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SHUPLQWDDQ� GLODNXNDQ� PHQJJXQDNDQ� FXELF� VSOLQH�� 8WLOLWDV� LQGLYLGXDO� GLHVWLPDVL� GDUL� GDWD� VWDWHG-SUHIHUHQFH�
EHUEHQWXN�FKRLFH�PHQJJXQDNDQ�SHQGHNDWDQ�%D\HVLDQ��'HQJDQ�PHPEDWDVL�GXD�NHODV�WDULI��KDUJD�GLWHQWXNDQ�GHQJDQ�
PHPSHUWLPEDQJNDQ� NDQLEDOLVDVL� DQWDU� NHODV� WDULI� GDQ� PHPSHUKDWLNDQ� SURILWDELOLWDV� MDQJND� SDQMDQJ�� )RUPXODVL�
PDVDODK�RSWLPDVL�\DQJ�GLSHUROHK�EHUEHQWXN�QRQOLQHDU�LQWHJHU�SURJUDPPLQJ�GHQJDQ�IXQJVL�WXMXDQ�SROLQRPLDO�RUGH�
HPSDW� \DQJ� SDUDPHWHUQ\D� GLSHQJDUXKL� ROHK� QLODL� YDULDEHO� NHSXWXVDQ�� 5XDQJ� VROXVL� \DQJ� WLGDN� WHUODOX� OXDV�
PHPXQJNLQNDQ� XQWXN� PHPSHUROHK� VROXVL� GHQJDQ� HQXPHUDVL�� GL� PDQD� GLSHUROHK� WDULI� RSWLPDO� VHEHVDU� 5S�������
XQWXN�NHODV�WDULI���GL�PDQD�OD\DQDQ�.HUHWD�%DQGDUD�GLEXQGOH�GHQJDQ�GLVNRQ�DQJNXWDQ�WDNVL�EHUEDVLV�DSOLNDVL��GDQ�
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GLSHUROHK�NRQWULEXVL�WRWDO�VHEHVDU�5S�������PLO\DU�SHU�WDKXQ� 
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D� FRQWLQXRXV� DQG� GLIIHUHQWLDEOH� IXQFWLRQ�� ,QGLYLGXDO� FKRLFHV� DUH� SUHGLFWHG� IURP� LQGLYLGXDO� XWLOLW\� GDWD� XVLQJ� WKH�
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RSWLPL]DWLRQ� IRUPXODWLRQ� LV�D�QRQOLQHDU� LQWHJHU�SURJUDPPLQJ�SUREOHP�ZLWK�TXDUWLF�SRO\QRPLDO�REMHFWLYH� IXQFWLRQ�
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VHYLFH� LV� EXQGOHG� ZLWK� D� GLVFRXQW� RQ� WKH� DSS-EDVHG� WD[L� VHUYLFH�� DQG� 5S������� IRU� IDUH-FODVV� �� ZKLFK� SURYLGHV�
VKXWWOH�WUDLQ�RQO\��7KH�DQQXDO�WRWDO�FRQWULEXWLRQ�IURP�VXFK�SULFLQJ�SROLF\�LV�HVWLPDWHG�WR�EH�5S�������ELOOLRQ�� 

.H\ZRUGV��%D\HVLDQ��FDQQLEDOL]DWLRQ��GLVFUHWH-FKRLFH�H[SHULPHQW��UDQGRPL]HG�ILUVW�FKRLFH� 

JurnalTeoretis dan Terapan Bidang Rekayasa SipilJurnalTeoretis dan Terapan Bidang Rekayasa SipilJurnal Teoretis dan Terapan Bidang Rekayasa Sipil 

���3HQGDKXOXDQ 

.HUHWD� %DQGDUD� 6RHNDUQR-+DWWD� �6RHWWD�� PXODL�
EHURSHUDVL� SDGD� ��� 'HVHPEHU� ����� GDQ� GLRSHUDVLNDQ�
ROHK� 37�5DLOLQN� \DQJ� PHUXSDNDQ� DQDN� SHUXVDKDDQ�
37�.HUHWD� $SL� ,QGRQHVLD� �3HUVHUR�� GDQ� 37�$QJNDVD�
3XUD� ,,� �3HUVHUR��� 5XWH� NHUHWD� LQL� GDUL� 6WDVLXQ�
0DQJJDUDL� PHQXMX� 6WDVLXQ� %DQGDUD� 6RHNDUQR-+DWWD�
GDQ�VHEDOLNQ\D��3DGD�VDDW�SHQHOLWLDQ�GLODNXNDQ��WHUGDSDW�
PDVLQJ-PDVLQJ� ��� MDGZDO� NHEHUDQJNDWDQ� GDUL� 6WDVLXQ�
0DQJJDUDL� NH� %DQGDUD� GDQ� VHEDOLNQ\D�� 6HWHODK� GXD�
WDKXQ�EHURSHUDVL��PDVDODK�XWDPD�\DQJ�GLKDGDSL�.HUHWD�

%DQGDUD�6RHWWD� DGDODK� UHQGDKQ\D� WLQJNDW� RNXSDQVL�� GL�
PDQD� VDPSDL� GHQJDQ� 1RYHPEHU� ����� KDQ\D� VHEHVDU�
�����5HQGDKQ\D�RNXSDQVL�WHQWX�VDMD�EHUSHQJDUXK�SDGD�
SURILWDELOLWDV�SHUXVDKDDQ�NDUHQD�ELD\D�SHQ\HOHQJJDUDDQ�
OD\DQDQ� UHODWLI� VDPD� EHUDSDSXQ� SHQXPSDQJ� \DQJ�
GLDQJNXW�� 

'DUL� VXGXW� SDQGDQJ� VWUDWHJL� SHPDVDUDQ�� XSD\D�
SHQLQJNDWDQ�RNXSDQVL�ELVD�GLODNXNDQ�GHQJDQ�LQWHUYHQVL�
WHUKDGDS�EDXUDQ�SHPDVDUDQ��6DODK� VDWX�HOHPHQ�EDXUDQ�
SHPDVDUDQ� \DQJ� SDOLQJ� PXGDK� GLLQWHUYDQVL� DGDODK�
KDUJD�� 6HMDN� VHNLWDU� HPSDW� GHNDGH� VLODP�� LQWHUYHQVL�
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KDUJD� IRNXV� SDGD� OHYHO� WDNWLNDO� GDQ� WHODK� PHODKLUNDQ�
GLVLSOLQ� EDUX� \DQJ� GLNHQDO� VHEDJDL� PDQDMHPHQ�
SHQGDSDWDQ� �UHYHQXH� PDQDJHPHQW��� 0DQDMHPHQ�
SHQGDSDWDQ� EDQ\DN� GLDGRSVL� LQGXVWUL� \DQJ� PHPLOLNL�
NDUDNWHULVWLN� NDSDVLWDV� \DQJ� WHUEDWDV� GDQ� MLND� WLGDN�
WHUMXDO�DNDQ�WHUEXDQJ�SHUFXPD��.DUDNWHULVWLN�VHSHUWL�LQL�
GLPLOLNL�ROHK�OD\DQDQ�WUDQVSRUWDVL�VHKLQJJD�SUDNWHN�LQL�
WHODK�EDQ\DN�GLDGRSVL�GL� LQGXVWUL�DLUOLQH��NDSDO�SHVLDU��
GDQ� SHQ\HZDDQ� PRELO�� 3HQHUDSDQ� PDQDMHPHQ�
SHQGDSDWDQ�GL�OD\DQDQ�NHUHWD�DSL�PDVLK�UHODWLI�EDUX�GDQ�
VHGLNLW�� VDODK�VDWXQ\D�DGDODK�37�.HUHWD�$SL� ,QGRQHVLD�
�3HUVHUR��\DQJ�PHQHUDSNDQQ\D�GL�OD\DQDQ�NHUHWD�DQWDU�
NRWD� 

7DNWLN� XWDPD� GDODP� PDQDMHPHQ� SHQGDSDWDQ� DGDODK�
GLIHUHQVLDVL� KDUJD� GDQ� DORNDVL� NDSDVLWDV� �3KLOOLSV��
������� 'LIHUHQVLDVL� KDUJD� SDGD� SULQVLSQ\D� PHPEDJL�
OD\DQDQ� PHQMDGL� EHEHUDSD� NHODV� WDULI� GL� PDQD� VHWLDS�
NHODV�WDULI�PHPLOLNL�DWULEXW�OD\DQDQ�GDQ�KDUJD�EHUEHGD��
7DNWLN�LQL�EHUDQJNDW�GDUL�SUHPLV�EDKZD�RUDQJ�PHPLOLNL�
WLQJNDW� NHVHGLDDQ� PHPED\DU� �ZLOOLQJQHVV� WR� SD\� DWDX�
:73�� \DQJ� EHUEHGD-EHGD� XQWXN� OD\DQDQ� \DQJ� VDPD��
VHKLQJJD�MLND�SURGXVHQ�ELVD�PHPEHULNDQ�KDUJD�NHSDGD�
NRQVXPHQ� VHVXDL� GHQJDQ� WLQJNDW� :73-Q\D� PDND�
SHQGDSDWDQ�\DQJ�GLSHUROHK�ELVD�OHELK�WLQJJL�GLEDQGLQJ�
PHQMXDO�SURGXN�GHQJDQ�VDWX�KDUJD�VDMD��'DODP�NRQGLVL�
NDSDVLWDV� \DQJ� WHUEDWDV�� GLIHUHQVLDVL� KDUJD� GLLNXWL�
GHQJDQ� DORNDVL� NDSDVLWDV� \DQJ� EHUWXMXDQ� PHQHQWXNDQ�
EDQ\DNQ\D� NDSDVLWDV� \DQJ� GLDORNDVLNDQ� XQWXN� VHWLDS�
NHODV�WDULI� 

3HQHOLWLDQ� LQL� EHUWXMXDQ� PHQHQWXNDQ� KDUJD� RSWLPDO�
XQWXN� OD\DQDQ� .HUHWD� %DQGDUD� 6RHWWD� \DQJ� DNDQ�
PHPDNVLPDVL� SURILWDELOLWDV�� 3HQHQWXDQ� KDUJD� RSWLPDO�
GLEDWDVL� XQWXN� UXWH� \DQJ� EHUDQJNDW� GDUL� DWDX� PHQXMX�
6WDVLXQ�0DQJJDUDL��6XGLUPDQ�%DUX��GDQ�'XUL��/LQJNXS�
SHQHOLWLDQ� GLEDWDVL� KDQ\D� VDPSDL� SHQHQWXDQ� KDUJD�
RSWLPDO�� WLGDN� VDPSDL� DORNDVL� NDSDVLWDV�� 0DQIDDW�
SHQHOLWLDQ� LQL� WLGDN� KDQ\D� VHEDWDV� PHPEHUL�
UHNRPHQGDVL� KDUJD� \DQJ� ELVD� PHPDNVLPDVL�
SURILWDELOLWDV��QDPXQ�MXJD�PHPEHULNDQ�LQIRUPDVL�DZDO�
�SULRU� LQIRUPDWLRQ�� PHQJHQDL� SROD� SHUPLQWDDQ�
WHUKDGDS� OD\DQDQ� .HUHWD� %DQGDUD� 6RHWWD�� 6HLULQJ�
GHQJDQ�EHUMDODQQ\D�ZDNWX��SROD�SHUPLQWDDQ�SDVWL�DNDQ�
PHQJDODPL� SHUXEDKDQ� GDQ� LQIRUPDVL� DZDO� LQL� GDSDW�
GLSHUEDUXL� PHQJJXQDNDQ� LQIRUPDVL� EDUX� XQWXN�
PHQGDSDWNDQ� SROD� SHUPLQWDDQ� WHUEDUX� �SRVWHULRU�
LQIRUPDWLRQ��� ,QIRUPDVL� EHUVXPEHU� SDGD� GDWD� VXUYHL�
WLGDN�ELVD�GLSHUEDUXL� VHWLDS� VDDW� NDUHQD�PHPEXWXKNDQ�
ZDNWX� \DQJ� ODPD� GDQ� ELD\D� PDKDO�� ,QIRUPDVL� GDUL�
VXPEHU� ODLQ� ELVD� GLSHUROHK� GHQJDQ� FDUD� \DQJ� OHELK�
PXGDK�GDQ�PXUDK��VHSHUWL�LQIRUPDVL�PHQJHQDL�SHVDLQJ�
GL� SDVDU� DWDX� PHODOXL� HNVSHULPHQ� KDUJD� \DQJ� VDQJDW�
PXQJNLQ� XQWXN� GLODNXNDQ� NDUHQD� SHQMXDODQ� WLNHW�
.HUHWD�%DQGDUD�6RHWWD�WHODK�GLODNXNDQ�VHFDUD�GDULQJ� 

0DVXNDQ� XWDPD� GDODP� RSWLPDVL� KDUJD� DGDODK� IXQJVL�
SHUPLQWDDQ�GL�PDQD�NXDQWLWDV�\DQJ�GLPLQWD�GLQ\DWDNDQ�
VHEDJDL� IXQJVL� GDUL� KDUJD�� .HEDUXDQ� SHQHOLWLDQ� LQL�
WHUOHWDN� SDGD� PHWRGH� \DQJ� GLJXQDNDQ� XQWXN�
PHQXUXQNDQ� IXQJVL� SHUPLQWDDQ� \DQJ� VHODQMXWQ\D�
EHULPSOLNDVL� SDGD� PHWRGH� RSWLPDVL� KDUJDQ\D�� 'DODP�
SHQHOLWLDQ� LQL�� IXQJVL� SHUPLQWDDQ� GLWXUXQNDQ�
EHUGDVDUNDQ� PRGHO� PL[HG� PXOWLQRPLDO� ORJLW� GHQJDQ�

QLODL� XWLOLWDV� \DQJ� GLDVXPVLNDQ� PHQJLNXWL� GLVWULEXVL�
QRUPDO� PXOWLYDULDW� �7UDLQ�� ������� 1LODL� XWLOLWDV�
GLHVWLPDVL� SDGD� OHYHO� LQGLYLGX� PHQJJXQDNDQ� PHWRGH�
KLHUDUFKLFDO�%D\HV��2UPH�GDQ�&KU]DQ���������&DUD�LQL�
PHPXQJNLQNDQ�XQWXN�PHQJHWDKXL�SHQJDUXK�SHUXEDKDQ�
DWULEXW� OD\DQDQ� GDQ� DWULEXW� SHVDLQJ� WHUKDGDS�
SHUPLQWDDQ� \DQJ� PHPEXDW� DQDOLVLV� SHQHQWXDQ� KDUJD�
ELVD�GLODNXNDQ�VHFDUD�GLQDPLV��-LND�FDUD�LQL�GLJXQDNDQ�
GDODP� RSWLPDVL� KDUJD� GHQJDQ� EDQ\DN� NHODV� WDULI��
SHQJDUXK� NDQLEDOLVDVL� DQWDU� SURGXN� GDUL� NHODV� WDULI�
\DQJ�EHUEHGD�GDSDW�GLDNRPRGDVL� 

3HQHOLWLDQ� WHUGDKXOX� PHQJHQDL� RSWLPDVL� KDUJD� GDQ�
NDSDVLWDV� XQWXN�PRGD�NHUHWD�DSL� UHODWLI� VHGLNLW��0RGHO�
SHUPLQWDDQ� \DQJ� SDOLQJ� VHGHUKDQD� DGDODK� PRGHO�
SHUPLQWDDQ� LQGHSHQGHQ� \DQJ� PHQJDVXPVLNDQ�
SHUPLQWDDQ� WLGDN� GLSHQJDUXKL� ROHK� DWULEXW� SURGXN�
�WHUPDVXN�KDUJD��GDQ�SHVDLQJ��0RGHO�SHUPLQWDDQ�MHQLV�
LQL� WHODK� GLWHUDSNDQ� XQWXN� PRGD� NHUHWD� DSL� GDODP�
EHQWXN�� ����PRGHO�GHWHUPLQLVWLN�VHSHUWL�GDODP�&KXDQJ�
GNN� �������GDQ�:DQJ�GNN� �������\DQJ�PHQJJXQDNDQ�
PRGHO� HODVWLVLWDV� NRQVWDQ�� ���� PRGHO� SUREDELOLVWLN�
VHSHUWL� GDODP� ;LDRTLDQJ� GNN� ������� \DQJ�
PHQJDVXPVLNDQ� SHUPLQWDDQ� PHQJLNXWL� GLVWULEXVL�
SUREDELOLWDV� WHUWHQWX� GHQJDQ� UHUDWD� GDQ� YDULDQVL� \DQJ�
GLNHWDKXL��DWDX�����PRGHO�\DQJ�GLGDVDUNDQ�SDGD�SURVHV�
VWRNDVWLN� VHSHUWL� GDODP� 4LDQ� GDQ� 6KXDL� ������� GDQ�
:DQJ�GNN� �������\DQJ�PHQJJXQDNDQ�SURVHV�3RLVVRQ��
VHUWD� <XDQ� GNN� ������� \DQJ� PHQJJXQDNDQ� UDQWDL�
0DUNRY� ZDNWX� GLVNULW��0RGHO� SHUPLQWDDQ� LQGHSHQGHQ�
KDQ\D�ELVD�GLJXQDNDQ�XQWXN�PHQJDQDOLVLV�NRQGLVL�VDDW�
LQL� VDMD� GDQ� WLGDN� ELVD� GLJXQDNDQ� XQWXN� NRQGLVL�
KLSRWHWLV�\DQJ�LQJLQ�GLDQWLVLSDVL�GL�PDVD�GHSDQ� 

0RGHO� SHUPLQWDDQ� \DQJ� PHQJDNRPRGDVL� GDPSDN�
SHUXEDKDQ� DWULEXW� SURGXN� GDQ� SHVDLQJ� XPXPQ\D�
GLGDVDUNDQ� SDGD� WHRUL� UDQGRP� XWLOLW\� PD[LPL]DWLRQ��
7HRUL� LQL� PHQ\DWDNDQ� EDKZD� VHWLDS� SHQJDPELO�
NHSXWXVDQ� NHWLND� GLKDGDSNDQ� SDGD� EHEHUDSD� SLOLKDQ�
PHQ\HPDWNDQ�QLODL�XWLOLWDV�SDGD�VHWLDS�DOWHUQDWLI��1LODL�
XWLOLWDV� LQL� EHUVLIDW� DFDN� NDUHQD� GLSHQJDUXKL� ROHK�
EDQ\DN� KDO� DFDN� EDLN� \DQJ� EHUVXPEHU� GDUL� GDODP�
PDXSXQ� OXDU� SHQJDPELO� NHSXWXVDQ��'DODP� VLWXDVL� LQL��
SHQJDPELO� NHSXWXVDQ� DNDQ� PHPLOLK� DOWHUQDWLI� \DQJ�
PHPEHULNDQ�XWLOLWDV�WRWDO�WHUEHVDU��3HQHOLWLDQ�WHUGDKXOX�
PHQJHQDL� RSWLPDVL� KDUJD� GDQ� NDSDVLWDV� XQWXN� PRGD�
NHUHWD�DSL�\DQJ�PHQJDGRSVL�PRGHO�SHUPLQWDDQ�VHSHUWL�
LQL�DQWDUD�ODLQ�&LULOOR���������6DWR�GDQ�6DZDNL���������
GDQ� +HWUDNXO� GDQ� &LULOOR� �������� &LULOOR� ������� GDQ�
6DWR� GDQ� 6DZDNL� ������� PHQJJXQDNDQ� PRGHO�
PXOWLQRPLDO�ORJLW�GHQJDQ�PHQJJXQDNDQ�GDWD�UHYHDOHG-
SUHIHUHQFH� XQWXN� PHUHSUHVHQWDVLNDQ� SHUPLQWDDQ��
VHGDQJNDQ�+HWUDNXO�GDQ�&LULOOR��������PHQJDVXPVLNDQ�
PRGHO� ODWHQW� FODVV�� 0RGHO� PXOWLQRPLDO� ORJLW�
PHQJHVWLPDVL� QLODL� XWLOLWDV� SDGD� OHYHO� DJUHJDW�
VHGDQJNDQ� ODWHQW� FODVV� PHUXSDNDQ� SHQGHNDWDQ�
GLVDJUHJDW�SDGD�OHYHO�NHORPSRN��3HQGHNDWDQ�\DQJ�DNDQ�
GLJXQDNDQ� XQWXN� PHQJHVWLPDVL� IXQJVL� SHUPLQWDDQ�
GDODP� SHQHOLWLDQ� LQL� PHQJDVXPVLNDQ� PRGHO� PL[HG�
PXOWLQRPLDO�ORJLW�GL�PDQD�QLODL�XWLOLWDV�GLHVWLPDVL�SDGD�
OHYHO� LQGLYLGX��(VWLPDVL� \DQJ� EHUVLIDW� GLVDJUHJDW� SDGD�
OHYHO�LQGLYLGX�VHFDUD�XPXP�DNDQ�PHPEHULNDQ�HVWLPDVL�
\DQJ� OHELK� DNXUDW� GLEDQGLQJNDQ� \DQJ� EHUVLIDW� DJUHJDW�
�VHSHUWL� PRGHO� ORJLW�� GDQ� GLVDJUHJDW� SDGD� OHYHO�
NHORPSRN��VHSHUWL�PRGHO�ODWHQW�FODVV��� 
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���0HWRGH 

,QVWUXPHQ� SHQJXPSXODQ� GDWD� \DQJ� GLJXQDNDQ� GDODP�
SHQHOLWLDQ� LQL� DGDODK� NXHVLRQHU� \DQJ� EHULVL� VHMXPODK�
FKRLFH� WDVN� \DQJ� PDVLQJ-PDVLQJ� WHUGLUL� GDUL� EHEHUDSD�
�ELDVDQ\D� �-��� NRQVHS� SURGXN� \DQJ� PHUHSUHVHQWDVLNDQ�
DOWHUQDWLI�\DQJ�GLPLOLNL�NRQVXPHQ�GL�SDVDU��$OWHUQDWLI�GL�
VLQL� ELVD� PHQJDFX� NH� SURGXN� \DQJ� VDDW� LQL� VXGDK� DGD��
DWDX� \DQJ� EHOXP� DGD� QDPXQ� PXQJNLQ� XQWXN� GLEXDW��
6HWLDS� NRQVHS� SURGXN� GLQ\DWDNDQ� VHEDJDL� NRPELQDVL�
OHYHO� DWULEXW�� 'DODP� SHQHOLWLDQ� LQL�� SURGXN� \DQJ� GLWHOLWL�
DGDODK� OD\DQDQ�.HUHWD�%DQGDUD� 6RHNDUQR-+DWWD��$WULEXW�
OD\DQDQ� GLWHQWXNDQ� EHUGDVDUNDQ� KDVLO� ZDZDQFDUD�
PHQJJXQDNDQ� PHWRGH� FULWLFDO� LQFLGHQFH� DSSURDFK�
�+D\HV���������'HQJDQ�PHPSHUWLPEDQJNDQ�NDUDNWHULVWLN�
FRPPXQLFDELOLW\� GDQ� DFWLRQDELOLW\� �+DLU� GNN�� �������
GLWHQWXNDQ� WLJD� DWULEXW� \DQJ� DNDQ� GLJXQDNDQ� GDODP�
SHQHOLWLDQ� LQL�� \DLWX� LQWHJUDVL� GHQJDQ� PRGD� ODLQ��
IOHNVLELOLWDV�WLNHW��GDQ�KDUJD��,QWHJUDVL�GHQJDQ�PRGD�ODLQ�
GLDQJJDS� SHQWLQJ� ROHK� NRQVXPHQ� NDUHQD� OD\DQDQ� NHUHWD�
EDQGDUD� EXNDQODK� OD\DQDQ� WUDQVSRUWDVL� HQG-WR-HQG��
$WULEXW� LQL� GLUHSUHVHQWDVLNDQ� GHQJDQ� DWULEXW� SURPR�
EXQGOLQJ� GHQJDQ� OD\DQDQ� WDNVL� EHUEDVLV� DSOLNDVL��
6HPHQWDUD� LWX�� IOHNVLELOLWDV� WLNHW� MXJD� GLDQJJDS� SHQWLQJ�
NDUHQD�WLQJJLQ\D�NHWLGDNSDVWLDQ�\DQJ�GLKDGDSL�NRQVXPHQ�
EDLN� WHUNDLW� MDGZDO� SHQHUEDQJDQ� PDXSXQ� SHUMDODQDQ�
PHQXMX� EDQGDUD�� /HYHO� XQWXN� VHWLDS� DWULEXW� GLWHQWXNDQ�
EHUGDVDUNDQ�OHYHO�\DQJ�DGD�VDDW�LQL�GDQ�OHYHO�\DQJ�EHOXP�
DGD� QDPXQ� SRWHQVLDO� XQWXN� GLFRED� �7DEHO� ���� 6XDWX�
NRQVHS�SURGXN�GLUHSUHVHQWDVLNDQ�VHEDJDL�NRPELQDVL�OHYHO�
GDUL�NHWLJD�DWULEXW��PLVDOQ\D�� GLVNRQ����� WDNVL�RQOLQH�–�
WLNHW�UHJXOHU�–�5S�������� 

7DEHO����$WULEXW�GDQ�OHYHO�SURGXN�GDODP�NXHVLRQHU�SHQHOLWLDQ 

$WULEXW /HYHO 

3URPR�EXQGOLQJ�WDNVL�
EHUEDVLV�DSOLNDVL 

'LVNRQ������PDNVLPXP�5S������� 
'LVNRQ������PDNVLPXP�5S������� 
7DQSD�SURPR 

)OHNVLELOLWDV�WLNHW 

7LNHW�SDJL��KDQ\D�ELVD�GLJXQDNDQ�SDJL�KDUL� 
7LNHW�PDODP��KDQ\D�ELVD�GLJXQDNDQ�
PDODP�KDUL� 
7LNHW�UHJXOHU��KDQ\D�ELVD�GLJXQDNDQ�
VHVXDL�WDQJJDO�GDQ�MDP� 
7LNHW�IOHNVLEHO��ELVD�GLJXQDNDQ�VHVXDL�
WDQJJDO�GL�MDP�EHUDSDSXQ� 

+DUJD 

5S������ 
5S������ 
5S������ 
5S������ 
5S������ 
5S������ 

/D\DQDQ� NHUHWD� EDQGDUD�PHQJKDGDSL� SHUVDLQJDQ�GHQJDQ�
PRGD� ODLQ� VHSHUWL� EXV�� WDNVL� NRQYHQVLRQDO�� OD\DQDQ�
SHQXPSDQJ� EHUEDVLV� DSOLNDVL�� GDQ� NHQGDUDDQ� SULEDGL��
'DODP� SHQHOLWLDQ� LQL�� PRGD� SHVDLQJ� WLGDN� GLQ\DWDNDQ�
VHEDJDL� RSVL� \DQJ� HNVSOLVLW� GDODP� FKRLFH� WDVN�� 6HWLDS�
NXHVLRQHU� WHUGLUL� GDUL� GHODSDQ� FKRLFH� WDVN� \DQJ�PDVLQJ-
PDVLQJ� PHPLOLNL� WLJD� NRQVHS� SURGXN� GDQ� VDWX� RSVL�
µQRQH¶�� $GDQ\D� RSVL� µQRQH¶� PHQJDNRPRGDVL� UHVSRQGHQ�
\DQJ� WLGDN� WHUWDULN� XQWXN� QDLN� .HUHWD� %DQGDUD� GDQ�
PHPLOLK� XQWXN�PHQJJXQDNDQ�PRGD� ODLQ��&RQWRK� FKRLFH�
WDVN� GDODP� NXHVLRQHU� SHQHOLWLDQ� LQL� GDSDW� GLOLKDW� GL�
*DPEDU��� 

*DPEDU����&RQWRK�FKRLFH-WDVN�GDODP�NXHVLRQHU�SHQHOLWLDQ 

'HQJDQ� OHYHO� VHSHUWL� GDODP�7DEHO� ��� LGHDOQ\D� VHRUDQJ�
UHVSRQGHQ� PHQJHYDOXDVL� VHEDQ\DN� ����� ��� NRQVHS�
SURGXN�� -LND� GLODNXNDQ�� LQL� DNDQ� PHPEHULNDQ� EHEDQ�
LQIRUPDVLRQDO� \DQJ� EHVDU� NH� UHVSRQGHQ� GDQ� EHUSRWHQVL�
PHQJKDVLONDQ�GDWD�GHQJDQ�NXDOLWDV� \DQJ�EXUXN��'DODP�
SHQHOLWLDQ� LQL� GLWHQWXNDQ� VHEDQ\DN� WXMXK� FKRLFH� WDVN�
DFDN�\DQJ�PDVLQJ-PDVLQJ�EHULVL�WLJD�NRQVHS�SURGXN��,QL�
EHUDUWL� VHWLDS� UHVSRQGHQ� DNDQ�PHQJHYDOXDVL� ��� NRQVHS�
SURGXN�� 6DPD� VHSHUWL� GDODP� HNVSHULPHQ� SDGD�
XPXPQ\D�� ���FKRLFH� WDVN� LQL� KDUXV�GLSLOLK� VHFDUD� DFDN�
GDUL����FKRLFH�WDVN�\DQJ�PXQJNLQ�GLEXDW�� 

'LVFUHWH� FKRLFH� H[SHULPHQW� PHQV\DUDWNDQ� VHW� FKRLFH�
WDVN� \DQJ� GLEDQJNLWNDQ� XQWXN� VHWLDS� UHVSRQGHQ� KDUXV�
PHPLOLNL� MXPODK� OHYHO� \DQJ� VHLPEDQJ�� RUWRJRQDO�� GDQ�
PHPLOLNL� RYHUODS� \DQJ� PLQLPXP� �2UPH�� �������
2UWRJRQDO� VHFDUD� NRQVHSWXDO� EHUDUWL� DQWDU� FKRLFH� WDVN�
EHUVLIDW� LQGHSHQGHQ�� GL�PDQD� WLGDN� DGD� SROD� GDODP� VHW�
FKRLFH� WDVN� \DQJ� GLEDQJNLWNDQ� XQWXN� VHRUDQJ�
UHVSRQGHQ�� 6HPHQWDUD� LWX�� RYHUODS� WHUMDGL� NHWLND�
WHUGDSDW�OHYHO�\DQJ�PXQFXO�OHELK�GDUL�VHNDOL�GDODP�VXDWX�
FKRLFH� WDVN�� 6HFDUD� VWDWLVWLN�� DGDQ\D� RYHUODS� \DQJ�
PLQLPXP� GDODP� VXDWX� FKRLFH� WDVN� PHQLQJNDWNDQ�
DNXUDVL� KDVLO� HVWLPDVL� GDODP� PRGHO� SUHIHUHQVL� \DQJ�
KDQ\D�PHPSHUKLWXQJNDQ�HIHN�XWDPD�VHWLDS�DWULEXW�VDMD��
QDPXQ� EHUGDPSDN� VHEDOLNQ\D� XQWXN� PRGHO� \DQJ�
PHPSHUKLWXQJNDQ� HIHN� LQWHUDNVL� DQWDU� DWULEXW�� (IHN�
LQWHUDNVL� ELDVDQ\D� GLJXQDNDQ� GDODP� PRGHO� DJUHJDW�
NHWLND�WHUGDSDW�YDULDELOLWDV�DQWDU�LQGLYLGX��0RGHO�FKRLFH�
EHKDYLRU� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL�
PHQJHVWLPDVL�QLODL�XWLOLWDV�SDGD�OHYHO�LQGLYLGX�VHKLQJJD�
FXNXS�PHPSHUKLWXQJNDQ� HIHN� XWDPD� VDMD�� \DQJ� EHUDUWL�
DGDQ\D� RYHUODS� \DQJ� PLQLPXP� DNDQ� PHQLQJNDWNDQ�
DNXUDVL�KDVLO�HVWLPDVL� 

.RPSOHNVLWDV� NXHVLRQHU� PHPEXDWQ\D� WLGDN� PXQJNLQ�
GLUDQFDQJ��GLEDQJNLWNDQ��GDQ�GLVHEDUNDQ�VHFDUD�PDQXDO��
'DODP� SHQHOLWLDQ� LQL� GLJXQDNDQ� SHUDQJNDW� OXQDN�
/LJKWKRXVH� 6WXGLR� �� GDUL� 6DZWRRWK� 6RIWZDUH� XQWXN�
PHUDQFDQJ�� PHPEDQJNLWNDQ� FKRLFH� WDVN� VHFDUD� DFDN��
GDQ�PHQJHOROD�SHQ\HEDUDQ�NXHVLRQHU�VHFDUD�GDULQJ� 
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����(VWLPDVL�QLODL�XWLOLWLDV 

(VWLPDVL�QLODL�XWLOLWDV�GDUL�GDWD�VWDWHG-SUHIHUHQFH�KDVLO�
VXUYHL� GLODNXNDQ� PHQJJXQDNDQ� PHWRGH� KLHUDUFKLFDO�
%D\HV� �2UPH� GDQ� &KU]DQ�� ������� 0HWRGH� LQL�
GLGDVDUNDQ� SDGD� PRGHO�PL[HG�PXOWLQRPLDO� ORJLW� \DQJ�
PHQJDVXPVLNDQ� EDKZD� QLODL� XWLOLWDV� SDGD� OHYHO�
LQGLYLGX�� GLQRWDVLNDQ� GHQJDQ� ᅈ𝑖� �YHNWRU� QLODL� XWLOLWDV�
XQWXN� LQGLYLGX� 𝑖��� EHUYDULDVL� PHQJLNXWL� GLVWULEXVL�
QRUPDO�PXOWLYDULDW� \DQJ�PHPLOLNL� YHNWRU� UHUDWD�ȝ�GDQ�
PDWULNV� NRYDULDQVL� Ȉ�� 'DODP� PHWRGH� HVWLPDVL�
KLHUDUFKLFDO�%D\HV�� NHWLJD� EHVDUDQ� WHUVHEXW� GLHVWLPDVL�
VHFDUD� LWHUDWLI� PHQJJXQDNDQ� DOJRULWPD� 0HWURSROLV-
+DVWLQJV� \DQJ� SDGD� GDVDUQ\D� PHUXSDNDQ� PHWRGH�
VLPXODVL� 0RQWH� &DUOR� UDQWDL� 0DUNRY�� 6HWHODK� QLODL�
DZDO�XQWXN�NHWLJD�SDUDPHWHU�WHUVHEXW�GLWHQWXNDQ�VHFDUD�
VHPEDUDQJ�� GLODNXNDQ� SHUKLWXQJDQ� GL� PDQD� GDODP�
VHWLDS� LWHUDVL� GDWD� GDUL� VDWX� UHVSRQGHQ� GLDPELO� VHFDUD�
DFDN� GDQ� GLJXQDNDQ� XQWXN� PHQJHVWLPDVL� QLODL� VXDWX�
SDUDPHWHU� EHUV\DUDW� WHUKDGDS� QLODL� GXD� SDUDPHWHU�
ODLQQ\D��ᅈ𝑖פȝ�Ȉ��ȝפᅈ𝑖�Ȉ��GDQ�Ȉפᅈ𝑖�ȝ���'DODP�SHUKLWXQJDQ�
LQL� QLODL� ᅈ𝑖פȝ�Ȉ� � GLDVXPVLNDQ� EHUGLVWULEXVL� QRUPDO�
PXOWLYDULDW�� VHGDQJNDQ� QLODL� ȝפᅈ𝑖�Ȉ� GDQ� Ȉפᅈ𝑖�ȝ��
GLDVXPVLNDQ�PHQJLNXWL�GLVWULEXVL�LQYHUVH-:LVKDUW�\DQJ�
PHUXSDNDQ� FRQMXJDWH� SULRU� XQWXN� PDWULNV� NRYDULDQVL�
GDUL� YHNWRU� YDULDEHO� \DQJ� EHUGLVWULEXVL� QRUPDO�
PXOWLYDULDW��3URVHV�LQL�ELDVDQ\D�GLXODQJ�VDPSDL�GHQJDQ�
������-������� NDOL� VDPSDL� QLODL� NHWLJD� SDUDPHWHU�
WHUVHEXW� NRQYHUJHQ� DWDX� WLGDN� EHUXEDK� VHFDUD�
VLJQLILNDQ�DQWDU�LWHUDVL��1LODL�ᅈ𝑖פȝ�Ȉ��ȝפᅈ𝑖�Ȉ��GDQ�Ȉפᅈ𝑖�ȝ��
\DQJ� WHODK�PHQFDSDL� NRQYHUJHQVL� LQLODK� \DQJ� GLDPELO�
VHEDJDL� HVWLPDVL� XQWXN� QLODL� ᅈ𝑖�� ȝ�� GDQ� Ȉ�� -DPLQDQ�
SHQFDSDLDQ� NRQYHUJHQVL� GDUL� SURVHV� HVWLPDVL� LQL�
GLGDVDUNDQ� SDGD� WHRUL� %HUQVWHLQ-YRQ� 0LVHV� �7UDLQ��
������ 

����(VWLPDVL�VKDUH�RI�SUHIHUHQFH 

%HUGDVDUNDQ� QLODL� ᅈ𝑖� � \DQJ� GLSHUROHK� GDUL� WDKDSDQ�
VHEHOXPQ\D��SLOLKDQ�VHWLDS�LQGLYLGX�NHWLND�PHQJKDGDSL�
VXDWX� FKRLFH� WDVN� GDSDW� GLHVWLPDVL�� 3URSRUVL� SRSXODVL�
\DQJ� GLSUHGLNVLNDQ� PHPLOLK� VXDWX� DOWHUQDWLI� GDODP�
FKRLFH� WDVN� WHUVHEXW� -� GLVHEXW� GHQJDQ� VKDUH� RI�
SUHIHUHQFH�-�GDSDW�GLHVWLPDVL�GHQJDQ�PHQJDJUHJDVLNDQ�
SLOLKDQ�GDUL�VHPXD�UHVSRQGHQ�GDODP�VDPSHO��3URVHV�LQL�
GLODNXNDQ� PHODOXL� VLPXODVL� \DQJ� GLVHEXW� UDQGRPL]HG�
ILUVW�FKRLFH��+XEHU�GNN��������� 

1LODL�ᅈ𝑖�\DQJ�GLSHUROHK�GDUL�PHWRGH�KLHUDUFKLFDO�%D\HV�
PHUHSUHVHQWDVLNDQ� VHEHUDSD� EHUKDUJD� VHWLDS� OHYHO�
DWULEXW�XQWXN�LQGLYLGX�𝑖��6HSHUWL�WHUOLKDW�GDODP�7DEHO����
GDODP�SHQHOLWLDQ� LQL� WHUGDSDW���� OHYHO�DWULEXW�VHKLQJJD�
YHFWRU�ᅈ𝑖�DNDQ�PHPLOLNL����HOHPHQ�GL�PDQD����HOHPHQ�
SHUWDPD�PHUHSUHVHQWDVLNDQ�QLODL�XWLOLWDV�XQWXN����OHYHO�
DWULEXW� WHUVHEXW� GDQ� �� HOHPHQ�PHUHSUHVHQWDVLNDQ� QLODL�
XWLOLWDV�XQWXN�RSVL�µQRQH¶��'HQJDQ�PHQJHWDKXL�QLODL�ᅈ𝑖��
DOWHUQDWLI�\DQJ�DNDQ�GLSLOLK�ROHK�LQGLYLGX�𝑖�GDODP�VXDWX�
FKRLFH� WDVN� ELVD� GLHVWLPDVL� EHUGDVDUNDQ� NRPELQDVL�
OHYHO� \DQJ� DGD� GL� VHWLDS� DOWHUQDWLI�� 'DUL� VHWLDS� FKRLFH�
WDVN�� LQGLYLGX� 𝑖� GLSUHGLNVLNDQ� DNDQ� PHPLOLK� DOWHUQDWLI�
\DQJ� PHPEHULNDQ� XWLOLWDV� WRWDO� WHUEHVDU�� .DUHQD� SDGD�
GDVDUQ\D� PDQXVLD� WLGDN� VHSHQXKQ\D� NRQVLVWHQ� GDODP�
PHPEHULNDQ�SHQLODLDQ��DJDU�OHELK�UHDOLVWLV�GLWDPEDKNDQ�

GXD� HOHPHQ� DFDN� SDGD� KDVLO� HYDOXDVL� SHQJDPELO�
NHSXWXVDQ�WHUKDGDS�VHWLDS�DOWHUQDWLI��6DWX�HOHPHQ�DFDN�
PHUHSUHVHQWDVLNDQ� YDULDELOLWDV� SURGXN�� VHGDQJNDQ�
HOHPHQ� DFDN� ODLQQ\D� PHUHSUHVHQWDVLNDQ� YDULDELOLWDV�
LQGLYLGX��.HGXD�HOHPHQ�DFDN� LQL�EHUGLVWULEXVL�*XPEHO�
�GRXEOH� H[SRQHQWLDO�� GDQ�GLSHUROHK�GDUL� KDVLO� HVWLPDVL�
KLHUDUFKLFDO�%D\HV��%HUGDVDUNDQ�GLVWULEXVL�SUREDELOLWDV�
LQL�� XWLOLWDV� WRWDO� \DQJ� PHUHSUHVHQWDVLNDQ� SHQLODLDQ�
VHWLDS� LQGLYLGX� WHUKDGDS� VHWLDS� DOWHUQDWLI� GDSDW�
GLEDQJNLWNDQ� GHQJDQ� SURVHGXU� VLPXODVL� 0RQWH� &DUOR��
GDQ� VHODQMXWQ\D� DOWHUQDWLI� \DQJ� DNDQ� GLSLOLK� LQGLYLGX�
WHUVHEXW� GDSDW� GLSUHGLNVL�� 'DODP� VLPXODVL� LQL�� SURGXN�
SHVDLQJ� GLDNRPRGDVL� VHEDJDL� NRQVHS� SURGXN� ODLQ�
GDODP�FKRLFH�WDVN� 

0HQXUXW� +XEHU� GNN� �������� MLND� QLODL� YHNWRU� XWLOLWDV�
GDUL� LQGLYLGX� 𝑖��ᅈ𝑖�� WHODK�GLNHWDKXL��PHQXUXW� LQGLYLGX� 𝑖��
SURGXN�ਗ਼�PHPLOLNL�XWLOLWDV�WRWDO�VHEDJDL�EHULNXW� 

����𝑈𝑖ਗ਼��ൌ�ܺਗ਼�ሺᅈ𝑖ࡱ���𝑝Ϳࡱ����   ���������������� 

GL�PDQD�𝑈𝑖ਗ਼�PHUXSDNDQ�XWLOLWDV�WRWDO�SURGXN�ਗ਼��PHQXUXW�
LQGLYLGX� 𝑖�� ܺਗ਼� PHUXSDNDQ� YHNWRU� ELQHU� \DQJ�
PHUHSUHVHQWDVLNDQ�NRPELQDVL�OHYHO�DWULEXW�SURGXN�ਗ਼ࡱ��𝑝�
PHUXSDNDQ�YHFWRU�YDULDEOH�DFDN�\DQJ�PHUHSUHVHQWDVLNDQ�
YDULDELOLWDV� SURGXN�� GDQࡱ��� �PHUXSDNDQ� YDULDEHO� DFDN�
\DQJ� PHUHSUHVHQWDVLNDQ� YDULDELOLWDV� LQGLYLGX�� 'DODP�
VXDWX�FKRLFH�WDVN�ȳ��LQGLYLGX�𝑖��DNDQ�PHPLOLK�SURGXN�ਗ਼��
MLND�𝑈𝑖ਗ਼�൐�𝑈𝑖ᴷ���"𝑘���ਗ਼��GL�PDQD�𝑘ǡ�ਗ਼ג��ȳ����-LND�WHUGDSDW�
𝑁�UHVSRQGHQ�GDODP�VDPSHO��VKDUH�RI�SUHIHUHQFH�SURGXN�
ਗ਼��GLKLWXQJ�GHQJDQ 

� 

GL�PDQD�Ɏਗ਼�DGDODK�VKDUH�RI�SUHIHUHQFH�SURGXN�ਗ਼��GDQ���Ǥ���
DGDODK�IXQJVL�LQGLNDWRU�\DQJ�EHUQLODL���MLND�NRQGLVL��൉���
WHUSHQXKL�GDQ���MLND�VHEDOLNQ\D�� 

����(VWLPDVL�IXQJVL�SHUPLQWDDQ 

(VWLPDVL� IXQJVL� SHUPLQWDDQ� GLODNXNDQ� GHQJDQ�
PHQJHVWLPDVL�VKDUH�RI�SUHIHUHQFH�XQWXN�EHEHUDSD�OHYHO�
KDUJD� \DQJ�EHUEHGD��PHQJRQYHUVL� VKDUH�RI� SUHIHUHQFH�
PHQMDGL� NXDQWLWDV�� GDQ� PHQJLQWHUSRODVLNDQQ\D� XQWXN�
PHQGDSDWNDQ� IXQJVL� SHUPLQWDDQ� \DQJ� NRQWLQ\X� GDQ�
GLIIHUHQWLDEOH�� 'DODP� SHQHOLWLDQ� LQL� GLWHWDSNDQ� HQDP�
OHYHO�KDUJD�VHSHUWL�GDODP�7DEHO����'HQJDQ�PHODNXNDQ�
VLPXODVL� UDQGRPL]HG� ILUVW� FKRLFH� SDGD� HQDP� OHYHO�
KDUJD�WHUVHEXW�GDSDW�GLSHUROHK�HQDP�SDVDQJ�GDWD�KDUJD�
GDQ� VKDUH� RI� SUHIHUHQFH�� -LND� ਺� PHUHSUHVHQWDVLNDQ�
XNXUDQ� SDVDU� PDND� EDQ\DNQ\D� RUDQJ� \DQJ� DNDQ�
PHPLOLK� SURGXN� ਗ਼� GDSDW� GLHVWLPDVL� GHQJDQ� ਺Ɏਗ਼�� -LND�
SURGXN�ਗ਼�GDODP�FKRLFH�WDVN�ȳ�PHPLOLNL�KDUJD�𝑝ਗ਼�PDND�
਺Ɏਗ਼�PHUHSUHVHQWDVLNDQ�YROXPH�SHUPLQWDDQ�SDGD�KDUJD�
𝑝ਗ਼��'HQJDQ�PHODNXNDQ�VLPXODVL�XQWXN�EHEHUDSD�QLODL�𝑝ਗ਼��
\DQJ� EHUEHGD�� DNDQ� GLSHUROHK� EHEHUDSD� WLWLN� GDWD�
SDVDQJDQ�KDUJD-NXDQWLWDV�\DQJ�ELVD�GLLQWHUSRODVL�XQWXN�
PHQGDSDWNDQ� IXQJVL� SHUPLQWDDQ� \DQJ� NRQWLQ\X� GDQ�
GLIIHUHQWLDEOH� 

)XQJVL� SHUPLQWDDQ� \DQJ� NRQWLQ\X� GDQ� GLIIHUHQWLDEOH�
GDSDW� GLHVWLPDVL� GHQJDQ� PHODNXNDQ� LQWHUSRODVL�
WHUKDGDS� HQDP� SDVDQJ� GDWD� LQL�� 6HFDUD� JDULV� EHVDU��

��� 𝜋𝑗 =
σ 1𝑈𝑖𝑗 >𝑈𝑖𝑘 .∀𝑘≠𝑗 ,   𝑘 .𝑗∈Ω
𝑁
𝑛=1

𝑁
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LQWHUSRODVL�ELVD�GLODNXNDQ�GHQJDQ�GXD�FDUD��&DUD�SHUWDPD�
DGDODK� GHQJDQ� PHQJDVXPVLNDQ� VXDWX� IXQJVL� WHRULWLV�
SHUPLQWDDQ� WHUWHQWX� �PLVDOQ\D� PRGHO� SHUPLQWDDQ�
HODVWLVLWDV� NRQVWDQ�� \DQJ� NHPXGLDQ� GLSDUDPHWHULVDVL�
VHGHPLNLDQ�VHKLQJJD�EHUVHVXDLDQ�GHQJDQ�HQDP�WLWLN�GDWD�
WDGL��&DUD�LQL�DNDQ�PHQJKDVLONDQ�IXQJVL�SHUPLQWDDQ�\DQJ�
UHODWLI� VHGHUKDQD�QDPXQ�EHOXP� WHQWX� VHSHQXKQ\D� VHVXDL�
GHQJDQ� HQDP� WLWLN� GDWD� WHUVHEXW�� &DUD� NHGXD� DGDODK�
GHQJDQ� PHPEDJL� IXQJVL� SHUPLQWDDQ� NH� GDODP� OLPD�
VHJPHQ� NXUYD� GL� PDQD� VHWLDS� VHJPHQ� PHQJKXEXQJNDQ�
GXD� WLWLN�GDWD�\DQJ�EHUXUXWDQ��6HODQMXWQ\D�� IXQJVL� XQWXN�
VHWLDS� VHJPHQ� GLWHQWXNDQ� VHGHPLNLDQ� VHKLQJJD�
VDPEXQJDQ� DQWDU� VHJPHQ� NRQWLQ\X� GDQ� GLIIHUHQWLDEOH��
&DUD� NHGXD� LQL� GLDGRSVL� GDODP� SHQHOLWLDQ� LQL�� GL� PDQD�
VHWLDS� VHJPHQ� GLLQWHUSRODVL� PHQJJXQDNDQ� FXELF� VSOLQH�
DWDX� IXQJVL� SDQJNDW� WLJD� �:ROEHUJ� GDQ� $OI\�� �������
)XQJVL�SDQJNDW�WLJD�PHUXSDNDQ�IXQJVL�SROLQRPLDO�SDOLQJ�
VHGHUKDQD� \DQJ� ELVD� GLJXQDNDQ� XQWXN� PHQGDSDWNDQ�
IXQJVL�SHUPLQWDDQ�\DQJ�NRQWLQ\X�GDQ�GLIIHUHQWLDEOH� 

0LVDONDQ� WHUGDSDW� �ߊ WLWLN� GDWD� KDUJD-NXDQWLWDV� \DQJ�
GLQRWDVLNDQ� GHQJDQ� �>𝑝ͳݎ�ͳ@�«�>𝑝ߊݎ�ߊ@��� GDQ� PLVDONDQ����
𝑑ሺ𝑝ሻ� DGDODK� IXQJVL� LQWHUSRODVL� WHUKDGDS� �ߊ WLWLN� GDWD�
WHUVHEXW� \DQJ� EHUEHQWXN� IXQJVL� SROLQRPLDO� SLHFHZLVH�
\DQJ�WHUGLUL�GDUL�VHEDQ\DNߊ�-ͳ�VHJPHQ�SROLQRPLDO�NXELN�
𝑑�� \DQJ� GLGHILQLVLNDQ� XQWXN� UHQWDQJ� >𝑝��𝑝�൅ͳ@��
6HPEDUDQJ� VHJPHQ� 𝑑�� GDQ� 𝑑�൅ͳ� � WHUVDPEXQJ� GL� WLWLN
>𝑝�൅ͳݎ��൅ͳ@� � XQWXNג��ͳǡǥǡߊ�-ʹ� � VHGHPLNLDQ� VHKLQJJD�
𝑑ǯ�ሺ𝑝�൅ͳሻ� ൌ� 𝑑ǯ�൅ͳሺ𝑝�൅ͳሻ�GDQ�𝑑ǯǯ�ሺ𝑝�൅ͳሻ� ൌ� 𝑑ǯǯ�൅ͳሺ𝑝�൅ͳሻ��
6HFDUD� WHRULWLV�� IXQJVL� SHUPLQWDDQ� EHUVLIDW� GRZQZDUG�
VORSLQJ� VHKLQJJD� GLEXWXKNDQ� V\DUDW� WDPEDKDQ� \DLWX�
PRQRWRQLN��WXUXQ���6XDWX�VHJPHQ�𝑑��EHUVLIDW�PRQRWRQLN�
MLND� WLGDN� DGD� SHUXEDKDQ� WDQGD� GDODP� QLODL� WXUXQDQ� GL�
VHSDQMDQJ� VHJPHQ� WHUVHEXW�� GDODP� KDO� LQL� GLDVXPVLNDQ�
QLODL� WXUXQDQQ\D� WLGDN� QRO�� )XQJVL� 𝑑�� \DQJ� PRQRWRQLN�
GDSDW� GLSHUROHK� GHQJDQ� PHQJDNRPRGDVL� NHQGDOD� LQL�
GDODP� SHQFDULDQ� VROXVLQ\D�� 8QWXN� PHQGDSDWNDQ� VROXVL�
GLEXWXKNDQ� GDWD� WLWLN� \DQJ� DNDQ� GLLQWHUSRODVL� GDQ� QLODL�
WXUXQDQ�� -LND� GDWD� QLODL� WXUXQDQ� WLGDN� WHUVHGLD�� VROXVL�
GDSDW�GLSHUROHK�GHQJDQ�PHQ\HOHVDLNDQ�VLVWHP�SHUVDPDDQ�
WULGLDJRQDO� \DQJ� PHUHODVLNDQ� GDWD� WLWLN� \DQJ� DNDQ�
GLLQWHUSRODVL� GHQJDQ� QLODL� WXUXQDQ� \DQJ� EHUVHVXDLDQ��
3DSDUDQ� OHQJNDS� PHQJHQDL� FDUD� XQWXN� PHQGDSDWNDQ�
IXQJVL�𝑑��GDSDW�GLOLKDW�GDODP��:ROEHUJ�GDQ�$OI\�������� 

����2SWLPDVL�KDUJD 

7DKDSDQ� LQL� GLODNXNDQ� GHQJDQ� PHUXPXVNDQ� PDVDODK�
SHQHQWXDQ�KDUJD�PHQMDGL�PDVDODK�RSWLPDVL�GHQJDQ�KDUJD�
XQWXN� VHWLDS� NHODV� WDULI� VHEDJDL� YDULDEHO� NHSXWXVDQ��
)XQJVL� NHQGDOD� PHQFDNXS� KXEXQJDQ� LQWHUGHSHQGHQVL�
DQWDUD�KDUJD�GDQ�SHUPLQWDDQ�GL�NHODV�WDULI�\DQJ�EHUEHGD��
0LVDONDQ�GDODP�FKRLFH�WDVN�ȳ�SURGXN�ਗ਼�PHPLOLNL�DWULEXW�
KDUJD�𝑝ਗ਼� GDQ� YHNWRU� DWULEXW� QRQ-KDUJDܙ�ਗ਼� � VHUWD� WHUGDSDW�
EHEHUDSD� SURGXN� ODLQ� VHODLQ� ਗ਼�� PLVDONDQ� LQL� GLQ\DWDNDQ�
GHQJDQ� ȳሺሾ𝑝ਗ਼ǡܙਗ਼ሿǡሾ𝑝ᴷǡܙᴷǡ"𝑘�ਗ਼ሿሻ�� -LND� ᅈ� DGDODK� PDWULNV�
GHQJDQ� HOHPHQ� GL� EDULV� NH-𝑖� PHUHSUHVHQWDVLNDQ� YHNWRU�
XWLOLWDV� LQGLYLGX� 𝑖�� VHFDUD� XPXP� IXQJVL� SHUPLQWDDQ�
SURGXN�ਗ਼��ELVD�GLQ\DWDNDQ�GHQJDQ 

��𝑑ਗ਼ሺ𝑝ਗ਼ሻ�ൌ݂�ܦ�ሺ𝑝ਗ਼פȳሺሾܙਗ਼ሿǡሾ𝑝ᴷǡܙᴷǡ"𝑘���ਗ਼ሿሻǡᅈሻ������������������ሺ͵ሻ
 �������������������������������������� 

GL�PDQD�݂�൉�����DGDODK�IXQJVL�\DQJ�PHQWUDQVIRUPDVLNDQ�
QLODL�XWLOLWDV�PHQMDGL�VKDUH�RI�SUHIHUHQFH��3HUVDPDDQ���
PHQ\DWDNDQ� EDKZD� IXQJVL� SHUPLQWDDQ� SURGXN� ਗ਼��
GLSHQJDUXKL� WLGDN� KDQ\D� ROHK� 𝑝ਗ਼� � QDPXQ� MXJD� ROHK�
DWULEXW� QRQ-KDUJD� GDUL� SURGXN� ਗ਼� � GDQ� DWULEXW� KDUJD� GDQ�
QRQ-KDUJD�GDUL�SURGXN�ODLQ�\DQJ�DGD�GDODP�FKRLFH�WDVN�
ȳ�� ,QL� EHUDUWL� SHUXEDKDQ� VDODK� VDWX� GDUL� HOHPHQ� FKRLFH�
WDVN� WHUVHEXW� DNDQ� PHQ\HEDENDQ� SHUXEDKDQ� IXQJVL�
SHUPLQWDDQ�SURGXN�ਗ਼� 

'DODP� PDQDMHPHQ� SHQGDSDWDQ�� RSWLPDVL� KDUJD� SDGD�
GDVDUQ\D� EHUWXMXDQ� PHPDNVLPDVL� NRQWULEXVL� WRWDO��
.RQWULEXVL� WRWDO� GLKLWXQJ� GHQJDQ� FDUD� \DQJ� VDPD�
GHQJDQ�SURILW��QDPXQ�ELD\D�\DQJ�GLSHUKLWXQJNDQ�EXNDQ�
ELD\D�WRWDO�PHODLQNDQ�LQFUHPHQWDO�FRVW��3KLOOLSV���������
,QFUHPHQWDO� FRVW� DGDODK� ELD\D� WDPEDKDQ� \DQJ�
GLNHOXDUNDQ� ROHK� SURGXVHQ� MLND� PHQMXDO� VDWX� SURGXN�
WDPEDKDQ��'DODP�LQGXVWUL�WUDQVSRUWDVL��LQFUHPHQWDO�FRVW�
XPXPQ\D� QRO� NDUHQD� WDPEDKDQ� VDWX� SHQXPSDQJ� WLGDN�
PHQLPEXONDQ� ELD\D� WDPEDKDQ� DWDX� NDODX� SXQ� DGD�
ELDVDQ\D�UHODWLI�NHFLO�� 

3HQHQWXDQ� KDUJD� RSWLPDO� PXGDK� GLODNXNDQ� MLND� KDQ\D�
DGD� VDWX� NHODV� WDULI�� -LND� WHUGDSDW� OHELK� GDUL� VDWX� NHODV�
WDULI�� RSWLPDVL� KDUJD� PHQMDGL� MDXK� OHELK� NRPSOHNV�
NDUHQD�DGDQ\D�HIHN�NDQLEDOLVDVL�DQWDU�SURGXN�GDUL�NHODV�
WDULI� \DQJ� EHUEHGD�� 'DODP� SHQHOLWLDQ� LQL�� NHODV� WDULI�
GLEDWDVL�VHEDQ\DN�GXD�GL�PDQD�SURGXN�XQWXN�NHODV�WDULI�
SHUWDPD� PHUXSDNDQ� OD\DQDQ� EXQGOLQJ� GHQJDQ� WDNVL�
EHUEDVLV� DSOLNDVL�� VHGDQJNDQ� SURGXN� XQWXN� NHODV� WDULI�
NHGXD� KDQ\D� EHUXSD� OD\DQDQ� .HUHWD� %DQGDUD� VDMD��
'DODP�SURVHV�SHQHQWXDQ�KDUJD�RSWLPDO�XQWXN�NHODV�WDULI�
SHUWDPD�� SURGXN� GL� NHODV� WDULI� NHGXD� GLDQJJDS� VHEDJDL�
SHVDLQJ� GDODP� VLPXODVL� UDQGRPL]HG� ILUVW� FKRLFH��
6HEDOLNQ\D�� GDODP� SURVHV� SHQHQWXDQ� KDUJD� RSWLPDO�
XQWXN� NHODV� WDULI� NHGXD�� SURGXN� GL� NHODV� WDULI� SHUWDPD�
GLDQJJDS� VHEDJDL� SHVDLQJ�� ,QL� PHPEXDW� SURVHV�
SHQFDULDQ� VROXVL� GDUL� PDVDODK� RSWLPDVL� KDUJDQ\D�
PHQMDGL� VDQJDW� NRPSOHNV�� 3HQ\HGHUKDQDDQ� SHUOX�
GLODNXNDQ�DJDU� UXDQJ�VROXVL�PHQMDGL� WLGDN� WHUODOX�EHVDU�
GDQ�KDUJD�RSWLPDO�ELVD�GLSHUROHK� 

0DVDODK� SHQHQWXDQ� KDUJD� RSWLPDO� GHQJDQ� GXD� NHODV�
WDULI�PHPLOLNL�IXQJVL�WXMXDQ�VHEDJDL�EHULNXW 

�������������     �������������� 

GL�PDQD�𝑝ͳ� DGDODK� KDUJD� NHODV� WDULI� ���𝑝ʹ� DGDODK�KDUJD�
NHODV�WDULI����𝑑ͳሺ𝑝ͳሻ�DGDODK�IXQJVL�SHUPLQWDDQ�NHODV�WDULI�
��� 𝑑ʹሺ𝑝ʹሻ� DGDODK� IXQJVL� SHUPLQWDDQ� NHODV� WDULI� ��� �ͳ�
DGDODK� LQFUHPHQWDO� FRVW� NHODV� WDULI� ��� GDQ� �ʹ� DGDODK�
LQFUHPHQWDO�FRVW�NHODV�WDULI����'DODP�IRUPXODVL�LQL�NHODV�
WDULI� �� PHQJDFX� NH� NHODV� WDULI� \DQJ� KDUJDQ\D� OHELK�
WLQJJL�� 

0HQJDFX�NH�3HUVDPDDQ����HVWLPDVL� IXQJVL�SHUPLQWDDQ�
XQWXN�SURGXN�NHODV�WDULI���DNDQ�PHQJDVXPVLNDQ�SURGXN�
NHODV� WDULI� �� VHEDJDL� SHVDLQJ� GDODP� FKRLFH� WDVN� ȳ��
%HUGDVDUNDQ�GHVNULSVL�GL�DWDV��IXQJVL�SHUPLQWDDQ�SURGXN�
��ELVD�GLQ\DWDNDQ�GHQJDQ 

��𝑑ͳሺ𝑝ͳሻ�ൌ݂�ܦ�ሺ𝑝ͳפ�ȳሺሾܙͳሿǡሾ𝑝ʹǡܙʹሿǡሾ𝑝ᴷǡܙᴷǡ"𝑘������ሿሻǡᅈሻ������ሺͷሻ 

��GDQ�VHEDOLNQ\D 

max
𝑝1 ,𝑝2

𝑑1ሺ𝑝1ሻሺ𝑝1 − 𝑐1ሻ + 𝑑2ሺ𝑝2ሻሺ𝑝2 − 𝑐2ሻ ��� 
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3HUVDPDDQ���GDQ���DNDQ�PHQMDGL�IXQJVL�NHQGDOD�EDJL�
IXQJVL� WXMXDQ� GL� 3HUVDPDDQ� ��� VHODLQ� 𝑝ͳ� ൐� 𝑝ʹ� GDQ�
NHQGDOD� QRQQHJDWLYLWDV� 𝑝ͳǡ� 𝑝ʹ� �� ��� .DUHQD� IXQJVL�
SHUPLQWDDQ�EHUEHQWXN�SROLQRPLDO�RUGH����IXQJVL�WXMXDQ�
DNDQ�EHUEHQWXN�SROLQRPLDO�RUGH��� 

���+DVLO�GDQ�3HPEDKDVDQ 

'DUL� VXUYHL� \DQJ� GLODNXNDQ� VHFDUD� GDULQJ� GDODP�
SHULRGH� $SULO� –� 0HL� ������ GLSHUROHK� ���� UHVSRQGHQ�
\DQJ� OHQJNDS� PHQJLVL� GL� PDQD� ���� GL� DQWDUDQ\D�
EHSHUJLDQ� XQWXN� XUXVDQ� SHNHUMDDQ�ELVQLV� �EXVLQHVV�
WUDYHOHU��� GDQ� ���� XQWXN� NHSHUOXDQ� SULEDGL� �OHLVXUH�
WUDYHOHU���1LODL� XWLOLWDV� NHGXD�NHORPSRN� UHVSRQGHQ� LQL�
GLHVWLPDVL� VHFDUD� WHUSLVDK� PHQJJXQDNDQ� PHWRGH�
KLHUDUFKLFDO�%D\HV�GDQ� VHODQMXWQ\D�GLODNXNDQ�YDOLGDVL�
LQWHUQDO�EHUGDVDUNDQ�MDZDEDQ�UHVSRQGHQ�WHUKDGDS�IL[HG�
FKRLFH�WDVN��+DVLOQ\D�GLWDPSLONDQ�GL�7DEHO���� 

7DEHO����5LQJNDVDQ�KDVLO�HVWLPDVL�KLHUDUFKLFDO�%D\HV 

6HJPHQ 3HUFHQW�
FHUWDLQW\ 

5RRW�
OLNHOLKRRG 

0HDQ�DEVROXWH�
HUURU 

%XVLQHVV�WUDYHOHU ������ ���� ����� 

/HLVXUH�WUDYHOHU ������ ���� ����� 

3HUFHQW�FHUWDLQW\�PHQJLQGLNDVLNDQ�NHVHVXDLDQ�PRGHO�-�
GDODP� KDO� LQL� PRGHO�PL[HG� PXOWLQRPLDO� ORJLW� GHQJDQ�
GLVWULEXVL�QRUPDO�PXOWLYDULDW�GHQJDQ�SDUDPHWHU�ȝ���GDQ�
Ȉ� -� GHQJDQ� GDWD� KDVLO� VXUYHL�� 1LODL� GL� DWDV� ����
PHQXQMXNNDQ� KDVLO� \DQJ� FXNXS� EDLN�� 6HPHQWDUD� LWX��
URRW� OLNHOLKRRG� VHEHVDU� ����� GDQ� ����� EHUDUWL� EDKZD�
SUHGLNVL� SLOLKDQ� UHVSRQGHQ� EHUGDVDUNDQ� QLODL� XWLOLWDV�
KDVLO� HVWLPDVL�KLHUDUFKLFDO�%D\HV� LQL����������� ������
GDQ� ����������  � ����� NDOL� OHELK� EDLN� GLEDQGLQJNDQ�
SUHGLNVL� WDQSD� LQIRUPDVL� VDPD� VHNDOL�� %LODQJDQ� �����
GLJXQDNDQ�VHEDJDL�SHPEDJL�NDUHQD�GDODP�VHWLDS�FKRLFH�
WDVN�WHUGDSDW�HPSDW�DOWHUQDWLI� �WLJD�NRQVHS�SURGXN�GDQ�
VDWX� RSVL� µQRQH¶��� 1LODL� PHDQ-DEVROXWH� HUURU�
PHQXQMXNNDQ� VHOLVLK� VKDUH� RI� SUHIHUHQFH� GDUL� IL[HG�
FKRLFH� WDVN� DNWXDO� GHQJDQ� KDVLO� SUHGLNVL� EHUGDVDUNDQ�
QLODL�XWLOLWDV��6HFDUD�XPXP�LQL�PHQXQMXNNDQ�KDVLO�\DQJ�
UHODWLI�EDLN�GHQJDQ�MXPODK�VDPSHO�UHODWLI�WHUEDWDV� 

)XQJVL� SHUPLQWDDQ� XQWXN� OD\DQDQ� .HUHWD� %DQGDUD�
6RHWWD� GLWXUXQNDQ� GHQJDQ� PHODNXNDQ� VLPXODVL�
UDQGRPL]HG�ILUVW�FKRLFH�GHQJDQ�HQDP�OHYHO�KDUJD�\DQJ�
DGD�GDODP�7DEHO� ��� GDQ�GLSHUROHK�KDVLO� VHSHUWL� GDODP�
7DEHO� ��� 6NHQDULR� VLPXODVL� GLUHSUHVHQWDVLNDQ� GHQJDQ�
FKRLFH�WDVN�\DQJ�PHPLOLNL�GXD�DOWHUQDWLI��\DLWX�OD\DQDQ�
.HUHWD�%DQGDUD�GHQJDQ� WLNHW� UHJXOHU� WDQSD�SURPR�GDQ�
RSVL� µQRQH¶�� 5HVSRQGHQ� \DQJ� WLGDN� WHUWDULN� GHQJDQ�

6HODQMXWQ\D� GLWHQWXNDQ� QLODL� SDUDPHWHU� XNXUDQ� SDVDU��
਺�� EHUGDVDUNDQ� GDWD� WRWDO� SHQXPSDQJ� GDQ� KDVLO�
VLPXODVL�GL�7DEHO����'DODP�SHQHOLWLDQ�LQL��SDUDPHWHU�਺��
PHUHSUHVHQWDVLNDQ� EDQ\DNQ\D� RUDQJ� \DQJ�
PHPSHUWLPEDQJNDQ� GDQ� PHPLOLNL� DNVHV� XQWXN�
PHQJJXQDNDQ� .HUHWD� %DQGDUD� 6RHWWD�� 'DUL� GDWD�
KLVWRULV� GLNHWDKXL� EDKZD� SDGD� WDKXQ� ����� UHUDWD�
RNXSDQVL�NHUHWD�DGDODK������'HQJDQ�NDSDVLWDV�DQJNXW�
WRWDO�VHEHVDU��������SHQXPSDQJ�SHU�KDUL�\DQJ�HNLYDOHQ�
GHQJDQ� ����������� SHQXPSDQJ� SHU� WDKXQ�� EDQ\DNQ\D�
SHQXPSDQJ� \DQJ� GLDQJNXW� SDGD� WDKXQ� �����
GLSHUNLUDNDQ� VHEHVDU������������'HQJDQ�DVXPVL�KDUJD�
WLNHW�SDGD������VHEHVDU�5S��������EHUDUWL�SHQXPSDQJ�
VHEDQ\DN�����������VHWDUD�GHQJDQ�VKDUH�RI�SUHIHUHQFH�
������ GDODP�7DEHO� ��� 6HODQMXWQ\D�� QLODL� SDUDPDWHU�਺�
ELVD� GLHVWLPDVL� GHQJDQ� ����������������  � �����������
RUDQJ� SHU� WDKXQ�� 3HQHQWXDQ� QLODL� SDUDPHWHU�਺� � VHFDUD�
HPSLULV� VHSHUWL� LQL� PHQJKDVLONDQ� QLODL� \DQJ� OHELK�
PDVXN� DNDO� GLEDQGLQJNDQ� PHQJDVXPVLNDQ� '� VHEDJDL�
EDQ\DNQ\D� RUDQJ� \DQJ� EHSHUJLDQ� PHODOXL� %DQGDUD�
6RHWWD�VHODPD�WDKXQ������ 

-LND� QLODL� VKDUH� RI� SUHIHUHQFH� GL� 7DEHO� �� GLNDOLNDQ�
GHQJDQ�਺��DNDQ�GLSHUROHK�HVWLPDVL�YROXPH�SHUPLQWDDQ�
SDGD� VHWLDS� OHYHO� KDUJD�� \DQJ� MLND� GLLQWHUSRODVL�
PHQJJXQDNDQ� FXELF� VSOLQH� DNDQ� PHQJKDVLONDQ� IXQJVL�
SHUPLQWDDQ�VHSHUWL�GDODP�7DEHO��� 

-LND� GLEDWDVL� KDQ\D� DGD� VDWX� NHODV� WDULI�� LQFUHPHQWDO�
FRVW�PHQMDGL�QRO�GDQ�IXQJVL�WXMXDQ�DNDQ�PHQMDGL 

����������������� �    �������������ሺ͹ሻ 

0DVDODK� RSWLPDVL� GHQJDQ� IXQJVL� WXMXDQ� VHSHUWL� GDODP�
3HUVDPDDQ���ELVD�MDGL�DNDQ�VDQJDW�VXOLW�GLFDUL�VROXVLQ\D�
PHQJJXQDNDQ� SHQGHNDWDQ� DQDOLWLV� NDUHQD� EHUEHQWXN�
SROLQRPLDO� RUGH� �� �$KPDGL� GNN�� ������� 6ROXVL�
WHUKDGDS� 3HUVDPDDQ� �� UHODWLI� PXGDK� GLWHQWXNDQ�
GHQJDQ�HQXPHUDVL�NDUHQD�ELDVDQ\D�KDUJD�GLEXDW�GDODP�
NHOLSDWDQ� QLODL� WHUWHQWX� �PLVDOQ\D� NHOLSDWDQ� 5S�������

OD\DQDQ� \DQJ� DGD� VDDW� LQL� ELVD� PHPLOLK� µQRQH¶� \DQJ�
EHUDUWL�PHPLOLK�PRGD�ODLQ� 

7DEHO����)XQJVL�SHUPLQWDDQ�XQWXN�NRQGLVL�VDDW�LQL����NHODV�WDULI� 

+DUJD��𝑝� )XQJVL�SHUPLQWDDQ��𝑑𝑝 
5S����������𝑝���5S������� 𝑑𝑝� ������[������������[����𝑝�-������[���-�𝑝���������[���-�𝑝͵ 

5S����������𝑝���5S������� 𝑑𝑝� ������[�����-������[����𝑝��������[���-�𝑝��-������[���-�𝑝͵ 

5S����������𝑝���5S������� 𝑑𝑝� �-������[������������[����𝑝�-������[���-�𝑝���������[���-�𝑝͵ 

5S����������𝑝���5S������� 𝑑𝑝� �-������[������������[����𝑝�-������[���-�𝑝���������[���-�𝑝͵ 

5S����������𝑝���5S������� 𝑑𝑝� ������[�����-������[����𝑝��������[���-�𝑝��-������[���-�𝑝͵ 

7DEHO���� +DVLO�VLPXODVL�UDQGRPL]HG�ILUVW�FKRLFH�XQWXN�
NRQGLVL�VDDW�LQL 

+DUJD��𝑝 6KDUH�RI�SUHIHUHQFH��Ɏ𝑝 

5S������ ����� 

5S������ ����� 

5S������ ����� 

5S������ ����� 

5S������ ����� 

5S������ ����� 

max
𝑝

𝑑ሺ𝑝ሻ 𝑝 
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VHKLQJJD�UXDQJ�VROXVLQ\D�UHODWLI�NHFLO� 

2SWLPDVL� GHQJDQ� GXD� NHODV� WDULI� MDXK� OHELK� NRPSOHNV�
GLEDQGLQJ�PDVDODK�VDWX�NHODV�WDULI��'DODP�RSWLPDVL�KDUJD�
GHQJDQ� GXD� NHODV� WDULI�� WHUGDSDW� GXD� IXQJVL� SHUPLQWDDQ��
\DLWX�𝑑ͳሺ𝑝ͳሻ�XQWXN� NHODV� WDULI� �� GDQ�𝑑ʹሺ𝑝ʹሻ� XQWXN� NHODV�
WDULI����6LPXODVL�XQWXN�PHQGDSDWNDQ�𝑑ͳሺ𝑝ͳሻ�PHQHPSDWNDQ�
SURGXN� GL� NHODV� WDULI� �� VHEDJDL� SHVDLQJ� GDQ� NDUHQDQ\D�
VDWX�QLODL� WHUWHQWX�XQWXN�𝑝ʹ�KDUXV�GLDVXPVLNDQ��PLVDONDQ�
𝑝ʹሺͲሻ�� .HWLND� NHPXGLDQ� IXQJVL� 𝑑ͳሺ𝑝ͳሻ� GLJXQDNDQ� GDODP�
RSWLPDVL�KDUJD�GDQ�PLVDONDQ�GLSHUROHK�KDUJD�RSWLPDO�[[[���������������
PDND�����RSWLPDO�GDODP�NRQGLVL�KDUJD�NHODV�WDULI���VHEHVDU�
𝑝ʹሺͲሻ�� 0LVDONDQ� NHPXGLDQ� GLFDUL� KDUJD� RSWLPDO� XQWXN�
NHODV� WDULI� �� GHQJDQ� DVXPVL� KDUJD� NHODV� WDULI� �� VHEHVDU�
[[[�� GDQ� PLVDONDQ� NHPXGLDQ� GLSHUROHK� KDUJD� RSWLPDO�
XQWXN�NHODV�WDULI���VHEHVDU�������%HVDU�NHPXQJNLQDQ��������𝑝ʹሺͲሻ��
\DQJ�EHUDUWL� � � � � ELVD� MDGL� WLGDN� ODJL� RSWLPDO� XQWXN� NHODV�
WDULI� �� NDUHQD� � � � � GLSHUROHK� GHQJDQ� DVXPVL� KDUJD� NHODV�
WDULI���DGDODK�𝑝ʹሺͲሻ� 

'DODP�SHQHOLWLDQ�LQL��RSWLPDVL�GLODNXNDQ�XQWXN�NHELMDNDQ�
GXD� NHODV� WDULI� GL� PDQD� NHODV� WDULI� �� DGDODK� OD\DQDQ�
EXQGOLQJ� GHQJDQ� WDNVL� EHUEDVLV� DSOLNDVL� GHQJDQ� WLNHW�
IOHNVLEHO�� VHGDQJNDQ� NHODV� WDULI� �� EHUXSD� OD\DQDQ� NHUHWD�
VDMD� GHQJDQ� WLNHW� UHJXOHU�� )RUPXODVL� RSWLPDVL� KDUJD�
XQWXN�PDVDODK� LQL�PHPLOLNL� IXQJVL� WXMXDQ� VHSHUWL� GDODP�
3HUVDPDDQ� �� GDQ� NHQGDOD� VHSHUWL� 3HUVDPDDQ� �� GDQ� ���
'DODP� VNHQDULR� LQL� GLWDPEDKNDQ� NRQGLVL� EDKZD� KDUJD�
XQWXN�VHWLDS�NHODV�WDULI�KDUXV�OHELK�EHVDU�GDUL�UHUDWD�ELD\D�
MDQJND�SDQMDQJ��5HUDWD�ELD\D� MDQJND�SDQMDQJ�GLWHQWXNDQ�
ROHK� ELD\D� WRWDO� SHPHOLKDUDDQ� GDQ� RSHUDVL� LQIUDVWUXNWXU�
�LQIUDVWUXFWXUH� PDLQWHQDQFH� DQG� RSHUDWLRQ� DWDX� ,02��
VHUWD�EDQ\DNQ\D�SHQXPSDQJ�\DQJ�GLDQJNXW��%LD\D� ,02�
UHODWLI� WHWDS� VHGDQJNDQ� EDQ\DNQ\D� SHQXPSDQJ� \DQJ�
GLDQJNXW� WHUJDQWXQJ� SDGD� 𝑝ͳ� GDQ� 𝑝ʹ�� 'DODP� SURVHV�
HQXPHUDVL��NRQGLVL�LQL�WLGDN�GLPDVXNNDQ�VHEDJDL�NHQGDOD�
GDODP� PDVDODK� RSWLPDVL� QDPXQ� GLQ\DWDNDQ� VHFDUD�

HNVSOLVLW�GDODP� LQFUHPHQWDO�FRVW�� -LND������DGDODK�ELD\D�

��� 

WRWDO� ,02�SHU� WDKXQ� GDQ��ͳ� GDQ��ʹ� DGDODK� LQFUHPHQWDO�
FRVW�DZDO��PDND�IXQJVL�WXMXDQ�DNDQ�PHQMDGL 

 

 

 

6HPDNLQ� EDQ\DN� SHQXPSDQJ� \DQJ� GLDQJNXW�� VHPDNLQ�
NHFLO� ELD\D� SHPHOLKDUDDQ� GDQ� RSHUDVL� LQIUDVWXNWXU� SHU�
SHQXPSDQJ�� \DQJ� EHULPSOLNDVL� SDGD� NRQWULEXVL� WRWDO�
\DQJ� OHELK� WLQJJL��'DODP�PDVDODK�RSWLPDVL� LQL� WHUGDSDW�
WLJD� NRQVHS� SURGXN� GDODP� VNHQDULR�� \DLWX� ���� OD\DQDQ�
.HUHWD� %DQGDUD� GHQJDQ� EXQGOLQJ� GLVNRQ� ���� WDNVL�
EHUEDVLV�DSOLNDVL�� ���� OD\DQDQ�.HUHWD�%DQGDUD�VDMD��GDQ�
���� RSVL� µQRQH¶� XQWXN�PHQJDNRPRGDVL� UHVSRQGHQ� \DQJ�
WLGDN�WHUWDULN�GHQJDQ�NRQVHS�SURGXN�SHUWDPD�GDQ�NHGXD�� 

3HQFDULDQ� VROXVL� GLODNXNDQ� GHQJDQ� PHQGLVNULWNDQ�
YDULDEHO� NHSXWXVDQ� PHQMDGL� NHOLSDWDQ� 5S�������
VHKLQJJD� UXDQJ� VROXVL� PHPLOLNL� SDVDQJDQ� QLODL� ሺ𝑝ͳ�𝑝ʹሻ����
VHEDQ\DN� ������� \DLWX� ��������� ��������� ���������
��������� ������������������«�� ������������������8QWXN�
VHWLDS� NHPXQJNLQDQ� VROXVL� ሺ𝑝ͳ�𝑝ʹሻ� GLODNXNDQ� VLPXODVL�
UDQGRPL]HG� ILUVW� FKRLFH� XQWXN� PHQJHVWLPDVL� QLODL� 𝑑ͳ
ሺ𝑝ͳሻ���GDQ�𝑑ʹሺ𝑝ʹሻ���GDQ�PHQJKLWXQJ�NRQWULEXVL�WRWDOQ\D��
,QL� GLODNXNDQ� XQWXN� VHOXUXK� NHPXQJNLQDQ� QLODL� ሺ𝑝ͳ�𝑝ʹሻ�����
\DQJ�PXQJNLQ��3URVHV� HQXPHUDVL� LQL� GLODNXNDQ�GHQJDQ�
DVXPVL�ELD\D�,02�WDKXQDQ�VHEHVDU�5S����PLO\DU���ͳ� �
���������ʹ� �����ʹ� ����GDQ�਺� �������������.RPSXWDVL�
PHQJJXQDNDQ� ODSWRS� +3� ��V-FI�[[[� EHUSURVHVRU� ,QWHO
�5�� &RUH�70�� L�-�����8� &38� #����*+]� ����*+]�
GDQ� 5$0� ��*%� GHQJDQ� DSOLNDVL� 06-([FHO� 9%$�
PHPEXWXKNDQ�ZDNWX�VHNLWDU���MDP�GDQ�GLSHUROHK�VROXVL�
RSWLPDO�𝑝ͳ� �5S��������GDQ�𝑝ʹ� �5S�������� � � �GHQJDQ�
NRQWULEXVL� WRWDO� GLSHUNLUDNDQ� VHEHVDU� 5S������� PLO\DU�
SHU� WDKXQ�� *DPEDU� �� PHQDPSLONDQ� JUDILN� NRWULEXVL�

*DPEDU����.RQWULEXVL�WRWDO�XQWXN�EHUEDJDL�NRPELQDVL�KDUJD 

 +DUJD� 
NHODV�WDULI�� 

+DUJD� 
NHODV�WDULI�� 
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max
𝑝1 ,𝑝2

𝑑1ሺ𝑝1ሻ ൭𝑝1 − ൬𝑐1 +
𝐶𝐼𝑀𝑂

𝑑1ሺ𝑝1ሻ + 𝑑1ሺ𝑝1ሻ
൰൱

+ 𝑑2ሺ𝑝2ሻ ൭𝑝2 − ൬𝑐2 +
𝐶𝐼𝑀𝑂

𝑑1ሺ𝑝1ሻ + 𝑑1ሺ𝑝1ሻ
൰൱ 
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WRWDO� SHU� WDKXQ� XQWXN� VHPXD� NRPELQDVL� KDUJD� NHODV�
WDULI���GDQ�NHODV�WDULI���\DQJ�PXQJNLQ� 

.DUHQD� VHPXD� UXDQJ� VROXVL� GLHYDOXDVL�� LQL�PHUXSDNDQ�
VROXVL�RSWLPDO�GHQJDQ�NHQGDOD�KDUJD�GLEDWDVL�SDGD�QLODL�
NHOLSDWDQ�5S�������-LND�NHQGDOD�LQL�GLKLODQJNDQ��VROXVL�
RSWLPDO� VDQJDW� VXOLW� GLSHUROHK�� 6HFDUD� XPXP�� VROXVL�
RSWLPDO� GDUL� VXDWX� PDVDODK� RSWLPDVL� GDSDW� GLSHUROHK�
VHFDUD� DQDOLWLV� MLND� PDVDODK� WHUVHEXW� NRQYHNV��
6HPHQWDUD� LWX�� PHQHQWXNDQ� NRQYHNVLWDV� PDVDODK�
RSWLPDVL� GHQJDQ� IXQJVL� SROLQRPLDO� RUGH� �� WHUPDVXN�
NDWHJRUL� PDVDODK� 13-KDUG� \DQJ� PHUXSDNDQ� PDVDODK�
RSWLPDVL� GHQJDQ� WLQJNDW� NRPSOHNVLWDV� WHUWLQJJL�
�$KPDGL� GNN�� ������� 'DODP� NRQGLVL� VHSHUWL� LQL��
SHQFDULDQ� VROXVL� ELVD�GLODNXNDQ�PHQJJXQDNDQ�PHWRGH�
DOWHUQDWLI�VHSHUWL�PHWD-KHXULVWLF�DWDX�HQXPHUDVL�VHSHUWL�
\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�LQL� 

���.HVLPSXODQ 

�� 'DODP� SHQHOLWLDQ� LQL� GLODNXNDQ� SHQHQWXDQ� KDUJD�
RSWLPDO�OD\DQDQ�.HUHWD�%DQGDUD�6RHWWD�GHQJDQ�GXD�
NHODV� WDULI� GL� PDQD� IXQJVL� SHUPLQWDDQ� GLWXUXQNDQ�
GDUL� GDWD� VWDWHG� SUHIHUHQFH� EHUEHQWXN� FKRLFH�
GHQJDQ� PHQJDVXPVLNDQ� PRGHO�PL[HG� PXOWLQRPLDO�
ORJLW�� )XQJVL� SHUPLQWDDQ� \DQJ� NRQWLQ\X� GDQ�
GLIIHUHQWLDEOH� GLSHUROHK� PHQJJXQDNDQ� NRPELQDVL�
PHWRGH� HVWLPDVL� KLHUDUFKLFDO� %D\HV�� VLPXODVL�
UDQGRPL]HG� ILUVW� FKRLFH�� GDQ� LQWHUSRODVL� FXELF�
VSOLQH�� 0DVDODK� RSWLPDVL� \DQJ� PHPLOLNL� IXQJVL�
WXMXDQ� SROLQRPLDO� RUGH� HPSDW� GHQJDQ� SDUDPHWHU�
\DQJ� WHUJDQWXQJ� SDGD� QLODL� YDULDEHO� NHSXWXVDQ�
GDSDW� GLVHOHVDLNDQ� GHQJDQ� PHWRGH� HQXPHUDVL��
'LSHUROHK�VROXVL�RSWLPDO�EHUXSD�KDUJD�NHODV�WDULI���
5S������� GDQ� NHODV� WDULI� �� 5S������� GHQJDQ�
HVWLPDVL� NRQWULEXVL� WRWDO� 5S������� PLO\DU� SHU�
WDKXQ� 

�� ,QIRUPDVL� PHQJHQDL� SUHIHUHQVL� NRQVXPHQ� \DQJ�
GLSHUROHK� GDUL� VXUYH\� DGDODK� SRWUHW� GL� VDWX� WLWLN�
ZDNWX� VDMD�� 'DODP� SUDNWHNQ\D�� SUHIHUHQVL� WHUVHEXW�
ELVD�EHUXEDK�VHLULQJ�GHQJDQ�EHUXEDKQ\D�NHEXWXKDQ��
NHLQJLQDQ�� GDQ� DOWHUQDWLI� \DQJ� GLPLOLNL� NRQVXPHQ��
'DODP� NRQWHNV� PRGHO� SHUPLQWDDQ�� SHUXEDKDQ�
WHUVHEXW� EHULPSOLNDVL� SDGD� NHEXWXKDQ� XQWXN�
PHODNXNDQ� SDUDPHWHULVDVL� XODQJ�� 'HQJDQ�
SHUXEDKDQ� \DQJ� VHPDNLQ� FHSDW� WHUMDGL�� PXVWDKLO�
XQWXN�PHQJDQGDONDQ�PHWRGH�EHUEDVLV�VXUYH\�GDODP�
PHQGDSDWNDQ�GDWD�EDUX�XQWXN�SDUDPHWHULVDVL�XODQJ��
3HQMXDODQ� WLNHW� VHFDUD� GDULQJ� VHSHUWL� \DQJ� WHODK�
GLODNXNDQ� 37�� 5DLOLQN� PHPXQJNLQNDQ� XQWXN�
PHPSHUROHK� GDWD� GLQDPLND� SHUPLQWDDQ� GDODP�
EHUEDJDL� NRQGLVL� SHUVDLQJDQ�� WHUPDVXN� HNVSHULPHQ�
KDUJD� \DQJ� PHUXSDNDQ� SUDNWHN� XPXP� GDODP� H-
FRPPHUFH� 

�� 3HQHOLWLDQ� VHODQMXWQ\D� ELVD� GLDUDKNDQ� NH�
SHQJHPEDQJDQ� PRGHO� SHUPLQWDDQ� EHUEDVLV�
SUHIHUHQVL� PHQJJXQDNDQ� NRPELQDVL� GDWD� VWDWHG�
SUHIHUHQFH� GDWD� UHYHDOHG� SUHIHUHQFH�� 'HQJDQ�
SHQMXDODQ� WLNHW� \DQJ� GLODNXNDQ� VHFDUD� GDULQJ�� GDWD�
UHYHDOHG�SUHIHUHQFH�GDSDW�GLSHUROHK�GHQJDQ�PXGDK��
GDQ� HNVSHULPHQ� KDUJD� MXJD� VDQJDW� PXQJNLQ�
GLODNXNDQ� XQWXN� PHQJHWDKXL� SUHIHUHQVL� SHQJJXQD�
SDGD� EHUEDJDL� WLQJNDW� KDUJD� GDQ� NRQGLVL�� 'HQJDQ�
FDUD� LQL��PRGHO� SHUPLQWDDQ�PHQMDGL�PRGHO� GHQJDQ�

SHPEHODMDUDQ�� GL� PDQD� GHQJDQ� EHUMDODQQ\D� ZDNWX�
SDUDPHWHU� PRGHO� WHUXV� GLSHUEDUXL� PHQJJXQDNDQ�
GDWD�\DQJ�OHELK�EDUX�VHKLQJJD�VHPDNLQ�DNXUDW� 

'DIWDU�3XVWDND 

$KPDGL�� $��� 2OVKHYVN\�� $��� 3DUULOR�� 3�$��� 7VLWVLNOLV��
-�1���������13-+DUGQHVV�RI�'HFLGLQJ�&RQYH[LW\�
RI� 4XDUWLF� 3RO\QRPLDOV� DQG� 5HODWHG� 3UREOHPV��
0DWKHPDWLFDO�3URJUDPPLQJ��9RO�������1R���-���
���-���� 

&KXDQJ��+�0���&KX��&�3���1LX��:�)���������$�6WXG\�RQ�
5HYHQXH� 0DQDJHPHQW� RI� 7DLZDQ� +LJK� 6SHHG�
5DLOZD\�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� ,QGXVWULDO� (QJLQHHULQJ� DQG�
(QJLQHHULQJ� 0DQDJHPHQW� �,((0��� 0DFDX��
&KLQD���-���'HVHPEHU������ 

&LULOOR�� &��� ������ 3DVVHQJHU� 'HPDQG� 0RGHO� IRU�
5DLOZD\� 5HYHQXH� 0DQDJHPHQW�� )LQDO� 5HSRUW��
7KH� 7KRPDV� '�� /DUVRQ� 3HQQV\OYDQLD�
7UDQVSRUWDWLRQ� ,QVWLWXWH�� 86$�� 7KH�
3HQQV\OYDQLD�6WDWH�8QLYHUVLW\� 

+DLU� -U��� -�)��� %ODFN�� :�&��� %DELQ�� %�-��� $QGHUVRQ��
5�(���������0XOWLYDULDWH�'DWD�$QDO\VLV��3HDUVRQ�
(GXFDWLRQ�/LPLWHG� 

+D\HV�� %�(��� ������0HDVXULQJ� &XVWRPHU� 6DWLVIDFWLRQ�
DQG� /R\DOW\�� 6XUYH\� 'HVLJQ�� 8VH�� DQG�
6WDWLVWLFDO� $QDO\VLV� 0HWKRGV�� $64� 4XDOLW\�
3UHVV� 

+HWUDNXO��3���&LULOOR��&���������$�/DWHQW�&ODVV�&KRLFH�
%DVHG� 0RGHO� 6\VWHP� IRU� 5DLOZD\� 2SWLPDO�
3ULFLQJ� DQG� 6HDW� $OORFDWLRQ�� 7UDQVSRUWDWLRQ�
5HVHDUFK�3DUW�(��9RO��������-��� 

+XEHU��-���2UPH��%�.���0LOOHU��5���������'HDOLQJ�ZLWK�
3URGXFW� 6LPLODULW\� LQ� &RQMRLQW� 6LPXODWLRQV��
'DODP�� *XVWDIVVRQ�� $��� +HUUPDQQ�� $��� +XEHU��
)�� �(GLWRU��� &RQMRLQW� 0HDVXUHPHQW�� 0HWKRGV�
DQG�$SSOLFDWLRQV��6SULQJHU� 

2UPH�� %�.��� ������ *HWWLQJ� 6WDUWHG� ZLWK� &RQMRLQW�
$QDO\VLV�� 6WUDWHJLHV� IRU� 3URGXFW� 'HVLJQ� DQG�
3ULFLQJ�5HVHDUFK��5HVHDUFK�3XEOLVKHUV� 

2UPH��%��.���&KU]DQ��.���������%HFRPLQJ�DQ�([SHUW�LQ�
&RQMRLQW� $QDO\VLV�� &KRLFH� 0RGHOLQJ� IRU� 3URV��
6DZWRRWK�6RIWZDUH��,QF� 

3KLOOLSV�� 5�/��� ������ 3ULFLQJ� DQG� 5HYHQXH�
2SWLPL]DWLRQ��6WDQIRUG�8QLYHUVLW\�3UHVV� 

4LDQ��%-<���6KXDL��%���������5HYHQXH�0DQDJHPHQW�IRU�
'HGLFDWHG� 3DVVHQJHU� /LQH� %DVHG� RQ� 3DVVHQJHU�
3UHIHUHQFH� 2UGHU�� ,QIRUPDWLRQ� 7HFKQRORJ\�
-RXUQDO��9RO������1R����������-����� 

6DWR��.���6DZDNL��.���������'\QDPLF�3ULFLQJ�RI�+LJK-
6SHHG� 5DLO� ZLWK� 7UDQVSRUW� &RPSHWLWLRQ��
-RXUQDO� RI� 5HYHQXH� 	� 3ULFLQJ� 0DQDJHPHQW��
9RO������1R��������-���� 
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7UDLQ�� .�(��� ������ 'LVFUHWH� &KRLFH� 0HWKRGV� ZLWK�
6LPXODWLRQ��&DPEULGJH�8QLYHUVLW\�3UHVV� 

:DQJ��;���:DQJ�� +��� =KDQJ��;��� ������ 6WRFKDVWLF� 6HDW�
$OORFDWLRQ� 0RGHOV� IRU� 3DVVHQJHU� 5DLO�
7UDQVSRUWDWLRQ� 8QGHU� &XVWRPHU� &KRLFH��
7UDQVSRUWDWLRQ� 5HVHDUFK� 3DUW� (�� /RJLVWLFV� DQG�
7UDQVSRUWDWLRQ�5HYLHZ��9RO��������-���� 

:DQJ� <��� /DQ� %�;��� =KDQJ� /��� ������ $� 5HYHQXH�
0DQDJHPHQW� 0RGHO� IRU� +LJK-6SHHG� 5DLOZD\��
'DODP��1L��<�4���<H��;�:���(GLWRU���3URFHHGLQJV�
RI� WKH��VW�,QWHUQDWLRQDO�:RUNVKRS�RQ�+LJK-6SHHG�
DQG� ,QWHUFLW\� 5DLOZD\V�� /HFWXUH� 1RWHV� LQ�
(OHFWULFDO�(QJLQHHULQJ��9RO����� 

:ROEHUJ�� *��� $OI\�� ,��� ������ $Q� (QHUJ\-0LQLPL]DWLRQ�
)UDPHZRUN� IRU� 0RQRWRQLF� &XELF� 6SOLQH�
,QWHUSRODWLRQ�� -RXUQDO� RI� &RPSXWDWLRQDO� DQG�
$SSOLHG�0DWKHPDWLFV��9RO����������-���� 

;LDRTLDQJ��=���/DQJ��0���-LQ��=���������'\QDPLF�3ULFLQJ�
IRU� 3DVVHQJHU� *URXSV� RI� +LJK-6SHHG� 5DLO�
7UDQVSRUWDWLRQ�� -RXUQDO� RI� 5DLO� 7UDQVSRUW�
3ODQQLQJ�	�0DQDJHPHQW��9RO�����1R��������-���� 

<XDQ��:���1LH��/���������2SWLPL]DWLRQ�RI�6HDW�$OORFDWLRQ�
ZLWK� )L[HG� 3ULFHV�� $Q� $SSOLFDWLRQ� RI� 5DLOZD\�
5HYHQXH�0DQDJHPHQW�LQ�&KLQD��3/26�21(��9RO��
���� 1R�� ��� H��������� KWWSV���GRL�RUJ���������
MRXUQDO�SRQH����������'LDNVHV����-XOL������ 
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