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2QH�LQGLFDWRU�RI �VXVWDLQDEOH�IRUHVW�PDQDJHPHQW�LV�WKH�PLQLPXP�LPSDFW�RI�UHVLGXDO�VWDQG�GDPDJH�FDXVHG�E\�WLPEHU�
KDUYHVWLQJ� DFWLYLWLHV�� 7KLV� SDSHU� H[DPLQHV� VWDQG� GDPDJH� GXH� WR� WLPEHU� KDUYHVWLQJ� RQ� KLOO\� WURSLFDO� IRUHVW�� &HQWUDO�
.DOLPDQWDQ��7KH�VWXG\�ZDV�FDUULHG�RXW�XVLQJ�VDPSOHV�SORW�RI �����P�[�����P�WKDW�ZDV�V\VWHPDWLFDOO\�SODFHG�RQ�WKUHH�
VHOHFWHG�FXWWLQJ�SORWV�ZLWK�GLIIHUHQW�FKDLQVDZ�RSHUDWRUV�ZRUNLQJ�H[SHULHQFH��5HVXOWV�VKRZHG�WKDW�WKH�GHJUHH�RI �UHVLGXDO�
VWDQGV�GDPDJH�GXH�WR�WLPEHU�KDUYHVWLQJ�UDQJHG�EHWZHHQ�������²�������ZLWK�DQ�DYHUDJH�RI ��������FDWHJRUL]HG�DV�OLJKW�
VWDQG�GDPDJH��7KH�DYHUDJH�VWDQGV�GDPDJH�GXH�WR�IHOOLQJ�ZDV��������DQG�VNLGGLQJ�ZDV�������8QH[SHULHQFHG�FKDLQVDZ�
RSHUDWRUV�WHQG�WR�FDXVH�JUHDWHU�GDPDJH�WKDQ�ZHOO�WUDLQHG�FKDLQVDZ��7\SH�RI �UHVLGXDO�GDPDJH�GXH�WR�WKH� �IHOOLQJ�RQ�HLWKHU�
VORSLQJ��UDWKHU�VWHHS�RU�VWHHS�WHUUDLQ�ZDV�GRPLQDWHG�E\�EURNHQ�WUHH�WUXQNV��7KH�PRVW�FRPPRQ�W\SH�RI �UHVLGXDO�VWDQG�GDPDJH�
GXH�WR�VNLGGLQJ�ZDV�WKH�FROODSVHG�RU�WLOWHG�WUHHV��7KH�UHVLGXDO�VWDQG�GDPDJH�GXH�WR�WLPEHU�KDUYHVWLQJ�FRXOG�EH�UHGXFHG�E\�
LPSRVLQJ�LQWHQVLYH�VXSHUYLVLRQ�LQ�WKH�IHOOLQJ�VLWHV�DQG�SURYLGH�WUDLQLQJ�DQG�RU�UHIUHVKHU�WR�FKDLQVDZ�DQG�VNLGGLQJ�WUDFWRU�
RSHUDWRUV�HVSHFLDOO\�RQ�FXWWLQJ�WHFKQLTXH�DQG�HQYLURQPHQWDOO\�IULHQGO\�VNLGGLQJ�

.H\ZRUGV��7LPEHU�KDUYHVWLQJ��QDWXUDO�IRUHVW��VHOHFWLYH�ORJJLQJ�V\VWHP��GHJUHH�RI �GDPDJH��UHVLGXDO�VWDQG

$%675$.

6DODK�VDWX�LQGLNDWRU�SHQJHORODDQ�KXWDQ�OHVWDUL�DGDODK�DGDQ\D�GDPSDN�NHUXVDNDQ�WHJDNDQ�WLQJJDO�\DQJ�
GLWLPEXONDQ�ROHK�NHJLDWDQ�SHPDQHQDQ�ND\X��7XOLVDQ�LQL�PHPSHODMDUL�NHUXVDNDQ�WHJDNDQ�WLQJJDO�DNLEDW�
SHPDQHQDQ� ND\X� GL� KXWDQ� WURSLV� EHUEXNLW� GL� .DOLPDQWDQ� 7HQJDK�� 3HQJDPDWDQ� GLODNXNDQ� GHQJDQ�
PHQJJXQDNDQ�SORW�FRQWRK�SHQHOLWLDQ�EHUXNXUDQ�����P�[�����P�\DQJ�GLWHPSDWNDQ�VHFDUD�VLVWHPDWLV�
SDGD� WLJD�SHWDN�WHEDQJ�WHUSLOLK�GHQJDQ�RSHUDWRU� FKDLQVDZ�\DQJ�EHUEHGD�WLQJNDW�NHPDKLUDQQ\D��+DVLO�
SHQHOLWLDQ�PHQXQMXNNDQ�EHVDUQ\D�GHUDMDW�NHUXVDNDQ�WHJDNDQ�WLQJJDO�DNLEDW�SHPDQHQDQ�ND\X�EHUNLVDU�
DQWDUD�������²�������GHQJDQ�UDWD�UDWD��������WHUPDVXN�NDWHJRUL�NHUXVDNDQ�WHJDNDQ�WLQJNDW�ULQJDQ��
.HUXVDNDQ�WHJDNDQ�WLQJJDO� UDWD�UDWD�DNLEDW�SHQHEDQJDQ�DGDODK��������GDQ�DNLEDW�SHQ\DUDGDQ�ND\X�
VHEHVDU�������2SHUDWRU�FKDLQVDZ�\DQJ�WLGDN�WHUODWLK�NXUDQJ�EHUSHQJDODPDQ�FHQGHUXQJ�PHQJDNLEDWNDQ�
NHUXVDNDQ� OHELK�EHVDU�GLEDQGLQJNDQ�RSHUDWRU� FKDLQVDZ� \DQJ� VXGDK� WHUODWLK��7LSH�NHUXVDNDQ� WHJDNDQ�
DNLEDW�SHQHEDQJDQ�EDLN�SDGD�DUHDO�\DQJ�ODQGDL��DJDN�FXUDP�PDXSXQ�FXUDP�GLGRPLQDVL�ROHK�SDWDK�EDWDQJ�
SRKRQ��7LSH�NHUXVDNDQ�WHJDNDQ�WLQJJDO�DNLEDW�SHQ\DUDGDQ�XPXPQ\D�EHUXSD�SRKRQ�\DQJ�URERK�PLULQJ��
.HUXVDNDQ�WHJDNDQ�DNLEDW�SHPDQHQDQ�ND\X�GDSDW�GLNXUDQJL�GHQJDQ�SHQJDZDVDQ�\DQJ�OHELK�EDLN�GL�DUHDO�
SHQHEDQJDQ�GDQ�PHPEHULNDQ�SHODWLKDQ�GDQ�DWDX�SHQ\HJDUDQ�NHSDGD�RSHUDWRU� FKDLQVDZ�GDQ� WUDNWRU�
VDUDG�PHQJHQDL�WHNQLN�SHQHEDQJDQ�GDQ�SHQ\DUDGDQ�UDPDK�OLQJNXQJDQ�

.DWD�NXQFL��3HPDQHQDQ�ND\X��KXWDQ�DODP��VLVWHP�WHEDQJ�SLOLK��GHUDMDW�NHUXVDNDQ��WHJDNDQ�WLQJJDO�
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GL� .DOLPDQWDQ� 7LPXU� � �� ²� ���EHUNLVDU� DQWDUD
SRKRQ�� VHGDQJNDQ� (OLDV� ������� PHODSRUNDQ�
EDKZD� UDWD�UDWD� \DQJ�LQWHQVLWDV� SHPDQHQDQ�ND\X�
EROHK�GLWHEDQJ�PLQLPDO�� 7HUMDGLQ\D��SRKRQ�KD��
NHUXVDNDQ�WHJDNDQ�DNLEDW�SHPDQHQDQ�ND\X�WLGDN�
PXQJNLQ�XQWXN�GLKLQGDUL ��� 0HQXUXW�(OLDV���������
SHODNVDQDDQ�SHPDQHQDQ�KXWDQ�\DQJ�NXUDQJ�EDLN�
DNDQ� PHQLPEXONDQ� NHUXVDNDQ� KXWDQ�� VHSHUWL�
NHUXVDNDQ�WHJDNDQ�WLQJJDO�GDQ�NHWHUEXNDDQ�DUHDO ��
.HUXVDNDQ� WHJDNDQ� WLQJJDO� WHUVHEXW� WLGDN� VDMD�
DNLEDW� SHPEXDWDQ� MDODQ� DQJNXWDQ� WHWDSL� MXJD�
NHJLDWDQ� SHQHEDQJDQ� GDQ� SHQ\DUDGDQ� ND\X��
3HQHEDQJDQ� EHUGDPSDN� PHOXNDL� WHJDNDQ� GL�
VHNLWDU� SRKRQ� \DQJ� GLWHEDQJ� WHUXWDPD� EDJLDQ�
WDMXN�� VHGDQJNDQ� SHQ\DUDGDQ� FHQGHUXQJ�
PHQLQJNDWNDQ� ULVLNR� NHPDWLDQ� SRKRQ� GDODP�
WHJDNDQ��WHUXWDPD��SDGD�DUHDO�GL�VHNLWDU�MDODQ�VDUDG�
�+DZWKRUQH��0DUVKDOO��-XDP��	�$J\HPDQ���������
%DKNDQ�� SUDNWLN� SHQHEDQJDQ� VHOHNWLI � \DQJ�
GLODNXNDQ� VHFDUD� NRQYHQVLRQDO� VHULQJ� PHUXVDN�
OHELK� GDUL� ���� SRKRQ� EHUGLUL� VHKLQJJD�
PHPSHQJDUXKL� EDLN� VWUXNWXU� GDQ� SURGXNWLYLWDV�
KXWDQ��6LVW�HW�DO����������)DNWD�GL�ODSDQJDQ�GLGXJD�
VHODLQ� IDNWRU� LQWHQVLWDV� SHPDQHQDQ� ND\X� GDQ�
NRQGLVL� WRSRJUDIL� MXJD� NHWHUDPSLODQ� RSHUDWRU�
FKDLQVDZ� EHUSHQJDUXK� SDGD� NHUXVDNDQ� WHJDNDQ�
WLQJJDO�
� 3HQHOLWLDQ�PHQJHQDL�NHUXVDNDQ�WHJDNDQ�WLQJJDO�
SDGD�SHPDQHQDQ�ND\X�GL�KXWDQ�DODP�VHEHQDUQ\D�
VXGDK� EDQ\DN� GLODNXNDQ�� 1DPXQ� GHPLNLDQ��
SHQHOLWLDQ� NHUXVDNDQ� WHJDNDQ� WLQJJDO� WHUNDLW�
GHQJDQ� LQWHQVLWDV� SHQHEDQJDQ� SDGD� NDZDVDQ�
KXWDQ� SHJXQXQJDQ� PDVLK� MDUDQJ� GLODNXNDQ��
7XMXDQ�WXOLVDQ�LQL�PHPSHODMDUL�GDPSDN�NHUXVDNDQ�
WHJDNDQ� WLQJJDO� \DQJ� GLDNLEDWNDQ� ROHK� NHJLDWDQ�
SHQHEDQJDQ� GDQ� SHQ\DUDGDQ� ND\X�� NKXVXVQ\D�
SDGD� KXWDQ� DODP� WURSLV� EHUEXNLW� GL�.DOLPDQWDQ�
7HQJDK�

,,���%$+$1�'$1�0(72'(

$��7HPSDW�GDQ�:DNWX�3HQHOLWLDQ

� VDODK� VDWX�3HQHOLWLDQ�GLODNXNDQ�GL� ,83++.�
+$�GL�.DEXSDWHQ�.RWDZDULQJLQ�7LPXU�3URYLQVL�
.DOLPDQWDQ�7HQJDK�SDGD� $JXVWXV� �SDGD�%XODQ� �
6HSWHPEHU ��� 6HFDUD� � ORNDVL�� ��� DGPLQLVWUDWLI �
SHPHULQWDKDQ� EHUDGD� GL� � ZLOD\DK� NDEXSDWHQ�WLJD
\D L WX� .DEXSDWHQ� 6HUX\DQ� � .DEXSDWHQ�
.RWDZDULQJLQ�7LPXU�� ��GDQ�.DEXSDWHQ�.DWLQJDQ

,�� 3(1'$+8/8$1

� 3URSLQVL�.DOLPDQWDQ�7HQJDK�PHUXSDNDQ�VDODK�
VDWX� SURSLQVL� DQGDODQ� NHGXD� ,QGRQHVLD� VHEDJDL�
VXPEHU� ND\X� GDUL� KXWDQ� DODP� GHQJDQ� SURGXNVL�

�PHQFDSDL�������MXWD�P ��.HPHQWHULDQ�/LQJNXQJDQ�
+LGXS�GDQ�.HKXWDQDQ���������-XPODK�,MLQ�8VDKD�
3HPDQIDDWDQ�+DVLO�+XWDQ�.D\X�SDGD�+XWDQ�$ODP�
�,83++.�+$�� VHEDQ\DN� ��� XQLW� GHQJDQ� OXDV�
NRQVHVL� PHQFDSDL� ������ MXWD� KD�� 3HQJHORODDQ�
KXWDQ� GDODP� NRQVHVL� ,83++.�+$� GLODNXNDQ�
GHQJDQ� VLVWHP� VLOYLNXOWXU� 7HEDQJ� 3LOLK� 7DQDP�
,QGRQHVLD� �737,��� 7HEDQJ� SLOLK� DGDODK� VLVWHP�
VLOYLONXOWXU� \DQJ� SDOLQJ� EDQ\DN� GLSHUJXQDNDQ� �
XQWXN� SURGXNVL� ND\X� NRPHUVLDO� GL� KXWDQ� DODP�
WURSLV� KXWDQ� GL� GXQLD� �:X�� /LX�� 7DNDVKLPD��
,VKLJDNL�� 	�:DWDQDEH�� ������� 7HNQLN� VLOYLNXOWXU�
WHEDQJ� SLOLK� PHPLOLNL� NHXQJJXODQ� NDUHQD� VHODLQ�
DVSHN�NRQVHUYDVL�GDQ�NHEHUODQMXWDQ�VXPEHUGD\D�
KXWDQ� \DQJ� PDVLK� WHU MDJD� MXJD� GDSDW�
PHQLQJNDWNDQ� VWDELOLWDV� OLQJNXQJDQ� GHQJDQ�
DGDQ\D�WHJDNDQ�WLQJJDO�\DQJ�PHQJKDVLONDQ�DQDNDQ�
EDUX� �5RGUtJXH]�� 5DPRV�� 2XUFLYDO�� /LPRXVLQ��
-RIIUH��	�5DPEDO�� �������3HQHOLWLDQ� 3DNKULD]DG��
6KLQRKDUD��1DNDPD��GDQ�<XNXWDNH�������� �SDGD�
KXWDQ�VXEWURSLV��NHEHUDGDDQ�DQDNDQ�EDUX�VDQJDW�
SHQWLQJ� GDODP� SHPEHQWXNDQ� YHJHWDVL� VHKLQJJD�
PHPEHULNDQ� NRQWULEXVL� XQWXN� NHDQHNDUDJDPDQ�
KD\DWL�GDQ�NHODQMXWDQ�SURGXNVL��
� 'DODP� KXEXQJDQQ\D� GHQJDQ� 737,� �
SHPDQHQDQ�ND\X�PHUXSDNDQ�WLQGDNDQ�VLOYLNXOWXU�
SDOLQJ� GRPLQDQ� GDODP�SHQJDWXUDQ� VWUXNWXU� GDQ�
NRPSRVLVL� WHJDNDQ� WLQJJDO� �(OLDV�� ������� 737,�
PHUXSDNDQ� VLVWHP�VLOYLNXOWXU�SHQJHORODDQ�KXWDQ�
DODP� WURSLND� OHVWDUL�� 6DODK� VDWX� LQGLNDWRU�
SHQJHORODDQ� � OHVWDUL� DGDODK� GDPSDN�KXWDQ
NHUXVDNDQ� \DQJ� GLWLPEXONDQ� VHODPD�WHJDNDQ�
NHJLDWDQ�SHPDQHQDQ�ND\X�\DQJ�UHQGDK��0XKGL�	�
+DQDILDK�� ������� 6HODLQ� LWX�� SHQJHORODDQ� KXWDQ�
OHVWDUL� MXJD� GDSDW� PHQMDPLQ� NHEHUODQMXWDQ�
SURGXNVL� ND\X�� PHOLQGXQJL� OLQJNXQJDQ��
SHQ\DQJJD� EDQMLU�� GDQ� SHUOLQGXQJDQ� WHPSDW�
WLQJJDO�\DQJ�DPDQ�EDJL�PDV\DUDNDW�VHNLWDU�KXWDQ�
�&DQDGHOO�	�5DXSDFK������� �&KDR�������� )$2��
������3XW]��=XLGHPD��6\QQRWW��&ODURV��	�3LQDUG��
������ 5XVODQGL�� ������� 6HODLQ� LWX�� LQWHQVLWDV�
SHQHEDQJDQ� MXJD� EHUSHQJDUXK� SDGD� NHUXVDNDQ�
WHJDNDQ�WLQJJDO� �:LMD\DQWL��������� � 6LVW��)LPEHO��
6KHLO�� 1DVL�� GDQ� &KHYDOOLHU� ������� PHQ\DWDNDQ��
EDKZD�LQWHQVLWDV�SHPDQHQDQ�ND\X�\DQJ�GLODNXNDQ�
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.HUXVDNDQ�7HJDNDQ�7LQJJDO�$NLEDW�3HPDQHQDQ�.D\X�S �+XWDQ�7URSLV�%HUEXNLW�GL�.DOLPDQWDQ�7HQJDKDGD
�6RHQDUQR��:HVPDQ�(QGRP�	�6RIZDQ�%XVWRPL�

6 V�� ORNDVL� SHQHOLWLDQ� WHUOHWDN� GLHFDUD� JHRJUDIL �
��������������� %XMXU� 7LPXU� GDQ� ������������
/LQWDQJ�6HODWDQ�

%��%DKDQ�GDQ�$ODW�3HQHOLWLDQ

� %DKDQ� \DQJ� GLSDNDL� GDODP� SHQHOLWLDQ� WHUGLUL�
DWDV� SHWD� DUHDO� 5HQFDQD� .HUMD� 7DKXQDQ� �5.7��
����� VNDOD� �� �� ������� GDQ� SHWD� 5HQFDQD�
2SHUDVLRQDO�3HPDQHQDQ�.D\X��523.��VNDOD�����
�������FDW��NXDV��SODVWLN�ZDUQD��VSLGRO�SHUPDQHQ��
GDQ� WDOL� SODVWLN�� 6HGDQJNDQ� DODW� \DQJ� GLJXQDNDQ�
DQWDUD�ODLQ�*OREDO�3RVLWLRQLQJ�6\VWHP��*36���NRPSDV��
FOLQRPHWHU�� UROO�PHWHU��SKL�EDQG�� WDOO\� VKHHW��SHUDQJNDW�
OXQDN� PLQLWDE� XQWXN� PHPEDQWX� DQDOLVLV� GDWD��
FKDLQVDZ�� GDQ� WUDNWRU� VDUDG�EXOOGR]HU�� GLJLWDO�
NDPHUD�� GDQ� KDQG\FDP� VHUWD� SHUOHQJNDSDQ� XQWXN�
GRNXPHQWDVL�SHQHOLWLDQ�GDQ�$ODW�3HOLQGXQJ�'LUL�
�$3'�� DQWDUD� ODLQ� WRSL� KHOP�� VDUXQJ� WDQJDQ��
VHSDWX�ERRW��GDQ�PDQWHO�ODSDQJDQ�

&��3URVHGXU�3HQHOLWLDQ

��� 3HPEXDWDQ� GDQ� SHQHPSDWDQ� SHWDN� FRQWRK�
SHQHOLWLDQ

� 3URVHGXU� SHODNVDQDDQ� SHQHOLWLDQ� GL� ODSDQJDQ�
GLODNXNDQ�GL�WLJD�SHWDN�WHEDQJ�5.7�WDKXQ�������
\DLWX�SHWDN�WHEDQJ�/�����0�����GDQ�1����GHQJDQ�
RSHUDWRU� FKDLQVDZ� \DQJ� EHUEHGD� WLQJNDW�
NHPDKLUDQQ\D��3DGD�SHWDN�WHEDQJ�/����RSHUDWRU�
FKDLQVDZ� EHOXP� SHUQDK� PHQGDSDWNDQ� ODWLKDQ�
WHNQLN�SHQHEDQJDQ��UDPDK�OLQJNXQJDQ�VHGDQJNDQ�
RSHUDWRU�FKDLQVDZ�SDGD�SHWDN�WHEDQJ�0����GDQ�1�
��� VXGDK� PHQGDSDWNDQ� ODWLKDQ� WHWDSL� EHUEHGD�
SHQJDODPDQ�NHUMD��.RQGLVL�WRSRJUDIL�NHWLJD�SHWDN�
WHEDQJ�WHUSLOLK�EHUYDULDVL�GDUL�ODQGDL�VDPSDL�FXUDP�
GHQJDQ� NHWLQJJLDQ� WHPSDW� ���� ²� ����P� GL� DWDV�
SHUPXNDDQ� ODXW� �GSO��� 3DGD� VHWLDS� SHWDN� WHEDQJ�
WHUSLOLK�GLEXDW�WLJD�SORW�FRQWRK�SHQJXNXUDQ�3&3�
�3ORW� VDPSOH� REVHUYDWLRQ�362�� GHQJDQ� XNXUDQ�
PDVLQJ�PDVLQJ� ���� P� ï� ���� P� ��� KD��� 3&3�
GLWHQWXNDQ� VHFDUD� VLVWHPDWLV� GDQ� GLVHVXDLNDQ�
GHQJDQ�NRQGLVL�SHWDN�WHEDQJ�GHQJDQ�MDUDN�DQWDU�
3&3�����P��VHSHUWL�GDSDW�GLOLKDW�SDGD�/DPSLUDQ���

��� 3HODNVDQDDQ�SHPDQHQDQ�ND\X

� 3HODNVDQDDQ� SHPDQHQDQ� ND\X� GLODNVDQDNDQ�
ODQJVXQJ� ROHK� UHJX� WHEDQJ� GDQ� VDUDG� VHVXDL�
GHQJDQ� NHELMDNDQ� \DQJ� GLWHUDSNDQ� ROHK�
SHUXVDKDDQ���3HPDQHQDQ�ND\X�LQL�PHOLSXWL�RSHUDVL�
SHQHEDQJDQ� GDQ� SHQ\DUDGDQ� ND\X�� 3HQHEDQJDQ�
PHQJJXQDNDQ�DODW�JHUJDML�PHVLQ��FKDLQVDZ��GHQJDQ�

XNXUDQ�SDQMDQJ�EDU����FP��6HGDQJNDQ�SHUDODWDQ�
SHQ\DUDGDQ� ND\X� EXODW� �ORJ�� DGDODK� WUDNWRU�
VDUDG�EXOOGR]HU�� � 3HQHEDQJDQ� GL� PDVLQJ�PDVLQJ�
SHWDN� WHEDQJ� GLODNXNDQ� ROHK� RSHUDWRU� FKDLQVDZ�
GHQJDQ� WLQJNDW� NHPDKLUDQ� \DQJ� EHUEHGD�� 3DGD�
SHWDN� WHEDQJ� /���� SHQHEDQJDQ� GLODNXNDQ� ROHK�
RSHUDWRU� FKDLQVDZ� \DQJ� SHQJDODPDQ� NHUMDQ\D�
GLSHUROHK� VHFDUD� DXWRGLGDN� GDQ� EHOXP� SHUQDK�
PHQGDSDWNDQ�SHODWLKDQ�WHNQLN�SHQHEDQJDQ�UDPDK�
OLQJNXQJDQ��6HGDQJNDQ�SDGD�SHWDN�WHEDQJ�0����
GDQ�1���� SHQHEDQJDQ� GLODNXNDQ� ROHK� RSHUDWRU�
FKDLQVDZ�\DQJ�WHODK�PHPSHUROHK�SHODWLKDQ�WHNQLN�
SHQHEDQJDQ� UDPDK� OLQJNXQJDQ� WHWDSL� EHUEHGD�
SHQJDODPDQ�NHUMDQ\D��2SHUDWRU�FKDLQVDZ�GL�SHWDN�
WHEDQJ�1����PHPSXQ\DL�SHQJDODPDQ�NHUMD�OHELK�
GDUL� WLJD� WDKXQ�GDQ�VHEHOXPQ\D�SHUQDK�PHQMDGL�
SHQHEDQJ� SDGD� ,83++.�+$� ODLQ� \DQJ� WHODK�
PHPLOLNL� VHUWLILNDW� 3+3/� YROXQWDU\�� 6HGDQJNDQ�
RSHUDWRU�FKDLQVDZ�GL�SHWDN�WHEDQJ�0����PHPLOLNL�
SHQJDODPDQ� NHUMD� VHWHODK� SHODWLKDQ� NXUDQJ� GDUL�
GXD� WDKXQ� GDQ� EHOXP� SHUQDK� EHNHUMD� SDGD�
,83++.�+$�ODLQ�

'��'DWD�\DQJ�'LNXPSXONDQ

� 'DWD� \DQJ� GLNXPSXONDQ� GDODP�SHQHOLWLDQ� LQL�
WHUGLUL� GDUL� � GDWD� VHNXQGHU� GDQ� GDWD� SULPHU��
'DWD� VHNXQGHU� GLSHUROHK� PHODOXL� ZDZDQFDUD�
WHUPDVXN� GDWD� SULPHU�� GDQ� ODSRUDQ� \DQJ� DGD� GL�
NDQWRU� %DVH� &DPS�� 3HQJXPSXODQ� GDWD� SULPHU�
GLODNXNDQ� PHODOXL� NHJLDWDQ� SHQJDPDWDQ� GDQ�
LQYHQWDULVDVL� ODQJVXQJ� GL� KXWDQ� SDGD� 3&3� \DQJ�
WHODK� GLEXDW�� ,QYHQWDULVDVL� WHJDNDQ� GLODNXNDQ�
VHEHOXP�SHQHEDQJDQ�XQWXN�PHQJHWDKXL�SRWHQVL�
WHJDNDQ�VHPXD�MHQLV�SRKRQ�EHUGLDPHWHU�OHELK�GDUL�
��� FP� VHEHOXP� NHJLDWDQ� SHPDQHQDQ� ND\X��
.HUXVDNDQ� WHJDNDQ� DNLEDW� SHPDQHQDQ� ND\X�
GLNXPSXONDQ� PHODOXL� SHQJDPDWDQ� VHVXGDK�
SHQHEDQJDQ� GDQ� SHQ\DUDGDQ� ND\X�� 'DWD�
NHUXVDNDQ�\DQJ�GLFDWDW�DQWDUD�ODLQ��MXPODK�SRKRQ�
\DQJ�UXVDN��QDPD�MHQLV�SRKRQ��GLDPHWHU��GDQ�WLSH�
NHUXVDNDQ�

(��,QWHQVLWDV� 3HQHEDQJDQ� GDQ� .HUXVDNDQ�
7HJDNDQ

��� ,QWHQVLWDV�SHQHEDQJDQ

� 'DODP� WXOLVDQ� LQL� \DQJ� GLPDNVXG� GHQJDQ�
LQWHQVLWDV�SHQHEDQJDQ�DGDODK�MXPODK�SRKRQ�\DQJ�
GLWHEDQJ� SHU� KHNWDU�� ,QWHQVLWDV� SHQHEDQJDQ�
GLEHGDNDQ�PHQMDGL�WLJD�NDWHJRUL�\DLWX��D��UHQGDK�
GHQJDQ� MXPODK�SRKRQ�GLWHEDQJ�����SRKRQ�KD��
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E�� VHGDQJ� GHQJDQ� MXPODK� SRKRQ� GLWHEDQJ� ����
SRKRQ�KD�� GDQ� F�� WLQJJL� GHQJDQ� MXPODK� SRKRQ�
GLWHEDQJ������SRKRQ�KD��:LMD\DQWL��������

��� .HUXVDNDQ�WHJDNDQ�WLQJJDO

� 8QWXN� PHQDNVLU� GHUDMDW� NHUXVDNDQ� SRKRQ�
DNLEDW� SHPDQHQDQ� ND\X� GLJXQDNDQ� SDUDPHWHU�
6XKDUWDQD�	� ,GULV�� ������� GDQ� (URøOX��g]W�UN��
6|QPH]��7LONL��	�$NNX]X��������VHEDJDL�EHULNXW�
D�� WDMXN�SRKRQ�UXVDN�!�����DWDX�FDEDQJ�EHVDU�
SDWDK�

E�� OXND� SDGD� EDWDQJ� KLQJJD� PHUXVDN� NDPELXP�
!� ���� NHOLOLQJ� SRKRQ� GHQJDQ� SDQMDQJ� OXND�
������P�

F�� SHUDNDUDQ�WHUSRWRQJ�DWDX�!�����EDQLU�UXVDN��
GDQ

G�� SDWDK�EDWDQJ�GDQ�DWDX�URERK�

� 3RKRQ� GLDQJJDS� UXVDN� DSDELOD� PHQJDODPL�
VDODK� VDWX� DWDX� OHELK� NHDGDDQ� WHUVHEXW� GL� DWDV��
$GDSXQ� NULWHULD� NHUXVDNDQ� WHJDNDQ� EHUGDVDUNDQ�
SHUVHQWDVH� NHUXVDNDQ� SRKRQ� GLJXQDNDQ� NULWHULD�
VHEDJDL�EHULNXW��(OLDV��������
D�� WHJDNDQ� WLQJJDO� GLVHEXW� UXVDN� ULQJDQ� MLND�
NHUXVDNDQ��������

E�� WHJDNDQ� WLQJJDO� GLVHEXW� UXVDN� VHGDQJ� MLND�
NHUXVDNDQ���������GDQ

F�� WHJDNDQ� WLQJJDO� GLVHEXW� UXVDN� EHUDW� MLND�
NHUXVDNDQ�!������

)�� 3HQJRODKDQ�'DWD

� %HVDUQ\D� GHUDMDW� NHUXVDNDQ� WHJDNDQ� WLQJJDO�
GDQ�DNLEDW�NHJLDWDQ�SHQHEDQJDQ�GDQ�SHQ\DUDGDQ�
GDQ�NULWHULDQ\D�GLJXQDNDQ�UXPXV�PHQXUXW�(OLDV��
�������VHEDJDL�EHULNXW��
���������E

�

-HQLV�GLOLQGXQJL��3URWHFWHG�VSHFLHV��

.HORPSRN�0HUDQWL��0HUDQWL�JURXSV��

.HORPSRN�ULPED�FDPSXUDQ��0L[HG�ZRRG�JURXSV��

.HORPSRN�ND\X�LQGDK��)DQF\�ZRRG�JURXSV��

�

*DPEDU����3RWHQVL�WHJDNDQ�SHU�NHORPSRN�MHQLV�ND\X�SDGD�SHWDN�SHQHOLWLDQ

'JHVSF����4UBOEJOH�QPUFOUJBM�QFS�HSPVQ�PG�XPPE�TQFDJFT�JO�UIF�SFTFBSDI�QMPU

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����'HVHPEHU��������������
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.HWHUDQJDQ��

.�  �SHUVHQWDVH�NHUXVDNDQ�WHJDNDQ�WLQJJDO�
�E
��.U� �MXPODK�SRKRQ�EHUGLDPHWHU�!����FP�\DQJ�

UXVDN�DNLEDW�SHQHEDQJDQ�
E

��.D� �MXPODK�SRKRQ�EHUGLDPHWHU�!����FP�\DQJ�
VHKDW�VHEHOXP�SHQHEDQJDQ

� 8QWXN�PHQJHWDKXL�SHQJDUXK�SHUEHGDDQ�SHWDN�
WHEDQJ� WHUKDGDS� WLQJNDW� NHUXVDNDQ� WHJDNDQ�
GLODNXNDQ�PHQJJXQDNDQ�UDQFDQJDQ�DFDN�OHQJNDS�
� ��GHQJDQ�PRGHO�XPXP�FRPSOHWHO\�UDQGRPLFHG�GHVLJQ

< � �¬���́ ����¥LM L LM

NHWHUDQJDQ��< � �NHUXVDNDQ� WHJDNDQ�SDGD�SHWDN�LM

NH�L�GDQ�SHQJDPDWDQ�NH�M� � �UDWD��¬
UDWD� NHUXVDNDQ� WHJDNDQ� �  �� ´ L
SHQJDUXK�SHWDN�WHEDQJ�NH�L��GDQ� � �¥LM

SHQJDUXK�NHVDODKDQ�EDNX�SDGD�SHWDN�
WHEDQJ�NH�L�GDQ�SHQJDPDWDQ�NH�M

,,,��+$6,/�'$1�3(0%$+$6$1

$��3RWHQVL�7HJDNDQ

�� +DVLO� ,QYHQWDULVDVL� 6HEHOXP� 3HQHEDQJDQ�
�,763�� SRWHQVL� WHJDNDQ� EHUGLDPHWHU� OHELK� EHVDU�
GDUL����FP�\DQJ�GLODNXNDQ�ROHK�SHUXVDKDDQ�GL�WLJD�
SHWDN�WHEDQJ�WHUSLOLK�GDSDW�GLOLKDW�SDGD�/DPSLUDQ�
�� VHGDQJNDQ� UHNDSLWXODVLQ\D� GLVDMLNDQ� SDGD�
*DPEDU����3DGD�*DPEDU���PHQXQMXNNDQ�EDKZD�
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VHFDUD�XPXP�SHWDN�WHEDQJ�WHUSLOLK�PDVLK�WHUGDSDW�
FXNXS� EDQ\DN� WHJDNDQ� EHUGLDPHWHU� ��� �� ��� FP�
NKXVXVQ\D�GDUL�NHORPSRN�MHQLV�PHUDQWL�GDQ�ULPED�
FDPSXUDQ��-XPODK�WHJDNDQ�EHUGLDPHW U���������FP�H
�WLGDN� WHUPDVXN� MHQLV� \DQJ� GLOLQGXQJL�� SDOLQJ�
EDQ\DN� GL� SHWDN� WHEDQJ�1���� ���� SRKRQ�3&3��
VHGDQJNDQ� GL� SHWDN� WHEDQJ� 0���� VHEDQ\DN� ���
SRKRQ�3&3�GDQ�SDOLQJ�VHGLNLW�GL�SHWDN�/����\DLWX�
��� SRKRQ�3&3�� � -XPODK� WHJDNDQ� WHUVHEXW�
PHQJJDPEDUNDQ� EDKZD� SDGD� SHWDN� WHEDQJ�
WHUSLOLK� FXNXS� WHUVHGLD� SRKRQ� NRPHUVL O� \DQJ�D
GDSDW� GLMDGLNDQ� SRKRQ� LQWL� XQWXN� NHEHUODQMXWDQ�
SHQHEDQJDQ� SDGD� URWDVL� WHEDQJ� EHULNXWQ\D��
,QGUDZDQ��������PHQ\DWDNDQ�EDKZD�EHUGDVDUNDQ�
S H G R P D Q � 7 3 7 , � � M X P O D K � S R K R Q �
LQWL� \DQJ� KDUXV� GLWLQJJDONDQ� GDQ� WLGDN� EROHK�
GLWHEDQJ� DGDODK� ��� SRKRQ�KD�� $SDELOD�
MXPODKQ\D�NXUDQJ�GDUL����SRKRQ�KD�PDND�GDSDW�
GLDPELONDQ� MHQLV� NRPHUVLDO� ODLQ� \DQJ� WLGDN�
GLWHEDQJ� \DQJ� EHUGLDPHWHU� OHELK� EHVDU� ��� FP��
NHFXDOL� MHQLV� \DQJ� GLOLQGXQJL�� 3RKRQ� LQWL� DGDODK�
SRKRQ�PXGD�MHQLV�NRPHUVLDO�EHUGLDPHWHU�PLQLPDO�
���FP�\DQJ�DNDQ�PHPEHQWXN�WHJDNDQ�XWDPD�\DQJ�
DNDQ� GLWHEDQJ� SDGD� URWDVL� WHEDQJ� EHULNXWQ\D�
�.HPHQWHULDQ�.HKXWDQDQ��������
� *DPEDU���PHQXQMXNNDQ�SRWHQVL�MXPODK�SRKRQ�
\DQJ�GDSDW�GLWHEDQJ��EHUGLDPHWHU�OHELK�EHVDU�GDUL�
���FP��SDGD�SHWDN�WHEDQJ�1����SDOLQJ�EDQ\DN�����
SRKRQ�3&3�� VHODQMXWQ\D� SDGD� SHWDN� 0����
VHEDQ\DN����SRKRQ�3&3�GDQ�\DQJ�SDOLQJ�VHGLNLW�
GL�SHWDN�WHEDQJ�/��������SRKRQ�3&3��� �3RWHQVL�
SRKRQ� \DQJ� GDSDW� GLWHEDQJ� WHUVHEXW� WLGDN�
WHUPDVXN�GDUL�MHQLV�SRKRQ�\DQJ�GLOLQGXQJL��3DGD�
/DPSLUDQ���GDSDW�GLOLKDW�EDKZD�MHQLV�SRKRQ�\DQJ�
GDSDW� GLWHEDQJ� �EHUGLDPHWHU� !��� FP�� VHEDJLDQ�
EHVDU� MHQLV� ND\X� NDSXU� �'U\REDODQRSV� DURPDWLFD�
*DHUWK���NHUXLQJ��'LSWHURFDUSXV�ERUQHHQVLV�6ORRWK���

PHUDQWL� PHUDK� �6KRUHD� MRKRUHQVLV� )R[Z���� UHVDN�
�9DWLFD� UDVVDN� %O��� GDQ� EDQJNLUDL� �6KRUHD� ODHYLIROLD�
(QGHUW���

%��.HUXVDNDQ�7HJDNDQ�$NLEDW�3HQHEDQJDQ

� +DVLO� SHQJDPDWDQ� GDQ� SHUKLWXQJDQ� GHUDMDW�
NHUXVDNDQ� WHJDNDQ� DNLEDW� SHQHEDQJDQ� GDSDW�
GLOLKDW�SDGD�/DPSLUDQ���VHGDQJNDQ�UHNDSLWXODVL�
Q\D�GLVDMLNDQ�SDGD�7DEHO�����7DEHO� ��PHQXQMXNNDQ��
EDKZD�UDWD�UDWD�GHUDMDW�NHUXVDNDQ�WHJDNDQ�DNLEDW�
SHQHEDQJDQ� WHUEHVDU� WHUMDGL� SDGD� SHWDN� /����
� ��VHGDQJNDQ�SDGD�SHWDN� 1���������� 0����GDQ�
PDVLQJ�PDVLQJ� � GDQ� ��������� ����� +DO� LQL�
GLGXJD� GLVHEDENDQ� ROHK� SHUEHGDDQ� SHQJDODPDQ�
RSHUDWRU�FKDLQVDZ�GDQ�LQWHQVLWDV�SHQHEDQJDQ�
� 3HQHOLWLDQ�7DYDQNDU��0DMQRXQLDQ��GDQ�%RQ\DG�
������� GL� KXWDQ� &DVSLDQ� GL� ,UDQ� PHQXQMXNNDQ�
EDKZD� � NHUXVDNDQ� WHJDNDQ� DNLEDW� SHQHEDQJDQ�
GHQJDQ�VLVWLP�WHEDQJ�SLOLK�DGDODK������WLGDN�MDXK�
EHUEHGD� GHQJDQ� SHQHOLWLDQ� 3UDGDWD� ������� \DLWX�
������� +DO� LQL� PHQJJDPEDUNDQ� EDKZD�
SHODNVDQDDQ�SHQHEDQJDQ�GL�SHUXVDKDDQ�\DQJ�WLGDN�
EDLN�GDQ�WLGDN�GLLPEDQJL�GHQJDQ�XSD\D�SHQJD\DDQ�
WDQDPDQ� �HQULFKPHQW� SODQWLQJ�� GLNKDZDWLUNDQ�
EHUGDPSDN�SDGD�WHUJDQJJXQ\D�NHOHVWDULDQ�KXWDQ��
3DGD� 7DEHO� �� GDSDW� GLOLKDW� EDKZD� VHWLDS� VDWX�
SRKRQ�GLWHEDQJ�PHQ\HEDENDQ�NHUXVDNDQ�WHJDNDQ�
DQWDUD� ���� SRKRQ�� 6HPHQWDUD�� KDVLO� SHQHOLWLDQ�
%XGLDPDQ� GDQ� 3UDGDWD� ������� PHQXQMXNNDQ�
EDKZD� DNLEDW� SHQHEDQJDQ� GHQJDQ� LQWHQVLWDV�
UHQGDK�PHQJDNLEDWNDQ� �� SRKRQ� MHQLV� NRPHUVLDO�
EHUGLDPHWHU������FP�PHQJDODPL�NHUXVDNDQ�
� 8QWXN� PHQJHWDKXL� SHUEHGDDQ� NHUXVDNDQ�
WHJDNDQ� DQWDUD� SHWDN� WHEDQJ� GLODNXNDQ� DQDOLVLV�
VWDWLVWLN� GHQJDQ� XML� )�� \DQJ� KDVLOQ\D� GLVDMLNDQ�
SDGD�7DEHO����7DEHO���PHQXQMXNNDQ�EDKZD�QLODL�
) �DGDODK��������OHELK�EHVDU�GLEDQGLQJNDQ�QLODL�KLWXQJ

7DEHO����5HNDSLWXODVL�UDWD�UDWD�NHUXVDNDQ�WHJDNDQ�DNLEDW�SHQHEDQJDQ

5BCMF����3FDBQJUVMBUJPO�PG�BWFSBHF�SFTJEVBM�TUBOE�EBNBHF�EVF�UP�USFF�GFMMJOH

3HWDN�WHEDQJ�

�)HOOLQJ�VLWHV��

-XPODK�SRKRQ�EHUGLDPHWHU�

���FP�NH�DWDV�3&3���1XPEHU�

RI �WUHHV�ZLWK�GLDPHQWHU�RI ����FP�

XS�VDPSOH�SORWV��

-XPODK�SRKRQ�GLWHEDQJ��1XPEHU�RI �

IHOOHG�WUHHV��

-XPODK�SRKRQ�UXVDN��1XPEHU�

RI �GDPDJHG�WUHHV��

�3RKRQ�3&3���

�7UHHV�VDPSOH�SORWV��

�3RKRQ�KD���

�7UHHV�KD��
�3RKRQ�7UHHV�� ����

/���� ��� �� �� ��� ������

0���� ���� �� �� ��� ������

1���� ���� ��� ��� ��� ������
5DWD�UDWD�

�$YHUDJHV��
���� ��� �� ��� ������

.HUXVDNDQ�7HJDNDQ�7LQJJDO�$NLEDW�3HPDQHQDQ�.D\X�S �+XWDQ�7URSLV�%HUEXNLW�GL�.DOLPDQWDQ�7HQJDKDGD
�6RHQDUQR��:HVPDQ�(QGRP�	�6RIZDQ�%XVWRPL�
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)  ������PDND�+ �GLWRODN�\DQJ�EHUDUWL�WHUGDSDW������������ �

SHUEHGDDQ�Q\DWD�NHUXVDNDQ� WHJDNDQ�\DQJ� WHUMDGL�
DQWDUD�SHWDN�WHEDQJ�/�����0�����GDQ�1����
� /HDVW� 6LJQLILFDQW�+DVLO� XML� EHGD� Q\DWD� WHUNHFLO� �
'LIIHUHQFH�/6'�� \DQJ� GLVDMLNDQ� SDGD� 7DEHO� ��
PHQXQMXNNDQ� EDKZD� WHUGDSDW� SHUEHGDDQ�
NHUXVDNDQ�WHJDNDQ�\DQJ�Q\DWD�DQWDUD�SHWDN�WHEDQJ�
/���� GHQJDQ� 0���� PDXSXQ� 1����� 3HUEHGDDQ�
NHUXVDNDQ� WHJDNDQ� WHUVHEXW� GLGXJD� GLVHEDENDQ�
ROHK� SHUEHGDDQ� NHPDKLUDQ� SHQHEDQJ� �FKDLQVDZ�
RSHUDWRU�� WHWDSL� NRQGLVL� WRSRJUDIL� GDQ� LQWHQVLWDV�
SHQHEDQJDQ� WLGDN� EHUSHQJDUXK� Q\DWD� WHUKDGDS�
NHUXVDNDQ� WHJDNDQ� �/DPSLUDQ� �� GDQ� ���� 6HSHUWL�
WHODK� GLMHODVNDQ� VHEHOXPQ\D� EDKZD� RSHUDWRU�
FKDLQVDZ � GL� SHWDN� /���� EHOXP� SHUQDK�

PHQGDSDWNDQ�SHODWLKDQ�WHNQLV�SHQHEDQJDQ�UDPDK�
OLQJNXQJDQ� GHQJDQ� SHQJDODPDQ� NHUMD� VHEDJDL�
RSHUDWRU � � �� WDKXQ�� 7HNQLN�� FKDLQVDZ NXUDQJ� GDUL
SHQHEDQJDQ� GLSHUROHK� VHFDUD� DXWRGLGDN� SDGD�
ZDNWX� PHQMDGL� SHPEDQWX� �RSHUDWRU� FKDLQVDZ�
6HGDQJNDQ� SHQHEDQJ� GL� SHWDN� 0���� GDQ� 1����
NHGXDQ\D�SHUQDK�PHQGDSDWNDQ�SHODWLKDQ� WHNQLN�
SHQHEDQJDQ� UDPDK� OLQJNXQJ� \DQJ� GLVHOHQJJDUD�
NDQ� VHFDUD� � WHWDSL� EHUEHGD�RQ� WKH� MRE� WUDLQLQJ
SHQJDODPDQ� NHUMD�� 3HQHEDQJ� SHWDN� 1����
SHQJDODPDQ�NHUMDQ\D� � �WDKXQ�NDUHQD�OHELK�GDUL WLJD
VHEHOXPQ\D� � SHQHEDQJ� GL� VDODK� VDWX�PHQMDGL
,83++.�+$� \DQJ� WHODK� EHUVHUWLILNDW� 3+3/�
VHFDUD� VXNDUHOD� PHODOXL� VNHPD� )RUHVW� 6WHZDUGVKLS�
&RXQFLO )6& � FKDLQVDZ�� � ��� 7HWDSL� RSHUDWRU GL� SHWDN�

6XPEHU��6RXUFHV��
-XPODK�NXDGUDW�

�6XP�RI �VTXDUHV��

'HUDMDW�EHEDV�

�'HJUHHV�RI �IUHHGRP��

-XPODK�NXDGUDW�

UDWD�UDWD��0HDQ�

VTXDUH��
)KLWXQJ��)FDO��� 1\DWD��6LJQLILFDQW��

0RGHO�WHUNRUHNVL�
�&RUUHFWHG�PRGHO��

�������D� �� �������� ������� ������
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.HVDODKDQ�SHUFREDDQ�
�(UURU��

������� �� ������ � �

-XPODK��7RWDO�� ��������� �� � � �

-XPODK�WHUNRUHNVL�
�&RUUHFWHG�7RWDO��

�������� �� � � �

D��.RHILVLHQ�GHWHUPLQDVL��5�6TXDUHG��U���� ��������U��\DQJ�GLVHVXDLNDQ��$GMXVWHG�5�6TXDUHG��� ��������

7DEHO����+DVLO�XML�)�NHUXVDNDQ�WHJDNDQ�WLQJJDO�DNLEDW�SHQHEDQJDQ
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.HWHUDQJDQ��5HPDUNV��

.HWHUDQJDQ��5HPDUNV���
�%HGD�Q\DWD�UDWD�UDWD�SDGD�WDUDI �������7KH�PHDQ�GLIIHUHQFH�LV�VLJQLILFDQW�DW�WKH������OHYHO���E��3HUEDQGLQJDQ�
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WHEDQJ� 0���� SHQJ ODPDQ� NHUMDQ\D� NXUDQJ� GDUL�D
GXD� WDKXQ� GDQ� EHOXP� SHUQDK� EHNHUMD� GL�
,83++.�+$�ODLQ�
� 0HVNLSXQ� WHODK�GLWHUDSNDQ� WHNQLN�5,/� WHWDSL�
SUDNWHN� SHQHEDQJDQ� SRKRQ� PDVLK� GLODNXNDQ�
VHFDUD� NRQYHQVLRQDO� NDUHQD� SHQHEDQJ� GLEHUL� �
RWRULWDV� SHQXK� GDODP� PHODNXNDQ� SHQHEDQJDQ�
SRKRQ� GL� SHWDN� WHEDQJ� WDQSD� SHQJDZDVDQ� \DQJ�
PHPDGDL��3 VXDWX�NHJLDWDQHQHEDQJDQ�DGDODK� �\DQJ�
GDSDW� PHQ\HEDENDQ� NHUXVDNDQ� SDUDK WHUXWDPD���
MLND� GLODNXNDQ� GHQJDQ� HGLNLW� SHQJDZDVDQ� GDQ�V
WDQSD�DUDKDQ �0DUQ�	�-RQNHU��������� �3HPEHULDQ�
DUDKDQ� SDGD� NHJLDWDQ� SHQHEDQJDQ� VHODPD� LQL�
WHUEDWDV� SDGD� DVSHN� OLPLW� GLDPHWHU� SRKRQ� GDQ�
NXDOLWDV� ND\X� EXODW� \DQJ� GLSURGXNVL�� � 1DPXQ�
GHPLNLDQ�� VHWHODK� GLODNXNDQ� XML� OHELK� ODQMXW�
�/DPSLUDQ� �� GDQ� /DPSLUDQ� ��� WLGDN� WHUGDSDW�
SHUEHGDDQ�Q\DWD�SDGD� NHUXVDNDQ� WHJDNDQ� DNLEDW�
NRQGLVL�WRSRJUDIL�PDXSXQ�LQWHQVLWDV�SHQHEDQJDQ��

'HQJDQ� GHPLNLDQ� GDSDW� GLNDWDNDQ� EDKZD�
NHUXVDNDQ� WHJDNDQ� WLQJJDO� DNLEDW� SHQHEDQJDQ�
OHELK� GLSHQJDUXKL� ROHK� IDNWRU� NHWHUDPSLODQ�
SHQHEDQJ��RSHUDWRU�FKDLQVDZ���8QWXN�PHPLQLPDOLVLU�
WHU MDGLQ\D� NHUXVDNDQ� WHJDNDQ� VHEDLNQ\D�
PDQDMHPHQ� ,33++.�+$� PHPSULRULWDVNDQ�
NHELMDNDQ� SHQLQJNDWDQ� NRPSHWHQVL� SHQHEDQJ�
PHODOXL� SHODWLKDQ� GDQ�DWDX� SHQ\HJDUDQ� WHNQLV�
SHQHEDQJDQ� UDPDK� OLQJNXQJDQ� EDJL� VHPXD�
RSHUDWRU� �GL� ODSDQJDQ��3 �/DPSLUDQ���FKDLQVDZ DGD
WDPSDN� EDKZD� ULVLNR� NHUXVDNDQ� WHJDNDQ�
FHQGHU XQJ� PHQLQJNDW � VH L U LQJ � GHQJDQ�
PHQLQJNDWQ\D� XNXUDQ� GLDPHWHU� SRKRQ� \DQJ�
GLWHEDQJ��VHEDJDLPDQD�GLVDMLNDQ�SDGD�*DPEDU���
� 3HQJDPDWDQ�GL�ODSDQJDQ�PHQXQMXNNDQ�EDKZD�
WLSH�NHUXVDNDQ� WHJDNDQ�SDGD�SHWDN� WHEDQJ�/����
GDQ�0����GLGRPLQDVL�ROHK�EDJLDQ�EDWDQJ�SRKRQ�
\DQJ�SDWDK�� WHWDSL�GL�SHWDN�WHEDQJ�1����EDQ\DN�
GLMXPSDL� SRKRQ� URERK�PLULQJ� NDUHQD� WHUWLPSD�

'LDPHWHU�SRKRQ��7UHH�GLDPHWHUV��FP� �
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7DMXN��&URZQ�� 3DWDK��%URNHQ�� /XND�EDWDQJ�
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*DPEDU����7LSH�NHUXVDNDQ�WHJDNDQ�DNLEDW�SHQHEDQJDQ
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SRKRQ� \DQJ� GLWHEDQJ� �*DPEDU� ���� � *DPEDU� ��
PHPSHUOLKDWNDQ� EDKZD� WLSH� NHUXVDNDQ� EHUXSD�
EDWDQJ�SRKRQ�SDWDK�SDGD�NHGXD�SHWDN�WHEDQJ�/�
���GDQ�0����WHUVHEXW�GLVHEDENDQ�ROHK�EDQ\DNQ\D�
WXPEXKDQ�OLDQD�\DQJ�WHUGDSDW�SDGD�EDJLDQ�WDMXN�
GDQ� VDOLQJ� PHQJNDLW� DQWDUD� WDMXN� SRKRQ� VDWX�
GHQJDQ� SRKRQ� ODLQQ\D�� $SDELOD� OLDQD� \DQJ�
PHQJNDLW� WDMXN� WHUVHEXW� WLGDN� NXDW� PDND�
PHQ\HEDENDQ�NHUXVDNDQ� WDMXN�SDGD�SRKRQ� ODLQ��
+DO� LQL� MXJD� GLQ\DWDNDQ� ROHK� +DZWKRUQH� HW� DO��
������� EDKZD� SHQHEDQJDQ� SRKRQ� DNDQ�
PHQJDNLEDWNDQ� NHUXVDNDQ� WHUKDGDS� SRKRQ� GL�
VHNLWDUQ\D�NKXVXVQ\D�NHUXVDNDQ�SDGD�WDMXN�
� *DPEDU���PHQXQMXNNDQ�EDKZD�WLSH�NHUXVDNDQ�
WHUEHVDU� DGDODK� SDWDK� EDWDQJ� ��������� GDQ�
URERK�PLULQJ� ��������� 3UDGDWD� �������
PHQ\DWDNDQ� EDKZD� EHUGDVDUNDQ� SHQHOLWLDQQ\D��
WLSH�NHUXVDNDQ�WHUEHVDU�DNLEDW�SHQHEDQJDQ�DGDODK�
SDWDK� EDWDQJ� ��������� GDQ� UXVDN� WDMXN� SRKRQ�
���������VHGDQJNDQ�WLSH�NHUXVDNDQ�WHUNHFLO�DGDODK�
SHFDK�EDWDQJ���������GDQ�UXVDN�EDQLU���������

&��.HUXVDNDQ�7HJDNDQ�$NLEDW�3HQ\DUDGDQ

� +DVLO� SHQJDPDWDQ� NHUXVDNDQ� WHJDNDQ� DNLEDW�
SHQ\DUDGDQ� GDSDW� GLOLKDW� SDGD� /DPSLUDQ� �� GDQ�
UHNDSLWXODVLQ\D� GLVDMLNDQ� SDGD� 7DEHO� ��� 7DEHO� ��
PHQXQMXNNDQ� GHUDMDW� NHUXVDNDQ� WHJDNDQ� DNLEDW�
SHQ\DUDGDQ�EHUNLVDU�DQWDUD������²��������GHQJDQ�
UDWD�UDWD� ������ 3HQJDPDWDQ� GL� ODSDQJDQ�
PHQXQMXNNDQ� EDKZD� UHQGDKQ\D� NHUXVDNDQ�
WHJDNDQ� WHUVHEXW� NDUHQD� SHPEXDWDQ� WUDVH� MDODQ�
VDUDG� VHEDJLDQ� PHQJJXQDNDQ� EHNDV� MDODQ� VDUDG�
URWDVL� WHEDQJ� VHEHOXPQ\D�� .HUXVDNDQ� WHJDNDQ�
WHUVHEXW� OHELK� UHQGDK� GLEDQGLQJNDQ� SHQHOLWLDQ�

5XVOLP� ������� \DQJ�PHQFDSDL� �������%HEHUDSD�
SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�NHUXVDNDQ�DNLEDW�
SHQ\DUDGDQ� EHUEHGD� WHUJDQWXQJ� PHWRGH�
SHPDQHQDQ� \DQJ� GLWHUDSNDQ�� GDQ� PHQ\DWDNDQ�
EDKZD�WLQJNDW�NHUXVDNDQ�WHJDNDQ�VHSDQMDQJ�MDODQ�
VDUDG� SDGD� PHWRGH� SHPDQHQDQ� ND\X� WUHH� OHQJWK�
ORJJLQJ���������OHELK�UHQGDK�GLEDQGLQJNDQ�PHWRGH�
WUHH� OHQJWK FXW�WR�OHQJWK� GDQ� � \DQJ� PHQFDSDL� ����
�0LUNDOD���������6HGDQJNDQ�SHQHOLWLDQ� %DGUDJKL��
(UOHU�� GDQ� +RVVHLQL� ������� PHQXQMXNNDQ�
NHUXVDNDQ� WHJDNDQ� GHQJDQ� PHWRGH� WUHH� OHQJWK�
ORJJLQJ ORQJ� OHQJWK� ORJJLQJ� FXW� WR� OHQJWK� ORJJLQJ�� � GDQ� �
PDVLQJ�PDVLQJ� DGDODK� �������� ������ GDQ�
�������
� +DVLO� SHQJDPDWDQ� OHELK� ODQMXW� WHUKDGDS� WLSH�
NHUXVDNDQ� WHJDNDQ� DNLEDW� SHQ\DUDGDQ� SDGD�
EHUEDJDL�NRQGLVL�WRSRJUDIL�GLVDMLNDQ�SDGD�*DPEDU�
���*DPEDU���PHQXQMXNNDQ�EDKZD�WLSH�NHUXVDNDQ�
WHJDNDQ� \DQJ� SDOLQJ� XPXP� GLMXPSDL� EHUXSD�
SRKRQ� URERK�PLULQJ � WHWDSL� SDGD� DUHDO� \DQJ��

ODQGDL�GLGRPLQDVL�ROHK�NHUXVDNDQ�SRKRQ�EHUXSD�
OXND�EDQLU�DNDU�GDQ�OXND�EDWDQJ��+DVLO�SHQHOLWLDQ�
%DGUDJKL� HW� DO�� �������PHQXQMXNNDQ�EDKZD� WLSH�
NHUXVDNDQ� WHJDNDQ� GHQJDQ� PHWRGH� �WUHH� OHQJWK
GLGRPLQDVL� ROHK� NHUXVDNDQ� SDGD� DNDU� SRKRQ�
WHWDSL� SHQ\DUDGDQ� GHQJDQ� � GDQ�ORQJ� OHQJWK� PHWKRG
VKRUW� OHQJWK� PHWKRG� � SDGD� XPXPQ\D� EHUXSD� OXND�
SDGD� EDWDQJ� SRKRQ�� 'DODP� NDLWDQQ\D� GHQJDQ�
UHVLNR� NHOHVWDULDQ�� NHJLDWDQ� SHQ\DUDGDQ�
FHQGHUXQJ�PHQLQJNDWNDQ�NHPDWLDQ�SRKRQ�GDODP�
ZDNWX� VDQJDW� VLQJNDW� �+DZWKRUQH� HW� DO��� �������
%DKNDQ��SHQ\DUDGDQ�GHQJDQ�WUDNWRU�VDUDG�VHFDUD�
NRQYHQVLRQDO�PHQJDNLEDWNDQ�NHUXVDNDQ�WHJDNDQ�
WLJD�NDOL�OHELK�EDQ\DN��7HWDSL��GHQJDQ�SHQHUDSDQ�
WHNQLN� SHPDQHQDQ� ND\X� EHUGDPSDN� UHQGDK�

7DEHO����5HNDSLWXODVL�UDWD�UDWD�NHUXVDNDQ�WHJDNDQ�DNLEDW�SHQ\DUDGDQ�ND\X

5BCMF����3FDBQJUVMBUJPO�PG�BWFSBHF�SFTJEVBM�TUBOE�EBNBHF�EVF�UP�MPH�TLJEEJOH
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� �� VHFDUD� XWXK�5HGXFHG� ,PSDFW� /RJJLQJ�5,/
� �� PDND� NHUXVDNDQ� WHJDNDQ� DNLEDW�FRPSUHKHQVLYH
SHQ\DUDGDQ� GDSDW� GLPLQLPDOLVLU�� 'DODP� WHNQLN�
5,/�MDODQ�VDUDG�GLEXDW�OHELK�GDKXOX�EHUGDVDUNDQ�
SHWD� VHEDUDQ� SRKRQ� GDQ� NRQGLVL� WRSRJUDIL�
ODSDQJDQ� VHKLQJJD� SROD� WUDVH� MDODQ� VDUDG�
GLKLQGDUNDQ� GDUL� SRWHQVL� SRKRQ� LQWL� \DQJ� UDSDW�
�5XVODQGL�� ������� +DVLO� SHQHOLWLDQ� SHPDQHQDQ�
ND\X� GHQJDQ� WHNQLN� � GDSDW� PHQXUXQNDQ�5,/
GHUDMDW� NHUXVDNDQ� WHJDNDQ� GLEDQGLQJNDQ�
SHPDQHQDQ� ND\X� NRQYHQVLRQDO� ������� GDQ�
PHQJXUDQJL�WLQJNDW�NHSDUDKDQ�NHUXVDNDQ�WHJDNDQ�
�0XKGL�	�+DQDILDK��������
� �%HUGDVDUNDQ� 7DEHO� �� GDQ� 7DEHO� � GDSDW�
GLNHWDKXL� NHUXVDNDQ� WHJDNDQ� DNLEDW� SHPDQHQDQ�

ND\X� VHEDJDLPDQD� GLVDMLNDQ� SDGD� 7DEHO� ���
7DEHO� �� GL� DWDV�PHQXQMXNNDQ� EDKZD� NHUXVDNDQ�
WHJDNDQ� DNLEDW� SHPDQHQDQ� ND\X� EHUNLVDU� DQWDUD�
������ ²� ������� GHQJDQ� UDWD�UDWD� ������� DWDX�
WHUPDVXN� NHUXVDNDQ� WHJDNDQ� WLQJNDW� VHGDQJ��
.HUXVDNDQ�WHJDNDQ�LQL�OHELK�UHQGDK�GLEDQGLQJNDQ�
GHUDMD � NHUXVDNDQ� WHJDNDQ� WLQJJDO� DNLEDW�W
SHPDQHQDQ� NRQYHQVLRQDO� \DQJ� EHUNLVDU� DQWDUD�
������ ²� ������� �0XKGL�� (OLDV�� 0XUGL\DUVR�� 	�
0DWDQJDUDQ�� ������� 6HGDQJNDQ� %HKMRX� �GDQ
0ROODEDVKL � ������ � PHQ\DWDNDQ� EDKZD�
EHUGDVDUNDQ�SHQHOLWLDQQ\D�GL�KXWDQ�&KDIURXG�GL�
,UDQ�8WDUD�SDGD�NRQGLVL�NHPLULQJDQ� OHUHQJ����²�
����PDND�VHWLDS�SRKRQ�GLWHEDQJ�PHQJDNLEDWNDQ�
���SRKRQ�UXVDN�

�

/DQGDL��6ORSLQJ��

$JDN�FXUDP��5DWKHU�VWHHS��

&XUDP��6WHHS��

/XND�EDQLU��DNDU��
�%XWWUHV��URRW�
�ZRXQGV��

/XND�EDWDQJ�
�6WHP�ZRXQGV��

5RERK�PLULQJ�
�&ROODSVHG�WLOWHG��

*DPEDU����7LSH�NHUXVDNDQ�WHJDNDQ�DNLEDW�SHQ\DUDGDQ

'JHVSF����5ZQF�PG�TUBOE�EBNBHF�EVF�UP�MPH�TLJEEJOH

7DEHO����5HNDSLWXODVL�UDWD�UDWD�NHUXVDNDQ�WHJDNDQ�DNLEDW�SHPDQHQDQ�ND\X
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$NLEDW�
SHQHEDQJDQ�

�'XH�WR�IHOOLQJ��

$NLEDW�
SHQ\DUDGDQ�

�'XH�WR�ORJV�

VNLGGLQJ��

-XPODK�
�7RWDO��
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,9���.(6,038/$1�'$1�6$5$1

$��.HVLPSXODQ

� 'HUDMD �NHUXVDNDQ�WHJDNDQ�DNLEDW�SHPDQHQDQ�W
ND\X�EHUNLVDU�DQWDUD�������²�������GHQJDQ�UDWD�
UDWD� ������� WHUGLUL� GDUL� NHUXVDNDQ� DNLEDW�
SHQHEDQJDQ����������GDQ�DNLEDW�SHQ\DUDGDQ�ND\X�
��������%HUYDULDVLQ\D� GHUDMD � NHUXVDNDQ� WHJDNDQ�W
DNLEDW� SHQHEDQJDQ� GLVHEDENDQ� ROHK� SHUEHGDDQ�
NRPSHWHQVL� RSHUDWRU� 7LSH� NHUXVDNDQ�FKDLQVDZ��
WHJDNDQ�DNLEDW�SHQHEDQJDQ�GLGRPLQDVL�ROHK�SDWDK�
SDGD� EDWDQJ� SRKRQ� VHGDQJNDQ� SHQ\DUDGDQ�
XPXPQ\D� EHUXSD� SRKRQ� \DQJ� URERK�PLULQJ�
NDUHQD�WHUGRURQJ�ROHK�WUDNWRU�VDUDG�

%��6DUDQ

� 8QWXN�PHPLQLPDOLVLU�NHUXVDNDQ�WHJDNDQ�DNLEDW�
SHPDQHQDQ� ND\X� SLKDN� SHUXVDKDDQ� SHUOX� �D��
PHPEHULNDQ� SHODWLKDQ� GDQ�DWDX� SHQ\HJDUDQ�
WHNQLN� SHQHEDQJDQ� GDQ� SHQ\DUDGDQ� UDPDK�
OLQJNXQJDQ�NHSDGD�RSHUDWRU�FKDLQVDZ�GDQ�WUDNWRU�
VDUDG�� GDQ� �E�� PHODNVDQDNDQ� SHPDQHQDQ� ND\X�
GHQJDQ�WHNQLN�5,/�VHFDUD�EDLN�GDQ�EHQDU�

8FDSDQ�7HULPD�.DVLK

� 3HQXOLV� PHQJXFDSNDQ� WHULPD� NDVLK� NHSDGD�
37� .D\X� 7ULEXDQD� 5DPD�� ,U�� 7DQGLRQR� DWDV�
GXNXQJDQ� SHQGDQDDQ� GDQ� 0DQDMHU� &DPS�� ,U��
+DOLPDQV\DK� EHVHUWD� 0DQDMHU� 3HUHQFDQDDQ�
+XWDQ��,U��%DPEDQJ�(G\�\DQJ�WHODK�PHPIDVLOLWDVL�
SHODNVDQDDQ�SHQHOLWLDQ�GL�ODSDQJDQ�WHUPDVXN�GDWD�
GDQ� LQIRUPDVL� \DQJ� GLEHULNDQ�� .DPL� MXJD�
PHQJXFDSNDQ� WHULPD� NDVLK� NHSDGD� 3XVDW�
3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+DVLO�+XWDQ��'U��
'ZL�6XGKDUWR��0�6L��,U��$GDQJ�6RSDQGL��0�6F��GDQ�
'U�� :HQLQJ� :XODQGDUL�� 0�6L� \DQJ� WHODK�
PHPIDVLOLWDVL�NHJLDWDQ�NHUMDVDPD��8FDSDQ�WHULPD�
NDVLK� GDQ� SHQJKDUJDDQ� WXUXW� NDPL� VDPSDLNDQ�
NHSDGD�3URI���5��'XOVDODP�GDQ�:HVPDQ�(QGRP��
%�6F)�� 0�6F� \DQJ� WHODK� PHOXDQJNDQ� ZDNWXQ\D�
PHPEDQWX�SHODNVDQDDQ�SHQHOLWLDQ�LQL��

'$)7$5�3867$.$

%DGUDJKL��1���(UOHU��-���	�+RVVHLQL��6��$��2����������
5HVLGXDO� GDPDJH� LQ� GLIIHUHQW� JURXQG�
ORJJLQJ�PHWKRGV� DORQJVLGH� VNLG� WUDLOV� DQG�
ZLQFKLQJ�VWULSV��-RXUQDO�RI �)RUHVW�6FLHQFH�����
���������������GRL�������������������-)6�

%HKMRX�� .�� )��� 	� 0ROODEDVKL�� 2�� *�� ��������
6HOHFWLYH� ORJJLQJ� DQG� GDPDJH� WR�
XQKDUYHVWHG��%LR5HVRXUFHV������������������

%XGLDPDQ�� $��� 	� 3UDGDWD�� $�� $�� �������� /RZ�
LPSDFW� IHOOLQJ� GLVWDQFH� DQG� DOORZDEOH�
QXPEHU� RI � IHOOHG� WUHHV� LQ� 737,� V\VWHP��
;,; �'H F HPEH U � � � � � � � � � � � � G R L � �
��������MWIP����������

&DQDGHOO�� -�� *��� 	� 5DXSDFK�� 0�� 5�� ��������
0DQDJLQJ� IRUHVWV� IRU� FOLPDWH� FKDQJH�
PLWLJDWLRQ�� �������� �����������6FLHQFH�� ���
GRL����������VFLHQFH���������

&KDR�� 6�� ��������)RUHVW� SHRSOHV��1XPEHUV� DFURVV� WKH�
ZRUOG��)RUHVW� 3HRSOHV� 3URJUDPPH��8QLWHG�
.LQJGRP�

(OLDV�� ��������5DVLRQDOLVDVL� NHJLDWDQ� ORJJLQJ�GDQ�
NRQGLVL� PLQLPXP� VWUXNWXU� WHJDNDQ� \DQJ�
EROHK� GLWHEDQJ� GDODP� SHQJHORODDQ� KXWDQ�
DODP� WURSLND� ,QGRQHVLD�� 7HNQRORJL� +DVLO�
+XWDQ���������������

(OLDV�� �������� � �(GLVL� ,���3HPEXNDDQ� ZLOD\DK� KXWDQ
%RJRU��,3%�3UHVV�

(URJOX��+���g]W�UN��8��2���6|QPH]��7���7LONL��)���	�
$NNX]X��(����������7KH�LPSDFWV�RI �WLPEHU�
KDUYHVWLQJ� WHFKQLTXHV� RQ� UHVLGXDO� WUHHV��
VHHGOLQJV�� DQG� WLPEHU� SURGXFWV� LQ� QDWXUDO�
RULHQWDO� VSUXFH� IRUHVWV��$IULFDQ� -RXUQDO� RI �
$JULFXOWXUDO�5HVHDUFK����������������

)$2�� �������� *OREDO� IRUHVW� UHVRXUFHV� DVVHVVPHQW�
������ $PHULFD� �9RO�� ������ 5RPH�� 'LDNVHV�
GDUL� KWWS���GRL�RUJ�,6%1� ���������
����������SDGD�WDQJJDO����������

+DZWKRUQH��:��'���0DUVKDOO��&��$��0���-XDP��0��
$���	�$J\HPDQ��9��.����������7KH�LPSDFW�RI �
ORJJLQJ�GDPDJH�RQ�WURSLFDO�UDLQIRUHVWV��WKHLU�UHFRYHU\�
DQG� UHJHQHUDWLRQ�� *KDQD�� 'LDNVHV� GDUL�
KWWS���GRL�RUJ�,6%1� ���������������
SDGD�WDQJJDO�����������

,QGUDZDQ��$����������3HQHUDSDQ�VLVWHP�VLOYLNXOWXU�
7HEDQJ� 3LOLK� 7DQDP� ,QGRQHVLD� �737,��
SDGD� KXWDQ� GLSWHURFDSDFHDH�� KXWDQ� KXMDQ�
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