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���� ³3´ 7LSL�.XYYHWOHQGLULFL�'HYUHOHUL �������������������������������������������������������������������������
������ ���'H÷LúNHQOL��3� 7LSL�0LNURGDOJD�.XYYHWOHQGLULFLOHUL���7DVDUÕP�������������������������
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&KDUDFWHUL]DWLRQ� RI� DFWLYH� PLFURZDYH� GHYLFHV� DQG� GHVLJQ� RI� WKH� ZLGHEDQG� PLFURZDYH�DPSOLILHUV�DUH�VWLOO�DPRQJ�WKH�PDMRU�LQWHUHVWV�LQ�WKH�FRPPXQLFDWLRQ�HQJLQHHULQJ��(VSHFLDOO\��LQ�GHVLJQLQJ� PLFURZDYH� DPSOLILHUV�� PDQ\� VRSKLVWLFDWHG� QXPHULFDO� PHWKRGV� DUH� XWLOL]HG� WR�RSWLPL]H� WKH� V\VWHP� SHUIRUPDQFH��*HQHUDOO\�� WKH� RSWLPL]DWLRQ� LV� IRFXVHG� RQ� WKH� WUDQVGXFHU�SRZHU JDLQ� �*7� RYHU� WKH� IUHTXHQF\� EDQG� RI� RSHUDWLRQ� ZLWKRXW� FRQWUROOLQJ� WKH� RWKHU�SHUIRUPDQFH�FULWHULD�VXFK�DV�WKH�QRLVH��)���WKH�LQSXW�96:5��9L���DQG�WKH�RXWSXW�96:5��9R���,W� VKRXOG� DOVR� EH� PHQWLRQHG� WKDW� WKH� RSWLPL]DWLRQ� SURFHVV� RI� WKH� SHUIRUPDQFH� LV� KLJKO\�QRQOLQHDU� LQ� WHUPV� RI� WKH� GHVFULSWLYH� SDUDPHWHUV� RI� WKH� V\VWHP�� &HUWDLQO\�� ZLWKLQ� WKH�RSWLPL]DWLRQ�SURFHVV��RQH�FDQ�HDVLO\� LPEHG� WKH�GHVLUHG�SHUIRUPDQFH�JRDOV�ZLWKRXW�NQRZLQJ�WKH SK\VLFDO� OLPLWV� DQG�RU� FRPSURPLVH� UHODWLRQV� DPRQJ� )�� 9L DQG� *7 DQG� EDQGZLGWK� %�DSSURSULDWHO\�� %XW� XQIRUWXQDWHO\�� WKLV� SURFHVV�� RIWHQ� IDLOV� LQ� KLWWLQJ� WKH� GHVLUHG� JRDOV��+RZHYHU��LQ�WKLV�ZRUN�WR�RYHUFRPH�DOO�WKHVH�DERYH�PHQWLRQHG�KDQGLFDSV�ILUVWO\�WKH�SRWHQWLDO�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI� WKH�DFWLYH�HOHPHQW�HPSOR\HG� LQ� WKH�DPSOLILHU�DUH�REWDLQHG� WR�IRUP WKH�WDUJHW�VSDFH�RI�WKH�RSWLPL]DWLRQ���
,Q� WKH� ILUVW� VWDJH� WKH� DQDO\WLFDO� JUDGLHQWV� DQG� WKH� HUURU� IXQFWLRQV� DUH� GHWHUPLQHG� LQ� WZR�GLIIHUHQW� DSSUR[LPDWLRQV� WR� GHVLJQ� WKH� DPSOLILHU� DFFRUGLQJ� WR� WKH� SRWHQWLDO� SHUIRUPDQFH�FKDUDFWHULVWLFV��
,Q� WKH� VHFRQG�VWDJH� WKHVH� WZR� IXQFWLRQV�DUH�RSWLPL]HG� LQ� WZR�GLIIHUHQW�ZD\V�DQG� WKH�SURSHU�SDUDPHWHUV�=�DQG�/�DUH�REWDLQHG��
,Q�WKH�HQG�WKH�FRPSOHWH�DQDO\VLV�RI�WKH�ZKROH�V\VWHP�LV�GRQH�XVLQJ�WKH�UHVXOWHG�RSWLPL]DWLRQ�SDUDPHWHUV�DQG�WKH�UHVXOWV�DUH�FRPSDUHG�ZLWK�WKH�UHVXOWV�RI�RQH�3URIHVVLRQDO�VRIW�SDFNHW��DQG�VKRZQ�WKDW�DOO�RI��WKHP�DUH�DJUHHG�ZHOO��
�
.H\ :RUGV�� 0LFURZDYH� $PSOLILHU�� 7UDQVGXFHU� 3RZHU� *DLQ�� ,QSXW� 96:5�� 1RLVH� )LJXUH����(UURU )XQFWLRQ��
�



�

��� *ø5øù��
*HQLú�EDQWOÕ�PLNURGDOJD�NXYYHWOHQGLULFLVL�WDVDUÕPÕ��KDEHUOHúPH�P�KHQGLVOL÷LQLQ�HQ�|QHPOL�LOJL�
DODQODUÕQGDQ� ELUL� ROPD\D�� J�Q�P�]GH� GH� GHYDP� HWPHNWHGLU�� g]HOOLNOH�� PLNURGDOJD�
NXYYHWOHQGLULFLVL� WDVDUÕPÕQGD�� VLVWHP� SHUIRUPDQVÕQÕ� HQ� X\JXQ� úHNOH� VRNPD� DPDFÕ� LOH� ELUoRN�
PRGHUQ�Q�PHULN�YH�DQDOLWLN�\|QWHP�NXOODQÕOPDNWDGÕU��%X�\|QWHPOHUGH�JHQHOOLNOH��ELU�oDOÕúPD�
EDQGÕ�ER\XQFD�ND]DQo��*7� �]HULQGH�\R÷XQODúÕOÕUNHQ��JLULú�X\XPVX]OX÷X��9L���J�U�OW��IDNW|U��
�)��� oÕNÕú� X\XPVX]OX÷X� �9RXW��� JLEL� GL÷HU� SHUIRUPDQV� |Oo�� NÕVWDVODUÕ�� KHVDED� DOÕQPD]��'L÷HU�
WDUDIWDQ��µHQ�X\JXQ�úHNOH�VRNPD¶�V�UHFL��VLVWHPLQ�SHUIRUPDQV�PRGHO�SDUDPHWUHOHULQH��\�NVHN�
GHUHFHOL� QRQOLQHHU� ED÷ÕPOÕ� ELU� V�UHoWLU�� $VOÕQGD�� ELU� HQ� X\JXQ� úHNOH� VRNPD� V�UHFLQGH�� DNWLI�
HOHPDQ� IL]LNVHO� OLPLWOHUL� YH�\D� GD�)��9L � *7 SHUIRUPDQV� |Oo�OHUL� DUD�LOLúNLOHUL� ELOLQPHNVL]LQ��
LVWHQLOHQ� )�9L�*7 GH÷HUOHUL�� µUHIHUDQV¶� GH÷HU� WDNÕPÕ� RODUDN� YHULOHELOLU�� )DNDW� EX��������������������
�)UHT��9øUHT� *7UHT� �oO�V�Q�Q� X\XPVX]OX÷X� QHGHQL� LOH� HQ� X\JXQ� úHNOH� VRNPD� V�UHFL�� VÕN� VÕN�
EDúDUÕVÕ]OÕNOD� VRQXoODQPDNWDGÕU�� %X� oDOÕúPDQÕQ� DPDFÕ�� EX� HQJHOOHUL� DúPDNWÕU�� .D\ÕSVÕ]� YH�
UHVLSURN� X\GXUPD� GHYUHOHUL� LOH� WHN� WUDQVLVWRUOX� ELU� NXYYHWOHQGLULFLQLQ� )�9L�*7� SHUIRUPDQV�
ELOHúHQOHUL�� GHYUHGHNL� WUDQVLVWRUXQ� SHUIRUPDQV� ELOHúHQOHULQH� HúLWWLU�� EX� X\GXUPD� GHYUHOHULQLQ�
ND\ÕSVÕ]OÕN�YH�UHVLSURVLWH�|]HOOLNOHULQLQ�GLUHNW�VRQXFXGXU���
dDOÕúPDQÕQ�DúDPDODUÕ�DúD÷ÕGDNL�úHNLOGH�VÕUDODQDELOLU��
.XYYHWOHQGLULFL\L�SRWDQVL\HO�SHUIRUPDQV�NDUDNWHULVWLNOHULQH�HQ�X\JXQ�úHNLOGH�WDVDUODPDN�LoLQ�
LON� DúDPDGD� X\GXUPD� GHYUHOHULQLQ� DQDOLWLN� JUDG\DQWODUÕ� LOH� KDWD� IRQNVL\RQODUÕ� IDUNOÕ� LNL�
\DNODúÕPOD����� 7* GX\DUOÕOÕN�\DNODúÕPÕ���� LU \DNODúÕPÕ��WHúNLO�HGLOPLúWLU��
�
øNLQFL�DúDPDGD�EX�IRQNVL\RQODUÕ�IDUNOÕ�LNL�PHWRWOD�RSWLPL]DV\RQ��SURJUDPÕQD�VRNXS�HQ�X\JXQ�
=�/�SDUDPHWUHOHUL�EXOXQPXúWXU��
�
6RQ RODUDN�RSWLPL]DV\RQ�VRQXFX�EXOXQDQ�GHYUH�HOHPDQODUÕ� LOH�E�W�Q�GHYUH�DQDOL]�HGLOPLú�YH�
VRQXoODU ELU��SURIHV\RQHO�VLP�ODV\RQ�SDNHWL�LOH�NDUúÕODúWÕUÕOPÕú�YH�PDNXO�RODUDN�X\JXQ�ROGX÷X�
J|VWHULOPLúWLU��
�
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��� g1&(.ø�d$/,ù0$/$5�
/LWHUDW�UGH� EXOXQDQ� PLNURGDOJD� NXYYHWOHQGLULFL� WDVDUÕPODUÕ� HNVHUL\HWOH� \D� ND]DQFÕQ� \D� GD�
J�U�OW�� IDNW|U�Q�Q� HQ� X\JXQ� úHNOH� VRNXOPDVÕ� �]HULQGH� \R÷XQODúPÕúWÕU�� %XUDGD�
EDKVHGLOHELOHFHN� |QHPOL� WHNQRORMLN� oDOÕúPDODU� úX� úHNLOGH� |]HWOHQHELOLU�� +DUD� YH� DUNDGDúODUÕ�
���� \ÕOÕQGD�DNWLI�PLNURGDOJD�HQG�NWDQVÕ� WDVDUOD\ÕS�JHQLú�EDQWOÕ�00,&�NXYYHWOHQGLULFLVLQGH�
NXOODQPÕúODUGÕU��<LQH������\ÕOÕQGD�<XHQ�YH�DUNDGDúODUÕ�PRQROLWLN�WHN�NDWOÕ�+(07�.D�EDQGÕ�
G�ú�N�J�U�OW�O��ELU�PLNURGDOJD�NXYYHWOHQGLULFLVL��]HULQGH�oDOÕúDUDN���±���*+]�DUDVÕQGD���G%�
ND]DQo� YH� �������*+]� DUDVÕ� �G%� J�U�OW�� IDNW|U�Q�� HOGH� HWPLúOHUGLU�� 0LNURGDOJD�
NXYYHWOHQGLULFLVLQLQ� |]HOOLNOH� *D$V�*D$O$V� 'DUOLQJWRQ� +%7� WUDQVLVWRU� oLIWL� NXOODQDUDN� LNL�
NXYYHWOHQGLULFL� YDU\DQVÕQÕ� LRQ� LPSOHPHQWDWLRQ� WHNQL÷L� LOH� 7RSKDP� YH� DUNDGDúODUÕ� �������
JHUoHNOHúWLUPLúOHUGLU�� NXYYHWOHQGLULFLOHUGHQ�ELULVL� ���G%¶OLN�ND]DQFÕ����*+]�DUDVÕQGD��GL÷HUL�
��G%¶OLN�ND]DQFÕ����*+]�DUDVÕQGD���G%�EDQW�JHQLúOL÷L�LOH�YHUPHNWHGLU����
0LNURGDOJD� NXYYHWOHQGLULFLOHULQLQ� VDGHFH� ND]DQFÕ� YH\D� J�U�OW�V�� GÕúÕQGD� JLULú� YH� oÕNÕú�
X\XPVX]OX÷X� JLEL� GL÷HU� SHUIRUPDQV� |Oo�OHUL� GH� KHVDED� NDWDUDN� D\QÕ� DQGD� RSWLPL]H� HWPH\H�
\|QHOLN� oDOÕúPDODUGD� OLWHUDW�UGH� \HU� DOPDNWDGÕU�� %X� oDOÕúPDODUD� 3HUHQQHF� YH� DUNDGDúODUÕ�
�������� J�o� ND]DQFÕ� YH� JHULOLP� GXUDQ� GDOJD� RUDQÕQÕ� �96:5��� LNL� YH� �o� NDWOÕ� PLNURGDOJD�
NXYYHWOHQGLULFLOHUGH�HQ�N�o�N�NDUHOHU�PHWRGX�LOH�RSWLPL]H�HGHUHN�|UQHN�ROPXúODUGÕU��$\QÕ�\ÕO�
&LRIIL �������� HPSHGDQV� X\GXUPD� PHWRWODUÕ� LOH� JHQLú� EDQWOÕ� GD÷ÕOPÕú� SDUDPHWUHOL�
NXYYHWOHQGLULFLQLQ���: YH���:¶OXN�\�NOHU�DOWÕQGD�ND]DQo�YH�JLULú�\DQVÕPD�NDWVD\ÕVÕQÕ�0RQWH�
&DUOR <LHOG�EHQ]HWLPL�LOH�����*+]�EDQGÕQGD�RSWLPL]H�HWPLúWLU��&DSSRQL�YH�DUNDGDúODUÕ��������
WUDQVLVWRUXQ� VDoÕOPD� YH� J�U�OW�� SDUDPHWUHOHUL� \DUGÕPÕ\OD� EXOGXNODUÕ� NDUDUOÕOÕN� GDLUHOHULQGHQ�
HOGH� HWWLNOHUL� DNWLI� HOHPDQ� oDOÕúPD� NRúXOODUÕQGD� ND]DQo�� J�U�OW�� RUDQÕQÕ� YH� JLULú� \DQVÕPD�
NDWVD\ÕVÕQÕ� GD� KHVDED� DODUDN� ����*+]� IUHNDQV� EDQGÕQGD� NXYYHWOHQGLULFL� WDVDUODPÕúODUGÕU��
6HPOL YH�DUNDGDúODUÕ�����������0+]��*+]�IUHNDQV�EDQGÕQGD���G%�ND]DQo���G%�JLULú�YH���G%�
oÕNÕú� G|Q�ú� ND\EÕ� LOH� N|SU�OHQPLú� 7±%RELQ� X\GXUPD� GHYUHOL� N�o�N� LúDUHW� 00,&�
NXYYHWOHQGLULFLVL� JHUoHNOHúWLUPLúOHUGLU�� ����� \ÕOÕQGD� 7DQ]L�� JLULú� YH� oÕNÕú� 96:5�
VÕQÕUODPDODUÕQÕ� KHVDED� NDWDQ� JHQLú� EDQWOÕ� G�ú�N� J�U�OW�O�� WUDQVLVWRU� NXYYHWOHQGLULFL� WDVDUÕPÕ�
LoLQ ELU�PHWRW�WHNOLI�HWPLú���o�|UQHN�LOH�EX�PHWRGXQ�X\JXODQDELOLUOL÷LQL�J|VWHUPLú�YH�683(5�
&203$&7�LOH�GHYUH\L�VLPXOH�HWPLúWLU���
(OHNWURQLN� GHYUHOHUGH� HPSHGDQV� X\XPVX]OX÷XQX� \HQPHN� LoLQ� X\GXUPD� GHYUH� NXOODQÕPÕ�
ROGXNoD�\D\JÕQ�RODUDN�EXOXQPDNWDGÕU��/LWHUDW�UGH�JHQLú�EDQWOÕ�PLNURGDOJD�NXYYHWOHQGLULFLOHUL�
WDVDUÕPÕ� �]HULQH� |QHPOL� WHRULN� oDOÕúPDODUGDQ� ELULVL� ú�SKHVL]� NL� 5HHO� )UHNDQV� 7HNQL÷LGLU�
�<DUPDQ��%�6��YH�&DUOLQ��+��������������\ÕOÕQGD�-XQJ�� UHHO� IUHNDQV� WHNQL÷LQL�NXOODQDUDN�/&�
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PHUGLYHQ� WLSL� X\GXUPD� GHYUHOHUL� LOH� NXYYHWOHQGLULFL� WDVDUÕPÕQÕ� JDUDQWL� HGLOPLú� VWDELOLWH� LOH�
VÕQÕUODQGÕUÕOPDPÕú�HQ�X\JXQ�úHNOH�VRNPD�LoLQ�IRUP�OL]H�HWPLú�YH��±���*+]�IUHNDQV�EDQGÕQGD�
���� r ���� G%� ND]DQFÕQÕ� JHUoHNOHúWLUPLúWLU�� .HUKHUYH� ������� UHHO� IUHNDQV� WHNQL÷LQL� ND\ÕSOÕ�
MRQNVL\RQODUÕ� LOH� NDVNDG� WUDQVPLV\RQ� KDWODUÕQGDQ� ROXúDQ� X\GXUPD� GHYUHOHULQH� VDKLS�� G�ú�N�
J�U�OW�O�� ELU� PLNURGDOJD� NXYYHWOHQGLULFLVL� WDVDUÕPÕQD� X\JXODPÕú� YH� JHUoHNOHúWLUPLúWLU�� 5HHO�
IUHNDQV WHNQL÷L�� ����� \ÕOÕQGD� GD÷ÕOPÕú� YH� WRSOX� SDUDPHWUHOL� NDUÕúÕN� HOHPDQOÕ� X\GXUPD�
GHYUHOHULQH� $NVHQ�� $� YH� <DUPDQ� %�6�� WDUDIÕQGDQ� JHQLúOHWLOPLúWLU�� $\UÕFD� <DUPDQ� YH�
DUNDGDúODUÕ� SDVLI� WHN� NDSÕOÕ� HOHPDQODUÕQ� 'DUOLQJWRQ� HúGH÷HUOLNOHUL� LoLQ� HPSHGDQV� WHPHOOL� ELU�
PHWRW RUWD\D�NR\PXúODUGÕU� �������� �8\GXUPD�GHYUH� WDVDUÕPÕ� LOH� LOJLOL� \DSÕODQ�oDOÕúPDODUGDQ��
0DULQ YH�DUNDGDúODUÕ��������WLFDUL���: PLNURGDOJD�PRG�OHU�PLNURGDOJD�NXYYHWOHQGLULFLOHU�LOH�
SLQ IRWRGHNW|UOHU� DUDVÕQD� HPSHGDQV� X\GXUPDN� LoLQ� \�NVHN� HPSHGDQVOÕ� WUDQVPLV\RQ�
KDWODUÕQGDQ� ID\GDODQPÕúODU� YH� ���*+]� EDQGÕQGD� G�ú�N� J�U�OW�O�� ELU� GHYUH� HOGH� HWPLúOHUGLU��
%X NRQX� �]HULQH� oDOÕúDQ� ,WRK� ������� VDELW� YH� SDUDOHO� GLUHQo� GHYUHOHULQGHQ� ROXúDQ� ND\ÕSOÕ�
X\GXUPD�GHYUHOHUL�LOH�����*+]�DUDVÕ�ND]DQFÕ�����r � G%�RODQ�����:�ELU�J�o�NXYYHWOHQGLULFLVL�
WDVDUODPÕúWÕU��
<LQH ELOJLVD\DU� WHNQRORMLVLQGHNL� JHOLúPHOHUH� ED÷OÕ� RODUDN� ³<D]ÕOÕP� +HVDSODPD´� \|QWHPOHUL�
PLNURGDOJD� P�KHQGLVOL÷LQGH� NHQGLVLQH� \HU� HGLQPLúWLU�� 9DL� YH� DUNDGDúODUÕ� ������� PRQROLWLN�
GD÷ÕOPÕú� SDUDPHWUHOL� NXYYHWOHQGLULFLQLQ� ND]DQo� YH� GXUDQ� GDOJD� RUDQÕQÕ� �96:5�� � \D]ÕOÕP�
KHVDSODPD� \|QWHPOHULQGHQ� VLPXODWHG� DQQHDOLQJ� PHWRGX� LOH� RSWLPL]H� HWPLúWLU�� ����� \ÕOÕQGD�
*�QHO YH� <D]JDQ� G�ú�N� J�U�OW�O��� JHQLú� EDQWOÕ� ELU� PLNURGDOJD� NXYYHWOHQGLULFL� WDVDUÕPÕQGD�
NRQWUROO��UDVJHOH�DUDPD�PHWRGX�LOH�DGDSWLI�NDUPDúÕN�HQ�X\JXQ�úHNOH�VRNPD�PHWRGXQX�KLEULW�
RODUDN�NXOODQPÕúODUGÕU��%X�VD\HGH�oDOÕúPD�IUHNDQV�E|OJHVLQGH�G�]�ELU�ND]DQFÕ��G�ú�N�J�U�OW��
IDNW|U�Q��� NXYYHWOHQGLULFL� NDUDUOÕOÕ÷ÕQÕ� YH� ND\ÕS� IDNW|U�Q�� UHDNWLI� HOHPDQODUGDQ� ROXúDQ�
X\GXUPD�GHYUHVL�LOH�HOGH�HWPLúOHUGLU���
dDOÕúPDQÕQ� WHPHOLQL�ROXúWXUDQ�YH�DNWLI� HOHPDQÕQ�JLULú� \DQVÕPDVÕ��J�U�OW��YH�\DSÕQÕQ�oDOÕúPD�
SDUDPHWUHOHUL�� \DSÕODQGÕUPD� WLSL�� oDOÕúPD� NRúXOODUÕ� 9'6�� ,'6� YH� oDOÕúPD� IUHNDQVÕQD� ED÷OÕ�
RODUDN� =6�Z� YH� =/�Z� VRQODQGÕUPDODUÕ� LOH� SRWDQVL\HO� ND]DQo� NDUDNWHULVWLNOHULQL� HOGH� HGHQ�
oDOÕúPD\Õ�*�QHú�YH�DUNDGDúODUÕ��������JHUoHNOHúWLUPLúOHULGLU��%X�oDOÕúPD� LOH�=6�Z� YH�=/�Z�
HPSHGDQV�YHUL�PRGHOOHPH�WHNQLNOHUL�NXOODQÕODUDN�JHUoHNOHúWLULOPLúWLU���
/LWHUDW�UGHNL� HOHPDQ�PRGHOOHPH�� LNL� WHPHOH� GD\DQGÕUÕOPDNWDGÕU�� �L�� *HQHOOLNOH� N�o�N� LúDUHW�
SHUIRUPDQVÕ� oDOÕúPDODUÕ�� J�U�OW�� SHUIRUPDQVÕ� oDOÕúPDODUÕQGDQ� D\UÕOPÕúWÕU�� %X� NRQXGDNL�
\D\ÕQODU� \D� VDGHFH� N�o�N� LúDUHW� PRGHOL� \D� GD� PHYFXW� N�o�N� LúDUHW� HúGH÷HU� GHYUHOHULQH�



�

GD\DQGÕUÕOPÕú� YH� HOHPDQ� J�U�OW�� |]HOOLNOHUL\OH� LOLúNLOHQGLULOPHPLú� J�U�OW�� GDYUDQÕúÕ�
\DNODúÕPODUÕGÕU�� 6DGHFH� +X� YH� DUNDGDúODUÕ� ������� YH� 5RX[� YH� DUNDGDúODUÕ� ������¶GH� EX�
GDYUDQÕúODU� NODVLN� ELU� HúGH÷HU� GHYUHGH� ELUOHúWLULOPLúOHUGLU�� �LL�� %LU� W�POHúLN� PLNURGDOJD�
HOHPDQÕ�YH�SDNHWOHQPHVLQL�NDUDNWHUL]H�HWPHQLQ�VWDQGDUW�\DNODúÕPÕ�KHU�ELU�ELOHúHQL�HOHNWULNVHO�
|OoPHOHUOH� X\XP� LoLQGH� RODFDN� úHNLOGH� ELU� HúGH÷HU� GHYUH\OH� PRGHOOHPHNWLU�� %|\OH� ELU�
\DNODúÕPÕQ�� SDNHWOHPHQLQ�� HOHPDQÕQ� SDNHWOHQGL÷L� GXUXPGDNL� WRSODP� HOHNWULNVHO� |]HOOLNOHULQH�
NDWNÕVÕQÕ�GR÷UX�RODUDN�PRGHOOHPHGL÷L�%ULGJH�YH�DUNDGDúODUÕ��������WDUDIÕQGDQ�J|VWHULOPLúWLU���
$\UÕFD� NODVLN� HúGH÷HU� GHYUH� HOHPDQ� GH÷HUOHULQL� EXOPDNWD� NXOODQÕODQ� HQ� X\JXQ� úHNOH� VRNPD�
WHPHOOL oÕNDUÕP�WHNQLNOHUL��WHN�o|]�P�WDNÕPÕ�\HULQH�ELUoRN�DOWHUQDWLI�o|]�P�WDNÕPODUÕ��UHWLUOHU��
.ÕVÕPODUD� D\ÕUDUDN� |OoPH� \|QWHPL� &XUWLFH� YH� &DPLVD� ������� YH� RWRPDWLN� GHNRPSR]LV\RQ�
WHNQL÷L\OH�.RQGRK� ������� ELU� NÕVÕP� JHOLúPHOHUH� UD÷PHQ�� EDúODQJÕo� GH÷HULQGHQ� ND\QDNODQDQ�
EHOLUVL]OLN�KDOD�PHYFXWWXU��
<D\ÕQODQDQ�PRGHOOHUH�J|UH�*�QHú�YH�DUNDGDúODUÕ��������|OoPH�VRQXoODUÕ�LOH�GDKD�L\L�ELU�X\XP�
VHUJLOH\HQ�� PLNURGDOJD� WUDQVLVWRUXQ� KHP� LúDUHW� KHP� J�U�OW�� |]HOOLNOHUL� ELU� <6$�PRGHOLQGH�
ELUOHúWLULOPLúWLU�� )L]LN�WHPHOOL� )(7�PRGHOOHU� JLEL� KDVVDV�PRGHOOHU� NXOODQPD� WUHQGL� HQ� X\JXQ�
úHNOH VRNPD�VRQXoODUÕ�LOH�LOLúNLOHQGLULOPHVL�WDOHS�HGLOGL÷LQGH�J|]�NRUNXWXFX�LúOHPOHU�LOH�NDUúÕ�
NDUúÕ\D� JHOLQPHNWHGLU�� %X� WLS� PRGHOOHULQ� VWDQGDUW� HQ� X\JXQ� úHNOH� VRNPD� YH� LVWDWLNVHO�
\DNODúÕPODUGD� NXOODQÕPÕ� KHVDSODPD� DoÕVÕQGDQ� oRN� \R÷XQ� ELU� LúOHYGLU�� %XQGDQ� GROD\Õ� GHYUH�
EHQ]HWLPOL÷LQLQ�KHU�DGÕPÕQGD�IL]LN�WHPHOOL�GHQNOHPOHULQ�o|]�OPHVL�L]OH÷L�KHVDED�NDWÕOPDOÕGÕU��
%X WLS� YDU� RODQ� HQ� X\JXQ� úHNOH� VRNPD� PHWRWODUÕ� RII�OLQH� WLSL� KHVDSODPDODUGDQ� HVLQOHQHUHN�
JHOLúWLULOPLúWLU�� 7DVDUÕPFÕODUÕQ� NDWDORJGDNL�� KDWWD� GHYUH� WRSRORMLOHULQGH� PRGLILNDV\RQODU�
\DSÕOGÕNWDQ� VRQUD� GHYUH\L� \HQLGHQ� RSWLPL]H� HWPH� JHUHNVLQLPL� GX\PDODUÕ� GXUXPX� LQWHUDNWLI�
WDVDUÕPD�X\JXQ�GH÷LOGLU��%X�SUREOHPOHULQ��VWHVLQGHQ�JHOHELOPHN� LoLQ�� LNL� WLS�\DNODúÕPÕQ�oRN�
ER\XWOX�SROLQRPODU�\DNODúÕPÕ�%DUE\�YH�DUNDGDúODUÕ���������%LHUQDFNL�YH�DUNDGDúODUÕ��������YH�
ORRN�XS�WDEORVX�\DNODúÕPÕQÕQ�0HLMHU��������WDUDIÕQGDQ�X\JXODQGÕ÷Õ�oDOÕúPDODUÕQ�\HULQH�*�QHú�
YH DUNDGDúODUÕ� ������¶LQ� |QHUGL÷L� <6$�PRGHOL� \DNODúÕPÕ� HOHPDQ�PRGHOOHPH\H�� GHYUH\L� HQ�
X\JXQ� úHNOH� VRNPD\D� YH� LVWDWLNVHO� WDVDUÕPGD� X\JXODQPD\D� \LQH� EX� WH]� oDOÕúPDVÕ� LOH�
EDúODQPÕúWÕU��%L]LP�|QHUGL÷LPL]�%XODQÕN�0DQWÕN� �&HQJL]�YH�DUNDGDúODUÕ�������PRGHOL�� DNWLI�
HOHPDQ� SHUIRUPDQV� YHUL� VD\IDODUÕQGD� NXOODQÕOPÕúWÕU�� <DSD\� VLQLU� D÷Õ� LOH� PLNURGDOJD�
NXYYHWOHQGLULFL� WDVDUÕPÕQGD� *RDVJXHQ� YH� DUNDGDúODUÕ� ������� )'7'� LOH� KLEULW� ELU� oDOÕúPD�
JHUoHNOHúWLUPLúWLU�� %X� VD\HGH� ELU� PLNURGDOJD� NXYYHWOHQGLULFLVLQLQ� E�\�N� LúDUHW� N�UHVHO�
PRGHOOHPHVLQL�\DSPÕúWÕU��%X�NRQXGD�\LQH�D\QÕ� \ÕO�0DOHV�,OLF�YH�DUNDGDúODUÕ� ��������00'6�
X\JXODPDVÕ� LoLQ� WHN� NDWOÕ� ELU� NXYYHWOHQGLULFLGHNL� WUDQVLVWRUXQ� J�U�OW�� SDUDPHWUHOHULQL� \DSD\�
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VLQLU� D÷ODUÕ� LOH� PRGHOOHPLúOHU� YH� EX� PRGHOOHQHQ� WUDQVLVWRU� LOH� ����±����� *+]� DUDVÕ� ELU�
PLNURGDOJD�NXYYHWOHQGLULFL�WDVDUODPÕúODUGÕU��
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���� 7HPHO�0�KHQGLVOLN�2SWLPL]DV\RQ�3UREOHPOHUL�
�
%LU 0�KHQGLVOLN� VLVWHPL�� YHULOHQ� EHOOL� ELU� KHGHI� X]D\ÕQÕ� JHUoHNOHúWLUHFHN� úHNLOGH� WDVDUODQÕU��
gUQH÷LQ�� EL]LP� HOH� DOGÕ÷ÕPÕ]� PLNURGDOJD� NXYYHWOHQGLULFLVLQGH� KHGHI� X]D\ÕPÕ]�� GHYUHPL]LQ�
YHULOHQ� EHOOL� ELU�%� EDQG� JHQLúOL÷L� LoLQGH�*�U�OW�� )DNW|U�� )��*LULú�<DQVÕWPD�.DWVD\ÕVÕ�UL YH�
.D]DQo *7µGHQ� LEDUHWWLU��+HU�P�KHQGLVOLN�VLVWHPLQGH�KHGHI�X]D\ÕQÕ�JHUoHNOHúWLUHFHN� WDVDUÕP�
GH÷LúNHQOHUL� VHoLOLU�� +HGHI� X]D\Õ� LOH� WDVDUÕP� GH÷LúNHQOHUL� DUDVÕQGD� JHQHOOLNOH� ELU� QRQOLQHHU�
LOLúNL� YDUGÕU�� %L]LP� VLVWHPLPL]GH� WDVDUÕP� GH÷LúNHQOHUL�� X\GXUPD� GHYUHOHULQGH� NXOODQÕODQ�
WUDQVPLV\RQ�KDWODUÕQÕQ� NDUDNWHULVWLN� HPSHGDQVODUÕ�=� YH� IL]LNVHO� X]XQOXNODUÕ� " GLU� YH� KHGHI�
IRQNVL\RQODUÕPÕ]�)��UL� *7 LOH� WDVDUÕP�GH÷LúNHQOHUL� L=� �" L ¶ DUDVÕQGD� \�NVHN� QRQOLQHHU� � ELU�
LOLúNL��YDUGÕU���+HGHIL��JHUoHNOHúWLUHQ�³7DVDUÕP³�VHWLQL�EXODELOPHN�LoLQ��JHQHOOLNOH�+DWD�\D�GD�
$PDo IRQNVL\RQX� DUDo� RODUDN� NXOODQÕOÕU�� +DWD� IRQNVL\RQX�� KHGHI� LOH� � RSWLPL]DV\RQGD�
KHVDSODQDQ�IDUNÕQÕQ�ELoLPL�LOH���EHOLUOHQHQ�ELU�IRQNVL\RQGXU��+DWD�IRQNVL\RQODUÕ�³0�KHQGLVOLN´�
SUREOHPLQH� J|UH� oHúLWOL� ELoLPOHUGH� RODELOLU�� /LQHHU�� LNLQFL� GHUHFH�� �VWHO�«+HGHIL�
JHUoHNOHúWLUHQ��³d|]�P´��WDNÕPODUÕ��JHQHOOLNOH�³+DWD´�IRQNVL\RQXQXQ�³*OREDO´�PLQLPXPXQX�
JHUoHNOHúWLUHQ� WDNÕPODUGÕU�� � %X� \�NVHN� GHUHFHGHQ� QRQOLQHHU� KDWD� IRQNVL\RQXQ� JOREDO�
PLQLPXPX�� JHQHOOLNOH� Q�PHULN� RODUDN� EXOXQDELOLU� YH� EXQXQ� LoLQ� LNL� VÕQÕI� DOJRULWPD� HOH�
DOÕQDELOLU�� L�� *UDGLHQW�7HPHOOL� $OJRULWPDODU�� LL�� 6H]JLVHO� <|QWHPOHU�� %X� WH]GH� *UDGLHQW�
7HPHOOL�$OJRULWPDODU�NXOODQÕOÕS��PLNURGDOJD�NXYYHWOHQGLULFL�WDVDUODQPÕúWÕU���

�



�

������ 7DVDUÕP 8]D\Õ YH� 0LNURGDOJD� .XYYHWOHQGLULFLVLQH� 8\JXODPDVÕ����������������������������
dRN�+HGHIOL�$PDo�)RQNVL\RQODUÕ�

�������� ^�)� 9L� *7���%` +HGHI 8]D\Õ�YH�.XOODQÕPÕ�
�
%LU�PLNURGDOJD�NXYYHWOHQGLULFL�RSWLPL]DV\RQX�SURVHVLQLQ�DPDFÕ��9LUHT�I��YH�)UHT�I��VÕQÕUOD\ÕFÕ�
IRQNVL\RQODUD� X\JXQ� ELU� *7PLQ�I��*7UHT�I��*7PD[�I�� IRQNVL\RQX� EHOOL� ELU� SRWDQVL\HO� %� EDQGÕ�
ER\XQFD� JHUoHNOHúWLUPHNWLU�� %XUDGD�� ELU� |]HOOLN� QRW� HGLOPHOLGLU�� ³3HUIRUPDQV�
.DUDNWHUL]DV\RQX´�WHRULVLQGHQ���9LUHT�I���LOH��VÕQÕUODQGÕUÕOPÕú�E�W�Q�*7PLQ�*7UHT�*7PD[� ND]DQo�
oHPEHUOHULQLQ�ELU�NÕVPÕ��.RúXOVX]�.DUDUOÕ�dDOÕúPD�%|OJHVLQGH�\HU�DOÕS�ELULP�6PLWK�oHPEHULQL�
D\QÕ�LNL�QRNWDGD�NHVWLNOHUL�ELOLQPHNWHGLU��%XQD�J|UH��YHULOHQ�oDOÕúPD�IUHNDQVÕ��I�GH�9LUHT�I��YH�
)UHT�I�� JHUoHNOH\HQ� E|OJHOHULQ� .RúXOVX]� .DUDUOÕ� dDOÕúPD� � E|OJHVL� LOH� DUD�NHVLWLQGHQ� ELUoRN�
NDUDUOÕ��)��9L� *7 � o|]�P�WDNÕPODUÕ�ROXúWXUXODELOLU��*�QHú����������*�QHú�YH�dHWLQHU��������
%XQD�J|UH�PLQLPL]H�HGLOHFHN�³+DWD´�� $PDo��IRQNVL\RQX��VDGHFH�WUDQVGXFHU�ND]DQo�*7� JLULú�
96:5� 9L YH� J�U�OW�� IDNW|U�� )� LoHUHELOLU� YH� � NDUDUOÕOÕN� � IDNW|U�Q�� KHVDED� NDWPD\D� JHUHN�
NDOPDPDNWDGÕU��%X�oDOÕúPDGD��^�)��9L� *7���%` KHGHI X]D\Õ�LoLQ�VDGHFH�9L�� *7 µ\L�LoHUHQ�LNL�
KHGHIOL�$PDo�)RQNVL\RQX�NXOODQÕOPÕúWÕU��<DSÕODQ�oDOÕúPDODU�QHWLFHVLQGH��)��9L� � *7 � o|]�P�
WDNÕPODUÕQÕ� HOGH� HWPHN� LoLQ� ROXúWXUXODQ� $PDo� )RQNVL\RQODUÕ� LoHULVLQGH� *�U�OW�� IDNW|U�Q�Q�
ROPDVÕ� YH\D� ROPDPDVÕ� GXUXPODUÕQGD� WDOHS� HGLOHQ� *�U�OW�� IDNW|U�� )� GH÷HULQH� XODúÕOPÕúWÕU��
'DKD EDVLW�ROPDVÕQGDQ�KDUHNHWOH�VLVWHPGH��*�U�OW��)DNW|U��)¶L�LoHUPH\HQ�$PDo�)RQNVL\RQX�
WHUFLK� HGLOPLúWLU��+HP�ND]DQo� YH� KHP�GH� JLULú� \DQVÕPD�GH÷HUOHULQLQ� oDOÕúPD�EDQGÕ� ER\XQFD�
KHVDSODQDQ� GH÷HUOHULQLQ� DULWPHWLN� RUWDODPDVÕ� UHIHUDQV� GH÷HUOHUGHQ� oÕNDUODUDN�� VLVWHPLQ� W�P�
EDQG ER\XQFD� OLQHHU� ELU� oDOÕúPD� SHUIRUPDQVÕ� VHUJLOHPHVL� DU]X� HGLOPLúWLU�� .D]DQo� UHIHUDQV�
GH÷HULQLQ��JLULú�\DQVÕPD�GH÷HULQH�RUDQOD�Q�PHULN�RODUDN�oRN�E�\�N�ROPDVÕQGDQ�GROD\Õ�D÷ÕUOÕN�
NDWVD\ÕODUÕQÕQ� NXOODQÕOPDVÕ� ]RUXQOX� ROPXúWXU�� +HU� LNL� o|]�P� WDNÕPÕQÕQ� UHIHUDQV� GH÷HUOHULQH�
KHVDSODQDQ�GH÷HUOHULQ�\DNODúPD�|Oo�V�Q�Q�HúLWOHQHELOPHVL�LoLQ�.D]DQo�LIDGHVL�HNVSRQDQVL\HO�
GXUXPD� JHWLULOPLú� YH� �¶GHQ� GDKD� N�o�N� D÷ÕUOÕN� NDWVD\ÕODUÕ� LOH� oDUSÕODUDN� HOGH� HGLOHQ� KDWD�
GH÷HULQLQ�JLULú�\DQVÕPD�KDWD�GH÷HULQH�RUDQVDO�RODUDN�HúLWOHQPHVL�VD÷ODQPÕúWÕU���
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%XUDGD�Q��|UQHN�IUHNDQV�VD\ÕVÕ���
:� D÷ÕUOÕN�NDWVD\ÕODUÕ����
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������YH� ������GH�*7 YH�9L IRQNVL\RQODUÕ� L=� �" L FLQVLQGHQ� LIDGH� HGLOHUHN�)�� GHYUH� WDVDUÕP�
GH÷LúNHQOHULQLQ�IRQNVL\RQX�RODUDN�EXOXQPXúWXU��^�)��9L� *7���%` LoLQ�WDVDUÕP�X]D\Õ�DúD÷ÕGDNL�
úHNLOGH�EHOLUOHQPLúWLU���
�

D� 7��3 NRQILJ�UDV\RQXQGD�NXOODQÕOPÕú�ROXS�KDW�X]XQOXNODUÕ�YH�NDUDNWHULVWLN����HPSHGDQVODUÕ�
RSWLPL]DV\RQ�GH÷LúNHQOHUL�RODUDN�VHoLOPLúWLU��
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�
E� *LULú� X\GXUPD� GHYUHVL� 7� YH\D� 3� oÕNÕú� X\GXUPD� GHYUHVL� VHUL� LOH� NÕVD� GHYUH� HGLOPLú�
WUDQVPLV\RQ�KDWWÕQGDQ�ROXúDQ�/� WLSL�X\GXUPD�GHYUHVL�NRQILJ�UDV\RQXQGD��KDW�X]XQOXNODUÕ�YH�
NDUDNWHULVWLN����HPSHGDQVODUÕ�RSWLPL]DV\RQ�GH÷LúNHQOHUL�RODUDN�VHoLOPLúWLU��
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F��*LULú�YH�oÕNÕú�/�WLSL�X\GXUPD�GHYUHOHUL��NRQILJ�UDV\RQXQGD�KDW�X]XQOXNODUÕ�YH�NDUDNWHULVWLN����
HPSHGDQVODUÕ�RSWLPL]DV\RQ�GH÷LúNHQOHUL�RODUDN�NXOODQÕOPÕúWÕU��
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�������� �=6� =/� YH�%�+HGHI�8]D\Õ�YH�.XOODQÕPÕ�
�
%LU� PLNURGDOJD� NXYYHWOHQGLULFLVLQLQ� JLULú� YH� oÕNÕú� X\GXUPD� GHYUHOHUL� LOH� ELULOLNWH� JHQHO�
J|U�Q�P�� ùHNLO� ���¶GH� J|VWHULOPLúWLU�� 7UDQVLVWRUXQ� ³3HUIRUPDQV� .DUDNWHULV\RQX´� WHRULVL�
NXOODQÕODUDN� HOGH� HGLOHQ� X\XPOX� SHUIRUPDQV� �)UHT� 9LUHT� *7UHT� �oO�OHULQLQ� NXYYHWOHQGLULFL�
LoLQGH�JHUoHNOHúWLULOHELOPHVL�LoLQ�WUDQVLVWRUXQ�ND\QDN��=6UHT� LOH�V�U�OPHVL�YH��\�N��=/UHT� LOH�GH�
\�NOHQPHVL� � JHUHNPHNWHGLU��%X� \DNODúÕPGD��=VUHT� µWD�*LULú�8\GXUPD�'HYUHVL� �,0&���=OUHT¶ÕQ�
dÕNÕú� 8\GXUPD� 'HYUHVL� �20&�� LOH� D\UÕ� D\UÕ� RSWLPL]DV\RQ� LOH� JHUoHNOHúWLULOPHNWHGLU� �ùHNLO�
�����

=VUHT¶Õ� JHUoHNOHúWLULOHQ� ,0&� GHYUHVL� ùHNLO� ���¶GH� =OUHT¶ÕQ� JHUoHNOHúWLULOGL÷L� 20&� GHYUHVL����
ùHNLO ����WH�YHULOPHNWHGLU���
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ùHNLO������7UDQVLVWRUH� �� L/= Z ¶QLQ�\�N�HPSHGDQVÕQÕQ�GHYUHVL�

�
+HU LNL�RSWLPL]DV\RQ�SURVHG�U�QGH�GH�D\QÕ�KDWD�KDWD� IRQNVL\RQX� �������NXOODQÕOPÕúWÕU��+DWD�
IRQNVL\RQXQX� W�P� oDOÕúPD� EDQGÕ� LoHULVLQGHNL� ND]DQo� LIDGHOHULQLQ� H[SRQDQVL\HO� WRSODPÕQGDQ�
ROXúPDNDWDGÕU��<DQVÕPDQÕQ�VÕIÕU�ROGX÷X��  ���GH÷HU�LoLQ�ND]DQo�LIDGHVLQLQ���ROPDVÕ�JHUHNWL÷L�
\DNODúÕPÕQGDQ� \ROD� oÕNDUDN� HOGH� HGLOHQ� ND]DQo� GH÷HUOHUL� KDWD� IRQNVL\RQXQGD� �¶GHQ�
oÕNDUWÕOPÕúWÕU�� $÷ÕUOÕN� NDWVD\ÕVÕ� YH� � �7*�� LIDGHVLQLQ� NDoÕQFÕ� GHUHFHGHQ� �VWVHO� LIDGHVLQLQ�
DOÕQDFD÷Õ� IDUNOÕ� GHQHPH� \DQÕOPD� PHWRGDODUÕ� NXOODQÕODUDN� EHOLUOHQPLúWLU�� <DSÕODQ� oDOÕúPDODU�
VRQXQGD� JHUHN� D÷ÕUOÕN� NDWVD\ÕVÕQÕQ� YH� JHUHNVH� �VWVHO� LIDGHQLQ� �� GH÷HUL� HQ� RSWLPDO� VRQXo�
YHUPLúWLU��
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%XUDGD�� : � $÷ÕUOÕN� NDWVD\ÕVÕ�� *W�� .D\ÕSVÕ]� YH� UHVLSURN� LNL� NDSÕOÕ� X\GXUPD� GHYUHVLQLQ�
WUDQVGXFHU�J�o�ND]DQFÕGÕU��
�
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%XUDGD�� U � %LU�NDSÕGDNL�\DQVÕPD�NDWVD\ÕVÕQÕQ�PRG�O��ROXS�|UQH÷LQ�*LULú�8\GXUPD�'HYUHVL�
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,0&/= 7UDQVLVWRUXQ�JLULú�HPSHGDQVÕ�

=6 .D\QDN�HPSHGDQVÕGÕU��
�
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������ dÕNÕú .DSÕVÕ�<DQVÕPD�.DWVD\ÕVÕ�
�
'HYUHQLQ� oÕNÕú� NDSÕVÕQGDQ� J|U�OHQ� \DQVÕPD� NDWVD\ÕVÕ� 287* YH� NRPSOHNV� HPSHGDQV� 287= �

,1* YH ,1= GH÷HUOHULQLQ� KHVDSODQGÕ÷Õ� \ROOD� KHVDSODQPDNWDGÕU�� IDNDW� GHYUH� oÕNÕú� NDSÕVÕQGDQ�
X\DUÕOPÕúWÕU���<DQL�F�\�N�NDSÕVÕQGDGÕU���dÕNÕú�NDSÕVÕ�\DQVÕPD�NDWVD\ÕVÕ��úX�IRUP�OOH�KHVDSODQÕU��
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ùHNLO� ���� � øúDUHW� ND\QD÷Õ� LOH� oÕNÕú� NDSÕVÕQGDQ� V�U�OP�ú� YH� *= \�N�� LOH� JLULú� NDSÕVÕQGD�
VRQODQGÕUÕOPÕú�ELU�LNL�NDSÕOÕ�\DQVÕPD�NDWVD\ÕVÕ� ** �

287* JLULú�NDSÕOÕ�\DQVÕPD�NDWVD\ÕVÕQÕ�LIDGH�HWPHNWHGLU�� 287* � ** YH 6¶�LQ�ELU�IRQNVL\RQXGXU��
'HYUHQLQ�oÕNÕú�NDSÕVÕQGDQ�J|U�OHQ�oÕNÕú�HPSHGDQVÕ��
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������ 7UDQVG�VHU�*�o�.D]DQFÕ�
�
7UDQVG�VHU�J�o�ND]DQFÕ�úX�úHNLOGH�KHVDSODQÕU��
�

*$

/
7 3

3*  ������� �

*$3 X\XPODúWÕUÕOPÕú�GXUXPGD�LúDUHW�ND\QD÷ÕQGDQ�HOGH�HGLOHQ�J�oW�U��7UDQVG�VHU�J�o�ND]DQFÕ�
GHYUH�VDoÕOPD�SDUDPHWUHOHULQLQ��\�N�NDSÕVÕQGDNL�\DQVÕPD�NDWVD\ÕVÕQÕQ�\�N�HPSHGDQVÕ���LúDUHW�
ND\QD÷Õ� \DQVÕPD�NDWVD\ÕVÕQÕQ�LúDUHW� ND\QD÷ÕQÕQ� Lo� HPSHGDQVÕ�� IRQNVL\RQXGXU�� 7* � JHOHQ� YH�
\DQVÕ\DQ� GDOJDODU� FLQVLQGHQ� LIDGH� HGLOPHN� LVWHQLUVH�� LON� |QFH� LúDUHW� ND\QD÷ÕQGDNL� HOGH�
HGLOHELOLU�J�F�Q�GDOJD�GH÷LúNHQOHUL�FLQVLQGHQ�LIDGH�HGLOPHVL�JHUHNPHNWHGLU��(OGH�HGLOHELOLU�J�o�
\�NH� LOHWLOHELOHFHN� PDNVLPXP� J�o� DQODPÕQD� JHOPHNWHGLU�� 'HYUH� 7HRULVL¶QGHQ�� /= ¶QLQ�
ND\QD÷ÕQ�Lo�HPSHGDQVÕQÕQ�NRPSOHNV�HúOHQL÷LQH�HúLW�ROGX÷XQGD� *$/ 33  HúLWOL÷LQLQ�VD÷ODQGÕ÷Õ�
ELOLQPHNWHGLU���



*/ ==  ������� �

<DQVÕPD�NDWVD\ÕVÕ�X]D\ÕQGD��������DúD÷ÕGDNL�úHNLOGH�\D]ÕOÕU��
�



*/ 66  ������� �
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ùHNLO������D��<�N�HPSHGDQVÕ�JHULOLP�ND\QD÷ÕQÕQ�HPSHGDQVÕQD�HúLWOHQPLú�KDOL�
� E�� /6 \DQVÕPD�NDWVD\ÕOÕ�\�N�Q�ND\QDN�\DQVÕPD�NDWVD\ÕVÕQD�HúLWOHQPLú�KDOL�
�

��� ���
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���������������YH��������HúLWOLNOHUL�NXOODQÕODUDN�DúD÷ÕGDNL�HúLWOLN�HOGH�HGLOLU��
�
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%X� KHVDSODPDODUGDQ� VRQUD�� GX\DUOÕOÕN� KHVDEÕ� LoLQ� ED]Õ� HOHPDQODUÕQ� VDoÕOPD� SDUDPHWUHOHUL�
DúD÷ÕGDNL�oL]HOJHGH�YHULOPLúWLU��
�
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dL]HOJH������gQHPOL�%D]Õ�'HYUH�(OHPDQODUÕQÕQ�6DoÕOPD�0DWULVOHUL�
'HYUH�(OHPDQÕ� 6DoÕOPD�3DUDPHWUHOHUL�
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��� (.�'(95(�ø/(�'$/*$��'8<$5/,/,./$5,��$1$/ø=ø��7(//(*(1�
<$./$ù,0,���.$=$1d�'8<$5/,/,./$5,�9(�*h5h/7h�$1$/ø=ø�

�
'HYUH� IRQNVL\RQODUÕQÕQ�� GHYUH� SDUDPHWUHOHULQH� J|UH� GX\DUOÕOÕNODUÕ� \D� GD� NÕVPL� W�UHYOHUL�
PLNURGDOJD�GHYUH�WDVDUÕPÕQGD�ROGXNoD�|QHP�ND]DQPÕúWÕU��0LNURGDOJD�GHYUHOHULQLQ�ELOJLVD\DU�
GHVWHNOL� WDVDUÕPÕQGD� � GX\DUOÕOÕN� DQDOL]L� SHN� oRN� \DUDU� VD÷ODPDNWDGÕU�� øON� RODUDN�� GX\DUOÕOÕN�
GHYUH� SDUDPHWUHVLQGHNL� GH÷LúLNOLNOHULQ� GHYUH� SHUIRUPDQVÕQÕ� QDVÕO� HWNLOHGL÷LQL� RUWD\D�
NR\PDNWDGÕU��'X\DUOÕOÕNODUÕQ�ELOLQPHVL�GHYUH�SHUIRUPDQVÕQGD�E�\�N�HWNL\H� VDKLS�RODQ�GHYUH�
SDUDPHWUHOHUL� WDQÕPODPDGD� DQDKWDU� URO�� R\QDPDNWDGÕU�� øNLQFL� RODUDN�� RSWLPL]DV\RQ�
PHWRWODUÕ\OD� LOLQWLOL� GX\DUOÕOÕN� DQDOL]L�� WDVDUÕP� SURVHG�U�Q�Q� GDKD� DOJRULWPLN� ROPDVÕQÕ� YH�
E|\OHFH�GHYUHQLQ�RWRPDV\RQXQX�VD÷ODPDNWDGÕU��6RQ�RODUDN��GX\DUOÕOÕN�D\QÕ�SHUIRUPDQVD�VDKLS�
RODQ� ELU� oRN� GHYUHGHQ� HQ� L\L� GHYUHQLQ� VHoLOPHVLQGH� NXOODQÕODELOLU�� 'X\DUOÕOÕN� DQDOL]L��
VLP�ODV\RQ� KDWDODUÕQÕQ� NHVWLULPLQH� GH� LPNDQ� YHUPHNWHGLU�� 'HYUH� SDUDPHWUHOHULQL� DUWDQ�
GX\DUOÕOÕN� GH÷HUOHULQH� J|UH� VÕUDOD\DUDN�� DúÕUÕ� GH÷HUOHU� LoLQ� GHYUH� SDUDPHWUHOHULQLQ�
WDQÕPODQPDVÕQD� |QF�O�N� HGLOPLú� ROXQXU�� %|\OHFH�� GX\DUOÕOÕNODUÕ� |QHPVL]� RODQ� HOHPDQODU�
HOLPLQH� HGLOLS�� PRGHO� EDVLWOHúWLULOLU�� *HQHO� RODUDN�� GHYUH� SDUDPHWUHOHULQH� J|UH� HQ� G�ú�N�
GX\DUOÕOÕ÷D�VDKLS�RODQ�GHYUH�HQ�L\L�GHYUHGLU��
�
9DURODQ� ELOJLVD\DU� GHVWHNOL� DQDOL]OH� ROGXNoD� \DYDúWÕ�� g]HOOLNOH� \�NVHN� IUHNDQVODUVD� \DSÕODQ�
DQDOL]OHU�� ELOJLVD\DU� WHNQRORMLVLQLQ� JHOLúLPLQH� UD÷PHQ� KDOD� X]XQ� YH� \DYDúWÕ�� 7DVDUÕP�
GX\DUOÕOÕ÷ÕQÕ� |OoPHN� LoLQ�� HN� GHYUH� GH÷LúNHQOHUL� LOH� \DSÕODQ� DQDOL]� KHVDSVDO� KÕ]� YH� GR÷UXOXN�
VD÷ODPDNWDGÕU�� (N� GHYUH� WHNQL÷L�PLNURGDOJD� OLWHUDW�U�QGH� ROGXNoD� ELOLQHQ� ELU� NRQX� ROPDNOD�
ELUOLNWH�� WDP�GDOJD�DQDOL]� WHNQLNOHUL\OH�GX\DUOÕOÕN�KHVDSODQPDVÕ�D]�oDOÕúÕOPÕú�ELU�NRQXGXU��(N�
GHYUH�VLVWHP�DQDOL]LQGH�RULMLQDO�GHYUHQLQ�o|]�P��ELU�NHUH�\DSÕOGÕNWDQ�VRQUD�WHNUDU�\RNWXU�YH�
D] LúOHPOH� JHUoHNOHúWLULOHELOPHNWHGLU�� $\UÕFD� HN� GHYUH� WHNQL÷L� SDUDPHWUH� VD\ÕVÕQGDQ�
ED÷ÕPVÕ]GÕU�� <DQL�� GHYUH� WRSRORMLVL� YH� HOHPDQODU� QH� ROXUVD� ROVXQ� HN� GHYUH� \|QWHPL\OH�
GX\DUOÕOÕN� DQDOL]L� P�PN�Q� ROPDNWDGÕU�1LNRORYD� YG��� ������� 1LNRORYD� YG�� PDNDOHVLQGH�
7HOOHJHQ�<DNODúÕPÕ�LOH�GX\DUOÕOÕN�DQDOL]L��WHPHOOHUL�YH�EX�NRQXGD�D\UÕQWÕOÕ�OLWHUDW�U�WDUDPDVÕ\OD�
YHULOPHNWHGLU�� %X� oDOÕúPDGD� 7HOOHJHQ� \DNODúÕPÕ� NXOODQDUDN� GDOJD� � GX\DUOÕOÕNODUÕ� � YH�
PLNURGDOJD��NXYYHWOHQGLULFL�GHYUHOHULQLQ�W�P�SHUIRUPDQV��GX\DUOÕOÕN�DQDOL]L�\DSÕOPÕúWÕU��
�



��

���� 7HOOHJHQ�7HRUHPL�
7HOOHJHQ�7HRUHPL�� HOHNWULN�P�KHQGLVOHULQFH� oRN� L\L� ELOLQHQ�ELU� WHRUHPGLU�� �7Y L  úHNOLQGH�
YHULOLU�� %XUDGD� Y� YH� L� �� ELU� GHYUHQLQ� ]DPDQ� X]D\ÕQGD� VÕUDVÕ\OD�� GDO� JHULOLP� YH� DNÕPODUÕGÕU��
7HOOHJHQ� 7HRUHPL�� .LUFKRII� 'HYUH� <DVDODUÕ¶� QGDQ� HOGH� HGLOPHNWHGLU� YH� ]DPDQ� X]D\Õ� J�o�
LIDGHVLGLU��'HYUH�JHULOLP�YH�DNÕP�ID]|UOHUL�9�YH�,�GD�.LUFKRII�.DQXQODUÕ¶QÕ�VD÷ODGÕNODUÕ�LoLQ��
7HOOHJHQ�7HRUHPL�RQODUD�GD�X\JXODQÕU��7HOOHJHQ�7HRUHPL�LGHQWLN�WRSRORML\H�VDKLS�LNL�1�YH� 1Ö
GHYUHOHUL�DNÕP�YH�JHULOLP�ID]|UOHUL�LoLQ�JHQHOOHúWLULOHELOLU��1LNRORYD�YG��������%X�GHYUHOHU�LoLQ�
DúD÷ÕGDNL�HúLWOLNOHULQ��JHoHUOL�ROGX÷X�J|VWHULOHELOLU�� � �

������
� ������
%XUDGD��
9� 1�GHYUHVLQGHNL�GDO�JHULOLPOHULQLQ�ELU�YHNW|U��
,�����1�GHYUHVLQGHNL��GDO�DNÕPODUÕQÕQ�ELU�YHNW|U��
9Ö � 1Ö GHYUHVLQGHNL�GDO�JHULOLPOHULQLQ�ELU�YHNW|U��
,Ö � 1Ö GHYUHVLQGHNL�GDO�DNÕPODUÕQÕQ�ELU�YHNW|U��
RODUDN�WDQÕPODQPDNWDGÕU��
'DO�JHULOLPOHULQLQ�YHNW|U��úX�úHNLOGH�LIDGH�HGLOLU��
�

1
79%9  ������

19 G�÷�P�JHULOLPOHULQLQ�ELU�YHNW|U�G�U��%�GHYUHOHULQ�JUDI�PDWULVLGLU��������YH�������GHQ��
�
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1 GHYUHVL�RULMLQDO�GHYUHGLU��%HQ]HU�\DSÕGDNL� 1Ö GHYUHVL�LVH�HN�GHYUHVLGLU���
������������GHQ�oÕNDUÕOÕUVD��
�

�ÖÖ  � ,99, 77 ������
�
2ULMLQDO�GHYUH�1¶�GHNL�GHYUH�SDUDPHWUHOHULQLQ�ELULQGH�N�o�N�ELU�GH÷LúLP�ROGX÷X�YDUVD\ÕOVÕQ��
%X�� 1� GHYUHVLQGHNL� GDO� JHULOLPOHUL� YH� DNÕPODUÕQÕQ� YHNW|UOHULQGH� GH� ELU� GH÷LúLPH� QHGHQ�
RODFDNWÕU���'L÷HU�ELU�DQODWÕP�LOH�VRQ�GXUXPGD�JHULOLP��YH�DNÕP�YHNW|UOHUL�VÕUDVÕ�LOH�9��'9��,�
�' , ELoLPLQGH� LIDGH� HGLOHELOLUOHU�� 2ULMLQDO� GHYUH� 1� LOH� HN� GHYUH� �DGMRLQW�� GHYUH� 1Ö D\QÕ��
WRSRORML\H� VDKLS� ROGXNODUÕ� LoLQ�� \HQL� GXUXPGD� 7HOOHJHQ� 7HRUHPL� VD÷ODQDELOHFHNWLU�� ������
GHQNOHPL�úX�KDOL�DOÕU��
�

���Ö��Ö  '��'� ,,999, 77 ������
�ÖÖ  '�' ,99, 77 ������

�
������HúLWOL÷L� oR÷XQOXNOD�HOHNWURQLN�YH�PLNURGDOJD�GHYUHOHULQLQ�ELOJLVD\DU�GHVWHNOL�DQDOL]LQGH�
NXOODQÕOPDNWDGÕU��%X�HúLWOLN��GHYUH�SDUDPHWUH�GH÷LúLPOHULQGHQ�ND\QDNODQDQ�1�GHYUHVLQGHNL�GDO�
JHULOLP�YH�DNÕPODUÕQGDNL�GH÷LúLPOHUL�LOLúNLOHQGLUPHNWHGLU���'REURZROVNL���������
6 VDoÕOPD�PDWULVL� LOH� WDQÕPODQDQ�PLNURGDOJD� GHYUHOHULQGH� �����¶GHNL� GDOJD�JHULOLP� YH� DNÕP�
G|Q�ú�POHULQL��������HúLWOL÷LQGH�\HULQH�NRQXOXUVD��7HOOHJHQ�7HRUHPL�úX�KDOL�DOPDNWDGÕU��
�

� � ED 77 DE ������
%XUDGD��
D� 1�GHYUHVLQLQ�NDSÕODUÕQGDNL�JHOHQ�GDOJD�GH÷LúNHQOHULQLQ�YHNW|U��
E� 1�GHYUHVLQLQ�NDSÕODUÕQGDNL�JLGHQ�GDOJD�GH÷LúNHQOHULQLQ�YHNW|U��



��

D �1Ö GHYUHVLQLQ�NDSÕODUÕQGDNL�JHOHQ�GDOJD�GH÷LúNHQOHULQLQ�YHNW|U��
E �1Ö GHYUHVLQLQ�NDSÕODUÕQGDNL�JLGHQ�GDOJD�GH÷LúNHQOHULQLQ�YHNW|U��
�
������ HúLWOL÷L�� ELU� GHYUHGHNL� UHIHUDQV� HPSHGDQVODUÕQ� LNLQFL� GHYUHGH� NDUúÕOÕN� G�úHQ� UHIHUDQV�
HPSHGDQVODUÕQD�HúLW�ROGX÷X�D\QÕ�\DSÕ\D�VDKLS���oRN�NDSÕOÕ�GHYUHOHUH�X\JXODQDELOPHNWHGLU��1�
�1 GHYUHOHULQGHNL�ED÷ODQWÕ�PDWULVOHUL�VÕUDVÕ\OD� * YH� �* YHULOGL÷LQH�J|UH��NDSÕODU�DUDVÕ��JHOHQ�
\DQVÕ\DQ�GDOJD�LOLúNLOHUL�úX�HúLWOLNOHUOH�WDQÕPODQÕU��

DE * � DE �* ������
�
*  1�GHYUHVLQLQ�ED÷ODQWÕ�PDWULVL�
�*  �1 GHYUHVLQLQ�ED÷ODQWÕ�PDWULVL�
�
%X�GXUXPGD��������HúLWOL÷L�������¶�GH�\HULQH�NRQXUVD��

DDDED 7
77777 ������ *�* *�* � �� DDDDE �������

�
�������HúLWOL÷LQLQ�VÕIÕUD�HúLW�RODELOPHVL�DQFDN�úX�HúLWOL÷LQ�JHUoHNOHúPHVL\OH�P�PN�QG�U��
�

* *� 7 �������
�
������¶�GHQ��������HúLWOL÷L�DúD÷ÕGDNL�úX�NRúXOODUÕQ�Hú�]DPDQOÕ�VD÷ODQPDVÕ\OD�JHUoHNOHúLU��
�
��øNL�GHYUHQLQ�WRSRORMLOHUL�D\QÕGÕU��
�� (N�GHYUHQLQ�ED÷ODQWÕ�PDWULVL�RULMLQDO�GHYUHQLQ�ED÷ODQWÕ�PDWULVLQLQ�WUDQVSR]XQD�HúLWWLU��



��

'HYUH� SDUDPHWUHOHULQ� KHUKDQJL� ELULQGH� N�o�N� ELU� GH÷LúPH� PH\GDQD� JHOGL÷LQGH�� RULMLQDO�
QHWZRUN�Q� JHOHQ� YH� JLGHQ� GDOJDODUÕQGD� DD '� YH� EE '� JLEL� GH÷LúLPOHU� RODFDNWÕU��
%R]XOPD\D� X÷UDPÕú� RULMLQDO� GHYUH� LOH�� HN� GHYUHQLQ� WRSRORMLOHUL� D\QÕ� ROGX÷X� LoLQ� 7HOOHJHQ�
7HRUHPL�\LQH�VD÷ODQPDOÕGÕU��
�

�����  '��'� EEDD 77 DE �������
�
�������HúLWOL÷LQGHQ��������HúLWOL÷L�oÕNDUÕOÕUVD��
�

� '�' ED 77 DE �������
��������� RULMLQDO� GHYUHQLQ� � SDUDPHWUHOHUL� GH÷LúLPL� QHGHQL� LOH� ROXúDQ� GDOJD� GH÷LúLPOHULQLQ�
LOLúNLVLGLU�YH������¶�\H�NDUúÕOÕN�G�úPHNWHGLU��

��� .H\IL�.RQILJ�UDV\RQGD�%LU�0LNURGDOJD�'HYUHVLQLQ�'DOJD�'X\DUOÕOÕNODUÕ�
�
: ED÷ODQWÕ� VDoÕOPD� PDWULV� LOH� WDQÕPODQPÕú� PLNURGDOJD� GHYUH� SDUDPHWUHOHULQH� J|UH� GDOJD��
GX\DUOÕOÕNODUÕ������E|O�PGH��HOGH�HGLOPLú�DúD÷ÕGDNL�GHYUH�GHQNOHPLQGHQ�HOGH�HGLOHELOLU��
�

F:D  �������
�
%XQD� � J|UH� ELU� � S� GHYUH� SDUDPHWUHVLQH� J|UH� � GDOJD� GX\DUOÕOÕN� YHNW|U��� VDoÕOPD� PDWULVL�
GX\DUOÕOÕ÷Õ�FLQVLQGHQ�

DS
6:F:S

::S
D

w
w w

w� w
w ��� ��� �������

�
RODUDN�HOGH�HGLOLU��
%X�GHQNOHPGH�S��KHUKDQJL�ELU�GHYUH�SDUDPHWUHVL�RODELOPHNWHGLU��%X�oDOÕúPDGD�S��=�YH�O�RODUDN�
DOÕQDFDNWÕU��'HYUHQLQ�U��NDSÕVÕQGDNL�JHOHQ�GDOJD�GH÷LúNHQLQLQ� UD � GX\DUOÕOÕ÷Õ�� ������¶�QLQ�VRO�



��

WDUDIÕ� J
7H LOH oDUSÕODUDN�KHVDSODQDELOLU��%XUDGD�� HJ � U��HOHPDQÕ���YH�GL÷HU�HOHPDQODUÕ�VÕIÕU�RODQ�

X\DUPD�YHNW|U�G�U���
�

> @��������������������������������� U7H �������
�

� �� � 77 7 7 7U U U U
D D 6 6 6H H : D : H D DS S S S SD� �w w w w wª º    ¬ ¼w w w w w �������

�

UU
7 H:H: �

��� ��
�   D �������

�

U
7 H:  D �������

�
������� GHQNOHPL� WUDQVSR]� \D� GD� RULMLQDO� GHYUH\H� � HN� GHYUHQLQ�PDWULVLQLQ� o|]�P�YHNW|U�G�U��
������� YH� ������� GDQ�� EX� HN� GHYUHQLQ� ED÷ODQWÕ� VDoÕOPD� PDWULVL�� RULMLQDO� GHYUHQLQ� ED÷ODQWÕ�
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%X oDOÕúPDGD��PLNURGDOJD�NXYYHWOHQGLULFLOHULQLQ�RSWLPL]DV\RQX�\DSÕOPÕúWÕU���
2SWLPL]DV\RQGD�NXOODQÕODQ�KDWD�IRQNVL\RQODUÕ�µ7KH�/HYHQEHUJ�0DUTXDUGW�$OJRULWKP¶����LOH�
µ7KH &RQYHUJHQFH� RI� 9DULDEOH� 0HWULF� 0HWKRGV¶� $OJRULWPDODUÕ� LOH� PLQLPL]H� HGLOPLúWLU��
2SWLPL]DV\RQ� SURVHG�U�QGH� X\GXUPD� GHYUHOHULQLQ� SHUIRUPDQV� NDUDNWHULVWLNOHULQLQ� WD\LQL�
\DSÕOPÕúWÕU���
2SWLPL]DV\RQ� VRQXFXQGD� WDVDUODQDQ�GHYUHOHU�� ELU� SURIHV\RQHO�PLNURGDOJD� VLP�ODV\RQ�SDNHWL�
LOH WHVW�HGLOPLúWLU��*HUoHNOHúWLULOHQ�GHYUH�VRQXoODUÕQÕQ�VLP�ODV\RQ�VRQXoODUÕ�LOH�WDP�ELU�X\XP�
LoHULVLQGH�ROGX÷X�J|]OHPOHQPLúWLU��
%X oDOÕúPDGD� WDVDUODQDQ� YH� VLP�ODV\RQ� SURJUDPODUÕ� LOH� JHUoHNOHQHELOLUOL÷L� LVSDW� HGLOHQ�
GHYUHOHU�� LOHULNL� DúDPDODUGD� PLNURGDOJD� GHYUH� WHNQRORMLOHULQGHQ� \DUDUODQÕODUDN� X\JXODPD\D�
NRQDFDNWÕU���
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.$<1$./$5��
$NVHQ� $��� <DUPDQ�� %�6��� ³$� 5HDO� )UHTXHQF\� $SSURDFK� WR� 'HVFULEH� /RVVOHVV� 7ZR�3RUWV�)RUPHG :LWK�0L[HG�/XPSHG�DQG�'LVWULEXWHG�(OHPHQWV´��,QWHUQDWLRQDO�-RXUQDO�RI�(OHFWURQLFV�DQG�&RPPXQLFDWLRQV��$(h������1R�����'HFHPEHU����������������
$OL\HY�� ø��� �������� ³3HUIRUPDQV� �)��9L� *W� hoO�OHUL�.XOODQÕODUDN�*HQLú�%DQGOÕ� �0LNURGDOJD�.XYYHWOHQGLULFL�7DVDUÕPÕ´��<�NVHN�/LVDQV�7H]L��<7h�)HQ�%LOLPOHUL�(QVWLW�V���
%XQGD\��%�'���³%DVLF�2SWLPL]DWLRQ�0HWKRGV´��(GZDUG�$UQROG��%DOWLPRUH�������
&DSSRQL�� *��� 'L� 0DLR�� %��� /LYUHUL�� 3��� �������� ³$� 1RYHO� 7HFKQLTXH� IRU� &RPSXWHU�$LGHG�'HVLJQ�RI�/RZ�1RLVH�0LFURZDYH�$PSOLILHUV´��,(((����������������
&HQJL]� <���*�QHú��)��� ´�%LU�0LNURGDOJD�7UDQVLVWRUXQXQ�%XODQÕN�0DQWÕN� LOH�0RGHOOHQPHVL´���� 6LQ\DO�øúOHPH�9H�øOHWLúLP�8\JXODPDODUÕ�.XUXOWD\Õ�������+D]LUDQ�������øVWDQEXO�����������
&LRIIL��.�5�����������³�%URDG�%DQG�'LVWULEXWHG�$PSOLILHU�,PSHGDQFH�0DWFKLQJ�7HFKQLTXHV´��,(((�7UDQVDFWLRQV�RQ�0LFURZDYH�7KHRU\�DQG�7HFKQLTXHV��9RO������1R������'HFHPEHU�����������������
&ROOLQ��5�(���³�)RXQGDWLRQ�)RU�0LFURZDYH�(QJLQHHULQJ´�0FJUDZ�+LOO������3S���������
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