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%X�oDOÕúPDGD��9$5��$5,0$��hVWVHO�'�]OHPH��(6���.DUPD�YH�øODYH�)DNW|U�
\|QWHPOHULQLQ� H[� SRVW� |QJ|U�� EDúDUÕODUÕ� NDUúÕODúWÕUÕOPDNWDGÕU�� .DUúÕODúWÕUPDGD��
�������������� G|QHPLQL� LoHUHQ� 7�UNL\H� HNRQRPLVLQH� DLW� |]HO� W�NHWLP� KDUFDPDODUÕ�
NXOODQÕODUDN� EX� VHULQLQ� �������������� G|QHPL� |QJ|U�OPHNWHGLU�� 9$5� DQDOL]L� LoLQ�
D\UÕFD�D\QÕ�G|QHPOHUL�LoHUHQ�*6<ø+�GH÷HUOHUL�LVWLKGDP�HGLOPHNWHGLU��+HU�LNL�VHULQLQ�
GH� |QFH� PHYVLPVHOOLN� YH� GXUD÷DQOÕN� DQDOL]OHUL� \DSÕOPDNWDGÕU�� 7RSODPVDO� D\UÕúÕP�
PHWRGX� LOH�PHYVLPVHO� G�]HOWLOPLú� VHULOHUH�XODúÕOPDNWDGÕU��+HU� LNL� G�]HOWLOPLú� VHULQLQ�
GH� ,���� ROGX÷X� DQODúÕOPDNWDGÕU��7DNLS� HGHQ� E|O�POHUGH� LOJLOL� \|QWHPOHUH� DLW� |QJ|U��
PRGHOOHUL�ROXúWXUXOPDNWDGÕU��gQJ|U��GH÷HUOHUL�20+��20<+��2.+��.2.+�YH�7KHLO�
8� NULWHUOHULQH� J|UH� NDUúÕODúWÕUÕOPDNWDGÕU�� 0RGHOOHU� LoHULVLQGH� QLVSL� RODUDN� HQ� L\L�
VRQXoODUÕQ�9$5��(6��NDUPD�PRGHOLQH�DLW�ROGX÷X�VRQXFX�HOGH�HGLOPHNWHGLU���

$QDKWDU� .HOLPHOHU�� 9$5�� $5,0$�� (6�� NDUPD� |QJ|U�� \|QWHPL�� LODYH�IDNW|U�
|QJ|U��\|QWHPL��|QJ|U��EDúDUÕ�NULWHUOHUL��

���*LULú�
� %X� oDOÕúPDGD� 7�UNL\H� HNRQRPLVLQH� DLW� |]HO� W�NHWLP� KDUFDPDODUÕQÕQ�

�W�NHWLP�� oHúLWOL� \|QWHPOHUOH� H[� SRVW� |QJ|U�� �NHVWLULP�� GH÷HUOHULQLQ� EDúDUÕODUÕ�
NDUúÕODúWÕUÕOPDNWDGÕU���

dDOÕúPDGD�� |QFH�� YHNW|U� RWRUHJUHV\RQ� � �9$5��� RWRUHJUHVLI� E�W�QOHúLN�
KDUHNHWOL� RUWDODPDODU� �$5,0$�� YH� �VWVHO� G�]OHPH� �(6�� \|QWHPOHUL� \HU�
DOPDNWDGÕU�� 9$5� DQDOL]LQGH�� W�NHWLP� �78.�� YH� JHOLU� �*6<ø+�� GH÷LúNHQOHUL�
NXOODQÕOPDNWDGÕU�� 2WRNRUHODV\RQ� �$&�� YH� NÕVPL� RWRNRUHODV\RQ� � �3$&��
IRQNVL\RQODUÕ�\DUGÕPÕ�LOH�$5,0$�LoLQ�|QJ|U��PRGHOL�ROXúWXUXOPDNWDGÕU���9$5�
LoLQ��VÕUDVÕ\OD��L��RODELOLUOLN�RUDQ��/5��WHVWL��LL��6LPV�WHVW��LLL��$NDLNH�%LOJL�NULWHUL�
�$,&��YH� LY��6FKZDU]�NULWHUL� �6&�� LOH�HQ�X\JXQ�JHFLNPH�VD\ÕVÕQD� VDKLS�PRGHO�
HOGH� HGLOPHNWHGLU�� (6� � \|QWHPL� LoLQ�� KDWDODUÕQ� NDUHOHUL� WRSODPÕ� �+.7�� YH�
6FKZDU]� NULWHULQH� J|UH� VHoLOHQ� HQ� L\L� �VWVHO� G�]OHPH�PRGHOL� NXOODQÕOPDNWDGÕU��

������������������������������ ������������������4 ��%X�oDOÕúPD��dXNXURYD�hQLYHUVLWHVL��ø�ø�%�)���9��8OXVDO�(NRQRPHWUL�YH�øVWDWLVWLN�
6HPSR]\XPX¶QGD����(\O�O�����¶GH�VXQXOPXúWXU��454 'Ro��'U���(UFL\HV�hQLYHUVLWHVL��ø�ø�%�)���øNWLVDW�%|O�P���������.D\VHUL���
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2OXúWXUXODQ� EX� PRGHOOHU� W�NHWLPH� DLW� H[� SRVW� |QJ|U�OHULQLQ� HOGH� HGLOPHVLQGH�
NXOODQÕOPDNWDGÕU��

� dDOÕúPDQÕQ�WDNLS�HGHQ�DúDPDODUÕQGD��9$5��$5,0$�YH�(6�\|QWHPOHULQLQ�
oHúLWOL�LNLOL�NDUPDODUÕ�LOH�D÷ÕUOÕNOÕ�RUWDODPDODU�NXOODQÕODUDN�\HQL��|QJ|U��GH÷HUOHUL�
EXOXQPDNWDGÕU�� 'DKD� VRQUD�� 9$5�� $5,0$� YH� (6� LOH� HOGH� HGLOHQ� |QJ|U��
GH÷HUOHUL�� LODYH�IDNW|U� �DGG�IDFWRU�� YH� RUWDODPD� LODYH�IDNW|U� \|QWHPOHUL� LOH�
G�]HOWLOPHNWHGLU�� %X� G�]HOWPH� IDNW|UOHUL� LOH� \LQH� W�NHWLPH� DLW� \HQL� H[� SRVW�
|QJ|U��GH÷HUOHUL�HOGH�HGLOPHNWHGLU���

� dDOÕúPDQÕQ� VRQ� E|O�P�QGH� LVH�� HOGH� HGLOHQ� |QJ|U�� GH÷HUOHULQLQ�
GR÷UXOXNODUÕ�oHúLWOL�NULWHUOHUH�J|UH�NDUúÕODúWÕUÕOPDNWDGÕU��%X�NULWHUOHU�VÕUDVÕ�LOH��L��
RUWDODPD� PXWODN� KDWD� �20+��� LL�� RUWDODPD� PXWODN� \�]GH� KDWD� �20<+��� LLL��
RUWDODPD�NDUH�KDWD��2.+��� LY��N|N�RUWDODPD�NDUH�KDWD��.2.+��YH�Y��7KHLO�8�
LVWDWLVWLNOHULQGHQ�ROXúPDNWDGÕU��

� %|\OHFH� EX� NULWHUOHU� NXOODQÕODUDN�� |QFH� 9$5�� $5,0$� YH� (6�
\|QWHPOHULQLQ� |QJ|U�� EDúDUÕODUÕ� NDUúÕODúWÕUÕOPDNWD� YH� GDKD� VRQUD� EX� ]DPDQ�
VHULOHULQLQ� |QJ|U�� EDúDUÕODUÕ� LOH�� NDUPD� YH� LODYH�IDNW|U� \|QWHPOHULQLQ� |QJ|U��
EDúDUÕODUÕ�GH÷HUOHQGLULOPHNWHGLU��

� ���9HULOHULQ�0HYVLPVHOOLN�YH�'XUD÷DQOÕN�$QDOL]OHUL�
� %X� oDOÕúPDGD� WHPHO� RODUDN� IDUNOÕ� |QJ|U�� PRGHOOHUL� NXOODQÕODUDN� |]HO�

W�NHWLP�KDUFDPDODUÕQD��78.��DLW�H[�SRVW�|QJ|U��GH÷HUOHUL�HOGH�HGLOHFHNWLU��9$5�
LOH� HOGH� HGLOHFHN� RODQ� |QJ|U�� GH÷HUOHUL� LoLQ� VLVWHPH� GDKLO� HGLOHFHN� RODQ� GL÷HU�
GH÷LúNHQ� JD\UL� VDIL� \XUW� LoL� KDVÕOD� �*6<ø+�� RODFDNWÕU�� 78.�YH�*6<ø+¶\H� DLW�
YHUL�7&0%¶QLQ�(OHNWURQLN�YHUL�GD÷ÕWÕP�VLVWHPLQGHQ� �(9'6�� WHPLQ�HGLOPLúWLU��
(9'6¶\H� ZZZ�WFPE�JRY�WU� DGUHVLQGHQ� XODúÕODELOLU�� 6HULOHU� �oHU� D\OÕN� ROXS�
��������������G|QHPLQL�NDSVDPDNWDGÕU�������\ÕOÕ�VDELW�IL\DWODUÕ�LOH�DOÕQDQ�78.�
YH�*6<ø+¶QLQ�� (9'6¶GHNL� NRGODUÕ� VÕUDVÕ� LOH� 73�85�*��� YH� 73�85�*��� G�U��
dDOÕúPDGD�� �������������� G|QHPLQH� DLW� H[� SRVW� |QJ|U�� GH÷HUOHULQLQ� HOGH�
HGLOPHVLQGH� �������������� J|]OHPOHUL� NXOODQÕOPDNWDGÕU�� %X� DPDoOD� |QFH�
��������������G|QHPLQL�NDSVD\DQ� �EX� VHULOHUH� DLW�PHYVLPVHOOLN�YH�GXUD÷DQOÕN�
DQDOL]OHUL� \DSÕODFDNWÕU�� ùHNLO� �� YH� �¶GHQ� J|U�OG�÷�� JLEL�� 78.� YH� *6<ø+�
PHYVLPVHO�KDUHNHWOHUH�VDKLSWLUOHU��+HU�LNL�VHUL�GH���������YH�����o�D\�JLGHUHN�DUWDQ�
GH÷HUOHU�DOPDNWD������o�D\GD�LVH�����o�D\OÕN�GH÷HULQ�DOWÕQD�G�úPHNWHGLUOHU��7DNLS�
HGHQ�\ÕOÕQ�����o�D\ÕQGD� LVH�ELU�|QFHNL�\ÕOD�DLW�����o�D\OÕN�GH÷HUH�J|UH�ROGXNoD�
G�ú�N�GH÷HU�DOPDNWD�YH�\LQH����YH�����o�D\GD�DUWDQ�GH÷HU�DOPDNWD�YH�\LQH�����o�
D\GD�QLVSL�ELU�G�ú�ú�\DúDPDNWDGÕUODU���
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� %X� VHEHSOH� |QJ|U�� DQDOL]OHULQH� JHoPHGHQ� |QFH� LOJLOL� VHULOHULQ� PHYVLPVHO�
KDUHNHWOHUGHQ� DUÕQGÕUÕOPDVÕ� JHUHNPHNWHGLU�� 'L÷HU� ELU� GH\LúOH� EX� VHULOHULQ�
PHYVLPVHO� G�]HOWLOPLú� �VHDVRQDOO\� DGMXVWHG�� VHULOHUH� G|Q�úW�U�OPHVL�
JHUHNPHNWHGLU�� ùHNLOOHUGHQ� GLNNDW� HGLOLUVH�� EX� G�]HQOL� PHYVLPVHO�
GDOJDODQPDODUÕQ� E�\�NO�÷��� ]DPDQD� ED÷OÕ� RODUDN� GH÷LúPHPHNWHGLU�� 2� KDOGH�
WRSODPVDO�D\UÕúÕP��DGGLWLYH�GHFRPSRVLWLRQ��\|QWHPL� LOH�|QFH�KHU�ELU� VHUL\H�DLW�
PHYVLPVHO� NÕVÕP� �VHDVRQDO� FRPSRQHQW�� HOGH� HGLOHUHN� YH� VRQUD� EX� NÕVÕP� LOJLOL�
VHULGHQ� oÕNDUWÕODUDN�PHYVLPVHO� G�]HOWLOPLú� VHUL\H� XODúÕODELOLU�� 'HQNOHP� ���� LOH�
J|VWHULOHQ�<�]DPDQ�VHULVLQL�J|]�|Q�QH�DOÕUVDN��
�������������� ttttt H&67< ��� � ����

� 7 u ��6 u ��& v YH�H u �VÕUDVÕ�LOH��<�VHULVLQH�DLW�WUHQG��PHYVLPOLN�GH÷LúLPOHU��VHDVRQDO�
YDULDWLRQV��� NRQMRQNW�UHO� GH÷LúLPOHU� �F\FOLFDO� YDULDWLRQV�� YH� VHULGHNL�
WDQÕPODQDPD\DQ� GH÷LúPHOHUL� LoHUPHNWHGLU�� 7RSODPVDO� D\ÕUÕúÕP� PHWRGX� LOH�
PHYVLPVHO� KDUHNHWOHUGHQ� D\UÕúWÕUÕODQ� VHUL\L� HOGH� HWPHN� LoLQ� úX� DúDPDODU� WDNLS�
HGLOHELOLU�� ,�� 0HUNH]L� KDUHNHWOL� RUWDODPDODU� �0+2�� HOGH� HGLOLU�� ��� KDUHNHWOL�
RUWDODPD\Õ� �+2�� EXOPDN� LoLQ�� ��� J|]OHPGHQ� ��� J|]OHPH� DULWPHWLN� RUWDODPD�
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DOÕQÕU�� ��� +2¶\Õ� EXOPDN� LoLQ�� ��� J|]OHPGHQ� ��� J|]OHPH� DULWPHWLN� RUWDODPD�
DOÕQÕU�������PHUNH]L�KDUHNHWOL�RUWDODPD\Õ��0+2��HOGH�HWPHN�LoLQ�����YH����+2¶QÕQ�
RUWDODPDVÕ�DOÕQÕU�����0+2¶\Õ�EXOPDN�LoLQ�����YH����+2¶QÕQ�RUWDODPDVÕ�DOÕQÕU����%X�
0+2¶ODU� <� VHULVLQH� DLW� 7 u � �� &v � NÕVÕPODUÕQÕ� YHUHFHNWLU�� ,,�� 0+2� VHULVL� <�
VHULVLQGHQ� oÕNDUWÕODUDN�<¶\H� DLW� 6 u � �� H u NÕVÕPODU� HOGH� HGLOLU�� ,,,��<� VHULVLQLQ� �o�
D\OÕN� J|]OHPOHUGHQ� ROXúWX÷XQX� YDUVD\DUVDN�� 6 u � �� H u � VHULVLQGHNL�� ��� �o� D\OÕN�
J|]OHPOHUH� NDUúÕOÕN� JHOHQ� GH÷HUOHULQ� RUWDODPDVÕ� DOÕQÕU�� 'DKD� VRQUD� D\QÕ�
RUWDODPDODU��������YH�����o�D\OÕN�J|]OHPOHU�LoLQ�DOÕQÕU��(OGH�HGLOHQ�EX�RUWDODPDODU�
����������YH�����o�D\D�NDUúÕOÕN�JHOHQ�PHYVLPVHO�KDUHNHWOHULQ�WDKPLQ�GH÷HUOHULGLU��
'L÷HU�ELU�DQODPGD��F��DúDPDVÕ� LOH� �6 u ���H u �VHULVLQGHQ�H u �NÕVPÕ�oÕNDUWÕOPDNWDGÕU��
,9��%LU�|QFHNL�DúDPDGD�HOGH�HGLOHQ�WDKPLQ�GH÷HUOHULQLQ�WRSODPÕ�VÕIÕU�ROPDOÕGÕU��
$NVL�WDNWLUGH�EX�GH÷HUOHULQ�QRUPDOOHúWLULOPHVL�JHUHNLU��%XQXQ�LoLQ��6 u ¶QLQ�WDKPLQ�
GH÷HUOHULQLQ� DULWPHWLN� RUWDODPDVÕ� DOÕQÕU�� +HU� ELU� 6 u � WDKPLQ� GH÷HULQGHQ� EX�
RUWDODPD�oÕNDUWÕODUDN�QLKDL�PHYVLPVHO�WDKPLQ�GH÷HUOHUL�EXOXQXU� H��< u �VHULVLQGHQ�
EX�WDKPLQ�HGLOPLú�RODQ�6 v �VHULVL�oÕNDUWÕOGÕ÷ÕQGD�PHYVLPVHO�G�]HOWLOPLú�VHUL�HOGH�
HGLOLU��
��+DUHNHWOL�RUWDODPDGDQ�IDUN�DOPD��GLIIHUHQFH�IURP�PRYLQJ�DYHUDJH��RODUDN�GD�

ELOLQHQ� WRSODP� D\UÕúÕP�PHWRGX� LOH�78.� VHULVLQLQ� ���� ���� ��� YH� ��� �o� D\ÕQD� DLW�
PHYVLPVHO�KDUHNHWOHULQ�WDKPLQ�GH÷HUOHUL������IL\DWODUÕ�LOH�VÕUDVÕ�LOH�±�����������
���������� ��������� YH� ��������� PLO\DU� 7/¶GLU�� $\QÕ� úHNLOGH� *6<ø+¶QLQ�
PHYVLPVHO� WDKPLQ� GH÷HUOHUL� VÕUDVÕ� LOH� ±���������� ����������� ��������� YH�
��������� PLO\DU� 7/¶GLU�� %X� úHNLOGH� HOGH� HGLOHQ� 78.� YH� *6<ø+¶\H� DLW�
G�]HOWLOPLú� VHULOHU� 78.6� YH� *6<ø+6� ROVXQ�� 78.6� YH� *6<ø+6� VHULOHUL�
]DPDQOD� EHUDEHU� ELU� E�\�PH� WUHQGL� LoLQGH� ROGXNODUÕQGDQ� EX� VHULOHULQ� GR÷DO�
ORJDULWPDODUÕ�DOÕQPDNWDGÕU��/17��/1*���$5,0$�PRGHOL�LoLQ�VHULQLQ�GXUD÷DQOÕN�
úDUWÕ�DUDQPDNWDGÕU��$\QÕ�úHNLOGH�(6�PRGHOOHULQLQ�JHoHUOL�RODELOPHVL�LoLQ�|QJ|U��
KDWDODUÕQÕQ� UDVVDO� ROPDVÕ�� EX� KDWDODUGD� WUHQG� YH� PHYVLPVHO� KDWDODUÕQ�
J|]OHQPHPHVL�JHUHNPHNWHGLU��%X� VHEHSOH� WDNLS�HGHQ�DúDPDGD�/17� LoLQ�ELULP�
N|N� WHVWOHUL� \DSÕOPDNWDGÕU�� 9$5� DQDOL]LQGH�� /17� YH� /1*� DUDVÕQGD�
NRHQWHJUDV\RQ�LOLúNLVL�YDUVD�EX�VHULOHU�NHQGL�VHYL\HOHULQGH�NXOODQÕODFDNWÕU��7DEOR�
��(QJOH�*UDQJHU�\|QWHPL�LOH�\DSÕODQ�NRHQWHJUDV\RQ�WHVW�VRQXFXQX�YHUPHNWHGLU��

7DEOR� �¶GH� /17¶\H� DLW� GXUD÷DQOÕN� WHVW� VRQXoODUÕ� J|U�OPHNWHGLU�� +HU� ELU�
GHQNOHPH� \DSÕODQ� ELUHU� JHFLNPH� LODYHVL\OH� NDOÕQWÕ� WHULPOHU� �Hv �� EH\D]� J�U�OW��
�ZKLWH� QRLVH�� EXOXQPXúODUGÕU�� 'L÷HU� ELU� GH\LúOH�� ��� NXOODQÕODELOHQ� J|]OHP�
VD\ÕVÕQD�J|UH�����JHFLNPH� LOH� �Hv ¶\H�DLW�NRUHORJUDPGDQ�HOGH�HGLOHQ�4�GH÷HUOHUL�
����V�WXQ��Hv ¶QLQ�DUGÕúÕN�RODUDN�ED÷ÕPVÕ]�ROGX÷XQX�LIDGH�HWPHNWHGLU��

�
�
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�
%XQD� NDUúÕQ��$')� WHVW� LVWDWLVWLN� GH÷HUOHUL��0DF.LQQRQ� NULWLN� GH÷HUOHUL�

LOH� NDUúÕODúWÕUÕOGÕ÷ÕQGD� /17¶QLQ� GXUD÷DQ� ROPDGÕ÷Õ� VRQXFXQD� XODúÕOPDNWDGÕU��
7DEOR� �� LVH� ELULQFL� GHUHFHGHQ� IDUNÕ� DOÕQPÕú� RODQ�/17¶QLQ� �'/17�� GXUD÷DQOÕN�
WHVW� VRQXoODUÕQÕ� YHUPHNWHGLU�� 'HQNOHPOHUH� \DSÕODQ� LODYH� JHFLNPH� VD\ÕVÕ� �¶GÕU��
7DEOR� GH÷HUOHUL� '/17¶QLQ� ��� DQODPOÕOÕN� VHYL\HVLQGH� GXUD÷DQ� ROGX÷XQX�
EHOLUWPHNWHGLU�� 7DEOR� ��� /1*¶QLQ� GXUD÷DQ�ROPDGÕ÷ÕQÕ� YH�7DEOR� ���'/1*¶QLQ�
���VHYL\HGH�GXUD÷DQ�ROGX÷XQX�J|VWHUPHNWHGLU��

7DEOR� ��� /17¶QLQ� /1*� �]HULQH� \DSÕODQ� UHJUHV\RQXQGDQ� HOGH� HGLOHQ�
NDOÕQWÕ� WHULPLQLQ� �H Ë �� GXUD÷DQ� ROPDGÕ÷ÕQÕ� J|VWHUPHNWHGLU�� 4� LVWDWLVWL÷L�
VRQXoODUÕQD� J|UH�� GHQNOHP� �D�¶\D� \DSÕODQ� �o� LODYH� JHFLNPH� VRQUDVÕ�� Y Ë ¶QLQ�
DUGÕúÕN� RODUDN� ED÷ÕPVÕ]� ROGX÷X� RUWD\D� oÕNPDNWDGÕU�� .RHQWHJUDV\RQ� LOLúNLVLQLQ�
ROPDGÕ÷Õ� -RKDQVHQ� \|QWHPL� LOH� GH� GR÷UXODQPDNWDGÕU�� 2ODELOLUOLN� RUDQÕ� ���
VHYL\HVLQGH�ELU�NRHQWHJUDV\RQ�LOLúNLVLQL�UHW�HWPHNWHGLU��
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7DEOR��¶GHQ�7DEOR��¶H�HOGH�HGLOHQ�VRQXoODUD�J|UH�$5,0$��(6�YH�9$5�
DQDOL]OHULQGH�'/17�YH�'/1*�VHULOHUL� NXOODQÕODFDNWÕU��'ROD\ÕVÕ\OD�'/17� LoLQ�
HOGH� HGLOHQ� |QJ|U�OHU�� PHYVLPVHO� HWNLOHUGHQ� DUÕQGÕUÕOPÕú� UHHO� |]HO� W�NHWLP�
KDUFDPDODUÕQGDNL�E�\�PH�KÕ]ÕQD�DLW�RODFDNWÕU��

���9$5�LOH�7DKPLQ�
9HNW|U� RWRUHJUHV\RQ� �9$5�� VLVWHPL� LoHULVLQGH� \HU� DODQ� GH÷LúNHQOHU�

LoVHOGLU�� 'HQNOHP� ���¶GH� J|VWHULOGL÷L� JLEL�� VLVWHPGHNL� KHU� GH÷LúNHQ� NHQGL�
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JHFLNPH� GH÷HUOHULQLQ� YH� GL÷HU� GH÷LúNHQOHUH� DLW� JHFLNPH� GH÷HUOHULQLQ� GR÷UXVDO�
ELU�IRQNVL\RQXGXU���

ãäãåæãæçãçèã H;&���;&;&&; ����� ééé � ����
� � ; ê �� �6LVWHPH�GDKLO�HGLOHQ�GH÷LúNHQOHUL�NDSVD\DQ�YHNW|U�� ��Q u ��
� � & ë � �VDELW�WHULPOHUL�NDSVD\DQ�YHNW|U�� ��Q u ��
� � & ì �� �SDUDPHWUHOHUL�NDSVD\DQ�PDWULV� S��Q u ��
� � Hê �� �KDWD�WHULPOHULQL�NDSVD\DQ�YHNW|U�� ��Q u ��

6LVWHPGHNL� LoVHO�GH÷LúNHQ�\D�GD�GHQNOHP�VD\ÕVÕ��Q�� LOH��JHFLNPH�VD\ÕVÕ�
LVH��S��LOH�J|VWHULOPHNWHGLU��'ROD\ÕVÕ\OD�PRGHOGH�Q�SQ í NDGDU�SDUDPHWUH�WDKPLQ�
HGLOPHNWHGLU��; ê �PDWULVLQGHNL�W�P�GH÷LúNHQOHU�LoVHO�GH÷LúNHQOHUGLU�YH�GHQNOL÷LQ�
VD÷�WDUDIÕQGDNL�GH÷LúNHQOHU�GDKD�|QFH�EHOLUOHQPLú�GH÷LúNHQOHUGLU��+DWD�WHULPOHUL�
NHQGL�DUDODUÕQGD�ELU�NRUHODV\RQD�VDKLS�LNHQ��JHFLNPHOHUH�DLW�KDWD�WHULPOHUL�LOH�YH�
; ê î ï LOH�ELU�NRUHODV\RQD�VDKLS�GH÷LOGLU��

6LVWHP� LoHULVLQGHNL� E�W�Q� GHQNOHPOHU� D\QÕ� JHFLNPH� VD\ÕVÕQD� HúLWWLU��
9$5� DQDOL]LQGH� |QFH� LoVHO� GH÷LúNHQOHUH� DLW� HQ� X\JXQ� JHFLNPH� VD\ÕVÕQÕQ�
EHOLUOHQPHVL�JHUHNPHNWHGLU��*HFLNPH�VD\ÕVÕ�oRN�G�ú�N�ROGX÷XQGD�PRGHO�\DQOÕú�
WDQÕPODQDELOPHNWH�� oRN� \�NVHN� ROGX÷XQGD� LVH� PRGHOH� DLW� VHUEHVWOLN� GHUHFHVL�
D]DOPDNWDGÕU��(Q�X\JXQ�JHFLNPH�VD\ÕVÕQÕQ�EXOXQDELOPHVL�DPDFÕ� LOH� �RODELOLUOLN�
RUDQ� �/LNHOLKRRG� 5DV\R�� /5�� WHVWL�� 6LPV� WHVWL�� $NDLNH� %LOJL� NULWHUL� �$,&�� YH�
6FKZDU]�NULWHULQH��6&��EDúYXUXODELOLU��
�������� � �¦¦ � ðñ ORJORJ�7�/5 � ����

� �¦¦ �� òó ORJORJ&��76LPV � ����
�1��7�ORJ$,& ô õ� ¦ � ����
1ORJ�7���7�ORJ6& ö ÷� ¦ � ����

%XUDGD�� 7�� NXOODQÕODELOHQ� J|]OHP� VD\ÕVÕQÕ�� &�� KHU� ELU� GHQNOHPGHNL�
WDKPLQ� HGLOHQ� SDUDPHWUHOHULQ� VD\ÕVÕQÕ�� ¦ øORJ ��¦ ù ¶LQ� GHWHUPLQDV\RQXQXQ�
GR÷DO� ORJDULWPDVÕQÕ� YH� �¦ ú � VÕQÕUODQGÕUÕOPÕú� PRGHOLQ� YDU\DQV�NRYDU\DQV�
PDWULVLQL�� �¦ û VÕQÕUODQGÕUÕOPDPÕú� PRGHOLQ� YDU\DQV�NRYDU\DQV� PDWULVLQL��
¦� ��KDWD�WHULPOHULQH�DLW�YDU\DQV�NRYDU\DQV�PDWULVLQLQ�GHWHUPLQDV\RQXQX�YH�
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1� LVH� E�W�Q� GHQNOHPOHUGHNL� WDKPLQ� HGLOHQ� SDUDPHWUHOHULQ� WRSODP� VD\ÕVÕQÕ�
YHUPHNWHGLU��(QGHUV����������������'RDQ������������(9LHZV����������

7DEOR� ��� ��V�WXQ�� GH÷LúNHQOHUH� DLW� DOWHUQDWLI� �o� D\OÕN� JHFLNPH�
VD\ÕODUÕQÕ� YHUPHNWHGLU�� �� \ÕOOÕN� G|QHPLQ�� VLVWHPGHNL� X]XQ� G|QHP�
GLQDPL÷LQL� \DNDODPDN� LoLQ� \HWHUOL� ROGX÷X� G�ú�QFHVLQGHQ� KDUHNHWOH�
�(QGHUV������������������o�D\OÕNWDQ����o�D\OÕ÷D�NDGDU�HQ�X\JXQ�JHFLNPH�
VD\ÕVÕQÕQ�QH�ROGX÷X�HOH�DOÕQDQ�NULWHUOHUOH�EHOLUOHQPH\H�oDOÕúÕOPDNWDGÕU�����
YH� ��� V�WXQODUGD� /5� YH� 6LPV� LVWDWLVWLNOHULQH� DLW� GH÷HUOHU� SDUDQWH]�
LoHULVLQGH� DQODPOÕOÕN� GH÷HUOHUL� LOH� EHUDEHU� YHULOPHNWHGLU�� ��� V�WXQ� LON�
VDWÕUGD������o�D\OÕN�JHFLNPH�X]XQOX÷XQXQ�����o�D\OÕN�JHFLNPH\H�J|UH�HQ�
X\JXQ� ROGX÷XQX� LOHUL� V�UHQ� KLSRWH]� �+��/ ���� WHVW� HGLOPHNWHGLU�� 6�WXQ�
�¶WH� \HU� DODQ� F ü,ý þ ÿ�� ���  ������ GH÷HUL� LOH� EX� KLSRWH]� ��� VHYL\HVLQGH� UHW�
HGLOHPHPHNWHGLU��'DKD�VRQUD�VÕIÕU�KLSRWH]�����JHFLNPH�X]XQOX÷XQXQ����
JHFLNPH\H�J|UH�HQ�X\JXQ�ROGX÷XQX�LOHUL�V�UPHNWHGLU��+��/ ������F ü,ý þ�ÿ�� ��� �
 ������GH÷HUL� LOH�EX�KLSRWH]�GH� UHW� HGLOHPHPHNWHGLU��1LKD\HW������YH���
JHFLNPH�X]XQOXNODUÕQÕQ���JHFLNPH\H�J|UH�HQ�X\JXQ�ROGX÷XQX�LOHUL�V�UHQ�
VÕIÕU� KLSRWH]OHU� ��� DQODPOÕOÕN� VHYL\HOHULQGH� UHW� HGLOHELOPHNWHGLUOHU�� ��
JHFLNPH�X]XQOX÷XQXQ�HQ�X\JXQ�ROGX÷X����V�WXQGD�\HU�DODQ�6LPV�WHVWLQH�
DLW� F ü � LVWDWLVWLNOHUL� LOH� GH� GR÷UXODQPDNWDGÕU�� ��� V�WXQGD� \HU� DODQ� 6&�
GH÷HUOHUL�DUDVÕQGD����JHFLNPH\H�DLW�RODQ�6&�GL÷HUOHUL�DUDVÕQGD�HQ�G�ú�N�
GH÷HUH�VDKLSWLU��$,&�LVH�VÕUDVÕ� LOH��������YH���JHFLNPHOHUGH�QLVSL�RODUDN�
HQ�G�ú�N�GH÷HUOHUL�DOPDNWDGÕU��6RQXo�RODUDN�9$5�VLVWHPL�LoLQ��/5��6LPV�
YH�6&�NULWHUOHULQH� J|UH����JHFLNPH� VD\ÕVÕ� X\JXQ� EXOXQPDNWDGÕU��%|O�P�
�¶GH�� �� JHFLNPH\H� VDKLS� 9$5� LOH� HOGH� HGLOHQ� |QJ|U�OHULQ� GR÷UXOXN�
GHUHFHOHUL�YHULOHFHNWLU�������������

7DEOR����9$5�LoLQ�(Q�8\JXQ�*HFLNPH�8]XQOX÷X�7HVWOHUL�
/� $,&� 6&� +LSRWH]� /5� +LSRWH]� 6LPV����	�
��� ���� �	����� �
ü�� ����� ���������

�! 
� ������"
#�$ %�&�'
( %�$ )+*�*�,

���-� �.�/�+���
�! 	� �.�/�-"

#�$ *�) �
( %�$ *10+)+,

ü2�	�
��� �-3�4 �	����� ����� � � � ����� % �
�! 
� �������

*5$ *�)�&
( %�$ #�#�)+,

� � � �.��� % �
�! 	� �.�/�-"

*5$ #�%�#
( %�$ #�6�6+,

�7�	�
��� ����4 �	�
��� ����� ����� ��� ' �
�! 
� ����� %

#�$ ' ���
( %�$ * � 0�,

���-� �.� ' �
�! 	� �.�/� %

*5$ 0+6�)
( %�$ #�% � ,



�
gQJ|U��<|QWHPOHULQLQ�%DúDUÕ�.DUúÕODúWÕUPDVÕ�

� ����

8:9�;1< = 6�> ?1@ ?!A+B�C 9�D @
�2�	�
��� 3�4�� �	�
��� E	ü�ü ����� ��� 0 �

�! 
� ��� '
#�$ % � #
( %�$ )�)�)+,

���-� �.� 0 �
�! 	� �.� '

" $ %�'�)
( %�$ & � 0�,

EF�	�
��� 3�3�E �	�
��� ����3 ����� ��� & �
�  � ��� 0

#�$ " #�6
( %�$ ) � 0�,

���-� �.� & �
�  � �.� 0

" $ 0+)�&
( %�$ )�0 " ,

�7�	�
��� 3��� �	�
��� ü+3	ü � � � ��� 6 �
�! 
� ��� &

� $ 0�0�)
( %�$ &�)�6+,

� � � �.� 6 �
�! 	� �.� &

" $ %+*�0
( %�$ & " 6+,

47�	�
��� 4��+3 �	�
��� ��E�� ����� ��� ) �
�! 
� ��� 6

� $ '�) "
( %�$ &+*�*�,

���-� �.� ) �
�! 	� �.� 6

%�$ )�'�&
( %�$ '�6�#+,

3G�	�
��� 4���E �	�
��� ��+3 � � � ��� * �
�! 
� ��� )

*5$ & " 6
( %�$ # � 6+,

� � � �.� * �
�! 	� �.� )

#�$ &+* �
( %�$ *�* " ,

�7�	�
��� 4��+3 �	����� ��E
ü ����� ��� # �
�! 
� ��� *

� #1$ )�* "
( %�$ %�%�0�,IH

���-� �.� # �
�! 	� �.� *

� #1$ 610 �
( %�$ %�%�0�,IH

��J�	�
��� 3�E� �	����� ��4�ü � � � ���K"��
�! 
� ��� *

# � $ #�'�'
( %�$ %�%�%+,	L

� � � �.�K"��
�! 	� �.� *

#�*�$ &�#�#
( %�$ %�%�%+,	L

���M�	�
��� ����� �	����� ����ü ����� �������
�! 
� ��� *

#�#1$ 6�&�&
( %�$ %�%�%+,	N

���-� �.�/���
�! 	� �.� *

*1)1$ "�" '
( %�$ %�%�%+,	N

�NüO�	�-E+� ��1� �	����� ����E 9 (IP A � *�, � ; ( P A � 0�,QC�BSR (	P A ����" , �UT B�V P�WYXZ�[P B�C W \ B P�W ?1A+B
9 ? < 9�D!< @5]�@ ^ D_9 ^�` 9 A�@ a�$

���$5,0$�LOH�7DKPLQ�
*HQHO� RODUDN�� RWRUHJUHVLI� �DUGÕúÕN� ED÷ODQÕPOÕ�� E�W�QOHúLN� KDUHNHWOL�

RUWDODPD��$5,0$��DXWRUHJUHVVLYH�LQWHJUDWHG�PRYLQJ�DYHUDJH��PRGHOL�GHQNOHP�
����LOH�J|VWHULOHELOLU��

bcbccc
dcdccc

HHHH
\\\\

eee
eee

�����
��� 

TTT
III

���
���

ffgg
ffgg

�� ����
%X� PRGHO� $5,0$� �S�� G�� T�� RODUDN� ELOLQLU�� � S�� RWRUHJUHVLI� V�UHFLQ�

GHUHFHVLQL��G��\¶QLQ� GXUD÷DQ�KDOH� JHWLULOPHVL� LoLQ� IDUN� DOPD�GHUHFHVLQL�� YH�� �T��
KDUHNHWOL� RUWDODPD� V�UHFLQLQ� GHUHFHVLQL� EHOLUWPHNWHGLU�� (÷HU� VHUL� NHQGL�
VHYL\HVLQGH� GXUD÷DQ� LVH� $5,0$� � �S�� ��� T�� YH\D� $50$� �S�� T�� KDOLQL� DOÕU��
$5,0$� PRGHOOHUL� GXUD÷DQ� VHULOHULQ� WDKPLQLQGH� �HVWLPDWH�� YH� |QJ|U�P�QGH�
�IRUHFDVW�� \R÷XQ� RODUDN� NXOODQÕOPDNWDGÕU�� %LU� VHUL\H� DLW� JHOHFHN� GH÷HUOHULQ�
|QJ|U�V�QGH� EXOXQPDGDQ� |QFH� EHOLUOHQPH�� WDKPLQ� YH� WDQÕOD\ÕFÕ� NRQWURO�
DúDPDODUÕQÕQ�WDNLS�HGLOPHVL�JHUHNOLGLU��
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%HOLUOHQPH� DúDPDVÕQGD� |QFH� VHUL\H� DLW� � GXUD÷DQOÕN� YH� PHYVLPVHOOLN�
DQDOL]L� X\JXODQÕU�� 6HUL\H� DLW� RWRNRUHODV\RQ� IRQNVL\RQX� �$&)�� YH� NÕVPL�
RWRNRUHODV\RQ� IRQNVL\RQXQD� �3$&)�� EDNÕODUDN� VHULQLQ� GXUD÷DQ� ROXS� ROPDGÕ÷Õ�
LQFHOHQHELOLU��$&)¶GHNL� oRN� \DYDú� ELU� G�ú�ú� VHULQLQ� GXUD÷DQ� ROPDGÕ÷ÕQÕ� LIDGH�
HGHU� �0RQWJRPHU\� YG��� ��������������� 'XUD÷DQOÕN� WHVWL� LoLQ�� $&)� YH� 3$&)�
\DQÕQGD��'LFN\�)XOOHU��')���JHQLúOHWLOPLú��DXJPHQWHG��')�YH\D�3KLOOLSV�3HUURQ�
WHVWOHULQH�GH�EDúYXUXODELOLU��(÷HU��VHULGH�PHYVLPVHOOLN�YDU�LVH�X\JXQ�0$�\D�GD�
$5� GHUHFHOHULQGHQ� ID\GDODQÕODELOLU�� gUQH÷LQ� �o� D\OÕN� VHULGH�PHYVLPVHOOLN� YDU�
LVH�� ��� JHFLNPHGHNL� KDUHNHWOL� RUWDODPD� NDWVD\ÕVÕ� >0$���@� YH\D� RWRUHJUHVLI�
NDWVD\ÕVÕ� >$5���@� EX�PHYVLPVHOOL÷L� \DNDOD\DELOLU��0HYVLPVHO� IDUNÕ� DOÕQDQ� VHUL�
GXUD÷DQ�GH÷LOVH�EX�PHYVLPVHO� IDUNÕ�DOÕQPÕú�VHULQLQ�IDUNÕ�DOÕQDUDN�VHUL�GXUD÷DQ�
KDOH�JHWLULOLU��(QGHUV������������������

'DKD� VRQUD�� \LQH� EHOLUOHQPH� DúDPDVÕQGD� GXUD÷DQ� VHULQLQ� $&)� YH�
3$&)¶QLQ� ELoLPOHULQH� EDNDUDN�� S� YH� T� GHUHFHOHUL� EHOLUOHQHELOLU�� $&)� �VWVHO�
D]DOÕ\RUVD� YH� 3$&)¶GH� S� JHFLNPHOHULQH� DLW� |QHPOL� oÕNÕQWÕ�ODU�� J|U�O�\RUVD��
PRGHO�$5�S��RODFDNWÕU��$&)¶GH�T� JHFLNPHOHULQH�DLW�|QHPOL�oÕNÕQWÕ�ODU��YDU� LVH�
YH� 3$&)��VWVHO� D]DOÕ\RUVD�PRGHO�0$�T�� RODFDNWÕU��+HP�$&)�KHP�GH� 3$&)�
�VWVHO� RODUDN� D]DOÕ\RUVD�� PRGHO� $50$�S�� T�� RODUDN� EHOLUOHQHFHNWLU�� hVWVHO�
D]DOPD��IRQNVL\RQXQ�\DNODúÕN�RODUDN�VÕIÕU�ROPD\DQ�GH÷HUOHUOH��VWVHO��JHRPHWULN�
\D�GD�VLQ�VVHO�RODUDN�D]DOÕúÕQÕ�LIDGH�HGHU��0RQWJRPHU\�YG��������������3UDWLNWH�
$&)�YH�3$&)�JHFLNPH�VD\ÕVÕ��VHUL\H�DLW�NXOODQÕODELOLU�J|]OHPLQ�� h � i ��YH\D��ó�¶��
RODUDN�DOÕQÕU������J�YHQ�DUDOÕ÷ÕQÕQ�� ��������� Q# �GÕúÕQGD�NDODQ�YH\D�PXWODN�
GH÷HU� LoHULVLQGH�LNL�VWDQGDUW�KDWDGDQ�E�\�N�RODQ�$&)�NDWVD\ÕODUÕ��U j ��YH�3$&)�
NDWVD\ÕODUÕ��U j�j ��S�YH�T�GHUHFHOHULQL�EHOLUOH\HFHNWLU��%HOLUOHQHQ�EX�LON�PRGHO��GDKD�
VRQUD�WDKPLQ�DúDPDVÕQGD�GR÷UXVDO�\D�GD�GR÷UXVDO�ROPD\DQ�\|QWHPOHUOH�WDKPLQ�
HGLOLU�YH�S�YH�T¶\D�DLW�WDKPLQ�GH÷HUOHUL�HOGH�HGLOLU��

7DQÕVDO� NRQWURO� DúDPDVÕQGD��PRGHOH� DLW� NDOÕQWÕODUÕQ� �Hk �� EH\D]� J�U�OW�� ROXS�
ROPDGÕ÷Õ�� $5�S�� YH� 0$�T�� NDWVD\ÕODUÕQÕQ� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� ROXS�
ROPDGÕ÷Õ�NRQWURO�HGLOLU��%X�DúDPDGD�D\UÕFD�XIDN�VWDQGDUW�KDWD\D�VDKLS�YH�EDVLW�
�SDUVLPRQLRXV�� RODQ�PRGHO�� YDUVD� GL÷HU� DOWHUQDWLIOHUL� DUDVÕQGDQ� WHUFLK� HGLOHUHN�
QLKDL� PRGHO� KDOLQL� DODFDNWÕU� �(QGHUV�� ��������� *D\QRU� YH� .LUNSDWULFN��
����������������

7HRULN�RODUDN�EX�DúDPDODU�J|]GHQ�JHoLULOGLNWHQ�VRQUD�'/17�VHULVLQH�DLW�
$&)� YH� 3$&)� JUDILNOHUL� LQFHOHQHELOLU�� '/17� VHULVLQH� DLW� ���� J�YHQ� DUDOÕ÷Õ�
r �������W�U��7DEOR��¶GD�J|U�OG�÷��JLEL����JHFLNPH\H�DLW�$&)�YH����JHFLNPH\H�
DLW�3$&)�NDWVD\ÕODUÕ�EX�DUDOÕ÷ÕQ�GÕúÕQGDGÕUODU��\DQL�VÕIÕUGDQ�IDUNOÕGÕUODU���
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ùHNLO���YH����WHRULN��VWVHO�D]DOPD�ELoLPLQH�oRN�EHQ]HPHVH�GH��KHU�LNLVL�

GH��VWVHO�VDOÕQÕP��H[SRQHQWLDO�RVFLOODWLRQ��D]DOPD�ELoLPLQH�\DNÕQGÕUODU��2�KDOGH�
/17� LoLQ� LON�PRGHO�$5,0$�������� RODUDN� VHPEROOHúWLULOHELOLU��7DEOR� ���EX� LON�
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PRGHOH� YH� GL÷HU� DOWHUQDWLI� PRGHOOHUH� DLW� WDKPLQ� GH÷HUOHULQL� YHUPHNWHGLU��
7DEORGD� VDELW� WHULP�� $5�S�� YH� 0$�T�� SDUDPHWUHOHULQLQ� WDKPLQ� GH÷HUOHUL� YH�
SDUDQWH]�LoHULVLQGH�EX�WDKPLQ�GH÷HUOHULQH�DLW�W�LVWDWLVWLNOHULQLQ�RODVÕOÕN�GH÷HUOHUL�
YHULOPHNWHGLU��

7DEOR� �� LQFHOHQGL÷LQGH�� LON� PRGHOH� DLW� VDELW� WHULPLQ� �P �� YH� $5����
NDWVD\ÕVÕQÕQ�� ³I ��LVWDWLVWLNVHO�RODUDN�DQODPVÕ]�ROGX÷X��0$����NDWVD\ÕVÕQÕQ�� ´T ��
LVH�����DQODPOÕOÕN�VHYL\HVLQGH�VÕIÕUGDQ�IDUNOÕ�ROGX÷X�J|U�OPHNWHGLU�����V�WXQGD�
\HU�DODQ�PRGHOLQ�WDKPLQLQ�VWDQGDUW�KDWDVÕ��V�H�H����$,&�YH�6&�NULWHUOHUL�DoÕVÕQGDQ�
QLVSL�RODUDN�HQ�L\L�GH÷HUOHUH�VDKLS�ROPDVÕQD�NDUúÕQ��EX�PRGHOGH�\HU�DODQ�$5����
NDWVD\ÕVÕQÕQ� VÕIÕUGDQ� IDUNOÕ� ROPDGÕ÷Õ� YH� 0$���� NDWVD\ÕVÕQÕQ� ���� VHYL\HVLQGH�
VÕIÕUGDQ�IDUNOÕ�ROGX÷X�J|U�OPHNWHGLU����� V�WXQGD�EHOLUWLOHQ�0$����NDWVD\ÕVÕ����
DQODPOÕOÕN� VHYL\HVLQGH� VÕIÕUGDQ� IDUNOÕ� oÕNPDNWD� YH� PRGHOH� DLW� 4� LVWDWLVWL÷L� LVH�
PRGHOGHQ� HOGH� HGLOHQ� NDOÕQWÕODUÕQ� ELUELUOHULQH� ED÷ÕPOÕ� ROPDGÕNODUÕQÕ� \DQL�
WHVDG�IL� ROGXNODUÕQÕ� J|VWHUPHNWHGLU�� 2� KDOGH� '/17¶QLQ� JHOHFHN� GH÷HUOHULQLQ�
|QJ|U�V�QGH� $5,0$�������� PRGHOL� NXOODQÕODFDNWÕU�� gQJ|U�� EDúDUÕ� VRQXoODUÕ�
%|O�P���¶GH�HOH�DOÕQDFDNWÕU��

7DEOR����7DKPLQOHU��
� �� �� �� �� �� ��µ�¶ ý ��� µ�¶ ý ��� µ�¶ ý ��� µ�¶ ý ���

· µ ý ��� · µ ý ��� · µ ý ��� · µ ý ���
PÖ �� ��E �� ��E �� ��4 � � � � � � � � � � � � � � � � � � � � � � � � � � �ý �� ���3�� ý �� ü������ ý �� ������
Ö̧I � +� ü��� � �� ü+E�4 � � � � � � � � � � �� ü�ü�� � � � � � � � � � � �� ��3-�

ý �� �	����� ý �� ��
ü�� ý �� ������ ý �� �
4�4��
¹ÖT �� ü+E	ü � � � � � � � � � �� ü���E � � � � � � � � � �� ü���4 �� ü����

ý �� ������ ý �� ������ ý �� ������ ý �� �4�4��
V�H�H� �� ���ü�4 �� ������ �� ������ �� ����1� �� ������ �� ���ü�E
$,&� � ü�� ��4�� � ü�� ����4 � ü�� ����4 � ü�� ��E� � ü�� ���
ü � ü�� ���
6&� � ü�� ü+E�� � ü�� ü+E�� � ü�� ���� � ü�� �1��� � ü�� �-E�� � ü�� ��ü�ü
1��� �Nü �Nü ��� �Nü ��� �Nü
���4� 3�� ���5ü �
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��� 4�E�� �Nü�� 3+�
4 3�� ���
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���hVWVHO�'�]OHPH�<|QWHPL�
hVWVHO�G�]OHPH��(6��\|QWHPLQGH��< º �VHULVLQLQ�E�W�Q�JHFLNPH�GH÷HUOHULQH�

JHRPHWULN� RODUDN� D]DODQ� D÷ÕUOÕNODU� YHULOLU�� (6� LOH� < º » � GH÷HULQLQ� |QJ|U�V��� < º �
VHULVLQLQ�EX�JHFLNPH�GH÷HUOHULQLQ�D÷ÕUOÕNOÕ�RUWDODPDVÕQD�HúLW�RODFDNWÕU��%DVLW�(6�
PRGHOL�GHQNOHP�����LOH�J|VWHULOHELOLU��

� � ¼� ½�� ¾¾¾ \\\ DD �� ����
� ¿\ �� W� ]DPDQÕQD� DLW� G�]OHQPLú� RUWDODPD\Õ� �VPRRWKHG� DYHUDJH��� ¿\ �� � W��

]DPDQÕQGD�JHUoHNOHúHQ� J|]OHPL�� ÀÁÂ\ �� � W��� ]DPDQÕQD�DLW�G�]OHQPLú�RUWDODPD\Õ�
YH�D �� G�]OHúWLUHQ� VDELW� GH÷HUL� �VPRRWKLQJ�FRQVWDQW�� YHUPHNWHGLU� � �� ddD ���
%|\OHFH�� � � ÃÄÄ � ÅÅÅ �� ÆÆÆ \\\ DD � ����

� � ÇÈÈ � ÉÉÉ �� ÊÊÊ \\\ DD � �����
����� � � Ë� ÌÌÌÌ �� ÍÎÍÎÍÎ \\\ DD � �����

RODFDNWÕU�� 'HQNOHP� ����� ����� � YH� ����¶L� GHQNOHP� ���� LoHULVLQH� \HUOHúWLULUVHN��
E�W�Q� JHFLNPHOHULQ� �KDUHNHWOL� RUWDODPDODUÕQ�� D÷ÕUOÕNOÕ� RUWDODPDVÕQGDQ� Ï\ � HOGH�
HGLOHFHNWLU��

� � � � ÐÐÑ �� ÒÒ ���� ÓÓÓÓ \\\\ DDDDD �����������������������������������������������������������������
� � � � ÔÔ����� ÕÕÕÕÕ ����� Ö×Ö×Ö×Ö \\ DDDD � �����

%|\OHFH� G�]OHúWLULOHQ� LON� GHQNOHP� � � ØÙÙ � \\\ DD �� � RODFDNWÕU�� Ú\ �
PHYFXW� ROPDGÕ÷ÕQGDQ�� Û\  � \ Ü RODUDN� DOÕQDFDNWÕU�� 'HQNOHP� ����¶GH� J|U�OG�÷��
JLEL��D÷ÕUOÕNODU��VWVHO��\D�GD�JHRPHWULN��RODUDN�D]DOGÕ÷ÕQGDQ��GHQNOHP������D\QÕ�
]DPDQGD� �VWVHO� � GD÷ÕOÕPOÕ� �H[SRQHQWLDO� GLVWULEXWHG�� YH\D� �VWVHO� G�]OHPH� �(6��
DGÕQÕ� DOPDNWDGÕU�� (6� PRGHOL� D\QÕ� ]DPDQGD� ELULQFL� GHUHFHGHQ� �VWVHO� G�]OHPH�
PRGHOL�RODUDN�GD�ELOLQLU��'DQLHO�YH�7HUUHOO������������������

%X�EDVLW��(6��PRGHOL�LOH�|QJ|U��GHQNOHP������LOH�HOGH�HGLOHELOHFHNWLU��
� � ÝÝÝ )\) DD �� Þ �ß � �����

) à á5Ü �� �W���� ]DPDQÕQD� DLW� |QJ|U�\��� ) à �� �W�� ]DPDQÕQD� DLW� |QJ|U�\�� LIDGH�
HWPHNWHGLU�� %DVLW� (6� NXOODQÕOGÕ÷ÕQGD�� ) à á5Ü � YH� ) à � VÕUDVÕ\OD â\ �� ãäå\ ¶H� HúLW�
RODFDNWÕU�� øON� �W�� ]DPDQÕQD� DLW� |QJ|U�� ææ \)  � RODFDNWÕU� �$QGHUVRQ� YG���
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�����������%DúODQJÕo�|QJ|U��GH÷HULQLQ�HOGH�HGLOPHVLQGH�WDNLS�HGLOHFHN�GL÷HU�ELU�
\RO� LVH� \ à ¶QLQ� �ELUNDo�� JHoPLú� GH÷HUOHULQLQ� RUWDODPDVÕQÕ� DOPDNWÕU� �'DQLHO� YH�
7HUUHOO�� ���������� 0RQWJRPHU\� � YG��� ���������� %|\OHFH� �W���� YH� �W����
]DPDQODUÕQD�DLW�|QJ|U�OHU�� � � � ççççç \\)\) DDDD �� �� èèèè �� éééê � ������

� � � � � � ëëëëëë \\\)\) ìíìììî ��� DDDDDD ���� �� ïïïïï �� �����
RODFDNWÕU�� 'HQNOHP� ����¶GHQ� J|U�OG�÷�� JLEL�� ) à á�ð �� \ à ¶QLQ� � LON� �o� J|]OHPLQLQ�
D÷ÕUOÕNOÕ�RUWDODPDVÕQD�HúLW�RODFDNWÕU��%X�D÷ÕUOÕODUÕQ� WRSODPÕ��¶H�HúLWWLU��%DVLW�(6�
PRGHOLQH� WUHQG� YH�PHYVLPVHO� NÕVÕPODUÕ� LODYH� HGHELOLUL]�� dDUSÕPVDO�PHYVLPVHO�
PRGHO�GHQNOHP������LOH�J|VWHULOHELOLU��
�  ñ\ ��$���%W�6 à ���H à �� �����

$�� V�UHNOL� NÕVPÕ� �SHUPDQHQW� FRPSRQHQW�� YH\D� PHYVLPVHOOLNWHQ�
DUÕQGÕUÕOPÕú�RUWDODPD\Õ��GHVHDVRQDOL]HG�DYHUDJH���%��H÷LP�\D�GD�GR÷UXVDO�WUHQG�
NÕVPÕ�� 6 à � oDUSÕPVDO� PHYVLPVHO� IDNW|U�� YH� H à � UDVVDO� KDWD� NÕVPÕ� YHUPHNWHGLU��
dDUSÕPVDO�PRGHOGH��PHYVLPVHO�IDNW|U�Q�E�\�NO�÷��VHUL�LOH�ELUOLNWH�DUWPDNWDGÕU��
øOJLOL� VHUL\H�DLW�PHYFXW�VRQ�J|]OHPLQ� W�G|QHPLQH�DLW�ROGX÷XQX�YDUVD\DOÕP��%LU�
VRQUDNL�G|QHPLQ�YH�JHOHFHNWHNL�N� G|QHPLQLQ�|QJ|U�OHUL�GHQNOHP� �����YH� �����
LOH�YHULOPHNWHGLU���� � òò óôó � õöööö VED) �� �����

����� � � ÷øùùù÷ù VNED) úûú � � ����
� /��PHYVLPVHO�G|QHP�VD\ÕVÕQÕ�YHUPHNWHGLU��gUQH÷LQ�D\OÕN�GDWD�LoLQ��/� ���GLU��
'HQNOHP� ����¶GHNL�D��E� YH� V� WHULPOHUL�$��%� YH�6¶QLQ� WDKPLQ� HGLFLOHULGLU��<HQL�
ELOJL��J|]OHP��PHYFXW�ROGXNoD��D��E�YH�V��WHULPOHUL��GHQNOHP������������YH������
LOH� J|VWHULOGL÷L� JLEL�� \HQL� GH÷HUOHULQL� DOÕUODU�� 'HQNOHP� ����� PHYVLPVHOOLNWHQ�
DUÕQGÕUÕOPÕú� RUWDODPD\Õ� �WUHQG� GH÷HULQL��� GHQNOHP� ������ RUWDODPD� ELULP� WUHQG�
GH÷HULQL��GHQNOHP������PHYVLPVHO�IDNW|U�OHULQ��GH÷HULQL�YHUPHNWHGLU�

����� üü ýýý ��� þþÿþ
þþ ED6

\D DD � �����
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VED �YH� � G�]OHúWLUHQ� NDWVD\ÕODUGÕU� �'DQLHO� YH�7HUUHOO�� ��������������
0RQWJRPHU\�YG������������������'HQNOHP�������oDUSÕPVDO�+ROW�:LQWHUV�\D�GD�
oDUSÕPVDO�:LQWHUV�\|QWHPL�RODUDN�ELOLQLU���

0HYVLPVHO�E�\�NO�NOHULQ�VHUL�LOH�E�\�PHGL÷L�PRGHO��WRSODPVDO�:LQWHUV�
PRGHOL� RODUDN� ELOLQLU�� %X� PRGHO� GHQNOHP� ������������ LOH� J|VWHULOHELOLU�
�0RQWJRPHU\�YG�����������������*D\QRU�YH�.LUNSDWULFN�����������������

 �\ �$���%W���6 � ���H � �� �����
�	
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 VNED) ��� �� � ������

�������  ��� ���� ������ EDV\D DD � �����
� �� ����� �� ��� ���� EDDE EE � �����

����� 6D\6 ���� ����� VV � �����
<XNDUÕGD�EDVLW�(6�� WRSODPVDO�+ROW�:LQWHUV�YH�dDUSÕPVDO�+ROW�:LQWHUV�

\|QWHPOHUL� HOH� DOÕQGÕ�� %X� �o� PRGHOLQ� \DQÕ� VÕUD�� � oLIW� (6� YH� �oO�� (6�
\|QWHPOHULQGHQ�GH�EDKVHGLOPHVL�JHUHNLU��%DVLW�(6�PRGHOLQGH�HOGH�HWWL÷LPL]�H[�
SRVW� |QJ|U�� GH÷HUOHUL� ELUELULQLQ� D\QÕGÕU�� )DNDW� H÷HU� VHULGH� GHQNOHP� ����¶GH�
EHOLUWLOGL÷L� JLEL� ELU� WUHQG� PHYFXWVD� EX� |QJ|U�OHU� GR÷UX� ROPD\DFDNWÕU�� %X�
GXUXPGD�NXOODQÕODFDN�\|QWHP�oLIW�(6�\|QWHPL�RODFDNWÕU��%X�\|QWHPGH��D�YH�E�
GH÷HUOHUL� \HQLOHUHN� |QJ|U�� DQDOL]LQH� GDKLO� HGLOPHNWHGLU�� D � �� \HQLOHQHQ� VDELW�
GH÷HUL��E � �LVH�\HQLOHQHQ�H÷LP�GH÷HULQL�J|VWHUPHNWHGLU��
� ��Ö � WED\ � � �����

���� ��� \\D � � ��������

���
������ \\E �� D

D � �����

� � �� ���    \\\ DD �� �������
� � � !"# $!"# � %�� &&& \\\ DD � �����

� '\ � YH� ()*+\ � VÕUDVÕ\OD� WHN� �EDVLW�� YH� oLIW� �VWVHO� G�]OHQPLú� VHUL\L� LIDGH�
HWPHNWHGLU�� %|\OHFH� oLIW� (6� \|QWHPLQGH�� LON� DúDPDGD� VHUL� |QFH� �VWVHO� RODUDN�
G�]OHQLU��%LULQFL�DúDPDGD�HOGH�HGLOHQ�G�]OHQPLú�GH÷HUOHU�NXOODQÕODUDN�VHUL�LNLQFL�
NH]��VWVHO�RODUDN�G�]OHQLU��7HN�(6�PRGHOLQGH�HOGH�HGLOHQ�D\QÕ�|QJ|U�OHU�\HULQH��
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oLIW�(6¶GH�|QJ|U��GH÷HUOHUL�WUHQG�LOH�ELUOLNWH�GH÷LúPHNWHGLU��(÷HU�VHUL�GR÷UXVDO�
\HULQH� H÷ULVHO� RODQ� X]XQ� G|QHPOL� ELU� WUHQGH� VDKLSVH� �oO�� (6� \|QWHPL�
X\JXODQDFDNWÕU��hoO��(6�\|QWHPLQGH�� NXDWUDWLN� GHQNOHP� ����� YH� EX�GHQNOHPH�
DLW� \HQLOHQPLú� |QJ|U�� ����� WDNLS� HGLOHUHN� D� YH� E� GH÷HUOHUL� ]DPDQOD�
\HQLOHQPHNWHGLU�YH��o�DúDPDOÕ�G�]OHPH�LúOHPLQGHQ�VRQUD�\HQL�G�]OHQPLú�VHUL\H�
� ,-./\ ��XODúÕOPDNWDGÕU��

� ����Ö 001 WEWED\ �� � � � � � � � � � � � � � � �����
�� ���������Ö 2233 WEWED\ 4 �� 5 � �����
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7DEOR� �¶GH� VHoLOHELOHFHN� RODVÕ� �� (6�PRGHOL� J|U�OPHNWHGLU�� 5$76� ����
SURJUDPÕ�EX���PRGHOL�D\UÕ�D\UÕ�GH÷HUOHQGLULS�KHU�ELULQH�DLW�WDKPLQ�KDWD�NDUHOHUL�
WRSODPÕQÕ��+.7��YH�6FKZDU]�NULWHU�VRQXoODUÕQÕ�YHUPHNWH�YH�LoOHULQGHQ�HQ�G�ú�N�
+.7� YH� 6FKZDU]� GH÷HUOHULQH� VDKLS� RODQ� PRGHOL� VHoPHNWHGLU�� '/17� ED]Õ�
QHJDWLI�GH÷HUOHUH�VDKLS�ROGX÷X�LoLQ�(6�\|QWHPL�DQFDN������������YH����PRGHOOHU�
DUDVÕQGDQ� VHoLP�\DSDUDN�� WUHQGLQ�ROPDGÕ÷Õ� WRSODPVDO�PHYVLPVHO�PRGHOL�HQ� L\L�
PRGHO�RODUDN�VHoPLúWLU���

7DEOR����(6�0RGHOOHUL�
0RGHO� 7UHQG� 0HYVLPVHO� 0RGHO� 7UHQG� 0HYVLPVHO�
�� <RN� <RN� �� 'R÷UXVDO� dDUSÕPVDO�
�� <RN� 7RSODPVDO� �� hVWVHO� <RN�
�� <RN� dDUSÕPVDO� �� hVWVHO� 7RSODPVDO�
�� 'R÷UXVDO� <RN� �� hVWVHO� dDUSÕPVDO�
�� 'R÷UXVDO� 7RSODPVDO� � � �
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øOJLOL� VRQXoODU� 7DEOR� �¶GD� J|U�OPHNWHGLU�� +DOLKD]ÕUGD� PHYVLPVHO�
G�]HOWLOPLú�ELU�VHUL�RODQ�'/17¶GH�WHNUDU�PHYVLPVHO�HWNLQLQ�EXOXQPDVÕ�ELU�VRUX�
LúDUHWL� WDúÕ\DELOLU�� $QFDN� (6� VHoLP� \|QWHPLQGH�PHYVLPVHO� KDUHNHWOHUL� ROGX÷X�
EXOXQDQ� ELU� VHULQLQ� LNLQFL� NH]� (6� VHoLPL� \DSÕOGÕ÷ÕQGD� \LQH�PHYVLPVHO� HWNLOHU�
EXOXQDELOPHNWHGLU��)DNDW� LNLQFL�NH]�\DSÕODQ�(6�DQDOL]LQGH�PHYVLPVHO�HWNLOHULQ�
E�\�NO�÷�Q�Q�ROGXNoD�G�úW�÷��J|U�OHELOPHNWHGLU��

7DEOR����(6�0RGHO�6HoLPL�
VXWZY\[^] _a`b[^cdY Ve[gf\hji klhg[b] mono_ prq^sutwvu`jx
y z|{~} z|{~} �\� yj�r���r�Z�Z�Z�u�dy��gy���y~� y��u�~�r�Z��y
� z|{~} ��{~�\� �g���j�b� �\� ���u�Z�u���u�u�Z�����gyZyZy~� �u����yb�Z�Z�
� ��{Z�~���\�j�b� z|{~} �\� yj�r���r���u��yb�������Z�\� y^�~��yg�r���
� ��{Z�~���\�j�b� ��{~�\� �g���j�b� �\� ���r�dyb�Z�Z��yuyg���gy��Z�\� �Z����y��u�Z�

prWuc��\ ^] vuc\vuc¡VXWZY\[^]dpr[^ ^i k¢i
���¤£g¥r¦�§�z|{~} �b� �u¨r�©§ª���r� �Z��yZyb�Z�

« £g¬r�¤ �o�j£b�u§ª��{~�r� �g���j�b� �¤ ®~�o�¯§ª�r� ��yb���u���

���.DUPD�gQJ|U��<|QWHPL�
) ° �YH�) ± ��<�VHULVLQH�DLW�|QJ|U�OHUL�YHUHQ�LNL�D\UÕ�PRGHO��\D�GD�\|QWHP��

ROVXQ�� %X� LNL� PRGHOLQ� NDUPDVÕ� �) ² ��� WHN� WHN� ) ° � YH� ) ± ¶GHQ� GDKD� L\L� VRQXo�
YHUHELOLU�� 'L÷HU� ELU� GH\LúOH�� ) ² ¶\H� DLW� |QJ|U�� KDWDVÕ�� ) ° � YH� ) ± ¶\H� DLW� |QJ|U��
KDWDODUÕQGDQ� G�ú�N� oÕNDELOLU�� .DUPD� \|QWHPGH�� ELUH\VHO� |QJ|U�� PRGHOOHULQ�
GR÷UXVDO�ELU�NRPELQDV\RQX�DOÕQÕU��%X�GR÷UXVDO�LOLúNLGH�KHU�LNL�PRGHOH�ELU�D÷ÕUOÕN�
YHULOHUHN�) ° �YH�) ± ¶QLQ�D÷ÕUOÕNOÕ�RUWDODPDVÕ�DOÕQÕU��.DUPD�\|QWHPGH�JHQHOOLNOH�EX�
PDQWÕN� L]OHQLUNHQ��X\JXODPDODUGD�\|QWHP�LoHULVLQGH�ED]Õ�DOWHUQDWLI�\DNODúÕPODU�
RUWD\D�oÕNPÕúWÕU��gUQH÷LQ�) ° �YH�) ± �D÷ÕUOÕNODUÕQ� WRSODPÕ�ELUH�HúLWWLU��$÷ÕUOÕNODUÕQ�
WRSODPÕQÕQ�ELUH� HúLW�ROPDVÕ� HVDVHQ�ELU� VÕQÕUODQGÕUPD�JHWLUPHNWHGLU��*UDQJHU�YH�
5DPDQDWKDQ� ������� E|\OH� ELU� VÕQÕUODQGÕUPD\Õ� JHWLUPHGHQ� oHúLWOL� |QJ|U��
\|QWHPOHULQLQ� NDUPD� VRQXoODUÕQÕ� HOGH� HWPHNWHGLU�� *UDQJHU� YH� 5DPDQDWKDQ��
HNRQRPHWULN�� $5,0$� YH� X]PDQ� J|U�úOHULQGHQ� RODQ� �o� D\UÕ� ELUH\VHO�
|QJ|U�OHULQLQ� NDUPD� PRGHOOHULQL� HOH� DOPDNWDGÕUODU�� 7DNLS� HGLOHQ� EX� NDUPD�
PRGHOOHU� VÕUDVÕ\OD�� ��� VÕQÕUODQGÕUÕOPDPÕú� YH� VDELW� WHULP� LoHUPH\HQ� PRGHO�� ���
D÷ÕUOÕNODUÕ�WRSODPÕ�ELUH�HúLW�RODQ�YH�VDELW�WHULP�LoHUPH\HQ�����VÕQÕUODQGÕUÕOPDPÕú�
YH�VDELW�WHULP�LoHUHQ�PRGHOGLU��dDOÕúPDODUÕQÕQ�VRQXFXQGD����NDUPD�PRGHO�HQ�L\L�
VRQXFX�YHUPHNWHGLU��.DUPD�\|QWHPGH�RUWD\D�oÕNDQ��ELU�EDúND�DOWHUQDWLI��oHúLWOL�
|QJ|U�� \|QWHPOHULQLQ� D÷ÕUOÕNOÕ� RUWDODPDVÕ� \HULQH� EDVLW� DULWPHWLN� RUWDODPDVÕQÕQ�
DOÕQPDVÕGÕU��0DNULGDNLV�YG��� �������� HOH� DOGÕ÷Õ� �� D\UÕ� |QJ|U�� \|QWHPLQLQ� EDVLW�
RUWDODPDVÕQÕ�DOGÕ÷ÕQGD��D÷ÕUOÕNOÕ�RUWDODPD\D�J|UH�GDKD�L\L�VRQXo�HOGH�HWPLúOHUGLU��
0DNULGDNLV�YH�:LQNOHU���������ELU�oRN�VD\ÕGD�PLNUR�YH�PDNUR�]DPDQ�VHULOHULQLQ�
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��� D\UÕ� \|QWHP� LOH� |QJ|U�OHULQLQ� EDVLW� RUWDODPDODUÕQÕ� DOPDNWD� YH� RUWDODPD\D�
GDKLO� RODQ� \|QWHPOHULQ� VD\ÕVÕ� DUWWÕNoD� GDKD� L\L� |QJ|U�� HOGH� HGLOHELOHFH÷L�
VRQXFXQD� XODúPDNWDGÕUODU�� øNLGHQ� ID]OD� \|QWHPLQ� NDUPDVÕQÕQ� DOÕQDELOHFH÷L� YH�
X\JXODQDELOHFHN� oHúLWOL� DOWHUQDWLIOHULQLQ� RODELOHFH÷L� JHUoH÷L� LOH� ELUOLNWH�� EX�
oDOÕúPDGD�%DWHV�YH�*UDQJHU¶LQ��������HOH�DOGÕ÷Õ�D÷ÕUOÕNODUÕ�WRSODPÕ�ELUH�HúLW�RODQ�
GR÷UXVDO� NRPELQDV\RQ� \|QWHPL� L]OHQHFHNWLU�� (OH� DOÕQDQ� NDUPD� \|QWHPLQ�
ELUH\VHO� 9$5�� $5,0$� YH� (6� \|QWHPOHULQH� J|UH� |QJ|U�� EDúDUÕ� VRQXoODUÕ�
NDUúÕODúWÕUÕODFDNWÕU��9HULOHQ�D÷ÕUOÕNODU�N ³ �YH� Ń �ROVXQ��(÷HU�KHU� LNL�D÷ÕUOÕN�X\JXQ�
RODUDN�VHoLOLUVH�) ² ��) ° �YH�) ± ¶\H�J|UH�GDKD��VW�Q�|QJ|U�GH�EXOXQDELOHFHNWLU��(÷HU�
KHU� LNL� ELUH\VHO� \|QWHP� VDSPDVÕ]� �XQELDVHG�� LVH�� Ń �  � ���N ³ � RODFDNWÕU��2�KDOGH�
NDUPD�PRGHO�GHQNOHP������LOH�J|VWHULOHELOLU��

��) ² � �N) ° �����N�) ± � �����
�) ² ¶QLQ�|QJ|U��KDWDVÕ��

µ¶·¶¶¸¶¶¸¶ )NN)<)<H ��� ��� � � �����
���� ������� ¹ºº»ºº¼º )<N)<NH ���� � �����

������� ½¾¿¾À¾ HNHNH �� � �����
RODFDNWÕU��.DUPD�\|QWHPLQ�|QJ|U��KDWDVÕ�RODQ� ÁÂH ¶\H�DLW�RODQ�YDU\DQV�>YDU� ÁÂH �@�
GHQNOHP������LOH�J|VWHULOPHNWHGLU��
����� Q
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%XUDGDNL� DPDo� HQ� G�ú�N� YDU� ËÌH �� GH÷HULQL� HOGH� HWPHNWLU�� %X� VHEHSOH�
YDU� ÍÎH �¶\L�HQ�G�ú�N�\DSDQ�N�GH÷HULQL�EXOPDN�LoLQ���YDU� ÍÎH �¶QLQ� N¶\D� J|UH� ELUL�
�QFL�GHUHFHGHQ�W�UHYLQL�DOÕS�VÕIÕUD�HúLWOHPHPL]�JHUHNPHNWHGLU��'HQNOL÷LQ�KHU�LNL�
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RODFDNWÕU� YH� WHNUDU� HWPHN� JHUHNLUVH�� î
ïV � YH� îðV VÕUDVÕ� LOH�) ñ � YH�) ò ¶QLQ� |QJ|U��

KDWD� YDU\DQVODUÕQÕ� YH� U� �� ) ñ � YH� ) ò ¶QLQ� NRUHODV\RQ� NDWVD\ÕVÕQÕ� YHUPHNWHGLU��
'HQNOHP������\D�GD�����¶D�J|UH�) ó ¶QLQ�YDU\DQVÕQÕ�HQ�G�ú�N�NÕODQ�GH÷HU�GHQNOHP�
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.RUHODV\RQ�NDWVD\ÕVÕQÕQ�DODFD÷Õ�GH÷HUH�J|UH��GHQNOHP�����¶QLQ�DODFD÷Õ�GH÷HU�
GH÷LúHFHNWLU��0RQWJRPHU\�����������������

��� U� � î
ïV �� ùúV �LVH�� û�YDU�PLQ üýþH V ��

��� U� ���LVH�� ÿÿ
ÿÿ

�YDU�PLQ ��

���� DH VV
V
� �

��� U�o����LNHQ�� ��YDU�PLQ  ��H ��
��� U�o����LNHQ�� ��YDU�PLQ  ��H �>H÷HU�� û

�V �z ûV �LVH@��
�������%|O�P� �¶GH�� 9$5�� $5,0$� YH� (6� \|QWHPOHULQGHQ� LNLúHUOL�

\|QWHPOHUGHQ�HOGH�HGLOHQ�NDUPD�|QJ|U��VRQXoODUÕ�YHULOHFHNWLU��
���øODYH�)DNW|U�<|QWHPL�
øODYH�IDNW|UOHU��ELU�PRGHOH�DLW�GHQNOHP�\D�GD�GHQNOHPOHUH�VÕIÕUGDQ�IDUNOÕ�

KDWD� WHULPLQLQ� LODYHVLQL� LIDGH� HWPHNWHGLU�� %X� LODYHOHUOH� PRGHOLQ� WDKPLQL�
L\LOHúWLULOHUHN�GDKD�L\L�|QJ|U��VRQXoODUÕQÕQ�DOÕQPDVÕ�VD÷ODQDELOLU��'RDQ���������
�����

�����<� VHULVLQH� DLW� JHUoHN� J|]OHPOHULQ� < �o<� � G|QHPLQL� NDSVDGÕ÷ÕQÕ�
YDUVD\DOÕP��<¶\H�DLW�H[�SRVW�|QJ|U��GH÷HUOHULQLQ�HOGH�HGLOPHVLQGH��EX�VHUL\H�DLW�
< �o< 	 � G|QHPL� YHUL� RODUDN� NXOODQÕOPDNWD�� LOJLOL� PRGHOL� WDKPLQ� HGLOPHNWH� YH�
WDKPLQ� HGLFLOHU� NXOODQÕODUDN� < 	�
 �o<� � G|QHPLQH� DLW� |QJ|U�OHUH� � � << ÖÖ � o� ��
XODúÕOPDNWDGÕU�� gQJ|U�� KDWDVÕ� H � �  � �< 	�
 �o<� �� �� � �� << ÖÖ � o� �� RODFDNWÕU�� øODYH�
IDNW|U�\|QWHPL��$)���|QJ|U�OHUGH�RUWD\D�oÕNDQ�RODVÕ�KDWDODUÕ�WDKPLQ�KDWDODUÕQGD�
DUD\DUDN� �|QJ|U��VRQXoODUÕQÕ�G�]HOWPH\H�JLGHQ�ELU�\|QWHPGLU��$)�\|QWHPLQGH�
LNL�\RO� L]OHQHELOLU�����'|QHP�VRQX�$)�YH����2UWDODPD�G|QHP�$)��(÷HU� �<Ö ¶LQ�
< � ¶L�DúÕUÕ�\D�GD�HNVLN� WDKPLQ�HWWL÷L� J|]OHPOHQL\RUVD����\RO� WDNLS�HGLOHELOLU��%X�
GXUXPGD� �<Ö ��< �  �H�GH÷HUL�ELU�G�]HOWPH�IDNW|U���LODYH�IDNW|U��RODUDN�KHU�ELU�H[�
SRVW� |QJ|U�� GH÷HULQH� HNOHQLU�� (OGH� HGLOHQ� \HQL� H[� SRVW� |QJ|U�OHU� G�]HOWLOPLú�
|QJ|U�OHU�RODFDNWÕU�� �<Ö ��< �  �H � � �$) � ¶GHQ�KDUHNHWOH��

��� ÖÖÖ $)<< �� � �� � ���������������������������������������������������������������������������������������������������
����

�ÖÖÖ $)<< �� � � �����
� �
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RODFDNWÕU�� <ÖÖ VHULVL� G�]HOWLOPLú� |QJ|U�� GH÷HUOHULQL� YHUHFHNWLU�� (÷HU� < �o< � �
G|QHPLQH�DLW�WDKPLQGH�VRQ�ELUNDo�G|QHPH��P��DLW�WDKPLQ�GH÷HULQLQ�DúÕUÕ�\D�GD�
HNVLN� WDKPLQ� HGLOGL÷L� J|]OHPOHQL\RUVD� ��� \RO� WDNLS� HGLOHELOLU�� %X� GXUXPGD�
J|]OHPOHQHQ� KDWD� WHULPOHULQLQ� RUWDODPDVÕ� DOÕQDUDN� KHU� ELU� H[� SRVW� |QJ|U��
GH÷HULQH�HNOHQLU��*D\QRU�����������������

P
HH �¦ � �$)  � �����

!"" ÖÖÖ $)<< ## � $$ � �����
����

%ÖÖÖ $)<< && � �� �����
RODFDNWÕU��%|\OHFH�<ÖÖ VHULVL����\RO�LOH�G�]HOWLOPLú�|QJ|U��GH÷HUOHULQL�YHUHFHNWLU��

���0RGHOOHULQ�gQJ|U��'R÷UXOXNODUÕQÕQ�gOo�P��
%X� E|O�PGH� VHULOHUH� DLW� GH÷HUOHULQ� |QJ|U�OHULQGH� NXOODQÕODQ� 9$5��

$5,0$��(6��.DUPD�YH�øODYH�)DNW|U�PRGHOOHULQLQ�QLVSL�EDúDUÕODUÕ�LQFHOHQHFHNWLU��
%X� VHEHSOH� |QFH� OLWHUDW�UGH� NXOODQÕODQ� NULWHU� LVWDWLVWLNOHU� WDQÕWÕODFDN� YH� EX�
LVWDWLVWLNOHULQ�VRQXoODUÕ�LOH�LOJLOL�PRGHOOHU�NDUúÕODúWÕUÕODFDNWÕU��

����%DúDUÕODUÕQ�gOo�P�QGH�.XOODQÕODQ�.ULWHUOHU�
�2UWDODPD�0XWODN�+DWD�

¦' � 
(
)* ** <<Q Ö�20+ � �
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,
-. .HQ
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 <Ö <�GH÷LúNHQLQH�DLW�|QJ|U��GH÷HUOHUL��
<�� �<�GH÷LúNHQLQH�DLW�JHUoHN�GH÷HUOHUL��
H /  �gQJ|U��KDWDVÕ��
Q�� ��gQJ|U�OHQ�G|QHP�VD\ÕVÕ��
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7KHLO�8�øVWDWLVWLN��

.2.+0
.2.+8  � �����

(OH�DOÕQDQ�E�W�Q�LVWDWLVWLNOHUGH�DU]X�HGLOHQ�VRQXo��HQ�XIDN�GH÷HUH�VDKLS��
20+�� 20<+�� 2.+�� .2.+� YH� 8� LVWDWLVWLNOHULQH� VDKLS� WDKPLQ� PRGHOLQL�
ROXúWXUPDNWÕU��$QFDN�KDQJL� LVWDWLVWL÷LQ�NXOODQÕOPDVÕ�JHUHNWL÷L�NRQXVXQGD�EHOLUOL�
ED]Õ� NULWHUOHU� WDNLS� HGLOPHNWHGLU�� +DWD� GH÷HUOHULQLQ� E�\�NO�NOHUL� EHQ]HU� LVH�
2.+� WDNLS� HGLOHELOLU�� $QFDN� |UQH÷LQ� |QJ|U�� VRQUDVÕ� ELU� \D� GD� ELUGHQ� ID]OD�
RUWDODPDQÕQ��]HULQGH�E�\�N�KDWD�ODU��HOGH�HGLOPLú�LVH��2.+�LVWDWLVWL÷L�KDWDODUÕQ�
NDUHOHULQL�DOGÕ÷Õ�LoLQ�ID]OD�X\JXQ�ROPD\DELOLU��%X�LVWDWLVWL÷LQ�\HULQH�EX�GXUXPGD��
|UQH÷LQ�� 20+� NXOODQÕODELOLU�� +DWD� GH÷HUOHULQLQ� ELULP� GH÷HUOHUL� IDUNOÕOÕN�
J|VWHUL\RUVD�� |UQH÷LQ�� ELU� |QJ|U�� PRGHOL� JHUoHN� GH÷HUOHUL� NXOODQÕ\RU� LNHQ� ELU�
EDúND� |QJ|U�� PRGHOL� GR÷DO� ORJDULWPDVÕ� DOÕQPÕú� GH÷HUOHUL� NXOODQÕ\RUVD��
\DUDUODQÕODELOHFHN� LVWDWLVWLN� 20<+¶GLU�� 20<+� IDUNOÕ� ELULP� GH÷HUOHUH� VDKLS�
PRGHOOHULQ� NDUúÕODúWÕUÕOPDVÕQGD� RUWD\D� oÕNDELOHFHN� GH]DYDQWDMODUÕ� HOLPLQH�
HWPHNWHGLU��*D\QRU���������������8�LVWDWLVWL÷L��|QJ|U��PRGHOLQH�DLW�.2.+¶QÕQ��
PHNDQLN�PRGHOH�DLW�.2.+��.2.+0��RUDQÕQÕ�DOÕU��0HNDQLN�|QJ|U��PRGHOL�ELU�
VHULQLQ� JHOHFHN� GH÷HULQLQ� ELU� |QFHNL� JHoPLú� GH÷HULQH� HúLW� RODFD÷ÕQÕ� YDUVD\DU��
/LQGEHUJ���������XOXVODUDUDVÕ�YHUL�NXOODQGÕ÷Õ�oDOÕúPDVÕQGD��8�LVWDWLVWL÷LQLQ������
YH� DOWÕQGD� ELU� GH÷HU� DOPDVÕQÕQ� |QJ|U�� PRGHOLQLQ� oRN� L\L� � ROGX÷X� DQODPÕQD�
JHOGL÷LQL� LIDGH�HWPHNWHGLU�/LWHUDW�UGH�\XNDUÕGD�HOH�DOÕQDQ�LVWDWLVWLNOHULQ�GÕúÕQGD�
EDúND� LVWDWLVWLNOHULQ� GH� NXOODQÕOGÕ÷Õ� J|U�OPHNWHGLU�� gUQH÷LQ�� 8\JXU� ����������
NRUHODV\RQ� YH� UHJUHV\RQ� NDWVD\ÕODUÕ�� g]PXFXU� ���������� 7KHLO� P� LVWDWLVWL÷L��
'DQLHO�YH�7HUUHOO� ��������������� L]OHPH� VLQ\DOOHUL� JLEL� IDUNOÕ�NULWHUOHUL�GH�J|]�
|Q�QH� DOPDNWDGÕU�� +DQJL� LVWDWLVWLNOHULQ� KDQJL� |QGH� JHOHQ� oDOÕúPDODUGD�
NXOODQÕOGÕ÷Õ� NRQXVXQGD� 0DKPRXG� ������� JHQLú� ELU� OLWHUDW�U� oDOÕúPDVÕ�
\DSPDNWDGÕU��

�
����gQJ|U��%DúDUÕODUÕQÕQ�.DUúÕODúWÕUÕOPDVÕ�
�
7DEOR� ���� 9$5�� $50$� YH� (6� PRGHOOHULQLQ� |QJ|U�� EDúDUÕODUÕQÕ� HOH�

DOÕQDQ� NULWHUOHUOH� NDUúÕODúWÕUPDNWDGÕU�� (OH� DOÕQDQ� NULWHUOHULQLQ� KHSVL� 9$5�
PRGHOLQLQ� $5,0$� YH� (6� PRGHOOHULQH� J|UH� GDKD� L\L� |QJ|U�GH� EXOXQGX÷XQX�
J|VWHUPHNWHGLU��1LVSL�RODUDN�HQ�N|W��VRQXoODU�LVH�(6�PRGHOLQH�DLWWLU��
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7DEOR�����gQJ|U��%DúDUÕODUÕ���
� 9$5� $5,0$� (6�>@?BA CED CGFIHGJ CED CKHKLKH CED CKMKFKL
>@?ONPA CED FGLRQ�S CED FKMGJIH CED MKFKLGJ
>@TUA CED CGCWVXM CED CKCKHKL CED CKCKMIQ
TY>@TUA CED C�JIJIC CED CIQGZKZ CED CKMKMGS
[ CED SKHKJIC CED LKFKMKH CED Z\VXHKH

�
7DEOR���D���.DUPD�gQJ|U��$÷ÕUOÕNODUÕ�
.RY� ���YDUVD\ÕPÕ�
� 9$5�$5,0$� 9$5�(6� $5,0$�(6�
N� ��������� ��������� ���������
��N� ��������� ��������� ���������� 7DEOR���E��.DUPD�gQJ|U��%DúDUÕODUÕ���
.RY� ���YDUVD\ÕPÕ�
� 9$5�$5,0$� 9$5�(6� $5,0$�(6�
20+� ������� ������� �������
20<+� ������� ������� �������
2.+� ������� ������� �������
.2.+� ������� ������� �������
8� ������� ������� �������� 7DEOR���D���.DUPD�gQJ|U��$÷ÕUOÕNODUÕ�
.RY�z���YDUVD\ÕPÕ�
� 9$5�$5,0$� 9$5�(6� $5,0$�(6�
N� ���������� ���������� ����������
��N� ���������� ���������� �����������7DEOR���E��.DUPD�gQJ|U��%DúDUÕODUÕ���
.RY�z��YDUVD\ÕPÕ�]_^P`ba ^U`dc ? ^ ]_^P`ba edf ^P`dc ? ^Ua edf
>@?BA CED CGSRQGH CED CGSILGJ CED CKZKMGJ
>@?ONPAgCED JIZKFKL CED SWVXFKM CED SWVXZKH
>@TUA CED CKC\VXC CED CKC\VXC CED CKCKZIQ
TY>@T_A CED CKFGSKJ CED CKFGSWV CED CIQGSKH
[ CED SKSIMKF CED SKSIHKL CED LIQGLGJ

�
7DEOR�����'|QHP�6RQX�øODYH�)DNW|U�
gQJ|U��%DúDUÕODUÕ���]_^P` ^P`dc ? ^ ehf
>@?BA CED CGLIFGS CED VKVKVXZ CED VXCKHKH
>@?ONPA V�D C�JRFGS V�D MGJIZKM V�D LKLKC\V
>@TUA CED CGCKSIM CED C\ViJIZ CED C\ViSIL
TY>@TUA CED CGLIFKH CED ViSICKH CED VKVKVXZ
[ CED FGHIMIQ CED QGLGJIM CED HKMKCKC
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7DEOR�����2UWDODPD�øODYH�)DNW|U�
gQJ|U��%DúDUÕODUÕ���]_^P` ^P`dc ? ^ ehf
>@?BA CED CGFILKH CED CKHGJIL CED CKMKHKH
>@?ONPA CED SIQKFKH CED FGJIFIQ V�D VKVXHKF
>@TUA CED CGCKSIC CED CKCKHGJ CED C\VXCGJ
TY>@TUA CED C�JIJKS CED CIQGZKF CED VXCGSKS
[ CED FjVXSIM CED Z\VKVKV CED HGSIFGJ

9$5� PRGHOLQLQ� $5,0$� PRGHOLQGHQ� GDKD� L\L� |QJ|U�GH� EXOXQGX÷X��
7�UNL\H�HNRQRPLVLQH�DLW�HQIODV\RQ�RUDQÕ��G|YL]�NXUX�YH�IDL]�RUDQÕ�GDWDODUÕ�LOH�GH�
GR÷UXODQPDNWDGÕU� �%LOJLOL�� ������� %XUDGDNL� |]HO� W�NHWLP� KDUFDPDODUÕQ� HOH�
DOÕQGÕ÷Õ� oDOÕúPDGD� GD� HOGH� HGLOHQ� L]OHQLPOHULQ� \LQH� 9$5� PRGHOLQLQ� $5,0$�
PRGHOLQGHQ��YH�(6�PRGHOLQGHQ��GDKD� L\L�|QJ|U��VRQXoODUÕQD�VDKLS�ROGX÷XGXU��
$QFDN�EX�QRNWDGD��9$5�PRGHOLQLQ�$5,0$�YH�(6�PRGHOOHULQGHQ�QLVSL�RODUDN�
L\L� ROGX÷X� VRQXFX�� $5,0$� YH� (6� PRGHOOHULQLQ� |QJ|U�� DPDFÕ\OD�
NXOODQÕOPDPDVÕ� JHUHNWL÷L� VRQXFXQX�EHUDEHULQGH� JHWLUPH]� \D� GD� JHWLUPH\HELOLU��
1LWHNLP��$5,0$�YH�(6�PRGHOOHUL�NXOODQÕODUDN��7�UNL\H�(NRQRPLVL¶QLQ� ������
\ÕOÕ� LNLQFL� \DUÕVÕQD� DLW� D\OÕN� IDL]� RUDQODUÕ� YH� �UHWLP� HQGHNVL� |QJ|U�OPH\H�
oDOÕúÕOPÕú��YH�VRQXoWD�|QJ|U��LOH�JHUoHNOHúHQ�GDWD�NDUúÕODúWÕUÕOGÕ÷ÕQGD��$5,0$�
YH� (6�PRGHOOHULQLQ� KHU� LNL� GH÷LúNHQH� DLW� WUHQGOHUL� GR÷UX� |QJ|UHELOGL÷L� RUWD\D�
oÕNPÕúWÕU� �%LOJLOL�� ������ �������� %X� GHWD\ODUGDQ� VRQUD�� EX� oDOÕúPDQÕQ�
EXOJXODUÕQD�7DEOR���D¶GDQ�GHYDP�HGHELOLUL]��

�7DEOR���D�YH���D¶GD�PRGHOOHULQ�NDUPD�|QJ|U��D÷ÕUOÕNODUÕ�YHULOPHNWHGLU��
7DEOR��D� LOJLOL� PRGHO� oLIWOHULQLQ� |QJ|U�� KDWDODUÕ� DUDVÕQGD� NRYDU\DQVÕQ� VÕIÕU�
ROGX÷XQX�� 7DEOR��D� LVH� NRYDU\DQVÕQ� VÕIÕU� ROPDGÕ÷ÕQÕ� YDUVD\PDNWDGÕU�� 7DEOR�
��E�� 7DEOR� ��D¶GDNL� D÷ÕUOÕNODUD� J|UH� VRQXoODUÕ� NDUúÕODúWÕUÕUNHQ�� 7DEOR��E��
7DEOR��D¶GDNL�LON�V�WXQ�9$5�$5,0$�NDUPD�\|QWHP�YHULOHULQH�J|UH�VRQXoODUÕ�
NDUúÕODúWÕUPDNWDGÕU�� 7DEOR� ��E� VRQXoODUÕQÕ�� 7DEOR� ��� VRQXoODUÕ� LOH�
NDUúÕODúWÕUÕUVDN�� 9$5�$5,0$�� 9$5� PRGHOLQH� DLW� EDúDUÕGDQ� N|W��� DQFDN�
$5,0$�EDúDUÕVÕQGDQ�GDKD�L\LGLU��9$5�(6�NDUPD�PRGHOLQLQ�VRQXoODUÕQÕ�YHUHQ�
LNLQFL� V�WXQGDNL� YHULOHU� \LQH� 9$5¶GDQ� N|W��� (6¶GHQ� L\L� oÕNPDNWDGÕU��
$5,0$�(6�NDUPDVÕQÕQ�$5,0$�PRGHOGHQ�GDKD�N|W��YH��8�LVWDWLVWL÷L�KDULo��(6�
PRGHOLQGHQ�GDKD�L\L�ROGX÷X�DQODúÕOPDNWDGÕU��

7DEOR� ��E� LOH� 7DEOR� ��¶X� NDUúÕODúWÕUÕUVDN�� LON� V�WXQ�� 9$5�$5,0$�
NDUPD�PRGHOLQLQ��20+<�NULWHUL�KDULo��9$5�YH�$5,0$�PRGHOOHULQGHQ�GDKD�L\L�
VRQXo�YHUGL÷LQL�J|VWHUPHNWHGLU��øNLQFL�V�WXQ��9$5�(6�NDUPDVÕQÕQ�9$5�YH�(6�
PRGHOOHULQGHQ� GDKD� L\L� ROGX÷X� VRQXFXQX� YHUPHNWHGLU�� $5,0$�(6� NDUPDVÕ��
$5,0$¶\D� DLW�8� LVWDWLVWL÷L� KDULo�� KHU� LNL�PRGHOGHQ� GH� GDKD� EDúDUÕOÕGÕU��1LVSL�
RODUDN�HQ�L\L�NDUPD�|QJ|U��VRQXFX�LVH�9$5�(6�PRGHOLQH�DLWWLU��

�
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7DEOR� ���� 9$5��$5,0$� YH� (6¶\H� DLW� |QJ|U�OHULQ� G|QHP� VRQX� LODYH�
IDNW|U� \|QWHPL� LOH� G�]HOWLOGLNWHQ� VRQUDNL� EDúDUÕ� GXUXPODUÕQÕ� \LQH� QLVSL� RODUDN�
NDUúÕODúWÕUPDNWDGÕU��7DEOR���� LVH�\LQH�9$5��$5,0$�YH�(6¶\H�DLW�|QJ|U�OHULQ�
RUWDODPD� LODYH� IDNW|U� \|QWHPL� LOH� G�]HOWLOGLNWHQ� VRQUDNL� EDúDUÕ� LVWDWLVWLNOHULQL�
YHUPHNWHGLU�� +HU� LNL� WDEOR� VRQXoODUÕQD� J|UH� GH�� 9$5�� $5,0$� YH� (6�
PRGHOOHULQLQ� '/17� VHULVLQH� DLW� �������������� G|QHPL� |QJ|U�OHULQLQ� LODYH�
IDNW|U�\|QWHPOHUL�LOH�L\LOHúPHGL÷L�DQODúÕOPDNWDGÕU��

g]HW�YH�6RQXo�
%X�oDOÕúPDGD� WHPHO� RODUDN�9$5��$5,0$��(6�� NDUPD� YH� LODYH� IDNW|U�

\|QWHPOHULQLQ�'/17�VHULVLQH�DLW��������±��������G|QHPL�LoLQ�|QJ|U��EDúDUÕODUÕ�
NDUúÕODúWÕUÕOPDNWDGÕU�� '/17� VHULVL�� PHYVLPVHO� G�]HOWLOPLú� UHHO� |]HO� W�NHWLP�
KDUFDPDODUÕQGDNL� E�\�PH� RUDQÕQÕ� WHPVLO� HWPHNWHGLU�� øOJLOL� |QJ|U�� DQDOL]OHUL�
LoLQ�� '/17� VHULVLQH� DLW� �������������� G|QHPLQL� NDSVD\DQ� �oHU� D\OÕN� YHUL�
NXOODQÕOPÕúWÕU��dDOÕúPDQÕQ�WHPHO�DPDFÕ� LOJLOL�PRGHOOHULQ�7�UNL\H�(NRQRPLVL¶QH�
DLW� |QHPOL� ELU� PDNUR� VHULVLQLQ� |QJ|U�V�QGH� KDQJL� VRQXoODUÕ� YHUGLNOHULQLQ�
LQFHOHQPHVLGLU�� $\QÕ�PRGHOOHULQ� ELU� EDúND� VHUL� YH�YH\D� ELU� EDúND� G|QHP� LoLQ�
IDUNOÕ� VRQXoODU� YHUHELOHFH÷L� RODVÕOÕ÷ÕQÕ� GD� J|]� DUGÕ� HWPHPHN� JHUHNLU�� %X�
oDOÕúPDQÕQ�VRQXoODUÕ�LOH�D\QÕ�]DPDQGD��EHNOHQWLOHUL�LoHUHQ�W�NHWLP�PRGHOOHULQLQ�
VÕQDQDFD÷Õ�ELU�EDúND�oDOÕúPD�LoLQ�]HPLQ�ROXúWXUXOPD\D�oDOÕúÕOPDNWDGÕU��

dDOÕúPDGD�HOGH�HGLOHQ�VRQXoODUD�J|UH���20+��20+<��2.+��.2.+�YH�
8� NULWHUOHUL� DoÕVÕQGDQ�� ELUH\VHO� PRGHOOHULQ� NDUúÕODúWÕUÕOPDVÕQGD�� 9$5� PRGHOL��
$5,0$�YH�(6�PRGHOOHULQH�J|UH�GDKD�L\L�|QJ|U�GH�EXOXQPDNWDGÕU��(6�\|QWHPL�
LVH�GL÷HU�LNL�PRGHOH�J|UH�GDKD�N|W��|QJ|U��VRQXoODUÕQD�VDKLSWLU��gQJ|U��KDWDODUÕ�
DUDVÕQGDNL� NRYDU\DQVÕQ� VÕIÕU� ROPDPDVÕ� GXUXPXQGD�� ELUH\VHO� PRGHOOHUGHQ�
D÷ÕUOÕNOÕ� RUWDODPD\D� J|UH� HOGH� HGLOHQ� NDUPD� |QJ|U�� PRGHOLQLQ�� JHQHO� RODUDN�
ELUH\VHO�PRGHOOHUGHQ�GDKD�L\L�VRQXoODU�YHUGL÷L�DQODúÕOPDNWDGÕU��1LVSL�RODUDN�HQ�
L\L� VRQXoODUÕQ� 9$5� YH� (6� NDUPD� PRGHOLQH� DLW� ROGX÷X� J|U�OPHNWHGLU�� øODYH�
IDNW|U� \|QWHPOHULQLQ� LVH�� ELUH\VHO� PRGHOOHUH� DLW� |QJ|U�OHULQGH� ELU� L\LOHúWLUPH�
\DSDPDGÕ÷Õ�HOGH�HGLOHQ�VRQXoODU�DUDVÕQGDGÕU��

$%675$&7�
7KH�DLP�RI�WKLV�VWXG\�LV�WR�FRPSDUH�WKH�DFFXUDFLHV�LQ�H[�SRVW�IRUHFDVW�RI�

WKH� 9$5�� $5,0$�� (6�� &RPELQLQJ� DQG� $GG�IDFWRU� PHWKRGV�� � ,Q� WKLV�
FRPSDULVRQ�� WKH�H[�SRVW� IRUHFDVWV�RI���������������DUH�REWDLQHG�E\�XVLQJ� WKH�
GDWD�RI�WKH�7XUNLVK�SULYDWH�FRQVXPSWLRQ�IRU�WKH�SHULRG�RI����������������%HVLGH�
SULYDWH�FRQVXPSWLRQ��IRU�WKH�9$5�PHWKRG��WKH�7XUNLVK�*'3�GDWD�LV�HPSOR\HG�
IRU�WKH�VDPH�SHULRGV��/DWHU��WKH�VHDVRQDOLW\�DQG�VWDWLRQDULW\�DQDO\VHV�DUH�UXQ�IRU�
WKHVH� WZR� VHULHV�� 7KH� VHULHV� DUH� VHDVRQDOO\� DGMXVWHG� E\� WKH� DGGLWLYH�
GHFRPSRVLWLRQ�PHWKRG� DQG� IRXQG� DV� ,����� ,Q� WKH� IROORZLQJ� VWHSV�� WKH� H[� SRVW�
IRUHFDVW�PRGHOV�RI�WKHVH�PHWKRGV�DUH�HVWDEOLVKHG��)RUHFDVW�RXWSXWV�DUH�HYDOXDWHG�
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E\�WKH�FULWHULD�RI�0$(��0$3(��06(��506(�DQG�7KHLO�8��,Q�FRQFOXVLRQ�RI�WKLV�
DQDO\VLV��WKH�FRPELQLQJ�PRGHO�RI�9$5�(6�LV�IRXQG�WKH�EHVW�DPRQJ�RWKHUV��

.$<1$.d$�
$1'(5621�� 5��� '�� YG��� �������� � 6WDWLVWLFV� IRU� %XVLQHVV� DQG� (FRQRPLFV�� � k l �

(GLWLRQ��:HVW�3XEOLVKLQJ�&RPSDQ\��1HZ�<RUN��
%$7(6�� -��� YH� &�� :�� -�� *UDQJHU� �������� �7KH� &RPELQDWLRQV� RI� )RUHFDVWV���

2SHUDWLRQDO�5HVHDUFK�4XDUWHUO\��9RO���������������
%ø/*ø/ø�� )DLN� �������� �$5,0$� YH� 9$5� 0RGHOOHULQLQ� 7DKPLQ� %DúDUÕODUÕQÕQ�

.DUúÕODúWÕUÕOPDVÕ���(UFL\HV�hQLYHUVLWHVL��ø�ø�%�)��'HUJLVL��6D\Õ������������
%ø/*ø/ø��)DLN�����������)RUHFDVWLQJ�0DFUR�7DUJHWV�RI�WKH�7XUNLVK�(FRQRP\�IRU�

WKH� <HDU� ������ $Q� $SSOLFDWLRQ� RI� %R[�-HQNLQV� DQG� ([SRQHQWLDO�
6PRRWKLQJ�0HWKRGV���'RNX]�(\O�O�hQLYHUVLWHVL��ø�ø�%�)��'HUJLVL��&LOW�����
6D\Õ�����������

'$1ø(/�� :D\QH� :�� YH� 7HUUHOO�� -DPHV� &�� �������� %XVLQHVV� 6WDWLVWLFV� IRU�
0DQDJHPHQW� DQG� (FRQRPLFV�� 6HYHQWK� (GLWLRQ�� +RXJKWRQ� 0LIIOLQ�
&RPSDQ\��%RVWRQ��

'2$1�� $�� 7KRPDV� ������� 5$76� 8VHU¶V� 0DQXDO�� 9HUVLRQ� ����� � m n � 3ULQWLQJ��
(VWLPD��(YDQVWRQ�,/��

(1'(56��:DOWHU���������$SSOLHG�(FRQRPHWULF�7LPH�6HULHV��-RKQ�:LOH\�	�6RQV��
,QF��1HZ�<RUN��

*$<125��(��3DWULFLD�DQG�5LFN\�&��.LUNSDWULFN���������7LPH�6HULHV�0RGHOLQJ�
DQG� )RUHFDVWLQJ� LQ� %XVLQHVV� DQG� (FRQRPLFV�� 0F*UDZ� +LOO� ,QF��� 1HZ�
<RUN��,QWHUQDWLRQDO�(GLWLRQV��

*5$1*(5��5���YH�5��5DPDQDWKDQ����������,PSURYHG�0HWKRGV�RI�&RPELQLQJ�
)RUHFDVWV���-RXUQDO�RI�)RUHFDVWLQJ��9RO��������������

/ø1'%(5*��%�����������,QWHUQDWLRQDO�&RPSDULVRQ�RI�*URZWK�LQ�'HPDQG�IRU�D�
1HZ�'XUDEOH� &RQVXPHU� 3URGXFW��� -RXUQDO� RI�0DUNHWLQJ�5HVHDUFK�� ����
����������

0$+028'�� (�� �������� �$FFXUDF\� LQ� )RUHFDVWLQJ�� D� 6XUYH\��� -RXUQDO� RI�
)RUHFDVWLQJ��9RO��������������

0$.5ø.$'ø6�� 6��YG��� �������� �7KH�$FFXUDF\� RI�([WUDSRODWLRQ� �7LPH�6HULHV��
0HWKRGV��5HVXOWV�RI�D�)RUHFDVWLQJ�&RPSHWLWLRQ���-RXUQDO�RI�)RUHFDVWLQJ��
9RO��������������

0$.5ø.$'ø6�� 6��� YH� 5�� :LQNOHU� �������� �$YHUDJHV� RI� )RUHFDVWV�� 6RPH�
(PSLULFDO�5HVXOWV���0DQDJHPHQW�6FLHQFH��9RO�����1R���������������
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0217*20(5<��'��YG�����������)RUHFDVWLQJ�DQG�7LPH�6HULHV�$QDO\VLV��6HFRQG�
(GLWLRQ��0F*UDZ�+LOO�,QWHUQDWLRQDO�(GLWLRQV��1HZ�<RUN��

g=08&85�� 6�� ��������*HOHFH÷L� 7DKPLQ� <|QWHPOHUL�� ø62� $UDúWÕUPD� 'DLUHVL��
1R����������øVWDQEXO��

7&0%��(9'6���������KWWS���ZZZ�WFPE�JRY�WU����2FDN��
8<*85��(UFDQ��������6(657&,&�(FRQRPHWULF�0RGHO�RI�7KH�7XUNLVK�(FRQRP\����

6(657&,&��$QNDUD��7XUNH\��
� �


