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øVWDQEXO� hQLYHUVLWHVL

)HQ�%LOLPOHUL� (QVWLW�V�

(QIRUPDWLN� $QDELOLP� 'DOÕ
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+DP� YHULOHU�� YHUL\H� |]HO� WDVDUODQPÕú� ELU� YHUL� \DSÕVÕ� VD\HVLQGH HWNLQ� ELoLPGH� VDNODQDELOLU�
YH�LúOHQHELOLUOHU�� øOLúNLVHO� YHULWDEDQODUÕ�� &RGG��������WDUDIÕQGDQ� RUWD\D�DWÕODQ�� YHULQLQ� GDKD�
N�o�N� WDEORODU� �YDUOÕNODU�� LoHULVLQGH� LIDGH� HGLOPHVL\OH� ELUOLNWH� YHUL� WHNUDUÕQÕ� HQ� D]D�
LQGLUHELOHQ�� YHUL\OH� LOJLOL� LúOHPOHUGH� SHUIRUPDQVÕ� DUWWÕUDELOHFHN� ELU� YHUL� VDNODPD�
\|QWHPLGLU�� (OHNWURQLN� WDEOR� ELoLPLQGH� VDNODQDQ� ELU� YHUL� VHWLQLQ�� LOLúNLVHO� YHULWDEDQÕ�
IRUPXQD� JHWLULOPHVL� LúOHPLQH� QRUPDOL]DV\RQ� DGÕ� YHULOPHNWHGLU�� 1RUPDOL]DV\RQ�� YHULQLQ�
QRUPDO� IRUPODUD� JHWLULOPHVL\OH� X\JXODQPDNWDGÕU�� $QFDN�QRUPDO� IRUPODU� LOH� ELUOLNWH� JHOHQ�
YH�X\XOPDVÕ� JHUHNHQ� NXUDOODU�� VH]JLVHO� YH�|]QHO� NDUDUODUD� ED÷OÕ� RODUDN� X\JXODQGÕ÷Õ� LoLQ�
WDVDUÕPFÕ\D� J|UH� IDUNOÕOÕN� J|VWHUHELOPHNWHGLU�� %X� VHEHSOH� KHU� ]DPDQ� HQ� L\L� LOLúN LVH O�
YHULWDEDQÕ� WDVDUÕPÕQD� XODúÕODPD\DELOLU�� %X�GXUXP�� QRUPDO� IRUP� NXUDOODUÕQÕQ� VLVWHPDWLN� \D�
GD�RWRPDWLN� RODUDN�X\JXODQPDVÕQÕQ� ]RUOX÷XQX� J|VWHUPHNWHGLU�� /LWHUDW�UGH� QRUPDOL]DV\RQ�
LúOHPLQLQ� RWRPDWLN� RODUDN�JHUoHNOHúWLULOHELOPHVL\OH� LOJLOL� oHúLWOL� oDOÕúPDODU� EXOXQPDNWDG ÕU��
$QFDN� EX� oDOÕúPDODUÕQ� RUWDN�GH]DYDQWDMÕ�� NXOODQÕFÕGDQ� IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕQ� WDOHS�
HGLOL\RU� ROPDVÕGÕU�� )RQNVL\RQHO� ED÷ÕPOÕOÕNODUÕQ� KDWDOÕ� EHOLUOHQPHVL�� LOLúNLVHO� YHULWDEDQÕ�
WDVDUÕPÕQÕQ� KDWDOÕ� ROXúWXUXOPDVÕQD� VHEHS� RODELOHFH÷L� LoLQ� V�UHFLQ� RWRPDWLN� KDOH�
JHWLULOPHVLQGHNL� ]RUOXN�� YDUOÕ÷ÕQÕ� NRUXPDNWDGÕU�� %X� WH]� oDOÕúPDVÕ� NDSVDPÕQGD�
QRUPDOL]DV\RQ� LúOHPL� ELU�RSWLPL]DV\RQ� SUREOHPL� RODUDN� HOH�DOÕQPÕúWÕU�� $PDo� IRQNVL\RQX��
QRUPDOL]DV\RQ� WDQÕP� YH� NXUDOODUÕ� J|]HWLOHUHN� |QHULOPLúWLU�� /LWHUDW�UGHNL� oDOÕúPDODUGDQ�
IDUNOÕ� RODUDN� EX� oDOÕúPDGD� NXOODQÕFÕGDQ� KHUKDQJL� ELU� ELOJL� LVWHQLOPHPHNWH�� YHULOHQ� KDP�
YHUL� VHWLQH� NDUúÕOÕN� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ� |QHULVL� VXQXODELOPHNWHGLU�� 8\JXODPD��

+$0�9(5ø/(5ø1�*(1(7ø.� $/*25ø70$/$5/$� ø/øù.ø6(/�
9(5ø7$%$1/$5,1$� 'g1hù7h5h/0(6ø�YH�%ø5�8<*8/$0$
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VHoLOHQ� ���YHULWDEDQÕQÕQ� YHUL� VHWLQH� G|Q�úW�U�OG�NWHQ� VRQUD�|QHULOHQ� DOJRULWPDQÕQ� WHNUDU�
D\QÕ� WDVDUÕPÕ� |QHUPHVL� EHNOHQHUHN� JHUoHNOHúWLULOPLúWLU�� 8\JXODPD� VRQXoODUÕ�� DOJRULWPDQÕQ�
EDúDUÕOÕ� ELU� úHNLOGH� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ� |QHULVL� VXQDELOHFH÷LQL� J|VWHUPLúWLU�

0D\ÕV� ��������� VD\ID�

$QDKWDU� NHOLPHOHU� øOLúNLVHO� YHULWDEDQÕ�� QRUPDOL]DV\RQ�� RWRPDWLN� QRUPDOL]DV\RQ��
JHQHWLN� DOJRULWPDODU�� oRN�DPDoOÕ� RSWLPL]DV\RQ�
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,QVWLWXWH�RI *UDGXDWH� 6WXGLHV�LQ 6FLHQFH�DQG�(QJLQHHULQJ

'HSDUWPHQW� RI�,QIRUPDWLFV

6XSHUYLVRU ��$VVRF��3URI��'U� 0HKPHW�+DNDQ�6$70$1

5DZ� GDWDVHWV� FDQ� EH� VWRUHG� DQG� SURFHVVHG WKURXJK� D� VSHFLILF� PRGHOOHG� GDWD� PRGDO��
5HODWLRQDO� GDWDEDVH�� VXJJHVWHG� E\�&RGG��������� LV� D�GDWD� PDQDJHPHQW PHWKRG� WKDW� FDQ�
PLQLPL]H� WKH� UHGXQGDQW� SDUWV RI� GDWD� WKDQNV� WR� WKH� LGHQWLILFDWLRQ� RI� WKH�GDWD� LQ� VPDOOHU�
WDEOHV� �HQWLWLHV�� DQG� LQFUHDVH� WKH�SHUIRUPDQFH� LQ� GDWD�UHODWHG� SURFHVVHV�� 7KH� SURFHVV� RI�
FRQYHUWLQJ� D�GDWD�VHW�VWRUHG�LQ� HOHFWURQLF� WDEOH�IRUP� LQWR� UHODWLRQDO� GDWDEDVH�IRUP� LV�FDOOHG�
QRUPDOL]DWLRQ�� 1RUPDOL]DWLRQ� LV� DSSOLHG� E\� FRQYHUWLQJ� WKH� GDWD� LQWR� QRUPDO� IRUPV��
+RZHYHU�� VLQFH� WKH� UXOHV� DULVLQJ� IURP� WKH�QRUPDO� IRUPV� DQG� WR�EH�IROORZHG� DUH�DSSOLHG�
GHSHQGLQJ� RQ�LQWXLWLYH� DQG�VXEMHFWLYH� GHFLVLRQV� WKH\� FDQ�YDU\� DFFRUGLQJ� WR�WKH�GHVLJQHU��
7KHUHIRUH�� WKH�EHVW�UHODWLRQDO� GDWDEDVH�GHVLJQ� FDQQRW� DOZD\V� EH�DFKLHYHG�� 7KLV� LQGLFDWHV
WKH�GLIILFXOW\� RI�DSSO\LQJ� QRUPDO� IRUP� UXOHV� V\VWHPDWLFDOO\� RU�DXWRPDWLFDOO\�� ,Q� OLWHUDWXUH��
WKHUH� DUH�YDULRXV� VWXGLHV� UHJDUGLQJ� WKH� DXWRPDWLF� H[HFXWLRQ� RI� WKH�QRUPDOL]DWLRQ� SURFHVV��
+RZHYHU�� WKH� FRPPRQ� GLVDGYDQWDJH� RI� WKHVH� VWXGLHV� LV� WKDW� WKH\� GHPDQG� IXQFWLRQD O�
GHSHQGHQFLHV� IURP� WKH� XVHU�� 6LQFH� WKH� GHWHUPLQDWLRQ� RI� IXQFWLRQDO� GHSHQGHQFLHV�
LQFRUUHFWO\� FDXVHV� WKH� LQFRUUHFW� GHVLJQ� RI� WKH� UHODWLRQDO� GDWDEDVH�� WKH� GLIILFXOW\� LQ�
DXWRPDWL]LQJ� WKH� SURFHVV� SUHVHUYHV� LWV� H[LVWHQFH�� :LWKLQ� WKH� VFRSH�RI� WKLV� WKHVLV� VWXG\��
QRUPDOL]DWLRQ� SURFHVV�ZDV�GLVFXVVHG� DV�DQ�RSWLPL]DWLRQ� SUREOHP�� 7KH�REMHFWLYH� IXQFWLRQ�
ZDV�SURSRVHG�E\�FRQVLGHULQJ� WKH�GHILQLWLRQ� DQG�UXOHV� RI�QRUPDOL]DWLRQ�� 8QOLNH� WKH�VWXGLHV�
LQ� WKH� OLWHUDWXUH�� LQ� WKLV� VWXG\� QR�LQIRUPDWLRQ� LV� GHPDQGHG� IURP� WKH�XVHU� DQG�D�UHODWLRQD O�
GDWDEDVH� GHVLJQ� VXJJHVWLRQ� FDQ� EH�RIIHUHG� LQ� UHVSRQVH� WR� WKH� JLYHQ� UDZ� GDWD� VHW�� 7KH�

&219(57,1*�5$:�'$7$6(76� 72�5(/$7,21$/� '$7$%$6(6�86,1*�
*(1(7,&� $/*25,7+06�DQG�$1�$33/,&$7,21
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DSSOLFDWLRQ� ZDV�SHUIRUPHG� DIWHU� WKH�VHOHFWHG� ���GDWDEDVHV�ZHUH�WXUQHG� LQWR� GDWD�VHW�ZLWK�
DQ�H[SHFWDWLRQ� WKDW� WKH�SURSRVHG�DOJRULWKP� UHVXOWV WKH�VDPH�GHVLJQ� DJDLQ�� 7KH�DSSOLFDWLRQ�
UHVXOWV� VKRZHG� WKDW� WKH� DOJRULWKP� FRXOG� VXFFHVVIXOO\� SXW� IRUZDUG� D� UHODWLRQDO� GDWDEDVH�
GHVLJQ� SURSRVDO�

0D\������ ��� SDJHV�

.H\ZRUGV� 5HODWLRQDO� GDWDEDVH�� QRUPDOL]DWLRQ�� DXWRPDWLF� QRUPDOL]DWLRQ�� JHQHWLF�
DOJRULWKPV�� PXOWL�REMHFWLYH� RSWLPL]DWLRQ�
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9HUL\L� ND\GHWPHN�� KHU� ]DPDQ� ELOJLVD\DUODUÕQ� WHPHO� |]HOOLNOHULQGHQ� ELUL� ROPXúWXU�� 5RZOH\�

������� WDUDIÕQGDQ� VXQXODQ� %LOJHOLN� +L\HUDUúLVL� �:LVGRP� +LHUDUFK\��� ELOJL\H� HULúPHGH�

WHPHO� ELOHúHQLQ� YHUL� ROGX÷XQX� J|VWHUPHNWHGLU�� +L\HUDUúL\H� J|UH�� HOH� DOÕQDQ� YHUL�

PLNWDUÕQGDNL� DUWÕú�� GDKD� D\UÕQWÕOÕ� YH� GDKD� QLWHOLNOL� ELOJL\H� HULúPHGH� ID\GD�

VD÷OD\DELOPHNWHGLU�� <HWHUOL� YHUL� PLNWDUÕQD� VDKLS� ROPDN� ELOJL\H� HULúPH� V�UHFLQGH� |QHPOL�

URO� R\QDPDNWDGÕU� �)D\\DG��3LDWHWVN\�6KDSLUR� YH�6P\WK� �������

7HNQRORMLN� JHOLúPHOHUOH� ELUOLNWH�� HOHNWURQLN� RUWDPGD� ND\ÕW� \DSÕODELOPH� NDSDVLWHVLQLQ� GH�

DUWPDVÕ\OD� ELUOLNWH� GDKD� ID]OD� PLNWDUGD� YHUL\L� ND\GHWPH� LKWL\DFÕ� PH\GDQD� JHOPLúW LU�� �

9HULQLQ� ND\GHGLOPHVL\OH� LOJLOL� \|QWHPOHU�� ELOJL\H� XODúPD� V�UHFLQGH� YHULQLQ� GDKD� NROD\�

LúOHQHELOPHVL� LoLQ� |QHP� WDúÕPDNWDGÕU�� .D\GHGLOHQ� YHUL� PLNWDUÕQÕQ� DUWPDVÕ�� YHUL\OH�

\DSÕODFDN� LúOHPOHU� LoLQ� GLNNDWOL� ROXQPDVÕQÕ� JHUHNWLUPHNWHGLU� ��'XQNHO� YH 6RSDUNDU���������

<DGDY� YH� *R\DO� ������� WDUDIÕQGDQ� ELOJLVD\DUODúWÕUÕOPÕú� ND\ÕW� VLVWHPL� RODUDN� WDQÕPODQDQ�

YHULWDEDQODUÕ�� YHUL� PLNWDUÕ� DUWWÕNoD� YHUL� LúOHPH� V�UHoOHULQGH� NXOODQÕODELOHFHN� oRN� VD\ÕGD�

\|QWHP� RODUDN�RUWD\D� oÕNPÕúWÕU�� %X�oRN�VD\ÕGDNL� \|QWHPLQ� ELUoR÷X� WDPDPODQDPDPÕú� ROVD�

GD� |QH� oÕNDQ� YHUL� \|QHWLPL� PRGHOOHUL� NURQRORMLN� VÕUD\OD� KL\HUDUúLN�� D÷� YH� LOLúN LVH O�

YHULWDEDQÕGÕU� �&RGG���������

+L\HUDUúLN� YHULWDEDQODUÕ�� JHOHQHNVHO� YH�KHUKDQJL� ELU� NXUDO� \D�GD�G�]HQH� VDKLS� ROPD\DQ�

YHUL� VDNODPD� \|QWHPOHULQLQ� JHWLUGL÷L� GH]DYDQWDMODUGDQ� GROD\Õ� |QHULOPLúWLU� �+HQU\�� �������

%X� YHULWDEDQODUÕ�� W�P� YHUL� SDUoDODUÕQÕ� KL\HUDUúLN� RODUDN� ELUELULQH� ED÷OD\DUDN�

oDOÕúPDNWDGÕU�� +L\HUDUúLN� YHULWDEDQODUÕQÕQ� JHWLUGL÷L� HQ� E�\�N� GH]DYDQWDM�� YHULQLQ� KHU�

]DPDQ� WHN� WLS� KL\HUDUúL\H� VDKLS� RODFD÷Õ� YDUVD\ÕPÕGÕU�� +L\HUDUúLN� YHULWDEDQÕQGD� YHUL�

\DOQÕ]FD� WHN�ELU� \HUH�ED÷OÕ� ROPDN� ]RUXQGDGÕU�� %LU� YHUL SDUoDVÕQÕQ� ELUGHQ� ID]OD� ED÷ODQWÕ\D�

VDKLS�ROPDVÕ� JHUHNOLOL÷L�� KL\HUDUúLN� YHULWDEDQODUÕ� LoLQ� o|]�OPHVL� ]RU�ELU�VRUXQ�RODUDN�RUWD\D�

oÕNDELOPHNWHGLU��

%DFKPDQ� �������� D÷�YHULWDEDQÕ� NDYUDPÕQÕ� RUWD\D� oÕNDUWPÕúWÕU�� $÷� YHULWDEDQÕ�� KL\HUDUú LN�

YHULWDEDQÕQÕQ� HQ�E�\�N� ]DDIL\HWLQL� RUWDGDQ�NDOGÕUPDNWDGÕU�� +HU�ELU�YHUL� SDUoDVÕ�� LúDUHWoLOHU�
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YDVÕWDVÕ\OD� ELUELUOHUL� LOH� LOLúNLOHQGLULOHELOPHNWHGLU�� %X� VD\HGH�KL\HUDUúLN� YHULWDEDQODU ÕQGD�

EXOXQDQ�� KHU�YHUL� SDUoDVÕQÕQ� WHN�ELU� \HUH�ED÷OÕ� ROPD� ]RUXQOXOX÷X� RUWDGDQ�NDONPDNWDGÕU��

&RGG� �������� D÷� YHULWDEDQÕ� ILNULQL� JHOLúWLUHUHN� YH� LoHUGL÷L� SUREOHPOHUH� o|]�P� EXODUDN�

LOLúNLVHO� YHULWDEDQÕ� ILNULQL� RUWD\D� DWPÕúWÕU�� *�Q�P�]GH� LOLúNLVHO� YHULWDEDQODUÕ�� ELOJLVD\DU�

VLVWHPOHULQGH� YH� \D]ÕOÕPODUGD� VÕNOÕNOD� NXOODQÕOPDNWDGÕU�� %DúOÕN� ���� DOWÕQGD� LOLúN LVH O�

YHULWDEDQODUÕ� YH�|]HOOLNOHULQH� D\UÕQWÕOÕ� RODUDN�GH÷LQLOPLúWLU�

%X� WH]� oDOÕúPDVÕQGD�� ELU� YHUL� VHWLQLQ� LOLúNLVHO� YHULWDEDQÕ� IRUPXQD� JHWLULOHELOPHVL� LoLQ�

X\JXODQPDVÕ� JHUHNHQ� QRUPDOL]DV\RQ� V�UHFLQLQ� RWRPDWLN� RODUDN� JHUoHNOHúWLULOHELOPHV L�

NRQXVX��]HULQH� oDOÕúÕOPÕúWÕU�� 1RUPDOL]DV\RQ� V�UHFL� YH�D\UÕQWÕODUÕ� %DúOÕN� �����¶WH��RWRPDWLN�

QRUPDOL]DV\RQ� V�UHFL� YH� GDKD� |QFH� JHUoHNOHúWLULOPLú� oDOÕúPDODU� %DúOÕN� �����¶WH� HOH�

DOÕQPÕúWÕU�� %LOLúVHO� RODUDN� X\JXODQPDVÕ� JHUHNHQ� NXUDOODUGDQ� ROXúDQ�� GROD\ÕVÕ\OD� |]QHO�

GH÷HUOHQGLUPH� LOH� JHUoHNOHúWLULOHELOHQ� QRUPDOL]DV\RQ� LúOHPL�� WH]� oDOÕúPDVÕ� LoHULVLQGH� ELU�

RSWLPL]DV\RQ� SUREOHPL� RODUDN� HOH� DOÕQPÕúWÕU�� %LU� YHUL� PRGHOLQLQ� QRUPDOL]DV\RQXQX�

VD÷ODPDVÕ� EHNOHQHQ� ELU� DPDo� IRQNVL\RQX� WDVDUODQPÕú� YH� |QHULOPLúWLU�� 2SWLPL]DV\RQ�

LúOHPLQLQ� JHUoHNOHúWLULOHELOPHVL� LoLQ� DUDo�RODUDN� ELU� VH]JLVHO� RSWLPL]DV\RQ� \|QWHPL� RODQ�

JHQHWLN� DOJRULWPDODU� WHUFLK� HGLOPLúWLU�

øNLQFL� E|O�P�� LNL� DOW� EDúOÕNWDQ� ROXúPDNWD� YH� JHQHO� OLWHUDW�U� WDUDPDVÕ� VRQXoODU ÕQÕ�

LoHUPHNWHGLU�� %LULQFL� DOW� EDúOÕNWD� LOLúNLVHO� YHULWDEDQÕ� NDYUDPÕ� LQFHOHQPLúWLU�� øNLQFL� DOW�

EDúOÕNWD� LVH� VHoLOHQ� RSWLPL]DV\RQ� \|QWHPL� RODQ� JHQHWLN� DOJRULWPDODUGDQ� EDKVHGLOPLú��

WHPHO� RSHUDW|U� YH� |]HOOLNOHUL� DQODWÕOPÕúWÕU�� ho�QF�� E|O�P� oDOÕúPDQÕQ� \|QWHPLQLQ�

D\UÕQWÕODUÕQÕ� WHNQLN� ELU� DQODWÕPOD� VXQPDNWDGÕU�� '|UG�QF�� E|O�PGH� X\JXODQDQ� \|QWHP�

VRQXFXQGD� HOGH� HGLOHQ� EXOJXODU� VXQXOPXúWXU�� %HúLQFL� E|O�PGH�� W�P� EX� oDOÕúPD� LOH� HOGH�

HGLOHQ� VRQXoODU�� ID\GD�YH�HNVLNOLNOHUL\OH� ELUOLNWH� VXQXOPXú�� LOHUL� oDOÕúPDODU� LoLQ� |QHULOHUGH�

EXOXQXOPXúWXU�
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+L\HUDUúLN� YH� D÷�YHULWDEDQODUÕ�� JHOHQHNVHO� GRV\D� WHPHOOL� VLVWHPOHUH� J|UH�GDKD� NXOODQÕú O Õ�

ROPDVÕQD� UD÷PHQ� W�P� LKWL\DoODUÕ� NDUúÕOD\DPDPDNWDGÕU�� %X�YHULWDEDQODUÕQÕQ� VÕQÕUOÕOÕNOD U Õ��

LOLúNLVHO� PRGHOLQ� �WKH� UHODWLRQDO� PRGHO�� JHOLúWLULOPHVLQH� |QF�O�N� HWPLúWLU�� øOLúNLVHO� PRGHO�

NDYUDPÕ�� ELU�\DSÕ� YH�GLO� NXOODQDUDN� YHUL� \|QHWPH� \DNODúÕPÕ� RODUDN�RUWD\D� oÕNPÕúWÕU� �&RGG��

������� %XQD� ED÷OÕ� RODUDN� &RGG� �������� LOLúNLVHO� YHULWDEDQÕ� PRGHOLQL� VXQPXúWXU��

9HULWDEDQÕ�� YHULOHUH� NROD\OÕNOD� HULúLOPHVLQL� YH� RUJDQL]H� HGLOPHVLQL� VD÷OD\DQ� \DSÕODUG ÕU�

�dD÷ÕOWD\� YH�7RNGHPLU�� �������&RGG���������LOLúNLVHO� YHULWDEDQÕQÕQ� RUWD\D� oÕNPDVÕQGDN L�

PRWLYDV\RQXQX� �o�DPDo�LOH� EHOLUWPLúWLU�� %LULQFLVL� YH�HQ�|QHPOLVL� YHULWDEDQÕ� \|QHWLPLQGHN L�

IL]LNVHO� YH�PDQWÕNVDO� EHNOHQWLOHULQ� NHVLQ� YH�QHW� RODUDN�ELUELULQGHQ� D\UÕODELOPHVLGLU�� %XQD�

YHULQLQ� ED÷ÕPVÕ]OÕ÷Õ� �GDWD�LQGHSHQGHQFH�� DGÕ�YHULOPLúWLU�� øNLQFL� PRWLYDV\RQ� W�P� NXOODQÕF Õ�

YH� SURJUDPFÕODUÕQ� DQOD\DELOHFH÷L� EDVLW� ELU� \DSÕ� RUWD\D� NR\DELOPHNWLU�� %XQD� LIDGH�

HGLOHELOLUOLN� �FRPPXQLFDELOLW\�� GHQLOPLúWLU�� ho�QF�� PRWLYDV\RQ� LVH� NXOODQÕFÕODUÕQ� YHUL�

�]HULQGH� LúOHP� \�U�WHELOPHVLQL� VD÷OD\DFDN�� ND\GÕ� LúOHPH� �VHW�SURFHVVLQJ�� DGÕ�YHULOPLú� �VW�

VHYL\H� ELU� GLO� ROXúWXUPDNWÕU��

øOLúNLVHO� YHUL�PRGHOL�� LONHO� YHUL� WLSOHUL�� ND\ÕWODU�� ND\ÕW� N�PHOHUL� �WDEOR�YDUOÕN�� YH�LOLúNLOHUGHQ�

ROXúPDNWDGÕU� �5HDG�� )XVVHOO� YH 6LOEHUVFKDW]�� ������ 1L]DP�� ������� 9HUL�� LOLúN LVH O�

YHULWDEDQÕ� LoHULVLQGH�� YDUOÕN� DGÕ� YHULOHQ� \DSÕODUGD� VDNODQPDNWDGÕU�� 9HUL\H� HULúLP�� YHULQLQ�

SR]LV\RQX� \HULQH� GH÷HUL\OH� VD÷ODQPDNWDGÕU�� %X� |]HOOLN�� VRQ�NXOODQÕFÕ� YH�SURJUDPFÕOD U ÕQ�

�UHWLFLOL÷LQL� DUWWÕUPDNWDGÕU� �&RGG�� ������� øOLúNLVHO� YHULWDEDQODUÕ� ELU� \D� GD�ELUGHQ� ID]OD�

LOLúNLVHO� YDUOÕNWDQ� ROXúDELOLU�� øOLúNLVHO� \DSÕGDNL� KHU�ELU� YHUL� ND\GÕ� ELULQFLO� DQDKWDU� �SULPDU\�

NH\�� DGÕ� YHULOHQ�� KHU� ELU� ND\GÕQ� EHQ]HUVL]� ROPDVÕQÕ� VD÷OD\DELOHQ�� ELU� \D GD�ELUGHQ� ID]OD�

QLWHOLN� ELUOHúLPL� LOH� ROXúWXUXODELOHQ� ELU� QLWHOL÷H� �\D� GD�QLWHOLN� JUXEXQD�� VDKLS� ROPDOÕG ÕU��

<DSÕ� LoHULVLQGHNL� ED]Õ� QLWHOLNOHULQ� ELUELUOHUL\OH� oDSUD]� úHNLOGH� LOLúNLOL� ROPDVÕ� GXUXPXQGD��

EX� oDSUD]� LOLúNL\L� J|VWHUHQ� YH� LNLQFLO� DQDKWDU� �VHFRQGDU\�IRUHLJQ� NH\�� DGÕ� YHULOHQ� ELU�

QLWHOLN� NXOODQÕODELOPHNWHGLU� �&RGG�� �������%LULQFLO� YH� LNLQFLO� DQDKWDUODU� VÕUDVÕ\OD� %DúOÕN�

������YH�%DúOÕN� ������LoHULVLQGH� D\UÕQWÕOÕ� RODUDN� HOH� DOÕQPDNWDGÕU�
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9DUOÕNODU�� QLWHOLNOHUH� YH� EX� QLWHOLNOHULQ� GH÷HUOHULQH� VDKLS� RODQ� LNL� ER\XWOX� \DSÕODUG ÕU��

7DVDUÕP� VÕUDVÕQGD� NDo�QLWHOLN� RODFD÷Õ�� QLWHOLNOHULQ� DODELOHFH÷L� GH÷HUOHULQ� W�U�� YH�NDUDNWHU�

VD\ÕVÕQÕQ� �VW� VÕQÕUÕ� EHOLUOHQLU�� 9DUOÕ÷D� ]DPDQ� LoHULVLQGH� \HQL� ND\ÕWODU� HNOHQHELOLU�� PHYFXW�

ND\ÕWODU� VLOLQHELOLU� \D� GD� ND\ÕWODU� �]HULQGH� GH÷LúLNOLN� \DSÕODELOLU�� %X� GXUXP� YDUOÕ÷ÕQ��

GROD\ÕVÕ\OD� YHULWDEDQÕQÕQ� \|QHWLPL� LOH� LOJLOLGLU�� 7DVDUÕP� KDWDVÕQGDQ� ND\QDNODQDQ� KHUKDQJL�

ELU� SUREOHPOH� NDUúÕODúÕOPDGÕ÷Õ� YH\D� \DSÕGD� JHOLúWLUPH� \DSÕOPDVÕ� SODQODQPDGÕ÷Õ� V�UHFH�

QLWHOLNOHUGH� GH÷LúLNOLN� \DSÕOPDVÕQD� LKWL\Do� GX\XOPDPDNWD�� \DOQÕ]FD� ND\ÕWODU� LOH� LOJLO L�

LúOHPOHU� JHUoHNOHúWLULOPHNWHGLU�

9HULWDEDQÕQGD� NDo� DGHW� YDUOÕN� RODFD÷Õ�� WDVDUÕP� DúDPDVÕQGD� EHOLUOHQLU� YH� \|QHWLOPHN�

LVWHQLOHQ� YHUL\H� ED÷OÕ� RODUDN� EHOLUOHQLU�� .XOODQÕFÕ��'HUV��ùXEH��.ODV|U YDUOÕN� LVPLQH� ELUHU�

|UQHNWLU�� 9DUOÕN� LoHULVLQGHNL� QLWHOLNOHULQ� ELUELUOHUL\OH� LOLúNLOL� ROPDVÕ� EHNOHQPHNWHG LU��

9DUOÕNODU� GD� NHQGL� DUDODUÕQGD�� QLWHOLNOHULQ� DUDVÕQGD� EXOXQDQGDQ� IDUNOÕ� ELU� LOLúNL� W�U��

EXOXQGXUPDNWDGÕU�� %X� LOLúNL� W�U�� ����� ��Q�YH�Q�P� ROPDN� �]HUH� �o�oHúLGH� VDKLSWLU� �7HRUH\��

<DQJ� YH )U\�� ������� %X� LOLúNL� W�UOHUL\OH� LOJLOL� D\UÕQWÕOÕ� ELOJL� %DúOÕN� ������ LoHULVLQGH�

VXQXOPXúWXU�

ùHNLO� ���
GH�YHULOHQ� |UQHNWH�<D]DUODU��<D\LQ(YOHUL��'LOOHU��.DWHJRULOHU YH�.LWDSODU DGOÕ� ��

YDUOÕN� EXOXQPDNWDGÕU�� +HU�ELU�YDUOÕ÷ÕQ� QLWHOLNOHUL�� YDUOÕ÷D� DLW�NXWX� LoHULVLQGH� J|VWHULOPLúW LU��

%D]Õ� QLWHOLNOHULQ� EDúÕQGD�EXOXQDQ� 3.�LIDGHVL�� R�QLWHOL÷LQ� ELULQFLO� DQDKWDU� |]HOOL÷L� WDúÕGÕ÷ÕQÕ��

).�LIDGHVL� LVH� LNLQFLO� DQDKWDU� |]HOOL÷L� WDúÕGÕ÷ÕQÕ� J|VWHUPHNWHGLU�
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ùHNLO�����gUQHN�øOLúNLVHO�9HULWDEDQÕ�7DVDUÕPÕ�

øOLúNLVHO� YHULWDEDQÕQÕQ� |QGH�JHOHQ� DYDQWDMODUÕ�

x \DSÕODQGÕUÕOPÕú� YHUL� ROPDVÕ�

x JHUHNVL]� WHNUDUÕQ� D]OÕ÷Õ�

x JHQLúOHWPHQLQ� NROD\OÕ÷Õ�

x \|QWHP� YH�YHUL� ED÷ÕPVÕ]OÕ÷Õ�

x YHUL� \|QHWLPLQL� NROD\ODúWÕUPDVÕ� YH�PHUNH]LOHúWLULOPHVL�

x YHUL� HQWHJUDV\RQX� VD÷ODQDELOPHVL�

x YHUL� WXWDUVÕ]OÕ÷ÕQÕQ� ROPDPDVÕ�

x oRN�NXOODQÕFÕQÕQ� LúOHP� \DSPDVÕQD� L]LQ� YHUPHVL

RODUDN�EHOLUWLOPLúWLU� ��6XPDWKL� YH�(VDNNLUDMDQ�� ������=KX�� =HQJ� YH &DR��������

5DJKX� YH� -RKDQQHV� �������� YHUL� \|QHWLPLQGH� LOLúNLVHO� YHULWDEDQÕ� NXOODQÕOPDV ÕQÕQ�

JHWLUHELOHFH÷L� ED]Õ� SUREOHPOHUL� ELU� |UQHN� LOH� DoÕNODPÕúWÕU�� gUQHN� HOH� DOÕQGÕ÷ÕQGD�

\DúDQDELOHFHN� SUREOHPOHU�

�� dRN�E�\�N� PLNWDUGD� YHULQLQ� WHN�ELU� GLVN� \D�GD�ELOJLVD\DU� �]HULQGH� WRSDUODQDELOPHV L�

oRN�]RU� RODELOLU
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�� dRN� E�\�N� ER\XWWD� ELU� YHUL� GRV\DVÕQÕQ� DoÕOPDVÕ� ELOJLVD\DU� EHOOH÷L� LoLQ� \HWHUVL]�

JHOHELOLU

�� 9HULQLQ� LúOHQPHVL� LoLQ� |]HO� SURJUDPODU� \D]ÕOPDVÕ� JHUHNHELOLU�� %X� SURJUDPÕQ�

\D]ÕOPDVÕQGD� GLNNDWH� DOÕQPD\DQ� ELU� GXUXP� YHUL� E�W�QO�÷�Q�� ER]DELOLU

�� 9HUL\H� IDUNOÕ� NXOODQÕFÕODUÕQ� HULúLP� VD÷ODPDVÕ� VRQXFXQGD� WXWDUVÕ]OÕN� ROXúDELOLU

�� +HUKDQJL� ELU� LúOHP� HVQDVÕQGD� VLVWHP� KDWDVÕ� ROXúPDVÕ�� YHUL� E�W�QO�÷�Q�Q� ER]XOPDV ÕQD�

VHEHS�RODELOLU

�� 6LVWHPH� HULúLPGH� HWNLQ� ELU� J�YHQOLN� \|QWHPLQLQ� EXOXQPDPDVÕ�� YHUL\H� HULúPHVL�

LVWHQPH\HQ� NLúLOHULQ� HQJHOOHQPHVLQLQ� VD÷ODQDPDPDVÕQD� \RO� DoDELOLU

RODUDN� VÕUDODQDELOPHNWHGLU�

�������%LULQFLO� $QDKWDU

%LULQFLO� DQDKWDU�� HOH� DOÕQDQ� ELU� YDUOÕN� LoHULVLQGHNL� ND\ÕWODUÕ� WDQÕPOD\DELOPH\L� VD÷OD\DQ� YH�

HúVL]� GH÷HU� DODQ� QLWHOLN� \D� GD�QLWHOLN� JUXEXGXU �&KHQ�� �������7HN� EDúÕQD� EHQ]HUVL]O LN�

VD÷ODPD\DQ� QLWHOLNOHU�� ELUOLNWH� GLNNDWH� DOÕQGÕ÷ÕQGD� EHQ]HUVL]OLN� VD÷OÕ\RUVD� ELULQFLO� DQDKWDU�

RODUDN� NDEXO� HGLOHELOLUOHU�� %LULQFLO� DQDKWDUODU� JHQHOOLNOH� ELU� YDUOÕN� LoHULVLQGH� LON� VÕUDGDNL�

QLWHOLN� RODUDN� \HU� DOPDNWDGÕUODU�� 9DUOÕN� LoHULVLQGH�� W�P� ND\ÕWODU� LoLQ� EHQ]HUVL]OL÷L�

VD÷OD\DELOHFHN� ELU� QLWHOLN� EXOXQPDVÕ� GXUXPXQGD� ELULQFLO� DQDKWDU� |]HOOL÷L� EX� QLWHOLN�

WDUDIÕQGDQ� WDúÕQDELOPHNWHGLU�� $QFDN� E|\OH� ELU� QLWHOLN� ROPDPDVÕ� \D� GD� ROVD� ELOH� W�P�

GXUXPODU� LoLQ� EHQ]HUVL]OLN� VD÷OD\DPD\DFD÷Õ� G�ú�Q�OHQ� GXUXPODUGD� YHULWDEDQÕ� WDVDUÕPF ÕV Õ�

WDUDIÕQGDQ� RWRPDWLN� DUWDQ�� VD\ÕVDO� GH÷HUOL� ELU�QLWHOLN� ROXúWXUXOXU�� %X�QLWHOLN� JHQHOOLNOH� �,'��

DGÕQÕ� DOPDNWDGÕU�� *�QO�N� KD\DWWD� NDUúÕODúÕODQ� �,'�� NDYUDPÕ� GD�EHQ]HU� úHNLOGH� PH\GDQD�

JHOPHNWHGLU�� 7�&�� .LPOLN� 1XPDUDVÕ�� ELULQFLO� DQDKWDU� LoLQ� YHULOHELOHFHN� HQ� EDVLW�

|UQHNOHUGHQ� ELULGLU�� %HQ]HU� úHNLOGH� EDQND�KHVDS�QXPDUDODUÕ� (&%6��(XURSHDQ� &RPPLWWHH�

IRU� %DQNLQJ� 6WDQGDUGV�� WDUDIÕQGDQ� ,62����������� VWDQGDUWODUÕ� LOH� ,%$1� �,QWHUQDWLRQD O�

%DQN�$FFRXQW� 1XPEHU�� IRUPDWÕ� VD\HVLQGH� EHQ]HUVL]� YH�WDQÕPOD\ÕFÕ� KDOH� JHWLULOPLúWLU��

9DUOÕN� LoHULVLQGH� EXOXQDQ� YH�ELULQFLO� DQDKWDU� |]HOOL÷L� WDúÕ\DELOHFH÷L� G�ú�Q�OHQ� QLWHOLN OHU��

YDUOÕ÷D� HNOHQHFHN� \HQL� ND\ÕWODUOD� EX� |]HOOL÷LQL� ND\EHWPH� RODVÕOÕ÷ÕQD� VDKLS� RODELOLU�� %X�

VHEHSOH� ELULQFLO� DQDKWDUÕQ� YDUOÕN� LoHULVLQGHNL� QLWHOLNOHUGHQ� KHUKDQJL� ELUL� RODUDN� VHoLOPHV L�

\HULQH� \HQL� ELU� QLWHOLN� RODUDN� YDUOÕ÷D� GDKLO� HGLOPHVL�� RODVÕ� SUREOHPOHUGHQ� NDoÕQPD\Õ�

� (%6����9���������85/��KWWS���DUOLQGR�FRUUHLD�FRP�,%$1�SGI >(ULúLP WDULKL������������@



�

VD÷OD\DELOHFHNWLU�� %X� o|]�P� VD\HVLQGH�� YDUOÕN� LoHULVLQGHNL� HNOHQPHVL� PXKWHPHO� W�P�

ND\ÕWODU� LoLQ� EHQ]HUVL]OLN� VD÷OD\DELOHFHN� ELU� QLWHOLN� HOGH� HGLOPLú� ROPDNWDGÕU�

ùHNLO����� %LULQFLO�$QDKWDU�gUQH÷L�

ùHNLO� ���
GH�0XD\HQHOHU YH�0XD\HQH'HWD\ YDUOÕNODUÕQÕQ� 0XD\HQH1R QLWHOLNOHUL� ELULQF LO�

DQDKWDU� RODUDN�EHOLUOHQPLúWLU�� ùHNLO� ���¶GH��QLWHOLN� |Q�QH�JHOHQ� 3.�LIDGHVL�� ELULQFLO� DQDKWDU�

ROGX÷XQX� J|VWHUPHNWHGLU�� gUQHNWH� 0XD\HQH1R QLWHOL÷L�� WDEORGDNL� KHU� ELU� ND\GÕQ�

EHQ]HUVL]� ROPDVÕQÕ� VD÷OD\DQ� VD\ÕVDO� ELU� GH÷HUGLU�� 0XD\HQH1R QLWHOL÷LQH� DLW� ELU� GH÷HU��

NDUúÕOÕN� JHOHQ� ND\GÕQ� WDPDPÕQD� GR÷UX�ELU�úHNLOGH� HULúPH\L� VD÷OD\DELOPHNWHGLU�� %X�VD\HGH�

KHU�ELU� ELULQFLO� DQDKWDU� GH÷HUL�� WHN�ELU� ND\GD�NDUúÕOÕN� JHOPHNWHGLU�

�������øNLQFLO� $QDKWDU

øNLQFLO� DQDKWDU� �6HFRQGDU\� .H\�)RUHLJQ� .H\��� LNL� YDUOÕN� DUDVÕQGDNL� ED÷ODQW ÕQÕQ�

NRUXQDELOPHVL� LoLQ� ELU� YDUOÕ÷ÕQ� ELULQFLO� DQDKWDU� QLWHOL÷LQH� DLW� GH÷HUL� EDúND� ELU� YDUOÕN�

LoHULVLQGH� EXOXQGXUDQ� QLWHOLNWLU�� øNLQFLO� DQDKWDUODU�� LNL� YDUOÕN� DUDVÕQGDNL� LOLúN L\L�

ROXúWXUDELOPH\H� \DUGÕPFÕ� ROPDNWDGÕU�� %LU� YDUOÕN� LoHULVLQGHNL� ND\GÕQ�� GL÷HU� YDUOÕN�

LoHULVLQGHNL� KDQJL� ND\GD� NDUúÕOÕN� JHOGL÷LQLQ� VLVWHPDWLN� ELoLPGH� WDQÕPODQDELOPHVL� LoLQ�

NXOODQÕOPDNWDGÕU�

ùHNLO� �����LNLQFLO� DQDKWDUD� ELU� |UQHN� LoHUPHNWHGLU�� ùHNLO�� 2JUHQFLOHU YH�/LVHOHU LVLPOL� LNL�

YDUOÕN� YH�EXQODUD� ED÷OÕ� QLWHOLNOHUL� J|VWHUPHNWHGLU�� ùHNLO� ���¶WH��\DQÕQGD� 3.�LIDGHVL� EXOXQDQ�

QLWHOLNOHU� ELULQFLO DQDKWDU�� ).� LIDGHVL� EXOXQDQ� QLWHOLN� LVH� LNLQFLO� DQDKWDU� |]HOOL÷L�

WDúÕPDNWDGÕU��



�

ùHNLO����� øNLQFLO�$QDKWDU�gUQH÷L�

ùHNLO� ���� LOH� YHULOHQ� |UQHNWH�� |÷UHQFL� ND\ÕWODUÕ� 2JUHQFL,' QLWHOL÷LQLQ�� OLVH� ND\ÕWODUÕ� LVH�

/LVH,' QLWHOL÷LQLQ� ELULQFLO� DQDKWDU� RODUDN� VHoLOPHVL\OH� LIDGH� HGLOPHNWHGLU�� $\UÕFD� KHU� ELU�

|÷UHQFLQLQ� PH]XQ� ROGX÷X� OLVH� ELOJLVL� 0H]XQ/LVH,' QLWHOL÷L� LOH� LOLúNLOHQGLULOPHNWHG LU��

0H]XQ/LVH,' QLWHOL÷L�� /LVHOHU YDUOÕ÷Õ� LoHULVLQGHNL� /LVH,' QLWHOL÷LQLQ� GH÷HULQL� WDúÕPDNWDG ÕU��

%X� VD\HGH� D\QÕ� OLVHGHQ� PH]XQ� W�P� |÷UHQFLOHU� LoLQ� OLVH� ELOJLOHUL� WHNUDUOÕ� RODUDN�

\D]ÕOPDPDNWDGÕU�� +HU� OLVH�� /LVHOHU YDUOÕ÷Õ� LoHULVLQGH� ELU� NH]� \HU� DOPDNWD� YH� ELU� ELULQF LO�

DQDKWDUD� VDKLS� ROPDNWDGÕU�� 2JUHQFLOHU YDUOÕ÷Õ�� LOJLOL� OLVH\H� ELULQFLO� DQDKWDUÕ� YDVÕWDVÕ\OD�

XODúPDNWDGÕU�

�������)RQNVL\RQHO�%D÷ÕPOÕOÕN

)RQNVL\RQHO� ED÷ÕPOÕOÕN� NDYUDPÕ�� YHUL� \DSÕVÕ� KDNNÕQGD� G�ú�QPHN� LoLQ� ROGXNoD� NXOODQÕú O Õ�

ELU� DUDoWÕU�� (OH� DOÕQDQ� ELU� YDUOÕNWD� ሼܺଵǤ Ǥ ܺ௡ሽ YH� ሼ ଵܻ ǥ ௡ܻሽ RODUDN� LIDGH� HGLOHQ� LNL� QLWHOLN�

N�PHVL� EXOXQGX÷X� GXUXPGD� ܻ��ܺ ¶H�IRQNVL\RQHO� ED÷ÕPOÕ� LVH�ܺ¶LQ� KHUKDQJL� ELU�GH÷HUL�ܻ¶QLQ�

\DOQÕ]FD� WHN� ELU� GH÷HULQH� GHQN� JHOPHNWHGLU� �5LRUGDQ�� ������� )RQNVL\RQHO� ED÷ÕPOÕO ÕN��

YDUOÕN� LoHULVLQGHNL� QLWHOLNOHULQ� WHN� ELU� QLWHOLN� LOH� LIDGH� HGLOHELOPHVL� DoÕVÕQGDQ ID\GD�

VD÷ODPDNWDGÕU�� %LU� ܻ QLWHOL÷L�� ܺ QLWHOL÷L� WDUDIÕQGDQ� WHPVLO� HGLOHELOL\RU� YH� ELU� ܺ QLWHOL÷L�

\DOQÕ]FD� WHN�ELU�ܻ QLWHOL÷LQL� LúDUHW� HGL\RUVD� ܻ��ܺ
H�IRQNVL\RQHO� ED÷ÕPOÕGÕU� GHQLU� YH

ܺ ՜ ܻ

úHNOLQGH� J|VWHULOLU� �9DUGL�� ������

%DVLW� ELU�|UQHN�RODUDN��.LPOLN�1XPDUDVÕ LOH�$G�6R\DG QLWHOLNOHUL� LQFHOHQGL÷LQGH�� $G�6R\DG

QLWHOL÷LQH� DLW� KHUKDQJL� ELU� GH÷HU�� .LPOLN� 1XPDUDVÕ QLWHOL÷LQH� DLW� ELU� GH÷HUOH� WHPVLO�

HGLOHELOLU�� %|\OHFH� .LPOLN�1XPDUDVÕ QLWHOL÷LQH� DLW� KHU� ELU� GH÷HU�� $G�6R\DG QLWHOL÷LQH� DLW�

WHN�ELU� GH÷HUH�GHQN�JHOLU�� %X�GXUXPGD� $G�6R\DG��.LPOLN�1XPDUDVÕ QLWHOL÷LQH� IRQNVL\RQH O�

ED÷ÕPOÕGÕU� GHQLOHELOLU� YH� DúD÷ÕGDNL� JLEL� LIDGH� HGLOLU�



�

݈݇݅݉݅ܭ ଓݏܽݎܽ݉ݑܰ ՜ ݀ܣ ݀ܽݕ݋ܵ

ùHNLO� ���
WH� EXOXQDQ� 2JUHQFLOHU YDUOÕ÷Õ� LQFHOHQGL÷LQGH�� 2JUHQFL$GL�� 2JUHQFL6R\DGL YH�

0H]XQ/LVH,' QLWHOLNOHULQLQ� 2JUHQFL,' QLWHOL÷LQH� IRQNVL\RQHO� ED÷ÕPOÕ� ROGX÷X�

J|U�OPHNWHGLU�� %X�GXUXP� úX�úHNLOGH� LIDGH� HGLOHELOLU�

ܦܫ݅ܿ݊݁ݎܱ݃ ՜ ሼܱ݃݅݀ܣ݅ܿ݊݁ݎǡ ǡ݅݀ܽݕ݋ܵ݅ܿ݊݁ݎܱ݃ ሽܦܫ݁ݏ݅ܮ݊ݑݖ݁ܯ

%HQ]HU� úHNLOGH� /LVHOHU YDUOÕ÷Õ� LoLQ� IRQNVL\RQHO� ED÷ÕPOÕOÕN�� DúD÷ÕGDNL� úHNLOGH� LIDGH�

HGLOHELOLU�

ܦܫ݁ݏ݅ܮ ՜ ሼ݅݀ܣ݁ݏ݅ܮǡ ǡݑݎݑܶ݁ݏ݅ܮ ሽ݅ݏ݁ݎ݀ܣ݁ݏ݅ܮ

%LU� YDUOÕN� LoHULVLQGHNL� QLWHOLNOHULQ�� ELU� QLWHOLN� N�PHVLQH� IRQNVL\RQHO� ED÷ÕPOÕ� RODELOHFH÷L�

J|VWHULOPLúWL�� %X� GXUXPGD� LOJLOL� QLWHOLN� N�PHVL� ELULQFLO� DQDKWDU� RODUDN� EHOLUOHQHELOLU��

$QFDN� EX� GXUXPGD� VHoLOHQ� ELULQFLO� DQDKWDUÕQ� ELU� DOW� N�PHVLQH� IRQNVL\RQHO� ED÷ÕPOÕO ÕN�

ROXúXUVD� ELULQFLO� DQDKWDU� VHoLPL� \DQOÕú� \DSÕOPÕú� RODELOLU�� %X� VHEHSOH�ELU� QLWHOLN� N�PHVLQLQ�

ELULQFLO DQDKWDU� RODUDN� DWDQPDVÕ� ULVNOL� VD\ÕODELOLU��

�������1RUPDOL]DV\RQ

1RUPDOL]DV\RQ�� oRN� VD\ÕGD� QLWHOL÷H� VDKLS� YHUL� VHWL� LoLQ� KHU� ELU� QLWHOL÷LQ� NDUúÕOÕN O Õ�

ED÷ÕPOÕOÕNODUÕ� DQDOL]� HGLOHUHN YHUL� VHWLQLQ�� D\NÕUÕOÕN� LoHUPH\HQ� YH� L\L� \DSÕODQGÕUÕ OPÕú�

LOLúNLOHUOH� GDKD N�o�N� JUXSODUD� D\UÕOPDVÕ� V�UHFLGLU� �/HH�� ������+RIIHU�� 5DPHVK� YH�7RSL��

�������1RUPDOL]DV\RQXQ� DPDFÕ�� WXWDUOÕ� YH� JHoHUOL� ELU� úHNLOGH� J�QFHOOHQHELOHQ�� JHUHNVL]�

WHNUDU�HGHQ�YHUL�PLNWDUÕQÕ� HQ�D]D�LQGLUHQ� LOLúNLOL� YDUOÕNODU� N�PHVL� ROXúWXUPDNWÕU� �%DKPDQL��

1DJKLE]DGHK� YH�%DKPDQL�� �������%X�DPDo� VD\HVLQGH� YHULQLQ� WXWDUOÕOÕ÷ÕQÕ� YH�JHoHUOLOL÷LQL�

ER]PDGDQ�� GH÷LúWLULOHELOLU� YH�JHUHNVL]� YHULGHQ� DUÕQPÕú� LOLúNLOHU� \DUDWÕODELOPHNWHGLU� �6ROHU�

YH� GL÷��� �������1RUPDOL]DV\RQ� VD\HVLQGH� ELU� YHULWDEDQÕ�� JHQHO� YHULWDEDQÕ� SUHQVLSOHU LQH�

X\JXQ� KDOH� JHWLULOPLú� ROPDNWDGÕU� �.|VHR÷OX�� ������

1RUPDOL]DV\RQXQ� KHGHIOHUL�

�� +DWDODUGDQ� NDoÕQDUDN� YH�ERú�GLVN� DODQÕQÕ� NRUX\DUDN�JHUHNVL]� WHNUDU�HGHQ�YHUL\L� HQ�D]D�

LQGLUPH�

�� .ÕVÕW� X\JXODPD\Õ� NROD\ODúWÕUPD�

�� 9HUL� EDNÕPÕQÕ� GDKD�NROD\�KDOH� JHWLUPH� �YHUL� HNOHPH�� J�QFHOOHPH� YH�VLOPH��



��

�� *HUoHN�G�Q\D\Õ� GDKD�L\L� \DQVÕWDQ� YH�ROXúDELOHFHN� GXUXPODU� LoLQ� GDKD�J�oO�� ELU� WHPHO�

ROXúWXUDELOHQ� ELU�WDVDUÕP� VD÷ODPD

RODUDN� VÕUDODQPDNWDGÕU� �+RIIHU�� 5DPHVK� YH�7RSL�� ������

9HUL�� QRUPDOL]DV\RQ� V�UHFL� LoHULVLQGH� oRN� VD\ÕGD� WDEOR\D� E|O�QHELOPHNWHGLU� DQFDN� EX�

LúOHPLQ� JHOLúLJ�]HO� \DSÕOPDVÕ� P�PN�Q� GH÷LOGLU�� 1RUPDOL]DV\RQ� V�UHFLQLQ� LON� DGÕPÕQGD�

IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕQ� GR÷UX� RODUDN� WDQÕPODQPDVÕ� EHNOHQPHNWHGLU�� %X� VD\HGH� KHU�

QLWHOLN�� HQ� X\JXQ� YDUOÕN� LoHULVLQGH� \HU� DODELOHFHNWLU�� 9DUOÕNODU�� \DOQÕ]FD� ELUELUOHU L\OH�

GR÷UXGDQ� LOLúNLOL� QLWHOLNOHUH� VDKLS� ROPDOÕGÕU�� %X� JHUHNOLOLN�� JHUHNVL]� WHNUDUOÕ� YHUL�

LoHUPH\HQ�� ELOJL� E�W�QO�÷�� YH� WXWDUOÕOÕ÷Õ� NRUXQDQ� YH��]HULQGH� LúOHP� \DSPD\D� L]LQ� YHUHQ�

ELU�LOLúNLVHO� PRGHO� HOGH� HGLOPHVLQL� VD÷OD\DELOPHNWHG LU �1L]DP�� �������1RUPDOL]DV\RQ�� L\L�

ELU� YHULWDEDQÕ� WDVDUÕPÕQÕQ� KD\DWL� |QHPH� VDKLS� SDUoDVÕ� RODUDN� NDEXO� HGLOPHNWHG LU�

�$NHKXUVW�� %RUGEDU��5RGJHUV� YH�'DOJOLHVK�� ������

1RUPDOL]DV\RQ� V�UHFL�� QRUPDO� IRUPODU� LOH� EHOLUOHQPLú� ELU� GL]L� YHUL� ED÷ÕPOÕOÕ÷Õ� NXUDOÕQÕQ�

DGÕP� DGÕP� X\JXODQPDVÕ\OD� JHUoHNOHúWLULOLU� �/HH�� ������ 7HRUH\� YH� GL÷��� ����� +RIIHU��

5DPHVK� YH� 7RSL�� ������ 7DQÕPODQDQ� NXUDOODU� \DUGÕPÕ\OD� YHULWDEDQÕ� WDVDUÕPÕQÕQ�

JHUoHNOHúWLULOPHVLQLQ� ID\GDVÕ�� WDVDUÕP� DúDPDVÕQGD� WDVDUÕPFÕQÕQ� ELU� \RO� KDULWDVÕQD� VDKLS�

RODELOPHVL� YH�RODVÕ� WDVDUÕP� KDWDODUÕQD� X÷UDPDGDQ� VRQXFD� XODúDELOPHVLQLQ� VD÷ODQPDVÕG ÕU��

1RUPDOL]DV\RQ� NXUDOODUÕ� ELU� NÕODYX]� QLWHOL÷L� WDúÕVD� GD� NDUDU� YHUHQ� NLúL� YHULWDEDQÕ�

WDVDUÕPFÕVÕ� ROGX÷X� LoLQ� EX�V�UHo�|]QHO� RODUDN�JHUoHNOHúWLULOHELOPHNWHGLU�� %X� VHEHSOH� HOGH�

HGLOHQ� ELU� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ�� HQ�L\L� úHNLOGH� JHUoHNOHúWLULOHPHPLú� RODELOLU��

9HULWDEDQÕ� WDVDUÕPFÕVÕQÕQ�� L\L� ELU� YHULWDEDQÕQÕQ� WDúÕPDVÕ� JHUHNHQ� W�P� |]HOOLNOHUL� YH�

\DSÕODQGÕUÕODFDN� YHULQLQ� |]HOOLNOHULQL� J|]HWHUHN� HQ� X\JXQ� WDVDUÕPÕ� ROXúWXUPDV Õ�

EHNOHQPHNWHGLU�� ø\L� WDVDUODQPÕú� ELU� YHULWDEDQÕ� \DSÕVÕQD� XODúDELOPHN� LoLQ� VÕUDVÕ\OD�

X\JXODQPDVÕ� JHUHNHQ� DGÕPODUÕ� EHOLUOH\HQ� QRUPDO� IRUPODU�� QRUPDOL]DV\RQ� WHRULVLQLQ�

WHPHOLQGH� EXOXQPDNWDGÕU� �6ROHU� YH� GL÷��� ������� /LWHUDW�UGH� �� QRUPDO� IRUP� LOH�

NDUúÕODúÕOPÕúWÕU�� %XQODU�

x ���1RUPDO� )RUP

x ���1RUPDO� )RUP

x ���1RUPDO� )RUP



��

x %R\FH�&RGG�1RUPDO� )RUPX

x ���1RUPDO� )RUP

x ���1RUPDO� )RUP

x $ODQ�$QDKWDU� �����1RUPDO� )RUP

RODUDN� VÕUDODQDELOLU� �)DJLQ�� ������+RIIHU�� 5DPHVK� YH�7RSL�� �������

1RUPDOL]DV\RQ V�UHFL� LoHULVLQGH�� YHUL� ND\GÕQGD�� G�]HQOHQPHVLQGH� YH� LúOHQPHVLQGH�

NDUúÕODúÕODELOHFHN� GXUXPODUÕQ� J|]� |Q�QGH� EXOXQGXUXOPDVÕ� |QHPOLGLU�� %X� VHEHSOHGLU� NL�

QRUPDOL]DV\RQX� DQODPDN� YH� |÷UHQPHN� LoLQ� HQ� L\L� \RO� SUDWLN� \DSPDNWÕU� �6ROHU� YH� GL÷���

������� 1RUPDO� IRUPODU�� LOLúNLVHO� YHULWDEDQÕ� NLWDSODUÕQGD� D\UÕQWÕOÕ� YH� |UQHNOL� RODUDN�

DoÕNODQPDNWDGÕU� �5DPDNULVKQDQ� YH� *HKUNH�� ������7HRUH\�� <DQJ� YH� )U\�� ������+RIIHU��

5DPHVK� YH�7RSL�� �������$\UÕFD� oRN�VD\ÕGD� HOHNWURQLN� YH�KHUNHVLQ� HULúLPLQH� DoÕN��FUHWVL]�

H÷LWLP� PDWHU\DOL� PHYFXWWXU�� %X� VHEHSOH� WH]� oDOÕúPDVÕ� LoHULVLQGH� QRUPDO� IRUPODU ÕQ�

\DOQÕ]FD� WDQÕP� YH�JHQHO� |]HOOLNOHULQH� GH÷LQLOPLúWLU�

�������� ���1RUPDO�)RUP

9HULQLQ� ���QRUPDO� IRUPGD� ��1)��RODELOPHVL� LoLQ�� YDUOÕ÷D� DLW� QLWHOLNOHULQ� KHU� ELU� VDWÕUGD�

DWRPLN� GH÷HU� DOPDVÕ� JHUHNPHNWHGLU� �7HRUH\�� <DQJ� YH� )U\�� ������� 9HULQLQ� �1)¶GH�

ROPDPDVÕ�� JHQHOGH� YHULQLQ� KDWDOÕ� ND\GHGLOPHVLQGHQ� ND\QDNODQPDNWDGÕU�� 7DEOR� ���
GH��

�1)¶\H�X\JXQ� ROPD\DQ� ELU�|UQHN�YHULOPLúWLU�� 9DUOÕN� LoHULVLQGH� \HU�DODQ� 5HQN QLWHOL÷L�� ED]Õ�

ND\ÕWODUGD� ELUGHQ� ID]OD� GH÷HU� DOPDNWDGÕU�� %LUGHQ� ID]OD� GH÷HU� DOGÕ÷Õ� GXUXPODUGD� GH÷HUOHULQ�

YLUJ�O� LOH� D\UÕOGÕ÷Õ� J|U�OPHNWHGLU�

7DEOR����� �1)¶\H�8\JXQ�2OPD\DQ�9HUL�<DSÕVÕ�

8UXQ,' 5HQN )L\DW
� NÕUPÕ]Õ�� \HúLO �����
� VDUÕ �����
� \HúLO ����
� VDUÕ��PDYL ����
� NÕUPÕ]Õ� �����

� 85/�� KWWSV���ZZZ�XGDFLW\�FRP�FRXUVH�LQWUR�WR�UHODWLRQDO�GDWDEDVHV��XG��� >(ULúLP� WDULKL�� ����������@
85/�� KWWSV���ODJXQLWD�VWDQIRUG�HGX�FRXUVHV�'%������6HOI3DFHG�DERXW >(ULúLP� WDULKL�� ����������@
85/�� KWWSV���ZZZ�FRXUVHUD�RUJ�FRXUVHV"TXHU\ UHODWLRQDO�GDWDEDVH >(ULúLP� WDULKL�� ����������@



��

7DEOR����
GH�YHULOHQ� YDUOÕNWD�� 8UXQ,' QLWHOL÷LQLQ� ��GH÷HULQL� DOGÕ÷Õ� ND\ÕWWD� )L\DW QLWHOL÷LQLQ�

�����GH÷HULQL� DOGÕ÷Õ� J|U�OPHNWHGLU�� $QFDN� D\QÕ� ND\GÕQ� 5HQN QLWHOL÷LQLQ� LNL� IDUNOÕ� GH÷HU�

LoHUGL÷L� J|U�OPHNWHGLU�� %X� VHEHSOH� YDUOÕ÷ÕQ� ELULQFLO� DQDKWDUÕ� JHUoHNWH� LNL� ND\GÕ� ELUGHQ�

LúDUHW� HWPHNWHGLU�� %X�GXUXP�� LOLúNLVHO� YHULWDEDQÕ� \DSÕVÕQD� D\NÕUÕGÕU� YH�EX�YDUOÕN� WDVDUÕPÕ�

�1)¶GH�GH÷LOGLU�

.DUúÕODúÕODELOHFHN� W�P� EHQ]HU� GXUXPODU� LoLQ� �1)¶\H�XODúPDQÕQ� LNL� \ROX� EXOXQPDNWDG ÕU��

+DQJL� \ROXQ VHoLOHFH÷L�� YHULQLQ� QLWHOL÷LQH� YH� LIDGH� HWWL÷L� DQODPD� J|UH� IDUNOÕOÕN�

J|VWHUPHNWHGLU�� %LULQFL� GXUXPGD�� QRUPDO� IRUPD� X\JXQOXN� J|VWHUPH\HQ� QLWHOLN� ELUGHQ�

ID]OD� QLWHOLNWHQ� ROXúDQ� ELUOHúLN� ELU� GH÷HUL� LoHUL\RUVD�� KHU� ELU� QLWHOLN� YDUOÕN� LoHULVLQGH� D\UÕ�

QLWHOLNOHU� RODUDN� WDQÕPODQPDOÕGÕU�� %X� VD\HGH�\DSÕ� �1)¶\H�XODúDELOLU�� øNLQFL� GXUXP�� D\QÕ�

QLWHOL÷H� DLW� ELUGHQ� ID]OD� GH÷HU� EXOXQPDVÕ� GXUXPXGXU�� 7DEOR� ����EX�GXUXPD� |UQHN� WHúNLO�

HWPHNWHGLU�� $\QÕ� �U�Q�Q� ELUGHQ� ID]OD� UHQN� VHoHQH÷LQLQ� EXOXQPDVÕ� YH�EXQXQ� WHN�ND\ÕW� LOH�

LIDGH� HGLOPH\H� oDOÕúÕOPDVÕ� YDUOÕ÷ÕQ� �1)¶\H� X\JXQ� ROPDPDVÕQD� VHEHS� ROPXúWXU�� %X�

GXUXPGD� �1)¶\H�XODúDELOPHN� LoLQ�� ELUGHQ� ID]OD� GH÷HULQ� EXOXQGX÷X� VDWÕUODUÕQ�� GH÷HU�VD\ÕVÕ�

NDGDU�WHNUDU�HGLOPHVL� JHUHNPHNWHGLU�� 7DEOR� ���
GHNL����VDWÕU�� 8UXQ,' QLWHOL÷LQLQ� GH÷HUL� ���

)L\DW QLWHOL÷LQLQ� GH÷HUL� �������5HQN QLWHOL÷LQLQ� GH÷HUL� NÕUPÕ]Õ� YH� \HúLO� ROPDN� �]HUH� LNL�

ND\ÕW� KDOLQH� JHWLULOPHOLGLU�� %HQ]HU� úHNLOGH� 8UXQ,' QLWHOL÷LQLQ� GH÷HUL� ��RODQ�ND\ÕW��8UXQ,'

YH�)L\DW QLWHOLNOHULQLQ� GH÷HUOHUL� WHNUDUODQDUDN�� LNL� IDUNOÕ� 5HQN QLWHOL÷L� GH÷HUL� LoLQ� LNL� ND\ÕW�

KDOLQH� JHWLULOPHOLGLU�

�1)¶\H� JHWLULOPH\HQ� \DSÕODU�� GL÷HU� QRUPDO� IRUPODUD� X\JXQ� JLEL� J|U�OHELOLU� DQFDN� EX�

GXUXP� \DQÕOWÕFÕGÕU�� �1)�X\JXODQPDGDQ� GL÷HU� QRUPDO� IRUPODU� LoLQ� LúOHP� \DSPDN�KDWDOÕ� ELU�

\DSÕ� ROXúPDVÕQD� VHEHS�RODFDNWÕU�� 1LWHNLP� 7DEOR����
GH��1)¶QLQ� X\JXODQPDGÕ÷Õ� GXUXPGD�

YHUL� WHNUDUÕ� SUREOHPL� J|U�OP�\RUNHQ�� X\JXODQGÕNWDQ� VRQUD� YHUL� WHNUDUÕ� RUWD\D�

oÕNPDNWDGÕU�� %X� \HQL� ELU� SUREOHP� GH÷LO�� WDVDUÕPÕQ� �1)¶\H� X\JXQ� KDOH� JHWLULOPHV L�

VRQXFXQGD� IDUN� HGLOHELOHQ� ELU� SUREOHPGLU�

�������� ���1RUPDO�)RUP

��� QRUPDO� IRUPD� ��1)�� X\JXQOXN� VD÷ODQDELOPHVL� LoLQ� |QFHOLNOH� �1)¶\H� X\JXQOXN�

VD÷ODQPDOÕGÕU�� �1)¶\H� D\NÕUÕOÕN�� YDUOÕNWD� \HU� DODQ� YH� DQDKWDU� ROPD\DQ� ELU� QLWHOL÷LQ��

YDUOÕ÷ÕQ� ELULQFLO� DQDKWDUÕQÕQ� ELU� DOW� VHWL� ROPDVÕ� GXUXPXQGD� RUWD\D� oÕNPDNWDGÕU� �.HQW��

�������%LU� YDUOÕN� LoHULVLQGHNL� W�P� QLWHOLNOHULQ� DGD\�ELULQFLO� DQDKWDUD� IRQNVL\RQHO� ED÷ÕPOÕ�



��

ROPDVÕ� EHNOHQPHNWHGLU�� �1)��\DOQÕ]FD� LOLúNLOL� QLWHOLNOHULQ� YDUOÕN� LoHULVLQGH� \HU� DOPDVÕQÕ�

VD÷ODGÕ÷Õ� LoLQ�� LOLúNLVHO� YDUOÕNODUÕQ� ROXúWXUXOGX÷X� V�UHo�RODUDN�NDEXO� HGLOHELOLU�

7DEOR����� �1)
\H�8\JXQ�2OPD\DQ�9HUL�<DSÕVÕ�

3. 3.
6LSDULV,' 6LSDULV7DULK 0XVWHUL,' 0XVWHUL$GL 8UXQ,' 8UXQ$GL 6D\L )L\DW
���� ��6XEDW����� �� 0HKPHW ��� hU�Q�� � ��
���� ��0DUW����� �� .DDQ ��� hU�Q�� � �
���� ��1LVDQ����� �� =H\QHS ��� hU�Q�� � ��

7DEOR����
GH���1)¶\H�X\JXQ�� DQFDN��1)¶\H�X\JXQ� ROPD\DQ� YHUL� \DSÕVÕ� J|VWHULOPHNWHG LU��

ùHNLOGHNL� YDUOÕNWD� 6LSDULV7DULK��0XVWHUL,' YH�0XVWHUL$GL QLWHOLNOHUL� 6LSDULV,' QLWHOL÷LQH�

IRQNVL\RQHO� ED÷ÕPOÕGÕU�� 8UXQ$GL�� 6D\L YH� )L\DW QLWHOLNOHUL� LVH� 8UXQ,' QLWHOL÷LQH�

IRQNVL\RQHO� ED÷ÕPOÕGÕU�� +HU� QH�NDGDU�VLSDULú� WDULKL� LOH� �U�Q� DGÕ� LOLúNLOL� ROVD� GD�GR÷UXGDQ�

ELU� LOLúNL� �IRQNVL\RQHO� ED÷ÕPOÕOÕN�� EXOXQPDGÕ÷Õ� LoLQ� ùHNLO� ���
GHNL� YHUL� \DSÕVÕ�� ��YDUOÕN� LOH�

LIDGH� HGLOPHOLGLU�� %|\OHFH� KHU� ELU� YDUOÕN� LoHULVLQGH�� W�P� QLWHOLNOHU� WHN� ELU� QLWHOL÷H�

IRQNVL\RQHO� ED÷ÕPOÕ� RODFDN�� EX�QLWHOLN� GH�ELULQFLO� DQDKWDU� |]HOOL÷L� ND]DQDELOHFHNWLU�

�������� ���1RUPDO�)RUP

��� QRUPDO� IRUPD� ��1)�� XODúPDN� LoLQ�� DQDKWDU� |]HOOL÷L� WDúÕPD\DQ� QLWHOLNOHUGHQ� KLoELU L�

DQDKWDU� |]HOOL÷L� WDúÕPD\DQ� EDúND� ELU� QLWHOL÷H� ED÷ÕPOÕ� ROPDPDOÕGÕU� �%HUQVWHLQJ�� �������

�1)¶QLQ� |QF�O� NXUDOÕ�� �1)¶QLQ� VD÷ODQPÕú� ROPDVÕGÕU�� 9HUL� \DSÕVÕ� �1)¶\H�JHWLULOPHGHQ� EX�

DGÕPD� JHoLú� WDVDUÕP� DoÕVÕQGDQ� VD÷OÕNOÕ� ROPD\DFDNWÕU��

9HUL� \DSÕVÕQÕQ� �1)¶\H� JHWLULOHELOPHVL� LoLQ�� YDUOÕN� LoHULVLQGHNL� QLWHOLNOHULQ� ELUELUOH U L�

DUDVÕQGD� IRQNVL\RQHO� ED÷ÕPOÕOÕN� EXOXQGXUPDPDVÕ� JHUHNPHNWHGLU�

7DEOR����� �1)¶\H�8\JXQ�2OPD\DQ�9HUL�<DSÕVÕ�

0XVWHUL1R 6HKLU.RGX 6HKLU$GL
� �� øVWDQEXO
� � $QNDUD
� � $QNDUD
� �� øVWDQEXO

7DEOR� ���
WH��0XVWHUL1R QLWHOL÷L� ELULQFLO� DQDKWDU� |]HOOL÷LQGHGLU�� 6HKLU$GL QLWHOL÷L�� ELULQF LO�

DQDKWDUÕQ� \DQÕ� VÕUD� 6HKLU.RGX QLWHOL÷LQH� GH� IRQNVL\RQHO� ED÷ÕPOÕOÕN� J|VWHUPHNWHGLU�� %X�



��

VHEHSOH� 7DEOR� ����� �1)¶\H� X\PDPDNWDGÕU�� �1)¶\H� XODúDELOPHN� LoLQ� YDUOÕN�� �� YDUOÕ÷D�

E|O�QPHOLGLU�� 7DEOR����¶WH���1)¶\H�JHWLULOPLú� YHUL� \DSÕVÕ� J|VWHULOPHNWHGLU�

7DEOR����� �1)
\H�8\JXQ�9HUL�<DSÕVÕ�

7DEOR�$ 7DEOR�%
0XVWHUL1R 6HKLU.RGX 6HKLU.RGX 6HKLU$GL

� �� � $QNDUD
� � �� øVWDQEXO
� �
� ��

�������� %R\FH�&RGG�1RUPDO�)RUP

�1)¶\H� JHWLULOHQ� YHUL� \DSÕVÕQGD� DQDKWDU� ROPD\DQ� W�P� QLWHOLNOHU� ELU� ELULQFLO� DQDKWDUD�

ED÷ÕPOÕ� KDOGHGLU� �+RIIHU�� 5DPHVK� YH�7RSL�� �������%R\FH�&RGG�QRUPDO� IRUPD� �%&1)���

YDUOÕN� LoHULVLQGH� WHN�ELU� QLWHOL÷LQ� ELULQFLO� DQDKWDU� ROPDVÕ� YH�QLWHOLNOHU� DUDVÕQGD� KHUKDQJL� ELU�

NÕVPL� ED÷ÕPOÕOÕN� ROPDPDVÕ� GXUXPXQGD� HULúLOPHNWHGLU� �7HRUH\�� <DQJ� YH� )U\�� �������

)RQNVL\RQHO� ED÷ÕPOÕOÕN� EDúOÕ÷Õ� ��������DOWÕQGD� GD�EDKVHGLOGL÷L JLEL�� ELULQFLO� DQDKWDUÕQ� ELU�

QLWHOLN� JUXEXQGDQ� ROXúPDVÕ� GXUXPXQGD�� GL÷HU� QLWHOLNOHULQ EX� QLWHOLN� VHWLQH� IRQNVL\RQH O�

ED÷ÕPOÕ� ROPDVÕ� JHUHNPHNWHGLU� %LU� QLWHOL÷LQ�� ELULQFLO� DQDKWDUÕQ ELU� DOW� N�PHVLQH�

IRQNVL\RQHO� ED÷ÕPOÕ� ROPDVÕ� GXUXPX� NÕVPL� IRQNVL\RQHO� ED÷ÕPOÕOÕN� RODUDN� DGODQGÕUÕOÕU�

%&1)�� YHULWDEDQÕ� WDVDUÕPÕQGD� NÕVPÕ� IRQNVL\RQHO� ED÷ÕPOÕOÕN� ROPDPDVÕ\OD� HULúLOHQ� ELU�

IRUPGXU�

�������� ���1RUPDO�)RUP

��� QRUPDO� IRUP ��1)���)DJLQ� ������� WDUDIÕQGDQ� |QH� V�U�OP�úW�U�� �1)¶QLQ� DPDFÕ� YHUL�

\DSÕVÕQÕ� �1)�YH�%&1)¶GHQ�GDKD�J�oO�� KDOH� JHWLUPHNWLU�� %LU� YDUOÕ÷D� \HQL� ND\ÕW� HNOHQPHVL�

VRQXFXQGD� YDUOÕ÷ÕQ� QLWHOLNOHULQGHQ� ELULQLQ� D\QÕ� GH÷HUL� WHNUDU� WHNUDU� DOPDVÕ�� YHULWDEDQÕ�

LONHOHULQH� D\NÕUÕGÕU�� �1)¶\H�� EX� SUREOHPLQ� RUWDGDQ� NDOGÕUÕOPDVÕ\OD� XODúÕODELOPHNWHG LU��

gUQHN� RODUDN�� $G��0HVOHN� ùHKLU QLWHOLNOHULQGHQ� ROXúDQ� ELU� YDUOÕN� HOH� DOÕQGÕ÷ÕQGD�� $GÕ��

PHVOH÷L� YH� úHKLU� ELOJLVL� ND\ÕWOÕ� ELU� NLúL� LoLQ� \HQL� ELU�PHVOHN� WDQÕPODPDVÕ� \DSÕOGÕ÷ÕQGD� $G

YH�ùHKLU QLWHOLNOHUL� WHNUDU� D\QÕ� GH÷HUOHUL�� 0HVOHN QLWHOL÷L� LVH� \HQL� GH÷HUL� DOPDNWDGÕU�� %X�

GXUXPGD� YDUOÕN� LoHULVLQGH� \HU� DODQ� LNL� ND\ÕW� LoLQ� $G YH� ùHKLU QLWHOLNOHUL� D\QÕ� GH÷HUH�

VDKLSNHQ�� 0HVOHN QLWHOL÷L� LNL� IDUNOÕ� GH÷HUH� VDKLS� ROXU�� %X� GXUXP� JHUHNVL]� YHUL� WHNUDUÕ�

ROXúWXUGX÷X� LoLQ� DúÕOPDVÕ� JHUHNHQ� ELU�SUREOHP� RODUDN� HOH�DOÕQPDOÕGÕU�



��

�������� ���1RUPDO�)RUP

���QRUPDO� IRUP� ��1)�\D�GD�SURMHFWLRQ�MRLQ� QRUPDO� IRUP� �3-1)����5RQDOG� )DJLQ� WDUDIÕQGDQ�

|QH� V�U�OP�ú� RODQ�� �1)¶\H� J|UH� GDKD� J�oO�� ELU� QRUPDO� IRUPGXU� �)DJLQ�� ������� øON� ��

QRUPDO� IRUP�� YHUL� \DSÕVÕQGDNL� IRQNVL\RQHO� ED÷ÕPOÕOÕN� YH�YHUL� WHNUDUÕQÕ� RUWDGDQ�NDOGÕUPDN�

�]HULQH� NXUXOXGXU�� �1) LVH�� YHULWDEDQÕ� WDVDUÕPÕQÕQ� HQ�L\L� KDOH� JHOLS� JHOPHGL÷LQL WHVW�HGHQ

ELU� NRQWURO� DúDPDVÕGÕU� 9HULWDEDQÕ� WDVDUÕPÕ�� YHUL� ND\EÕ� \DúDPDGDQ� E|O�QHELOHFH÷L� HQ�

N�o�N� YDUOÕNODUD� E|O�QG�÷�QGH� �1)¶\H� XODúPÕú� NDEXO� HGLOHELOLU�� <DSÕQÕQ� �1)¶GH�

ROGX÷XQGDQ� HPLQ� RODELOPHN� LoLQ� YHULQLQ� GDKD�N�o�N�YDUOÕNODUD� E|O�QHPH\HFH÷LQGHQ� HPLQ�

ROPDN� JHUHNPHNWHGLU�

�������� $ODQ�$QDKWDU������1RUPDO�)RUP

���QRUPDO� IRUP� ��1)��\D�GD�GL÷HU� DGÕ\OD� DODQ�DQDKWDU� QRUPDO� IRUPX� �'.1)��'RPDLQ�.H\�

1RUPDO� )RUP���5RQDOG� )DJLQ� �������WDUDIÕQGDQ� |QHULOPLúWLU�� gQFHNL�1)¶OHUH�XODúÕOGÕNWDQ�

VRQUD� EX� 1)¶\H� XODúÕOPDVÕ� JHUHNPHNWHGLU�� %LU� QLWHOL÷LQ� GH÷HULQLQ�� YDUOÕ÷ÕQ� ELU� EDúND�

QLWHOL÷LQLQ� GH÷HULQH� ED÷OÕ� RODUDN� EHOLUOHQPHVL� GXUXPXQGD� YHUL� LoVHO� RODUDN� NRúXOOX� NÕVÕW�

LoHUPHNWHGLU�� �1)¶\H��EX�GXUXPXQ� G�]HOWLOPHVL\OH� HULúLOHELOPHNWHGLU��

$NDGHPLN�8QYDQ YH�0DDú QLWHOLNOHULQLQ� EXOXQGX÷X� ELU� YDUOÕN� EX�QRUPDO� IRUPXQ� LKOD OLQH�

ELU� |UQHN� WHúNLO� HWPHNWHGLU�� $NDGHPLN�8QYDQ QLWHOL÷LQLQ� DOGÕ÷Õ� GH÷HU��0DDú QLWHOL÷LQLQ�

DODFD÷Õ� GH÷HU� DUDOÕ÷ÕQÕ� EHOLUOHPHNWHGLU�� %HQ]HU� úHNLOGH� |÷UHQFLOHULQ� ELU� VÕQDYD� DLW�

QRWODUÕQÕQ� EXOXQGX÷X� YDUOÕN� LoHULVLQGH� 1RW QLWHOL÷L� LOH� ³*HoWĹ � \D�GD�³.DOGṌ � GH÷HUOHULQGHQ�

ELULQL� DODQ� 'XUXP QLWHOL÷L� ELUELUL\OH� GR÷UXGDQ� LOLúNLOL� RODELOLU�� 1RW QLWHOL÷LQLQ� DOGÕ÷Õ�

KHUKDQJL� ELU� GH÷HU� LOH� 'XUXP QLWHOL÷LQLQ� DODELOHFH÷L� GH÷HUH� XODúÕODELOL\RUVD� EX� QLWHOLN�

YDUOÕN� LoHULVLQGH� \HU�DOPDPDOÕGÕU�

������2WRPDWLN� 1RUPDOL]DV\RQ

1RUPDOL]DV\RQXQ� DPDFÕ� YH�|QHPL�� %DúOÕN� ������DOWÕQGD� D\UÕQWÕOÕ� RODUDN�VXQXOPXúWXU�� øOJLOL�

EDúOÕN� DOWÕQGD�� QRUPDOL]DV\RQ� V�UHFLQLQ� VH]JLVHO� YH� WDVDUÕPFÕ� NDUDUODUÕQD� ED÷OÕ� RODUDN�

JHUoHNOHúWLULOGL÷LQGHQ� EDKVHGLOPLúWL�� %X�EDúOÕN� DOWÕQGD� OLWHUDW�UGH� \HU�DODQ�� QRUPDOL]DV\RQ�

LúOHPLQLQ� ELU�WDVDUÕPFÕ� \HULQH� ELOJLVD\DU� \D]ÕOÕPÕ� \DUGÕPÕ\OD� \DSÕOPDVÕ\OD� LOJLOL� oDOÕúPD ODU�

LQFHOHQHFHNWLU�� /LWHUDW�UGH�� QRUPDOL]DV\RQ� V�UHFLQL� RWRPDWLN� KDOH� JHWLUPH\L� NRQX� DODQ�

NÕVÕWOÕ� VD\ÕGD� oDOÕúPD� LOH� NDUúÕODúÕOPÕúWÕU�� .DUúÕODúÕODQ� W�P� oDOÕúPDODU�� H÷LWLP�� DUDo� YH�

\|QWHP� oDOÕúPDODUÕ� RODUDN� �o� JUXSWD� LQFHOHQPLúWLU�� (÷LWLP� oDOÕúPDODUÕ� JUXEXQGD��

QRUPDOL]DV\RQXQ� |÷UHWLOPHVL\OH� LOJLOL� oDOÕúPDODU� \HU� DOPDNWDGÕU�� $UDo� oDOÕúPD OD U Õ�



��

JUXEXQGD�� QRUPDOL]DV\RQ� V�UHFLQLQ� JHUoHNOHúWLULOPHVLQGH� \DUGÕPFÕ� RODELOHFHN� \D]ÕOÕPOD U Õ�

NRQX� DODQ� oDOÕúPDODU� LQFHOHQPLúWLU�� <|QWHP� oDOÕúPDODUÕ� JUXEXQGD� LVH� LOLúNLVHO� YHULWDEDQÕ�

WDVDUÕPÕQÕ� RWRPDWLN� RODUDN� JHUoHNOHúWLUHELOPHN� �]HULQH� \DSÕOPÕú� oDOÕúPD ODU�

VXQXOPDNWDGÕU�� %X� WH]� oDOÕúPDVÕ� GD� QLWHOL÷L� DoÕVÕQGDQ� \|QWHP� JUXEX� LoHULVLQGH�

LQFHOHQPHVL� JHUHNHQ� ELU� oDOÕúPDGÕU�

�������� 1RUPDOL]DV\RQ�(÷LWLPL\OH�øOJLOL�dDOÕúPDODU

0LWURYLF� �������WDUDIÕQGDQ� \DSÕODQ� oDOÕúPDGD�� 1250,7�DGÕQGD�� �QLYHUVLWH� |÷UHQFLOH U LQH�

QRUPDOL]DV\RQX� |÷UHWPH\L� DPDoOD\DQ� ELU� DNÕOOÕ� H÷LWLP� VLVWHPL� JHOLúWLULOPLúWLU�� dHYULPLo L�

ROPDQÕQ� ID\GDODUÕQGDQ� \DUDUODQDELOPHN� LoLQ� VLVWHP� ZHE� WDEDQOÕ� RODUDN� WDVDUODQPÕúW ÕU

�0LWURYLF�� �������

%HQ]HU� úHNLOGH� )DQJXD\� YH�.OHHQ� ��������QRUPDOL]DV\RQ� H÷LWLPLQL� NRQX� DODQ� ELU�oDOÕúPD�

\DSPÕúWÕU�� dDOÕúPDGD� R\XQOD� |÷UHWPHQLQ� EDúDUÕVÕ� J|]� |Q�QGH� EXOXQGXUXOPXúWXU��

1RUPDOL]DV\RQ� .DSÕúPDVÕ� �1RUPDOL]DWLRQ� 6KRRWRXW�� DGÕ�YHULOHQ� SXDQ�|G�OO�� R\XQ�� ELUGHQ�

ID]OD� WXUGDQ�ROXúPDNWDGÕU�� +HU�WXU�� QRUPDOL]DV\RQXQ� IDUNOÕ� V�UHoOHUL� KDNNÕQGD� |÷UHQFLOHUH�

VRUXODU� VRUDUDN�RQODUÕ� \DUÕúWÕUÕU� �)DQJX\� YH�.OHHQ�� �������

6ROHU� YH�GL÷�� ������� WDUDIÕQGDQ� JHUoHNOHúWLULOHQ� oDOÕúPDGD�� *LURQD� hQLYHUVLWHVL
QGH� ZHE�

WDEDQOÕ� H÷LWLP� V�UHFLQH� NDWNÕ� VD÷OD\DELOPHN� LoLQ�� RWRPDWLN� RODUDN� YHULWDEDQÕ�

QRUPDOL]DV\RQX� SUREOHPOHUL� �UHWHELOHQ� ELU� PRG�O� VXQXOPXúWXU�� 6LVWHP�� QLWHOLNOHUL� YH�

QLWHOLNOHU� DUDVÕQGDNL� IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕ� VXQDUDN� ELUH\LQ� %&1)
GH�ELU� YHULWDEDQÕ�

WDVDUODPDVÕQÕ� LVWHPHNWHGLU� �6ROHU� YH�GL÷��� �������

$KPHGL�� -DNXSL� YH� -DMDJD� ������� WDUDIÕQGDQ� JHUoHNOHúWLULOHQ� ELU� oDOÕúPDGD�� YHULWDEDQÕ�

QRUPDOL]DV\RQX� YH�GHQRUPDOL]DV\RQX� �]HULQH� 1RUPDO'%� DGÕQGD� LQWHUDNWLI� ELU�H�|÷UHQPH�

DUDFÕ� JHOLúWLULOPLúWLU�� <|QWHP�� IRQNVL\RQHO� ED÷ÕPOÕOÕN� YH� QRUPDOL]DV\RQ� LúOHPLQL�

NDYUDPDGDNL� J�oO�÷�� DúDELOPHN� DPDFÕ\OD� JHOLúWLULOPLúWLU�� %HNOHQWL�� |÷UHQFLOH U LQ�

YHULWDEDQÕ� WDVDUÕPÕ\OD� LOJLOL� NDUPDúÕN� LúOHU� LoLQ� GHQH\LPOL� KDOH� JHOPHOHUL� YH� V�UHFL� GDKD�

L\L� DQOD\DELOPHOHULGLU� �$KPHGL�� -DNXSL� YH�-DMDJD�� �������

'XJJDO�� 6ULYDVWDY� YH�.DXU���������YHULWDEDQÕ� QRUPDOL]DV\RQXQD� R\XQODúWÕUPD� EDNÕú� DoÕVÕ�

LOH� \DNODúPDNWDGÕU�� *HOHQHNVHO� \|QWHPOHUH� J|UH� R\XQODúWÕUPDQÕQ� DYDQWDMODUÕQGDQ�

EDKVHGLOHQ� oDOÕúPDGD�� KHU� ELU� QRUPDO� IRUP� ELUHU� R\XQ� VHYL\HVL� RODUDN� J|U�OHUHN�� GR÷UX�



��

KDUHNHWLQ� GH�SXDQ� LOH� |G�OOHQGLULOPHVL� WHPHOL\OH� QRUPDOL]DV\RQXQ� GDKD� HWNLQ� ELU� úHNLOGH�

|÷UHWLOHELOHFH÷L� VDYXQXOPDNWDGÕU� �'XJJDO�� 6ULYDVWDY� YH�.DXU��������

�������� 1RUPDOL]DV\RQ�$UDoODUÕ\OD�øOJLOL�dDOÕúPDODU

'X� YH� :HU\� �������� JHUoHNOHúWLUGLNOHUL oDOÕúPDGD� 0LFUR� DGÕ� YHULOHQ� ELU� \DUGÕPF Õ�

QRUPDOL]DV\RQ� DUDFÕ� JHOLúWLUGLNOHULQL� EHOLUWPLúOHUGLU�� 0LFUR�� QLWHOLN� OLVWHVL� YH� QLWHOLN OHU�

DUDVÕQGDNL� IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕQ� YHULOPHVL� GXUXPXQGD� �1)�� �1)� YH� %&1)
\L�

RWRPDWLN� RODUDN� JHUoHNOHúWLUHELOPHNWHGLU�� 0LFUR�� QRUPDOL]H� HWWL÷L� YHULWDEDQÕQÕ� 0LFURVRIW�

$FFHVV� GRV\DVÕ� RODUDN� oÕNWÕ� YHUPHNWHGLU�� 6RQXFD� XODúDELOPHN� LoLQ� YHULWDEDQÕ�

WDVDUÕPFÕODUÕQÕQ� QLWHOLNOHUH� DLW� IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕ� WDQÕPODPDVÕ� \HWHUOL� ROPDNWDGÕU�

�'X�YH�:HU\�� �������

<D]ÕFÕ� YH� .DUDND\D� �������� 0DWKHPDWLFD� \D]ÕOÕPÕ� NXOODQDUDN� -0DWK1RUP� DGÕQGD�

LQWHUDNWLI� ELU� QRUPDOL]DV\RQ� DUDFÕ� JHOLúWLUPLúWLU�� dDOÕúPD�� JHUoHN� ]DPDQOÕ� YHULWDEDQÕ�

WDVDUÕPÕ� \DSÕODELOPHVL� YH� VÕQÕUOÕ� PDWHPDWLN� WHPHOLQH� VDKLS� |÷UHQFLOHUH� QRUPDOL]DV\RQ�

NDYUDPÕQÕQ� |÷UHWLOPHVL� DPDFÕQÕ LoHUPHNWHGLU�� 3URJUDP�� QLWHOLNOHUL� YH� EX� QLWHOLNOHUH� DLW�

IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕ� DODUDN� �1)
\H�XODúPÕú� ELU� YHULWDEDQÕ� WDVDUÕPÕQÕ� VXQPDNWDG ÕU��

$UD\�]� -DYD�YH�-/LQN� LOH� KD]ÕUODQPÕúWÕU� �<D]ÕFÕ� YH�.DUDND\D�� ������

�������� 1RUPDOL]DV\RQ�<|QWHPOHUL\OH�øOJLOL�dDOÕúPDODU

%DKPDQL�� 1DJKLE]DGHK� YH� %DKPDQL� �������� RWRPDWLN� YHULWDEDQÕ� QRUPDOL]DV\RQX� YH�

ELULQFLO� DQDKWDU� �UHWLPL� NRQXVXQGD� ELU� oDOÕúPD� JHUoHNOHúWLUPLúWLU�� dDOÕúPDGD� ED÷ÕPOÕO ÕN�

JUDILN� GL\DJUDPÕ� DGÕ�YHULOHQ� ELU�GL\DJUDP� NXOODQÕODUDN�� QLWHOLNOHU� DUDVÕQGDNL� ED÷ÕPOÕOÕN ODU�

J|UVHO� RODUDN� LIDGH� HGLOPHNWHGLU�� 1RUPDOL]DV\RQ� V�UHFLQLQ� GHYDPÕ�� EX� ED÷ÕPOÕOÕNOD U ÕQ�

WDQÕPODQPDVÕQD� ED÷OÕGÕU�� 'L\DJUDP� HOGH� HGLOGLNWHQ� VRQUD� \|QO�� JUDILN� PDWULVL�

WDQÕPODQPDNWDGÕU�� $UGÕQGDQ� oDOÕúPDGD� EHOLUWLOHQ� GL÷HU� DGÕPODU� GD�WDPDPODQDUDN� WDVDUÕP�

%&1)
\H�XODúWÕUÕOPDNWDGÕU� �%DKPDQL�� 1DJKLE]DGHK� YH� %DKPDQL�� �������%X� oDOÕúPDQÕQ�

GHYDPÕ� QLWHOL÷LQGH� %DKPDQL� YH�GL÷����������RWRPDWLN� YHULWDEDQÕ� QRUPDOL]DV\RQX� LoLQ� \HQL�

DOJRULWPDODU� NXOODQDUDN� ELU� oDOÕúPD� JHUoHNOHúWLUPLúWLU�� %X� oDOÕúPD�� %DKPDQL��

1DJKLE]DGHK� YH�%DKPDQL� �������WDUDIÕQGDQ� VXQXODQ� DOJRULWPDQÕQ�� SDUDOHO� DOJRULWPDODU� LOH�

J�oOHQGLULOHUHN� X\JXODQPDVÕQÕ� LoHUPHNWHGLU� �%DKPDQL� YH�GL÷��� �������

� 85/�� KWWSV���ZZZ�ZROIUDP�FRP�PDWKHPDWLFD >(ULúLP� WDULKL�� ����������@
� 85/�� KWWS���UHIHUHQFH�ZROIUDP�FRP�ODQJXDJH�-/LQN�JXLGH�-DYD,QWHUIDFH�KWPO >(ULúLP� WDULKL�� ����������@



��

'RQJDUH�� 'KDEH�YH�'HVKEXNK� ��������5'%1RUPD� DGÕQGD�� �1)¶\H�NDGDU�XODúDELOHQ� \DUÕ�

RWRPDWLN� ELU� QRUPDOL]DV\RQ� DUDFÕ� |QHUPLúWLU�� <|QWHP�� LúOHP� EDúODPDGDQ� |QFH�

IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕ� YH� LOLúNLOHULQ� |QVHO� RODUDN� WDQÕPODQPDVÕQÕ� JHUHNWLUPHNWHG LU��

5'%1RUPD�� 0LFUR
GDQ� ʹǡͺͻ NDW� GDKD� KÕ]OÕ� YH� ʹǡͳ͹ NDW� GDKD� D]� VLVWHP� JHUHNVLQLPL�

JHUHNWLUPHNWHGLU�� %X� VHEHSOH� 5'%1RUPD¶QÕQ� 0LFUR
GDQ� GDKD� L\L� ROGX÷X�

VDYXQXOPDNWDGÕU� �'RQJDUH�� 'KDEH�YH�'HVKEXNK�� �������

9HUPD� �������WDUDIÕQGDQ� JHUoHNOHúWLULOHQ� oDOÕúPDGD�� LOLúNLVHO� YHULWDEDQODUÕ� LoLQ� JHOHQHNVHO�

YH� RWRPDWLN� QRUPDOL]DV\RQ� WHNQLNOHUL� LQFHOHQPLúWLU�� dDOÕúPD� VRQXFXQGD� RWRPDWLN�

QRUPDOL]DV\RQ� oDOÕúPDODUÕQÕQ� |]HOOLNOH� ELULQFLO� DQDKWDU� EHOLUOHPH� DQODPÕQGDNL� EDúDUÕVÕ�

YXUJXODQPÕúWÕU�� $\UÕFD� JHOHQHNVHO� \|QWHPOHUGH�� QRUPDO� IRUPODUOD� RUWD\D� NRQXODQ�

NXUDOODUÕQ� KDWÕUODQPDVÕQÕQ� JHUHNOLOL÷LQGHQ� YH�EXQXQ� |÷UHQFLOHU� LoLQ� ]RUOD\ÕFÕ� ROGX÷XQGDQ

EDKVHGLOPLúWLU� �9HUPD�� �������

$KPDG�� 6DNQDNRVQDN� YH� +RRL� ������� WDUDIÕQGDQ� JHUoHNOHúWLULOHQ� ELU� oDOÕúPDGD� ([FHO�

GRV\DVÕQÕQ� YHULWDEDQÕQD� QRUPDOL]DV\RQ� WHNQLNOHUL� NXOODQÕODUDN� G|Q�úW�U�OPHVL� NRQX�

DOÕQPDNWDGÕU�� gQHULOHQ� VLVWHPGH� ELU�([FHO� GRV\DVÕ� JLUGL� RODUDN�YHULOPHNWH� YH�NXOODQÕF ÕGDQ�

QLWHOLNOHU� DUDVÕQGDNL� IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕ� WDQÕPODPDVÕ� LVWHQPHNWHGLU�� .XOODQÕF ÕQÕQ�

IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕ� KDWDOÕ� RODUDN� WDQÕPOD\DELOHFHN� ROPDVÕ�� VLVWHPLQ� GH]DYDQWDM Õ�

RODUDN� J|U�OPHNWHGLU�� +DWDOÕ� WDQÕPODQDQ� IRQNVL\RQHO� ED÷ÕPOÕOÕNODU�� YHULWDEDQÕQÕQ� \DQOÕú�

WDVDUODQPDVÕQD� VHEHS�RODELOHFHNWLU� �$KPDG�� 6DNQDNRVQDN�YH�+RRL�� ������ 1LWHOLNOHULQ� YH�

EX� QLWHOLNOHU� DUDVÕQGDNL� IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕQ� JLUGL� RODUDN� YHULOPHVL\OH��

QRUPDOL]DV\RQXQ� JHUoHNOHúWLULOHELOHFH÷LQH� GDLU� IDUNOÕ� oDOÕúPDODUOD� GD� NDUúÕODúÕOPÕúW ÕU�

�6XQLWKD� YH�-D\D�� ������'HPED�� �������

%DKVHGLOHQ� oDOÕúPDODUGD� |QHULOHQ� \|QWHPOHU�� QRUPDOL]DV\RQ� V�UHFLQL� JHUoHNOHúWLUPH�

NRQXVXQGD� WDVDUÕPFÕ\D� \DUGÕPFÕ� RODQ� YH� V�UHFL� RWRPDWLN� KDOH� JHWLUPH� RGDNOÕ�

\|QWHPOHUGLU�� $QFDN� |QHULOHQ� EX�\|QWHPOHU�� JLUGL� RODUDN� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQGD�

\HU� DODFDN� QLWHOLNOHULQ� \DQÕQGD�� EX� QLWHOLNOHU� DUDVÕQGDNL� IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕ� GD�

JHUHNWLUPHNWHGLU�� %X� GXUXP� ELU� ULVN� HWPHQLQL� ROXúWXUPDNWDGÕU� +DWDOÕ� EHOLUOHQHQ� ELU�

IRQNVL\RQHO� ED÷ÕPOÕOÕN�� $KPDG�� 6DNQDNRVQDN� YH� +RRL¶QLQ� ������� GH� GH÷LQGL÷L� JLEL�

\|QWHPLQ� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQÕ� KDWDOÕ� ROXúWXUPDVÕQD� VHEHS�RODELOLU��



��

������9DUOÕNODU� $UDVÕ�øOLúNLOHU

øOLúNLVHO� YHULWDEDQODUÕ�� KDP� YHULOHULQ� N�o�N� WDEORODUD� E|O�QPHVL\OH� HOGH� HGLOPLú� ROVD� GD��

GDLPD� J|]� |Q�QGH� EXOXQGXUXOPDVÕ� JHUHNHQ� HQ� |QHPOL� NRúXO�� YHUL� E�W�QO�÷�� YH�

JHoHUOLOL÷LQLQ� NRUXQPDVÕGÕU�� ø\L� \DSÕODQGÕUÕOPÕú� ELU� YHULWDEDQÕQGD�� LVWHQLOHQ� YHUL\H�

XODúÕODELOPHVL� LoLQ� YDUOÕNODU� DUDVÕQGD� LOLúNLOHU� NXUXOXU� �+RIIHU�� 5DPHVK� YH� 7RSL�� �������

9HULWDEDQÕ� LoHULVLQGH� WXWXODQ� YHULOHU�� LVWHQLOGL÷L� DQGD� YHULQLQ� LON� KDOLQGHNL� IRUPD� WDP�

GR÷UXOXNOD� JHUL� G|QG�U�OHELOPHOLGLU�� øOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ� EX� HVDV� J|]HWLOHUHN�

ROXúWXUXOPDOÕGÕU�� 7DVDUÕP� DúDPDVÕQGD�� EX� E�W�QO�÷�� VD÷OD\DQ� LOLúNLOHULQ� NXOODQÕOPDV Õ�

JHUHNPHNWHGLU�� 7�P� LNLOL� YDUOÕNODU� DUDVÕQGD� ELU�LOLúNL� WDQÕPODQPDVÕ� ]RUXQOX� GH÷LOGLU� DQFDN�

D\QÕ� YHUL� VHWLQGHQ� ROXúWXUXODQ� W�P� YDUOÕNODUÕQ� GR÷UXGDQ� \D�GD�GROD\OÕ� RODUDN�ELUELUOHUL� LOH�

LOLúNLOL� ROPDVÕ� EHNOHQHELOLU��

9HULWDEDQÕ� WDVDUÕPÕQGD� YDUOÕN� YH� QLWHOLNOHULQ� |]HOOLNOHUL� J|]HWLOHUHN� LOLúNL� W�U�� WD\LQ�

HGLOPHOLGLU�� 7DVDUÕP� HVQDVÕQGD� LOLúNL� W�U�Q�Q� GR÷UX� WD\LQ� HGLOPHVL�� YHULWDEDQÕQÕQ� HWNLQ�

LúOH\HELOPHVL� LoLQ� JHUHNOLGLU�

øOLúNL� W�UOHUL� �������Q� YH�P�Q� RODUDN��o�JUXED� D\UÕOPDNWDGÕU�� �����KHU� ND\GÕQ� WHN�ELU� ND\GD�

NDUúÕOÕN� JHOGL÷LQL�� ��Q��KHU�ELU�ND\GD�NDUúÕOÕN� ݊ WDQH�ND\ÕW� ROGX÷XQX�� P�Q�� KHU�݉ WDQH�ND\GD�

NDUúÕOÕN� ݊ WDQH�ND\ÕW� ROGX÷XQX� J|VWHUPHNWHGLU� �&KHQ���������øOLúNL� W�UOHUL\OH� LOJLOL� D\UÕQW ÕOÕ�

ELOJL� DOW� EDúOÕNODUGD� VXQXOPDNWDGÕU�

�������� ����øOLúL

%LUH� ELU� LOLúNL� RODUDN� DGODQGÕUÕODQ� LOLúNL� W�U��� ELU� YDUOÕN� LoHULVLQGH� KHU� ELU� ND\GÕQ�� GL÷HU�

YDUOÕNWD� WHN�ELU� ND\GD�GHQN� JHOPHVL� GXUXPXQGD� NXOODQÕOPDNWDGÕU�� ùHNLO� ���
WH� LNL� YDUOÕN�

J|U�OPHNWHGLU�� +HU�ELU� �\H� LoLQ� WHN�ELU� LOHWLúLP� ND\GÕ� WXWXOPDVÕ�� KHU� ELU� LOHWLúLP� ND\GÕQÕQ�

GD� WHN� ELU� �\H\H� DLW� ROPDVÕ� GXUXPXQGD� EX� LNL� YDUOÕN� DUDVÕQGDNL� LOLúNL� W�U�Q�Q� ELUH� ELU�

ROGX÷X� V|\OHQHELOLU�



��

ùHNLO����� ����øOLúNL� 7�U��gUQH÷L�

%LUH�ELU LOLúNL� W�U��� GL÷HU� LOLúNL� W�UOHULQH� J|UH�ELU� IDUNOÕOÕN� J|VWHUPHNWHGLU�� %X� IDUNOÕOÕN�� ELU�

YDUOÕ÷ÕQ� NXOODQÕPGDNL� LKWL\DFD� ED÷OÕ� RODUDN� LNL� YDUOÕ÷D� E|O�QPHVL� YH� EXQXQ� VRQXFXQGD�

ELUH� ELU� LOLúNL� W�U�QH� VDKLS� ROPDVÕGÕU�� %X� LNL� YDUOÕN� ELUOHúWLULOLS� WHN�YDUOÕN� \DSÕODELOLU� YH�

LOLúNLVHO� YHULWDEDQÕ� |]HOOLNOHULQH� J|UH�KHUKDQJL� ELU� D\NÕUÕ� GXUXPD� VHEHS�ROPD]ODU�� $QFDN�

NXOODQÕP� DúDPDVÕQGD� NROD\OÕN� VD÷ODPDVÕ�� \DOQÕ]FD� HULúLOPHN� LVWHQHQ� QLWHOLNOHUH� HULúLOHUHN�

LúOHP� \DSÕOPDVÕ� Y�E�� DPDoODUOD� ELUH� ELU� LOLúNL� W�U�� NXOODQÕOPDNWDGÕU�� 6LVWHPDWLN� \D� GD�

EXOXQPDVÕ� ]RUXQOX� ELU�LOLúNL� W�U�� RODUDN�J|U�OPHPHOLGLU�

�������� ��Q�øOLúNL

��Q� LOLúNL� W�U�� ELUH� oRN� LOLúNL� RODUDN� DGODQGÕUÕOPDNWDGÕU�� %LUH� oRN� LOLúNL� W�U�QGH�� ELULQF L�

YDUOÕNWDNL� KHUKDQJL� ELU� ND\ÕW�� LNLQFL� YDUOÕNWD� ELUGHQ� ID]OD� ND\GD�NDUúÕOÕN� JHOPHNWH�� DQFDN�

LNLQFL� YDUOÕNWDNL� KHUKDQJL� ELU� ND\ÕW� ELULQFL� YDUOÕNWD� \DOQÕ]FD� WHN� ELU� ND\GD� NDUúÕOÕN�

JHOPHNWHGLU��

ùHNLO����� ��Q�øOLúNL� 7�U��gUQH÷L�

ùHNLO� ���¶WHNL� |UQHNWH�8\H YH�%LOGLULP YDUOÕNODUÕ� YH�EXQODUD� DLW� QLWHOLNOHU� J|U�OPHNWHG LU��

%X� LNL� QLWHOLN� DUDVÕQGD� ��Q� LOLúNL� EXOXQPDNWDGÕU�� %LU� �\H�� ELUGHQ� ID]OD� ELOGLULPH� VDKLS�

RODELOLU� DQFDN�ELU� ELOGLULP� DQFDN�ELU� NLúL\H� DLW� RODELOLU�� 9DUOÕNODUÕQ� \HUOHUL� GH÷LúWLULOVH\G L�

EX�LOLúNL\H� Q��� �oR÷D�ELU��GH�GHQLOHELOLUGL�



��

�������� P�Q�øOLúNL

P�Q� LOLúNL� W�U��� oR÷D� oRN�RODUDN� DGODQGÕUÕOPDNWDGÕU�� %LU� YDUOÕN� LoHULVLQGHNL� KHUKDQJL� ELU�

ND\ÕW�� GL÷HU� YDUOÕNWD� ELUGHQ� ID]OD� ND\GD�GHQN� JHOHELOLU�� $\QÕ� GXUXP� GL÷HU� YDUOÕN� LoLQ� GH�

JHoHUOLGLU�

ùHNLO����� Q�P�øOLúNL� 7�U��gUQH÷L�

ùHNLO� ���¶GD�YHULOHQ� |UQHNWH�8\H YH�'HUV YDUOÕNODUÕ� YH�EXQODUD� DLW�QLWHOLNOHU� J|U�OPHNWHG LU��

%X� |UQHNWH�� ELU� �\H� ELUGHQ� ID]OD� GHUVH�ND\ÕWOÕ� RODELOLU�� $\UÕFD� ELU� GHUVH�ELUGHQ� ID]OD� �\H�

ND\ÕW� RODELOLU� %X�GXUXPGD� LNL� YDUOÕN� DUDVÕQGD� P�Q LOLúNL� ROGX÷X� V|\OHQHELOLU�

%X� LOLúNL� W�U�QGH� ED÷ODQWÕ�� ND\ÕWODUÕQ� WXWDUOÕOÕ÷Õ� VD÷OD\DELOPHVL� LoLQ� ùHNLO� ���
GHNL� JLEL�

�o�QF�� ELU� YDUOÕN� LOH� VD÷ODQÕU�� %X�YDUOÕN� KDQJL� �\HQLQ� KDQJL� GHUVH�ND\ÕWOÕ� ROGX÷X� ELOJLV LQL�

VDNODPDNWDGÕU�� ho� WDEOR� ELUOHúWLULOHUHN� VRUJXODQGÕ÷ÕQGD� YHUL� VHWLQH� WDP� GR÷UXOXN OD�

XODúÕODELOLU�

ùHNLO����� Q�P�øOLúNL� 7�U��øoLQ�%D÷ODQWÕ�9DUOÕ÷Õ�gUQH÷L�

������9DUOÕN�øOLúNL� 'L\DJUDPODUÕ

9DUOÕN�øOLúNL� �(5�� (QWLW\�5HODWLRQVKLS�� PRGHOL�� &KHQ� ������� WDUDIÕQGDQ� |QHULOPLú�� |QGH�

JHOHQ� YHUL� PRGHOOHULQLQ� DYDQWDMODUÕQÕ� WDúÕ\DQ�� YDUOÕN� YH� LOLúNLOHUGHQ� PH\GDQD� JHOHQ� YH�

JHUoHN�G�Q\D\D� GDKD�GR÷DO� ELU� \DNODúÕP� ROXúWXUDQ�� N�PH� YH�LOLúNL� WHRULVL� WHPHOOL� \�NVHN�

GHUHFHGH�YHUL� ED÷ÕPVÕ]OÕ÷Õ� VD÷OD\DQ� ELU�PRGHOGLU�� (5�GL\DJUDPODUÕ�� ELU�LOLúNLVHO� YHULWDEDQÕ�

J|VWHULPLQLQ� HQ� EDVLW�� DQODúÕOÕU� YH� NROD\� \ROX� ROPDNOD� ELUOLNWH� HYUHQVHOGLU�� øOLúNLVH O�

YHULWDEDQÕ� JHOLúWLULOLUNHQ� IDUNOÕ� DOW\DSÕODU� NXOODQÕODELOLU� DQFDN� (5� GL\DJUDPÕ� LOH� LIDGH�

HGLOHQ� ELU� YHULWDEDQÕ�� W�P� YHULWDEDQÕ� WDVDUÕPFÕODUÕ� WDUDIÕQGDQ� UDKDWoD� DQODúÕODE LOLU�
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RODFDNWÕU�� (5� GL\DJUDPODUÕ� LoLQ� &KHQ�� %DFKPDQ�� .D]�$\D÷Õ� �FURZ
V� IRRW�� YH\D� 0DUWLQ��

,'()�;� JLEL� IDUNOÕ� VWDQGDUWODU� PHYFXWWXU� �%DFKPDQ�� ������*RJROOD�� ������0HQ]HO� YH�

0D\HU�� ������3XUFKDVH� YH�GL÷��� ������1L]DP�� �������7H]� oDOÕúPDVÕ� LoHULVLQGH� .D]�$\D÷Õ�

J|VWHULPL� NXOODQÕOPÕúWÕU�� 7H]� PHWQL� LoHULVLQGH� EX� QRNWD\D� NDGDU� NXOODQÕODQ� YDUOÕN�

J|VWHULPOHUL� ELUHU� (5� GL\DJUDP� SDUoDVÕ� ROPDNOD� ELUOLNWH�� W�P� YHULWDEDQÕ� \DSÕVÕQÕQ� LIDGH�

HGLOLú� ELoLPL� LOH� LOJLOL� ELU� |UQHN�ùHNLO� ���
GH�YHULOPHNWHGLU�

ùHNLO����� (5�'L\DJUDP�gUQH÷L��.D]�$\D÷Õ��

ùHNLO� ���
GH����YDUOÕN� YH�EXQODUD� DLW� QLWHOLNOHU� J|U�OPHNWHGLU�� $\UÕFD� QLWHOLNOHU� DUDVÕQGDNL�

LOLúNLOHU�� LOLúNL� W�U�Q�� EHOLUWHQ� oL]JLOHUOH� LIDGH� HGLOPHNWHGLU�� 'L\DJUDPGD�� KHSVL� GR÷UXGDQ�

ROPDVD� GD�W�P� YDUOÕNODUÕQ� LOLúNLOL� ROGX÷X� J|U�OHELOLU�� gUQH÷LQ� 8\H LOH�'HUV YDUOÕ÷Õ� LOLúN LO L�

GH÷LOGLU�� $QFDN�ELU� GHUVLQ� H÷LWLPH� ED÷OÕ� ROPDVÕ�� �\HQLQ� GH�H÷LWLPH� ND\ÕW� ROPDVÕ� VHEHEL\OH�

EX�YDUOÕNODU� GROD\OÕ� RODUDN� LOLúNLOL� VD\ÕODELOLU�

øOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQÕQ� |QFH� (5� GL\DJUDPÕ� RODUDN� JHUoHNOHúWLULOLS� VRQUDVÕQGD�

X\JXODQPDVÕ�� RUWD\D� oÕNDELOHFHN� KDWDODUÕQ� oRN�GDKD� HUNHQ� IDUN� HGLOPHVLQL� VD÷OD\DELOLU��
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$\UÕFD� HWNLQ� ELU� YHULWDEDQÕ� HOGH� HGHELOPHN� LoLQ� WDVDUÕPÕQ� WDPDPÕQÕQ� VRPXW� ELU� úHNLOGH�

J|U�OHELOPHVL� GH�WDVDUÕP� V�UHFLQLQ� NDOLWHVLQL� DUWWÕUDFDN� XQVXUODUGDQ� ELULGLU�

������9HULWDEDQÕ� <|QHWLP� 6LVWHPOHUL

9HULWDEDQÕ� <|QHWLP� 6LVWHPOHUL� �'DWDEDVH� 0DQDJHPHQW� 6\VWHPV� � '%06��� E�\�N�

PLNWDUGD� YHULQLQ� YDUOÕ÷ÕQÕ� NRUXPDVÕQD� YH�RQGDQ�ID\GDODQÕODELOPHVLQH� \DUGÕPFÕ� ROPDN� LoLQ�

WDVDUODQPÕú� \D]ÕOÕPODUGÕU� �5DJKX� YH� -RKDQQHV�� ������� 9HUL� YH� YHULWDEDQÕ� \|QHWLPLQLQ�

LúOHWPHOHUGHNL� URO��� \�NVHN� SHUIRUPDQVOÕ� VLVWHPOHULQ� KÕ]OÕFD� KD\DWD� JHoLULOHELOPHV LQGH�

YHULQLQ� NDOLWHVLQLQ� NRUXQDELOPHVL� LoLQ� J�o�VDUI�HGLOPHVL\OH� ELUOLNWH� GH÷LúLPH� X÷UDPDNWDG ÕU�

�+RIIHU�� 5DPHVK� YH�7RSL�� �������øOLúNLVHO� YHULWDEDQODUÕ� WHPHOGH� D\QÕ� |]HOOLNOHUH� VDKLSWLU��

$QFDN� 9<6
OHU�� LOLúNLVHO� YHULWDEDQÕQÕ� J�oOHQGLUHFHN� ED]Õ� |]HOOLNOHU� HNOH\HUHN� NXOODQÕPD�

VXQDUODU�� %X� VHEHSOH� 9<6� VHoLPLQGH� \|QHWLOHFHN� YHULQLQ� |]HOOLNOHUL� |QHP� WDúÕPDNWDG ÕU�

�(OPDVUL� YH� 1DYDWKH�� ������� 0\64/��� 0LFURVRIW� 64/� 6HUYHU��� 2UDFOH� 'DWDEDVH� YH�

0LFURVRIW� $FFHVV� VÕN�NDUúÕODúÕODQ� 9<6¶OHU� LoHULVLQGH� VD\ÕODELOLU�� 9HULWDEDQÕQGDQ� HWNLQ�ELU�

úHNLOGH� ID\GDODQÕODELOPHVL� LoLQ� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQÕQ� \DQÕQGD� 9<6�VHoLPLQLQ� GH�

E�\�N� |QHPL� EXOXQPDNWDGÕU�� %X� VHEHSOH� NXUXOXP� DúDPDVÕQGD� YHULWDEDQÕQÕQ� NXOODQÕP�

DPDFÕQÕQ� QHW� ELU� úHNLOGH� EHOLUOHQPHVL� YH� EXQD� X\JXQ� 9<6� VHoLPL� \DSÕOPDV Õ�

JHUHNPHNWHGLU�

�����*(1(7ø.� $/*25ø70$/$5

*HQHWLN� DOJRULWPDODU� �*$��� GR÷DO� VHoLOLP� YH� GR÷DO� JHQHWLN� PHNDQL÷LQH� GD\DOÕ� DUDPD�

DOJRULWPDODUÕGÕU� �*ROGEHUJ�� �������$GÕQÕ�� EX�ELOLPOHUGHNL� GR÷DO� VHoLOLP�� oDSUD]ODPD� YH�

PXWDV\RQ� ROJXODUÕQÕ� WDNOLW� HWPHVLQGHQ� GROD\Õ� DOPDNWDGÕU�� -RKQ�+ROODQG� �������WDUDIÕQGDQ�

RUWD\D� oÕNDUÕODQ� *$� ILNUL�� ����¶OÕ� YH� ����¶OL� \ÕOODUGD� NHQGLVL� YH� 0LFKLJDQ�

hQLYHUVLWHVL¶QGHNL� |÷UHQFLOHUL� WDUDIÕQGDQ� JHOLúWLULOPLúWLU� �0LWFKHOO�� ������� &DQOÕOD U ÕQ�

GR÷DO� HYULPVHO� \DúDPÕQÕ� |UQHN�DODUDN� oDOÕúDQ� ELU�VH]JLVHO� RSWLPL]DV\RQ� \|QWHPL� RODQ�*$��

o|]�P� JHWLUHFH÷L� SUREOHPLQ� NHQGLVLQGHQ� |WH��HOGH� HWWL÷L� DGD\� o|]�P�Q� X\JXQOXN� GH÷HUL�

LOH� LOJLOHQLU� YH� o|]�P� DUDQÕODQ� SUREOHPGHQ� ED÷ÕPVÕ]GÕU� �6DWPDQ�� �������.ODVLN� *$�� HOH�

DOÕQDQ� SUREOHP� LoLQ� \DOQÕ]FD� DPDo� IRQNVL\RQXQD� LKWL\Do� GX\PDNWDGÕU�� *$� WDUDIÕQGDQ�

�UHWLOHQ� o|]�P� |QHULVL� DPDo� IRQNVL\RQD� J|QGHULOLU�� IRQNVL\RQGDQ� G|QHQ�X\JXQOXN� GH÷HUL�

� 85/�� KWWS���ZZZ�P\VTO�FRP�DERXW� >(ULúLP� WDULKL�� ����������@
� 85/�� KWWSV���ZZZ�PLFURVRIW�FRP�WU�WU�VHUYHU�FORXG�SURGXFWV�VTO�VHUYHU�RYHUYLHZ�DVS[ >(ULúLP� WDULKL��
����������@
� 85/�� KWWSV���ZZZ�RUDFOH�FRP�GDWDEDVH�LQGH[�KWPO >(ULúLP� WDULKL�� ����������@
� 85/�� KWWSV���SURGXFWV�RIILFH�FRP�WU�WU�DFFHVV >(ULúLP� WDULKL�� ����������@
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�\D� GD� PDOL\HW��� o|]�P� |QHULVLQLQ� EDúDUÕVÕQÕ� LIDGH� HGHU�� %X� |]HOOL÷L� GROD\ÕVÕ\OD� *$��

*ROGEHUJ� WDUDIÕQGDQ� �N|U�� RODUDN�QLWHOHQGLULOPLúWLU� �*ROGEHUJ�� ������

௜ݔ��$* א ܴ௡ YH�ܽǡ ܾ א ܴ ROPDN� �]HUH�

௜݃ሺݔଵǡݔଶǡ ǥݔ௡ሻ ൒ ܽ

௝݄ሺݔଵǡݔଶǡǥ ௡ሻݔ ൌ ܾ
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W�P� ௜݃ YH� ௝݄ NÕVÕW� IRQNVL\RQODUÕQÕ� VD÷OD\DQ�

݂ሺݔଵǡݔଶǡ ǥݔ௡ሻ ���

DPDo�IRQNVL\RQXQX� �JRDO� IXQFWLRQ�� RSWLPL]H� �PLQLPL]H� \D�GD�PDNVLPL]H�� HGHELOPHNWHG LU��

*$�VD\HVLQGH� HOGH� HGLOHQ� DGD\� o|]�POHU� �FDQGLGDWH� VROXWLRQ�� NURPR]RP� �FKURPRVRPH��

RODUDN� DGODQGÕUÕOPDNWDGÕU�� .ODVLN� *$¶GD�� ௜ݔ א ሼͲǡ ͳሽ ROPDN� �]HUH�ELU� ܿ NURPR]RPX�

ܿ ൌ ௡ݔଷǥݔଶݔଵݔ ���

RODUDN� WDQÕPODQPDNWDGÕU� %XUDGDNL� ݊ GH÷HUL� NURPR]RP� X]XQOX÷XQX� J|VWHUPHNWHGLU�� %X�

úHNLOGH� WDQÕPODQDQ� NURPR]RPODUD� LNLOL� �ELQDU\�� NURPR]RP� DGÕ� YHULOPHNWHGLU�� øNLOL�

NURPR]RPD� ELU� |UQHN�ùHNLO� ���
GD�VXQXOPXúWXU�

ùHNLO����� %LU�.URPR]RP�gUQH÷L�

.URPR]RPODU�� LNLOL� NRGODPDQÕQ� \DQÕ� VÕUD� JUD\�� JHUoHN� VD\ÕOÕ�� SHUP�WDV\RQ�� PDNLQH� YH�

D÷Do� NRGODPDVÕ\OD� GD� ROXúWXUXODELOLUOHU� �6DWPDQ�� ������� $\UÕFD� HOH� DOÕQDQ� F�

NURPR]RPXQXQ� ݔ א ܼ YH\D� ݔ א ܴ RODUDN� WDQÕPODQPDVÕ\OD� GD� JHUoHNOHúWLULOHQ� *$�

oDOÕúPDODUÕ� PHYFXWWXU� �:ULJKW�� ������ -RQHV� YH� GL÷��� ������+HUUHUD� YH� GL÷��� �������7H]�

NDSVDPÕQGD� ௜ݔ א ሼͲǡ ͳሽ LoLQ� WDQÕPODQDQ� NURPR]RP� \DSÕVÕ� NXOODQÕOPÕúWÕU�

øNLOL� NURPR]RPODU�� �� VD\Õ� WDEDQÕQGD� \D]ÕOPÕú� VD\ÕODU� RODUDN� NDEXO� HGLOHELOHFH÷L� LoLQ

NURPR]RPXQ� GH÷HULQLQ� ���WDEDQÕQGD� GHQN�JHOGL÷L� GH÷HU�KHVDSODQDELOPHNWHGLU�� %X�VD\HGH�

NURPR]RP� EDVLWoH� ��� WDEDQÕQGD� ELU� WDPVD\Õ\D� G|Q�úW�U�OHELOPHNWHGLU�� .URPR]RPXQ��
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*$� RSHUDW|UOHULQL� X\JXODPD\D� X\JXQ� RODQ� �� VD\Õ� WDEDQÕQGDNL� GXUXPXQD� JHQRWLS�

�JHQRW\SH��� NDUDU� GH÷LúNHQL� GH÷HULQH� G|Q�úW�U�OP�ú� KDOLQH� LVH� IHQRWLS� �IHQRW\SH��

GHQLOPHNWHGLU� �%HNLUR÷OX�� 'HGH� YH� $\YD]�� ������� gUQHN� RODUDN� ùHNLO� ���
GDNL�

NURPR]RPXQ� ���VD\Õ� WDEDQÕQGDNL� GH÷HUL� ùHNLO� ����
GD�VXQXOGX÷X� JLELGLU�

ùHNLO������ øNLOL�7DEDQGDNL�.URPR]RPXQ�2QOXN�7DEDQGD�'H÷HUL�

(OH� DOÕQDQ� ELU� ݂ሺݔሻ SUREOHPL� LoLQ� VHoLOHQ� NURPR]RP� X]XQOX÷X�� R� SUREOHPLQ� o|]�P�

X]D\ÕQÕ� NDSVDPDN� GXUXPXQGDGÕU�� .URPR]RP� X]XQOX÷X� �� VHoLOHQ� ELU� *$� DUDPDVÕQGD�

NDUDU�GH÷LúNHQLQLQ� DODELOHFH÷L GH÷HUOHU� ሾͲǡ Ǥ Ǥ Ǥ ǡ͵ͳሿ DUDOÕ÷ÕQGD� RODELOPHNWHGLU� �ùHNLO� �������

(÷HU� HOH� DOÕQDQ� ݂ሺݔሻ SUREOHPLQLQ� o|]�P� X]D\Õ� ሾെͷͲͲǡͷͲͲሿ LVH� VHoLOHQ� NURPR]RP�

X]XQOX÷X� *$¶QÕQ� LVWHQLOHQ� o|]�P� X]D\ÕQGD� \�NVHN� SHUIRUPDQVOÕ� DUDPD�\DSPDVÕQD� HQJHO�

ROXúWXUDELOLU�

ùHNLO������ ��%LWOLN� %LU�.URPR]RPXQ� $ODELOHFH÷L�'H÷HUOHU�

(÷HU� DUDPD� \DSÕODQ� X]D\�� JHUoHN� VD\ÕODU� N�PHVLQLQ� ELU� DOW� N�PHVL� LVH� NURPR]RPODU�

VD\HVLQGH� HOGH� HGLOHELOHQ� WDPVD\Õ� GH÷HUOHUL� LVWHQLOHQ� o|]�PH� XODúPDGD� \HWHUVL]� NDODELOLU��

%X�GXUXPGD� NURPR]RP� X]XQOX÷XQX� DUWWÕUDUDN�� DGD\�o|]�P� LOH� HOGH�HGLOHQ� GH÷HULQ� JHUoHN�

VD\ÕODUD� G|Q�úW�U�OHELOPHVLQL� VD÷OD\DQ� ELU� X\DUODPD� �PDSSLQJ��

ܽ ൅
ܾ െ ܽ

ʹ௅ െ ͳ
ൈ ݍ
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HúLWOL÷L� NXOODQÕODUDN� JHUoHNOHúWLULOHELOLU� �6DWPDQ�� ������� (úLWOLN� ���¶WH�� ܽ YH� ܾ VÕUDVÕ\OD�

o|]�P� N�PHVLQLQ� DOW� YH� �VW� VÕQÕUODUÕQÕ�� ܮ NURPR]RP� X]XQOX÷XQX�� ݍ LVH� GH÷HUL�

KHVDSODQPDN� LVWHQLOHQ� NURPR]RPXQ� ���WDEDQÕQGD� GH÷HULQL� LIDGH� HWPHNWHGLU�

.URPR]RP� X]XQOX÷X� ��� RODUDN� VHoLOHQ� ELU� *$� DUDPDVÕQGD� NDUDU� GH÷LúNHQL� LoLQ� HOGH�

HGLOHELOHFHN� HQ� N�o�N� GH÷HU� ሺͲሻଶ ൌ ሺͲሻଵ଴�� HQ� E�\�N� GH÷HU� LVH� ሺͳͳͳͳͳͳͳͳͳͳሻଶ ൌ

ሺͳͲʹ͵ሻଵ଴¶W�U�� (OH� DOÕQDQ� SUREOHPLQ� o|]�P� X]D\ÕQÕQ� ሾͲǡ ʹͲሿ DUDOÕ÷ÕQGD� VHoLOPHV L�
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GXUXPXQGD� UDVWJHOH� VHoLOHQ� ��� NURPR]RPXQ� ��� WDEDQÕQGDNL� YH� X\DUODQPÕú� GH÷HUOHUL�

7DEOR����¶WH�VXQXOPXúWXU�

7DEOR�����.URPR]RPODU�YH�'H÷HUOHUL�

.URPR]RP ���7DEDQÕQGD� 'H÷HUL 8\DUODQPÕú� 'H÷HUL
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d|]�P� N�PHVLQLQ� JHUoHN� VD\ÕODU� N�PHVLQLQ� ELU�DOW� N�PHVL� ROPDVÕ� GXUXPXQGD� NURPR]RP�

X]XQOX÷X�� KDVVDVL\HWL� GR÷UX� RUDQWÕOÕ� RODUDN� HWNLOHPHNWHGLU�� d|]�P� X]D\ÕQÕQ� ሾͲǡ ʹͲሿ

DUDOÕ÷ÕQGD� VHoLOPHVL� YH�NURPR]RP� X]XQOX÷XQXQ� ���VHoLOPHVL� GXUXPXQGD�� KHU� ELU� DGD\�

o|]�P� GH÷HUL� DUDVÕQGDNL� IDUN� HQ�D]�
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RODUDN� KHVDSODQPDNWDGÕU�� $\QÕ� o|]�P� X]D\ÕQGD� NURPR]RP� X]XQOX÷XQXQ� ��� RODUDN�

EHOLUOHQPHVL�� DGD\�o|]�POHU� DUDVÕQGDNL� HQ�D]�IDUN�GH÷HULQL�
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RODUDN�GH÷LúWLUPHNWHGLU�� (Q� D]�IDUN� DUDQGÕ÷ÕQGDQ� GH÷HUOHULQ� DUGÕúÕN� RODELOPHVL� LoLQ�

௡ݔ െ ௡ିଵݔ ൌ ͳ ���

RODUDN� NDEXO� HGLOPLúWLU�� .URPR]RP� X]XQOX÷XQXQ� ��¶GDQ� ��¶\H� oÕNDUWÕOPDVÕQÕQ�� DGD\�

o|]�POHULQ� DODELOHFH÷L� GH÷HUOHULQ� KDVVDVL\HWLQL� E�\�N� |Oo�GH� DUWWÕUGÕ÷Õ� HúLWOLN� ���� YH�

���¶GD� HOGH� HGLOHQ� VRQXoODU� VD\HVLQGH� J|U�OHELOPHNWHGLU�� .D]DQGÕUGÕ÷Õ� KDVVDVL\HWH�

UD÷PHQ� NURPR]RP� X]XQOX÷XQXQ� DUWWÕUÕOPDVÕ�� GDKD� ID]OD� KHVDSODPD� J�F��

JHUHNWLUHFH÷LQGHQ�� RSWLPXP� GH÷HUH� HULúPH� V�UHVLQL� GH�DUWWÕUDELOLU�

2SWLPL]H� HGLOPHN� LVWHQLOHQ� ݂ IRQNVL\RQX� ELUGHQ� ID]OD� GH÷LúNHQH� VDKLS� ELU� IRQNVL\RQ�

RODELOLU�� $QFDN� NODVLN� *$� LoLQ� DGD\� o|]�P� KHU� ]DPDQ� WHN� ELU� NURPR]RP� LOH� LIDGH�

HGLOPHNWHGLU�� %X� VHEHSOH� NURPR]RPXQ�� ݂ IRQNVL\RQXQXQ� JHUHNWLUGL÷L� VD\ÕGD� NDUDU�

GH÷LúNHQLQLQ� GH÷HULQL� LoHUHQ� ELU� \DSÕGD� ROPDVÕ� JHUHNPHNWHGLU�� .URPR]RPXQ�� DPDo�

IRQNVL\RQXQXQ� KHU� ELU� NDUDU� GH÷LúNHQLQLQ� GH÷HULQL� LoHUHQ� SDUoDVÕQD� JHQ� �JHQH�� DGÕ�

YHULOPHNWHGLU�� 2SWLPL]H� HGLOPHN� LVWHQLOHQ� DPDo� IRQNVL\RQX�� ݂ሺݔଵǡݔଶሻ JLEL� �� GH÷LúNHQ�

DODQ� ELU�IRQNVL\RQ� LVH� EX�SUREOHPH� X\JXQ� NURPR]RP�

ܿ ൌ ܿଵܿଶܿଷܿସܿହܿ଺ܿ଻଼ܿܿଽܿଵ଴ܿଵଵܿଵଶܿଵଷܿଵସܿଵହܿଵ଺ܿଵ଻ܿଵ଼ܿଵଽܿଶ଴ ���

RODUDN� VHoLOHELOLU�� %|\OHFH� ���ELW� LOH� ROXúWXUXOPXú� RODQ� ܿ NURPR]RPX� ���ELWWHQ� ROXúDQ� LNL�

JUXED� D\UÕOGÕ÷ÕQGD� VÕUDVÕ\OD� ଵݔ YH� ଶݔ NDUDU� GH÷LúNHQOHULQLQ� GH÷HULQL� YHUHQ� JHQOHU� HOGH�

HGLOHELOPHNWHGLU�� .DUDU�GH÷LúNHQOHULQLQ� ௜ݔ א ሾͲǡʹͲሿ DUDOÕ÷ÕQGD� GH÷HU� DOPDVÕ� GXUXPXQGD�



��

ELU�ܿ NURPR]RPX� |UQH÷L� ùHNLO� ����
GH��|UQHN�RODUDN� VXQXODQ� NURPR]RPODUOD� HOGH� HGLOHQ�

GH÷HUOHU� LVH�7DEOR� ���¶GD�VXQXOPDNWDGÕU�

ùHNLO������ ��*HQGHQ�2OXúDQ�%LU�.URPR]RP�gUQH÷L�

7DEOR����� ��*HQOL� .URPR]RPXQ�'H÷HUH�'|Q�úW�U�OPHVL�

*HQ�$GÕ 'H÷LúNHQ *HQ ���7DEDQÕQGD� 'H÷HUL 8\DUODQPÕú� 'H÷HUL
*HQ�� ଵݔ ���������� ��� �������������
*HQ�� ଶݔ ���������� ��� ������������

gUQHN�RODUDN� VHoLOHQ� NURPR]RP�� ଵݔ ൌ ͳ͵ǡͻͺ�ଶݔ� ൌ ͹ǡʹ͵ GH÷HUOHULQL� WDúÕPDNWDGÕU�

.ODVLN� *$�DUDPDVÕQÕQ� LúOH\LúL� ùHNLO� ����
WH�YHULOPLúWLU�



��

ùHNLO������.ODVLN�*$�øúOH\LúL�

*HQHWLN� DUDPD� |QFHVL� EHOLUOHQHQ� NURPR]RP� X]XQOX÷X� YH� WRSOXOXN� E�\�NO�÷��

SDUDPHWUHOHULQH� J|UH�LON� WRSOXOXN� �UHWLOLU�� 7RSOXOXN�� KHU�ELU�QHVLOGH� \HU�DODQ�NURPR]RPOD U Õ�

LIDGH� HWPHNWHGLU�� 2OXúWXUXODQ� WRSOXOXNWDNL W�P� NURPR]RPODUÕQ� EDúDUÕ� \D� GD� PDOL\HW�

GH÷HUOHUL�� DPDo� IRQNVL\RQX� NXOODQÕODUDN� KHVDSODQÕU�� %LWLUPH� NRúXOX� VD÷ODQÕ\RUVD� JHQHWLN�

DUDPD� GXUGXUXODUDN� HQ� L\L� o|]�P� HOGH� HGLOLU�� %LWLUPH� NRúXOX� PDNVLPXP� QHVLO� VD\ÕVÕ��

XODúÕOPDN� LVWHQLOHQ� KHGHI� GH÷HU� \D� GD�SUREOHPH� |]J�� RODUDN� EHOLUOHQHQ� EDúND�ELU� NULWHU�

RODELOLU�� %LWLUPH� NRúXOX� VD÷ODQPDGÕ÷Õ� V�UHFH�� *$� DGÕPODUÕ� WHNUDUODQÕU� YH� DUDPD�

VRQXoODQPD]�� %LWLUPH� NRúXOX� VD÷ODQGÕ÷ÕQGD� HOGH� HGLOPLú� RODQ� HQ� L\L� o|]�P�� JHQHWLN�

DUDPDQÕQ� VRQXFX� RODUDN�NDEXO� HGLOLU�

d|]�OPHVL� JHUHNHQ� SUREOHP� NDUPDúÕN� KDOH� JHOGLNoH� NURPR]RP� \DSÕVÕQÕQ� GD� EX�

NDUPDúÕNOÕ÷D� X\JXQ� WDVDUODQPDVÕ� JHUHNPHNWHGLU�� gUQH÷LQ�� ELU� ODELUHQW� o|]PH� SUREOHPL�

LoLQ� NURPR]RP� \DSÕVÕ�� KHU� LNL� ELW� ELU� JHQ� RODUDN� NDEXO� HGLOHUHN� ROXúWXUXODELOLU�� 7DEOR�

���
GH�� E|\OH� ELU� SUREOHP� LoLQ� NXOODQÕODELOHFHN� RODVÕ� W�P� JHQOHU� YH� DQODPOD U Õ�

VXQXOPDNWDGÕU��



��

7DEOR�����%LU�/DELUHQW�3UREOHPL� øoLQ�.XOODQÕODFDN� *HQOHULQ�$QODPODUÕ�

*HQ $QODPÕ
���� <XNDUÕ� ��øOHUL
���� 6D÷D�����������
���� 6ROD�������
���� $úD÷Õ� ��*HUL� �

%X�GXUXPGD� NURPR]RP�� VD\ÕVDO� DQODPGD� GH÷LO�� PDQWÕNVDO� DQODPÕQGD� GH÷HUOHU� LoHUHFHNWLU��

gUQHN�RODUDN����ELW� YH����JHQH� VDKLS�

ͳͲͲͲͲͳͲͲͲͲͲͳͳͳͳͲͲͳͲͳ

NURPR]RPX�� DPDo� IRQNVL\RQX� LoHULVLQGH� �VRO�LOHUL�VD÷� LOHUL� LOHUL�VD÷�JHUL�VRO�VD÷�VD÷��

GH÷HULQL� DODFDNWÕU�� $PDo� IRQNVL\RQX�� NURPR]RPX� EX� DQODPD� G|Q�úW�UG�NWHQ� VRQUD�

o|]�OPHVL� DPDoODQDQ� ODELUHQW� �]HULQGH� WHVW� HWPHNWH� YH� XODúPDVÕ� EHNOHQHQ� GXUXPD�

X]DNOÕ÷ÕQD� J|UH� ELU� EDúDUÕ� \D� GD� FH]D� SXDQÕ� G|QG�UPHNWHGLU�� (OH� DOÕQDQ� SUREOHP� LoLQ�

KD]ÕUODQDQ� DPDo� IRQNVL\RQX� EDúDUÕ� SXDQÕ� G|QG�U�\RUVD� PDNVLPL]DV\RQ�� FH]D� SXDQÕ�

G|QG�U�\RUVD� PLQLPL]DV\RQ� LúOHPL� JHUoHNOHúWLUL\RU� GHQLOHELOLU�

.URPR]RP� \DSÕVÕ� RODUDN� ሼͲǡͳሽ DOIDEHVLQLQ� NXOODQÕOPDVÕ� *$
QÕQ� o|]HELOHFH÷L� SUREOHP�

oHúLGLQL� DUWWÕUPDNWDGÕU�� $PDo� IRQNVL\RQX� KD]ÕUODQDELOHQ� �NURPR]RPD�o|]�P� |QHULVLQH�

NDUúÕOÕN� ELU� EDúDUÕ� \D� GD� PDOL\HW� SXDQÕ� EHOLUOHQHELOHQ�� KHU� W�UO�� SUREOHP�� *$� LOH�

o|]�OHELOPHNWHGLU�� %LU� X\JXODPD� |UQH÷L� RODUDN� +DXSW� YH� +DXSW� �������� �0DU\� +DG� D�

/LWWOH� /DPE�� úDUNÕVÕQÕQ� QRWDODUÕQÕQ� *$� LOH� EHOLUOHQPHVL� �]HULQGH� GXUPXúWXU�� +HU�ELU� QRWD�

��ELW� NXOODQÕODUDN� ROXúWXUXOPXú� JHQ� LOH� LIDGH� HGLOPHNWHGLU� �7DEOR� ������

7DEOR�����1RWDODUÕ�øIDGH�(GHQ�*HQOHU�YH�.DUúÕOÕN�*HOHQ�$QODPODUÕ�

*HQ $QODP� �1RWD�
��� 6XV
��� $
��� %
��� &
��� '
��� (
��� )
��� *
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7DEOR� ���¶GH� JHQOHULQ� LIDGH� HWWL÷L� QRWDODU� YHULOPLúWLU�� *$�� EX� JHQOHUGHQ� ROXúDQ�

NURPR]RPODUÕ�� ELU� o|]�P� |QHULVL� RODUDN� VXQPDNWDGÕU�� gUQHNWH� DPDo� IRQNVL\RQX�

NXOODQÕFÕQÕQ� NHQGLVLGLU�� %LUH\�� KHU�ELU�NURPR]RP� VD\HVLQGH� HOGH�HGLOHQ� QRWD�GL]LVLQL� GLQOHU�

YH� ELU� EDúDUÕ� SXDQÕ� YHULU�� øOJLOL� oDOÕúPD� LoHULVLQGH� SUREOHPLQ� EDúDUÕ\OD� o|]�PH� XODúWÕ÷Õ�

ELOJLVL� YH�D\UÕQWÕODUÕ� \HU� DOPDNWDGÕU�

������*HQHWLN�$OJRULWPD� 2SHUDW|UOHUL

*$¶QÕQ� GR÷DO� VHoLOLP� V�UHFLQL� WDNOLW� HGHUHN�VRQXFD�XODúWÕ÷ÕQGDQ� GDKD�|QFH�EDKVHGLOPLú W L��

.ODVLN� ELU� *$� DUDPDVÕQGD� EX� WDNOLGLQ� JHUoHNOHúWLULOHELOPHVL� LoLQ� �� RSHUDW|U�

X\JXODQPDNWDGÕU�� %XQODU�� VHoLOLP�� oDSUD]ODPD� YH� PXWDV\RQ� RSHUDW|UOHULGLU� �0LWFKHOO��

������� 6HoLOLP� RSHUDW|U��� KDQJL� NURPR]RPODUÕQ� VRQUDNL� QHVLOOHUGH� \HU� DODFD÷ÕQÕQ�

X\JXQOXN� GH÷HULQH� ED÷OÕ� RODUDN� EHOLUOHQPHVLQL�� oDSUD]ODPD� YH�PXWDV\RQ� RSHUDW|UOHUL� LVH�

\HQL� NURPR]RP� �UHWPH� V�UHFLQL� JHUoHNOHúWLUPHNWHGLU� �+HUUHUD�� /R]DQR� YH� 9HUGHJD\��

�������%DKVHGLOHQ� WHPHO� RSHUDW|UOHU� DOW� EDúOÕNODU� LoHULVLQGH� LQFHOHQPLúWLU�

�������� 6HoLOLP�2SHUDW|U�

6HoLOLP� RSHUDW|U��� GR÷DGDNL�� RUWDPD� X\XP� VD÷OD\DQÕQ� KD\DWWD� NDOPDVÕ� SUHQVLELQLQ� *$�

LoHULVLQGHNL� LúOH\LúLQL� VD÷ODPDNWDGÕU� �6ULQLYDV� YH�3DWQDLN�� �������.ODVLN� *$¶GD�\HQL� QHVLO�

�UHWLPL� �UHSURGXFWLRQ��� NURPR]RPODUÕQ� X\JXQOXN� GH÷HUOHULQH� J|UH� EHOLUOHQHQ�

D÷ÕUOÕNODUÕ\OD� ROXúWXUXOPXú� VORWODUD� VDKLS� ELU� UXOHW� WHNHUL� �]HULQGH� GR÷UXVDO� DUDPD� \DSDQ�

VHoLOLP� IRQNVL\RQX� LOH� VD÷ODQÕU� �*ROGEHUJ�� �������6HoLOLP� RSHUDW|U��� \HQL� NURPR]RPODU�

ROXúWXUDELOPHN� LoLQ�� WRSOXOXN� LoHULVLQGHQ� VHoLOHQ� ELU HúOHúPH� KDYX]XQGDQ� LNL� NURPR]RPXQ�

VHoLOPHVLQL� VD÷ODPDNWDGÕU� �+DXSW� YH�+DXSW�� �������

/LWHUDW�UGH� ELUoRN� VHoLOLP� \|QWHPL� EXOXQPDNWDGÕU�� %X�\|QWHPOHU�

x 5XOHW� WHNHUL� �5RXOHWWH� :KHHO�� YH� 2ODVÕOÕNVDO� (YUHQVHO� �6WRFKDVWLF� 8QLYHUVD O��

VHoPH� LOH� X\JXQOXN�RUDQWÕOÕ� VHoLOLP�

x 6LJPD� GHUHFHOHQGLUPHVL� �6LJPD� VFDOLQJ��

x %ROW]PDQQ� VHoLOLPL� �%ROW]PDQ� 6HOHFWLRQ��

x 6ÕUDODQGÕUPD� VHoLOLPL� �5DQN� VHOHFWLRQ��

x 7XUQXYD� VHoLOLPL� �7RXUQDPHQW� VHOHFWLRQ��

x 6DELW� GXUXP� VHoLOLPL� �6WHDG\�VWDWH� VHOHFWLRQ�



��

RODUDN� VÕUDODQPDNWDGÕU� �0LFKHOOH�� ������

5XOHW� WHNHUL�YH�WXUQXYD� VHoLOLPL� VÕN�NXOODQÕODQ� LNL� VHoLOLP� \|QWHPLGLU� YH�HQ�L\LVLQLQ� KDQJLV L�

ROGX÷XQX� V|\OHPHN� ]RUGXU� �+DXSW� YH� +DXSW�� ������� 5XOHW� WHNHUL� VHoLOLPLQGH� W�P�

NURPR]RPODU�� X\JXQOXN� GH÷HUOHULQH� RUDQOD� ELU� VHoLOPH� RODVÕOÕNODUÕQD� VDKLSWLU� +HU� ELU�

NURPR]RPXQ� VHoLOPH� RODVÕOÕ÷Õ�� NURPR]RPXQ� X\JXQOXN� GH÷HULQLQ� WRSOXOXNWDNL� W�P�

NURPR]RPODUÕQ� X\JXQOXN� GH÷HUOHUL� WRSODPÕQD� RUDQÕ\OD� HOGH� HGLOLU�� 6HoLOLP�� EX�RODVÕOÕN ODU�

GDKLOLQGH� UDVWJHOH� RODUDN�JHUoHNOHúWLULOPHNWHGLU�� 7XUQXYD� VHoLOLPL� LVH�WRSOXOXN� LoHULVLQGHQ�

VDELW� VD\ÕGD� NURPR]RPXQ� UDVWJHOH� HOH� DOÕQDUDN�� X\JXQOXN� GH÷HUL� HQ� L\L� RODQÕQ� VHoLOPHV L�

\|QWHPLGLU�� øNL� \|QWHPGH� GH� WRSOXOXNWD� \HU� DODQ� N|W�� X\JXQOXN� GH÷HULQH� VDKLS�

NURPR]RPODUÕQ� GD� \HQL� QHVLOGH� EXOXQPD� RODVÕOÕ÷Õ� PHYFXWWXU� DQFDN� G�ú�NW�U�� %X��

oHúLWOLOL÷LQ� ROXúPDVÕQD� ID\GD� VD÷OD\DQ� |QHPOL� ELU�|]HOOLNWLU��

0LFKHOOH� ������� WDUDIÕQGDQ�� VHoLOLP� \|QWHPOHUL� DUDVÕQGD� J|VWHULOHQ� HOLWL]P� �HOLWLVP���

J�QFHO� X\JXODPDODUGD� VHoLOLP� RSHUDW|U�QGHQ� ED÷ÕPVÕ]� ELU� RSHUDW|U�RODUDN� HOH� DOÕQPÕú� YH�

X\JXODQPÕúWÕU�� (OLWL]P� RSHUDW|U��� ELU� QHVLOGHNL� HQ� L\L� o|]�P�Q� VRQUDNL� QHVLOH� KLoELU�

GH÷LúLNOL÷H� X÷UDPDGDQ� DNWDUÕOPDVÕ\OD� oDOÕúPDNWDGÕU�� (OLWL]P� RSHUDW|U�Q�Q� NXOODQÕOPDV Õ�

W�P� SUREOHPOHU� LoLQ� JHUHNOL� ROPDVD� GD�ED]Õ� SUREOHPOHU� LoLQ� oRN�FLGGL� SHUIRUPDQV� DUWÕúÕ�

VD÷OD\DELOPHNWHGLU� �6LPRQ�� (UJH]HU� YH�'X���������

�������� dDSUD]ODPD�2SHUDW|U�

dDSUD]ODPD�� VHoLOLP� RSHUDW|U�QGHQ� VRQUD� X\JXODQPDNWDGÕU�� øúOHP�� WRSOXOXN� LoHULVLQGHN L�

NURPR]RPODUÕQ� UDVWJHOH� VHoLOHQ� ELU� QRNWDGDQ� E|O�QHUHN� oDSUD]� RODUDN� WHNUDU�

ELUOHúWLULOPHVL\OH� JHUoHNOHúWLULOPHNWHGLU� dDSUD]ODPD� RSHUDW|U�Q�Q� X\JXODQPD� RODVÕOÕ÷Õ�

JHQHOGH� ���� LOH� �� DUDVÕQGD� ELU� GH÷HU� DOPDNWDGÕU� �6ULQLYDV� YH� 3DWQDLN�� ������� 6�UHo��

HEHYH\Q� NURPR]RPODUGDQ� ELU� \D�GD�GDKD� ID]OD� \DYUX� NURPR]RP� �UHWPH\L� VD÷ODPDNWDG ÕU�

�+DXSW� YH�+DXSW�� �������ùHNLO� �����ELU� QRNWDGDQ�E|O�QPH� |UQH÷L� VXQXOPDNWDGÕU�



��

ùHNLO������ %LU�1RNWDGDQ�dDSUD]ODPD�gUQH÷L�

ùHNLO� ����
WH�� .URPR]RP� ��YH� .URPR]RP� �� HEHYH\Q� NURPR]RPODUÕ� LIDGH� HWPHNWHGLU��

(EHYH\Q� NURPR]RPODU�� ��� NDUDNWHU� VRQUDVÕQGD� E|O�QHUHN�� LNL� \HQL� NURPR]RP�

ROXúWXUPXúODUGÕU� �.URPR]RP� �� YH� ����(EHYH\Q� NURPR]RPODUÕQ� YH� ROXúWXUGXNODUÕ� \HQL�

NURPR]RPODUÕQ� RQOXN� WDEDQGD�GH÷HUOHUL� 7DEOR����
GD�VXQXOPDNWDGÕU�

7DEOR�����dDSUD]ODPD�6RQUDVÕ�.URPR]RPODUÕQ� ���7DEDQÕQGD�'H÷HUOHUL�

.URPR]RP� $GÕ .URPR]RP ���7DEDQÕQGD� 'H÷HUL
.URPR]RP� � ������������ ����
.URPR]RP� � ������������ ����
.URPR]RP� � ������������ ����
.URPR]RP� � ������������ ����

7DEOR� ���
GD� J|U�OG�÷�� JLEL�� oDSUD]ODPD� |QFHVLQGH� ����� YH� ����� GH÷HULQGH� LNL�

NURPR]RP� PHYFXWNHQ�� oDSUD]ODPD� VD\HVLQGH� �����YH� �����GH÷HUOHULQH� VDKLS� LNL� \HQL�

NURPR]RP� HOGH�HGLOPLú� ROPDNWDGÕU�� %X�VD\HGH�WRSOXOXN� LoHULVLQGH� GDKD�|QFH�XODúÕOPD\DQ�

GH÷HUGH� ELU� NURPR]RP� HOGH� HGLOPLúWLU�� dDSUD]ODPD� LúOHPL�� NURPR]RPXQ� ELUGHQ� ID]OD�

QRNWDGDQ� E|O�QPHVL\OH� GH�JHUoHNOHúWLULOHELOPHNWHGLU�

�������� 0XWDV\RQ�2SHUDW|U�

0XWDV\RQ� RSHUDW|U��� NURPR]XPX� ROXúWXUDQ� ELWOHULQ� EHOLUOHQHQ� RUDQGD� GH÷LúWLULOPHV L\OH�

oDOÕúPDNWDGÕU� �+DXSW� YH�+DXSW�� �������'H÷LúWLUPHNWHQ� NDVÕW� ��LVH� �����LVH� ��\DSPDNWÕU ��

0XWDV\RQ� RSHUDW|U�Q�Q� URO�� DGD\� o|]�POHULQ�� o|]�P� X]D\ÕQÕQ� ELU� E|OJHVLQGH�

\R÷XQODúPDVÕQÕ� HQJHOOH\HELOPHN� YH� o|]�P� X]D\ÕQÕQ� NHúIHGLOPHPLú� NÕVPÕQD� GD�

XODúÕOPDVÕQÕ� VD÷ODPDNWÕU� �6ULQLYDV� YH� 3DWQDLN�� ������� ùHNLO� ����
WH� ELU� NURPR]RPXQ�

PXWDV\RQ� RSHUDW|U�� X\JXODQPDGDQ� |QFHNL� YH�VRQUDNL� DQODUÕ� J|VWHULOPHNWHGLU�



��

ùHNLO������0XWDV\RQ�gUQH÷L�

ùHNLOGH� NURPR]RPXQ� ��� ELWL�� �� LNHQ� ��RODUDN� GH÷LúPHNWHGLU�� %|\OHFH� NURPR]RPXQ� ���

WDEDQÕQGDNL� GH÷HUL� ����LNHQ�����ROPXúWXU��

0XWDV\RQ� RSHUDW|U�Q�Q� X\JXODQPD� RODVÕOÕ÷Õ� JHQHOOLNOH� ������LOH� �����GH÷HUOHUL� DUDVÕQGD�

VHoLOPHNWHGLU�� %X�RUDQÕQ� ��ROPDVÕ� ELU� VRUXQX� EHUDEHULQGH� JHWLUHELOLU� �6ULQLYDV� YH�3DWQDLN��

�������%X� VRUXQ�� WRSOXOX÷XQ� o|]�P� X]D\ÕQD� \HWHULQFH� L\L� GD÷ÕODPDPDVÕ� \D� GD� ݊ QHVLO�

VRQUD� X]D\ÕQ� ELU� E|OJHVLQGH� \R÷XQODúPDVÕGÕU�� %X� GXUXPD� \HUHO� RSWLPXPD� WDNÕOPD� �JHW�

VWXFN�RQ� D�ORFDO� RSWLPXP�� DGÕ� YHULOLU� �<XUHW� YH�0D]D�� ������6ULQLYDV� YH�3DWQDLN�� �������

%|\OH� GXUXPODUD� NDUúÕ�� o|]�P� X]D\ÕQÕQ� IDUNOÕ� \HUOHULQH� VÕoUD\Õú� JHUoHNOHúWLUPHN�

JHUHNPHNWHGLU�� %X� J|UHY� PXWDV\RQ� RSHUDW|U�QH� DLWWLU�� 0XWDV\RQ� RSHUDW|U�Q�Q�

X\JXODQPD� RODVÕOÕ÷Õ� �¶H� \DNODúWÕ÷ÕQGD� oRN� ID]OD� ELW� WHUVH� G|QHFH÷L� LoLQ� V�UHo�� UDVWJHOH�

o|]�P� DUDPD� V�UHFLQH� EHQ]H\HFHNWLU� �6ULQLYDV� YH�3DWQDLN�� �������%X�GD�*$
QÕQ� \DUDWWÕ÷Õ�

DYDQWDMODUÕQ� ND\EROPDVÕ� DQODPÕQD� JHOPHNWHGLU�� %X� VHEHSOH� PXWDV\RQ� RODVÕOÕ÷Õ� JHQHOGH�

ROGXNoD� G�ú�N� WXWXOPDNWDGÕU�

*$¶QÕQ� NDUPDúÕN� SUREOHPOHUL� o|]HELOPHVLQGH� PXWDV\RQ� RSHUDW|U�Q�Q� URO��

EXOXQPDNWDGÕU�� $\UÕFD� *$¶QÕQ� EDúDUÕVÕQGD� VHoLOLP�� oDSUD]ODPD� YH� PXWDV\RQ�

RSHUDW|UOHULQLQ� GHQJHVL� ROGXNoD� |QHP� WDúÕPDNWDGÕU� �0LWFKHOO�� �������

6HoLOLP� RSHUDW|U��� oDSUD]ODPD� YH�PXWDV\RQ� RSHUDW|UOHUL� VHEHEL\OH� GH÷LúNHQ� ELU� GHQJH\H�

VDKLSWLU�� %X�GHQJH\H� NHúLI�ID\GDODQPD� GHQJHVL� �WKH� H[SORUDWLRQ�H[SORLWDWLRQ� EDODQFH�� DGÕ�

YHULOPHNWHGLU� �0LWFKHOO�� ������� 7�P� DUDPD� DOJRULWPDODUÕQGD� DUDPD� X]D\Õ� �]HULQGH�

NHúLI�ID\GDODQPD� EHOLUOHPHVL� \DSÕOPDOÕGÕU�� .HúLI� �H[SORUDWLRQ��� ELU�DUDPD�X]D\ÕQGDNL� \HQL�

DODQODUÕQ� WDPDPÕQÕQ� ]L\DUHW� HGLOPHVL� V�UHFL�� ID\GDODQPD� �H[SORLWDWLRQ�� LVH� GDKD� |QFH�

]L\DUHW� HGLOPLú� QRNWDODUD� \DNÕQ� E|OJHOHULQ� ]L\DUHW� HGLOPHVL� V�UHFLGLU� �&UHSLQVHN�� /LX� YH�

0HUQLN�� ������

������$PDo�)RQNVL\RQXQXQ� 2OXúWXUXOPDVÕ

gQFHNL� EDúOÕNODU� *$¶QÕQ� ELU� SUREOHPH� o|]�P� DUDPDVÕ� V�UHFLQGH� NXOODQÕODQ� *$�

ELOHúHQOHULQL� DoÕNODPDNWDGÕU�� %X�EDúOÕN� DOWÕQGD� LVH� SUREOHPLQ� *$¶\D� WDQÕWÕOPDVÕ� LúOHPLQH�



��

GH÷LQLOHFHNWLU�� 3UREOHP�� *$¶\D� DPDo� IRQNVL\RQX� RODUDN� WDQÕPODQPDOÕGÕU�� 2SWLPL]H�

HGLOPHN� LVWHQLOHQ� DPDo� IRQNVL\RQX�� KHU� ELU�NURPR]RPXQ� GH÷HUOHQGLULOPHVLQLQ� VD÷ODQG Õ÷Õ�

PHNDQL]PDGÕU� �6ULQLYDV� YH�3DWQDLN�� ������

*$� WDUDIÕQGDQ� �UHWLOHQ� KHU� ELU� NURPR]RP�� DGD\� o|]�P� QLWHOL÷L� WDúÕPDNWDGÕU�� %X� DGD\�

o|]�POHULQ� KDQJLVLQLQ� XODúÕOPDN� LVWHQLOHQ� o|]�P� \D� GD� o|]�PH� HQ�\DNÕQ� ROGX÷X� DPDo�

IRQNVL\RQX� LOH� EHOLUOHQHELOPHNWHGLU�� $PDo� IRQNVL\RQX�� *$�DUDPDVÕ� EDúODWÕOPDGDQ� |QFH�

RSWLPL]H� HGLOPHN� LVWHQLOHQ� SUREOHPH� J|UH� \DSÕODQGÕUÕOÕU�� *LUGL� SDUDPHWUHVL� RODUDN� ELU�

NURPR]RP� DODUDN�� DOGÕ÷Õ� NURPR]RP� LoLQ� �UHWWL÷L� EDúDUÕ� \D� GD� PDOL\HW� GH÷HULQL�

G|QG�UPHNWHGLU�� $PDo�IRQNVL\RQX�� KHU�ELU�QHVLOGH�� WRSOXOXNWD� EXOXQDQ� W�P�NURPR]RPODU�

LoLQ� X\JXODQÕU�� 2SWLPL]DV\RQ� LúOHPL�� KHU�ELU�NURPR]RP� LoLQ� HOGH� HGLOHQ� GH÷HULQ� PLQLPL]H�

\D�GD�PDNVLPL]H� HGLOPH\H� oDOÕúÕOPDVÕ\OD� JHUoHNOHúWLULOPHNWHGLU�

*$� LOH� RSWLPL]H� HGLOPHN� LVWHQLOHQ� SUREOHPOHUH� IDUNOÕ� LVLPOHU� YHULOHELOPHNWHGLU�� $PDo�

�REMHFWLYH�� IRQNVL\RQX�� X\JXQOXN� �XWLOLW\� �� SURILW�� IRQNVL\RQXQGDQ� IDUNOÕ� RODUDN�� oR÷X�

SUREOHP� LoLQ� JHQHOOLNOH� ELU� PDOL\HW� �FRVW�� IRQNVL\RQXQXQ� PLQLPL]H� HGLOPHVL� DQODPÕQD�

JHOPHNWHGLU�� 0LQLPL]DV\RQ� YH� PDNVLPL]DV\RQ� SUREOHPOHUL� DUDVÕQGD� G|Q�ú�P�� GH÷HULQ�

െͳ LOH� oDUSÕOPDVÕ\OD� NROD\FD� JHUoHNOHúWLULOHELOPHNWHGLU� �*ROGEHUJ�� ������

������.ÕVÕWODUÕQ� %HOLUOHQPHVL�YH�8\JXODQPDVÕ

.ODVLN� \|QWHPGH� NÕVÕWODUÕQ� NRQWURO� HGLOHPHPHVL�� *$�LoLQ� E�\�N� ELU�]RUOXN� ROXúWXUPXúWXU�

�0LFKDOHZLF]� YH� -DQLNRZ�� ������ .RZDOF]\N�� ������� .ÕVÕWODUÕQ� EHOLUOHQPHVL�� o|]�PH�

XODúWÕUÕOPDN� LVWHQLOHQ SUREOHPLQ� o|]�P� N�PHVLQLQ� GR÷UX�EHOLUOHQHELOPHVL� LoLQ� |QHPOLG LU��

.ÕVÕWODU� VD\HVLQGH�� o|]�P� X]D\ÕQÕQ� VÕQÕUODUÕ� EHOLUOHQHELOHFH÷L� JLEL�� o|]�P� X]D\Õ� LoHULVLQGH�

NDODQ� DQFDN�DUDPD�\DSÕOPDPDVÕ� JHUHNHQ� E|OJHOHU� GH�WDQÕPODQDELOLU�

.ÕVÕW� DOWÕQGDNL� ELU� DPDo� IRQNVL\RQX�

.ÕVÕWODU�
����

��� ݖ ൌ ݂ሺݔԦሻ ���



��

௝݃ ሺݔԦሻ ൒ Ͳǡ ݆ ൌ ͳǡ ǥܬǡ

݄௞ሺݔԦሻ ൌ Ͳǡ ݇ ൌ ͳǡǥ ǡ ǡܭ

௜ݔ
௟ ൑ ௜ݔ ൑ ௜ݔ

௨ǡ ݅ ൌ ͳǡ ǥ ǡ ݊Ǥ

RODUDN� WDQÕPODQÕU�� %XUDGDݔ�Ԧ��݊ ER\XWOX� NDUDU� GH÷LúNHQL� YHNW|U��� ܬ ELOLQPH\HQOHU� YHNW|U��

VD\ÕVÕ�� ܭ LVH�HúLWOLN� NÕVÕWODUÕQÕQ� VD\ÕVÕQÕ� J|VWHUPHNWHGLU�� ݂ሺݔԦሻ DPDo� IRQNVL\RQXQX�� ௝݃ ሺݔԦሻ��

M�� HúLWVL]OLN� NÕVÕWÕQÕ�� ݄௞ሺݔԦሻ LVH� N�� HúLWOLN� NÕVÕWÕQÕ� J|VWHUPHNWHGLU�� ݅Ǥ GH÷LúNHQ� ሾݔ௜
௟ǡݔ௜

௨ሿ

DUDOÕ÷ÕQGD� GH÷HU� DOPDNWDGÕU� �'HE��������

0LFKDOHZLF]� YH -DQLNRZ� �������� oDOÕúPDVÕQGD� NÕVÕW� DOWÕQGDNL� ݂ሺݔଵǡݔଶǡ ǥ ǡ ௤ሻݔ

IRQNVL\RQXQXQ� VDKLS� RODELOHFH÷L� W�P� NÕVÕWODUÕ�

�� $ODQ�NÕVÕWODUÕ� ݅ ൌ ͳǡʹǡ ǥ ǡ ݍ LoLQ� ݈௜ ൑ ௜ݔ ൑ ௜ݑ NÕVÕWÕ�� Ԧ݈ ൌ ଵǡ݈ۃ ǥ ǡ ݈௤ݑ��ۄሬԦ ൌ ଵǡǥݑۃ ǡ ��ۄ௤ݑ

Ԧݔ ൌ ଵǡǥݔۃ ǡ ௤ݔ �ROPDNۄ �]HUH� ݈పሬሬԦ ൑ పሬሬሬԦݔ ൑ పሬሬሬԦݑ

�� (úLWOLNOHU� Ԧݔ ൌ ଵǡǥݔۃ ǡ ൌ$��ۄ௤ݔ ሺܽ௜௝ሻ�� ሬܾԦ ൌ ଵǡܾۃ ǥ ǡ ܾ௣ۄ��ͳ ൑ ݅ ൑ ��݌ ͳ ൑ ݆ ൑ ݍ YH� ݌

HúLWVL]OLN� VD\ÕVÕ� ROPDN� �]HUH� Ԧݔܣ ൌ ሬܾԦ

�� (úLWVL]OLNOHU� Ԧݔ ൌ ଵǡǥݔۃ ǡ ܥ��ۄ௤ݔ ൌ ሺܿ௜௝ሻ�� Ԧ݀ ൌ ଵǡ݀ۃ ǥ ǡ ݀௠ۄ��ͳ ൑ ݅ ൑ ݉��ͳ ൑ ݆ ൑ ݍ YH�

P�HúLWVL]OLN� VD\ÕVÕ� ROPDN� �]HUHݔܥ�Ԧ ൑ Ԧ݀

RODUDN� WDQÕPODPÕúWÕU�

.ÕVÕWODU�� WRSOXOX÷XQ� X\JXQ� o|]�P� N�PHVL� LoHULVLQGH� NDOPDVÕQÕ� VD÷OD\DELOPHNWHGLU�� .ÕVÕWOÕ�

SUREOHPOHUGH� RSWLPXP� QRNWD� JHQHOGH� NÕVÕWODUOD� ROXúWXUXODQ� VÕQÕUODU� \DNÕQÕQGDGÕU� �/H�

5LFKH�� .QRSI�/HQRLU� YH�+DIWND�� �������'ROD\ÕVÕ\OD� NÕVÕW� LoHUHQ�SUREOHPOHUGH� EX�NÕVÕWOD U ÕQ�

WDQÕPODQPDVÕ�� o|]�PH� XODúPDGD� |QHP� WDúÕ\DELOPHNWHGLU�

.ÕVÕWODUÕQ� X\JXODQPDVÕ� YH�NÕVÕWODUD� X\PD\DQ� NURPR]RPODUD� X\JXODQDFDN� LúOHPOHUOH� LOJLO L�

oHúLWOL� oDOÕúPDODU� EXOXQPDNWDGÕU� �0LFKDOHZLF]� YH�-DQLNRZ��������.RZDOF]\N�� ������'HE��

������&RHOOR�YH�0RQWHV�� ������&KRRWLQDQ� YH�&KHQ��������/L��:DQJ��<DQJ�YH�&DL���������

.ÕVÕWODUÕQ� X\JXODQPDVÕQGD� \D\JÕQ� RODUDN�� ]RUODPD� �+DUG� &RQVWUDLQW�� YH� FH]DODQGÕUPD�

�6RIW� &RQVWUDLQW�� \|QWHPOHUL� NXOODQÕOPDNWDGÕU� �$UHQDV� YH� GL÷��� ������� =RUODPD�

\|QWHPLQGH�� X\JXQ� o|]�P� N�PHVL� GÕúÕQD� oÕNDQ� ELU� DGD\� o|]�P�Q�� WHNUDU� X\JXQ� o|]�P�



��

N�PHVL� LoHULVLQH� G|QG�U�OPHVL� VD÷ODQPDNWDGÕU�� %|\OHFH� WRSOXOXNWDNL� NURPR]RPODU� W�P�

QHVLOOHUGH� X\JXQ� o|]�P� N�PHVL� LoLQGH� NDOPDNWDGÕU�� &H]DODQGÕUPD� \|QWHPL� LVH� EX�NRQXGD�

ELUD]� GDKD�HVQHNWLU�� %X�\|QWHPGH� X\JXQ� o|]�P� N�PHVL� GÕúÕQD� oÕNDQ� DGD\� o|]�POHU�� ELU�

FH]D�SXDQÕ� DOÕUODU� �2UYRVK� YH�'DYLV�� �������&H]D�SXDQÕ�� DGD\�o|]�P�Q� VRQUDNL� QHVLOOHUGH�

\HU� DODELOPH� RODVÕOÕ÷ÕQÕ� ROGXNoD� G�ú�UPHNWHGLU�� %X� VD\HGH� GR÷DO� RODUDN� X\JXQ� o|]�P�

N�PHVL� GÕúÕQD� oÕNDQ� DGD\�o|]�POHU� JHQHOOLNOH� WRSOXOXNWDQ� HOHQPHNWHGLU�� $QFDN�G�ú�N�ELU�

RODVÕOÕNOD� EX�o|]�POHU� GH�\HQL� QHVLOGH� \HU� DODELOLU�� KDWWD� WRSOXOXN� LoHULVLQGH� GDKD�EDúDUÕOÕ�

DGD\� o|]�POHULQ� HOGH� HGLOPHVLQH� RODQDN� VD÷OD\DELOLUOHU�� %X� VHEHSOH� DGD\� o|]�POH U LQ��

X\JXQ� o|]�P� N�PHVL� GÕúÕQD� oÕNPDVÕQD� L]LQ� YHUPHN�� VRQXFXQ� EDúDUÕVÕQD� \DUGÕPFÕ� RODELOLU�

�2UYRVK� YH�'DYLV�� �������&H]DODQGÕUPD� \|QWHPL�� NÕVÕWODUÕQ� X\JXODQPDVÕQGD� GDKD� L\L� ELU�

o|]�P� JLEL� J|U�OPHNWHGLU�� *HQHO� \DNODúÕP� RODUDN� GD� FH]DODQGÕUPDQÕQ� NXOODQÕOG Õ÷Õ�

J|U�OPHNWHGLU� �/H� 5LFKH�� .QRSI�/HQRLU� YH� +DIWND�� ������� $\UÕFD� ]RUODPD� \|QWHPLQL�

FH]DODQGÕUPD� \|QWHPLQH� G|Q�úW�UPHN� GH�P�PN�QG�U� �0DUWLQH]� YH�)DJHV��������

$UDPD� LúOHPLQH� EDúODPDGDQ� |QFH� SUREOHP� LOH� LOJLOL� ELOLQHQ� W�P� NÕVÕWODUÕQ� X\JXODQPDVÕ�

]DPDQ� YH� ELOJLVD\DU� J�F�� PDOL\HWLQL� D]DOWDFDNWÕU�� $\UÕFD� SUREOHPLQ� PRGHOOHQPHVL�

HVQDVÕQGD� EHOLUOHQHPH\HQ� NÕVÕWODU�� o|]�P� DUDQÕUNHQ� DNÕOOÕ� NÕVÕW� WDQÕPODPDVÕ\OD�

EHOLUOHQHELOLU�� $NÕOOÕ� NÕVÕW� LOH� o|]�P� X]D\ÕQGD� X\JXQOXN� GH÷HUL� G�ú�N� E|OJHOHU LQ�

EHOLUOHQPHVL� VD÷ODQDELOPHNWHGLU�� %X� VD\HGH� X\JXODPD� HVQDVÕQGD� o|]�P� X]D\ÕQGD�

EXOXQDQ� EDúDUÕVÕ]� DODQODU� NÕVÕWODQDELOLU� �9LSLQ�� ������

������dRN�$PDoOÕ� *HQHWLN�$OJRULWPDODU

%X� E|O�PH� NDGDU�*$¶QÕQ� WHN�ELU� DPDo� IRQNVL\RQXQX� RSWLPL]H� HWPHVL\OH� LOJLOL� ELOJLOHU�

VXQXOGX�� )DNDW� ELUOHúWLULOHUHN� ELU� IRQNVL\RQ� RODUDN� LIDGH� HGLOHPH\HQ� ELUGHQ� ID]OD� DPDo�

IRQNVL\RQXQD� VDKLS� SUREOHPOHUOH� NDUúÕODúÕODELOPHVL� GH�P�PN�QG�U�� %X� WDU]� SUREOHPOHUH�

oRN� DPDoOÕ� �PXOWLREMHFWLYH�� YH\D� oRN�NULWHUOL� �PXOWLFULWHULD�� SUREOHP� DGÕ� YHULOPHNWHG LU�

�*ROGEHUJ�� �������dRN�DPDoOÕ� RSWLPL]DV\RQ� SUREOHPOHULQGH�� DPDo�IRQNVL\RQODUÕ� D\UÕ� D\UÕ�

HOH� DOÕQGÕNODUÕQGD� JHUoHNoL� ELU� o|]�PH� XODúÕODPDPDNWDGÕU� �*KRVK� YH�'HKXUL�� �������%X�

VHEHSOH� oRN� DPDoOÕ� RSWLPL]DV\RQ� SUREOHPOHULQGH� IDUNOÕ� \DNODúÕPODU� NXOODQÕOPDV Õ�

JHUHNPHNWHGLU�

.ÕVÕWODU�



��

௝݃ ሺݔሻ ൒ Ͳǡ ݆ ൌ ͳǡ ʹǡǥ ǡ Ǣܬ

݄௞ሺݔሻ ൌ Ͳǡ ݇ ൌ ͳǡʹǡ ǥ ǡ Ǣܭ

ݔ
௜

ሺ௅ሻ
൑ ௜ݔ ൑ ௜ݔ

ሺ௎ሻ
ǡ ݅ ൌ ͳǡʹǡ ǥ ǡ ݊

����

RODUDN�EHOLUOHQHQ� ELU� oRN�DPDoOÕ� RSWLPL]DV\RQ� SUREOHPLQGH� DPDo�IRQNVL\RQX�

��� ש ��� ௠݂ሺݔ௜ሻǡ ݉ ൌ ͳǡʹǡǥ ǡܯǢ ����

RODUDN� J|VWHULOPHNWHGLU�� %XUDGD� ��௜ݔ ݔ א ܴ௡ ROPDN� �]HUH� ELU� ௜ݔ ൌ ሺݔଵǡ ଶǡǥݔ ǡ ௡ሻݔ
்

YHNW|U�Q�� LIDGH� HWPHNWHGLU� �'HE��������

2SWLPL]H� HGLOPHN� LVWHQLOHQ� SUREOHPLQ� oRN� DPDoOÕ� RSWLPL]DV\RQ� SUREOHPL� ROPDVÕ�

GXUXPXQGD� W�P� DPDo� IRQNVL\RQODUÕQÕ� D\QÕ� DQGD� RSWLPL]H� HGHQ� o|]�P�Q� DUDQPDVÕ�

JHUHNPHNWHGLU�� $PDo� IRQNVL\RQODUÕQÕQ� ELUOHúWLULOHUHN� WHN�ELU� DPDo� IRQNVL\RQX� RODUDN� HOH�

DOÕQDELOPHVL�� SUREOHPLQ� GDKD� NROD\� o|]�OHELOPHVLQL� VD÷OD\DELOLU�� $QFDN� ED]Õ�

SUREOHPOHUGH� W�P� DPDo� IRQNVL\RQODUÕ� D\QÕ� o|]�P� |QHULVL\OH� RSWLPL]H� ROPD\DELOLU�� 7�P�

DPDo� IRQNVL\RQODUÕQÕQ� D\QÕ� DQGD� RSWLPXP� o|]�PH� XODúPDVÕQD� L]LQ� YHUHQ� ELU� o|]�P�

ROPDPDVÕ� GXUXPXQD� DPDoODUÕQ� oDWÕúPDVÕ� �REMHFWLYH� FRQIOLFW�� DGÕ YHULOPHNWHGLU� �+DQV��

�������%LU� DPDo�IRQNVL\RQX� LoLQ� HQ�L\L\H� XODúÕUNHQ� EDúND�ELU� DPDo� IRQNVL\RQX� GDKD�N|W��

VRQXo� �UHWL\RUVD� EXUDGD� DPDoODUÕQ� oDWÕúPDVÕQGDQ� V|]� HGLOHELOLU�� %|\OH� GXUXPODUGD�

RSWLPXP� o|]�P�� EXOPDN GDKD� NDUPDúÕN� KDOH� JHOPHNWHGLU�� /LWHUDW�UGH� EX� JLEL�

GXUXPODUGD� o|]�PH� XODúÕODELOPHVL� LoLQ� |QHULOPLú� \|QWHPOHU� EXOXQPDNWDGÕU�� 6ÕN�

NXOODQÕODQ� oRN�DPDoOÕ� JHQHWLN� DOJRULWPD� \|QWHPOHUL�

x 9(*$� �9HFWRU�(YDOXDWHG� *HQHWLF� $OJRULWKP�

x $PDoODUÕ� $÷ÕUOÕNODQGÕUDUDN� 7RSODPD� <|QWHPL� �:HLJKWHG� 6XP�0HWKRG�

x 02*$��0XOWL� 2EMHFWLYH� *HQHWLF� $OJRULWKP�

x 13*$��1LFKHG�3DUHWR�*HQHWLF� $OJRULWKP�

x 16*$��1RQ�'RPLQDWHG� 6RUWLQJ� *HQHWLF� $OJRULWKP�

x 63($��6WUHQJK� 3DUHWR�(YROXWLRQDU\� $OJRULWKP�

x 13*$��

x 16*$�,,



��

úHNOLQGH� VÕUDODQDELOLU� �0DUOHU� YH�$URUD��������7DERDGD�YH�&RLW��������

/LWHUDW�UGH� NDUúÕODúÕODQ LON� oRN� DPDoOÕ� SUREOHP� o|]PH� \|QWHPL� 6FKDIIHU ������

WDUDIÕQGDQ� JHOLúWLULOHQ� 9(*$
GÕU�� 6FKDIIHU�� 9(*$� LOH� KHU� DPDo� IRQNVL\RQX� LoLQ� D\UÕ� D\UÕ�

VHoLOLP� X\JXOD\DQ� ELU� PRGHO� VXQPXúWXU�� <|QWHPGH�� HúOHúPH� KDYX]X� ݊ HúLW� SDUoD\D�

E|O�QPHNWHGLU�� ݅Ǥ SDUoDVÕ�� ݅Ǥ DPDo� IRQNVL\RQXQD J|UH� WRSOXOXNWDQ UDVWJHOH� VHoLOHQ�

NURPR]RPODUGDQ� ROXúXU�� $UGÕQGDQ�� HúOHúPH� KDYX]X� ELUOHúWLULOHUHN� oDSUD]ODPD� YH�

PXWDV\RQ� X\JXODQÕU�� 6FKDIIHU� EX� \|QWHPL� X\JXQOXN� RUDQOÕ� VHoLOLP� LOH� ELUOLNWH�

X\JXODPÕúWÕU �=LW]OHU� YH�7KLHOH�� ������ 7RSOXOXN� ER\XWX�ܰ LVH��KHU�ELU�DPDo�LoLQ� HOH�DOÕQDQ�

DOW� WRSOXOXNODUÕQ� ER\XWX�ܰȀ݊ NDGDU�ROPDNWDGÕU �)RQVHFD�YH�)OHPLQJ�� ������

$÷ÕUOÕNODQGÕUDUDN� WRSODPD� \|QWHPL� �:HLJKWHG� VXP� PHWKRG��� oRN�DPDoOÕ� RSWLPL]DV\RQGD�

HQ� WHPHO�� EDVLW� YH� \D\JÕQ� \|QWHPGLU� �6ULQLYDV� YH� 'HE�� ������0DUOHU� YH� $URUD�� �������

+DMHOD� YH�/LQ� �������WDUDIÕQGDQ� RUWD\D�NRQXODQ� EX�\|QWHP�� KHU�ELU�DPDo� IRQNVL\RQXQGDQ�

HOGH� HGLOHQ� GH÷HULQ�� ELU� NDWVD\Õ� LOH� oDUSÕOGÕNWDQ� VRQUD� WRSODQDUDN� VNDOHU� ELU� GH÷HU� HOGH�

HGLOPHVLQL� NDSVDPDNWDGÕU�� (OGH� HGLOPHN� LVWHQLOHQ� GH÷HU�� ݅ WDQH� DPDo� IRQNVL\RQX� ROPDVÕ�

GXUXPXQGD�� Ͳ ൏ ௜ݓ ൏ ͳ YH�σݓ௜  ���ROPDN� �]HUH�� σݓ௜ ௜݂ሺݔሻ HúLWOL÷L� LOH� KHVDSODQDELO LU�

�=LW]OHU� YH� 7KLHOH�� ������� %X�� ELU� QHYL� DPDo� IRQNVL\RQX VD\ÕVÕ� LQGLUJHPH� RODUDN�

J|U�OHELOLU�� +HU� ELU� DPDo� IRQNVL\RQXQXQ� ELUELULQGHQ� ED÷ÕPVÕ]� VNDOHU� GH÷HUL� PHYFXWNHQ�

HOH�DOÕQDQ� \|QWHPOH� DPDo� IRQNVL\RQODUÕ� ELUOHúWLULOHUHN� WHN�ELU� GH÷HU�HOGH�HGLOHELOPHNWHG LU��

%|\OHFH� *$�� DPDo� IRQNVL\RQODUÕQÕQ� D÷ÕUOÕNOÕ� WRSODPÕQGDQ� ROXúDQ� WHN�ELU� VNDOHU� GH÷HUL�

RSWLPL]H� HWPHNWHGLU�� $÷ÕUOÕNODQGÕUDUDN� WRSODPD� \|QWHPL�� ELUELUOHULQH� �VW�QO�÷�� RODQ�

DPDo�IRQNVL\RQODUÕ� LoHUHQ� RSWLPL]DV\RQ� SUREOHPOHULQGH� DYDQWDMOÕ� ELU�\|QWHPGLU� �6ULQLYDV�

YH�'HE���������

$÷ÕUOÕNODQGÕUDUDN� WRSODPD� \|QWHPLQLQ� ED]Õ� GH]DYDQWDMODUÕ� GD�EXOXQPDNWDGÕU�� gQH�oÕNDQ���

GH]DYDQWDM� 6ULQLYDV� YH� 'HE� ������� WDUDIÕQGDQ� YXUJXODQPÕúWÕU�� %LULQFL� GH]DYDQWDM��

D÷ÕUOÕNODUÕQ� NHVLQ�RODUDN�EHOLUOHQPHVLQLQ� ]RU�ROPDVÕGÕU�� )DUNOÕ� D÷ÕUOÕNODU� EHOLUOH\HQ� ELU�NLúL��

D\QÕ� SUREOHP� LoLQ� oRN� GDKD� IDUNOÕ� ELU� o|]�PH� XODúDELOHFHNWLU�� øNLQFL� GH]DYDQWDM�� EX�

\|QWHP� LOH� EDúDUÕOÕ� ROPDVÕ� PXKWHPHO� ELU� o|]�P� N�PHVL� GH÷LO�� WHN� ELU� o|]�P� HOGH�

HGLOHELOPHVLGLU�� $QFDN� EX� GXUXP�� ELU� o|]�P� N�PHVL� \HULQH� WHN� ELU� o|]�PH� XODúÕOPDN�

LVWHQLOGL÷LQGH� DYDQWDM� RODUDN� J|U�OHELOLU�� ho�QF�� GH]DYDQWDM� LVH�� D÷ÕUOÕNODUÕ� WXWDUOÕ� YH�

V�UHNOL� RODUDN� GH÷LúWLUPHQLQ�� 3DUHWR�RSWLPDO� QRNWDODUÕQ� G�]J�Q� ELU� GD÷ÕOÕPÕQÕ� YH�3DUHWR�



��

RSWLPDO� N�PHQLQ� LVDEHWOL�GR÷UX� YH� WDP� ELU� WHPVLOLQL� PXWODND� YHUHFH÷L� DQODPÕQD�

JHOPHPHVLGLU�

)RQVHFD�YH�)OHPLQJ� ��������oRN�DPDoOÕ� *$
ODU� LoLQ� 02*$�DGÕQGD�� VÕUDODPD� WHPHOOL� ELU�

X\JXQOXN� GH÷HUOHQGLUPH� \|QWHPL� |QHUPLúWLU�� 8\JXQOXN� GH÷HUOHQGLUPH� \|QWHPLQLQ�� KDULFL�

ELU� NDUDU� YHULFL� JLEL� DUD\D� JLUHUHN� GH÷LúLNOLN� \DSDELOPHVLQH� L]LQ� YHULOPLúWLU�� 02*$� LOH�

o|]�P� WHN�ELU� GH÷HU� RODUDN GH÷LO�� ELUELULQGHQ� GDKD� L\L� ROPD\DQ� GH÷HUOHU� N�PHVL� RODUDN�

HOGH� HGLOLU�� d|]�P� |QHULOHUL� ELUELUOHUL\OH� G�ú�N�� \�NVHN� YH� G�ú�N� GH÷LO� RODUDN�

NÕ\DVODQPDNWDGÕU�� +HU� ELUL� GL÷HULQGHQ� GDKD� N|W�� ROPD\DQ� o|]�POHU� N�PHVL�� 3DUHWR�

RSWLPDO� N�PH�RODUDN� DGODQGÕUÕOPDNWDGÕU��

ùHNLO������ 3DUHWR�2SWLPDO�.�PHVL�

5RELQVRQ� �������WDUDIÕQGDQ� VXQXODQ� úHNOLQ� UHIHUDQV� DOÕQPDVÕ\OD� ROXúWXUXOPXú� RODQ� ùHNLO�

������ LNL� DPDo� IRQNVL\RQOX� ELU� PLQLPL]DV\RQ� SUREOHPL� LoLQ� HOH� DOÕQDQ� DGD\� o|]�POH U L�

VXQPDNWDGÕU�� dL]JL\OH� ELUOHúWLULOPLú� o|]�P� |QHULOHUL�� HOHPDQODUÕQGDQ� KLoELUL� ELUELULQGHQ�

GDKD� L\L� ROPD\DQ� ELU� SDUHWR�RSWLPDO� N�PH\L� J|VWHUPHNWHGLU�� %X� N�PH� LoHULVLQGHNL� W�P�

DGD\� o|]�POHU� X\JXQ� o|]�P� RODUDN�J|U�OPHNWH�� DPDo� IRQNVL\RQODUÕQÕQ� |QFHOL÷L� GLNNDWH�

DOÕQDUDN� X\JXQ� o|]�P� VHoLPL� \DSÕOPDVÕ� JHUHNPHNWHGLU�

13*$ DGÕ� YHULOHQ� \|QWHP�� VHoLOLP� RSHUDW|U�� �]HULQGH� L\LOHúWLUPH� \DSÕODUDN�

JHUoHNOHúWLULOPLúWLU�� 7XUQXYD� VHoLOLPLQGH� HOH� DOÕQDFDN� NURPR]RP� VD\ÕVÕ�� ELU� SDUDPHWUH

GH÷HUL� RODUDN� WDQÕPODQPDNWDGÕU�� %X� VD\Õ HQ� D]� ��RODUDN� VHoLOLU�� 7XUQXYD� VHoLOLPL� oRN�

DPDoOÕ� RSWLPL]DV\RQ� SUREOHPLQGH� NXOODQÕOGÕ÷ÕQGD SDUHWR� EDVNÕQ� WXUQXYDODU� �3DUHWR�



��

'RPLQDWHG� 7RXUQDPHQWV� \D�GD EDVNÕQ� ROPD\DQ� WXUQXYD� �1RQ�'RPLQDWHG� 7RXUQDPHQW�

RUWD\D� oÕNPDNWDGÕU �+RUQ�� 1DISOLRWLV� YH�*ROGEHUJ�� ������

7XUQXYD� VHoLOLPLQGH� HOH� DOÕQDQ� DGD\� o|]�POHU� LoHULVLQGHQ�� X\JXQOXN�PDOL\HW� GH÷HUL�

RSWLPXPD� GDKD� \DNÕQ� RODQ� NURPR]RP� VHoLOPHNWHGLU�� $QFDN� EX� GXUXP�� DPDo� YH�

WRSOXOXNWDNL� NURPR]RP� VD\ÕVÕQÕQ� DUWPDVÕ� GXUXPXQGD� EDúDUÕOÕ� ELU� \|QWHP� ROPDNWDQ�

oÕNPDNWDGÕU�� %XQXQ� \HULQH�� GH÷HUOHQGLULOPHN� �]HUH� VHoLOHQ� LNL� NURPR]RPXQ� \DQÕ� VÕUD�

NDUúÕODúWÕUÕODELOPHOHUL� LoLQ� UDVWJHOH� ELU� NURPR]RP� N�PHVL� GH� UHIHUDQV� RODUDN�

VHoLOPHNWHGLU�� 'H÷HUOHQGLULOHFHN� LNL� NURPR]RP�� EX� VHWWHNL� NURPR]RPOD U OD�

NDUúÕODúWÕUÕOPDNWDGÕU�� (OH� DOÕQDQ� NURPR]RPODUGDQ� ELUL� NDUúÕODúWÕUPD� N�PHVLQGHQ� L\L� GH÷LO��

GL÷HU� NURPR]RP� L\L� LVH�� LNLQFL� NURPR]RP� VRQUDNL� QHVLOH� XODúPD\D� KDN� ND]DQPDNWDG ÕU��

øNLVLQLQ� GH� L\L� ROPDVÕ� \D� GD� LNLVLQLQ� GH� L\L� ROPDPDVÕ� GXUXPXQGD� SD\ODúÕP� V�UHFLQH�

EDúYXUXOPDNWDGÕU� �+RUQ�� 1DISOLRWLV� YH�*ROGEHUJ�� �������8\JXQOXN� SD\ODúÕPÕQÕQ� DPDFÕ��

WRSOXOX÷X� DUDPD�X]D\ÕQGDNL� IDUNOÕ� \�NVHN�E|OJHOHUH� GD÷ÕWPDNWÕU�� %|\OHFH� KHU� ELU� \�NVHN�

E|OJH�� \�NVHNOL÷L\OH� RUDQWÕOÕ� PLNWDUGD� WRSOXOX÷D� VDKLS� RODELOPHNWHGLU�� +HU� ELU� \�NVHOWL��

QLú� �QLFKH�� RODUDN�GD�DQÕOPDNWDGÕU�� 7XUQXYD� VHoLOLPLQGH� HOH� DOÕQDQ� LNL� NURPR]RPXQ� LNLVL�

GH�NDUúÕODúWÕUPD� N�PHVLQGHQ� L\L� \D� GD� LNLVL� GH�N|W�\VH� NURPR]RPODUÕQ� QLúOHUL� NRQWURO�

HGLOLU�� 'H÷HUOHQGLUPHGHNL� LNL� NURPR]RPGDQ� KDQJLVLQLQ� EXOXQGX÷X� QLúWH� GDKD� D]�

NURPR]RP� YDUVD�� R� NURPR]RP� WXUQXYD\Õ� ND]DQPÕú� VD\ÕOPDNWDGÕU� �=LW]OHU� YH� 7KLHOH��

�������$OJRULWPD� JHOLúWLULOHUHN� 13*$���DGÕ\OD� OLWHUDW�UGH� \HU� DOPÕúWÕU� �(ULFNVRQ�� 0D\HU�

YH�+RUQ�� ������7DERDGD�YH�&RLW��������

=LW]OHU� YH�7KLHOH� ������� WDUDIÕQGDQ� RUWD\D� DWÕODQ� 63($�\|QWHPL�� WRSOXOX÷XQ� �ܲ�� GÕúÕQGD�

SDUHWR�RSWLPDO� o|]�POHULQ� EXOXQDFD÷Õ� KDULFL� ELU� WRSOXOXN� �ܲԢ��GDKD�EXOXQGXUPDN� �]HULQH�

NXUXOXGXU�� ܲ
GHNL� SDUHWR�RSWLPDO� o|]�POHU�� ܲԢ LoHULVLQH� NRS\DODQPDNWDGÕUODU�� <|QWHPGH�

X\JXQOXN� GH÷HUL�� WRSOXOXN� E�\�NO�÷�\OH� RUDQWÕOÕ� ELU� NXYYHW� GH÷HUL� \DUGÕPÕ\OD�

KHVDSODQPDNWDGÕU�� =LW]OHU�� /DXPDQQV� YH� 7KLHOH� �������� 63($� \|QWHPLQL� JHOLúWLUHUHN�

63($��\|QWHPLQL� OLWHUDW�UH� NDWPÕúWÕU�

16*$�\|QWHPL�� \DOQÕ]FD� VHoLOLP� RSHUDW|U�Q�Q� NODVLN� *$� VHoLOLP� RSHUDW|U�QGHQ� IDUNOÕ�

oDOÕúPDVÕ� LOH� D\UÕOPDNWDGÕU� �6ULQLYDV� YH�'HE���������%X�\|QWHPGH� GH÷HUOHQGLUPH�� ELUGHQ�

ID]OD� DGÕPGDQ� ROXúPDNWDGÕU�� gQFHOLNOH� SDUHWR� \�]H\LQGHNL� �SDUHWR� IURQW�� o|]�POHU�

EHOLUOHQPHNWH�� WHPVLOL� RODUDN� HúLW� X\JXQOXN� GH÷HUL� DOPDNWDGÕU�� %X� NURPR]RPODU� V�UHFLQ�

GHYDPÕQGD� GLNNDWH� DOÕQPD]�� $WDQDQ� WHPVLOL� X\JXQOXN� GH÷HUL�� ROXúDQ� \HQL� SDUHWR�
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\�]H\LQGH� EXOXQDQ� HQ�N�o�N� X\JXQOXN� GH÷HULQGHQ� GDKD� D]� RODUDN� EHOLUOHQPHNWHGLU�� %X�

G|QJ��� WRSOXOXNWDNL� W�P� ELUH\OHUH� X\JXODQDQD� NDGDU� GHYDP� HWPHNWH� YH� EX� VD\HGH� W�P�

WRSOXOXN� VÕQÕIODQGÕUÕOPÕú� ROPDNWDGÕU� �=LW]OHU� YH�7KLHOH�� �������

'HE� �������� 16*$¶QÕQ� GH]DYDQWDMODUÕQD� YXUJX� \DSDUDN� 16*$�,,� DOJRULWPDV ÕQÕ�

|QHUPLúWLU�� 16*$�,,� DOJRULWPDVÕQGD�� EDúODQJÕo� RODUDN� UDVWJHOH� ELU� ܲ଴ WRSOXOX÷X� �UHWLOLU��

.URPR]RPODU�� 3DUHWR�RSWLPDO� GXUXPODUÕQD� J|UH�VÕQÕIODQGÕUÕOÕU�� $UGÕQGDQ� NURPR]RPODUD��

VÕQÕIODQGÕUPD VHYL\HOHUL� LOH� RUDQWÕOÕ� ELU� VÕUD� GH÷HUL�� X\JXQOXN� GH÷HUL� RODUDN� DWDQÕU� �HQ� L\L��

��� GDKD� D]� L\L�� ��� ������ øNLOL� WXUQXYD� VHoLOLPL�� oDSUD]ODPD� YH� PXWDV\RQ� RSHUDW|UOHUL�

X\JXODQDUDN� ܰ ER\XWOX� ܳ଴ WRSOXOX÷X� ROXúWXUXOXU�� (OLWL]P� X\JXODQÕU�� ����MHQHUDV\RQGDݐ ௧ܲ

YH� ௧ܳ WRSOXOXNODUÕ� ELUOHúWLULOHUHN� ܴ௧ WRSOXOX÷X� ROXúWXUXOXU�� %|\OHFH� ܴ௧ WRSOXOX÷X� ʹܰ

ER\XWXQD� VDKLS� ROXU�� ܴ௧�� SDUHWR�RSWLPDO� GXUXPD� J|UH� VÕUDODQÕU�� (Q� L\L� SDUHWR�RSWLPDO�

o|]�POHUL� N�PHVL�� ௧ܲାଵ��WRSOXOX÷X� ROXúWXUXU� �'HE�YH� GL÷��� ������
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(OH� DOÕQDQ ELU� YHUL� VHWLQH� DLW� YHUL� \DSÕVÕQÕQ�� LOLúNLVHO� YHUL�PRGHOLQH� X\JXQ� KDOH� JHWLULOPHV L

YHUL� \DSÕVÕQÕQ� VÕUDVÕ\OD� QRUPDO� IRUPODUD� X\JXQ� KDOH� JHWLULOPHV L\OH�

JHUoHNOHúWLULOHELOPHNWHGLU �%DúOÕN� ��������%LU� YHUL� \DSÕVÕQÕQ� VHoLOHQ� ELU� QRUPDO� IRUPGD�

VD\ÕODELOPHVL� LoLQ� QRUPDO� IRUP� LOH EHOLUOHQHQ� NXUDOODUD� X\JXQ� ROPDVÕ� JHUHNPHNWHGLU�� %X�

NXUDOODU� JHQHOOLNOH� YHULWDEDQÕ� WDVDUÕPFÕVÕ� WDUDIÕQGDQ� NDUDU�YHULOPHVL� JHUHNHQ� P�GDKDOH OHU�

LOH� X\JXODQPDNWDGÕU�� %X�GXUXP�� LúOHPLQ� |]QHO� ELU� V�UHo�ROPDVÕQD VHEHS�ROPDNOD� ELUOLNWH��

IDUNOÕ� WDVDUÕPFÕODU� WDUDIÕQGDQ� D\QÕ� YHUL� VHWL� LoLQ� IDUNOÕ� WDVDUÕPODU� HOGH�HGLOPHVLQH GH�VHEHS�

RODELOPHNWHGLU�� 6�UHFLQ� WDVDUÕPFÕGDQ� ED÷ÕPVÕ]�� WDPDPHQ� NXUDOODUD� ED÷OÕ� RODELOPHV L�

QRUPDOL]DV\RQ� V�UHFLQLQ� RWRPDWLN� KDOH�JHWLULOPHVL\OH� P�PN�Q� RODELOLU�

*HUoHNOHúWLULOHQ� OLWHUDW�U� LQFHOHPHVLQGH�� RWRPDWLN� QRUPDOL]DV\RQ� oDOÕúPDODU Õ\OD�

NDUúÕODúÕOPÕúWÕU� �%DúOÕN� �������� %X� oDOÕúPDODUGD� J|U�OHQ� RUWDN� HNVLNOLN�� RWRPDWLN�

QRUPDOL]DV\RQ� V�UHFLQLQ� JHUoHNOHúHELOPHVL� LoLQ� IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕQ� NXOODQÕF Õ�

WDUDIÕQGDQ� WDQÕPODQPÕú� ROPDVÕGÕU�� %X� GXUXPGD� QRUPDOL]DV\RQ� V�UHFL� WDQÕPODQDQ�

IRQNVL\RQHO� ED÷ÕPOÕOÕNODUD� GROD\ÕVÕ\OD� WDVDUÕPFÕQÕQ� NDUDUODUÕQD� ED÷OÕ� RODUDN�

JHUoHNOHúHFHNWLU�

*HUoHNOHúWLULOHQ� WH]� oDOÕúPDVÕQGD� WDVDUÕPFÕQÕQ� HWNLVLQLQ� WDPDPHQ� RUWDGDQ� NDOGÕUÕOPDV Õ��

EX� VD\HGH RWRPDWLN� QRUPDOL]DV\RQXQ� \DOQÕ]FD� HOH� DOÕQDQ� KDP� YHUL� VHWLQH� ED÷OÕ� RODUDN�

JHUoHNOHúWLULOHELOPHVL� DPDoODQPÕúWÕU� 7H]� oDOÕúPDVÕ� NDSVDPÕQGD� |QHULOHQ� DOJRULWPD ��

NODVLN� \|QWHP RODQ� QRUPDO� IRUPODUOD GH÷LO�� QRUPDOL]DV\RQ� V�UHFLQLQ ELU� RSWLPL]DV\RQ�

SUREOHPL� RODUDN� HOH� DOÕQPDVÕ\OD� JHUoHNOHúWLULOPLúWLU�� dDOÕúPDQÕQ� |QHPL�� OLWHUDW�UGH�

NDUúÕODúÕODQ� RWRPDWLN� QRUPDOL]DV\RQ� oDOÕúPDODUÕ� J|]� |Q�QH� DOÕQGÕ÷ÕQGD�� WDVDUÕPF ÕQÕQ

NDUDU�YH�HWNLVLQLQ� RUWDGDQ�NDOGÕUÕOPDVÕ� YH�V�UHFLQ� WDP�RWRPDWLN� KDOH� JHWLULOPHVL� LOH� RUWD\D�

oÕNPDNWDGÕU�

�����g1(5ø/(1�$/*25ø70$

������3UREOHP

%X� GRNWRUD�WH]LQGH� HOH� DOÕQDQ� SUREOHPLQ� DPDFÕ�� LOLúNLVHO� YHULWDEDQÕ� KD]ÕUODPD� V�UHFLQGH�

QRUPDOL]DV\RQ� LúOHPLQLQ� |]QHO� RODUDN�JHUoHNOHúWLULOPHVLQGHQ� ND\QDNODQDELOHFHN� KDWDODUÕ�



��

\RN� HGHELOPHNWLU�� %XQX� JHUoHNOHúWLUHELOPHN� LoLQ� L]OHQLOHQ� \RO�� LOLúNLVHO� YHULWDEDQÕ�

QRUPDOL]DV\RQXQX� ELU�RSWLPL]DV\RQ� SUREOHPL� RODUDN�HOH�DOPDNWÕU�� (OGHNL� EX�RSWLPL]DV\RQ�

SUREOHPL�� ELUGHQ� ID]OD� DPDo� IRQNVL\RQXQXQ� D\QÕ� DQGD� RSWLPL]H� HGLOPHVLQL�

JHUHNWLUGL÷LQGHQ� oRN� DPDoOÕ� RSWLPL]DV\RQ� SUREOHPL� RODUDN� J|U�OP�úW�U�� 2SWLPL]DV\RQ�

SUREOHPLQL� ROXúWXUDQ� DOW� DPDo� IRQNVL\RQODUÕ�� %DúOÕN� ������ LoHULVLQGH� D\UÕQWÕOÕ� RODUDN�

VXQXOPXúWXU�

������3UREOHPLQ� $OW�$PDo�)RQNVL\RQODUÕ

3UREOHPLQ� DOW� DPDo� IRQNVL\RQODUÕ�� OLWHUDW�UGHNL� QRUPDOL]DV\RQ� WDQÕPÕQD� YH�GHQH\LPVH O�

oDOÕúPDODUD� GD\DOÕ� RODUDN�EHOLUOHQPLú� YH�DOW� EDúOÕNODUOD� VXQXOPXúWXU�

�������� +�FUH�6D\ÕVÕQÕQ�(Q�$]�2OPDVÕ

%LULQFL� DOW� DPDo� IRQNVL\RQX�� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQGDNL� WRSODP� K�FUH� VD\ÕVÕQÕ�

PLQLPL]H� HWPH\H� oDOÕúPDNWDGÕU�� +�FUH� VD\ÕVÕQÕQ� PLQLPL]H� HGLOHELOPHVL� LoLQ� DPDo�

IRQNVL\RQX�
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úHNOLQGH� WDQÕPODQPÕúWÕU�� %XUDGD�� ݅ ൌ ͳǡ ǥ ǡ ݊ א ܰ ROPDN� �]HUH� ݊�� DGD\� o|]�POH�

ROXúWXUXODQ� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQGDNL� WRSODP� YDUOÕN� VD\ÕVÕQÕ�� ܴ௜�� ݅Ǥ YDUOÕNWDN L�

WRSODP� VDWÕU� �ND\ÕW�� VD\ÕVÕQÕ�� ܴ௥��KDP�YHUL� VHWLQGHNL� WRSODP� VDWÕU� VD\ÕVÕQÕ�� ௜��݅Ǥܣ YDUOÕNWDN L�

WRSODP� QLWHOLN� VD\ÕVÕQÕ�� �௥��KDP�YHULܣ VHWLQGHNL� WRSODP� QLWHOLN� VD\ÕVÕQÕ� EHOLUWPHNWHGLU�

øIDGHQLQ� SD\� NÕVPÕQGD�� HOH� DOÕQDQ� DGD\� o|]�P�Q� LoHUGL÷L� W�P� YDUOÕNODUGDNL� K�FUH�

VD\ÕODUÕQÕQ� WRSODPÕ�� SD\GDGD� LVH� KDP� YHULGHNL� WRSODP� K�FUH� VD\ÕVÕ� KHVDSODQPDNWDG ÕU��

øIDGHQLQ� SD\GD� NÕVPÕ�� DPDo� IRQNVL\RQX\OD� HOGH� HGLOHFHN� GH÷HULQ� KDP� YHUL� VHWL�

E�\�NO�÷�QGHQ� ED÷ÕPVÕ]� RODELOPHVL� LoLQ� NXOODQÕOPÕúWÕU�� $GD\� o|]�PGHNL� WRSODP� K�FUH�

VD\ÕVÕ�� HOH� DOÕQDQ� YHUL\H� J|UH� oHúLWOLOLN� J|VWHUHELOLU�� $QFDN� DGD\� o|]�PGHNL� WRSODP� K�FUH�

VD\ÕVÕQÕQ� KDP� YHULGHNL� WRSODP� K�FUH� VD\ÕVÕQD� RUDQÕ�� HOGH� HGLOHFHN� GH÷HULQ� ͳ FLYDUÕQGD�

ROPDVÕQÕ� VD÷OD\DELOPHNWHGLU��
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�������� 7HNUDUOÕ�9HULQLQ�(Q�$]�2OPDVÕ

øNLQFL� DOW�DPDo� IRQNVL\RQX�� JHUHNVL]� WHNUDUOÕ� YHULQLQ� HQ�D]D�LQGLULOPHVLQL� DPDoODPDNWDG ÕU��

$OW� DPDo� IRQNVL\RQX��

ଶ݂ ൌ෍
ܴ௜ െ ሺܴௗሻ௜

ܴ௜

௡

௜ୀଵ

����

RODUDN�WDQÕPODQPÕúWÕU�� %XUDGD�� ݅ ൌ ͳǡ Ǥ Ǥ ǡ ݊ א ܰ ROPDN� �]HUH�݊��DGD\�o|]�POH� ROXúWXUXODQ�

LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQGDNL� WRSODP� YDUOÕN� VD\ÕVÕQÕ�� ܴ௜��݅Ǥ YDUOÕN� LoHULVLQGHNL� WRSODP�

VDWÕU� VD\ÕVÕQÕ�� ሺܴௗሻ௜ LVH� ݅Ǥ YDUOÕNWDNL� WRSODP� WHNUDUVÕ]�EHQ]HUVL]� �GLVWLQFW�� VDWÕU� VD\ÕVÕQÕ�

YHUPHNWHGLU�� (OH� DOÕQDQ� ELU� ݆ YDUOÕ÷ÕQÕQ� WDPDPHQ� EHQ]HUVL]� ND\ÕWODUGDQ� ROXúPDV Õ�

GXUXPXQGD�

௝ܴ ൌ ሺܴௗሻ௝ ����

RODFD÷Õ� LoLQ�

௝ܴ െ ሺܴௗሻ௝

௝ܴ

ൌ Ͳ
����

RODUDN� KHVDSODQDFDN�� EX�GXUXPGD� GD�݆ YDUOÕ÷ÕQÕQ� ଶ݂ HúLWOL÷LQH� NDWWÕ÷Õ� GH÷HU�Ͳ RODFDNWÕU��

(÷HU� ݆ YDUOÕ÷ÕQÕQ� LoHULVLQGHNL� ND\ÕWODUÕQ� WDPDPÕ� WHN�ELU� GH÷HU�DOÕ\RUVD�

ሺܴௗሻ௝ ൌ ͳ ����

RODFD÷Õ� LoLQ�

௝ܴ െ ͳ

௝ܴ

����

HúLWOL÷L� HOGH� HGLOHFHNWLU�� %|\OH� ELU� GXUXPGD� ݆ YDUOÕ÷Õ� LoLQ� \DSÕODQ� PDOL\HW� KHVDSODPDV ÕQÕQ�

ͳ¶H \DNÕQ� ELU�GH÷HU�DOPDVÕ� EHNOHQHELOLU�� %X� DPDo�IRQNVL\RQXQGDQ� G|QHFHN�GH÷HULQ� ሾͲǡ ݊ሻ

DUDOÕ÷ÕQGD� ROPDVÕ� EHNOHQPHNWHGLU�
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�������� 9DUOÕN�6D\ÕVÕQÕQ�(Q�$]�2OPDVÕ

øON� LNL� DOW� DPDo� IRQNVL\RQXQXQ� HWNLVL\OH�� DGD\� o|]�POHU� KHU� ELU� QLWHOL÷LQ� D\UÕ� ELU� YDUOÕN�

LoHULVLQGH� \HU� DOPDVÕ� o|]�P�Q�� LoHUHELOPHNWHGLU�� %X� GXUXP�� SUDWLNWH� JHoHUOL� ELU� o|]�P�

RODPD\DELOHFH÷L� LoLQ� WRSODP� YDUOÕN� VD\ÕVÕQÕ� D]DOWPD\D� \|QHOLN� ELU� DOW� DPDo� IRQNVL\RQX�

NXOODQÕOPÕúWÕU�� ho�QF�� DPDo� IRQNVL\RQX�

ଷ݂ ൌ
݊

ʹ௠
����

RODUDN� WDQÕPODQPÕúWÕU�� %XUDGD� ݊��DGD\� o|]�P� LoHULVLQGHNL� WRSODP� YDUOÕN� VD\ÕVÕQÕ�� ݉ LVH�

KDP� YHUL� VHWLQGHNL� WRSODP� QLWHOLN� VD\ÕVÕQD� ED÷OÕ� RODUDN� KHVDSODQDQ� ELU� GH÷HUL�

J|VWHUPHNWHGLU�� ݉ GH÷HULQLQ� KHVDSODQPDVÕ� EDúOÕN� �������� LoHULVLQGH� D\UÕQWÕOÕ� RODUDN� HOH�

DOÕQPÕúWÕU�� ʹ௠ LIDGHVL� HOH� DOÕQDQ� KDP�YHUL� VHWLQH� NDUúÕOÕN� ROXúWXUXODELOHFHN� HQ�ID]OD� YDUOÕN�

VD\ÕVÕQÕ� J|VWHUPHNWHGLU�� %X� DOW� DPDo�IRQNVL\RQX� PLQLPL]H� HGLOPH\H� oDOÕúÕOPDNWDGÕU�

�������� 6D\ÕVDO�9DUOÕN�6D\ÕVÕQÕQ�(Q�$]�2OPDVÕ

6D\ÕVDO� GH÷HUOHU� LúDUHW� HGLFL� QLWHOLNWH� GH� NXOODQÕODELOGL÷L� LoLQ� KHU� GXUXPGD� NDWHJRULN�

GH÷LúNHQ� RODUDN� J|U�OPHVL� KDWDOÕ� VD\ÕODELOLU�� gUQH÷LQ� �����NLúLQLQ� EXOXQGX÷X� ELU� YDUOÕN�

LoHULVLQGH� \Dú� QLWHOL÷L� WHNUDUOÕ� GH÷HUOHU� DOPDN� ]RUXQGDGÕU�� $QFDN� EX� QLWHOL÷LQ� \HQL� ELU�

YDUOÕN� LoHULVLQH� HNOHQLS� ELULQFLO� DQDKWDU� |]HOOL÷LQGH� ELU� ,'� QLWHOL÷L\OH� LIDGH� HGLOPHV L�

PDQWÕNOÕ� ELU� o|]�P� GH÷LOGLU�� %X� DOW� DPDo� IRQNVL\RQX�� VD\ÕVDO� YDUOÕN� VD\ÕVÕQÕ� PLQLPL]H�

HWPH\H� oDOÕúPDNWDGÕU�� 7�P� QLWHOLNOHULQH� DLW� ND\ÕWODUÕ� VD\ÕVDO� YHUL� LoHUHQ� YDUOÕNODUD� VD\ÕVDO�

YDUOÕN� DGÕ� YHULOPLúWLU�� '|UG�QF�� DPDo IRQNVL\RQX� ସ݂�

ସ݂ ൌ
݊ே
݊

����

RODUDN� WDQÕPODQPÕúWÕU�� %XUDGD� ݊ே LIDGHVL� DGD\� o|]�P� LoHULVLQGHNL� VD\ÕVDO� YDUOÕN� VD\ÕVÕQÕ��

݊ LVH� DGD\� o|]�P� LoHULVLQGHNL� WRSODP� YDUOÕN� VD\ÕVÕQÕ� J|VWHUPHNWHGLU�� 6D\ÕVDO� YDUOÕN�

VD\ÕVÕQÕQ� PLQLPL]H� HGLOPHN� LVWHQPHVL� VHEHEL\OH� EX� DPDo� IRQNVL\RQX� GD� PLQLPL]H�

HGLOPH\H� oDOÕúÕOPDNWDGÕU�

�������� $PDo�)RQNVL\RQX

3UREOHPLQ� DPDo� IRQNVL\RQX�� DOW� DPDoODUÕQ� D÷ÕUOÕNODQGÕUÕOPÕú� WRSODPODUÕ\OD� HOGH�

HGLOPHNWHGLU�� %XQD� J|UHܨ� DPDo� IRQNVL\RQX��
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Ͳ ൏ ௜ݓ ൏ ͳ YH�σ ௜ݓ
ସ
௜ୀଵ ൌ ͳ ����

ROPDN� �]HUH�

ܨ ൌ෍ݓ௜ ௜݂

ସ

௜ୀଵ

����

RODUDN� WDQÕPODQPÕúWÕU�� ��௜ݓ ݅Ǥ DPDo� IRQNVL\RQXQXQ� DOGÕ÷Õ� D÷ÕUOÕN� GH÷HULQL�� ௜݂�� ݅Ǥ DPDo�

IRQNVL\RQXQGDQ� G|QHQ�GH÷HUL� LIDGH� HWPHNWHGLU��

������$÷ÕUOÕN� .DWVD\ÕODUÕQÕQ� %HOLUOHQPHVL

gQHULOHQ� ) DPDo� IRQNVL\RQXQX� ROXúWXUDQ� DOW� DPDo� IRQNVL\RQODUÕ� HúLW� |QHPGH�

ROPD\DELOHFH÷L� LoLQ� HúLW� D÷ÕUOÕNOD� WRSODPDN� KDWDOÕ� o|]�PH� VHEHS�RODELOHFHNWLU�� %X�VHEHSOH�

KHU�ELU� DOW� DPDo� IRQNVL\RQX� LoLQ� D÷ÕUOÕNODUÕQ� EHOLUOHQPHVL� LKWL\DFÕ� RUWD\D� oÕNPÕúWÕU��

dDOÕúPD� LoHULVLQGH� NDWVD\ÕODUÕQ� EHOLUOHQHELOPHVLQH� \|QHOLN� ELU� JHQHWLN� DUDPD� V�UHFL�

JHUoHNOHúWLULOPLúWLU�� .DWVD\ÕODUÕQ� DUDQPDVÕ� V�UHFLQGH� DúD÷ÕGD� VXQXODQ� DGÕPODU� WDNLS�

HGLOPLúWLU�

�� 7�P� ௜ݓ D÷ÕUOÕNODUÕ� HúLW� NDEXO� HGLOHUHN� ܨ IRQNVL\RQX� PLQLPL]H� HGLOPLú W LU��

+HVDSODQDQ� ܨ GH÷HUL� LoLQ� ଵ݂ǡ ଶ݂ ǡ ଷ݂ YH� ସ݂ IRQNVL\RQODUÕQGDQ� G|QHQ� GH÷HUOHU�

ND\GHGLOPLúWLU�� )� IRQNVL\RQXQXQ� HúLW� D÷ÕUOÕNOÕ� DOW� DPDo� IRQNVL\RQODUÕ� LOH�

KHVDSODQPDVÕ� ��௔ܨ DOW� DPDo� IRQNVL\RQODUÕ� LVH� VÕUDVÕ\OD� ଵ݂௔ ǡ ଶ݂௔ ǡ ଷ݂௔ YH� ସ݂௔ RODUDN�

LIDGH� HGLOPHNWHGLU�

�� 8ODúÕOPDN� LVWHQLOHQ� YHULWDEDQÕ� WDVDUÕPÕ�� ELU� DGD\� o|]�P� JLEL� DPDo� IRQNVL\RQX� LOH�

GH÷HUOHQGLULOPLú� YH� ଵ݂ǡ ଶ݂ ǡ ଷ݂ YH� ସ݂ IRQNVL\RQODUÕQGDQ� G|QHQ� GH÷HUOHU�

ND\GHGLOPLúWLU�� %X�GH÷HUOHU�� DPDo�IRQNVL\RQX� LoLQ� ௕ܨ ��DOW� DPDo�IRQNVL\RQODUÕ� LoLQ�

VÕUDVÕ\OD� ଵ݂௕ ǡ ଶ݂௕ ǡ ଷ݂௕ YH� ସ݂௕ RODUDN� LIDGH� HGLOPHNWHGLU�

�� 6HoLOHQ� ���YHULWDEDQÕ� LoLQ� ௔ܨ YHܨ�௕ GH÷HUOHUL� KHVDSODQPÕúWÕU�

�� 7�P� YHULWDEDQODUÕ� LoLQ� ௔ܨ ൒ ௕ܨ NRúXOXQX� VD÷OD\DFDN�� ݅ א ሼͳǡʹǡ͵ǡͶሽ LoLQ� ௜ݓ

GH÷HUOHUL� DUDQPÕúWÕU�
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.DWVD\ÕODUÕQ� DUDQPDVÕ� V�UHFLQGH� HQ� ID]OD� VD\ÕGD� YHULWDEDQÕ� LoLQ� ௔ܨ ൒ ௕ܨ NRúXOXQX�

VD÷OD\DQ� ௜ݓ GH÷HUOHUL� EHOLUOHQPH\H� oDOÕúÕOPÕúWÕU�� .DWVD\Õ� DUDPD� LúOHPL� *$� LOH�

JHUoHNOHúWLULOPLúWLU�� $UDPD\OD� LOJLOL� D\UÕQWÕ� YH�EXOJXODU� EDúOÕN� ������DOWÕQGD� VXQXOPXúWXU�

*$�DUDPDVÕ� VRQXFXQGD� HOGH� HGLOHQ� HQ�X\JXQ� ௜ݓ GH÷HUOHUL�

ଵݓ ൌ Ͳǡ͵͵ͻ͸Ͳͺͻͻ

ଶݓ ൌ ͲǡͲʹͲ͵Ͳͳͳ͸

ଷݓ ൌ Ͳǡ͸Ͳͺ͸ͻ͸ʹͺ

ସݓ ൌ ͲǡͲ͵ͳ͵ͻ͵ͷ͸

RODUDN�EHOLUOHQPLúWLU�� %XQD� J|UH�)�DPDo� IRQNVL\RQX��

ܨ ൌ Ͳǡ͵͵ͻ͸Ͳͺͻͻൈ ଵ݂ ൅ ͲǡͲʹͲ͵Ͳͳͳ͸ൈ ଶ݂

൅Ͳǡ͸Ͳͺ͸ͻ͸ʹͺ ൈ ଷ݂ ൅ ͲǡͲ͵ͳ͵ͻ͵ͷ͸ ൈ ସ݂

����

RODUDN� J�QFHOOHQPLúWLU�� .DWVD\ÕODU�� oDOÕúPD� NDSVDPÕQGD� HOH� DOÕQDQ� ��� IDUNOÕ� LOLúN LVH O�

YHULWDEDQÕQÕQ� NXOODQÕOPDVÕ\OD� EHOLUOHQPLúWLU�� +HUKDQJL� ELU� YHUL� VHWLQLQ� LOLúN LVH O�

YHULWDEDQÕQD� G|Q�úW�U�OPHVLQGH� GH�EX�NDWVD\ÕODU� NXOODQÕODELOLU�� $QFDN� IDUNOÕ� YHUL� VHWOHUL�

LoLQ� NDWVD\ÕODUÕQ� J�QFHOOHQPHVL� JHUHNHELOLU�

������*$�3DUDPHWUHOHULQLQ� $\DUODQPDVÕ

�������� .URPR]RP�8]XQOX÷X

*$�DUDPDVÕ� EDúODWÕOPDGDQ� |QFH�ED]Õ� SDUDPHWUHOHULQLQ� D\DUODQPDVÕQÕ� JHUHNPHNWHGLU�� %X�

SDUDPHWUHOHUGHQ� HQ�|QHPOLVL� NURPR]RP� X]XQOX÷XGXU�� +HU� ELU� NURPR]RPXQ�� HOH� DOÕQDQ�

SUREOHP� LoLQ� ELU�LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ� |UQH÷L� �DGD\�o|]�P�� LoHUGL÷L� EHOLUWLOPLúWL�� %X�

VHEHSOH� NURPR]RP� \DSÕVÕ� ELU� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQÕ� WHPVLO� HGHELOHFHN� QLWHOLNWH�

ROPDOÕGÕU�� gQHULOHQ� DOJRULWPDQÕQ� IDUNOÕ� KDP� YHUL� VHWOHUL� WDUDIÕQGDQ� NXOODQÕODE LOLU�

RODELOPHVL� LoLQ� NURPR]RP� X]XQOX÷XQXQ� SDUDPHWULN� RODUDN�EHOLUOHQPHVL� JHUHNPHNWHGLU�

øOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ� WHPHOGH� QLWHOLNOHULQ� YDUOÕNODUD� GD÷ÕOÕPÕQÕ� J|VWHUGL÷L� LoLQ�

NURPR]RPXQ� W�P� QLWHOLNOHULQ� \HU�DODFD÷Õ� YDUOÕNODUÕ� LIDGH� HWPHVL� EHNOHQPLúWLU�� %X�VHEHSOH�

NURPR]RP� X]XQOX÷X�� KDP� YHUL� VHWLQGHNL� WRSODP� QLWHOLN� VD\ÕVÕ� LOH� RUDQWÕOÕ� RODUDN�

EHOLUOHQPHNWHGLU��
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.URPR]RP�� KDP� YHUL� VHWLQGHNL� QLWHOLN� VD\ÕVÕ� NDGDU� JHQGHQ� ROXúPDOÕGÕU�� +HU� ELU� JHQ ��

VÕUDVÕ\OD� ELU� QLWHOL÷L�� JHQ� LoHULVLQGH� WDúÕQDQ� ELOJL� LVH� QLWHOL÷LQ� \HU� DODFD÷Õ� YDUOÕ÷Õ� LIDGH�

HWPHNWHGLU�� .URPR]RPXQ� LoHUGL÷L� JHQ� VD\ÕVÕ�� KDP� YHUL� VHWLQGHNL� QLWHOLN� VD\ÕVÕ� NDGDUGÕU��

(OH� DOÕQDQ� QLWHOLN� VD\ÕVÕ� DUWWÕNoD� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQGDNL� YDUOÕN� VD\ÕVÕ� GD� DUWÕú�

J|VWHUHELOHFH÷L� LoLQ� JHQL� ROXúWXUDQ� ELW�VD\ÕVÕ� GH÷LúNHQGLU�� %X� VD\Õ� KHVDSODQDQ� ݉ GH÷HUL� LOH�

EHOLUOHQPHNWHGLU�� %X� D\UÕQWÕODU� J|]HWLOHUHN� WDQÕPODQDQ� NURPR]RP� X]XQOX÷X� KHVDSODPDV Õ�

DúD÷ÕGDNL� JLELGLU��

���KDPܸܵܪ YHUL� VHWLQGHNL� QLWHOLN� VD\ÕVÕ� ROPDN� �]HUH�݉ GH÷LúNHQL�

ܸܵܪ ൌ ʹ௠

݉ ൌ ���ଶܸܵܪ
����

RODUDN�KHVDSODQPDNWDGÕU�� %XQD� J|UH�NURPR]RP� X]XQOX÷X� �.8��

ܷܭ ൌ ۀ݉ڿ ܸܵܪ ����

RODUDN� WDQÕPODQPÕúWÕU�� (úLWOLNWH� ݉ GH÷LúNHQLQLQ� NDUúÕOÕ÷Õ� KHVDED�NDWÕOGÕ÷ÕQGD�

ܷܭ ൌ ۀܸܵܪଶ݃݋݈ڿ ܸܵܪ ����

HúLWOL÷L� HOGH� HGLOPHNWHGLU�� 'DKD� |QFHGHQ� EDKVHGLOGL÷L� YH� HúLWOLNWHQ� GH�J|U�OHFH÷L� �]HUH�

NURPR]RP� X]XQOX÷X�� �H�ED÷OÕ\¶ܸܵܪ RODUDN�KHVDSODQDQ� ELU�GH÷HUH� VDKLSWLU�

�������� 7RSOXOXN�%�\�NO�÷�

dDOÕúPDGD� JHUoHNOHúWLULOHQ� WHVWOHUGH� WRSOXOXN� E�\�NO�÷�� ͳͲͲ RODUDN VHoLOPLúWLU� DQFDN�

KDP� YHULGHNL� QLWHOLN� VD\ÕVÕQÕQ� DUWPDVÕ� GXUXPXQGD� o|]�P� X]D\ÕQD� L\L� GD÷ÕOÕP�

\DSÕODELOPHVL� LoLQ� WRSOXOXN VD\ÕVÕQÕQ� DUWWÕUÕOPDVÕ� JHUHNHELOLU�

�������� 1HVLO�6D\ÕVÕ

<DSÕODQ� WHVWOHUGH� HQ�L\L� o|]�PH� ͳͲͲͲ
GHQ�D]�QHVLOGH� HULúLOGL÷L� LoLQ� PDNVLPXP� QHVLO� VD\ÕVÕ�

ͳͲͲͲ RODUDN� EHOLUOHQPLúWLU� 1HVLO� VD\ÕVÕ�� HOH� DOÕQDQ� KDP� YHUL� VHWLQGHNL� QLWHOLN� VD\ÕVÕ\OD�

GR÷UX� RUDQWÕOÕ� RODUDN� DUWPDNWDGÕU�� %X� VHEHSOH� QHVLO� VD\ÕVÕQÕ� QLWHOLN� VD\ÕVÕQD� ED÷OÕ� RODUDN�
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WD\LQ� HWPHN� VRQXFD� XODúPDGD� ID\GD� VD÷OD\DELOLU�� 1LWHOLN� VD\ÕVÕQD� J|UH� QHVLO� VD\ÕVÕQÕQ�

GH÷LúLPL� EDúOÕN� ������DOWÕQGD� VXQXOPXúWXU�

�������� 0XWDV\RQ�2ODVÕOÕ÷Õ

dDOÕúPDGD� VWDQGDUW�*$�PXWDV\RQ� RSHUDW|U�� \HWHUVL]� JHOGL÷L� LoLQ� \HQL� ELU� DNÕOOÕ� PXWDV\RQ�

RSHUDW|U�� WDVDUODQPÕúWÕU�� 2SHUDW|U�Q� oDOÕúPD� RODVÕOÕ÷Õ� ௠݌ ൌ Ͳǡͳ VHoLOPLúWLU�� *HOLúWLULOHQ�

DNÕOOÕ� PXWDV\RQ� RSHUDW|U�Q�Q� DOJRULWPDVÕ� YH� SHUIRUPDQVÕ� LOH� LOJLOL� ELOJLOHU� %DúOÕN� ������

DOWÕQGD� VXQXOPXúWXU�

�������� dDSUD]ODPD�2ODVÕOÕ÷Õ

dDSUD]ODPD� RODVÕOÕ÷Õ� LoLQ� 5
QLQ �5� &RUH� 7HDP�� ����� *$� SDNHWLQLQ �6FUXFFD�� ������

6FUXFFD�� ����� YDUVD\ÕODQ� oDSUD]ODPD� RODVÕOÕ÷Õ� GH÷HUL RODQ� ௖݌ ൌ Ͳǡͺ NXOODQÕOPÕúWÕU�

������$NÕOOÕ�0XWDV\RQ�2SHUDW|U�
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7DEOR����� (OGH�(GLOHQ�.URPR]RPXQ�7DúÕGÕ÷Õ� $QODP�

1LWHOL÷LQ� %HOLUWHFL *HQ *HQLQ� ���7DEDQÕQGDNL� 'H÷HUL
Y� ��� �
Y� ��� �
Y� ��� �
Y� ��� �
Y� ��� �
Y� ��� �
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%XQD� J|UH�WDEOR�\DSÕODQPDVÕ� 7DEOR�����¶WHNL� JLEL� RODFDNWÕU�

7DEOR����� d|]�P�gQHULVL�± %HOLUWHoOHUOH�

9DUOÕN� � Y���Y�
9DUOÕN� � Y���Y���Y�
9DUOÕN� � Y�

%HOLUWHoOHU� NXOODQÕOGÕ÷ÕQGD� \DSÕODQPD� 7DEOR�����¶GD�YHULOGL÷L JLEL� ROPDNWDGÕU�

7DEOR����� d|]�P�gQHULVL�

9DUOÕN� � $G�6R\DG��7HOHIRQ
9DUOÕN� � .LWDS�$GÕ��6D\ID�6D\ÕVÕ�� %DVÕP� <ÕOÕ
9DUOÕN� � <D\ÕQHYL

(OGH� HGLOHQ� o|]�P� |QHULVLQLQ� GL\DJUDPÕ� ùHNLO� �����LOH� VXQXOPXúWXU�

ùHNLO����� d|]�P�gQHULVLQLQ�'L\DJUDPÕ�

%XQD�J|UH�� |UQHN�KDP�YHUL\H� NDUúÕOÕN� HOGH� HGLOHQ� o|]�P� |QHULVL� ��YDUOÕNWDQ� ROXúPDNWDG ÕU��

d|]�P� LQFHOHQGL÷LQGH� JHUoHNWHQ� GH� KDP� YHUL� LoLQ� ROXúWXUXODELOHFHN� HQ� X\JXQ� o|]�P�

ROGX÷X� J|]OHQHELOPHNWHGLU�
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�����*(/øù7ø50(�257$0,

������'RQDQÕP

.XOODQÕODQ� ELOJLVD\DU� ,QWHO� &RUH�L�������&38�#������*+]� [���LúOHPFL\H� YH���*%�5$0�

EHOOH÷H� VDKLSWLU�� $\UÕFD� 19,',$� &RUSRUDWLRQ� *7���� �*H)RUFH� ����� HNUDQ� NDUWÕ�

EXOXQPDNWDGÕU�

������<D]ÕOÕP

8\JXODPD� /LQX[� LúOHWLP� VLVWHPLQLQ� 8EXQWX� GD÷ÕWÕPÕQÕQ� ������/76�[���V�U�P�� �]HULQGH�

JHUoHNOHúWLULOPLúWLU�� 8\JXODPD� LoLQ� JHOLúWLUPH� GLOL� RODUDN� 5� WHUFLK� HGLOPLúWLU�� 5��

LVWDWLVWLNVHO� KHVDSODPD� YH� J|UVHOOHúWLUPH� LoLQ� NXOODQÕODQ� ELU� |]J�U� \D]ÕOÕP� JHOLúW LUPH�

RUWDPÕGÕU�� 8QL[�� :LQGRZV�YH�0DF26�JLEL� oHúLWOL� RUWDPODUGD� GHUOHQHELOLU� YH�oDOÕúWÕUÕODE LOLU�

�5�&RUH�7HDP���������5¶QLQ�� *$�LoLQ� \D]ÕOPÕú� SDNHWOHU� EXOXQGXUPDVÕ�� NXOODQÕP� NROD\OÕ÷Õ

YH�ELOLPVHO� oDOÕúPDODUGD� \D\JÕQ� RODUDN�NXOODQÕOPDVÕ� WHUFLK� HGLOPHVLQGH� URO� R\QDPÕúWÕU��

*HOLúWLUPH� RUWDPÕ� RODUDN�� 5� LoLQ� |]HO� ELU� HGLW|U� RODQ� 56WXGLR
QXQ� ���������YHUVL\RQX�

NXOODQÕOPÕúWÕU� �56WXGLR� 7HDP�� ������� 8\JXODPD� JHUoHNOHúWLULOLUNHQ� 5� GLOL� LoLQ�

JHOLúWLULOPLú� RODQ� *$��GR3DUDOOHO YH� VTOGI SDNHWOHUL� NXOODQÕOPÕúWÕU�� *$ SDNHWL� �6FUXFFD��

������ 6FUXFFD�� ������ *$� DUDPDODUÕ� JHUoHNOHúWLULOHELOPHVLQL�� GR3DUDOOHO �5HYROXW LRQ�

$QDO\WLFV� YH�:HWVRQ������� SDNHWL�KHVDSODPDQÕQ� LúOHPFLQLQ� oHNLUGHNOHULQH� GD÷ÕWÕOPDV Õ\OD�

KHVDSODPD� V�UHFLQL� KÕ]ODQGÕUÕODELOPHVLQL�� VTOGI SDNHWL� �*URWKHQGLHFN�� ����� LVH�KHUKDQJL�

ELU� YHULWDEDQÕ� HQWHJUDV\RQX� JHUHNWLUPHGHQ� YHUL� �]HULQGH� GR÷UXGDQ� 64/� NRPXWODU Õ\OD�

LúOHP� \DSÕODELOPHVLQL� VD÷ODPDNWDGÕU�

�����<g17(0

gQHULOHQ� DOJRULWPDQÕQ� EDúDUÕVÕQÕQ� |Oo�OHELOPHVL� LoLQ� ELU�KDP� YHUL� VHWLQH� NDUúÕOÕN� JHOHQ� HQ�

L\L� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQÕQ� ELOLQPHVL� JHUHNPHNWHGLU�� %DúDUÕ� GH÷HUOHQGLUPHV L��

DOJRULWPD� WDUDIÕQGDQ� VXQXODQ� o|]�P�Q� HQ� L\L� o|]�PH� EHQ]HUOL÷L� LOH� JHUoHNOHúWLULOHELOLU��

$QFDN� JHUoHNOHúWLULOHQ� OLWHUDW�U� WDUDPDVÕQGD� ELU� KDP� YHUL� VHWLQH� NDUúÕOÕN� JHOHQ� HQ� L\L�

LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQÕ� J|VWHUHQ� ELU� oDOÕúPD� LOH� NDUúÕODúÕOPDPÕúWÕU�� %X� VHEHSOH�

DOJRULWPDQÕQ� GH÷HUOHQGLULOHELOPHVL� LoLQ� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPODUÕ� HOH� DOÕQDUDN� YHUL�

�UHWPH� V�UHFL� JHUoHNOHúWLULOPLúWLU�� 'H÷HUOHQGLUPH�� |QHULOHQ� DOJRULWPDQÕQ�� �UHWLOHQ� KDP�

YHUL� VHWLQH� NDUúÕOÕN� LON� GXUXPGDNL� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕQÕ� ROXúWXUPD� EDúDUÕVÕ� LOH�

VD÷ODQPÕúWÕU�� 6�UHo�� DOW� EDúOÕNODU� LOH D\UÕQWÕOÕ� RODUDN� VXQXOPXúWXU�
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�������9HULWDEDQÕ� 7DVDUÕPODUÕQÕQ� 6HoLPL
gQHULOHQ� DOJRULWPDQÕQ� WHVW� HGLOHELOPHVL� LoLQ� ��� DGHW� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ�

VHoLOPLúWLU�� 7DVDUÕPODUÕQ� KDP� YHUL� VHWLQH� G|Q�ú�P� V�UHFLQLQ� NROD\�� KDWDVÕ]� YH� JHUoHNoL�

RODELOPHVL� LoLQ \ÕOGÕ]� úHPD� �VWDU� VFKHPD�� WDVDUÕPODU� WHUFLK� HGLOPLúWLU�� 7DVDUÕPODU�

FUHDWHO\�FRP� DODQ� DGOÕ� LQWHUQHW� VLWHVLQGHQ� DOÕQPÕúWÕU�� øQWHUQHW� VLWHVLQGH� VXQXODQ� LOLúN LVH O�

YHULWDEDQÕ� WDVDUÕPODUÕ� oHúLWOL� DNDGHPLN� oDOÕúPDODUGD� NXOODQÕOPÕúWÕU� �6DWLVK�� 6KHHED� YH�

5DQJDUDMDQ�� ������.ROODU� YH�6WHUELQV]N\�� ������2UWXQR�� ������.KDQ�� ������+HUUDGL� YH�

GL÷��� �������

������9HUL�hUHWPH�6�UHFL
$OJRULWPDQÕQ� WHVW� HGLOPHVL� V�UHFLQGH� NXOODQÕODFDN� KDP� YHUL� VHWOHULQLQ� HOGH� HGLOHELOPHV L�

LoLQ� X\JXODQDQ� LON� DGÕP�� HOH� DOÕQDQ� YHULWDEDQÕ� WDVDUÕPODUÕQD� X\JXQ� YHULWDEDQODU ÕQÕQ�

ROXúWXUXOPDVÕ� ROPXúWXU�� 7DVDUÕPODUD� X\JXQ� YHULWDEDQODUÕ� KD]ÕUODQGÕNWDQ� VRQUD� �UHWLOHQ�

YHUL�� YDUOÕNODUD� ND\ÕW� RODUDN� HNOHQPLúWLU�� (OGH� HGLOHQ� YDUOÕNODU�� WDVDUÕPGD� EXOXQDQ� LOLúN LOHU�

NXOODQÕODUDN� VRUJXODQPÕúWÕU��

ùHNLO�����9HUL�hUHWPH�6�UHFL�øoLQ�gUQHN�%LU�øOLúNLVHO� 9HULWDEDQÕ�7DVDUÕPÕ�

ùHNLO� ���¶GH�YHUL� �UHWPH� V�UHFLQH� |UQHN� J|VWHUHELOPHN� DPDFÕ\OD� ELU� LOLúNLVHO� YHULWDEDQÕ�

WDVDUÕPÕ� VXQXOPXúWXU�� (OH� DOÕQDQ� YHULWDEDQÕ� LoLQ�

6(/(&7�DGVR\DG��\DV��FLQVL\HW��PDKDOOH��VRNDN��LOFH��LO��

JVP��VDELW��GDKLOL

)520�NLVL��DGUHV��WHOHIRQ

:+(5(�NLVL�DGUHV� �DGUHV�LG

$1'�NLVL�WHOHIRQ� �WHOHIRQ�LG

64/�VRUJXVX� X\JXODQGÕ÷ÕQGD� oÕNWÕ� 7DEOR����¶GHNL� JLEL� ROPDNWDGÕU�
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7DEOR�����9HUL�hUHWPH�6�UHFL\OH�(OGH�(GLOHQ�%LU�gUQHN�+DP�9HUL�6HWL�

DGVR\DG \DV FLQVL\HW 0DKDOOH VRNDN LOFH LO JVP VDELW GDKLOL
�� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� ��

6RUJX� VRQXFXQGD� YHULWDEDQÕQGD� EXOXQDQ� W�P� YDUOÕNODU� LoHULVLQGHNL� QLWHOLNOHU�� WHN� ELU�

HOHNWURQLN� WDEOR\D� G|Q�úP�úW�U�� (OGH� HGLOHQ� GRV\D�� oDOÕúPD� LoLQ� KDP� YHUL� VHWL� QLWHOL÷L�

WDúÕPDNWDGÕU�� %|\OHFH� 7DEOR� ���¶GHNL� KDP� YHUL� VHWL�� LOLúNLVHO� YHULWDEDQÕ� IRUPXQD�

XODúWÕUÕOPDN� LVWHQLOGL÷LQGH�� XODúÕOPDVÕ� JHUHNHQ� WDVDUÕPÕQ� ùHNLO ����¶GHNL� JLEL� ROPDVÕ�

JHUHNWL÷L� VDYXQXODELOLU��

(OH� DOÕQDQ� ���LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ� LoLQ� EX�LúOHP� JHUoHNOHúWLULOHUHN� ���KDP�YHUL� VHWL�

HOGH�HGLOPLúWLU�� %DúODQJÕoWD� HOH�DOÕQDQ� WDVDUÕPODU� GD�DOJRULWPD\OD� XODúÕOPDVÕ� JHUHNHQ�KHGHI�

RODUDN�NDEXO� HGLOPLúWLU�

������$OW�$PDo�)RQNVL\RQODUÕQÕQ� $÷ÕUOÕNODUÕQÕQ� %HOLUOHQPHVL
$PDo� IRQNVL\RQXQX� ROXúWXUDQ� ��DOW� DPDo�� IDUNOÕ� D÷ÕUOÕNODUGD� |QHPH� VDKLS� RODELOHFHN OH U L�

LoLQ� KHU� ELU� DOW� DPDo� IRQNVL\RQX� LoLQ� NDWVD\ÕODU� WDQÕPODQPÕúWÕU�� $÷ÕUOÕNODUÕQ� EHOLUOHQPHVL�

LoLQ� JHUoHNOHúWLULOHQ� X\JXODPD� %DúOÕN� ������ LoHULVLQGH�� D÷ÕUOÕNODUÕQ� KHVDSODQPDVÕ�

V�UHFLQGH� HOGH� HGLOHQ� VD\ÕVDO� EXOJXODU� %DúOÕN� ������ LoHULVLQGH� D\UÕQWÕOÕ� RODUDN�

LQFHOHQPLúWLU�

������ gQHULOHQ�$OJRULWPDQÕQ� %DúDUÕVÕQÕQ�'H÷HUOHQGLULOPHVL
dDOÕúPDQÕQ� X\JXODPD� NÕVPÕQGD�� |QHULOHQ� DOJRULWPD\D� JLUGL� RODUDN� %DúOÕN� �����¶GH�

J|VWHULOHQ� úHNLOGH� KD]ÕUODQDQ� KDP� YHUL� VHWL� VXQXOPDNWD� YH� oÕNWÕ� RODUDN� QLWHOLNOH U LQ�

YDUOÕNODUD� GD÷ÕOÕPÕQÕ� J|VWHUHQ� ELU� LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ� |QHULVL� HOGH� HGLOPHNWHG LU��

(OGH� HGLOHQ� o|]�P�Q� EDúDUÕVÕQÕQ� WHVW� HGLOPHVL�� JHQHWLN� DUDPD� VRQXFX� HOGH� HGLOHQ� WDVDUÕP�

LOH� EDúODQJÕoWD� EHOLUOL� RODQ� WDVDUÕPOD� NDUúÕODúWÕUÕOPDVÕ� VD\HVLQGH� JHUoHNOHúWLULOPLúWLU�� øNL�

WDVDUÕPÕQ� ELUHELU� D\QÕ� ROPDVÕ� GR÷UXGDQ� HQ�EDúDUÕOÕ� RODUDN�NDEXO� HGLOPLú�� XIDN� IDUNOÕOÕN ODUD�

VDKLS� RODQ� o|]�POHUGH� LVH� KDWDQÕQ� VHEHEL� \RUXPODQPÕúWÕU�� %DúOÕN� �����W�P� X\JXODPDODU�

LoLQ� GH÷HUOHQGLUPHOHUL� VXQPDNWD�� DOW� EDúOÕNODUÕ� D\UÕQWÕOÕ� ELOJL� LoHUPHNWHGLU�

�����5�.h7h3+$1(6ø

gQHULOHQ� DOJRULWPDQÕQ� X\JXODQDELOPHVLQL� VD÷OD\DQ� ELU� 5� N�W�SKDQHVL� KD]ÕUODQPÕúW ÕU��

.�W�SKDQHQLQ� \�NOHQHELOPHVL� LoLQ�
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VRXUFH�³DXWRQRUPOLE�5´��

5� NRPXWXQXQ� NXOODQÕOPDVÕ� JHUHNPHNWHGLU�� 2SWLPL]DV\RQ� LúOHPLQL� JHUoHNOHúWLUHELOPHN�

LoLQ� DXWRQRUP IRQNVL\RQXQX� oD÷ÕUPDN� \HWHUOLGLU�� .�W�SKDQH�� DXWRQRUP IRQNVL\RQXQD�

\DUGÕPFÕ� ELUoRN�IRQNVL\RQ� LoHUPHNWHGLU�� DXWRQRUP IRQNVL\RQX�� KDP�YHUL� VHWLQL� LoHUHQ� WHN�

ELU� ]RUXQOX� SDUDPHWUH� LOH� oDOÕúWÕUÕODELOPHNWHGLU�� $úD÷ÕGD� EDVLW� ELU� |UQHN� VXQXOPDNWDG ÕU��

+DP�YHUL� VHWLQL� RNX\DUDN�ELU� GH÷LúNHQH� \�NOHPHN� LoLQ�

YHULGRV\DP��� UHDG�FVY�³I�FVY´� VHS  ´�´� KHDGHU  )$/6(�

NRPXWXQXQ� oDOÕúWÕUÕOPDVÕ� JHUHNPHNWHGLU�� %X� NRPXWOD� ELUOLNWH� KDP� YHUL� VHWL�� YHULGRV\DP

GH÷LúNHQLQH� \�NOHQPHNWHGLU�� 2WRPDWLN� QRUPDOL]DV\RQ� LúOHPLQL� JHUoHNOHúWLUPHN� LoLQ�

DXWRQRUP IRQNVL\RQXQX�

VRQXF��� DXWRQRUP�YHULGRV\DP�

úHNOLQGH� oD÷ÕUPDN� \HWHUOLGLU�� %XUDGD� VRQXF GH÷LúNHQL� DUDPD� VRQXFXQX� DODELOPHN� LoLQ�

NXOODQÕOPDNWDGÕU��

DXWRQRUP IRQNVL\RQX�� NXOODQÕOPDVÕ� ]RUXQOX� ROPD\DQ� EDúND�SDUDPHWUHOHUH� GH�VDKLSWLU�� %X�

SDUDPHWUHOHU� YH�VD÷ODGÕNODUÕ� ID\GDODU� DúD÷ÕGD� EHOLUWLOPLúWLU�

TXLFN� 9HULOHQ� KDP� YHUL� VHWL� LoHULVLQGHQ� |UQHNOHP� DODUDN� EX� |UQHNOHP� LOH� YHULWDEDQÕ�

WDVDUÕPÕ� |QHUPHNWHGLU�� 'DKD� D]� YHUL� LOH� oDOÕúÕOGÕ÷ÕQGDQ� GDKD� KÕ]OÕGÕU� DQFDN� VHoLOHFHN�

YHULQLQ� UDVWJHOH� ROPDVÕ�� GROD\ÕVÕ\OD� úDQV� IDNW|U�Q�Q� HWNLVL� KDWDOÕ� VRQXo� DOÕQPDVÕQD� VHEHS�

RODELOLU�� %X�SDUDPHWUHQLQ� YDUVD\ÕODQ� GH÷HUL� )$/6(�RODUDN�EHOLUOHQPLúWLU�

SRSVL]H� *$¶QÕQ� oDOÕúPDVÕ� LoLQ� JHUHNOL� ELU� SDUDPHWUH� RODQ� WRSOXOXN� E�\�NO�÷�G�U��

9DUVD\ÕODQ� RODUDN�����VHoLOPLúWLU�

PD[LWHU��*$¶QÕQ� JHUHNWLUGL÷L� PD[LWHU� SDUDPHWUHVLGLU�� 9DUVD\ÕODQ� RODUDN������VHoLOPLúW LU��

)DUNOÕ� ELU� QHVLO� VD\ÕVÕ� VHoLOPHN LVWHQLOGL÷LQGH� EX�SDUDPHWUH� NXOODQÕODELOLU�

FDFKLQJ�� %X� SDUDPHWUH� |QEHOOHNOHPH� LúOHPLQL� VD÷ODPDNWDGÕU�� 3DUDPHWUH� 758(� GH÷HUL�

DOGÕ÷ÕQGD� KHU� NURPR]RP� GH÷HUOHQGLUPHVL� VRQUDVÕQGD� NURPR]RPX� YH�GH÷HULQL� ND\GHGHU��

%X� VD\HGH� DUDPD� LúOHPL� ELU� NURPR]RPD� WHNUDU� GHQN�JHOGL÷LQGH� \HQLGHQ� LúOHP� \DSPDN�
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\HULQH� HOGHNL� GH÷HUL� NXOODQÕU�� 3DUDPHWUHQLQ� YDUVD\ÕODQ� GH÷HUL� )$/6(� RODUDN�

EHOLUOHQPLúWLU�

Z� gQHULOHQ� DOJRULWPDQÕQ� KDQJL� DOW� DPDFÕ� KDQJL� D÷ÕUOÕNOD� NXOODQDFD÷ÕQÕ� EHOLUOHPHNWHGLU�� ��

HOHPDQOÕ� ELU� YHNW|UG�U�� 9DUVD\ÕODQ� RODUDN %DúOÕN� �����¶WH�VXQXODQ� GH÷HUOHUL� DOPDNWDGÕU�

PRQLWRU� *HOLúWLULOHQ� \D]ÕOÕP� oDOÕúÕUNHQ� NXOODQÕFÕ\Õ� ELOJLOHQGLUPHN� �]HUH� HNUDQD� ELOJL�

EDVDQ� IRQNVL\RQGXU�� 7H]� LoLQ� |]HO� ELU� PRQLW|U� IRQNVL\RQX� KD]ÕUODQPÕú� YH� YDUVD\ÕODQ�

RODUDN�SDUDPHWUH� GH÷HUL� RODUDN� DWDQPÕúWÕU�

PXWDWLRQ� $OJRULWPD� oDOÕúÕUNHQ� NXOODQÕODFDN� PXWDV\RQ� RSHUDW|U�G�U�� $OJRULWPD\D� |]HO�

DNÕOOÕ� ELU� PXWDV\RQ� RSHUDW|U�� JHOLúWLULOGL÷L� LoLQ� EX�RSHUDW|UH� DLW� IRQNVL\RQ� N�W�SKDQH\H�

HNOHQPLú� YH�YDUVD\ÕODQ� RODUDN� DWDQPÕúWÕU�
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%X� EDúOÕN� DOWÕQGD�� |QHULOHQ� DOJRULWPDQÕQ� KD]ÕUODQPDVÕ�� L\LOHúWLULOPHVL� YH� WHVW� HGLOPHV L�

DúDPDODUÕQGD� HOGH� HGLOHQ� EXOJXODU� LNL� DOW� EDúOÕN� LOH� VXQXOPDNWÕU�� %LULQFL� EDúOÕN� DOWÕQGD�

|QHULOHQ� DOJRULWPD� YH� DOW� DPDo� NDWVD\ÕODUÕ� EHOLUOHQPHVL� DúDPDVÕQGD� HOGH� HGLOHQ� GH÷HUOHU�

J|VWHULOPHNWH�� D\UÕFD� *$¶GD� DUDPD� V�UHVLQH� E�\�N� HWNLVL� RODQ� QHVLO� VD\ÕVÕQÕQ� RSWLPXP�

RODUDN� VHoLOPHVL� JHUHNHQ� DUDOÕ÷ÕQ� EHOLUOHQPHVLQH� LOLúNLQ� YHULOHU� VXQXOPDNWDGÕU�� øNLQFL�

EDúOÕN� LVH� DOJRULWPDQÕQ� VHoLOHQ� YHULWDEDQODUÕQD� X\JXODQPDVÕQÕ� YH�EXQXQ� VRQXFXQGD� HOGH�

HGLOHQ� YHULOHUL� LoHUPHNWHGLU�

�����g1(5ø/(1�$/*25ø70$1,1�ø<ø/(ù7ø5ø/0(6ø

������.DWVD\ÕODUÕQ� +HVDSODQPDVÕ

dDOÕúPDGD� |QHULOHQ� DOJRULWPD�� oRN�DPDoOÕ� ELU� RSWLPL]DV\RQ� SUREOHPL� ROXS� ��DOW� DPDoWDQ�

PH\GDQD� JHOPHNWHGLU�� $QFDN� W�P�DOW� DPDoODUÕQ� D\QÕ� D÷ÕUOÕNOD� VRQXFD� HWNL� HWPHVL� o|]�PH�

ROXPVX]� HWNLGH�EXOXQDELOPHNWHGLU�� %D]Õ� DOW�DPDoODUÕQ� o|]�P� �]HULQGH� GL÷HUOHULQGHQ� GDKD�

EDVNÕQ� HWNL\H� VDKLS� ROPDVÕ� JHUHNPHNWHGLU�� dRN� DPDoOÕ� RSWLPL]DV\RQ� SUREOHPOHU LQLQ�

o|]�P�� LoLQ� NXOODQÕODQ� \|QWHPOHUGHQ� ELUL� RODQ� DOW� DPDoODUÕQ� D÷ÕUOÕNODQGÕUÕOPDVÕ� o|]�P�

�UHWLOPHVLQH� \DUGÕPFÕ� ROPDNWDGÕU�� $PDo� IRQNVL\RQX� %DúOÕN� ��������LoHULVLQGH�

෍ݓ௜

ସ

௜ୀଵ

ൌ ͳ ���

ROPDN� �]HUH�

ܨ ൌ෍ݓ௜ ௜݂

ସ

௜ୀଵ

���

úHNOLQGH� WDQÕPODQPÕúWÕ�� $OW� DPDo� IRQNVL\RQX� D÷ÕUOÕNODUÕQÕ� EHOLUWHQ� ௜ݓ LoLQ� EHOLUOHPH�

\|QWHPL� EDúOÕN� ������ DOWÕQGD� D\UÕQWÕOÕ� RODUDN� YHULOPHNWHGLU�� .DWVD\ÕODUÕQ� EHOLUOHQPHVL�

V�UHFLQGH� *$�DUDPDVÕ� NXOODQÕOPÕú� YH�EDúOÕN� ������DOWÕQGD� VXQXODQ� DGÕPODU� ����NH]�WHNUDU�
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HGLOPLúWLU�� *HUoHNOHúWLULOHQ� oDOÕúPDQÕQ� VRQXFXQGD� XODúÕODQ�� NDWVD\ÕODUD� DLW� LVWDWLVWLN OHU�

7DEOR����¶GH�VXQXOPXúWXU�

7DEOR�����.DWVD\Õ�+HVDSODPD�6RQXoODUÕ�

ଵݓ ଶݓ ଷݓ ସݓ

(Q�G�ú�N ������ ������� ����� ������
(Q�\�NVHN ������ ������� ����� ������
2UWDODPD ������ ������� ����� ������
0HG\DQ ������ ������� ����� ������
6WDQGDUW� 6DSPD ������ ������� ����� ������

$OJRULWPD� LoHULVLQGH�� WHVW� VRQXFXQGD� HOGH� HGLOHQ� GH÷HUOHULQ� RUWDODPDODUÕ� NXOODQÕOPÕúW ÕU��

$\UÕFD� KHVDSODPDODUGDNL� VWDQGDUW� VDSPD�GH÷HUOHUL� GLNNDWH� DOÕQGÕ÷ÕQGD� NDWVD\ÕODUÕQ�

௜ݓ െݓ௜
௦ௗ ൏ ௜ݓ ൏ ௜ݓ ൅ ௜ݓ

௦ௗ ���

LIDGHVLQGH� ��௜ݓ ݅Ǥ NDWVD\Õ�� ��௜ݓ ݅Ǥ NDWVD\ÕQÕQ� RUWDODPDVÕ�� ௜ݓ
௦ௗ LVH� ݅Ǥ NDWVD\ÕQÕQ� VWDQGDUW�

VDSPDVÕ� ROPDN� �]HUH�

ǡ ʹͲ͵͹Ͳʹͺͺͷ ൏ ଵݓ ൏ ǡͶ͹ͷͷͳͷͳͲ

ǡ ͲͲͺ͹ʹͷ͹ͷͶ ൏ ଶݓ ൏ ǡͲ͵ͳͺ͹͸ͷ͹

ǡ Ͷ͹ͺ͹ʹͻͲͶͶ ൏ ଷݓ ൏ ǡ͹͵ͺ͸͸͵ͷͳ

ǡ ͲͳͺͲͺͺʹͺͲ ൏ ସݓ ൏ ǡͲͶͶ͸ͻͺͺͷ

���

DUDOÕ÷ÕQGD� VHoLOPHVL� GH�X\JXQ� J|U�OHELOLU��

+HVDSODQDQ� NDWVD\ÕODUÕQ� RUWDODPDVÕQD� J|UHܨ�ଷ \�]GH� ͸ͳ LOH� HQ�E�\�N� HWNL\H� VDKLSWLU�� ଵܨ ��

\�]GH� ͵Ͷ LOH� LNLQFL� E�\�N� HWNL\H� VDKLSNHQ� ଶܨ YHܨ�ସ VÕUDVÕ\OD \�]GH� ʹ YH�\�]GH� ͵ HWNL\H�

VDKLSWLU�� 6WDQGDUW� VDSPD�GH÷HUOHUL� GLNNDWH� DOÕQGÕ÷ÕQGD� NDWNÕ� RUDQODUÕ� GDKD�JHQLú� ELU� DODQD�

VDKLS� ROPDNOD� ELUOLNWH� VÕUDODPD� D\QÕ� NDOPDNWDGÕU�

������2SWLPXP� 1HVLO�6D\ÕVÕQÕQ�+HVDSODQPDVÕ

1HVLO� VD\ÕVÕ� DOJRULWPDQÕQ� KÕ]ÕQÕ� YH� EDúDUÕVÕQÕ� HWNLOH\HQ� |QHPOL� IDNW|UOHUGHQGLU�� 1HVLO�

VD\ÕVÕQÕQ� JHUHNWL÷LQGHQ� GDKD�D]�VHoLOPHVL� RSWLPXP� VRQXFD�XODúPD� RODVÕOÕ÷ÕQÕ� G�ú�U�UNHQ�
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JHUHNWL÷LQGHQ� ID]OD� VHoLOPHVL� GH�oDOÕúPD� V�UHVLQL� DUWWÕUDFDNWÕU�� %X� VHEHSOH�RSWLPXP� QHVLO�

VD\ÕVÕQÕQ� EHOLUOHQHELOPHVL� LoLQ� GH�ELU� oDOÕúPD� JHUoHNOHúWLULOPLúWLU�

8\JXODPD� LoLQ� HOH�DOÕQDQ� YHULWDEDQODUÕQGDQ� �UHWLOHQ� YHUL� VHWOHUL�� DOJRULWPD� LoHULVLQGH� �����

QHVLO� LOH� o|]�PH� XODúWÕUÕOPD\D� oDOÕúÕOPÕú� YH� HQ� L\L� o|]�PH� XODúWÕNODUÕ� QHVLO� VD\ÕVÕ�

ND\GHGLOPLúWLU�� $OJRULWPD� JLUGL� RODUDN�\DOQÕ]FD KDP� YHUL� VHWLQL� DOGÕ÷Õ� LoLQ� QHVLO� VD\ÕVÕQD�

NDUúÕOÕN� QLWHOLN� VD\ÕVÕ� LOH� GH÷HUOHQGLUPH� \DSÕOPÕúWÕU�

8\JXODPDODU� LOH� HOGH� HGLOHQ�� HQ� L\L� VRQXFD� XODúÕODQ� QHVLO� VD\ÕODUÕ� 7DEOR� ���� LOH�

VXQXOPDNWDGÕU�

7DEOR����� (Q�ø\L�6RQXFD�8ODúÕODQ� øWHUDV\RQ�6D\ÕODUÕ�

EŝƚĞůŝŬ �Ŷ��ƺƔƺŬ �Ŷ�zƺŬƐĞŬ KƌƚĂůĂŵĂ
;KͿ

^ƚĂŶĚĂƌƚ�
^ĂƉŵĂ ;^^Ϳ

Kн^^ KͲ^^

ϳ Ϭ Ϯϰ ϯ͕ϵ ϯ͕ϲϴ ϳ͕ϱϴ Ϭ͕ϮϮ
ϳ ϭ Ϯϯ ϰ͕ϱϮ ϰ͕ϱϮ ϵ͕Ϭϰ Ϭ
ϳ ϭ Ϯϭ ϴ͕ϳϭ ϰ͕ϰϵ ϭϯ͕Ϯ ϰ͕ϮϮ
ϴ ϭ ϱϰ ϵ͕ϭϮ ϲ͕Ϯϲ ϭϱ͕ϯϴ Ϯ͕ϴϲ
ϭϬ ϱ ϳϬ Ϯϴ͕ϴϱ ϭϯ͕Ϭϱ ϰϭ͕ϵ ϭϱ͕ϴ
ϭϬ ϭϭ ϱϱ Ϯϵ͕ϴϱ ϵ͕ϲϳ ϯϵ͕ϱϮ ϮϬ͕ϭϴ
ϭϭ ϭϬ ϵϭ ϯϵ͕ϴϮ ϭϳ͕Ϭϯ ϱϲ͕ϴϱ ϮϮ͕ϳϵ
ϭϭ ϭϲ ϳϱ ϯϱ͕ϲϯ ϭϮ͕ϰ ϰϴ͕Ϭϯ Ϯϯ͕Ϯϯ
ϭϮ ϭϯ ϱϴ ϯϱ͕ϬϮ ϵ͕ϵϰ ϰϰ͕ϵϲ Ϯϱ͕Ϭϴ
ϭϯ ϮϮ ϭϱϯ ϱϭ͕ϰϰ Ϯϭ͕ϲϵ ϳϯ͕ϭϯ Ϯϵ͕ϳϱ
ϭϯ ϭϮ ϭϱϰ ϰϱ͕ϭϱ Ϯϱ͕ϳϮ ϳϬ͕ϴϳ ϭϵ͕ϰϯ
ϭϰ Ϯϱ ϭϬϳ ϱϬ͕ϲ ϭϱ͕ϳϯ ϲϲ͕ϯϯ ϯϰ͕ϴϳ
ϭϳ ϲϱ ϯϭϰ ϭϲϴ͕ϴ ϱϯ ϮϮϭ͕ϴ ϭϭϱ͕ϴ
ϭϳ ϯϳ ϳϱϮ ϭϯϰ͕ϳϴ ϭϬϳ͕Ϭϰ Ϯϰϭ͕ϴϮ Ϯϳ͕ϳϰ
ϭϳ ϲϭ ϯϴϳ ϭϮϴ͕ϳϯ ϱϲ͕Ϭϱ ϭϴϰ͕ϳϴ ϳϮ͕ϲϴ
ϮϮ ϵϳ ϰϴϵ Ϯϭϲ͕ϯ ϴϮ͕Ϯϯ Ϯϵϴ͕ϱϯ ϭϯϰ͕Ϭϳ
Ϯϱ ϭϬϱ ϴϯϳ ϮϳϮ͕ϵ ϭϮϰ ϯϵϲ͕ϵ ϭϰϴ͕ϵ
Ϯϱ Ϯϲ ϵϮϬ ϭϮϱ͕ϵ ϭϵϭ͕ϴϴ ϯϭϳ͕ϳϴ ф�Ϭ
ϯϭ ϭϲϵ ϴϰϰ ϯϴϬ͕ϵ ϭϯϱ͕ϯϯ ϱϭϲ͕Ϯϯ Ϯϰϱ͕ϱϳ
ϯϰ Ϯϰϯ ϵϵϵ ϱϴϯ͕Ϯ ϮϭϬ͕ϲϮ ϳϵϯ͕ϴϮ ϯϳϮ͕ϱϴ

ùHNLO� �����QLWHOLN� VD\ÕVÕQD� NDUúÕOÕN� JHOHQ� QHVLO� VD\ÕODUÕQÕ� J|VWHUPHNWHGLU�� '�úH\� HNVHQ�QHVLO�

VD\ÕVÕQÕ�� \DWD\� HNVHQ� KDP� YHUL� VHWLQGHNL� QLWHOLN� VD\ÕVÕQÕ� J|VWHUPHNWHGLU�� .HVLNOL� oL]JL��

7DEOR����¶GH�VXQXODQ� RUWDODPD\Õ�� V�UHNOL� oL]JL� LVH�RUWDODPD� LOH� VWDQGDUW� VDSPD�GH÷HUOHULQLQ�

WRSODPÕQÕ� LIDGH� HWPHNWHGLU�
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ùHNLO�����1LWHOLN�6D\ÕVÕQD�*|UH�1HVLO�6D\ÕVÕ�'H÷LúLPL�

ùHNLO� ���¶H� J|UH� KDP� YHUL� VHWLQGH� EXOXQDQ� QLWHOLN� VD\ÕVÕ�� HQ� L\L� o|]�PH� XODúÕODQ� QHVLO�

VD\ÕVÕQÕ� GR÷UX� RUDQWÕOÕ� RODUDN� HWNLOHPHNWHGLU�� 'DKD� NHVLQ� GH÷HUOHU� LoLQ� oRN� VD\ÕGD� WHVW�

\DSÕOPDVÕ� JHUHNPHNOH� ELUOLNWH�� EHOLUOHQHQ� ELU�QLWHOLN� VD\ÕVÕ� LoLQ� VHoLOHELOHFHN� QLWHOLN� VD\ÕVÕ�

ùHNLO� ����YH�7DEOR�����LOH� \DNODúÕN� RODUDN� WD\LQ� HGLOHELOPHNWHGLU�

�����$/*25ø70$1,1�8<*8/$10$6,

%X� GRNWRUD� WH]L� NDSVDPÕQGD� |QHULOHQ� DOJRULWPD�� EX� DOJRULWPD� ED]� DOÕQDUDN�

JHUoHNOHúWLULOPLú� 5� GLOLQGHNL� \D]ÕOÕP� LOH� ���YHULWDEDQÕQGDQ� �UHWLOHQ� ��� \DSD\� YHUL� VHWL�

NXOODQÕODUDN� WHVW� HGLOPLúWLU�� 9HULWDEDQÕ� VHoLPL� LOH� LOJLOL� D\UÕQWÕOÕ� ELOJL %DúOÕN� ������DOWÕQGD�

VXQXOPXúWXU�� %X� EDúOÕN� DOWÕQGD� \DSÕODQ� WHVWOHULQ� EXOJXODUÕ� VXQXODFDNWÕU�� (OH� DOÕQDQ�

YHULWDEDQODUÕ\OD� LOJLOL� |]HW�ELOJL� 7DEOR����¶WH�VXQXOPXúWXU�

7DEOR����� (OH�$OÕQDQ�9HULWDEDQODUÕQÕQ� g]HW�%LOJLVL

9HULWDEDQÕ 1LWHOLN�6D\ÕVÕ 9DUOÕN�6D\ÕVÕ
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<DSÕODQ� X\JXODPDODUGD�� HOGH�HGLOHQ� �� \DSD\�YHUL� VHWLQLQ� E�\�N� oR÷XQOX÷X� ELUHELU� RODUDN�

EHNOHQHQ� YHULWDEDQÕ� WDVDUÕPÕQD� XODúÕUNHQ�� GL÷HUOHULQLQ� E�\�N� oR÷XQOX÷X� GD� EHNOHQHQ�

WDVDUÕPD� oRN�\DNODúPÕúWÕU�� �

gQHULOHQ� DOJRULWPD�� HOH� DOÕQDQ� ���YHULWDEDQÕ� LoHULVLQGHQ� ���WDQHVL� ��������������������������

������������LoLQ� EHNOHQLOHQ� YHULWDEDQÕ� WDVDUÕPÕQÕQ� ELUHELU� D\QÕVÕQÕ� |QHUPLúWLU�� ��WDQHVL� ����

�������������������LoLQ� LVH� XODúÕOPDN� LVWHQHQ� WDVDUÕPD� oRN�\DNÕQ� WDVDUÕPODU� HOGH� HGLOPLúW LU��

<DNÕQ� WDVDUÕPODU�� ELU� QLWHOL÷LQ� WHNUDUOÕ� GH÷HU� LoHUPHVL� DQFDN� IDUNOÕ� ELU� YDUOÕN� LOH� WHPVLO�

HGLOPHVLQLQ� JHUHNVL]� ROGX÷X� GXUXPODUGD� J|U�OPHNWHGLU�� gUQH÷LQ� FLQVL\HW� QLWHOL÷L� ��GH÷HU�

DOPDVÕ� VHEHEL\OH� oRN�ID]OD� YHUL� WHNUDUÕ� ROXúWXUX\RU� JLEL� J|U�QHELOPHNWHGLU�� $OJRULWPD� GD�

EX�VHEHSOH� FLQVL\HW� QLWHOL÷LQL� KDWDOÕ� YDUOÕN� LoHULVLQH� \HUOHúWLUHELOPHNWHGLU�� *HUL\H� NDODQ� ��

YHULWDEDQÕ� LoLQ� LVH�� EHNOHQHQ� YHULWDEDQÕ� WDVDUÕPÕQGDQ� oRN� X]DN� ROPD\DQ� DQFDN� \DSÕGD�

GH÷LúLNOLN� |QHUHQ� WDVDUÕPODU� RUWD\D� oÕNPÕúWÕU�� $OJRULWPD� WDUDIÕQGDQ� |QHULOHQ� WDVDUÕPODU��

XODúÕOPDN� LVWHQLOHQ� WDVDUÕPODUOD� NDUúÕODúWÕUÕODUDN� LQFHOHQGL÷LQGH�� QRUPDOL]DV\RQ�

NXUDOODUÕQD� J|UH�PDQWÕNOÕ� VD\ÕODELOHFHN� G�]HQOHPHOHU� LoHUPHNWHGLU�� %X�VHEHSOH�EX�WDVDUÕP�

|QHULOHULQH� GH�WDPDPÕ\OD� KDWDOÕ� GHPHN�GR÷UX� ROPD\DFDNWÕU�

7�P� YHULWDEDQODUÕ� LoLQ� JHUoHNOHúWLULOHQ� X\JXODPDODU� YH� D\UÕQWÕODUÕ� DOW� EDúOÕNODU� úHNOLQGH�

VXQXOPXúWXU�
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������9HULWDEDQÕ� �

9HULWDEDQÕ� ��LoLQ� YDUOÕN�LOLúNL� GL\DJUDPÕ� ùHNLO� ���¶GH�J|VWHULOPHNWHGLU�

ùHNLO�����9HULWDEDQÕ��¶LQ�9DUOÕN�øOLúNL� 'L\DJUDPÕ�

ùHNLOGH�YHULOHQ� YHULWDEDQÕ� WDVDUÕPÕQD� X\JXQ� RODUDN�YDUOÕNODU� ROXúWXUXOPXú� YH�UDVVDO�YHULOHU�

HNOHQPLúWLU�� (OGH� HGLOHQ� \DSD\� YDUOÕNODU�� WDVDUÕPGD� YHULOHQ� LOLúNLOHU� NXOODQÕODUDN� 6(/(&7�

64/� VRUJXVX� NXOODQÕODUDN� KDP� YHUL� VHWLQH� G|Q�úW�U�OP�úW�U�� 1LWHOLNOHULQ� KDP� YHUL� VHWL�

LoLQ� G|Q�úW�U�OHQ� LVLPOHUL� 7DEOR����¶WHNL� JLELGLU�

7DEOR�����9HULWDEDQÕ���øoLQ�1LWHOLN� øVLPOHUL�'|Q�ú�P��

1LWHOL÷LQ�7DVDUÕPGDNL� $GÕ 1LWHOL÷LQ�9HUL�6HWLQGHNL�$GÕ
0XVWHUL$GL 9�
%ROJH$GL 9�
'HSDUWPDQ$GL 9�
6DWLFL$GL 9�
%ROJH$GL 9�
'HSDUWPDQ$GL 9�
8UXQ$GL 9�
.DWHJRUL$GL 9�
6DWLV)L\DW 9�
6DWLV0LNWDU 9��

9HUL� VHWL�� ���QLWHOLN� YH�����ND\ÕWWDQ� ROXúPDNWDGÕU�� $\UÕFD� GRV\D�ER\XWX� ����NLORED\WWÕU��
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.URPR]RP� \DSÕVÕQÕQ� EHOLUOHQHELOPHVL� YH�X\JXODPDQÕQ� JHUoHNOHúWLULOHELOPHVL� LoLQ� JHUHNOL�

SDUDPHWUHOHU�� DúD÷ÕGDNL� úHNLOGH� KHVDSODQPÕúWÕU�� %DúOÕN� �������� LoHULVLQGH� NURPR]RP�

X]XQOX÷XQX� �.8��KHVDSODPDN� LoLQ�

ܷܭ ൌ ۀܸܵܪ���ଶڿ ܸܵܪ ���

HúLWOL÷L� YHULOPLúWL�� %XQD� J|UH�EX�YHULWDEDQÕ� LoLQ� NURPR]RP� X]XQOX÷X� ܸܵܪ ൌ ͳͲ LoLQ�

ܷܭ ൌ ۀܸܵܪ���ଶڿ ܸܵܪ ൌ ���ଶڿ ͳͲۀ ͳͲ ൌ ͵Ͳ ���

RODUDN�KHVDSODQPDNWDGÕU�� .URPR]RPGDNL� KHU� ELU� JHQ�X]XQOX÷X� LVH�

݉ ൌ ۀܸܵܪ���ଶڿ ൌ ���ଶڿ ͳͲۀ ൌ ͵ ���

RODUDN�KHVDSODQPDNWDGÕU�� %X�SDUDPHWUHOHUOH� ����NH]�DUDPD�JHUoHNOHúWLULOPLú� YH�W�P�QGH�

D\QÕ� VRQXFD�XODúÕOPÕúWÕU�� 8ODúÕODQ� GH÷HUOHU� DúD÷ÕGDNL� JLELGLU�

ଵ݂ݓଵ ൌ ͲǡͳͶͶʹ

ଶ݂ݓଶ ൌ ͲǡͲͲͲͶͲ͸

ଷ݂ݓଷ ൌ Ͳǡͳͷʹʹ

ସ݂ݓସ ൌ ͲǡͲʹʹʹ

���

%XQD� J|UH�

ܨ ൌ Ͳǡ͵ͳͻ ���

ROPXúWXU�� $\UÕFD� HQ� L\L� VRQXFD� HULúLOHQ� QHVLO� VD\ÕVÕ� LQFHOHQGL÷LQGH� HOGH� HGLOHQ� VRQXoODU�

7DEOR� ���¶WHNL� JLELGLU�

7DEOR�����9HULWDEDQÕ���øoLQ�(Q�ø\L�d|]�PH�8ODúWÕUDQ�øWHUDV\RQ�6D\ÕODUÕ�

(Q�G�ú�N �
(Q�\�NVHN ��
0HG\DQ ��
0$' �������
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+HU�ELU� NURPR]RP� o|]�P� |QHULVL� RODUDN�ELU� YHULWDEDQÕ� WDVDUÕPÕ� VXQPDNWDGÕU� DQFDN� IDUNOÕ�

NURPR]RPODU� GD�D\QÕ� WDVDUÕPÕ� LúDUHW� HGL\RU� RODELOLU�� .URPR]RP� GH÷LúVH� GH�D\QÕ� WDVDUÕP�

LoLQ� HOGH� HGLOHFHN� DPDo� IRQNVL\RQXQGDQ� G|QHQ� GH÷HU� GH÷LúPHPHNWHGLU�� 8ODúÕODQ� o|]�P�

|QHULOHULQGHQ� ELUL�

ͳͲͲͳͳͲͲͳͳͲͲͳͲͳͲͲͲͳͲͲͲͳͲͲͳͳͳͲͳͳͳͲͳͲͳͲͳͲͳͲ

NURPR]RPX� RODUDN� HOGH� HGLOPLúWLU��

.URPR]RPXQ� |QHUGL÷L� YHULWDEDQÕ� WDVDUÕPÕ� ùHNLO� ���¶WH�VXQXOPDNWDGÕU�

ùHNLO�����9HULWDEDQÕ���øoLQ�8ODúÕODQ�9HULWDEDQÕ�7DVDUÕPÕ�gQHULVL�

ùHNLO� ���¶WH�HOGH� HGLOHQ� o|]�P� |QHULVLQGH� KHU�ELU� VDWÕU� ELU� YDUOÕ÷Õ�� KHU�ELU� VD\Õ� LVH� R�YDUOÕN�

LoHULVLQGH� \HU� DOPDVÕ� JHUHNHQ� QLWHOL÷L� LIDGH� HWPHNWHGLU�� %X� |UQHN� LoLQ� QLWHOLN� ��YH���ELU�

YDUOÕN� LoHULVLQGH�� QLWHOLN� ��YH����LNLQFL� YDUOÕN� LoHULVLQGH�� QLWHOLN� �����YH� ���o�QF�� YDUOÕN�
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JHUoHNOHúWLULOHFHN� úHNLOGH� UDVWJHOH� X\JXODPDNWDGÕU�

�� 6WDQGDUW�PXWDV\RQ� RSHUDW|U��X\JXODPDVÕ� JHUoHNOHúWLULOLU�

�� 5DVWJHOH� ELU� JHQ� VHoLOLU� YH�UDVWJHOH� KHUKDQJL� ELU� JHQ� LOH� GH÷LúWLULOLU�

�� 5DVWJHOH� VHoLOHQ� LNL� JHQ� \HU�GH÷LúWLULOLU�

�� 5DVWJHOH� VHoLOHQ� ELU� JHQ�� \LQH� UDVWJHOH� VHoLOHQ� EDúND�ELU� JHQLQ� �]HULQH� NRS\DODQÕU�



���

�� .URPR]RPGDNL� JHQOHUOH� ELU� KDYX]� ROXúWXUXOXU�� .URPR]RP�� KDYX]GDNL� JHQOHUGHQ�

UDVWJHOH� VHoLPOHU� \DSÕODUDN� \HQLGHQ� ROXúWXUXOXU�

�� 0XWDV\RQ� RSHUDW|U� X\JXODQPD]�

*HOLúWLULOHQ� DNÕOOÕ� PXWDV\RQ� RSHUDW|U��� QLWHOLNOHULQ� YDUOÕNODU� LoHULVLQGHNL� \HUOHúLPOHU LQL�

GDKD� L\L� LIDGH� HWWL÷L� LoLQ� EX� SUREOHPLQ� o|]�P�QGH� VWDQGDUW� PXWDV\RQ� RSHUDW|U�QH� J|UH�

GDKD�L\L� SHUIRUPDQV� J|VWHUPHNWHGLU��

*$� DUDPDVÕQGD� VHoLOHFHN� QHVLO� VD\ÕVÕ�� JLUGL� GRV\DVÕ� RODUDN� VHoLOHQ� KDP� YHUL� VHWLQGHNL�

QLWHOLN� VD\ÕVÕ� LOH� GR÷UX�RUDQWÕOÕGÕU�� 1LWHOLN� VD\ÕVÕ� DUWWÕNoD� *$¶QÕQ� HQ� L\L� o|]�PH� XODúPDV Õ�

LoLQ� LKWL\Do� GX\GX÷X� QHVLO� VD\ÕVÕQGD� DUWÕú� ROPDNWDGÕU�� %DúOÕN� ������ LoHULVLQGH� QLWHOLN�

VD\ÕVÕQD� GHQN�JHOHQ� QHVLO� VD\ÕVÕ� GH÷LúLPOHUL� D\UÕQWÕOÕ� RODUDN� VXQXOPXúWXU�

%LU� KDP� YHUL� VHWLQH� NDUúÕOÕN� ROXúWXUXODFDN� LOLúNLVHO� YHULWDEDQÕ� \DSÕVÕQGDNL� WRSODP� YDUOÕN�

VD\ÕVÕ� HQ�ID]OD� KDP�YHUL�VHWLQGHNL� QLWHOLN� VD\ÕVÕ� NDGDU�RODELOLU�� *HQHWLN� DUDPDGD�NURPR]RP�

\DSÕVÕ� KDP� YHUL� VHWLQGHNL� QLWHOLN� VD\ÕVÕQD� ED÷OÕ� RODUDN� EHOLUOHQPHNWH�� EX� VD\HGH�

NURPR]RP�� DGD\� o|]�PGH� HOGH� HGLOHELOHFHN� WRSODP� YDUOÕN� VD\ÕVÕ� NÕVÕWÕQÕ� NHQGLOL÷LQGHQ�

\DUDWPDNWDGÕU�� 2SWLPL]DV\RQ� KHVDEÕQGD� NÕVÕW� RODUDN� \DOQÕ]FD� EX� GXUXP� PHYFXWWXU��

d|]�P� X]D\Õ� \D�GD�DPDo� IRQNVL\RQX� LoHULVLQGH� EDúND�ELU�NÕVÕW� X\JXODQPDPÕúWÕU��

$PDo� IRQNVL\RQX� LoHULVLQGH� DOW� DPDoODUÕQ� EHOLUOL� D÷ÕUOÕNODUOD� GH÷HUOHQGLULOHELOPHVL� LoLQ�

KHU� DOW� DPDFÕQ� D÷ÕUOÕ÷ÕQÕQ� EHOLUOHQPHVL� LKWL\DFÕ� GR÷PXúWXU�� 8\JXODPD� LoLQ� HOH� DOÕQDQ�

YHULWDEDQODUÕ�� DOW� DPDo� D÷ÕUOÕNODUÕ� HúLW� VHoLOHUHN� |QHULOHQ� VLVWHP� LOH� RWRPDWLN� QRUPDOL]H�

HGLOPLúWLU�� (OGH� HGLOHQ� VRQXoODU�� YHULWDEDQODUÕQÕQ� GL\DJUDPODUÕ� LOH� NDUúÕODúWÕUÕOPÕú��

GL\DJUDPGDNL� WDVDUÕPD� XODúÕODELOPHVL� LoLQ� DOW� DPDoODUÕQ� KDQJL� D÷ÕUOÕN� LOH� NXOODQÕOPDV Õ�

JHUHNWL÷L� KHVDSODQPÕúWÕU�� %XQD� J|UH� DOW� DPDoODU� LoLQ� D÷ÕUOÕNODU� |QHULOPLúWLU�� $QFDN� EX�

D÷ÕUOÕNODU� HOGHNL� YHULWDEDQODUÕQD� J|UH� EHOLUOHQGL÷LQGHQ� IDUNOÕ� oDOÕúPDODUGD� IDUNOÕ� D÷ÕUOÕN�

VHoLPL� JHUHNWLUHELOPHNWHGLU��

$OJRULWPD�� ��� IDUNOÕ� YHULWDEDQÕ� LOH� WHVW� HGLOPLúWLU�� 9HULWDEDQODUÕQÕQ� YDUOÕN�LOLúN L�

GL\DJUDPÕQD� J|UH� KD]ÕUODQDQ� \DSD\� YHUL�� DOJRULWPD� LOH� QRUPDOL]H� HGLOPLú�� HOGH� HGLOHQ�

VRQXo� JHUoHN� YDUOÕN� LOLúNL� GL\DJUDPÕ� LOH� NDUúÕODúWÕUÕOPÕúWÕU�� <DSÕODQ� NDUúÕODúWÕUPDGD�� ���

X\JXODPD� LoLQ� |QHULOHQ� DOJRULWPD� QRUPDOL]DV\RQ� LúOHPLQL� XODúÕOPDVÕ� EHNOHQHQ� GXUXPOD�

ELUHELU� D\QÕ� úHNLOGH� JHUoHNOHúWLUPLúWLU�� �� X\JXODPDGD� LVH� ROPDVÕ� EHNOHQHQ� YDUOÕN�LOLúN L�

GL\DJUDPÕ� LOH� DOJRULWPD� WDUDIÕQGDQ� |QHULOHQ� QRUPDOL]H� \DSÕ� DUDVÕQGD� oRN� D]� VD\ÕGD�
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IDUNOÕOÕN� EXOXQPDNWDGÕU�� ��X\JXODPDGD� \DNÕQ� VD\ÕODPD\DFDN� DQFDN� DQODPVÕ]� GD�ROPD\DQ�

LOLúNLVHO� YHULWDEDQÕ� WDVDUÕPÕ� |QHULVL� ROXúPXúWXU�� gQHULOHQ� DOJRULWPD� X\JXODPDOD U ÕQ�

\DUÕVÕQGDQ� ID]ODVÕQGD� WDP� RODUDN� EHNOHQHQ� VRQXFX� �UHWPLú�� NDODQ� X\JXODPDODUÕQ� GD�

oR÷XQOX÷XQGD� YHUL� \DSÕVÕQD� ED÷OÕ� RODUDN� EDVLW� IDUNOÕOÕNODU� LoHUHQ� \DNÕQ� |QHULOHUGH

EXOXQPXúWXU��

gQHULOHQ� DOJRULWPD�� JLUGL� RODUDN� EHOLUOHQHQ� KDP� YHUL� VHWL� LoLQ� ROXúWXUXODELOHFHN� HQ� L\L�

QRUPDOL]DV\RQ� LúOHPLQL� JHUoHNOHúWLUHELOPHNWH� \D� GD� EHNOHQHQH� oRN� \DNÕQ� VRQXo�

�UHWHELOPHNWHGLU�� <DNÕQ� VRQXoODU� JHQHOGH� YHULQLQ� \DSÕVÕ� VHEHEL\OH� ROXúPDNWDG ÕU�� gUQHN�

RODUDN� ELUH\OHUH� DLW� ELU� YDUOÕN� LoHULVLQGH� FLQVL\HW� QLWHOL÷LQLQ� \DOQÕ]FD� ��GH÷HU� DODELOPHV L��

DOJRULWPD� WDUDIÕQGDQ� YDUOÕN� LoHULVLQGH� YHUL� WHNUDUÕ� ROXúWXUGX÷X� \|Q�QGH�

\RUXPODQPDNWDGÕU�� %X� úHNLOGH� D]� VD\ÕGD� GH÷HU� DODELOHQ� QLWHOLNOHULQ� DOJRULWPD� WDUDIÕQGDQ�

RWRPDWLN� RODUDN� WHN�ELU� QLWHOL÷H� VDKLS� \HQL� ELU�YDUOÕN� úHNOLQGH� WDQÕPODQPDVÕ� VD\ÕVDO� YDUOÕN�

VD\ÕVÕQÕQ� HQ� D]D� LQGLULOPHVL� DOW� DPDFÕ\OD� HQJHOOHQPH\H� oDOÕúÕOPÕúWÕU�� %X� VD\HGH� W�P�

ND\ÕWODUÕ� VD\ÕVDO� GH÷HU� DODQ� YDUOÕNODU� EDúDUÕ� SXDQÕQÕ� HWNLOHPHNWHGLU�� %XQD� UD÷PHQ�

DOJRULWPD� EHQ]HU� |]HOOLNWHNL� QLWHOLNOHUL� KDWDOÕ� YDUOÕNODU� LoHULVLQH� \HUOHúWLUHELOPHNWHG LU��

.DWHJRULN� GH÷HU� DODQ� QLWHOLNOHULQ� GH÷HUOHULQLQ� VD\ÕVDO� VHoLOPHVL� DOJRULWPD� EDúDUÕVÕQÕQ�

DUWPDVÕQGD� URO� R\QD\DELOHFHNWLU�

1RUPDOL]DV\RQ� LúOHPL�� JHOHQHNVHO� RODUDN�QRUPDO� IRUPODUÕQ� JHUoHNOHúWLULOPHVL� LOH� VH]JLVHO�

RODUDN� JHUoHNOHúWLULOGL÷L� LoLQ� YH� OLWHUDW�UGH� KHUKDQJL� ELU� WDP� RWRPDWLN� QRUPDOL]DV\RQ�

DOJRULWPDVÕQD� UDVWODQPDGÕ÷Õ� LoLQ� |QHULOHQ� DOJRULWPD� EDúND� KHUKDQJL� ELU� DOJRULWPD\OD�

NDUúÕODúWÕUÕOPDPÕúWÕU�� 8\JXODPD� LoLQ� VHoLOHQ� ���YHULWDEDQÕ� GD�X]PDQ� NLúLOHU� WDUDIÕQGDQ�

WDVDUODQPÕú� ROVD� GD� D\QÕ� YHUL� VHWL� LoLQ� ROXúWXUXODELOHFHN� HQ� L\L� �QRUPDOL]H�� GL\DJUDP�

ROGXNODUÕ� WDUWÕúPDOÕGÕU�� %X� VHEHSOH� EX� DOJRULWPDQÕQ� WDPDPL\OH� QHVQHO� RODUDN�

GH÷HUOHQGLULOPHVL� P�PN�Q� RODPDPÕúWÕU�� (OH� DOÕQDQ� YHULWDEDQÕ� VD\ÕVÕQÕQ� ID]OD� WXWXOPDVÕ� LOH�

WXWDUOÕOÕN� DUWWÕUÕOPD\D� oDOÕúÕOPÕúWÕU�� $\UÕFD� HOGHNL� VRQXoODU� YHULWDEDQÕ� WDVDUÕPFÕVÕ� RODUDN�YH�

QRUPDO� IRUPODU� J|]HWLOHUHN� |]QHO� RODUDN� GH÷HUOHQGLULOGL÷LQGH� VRQXoODUÕQ� NDEXO� HGLOHELOLU�

ROGX÷X� G�ú�Q�OP�úW�U�

$OJRULWPD�� QRUPDOL]DV\RQ� LúOHPL� VRQXFXQGD� KDP� YHUL� VHWL� LoLQ� KDQJL� VD\ÕGD� YDUOÕN�

WDQÕPODQPDVÕ� JHUHNWL÷LQL� YH�KDQJL� QLWHOL÷LQ� KDQJL� YDUOÕN� LoHULVLQGH� \HU� DOPDVÕ� JHUHNWL÷LQL�

ELU� GL÷HU� GH\LúOH� IRQNVL\RQHO� ED÷ÕPOÕOÕNODUÕ� EHOLUOH\HELOPHNWHGLU� DQFDN� KDQJL� YDUOÕN ODU�

DUDVÕQGD� LOLúNL� EXOXQGX÷XQX� YH� LOLúNLQLQ� W�U�Q�� EHOLUOH\HPHPHNWHGLU�� %X� VHEHSOH�
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NXOODQÕPD� KD]ÕU� ELU� LOLúNLVHO� YHULWDEDQÕ� HOGH� HWPHN� P�PN�Q� GH÷LOGLU�� <LQH� GH� WDVDUÕPFÕ�

LoLQ� EDúDUÕOÕ� ELU� NDUDU�GHVWHN�VLVWHPL� QLWHOL÷LQGHGLU��

dDOÕúPD�� XOXVODUDUDVÕ� OLWHUDW�UGHNL� RWRPDWLN� QRUPDOL]DV\RQ� oDOÕúPDODUÕQD� J|UH�L\LOHúW LUPH�

J|VWHUPHNWH�� VH]JLVHO� YH� GHQH\LPH� GD\DOÕ� JHUoHNOHúWLULOHQ� QRUPDOL]DV\RQ� LúOHPLQLQ� ELU�

RSWLPL]DV\RQ� SUREOHPL� RODUDN� HOH�DOÕQPDVÕ� DoÕVÕQGDQ� GD�|]J�Q� ROPD�QLWHOL÷L� WDúÕPDNWDG ÕU��

gQHULOHQ� DOJRULWPDQÕQ� JHOLúWLULOPHVL� YH� oDOÕúPDQÕQ� LOHUOHWLOHELOPHVL� LoLQ� \DSÕODELOHFHN�

oDOÕúPDODUGDQ� ED]ÕODUÕ� DúD÷ÕGD� VXQXOPXúWXU�

x 1RUPDOL]DV\RQ� LúOHPLQLQ� EDúDUÕVÕQÕ� DUWWÕUDELOPHN� LoLQ� HWNLVL� EXOXQDQ� \HQL� DOW�

DPDoODUÕQ� EHOLUOHQPHVL� YH�HQWHJUH� HGLOPHVL

x $OW� DPDo�NDWVD\ÕODUÕQÕQ GDKD�KDVVDV�ELU� úHNLOGH� EHOLUOHQPHVL

x )DUNOÕ� RSWLPL]DV\RQ� DOJRULWPDODUÕ� LOH� SUREOHPLQ� GDKD�KÕ]OÕ� o|]�OHELOPHVL

x 2WRPDWLN� ROXúWXUXODQ� YDUOÕNODU� DUDVÕQGDNL� LOLúNLOHULQ� YH� LOLúNL� WLSOHULQLQ�

EHOLUOHQHELOPHVL
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.$<1$./$5

$KPDG�� 5��� 6DNQDNRVQDN�� 3� YH +RRL�� <��� ����� ([FHO�'DWDEDVH� &RQYHUWLQJ� 6\VWHP�
8VLQJ� 'DWD� 1RUPDOL]DWLRQ� 7HFKQLTXH� 3URFHHGLQJV� RI� WKH� )LUVW� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� $GYDQFHG� 'DWD� DQG� ,QIRUPDWLRQ� (QJLQHHULQJ� �'D(QJ�������
6SULQJHU�� ������

$KPHGL�� /���-DNXSL�� 1� YH -DMDJD��(�������� 1250$/'%��$�/RJLF�%DVHG� ,QWHUDFWLYH� H�
/HDUQLQJ� 7RRO� IRU�'DWDEDVH�1RUPDOL]DWLRQ� DQG�'HQRUPDOL]DWLRQ� H/P/�������7KH�
)RXUWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0RELOH��+\EULG��DQG�2Q�OLQH�/HDUQLQJ��������

$NHKXUVW� '���%RUGEDU��%���5RGJHUV�� 3� YH 'DOJOLHVK�� 1�� ����� $XWRPDWLF� QRUPDOLVD W LRQ�
YLD� PHWDPRGHOOLQJ� 'HFODUDWLYH� 0HWD� 3URJUDPPLQJ� WR� 6XSSRUW� 6RIWZDUH�
'HYHORSPHQW�:RUNVKRS�3URFHHGLQJ� ������

$UHQDV��'���&KHYULHU�� 5���+DQDIL�� 6� YH 5RGULJXH]�� -�������� 6ROYLQJ� WKH� WUDLQ� WLPHWDE OLQJ�
SUREOHP�� D� PDWKHPDWLFDO� PRGHO� DQG� D� JHQHWLF� DOJRULWKP� VROXWLRQ� DSSURDFK� �WK�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5DLOZD\� 2SHUDWLRQV� 0RGHOOLQJ� DQG� $QDO\VLV�
�5DLO7RN\R�������7RN\R�� �����

%DFKPDQ�� &�������� 'DWD�VWUXFWXUH�GLDJUDPV �&LOW� ��� 1HZ�<RUN��1<��86$� $&0�������

%DKPDQL�� $���1DJKLE]DGHK�� 0��YH %DKPDQL� %�� ����� $XWRPDWLF� GDWDEDVH�QRUPDOL]D W LRQ�
DQG� SULPDU\� NH\� JHQHUDWLRQ� (OHFWULFDO� DQG� &RPSXWHU� (QJLQHHULQJ� &&(&(�
&DQDGLDQ�&RQIHUHQFH�RQ� ,(((�� ������

%DKPDQL�� $���6KHNRIWHK�� 6���1DJKLE]DGHK�� 0��YH 'HOGDUL�� +�������� 3DUDOOHO� DOJRULWKPV�
IRU� DXWRPDWLF� GDWDEDVH� QRUPDOL]DWLRQ� &RPSXWHU� DQG� $XWRPDWLRQ� (QJLQHHULQJ�
�,&&$(��������7KH��QG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ� &LOW� �� ,(((� ��������

%HNLUR÷OX�� 6���'HGH��7��YH $\YD]�� <��� ����� ,POHPHQWDWLRQ� RI� GLIIHUHQW� HQFRGLQJ� W\SHV�
RQ� VWUXFWXUDO� RSWLPL]DWLRQ� EDVHG� DGDSWLYH� JHQHWLF� DOJRULWKP� )LQLWH� (OHPHQWV� LQ�
$QDO\VLV�DQG�'HVLJQ�� ������������

%HUQVWHLQ�� 3��� ����� 6\QWKHVL]LQJ� WKLUG� QRUPDO� IRUP� UHODWLRQV� IURP� IXQFWLRQD O�
GHSHQGHQFLHV� $&0�7UDQVDFWLRQV�RQ�'DWDEDVH�6\VWHPV����������������

&KHQ�� 3��� ����� 7KH� HQWLW\�UHODWLRQVKLS� PRGHO²WRZDUG� D� XQLILHG� YLHZ� RI� GDWD� $&0�
7UDQVDFWLRQV�RQ�'DWDEDVH�6\VWHPV��72'6��������������

&KRRWLQDQ�� 3�� YH &KHQ�� $��� ����� &RQVWUDLQW� KDQGOLQJ� LQ� JHQHWLF� DOJRULWKPV� XVLQJ� D�
JUDGLHQW�EDVHG� UHSDLU� PHWKRG�� &RPSXWHUV�	� RSHUDWLRQV� UHVHDUFK�� ������� �����
�����
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&RGG��(��)�������� 5HGXQGDQF\� DQG� FRQVLVWHQF\� RI� UHODWLRQV� VWRUHG� LQ� ODUJH� GDWD� EDQNV��
6,*02'�5HF���������

&RGG�� (�� )��� ����� $� UHODWLRQDO� PRGHO� RI� GDWD� IRU� ODUJH� VKDUHG� GDWD� EDQNV�
&RPPXQLFDWLRQV�RI�WKH�$&0� ����� ��������

&RGG��(��)�������� 'DWD�PRGHOV� LQ�GDWDEDVH�PDQDJHPHQW�� $&0�6LJPRG�5HFRUG�����������
����

&RGG�� (�� )��� ����� 5HODWLRQDO� GDWDEDVH�� D� SUDFWLFDO� IRXQGDWLRQ� IRU� SURGXFWLYLW\��
&RPPXQLFDWLRQV�RI�WKH�$&0���������������

&RHOOR�� &��YH 0RQWHV�� (��� ����� &RQVWUDLQW�KDQGOLQJ� LQ� JHQHWLF� DOJRULWKPV WKURXJK� WKH�
XVH�RI� GRPLQDQFH�EDVHG� WRXUQDPHQW� VHOHFWLRQ�� $GYDQFHG�(QJLQHHULQJ� ,QIRUPDWLFV��
���������������

&UHSLQVHN�� 0��� /LX�� 6��+�� YH 0HUQLN�� 0��� ����� ([SORUDWLRQ� DQG� H[SORLWDWLRQ� LQ�
HYROXWLRQDU\� DOJRULWKPV�� D�VXUYH\�� $&0�&RPSXWLQJ�6XUYH\V� ������������������

dD÷ÕOWD\�� 1��YH 7RNGHPLU�� *�������� 9HULWDEDQÕ�6LVWHPOHUL�'HUVL� $GD�0DWEDDFÕOÕN�

'HE��.���������$Q�HIILFLHQW� FRQVWUDLQW� KDQGOLQJ� PHWKRG� IRU�JHQHWLF� DOJRULWKPV�� &RPSXWHU�
PHWKRGV�LQ�DSSOLHG�PHFKDQLFV�DQG�HQJLQHHULQJ�� ��������

'HE�� .��� ������ 0XOW�REMHFWLYH� RSWLPL]DWLRQ� XVLQJ� HYROXWLRQDU\� DOJRULWKPV�� DQ�
LQWURGXFWLRQ�� 0XOWL�2EMHFWLYH�(YROXWLRQDU\�2SWLPLVDWLRQ� IRU�3URGXFW�'HVLJQ� DQG�
0DQXIDFWXULQJ������� /RQGRQ�� 8.��6SULQJHU�

'HE��.���3UDWDS��$���$JDUZDO�� 6��YH 0H\DULYDQ�� 7�������� $�IDVW� DQG�HOLWLVW� PXOWLREMHF W LYH�
JHQHWLF� DOJRULWKP�� 16*$�,,�� (YROXWLRQDU\�&RPSXWDWLRQ��,(((�7UDQVDFWLRQV�RQ��
��������������

'HPED�� 0��� ����� $Q�$OJRULWKPLF� $SSURDFK� WR�'DWDEDVH� 1RUPDOL]DWLRQ�� ,QWHUQDWLRQDO�
-RXUQDO�RI�'LJLWDO�,QIRUPDWLRQ�DQG�:LUHOHVV�&RPPXQLFDWLRQV��,-',:&��� ���������
���

'RQJDUH�� <���'KDEH�� 3��YH 'HVKEXNK�� 6�������� 5'%1RUPD��$� VHPL�DXWRPDWHG� WRRO� IRU�
UHODWLRQDO� GDWDEDVH� VFKHPD� QRUPDOL]DWLRQ� XS� WR� WKLUG� QRUPDO� IRUP�� ,QWHUQDWLRQDO�
-RXUQDO�RI�'DWDEDVH�0DQDJHPHQW�6\VWHPV���,-'06� �����������������

'X��+��YH :HU\��/�� ����� 0LFUR�� $�QRUPDOL]DWLRQ� WRRO� IRU�UHODWLRQDO� GDWDEDVH�GHVLJQHUV��
-RXUQDO�RI�1HWZRUN�DQG�&RPSXWHU�DSSOLFDWLRQV�����������������

'XJJDO�� .��� 6ULYDVWDY�� $� YH� .DXU�� 6��� ����� *DPLILHG� $SSURDFK� WR� 'DWDEDVH�
1RUPDOL]DWLRQ�� ,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWHU�$SSOLFDWLRQV���������������

'XQNHO�� %��YH 6RSDUNDU��1�������� 'DWD�RUJDQL]DWLRQ� DQG�DFFHVV�IRU� HIILFLHQW� GDWD�PLQLQJ��
'DWD�(QJLQHHULQJ��������3URFHHGLQJV�����WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ����������
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(OPDVUL�� 5��YH 1DYDWKH��6�������� )XQGDPHQWDOV�RI�GDWDEDVH�V\VWHPV��WK�HGLWLRQ� %RVWRQ��
3HDUVRQ�(GXFDWLRQ�� ,QF�

(ULFNVRQ�� 0��� 0D\HU�� $�� YH +RUQ�� -��� ����� 0XOWL�REMHFWLYH� RSWLPDO� GHVLJQ� RI�
JURXQGZDWHU� UHPHGLDWLRQ� V\VWHPV�� DSSOLFDWLRQ� RI� WKH� QLFKHG� 3DUHWR� JHQHWLF�
DOJRULWKP� �13*$���$GYDQFHV�LQ�:DWHU�5HVRXUFHV���������������

)DJLQ�� 5��� ����� 0XOWLYDOXHG� GHSHQGHQFLHV� DQG� D� QHZ� QRUPDO� IRUP� IRU� UHODWLRQD O�
GDWDEDVHV��$&0�7UDQVDFWLRQV�RQ�'DWDEDVH�6\VWHPV����������������

)DJLQ�� 5��� ����� 1RUPDO� IRUPV� DQG� UHODWLRQDO� GDWDEDVH�RSHUDWRUV��$&0�6,*02'�� ����
����

)DJLQ�� 5��� ����� $�QRUPDO� IRUP� IRU� UHODWLRQDO� GDWDEDVHV� WKDW� LV� EDVHG� RQ�GRPDLQV� DQG�
NH\V��$&0�7UDQVDFWLRQV�RQ�'DWDEDVH�6\VWHPV����������������

)DQJX\�� 5��YH .OHHQ��%�������� 1RUPDOL]DWLRQ� 6KRRWRXW�� D�FRPSHWLWLYH� JDPH� WKDW�LPSDFWV�
VWXGHQW� OHDUQLQJ�� ,VVXHV�LQ�,QIRUPDWLRQ�6\VWHPV��������������

)D\\DG�� 8���3LDWHWVN\�6KDSLUR�� *�� YH 6P\WK�� 3�������� )URP� GDWD�PLQLQJ� WR�NQRZOHGJH�
GLVFRYHU\� LQ� GDWDEDVHV��$,�0DJD]LQH���������������

)RQVHFD��&��YH )OHPLQJ�� 3�������� *HQHWLF� $OJRULWKPV� IRU�0XOWLREMHFWLYH� 2SWLPL]DW LRQ��
)RUPXODWLRQ 'LVFXVVLRQ� DQG�*HQHUDOL]DWLRQ�� ,&*$�&LWHVHHU� ��������

*KRVK�� $��YH 'HKXUL�� 6�������� (YROXWLRQDU\� DOJRULWKPV� IRU�PXOWL�FULWHULRQ� RSWLPL]DW LRQ��
D�VXUYH\�� ,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWLQJ�	�,QIRUPDWLRQ�6FLHQFHV��������������

*RJROOD�� 0�������� 7RZDUGV� D�VHPDQWLF� YLHZ� RI� DQ� H[WHQGHG� HQWLW\�UHODWLRQVKLS� PRGHO��
$&0�7UDQVDFWLRQV�RQ�'DWDEDVH�6\VWHPV�����������������

*ROGEHUJ�� '��� ����� *HQHWLF�DOJRULWKPV�LQ� VHDUFK��RSWLPL]DWLRQ��DQG�PDFKLQH�OHDUQLQJ�
$GGLRQ�:HVOH\�

*URWKHQGLHFN�� *��� ����� VTOGI�� 3HUIRUP� 64/�VHOHFWV� RQ� U�GDWD� IUDPHV�� KWWSV���&5$1�5�
SURMHFW�RUJ�SDFNDJH VTOGI� DGUHVLQGHQ� DOÕQGÕ�

+DMHOD� 3��YH /LQ� &��<�������� *HQHWLF� VHDUFK� VWUDWHJLHV� LQ�PXOWLFULWHULRQ� RSWLPDO� GHVLJQ��
6WUXFWXUDO�RSWLPL]DWLRQ����� �������

+DQV�� $��� ����� 0XOWLFULWHULD� RSWLPL]DWLRQ� IRU� KLJKO\� DFFXUDWH� V\VWHPV�� 0XOWLFULWHULD�
2SWLPL]DWLRQ�LQ�(QJLQHHULQJ�DQG�6FLHQFHV����� ��������

+DXSW��5��/��YH�+DXSW��6��(�������� 3UDFWLFDO� JHQHWLF� DOJRULWKPV�� -RKQ�:LOOH\� 	�6RQV�

+HQU\�� :�������� +LHUDUFKLFDO� VWUXFWXUH� IRU�GDWD�PDQDJHPHQW� ��,%0�6\VWHPV�-RXUQDO������
�����



���

+HUUDGL�� 1���+DPGL�� )���0HWDLV�� (���*KRUEHO�� )��YH 6RXNDQH�� $��� ����� 3HUVRQ/LQN��$Q�
RQWRORJ\� UHSUHVHQWLQJ� IDPLO\� UHODWLRQVKLSV� IRU� WKH� &$37$,1� 0(02� PHPRU\�
SURVWKHVLV� 6SULQJHU�

+HUUHUD�� )���/R]DQR�� 0��YH 9HUGHJD\�� -�������� 7DFNOLQJ� UHDO�FRGHG�JHQHWLF� DOJRULWKPV��
RSHUDWRUV�DQG�WRROV� IRU�EHKDYLRXUDO� DQDO\VLV�� $UWLILFLDO�,QWHOOLJHQFH�5HYLHZ����� ����
����

+RIIHU�� -��� 5DPHVK�� 9�� YH 7RSL�� +��� ����� 0RGHUQ� GDWDEDVH� PDQDJHPHQW� 3HDUVRQ�
(GXFDWLRQ� /LPLWHG�

+ROODQG�� -�������� $GDSWDWLRQ�LQ�QDWXUDO�DQG�DUWLILFLDO�V\VWHPV��DQ�LQWURGXFWRU\�DQDO\VLV�
ZLWK�DSSOLFDWLRQV�WR�ELRORJ\��FRQWURO��DQG�DUWLILFLDO�LQWHOOLJHQFH� 0LFKLJDQ� 3UHVV�

+RUQ�� -���1DISOLRWLV�� 1�� YH *ROGEHUJ�� '��� ����� $�QLFKHG� 3DUHWR� JHQHWLF� DOJRULWKP� IRU�
PXOWLREMHFWLYH� RSWLPL]DWLRQ�� (YROXWLRQDU\� &RPSXWDWLRQ�� ����� ,(((� :RUOG�
&RQJUHVV� RQ� &RPSXWDWLRQDO� ,QWHOOLJHQFH��� 3URFHHGLQJV� RI� WKH� )LUVW� ,(((�
&RQIHUHQFH�RQ� ,(((� ������

-RQHV�� *��� :LOOHWW�� 3��� *OHQ�� 5��� /HDFK�� $�� YH 7D\ORU�� 5��� ����� 'HYHORSPHQW� DQG�
YDOLGDWLRQ� RI�D�JHQHWLF� DOJRULWKP� IRU�IOH[LEOH� GRFNLQJ�� -RXUQDO�RI�PROHFXODU�ELRORJ\��
��������

.HQW�� :��� ����� $� VLPSOH� JXLGH� WR� ILYH� QRUPDO� IRUPV� LQ� UHODWLRQDO� GDWDEDVH� WKHRU\��
&RPPXQLFDWLRQV�RI�WKH�$&0�����������������

.KDQ��$�������� 6FHQDULR�EDVHG�VRIWZDUH�WHVWLQJ�XVLQJ�80/�DFWLYLW\�GLDJUDP�

.ROODU�� /��YH 6WHUELQV]N\�� 1�������� &DVH�VWXG\�LQ�V\VWHP�GHYHORSPHQW�� QRWHV�

.RZDOF]\N�� 5�������� &RQVWUDLQW� FRQVLVWHQW� JHQHWLF� DOJRULWKPV�� ,(((����������

.|VHR÷OX�� .�������� 9HULWDEDQÕ� PDQWÕ÷Õ�� 3XVXOD� <D\ÕQFÕOÕN�

/H�5LFKH�� 5���.QRSI�/HQRLU�� &��YH +DIWND��5�������� $�6HJUHJDWHG� *HQHWLF� $OJRULWKP� IRU�
&RQVWUDLQHG� 6WUXFWXUDO� 2SWLPL]DWLRQ�� ,&*$�&LWHVHHU� ��������

/HH�� +��� ����� -XVWLI\LQJ� GDWDEDVH� QRUPDOL]DWLRQ�� D� FRVW�EHQHILW� PRGHO�� ,QIRUPDWLRQ�
3URFHVVLQJ�	�0DQDJHPHQW�������� ������

/L�� -���:DQJ�� <���<DQJ� 6��YH &DL��=�������� $�FRPSDUDWLYH�VWXG\�RI�FRQVWUDLQW�KDQGOLQJ�
WHFKQLTXHV�LQ�FRQVWUDLQHG�PXOWLREMHFWLYH�HYROXWLRQDU\�RSWLPL]DWLRQ� ,(((� 3UHVV�

0DUOHU�� 5��7��YH�$URUD�� -��6�������� 6XUYH\� RI�PXOWL�REMHFWLYH� RSWLPL]DWLRQ� PHWKRGV� IRU�
HQJLQHHULQJ�� 6WUXFWXUDO DQG�PXOWLGLVFLSOLQDU\�RSWLPL]DWLRQ������ ��������

0DUWLQH]�� 7��YH )DJHV�� )�������� 2Q� WUDQVODWLQJ� 0LQL=LQF� FRQVWUDLQW� PRGHOV� LQWR� ILWQHVV�
IXQFWLRQ� IRU� HYROXWLRQDU\� DOJRULWKPV�� DSSOLFDWLRQ� WR� FRQWLQXRXV� SODFHPHQW�



���

SUREOHPV�� 3URFHHGLQJV� RI� WKH� 6L[WK� :RUNVKRS RQ� %LQ� 3DFNLQJ� DQG� 3ODFHPHQW�
&RQVWUDLQWV��%33&�

0HQ]HO�� &�� YH 0D\HU�� 5��� ����� 7KH� ,'()� IDPLO\� RI� ODQJXDJHV� +DQGERRN� RQ�
$UFKLWHFWXUHV�RI�,QIRUPDWLRQ�6\VWHPV� %HUOLQ� +HLGHOEHUJ�� 6SULQJHU� ��������

0LFKDOHZLF]�� =��YH -DQLNRZ�� &�������� +DQGOLQJ� FRQVWUDLQWV LQ�JHQHWLF� DOJRULWKPV� ,&*$��
��������

0LWFKHOO�� 0�������� *HQHWLF� DOJRULWKPV�� DQ�RYHUYLHZ� &RPSOH[LW\������� ������

0LWFKHOOH�� 0���������$Q�LQWURGXFWLRQ�WR�JHQHWLF�DOJRULWKPV 0,7�3UHVV��/RQGRQ�

0LWURYLF�� $��� ����� 1250,7�� $� ZHE�HQDEOHG� WXWRU� IRU� GDWDEDVH� QRUPDOL]DW LRQ��
&RPSXWHUV�LQ�(GXFDWLRQ��������3URFHHGLQJV�� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ� ,(((�
����������

1L]DP�� $��� ����� 9HULWDEDQÕ�7DVDUÕPÕ�� øOLúNLVHO� 9HUL� 0RGHOL� YH�8\JXODPDODU� 3DSDW\D�
<D\ÕQFÕOÕN� (÷LWLP�

2UWXQR��'�������� 5HFUXLWLQJ�DQG�DVVHVVPHQW�IXQFWLRQV�LQ�VDPSHU�KHDG�KXQWLQJ�

2UYRVK�� '�� YH 'DYLV�� /��� ����� 8VLQJ� D� JHQHWLF� DOJRULWKP� WR� RSWLPL]H� SUREOHPV� ZLWK�
IHDVLELOLW\� FRQVWUDLQWV� (YROXWLRQDU\�&RPSXWDWLRQ������� ,(((�:RUOG�&RQJUHVV�RQ�
&RPSXWDWLRQDO�,QWHOOLJHQFH���3URFHHGLQJV�RI�WKH�)LUVW�,(((�&RQIHUHQFH�RQ� ,(((�
��������

3XUFKDVH�� +���:HOODQG�� 5���0F*LOO�� 0��YH &ROSR\V�� /�������� &RPSUHKHQVLRQ� RI�GLDJUDP�
V\QWD[�� DQ� HPSLULFDO� VWXG\� RI�(QWLW\� 5HODWLRQVKLS� QRWDWLRQV� ,QWHUQDWLRQDO� -RXUQDO�
RI�+XPDQ�&RPSXWHU�6WXGLHV�����������������

5�&RUH�7HDP��� ����� 5�� D�ODQJXDJH� DQG� HQYLURQPHQW� IRU� VWDWLVWLFDO� FRPSXWLQJ�� 9LHQQD��
$XVWULD�� 5� )RXQGDWLRQ� IRU� 6WDWLVWLFDO� &RPSXWLQJ�� KWWSV���ZZZ�5�SURMHFW�RUJ��
DGUHVLQGHQ� DOÕQGÕ�

5DJKX�� 5�� YH -RKDQQHV�� *��� ����� 'DWDEDVH�PDQDJHPHQW�V\VWHPV� 6LQJDSXU�� 0F*UDZ�
+LOO�

5DPDNULVKQDQ�� 5��YH *HKUNH�� -�������� 'DWDEDVH�PDQDJHPHQW�V\VWHPV�

5HDG��5���)XVVHOO�� '��YH 6LOEHUVFKDW]�� $�������� $�PXOWL�UHVROXWLRQ�UHODWLRQDO�GDWD�PRGHO�
$XVWLQ�� 7H[DV�� 'HSDUWPHQW� RI�&RPSXWHU� 6FLHQFH�� 8QLYHUVLW\� RI�7H[DV� DW�$XVWLQ�

5HYROXWLRQ� $QDO\WLFV� YH :HWVRQ�� 6�������� GR3DUDOOHO�� )RUHDFK� SDUDOOHO� DGDSWRU� IRU� WKH�
SDUDOOHO� SDFNDJH� KWWSV���&5$1�5�SURMHFW�RUJ�SDFNDJH GR3DUDOOHO� DGUHVLQGHQ�
DOÕQGÕ�

5LRUGDQ�� 5�������� 'HVLJQLQJ� HIIHFWLYH�GDWDEDVH�V\VWHPV� $GGLVRQ�:HVOH\�



���

5RELQVRQ�� .�� ����� 7KH�UHJXODWHG�PDUNHW�DQG�FRVW�EHQHILW�DQDO\VLV� ������������WDULKLQGH�
([SORULQJ� (QYLURQPHQWDO� (WKLFV� DQG� 3ROLF\��
KWWSV���NURELQVRQSKLO�����ZRUGSUHVV�FRP������������WKH�UHJXODWHG�PDUNHW�DQG�
FRVW�EHQHILW�DQDO\VLV�� DGUHVLQGHQ� DOÕQGÕ�

5RZOH\�� -�������� 7KH�ZLVGRP� KLHUDUFK\�� UHSUHVHQWDWLRQV� RI�WKH�',.:�KLHUDUFK\� -RXUQDO�
RI�,QIRUPDWLRQ�6FLHQFH�������� GRL�������������������������� ��������

56WXGLR� 7HDP� ����� 56WXGLR�� ,QWHJUDWHG� GHYHORSPHQW� IRU� 5�� 56WXGLR�� ,QF�
KWWS���ZZZ�UVWXGLR�FRP�� DGUHVLQGHQ� DOÕQGÕ�

6DWLVK�� 3���6KHHED��.��YH 5DQJDUDMDQ�� .�������� 'HULYLQJ� FRPELQDWRULDO� WHVW�GHVLJQ� PRGHO�
IURP� 80/� DFWLYLW\� GLDJUDP� ,(((�6L[WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�6RIWZDUH�
7HVWLQJ����������

6DWPDQ�� 0�� +��� ����� (NRQRPHWULN� <|QWHP� YH� 6RUXQODUD� *HQHWLN� $OJRULWPD�
<DNODúÕPODUÕ� YH� øNWLVDGL� 8\JXODPD ODU� 'RNWRUD�7H]L� øVWDQEXO� hQLYHUVLWHVL� 6RV\DO�
%LOLPOHU� (QVWLW�V��

6DWPDQ�� 0�� +��� ����� 0DFKLQH� &RGHG� *HQHWLF� $OJRULWKPV� )RU� 5HDO� 3DUDPHWHU�
2SWLPL]DWLRQ� 3UREOHPV� *D]L�8QLYHUVLW\�-RXUQDO�RI�6FLHQFH���������������

6DWPDQ�� 0��+�������� *HQHWLN� $OJRULWPDODU� 7�UNPHQ� .LWDEHYL�

6FKDIIHU�� -��� ����� 0XOWLSOH� REMHFWLYH� RSWLPL]DWLRQ� ZLWK� YHFWRU� HYDOXDWHG� JHQHWLF�
DOJRULWKPV� 3URFHHGLQJV�RI�WKH��VW�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�*HQHWLF�$OJRULWKPV��
3LWWVEXUJK�� 3$��86$� �������

6FUXFFD�� /��� ����� *$�� D� SDFNDJH� IRU� JHQHWLF� DOJRULWKPV� LQ� 5�� -RXUQDO� RI� 6WDWLVWLFDO�
6RIWZDUH���������������KWWS���ZZZ�MVWDWVRIW�RUJ�Y���L���� DGUHVLQGHQ� DOÕQGÕ�

6FUXFFD�� /��� ����� 2Q� VRPH� H[WHQVLRQV� WR� *$� SDFNDJH�� K\EULG� RSWLPLVDW LRQ��
SDUDOOHOLVDWLRQ� DQG�LVODQG� HYROXWLRQ�� 5�-RXUQDO�

6LPRQ�� '���(UJH]HU�� 0��YH 'X��'�������� 3RSXODWLRQ� GLVWULEXWLRQV� LQ� ELEJHRJUDSK\�EDVHG�
RSWLPL]DWLRQ� DOJRULWKPV� ZLWK� HOLWLVP�� 6\VWHPV�� 0DQ� DQG� &\EHPHWLFV�� ,(((�
,QWHUQDWLRQDO� &RQIHUHQFH� �6&0��

6ROHU�� -��� %RDGD�� ,��� 3UDGRV�� )�� YH 3RFK�� -��� ����� $� ZHE�EDVHG� 3UREOHP�6ROYLQJ�
(QYLURQPHQW� IRU� GDWDEDVH� 1RUPDOL]DWLRQ� 6LPSRVLR� ,QWHUQDFLRQDO� GH� ,QIRUPDWLFD�
(GXFDWLYD��6,,(�

6ULQLYDV�� 0�� YH 3DWQDLN�� /��� ����� *HQHWLF� DOJRULWKPV�� D� VXUYH\� (YROXWLRQDU\�
&RPSXWDWLRQ���������������

6ULQLYDV�� 1��YH 'HE��.�������� 0XLOWLREMHFWLYH� RSWLPL]DWLRQ� XVLQJ� QRQGRPLQDWHG� VRUWLQJ�
LQ�JHQHWLF� DOJRULWKPV� (YROXWLRQDU\�FRPSXWDWLRQ����������������

6XPDWKL�� 6��YH (VDNNLUDMDQ�� 6�������� )XQGDPHQWDOV�RI�UHODWLRQDO�GDWDEDVH�PDQDJHPHQW�
V\VWHPV� 6SULQJHU�



���

6XQLWKD�� *�� YH -D\D�� $��� ����� $� NQRZOHGJH� EDVHG� DSSURDFK IRU� DXWRPDWLF� GDWDEDVH�
QRUPDOL]DWLRQ� ,QWHUQDWLRQDO� -RXUQDO� RI� $GYDQFHG� 5HVHDUFK� LQ� &RPSXWHU�
(QJLQHHULQJ�	�7HFKQRORJ\��,-$5&(7��������������

7DERDGD�� +�� YH &RLW�� '��� ����� 0XOWL�REMHFWLYH� VFKHGXOLQJ� SUREOHPV�� GHWHUPLQDWLRQ� RI�
SUXQHG�3DUHWR�VHWV� ,,(�7UDQVDFWLRQV�����������������

7HRUH\�� 7���/LJKWVWRQH�� 6���1DGHDX��7�� YH -DJDGLVK�� +��� ����� 'DWDEDVH�PRGHOOLQJ�DQG�
GHVLJQ�� /RJLFDO�GHVLJQ� (OVHYLHU�

7HRUH\�� 7��� <DQJ�� '�� YH )U\�� -��� ����� $� ORJLFDO� GHVLJQ� PHWKRGRORJ\� IRU� UHODWLRQD O�
GDWDEDVHV�XVLQJ� WKH� H[WHQGHG HQWLW\�UHODWLRQVKLS� PRGHO� $&0�&RPSXWLQJ�6XUYH\V�
�&685����������������

9DUGL�� 0��� ����� )XQGDPHQWDOV� RI� GHSHQGHQF\� WKHRU\� 7UHQGV�LQ�7KHRUHWLFDO�&RPSXWHU�
6FLHQFH� 5RFNYLOOH�� 0'��&RPSXWHU� 6FLHQFH� 3UHVV� ��������

9HUPD�� 6��� ����� &RPSDULQJ� PDQXDO� DQG� DXWRPDWLF� QRUPDOL]DWLRQ� WHFKQLTXHV� IRU�
UHODWLRQDO� GDWDEDVH� ,-5($6�

9LSLQ�� .�������� $OJRULWKPV� IRU�FRQVWUDLQW�VDWLVIDFWLRQ� SUREOHPV�� $�VXUYH\� $,�PDJD]LQH��
����������

:ROIUDP� 5HVHDUFK�� ,QF��� ����� 0DWKHPDWLFD� &KDPSDLJQ�� ,OOLQRLV�� :ROIUDP� 5HVHDUFK��
,QF�

:ULJKW� $��� ����� *HQHWLF� DOJRULWKPV� IRU� UHDO� SDUDPHWHU� RSWLPL]DWLRQ� )RXQGDWLRQV�RI�
*HQHWLF�$OJRULWKPV����������

<DGDY��3� YH *R\DO�� $�������� &RQFHSWV�RI�'DWDEDVH�6\VWHP� 6��.��.DWDULD� DQG�6RQV�

<D]ÕFÕ�� $� YH .DUDND\D�� =��� ����� -0DWK1RUP�� $� GDWDEDVH� QRUPDOL]DWLRQ� WRRO� XVLQJ�
PDWKHPDWLFD� &RPSXWDWLRQDO�6FLHQFH�� ,&&6������ 6SULQJHU� ��������

<XUHW�� '�� YH 0D]D�� 0��� ����� '\QDPLF� KLOO� FOLPELQJ�� RYHUFRPLQJ� WKH� OLPLWDWLRQV� RI�
RSWLPL]DWLRQ� WHFKQLTXHV� 7KH�6HFRQG�7XUNLVK�6\PSRVLXP�RQ�$UWLILFLDO�,QWHOOLJHQFH�
DQG�1HXUDO�1HWZRUNV����������

=KX�� ;��K���=HQJ�� 4��O��YH &DR��4��K�������� $�&RPSOH[� ;0/�6FKHPD� WR�0DS�WKH�;0/�
'RFXPHQWV� RI� 'LVWDQFH� (GXFDWLRQ� 7HFKQLFDO� 6SHFLILFDWLRQV� LQWR� 5HODWLRQD O�
'DWDEDVH�� -'&7$����������������

=LW]OHU�� (�� YH 7KLHOH�� /��� ����� 0XOWLREMHFWLYH� RSWLPL]DWLRQ� XVLQJ� HYROXWLRQDU\�
DOJRULWKPV²D� FRPSDUDWLYH� FDVH� VWXG\�� 3DUDOOHO� SUREOHP� VROYLQJ� IURP�QDWXUH²
3361�9� 6SULQJHU�� ��������

=LW]OHU�� (�� YH 7KLHOH�� /��� ����� 0XOWLREMHFWLYH� HYROXWLRQDU\� DOJRULWKPV�� D� FRPSDUDWLYH�
FDVH� VWXG\� DQG� WKH� VWUHQJWK� 3DUHWR� DSSURDFK� HYROXWLRQDU\� FRPSXWDWLRQ�� ,(((�
WUDQVDFWLRQV�RQ����������������



���

=LW]OHU�� (��� /DXPDQQV�� 0��YH 7KLHOH�� /��� ����� 63($��� ,PSURYLQJ� WKH� VWUHQJWK� 3DUHWR�
HYROXWLRQDU\� DOJRULWKP� (LGJHQRVVLVFKH� 7HFKQLVFKH� +RFKVFKXOH� =XULFK� �(7+���
,QVWLWXW� IXU� 7HFKQLVFKH� ,QIRUPDWLN� XQG�.RPPXQLNDWLRQVQHW]H� �7,.��



���

(./(5

(.�$��d$/,ù7,5,/$%ø/ø5� .2'/$5

DXWRQRUP� )RQNVL\RQX

DXWRQRUP��� IXQFWLRQ�DQ5DZGDWD��

TXLFN� �)$/6(��

SRSVL]H� ������

PD[LWHU� �������

FDFKLQJ� �)$/6(�

Z� �F�������������������������������������������������

PRQLWRU� �LI��LQWHUDFWLYH����DQ0RQLWRU�HOVH�)$/6(�

PXWDWLRQ� �DQ0XWDWLRQ�

SPXWDWLRQ� ������^

LI��TXLFN�  �758(��^

DQ5DZGDWD��� DQ6DPSOLQJ�DQ5DZGDWD�

`

LI��FDFKLQJ�  �758(��^

DQ&DFKH&UHDWH��

`

KYV���� DQ+96�DQ5DZGDWD�

LI��KYV������^



���

VWRS���)$7$/�(5525��<RX�QHHG�OHDVW���DWWULEXWHV���

`

P��� DQ0�KYV�

WDE��� DQ0D[7DEOH�P�

FKVL]H��� DQ&KVL]H�KYV��P�

FO��� PDNH&OXVWHU�GHWHFW&RUHV����W\SH 
362&.
�

UHJLVWHU'R3DUDOOHO�FO�

P\UHVXOW��� JD�

W\SH �ELQDU\��

Q%LWV FKVL]H�

ILWQHVV DQ)LWQHVV)XQFWLRQ�

DQ5DZGDWD DQ5DZGDWD��

FDFKLQJ FDFKLQJ�

KYV� �KYV�

P� �P�

WDE� �WDE�

Z� �Z�

PD[LWHU PD[LWHU�

SRS6L]H SRSVL]H�

SPXWDWLRQ� �SPXWDWLRQ�
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HOLWLVP� ����

PXWDWLRQ� �DQ0XWDWLRQ�

PRQLWRU �DQ0RQLWRU�

SDUDOOHO� �GHWHFW&RUHV��

�

VWRS&OXVWHU�FO�

UHWXUQ�P\UHVXOW�

`

DQ0XWDWLRQ� )RQNVL\RQX

DQ0XWDWLRQ��� IXQFWLRQ��REMHFW��SDUHQW��������^

PXWDWH��� SDUHQW��� DV�YHFWRU�REMHFW#SRSXODWLRQ>SDUHQW��@�

P\PQXPEHU��� DQ0�KYV�

P\FRLQ��� URXQG�UXQLI��������

LI��P\FRLQ�  ����^

Q��� OHQJWK�SDUHQW�

M��� VDPSOH���Q��VL]H� ���

PXWDWH>M@��� DEV�PXWDWH>M@�� ��

`�HOVH�LI��P\FRLQ�  ����^

FKPDWUL[��� PDWUL[�PXWDWH�QFRO� �P\PQXPEHU�E\URZ� �758(�

FKPDWUL[>URXQG�UXQLI�����QURZ�FKPDWUL[����@��� URXQG�UXQLI�P\PQXPEHU������

PXWDWH��� DV�YHFWRU�W�FKPDWUL[��

`�HOVH�LI��P\FRLQ�  ����^

FKPDWUL[��� PDWUL[�PXWDWH�QFRO� �P\PQXPEHU�E\URZ� �758(�
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FKPDWUL[���� FKPDWUL[

JHQH���� URXQG�UXQLI�����QURZ�FKPDWUL[���

JHQH���� URXQG�UXQLI�����QURZ�FKPDWUL[���

FKPDWUL[>JHQH��@��� FKPDWUL[�>JHQH��@

FKPDWUL[>JHQH��@��� FKPDWUL[�>JHQH��@

PXWDWH��� DV�YHFWRU�W�FKPDWUL[��

`�HOVH�LI��P\FRLQ�  ����^

FKPDWUL[��� PDWUL[�PXWDWH�QFRO� �P\PQXPEHU�E\URZ� �758(�

FKPDWUL[>URXQG�UXQLI�����QURZ�FKPDWUL[����@� ��

FKPDWUL[>URXQG�UXQLI�����QURZ�FKPDWUL[����@

PXWDWH��� DV�YHFWRU�W�FKPDWUL[��

`�HOVH�LI��P\FRLQ�  ����^

FKPDWUL[��� PDWUL[�PXWDWH�QFRO� �P\PQXPEHU�E\URZ� �758(�

JHQHSRRO��� XQLTXH�FKPDWUL[�

IRU��L�LQ���QURZ�FKPDWUL[���^

FKPDWUL[>L�@��� JHQHSRRO>URXQG�UXQLI�����QURZ�JHQHSRRO����@

`

PXWDWH��� DV�YHFWRU�W�FKPDWUL[��

`

UHWXUQ�PXWDWH�

`

DQ0RQLWRU� )RQNVL\RQX

DQ0RQLWRU��� IXQFWLRQ��REMHFW��GLJLWV� �JHW2SWLRQ��GLJLWV���������^

ILWQHVV��� QD�H[FOXGH�REMHFW#ILWQHVV�

VXPU\6WDW��� F�PHDQ�ILWQHVV���PD[�ILWQHVV��

VXPU\6WDW��� IRUPDW�VXPU\6WDW��GLJLWV� �GLJLWV�
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UHSOLFDWH����FOHDU&RQVROH/LQH���

FDW�SDVWH��?U$8721250� _� DXWRQRUP�RUJ� _� &RPSOHWHG�� ��� URXQG��REMHFW#LWHU� ��

REMHFW#PD[LWHU�
���������_�%HVW�)LWQHVV�9DOXH� ���VXPU\6WDW>�@�VHS� �����

IOXVK�FRQVROH��

`

DQ)LWQHVV)XQFWLRQ� )RQNVL\RQX

DQ)LWQHVV)XQFWLRQ��� IXQFWLRQ��FK��DQ5DZGDWD��FDFKLQJ��KYV��P��WDE��Z��^

LI��FDFKLQJ�  �758(��^

FRQWURO9DOXH��� DQ&DFKH&RQWURO�FK�

LI��FRQWURO9DOXH�� �)$/6(��^

UHWXUQ��FRQWURO9DOXH�

`

`

Y��� DQ$WWULEXWH9HFWRU�FK��KYV��P�

WDEOHV��� DQ*HW7DEOHV�WDE�Y�

DQ&UHDWH7DEOHV�WDE�Y�DQ5DZGDWD�

REM���� Z>�@�
�DQ2EMHFWLYH��WDEOHV��DQ5DZGDWD�

REM���� Z>�@�
�DQ2EMHFWLYH��Y�

REM���� Z>�@�
�DQ2EMHFWLYH��Y��WDE�
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REM���� Z>�@�
�DQ2EMHFWLYH��WDEOHV��Y��DQ5DZGDWD�

ILWQHVVYDOXH��� VXP���REM����

REM����

REM����

REM��

QD�UP� �758(���

LI��FDFKLQJ�  �758(��^

DQ&DFKLQJ�FK��ILWQHVVYDOXH��REM���REM���REM���REM����

`

UHWXUQ���ILWQHVVYDOXH�

`

DQ6DPSOLQJ� )RQNVL\RQX

DQ6DPSOLQJ��� IXQFWLRQ��DQUDZGDWD��^

WRWDOURZ��� 152:�DQUDZGDWD�

LI��WRWDOURZ�!������^

VWDUWSRLQWV��� URXQG�UXQLI������WRWDOURZ��

P\EORFNV��� F�

VWDUWSRLQWV>�@��VWDUWSRLQWV>�@����

VWDUWSRLQWV>�@��VWDUWSRLQWV>�@����

VWDUWSRLQWV>�@��VWDUWSRLQWV>�@����

VWDUWSRLQWV>�@��VWDUWSRLQWV>�@����
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VWDUWSRLQWV>�@��VWDUWSRLQWV>�@����

VWDUWSRLQWV>�@��VWDUWSRLQWV>�@����

VWDUWSRLQWV>�@��VWDUWSRLQWV>�@����

VWDUWSRLQWV>�@��VWDUWSRLQWV>�@����

VWDUWSRLQWV>�@��VWDUWSRLQWV>�@����

VWDUWSRLQWV>��@��VWDUWSRLQWV>��@���

�

DQUDZGDWD��� DQUDZGDWD>P\EORFNV�@

`�HOVH�^

SULQW��4XLFN�PRGH�FDQQRW�UXQ��,W�PXVW�EH�ELJJHU�WKDQ�����URZV��

`

UHWXUQ�DQUDZGDWD�

`

DQ&DFKH&UHDWH�)RQNVL\RQX

DQ&DFKH&UHDWH��� IXQFWLRQ����^

DQ&DFKH)UDPH���� PDWUL[��UHS�1$�����QFRO� ���

`

DQ&DFKH'URS� )RQNVL\RQX

DQ&DFKH'URS��� IXQFWLRQ����^

UHPRYH�DQ&DFKH)UDPH�

`

DQ&DFKLQJ� )RQNVL\RQX

DQ&DFKLQJ��� IXQFWLRQ�FK��ILWQHVVYDOXH��REM���REM���REM���REM���^

DQ&DFKH)UDPH� ��� UELQG�DQ&DFKH)UDPH�� F�ELQDU\�GHFLPDO�FK��� ILWQHVVYDOXH��

REM���REM���REM���REM���

`
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DQ&DFKH&RQWURO� )RQNVL\RQX

DQ&DFKH&RQWURO��� IXQFWLRQ��FK��^

FDFKHFRQWURO��� DV�GDWD�IUDPH�DQ&DFKH)UDPH�

FDFKHUHVXOW� �� VTOGI�SDVWH��VHOHFW� 
� IURP� FDFKHFRQWURO� ZKHUH� 9��  �


��ELQDU\�GHFLPDO�FK���
���VHS ����

LI���LV�QD�FDFKHUHVXOW>���@���^

UHWXUQ����FDFKHUHVXOW>���@��

`�HOVH�^

UHWXUQ��)$/6(�

`

`

DQ+96�)RQNVL\RQX

DQ+96��� IXQFWLRQ��DQ'DWDVHW��^

UHWXUQ��QFRO�DQ'DWDVHW��

`

DQ0�)RQNVL\RQX

DQ0��� IXQFWLRQ��KYV��^

P��� FHLOLQJ�ORJ��KYV��

LI��P�  ����^

P��� �

`

UHWXUQ��P�

`

DQ&KVL]H�)RQNVL\RQX

DQ&KVL]H��� IXQFWLRQ��KYV��P��^

UHWXUQ��P�
�KYV�
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`

DQ0D[7DEOH�)RQNVL\RQX

DQ0D[7DEOH��� IXQFWLRQ��P��^

WDE��� ��A�P��

UHWXUQ��WDE�

`

DQ$WWULEXWH9HFWRU� )RQNVL\RQX

DQ$WWULEXWH9HFWRU��� IXQFWLRQ��FK��KYV��P��^

LQGH[��� �

Y��� F��

IRU��L�LQ���KYV��^

WDEOHLG��� ELQDU\�GHFLPDO�FK>LQGH[��LQGH[�P���@�����

Y��� DSSHQG�Y�WDEOHLG�

LQGH[��� LQGH[���P

`

UHWXUQ��Y�

`

DQ*HW7DEOHV�)RQNVL\RQX

DQ*HW7DEOHV��� IXQFWLRQ�WDE�Y��^

WDEOHV��� F��

IRU��L�LQ���WDE��^

LI��OHQJWK�ZKLFK��Y�  �L���� ����^

WDEOHV��� DSSHQG�L�WDEOHV�

`

`

UHWXUQ��WDEOHV�
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`

DQ&UHDWH7DEOHV�)RQNVL\RQX

DQ&UHDWH7DEOHV��� IXQFWLRQ��WDE��Y��DQ5DZGDWD��^

IRU��L�LQ���WDE��^

LI��OHQJWK�ZKLFK��Y�  �L���� ����^

WHPSWDEOH��� XQLTXH�DQ5DZGDWD>�ZKLFK��Y�  �L��@�

DVVLJQ�SDVWH��WDEOH��L�VHS �����WHPSWDEOH�HQYLU� �JOREDOHQY���

`�

`

`

DQ2EMHFWLYH�� )RQNVL\RQX

DQ2EMHFWLYH���� IXQFWLRQ�WDEOHV��DQ5DZGDWD��^

WRWDOFHOO��� �

IRU��L�LQ�WDEOHV��^

WHPSWDEOH��� JHW�SDVWH��WDEOH��L�VHS ����

WRWDOFHOO��� WRWDOFHOO�����QFRO�WHPSWDEOH���
�QURZ�WHPSWDEOH��

`

UHWXUQ��WRWDOFHOO����QURZ�DQ5DZGDWD�
QFRO�DQ5DZGDWD���

`

DQ2EMHFWLYH�� )RQNVL\RQX

DQ2EMHFWLYH���� IXQFWLRQ�Y��^

GXSSUDWHV��� F��

IRU��L�LQ���OHQJWK�Y���^

P\WDEOH��� JHW�SDVWH��WDEOH��Y>L@�VHS ����

WKHFRO��� P\WDEOH>�SDVWH��9��L�VHS ���@

DOOURZV��� OHQJWK�WKHFRO�
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GLVWLQFWURZV��� OHQJWK�XQLTXH�WKHFRO��

P\YDOXH��� ��DOOURZV�� GLVWLQFWURZV����DOOURZV�

GXSSUDWHV��� DSSHQG�GXSSUDWHV�P\YDOXH�

`

UHWXUQ��VXP�GXSSUDWHV�QD�UP� �758(��

`

DQ2EMHFWLYH�� )RQNVL\RQX

DQ2EMHFWLYH���� IXQFWLRQ�Y��WDE��^

UHWXUQ �OHQJWK�XQLTXH�Y�����WDE�

`

DQ2EMHFWLYH�� )RQNVL\RQX

DQ2EMHFWLYH���� IXQFWLRQ�WDEOHV�Y��DQ5DZGDWD��^

QXPHULFDOWDEOH��� �

IRU��L�LQ�WDEOHV��^

LI��LV�QXPHULF�DV�YHFWRU�DV�PDWUL[�DQ5DZGDWD>ZKLFK�Y�  �L�@�����^

QXPHULFDOWDEOH��� QXPHULFDOWDEOH����

`

`

UHWXUQ��QXPHULFDOWDEOH���OHQJWK�XQLTXH�Y����A����OHQJWK�XQLTXH�Y����

`

DQ6WUXFWXUH� )RQNVL\RQX

DQ6WUXFWXUH��� IXQFWLRQ�FK��DQ5DZGDWD��^

KYV��� DQ+96�DQ5DZGDWD�

P��� DQ0�KYV�



���

WDE��� DQ0D[7DEOH�P�

FKVL]H��� DQ&KVL]H�KYV�P�

Y��� DQ$WWULEXWH9HFWRU�FK�KYV�P�

WDEOHV��� DQ*HW7DEOHV�WDE�Y�

IRU��L�LQ�WDEOHV��^

SULQW�ZKLFK��Y�  �L��

`

`

DQ)LWQHVV/LVW�)RQNVL\RQX

DQ)LWQHVV/LVW� �� IXQFWLRQ�FK�� DQ5DZGDWD�� Z�  � F������������� ������������

�������������������������^

KYV��� DQ+96�DQ5DZGDWD�

P��� DQ0�KYV�

WDE��� DQ0D[7DEOH�P�

FKVL]H��� DQ&KVL]H�KYV�P�

Y��� DQ$WWULEXWH9HFWRU�FK��KYV��P�
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WDEOHV��� DQ*HW7DEOHV�WDE�Y�

DQ&UHDWH7DEOHV�WDE�Y�DQ5DZGDWD�

REM���� Z>�@�
�DQ2EMHFWLYH��WDEOHV��DQ5DZGDWD�

REM���� Z>�@�
�DQ2EMHFWLYH��Y�

REM���� Z>�@�
�DQ2EMHFWLYH��Y��WDE�

REM���� Z>�@�
�DQ2EMHFWLYH��WDEOHV��Y��DQ5DZGDWD�

UHWXUQ��F�REM���REM���REM���REM��

VXP���REM����

REM����

REM����

REM��

QD�UP� �758(�����

`
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