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0DNDOHGH�� WDOHS�YH�DU]� IRQNVL\RQODUÕQÕQ�GH÷LúLPL�VRQXFXQGD�SL\DVD�IL\DWÕ� GH÷LúLPLQL� WDULI� HGHQ� PRGHOOHUH� NDUúÕ� VWDQGDUW� ROPD\DQ� \DNODúÕPODU�VXQXOPDNWDGÕU��
%LULQFL� E|O�PGH� SL\DVD\D� JLUHQ� HN� PDO� PLNWDUÕQÕQ� DU]� HGLOPHVL�VRQXFXQGD� RUWD\D� oÕNDQ� GXUXP� LQFHOHQPLúWLU�� øNLQFL� E|O�PGH� LVH�� ELULQFL�GHUHFHGHNL� GR÷UXVDO� IDUN� GHQNOHPOHULQ� WDQÕPÕ� YHULOPLú� YH� o|]�P� IRUP�O��JHOLúWLULOPLúWLU��

� %X� GHQNOHPOHU�� gU�PFHN� YH� (YDQV� PRGHOOHULQH� GD\DQDUDN� SL\DVD�IL\DWÕQÕQ� QDVÕO� ROXúWX÷XQX� DoÕNODPDN� LoLQ� �o�QF�� YH� G|UG�QF�� E|O�POHUGH�NXOODQÕOPÕúWÕU��
$%675$&7�7KH� DUWLFOH� GHDOV�ZLWK� WKH� QRQ�VWDQGDUG� DSSURDFK� WR� VHYHUDO� SULFH�FKDQJLQJ� PRGHOV� FRQFHUQLQJ� WKH� FKDUDFWHU� RI� PDUNHW� SULFHV� GHSHQGLQJ� RQ�

GHPDQG�DQG�VXSSO\��7KH� ILUVW� SDUDJUDSK� FRQVLGHUV� WKH� VLWXDWLRQ� ZKHQ� VRPH� DGGLWLRQDO�JRRGV�DUH�WKURZQ�RQ�WKH�PDUNHW��,Q�WKH�VHFRQG�SDUDJUDSK�WKH�GHILQLWLRQ�RI�OLQHDU�GLIIHUHQFH�HTXDWLRQV�
DQG�WKH�IRUPXOD�RI�WKHLU�VROXWLRQ�KDYH�EHHQ�VXJJHVWHG��7KHVH�HTXDWLRQV�KDYH�EHHQ� XVHG� LQ� WKH� WKLUG� DQG� IRXUWK� SDUDJUDSKV� WR� H[SODLQ� WKH�ZD\V� WKDW� WKH�PDUNHW� SULFHV� DUH� IRUPHG� �UHJXODWHG�� DFFRUGLQJ� WR� (YDQV� DQG� &REEZHE�
PRGHOV���gU�PFHN�PRGHOL��(YDQV�PRGHOL��$U]�WDOHS�IRQNVL\RQX��6SLGHU�PRGHO��(YDQV�PRGHO��VXSSO\�GHPDQG�IXQFWLRQV��

 2UWD�$V\D�$PHULNDQ�hQLYHUVLWHVL�
� .ÕUJÕ]LVWDQ�7�UNL\H�0DQDV�hQLYHUVLWHVL�
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*HQHO� RODUDN� 0LNUR� øNWLVDW� NLWDSODUÕ�� ELULP� EDúÕQD� YHUJL� YH\D�V�EYDQVL\RQ� X\JXODPDVÕ� VRQXFXQGD� PDO� IL\DWODUÕQÕQ� GH÷LúPHVLQL� J|VWHUHQ�|UQHNOHUL�LoHUPHNWHGLUOHU��
0DNDOHGH�� WDOHS�YH�DU]� IRQNVL\RQODUÕQÕQ�GH÷LúLPL�VRQXFXQGD�SL\DVD�IL\DWÕ� GH÷LúLPLQL� WDULI� HGHQ� PRGHOOHUH� NDUúÕ� VWDQGDUW� ROPD\DQ� \DNODúÕPODU�VXQXOPDNWDGÕU��
%LULQFL� E|O�PGH� SL\DVD\D� JLUHQ� HN� PDO� PLNWDUÕQÕQ� DU]� HGLOPHVL�VRQXFXQGD� RUWD\D� oÕNDQ� GXUXP� LQFHOHQPLúWLU�� øNLQFL� E|O�PGH� LVH�� ELULQFL�GHUHFHGHNL� GR÷UXVDO� IDUN� GHQNOHPOHULQ� WDQÕPÕ� YHULOPLú� YH� o|]�P� IRUP�O��JHOLúWLULOPLúWLU��

%X� GHQNOHPOHU�� gU�PFHN� YH� (YDQV�PRGHOOHULQH� GD\DQDUDN� SL\DVD� IL\DWÕQÕQ�QDVÕO� ROXúWX÷XQX� DoÕNODPDN� LoLQ� �o�QF�� YH� G|UG�QF�� E|O�POHUGH�NXOODQÕOPÕúWÕU��
���3L\DVDQÕQ�øODYH�hU�Q�0LNWDUÕQÕQ�2UWD\D�dÕNPDVÕQD�7HSNLVL��
gUQHN��%HGDY\D� �ONHVLQGH�EX÷GD\ÕQ�WDOHS�IRQNVL\RQX�

TG ��������SG úHNOLQGHGLU�� %HGDY\D� K�N�PHWL� EHOOL� ELU� PLNWDU� �U�Q��SL\DVDGDNL� PHYFXW� EX÷GD\� PLNWDUÕQD� LODYH� RODUDN� SL\DVD\D� VXQPDNWDGÕU��6RQXoWD����NLOR�EX÷GD\ÕQ�SL\DVD�IL\DWÕ����EHGDYFÕN�� VDWÕODQ�PLNWDUÕ������WRQ�RODUDN�EHOLUOHQPLúWLU��
%XQXQ� VRQXFX� %HGDY\D¶QÕQ� dLIWoLOHU� %LUOL÷L� DúD÷ÕGDNL� GHOLOOHUL�J|VWHUHUHN� GHYOHWWHQ� ������ ELQ� EHGDYFÕN� GROD\ÕQGD� WD]PLQDW� |GHQPHVLQL��LVWHPHNWHGLU�� �� NLOR� EX÷GD\� ��� EHGDYFÕN� LNHQ� oLIWoLOHU� ����� WRQ� EX÷GD\�VDWDELOHFHNOHUGL�� DPD� IL\DW����EHGDYFÕN�G�]H\LQGH�ROXúWX÷XQGDQ�VDGHFH�����WRQ�VDWDELOPLúOHUGLU��
'ROD\ÕVÕ\OD� SL\DVD\D� K�N�PHW� WDUDIÕQGDQ� EX÷GD\� VXQXOPDVÕ�

VRQXFXQGD�oLIWoLOHULQ�]DUDUÕ��������������������� ��������� EHGDYFÕNWÕU��
ùLPGL� EX� GXUXPX� LQFHOHPH\H� oDOÕúDOÕP� YH� %HGDY\D¶QÕQ� EX÷GD\�SL\DVDVÕQGD�DU]�IRQNVL\RQXQXQ��TV H�ISV JLEL�GR÷UXVDO�ROGX÷XQX�IDU]HGHOLP��
<XNDUÕGDNL� YHULOHUL� \HUOHULQH� NR\DUDN� GHQNOHPOHU� VLVWHPLQL� HOGH�

HGHUL]�� � � ®̄ �� 
�� 
���IH���
���IH���� YH�o|]HUHN�DU]�IRQNVL\RQXQXQ�NDWVD\ÕODUÕQÕ�

EHOLUOHPLú�RODFD÷Õ]��\DQL�H �������I  �����EXOXUX]��

%XUDGDQ� ®̄  
 GTVT

�GSVS P�GDKDOHVL]�SL\DVD�GHQJH�NRúXOXQX�NXOODQDUDN��

�
� +D\DOL�ELU��ONH�� %HGDY\D��ONHVLQLQ�SDUD�ELULPL�
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S�GSVS HOGH�HGHUL]��

%X�GHQNOHPL�o|]HUHN�GHQJH�IL\DWÕQÕ�����EXUDGDQ�GD�GHQJH�PLNWDUÕQÕ������WRQ�RODUDN�EXOXUX]��
%|\OHFH� P�GDKDOH� ROPDGÕNoD� oLIWoLOHU� ����������� EHGDYFÕN�ND]DQDELOHFHNOHUGL�� GROD\ÕVÕ\OD� %HGDY\D� dLIWoLOHU� %LUOL÷LQLQ� LVWH\HELOHFH÷L�

D]DPL�WD]PLQDW�PLNWDUÕ��������������������� ���������EHGDYFÕ÷D�HúLWWLU��
9HULOHQ� YHULOHU� oHUoHYHVLQGH� DGLO� WD]PLQDW� PLNWDUÕQÕQ�EHOLUOHQPHVLQLQ�� \DQÕVÕUD� K�N�PHW� WDUDIÕQGDQ� SL\DVD\D� V�U�OHQ� � �U�Q� GH�EHOLUOHQHELOHFHNWLU�� 2QX� 4� KDUIL� LOH� LúDUHWOH\HUHN� ED÷Õú� PLNWDUÕQÕQ� SL\DVD\D�V�U�OPHVLQGHQ� VRQUD� SL\DVD� DU]� IRQNVL\RQX� � TV ������SV�4� úHNOLQL�DODFDNWÕU��
6RQ� GHQNOHPGH� IL\DW� YH� PLNWDU� GH÷HUOHUL� \HUOHULQH� NRQXOGX÷XQGD�4����������� ��� HOGH� HGLOLU�� %XUDGDQ� GD� NROD\FD� EXOXQDELOHFH÷L�

JLEL��%HGDY\D�K�N�PHWL������WRQ�FLYDUÕQGD�EX÷GD\�VXQPXúWXU��
���'R÷UXVDO�)DUN�'HQNOHPOHULQH�*HQHO�%LU�%DNÕú�
%LULQFL� EDúOÕNWD� J|VWHULOHQ� ROD\GD� SL\DVD� GHQJHVL� GHQNOHPOHU�VLVWHPLQLQ� � o|]�P�� VRQXFXQGD� EXOXQPDNWD\GÕ�� $PD� JHUoHN� SL\DVDODUGD�EXQXQ� JLEL� VLVWHPOHUL� NLP� o|]PHNWHGLU"� 'L÷HU� ELU� GH\LúOH�� SL\DVD� GHQJH�G�]H\LQH�QDVÕO�XODúPDNWDGÕU"�
%X� VRUX\D� FHYDS� YHUHELOPHN� LoLQ� DúD÷ÕGD� LNL�PRGHO� LQFHOHQHFHNWLU��$QFDN�EX�PRGHOOHUGHQ�|QFH��NÕVDFD�IDUN�GHQNOHPOHULQGHQ�EDKVHWPHNWH�\DUDU�EXOXQPDNWDGÕU�� )DUN� GHQNOHPOHULQLQ� DYDQWDMOÕ� \|Q��� GHQNOHP� \DUGÕPÕ\OD�VÕQÕUOÕ� PDWHPDWLN� ELOJLVL� NXOODQÕODUDN� JHQLú� X\JXODPDOÕ� SUREOHPOHULQ�� D\UÕFD�HNRQRPLN� SUREOHPOHULQ� PDWHPDWLNVHO� RODUDN� \RUXPODQDELOPHVL��PRGHOOHúWLULOHELOPHVLGLU��
[Q D[Q���E� ����

GHQNOHPL� � VDELW� NDWVD\ÕOÕ� � ELULQFL� PHUWHEH� GR÷UXVDO� IDUN� GHQNOHPL� RODUDN�DGODQGÕUÕOÕU�� D YH� E GHQNOHPLQ� NDWVD\ÕODUÕQÕ�� [Q� N� G|QHPLQGH� VLVWHPLQ�GXUXPXQX�LIDGH�HGHQ�GH÷LúNHQL�J|VWHUPHNWHGLU��
���� QR¶OX� GHQNOHPLQ� HQ� |QHPOL� |]HOOL÷L�� VLVWHPLQ� GXUXPXQXQ�GHQNOHPLQ� ELU� |QFHNL� GXUXPX� LOH� EHOLUOHQPHVLGLU�� %XQGDQ� GROD\Õ� �����W�U�QGHNL� GHQNOHP� LQGLUJHPHOL� �GLIIHUHQFH� HTXDWLRQV�� UHFXUUHQFH� UHODWLRQV��RODUDN�DGODQGÕUÕOÕU��
����QR¶OX�GHQNOHPL�o|]HELOPHN�LoLQ�DúD÷ÕGDNL�JLEL�ELU�\RO�L]OHQHELOLU��
[� D[��E��
[� D[��E� YH��[� \HULQH�|QFHNL�HúLWOL÷LQ�GH÷HUL�NRQXODUDN�
[� D�D[��E��E D�[��DE�E��V�UHo�WHNUDUODQDUDN�
[� D[��E��
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[� D�D�[��DE�E��E D�[��D�E�DE�E��
[� D[��E D�D�[��D�E�DE�E��E D�[��D�E�D�E �DE�E� HOGH�HGLOLU��
(÷LOLPGHQ� DoÕNoD� J|U�OG�÷�� JLEL� EXUDGD� LQG�NVL\RQ� \|QWHPL��NXOODQÕODELOLU��
[Q��� DQ��[� � DQ��E��DQ��E �«��DE���E��
øQG�NVL\RQ�JHoLúL�
[Q  D[Q���E� �D�DQ��[� � DQ��E��DQ��E �«��DE���E��E��

YDUVD\ÕPÕPÕ]Õ���GR÷UXODPDNWDGÕU��
[Q DQ[��DQ��E�DQ��E�«�DE�E����������� ����

����QR¶OX�HúLWOL÷LQ�G|Q�úW�U�OPHVL\OH��
[Q DQ[��E�DQ���DQ���«�D���� ����

HOGH�HGLOLU��
3DUDQWH]� LoLQGHNL� LIDGH� JHRPHWULN� GL]L� WRSODPÕQÕ� YHUPHNWHGLU��*HRPHWULN�GL]L�WDUDIODUÕQÕQ�WRSODPÕ�IRUP�O�Q��NXOODQDUDN�����QR¶OX�IRUP�OGHQ�����QR¶OX�GHQNOHPLQ�o|]�P��HOGH�HGLOLU��

D�
QD�E[QDQ[ � �

�� � ����
��� (YDQV� 0RGHOL� 0DOÕQ� LON� SL\DVD� IL\DWÕQÕQ� � � S� ROGX÷XQX�IDU]HGHOLP�� 'Õú� HWNL� VRQXFX� EX� SL\DVDGD� DU]� YH� WDOHELQ� TG D�ESG YH�TV H�ISV IRQNVL\RQX� � LOH� DoÕNODQGÕ÷ÕQÕ� NDEXO� HGHUVHN� �D�E�H� NDWVD\ÕODUÕ�

QHJDWLI� GH÷LO�� �0DUVKDOO¶ÕQ� LIDGHVLQH�J|UH�\HQL�GHQJH� IL\DWÕ� � IE
HD

�
� ¶H� � � HúLW�

RODFDNWÕU�� (YDQV� LVH� SL\DVDQÕQ� EX� GHQJH� IL\DWÕQD� QDVÕO� JHOLQGL÷LQL�DoÕNODPDNWDGÕU��
(YDQV¶D� J|UH� SL\DVD� úDUWODUÕQÕQ� GH÷LúPHVL� GHQJH� IL\DWÕQÕQ�GH÷LúPHVLQH�QHGHQ�ROPDNWD�YH� IL\DWÕQ�GH÷LúPHVL�FDUL� WDOHS�YH�DU]�PLNWDUODUÕ��IDUNÕQD� GR÷UXGDQ� � RUDQWÕOÕ� ROPDNWDGÕU�� 0DWHPDWLNVHO� RODUDN� � EX� LIDGH�DúD÷ÕGDNL�GHQNOHP�LOH�J|VWHULOPHNWHGLU��
SQ SQ���� N��TGQ���� TVQ��� ���������� � � � �����

EXUDGD� N�� IL\DW� GÕúÕ� IDNW|UOHUOH� EHOLUOHQHQ� RUDQWÕOÕOÕN� NDWVD\DVÕQÕ�J|VWHUPHNWHGLU��TG YH�TV GH÷HUOHUL��NRQXODUDN�VDELW�NDWVD\ÕOÕ�ELULQFL�GHUHFHGHQ�GR÷UXVDO�IDUN�GHQNOHPLQH�XODúÕOÕU��
SQ SQ���N>�D�ESQ�������H���ISQ����@��������������������� ����

øOJLOL�WDUDIODUÕ�WRSODQPDVÕ\OD����SQ SQ���������NE�±�NI�����N���D���H�� EXOXQXU��
����QR¶OX�GHQNOHP������QR¶OX�IRUP�OH�J|UH��
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IRQNVL\RQXQX�YHUPHNWHGLU��
$\UÕFD�����QR¶OX�IRUP�OGHQ�J|U�OHFH÷L�JLEL���H÷HU����NE�NI� LIDGHVLQLQ��

PXWODN� GH÷HUL� � �¶GHQ� N�o�NVH� Nz��� Qof� ROGX÷XQGD� IL\DW� 0DUVKDOO¶ÕQ�
YXUJXODGÕ÷Õ�� IE

HD
�
� LIDGHVLQH��\DNODúDFDNWÕU��

gUQHN 7DOHS� IRQNVL\RQX� TG ��� �� SG GHQNOHPL�� DU]� IRQNVL\RQX�TV ��� �SV GHQNOHPL� LOH� YHULOVLQ�� IL\DW� LVH� EDúODQJÕoWD� �¶\H� HúLW� ROVXQ�� 2�]DPDQ� EX� SL\DVDGD� IL\DWÕQ� GH÷LúPHVL� (YDQV� PRGHOLQH� J|UH� DúD÷ÕGDNL� JLEL�DUGÕúÕNOÕN�LOH�J|VWHULOHFHNWLU��

�N
Q��N����N�Q��N��QS �

�������� � ����
(÷HU� � SL\DVDGD� GXUXP� X]XQ� V�UH� GH÷LúPH\HFHNVH�� \DQL� Qof� YH�

��~� ��N��~���LVH�IL\DW��¶H�\DNODúDFDNWÕU��
%XQXQOD� ELUOLNWH� H÷HU� � �� �� N��� ���� LVH� IL\DW� DUGÕúÕN� � �¶GHQ� � �¶H��\�NVHOHFHN�� � � H÷HU����� � �� N��� ���� LVH� IL\DW� KHP� �VWWHQ� KHP� GH� DOWWDQ� �¶H�\DNODúDFDNWÕU��
���gU�PFHN�$÷Õ�0RGHOL� (YDQV�PRGHOL��ED]HQ�DQODúÕOPDVÕ�J�o�RODQ�VN NDWVD\ÕVÕQÕ� LoHUPHNWHGLU�� %X� VRUXQ� |U�PFHN� D÷Õ� PRGHOL� NXOODQÕOGÕ÷ÕQGD�RUWDGDQ� NDONPDVÕQD� NDUúÕQ� \HQL� SUREOHPOHU� RUWD\D� oÕNPDNWDGÕU�� %X� PRGHOL�DúD÷ÕGDNL�|UQHNOH�J|VWHUHOLP��
'�úOHU� DGDVÕQD� � PDOODUÕ� VDWPDN� �]HUH� J|W�UHQ� 'HQL]FL� 6LQEDG��RQGDQ� |QFH� DGD\D� JLWPLú� RODQ� W�FFDUODUGDQ� KHU� ELU� � oLNRODWD� NXWXVXQX� ���WDQH� J�P�ú� NXUXúD� VDWWÕNODUÕQÕ� |÷UHQHUHN� NHQGLVL� LOH� ELUOLNWH� ��� NXWX�

J|W�UP�úW�U��$GD\D�JHOLQFH�KHU�NXWX\X����WDQH��J�P�ú�NXUXúD�VDWDELOHFH÷LQL�J|UP�úW�U��%X�IL\DWWDQ�PHPQXQ�NDOÕQFD�GD��ELU�VRQUDNL�NH]������NXWX�oLNRODWD�JHWLUPLú��DQFDN��EX�NH]� oLNRODWDODUÕ�DQFDN������J�P�ú�NXUXúD� VDWDELOPLúWLU��%XQGDQ� GROD\Õ� �o�QF�� NH]�'HQL]FL� 6LQEDG� NHQGLVL� LOH� ELUOLNWH� VDGHFH� ������
oLNRODWD�NXWXVX�JHWLUPLúWLU����

'HQL]FL� 6LQEDG¶ÕQ� \DUDWWÕ÷Õ� DU]ÕQ� YH� DGDOÕODUÕQ� oLNRODWD\D� RODQ�WDOHELQLQ� GR÷UXVDO� ROGX÷XQX� YDUVD\DUDN�� RQODUÕQ� IRQNVL\RQODUÕQÕ� \D]DOÕP��6RQUD��EX�DGD\D�EDúND�oLNRODWD�VDWÕFÕODUÕQÕQ�JHOPH\HFH÷LQL�YH�DU]�YH� WDOHELQ�VDELW�NDODFD÷ÕQÕ�YDUVD\DUDN��GHQJH�IL\DW�YH�PLNWDUÕQÕ�EHOLUOH\HOLP��
9HULOHUGHQ� ELOLQGL÷L� JLEL�� oLNRODWD� DU]ÕQÕQ� KDFPL� GDKD� |QFHNL�oLNRODWDQÕQ�VDWÕOGÕ÷Õ� IL\DW� WDUDIÕQGDQ�EHOLUOHQHFHNWLU��%XUDGDQ�DU]� IRQNVL\RQX��TVQ  H� � ISQ��� � úHNOLQGH� LIDGH� HGLOHELOLU�� 5DNDPODU� \HULQH� NRQXODUDN����

�
� +D\DOL�ELU�DGD�
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���IH�� GHQNOHPOHU�VLVWHPL�HOGH�HGLOLU��%X�VLVWHPLQ�\DUGÕPÕ\OD�DU]�

IRQNVL\RQXQXQ�NDWVD\ÕODUÕ�EXOXQDELOHFHNWLU��
'HQNOHPOHU� VLVWHPL� o|]�OG�÷�QGH�� 'HQL]FL� 6LQEDG¶ÕQ� oLNRODWD�DU]ÕQÕQ�ú|\OH�ELU� IRQNVL\RQOD�EHOLUOHQGL÷L�J|U�OHFHNLU��TVQ  ���SGQ��� �����%X�VRQXFXQ� GR÷UX� � � ROGX÷X� 6LQEDG¶ÕQ� �o�QF�� � NH]GHNL� DU]� YHULOHUL� GHQNOHPGH�\HULQH�NRQXODUDN�NRQWURO�HGLOHELOLU����������� ������������±����
$GDOÕODUÕQ�oLNRODWD�WDOHEL�IRQNVL\RQX�NDWVD\ÕODUÕ���TGQ  D�� ESQ�

®̄ �� 
�� 
����ED����
���ED�� GHQNOHPOHU�VLVWHPL�LOH�EHOLUOHQLU��6LVWHPLQ�o|]�P��LOH�

D  �����������E� �����RODUDN�EXOXQXU��
'ROD\ÕVÕ\OD��'HQL]FL�6LQEDG¶ÕQ�KHU�GHID�EHOLUOHGL÷L�oLNRODWD�IL\DWÕ�YH�

KHU�GHID�DGD\D�J|W�UG�÷��PDO�PLNWDUÕ��� ®̄ �� 
� 

��Q���SVQT
�Q�S��GQT

GHQNOHPOHU�VLVWHPL�LOH�YH��S� ����EDúODQJÕo�NRúXOX�LOH�EHOLUOHQHFHNWLU��$\UÕFD��'HQL]FL� 6LQEDG� KHU� GHIDVÕQGD� PDOODUÕQ� W�P�Q�� VDWWÕ÷ÕQD� J|UH�� DU]� PLNWDUÕ�WDOHS�PLNWDUÕQD�HúLWWLU��'ROD\ÕVÕ\OD����±�SQ ���SQ����� �úHNOLQGH�ELU�HúLWOLN�\HU�DOPDNWDGÕU�� %XUDGDQ� GD� � SQ ����SQ������ VRQXFX� HOGH� HGLOLU�� � 'HQNOHPLQ�o|]�P��GH��
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