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$72��$XWRPDWLF�7UDLQ�2SHUDWLRQ

'63��'LJLWDO�6LJQDO�3URFHVVLQJ

'*36� 'LIIHUHQWLDO�*OREDO�3RVLWLRQLQJ�6\VWHP

(5706��(XURSHDQ�5DLOZD\�7UDIILF�0DQDJHPHQW�6\VWHP

(7&6��(XURSHDQ�7UDLQ�&RQWURO�6\VWHP

(5$��(XURSHDQ�5DLO�$JHQF\

*166��*OREDO�1DYLJDWLRQ�6DWHOOLWH�6\VWHP

*36��*OREDO�3RVLWLRQLQJ�6\VWHP

*/21$66��*OREDO¶QD\D�1DYLJDWLVLRQQD\D�6SXWQLNRYD\D�6LVWHPD

1��WHNHU�G|Q�ú�VD\ÕVÕ

27.��2WRPDWLN�7UHQ�.RUXPD

272��2WRPDWLN�7UHQ�2SHUDV\RQX

336��3UHFLVH�3RVLWLRQLQJ�6HUYLFH�+DVVDV .RQXP +L]PHWL

U��7HNHU�<DUÕoDSÕ

636��6WDQGDUW�3RVLWLRQLQJ�6HUYLFH�6WDQGDUW�.RQXP�+L]PHWL

6,/��6DIHW\�,QWHJULW\�/HYHO

9DUDo��$UDo�KÕ]Õ

9'RSS��'RSSOHU UDGDU�KÕ]Õ

9I�]\RQ���)�]\RQ�KÕ]�ELOJLVL

9I���)�]\RQ�7HNQL÷L��¶H�DLW�KÕ]

9I���)�]\RQ�7HNQL÷L��¶\H�DLW�KÕ]

9I���)�]\RQ�7HNQL÷L��¶H�DLW�KÕ]
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9*36� *36¶WHQ�HOGH�HGLOHQ�KÕ]

923*��2SWLN�7HNHU�VHQV|U�QGHQ�|Oo�OHQ KÕ]

9WHNHU��7HNHU�KÕ]Õ

�௦௦ௗ೟೓ݒ�.D\PD�YH�SDWLQDM�WHVSLWL�LoLQ�EHOLUOHQHQ�HúLN�KÕ]

7+5��7ROHUDEOH�+D]DUG�5DWH

:$$6��:LGH�$UHD�$XJPHQWDWLRQ�6\VWHPV

;JSV�KDWD  �*36�SR]LV\RQ�KDWDVÕ

ɐୈ୭୮୮ �'RSSOHU UDGDU�KÕ]�YHULVLQGHNL�KDWDQÕQ�VWDQGDUW�VDSPDVÕ

ɐீ௉ௌ �*36�KÕ]�YHULVLQGHNL�KDWDQÕQ�VWDQGDUW�VDSPDVÕ

ɐை௉ீ �2SWLN�WHNHU�VHQV|U� KÕ]�YHULVLQGHNL�KDWDQÕQ�VWDQGDUW�VDSPDVÕ
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*�Q�P�]GH�UD\OÕ�DUDoODU HQ�oRN�WHUFLK�HGLOHQ�XODúÕP�WHNQRORMLOHULQGHQ�ELULGLU��+DILI�UD\OÕ�

DUDoODU�� KÕ]OÕ� WUHQOHU�� EDQOL\|� WUHQOHUL�� ORNRPRWLIOHU�� PHWURODU IDUNOÕ� WHNQRORMLOHUH�

GD\DQPDNWD�YH�IDUNOÕ�LKWL\DoODU�LoLQ�NXOODQÕOPDNWDGÕU��%X�DUDoODUÕQ�ED]ÕODUÕ�\ROFX WDúÕPDGD�

ED]ÕODUÕ LVH \�N� WDúÕPD� DPDoOÕ NXOODQÕOPDNWDGÕU�� .XOODQÕP� DODQODUÕ� YH� WHNQRORMLOHUL�

ELUELULQGHQ�IDUNOÕ�ROVD�GD�ED]Õ�IRQNVL\RQODU�W�P�UD\OÕ�DUDoODUGD�RUWDN�ELU�LKWL\DoWÕU��.RQXP�

YH�KÕ]�KHVDEÕ�EXQODUGDQ�ELULGLU��%X�KHVDEÕQ�GR÷UX�YH�J�YHQLOLU�ELU�úHNLOGH�\DSÕOPDVÕ�UD\OÕ�

VLVWHPOHUGHNL�WUDIL÷LQ�GDKD�YHULPOL�ELU�úHNLOGH�\|QHWLOPHVL�YH�ND]DODUÕQ D]DOWÕOPDVÕ�LoLQ�

oRN�|QHPOLGLU��hONHOHUGHNL� UD\OÕ� VLVWHP� DOW \DSÕODUÕQÕQ� YH� DUDo� KÕ]ODUÕQÕQ� DUWPDVÕ� UD\OÕ�

XODúÕP� VLVWHPOHULQLQ� NXOODQÕPÕQÕ GDKD GD DUWWÕUPDNWDGÕU��%X�GXUXP� UD\OÕ� VLVWHPOHUGHNL�

WUDILN�NRQWURO�VLVWHPOHULQL�GDKD�|QHPOL�KDOH JHWLUPHNWHGLU��

(VNLGHQ� UD\OÕ� VLVWHPOHUGH WUDILN�NRQWURO�� LoLQ�J|UVHO�X\DUÕODU��PDNDV�NRQWURO�Q��\DSDQ�

J|UHYOLOHU�YH�GDKD�D]�VHIHU�VD\ÕVÕQD�L]LQ�YHUHQ�³VDELW�EORN´�WHNQRORMLVL�NXOODQÕOÕ\RUGX��$UDo�

KÕ]�YH�NRQXP�ELOJLVL�VDGHFH�DUDo�LoLQGH�V�U�F�\� ELOJLOHQGLUPH�LoLQ�NXOODQÕOÕ\RUGX��6DELW�

EORN� WHNQRORMLVL��KDWODUÕQ�EHOOL�X]XQOXNODUGD�EORNODUD�D\UÕOPDVÕ�YH�ELU�EORNWD�VDGHFH�ELU�

DUDFÕQ�EXOXQPDVÕQD�L]LQ�YHUHUHN�WUDILN�NRQWURO�Q�Q�VD÷ODQGÕ÷Õ�ELU�\DSÕGÕU >�@� 6DELW�EORN�

WHNQRORMLVLQGH�EORN�PHVDIHVL

ùHNLO ���¶GH� J|VWHULOGL÷L� JLEL� UD\� KDWWÕQGD� EXOXQDQ LNL� VLQ\DO ND\QD÷Õ DUDVÕQGDNL�

PHVDIHGLU�� 6LQ\DOOHU� DUDo� EOR÷X� WHUN� HWWL÷LQGH� GH÷LúPHNWHGLU�� %X� VD\HGH� ND]DODU�

|QOHQPH\H�oDOÕúÕOPDNWDGÕU�

ùHNLO������6DELW�EORN�WHNQRORMLVL

6DELW� EORN� WHNQRORMLVLQGH VHIHU� \R÷XQOX÷XQXQ D] ROPDVÕ \HQL� WHNQRORMLOHUH LKWL\DFÕ

DUWÕUPÕúWÕU��*�Q�P�]GH� VLQ\DOL]DV\RQ� VLVWHPOHUL UD\OÕ� VLVWHPOHUGHNL� WUDILN�\|QHWLPL� YH�

WDNLEL� LoLQ� NXOODQÕOPDNWDGÕU� 6LQ\DOL]DV\RQ� VLVWHPOHUL� KDW� VLQ\DOL]DV\RQX� YH� DUDo�
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VLQ\DOL]DV\RQX�ROPDN��]HUH�LNL�NÕVÕPGDQ�ROXúPDNWDGÕU� %X�VLVWHPLQ�DYDQWDMÕ D\QÕ�EORNWD�

ELUGHQ� ID]OD� DUDFÕQ� VH\DKDWLQH� L]LQ�YHULOPHVLGLU� +DW�NRQWURO�PHUNH]OHUL� KDWWD�EXOXQDQ�

DUDoODUÕQ�NRQXPODUÕQÕ�YH�KÕ]ODUÕQÕ�V�UHNOL�NRQWURO�HGHU��$UDoODU�KDW�NRQWURO�PHUNH]OHULQH�

NHQGL�NRQXP�ELOJLOHULQL�³J�YHQOL�PHVDIH´�DUDOÕNODUÕQÕ�HNOH\HUHN�ELOGLULU��+DW�NRQWUROF�V��

EX�ELOJLOHUL�DODUDN�ELU�EORN�LoHULVLQGH�ROPDVÕ�JHUHNHQ�\HWHUOL DUDOÕNODQGÕUPD\Õ�\DSDUDN�DUDo�

WUDIL÷LQL�\|QHWLU� %XQD�³KDUHNHWOL�EORN´�WHNQRORMLVL�GHQPHNWHGLU >�@ >�@��

ùHNLO����¶GH�KDUHNHWOL�EORN�YH�VDELW�EOR÷XQ�NDUúÕODúWÕUPDVÕ�\DSÕOPDNWDGÕU�� øNL� WHNQRORML�

LoLQ� KHVDSODQDQ� L]OHPH� PHVDIHVLQH� EDNÕOGÕ÷ÕQGD� KDUHNHWOL� EORN� WHNQRORMLVLQLQ� DYDQWDMÕ�

J|]OHQPHNWHGLU��%X�WHNQRORML�VHIHU�\R÷XQOX÷XQXQ�DUWPDVÕQD�RODQDN�VD÷ODPDNWDGÕU��$\QÕ�

]DPDQGD��KDWWD�EXOXQDQ�DUDoODUÕQÕQ�GXUXPODUÕ�YH�URWDODUÕ�V�UHNOL�WDNLS�HGLOGL÷L�LoLQ�PDNDV�

NRQWURO�LúOHPOHUL�KDW�NRQWURO�QRNWDODUÕQGDQ�\DSÕODELOPHNWHGLU��6LQ\DOL]DV\RQ�VLVWHPOHULQLQ�

HQ�|QHPOL�DYDQWDMÕ�GD�RWRPDWLN� V�U�úH�RODQDN�VD÷ODPDVÕGÕU��%X�GXUXP�� LQVDQ�ND\QDNOÕ�

RODQ�KDWDODUÕQ�GDKD�D]D�LQGLULOPHVLQL�VD÷ODPDNWDGÕU��

ùHNLO������6DELW�EORN�YH�KDUHNHWOL�EORN�NDUúÕODúWÕUPD

³2WRPDWLN�7UHQ�2SHUDV\RQX �272�´�YH�³2WRPDWLN�7UHQ�.RUXPD �27.�´�VLQ\DOL]DV\RQ�

VLVWHPOHULQLQ� HQ� |QHPOL� LúOHYOHULGLU� 272¶QXQ� HQ� |QHPOL� J|UHYL� V�U�F�GHQ� ED÷ÕPVÕ]��

JLGLOHQ� KDWWD� HQ� X\JXQ� KÕ]� SURILOL� LOH� DUDFÕQ V�U�OPHVLGLU�� $\QÕ� ]DPDQGD� IUHQOHPH�

H÷ULOHULQLQ�KHVDSODQPDVÕ GD EX�VLVWHPLQ�VRUXPOXOX÷XGXU��$UDoODUÕQ�GXUDNODUGD�GR÷UX�ELU�

úHNLOGH�YH�NRQIRUOX�ELU�IUHQOH GXUPDVÕ�272¶QXQ�J|UHYLGLU >�@��27.�VLVWHPLQLQ LVH�J|UHYL�

J�YHQOL� ELU� V�U�ú�Q� VD÷ODQPDVÕGÕU� +DWWD� EHNOHQPHGLN� ELU� ROD\� \DúDQGÕ÷ÕQGD� \D GD�
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DUDoODUGDQ�JHOHQ�YHULOHUGH�VRUXQ�ROGX÷XQGD�EX�IRQNVL\RQ�VD\HVLQGH�DUDoODU�J�YHQOL�ELU�

úHNLOGH� GXUGXUXOPDNWDGÕU�� <DQL� 27. VLVWHPL� J�YHQOL÷L� VD÷ODUNHQ� 272 VLVWHPL� KDW�

WUDIL÷LQLQ� GDKD� YHULPOL� KDOH� JHWLULOPHVLQL� VD÷ODPDNWDGÕU�� %X� LNL� VLVWHP ELUELULQL�

WDPDPOD\DUDN�J�YHQLOLU� YH�GDKD�YHULPOL� ELU�XODúÕP� VLVWHPL� ROXúWXUPDNWDGÕU��272¶QXQ�

G�]J�Q�oDOÕúÕS�YH�27.¶QÕQ�GDKD�D]�GHYUH\H�DOÕQPDVÕ�LOH YHULPLQ�DUWPDVÕ�LoLQ�WUHQ�KÕ]�YH�

NRQXP�ELOJLVLQLQ�DUDo�WDUDIÕQGDQ�J�YHQLOLU�ELoLPGH��UHWLOPHVL�JHUHNPHNWHGLU�

6RQ�\ÕOODUGD��$YUXSD¶GD�UD\OÕ�XODúÕP�WUDIL÷LQL�G�]HQOHPHN�YH��ONHOHU�DUDVÕ�UD\OÕ�XODúÕPÕ

JHOLúWLUPHN� LoLQ� (XURSHDQ� 5DLOZD\� $JHQF\� �(5$� WDUDIÕQGDQ� ³$YUXSD� 5D\OÕ� 7UDILN�

<|QHWLP�6LVWHPL´ �(XURSHDQ�5DLOZD\�7UDIILF�0DQDJHPHQW�6\VWHP�(5706��YH�³$YUXSD�

7UHQ�.RQWURO�6LVWHPL´ �(XURSHDQ�7UDLQ�&RQWURO�6\VWHP�(7&6��ROXúWXUXOPXúWXU >�@��%X�

VLVWHP� WUHQ� NRQWURO�� YH� WUDILN� NRQWURO�� ROPDN� �]HUH� LNL� DQD� ELOHúHQGHQ� ROXúPDNWDGÕU��

(5706��UD\ODUGDNL�YH�DUDoODUGDNL�DOW�\DSÕQÕQ�VWDQGDUWODúPDVÕ�YH�J�YHQOLN�NULWHUOHULQLQ�

EHOLUOHQPHVLQL� DPDoODPDNWDGÕU�� (5706� VWDQGDUWODUÕQGD 272� YH� 27.� IRQNVL\RQODUÕ�

EHOLUOHQPLúWLU��.RQXP�YH�KÕ] EHOLUOHPHGH�NXOODQÕODQ�RGRPHWUH�IRQNVL\RQX�GD�EXQODUGDQ�

ELULGLU >�@��%X�VWDQGDUWWD�RGRPHWUH�VLVWHPLQLQ YHUPHVL JHUHNHQ�oÕNWÕODU EHOLUWLOPLúWLU��%X�

oÕNWÕODUÕQ�HQ�|QHPOLOHUL�DUDo�KÕ]Õ�YH�NRQXP ELOJLVLGLU��'L÷HU�RGRPHWUH�oÕNWÕODUÕ��EX�LNL�DQD�

oÕNWÕGDQ� W�UHWLOHELOHFHN� DUDo LYPHVL�� VÕIÕU� KÕ]� ELOJLVL�� JLGLOHQ� \|Q� YH� J�YHQOL� PHVDIH�

ELOJLOHULGLU >�@�

5D\OÕ� VLVWHPOHUGH� NRQXP� YH� KÕ]� KHVDEÕ�� UD\OÕ� VLVWHPOHULQ� LON� RUWD\D� oÕNWÕ÷Õ� ����¶O��

\ÕOODUGDQ�EHUL�oHúLWOL�úHNLOOHUGH \DSÕOPDNWDGÕU��%X�DPDoOD�NXOODQÕODQ�HQ�HVNL�VLVWHPOHUGHQ�

ELUL�WHNHU�VHQV|UOHULGLU �ZKHHO�VHQVRU���%X�EDVLW�WHNQRORML\H�VDKLS�NRQXP�YH�KÕ]�KHVDSODPD

VLVWHPL�J�Q�P�]GH�KDOD�HQ�oRN�NXOODQÕODQ�VLVWHPOHUGHQGLU��$QFDN�EX�VLVWHP� WHNHU�oDS�

ELOJLVL�YH�WHNHU�G|Q�ú�QH�GD\DOÕ�ROGX÷X�LoLQ NÕ]DNODPD�YH SDWLQDM�JLEL�GXUXPODUGD KDWDOÕ�

ELOJL� �UHWHELOPHNWHGLU�� %X� GXUXP� UD\OÕ� VLVWHPOHUGH� GDKD� IDUNOÕ� VHQV|UOHUH GH� LKWL\Do�

GX\XOPDVÕQD� QHGHQ� ROPXúWXU�� 'RSSOHU UDGDUODU�� GHPLU\ROX� WHNQRORMLVLQGH WHNHU�

VHQV|UOHULQH�DOWHUQDWLI�RODUDN�HQ�VÕN�NXOODQÕODQ�VHQV|UOHUGLU��øYPH|OoHUOHU GH KÕ]�YH�NRQXP�

ELOJLVL� LoLQ�NXOODQÕODQ�GL÷HU�VHQV|UOHUGLU >�@��7HNHU�VHQV|UOHUL�JLEL�EX�VHQV|UOHU�GH�ED]Õ�

GXUXPODUGD� KDWDOÕ� |Oo�POHU� \DSDELOPHNWHGLU� %X� GXUXP� ELUGHQ� ID]OD� VHQV|U�Q� KÕ]� YH�

NRQXP� KHVDEÕQGD� NXOODQÕOPDVÕ� LKWL\DFÕQÕ� GR÷XUPXúWXU�� $\QÕ� ]DPDQGD� J�YHQOL� V�U�ú�

LKWL\DFÕQÕQ�DUWPDVÕ�YH�WHN�VHQV|UOH�HOGH�HGLOHQ�o|]�POHULQ�\HWHUVL]�NDOPDVÕ� ELUGHQ�ID]OD�

VHQV|U�Q�E�W�QOHúLN�ELU�PLPDUL�LoLQGH�NXOODQÕOPDVÕ�LKWL\DFÕQÕ�DUWÕUPÕúWÕU�
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%X�WH]GH��J�YHQLOLU�KÕ]�YH�NRQXP�ELOJLVLQLQ�UD\OÕ�DUDoODUGD�KHVDSODQPDVÕ�LoLQ�X\JXQ�ELU�

QDYLJDV\RQ� PLPDULVLQLQ ROXúWXUXOPDVÕ� DPDoODQPÕúWÕU�� 2OXúWXUXODQ� PLPDULQLQ� YHUGL÷L�

VRQXoODUGDNL� KDWDODUÕQ� (5706�(7&6�6LVWHP� *HUHNVLQLPOHUL� 7DQÕP GRN�PDQÕQGD

EHOLUWLOHQ� KDWD� EDQWODUÕQÕ� JHoPHPHVL� DPDoODQPÕúWÕU >�@�� %X� oHUoHYHGH�� VHQV|U�

NDUDNWHULVWLNOHUL�YH�KDWD�ND\QDNODUÕ�GH÷HUOHQGLULOPLúWLU��6HQV|U�I�]\RQ�WHNQL÷L�\DUGÕPÕ�LOH�

ELUGHQ� ID]OD� VHQV|U� YHULVL� ELUOHúWLULOPLú� YH� GDKD� J�YHQLOLU� ELU� ELOJL� HOGH� HGLOPHVL�

KHGHIOHQPLúWLU��*HOHQHNVHO� VLVWHPOHUGH�NXOODQÕODQ� WHNHU� VHQV|UOHUL��'RSSOHU UDGDUODU�YH�

LYPH|OoHUOHULQ \DQÕQGD�*166�YHULOHUL�GH�I�]\RQD�HNOHQPLúWLU� 6HQV|U�I�]\RQ�WHNQL÷LQH�

HN� RODUDN�� WHNHU� VHQV|U� KDWDODUÕQÕQ� WHVSLWLQGH� NXOODQÕODELOHFHN� ³NÕ]DNODPD� YH� SDWLQDM�

WHVSLW´� YH� KDWD� VÕIÕUODPD LoLQ� NXOODQÕODQ� EDOL]OHU GH� GH÷HUOHQGLULOPLúWLU�� %X� \DUGÕPFÕ�

\|QWHPOHUOH�VHQV|U�I�]\RQ�oÕNWÕVÕQÕQ�J�YHQLOLUOL÷L DUWÕUÕOPÕúWÕU�

���� 7H]LQ�$NÕúÕ

%X�WH]�JLULú�YH�VRQXo�E|O�POHUL�LOH�EHú DQD�E|O�PGHQ�ROXúPDNWDGÕU��*LULú�E|O�P�QGH�UD\OÕ�

DUDo� WHNQRORMLOHUL� KDNNÕQGD� JHQHO� ELOJLOHU� YHULOPLúWLU�� %XQXQ� \DQÕQGD� KÕ]� YH� NRQXP�

KHVDEÕQÕQ� QHGHQ� |QHPOL� ROGX÷X� DQODWÕOPD\D� oDOÕúÕOPÕúWÕU�� øNLQFL� DQD� E|O�PGH��

KD]ÕUODQPDVÕ� SODQODQDQ� VLVWHP� PLPDULVLQGH� NXOODQÕODFDN VHQV|UOHU� LQFHOHQPLú� YH�

PRGHOOHQPLúWLU�� ho�QF�� DQD� E|O�PGH� NXOODQÕOPDVÕ� SODQODQDQ� DQD� \|QWHPH \DUGÕPFÕ�

RODFDN�³NÕ]DNODPD�YH�SDWLQDM´�WHVSLW�VLVWHPL�oDOÕúÕOPÕúWÕU��%X�E|O�PGH VLVWHP�DOWHUQDWLIOHUL

EHQ]HWLP RUWDPÕQGD� ROXúWXUXOPXúWXU� '|UG�QF�� DQD� E|O�PGH� NXOODQÕOPDVÕ� SODQODQDQ�

DOWHUQDWLI�\|QWHPOHU LQFHOHQPLúWLU��øQFHOHQHQ�E�W�QOHúPH�\|QWHPOHUL EHQ]HWLP RUWDPÕQGD�

PRGHOOHQPLú�YH�HOGH�HGLOHQ�YHULOHU�NDUúÕODúWÕUÕOPÕúWÕU� %DOL] NXOODQÕPÕQÕQ�|QHPL�YH�VRQXFD�

HWNLVL�EX�E|O�P�DOWÕQGD�LQFHOHQPLúWLU��$\UÕFD�NXOODQÕODQ�\|QWHPLQ�SHUIRUPDQV�HWNLVLQLQ�

\DQÕQGD� LVWHQHQ�J�YHQOLN� VHYL\HVLQH� HWNLVLQGHQ�GH�EDKVHGLOPLúWLU� %�W�Q� DOW� SDUoDODUÕQ�

ELUOHúWLULOPHVL� EHQ]HWLP RUWDPÕQGD� \DSÕOPÕú� YH� VRQXoODU� NDUúÕODúWÕUÕOPÕúWÕU�� 6RQ�

E|O�P�QGH��WH]�VRQXoODUÕ�|]HWOHQPLúWLU�
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5D\OÕ�VLVWHPOHUGH�2WRPDWLN�7UHQ�2SHUDV\RQX �272� YH�2WRPDWLN�7UHQ�.RUXPD �27.�

VLVWHPOHUL NXOODQÕOPD\D�EDúODQPDGDQ |QFH�NRQXP�YH�KÕ]�KHVDEÕ�DUDo��]HULQGH�\HU�DODQ�

HNLSPDQODUOD�VD÷ODQÕ\RUGX��%X�HNLSPDQODUGDQ�HQ�\D\JÕQ�RODQÕ�DUDo�WHNHUOHULQH�WDNÕODQ�YH�

WHNHU�G|Q�ú� VD\ÕVÕQD�J|UH�NRQXP�YH�KÕ]�KHVDEÕ�\DSDQ� WHNHU� VHQV|UOHULGLU��*�Q�P�]GH�

NRQXP�YH�KÕ]�KHVDEÕQÕQ�GR÷UX�\DSÕODELOPHVL�LoLQ�DUDo��VW��YH�KDW��VW��HNLSPDQODUÕ�ELUOLNWH�

NXOODQÕOPDNWDGÕU��

+DW� �VW�� HNLSPDQODU�� DUDo� �VW�QGH� \DSÕODQ� KHVDS� LoLQ� UHIHUDQV� ELOJL� QRNWDODUÕ� RODUDN�

NXOODQÕOPDNWDGÕU�� +DW \DSÕVÕQD� J|UH� YH� VLQ\DOL]DV\RQ� VLVWHPLQLQ� VHYL\HVLQH� J|UH� EX�

HNLSPDQODU�IDUNOÕOÕN�J|VWHUPHNWHGLU��(Q�\D\JÕQ�úHNLOGH�NXOODQÕODQ�KDW�HNLSPDQODUÕ�EDOL]OHU�

YH�UD\ GHYUHOHULGLU�

5D\� GHYUHOHUL�� VLQ\DOL]DV\RQ� DPDoOÕ� NXOODQÕODQ WHPHO KDW� �VW�� HNLSPDQODUÕQGDQGÕU��%X�

HNLSPDQODU��VDELW�EORN�VLVWHPLQLQ�\|QHWLPLQGH�NXOODQÕOÕUODU��5D\�GHYUHOHUL�VDELW�EORNODUÕQ�

PHúJXO�\D�GD�X\JXQ�ROGX÷XQXQ�WHVSLWLQGH�NXOODQÕOPDNWDGÕU��6DELW�EORN�JHoLú�E|OJHOHULQGH�

EXOXQDQ�VLQ\DOL]DV\RQ�X\DUÕODUÕ�EX�GHYUHOHU�LOH�WHWLNOHQPHNWHGLU� 7UHQ�ROPDGÕ÷ÕQGD��UD\

GHYUHVL�ERú�NDOÕU�YH�DN��WDUDIÕQGDQ�VD÷ODQDQ�GR÷UX�DNÕP��oDOÕúDQ�UD\ODU�WDUDIÕQGDQ�U|OH\H�

LOHWLOLU�YH�RQX�HQHUMLOHQGLULU� 5|OH\H�HQHUML�YHULOGL÷LQGH��\HúLO�VLQ\DO�ODPEDVÕ�\DQDU��EX�GD�

JHoLOHQ�EOR÷XQ�PHúJXO�ROPDGÕ÷Õ�DQODPÕQD�JHOPHNWHGLU��5D\�GHYUHVL�PHúJXO�ROGX÷XQGD�

U|OH�HQHUMLVL]�NDOGÕ÷Õ�LoLQ�NÕUPÕ]Õ�VLQ\DO�ODPEDVÕ�\DQDFDNWÕU >�@� ùHNLO���� UD\�GHYUHVL�LOH�

VDELW�EOR÷XQ�oDOÕúPD�PDQWÕ÷ÕQÕ�J|VWHUPHNWHGLU��

ùHNLO������5D\�GHYUHVL�YH�VDELW�EORN



�

%DOL]OHU� GH� UD\� GHYUHOHUL� JLEL� KDW� �VW�� HNLSPDQODUÕGÕU�� $UDo WDUDIÕQGD�� EDOL]GHQ� DOÕQDQ

ELOJLOHU� NRQXP� YH� KÕ]� KHVDEÕQGD� UHIHUDQV� RODUDN� NXOODQÕOPDNWDGÕU� >�@� +DUHNHWOL� EORN�

WHNQRORMLVLQLQ�NXOODQÕOPD\D�EDúODQPDVÕ� LOH�KDW� GHYUHOHUL� \HULQH�EDOL]OHU�GDKD� VÕN� WHUFLK�

HGLOPH\H� EDúODQPÕúWÕU� %DOL]�� UD\OÕ� VLVWHPOHUGH� NXOODQÕODQ� YH� (5706� VWDQGDUGÕQGD�

WDQÕPOÕ� DUDo� YH� KDW� DUDVÕQGD� LOHWLúLP� VD÷ODPDN� DPDoOÕ� NXOODQÕODQ�� VDELW� QRNWDODUD�

NRQXPODQGÕUÕOPÕú� ³KDW� �VW�´�272�27.�$72�$73�� HNLSPDQÕGÕU� >�@� ùHNLO����¶GH� KDW�

�VW��HNLSPDQÕ�RODQ�EDOL]�YH�DUDo��VW��HNLSPDQÕ�RODQ�EDOL]�RNX\XFX�J|VWHULOPLúWLU�

ùHNLO������%DOL] YH�EDOL] DQWHQ�\HUOHúLPL >��@

%DOL]OHU� KDW� ER\XQFD� UD\OÕ� DUDoODU� LoLQ� UHIHUDQV� YH� GR÷UXODPD� QRNWDODUÕ� RODUDN�

NXOODQÕOPDNWDGÕU�� %XQXQ� QHGHQL� LVH� LoHUGLNOHUL KDW� ELOJLOHULGLU�� 7HPHO� RODUDN� EDOL]OHU��

VWDWLN�NRQXP�ELOJLVLQL�YH�KDW�SURILO�ELOJLOHULQL�LoHULUOHU >�@��

ùHNLO���� EDOL]�YH�EDOL]�DQWHQL�DUDVÕQGDNL�KDEHUOHúPH\L�J|VWHUPHNWHGLU��%DOL]�DQWHQL�EDOL]�

�]HULQGHQ�JHoHUNHQ�HQHUMLOHQPHNWH�YH�EDOL]��]HULQGHQ�KDWWD�DLW�KÕ]�VÕQÕU�SURILOL��KDW�H÷LP�

ELOJLVL��EDOL]� QXPDUDVÕ�� ELU� |QFHNL� EDOL] QXPDUDVÕ��NRQXP� UHIHUDQV� ELOJLVL� JLEL� YHULOHUL�

LoHUHQ ELOJL� SDNHWLQL DUDo� NRQWURO� ELOJLVD\DUÕQD� LOHWPHNWHGLU� %DOL]� DQWHQL� YH� DUDo� �VW��

NRQWURO�ELOJLVD\DUÕ�DUDo��VW��HNLSPDQÕ�RODUDN�DGODQGÕUÕOPDNWDGÕU�



�

ùHNLO������%DOL]�DQWHQL�YH�EDOL] KDEHUOHúPHVL

+Õ]�|Oo�P��\DSDQ�VHQV|UOHUVH�ELU�GL÷HU�DUDo��VW��HNLSPDQODUGDQGÕU��%X�VHQV|UOHU�DUDoWDQ�

DUDFD� IDUNOÕOÕN� J|VWHUPHNWHGLU�� +Õ]� YH� NRQXP� KHVDEÕ� LoLQ� NXOODQÕODFDN� VHQV|UOHU�� DUDo�

WLSLQH��DUDFÕQ�|]HOOLNOHULQH�YH�NXOODQÕODFD÷Õ�KDWWD�J|UH�GH÷LúLNOLN�J|VWHUPHNWHGLU��5D\OÕ�

VLVWHPOHUGH�HQ�oRN�NXOODQÕODQ�KÕ]�YH�NRQXP�VHQV|UOHUL�WHNHU�VHQV|UOHUL��'RSSOHU UDGDUODU�

YH� LYPH� |OoHUOHUGLU��*HOLúHQ� WHNQRORML� YH� GH÷LúHQ� VLVWHP� EDNÕúÕ� LOH� J�Q�P�]GH�*166�

WHNQRORMLVL�GH�UD\OÕ�VLVWHPOHUGH�NXOODQÕOPD\D�EDúODQPÕúWÕU��

5D\OÕ� DUDoODUGD� KÕ]� YH� NRQXP� KHVDEÕ� LoLQ� X\JXQ PLPDULQLQ� EHOLUOHQPHVLQGH� VHQV|U�

NDUDNWHULVWLNOHUL� |QHPOL� URO� R\QDPDNWDGÕU�� %X� QHGHQOH |QFHOLNOH� VHQV|UOHULQ� DUWÕ� YH�

HNVLOHULQLQ�EHOLUOHQPHVL�JHUHNPHNWHGLU��5D\OÕ�DUDoODUGD�KÕ]�YH�NRQXP�KHVDEÕQÕ ROXPVX]�

\|QGH HWNLOH\HQ�GXUXPODU�DúD÷ÕGDNL�JLELGLU >��@�

x .D\PD�NÕ]DNODPD�YH�SDWLQDM�GXUXPODUÕ

x 7�QHOOHU�YH�\HU�DOWÕQGD�EXOXQDQ�KDWODU

x +DWODUGD�EXOXQDQ�HQJHOOHU�YH�ER]XOPDODU

x $UDo�KÕ]ÕQÕQ�oRN�G�ú�N�ROPDVÕ

x $UDo�KÕ]ÕQÕQ�oRN�\�NVHN�ROPDVÕ

x 7HNHUOHUGH�ROXúDQ�ER]XOPDODU

x +DWWDNL�H÷LPOHU

6HQV|U� KDWDODUÕ� LQFHOHQLUNHQ� \DSÕODFDN� NDUúÕODúWÕUPDODUGD� VWDQGDUW VDSPD� KHVDEÕ�

NXOODQÕOPÕúWÕU��6WDQGDUW�VDSPDQÕQ�KHVDSODQDELOPHVL�LoLQ�|QFH�KDWD�GH÷LúNHQLQLQ EHNOHQHQ�

GH÷HULQLQ �RUWDODPDVÕQÕQ�� KHVDSODQPDVÕ� JHUHNPHNWHGLU�� 6WDQGDUW� VDSPD�� GH÷LúLQWLQLQ�



�

NDUHN|N�G�U >��@� 0DWHPDWLNVHO� RODUDN� EHNOHQHQ� GH÷HU�� VWDQGDUW� VDSPD YH� GH÷LúLQWL

IRUP�OOHUL�DúD÷ÕGDNL�JLELGLU�

ߤ ൌ ݈ܽ݉ܽܽݐݎܱ
ߪ ൌ ݐݎܽ݀݊ܽݐܵ ܽ݉݌ܽݏ
ଶߪ ൌ ݀݁º݅ç݅݊݅ݐ

ߤ ൌ ሻݔሺܧ ൌ
ଵݔ ൅ ଶݔ ൅ڮ൅ ௡ݔ

݊
���

ଶߪ ൌ ሻݔሺݎܸܽ ൌ
ሺݔଵ െ ሻଶߤ ൅ ሺݔଶ െ ሻଶߤ ൅ ൅ڮ ሺݔ௡ െ ሻଶߤ

݊

���

%XUDGD YHULOHQ�IRUP�OOHUGH ݔ VHQV|U�VLQ\DOLQLݔ��௜ LVH�L��VHQV|U�RNXPDVÕQÕ LúDUHW�HWPHNWHGLU�

%HOLUWLOHQ� GXUXPODUÕQ� VHQV|U� |Oo�POHUL� �]HULQGHNL� HWNLOHUL�� VHQV|UOHU YH� KDWD�PRGHOOHUL�

0DWODE�6LPXOLQN� RUWDPÕQGD� PRGHOOHQPLúWLU�� 7�P� VHQV|UOHULQ� NDUúÕODúWÕUÕOPDOÕ� RODUDN�

GH÷HUOHQGLULOPHVLQGH DúD÷ÕGDNL�YHUL�N�PHOHUL YH�KDWD�EDQWODUÕ NXOODQÕOPÕúWÕU�

���� 9HUL�.�PHOHUL YH�+DWD�%DQGÕ

0DWODE�6LPXOLQN�RUWDPÕQGD�KD]ÕUODQDQ�VHQV|U�YH�I�]\RQ�PRGHOOHULQLQ�GH÷HUOHQGLULOPHVL�

VÕUDVÕQGD�DúD÷ÕGD�YHULOHQ�� IDUNOÕ�YHUL�N�PHVL NXOODQÕOPÕúWÕU��%X�YHULOHUGHQ�YHUL�N�PHVL ��

YH� YHUL� N�PHVL �� $QNDUD� 0HWUR�0�� KDWWÕQGD� WHVW� DPDoOÕ� oDOÕúWÕUÕODQ� ³+DILI� 5D\OÕ

$UDo´¶WDQ�DOÕQPÕúWÕU� %X�YHULOHULQ�WRSODQPDVÕQGD�PRWRUVX]�DNVD�WDNÕODQ�WHNHU�VHQV|UOHUL�

�]HULQGHQ� RNXPDODUÕ� ND\GHGHQ ELU� ND\ÕW� FLKD]Õ NXOODQÕOPÕúWÕU� %X� FLKD]ÕQ� |UQHNOHPH�

SHUL\RGX������VDQL\HGLU�� 9HUL�N�PHVL ��LVH�YHUL�N�PHVL ���]HULQGHQ�KÕ]OÕ�WUHQ�EHQ]HWLPL

LoLQ�W�UHWLOPLú�ELU�YHUL�N�PHVLGLU� %|O�P������YH��¶ WH�\HU�DODQ�EHQ]HWLP VRQXoODUÕQGD�EX�

YHULOHU�UHIHUDQV�YHUL�RODUDN�NXOODQÕOPÕúWÕU��

������ 9HUL�.�PHVL �

%X� YHUL� JUXEX� $QNDUD� PHWURVXQGD� ����������� WDULKL� VDDW� ������������ DUDVÕQGD�

ND\GHGLOPLú���GDNLNDOÕN�ELU�KÕ]�YH�NRQXP�YHULVLGLU� %X�YHULOHU ùHNLO����¶WH�J|VWHULOPLúWLU�



�

ùHNLO������5HIHUDQV�KÕ]�YH�NRQXP�YHUL�N�PHVL �

������ 9HUL�.�PHVL �

%X� YHUL� JUXEX�� $QNDUD� PHWURVXQGD� ����������� WDULKLQGH� VDDW� ����������� DUDVÕQGD�

ND\GHGLOPLú�� GDNLNDOÕN�ELU�KÕ]�YH�NRQXP�YHULVLGLU� %X�YHULOHU ùHNLO����¶WH�J|VWHULOPLúWLU��

ùHNLO������5HIHUDQV�KÕ]�YH�NRQXP�YHUL�N�PHVL �
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������ 9HUL�.�PHVL �

%X�YHUL�JUXEX��KÕ]OÕ�WUHQOHUGHNL�SHUIRUPDQVÕ�GD�GH÷HUOHQGLUHELOPHN�DPDoOÕ�YHUL�N�PHVL ��

�]HULQGHQ� W�UHWLOPLú�ELU�YHUL�JUXEXGXU��+Õ]�YHULVL��UHWLOLUNHQ�YHUL� N�PHVL ���]HULQH����

P�V¶OLN� KÕ]� HNOHQPLú� YH�PHYFXW� LYPHOHQPH� �P�V�¶\L� JHoPH\HFHN� úHNLOGH� DUWÕUÕOPÕúWÕU��

(OGH�HGLOHQ�YHULOHU�ùHNLO����¶GD J|VWHULOPLúWLU�

ùHNLO������5HIHUDQV�KÕ]�YH�NRQXP�YHUL�N�PHVL �

������ (5706�2GRPHWUH�+DWD�6ÕQÕUÕ

(5706 �(XURSHDQ�5DLO�7UDIILF�0DQDJHPHQW�6\VWHP���RGRPHWUH�IRQNVL\RQX�LoLQ�NDEXO�

HGLOHELOLU�KDWD�VÕQÕUODUÕQÕ�EHOLUOHPLúWLU��(5706�VWDQGDUGÕQD�J|UH�KÕ]�KDWDVÕ�DUDo�KÕ]Õ����

NP�VD¶H�JHOHQH�NDGDU��NP�VD¶GHQ�G�ú�N�����NP�VD�LOH�����NP�VD�DUDVÕQGD���NP�VD¶GHQ����

NP�VD¶H�NDGDU�RODQ�RUDQWÕOÕ�EDQGÕ JHoPHPHOLGLU� 3R]LV\RQ�KDWDVÕ�LVH�³േ�Pേ �����JLGLOHQ�

PHVDIH�´� KDWD� EDQGÕQÕ� JHoPH\HFHN� úHNLOGH� WDQÕPODQPÕúWÕU >��@� +Õ]� KDWD� SURILOL� ùHNLO�

���¶GH�J|VWHULOPLúWLU�

6WDQGDUWWD WDQÕPOÕ�EX�KDWD��EHQ]HWLPOHUGH ³(5706�KÕ]�KDWD�EDQGÕ��´�YH�³(5706�PHVDIH

KDWD�EDQGÕ��´�RODUDN�NXOODQÕOPÕúWÕU��(N�RODUDN�EX�LNL�KDWD�EDQGÕ�����G�ú�U�OHUHN�³(5706�

KÕ]�KDWD�EDQGÕ��´�YH�³(5706�PHVDIH KDWD�EDQGÕ��´�ROXúWXUXOPXúWXU�
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ùHNLO������(5706�KÕ]�KDWD�EDQGÕ��

���� 7HNHU�6HQV|U�

7HNHU�VHQV|UOHUL�NXOODQÕODQ�HQ�HVNL KÕ]�YH�NRQXP�EHOLUOHPH�WHNQRORMLVLGLU��%X�VHQV|U��WHNHU�

G|Q�ú�VD\ÕVÕQD�J|UH�DUDo�KÕ]ÕQÕQ�EHOLUOHQPHVLQGH�NXOODQÕOPDNWDGÕU��$\UÕFD�JLGLOHQ�PHVDIH�

ELOJLVL� GH� EX� VHQV|U� �]HULQGHQ� KHVDSODQDELOPHNWHGLU�� 7HNHU� VHQV|UOHULQGH� G|Q�ú�

IUHNDQVÕQÕQ KHVDSODQPDVÕ�LoLQ IDUNOÕ�WHNQRORMLOHU�NXOODQÕODELOLU��%X�WH]�NDSVDPÕQGD�\DSÕODQ�

oDOÕúPDODUGD�� WHNHU� VHQV|U�� RODUDN� RSWLN� GDUEH� VD\ÕFÕ� NXOODQÕOPÕúWÕU�� %X� WLS� VHQV|UOHU

GDUEH\L��UHWHFHN�YH�GDUEH\L�VD\DFDN�LNL�DQD�\DSÕGDQ�ROXúXU��'DUEH\L��UHWHQ�NÕVÕPGD��WHNHU�

KDUHNHWL\OH G|QHQ�oHQWLNOL�ELU�GLVN�YH�RSWLN�ELU�ND\QDN�EXOXQXU��'DUEH�VD\DQ�NÕVÕP�LVH�

IRWRVHO� LOH GLVNLQ� G|QPHVL� LOH� ROXúDQ� RSWLN� GDUEHOHUH X\JXQ� NDUH� GDOJD� �UHWLU� YH� NDUH�

GDOJDQÕQ IUHNDQVÕ�WHNHU�G|Q�ú�IUHNDQVÕ�LOH�GR÷UX�RUDQWÕOÕGÕU�>��@�

ùHNLO �����2SWLN�GDUEH�VD\DFÕ�oDOÕúPD�PHNDQL÷L >��@

$UDo�KÕ]Õ�YH�JLGLOHQ�PHVDIH KHVDEÕ DúD÷ÕGDNL�IRUP�OOHUH J|UH�\DSÕOÕU�
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௧ܸ௘௞௘௥ ൌ ��ߨʹ ���

%XUDGD EHOLUWLOHQ� ሺ ௧ܸ௘௞௘௥� VHQV|U�Q� ED÷OÕ� ROGX÷X� WHNHU� KÕ]ÕQÕ�� �U� WHNHULQ� \DUÕoDSÕQÕ

�PHWUH����I� LVH�WHNHU�VHQV|U�Q�Q�KHVDSODGÕ÷Õ�G|Q�ú�IUHNDQV �+]� ELOJLVLQL�YHUPHNWHGLU�

*LGLOHQ�PHVDIH�KHVDEÕQGD��WHNHU�G|Q�ú�VD\ÕVÕ �1� YH�WHNHU�\DUÕoDS �U� ELOJLVL�NXOODQÕOÕU��

7HNHULQ�G|Q�ú�VD\ÕVÕ��RSWLN�GDUEH�VD\DFÕ�WDUDIÕQGDQ��UHWLOHQ�GDUEH�VD\ÕVÕQÕQ��GLVN��]HULQGH�

\HU�DODQ�oHQWLN�VD\ÕVÕQD�E|O�QPHVL�LOH�HOGH�HGLOLU� 'LVN��]HULQGHNL�oHQWLN�VD\ÕVÕ�YH�RSWLN�

GDUEH�VD\ÕFÕQÕQ��UHWWL÷L�GDUEHOHULQ�IUHNDQVÕ�VHQV|U�Lo�GH÷LúNHQLGLU��(úLWOLN ���¶GH�\HU�DODQ�

IRUP�OGH� ሺ�ሻ DUDFÕQ� JLWWL÷L� PHVDIH\L�� �1� LVH� WHNHULQ� G|Q�ú� VD\ÕVÕQÕ� YHUPHNWHGLU� %X�

IRUP�OGHQ�DQODúÕODFD÷Õ�JLEL�WHNHU�VHQV|UOHUL�LOH�JLGLOHQ�PHVDIH�KHVDEÕQGD�WHNHULQ�G|Q�ú

VD\ÕVÕ�YH�WHNHULQ�oDS�ELOJLVL�NXOODQÕOPDNWDGÕU�

ܺ௧௘௞௘௥ ൌ ��ߨʹ ���

7HNHU�VHQV|UOHUL� NXOODQÕP�NROD\OÕ÷Õ�YH�GD\DQÕNOÕOÕNODUÕ�VHEHEL\OH�oRN�WHUFLK�HGLOPHNWHGLU��

$QFDN�EX�VHQV|UOHU�NXOODQÕODUDN�\DSÕODQ�KHVDSODPDODUGD ED]Õ�KDWDODU�ROXúDELOPHNWHGLU��

<XNDUÕGDNL� HúLWOLNOHUGHQ DQODúÕODFD÷Õ� JLEL�� WHNHU� VHQV|UOHUL� LOH� \DSÕODQ� KHVDSODPDODU�

GR÷UXGDQ� WHNHU� |]HOOLNOHUL� LOH� LOLúNLOLGLU�� 7HNHU� oDS� ELOJLVL�� KHVDSODPDODUÕQ� WHPHOLQL�

ROXúWXUPDNWDGÕU� YH� KHVDSODPDODUÕQ� GR÷UXOX÷X� LoLQ� EX� YHULQLQ GR÷UX� ELOLQL\RU� ROPDVÕ�

JHUHNPHNWHGLU�� 5D\OÕ� DUDoODUGD� WHNHU� oDS� ELOJLVL� G�]HQOL� RODUDN� |Oo�OPHNWH� YH�

J�QFHOOHQPHNWHGLU��%XQD� UD÷PHQ� WHNHU� oDS� ELOJLVLQGH� ROXúDQ� N�o�N� ELU� KDWD� ELULNHUHN�

NRQXP�ELOJLVLQGH�E�\�N�ELU�KDWD\D�QHGHQ�RODELOPHNWHGLU��(úLWOLN ��� YH�HúLWOLN ���¶GD�WHNHU�

VHQV|U��KÕ]�YH�PHVDIH�KDWDODUÕߜ� ௧ܸ௘௞௘௥ YHܺߜ�௧௘௞௘௥ úHNOLQGH�YHULOPLúWLU�

ߜ ௧ܸ௘௞௘௥ ൌ ݂ߜߨʹ ൅ ݎߜߨʹ ���

௧௘௞௘௥ܺߜ ൌ නߜ ௧ܸ௘௞௘௥ ݐ݀
���

7HNHU�VHQV|UOHUL��WHNHU�oDS�ELOJLVL�GÕúÕQGD�G|Q�ú�IUHNDQVÕ �I� LOH�GH�GR÷UXGDQ�LOLúNLOLGLU��%X�

VHQV|UOHULQ� KDWDVÕ] oDOÕúDELOPHVL� LoLQ� WHNHUOHUGH� NÕ]DNODPD� YH� SDWLQDM� GXUXPODUÕQÕQ�

\DúDQPDPDVÕ� JHUHNPHNWHGLU� (úLWOLN ��� WHNHU� KÕ]ÕQGD� ROXúDFDN� KDWDQÕQ� IUHNDQV�



��

|Oo�P�QGH� YH� \DUÕoDS� ELOJLVLQGHNL KDWDGDQ�PH\GDQD� JHOHFH÷LQL� J|VWHUPHNWHGLU� $\QÕ�

úHNLOGH�HúLWOLN ��� NRQXPGDNL�GH÷LúLNOL÷LQ�KÕ]GDNL�KDWD� LOH�ED÷ODQWÕVÕQÕ�J|VWHUPHNWHGLU��

%XUDGDQ� GD� DQODúÕODFD÷Õ� JLEL� KÕ]� �]HULQGH� VDELW ELU� KDWD� \DUDWDQ� WHNHU� oDS� KDWDVÕ �ݎߜ�

NRQXP��]HULQGH�DUWDUDN�E�\�\HQ�ELU�KDWD\D�VHEHS�ROPDNWDGÕU�

.Õ]DNODPD �VOLGH�� IUHQOHPH� GXUXPXQGD� DUDo KÕ]ÕQÕQ� WHNHU KÕ]ÕQGDQ� E�\�N� ROPDVÕ

DQODPÕQD�JHOPHNWHGLU��3DWLQDM �VSLQ� LVH LYPHOHQPH�VÕUDVÕQGD WHNHU�KÕ]ÕQÕQ�DUDo�KÕ]ÕQGDQ�

GDKD� ID]OD� ROGX÷X� GXUXPODUGD�PH\GDQD� JHOHQ� ROD\GÕU >��@� %X� LNL� ROD\� UD\� YH� WHNHU�

DUDVÕQGDNL�V�UW�QPH�NDWVD\ÕVÕQGD�PH\GDQD�JHOHQ�GH÷LúPHOHU�YH�SQ|PDWLN�IUHQ VLVWHPLQLQ�

HWNLVL� LOH�ROXúPDNWDGÕU� .Õ]DNODPD�YH�SDWLQDM�GXUXPODUÕQD�JHQHO�RODUDN�³ND\PD��VOLS�´�

GHQPHNWHGLU� .D\PD� GXUXPODUÕQGDQ� ELUL \DúDQGÕ÷ÕQGD� WHNHU� G|Q�ú� VD\ÕVÕ �1� GR÷UX�

KHVDSODQDPDPDNWDGÕU�� %X� GD� KHP� KÕ]� KHP� GH� JLGLOHQ� PHVDIH� ELOJLVLQGH� KDWDODUÕQ�

ROXúPDVÕQD� \RO� DoPDNWDGÕU� 5D\OÕ� DUDoODU�� NÕ]DNODPD YH� SDWLQDM� JLGHULFL� VLVWHPOHUH�

VDKLSWLU��$QFDN� EX� VLVWHPOHULQ� GHYUH\H� JLUHELOPHVL� LoLQ� |QFH�GXUXPXQ� WHVSLW� HGLOPHVL�

JHUHNPHNWHGLU�� %X� VLVWHPOHU� GHYUH\H� JLUHQH� NDGDU� ROXúDQ� KDWDODU� KHVDSODQDQ� KÕ]� YH�

NRQXP�YHULOHUL��]HULQGH�J|]OHQHELOPHNWHGLU� (úLWOLN ���¶WH�J|VWHULOHQ�IUHNDQVWDNL ND\PD

��݂ߜ� NÕ]DNODPD�YH�SDWLQDM�GXUXPODUÕQGD�PH\GDQD�JHOPHNWHGLU��%X�KDWD�NÕVD�V�UHOL�ELU�

KDWDGÕU��EX�\�]GHQ�WHNHU�oDS�KDWDVÕQGDNL�JLEL�NRQXP��]HULQGH�E�\�N�KDWDODUD�VHEHS�ROPD]�

DPD�KÕ]��]HULQGH�DQOÕN�YH E�\�N�ELU�HWNL\H�VDKLSWLU�

2GRPHWUL�VHQV|U�NDUDNWHULVWL÷LQLQ LQFHOHQPHVL�LoLQ�ùHNLO ���¶GD \HU�DODQ�6LPXOLQN�PRGHOL�

ROXúWXUXOPXúWXU��%X�PRGHO�ROXúWXUXOXUNHQ�VHQV|U�Q�KÕ]�YH�PHVDIH�KHVDEÕ�LoLQ�NXOODQGÕ÷Õ�

IRUP�OOHU� YH� GH÷LúNHQOHU� NXOODQÕOPÕúWÕU�� 0RGHOGH� \HU� DODQ� JLUGLOHUGHQ� UHIHUDQV KÕ]�

PRGHOGH�NXOODQÕODQ�DQD GH÷LúNHQGLU��7HNHU�oDSÕ���U���ND\PD�GXUXPX�YH WHNHU�oDS�KDWDVÕ�

VHQV|U�KDWDVÕ�ROXúWXUPDN�LoLQ�NXOODQÕOPDNWDGÕU��'DUEH�VD\ÕVÕ�LVH�VHQV|U�Q�Lo�GH÷LúNHQLGLU�

YH�LKWL\DFD�J|UH�GH÷LúWLULOHELOLU� %X�E|O�PGH�GDUEH�VD\ÕVÕ�����RODUDN�NDEXO�HGLOPLúWLU��%X�

GD�ELU WDP� WHNHU�G|Q�ú�QGH�����GDUEH��UHWLOPHVL� DQODPÕQD�JHOPHNWHGLU� 0RGHO� oÕNWÕVÕ�

RODUDN�LVH�WRSODP�G|Q�ú�VD\ÕVÕ��JLGLOHQ�PHVDIH�YH�KÕ]�ELOJLVL�HOGH�HGLOPLúWLU��



��

ùHNLO �����7HNHU�RGRPHWUH�VHQV|U��VLPXODV\RQ�EOR÷X

7HNHU� VHQV|UOHULQGH� KDWDODU�� VHQV|U�Q� VLVWHPDWLN� KDWDVÕ� GÕúÕQGD WHNHU� oDS� ELOJLVLQGHNL�

KDWDGDQ�YH�ND\PD GXUXPODUÕQGDQ�ROXúDELOPHNWHGLU��%X�QHGHQOH EX�LNL�SDUDPHWUH�VHQV|U�

PRGHOLQLQ�ROXúWXUXOPDVÕQGD�NXOODQÕOPÕúWÕU�

7HNHU� oDS� KDWDVÕQÕQ� WHNHU� KÕ]� VHQV|U�� �]HULQGHNL� HWNLVL ùHNLO� ���� YH� ùHNLO ����¶GH�

J|VWHULOPLúWLU� %X úHNLOOHUGH�UHIHUDQV�RODUDN�YHUL�N�PHVL ��NXOODQÕOPÕúWÕU��7HNHU�oDS�ELOJLVL�

��� YH�±�� RODFDN�úHNLOGH�\DQOÕú�JLULOPLú�YH�DúD÷ÕGDNL�VRQXoODU�DOÕQPÕúWÕU��ùHNLO�����¶GD�

WHNHU�oDS�KDWDVÕQÕQ�KÕ]�YHULVL��]HULQGHNL�HWNLVL J|VWHULOPLúWLU��7HNHU�oDS ELOJLVLQLQ�ID]OD�

JLULOGL÷L� GXUXP�� KÕ]ÕQ� ID]OD KHVDSODQPDVÕQD� QHGHQ� ROPXúWXU�� 7HNHU� oDS� ELOJLVLQLQ���

HNVLN�JLULOGL÷L�GXUXPGD�LVH�KÕ]�ELOJLVLQLQ�HNVLN�KHVDSODQPDVÕQD�QHGHQ�ROPXúWXU��

ùHNLO�������������WHNHU�oDS�KDWDVÕQÕQ�KHVDSODQDQ�KÕ]�YHULVLQH�HWNLVL

ùHNLO ����¶GH LVH� WHNHU� oDS� KDWDVÕQÕQ� JLGLOHQ� PHVDIH� KHVDEÕ� �]HULQGHNL� HWNLVL�

J|VWHULOPLúWLU��7HNHU�oDS�KDWDVÕ��PHVDIH�KHVDEÕQÕ�KÕ]�KHVDEÕQD�J|UH�GDKD�ID]OD�HWNLOHPLúWLU��
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d�QN��JLGLOHQ�PHVDIH�ELOJLVL�V�UHNOL�ELUELUL��]HULQH�HNOHQGL÷L�LoLQ�KDWD�HWNLVLQLQ�]DPDQOD�

DUWWÕ÷Õ�J|U�OP�úW�U�

ùHNLO ������������WHNHU�oDS�KDWDVÕQÕQ�KHVDSODQDQ�PHVDIH YHULVLQH�HWNLVL

.Õ]DNODPD�YH�SDWLQDM�GXUXPXQXQ�WHNHU�VHQV|U���]HULQGHNL�HWNLOHUL LVH ùHNLO����� YH�ùHNLO�

����¶WH J|VWHULOPLúWLU� ���VDQL\HOLN�UHIHUDQV�KÕ]�YHULVLQLQ��]HULQH�������VDQL\H�DUDVÕQGD�

SDWLQDM�HWNLVLQL�J|UHELOPHN�LoLQ�DUWÕ�\|QGH�ELU�KDWD�HNOHQPLúWLU��$\QÕ�úHNLOGH�NÕ]DNODPD�

GXUXPXQX�J|UHELOPHN�LoLQ�������VDQL\H�DUDVÕQD�HNVL�\|QGH�ELU�KDWD�HNOHQPLúWLU��(NOHQHQ�

KDWD��ùHNLO�����¶GH J|VWHULOHQ�KÕ]�oÕNWÕVÕ��]HULQGH�J|]OHQPHNWHGLU��3DWLQDM�VÕUDVÕQGD�WHNHU�

G|Q�ú�� DUWWÕ÷Õ� LoLQ� WHNHU� VHQV|U� KÕ]� YHULVL� DUWPÕúWÕU�� 7DP� WHUVL�� NÕ]DNODPD� GXUXPXQGD�

J|]OHQPLúWLU�

ùHNLO�������.Õ]DNODPD�YH�SDWLQDM�GXUXPXQXQ�KÕ]�YHULVL��]HULQGHNL�HWNLVL
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ùHNLO� ����¶WH NÕ]DNODPD� YH� SDWLQDM� GXUXPXQXQ� JLGLOHQ� PHVDIH� �]HULQGHNL� HWNLVL�

J|]OHQPLúWLU��7HNHU�oDS�KDWDVÕQGD�ROGX÷X�JLEL��EX�KDWDGD�NRQXP�ELOJLVL��]HULQGH�E�\�N�

ELU�KDWD�J|]OHQPHPLúWLU��<DUDWÕODQ�KDWD��HNVL�YH�DUWÕ�\|QGH�D\QÕ�E�\�NO�NWH�YH�D\QÕ�V�UHGH�

X\JXODQGÕ÷Õ�LoLQ�NRQXP�KDWDVÕ�JLGHUHN DUWPDPÕúWÕU�

ùHNLO�������.Õ]DNODPD YH�SDWLQDM�GXUXPXQXQ�PHVDIH YHULVL��]HULQGHNL�HWNLVL

ùHNLO�����¶WHNL KDWD�GXUXPXQGD�PHVDIH KDWDVÕQÕQ�D]DOGÕ÷Õ�J|U�OP�úW�U� d�QN��NÕ]DNODPD

YH�SDWLQDM�KDWDODUÕ�D\QÕ�E�\�NO�NWH�YHULOPLúWLU YH�WHNHU�oDSÕ�KDWDVÕ�ROPDGÕ÷Õ�YDUVD\ÕOPÕúWÕU��

7HNHU�oDS�KDWDVÕQGDQ�IDUNOÕ�RODUDN��NÕ]DNODPD�YH�SDWLQDM�KDWDODUÕQGD�KDWD�DQOÕN�ROGX÷X�

LoLQ� ]DPDQOD� E�\�PHPHNWHGLU�� +DWD� \DúDQGÕNWDQ� VRQUD� WHNHU� VHQV|U PHVDIH oÕNWÕVÕ�

�]HULQGH�VDELW�ELU�úHNLOGH�GHYDP�HWPHNWHGLU�

<XNDUÕGD�GH÷HUOHQGLULOHQ� VHQV|U�KDWDODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ� LoLQ�KÕ]�KDWDVÕQÕQ VWDQGDUW�

VDSPD�YHULOHUL�7DEOR����¶GH YHULOPLúWLU�

7DEOR������7HNHU�VHQV|U�KDWDODUÕQÕQ�KÕ] KDWDVÕ �]HULQGHNL�HWNLOHUL

'XUXP 7HNHU� oDS�
KDWDVÕ

.D\PD�NÕ]DNODPD ]DPDQ�
DUDOÕ÷Õ�V�

3DWLQDM ]DPDQ�
DUDOÕ÷Õ�V�

67'�P�V�

'XUXP�� <RN�� \RN \RN a�
'XUXP � ��� <RN <RN ����
'XUXP�� ��� <RN <RN ����
'XUXP�� <RN ����� ����� ����
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ùHNLO� ����¶WH� WHNHU� oDS� KDWDVÕ� YH� ND\PD� GXUXPXQGDNL� KÕ]� KDWDODUÕQÕQ� GDKD� |QFH�

WDQÕPODQDQ�(5706 KÕ]�KDWD�EDQGÕQD�J|UH�GXUXPX�J|VWHULOPLúWLU��%XUDGDQ GD�DQODúÕODFD÷Õ�

JLEL� ND\PD� GXUXPODUÕ� RODQ� E|OJHOHUGH� KDWD� NDEXO� HGLOHELOLU� VÕQÕUODUÕQ� GÕúÕQD� oÕNWÕ÷Õ�

J|]OHPOHQPLúWLU��6DGHFH� WHNHU� oDS� KDWDVÕQGDQ�ROXúDQ� KDWDODUÕQ� NDEXO� HGLOHELOLU� VÕQÕUODU�

LoLQGH�NDOGÕ÷Õ J|U�OP�úW�U�

ùHNLO�������7HNHU�VHQV|U�KÕ]�KDWDODUÕQÕQ�KDWD�EDQGÕQD�J|UH�J|VWHULPL

7DEOR� ���¶GH� WHNHU� VHQV|U� PHVDIH� |Oo�P� KDWDODUÕQÕQ� VWDQGDUW� VDSPD� NDUúÕODúWÕUPDVÕ�

\DSÕOPÕúWÕU�� 0HVDIH� |Oo�P KDWDVÕ� �]HULQGHQ� \DSÕODQ� VWDQGDUW� VDSPD� KHVDEÕ� KÕ]� KDWDVÕ

VWDQGDUW�VDSPD�GH÷HUOHULQGHQ�IDUNOÕGÕU��0HVDIH KDWDVÕ�JLGHUHN�DUWWÕ÷Õ�LoLQ�EHQ]WLP V�UHVL�

LOH� VWDQGDUW� VDSPD� GH÷HUL� GH� DUWDFDNWÕU�� %X� QHGHQOH� PHVDIH KDWDVÕ� �]HULQGHQ� VWDQGDUW�

VDSPD�GH÷HUOHQGLUPHVL�\DSÕOPDPÕúWÕU�

7DEOR����� 7HNHU�VHQV|U�KDWDODUÕQÕQ�PHVDIH KDWDVÕ �]HULQGHNL�HWNLOHUL

'XUXP 7HNHU� oDS�
KDWDVÕ

.Õ]DNODPD ]DPDQ�DUDOÕ÷Õ�V� 3DWLQDM ]DPDQ�
DUDOÕ÷Õ�V�

67'�P�

2UMLQDO�
GXUXP

<RN�� \RN \RN ����

'XUXP � �� <RN <RN ����

'XUXP�� � �� <RN <RN ����

'XUXP�� <RN ����� ����� ����
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ùHNLO� ����¶WH LVH WHNHU� oDS� KDWDVÕ� YH� ND\PD� GXUXPODUÕQGDNL NRQXP KDWDODUÕ�

NDUúÕODúWÕUÕOPÕúWÕU��7HNHU�oDS�KDWDVÕQÕQ�SR]LV\RQ�YHULVL��]HULQGHNL�HWNLVL�LVH KÕ]�YHULVLQGHQ�

IDUNOÕ�RODUDN E�\�N�ROPXúWXU��(OGH�HGLOHQ�YHULOHULQ�KDWD�EDQGÕ �¶LQ�LoLQGH�NDOGÕ÷Õ�DQFDN�

KDWD� EDQGÕ� �¶QLQ� GÕúÕQD oÕNWÕ÷Õ� J|]OHPOHQPLúWLU�� $\QÕ� úHNLOGH� ND\PD� GXUXPODUÕ�

LQFHOHQGL÷LQGH� NRQXP KDWDVÕQÕQ �]HULQGH� WHNHU� oDS� KDWDVÕQD� J|UH� GDKD� D]� ROXPVX]�

HWNLVLQLQ�ROGX÷X�J|]OHQPLúWLU��

ùHNLO�������7HNHU�VHQV|U�NRQXP�KDWDODUÕQÕQ�KDWD�EDQGÕQD�J|UH�J|VWHULPL

���� 'RSSOHU 5DGDU�6HQV|U�

'RSSOHU UDGDU�GHPLU\ROX�QDYLJDV\RQXQGD�NXOODQÕODQ ELU�GL÷HU KÕ] VHQV|U�G�U��'RSSOHU

UDGDU�� ³'RSSOHU HWNLVL´� LOH� oDOÕúDQ� ELU KÕ] VHQV|U�G�U�� 'RSSOHU HWNLVL YH\D� 'RSSOHU

ND\PDVÕ�� ����� \ÕOÕQGD� $YXVWXU\DOÕ� IL]LNoL� &KULVWLDQ�'RSSOHU WDUDIÕQGDQ� EXOXQPXúWXU��

'RSSOHU HWNLVL�ND\QD÷D�J|UH�KDUHNHW�HGHQ�GDOJDQÕQ�IUHNDQVÕQGDNL�GH÷LúLP�RODUDN� LIDGH�

HGLOPHNWHGLU�� <D\ÕPODQDQ� IUHNDQV� YH� DOÕQDQ� IUHNDQV� DUDVÕQGDNL� IDUN�'RSSOHU IUHNDQVÕ�

RODUDN�DGODQGÕUÕOÕU >��@� 'RSSOHU HWNLVL�W�P�GDOJD�WLSOHULQGH�J|]OHPOHQHELOHQ�ELU�HWNLGLU

�VX� GDOJDVÕ�� VHV� GDOJDVÕ�� UDG\R� GDOJDVÕ YE��� 5D\OÕ� VLVWHPOHUGH� NXOODQÕODQ� 'RSSOHU

UDGDUODUGD�PLNURGDOJD 5) WHNQRORMLVL�NXOODQÕOPDNWDGÕU� .D\QDN��J|]OHQHQ�YH�NXOODQÕODQ�

GDOJDQÕQ� KÕ]Õ� 'RSSOHU IUHNDQVÕQÕQ� KHVDSODQPDVÕ� LoLQ� JHUHNOLGLU�� 'RSSOHU HWNLVLQLQ�

IRUP�OOHUL� DúD÷ÕGDNL� JLELGLU��$úD÷ÕGDNL� IRUP�OOHUGH� ND\QDN� KÕ]Õݒ�௦ ��J|]OHPFL KÕ]ݒ�௢��

GDOJD KÕ]Õݒ�௠� NXOODQÕODQ�GDOJDQÕQ�IUHNDQVÕ� ௠݂YH�J|]OHQHQ GDOJDQÕQ IUHNDQVÕ�I RODUDN�NDEXO�

HGLOPLúWLU� ௗ݂ LVH�'RSSOHU IUHNDQVÕ�LoLQ�NXOODQÕOPÕúWÕU�
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x .D\QDN�YH�J|]OHQHQ GXUX\RUVDݒ�௦ ݒ௢ ��

I� ௠݂

x .D\QDN�GXUX\RU��J|]OHQHQ�KDUHNHW�HGL\RUVD�

݂ ൌ ሺ
௢ݒ േ ௠ݒ
௠ݒ

ሻ ௠݂
���

³�´� J|]OHQHQ� ND\QD÷D� \DNODúWÕ÷Õ� ]DPDQ�� ³�´ LVH� J|]OHQHQ� ND\QDNWDQ�

X]DNODúWÕ÷ÕQGD�NXOODQÕOÕU�

x .D\QDN�KDUHNHW�HGL\RU�YH�J|]OHQHQ�GXUX\RUVDݒ��௢ ��

݂ ൌ ሺ
௠ݒ

௦ݒ ט ௠ݒ
ሻ ௠݂

���

³�´ ND\QDN� J|]OHQHQGHQ� X]DNODúWÕ÷Õ� ]DPDQ�� ³�´� LVH� ND\QDN� J|]OHQHQH

\DNODúWÕ÷Õ�]DPDQ�NXOODQÕOÕU�

x .D\QDN�YH�J|]OHQHQ KDUHNHW�HGL\RUVD�

݂ ൌ ሺ
௢ݒ േ ௠ݒ
௦ݒ േ ௠ݒ

ሻ ௠݂
���

3D\GD�NXOODQÕODQ�³�´�YH�SD\GDGD�NXOODQÕODQ�³�´�ND\QD÷ÕQ�YH�J|]OHQHQLQ�

\DNODúWÕ÷ÕQÕ��SD\GD�³�´�YH�SD\GDGD�³�´�NXOODQÕPÕ�ND\QD÷ÕQ�YH�J|]OHQHQLQ�

X]DNODúWÕ÷ÕQGD�NXOODQÕOÕU�

6RQXo� RODUDN�'RSSOHU IUHNDQVÕ� DúD÷ÕGDNL� JLELGLU��'RSSOHU IUHNDQVÕ� SR]LWLI� ROGX÷XQGD�

J|]OHQHQ ND\QD÷D� \DNODúÕ\RU�� QHJDWLI� ROGX÷XQGD� J|]OHQHQ ND\QDNWDQ� X]DNODúÕ\RU�

GHPHNWLU >��@�

ௗ݂ ൌ ݂ െ ௠݂ ����

5D\OÕ�VLVWHPOHUGH�NXOODQÕODQ�'RSSOHU UDGDUODU�DUDo��]HULQH�VDELW�ELU�úHNLOGH�PRQWH�HGLOLU��



��

ùHNLO�������'HPLU\ROXQGD�'RSSOHU UDGDU oDOÕúPD�LONHVL

5DGDUÕQ�UD\D�J|QGHUGL÷L�GDOJDQÕQ�IUHNDQVÕQÕQ�KHVDEÕ�LoLQ�HúLWOLN ��� NXOODQÕODFDNWÕU��o�QN��

UDGDU�DUDo��]HULQGH�YH DUDo�LOH�KDUHNHW�KDOLQGHGLU��%X�GXUXPGD�ND\QDN�DUDo��J|]OHQHQ LVH�

UD\GÕU��5D\GDQ�JHUL�JHOHQ�GDOJDQÕQ�IUHNDQV�KHVDEÕQGD�LVH�HúLWOLN ��� NXOODQÕODFDNWÕU��%XQXQ�

QHGHQL�LVH�ND\QD÷ÕQ�UD\��J|]OHQHQLQ LVH�DUDo�ROPDVÕGÕU��0LNURGDOJDQÕQ�KÕ]Õ�GD�ÕúÕN�KÕ]Õ�

ROGX÷X�LoLQݒ�௠ ൌ �ͳͲ଼P�V¶GLUݔ͵ $UDo�KÕ]ÕQÕ�EXOPDN�LoLQ�J|QGHULOHQ�YH�DOÕQDQ�GDOJDQÕQ�

DoÕODUÕQÕQ�GD ELOLQPHVL�JHUHNPHNWHGLU��EX \HUOHúLP DoÕVÕ Į NDEXO�HGLOPLúWLU�

ଵ݂��DUDoWDQ�UD\D�J|QGHULOHQ�VLQ\DOLQ�IUHNDQVÕ

ଶ݂��UD\GDQ�DUDFD�JHUL�VDoÕODQ VLQ\DOLQ�IUHNDQVÕ

ǣݒ ­ܽݎܽ ݄ଓݖଓ

ଵ݂ ൌ ሺ
௠ݒ

௠ݒ ט ݒ כ ��� ሺȽሻ
ሻ ௠݂

����

௠ݒ ÕúÕN�KÕ]Õ�NDEXO�HGLOGL÷L�LoLQ�YH�DUDo�KÕ]Õ�ÕúÕN�KÕ]ÕQGDQ�oRN�N�o�N�ROGX÷X�LoLQ� ଵ݂ ௠݂

RODUDN�NDEXO�HGLOHELOLU�

ଶ݂ ൌ ሺ
௠ݒ േ ݒ ��� ሺȽሻ

௠ݒ
ሻ ௠݂ ൌ ൬ͳ ൅

ݒ ��� ሺȽሻ

௠ݒ
൰ ଵ݂

����

ௗ݂ ൌ ଶ݂ െ ௠݂ ����

ௗ݂ ൌ
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௠ݒ
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(úLWOLN ����¶WHQ�DQODúÕODFD÷Õ�JLEL 'RSSOHU UDGDU ELU�KÕ]�VHQV|U��RODUDN�NXOODQÕODELOLU� %X�

IRUP�OH EDNÕOGÕ÷ÕQGD��NXOODQÕODQ�SDUDPHWUHOHULQ�WHNHU�\DSÕVÕQD�\D�GD�DUDo�\DSÕVÕQD�ED÷OÕ�

ROPDGÕ÷Õ�J|U�OPHNWHGLU��%X�\�]GHQ�'RSSOHU UDGDUODU�WHNHU�VHQV|UOHULQLQ�KDWD\D�JLUGL÷L�

GXUXPODUGDQ� HWNLOHQPH]OHU�� $QFDN� EX� VHQV|UOHULQ GH� KDWDOÕ� VRQXo� YHUGL÷L� GXUXPODU�

EXOXQPDNWDGÕU��

'RSSOHU UDGDUODUÕQ�SHUIRUPDQVÕQÕ� UDGDUÕQ�PRQWDMÕ��DUDFÕQ�JLWWL÷L�KDWWÕQ�GXUXPX�YH�KDYD�

NRúXOODUÕ�HWNLOHPHNWHGLU��d�QN��UDGDUODUÕQ�J|QGHUGLNOHUL�YH�DOGÕNODUÕ�GDOJDODUÕQ�IUHNDQVÕ�

YH�DoÕVÕ�DUDo�KÕ]ÕQÕQ�KHVDEÕQGD�GR÷UXGDQ NXOODQÕOPDNWDGÕU��5D\ODUGD�ROXúDQ�ER]XOPDODU�

\D�GD�N|W��KDYD�NRúXOODUÕ�VRQXFX�UDGDUÕQ�J|QGHULP�YH�DOÕP�\DSWÕ÷Õ�\�]H\OHULQ�NDSDQPDVÕ�

VHQV|U� YHULVLQLQ� \DQOÕú� KHVDSODQPDVÕQD� QHGHQ� ROPDNWDGÕU� (úLWOLN ���� J|]� |Q�QH�

DOÕQGÕ÷ÕQGD UDGDUODUÕQ�PRQWDM DoÕVÕQÕQ��Į� GD�UD\�YH�KDYD�GXUXPX�NDGDU�KHVDEÕ�HWNLOHGL÷L�

J|U�OPHNWHGLU�

6LPXOLQN� RUWDPÕQGD� KD]ÕUODQDQ� 'RSSOHU UDGDU� PRGHOL� ùHNLO� ����¶GH� EORN� RODUDN

J|VWHULOPLúWLU��%X�PRGHO�KD]ÕUODQÕUNHQ�'RSSOHU UDGDU��UHWHQ�ILUPDODUÕQ�KDWD�|Oo�P�YHULOHUL�

UHIHUDQV�DOÕQPÕúWÕU��ùHNLO�����¶GH�UHIHUDQV�DOÕQDQ�VHQV|UH�DLW�ELOJLOHU�YHULOPLúWLU� 'RSSOHU

UDGDU� KÕ]� KDWDVÕ� KHVDSODQDQ� KÕ]ÕQ� ³�N´ NDGDU� DOWÕQGD� \D� GD� �VW�QGH� RODFDN� úHNLOGH�

WDQÕPODQPÕúWÕU��%X� ELOJL�'HXWD�:HUNH� DGOÕ� ILUPDQÕQ� UD\OÕ� VLVWHPOHUGH� NXOODQÕODQ� UDGDU�

GRN�PDQÕQGDQ�DOÕQPÕúWÕU��5DGDU�\�NVHN�o|]�Q�UO�NWH�|Oo�P�\DSDELOGL÷LQGH KDWD�VWDQGDUW�

VDSPDVÕ� KÕ]� ���NP�VD¶LQ� DOWÕQGD\NHQ� VÕIÕU� LOH� ���NP�VD DUDVÕQGD� ELU� GH÷HU�� KÕ]�

���NP�VD¶GHQ�E�\�NVH KÕ]ÕQ �����RODUDN�YHULOPLúWLU��%X�GH÷HU�G�ú�N�o|]�Q�UO�NWH����

VHYL\HVLQH�oÕNDELOPHNWHGLU�>��@�

ùHNLO�������'RSSOHU�UDGDU�SHUIRUPDQV�|UQH÷L�>��@



��

%X�ELOJLOHUOH 'RSSOHU UDGDU�KÕ]Õ�DúD÷ÕGDNL�úHNLOGH�PRGHOOHQPLúWLU�

į9'RSS  �����N9UHI �FRV�ZW�ɮ�� ����

9'RSS  �9UHI��į9'RSS ����

+DWD� PRGHOL� ROXúWXUXOXUNHQ� KDWDQÕQ� േΨ݇ EDQGÕQGD VDOÕQPDVÕ LoLQ� VLQ�VRLGDO GDOJD�

PRGHOL�NXOODQÕOPÕúWÕUݓ�� ൌ
ଶగ

்
��7 �EHQ]HWLP V�UHVL RODUDN VHoLOPLúWLU� 6LQ�VRLGDO�KDWDQÕQ

ID]Õ �ɮ� KHU� EHQ]HWLPGH GH÷LúWLULOHUHN� 'RSSOHU UDGDU� oÕNÕú� YHULVL� �]HULQH� HWNLVL�

LQFHOHQPLúWLU� %X�IRUP�OOHUOH�ROXúWXUXODQ�6LPXOLQN PRGHOL�ùHNLO�����¶GH YHULOPLúWLU�

ùHNLO�������'RSSOHU UDGDU�VLPXODV\RQ�EOR÷X

%XUDGD 'RSSOHU UDGDU�KDWDVÕQÕQ��� YH��� ROGX÷X�LNL IDUNOÕ�KDWD�VHQDU\RQXQ�JHUoHN�KÕ]�

YHULVL��]HULQH�HWNLVL J|U�OP�úW�U� %X�|Oo�P�VÕUDVÕQGD KÕ]�KDWDVÕ�V�U�ú�KÕ]ÕQGDQ�HWNLOHQGL÷L�

LoLQ YHUL N�PHVL ��YH YHUL�N�PHVL � NXOODQÕODUDN�LNL�VHQDU\R�ROXúWXUXOPXúWXU�

'RSSOHU�UDGDU�PRGHOLQLQ�YHUL�N�PHVL ��LoLQ�YHUGL÷L�KÕ]�YHULOHULQLQ�NDUúÕODúWÕUPDVÕ�ùHNLO�

����¶GD YHULOPLúWLU� 9HUL�N�PHVL ��LoLQ�NXOODQÕODQ�KDWD�PRGHOOHUL�DúD÷ÕGDNL�JLELGLU�

x į9'RSS�  �����9UHI�VLQ�ZW� ɮ����ɮ�� ��� ���VQ ��7ߨ

x į9'RSS� �����9UHI�VLQ�ZW�ɮ�����ɮ�� ��� ߨ ��7 ���VQ



��

ùHNLO�������9HUL�N�PHVL ��LoLQ�KDWD���YH�KDWD���GXUXPODUÕQD�J|UH�'RSSOHU UDGDU�KÕ]�|Oo�P�

'RSSOHU UDGDUÕQ�oÕNWÕVÕ�JHUoHN�KÕ]�YHULVLQGHQ��N�NDGDU�IDUNOÕ�ROGX÷X�LoLQ�EHQ]HWLP VRQXFX�

HOGH�HGLOHQ�KÕ]�YHULOHUL�UHIHUDQV�KÕ]Õ�WDNLS�HGHQ�ELU�KDWD�EDQGÕ�LoLQGH�NDOPÕúWÕU��

ùHNLO� ����¶GH 'RSSOHU� UDGDUÕQ� KÕ] |Oo�P� NDUúÕODúWÕUPDODUÕ� YHUL� N�PHVL � LoLQ�

LQFHOHQPLúWLU� 9HUL�N�PHVL ��LoLQ�NXOODQÕODQ�KDWD�PRGHOOHUL�DúD÷ÕGDNL�JLELGLU�

x į9'RSS�  �����9UHI�VLQ�ZW� ɮ����ɮ�� ��� ����VQ ��7ߨ

x į9'RSS� �����9UHI�VLQ�ZW�ɮ�����ɮ�� ��� ߨ ��7 ����VQ

ùHNLO������ 9HUL�N�PHVL ��LoLQ�KDWD���YH�KDWD���GXUXPODUÕQD�J|UH�'RSSOHU�UDGDU�KÕ] KDWDVÕ
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UHIHUDQV�KÕ]
'RSSOHU�|Oo�P������KDWDOÕ
'RSSOHU�|Oo�P�����KDWDOÕ
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+DWD� \�]GHVLQLQ� YH�NXOODQÕODQ� UHIHUDQV� KÕ]ÕQ� |Oo�P� �]HULQGHNL� HWNLOHUL�7DEOR� ���¶WHNL�

VWDQGDUW� VDSPD� YHULOHUL� �]HULQGHQ� DQODúÕOPDNWDGÕU� 'RSSOHU� UDGDUÕQ� KDWDVÕ� |Oo�OHFHN�

KÕ]GDQ�HWNLOHQPHNWHGLU��%X�GXUXPGDQ�GROD\Õ�'RSSOHU�UDGDUODU�G�ú�N�KÕ]ODUGD�L\L�VRQXoODU�

YHULUNHQ�\�NVHN�KÕ]ODUGD�KDWD�PLNWDUODUÕQÕQ DUWWÕ÷Õ�J|]OHQPLúWLU�

7DEOR�����'RSSOHU�UDGDU�KÕ]�KDWDVÕ

9HUL�N�PHVL +DWD�\�]GHVL +DWD�ID]Õ 7�VQ� 67'�P�V�

9HUL�N�PHVL � �� ��� ߨ �� ����
9HUL�N�PHVL � �� ��� ߨ �� ����
9HUL�N�PHVL � �� ��� ߨ ��� ����

9HUL�N�PHVL � �� ��� ߨ ��� ����

ùHNLO����� YH�ùHNLO�������'RSSOHU�UDGDU�KÕ]�|Oo�POHULQLQ�(5706�KÕ]�KDWD�EDQGÕ��¶H J|UH�

GXUXPODUÕQÕQ J|VWHUPHNWHGLU��%X�úHNLOOHU�GH 7DEOR����¶WH�oÕNDQ�VRQXoODUOD�|UW�úPHNWHGLU�

9HUL�N�PHVL ��NXOODQÕODUDN�\DSÕODQ�EHQ]HWLP VRQXFXQGD��LNL�KÕ] KDWDVÕQÕQ�GD KDWD�EDQGÕ�

LoHUHVLQGH NDOGÕ÷Õ� J|U�OP�úW�U��$QFDN YHUL�N�PHVL � LOH� \DSÕODQ�EHQ]HWLP VRQXFXQGD��

��¶O�N�KDWD\D�VDKLS�RODQ�|Oo�P�Q�EHOOL�QRNWDODUGD�KDWD�EDQGÕQÕ�JHoWL÷L�J|U�OP�úW�U�

ùHNLO�������9HUL�N�PHVL ��LoLQ�'RSSOHU�KÕ]�|Oo�P�KDWD�NDUúÕODúWÕUPDVÕ
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KÕ]�KDWD�EDQGÕ��
GRSSOHU�KÕ]�KDWDVÕ���
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ùHNLO������9HUL�N�PHVL � LoLQ�'RSSOHU�KÕ]�|Oo�P�KDWD�NDUúÕODúWÕUPDVÕ

'RSSOHU UDGDUÕQ�PRGHOLQGH�J|VWHULOPHN�LVWHQHQ��VHQV|U�KHUKDQJL�ELU�GÕú�HWNHQ�\�]�QGHQ�

YHUL� ND\EHWPHGL÷LQGH� KDWDVÕQÕQ G�ú�N� \�]GHOL� ROGX÷X� YH� |Oo�P� YHULVLQLQ� JHUoHN� KÕ]�

YHULVLQGHQ� oRN� X]DNODúPDGÕ÷ÕGÕU� $QFDN� KÕ]� KDWDVÕ� KÕ]� YHULVL� LOH� RUDQWÕOÕ� ROGX÷X� LoLQ

\�NVHN�KÕ]ODUGD DUWDQ�ELU�KDWD\D�VDKLS�ROGX÷X�J|]OHQPLúWLU� +DWD�DUDo�KÕ]ÕQGDQ�HWNLOHQVH�

ELOH |Oo�P�VRQXoODUÕ�oR÷XQOXNOD�KDWD�EDQGÕ� LoHUHVLQGH NDOGÕ÷Õ� LoLQ UD\OÕ�VLVWHPOHUGH�HQ�

oRN�WHUFLK�HGLOHQ�KÕ]�VHQV|UOHULQGHQGLU��

���� *166�6HQV|UOHUL

8\GX� WDEDQOÕ� QDYLJDV\RQ� VLVWHPOHULQGH��*166 QDYLJDV\RQ� VLQ\DOOHUL� X\GXODUGDQ� X\GX�

DOÕFÕODUÕQD� JHOLU� YH� X\GX� DOÕFÕODUÕ� EX� ELOJLOHUL� NRQXP�KHVDEÕQGD�NXOODQÕU��.�UHVHO� X\GX�

WDEDQOÕ�NRQXPODPD�VLVWHPOHUL �*166� N�UHVHO�ELU�NDSVDPD DODQÕQD VDKLSWLU��$YUXSD¶GD�

*DOLOHR��$%'¶GH *36��5XV\D¶GD�*/21$66��dLQ¶GH�%HLGRX�NXOODQÕPGD�RODQ N�UHVHO�

QDYLJDV\RQ�VLVWHPOHULGLU >��@�

8\GX�VLQ\DOOHUL�JHUoHN�]DPDQOÕ�YHULOHUL�WDúÕPDNWDGÕU��+HUKDQJL�ELU�X\GXQXQ�\D\ÕQÕ�VD\ÕVÕ]�

DOÕFÕ�WDUDIÕQGDQ�GL÷HU�DOÕFÕODUOD HWNLOHúLP�ROPDGDQ�DOÕQDELOLU� 8\GX�WDEDQOÕ�QDYLJDV\RQGD�

DQD�PDQWÕN�J|QGHULOHQ�YH�DOÕQDQ�VLQ\DO�DUDVÕQGDNL�]DPDQ�\D�GD�ID]�IDUNÕQÕQ�|Oo�OPHVLGLU�

1DYLJDV\RQ�X\GXVXQGDQ�JHOHQ�VLQ\DOOHUL�DODELOPHN�LoLQ�ELU�*166�DOÕFÕVÕQD�LKWL\Do�YDUGÕU��

*166�DOÕFÕODUÕ ùHNLO�����¶WH J|VWHULOGL÷L�JLEL��o�DQD�EORNWDQ ROXúPDNWDGÕU��5DG\R�IUHNDQV�

DOÕFÕVÕ��X\GXGDQ�JHOHQ�VLQ\DOOHUL�DODUDN�GLMLWDO�VLQ\DOH�G|Q�úW�UPHNWHGLU� 6D\ÕVDO 6LQ\DO�
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øúOHPH�EOR÷X�\HUHO�RODUDN��UHWLOHQ�VLQ\DOOHUL X\GX�VLQ\DOOHUL�LOH�LOLúNLOHQGLUHUHN L]OHQHQH�

DLW�³NRG�DUDOÕ÷Õ´��³WDúÕ\ÕFÕ�IUHNDQVÕ´��³'RSSOHU IUHNDQVÕ´�JLEL�YHULOHUL�VD÷ODU��1DYLJDV\RQ�

LúOHPH�EOR÷X�GD EX�YHULOHUH�GD\DQDUDN SR]LV\RQ��KÕ]�YH�]DPDQ�YHULOHULQL��UHWLU�>�@� >��@�

ùHNLO�������*166�DOÕFÕVÕ�IRQNVL\RQHO�EORNODU

*�Q�P�]GH�� X\GX� WDEDQOÕ� QDYLJDV\RQ� VLVWHPOHUL� ELUoRN� DODQGD� NXOODQÕOPDNWDGÕU�� +Õ]��

NRQXP YH ]DPDQ� ELOJLOHUL� EX� VLVWHPOHU� �]HULQGHQ� \�NVHN� GR÷UXOXN� RUDQÕ� LOH� KÕ]OÕ� ELU�

úHNLOGH� HOGH HGLOHELOPHNWHGLU EX� QHGHQOH ELUoRN� X\JXODPDGD *166� WDEDQOÕ� VLVWHPOHU�

NXOODQÕOPDNWDGÕU� 5D\OÕ�VLVWHPOHUGH�LVH�*166�NXOODQÕPÕ LVH�WDUWÕúÕODQ�ELU�NRQXGXU��

*166�YHUL�SHUIRUPDQVÕ ��DQD�NULWHU LOH�GH÷HUOHQGLULOHELOLU�>��@�� >��@�

x 'R÷UXOXN �$FFXUDF\���$OÕFÕQÕQ�|Oo�P��LOH�JHUoHN�|Oo�P�Q ELUELULQH�\DNÕQ�ROPDVÕ

x %�W�QO�N �,QWHJULW\���*�YHQ�HúL÷LQL�VD÷ODPDVÕ YH�KDWD�GXUXPODUÕQÕ�WHVSLW�HGHELOPHVL

x 'HYDPOÕOÕN �&RQWLQXLW\���6LVWHPLQ�NHVLQWLVL]�oDOÕúDELOPH�\HWHQH÷L

x (ULúLOHELOLUOLN� �$YDLODELOLW\���6LVWHPLQ�GR÷UXOXN� E�W�QO�N�YH�GHYDPOÕOÕN�NULWHUOHULQL�

VD÷OD\DELOPH�\�]GHVL

'R÷UXOXN�YH�E�W�QO�N�DoÕVÕQGDQ�*166�oÕNWÕODUÕQÕQ�JHOHQHNVHO�QDYLJDV\RQ VLVWHPOHULQH�

J|UH� �VW�QO�NOHUL� YDUGÕU� 5D\OÕ� DUDoODU�� \HU� DOWÕQGDQ�� W�QHOOHUGHQ�� RUPDQODUGDQ��

NDQ\RQODUGDQ� YH� GD÷OÕN� DUD]LOHUGHQ� VÕNOÕNOD� JHoPHNWHGLU��*166� YHULOHUL� EX� DUD]LOHUGH�

GHYDPOÕOÕN�YH�GROD\ÕVÕ\OD�HULúLOHELOLUOLN�NRQXODUÕQGD�\HWHUOL�GH÷LOGLU��%X�GXUXP GD�*166�

YHULOHULQLQ�SHUIRUPDQVÕQÕ�G�ú�UPHNWHGLU� %X�VHEHSOH *166�YHULOHULQLQ� WHN�EDúÕQD�UD\OÕ�

VLVWHPOHUGH�NXOODQÕOPDVÕ�J�YHQOLN�DoÕVÕQGDQ�SUREOHP�\DUDWDELOPHNWHGLU�

����� \ÕOÕQGD� $YUXSD¶GD� UD\OÕ� VLVWHPOHU� DODQÕQGD� DUDúWÕUPD� YH� JHOLúWLUPH� oDOÕúPDODUÕ�

\DSPDN� LoLQ� ³6KLIW�5DLO´ RUJDQL]DV\RQX� NXUXOPXúWXU >��@� %X� RUJDQL]DV\RQXQ�

GHVWHNOHGL÷L� oDOÕúPDODUGDQ� ELUL� GH� ³*�YHQOL� 7UHQ� .RQXPODPD´� oDOÕúPDVÕGÕU�� %X�



��

oDOÕúPDQÕQ� DPDFÕ� *166� WHNQRORMLVLQGHQ� \DUDUODQDUDN� (5706¶WH� NXOODQÕODFDN J�UE�]

�UREXVW��YH GDKD�G�ú�N�PDOL\HWOL NRQXPODPD�VLVWHPOHUL�JHOLúWLUPHNWLU�

%X�WH]�NDSVDPÕQGD�ROXúWXUXOPD\D�oDOÕúÕODQ�PLPDULQLQ�ELU�SDUoDVÕ�RODUDN�*36�DOPDoODUÕ�

VHoLOPLúWLU��*36�LNL�WLS�YHUL�VD÷OD\DELOPHNWHGLU��6WDQGDUW�.RQXPODPD 6HUYLVL �636��YH�

+DVVDV .RQXPODPD 6HUYLVL �336��� 336� $%'� DVNHUL� YH� P�WWHILNOHUL WDUDIÕQGDQ�

NXOODQÕOGÕ÷Õ�LoLQ�EX�PLPDUL�NDSVDPÕQGD�636�YHULOHUL�HVDV�DOÕQPÕúWÕU��636¶WH�WDúÕ\ÕFÕ�VLQ\DO�

RODUDN�/��IUHNDQVÕ�NXOODQÕOPDNWDGÕU�

/� �������0+]

*36�YHULOHULQGH�ELUGHQ�ID]OD�QHGHQGHQ KDWD ROXúDELOPHNWHGLU��$WPRVIHULN�KDWDODU YH�DOÕFÕ�

NDOLWHVL HQ�HWNLOL�KDWDODUGÕU��636�NRQXP�SHUIRUPDQVÕ��$PHULND�*36�RILVLQLQ�����¶GHNL�

|Oo�POHULQH J|UH����PHWUH�RODUDN�EHOLUWLOPLúWLU�����¶OLN�RUDQOD�NRQXP ELOJLVL����PHWUH�

\DUÕoDSOÕ� GDLUHQLQ� LoHULVLQGH� WHVSLW� HGLOHELOPHNWHGLU� 6WDQGDUW� *36� SHUIRUPDQVÕQÕQ�

\HWPHGL÷L�GXUXPODUGD�:$$6�YH�'*36�JLEL�GHVWHN�VLVWHPOHUL\OH *36�YHULVLQLQ�NHVLQOL÷L�

DUWÕUÕODELOPHNWHGLU��:$$6��:LGH�$UHD�$XJPHQWDWLRQ�6\VWHP��$YUXSD�NÕWDVÕ��]HULQGH�

KL]PHW�YHUHQ�X\GX�WDEDQOÕ�ELU�*36�GHVWHN�VLVWHPLGLU YH�KDWDVÕ���PHWUHGHQ�N�o�NW�U��'*36�

�'LIIHUDQWLDO� *36�� LVWDV\RQX� LVH� NXOODQÕFÕODU� WDUDIÕQGDQ� NRQXPODQGÕUÕOGÕ÷Õ� NRQXP�

FLYDUÕQGD������NP¶OLN�ELU�DODQGD�KL]PHW�YHUPHNWHGLU�YH�KDWDVÕ���PHWUHGHQ�N�o�NW�U�>��@�

ùHNLO�������*36�SHUIRUPDQVÕ�>��@



��

*36¶LQ�KÕ]�KDWDVÕ�LVH�����P�V�RODUDN DOÕQPÕúWÕU >��@��%X�KDWD��DUDo�KÕ]ÕQGDQ�ED÷ÕPVÕ]GÕU��

$UDo� oRN� G�ú�N� KÕ]ODUGD� JLWWL÷LQGH� EX� KDWD� HWNLOL� ELU� úHNLOGH� J|U�O�UNHQ� KÕ]� DUWWÕNoD�

KDWDQÕQ�HWNLVL�D]DOPDNWDGÕU�

%X�NDSVDPGD�*36�YHULOHULQLQ�PRGHOOHQPHVL�JHUHNPHNWHGLU��*36�KDWDVÕ��³EH\D]�J�U�OW�´�

YH�VLVWHPDWLN�KDWD�RODUDN�PRGHOOHQPLúWLU� %X�oDOÕúPDGD�*36�KDWDVÕ�RODUDN�EH\D]�J�U�OW�

YH� ���� VDQL\H SHUL\RWOX� VLQ�VRLGDO RODUDN�GH÷LúHQ� VLVWHPDWLN� KDWDQÕQ� WRSODPÕ� úHNOLQGH�

PRGHOOHQPLúWLU�� *36� KÕ]� YH� NRQXP YHULOHUL�� ELUELULQGHQ� ED÷ÕPVÕ]� RODUDN�

|Oo�OHELOPHNWHGLU��%X�QHGHQOH�KÕ]�YH�NRQXP�KDWD�PRGHOOHUL�D\UÕ�D\UÕ�PRGHOOHQPLúWLU�

.RQXP KDWDVÕ� LoLQ� VLQ�VRLGDO GDOJDQÕQ WHSH� QRNWDVÕQÕQ� E�\�NO�÷�� LoLQ� LNL� GXUXP�

LQFHOHQPLúWLU��.XOODQÕODQ�NRQXP KDWD�PRGHOOHUL�DúD÷ÕGDNL�JLELGLU�

x 636�KDWD�PRGHOL��

;JSV�KDWD  �����VLQ�݂ߨ�W�ɮ�� ��Z�

Z����³�´�RUWDODPDOÕ�EH\D]�J�U�OW��� ı ��PHWUH��I ����� +]

x :$$6�KDWD�PRGHOL�

;JSV�KDWD  ����VLQ�� ݂ߨ W� ɮ�� � Z�

Z����³�´�RUWDODPDOÕ�EH\D]�J�U�OW��� ı �����PHWUH��I ����� +]

