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øVWDWLVWLNVHO� YHULOHULQ� N�PHOHQPHVL� VRUXQXQD� JHQHOOLNOH� N�PHOHPH� DQDOL]L�
WHNQLNOHUL� LOH� o|]�P� DUDQPDNWD� DQFDN� EX� WHNQLNOHU� DQODPOÕOÕN� WHVWOHULQL� \HWHULQFH�
GLNNDWH� DOPDPDNWDGÕU�� %X� oDOÕúPD� LOH�� LVWDWLVWLNVHO� \|QWHPOHUH� J|UH� DOÕQPÕú� oRN�
VD\ÕGDNL�|UQH÷LQ�NDo�IDUNOÕ�DQD�NLWOHGHQ�JHOGL÷L��EDúND�ELU�LIDGH�LOH�EX�|UQHNOHULQ�NDo�
IDUNOÕ� N�PHGH� WRSODQDELOHFH÷L� VRUXQXQD� o|]�P� JHWLUHQ� ELU� DOJRULWPD� |QHULOPLúWLU��
$OJRULWPD�� 7�UNL\H¶GHNL� LOOHULQ� J�QHúOHQPH� V�UHVL� YHULOHULQH� J|UH� N�PHOHQPHVL�
SUREOHPLQH� X\JXODQPÕúWÕU�� %X� DOJRULWPD� N�PHOHPH� LúOHPOHULQL� DQODPOÕOÕN� WHVWOHULQH�
X\JXQ�RODUDN�\DSPDNWDGÕU��

��*LULú�
øVWDWLVWLNVHO� YHULOHULQ� N�PHOHQPHVL� VRUXQXQD� JHQHOOLNOH� N�PHOHPH�

DQDOL]L� WHNQLNOHUL� LOH� o|]�P� DUDQPDNWDGÕU�� dRN� GH÷LúNHQOL� LVWDWLVWLNVHO�
DQDOL]OHUGHQ�ELUL�RODQ�N�PHOHPH�DQDOL]LQLQ�DVÕO�DPDFÕ��HOGHNL�ELU�YHUL�JUXEXQX�
EHOOL� ELU� EHQ]HUOLN� |Oo�V�Q�� GLNNDWH� DODUDN� LNL� YH\D� GDKD� ID]OD� N�PH\H�
E|OPHNWLU�� %X� N�PHOHULQ� NHQGL� LoLQGH� \�NVHN� VHYL\HGH� KRPRMHQ�� N�PHOHU�
DUDVÕQGD�LVH�KHWHURMHQ�ROPDVÕ�DUDQÕU��+DLU��������������

.�PHOHPH�DQDOL]LQGH�HQ�|QHPOL�VRUXQ�N�PH�VD\ÕVÕQÕQ�EHOLUOHQPHVLGLU��
%X�NRQXGD�VRQ�\ÕOODUGD�\R÷XQ�oDOÕúPDODU�\DSÕOÕ\RU�ROPDNOD�ELUOLNWH�KDOD�����¶OL�
\ÕOODUGD�JHOLúWLULOPLú�RODQ�YH�oRN�GD�J�YHQLOLU�VRQXoODU�YHUPH\HQ�ED]Õ�WHVWOHUGHQ�
\DUDUODQÕOPDNWDGÕU� �7DGOÕGLO�� ������ ������ $\UÕFD� N�PHOHPH� DQDOL]LQGH�
DQODPOÕOÕN� WHVWOHUL� JLEL� REMHNWLI� LVWDWLVWLNVHO� WHVWOHU� NXOODQÕODPDPDNWDGÕU�� %X�
\�]GHQ� DUDúWÕUPDFÕODU� NHQGLOHULQH� J|UH� ELU� oRN� V�EMHNWLI� NULWHUOHU� NXOODQPDN�
]RUXQGD�NDOPÕúODUGÕU��+DLU��������������

%X� oDOÕúPD� LOH�� LVWDWLVWLNVHO� \|QWHPOHUH� J|UH� DOÕQPÕú� oRN� VD\ÕGDNL�
|UQH÷LQ� NDo� IDUNOÕ� DQD� NLWOHGHQ�JHOGL÷L�� YH\D�EX�|UQHNOHULQ� NDo� IDUNOÕ� N�PHGH�
WRSODQDELOHFH÷L� úHNOLQGHNL� N�PHOHPH� VRUXQXQD� o|]�P� JHWLUHQ� ELU� DOJRULWPD�
|QHULOPLúWLU��$OJRULWPD\D�J|UH��|UQHNOHULQ�JHOGL÷L�DQD�NLWOHOHULQ�QRUPDO�GD÷ÕOÕP�
J|VWHUGL÷L�YH�D\QÕ�YDU\DQVD�VDKLS�ROGXNODUÕ�YDUVD\ÕPÕ��.DUWDO������������WHPHO�
DOÕQDUDN�\DSÕODQ�oRN�VD\ÕGDNL�$129$�WHVWOHUL�VRQXFXQGD�RODVÕ�W�P�DOW�N�PHOHU�
EXOXQPDNWD� YH� EX� DOW� N�PHOHU� GLNNDWH� DOÕQDUDN� ROXúWXUXODQ� N�PH� |UW�OHPH�
PRGHOLQLQ� o|]�P�� LOH�� RSWLPXP� N�PH� VD\ÕVÕQD� X\JXQ� ELU� N�PHOHPH�
\DSÕOPDNWDGÕU��
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%X� oDOÕúPDGD� |QHULOHQ� DOJRULWPDQÕQ� NXOODQÕOPDVÕ� LOH� \DSÕODQ�
N�PHOHPHQLQ�� N�PHOHPH� DQDOL]L� WHNQLNOHUL� LOH� \DSÕODQ� N�PHOHPH\H� J|UH� HQ�
|QHPOL� IDUNÕ��\HWHULQFH�DQODPOÕOÕN� WHVWOHULQLQ�\DSÕOPÕú�ROPDVÕ�QHGHQL\OH� o|]�P�
VRQXQGD� HOGH� HGLOHQ� |UQHN� N�PHOHULQGHQ� KHU� ELULQLQ� IDUNOÕ� ELU� DQD� NLWOHGHQ�
JHOPLú� ROGX÷XQXQ� NDQÕWODQPDVÕ� YH� N�PH� VD\ÕVÕQÕQ� �IDUNOÕ� DQD� NLWOH� VD\ÕVÕQÕQ��
NXOODQÕODQ� YHULOHULQ� \DSÕVÕ� GLNNDWH� DOÕQDUDN� RSWLPXP� ELU� VD\Õ� RODUDN�
EHOLUOHQPHVLGLU��

<DSÕODQ� OLWHUDW�U� WDUDPDVÕ� VRQXFXQGD�� N�PHOHPH� DQDOL]L� LOH� LOJLOL� SHN�
oRN� oDOÕúPDQÕQ� \DSÕOGÕ÷Õ� J|]OHQPLú� IDNDW�� N�PH� |UW�OHPH�PRGHOL� NXOODQÕODUDN�
\DSÕOPÕú� ELU� N�PHOHPH� oDOÕúPDVÕQD� UDVWODPDN� P�PN�Q� ROPDPÕúWÕU�� .�PH�
|UW�OHPH�PRGHOLQH�\DNÕQ�ELU�|]HOOLN�J|VWHUHQ�N�PH�E|OPH�PRGHOL�NXOODQÕODUDN�
*RSDO� YH� 5DPHVK� WDUDIÕQGDQ� ELU� N�PHOHPH� oDOÕúPDVÕ� \DSÕOPÕúWÕU� �*RSDO� YH�
5DPHVK������������������

��gQHULOHQ�$OJRULWPD�
øVWDWLVWLNVHO�\|QWHPOHUH�J|UH�DOÕQPÕú�oRN�VD\ÕGDNL�|UQH÷LQ�NDo�IDUNOÕ�DQD�

NLWOHGHQ� JHOGL÷L�� YH\D� EX� |UQHNOHULQ� NDo� IDUNOÕ� N�PHGH� WRSODQDELOHFH÷L�
úHNOLQGHNL�N�PHOHPH�VRUXQXQXQ�o|]�P��LoLQ�JHOLúWLULOHQ�DOJRULWPDQÕQ�DGÕPODUÕ�
DúD÷ÕGDNL�JLEL�WDQÕPODQPDNWDGÕU��

$GÕP� ��� gUQHNOHULQ� DOÕQGÕ÷Õ� DQD� NLWOHOHULQ� QRUPDO� GD÷ÕOÕP� J|VWHUPHVL�
JHUHNLU�� 1RUPDO� GD÷ÕOÕP� J|VWHUPL\RUVD� JHUHNOL� G|Q�úW�UPHOHU� \DSÕODUDN�
�5DPVH\�YH�6FKDIHU���������������EX�úDUW�VD÷ODQÕU��

$GÕP����gUQHNOHULQ�DOÕQGÕ÷Õ�DQD�NLWOHOHULQ�D\QÕ�YDU\DQVD�VDKLS�ROPDODUÕ�
JHUHNLU��*HUHNOL�WHVWOHULQ��(UJ�Q������������\DSÕOPDVÕ�VRQXFXQGD�IDUNOÕ�YDU\DQV�
GXUXPX� YDU� LVH� YHULOHUH� X\JXQ� G|Q�úW�UPHOHU� \DSÕODUDN� EX� úDUW� VD÷ODQPD\D�
oDOÕúÕOÕU��6D÷ODQDPÕ\RUVD��D\QÕ�YDU\DQVD�VDKLS�ROPD\DQ�DQD�NLWOHOHUGHQ�JHOGLNOHUL�
VDSWDQDQ�|UQHNOHU�GDKD�VRQUD�LúOHPH�DOÕQPDN��]HUH�D\UÕOÕU���

$GÕP��� $QD� NLWOHOHULQLQ� QRUPDO� GD÷ÕOÕP� J|VWHUGL÷L� YH� D\QÕ� YDU\DQVD�
VDKLS�ROGX÷X�EHOLUOHQHQ�|UQHNOHU��RUWDODPDODUÕ�N�o�NWHQ�E�\�÷H�RODFDN� úHNLOGH�
VÕUDODQÕU�YH�VÕUD�QXPDUDVÕ����������Q��YHULOLU��

$GÕP����2UWDODPDVÕ�HQ�N�o�N�RODQ�|UQHNWHQ�EDúOD\DUDN�VÕUD\OD�ELU�|UQHN�
�W�QXPDUDOÕ�|UQHN��EDúODQJÕo�RODUDN�DOÕQÕU�YH�$129$�WHVWL�LOH�W�YH�W���QXPDUDOÕ�
|UQHNOHULQ� D\QÕ� DQD� NLWOHGHQ� JHOLS� JHOPHGLNOHUL� DUDúWÕUÕOÕU�� $\QÕ� DQD� NLWOHGHQ�
JHOL\RU�LVH�ELU�VRQUDNL�|UQHN�GH�GDKLO�HGLOHUHN�D\QÕ�WHVW�X\JXODQÕU��%X�DUGÕúÕN�WHVW�
LúOHPOHULQH��DUGÕúÕN�LNLGHQ�oRN�+ b ��KLSRWH]L�NDEXO�HGLOLQFH\H�NDGDU�GHYDP�HGLOLU��
$\QÕ� DQD� NLWOHGHQ� JHOGLNOHUL� VDSWDQDQ� |UQHNOHUH� W��� QXPDUDOÕ� |UQHN� GDKLO�
HGLOHUHN�D\QÕ�WHVWOHU�\DSÕOÕU��$\QÕ�DQD�NLWOHGHQ�JHOL\RUODUVD�ELU�|QFHNL�|UQHN�GH�
GDKLO�HGLOHUHN�D\QÕ�WHVW�WHNUDUODQÕU��%X�DUGÕúÕN�WHVW�LúOHPOHULQH�GH�DUGÕúÕN�LNLGHQ�
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oRN� + b � � KLSRWH]L� NDEXO� HGLOLQFH\H� NDGDU� GHYDP� HGLOLU� YH� E�W�Q� EX� LúOHPOHU�
VRQXFXQGD�Q�WDQH�|UQHN�N�PHVL�EHOLUOHQPLú�ROXU���

$GÕP� ��� 2UWDODPDVÕ� HQ� E�\�N� RODQ� |UQHNWHQ� EDúOD\DUDN� $GÕP� �¶GHNL�
LúOHPOHU� WHUVLQGHQ� �E�\�NWHQ�N�o�÷H�GR÷UX�� X\JXODQDUDN�Q� WDQH� |UQHN�N�PHVL�
GDKD�EHOLUOHQLU��

$GÕP����$GÕP���YH�$GÕP��¶GH�EHOLUOHQHQ���Q��WDQH�|UQHN�N�PHVLQGHQ��
ELU�ELULQGHQ�IDUNOÕ�RODQODU�EHOLUOHQLU�YH�N�PH� LoLQGHNL�|UQHNOHULQ�RUWDODPDVÕQÕQ�
RUWDODPDVÕ��N�PH�RUWDODPDVÕ��N�o�NWHQ�E�\�÷H�RODFDN�úHNLOGH�|UQHN�N�PHOHULQH�
VÕUD�QXPDUDVÕ����������P��YHULOLU��

$GÕP� ��� $GÕP� �� LOH� HOGH� HGLOHQ� N�PHOHU� GLNNDWH� DOÕQDUDN� ELU� N�PH�
|UW�OHPH� WDEORVX� ROXúWXUXOXU�� Q� VDWÕU� P� V�WXQGDQ� ROXúDFDN� RODQ� EX� WDEORGDQ�
JHUHNOL�LQGLULPOHU�\DSÕODUDN��*DUILQNHO�YH�1HPKDXVHU�������������HOGH�HGLOHFHN�
\HQL� WDEOR\X�GLNNDWH� DODQ� ELU� N�PH� |UW�OHPH�PRGHOL�� N�PH� VD\ÕVÕQÕ�PLQLPL]H�
HGHFHN�úHNLOGH�NXUXOXU��

�$GÕP� ��� 0RGHOLQ� RSWLPXP� o|]�P�� LOH� EXOXQDQ� N�PHOHULQ� ELUGHQ�
ID]ODVÕQGD� \HU� DODQ� |UQHNOHU� YDUVD� EX� |UQHNOHULQ� RUWDODPDVÕ� KDQJL� N�PH�
RUWDODPDVÕQD�HQ�\DNÕQ� LVH�R�N�PH\H�GDKLO�HGLOLS�GL÷HU�N�PHOHUGHQ�oÕNDUÕODUDN��
KHU�|UQH÷LQ�VDGHFH�ELU�N�PHGH�\HU�DOGÕ÷Õ�o|]�P�HOGH�HGLOLU��

$GÕP� ��� $GÕP� �� LOH� D\UÕOPÕú� RODQ� |UQHNOHUGHQ� KHU� ELUL� NHQGL�
RUWDODPDVÕQD� HQ� \DNÕQ� N�PH� RUWDODPDVÕQD� VDKLS� RODQ� N�PH\H� GDKLO� HGLOHUHN��
GDKLO�HGLOHQ�|UQH÷LQ�EX�N�PH�LoLQ�YDU\DQV�HúLWOL÷LQL�ER]XS�ER]PDGÕ÷Õ�DUDúWÕUÕOÕU��
9DU\DQV�HúLWOL÷LQL�ER]DQ�|UQHNOHU�YDUVD��EX�|UQHNOHULQ�GDKLO�HGLOGLNOHUL�DQD�NLWOH�
LOH�LOJLOL�ELOJLOHU�\RUXPODQÕUNHQ�EX�GXUXPD�GD�LúDUHW�HGLOLU��

$GÕP� �� YH� �¶GHNL� LúOHPOHULQ� |UQHN� E�\�NO�÷�QH� J|UH� X\JXQ� ELU� WHVW�
WHNQL÷LQLQ� VHoLOHUHN� \DSÕOPDVÕ� JHUHNLU�� %X� oDOÕúPDGD�� � $GÕP� ��� �� YH� �¶GDNL�
LúOHPOHUL� \DSDQ� ELU� ELOJLVD\DU� SURJUDPÕ� GD� KD]ÕUODQPÕúWÕU�� $OJRULWPDQÕQ� W�P�
DGÕPODUÕQÕ� GLNNDWH� DODQ� ELU� SURJUDP� \DSÕOPDVÕ� KDOLQGH�� oRN� � E�\�N� ER\XWOX�
SUREOHPOHULQ�GDKL�NÕVD�V�UHGH�o|]�OHELOHFH÷L�WDKPLQ�HGLOPHNWHGLU��
� �����.�PH�gUW�OHPH�3UREOHPL�

<|QH\OHP� DUDúWÕUPDVÕ� OLWHUDW�U�QGH� JHQHOOLNOH� |UW�OHPH� SUREOHPL��
�FRYHULQJ� SUREOHP�� LVPL\OH� \HU� DODQ� EX� SUREOHP� DúD÷ÕGDNL� JLEL� IRUP�OH�
HGLOPHNWHGLU��526($8;�������������� �

� � 0LQ�=� �F�[� � � � � �����������
� � .ÕVÕWODU������$�[�t�H� � � � �����������
� �������������������������������;k ���^���`� � � � �����������
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%X�PRGHOGH��$ D m k �PDWULVL��P[Q�ER\XWXQGD�RODQ��� YH� �� GH÷HUOHULQGHQ�
ROXúDQ� ELU� PDWULVWLU�� L� HOHPDQÕ� M� DOW� N�PHVL� LoLQGH� \HU� DOÕ\RUVD� D m k  ��� GL÷HU�
GXUXPGD�D m k  ���GH÷HU�DOÕU���

H���P[��ER\XWXQGD�YH�E�W�Q�HOHPDQODUÕ���RODQ�ELU�YHNW|UG�U�� �
F�� �[Q� ER\XWXQGD� ROXS� SR]LWLI� NDWVD\ÕODUGDQ� ROXúDQ� ELU� YHNW|UG�U�� %X�

NDWVD\ÕODU��N�PH�|UW�OHPH�SUREOHPLQLQ�X\JXODQDFD÷Õ�DQD�N�PH�LoLQGHQ�|QFHGHQ�
EHOLUOHQHQ�RODVÕ�E�W�Q�DOW�N�PHOHULQ���Q�WDQH���ROXúXP�PDOL\HWOHULGLU���

[�� � [k � GH÷LúNHQOHULQGHQ� � ROXúDQ� Q[�� ER\XWXQGD� ELU� YHNW|UG�U�� M� DOW�
N�PHVL� RSWLPXP� o|]�P� LoLQGH� \HU� DODFDN� DOW� N�PHOHUGHQ� ELUL� LVH� [k  ��� GL÷HU�
GXUXPGD��[k  ���GH÷HULQL�DOÕU���
� <XNDUÕGDNL�LIDGHOHUGHQ�GH�DQODúÕOGÕ÷Õ�JLEL��N�PH�|UW�OHPH��SUREOHPL�����
WDPVD\ÕOÕ� GR÷UXVDO� PRGHO� LOH� LIDGH� HGLOPHNWHGLU�� %X� � PRGHOLQ� NXUXOPDVÕQGD�
DúD÷ÕGDNL�LúOHPOHU�WDNLS�HGLOLU��*�QJ|U�YH�(UR÷OX���������������

��� .�PH� |UW�OHPH� SUREOHPLQLQ� X\JXODQDFD÷Õ� 6� DQD� N�PHVLQLQ� E�W�Q�
HOHPDQODUÕ���P�WDQH���EHOLUOHQLU�YH�QXPDUDODQGÕUÕOÕU��

��� (OH� DOÕQDQ� VRUXQXQ� \DSÕVÕQD� J|UH�� RSWLPXP� o|]�PGH� \HU� DOPDVÕ�
RODVÕOÕ÷Õ�RODQ�E�W�Q�0k ��DOWN�PHOHUL���Q�WDQH���HOHPDQ�QXPDUDODUÕ\OD�EHOLUOHQHUHN�
ELU�DOW�N�PHOHU�VHWL�) ^0 n �0 o �����0 p `��ROXúWXUXOXU��

���P�WDQH�VDWÕU�Q�WDQH�V�WXQGDQ�ROXúDQ��YH�P[Q�WDQH�K�FUHVL�RODQ�N�PH�
|UW�OHPH�WDEORVX�KD]ÕUODQÕU��0k �DOW�N�PHVLQGH��L�HOHPDQÕ�\HU�DOÕ\RUVD���WDEORQXQ�L�
VDWÕUÕ� YH� M� V�WXQXQGD�EXOXQDQ�J|]�Q�GH÷HUL� � �� \DQL� D m k  ��� GL÷HU� GXUXPGD� D m k  ��
GH÷HUL� \D]ÕOÕU��%X� WDEORGDNL� NDWVD\ÕODU�� ���� HúLWVL]OL÷LQGH� \HU� DODQ� �$�PDWULVLQL�
ROXúWXUXU��

��� 0k � DOW� N�PHOHULQLQ� ROXúXP� PDOL\HWOHUL� �EX� DUDúWÕUPDGD� \DSÕODQ�
X\JXODPD�oDOÕúPDVÕQGD�EX�NDWVD\ÕODU�M�N�PHVLQGH�\HU�DODQ�HOHPDQ�VD\ÕVÕ�RODUDN�
DOÕQPÕúWÕU�� � KHVDSODQÕU�� %X� PDOL\HW� NDWVD\ÕODUÕQGDQ� ROXúDQ� �[Q� ER\XWXQGDNL�
YHNW|U�DPDo�IRQNVL\RQXQXQ�NDWVD\ÕODUÕQÕ�ROXúWXUXU���

���8\JXQ�ELU�o|]�PGH�KHU�ELU�HODPDQÕQ�HQ�D]�ELU�DOW�N�PHGH�\HU�DOPDVÕ�
]RUXQOXOX÷X�ROGX÷X� LoLQ� ���� HúLWVL]OLNOHULQLQ�KHSVLQLQ�GH� VD÷� WDUDIÕQD��� \D]ÕOÕU��
%X� úHNLOGH� HOGH� HGLOHQ� YH� E�W�Q� HODPDQODUÕ� �� RODQ� P[�� ER\XWXQGDNL� YHNW|U�
PRGHOGHNL�H�YHNW|U�Q��ROXúWXUXU��

.�PH�|UW�OHPH�SUREOHPLQLQ�KHUKDQJL�ELU�X\JXQ�o|]�P�\OH��)�¶QLQ�ELU�
DOW�N�PHVL�HOGH�HGLOLU�NL�EX�DOW�N�PHGH�\HU�DODQ�0k �DOW�N�PHOHULQLQ�ELOHúLPOHUL�6�
DQD�N�PHVLQL�YHUPHN�]RUXQGDGÕU��
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/LWHUDW�UGH�JHQHOOLNOH�LNLVL�ELU�DUDGD�HOH�DOÕQDQ�N�PH�E|OPH�SUREOHPL�YH�
N�PH� |UW�OHPH� SUREOHPLQL� ELUELULQGHQ� D\ÕUDQ� WHPHO� |]HOOLN�� N�PH� E|OPH�
SUREOHPLQGH�NÕVÕWODU�$��[ H�úHNOLQGH�LNHQ���N�PH�|UW�OHPH�SUREOHPLQGH�$��[tH��
úHNOLQGH� ROPDVÕGÕU� �)LVKHU� YH� .HGLD�� ������ ������ %X� IDUNOÕ� NÕVÕWOD\ÕFÕ�
GHQNOHPOHUGHQ�GROD\Õ��N�PH�E|OPH�SUREOHPLQLQ�KHUKDQJL�ELU�X\JXQ�o|]�P�QGH�
\HU� DODQ�0k � DOW� N�PHOHULQLQ� ELOHúLPOHUL� 6� DQD� N�PHVLQL� YH� NHVLúLPOHUL� LVH� ERú�
N�PH\L�YHUPHN�]RUXQGD�ROPDODUÕQD�NDUúÕQ��N�PH�|UW�OHPH�SUREOHPLQGH�VDGHFH�
ELOHúLPOHULQLQ�6�DQD�N�PHVLQL�YHUPHVL�]RUXQOXOX÷X�YDUGÕU���

.�PH�E|OPH�PRGHOL�LOH�N�PH�|UW�OHPH�PRGHOLQLQ�ELU�ELULQH�oRN�\DNÕQ�
|]HOOLN� J|VWHUPHVLQH� UD÷PHQ�� EX� oDOÕúPDGD� N�PH� |UW�OHPH�PRGHOLQLQ� GLNNDWH�
DOÕQPDVÕQÕQ� QHGHQL�� NXUXODFDN� N�PH� E|OPH� PRGHOLQLQ� o|]�PV�]� ROPDVÕ�
RODVÕOÕ÷ÕGÕU��gUQH÷LQ��X\JXODPD�oDOÕúPDVÕ�LOH�HOGH�HGLOHQ�YHULOHUOH�NXUXODQ�N�PH�
E|OPH�PRGHOL�o|]�PV�]�oÕNPÕúWÕU���

��$OJRULWPDQÕQ�8\JXODPDVÕ�
gQHULOHQ� DOJRULWPDQÕQ� X\JXODPDVÕ�� J�QHúOHQPH� V�UHOHUL� DoÕVÕQGDQ�

7�UNL\H¶GHNL�LOOHULQ�N�PHOHQPHVL�NRQXVXQGD�\DSÕOPÕúWÕU��6RQ����\ÕO�LoLQ�J�QO�N�
RUWDODPD� J�QHúOHQPH� V�UHOHUL� GLNNDWH� DOÕQGÕ÷ÕQGD�� LO� PHUNH]OHULQLQ� HQ� D]� NDo�
D\UÕ�N�PHGH�WRSODQDELOHFH÷L�DUDúWÕUÕOPÕúWÕU���

'HYOHW� 0HWHRURORML� øúOHUL� *HQHO� 0�G�UO�÷�QGHQ� ����������� WDULK�
����������� VD\ÕOÕ� \D]ÕVÕ� HNLQGH�DOÕQDQ�³����������\ÕOODUÕ� LoLQ� LO�PHUNH]OHULQLQ�
\ÕOODUD� J|UH� J�QHúOHQPH� V�UHOHULQLQ� ELU� J�QH� G�úHQ� RUWDODPD� GH÷HUOHUL´�
YHULOHULQGHQ�� 6366� LVWDWLVWLN� SDNHW� SURJUDPÕ� LOH� KHVDSODQDQ� \ÕOOÕN� RUWDODPD� YH�
VWDQGDUW� VDSPD� GH÷HUOHUL� �RUWDODPD� GH÷HUOHU� N�o�NWHQ� E�\�÷H� VÕUDODQGÕUÕOPÕú�
RODUDN��7DEOR���GH�YHULOPLúWLU��

+HU�LO�LoLQ�DOÕQDQ����\ÕOOÕN�����ELUH\OLN��J�QHúOHQPH�YHULOHULQGHQ�ROXúDQ�
��� D\UÕ� |UQHN� EXOXQPDNWDGÕU�� 7DPDPÕ� Q ��� E�\�NO�÷�QGHNL� EX� |UQHNOHULQ�
WDPDPÕ� LoLQ� 6366� SDNHW� SURJUDPÕ� LOH� /HYHQH�9DU\DQVODUÕQ�+RPRMHQOL÷L�7HVWL�
X\JXODQGÕ÷ÕQGD�  ����� |QHP� VHYL\HVLQH� J|UH� YDU\DQVODUÕQ� KRPRMHQOL÷L�
UHGGHGLOPLúWLU�� (Q� E�\�N� YDU\DQV� GH÷HUOHULQH� VDKLS� RODQ� (U]LQFDQ� YH� 9DQ�
|UQHNOHUL� KDULo� WXWXOGX÷XQGD� JHUL\H� NDODQ� ��� |UQHN� LoLQ� YDU\DQVODUÕQ�
KRPRMHQOL÷L�NDEXO�HGLOPLúWLU��%X�QHGHQOH�7DEOR��¶GH�(U]LQFDQ�YH�9DQ�|UQHNOHUL�
LoLQ�QXPDUD�YHULOPHPLúWLU��%X�LNL�|UQHN��N�PHOHPH�DQDOL]LQLQ�GÕúÕQGD�WXWXOPXú�
YH�LúOHPOHU�WDPDPODQGÕNWDQ�VRQUD�RUWDODPD�GH÷HUOHULQH�X\JXQ�RODQ�ELU�N�PH\H�
GDKLO�HGLOPLúWLU���

�
�
�
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7DEOR����øO�0HUNH]OHULQLQ�����������<ÕOODUÕ�*�QO�N�2UWDODPD�*�QHúOHQPH�
6�UHOHUL�YH�6WDQGDUW�VDSPDODUÕ��VDDW�J�Q��H sts�utv w�xyxCv�z�? E*? E�{=|)}~{ H sts�utv wGx xCv�z�? E*? E�{=|)}~{

v�� ��O 2ya D ��� a!q D 4#j#q!q ;JA����!�	P 4!q l D q�q#a!q D 4#j#q)2z)<0�	�!��A�� 3�a D 2%3!3 � D 4V2
j#a {^�#�Y�%<,� 4.r�l D q#r � q D 4�a)2
3x�<,>�� 4�a D 3#l.r � D 4�3#3 � �=� <0� �!�*��N O 4!��l D q�� �#� D a � l#a{^<MP �!� � a�a D ��a.l � D 3#a.r#� � �
��� �	�#P O
� a � l D � � l#q D a!4!r#lI�A#N � j�j D 3V2�q#4 D a � j#a }��%�.� �,� a�2�q D � 2�4#4 D 4#4#q#3E!�	�Y�%<��.� l�j D 3#4!j#4 D a!4#l.r wUO
�.L,O	�.� < a!3�q D 2	l �#� D 3!l#q!4E#� �*A�� q�j D 4�j!l#q D 4#j#l!j H��M�*O	�.>#O	<��#� a.4�q D 2
r � q D 3#a)2��E!�	QR�M�!� r�j D a�3*r�q D a!�#j#3 �=A��!�.� a!a�q D 3V2�r�q D 4#q#�!l�=A!����O�N � ��j D jY2 � q D j#�#�.r �U? }��%<,��L a.j�q D 3�3!3 � D a.r�q!jIC�%<�P � � 2 � j D lY2�4#4 D a!j#� � ���%�*�	�#�*��N O a.l�q D 3�a.l � D 3!�#l)2;d��N A��.� 2!2�j D l�q#a!q D a#a!�#3 �=� <0� �!�*��N O a.q�q D 3#q#3!q D 4#l#4#a{=QR���M�.� 2
3�j D l#r�3 � D 3!��3!3 {J>!�	�*� a*r�q D 4Y2
a � D 3!q�a!aztO	�*� <,>!�
� 2�4�j D qY2 � q D 4!r�3.� }~�.L a.��q D 4�3�2
4 D a!� � 2�J���MP �	QGA��#� 2
a�j D q�q.r � D j�a!l#a IC�%P QR�	� j � q D 4�4#a!q D qV2
q!l
� T!QUT*L0�.�	�.O 2�j�j D q��#3 � D a � a.j {^�Y�,�%<,�	� j)2�q D 4��#3!q D 4 � j)2� A��!���.N >#�	� 2�l�j D r�l!j#4 D j �#� a }~�!�#N � j#3�q D 4��!l � D 3!j � lH��MP �	�#�#�.N 2�q�j D ��4.r�q D a.r�j!j I��#<,>���< j!4�q D 4��!�#4 D 4#q#�.r�CT!P �	���.� 2�r�j D ��a.j#4 D 4 � r � {^�#P �	�#�.� j#a�q D aV2
a � D a#a!�!lztA��*�	P 2���j D ��l �#� D 3 �#� 3 @=O	�.� ��N � j!j�q D a#4#a!q D 4#l#4.r���%�#�*� <0� 3 � l D � r�3!q D 3!l�a!a u�N �	��� � j!l�q D a#l � q D a#3!4#au�>#� <M�.O 3�2�l D 2%3.4#4 D a)2
l!l wU� �#>#O j!q�q D j�l#a � D 4#4�a ���A�<M�#Q 3!3�l D 2	4.r � D 4�a!l!4   �M�Y�%<�P � j.r¡q D j#r �#� D 4#l#l!lu�<���� �*���	� u l D 2
r#j#4 D q�a!�!� }hO	<0�,� � j!��q D l � r � D 4#�V2 �I��#<,�,� 3.4�l D 3#�#a � D a.r � 2 {=�!>#� � l � q D l�j#3!q D 3)2 � ��J�%<%� 3!a�l D 4�j!q#4 D a)2	a!a E#� � <�P l)2¢q D l�q!4#4 D a#3!�)2I�� N O���� � 3.j�l D 4�l!�#4 D 4#q#�.r }��
N �	P �.� l�3£q D q�j!�#4 D j#l!r!rIC�%�.>#� <�QR� 3.l�l D a�a!3 � D a � 4)2 �=� N � � l#4¤q D r*2�4#4 D jV2
q#aIC�
N � �*O��,� < 3.q�l D a#j#3 � D j#l�3.l ¥ �	� ¥ q D r�r�a!q D qV2
�!4{J��<,� 3*r�l D a#j#a!q D a!q#�!l �J�%<%�	QG�	� l�a£q D � �!�#� D 3.r�j!qI�� �.�#S#N 3.��l D a#q)2
4 D 4!r�4#a H ��QG� < l#j¤q D �Y2
3 � D a)2	a�2u�<����#<��#Q 4 � l D a!r#q#4 D 4!r�3.q @=� �.�	< �Y�%�*� < l#l¤q D ��a � q D 4#��3 �
  �!>#� < 4)2�l D a#�.r � D j � �!� ¦ �	�#�Y�%<0� l#q¤q D ��j �#� D a!4V2�lI�� P N � � 4#3�l D j�3.j#4 D a!q#q!l § <,¨ � l!r©q D ��q#a!q D 4#l�3!3uª�M�.� L%O	�!� < 4!4�l D j�l#3 � D a � l.r {J>#� �.�	QR�	� l#�£r D 2	j#3!q D 4#� � �{d¨ �!A�� 4#a�l D lY2�r � D 4#l�3.� }��%<0>#� � q � r D 2
r#q#4 D a � 3.l�J�	�.�,O	<,� 4!j�l D q�3 � q D 4#��3!3 {^�#P ��N �!� qV2«r D aV2�r � D 3!l � 3E#� �.��� 4!l�l D q�a � q D a!4#l!j ztA��*N �	QG>!� l D l�q!�V2 2 D � l.r
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��� D\UÕ� |UQHN� YHULVLQLQ� KHU� ELUL� LoLQ�� N�o�N� |UQHNOHU� LoLQ� GDKD� X\JXQ�
RODQ� /LOOLHIRU� QRUPDO� GD÷ÕOÕPOÕOÕN� WHVWL� �(UJ�Q�� ������ ���� \DSÕOPÕú� YH� WHVW�
LúOHPOHUL� VRQXQGD� WDPDPÕQÕQ�  ����� |QHP� VHYL\HVLQH� J|UH� QRUPDO� GD÷OÕP�
J|VWHUGL÷L�J|]OHQPLúWLU���

gQHULOHQ� DOJRULWPDQÕQ� ��� �� YH� �� QXPDUDOÕ� DGÕPODUÕQD� X\JXQ� RODUDN�
\DSÕODQ�$129$�WHVWOHUL�VRQXFXQGD�EXOXQDQ�RODVÕ�DOW�N�PHOHUGHQ�ROXúDQ�³N�PH�
|UW�OHPH� WDEORVX´� 7DEOR� �¶GH� YHULOPLúWLU�� %X� � LúOHPOHUL� \DSDFDN� úHNLOGH� ELU�
ELOJLVD\DU� SURJUDPÕ� \DSÕOPÕúWÕU�� 3URJUDPD� EX� YHULOHU� \�NOHQLS� oDOÕúWÕUÕOGÕ÷ÕQGD�
LúOHP�V�UHVL���VDQL\H�RODUDN�J|]OHQPLúWLU��7DEOR��¶QLQ�ELULQFL�VDWÕUÕQGD�RODVÕ�DOW�
N�PHOHULQ�NRG�QXPDUDODUÕ� �M���ELULQFL� V�WXQXQGD� LVH�|UQHNOHULQ�NRG�QXPDUDODUÕ�
�L��\HU�DOPDNWDGÕU��%X�WDEORGDNL�D m k �PDWULVL��L�|UQH÷L�M�DOW�N�PHVLQLQ�ELU�HOHPDQÕ�
LVH�D m k  ���GL÷HU�GXUXPGD�D m k  ��GH÷HUOHULQGHQ�ROXúPDNWDGÕU��$QFDN��WDEORQXQ�GDKD�
UDKDW�ELU�J|U�QW��YHUPHVL�LoLQ�D m k  ��GH÷HUOHULQLQ�\HUL�ERú�EÕUDNÕOPÕúWÕU���

7DEOR��¶�QLQ�VRQ�VDWÕUÕQGD�\HU�DODQ�&k GH÷HUOHUL��M�DOW�N�PHVLQGH�EXOXQDQ�
|UQHN� VD\ÕVÕQÕ� J|VWHUPHNWHGLU�� .�PH� E|OPH� PRGHOLQGH� EX� VD\ÕODU� DPDo�
IRQNVL\RQXQXQ�NDWVD\ÕODUÕ� RODUDN� \D]ÕODFDNWÕU��$PDo� IRQNVL\RQX�NDWVD\ÕODUÕQÕQ�
WDPDPÕQD�&k  ��GH÷HUL�YHULOHUHN�GH��PLQLPXP�VD\ÕGD�N�PHQLQ�ROGX÷X�ELU�o|]�P�
HOGH� HGLOHELOLU�� $QFDN�� EX� GXUXPGD� EXOXQDQ� o|]�PGH� ELUGHQ� oRN� N�PHGH� \HU�
DODQ�|UQHN�VD\ÕVÕQÕQ�GDKD�oRN�oÕNPDVÕ�RODVÕOÕ÷Õ�YDUGÕU���

.XUXODFDN�N�PH�|UW�OHPH�PRGHOLQGH�JHUHNVL]�RODUDN�\HU�DODFDN�NÕVÕWODUÕ��
GÕúODPDN�DPDFÕ\OD�7DEOR��¶GH�YHULOHQ�N�PH�|UW�OHPH�WDEORVX�VDGHOHúWLULOHELOLU��
%X� QHGHQOH� 7DEOR� �¶GHNL� D m k � PDWULVLQGH� W� VDWÕUÕQÕ� NDSVD\DQ� L� VDWÕUODUÕ� LSWDO�
HGLOHELOLU� �*DUILQNHO� YH�1HPKDXVHU�� ������ ������d�QN��� W� VDWÕUÕQD� LOLúNLQ� NÕVÕW�
VD÷ODQGÕNWDQ�VRQUD�EX�VDWÕUÕ�NDSVD\DQ�L�VDWÕUODUÕQD�LOLúNLQ�NÕVÕWODUÕQ�GD�VD÷ODQPÕú�
RODFDNWÕU�� %XQD� J|UH� LSWDO� HGLOPHVL� JHUHNHQ� VDWÕUODU� 7DEOR� �¶GH� YHULOGL÷L� JLEL�
RODFDNWÕU��7DEOR��¶QLQ�EX�úHNLOGH�VDGHOHúWLULOPLú�KDOL�7DEOR��¶GH�J|U�OPHNWHGLU��
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7DEOR����7DEOR��¶\L�6DGHOHúWLUPHN�øoLQ�øSWDO�(GLOPHVL�JHUHNHQ�6DWÕUODU�

.DSVDQDQ�6DWÕU�
1XPDUDVÕ�

.DSVD\DQ�6DWÕUODUÕQ�1XPDUDODUÕ�
�øSWDO�(GLOHELOHFHN�6DWÕU�1XPDUDODUÕ��

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

�
7DEOR����7DEOR��¶LQ�6DGHOHúWLULOPLú�+DOL�� ¬ ­ 2®3�4¯a�j°l°q�r��±2 � 2!2 2
3 2�4 2
a 2�j 2�l 2�q 2�r 2
� 3 � 3�2 3!3 3.4 3!a 3.j 3.l 3.q 3*r 3!� 4 � 4)2 4#3 4!4 4#a2²2a 2q 2°2°22
3 2°2°2°2°2³22�j 2°2°2°2³2´22�r 2°2°2³2´2¯22�� 2°2³2´2¯2°23 � 2³2´2¯2°2°23�2 2´2¯2°2°2°23!3 2¯2°2°2°2°23.4 2°2°2°2°2°23.j 2°2°2°24!q 2°2°2°24!� 2°2°2°2a � 2°2°2¯2a�2 2°2¯2°2a!3 2¯2°2°2a.4 2°2°2°2j!j 2°2°2°2°2�2°2j.r 2°2°2°2�2°2µ2°2¯2l � 2°2°2�2°2µ2°2¯2°2l.r 2°2°2q)2 2
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7DEOR��¶GHNL�VDGHOHúWLULOPLú�N�PH�|UW�OHPH�WDEORVX�GLNNDWH�DOÕQGÕ÷ÕQGD�
NXUXODFDN�N�PH�|UW�OHPH�PRGHOL�DúD÷ÕGDNL�JLEL�RODFDNWÕU��

(QN= �; n ��; o ��; ¶ ��; · ���; ¸ ���; ¹ ���; º ���; » ���; ¼ ���; n ½ ��; n
n ��; n o ���; n ¶ ���; n · ���; n ¸ ���; n ¹ ���; n º ���; n » ���; n ¼ ��; o	½ ���; o�n ���; o,o �
��; o%¶ ���; o,· ���; o	¸ ���; o%¹ ���; o%º ���; n » ���; o%¼ ���; ¶,½ ���; ¶�n ���; ¶0o ���; ¶%¶ �
�; ¶0· �

.ÕVÕWODU���; n �t���
����; o �t���
����; ¶ ���; · ���; ¸ �t���
����; · ���; ¸ ���; ¹ ���; º ���; » ���; ¼ �t���
����; ¸ ���; ¹ ���; º ���; » ���; ¼ ���; n ½ �t���
����; ¹ ���; º ���; » ���; ¼ ���; n ½ ���; n,n �t���
����; º ���; » ���; ¼ ���; n ½ ���; n%n ���; n o �t���
����; » ��; ¼ ���; n ½ ���; n%n ���; n o ���; n ¶ �t���
����; ¼ ���; n ½ ���; n,n ���; n o ���; n ¶ ���; n · �t���
����; n ½ ���; n,n ���; n o ���; n ¶ ���; n · ���; n�¸ �t���
����; n%n ���; n o ���; n ¶ ���; n · ���; n�¸ ���; n ¹ �t���
����; n ¶ ���; n · ���; n ¸ ���; n ¹ ���; n º �t���
����; n ¹ ���; n º ���; n » ���; n ¼ �t��
����; n º ���; n » ���; n ¼ ���; o%½ �t���
����; n�» ���; n ¼ ���; o%½ ���; o�n �t���
����; n ¼ ���; o%½ ���; o�n ���; o,o �t���
����; o	½ ���; o�n ���; o,o ���; o%¶ �t���
����; o�n ���; o,o ���; o%¶ ���; o,· �t���
����; o%o ���; o%¶ ���; o,· ���; o	¸ ���; o	¹ ���; o	º ���; o
» �t���
����; o	¶ ���; o,· ���; o	¸ ���; o%¹ ���; o	º ���; o
» ���; o	¼ ���; ¶,½ ���; ¶�n �t���
����; o%· ���; o	¸ ���; o%¹ ���; o%º ���; o
» ���; o	¼ ���; ¶%½ ���; ¶�n ���; ¶0o �t���
����; ¶�n ���; ¶0o ���; ¶,¶ �t���
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����; ¶,· �t���
����; m k  ���YH\D���
0RGHOLQ� o|]�P�� LoLQ� 3HQWLXP� ���� 00;� ����� 0+]�� NLúLVHO�

ELOJLVD\DU�YH�/,1'2�SDNHW�SURJUDPÕ��'HPR�/,1'2�3&�5HOHDVH������������
NXOODQÕOPÕúWÕU��d|]�P�V�UHVL���VDQL\H�RODUDN�J|]OHQPLúWLU��2SWLPXP�o|]�P�
VRQXoODUÕ�DúD÷ÕGDNL�JLEL�EXOXQPXúWXU���

; n � �; o � �; · � �; n ½ � �; n ¹ � �; o	½ � �; o%· � �; ¶,¶ � �; ¶0· � ���
'L÷HU�;k � ������(QN�=� ����
%X� o|]�P� VRQXFXQD� J|UH� EXOXQDQ� DOW� N�PHOHU� 7DEOR� �¶GH� J|U�OHQ�

M ����������������������������YH����LQGLVOL��NR\X�UHQNOL�RODUDN�LúDUHWOHQPLú��
N�PHOHUGLU�� %X� N�PHOHUH� GLNNDWOH� EDNÕOGÕ÷ÕQGD� L �������� YH� ��� LQGLVOL�
|UQHNOHULQ� LNL� N�PHGH�ELUGHQ�\HU� DOGÕNODUÕ� J|U�OPHNWHGLU��0LQ�=�GH÷HULQLQ�
����� �� ID]OD� oÕNPDVÕQÕQ� QHGHQL� EXGXU�� %X� |UQHNOHULQ�� LNL� N�PHGHQ�
KDQJLVLQH�GDKD� \DNÕQ� LVH� VDGHFH�R�N�PHGH�\HU� DOPDVÕ� X\JXQ�RODFDNWÕU��%X�
DPDoOD�\DSÕODQ�$129$�WHVWOHUL�VRQXFXQGD�GDKD�G�ú�N�ELU�J�YHQ�NDWVD\ÕVÕ�
YHUGL÷LQGHQ���YH����QXPDUDOÕ�|UQHNOHULQ���QXPDUDOÕ�N�PHGHQ�����QXPDUDOÕ�
|UQH÷LQ����QXPDUDOÕ�N�PHGHQ�YH����QXPDUDOÕ�|UQH÷LQ����QXPDUDOÕ�N�PHGHQ�
oÕNDUWÕOPDVÕ��DOW�N�PH�VÕQÕUODUÕQÕQ�QHWOHúPHVL�DoÕVÕQGDQ�X\JXQ�RODFDNWÕU��%X�
G�]HQOHPHOHULQ�\DQÕQGD�7DEOR���YH�7DEOR���ELUOLNWH�GLNNDWH�DOÕQGÕ÷ÕQGD��HQ�
X\JXQ�N�PHOHPH�7DEOR��¶GH�J|U�OG�÷��úHNLOGH�ROPDNWDGÕU��

gUQHNOHULQ� W�P�� ELUOLNWH� GLNNDWH� DOÕQDUDN� \DSÕODQ� /HYHQH� WHVWLQH�
J|UH� YDU\DQVODUÕQ� HúLWOL÷L� VD÷ODQPDGÕ÷Õ� LoLQ� GDKD� |QFH� D\UÕOPÕú� RODQ�
(U]LQFDQ� YH� 9DQ� LOLQH� DLW� |UQHNOHU� GH�� RUWDODPD� GH÷HULQH� HQ� \DNÕQ� RODQ�
N�PHOHUH�GDKLO�HGLOPLúOHUGLU��%X�LODYHOHUGHQ�VRQUD�\DSÕODQ�/HYHQH�WHVWOHULQH�
J|UH�����N�PH\H�GDKLO�HGLOHQ�9DQ�|UQH÷L�EX�N�PH�LoLQGHNL�YDU\DQV�HúLWOL÷LQL�
ER]PDPÕúWÕU�����N�PH\H�GDKLO� HGLOHQ�(U]LQFDQ�|UQH÷L� LVH�YDU\DQV� HúLWOL÷LQL�
ER]PDNWDGÕU��(U]LQFDQ�|UQH÷LQLQ����.�PH\H�GDKLO�HGLOPHVL�GXUXPXQGD�LVH��
YDU\DQV� HúLWOL÷L� ER]XOPDPDNWD� DQFDN� EX� N�PH\L� WHPVLO� HGHQ� DQD� NLWOHGHQ�
JHOPLú�ROPDVÕ��D �������|QHP�VHYL\HVLQH�J|UH�NDEXO�HGLOHELOPHNWHGLU��%X�
VRQXoODUD� J|UH�� (U]LQFDQ� |UQH÷LQLQ� ��� .�PH\H� GDKLO� HGLOPHVL� X\JXQ�
ROPDNWDGÕU��

<DSÕODQ� X\JXODPD� oDOÕúPDVÕQÕQ� VRQXFXQD� J|UH�� 7�UNL\H¶GHNL� LOOHU�
J�QHúOHQPH� V�UHVL� YHULOHULQH� J|UH� �� IDUNOÕ� N�PH� ROXúWXUPDNWDGÕU�� +HU�
N�PHGH�\HU�DODQ�LOOHU�7DEOR��¶GH�DoÕN�RODUDN�J|U�OPHNWHGLU��%X�N�PHOHUGH�
\HU� DODQ� |UQHNOHULQ� DOÕQGÕ÷Õ� DQD� NLWOHOHULQ� RUWDODPD� YH� VWDQGDUW� KDWD�
GH÷HUOHUL�KHU�N�PHQLQ�DOWÕQGD�J|U�OPHNWHGLU��
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%X�oDOÕúPDGD��LVWDWLVWLNVHO�\|QWHPOHUH�J|UH�DOÕQPÕú�oRN�VD\ÕGDNL�|UQH÷LQ�
NDo� IDUNOÕ� DQD� NLWOHGHQ� JHOGL÷L�� YH\D� EX� |UQHNOHULQ� NDo� IDUNOÕ� N�PHGH�
WRSODQDELOHFH÷L�VRUXQXQD�o|]�P�JHWLUHQ�ELU�DOJRULWPD�|QHULOPLúWLU��

gQHULOHQ�DOJRULWPDQÕQ��7�UNL\H¶GHNL�LOOHULQ�J�QHúOHQPH�V�UHVL�DoÕVÕQGDQ�
NDo�N�PHGH�WRSODQDELOHFH÷L�úHNOLQGHNL�N�PHOHPH�SUREOHPLQLQ�o|]�P��LoLQ�ELU�
X\JXODPDVÕ� \DSÕOPÕúWÕU�� 8\JXODPD� oDOÕúPDVÕ� VRQXQGD�� 7�UNL\H¶GHNL� LOOHULQ�
J�QHúOHQPH� V�UHVL� DoÕVÕQGDQ� �� IDUNOÕ� N�PH� ROXúWXUGX÷X� RUWD\D� oÕNPÕú� YH� KHU�
N�PHGH� \HU� DODQ� LOOHUH� LOLúNLQ� |UQHNOHULQ� D\QÕ� DQD� NLWOH\H� DLW� ROGXNODUÕ�
NDQÕWODQPÕúWÕU�� %X� VRQXoODU�� 7�UNL\H¶GH� SRWDQVL\HO� J�QHú� HQHUMLVLQLQ�
KHVDSODQPDVÕQGD�� J�QHú� HQHUMLVL� LOH� LOJLOL� \DWÕUÕPODUGD� |QFHOLNOL� \HUOHULQ�
EHOLUOHQPHVLQGH�� EX� \DWÕUÕPODUÕQ� NDUOÕOÕ÷Õ� DoÕVÕQGDQ� E|OJHOHU� DUDVÕQGDNL�
IDUNOÕOÕNODUÕQ� RUWD\D� NRQXOPDVÕQGD�� WDUÕP� YH� RUPDQFÕOÕN� DODQÕQGD� \DSÕODFDN�
\DWÕUÕPODUGD�YH�ELOLPVHO�DUDúWÕUPDODUGD�YHUL�RODUDN�NXOODQÕODELOLU��

øVWDWLVWLNVHO� YHULOHULQ� N�PHOHQPHVL� VRUXQXQD� JHQHOOLNOH� N�PHOHPH�
DQDOL]L� WHNQLNOHUL� LOH� o|]�P� DUDQPDNWDGÕU�� $QFDN� EX� WHNQLNOHU� DQODPOÕOÕN�
WHVWOHULQL� \HWHULQFH� GLNNDWH� DOPDPDNWDGÕU��%X�oDOÕúPD� LOH� |QHULOHQ� DOJRULWPD\D�
J|UH� \DSÕODQ� N�PHOHPH� LúOHPOHULQGH� JHUHNOL� WHVWOHU� \DSÕOPDNWD� YH� o|]�P�
VRQXFXQGD�HOGH�HGLOHQ�N�PHOHUGHNL�|UQHNOHULQ�D\QÕ�DQD�NLWOHGHQ�JHOPLú�ROPDODUÕ�
VD÷ODQPDNWDGÕU�� %X� \|QWHPOH� N�PH� VD\ÕVÕ�� NXOODQÕODQ� YHULOHULQ� \DSÕVÕQD� J|UH�
RSWLPXP�ELU�VD\Õ�RODUDN�EHOLUOHQHELOPHNWHGLU���

$%675$&7�
$� VROXWLRQ� WR� WKH� SUREOHP� RI� FOXVWHULQJ� VWDWLVWLFDO� GDWD� LV� XVXDOO\�

DSSURDFKHG�E\� FOXVWHULQJ� DQDO\]LQJ� WHFKQLTXHV��+RZHYHU�� WKHVH� WHFKQLTXHV�GR�
QRW� WDNH� WKH� VLJQLILFDQFH� WHVWV� LQWR�FRQVLGHUDWLRQ�HQRXJK��7KH�TXHVWLRQ� LQ� WKLV�
VWXG\� LV� WR� GHWHUPLQH� IURP� KRZ� PDQ\� GLIIHUHQW� SRSXODWLRQV� WKH� VDPSOHV� DUH�
FRPLQJ�� ZKHQ� QXPHURXV� VDPSOHV� DUH� WDNHQ� VWDWLVWLFDOO\�� ,Q� RWKHU� ZRUGV� WKH�
SUREOHP� LV� WR� ILQG� RXW� LQ� KRZ� PDQ\� GLIIHUHQW� FOXVWHUV� WKH� VDPSOHV� FDQ� EH�
IRUPHG��,Q�WKLV�VWXG\�DQ�DOJRULWKP�IRU�WKLV�SUREOHP�LV�VXJJHVWHG��7KH�DOJRULWKP�
KDV� EHHQ� DSSOLHG� WR� FOXVWHU� WKH� FLWLHV� LQ� 7XUNH\� DFFRUGLQJ� WR� WKH� DPRXQW� RI�
GD\OLJKW�� 7KH� FOXVWHULQJ� SURFHVV� XVHG� LQ� WKLV� DOJRULWKP� LV� DSSURSULDWH� IRU�
VLJQLILFDQFH�WHVWV��

.$<1$.d$�
(5*h1�� 0XVWDID� �������� %LOLPVHO� $UDúWÕUPDODUGD� %LOJLVD\DUOD� øVWDWLVWLN�

8\JXODPDODUÕ��6366�)RU�:LQGRZV��$QNDUD��2FDN�<D\ÕQODUÕ��
),6+(5�� 0�/�� YH� .(',$�� 3�� �������� ³2SWLPDO� 6ROXWLRQ� RI� 6HW� &RYHULQJ�

�3DUWLWLRQLQJ�3UREOHPV�8VLQJ�'XDO�+HXULVWLFV´��0DQDJHPHQW�6FLHQFH��
�������������
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*$5)ø1.(/�� 5�6�� YH� 1(0+$86(5�*�/�� �������� ³7KH� 6HW� 3DUWLWLRQLQJ�
3UREOHP�� 6HW� &RYHULQJ� :LWK� (TXDOLW\� &RQVWUDLQWV´�� 2SHUDWLRQV�
5HVHDUFK���������������

*23$/�� 5�'�� YH� 5$0(6+� 5�� �������� ³7KH� 4XHU\� &OXVWHULQJ� 3UREOHP�� $�
6HW3DUWLWLRQLQJ� $SSURDFK´�� ,(((� 7UDQVDFWLRQV� 2Q� .QRZOHGJH� DQG�
(QJLQHHULQJ��������������

*h1*g5��øEUDKLP�YH�(52ö/8��$EGXOODK���������³.�PH�gUW�OHPH�3UREOHPL�
YH� %LU� 8\JXODPD´�� 6�'HPLUHO� hQLYHUVLWHVL� øNWLVDGL� YH� øGDUL� ELOLPOHU�
)DN�OWHVL�GHUJLVL�������������

+$,5�� )�+��� $1'(5621�� 5�(��� 7$7+$0�� 5�/�� YH� %/$&.��:�&�� ����������
0XOWLYDULDWH�'DWD�$QDO\VLV��1HZ�-HUVH\��3UHQWLFH�+DOO��

.$57$/��0DKPXW���������%LOLPVHO�$UDúWÕUPDODUGD�+LSRWH]�7HVWOHUL��(U]XUXP��
ùDIDN�<D\ÕQHYL��

5(6($8;�� �������� ([HUFLFHV� HW� 3UREOqPHV� 5pVROXV� 'H� 5HFKHUFKH�
2SpUDWLRQQHOOH��7RPH����3DULV�0LODQ�%DUFHORQD�%RQQ��0DVRQ��

7$7/,'ø/�� +�VH\LQ� ��������8\JXODPDOÕ� dRN� 'H÷LúNHQOL� øVWDWLVWLNVHO� $QDOL]��
$QNDUD��$NDGHPL�PDWEDDVÕ��

5$06(<�)�/��YH�6&+$)(5�'�:����������7KH�6WDWLVWLFDO�6OHXWK��$�&RUVH�LQ�
0HWKRGV�RI�'DWD�$QDO\VLV��%HOPRQW�&$��'X[EXU\�3UHVV��


