFDUD� EHUVDPDDQ� PHUDQJVDQJ�
SHQDQDPDQ� DWDX� EXGLGD\D� EDPEX� VHKLQJJD�
PHQJLQWHQVLINDQ� SHUDQ� SRVLWLIQ\D� WHUKDGDS�
OLQJNXQJDQ�� 0HQXUXW� .ROOPDQQ�� .XHQ]L�� GDQ�
6WDPP� ������� EDKDQ� VHUDW� QRQ� ND\X� VHSHUWL�
EDPEX�GDQ�VDEXW�NHODSD��FRFRN�GLJXQDNDQ�VHEDJDL�
EDKDQ� EDNX� SDSDQ� VHUDW� GDQ� SDSDQ� SDUWLNHO�� �
1XUUDQL��������PHQ\HEXWNDQ�EHEHUDSD�NHOHELKDQ�
\DQJ� GLPLOLNL� ROHK� SDSDQ� VHUDW� GLEDQGLQJNDQ�

SHQHOLWLDQ�PHQXQMXNNDQ�SHQDPEDKDQ�75)�KLQJJD����PHQLQJNDWNDQ�VLIDW�ILVLV�GDQ�PHNDQLV�KDUGERDUG��
+DUGERDUG� GDUL� VHUDW� SXOS� EDPEX� DPSHO� ����� PHPLOLNL� NXDOLWDV� WHUWLQJJL� NDUHQD� VLIDWQ\D� EDQ\DN�
PHPHQXKL�SHUV\DUDWDQ�-,6�GDQ�,62�XQWXN�NHUDSDWDQ��PRGXOXV�HODVWLVLWDV�OHQWXU��02(���PRGXOXV�SDWDK�
�025��GDQ�NHWHJXKDQ�UHNDW�LQWHUQDO��,%���6HPHQWDUD�LWX��KDUGERDUG��GDUL�VHUDW�EDPEX�WDOL������PHPLOLNL�
NXDOLWDV�WHUHQGDK��3HUIRUPD�KDUGERDUG�GDUL�FDPSXUDQ�SXOS�EDPEX�WDOL���EDPEX�DPSHO�SDGD�SURSRUVL�
��������GDQ���������PHPLOLNL�WLQJNDWDQ�NXDOLWDV�SDGD�XUXWDQ�NHGXD�GDQ�NHWLJD��3DSDQ�VHUDW�EDPEX�
WDOL�\DQJ�EHUNXDOLWDV�UHQGDK�GLKDUDSNDQ�GDSDW�GLSHUEDLNL�PHODOXL�SHQDPEDKDQ�SHUHNDW�75)�

.DWD�NXQFL��+DUGERDUG��EDPEX��WDQLQ�UHVRUVLQRO�IRUPDOGHKLGD��VLIDW�ILVLV�PHNDQLV
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.XDOLWDV�+DUGERDUG�GDUL�'XD�-HQLV�%DPEX�GHQJDQ�7DPEDKDQ�7DQLQ�5HVRUVLQRO�)RUPDOGHKLGD
�'LDQ�$QJJUDLQL�,QGUDZDQ��,�0��6XODVWLQLQJVLK��5RVVL�0DUJDUHWK�7DPSXERORQ��*XVWDQ�3DUL��	�$GL�6DQWRVR�

GHQJDQ� SURGXN� SDSDQ� WLUXDQ� ODLQQ\D� DGDODK�
VWUXNWXUQ\D�KRPRJHQ��PHQJKDVLONDQ�SHUPXNDDQ�
SDSDQ�\DQJ�KDOXV�GDQ�OLFLQ��SHUPXNDDQ�SLQJJLUDQ�
\DQJ�NXDW��ELVD�GLXNLU�GDQ�GLEHQWXN�VHSHUWL�ND\X�
DVDOQ\D� �VROLG��� WDKDQ� DEUDVL� GDQ� WLGDN� PXGDK�
UHWDN�SHFDK�
� �6DODK�VDWX EDKDQ�SHUHNDW�EHUEDVLV�IHQRO�\DQJ�
GDSDW�GLJXQDNDQ�XQWXN�PHPSHUEDLNL�SDSDQ�VHUDW�
�WHUPDVXN� �� DGDODK� WDQLQ�IRUPDOGHKLGD�KDUGERDUG
�7)�� GDQ� WDQLQ�UHVRUVLQRO�IRUPDOGHKLGD� �75)���
7)�PHUXSDNDQ�VHQ\DZD�KDVLO�SROLPHULVDVL�DQWDUD�
PRQRPHU� \DQJ� WHUEHQWXN� DNLEDW� UHDNVL� DQWDUD�
WDQLQ�GHQJDQ�IRUPDOGHKLGD��'HPLNLDQ�SXOD��75)�
DGDODK� KDVLO� SROLPHULVDVL PRQRPHU� \DQJ��
WHUEHQWXN�GDUL�UHDNVL�DQWDUD�WDQLQ��UHVRUVLQRO�GDQ�
IRUPDOGHKLGD��7DQLQ�GDSDW�GLSHUROHK�DQWDUD� ODLQ�
GDUL� HNVWUDN� NXOLW� MHQLV� WXPEXKDQ� WHUWHQWX� �WHU�
XWDPD� �VSS����VHKLQJJD�SHUHNDW�7)�GDQ�75)�$FDFLD
PHPLOLNL� VLIDW� WHUEDUXNDQ�� /HELK� ODQMXW�� WDQLQ�
PHUXSDNDQ�SROLIHQRO��GHQJDQ�GHPLNLDQ�GLKDUDS�
NDQ�VLIDW�GDQ�NHPDPSXDQ�SHUHNDW�EHUEDVLV�IHQRO�
WHUVHEXW��7)�GDQ�75)��VHEDQGLQJ�GHQJDQ�SHUHNDW�
ODLQ� \DQJ� EHUEDVLV� IHQRO� GDQ� OD]LP� GLJXQDNDQ��
VHSHUWL� IHQRO�IRUPDOGHKLGD� �3)� GDQ� UHVRUVLQRO��
IRUPDOGHKLD� �5)��� 3HUHNDW� 3)� GDQ� 5)� EHUVLIDW�
WKHUPRVHWWLQJ ZDWHUSURRI�GDQ� �VHKLQJJD�VHVXDL�XQWXN�
WXMXDQ� HNVWHULRU�� .HXQJJXODQ SHUHNDW� 5)� GL��
EDQGLQJNDQ�3) DGDODK�VXKX XQWXN� � �� � FXULQJ �KDUGHQLQJ

OHELK�UHQGDK��+XVVHLQ��,EUDKLP��	�$EGXOOD��������
� PSHODMDUL � KDUGERDUG�7XOLVDQ� LQL� PH � NXDOLWDV
PHQJJXQDNDQ�EDKDQ�VHUDW�DOWHUQDWLI � GXD�MHQLV�GDUL�
EDPE � WDOL� GDQ� DPSHOX�� \DLWX MHQLV� EDPEX� � GDQ�
PHQJLGHQWLILNDVL�NDUDNWHULVWLN� VLIDW��VLIDW�GDVDU�GDQ�
ILVLV�PHNDQLV �� SURGXN� SDSDQ� VHUDW� GDUL�PDVLQJ�
PDVLQJ�EDPEX XQWXN�PHQJHWDKXL�NHVHVXDLDQ�GXD��
MHQLV�EDPEX�WHUVHEXW�VHEDJDL�EDKDQ�EDNX�SDSDQ�
VHUDW�

,,��%$+$1�'$1�0(72'(

$��%DKDQ

� %DKDQ�XWDPD�SHQHOLWLDQ�DGDODK�GXD�MHQLV�VHUDW�
\DLWX� EDPEX� WDOL� �*LJDQWRFORD� DSXV�� GDQ� EDPEX�
DPSHO� �%DPEXVD� YXOJDULV��� &RQWRK� NHGXD� MHQLV�
EDPEX� WHUVHEXW� GLDPELO� GDUL� GDHUDK� 6XNDEXPL��
-DZD�%DUDW�

%��3URVHGXU�.HUMD

��� 3HPEXDWDQ�SXOS�GDUL�EDKDQ�VHUDW�

D� 3HQ\LDSDQ�VHUSLK�EDPEX� �
� %DPEX�WDOL�GDQ�EDPEX�DPSHO��VHFDUD�WHUSLVDK�
GLMDGLNDQ�VHUSLK�EHUXNXUDQ�SDQMDQJ�����FP��OHEDU�
������FP��GDQ� WHEDO�����PP�PHQJJXQDNDQ�FDUD�
PDQXDO�� GDQ� VHODQMXWQ\D� GLNHULQJNDQ� GL� WHPSDW�

7DEHO����.RPSRVLVL�EDKDQ�VHUDW�GDQ�EDKDQ�DGLWLI �XQWXN�SHPEHQWXNDQ�KDUGERDUG

5BCMF����$PNQPTJUJPO�PG�GJCFS�TUVGGT�BOE�BEEJUJWFT�GPS�UIF�GPSNJOH�PG�IBSECPBSE

.RGH�6DPSHO
�6DPSOH�FRGH�

�
�

3URSRUVL�FDPSXUDQ�EDKDQ�VHUDW� �
�0L[LQJ�SURSRUWLRQ�RI �SXOSV����� $GLWLI �

�$GGLWLYH��75)��%DPEX�WDOL��
�7DOL�EDPERR��

%DPEX�DPSHO��
�$PSHO�EDPERR��
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.HWHUDQJDQ��5HPDUNV��� 3URSRUVL�FDPSXUDQ�EHUGDVDUNDQ�EHUDW�NHULQJ�RYHQ�PDVLQJ�PDVLQJ�EDKDQ�VHUDW��EHQWXN�SXOS���0L[LQJ�
SURSRUWLRQ�EDVHG�RQ�RYHQ�GU\�ZHLJKW�RI �ILEHU�VWXIIV��SXOS�IRUP����75)� �SHUHNDW�WDQLQ�UHVRUVLQRO�IRUPDOGHKLGD�
�WDQQLQ�UHVRUFLQRO�IRUPDOGHK\GH�DGKHVLYH������ �NRQWURO�WDQSD�SHUHNDW��FRQWURO�ZLWKRXW�DGKHVLYH�
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WHUEXND��GL�EDZDK�DWDS��KLQJJD�PHQFDSDL�NDGDU�DLU�
NHULQJ�XGDUD����������GDQ�NHPXGLDQ�VHUSLK�NHULQJ�
WHUVHEXW�VLDS�GLPDVDN�PHQMDGL�SXOS�

E���3HPDVDNDQ�VHUSLK�EDPEX�PHQMDGL�SXOS
� 6HUSLK� EDPEX� WDOL� GDQ� EDPEX� DPSHO�� \DQJ�
PDVLQJ�PDVLQJ� WHODK� PHQFDSDL� NDGDU� DLU� NHULQJ�
XGDUD���������VHFDUD�WHUSLVDK�GLEXDW�PHQMDGL�SXOS�
PHQJJXQDNDQ� SURVHV� VHPL�NLPLD� VRGD� SDQDV�
WHUEXND�� GHQJDQ� NRQVHQWUDVL� DONDOL� �1D2+��
������� QLODL� EDQGLQJ� EDKDQ� EDNX� VHUDW� GHQJDQ�
ODUXWDQ� SHPDVDN� VHEHVDU� ���� �E�Y��� GDQ� VXKX�

R
PDNVLPXP�SHPDVDNDQ� ���� &�� VHODPD�GXD� MDP��
3HPDVDNDQ� GLODNXNDQ� GDODP� NHWHO� SHPDVDN�
EHUNDSDVLWDV��SHU�EDWFK�������JUDP�VHUSLK�NHULQJ�
RYHQ�� 6HOHVDL� SHPDVDNDQ� GLODNXNDQ� SHQHWDSDQ�
NRQVXPVL�DONDOL�
� 6HUSLK� OXQDN� KDVLO� SHQFXFLDQ� VHODQMXWQ\D�
GLSLVDK�SLVDKNDQ� KLQJJD� PHQMDGL� VHUDW�VHUDW�
�EHUXSD� SXOS�� SDGD� DODW�+ROODQGHU� EHDWHU� VHNLWDU�
VDWX�MDP��KLQJJD�PHQFDSDL�GHUDMDW�NHKDOXVDQ�SXOS�

R
��������PO�&6)������� 65��\DLWX�QLODL�\DQJ�XPXP�
XQWXN� SHPEHQWXNDQ� OHPEDUDQ� SDSDQ� VHUDW�
�&DVH\��������7HFKQLFDO�$VVRFLDWLRQ�RI �WKH�3XOS�
DQG� 3DSHU� ,QGXVWU\� �7$33,��� ������� 3XOS� \DQJ�
GLSHUROHK� VHODQMXWQ\D� GLWHQWXNDQ� UHQGHPHQQ\D��
0DVLQJ�PDVLQJ�SXOS�GLFDPSXU�GHQJDQ�NRPSRVLVL�
VHSHUWL�\DQJ�WHUWHUD�SDGD�7DEHO���

�� 3HPEHQWXNDQ� OHPEDUDQ� SDSDQ� VHUDW� WLSH��
KDUGERDUG

� KDUGERDUG3HPEHQWXNDQ� OHPEDUDQ� � GLODNXNDQ�
GHQJDQ�FDUD�EDVDK�� ���FP�[�GHQJDQ�WDUJHW�XNXUDQ�
���FP�[��� FP� WDUJHW�NHUDSDWDQ������J�FP �

�
GDQ�

PHQJJXQDNDQ�DODW� �GLODNXNDQ�GHFNOH�ER[��.HPXGLDQ
SHQJHPSDDQ� GLQJLQ� WHUKDGDS� OHPEDUDQ� �VXKX�
NDPDU��WHNDQDQ���NJ�FP �

�
�KLQJJD�OHPEDUDQ�VXGDK�

WLGDN�ODJL�PHQJHOXDUNDQ�DLU��6HWHODK�NHPSD�GLQJLQ�
GLODQMXWNDQ� GHQJDQ� SHQJHPSDDQ� SDQDV� �VXKX�
��� &�� WHNDQDQ� ��� NJ�FP �� VHODPD� ��� PHQLW���

R �

+DUGERDUG� V VXKX�HODQMXWQ\D� GLNRQGLVLNDQ� SDGD�
NDPDU �� PLQJJX� VHEHOXP� GLODNXNDQ�� VHODPD�
SHQJXMLDQ� V PHNDQLV �VLIDW�ILVL �GDQ� �

&��3HQJXMLDQ�

���6LID �GDVDU�EDKDQ�EDNXW

� 3HQJXMLDQ� WHUKDGDS� VLIDW� GDVDU� EDKDQ� EDNX�
VHUDW��EDPEX�WDOL�GDQ�EDPEX�DPSHO�� �PHQFDNXS�
NDGDU� DLU�� NHUDSDWDQ�� GLPHQVL� VHUDW� GDQ� QLODL�
WXUXQDQQ\D��VHUWD�DQDOLVD�NRPSRQHQ�NLPLD�

D�� .HUDSDWDQ�GDQ�DQDOLVLV�NRPSRQHQ�NLPLD�EDKDQ��
VHUDW

� 3HQJXMLDQ� NHUDSDWDQ� GDQ� DQDOLVLV� NLPLD�
GLODNXNDQ� PHQXUXW� 6WDQGDU 7$33,� ���������
$QDOLVLV� NLPLD� PHQFDNXS� SHQHWDSDQ� NDGDU�
VHOXORVD�� NDGDU� OLJQLQ�� NDGDU� DOID�VHOXORVD�� NDGDU�
SHQWRVDQ��NDGDU�DEX��NDGDU�VLOLND��NHODUXWDQ�GDODP�
DONRKRO�EHQ]HQ������GDODP�DLU�GLQJLQ�SDQDV��GDQ�
NHODUXWDQ�GDODP�1D2+���

E�� 'LPHQVL�VHUDW�GDQ�QLODL�WXUXQDQQ\D�
� 3HPHULNVDDQ� GLPHQVL� VHUDW� �EDPEX� WDOL� GDQ�
EDPEX� DPSHO�� GDQ� QLODL� WXUXQDQQ\D� GLODNXNDQ�
PHQXUXW� URVHGXU� /HPEDJD� 3HQHOLWLDQ� +DVLOS �
+XWDQ �6LOLWRQJD�� 6LDJLDQ��	�1XUDFKPDQ�� �������
$SULDQL���������3HPHULNVDDQ�WHUVHEXW�PHQFDNXS�
SDQMDQJ�VHUDW��GLDPHWHU�VHUDW�GDQ�GLDPHWHU�OXPHQ��
WHEDO� GLQGLQJ� VHUDW�� ELODQJDQ� 5XQNHO�� ELODQJDQ�
0XKOVWHS�� GD\D� WHQXQ�� NRHILVLHQ� NHNDNXDQ��
NHOHPDVDQ� �NRHILVLHQ� IOHNVLELOLWDV�� VHUDW�� GDQ�
GLDPHWHU�VHO�SHPEXOXK�

��� 6LIDW�SHPDVDNDQ��SHQJRODKDQ��SXOS�
� 3HQJXMLDQ� VLIDW� SHQJRODKDQ� PHQFDNXS�
UHQGHPHQ�SXOS��NRQVXPVL�DONDOL��GHUDMDW�NHKDOXVDQ�
SXOS� �PO� &6)��� \DQJ� MXJD� GLODNXNDQ� PHQXUXW�
VWDQGDU7$33,���������

��� 3HQJXMLDQ�VLIDW�ILVLN� �� PHNDQLV KDUGERDUG
� KDUGERDUG3HQJXMLDQ� VLIDW� ILVLN� GDQ� NHNXDWDQ� �
PHQJDFX� SDGD� VWDQGDU� -DSDQHVH� ,QGXVWULDO�
6WDQGDUG� �,62�� ������� �GDQ ,QWHUQDWLRQDO�
2UJDQL]DWLRQ� IRU� 6WDQGDUGL]DWLRQ� �������� \DLWX�
PHQFDNXS� NHUDSDWDQ� DNWXDO�� NHWHJXKDQ� OHQWXU�
�02(���PRGXOXV�SDWDK��025���NHWHJXKDQ�UHNDW�
LQWHUQDO� �,%��� NDGDU� DLU�� GD\D� VHUDS� DLU��
SHQJHPEDQJDQ� WHEDO�� NRQGXNWLILWDV� SDQDV�� GDQ�
NHWDKDQDQ�SDQDV�

��� HQFHUPDWDQ�SDGD�VNDOD�QDQR�3
� 3 � � � �HQFHUPDWDQ LQL GLODNXNDQ WHUKDGDS �EDPEX�
WDOL� GDQ� EDPEX� DPSHO� ��� GDODP� EHQWXN� VHUEXN
GHQJDQ PHQJJXQDNDQ LQVWUXPHQ�EHUNHPDPSXDQ��� �
QDQR� \DLWX� ;5'� � �;�UD\� GLIIUDFWLRQ � EHUXSD� QLODL�
GHUDMDW�NULVWDOLQLWDV�

'��5DQFDQJDQ�3HUFREDDQ�GDQ�$QDOLVLV�'DWD

�� 6LIDW�GDVDU�

� 8QWXN�PHQHODDK�GDWD� VLIDW�GDVDU�EDKDQ� VHUDW�
�NHUDSDWDQ�� NDGDU� DLU�� NRPSRVLVL� NLPLD�� GDQ�
GLPHQVL�VHUDW�EHULNXW�QLODL�WXUXQDQQ\D��GLJXQDNDQ�
UDQFDQJDQ� DFDN� OHQJNDS� VDWX� IDNWRU� 6HEDJDL��
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IDNWRU��7��DGDODK�PDFDP�EDKDQ�VHUDW�\DLWX�EDPEX�
WDOL� �W��� GDQ EDPEX� DPSHO� �W��� 3HQJDPDWDQ�� �
�XODQJDQ�� WHUKDGDS� VLIDW PDVLQJ�PDVLQJ EDKDQ�� �
VHUDW�GLODNXNDQ�VHEDQ\DN������FRQWRK�EDPEX�GDUL�
PDVLQJ�PDVLQJ�MHQLV��VHEDJDL�XODQJDQ��

���6LIDW�SHQJRODKDQ�SXOS
� �8QWXN� PHQHODDK� GDWD� VLIDW SHPDVDNDQ�
�SHQJRODKDQ�� SXOS� XQWXN� WLSH� �� MXJD�KDUGERDUG
GLJXQDNDQ� UDQFDQJDQ� DFDN� OHQJNDS� VDWX� IDNWRU�� �
6HEDJDL�IDNWRU��SHUODNXNDQ��DGDODK�PDFDP�EDKDQ�
VHUDW��7��\DLWX�EDPEX�WDOL��W���GDQ�EDPEX�DPSHO�
�W��� 3HQJRODKDQ�SXOS�PDVLQJ�PDVLQJ�MHQLV�EDPEX��
GLXODQJ���NDOL�

���6LIDW�ILVLV ��GDQ�PHNDQLV KDUGERDUG
� 'DWD� KDVLO� SHQJXMLDQ� VLIDW� ILVLV�PHNDQLV�
KDUGERDUG� GLWHODDK� GHQJDQ� UDQFDQJDQ� SHUFREDDQ�
DFDN� OHQJNDS� EHUSROD� IDNWRULDO�� 6HEDJDL� IDNWRU�
DGDODK�SURSRUVL�FDPSXUDQ�VHUDW�GDQ�SHQJJXQDDQ�
DGLWLI�� 3URSRUVL� FDPSXUDQ� VHUDW� �3�� \DLWX� SXOS�
EDPEX�WDOL���SXOS�EDPEX�DPSHO��WHUGLUL�GDUL�GDUL�
�� WDUDI � \DLWX� �������� �S���� �������� �S����
���������S�������������S����GDQ���������
�S����3HQJJXQDDQ�DGLWLI ��7��WHUGLUL�GDUL�WLJD�PDFDP�
\DLWX�NRQWURO�WDQSD�DGLWLI ��W����75)�����W����GDQ�
75)� ��� �W��� �7DEHO� ���� 8ODQJDQ� GDUL� PDVLQJ�
PDVLQJ� NRPELQD L� IDNWRU� 3� GDQ� 7� GLODNXNDQ�V
VHEDQ\DN���NDOL���6HNLUDQ\D�SHQJDUXK�IDNWRU�VHFDUD�
LQGLYLGX��3�GDQ�$���GDQ�EHQWXN�LQWHUDNVLQ\D��3$��
Q\DWD� WHUKDGDS� VLIDW� �� PDND� GLODNXNDQ�KDUGERDUG
SHQHODDKDQ� OHELK� ODQMXW� PHQJJXQDNDQ� XML� %HGD�
1\DWD�-XMXU��%1-��DWDX�7XNH\���
� $QDOLVD DQ PHQJHWDKXL�� ODQMXW � XQWXN� SRUVL�
FDPSXUDQ�PDQD��SXOS�EDPEX�WDOL���SXOS�EDPEX�
DPSHO�� \DQJ� SDOLQJ� SURVSHN � �WLI VHUWD�PHQJHWDKXL
SHUDQDQ� DGLWLI�SHUHNDW� 75)� �7DEHO� ��� WHUKDGDS�
PXWX� SURGXN� �� PDND� GLODNXNDQ�KDUGERDUG
S DQHQFHUPDW � VLIDW� GDVDU�� VLIDW� SHQJRODKDQ� SXOS��
GDQ� VLIDW� ILVLN� � � WHUVHEXW�PHNDQLV KDUGERDUG
PHQJJXQDNDQ� DQDOLVLV� GLVNULPLQDQ� �EHVHUWD
NRHILVLHQ�GHWHUPLQDVL�NDQRQLN��6WDWLVWLFDO�$QDO\VLV�
6\VWHP��������0RUULVRQ��������
��

,,,��+$6,/�'$1�3(0%$+$6$1

$��6LIDW�'DVDU�%DKDQ�6HUDW

��� .DGDU�DLU��NHUDSDWDQ��GDQ�NRPSRVLVL�NLPLD�

� S3HQJXMLDQ�VLIDW�GDVDU�XQWXN� HUEHGDDQ�PDFDP�
DWDX� MHQLV� EDKDQ� VHUDW� EDPEX� WDOL� GDQ� EDPEX�

DPSHO� �7DEHO� ��� EHUSHQJDUXK� Q\DWD� WHUKDGDS�
KDPSLU� VHOXUXK� DVSHN� WHUVHEXW� �XML� )��� NHFXDOL�
NDGDU� VHOXORVD� 8ML� )� MXJD�PHQXQMXNNDQ� EDKZD��
NHUDSDWDQ� EDPEX� WDOL�� EHULNXW� NDGDU� DLU��
NHODUXWDQQ\D� GDODP� DONRKRO�EHQ]HQ�� GDODP� DLU�
GLQJLQ�� GDQ� GDODP� 1D2+� ���� OHELK� UHQGDK�
GLEDQGLQJNDQ� GHQJDQ� QLODL�QLODL� VHUXSD� XQWXN�
EDPEX�DPSHO��6HEDOLNQ\D��NDGDU�DEX��VLOLND��OLJQLQ��
SHQWRVDQ�� GDQ� NHODUXWDQ� GDODP� DLU� SDQDV� SDGD�
EDPEX�WDOL�OHELK�WLQJJL��VHGDQJNDQ�NDGDU�VHOXORVD�
WLGDN� VDOLQJ� EHUEHGD� Q\DWD� DQWDUD� NHGXD� MHQLV�
EDPEX�WHUVHEXW�
� 5HQGDKQ\D�NHUDSDWDQ�EDPEX�WDOL�GLGXJD�WHUNDLW�
GHQJDQ�UHQGDKQ\D�NDQGXQJDQ�HNVWUDNWLI�� VHSHUWL�
GLLQGLNDVLNDQ� GHQJDQ� NHODUXWDQQ\D� \DQJ� OHELK�
UHQGDK� GDODP� NHWLJD� PDFDP� SHODUXW� WHUVHEXW��
NHFXDOL� GDODP� DLU� SDQDV�� 6HPDNLQ� WLQJJL�
NDQGXQJDQ� HNVWUDNWLI�� PDND� XPXPQ\D� VHPDNLQ�
WLQJJL� SXOD� NHUDSDWDQ� EDKDQ� VHUDW� EHUOLJQR�
VHOXORVD� �WHUPDVXN� EDPEX��� GDQ� VHEDOLNQ\D�
�+D\JUHHQ� 	� %RZ\HU�� ������� 6HODQMXWQ\D��
WHULQGLNDVL�SXOD�EDKZD�]DW�HNVWUDNWLI �SDGD�EDPEX�
WDOL� GHQJDQ� NDQGXQJDQ� OHELK� UHQGDK� WHUVHEXW�
EHUVLIDW�PHQDULN�DLU��VHPL�SRODU�GDQ�SRODU���NDUHQD�
SHODUXW� \DQJ� GLJXQDNDQ� \DLWX� DONRKRO�EHQ]HQ�
EHUVLIDW� VHPL�SRODU�� GDQ� SHODUXW� DLU� GLQJLQ� GDQ�
1D2+� ��� EHUVLIDW� SRODU�� 0HQJHQDL� NHODUXWDQ�
EDPEX� WDOL� GDODP� DLU� SDQDV� \DQJ� OHELK� WLQJJL��
WHULQGLNDVL� SXOD� EDKZD� EDKDQ� \DQJ� WHUODUXW�
WHUVHEXW�ELVD�PHQFDNXS�OHPDN�PLQ\DN��UHVLQ��GDQ�
VHQ\DZD� NXUDQJ�QRQ�SRODU� ODLQQ\D�� )HQRPHQD�
NHVHPXDQ\D�LQL�PHQJLV\DUDWNDQ�EDKZD�EDPEX�WDOL�
EHUVLIDW�NXUDQJ�KLJURVNRSLV�GDQ�EHUDNLEDW�NDGDU�
DLUQ\D� OHELK� UHQGDK� ELOD� GLEDQGLQJNDQ� SDGD�
EDPEX�DPSHO��6PRRN��������6DSWDGL��������
� .DGDU� DLU� GDQ� NHUDSDWDQ� EDKDQ� VHUDW� WLQJJL�
WLGDN� GLNHKHQGDNL� VHEDE� PHQMDGL� OHELK� PXGDK�
WHUGHJUDGDVL� �KLGUROLVLV� GDQ� HQ]LPDWLN���
PHQLQJNDWNDQ� ERERWQ\D�� GDQ� PHPSHUWLQJJL�
NHEXWXKDQ� HQHUJL� SHQJRODKDQQ\D� PHQMDGL�
SXOS �&DVH\�� ������� 'HPLNLDQ� SXOD�� NDQGXQJDQ�
HNVWUDNWLI � �EDKDQ� EXNDQ� SHQ\XVXQ� VHUDW�� \DQJ�
WLQJJL� WLGDN� GLNHKHQGDNL�� NDUHQD� DQWDUD� ODLQ�
PHQJNRQVXPVL� EDQ\DN� EDKDQ� NLPLD� SHPDVDN�
�SXOSLQJ�� GDQ� PHQXUXQNDQ� VLIDW� ILVLV�NHNXDWDQ� �
SURGXN� SDSDQ� VHUDW� �6MRVWURP�� ������ 6PRRN��
������
� 6HODQMXWQ\D�� NDGDU� DEX� GDQ� VLOLND� WLQJJL� WDN�
GLNHKHQGDNL� SXOD� NDUHQD� FHSDW� PHPSHUWXPSXO�
SHUDODWDQ� ORJDP��PHQJJDQJJX� LNDWDQ�DQWDU�VHUDW�
VHODPD� SHPEHQWXNDQ� OHPEDUDQ� SDSDQ� VHUDW�
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�WHUPDVXN� WLSH� KDUGERDUG�� VHKLQJJD� EHUDNLEDW�
QHJDWLI � WHUKDGDS� VLIDW� ILVLV� GDQ� NHNXDWDQQ\D�
�6XFKVODQG�	�:RRGVRQ���������6HEDOLNQ\D��NDGDU�
VHOXORVD��OLJQLQ��GDQ�SHQWRVDQ�WLQJJL�GLNHKHQGDNL�
XQWXN� SDSDQ� VHUDW�� /LJQLQ� EHUVLIDW� WHUPRSODVWLN�
VHKLQJJD�DNDQ�PHOXQDN�GDQ�GDSDW�GLEHQWXN�SDGD�
VXKX� WLQJJL� GDQ� VDDW� VXKX� NHPEDOL� GLQJLQ� DNDQ�
NHPEDOL� PHQJHUDV�� 6LIDW� LQL� PHQMDGL� GDVDU�
SHPEXDWDQ�SDSDQ�VHUDW�� �� �+D\JUHHQ�	�KDUGERDUG
%RZ\HU��������
� %HUGDVDUNDQ� WRWDO� VNRU� �KDVLO� PDQLSXODVL� XML�
%1-�� GL�PDQD�PDVLQJ�PDVLQJ� NDUDNWHULVWLN� VLIDW�
GDVDU� �EDLN� GLNHKHQGDNL� DWDX� WDN�GLNHKHQGDNL��
\DLWX� NHUDSDWDQ�� NDGDU� DLU�� GDQ� NRPSRVLVL� NLPLD�
GLERERW�VDPD��WHULQGLNDVL�EDKZD�VHUDW�EDPEX�WDOL�
OHELK� EHUSURVSHN� XQWXN� � GLEDQGLQJNDQ�KDUGERDUG
VHUDW� EDPEX� DPSHO�� EHUGDVDUNDQ� WRWDO� VNRUQ\D�
�76�� �\DLWX�KDVLO�PDQLSXODVL�XML�)�PDVLQJ�PDVLQJ�
DVSHN� GLERERW� VDPD�� PDVLQJ�PDVLQJ� \DLWX�
EHUWXUXW�WXUXW���GDQ���

�� 'LPHQVL�VHUDW�GDQ�QLODL�WXUXQDQQ\D��

� 'LPHQVL� VHUDW� GDQ� QLODL� WXUXQDQQ\D� MXJD�
EHUSHQJDUXK� Q\DWD� WHUKDGDS� HUEHGDDQ�PDFDP�S
EDKDQ�VHUDW���7DEHO�����3HQHODDKDQ�OHELK�ODQMXW��XML�
)� PHQJLQGLNDVLNDQ EDKZD SDQMDQJ� VHUDW��� � �

GLDPHWHU� VHUDW�� GLDPHWHU� OXPHQ�� WHEDO� GLQGLQJ�
VHUDW�� ELODQJDQ� 0XKOVWHS� ELODQJDQ� 5XQNHO���
NHNDNXDQ� VHUDW�� GDQ� GLDPHWHU� SHPEXOXK� SDGD�
EDPEX� WDOL� OHELK� UHQGDK� GLEDQGLQJNDQ� SDGD�
EDPEX�DPSHO�� �6HEDOLNQ\D��GD\D�WHQXQ�VHUDW�GDQ�
NHOHPDVDQ IOHNVLELOLWDV� VHUDW�SDGD�EDPEX� �� DPSHO
OHELK� UHQGDK� /HELK� WLSLVQ\D� WHEDO� GLQGLQJ� VHUDW��
EDPEX� WDOL� GLGXJD� HUDW� NDLWDQQ\D� GHQJDQ� OHELK�
UHQGDK� NHUDSDWDQQ\D� GLEDQGLQJNDQ� NHUDSDWDQ�
EDPEX�DPSHO�
� 6HUDW� \DQJ� SDQMDQJ� OHELK� GLNHKHQGDNL� XQWXN�
SDSDQ� VHUDW� � NDUHQD� PHPXQJNLQNDQ�KDUGERDUG
MDOLQDQ�GDQ� DQ\DPDQ� VHUDW� OHELK� LQWHQVLI � VHODPD�
SHPEHQWXNDQ�OHPEDUDQ��SDSDQ�WHUVHEXW���'LQGLQJ�
VHUDW� WLSLV�� GLDPHWHU� VHUDW� GDQ� OXPHQ� EHVDU��
GLDPHWHU� SHPEXOXK� EHVDU� SXOD�� GD\D� WHQXQ� GDQ�
NHOHPDVDQ� VHUDW� WLQJJL�� GDQ� ELODQJDQ� 5XQNHO��
NRHILVLHQ� NHNDNXDQ�� GDQ� ELODQJDQ� 0XKOVWHS�
UHQGDK� MXJD� GLNHKHQGDNL�� NDUHQD� VHPXD� KDO�
WHUVHEXW� WHULQGLNDVL� EHUNDLWDQ� HUDW� GHQJDQ� VLIDW�
PHQJJHSHQJ��IOHNVLELOLWDV��GDQ�LNDWDQ�DQWDU�VHUDW��
VHKLQJJD� EHUSHQJDUXK� SRVLWLI � WHUKDGDS� NXDOLWDV�
SURGXN� SXOS� � ��KDUGERDUG �6LOLWRQJD� HW� DO��� ������
$SULDQL���������%HUGDVDUNDQ�QLODL�WRWDO�VNRU��76��
GLPHQVL� VHUDW� GDQ� QLODL� WXUXQDQQ\D� �7DEHO� ��� GL�
PDQD� PDVLQJ�PDVLQJ� VLIDW� GLERERW� VDPD� SXOD��

7DEHO����.HUDSDWDQ�GDQ�NRPSRVLVL�NLPLD�EDPEX

5BCMF����%FOTJUZ�BOE�DIFNJDBM�DPNQPTJUJPO�PG�CBNCPP

3DUDPHWHU
�3DUDPHWHUV�

� �

-HQLV�EDPEX��%DPERR�VSHFLHV��
XML�)�
�)�WHVW��

%DPEX�WDOL�
�7DOL�EDPERR��

%DPEX�DPSHO�
�$PSHO�EDPERR��

.HUDSDWDQ��'HQVLW\��J�FP��� � � ����� ����� �

.DGDU�DLU��0RLVWXUH�FRQWHQW����� � ������ ������ �
6HOXORVD��&HOOXORVH����� � ������ ������ WQ�
3HQWRVDQ���� � ������ ������ �
/LJQLQ���� � ������ ������ �
$EX��$VK����� � ����� ����� �
6LOLND��6LOLFD����� � ������ ������ �
.HODUXWDQ�GDODP�DONRKRO�
EHQ]HQ��6ROXELOLW\�LQ�DOFRKRO�
EHQ]HQD�����

� ����� ����� �

.HODUXWDQ�GDODP�DLU�GLQJLQ�
�6ROXELOLW\�RQ�FROG�ZDWHU�����

� ����� ����� �

.HODUXWDQ�GDODP�DLU�SDQDV�
�6ROXELOLW\�LQ�KRW�ZDWHU�����

� ����� ����� �

.HODUXWDQ�GDODP�1D2+����
�6ROXELOLW\�LQ����1D2+���� �

� ������ ������ �

.HWHUDQJDQ��5HPDUNV���� �Q\DWD�SDGD�WDUDI ��VLJQLILFDQW�DW�OHYHO������� �VDQJDW�Q\DWD�SDGD�WDUDI ��YHU\�VLJQLILFDQW�DW�OHYHO������WQ� �
WLGDN�Q\DWD��QRW�VLJQLILFDQW��
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EDPEX� WDOL� �76�  � ��� MXJD� EHULQGLNDVL� OHELK�
EHUSURVSHN�XQWXN� �GLEDQGLQJNDQ�EDPEX�KDUGERDUG
DPSHO��76� ����

%��6LIDW�3HQJRODKDQ�3XOS

� 3HUEHGDDQ�PDFDP�EDKDQ�VHUDW��EDPEX�WDOL�GDQ�
EDPEX�DPSHO��WLGDN�EHUSHQJDUXK�Q\DWD�WHUKDGDS�
UHQGHPHQ� SXOS� GDQ� NRQVXPVL� DONDOL� �7DEHO� ����
5HQGHPHQ� SXOS� NHGXD� MHQLV� EDPEX� WHUVHEXW�
�����������������WHUOHWDN�GDODP�VHODQJ�UHQGHPHQ�
\DQJ� XPXP�XQWXN� SHQJRODKDQ� SXOS� VHPL�NLPLD�
\DLWX� ������� 6PRRN�� ������� ��7VRXPL�� ������
6HODQMXWQ\D�NRQVXPVL�DONDOL�VHEHVDU��������������
EHULQGLNDVL� EDKZD� VHNLWDU� ������������� GDUL�
WRWDO�NRQVHQWUDVL� DONDOL� �1D2+�� DZDO� \DQJ�
GLJXQDNDQ� �������� GLNRQVXPVL� VHODPD�
SHQJRODKDQ� SXOS� NHGXD� MHQLV� EDPEX� WHUVHEXW�� �
$QJND�NRQVXPVL�VHEHVDU�LWX�FXNXS�WLQJJL�NDUHQD�
PHQGHNDWL������
� 7HUKDGDS� GHUDMDW� NHKDOXVDQ� SXOS�� SHUEHGDDQ�
MHQLV�EDPEX�EHUSHQJDUXK�Q\DWD��7DEHO�����GLPDQD�
GHUDMDW� NHKDOXVDQ� SXOS� EDPEX� WDOL� OHELK� UHQGDK�
GLEDQGLQJNDQ� SXOS� EDPEX� DPSHO�� � +DO� LQL�
PHQXQMXNNDQ�EDKZD�VHUDW�EDPEX�WDOL�OHELK�PXGDK�
GLJLOLQJ� PHQMDGL� SXOS�� GDUL� SDGD� VHUDW� EDPEX�
DPSHO�� � 3HUEHGDDQ� LQL� GLGXJD�EHUNDLWDQ�GHQJDQ�
OHELK� WLQJJLQ\D� NDGDU� SHQWRVDQ� EDPEX� WDOL�
GLEDQGLQJNDQ� VHUDW� EDPEX� DPSHO� �7DEHO� ���� �
3HQWRVDQ�PHUXSDNDQ�SROLPHU�EHUDQWDL�OXUXV�GDQ�
EHUFDEDQJ��GHQJDQ�GHUDMDW�SROLPHULVDVL�MDXK�OHELK�
UHQGDK�GDUL�SDGD�VHOXORVD�� �'L�VDPSLQJ�LWX��SDGD�

SHQWRVDQ� OHELK� EDQ\DN� WHUGDSDW� JXJXVDQ�
IXQJVLRQLO� EHUVLIDW� SRODU� �VHSHUWL� 2+�� &2�� GDQ�
&22��� �$NLEDWQ\D�DILQLWDV�SHQWRVDQ�WHUKDGDS�DLU�
DWDX�SHODUXW�SRODU� ODLQQ\D� OHELK� WLQJJL�GDUL�SDGD�
VHOXORVD�� �,QL�EHUDNLEDW�ILEULOLVDVL�VHUDW�EDPEX�WDOL�
OHELK� LQWHQVLI � VHODPD� SHQJJLOLQJDQQ\D� PHQMDGL�
SXOS��6XFKVODQG�	�:RRGVRQ��������6PRRN��������
.ROOPDQQ�	�&{Wp�-U��������
� 3DGD� SHQJRODKDQ� SXOS�� VHFDUD� XPXP�
GLNHKHQGDNL� UHQGHPHQ� \DQJ� WLQJJL�� NRQVXPVL�
EDKDQ� NLPLD� SHPDVDN� UHQGDK�� GDQ� VHUDW� OHELK�
PXGDK�GLJLOLQJ�� �+DO� WHUVHEXW�EHUSHUDQ�SHQWLQJ�
GDODP� SHQHUDSDQ� SHQJRODKDQ� SXOS� �WHUPDVXN�
XQWXN� ��VHFDUD�NRPHUVLDO��VHEDE�LQL�WHUNDLW�KDUGERDUG
GHQJDQ� EHVDUQ\D� NDSDVLWDV� SURGXNVL� SXOS��
SHPDNDLDQ� EDKDQ� NLPLD� SHPDVDN�� SHUOX� DWDX�
WLGDNQ\D� GLODNXNDQ� GDXU� XODQJ� EDKDQ� NLPLD�
WHUVHEXW��GDQ�NRQVXPVL�HQHUJL�EDLN�EHUXSD�EDKDQ�
EDNDU� DWDX� OLVWULN� 6PRRN�� ��������&DVH\�� ������
.ULWHULD�LQL�GLSDNDL�VHEDJDL�GDVDU�SHQHQWXDQ�QLODL�
WRWDO�VNRU��76��NHGXD�MHQLV�VXPEHU�VHUDW�WHUVHEXW��
GL� PDQD� PDVLQJ�PDVLQJ� VLIDW� SHQJRODKDQ� SXOS�
MXJD�GLERERW�VDPD�� �7HUQ\DWD��VHUDW�SXOS�EDPEX�
WDOL��76� ����MXJD�VHGLNLW�OHELK�EHUSURVSHN�XQWXN�
KDUGERDUG��GLEDQGLQJNDQ�VHUDW�SXOS�EDPEX�DPSHO�
�76� ����

&��6LIDW�)LVLV�0HNDQLV�+DUGERDUG

�� .DGDU� DLU�� SHQJHPEDQJDQ� WHEDO�� GDQ��
SHQ\HUDSDQ�DLU
� 3HUEHGDDQ� SURSRUVL� FDPSXUDQ� VHUDW� �SXOS�

7DEHO����'LPHQVL�VHUDW�EDKDQ�DOWHUQDWLI ��MHQLV�EDPEX��GDQ�QLODL�WXUXQDQ\D

5BCMF����'JCFS�EJNFOTJPOT�PG�BMUFSOBUJWF�TUVGGT�	CBNCPP�TQFDJFT
�BOE�UIFJS�EFSJWFE�WBMVFT

$VSHN��$VSHFWV��

-HQLV�EDPEX��%DPERR�VSHFLHV��
XML�)�
�)�WHVW��%DPEX�WDOL��7DOL�

EDPERR��
%DPEX�DPSHO�
�$PSHO�EDPERR��

3DQMDQJ�VHUDW���)LEHU�OHQJWK��/���P� � ������� ������� �
'LDPHWHU�VHUDW���)LEHU�GLPHQVLRQ��'���P� � ������ ������ �
'LDPHWHU�OXPHQ���/XPHQ�GLDPHWHU���O���P� � ������ ������ �
7HEDO�GLQGLQJ�VHUDW���)LEHU�ZDOO�WKLFNQHVV��Z���P� � ����� ����� �
'D\D�WHQXQ��)HOWLQJ�SRZHU��/�G�� ������� ������� �
%LODQJDQ�5XQNHO���5XQNHO�UDWLR���Z�O�� ����� ����� �
.RHI��IOHNVLELOLWDV���)OH[LELOW\�FRHII���O�G�� ����� ����� �
.RHI��NHNDNXDQ���5LJLGLW\�FRHII���Z�G� � ����� ����� �
%LODQJDQ�0XKOVWHS���0XKOVWHS�1R����
���>�G��O���G�@������

����� ����� �

'LDPHWHU�SHPEXOXK��9HVVHO�GLDPHWHU���P���
�

������ ������ �

.HWHUDQJDQ��5HPDUNV��� �1\DWD��6LJQLILFDQW���� �6DQJDW�Q\DWD��9HU\�VLJQLILFDQW���WQ� �7LGDN�Q\DWD��1RW�VLJQLILFDQW��

.XDOLWDV�+DUGERDUG�GDUL�'XD�-HQLV�%DPEX�GHQJDQ�7DPEDKDQ�7DQLQ�5HVRUVLQRO�)RUPDOGHKLGD
�'LDQ�$QJJUDLQL�,QGUDZDQ��,�0��6XODVWLQLQJVLK��5RVVL�0DUJDUHWK�7DPSXERORQ��*XVWDQ�3DUL��	�$GL�6DQWRVR�
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EDPEX�WDOL���SXOS�EDPEX�DPSHO��GDQ�SHQJJXQDDQ�
DGLWLI � PHPLOLNL� SHQJDUXK� Q\DWD� WHUKDGDS� NDGDU�
DLU�� SHQJHPEDQJDQ� WHEDO�� GDQ� SHQ\HUDSDQ� DLU�
�7DEHO����
� 'DUL�XML�%1-��7DEHO�����WHULQGLNDVL�SHQJJXQDDQ�
DGLWLI � �SHUHNDW� 75)�� PHQJKDVLONDQ �� KDUGERDUG
GHQJDQ� QLODL� NHWLJD� VLIDW� WHUVHEXW� OHELK� UHQGDK�
GLEDQGLQJNDQ�VLIDW� �NRQWURO��WDQSD�DGLWLI����KDUGERDUG
6HODQMXWQ\D�� WHULQGLNDVL� SXOD� QLODL� NHWLJD� VLIDW�
KDUGERDUG�SDGD�SHQJJXQDDQ�75)����OHELK�UHQGDK�
GDUL� SDGD� SHQJJXQDDQ� 75)� ���� 3HUHNDW� 75)�
VHEHOXP�PHQJHUDV�� ���EHUJHUDN�DWDX�PHQJDOLU�FXULQJ
PDVXN�NH�GDODP�VWUXNWXU�VHUDW�� ���PHQJLVL�YRLG�VSDFHV
URQJJD�URQJJD� DQWDU� VHUDW�� GDQ� PHPEDVDKL�
SHUPXNDDQ� � �� VHUDW� VDDW� SHPEHQWXNDQ�ZHWWLQJ
OHPEDUDQ� � GHQJDQ� SHQJHPSDDQ� SDQDV�KDUGERDUG
�6DQWRVR�������� HW�DO��+XVVHLQ�� ��������$NLEDWQ\D��
VHWHODK� 75)� PHQJHUDV�� VLIDW� KLJURVNRSLV� VHUDW�
PHQXUXQ� GDQ� NHVWDELODQ� GLPHQVL� �KDUGERDUG
PHQLQJNDW�
� 6HPDNLQ� WLQJJL� SHUVHQWDVH� �SURSRUVL�� SXOS�
EDPEX�DPSHO�WHUKDGDS�SRUVL�SXOS�EDPEX�WDOL�SDGD�
FDPSXUDQ�VHUDW�FHQGHUXQJ�PHQXUXQNDQ�NDGDU�DLU��
SHQJHPEDQJDQ�WHEDO��GDQ�SHQ\HUDSDQ�DLU�SURGXN�
KDUGERDUG��EHUGDVDUNDQ�XML�%1-��7DEHO�����'LGXJD�
LQL�WHUNDLW�GHQJDQ�WLQJJLQ\D�NDQGXQJDQ�HNVWUDNWLI �
EHUVLIDW� PHQRODN�DLU� �QRQ�SRODU�� SDGD� EDPEX�
DPSHO�� VHEDJDLPDQD� � SDGD� NHODUXWDQQ\D�WDPSDN
\DQJ� OHELK� WLQJJL� GDODP� DONRKRO�EHQ]HQ� GDQ� DLU�
SDQDV��7DEHO������=DW�HNVWUDNWLI �QRQ�SRODU�WHUVHEXW�
DQWDUD�ODLQ�DGDODK�OLOLQ��PDODP��GDQ�UHVLQ��6MRVWURP��
������$VKDDUL��6DOLP��+DOLV��<XVRI��	�6DKUL����������
.HEHUDGDDQ� ]DW� QRQ�SRODU� SDGD� VHUDW� EDPEX�
DPSHO� �PHQ\HEDENDQ�VLIDW�KLJURVNRSLV�FHQGHUXQJ
SDGD� KDUGERDUG KDUGERDUGSURGXN� �Q\D� �WHUPDVXN� �
GDUL�FDPSXUDQ�VHUDW�EDPEX�DPSHO���EDPEX�WDOL��
PHQXUXQ� GDQ� DNLEDWQ\D� NHVWDELODQ� GLPHQVL�
PHQLQJNDW�
� .DGDU� DLU� KDUGERDUG� KDVLO� SHUFREDDQ�� KDPSLU�
VHOXUXKQ\D� ��������� PHPHQXKL� SHUV\DUDWDQ�

�-,6��-DSDQHVH�,QGXVWULDO�6WDQGDUG� �������� WHWDSL�
SHQJHPEDQJDQ� WHEDO� GDQ� SHQ\HUDSDQ� DLU�
NHVHOXUXKDQQ\D������WLGDN�PHPHQXKL�SHUV\DUDWDQ�
WHUVHEXW��7DEHO�����'LKDUDSNDQ�NHOHPDKDQ�NHGXD�
VLIDW� WHUDNKLU� WHUVHEXW� GDSDW� GLSHUEDLNL� GHQJDQ�
PHQHUDSNDQ� SHUODNXDQ� PLQ\DN� �RLO�WHPSHULQJ���
0LQ\DN�DNDQ�PHODSLVL�SHUPXNDDQ�VHUDW�VHKLQJJD�
PHQLQJNDWNDQ� ZDWHU�UHSHOOHQF\� KDUGERDUG�� � 6HFDUD�
EHUVDPDDQ�� HQHUJL� SDQDV� GDUL� PLQ\DN� WHUVHEXW�
GLKDUDSNDQ� GDSDW� PHPLFX� UHDNVL� FURVV�OLQNLQJ�
DQWDUD�JXJXV�2+�SDGD�SHUPXNDDQ�VHUDW�GHQJDQ�

PHOHSDVNDQ�PROHNXO� DLU�� VHKLQJJD� WHUMDGL� LNDWDQ�
DQWDU� VHUDW� �VHUDW�2�VHUDW�� GDQ� DNLEDWQ\D�
PHQLQJNDWNDQ� NHVWDELODQ� GLPHQVL� KDUGERDUG�
�$VKDDUL�� 6DOLP�� +DOLV�� <XVXI�� 	� 6DKUL�� ������
.ROOPDQQ�	�&{Wp�-U����������

�� .HUDSDWDQ��02(��025��GDQ�,%�

� &DPSXUDQ� SXOS� EDPEX� WDOL� �� SXOS� EDPEX�
DPSHO��SDGD�OLPD�WDUDI �SURSRUVL��GDQ�SHQJJXQDDQ�
DGLWLI ��SHUHNDW�75)��EHUSHQJDUXK�Q\DWD�WHUKDGDS�
NHHPSDW� VLIDW� � WHUVHEXW� �7DEHO� ���� �KDUGERDUG
%HUGDVDUNDQ�XML�%1-��QLODL�QLODL�NHUDSDWDQ��02(��
025��GDQ� ,%�SURGXN� �GHQJDQ�SHUHNDW�KDUGERDUG
75)� ���� GDQ� ���� FHQGHUXQJ� OHELK� WLQJJL�
GLEDQGLQJNDQ�QLODL�XQWXN� �NRQWURO��7DEHO�KDUGERDUG
���� 1LODL� NHHPSDW� VLIDW� WHUVHEXW� SDGD� �KDUGERDUG
GHQJDQ�75)����MXJD�OHELK�WLQJJL�GDUL�SDGD�GHQJDQ�
75)����
� 6HSHUWL� WHODK� GLXUDLNDQ� VHEHOXPQ\D�� SHUHNDW�
75)�WHUXWDPD�\DQJ�PHPEDVDKL�SHUPXNDDQ�VHUDW�
�VHEHOXP� �� PHPXQJNLQNDQ� NLQHU MD�FXULQJ
SHUHNDWDQQ\D�HIHNWLI �GDQ�LQWHQVLI �SDGD�VDDW�VHUDW�
VHUDW� VDOLQJ� EHUNRQWDN� VDWX� VDPD� ODLQ�� NHWLND�
GLODNXNDQ� SHPEHQWXNDQ� OHPEDUDQ� �KDUGERDUG
GHQJDQ� SHQJHPSDDQ� SDQDV�� � 3DGD� VDDW� SHUHNDW�
75)�PXODL�GDQ�VXGDK�PHQJHUDV�� ���IHQRPHQD�FXUHG
LQL� EHUSHUDQ� SRVLWLI � WHUKDGDS� NHUDSDWDQ�GDSDW�
GDQ� NHWLJD� VLIDW� NHNXDWDQ� � WHUVHEXWKDUGERDUG �

� 6DQWRVR�� �������6XFKVODQG� 	�:RRGVRQ�� �����
+XVVHLQ�HW�DO���������
� 8ML� %1-� PHQJLV\DUDWNDQ� SXOD�� EDKZD�
NHUDSDWDQ��02(��025��GDQ�,%�SURGXN�KDUGERDUG�
PHQLQJNDW�GHQJDQ�VHPDNLQ�EHVDU�SURSRUVL�EDPEX�
DPSHO�WHUKDGDS�SXOS�EDPEX�WDOL�SDGD�FDPSXUDQ�
VHUDW� �7DEHO� ���� 'LGXJD� LQL� WHUNDLW� GHQJDQ� VLIDW�
GDVDU� VHUDW� EDPEX� DPSHO� VHSHUWL� SDQMDQJ� VHUDW��
GLDPHWHU�VHUDW��GLDPHWHU�OXPHQ��GDQ�GLDPHWHU�VHO�
SHPEXOXK�GLPDQD�QLODL�QLODL�WHUVHEXW�OHELK�WLQJJL�
GLEDQGLQJNDQ� QLODL� XQWXN� EDPEX� WDOL� �7DEHO� ���� �
.DUDNWHULVWLN� WHUVHEXW� EHUDNLEDW� VHUDW� GDQ� VHO�
SHPEXOXK� EDPEX� DPSHO� OHELK� PXGDK� PHQJ�
JHSHQJ� VHKLQJJD� PHPXQJNLQNDQ� NRQWDN�LNDWDQ�
DQWDU�VHUDW�\DQJ�OHELK�LQWHQVLI �VDDW�SHPEHQWXNDQ�
OHPEDUDQ�KDUGERDUG��-XJD�VHUDW�EDPEX�DPSHO�\DQJ�
OHELK� SDQMDQJ� PHPXQJNLQNDQ� DQ\DPDQ�MDOLQDQ�
DQWDU� VHUDW� OHELK� LQWHQVLI � SXOD� GHQJDQ� RULHQWDVL�
EDLN� VHMDMDU� DWDX� WHJDN� OXUXV� SHUPXNDDQ� VHUDW�� �
2ULHQWDVL� \DQJ� VHMDMDU� WHUVHEXW� EDQ\DN� EHUSHUDQ�
SRVLWLI � WHUKDGDS� 02(� GDQ� 025�� VHGDQJNDQ�
RULHQWDVL�WHJDN�OXUXV�SRVLWLI �WHUKDGDS�,%���/DERVN\��
<RES��	� -DQRZLDN� �������'L� VDPSLQJ� LWX�� OHELK�

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW������������
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UHQGDKQ\D�NDQGXQJDQ�VLOLND�GDQ�DEX�SDGD�EDPEX�
DPSHO� GLGXJD� LNXW� EHUSHUDQ� SRVLWLI � WHUKDGDS�
NHHPSDW�VLIDW�KDUGERDUG�WHUVHEXW��7DEHO�����$GDQ\D�
DEX�GDQ�VLOLND�SDGD�VHUDW�GDSDW�SXOD�PHQJJDQJJX�
DWDX�EHUSHQJDUXK�QHJDWLI �WHUKDGDS�LNDWDQ�DQWDUD�
VHUDW�VHUDW�GDQ�DQWDUD�VHUDW�SHUHNDW�VHUDW� �&DVH\��
�������6DSWDGL��������
� KDUGERDUG.HUDSDWDQ�GDQ�02(� �KDVLO�SHUFREDDQ�
VHOXUXKQ\D� ������� PHPHQXKL� SHUV\DUDWDQ� -,6�
������� ,QWHUQDWLRQDO� 2UJDQL]DWLRQ� IRU�GDQ�
6WDQGDUGL]DWLRQ� ������� 6HGDQJNDQ��7DEHO� ���� �
025� GDQ� ,%� � MXJD� PHPHQXKL� SHUV\DUDWDQ�
WHUVHEXW�WHWDSL�VHFDUD�SDUVLDO�\DLWX�EHUWXUXW�WXUXW� �
�������������GDQ�������

�� 'D\D�KDQWDU�SDQDV�GDQ�NHWDKDQDQ�SDQDV�

� KDUGERDUG'D\D�KDQWDU�SDQDV� �PHQLQJNDW�GHQJDQ�
SHQJJXQDDQ�SHUHNDW�75)��GDQ�VHFDUD�EHUVDPDDQ�
NHWDKDQDQ�SDQDV�PHQXUXQ��7DEHO���GDQ������/HELK�
ODQMXW�� SHQLQJNDWDQ� SHUVHQWDVH� 75)� �������
EHUDNLEDW�SXOD�SHQLQJNDWDQ�GD\D�KDQWDU�SDQDV�GDQ�
SHQXUXQDQ�NHWDKDQDQ�SDQDV��)HQRPHQD�WHUVHEXW�
WHUMDGL� NDUHQD� KXEXQJDQ� DQWDUD� NHGXD� VLIDW�
WHUVHEXW� PHPDQJ� VDOLQJ� EHUEDQGLQJ� WHUEDOLN�
�,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ��
�������,QL�MXJD�PHPSHUNXDW�LQGLNDVL�VHEHOXPQ\D��
EDKZD� SHUHNDW� 75)� �VHEHOXP� PHQJHUDV� ��FXULQJ
PHQJLQWHQVLINDQ� LNDWDQ�DQ\DPDQ� DQWDU� VHUDW�
GDODP� �� VHKLQJJD� PHQXUXQNDQ� SXOD�KDUGERDUG
YROXPH� URQJJD�URQJJD� XGDUD� GLGDODPQ\D�
�6XFKVODQG�	�:RRGVRQ��������
� 3URSRUVL� FDPSXUDQ� EDKDQ� VHUDW� MXJD�
EHUSHQJDUXK� SDGD� NHGXD� VLIDW� WHUVHEXW�� GLPDQD�
VHPDNLQ� WLQJJL� SURSRUVL� SXOS� EDPEX� DPSHO�
WHUKDGDS�SXOS�EDPEX�WDOL�EHUDNLEDW�SHQLQJNDWDQ�
GD\D� KDQWDU� SDQDV� GDQ� SHQXUXQDQ� NHWDKDQDQ�
SDQDV��7DEHO���GDQ����� �'LGXJD�LQL�DGD�NDLWDQQ\D�
GHQJDQ� NHUDSDWDQ� � \DQJ� FHQGHUXQJ�KDUGERDUG
PHQLQJNDW� GHQJDQ�PHQLQJNDWQ\D� SURSRUVL� SXOS�
EDPEX� DPSHO� WHUVHEXW�� � 3HQLQJNDWDQ� NHUDSDWDQ�
EHUDNLEDW� VWUXNWXU� VHUDW� GDODP� � OHELK�KDUGERDUG
NRPSDN�GDQ�OHELK�VHGLNLW�URQJJD�XGDUD��DNLEDWQ\D�
OHELK� PXGDK� PHQJKDQWDUNDQ� SDQDV� DWDX�
PHQXUXQNDQ� NHWDKDQDQ� SDQDV ,62�� ������� �� �
6HSHUWL�GLNHWDKXL�GD\D�KDQWDU�SDQDV�VXDWX�EDKDQ�
XPXPQ\D�EHUEDQGLQJ�WHUEDLN�GHQJDQ�NHWDKDQDQ�
SDQDVQ\D�+D\JUHHQ�	�%RZ\HU���������
� +DUGERDUG� KDVLO� SHUFREDDQ� PHQXQMXNNDQ�
YDULDVL� QLODL� GD\D� KDQWDU� SDQDV� GDQ� NHWDKDQDQ�
SDQDV� \DQJ� VHOXUXKQ\D� PDVLK� GLEDZDK� SHU�
V\DUDWDQ ,62� �������� /HELK� UHQGDKQ\D� QLODL�

WHUVHEXW�PHQXQMXNNDQ�EDKZD�SDGD�KDUGERDUG�KDVLO�
SHUFREDDQ�PDVLK� WHUGDSDW� URQJJD�URQJJD� XGDUD�
GHQJDQ� YROXPH� WHUWHQWX�� VHKLQJJD� EHUSHQJDUXK�
QHJDWLI � WHUKDGDS� GD\D� KDQWDU� SDQDV� WHUVHEXW��
'LKDUDSNDQ� NHOHPDKDQ� LQL� GDSDW� GLSHUEDLNL�
GHQJDQ� SHQHUDSDQ� SHUODNXDQ� PLQ\DN�� NDUHQD�
PLQ\DN�VHODLQ�GDSDW�PHQJKDQWDUNDQ�SDQDV�VHFDUD�
VWDWLV� �VHSHUWL� KDOQ\D� EDKDQ� SDGDWDQ�� MXJD� ELVD�
VHFDUD� NRQYHNVL� �XQWXN� EDKDQ� \DQJ� EHUEHQWXN�
IOXLGD�� WHUPDVXN� PLQ\DN��� PHQLQJNDWNDQ� GD\D�
KDQWDU� SDQDV�KDUGERDUG� �6XFKVODQG�	�:RRGVRQ��
�������%HQQHW�	�0\HUV��������

��� 7HODDKDQ�VLIDW�ILVLV�GDQ� �� PHNDQLV KDUGERDUG

� �7HODDKDQ�WHUVHEXW�GLODNXNDQ�GHQJDQ�PHPSHU
KDWLNDQ�VLIDW�ILVLV�NHNXDWDQ��PXWX�� �\DQJ�KDUGERDUG
GLNHKHQGDNL�NRQVXPHQ��\DLWX�DQWDUD�ODLQ��NDGDU�DLU��
SHQ\HUDSDQ�DLU��SHQJHPEDQJDQ�WHEDO��GD\D�KDQWDU�
SDQDV� \DQJ� UHQGDK� NHUDSDWDQ�� VLIDW� PHNDQLV�
�02(��025�� ,%��� GDQ�NHWDKDQDQ�SDQDV� WLQJJL��
'HQJDQ�SHQHUDSDQ�DQDOLVLV�GLVNULPLQDQ�GL�PDQD�
VLIDW� � EDLN� \DQJ� GLNHKHQGDNL� DWDX� WDN�KDUGERDUG
GLNHKHQGDNL� WHUVHEXW� GLSDNDL� VHEDJDL� PDVXNDQ��
GDSDW� GLSHUROHK� SHUVDPDDQ� GLVNULPLQDQ� <�GLVNU� �
 ����EL<L�� �����������<���02(������������<��
�025�����������<���,%��²���������<���NDGDU�DLU���
�� �������� <�� �NHUDSDWDQ�� ²� �������� <��
�SHQJHPEDQJDQ�WHEDO��²���������<���SHQ\HUDSDQ�
DLU��²���������<���GD\D�KDQWDU�SDQDV������������
�NHWDKDQDQ� SDQDV��� GL�PDQD� QLODL�<L�PHUXSDNDQ�
QLODL�VLIDW�PXWX� ��VHFDUD�NXDQWLWDWLI��\DQJ�KDUGERDUG
VXGDK�GLEDNXNDQ�� ��PHQMDGL�QLODL�WDQSD�VWDQGDUGL]HG
VDWXDQ��7DEHO����
� 3 Q PHPLOLNLHUVDPDDQ� GLVNULPL DQ� � LQGLNDVL�
EDKZD�SXOS�EDPEX�DPSHO�������7DEHO���GDQ����
SDOLQJ� EHU � XQWXN� SHPEXDWDQ� KDUGERDUG��NXDOLWDV
NDUHQD� QLODL� GLVNULPLQDQ� SURGXN� KDUGERDUGQ\D�
SDOLQJ� WLQJJL�� � ,QL�PHQJLV\DUDWNDQ� EDKZD� DVSHN�
SRVLWLI � VLIDW� GDVDU� EDPEX� DPSHO� GDQ� VLIDW�
SHQJRODKDQ� SXOS� EDPEX� WHUVHEXW� �DQWDUD� ODLQ�
NDQGXQJDQ�DEX�VLOLND�UHQGDK��VHUDW�OHELK�SDQMDQJ��
GDQ�GLDPHWHU� VHUDW�� OXPHQ��GDQ�SHPEXOXK� OHELK�
EHVDU � PHQGRPLQLU�PHQJDODKNDQ� DVSHN��
QHJDWLIQ\D�� �NDGDU�OLJQLQ�OHELK�UHQGDK��DQWDUD�ODLQ
SRUVL�HNVWUDNWLI �\DQJ�ODUXW�GDODP�DONRKRO�EHQ]HQ��
DLU�GLQJLQ��GDQ�1D2+����OHELK�WLQJJL��GD\D�WHQXQ�
GDQ�NHOHPDVDQ�VHUDW�OHELK�UHQGDK��NHNDNXDQ�VHUDW��
ELODQJDQ�5XQNHO��ELODQJDQ�0XKOVWHS�OHELK�WLQJJL��
GLQGLQJ�VHUDW�OHELK�WHEDO��GDQ�SXOSQ\D�OHELK�VXNDU�
GLJLOLQJ��7DEHO�������GDQ����� �+DO�LQL�EHUGDVDUNDQ�
SDGD�VLIDW�KDUGERDUG�GDUL�SXOS�EDPEX�DPSHO������

��

.XDOLWDV�+DUGERDUG�GDUL�'XD�-HQLV�%DPEX�GHQJDQ�7DPEDKDQ�7DQLQ�5HVRUVLQRO�)RUPDOGHKLGD
�'LDQ�$QJJUDLQL�,QGUDZDQ��,�0��6XODVWLQLQJVLK��5RVVL�0DUJDUHWK�7DPSXERORQ��*XVWDQ�3DUL��	�$GL�6DQWRVR�



\DQJ� SDOLQJ� EDQ\DN� PHPHQXKL� SHUV\DUDWDQ� -,6�
������� ,62��������VHEDJDLPDQD�WDPSDN�SDGD�GDQ�
7DEHO� �� HUVDPDDQ� GLVNULPLQDQ�� 6HGDQJNDQ� S
PHQ EDKZD� SXOS� EDPEX� WDOL� �����XQMXNNDQ�
PHPLOLNL�SURVSHN�SDOLQJ�UHQGDK��7DEHO���GDQ�����
NDUHQD�QLODL�GLVNULPLQDQ�SURGXN�KDUGERDUG�SDOLQJ�
UHQGDK� KDUGERDUG�GDUL�FDPSXUDQ�SXOS�EDPEX��'DQ�
WDOL���SXOS�EDPEX�DPSHO�SDGD�SURSRUVL�������
����GDQ�SURSRUVL������������KDPSLU�PHQ\DPDL�
SHUIRUPD� KDUGERDUG� GDUL� SXOS� EDPEX� DPSHO�
������� �+DO�LQL�MXJD�GLSHUNXDW�EHUGDVDUNDQ�VLIDW�
KDUGERDUG�GDUL�NHGXD�SURSRUVL�FDPSXUDQ�WHUVHEXW�
\DQJ�EDQ\DN�PHPHQXKL�SHUV\DUDWDQ� GDQ�-,6��������
,62��������
� 1 KDUGERDUGLODL� GLVNULPLQDQ� SURGXN� � \DQJ�
PHQJJXQDNDQ�SHUHNDW�75)����OHELK�WLQJJL�GDUL�
SDGD� QLODL� GLVNULPLQDQ� SURGXN� GHQJDQ� SHUHNDW�
75)� ���� � 6HODQMXWQ\D�� NHGXD� QLODL� GLVNULPLQDQ�
WHUVHEXW� MXJD� OHELK� WLQJJL� GDUL� SDGD� QLODL�
GLVNULPLQDQ�SURGXN� �NRQWURO�DWDX�WDQSD�KDUGERDUG
SHUHNDW��� QL�PHPSHUNXDW�XUDLDQ�VHEHOXPQ\D�1LODL�L
EDKZD�SHQJJXQDDQ�SHUHNDW�75)�EHUSHUDQ�SRVLWLI �
WHUKDGDS�VLIDW�SURGXN� �\DQJ�GLXML�KDUGERDUG
� 1DPXQ� GHPLNLDQ�� KDVLO� DQDOLVLV� GLVNULPLQDQ�
WHUVHEXW� WLGDN� PHQGXNXQJ� KDVLO� WHODDKDQ� VLIDW�
GDVDU� GDQ� VLIDW� SHQJRODKDQ� SXOS� EDKDQ� VHUDW�� �
+DVLO� WHODDKDQ� VLIDW� GDVDU� GDQ� VLIDW� SHQJRODKDQ��
GHQJDQ� PHQHUDSNDQ� VLVWLP� VNRU� GDQ� WRWDO� VNRU�
KDVLO� PDQLSXODVL� XML� %1-� �7DEHO� ��� ��� GDQ� ���
PHQJLQGLNDVLNDQ� EDKZD� VHUDW� EDPEX� WDOL� OHELK�
EHU �XQWXN�SHPEXDWDQ� �GDUL�SDGD�NXDOLWDV KDUGERDUG
VHUDW�EDPEX�DPSHO�� � �DQDOLVLV�GLVNULPLQDQ�1DPXQ
PHQJLV\DUDWNDQ�KDVLO�VHEDOLNQ\D��7DEHO�����GL�PDQD�
VHUDW� EDPEX� DPSHO� OHELK� EHU � XQWXN�NXDOLWDV
KDUGERDUG� GLEDQGLQJNDQ� VHUDW� EDPEX� WDOL�� �
3HQMHODVDQQ\D�DGDODK�WHODDKDQ�GHQJ Q�VLVWLP�VNRU�D
�GDQ�WRWDO�VNRU��GLODNXNDQ�GHQJDQ�PHPEHUL�ERERW�
\DQJ�VDPD�SDGD�VHWLDS�DVSHN��LWHP��SDGD�VLIDW�GDVDU�
PDVLQJ�PDVLQJ� \DLWX� NHUDSDWDQ�� NDGDU� DLU�� GDQ�
NRPSRVLVL�NLPLD��7DEHO�����GLPHQVL�VHUDW�GDQ�QLODL�
WXUXQDQQ\D��7DEHO�����GDQ�VLIDW�SHQJRODKDQ�SXOS�
�7DEHO����

'��+DVLO�3HQJXMLDQ�6NDOD�1DQR

� 6HPDNLQ� WLQJJL� QLODL� NULVWDOLQLWDV� VXDWX� VHUDW��
PDND� VHPDNLQ� UHQGDK� SRUVL� DPRUIQ\D�� GDQ�
VHPDNLQ� EDQ\DN� SRUVL� UDQWDL� VHOXORVD� \DQJ�
EHURULHQWDVL� VHMDMDU� VXPEX� VHUDW� GDQ� VDOLQJ�
EHUVHQWXKDQ�VDWX� WHUKDGDS� ODLQQ\D�VHFDUD� ODWHUDO�
PHPEHQWXN� PLNURILEULO �7$33,�� ������� %HU�
GDVDUNDQ�$OPDODLND�	�&VRW��������GDODP�$JXVQDV�
��������NULVWDOLQLWDV�PHUXSDNDQ�VLIDW�SDGD�SROLPHU�
\DQJ� PHQXQMXNNDQ� LNDWDQ� DQWDU� UDQWDL� PROHNXO�
VHKLQJJD� PHQJKDVLONDQ� VXVXQDQ� \DQJ� OHELK�
WHUDWXU��6LIDW�NULVWDOLQLWDV�\DQJ� WLQJJL�PHQ\HEDE�
NDQ� WHJDQJDQ� \DQJ� WLQJJL� GDQ� NDNX�� +DVLO�
SHQFHUPDWDQ� GHQJDQ� DODW� ;5'� PHQXQMXNNDQ�
EDKZD�NULVWDOLQLWDV�VHUDW�EDPEX�WDOL�VHGLNLW�OHELK�
WLQJJL�GDUL�SDGD�NULVWDOLQLWDV� VHUDW�EDPEX�DPSHO�
�7DEHO� ���� $NDQ� WHWDSL�� OHELK� WLQJJLQ\D� QLODL�
GLVNULPLQDQ� SURGXN� KDUGERDUG� GDUL� SXOS� EDPEX�
DPSHO� ����� GDUL� SDGD� QLODL� SURGXN� GDUL� SXOS�
EDPEX� WDOL� ����� �7DEHO� ��� PHQJ�LQGLNDVLNDQ�
EDKZD� NHNXDWDQ� LQGLYLGX� VHUDW� EDPEX� GDODP�
NDLWDQ� LQL� WLGDN� DWDX� VHGLNLW�VHNDOL� EHUSHUDQ�
WHUKDGDS�VLIDW�PHNDQLV�KDUGERDUG�\DQJ�GLXML�
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� KDVLO�SHQHOLWLDQ�GLNHWDKXL�EDKZD%HUGDVDUNDQ� �
VLIDW� GDVDU� EDKDQ� VHUDW� �EDPEX� WDOL� GDQ� EDPEX�
DPSHO��� VLIDW� SHQJRODKDQ� SXOS�� GDQ� VLIDW� ILVLV�
PHNDQLV�SURGXN� ��EDKDQ�VHUDW�\DQJ�SDOLQJKDUGERDUG �
EDLN KDUGERDUG� XQWXN� � DGDODK� SXOS� EDPEX� DPSHO�
������ VHGDQJNDQ� KDUGERDUG� \DQJ� PHPLOLNL�
NXDOLWDV� WHUHQGDK� DGDODK� \DQJ� GLEXDW� GDUL� SXOS�
EDPEX�WDOL�������%DKDQ�VHUDW�EHUXSD�FDPSXUDQ�
SXOS� EDPEX� WDOL� �� SXOS� EDPEX� DPSHO� SDGD�
SURSRUVL� �������� GDQ� �������� EHUWXUXW�
WXUXW� PHQHPSDWL� XUXWDQ� �VLIDW� KDUGERDUG� WHUEDLN
NHGXD�GDQ�NHWLJD�
� 6LIDW� ILVLV�PHNDQLV� KDUGERDUG� \DQJ� GLEHUL�
WDPEDKDQ� EDKDQ� SHUHNDW� 75)� ��� OHELK� EDLN�
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GLEDQGLQJNDQ� GHQJDQ� 75)� ���� 6LIDW� KDUGERDUG�
GHQJDQ�GHQJDQ�SHQDPEDKDQ�SHUHNDW�75)� OHELK�
EDLN�GDULSDGD�VLIDW�KDUGERDUG�NRQWURO��WDQSD�75)��
� 3HQLQJNDWDQ� VLIDW KDUGERDUG �� � � GDUL� EDPEX� WDOL
GDSDW� GLODNXNDQ� GHQJDQ PHQFDPSXUNDQ� � VHUDW�
SXOS�EDPEX�MHQLV�DPSHO�GHQJDQ�SRUVL����� ���VHUWD
SHQDPEDKDQ� �SHUHNDW�75)

8FDSDQ�7HULPD�.DVLK

� 8FDSDQ�WHULPD�NDVLK�VHEHVDUQ\D�GLVDPSDLNDQ�
SDGD�%DSDN�'U��,U��+DQ�5ROLDGL��06F��SXUQD�WXJDV�
SHQHOLWL�VHQLRU�3XVDW�/LWEDQJ�+DVLO�+XWDQ��%RJRU�
DWDV� VHJDOD� VDUDQ� GDQ� LQIRUPDVLQ\D� PHQJHQDL�
DVSHN� 7HNQRORJL� 3DSDQ� 6HUDW�� GDQ� MXJD�
SHQJRODKDQ�GDWD� WHUNDLW� DVSHN� VWDWLVWLN�SXEOLNDVL�
LOPLDK�LQL��

'$)7$5�3867$.$

$JXVQDU��+����������3HQHQWXDQ�GHUDMDW�NULVWDOLQLWDV�
ODUXWDQ� NLWLQ� GHQJDQ� YDULDVL� ZDNWX�
SHQ\LPSDQDQ�PHQJJXQDNDQ� GLIUDNVL� VLQDU�
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$SULDQL�� <�� �������� .HPXQJNLQDQ� SHPDQIDDWDQ�
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6DKUL��0��+����������&KDUDFWHULVWLFV�RI �SXOS�
SURGXFHG�IURP�UHILQHU�PHFKDQLFDO�SXOSLQJ�
RI �WURSLFDO�EDPERR��*LJDQWRFKORD�VFRUWHFKLQLL���
3HUWDQLND� -RXUQDO� RI � 7URSLFDO� $JULFXOWXUDO�
6FLHQFH�����������������

%DGDQ� 3XVDW� 6WDWLVWLN�� �������� ��6WDWLVWLN� ,QGRQHVLD
-DNDUWD�

%HQQHW��&���	�0\HUV��-����������0RPHQWXP��KHDW��DQG�
WK

PDVV�WUDQVIHU��� �HGLWLRQ��1HZ�<RUN���/RQGRQ���
7RURQWR��0F*UDZ�+LOO�%RRN�&R�

&DVH\��-����������3XOS�DQG�SDSHU�FKHPLVWU\�DQG�WHFKRORJ\��
QG

�� �HGLWLRQ��9RO��,���1HZ�<RUN���%ULVEDQH���
7RURQWR��$�:LOH\�,QWHUVFLHQFH�3XEOLFDWLRQ�

)DWULDVDUL�� :��� 'DPD\DQWL�� 5��� 	� $QLWD�� 6�� +��
��������)LEHU�TXDOLWLHV�RI �SUHWUHDWHG�EHWXQJ�
EDPERR� �'HQGURFDODPXV� DVSHU�� E\� PL[HG�

FXOWXUH�RI �ZKLWH�URW�IXQJL�ZLWK�UHVSHFW�WR�LWV�
XVH� IRU� SXOS�SDSHU�� -RXUQDO� RI � )RUHVWU\�
5HVHDUFK�� ������� �������� GRL�� ����������
LMIU�����������������

+D\JUHHQ��-���	�%RZ\HU��-����������)RUHVW�SURGXFWV�DQG�
ZRRG� VFLHQFH�� $Q� LQWURGXFWLRQ�� $PHV�� ,RZD��
,RZD�6WDWH�8QLYHUVLW\�

+XVVHLQ��$��6���,EUDKLP��.���	�$EGXOOD��.����������
7DQQLQ�3KHQRO� )RUPDOGHK\GH� UHVLQV� DV�
ELQGHUV� IRU� FHOOXORVLF� ILEHUV�� 0HFKDQLFDO�
SURSHUWLHV�� ����������GRL��1DWXUDO�5HVRXUFHV���
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,QWHUQDWLRQDO� 2UJDQL]DWLRQ� IRU� 6WDQGDUGL]DWLRQ�
�,62��� �������� ,62�',6� ��������� :RRG�
EDVHG� SDQHOV� �� :HW� SURFHVV� ILEHUERDUG�� SDUW� ���
6SHFLILFDWLRQ�� DQG� ,62� �,QWHUQDWLRQDO� 6WDQGDUG�
2UJDQL]DWLRQ�� �',6� �������� DQG� ���������
:RRG�EDVHG�SDQHOV���'U\�SURFHVV�ILEHUERDUG�DQG�
ZHW� SURFHVV� ILEHUERDUG�� 5HTXLUHPHQWV�� 6&�7&�
���6&���*HQHYD��6ZLW]HUODQG�

-DSDQHVH� ,QGXVWULDO� 6WDQGDUG� �-,6��� ��������
3DUWLFOHERDUGV�� -,6� $� ����������� 7RN\R��
-DSDQ�� -DSDQHVH� 6WDQGDUGV� $VVRFLDWLRQ�
�-6$��

.ROOPDQQ�� )�� )�� 3��� 	� &{Wp� -U�� :�� $�� ��������
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.ROOPDQQ��)��)��3���.XHQ]L��(��:���	�6WDPP��$��-��
��������3ULQFLSOH�RI �ZRRG�VFLHQFH�DQG�WHFKQRORJ\��
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6SULQJHU�9HUODJ�%HUOLQ�+HLGHOEHUJ�

/DERVN\�� 3��� <RES�� 5�� '��� -DQRZLDN�� -�� -��� 	�
%ODQNHQKRUQ��3��5����������(IIHFW�RI �VWHDP�
SUHVVXUH� UHILQLQJ� DQG� UHVLQ� OHYHOV� RQ�
SURSHUWLHV�RI �8)�ERQGHG�UHG�PDSOH�0')��
)RUHVW�3URGXFWV�-RXUQDO��������������������GRL��
����������������������������

0RUULVRQ��'����������0XOWLYDULDWH�VWDWLVWLFDO�PHWKRGV��
QG

�� �HGLWLRQ���1HZ�<RUN���/RQGRQ���7RN\R���
7RURQWR��0F*UDZ�+LOO�%RRN�&R�

1XUUDQL�� /�� �������� 3HPDQIDDWDQ� EDWDQJ� SLVDQJ�
�0XVD�VS���VHEDJDL�EDKDQ�EDNX�SDSDQ�VHUDW�
GHQJDQ�SHUODNXDQ�WHUPR�PHNDQLV��3HQHOLWLDQ�
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2WW��5����������$Q�LQWURGXFWLRQ�WR�VWDWLVWLFDO�PHWKRGV�
DQG� GDWD� DQDO\VLV�� %HOPRQW�� &$�� 86$��
'X[EXU\�3UHVV�

6DQWRVR��$�� ��������7DQLQ�GDQ� OLJQLQ�GDUL�$FDFLD�
PDQJLXP�:LOOG�VHEDJDL�EDKDQ�SHUHNDW�ND\X�
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.HPHQWHULDQ� .HKXWDQDQ� �� /,3,�� %DGDQ�
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3HQHOLWLDQ�+DVLO�+XWDQ�

6MRVWURP��(����������:RRG�FKHPLVWU\��)XQGDPHQWDOV�
DQG� DSSOLFDWLRQV�� 1HZ� <RUN� �� /RQGRQ� ��
7RURQWR���7RN\R��$FDGHPLF�3UHVV��,QF�

6PRRN�� *�� ��������+DQGERRN� IRU� SXOS� DQG� SDSHU�
WHFKQRORJLVWV�� $WODQWD�� *HRUJLD�� -RLQW�

7H[WERRN� &RPPLWWHH� RI � WKH� 3DSHU�
,QGXVWU\�

6WDWLVWLFDO� $QDO\VLV� 6\VWHP�� �������� *XLGH� IRU�
WK

SHUVRQDO� FRPSXWHUV�� �� � HGLWLRQ��� &DU\�� 1&��
������������6$6�,QVWLWXWH�,QF�

6XFKVODQG�� 2��� 	� :RRGVRQ�� *�� (�� ��������
)LEHUERDUG�PDQXIDFWXULQJ�SUDFWLFHV�LQ�WKH�8QLWHG�
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$JULFXOWXUH�� )RUHVW� 6HUYLFH��8QLYHUVLW\� RI �
9LUJLQLD�

6XODVWLQLQJVLK�� ,�� 0��� 	� 6DQWRVR�� $�� ��������
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7HFKQLFDO� $VVRFLDWLRQ� RI � WKH� 3XOS� DQG� 3DSHU�
,QGXVWU\� �7$33,��� �������� 7$33,� WHVW�
PHWKRG��$WODQWD��*HRUJLD��7$33,�3UHVV�

7VRXPL��*�� ��������6FLHQFH� DQG� WHFKQRORJ\� RI � ZRRG��
VWUXFWXUH��SURSHUWLHV��DQG�XWLOL]DWLRQ��1HZ�<RUN��
9DQ�1RVWUDQG�5HLQKROG�&R�
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