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3HQ\HOLGLNDQ� GDQ� SHQJXMLDQ� GDVDU� SHUDLUDQ� PHPHJDQJ� SHUDQDQ� SHQWLQJ� SDGD� NRQVWUXNVL� SRQGDVL� NHODXWDQ�
GLNDUHQDNDQ� LQIRUPDVL� \DQJ�GLKDVLONDQ� DNDQ�PHPSHQJDUXKL� GHVDLQ�GDQ� � IDNWRU� NHDPDQDQ�� �8PXPQ\D� LQIRUPDVL�
PHQJHQDL� GDVDU� SHUDLUDQ� GDQ� ODSLVDQ� GLEDZDKQ\D� GLVHGLDNDQ� ROHK� PHWRGH� NRQYHQVLRQDO� VHSHUWL� 6WDQGDUG�
3HQHWUDWLRQ�7HVW��637���\DQJ��PHPHUOXNDQ�ZDNWX�GDQ�ELD\D�OHELK�WLQJJL�SDGD�SHODNVDQDDQ�GL�DUHD��ODXW�\DQJ�OXDV��
0HWRGH�UHPRWH�VHQVLQJ�DNXVWLN�EDZDK�DLU�GHQJDQ��LQVWUXPHQW�6XE�%RWWRP�3URILOHU��6%3��PHUXSDNDQ�PHWRGH�\DQJ�
OHELK�HILVLHQ��XQWXN�PHQGDSDWNDQ�LQIRUPDVL�GDVDU�SHUDLUDQ�SDGD�DUHD�\DQJ�OXDV��7XMXDQ�GDUL�SHQHOLWLDQ�LQL�DGDODK�
XQWXN�PHQJDQDOLVLV� VLQ\DO�6%3�GDQ�PHQJJXQDNDQQ\D�XQWXN�PHQHQWXNDQ�SDUDPHWHU�637� �1-YDOXH���PHQJJXQDNDQ�
LQVWUXPHQ�SDUDPHWULN�6%3��'DWD�6%3�GLDPELO�SDGD�EXODQ�'HVHPEHU������GL�7HOXN�.DULDQJDX��%DOLNSDSDQ��GHQJDQ�
PHPEXDW���MDOXU�VXUYHL� OXUXV�\DQJ�PHODOXL���WLWLN�ERUHKROH�HNVLVWLQJ��(NVWUDNVL�NRHILVLHQ�UHIOHNVL�GDUL�SHPURVHVDQ�
VLQ\DO� 6%3�PHQXQMXNNDQ� WLSH� GDVDU� SHUDLUDQ� VLOW\� FOD\� GHQJDQ� UHQWDQJ� QLODL� NRHILVLHQ� UHIOHNVL� EHUNLVDU� ������–�
������� GDQ� FDUERQDFHRXV� FOD\� GHQJDQ� QLODL� NRHILVLHQ� UHIOHNVL� �������0HWRGH� LQYHUVL� VHGLPHQ�PHQJKDVLONDQ� QLODL�
SURSHUW\� ILVLN�VHGLPHQ�SDGD� ODSLVDQ�GL�EDZDK�GDVDU�SHUDLUDQ��.RQVWUXNVL�SDUDPHWHU�1-YDOXH�PHQXQMXNNDQ�SRVLVL�
ODSLVDQ� NHUDV� SDGD� NHGDODPDQ� ��� –� ���P� GDUL� GDVDU� SHUDLUDQ�� GHQJDQ� UHQWDQJ� QLODL� 1-YDOXH� EHUNLVDU� ��� –� ���
EORZFRXQW�� 

.DWD-NDWD�NXQFL��,QYHUVL�VHGLPHQ��1-YDOXH��SHPURVHVDQ�VLQ\DO��VWDQGDUG�SHQHWUDWLRQ�WHVW��VXE�ERWWRP�SURILOHU� 

$EVWUDFW 

6RLO� LQYHVWLJDWLRQ� WHVW� DW� WKH� VHDEHG�KDYH� LPSRUWDQW� UROH� IRU� WKH� IRXQGDWLRQ�RI� WKH�PDULQH� FRQVWUXFWLRQ�� VLQFH� WKH�
SURYLGHG� UHVXOW� � ZLOO� EH� XVHG� DV� FRQVLGHUDWLRQ� WR� � GHVLJQ� DVSHFW� DQG� VDIHW\� IDFWRU�� &RPPRQO\� WKH� LQIRUPDWLRQ�
UHJDUGLQJ�VHDEHG�DQG�WKH�VXE�ERWWRP�OD\HUV�SURYLGHG�E\�FRQYHQWLRQDO�PHWKRG��VXFK�DV�6WDQGDUG�3HQHWUDWLRQ�7HVW�
�637���ZKLFK�UHTXLUHG�PRUH�WLPH�DQG�FRVW�WR�H[HFXWH�LQ�WKH�ODUJH�PDULQH�DUHD��8QGHUZDWHU�DFRXVWLF�UHPRWH��VHQVLQJ�
PHWKRG��XVLQJ�VXE�ERWWRP�SURILOHU��6%3��LQVWUXPHQW�RIIHU�PRUH�HIILFLHQW�PHWKRG�WR�SURYLGH�VHDEHG�LQIRUPDWLRQ��DW�
ODUJH�DUHD�LQYHVWLJDWLRQ��7KH�SXUSRVH�RI��WKLV�UHVHDUFK�LV�WR�DQDO\]H�6%3�VLJQDO�WKHQ�XVH�LW�WR�GHWHUPLQH�WKH��637�
SDUDPHWHU��1-YDOXH���XVLQJ�SDUDPHWULF�6%3�HTXLSPHQW��6%3�GDWD�REWDLQHG�RQ�'HFHPEHU������DW�7HOXN�.DULDQJDX��
%DOLNSDSDQ��XVLQJ���VWUDLJKW�OLQH�VXUYH\� WUDFN� WKDW� LQWHUFHSWHG���H[LVWLQJ�ERUHKROH� ORFDWLRQ��&RHIILFLHQW�UHIOHFWLRQ�
H[WUDFWHG� IURP�6%3�VLJQDO�SURFHVVLQJ�VKRZHG�VHDEHG�FODVVLILFDWLRQ�FRQVLVW�RI�VLOW\�FOD\�ZLWK�FRHIILFLHQW�UHIOHFWLRQ�
YDOXH�EHWZHHQ�������–��������DQG�������IRU�FDUERQDFHRXV�FOD\��3K\VLFDO�SURSHUWLHV�RI�VXE�ERWWRP�OD\HUV�REWDLQHG�
IURP�VHGLPHQW�LQYHUVLRQ�PHWKRG��1-YDOXH�FDOFXODWLRQ�VKRZHG�KDUG�OD\HU�SRVLWLRQ�DW�GHSWK����–����P�IURP�VHDEHG��
ZLWK�1-YDOXH�UDQJH�EHWZHHQ����–����EORZFRXQW� 

.H\ZRUGV��1-YDOXH��VHGLPHQW�LQYHUVLRQ��VLJQDO�SURFHVVLQJ��VWDQGDUG�SHQHWUDWLRQ�WHVW��VXE�ERWWRP�SURILOHU� 
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���3HQGDKXOXDQ 

'DODP� UDQJND� PHQXQMDQJ� NHJLDWDQ� HNVSORUDVL� VXPEHU�
GD\D�NHODXWDQ��GLEXWXKNDQ�NRQVWUXNVL�DWDX�LQIUDVWUXNWXU�
GL� ODXW� XQWXN� PHPHQXKL� NHEXWXKDQ� RSHUDVLRQDO�
NHJLDWDQ� WHUVHEXW�� 8QWXN� PHUDQFDQJ� GDQ� PHPEDQJXQ�
VHEXDK� LQIUDVWUXNWXU� GL� ODXW�� GLEXWXKNDQ� LQIRUPDVL�
PHQJHQDL� SHUODSLVDQ� WDQDK� GDQ� SURSHUWL� WDQDK� \DQJ�

DNXUDW�XQWXN�PHQJHYDOXDVL�VHFDUD�WHSDW�NRQGLVL�QDWXUDO�
GDUL� GDVDU� SHUDLUDQ� �%DL� GDQ� %DL�� ������� 6WDQGDUG�
3HQHWUDWLRQ� 7HVW� �637�� PHUXSDNDQ� VDODK� VDWX�
SHQJXMLDQ� WDQDK� NRQYHQVLRQDO� \DQJ� VHULQJ� GLODNXNDQ�
XQWXN�PHQJHVWLPDVL�SDUDPHWHU� WDQDK�XQWXN�NHEXWXKDQ�
DQDOLVLV� GDQ� GHVDLQ� JHRWHNQLN�� \DQJ� SHODNVDQDDQ� Q\D�
GLDWXU�GDODP�$670�'�������%HUDJDP�SDUDPHWHU�WDQDK�
GDSDW� GLSHUROHK� GDUL� SDUDPHWHU� 637� DWDX� 1-YDOXH�
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�7DUDZQHK�� ������� 3HQJXMLDQ� VHFDUD� NRQYHQVLRQDO�
PHQGDSDWNDQ�LQIRUPDVL�WHQWDQJ�GDVDU�SHUDLUDQ�PDXSXQ�
ODSLVDQ� GL� EDZDKQ\D� GHQJDQ�PHQJDPELO� VDPSHO� ILVLN�
VHGLPHQ��3URVHGXU�LQL�PHPEXWXKNDQ�ELD\D�GDQ�ZDNWX�
\DQJ� WLQJJL�� 0HWRGH� XQGHUZDWHU� DFRXVWLF� UHPRWH�
VHQVLQJ� PHPEHULNDQ� DOWHUQDWLI� XQWXN� PHQGDSDWNDQ�
LQIRUPDVL� GDVDU� SHUDLUDQ� SDGD� OXDV� DUHD� \DQJ� EHVDU�
GHQJDQ�ELD\D�GDQ�ZDNWX�\DQJ�OHELK�VHGLNLW��6DOHK�GDQ�
5DEDK�������� 

6%3�PHUXSDNDQ�VXDWX� LQVWUXPHQ�XQGHUZDWHU�DFRXVWLF�
GHQJDQ�PHQJJXQDNDQ�PHWRGH�SHUDPEDWDQ�JHORPEDQJ�
VXDUD� � IUHNXHQVL� UHQGDK�� XPXPQ\D� GLEDZDK� ��� N+]��
VHKLQJJD� GDSDW� PHQHPEXV� GDVDU� SHUDLUDQ� VDPSDL�
NHGDODPDQ� WHUWHQWX� WHUJDQWXQJ� � SDGD� MHQLV� VHGLPHQ�
DWDX� WDQDK� \DQJ� GLODOXL�� 6LQ\DO� JHORPEDQJ� VXDUD� DWDX�
VLQ\DO� DNXVWLN� KDVLO� SHUDPEDWDQ� GL� VHGLPHQ� GDSDW�
GLDQDOLV� OHELK� ODQMXW� XQWXN� PHQGDSDWNDQ� SDUDPHWHU�
DNXVWLN� \DQJ� GDSDW� PHZDNLOL� MHQLV� VHGLPHQ� \DQJ�
GLODOXL� VLQ\DO� DNXVWLN� WHUVHEXW�� 3HUEHGDDQ� SULQVLS�
DQWDUD� PHWRGH� DNXVWLN� GDQ� PHWRGH� NRQYHQVLRQDO�
WHQWXQ\D� PHQ\HEDENDQ� KDUXV� GLODNXNDQQ\D� NRQYHUVL�
GDUL� SDUDPHWHU� VLQ\DO� DNXVWLN� PHQMDGL� SDUDPHWHU�
SHQJXMLDQ��3HUVDPDDQ�KDVLO�NRQYHUVL�DQWDUD�SDUDPHWHU�
DNXVWLN�SDGD�VHGLPHQ��JHRDNXVWLN��PHQMDGL�SDUDPHWHU�
SHQJXMLDQ� GDSDW� GLXML� QLODLQ\D� GHQJDQ� KDVLO� XML� 637�
DNWXDO�� 6HKLQJJD� VHODQMXWQ\D� GDSDW� GLWHQWXNDQ� QLODL�
SHQGHNDWDQ� XML� SHQHWUDVL� GDVDU� SHUDLUDQ� EHUGDVDUNDQ�
DQDOLVLV�VLQ\DO�6%3�\DQJ�GLODNXNDQ� 

%HEHUDSD� KDVLO� SHQHOLWLDQ� GDODP� ZDNWX� OLPD� WDKXQ�
WHUDNKLU� \DQJ� WHODK� GLODNXNDQ� EHUNDLWDQ� GHQJDQ�
SHQJJXQDDQ�WHNQRORJL�6%3�SDGD�GDVDU�SHUDLUDQ�DQWDUD�
ODLQ� �� $QDOLVLV� 'DQ� .ODVLILNDVL� 6HGLPHQ� 3HUPXNDDQ�
'DVDU� /DXW� 0HQJJXQDNDQ� 6XE-%RWWRP� 3URILOHU�
�5RKPDQ� HW�DO�� ������� ,QWHJUDVL� 'DWD� 6XE� %RWWRP�
3URILOHU� 'DQ� *UDYLW\� &RUH� 8QWXN� 0HQHQWXNDQ�
'LQDPLND� 6HGLPHQWDVL� 5HVHQ� 'L� 3HUDLUDQ� 8WDUD�
:RNDP� �$PUL�� ������� 6HDEHG� 6XE-%RWWRP� 6HGLPHQW�
&ODVVLILFDWLRQ�8VLQJ� 3DUDPHWULF� 6XE-%RWWRP� 3URILOHU�
�6DOHK�GDQ�5DEDK����������$SSOLFDWLRQ�2I�6XE-%RWWRP�
3URILOHU� 7R� 6WXG\� 5LYHUEHG� 6WUXFWXUH� $QG� 6HGLPHQW�
'HQVLW\��5XL�HW�DO���������3HPURVHVDQ�6LQ\DO�'DWD�6XE
-ERWWRP�3URILOHU�6XEVWUDW�'DVDU�3HUDLUDQ�6HODW�/HPEHK�
�6ROLNLQ� HW�DO�� ������� 6RLO� %DVH� 3URILOLQJ� E\� (FKR�
6LJQDO�3URFHVVLQJ��.RSDUGH�HW�DO�������� 

3HQHOLWLDQ� WHUVHEXW� GL� DWDV� PHQLWLN� EHUDWNDQ� SDGD�
HNVWUDNVL� SK\VLFDO� SURSHUWLHV� GDQ� NODVLILNDVL� VHGLPHQ�
EHUGDVDUNDQ� DQDOLVLV� VLQ\DO� 6%3�� 1DPXQ� WHQWXQ\D�
SDUDPHWHU� SK\VLFDO� SURSHUWLHV� GDUL� VHGLPHQ� EHOXP�
GDSDW� GLJXQDNDQ� VHFDUD� ODQJVXQJ� XQWXN� NHSHQWLQJDQ�
NRQVWUXNVL�EDQJXQDQ�OHSDV�SDQWDL��'LSHUOXNDQ�NRQYHUVL�
DWDX� SHQJJXQDDQ� NRUHODVL� HPSLULV� GDUL� SDUDPHWHU�
SK\VLFDO� SURSHUWLHV� WHUKDGDS� SDUDPHWHU� HQJLQHHULQJ�
�SDUDPHWHU� 637� 1XPEHU� DWDX� 1-YDOXH�� XQWXN�
PHUHSUHVHQWDVLNDQ�ODSLVDQ�WDQDK�VHFDUD�JHRWHNQLN� 

3DGD�GDVDUQ\D�NRUHODVL�LQL�PHUXSDNDQ�VDODK�VDWX�XVDKD�
SHQ\HGHUKDQDDQ�GDUL�NRPSOHNVQ\D�SHULODNX�JHRWHNQLN�
GDUL� WDQDK� �6DUNDU� HW� DO�� ������� \DQJ� SHUOX� GLODNXNDQ�
GLNDUHQDNDQ� NRPSOHNVQ\D� SHULODNX� JHRWHNQLN� GDQ�
WLQJJLQ\D�YDULDELOLWDV�VHFDUD�VSDVLDO�GDUL�WDQDK��VHSHUWL�
SHULODNX� WDQDK� \DQJ� WLGDN� VHODOX� PHQXQMXNNDQ�
KRPRJHQLWDV�WLDS�ODSLVDQ��VHKLQJJD�SURSHUWL�GDUL�WDQDK�

GDSDW�EHUYDULDVL�GDUL�VDWX�WHPSDW�NH�WHPSDW�ODLQ�GHQJDQ�
IDNWRU� NHWLGDNSDVWLDQ� \DQJ� WLQJJL� GLNDUHQDNDQ�
NRPSOHNVQ\D�IRUPDVL�DWDX�ODSLVDQ�WDQDK� 

7XMXDQ� GDUL� SHQHOLWLDQ� LQL� DGDODK� XQWXN� PHQGDSDWNDQ�
SDUDPHWHU� XML� SHQHWUDVL� GDVDU� SHUDLUDQ� �1-YDOXH�� GDUL�
KDVLO�DQDOLVLV�VLQ\DO�6%3�� 

���0HWRGH�3HQHOLWLDQ 

'DWD� \DQJ� GLJXQDNDQ� SDGD� SHQHOLWLDQ� LQL� DGDODK� GDWD�
SULPHU�EHUXSD�GDWD� VLQ\DO�6%3�SDGD� ORNDVL� SHQHOLWLDQ��
GDQ� GDWD� VHNXQGHU� EHUXSD� ODSRUDQ� SHQ\HOLGLNDQ� WDQDK�
SDGD� �� WLWLN� ERUHKROH� HNVLVWLQJ�� /RNDVL� SHQHOLWLDQ�
PHUXSDNDQ� DUHD� SHPEDQJXQDQ� GHUPDJD� \DQJ� VHGDQJ�
PHODNXNDQ� SHNHUMDDQ� SHPDVDQJDQ� WLDQJ� SDQFDQJ��
,QVWUXPHQ� 6%3� MHQLV� SDUDPHWULN� 6%3�� GHQJDQ� WLSH�
,QQRPDU� 6(6����� &RPSDFW� GLSDVDQJ� SDGD� VHEXDK�
NDSDO� VXUYHL� GHQJDQ� GLPHQVL� ����P� [� ���P� [� ���P�
�OHQJWK� [� EUHDGWK� [� GHSWK��� $NXLVLVL� GDWD� 6%3�
GLODNXNDQ� SDGD� WDQJJDO� ��� –� ��� 'HVHPEHU� ������ GL�
SHUDLUDQ� 7HOXN� .DULDQJDX�� %DOLNSDSDQ�� GHQJDQ�
PHPEXDW� �� MDOXU� VXUYHL� OXUXV� �MDOXU� �%� GDQ� �%�� \DQJ�
PHOLQWDVL� �� EXDK� WLWLN� ERUHKROH� HNVLVWLQJ� �%���� %����
%�����-DOXU�%�PHUXSDNDQ�MDOXU�DNXLVLVL�VLQ\DO���N+]�� 

/2.$6,�3(1(/,7,$1 

����3HPURVHVDQ�VLQ\DO 

3HPURVHVDQ�VLQ\DO�DNXVWLN�EDZDK�DLU�PHUXSDNDQ�VDODK�
VDWX� WRSLN� SHQHOLWLDQ� SHQWLQJ� GDODP� GXQLD� DNXVWLN�
EDZDK� DLU�� 3HQJXUDQJDQ� QRLVH� �GHUDX�� GDUL� VLQ\DO�
DNXVWLN� EDZDK� DLU� PHUXSDNDQ� IDNWRU� WHUSHQWLQJ� SDGD�
SHPURVHVDQ� VLQ\DO� DNXVWLN� EDZDK� DLU�� .RPSOHNVLWDV�
GDUL� OLQJNXQJDQ� ODXW� GDQ� NHNKXVXVDQ� VDOXUDQ� VLQ\DO�
DNXVWLN� EDZDK� DLU�PHUXSDNDQ� WDQWDQJDQ� XWDPD� GDODP�
SHPURVHVDQ� VLQ\DO� DNXVWLN� EDZDK� DLU� �/L� GDQ� :DQJ��
������� 3HPURVHVDQ� VLQ\DO� GLODNXNDQ� PHQJJXQDNDQ�
VRIWZDUH� 0$7/$%� VHWHODK� VHEHOXP� Q\D� GLODNXNDQ�
NRQYHUVL�GDUL�ILOH�6%3��IRUPDW�
�VHV��NH�IRUPDW�6(*-<�
�
�VHJ\��ROHK�VRIWZDUH�6(6:,1� 

������$XWRPDWLF�JDLQ�FRQWURO��$*&� 

$XWRPDWLF� JDLQ� FRQWURO� �$*&��PHUXSDNDQ� VDODK� VDWX�
PHWRGH� SHQJXDWDQ� VLQ\DO� SDGD� SHPURVHVDQ� GDWD�
VHLVPLF� �6%3��� $*&� GLDSOLNDVLNDQ� SDGD� GDWD� 6%3�
XQWXN�PHPSHUNXDW� VLQ\DO� \DQJ� OHPDK� SDGD� WLDS� WUDFH�
PHQJJXQDNDQ� VOLGLQJ� WLPH� ZLQGRZ� WHUWHQWX��

*DPEDU����3HWD�ORNDVL�SHQHOLWLDQ 
�3XVDW�+LGUR�2VHDQRJUDIL�71,�$/������� 
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3HQJJXQDDQ� $*&� KDUXV� GLODNXNDQ� VHFDUD� KDWL-KDWL�
GLNDUHQDNDQ�GDSDW�PHQJKDQFXUNDQ�NDUDNWHU�VLQ\DO�XWDPD��
3DGD�XPXPQ\D� WHUGDSDW� �� WLSH�$*&�SDGD�GDWD� VHLVPLF��
\DLWX�PHDQ��506��GDQ�PHGLDQ�$*&�� 

3URVHV� DQDOLVLV� PHQJJXQDNDQ� SURVHV� DXWRPDWLF� JDLQ�
FRQWURO� �$*&�� WLSH�PHDQ�$*&�� \DLWX� IXQJVL� SHPXOLKDQ�
VLQ\DO� \DQJ� EHUNXUDQJ� LQWHQVLWDV� Q\D� WHUKDGDS� ZDNWX�
GHQJDQ�FDUD�PHQ\HLPEDQJNDQ�DPSOLWXGR�SDGD�WLDS�WUDFH�
�'RQGXUXU�������� 

0HDQ�$*&� WHUPDVXN�GDODP�NDWHJRUL� WLSH� LQVWDQWDQHRXV�
$*&� 

�� 
'LPDQD� � � � � � DGDODK� IXQJVL� JDLQ� PHDQ� $*&�� � � DGDODK�
DPSOLWXGR� WUDFH�GDQ�1�DGDODK� MXPODK� VDPSHO� SDGD� WLPH�
JDWH� 

������ )DVW� IRXULHU� WUDQVIRUP� �))7�� 	� SHQDSLVDQ�
EDQGSDVV 

3URVHV� IDVW� IRXULHU� WUDQVIRUP� �))7��� \DLWX� PHWRGH�
WUDQVIRUPDVL� VLQ\DO� XQWXN� PHQHPXNDQ� NRPSRQHQ�
IUHNXHQVL� VLQ\DO� \DQJ� WHUFDPSXU� GHQJDQ� QRLVH� SDGD�
VLQ\DO� GRPDLQ� ZDNWX�� 2SHUDVL� EDQGSDVV� ILOWHULQJ�
PHUXSDNDQ� SURVHV� ILOWHULQJ� \DQJ� XPXP� GLODNXNDQ� SDGD�
SHQJRODKDQ� VLQ\DO� VHLVPLN�� GLNDUHQDNDQ� SDGD� VLQ\DO�
VHLVPLN�WHUGDSDW�QRLVH�VLQ\DO�IUHNXHQVL�UHQGDK�DNLEDW�GDUL�
JURXQG�UROO��GDQ�QRLVH�VLQ\DO�IUHNXHQVL�WLQJJL�DNLEDW�GDUL�
OLQJNXQJDQ��6ROLNLQ�HW�DO���������3URVHV�SHQDSLVDQ�VLQ\DO�
�EDQGSDVV� ILOWHULQJ�� XQWXN� PHPXUQLNDQ� VLQ\DO� GDUL�
LQFRKHUHQW� GDQ� FRKHUHQW� QRLVH� \DQJ� LNXW� WHUHNDP�
�5RKPDQ�HW��DO���������3HQHOLWLDQ�LQL�PHQJJXQDNDQ�ILOWHU�
2UPVE\��GHQJDQ�NHWHQWXDQ�IUHNXHQVL�VXGXW���I����I����I��
�� I��� 8QWXN� VLQ\DO� 6%3� �� N+]�PHQJJXQDNDQ� IUHNXHQVL�
VXGXW� ���-����-����-������ +]�� 3HQHQWXDQ� IUHNXHQVL�
VXGXW� EHUGDVDUNDQ� GDUL� EDQGZLWK� SDUDPHWULN� 6%3�
,QQRPDU�6(6�����&RPSDFW� 

$GDSXQ� IRUPXOD� \DQJ� GLJXQDNDQ� XQWXN� PHODNXNDQ�
SURVHV�))7�\DLWX�� 

������������������������������������������������������������������������������������������������������������������������� 
 
 
����������������������������������������������������������������������������������������������������������� 

'HQJDQ���������DGDODK�IXQJVL�VLQ\DO�ZDNWX����������PHUXSDNDQ�
WUDQVIRUPDVL�)RXULHU�GDUL�VLQ\DO�ZDNWX������DGDODK�DQJXODU�
IUHTXHQF\����������DGDODK�(XOHU�VLQXV�FRVLQXV��FRV�ZW���L�VLQ�
ZW� 

������.RHILVLHQ�UHIOHNVL 

6LQ\DO�6%3�\DQJ�WHUHNDP�PHUXSDNDQ�VHEXDK�IXQJVL�GDUL�
LQSXW� VLQ\DO� �ZDYHOHW�� \DQJ� PHUDPEDW� SDGD� ODSLVDQ�
JHRORJL� GDUL� GDVDU� SHUDLUDQ�� 8QWXN� PHQGDSDWNDQ� QLODL�
IXQJVL� UHIOHNWLILWDV� EXPL� �NRHILVLHQ� UHIOHNVL�� \DQJ�
PHZDNLOL� ODSLVDQ�JHRORJL�SDGD�GDVDU�SHUDLUDQ��GLODNXNDQ�
SURVHV�GHNRQYROXVL�VLQ\DO�GHQJDQ�FDUD�PHQJHNVWUDN�LQSXW�
ZDYHOHW�SDGD�VLQ\DO�6%3� 

3HUVDPDDQ�NRQYROXVL�VLQ\DO�SDGD�GDVDU�SHUDLUDQ�\DLWX�� 

���� 

'HQJDQ� � � � � � � � DGDODK� WUDFH� VHLVPLF� �� DNXVWLN� \DQJ�
GLUHNDP�� � � � � � � � � \DLWX�ZDYHOHW� LQSXW�GDUL� VLQ\DO�DNXVWLN�
VXPEHU�� � � � � PHUXSDNDQ� NRHILVLHQ� UHIOHNVL� GDUL� ODSLVDQ�
JHRORJL�GDVDU�SHUDLUDQ����������DGDODK�NRPSRQHQ�UDQGRP�
QRLVH� 

6DODK�VDWX�PHWRGH�XQWXN�PHQJHNVWUDN�NRHILVLHQ�UHIOHNVL�
GDUL�VHLVPLN� WUDFH�DGDODK�GHQJDQ�PHODNXNDQ�NRQYROXVL�
VHLVPLN�WUDFH�GHQJDQ�VHEXDK�ILOWHU�\DQJ�GLNHQDO�GHQJDQ�
:LHQHU� )LOWHU�� 3URVHV� LQL� GLVHEXW� MXJD� GHQJDQ�
GHNRQYROXVL� VSLNH�� 3DGD� SURVHV� GHNRQYROXVL� VSLNH��
GLDVXPVLNDQ� EDKZD� IXQJVL� DXWR-FRUUHODWLRQ� GDUL� WUDFH�
VHLVPLN�DGDODK�VDPD�GHQJDQ�DXWR-FRUUHODWLRQ�GDUL�LQSXW�
ZDYHOHW��2QDMLWH������� 

)LOWHU�:LHQHU�GLSHUROHK�PHODOXL�SHUVDPDDQ�PDWULNV�� 

  �������������� 

'HQJDQ������PHUXSDNDQ�KDVLO�DXWRFRUUHODWLRQ�ZDYHOHW�LQSXW�����
[[� DGDODK� KDVLO� FURVVFRUUHODWLRQ� DQWDUD� ZDYHOHW� LQSXW�
GHQJDQ�RXWSXW�\DQJ�GLNHKHQGDNL������DGDODK�)LOWHU�:LHQHU� 

3HUXPXVDQ� NRHILVLHQ� UHIOHNVL� GLGDSDWNDQ� GDUL�
SHUVDPDDQ� =RHSSULW]� �6DOHK� GDQ� 5DEDK�� ������ \DQJ�
PHQGHILQLVLNDQ� NRHILVLHQ� UHIOHNVL� VHEDJDL� IXQJVL�
LPSHGDQVL�DQWDU�ODSLVDQ�VHGLPHQ� 

      ������������� 

5�PHUXSDNDQ�NRHILVLHQ�UHIOHNVL��=� DGDODK� LPSHGDQVL�
DNXVWLN� ODSLVDQ� NHGXD�� GDQ� =�� PHUXSDNDQ� LPSHGDQVL�
DNXVWLN� ODSLVDQ�SHUWDPD�� ,PSHGDQVL� DNXVWLN�PHUXSDNDQ�
IXQJVL�GDUL�GHQVLWDV�GLNDOL�GHQJDQ�NHFHSDWDQ�VXDUD�SDGD�
PHGLXP��6ROLNLQ�HW�DO�������� 

       

=�PHUXSDNDQ�LPSHGDQVL�DNXVWLN�����DGDODK�GHQVLWDV�VXDWX�
ODSLVDQ� PHGLXP�� � DGDODK� NHFHSDWDQ� VXDUD� SDGD� VXDWX�
ODSLVDQ�PHGLXP 

����,QYHUVL�VHGLPHQ�GDQ�NRQVWUXNVL�SDUDPHWHU�1-YDOXH 

������,QYHUVL�VHGLPHQ 

6LQ\DO� 6%3� \DQJ� PHUDPEDW� SDGD� GDVDU� SHUDLUDQ� DNDQ�
EHUNXUDQJ� LQWHQVLWDV� HQHUJL� Q\D� GLDNLEDWNDQ� ROHK�
DWWHQXDVL� DWDX� PHOHPDKQ\D� VLQ\DO� DNLEDW� SHQ\HUDSDQ�
JHORPEDQJ� VXDUD�SDGD�PHGLXP�SHUDPEDWDQ� Q\D��6DOHK�
GDQ� 5DEDK� ������� PHPEXDW� PRGHO� NRHILVLHQ� UHIOHNVL�
EHUGDVDUNDQ� PRGHO� HQHUJL� VLQ\DO� XQWXN� PHQJKLWXQJ�
NRHILVLHQ�UHIOHNVL�SDGD�VXE�ERWWRP�OD\HUV��3HQHOLWLDQ�LQL�
DNDQ� PHQJJXQDNDQ� PHWRGH� LQYHUVL� VHGLPHQ� XQWXN�
PHQJHWDKXL� NODVLILNDVL� VXE� ERWWRP� OD\HUV�� GHQJDQ�
PHQJKLWXQJ� SDUDPHWHU� SK\VLFDO� SURSHUWLHV� VHGLPHQ�
PHQJJXQDNDQ�SDUDPHWHU�PRGHO�WHRUL�SRURHODVWLV�%LRW� 

0HWRGH� LQYHUVL� VHGLPHQ� PHUXSDNDQ� PHWRGH� XQWXN�
PHQJHVWLPDVL� SK\VLFDO� SURSHUWLHV� SDGD� VHGLPHQ� \DQJ�
PHQHUDSNDQ� WHRUL� SHUDPEDWDQ� JHORPEDQJ� VXDUD� %LRW�
�%LRW� WKHRU\��� 7HRUL� %LRW� GDSDW� PHPSHUKLWXQJNDQ�
PHGLXP� EHUSRUL� GDQ� HODVWLV� �0DQLN�� ������� 6HGLPHQ�
PHUXSDNDQ� PHGLD� GHQJDQ� NDUDNWHULVWLN� SRURXV� GDQ�
HODVWLV�� VHKLQJJD� WHRUL� %LRW� GDSDW� GLJXQDNDQ� XQWXN�
VHGLPHQ�� .RHILVLHQ� UHIOHNVL� \DQJ� GLSHUROHK� GDUL� 6%3�
DNDQ�EHUNRUHODVL� WLQJJL�WHUKDGDS�SRURVLWDV�VHGLPHQ�GDQ�

��� 

��� 

��� 

��� 

��� 

��� 

��� 
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*DPEDU����3URVHGXU�LQYHUVL�VHGLPHQ 

EXON� GHQVLW\�� VHKLQJJD� GDSDW� PHQJHVWLPDVL� EXON�
SURSHUWLHV� 

3HUVDPDDQ� JHORPEDQJ� VXDUD� GDUL� WHRUL� %LRW� GDSDW�
GLOLKDW�SDGD�SHUVDPDDQ�����GDQ����� 

�����������������     �������������������������������� 

����     �������������������������������� 

'HQJDQ� � � � � DGDODK� IXLG� GHQVLW\�� � DGDODK� SRUH� IOXLG�
YLVFRVLW\�� � � � �DGDODK�SHUPHDELOLW\�� � � �DGDODK�YROXPHWULF�
VWUDLQ� RI� IUDPH�� � � DGDODK� LQFUHPHQWDO� YROXPH� RI� IOXLG�
WKDW�HQWHUV�RU�OHDYHV�WKH�IUDPH�����DGDODK�VHGLPHQW�EXON�
GHQVLW\������DGDODK�SKDVH�RI�IOXLG�IORZ������������������DGDODK�
ZDNWX� SHUDPEDWDQ� JHORPEDQJ� DNXVWLN� SDGD� PHGLXP���
[[DGDODK�FRPSOH[�FRUUHFWLRQ�IDFWRU�RI�IOXLG�YLVFRVLW\� 

3HQHOLWLDQ�LQL�KDQ\D�PHQJJXQDNDQ�SDUDPHWHU�SHQ\XVXQ�
GDUL� PRGHO� SRURHODVWLV� %LRW� XQWXN� PHQGDSDWNDQ� QLODL�
PHDQ�JUDLQ�VL]H��0]��VHGLPHQ��GDQ�WLGDN�PHQJDQDOLVLV�
PRGHO�SHUDPEDWDQ�VXDUD�%LRW� 

1LODL�SRURVLWDV��Q��GDSDW�GLWHQWXNDQ�GDUL�KXEXQJDQ�EXON�
GHQVLW\� �� IOXLG� GHQVLW\�� GDQ� SDUWLFOH� GHQVLW\�� 1RUPDO�
SDUWLFOH�GHQVLW\�GDSDW�GLDVXPVLNDQ�EHUQLODL������J�FP��
XQWXN� MHQLV� SDUWLNHO� VLOLFD�� \DQJ� PHUXSDNDQ� SDUWLNHO�
GRPLQDQ�SDGD�VHGLPHQ�� 

���������������������������������������������������������������   

3HUPHDELOLWDV�� .�� EHUJDQWXQJ� NHSDGD� EHQWXN� GDQ�
XNXUDQ� SDUWLNHO�� SRURVLWDV� DWDX� YRLG� UDWLR�� GDQ�
WRUWXRVLW\�� 3HUVDPDDQ� .R]HQ\-&DUPDQ� PHQJHQDL�
SHUXPXVDQ�SHUPHDELOLWDV�DGDODK�VHEDJDL�EHULNXW�� 

���������������������������������������������������������������������������������������������������������������������������������������� 

'HQJDQ���DGDODK�YRLG�UDWLR������DGDODK�SRUH�VKDSH�IDFWRU���
[[[DGDODK�VSHFLILF�VXUIDFH�DUHD�GDUL�SDUWLNHO�VHGLPHQ� 

6HWHODK� PHQGDSDWNDQ� SDUDPHWHU� SHUPHDELOLWDV� GDQ�
SRURVLWDV�� NHPXGLDQ� GLWHQWXNDQ� SDUDPHWHU� VHGLPHQW�

���� 

���� 

GHVFULSWRU� EHUXSD�PHDQ�JUDLQ� VL]H�� GHQJDQ�SHUVDPDDQ�
UHJUHVVL�GDUL�%DFKPDQ��VHEDJDL�EHULNXW�� 

�������������������������������������������������������������������������������������������������������������������� 

'HQJDQ� 0]� DGDODK�PHDQ� JUDLQ� VL]H�� GDODP� XQLW� SKL��
'HQJDQ� GLSHUROHKQ\D� PHDQ� JUDLQ� VL]H� �0]��� PDND�
GDSDW� GLJXQDNDQ� NRUHODVL� GDUL�+DPLOWRQ�GDQ�%DFKPDQ�
XQWXN�PHQHQWXNDQ�WLSH�VHGLPHQ��7DEHO����� 

������.RQVWUXNVL�SDUDPHWHU�1-YDOXH 

3HQHQWXDQ� SDUDPHWHU� 637� �1-YDOXH�� PHQJJXQDNDQ�
SHQJHPEDQJDQ� GDUL� IRUPXOD� 0H\HUKRII� � ������� \DQJ�
VXGDK� GLNHPEDQJNDQ� ROHK� &XEULQRYVN\� ������� XQWXN�
NRUHODVL�UHODWLYH�GHQVLW\� 

��������������������������������������������������������������������������������������������������������������������� 

1�PHUXSDNDQ�1-YDOXH�637������DGDODK�UDVLR�GDUL�UHODWLYH�
GHQVLW\�� � � � � � � � � � � � � � � � � DGDODK� YRLG� UDWLR� UDQJH�� [[[[�����������
DGDODK� HIIHFWLYH� RYHUEXUGHQ� SUHVVXUH� GDUL� NHWHEDODQ�
ODSLVDQ�VHGLPHQ� 

1LODL� YRLG� UDWLR� UDQJH� GDSDW� GLKLWXQJ� PHQJJXQDNDQ�
IRUPXOD�HPSLULV�VHEDJDL�EHULNXW�� 

���������������������������������������������������������������������������������������������� 

'HQJDQ� � � � � � � DGDODK�PHDQ� JUDLQ� VL]H� \DQJ� GLKDVLONDQ�
GDUL� XML� DQDOLVD� D\DNDQ� �VLHYH� DQDO\VLV�� \DQJ� GDSDW�
GLVXEVWLWXVL�GHQJDQ�VHGLPHQW�GHVFULSWRU�0]� 

8QWXN� YDOLGDVL� SHUKLWXQJDQ� 1-YDOXH�� WLGDN� GLODNXNDQ�
SHQJDPELODQ�VDPSHO�XODQJ��QDPXQ�GLODNXNDQ�HNVWUDNVL�
QLODL� LPSHGDQVL� SDGD� ODSLVDQ� GDVDU� SHUDLUDQ� GHQJDQ�
PHQJJXQDNDQ� SHUVDPDDQ� ���� VHEDJDL� SHPEDQGLQJ�
GHQJDQ�QLODL�1-YDOXH�SDGD�WLWLN�ERUHKROH�HNVLVWLQJ� 

���+DVLO�GDQ�3HPEDKDVDQ 

����3HPURVHVDQ�VLQ\DO 

+DVLO� DNXLVLVL� GDWD� 6%3� PHUXSDNDQ� SHQDPSDQJ�
PHOLQWDQJ� MDOXU� �%� GDQ� �%�� +DVLO� HNVWUDNVL� NRRUGLQDW�
PHQXQMXNNDQ�SRVLVL� WUDFH�����PHUXSDNDQ� WUDFH� VLQ\DO�
WHUGHNDW�GHQJDQ�ORNDVL�ERUHKROH�%����WUDFH�����DGDODK�
WUDFH� VLQ\DO� WHUGHNDW� SDGD� ORNDVL� ERUHKROH� %���� GDQ�
WUDFH�����PHUXSDNDQ� WUDFH�VLQ\DO�WHUGHNDW�SDGD�ORNDVL�
ERUHKROH� %���� 3RVLVL� VHDEHG� PHUXSDNDQ� SRVLVL� GDVDU�
SHUDLUDQ�\DQJ�PHUXSDNDQ�ELGDQJ�NRQWDN�DQWDUD�NRORP�

��� 

��� 

���� 

���� 

���� 

7DEHO����.ODVLILNDVL�VHGLPHQ�+DPLOWRQ 

6HGLPHQW�W\SH 0]��I� U��NJ�P�� F��P�V� 

&OD\ � ���� ���� 
6LOW\�FOD\ � ���� ���� 
&OD\H\�VLOW � ���� ���� 
6DQG-VLOW-FOD\ � ���� ���� 
6DQG-VLOW � ���� ���� 
6LOW\�VDQG � ���� ���� 
9HU\�ILQH�VDQG � ���� ���� 
)LQH�VDQG � ���� ���� 
&RDUVH�VDQG � ���� ���� 

5HIOHFWLRQ 
&RHIILFLHQW 

0HDQ�JUDLQ�VL]H�RI 
VHGLPHQW 

%RUHKROH�'DWD 

6HGLPHQW�WKLFNQHV 7:,7 'HQVLW\ 

%,27�3DUDPHWHU 

3RURVLW\ 3HUPHDELOLW\ 

6HGLPHQW 
FODVVLILFDWLRQ 
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*DPEDU����3HQDPSDQJ�PHOLQWDQJ�MDOXU��% 

*DPEDU����3HQDPSDQJ�PHOLQWDQJ�MDOXU��% 

SHUDLUDQ� GDQ� ODSLVDQ� VHGLPHQ� SHUWDPD� GDVDU� ODXW��
VHGDQJNDQ� SRVLVL� UHIOHFWRU� GDSDW� PHQXQMXNNDQ�
SHUXEDKDQ� OLWKRORJ\�� SDWDKDQ� �IDXOW�� SDGD� ODSLVDQ�
JHRORJL��DWDX�SHUWHPXDQ�GDUL�GXD�ODSLVDQ�\DQJ�EHUEHGD� 

,QWHQVLWDV� VLQ\DO� SDGD� SRVLVL� VHDEHG� GL� WUDFH� ����
PHPLOLNL� QLODL� ����� PLOOLYROW� �P9��� SDGD� WUDFH� ����
PHPLOLNL� QLODL� ����� P9�� GDQ� WUDFH� ���� GHQJDQ� QLODL�
�����P9� 

3RVLVL� VHDEHG� SDGD� WUDFH� ���� EHUDGD� SDGD� NHGDODPDQ�
������ P�� VHGDQJNDQ� WUDFH� ���� EHUDGD� SDGD� NHGDODPDQ�
������P��GDQ�WUDFH�����SDGD�NHGDODPDQ��������P��3RVLVL�
NHGDODPDQ�GLSHUROHK�GDUL�NRQYHUVL�WZR�ZD\�WLPH�LQWHUYDO�
�7:77��GHQJDQ�NHFHSDWDQ�VXDUD�VHEHVDU������P�V� 

3URVHV� PHDQ� $*&� GLODNXNDQ� XQWXN� PHPSHUNXDW�
LQWHQVLWDV� VLQ\DO� \DQJ� OHPDK� GHQJDQ� FDUD�PHQGLVWULEXVL�
DPSOLWXGR� VLQ\DO� \DQJ� NXDW� WHUGHNDW� SDGD� VDWX� SHULRGH�
SHPDQFDUDQ���SLQJ��\DQJ�VDPD��$SOLNDVL�PHDQ�$*&�SDGD�
WUDFH� ���� –� ���� GDSDW� GLOLKDW� SDGD�*DPEDU� ��� 6LQ\DO�
����–� ����PHUXSDNDQ� VLQ\DO� \DQJ� EHUDGD� SDGD� SHULRGH�
SHPDQFDUDQ� �� SLQJ� \DQJ� VDPD�� VHKLQJJD� WUDFH� WHUVHEXW�
PHPLOLNL�NRRUGLQDW�\DQJ�VDPD�� 

'DUL� SHQDPSDQJ� PHOLQWDQJ� MDOXU� �%� GDQ� �%� WHUGDSDW�
SHQLQJNDWDQ�UHVROXVL�YHUWLNDO�VHWHODK�SURVHV�PHDQ�$*&�
GLDSOLNDVLNDQ� 

6HWHODK� SURVHV� $*&� GLODNXNDQ�� VLQ\DO� GLWUDQVIRUPDVL�
NH� GRPDLQ� IUHNXHQVL� GHQJDQ� SURVHV� IDVW� IRXULHU�
WUDQVIRUP� �))7�� DJDU� GDSDW� WHUOLKDW� NRPSRQHQ� VLQ\DO�
XWDPD� 

6HWHODK�SURVHV�EDQGSDVV�ILOWHULQJ�GLODNXNDQ��GDWD�VLQ\DO�
GLNHPEDOLNDQ�NH�GRPDLQ�ZDNWX�GHQJDQ�SURVHV� LQYHUVH�
))7� 

%�� 

��� 

VHDEHG 

UHIOHFWRU 

%�� 

��� 

%�� 

��� 

VHDEHG 

UHIOHFWRU 

7DEHO����3RVLVL�WUDFH�����SDGD�VDWX�SHULRGH�SHPDQFDUDQ 

1R 7UDFH 1 ( 

� ��� ���������� ��������� 

� ��� ���������� ��������� 

� ��� ���������� ��������� 

� ��� ���������� ��������� 

� ��� ���������� ��������� 
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*DPEDU����3HQDPSDQJ�PHOLQWDQJ�MDOXU��%�VHWHODK�SURVHV�$*&� 

*DPEDU����3URVHV�DSOLNDVL�PHDQ�$*&�SDGD�WUDFH�������DWDV��GDODP�EHQWXN�ZLJJOH���EDZDK��FRORU�VFDOH 

6HFDUD�XPXP��SURVHV�PHDQ�$*&�WLGDN�PHQLQJNDWNDQ�
QLODL� LQWHQVLWDV� VLQ\DO� VHFDUD� VLJQLILNDQ� QDPXQ�
PHQLQJNDWNDQ� UHVROXVL� GDUL� SHQDPSDQJ� PHOLQWDQJ�
GLNDUHQDNDQ� WUDFH� VLQ\DO� \DQJ� OHPDK� PHQGDSDWNDQ�
GLVWULEXVL� UDWD-UDWD�GDUL� WUDFH� VLQ\DO� \DQJ�NXDW��3URVHV�
EDQGSDVV� ILOWHULQJ� VHFDUD� XPXP� PHQJXUDQJL� QLODL�
LQWHQVLWDV� VLQ\DO� GLNDUHQDNDQ� DGDQ\D� IUHNXHQVL� VLQ\DO�
XWDPD� \DQJ� LNXW� WHUVDULQJ� GLDNLEDWNDQ� WHUFDPSXU�
GHQJDQ�QRLVH��5RKPDQ�HW�DO�������� 

$XWRPDWLF� JDLQ� FRQWURO� �$*&�� GHQJDQ� QLODL� 506�
GLODNXNDQ� ODJL� XQWXN� SHQJXDWDQ� VLQ\DO� VHEDJDL�
NRPSHQVDVL� SHOHPDKDQ� DPSOLWXGR� WUDFH� DNLEDW�
NHKLODQJDQ� HQHUJL� VHWHODK� GHNRQYROXVL� �5RKPDQ� HW�DO��
������ 

1LODL�NRHILVLHQ�UHIOHNVL�GDUL�SHQDPSDQJ�PHOLQWDQJ�KDVLO�
SURVHV� GHNRQYROXVL� XQWXN� WUDFH� ����� ���� GDQ� ����
PHQXQMXNNDQ� SRVLVL� SHUDOLKDQ� LPSHGDQVL� DWDX� EDWDV�
GDUL� SHUDOLKDQ� MHQLV� VHGLPHQ� GL� GDVDU� SHUDLUDQ�� +DVLO�

%�� 

��� 

VHDEHG 

UHIOHFWRU 
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*DPEDU����3HQDPSDQJ�PHOLQWDQJ�MDOXU��%�VHWHODK�SURVHV�$*& 

*DPEDU����3URVHV�))7��NLUL��GDQ�EDQGSDVV�ILOWHULQJ��NDQDQ��SDGD�MDOXU��% 

*DPEDU����3HQDPSDQJ�PHOLQWDQJ�MDOXU��%�VHWHODK�SURVHV�ILOWHULQJ� 

SHUKLWXQJDQ� DQDOLWLV� PHQXQMXNNDQ� NHVHVXDLDQ� WLSH�
VHGLPHQ�SDGD� ODSLV� SHUWDPD� GDVDU� SHUDLUDQ�GHQJDQ�KDVLO�
SHPURVHVDQ�VLQ\DO�6%3 

1LODL� SK\VLFDO� SURSHUWLHV� WLDS� WUDFH� KDVLO� GDUL� PHWRGH�
LQYHUVL� VHGLPHQ� GDSDW� GLOLKDW� SDGD�7DEHO� ��� 'DUL� KDVLO�

%�� 

��� 

%�� 

��� 

VHDEHG 

UHIOHFWRU 

WHUVHEXW� GLGDSDWNDQ� EDKZD� QLODL�PHDQ� JUDLQ� VL]H� �0]��
EHUNLVDU� DQWDUD� �� –� �� XQWXN� NODVLILNDVL� VLOW\� FOD\� GDUL�
YHU\� VRIW� VDPSDL� WLQJNDW� YHU\� VWLII�� VHPHQWDUD� XQWXN�
NODVLILNDVL� FDUERQDFHRXV� FOD\� GDQ� FOD\VWRQH� EHUNLVDU�
DQWDUD���–� ���1LODL�0]�PHUXSDNDQ�SDUDPHWHU� VHGLPHQW�
GHVFULSWRU� �6DOHK� GDQ� 5DEDK�� ������ \DQJ� GDSDW�
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*DPEDU�����3HQDPSDQJ�PHOLQWDQJ�MDOXU��%�VHWHODK�SURVHV�ILOWHULQJ� 

7DEHO����3HUEDQGLQJDQ�QLODL�LQWHQVLWDV�VLQ\DO�VHWHODK�SHPURVHVDQ�VLQ\DO 

1R 7UDFH %RUHKROH 3RVLWLRQ 
7:77 GHSWK 

VLJQDO�SRZHU���LQWHQVLW\ 

EHIRUH�$*& DIWHU�$*& EDQGSDVV�ILOWHULQJ 

�PV� �P� �P9� �P9� �P9� 

� ��� %�� VHDEHG ����� ����� ���� ���� ���� 

      VXE�ERWWRP ����� ����� ���� ���� ���� 

� ��� %�� VHDEHG ����� ����� ���� ���� ���� 

      VXE�ERWWRP ����� ����� ���� ���� ���� 

� ��� %�� VHDEHG ����� ����� ���� ���� ���� 

      VXE�ERWWRP ����� ����� ���� ���� ���� 

*DPEDU�����3HQDPSDQJ�PHOLQWDQJ�MDOXU��%�VHWHODK�SURVHV�GHNRQYROXVL� 

PHPEHGDNDQ� WLDS� MHQLV� ODSLVDQ� VHGLPHQ� EHUGDVDUNDQ�
XNXUDQ�SDUWLNHO�VHGLPHQ��\DQJ�VHEDQGLQJ�GHQJDQ�QLODL�
PHDQ� JUDLQ� VL]H� � GDUL� KDVLO� XML� VDULQJDQ� �VLHYH�
DQDO\VLV��� 1LODL� 0]� \DQJ� GLSHUROHK� NHPXGLDQ�
GLNRUHODVLNDQ� WHUKDGDS� NODVLILNDVL� VHGLPHQ� GDUL�
+DPLOWRQ�SDGD�7DEHO��� 

6HWHODK�NODVLILNDVL� ODSLVDQ�VXE�ERWWRP�GLSHUROHK��PDND�
NHWHEDODQ� ODSLVDQ� VXE� ERWWRP� GLWHQWXNDQ� ROHK� SRVLVL�
NRHILVLHQ�UHIOHNVL�SDGD�WLDS�WUDFH��ODOX�QLODL�RYHUEXUGHQ�
SUHVVXUH� SDGD� ODSLVDQ� WHUVHEXW� GLKLWXQJ� VHEDJDL� EHEDQ�
SHQHWUDVL� XQWXN� ODSLVDQ� GL� EDZDK� Q\D�� XQWXN�
PHQHQWXNDQ� QLODL� 1-YDOXH� EHUGDVDUNDQ� KXEXQJDQ�
DQWDUD�GHQVLWDV��YRLG�UDWLR��PHDQ�JUDLQ�VL]H� 
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*DPEDU�����.RHILVLHQ�UHIOHNVL�SDGD�WUDFH�������������� 

7DEHO����1LODL�NRHILVLHQ�UHIOHNVL�GDVDU�SHUDLUDQ�SDGD�WLDS�WUDFH 

1R 
)UHT� 

7UDFN�/LQH 7UDFH 
%RUHKROH 7:77 6HDEHG 5HIOHFWLRQ 

N+] ,' �PV� ��P� &RHIILFLHQW 

� � �% ��� %�� ����� -����� ����� 

� � �% ��� %�� ����� -����� ����� 

� � �% ��� %�� ����� -����� ����� 

7DEHO����3HUEDQGLQJDQ�QLODL�NRHILVLHQ�UHIOHNVL�6%3�GDQ�SHUKLWXQJDQ�DQDOLWLV 

1R 
)UHT� 

7UDFH 
5HIOHFWLRQ�&RHII� 6HDEHG�'HQVLW\ 6HGLPHQW�7\SH 

N+] 6%3 $QDOLWLF NJ�P� %RUHKROH $QDOLWLF 

� � ��� ����� ����� ���� VLOW\�FOD\ VLOW\�FOD\ 

� � ��� ����� ����� ���� VLOW\�FOD\ VLOW\�FOD\ 

� � ��� ����� ����� ���� VLOW\�FOD\ FDUERQDFHRXV�FOD\ 

%�� 

��� 

%�� 

��� 

VHDEHG 

UHIOHFWRU 

*DPEDU�����3HQDPSDQJ�PHOLQWDQJ�MDOXU��%�VHWHODK�SURVHV�GHNRQYROXVL 

VHDEHG 

VHDEHG 
VHDEHG 
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7DEHO����%,27�SDUDPHWHU�XQWXN�LQYHUVL�VHGLPHQ 

3K\VLFDO�SURSHUWLHV 8QLWV 6LOW\�&OD\ 6DQG &DUE��&OD\ &OD\VWRQH 

3RURVLW\��Q )UDFWLRQDO �����-����� ���� ���� ���� 

)OXLG�GHQVLW\ .J�P� ���� ���� ���� ���� 

)OXLG�EXON�PRGXOXV��.I 3D ����(��� ����(��� ����(��� ����(��� 

*UDLQ�GHQVLW\��UJ .J�P� ���� ���� ���� ���� 

EXON�GHQVLW\ .J�P� �����-����� ���� ���� ���� 

*UDLQ�EXON�PRGXOXV��.\ 3D ���(��� ���(��� ���(��� ���(��� 

$EVROXWH�9LVFRVLW\��K .J�P-V ����� ����� ����� ����� 

3HUPHDELOLW\��. P� �����[���-���–����[���-�� �����[���-�� �����[���-�� �����[���-�� 

7RUWXRVLW\��F  �����-����� ���� ���� ���� 

0] I ��-�� � � � 

*DPEDU�����.RQVWUXNVL�SDUDPHWHU�1-YDOXH�SDGD� 
WUDFH�VLQ\DO���� 

KDUG�OD\HU 

OHQV 

KDUG�OD\HU 

KDUG�OD\HU 

KDUG�OD\HU 

*DPEDU�����.RQVWUXNVL�SDUDPHWHU�1-YDOXH�SDGD 
WUDFH�VLQ\DO���� 

*DPEDU� ��� PHQXQMXNNDQ� KDVLO� NRQVWUXNVL� SDUDPHWHU�
1-YDOXH� SDGD� WUDFH� ����� \DQJ� PHQXQMXNNDQ� QLODL� 1-
YDOXH� �-�� SDGD� NHGDODPDQ� �-��� P�� 1-YDOXH� ��� SDGD�
NHGDODPDQ���-���P��GDQ�1-YDOXH����SDGD�NHGDODPDQ�
��-���P�GL� EDZDK� VHDEHG�� �+DVLO� NRQVWUXNVL�1-YDOXH�
VLQ\O�WUDFH�����MXJD�PHQXQMXNNDQ�SROD�JUDILN�1-YDOXH�
\DQJ� UHODWLI� VHVXDL� GHQJDQ� QLODL� DNWXDO� 1-YDOXH�
ERUHKROH�%���� GHQJDQ� SHUEHGDDQ� SRVLVL� ODSLVDQ� NHUDV�
\DQJ� GLWXQMXNNDQ� ROHK� QLODL� 1-YDOXH� GL� DWDV� ��� SDGD�
NHGDODPDQ����P�SDGD�QLODL�SUHGLNVL�GLEDQGLQJNDQ�QLODL�
DNWXDO� 1-YDOXH� %��� GL� NHGDODPDQ� ��� P�� +DVLO�

HNVWUDNVL� LPSHGDQVL� DNXVWLN� PHQXQMXNNDQ� SRVLVL� QLODL�
LPSHGDQVL� WLQJJL� GLDWDV� ������� N1�P��V� SDGD�
NHGDODPDQ�VHNLWDU����P�GDUL�VHDEHG��\DQJ�PHQDQGDNDQ�
EDKZD� QLODL� SUHGLNVL�1-YDOXH� WUDFH� ���� WHODK� EHUKDVLO�
PHPSUHGLNVL� SRVLVL� ODSLVDQ� WDQDK� NHUDV� GL� VHNLWDU�
NHGDODPDQ� ���P� GDUL� VHDEHG� GHQJDQ� QLODL� 1-YDOXH� GL�
DWDV�����7HUGDSDW�LQGLNDVL�DGDQ\D� ODSLVDQ�OHQVD�EDWXDQ�
\DQJ� WLSLV�� QDPXQ� WLGDN� PHPEHULNDQ� SHQJDUXK�
VLJQLILNDQ� WHUKDGDS� QLODL� NRQVWUXNVL� 1-YDOXH� NDUHQD�
NHWHEDODQ�OHQVD�\DQJ�WLSLV� 



��� Vol. 27 No. 3, Desember 2020 

$QGULDGL��GNN 

Diterima 22 Juli 2020, Direvisi  16 November, Diterima untuk dipublikasikan 2 Desember 2020 

Copyright      2020 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2020.27.3.7 

KDUG�OD\HU 

ZHDN�
UHIOHFWLRQ 

KDUG�OD\HU 

QR�
LPSHGDQFH�
FRQWUDVW 

*DPEDU�����.RQVWUXNVL�SDUDPHWHU�1-YDOXH�SDGD 
WUDFH�VLQ\DO���� 

1LODL�NRQVWUXNVL�SDUDPHWHU�1-YDOXH�SDGD�VLQ\DO�WUDFH�����
\DQJ�GLWXQMXNNDQ�SDGD�*DPEDU����PHQXQMXNNDQ�QLODL�1
-YDOXH���GL�NHGDODPDQ��-��P�GDUL�VHDEHG��1-YDOXH����GL�
NHGDODPDQ��-���P��GDQ�1-YDOXH����GL�NHGDODPDQ���-���
P�� 3DGD� DUHD� LQL� QLODL� SUHGLNVL� 1-YDOXH� PHQXQMXNNDQ�
NHVHVXDLDQ� UHQGDK� WHUKDGDS� GDWD� ERUHKROH� DNWXDO� %����
+DO� LQL� GDSDW� GLVHEDENDQ� NDUHQD�SRVLVL� VLQ\DO� WUDFH� ����
WHUKDGDS�SRVLVL�NRRUGLQDW�%���WHUGDSDW�GHYLDVL�NRRUGLQDW�
VHEHVDU� �������P�� VHKLQJJD� SHUEHGDDQ� MDUDN� VHEHVDU� LWX�
PHPXQJNLQNDQ�WHUMDGLQ\D�SURILO�ODSLVDQ�VXE�ERWWRP�\DQJ�
EHUEHGD�� +DVLO� HNVWUDNVL� LPSHGDQVL� DNXVWLN� SDGD� WUDFH�
���� PHQXQMXNNDQ� SRVLVL� QLODL� LPSHGDQVL� WLQJJL� GLDWDV�
������� N1�P��V� SDGD� NHGDODPDQ� VHNLWDU� ��� P� GDUL�
VHDEHG�� \DQJ�PHQDQGDNDQ�EDKZD�QLODL� SUHGLNVL�1-YDOXH�
WUDFH� ���� VXGDK� VHVXDL� GHQJDQ� QLODL� LPSHGDQVL� DNXVWLN�
GDQ�GHQVLWDV��GHQJDQ��SRVLVL�ODSLVDQ�WDQDK�NHUDV�GL�VHNLWDU�
NHGDODPDQ����P�GDUL�VHDEHG�GHQJDQ�QLODL�1-YDOXH�GL�DWDV�
����1LODL�GHQVLWDV�SDGD�SRVLVL�VHDEHG�PHQXQMXNNDQ�QLODL�
VHNLWDU� ����� NJ�P��� GDQ� SDGD� NHGDODPDQ� VHNLWDU� �-��P�
WHUGDSDW�ODSLVDQ�NHUDV�GHQJDQ�QLODL�GHQVLWDV�VHNLWDU������
NJ�P��� GDQ� SDGD� NHGDODPDQ� ��� P� PHQXQMXNNDQ� QLODL�
GHQVLWDV� GL� DWDV� ����� NJ�P�� VDPSDL� SDGD� NHGDODPDQ� ���
P� 

6LQ\DO� WUDFH� ���� WLGDN� EHUKDVLO� PHPEHQWXN� SUHGLNVL�1-
YDOXH�� VHSHUWL� \DQJ� WHUOLKDW� SDGD� *DPEDU� ����
GLNDUHQDNDQ� WLGDN� DGD� QLODL� NRHILVLHQ� UHIOHNVL� \DQJ�
NRQWUDVW� SDGD� ODSLVDQ� VXE� ERWWRP� VHWHODK� VLQ\DO�

GLUHIOHNVLNDQ�SDGD�SRVLVL�VHDEHG��*DPEDU������+DO�LQL�
GDSDW� GLVHEDENDQ� NDUHQD� VLQ\DO� 6%3�PHQHPXL� ODSLVDQ�
NHUDV�GHEULV�SDGD�SRVLVL�VHDEHG�VHKLQJJD�VHEDJLDQ�EHVDU�
LQWHQVLWDV� VLQ\DO� WHUSDQWXO�� GHQJDQ� QLODL� NRHILVLHQ�
UHIOHNVL� PHQXQMXNNDQ� QLODL� ������� \DQJ� QLODLQ\D�
VHEDQGLQJ�GHQJDQ�QLODL�NRHILVLHQ�UHIOHNVL�XQWXN�ODSLVDQ�
FDUERQDFHRXV� FOD\�� +DVLO� HNVWUDNVL� LPSHGDQVL� GDUL�
NRHILVLHQ�UHIOHNVL�VLQ\DO�WUDFH������PHQXQMXNNDQ�VLQ\DO�
\DQJ� PHUDPEDW� GL� ODSLVDQ� VXE� ERWWRP� KDQ\D�
PHQJKDVLONDQ� QLODL� NRHILVLHQ� UHIOHNVL� \DQJ� OHPDK��
VHKLQJJD� WLGDN� GDSDW� PHQJKDVLONDQ� SHUEHGDDQ� DWDX�
NRQWUDVW�LPSHGDQVL� 

���.HVLPSXODQ�	�6DUDQ 

%HUGDVDUNDQ� KDVLO-KDVLO� DQDOLVLV� \DQJ� WHODK� GLXUDLNDQ�
SDGD�EDJLDQ�VHEHOXPQ\D��WHUGDSDW�EHEHUDSD�NHVLPSXODQ�
GDQ�VDUDQ�VHEDJDL�EHULNXW�� 

�� 1LODL�HNVWUDNVL�NRHILVLHQ�UHIOHNVL�GDUL�VLQ\DO�6%3�GDQ�
SURILO� SHQDPSDQJ� PHOLQWDQJ� VLQ\DO� 6%3�
PHQXQMXNNDQ� NHVHVXDLDQ� WHUKDGDS� SURILO� GDQ� MHQLV�
ODSLVDQ� VHGLPHQ� \DQJ� WHUGDSDW� SDGD� GDWD� ERUHKROH��
7HUGDSDWQ\D� GHYLDVL� NRRUGLQDW� DQWDUD� WLWLN� 6%3�
WHUKDGDS� EHEHUDSD� WLWLN� ERUHKROH� DFXDQ�
PHQJDNLEDWNDQ� DGDQQ\D� SHUEHGDDQ� DQWDUD� SURILO�
SHQDPSDQJ�PHOLQWDQJ�6%3� WHUKDGDS�GDWD�ERUHKROH��
QDPXQ�PDVLK�PHQXQMXNNDQ�SROD�MHQLV�VHGLPHQ�\DQJ�
VDPD� VHSDQMDQJ� NHGDODPDQ� WUDFH� VLQ\DO�� 6LIDW�
JHORPEDQJ� DNXVWLN� \DQJ� DNDQ� GLKDPEXUNDQ�
�VFDWWHUHG��SDGD�SHUEHGDDQ�LPSHGDQVL�\DQJ�NRQWUDVW��
GDSDW� PHQ\HEDENDQ� HQHUJL� VLQ\DO� DNXVWLN� DNDQ�
WHUSDQWXO� VHOXUXKQ\D� VHKLQJJD� WLGDN� GDSDW�
PHQHPEXV� ODSLVDQ� GLEDZDK� VHDEHG�� 'LKDUDSNDQ�
DJDU� SHQJDPELODQ� GDWD� VLQ\DO� 6%3� GDSDW� GLODNXNDQ�
GHQJDQ� MDUDN� VHGHNDW� PXQJNLQ� WHUKDGDS� WLWLN�
ERUHKROH�DFXDQ�VHUWD�GLODNXNDQ�SHQJDPELODQ�VDPSHO�
VHGLPHQ� GL� WLWLN� VLQ\DO� WUDFH� DFXDQ� XQWXN�
PHQJHWDKXL�NRQGLVL�DNWXDO�VHDEHG�VDDW�SHQJDPELODQ�
GDWD�VLQ\DO�6%3� 

�� +DVLO� SHUKLWXQJDQ� LQYHUVL� VHGLPHQ� PHQJJXQDNDQ�
SDUDPHWHU�%,27��GDSDW�PHQJKDVLONDQ�QLODL�SK\VLFDO�
SURSHUWLHV�GDQ�PHDQ�JUDLQ� VL]H� \DQJ� VHVXDL�GHQJDQ�
NODVLILNDVL� VHGLPHQ� SDGD� GDWD�ERUHKROH��0HWRGH� LQL�
PHPEXWXKNDQ� EHUEDJDL� SDUDPHWHU� XQWXN�
PHQGDSDWNDQ� QLODL� NODVLILNDVL� VHGLPHQ�� 'LKDUDSNDQ�
SDGD� SHQHOLWLDQ� VHUXSD�� DJDU� GDSDW� GLODNXNDQ�
SHQJXNXUDQ� NHFHSDWDQ� VXDUD� SDGD� VDPSHO� VHGLPHQ��
XQWXN� PHQGDSDWNDQ� NODVLILNDVL� VHGLPHQ� \DQJ� OHELK�
FHSDW�� 

�� 3HUKLWXQJDQ� NRQVWUXNVL� SDUDPHWHU� 1-YDOXH� SDGD�
WUDFH� 6%3�PHQJKDVLONDQ� SROD� JUDILN� 1-YDOXH� \DQJ�
PHPLOLNL� NHVHVXDLDQ� WHUKDGDS� WUHQG� JUDILN� 1-YDOXH�
DNWXDO� ERUHKROH�� *UDILN� DNXVWLN� LPSHGDQVL� VLQ\DO�
6%3� GDSDW� GLJXQDNDQ� VHEDJDL� YDOLGDVL� WHUKDGDS�
SURILO�JUDILN�1-YDOXH�WUDFH�VLQ\DO�6%3�DSDELOD�WLGDN�
GLODNXNDQ�SHQJDPELODQ�GDWD�1-YDOXH��XML�637��EDUX�
GL�WLWLN�VLQ\DO�WUDFH�DFXDQ� 

���'DIWDU�3XVWDND 

$PUL��8��������,QWHJUDVL�'DWD�6XE�%RWWRP�3URILOHU�'DQ�
*UDYLW\� &RUH� 8QWXN� 0HQHQWXNDQ� 'LQDPLND�
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6HGLPHQWDVL�5HVHQ�'L�3HUDLUDQ�8WDUD�:RNDP��
06�7KHVLV��,'��,QVWLWXW�3HUWDQLDQ�%RJRU� 

%DL�� <��� GDQ� %DL�� 4��� ������ 6XEVHD� (QJLQHHULQJ�
+DQGERRN��6HFRQG�(GLWLRQ���(OVHYLHU� 

'LQDV�+,'52-26($12*5$),�� ������3HWD�/DXW�1R�
���� %DOLNSDSDQ� +LQJJD� 0XDUD� %HUDX�� 'LQDV�
+LGUR-2VHDQRJUDIL�71,�$/� 

'RQGXUXU�� '��� ������ $FTXLVLWLRQ� DQG� 3URFHVVLQJ� RI�
0DULQH�6HLVPLF�'DWD��(OVHYLHU� 

.RSDUGH�� 3��� :DJK�� 5��� 3KDWDN�� '��� ������ 6RLO� EDVH�
SURILOLQJ�VXE-ERWWRP� SURILOLQJ� E\� HFKR� VLJQDO�
SURFHVVLQJ��,(((���WK�,QWHUQDWLRQDO�&ROORTXLXP�
RQ� 6LJQDO� 3URFHVVLQJ� 	� ,WV� $SSOLFDWLRQV�
�&63$���GRL���������FVSD�������������� 

0DQLN��+�0���������$FRXVWLFDO�0HDVXUHPHQW�DQG�%LRW�
0RGHO� IRU� &RUDO� 5HHI� 'HWHFWLRQ� DQG�
4XDQWLILFDWLRQ�� $GYDQFHV� LQ� $FRXVWLFV� DQG�
9LEUDWLRQ��GRL��������������������� 

2QDMLWH��(���������6HLVPLF�'DWD�$QDO\VLV�7HFKQLTXHV�LQ�
+\GURFDUERQ� ([SORUDWLRQ� �6HFRQG� (GLWLRQ���
(OVHYLHU� 

5RKPDQ�� 6���0DQLN��+�0���0XGLWD�� ,��� ������$QDOLVLV�
'DQ� .ODVLILNDVL� 6HGLPHQ� 3HUPXNDDQ� 'DVDU�
/DXW� 0HQJJXQDNDQ� 6XE-%RWWRP� 3URILOHU��
-XUQDO�7HNQRORJL�3HULNDQDQ�GDQ�.HODXWDQ��9RO��
���1R�������–���� 

5XL�� :��� &KDQJ]KHQJ�� /��� ;LDRIHL�� <��� ������
$SSOLFDWLRQ� 2I� 6XE-%RWWRP� 3URILOHU� WR� 6WXG\�
5LYHUEHG� 6WUXFWXUH� DQG� 6HGLPHQW� 'HQVLW\��
,&((6(� ������ GRL�������������-
������������������� 

6DOHK��0��� GDQ� 5DEDK��0��� ������ 6HDEHG� VXE-ERWWRP�
VHGLPHQW� FODVVLILFDWLRQ� XVLQJ� SDUDPHWULF� VXE-
ERWWRP� SURILOHU��15,$*� -RXUQDO� RI� $VWURQRP\�
DQG� *HRSK\VLFV�� 1R���� ��-���� GRL���������
M�QUMDJ������������ 

6DUNDU�� *��� 6LGGLTXD�� 6��� %DQLN�� 5��� 5RNRQX]]DPDQ��
0��� ������ 3UHGLFWLRQ� RI� VRLO� W\SH� DQG� VWDQGDUG�
SHQHWUDWLRQ� WHVW� �637�� YDOXH� LQ� .KXOQD� &LW\��
%DQJODGHVK� XVLQJ� JHQHUDO� UHJUHVVLRQ� QHXUDO�
QHWZRUN�� 4XDUWHUO\� -RXUQDO� 2I� (QJLQHHULQJ�
*HRORJ\� DQG� +\GURJHRORJ\�� ����-�����
GRL���������TMHJK����-���� 

6ROLNLQ��6���0DQLN��+�0���3XMLDWL��6���6XVLORKDGL��������
3HPURVHVDQ� 6LQ\DO� 'DWD� 6XE-ERWWRP� 3URILOHU�
6XEVWUDW� 'DVDU� 3HUDLUDQ� 6HODW� /HPEHK�� -XUQDO�
5HND\DVD�(OHNWULND��9RO����1R�����-��� 

7DUDZQHK�� %��� ������ 3UHGLFWLQJ� VWDQGDUG� SHQHWUDWLRQ�
WHVW� 1-YDOXH� IURP� FRQH� SHQHWUDWLRQ� WHVW� GDWD�
XVLQJ� DUWLILFLDO� QHXUDO� QHWZRUNV�� *HRVFLHQFH�
)URQWLHUV��GRL���������M�JVI������������ 


