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VHDUFKHG� WKRURXJO\� SXUFKLVLQJ� SRZHU� SDULW\� �333�� DQG� XQFRYHUHG� LQWHUHVW�UDWH� SDULW\� �8,3��� ,Q� HPSULFDO� HVWLPDWLRQ�ZH� XVH�$XJPHQWHG�'LFNH\�)XOOHU��$')�� DQG� 3KLOOLSV�3HUURQ� �33�� WHVWV� IRU� WLPH� VHULHV� VWDWLRQDU\� WHVWLQJ��)XUWKHUPRUH� -RKDQVHQ� FRLQWHJUDWLRQ� WHVW� ZDV� XVHG� IRU� REWDLQLQJ� ORQJ�UXQ�UHODWLRQVKLS�� �+RZHYHU�ZHDN�H[RJHQLW\�� H[FOXVLRQ� WHVWV�ZHUH� FDUULHG� RXW� LQ�WKH�PRGHO��'DWD�VHWV�DUH�EHWZHHQ�\HDUV�RI�����������TXDWHUO\��$W�WKH�HQG�RI�VWXG\� PRQHWDU\� PRGHO� LV� FRLQWHJUDWHG� ZLWK� YDULDEOHV� DV� GHILQHG� DERYH�� ,Q�DGGLWLRQ�PRQH\�VXSSO\�DQG�LQFRPH�DUH�HQGRJHQRXV�DQG�PRQH\�VXSSO\¶V�VLQJ�LV�QHJDWLYH�LQ�WKH�PRGHO�������0RQHWDULVW�0RGHO��'|YL]�.XUX��-RKDQVHQ�(úE�W�QOHúPH�7HVWL���0RQHWDU\�0RGHO��([FKDQJH�5DWH��-RKDQVHQ�&RLQWHJUDWLRQ�7HVW���
���*ø5øù��
8OXVODUDUDVÕ� HNRQRPLN� LOLúNLOHULQ� DUWPDVÕ\OD� ELUOLNWH� G�Q\D�HNRQRPLOHULQGH� JHoHUOL� VDELW� G|YL]� NXUX� VLWHPLQGHQ�� HVQHN� G|YL]� NXUX�VLWHPLQH� JHoLúOHU� JHUoHNOHúPLúWLU�� 6DELW� NXU� VLVWHPLQGH� G|YL]� NXUODUÕQÕQ�LVWLNUDUÕ� PHUNH]� EDQNDVÕQÕQ� G|YL]� SL\DVDVÕQD� DOÕFÕ� YH� VDWÕFÕ� RODUDN�P�GDKDOHVL\OH�VD÷ODQÕU��%XQXQ�LoLQ�PHUNH]�EDQNDVÕQÕQ�HOLQGH�\HWHUOL�PLNWDUGD�DOWÕQ� YH� \DEDQFÕ� G|YL]� UH]HUYLQLQ� ROPDVÕ� JHUHNLU�� 6DELW� NXU� VLVWHPLQLQ�VDYXQXFXODUÕQD� J|UH� HVQHN� NXU� VLVWHPLQGH� J|]OHQHQ� XOXVODUDUDVÕ� WLFDUHW� YH�\DWÕUÕP�DNÕPODUÕQÕ�YH�X]PDQODúPD\Õ�WHKOLNH\H�VRNDQ�J�QO�N�GDOJDODQPDODUÕQÕ�VDELW�NXU�VLVWHPL�RUWDGDQ�NDOGÕUÕU��3DUDVÕ]�������������
øNLQFL� '�Q\D� VDYDúÕQGDQ� VRQUD� G�Q\D� HNRQRPLOHULQGH� VDELW� NXU�VLVWHPL� EHQ]HUL� RODQ� %UHWWRQ�:RRGV� VLVWHPL� X\JXODQPD\D� EDúODQPÕúWÕU��$QFDN� EX� VLVWHP� ����� \ÕOÕQD� NDGDU� YDUOÕ÷ÕQÕ� V�UG�UHELOPLú� YH� GDKD� VRQUD�o|NP�úW�U��%X�VLVWHPGH�$%'��ELU�GRODUÕQÕ�DOWÕQ�VWDQGDUGÕQD��GL÷HU��ONHOHUGH�SDUD�ELULPOHULQL�$%'�GRODUÕQD�ED÷ODPÕúODUGÕ��%LU�RQV�DOWÕQ����GRODUD�NDUúÕOÕN�NDEXO� HGLOL\RUGX�� 6LVWHP� $%'� |GHPHOHU� ELODQoRVX� DoÕNODUÕQÕQ� DUWPDVÕ��VHUEHVW� |]HO� VHUPD\H� KDUHNHWOHULQLQ� DUWPDVÕ� YH� $%'� GRODUÕQÕQ� DúÕUÕ�GH÷HUOHQPLú� ROPDVÕ� JLEL� QHGHQOHUGHQ� |W�U�� LúOH\HPH]� KDOH� JHOPLú� YH�o|NP�úW�U��
(VQHN� NXU� VLWHPL� LVH� VHUEHVW� SL\DVD� PHNDQL]PDVÕQÕQ� G|YL]H�X\JXODQPÕú� úHNOLGLU�� 6|]� NRQXVX� VLVWHPL� VDYXQDQ� J|U�úOHU� WHPHOGH� SL\DVD�PHNDQL]PDVÕQÕQ� \DUDUODUÕQD� LúDUHW� HWPHNWH� ROXS�� SL\DVD� o|]�POHULQLQ� GDLPD�K�N�PHW� NDUDUODUÕQGDQ� �VW�Q� ROGX÷XQX� EHOLUWLU� �6H\LGR÷OX�� �����������<LQH�EX� VLVWHPL� VDYXQDQODU�� |GHPHOHU� ELODQoRVX� GHQJHVLQLQ� VD÷ODQPDVÕQGD� VDELW�NXU� VLVWHPLQH� J|UH� GDKD� HWNLQ� ROGX÷XQX� |QH� V�UHUOHU� D\UÕFD� HVQHN� NXU�VLVWHPLQLQ� �ONHQLQ� |GHPHOHU� ELODQoRVXQXQ� NROD\FD� GHQJH\H� JHOPHVLQL�VD÷ODGÕ÷ÕQGDQ� �ONHQLQ� Lo� GHQJHOHULQLQ� YH� GL÷HU� DPDoODUÕQÕQ� GD� NROD\FD�VD÷ODQDELOHFH÷LQL� YXUJXODQPDNWDGÕU� �3DUDVÕ]�� ���������� %X� J|U�úOHUH� J|UH�HVQHN�NXU�VLVWHPLQGH�GÕú�GHQJH�GXUXPX�GLNNDWH�DOÕQPD\ÕS�Lo�SROLWLNDODUD�GDKD�ID]OD�D÷ÕUOÕN�YHULOHELOPHNWHGLU��
(VQHN� G|YL]� NXUODUÕQÕQ� EHOLUOHQPHVL� PRQHWDULVW� PRGHOOHU� LOH�DoÕNODQPDNWDGÕU�� 0RQHWDULVW� PRGHO�� G|YL]� NXUX� LOH� PRQHWDULVW� DUDoODU�DUDVÕQGDNL� LOLúNL\L� J|VWHUPHNWHGLU�� %X� PRGHOGH�� QRPLQDO� G|YL]� NXUX� LOH�
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PRQHWDULVW� DUDoODU� DUDVÕQGD� J�oO�� ELU� LOLúNL� V|]� NRQXVXGXU��%XQXQOD� ELUOLNWH�PRQHWDULVW� PRGHOGH� �ONHQLQ� IL\DW� VHYL\HVLQLQ� SDUD� DU]Õ� YH� SDUD� WDOHEL�WDUDIÕQGDQ� EHOLUOHQGL÷L� |QH� V�U�OPHNWHGLU� YH� IDUNOÕ� �ONHOHULQ� IL\DW�VHYL\HOHULQLQ� D\QÕ� SDUD� ELULPLQH� oHYULOGL÷LQGH� D\QÕ� PLNWDUGD� ROPDVÕ�JHUHNWL÷LQL�EHOLUWLU��&LYFLU����������
0RQHWDULVW� PRGHOLQ� GD\DQGÕ÷Õ� WHPHO� YDUVD\ÕP� VDWÕQ� DOPD� J�F��WHRULVL� �333�3XUFKDVLQJ� 3RZHU� 3DULW\� YH� JDUDQWLVL]� IDL]� RUDQÕ� SDULWHVL�WHRULVLGLU� �8,3�8QFRYHUHG�,QWHUHVW�5DWH�3DULW\���333¶\H�J|UH�SDUD�ELULPLQLQ�GH÷HUL��LOJLOL��ONH�RUWDODPD�IL\DW�G�]H\LQLQ�WHUVL�ROGX÷X�YH�G|YL]�NXUXQXQ�ELU�SDUD� ELULPLQLQ� EDúND� SDUD� ELULPL� FLQVLQGHQ� GH÷HUL� ROGX÷X� LoLQ�� oHúLWOL��ONHOHULQ�JHQHO� IL\DW�G�]H\OHULQLQ�ELUELULQH�RUDQÕ�G|YL]�NXUXQX�YHUPHNWHGLU��0�VO�PRY�Y�G����������$\UÕFD�333¶\H�J|UH��ONHOHU�DUDVÕQGD�PDO�YH�KL]PHW�DNÕúÕQGD� KLoELU� VÕQÕUODPDQÕQ� EXOXQPDGÕ÷ÕQÕ� YDUVD\DU�� %XQXQOD� ELUOLNWH�JDUDQWLVL]� IDL]� RUDQÕ� SDULWHVL� WHRULVLQLQ� WHPHOL� úXGXU��9DGHOL� SL\DVDGD� G�ú�N�IDL]OL��ONHQLQ�SDUDVÕ��\�NVHN�IDL]OL��ONHQLQ�SDUDVÕ�NDUúÕVÕQGD��EX�IDUNÕQ�WXWDUÕ�NDGDU� SULP� \DSDUNHQ�� \�NVHN� IDL]OL� �ONHQLQ� SDUDVÕ� LVH� \LQH� IDL]� IDUNÕ� NDGDU�LVNRQWR� GR÷XUXU� �6H\LGR÷OX�� ����������� 8,3� KLSRWH]LQLQ� GD\DQGÕ÷Õ� ED]Õ�YDUVD\ÕPODU� YDUGÕU�� %XQODU�� PDOL� SL\DVDODUÕQ� HWNLQ� LúOHGL÷LQL� YH� LúOHP�JLGHUOHULQLQ�EXOXQPDGÕ÷ÕGÕU��
/LWHUDW�UGH� PRQHWDULVW� PRGHOL� HOH� DODUDN� LNL� �ONHOL� NDUúÕODúWÕUPDODU�LoLQ�G|YL]�NXUXQX�EHOLUOHPH\H�oDOÕúDQ�oRN�VD\ÕGD�DUDúWÕUPDODU�YDUGÕU��(GLVRQ��������� 333¶QLQ� YDUOÕ÷ÕQÕ� $%'� 'RODUÕ� YH� øQJLOL]� 6WHUOLQL� SDULWHVLQL�� X]XQ�G|QHP� YH� NÕVD� G|QHP� LoLQ� WHVW� HWPLúWLU�� 9HUL� VHWL� ����� LOH� ����� \ÕOODUÕ�DUDVÕQGDNL� SDUDVDO� UDNDPODUGDQ� ROXúPDNWDGÕU�� (NRQRPHWULN� \|QWHP� LoLQ�JHFLNPHVL� GD÷ÕWÕOPÕú� PRGHO� NXOODQÕOPÕúWÕU�� dDOÕúPDQÕQ� EXOJXODUÕQD� J|UH�GRODU�VWHUOLQ�SDULWHVL�LoLQ�333¶QLQ�YDUOÕ÷Õ�RUWD\D�NRQXODPDPÕúWÕU��0DNU\GDNLV��������$%'�GRODUÕ�LOH�.RUH�ZRQXQXQ������LOH������\ÕOODUÕ�DUDVÕQGD�NL�X]XQ�G|QHPOL� LOLúNLVLQL� -RKDQVHQ�Hú�E�W�QOHúPH�\|QWHPL� LOH�DUDúWÕUPÕú�YH�DQODPOÕ�ELU�X]XQ�G|QHPOL�LOLúNL�HOGH�HWPLúWLU��7DZDGURV��������LVH�$YXVWUDO\D�'RODUÕ�LOH� $%'� 'RODUÕ� DUDVÕQGDNL� LOLúNL\L� PRQHWDULVW� PRGHOL� NXOODQDUDN� G|YL]�NXUXQXQ� GH÷LúLPLQLQ� LOHUL\H� G|Q�N� WDKPLQ� HWPH� J�F�Q�� WHVW� HWPLúWLU��(NRQRPHWULN� \|QWHP� RODUDN� -RKDQVHQ� Hú� E�W�QOHúPH� YH� KDWD� G�]HOWPH�PRGHOOHULQL� NXOODQPÕúWÕU��9HUL� VHWL� LVH������ LOH������\ÕOODUÕ� DUDVÕQGDNL� D\OÕN�YHULOHUGHQ� ROXúPDNWDGÕU�� dDOÕúPDGD� X]XQ� G|QHP� GHQJH� NRúXOODUÕQGD�PRQHWDULVW�PRGHOLQ� UDVVDO� \�U�\�ú�PRGHOLQH�J|UH�GDKD� �VW�Q�ROGX÷XQD�GDLU�NDQÕWODU�HOGH�HWPLúWLU��)UDQFLV�Y�G���������.DQDGD�GRODUÕ�LOH�$%'�GRODUÕQÕ�HOH�DODUDN������LOH������\ÕOODUÕ�DUDVÕQGD�LNL��ONH�SDUDVÕ�DUDVÕQGDNL�X]XQ�G|QHPOL�LOLúNL� -RKDQVHQ� Hú� E�W�QOHúPH� \|QWHPL� LOH� LQFHOH\HUHN� HOGH� HWPLúWLU�� <LQH�$EERW�'H�9LWD��������.DQDGD�GRODUÕ�LOH�$%'�GRODUÕ�DUDVÕQGDNL�X]XQ�G|QHPOL�LOLúNL\L� ����� LOH� ����� \ÕOODUÕQGD� \DSÕVDO� 9(&0� \|QWHPL� LOH� VÕQDPÕú� YH�\DSÕVDO�X]XQ�G|QHPOL�ELU� LOLúNL�HOGH�HGLOHPHPLúWLU��&XVKPDQ��������.DQDGD�GRODUÕ�LOH�$%'�GRODU�DUDVÕQGDNL�LOLúNL\L�\LQH�-RKDQVHQ�Hú�E�W�QOHúPH�\|QWHPL�LOH�HOH�DOPÕú�YH�DQODPOÕ�ELU�X]XQ�G|QHPOL�LOLúNL�HOGH�HGHPHPLúWLU��

�� 3� \XUWLoL� IL\DWODUÕQ� RUWDODPDVÕ� ROVXQ� YH� 3
� LVH� \XUWGÕúÕ� IL\DWODUÕQ� RUWDODPDVÕ� RODUDN� NDEXO�
HGHUVHN� \XNDUÕGDNL� LIDGH\L�PDWHPDWLNVHO� IRUPGD�( 3�3
� úHNOLQGH�\D]ÕOÕU� �(��QRPLQDO�G|YL]�
NXUXGXU���
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0RQHWDULVW� PRGHO� LOH� oRN� �ONHOL� NDUúÕODúWÕUPDODUD� EDNÕOGÕ÷ÕQGD��0FQRZQ�YH�:DOODFH��������\�NVHN�HQIODV\RQ�RUDQODUÕQD�VDKLS�$UMDQWLQ��ùLOL�YH�øVUDLO�LoLQ�PRQHWDULVW�PRGHOL�$%'�'RODUÕ�NDUúÕVÕQGD�WHVW�HWPLúWLU��9HUL�VHWL�$UMDQWLQ� ����±������ ùLOL� ����±����� YH� øVUDLO� LoLQ� ����±����� \ÕOODUÕ�DUDVÕQGDNL�D\OÕN�UDNDPODUGÕU��dDOÕúPDQÕQ�EXOJXODUÕQD�J|UH��o��ONH� LoLQ�X]XQ�G|QHPOL�LOLúNLQLQ�YDUOÕ÷Õ�RUWD\D�NRQXOPXúWXU��'LDPDQGLV�YH�.RXUHWDV��������<XQDQLVWDQ� 'UDKPD¶VÕQÕ� $%'� 'RODUÕ�� $OPDQ\D� 0DUNÕ�� )UDQVD� )UDQNÕ� YH�øQJLOWHUH� 6WHUOLQL� NDUúÕVÕQGD� PRQHWDULVW� PRGHOL� NXOODQDUDN� -RKDQVHQ� Hú�E�W�QOHúPH� \|QWHPL� LOH� ����� LOH� ����� \ÕOODUÕ� DUDVÕQGDNL� D\OÕN� YHULOHUL�NXOODQDUDN� WHVW� HWPLúWLU�� dDOÕúPDGD� <XQDQ� 'UDKPDVÕ� LoLQ� $OPDQ�0DUNÕ� LOH�)UDQVÕ]�)UDQNÕ�DUDVÕQGD�Hú�E�W�QOHúPHVL� VD÷ODQÕUNHQ��$%'�'RODUÕ�YH�øQJLOL]�6WHUOLQL�LoLQ�Hú�E�W�QOHúPH�VD÷ODQDPDPÕúWÕU��0L\DNRVL��������.RUH�:RQ¶X�LOH��o� WHPHO� �ONHQLQ� SDUD� ELULPOHUL� RODQ� $%'� 'RODUÕ�� $OPDQ�0DUNÕ� YH� -DSRQ�<HQL�DUDVÕQGDNL�X]XQ�G|QHPOL�LOLúNL\L�WHVW�HWPLúWLU��9HUL�VHWLQGH������LOH������\ÕOODUÕ�DUDVÕQGD�\HU�DODQ�D\OÕN�YHULOHUL�NXOODQDUDN�9$5�PRGHOLQL�HOH�DOPÕúWÕU��dDOÕúPDVÕQGD�V|]�NRQXVX�X]XQ�G|QHP�LOLúNLVLQL��o�SDUD�ELULPL�LOH�.RUH�:RQX�LoLQ� HOGH� HWPLúWLU�� 2GHGRNXQ� ������� LVH� EHú� $IULND� �ONHVL� LoLQ� PRQHWDULVW�PRGHOL� WHVW� HWPLúWLU�� ����� LOH� ����� \ÕOODUÕ� DUDVÕQGDNL� D\OÕN� YHULOHU�NXOODQÕOPÕúWÕU�� hONHOHU� LVH� 1LMHU\D�� *�QH\� $IULND�� =DLUH�� *DQD� YH�*DPEL\D¶GÕU��dDOÕúPDGD�333�QLQ�YDUOÕ÷Õ�YH�J�oO��ELU�X]XQ�G|QHPOL�LOLúNL�HOGH�HGLOPLúWLU�� .HXQ�<HRE� 2K� ������� oDOÕúPDVÕQGD� SDQHO� YHULOHUOH� PRQHWDULVW�PRGHOGH� HOH� DOÕQDQ� �ONH� VD\ÕVÕ� DUWÕNoD� Hú� E�W�QOHúPH� WHVW� J�F�Q�Q� JLGHUHN�GDKD�GD� DUWWÕ÷ÕQÕ� J|VWHUPLúWLU��<LQH�&XDUHVPD�Y�G�� �������\HGL�RUWD�$YUXSD��ONHVL� LoLQ�\DSWÕNODUÕ�oDOÕúPDGD�SDQHO�YHULOHUOH�X]XQ�G|QHPOL� QRPLQDO�G|YL]�NXUX�LOLúNLVLQL�DoÕNOD\DELOPLúOHUGLU��
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$')�YH�33�ELULP�N|N�WHVWOHULQH�J|UH�HOGH�HGLOHQ�WHVW�LVWDWLVWLNOHULQLQ�RODVÕOÕN� GH÷HUOHUL� 7DEOR� �¶GH� YHULOPLúWLU�� %XQD� J|UH� $')� YH� 33� ELULP� N|N�WHVWOHULQH� J|UH� ����� DQODPOÕOÕNOD� E�W�Q� GH÷LúNHQOHULQ� ELULQFL� GHUHFHGHQ�IDUNODUÕ� GXUD÷DQGÕU�� $')� YH� 33� WHVWOHUL� D\QÕ� VRQXoODUD� XODúPDNWDGÕU�� <DQL�E�W�Q� GH÷LúNHQOHULQ� ,���� ROGX÷XQD� NDUDU� YHULOPLúWLU�� 'ROD\ÕVÕ\OD� PRQHWDULVW�PRGHO�LoLQ�MRKDQVHQ�HúE�W�QOHúPH�DQDOL]LQH�JHoLOHELOLU���
�����(úE�W�QOHúPH�$QDOL]L�
(úE�W�QOHúPH�WHNQL÷L�LoLQ�|QF��oDOÕúPDODU�(QJOH�YH�*UDQJHU��������WDUDIÕQGDQ� \DSÕOPÕúWÕU� YH� LNL� GH÷LúNHQ� LoLQ� EX� WHNQL÷L� NXOODQPÕúODUGÕU��

��� 'DKD�D\UÕQWÕOÕ�ELOJL�LoLQ�EN]��'LFNH\�)XOOHU�������������YH�3KLOOLSV�3HUURQ��������
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-RKDQVHQ� ������� LVH� HúE�W�QOHúPH� WHNQL÷LQL� LNL� GH÷LúNHQGHQ� GDKD� ID]OD�GH÷LúNHQOHU�NXOODQDUDN�HúE�W�QOHúPH�WHNQL÷LQL�GDKD�LOHUL�ER\XWODUD�WDúÕPÕúWÕU��6WRFN� YH�:DWVRQ� �������� -RKDQVHQ� YH� -XVHOLXV� ������� WHNQL÷L� NÕVD� YH� X]XQ�G|QHPOL� LOLúNLOHUL� YHUL� IDUNÕ� ROPDNVÕ]ÕQ� WDKPLQ� HWPHN� LoLQ� NXOODQPÕúODUGÕU��-RKDQVHQ��������HúE�W�QOHúPH�WHNQL÷L�PRGHOGH�LNLGHQ�ID]OD�GH÷LúNHQ�ROGX÷X�GXUXPODUGD�GL÷HU�\|QWHPOHUGHQ�GDKD�J�oO��VRQXoODU�VD÷ODPDNWDGÕU��*RQ]DOR���������
-RKDQVHQ�HúE�W�QOHúPH� WHNQL÷L�� �Q[���YHNW|U� ,�G��GXUD÷DQ�GH÷LúNHQ�

W; LoLQ�N��GHUHFHGHQ�RWRUHJUHVLI�YHNW|U�PRGHOL��9$5��DúD÷ÕGDNL�JLEL�\D]ÕOÕU��
WNWNWW ;$;$; HP ���� �� ��� ������

%XUDGD� L$ PDWULVOHUL�� �Q[Q�� SDUDPHWUHOHULQ� NDWVD\Õ� PDWULVLGLU�� P
GHWHUPLQLVWLN�WHULP�� WH KDWD�YHNW|U�G�U��<XNDUÕGDNL�GHQNOHPL�KDWD�G�]HOWPH�
IRUPXQD�J|UH�\HQLGHQ�\D]DUVDN��

WNWLNWLNWW ;;;; HP �3�'*��'*� ' ����� ��� �����
6RQ� GHQNOHPGH� \HU� DODQ� NDWVD\ÕODUÕQ� DoÕOÕPODUÕ�

N$$, ���� 3 �� � LL $$, ���� * �� YH�
���� � NL � ¶GLU�� L* � ELULQFL� IDUNÕ� DOÕQPÕú� W; GH÷LúNHQLQ� NDWVD\ÕODU�

PDWULVLGLU�� %X� PDWULV� W; GH÷LúNHQLQ� NÕVD� G|QHP� GLQDPL÷LQL� LoHULU�� 3
PDWULVL�LVH�X]XQ�G|QHP�HWNLVLQL�LIDGH�HWPHNWHGLU��$\UÕFD�3 PDWULVLQLQ�UDQNÕ�
�U�� HúE�W�QOHúPLú� YHNW|U� VD\ÕVÕQÕ� YHUPHNWHGLU�� (÷HU� 3 PDWULVL� VÕIÕU� UDQND�VDKLS� LVH� EXUDGD� GXUD÷DQ� X]XQ� G|QHPOL� ELU� LOLúNLQLQ� ROPDGÕ÷ÕQD� LúDUHW�
HWPHNWHGLU�� U� H÷HU� �� LOH� Q� DUDVÕQGD� \HU� DOÕ\RUVD� |\OH� D YH� E YHNW|UOHUL�
YDUGÕU� NL� ED c 3 RODFDN� úHNLOGH� W;E c GXUD÷DQGÕU�� $\UÕFD� 3 PDWULVL�
PDNVLPXP� UDQND� VDKLS� LVH� VLVWHP� ]DWHQ� GXUD÷DQGÕU�� D ¶QÕQ� L�� VDWÕUÕ� KHU� U�
HúE�W�QOHúPLú�YHNW|U�Q�L��GHQNOHP�GLQDPL÷LQLQ�|QHPLQL�YHULU��%LUH\VHO� LUD
GH÷HUOHUL�L��VHULQLQ��U��HúE�W�QOHúLN�YHNW|UH�X\DUODQPD�KÕ]ÕQÕ�YHULU��'ROD\ÕVÕ\OD�

LUD ¶QLQ� E�\�N� GH÷HUOHUL� X\DUODQPD� KÕ]ÕQÕQ� \�NVHN� ROGX÷XQXQ� ELU�
J|VWHUJHVLGLU��

-RKDQVHQ� WHNQL÷L� HúE�W�QOHúLN� YHNW|UOHULQ� WHVWLQGH� LNL� RODELOLUOLN�RUDQÕ� �/5�� NXOODQPDNWDGÕU�� %XQODUGDQ� ELUL� L]� LVWDWLVWL÷L� YH� GL÷HUL� LVH�PDNVLPXP� |]� GH÷HU� LVWDWLVWL÷LGLU�� %X� LVWDWLVWLNOHULQ� KLSRWH]� WHVWOHUL� LVH� L]�LVWDWLVWL÷L�LoLQ�VÕIÕU�KLSRWH]L�HQ�ID]OD�U�HúE�W�QOHúLN�YHNW|U�YDUGÕU�úHNOLQGH�LNHQ�PDNVLPXP�|]�GH÷HU�LVWDWLVWL÷LQGH�LVH�HQ�ID]OD�U�����HúE�W�QOHúLN�YHNW|U�YDUGÕU�ELoLPLQGH�ROPDNWDGÕU���
-RKDQVHQ� �����D��� W; GH÷LúNHQL� HQGRMHQ� �HúLWOL÷LQ� VD÷� WDUDIÕQGDNL�

GH÷LúNHQOHU� ]D\ÕI� GÕúVDO� GH÷LOOHUVH�� YH� ELU� HúE�W�QOHúLN� YHNW|U� YDU� ROPDVÕ�GXUXPXQGD� VLVWHP� WDKPLQFLVLQLQ�� WHN� GHQNOHP� \|QWHPL� LOH� HOGH� HGLOHQ�
��� 'DKD�D\UÕQWÕOÕ�ELOJL�LoLQ�EN]��-RKDQVHQ���������
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WDKPLQFL\H� J|UH� YDU\DQVÕQÕQ� GDKD� N�o�N� ROGX÷XQX� J|VWHUPLúWLU�� <DQL� 9(&�PRGHOLQLQ� WDKPLQFLVL�� WHN� GHQNOHPOL� WDKPLQFL\H� J|UH� GDKD� HWNLQGLU� �+DULV�����������
�������(úE�W�QOHúPH�$QDOL]LQLQ�6RQXoODUÕ�
dRN� GH÷LúNHQOL� HúE�W�QOHúPH� WHVWLQGH� HQ� |QHPOL� ]RU� NÕVÕPODUÕQGDQ�ELULVL� 9$5� PRGHOLQGH� JHFLNPH� VD\ÕVÕQÕQ� QH� RODFD÷ÕQÕQ� EHOLUOHQPHVLGLU��%XUDGD� JHFLNPH� NÕVWDVODUÕQGDQ� 6FKZDU]� �6&�� YH�+DQQDQ�4XLQQ� �+4�� ELOJL�NULWHUOHUL� GLNNDWH� DOÕQPÕúWÕU�� 6&� YH� +4� NULWHUOHUL� GLNNDWH� DODUDN� PRGHOLQ�JHFLNPH�VD\ÕVÕQÕ�ELU�RODUDN�EHOLUOHQPLúWLU��%LU�JHFLNPHOL�RODUDN�WDKPLQ�HGLOHQ�9$5���� PRGHOLQLQ� \HWHUOLOL÷L� LoLQ� PRGHO�� UHFXUVLYH� �WHNUDUODQDQ�� \|QWHP�NXOODQÕODUDN�WDKPLQ�HGLOPLúWLU��'DKD�VRQUD�SDUDPHWUHOHULQ�LVWLNUDUOÕOÕ÷Õ�LoLQ���VWHS� &KRZ� WHVWL� \DSÕOPÕúWÕU�� 7HVW� VRQXoODUÕ� úHNLO� �¶GH� \HU� DOPDNWDGÕU�� 7HVW�LoLQ�NULWLN�GH÷HU������G�]H\L�NXOODQÕOPÕú�YH�NULWLN�GH÷HU�ELULP�GH÷HUGH�SDUDOHO�ELU�NRQXPGDGÕU��ùHNLOGHQ�GH�DQODúÕOGÕ÷Õ�JLEL�7�UNL\H�LoLQ�G|YL]�NXUX�YH�SDUD�DU]Õ�� �����YH������\ÕOODUÕQGD� LVWLNUDUÕQÕ� ND\EHWPHNWHGLUOHU��$\UÕFD�SDUD� DU]Õ������ \ÕOÕQGD� GD� LVWLNUDUVÕ]� J|]�NPHNWHGLU�� � )DL]� GH÷LúNHQL� LVH� ����� \ÕOÕ� YH������ \ÕOODUÕQGD� LVWLNUDUVÕ]� ELU� J|U�Q�PGHGLU�� <LQH� JHOLU� GH÷LúNHQL� LVH� �����\ÕOÕQGDNL� NUL]� LOH� LVWLNUDUÕQÕ� NRUX\DPDPDNWDGÕU�� � 6|]� NRQXVX� GH÷LúNHQOHULQ�LVWLNUDUVÕ]�ELU�ELoLPGH�ROPDODUÕ��VLVWHPGH�GH�LVWLNUDUVÕ]OÕN�\DUDWWÕ÷Õ�\LQH�úHNLO��¶GHQ� DQODúÕOPDNWDGÕU�� $QFDN� EXUDGD� \DSÕODQ� LVWLNUDUOÕOÕN� \RUXPODUÕ�HúE�W�QOHúPH� DQDOL]L� VRQXFXQGD� VLVWHPGH� HúE�W�QOHúLN� ELU� LOLúNL� RUWD\D�WDNWLUGH� JHoHUOL� RODFDNWÕU�� %X� QHGHQOH� VLVWHPGH� HúE�W�QOHúPH� LOLúNLVL�DUDúWÕUÕODFDNWÕU��
ùHNLO������6WHS�&KRZ�7HVW�

��� 7HVWH�PLQLPXP�|UQHNOHP�KDFPL�7��LOH�EDúODQÕU�YH�WHNUDUODPDOÕ�ELU�úHNLOGH�ELU�LOH�JHQLúOHWLOLU��
%|\OHFH�VÕUDOÕ�ELU�úHNLOGH�)�LVWDWLVWLNOHULQH�XODúÕOÕU��)����W�N�����W� ��7���«7����7HVW�LVWDWLVWL÷L�
DúD÷ÕGDNL�JLEL�KHVDSODQÕU��
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6LVWHPGH�HúE�W�QOHúLN�LOLúNLQLQ�ROXS�ROPDGÕ÷Õ�YH�GH÷LúNHQOHULQ�]D\ÕI�GÕúVDOOÕ÷Õ�MRKDQVHQ�WHNQL÷LQL�NXOODQDN�D GH÷HUOHULQH�VÕIÕU�NÕVÕWÕ�NRQDUDN�KDWD�
G�]HOWPH� WHULPOHULQGHQ� HOGH� HGLOPLúWLU�� 6RQXoODU� WDEOR� �� YH� WDEOR� �¶WH� \HU�DOPDNWDGÕU��

7DEOR����.ÕVÕWVÕ]�(úE�W�QOHúPH�7HVWL��
� PD[�O 7HVWL� ø]�7HVWL�

�+ $+ �����.ULWLN�'H÷HU� 7HVW�øVWDWLVWLN� �����.ULWLN�'H÷HU� 7HVW�øVWDWLVWLN�
U  ��� U� ��� ������ �����
� ������ ������
�U ���� U� ��� ������ ������ ������ ������U ���� U� ��� ������ ������ ������ ������U ���� U� ��� ������ ������ ������ ������U ���� U� ��� ������ ����� ������ �����

1RW�� 
� LúDUHWL� ����� DQODPOÕOÕN� G�]H\LQGH� ERú� KLSRWH]LQ� UHGGHGLOGL÷LQL�J|VWHUPHNWHGLU�
-RKDQVHQ� HúE�W�QOHúPH� WHVWLQGH� L]� WHVWLQH� J|UH� Hú� E�W�QOHúPHQLQ�ROPDGÕ÷Õ�ERú�KLSRWH]� UHGGHGLOPHNWHGLU�DQFDN�ELU�GHQ� ID]OD� HúE�W�QOHúPHQLQ�ROGX÷XQX�LIDGH�HGHQ�ERú�KLSRWH]�UHGGHGLOHPHPHNWHGLU��0DNVLPXP�|]�GH÷HU�WHVWLQH�J|UH�GH�HúE�W�QOHúPHQLQ�ROPDGÕ÷Õ�ERú�KLSRWH]L�UHGGHGLOPLúWLU��$QFDN�\LQH� EX� WHVWH� J|UH� �¶GHQ� ID]OD� HúE�W�QOHúPHQLQ� ROGX÷X� VÕIÕU� KLSRWH]L�UHGGHGLOHPHPLúWLU�� %X� WHVWOHUH� J|UH� PRQHWDULVW� PRGHOGH� 9$5� PRGHOLQGH�VHoLOHQ�JHFLNPH�X]XQOX÷X�X\DUÕQFD���HúE�W�QOHúLN�YHNW|UH�LúDUHW�HWPHNWHGLU��-RKDQVHQ¶QLQ� EHNOHQWLVL� oR÷X� HNRQRPLN� LOLúNL� LoLQ� ELU� HúE�W�QOHúLN� YHNW|U�\|Q�QGHGLU� YH� XODúÕODQ� VRQXoWD� EHNOHQWL\H� FHYDS� YHUPHNWHGLU�� $\UÕFD� WDEOR��¶H�J|UH�PRGHOLQ�]D\ÕI�GÕúVDOOÕN�WHVWLQ�GH�LVH�W�P�GH÷LúNHQOHU�LoLQ�]D\ÕI�GÕúVDO�ROGXNODUÕQÕ� LOHUL� V�UHQ� VÕIÕU� KLSRWH]L� UHGGHGLOPLúWLU�� 'ROD\ÕVÕ\OD� GH÷LúNHQOHU�VLVWHP�LoLQGH�EHOLUOHQPHNWHGLU��0RQHWDULVW�PRGHOLQ�EHNOHQWLVLQLQ�DNVLQH�JHOLU�YH�SDUD�DU]Õ�GH÷LúNHQOHULQLQ�GÕúVDO�ROPDGÕNODUÕ�J|U�OPHNWHGLU��$\UÕFD�WDEOR���VLVWHPGH� RWRNROHUDV\RQ� YH� GH÷LúHQ� YDU\DQV� SUREOHPOHULQLQ� ROPDGÕ÷ÕQÕ�J|VWHUPHNWHGLU�YH�VLVWHPLQ�KDWD�WDKPLQOHUL�GH�QRUPDO�GD÷ÕOPDNWDGÕU��
7DEOR����6LVWHP�'LDJQRVWLN�7HVWOHUL�

7HVWOHU� /0�LVW�� 2ODVÕOÕN�
$5���� ������ ������

.L�.DUH�LVW�� 2ODVÕOÕN�
1RUP� ������ ������
+HW��F�� ������� ������

1RW��$5��RWRNROHUDVU\RQ�/0�WHVWLQL�LIDGH�HWPHNWHGLU��3DUDQWH]�LoLQGHNL�GH÷HU�
JHFLNPH\L�J|VWHUPHNWHGLU��+HW��F�� GH÷LúHQ�YDU\DQV�ZKLWH�WHVWLGLU��

%DKDUXPVKDK�Y�G�� ������¶QLQ� oDOÕúPDVÕQGDNL� \RO� L]OHQLS�PRQHWDULVW�PRGHOH� GÕúODPD� NÕVÕWODUÕ� HNOH\HUHN� WDEOR� �¶WHNL� VRQXoODUD� XODúÕOPÕúWÕU�� %LU�
HúE�W�QOHúLN� YHNW|U� YH� ELU� VHUEHVWOLN� GHUHFHOL� NL�NDUH� �F�� WHVW� LVWDWLVWL÷L� LOH�GÕúODPD�WHVWL�GH÷LúNHQOHULQ�HúE�W�QOHúPH�LOLúNLVLQH�JLUPHGL÷LQL�V|\OH\HQ�VÕIÕU�KLSRWH]LQL� VÕQDPDNWDGÕU�� 7DEOR� �¶H� J|UH� ����� DQODPOÕOÕN� G�]H\LQGH� W�P�GH÷LúNHQOHULQ�HúE�W�QOHúPH�LOLúNLVLQH�JLUGL÷LQL�J|VWHUPHNWHGLU���
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7DEOR����'ÕúODPD�7HVWL�
'H÷LúNHQOHU� =��'ÕúVDOOÕN�7HVWL� 'ÕúODPD�7HVWL�V �����������
� �����������
�P �����������
� �����������
�\ �����������
� �����������
�L ����������
� �����������
�S �����������
� �����������
�

1RW�� 
� VLPJHVL� ����� DQODPOÕOÕN� G�]H\LQGH� VÕIÕU� KLSRWH]LQLQ� UHGGHGLOGL÷LQL�J|VWHUPHNWHGLU�� =D\ÕI� GÕúVDOOÕN� WHVWLQLQ� GH÷HUOHUL�� NL�NDUH� GH÷HUOHULGLU��6HUEHVWOLN�GHUHFHVL�E�W�Q�GH÷LúNHQOHU�LoLQ��¶GLU��3DUDQWH]�LoLQGHNL�GH÷HUOHU�LVH�RODVÕOÕN�GH÷HUOHULGLU���
1RPLQDO� G|YL]� NXUXQX� WDPDPHQ� ED÷ÕPOÕ� ELU� GH÷LúNHQ� KDOLQH�JHWLUHELOPHN�LoLQ�QRUPDOL]H�HGLOHUHN�DúD÷ÕGDNL�X]XQ�G|QHP�HVQHNOLNOHUL�LIDGH�HGHQ�SDUDPHWUH�VRQXoODUÕQD�XODúÕOPÕúWÕU��

�������������������������
���������������������
�

����� WWWW 3,<06 �����
(úLWOLN���¶H�J|UH�PRQHWDULVW�PRGHOLQ�NDWVD\Õ�EHNOHQWLOHUL�)UHQNHO¶LQ��������JHQLúOHWLOPLú�PRGHOLQLQ�SDUD�DU]Õ�KDULo�W�P�EHNOHQWLOHULQL�NDUúÕODUNHQ��)UHQNHO�%LOVRQ��������HVQHN�NXU�PRGHOLQH�J|UH�IDL]�GH÷LúNHQLQ�SR]LWLI�GH÷LO��QRPLQDO� G|YL]� NXUX� LOH� QHJDWLI� ELU� LOLúNL� LoLQGH� ROGX÷XQX� J|VWHUPHNWHGLU��%XQXQOD� ELUOLNWH� J|UHOL� SDUD� DU]ÕQÕQ� LúDUHWL� EX� PRGHO� LoLQ� GH� EHNOHQWLQLQ�DNVLQHGLU��0RGHOGHNL�GH÷LúNHQOHULQ� W�GH÷HUOHUL�LVWDWLVWLNVHO�RODUDN�DQODPOÕGÕU��*|UHOL� SDUD� DU]Õ� YH� J|UHOL� JHOLU� DUWÕ÷Õ� ]DPDQ� QRPLQDO� G|YL]� NXUXQXQ�GH÷HUOHQPHVLQH� QHGHQ� ROPDNWDGÕUODU�� *|UHOL� JHOLU� LVH� DUWÕ÷Õ� ]DPDQ� GL÷HU�GH÷LúNHQOHUH�J|UH�G|YL]�NXUX��]HULQGH�J�oO��ELU�HWNLVL�ROGX÷X�J|U�OPHNWHGLU��$QFDN� SDUD� DU]ÕQÕQ� ELULP� DUWÕúÕ� NDUúÕVÕQGD� G|YL]� NXUXQXQ� EXQGDQ� ID]ODFD�HWNLOHQGL÷LQL� V|\OH\HPH\L]�� 3DUD� DU]ÕQÕQ� EHNOHQWLQLQ� DNVLQH� oÕNPDVÕQÕQ�7�UNL\H¶QLQ�JHoPLú�G|QHPGH�\�NVHN�HQIODV\RQ�\DúDGÕ÷Õ�YH�7/¶QLQ�LúOHYOHULQL�\HULQH� JHWLUHPHPHVLQLQ� ELU� VRQXFX� RODUDN� J|U�OHELOLU�� 'ROD\ÕVÕ\OD� 0HUNH]�%DQNDVÕ�G|YL]�WDVDUUXIXQXQ�YH�HQIODV\RQXQ�\�NVHN�ROGX÷X�ELU�G|QHPGH�SDUD�DU]ÕQÕ� 7/¶QLQ� GH÷HULQL� \�NVHN� WXWPD� oDEDVÕQGD� ROGX÷X� V|\OHQHELOLU�� $QFDN�SDUD�DU]ÕQÕQ�G|YL]�NXUX��]HULQGHNL�G�ú�N�HWNLVL�7�UNL\H¶QLQ�X\JXODGÕ÷Õ�SDUD�SROLWLNDVÕQÕQ� HWNLQ� ROPDGÕ÷ÕQÕQ� ELU� J|VWHUJHVLGLU�� *|UHOL� IDL]� DUWÕúÕQGD� GD�QRPLQDO�G|YL]�NXUX�GH÷HUOHQPHNWHGLU��%X�GXUXP�LVH�7�UNL\H¶QLQ�\�NVHN�IDL]�RUDQÕ�LOH�GÕúDUÕGDQ�G|YL]�JLULúL�\DúDGÕ÷Õ�YH�EX�GXUXPGD�LoHUGH�DUWDQ�G|YL]�DU]Õ�LOH� NXUXQ� GH÷HUOHQGL÷LQL� LIDGH� HGHU�� %X� LOLúNL� JDUDQWLVL]� IDL]� KLSRWH]LQL� GH�GHVWHNOHPHNWHGLU��$QFDN�\LQH�GH�J|UHOL� IDL]LQ�G|YL]�NXUX��]HULQGH�]D\ÕI�ELU�HWNLVLQLQ�ROGX÷X�J|U�OPHNWHGLU��6RQ�RODUDN�J|UHOL�IL\DW�DUWÕúÕ�NDUúÕVÕQGD�G|YL]�NXUX� GH÷HUVL]OHúPHNWHGLU�� *|UHOL� IL\DW� GH÷LúNHQL� GH� VDWÕQ� DOPD� J�F��KLSRWH]LQL� GHVWHNOHPHNWHGLU�� 1RPLQDO� G|YL]� NXUX� �]HULQGH� IL\DW� GH÷LúNHQLQ�SDUD� DU]Õ� YH� IDL]� GH÷LúNHQLQH� J|UH� GDKD� ID]OD� HWNLVL� ROGX÷X� DQODúÕOPDNWDGÕU��� 6RQ�RODUDN�PRQHWDULVW� \DNODúÕP� LoLQ�ROXúWXUXODQ�PRGHOLQ�SDUDPHWUH�LVWLNUDUOÕOÕ÷ÕQÕ� |OoPHN� LoLQ� +DUULV� ������� WDNLS� HGLOHUHN� )� NÕUÕOPD� WHVWL�

��� %X�VÕUDOÕ�&KRZ�WLSL�WHVWOHU����LOH�7���¶H�NDGDU�RODQ�G|QHPL�PRGHOLQ�W�P�G|QHPLQH�NDUúÕ�VÕQDU��
7HVW� LVWDWLVWL÷LQLQ�NULWLN�GH÷HUL� JUDILNWH�ELULP�GH÷HUGH� VDELWWLU��7HVW� LVWDWLVWL÷L�DúD÷ÕGDNL�JLEL�
KHVDSODQÕU��
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\DSÕOPÕúWÕU�� ùHNLO� �¶WH� PRGHOLQ� SDUDPHWUHOHULQLQ� LVWLNUDUOÕ� ROGX÷X�J|U�OPHNWHGLU�� $\UÕFD� PRQHWDULVW� PRGHO� X]XQ� G|QHP� WDKPLQLQLQ� \HWHUOLOL÷L�LoLQ� PRGHOGHQ� H[SRVW� \|QWHPL� LOH� HOGH� HGLOHQ� WDKPLQL� GH÷HUOHU� LOH� JHUoHN�GH÷HUOHU�NDUúÕODúWÕUÕOPÕúWÕU��ùHNLO��¶H�J|UH�JHUoHN�GH÷HUOHU�LOH�WDKPLQL�GH÷HUOHU�DUDVÕQGD� ELU� E�W�QO�N� \DQL� RUWDN� ELU� KDUHNHWLQ� ROGX÷X� YH� PRGHOLQ� \HWHUOL�ROGX÷X�J|U�OPHNWHGLU��
ùHNLO����)�.ÕUÕOPD�7HVWL�

ùHNLO����*HUoHN�YH�7DKPLQL�'H÷HUOHU�
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� ��VWHS�&KRZ�YH�)�NÕUÕOPD�WHVWOHUL�LoLQ�EN]��%DQHUMHH�YH�8UJD��������
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�����6RQXo�YH�gQHULOHU��
%X� oDOÕúPDGD�� 7�UNL\H� LoLQ� PRQHWDULVW� PRGHO� NXOODQDUDN� G|YL]�NXUXQXQ� KDUHNHWL� LQFHOHQPLú� YH� PRQHWDULVW� PRGHO� oHUoHYHVLQGH� QRPLQDO�G|YL]�NXUXQXQ��J|UHOL�SDUD�DU]Õ��J|UHOL�JHOLU��J|UHOL� IDL]�RUDQÕ�YH�J|UHOL� IL\DW�GH÷LúNHQOHUL� DUDVÕQGDNL� X]XQ� G|QHPOL� LOLúNL� HúE�W�QOHúPH� \|QWHPL� LOH�VÕQDQPÕúWÕU�� dDOÕúPDGD� EX� GH÷LúNHQOHU� DUDVÕQGD� HúE�W�QOHúPH� LOLúNLVL� HOGH�HGLOPLú�YH�V|]�NRQXVX�GH÷LúNHQOHUOH�QRPLQDO�G|YL]�NXUXQXQ�ELUOLNWH�KDUHNHW�HWWL÷L� VRQXFXQD� XODúÕOPÕúWÕU�� %XQXQOD� ELUOLNWH� WHRULN� RODUDN� 333� YH� 8,3�KLSRWH]OHULQL�7�UNL\H� DoÕVÕQGDQ� GHVWHNOHU� VRQXoODUD� XODúÕOPÕúWÕU��(OGH� HGLOHQ�VRQXoODUD� J|UH� EHNOHQWLQLQ� DNVLQH� SDUD� DU]Õ�� JHOLU� GH÷LúNHQOHUL� ]D\ÕI� GÕúVDO�GH÷LOGLUOHU� YH� PRGHO� LoHUVLQGH� EHOLUOHQPHNWHGLUOHU�� %X� LVH� 7�UNL\H¶GH� SDUD�DU]ÕQÕQ� NÕVD� G|QHPGH� NXU� �]HULQGH� HWNLOL� ROVD� ELOH� X]XQ� G|QHPGH� SDUD�SROLWLNDVÕQÕQ� HWNLVLQLQ� D]�YH� HWNHQ�ROPDGÕ÷Õ� VRQXFXQX�GR÷XUXU��$\QÕ� \RUXP�JHOLU� GH÷LúNHQL� LoLQ� GH� JHoHUOLGLU�� 0RQHWDULVW� PRGHOGH� JHOLU�� G|YL]� NXUXQD�LWKDODW� �]HULQGHQ�EDVNÕ� NXUGX÷X� LoLQ�NÕVD�G|QHPGH� LWKDODW� �]HULQGH�DOÕQDFDN�WHGELUOHU�NXU��]HULQGH�LVWHQHQ�HWNL\H�VDKLS�ROVD�GD�X]XQ�G|QHPGH�EX�WHGELUOHU�GH� HWNLVLQL� ND\EHGHFHNWLU��$\UÕFD�PRGHOGHNL� NDWVD\ÕODUÕQ� LúDUHWOHUL� JHOLU� LoLQ�)UHQNHO�%LOVRQ� HVQHN� NXU� PRGHOL� LOH� WXWDUOÕOÕN� J|VWHULUNHQ� SDUD� DU]Õ� YH� IDL]�EHNOHQWLQLQ�DNVLQH�oÕNPÕúODUGÕU��)UHQNHO¶LQ�NDWÕ� IL\DW�PRGHOLQH�J|UH� LVH� IDL]��IL\DW�YH�JHOLU�GH÷LúNHQOHULQLQ�NDWVD\Õ�LúDUHWOHUL�PRGHOL�LOH�X\XúPDNWD��SDUD�DU]Õ�LVH� \LQH� EHNOHQWLQLQ� DNVLQHGLU�� %X� GD� IDL]OHU� DUWÕ÷ÕQGD� \XUWGÕúÕQGDQ� �ONH\H�G|YL]� JLULúL� \DúDQDFD÷Õ� YH� G|YL]� NXUXQXQ� GH÷HUOHQHFH÷L� DQODPÕQD�JHOPHNWHGLU���
0RQHWDULVW�PRGHOH�J|UH�HOGH�HGLOHQ�EXOJXODU�ÕúÕ÷ÕQGD�X]XQ�G|QHPGH�G|YL]� NXUX� GDKD� oRN� JHOLU� WDUDIÕQGDQ� HWNLOHQGL÷L� RUWD\D� NRQXOPXúWXU�� %X�LOLúNL\H� J|UH� IDL]LQ� G|YL]� NXUX� �]HULQGHNL� HWNLVL� oRN� N�o�NW�U�� )L\DWODUÕQ��G|YL]� NXUXQD� HWNLVL� LVH� NHQGL� DUWÕúÕQGDQ� YH\D� D]DOÕúÕQGDQ� GDKD� D]� ELU� DUWÕúD�YH\D� D]DOPD\D� QHGHQ� ROPDNWDGÕU�� %X� ELOJLOHUH� J|UH� \�NVHN� IDL]� RUDQÕ�EHNOHQLOGL÷L�JLEL�NÕVD�YDGHOL�VHUPD\H\L��ONH\H�oHNHUHN�NXUX�GH÷HUOHQGLUPHVL�\DQL� 7/¶\L� GH÷HUOHQGLUHFH÷L� EHNOHQWLVLQLQ� GR÷UXOX÷XQX� LIDGH� HWPHNWHGLU��$\UÕFD�SDUD�SROLWLNDVÕQÕQ�EÕUDNÕOÕS�� IDL]�SROLWLNDVÕQÕQ�X\JXODQPDVÕ�GDKLOLQGH��IDL]LQ�� G|YL]�NXUX� LOH�RODQ� ]D\ÕI� LOLúNLVL� \�]�QGHQ�7/¶QLQ�GH÷HUL� NRQXVXQGD�EHNOHQLOGL÷L� VRQXoODUÕ� YHUPH\HELOLU�� $QFDN� SDUD� SROLWLNDVÕ� DoÕVÕQGDQ�EDNÕOGÕ÷ÕQGD� LVH� 0HUNH]� %DQNDVÕ¶QÕQ� NURQLN� HQIODV\RQ� G|QHPLQGH� 7/¶QLQ�GH÷HU� \LWLUPHPHVL� LoLQ� oDEDODUÕQÕQ� \HWHUVL]� NDOGÕ÷ÕQÕ� YH� SDUD� SROLWLNDVÕQÕQ�WDPDPHQ�SDUD�RWRULWHVLQLQ�GHQHWLPLQGH�ROPDGÕ÷Õ�DQODúÕOPDNWDGÕU��'ROD\ÕVÕ\OD�SDUD� SROLWLNDVÕ� GD� G|YL]� NXUX� �]HULQGH� EHNOHQWLOHUH� FHYDS� YHUPH\HELOLU��%XQXQOD� ELUOLNWH� LNL� SROLWLNDQÕQ� NXU� �]HULQGHNL� \HWHUVL]OL÷L� 0HUNH]�%DQNDVÕ¶QÕQ�HNRQRPL\H�OLGHUOLN�HWPHGL÷LQL��VDGHFH�HNRQRPLN�ROD\ODUÕQ�YH\D�SROLWLNDODUÕQ�WDNLSoLVL�GXUXPXQGD�ROGX÷XQX�J|VWHUPHNWHGLU����
�

.$<1$.d$�
��� $UDW� .�� ������� 7�UNL\H¶GH� 2SWLPXP� '|YL]� .XUX� 5HMLPL� 6HoLPL� YH�'|YL]� .XUODUÕQGD� )L\DWODUD� *HoLú� (WNLVLQLQ� øQFHOHQPHVL�� 7�&�� 0HUNH]�%DQNDVÕ�'Õú�øOLúNLOHU�*HQHO�0�G�UO�÷��
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��� $EERWW�$��YH�'H�9LWD�*���������7HVWLQJ�WKH�/RQJ�UXQ�6WUXFWXUDO�9DOLGLW\�RI�WKH�0RQHWDU\�([FKDQJH�5DWH�0RGHO��(FRQRPLFV�/HWWHUV� ��� ���±�����
��� %DKDUXPVKDK�$��=���0DVLK�$��0��YH�$]DOL�0���������7KH�6WRFN�0DUNHW�DQG�7KH�5LQJJLW�([FKDQJH�5DWH��D�QRWH��-DSDQ�DQG�WKH�:RUOG�(FRQRP\���� ���������
��� %DQHUMHH� $�� YH� 8UJD� *� ������� /RRNLQJ� IRU� 6WUXFWXUDO� %UHDNV� LQ�&RLQWHJUDWHG� 6\VWHPV�� &HQWHU� IRU� (FRQRPLF� )RUHFDVWLQJ�� /RQGRQ�%XVLQHVV�6FKRRO��'LVFXVVLRQ�3DSHU�1R��'3��������
��� &LYFLU�ø���������7KH�/RQJ�UXQ�9DOLGLW\�RI�WKH�0RQHWDU\�([FKDQJH�5DWH�0RGHO� IRU� D� +LJK� ,QILODWLRQ� &RXQWU\� DQG� 0LVDOLQJPHQW�� (PHUJLQJ�0DUNHWV�)LQDQFH�$QG�7UDGH� ��� ��������
��� &LYFLU� ,�� ������� 7KH�0RQHWDU\�0RGHOV� RI� WKH� 7XUNLVK� /LUD�8�6�� 'RODU�([FKDQJH�5DWH��(DVWHUQ�(XURSHDQ�(FRQRPLFV� ��� �������
��� &XDUHVPD� -�� &��� )LGUPXF� -�� YH� 0DF'RQDOG� 5�� ������� 7KH� 0RQHWDU\�$SSURDFK� WR� ([FKDQJH� 5DWHV� LQ� &((&V�� (FRQRPLF� RI� 7UDQVLWLRQ� ������������
��� &XVKPDQ� '�� 2�� ������� 7KH� )DLOXUH� RI� WKH� 0RQHWDU\� ([FKDQJH� 5DWH�0RGHO�)RUW� WKH�&DQDGLDQ�8�6��'RODU��&DQDGLDQ�-RXUQDO�RI�(FRQRPLFV����
��� 'LDPDQGLV�3��)��YH�.RXUHWDV�*��3���������7KH�0RQHWDU\�$SSURDFK�WR�WKH�([FKDQJH� 5DWH�� /RQJ�UXQ� 5HODWLRQVKLSV�� &RIILFLHQW� 5HVWULFWLRQ� DQG�7HPSRUDO�6WDELOLW\�RI�WKH�*UHN�'UDFKPD��$SSOLHG�)LQDQFLDO�(FRQRPLFV��� ���������
���� 'LFNH\� '�� YH� )XOOHU� :�� ������� 'LVWULEXWLRQ� RI� (VWLPDWLRUV� IRU�$XWRUHJUHVVLYH�7LPH�6HULHV�� ZLWK�D�8QLW�5RRW��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ� ��� ���������
���� 'LFNH\� '�� YH� )XOOHU� :�� ������� /LNHOLKRRG� 5DWLR� 6WDWLVWLFV� IRU�$XWRUHJUHVVLYH�7LPH�6HULHV�ZLWK�D�8QLW�5RRW��(FRQRPHWULFD� ��� �����������
���� '�OJHU�)�� YH�&LQ�0��)�� �������7�UNL\H¶GH�'|YL]�.XUX�'LQDPLNOHULQLQ�%HOLUOHQPHVLQGH� 0RQHWDULVW� <DNODúÕP� YH� (úE�W�QOHúPH� <|QWHPL\OH�6ÕQDPD��2'7h�*HOLúPH�'HUJLVL� ��� �������
���� (GLVRQ�+��-���������3XUFKDVLQJ�3RZHU�3DULW\�LQ�WKH�/RQJ�5XQ��$�7HVW�RI�WKH�'ROODU�3RXQG�([FKDQJH�5DWH��-RXUQDO�RI�0RQH\��&UHGLW�DQG�%DQNLQJ���� ���������
���� (QJOH�5��YH�*UDQJHU�&��:��-���������&RLQWHJUDWLRQ�DQG�(UURU�&RUUHFWLRQ��5HSUHVHQWDWLRQ��(VWLPDWLRQ�DQG�7HVWLQJ��(FRQRPHWULFD� ��� ���������
���� )UDQFLV�%���+DVDQ�,��YH�/RWKLDQ�-��5���������7KH�0RQHWDU\�$SSURDFK�WR�([FKDQJH�5DWHV� DQG� WKH�%HKDYLRXU� RI� WKH�&DQDGLDQ�'RODU�2YHU� /RQJ�UXQ��$SSOLHG�)LQDQFLDO�(FRQRPLFV� ��� ���������
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���� -DFNVRQ�-��'���7KRPSVRQ�+��YH�=KHQJ�-���������7KLUG�&RXQWU\�1HZV�LQ�WKH� 0RQHWDU\� 0RGHO� RI� WKH� ([FKDQJH� 5DWH�� $SSOLHG� )LQDQFLDO�(FRQRPLFV� ��� ���������
���� -RKDQVHQ�6���������6WDWLVWLFDO�$QDO\VLV�RI�&RLQWHJUDWLRQ�9HFWRUV��-RXUQDO�RI�(FRQRPLFV�'\QDPLFV�DQG�&RQWURO� ��� ���±������
���� +DUULV� 5�,�'�� ������� 8VLQJ� &RLQWHJUDWLRQ� $QDO\VLV� LQ� (FRQRPHWULF�0RGHOOLQJ��3UHQWLFH�+DOO���
���� *RQ]DOR� -�� ������� )LYH� $OWHUQDWLYH� 0HWKRGV� RI� (VWLPDWLQJ� /RQJ�UXQ�(TXOLELULXP�5HODWLRQVKLSV��-RXUQDO�RI�(FRQRPHWULFV� ��� ���±�����
���� .DUDFD� 2�� ������� 7�UNL\H¶GH� )DL]� 2UDQÕ� LOH� '|YL]� .XUX� $UDVÕQGDNL�øOLúNL�� )DL]OHULQ� '�ú�OPHVL� .XUODUÕ� <�NVHOWLU� PL"�� 7�UNL\H� (NRQRPL�.XUXPX��7DUWÕúPD�0HWQL������������
����0DNU\GDNLV� 6�� ������� 7HVWLQJ� WKH� /RQJ�UXQ� 9DOLGLW\� RI� WKH�0RQHWDU\�$SSURDFK� WR� WKH� ([FKDQJH� 5DWH�� WKH� :RQ�86� 'RODU� FDVH�� $SSOLHG�(FRQRPLFV�/HWWHUV� �� ���������
����0F1RZQ� 5�� YH� :DOOHFH� 0�� 6�� ������� &RLQWHJUDWLRQ� 7HVWV� RI� WKH�0RQHWDU\� ([FKDQJH� 5DWH� 0RGHO� IRU� 7KUHH� +LJK�,QIODWLRQ� (FRQRPLHV��-RUQDO�RI�0RQH\��&UHGLW�DQG�%DQNLQJ� ��� ���������
����0L\DNRVKL� 7�� ������� 7KH� 0RQHWDU\� $SSURDFK� WR� WKH� ([FKDQJH� 5DWH��(PSULFDO�2EVHUYDWLRQV�IURP�.RUHD��$SSOLHG�(FRQRPLFV�/HWWHUV� �� ���������
����0�VO�PRY� $��� +DVDQRY� 0�� YH� g]\ÕOGÕUÕP� &�� ������� 'DOJDOÕ� .XU�5HMLPOHULQGH� '|YL]� .XUX� %HOLUOHQPHVLQH� <|QHOLN� 7HRULN� <DNODúÕPODU��7h*ø$'�
���� 2GHGRNXQ�0��2���������7KH�0RQHWDU\�$SSURDFK�WR�$QDO\VLQJ�)ORDWLQJ�([FKDQJH�5DWH�%HKDYLRXU�LQ�'HYHORSLQJ�&RXQWULHV��(YLGHQFH�IURP�6XE�6DKDUDQ�$IULFDQ�&RXQWULHV��-RXUQDO�RI�'HYHORSPHQW�(FRQRPLFV� ��� ����������
���� 2K� .�� <�� ������� $UH� ([FKDQJH� 5DWHV� &RLQWHJUDWHG� ZLWK� 0RQHWDU\�0RQH\�LQ�3DQHO�'DWD��,QWHUQDWLRQDO�-RXUQDO�RI�)LQDQFH�DQG�(FRQRPLFV��� ���������
���� 3DUDVÕ]�ø���������8OXVODUDUDVÕ�3DUD�6LVWHPL��%LULQFL�%DVNÕ��(]JL�.LWDSHYL�%XUVD��
���� 3KLOLSV� 3�� &�� %�� YH� 3HUURQ� 3�� �������7HVWLQJ� IRU� D� 8QLW� 5RRW� LQ� 7LPH�6HULHV�5HJUHVVLRQ��%LRPHWULFD� ��� ���������
���� 6H\LGR÷OX�+���������8OXVODUDUDVÕ�)LQDQV��øNLQFL�%DVNÕ��*�]HP�<D\ÕQODUÕ�øVWDQEXO����
���� 7DZDGURV�*��%���������7KH�3UHGLFWLYH�3RZHU�RI�WKH�0RQHWDU\�0RGHO�RI�([FKDQJH� 5DWH�'HWHUPLQDWLRQ��$SSOLHG� )LQDQFLDO� (FRQRPLFV� ��� ���������


