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$EVWUDFW

:KLWH� 5RRW� 'LVHDVH� �5LJLGRSRUXV�
PLFURSRUXV�� :5'�� LV� RQH� RI� WKH� PRVW�
LPSRUWDQW� GLVHDVHV� LQ� UXEEHU� SODQW�� 7KH�
GLVHDVH�FDXVHV�WKH�UDLVH�RI�HFRQRPLFDO�ORVVHV�
VLQFH�WKH�DWWDFN�UHVXOWHG�SODQW�GHDWK�DQG�KLJK�
DGGLWLRQDO� FRVW� IRU� WKH� FRQWURO� SURJUDP��
7KHUHIRUH�� SUHYHQWLYH� HIIRUW� WKURXJK� HDUO\�
GHWHFWLRQ� ZLOO� EH� PRUH� HIIHFWLYH� DQG�
HFRQRPLFDOO\�YLDEOH� WKDQ�FXUDWLYH�DSSURDFK�� �
(DUO\�GHWHFWLRQ�RI�:5'�GLVHDVH�V\PSWRPV�E\�
FRQYHQWLRQDO� PHWKRG� LV� VWLOO� GLIILFXOW� WR� EH�
GRQH�� DQG� LW� LV� NQRZQ� ZKHQ� WKH� SDWKRJHQ�
DWWDFN� KDV� DOUHDG\� UHDFKHG� WR� WKH� KHDY\�
VWDJH��(IIRUW�WR�DFFHOHUDWH�WKH�GHWHFWLRQ�UHTXLUH�
SUDFWLFDO� DQG� DGRSWDEOH� WHFKQRORJ\� E\�
IDUPHUV�� 6HURORJLFDO� UHDFWLRQ� LV� RQH� RI� WKH�
SURPLVLQJ� GHYLFHV� WR� EH� GHYHORSHG� IRU�
GHWHFWLRQ� WKH� SUHVHQFH� RI� SODQW� SDWKRJHQV��
7KH�SXUSRVH�RI�WKLV�UHVHDUFK�ZDV�WR�GHYHORS�
VHURORJ\� WHFKQLTXH� IRU� GHWHFWLQJ� HDUO\�
V\PSWRPV�RI�:5'��7KH�UHVXOWV�VKRZHG�WKDW�
WKH� SURGXFWLRQ� RI� DQWLERGLHV� WR� GHWHFW�:5'�
FRXOG��EH�REWDLQHG�E\�WZR�WLPHV�LPPXQL]LQJ�RI�
OD\LQJ�KHQV�ZLWK�FUXGH�H[WUDFW�RI�IUXLWLQJ�ERG\�
�$J)�� RU� P\FHOLXP� �$J0�� ZLWK� WKUHH�GD\�
LQWHUYDOV��$QWLERG\�SURGXFHG�E\� LQMHFWLQJ�RI�
IUXLWLQJ� ERG\� H[WUDFW� �$E)�� DQG� P\FHOLXP�
H[WUDFW��$E0��FRXOG�UHFRJQL]HG�$J0�DQG�$J)�
ZLWK�D� OHYHO�RI�GLIIHUHQW�UHDFWLRQ��$E0�FRXOG�
QRW� VSHFLILFDOO\� GHWHFW� WKH� SUHVHQFH� RI�:5'�
LQIHFWLRQ� WKURXJK� WKH� OHDYHV� DQG� ZDV� OHVV�
VHQVLWLYH� WR� GHWHFW� WKH� P\FHOLXP� RI� 5��
PLFURSRUXV�LQ�WKH�VRLO��2Q�WKH�RWKHU�KDQG��$E)�

FRXOG�GHWHFW�LQIHFWHG�:5'�SODQWV�WKURXJK�WKH�
OHDYHV�DQG�5��PLFURSRUXV�P\FHOLXP�LQ�WKH�VRLO�

.H\ZRUGV�� $Q W L ERG\ � � DQ W L JHQ � � HD U O \ �
GHWHFWLRQ�� URRW� GLVHDVH�� UXEEHU�
SODQW�

$EVWUDN

3HQ\DNLW� -DPXU� $NDU� 3XWLK� �-$3��
\DQJ� GLVHEDENDQ� ROHK� 5LJLGRSRUXV�
PLFURSRUXV�PHUXSDNDQ�VDODK�VDWX�SHQ\DNLW�
SHQWLQJ� SDGD� WDQDPDQ� NDUHW�� 3HQ\DNLW� LQL�
GDSDW�PHQLPEXONDQ�NHUXJLDQ�EHVDU�NDUHQD�
PHQJDNLEDWNDQ� NHPDWLDQ� WDQDPDQ� GDQ�
WDPEDKDQ� ELD\D� \DQJ� FXNXS� WLQJJL� XQWXN�
SHQJHQGDOLDQ� SHQ\DNLW� WHUVHEXW�� 2OHK�
NDUHQD� LWX�� XVDKD� SHQFHJDKDQ� PHODOXL�
GHWHNVL�GLQL�DNDQ�OHELK�HIHNWLI�GDQ�HNRQRPLV�
GDULSDGD� SHQGHNDWDQ� NXUDWLI�� 'HWHNVL� GLQL�
JHMDOD� SHQ\DNLW� -$3� VHFDUD� NRQYHQVLRQDO�
PDVLK�VXOLW�GLODNXNDQ��GDQ�EDUX�GLNHWDKXL�
VHFDUD�SDVWL�NHWLND�VHUDQJDQ�SDWRJHQ�VXGDK�
VDPSDL� SDGD� WDKDS� ODQMXW� �VWDGLD� EHUDW���
8SD\D � PHPSH U F HSD W � G H W H N V L � L Q L �
PHPEXWXKNDQ� WHNQRORJL� \DQJ� SUDNWLV� GDQ�
PXGDK� GLDGRSVL� ROHK� SDUD� SHNHEXQ��
3HUDQJNDW� WHNQRORJL� XQWXN� PHQGHWHNVL�
DGDQ\D� PDWHUL� SURWHLQ� GDSDW� GLODNXNDQ�
PHODOXL�SHPHULNVDDQ�DQWLERGL�\DQJ�EHUDGD�GL�
GDODP� VHUXP�� 7XMXDQ� GDUL� SHQHOLWLDQ� LQL�
DGDODK� PHQJHPEDQJNDQ� WHNQLN� VHURORJLV�
XQWXN� PHQGHWHNVL� JHMDOD� VHUDQJDQ� GLQL�
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SHQ\DNLW�MDPXU�DNDU�SXWLK��+DVLO�SHQHOLWLDQ�
PHQXQMXNNDQ� EDKZD� SURGXNVL� DQWLERGL�
XQWXN� PHQGHWHNVL� -$3� GDSDW� GLSHUROHK�
GHQJDQ�PHQJLPXQLVDVL�D\DP�SHWHOXU�GHQJDQ�
HNVWUDN� NDVDU� IUXLWLQJ� ERG\� �$J)�� DWDX�
PLVHOLXP� �$J0�� VHEDQ\DN�GXD�NDOL� GHQJDQ�
LQWHUYDO� �� KDUL�� $QWLERGL� KDVLO� UHDNVL�
LQRNXODVL� HNVWUDN� EDGDQ� EXDK� �$E)�� GDQ�
HNVWUDN� PLVHOLXP� �$E0�� GDSDW� PHQJHQDOL�
$J0� GDQ� $J)� GHQJDQ� WLQJNDW� UHDNVL� \DQJ�
EHUEHGD�� $E0� WLGDN� GDSDW� VHFDUD� VSHVLILN�
PHQGHWHNVL� DGDQ\D� LQIHNVL� -$3� PHODOXL� �
GDXQ� GDQ� NXUDQJ� VHQVLWLI� PHQGHWHNVL�
PLVHOLXP� GL� WDQDK�� 6HEDOLNQ\D� $E)� GDSDW�
PHQGHWHNVL�WDQDPDQ�WHUVHUDQJ�-$3�PHODOXL�
GDXQ� GDQ� GDSDW� PHQGHWHNVL� PLVHOLXP� GL�
GDODP�WDQDK��

.DWD� NXQFL�� GHWHNVL� GLQL�� (/,6$�� +HYHD�
EUDVLOLHQVLV�� -DPXU� $NDU�
3XWLK���WHNQLN�VHURORJL��

3(1'$+8/8$1

6DODK�VDWX�IDNWRU�\DQJ�PHQ\HEDENDQ�
UHQGDKQ\D�SURGXNWLYLWDV� WDQDPDQ�NDUHW� GL�
,QGRQHVLD� DGDODK� VHUDQJDQ� SHQ\DNLW�� 3DGD�
SHUNHEXQDQ� NDUHW� WHUGDSDW� EHEHUDSD� MHQLV�
SHQ\DNLW� \DQJ� VHULQJ� PHQ\HEDENDQ�
NHUXVDNDQ� VHSHUW L � SHQ\DNLW � DNDU� �
EDWDQJ�FDEDQJ�GDQ�GDXQ��'L�DQWDUD����MHQLV�
SHQ\DNLW� GL� SHUNHEXQDQ� NDUHW�� WHUGDSDW�
VHEHODV� MHQLV� SHQ\DNLW� SHQWLQJ� \DQJ�
PHQJDNLEDWNDQ� NHUXJLDQ� EHVDU�� 3HQ\DNLW�
MDPXU� DNDU� SXWLK� �5LJLGRSRUXV� PLFURSRUXV��
-$3��PHQHPSDWL�XUXWDQ�SHUWDPD�SHQ\HEDE�
NHUXVDNDQ� WDQDPDQ�NDUHW�GDQ�GLLNXWL�ROHK�
SHQ\DNLW� JXJXU� GDXQ� &RU\QHVSRUD �
�&RU\QHVSRUD� FDVVLLFROD��� &ROOHWRWULFKXP�
�&ROOHWRWULFKXP�JORHRVSRULRLGHV�� GDQ�2LGLXP�
�2 LG L XP � KHYHDH � � � V H U W D � S HQ\DN L W �
FDEDQJ�EDWDQJ� \DNQL� SHQ\DNLW� ODSXN�
EDWDQJ�FDEDQJ��)XVDULXP�VS���GDQ�SHQ\DNLW�
MDPXU� XSDV� �&RUWLFLXP� VDOPRQLFRORU��
�'DOLPXQWKH�� )DLUX]DK�� $LGL�'DVOLQ�� �������
3HQ\DNLW� -$3� PHQ\HUDQJ� WDQDPDQ� NDUHW�
KDPSLU�GL�VHPXD�VWDGLD�SHUWXPEXKDQ�PXODL�
GDU L � SHPELE L WDQ� � WDQDPDQ� EH OXP�
PHQJKDVLONDQ� �7%0�� EDKNDQ� WDQDPDQ�
PHQJKDVLONDQ��70���6DPSDL�VDDW� LQL�EHOXP�
GDSDW�GLSDVWLNDQ�DGDQ\D�WDQDPDQ�NDUHW�GDUL�
VXDWX�NORQ�\DQJ�EHUVLIDW�UHVLVWHQ�DWDX�WDKDQ�
WHUKDGDS� VHUDQJDQ� SHQ\DNLW� LQL� �)DLUX]DK��
'DOLPXQWKH�� .DU\XGL�� 6XU\DPDQ�� 	�
:LGKD\DWL���������8SD\D�SHQFHJDKDQ� OHELK�
EDLN� GL ODNXNDQ� GLEDQGLQJ� GHQJDQ�
SHQJREDWDQ� VHKLQJJD� ELD\D� SHQJHQGDOLDQ�
GDSDW�PHQMDGL�OHELK�HILVLHQ�

3HQ\DNLW� MDPXU� DNDU� SXWLK� GDSDW�
PHQJDNLEDWNDQ� NHUXJLDQ� PHQFDSDL� ����
SDGD� NDVXV� VHUDQJDQ� EHUDW� \DQJ� SDGD�
XPXPQ\D�WHUMDGL�SDGD�WDQDPDQ�NDUHW�PXGD�
E H UXPXU � � � � � W DKXQ � � 6X M D W Q R � 	 �
3DZLURVRHPDUGMR���������6HUDQJDQ�-$3�\DQJ�
FXNXS� OXDV� GLWHPXNDQ� GL� 3URYLQVL� -DPEL��
.DOLPDQWDQ� %DUDW�� .DOLPDQWDQ� 6HODWDQ��
%HQJNXOX��6XPDWHUD�%DUDW��6XPDWHUD�8WDUD�
GDQ�1DQJURH�$FHK�'DUXVVDODP��1DWDZLMD\D��
������� .HUXJLDQ� ILQDQVLDO� DNLEDW� NHPDWLDQ�
WDQDPDQ� DGDODK� VHNLWDU� ,'5� ���� WULOLXQ�
�VHNLWDU� 86'� ���� MXWD�� VHWLDS� WDKXQQ\D�
� 6 L W XP R U D Q J � � 6 X U \ D Q L Q J W \ D V � � 	 �
3DPLURVRHPDUGMR��������

0HWRGH� GHWHNVL� -$3� VHODPD� LQL�
PHQJJXQDNDQ� FDUD� NRQYHQVLRQDO� PHODOXL�
SHQDPSDNDQ� YLVXDO� VHWHODK� WDQDPDQ�
PHQXQMXNNDQ� JHMDOD� WHUVHUDQJ� EHUDW� DWDX�
SHQJRUHNDQ� OHKHU� DNDU�SDGD� VDWX�SHU� VDWX�
WDQDPDQ�� &DUD� LQL� PHPEXWXKNDQ� ZDNWX�
\DQJ� FXNXS� ODPD� GDQ� VHUDQJDQ� SHQ\DNLW�
MDPXU� DNDU� SXWLK� VXOLW� WHUGHWHNVL� GLQL��
$NLEDWQ\D�� JHMDOD� VHUDQJDQ� EDUX� GDSDW�
GLNHWDKXL� SDGD� VDDW� WDQDPDQ� VDNLW� VXGDK�
GDODP�VWDGLXP�EHUDW�GDQ�WLQJJDO�PHQXQJJX�
NHPDWLDQ�WDQDPDQ��0DVDODK�PRQLWRULQJ�LQL�
SHUOX� GLSHFDKNDQ� GHQJDQ� WHNQRORJL� \DQJ�
PDPSX�PHQGHWHNVL�GLQL�VHUDQJDQ�-$3�SDGD�
WDQDPDQ�NDUHW�EDLN�LWX�SDGD�WDQDPDQ�\DQJ�
WDPSDN� VHKDW�� WHUVHUDQJ� VWDGLXP� ULQJDQ��
PHGLXP� PDXSXQ� EHUDW�� 7HNQRORJL� LQL�
EHUPDQIDDW� XQWXN� HDUO\� ZDUQLQJ� V\VWHP�
VHKLQJJD� PHPSHUFHSDW� WLQGDNDQ� SUHYHQWLI�
GDQ� NXUDWLI� \DQJ� GLEXWXKNDQ� XQWXN�
PHQJHQGDOLNDQ�GDQ�PHQJKDPEDW�VHUDQJDQ�
-$3�WHUVHEXW��

6 H U R O R J L � DGD O DK � L OPX � \DQJ �
PHPSHODMDUL� SURVHGXU�SURVHGXU� GLDJQRVWLN�
GDQ� HNVSHULPHQWDO� \DQJ� EHUKXEXQJDQ�
GHQJDQ� LPXQRORJL� GDQ� PHQ\DQJNXW� UHDNVL�
VHUXP�� 8ML� VHURORJL� LQL� PHPDQIDDWNDQ�
DQWLERGL� GL� GDODP� VHUXP� GDQ� GDSDW�
PHQGHWHNVL�PLNURRUJDQLVPH�WHUWHQWX� �)DQJ�
	� 5DPDVDP\�� ������� 3HQHPXDQ� VSHVLILN�
DQWLERGL� XQWXN� WDUJHW� SHQ\DNLW� DGDODK�
SHQWLQJ� VHNDOL� XQWXN� PHPSHUPXGDK�
GLDJQRVD�� 6DODK� VDWX� XML � VHURORJL�
PHQJJXQDNDQ� PHWRGH� (Q]\PH� /LQNHG�
,PPXQRVRUEHQW� $VVD\� �(/,6$�� \DQJ�
PHUXSDNDQ� VXDWX� WHNQLN� ELRNLPLD� GDODP�
ELGDQJ� LPXQRORJL� XQWXN� PHQGHWHNVL�
NHKDGLUDQ�DQWLJHQ�EHUXSD�SURWHLQ�GL�GDODP�
VXDWX�VDPSHO��*DUFLD�HW�DO����������0HWRGH�LQL�
WHODK�GLJXQDNDQ�VHEDJDL�DODW�PHPSHUFHSDW�
GLDJQRVWLN�VHSHUWL�GL�ELGDQJ�PHGLV��*RXULQDW�
HW� DO��� ������� SDWRORJL� WXPEXKDQ� �6HYLN� 	�

�
'DOLPXQWKH��7LVWDPD��:DK\XQL�GDQ�'DUZLV
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.RVH�7RKXPFX�� ������ GDQ� MXJD� EHUEDJDL�
ELGDQJ� LQGXVWUL� PDNDQDQ� �:HQJ�� *DXU�� 	�
1HHWKLUDMDQ���������

3HQJJXQDNDQ� WHV� VHURORJL� XQWXN�
PHQJXML� LQIHNVL�YLUXV�SDGD� WDQDPDQ� WRPDW�
WHODK� EDQ\DN� GLODSRUNDQ� �(O�JKHLG� HW� DO���
������6HYLN�	�.RVH�7RKXPFX���������EDNWHUL�
SDWRJHQ� �/RSH]� HW� DO��� ������� GDQ� IXQJL�
SDWRJHQ�� � 7HNQRORJL� VHURORJL� VHODLQ� GDSDW�
PHQGHWHNVL� SDWRJHQ� MXJD� PHQDPEDK�
SHPDKDPDQ� PHQJHQDL� HNRORJL� GDQ�
HSLGHPLORJLQ\D��0DUWLQ��-DPHV��	�/HYHVTXH ��
������� 3HQJHPEDQJDQ� WHNQRORJL� VHURORJL�
VDQJDW� SHQWLQJ� GDODP� GHWHNVL� -$3� XQWXN�
SHUNHEXQDQ�NDUHW�PHQJLQJDW�OXDVQ\D�DUHDO�
SHUNHEXQDQ� NDUHW � GDQ� NHUXVDNDQ�
GLDNLEDWNDQQ\D� VDQJDW� WLQJJL�� 7XMXDQ� GDUL�
SHQHOLWLDQ� LQL� DGDODK� PHQJHPEDQJNDQ�
WHNQLN� VHURORJL� XQWXN� PHQGHWHNVL� JHMDOD�
VHUDQJDQ�GLQL�SHQ\DNLW�MDPXU�DNDU�SXWLK�

%$+$1�'$1�0(72'(

3HQHOLWLDQ� LQL� WHUGLUL� GDUL� WLJD�
NHJLDWDQ�\DQJ�GLODNXNDQ�VHFDUD�SDUDOHO�GDQ�
WHUNDLW� VDWX� VDPD� ODLQ� GDQ� GLODNVDQDNDQ�
SDGD� EXODQ� 0DUHW� ²� 1RYHPEHU� ������
.HJLDWDQ� SHQHOLWLDQ� PHOLSXWL� SHUVLDSDQ�
DQWLJHQ�� SURGXNVL� DQWLERGL�� GDQ� DQDOLVLV�
VHURORJL�� /LQJNXS� NHJLDWDQ� SHQHOLWLDQ� LQL�
GLODNVDQDNDQ�GL�/DERUDWRULXP�3URWHNVL�%DODL�
3HQHOLWLDQ� 6XQJHL� 3XWLK� GDQ� %DODL� %HVDU�
3HUEHQLKDQ� GDQ� 3URWHNVL� 7DQDPDQ�
3HUNHEXQDQ� �%%3373�� 0HGDQ�� 3HPEDFDDQ�
DEVRUEDQVL� (/,6$� GLODNVDQDNDQ� GL� %DODL�
%HVDU�.DUDQWLQD�%HODZDQ��

3HUVLDSDQ�$QWLJHQ
%DKDQ� \DQJ� GLJXQDNDQ� VHEDJDL�

VXPEHU�DQWLJHQ�SDGD�SHQHOLWLDQ� LQL�EHUXSD�
HNVWUDN�EDGDQ�EXDK��IUXLWLQJ�ERG\�DWDX�$J)���
HNVWUDN�PLVHOLXP��$J0��GDQ�HNVXGDW�MDPXU�
$NDU� 3XWLK� �5�� PLFURSRUXV��� %DGDQ� EXDK�
GLDPELO�GDUL�.HEXQ�3HUFREDDQ�6XQJHL�3XWLK�
6XPDWHUD�8WDUD�GDQ�6LNLMDQJ�5LDX��.XOWXU�
-$3� GDODP� PHGLD� 3'$� FDLU� \DQJ�
GLLQNXEDVLNDQ�VHODPD���KDUL�GL�DWDV�PHVLQ�
NRFRN� EHUNHFHSDWDQ� ���� USP� SDGD� VXKX�
NDPDU�GLSDQHQ�EODVWRVSRUDQ\D�GHQJDQ�FDUD�
ILOWUDVL��0DVVD�EODVWRVSRUD�GDQ�EDGDQ�EXDK�
PDVLQJ�PDVLQJ���J�GLFXFL�GHQJDQ�VDOLQ�EXIHU�
IRVIDW� �3%6�� S+� ����� � NHPXGLDQ� PDVLQJ�
PDVLQJ�GLJHUXV�GDODP�QLWURJHQ�FDLU�GHQJDQ�
SHQDPEDKDQ�����PJ�SROLYLQLO�SLULOLGRQ��393���
(NVWUDN� GLVHQWULIXJDVL� SDGD� ������� USP�

2
VHODPD� ���PHQLW� SDGD� VXKX� � &�� (NVWUDN�
SURWHLQ� WRWDO� \DQJ� DGD� GDODP� VXSHUQDWDQ�

GLSDNDL�VHEDJDL�VXPEHU�DQWLJHQ�GHQJDQ�FDUD�
PHQVXVSHQVLNDQ� PDVLQJ�PDVLQJ� HNVWUDN�
SURWHLQ�NH�GDODP����PO�JDUDP�ILVLRORJLV��1D&O�
�������� NHPXGLDQ� GLILNVDVL� GHQJDQ�
PHQDPEDKNDQ� ��� PO� IRUPDOLQ� ������
&DPSXUDQ�WHUVHEXW�GLLQNXEDVL���KDUL�SDGD�
VXKX�NDPDU��GDQ�VHODQMXWQ\D�GLVHQWULIXJDVL�
GHQJDQ� NHFHSDWDQ� ����� USP� VHODPD� ���
PHQLW� GDQ� HQGDSDQQ\D� GLVXVSHQVLNDQ�
GDODP����P/�IRUPDOLQ������ �GDODP�JDUDP�
ILVLRORJLV� �1D&O� �������� (NVXGDW� PLVHOLXP�
GLVLDSNDQ� GDUL� FDLUDQ� VLVD� PHGLD� NXOWXU�
PLVHOLXP� EHUXPXU� �� PLQJJX�� NHPXGLDQ�
GLVDULQJ� PHQJJXQDNDQ� PLOLSRUH� ����� �P��

2
6HPXD� DQWLJHQ� GLVLPSDQ� SDGD� VXKX� � &�
VHEHOXP�GLLPXQLVDVLNDQ�SDGD�D\DP�

,PXQLVDVL�$\DP
$\DP�\DQJ�GLLPXQLVDVL�DGDODK�D\DP�

MHQLV� EURLOHU�XPXU����EXODQ��$QWLJHQ� \DQJ�
GLLPXQLVDVLNDQ� DGDODK� WXEXK� EXDK� �$J)���
PLVHOLXP��$J0���GDQ�NRQWURO��3%6��PDVLQJ�
PDVLQJ�VHEDQ\DN���PO��(NVXGDW�-$3�WLGDN�
GLJXQDNDQ�VHEDJDL�DQWLJHQ�XQWXN�LPXQLVDVL�
D\DP� WHWDSL� KDQ\D� XQWXN� SHQJXMLDQ�
DQWLERGL�� ,PXQLVDVL� GLODNXNDQ� WLJD� NDOL�
GHQJDQ�MDUDN���KDUL�PHODOXL�RWRW�EDJLDQ�GDGD�
D\DP��7HOXU�D\DP�GLNXPSXONDQ�GDUL�PXODL�
KDUL� NH� �� �NRQWURO�� KLQJJD� ��� KDUL� VHWHODK�
LPXQLVDVL�

3HPDQHQDQ� $QWLERGL� GDUL� .XQLQJ� 7HOXU�
$\DP

7HOXU� \DQJ� GLSHUROHK� GDUL� D\DP�
GLNXPSXONDQ�GDQ�GLEHUL�NRGH�VHVXDL�GHQJDQ�
SHUODNXDQ�� 'DUL� EDQ\DN� WHOXU� \DQJ�
GLKDVLONDQ� GLSLOLK� WHOXU� GHQJDQ� LQWHUYDO�
EHUXPXU� �� �� KDUL� VHWHODK� LPXQLVDVL� �+6,���
.XQLQJ�WHOXU�GLSLVDKNDQ�GDUL�SXWLK�WHOXUQ\D�
PHQJJXQDNDQ� VDULQJDQ� WHK�� NHPXGLDQ�
GLFXFL� GHQJDQ� EXIHU� 3%6�� /LPD� SXOXK�
PLOLOLWHU�NXQLQJ� WHOXU�GLPDVXNDQ�NH�GDODP�
JHODV� XNXU� GDQ� GLWDPEDKNDQ� ��� PO� EXIHU�
VRGLXP�IRVIDW�����P0��S+�����GDQ�GLDGXN�
SHUODKDQ�� 6HWHODK� KRPRJHQ�� NXQLQJ� WHOXU�
GLFDPSXU�GHQJDQ����PO�NORURIRUP�VHKLQJJD�
PHPEHQWXN� SDVWD�� 3DVWD� GLVHQWULIXJDVL�
GHQJDQ� NHFHSDWDQ� ������� USP� VHODPD� ���

2
PHQLW� SDGD� VXKX� � &� GDQ� VXSHUQDWDQ�
GLSLQGDKNDQ� NH� GDODP� WDEXQJ� EDUX� GDQ�
GLWDPEDKNDQ� ���� �Z�Y�� SROLHWLOHQ� JOLNRO�
�3(*��� &DPSXUDQ� GLVHQWULIXJDVL� SDGD�
NHFHSDWDQ��������USP�VHODPD����PHQLW��GDQ�
VXSHUQDWDQ�GLEXDQJ��3HOHW�GLUHVXVSHQVLNDQ�
GHQJDQ���PO�EXIHU�IRVIDW�GDQ�GXD�WHWHV������
1D�D]LGH��NHPXGLDQ�GLVLPSDQ�SDGD�VXKX��

2
�� &� VDPSDL� GLJXQDNDQ� XQWXN� XML�
VHODQMXWQ\D��&DPHQLVFK�HW�DO���������

3HQJHPEDQJDQ�7HNQLN�6HURORJL�8QWXN�'HWHNVL�'LQL�3HQ\DNLW�
-DPXU�$NDU�3XWLK��5LJLGRSRUXV�PLFURSRUXV��3DGD�7DQDPDQ�.DUHW
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$QDOLVLV�(/,6$
%DKDQ�\DQJ�DNDQ�GLDQDOLVLV�VHURORJL�

DGDODK�IUXLWLQJ�ERGL��PLVHOLXP��UL]RVIHU�\DQJ�
EHEDV�GDQ� WHULQIHVWDVL�ROHK�-$3��GDQ�GDXQ�
WDQDPDQ�\DQJ�EHEDV� �WLGDN� WHUVHUDQJ�� -$3�
GDQ� GDXQ� \DQJ� WHULQIHNVL� -$3�� .HHQDP� �
EDKDQ� WHUVHEXW� GLHNWUDN� GHQJDQ� *HQHUDO�
([WUDFW�%XIIHU��*(%��S+������0DVLQJ�PDVLQJ�
DQWLJHQ� \DQJ� GLSHUROHK� GLHQFHUNDQ� ��� NDOL�
GHQJDQ� *(%�� 6DPSHO� VHEDQ\DN� ���� �/�
GLPDVXNDQ� NH� GDODP� VXPXU� :HOO� ��� GDQ�

2
GLLQNXEDVLNDQ� SDGD� VXKX� � &� VHODPD� ���
MDP�� $QWLERGL� GLVLDSNDQ� GHQJDQ� FDUD�
PHQJHQFHUNDQ� ���� NDOL� GHQJDQ� FDUERQDW�
FRDWLQJ�EXIIHU�� �:HOO����GLFXFL�GHQJDQ�3%67�
WLJD� NDOL�� NHPXGLDQ� GLNHULQJNDQ� GHQJDQ�
NHUWDV� WLVX�� $QWLERGL� VHEDQ\DN� ���� �/�
GLPDVXNDQ� NH�:HOO� ��� GDQ� GLLQNXEDVLNDQ�
SDGD� VXKX� NDPDU� VHODPD� �� MDP�� 6HWHODK�
GLFXFL� GHQJDQ� 3%67�� ���� �/� NRQMXJDW�
GLPDVXNNDQ� NH� :HOO� ���� GDQ� GLLQNXEDVL�
VHODPD� �� MDP�� .RQMXJDW� GLVLDSNDQ� GHQJDQ�
PHQJHQFHUNDQ� ���� NDOL� NRQVHQWUDVL� DZDO�
GHQJDQ� NRQMXJDW�(&,� %XIIHU� \DQJ�
PHQJDQGXQJ� ����� ERYLQH� VHUXP� DOEXPLQ��
���393�GDQ�������1D�D]LGH� GDODP�3%67��
:HOO� ��� GLFXFL� NHPEDOL� ODOX� GLPDVXNDQ�
VXEWUDW�GDQ�GLLQNXEDVLNDQ�VHODPD����²����
PHQLW��6XEWUDW�GLHQFHUNDQ���NDOL�NRQVHQWUDVL�
DZDO� GHQJDQ� 3%67�� 5HDNVL� (/,6$� GLEDFD�
GHQJDQ� DODW� (/,6$� UHDGHU� SDGD� SDQMDQJ�
JHORPEDQJ� ���� QP�� 'DWD� \DQJ� GLSHUROHK�
GLDQDOLVLV� VHFDUD� VWDWLVW LN� GHQJDQ�
PHQJJXQDNDQ� $129$� PHQJJXQDNDQ�
5DQFDQJDQ�$FDN�/HQJNDS�)DNWRULDO�GHQJDQ�
GXD�IDNWRU�GDQ�WLJD�XODQJDQ�

+$6,/�'$1�3(0%$+$6$1

3URGXNVL�$QWLERGL
$QWLERGL�GL�GDODP�NXQLQJ�WHOXU�GDSDW�

GLSURGXNVL� GHQJDQ� FDUD� PHQJLPXQLVDVL�
D\DP�SHWHOXU�GHQJDQ�DQWLJHQ�GDUL�EHUEDJDL�
VWDGLD�5LJLGRSRUXV�PLFURSRUXV�PHODOXL�YHQD�
D[LODULV� �*DPEDU� �D��� $QWLERGL� PHUXSDNDQ�
SURWHLQ� KDVLO� UHVSRQ� WHUKDGDS� NHEHUDGDDQ�
DQWLJHQ�\DQJ�EHUHDNVL�VHFDUD�VSHVLILN�GHQJDQ�
DQWLJHQ��WHUVHEXW�VHFDUD�LQ�YLYR�DWDX�LQ�YLWUR���
$QWLERGL�WHUGLUL�DWDV�JOLNRSURWHLQ�SODVPD�WLJD�
GLPHQVL�\DQJ�PHPEHQWXN�VWUXNWXU�VSHVLILN�
G H Q J D Q � G H W H U P L Q D Q � D Q W L J H Q L N �
�6DUDQWRSRXORV�� ������� � ,PXQLVDVL� GLXODQJ�
WLJD� NDOL� GHQJDQ� LQWHUYDO� VDWX� PLQJJX�
GLPDNVXGNDQ�XQWXN�PHQLQJNDWNDQ�MXPODK�
DQWLERGL� GL� GDODP� WHOXU�� $QWLERGL� DNDQ�
GLWUDQVIHU� NH� GDODP� NXQLQJ� WHOXU� VHEDJDL�
UHVSRQ�NHNHEDODQ�\DQJ�GLSHUROHK�GDUL�LQGXN�

�NHNHEDODQ� PDWHUQDO�� XQWXN� DQDNQ\D��
$QWLERGL� GDODP� WHOXU� WHUVHEXW� VSHVLILN�
WHUKDGDS� MHQLV� DQWLJHQ� \DQJ� GLVXQWLNDQ��
7HOXU� \DQJ� GLKDVLONDQ� GLNXPSXONDQ� VHMDN�
D\DP� GLLPXQLVDVL� � KLQJJD� ��� KDUL� VHWHODK�
LPXQLVDVL� SHUWDPD� �*DPEDU� �E��� $QWLERGL�
GDODP� NXQLQJ� WHOXU� VHODQMXWQ\D� GLLVRODVL�
GHQJDQ�NORURIRUP�GDQ�GLSUHVLSLWDVL�GHQJDQ�
3(*� �*DPEDU��F��� $QWLERGL� \DQJ�GLSHUROHK�
UHODWLI� EDQ\DN� \DLWX� UDWD�UDWD� ���PO�WHOXU��
5HDNVL� (/,6$� PHPHUOXNDQ� NRQVHQWUDVL�
DQWLERGL� UHQGDK� GHQJDQ� FDUD� SHQJHQFHUDQ�
DQWLERGL�����²�����NDOL�DJDU�GLSHUROHK�UHDNVL�
\DQJ� OHELK� VSHVLILN�� 3HQJHQFHUDQ�GDUL� WRWDO� �
DQWLERGL�GDUL�WLDS�WLDS�WHOXU�GDSDW�GLJXQDNDQ�
XQWXN� ������� ²� ������� UHDNVL� (/,6$��
-XPODK� DQWLERGL� WHOXU� MDXK� OHELK� EDQ\DN�
GLEDQGLQJNDQ�GHQJDQ� MXPODK�DQWLERGL�GDUL�
VHUXP�GDUDK�ELDVDQ\D�KDQ\D�PHQGDSDWNDQ�
����PO�DQWLERGL�DWDX�VHWDUD�GHQJDQ�������²�
������ UHDNVL� (/,6$�� 6HODLQ� OHELK� EDQ\DN�
SHPDQHQ� DQWLERGL�PHODOXL� WHOXU� MXJD� OHELK�
PXGDK�GDQ�UHDNVLQ\D�WHUKDGDS�DQWLJHQ�MXJD�
WLQJJL��

3HQJJXQDDQ� DQWLERGL� NXQLQJ� WHOXU�
XQWXN�NHSHUOXDQ�GLDJQRVLV�SURWHLQ�VSHVLILN�
SHUQDK� GLODNXNDQ� ROHK� 6LVZDQWR� �������
XQWXN�GHWHNVL�SURWHLQ�SHQDQGD�NHNHULQJDQ�
DOXU�VDGDS�SDGD�WDQDPDQ�NDUHW��6XKDU\DQWR�
GDQ� 6XGDUPDGML� ������� MXJD� PHODSRUNDQ�
SHQJJXQDDQ�DQWLERGL�NXQLQJ�WHOXU�LQL�XQWXN�
PHQGHWHNVL� NHUDJDPDQ� MDPXU� %HDXYHULD�
EDVVLDQD�� 6HODLQ� LWX�� DQWLERGL� GDSDW�
GLJXQDNDQ� XQWXN� PHQGHWHNVL� DGDQ\D�
SHQ\DNLW�MDPXU�GL�GDODP�MDULQJDQ�WDQDPDQ�
�)DQJ�	�5DPDVDP\��������

$NWLYLWDV� $QWLERGL� )UXLWLQJ� %RG\� �$E)��
G D Q � $ Q W L E R G L � 0 L V H O L XP � � $ E0 � �
0HQJJXQDNDQ�0HWRGH�(/,6$

%HUGDVDUNDQ� DNWLYLWDVQ\D�� DQWLERGL�
NXQLQJ�WHOXU�D\DP�VHEHOXP�LPXQLVDVL�OHELK�
WLQJJL�SDGD�NLVDUDQ�DEVRUEDQVL��������\DQJ�
EHUDUWL� EHOXP� GDSDW� EHUHDNVL� EDLN� GHQJDQ�
$J0� GDQ� $J)�� $NWLYLWDV� DQWLERGL�PLVHOLXP�
�$E0��PHQLQJNDW�PHQMDGL��������WHUKDGDS�
$J)�SDGD� WLJD�KDUL� VHWHODK� LPXQLVDVL� �+6,��
SHUWDPD� GDQ� PHQFDSDL� SXQFDNQ\D� SDGD�
LPXQLVDVL�NHGXD�PHQMDGL�������� �7DEHO�����
6HWHODK� LPXQLVDVL� NHWLJD�� UHDNVL� $E0�
WHUKDGDS�$J)�PHQXUXQ� � �PHQMDGL���������
6HPHQWDUD�UHDNVL�$E0�WHUKDGDS�$J0�EDUX�
PHQXQMXNNDQ� SHQLQJNDWDQ� DNWLYLWDV� SDGD�
LPXQLVDVL� NHGXD�� 5HDNVL� DQWLERGL� PXODL�
PHQXUXQ� VHWHODK� KDUL� NH���� LPXQLVDVL�
SHUWDPD�� 1DPXQ� GHPLNLDQ� UHDNVL� $E0�
PHQXQMXNNDQ� SROD� SHQLQJNDWDQ� EHUXODQJ�

�
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SDGD� KDUL� NH���� KDUL� VHWHODK� LPXQLVDVL�
SHUWDPD��

$NWLYLWDV� DQWLERGL� GDUL� WXEXK� EXDK�
�$E)�� WHUKDGDS�$J)�PXODL�PHQLQJNDW�SDGD�
WLJD�KDUL�LPXQLVDVL�SHUWDPD�GDQ�UHODWLI�VWDELO�
KLQJJD�KDUL�NH����LPXQLVDVL�SHUWDPD��7DEHO�
����$NWLYLWDV�UHDNVL�$E)�WHUKDGDS�$J0�MXJD�
PHQLQJNDW� VHWHODK� LPXQLVDVL� SHUWDPD� GDQ�
PHPSXQ\DL� SXQFDN� DNWLYLWDV� SDGD� KDUL�
NHWLJD� GDQ� NHHQDP� VHWHODK� LPXQLVDVL�
SHUWDPD��+DO�\DQJ�PHQDULN�GDUL�KDVLO�XML�LQL�
DGDODK�UHDNVL�$E)�WHUKDGDS�$J0�OHELK�WLQJJL�
GLEDQGLQJNDQ�WHUKDGDS�$J)��

6HFDUD� XPXP�� SHQJXMLDQ� $E)� GDQ�
$E0�PHQLQJNDW� VHWHODK� �� KDUL� GDUL� ZDNWX�
LPXQLVDVL�GDQ�PHQFDSDL�SXQFDNQ\D���KDUL�
VHWHODK�LPXQLVDVL�NHGXD��'HQJDQ�GHPLNLDQ��
SURGXNVL� DQWLERGL� PHODOXL� NXQLQJ� WHOXU�
FXNXS�GXD�NDOL�LPXQLVDVL�GDQ�GLSDQHQ�SDGD�
VHPLQJJX� VHWHODK� LPXQLVDVL�� &RRSHU� GDQ�
3DWHUVRQ��������PHODSRUNDQ�EDKZD�DQWLERGL�
GDSDW� GLSDQHQ� GXD� PLQJJX� VHWHODK�
LPXQLVDVL�SHUWDPD��GDQ�LGHDOQ\D�DGDODK����
KDUL� VHWHODK� LPXQLVDVL� SHUWDPD�� 3URGXNVL�
DQWLERGL� SDGD� SHQHOLWLDQ� LQL�PHQXQMXNNDQ�
KDVLO� \DQJ� OHELK� FHSDW� GDUL� SHQHOLWLDQ�
VHEHOXPQ\D� \DQJ� PHPHUOXNDQ� ZDNWX� ��

3HQJHPEDQJDQ�7HNQLN�6HURORJL�8QWXN�'HWHNVL�'LQL�3HQ\DNLW�
-DPXU�$NDU�3XWLK��5LJLGRSRUXV�PLFURSRUXV��3DGD�7DQDPDQ�.DUHW

*DPEDU����3URVHV� LPXQLVDVL�D\DP�SHWHOXU�GHQJDQ�DQWLJHQ�-$3��D��� WHOXU�\DQJ�GLKDVLONDQ�
VHWHODK�LPXQLVDVL�D\DP��E��GDQ�DQWLERGL�GDODP�WHOXU�\DQJ�WHODK�GLLVRODVL��F�

)LJXUH���� �7KH�LPPXQL]DWLRQ�SURFHVV�RI�OD\LQJ�KHQV�ZLWK�DQWLJHQ�RI�ZKLWH�URRW�GLVHDVH��D���WKH�
HJJV�SURGXFHG�DIWHU�LPPXQL]DWLRQ�RI�FKLFNHQ��E��DQG�DQWLERGLHV�LQ�HJJV�WKDW�KDG�EHHQ�
LVRODWHG��F�

D &

E

3HUODNXDQ�
7UHDWPHQWV�

3HPEDFDDQ�DEVRUEDQVL�SDQMDQJ�JHORPEDQJ�����QP�
$EVRUEDQFH�UHDGLQJV�DW�ZDYH�OHQJWK�RI�����QP�

$QWLJHQ�)��$J)��
$QWLJHQ�)��$J)��

$QWLJHQ�0��$J0��
$QWLJHQ�0��$J0��

3UD�LPXQLVDVL� ������G� ������H�

��+6,� ������E� ������H�

��+6,� ������D� ������D�

��+6,� ������F� ������E�

���+6,� ������E� ������F�

���+6,� ������F� ������G�

���+6,� ������G� ������D�

���+6,� ������G� ������H�

�

7DEHO�����6HOLVLK�DEVRUEDQVL�NRQWURO��SUD�LPXQLVDVL��GHQJDQ�DEVRUEDQVL�EHEHUDSD�$E0�XQWXN�
PHQJHQDOL�DQWLJHQ�PLVHOLXP��$J0��GDQ��DQWLJHQ�WXEXK�EXDK��$J)��

7DEOH����7KH�GLIIHUHQFH�LQ�DEVRUEDQFH�RI�FRQWURO��SUH�LPPXQL]DWLRQ��ZLWK�WKH�DEVRUEDQFH�RI�VRPH�
$E0�WR�UHFRJQL]H�WKH�P\FHOLXP�DQWLJHQ���$J0��DQG�IUXLWLQJ�ERG\�DQWLJHQ��$J)��

&DWDWDQ��+6,��KDUL�VHWHODK�LPXQLVDVL���1RWH��'$,��GD\�DIWHU�LPPXQL]DWLRQ�
$QJND�DQJND�\DQJ�GLLNXWL�ROHK�KXUXI�\DQJ�EHUEHGD�SDGD�NRORP�\DQJ�VDPD�EHUEHGD�Q\DWD�SDGD�8ML�-DUDN�%HUJDQGD�
'XQFDQ��SDGD�WDUDI���
)LJXUHV�IROORZHG�E\�GLIIHUHQW�OHWWHU�LQ�WKH�VDPH�FROXPQ�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�EDVHG�RQ�'XQFDQ�PXOWLSOH�UDQJH�WHVW�
DW����VLJQLILFDQW�OHYHO
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3HUODNXDQ�
7UHDWPHQWV�

3HPEDFDDQ�DEVRUEDQVL�SDQMDQJ�JHORPEDQJ�����QP�
$EVRUEDQFH�UHDGLQJV�DW�ZDYH�OHQJWK�DV�����QP�

$QWLJHQ�)��$J)��
$QWLJHQ�)��$J)��

$QWLJHQ�0��$J0��
$QWLJHQ�0��$J0��

3UD�LPXQLVDVL� ������I� ������H�

��+6,� ������F� ������F�

��+6,� ������G� ������E�

��+6,� ������H� ������E�

���+6,� ������E� ������G�

���+6,� ������F� ������E�

���+6,� ������F� ������D�

���+6,� ������D� ������E�

�

7DEHO����6HOLVLK��DEVRUEDQVL�NRQWURO��SUD�LPXQLVDVL��GHQJDQ�DEVRUEDQVL�EHEHUDSD�$E)�XQWXN�
PHQJHQDOL�DQWLJHQ�PLVHOLXP��$J0��GDQ�DQWLJHQ�WXEXK�EXDK��$J)�

7DEOH����7KH�GLIIHUHQFH�LQ�DEVRUEDQFH�RI�FRQWURO��SUH�LPPXQL]DWLRQ��ZLWK�WKH�DEVRUEDQFH�RI�VRPH�
$E)�WR�UHFRJQL]H�WKH�P\FHOLXP�DQWLJHQ��$J0��DQG�IUXLWLQJ�ERG\�DQWLJHQ��$J)��

&DWDWDQ��+6,��KDUL�VHWHODK�LPXQLVDVL���1RWH��'$,��GD\�DIWHU�LPPXQL]DWLRQ�
$QJND�DQJND�\DQJ�GLLNXWL�ROHK�KXUXI�\DQJ�EHUEHGD�SDGD�NRORP�\DQJ�VDPD�EHUEHGD�Q\DWD�SDGD�8ML�-DUDN�%HUJDQGD�
'XQFDQ��SDGD�WDUDI���
)LJXUHV�IROORZHG�E\�GLIIHUHQW�OHWWHU�LQ�WKH�VDPH�FROXPQ�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�EDVHG�RQ�'XQFDQ�PXOWLSOH�UDQJH�WHVW�
DW����VLJQLILFDQW�OHYHO

PLQJJX� �6XKDU\DQWR�	�6XGDUPDGML�� �������
3URGXNVL� \DQJ� OHELK� FHSDW� VHFDUD� SUDNWLV�
DNDQ� OHELK� PHQJXQWXQJNDQ� GDQ� OHELK�
UHQGDK� SHOXDQJQ\D� XQWXN� WHUNRQWDPLQDVL�
ROHK�SURWHLQ�ODLQ�

$NWLYLWDV�DQWLERGL�PHQLQJNDW�VHEDJDL�
UHVSRQ� WXEXK� GDODP�PHQHWUDOLVDVL� SURWHLQ�
DVLQJ�\DQJ�PDVXN�NH�GDODP� WXEXK�VHSHUWL�
LPXQLVDVL� DWDX� YDNVLQ�� $QWLERGL� \DQJ�
GLWLPEXONDQ� VHVXDL� GHQJDQ� MHQLV�MHQLV�
SURWHLQ� \DQJ� GLEHULNDQ� NH� GDODP� WXEXK�
�+XWDPL�� ������� (NVWUDN� NDVDU� GDUL� NRORQL�
WXQJJDO�EDNWHUL�VXGDK� �EHUKDVLO�GLJXQDNDQ�
PHQGHWHNVL� EHEHUDSD� SHQ\DNLW� SDGD�
UXPLQDQ��6KLQ��/HH��(OL]DEHWK��0DQQLQJ��	�
&ROOLQV�� ������� (NVWUDN� PLVHOLXP� \DQJ�
EHUXSD� JOLNRSURWHLQ� GLJXQDNDQ� XQWXN�
PHQGHWHNVL� DGDQ\D� $VSHJLOOXV� RU\]DH�
�.DPDUDM��6LYDUDML��	�*RYDUWKDQDQD���������
3HQHOLWLDQ�LQL�PHQJJXQDNDQ�DQWLJHQ�EHUXSD�
HNVWUDN� NDVDU� GDUL� MDULQJDQ� WXEXK� EXDK�
�IUXLWLQJ� ERG\�� DWDX� PLVHOLXP� VHKLQJJD�
SURWHLQ�\DQJ�GLLPXQLVDVLNDQ�MXJD�WHUGLUL�GDUL�
EHUEDJDL�MHQLV�GDQ�XNXUDQ��5HDNVL�DQWLERGL�
\DQJ� GLWLPEXONDQ� MXJD� EHUYDULDVL� VHKLQJJD�
GLVHEXW� VHEDJDL� DQWLERGL� SROLNORQDO�
�SRO\FORQDO� DQWLERG\��� 8QWXN� PHQGDSDWNDQ�
DQWLERGL�\DQJ� OHELK�VSHVLILN��PDND�VXPEHU�
SURWHLQ� DQWLJHQ� SHUOX� GLIUDNVLQDVL� WHUOHELK�
GDKXOX� VHVXDL� GHQJDQ� VWUXNWXU� GDQ� EHUDW�
PROHNXOQ\D 6DODK� VDWX� FRQWRK� SURGXNVL���
SURWHLQ� OHELK� VSHVLILN� DGDODK� GHQJDQ�

PHQJLPXQLVDVLNDQ� SURWHLQ� QHXUDPLQLGDVH�
\DQJ�EHUSHUDQ�XQWXN�XQWXN�SHOHSDVDQ�YLUXV�
GDUL� VHO� LQDQJ� NH� GDODP� WXEXK� NHOLQFL�
�5DKPDGHZL��������

8ML�'LDJQRVLV�-DPXU�$NDU�3XWLK��-$3�
� 3HQJJXQDDQ� DQWLERGL� NKXVXVQ\D�
XQWXN� PHQGHWHNVL� SHQ\DNLW� GL� GDODP�
MDULQJDQ�WDQDPDQ�PHPHUOXNDQ�VDPSHO�\DQJ�
PXGDK� GLSHUROHK� GDQ� PXGDK� GLHNVWUDN��
-DPXU�DNDU�SXWLK�XPXPQ\D�KLGXS�GL�GDHUDK�
ULV]RVIHU� GDQ� PHQMDODU� GL� SHUDNDUDQ� GDQ�
GHQJDQ�PXGDK�PHQXODU�PHODOXL�WDQDK��-$3�
DNDQ�PHQJLQIHVWDVL�SHUPXNDDQ�DNDU�WDQSD�
PHQLPEXONDQ� JHMDOD3HUFREDDQ� EHULNXWQ\D�
LQL� GLPDNVXGNDQ� XQWXN� PHQGHWHNVL�
NHEHUDGDDQ� PLVHOLXP� DWDX� HNVXGDW� \DQJ�
GLNHOXDUNDQ�ROHK�-$3�GL�GDHUDK�SHUDNDUDQ�
�ULV]RVIHU���MDULQJDQ�DNDU�GDQ�GDXQ��6DPSHO�
\DQJ� GLXML� DGDODK� HNVWUDNVL� WDQDK� \DQJ�
WHULQIHVWDVL�-$3�GLEDQGLQJNDQ�GHQJDQ�WDQDK�
\DQJ�EHEDV�-$3��GDQ�GDXQ�WDQDPDQ�VHKDW�
GLEDQGLQJNDQ� GHQJDQ� WDQDPDQ� \DQJ�
WHULQIHNVL�-$3��7DQDK�\DQJ�WHULQIHVWDVL�-$3�
PHQJDQGXQJ� PLVHOLXP� \DQJ� WHUFDPSXU�
GHQJDQ� EDKDQ�EDKDQ� RUJDQLN� ODLQQ\D��
6HGDQJNDQ� SHUXEDKDQ� GDXQ� \DQJ� NXVDP�
GLGXJD� PHQJDQGXQJ� HNVXGDW� SURWHLQ� GDUL�
\ D Q J � G L O H S D V N DQ � R O H K � - $ 3 � G D Q �
GLGLVWULEXVLNDQ� PHODOXL� VLOHP� NH� GDXQ��
6HEDJDL� NRQWURO� SRVLWLI� GLJXQDNDQ� HNVWUDN�
WXEXK� EXDK� �IUXLWLQJ� ERG\�� GDQ� HNVWUDN�
PLVHOLXP�



���

3HQJHPEDQJDQ�7HNQLN�6HURORJL�8QWXN�'HWHNVL�'LQL�3HQ\DNLW�
-DPXU�$NDU�3XWLK��5LJLGRSRUXV�PLFURSRUXV��3DGD�7DQDPDQ�.DUHW

$QWLERGL�DQWL�PLVHOLXP��$E0��GDSDW�
PHQJHQDOL�IUXLWLQJ�ERG\�DQWLJHQ�GDQ�DQWLJHQ�
PLVHOLXP�GHQJDQ�DEVRUEDQVL�EHUWXUXW�WXUXW�
������� GDQ� ������� �*DPEDU� ���� 7LQJJLQ\D�
DEVRUEDQVL � SDGD� UHDNVL � $E0�$J0�
GLEDQGLQJNDQ� $E0�$J)� PHQXQMXNNDQ�
EDKZD� $E0� OHELK� VSHVLILN� WHUKDGDS� $J0�
GLEDQGLQJNDQ� WHUKDGDS� $J)�� 5HDNVL�
SHQJHQDODQ� $E0� WHUKDGDS� HNVWUDN� GDXQ�
\DQJ� WHULQIHNVL� �$J'-�� GDQ� GDXQ� VHKDW�
�$J'6��WLGDN�EHUEHGD�Q\DWD��.HGXD�VXPEHU�
DQWLJHQ� PHPSXQ\DL� DEVRUEDQVL� KDPSLU�
VDPD� GHQJDQ� DEVRUEDQVL� $J)�� 'LGXJD�
VHEDJLDQ� SURWHLQ� GL� GDODP� HNVWUDN� GDXQ�
PHPSXQ\DL� NHPLULSDQ� GHQJDQ� SURWHLQ� GL�
GDODP� IUXLWLQJ�ERG\��1DPXQ�GHPLNLDQ�EDLN�
GDXQ� WDQDPDQ� \DQJ� VDNLW� PDXSXQ� \DQJ�
VHKDW� WLGDN� WHUGDSDW� SURWHLQ� VSHVLILN� \DQJ�
PHPEHGDNDQ� DQWDUD� NHGXDQ\D�� 'HQJDQ�
GHPLNLDQ� SHQJHQDODQ� WDQDPDQ� \DQJ�
W H U LQ I HNV L � W L GDN � GDSD W � G LNH WDKX L �
PHQJJXQDNDQ � HNV W UDN � GDXQ � M LND �
PHQJJXQDNDQ� $E0�� 3HQJJXQDDQ� HNVWUDN�
PLVHOLXP� XQWXN� PHPSURGXNVL� SROLNORQDO�
GDQ� PRQRNORQDO� DQWLERGL� WHODK� GLODSRUNDQ�
GDQ� GDSDW�PHQGHWHNVL� MHQLV�MHQLV�PLNRUL]D�
�*REHO��+DQK��	�+RFN��������GDQ�PHQGHWHNVL�
DGDQ\D� SHQ\DNLW� \DQJ� GLVHEDENDQ� ROHK�
&DQGLGD� IDPDWD� �3LVD�� 5DPRV�� 0ROLQD�� 	�
&DUUDVFR��������

3DGD� SHQJDPDWDQ� HNVWUDN� WDQDK��
EDLN� \DQJ� WHULQYHVWDVL� ROHK� -$3� �$J7-��
PDXSXQ� \DQJ� EHEDV� -$3� �$J7%-���

PHQXQMXNNDQ� WLQJNDW� DEVRUEDQVL� KDPSLU�
VDPD�GHQJDQ�$J)��$QWLJHQ�WDQDK�\DQJ�EHEDV�
-$3� WLGDN� EHUEHGD� Q\DWD� DEVRUEDQVLQ\D�
GLEDQGLQJNDQ� WDQDK�\DQJ� WHULQYHVWDVL� ROHK�
-$3�� 3RSXODVL� PLVHOLXP� GL� GDODP� VDPSHO�
WDQDK�\DQJ�VDQJDW�UHQGDK�GLGXJD�VDODK�VDWX�
SHQ\HEDE� PHQJDSD� HNVWUDN� WDQDK�
WHULQYHVWDVL�-$3�WLGDN�WHUGHWHNVL�ROHK�$E0��
1RPL\DPD�� 2VDNL�� 6DVD\D�� GDQ� ,VKLNDZD�
������� PHODSRUNDQ� EDKZD� SROLNORQDO�
DQWLERGL� PHPLOLNL� NHWHUEDWDVDQ� GDODP�
SHQJHQDODQ� SHQ\DNLW�� PLVDOQ\D� VSRUD�
2OSLGLXP� YLUXOHQWXV� \DQJ� PHQ\HUDQJ� DNDU�
NHWLPXQ� GDSDW� GLGHWHNVL� PLQLPDO� ����
VSRUD����� �/�� 7LQJJLQ\D� DEVRUEDQVL� SDGD�
$J7-�GDQ�$J7%-��PHQ\HEDENDQ�$E0�NXUDQJ�
VSHVLILN�GLNHPEDQJNDQ�XQWXN� �PHQGHWHNVL�
SURSDJXO� PLVHOLXP� -$3� \DQJ� WHUVHEDU� GL�
GDODP�WDQDK��

$QWLERGL� IUXLW LQJ� ERG\ � �$E)��
PHQJHQDOL� $J)� GDQ� $J0�� GDQ� SHQJHQDODQ�
$E)�WHUKDGDS�$E0�OHELK�WLQJJL�GLEDQGLQJNDQ�
WHUKDGDS�$J)��$E)�MXJD� �PHQJHQDOL�DGDQ\D�
VHUDQJDQ�-$3�PHODOXL�HNVWUDN�GDXQ��*DPEDU�
���� +DO� WHUVHEXW� GLWXQMXNNDQ� GDUL� QLODL�
DEVRUEDQVL� GDXQ� WDQDPDQ� \DQJ� WHULQIHNVL�
-$3� PHPLOLNL� DQJND� \DQJ� OHELK� WLQJJL�
GLEDQGLQJNDQ�DEVRUEDQVL�GDUL�DQWLJHQ�GDXQ�
WDQDPDQ� VHKDW�� 'LGXJD�� MDPXU� DNDU� SXWLK�
SDGD� WLQJNDW� SHUNHPEDQJDQ� WHUWHQWX�
PHQJHOXDUNDQ� VHQ\DZD� HNVXGDW� \DQJ�
G L O HSDVNDQ � NH � GD O DP� V L O HP � GDQ �
GLGLVWULEXVLNDQ� VDPSDL� NH� GDXQ�� $QWLERGL�

*DPEDU� ��� 3HQJHQDODQ� DQWLERGL� PLVHOLXP� �$E0�� WHUKDGDS� EHEHUDSD� MHQLV� DQWLJHQ�� $J)�
�DQWLJHQ� IUXLWLQJ�ERG\���$J0� �DQWLJHQ�PLVHOLXP���$J�'6� �DQWLJHQ�GDXQ�VHKDW���
$J'-� ��DQWLJHQ�GDXQ�WHUNHQD�-$3���$J7-��WDQDK�WHULQIHNVL�-$3���$J7%-��WDQDK�
EHEDV�-$3��

)LJXUH�����$Q�LQWURGXFWLRQ�RI�DQWLERGLHV�P\FHOLXP��$E0��DJDLQVW�FHUWDLQ�W\SHV�RI�DQWLJHQV��$J)�

�IUXLWLQJ�ERG\�DQWLJHQ���$J0��P\FHOLXP�DQWLJHQ���$J'6��KHDOWK\�OHDYHV�DQWLJHQ���$J'-�

�H[SRVHG� OHDYHV�:5)'� DQWLJHQ��� $J7-� �VRLO� LQIHVWHG�:5)'��� $J7%-� �IUHH� ODQG� RI�

:5)'��
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���

DQWL�IXFRVH��MHQLV�PXFLODJH��GDSDW�GLJXQDNDQ�
XQWXN�PHQGHWHNVL�HNVXGDW�\DQJ�GLKDVLONDQ�
ROHK� DNDU� WDQDPDQ� GDQ� VHNDOLJXV�
PHQJHWDKXL�SRVLVL�HNVXGDW�GL�GDODP�VHO�VHO�
DNDU� �5R\� HW� DO��� ������� +ROLIDK� �������
PHODSRUNDQ� EDKZD� DQWLERGL� GDSDW� GLEXDW�
XQWXN� PHQJHQDOL� SURWHLQ� \DQJ� EHUSHUDQ�
GDODP� WUDQVSRUW� VXNURVD� GDUL� GDXQ� NH�
MDULQJDQ�ODLQQ\D�

� 5HDNVL� $E)� GHQJDQ� DQWLJHQ� WDQDK�
WHULQYHVWDVL� -$3� �$J7-�� OHELK� WLQJJL�
GLEDQGLQJNDQ�GHQJDQ�DQWLJHQ� WDQDK�EHEDV�
-$3� �$J%-��� 5HDNVL� $E)�$J7-� \DQJ� OHELK�
WLQJJL� WHUVHEXW� PHQXQMXNNDQ� DGDQ\D�
PLVHOLXP��HNVXGDW�DWDX�VSRUD�-$3�GL�GDODP�
WDQDK� \DQJ� WHUGHWHNVL� ROHK� $E)�� 'HQJDQ�
GHPLNLDQ�$E)�GDSDW�PHQJHQDOL�EDLN�HNVXGDW�
\DQJ� GLOHSDV� ROHK� -$3� \DQJ� NHPXGLDQ�
GLWUDQVSRUW� GDUL� DNDU� PHQXMX� NH� GDXQ�
PDXSXQ�-$3�\DQJ�WXPEXK�GL�GDODP�WDQDK��
3HPLOLKDQ� VDPSHO� WHUJDQWXQJ� NHSUDNWLVDQ�
SHQJDPELODQ� VDPSHO� GL� ODSDQJDQ� GDQ�
WHUJDQWXQJ�SDGD�XPXU�WDQDPDQ��3DGD�XPXU�
WDQDPDQ� NXUDQJ� GDUL� ��� EXODQ� � GHQJDQ�
WLQJJL� WDQDPDQ� NXUDQJ� OHELK� �� P� PDND�
VDPSHO� GDXQ� OHELK� PXGDK� GLDPELO��
6HGDQJNDQ�SDGD�XPXU� WDQDPDQ� OHELK�GDUL�
���EXODQ��WDQDPDQ�VXGDK�WLQJJL�OHELK�GDUL���
P� VHKLQJJD� VXOLW� GLDPELO� GDXQQ\D�� PDND�
VDPSHO� WDQDK� GL� SHUDNDUDQ� WDQDPDQ� OHELK�
PXGDK�GLJXQDNDQ��

% H E H U D S D � K D O � \ D Q J � S H U O X �
GLNHPEDQJNDQ�GDODP�SHQHOLWLDQ� LQL�DGDODK�
NHWHSDWDQ� GDODP� SHQGHWHNVLDQ� EHEHUDSD�

MHQLV�WDQDK�GL�DUHDO�SHUNHEXQDQ�NDUHW��6HODLQ�
LWX� XQWXN� PHQJHWDKXL� WLQJNDWDQ� VHUDQJDQ�
-$3�GDUL�GDXQ�GHQJDQ�PHQJJXQDNDQ�WHNQLN�
VHURORJL��.HSUDNWLVDQ�GDQ�NHPXGDKDQ�GDODP�
PHQJLGHQWLILNDVL� PHUXSDNDQ� VDODK� V\DUDW�
GDODP�PHQJHPEDQJ�WHNQRORJL�VHURORJL�XQWXN�
HDUO\�ZDUQLQJ�V\VWHP�VHUDQJDQ�-$3�

.(6,038/$1

3URGXNVL� DQWLERGL� XQWXN� PHQJHQDOL�
-$3�GDSDW�GLODNXNDQ�GHQJDQ�PHQJLPXQLVDVL�
D\DP�SHWHOXU�GHQJDQ�HNVWUDN�NDVDU�IUXLWLQJ�
ERG\� DWDX� PLVHOLXP� VHEDQ\DN� GXD� NDOL�
GHQJDQ� LQWHUYDO� �� KDUL�� $QWLERGL� GDSDW�
GLSDQHQ� GDUL� NXQLQJ� WHOXU� D\DP� VHPLQJJX�
VHWHODK� LPXQLVDVL� SHUWDPD�� $E)� GDQ� $E0�
GDSDW� EHUHDNVL� EDLN� $J0� PDXSXQ� $J)�
GHQJDQ�WLQJNDW�UHDNVL�\DQJ�EHUEHGD��3DGD�XML�
ODQMXWDQ�� $E0� WLGDN� GDSDW� PHPEHGDNDQ�
WDQDPDQ�\DQJ�VHKDW�GHQJDQ�WDQDPDQ�\DQJ�
WHULQIHNVL� LQIHNVL� -$3� PHODOXL� DQDOLVLV�
HNVWUDN�GDXQ��6HODLQ� LWX�$E0� MXJD�NXUDQJ�
VHQVLWLI�XQWXN�PHQGHWHNVL�DGDQ\D�PLVHOLXP�
GL�WDQDK�GDODP�MXPODK�UHQGDK��6HGDQJNDQ�
$E)� PHPLOLNL� VSHVLILNDVL� PHQGHWHNVL� -$3�
PHODOXL� HNVWUDN� GDXQ� NDUHQD� EHUHDNVL�
GHQJDQ� HNVXGDW� SURWHLQ� \DQJ� GLOHSDVNDQ�
ROHK� -$3� NH� GDODP� MDULQJDQ� GDXQ� PHODOXL�
VLOHP�� GDQ� GDSDW� PHQGHWHNVL� PLVHOLXP� GL�
GDODP�WDQDK�SDGD�NRQVHQWUDVL�GL�PDQD�$E0�
WLGDN�GDSDW�PHQGHNWHNVL�PLVHOLXP�WHUVHEXW��
.RQILUPDVL�PHQJHQDL�HIHNWLYLWDV�$E)�GDODP�
PHQJHQDOL� WLQJNDW� VHUDQJDQ� -$3� GHQJDQ�
PHQJJXQDNDQ�DQWLJHQ�GDXQ� WHULQIHNVL� -$3�

�
'DOLPXQWKH��7LVWDPD��:DK\XQL�GDQ�'DUZLV

*DPEDU����3HQJHQDODQ�DQWLERGL��WXEXK�EXDK��$E)��WHUKDGDS�EHEHUDSD�MHQLV�DQWLJHQ��$J)��DQWLJHQ�
IUXLWLQJ�ERG\���$J0��DQWLJHQ�PLVHOLXP���$J'6��DQWLJHQ�GDXQ�VHKDW���$J'-� ��DQWLJHQ�
GDXQ�WHUNHQD�-$3���$J7-��WDQDK�WHULQYHVWDVL�-$3���$J7%-��WDQDK�EHEDV�-$3��

)LJXUH���� �$Q�LQWURGXFWLRQ�RI�DQWLERGLHV�IUXLWLQJ�ERG\��$E)��DJDLQVW�FHUWDLQ�W\SHV�RI�DQWLJHQV��$J)�
�IUXLWLQJ�ERG\�DQWLJHQ���$J0��P\FHOLXP�DQWLJHQ���$J'6��KHDOWK\�OHDYHV�DQWLJHQ���$J'-�
�H[SRVHG�OHDYHV�:5)'�DQWLJHQ���$J7-��VRLO�LQIHVWHG�:5)'���$J7%-��IUHH�ODQG�RI�:5)'��
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���

SHUOX� GLODNXNDQ� SDGD� WDKXQ� EHULNXWQ\D�
VHKLQJJD�QDQWLQ\D�DNDQ�GLSHUROHK�LQIRUPDVL�
VWDGLXP� VHUDQJDQ� -$3� PHODOXL� GHWHNVL�
PHODOXL� GDXQ�� $E0� MXJD� SHUOX� GLXML� XQWXN�
PHQJH WDKX L � H I HN W L Y L W DVQ\D � GD ODP�
PHQGHWHNVL� WLQJNDW� LQYHVWDVL� -$3� GDQ�
VHEDUDQ� PLVHOLXP� -$3� GL� DUHDO� SHUNHEXQ�
NDUHW�GDQ�SHPHWDDQ�SRWHQVL� VHUDQJDQ�-$3�
GHQJDQ� PHQJXNXU� LQWHQVLWDV� GDQ� VHEDUDQ�
-$3�GL�GDODP�WDQDK�

8&$3$1�7(5,0$�.$6,+

� 7HULPD�NDVLK�NDPL�XFDSNDQ�NHSDGD�
.HPHQWHULDQ� 5LVHW� � 7HNQRORJL � GDQ�
3HQGLGLNDQ�7LQJJL�PHODOXL�3URJUDP�,QVHQWLI�
5LVHW� 6LVWHP� ,QRYDVL� 1DVLRQDO� �,Q6LQDV��
7DKXQ� $QJJDUDQ� ����� \DQJ� WHODK�
PHQJDORNDVLNDQ� GDQD� NHJLDWDQ� SHQHOLWLDQ�
SDGD� %DODL� 3HQHOLWLDQ� 6XQJHL� 3XWLK�� 3XVDW�
3HQHOLWLDQ� NDUHW� GHQJDQ� 6XUDW� 3HUMDQMLDQ�
3HODNVDQDDQ� +LEDK� 3HQHOLW LDQ� 1R��
����63�+�/7�'530�,,,������ SDGD�
WDQJJDO����0DUHW�������

'$)7$5�3867$.$

&DPHQLVFK�� *��� 7LQL�� 0��� &KLORY�� '���
.YLHWLNRYD�� ,��� 6ULQLYDV�� 9��� &DUR�� -���
6SLHOPDQQ�� 3��� :HQJHU�� 5�� +��� 	�
*DVVPDQQ�� 0�� �������� *HQHUDO�
DSSOLFDELOLW\� RI� FKLFNHQ� HJJ� \RON�
DQWLERGLHV�� WKH� SHUIRUPDQFH� RI� ,J<�
LPPXQRJOREXOLQV� UDLVHG� DJDLQVW� WKH�
K\SR[LD�LQGXFLEOH� IDFWRU� �ÂOSKD�� 7KH�
)HGHUDWLRQ� RI� $PHULFDQ� 6RFLDWLHV�
([SHULPHQWDO�%LRORJ\���������������

&RRSHU�� +�0��� 	� 3DWHUVRQ�� <�� ��������
3URGXFWLRQ� RI� $QWLERGL�� ,Q� &XUUHQW�
3URWRFRO� LQ� ,PPXQRORJ\�� 1HZ� <RUN��
86$��-RKQ�	�:LOH\�6RQV��

'DOLPXQWKH�� &�,��� )DLUX]DK�� =��� 	� $LGL�
'DV O LQ � � � ���� � � � 3HPDQIDD WDQ �
PLNURRUJDQLVPH� DQWDJRQLV� XQWXN�
PHQJHQGDOLNDQ�SHQ\DNLW�SHQWLQJ�SDGD�
WDQDPDQ�� 3URVLGLQJ� 6HPQDV� 0LNRORJL�
�����GDQ�3HPEHQWXNDQ�3HUKLPSXQDQ�
0LNRORJL� ,QGRQHVLD� �S�� ����������
3XUZRNHUWR�� ,QGRQHVLD�� 8QLYHUVLWDV�
-HQGUDO�6RHGLUPDQ�

(O�JKHLG��/�)���6DODP��0�,���6DOHP��$�0���(O�
GHHQ��$�)�1���	�$EGDOODK��1�$����������
0ROHFXODU�DQG�VHURORJLFDO�VWXGLHV�RQ�D�
SODQW�YLUXV�DIIHFWLQJ�VWUDZEHUU\�� �$UDE�
-��%LRWHFK������������������

)DQJ�<���	�5DPDVDP\��5�3����������&XUUHQW�
DQG� SURVSHFWLYH� PHWKRGV� IRU� SODQW�
GLVHDVH�GHWHFWLRQ��%LRVHQVRU������������
�����'RL����������ELRV�������

)DLUX]DK�� =��� 'DOLPXQWKH�� &�,��� .DU\XGL���
6XU\DPDQ�� 6��� 	� :LGKD\DWL�� :�(��
�������� (IHNWLYLWDV� (QGRKHYHD� GDODP�
PHQJHQGDOLNDQ� SHQ\DNLW� MDPXU� DNDU�
SXWLK� SDGD� WDQDPDQ�NDUHW��3URVLGLQJ�
.RQIHUHQVL�1DVLRQDO�.DUHW��S������������
<RJ\DNDUWD� � ,QGRQHVLD � � 3XVDW �
3HQHOLWLDQ�.DUHW��

*DUFLD�� +�+��� +DUULVRQ�� /�-�6��� 3DUNKRXVH��
5�0�(��� 0RQWHQHJUR�� 7��� 0DUWLQH]��
6�0��� 7VDQJ��9�&�:���	�*LOPDQ��5�+��
�������� $� VSHFLILF� DQWLJHQH�GHWHFWLRQ�
(/,6$� IRU� WKH� GLDJQRVLV� RI� KXPDQ�
QHXURF\VVWLFHUFRVLV�� 7UDQV�� 5�� 6RF��
7URS��0HG��+\J��������������²�����

*REHO�� +��� +DKQ�� $��� 	� +RFN�� %�� ��������
3URGXFWLRQ� RI � SRO\FORQDO � DQG�
PRQRFORQDO�DQWLERGLHV�DJDLQVW�K\SKDH�
IURP� DUEXVFXODU� P\FRUUKL]DO� IXQJL��
&ULW�� 5HY�� %LRWHFKQRO��� ��������� ���� ²�
�����'RL��������������������������
�����

*RXULQDW� $�� &��� 2
&RQQRU�� 2��� &DOYH]�� (���
*RDUDQW��&���	�'XSRQW�5RX]H\URO��0��
��������'HWHFWLRQ�RI�]LND�YLUXV�LQ�XULQH��
(PHUJLQJ�,QIHFWLRXV�'LVHDVHV������������
²�����'RL����������HLG������������

+ROLIDK�� 1�� �������� 3HPEXDWDQ� DQWLERGL�
SROLNORQDO�SURWHLQ�VXFURVH�WUDQVSRUWHU�
PHQJJXQDNDQ� DQWLJHQ� UHNRPELQDQ�
687�GDUL� WDQDPDQ� WHEX� �6DFFKDUXP�
RIILFLQDUXP� /��� �6NULSVL��� 8QLYHUVLWDV�
-HPEHU��,QGRQHVLD�

+XWDPL�� 5�� �������� 3HPEHQWXNDQ� DQWLERGL�
SROLNORQDO� PDWULN� �� YLUXV� LQIOXHQVD�
+�1�� ����� �6NULSVL��� 8QLYHUVLWDV�
,QGRQHVLD��,QGRQHVLD��

3HQJHPEDQJDQ�7HNQLN�6HURORJL�8QWXN�'HWHNVL�'LQL�3HQ\DNLW�
-DPXU�$NDU�3XWLK��5LJLGRSRUXV�PLFURSRUXV��3DGD�7DQDPDQ�.DUHW



���

.DPDUDM��0���6LYDUDML��5���	�*RYDUWKDQDQD��
0�� �������� 5DLVLQJ� RI� SRO\FORQDO�
DQWLERG\�DJDLQVW�WKH�$VSHUJLOOXV�RU\]DH�
SURWHLQV� LQ� DOELQR� UDW�� ,QWHUQDWLRQDO�
-RXUQDO� RI� 3KDUPD� DQG� %LR� 6FLHQFHV��
����������²������

/RSH]��0�0���%HUWROLQL��(���2OPRV��$���&DUXVR��
3���*RUULV��0�7���/LRS��3���3HQ\DOYHU��5���
	�&DPEUD��0����������,QQRYDWLYH�WRROV�
IRU� GHWHFWLRQ� RI� SODQW� SDWKRJHQLF�
YLUXVHV� DQG� EDFWHULD�� ,QW�� 0LFURELRO���
������ ���������'RL�� ��������V������
���������\�

0DUWLQ�� 5�5��� -DPHV�� '��� 	� /pYHVTXH�� &�$��
������ � � ,PSDFWV� RI � PROHFXODU�
GLDJQRVWLF� WHFKQRORJLHV� RQ� SODQW�
GLVHDVH� PDQDJHPHQW��$QQXDO� 5HYLHZ�
RI� 3K\WRSDWKRORJ\�� ���� ��������� 'RL��
��������DQQXUHY�SK\WR����������

1DWDZLMD\D��+����������*RYHUPHQW�SROLF\�RQ�
WKH� FRQWURO� RI� ZKLWH� URRW� GLVHDVH�
5LJLGRSRUXV� OLJQRVXV� RI� UXEEHU��3URF��
,QW��:RUN��:KLWH�5RRW�'LV��+HYHD�5XEE��
6DODWLJD��,QGRQHVLD�,55,

1RPL\DPD�� .��� 2VDNL�� +��� 6DVD\D�� 7��� 	�
,VKLNDZD�� .�� �������� 3UHSDUDWLRQ� DQG�
FKDUDFWHUL]DWLRQ�RI�SRO\FORQDO�DQWLERG\�
DJDLQVW� UHVWLQJ� VSRUHV� RI� 2OSLGLXP�
YLUXOHQWXV��IXQJDO�YHFWRU�RI�OHWWXFH�ELJ�
YHLQ�GLVHDVH��-RXUQDO�RI�*HQHUDO�3ODQW�
3DWKRORJ\�� ������� ��� ²� ���� 'RL��
��������V�����������������

3LVD�'���5DPRV��0���0ROLQD��6���*DUFLD��3���	�
&DUUDVFR�� /�� �������� (YROXWLRQ� RI�
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