
6�OH\PDQ�'HPLUHO�hQLYHUVLWHVL�øNWLVDGL�YH�øGDUL�%LOLPOHU�)DN�OWHVL��<�������&�����6���V�����������
$ù,5,�'(ö(5�ød(5(1�9(5ø�.h0(/(5ø1'(�+$7$�7(5ø0/(5ø1ø1�%ø120�'$ö,/,0$�8<'8ö8�'8580'$�(..�9(�52%867�/76�5(*5(6<21�7$+0ø1&ø/(5ø1ø1�6ø08/$6<21�d$/,ù0$6,�ø/(�.$5ù,/$ù7,5,/0$6,��7+(�&203$5,621�2)�2/6�0(7+2'�:,7+�52%867�/76�5(*5(66,21�(67,0$7256�6,08/(57,21�,1�&$6(�2)�%,120,$/�',675,%87,21�2)�(5525�7(506�,1�'$7$�6(76�,1&/8',1*�287/,(56��

'U�/DWLI�g=7h5.���'U��+DNDQ�7h5.$<

g=(7���'R÷UXVDO� UHJUHV\RQ�PRGHOOHULQLQ� o|]�P�� LoLQ� NXOODQÕODELOHFHN� ELU�oRN� DOWHUQDWLI� \|QWHP� YDUGÕU�� %X� \|QWHPOHU� DUDVÕQGD� HQ� oRN� WDQÕQDQ��
NXOODQÕODQ�YH�X\JXODPDGD�QHUHGH\VH� VWDQGDUW�ELU�PHNDQL]PD�KDOLQGH�JHOHQ�\|QWHP�(..�(Q�.�o�N�.DUHOHU�¶GÕU�� <|QWHPLQ� GD\DQGÕ÷Õ�� DUDODUÕQGD� KDWD�WHULPOHULQLQ� QRUPDO� GD÷ÕOÕPD� X\GX÷X� YDUVD\ÕPÕ� GD� RODQ� |QHPOL� ELU� oRN�YDUVD\ÕP� V|]� NRQXVXGXU�� %X� YDUVD\ÕPODUÕQ� VD÷ODQGÕ÷Õ� GXUXPGD� ú�SKHVL]�
(..� WDKPLQFLVL� HQ� L\LGLU�� $QFDN�� X\JXODPDGD� VÕNOÕNOD� NDUúÕODúÕODQ� GXUXP�YDUVD\ÕPODUÕQ� ED]ÕODUÕQÕQ� VD÷ODQDPDPDVÕ� KDOLGLU� YH� EX� GXUXPGD� (..�LVWHQHQ� |]HOOLNOHUH� X\JXQ� SDUDPHWUH� WDKPLQOHUL� \DSDPD]�� %X� VRUXQ�
NDUúÕVÕQGD� �YDUVD\ÕPODUGDQ� VDSPD� KDOLQGH�� YDUVD\ÕPODUGDQ� VDSPD\D�GX\DUVÕ]� RODQ� UREXVW� UHJUHV\RQ� � \|QWHPOHUL� JHOLúWLULOPLúWLU�� %X� oDOÕúPDGD��KDWD�WHULPOHULQLQ�%LQRP�GD÷ÕOGÕ÷Õ�GXUXPGD�UREXVW�UHJUHV\RQ�\|QWHPOHULQGHQ�
ELUL� RODQ� /76� �/HDVW� 7ULPPHG� 6TXDUHV�� WDKPLQFLVLQLQ� (..� LOH�NDUúÕODúWÕUÕOPDVÕ�VLPXODV\RQ�oDOÕúPDVÕ�\DUGÕPÕ\OD�\DSÕOPÕúWÕU��.DUúÕODúWÕUPD��YHUL� N�PHVLQLQ� DúÕUÕ� GH÷HUOHU� �RXWOLHUV�� LoHUGL÷L� YH� LoHUPHGL÷L� GXUXPODUGD�JHUoHNOHúWLULOPLúWLU�� <|QWHPOHUGHQ� HOGH� HGLOHQ� SDUDPHWUH� WDKPLQOHUL�
EDúODQJÕoWD� DWDQDQ� SDUDPHWUH� GH÷HUOHULQGHQ� J|VWHUGLNOHUL� VDSPD�PLNWDUODUÕQD�J|UH�LNL�\|QWHPLQ�SHUIRUPDQVÕ�GH÷HUOHQGLULOPLúWLU��

$%675$&7�
7KHUH� DUH� PDQ\� DOWHUQDWLYH� PHWKRGV� ZKLFK� FDQ� EH� XVHG� IRU� WKH�VROXWLRQ� RI� OLQHDU� UHJUHVVLRQ�PRGHOV�� $PRQJ� WKHVH�PHWKRGV�� /6� LV� WKH� EHVW�NQRZQ�� WKH�PRVW�FRPPRQO\�XVHG�PHWKRG��DQG� LW� LV�DVVXPHG�DV� WKH�VWDQGDUG�

PHFKDQLVP�LQ�DSSOLFDWLRQV��7KHUH�DUH�PDQ\�DVVXPSWLRQV��RQH�RI�ZKLFK�LV�WKDW�
�
 øQ|Q��hQLYHUVLWHVL��ø�ø�%�)��(NRQRPHWUL�%|O�P��
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³HUURU� WHUPV�DUH�GLVWULEXWHG�QRUPDO´��RQ�ZKLFK� WKH�PHWKRG� LV�EDVHG��:KHQ�WKH�DVVXPSWLRQV�DUH�SURYHG��/6� LV� WKH�EHVW�PHWKRG� WR�EH�XVHG��+RZHYHU�� LQ�
SUDFWLFH�� DOO� RI� WKH� DVVXPSWLRQV� PRVWO\� FDQ� QRW� EH� SURYHG�� DQG� LQ� VXFK� D�VLWXDWLRQ�� /6� FDQ� QRW� HVWLPDWH� WKH� SDUDPHWHUV� ZLWK� UHTXLUHG� SURSHUWLHV��7RZDUGV� WKLV� SUREOHP� �GHYLDWLRQV� IURP� DVVXPSWLRQV�� UREXVW� UHJUHVVLRQ�
PHWKRGV�ZKLFK�DUH�LQVHQVLWLYH�WR�GHYLDWLRQV�IURP�DVVXPSWLRQV��DUH�GHYHORSHG��,Q�WKLV�VWXG\��/76��/HDVW�7ULPPHG�5HJUHVVLRQ���RQH�RI�WKH�UREXVW�UHJUHVVLRQ�PHWKRGV��LV�FRPSDUHG�ZLWK�/6�E\�XVLQJ�VLPXODWLRQ�DSSURDFK��ZLWKLQ�WKH�FDVH�WKDW�HUURU�WHUPV�DUH�GLVWULEXWHG�ELQRPLDO��7KLV�FRPSDULVRQ�LV�KHOG�ZLWKLQ�WKH�
VLWXDWLRQV�ZKHUH�GDWD�LQFOXGH�RXWOLHUV�DQG�YLFH�YHUVD��7KH�SHUIRUPDQFH�RI�WKH�PHWKRGV�DUH�HYDOXDWHG�DFFRUGLQJ�WR�WKH�ELDV�EHWZHHQ�WKH�SDUDPHWHU�HVWLPDWH�ZKLFK�DUH�REWDLQHG�E\�XVLQJ�WKH�UHJUHVVLRQ�PHWKRGV�DQG�DSSRLQWHG�DV�LQLWLDO�
SDUDPHWHU�YDOXHV���5REXVW�5HJUHV\RQ��/76���$úÕUÕ�'H÷HU���6LPXODV\RQ��5REXVW�5HJUHVVLRQ��/76��2XWOLHUV��6LPXODWLRQ��

���*ø5øù�
� 5HJUHV\RQ� DQDOL]LQGH� |QFHOLNOL� DPDo�� |UQHNOHP� UHJUHV\RQ�IRQNVL\RQXQX� WHPHO� DODUDN� DQDN�WOH� UHJUHV\RQ� IRQNVL\RQXQX� RODELOGL÷LQFH�GR÷UX\D� \DNÕQ� WDKPLQ� HWPHNWLU�� gUQHNOHP� UHJUHV\RQ� IRQNVL\RQXQX� EXOPDN�LoLQ� NXOODQÕODQ� oHúLWOL� \|QWHPOHU� DUDVÕQGD� HQ� \D\JÕQ� WDQÕQDQ� YH� NXOODQÕODQ�\|QWHP��&DUO�)ULHGULFK�*DXVV�WDUDIÕQGDQ�EXOXQDQ�6ÕUDGDQ�(Q�.�o�N�.DUHOHU��(..��\|QWHPLGLU��<|QWHPLQ�DQD�ILNUL�NDOÕQWÕ�NDUHOHULQLQ�WRSODPÕQÕ�PLQLPXP�
\DSPDN�� ¦ 
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ÖT � YH�EX�\ROOD�HQ�L\L��WDKPLQ�GH÷HUOHULQH�XODúPDNWÕU��%X�
PLQLPL]DV\RQ� LúOHPL� VRQXFXQGD� EXOXQDQ� WDKPLQFLOHU� � HQ� N�o�N� NDUHOHU�WDKPLQFLOHUL�GL\H�DGODQGÕUÕOPDNWD�YH�NODVLN� LVWDWLVWL÷LQ�oRN�|QHPOL�ELU� WHPHO�WDúÕQÕ� ROXúWXUPDNWDGÕU��%X� WDKPLQFLOHU�� NODVLN� GR÷UXVDO� UHJUHV\RQ�PRGHOLQLQ�YDUVD\ÕPODUÕ� YHUL� LNHQ� VDSPDVÕ]� GR÷UXVDO� WDKPLQFLOHU� LoHULVLQGH� HQ� N�o�N�YDU\DQVOÕ�RODQODUGÕU��\DQL�HQ�L\LOHULGLU��%X�LIDGH��*DXVV�0DUNRY�WHRUHPL�GL\H�DGODQGÕUÕOÕU��

(..� \|QWHPLQLQ� EX� |Oo�GH� \D\JÕQ� NXOODQÕOPDVÕQÕQ� QHGHQL��NDYUDPÕQ� NROD\OÕNOD� DQODúÕODELOPHVL� YH� X\JXODQDELOPHVLGLU�� <|QWHPLQ�EXOXQGX÷X� ]DPDQODUGD� ELOJLVD\DUODUÕQ� ROPDPDVÕ� YH� (..� WDKPLQFLOHULQLQ�YHULOHU��]HULQGH�PDWULV�FHEUL�X\JXODPDODUÕ\OD�NROD\FD�KHVDSODQDELOLU�ROPDVÕ��\DOQÕ]FD�(..�WDKPLQFLVLQL�X\JXODQDELOLU�ELU�\DNODúÕP�\DSPÕúWÕU��*DXVV��KDWD�WHULPLQLQ� QRUPDO� �*DXVV\HQ�� GD÷ÕOGÕ÷Õ� GXUXPGD� (..¶QÕQ� HQ� L\L� ROGX÷XQX�J|VWHUGLNWHQ� VRQUD�� *DXVV\HQ� YDUVD\ÕPODU� YH� (..� \|QWHPL� X\JXODPDGD�VWDQGDUW� ELU� PHNDQL]PD� KDOLQH� JHWLULOPLúWLU�� $QFDN�� YHULOHULQ� oR÷X� ]DPDQ�NODVLN�YDUVD\ÕPODUÕ�WDPDPHQ�VD÷ODPDGÕ÷Õ�X]XQ�\ÕOODUGÕU�ELOLQHQ�ELU�JHUoHNWLU���|UQH÷LQ�� KDWD� WHULPLQLQ� GD÷ÕOÕPÕ� KHU� ]DPDQ� QRUPDO� GH÷LOGLU��� %XQD� ED÷OÕ�RODUDN�� EX� VRUXQX� DúDELOPHN� YH� YDUVD\ÕPODUÕQ� VD÷ODQPDGÕ÷Õ� GXUXPODUGD� GD�UHJUHV\RQ� GR÷UXVXQX� JHUoH÷H� HQ� \DNÕQ� ELoLPGH� WDKPLQ� HWPHN� DPDFÕ\OD�UREXVW��GD\DQÕNOÕ��UHJUHV\RQ�WDKPLQFLOHU�|QHULOPLúWLU���
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5HJUHV\RQ� DQDOL]L� X\JXODPDODUÕQGD�� KDWD� WHULPL� VDGHFH� QRUPDO�GD÷ÕOÕPD� X\PDPDNOD� NDOPD\ÕS�� ED]Õ� GXUXPODUGD� � NHVLNOL� GD÷ÕOÕPODUD� X\JXQ�ELU� GD÷ÕOÕPGD� J|VWHUPHNWHGLU�� gUQH÷LQ�� J|OJH� ED÷ÕPOÕ� GH÷LúNHQOL� GR÷UXVDO�RODVÕOÕN�PRGHOOHULQGH�KDWD�WHULPL�ELQRP�GD÷ÕOÕPD�X\PDNWDGÕU��%XQGDQ�GROD\Õ��EX� oDOÕúPDGD� KDWD� WHULPLQLQ� %LQRP� GD÷ÕOÕPD� X\GX÷X� GXUXPGD� (..� YH�\�NVHN�ER]XOPD�VÕQÕUÕQD�VDKLS�GD\DQÕNOÕ�WDKPLQFLOHUGHQ�ELUL�RODQ�/76��/HDVW�7ULPPHG� 6TXDUH� �� (Q� N�o�N� .ÕUSÕOPÕú� .DUHOHU�� WDKPLQFLOHULQLQ� (..�\|QWHPL\OH� NDUúÕODúWÕUÕOPDVÕ� \DSÕODUDN�� \|QWHPOHULQ� �VW�QO�N� YH� ]DDIODUÕ�RUWD\D�oÕNDUÕOPD\D�oDOÕúÕOPÕúWÕU��
�
��� (..� <g17(0ø1ø1� $ù,5,� '(ö(5/(5(� .$5ù,��� '8<$5/,/,ö,�
%LU�YHUL�N�PHVL�G|UW�WLS�J|]OHP�GH÷HUL�LoHUHELOLU���'�]J�Q��UHJXODU��J|]OHPOHU�� GLNH\� DúÕUÕ� GH÷HUOHU�� L\L� NDOGÕUDo� QRNWDODUÕ� YH� N|W�� NDOGÕUDo�QRNWDODUÕ��\�NVHN�HWNLOL�J|]OHPOHU���
$úÕUÕ� GH÷HUOHU�� WLSLN� ROPD\DQ� YH� YHULQLQ� JHUL� NDODQ� NÕVPÕQÕQ�NDUDNWHULVWLN� GD÷ÕOÕPÕQD� X\JXQ� J|U�QW�� YHUPH\HQ� J|]OHP� GH÷HUOHULGLU�� %X�GH÷HUOHU��WHPHO�ROJXQXQ��GH÷LúNHQLQ��|]HOOLNOHULQL�\DQVÕWÕ\RU�RODELOHFH÷L�JLEL��UHJUHV\RQ� DQDOL]L� X\JXODPDODUÕQGD� VÕNOÕNOD� NDUúÕODúÕODQ� ELU� GXUXP� RODQ� ED]Õ�J|]OHP� GH÷HUOHULQLQ� |OoPH�� ND\GHWPH�� NRS\DODPD� YH\D� DNWDUPD� KDWDODUÕ�QHGHQL\OH� \DQOÕú� ELU� GH÷HU� RODUDN� DOÕQPDVÕQGDQ� GD� ND\QDNODQDELOLU�� 6RQXo�RODUDN��³5HJUHV\RQ�DúÕUÕ�GH÷HUOHUL��YHULOHULQ�oR÷XQOX÷X�WDUDIÕQGDQ�ROXúWXUXODQ�GR÷UXVDO��NDOÕED�X\PD\DQ�J|]OHPOHUGLU��%X�WLS�ELU�J|]OHP�ROD÷DQ�VW��ELU�<L

YH\D�ROD÷DQ�VW��ELU� ���������� � LSL ;; YH\D�GD�KHU�LNLVL�ELUOLNWH�RODELOLU�´�

%D÷ÕPOÕ� GH÷LúNHQ� <L¶QLQ� J|]OHP� GH÷HUOHULQGHQ� � �NN <; � JLEL� ELU�
QRNWD�<L GH÷HUOHULQLQ�oR÷XQOX÷XQGDQ�ROGXNoD�X]DN�ELU�\HUGH�\HU�DOPDNWD�LVH��EX�QRNWD�<�\|Q�QGH�DúÕUÕ�GH÷HU�RODUDN�DGODQGÕUÕOÕU��6|]�NRQXVX�QRNWD��(..�GR÷UXVX��]HULQGH�ROGXNoD�E�\�N�ELU�HWNL\H�VDKLS�RODFDN�YH�GR÷UX\X�WDPDPHQ�GH÷LúWLUHELOHFHNWLU�� %X� WLS� GLNH\� DúÕUÕ� GH÷HUOHU� E�\�N� SR]LWLI� YH\D� E�\�N�QHJDWLI� NDOÕQWÕ� �UL� GH÷HUOHULQH� VDKLSWLUOHU�� $QFDN�� EX� GXUXPGD� HOGH� HGLOHQ�NDOÕQWÕ� GH÷HUL� �UL� ú�SKHOL� ELU� E�\�NO�NW�U�� %X� WLS� DúÕUÕ� GH÷HUOHU� NDOÕQWÕODUÕQ�OLVWHVLQGHQ�YH\D�NDOÕQWÕODUÕQ�JUDIL÷LQLQ�oL]LPL�\DUGÕPÕ\OD�WHVSLW�HGLOHELOLU���

$QFDN�� E�\�N� KDWDODUÕQ� VDGHFH� ED÷ÕPOÕ� GH÷LúNHQGH� RUWD\D� oÕNPDVÕ�LoLQ� KHUKDQJL� ELU� QHGHQ� \RNWXU�� EX� GXUXP� PXWODN� DQODPGD�� DoÕNOD\ÕFÕ�GH÷LúNHQOHULQ� ELULQGH� DúÕUÕ� GH÷HUOHULQ� EXOXQPDVÕQD� oRN� EHQ]HUGLU�� *HQHOGH�
|UQHNOHPGH�NL� L; GH÷HUOHULQLQ�E�\�N�oR÷XQOX÷XQGDQ�oRN�X]DNWD� �\HU�DODQ�

�
� 3HWHU�-��5RXVVHHXZ��.DWULHQ�9DQ�'ULHVVHQ���³&RPSXWLQJ�/76�5HJUHVVLRQ�IRU�/DUJH�'DWD�6HWV´��'�]HQOHQPLú���7HFKQLFDO�5HSRUW� 8QLYHUVLW\�RI�$QWZHUS������V����� 3HWHU�-��5RXVVHHXZ��6WHIDQ�9DQ�$HOVW��³3RVLWLYH�%UHDNGRZQ�5REXVW�0HWKRGV�LQ�&RPSXWHU�9LVLRQ´�&RPSXWLQJ�6FLHQFH�DQG�6WDWLVWLFV� 9RO����������V�������
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N; JLEL� ELU� GH÷HU� ROGX÷XQGD� � �NN <; � GH÷HULQH� � ;� \|Q�QGH� DúÕUÕ� GH÷HU�
GHQLU��9HUL�N�PHVLQLQ�PHUNH]LQH�X]DN�RODQ�EX�QRNWD�� � UHJUHV\RQ�GR÷UXVXQX�E�\�N� ELU� J�oOH� oHNWL÷LQGHQ�PHNDQLNWHNL� NDOGÕUDo� NDYUDPÕQD� EHQ]HU� RODUDN�
NDOGÕUDo� QRNWDVÕ� �OHYHUDJH� SRLQW�� RODUDN� DGODQGÕUÕOPDNWDGÕU�� � �NN <; �
QRNWDVÕ� YHULOHULQ� oR÷XQOX÷X� WDUDIÕQGDQ� ROXúWXUXODQ� |U�QW�\H� X\JXQVD� \DQL�oR÷XQOXN�YHUL� WDUDIÕQGDQ�EHOLUOHQHQ�UHJUHV\RQ�GR÷UXVXQD�\DNÕQ�ELU�\HUGH�LVH�L\L� NDOGÕUDo� QRNWDVÕ� RODUDN� DGODQGÕUÕOÕU�� �� dR÷X� ]DPDQ� UHJUHV\RQ� DúÕUÕ�GH÷HUOHULQLQ� (..� NDOÕQWÕODUÕQÕQ� LQFHOHQPHVL\OH� � WHVSLW� HGLOHELOHFH÷L�G�ú�Q�OPHNWHGLU�� 1H� \D]ÕN� NL�� DúÕUÕ� GH÷HUOHULQ� NDOGÕUDo� QRNWDVÕ� ROGX÷X�GXUXPODUGD� EX� GR÷UX� GH÷LOGLU�� .DOGÕUDo� QRNWDODUÕ�� oRN� E�\�N� NDOÕQWÕ�
GH÷HUOHULQH� VDKLS� RODFD÷ÕQGDQ� ¦ 

Q
�L

�LU GH÷HULQH� E�\�N� ELU� LODYH� NDWNÕGD�
EXOXQXU�� %X� GXUXPGD�� JHUoHN� UHJUHV\RQ� GR÷UXVX� (..� \DNODúÕPÕ\OD�VHoLOHPH]�� o�QN�� (..� GR÷UXVX� V|]� NRQXVX� QRNWD\D� GR÷UX� ND\DFD÷ÕQGDQ�E�\�N�NDOÕQWÕ�GH÷HUL�JHUoHNWH�ROGX÷XQGDQ�N�o�N��GL÷HU�QRNWDODUÕQ�NDOÕQWÕODUÕ�LVH�ROPDVÕ�JHUHNHQGHQ�E�\�N�J|U�QHFHNWLU��(÷HU�³HQ�E�\�N�(..�NDOÕQWÕODUÕQD�VDKLS� RODQ� QRNWDODUÕQ� DWÕOPDVÕ´� úHNOLQGH� ELU� LONH� X\JXODQÕUVD�� L\L� YHUL�QRNWDODUÕQ� DWÕOPDVÕ� V|]� NRQXVX� RODELOLU�� 5HJUHV\RQ� DúÕUÕ� GH÷HUOHUL� �LVWHU� ;��LVWHUVH� <� \|Q�QGH� ROVXQ�� (..� \|QWHPL� LoLQ� FLGGL� ELU� WHKGLW�ROXúWXUPDNWDGÕUODU��

6RQXo� RODUDN�� (..� JLEL� NODVLN� SDUDPHWUH� WDKPLQ� \|QWHPOHULQLQ�DQODúÕOPDVÕ� YH� KHVDSODQPDVÕ� NROD\� ROPDVÕQD� UD÷PHQ�� YHULQLQ� LoHUGL÷L� D]�VD\ÕGD� DúÕUÕ� GH÷HU� ELOH� V|]� NRQXVX� \|QWHPOHU� WDUDIÕQGDQ� WDKPLQ� HGLOHQ�GR÷UX\X� NH\IL� ELU� E�\�NO�NWH� HWNLOHPHNWH� YH� SDUDPHWUH� WDKPLQ� GH÷HUOHUL��]HULQGH�|QHPOL�ELU� URO�R\QDPDNWDGÕUODU��%XQGDQ�GROD\Õ��GD\DQÕNOÕ� WDKPLQFL�RODUDN�DGODQGÕUÕODQ�YH�EDKVHGLOHQ�VRUXQGDQ�ID]ODFD�HWNLOHQPH\HQ�WDKPLQFLOHUH�LOJL�KÕ]OD�DUWPDNWDGÕU��
�

��� 52%867� �'$<$1,./,�� 5(*5(6<21� 7$+0ø1&ø/(��� 5ø1ø1�.8//$1,/0$�1('(1/(5ø�
'R÷UXVDO� UHJUHV\RQ� DQDOL]L� X\JXODPDODUÕQÕQ� ELU� oR÷XQGD�� VHULOHUGH�DúÕUÕ� GH÷HUOHULQ� ROPDVÕ� YH\D� KDWD� WHULPLQLQ� QRUPDO� GD÷ÕOÕPGDQ� X]DNODúPDVÕ�JLEL� VRUXQODU�RUWD\D� oÕNPDNWDGÕU��6|]�NRQXVX� VRUXQODUÕQ�YDUOÕ÷Õ� GXUXPXQGD��GDKD� |QFH� EHOLUWLOHQ� YDUVD\ÕPODUGDQ� N�o�N� VDSPDODUD� ELOH� DúÕUÕ� GX\DUOÕOÕN�J|VWHUPHVL� |]HOOL÷LQGHQ� GROD\Õ�� (..� WDKPLQFLOHUL� LVWHQHQ� |]HOOLNOHUH� X\JXQ�WDKPLQOHU� YHUHPHPHNWHGLU�� %X� QHGHQOH�� (..� WDKPLQFLOHULQGH� RUWD\D� oÕNDQ�VRUXQODUÕQ� �VWHVLQGHQ� JHOHELOHFHN� YH� DúÕUÕ� GH÷HUOHUH� NDUúÕ� GX\DUVÕ]� RODQ�GD\DQÕNOÕ� UHJUHV\RQ� \|QWHPOHULQH� LKWL\Do� GX\XOPXúWXU�� %X� \|QWHPOHU�� KDWD�WHULPL� QRUPDO� GD÷ÕOPDGÕ÷ÕQGD� YH� DúÕUÕ� GH÷HUOHULQ� YDUOÕ÷Õ� GXUXPXQGD� NODVLN�

�
� 3HWHU�-��5RXVVHHXZ��$QQLFN�0��/HUR\��5REXVW�5HJUHVVLRQ�DQG�2XWOLHU�'HWHFWLRQ� 1HZ�<RUN��-RKQ�:LOH\��������V����� 3HWHU�-��5RXVVHHXZ��$QQLFN�0��/HUR\���D�J�H�� V������
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\|QWHPOHUH� J|UH� GDKD� X\JXQ� VRQXoODU� YHUPHNWHGLU��'DKD� |QFH� EDKVHGLOGL÷L�JLEL�� YHULQLQ� DúÕUÕ� GH÷HUOHU� LoHUPHVL� GXUXPXQGD�� |QFHOLNOH� YHULQLQ� oHúLWOL�GÕúODPD� NXUDOODUÕ� NXOODQÕODUDN� DúÕUÕ� GH÷HUOHUGHQ� WHPL]OHQPHVL�� GDKD� VRQUD�NDODQ� YHUL� �]HULQGH� NODVLN� WDKPLQ� YH� WHVW� \|QWHPOHULQLQ� X\JXODQPDVÕQÕQ�\HWHUOL� RODFD÷Õ� G�ú�Q�OHELOLU�� $QFDN�� (..� \|QWHPL\OH� \DSÕODQ� WDKPLQGH�UHJUHV\RQ� GR÷UXVX� DúÕUÕ� GH÷HUOHUH� GR÷UX� oHNLOHFH÷LQGHQ� EX� GH÷HUOHUH� DLW�NDOÕQWÕODU�ROGXNoD�N�o�N�RODELOHFHNWLU��%X�GXUXP��V|]�NRQXVX�DúÕUÕ�GH÷HUOHUL�PDVNHOH\HELOHFHNWLU�� (..� \|QWHPLQLQ� YHUL� N�PHVL� LoLQGH� DúÕUÕ� GH÷HUOHULQ�YDUOÕ÷Õ� KDOLQGH� NXOODQÕODPDPDVÕQGDNL� GL÷HU� QHGHQOHU� DúD÷ÕGDNL� JLEL�VÕUDODQDELOLU���
���<XNDUÕGDNL� LNL�DúDPD\Õ��DúÕUÕ�GH÷HUOHULQ� WHúKLVL�YH�SDUDPHWUHOHULQ� WDKPLQL�DúDPDODUÕQÕ�� ELUELULQGHQ� D\ÕUDELOPHN� QDGLUHQ�P�PN�QG�U�� gUQH÷LQ�� oRN�GH÷LúNHQOL� UHJUHV\RQ� SUREOHPOHULQGH�� SDUDPHWUHOHU� LoLQ� GD\DQÕNOÕ�WDKPLQOHUH� EDúYXUPDGDQ� DúÕUÕ� GH÷HUOHULQ� �GR÷UX� ELU� úHNLOGH�� WHVSLW�HGLOPHVL�]RUGXU���
��� 2ULMLQDO� J|]OHP� GH÷HUOHUL� N�WOHVL�� DUDVÕQD� E�\�N� KDWDODU� NDUÕúWÕUÕOPÕú�QRUPDO� J|]OHPOHUGHQ� ROXúPXú� ROVD� ELOH�� WHPL]OHQPLú� YHUL� QRUPDO�ROPD\DFDNWÕU�YH�LVWDWLVWLNVHO�KDWDODU�PH\GDQD�JHOHFHNWLU��\DQOÕú�GÕúODPDODU�YH\D� DOÕNR\PDODU� QHGHQL\OH��� 6RQXo�� JHUoHNWH� QRUPDO� ROPD\DQ� ELU�GD÷ÕOÕPGDQ�W�UHWLOGL÷L�GXUXPGDNLQGHQ�GDKD�GD�N|W��RODFDNWÕU��'ROD\ÕVÕ\OD��NODVLN� QRUPDO� WHRULQLQ� WHPL]OHQPLú� |UQHNOHPOHUH� X\JXODQDELOLUOL÷L� V|]�NRQXVX�GH÷LOGLU��%X�GXUXPGDNL�� LNL� DúDPDOÕ� \|QWHPLQ� LúOH\LúL�� GR÷UX�ELU�GD\DQÕNOÕ�\|QWHPLQ�LúOH\LúLQGHQ�oRN�GDKD�]RU�RODELOLU��
��� (Q� L\L� GÕúODPD� \|QWHPOHULQLQ� SHUIRUPDQVODUÕQÕQ� ELOH�� L\L� ELU� GD\DQÕNOÕ�\|QWHPLQ�SHUIRUPDQVÕQD�\HWHUOL�G�]H\GH�XODúDPDGÕ÷Õ�GD�GHQH\VHO�RODUDN�J|VWHULOHELOHQ� ELU� JHUoHNWLU�� 'D\DQÕNOÕ� \|QWHPOHU� J|]OH� J|U�O�U� ELoLPGH�oRN� GDKD� L\LGLU�� o�QN�� EXQODU� GH÷HUOHULQ� WDPDPHQ� NDEXO�� LOH� WDPDPHQ�GÕúODQPDVÕ�DUDVÕQGD�VRUXQVX]�ELU�JHoLúL�VD÷OD\DELOLUOHU��
� $\UÕFD�� DúÕUÕ� GH÷HUOHULQ� WHúKLVL�� ³QH� NDGDU� Xo� QRNWDGD´� ROGX÷XQX�|OoPHN� LoLQ� ELU� |Oo�\H� LKWL\Do� GX\PDNWDGÕU�� %X� |Oo��� YHUL� LoLQ� ED]Õ�PRGHOOHUGHQ�YH�EX�PRGHOGHQ�D\UÕOÕ÷ÕQ�ED]Õ�|Oo�OHULQGHQ�RUWD\D�oÕNPDNWDGÕU��dRNOX�DúÕUÕ�GH÷HUOHU��V|]�NRQXVX�|Oo�Q�Q�NHQGLVLQLQ�ELU�DúÕUÕ�GH÷HU�WDUDIÕQGDQ�ER]XOPXú� RODELOHFH÷L� WHKGLGLQL� WDúÕPDNWDGÕU�� $úÕUÕ� GH÷HUOHU� |Oo�V�Q�Q�NLUOHQPHVL��DúÕUÕ�GH÷HUL�WHVSLW�HGLFLVLQL�ER]PDNWDGÕU�YH�WDEL�NL��D\QÕ�]DPDQGD�EX�DúÕUÕ�GH÷HUL� WHVSLW�HWPH�XVXO���]HULQH�NXUXODQ�KHUKDQJL�ELU� WDKPLQFL\L�GH�ER]PDNWDGÕU����

� 3HWHU�-��+XEHU��5REXVW�6WDWLVWLFV� 1HZ�<RUN��-RKQ�:LOH\�DQG�6RQV��������V������� 1��%LOORU��$�6��+DGL�� 3�)��9HOOPDQ�� ³%$&21� ��%ORFNHG�$GDSWLYH�&RPSXWDWLRQDO�(IILFLHQW�2XWOLHU�1RPLQDWRUV´���&RPSXWDWLRQDO�6WDWLVWLFV�DQG�'DWD�$QDO\VLV� 9RO�����V������
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���52%867�5(*5(6<21�7$+0ø1&ø/(5ø1ø1�$0$d/$5,�
5REXVW� �GD\DQÕNOÕ�� UHJUHV\RQ� WDKPLQFLOHUL�� ELU� oRN� DPDFD� \|QHOLN�RODUDN� VRQ� \ÕOODUGD� JLGHUHN� DUWDQ� ELU� KÕ]GD� LVWDWLVWLN� YH� � HNRQRPHWUL� GH�UHJUHV\RQ� PRGHOOHULQLQ� SDUDPHWUHOHULQLQ� WDKPLQ� HGLOPHVL� LoLQ�NXOODQÕOPDNWDGÕU�� %X� \|QWHPOHUH� EDúYXUXOPDVÕQGDNL� DPDoODU� DúD÷ÕGDNL� JLEL�|]HWOHQHELOLU��

���9HUL�N�PHVLQH�HQ�L\L�X\XPX�J|VWHUHQ�\DSÕ\Õ�WHVSLW�HWPHN��
��� (÷HU� JHUHNOL� J|U�O�UVH�� � X]DNWDNL� YHUL� QRNWDODUÕQÕ� �DúÕUÕ� GH÷HUOHUL�� YH\D�GDKD�LOHUL�DQDOL]OHU�LoLQ�\DSÕQÕQ�WHPHOLQGHNL�VDSPDODUÕ��WHúKLV�HWPHN��
��� <�NVHN� G�]H\GH� HWNLOL� YHUL� QRNWDODUÕQÕ� WHúKLV� HWPHN� YH� EXQODU� �]HULQH�GLNNDW�oHNPHN��
���.XúNXODQÕOPD\DQ�DUGÕúÕN�ED÷ÕPOÕOÕN�YH\D�GDKD�GD�JHQHO�RODUDN�YDUVD\ÕODQ�NRUHODV\RQ�\DSÕVÕQGDNL�VDSPDODU�LOH�LOJLOHQPHNWLU��

*|]OHP� GH÷HUOHULQLQ� N�o�N� ELU� NÕVPÕQGD� E�\�N� VDSPDODUÕQ�EXOXQPDVÕ� N�o�N� VDSPDODU� RODUDN� NDEXO� HGLOHELOLUOHU�� GD\DQÕNOÕ� \|QWHPOHULQ�|QFHOLNOL� KHGHIL�� ED]Õ� NODVLN� \|QWHPOHULQ� DúÕUÕ� GX\DUOÕOÕ÷Õ� GD� J|]� |Q�QH�DOÕQGÕ÷ÕQGD��E�\�N�KDWDODUD�NDUúÕ�NRUXPD�VD÷ODPDVÕGÕU��/LWHUDW�UGH�GD\DQÕNOÕ�\|QWHPOHU� LoLQ� DoÕNoD� YH\D� LPD� \ROX� LOH� oRN� VD\ÕGD� EDúND� DPDoODUD� GD��|UQH÷LQ��\�NVHN�DVLPSWRWLN�J|UHFH�HWNLQOLN�YH\D�\�NVHN�PXWODN�HWNLQOLN�JLEL��\HU�YHULOPHNWHGLU��1H�YDU�NL��EX�DPDoODU�LNLQFL�GHUHFHGH�|QHPOLGLU�YH�EXQODUD�\XNDUÕGD�EDKVHGLOHQ�DPDoODUGDQ�GDKD�ID]OD�|QHP�YHULOPHPHOLGLU��

���%2=8/0$�6,1,5,��%5($.'2:1�32ø17��
$úÕUÕ� GH÷HUOHUH� NDUúÕ� QLFHO� GD\DQÕNOÕOÕ÷ÕQ� ELU� |Oo�V�� ER]XOPD�VÕQÕUÕGÕU�� ³øON� RODUDN� +RGJHV� WDUDIÕQGDQ� ����¶GH� NXOODQÕODQ� ER]XOPD� VÕQÕUÕ�NDYUDPÕ� WHN� ER\XWOX� NRQXP� WDKPLQFLOHUL� LOH� VÕQÕUOÕ\GÕ�� 'DKD� VRQUD� +DPSHO�WDUDIÕQGDQ� ����� YH� ����¶GH� \DSÕODQ� � oDOÕúPDODUOD� JHQHOOHúWLULOPLúWLU�´�+DPSHO� ����¶GH� oRN� GDKD� JHQHO� ELU� WDQÕPODPD� \DSPÕúWÕU�� EX� WDQÕPODPDGD�DVLPSWRWLN�ROGX÷XQGDQ�YH�GROD\ÕVÕ\OD�PDWHPDWLNVHO�ELU�LIDGH�ROGX÷XQGDQ�oRN�ID]OD�\D\JÕQODúDPDGÕ�� �$QFDN������¶GH�'RQRKR�YH�+XEHU� WDUDIÕQGDQ�\D\JÕQ�ELU�úHNLOGH� WDQÕQÕU�KDOH�JHWLULOPLúOHUGLU��%R]XOPD�VÕQÕUÕQÕQ�'RQRKR�YH�+XEHU�WDUDIÕQGDQ�WDQÕPODQDQ�EDVLW�ELU�VRQOX�|UQHNOHP�YHUVL\RQX�ú|\OHGLU����

� )UDQN� 5�� +DPSHO�� (OYH]LR� 0�� 5RQFKHWWL�� 3HWHU� -�� 5RXVVHHXZ�� :HUQHU� $�� 6WDKHO��5REXVW�6WDWLVWLFV� 1HZ�<RUN��-RKQ�:LOOH\�	�6RQV��������V������ 3HWHU�-��+XEHU��D�J�H�� V������� <LMXQ�=XR��³6RPH�4DQWLWDWLYH�5HODWLRQVKLSV�%HWZHHQ�7ZR�7\SHV�RI�)LQLWH�6DPSOH�%UHDNGRZQ�3RLQW´��6WDWLVWLFV�DQG�3UREDELOLW\�/HWWHUV� YRO�����V������������������� 3HWHU�-��5RXVVHHXZ��$QQLFN�0��/HUR\���D�J�H�� V����
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=�� Q� WDQH� J|]OHPGHQ� ROXúDQ� ELU� |UQHNOHP� YH� 7� � ELU� UHJUHV\RQ�WDKPLQFLVL�YDUVD\ÕOÕUVD���
`^ ���������������������������������������������� ������ QQSS <;;<;;=  ����

= |UQH÷LQH� 7� \|QWHPL� X\JXODQDUDN� TÖ��  =7 úHNOLQGH� NDWVD\ÕODU� YHNW|U��
EXOXQDELOLU��%XUDGD�� RULMLQDO� YHUL� GH÷HUOHULQGHQ� KHUKDQJL�P� WDQHVLQLQ� \HULQH�
NH\IL�ELU�GH÷HU�\D]ÕODUDN�HOGH�HGLOHQ�NLUOHWLOPLú��ELU� = c G�ú�QHOLP��%|\OH�ELU�NLUOHWPH�LOH�QHGHQ�ROXQDELOHQ�VDSPD�ELDV�P�7�=��LOH�J|VWHULOLUVH��
� �=�7�=�7VXS�=�7�6DSPD�P�

=
�c 

c
����

(÷HU� VDSPD� �P�7�=�� VRQVX]� LVH�� � P� WDQH� DúÕUÕ� GH÷HULQ� 7� �]HULQGH�E�\�N�ELU�HWNL\H�VHEHS�ROGX÷X��KDWWD�WDKPLQFLQLQ�ER]XOGX÷X�V|\OHQHELOLU��%X�QHGHQOH��=�VRQOX�|UQH÷LQGH�7�WDKPLQFLVLQLQ�ER]XOPD�VÕQÕUÕ���

� ¿¾
½®̄ VRQVX]�=�7��P��PLQ��� VDSPDQ

P=7QH ����

úHNOLQGH� WDQÕPODQÕU��%R]XOPD�GH÷HUL�YH\D� VÕQÕUÕ�ELU� DQODPGD�HQ�N|W��GXUXP�VHQDU\RVXGXU�� ³.DEDFD� LIDGH� HGLOHFHN� ROXUVD�� ER]XOPD� VÕQÕUÕ� WDKPLQFLOHULQ�EDúD�oÕNDELOHFHNOHUL�N|W��DúÕUÕ�GH÷HUOHULQ�RUDQÕQÕQ�VÕQÕUÕQÕ�YHULU�´����'L÷HU�ELU�GH\LúOH��ER]XOPD�VÕQÕUÕ�7�WDKPLQFLVLQLQ�7�=��GHQ�ROGXNoD�X]DN�NH\IL�GH÷HUOHU�DOPD\D�EDúODPDVÕQD�QHGHQ�RODELOHFHN�HQ�G�ú�N�NLUOHQPH�RUDQÕGÕU�����<DQL��ELU��WDKPLQFLQLQ�ER]XOPD�VÕQÕUÕ�� WDKPLQFLQLQ�NH\IL�RODUDN�E�\�N�VDSPD�GH÷HUOHUL�DOPDVÕQD� \RO� DoDELOHQ� DúÕUÕ� GH÷HUOHULQ� RUDQÕ� RODUDN� WDQÕPODQÕU�� ��� (..¶QÕQ�ER]XOPD� VÕQÕUÕ�� |UQHNOHPGHNL� WHN� ELU� DúÕUÕ� GH÷HUGHQ� ELOH� HWNLOHQGL÷L� LoLQ���Q¶GLU��GROD\ÕVÕ\OD�DVLPSWRWLN�GXUXPGD�Q�VRQVX]D�JLGHUNHQ�VÕIÕUD�\DNODúÕU��
%LU� SDUDPHWUH� WDKPLQ� \|QWHPLQLQ� o|NW�÷�� QRNWD�� \DQL� ER]XOPD�VÕQÕUÕ�� VRQXoWD� HOGH� HGLOHFHN� WDKPLQ� GH÷HULQL� DQODPVÕ]ODúWÕUDFDN� NDGDU�NLUOHWHELOHQ� YH\D� \|QOHQGLUHELOHQ� |UQHNOHPGHNL� QRNWDODUÕQ� HQ� N�o�N�NÕVPÕGÕU�� ��� 6RQXo� RODUDN�� ER]XOPD� VÕQÕUÕ� ELU� WDKPLQFLQLQ� DQODPVÕ]� VRQXoODU�YHUPHGHQ�NXOODQÕODELOHFH÷L��JHUoHNWH�³N|W�´�NLUOHQPHQLQ�QH�NDGDU�RODELOHFH÷L�NRQXVXQGD� NDED� ELU� ILNLU� YHULU�� %R]XOPD� VÕQÕUÕ�� WDKPLQFLQLQ� NDUDUOÕOÕ÷ÕQÕQ�JOREDO�ELU�|Oo�V�G�U��%XQGDQ�GROD\Õ��7�WDKPLQFLVL�WDPDPHQ�LúH�\DUDPD]�KDOH�JHOPHGHQ� |QFH�� NLUOHQPLú� PRGHOLQ� YDUVD\ÕODQ� PRGHOGHQ� QH� NDGDU�

�
��� 3HWHU�-��+XEHU��D�J�H�� V�������� 3HWHU�-��5RXVVHHXZ��$QQLFN�0��/HUR\��D�J�H�� V�������� -��0DWRXãHN��'�0��0RXQW��1�6��1DWHQ\DKX��³(IILFLHQW�5DQGRPL]HG�$OJRULWKPV�)RU�7KH�5HSHDWHG�0HGLDQ�/LQH�(VWLPDWRU´���$OJRULWKPLFD������������V��������� )HLIDQJ�+X��-LDQKXD�+X��³$�1RWH�2Q�%UHDNGRZQ��7KHRU\�)RU�%RRWVWUDS�0HWKRGV´��6WDWLVWLFV�DQG�3UREDELOLW\�/HWWHUV� ����������V��������
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X]DNODúDELOHFH÷LQL� J|VWHULU�� $\QÕ� ]DPDQGD�� ER]XOPD� VÕQÕUÕ�� PRGHOH� ED÷OÕ�ROPDPDVÕ�DQODPÕQGD�GD�JOREDO�ELU�|Oo�G�U�����

���52%867�5(*5(6<21�7$+0ø1&ø/(5ø1ø1�g=(//ø./(5ø�
(OH� DOÕQDQ� KHUKDQJL� ELU� LVWDWLVWLNVHO� \|QWHP� DúD÷ÕGDNL� |]HOOLNOHUH� VDKLS�ROPDOÕGÕU�����

��� <|QWHP�� YDUVD\ÕODQ� PRGHOGH� PDNXO� ELU� |Oo�GH� L\L� �RSWLPDO� YH\D�RSWLPDOH�\DNÕQ��HWNLQOL÷H�VDKLS�ROPDOÕGÕU��
��� 0RGHO� YDUVD\ÕPODUÕQGDQ� N�o�N� VDSPDODUÕQ� � \|QWHPLQ� SHUIRUPDQVÕQÕ�VDGHFH� G�ú�N� ELU� G�]H\GH� ]D\ÕIODWPDVÕ� DQODPÕQGD� GD\DQÕNOÕ� ROPDOÕGÕU��<DQL�� VRQUDNL� �ELU� WDKPLQLQ� DVLPSWRWLN� YDU\DQVÕ� YH\D� WHVWLQ� J�F�� YH�VHYL\HVL� LOH� WDQÕPODQDQ�� PRGHOGH� KHVDSODQDQ� QRPLQDO� GH÷HUH� \DNÕQ�ROPDOÕGÕU��
��� 0RGHOGHQ� ELUD]� GDKD� E�\�N� VDSPDODU�� E�\�N� ELU� \ÕNÕPD� QHGHQ�ROPDPDOÕGÕU��

<XNDUÕGD� VD\ÕODQ� |]HOOLNOHU� LOH� GDKD� |QFH� EHOLUWLOHQ� GD\DQÕNOÕ�\|QWHPOHULQ�NXOODQÕP�DPDoODUÕ�GD�GLNNDWH�DOÕQGÕ÷ÕQGD��GD\DQÕNOÕ�ELU�\|QWHP��YHUL�N�PHVLQLQ�oR÷XQOX÷XQD�X\JXQ�\DSÕ\Õ�WDQÕPODPD�YH�DúÕUÕ�GH÷HUOHUL�WHúKLV�HWPH�|]HOOLNOHULQH�GH�VDKLS�ROPDOÕGÕU��6RQXo�RODUDN��GD\DQÕNOÕ�ELU�WDKPLQFLQLQ�VDKLS�ROPDVÕ�JHUHNHQ�|]HOOLNOHU�DúD÷ÕGDNL�JLEL�|]HWOHQHELOLU�����
��� %X�WDKPLQFLOHU��N�o�N�NLUOHQPHOHUH�N�o�N�WHSNLOHU�J|VWHUPHOLGLU���
��� %�\�N�NLUOHQPHOHULQ�YDUOÕ÷ÕQGD�ELOH�J�YHQLOLU�ROPDOÕGÕU���
��� +HUKDQJL� ELU� PLNWDUGDNL� NLUOHQPHQLQ� HWNLVL� �]HULQGH� ELU� VÕQÕUD� VDKLS�ROPDOÕGÕU��
��� <XYDUODPD\D�YH�JUXSODPD\D�G�]J�Q�RODUDN�WHSNL�J|VWHUPHOLGLU��
��� 9HULGHQ�DoÕNoD�J|U�OHQ�DúÕUÕ�GH÷HUOHUL�D\ÕNOD\DELOPHOLGLU���
��� 2ODELOGL÷LQFH�N�o�N�ELU�YDU\DQVD�VDKLS�ROPDOÕGÕU���

�
��� 5REHUW�*��6WDXGWH��6LPRQ�-��6KHDWKHU��5REXVW�(VWLPDWLRQ�DQG�7HVWLQJ� 1HZ�<RUN��-RKQ�:LOH\���������V�������� 3HWHU�-��+XEHU��D�J�H�� V������� )UDQN�5��+DPSHO��³7KH�,QIOXHQFH�&XUYH�DQG�,WV�5ROH� LQ�5REXVW�(VPDWLRQ´��-RXUQDO�RI� WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFDWLRQ� ����������V�����������
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�����(1���.hdh.���.,53,/0,ù���.$5(/(5����/76��/($67��� 75ø00('�648$5(6���
<�NVHN� ER]XOPD� VÕQÕUÕQD� VDKLS� WDKPLQFLOHU� KHP� ;� KHP� GH� <�\|Q�QGHNL�DúÕUÕ�GH÷HUOHULQ�YDUOÕ÷Õ�GXUXPXQGD��oRN�VD\ÕGD�ROVD�ELOH��J�YHQLOLU�SDUDPHWUH� WDKPLQOHUL� HOGH� HWPH� VRUXQXQD� o|]�P� JHWLUPHNWHGLUOHU�� 'L÷HU�GD\DQÕNOÕ� UHJUHV\RQ� WDKPLQFLOHUL� �0��/� YH�5� WLSL� WDKPLQFLOHU��<� \|Q�QGHNL�DúÕUÕ� GH÷HUOHUH� NDUúÕ� GLUHQo� J|VWHUVHOHU� ELOH�� ;� \|Q�QGHNL� DúÕUÕ� GH÷HUOHU��NDOGÕUDo� QRNWDODUÕ��� EX� WDKPLQFLOHUL� EDVNÕ� DOWÕQD� DODELOPHNWH� YH�\|QOHQGLUHELOPHNWHGLU�� <�NVHN� ER]XOPD� VÕQÕUÕ� LOH� LIDGH� HGLOHQ� KXVXV�� HOH�DOÕQDQ� WDKPLQFLQLQ� ER]XOPD� VÕQÕUÕQÕQ� DVLPSWRWLN� RODUDN� ���� VÕQÕUÕQD�XODúPDVÕGÕU�� %X� RUDQ� ER]XOPD� VÕQÕUÕ� LoLQ� P�PN�Q� RODQ� HQ� L\L� VRQXoWXU��%XQGDQ� GROD\Õ�� ���� ER]XOPD� VÕQÕUÕQD� VDKLS� WDKPLQFLOHU�� \�NVHN� ER]XOPD�VÕQÕUOÕ�WDKPLQFLOHU��+%(��+LJK�%UHDNGRZQ�(VWLPDWRUV��RODUDN�DGODQGÕUÕOÕUODU��%X� WDKPLQFL� JUXEXQXQ� |QF�O�÷�Q�� 5RXVVHHXZ� WDUDIÕQGDQ� ����� GH� |QH�V�U�OHQ�/06� �/HDVW�0HG\DQ�6TXDUHV� ��(Q�N�o�N�0HG\DQ�.DUHOHU�� YH�/76��/HDVW� 7ULPPHG� 6TXDUHV� �� (Q� N�o�N� .ÕUSÕOPÕú� .DUHOHU�� WDKPLQFLOHUL�\DSPÕúWÕU�� 'DKD� VRQUD�� 6� WDKPLQFLOHU�� 00� WDKPLQFLOHU� YH� � /7$� �/HDVW�7ULPPHG� $EVROXWH� 'HYLDWLRQV� �� (Q� N�o�N� .ÕUSÕOPÕú� 0XWODN� 6DSPDODU��WDKPLQFLOHUL� JLEL� \�NVHN� ER]XOPD� VÕQÕUÕQD� VDKLS� GL÷HU� WDKPLQFLOHU�|QHULOPLúWLU���
/76� WDKPLQFLVL�� (..¶\H� EHQ]HU� ELU� PLQLPL]DV\RQ� LúOHPL� LOH� HOGH�HGLOLU��
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VÕUDODQPÕú� NDOÕQWÕ� NDUHOHULGLU� YH� K� WRSODPD� GDKLO� HGLOHQ� NDOÕQWÕ� NDUHOHULQLQ�VD\ÕVÕGÕU��%X�IRUP�O�Q�(..�LOH�WHN�IDUNÕ�HQ�E�\�N�NDUHOL�NDOÕQWÕODUÕQ�WRSODPD�LúOHPL� GÕúÕQGD� EÕUDNÕOPDVÕGÕU�� %X� QHGHQOH�� /76�� �Q�K�� VD\ÕGD� HQ� E�\�N�NDOÕQWÕ\D� VDKLS�J|]OHPLQ�DúÕUÕ� GH÷HU�RODUDN�EHOLUOHQLS��KHVDSODPDQÕQ�GÕúÕQGD�EÕUDNÕOPDVÕ\OD�ELU�GD\DQÕNOÕ�WDKPLQ�HOGH�HWPH�\|QWHPLGLU��%X��HQ�N�o�N�(..�DPDo� IRQNVL\RQOX� K� ELULPGHQ� ROXúDQ� DOW� N�PH� EXOPD\OD� Hú� GH÷HUGLU�� /76�WDKPLQL��EX�K�QRNWD\D�X\DQ�(..�WDKPLQLGLU��³*|U�OPHNWHGLU�NL��/76�WDKPLQ�V�UHFLQGH� L\L�QRNWDODUÕQ�E�\�N�oR÷XQOX÷X�NXOODQÕOPDVÕ�JHUHNWL÷LQGHQ��GR÷UX�ELU� WDKPLQ�HOGH�HWPHN� LoLQ�K�VD\ÕVÕ�YHUL�N�PHVLQGHNL� L\L�QRNWDODUÕQ�VD\ÕVÕQD�RODELOGL÷LQFH�\DNÕQ�ROPDOÕGÕU��%X�JHUoHNOHúWLULOGL÷LQGH��/76�P�PN�Q�HQ� L\L�WDKPLQL� YHULU�´� ���8\JXODPDGD�� K¶QLQ� GH÷HULQLQ� EHOLUOHQPHVL� ROGXNoD� ]RUGXU�YH� VXEMHNWLIWLU�� (÷HU� YDUVD\ÕODQGDQ� GDKD� ID]OD� YHUL� NLUOLOL÷L� LOH� NDUúÕ� NDUúÕ\D�NDOÕQÕUVD� /76� GD\DQÕNOÕOÕN� ]DDIÕ� J|VWHULU�� %XQXQ� DNVLQH�� H÷HU� NLUOLOLN�YDUVD\ÕODQ�G�]H\GHQ�GDKD�D]�LVH��SDUDPHWUH�WDKPLQOHUL�GR÷UXOXN�EDNÕPÕQGDQ�VRUXQ�oÕNDUÕU�YH�W�P�L\L�QRNWDODU�KHVDED�NDWÕOPDGÕ÷ÕQGDQ�GROD\Õ�HWNLQOLN�]DDIÕ�
�
��� +DNDQ�7�UND\��³'R÷UXVDO�5HJUHV\RQ�0RGHOOHULQLQ�5REXVW��'D\DQÕNOÕ��<|QWHPOHUOH�7DKPLQL�YH�.DUúÕODúWÕUPDOÕ�8\JXODPDODUÕ´��<D\ÕQODQPDPÕú�'RNWRUD�7H]L��øVWDQEXO�hQLYHUVLWHVL��������V�����
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J|VWHULUOHU�� ³K� GH÷HULQH� YH� DúÕUÕ� GH÷HUOL� YHUL� \DSÕVÕQD� ED÷OÕ� RODUDN� /76�ROGXNoD� HWNLQ� RODELOLU�� $VOÕQGD�� DúÕUÕ� GH÷HUOL� QRNWDODUÕQ� WDPDPÕ� NÕUSÕOÕUVD��KHVDSODPD�DoÕVÕQGDQ�(..¶\D�HúLWWLU�´����
'DKD� |QFH� \DSÕODQ� VLPXODV\RQ� oDOÕúPDODUÕQGD�� /76� ROGXNoD� L\L�VRQXoODU� YHUPHNWHGLU�� gUQH÷LQ�� /76�� /06� YH� (..¶QÕQ� NDUúÕODúWÕUÕOGÕ÷Õ� ELU�VLPXODV\RQ� oDOÕúPDVÕQGD�� QRUPDO� GD÷ÕODQ� KDWD� WHULPOHULQGH� DúÕUÕ� GH÷HUOHULQ�YDUOÕ÷Õ� GXUXPXQGD� /76¶QLQ� GL÷HUOHULQH� J|UH� GDKD� VDSPDVÕ]� SDUDPHWUH�WDKPLQOHUL��UHWWL÷L�J|VWHULOPLúWLU�����/76�\|QWHPLQLQ�DPDo�IRQNVL\RQX�G�]J�Q�ELU�IRQNVL\RQGXU�YH�EXQD�ED÷OÕ�RODUDN�\HUHO�HWNLOHUH�NDUúÕ�GDKD�D]�GX\DUOÕGÕU��/76�� DVLPSWRWLN� RODUDN� QRUPDO� GD÷ÕOÕPD� X\DU� YH� \DNÕQVDPD� RUDQÕ� Q����� ¶W�U��%X� DYDQWDMODUÕQD� UD÷PHQ�� /76¶QLQ� KHVDSODQPDVÕ� ROGXNoD� ]RUGXU�� %XQXQ�GÕúÕQGD�� /76� DPDo� IRQNVL\RQXQXQ� PDWHPDWLNVHO� RSWLPL]DV\RQODUD� HOYHULúOL�ROPDPDVÕ�YH�EXQD�ED÷OÕ�RODUDN� WDKPLQOHULQ�KHVDSODQPDVÕQÕQ�]RUOX÷X�|QHPOL�VRUXQODU� RODUDN� J|U�OPHNWHGLU�� $\UÕFD�� /76� DPDo� IRQNVL\RQX�� VÕNÕ� ELU�GÕúODPD� XVXO�� �]HULQH� NXUXOPXúWXU�� <DQL�� � HOGHNL� ELU� YHUL� QRNWDVÕ� WDKPLQ�V�UHFLQGH� \D� WDPDPHQ� KHVDED� GDKLO� HGLOLU�� \DGD� WDPDPHQ� V�UHFLQ� GÕúÕQGD�EÕUDNÕOÕU��%X�GXUXP��H÷HU�ú�SKHOL�E|OJHOHUGH�YHUL�QRNWDODUÕ�YDU�LVH��L\L�ELU�\RO�GH÷LOGLU���
������/76�7DKPLQFLVLQLQ�+HVDSODQPDVÕ�
/76�WDKPLQFLVLQLQ�NHVLQ�KHVDSODPDODUÕQGD��|QFHOLNOH�|UQHNOHPGHQ�K�

ER\XWOX�DOW�|UQHNOHULQ�W�P��oHNLOLU��%X�� K
Q& NDGDU�DOW�N�PHQLQ�HOGH�HGLOPHVL�

DQODPÕQD� JHOLU�� 6RQUD�� EX� K� ER\XWOX� K
Q& WDQH� DOW� N�PHQLQ� KHU� ELUL� LoLQ�

UHJUHV\RQ�GR÷UXVX�X\GXUXOXU��%XUDGDQ��DPDo�IRQNVL\RQXQGD�EHOLUWLOGL÷L�JLEL��KHU� ELU� |UQHN� LoLQ� KHVDSODQDQ� NDOÕQWÕODUÕQ� HQ� N�o�N� K� WDQHVLQLQ� WRSODPÕ�EXOXQXU�� %X� WRSODPODU� DUDVÕQGDQ� PLQLPXPX� VHoLOHUHN� /76� o|]�P�� RODUDN�DOÕQÕU�� %XUDGD� NDUúÕODúÕODQ� HQ� E�\�N� VRUXQ�� |UQHNOHPGHQ� oHNLOHFHN� DOW�N�PHOHULQ� VD\ÕVÕQÕQ� GHYDVD� ER\XWODUD� XODúDELOPHVLGLU�� 6DGHFH� N�o�N�|UQHNOHPOHUGH�EX�\ROOD�/76�o|]�P�Q�Q�HOGH�HGLOHELOHFH÷L�DoÕNWÕU��gUQHNOHP�ER\XWX�E�\�G�NoH�LúOHP�\R÷XQOX÷X�YH�KDUFDQDQ�]DPDQ�oRN�DUWDFDN�YH�EHOOL�ELU�DúDPDGDQ�VRQUD�/76�o|]�P�QH�XODúPDN�LPNDQVÕ]�KDOH�JHOHFHNWLU���
/76� WDKPLQFLVL�� V|]� NRQXVX� LPNDQVÕ]OÕNODU� QHGHQL\OH� NHVLQ�DOJRULWPD�\HULQH�JHQHOOLNOH�\DNODúÕN�o|]�POHU�YHUHQ�DOJRULWPD�LOH�HOGH�HGLOLU��3URJUHVV� SURJUDPÕQGD� NXOODQÕODQ� \DNODúÕN� DOJRULWPD� ú|\OH� LúOHPHNWHGLU� ��3DUDPHWUH�VD\ÕVÕ�S�ER\XWOX�DOW�|UQHNOHPOHU�oHNLOHUHN�EXQODUÕQ�KHU�ELUL�LoLQ�ELU�UHJUHV\RQ�GR÷UXVX�X\GXUXOXU�YH�EX�GR÷UXODU�\DUGÕPÕ\OD�EXODQDQ�NDOÕQWÕODUÕQ�NDUHOHUL� N�o�NWHQ� E�\�÷H� GR÷UX� VÕUDODQDUDN� HQ� N�o�N� K� WDQHVLQLQ� WRSODPÕ�DOÕQÕU�� %X� úHNLOGH� HOGH� HGLOHQ� WRSODP� GH÷HUOHULQGHQ� PLQLPXPX� YHUHQ�UHJUHV\RQ�GR÷UXVX�/76�WDKPLQL�RODUDN�EHOLUOHQLU��

�
��� 5DQGDOO�(�6FKXPDFNHU��0LFKDHO�3��0RQDKDQ��5REHUW�(��0RXQW�� ³$�&RPSDULVRQ�RI�2/6� WR�/76� DQG� 00� 5REXVW� 5HJUHVVLRQ� LQ� 6�3/86´�� 6RXWKZHVW� (GXFDWLRQDO� 5HVHDUFK�$VVRFLDWLRQ���WK�$QQXDO�0HHWLQJ� $XVWLQ��7H[DV������V������� /DWLI� g]W�UN�� ³'R÷UXVDO� 5HJUHV\RQGD� 6D÷ODP� .HVWLULP� <|QWHPOHUL� YH� .DUúÕODúWÕUÕOPDODUÕ´�<D\ÕQODQPDPÕú�'RNWRUD�7H]L��0LPDU�6LQDQ�hQLYHUVLWHVL��øVWDQEXO��������V�������
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�����/76�7DKPLQFLVLQLQ�g]HOOLNOHUL� �
/76�WDKPLQFLVLQLQ�|]HOOLNOHUL�DúD÷ÕGDNL�JLEL�|]HWOHQHELOLU�����

��� /76�WDKPLQFLVL�LoLQ�KHU�]DPDQ�ELU�o|]�P�YDUGÕU��
��� /76�WDKPLQFLVL��UHJUHV\RQ�Hú�GH÷LúLP��HTXLYDULDQW����|OoHN�Hú�GH÷LúLP�YH�DILQH�Hú�GH÷LúLP�|]HOOLNOHULQH�VDKLSWLU��
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(÷HU�S!��� > @ > @������� �� SQK YH�J|]OHPOHU�JHQHO�GXUXPGD�
LVH��\DQL�� J|]OHPOHULQ� S� WDQHVL� T LoLQ� WHN� ELU� o|]�P� YHUL\RUVD�� /76�
\|QWHPLQLQ�ER]XOPD�VÕQÕUÕ��
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úHNOLQGH� WDQÕPODQÕU�� ³'DKD� E�\�N� K� GH÷HUOHUL� LoLQ�� /76¶QLQ� ER]XOPD� VÕQÕUÕ��
Q��KQ� �#H ¶GLU�� gUQH÷LQ�� K� # ����Q� VHoLOGL÷LQGH� \|QWHPLQ� ER]XOPD�

VÕQÕUÕ� ���� #H RODFDNWÕU�´� ��� /76� \|QWHPL�� /06¶GH� ROGX÷X� JLEL� YHULOHQ�
úDUWODU� DOWÕQGD� �����ER]XOPD� VÕQÕUÕQD� XODúPDNWDGÕU��*HQHO� RODUDN�� K� NÕUSPD�
RUDQÕ�� D ¶\D� ED÷ODQÕU�� gUQH÷LQ�� > @ ���� �� DQK ROGX÷XQGD� ER]XOPD�
VÕQÕUÕQD� DH   ¶GÕU��
��� (÷HU� S!�� YH� J|]OHPOHU� JHQHO� GXUXPGD� YH� TLL ;\  ¶\Õ� VD÷OD\DQ�

J|]OHPOHULQ� ����� �� SQ GHQ�NHVLQOLNOH�GDKD�oRN�RODQ�ED]Õ�T ¶ODU�YDU�
LVH���R�]DPDQ�/76�o|]�P��T ¶\D�HúLW�ROXU��

��� /76�WDKPLQFLVL���QRUPDO�GD÷ÕOÕP�GXUXPXQGD�GD�D\QÕ�DVLPSWRWLN�HWNLQOL÷H�VDKLSWLU��0�WDKPLQFLOHUL�JLEL���

�
��� -DQQH�+HLNNLOl���5REXVW�5HJUHVVLRQ� oHYULPLoL��KWWS���ZZZ�HH�RXOX�IL�aMWK�UREXVW�SGI���������������� 0LD�+XEHUW��3HWHU�-��5RXVVHHXZ��6WHIDQ�9DQ�$HOVW��³5REXVWQHVV´��(QF\FORSHGLD�RI�$FWXDULDO�6FLHQFHV� (GLWHG�E\�%��6XQGW���-��7HXJHOV��-RKQ�:LOH\��1HZ�<RUN��������V����
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�úHNOLQGH� WDQÕPODQÕU�� %X� WDQÕP�� +XEHU�WLSL� VÕoUD\DQ� �VNLSSHG�� RUWDODPD� LOH�����D\QÕGÕU��
���/76�\|QWHPLQLQ�DVLPSWRWLN�HWNLQOL÷L���H÷HU�D  �����H  ������LVH�VDGHFH������ RODUDN� EXOXQXU�� $QFDN�� K� GH÷HUL� Q� GH÷HULQH� \DNODúWÕNoD�� /76¶QLQ�HWNLQOL÷L�(..¶QÕQ�HWNLQOL÷LQH�\DNODúDFDNWÕU��
�

���8<*8/$0$��
8\JXODPDGD�� KDWD� WHULPOHULQLQ� ELQRP� GD÷ÕOÕPD� X\GX÷X� GXUXPGD�(..� YH� UREXVW� /76� UHJUHV\RQ� WDKPLQFLOHULQLQ� VLPXODV\RQ� \|QWHPL\OH�NDUúÕODúWÕUÕOPDVÕ� \DSÕODFDNWÕU�� %XUDGD� DPDo�� (..� YH� UREXVW� /76�\|QWHPOHULQGHQ� HOGH� HGLOHQ� SDUDPHWUH� WDKPLQOHULQLQ� VLPXODV\RQ� V�UHFLQGH�EDúODQJÕo� GH÷HUL� RODUDN� YHULOHQ� SDUDPHWUH� GH÷HUOHULQGHQ� QH� NDGDU� VDSPD�J|VWHUGLNOHULQLQ�|Oo�OPHVLGLU��%LU�EDúND�LIDGH\OH�DPDo��%LQRP�GD÷ÕOÕPOÕ�KDWD�WHULPOHUL�GXUXPXQGD�V|]�NRQXVX�UHJUHV\RQ�\|QWHPOHULQLQ�KDQJLVLQLQ�GDKD�D]�VDSPDOÕ� WDKPLQOHU� �UHWWL÷LQLQ� J|VWHULOPHVLGLU�� %X� DPDFD� \|QHOLN� RODUDN��VLPXODV\RQ�V�UHFLQGH�NXOODQÕODFDN�RODQ�YHULOHU�KLSRWHWLN�RODUDN� W�UHWLOPLúWLU��(OGH�HGLOHQ�YHULOHU�YH�EX�YHULOHULQ�W�UHWLOPH�úHNOL�DúD÷ÕGD�J|VWHULOPLúWLU���

��� '�]J�Q�GD÷ÕOÕPGDQ���LOH���DUDOÕ÷ÕQGD�LNL�WDQH��U� YH�U� � UDVVDO�VD\ÕQÕQ�HOGH�HGLOPHVL�
��� (OGH�HGLOHQ�EX�UDVWVDO�VD\ÕODU�=�RODUDN�WDQÕPODGÕ÷ÕPÕ]�DúD÷ÕGDNL�HúLWOLNWH�\HULQH� NR\XODUDN� ELU� 1������ GD÷ÕOPÕú� GH÷LúNHQ� GH÷HUL� � HOGH� HGLOLU��

�U&RV����OQ��� �� 3� U= �����

��� 1������GD÷ÕOPÕú�V|]�NRQXVX�=�GH÷HUL�� =8 VP � �HúLWOL÷LQGH�\HULQH�
NRQXODUDN�8�UDVVDO�GH÷LúNHQL�HOGH�HGLOHELOLU����
%X�DoÕNODPDODU� ÕúÕ÷ÕQGD�HOGH�HGLOHQ�1��������GD÷ÕOPÕú�YHULOHU� DúD÷ÕGDNL�JLELGLU��
�

��� $Q�,QWURGXFWLRQ�WR�5DQGRP�1XPEHU�*HQHUDWLRQ�DQG�6LPXODWLRQ��KWWS���GPDZZZ�HSIO�FK�EHQDURXV�3PPL�LQWHUDFWLYH�UQJ��KWP� ������������



$úÕUÕ�'H÷HU�øoHUHQ�9HUL�.�PHOHULQGH�+DWD�7HULPOHULQLQ�%LQRP��

� ���

&�����6���

7DEOR� ��� +LSRWHWLN� RODUDN� HOGH� HGLOHQ� \DNODúÕN� RODUDN� � 1�������� GD÷ÕOPÕú�YHULOHU��
�������� �������� ������� �������� �������� �������� ��������
�������� ������� �������� �������� ������� �������� ��������
������� �������� ������� ������� �������� ������� �������
�������� ������� �������� �������� �������� ������� ��������
�������� ������� ������� ������� �������� ������� ��������

0LQ���������� 2UWDODPD������������ ��0HG\DQ���������������� 6WG��6DSPD������������
�����%LQRP�'D÷ÕOÕPD�8\DQ�+DWD�7HULPLQLQ�(OGH�(GLOPHVL�

� ;��S�SDUDPHWUHVL� LOH�ELU�%HUQRXOOL� UDVVDO�GH÷LúNHQL�ROGX÷XQGD��;¶LQ�GD÷ÕOÕP�IRQNVL\RQX���
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úHNOLQGH� DOÕQÕU� YH� X¶QXQ� \HULQH� ��X� NR\XOXUVD�� S� SDUDPHWUHVL� LOH� %HUQRXOOL�UDVVDO� GH÷LúNHQLQLQ� 8������ � UDVVDO� GH÷LúNHQLQGHQ� � H÷HU� X�S� LVH� �� YH� GL÷HU�GXUXPODUGD���DOÕQDUDN�HOGH�HGLOLU��%HUQRXOOL�UDVVDO�GH÷LúNHQLQL�HOGH�HGLOGLNWHQ�VRQUD��EX�UDVVDO�GH÷LúNHQ�NXOODQÕODUDN�%LQRP�UDVVDO�GH÷LúNHQL�DúD÷ÕGDNL�JLEL�HOGH�HGLOLU����
��� %DúODQJÕo��GH÷HUL�RODUDN��; ��DOÕQÕU��
��� 1 WDQH�G|QJ��\DSÕODUDN�\XNDUÕGD�HOGH�HWWL÷LPL]�%���S��UDVVDO�GH÷LúNHQL�;�GH÷LúNHQLQH�HNOHQHUHN��; ;�%���S���%LQRP�UDVVDO�GH÷LúNHQL�HOGH�HGLOLU��

�����6LPXODV\RQ�8\JXODPDVÕQÕQ�$OJRULWPDVÕ�
��� $QDN�WOH� UHJUHV\RQ� SDUDPHWUH� GH÷HUOHUL� VLPXODV\RQXQ� EDúODQJÕFÕQGD�

��  E YH� ��  E RODUDN�NDEXO�HGLOPLúWLU��
��� gUQHNOHP� E�\�NO�÷�� Q ��� VHoLOPLú� YH� KHU� J|]OHP� LoLQ� QRUPDO�

GD÷ÕOÕPGDQ�HOGH�HGLOHQ��;a> @1������ GH÷HUOHUL�VDELWOHQPLúWLU��
��� +DWD� WHULPOHUL� �XL GH÷HUOHUL�� � UDVVDO� RODUDN� ELQRP� GD÷ÕOÕPÕQGDQ� HOGH�HGLOPLúWLU��S �����S ����YH�S ���� LoLQ�����YH�����G|QJ�O�� � VLPXODV\RQ�X\JXODPDVÕ�\DSÕOPÕúWÕU����� $QDN�WOH� NDWVD\Õ� GH÷HUOHUL� YH� KDWD� WHULPOHUL� ELOLQGL÷LQH� J|UH��
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WDKPLQFLVLQGH�K�GH÷HUL�D �����DOÕQDUDN��

� > @ ���� �� DQK �����
HúLWOL÷LQGHQ�HOGH�HGLOPLúWLU���
� 7DEOR� �� ���� 'HQHPH� 6RQXFXQGD� (..� YH� /76� <|QWHPOHULQGHQ��� (OGH�(GLOHQ�3DUDPHWUH�7DKPLQOHULQGHNL�6DSPD�0LNWDUODUÕ��� %�1�S��

(..�6DSPD�0LNWDUÕ /76�6DSPD�0LNWDUÕ�
6DELW�
�E� �����

(÷LP�
�E� �����

6DELW�
�E� ���

(÷LP�
�E� �����

+DWD�7HULPOHULQLQ�'D÷ÕOÕPÕ�%�1�S�
�������� ��������� �������� ��������� % ����������
��������� ��������� ��������� ��������� % ����������

2ULMLQDO�'H÷HUOHU�
øoLQ� ��������� ��������� ��������� ��������� % ����������

��������� ��������� �������� ��������� % ����������
��������� ��������� ��������� ��������� % ����������

7HN�$úÕUÕ�
'H÷HU�9DUOÕ÷ÕQGD� ��������� ��������� ��������� ��������� % ����������

��������� ��������� �������� ��������� % ����������
��������� ��������� ��������� ��������� % ����������

øNL�$úÕUÕ�
'H÷HU�9DUOÕ÷ÕQGD� ��������� ��������� �������� ��������� % ����������



$úÕUÕ�'H÷HU�øoHUHQ�9HUL�.�PHOHULQGH�+DWD�7HULPOHULQLQ�%LQRP��

� ���

&�����6���

7DEOR� �¶GH� J|U�OG�÷�� JLEL� ���� GHQHPHOLN� VLPXODV\RQ� V�UHFLQGH��RULMLQDO� YHUL� N�PHVLQGH� �KHUKDQJL� ELU� D\NÕUÕ� GH÷HULQ� EXOXQPDGÕ÷Õ� GXUXPGD��(..� YH� /76� \|QWHPOHUL� EHQ]HU� VRQXoODU� YHUPLúWLU�� 6|]� NRQXVX� LNL�\|QWHPGHQ� HOGH� HGLOHQ� VDELW� SDUDPHWUH� WDKPLQOHUL� EDúODQJÕo� GH÷HULQGHQ�E�\�N� VDSPDODU� J|]OHQLUNHQ� H÷LP� SDUDPHWUHVL� WDKPLQOHULQGH� EDúODQJÕo�GH÷HULQH� ROGXNoD� \DNÕQ�� N�o�N� VDSPDODU� J|U�OPHNWHGLU�� (÷LP� SDUDPHWUHVL�WDKPLQOHULQGH�S ����YH�����LoLQ�(..�\|QWHPL�GDKD�N�o�N�VDSPD�J|VWHULUNHQ�S ����LoLQ�/76�\|QWHPL�GDKD�N�o�N�VDSPD�J|VWHUPLúWLU��$QFDN��WHN�YH\D�LNL�DúÕUÕ�GH÷HULQ�EXOXQGX÷X�GXUXPODUGD��(..�\|QWHPLQGHQ�HOGH�HGLOHQ�VRQXoODU�EDúODQJÕo� GH÷HULQGHQ� ROGXNoD� X]DNWÕU�� \DQL� (..� \|QWHPLQGHQ� HOGH� HGLOHQ�KHP� VDELW� SDUDPHWUH� KHP� GH� H÷LP� SDUDPHWUHVL� WDKPLQOHUL� E�\�N� VDSPDODU�J|VWHUPHNWHGLU�� %XQD� NDUúÕOÕN�� /76� \|QWHPL\OH� HOGH� HGLOHQ� WDKPLQOHU� VDELW�SDUDPHWUH� LoLQ� (..� \|QWHPLQH� EHQ]HUOLN� J|VWHULUNHQ� H÷LP� SDUDPHWUHVL�WDKPLQLQGH� RULMLQDO� YHUL� N�PHVLQGH� ROGX÷X� JLEL� N�o�N� VDSPDODU�J|VWHUPHNWHGLU�� %X� GXUXP� /76� \|QWHPLQLQ� %LQRP� GD÷ÕOÕPOÕ� KDWD�WHULPOHULQGH� GH� D\NÕUÕ� GH÷HUOHUGHQ� ID]ODFD� HWNLOHQPHGL÷LQLQ� YH� (..�\|QWHPLQLQ�LVH�WHN�ELU�DúÕUÕ�GH÷HULQ�ELOH�HWNLVLQGH�NDODUDN�GDKD�ID]OD�VDSPDOÕ�VRQXoODU�YHUGL÷LQLQ�ELU�J|VWHUJHVLGLU����7DEOR� ��� ���� 'HQHPH� 6RQXFXQGD� (..� YH� /76� <|QWHPOHULQGHQ���������������������������������� (OGH�(GLOHQ�3DUDPHWUH�7DKPLQOHULQGHNL�6DSPD�0LNWDUODUÕ��� %�1�S���
(..�6DSPD�0LNWDUÕ� /76�6DSPD�0LNWDUÕ�
6DELW�
�E� �����

(÷LP�
�E� �����

6DELW�
�E� ���

(÷LP�
�E� �����

+DWD�7HULPOHULQLQ�'D÷ÕOÕPÕ�%�1�S��
�������� ��������� �������� ��������� % ����������
��������� ��������� ��������� ��������� % ����������

2ULMLQDO�'H÷HUOHU�
øoLQ� ��������� ��������� ��������� ��������� % ����������

��������� ��������� �������� ��������� % ����������
��������� ��������� ��������� ��������� % ����������

7HN�$\NÕUÕ�
'H÷HU�9DUOÕ÷ÕQGD� ��������� ��������� ��������� ��������� % ����������

��������� ��������� �������� ��������� % ����������
��������� ��������� ��������� ��������� % ����������

øNL�$\NÕUÕ�
'H÷HU�9DUOÕ÷ÕQGD� ��������� ��������� ��������� ��������� % ����������

6LPXODV\RQGD� GHQHPH� VD\ÕVÕQÕQ� ���� oÕNDUÕOGÕ÷Õ� GXUXPGD� (..� YH�/76� UHJUHV\RQ� WDKPLQFLOHULQGHQ� HOGH� HGLOHQ� SDUDPHWUH� WDKPLQOHULQH� LOLúNLQ�7DEOR� �¶GH� J|VWHULOHQ� VRQXoODU� LQFHOHQGL÷LQGH� ���� GHQHPHOL� GXUXPD�EHQ]HUOLN� J|VWHUGL÷L� J|]OHPOHQPHNWHGLU�� <DQL�� D\NÕUÕ� GH÷HU� LoHUPH\HQ�RULMLQDO�YHUL�N�PHVLQGH�(..�YH�/76�WDKPLQOHUL�ELUELULQH�\DNÕQNHQ�WHN�YH\D�LNL� D\NÕUÕ� GH÷HU� LoHULOHQ� GXUXPGD� H÷LP� SDUDPHWUHVL� LoLQ� /76� \|QWHPLQLQ�(..�\|QWHPLQH�J|UH�GDKD�VDSPDVÕ]�WDKPLQOHU�YHUGL÷L�J|U�OPHNWHGLU��
�



g=7h5.�±�7h5.$<��

� ���

�����

� ���6218d�
� +DWD� WHULPOHULQLQ� ELQRP� GD÷ÕOÕPD� X\GX÷X� GXUXPGD�� (..� YH� /76�UHJUHV\RQ� WDKPLQFLOHULQLQ� NDUúÕODúWÕUÕOGÕ÷Õ� VLPXODV\RQ� oDOÕúPDVÕ� VRQXFXQGD��RULMLQDO�YHUL�N�PHVLQGH�(..�YH�/76�\|QWHPOHULQLQ�EHQ]HU�VRQXoODU�YHUGL÷L��DúÕUÕ� GH÷HUOHUOH� YHULQLQ� NLUOHWLOGL÷L� GXUXPGD� LVH�/76� WDKPLQFLVLQLQ� EDUL]� ELU�úHNLOGH� GDKD� D]� VDSPDOÕ� SDUDPHWUH� WDKPLQOHUL� �UHWWL÷L� J|U�OPHNWHGLU�� %XQD�J|UH�� � KDWD� WHULPOHULQLQ�ELQRP�GD÷ÕOÕPD�X\GX÷X�GXUXPGD�� H÷HU� YHUL� N�PHVL�DúÕUÕ�GH÷HUOHU�LoHUL\RUVD��UHJUHV\RQ�SDUDPHWUHOHULQLQ�/76�\|QWHPL\OH�WDKPLQL�GDKD� VD÷OÕNOÕ� VRQXoODU� YHUHFHNWLU�� %X� GXUXP� GLNNDWH� DOÕQDUDN�� oHúLWOL� WHúKLV�DUDoODUÕ�NXOODQÕODUDN�ELU�YH\D�GDKD�ID]OD�DúÕUÕ�GH÷HU� WHVSLW�HGLOLUVH��GR÷UXGDQ�/76�\|QWHPL\OH�UHJUHV\RQ�SDUDPHWUHOHULQLQ�WDKPLQ�HGLOPHVL�GDKD�X\JXQ�ELU�\DNODúÕP� RODFDNWÕU�� (..� \|QWHPLQGHQ� HOGH� HGLOHQ� NDOÕQWÕ� GH÷HUOHULQLQ� DúÕUÕ�GH÷HUOHULQ� WHVSLWL� NRQXVXQGD� \HWHUVL]OL÷L� GH� J|]� |Q�QH� DOÕQÕUVD�� KHP� DúÕUÕ�GH÷HUOHULQ� WHVSLWL�� KHP� GH� SDUDPHWUH� WDKPLQOHULQLQ� VDSPDVÕ]OÕ÷Õ� LoLQ� /76�\|QWHPLQLQ�JHUHNOLOL÷L�RUWD\D�oÕNPDNWDGÕU��
� .$<1$.d$�
��� %ø//25�� 1��� +$'ø�� 6�$��� 9(//(0$1�� 3�)�� �������� ³%$&21� ��%ORFNHG� $GDSWLYH� &RPSXWDWLRQDO� (IILFLHQW� 2XWOLHU� 1RPLQDWRUV´��&RPSXWDWLRQDO�6WDWLVWLFV�DQG�'DWD�$QDO\VLV� 9RO������V����������
��� +$03(/�� )��5�� �������� ³7KH� ,QIOXHQFH�&XUYH� DQG� ,WV�5ROH� LQ�5REXVW�(VPDWLRQ´��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFDWLRQ������
��� +$03(/�� )�5��� � 521&+(77,� (�0��� 52866((8:� 3�-��� 67$+(/�:�$���������5REXVW�6WDWLVWLFV� 1HZ�<RUN��-RKQ�:LOH\��
��� +(ø..ø/b�-��������5REXVW�5HJUHVVLRQ��(ULúLP��KWWS���ZZZ�HH�RXOX�IL�aMWK�UREXVW�SGI� (ULúLP�7DULKL��������������
��� +8��)���+8��-�� ��������³$�1RWH�2Q�%UHDNGRZQ� �7KHRU\�)RU�%RRWVWUDS�0HWKRGV´��6WDWLVWLFV�DQG�3UREDELOLW\�/HWWHUV������V��������
��� +8%(5��3HWHU�-����5REXVW�6WDWLVWLFV� 1HZ�<RUN���-RKQ�:LOH\��������
��� +8%(57�� 0��� 52866((8:�� 3�-��� 9$1� $(/67�� 6���������³5REXVWQHVV´�� (QF\FORSHGLD� RI� $FWXDULDO� 6FLHQFHV�� (GLWHG� E\� %��681'7���-��7(8*(/6��1HZ�<RUN��-RKQ�:LOH\��
��� 0$728â(.�� -��� 02817�� '�0��� 1$7(1<$+8�� 1�6���������³(IILFLHQW� 5DQGRPL]HG� $OJRULWKPV� )RU� 7KH� 5HSHDWHG� 0HGLDQ� /LQH�(VWLPDWRU´���$OJRULWKPLFD������
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��� g=7h5.�� /��������� ³'R÷UXVDO� 5HJUHV\RQGD� 6D÷ODP� .HVWLULP�<|QWHPOHUL� YH� .DUúÕODúWÕUÕOPDODUÕ´�� <D\ÕQODQPDPÕú� 'RNWRUD� 7H]L�� 0LPDU�6LQDQ�hQ��
���� 52866((8:�� 3�-��� /(52<�� $�0��������� 5REXVW� 5HJUHVVLRQ� DQG�2XWOLHU�'HWHFWLRQ� 1HZ�<RUN��-RKQ�:LOH\��
���� 52866((8:�� 3�-��� 9$1� $(/67�� 6�� �������� ³3RVLWLYH�%UHDNGRZQ�5REXVW�0HWKRGV�LQ�&RPSXWHU�9LVLRQ´�&RPSXWLQJ�6FLHQFH�DQG�6WDWLVWLFV��9RO�����V�����������
���� 52866((8:�� 3�-��� 9$1� '5ø(66(1�� .��������� � ³&RPSXWLQJ� /76�5HJUHVVLRQ� IRU� /DUJH� 'DWD� 6HWV´� �'�]HQOHQPLú��� 7HFKQLFDO� 5HSRUW��8QLYHUVLW\�RI�$QWZHUS��
���� 6&+80$&.(5�� 5�(��� 021$+$1�� 0�3��� 02817� 5�(��������� ³$�&RPSDULVRQ� RI�2/6� WR� /76� DQG�00�5REXVW�5HJUHVVLRQ� LQ� 6�3/86´��6RXWKZHVW�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ���WK�$QQXDO�0HHWLQJ�$XVWLQ��7H[DV�������
���� 67$8'7(��5�*���6+($7+(5�6�-���������5REXVW�(VWLPDWLRQ�DQG�7HVWLQJ�1HZ�<RUN���-RKQ�:LOH\��
���� 7h5.$<�� +�� �������� ³'R÷UXVDO� 5HJUHV\RQ� 0RGHOOHULQLQ� 5REXVW��'D\DQÕNOÕ�� <|QWHPOHUOH� 7DKPLQL� YH� .DUúÕODúWÕUPDOÕ� 8\JXODPDODUÕ´��<D\ÕQODQPDPÕú�'RNWRUD�7H]L��øVWDQEXO�hQLYHUVLWHVL��
���� =82�<���������³6RPH�4DQWLWDWLYH�5HODWLRQVKLSV�%HWZHHQ�7ZR�7\SHV�RI�)LQLWH� 6DPSOH� %UHDNGRZQ� 3RLQW´�� 6WDWLVWLFV� DQG� 3UREDELOLW\� /HWWHUV��YRO�����V�����������
���� BBBBBBBB$Q� ,QWURGXFWLRQ� WR� 5DQGRP� 1XPEHU� *HQHUDWLRQ� DQG�6LPXODWLRQ�� (ULúLP�KWWS���GPDZZZ�HSIO�FK�EHQDURXV�3PPL�LQWHUDFWLYH�UQJ��KWP � (ULúLP�7DULKL���������������
���� BBBBBBBB$Q� ,QWURGXFWLRQ� WR� 5DQGRP� 1XPEHU� *HQHUDWLRQ� DQG�6LPXODWLRQ�� (ULúLP�KWWS���GPDZZZ�HSIO�FK�EHQDURXV�3PPL�LQWHUDFWLYH�UQJ��KWP � (ULúLP�7DULKL���������������


