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.HJLDWDQ� SHQJDQJNXWDQ� PHQJJXQDNDQ� GXPS� WUXFN� GLSHQJDUXKL� ROHK� NRQGVLVL� MDODQ�� SHUDODWDQ� GDQ� FXDFD��
3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJDQDOLVD�KXEXQJDQ�DQWDUD�JHRPHWUL�MDODQ�DQJNXW�WHUKDGDS�SHQJJXQDDQ�EDKDQ�
EDNDU�GXPS� WUXFN GHQJDQ� SHQGHNDWDQ�PRGHO�PDWHPDWLND� EHUGDVDUNDQ�PHWRGH� UHJUHVL� OLQLHU��.RQVXPVL� EDKDQ�
EDNDU� GLQ\DWDNDQ� VHEDJDL� YDULDEHO� WHULNDW� �<��� .HPLULQJDQ� MDODQ�� MDUDN� DQJNXW�� NHFHSDWDQ� GDQ� ZDNWX� WHPSXK�
GLQ\DWDNDQ� VHEDJDL� YDULDEHO� EHEDV� �;��� %HUGDVDUNDQ� DQDOLVD� �PRGHO� PDWHPDWLND� GDSDW� GLNHWDKXL� EDKZD� \DQJ�
SDOLQJ� EHVDU� SHQJUXKQ\D� WHUKDGDS� NRQVXPVL� EDKDQ� EDNDU� GXPS� WUXFN DGDODK� SHUXEDKDQ� MDUDN� DQJNXW�� 7LDS�
SHUXEDKDQ�MDUDN�VHEHVDU�����PHWHU�DNDQ�PHQDPEDK�NRQVXPVL�EDKDQ�EDNDU�VHEHVDU����������OLWHU��

.DWD�NXQFL� EDKDQ�EDNDU��GXPS�WUXFN���MDODQ�DQJNXW��PRGHO�PDWHPDWLND��UHJUHVL�OLQLHU

$%675$&7

7KH�PDLQ�HIIHFW�RI�KDXOLQJ�XVLQJ�GXPS�WUXFN�DUH�HIIHFWHG�E\�URDG�FRQGLWLRQ��PDFKLQH�FRQGLWLRQ��DQG�ZHDWKHU��
7KLV� UHVHDUFK� KDV� SXUSRVH� WR� DQDO\VH� WKH� FRQQHFWLRQ� EHWZHHQ� KDXOLQJ� URDG� JHRPHWU\� ZLWK� GXPS� WUXFN� IXHO�
FRQVXPSVWLRQ�� )XHO� FRQVXPSWLRQ� DV� GHSHQGHQW� YDULDEHO� �<��� *UDGH�� KDXO� GLVWDQFH�� VSHHG� DQG� WUDYHO� WLPH� DV�
LQGHSHQGHQW� YDULDEHO� �;���8VLQJ�PDWKHPDWLFDO�PRGHOOLQJ� WKH�PDLQ� HIIHFW� IRU� GXPS� WUXFN� IXHO� FRQVXPSWLRQ LV�
KDXO�GLVWDQFH��&KDQJLQJ�KDXO�GLVWDQFH�HYHU\�����PHWHUV�LQFUHDVHG�IXHO�FRQVXPSWLRQ����������OLWHUV�

.H\ZRUGV�� GXPS�WUXFN��IXHO���KDXOLQJ�URDG���OLQLHU�UHJUHVLRQ��PDWKHPDWLFDO�PRGHOOLQJ
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3DGD� NHJLDWDQ� SHQJDQJNXWDQ PHQJJXQDNDQ� GXPS�
WUXFN WHUGDSDW� EHEHUDSD� IDNWRU XWDPD \DQJ�
PHPSHQJDUXKL� WLQJNDW� SURGXNVL� GDQ� ELD\D� DQJNXW�
NKXVXVQ\D�RQJNRV�EDKDQ�EDNDU�\DLWX�NRQGLVL�MDODQ��
NRQGLVL�SHUDODWDQ�SHQJDQJNXWDQ��GDQ�NRQGLVL�FXDFD�

3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN� PHQJDQDOLVD�
KXEXQJDQ� DQWDUD� JHRPHWUL� MDODQ� DQJNXW WHUKDGDS�
SHQJJXQDDQ�EDKDQ�EDNDU�GXPS�WUXFN VHKLQJJD�DNDQ�
GLGDSDWNDQ� EDJDLPDQD� SHQJDUXK� GDUL� NHPLULQJDQ�
MDODQ� GDQ� MDUDN� DQJNXW� WHUKDGDS� SHUXEDKDQ�
NRQVXPVL� EDKDQ� EDNDU� GXPS� WUXFN� 'XPS� WUXFN�
\DQJ�GLJXQDNDQ�DGDODK�6FDQLD�3�����GHQJDQ�WHQDJD�
NXGD� �KRUVHSRZHU�� \DQJ�GLPLOLNL� DGDODK������8QLW�
GXPS� WUXFN� LQL� MXJD�PHPLOLNL�EHUDW�NRVRQJ� VHNLWDU�
������NJ�GDQ�EHUDW�PDNVLPDO�VDDW�EHUPXDWDQ�DGDODK�
�������NJ��.DSDVLWDV�WDQJNL�\DQJ�GLPLOLNL�6FDQLD�3�
����DGDODK�����OLWHU��GHQJDQ���VSHHG�XQWXN�IRUZDUG�
GDQ���UHYHUVH�

$QDOLVD� GLODNXNDQ� GHQJDQ� SHQGHNDWDQ� PRGHO�
PDWHPDWLND� EHUGDVDUNDQ� PHWRGH� UHJUHVL� OLQLHU��
'LPDQD� YDULDEHO� WHULNDW� �<�� DGDODK� .RQVXPVL�
EDKDQ� EDNDU�� 9DULDEHO� EHEDV� �;�� DGDODK� JHRPHWUL�

MDODQ� DQJNXW�� GLPDQD� SDGD� SHQHOLWLDQ� LQL� JHRPHWUL�
MDODQ� DQJNXW� \DQJ� GLDQDOLVD� DGDODK� NHPLULQJDQ�
MDODQ��JUDGH� ��NHFHSDWDQ�GDQ�ZDNWX�WHPSXK�

+DVLO� GDUL� PHWRGH� UHJUHVL� OLQLHU� LQL� DNDQ� GDSDW�
GLWHUDSNDQ�� DSDELOD� KDVLO� XML� VWDWLVWLN� \DQJ�
GLODNXNDQ� PHPHQXKL� SHUV\DUDWDQ� GDQ� GLQ\DWDNDQ�
GDODP� EHQWXN� NXUYD�� PDND� WLWLN�WLWLN� SORW� YDULDEHO�
WHULNDW� GHQJDQ� YDULDEHO� EHEDV� DNDQ� WHUKLPSXQ� GDQ�
PHPEHQWXN� JDULV� OXUXV�� +DO� LQL� GLQ\DWDNDQ� GDUL�
QLODL�QLODL�NRHILVLHQ�NRUHODVL��NRHILVLHQ�GHWHUPLQDVL��
GDQ� WLQJNDW� NRQYHUJHQVL� \DQJ� WLQJJL� VHUWD� IDNWRU�
SHQ\LPSDQJDQ��VWDQGDUG�GHYLDWLRQ��\DQJ�NHFLO��

0(72'(�3(1(/,7,$1

3HQHOLWLDQ� GLGDVDUNDQ� SDGD SHQGHNDWDQ� PRGHO�
PDWHPDWLND PHWRGH�UHJUHVL�OLQLHU��.RQVXPVL�EDKDQ�
EDNDU GLQ\DWDNDQ� VHEDJDL� YDULDEHO� WHULNDW �<���
.HPLULQJDQ� MDODQ� MDUDN� DQJNXW�� NHFHSDWDQ� GDQ�
ZDNWX� WHPSXK GLQ\DWDNDQ� VHEDJDL� YDULDEHO� EHEDV�
�;��� 0RGHO� PDWHPDWLND� GLEXDW� VHFDUD� WULDO� DQG�
HUURU GHQJDQ�SHUVDPDDQ \DLWX�
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'LPDQD��
<  9DULDEHO� 7HULNDW� �.RQVXPVL� %DKDQ�

%DNDU�
;  � 9DULDEHO� %HEDV� �.HPLULQJDQ� -DODQ��

-DUDN� $QJNXW�� .HFHSDWDQ�� :DNWX�
7HPSXK�

D  .RQVWDQWD�5HJUHVL
E  .RQVWDQWD�5HJUHVL

NRQVWDQWD�D�GDQ�E�GLKLWXQJ�EHUGDVDUNDQ�SHUVDPDDQ��
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8QWXN�PHQJHWDKXL� WLQJNDW� YDOLGLWDV� GDUL� KXEXQJDQ�
YDULDEHO� WHULNDW� �<��GHQJDQ�YDULDEHO�EHEDVQ\D� �;���
PDND� GLEXWXKNDQ� XML� VWDWLVWLN� \DQJ� PHOLSXWL��
NRHILVLHQ� NRUHODVL� �5��� NRHILVLHQ� GHWHUPLQDVL� �)���
VWDQGDU� GHYLDVL� �6'�� GDQ� WLQJNDW� NRQYHUJHQVL� �&���
$GDSXQ� EHQWXN�EHQWXN� SHUVDPDDQ� XQWXN�
PHQHQWXNDQ� NH�HPSDW� YDULDEHO� LQL� DGDODK� VHEDJDL�
EHULNXW��
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6HFDUD� VHGHUKDQD�� WDKDSDQ� GDODP� SHQHOLWLDQ� LQL�
GDSDW�GLOLKDW�SDGD�JDPEDU���EHULNXW�

*DPEDU����7DKDSDQ�3HQHOLWLDQ

+$6,/�'$1�3(0%$+$6$1

-DODQ�$QJNXW

/LQWDVDQ� MDODQ� DQJNXW� GLEDJL�PHQMDGL� � �7DEHO� ����
\DQJ� SHUWDPD� DGDODK� OLQWDVDQ� EHUDQJNDW� GHQJDQ�
NRQGLVL�GXPS�WUXFN EHUPXDWDQ \DLWX�SHQJDQJNXWDQ�
GDUL� IURQW� SHQDPEDQJDQ� PHQXMX� WHPSDW�
SHQLPEXQDQ� WHPSRUDU\� VWRFNSLOH� -�� 'DQ� \DQJ
NHGXD� DGDODK� OLQWDVDQ� NHPEDOL� GHQJDQ� NRQGLVL�
GXPS� WUXFN NRVRQJ \DLWX� SHQJDQJNXWDQ� GDUL�
WHPSRUDU\� VWRFNSLOH� -� PHQXMX� NH� IURQW�
SHQDPEDQJDQ�

7DEHO����/LQWDVDQ�-DODQ�$QJNXW

:DNWX�7HPSXK�GDQ�.RQVXPVL�%DKDQ�%DNDU

:DNWX� WHPSXK� NHQGDUDDQ� EHUDQJNDW� �EHUPXDWDQ��
DODW� DQJNXW� \DQJ� GL� GDSDWNDQ� SDGD� VDDW� SHQHOLWLDQ�
DGDODK� VHEHVDU� ����� MDP� ���� PHQLW�� GDQ� ZDNWX�
WHPSXK� SDGD� VDDW� NHQGDUDDQ� NHPEDOL� �NRVRQJ��
DGDODK�VHEHVDU������MDP�����PHQLW��

.RQVXPVL� EDKDQ� EDNDU� SDGD� NHQGDUDDQ� EHUDQJNDW�
�EHUPXDWDQ�� DGDODK� VHEHVDU� �������� OLWHU� GHQJDQ�
ZDNWX� WHPSXK� ������ MDP�� VHGDQJNDQ� XQWXN�
NRQVXPVL� EDKDQ EDNDU� SDGD� NHQGDUDDQ� NHPEDOL�
�NRVRQJ�� DGDODK� VHEHVDU� �������� OLWHU� GHQJDQ�
ZDNWX�WHPSXK�������MDP�

7DEHO����:DNWX�7HPSXK�GDQ�.RQVXPVL�%DKDQ�
%DNDU�.HQGDUDDQ�%HUDQJNDW
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7DEHO����:DNWX�7HPSXK�GDQ�.RQVXPVL�%DKDQ�
%DNDU�.HQGDUDDQ�%HUDQJNDW

0RGHO�0DWHPDWLND
7HUGDSDW� GXD� PRGHO� PDWHPDWLND� XQWXN� DQDOLVD�
SHQJDUXK� JHRPHWUL� MDODQ� WHUKDGDS� NRQVXPVL� EDKDQ�
EDNDU� GXPS� WUXFN��\DLWX�PRGHO�PDWHPDWLND� XQWXN�
NHQGDUDDQ� EHUDQJNDW� �PRGHO� PDWHPDWLND� ,�� GDQ�
PRGHO� PDWHPDWLND� XQWXN� NHQGDUDDQ� NHPEDOL�
�PRGHO�PDWHPDWLND�,,��

0RGHO� PDWHPDWLND� � ,� XQWXN� NHQGDUDDQ� EHUDQJNDW�
GHQJDQ� NRQGLVL� EHUPXDWDQ� GLWXQMXNNDQ� SDGD�
SHUVDPDDQ�VHSHUWL�EHULNXW�LQL��

'LPDQD��
-U  �-DUDN�DQJNXW
*U  �.HPLULQJDQ�MDODQ
9  �.HFHSDWDQ
:W  �:DNWX�7HPSXK

7DEHO����+DVLO�8ML�6WDWLVWLN 0RGHO�0DWHPDWLND�,

*DPEDU����*UDILN�5HJUHVL�/LQLHU�0RGHO�
0DWHPDWLND�,

0RGHO� PDWHPDWLND� � ,,� XQWXN� NHQGDUDDQ� NHPEDOL�
GHQJDQ� NRQGLVL� NRVRQJ� GLWXQMXNNDQ� SDGD�
SHUVDPDDQ�VHSHUWL�EHULNXW�LQL��

'LPDQD��
-U  �-DUDN�DQJNXW
*U  �.HPLULQJDQ�MDODQ
9  �.HFHSDWDQ
:W  �:DNWX�7HPSXK

7DEHO��� +DVLO�8ML�6WDWLVWLN�0RGHO�0DWHPDWLND�,,

*DPEDU����*UDILN�5HJUHVL�/LQLHU�0RGHO�
0DWHPDWLND�,,

%HUGDVDUNDQ� PRGHO� PDWHPDWLND� ,� GDQ� ,,� PDND�
XQWXN� WLDS� SHUXEDKDQ� JHRPHWUL� MDODQ� DQJNXW� GDSDW�
GLDQDOLVD� SHQJDUXKQ\D� WHUKDGDS� NRQVXPVL� EDKDQ�
EDNDU� GXPS�WUXFN�

$QDOLVD� 3HUXEDKDQ� -DUDN� $QJNXW� 7HUKDGDS�
.RQVXPVL�%DKDQ�%DNDU

7LDS� SHUXEDKDQ� MDUDN� DQJNXW� VHMDXK� ���� PHWHU�
GHQJDQ� DVXPVL� NHPLULQJDQ� MDODQ� GDQ� NHFHSDWDQ�
NHQGDUDDQ� GLEXDW� VDPD�� PDND� NRQVXPVL� EDKDQ�
EDNDU� DNDQ� PHQLQJNDW� VHEHVDU� ��������� OLWHU� GDQ�
PHQDPEDK� ZDNWX� WHPSXK� VHEHVDU� ��������� MDP�
�7DEHO����

7DEHO����+XEXQJDQ�-DUDN�$QJNXW�7HUKDGDS�
.RQVXPVL�%DKDQ�%DNDU
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$QDOLVD� .HPLULQJDQ� -DODQ $QJNXW� 7HUKDGDS�
.RQVXPVL�%DKDQ�%DNDU

7LQJNDW� NRQVXPVL� EDKDQ� EDNDU� GDQ�ZDNWX� WHPSXK�
DNDQ� EHUXEDK� VHLULQJ� GHQJDQ� DGDQ\D� SHUXEDKDQ�
NHPLULQJDQ�� 6HWLDS� DGD� SHUWDPEDKDQ� NHPLULQJDQ�
���GHQJDQ�NHFHSDWDQ�GLEXDW� WHWDS�GDQ�PHQJDODPL�
SHUXEDKDQ� MDUDN� PDND� GDSDW�PHQDPEDK� NRQVXPVL�
EDKDQ� EDNDU� VHEHVDU� ������� OLWHU� GDQ� PHQDPEDK�
ZDNWX�WHPSXK�VHEHVDU��������MDP �7DEHO����

7DEHO����+XEXQJDQ�.HPLULQJDQ�-DODQ�$QJNXW�
7HUKDGDS�.RQVXPVL�%DKDQ�%DNDU

$QDOLVD� 3HUXEDKDQ� .HFHSDWDQ� 'XPS� 7UXFN
7HUKDGDS�.RQVXPVL�%DKDQ�%DNDU

.HFHSDWDQ� GXPS� WUXFN MXJD� PHPSXQ\DL� SHQJDUXK�
WHUKDGDS� WLQJNDW� NRQVXPVL� EDKDQ� EDNDU� GDUL� DODW�
WHUVHEXW��6HWLDS�SHUXEDKDQ�NHFHSDWDQ��9��VHEHVDU���
NP�MDP� GHQJDQ� MDUDN� \DQJ VDPD� GDQ� NHPLULQJDQ�
�JUDGH�� VDPD GDSDW� PHQJKHPDW� EDKDQ� EDNDU�
VHEHVDU� ���������OLWHU�

7DEHO����+XEXQJDQ�.HFHSDWDQ�'XPS�7UXFN
7HUKDGDS�.RQVXPVL�%DKDQ�%DNDU

.(6,038/$1

7HUGDSDW� GXD� PRGHO� PDWHPDWLND� XQWXN� DQDOLVD�
SHQJDUXK� JHRPHWUL� MDODQ� WHUKDGDS� NRQVXPVL� EDKDQ�
EDNDU� GXPS� WUXFN�� \DLWX� PRGHO� PDWHPDWLND� XQWXN�
NHQGDUDDQ� EHUDQJNDW� �PRGHO� PDWHPDWLND� ,�� GDQ�
PRGHO� PDWHPDWLND� XQWXN� NHQGDUDDQ� NHPEDOL�
�PRGHO� PDWHPDWLND� ,,�� %HUGDVDUNDQ� PRGHO�
PDWHPDWLND� GDSDW� GLNHWDKXL� EDKZD� \DQJ� SDOLQJ�
EHVDU� SHQJUXKQ\D� WHUKDGDS� NRQVXPVL� EDKDQ� EDNDU�
GXPS� WUXFN DGDODK� SHUXEDKDQ� MDUDN� DQJNXW�� 7LDS�
SHUXEDKDQ�MDUDN�VHEHVDU�����PHWHU�DNDQ�PHQDPEDK�
NRQVXPVL�EDKDQ�EDNDU�VHEHVDU����������OLWHU��

'$)7$5�3867$.$

+DUVLJD�� (GZLQ� GDQ� 1RYLDQWR�� (NR� ,QGUD�� ��������
³$QDOLVLV�.RQVXPVL�%DKDQ�%DNDU�$ODW�$QJNXW�
'XPS� 7UXFN� &$7� '���( 'LWLQMDX� GDUL�
3QJDUXK� 3HUDZDWDQ�� 8PXU� $ODW� $QJNXW� SDGD�
3HQJDQJNXWDQ� 2YHUEXUGHQ GL� 37� %DWXURQD�
$GLPXO\D��0XVL�%DQ\XDVLQ�6XPDWHUD�6HODWDQ´��
-XUQDO� 7HNQLN� 3DWUD� $NDGHPLND � 3ROLWHNQLN�
$NDPLJDV�3DOHPEDQJ� ��������± ��

,QGRQHVLDQWR�� <DQWR� ����� 3HPLQGDKDQ� 7DQDK�
0HNDQLV� <RJ\DNDUWD �� -XUXVDQ� 7HNQLN�
3HUWDPEDQJDQ�831�³9HWHUDQ´

0XUUD\�6SLHJHO�GDQ�/DUU\�6WHSKHQV��������6WDWLVWLN�
(GLVL�.HWLJD��-DNDUWD���3HQHUELW�(UODQJJD

1DEHOOD�� 0HUOLQ� GNN�� ������� ³$QDOLVLV� 3HQJDUXK�
.HPLULQJDQ�-DODQ�GDQ�-DUDN�$QJNXW�7HUKDGDS�
.RQVXPVL� %DKDQ� %DNDU� GDQ� )XHO� 5DWLR� 3DGD�
.HJLDWDQ�3HQDPEDQJDQ�%DWXEDUD´� 8QLYHUVLWDV�
,VODP�%DQGXQJ�� KOP�����

8WDPDNQR /������������$QDOLVD�3HQXUXQDQ�3URGXNVL�
/HPSXQJ� 7HUKDGDS� 3HQJDUXK� &XUDK� +XMDQ�
'HQJDQ 0HWRGH� 5HJUHVL� /LQLHU´� -XUQDO�
3URPLQH ± 8QLYHUVLWDV� %DQJND� %HOLWXQJ��
9ROXPH ������


