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6RQ� \ÕOODUGD� \DSD\� VLQLU� D÷ODUÕ\OD� �<6$�� UHIHUDQV� ELWNL� VX� W�NHWLPL� WDKPLQLQH� LOLúNLQ� \R÷XQ� oDOÕúPDODU�
\DSÕOPDNWDGÕU�� %X� oDOÕúPDGD� E�\�N� NOLPD� WLSOL� $QNDUD� LVWDV\RQXQD� DLW� 2FDN� ����� $UDOÕN� ����� WDULKOHUL� DUDVÕQGD��
ND\GHGLOHQ� YHULOHU� NXOODQÕODUDN� øOHUL� %HVOHPHOL� *HUL� <D\ÕOÕPOÕ� <DSD\� 6LQLU� $÷ODUÕ� �ø%*<<6$�� PRGHOL\OH� )$2� ���
3HQPDQ�0RQWHLWK�\|QWHPLQH�J|UH�WDKPLQ�HGLOPLú�UHIHUDQV�ELWNL�VX�W�NHWLPL�PRGHOOHUL�JHOLúWLULOPLúWLU��dDOÕúPDQÕQ�DPDFÕ�
0LQLPXP� YH�PDNVLPXP� VÕFDNOÕ÷D��PLQLPXP�YH�PDNVLPXP�ED÷ÕO� QHPH�� U�]JkU� KÕ]ÕQD� YH� J�QHúOHQPH� V�UHVLQH� ED÷OÕ�
RODQ�D\OÕN�(7� PLNWDUÕQÕQ�ø%*<<6$�PRGHOL�LOH�WDKPLQ�HGLOPHVL�ROPXúWXU��øOHUL�%HVOHPHOL�*HUL�<D\ÕQÕPOÕ�<DSD\�6LQLU�
$÷ODUÕ� �ø%*<<6$�� PRGHOLQLQ� VRQXoODUÕ� )$2� ��� 3HQPDQ�0RQWHLWK� �30�� PRGHOL� LOH� KHVDSODQDQ� (7R GH÷HUOHUL� LOH�
NDUúÕODúWÕUÕOPÕúWÕU�� ø%*<<6$�PRGHOLQLQ� GR÷UXOX÷XQX� WHVSLWL� LoLQ� +DWD� .DUHOHU� 2UWDODPDVÕ� �06(��� 1RUPDOOHúWLULOPLú�
06(��106(���2UWDODPD�0XWODN�+DWD��0$(���0LQLPXP�0XWODN�+DWD��0LQ$(���0DNVLPXP�0XWODN�+DWD��0DN$(��YH�
'R÷UXVDO�.RUHODV\RQ�.DWVD\ÕVÕ��U��LVWDWLVWLNOHUL�NXOODQÕOPÕúWÕU���ø%*<<6$�PRGHOLQLQ�NXUXOPDVÕQGD�IDUNOÕ�JLUGL��JL]OL�YH�
oÕNWÕ� NDWPDQODUÕ� GHQHQGLNWHQ� VRQUD� �� JLUGL� NDWPDQÕQGDQ�� $\OÕN� RUWDODPDODU� úHNOLQGH� PLQLPXP� VÕFDNOÕN�� PDNVLPXP�
VÕFDNOÕN��PLQLPXP�QHP��PDNVLPXP�QHP��5�]JkU�KÕ]Õ��J�QHú�UDG\DV\RQX��$\OÕN�=DPDQ�øQGLVL�YH���JL]OL�NDWPDQÕQGDQ�YH�
ELU�oÕNWÕ�NDWPDQÕQGDQ��(7���ROXúDQ�D÷�HQ�L\L�VRQXFX�YHUPLúWLU��%X�D÷ÕQ�VRQXoODUÕQD�J|UH�06( ��������106( ��������
0$( ��������0LQ$( ��������0DN$( �������YH�U �������RODUDN�KHVDSODQPÕúWÕU��

$QDKWDU�.HOLPHOHU��<DSD\�6LQLU�$÷ODUÕ��øOHUL�%HVOHPHOL�*HUL�<D\ÕQÕP��(7���$QNDUD
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5HFHQWO\��PDQ\� UHVHDUFKV� KDYH� EHHQ� FDUUL\HG� RXW� DERXW� UHIHUHQFH HYDSRWUDQVSLUDWLRQ� �(7R�� HVWLPDWLRQV�ZLWK�
$UWLILFLDO�1HXUDO�1HWZRUN�� ,Q� WKLV� UHVHDUFK� XVLQJ�$QNDUD�PHWHRURORJ\� VWDWLRQ� GDWD� IURP� -DQXDU\� ����� WR�'HFHPEHU�
������)RUZDUG�)HHG�%DFN�3URSDJDWLRQ�$UWLILFLDO�1HUXDO�1HWZRNV� �))%3$11��PRGHOV�ZHUH�GHYHORSHG� IRU�HVWLPDWHG�
UHIHUHQFH�HYDSRWUDQVSLUDWLRQV�DFFRUGLQJ�WR�)$2����3HQPDQ�0RQWHLWK�PHWKRGV��7KH�REMHFWLYH�RI�WKH�VWXG\�LV�WR�HVWLPDWH�
PRQKWO\�(7� YDOXHV�ZLWK�))%3$11�PRGHO�EDVHG�RQ�PD[LPXP�DQG�PLQLPXP�WHPSHWDWXUHV��PD[LPXP�DQG�PLQLPXP�
UHODWLYH�KXPXGLWLHV��VRODU�UDGLDWLRQ�DQG�ZLQG�VSHHG��5HVXOWV�RI�$11�PRGHO�ZHUH�FRPSDUHG�ZLWK�(7� YDOXHV�FDOFXODWHG�
E\�)$2����3HQPDQ�0RQWHLWK��30��PRGHO��3HUIRUPDQFH�RI�WKH�UHVXOWV�ZHUH�HYDOXDWHG�E\�VWDWLVWLFDO�SHUIRUPDQFH�FULWHULD�
RI� 0HDQ� 6TXDUH� (UURU� �06(��� 1RUPDOL]HG� 0HDQ� 6TXDUH� (UURU �106(��� $EVROXWH� 0HDQ� (UURU� �$0(��� $EVROXWH�
0LQLPXP�(UURU� �$0LQ(��� � $EVROXWH�0D[LPXP�(UURU� �$0D[(�� DQG� /LQHDU� &RUUHODWLRQ� &RHIILFLHQW� �U��� $IWHU� WU\LQJ�
GLIIHUHQW� LQSXW��KLGGHQ�DQG�RXWSXW� OD\HUV�� WKH�QHWZRUN�FRQWDLQLQJ�D� OD\HU�ZLWK���QRGHV�DV�RI�PD[LPXP�DQG�PLQLPXP�
WHPSHWDWXUHV��PD[LPXP�DQG�PLQLPXP�UHODWLYH�KXPXGLWLHV��VRODU�UDGLDWLRQ��ZLQG�VSHHG�DQG�PRXQWO\�WLPH�LQGHVHV��DQG���
KLGGHQ� OD\HUV� DQG�RQH�RXWSXW� QRGH� �(7���ZDV� IRXQG� WR�EH� WKH�EHVW�PRGHO��$FFRUGLQJ� WR� WKLV� QHWZRUN� UHVXOWV��06( �
�������106( ������� $0( ��������0LQ$( ��������0D[$( �������DQG�U �������

.H\�:RUGV��$UWLILFLDO�1HXUDO�1HWZRUNV��)HHG�)RUZDUG�%DFN�3URSDJDWLRQ��(7���$QNDUD

�� *LULú

5DG\DV\RQ�� VÕFDNOÕN�� QHP�� 5�]JkU� KÕ]Õ�� ELWNL� WLSL� YH� JHOLúPH� G|QHPL� JLEL� ELUGHQ� ID]OD�
IDNW|UGHQ� HWNLOHQPHVLQGHQ� GROD\Õ� HYDSRWUDQVSLUDV\RQ� YH\D� ELWNL� VX� W�NHWLPL� �(7��� NDUPDúÕN� YH�
GR÷UXVDO� ROPD\DQ� ELU� V�UHoWLU�� (7¶� LQ� GR÷UX� WDKPLQ� HGLOPHVL�� KLGURORMLN� VX� GHQJHVL�� VXODPD�
VLVWHPOHULQLQ�SODQODQPDVÕ�YH�\|QHWLPL�� VX�ND\QDNODUÕQÕQ�SODQODQPDVÕ�YH�\|QHWLPL�JLEL�ELUoRN�DODQ�
LoLQ� VRQ� GHUHFH� E�\�N�|QHP� WDúÕPDNWDGÕU��*HQHOOLNOH� ELWNL� VX� W�NHWLPL�� UHIHUDQV� ELWNL� VX� W�NHWLPL�
�(7R��YH�ELWNL�NDWVD\ÕODUÕ��.F��NXOODQÕODUDN�WDKPLQ�HGLOPHNWHGLU��'R÷UXGDQ�ELWNL�VX�W�NHWLPL�WDKPLQL�
LoLQ�HQ�GR÷UX�\|QWHP��OLVLPHWUHOHU�\ROX\OD�NXUXODQ�VX�GHQJHVL�\|QWHPLGLU�IDNDW�OLVLPHWUH�NXOODQÕPÕ�
oRN�SDKDOÕ��]DPDQ�DOÕFÕ��KDVVDV�YH�GLNNDWOL�úHNLOGH�SODQODQPÕú�GHQHPHOHU�JHUHNWLUPHNWHGLU��%XQGDQ�



��

GROD\Õ��oHúLWOL�LNOLP�YHULOHUL�NXOODQÕODUDN�(7R¶�ÕQ�GROD\OÕ�WDKPLQL�LoLQ�oHúLWOL�\|QWHPOHU�JHOLúWLULOPLúWLU��
�.XPDU� HW� DO�� ������� (7R¶� ÕQ� GROD\OÕ� WDKPLQ� \|QWHPOHUL�� EDVLW� SDQ� EXKDUODúPDVÕQD� GD\DOÕ�
\|QWHPOHUGHQ�KHP�HQHUML�KHP�GH�DHURGLQDPLN�IDNW|UOHUL�LoHUHQ�ELUOHúLN�\|QWHPOHU�JLEL�IL]LNVHO�HVDVOÕ�
\|QWHPOHUH�NDGDU�GH÷LúLP�J|VWHUPHNWHGLU��$OOHQ�HW�DO��������:DOWHU�HW�DO��������,WHQILVX�HW�DO�������
YH�7HPHVJHQ�HW�DO�������WDUDIÕQGDQ�)$2����3HQPDQ�0RQWHLWK��)$2����30��\|QWHPL�XOXVODU�DUDVÕ�
VWDQGDUW�(7� WDKPLQ \|QWHPL�RODUDN�J|VWHULOPLúWLU��dRN�oHúLWOL�ELWNL�VX�W�NHWLPL�WDKPLQ�\|QWHPOHUL�
JHOLúWLULOPLú� YH� NXOODQÕOPÕúWÕU�� %X� \|QWHPOHU� IDUNOÕ� PHWHRURORMLN� YHULOHU� NXOODQGÕ÷Õ� JLEL� \RUXFX�
E|OJHVHO� NDOLEUDV\RQODU� JHUHNWLUPHNWH� YH� VÕQÕUOÕ� G�]H\GH� N�UHVHO� JHoHUOLOLN� DU] HWPHNWHGLU��$QFDN�
����� \ÕOÕQGD� )$2� WDUDIÕQGDQ� oHúLWOL� XOXVODU� DUDVÕ� NXUXOXúODUOD� ELUOLNWH� ELU� X]PDQODU� WRSODQWÕVÕ�
JHUoHNOHúWLUPLúWLU��<DSÕODQ�GH÷HUOHQGLUPHOHU�VRQXFXQGD�5HIHUDQV�ELWNL�VX�W�NHWLPLQLQ�WDQÕPODQPDVÕ�
YH� KHVDSODQPDVÕ� LoLQ� WHN� VWDQGDUW� \|QWHP� RODUDN� )$2���� 3HQPDQ�0RQWHLWK� \|QWHPL� |QHULOPLúWLU�
�$OOHQ�HW�DO����������

%LWNL� VX� W�NHWLPL� WDKPLQLQGH� NXOODQÕODQ� )$2� ��� 30� \|QWHPLQGH� DWPRVIHU� úDUWODUÕQGDNL�
GH÷LúLP� UHIHUDQV� ELWNL� VX� W�NHWLPL\OH� �(7R�� LIDGH� HGLOLUNHQ� ELWNLOHUH� J|UH� GH÷LúHQ� úDUWODU� LVH� ELWNL
NDWVD\ÕODUÕ\OD� LIDGH� HGLOPHNWHGLU�� %X� QHGHQOH� LNOLP� YH\D� DWPRVIHULN� úDUWODUGD� PH\GDQD� JHOHQ�
GH÷LúLP� GR÷UXGDQ� UHIHUDQV� ELWNL� VX� W�NHWLPLQH� \DQVÕ\DFDNWÕU�� $OOHQ� HW� DO��� �������� DWPRVIHULQ�
EXKDUODúPD�WDOHELQL�J|VWHUHQ� UHIHUDQV�ELWNL�VX� W�NHWLPL�YH\D�UHIHUDQV HYDSRWUDQVSLUDV\RQXQ��(7R���
\ÕOÕQ�IDUNOÕ�G|QHPOHULQGH�NDUúÕODúWÕUPDODU�\DSÕODELOPHVLQH�L]LQ�YHUGL÷L�JLEL�EDúND�E|OJHOHU�DUDVÕQGD�
GD�NDUúÕODúWÕUPDODU� \DSÕODELOPHVLQH� LPNkQ� WDQÕ\DQ�ELU� VWDQGDUW�ROGX÷XQX�ELOGLUPLúWLU��)$2����30�
\|QWHPL�NXOODQÕODUDN�WHN�ELWNL NDWVD\ÕVÕ��NF��YH\D�oLIW�ELWNL�NDWVD\ÕVÕ��NH ��NFE�� LOH�UHIHUDQV�ELWNL�VX�
W�NHWLPLQLQ� G�]HOWLOPHVLQGHQ� VRQUD� � ELWNLOHULQ� VX� W�NHWLPOHUL� �(7F�� EHOLUOHQGL÷L� JLEL� NXUDNOÕN��
WX]OXOXN��KDVWDOÕN�YH�GL÷HU�HWPHQOHUGHQ�ND\QDNODQDQ�oHúLWOL� VWUHVOHU�QHGHQL\OH�ELWNL� VX� W�NHWLPLQGH�
PH\GDQD�JHOHQ�GH÷LúLP�GH�VWUHV�NDWVD\ÕVÕ��NV��NXOODQÕODUDN�EHOLUOHQHELOPHNWHGLU��$OOHQ�HW�DO����������

.DUD� NXWX� GH\LPL� LOH� \DSÕVDO� |]HOOLNOHUL� YH� oDOÕúPD� WDU]ODUÕ� D\UÕQWÕOÕ� YH� WDP�RODUDN� |Oo�O�S�
GH÷HUOHQGLULOHPH\HQ� YH� GROD\ÕVÕ\OD� PRGHOOHQPHOHUL� ROGXNoD� J�o� YH\D� LPNDQVÕ]D� \DNÕQ� RODELOHQ�
VLVWHPOHU�NDVWHGLOLU��.DUD�NXWX�PRGHOOHUL�LoLQGH�EXOXQDQ�<DSD\�6LQLU�$÷ODUÕ��<6$�$UWLILFLDO�1HXUDO�
1HWZRUN��\|QWHPL��ROD\ÕQ�QHGHQLQL�YH�IL]L÷LQL�|QHPVHPHGHQ�VDGHFH�|QFHNL�JLUGL�YH�oÕNWÕ�YHULVLQH�
ED÷OÕ� RODUDN� o|]�P� �UHWHQ� ELU� \|QWHPGLU��<DSD\� VLQLU� D÷ODUÕQÕQ� NXOODQÕOPDVÕ\OD� GL÷HU� \|QWHPOHUH�
J|UH� |QHPOL� �VW�QO�NOHUH� VDKLS� ROXQDELOHFHN� YH� IDUNOÕ� GXUXPODU� LoLQ� GDKD� GR÷UX� WDKPLQOHUGH�
EXOXQXODELOHFHNWLU��

0DWHPDWLNVHO�DoÕGDQ�<6$��SDUDPHWUHOHUL�H÷LWLOPLú�YH�NDOLEUH�HGLOPLú�GR÷UXVDO�ROPD\DQ�ELU�
IRQNVL\RQGXU��*HoHQ�\ÕOODUGD�<6$�\|QWHPL�IL]LNVHO�VLVWHPOHULQ�NRQWURO���P�KHQGLVOLN�SUREOHPOHUL��
LVWDWLVWLN��VX�ND\QDNODUÕ�\|QHWLPL�YH�LúOHWPHVL��KLGURORML�JLEL�ELU�oRN�NRQXGD�NXOODQÕOPÕúWÕU��6LP�OH�
HGLOHQ�VLQLU�K�FUHOHULQL�LoHUHQ�SURJUDPODUOD�Q|URQODU�oHúLWOL�úHNLOOHUGH�ELUELUOHULQH�ED÷ODQDUDN�ELU�D÷�
ROXúWXUXOXU��%X�D÷ODU��|÷UHQPH��KDIÕ]D\D�DOPD�YH�YHULOHU�DUDVÕQGDNL�oHúLWOL�LOLúNLOHUL�RUWD\D�oÕNDUPD�
NDSDVLWHVLQH�VDKLSWLU��'L÷HU�ELU�LIDGH\OH�<6$¶ODU��QRUPDOGH�ELU�LQVDQÕQ�G�ú�QPH�YH�J|]OHPOHPH\H�
\|QHOLN�GR÷DO� \HWHQHNOHULQL�JHUHNWLUHQ�SUREOHPOHUH� o|]�P��UHWHELOPHNWHGLU��%L\RORMLN� VLVWHPOHUGH�
|÷UHQPH�� Q|URQODU� DUDVÕQGDNL� VLQDSWLN� ED÷ODQWÕODUÕQ� D\DUODQPDVÕ� LOH� ROXU�� <DQL�� LQVDQ� GR÷XPGDQ�
LWLEDUHQ� ³\DúD\DUDN� |÷UHQPH´� V�UHFL� LoHULVLQH� JLUHU�� %X� V�UHo� LoLQGH� EH\LQ� V�UHNOL� ELU� JHOLúPH�
J|VWHULU� YH� |÷UHQPH� JHUoHNOHúLU�� $\QÕ� GXUXP�� <6$� LoLQ� GH� JHoHUOLGLU�� g÷UHQPH�� JLUGL�oÕNWÕ�
YHULOHULQLQ�LúOHQPHVL\OH��\DQL�H÷LWPH�DOJRULWPDVÕQÕQ�EX�YHULOHUL�NXOODQDUDN�ED÷ODQWÕ�D÷ÕUOÕNODUÕQÕ�ELU�
\DNÕQVDPD�VD÷OD\DQD�NDGDU��WHNUDU�WHNUDU�D\DUODPDVÕ\OD�ROXU��%LU�LúOHP�HOHPDQÕ��GL÷HU�Q|URQODUGDQ�
VLQ\DOOHUL� DOÕU�� EXQODUÕ� ELUOHúWLULU�� G|Q�úW�U�U� YH� VD\ÕVDO� ELU� VRQXo� RUWD\D� oÕNDUWÕU�� *HQHOGH�� LúOHP�
HOHPDQODUÕ�NDEDFD�JHUoHN�Q|URQODUD�NDUúÕOÕN�JHOLU�YH�ELU�D÷�LoLQGH�ELUELUOHULQH�ED÷ODQÕU��%X�\DSÕ�GD�
VLQLU� D÷ODUÕQÕ� ROXúWXUPDNWDGÕU�� 6LQLUVHO� KHVDSODPDQÕQ� PHUNH]LQGH� GD÷ÕWÕOPÕú�� DGDSWLI� YH� GR÷UXVDO�
ROPD\DQ�LúOHP�NDYUDPODUÕ�YDUGÕU��<6$¶ODUÕQ�\DSÕVÕQÕ�ROXúWXUDQ��o�DQD�HOHPDQ��WHPHO�LúOHP�HOHPDQÕ�
RODQ� Q|URQ�� JLUGL� YH� oÕNWÕ� \ROXQX VD÷OD\DQ� ED÷ODQWÕ� YH� EX� ED÷ODQWÕODUÕQ� VD÷ODPOÕ÷ÕQÕ� J|VWHUHQ�
ED÷ODQWÕ�D÷ÕUOÕ÷ÕGÕU��ùHNLO�����7HPHO�RODUDN�� W�P�<6$¶ODU�EHQ]HU�ELU�\DSÕ\D�VDKLSWLUOHU��%X�\DSÕGD��
ED]Õ� Q|URQODU� JLUGLOHUL� DOPDN� LoLQ�� ED]Õ� Q|URQODU� LVH� oÕNWÕODUÕ� LOHWPHN� LoLQ� GÕú�PHNDQ� LOH� ED÷ODQWÕOÕ�
KDOLQGHGLU��*HUL� NDODQ� W�P�Q|URQODU� LVH� JL]OL� WDEDNDODUGD� \HU� DOÕU� YH� VDGHFH� D÷� LoLQGH� ED÷ODQWÕODUÕ�
YDUGÕU��7LSLN�RODUDN��ELU�<6$¶GD�oHúLWOL�PDWHPDWLNVHO�DOJRULWPDODUGDQ�ELU�WDQHVL�NXOODQÕODUDN��UHWLOHQ�
oÕNWÕODUÕQ�GR÷UXOXN�G�]H\LQLQ�PDNVLPL]H�HGLOPHVL�LoLQ�JHUHNOL�RODQ�D÷ÕUOÕN�GH÷HUOHUL�EHOLUOHQLU��



��

ùHNLO����<6$�PLPDULVLQLQ�WHPHO�HOHPDQODUÕ��<XUWR÷OX�������

<6$¶ODU� |QFHNL� |UQHNOHUL� NXOODQDUDN� JLUGL� GH÷LúNHQOHU� LOH� WDKPLQ� HGLOHQ� GH÷LúNHQOHU�
DUDVÕQGDNL� LOLúNL\L�RUWD\D�oÕNDUPÕú��GL÷HU�ELU�GH\LúOH�<6$�H÷LWLOPLú�ROXU��%X�LOLúNL��ELU�NH]�RUWD\D�
oÕNDUWÕOGÕNWDQ� VRQUD�� <6$� \HQL� YHULOHUOH� oDOÕúWÕUÕODELOLU� YH� WDKPLQOHU� �UHWLOHELOLU�� %LU� D÷ÕQ�
SHUIRUPDQVÕ�� DPDoODQDQ� VLQ\DO� YH� KDWD� NULWHUL� LOH� |Oo�O�U�� $÷ÕQ� oÕNWÕVÕ�� DPDoODQDQ� oÕNWÕ� LOH�
NDUúÕODúWÕUÕODUDN�KDWD�SD\Õ�HOGH�HGLOLU��*HUL�<D\ÕOPD�RODUDN�DGODQGÕUÕODQ�ELU�DOJRULWPD�KDWD�SD\ÕQÕ�
D]DOWDFDN�úHNLOGH�D÷ÕUOÕNODUÕ�D\DUODPDN�LoLQ�NXOODQÕOÕU��%X�LúOHP�GHIDODUFD�WHNUDU�HGLOHUHN�D÷�H÷LWLOLU��
(÷LWPH�LúOHPLQLQ�DPDFÕ��SHUIRUPDQV�|Oo�POHUL�ED]ÕQGD�RSWLPXP�o|]�PH�XODúPDNWÕU��<6$¶ODUGD��
\DSD\� Q|URQODU� EDVLW� ELU� úHNLOGH� N�PHOHQGLULOPHNWHGLU�� %X� N�PHOHQGLUPH� WDEDNDODU� KDOLQGH�
\DSÕOPDNWD� YH� GDKD� VRQUD� EX� WDEDNDODU� ELU� GL÷HULQH� LOLúNLOHQGLULOPHNWHGLU�� 7HN� WDEDND� \D� GD� WHN�
HOHPDQ� LoHUHQ� ED]Õ� EDúDUÕOÕ� D÷ODU� ROXúWXUXODELOPHVLQH� UD÷PHQ� oR÷X� X\JXODPD� HQ� D]� �o� WDEDND�
�JLUGL� WDEDNDVÕ�� JL]OL� WDEDND�YH� oÕNWÕ� WDEDNDVÕ�� LoHUHQ� D÷ODUD� LKWL\Do�GX\PDNWDGÕU� �ùHNLO� ����*LUGL�
WDEDNDVÕ�� GÕúDUÕGDQ� JLUGLOHUL� DODQ� Q|URQODUÕ� LoHULU� DQFDN� EX� Q|URQODU� JLUGL� GH÷HUOHUL� �]HULQGH� ELU�
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%X� oDOÕúPDGD�<6$�PRGHOLQLQ� NXUPDVÕ� YH� �(7��� GH÷HUOHULQLQ� KHVDSODPDODUÕQGD� D\ODUÕQ� YH�
PHYVLPOHULQ�HWNLVLQL�GLNNDWH�DOPD�DPDFÕ�LOH�$\OÕN�=DPDQ�øQGLVL��07,��LOH�WDQÕPODQDQ�SDUDPHWUH�D÷�
PLPDULVLQH� GkKLO� HGLOPLúWLU�� $\OÕN� =DPDQ� øQGLVL� �07,�� 2FDN�$UDOÕN� D\ODUÕQÕ� VÕUDVÕ� LOH� LIDGH�
HWPHNWHGLU��%XUDGD�KHU�D\�LoLQ�ELU�LQGLV�WDQÕPODQPÕúWÕU��2FDN�D\Õ����LQGLV��ùXEDW����LQGLV�LNHQ�$UDOÕN�
D\Õ�LVH����LQGLV�RODUDN�WDQÕPODQPÕúWÕU�
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NDWPDQÕ�LOH�HQ�N|W��VRQXFX�YHUPLúWLU������VHQDU\RGD�HOGH�HGLOHQ�D÷ÕQ�VRQXoODUÕQD�J|UH�06( �������
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6XODPD�YH�GUHQDM�VLVWHPOHULQLQ�SODQODQPDVÕ�YH�SURMHOHQPHVL��VXODPD�VLVWHPOHULQLQ�LúOHWLOPHVL�
YH� \|QHWLOHELOPHVL�� KLGURORMLN� VX� GHQJHVLQLQ� NXUXOPDVÕ� YH� VX� ND\QDNODUÕQÕQ� SODQODQDELOPHVL� LoLQ�
\|UHGH� \HWLúWLULOHQ� ELWNLOHULQ� VX� W�NHWLPOHULQLQ� L\L� ELOLQPHVL� JHUHNPHNWHGLU�� dHúLWOL� PHWHRURORMLN�
YHULOHU� NXOODQÕODUDN� )$2� ��� 3HQPDQ� 0RQWHLWK� \|QWHPL\OH� ELWNL� VX� W�NHWLPL� WDKPLQ�
HGLOHELOPHNWHGLU��$QFDN�)$2����3HQPDQ�0RQWHLWK�\|QWHPLQGH�GR÷UX�YH�J�YHQLOLU�oRN�VD\ÕGD�LNOLP�
YHULVLQH� LKWL\Do� GX\XOPDVÕ� EX� \|QWHPLQ� NXOODQÕODELOLUOL÷LQL� VÕQÕUODQGÕUPDNWDGÕU�� %X� oDOÕúPDGD�
$QNDUD�E|OJHVL� LoLQ�UHIHUDQV�ELWNL�VX� W�NHWLPL� �(7R��GH÷HUOHUL�)$2����3HQPDQ�0RQWHLWK�\|QWHPL�
LOH� KHVDSODQPÕúWÕU�� %X� GH÷HUOHU� \DUGÕPÕ\OD� øOHUL� %HVOHPHOL� *HUL� <D\ÕQÕPOÕ� <DSD\� 6LQLU� $÷ODUÕ�
\|QWHPLQH� J|UH� IDUNOÕ� JLUGL� NRPELQDV\RQODUÕ� LoLQ� <6$� PRGHOOHUL� HOGH� HGLOPLú� YH� EX� PRGHOOHU�
NXOODQÕODUDN�WHNUDUGDQ�(7R�KHVDSODPDODUÕ�\DSÕOPÕúWÕU��(7R�KHVDSODPDODUÕ�)$2����3HQPDQ�0RQWHLWK�
\|QWHPLQH� J|UH� KD]ÕUODQPÕú� ELU� ([FHO� oDOÕúPD� VD\IDVÕ� \DUGÕPÕ\OD� \DSÕOPÕú� YH <6$� \|QWHPL� LoLQ�
([FHO�RUWDPÕQGD�EXOXQDQ�1HURX6ROXWLRQ���ELOJLVD\DU�\D]ÕOÕPODUÕQGDQ�\DUDUODQÕOPÕúWÕU��dDOÕúPD�LoLQ�
$QNDUD� LVWDV\RQXQD� DLW� JHUHNOL� LNOLP� IDNW|UOHULQGHQ� RUWDODPD� PDNVLPXP� VÕFDNOÕN�� RUWDODPD�
PLQLPXP�VÕFDNOÕN��RUWDODPD�QLVSL�QHP��RUWDODPD�5�]JkU�KÕ]Õ��J�QHú�UDG\DV\RQX�YH�RUWDODPD�\D÷Õú�
YH� D\OÕN� ]DPDQ� LQGLVL� DOÕQPÕúWÕU�� )DUNOÕ� JLUGL�oÕNWÕ� NDWPDQODUGDQ�ROXúDQ�<6$�PRGHOLQLQ� VRQXoODUÕ�
)$2����3HQPDQ±0RQWHLWK�\|QWHPLQGHQ�HOGH�HGLOHQ�VRQXoODUOD�NDUúÕODúWÕUÕOPÕúWÕU��%X�NDUúÕODúWÕUPD�
VRQXFX�<6$�PRGHOOHULQLQ�$QNDUD� LVWDV\RQX� LoLQ�EDúDUÕOÕ� VRQXoODU�YHUGL÷L� WHVSLW�HGLOPLúWLU��$\UÕFD�
X\JXODPD� DoÕVÕQGDQ� VDGHFH� VÕFDNOÕ÷ÕQ� |Oo�OG�÷�� ELU� E|OJHGH� YH� GL÷HU� LNOLP� IDNW|UOHULQLQ�
EXOXQPDGÕ÷Õ� GXUXPXQGD�<6$�PRGHOLQLQ�QLVSHWHQ� EDúDUÕOÕ� VRQXoODU� YHUGL÷L� �VHQDU\R���YH� VHQDU\R�
����J|U�OP�úW�U��%|\OHFH�<6$�PRGHOOHUL�\DUGÕPÕ\OD�HNVLN�YHULOHULQ�WDPDPODQDELOPHVL�V|]�NRQXVX�
RODELOHFH÷L�JLEL��\DOQÕ]�ELUNDo�LNOLP�YHULVL�\DUGÕPÕ\OD�<6$�PRGHOOHUL�\DUGÕPÕ\OD�)$2����3HQPDQ�
0RQWHLWK� \|QWHPLQH� ROGXNoD� \DNODúÕN� (7R� VRQXoODUÕ� WDKPLQL� GH� V|]� NRQXVX� RODELOHFHNWLU�� %LU�
E|OJHGH�)$2����3HQPDQ�0RQWHLWK�\|QWHPL�(7R�YHULOHUL\OH� H÷LWLOPLú�<6$�PRGHOOHUL� NXOODQÕODUDN�
VXODPD� RWRPDV\RQX� GDKD� NROD\� \DSÕODELOHFHNWLU�� dRN� VD\ÕGD� YHUL� JLUGLVL\OH� RWRPDV\RQ� \DSÕOPDVÕ�
GDKD� ]RU� YH� NDUPDúÕN� VLVWHPOHUL� JHUHNWLULUNHQ� \DOQÕ]FD� ELUNDo� YHUL\OH� RWRPDV\RQXQ� VD÷ODQPDVÕ�
GR÷DO�RODUDN�GDKD�NROD\�RODFDNWÕU�

$\UÕFD� EX� oDOÕúPDGD� \D÷Õú� IDNW|U�Q�Q� DOÕQPDVÕQÕQ� <6$� PRGHOLQLQ� VRQXoODUÕQGD� |QHPOL�
GH÷LúLNOLN� J|VWHUPHGL÷L� YH� (7R� KHVDSODPDODUÕQGD� |QHPOL� HWNHQ� ROPDGÕ÷Õ� EHOLUOHQPLúWLU�� %X�
oDOÕúPDGD�]DPDQ�LQGLVLQLQ�<6$�PRGHOLQGH�JLUGL�NDWPDQÕ�RODUDN�DOÕQPDVÕ�LOH�<6$�PRGHOL�GDKD�L\L�
VRQXo�YHUPLúWLU��7D\PRRU�$��$ZFKLD\OÕN�������� WDUDIÕQGDQ�\DSÕODQ�EHQ]HUL�ELU�oDOÕúPDGD�GD�D\OÕN�
]DPDQ�LQGLVLQLQ�JLUGL�NDWPDQÕ�RODUDN�DOÕQPDVÕ�LOH�<6$�VRQXoODUÕQÕQ�L\LOHúWL÷L�NDQÕWODQPÕúWÕU�
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$OOHQ��5��*���3HUHLUD�/��6���5DHV�'���6PLWK�0�����������&URS�(YDSRWUDQVSLUDWLRQ��JXLGHOLQHV�IRU�FRPSXWLQJ�FURS�ZDWHU�
UHTXLUHPHQWV���)$2�,UULJDWLRQ�DQG�'UDLQDJH�3DSHU�1R������5RPH������S�

$OOHQ�� 5� *���:DOWHU�� ,��� (OOLRWW��5���0HFKDP��%��� -HQVHQ��0��(��� ,WHQILVX��'���+RZHOO�� 7��$��� 6Q\GHU��5���%URZQ�� 3���
(FKLQJV��6���6SRIIRUG��7���+DWWHQGRUI��0���&XHQFD��5��+���:ULJKW��-��/���0DUWLQ��'�� ��������,VVXHV��UHTXLUHPHQWV�
DQG� FKDOOHQJHV� LQ� VHOHFWLQJ� DQG� VSHVLI\LQJ� D� VWDQGDUGL]HG� (7� HTXDWLRQ�� 3URF��� �WK� 1DWLRQDO� ,UULJDWLRQ�
6\PSRVLXP��$PHULFDQ�6RFHLW\�RI�$JULFXOWXUDO�(QJLQHHUV��$6$(���6W��-RVHSK��0,��86$�

$QRQ\PRXV����������75��%DWÕ�$QDGROX�%|OJHVL�7DUÕP�0DVWHU�3ODQÕ��7DUÕP�YH�.|\LúOHUL�%DNDQOÕ÷Õ��6WUDWHML�*HOLúWLUPH�
%DúNDQOÕ÷Õ�

$QRQ\PRXV�� �������� $QNDUD� 0HWHRURORML� %|OJH� 0�G�UO�÷�� :(%� 6D\IDVÕ�� KWWS���ZZZ�DQNDUD�GPL�JRY�WU�PHUNH]OHU�
WDQLWLP�DVS["P ��

'HPXWK��+���DQG�%HDOH��0���������1HXUDO�QHWZRUN� WRROER[�IRU�XVH�ZLWK�0$7/$%��8VHU�*XLGH��9�������0DWK:RUNV��
,QF���0$��ZZZ�PDWKZRUNV�FRP�

,WHQILVX��'���(OLRW��5�/���$OOHQ��5��*���:DOWHU��,��$�����������&RPSDULVLRQ�RI�UHIHUHQFH�HYDSRWUDQVSLUDWLRQ�FDOFXODWLRQV�DV�
SDUW�RI�WKH�$6&(�VWDQGDUGL]DWLRQ�HIIRUW��-RXUQDO�RI�,UULJDWLRQ�DQG�'UDLQDJH�(QJLQHHULQJ�������������������

.XPDU�� 0��� %DQG\RSDGK\D\� $��� 5DJKXZDQVKL�� 1�� 6��� 6LQJK�� 5��� �������� &RPSDUDWLYH� VWXG\� RI� FRQYHQWLRQDO� DQG�
DUWLILFLDO�QHXUDO�QHWZRUN�EDVHG�(7� HVWLPDWLRQ�PRGHOV��,UULJDWLRQ�6FLHQFH��������������

2FKRD�5LYHUD�� -��� *DUFLD�%DUWXDO�� 5��� DQG� $QGUHX�� -�� �������� 0XOWLYDULDWH� V\QWKHWLF� VWUHDPIORZ� JHQHUDWLRQ� XVLQJ� D�
K\EULG�PRGHO�EDVHG�RQ�DUWLILFLDO�QHXUDO�QHWZRUNV��+\GURO��(DUWK�6\V��6FL�����������������

5XPHOKDUW��'��(���*��(��+LQWRQ�DQG�5��-��:LOOLDPV����������/HDUQLQJ�LQWHUQDO�UHSUHVHQWDWLRQ�E\�HUURU�SURSDJDWLRQ��,Q��
5XPHOKDUW��'�(���0F&OHOODQG��-�/���(GV����3DUDOHO�'LVWULEXWHG�3URFHVVLQJ�

7D\PRRU�$��$ZFKL����������$SSOLFDWLRQ�RI�5DGLDO�%DVLV�)XQFWLRQ�1HXUDO�1HWZRUNV�IRU�5HIHUHQFH�(YDSRWUDQVSLUDWLRQ�
3UHGLFWLRQ��$O�5DILGDLQ�(QJLQHHULQJ�����������������

7HPHVJHQ��%���(FKLQJ��6���'DYLGRII��%���)UDPH��.�����������&RPSDULVRQ�RI�VRPH�UHIHUHQFH�HYDSRWUDQVSLUDWLRQ�HTXDWLRQV�
IRU�&DOLIRUQLD��-RXUQDO�RI�,UULJDWLRQ�DQG�'UDLQDJH�(QJLQHHULQJ����������������

:DOWHU��,��$���$OOHQ��5��*���(OOLRWW��5���-HQVHQ��0��(���,WHQILVX��'���0HFKDP��%���+RZHOO��7��$���6Q\GHU��5���%URZQ��3���
(FKLQJV��6���6SRIIRUG��7���+DWWHQGRUI��0���&XHQFD��5��+���:ULJKW��-��/���0DUWLQ��'�����������$6&(¶V�VWDQGDUGL]HG�
UHIHUHQFH� HYDSRWUDQVSLUDWLRQ� HTXDWLRQ�� 3URF��� �WK� QDWLRQDO� LUULJDWLRQ� V\PSRVLXP�� $PHULFDQ� 6RFHLW\� RI�
$JULFXOWXUDO�(QJLQHHUV��$6$(���6W��-RVHSK��0,��86$�

<XUWRJOX�� +�� �������� <DSD\� 6LQLU� $÷ODUÕ� 0HWRGRORMLVL� LOH� gQJ|U�� 0RGHOOHPHVL�� (NRQRPLN� 0RGHOOHU� YH� 6WUDWHMLN�
$UDúWÕUPDODU�*HQHO�0�G�UO�÷��<D\ÕQODUÕ�


