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���3HQGDKXOXDQ 

,QGRQHVLD�DGDODK�QHJDUD�GHQJDQ�JDULV�SDQWDL�WHUSDQMDQJ�
NHGXD� GL� GXQLD�� 3DQMDQJ� JDULV� SDQWDL� GL� ,QGRQHVLD�
PHQFDSDL��������NP��.HPHQWHULDQ�..3���������6DODK�
VDWX� PDVDODK� XWDPD� \DQJ� GLKDGDSL� GL� GDHUDK� SDQWDL�
\DLWX� HURVL� GDQ� VHGLPHQWDVL� \DQJ� WHUMDGL� GL� VHSDQMDQJ�
JDULV� SDQWDL� ,QGRQHVLD� �8PDU� GNN�� ������� .DZDVDQ�
SDQWDL� 6D\XQJ� PHUXSDNDQ� VDODK� VDWX� GDHUDK� \DQJ�
PHQJDODPL� HURVL� VHFDUD� PDVLI�� 6D\XQJ� DGDODK� VDODK�
VDWX� NHFDPDWDQ� \DQJ� EHUDGD� GL� 3DQWDL� 8WDUD� -DZD��
WHSDWQ\D�GL�.DEXSDWHQ�'HPDN��-DZD�7HQJDK��.DZDVDQ�
LQL� PHQJDODPL� NHPXQGXUDQ� JDULV� SDQWDL� \DQJ� EHVDU�
DNLEDW�HURVL�GDQ�EDQMLU�URE��0XVNDQDQIROD�GNN���������
$ZDOQ\D�� NDZDVDQ� LQL� PHUXSDNDQ� GDHUDK� SHUWDQLDQ��
QDPXQ� VHWHODK� WDKXQ� ����� NDZDVDQ� LQL� EHUXEDK�
PHQMDGL� NDZDVDQ� DNXDNXOWXU�� 3HUXEDKDQ� IXQJVL� ODKDQ�
LQL� GLLNXWL� GHQJDQ� SHQHEDQJDQ� PDQJURYH� XQWXN�
PHPEXND� ODKDQ� DNXDNXOWXU� EDUX�� 3HQHEDQJDQ�
PDQJURYH� LQL� PHQ\HEDENDQ� GDHUDK� 6D\XQJ� PHQMDGL�
OHELK� UHQWDQ� WHUKDGDS� HURVL�� URE�GDQ� VDOLQLVDVL� �:LOPV�
GNN�� ������� )DNWRU� ODLQ� \DQJ� GLSHUNLUDNDQ�
PHPSHUFDSDW� WHUMDGLQ\D� HURVL� GL� 'HPDN� VHSHUWL�
NHQDLNDQ� PXND� DLU� ODXW�� SHQJDPELODQ� DLU� WDQDK� \DQJ�
EHUOHELKDQ� VHUWD� SHQDPEDKDQ� EHEDQ� EDQJXQDQ� GL� DWDV�
WDQDK� \DQJ� PHQ\HEDENDQ� ODQG� VXEVLGHQFH� �'HZL� GDQ�
%LMNHU�������� 

3DGD� WDKXQ� ����� WHUFDWDW� ������� KD� SDQWDL� GL� 'HPDN�
WHUHURVL� GDQ� SDGD� �����PHORQMDN�PHQFDSDL� ������� KD�
�3UDQRWR� GNN�� ������� 6HGDQJNDQ� EHUGDVDUNDQ�
SHQJXNXUDQ�GDUL�*RRJOH�(DUWK� SDGD�*DPEDU���� SDGD�
WDKXQ������WHUMDGL�NHPXQGXUDQ�JDULV�SDQWDL�VHMDXK������
NP�� .HPXQGXUDQ� JDULV� SDQWDL� LQL� WHUXV� PHQLQJNDW�
KLQJJD� SDGD� WDKXQ� ����� WHUMDGL� NHPXQGXUDQ� VHMDXK�
�����NP�GDQ�SDGD�WDKXQ������PHQFDSDL�����NP�� 

6ROXVL�\DQJ�GLJXQDNDQ�VDDW�LQL�XQWXN�PHQJXUDQJL�HURVL�
GDQ� PHQJHPEDOLNDQ� DUHD� \DQJ� WHUHURVL� GL� GDHUDK�
'HPDN� DGDODK� GHQJDQ� PHPEDQJXDQ� SHUOLQGXQJDQ�
SDQWDL� PHQJJXQDNDQ� NRQVHS� %XLOGLQJ� ZLWK� 1DWXUH�
�%Z1��� .RQVHS� %Z1� EHUXVDKD� PHPHQXKL� NHEXWXKDQ�
PDV\DUDNDW� GHQJDQ� PHPDQIDDWNDQ� VLIDW� DODP� GDQ�
GHQJDQ�PHQJJXQDNDQ�EDKDQ-EDKDQ�\DQJ�DGD�GL�VHNLWDU�
DUHD� �GH� 9ULHQG� GNN��� ������� .RQVHS� %Z1� LQL�
GLZXMXGNDQ�GDODP�EHQWXN�VWUXNWXU�EHUSRUL� �SHUPHDEOH�
VWUXFWXUH�� GDQ� SHQDQDPDQ� PDQJURYH�� *DJDVDQ�
PHQJHQDL� NRQVHS� %Z1� SDGD� GDHUDK� 6D\XQJ� VXGDK�
GLPXODL�VHMDN�WDKXQ������GDQ�PXODL�GLODNVDQDNDQ�SDGD�
WDKXQ� ������ (YDOXDVL� GDUL� SHQHUDSDQ� %Z1� GL� 'HPDN�
DGDODK�PXQFXOQ\D�VHGLPHQWDVL�GL�VHNLWDU�VWUXNWXU�%Z1�
VHEHVDU� ��� FP� GDODP� ���� WDKXQ� �:HWODQGV�
,QWHUQDWLRQDO�� ������ GDQ� PHQXPEXKNDQ� KDELWDW� EDUX�
EDJL� DNXDNXOWXU� VHKLQJJD� GDSDW� PHQLQJNDWNDQ�
SHQGDSDWDQ� PDV\DUDNDW� �:LOPV� GNN�� �������
3HQHPSDWDQ� VWUXNWXU� EHUSRUL� GL� ODSDQJDQ� GLVXVXQ�
VHMDMDU�GHQJDQ�JDULV�SDQWDL�GDQ�EHUDGD�GL�VHNLWDU�GDHUDK�
\DQJ� PDVLK� PHPLOLNL� GDUDWDQ� VHSHUWL� GLWXQMXNNDQ�
GHQJDQ�JDULV�EHUZDUQD�PHUDK�SDGD�*DPEDU��� 

3HPRGHODQ� DNDQ� GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ�
DSOLNDVL� '(/)7�'� GHQJDQ� PHQJJDEXQJNDQ� PRGHO�
'HOIW�'-)ORZ� GDQ� 'HOIW�'-:DYH�� 6WUXNWXU� EHUSRUL�
DNDQ� GLPRGHONDQ� VHEDJDL� WKLQ� GDP�� GDQ� DNDQ�
GLVLPXODVLNDQ� SDGD� PXVLP� SHQJKXMDQ� GDQ� NHPDUDX��
GHQJDQ� PDVXNDQ� JHORPEDQJ� VLJQLILNDQ� \DQJ� WHUMDGL�
SDGD�NHGXD�PXVLP�WHUVHEXW�� 

���0HWRGH 

7DKDSDQ�GDODP�SHQ\XVXQDQ� NDMLDQ� LQL� GLDZDOL� GHQJDQ�
SHQJXPSXODQ� GDWD� XQWXN� NHPXGLDQ� GLODNXNDQ�
SHPRGHODQ� GHQJDQ� '/()7�'�� $OXU� SHPRGHODQ� \DQJ�
GLODNXNDQ� WHUGDSDW� SDGD� *DPEDU� ��� 'DWD� \DQJ�
GLJXQDNDQ�\DLWX�GDWD�EDWKLPHWUL��GDWD�DQJLQ��IHWFK��GDWD�
SDVDQJ�VXUXW��GDWD�VHGLPHQ��GDQ�GDWD�GHELW�VXQJDL�� 

'DWD� EDWKLPHWUL� GLSHUROHK� GDUL� %,*� �%DGDQ� ,QIRUPDVL�
*HRVSDVLDO��� $QDOLVLV� GDWD� DQJLQ� GLODNXNDQ� GHQJDQ�
PHQJJXQDNDQ�GDWD�GDUL�(&0:)��(XURSHDQ�&HQWHU�IRU�
0HGLXP-5DQJH� :HDWKHU� )RUHFDVW�� WDKXQ� ����-������
'DWD� LQL� NHPXGLDQ� GLDQDOLVLV� DUDK� GDQ� NHFHSDWDQQ\D�
VHWLDS� EXODQ� XQWXN� PHQJHWDKXL� DUDK� DQJLQ� GRPLQDQ�
SDGD�PDVLQJ-PDVLQJ�EXODQ��*DPEDUDQ�NHFHSDWDQ�DQJLQ�
GDQ�DUDK�DQJLQ�SDGD�PDVLQJ-PDVLQJ�EXODQ�GDSDW�GLOLKDW�
SDGD� *DPEDU� ��� 'DUL� JDPEDU� WHUVHEXW� WHUOLKDW� SDGD�
EXODQ�-DQXDUL��)HEUXDUL��0DUHW�GDQ�'HVHPEHU�PHPLOLNL�
DUDK� DQJLQ�GRPLQDQ�GDUL� EDUDW� ODXW��3DGD�EXODQ�$SULO��
DUDK�DQJLQ�GRPLQDQ�EHUXEDK�PHQMDGL�EHUDVDO�GDUL�WLPXU�
GDQ� WHQJJDUD� VHUWD� VHGLNLW� GDUL� DUDK� WLPXU� ODXW�� %XODQ�
0HL�KLQJJD�1RYHPEHU�DUDK�DQJLQ�GRPLQDQ�EHUDVDO�GDUL�
WLPXU�� WHQJJDUD�� GDQ� VHODWDQ� VHUWD� VHEDJLDQ� NHFLO� GDUL�
DUDK�WLPXU�ODXW�� 

*DPEDU����3HUXEDKDQ�JDULV�SDQWDL�GL�'HPDN�WDKXQ������
KLQJJD����� 

 

*DPEDU����6XVXQDQ�VWUXNWXU�EHUSRUL�SDGD�NRQGLVL� 
HNVLVWLQJ�GL�ODSDQJDQ 
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%HUGDVDUNDQ� NHFHQGHUXQJDQ� WHUVHEXW�� PDND� GLNHWDKXL�
EDKZD� PXVLP� SHQJKXMDQ� WHUMDGL� VHODPD� �� EXODQ� \DLWX�
SDGD� EXODQ� 'HVHPEHU� KLQJJD� 0DUHW� GHQJDQ� NHFHSDWDQ�
DQJLQ�PHQFDSDL����-����P�GW�GDQ�DUDK�GRPLQDQ�GDUL�EDUDW�
ODXW�� 6HGDQJNDQ�PXVLP�NHPDUDX� WHUMDGL� VHODPD� �� EXODQ�

SDGD� EXODQ� $SULO� KLQJJD� 1RYHPEHU� GHQJDQ� NHFHSDWDQ�
DQJLQ� ���-���� P�GW� GHQJDQ� DUDK� GRPLQDQ� WLPXU��
WHQJJDUD�GDQ�VHEDJLDQ�GDUL�DUDK�VHODWDQ�GDQ� WLPXU� ODXW��
$UDK�DQJLQ�WLPXU��WHQJJDUD��GDQ�VHODWDQ�EHUDVDO�GDUL�GDUDW� 

$QDOLVLV� IHWFK�GLODNXNDQ�GHQJDQ�PHQHQWXNDQ� WLWLN� IHWFK�
NHPXGLDQ� GLWDULN� JDULV� VNDODWLV� KLQJJD� ���� NP�GHQJDQ�
LQWHUYDO����SDGD�*RRJOH�(DUWK��%HUGDVDUNDQ�DQDOLVLV�\DQJ�
GLODNXNDQ�� PDND� IHWFK� \DQJ� EHUSHQJDUXK� DGDODK� GDUL�
DUDK�XWDUD�� WLPXU� ODXW�� EDUDW� GD\D�� EDUDW� GDQ�EDUDW� ODXW��
+DVLO� DQDOLVLV� IHWFK� GDQ� GDWD� DQJLQ� GLJXQDNDQ� XQWXN�
PHODNXNDQ� SHUDPDODQ� JHORPEDQJ��0HWRGH� \DQJ� GLJXQDNDQ�
\DLWX� PHWRGH� 6KRUH� 3URWHFWLRQ� 0DQXDO� �&(5&��
������� %HUGDVDUNDQ�DQDOLVD�GLSHUROHK�WLQJJL�JHORPEDQJ�
VLJQLILNDQ� �+V��GDQ�SHULRGH�JHORPEDQJ� VLJQLILNDQ� �7V��
SDGD�PXVLP�SHQJKXMDQ� DGDODK� VHEHVDU� �����P�GDQ� ����
GHWLN� GHQJDQ� DUDK� GRPLQDQ� GDUL� EDUDW� ODXW�� VHGDQJNDQ�
SDGD�PXVLP�NHPDUDX�GLSHUROHK�+V������P�GDQ�GDQ�7V�
����GHWLN�GHQJDQ�DUDK�GRPLQDQ�WLPXU�ODXW��0DZDU�DQJLQ�
XQWXN�VHWLDS�PXVLP�GDSDW�GLOLKDW�SDGD�*DPEDU��� 

'DWD� SDVDQJ� VXUXW� GLSHUROHK� GDUL� 73;2� ���� GHQJDQ�
VWDVLXQ� NOLPDWRORJL� WHUGHNDW� \DLWX� VWDVLXQ� NOLPDWRORJL�
7DQMXQJ� 0DV� 6HPDUDQJ�� %HUGDVDUNDQ� GDWD� DQDOLVLV��
GLSHUROHK� %LODQJDQ� )RUP]DO� ����� VHKLQJJD� WHUPDVXN�
MHQLV� SDVDQJ� VXUXW� SDVDQJ� VXUXW� FDPSXUDQ� FRQGRQJ� NH�
KDULDQ� JDQGD� �PL[HG� WLGH� SUHYDLOLQJ� VHPL� GLXUQDO��
VHSHUWL� WHUOLKDW� SDGD� *DPEDU� ��� (OHYDVL� PXND� DLU�
SHQWLQJ�EHUGDVDUNDQ�DQDOLVLV�DGDODK�VHEDJDL�EHULNXW�� 

*DPEDU����0DZDU�DQJLQ�SDGD�VHWLDS�EXODQ 

*DPEDU����$OXU�SHPRGHODQ�'(/)7�' 
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'DWD� VHGLPHQ� GLSHUROHK� GHQJDQ� PHQJDPELO� GDWD� GL�
ODSDQJDQ�� 6DPSHO� VHGLPHQ� \DQJ� GLDPELO� PHOLSXWL�
VHGLPHQ� GDVDU� SDGD� ��� ORNDVL� GDQ� VHGLPHQ� WDQJNDS�
SDGD����HQDP��ORNDVL��$QDOLVLV�XNXUDQ�EXWLUDQ�VHGLPHQ�
GL� ��� ORNDVL�PHQXQMXNNDQ� EDKZD� VHGLPHQ� WHUGLUL� GDUL�
VHGLPHQ� ODQDX� �VLOW�� GDQ� VHGLPHQ� OHPSXQJ� �FOD\���
QDPXQ� OHELK� GRPLQDQ� VHGLPHQ� ODQDX�� $QDOLVLV� GHELW�
GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ� GDWD� VHNXQGHU� GDUL�
SHQHOLWLDQ� \DQJ� SHUQDK� GLODNXNDQ� GL� PXDUD� 6XQJDL�
7LPEXOVORNR�� 3HQHOLWLDQ� WHUVHEXW� PHODNXNDQ�
SHQJDPELODQ� GDWD� SDGD� ��� 0DUHW� ����� VDDW� NRQGLVL�
VXUXW��%HUGDVDUNDQ�SHQHOLWLDQ�WHUVHEXW�GLSHUROHK�DUXV�GL�
PXDUD�6XQJDL�7LPEXOVORNR�VHEHVDU������P�GW�GDQ�766�
VHEHVDU� �����PJ�/� �:LVKD� GDQ�2QGDUD�� ������ VHSHUWL�
SDGD�7DEHO� ��� 'DWD� DUXV� WHUVHEXW� NHPXGLDQ� GLNDOLNDQ�
GHQJDQ� OXDV� SHQDPSDQJ� \DQJ� GLSHUROHK� GDUL�
SHQJXNXUDQ�ODSDQJDQ��%HULNXW�DGDODK�UHNDSLWXODVL�GDWD�
GHELW�GDQ�766�SDGD�PDVLQJ-PDVLQJ�VXQJDL� 

6HOXUXK� GDWD� \DQJ� VXGDK� GLSHUROHK� WHUVHEXW� NHPXGLDQ�
GLJXQDNDQ� XQWXN� PHPEXDW� PRGHO� GHQJDQ�
PHQJJXQDNDQ�SHUDQJNDW� OXQDN�'(/)7�'��3HPRGHODQ�
'(/)7�'� GLODNXNDQ� GLDZDOL� GHQJDQ� SHPEXDWDQ� JULG�
GDQ� EDWKLPHWUL�� VHEDJDL� PDVXNDQ� XQWXN� SHPEXDWDQ�
IORZ�PRGHO�GDQ�ZDYH�PRGHO�� 6LPXODVL� DNDQ�GLODNXNDQ�
VHODPD����KDUL�SDGD�WDQJJDO��-���-DQXDUL������GHQJDQ�
PRUSKRORJLFDO� VFDOH� VHVXDL� GHQJDQ� SDQMDQJ� GXUDVL�
PXVLP�NHPDUDX�GDQ�PXVLP�SHQJKXMDQ��%HULNXW�DGDODK�
WDKDSDQ�DQDOLVLV�\DQJ�GLODNXNDQ� 

����0RGHO�PDNHU 

0RGHO� 0DNHU� WHUGDSDW� SDGD� PHQX�*ULG�� *ULG� PRGHO�
VXGDK� GLEXDW� SDGD�'(/)7�'DVKERDUG� GHQJDQ� XNXUDQ�
���[���� P� GHQJDQ� OXDV� DUHD� PRGHO� ����� NP���
3HPEXDWDQ� EDWKLPHWUL� GLODNXNDQ� SDGD� WDE� PHQX�

*DPEDU����0DZDU�DQJLQ�VHWLDS�PXVLP���D��0XVLP�SHQJKXMDQ���E��0XVLP�NHPDUDX 

�D� �E� 

*DPEDU����(OHYDVL�PXND�DLU�SHQWLQJ 

7DEHO����5HNDSLWXODVL�GDWD�VXQJDL 

1R� 6XQJDL $UXV 
�P�V� 

/HEDU 
�P� 

.HGDODPDQ 
�P� 

'HELW 
�P��V� 

766 
�PJ�/� 

� 6��%HGRQR ���� �� ���� ���� ���� 

� 6��%RJRUDPH ���� � ��� ���� ���� 

� 6��7LPEXOVORNR ���� ���� ��� ���� ���� 
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48,&.,1�GHQJDQ� LQSXW�GDWD�\DQJ�GLJXQDNDQ�\DLWX�GDWD�
JULG� GDQ� GDWD� EDWKLPHWUL�� 'DWD� WHUVHEXW� NHPXGLDQ�
GLLQWHUSRODVL� VHKLQJJD� VHWLDS� VHO� PHQJDQGXQJ� LQIRUPDVL�
EDWKLPHWUL��� 

����)ORZ�0RGHO 

)ORZ� PRGHO� GLJXQDNDQ� XQWXN� PHQVLPXODVLNDQ�
KLGURGLQDPLND� SDQWDL� GDQ� WUDQVSRU� VHGLPHQ�� 0HQX� LQL�
DGD� GDODP� IORZ� PRGHO� GDQ� SHPEXDWDQQ\D� WHUGLUL� GDUL�
EHEHUDSD� EDJLDQ� VHSHUWL� GLWXQMXNNDQ� SDGD� *DPEDU� ���
3HUVDPDDQ� \DQJ� GLJXQDNDQ� SDGD� SHPRGHODQ� LQL� DGDODK�
SHUVDPDDQ� PRPHQWXP� \DQJ� GLWXUXQNDQ� GHQJDQ� %RXVVLQHVT�
PHWKRG�GDQ�/HLEQL]�(TXDWLRQ��%HULNXW�DGDODK�SHQMHODVDQ�
PHQJHQDL�PDVLQJ-PDVLQJ�EDJLDQ�IORZ�PRGHO�� 

GHQJDQ�� 
X   NHFHSDWDQ�DOLUDQ�GL�DUDK�[�DWDX�𝜉�� 
Y   NHFHSDWDQ�IOXLGD�GL�DUDK�\�DWDX�Ș� 
9   NHFHSDWDQ�UDWD-UDWD�GL�DUDK�\�DWDX�Ș� 
G   NHGDODPDQ�GL�EDZDK�EHEHUDSD�ELGDQJ�UHIHUHQVL�
  KRUL]RQWDO��GDWXP���P� 
𝜉   WLQJNDW�DLU�GL�DWDV�EHEHUDSD�ELGDQJ�UHIHUHQVL� 
  KRUL]RQWDO��GDWXP���P� 

s   NRQVWDQWD�6WHIDQ-%ROW]PDQQ 
Ȧ   NHFHSDWDQ�GL�DUDK�V�GL�VLVWHP�NRRUGLQDW�s��P�V� 
𝜉�Ș   KRULVRQWDO��NRRUGLQDW�OHQJNXQJ 

   NRHILVLHQ�\DQJ�GLJXQDNDQ�XQWXN�PHQWUDQVIRUPDVL�
  NRRUGLQDW�OHQJNXQJ�NH�HPSDW�SHUVHJL�SDQMDQJ��P� 

   NRHILVLHQ�\DQJ�GLJXQDNDQ�XQWXN�PHQWUDQVIRUPDVL�
  NRRUGLQDW�OHQJNXQJ�NH�HPSDW�SHUVHJL�SDQMDQJ��P� 
ȡ�   UHIHUHQVL�NHUDSDWDQ�DLU 
3𝜉   JUDGLHQ�WHNDQDQ�KLGURVWDWLN�GL�DUDK�𝜉��NJ�P�V��� 
)𝜉   PRPHQWXP�WXUEXOHQ�IOX[�GL�DUDK�𝜉��P�V�� 
0𝜉   PRPHQWXP�PDVXN�DWDX�NHOXDU�GL�DUDK�𝜉��P�V�� 
3Ș   JUDGLHQ�WHNDQDQ�KLGURVWDWLN�GL�DUDK�Ș���NJ��P�V��� 
)Ș   PRPHQWXP�WXUEXOHQ�IOX[�GL�DUDK�Ș���P�V�� 
0Ș   PRPHQWXP�PDVXN�DWDX�NHOXDU�GL�DUDK�Ș���P�V�� 
Y9�   NRHILVLHQ�HGG\�YLVFRVLW\ 

'DWD� \DQJ� GLJXQDNDQ� SDGD� SHPRGHODQ� LQL� \DLWX� GDWD�
JULG�� EDWKLPHWUL�� SDVDQJ� VXUXW�� VHGLPHQ�� IDNWRU� VNDOD�
PRUIRORJL� GDQ� VXQJDL�� %HULNXW� DGDODK� SHQMHODVDQ�
PHQJHQDL�PDVLQJ-PDVLQJ�EDJLDQ�IORZ�PRGHO� 

ϭ͘ 'HVFULSWLRQ��SHQJLVLDQ�GHVFULSWLRQ�DGDODK�RSVLRQDO��
0HQX� LQL� GDSDW� GLLVL� XQWXN� PHPEHUL� NHWHUHQJDQ�
PHQJHQDL� PRGHO� \DQJ� VHGDQJ� GLEXDW� DWDX�
GLNRVRQJNDQ� 

�� 'HVFULSWLRQ��'RPDLQ��SDGD�PHQX�GRPDLQ�GLODNXNDQ�
LQSXW�GDWD�JULG��HQFORVXUH��GDQ�EDWKLPHWUL�VHUWD�WKLQ�
GDPV�� 7KLQ� GDPV� GLJXQDNDQ� XQWXN� PHPRGHONDQ�
SHUPHDEOH� VWUXFWXUH� GLNDUHQDNDQ� PHPLOLNL�
EHEHUDSD� SHUVDPDDQ� NDUDNWHULVWLN� \DLWX�
GLJDPEDUNDQ� VHEDJDL� KDPEDWDQ� DOLUDQ� EHUXSD�
VWUXNWXU� \DQJ� WLSLV� GDQ� GDSDW� GLODOXL� DLU��
%HUGDVDUNDQ� *RRJOH� (DUWK� WHUGDSDW� �� �VHPELODQ��
WKLQ�GDPV� \DQJ� VXGDK� DGD�GL� ODSDQJDQ��7KLQ�GDPV�
LQL� GLSDVDQJ� PHPDQMDQJ� VHMDMDU� GHQJDQ� JDULV�
SDQWDL��*DPEDU�WKLQ�GDPV�GLWXQMXNNDQ�GHQJDQ�JDULV�
PHUDK�SDGD�*DPEDU��� 

�� ,QLWLDO� FRQGLWLRQ�� GLJXQDNDQ� XQWXN� PHQGHILQLVLNDQ�
NRQGLVL� DZDO� NHWLQJJLDQ� PXND� DLU� GDQ� NRQVHQWUDVL�
VHGLPHQ� SDGD� GDHUDK� PRGHO�� .HWLQJJLDQ� PXND� DLU�
PXOD-PXOD� SDGD�PRGHO� GLDPVXVLNDQ� VHWLQJJL�06/�
VHKLQJJD� GLLVL� ������ FP��8QWXN� NRQVHQWUDVL� VHGLPHQ�
WLGDN�GLNHWDKXL�VHKLQJJD�GLEHULNDQ�QLODL���NJ�P�� 

�� %RQGDULHV��SDGD� EDJLDQ� LQL� GLWDPEDKNDQ� GDWD-GDWD�
SDVDQJ�VXUXW�SDGD�PDVLQJ-PDVLQJ�ERXQGDULHV��'DWD�
ERXQGDULHV� SDVDQJ� VXUXW� PHQJJXQDNDQ� GDWD� \DQJ�
VXGDK�GL�EXDW�GL�'(/)7�'DVKERDUG� 

�� 3K\VLFDO� 3DUDPHWHU�� EHULVL� QLODL� SDUDPHWHU�
KLGURGLQDPLN�� NHNDVDUDQ�� YLVNRVLWDV�� NDUDNDWHULVWLN�
VHGLPHQ� GDQ� PRUSKRORJL�� 'DWD� \DQJ� GLJXQDNDQ�
\DLWX�GDWD�VHGLPHQ�GDQ�PRUSKRORJLFDO�VFDOH�IDFWRU��
6HGLPHQ� \DQJ� GLPRGHONDQ� PHUXSDNDQ� VHGLPHQ�
NRKHVLI� GDQ� XQWXN� VNDOD� PRUIRORJLQ\D� GLVHVXDLNDQ�
GHQJDQ� GXUDVL� PXVLP�� VHKLQJJD� PXVLP� SHQJKXMDQ�
GLPRGHONDQ� VHODPD� �� EXODQ� GDQ� PXVLP� NHPDUDX�
GLPRGHONDQ�VHODPD���EXODQ� 

�� 1XPHULFDO� 3DUDPHWHU�� GLJXQDNDQ� DSDELOD� DGD�
SDUDPHWHU�QXPHULN�\DQJ�GLJXQDNDQ� 

�� 2SHUDWLRQV��SDGD�EDJLDQ�LQL�GLWDPEDKNDQ�GDWD�GHELW�
VXQJDL� GDQ� 766� SDGD� DUHD� PRGHO� \DQJ� VXGDK�

 
*DPEDU����*DPEDU�DQWDUPXND�PDVXNDQ�IORZ�PRGHO�'(/)7�' 
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*DPEDU����$QWDU�PXND�PDVXNDQ�GDWD�JHORPEDQJ�SDGD���D��0XVLP�SHQJKXMDQ��GDQ��E��0XVLP�NHPDUDX 

GLDQDOLVLV� VHEHOXPQ\D�� /RNDVL� RXWOHW� VXQJDL�
GLWDQGDL�GHQJDQ�ZDUQD�NRWDN�SDGD�*DPEDU���� 

�� 0RQLWRULQJ�� GLJXQDNDQ� DSDELOD� GLSHUOXNDQ� WLWLN�
WLWLN� PRQLWRULQJ� XQWXN� PHOLKDW� SHUXEDKDQ� \DQJ�
WHUMDGL�SDGD�WLWLN�WHUVHEXW��3DGD�SHPRGHODQ�LQL��WLWLN�
PRQLWRULQJ�DNDQ�GLOHWDNNDQ�GL�GHSDQ�GDQ�EHODNDQJ�
WKLQ� GDP�� 'HWDLO� ORNDVL� SHQJDPDWDQ� SDGD� PRGHO�
GDSDW�GLOLKDW�SDGD�*DPEDU��� 

ϵ͘ $GGLWLRQDO� SDUDPHWHU�� GLJXQDNDQ� XQWXN�
PHPDQJJLO� IXQJVL� \DQJ� GLVHGLDNDQ� GL� '(/)7�'�
GHQJDQ�NRGH-NRGH�\DQJ�VXGDK�GLWHQWXNDQ� 

ϭϬ͘ 2XWSXW�� SDGD� EDJLDQ� LQL� GLWHQWXNDQ� RXWSXW� \DQJ�
DNDQ�GLPXQFXONDQ�SDGD�KDVLO�SHPRGHODQ�� 

*DPEDU����7DWD�OHWDN�WKLQ�GDPV 

�D� �E� 

����:DYH�PRGHO 

:DYH� PRGHO� GLJXQDNDQ� XQWXN� PHPRGHONDQ� SHQJDUXK�
JHORPEDQJ� WHUKDGDS� KLGURGLQDPLND� SDQWDL�� 7DKDSDQ�
GDUL� SHPRGHODQ� LQL� KDPSLU� VDPD� GHQJDQ� SHPEXDWDQ�
IORZ� PRGHO�� QDPXQ� GLWDPEDKNDQ� GDWD� WLQJJL�
JHORPEDQJ� VLJQLILNDQ� GDQ� SHULRGH� JHORPEDQJ�
VLJQLILNDQ� XQWXN� PDVLQJ� PDVLQJ� PXVLP� \DQJ� VXGDK�
GLKLWXQJ�VHSHUWL�SDGD�*DPEDU����%DJLDQ�LQL�\DQJ�DNDQ�
PHPEHGDNDQ� KDVLO� SHPRGHODQ� PXVLP� NDPDUDX� GDQ�
PXVLP� SHQJKXMDQ�� 'DWD� ODLQ� \DQJ� GLWDPEDKNDQ� SDGD�
EDJLDQ�LQL�\DLWX�GDWD�JULG�GDQ�EDWKLPHWUL� 

���+DVLO�GDQ�3HPEDKDVDQ 

����3HPRGHODQ�VWUXNWXU�HNVLVWLQJ�SDGD�PXVLP�SHQJKXMDQ 

%HUGDVDUNDQ�KDVLO�SHPRGHODQ��WHUMDGL�HURVL�SDGD�EDJLDQ�
GHSDQ�VWUXNWXU�EHUSRUL�QRPRU�������GDQ���VHGDODP���FP��
VHGDQJNDQ� SDGD� EDJLDQ� EHODNDQJ� VWUXNWXU� PHQJDODPL�
SHQJHQGDSDQ� VHGLPHQ�� 0HVNL� PHQ\HEDENDQ� HURVL��
SHPRGHODQ� PXVLP� LQL� PHQDQJNDS� OHELK� EDQ\DN�
VHGLPHQ�SDGD�EDJLDQ�VWUXNWXU�EHUSRUL�\DQJ�ODLQ��VHSHUWL�
SDGD�*DPEDU� ���� 6WUXNWXU� EHUSRUL� SDGD� QRPRU� ��� ��
GDQ���PHQDQJNDS�VHGLPHQ�OHELK�EDQ\DN�GLEDQGLQJ�VWUXNWXU�
�����GDQ����+DO�LQL�GLNDUHQDNDQ�HQHUJL�JHORPEDQJ�VXGDK�
EHUNXUDQJ�VHKLQJJD�VWUXNWXU�������GDQ���\DQJ�EHUDGD�OHELK�
MDXK�GDUL�GDUDW�KDQ\D�PDPSX�PHQDQJNDS�VHGLNLW�VHGLPHQ� 

7LWLN� REVHUYDVL� PRGHO� GDSDW� PHQDPSLONDQ� MXPODK�
WDQJNDSDQ� VHGLPHQ� GHQJDQ� OHELK� GHWDLO�� *UDILN�

*DPEDU�����+DVLO�SHPRGHODQ�NRQGLVL�HNVLVLWLQJ�SDGD�PXVLP�SHQJKXMDQ 
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*DPEDU�����*UDILN�DNXPXODVL�VHGLPHQ�SDGD�WLWLN�REVHUYDVL�GL�PXVLP�SHQJKXMDQ 

'HSDQ�6WUXNWXU %HODNDQJ�6WUXNWXU 
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*DPEDU�����+DVLO�SHPRGHODQ�NRQGLVL�HNVLVLWLQJ�SDGD�PXVLP�NHPDUDX 

7DEHO����5HNDSLWXODVL�WDQJNDSDQ�VHGLPHQ 

.RGH�6WUXNWXU�
%HUSRUL 

7LWLN�3HQJDPDWDQ 0XVLP�3HQJKXMDQ��FP� 0XVLP�.HPDUDX��FP� 

'HSDQ�6WUXNWXU�
%HUSRUL 

%HODNDQJ�6WUXNWXU�
%HUSRUL 

'HSDQ�6WUXNWXU�
%HUSRUL 

%HODNDQJ�6WUXNWXU�
%HUSRUL 

'HSDQ�6WUXNWXU�
%HUSRUL 

%HODNDQJ�6WUXNWXU�
%HUSRUL 

� ����� ����� -� �� �� �� 

� ����� ����� -� �� �� � 

� ����� ����� -� �� ���� � 

� ����� ����� �� �� � ��� 

� ����� ����� ��� ��� ��� � 

� ����� ����� � ��� ��� ��� 

� ����� ����� �� ��� � � 

� ����� ����� �� �� �� � 

� ����� ����� �� �� ���� � 

 5DWD-5DWD ����� ����� ���� ���� 

DNXPXODVL� VHGLPHQ� SDGD� PDVLQJ-PDVLQJ� WLWLN�
SHQJDPDWDQ� WHUGDSDW� SDGD�*DPEDU� ���� 'DUL� JDPEDU�
WHUVHEXW� GLNHWDKXL� VWUXNWXU� EHUSRUL� \DQJ� PHQDQJNDS�
VHGLPHQ� WHUEDQ\DN�\DLWX�EDJLDQ�GHSDQ�VWUXNWXU�QRPRU���
GHQJDQ� VHGLPHQ� WDQJNDSDQ�PHQFDSDL� ��� FP��6WUXNWXU�
\DQJ�PHQDQJNDS� VHGLNLW� VHGLPHQ�\DLWX�EDJLDQ�EHODNDQJ�
VWUXNWXU�QRPRU���\DQJ�PHQDQJNDS�����FP�VHGLPHQ��� 

����3HPRGHODQ�VWUXNWXU�HNVLVWLQJ�SDGD�PXVLP�NHPDUDX 

7LQJJL� JHORPEDQJ� VLJQLILNDQ� GDQ� SHULRGH� JHORPEDQJ�
SDGD� PXVLP� LQL� OHELK� NHFLO� GLEDQGLQJNDQ� PXVLP�
SHQJKXMDQ��'LNDUHQDNDQ�HQHUJL�JHORPEDQJ�\DQJ�VDPSDL�
NH�VWUXNWXU�OHELK�NHFLO��DNLEDWQ\D�VHGLPHQ�\DQJ�PHQJHQGDS�
OHELK�VHGLNLW�MLND�GLEDQGLQJNDQ�GHQJDQ�PXVLP�SHQJKXMDQ��
$UDK�JHORPEDQJ�\DQJ�VHMDMDU�SDQWDL�PHPEXDW�VWUXNWXU�
EHUSRUL�WLGDN�GDSDW�PHQDQJNDS�EDQ\DN�VHGLPHQ�� 

%HUGDVDUNDQ� SHQJDPDWDQ� SDGD� WLWLN� SHQJDPDWDQ�� GL�
VHOXUXK� WLWLN� SHQJDPDWDQ� WHUMDGL� VHGLPHQWDVL� GHQJDQ�
NHWLQJJLDQ�VHGLPHQ�\DQJ�EHUYDULDVL��7DQJNDSDQ�VHGLPHQ�
WHUWLQJJL�VDDW�PXVLP�NHPDUDX�WHUMDGL�GL�VHNLWDU�VWUXNWXU�
QR�� ��� VHWLQJJL� ��� FP�� GDQ� WHUHQGDK� DGDODK� GL� VHNLWDU�
VWUXNWXU�QR����VHWLQJJL���FP��+DVLO�WDQJNDSDQ�VHGLPHQ�
SDGD� PDVLQJ� PDVLQJ� WLWLN� SHQJDPDWDQ� GDSDW� GLOLKDW�
SDGD�*DPEDU����GDQ�*DPEDU����� 

����$QDOLVLV�KDVLO�VLPXODVL� 

+DVLO� SHPRGHODQ� PHQXQMXNNDQ� EDKZD� SHPEXDWDQ�
VWUXNWXU� EHUSRUL� HIHNWLI� XQWXN� GDODP� PHQDQJNDS�

VHGLPHQ�� +DO� LQL� GLWXQMXNNDQ� SDGD� 7DEHO� ��� GLPDQD�
UDWD-UDWD� WDQJNDSDQ� VHGLPHQ� VHODOX� PHPEHULNDQ� QLODL�
\DQJ� SRVLWLI� PHVNLSXQ� DGD� EHEHUDSD� WLWLN� \DQJ�
PHQJDODPL�HURVL�SDGD�PXVLP�SHQJKXMDQ��%HUGDVDUNDQ�
KDVLO� SHPRGHODQ�� UDWD-UDWD� WLQJJL� VHGLPHQ� \DQJ�
GLWDQJNDS�ROHK�VWUXNWXU�EHUSRUL�SDGD�PXVLP�SHQJKXMDQ�
VHEHVDU�������FP�SDGD�EDJLDQ�GHSDQ�VWUXNWXU�GDQ�������
FP� SDGD� EDJLDQ� EHODNDQJ� VWUXNWXU�� 6HGDQJNDQ� KDVLO�
SHPRGHODQ� VHGLPHQ� SDGD� PXVLP� NHPDUDX� PHPLOLNL�
QLODL�UDWD-UDWD������FP�SDGD�EDJLDQ�GHSDQ�VWUXNWXU�GDQ�
�����FP�SDGD�EDJLDQ�EHODNDQJ�VWUXNWXU�� 

(URVL�SDGD�PXVLP�SHQJKXMDQ�WHUMDGL�NDUHQD�JHORPEDQJ�
\DQJ� WLQJJL�PHQ\HEDENDQ� WHUMDGLQ\D�HURVL��(URVL� \DQJ�
WHUMDGL� WHUKHQWL� NDUHQD� DGD� VWUXNWXU� EHUSRUL� \DQJ�
PHOLQGXQJL� DUHD� EHODNDQJQ\D�� VHKLQJJD� HURVL� KDQ\D�
WHUMDGL�SDGD�EDJLDQ�GHSDQ�VWUXNWXU�GDQ�EHJLDQ�EHODNDQJ�
VWUXNWXU� EHUSRVL� PHQJDODPL� VHGLPHQWDVL�� (URVL� \DQJ�
WHUMDGL� SDGD� ORNDVL� VWUXNWXU� EHUSRUL� ��� ��� GDQ� �� OHELK�
NHFLO� GLEDQGLQJNDQ� GHQJDQ� VHGLPHQWDVL� \DQJ� WHUMDGL�
SDGD�PXVLP�NHPDUDX��(URVL�\DQJ�WHUMDGL�VHEHVDU�-��FP�
SDGD�PXVLP�SHQJKXMDQ� DNDQ� WHULVL� ROHK� VHGLPHQ� \DQJ�
GLEDZD�SDGD�PXVLP�NHPDUDX� 

7DQJNDSDQ�VHGLPHQ�SDGD�PXVLP�NHPDUDX�OHELK�UHQGDK�
GLEDQGLQJ� VHGLPHQ� \DQJ� WHUWDQJNDS� SDGD� PXVLP�
SHQJKXMDQ��+DO� LQL� GLNDUHQDNDQ� WLQJJL� JHORPEDQJ�GDQ�
DUDK� JHORPEDQJ� \DQJ� GDWDQJ� EHUEHGD�� VHKLQJJD�
PHPSHQJDUXKL� SROD� VHEDUDQ� VHGLPHQ�� 3DGD� PXVLP�
SHQJKXMDQ�� JHORPEDQJ� GDWDQJ� WHJDN� OXUXV� VWUXNWXU�
EHUSRUL�GHQJDQ�WLQJJL�JHORPEDQJ�\DQJ�OHELK�EHVDU��+DO�
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LQL� PHQ\HEDENDQ� WHUMDGL� HURVL� SDGD� EHEHUDSD� ORNDVL��
QDPXQ� MXJD� PHQ\HEDENDQ� VHGLPHQWDVL� \DQJ� OHELK�
EHVDU�SDGD�ORNDVL�ODLQ�� 

���.HVLPSXODQ 

%HUGDVDUNDQ� SHPRGHODQ� \DQJ� VXGDK� GLODNXNDQ� PDND�
GDSDW�GLVLPSXONDQ�EHEHUDSD�KDO�VHEDJDL�EHULNXW� 

�� 3DGD� VHNLWDU� VWUXNWXU� EHUSRUL� WHUMDGL� SHQJHQGDSDQ�
VHGLPHQ� GL� GHSDQ� VWUXNWXU� PDXSXQ� GL� EHODNDQJ�
VWUXNWXU� GHQJDQ� NHWLQJJLDQ� \DQJ� EHUYDULDVL� SDGD�
VHWLDS� ORNDVL�� 3DGD� SHPRGHODQ� PXVLP� SHQJKXMDQ�
WHUMDGL� HURVL� SDGD� EHEHUDSD� ORNDVL�� QDPXQ� HURVL�
\DQJ�WHUMDGL�OHELK�VHGLNLW�GLEDQGLQJNDQ�VHGLPHQWDVL�
\DQJ�WHUMDGL�SDGD�PXVLP�NHPDUDX� 

�� 5DWD-UDWD� DNXPXODVL� WDQJNDSDQ� VHGLPHQ� SDGD�
PXVLP� SHQJKXMDQ� VHNLWDU� ������ FP� SDGD� EDJLDQ�
GHSDQ�VWUXNWXU�GDQ�������FP�SDGD�EDJLDQ�EHODNDQJ�
VWUXNWXU�� 6HGDQJNDQ� UDWD-UDWD� WDQJNDSDQ� VHGLPHQ�
SDGD�PXVLP�NHPDUDX� VHNLWDU� ����� FP�SDGD�EDJLDQ�
GHSDQ� VWUXNWXU� GDQ� ����� FP� SDGD� EDJLDQ� EHODNDQJ�
VWUXNWXU� 

8FDSDQ�7HULPDNDVLK 

8FDSDQ� WHULPDNDVLK� GLEHULNDQ� NHSDGD� 'HSDUWHPHQ�
,OPX�.HODXWDQ��)DNXOWDV�3HULNDQDQ�GDQ�,OPX�.HODXWDQ��
8QLYHUVLWDV� 'LSRQHJRUR� NDUHQD� WHODK� EHUEDJL� GDWD�
ODSDQJDQ�\DQJ�VDQJDW�EHUPDQIDDW�GDODP�SHQHOLWLDQ�GDQ�
SHQXOLVDQ�MXUQDO�LQL�� 

'DIWDU�3XVWDND 

&(5&��� ������ 6KRUH� 3URWHFWLRQ� 0DQXDO�� 86� $UP\�
&RUSV�RI�(QJLQHHULQJ��9RO����1R���������� 

GH�9ULHQG��+��-���YDQ�.RQLQJVYHOG��0���$DUQLQNKRI��6��
*��-���GH�9ULHV��0��%���GDQ�%DSWLVW��0��-���������
6XVWDLQDEOH� +\GUDXOLF� (QJLQHHULQJ� 7KURXJK�
%XLOGLQJ� ZLWK� 1DWXUH�� � -RXUQDO� RI� +\GUR-
(QYLURQPHQW�5HVHDUFK��9RO�����1R��������–�����
KWWSV���GRL�RUJ���������M�MKHU������������� 

'HZL�� 5�� 6��� GDQ� %LMNHU�� :��� ������ '\QDPLFV� RI�
6KRUHOLQH� &KDQJHV� LQ� 7KH� &RDVWDO� 5HJLRQ� 2I�
6D\XQJ�� ,QGRQHVLD�� 7KH� (J\SWLDQ� -RXUQDO� RI�
5HPRWH� 6HQVLQJ� DQG� 6SDFH� 6FLHQFH�� 9RO�� ����
1R�� ��� ���–����� KWWSV���GRL�RUJ���������
M�HMUV������������� 

+DVGLQDU��8���5DKPDQ��6���%DHGD��$��<���GDQ�.ODUD��6���
������ ,GHQWLILFDWLRQ� RI� &RDVWDO� 3UREOHP� DQG�
3UHGLFWLRQ�RI�&RDVWDO�(URVLRQ�6HGLPHQWDWLRQ� LQ�
6RXWK� 6XODZHVL�� (OVHYLHU� 3URFLGLD� (QJLQHHULQJ�
9RO�� ����� 1R�� ��� ���-����� KWWSV���
GRL�RUJ���������M�SURHQJ������������ 

.HPHQWHULDQ� .HODXWDQ� GDQ� 3HULNDQDQ� 5HSXEOLN�
,QGRQHVLD�� ������ KWWSV���NNS�JR�LG�DUWLNHO������
-ODXW-PDVD-GHSDQ-EDQJVD-PDUL-MDJD-EHUVDPD� 

0XVNDQDQIROD�� 5XGROI�� 0��� 6XSULKDU\RQR�� GDQ�
)HEULDQWR�� 6��� ������ 6SDWLR-7HPSRUDO� $QDO\VLV�

RI�6KRUHOLQH�&KDQJH�$ORQJ�WKH�&RDVW�RI�6D\XQJ�
'HPDN�� ,QGRQHVLD� XVLQJ� 'LJLWDO� 6KRUHOLQH�
$QDO\VLV� 6\VWHP�� (OVHYLHU� 5HJLRQDO� 6WXGLHV� LQ�
0DULQH�6FLHQFH��9RO������������� 

3UDQRWR�� +�� 5��� $WPRMR��:��� GDQ�1XJURKR�� '��� ������
6WXGL� 6HGLPHQWDVL� 3DGD� *URLQ� GL� 3HUDLUDQ�
7LPEXOVNR�'HPDN�� -XUQDO�2VHDQRJUDIL��9RO�� ���
1R�������-��� 

:HWODQGV�,QWHUQDWLRQDO����-������%XLOGLQJ�ZLWK�1DWXUH�
,QGRQHVLD��:HWODQGV�,QWHUQDWLRQDO� 

:LOPV�� 7��� 9DQ� GHU� *RRW�� )��� 'HEURW�� $�� 2��� ������
%XLOGLQJ�ZLWK�1DWXUH�–�DQ�,QWHJUDWHG�$SSURDFK�
IRU�&RDVWDO�=RQH�6ROXWLRQV�8VLQJ�1DWXUDO�6RFLR�
(FRQRPLF� DQG� ,QVWLWXWLRQDO�3URFHVVHV��&RDVW�	�
3RUWV� �����&RQIHUHQFH�� &DLUQV�� $XVWUDOLD�� ��� -�
���-XQH������ 

:LVKD��8�� -��� GDQ�2QGDUD��.��� ������7RWDO�6XVSHQGHG�
6ROLG� �766�� 'LVWULEXWHG� E\� 7LGDO� &XUUHQWV�
GXULQJ�/RZ�WR�+LJK�7LGH�3KDVH�LQ�WKH�:DWHUV�RI�
6D\XQJ��'HPDN��,WV�5HODWLRQV�WR�:DWHU�4XDOLW\�
3DUDPHWHUV�� -RXUQDO� RI� 0DULQH� DQG� $TXDWLF�
6FLHQFHV�� 9RO�� ��� 1R�� ��� ����� KWWSV���
GRL�RUJ����������MPDV������Y��L������-���� 


