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%D]Õ� HNRQRPHWULN� DQDOL]OHUGH� GDKD� HWNLQ� SDUDPHWUH� WDKPLQL�\DSDELOPHN� LoLQ�� ]DPDQ� VHULVL� YH� NHVLW� YHULOHULQLQ� ELUOHúWLULOPHVL\OH� RUWD\D�oÕNDQ�NDUPD�YHULOHULQ�NXOODQÕPÕ�JHUHNHELOPHNWHGLU��.DUPD�YHULOHULQ�NXOODQÕPÕ�

LVH�� SDUDPHWUHOHULQ� \DSÕVDO� NDUDUOÕOÕN� WHVWOHULQLQ� \DSÕOPDVÕQÕ� ]RUXQOX� KDOH�JHWLUPHNWHGLU������%X� oDOÕúPDGD� DPDo�� |]HOOLNOH� LNLGHQ� ID]OD� NHVLW� YH� ]DPDQ� VHULVL�
YHULOHULQLQ� ELUOHúWLULOGL÷L� NDUPD� UHJUHV\RQODUGD�� \DSÕVDO� NDUDUOÕOÕN�DQDOL]OHULQGHQ�&KRZ�7HVWL�YH�*|OJH�'H÷LúNHQ�<DNODúÕPÕQÕ�X\JXODPDOÕ�RODUDN�J|VWHUPHNWLU�� %X� DPDoOD� 6RPD� 7HUPLN� 6DQWUDOLQLQ� oHúLWOL� �QLWHOHULQGH�NXOODQÕOPDN� �]HUH� WHPLQ� HGLOHQ� N|P�U�Q� IL\DW� IRQNVL\RQODUÕQÕQ� WDKPLQLQH�
\|QHOLN�ELU�X\JXODPD�JHUoHNOHúWLULOPLúWLU���

$%675$&7�7KH� XVDJH� RI� SRROHG� GDWD�� ZKLFK� FRPH� LQWR� H[LVWHQFH� E\� WKH�
FRPELQDWLRQ�RI�WLPH�VHULHV�DQG�FURVV�VHFWLRQ�GDWD��FDQ�EH�UHTXLUHG�LQ�RUGHU�WR�PDNH�D�PRUH�HIIHFWLYH�SDUDPHWHU�HVWLPDWLRQ�LQ�VRPH�HFRQRPHWULF�DQDO\VLV��7KH� XVDJH� RI� SRROHG� GDWD� QHFHVVLWDWHV� WKDW� VWUXFWXUDO� VWDELOLW\� WHVWV� DUH�
FDUULHG�RXW�IRU�WKH�SDUDPHWHUV��7KH� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� LOOXVWUDWH� WKH� DSSOLFDWLRQ� RI�&KRZ�WHVW�DQG�GXPP\�YDULDEOH�DSSURDFKHV�RI�VWUXFWXUDO�VWDELOLW\�DQDO\VLV�LQ�SRROHG�UHJUHVVLRQ�� )RU� WKLV� UHDVRQ�� WKH� VWXG\� LV� FDUULHG� RXW� WR� IRUHFDVW� WKH� SULFH�
IXQFWLRQ�RI�FRDO�GHOLYHUHG�WR�6RPD�WKHUPDO�SODQW���.DUPD�9HUL��<DSÕVDO�.DUDUOÕOÕN�$QDOL]L��.|P�U�)L\DW�)RQNVL\RQX�3RROHG�'DWD��6WUXFWXUDO�6WDELOLW\�$QDO\VLV��&RDO�3ULFH�)XQFWLRQ�

x 'XPOXSÕQDU�hQLYHUVLWHVL�ø��ø��%��)��øúOHWPH�%|O�P��6D\ÕVDO�<|QWHPOHU�$�%�'��
i 'XPOXSÕQDU�hQLYHUVLWHVL�0�K��)DN��(QG��0�K��%|O�P���(QG�VWUL�0�KHQGLVOL÷L�$�%�'��
k 'XPOXSÕQDU�hQLYHUVLWHVL�ø��ø��%��)��øNWLVDW�%|O�P��øNWLVDW�7HRULVL�$�%�'��
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(NRQRPHWULN� DQDOL]OHU� JHQHOOLNOH� ]DPDQ� VHULVL� \D� GD� \DWD\� NHVLW�YHULOHULQH� GD\DQDUDN� \DSÕOPDNWDGÕU�� � $QFDN� ED]Õ� GXUXPODUGD� ]DPDQ� VHULVL�YHULOHUL� LOH� \DWD\� NHVLW� YHULOHULQLQ� ELUOHúWLULOPHVL\OH� RUWD\D� oÕNDQ� NDUPD�YHULOHUOH� oDOÕúÕOPDVÕ� ]RUXQOX� ROPDNWDGÕU�� � g]HOOLNOH� KHU� ELU� \DWD\� NHVLW�|UQHNOHPLQ� N�o�N� ROGX÷X� YH\D� NDWVD\ÕODUD� LOLúNLQ� HWNLQ� oÕNDUVDPDODUÕQ�\DSÕODPDGÕ÷Õ� GXUXPODUGD�� JHQHO� X\JXODPD� W�P�YHULOHUL� ELU� DUD\D� WRSOD\DUDN�RUWDN� ELU� UHJUHV\RQ� WDKPLQ� HWPHNWLU�� � <DWD\� NHVLW� YH� ]DPDQ� YHULOHULQLQ�ELUOHúWLULOPHVLQLQ� WHPHO� QHGHQL�� GDKD� HWNLQ� SDUDPHWUH� WDKPLQL�� oÕNDUVDPD�YH�

EHONL�GH�|QFHGHQ�WDKPLQ�\DSDELOPHNWLU��
.DUPD� YHULOHUOH� oDOÕúÕODELOPHVL� DQD� N�WOHGHNL� UHJUHV\RQ�NDWVD\ÕODUÕQÕQ� ]DPDQ� LoLQGH� GH÷LúPHGL÷L� �]DPDQ� NDUDUOÕOÕ÷Õ�� YH� oHúLWOL� NHVLW�ELULPOHUL�DUDVÕQGD�IDUN�ROPDGÕ÷Õ��NHVLW�NDUDUOÕOÕ÷Õ��YDUVD\ÕOÕU���$\UÕFD�EDúND�ELU�|UW�N�YDUVD\ÕP�LVH��KHU�ELU� UHJUHV\RQ�GHQNOHPLQH� LOLúNLQ�KDWD�YDU\DQVODUÕQÕQ�VDELW� ROPDVÕGÕU�� <DSÕVDO� GH÷LúLP� VDELW� WHULPOHULQ� \D� GD� H÷LP� NDWVD\ÕODUÕQÕQ�IDUNOÕ� ROPDVÕQGDQ� ND\QDNODQDELOHFH÷L� JLEL� KHP� VDELW� KHP� GH� H÷LP�NDWVD\ÕODUÕQÕQ� GD� IDUNOÕOÕ÷ÕQGDQ� GD� ND\QDNODQDELOPHNWHGLU�� � � (÷HU� KLoELU�\DSÕVDO� GH÷LúLP� \RNVD� �\DQL� \DSÕVDO� NDUDUOÕOÕN� YDUVD�� E�W�Q� J|]OHPOHUL�ELUOHúWLULS� ELU� UHJUHV\RQ� GHQNOHPL� WDKPLQ� HWPHQLQ� VDNÕQFDVÕ� \RNWXU�� $NVL�GXUXPGD�X\JXQ�SURVHG�U��UHJUHV\RQ�GHQNOHPOHULQL�D\UÕ�D\UÕ�WDKPLQ�HWPHNWLU��
øNL�UHJUHV\RQ�GHQNOHPLQLQ�\DSÕVDO�NDUDUOÕOÕ÷ÕQD�LOLúNLQ�WHVWOHU�LOH�LOJLOL�DoÕNODPDODU� ELUoRN� HNRQRPHWUL� NLWDEÕQGD� \HU� DOPDVÕQD� UD÷PHQ�� LNLGHQ� ID]OD�UHJUHV\RQ� GHQNOHPLQH� QDVÕO� JHQHOOHQHFH÷L� �]HULQGH� GXUXOPDGÕ÷Õ�J|U�OPHNWHGLU�� %X� QHGHQOH� \DSÕODQ� oDOÕúPDGD� DPDo�� V|]� NRQXVX� WHVWOHULQ�LNLGHQ� ID]OD� UHJUHV\RQ� GHQNOHPLQH� QDVÕO� JHQHOOHQHELOHFH÷LQL�� 6RPD� 7HUPLN�6DQWUDOLQLQ�oHúLWOL��QLWHOHULQGH�NXOODQÕOPDN��]HUH�WHPLQ�HGLOHQ�N|P�U�Q�IL\DW�IRQNVL\RQODUÕQÕQ�WDKPLQLQH�\|QHOLN�ELU�X\JXODPD�\DUGÕPÕ\OD�J|VWHUPHNWLU���
dDOÕúPDGD�VÕUDVÕ\OD�&KRZ�WHVWL�YH�J|OJH�GH÷LúNHQ�\DNODúÕPÕ�D\UÕQWÕOÕ�RODUDN�YHULOPHNWH�YH�VRQ�DúDPDGD�LVH��o�NHVLW�|UQHNOHPL�LoHUHQ�N|P�U�IL\DW�IRQNVL\RQXQXQ�WDKPLQLQH�\|QHOLN�X\JXODPD�\HU�DOPDNWDGÕU���
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+HU�ELUL�QJ �J ����«*��VD\ÕGD�J|]OHPH�VDKLS�*�DGHW�JUXS�LoLQ�EDVLW�GR÷UXVDO�UHJUHV\RQ�PRGHOL�DúD÷ÕGDNL�JLEL�IRUP�OH�HGLOHELOLU��
<J E�J� E�J;J�HJ J  ����«�*� ��������������������������������������
*|]OHPOHQHQ� YHULOHUH� GD\DQDUDN� *� DGHW� UHJUHV\RQ� GR÷UXVXQX�NÕ\DVODPDN� ELUoRN� HNRQRPHWULN� DUDúWÕUPD� LoLQ� ROGXNoD� LOJL� oHNLFL� YH�

�
� '�� +ULVKLNHVK� 9,12'� DQG� $PDQ� 8//$+�� 5HFHQW� $GYDQFHV� ,Q� 5HJUHVVLRQ� 0HWKRGV�0DUFHO�'HNNHU�,QF���86$��������V�������� 'DPRGDU� 1�� � *8-$5$7,� �dHY�� ù(1(6(1� hPLW� YH� ù(1(6(1� *�OD\� *�QO�N��� 7HPHO�(NRQRPHWUL� /LWHUDW�U�<D\ÕQFÕOÕN��øVWDQEXO��������V�������� *8-$5$7,��V�������
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|QHPOLGLU�� .Õ\DVODPD� VRQXFXQGD� ùHNLO� �¶GH� J|U�OHFH÷L� �]HUH� G|UW� IDUNOÕ�GXUXPOD�NDUúÕODúPDN�P�PN�QG�U��
'XUXP� ���%HQ]HPH]�5HJUHV\RQODU�� %X� GXUXPGD� W�P� SDUDPHWUHOHU� �KHP�VDELW�KHP�GH�H÷LP��IDUNOÕGÕU��ùHNLO��D���
'XUXP� ��� 3DUDOHO� 5HJUHV\RQODU�� %X� GXUXPGD� H÷LPOHU� D\QÕ�
�E�� E�� « E�*�� DQFDN�VDELW�WHULPOHU�IDUNOÕGÕU��ùHNLO��E���
'XUXP� ��� 8\XPOX� 5HJUHV\RQODU�� %X� GXUXPGD� VDELWOHU� D\QÕ�
�E�� E�� « E�*�� DQFDN�H÷LPOHU�IDUNOÕGÕU��ùHNLO��F���
'XUXP� ���%HQ]H\HQ� �oDNÕúDQ��5HJUHV\RQODU�� %X� GXUXPGD� W�P� GR÷UXODU�
D\QÕGÕU��\DQL�E�� E�� « E�*�YH�E�� E�� « E�*�GLU��ùHNLO��G���
ùHNLO����.Õ\DVODQDQ�5HJUHV\RQODU�øoLQ�'|UW�6RQXFXQ�*UDILNVHO�*|VWHULPL�

.D\QDN��6DQIRUG�:(,6%(5*��$SSOLHG�/LQHDU�5HJUHVVLRQ� -RKQ�:LOH\�	�6RQV��86$���������
� V�������

(÷HU�ED÷ÕPVÕ]�GH÷LúNHQ�VD\ÕVÕ�ELUGHQ�ID]OD�LVH�UHJUHV\RQ�GR÷UXVXQXQ�\HULQL� UHJUHV\RQ� G�]OHPL� DODFDNWÕU� YH� EHQ]HU� úHNLOGH� \LQH� G|UW� IDUNOÕ� RODVÕ�GXUXPOD�NDUúÕODúÕODFDNWÕU���
%X� G|UW� GXUXPGDQ� KDQJLVLQLQ� JHoHUOL� ROGX÷XQX� WHVW� HWPHN� ROGXNoD�|QHPOLGLU��8\JXQ�LVWDWLVWLNVHO�\|QWHPOHU�NXOODQÕODUDN�\XNDUÕGDNL�GXUXPODUGDQ�KHU�ELUL�VÕQDQDELOLU���6RQXo�RODUDN�UHJUHV\RQ�GHQNOHPOHUL�DUDVÕQGD�\DSÕVDO�ELU�IDUNOÕOÕN� ROXS� ROPDGÕ÷Õ� DQODúÕODELOLU�� <DSÕVDO� IDUNOÕOÕN� LVH� UHJUHV\RQ�GHQNOHPOHULQLQ�GH÷LúPHVL�DQODPÕQD�JHOPHNWHGLU�� <DSÕODQ�WHVWOHU�VRQXFXQGD�ùHNLO� �G¶GH� J|U�OHFH÷L� JLEL� UHJUHV\RQ� NDWVD\ÕODUÕQÕQ� D\QÕ� ROGX÷X� NDEXO�HGLOLUVH�� W�P� J|]OHP� GH÷HUOHULQL� ELU� DUD\D� JHWLUHUHN� WHN� ELU� UHJUHV\RQ�GHQNOHPL�NHVWLUPHQLQ�ELU�VDNÕQFDVÕ�ROPDGÕ÷Õ��GH÷LOVH�W�P�J|]OHP�GH÷HUOHULQL�ELU�GHQNOHPGH�J|VWHUPHQLQ�X\JXQ�ROPDGÕ÷Õ�VRQXFXQD�YDUÕOÕU��
* DGHW�UHJUHV\RQ�GHQNOHPLQH�DLW�UHJUHV\RQ�NDWVD\ÕODUÕQGD�\DSÕVDO�ELU�IDUNOÕOÕN� ROXS� ROPDGÕ÷ÕQÕ� WHVW� HGLOLUNHQ� NXOODQÕODELOHFHN� EDúOÕFD� LNL� \|QWHP�&KRZ�VÕQDPDVÕ�YH�J|OJH�GH÷LúNHQ�\DNODúÕPÕGÕU��dDOÕúPDQÕQ�EXQGDQ�VRQUDNL�

�
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DúDPDVÕ��JHQHOGH� LNL� UHJUHV\RQ�GHQNOHPL�YH� WHN�ED÷ÕPVÕ]�GH÷LúNHQ� LoHUHFHN�úHNLOGH� DoÕNODQDQ� EX� \|QWHPOHULQ� ELUGHQ� ID]OD� ED÷ÕPVÕ]� GH÷LúNHQ� LoHUHQ�LNLGHQ�oRN�UHJUHV\RQ�GHQNOHPLQLQ�NÕ\DVODQPDVÕQGD�QDVÕO�X\JXODQDELOHFH÷LQH�LOLúNLQ�WHRULN�ELOJLOHUL�LoHUPHNWHGLU��
�����&KRZ�7HVWL�* DGHW� UHJUHV\RQ� GHQNOHPL� YH� N� DGHW� ED÷ÕPVÕ]� GH÷LúNHQ� ROPDVÕ�GXUXPXQGD� KHU� ELU� oRNOX� GR÷UXVDO� UHJUHV\RQ� GHQNOHPLQL� DúD÷ÕGDNL� JLEL�J|VWHUPHN�P�PN�QG�U��
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GHQNOHPLQH�DLW�WRSODP�DUWÕN�NDUHOHU�WRSODPÕ�
)KHV!)WDE� LVH� +� KLSRWH]L� UHGGHGLOHFHN� YH� UHJUHV\RQ� NDWVD\ÕODUÕQÕQ�LVWDWLVWLNVHO�DoÕGDQ�IDUNOÕ�ROGX÷X�VRQXFXQD�YDUÕODFDNWÕU��
&KRZ� VÕQDPDVÕ� \DSÕVDO� GH÷LúLPLQ� ROXS� ROPDGÕ÷ÕQÕ� J|VWHUPHVLQH�UD÷PHQ��UHJUHV\RQ�GHQNOHPOHUL�DUDVÕQGDNL�IDUNOÕOÕ÷ÕQ�VDELW�WHULPGHQ�PL��H÷LP�NDWVD\ÕODUÕQGDQ� PÕ� \RNVD� KHU� LNLVLQLQ� IDUNOÕOÕ÷ÕQGDQ� PÕ� ND\QDNODQGÕ÷ÕQÕ�DoÕNoD�EHOLUWPH]��.ÕVDFDVÕ�&KRZ�VÕQDPDVÕ�NXOODQÕOGÕ÷ÕQGD�ùHNLO��¶GH�YHULOHQ�GXUXPODUGDQ��EHQ]H\HQ�UHJUHV\RQODU�KDULo��KDQJLVL�LOH�NDUúÕ�NDUúÕ\D�ROXQGX÷X�ELOLQPHPHNWHGLU���

�
� $\UÕQWÕOÕ�ELOJL�LoLQ�EN]���ùDKLQ�$..$<$�YH�9HGDW��3$=$5/,2ö/8��(NRQRPHWUL�,� %HUN�0DVD�hVW��<D\ÕQFÕOÕN�� ø]PLU�� ������ V�� ���������5HFHS�7$5,��(NRQRPHWUL��$OID�<D\ÕQODUÕ��øVWDQEXO��������V���������*XMDUDWL��V������������� 'DYLG� ('*(57(1�� &KRZ� 7HVW� /HFWXUH� 1RWHV�� ZZZ�QHN�OX�VH�QHNGHG�WHDFKLQJ�E�HFRQRPHWULFVB,�FKRZWHVW�SGI�� �6ZHGHQ�������� � -DQ�.0(17$��(OHPHQWV�RI�(FRQRPHWULFV�0FPLOODQ�3XEOLVKLQJ�&RPSDQ\��1HZ�<RUN��������V�������
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%X�QHGHQOH�\DSÕVDO�NDUDUOÕOÕN�DQDOL]LQGH�J|OJH�GH÷LúNHQ�\DNODúÕPÕQÕ�NXOODQPDN�DoÕN�ELU��VW�QO�N�VD÷ODU��d�QN��EX�\DNODúÕP�VDGHFH�UHJUHV\RQODUÕQ�IDUNOÕ� ROGXNODUÕQÕ� EHOLUWPHNOH� \HWLQPH]�� D\QÕ� ]DPDQGD� EX� IDUNOÕOÕ÷ÕQ� KDQJL�NDWVD\ÕODUGDQ� ND\QDNODQGÕ÷ÕQÕ� GD� J|VWHULU�� � <DSÕODQ� ELU� X\JXODPDGD�IDUNOÕOÕ÷ÕQ� KDQJL� NDWVD\ÕODUGDQ� ND\QDNODQGÕ÷ÕQÕ� ELOPHN�� UHJUHV\RQ�GHQNOHPOHULQLQ�IDUNOÕ�ROGXNODUÕQÕ�ELOPHN�NDGDU�|QHPOLGLU��
������*|OJH�'H÷LúNHQ�<DNODúÕPÕ�
*|OJH� 'H÷LúNHQ� <DNODúÕPÕ� LNL� ED÷ÕPVÕ]� GH÷LúNHQ� LoHUHQ� �o�UHJUHV\RQ� GHQNOHPLQH� J|UH� DQODWÕODFDNWÕU�� 5HJUHV\RQ� GHQNOHPOHUL� DúD÷ÕGDNL�úHNLOGH�WDQÕPODQDELOLU��
<� E���E��;���E��;����H� ��������

� <� E���E��;���E��;����H� ��������
� <� E���E��;���E��;����H� ��������

%X�UHJUHV\RQ�GHQNOHPOHULQGH�\HU�DODQ�UHJUHV\RQ�NDWVD\ÕODUÕ�DUDVÕQGD�DQODPOÕ� ELU� IDUNOÕOÕN� ROXS� ROPDGÕ÷ÕQÕ� J|OJH� GH÷LúNHQ� \DNODúÕPÕ� LOH�EHOLUOH\HELOPHN� LoLQ�� W�P� J|]OHPOHULQ� ELUOHúWLULOHUHN� J|OJH� �GXPP\��GH÷LúNHQOHU�LoHUHQ�DúD÷ÕGDNL�UHJUHV\RQ�GHQNOHPLQLQ�NHVWLULOPHVL�JHUHNLU��
< HWWWWJJEEE ��������� ��������������������� ;';';';''';; �������

%XUDGD�� � '� LOH� J|VWHULOHQ� GH÷LúNHQOHU� J|OJH� �GXPP\�� GH÷LúNHQOHU�ROXS�DúD÷ÕGDNL�úHNLOGH�WDQÕPODQPÕúWÕU��
�'� ®̄ ���

���
GG

JUXS '� ®̄ ���
���
GG

JUXS

��� JUXS� �\D� GD� UHJUHV\RQ�PRGHOL�� NRQWURO� JUXEXQX� J|VWHUPHNWHGLU��
$\UÕFD� �J YH� �J VDELW� WHULP�IDUNODUÕQÕ�YH� �W � �W � �W YH� �W H÷LP�NDWVD\ÕVÕ�
IDUNODUÕQÕ� J|VWHUPHNWHGLU�� J YH\D� W NDWVD\ÕODUÕQGDQ� ELULVLQLQ� GDKL� DQODPOÕ�
EXOXQPDVÕ� UHJUHV\RQ� GHQNOHPOHUL� DUDVÕQGD� \DSÕVDO� ELU� IDUNOÕOÕN� ROGX÷X�VRQXFXQX� GR÷XUDFDNWÕU�� � %X� \DNODúÕPOD� D\QÕ� ]DPDQGD� NDUúÕODúWÕUÕODQ�
UHJUHV\RQ� GHQNOHPOHULQGHQ� KDQJLOHULQGH� VDELW� �E�� KDQJLOHULQGH� LVH�� H÷LP�
NDWVD\ÕODUÕQÕQ��E�� E�� IDUNOÕ�ROGX÷XQX�J|UPHN�P�PN�Q�RODFDNWÕU��

�������� QROX� GHQNOHPGHQ� \DUDUODQDUDN� �� UHJUHV\RQ� GHQNOHPLQH�XODúPDN�P�PN�QG�U��
���GHQNOHP�LoLQ���'� '� ���
� < � ����� ;; EEE �� � H ���������

EX�GHQNOHP���������QROX�GHQNOHPH�HúLWWLU��
���GHQNOHP�LoLQ�'� ��YH�'� �����

�
� *8-$5$7,��V�������
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� < � HWEWEJE ������ �������� ������ ;; � ���������
EX�GHQNOHP���������QROX�GHQNOHPH�HúLWWLU��

���GHQNOHP�LoLQ���'� ��YH�'� ������
� < � HWEWEJE ������ �������� ������ ;; � ���������
EX�GHQNOHP���������QROX�GHQNOHPH�HúLWWLU��
� QROX�GHQNOHPLQ���QROX�GHQNOHPH�J|UH�VDELW�WHULP�IDUNÕQÕ� �J � H÷LP�

IDUNODUÕQÕ� LVH� �W YH� �W NDWVD\ÕODUÕ�� �� QROX� GHQNOHPLQ���QROX� GHQNOHPH�J|UH�
VDELW� WHULP� IDUNÕQÕ� �J � H÷LP� IDUNODUÕQÕ� LVH� �W YH� �W NDWVD\ÕODUÕ�
J|VWHUPHNWHGLU��'ROD\ÕVÕ\OD�EX�NDWVD\ÕODUGDQ�ELULVLQLQ�GDKL�DQODPOÕ�EXOXQPDVÕ�\DSÕVDO� IDUNOÕOÕ÷ÕQ� ROGX÷XQX� J|VWHUPHNOH� EHUDEHU� IDUNOÕOÕ÷ÕQ� KDQJL�GHQNOHPOHULQ� KDQJL� NDWVD\ÕODUÕQGDQ� ND\QDNODQGÕ÷ÕQÕ� GD� DoÕNoD�J|VWHUPHNWHGLU�� �%X�GD�J|OJH�GH÷LúNHQ�\DNODúÕPÕQÕQ�&KRZ�VÕQDPDVÕQD�J|UH�DoÕN��VW�QO�÷��ROPDNWDGÕU��

%XQODUD� HN� RODUDN� �������� QROX� GHQNOHPGHQ� \DUDUODQDUDN��SDUDPHWUHOHULQH�LOLúNLQ��
+�� �W  �W  �W  �W  �����

� +�� �� JJ   ����
+�� �� JJ   �W  �W  �W  �W  ����

KLSRWH]OHULQL�)�GD÷ÕOÕPÕQD�GD\DOÕ�RODUDN�WHVW�HWPHN�P�PN�QG�U���

���$1$/ø=�
dDOÕúPDQÕQ� EX� E|O�P�QGH�� 6RPD� 7HUPLN� 6DQWUDOL¶QLQ� GH÷LúLN��QLWHOHULQGH�NXOODQPDN��]HUH�DOGÕ÷Õ��o�IDUNOÕ�NDOLWHGH�N|P�UH�LOLúNLQ�J|]OHP�GH÷HUOHULQGHQ� \DUDUODQÕODUDN� IL\DW� ROXúXPXQX� EHOLUOHPH\H� \|QHOLN� \DSÕODQ�\DSÕVDO�NDUDUOÕOÕN�DQDOL]OHUL�D\UÕQWÕOÕ�ELU�úHNLOGH�\HU�DOPDNWDGÕU���
0DQLVD� øOL� 6RPD� øOoHVL¶QGH� IDDOL\HW� J|VWHUHQ� �[�����[�� �����0:� J�F�QGHNL� 6RPD� 7HUPLN� 6DQWUDOLQGH�� \ÕOGD� �������� WRQ� N|P�U�\DNÕODUDN� ����� *:K� HOHNWULN� HQHUMLVL� �UHWLOPHNWHGLU�� 6DQWUDOLQ� �[����0:�J�F�QGHNL� ���� �QLWHOHUL� ����� NFDO�NJ� NDORULOL������ N�OO�� YH����� UXWXEHWOL���[���� 0:� J�F�QGHNL� ���� �QLWHOHUL� ����� NFDO�NJ� NDORULOL�� ���� N�OO�� YH�������UXWXEHWOL���[���0:�J�F�QGHNL������QLWHOHUL�LVH������NFDO�NJ�NDORULOL������ N�OO�� YH� ���� UXWXEHWOL� N|P�UOHUH� J|UH� GL]D\Q� HGLOPLúOHUGLU�� 6DQWUDO�ND]DQODUÕQGD� \DNÕODQ� N|P�UOHU� 7�UNL\H� .|P�U� øúOHWPHOHUL� .XUXPX� 6RPD�%|OJH� 0�G�UO�÷�� WDUDIÕQGDQ� WHPLQ� HGLOPHNWH� ROXS�� KHU� \ÕO� \DSÕODQ�SURWRNROOHUOH�N|P�U�IL\DWODUÕ�WHVSLW�HGLOPHNWHGLU��

�
��� $\UÕQWÕOÕ� ELOJL� LoLQ� EN]��'DYLG� ./(,1%$80�� /DZUHQFH� /�� .833(5� DQG� .HLWK� (��08//(5��$SSOLHG�5HJUHVVLRQ�$QDO\VLV�DQG�2WKHU�0XOWLYDULDEOH�0HWKRGV� 3:6�.(17�3XEOLVKLQJ�&RPSDQ\��86$��������V����������YH�:(,6%(5*��V�����������
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*HQHO� ELU� \DNODúÕPOD� N|P�U� IL\DWODUÕQÕQ� NDOLWH� GH÷LúNHQOHULQLQ��NDORULILN� GH÷HU�� N�O� LoHUL÷L�� UXWXEHW�� \DQÕ� VÕUD� QLKDL� �U�Q� �HOHNWULN�� IL\DWÕ��LNDPH��U�QOHULQ��GR÷DOJD]��PRWRULQ��IL\DWODUÕ�YH�WDOHS�HGLOHQ�PLNWDUOD�LOLúNLOL�ROGX÷X�|QJ|U�OPHNWHGLU��� %X�GR÷UXOWXGD�6RPD����������YH�����LoLQ�D\UÕ�D\UÕ�N|P�U�IL\DW�IRQNVL\RQODUÕQÕ�WDKPLQ�HGHELOPHN�LoLQ�V|]�NRQXVX�GH÷LúNHQOHULQ�2FDN� �����(NLP� ����� G|QHPLQL� NDSVD\DQ� ��� DGHW� J|]OHP� GH÷HUL���NXOODQÕOPÕúWÕU�� � � dDOÕúPDQÕQ� EX� DúDPDVÕQGD� oHúLWOL� UHJUHV\RQ� GHQNOHPOHUL�GHQHQPLúWLU�� DQFDN� NHVWLULOHQ� NDWVD\ÕODUÕQ� LNWLVDGL� EHNOHQWLOHULQ� DNVL� \|QGH�ROGX÷X� WHVSLW� HGLOPLúWLU�� $\UÕFD� �� YH\D� �� ED÷ÕPVÕ]� GH÷LúNHQL� LoHUHQ� X\JXQ�PRGHOOHUGH�LVH�DoÕNODPD�J�F�Q�Q�ROGXNoD�\HWHUVL]�ROGX÷X�DQODúÕOPÕúWÕU��� %X�QHGHQOH� IL\DW� IRQNVL\RQODUÕQÕ� D\UÕ� D\UÕ� WDKPLQ� HWPHN� \HULQH�� ELUoRN�DUDúWÕUPDGD� \DSÕOGÕ÷Õ� JLEL� �o� JUXED� DLW� J|]OHP� GH÷HUOHULQL� ELUOHúWLUHUHN��NDUPD�YHUL��J|]OHP�VD\ÕVÕ���[� �����WHN�ELU�UHJUHV\RQ�PRGHOL�WDKPLQ�HWPH�\ROXQD�JLGLOPLúWLU���
(Q�L\L�NDUPD�UHJUHV\RQ�DQDOL]�VRQXFX�DúD÷ÕGD�YHULOPLúWLU��

<Ö  ����������������;� � �����;� ������
� V� EÖ ���������������������������������������� 1 �������� ����
� W������������������������������������������ 5� ���������) ��������
� S�������������������������������������������� ¦ �H  ��������

%XUDGD�<�N|P�U�IL\DWÕQÕ����WRQ���;� NDORULILN�GH÷HUL��NFDO�NJ��YH�;�HOHNWULN�IL\DWÕQÕ��FHQW�NZK��J|VWHUPHNWHGLU���
0RGHO� LNWLVDGL� YH� LVWDWLVWLNL� NULWHUOHUH� J|UH� GH÷HUOHQGLULOGL÷LQGH�X\JXQ� ELU� PRGHO� ROGX÷X� DoÕNoD� J|U�OPHNWHGLU�� %LU� NDOLWH� GH÷LúNHQL� RODQ�NDORULILN�GH÷HU�YH�QLKDL��U�Q�RODQ�HOHNWULN�IL\DWÕQD�LOLúNLQ�NDWVD\ÕODUÕQ�LNWLVDGL�DoÕGDQ� SR]LWLI� oÕNPDVÕ� EHNOHQPHNWH� ROXS�� HOGH� HGLOHQ� VRQXoODU� EX�GR÷UXOWXGDGÕU��$\UÕFD�NDWVD\ÕODUD� LOLúNLQ�RODVÕOÕN�GH÷HUOHUL� WDKPLQOHULQ�������G�]H\LQGH� DQODPOÕ� ROGX÷XQX� YH� KHVDSODQDQ� )� GH÷HUL� LVH� WDKPLQ� HGLOHQ�PRGHOLQ�LVWDWLVWLNVHO�DoÕGDQ�DQODPOÕ�ROGX÷XQX�J|VWHUPHNWHGLU����
0RGHOLQ� HNRQRPHWULN� |Oo�WOHUH� J|UH� GH÷HUOHQGLULOPHVL� LVH� \DSÕVDO�NDUDUOÕOÕN� WHVWOHULQGHQ� VRQUD\D� EÕUDNÕOPÕúWÕU�� d�QN�� EX� IL\DW� IRQNVL\RQXQXQ�EHQLPVHQHELOPHVL�� GDKD� |QFH� DoÕNODQGÕ÷Õ� JLEL� UHJUHV\RQ� GHQNOHPOHULQLQ��GROD\ÕVÕ\OD� UHJUHV\RQ� NDWVD\ÕODUÕQÕQ�� \DSÕVDO� DoÕGDQ� NDUDUOÕ� ROPDVÕQÕ�JHUHNWLUPHNWHGLU�� %X� úHNLOGH� �o� UHJUHV\RQ� GHQNOHPLQH� DLW� NDWVD\ÕODUÕQ� HúLW�

�
��� 6HUPLQ� (/(9/ø�� 7HUPLN� 6DQWUDOOHUGH� .|P�U� )L\DWODUÕQÕQ� $QDOL]L� YH� )L\DWODQGÕUPD�0RGHOOHULQLQ�*HOLúWLULOPHVL� %DVÕOPDPÕú�'RNWRUD�7H]L��&�h��)HQ�%LOLPOHUL�(QVWLW�V���6LYDV��������V��������� 1RPLQDO�IL\DWODU�R�J�QN��NXUGDQ�$%'�GRODUÕQD�oHYULOPLú�YH�GDKD�VRQUD�$%'�7�NHWLFL�)L\DW�(QGHNVL��86�&3,����������� �����NXOODQÕOPDN�VXUHWL\OH�UHHO�KDOH�JHWLULOPLúWLU����� (/(9/ø��V���������� .DUPD� YHULOHUOH� oDOÕúÕODELOPHVL� LoLQ� LON� úDUW� KHU� ELU� UHJUHV\RQ� GHQNOHPLQLQ� VDELW� YDU\DQVOÕ�ROPDVÕGÕU��%X�QHGHQOH�J|]OHP�GH÷HUOHUL�ELUOHúWLULOPHGHQ�|QFH�V|]�NRQXVX�PRGHO�6RPD��������� YH�����QROX��QLWHOHU�LoLQ�D\UÕ�D\UÕ�WDKPLQ�WDKPLQ�HGLOHUHN�KDWD�WHULPOHUL�EXOXQPXúWXU��DUWÕN����'DKD� VRQUD� DUWÕN� NDUHOHUL� LOH� WDKPLQL� <� GH÷HUOHUL� DUDVÕQGDNL� LOLúNL� JUDILN� \DUGÕPÕ\OD�LQFHOHQPLúWLU�� � (OGH� HGLOHQ� �o� D\UÕ� JUDILNWH� GH� GH÷LúNHQOHU� DUDVÕQGD� G�]HQOL� ELU� J|U�Q�P�EXOXQPDGÕ÷ÕQGDQ�GH÷LúHQ�YDU\DQVÕQ�ROPDGÕ÷Õ�VRQXFXQD�YDUÕOPÕúWÕU���
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ROPDVÕ�GXUXPXQGD�N|P�U�IL\DW�IRQNVL\RQXQXQ�EHOLUOHQPHVLQGH��o�UHJUHV\RQD�DLW� J|]OHP� GH÷HUOHULQLQ� ELUOHúWLULOPHVL� LOH� WDKPLQ� HGLOHQ� ������ PRGHOLQL�NXOODQPDN�ELU�VDNÕQFD�\DUDWPD\DFDNWÕU��
%X� GR÷UXOWXGD� oDOÕúPDQÕQ� EXQGDQ� VRQUDNL� DúDPDVÕ� &KRZ� WHVWL� YH�J|OJH�GH÷LúNHQ�\DNODúÕPÕ�RODUDN�DGODQGÕUÕODQ�\DSÕVDO�NDUDUOÕOÕN�VÕQDPDODUÕQÕQ�|UQHN� J|]OHPOHULQH� X\JXODPDVÕQÕ� YH� VRQXoODUÕQ� D\UÕQWÕOÕ� ELU�GH÷HUOHQGLUPHVLQL�LoHUPHNWHGLU��
������&KRZ�7HVWL�$QDOL]�6RQXoODUÕ�

&KRZ�WHVWL�LOH�\DSÕVDO�NDUDUOÕOÕN�DQDOL]L���DúDPDGDQ�PH\GDQD�JHOPHNWHGLU��
���DúDPD� +LSRWH]OHULQ�IRUP�OH�HGLOPHVL�
� +�� ho�GHQNOHP�ELUELULQLQ�D\QÕGÕU��.DWVD\ÕODU�\DSÕVDO�DoÕGDQ�NDUDUOÕGÕU��
� +�� ho�GHQNOHP�ELUELULQGHQ�IDUNOÕGÕU�
��DúDPD� 7DEOR�)�GH÷HULQLQ�EHOLUOHQPHVL�

I� ���7DKPLQ�HGLOHQ�SDUDPHWUH�VD\ÕVÕ��
I� 1�*N ������� ����
D �����

� \DNODúÕN�)WDE �����
���DúDPD� ) LVWDWLVWL÷LQLQ�KHVDSODQPDVÕ�

) LVWDWLVWL÷LQLQ� KHVDSODQDELOPHVL� LoLQ� �� D\UÕ� UHJUHV\RQ� GHQNOHPLQLQ����WDKPLQL�JHUHNOLGLU���%XQODU�VÕUDVÕ\OD�DúD÷ÕGD�YHULOPLúWLU��
6RPD�����LoLQ��<Ö  �������������;� � �����;� ¦ �H  ������� ��������
6RPD�����LoLQ��<Ö  ��������������;� � �����;� ¦ �H  ������� ��������
6RPD�����LoLQ��<Ö  �������������;� � �����;� ¦ �H  �������� ��������
6RPD�.DUPD���<Ö  ����������������;� � �����;� ¦ �H  �������� ��������

)KHV � �> @� � �����������������������������
����������������������������  ��

��� ��������
��DúDPD� .DUDU��

)KHV ������!)WDE ����� ROGX÷XQGDQ� +� KLSRWH]L� UHGGHGLOLU��'ROD\ÕVÕ\OD� IL\DW� IRQNVL\RQXQXQ� 6RPD� 7HUPLN� 6DQWUDOLQGH�NXOODQÕODQ� �o� WLS� N|P�U� LoLQ� GH� D\QÕ� ROGX÷X� VDYÕ� UHGGHGLOLU�� <DQL�UHJUHV\RQ�NDWVD\ÕODUÕQÕQ�NDUDUOÕ�ROPDGÕ÷Õ��|UQHNWHQ�|UQH÷H�GH÷LúWL÷L�VRQXFXQD�YDUÕOÕU��
$QFDN� GDKD� |QFH� GH� EHOLUWLOGL÷L� JLEL� UHJUHV\RQ� GHQNOHPOHUL�DUDVÕQGDNL� IDUNOÕOÕNODUÕQ� KDQJL� GHQNOHPOHULQ� KDQJL� NDWVD\ÕODUÕQGDQ�ND\QDNODQGÕ÷ÕQÕ� EHOLUOHPHN�&KRZ� VÕQDPDVÕ� LOH�P�PN�Q�ROPDPDNWDGÕU�� �%X�
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GXUXPGD�\DSÕOPDVÕ�JHUHNHQ�DúD÷ÕGD�D\UÕQWÕOÕ�ELU�úHNLOGH�YHULOHFHN�RODQ�J|OJH�GH÷LúNHQ�\DNODúÕPÕQÕ�NXOODQPDN�RODFDNWÕU��
����*|OJH�'H÷LúNHQ�<DNODúÕPÕ�$QDOL]�6RQXoODUÕ�
%X� \DNODúÕPGD� LON� \DSÕOPDVÕ� JHUHNHQ� W�P� J|]OHPOHUH� GD\DQDQ�DúD÷ÕGDNL�PRGHOL�WDKPLQ�HWPHNWLU��

< HWWWWJJEEE ��������� ��������������������� ;';';';''';; �����������������������������������������������
%XUDGD�<�N|P�U�IL\DWÕQÕ��;� NDORULILN�GH÷HUL�YH�;� HOHNWULN�IL\DWÕQÕ�J|VWHUPHNWHGLU��'�LOH�J|VWHULOHQ�GH÷LúNHQOHU� LVH��J|OJH��GXPP\��GH÷LúNHQOHU�ROXS�DúD÷ÕGDNL�úHNLOGH�WDQÕPODQPÕúWÕU��
�'� ����

��
��
��

��
�®̄ 6RPDYH6RPD

6RPD

'� ����
��

��
��

��
�®̄ 6RPDYH6RPD

6RPD

%LULQFL� JUXS� �\DQL� 6RPD� ����� NRQWURO� JUXEXQX� J|VWHUPHNWHGLU���
$\UÕFD� �J YH� �J VÕUDVÕ\OD�6RPD�����YH�6RPD����¶LQ�6RPD����¶�H�J|UH�VDELW�
WHULP�IDUNODUÕQÕ�YH�� �W � �W � �W YH�� �W LVH�\LQH�VÕUDVÕ\OD�6RPD�����YH�6RPD�
���¶�LQ�6RPD����¶�H�J|UH�H÷LP�NDWVD\ÕVÕ�IDUNODUÕQÕ�J|VWHUPHNWHGLU�� J YH\D�W
NDWVD\ÕODUÕQGDQ� ELULVLQLQ� GDKL� DQODPOÕ� EXOXQPDVÕ� UHJUHV\RQ� NDWVD\ÕODUÕQÕQ�\DSÕVDO�DoÕGDQ�NDUDUOÕ�ROPDGÕ÷ÕQÕ�J|VWHUHFHNWLU��

$QDOL]�VRQXoODUÕ�DúD÷ÕGD�|]HWOHQPLúWLU��
'H÷LúNHQ� .DWVD\Õ� 6WDQGDUW�KDWD� W LVWDWLVWL÷L 36DELW� ������� ������ ������� ������;� ������� ������ ������� ������;� ������ ������ ������ ������'� ������� ������ ������� ������'� ������� ������ ������ ������'�;� ������ ������ ������ ������'�;� ������� ������ ������� ������'�;� ������� ������ ������� ������'�;� ������� ������ ������� ������

%X� VRQXoODU� �J YH� �W NDWVD\ÕVÕQÕQ� LVWDWLVWLNVHO� DoÕGDQ� DQODPOÕ�
ROGX÷XQX��\DQL�6RPD����¶� LQ�6RPD����¶�H�J|UH� VDELW� WHULPOHULQLQ�YH�EHQ]HU�
úHNLOGH�6RPD����¶�LQ�6RPD����¶�H�J|UH� �E NDWVD\ÕODUÕQÕQ�HYUHQ�ED]ÕQGD�IDUNOÕ�
ROGX÷X� VRQXFXQX� J|VWHUPHNWHGLU�� 'ROD\ÕVÕ\OD� J|]OHP� GH÷HUOHULQL� ELU� DUD\D�JHWLUHUHN� WHN�ELU� IL\DW� IRQNVL\RQX�WDKPLQ�HWPHQLQ�X\JXQ�ROPDGÕ÷Õ�VRQXFXQD�YDUÕOPÕúWÕU��'ROD\ÕVÕ\OD� EX� DúDPDGDQ� VRQUD� NDUPD� YHULOHUL� LoHUHQ� ������ QROX�PRGHOLQ�HNRQRPHWULN�NULWHUOHUH�J|UH�LQFHOHQPHVLQH�GH�JHUHN�GX\XOPDPÕúWÕU��

�

6218d�9(�g1(5ø/(5�
%X�oDOÕúPDGD� LNLGHQ� ID]OD� UHJUHV\RQ�GHQNOHPLQLQ�\DSÕVDO� NDUDUOÕOÕN�DQDOL]OHULQLQ�QDVÕO�X\JXODQDELOHFH÷L�N|P�U�VHNW|U�QH�GD\DOÕ�ELU�X\JXODPD�LOH�
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J|VWHULOPLúWLU�� %X� NDSVDPGD� ]DPDQ� VHULVL� YH� \DWD\� NHVLW� YHULOHULQLQ�ELUOHúWLULOPHVL�VRQXFX�RUWD\D�oÕNDQ�NDUPD�YHULOHUGHQ�\DUDUODQDUDN�N|P�U�IL\DW�IRQNVL\RQX�WDKPLQ�HGLOPH\H�oDOÕúÕOPÕúWÕU���
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