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$EVWUDFW

� 7KH� DYDLODELOLW\� RI� JHQHWLF� OLQNDJH�
PDSV� LV� RQH� RI� WKH� FRQGLWLRQV� LQ� WKH�
LGHQWLILFDWLRQ�RI�47/��&RQVWUXFWLRQ�RI�JHQHWLF�
OLQNDJH� PDSV� FRXOG� EH� GRQH� RQ� WKH� ILUVW�
GHULYDWLYH� RI� D� FURVVLQJ� IRU� RSHQ� SROOLQDWHG�
SODQWV�XVLQJ��SVHXGR���WHVWFURVV�VWUDWHJ\���7KH�
REMHFWLYH�RI�WKLV�UHVHDUFK�ZDV�WR�PDS�RI�47/�
SRVLWLRQ� RI� UXEEHU� \LHOG� FRPSRQHQWV� �JLUWK��
EDUN�WKLFNQHVV��QXPEHU�RI�ODWH[�YHVVHO��UXEEHU�
SDUWLFOH��KDYLQJ�KLJK�GLUHFW�HIIHFW�WR�\LHOG�XVLQJ�
D� VLQJOH� PDUNHU� DQDO\VLV�� 5$3'� JHQHWLF�
OLQNDJH�PDSV�RI� �UXEEHU�SODQW���Q� �����ZDV�
IRUPHG� E\� WKH� GDWD� PDUNHUV� ZLWK� SVHXGR�
WHVWFURVV�VWUDWHJ\��3RSXODWLRQV�IURP�FURVVLQJ�
EHWZHHQ� 55,0� ���� FORQH� DQG� 31� �����
JHUPSODVP�ZHUH�XVHG�DV�JHQHWLF�PDWHULDO�IRU�
UHVHDUFK� RI� 47/� PDSSLQJ� RI� UXEEHU� \LHOG�
FRPSRQHQW��7KH�UHVXOWV�VKRZHG�WKDW�DW�IHPDOH�
SDUHQW� �55,0� ����� FRXOG� EH� REWDLQHG� WKUHH�
OLQNDJH�JURXSV�GHYHORSHG�DW�/2'�����DQG�ILYH�
OLQNDJH�JURXSV�ZKLFK�ZHUH�GHYHORSHG�E\�/2'�
�����:KLOH�RI�WKH�PDOH�SDUHQW��31�������WZR�
OLQNDJH�JURXSV� �KDG�EHHQ�REWDLQ�ZKLFK�ZHUH�
GHYHORSHG�DW�/2'������0DUNHU�RI�23+��B����
RQ�OLQNDJH�JURXS����/*����DQG�23%��B�����RQ�
OLQNDJH�JURXS��� �/*����ZHUH�SUHGLFWHG� WR�EH�
OLQNHG��ZLWK�UXEEHU�\LHOG�DQG�JLUWK��0DUNHU�RI�
23&��B�����RQ� �OLQNDJH�JURXS����/*����DQG�
23%��B�����RQ�OLQNDJH�JURXS����/*����ZHUH�

VXVSHFWHG�WR�EH�OLQNHG�WR�ODWH[�\LHOG�DQG�EDUN�
WKLFNQHVV�� 0DUNHUV� RI� 23&��B����� DQG�
23+��B����RQ� OLQNDJH�JURXS��� �/*����ZHUH�
WKRXJKW�WR�EH�UHODWHG�WR�UXEEHU�\LHOG�DQG�WKH�
QXPEHU�RI�ODWH[�YHVVHOV��

.H\ZRUGV��*HQHWLF�OLQNDJH�PDS��5$3'��47/���
ILUVW�SURJHQLHV��UXEEHU�SODQW

$EVWUDN

7HUVHGLDQ\D� SHWD� SDXWDQ� JHQHWLN�
PHUXSDNDQ� VDODK� VDWX� � V\DUDW� GDODP�
LGHQWLILNDVL� 47/�� .RQVWUXNVL� SHWD� SDXWDQ�
JHQHWLN� GDSDW� GLODNXNDQ� SDGD� WDQDPDQ�
WXUXQDQ� SHUWDPD� GDUL� VXDWX� SHUVLODQJDQ�
XQWXN� WDQDPDQ�WDQDPDQ� \DQJ�PHQ\HUEXN�
EHEDV� GHQJDQ� PHQJJXQDNDQ� VWUDWHJL�
SVHXGR�WHVWFURVV�� 7XMXDQ� SHQHOLWLDQ� LQL�
DGDODK� XQWXN� PHPHWDNDQ� SRVLVL� 47/�
NRPSRQHQ�SURGXNVL�NDUHW��OLOLW�EDWDQJ��WHEDO�
NXOLW�� MXPODK� SHPEXOXK� ODWHNV�� SDUWLNHO�
NDUHW��\DQJ�PHPSXQ\DL�SHQJDUXK�ODQJVXQJ�
SDOLQJ� EHVDU� GHQJDQ� SURGXNVL� NDUHW�
PHQJJXQDNDQ�DQDOLVLV�PDUND�WXQJJDO��3HWD�
SDXWDQ�JHQHWLN�5$3'�WDQDPDQ�NDUHW���Q ����
GLEXDW� PHQJJXQDNDQ� GDWD� PDUND� GHQJDQ�
VWUDWHJL� SVHXGR�WHVWFURVV�� 3RSXODVL� KDVLO�
SHUVLODQJDQ� DQWDUD� NORQ� 55,0� ���� GDQ�
SODVPD�QXWIDK�31������GLJXQDNDQ�VHEDJDL�
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:RHODQ��1LVD��&KDLGDPVDUL�GDQ�,UZDQV\DK��

PDWHUL� JHQHWLN� XQWXN� SHQHOLWLDQ� SHPHWDDQ�
47/� NRPSRQHQ� SURGXNVL� NDUHW�� +DVLO�
SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD��SDGD�WHWXD�
EHWLQD� �55,0� ����� WHODK� GLSHUROHK� WLJD�
NHORPSRN� SDXWDQ� \DQJ� GLNRQVWUXNVL� SDGD�
/2'� ���� GDQ� OLPD� NHORPSRN� SDXWDQ� \DQJ�
GLNRQVWUXNVL�SDGD�/2'������6HGDQJNDQ�SDGD�
WHWXD�MDQWDQ��31�������WHODK�GLSHUROHK�GXD�
NHORPSRN� SDXWDQ� \DQJ� GLNRQVWUXNVL� SDGD�
/2'������0DUND�23+��B����SDGD�NHORPSRN�
SDXWDQ� �� �.3���� GDQ� 23%��B����� SDGD�
NHORPSRN� SDXWDQ� �� �.3���� GLGXJD� WHUNDLW�
GHQJDQ�VLIDW�SURGXNVL�NDUHW�GDQ�OLOLW�EDWDQJ��
0DUND�23&��B�����SDGD�NHORPSRN�SDXWDQ�
�� �.3���� GDQ� 23%��B����� SDGD� NHORPSRN�
SDXWDQ����.3����GLGXJD�WHUNDLW�GHQJDQ�VLIDW�
SURGXNVL� NDUHW� GDQ� WHEDO� NXOLW�� � 0DUND�
23&��B����� GDQ� 23+��B���� SDGD�
NHORPSRN� SDXWDQ� �� �.3���� GLGXJD� WHUNDLW�
GHQJDQ� VLIDW� SURGXNVL� NDUHW� GDQ� MXPODK�
SHPEXOXK�ODWHNV�

.DWD�NXQFL��3HWD�SDXWDQ�JHQHWLN��5$3'��47/��
WXUXQDQ� SHUWDPD�� WDQDPDQ�
NDUHW

3(1'$+8/8$1

� .HUDJDPDQ� GDUL� VXDWX� SRSXODVL�
WDQDPDQ� GDSDW� GLNDML� PHODOXL� SHQDPSLODQ�
PRUIRORJL� SDGD� VHWLDS� LQGLYLGX� \DQJ� GDSDW�
GLDPDWL�VHFDUD�ODQJVXQJ�GL�ODSDQJDQ���6XDWX�
IHQRWLSH� DWDX� PRUIRORJL� WDQDPDQ� VDQJDW�
GLSHQJDUXKL� ROHK� IDNWRU� JHQHWLN� GDQ�
OLQJNXQJDQ�WHPSDW�WDQDPDQ�WXPEXK��+DGL��
������ $LGL�'DVOLQ� 	� 6D\XUDQGL�� �������
3URGXNWLYLWDV� DGDODK� VLIDW� NXDQWLWDWLI� \DQJ�
GLNHQGDOLNDQ� VHFDUD� SROLJHQLN�� VHKLQJJD�
NHUDJDDQQ\D�VDQJDW�GLSHQJDUXKL�ROHK�IDNWRU�
OLQJNXQJDQ�� 3HQHOLWLDQ� PHQJHQDL� JHQHWLND�
WDQDPDQ� NDUHW� EDUX� VHGLNLW� GLODNXNDQ��
$]ZDU�� $LGL�'DVOLQ�� 6XKHQGU\� GDQ� :RHODQ�
������� PHQ\DWDNDQ� EDKZD�� SURGXNWLYLWDV�
WDQDPDQ�NDUHW�KDPSLU�����GLSHQJDUXKL�ROHK�
IDNWRU� JHQHWLN�� VHGDQJNDQ� VLVDQ\D� ����
GLSHQJDUXKL� ROHK� IDNWRU� OLQJNXQJDQ�
WHUPDVXN�GL�GDODPQ\D�VLVWHP�EXGLGD\D��

7DQDPDQ� NDUHW� WHUPDVXN� WDQDPDQ�
PHQ\HUEXN� VLODQJ�� EHUVLIDW� � KHWHUR]\JRXV��
PHPSXQ\DL� VLNOXV� KLGXS� \DQJ� FXNXS�
SDQMDQJ��VHKLQJJD�SHPXOLDDQ�WDQDPDQ�NDUHW�
PHPHUOXNDQ�ZDNWX�\DQJ�ODPD��3HPDQIDDWDQ�
0DUNHU� $VVLWHG� 6HOHFWLRQ� �0$6�� GL� GDODP�
SURJUDP� SHPXOLDDQ� WDQDPDQ� GDSDW�
PHPEDQWX� PHPSHUVLQJNDW� PDVD� VHOHNVL�
SDGD� WDQDPDQ� NDUHW�� 3URVHV� VHOHNVL� GDSDW�

GLODNXNDQ� ELOD� WHODK� WHUVHGLD� SHWD� SDXWDQ�
JHQHWLN� \DQJ� EHUNDLWDQ� GHQJDQ� SURGXNVL��
\DLWX�GHQJDQ�PHPLOLK�VXDWX�VLIDW�NXDQWLWDWLI�
\DQJ�WHUSDXW�GHQJDQ�PDUND�PROHNXOHU��\DQJ�
GLVHEXW� GHQJDQ� 47/� �4XDQWLWDWLYH� 7UDLW�
/RFXV���$GDQ\D�DVRVLDVL� \DQJ�Q\DWD�DQWDUD�
VLIDW�GHQJDQ�PDUND�PROHNXOHU�PHQMDGL�EXNWL�
EDKZD�SRVLVL�47/�EHUDGD�GL�GHNDW�PDUND�

3HWD� SDXWDQ� \DQJ� WHODK� GLODNXNDQ�
SDGD� WDQDPDQ� NDUHW� \DLWX� GHQJDQ�
P H Q J J X Q D N D Q � W H N Q L N � , V R ] \ P H � �
PLQLVDWHOOLWHV�� 5)/3V� �5HVWULFWLRQ� )UDJPHQW�
/HQJKW�3RO\PRUSKLVPH���GDQ�$)/3��$PSOLILHG�
) UDJPHQ W � / HQJK W � 3 R O \PR USK L VPH � �
�/HVSLQDVVH� HW� DO��� � ������� � 3HWD� SDXWDQ�
JHQHWLN� NDUHW� GHQJDQ� PHQJJXQDNDQ� 5)/3�
GLODSRUNDQ�ROHK�6HJXLQ��%HVVH��/HEUXQ��GDQ�
&KHYDOLU���������GDQ�GHQJDQ�PHQJJXQDNDQ�
PDUND�6LPSOH�6HTXHQFH�5HSHDWV� �665�DWDX�
PLNURVDWHOLW��GLODSRUNDQ�ROHK�6HJXLQ��5RGLHU�
*RXG�� GDQ� /HVSLQDVH� �������� � 6HFDUD� OXDV�
N R Q V W U X N V L � S H W D � S D X W D Q � X Q W X N �
PHQJLGHQWLILNDVL� VLIDW�VLIDW� SHQWLQJ� EDQ\DN�
GLVXVXQ� GDUL� PDUND�PDUND� '1$�� VHSHUWL�
PDUND� 5$3'� \DQJ� GLSHUNHQDONDQ� ROHK�
:LOOLDP��.XEHOLN��/LUDN��5DIDOVN\��GDQ�7LQJH\�
� � ��� � � � � 1 R Y D O L Q D � � � ��� � � W H O D K �
PHQJNRQVWUXNVL� SHWD� SDXWDQ� JHQHWLN�
WDQDPDQ�NDUHW�GHQJDQ�PHQJJXQDNDQ�PDUND�
5$3'���

3HWD�SDXWDQ�JHQHWLN� WDQDPDQ�NDUHW�
GDSDW� GLEDQJXQ� SDGD� SRSXODVL� WXUXQDQ�
SHUWDPD�� NDUHQD� WHWXDQ\D� EHUVLIDW�
KHWHUR]\JRWH�VHKLQJJD�GLDQJJDS�PHQ\HUXSDL�
NRQILJXUDVL�EDFNFURVV�DWDX�SHPEHQWXNDQ�)��
PXUQL�� 3HPHWDDQ� JHQHWLN� SDGD� WDQDPDQ�
NDUHW� GDSDW� GLODNXNDQ� PHODOXL� VWUDWHJL�
'RXEOH� 3VHXGR�7HVFURVV� �*UDWWDSDJOLD� 	�
6HGHURII�� ������� \DLWX� VDWX� WHWXD� EHUODNX�
VHEDJDL�WHWXD�XML�EDJL�WHWXD�ODLQQ\D��

%HUGDVDUNDQ� XUDLDQ� GL� DWDV�� PDND�
GLSHUOXNDQ� VXDWX� SHQJNDMLDQ� WHUKDGDS�
SHPEHQWXNDQ� SHWD� SDXWDQ� GDUL� KDVLO�
SHUVLODQJDQ� LQWHUVSHVLILN� NORQ� 55,0� ����
GHQJDQ� 31� ������ 3DGD� SHQHOLW LDQ�
PHQJJXQDNDQ����SURMHQL��WDQDPDQ�)���KDVLO�
SHUVLODQJDQ� GDQ� GXD� LQGXN� SHUVLODQJDQ��
'LJXQDNDQ� NHGXD� LQGXN� WHUVHEXW� NDUHQD�
NORQ� 55,0� ���� VHEDJDL� LQGXN� EHWLQD�
PHPSXQ\DL� SURGXNVL� WLQJJL� GDQ� NORQ� 31�
����� VHEDJDL� LQGXN� MDQWDQ� PHPSXQ\DL�
SURGXNVL�ND\X�WLQJJL�QDPXQ�SURGXNVL�ODWHNV�
UHQGDK��6HFDUD�JHQHWLN�NHGXD�NORQ�WHUVHEXW�
PHPSXQ\DL�MDUDN�JHQHWLN�\DQJ�FXNXS�MDXK� �
�:RHODQ��������
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.RQVWUXNVL�3HWD�3DXWDQ�*HQHWLN�GDQ�$QDOLVLV�47/�7DQDPDQ�.DUHW�
3DGD�3RSXODVL�+DVLO�3HUVLODQJDQ�$QWDUD�55,0�����GHQJDQ�31������

7XMXDQ� GDUL� SHQHOLWLDQ� LQL� \DLWX� �
PHQGDSDWNDQ�SHWD�SDXWDQ�JHQHWLN�WDQDPDQ�
NDUHW� GDUL� VDWX� VHW� WHWXD�EHWLQD�55,0�����
GDQ�VDWX�VHW�GDUL�WHWXD�MDQWDQ�31������

%$+$1�'$1�0(72'(�

3HQHOLWLDQ�WHODK�GLODNXNDQ�GL�.HEXQ�
3HUFREDDQ� %DODL� 3HQHOLWLDQ� 6XQJHL� 3XWLK��
3XVDW� 3HQHOLWLDQ� .DUHW� GDQ� /DERUDWRULXP�
%LRWHNQRORJL�� %DODL� 3HQHOLWLDQ� %LRWHNQRORJL�
3HUNHEXQDQ�%RJRU�,QGRQHVLD��'1$�GLLVRODVL�
GDUL�GDXQ�FRQWRK�\DQJ�PDVLK�VWDGLD�PXGD�
\DQJ� EHUZDUQD� KLMDX� NHNXQLQJDQ�� PDVLK�
OXQDN� GDQ� WHUOHWDN� SDGD� SD\XQJ� SHUWDPD�
SDGD�SRVLVL�SDOLQJ�DWDV�VHUWD�SHUWXPEXKDQ�
FXNXS� PHQGDSDWNDQ� VLQDU� PDWDKDUL��
3HQJDPELODQ� VDPSHO� GLODNXNDQ� SDGD� SDJL�
KDUL�� 7DQDPDQ� )�� KDVLO� SHUVLODQJDQ� 55,0�
�����GHQJDQ�31�������\DQJ�GLWDQDP�GHQJDQ�
MDUDN���[���P�GL�.HEXQ�3HUFREDDQ�6XQJHL�
3XWLK� SDGD� WDKXQ� ������ 6DPSHO� GDXQ�
GLPDVXNNDQ� NH� GDODP� SODVWLN� GDQ� GLEHUL�
ODEHO�GHQJDQ�QRPRU�PDVLQJ�PDVLQJ�SURMHQL�
\DQJ� GLXML�� KDVLO� VHJUHJDVL� �WXUXQDQ�� GDUL�
KDVLO� SHUVLODQJDQ� 55,0� ���� GHQJDQ� 31�
������ 'DXQ� FRQWRK� NHPXGLDQ� GLVLPSDQ�
GDODP�WHUPRV�\DQJ�EHULVL�HV�XQWXN�PHQMDJD�
NHVHJDUDQ��6HWHODK�LWX�GDXQ�FRQWRK�GLEDZD�
NH�%DODL�3HQHOLWLDQ�%LRWHNQRORJL�3HUNHEXQDQ�
%RJRU�,QGRQHVLD�NHPXGLDQ��GLVLPSDQ�GDODP�

R
OHPDUL�SHQGLQJLQ�SDGD�VXKX���� &�GDQ�VLDS�
XQWXN�GLSURVHV�NH�WDKDS�VHODQMXWQ\D��

(NVWUDVL�GDQ�$PSOLILNDVL�'1$

� ,VRODVL� '1$� GDUL� GDXQ� PXGD�
WDQDPDQ� NDUHW� GLODNXNDQ� GHQJDQ� PHWRGH�
.KDQXMD�� 6KDVDQ\�� 'DURNDW�� GDQ� .XPDU�
��������3HQHWDSDQ�NXDQWLWDV�'1$�GLODNXNDQ�
GHQJDQ�PHQJXNXU�DEVRUEDQVL�ODUXWDQ�'1$�
PHQJJXQDNDQ� VSHNWURIRWRPHWHU� VLQDU� 89�
SDGD�SDQMDQJ�JHORPEDQJ�����QP��1LODL������
�D�� ����VHWDUD�GHQJDQ�NRQVHQWUDVL�'1$����
J�P/��6HGDQJNDQ�NXDOLWDV�'1$�GLWHWDSNDQ�
EHUGDVDUNDQ�UDVLR�DEVRUEDQVL�SDGD�SDQMDQJ�
JHORPEDQJ�����QP�GDQ�����QP�VHUWD�GHQJDQ�
HOHNWURIRUHVLV�SDGD�JHO�DJDURVD��$PSOLILNDVL�
'1$� GDQ� DQDOLVLV� 5$3'� GLODNXNDQ�
PHQJJXQDNDQ�PHWRGH�:LOOLDPV�HW�DO�����������
3DGD� SHQHOLWLDQ� LQL� GLJXQDNDQ� ���� SULPHU�
DFDN�GHQJDQ�XODQJDQ�GXD�NDOL��GXSOR���7DEHO�
����

3HPLOLKDQ�0DUND�5$3'

� 0DUND� 5$3'� \DQJ� GLSHUROHK� GDUL�
DQDOLVLV� 5$3'� GHQJDQ� PHQJJXQDNDQ� ����
SULPHU�DFDN�GHNDPHU��7DEHO�����GLSLOLK�\DQJ�
EHUVHJUHJDVL� ����� /RNXV�ORNXV� \DQJ� GLSLOLK�
XQWXN� SHPHWDDQ� 55,0� ���� �WHWXD� EHWLQD��
DGDODK�\DQJ�PXQFXO�SDGD�55,0�����WHWDSL�
WLGDN�PXQFXO�SDGD�31������ �WHWXD� MDQWDQ��
GDQ� EHUVHJUHJDVL� ���� SDGD� WDQDPDQ�
WXUXQDQ�� 0HQXUXW� NRQILJXUDVL� SVHXGR�
WHVWFURVV��PDUND�PDUND�\DQJ�PXQFXO�SDGD�
55,0�����GDQ�WLGDN�PXQFXO�SDGD�31������
GLKDUDSNDQ�EHUVHJUHJDVL�GHQJDQ�QLVEDK�����

�

�

7DEHO����-HQLV�SULPHU�5$3'�\DQJ�GLJXQDNDQ�SDGD�SHQHOLWLDQ�
7DEOH����7KH�NLQG�RI�5$3'�SULPHUV�ZHUH�XVHG�LQ�UHVHDUFK�
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SDGD� SURMHQL� WXUXQDQ� SHUWDPD�� +LSRWHVLV�
VHJUHJDVL�����GDUL�VHOXUXK�PDUND�5$3'�GLXML�

�
GHQJDQ�&KL�NXDGUDW��Ø ��

.RQVWUXNVL� 3HWD� 3DXWDQ� *HQHWLND� $QWDU�

/RNXV�'1$

3HPEHQWXNDQ� SHWD� SDXWDQ� JHQHWLN�
DQWDU�ORNXV�'1$�GLODNXNDQ�VHWHODK�GLSHUROHK�
GDWD� '1$� OHQJNDS�� ,QIRUPDVL� GDWD� \DQJ�
GLJXQDNDQ�XQWXN�SHPEHQWXNDQ�SHWD�SDXWDQ�
EHUVXPEHU�GDUL�KDVLO�VHJUHJDVL�IHQRWLSLN�GDQ�
KDVLO� VHJUHJDVL� ORNXV�ORNXV� '1$�� 3HWD�
SDX WDQ � J HQH W L N � G L VXVXQ � G HQJDQ �
PHQJJXQDNDQ� 0$30$.(5�(;3� ����E�
�/DQGHU� HW� DO��� ������� 3DXWDQ� DQWDUD� GXD�
PDUND�DNDQ�GLSXWXVNDQ�MLND�QLODL�/2'��/RJ�
RI� WKH� 2GG�� OHELK� WLQJJL� GDUL� ���� GHQJDQ�
IUHNXHQVL� UHNRPELQDVL� PDNVLPXP� ������
-DUDN� JHQHWLN� GDODP� FHQWLPRUJDQ� GLGXJD�
GHQJDQ�IXQJVL�SHPHWDDQ�+DOGDQH��+DOGDQH��
������� 3DGD� SVHXGR�WHVWFURVV� VHWLDS� WHWXD�
PHQMDGL�WHVWHU�VDWX�VDPD�ODLQ��VHKLQJJD�EDLN�
WHWXD� EHWLQD� �55,0� ����� PDXSXQ� WHWXD�
MDQWDQ� �31� ������ DNDQ� PHPSXQ\DL� SHWD�
SDXWDQ�DQWDU�PDUND�VHQGLUL�

$QDOLVLV� 47/� GDSDW� GLODNXNDQ�
GHQJDQ�DQDOLVLV�PDUND�WXQJJDO��6LQJOH�3RLQW�
$QDO\VLV�63$��� %LOD� VXVXQDQ� PDUND� SDGD�
SHWD�SDXWDQ�EHOXP�GLSHUROHK��DQDOLVLV�GDSDW�
GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ� PDUND�
WXQJJDO��/LX��������3UDVHWL\RQR�HW�DO����������
0HWRGH�LQL�GLODNXNDQ�GHQJDQ�FDUD�PHPEDJL�
SRSXODVL�NH�GDODP�NHODV�NHODV�EHUGDVDUNDQ�
JHQRWLSH� VHWLDS� ORNXV� DWDX� PDUND� GDQ�
PHQJDQJJDS�DGDQ\D�VDWX�47/�MLND�WHUGDSDW�
SHUEHGDDQ�Q\DWD�GDODP�UDWDDQ�VNRU�IHQRWLSH�
XQWXN�PDVLQJ�PDVLQJ�NHORPSRN�� �0HQXUXW�
0F&RXFK�GDQ�'RHUJH��������VHUWD�/LX���������
DQDOLVLV�PDUND�WXQJJDO�GDSDW�PHQJJXQDNDQ�
XML�W�VWXGHQW��0DUND�WHUSDXW�GHQJDQ�47/�ELOD�
QLODL�SHOXDQJQ\D�NXUDQJ�GDUL������DWDX������

9HULILNDVL�/RNXV�*HQ�3HQHQWX�.RPSRQHQ�

3URGXNVL�/DWHNV

6DVDUDQ� YHULILNDVL� DGDODK� XQWXN�
PHQGDSDWNDQ� LQIRUPDVL� WHQWDQJ� ORNXV�
PD\RU� '1$� �PDUND� \DQJ� NRQVLVWHQ�
PHUHSUHVHQWDVLNDQ�NRPSRQHQ�PLQRU� WLQJJL�
SDGD� OHYHO� WHUWHQWX��� 9HULILNDVL� GLODNXNDQ�
GHQJDQ� PHQJJXQDNDQ� SURVHGXU� EXON�
VHJUHJDQW� DQDO\VLV� �0RUHW]VRKQ�� 1XQHV��
)HUUHLUD��	�*UDWWDSDJOLD��������

+$6,/�'$1�3(0%$+$6$1

3HWD�3DXWDQ

%HUGDVDUNDQ� KDVLO� NHVHOXUXKDQ�
UHDNVL� DPSOLILNDVL� 3&5� PHQJJXQDNDQ� ����
SULPHU�5$3'��23$� �����23%� ����23&� �����
23'� �����230� ����231� ����23<� ����23-� �
����GDQ�23+� �����GLSHUROHK������SLWD�\DQJ�
WHUGLUL�GDUL�����SLWD�SROLPRUILVPH�SDGD�WHWXD�
EHWLQD�\DQJ�GLKDVLONDQ�GDUL����SULPHU�GDQ�
���� SLWD� SROLPRUILVPH� SDGD� WHWXD� MDQWDQ�
\DQJ� GLKDVLONDQ� GDUL� ��� SULPHU�� 3LWD�
PRQRPRUILVPH� \DQJ� GLSHUROHK� VHEDQ\DN�
�����SLWD��WHWXD�EHWLQD��\DQJ�GLKDVLONDQ�GDUL�
���SULPHU�GDQ������SLWD��WHWXD�MDQWDQ��\DQJ�
GLKDVLONDQ�GDUL����SULPHU��3ULPHU�SROLPRUILV�
SDGD�WHWXD�EHWLQD�PHQJKDVLONDQ�������ORNXV�
GHQJDQ� XNXUDQ� ���� ²� ����� ES�� 3ULPHU�
SROLPRUILV�SDGD�WHWXD�MDQWDQ�PHQJKDVLONDQ���
²���ORNXV�GHQJDQ�XNXUDQ����������ES��

'DU L � SHPL ODKDQ� ORNXV� ORNXV�
SRO LPRUI LVPH� EHUGDVDUNDQ� NUL WHU LD�
SHPHWDDQ�� GLSHUROHK� ���� ORNXV� XQWXN�
NRQVWUXNVL� SHWD� SDXWDQ� SDGD� WHWXD� EHWLQD�
GDQ�����ORNXV�XQWXN�NRQVWUXNVL�SHWD�SDXWDQ�
SDGD� WHWXD� MDQWDQ�� 'DUL� ORNXV�ORNXV�
WHUVHEXW�� GLSLO LK� ORNXV�ORNXV� \DQJ�
PHPSXQ\DL�UDVLR�����EHUGDVDUNDQ�KDVLO�XML�
FKL� NXDGUDW� �3� !� ������� GDQ� GLSHUROHK� � ���
ORNXV� XQWXN� NRQVWUXNVL� SHWD� SDXWDQ� SDGD�
WHWXD�EHWLQD�VHUWD���ORNXV�XQWXN�NRQVWUXNVL�
SHWD�SDXWDQ�SDGD�WHWXD�MDQWDQ�

3HWD� SDXWDQ� SDGD� WHWXD� MDQWDQ� 31�
����� GLNRQVWUXNVL� PHQJJXQDNDQ� QLODL�
PLQLPXP�/2'������GDQ�IUDNVL�UHNRPELQDVL�
PDNVLPXP�������7LGDN�VHPXD�ORNXV�GDSDW�
GLSHWDNDQ��'DUL����ORNXV�WHUSLOLK��KDQ\D� ���
ORNXV�WHUSDXW��PHPEHQWXN����.3��.HORPSRN�
3DXWDQ��GDQ�PHQFDNXS� ������F0� �7DEHO����
VHGDQJNDQ� ��� ORNXV� VLVDQ\D� WLGDN� GDSDW�
GLSHWDNDQ��+DVLO�SHQJDPDWDQ�MXPODK�ORNXV�
SDGD�VHWLDS�.3��PDVLQJ�PDVLQJ�GLWHPXNDQ���
ORNXV�EDLN�SDGD�.3���PDXSXQ�.3����-DUDN�
JHQHWLN� DQWDUD� GXD� ORNXV� WHUSDXW� WHUVHEXW�
EDLN� SDGD� .3��� PDXSXQ� SDGD� .3����
PLQLPXP������F0�GDQ�PDNVLPDO������F0�� �
GHQJDQ�UDWD�UDWD�������F0���3HQJHORPSRNDQ�
SDGD� SHWD� SDXWDQ� �� �.3���� PHOLSXWL� ORNXV�
23+��B���� GDQ� 23+��B����� VHGDQJNDQ�
SDGD� SHWD� SDXWDQ� �� �.3���� PHOLSXWL� ORNXV�
23-�B���� GDQ� 23-��B����� � VHSHUWL� \DQJ�
GLVDMLNDQ� SDGD� *DPEDU� ��� 6HPHQWDUD�
1 R Y D O L Q D � � � � � � � � � K D Q \ D � G D S D W �

:RHODQ��1LVD��&KDLGDPVDUL�GDQ�,UZDQV\DK���

�

�

�

�

�

�

�

�

�

�



���

7DEHO����.DUDNWHULVWLN�SHWD�SDXWDQ�JHQHWLN�WHWXD�MDQWDQ��31�������\DQJ�GLNRQVWUXNVL�GHQJDQ�
QLODL�/2'�PLQLPXP������GDQ�IUDNVL�UHNRPELQDVL�PDNVLPXP�����

7DEOH���� 7KH� FKDUDFWHULVWLF� RI� OLQNDJH� PDS� RI� PDOH� SDUHQW� �31� ������ ZKLFK� GHYHORSHG� E\�
PLQLPXP�/2'�YDOXH�������DQG�PD[LPXP�UHFRPELQDWLRQ�IUDFWLRQ�����

.HORPSRN�

SDXWDQ �
/LQNDJH�JURXS

�

-XPODK �
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D
�-DUDN�JHQHWLN�PLQLPXP�DQWDUD�GXD�ORNXV�WHUSDXW�GDUL�VHOXUXK�NHORPSRN�SDXWDQ
0LQLPXP�JHQHWLF�GLVWDQFH�EHWZHHQ�WZR�OLQNHG�ORFL�RI�WKH�HQWLUH�OLQNDJH�JURXS�

E
�-DUDN�JHQHWLN�PDNVLPXP�DQWDUD�GXD�ORNXV�WHUSDXW�GDUL�VHOXUXK�NHORPSRN�SDXWDQ
0D[LPXP�JHQHWLF�GLVWDQFH�EHWZHHQ�WZR�OLQNHG�ORFL�RI�WKH�HQWLUH�OLQNDJH�JURXS�

F
�-DUDN�JHQHWLN�UDWD�UDWD�DQWDUD�GXD�ORNXV�WHUSDXW�GDUL�VHOXUXK�NHORPSRN�SDXWDQ
$YHUDJH�RI�JHQHWLF�GLVWDQFH�EHWZHHQ�WZR�OLQNHG�ORFL�RI�WKH�HQWLUH�OLQNDJH�JURXS�

*DPEDU����3HWD�SDXWDQ�JHQHWLN�WHWXD�MDQWDQ��31��������GLEHQWXN�GHQJDQ�QLODL�/2'�PLQLPXP�
����GDQ�IUDNVL�UHNRPELQDVL�PDNVLPXP�������

)LJXUH�������7KH�JHQHWLF�OLQNDJH�PDS�RI�PDOH�SDUHQW��31��������GHYHORSHG�E\�PLQLPXP�/2'�YDOXH�
����DQG�PD[LPXP�UHFRPELQDWLRQ�IUDFWLRQ������

PHQJNRQVWUXNVL�VDWX�NHORPSRN�SHWD�SDXWDQ��
SDGD�WHWXD�MDQWDQ��31������GHQJDQ�QLODL�/2'�
PLQLPXP������

3HWD�SDXWDQ�SDGD�WHWXD�EHWLQD�55,0�
���� GLNRQVWUXNVL� PHQJJXQDNDQ� QLODL� /2'�
PLQLPXP� ����� GDQ� IUDNVL� UHNRPELQDVL�
PDNVLPXP�������7LGDN�VHPXD�ORNXV�GDSDW�
GLSHWDNDQ� GDUL� ��� ORNXV� WHUSLOLK�� +DQ\D� ��
ORNXV� WHUSDXW�� PHPEHQWXN� �� .3� GDQ�
PHQFDNXS�������F0��7DEHO�����VHGDQJNDQ����
ORNXV� VLVDQ\D� WLGDN� GDSDW� GLSHWDNDQ�� 'DUL�
KDVLO�SHQJDPDWDQ�MXPODK�ORNXV�SDGD�VHWLDS�
.3��GLWHPXNDQ�SDOLQJ�VHGLNLW���ORNXV�\DLWX�
SDGD�.3��� GDQ�.3��� GDQ� SDOLQJ� EDQ\DN� ��
ORNXV�SDGD�.3���GHQJDQ�UDWD�UDWD�����ORNXV���
6HGDQJNDQ� MDUDN�JHQHWLN�DQWDUD�GXD� ORNXV�

WHUSDXW��PLQLPXP�������F0��WHUGDSDW�SDGD�
.3���� .3��� GDQ�.3����PDNVLPDO� ������ F0��
WHUGDSDW�SDGD�.3����.3���GDQ�.3����GHQJDQ�
UDWD�UDWD� ����� F0�� 3HQJHORPSRNDQ� SHWD�
SDXWDQ��� �.3����PHOLSXWL� ORNXV�23&�B�����
23'��B������ GDQ� 231��B������ SHWD�
SDXWDQ����.3����PHOLSXWL�ORNXV�23'�B�����
GDQ�23'��B�����GDQ�SHWD�SDXWDQ����.3����
PHOLSXWL� ORNXV�23'�B����� GDQ�231�B����
�*DPEDU����

3HWD� SDXWDQ� WHWXD� EHWLQD� �55,0� �����
GLNRQVWUXNVL� PHQJJXQDNDQ� QLODL� /2'�
PLQLPXP� ����� GDQ� IUDNVL� UHNRPELQDVL�
PDNVLPXP�������7LGDN�VHPXD�ORNXV�GDSDW�
GLSHWDNDQ��GDUL����ORNXV�WHUSLOLK��GLSHUROHK�
��� ORNXV� WHUSDXW�� PHPEHQWXN� � �� .3� GDQ�

�

.3���

��

�����

23+��B����

23+��B����

.3���

��

�����

23-��B����

23-��B�����

.RQVWUXNVL�3HWD�3DXWDQ�*HQHWLN�GDQ�$QDOLVLV�47/�7DQDPDQ�.DUHW�
3DGD�3RSXODVL�+DVLO�3HUVLODQJDQ�$QWDUD�55,0�����GHQJDQ�31������
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/2'�PLQLPXP������GDQ�IUDNVL�UHNRPELQDVL�PDNVLPXP������

7DEOH����7KH�FKDUDFWHULVWLF�RI�OLQNDJH�PDS�RI�IHPDOH�SDUHQW��55,0������ZKLFK�GHYHORSHG�E\�
PLQLPXP�/2'�YDOXH�������DQG�PD[LPXP�UHFRPELQDWLRQ�IUDFWLRQ������
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7RWDO � � � ���� � � � � � � �

5DWD�UDWD � ��� � ���� � ����D � ����E �����F �

�D�-DUDN�JHQHWLN�PLQLPXP�DQWDUD�GXD�ORNXV�WHUSDXW�GDUL�VHOXUXK�NHORPSRN�SDXWDQ
��0LQLPXP�JHQHWLF�GLVWDQFH�EHWZHHQ�WZR�OLQNHG�ORFL�RI�WKH�HQWLUH�OLQNDJH�JURXS

E
�-DUDN�JHQHWLN�PDNVLPXP�DQWDUD�GXD�ORNXV�WHUSDXW�GDUL�VHOXUXK�NHORPSRN�SDXWDQ
0D[LPXP�JHQHWLF�GLVWDQFH�EHWZHHQ�WZR�OLQNHG�ORFL�RI�WKH�OLQNDJH�JURXS�

F
�-DUDN�JHQHWLN�UDWD�UDWD�DQWDUD�GXD�ORNXV�WHUSDXW�GDUL�VHOXUXK�NHORPSRN�SDXWDQ
$YHUDJH�RI�JHQHWLF�GLVWDQFH�EHWZHHQ�WZR�OLQNHG�ORFL�RI�WKH�HQWLUH�OLQNDJH�JURXS�

*DPEDU���� 3HWD�SDXWDQ�JHQHWLN�WHWXD�EHWLQD��GLEHQWXN�GHQJDQ�QLODL�/2'�PLQLPXP�����GDQ�
IUDNVL�UHNRPELQDVL�PDNVLPXP������

)LJXUH���� 7KH�JHQHWLF�OLQNDJH�PDS�RI�PDOH�SDUHQW��31��������GHYHORSHG�E\�PLQLPXP�/2'�YDOXH�
����DQG�PD[LPXP�UHFRPELQDWLRQ�IUDFWLRQ�������

PHQFDNXS� ��������F0��7DEHO�����VHGDQJNDQ�
��� ORNXV� VLVDQ\D� WLGDN� GDSDW� GLSHWDNDQ�� �
'DUL� KDVLO� SHQJDPDWDQ� MXPODK� ORNXV� SDGD�
VHWLDS�.3��GLWHPXNDQ�SDOLQJ�VHGLNLW���ORNXV� �
\DLWX� SDGD� .3���� .3���� .3���� GDQ� .3����
SDOLQJ� EDQ\DN� ��� ORNXV� \DLWX� SDGD� .3����
GHQJDQ�UDWD�UDWD���ORNXV�� �6HGDQJNDQ�MDUDN�
JHQHWLN�DQWDUD�GXD�ORNXV�WHUSDXW��PLQLPXP�
������ F0�� WHUGDSDW� SDGD� .3���� PDNVLPDO�
�������F0��WHUGDSDW�SDGD�.3����GHQJDQ�UDWD�
UDWD��������F0�GHQJDQ�SHQJHORPSRNDQ��SHWD�
SDXWDQ����.3����PHOLSXWL�ORNXV�23%��B�����
GDQ� 23%��B������ SHWD� SDXWDQ� �� �.3����
PHOLSXWL� ORNXV� 23%��B����� 23&�B�����
23&��B������ 23'�B������ 23'�B������
23'��B������ 23'��B������ 23+��B�����

23+��B����� 23+��B������ 23+��B�����
23+��B����� 230��B����� 231��B�����
2 3 1 � � B � � � � � � 2 3 1 � � B � � � � G D Q �
231��B������SHWD�SDXWDQ����.3����PHOLSXWL�
ORNXV� 23%��B����� GDQ� 23'��B����� SHWD�
SDXWDQ����.3����PHOLSXWL�ORNXV�23%��B�����
GDQ�23-��B�����GDQ�SHWD�SDXWDQ��� �.3����
PHOLSXWL�23'�B�����GDQ�230�B������\DQJ�
GLVDMLNDQ�SDGD�*DPEDU��

6HPXD�ORNXV�SDGD���NHORPSRN�SDXWDQ�
�.3����.3����.3����\DQJ�GLNRQVWUXNVL�GHQJDQ�
/2'�PLQLPXP������EHUDGD�SDGD�NHORPSRN�
SDXWDQ����.3����VHWHODK�GLNRQVWUXNVL�GHQJDQ�
/2'�PLQLPXP�����
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/2'�PLQLPXP�������GDQ�IUDNVL�UHNRPELQDVL�PDNVLPXP�����

7DEOH����7KH�FKDUDFWHULVWLF�RI�OLQNDJH�PDS�RI�IHPDOH�SDUHQW��55,0������ZKLFK� �GHYHORSHG�E\�
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7RWDO� ��� ������� �� �� � �

5DWD�UDWD� �� ������� �����D� �����E� �����F �

� D
�-DUDN�JHQHWLN�PLQLPXP�DQWDUD�GXD�ORNXV�WHUSDXW�GDUL�VHOXUXK�NHORPSRN�SDXWDQ
0LQLPXP�JHQHWLF�GLVWDQFH�EHWZHHQ�WZR�OLQNHG�ORFL�RI�WKH�HQWLUH�JURXS

E
�-DUDN�JHQHWLN�PDNVLPXP�DQWDUD�GXD�ORNXV�WHUSDXW�GDUL�VHOXUXK�NHORPSRN�SDXWDQ
0D[LPXP�JHQHWLF�GLVWDQFH�EHWZHHQ�WZR�OLQNHG�ORFL�RI�WKH�HQWLUH�OLQNDJH�JURXS

F
�-DUDN�JHQHWLN�UDWD�UDWD�DQWDUD�GXD�ORNXV�WHUSDXW�GDUL�VHOXUXK�NHORPSRN�SDXWDQ
$YHUDJH�RI�JHQHWLF�GLVWDQFH�EHWZHHQ�WZR�OLQNHG�ORFL�RI�WKH�HQWLUH�OLQNDJH�JURXS�

+DVLO� SHQHOLWLDQ� � 1RYDOLQD� �������
PHQ\LPSXONDQ�EDKZD�SHWD�SDXWDQ�3%�����
\DQJ� GLNRQVWUXNVL� GHQJDQ� /2'� PLQLPXP�
���� � KDQ\D� PHQJKDVLONDQ� VDWX� NHORPSRN�
SHWD�SDXWDQ�SDGD�PDVLQJ�PDVLQJ�SRSXODVL�
�$�� %�� GDQ� JDEXQJDQ��� .HWLGDN�VHVXDLDQ� �
MXPODK� SDXWDQ� JHQHWLN� \DQJ� GLKDVLONDQ�
GHQJDQ�MXPODK�NURPRVRP�\DQJ�GLPLOLNL�ROHK�
VXDWX� WDQDPDQ�� NHPXQJNLQDQ� GLVHEDENDQ�
ROHK� MXPODK�PDUND� \DQJ�GLKDVLONDQ�PDVLK�
WHUODOX� VHGLNLW� XQWXN� PHQFDNXS� VHOXUXK�
NURPRVRP�� VHKLQJJD� SHQJJXQDDQ� PDUND�
PD UND � O D L QQ \ D � S H U O X � G L O D NXNDQ �
�6HSWLQLQJVLK�� 7ULMDWPLNR�� 0RHOMRSDZLUR�� 	�
0FRXFK�� ������� 'HQJDQ� PHQJJXQDNDQ�
EHEHUDSD�MHQLV�PDUND��/HVSLQDVH�HW�DO���������
EHUKDVLO� PHQJNRQVWUXNVL� ��� NHORPSRN�
SDXWDQ�\DQJ�VHVXDL�GHQJDQ�NURPRVRP�NDUHW�
�Q� ��[� �����Q� �[� ����\DQJ�GLNRQVWUXNVL�
GDUL�����ORNXV�\DQJ�EHUDVDO�GDUL�����PDUND�
5)/3�� ���� PDUND� $)/3�� ��� PDUND�
PLNURVDWHOLW� GDQ� ��� LVR]\PHV�� 7RWDO� MDUDN�
JHQHWLN������F0�GDQ�UDWD�UDWD� MDUDN�DQWDU�
PDUND���F0�

%DQ\DNQ\D� NHORPSRN� SDXWDQ� \DQJ�
WHUEHQWXN� GDQ� MXPODK� PDUND� \DQJ�
WHUJDEXQJ� GDODP� VXDWX� NHORPSRN� SDXWDQ�
GLWHQWXNDQ� ROHK� SHQHQWXDQ� NULWHULD�
SHQJHORPSRNDQ��6HWL\R���������3HWD�SDXWDQ�
\DQJ� WHUEHQWXN� EDLN� SDGD� WHWXD� MDQWDQ�
PDXSXQ�WHWXD�EHWLQD�PDVLK�MDXK�GDUL�LGHDO��
NDUHQD�KDQ\D���NHORPSRN�SDXWDQ��.3��\DQJ�
WHUEHQWXN� SDGD� WHWXD� MDQWDQ� GHQJDQ� /2'�
������6HGDQJNDQ�SDGD�WHWXD�EHWLQD�GHQJDQ�
/2'������GLSHUROHK���NHORPSRN�SDXWDQ��.3��
GDQ�/2'�����GLSHUROHK���NHORPSRN�SDXWDQ�
�.3��

47/��.RPSRQHQ�+DVLO

$QDOLVLV� 47/� �4XDQWLWDWLYH� 7UDLW� /RFL��
GLODNXNDQ� XQWXN� PHQHQWXNDQ� HNVLVWHQVL�
GDQ� HIHN� JHQHWLN� GDUL� ORNXV� \DQJ�
PHQJHQGDOLNDQ� VLIDW� NXDQWLWDWLI� VSHVLILN��
3HQJJXQDDQ�PDUND�PROHNXOHU�\DQJ�WHUSDXW�
GHQJDQ� NDUDNWHU� WHUWHQWX� GDQ� SRVLVLQ\D�
VDQJDW� GHNDW� GHQJDQ� 47/� PHUXSDNDQ�
VWUDWHJL� SHQWLQJ� XQWXN� PHQLQJNDWNDQ� �
NHDNXUDWDQ� VHOHNVL�� +DO� LQL� KDQ\D� GDSDW�

.RQVWUXNVL�3HWD�3DXWDQ�*HQHWLN�GDQ�$QDOLVLV�47/�7DQDPDQ�.DUHW�
3DGD�3RSXODVL�+DVLO�3HUVLODQJDQ�$QWDUD�55,0�����GHQJDQ�31������
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IUDNVL�UHNRPELQDVL�PDNVLPXP������

)LJXUH����� 7KH�JHQHWLF�OLQNDJH�PDS�RI�PDOH�SDUHQW��31��������GHYHORSHG�E\�PLQLPXP�/2'�YDOXH�
����DQG�PD[LPXP�UHFRPELQDWLRQ�IUDFWLRQ�������
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GLODNXNDQ� DSDELOD� SHWD� SDXWDQ� \DQJ�
WHUEHQWXN� PHPSXQ\DL� NHUDSDWDQ� \DQJ�
WLQJJL�� .HUDSDWDQ� WLQJJL� KDQ\D� GDSDW�
GLEHQWXN� GHQJDQ� FDUD� PHPSHUEDQ\DN�
VNULQLQJ� SULPHU� 5$3'�� PHQLQJNDWNDQ�
XNXUDQ� SRSXODVL�� VHUWD� NHPXQJNLQDQ�
PHQJJDEXQJNDQ�GDWD�PDUND�5$3'�GHQJDQ�
PDUND�MHQLV�ODLQQ\D���

%HUGDVDUNDQ� KDVLO� SHQJDPDWDQ� GDWD�
NXDQWLWDWLI�NRPSRQHQ�KDVLO�GDQ�KDVLO�ODWHNV�
SDGD� SRSXODVL� KDVLO� 55,0� ���� GHQJDQ� 31�
����� �%F���� GLNHWDKXL� DGDQ\D� SHULVWLZD�
KDPEDWDQ� SDXWDQ� \DQJ� PDVLK� EHVDU��
+DUDSDQ�XQWXN�PHQGDSDWNDQ�SURJHQL�%&��
\DQJ�PHPSXQ\DL�SURGXNVL�ODWHNV�GDQ�ND\X�
WLQJJL� EHOXP� GLSHUROHK�� 6HODLQ� EHVDUQ\D�
KDPEDWDQ� SDXWDQ�� NRQVHNXHQVL� ODLQ� GDUL�
SURJUDP� VLODQJ� EDOLN� DGDODK� ZDNWX� \DQJ�
GLSHUOXNDQ� FXNXS� ODPD�� +DVLO� SHQHOLWLDQ� �
,UZDQV\DK� ������� SDGD� WDQDPDQ� VDZLW��
PHQ\DWDNDQ�EDKZD�NRQVWUXNVL�SHWD�SDXWDQ�
VXDWX� WDQDPDQ� DZDOQ\D� WLGDN� ODQJVXQJ�
PHQGDSDWNDQ�SHWD�EHUNHUDSDWDQ�WLQJJL�GDQ�
MXPODK� NHORPSRN� SDXWDQQ\D� VHVXDL�
NURPRVRP� KDSORLGQ\D�� .HORPSRN� SDXWDQ�
\DQJ�GLSHUROHK�SDGD�XPXPQ\D�OHELK�EHVDU�
DWDX�OHELK�NHFLO�GDUL�NURPRVRP�KDSORLGQ\D�

�
%HUGDVDUNDQ� KDVLO� DQDOLVLV� VLGLN�

OLQWDVDQ� SDGD� SHQHOLWLDQ� VHEHOXPQ\D�
�:RHODQ�� ������ :RHODQ� HW� DO��� ������
GLNHWDKXL�EDKZD�HPSDW�SHXEDK�NRPSRQHQ�
SURGXNVL�ODWHNV�\DQJ�PHPSXQ\DL�SHQJDUXK�
SDOLQJ�EHVDU�WHUKDGDS�SURGXNVL�ODWHNV�\DLWX�
OLOLW� EDWDQJ�� WHEDO� NXOLW�� MXPODK� SHPEXOXK�
ODWHNV�� GDQ� MXPODK� SDUWLNHO� NDUHW��
6HODQMXWQ\D��GDUL�KDVLO�LGHQWLILNDVL�47/�SDGD�
NRPSRQHQ� SURGXNVL� ODWHNV� GLKDUDSNDQ�
DGDQ\D�PDUND�47/�VHEDJDL�NULWHULD�VHOHNVL�
�WLGDN�ODQJVXQJ��XQWXN�PHPLOLK�SURJHQL�\DQJ�
PHPLOLNL�SURGXNVL�ODWHNV�WLQJJL�

3DGD� SHQHOLWLDQ� LQL� DQDOLVLV� 47/�
GLODNXNDQ� PHQJJXQDNDQ� DQDOLVLV� PDUND�
WXQJJDO�GHQJDQ�PHQJJXQDNDQ�XML�W�VWXGHQW�� �
+DO� LQL� GLODNXNDQ� NDUHQD� MXPODK� SHWD�
SDXWDQ�\DQJ�GLSHUROHK�EHOXP�VHVXDL�GHQJDQ�
MXPODK�NURPRVRP�WDQDPDQ�NDUHW��Q� ���[� �
����Q� �[� �����

+DVLO�DQDOLVLV�PDUND�WXQJJDO�PHODOXL�
XML� W � WHUKDGDS� PDUND� 5$3'� \DQJ�
EHUVHJUHJDVL� ���� SDGD� SRSXODVL� 55,0� ����
GDQ� 31� ����� GLVDMLNDQ� SDGD� 7DEHO� ���
%HUGDVDUNDQ�KDVLO�XML� W�GLSHUROHK�EHEHUDSD�
PDUND� \DLWX� 23%��B������ 23&��B������
23+��B����� 23+��B������ 23+��B�����

23+��B����� 23+��B����� 23-��B������
23-��B������ GDQ� 23-��B����� 6HSXOXK�
PDUND� WHUVHEXW� PHUXSDNDQ� PDUND� \DQJ�
PXQFXO�SDGD�WHWXD�EHWLQD��55,0������WHWDSL�
WLGDN� PXQFXO� SDGD� WHWXD� MDQWDQ� VHKLQJJD�
GLGXJD� EDKZD� WHUGDSDW� 47/� \DQJ� WHUNDLW�
GHQJDQ� VLIDW� SURGXNVL� ODWHNV� \DQJ� EHUDGD�
GHNDW� ORNXV� 23%��B������ 23&��B������
23+��B����� 23+��B������ 23+��B�����
23+�������� 23+��B����� 23-��B������
23-��B������ GDQ� 23-��B����� 3HXEDK�
SHXEDK� \DQJ� WHODK� GLNHWDKXL� VHEHOXPQ\D�
EHUNRUHODVL�VHFDUD�Q\DWD�MXJD�GLODNXNDQ�XML�W�
XQWXN�PHQJHWDKXL�NHWHUSDXWDQQ\D�GHQJDQ�
23%��B������ 23&��B������ 23+��B�����
23+��B������ 23+��B����� 23+��B�����
23+��B����� 23-��B������ 23-��B������
GDQ�23-��B����

+DVLO� XML� W� XQWXN� PHQGHWHNVL�
VHJUHJDVL� EHUVDPD� DQWDUD� ��� ORNXV�
�23%��B������ 23&��B������ 23+��B�����
23+��B������ 23+��B����� 23+��B�����
23+��B����� 23-��B������ 23-��B������
GDQ� 23-��B����� GHQJDQ� VLIDW� OLOLW� EDWDQJ��
WHEDO� NXOLW�� MXPODK� SHPEXOXK� ODWHNV�� GDQ�
MXPODK�SDUWLNHO�NDUHW�GLVDMLNDQ�SDGD�7DEHO���

%HUGDVDUNDQ� KDVLO� XML� W� GLNHWDKXL�
EDKZD�QLODL� WHQJDK�XQWXN�VLIDW� OLOLW�EDWDQJ�
DQWDUD�WDQDPDQ�WDQDPDQ�\DQJ�PHPSXQ\DL�
IUDJPHQ� 23%��B������ 23&��B������
23+��B�����23+��B�����GDQ�23-��B�����
�DOHO����GHQJDQ�WDQDPDQ�WDQDPDQ�\DQJ�WLGDN�
PHPSXQ\DL � I UDJPHQ� 23%��B����� �
23&��B������23+��B�����23+��B�����GDQ�
23-��B�����EHUEHGD�VHFDUD�Q\DWD��'LGXJD�
EDKZD� PDUND� \DQJ� WHUSDXW� GHQJDQ� VLIDW�
SURGXNVL� \DQJ� WLQJJL� NDUHQD� NHWHUNDLWDQ�
PDUND�23%��B������23&��B������23+���
B����� 23+��B����� GDQ� 23-��B����� � �
WHUVHEXW�GHQJDQ�VLIDW�OLOLW�EDWDQJ���

1LODL� WHQJDK� XQWXN� VLIDW� WHEDO� NXOLW�
DQWDUD�WDQDPDQ�WDQDPDQ�\DQJ�PHPSXQ\DL�
IUDJPHQ� 23%��B������ 23+��B�����
23+��B�����23-��B������23-��B�����GDQ�
23-��B���� �DOHO� ��� GHQJDQ� WDQDPDQ�
WDQDPDQ� \DQJ� WLGDN� PHPSXQ\DL� IUDJPHQ�
23%��B������ 23+��B����� 23+��B�����
23-��B������23-��B�����GDQ�23-��B����
EHUEHGD� VHFDUD� Q\DWD�� 'LGXJD� 33� EDKZD�
PDUND � 23%��B���� � � 23+��B��� � �
23+��B�����23-��B������23-��B�����GDQ�
23-��B���� \DQJ� WHUSDXW� GHQJDQ� VLIDW�
SURGXNVL� \DQJ� WLQJJL� � NDUHQD� NHWHUNDLWDQ�
PDUND�WHUVHEXW�GHQJDQ�WHEDO�NXOLW��

.RQVWUXNVL�3HWD�3DXWDQ�*HQHWLN�GDQ�$QDOLVLV�47/�7DQDPDQ�.DUHW�
3DGD�3RSXODVL�+DVLO�3HUVLODQJDQ�$QWDUD�55,0�����GHQJDQ�31������
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7DEHO� ��� 1LODL� UDWD�UDWD� SURGXNVL� ODWHNV� �J�S�V�� SDGD� PDVLQJ�PDVLQJ� PDUND� 5$3'�
EHUGDVDUNDQ�PXQFXO�DWDX�WLGDNQ\D�IUDJPHQ�'1$�SDGD�PDVLQJ�PDVLQJ�PDUND�
WHUVHEXW�VHUWD�KDVLO�XML�W�SDGD�SRSXODVL�

7DEOH���� 7KH�DYHUDJH�YDOXH�RI�ODWH[�\LHOG��J�W�W��RQ�HDFK�5$3'�PDUNHUV�EDVHG�RQ�HPHUJLQJ�
RU�DEVHQFH�RI��PDUNHUV�DQG�WKH�UHVXOW�RI��W�WHVW�LQ�WKH�SRSXODWLRQ
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�
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DOHO
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�.HWHUDQJDQ��W�WDEHO��W�  �������W  ���������� ����

1RWH������������W�WDEOH

� 1LODL� WHQJDK� XQWXN� VLIDW� MXPODK�
SHPEXOXK�ODWHNV�DQWDUD�WDQDPDQ�WDQDPDQ�
\DQJ� PHPSXQ\DL� IUDJPHQ� 23&���������
23+��B����� 23+��B����� 23+��B���� GDQ�
23-��B���� �DOHO� ��� GHQJDQ� WDQDPDQ�
WDQDPDQ� \DQJ� WLGDN� PHPSXQ\DL� IUDJPHQ�
23&��B������ 23+��B����� 23+��B�����
23+��B����GDQ�23-��B����EHUEHGD�VHFDUD�
Q\DWD��'LGXJD�EDKZD�PDUND�23&��B������
23+��B����� 23+��B����� 23+��B���� GDQ�
23-��B���� \DQJ� WHUSDXW� GHQJDQ� VLIDW�
SURGXNVL� \DQJ� WLQJJL� � NDUHQD� NHWHUNDLWDQ�
PDUND� WHUVHEXW� GHQJDQ� MXPODK� SHPEXOXK�
ODWHNV��

1LODL� WHQJDK� XQWXN� VLIDW� MXPODK�
SDUWLNHO� NDUHW� DQWDUD� WDQDPDQ�WDQDPDQ�
\DQJ�PHPSXQ\DL�IUDJPHQ�23+��B������DOHO�
��� GHQJDQ� WDQDPDQ�WDQDPDQ� \DQJ� WLGDN�
PHPSXQ\DL� IUDJPHQ�23+��B�����EHUEHGD�
VHFDUD� Q\DWD�� 'LGXJD� EDKZD� PDUND�
23+��B����� \DQJ� WHUSDXW� GHQJDQ� VLIDW�
SURGXNVL� \DQJ� WLQJJL� � NDUHQD� NHWHUNDLWDQ�
PDUND� WHUVHEXW� GHQJDQ� MXPODK� SDUWLNHO�
NDUHW�

'DUL�KDVLO�SHQHOLWLDQ� LQL��SRVLVL�47/�
\DQJ� WHUGHWHNVL� NHPXQJNLQDQ� PHUXSDNDQ�
ORNXV�ORNXV� \DQJ� WHUGLUL� DWDV� EDQ\DN� DOHO�

.RQVWUXNVL�3HWD�3DXWDQ�*HQHWLN�GDQ�$QDOLVLV�47/�7DQDPDQ�.DUHW�
3DGD�3RSXODVL�+DVLO�3HUVLODQJDQ�$QWDUD�55,0�����GHQJDQ�31������
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\DQJ� PHQJRQWURO� VLIDW� SURGXNVL� ODWHNV��
6DQMD\D� HW� DO�� ������� PHQ\DWDNDQ� EDKZD�
SHQJHPEDQJDQ� SHWD� JHQHWLN� EHUNHUDEDWDQ�
WLQJJL� \DQJ� WHUGLUL� DWDV� PDUND� PROHNXOHU�
W H O D K � P H P X Q J N L Q N D Q � X Q W X N �
PHQJLGHQWL I LNDVL � ORNXV�ORNXV� \DQJ�
PHPSHQJDUXKL� VLIDW� NXDQWLWDWLI� SDGD�
EHUEDJDL�WDQDPDQ���

:DODXSXQ� DQDOLVLV� PDUND� WXQJJDO�
PHQGDSDWNDQ� ��� PDUND� \DQJ� WHUSDXW�
GHQJDQ� 47/�� WHWDSL� KDVLO� WHUVHEXW� EHOXP�
PHPEHULNDQ� ULQFLDQ� GDWD� PHQJHQDL�
IUHNXHQVL� UHNRPELQDVL� GL� DQWDUD� PDUND�
PDUND�GHQJDQ�47/�GDQ�MXJD�HIHN�GDUL�47/�� �
,GHQWLILNDVL� 47/� PHODOXL� DQDOLVLV� PDUND�
WXQJJDO�PDVLK�PHPSXQ\DL�NHOHPDKDQ�\DLWX�
ORNDVL� WHSDW� 47/� WLGDN� GDSDW� GLNHWDKXL�
VHFDUD� SDVWL�� GDQ� GDODP� KDO� LQL� 47/�
GLSHWDNDQ�EHUGDVDUNDQ�SHUNLUDDQ�GDUL�KDVLO�
XML� W� �7DEHO� �� GDQ� 7DEHO� ���� )HQRPHQD� LQL�
VDPD� GHQJDQ� KDVLO� SHQHOLWLDQ� \DQJ�
GLODNXNDQ� ROHK� 1RYDOLQD� ������� SDGD�
WDQDPDQ�NDUHW�GDQ�3UDVHWL\RQR�HW�DO���������
SDGD�WDQDPDQ�SDGL���

� 1DPXQ� GHPLNLDQ� GDU L � KDVL O �
SHQHOLWLDQ� LQL� VXGDK� GDSDW� GLLGHQWLILNDVL�
SRVLVL� SHWD� GDQ� NDUDNWHULVWLN� 47/� GDUL�
SHXEDK� NRPSRQHQ� SURGXNVL � \DQJ�
PHPSXQ\DL�SHQJDUXK�ODQJVXQJ�\DQJ�WLQJJL��
/LOLW� EDWDQJ�PHPLOLNL� WLJD�47/�� \DLWX� OE����
GDQ� OE���� \DQJ� SRVLVLQ\D� EHUWXUXW�WXUXW�
EHUDGD�SDGD�PDUND�23&��B�����������F0��
GDQ�23+��B����������F0���VHUWD�OE����\DQJ�
SRVLVLQ\D�EHUDGD�SDGD�PDUND�23%��B�����
������F0���(NVLVWHQVL�47/�LQL�GLGHWHNVL�SDGD�
/2'�PLQLPXP� ���� GDQ� EHUDGD� SDGD� .3���
GDQ�.3����*DPEDU����

� 7HEDO�NXOLW�PHPLOLNL�GXD�47/��\DLWX�
WN���� \DQJ� SRVLVLQ\D� EHUDGD� SDGD� PDUND�
23&��B����� ������ F0�� GDQ� WN���� \DQJ�
SRVLVLQ\D�EHUDGD�SDGD�PDUND�23%��B�����
������F0���(NVLVWHQVL�47/�LQL�GLGHWHNVL�SDGD�
/2'�PLQLPXP� ���� GDQ� EHUDGD� SDGD� .3���
GDQ�.3����*DPEDU����

� -XPODK� SHPEXOXK� ODWHNV� PHPLOLNL�
GXD�47/��\DLWX�MSO�����MSO����\DQJ�SRVLVLQ\D�
EHUDGD� SDGD� ORNXV�23&��B����� ������ F0��
GDQ�23+��B���� ������F0���(NVLVWHQVL�47/�
LQL� GLGHWHNVL� SDGD� /2'�PLQLPXP� ���� GDQ�
E H U D G D � S DG D � .3 � � � �* DPED U � � � � � �
7HULGHQWLILNDVLQ\D� 47/� MXPODK� SHPEXOXK�
ODWHNV� GDQ� SURGXNVL� \DQJ� WHUSDXW� GHQJDQ�
ORNXV�23&��B�����SDGD�.3���EDLN�GDUL�KDVLO�

SHQHOLWLDQ� LQL� PDXSXQ� KDVLO� SHQHOLWLDQ�
1RYDOLQD� �������� PHQJLQGLNDVLNDQ� DGDQ\D�
NRQVLVWHQVL�NHEHUDGDDQ��ORNXV�23&��������
\DQJ� WHUSDXW� GHQJDQ� NDUDNWHU� MXPODK�
SHPEXOXK� ODWHNV� GDQ� SURGXNVL� ODWHNV��
6HGDQJNDQ� HNVLVWHQVL�47/� MXPODK� SDUWLNHO�
NDUHW� GDQ� SURGXNVL� ODWHNV� \DQJ� WHUSDXW�
GHQJDQ�ORNXV�23+��B�������47/�OLOLW�EDWDQJ�
GDQ� SURGXNVL� ODWHNV� \DQJ� WHUSDXW� GHQJDQ�
ORNXV�23+��B�����23-��B������VHUWD�47/�
WHEDO� NXOLW� GDQ� SURGXNVL� \DQJ� WHUSDXW�
GHQJDQ� ORNXV� 23+��B����� 23-��B������
23-��B�����23-��B����EHOXP� GDSDW�
GLSHWDNDQ� VDPSDL� GHQJDQ� /2'� PLQLPXP�
����� �'DUL����ORNXV�\DQJ�WHUSLOLK��KDQ\D����
PDUND� \DQJ� WHUSDXW�� PHPEHQWXN� OLPD� .3�
GDQ�PHQFDNXS��������F0�

� .RQVWUXNVL� SHWD� SDXWDQ� VXDWX�
WDQDPDQ� SDGD� DZDOQ\D� WLGDN� ODQJVXQJ�
PHQGDSDWNDQ�SHWD�EHUNHUDSDWDQ�WLQJJL�GDQ�
MXPODK� .3�Q\D � VHVXD L � NURPRVRP�
KDSORLGQ\D�� � .3� \DQJ� GLSHUROHK�XPXPQ\D�
OHELK�EHVDU�DWDX�OHELK�NHFLO�GDUL�NURPRVRP�
KDSORLGQ\D�

.(6,038/$1

� 3HWD�SDXWDQ�WHWXD�EHWLQD�55,0�����
\DQJ�GLNRQVWUXNVL�SDGD�QLODL�/2'�PLQLPXP�
���� GHQJDQ� IUDNVL� UHNRPELQDVL�PDNVLPXP�
�����GDSDW�GLMDGLNDQ�GDVDU�DQDOLVLV�SDXWDQ�
�47/��GHQJDQ�PHQJJXQDNDQ�XML�W��ZDODXSXQ�
MXPODK�.3�\DQJ�GLKDVLONDQ�KDQ\D�OLPD�GDQ�
MDUDN�DQWDU�GXD�PDUND�WHUSDXW������F0��'XD�
ORNXV�23&��B������23+��B����SDGD�.3���
GDQ�23%��B�����SDGD�.3���GLGXJD�WHUSDXW�
GHQJDQ� NDUDNWHU� OLOLW� EDWDQJ�� VDWX� ORNXV�
23&��B����� SDGD� .3��� GDQ� VDWX� ORNXV�
23%��B����� SDGD� .3��� GLGXJD� WHUSDXW�
GHQJDQ� WHEDO� NXOLW�� VHUWD� GXD� ORNXV�
23&��B����� GDQ� 23+��B���� SDGD� .3���
GLGXJD� WHUSDXW� GHQJDQ� MXPODK� SHPEXOXK�
ODWHNV��3HUEHGDDQ�MXPODK�.3�\DQJ�GLSHUROHK�
DQWDUD� SHWD� SDXWDQ� WHWXD� EHWLQD� ��� .3��
GHQJDQ� WHWXD� MDQWDQ� ��� .3�� GLVHEDENDQ�
DGDQ\D� SHUEHGDDQ� KHWHURVLJRVLWDV� �ODWDU�
EHODNDQJ�JHQHWLN��DQWDUD�NHGXDQ\D�

� $JDU� GLSHUROHK� SHWD� SDXWDQ� \DQJ�
LGHDO�\DQJ�VHVXDL�GHQJDQ�MXPODK�NURPRVRP�
WDQDPDQ�NDUHW��Q� ��[� �����Q� �[� ����SHUOX�
PHPSHUEDQ\DN� SULPHU� 5$3'� \DQJ�
GLVNULQLQJ��PHQLQJNDWNDQ�XNXUDQ�SRSXODVL�
VHUWD� PHQJJDEXQJNDQ� GDWD� PDUND� 5$3'�
GDQ� GDWD�PDUND�'1$� MHQLV� ODLQ� �665� DWDX�

:RHODQ��1LVD��&KDLGDPVDUL�GDQ�,UZDQV\DK��
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PLNURVDOLW��$)/3��5)/3��� �6HPDNLQ�EDQ\DN�
PDUND�'1$�\DQJ�WHUVHGLD��GLKDUDSNDQ�GDSDW�
PHQLQJNDWNDQ�SHQJXMLDQ�SROLPRUILVPH�'1$�
\DQJ� EHUJXQD� XQWXN� SHPHWDDQ� JHQHWLN��
PDUND� XQWXN� SHPXOLDDQ� WDQDPDQ�� GDQ�
HNVSORUDVL�KXEXQJDQ�NHNHUDEDWDQ�

'$)7$5�3867$.$

$LGL�'DVOLQ��� 	� 6D\XUDQGL�� � �������� �
3HQJDUXK� LQWHUDNVL� JHQRWLSH� GDQ�
OLQJNXQJDQ� WHUKDGDS� SHUWXPEXKDQ�
GDQ�SURGXNVL�NORQ�,55�VHUL�����SDGD�
XML� ODQMXWDQ�� -XUQDO� 3HQHOLWLDQ� .DUHW��
���������������

$]ZDU�� 5��� $LGL�'DVOLQ��� 6XKHQGU\�� ,��� 	�
:RHODQ�� 6�� �������� � 4XDQWLI\LQJ�
JHQHWLFDO�DQG�HQYLURPHQWDO� IDFWRUV� LQ�
GHWHUPLQLQJ�UXEEHU�FURS�SURGXFWLYLW\��
3URFHHGLQJV� ,QGRQHVLDQ� 5XEEHU�
&RQIHUHQFH� � DQG� ,55'%� 6\PSRVLXP�
�SS������������%RJRU��,QGRQHVLD��,55,�
,55'%�

*UDWWDSDJOLD�� '��� 	� 6HGHURII�� 5�� �������� �
*HQHWLF� OLQNDJH� PDSV� RI� (XFDO\SWXV�
JUDQGLV� DQG� (XFDO\SWXV� XURSK\OOD�
XVLQJ� D� SVHXGR�WHVWFURVV�� PDSSLQJ�
VWUDWHJ\�DQG�5$3'�PDUNHUV��*HQHWLFV��
�������������������

+DGL�� +�� �������� � $QDOLVLV� JHQHWLN� VLIDW�
NHWDKDQDQ� WDQDPDQ� NDUHW� �+HYHD�
EUDVLOLHQVLV� � 0XHOO� $UJ��� WHUKDGDS�
SHQ\DNLW� JXJXU� GDXQ� &RU\QHVSRUD� �
�'LVHUWDVL��� ,QVWLWXW� 3HUWDQLDQ� %RJRU��
,QGRQHVLD��

+DOGDQH��%��-��%��6����������7KH�FRPELQDWLRQ�
RI� OLQNDJH� PDSV� RI� FDOFXODWLRQ� RI�
GLVWDQFHV� EHWZHHQ� WKH� ORFL� RI� OLQNHG�
IDFWRUV���-RXUQDO�*HQHWLFV�������������

,UZDQV\DK�� (�� �������� 3HWD� SDXWDQ� JHQHWLN�
PDUND� 5$3'�� DQDOLVLV� 47/� NHODSD�
VDZLW� PHQJJXQDNDQ� SRSXODVL� VLODQJ�
EDOLN� JHQHUDVL� SHUWDPD� PHQXMX�
SHUEDLNDQ�NXDOLWDV�PLQ\DN��'LVHUWDVL���
,QVWLWXW�3HUWDQLDQ�%RJRU��,QGRQHVLD���

.KDQXMD��6��3��6���6KDVDQ\��$��.���'DURNDW��
0�� 3��� 	� .XPDU�� 6�� �������� � 5DSLG�
LVRODWLRQ� RI� '1$� IURP� GU\� DQG� IUHVK�
VDPSOHV� RI� SODQW� SURGXFLQJ� ODUJH�
DPRXQWV�RI�VHFRQGDU\�PHWDEROLVP�DQG�
HVVHQWLDO�RLOV�� �3ODQW�0ROHFXODU�%LRORJ\�
5 H S R U W H U � � � � � � � � � � ² � � �
'RL���������$���������������

/DQGHU�� (�� 6��� *UHHQ�� 3��� $EUDKDPVRQ�� -���
%DUORZ��$���'DO\��0��-���/LQFROQ��6��(���	��
1HZEXUJ�� /�� �������� � 0DSPDNHU�� DQ�
LQWHUDFWLYH� FRPSXWHU� SDFNDJH� IRU�
FRQVWUXFWLQJ� SULPDU\� JHQHWLF� OLQNDJH�
PDS� RI� H[SHULPHQWDO� DQG� QDWXUDO�
SRSXODWLRQ�� *HQRPLF�� ������ ���²����� �
'RL�������������������������������

/HVSLQDVVH�'���5RGLHU�*RXG��0���*ULYHW��/���
/HFRQWH��$���/HJQDWH��+���	�6HJXLQ��0��
�������� �$�VDWXUDWHG�JHQHWLFV� OLQNDJH�
PDS�RI�UXEEHU�WUHH��+HYHD�VSS��EDVHG�
RQ� � 5)/3�� $)/3�� PLFURVDWHOOLWH�� DQG�
LVR]\PH� PDUNHUV�� 7KHRUHWLFDO� DQG�
$SSOLHG�*HQHWLFV�������������������'RL��
��������V�������������

/LX�� %�� +�� �������� 6WDWLVWLFDO� *HQRPLFV��
/LQNDJH�� 0DSSLQJ�� DQG� 47/� $QDOLVLV��
1HZ�<RUN��86$��&5&�3UHVV�

0F&RXFK�� 6�� 5���	�'RHUJH�� 5��:�� � �������� �
47/�0DSSLQJ� LQ� 5LFH�� 7UHQGV� *HQHW��
������������²�����

0RUHW]VRKQ��0��&���1XQHV��&��'��0���)HUUHLUD��
0��(���	�*UDWWDSDJOLD��'����������5$3'�
OLQNDJH�PDSSLQJ�RI�WKH�VKHOO�WKLFNQHVV�
ORFXV� LQ� RLO� SDOP� �(ODHLV� JXLQHHQVLV�
-DFT��� 7KHRUHWLFDO� DQG� $SSOLHG�
*HQHW LFV � � ������ � � ������� 'RL� �
��������V�������������

1RYDOLQD�� � �������� 'HWHNVL� PDUND� JHQHWLN�
\DQJ� WHUSDXW� GHQJDQ� NRPSRQHQ�
SURGXNVL� ODWHNV� SDGD� WDQDPDQ� NDUHW�
�+HYHD�EUDVLOLHQVLV�0XHOO�$UJ���PHODOXL�
SHPHWDDQ�47/�� � �'LVHUWDVL��� � ,QVWLWXW�
3HUWDQLDQ�%RJRU��,QGRQHVLD�

.RQVWUXNVL�3HWD�3DXWDQ�*HQHWLN�GDQ�$QDOLVLV�47/�7DQDPDQ�.DUHW�
3DGD�3RSXODVL�+DVLO�3HUVLODQJDQ�$QWDUD�55,0�����GHQJDQ�31������
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3UDVHWL\RQR��-���7DVOLDK���$VZLGLQQRRU��+���	�
0RHOMRSDZLUR�� 6�� �������� � ,GHQWLILNDVL�
PDUND� PLNURVDWHOLW� \DQJ� WHUSDXW�
GHQJDQ� VLIDW� WROHUDQVL� WHUKDGDS�
NHUDQFXDQ� DOXPLQLXP� SDGD� SDGL�
SHUVLODQJDQ�'XSD�[� ,7$������ �-XUQDO�
%LRWHNQRORJL�3HUWDQLDQ�����������²����

�
6DQMD\D��/���:DWWLPHQD��*��$���*XKDUMD��(���

<XVXI��0���$VZLGLQQRRU��+���	�6WDP��3���
�������� � 3HPHWDDQ� 47/� XQWXN� VLIDW�
NHWDKDQDQ� WHUKDGDS� SHQ\DNLW �
DQWUDNQRVH� SDGD� &DSVLFXP� VSS�� � �
-XUQDO� %LRWHNQRORJL� 3HUWDQLDQ�� ���
��²���

6HSWLQLQJVLK�� (�� 0��� 7ULMDWPLNR�� .�� 5���
0RHOMRSDZLUR�� 6��� 	� 0FRXFK�� 6�� 5��
�������� � ,GHQWLILFDWLRQ� RI� TXDQWLWDWLYH�
WUDLW� ORFL� IRU� JUDLQ� TXDOLW\� LQ� DQ�
DGYDQFHG� EDFNFURVV� SRSXODWLRQ�
GHULYHG� IURP�WKH�2U\]D�VDWLYD�YDULHW\�
,5���DQG�WKH�ZLOG�UHODWLYH�2��UXILSRJRQ���
7KHRU\� $SSOLHG� *HQHWLFV�� ��������
����²������ 'RL�� ��������V������
���������]�

6HTXLQ��0���%HVVH��3���/HEUXQ��3���	�&KHYDOLU��
0�� +�� �������� +HYHD� JHUPSODVP�
FKDUDFWHUL]DWLRQ� XVLQJ� LVR]\PHV� DQG�
5)/3�0DUNHUV�� �,Q�3��%DUDGDW���:��7��
$GDP��� 	� *�� 0XOOHU�6WDUFN�� �(GV���
3RSXODWLRQ� *HQHWLF� DQG� *HQHWLF�
&RQVHUYDWLRQ�RI� IRUHVW� WUHHV� �SS�����²�
������ $PVWHUGDP�� 1HWKHUODQGV�� 63%�
$FDGHPLF�3XEOLFDWLRQ�

6HTXLQ��0���5RGLHU�*RXG��0���	�/HVSLQDVH��
'�� �������� �0DSSLQJ�665�PDUNHUV� LQ�
UXEEHU� WUHH� �+HYHD� EUDVLOLHQVLV��
I DF L O L W D WHG � DQG � HQKDQFHG � E\ �
KHWHURGXSOH[� IRUPDWLRQ� DQG� WHPSOHWH�
PL[LQJ�� �3URFHHGLQJV� RI� 3ODQW� $QLPDO�
*HQRPH� 9� &RQIHUHQFH� �SS�� �����
:DVKLQJWRQ��86$��86'$��

6HWL\R�� ,�� (�� �������� 3HPHWDDQ� GDQ�
NHUDJDPDQ�JHQHWLN�5$3'�SDGD�NHODSD�
VDZLW� 6XQJHL� 3DQFXU� �5,63$�� �7HVLV��� �
,QVWLWXW�3HUWDQLDQ�%RJRU��,QGRQHVLD�

:LOOLDP��-��*��.���.XEHOLN��$��5���/LUDN��.��-���
5DIDOVN\��-��$���	�7LQJH\��6��9���������� �
'1$� SRO\PRUSKLVP� DPSOLILHG� E\�
DUELWUDU\�SULPHUV�DUH�XVHIXO�DV�JHQHWLF�
PDUNHUV�� � 1XOHLF� $FLGV� 5HV��� ��������
����������

:RHODQ��6������������3HWD�SDXWDQ�JHQHWLN�GDQ�
DQDOLVLV� 47/� WDQDPDQ� NDUHW� �+HYHD�
EUDVLOLHQVLV� 0XHOO� DUJ�� SDGD� SRSXODVL�
KDVLO�SHUVLODQJDQ�55,0�����GHQJDQ�31�
���� � VHEDJD L � GDVDU � V W UD WHJ L �
S HQ LQJND WDQ � S U RGXNV L � O D W HNV �
�'LVHUWDVL��� 8QLYHUVLWDV� 6XPDWHUD�
8WDUD��,QGRQHVLD�

:RHODQ�� 6��� 6D\XUDQGL��� 	� ,UZDQV\DK�� (��
�������� �.HUDJDPDQ�JHQHWLN�WDQDPDQ�
NDUHW��+HYHD�EUDLVOLQVLV�0XHOO�$UJ���GDUL�
KDVLO�SHUVLODQJDQ�LQWHUVSHVLILN��-XUQDO�
3HQHOLWLDQ�.DUHW�������������²����

:RHODQ��1LVD��&KDLGDPVDUL�GDQ�,UZDQV\DK��


