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-XUQDO�3HQHOLWLDQ�.DUHW�������������������������
,QGRQHVLDQ��-���1DW��5XEE��5HV�������������������������

$EVWUDFW

3RO\PHU�PRGLILHG� DVSKDOW� LV� RQH� NLQG� RI�
DVSKDOW� IRUPXOD�ZLWK�WKH�SRO\PHU�DGGLWLRQ�WR�JHW�
EHWWHU� URDG� SDYHPHQW� SURSHUWLHV� L�H�� UHGXFH� WKH�
GHIRUPDWLRQ� RI� SDYHPHQW�� LPSURYH� FUDFNLQJ�
UHVLVWDQFH� DQG� WKH� WDFNLQHVV� RI� DJJUHJDWH�� 7KLV�
UHVHDUFK�ZDV�FRQGXFWHG�E\�XVLQJ�GHSRO\PHUL]HG�
QDWXUDO�UXEEHU�6,5����DV�DGGLWLYH�RI�DVSKDOW�ZLWK�
WKH� FRQFHQWUDWLRQ� RI� ���� ���� DQG� ���Z�Z�� 7HVW�
UHVXOW�VKRZHG�WKDW�EDVH�RQ�SHQHWUDWLRQ��VRIWHQLQJ�
SRLQW�� IODVK� SRLQW�� DQG��� ORVV� RQ� KHDWLQJ� LW�ZDV�
IRXQG�WKDW�WKH�EHVW�FRQFHQWUDWLRQ�ZDV�����'DWD�RI�
0DUVKDOO�WHVW�FRQVLVWHG�RI�WKH�VWDELOLW\��IORZ��LQGH[�
RI�UHWDLQHG�VWUHQJWK��DQG�0DUVKDOO�4XRWLHQW�ZHUH�
��������NJ�������PP����������DQG��������NJ���
PP� UHVSHFWLYHO\�� 7KDW� YDOXH� KDG� PHHW� ZLWK�
SRO\PHU� DVSKDOW� TXDOLW\� VWDQGDUG� �61,� ��������
����DQG�LW�ZDV�EHWWHU�SHUIRUPDQFH�FRPSDUHG�ZLWK�
DVSKDOW�ZLWKRXW�DGGLWLYH�DGGLWLRQ��FRQWURO��

.H\ZRUGV�� $VSKDOW�� DGGLWLYH�� QDWXUDO� UXEEHU��
GHSRO\PHUL]DWLRQ�� PRGLILFDWLRQ��
0DUVKDOO�WHVW

$EVWUDN

$VSDO� WHUPRGLILNDVL� SROLPHU�PHUXSDNDQ�
VDODK� VDWX� MHQLV� IRUPXOD� DVSDO� GHQJDQ�
SHQDPEDKDQ�SROLPHU�XQWXN�PHQGDSDWNDQ� VLIDW�
SHUNHUDVDQ� MDODQ� \DQJ� OHELK� EDLN�� \DLWX�
PHQJXUDQJL� GHIRUPDVL� SDGD� SHUNHUDVDQ��
PHQLQJNDWNDQ� NHWDKDQDQ� WHUKDGDS� UHWDN� GDQ�
NHOHNDWDQ� SDGD� DJUHJDW�� 3HQHOLWLDQ� LQL� WHODK�
GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�NDUHW�DODP�6,5�
��� WHUGHSROLPHULVDVL� VHEDJDL� DGLWLI� SDGD� DVSDO�
GHQJDQ�NRQVHQWUDVL���������GDQ����E�E��'DUL�
KDVLO� SHQJXMLDQ� SHQHWUDVL�� WLWLN� OHPEHN�� WLWLN�
Q\DOD�� GDQ� �� NHKLODQJDQ� EHUDW� VHWHODK�
SHPDQDVDQ� GLGDSDWNDQ� NRQVHQWUDVL� WHUEDLN��
\DLWX�����'DWD�KDVLO�XML�0DUVKDOO�\DQJ�WHUGLUL�GDUL�
VWDELOLWDV�� SHOHOHKDQ�� VWDELOLWDV� VLVD� VHWHODK�
SHUHQGDPDQ��GDQ�KDVLO� EDJL�0DUVKDOO� EHUWXUXW�
WXUXW�DGDODK���������NJ�������PP����������GDQ�
������� NJ�PP�� 1LODL� WHUVHEXW� WHODK�PHPHQXKL�

SHUV\DUDWDQ� 61,� XQWXN� DVSDO� SROLPHU� �61,� ���
��������� GDQ� PHPLOLNL� VLIDW� \DQJ� OHELK� EDLN�
GDULSDGD� DVSDO� WDQSD� SHQDPEDKDQ� DGLWLI�
�NRQWURO���

.DWD� NXQFL�� $VSDO�� DGLWLI� DVSDO�� NDUHW� DODP��
GHSROLPHULVDVL�� PRGLILNDVL� NDUHW�
DODP��XML�0DUVKDOO

3(1'$+8/8$1

8VDKD�SHQLQJNDWDQ�NRQVXPVL�NDUHW�
SHUOX� WHWDS� GLODNXNDQ� WHUOHELK� SDGD� VDDW�
KDUJD�NDUHW�DODP�VHGDQJ�UHQGDK�GDODP�GXD�
WDKXQ� WHUDNKLU� LQL�� DQWDUD� ODLQ� GLMDGLNDQ�
EDKDQ� FDPSXUDQ� DVSDO�� .HUXVDNDQ� MDODQ�
DVSDO� \DQJ� XPXP� WHUMDGL� DGDODK� DGDQ\D�
NHUHWDNDQ� GDQ� EHUJHORPEDQJ�� .HUHWDNDQ�
PHQ\HEDENDQ�DLU�PDVXN�NH�GDODP�VWUXNWXU�
MDODQ� DVSDO� VHKLQJJD� MDODQ� DVSDO� PXGDK�
EHUOXEDQJ��-DODQ�DVSDO�\DQJ�EHUJHORPEDQJ�
GLVHEDENDQ� ROHK� DGDQ\D� WLWLN� OHOHK� DVSDO�
\DQJ�WHUODOX�UHQGDK�VHKLQJJD�DVSDO�GL�MDODQ�
PXGDK�PHOHOHK�WHUNHQD�SDQDV�PDWDKDUL��

$VSDO� SROLPHU� �SODVWRPHU� GDQ�
HODVWRPHU�� DGDODK� DVSDO� NHUDV� \DQJ�
GLPRGLILNDVL�GHQJDQ�SROLPHU��$VSDO�SROLPHU�
WHUGLUL�DWDV���MHQLV��\DLWX�DVSDO�SODVWRPHU�GDQ�
HODVWRPHU��&RQWRK�SODVWRPHU��SODVWLN��DQWDUD�
ODLQ� SRO\SURS\OHQH� GDQ� SRO\HWK\OHQH��
VHGDQJNDQ�HODVWRPHU�DQWDUD�ODLQ�DVSDO�NDUHW�
DODP� GDQ� 6W\UHQH� EXWDGLHQH� VW\UHQH� DWDX�
GLVLQJNDW�6%6��61,�������������3HQJJXQDDQ�
SROLPHU� VLQWHWLV� WHODK� GLODNXNDQ� XQWXN�
PHQLQJNDWNDQ� PXWX� DVSDO�� 6D\DQJQ\D�
EDKDQ� WHUVHEXW� PHUXSDNDQ� EDKDQ� LPSRU��
VHKLQJJD�WLGDN�GDSDW�PHPEHUL�QLODL�WDPEDK�
EDJL�SURGXN�ORNDO�GDODP�QHJHUL�GDQ�VDQJDW�
WHUJDQWXQJ�GDUL�SURGXVHQ�OXDU�QHJHUL��6DODK�
VDWX�XSD\D�XQWXN�PHQGRURQJ�SHQJJXQDDQ�

��
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SURGXN� ORNDO�� GDODP� KDO� LQL� NDUHW� DODP�
GLDQWDUDQ\D�DGDODK�SHQJJXQDDQ�NDUHW�DODP�
VHEDJDL� DGLWLI� DVSDO� XQWXN� PHQJKDVLONDQ�
DVSDO�SROLPHU�

3HQLQJNDWDQ� PXWX� DVSDO� GHQJDQ� �
SHQDPEDKDQ�NDUHW�DODP�GLODNXNDQ�PHODOXL�
SURVHV�SHQFDPSXUDQ��3HQFDPSXUDQ�NHGXD�
EDKDQ� LQL�� NDUHW� DODP� GDQ� DVSDO�� GDSDW�
PHQLQJNDWNDQ� NLQHUMD� DVSDO� DQWDUD� ODLQ�
PHQJXUDQJL� GHIRUPDVL� SDGD� SHUNHUDVDQ��
PHQLQJNDWNDQ� NHWDKDQDQ� WHUKDGDS� UHWDN�
GDQ�PHQLQJNDWNDQ�NHOHNDWDQ�DVSDO�WHUKDGDS�
DJUHJDW��6XURVR���������.DUHW�DODP�VHEDJDL�
SROLPHU� DODP� EHUSRWHQVL� XQWXN� GLJXQDNDQ�
VHEDJDL� DGLWLI� DVSDO� SHQJJDQWL� SROLPHU�
VLQWHWLV� LPSRU� WHUVHEXW�� 3HQHOLWLDQ� WHQWDQJ�
SHQJJXQDDQ� ODWHNV� SHNDW� VHEDJDL� EDKDQ�
DGLWLI� DVSDO� VXGDK� GLODNXNDQ� GLDQWDUDQ\D�
ROHK�7XQWLZRUDZLW�HW�DO��������EHVHUWD�SDUD�
SHQHOLWL� GDUL� 7KDLODQG�� GDQ� 6XURVR� ��������
7XQWLZRUDZLW� ������� PHODNXNDQ� SHQHOLWLDQ�
PHQJJXQDNDQ� ODWHNV� SHNDW� KLJK� DPPRQLD�
�+$��GHQJDQ�NDGDU�DPRQLDN�OHELK�GDUL�������
.DGDU�ODWHNV�SHNDW�GDODP�DVSDO�GLYDULDVLNDQ�
GDUL��������WHUKDGDS�WRWDO�EHUDW�FDPSXUDQ�
DVSDO�NDUHW��3URVHV�SHQFDPSXUDQ�GLODNXNDQ�

�
SDGD� VXKX� ������� &� GHQJDQ� NHFHSDWDQ�
SHQJDGXN� FXNXS� WLQJJL� \DLWX� ����� USP�
VHODPD� ������ PHQLW�� %HUGDVDUNDQ� KDVLO�
SHQJXMLDQ�PDND�GDSDW�GLVLPSXONDQ�EDKZD�
DVSDO� NDUHW� GHQJDQ� VLIDW� \DQJ� RSWLPXP�
DGDODK� DVSDO� NDUHW� GHQJDQ� NDGDU� ODWHNV�
SHNDW� ���� 3DGD� WDKXQ� ������ 6XURVR� WHODK�
PHPEDQGLQJNDQ� SHPDNDLDQ� ODWHNV� SHNDW�
GHQJDQ� NDUHW� VLQWHWLV� SDGD� DVSDO��
.RQVHQWUDVL�ODWHNV�SHNDW�GDQ�NDUHW�VLQWHVLV�
\DQJ�GLJXQDNDQ�DGDODK����GDQ����WHUKDGDS�
EHUDW�DVSDO��3HPEXDWDQ�FDPSXUDQ�DVSDO�GDQ�
ODWHNV� SHNDW� MXJD� VXGDK� GLWHUELWNDQ�
SHWXQMXN� SHPEXDWDQQ\D� ROHK� 'HSDUWHPHQ�
3HNHUMDDQ� 8PXP� �������� 0DVDODK� \DQJ�
GLKDGDSL� GDODP� SHPEXDWDQ� DVSDO� NDUHW�
GHQJDQ� EDKDQ� DGLWLI� EHUXSD� ODWHNV� SHNDW�
DGDODK� DGDQ\D� EXLK� GDQ� SHOHSDVDQ� JDV�
DPRQLDN��%HUGDVDUNDQ�SHQJDODPDQ�RSHUDWRU�
GL�ODSDQJDQ��NRQGLVL�LQL�ELVD�PHPEDKD\DNDQ�
EDJL�SHNHUMD��

3HQHOLWLDQ�WHQWDQJ�DGLWLI�DVSDO�GHQJDQ�
PHQJJXQDNDQ�NDUHW� DODP� WHODK�GLODNXNDQ��
\DLWX� GHQJDQ� PHQJJXQDNDQ� NDUHW� SDGDW�
EHUXSD�NDUHW�5LEEHG�6PRNHG�6KHHW��566��GDQ�
6WDQGDUG� ,QGRQHVLDQ� 5XEEHU� ��� �6,5� �����
9LFKLWFKROFKDL� HW� DO� ������� GDUL� 7KDLODQG�
WHODK� PHODNXNDQ� SHQHOLWLDQ� DVSDO� NDUHW�
GHQJDQ� PHQJJXQDNDQ� 566�� .DUHW� 566�

GLODNXNDQ� SHUODNXNDQ� SHOXQDNDQ� WHUOHELK�
�

GDKXOX�GHQJDQ�FDUD�GLJLOLQJ�SDGD�VXKX��� &�
VHODPD����PHQLW�VHEHOXP�GLFDPSXUNDQ�NH�

�
GDODP� DVSDO� SDGD� VXKX� ������� &� GDQ�
GLDGXN� VHODPD� �� MDP�� .RQVHQWUDVL� \DQJ�
WHUEDLN� DGDODK� SDGD� NRQVHQWUDVL� NDUHW� ���
WHUKDGDS� EHUDW� DVSDO�� 3HPDNDLDQ� NDUHW�
PHQWDK�\DQJ�EHUXSD�SDGDWDQ��EDLN�LWX�NDUHW�
UHPDK� �6,5��� 566�� NUHS�� DSDELOD� ODQJVXQJ�
GLJXQDNDQ� VHEDJDL� DGLWLI� DVSDO�PDND�DNDQ�
PHPEXWXKNDQ� ZDNWX� SHQFDPSXUDQ� \DQJ�
VDQJDW�ODPD�DWDX�PHPEXWXKNDQ�VXKX�\DQJ�
OHELK� WLQJJL� VHKLQJJD� NXUDQJ� GLPLQDWL��
3HQFDPSXUDQ� \DQJ� ODPD� GDQ� VXKX� \DQJ�
OHELK� WLQJJL� PHQ\HEDENDQ� SHPERURVDQ�
HQHUJL� GDQ� PHPSHUEDQ\DN� SHQJXDSDQ�
EDJLDQ�GDUL�DVSDO�\DQJ�DNDQ�PHQ\HEDENDQ�
NHKLODQJDQ� EDKDQ� \DQJ� FXNXS� EDQ\DN��
6DODK� VDWX� FDUD� XQWXN� PHQ\HOHVDLNDQ�
SHUPDVDODKDQ�WHUVHEXW�DGDODK�GHQJDQ�FDUD�
GHSROLPHULVDVL�NDUHW�DODP�

'HSROLPHULVDVL� DGDODK� NHEDOLNDQ� GDUL�
SROLPHULVDVL��\DLWX�SURVHV�SHPXWXVDQ�UDQWDL�
PROHNXO� SROLPHU� PHQMDGL� SROLPHU� GHQJDQ�
UDQWDL� PROHNXO� \DQJ� OHELK� SHQGHN�� 'DODP�
SURVHV� SHPEXDWDQ� NRPSRQ� NDUHW� GLNHQDO�
LVWLODK�PDVWLNDVL��\DLWX�SURVHV�SHQJJLOLQJDQ�
NDUHW�DODP�GDODP�RSHQ�PLOO�\DQJ�WXMXDQQ\D�
MXJD� XQWXN� PHPXWXVNDQ� UDQWDL� PROHNXO�
NDUHW� DODP� DJDU� PHQMDGL� OHELK� OXQDN��
0HQXUXW�6WDXGLQJHU�GDODP�%DWHPDQ���������
PDVWLNDVL�GDSDW�PHQXUXQNDQ�EHUDW�PROHNXO�
NDUHW� KLQJJD� VHSHUVHSXOXK� GDUL� EHUDW�

�
PROHNXO� NDUHW� VHPXOD� VHNLWDU� �� ��
3HQXUXQDQ� EHUDW� PROHNXO� LQL� � VHFDUD�
EHUVDPDDQ� GLVHUWDL� GHQJDQ� SHQXUXQDQ�
YLVNRVLWDV� NDUHW�� GDQ� GHQJDQ� SHQXUXQDQ�
YLVNRVLWDV� LQL� GLKDUDSNDQ� NDUHW� DODP�
PHQMDGL�OHELK�PXGDK�GLFDPSXUNDQ�GHQJDQ�
DVSDO�� 3UDVWDQWR� ������� WHODK� PHODNXNDQ�
SHQHOLWLDQ�GHQJDQ�PHQJJXQDNDQ�NDUHW�6,5�
�� � VHEDJD L � DG L W L I � DVSD O � � 6 ,5 � �� �
GLGHSROLPHULVDVL� GHQJDQ� SHUODNXDQ�
SHQJJLOLQJDQ�� NHPXGLDQ� GLWDPEDKNDQ�

�
SHSWL]HU� SDGD� VXKX� �� &� GHQJDQ� ZDNWX�
GLYDULDVLNDQ��.DUHW�NHPXGLDQ�GLFDPSXUNDQ�

�
NH� GDODP� DVSDO� SDGD� VXKX� ��� &� GHQJDQ�
NDGDU�NDUHW�GDODP�DVSDO�MXJD�GLYDULDVLNDQ��
+DVLO� WHUEDLN� VHVXDL� GHQJDQ� PXWX� DVSDO�
SROLPHU� DGDODK� GHQJDQ� NDGDU� NDUHW� ���
WHUKDGDS�EHUDW�DVSDO�

�
� 3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN�
PHODNXNDQ�SHQJXMLDQ�OHELK�ODQMXW�GDUL�KDVLO�
SHQHOLWLDQ� 3UDVWDQWR� �������� $GDSXQ�
SHQJXMLDQ� WHUVHEXW� DGDODK� SHQJXMLDQ�

3UDVWDQWR��&LIULDGL�GDQ�5DPDGKDQ
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VWDELOLWDV� 0DUVKDOO� GDQ� WLWLN� OHPEHN� DVSDO�
NDUHW� \DQJ� GLEXDW� GDUL� NDUHW� KDVLO�
GHSROLPHULVDVL�\DQJ�VXGDK�GLVLPSDQ�VHODPD�
VHNLWDU���EXODQ�

%$+$1�'$1�0(72'(

3HQHOLWLDQ�LQL�GLODNXNDQ�SDGD�WDKXQ�
�����GL�3XVDW�3HQHOLWLDQ�.DUHW��%DKDQ�XWDPD�
\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�LQL�DGDODK�
NDUHW� DODP� EHUXSD� NDUHW� UHPDK� �6,5� �����
SHSWL]HUGL��R�EH]DPLGHSKHQ\O�� GLVXOILGH��
KLGURNVLODPLQ�QHWUDO�VXOIDW��+16���GDQ�DVSDO�
SHQ�����6HGDQJNDQ�SHUDODWDQ�XWDPD�XQWXN�
GHSROLPHULVDVL� PHNDQLV� DGDODK� RSHQ� PLOO�
GHQJDQ� NDSDVLWDV� �� NJ�� 8QWXN� SURVHV�
SHQFDPSXUDQ� DVSDO� GDQ� NDUHW� GLJXQDNDQ�
NRPSRU� SHPDQDV� OLVWULN�� WKHUPRVWDW� GDQ�
PL[HU�

3HQHOLWLDQ� GLODNXNDQ� GDODP� GDODP�
WLJD� WDKDSDQ�� \DLWX�� GHSROLPHULVDVL� NDUHW�
DODP� VHFDUD� PHNDQLV� GDQ� NLPLDZL��
S H Q F DPSX U D Q � N D U H W � K D V L O � D O DP �
WHUGHSROLPHULVDVL� GHQJDQ� DVSDO� GDQ�
SHQJXMLDQ� DVSDO� NDUHW� KDVLO� SHQFDPSXUDQ��
8QWXN�PHQJHWDKXL�SHQJDUXK�SHQ\LPSDQDQ�
WHUKDGDS� YLVNRVLWDV� 0RRQH\�� ZDNWX�
SHQFDPSXUDQ� GDQ� VLIDW� DVSDO� NDUHWQ\D��
PDND� VDPSHO� NDUHW� KDVLO� GHSROLPHULVDVL�
WHUVHEXW�GLVLPSDQ�VHODPD���EXODQ

'HSROLPHULVDVL� NDUHW� DODP� VHFDUD�
PHNDQLV�GDQ�NLPLDZL�GLODNXNDQ�SDGD�VXKX�

�
VHNLWDU� �� &�� GHQJDQ� PHQJJXQDNDQ�
SHQJJLOLQJDQ� NDUHW� GDODP� RSHQ� PLOO�
EHUVDPDDQ� GHQJDQ� SHSWL]HU� ��� WHUKDGDS�
NDUHW�XQWXN�PHPSHUFHSDW�SHPXWXVDQ�UDQWDL�
PROHNXO� NDUHW�� /DPD� SHQJJLO LQJDQ�
GLWHQWXNDQ� EHUGDVDUNDQ� KDVLO� WHUEDLN�
SHQHOLWLDQ� VHEHOXPQ\D�� \DLWX� VHODPD� ���
PHQLW� GDQ� SDGD� DNKLU� SHQJJLOLQJDQ�
GLWDPEDKNDQ� +16� VHEDQ\DN� ��� XQWXN�
PHQFHJDK� DGDQ\D� NHQDLNDQ� YLVNRVLWDV�
VHODPD�SHQ\LPSDQDQ��

. D U H W � K D V L O � S H Q J J L O L Q J D Q �
GLFDPSXUNDQ� NH� GDODP� DVSDO� SDQDV� SDGD�

�
VXKX���� &��.RQVHQWUDVL�NDUHW�GDODP�DVSDO�
GLYDULDVLNDQ� VHEHVDU� ���� ��� GDQ� ���
WHUKDGDS� EHUDW� DVSDO� GDQ� VHEDJDL�
SHPEDQGLQJ� GLJXQDNDQ� DVSDO� PXUQL��
6DPSHO� NHPXGLDQ� GLGLQJLQNDQ� GDQ�
NHPXGLDQ�GLXML�WLWLN�OHPEHN��SHQHWUDVL��WLWLN�
Q\DOD�� GDQ� NHKLODQJDQ� EHUDWQ\D� GL�
/DERUDWRULXP� %DODL� %HVDU� 3HODNVDQDDQ�
-DODQ� 1DVLRQDO� ,9� &LNDPSHN�� .RQVHQWUDVL�

WHUEDLN� GDUL� WDKDS� LQL�� VHODQMXWQ\D�
GLJXQDNDQ�XQWXN�SHPEXDWDQ�VDPSHO�XQWXN�
XML�0DUVKDOO�

8QWXN� PHQJHWDKXL� SHQJDUXK�
S H Q \ L P S D Q D Q � V D P S H O � N D U H W �
WHUGHSROLPHULVDVL� \DQJ� VXGDK� GLVLPSDQ�
VHODPD���EXODQ�� GLXNXU� YLVNRVLWDV�0RRQH\�
NDUHW�GDQ�ZDNWX�SHQFDPSXUDQ�GDODP�DVSDO��
+DVLO�FDPSXUDQ�DVSDO�GDQ�NDUHW�NHPXGLDQ�
GLXML�WLWLN�OHPEHN�GDQ�SHQHWUDVLQ\D�

+$6,/�'$1�3(0%$+$6$1

'HSROLPHULVDVL� NDUHW� DODP� VHFDUD�
PHNDQLV�GDSDW�PHQXUXQNDQ�EHUDW�PROHNXO�
NDUHW�DODP�\DQJ�GLWDQGDL�GHQJDQ�WXUXQQ\D�
YLVNRVLWDV� 0RRQH\� NDUHW� DODP�� 9LVNRVLWDV�
0RRQH\�NDUHW�DODP�\DQJ�GLJXQDNDQ�GDODP�
SHQHOLWLDQ� SDGD� VDDW� VHEHOXP� GLODNXNDQ�
GHSROLPHULVDVL� DGDODK� VHEHVDU� �����

�
0/�������� &�� 'HSROLPHULVDVL� VHFDUD�
PHNDQLV�GDQ�NLPLDZL�GLODNXNDQ�GHQJDQ�FDUD�
NDUHW� DODP� GLJLOLQJ� GDODP� RSHQ� PLOO� DWDX�
E L D VD � G L V HEX W � PDV W L NDV L � G HQJDQ �

PHQDPEDKNDQ� GL��R�EH]DPLGHSKHQ\O��
GLVXOILGH� VHEDJDL� EDKDQ� SHPXWXV� UDQWDL�
PROHNXO� NDUHW� �SHSWL]HU�� VHODPD� ��� PHQLW��
GDSDW�PHQXUXQNDQ�YLVNRVLWDV�0RRQH\�NDUHW�

�
DODP� PHQMDGL� ���� 0/�������� &�� 3URVHV�
GHSROLPHULVDVL� LQL� WHODK� PHQJKDVLONDQ�
SHQXUXQDQ� YLVNRVLWDV� 0RRQH\� NDUHW� DODP�
\DQJ�HIHNWLI�VHEHVDU���������

+DVLO� SHQHOLWLDQ� DZDO�PHQXQMXNNDQ�
E D K Z D � N D U H W � D O D P � \ D Q J � W H O D K �
GLGHSROLPHULVDVL�GHQJDQ�YLVNRVLWDV�0RRQH\�

�
VHEHVDU� ���� 0/�������� &� DSDELOD�
GLJXQDNDQ� VHEDJDL� DGLWLI� DVSDO�� PHPLOLNL�
ZDNWX� SHQFDPSXUDQ� DVSDO�NDUHW� \DQJ�
WHUFHSDW�GLEDQGLQJNDQ�GHQJDQ�VDPSHO�NDUHW�
ODLQ�\DQJ�PHPLOLNL�YLVNRVLWDV�0RRQH\�\DQJ�
OHELK�EHVDU��:DNWX�SHQFDPSXUDQ�NDUHW�DODP�
NH�GDODP�DVSDO�WDQSD�GHSROLPHULVDVL�DGDODK�
���� PHQLW�� VHGDQJNDQ� NDUHW� DODP� KDVLO�
GHSROLPHULVDVL� WHUVHEXW� PHPEXWXKNDQ�
ZDNWX� SHQFDPSXUDQ� ��� NDOL� OHELK� FHSDW�
\DNQL� KDQ\D� VHODPD� ��� PHQLW�� 'HQJDQ�
PHPSHUWLPEDQJNDQ� NHPXGDKDQ� GDODP�
SHQFDPSXUDQ�� PDND� NDUHW� DODP� GHQJDQ�
GHSROLPHULVDVL�VHODPD� ����PHQLW�LQL�VHFDUD�
HNRQRPLV� OHELK� PHPXQJNLQNDQ� XQWXN�
GLJXQDNDQ�VHEDJDL�DGLWLI�DVSDO�

+DVLO� SHQJXMLDQ� DVSDO� \DQJ� WHODK�
GLGHSROLPHULVDVL�VHODPD����PHQLW�DWDX�NDUHW�
DODP�GHQJDQ�YLVNRVLWDV�0RRQH\�VHEHVDU�����

.DUDNWHULVWLNGDQ�+DVLO�8ML�0DUVKDOO�$VSDO�7HUPRGLILNDVL�.DUHW�$ODP�7HUGHSROLPHULVDVL�6HEDJDL�$GLWLI



��

�
0/�������� &�� MXJD� PHQXQMXNNDQ� KDVLO�
\DQJ�EDLN��1LODL� WLWLN� OHPEHN�GDQ�SHQHWUDVL�
VHFDUD�XPXP�VXGDK�PHPHQXKL�SHUV\DUDWDQ�
DVSDO� SROLPHU�� 2OHK� NDUHQD� LWX� GLODNXNDQ�
SHQJXMLDQ� \DQJ� OHELK� OHQJNDS� GDODP� VNDOD�
\DQJ� OHELK� EHVDU�� +DVLO� SHQJXMLDQ� DVSDO�
GHQJDQ� NRQVHQWUDVL� NDUHW� VHEHVDU� ���� ���
GDQ� ��� WHUKDGDS� DVSDO� GLVDMLNDQ� GDODP�
7DEHO���EHULNXW�

7LWLN� Q\DOD� SHUOX� GLNHWDKXL� XQWXN�
PHPSHUNLUDNDQ� WHPSHUDWXU� PDNVLPXP�
SHPDQDVDQ� DVSDO� KLQJJD� DVSDO� WLGDN�
WHUEDNDU��7LWLN�Q\DOD�DGDODK�VXKX�SDGD�VDDW�
WHUOLKDW�Q\DOD�VLQJNDW�SDGD�VDWX�WLWLN�GLDWDV�
SHUPXNDDQ� DVSDO�� .HKLODQJDQ� EHUDW�
GLODNXNDQ�XQWXN�PHQJHWDKXL�SHQJXUDQJDQ�
EHUDW�DNLEDW�SHQJXDSDQ�EDKDQ�EDKDQ�\DQJ�
PXGDK� PHQJXDS� GDODP� DVSDO� NDUHQD�
SHPDQDVDQ��+DVLO�SHQJXMLDQ�PHQXQMXNNDQ�
EDKZD�NDGDU�NDUHW�VHEHVDU����GDQ����WHODK�
PHPHQXKL� NULWHULD� XQWXN� SHUV\DUDWDQ�
SHQHWUDVL�� WLWLN� OHPEHN�� WLWLN� Q\DOD� GDQ�
NHKLODQJDQ� EHUDW�� 6HGDQJNDQ� DVSDO� NDUHW�
GHQJDQ�NDGDU�NDUHW�����XQWXN�SHQHWUDVL�GDQ�
WLWLN� OHPEHN�EHOXP�PHPHQXKL�SHUV\DUDWDQ�
DVSDO�SROLPHU��

7DKDS� DNKLU� GDODP�SURVHV� SHQJXMLDQ�
DVSDO� SROLPHU� \DQJ� PHUHSUHVHQWDVLNDQ� XML�
VNDOD� ODSDQJ� DGDODK� XML� 0DUVKDOO�� 8ML� LQL�
WHODK�OHQJNDS�PHQJJXQDNDQ�DVSDO�SROLPHU��
DGLWLI�NDUHW�VHUWD�DJUHJDW�\DQJ�GLODSLVL�ROHK�

DVSDO� VHKLQJJD� GDSDW� PHZDNLOL� XML� VNDOD�
ODSDQJ�� 3HQJXMLDQ� LQL� WHUGLUL� GDUL� XML�
VWDELOLWDV��SHOHOHKDQ��VWDELOLWDV�VLVD�VHWHODK�
SHUHQGDPDQ��GDQ�KDVLO�EDJL�0DUVKDOO��04���
8ML� VWDELOLWDV�PHUXSDNDQ�NHPDPSXDQ�GDUL�
VXDWX�FDPSXUDQ�EHUDVSDO�XQWXN�PHQHULPD�
EHEDQ� ODOX� OLQWDV� WDQSD� PHQJDODPL�
SHUXEDKDQ�EHQWXN��VHSHUWL�DOXU��UHWDN��GDQ�
VHEDJDLQ\D��6HGDQJNDQ�XML�SHOHOHKDQ�DGDODK�
VXDWX� SHUXEDKDQ� EHQWXN� SODVWLV� VXDWX�
FDPSXUDQ� EHUDVSDO� \DQJ� GLVHEDENDQ� ROHK�
EHEDQ�� 'DODP� FDPSXUDQ� EHUDVSDO�� QLODL�
SHOHOHKDQ� GLSHQJDUXKL� ROHK� NDGDU� DVSDO��
WHPSHUDWXU�� GDQ� YLVNRVLWDV�� 6WDELOLWDV� VLVD�
VHWHODK� SHUHQGDPDQ� DGDODK� SHQJXMLDQ�
XQWXN� PHQJHWDKXL� NHWDKDQDQ� WHUKDGDS�
SHQJDUXK�VXKX�GDQ�DLU��+DVLO�EDJL�0DUVKDOO�
DWDX� 0DUVKDOO� 4XRWLHQ� �04�� DGDODK� KDVLO�
EDJL�DQWDUD�VWDELOLWDV�GHQJDQ�SHOHOHKDQ�\DQJ�
PHUXSDNDQ�XNXUDQ�WLQJNDW�NHUHWDNDQ�VXDWX�
FDPSXUDQ��6HPDNLQ�EHVDU�QLODL�04��PDND�
FDPSXUDQ� DNDQ� VHPDNLQ� NDNX� GDQ�
NHPXQJNLQDQ� WHUMDGLQ\D� GHIRUPDVL� VDQJDW�
NHFLO�

'DODP�SHQJXMLDQ�0DUVKDOO�LQL�GLSLOLK�
VDPSHO� GHQJDQ� NRQVHQWUDVL� NDUHW� ����
NDUHQD� SDGD� SHQJXMLDQ� VLIDW� DVSDO� SROLPHU�
VXGDK� PHPHQXKL� SHUV\DUDWDQ� GHQJDQ�
NRQVHQWUDVL�\DQJ� WLGDN�WHUODOX�EHVDU��+DVLO�
SHQJXMLDQ�0DUVKDOO�\DQJ�PHZDNLOL�XML�ODSDQJ�
DGLWLI�DVSDO�GLVDMLNDQ�SDGD�7DEHO���

�

3HQJXMLDQ�

7HVWLQJ�

0HWRGH�

XML�

0HWKRGV�

3HUV\DUDWDQ�

DVSDO�SROLPHU�

5HTXLUHPHQW�

$VSDO�

NRQWURO�

$VSKDOW�

FRQWURO��

$VSDO�NDUHW�

5XEEHUL]HG�DVSKDOW�

����

0LQ� 0DNV� �� �� ��

3HQHWUDVL�����&������J��

��GHWLN������PP�

3HQHWUDWLRQ�

61,����

�����

�����

��� ��� ��� ��� ��� �����

� � � � � � � �

7LWLN�OHPEHN���&�

6RIWHQLQJ�SRLQW�

61,����

�����

�����

��� �� ��� ��� ��� �����

� � � � � � � �

7LWLN�Q\DOD���&�

)ODVK�SRLQW�

61,����

�����

�����

���� �� ���� ���� ���� ����

� � � � � � � �

.HKLODQJDQ�EHUDW�

VHWHODK�SHPDQDVDQ����

/RVV�RQ�KHDWLQJ����

61,����

�����

�����

�� ���� ����� ������ ������ ������

�

3UDVWDQWR��&LIULDGL�GDQ�5DPDGKDQ

7DEHO����+DVLO�SHQJXMLDQ�FDPSXUDQ�DVSDO�NDUHW�DODP
7DEOH����7HVWLQJ�UHVXOW�RI�QDWXUDO�UXEEHUL]HG�DVSKDOW�PL[WXUH



��

'DUL�GDWD�SHQJXMLDQ�0DUVKDOO�GL�DWDV�
WHUOLKDW�EDKZD�DVSDO�EHUDGLWLI�NDUHW�LQL�WHODK�
PHPHQXKL� SHUV\DUDWDQ� 61,� GDQ� PHPLOLNL�
VLIDW� \DQJ� OHELK�EDLN�GDULSDGD�DVSDO� WDQSD�
DGLWLI��'DWD�WHUVHEXW�PHQFHUPLQNDQ�EDKZD�
DVSDO�EHUDGLWLI�NDUHW�LQL�OHELK�WDKDQ�WHUKDGDS�
WLPEXOQ\D� UHWDN�� DOXU�� SHUXEDKDQ� EHQWXN�
GDQ�OHELK�UHNDW�WHUKDGDS�DJUHJDW�

� .DUHW�DODP�VHFDUD�XPXP�PHQJDODPL�
SHQJHUDVDQ� VHODPD� SHQ\LPSDQDQ� \DQJ�
GLWXQMXNNDQ�GDUL�SHUXEDKDQ�YLVNRVLWDV�GDQ�
YLVNRVLWDV� NDUHW� DODP� DNDQ� XPXPQ\D�
EHUWDPEDK� VHODPD� SURVHV� SHQ\LPSDQDQ�
DWDX� GLNHQDO� GHQJDQ� LVWLODK� VWRUDJH�
KDUGHQLQJ� �6ROLFKLQ�� ������� +DO� LQL�
GLNDUHQDNDQ� ROHK� DGDQ\D� UHDNVL� JXJXV�
JXJXV� NLPLD� �JXJXV� DOGHKLG�� DQWDU� UDQWDL�
PROHNXO� SROLPHU� NDUHW� VHKLQJJD� EHUDW�
PROHNXO� NDUHW� UDWD�UDWD� EHUWDPEDK�
GLNDUHQDNDQ� DGDQ\D� SHUSDQMDQJDQ� UDQWDL�
PROHNXO�NDUHW��VHNKDU���������3HQDPEDKDQ�
+16�GLPDNVXGNDQ�XQWXN�PHQFHJDK�DGDQ\D�

UHDNVL� SHUSDQMDQJDQ� UDQWDL� PROHNXO� NDUHW�
V HK L Q J J D � Y L V N R V L W D V � N D U H W � K D V L O �
GHSROLPHULVDVL� GDSDW� GLSHUWDKDQNDQ��
3HQJDUXK� ZDNWX� SHQ\LPSDQDQ� VHODPD�
VHNLWDU�VDWX�EXODQ�WHUKDGDS�YLVNRVLWDV�NDUHW�
GLVDMLNDQ�GDODP�7DEHO����+DVLO�XML�YLVNRVLWDV�
NDUHW� KDVLO� GHSROLPHULVDVL� WHUQ\DWD� PDVLK�
PHQJDODPL� VHGLNLW� SHQXUXQDQ� YLVNRVLWDV��
\DQJ� VHKDUXVQ\D� WLGDN� WHUMDGL� SHUXEDKDQ�
QLODL�YLVNRVLWDV��+DO�LQL�ELVD�GLVHEDENDQ�ROHK�
DGDQ\D�UHDNVL�ODQMXWDQ�GHSROLPHULVDVL�NDUHW�
D O DP � V H O DPD � SHQ\ LPSDQDQ � \DQJ �
PHQJDNLEDWNDQ� SHPXWXVDQ� UDQWDL�PROHNXO�
NDUHW � R OHK� EDKDQ� SHSW L]HU � �GL � �R �
EH]DPLGHSKHQ\O�� GLVXOILGH�PDVLK� WHUMDGL��
$NLEDWQ\D� YLVNRVLWDV� NDUHW� PHQMDGL� WXUXQ�
NDUHQD�SURVHV�SHPEHQWXNDQ�UDGLNDO�EHEDV�
GDUL� UHDNVL� GHSROLPHULVDVL� WHUVHEXW��
'LVDPSLQJ� LWX� MXJD� GLVHEDENDQ� EHOXP�
WHSDWQ\D�GRVLV�+16�\DQJ�GLWDPEDKNDQ�GDQ�
EHOXP�DGDQ\D�EDKDQ�\DQJ�EHUIXQJVL�XQWXN�
PHQJKHQWLNDQ�SURVHV�GHSROLPHULVDVL�VHFDUD�
NLPLD��WHUPLQDWRU��

�

-HQLV�SHQJXMLDQ�

7HVWLQJ�

0HWRGH�XML�

7HVW�0HWKRG�

3HUV\DUDWDQ�

DVSDO�

6SHFLILFDWLRQ�

$VSDO�

NRQWURO�

$VSKDOW�

FRQWURO�

$VSDO�NDUHW�

���

5XEEHUL]HG

DVSKDOW����0LQ� 0DNV�

6WDELOLWDV��NJ��

6WDELOLW\��NJ�

61,������������� ���� �� ��������� ���������

� � � � � �

3HOHOHKDQ��PP��

)ORZ��PP�

61,������������� �� �� ������ ������

� � � � � �

6WDELOLWDV�VLVD�VHWHODK�SHUHQGDPDQ����

,QGH[�RI�UHWDLQHG�VWUHQJWK����

61,������������� ��� �� ������� �������

� � � � � �

+DVLO�EDJL�0DUVKDOO��NJ�PP��

0DUVKDOO�4XRWLHQW��NJ�PP�

61,������������� �� �� �������� ��������

�

�

1R��

:DNWX�JLOLQJ�6,5����
�PHQLW��

0LOOLQJ�WLPH�
�PLQXWHV��

9LVNRVLWDV�0RRQH\�
�0/��C��C�������&��
9LVF��0RRQH\�YDOXH�

5DWDDQ�
$YHUDJH�

�� ��

��
���PHQLW�
���PLQXWHV�

���� ���� ����

��
���PHQLW��XPXU�VLPSDQ����KDUL��
���PLQXWHV��DIWHU����GD\V�VWRUDJH��

���� ���� ����

�

.DUDNWHULVWLNGDQ�+DVLO�8ML�0DUVKDOO�$VSDO�7HUPRGLILNDVL�.DUHW�$ODP�7HUGHSROLPHULVDVL�6HEDJDL�$GLWLI

7DEHO����+DVLO�SHQJXMLDQ�0DUVKDOO�FDPSXUDQ�DVSDO�NDUHW�DODP

7DEOH����0DUVKDOO�WHVWLQJ�UHVXOW�RI�QDWXUDO�UXEEHUL]HG�DVSKDOW

7DEHO����3HQJDUXK�SHQ\LPSDQDQ�WHUKDGDS�YLVNRVLWDV�NDUHW�DODP�KDVLO�GHSROLPHULVDVL
7DEOH����7KH�HIIHFW�RI�VWRUDJH�WR�GHSRO\PHUL]HG�QDWXUDO�UXEEHU�YLVFRVLW\
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� 6LIDW�NDUHW�KDVLO�GHSROLPHULVDVL�\DQJ�
VXGDK� GLVLPSDQ� WHUOHELK� GDKXOX� VHODPD�
VHNLWDU� VDWX� EXODQ�� SDGD� VDDW� GLFDPSXU�
GHQJDQ� DVSDO� PHPLOLNL� VHGLNLW� SHUEHGDDQ�
DSDELOD� GLEDQGLQJNDQ� GHQJDQ� NDUHW�
GHSROLPHULVDVL� VHEHOXP� SHQ\LPSDQDQ��
3HUEHGDDQ� LQL� WHUOLKDW� SDGD� ZDNWX�
SHQFDPSXUDQ�� WLWLN� OHPEHN� PDXSXQ�
SHQHWUDVLQ\D�� 'HQJDQ� SHQ\LPSDQDQ� NDUHW�
WHUGHSROLPHULVDVL�VHODPD�VHNLWDU�VDWX�EXODQ��
ZDNWX�SHQFDPSXUDQ�NDUHW�WHUGHSROLPHULVDVL�
NH� GDODP� DVSDO� PHQMDGL� OHELK� ODPD�
G L E D Q G L Q J N D Q � G H Q J D Q � N D U H W �
WHUGHSROLPHULVDVL� WDQSD� SHQ\LPSDQDQ��
VHSHUWL�\DQJ�GLVDMLNDQ�GDODP�*DPEDU����+DO�
LQL� GLVHEDENDQ� NDUHW� WHUGHSROLPHULVDVL�
VHODPD� SHQ\LPSDQDQ� NHPXQJNLQDQ�
EHEHUDSD� UDQWDL� PROHNXO� NDUHW� PHQJDODPL�
SURVHV�JHOOLQJ�DNLEDW� LQWHUDNVL�DQWDU�UDQWDL�
PROHNXO� NDUHW� WHUVHEXW�� 3HUEHGDDQ� LQL�
WLGDNODK�WHUODOX�EHVDU�\DLWX�KDQ\D�VHNLWDU���
KLQJJD���PHQLW��6HOLVLK� LQL� WLGDNODK� WHUODOX�
EHUEHGD� GLNDUHQDNDQ� SHQJXMLDQ� WLQJNDW�
NHODUXWDQ� \DQJ� GLODNXNDQ� KDQ\D� EHUVLIDW�
YLVXDO�VDMD�

� 7LWLN�OHPEHN�DVSDO�GHQJDQ�SHUODNXDQ�
S H Q \ LPSDQDQ � S D G D � D G L W L I � N D U H W �
WHUGHSROLPHULVDVL�� PHQJDODPL� VHGLNLW�
SHQXUXQDQ� KDO� LQL� GLNDUHQDNDQ� YLVNRVLWDV�
NDUHW� VHWHODK� GLVLPSDQ� PHQJDODPL�
SHQXUXQDQ�� 3HQXUXQDQ� YLVNRVLWDV� LQL�
GLVHEDENDQ� ROHK� DGDQ\D� UHDNVL� ODQMXWDQ�
UDGLNDO�EHEDV�XQWXN�PHQFDSDL�NRQGLVL�\DQJ�
VWDELO�DWDX�SHQJKHQWLDQ�UHDNVL�UDGLNDO�ROHK�
RNVLJHQ�EHEDV�GLOLQJNXQJDQ�VHWHODK�SURVHV�
GHSROLPHULVDVL�� 3HQXUXQDQ� WLWLN� OHPEHN�

�
EHUNLVDU�DQWDUD���KLQJJD��� &�VHSHUWL�\DQJ�
GLSHUOLKDWNDQ� SDGD� *DPEDU� ��� $VSDO� \DQJ�
PHQJDQGXQJ� NDUHW� \DQJ� VXGDK� GLVLPSDQ�
GHQJDQ�NDGDU�NDUHW����KDQ\D�PHPLOLNL�WLWLN�

�
OHPEHN� �� &� VDMD�� 6HKLQJJD� VDPSHO� LQL�

PHQMDGL�WLGDN�PHPHQXKL�SHUV\DUDWDQ�PXWX�
DVSDO�SROLPHU��%HUGDVDUNDQ�KDVLO�SHQJXMLDQ�
LQL�PDND�NDUHW�\DQJ�VXGDK�GLGHSROLPHULVDVL�
VHEDLNQ\D� VHJHUD� GLJXQDNDQ� VHEDJDL� DGLWLI�
DVSDO�� $SDELOD� NRQGLVL� GL� ODSDQJDQ�
PHQ\HEDENDQ�NDUHW�KDUXV�GLVLPSDQ�WHUOHELK�
GDKXOX�� PDND� SHUOX� GLODNXNDQ� SHQHOLWLDQ�
OHELK�ODQMXW�WHUNDLW�GHQJDQ�NRQVHQWUDVL�+16�
\DQJ� RSWLPXP�� DJDU� NDUHW� \DQJ� VXGDK�
PHQJDODPL�GHSROLPHULVDVL�WLGDN�PHQJDODPL�
S H UXEDKDQ � \ DQJ � E H U D U W L � V H O DPD �
SHQ\LPSDQDQ�

� 7LWLN�OHPEHN�DVSDO�GHQJDQ�SHUODNXDQ�
S H Q \ LPSDQDQ � S D G D � D G L W L I � N D U H W �
WHUGHSROLPHULVDVL� VHGLNLW� PHQJDODPL�
SHQXUXQDQ�\DQJ�DUWLQ\D�DVSDO�PHQMDGL�OHELK�
NHUDV��3HQXUXQDQ�SHQHWUDVL�DVSDO�EHUNLVDU�
DQWDUD� ���� VDPSDL� ���� GPP� VHSHUWL� \DQJ�
GLSHUOLKDWNDQ�SDGD�*DPEDU����3HQDPEDKDQ�
NHNHUDVDQ� DVSDO� LQL� ELOD� GLEDQGLQJNDQ�
GHQJDQ� DVSDO� PRGLILNDVL� GHQJDQ� NDUHW�
WHUGHSROLPHULVDVL� \DQJ� EHOXP� GLVLPSDQ�
GLGXJD�NXDW�NDUHQD�SHPDQDVDQ�\DQJ�OHELK�
ODPD� VDDW� SHQFDPSXUDQ� NDUHW� NH� GDODP�
DVSDO��3HQDPEDKDQ�ZDNWX�VHODPD���PHQLW�
XQWXN� NDGDU� ��� GDQ� ��� PHQXUXQNDQ�
SHQHWUDVL� VDPSHO� VHEHVDU� ���� GPP��
6 H G D Q J N D Q � S H Q DPE D K D Q � Z D N W X �
SHQFDPSXUDQ�VHODPD����PHQLW�SDGD�VDPSHO�
GHQJDQ� NDGDU� NDUHW� ��� PHQXUXQNDQ�
SHQHWUDVL� VHEDQ\DN� ���� GPP�� 3HPDQDVDQ�
\DQJ� OHELK� ODPD� DNDQ� PHQ\HEDENDQ�
SHQJXDSDQ� SDGD� EDKDQ� \DQJ� PXGDK�
PHQJXDS� SDGD� DVSDO�� %DKDQ� \DQJ�PXGDK�
PHQJXDS�WHQWXQ\D�PHPLOLNL�NHNHUDVDQ�\DQJ�
OHELK� UHQGDK� ELOD� GLEDQGLQJNDQ� GHQJDQ�
EDKDQ� \DQJ� WLGDN� PXGDK� PHQJXDS��
6HPDNLQ�EDQ\DNQ\D�SHQJXDSDQ�EDKDQ�\DQJ�
OHELK�OXQDN�LQLODK�\DQJ�PHQ\HEDENDQ�DVSDO�
PHQMDGL�OHELK�NHUDV��
�
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.DGDU�NDUHW�GDODP�DVSDO�WHUPRGLILNDVL
5XEEHU�FRQWHQW�LQ�PRGLILHG�DVSKDOW

6HEHOXP�GLVLPSDQ
EHIRUH�VWRUDJH

6HWHODK�GLVLPSDQ�
$IWHU�VWRUDJH

*DPEDU����3HQJDUXK�SHQ\LPSDQDQ�WHUKDGDS�ZDNWX�SHQFDPSXUDQ�NDUHW�NH�GDODP�DVSDO
)LJXUH���� 7KH�HIIHFW�RI�VWRUDJH�WR�PL[LQJ�WLPH�RI�UXEEHU�DQG�DVSKDOW

3UDVWDQWR��&LIULDGL�GDQ�5DPDGKDQ



��

� %HUGDVDUNDQ�KDVLO�SHQHOLWLDQ�GL�DWDV��
GLGDSDWNDQ�ZDNWX�SHQJJLOLQJDQ��NRQVHQWUDVL�
]DW�DGLWLI�NDUHW�SDGDW�GDODP�DVSDO��GDQ�ZDNWX�
SHQFDPSXUDQ� DGLWLI� NDUHW�DVSDO� \DQJ�
RSWLPDO�����PHQLW�����GDQ����PHQLW���2OHK�
NDUHQD� LWX�� GDSDW� GLVXVXQ� IRUPXOD� DGLWLI�
NDUHW�XQWXN�DVSDO��IRUPXOD�DVSDO�NDUHW��\DQJ�
GLVDMLNDQ�GDODP�7DEHO���GDQ�7DEHO���

.(6,038/$1�'$1�6$5$1

$VSDO� \DQJ� GLPRGLILNDVL� GHQJDQ�
S H Q DPE D K D Q � D G L W L I � N D U H W � D O DP �
WHUGHSR O LPHU LVDV L � PHPL O LN L � ZDNWX �
SHQFDPSXUDQ� \DQJ� OHELK� FHSDW� GDULSDGD�
DGLWLI�NDUHW�DODP�ELDVD��6HODLQ�LWX��QLODL�WLWLN�
OHPEHN�� SHQHWUDVL�� WLWLN� Q\DOD� GDQ� ��

NHKLODQJDQ� EHUDW� GDUL� DVSDO� WHUPRGLILNDVL�
NDUHW� DODP� WHUGHSROLPHULVDVL� PDVLK�
PHPHQXKL� SHUV\DUDWDQ� DVSDO� SROLPHU��
3HQHUDSDQ� WHNQRORJL� LQL� GDSDW� GLODNXNDQ�
GLODSDQJDQ�VHVXDL�GHQJDQ�KDVLO�8ML�0DUVKDOO�
PHPSHUOLKDWNDQ� SDGD� DVSDO� WHUPRGLILNDVL�
GHQJDQ�NRQVHQWUDVL�NDUHW�DODP�VHEHVDU����
GDUL�DVSDO��WHODK�PHPHQXKL�SHUV\DUDWDQ�61,�
GDQ�PHPLOLNL�VLIDW�\DQJ�OHELK�EDLN�GDUL�SDGD�
DVSDO� WDQSD� DGLWLI�� GHQJDQ� QLODL� VWDELOLWDV�
��������.J��SHOHOHKDQ������PP�� VWDELOLWDV�
VLVD�VHWHODK�SHUHQGDPDQ��������GDQ�KDVLO�
EDJL�0DUVKDOO��������NJ�PP��7HNQRORJL�LQL�
SHUOX� VHJHUD�GLDSOLNDVLNDQ�GDODP�VNDOD�XML�
FRED� ODQJVXQJ� GL� ODSDQJDQ� GHQJDQ�
EHNHUMDVDPD� GHQJDQ� SLKDN� RSHUDWRU�
SHQJDVSDODQ�MDODQ�UD\D�\DQJ�WHUNDLW��
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.DGDU�NDUHW�GDODP�DVSDO�WHUPRGLILNDVL
5XEEHU�FRQWHQW�LQ�PRGLILHG�DVSKDOW

6HEHOXP�GLVLPSDQ
%HIRUH�VWRUDJH

6HWHODK�GLVLPSDQ�
$IWHU�VWRUDJH
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.DGDU�NDUHW�GDODP�DVSDO�WHUPRGLILNDVL
5XEEHU�FRQWHQW�LQ�PRGLILHG�DVSKDOW

6HEHOXP�GLVLPSDQDQ
%HIRUH�VWRUDJH

6HWHODK�GVLPSDQDQ�
$IWHU�VWRUDJH

*DPEDU����(IHN�SHQ\LPSDQDQ�NDUHW�WHUGHSROLPHULVDVL�WHUKDGDS�SHQHWUDVL�DVSDO�
)LJXUH���� 7KH�HIIHFW�RI�GHSRO\PHUL]HG�UXEEHU�VWRUDJH�WR�SHQHWUDWLRQ�RI�DVSKDOW�

*DPEDU����(IHN�SHQ\LPSDQDQ�WHUKDGDS�WLWLN�OHPEHN�DVSDO�PRGLILNDVL
)LJXUH���� 7KH�HIIHFW�RI�VWRUDJH�WR�VRIWHQLQJ�RI�PRGLILHG�DVSKDOW

.DUDNWHULVWLNGDQ�+DVLO�8ML�0DUVKDOO�$VSDO�7HUPRGLILNDVL�.DUHW�$ODP�7HUGHSROLPHULVDVL�6HEDJDL�$GLWLI
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%DGDQ�6WDQGDULVDVL�1DVLRQDO��������61,���
���������� � 6WDQGDU� 1DVLRQDO �
,QGRQHVLD��6WDQGDU�,QGRQHVLDQ�5XEEHU�
�6,5���%61��-DNDUWD�

%DGDQ�6WDQGDULVDVL�1DVLRQDO��������61,����
���������� � 6WDQGDU� 1DVLRQDO �
,QGRQHVLD�� 0HWRGH� 3HQJXMLDQ� 7LWLN�
/HPEHN�$VSDO�GDQ�7HU��%61��-DNDUWD��

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� ������ 61,�
���������� � 6WDQGDU� 1DVLRQDO �
,QGRQHVLD�6SHVLILNDVL�/DSLV�7LSLV�$VSDO�
3DVLU��/DWDVLU���%61��-DNDUWD

%DWHPDQ��/�������7KH�&KHPLVWU\�DQG�3K\VLFV�
RI�5XEEHU�/LNH�6XEVWDQFHV��6WXGLHV�RI�
7KH� 1DWXUDO� 5XEEHU� 3URGXFHU
V�
5HVHDUFK� $VVRFLDWLRQ�� 0DF� /DUHQ� 	�
6RQV�/WG��/RQGRQ�

'HSDUWHPHQ� 3HNHUMDDQ� 8PXP�� ������
´3HGRPDQ� 3HQJJXQDDQ� $VSDO� .DUHW�
GDODP� &DPSXUDQ� %HUDVSDO� 6HFDUD�
3DQDV�1R�����7�%0�����µ��<D\DVDQ�
3HQHUELW�3HNHUMDDQ�8PXP��-DNDUWD�

3UDVWDQWR�� +�� ������ 'HSROLPHULVDVL� .DUHW�
$ODP� 6HFDUD� 0HNDQLV� XQWXN� %DKDQ�
$GLWLI�$VSDO��-XUQDO�3HQHOLWLDQ�.DUHW����
������������

6HNKDU��%��&��������,QKLELWLRQ�RI�+DUGHQLQJ�
,Q�1DWXUDO�5XEEHU��5XEEHU�&KHPLVWU\�
DQG�7HFKQRORJ\��������������������

6ROLFKLQ�� 0�� ������ 3HQJDUXK� %DKDQ�
1RQUXEEHU� 7HUKDGDS� 2NVLGDVL��
6WRUDJH� +DUGHQLQJ� GDQ� 6L IDW �
9XONDQLVDW� .DUHW�� :DUWD� 3HUNDUHWDQ� �
�����������������

6XURVR�� 7�� :�� ������ 3HQLQJNDWDQ� .LQHUMD�
&DPSXUDQ� %HUDVSDO� GHQJDQ� .DUHW�
$ODP�GDQ�.DUHW�6LQWHWLV��-XUQDO�-DODQ�
-HPEDWDQ����������������

7XQWLZRUDZLW�� 1��� &�� 3KURPVRUP�� DQG� '��
/DYDQVLUL�� ������ 7KH� 0RGLILFDWLRQ� RI�
$VSKDOW� ZLWK� 1DWXUDO� 5XEEHU� /DWH[��
3URFHHGLQJV�RI�WKH�(DVWHUQ�$VLD�6RFLHW\�
IRU� 7UDQVSRUWDWLRQ� 6WXGLHV�� �� �� ���� ²�
����

9LFKLWFKROFKDL�� 1��� -�� 3DQPDL�� DQG� 1�� 1D�
5DQRQJ���������0RGLILFDWLRQ�RI�$VSKDOW�
&HPHQW� E\� 1DWXUDO� 5XEEHU� IRU�
3DYHPHQW� &RQVWUXFWLRQ�� 5XEEHU� 7KDL�
-RXUQDO�����������

7DEHO����)RUPXOD�XQWXN�GHSROLPHULVDVL�NDUHW�DODP�
7DEOH����)RUPXOD�IRU�QDWXUDO�UXEEHU�GHSRO\PHUL]DWLRQ�

1R�
%DKDQ�
0DWHULDO�

-XPODK�
:HLJKW�

��
.DUHW��6,5�����
5XEEHU��6,5�����

����JUDP�

�� 3HSWL]HU� ����JUDP�

�� +16��+\GUR[\ODPLQH�QHXWUDO�VXOIDWH�� ��JUDP�

�
7DEHO����)RUPXOD�DVSDO�EHUDGLWLI�NDUHW��
7DEOH����)RUPXOD�RI�5XEEHUL]HG�$VSKDOW�

1R� %DKDQ�
0DWHULDO�

-XPODK�
:HLJKW�

�� $VSDO��
$VSKDOW�

����JUDP�

�� .DUHW��6,5����7HUGHSROLPHULVDVL���
5XEEHU��'HSROLPHUL]HG�6,5�����

��JUDP�

�

3UDVWDQWR��&LIULDGL�GDQ�5DPDGKDQ