ùHNLO�����¶WH�*36�6LPXOLQN�EOR÷X�J|VWHULOPLúWLU��%X�PRGHO��UHIHUDQV�KÕ]�YH�NRQXP�ELOJLVL�

�]HULQH�KÕ]�YH�NRQXP�KDWDODUÕQÕ�HNOH\HUHN�*36�KÕ]Õ�YH�NRQXP�ELOJLVLQL�YHUPHNWHGLU�

ùHNLO�������6LPXODV\RQ�*36�EOR÷X

636� KDWDVÕ� YH�:$$6� KDVWDVÕQD J|UH� HOGH� HGLOHQ *36� NRQXP� YHULOHUL� ùHNLO� ����¶GD

J|VWHULOPLúWLU� %X�EHQ]HWLP VRQXoODUÕ�HOGH�HGLOLUNHQ�YHUL�N�PHVL ��NXOODQÕOPÕúWÕU�



��

ùHNLO�������636�YH�:$$6�*36�NRQXP�|Oo�POHUL

ùHNLO�����¶GH *36�NRQXP�|Oo�P�636�KDWDVÕ YH�:$$6�KDWDVÕQÕQ�(5706�PHVDIH KDWD�

EDQGÕ ��YH�(5706�PHVDIH KDWD�EDQGÕ��¶\H J|UH�GXUXPODUÕ�J|VWHULOPLúWLU�������VHQHVL�

*36�YHULOHUL� UHIHUDQV�DOÕQDUDN�KD]ÕUODQDQ�636�KDWD PRGHOLQLQ�(5706�KDWD EDQGÕ��¶LQ�

LoLQGH�NDOGÕ÷Õ�DQFDN�(5706�KDWD�EDQGÕ�G�ú�U�OG�÷�QGH �(5706�KDWD�EDQGÕ��� VÕQÕUODUÕ�

JHoWL÷L J|U�OP�úW�U��*�Q�P�]�*36�VHQV|UOHUL�UHIHUDQV�DOÕQDUDN�KD]ÕUODQDQ�:$$6�KDWD

PRGHOLQLQ�LVH�LNL�KDWD�EDQGÕQGD�GD VÕQÕUODU�LoHULVLQGH�NDOGÕ÷Õ�J|U�OP�úW�U� (5706�KDWD�

EDQGÕ�JLGLOHQ�PHVDIH�LOH�GR÷UX�RUDQWÕOÕ�DUWDUNHQ�*36�KDWDVÕ�WDQÕPODQDQ�VÕQÕUODU�LoHULVLQGH

NDOGÕ÷Õ�J|]OHPOHQPLúWLU�

ùHNLO������ *36�NRQXP�KDWDVÕQÕQ�KDWD�EDQWODUÕQD�J|UH�GXUXPX
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636�NRQXP�KDWDVÕ
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KDWD�EDQG��
:$$6�NRQXP�KDWDVÕ
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ùHNLO�����¶GH�*36�PHVDIH�|Oo�P�KDWDVÕQÕQ�YHUL�N�PHVL �¶H�J|UH�GXUXPX�J|VWHULOPLúWLU��

(5706�PHVDIH KDWD�EDQWODUÕQÕQ JLGLOHQ�PHVDIH�LOH�RUDQWÕOÕ�RODUDN�DUWPDVÕQGDQ�GROD\Õ�YHUL�

N�PHVL �¶WH KDWD�EDQWODUÕQÕQ�GD�JHQLúOHGL÷L�J|U�OP�úW�U��*36�PHVDIH�|Oo�P�KDWDVÕ� LVH�

DUDo�KÕ]ÕQGDQ�ED÷ÕPVÕ]�ROGX÷X� LoLQ�DUDFÕQ�KÕ]OÕ�JLWWL÷L�GXUXPGD�KDWD�EDQWODUÕQÕQ� LoLQGH�

NDOPÕúWÕU�

ùHNLO�������*36�PHVDIH�KDWDVÕ�YH�KDWD�EDQWODUÕ�YHUL�N�PHVL ��LoLQ

x *36�+Õ]�KDWDVÕ�

į9JSV�  �Z

Z��EH\D]�J�U�OW���³�´�RUWDODPDOÕ����� ı ��� P�V

*36�KÕ]�KDWDVÕQÕQ�DUDo�KÕ]Õ�LOH�LOLúNLVLQL�J|VWHUPHN�LoLQ�LNL�DGHW�EHQ]HWLP \DSÕOPÕúWÕU��øON�

EHQ]HWLPGH YHUL�N�PHVL ��NXOODQÕOPÕúWÕU��ùHNLO�����¶GD *36�KÕ]�|Oo�P�Q�Q�YHUL�N�PHVL

�¶H� DLW� KÕ]OD� NDUúÕODúWÕUÕOPDVÕ� J|VWHULOPLúWLU�� %XUDGD� NXOODQÕODQ� UHIHUDQV KÕ]� G�ú�N�

GH÷HUOHUGH�ROGX÷X�LoLQ�*36�KDWDVÕQÕQ�HWNLVL�J|]OHQPLúWLU��
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ùHNLO������ 9HUL�N�PHVL ��LoLQ� *36�KÕ]�|Oo�P�

5HIHUDQV�DOÕQDQ�*36�KDWDVÕ�KÕ]�LOH�RUDQWÕOÕ�GH÷LúPHGL÷LQGHQ�DUDo�KÕ]Õ�DUWWÕNoD�EX�VHQV|U�Q�

KDWD� HWNLVL� D]DODFDNWÕU�� ùHNLO� ����¶GD YHUL� N�PHVL �� LoLQ� \DSÕODQ� EHQ]HWLP VRQXFX�

J|VWHULOPHNWHGLU��*36�KÕ]�KDWD�PRGHOL�D\QÕ�ROGX÷X�LoLQ� EX�|Oo�PGH KÕ] KDWDVÕ UHIHUDQV�

KÕ]D�J|UH�oRN�N�o�N�NDOPÕúWÕU��(5706�KÕ]�KDWD�EDQGÕ GD DUDo�KÕ]Õ�LOH�RUDQWÕOÕ�ROGX÷X�LoLQ�

*36�KÕ]�YHULVLQLQ�\�NVHN�KÕ]ODUGD�KDWD EDQGÕQGDQ�oÕNPD�RODVÕOÕ÷Õ�G�ú�N�KÕ]ODUD�J|UH�GDKD�

G�ú�NW�U�

ùHNLO�������9HUL�N�PHVL ��LoLQ�*36�KÕ]�|Oo�P�

<XNDUÕGDNL�GH÷HUOHQGLUPHOHUGHQ DQODúÕODFD÷Õ�JLEL�*36�VHQV|U��\�NVHN�NHVLQOLNOL ELU�KÕ]�

YH� NRQXP� VHQV|U�G�U�� *36� YHULOHUL� HULúLOHELOLU� ROGX÷XQGD� GR÷UXOXN� RUDQODUÕ� \�NVHN�

VRQXoODU� YHUPHNWHGLU�� *�Q�P�]GH� NXOODQÕODQ� *36� DOÕFÕODUÕ� oRN� JHOLúPLú� ROGX÷XQGDQ�
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YHULOHULQ�GR÷UXOXN�VHYL\HOHUL GH DUWPÕúWÕU��$QFDN�VHQV|U�YHULOHULQH�HULúLP�SUREOHPL� UD\OÕ�

VLVWHPOHUGH�*36� DOÕFÕODUÕQÕQ WHN� EDúÕQD� NXOODQÕOPDVÕQD� HQJHO� WHúNLO� HWPHNWHGLU� 7�QHO��

NDQ\RQ�JLEL�FR÷UDI\DODUGD�*36�GHVWHNOH\LFL�VHQV|UOHULQ�NXOODQÕOPDVÕ�JHUHNOLGLU�

���� øYPH|OoHU�6HQV|U��

øYPH|OoHUOHU DWDOHWVHO �LQHUWLDO�� VHQV|UOHUGLU��5D\OÕ� VLVWHPOHUGH�NXOODQÕODQ� LYPH|OoHUOHU�

PHNDQLN� WLWUHúLPL� HOHNWULNVHO� VLQ\DOH� G|Q�úW�UHQ� HOHNWURPHNDQLN� FLKD]ODUGÕU� 5D\OÕ�

VLVWHPOHUGH�KDUHNHW�WHN�\|QGH�ROGX÷XQGDQ�WHN�HNVHQOL�LYPH|OoHUOHU NXOODQÕOPDNWDGÕU >��@�

0DWHPDWLNVHO� RODUDN� DUDo� LYPHVLQGHQ� DUDo� KÕ] YH� PHVDIH ELOJLVL� W�UHWLOHELOPHNWHGLU��

$QFDN�LYPH|OoHUOHULQ WHN�EDúODUÕQD�KÕ]�YH�NRQXP�KHVDEÕQGD�NXOODQÕOPDVÕ�ELUoRN KDWD\D�

VHEHS�RODELOPHNWHGLU�

ùHNLO�����¶GH�LYPH|OoHU�N�WOH��P���\D\��N��YH�V�UW�QPH��E��úHNOLQGH�PRGHOOHQPLúWLU��%X�

WLS�LYPH|OoHUOHU�WHPHO�PHNDQLN�NXUDOODUÕQD�J|UH�oDOÕúPDNWDGÕU�

ùHNLO�������øYPH|OoHU oDOÕúPD�SUHQVLEL YH�\DSÕVÕ

$úD÷ÕGDNL�HúLWOLN ����¶QLQ KHVDEÕ�LoLQ��LYPH|OoHULQ WDNÕOÕ�ROGX÷X�SODWIRUPXQ�NRQXPX [��

LYPH�|OoHU�LoLQGH�\HU�DODQ�N�WOHQLQ�NRQXPX LVH�\�RODFDN�úHNLOGH�EHOLUOHQPLúWLU��6�UJ��YH�

\D\��]HULQGHNL�NRQXP�GH÷LúLNOL÷L�\�[�úHNOLQGHGLU� øYPH|OoHULQ WDNÕOÕ�ROGX÷X�SODWIRUPD�

X\JXODQDQ�NXYYHW�GH��)� úHNOLQGH WDQÕPODQPÕúWÕU�

ሷݕ݉ ൅ ܾሺݕሶ െ ሶሻݔ ൅ ݇ሺݕ െ ሻݔ ൌ Ͳ ����

ݖ ൌ ݕ െ ݔ

ሷݖ݉ ൅ ሷݔ݉ ൅ ሶݖܾ ൅ ݖ݇ ൌ Ͳ ����
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øYPH|OoHUGH� N�WOHQLQ� LYPH|OoHU� LoHUHVLQGHNL NRQXPX�� G�ú�N� IUHNDQVWD� LYPH� LOH�

RUDQWÕOÕGÕU��%X�RUDQ��\D\�NDWVD\ÕVÕ�LOH�YHULOLU�

ܽ ൌ ሷݖ ൅
ܾ

݉
ሶݖ ൅

݇

݉
ݖ

����

$QFDN��LYPH|OoHU H÷LPOL�ELU�\�]H\GH�GXUGX÷XQGD�\HUoHNLPLQGHQ�GROD\Õ�JHUoHN�LYPH\H�

SR]LWLI�\D�GD�QHJDWLI�\|QGH�\HUoHNLPL�NXYYHWL�GH�HúOLN�HWPHNWHGLU��%X�GXUXPGD�HúLWOLN�

VÕIÕU� \HULQH� HWNLOL� RODQ�\HUoHNLPL�NXYYHWLQH� HúLWOHQPHNWHGLUߠ���� LYPH|OoHULQ EXOXQGX÷X�

\�]H\LQ�H÷LPLQL�J|VWHUPHNWHGLU�

ሷݖ݉ ൅ ሶݖܾ ൅ ݖ݇ ൌ െ݉ݔሷ േ ݉݃ ��� ߠ ����

%X� QHGHQOH LYPH|OoHUOHU H÷LPOL ELU� \�]H\GH� KDUHNHWVL]� GXUGX÷XQGD� ELOH� \HUoHNLPL�

HWNLVLQGHQ�GROD\Õ�VÕIÕU�\HULQH�݃ ��� ߠ E�\�NO�÷�QGH�ELU�LYPH�|OoPHNWHGLU >��@� %X�|Oo�P�

DUDo� KDUHNHWLQLQ� LYPHVL� ROPDGÕ÷ÕQGDQ� GROD\Õ� ELU� KDWD\D� QHGHQ� ROPDNWDGÕU� %X� GD

LYPH|OoHUOHULQ H÷LPOL� \HUOHUGH� KDWDVÕQÕQ� DUWPDVÕQD� VHEHS� ROXU� %X� QHGHQGHQ� GROD\Õ��

\�NVHN�H÷LPOL�\HUOHUGH� LYPH|OoHUOHU KÕ]�YH�NRQXP�KHVDEÕQGD�NXOODQÕOPDN� LVWHQGL÷LQGH�

MLURVNRS� JLEL� HNLSPDQODUOD� ELUOHúWLULOHUHN� KÕ]� YH� NRQXP� KHVDEÕQGD NXOODQÕOPDNWDGÕU�

$QFDN� MLURVNRS� YH� LYPH|OoHU� HQWHJUDV\RQX� NDUPDúÕN� ELU� WHNQRORML� ROXS�� DWDOHWVHO�

QDYLJDV\RQ�VLVWHPL�RODUDN�DGODQGÕUÕOÕU >��@�

5D\OÕ� VLVWHPOHUGH�H÷LP�QH�NDGDU�G�ú�N� WXWXOPD\D� oDOÕúÕOVD�GD UD\ODU�G|Q�ú�NXUSODUÕQD��

H÷LPOHUH�YH�ER]XNOXNODUD�VDKLSWLU��5D\ODU�WDVDUODQÕUNHQ�RODELOHFHN�PDNVLPXP�H÷LP�ED]Õ�

GXUXPODUD� J|UH� EHOLUOHQPHNWHGLU��5D\ÕQ� KDQJL� WLS� DUDoODU� LoLQ� NXOODQÕODFD÷Õ� EX� H÷LPLQ�

EHOLUOHQPHVLQGH�|QHPOL�ELU�IDNW|UG�U��<�N�WUHQOHULQLQ�YH�ORNRPRWLIOHULQ�oDOÕúWÕ÷Õ�KDWODUGD�

L]LQ�YHULOHQ�H÷LP�PLNWDUODUÕ� DQD�KDW�WUHQOHULQLQ�YH�PHWURODUÕQ�oDOÕúWÕ÷Õ�KDWODUD�J|UH�GDKD

G�ú�NW�U��

øYPH|OoHUOHUGH PH\GDQD� JHOHQ� KDWDODU� VDGHFH� H÷LP� \�]�QGHQ� ROPDPDNWDGÕU��

øYPH|OoHUOHU D\QÕ�GL÷HU� VHQV|UOHU�JLEL VLVWHPDWLN�KDWDODUD�GD� VDKLSWLU��$PD�EX�KDWDODU�



��

JHOLúHQ�WHNQRORML�LOH�G�ú�N VHYL\HOHUGHGLU�YH�GHPLU\ROX�X\JXODPDODUÕQGD�H÷LP�ND\QDNOÕ�

KDWD\D�NÕ\DVOD�LKPDO�HGLOHELOLU�QLWHOLNWHGLU�

+Õ]�YH�NRQXP�KHVDEÕQGD�LYPH�YHULVLQLQ�NXOODQÕOÕ\RU�ROPDVÕ�PDWHPDWLNVHO�RODUDN�VRUXQVX]�

J|]�NVH� GH� W�POHY LúOHPL� VRQXFX� ROXúDQ� KDWDODU� GD� LYPH|OoHU �]HULQGHQ� HOGH� HGLOHQ�

YHULOHULQ� GR÷UXOX÷XQX� HWNLOHPHNWHGLU�� øQWHJUDO� LúOHPL� LOH� HOGH� HGLOHQ� KÕ]� YH� NRQXP�

ELOJLOHULQLQ� GR÷UX� KHVDSODQDELOPHVL� LoLQ� |QFHOLNOH� EDúODQJÕo� GXUXP� ELOJLVLQLQ GR÷UX�

ELOLQL\RU�ROPDVÕ�JHUHNPHNWHGLU��$\UÕFD�W�POHY KHU�DGÕPGD�|QFHNL�YHUL\L NXOODQGÕ÷Õ�LoLQ�

DGÕP�DGÕP�KDWDODU�ELULNHUHN�DUWPDNWDGÕU��%X�GXUXP�EHOOL� ELU� V�UH� VRQUD� KÕ]�YH�NRQXP�

ELOJLVLQGHNL�KDWDQÕQ�oRN�E�\�PHVLQH�QHGHQ�RODFDNWÕU�

%X� QHGHQOHUGHQ� GROD\Õ LYPH|OoHUOHU� GL÷HU� VHQV|UOHUGHQ� IDUNOÕ� RODUDN� KÕ]� YH� NRQXP�

KHVDEÕQGD�\DOQÕ]FD GHVWHNOH\LFL�ELU�VHQV|U�RODUDN�NXOODQÕOPÕúWÕU��%X�oDOÕúPD�NDSVDPÕQGD�

ROXúWXUXODQ� PLPDULGH� LYPH|OoHUOHU \DOQÕ]FD� NÕ]DNODPD� YH� SDWLQDM� WHVSLW� VLVWHPLQLQ

ROXúWXUXOPDVÕQGD�NXOODQÕODFDNWÕU�

0DWODE�6LPXOLQN¶WH�LYPH|OoHU YHULVL�RODUDN�UHIHUDQV�KÕ]�YHULVLQGHQ�HOGH�HGLOHQ�LYPH�YHULVL�

YH� KDWD�PRGHOLQLQ� WRSODPÕ� NXOODQÕOPÕúWÕU��5HIHUDQV� KÕ]GDQ�YHUL� HOGH� HGLOLUNHQ ����+]�

|UQHNOHPH� IUHNDQVÕ� RODUDN� NXOODQÕOPÕúWÕU� +DWD� PRGHOL� VLVWHPDWLN� KDWD� YH� EH\D]�

J�U�OW�GHQ�ROXúPDNWDGÕU��%H\D]�J�U�OW�������+]�LOH�GH÷LúHQ�YH�VWDQGDUW�VDSPD �ı� GH÷HUL�

���J� RODFDN� úHNLOGH� PRGHOOHQPLúWLU >��@� 6LVWHPDWLN� KDWD� RODUDN LVH UD\GDNL� H÷LP�

PRGHOOHQPLúWLU� 5D\GDNL� H÷LP�\�]�QGHQ�PH\GDQD� JHOHQ�KDWD� LVH� VLQ�V� IRQNVL\RQX� LOH

WDQÕPODQPÕúWÕU��*LGLOHQ�\ROXQ�EHOOL�ELU�NÕVPÕQGD�H÷LP�PDNVLPXP�VHYL\H\H�XODúPDNWDGÕU�

YH�EX�V�UHoWH�H÷LP�]DPDQOD�DUWPDNWD \D�GD�D]DOPDNWDGÕU��%X�QHGHQOH \RO�H÷LPL�ND\QDNOÕ

KDWD VLQ�VRLGDO GDOJD úHNLOGH PRGHOOHQPLúWLU��6LQ�V�GDOJDVÕQÕQ�SHUL\RGXQXQ�EHOLUOHQPHVL�

LVH�JLGLOHQ�PHVDIH�YH�KÕ]D�ED÷OÕGÕU�

௡ݓ ൌ ݖܽݕܾ݁ ݃òݎò݈ݐòǡ Ͳ ���������Çǡ�ɐ ൌ ͷͲ ρ�ǡ � ൌ ͳͲͲ�� �
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ùHNLO� ������ ùHNLO� ���� YH� ùHNLO� ������ LYPH|OoHU� YHULVLQLQ� UD\GDNL� H÷LPGHQ� YH� EH\D]�

J�U�OW�GHQ� QDVÕO� HWNLOHQGL÷L� J|VWHUPHNWHGLU�� ho� IDUNOÕ� H÷LP� GH÷HULQGH� LYPH|OoHU�

YHULOHULQLQ�KDWD�GXUXPODUÕ�J|VWHULOPLúWLU�� øON� LNL�GXUXPGD�H÷LP�GH÷HUOHUL���¶LQ�DOWÕQGD�

ROGX÷X� LoLQ� LYPH� �]HULQGHNL� KDWD� NDEXO� HGLOHELOLU� VHYL\HGHGLU�� $QFDN� H÷LP� ���

VHYL\HOHULQH� oÕNWÕ÷ÕQGD�YH� DUDo�JHUoHN� LYPHVL� G�ú�N�ROGX÷X�GXUXPGD� LYPH|OoHU�YHULVL�

GR÷UXOX÷XQX� E�\�N� RUDQGD� ND\EHWPHNWHGLU�� ��� H÷LP�� UD\OÕ� VLVWHPOHU� LoLQ� E�\�N�

VD\ÕODELOHFHN� ELU� H÷LPGLU� YH� NXOODQÕODQ� UHIHUDQV� LYPH� YHULVL� N�o�N� ROGX÷X� LoLQ� IDUN�

KLVVHGLOLU� VHYL\HGH� J|U�OP�úW�U�� %H\D]� J�U�OW�� HWNLVLQLQ� LVH� H÷LP� KDWDVÕ� \DQÕQGD� oRN�

N�o�N�NDOGÕ÷Õ�J|]OHQPLúWLU��

ùHNLO������øYPH�|OoHU�|Oo�P��UD\����� H÷LPOL

ùHNLO������øYPH�|OoHU�|Oo�P��UD\����H÷LPOL
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ùHNLO������øYPH�|OoHU�|Oo�P��UD\��� H÷LPOL

���� %DOL]�6HQV|U�

%DOL]OHU��KDW�ER\XQFD�EHOOL� DUDOÕNODUOD�NRQXPODQGÕUÕODQ�KDW��VW��HNLSPDQODUÕGÕU��$UDFÕQ�

EDOL]�LOH�KDEHUOHúHELOPHVL�LoLQ�ELU�³DUDo��VW�´�HNLSPDQÕ�RODQ�EDOL]�DQWHQLQH�LKWL\Do�YDUGÕU��

%DOL]� YH� EDOL]� DQWHQOHUL� DUDVÕQGD�PHVDM� SDNHWOHUL� NDEORVX]� RODUDN� LOHWLOPHNWHGLU��5D\OÕ�

VLVWHPOHUGH� VDELW� EDOL]OHU� YH� NRQWURO� HGLOHELOHQ� EDOL]OHU� ROPDN��]HUH� LNL� DGHW� EDOL]� WLSL�

NXOODQÕOPDNWDGÕU >�@�� 6DELW� EDOL]OHUGHQ� DOÕQDELOHQ� YHULOHU� EHOOL� SHUL\RWODU� KDOLQGH�

\�NOHQPHNWHGLU�YH�VWDWLNWLU��.RQWURO�HGLOHELOHQ�EDOL]OHU�LVH�KDW�NRQWURO�PHUNH]OHUL�LOH�|]HO

ELU�DUD\�]�LOH�KDEHUOHúHQ�GLQDPLN�EDOL]OHUGLU��

ùHNLO�������6DELW�EDOL]�YH�NRQWURO�HGLOHELOHQ�EDOL]
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%DOL]OHU� NRQXP� �]HULQGH� ELULNHQ� KDWDODUÕ� VÕIÕUODPDN� LoLQ� NXOODQÕOVD GD� DUDoODU� EDOL]�

�]HULQGHQ� JHoHUNHQ� RNXPD� KDWDVÕ� \DSDELOLUOHU�� %DOL]OHU� �]HULQGHQ� RNXQDQ� NRQXP� YH�

]DPDQ�ELOJLVLQGH�EDOL]�ORNDV\RQ�KDWDVÕ�\HU�DOPDPDNWDGÕU�

ùHNLO�������%DOL]�KDWDVÕQÕQ�DUDo�KÕ]ÕQD�J|UH�GH÷LúLPL >�@

ùHNLO� ����¶GD J|VWHULOHQ� ³/HUU´ ORNDV\RQ� KDWDVÕQÕ� LIDGH� HWPHNWHGLU� YH ³))),6� IRU�

(XUREDOLVH´�GRN�PDQÕQGD�KÕ]D�ED÷OÕ�ELU�IRQNVL\RQ�RODUDN�WDQÕPODQPÕúWÕU��EX�GH÷HU�KD\DWL�

ROPD\DQ� KHVDSODPDODU� LoLQ� JHoHUOLGLU�� +D\DWL� KHVDSODPDODUGD� EDOL]� ORNDV\RQ� KDWDVÕ

PDNVLPXP േ ͳ PHWUH�RODUDN�NDEXO�HGLOPHNWHGLU >�@�

���� 6HQV|UOHULQ�.DUúÕODúWÕUÕOPDVÕ

5D\OÕ� VLVWHPOHUGH� NXOODQÕODQ� VHQV|UOHULQ� \DSÕODUÕ� DYDQWDMODUÕ� YH� GH]DYDQWDMODUÕ�

LQFHOHQPLúWLU� 7DEOR������VHQV|UOHULQ�|Oo�P�\HWHQHNOHULQL�J|VWHUPHNWHGLU��7HNHU�VHQV|U���

G|Q�ú� VD\ÕVÕQGDQ�PHVDIH� ELOJLVLQL� |OoHUNHQ�� G|Q�ú� IUHNDQVÕ� �]HULQGHQ� KÕ]� ELOJLVLQL� GH�

KHVDSODPDNWDGÕU�� *36� VHUYLVL� KÕ]� YH� NRQXP� ELOJLVLQL� ELUELULQGHQ ED÷ÕPVÕ]� úHNLOGH�

SD\ODúPDNWDGÕU��'RSSOHU�UDGDU�LVH�VDGHFH�KÕ]�VHQV|U�G�U��*LGLOHQ�PHVDIH�ELOJLVL�EX�ELOJL�

�]HULQGHQ�W�UHWLOPHNWHGLU�

7DEOR������6HQV|UOHU�YH�|Oo�P�|]HOOLNOHUL

7HNHU�VHQV|U� 'RSSOHU�5DGDU *36 øYPH�|OoHU
øYPH � � � �
+Õ] � � � �
0HVDIH � � � �

%X� LQFHOHPHOHU� VRQXFX� VHQV|U� |Oo�P� KDVVDVL\HWOHUL� LOH� LOJLOL RODUDN 7DEOR ���

ROXúWXUXOPXúWXU�� 7DEOR� ���¶WH UD\OÕ� VLVWHPOHUGH� \DúDQDELOHFHN� GXUXPODUÕQ� VHQV|UOHU�

�]HULQGH�HWNLVL�ROXS�ROPDGÕ÷Õ�(9(7�+$<,5�úHNOLQGH�JUXSODQGÕUÕOPÕúWÕU >��@ >��@ >��@�
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7DEOR������6HQV|U�7LSL�YH�(WNLOHUL

6HQV|U WLSL

'XUXPODU

7HNHU�

VHQV|U�

'RSSOHU

UDGDU

*36 øYPH�

|OoHU

7HNHUGHNL�ER]XOPD (9(7 +$<,5 +$<,5 +$<,5

7HNHU�UD\�V�UW�QPH�NDWVD\ÕVÕ (9(7 +$<,5 +$<,5 +$<,5

3Q|PDWLN�IUHQ�VLVWHPL�SHUIRUPDQVÕ (9(7 +$<,5 +$<,5 +$<,5

+DYD�NRúXOODUÕ �NDU��\D÷PXU YE�� (9(7 (9(7 (9(7 +$<,5

5D\ODUGDNL�ER]XOPD (9(7 (9(7 +$<,5 (9(7

5D\�H÷LPL +$<,5 +$<,5 +$<,5 (9(7

7�QHOOHU��NDQ\RQODU�YE� +$<,5 +$<,5 (9(7 +$<,5

'�ú�N�KÕ]������9$5$d ����NP�VD� +$<,5 (9(7 +$<,5 +$<,5

<�NVHN�KÕ]��9$5$d !��NP�VD� +$<,5 +$<,5 +$<,5 +$<,5
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7HNHU�KÕ]Õ�YH�DUDo�KÕ]Õ�DUDVÕQGD�IDUN�PH\GDQD�JHOPHVL�UD\OÕ�VLVWHPOHUGH�VÕN�NDUúÕODúÕODQ�

ELU� VRUXQGXU�� 7HNHU� KÕ]ÕQÕQ� DUDo� KÕ]ÕQGDQ� IDUNOÕ� ROPDVÕQD� JHQHO� RODUDN� ND\PD� �VOLS��

GHQPHNWHGLU� 7HNHU� KÕ]ÕQÕQ� DUDo� KÕ]ÕQGDQ� ID]OD� ROGX÷X� GXUXPODU� SDWLQDM �VSLQ��� WHNHU�

KÕ]ÕQÕQ� DUDo�KÕ]ÕQGDQ�N�o�N�ROGX÷X�GXUXPODU� LVH�NÕ]DNODPD �VOLGH� RODUDN�DGODQGÕUÕOÕU��

.Õ]DNODPD YH� SDWLQDM� GXUXPODUÕQÕQ� \DúDQPDVÕQGDNL� HQ� E�\�N� QHGHQ� WHNHU� YH� UD\�

DUDVÕQGDNL� V�UW�QPHGLU >��@�� 7HNHU� UD\� DUDVÕ� V�UW�QPH� NXYYHWL� D]DOGÕ÷ÕQGD�� DUDo�

IUHQOL\RUVD�NÕ]DNODPD PH\GDQD�JHOLU��$UDo�KDUHNHW�HGL\RU�LVH� V�UW�QPH�NXYYHWLQLQ D]OÕ÷Õ�

SDWLQDM�GXUXPXQXQ�\DúDQPDVÕQD�VHEHS�ROPDNWDGÕU�

5D\OÕ� DUDoODUGD� NÕ]DNODPD YH� SDWLQDM� GXUXPODUÕQÕQ� |QOHQPHVL� ELUoRN� DoÕGDQ� ID\GD�

VD÷ODPDNWDGÕU�� .Õ]DNODPD YH� SDWLQDM� GXUXPODUÕ� WHNHU� úHNOLQLQ� ER]XOPDVÕQD� QHGHQ�

ROPDNWDGÕU� %XQXQ� \DQÕQGD� UD\ODUGD� HVNLPH�� DUDo� PRWRUXQGD� YH� IUHQ� VLVWHPLQGH�

ER]XOPDODUD GD QHGHQ� RODELOPHNWHGLU�� %X� GXUXPODU V�U�ú� NRQIRUXQX� ER]XOPDVÕQD YH�

EDNÕP�LKWL\DFÕQÕQ DUWPDVÕQD�QHGHQ�ROXU� $\QÕ�]DPDQGD�EX�GXUXPODUÕQ \DúDQPDVÕ��DUDo�

KÕ]ÕQÕQ� GR÷UX� WD\LQ� HGLOHPHPHVLQH� GH QHGHQ� ROPDNWDGÕU�� 5D\OÕ� VLVWHPOHUGH� VÕNOÕNOD�

NXOODQÕODQ� WHNHU� VHQV|UOHUL� NÕ]DNODPD YH� SDWLQDM� GXUXPODUÕQGD� KÕ]Õ� GR÷UX� WHVSLW�

HGHPHPHNWHGLU�� 7HNHUGH� ROXúDFDN� KDWDODU� GÕúÕQGD� EX� ROD\ÕQ� \DúDQPDVÕ�PRWRU� YH� IUHQ�

VLVWHPOHULQH� GH� ]DUDU� YHUPHNWHGLU�� %X� \�]GHQ� NÕ]DNODPD YH� SDWLQDM� GXUXPXQXQ� IDUN�

HGLOPHVL YH�|QOHQPHVL�JHUHNPHNWHGLU��

7HNHU� YH� DUDo� KÕ]Õ� DUDVÕQGDNL� IDUNÕQ� DQODúÕOPDVÕ� LoLQ� WHNHU� VHQV|UOHULQLQ� NXOODQÕOPDVÕ�

JHUHNPHNWHGLU��5D\OÕ�VLVWHPOHUGH�DUDo�KÕ]ÕQÕQ�GR÷UX�WHVSLW�HGLOPHVL�LoLQ�WHNHU�VHQV|UOHUL�

PRWRUVX]�YH�IUHQVL]�DNVODUD�NRQXOPD\D�oDOÕúÕOÕU��$QFDN�EX�GXUXP�KHU�]DPDQ�P�PN�Q�

GH÷LOGLU�� /RNRPRWLI� JLEL� DUDoODUGD� FHU� YH� IUHQ� LKWL\DFÕ� \�NVHN� ROGX÷XQGDQ� ERú� DNV�

EXOXQPDPDNWDGÕU��%Rú�DNVODU��]HULQGHQ�DUDo�KÕ]Õ�RNXQDELOVH�ELOH�PRWRUOX�YH�IUHQOL�DNVODUD�

GD�WHNHU�VHQV|U��NRQXODUDN�KDUHNHW�YH�IUHQ�GXUXPODUÕQÕQ�DUDoWD�ROXúWXUGX÷X�NÕ]DNODPD YH�

SDWLQDM�GXUXPODUÕQÕQ�WHVSLW�HGLOPHVL�JHUHNPHNWHGLU�

.Õ]DNODPD YH�SDWLQDM GXUXPODUÕQÕQ�WHVSLWL�LoLQ�KÕ]GD ROXúDQ�IDUN��LYPHGH�ROXúDQ�IDUN \D�

GD� NRQXP YHULVLQGH� ROXúDQ� KDWD� NXOODQÕODELOPHNWHGLU >��@ �� %X� WH]� NDSVDPÕQGD� KÕ]GD�

ROXúDQ� KDWD� YH� LYPHGH� ROXúDQ� KDWD� �]HULQGHQ� NÕ]DNODPD YH� SDWLQDM� GXUXPX� WHVSLW�

\|QWHPOHUL� LQFHOHQPLúWLU�� %XQXQ� WHPHO� QHGHQL� LVH� %|O�P� �¶GH� \DSÕODQ� WHNHU� VHQV|U�

DQDOL]LGLU��2OXúWXUXODQ�0DWODE�PRGHOLQGH�KÕ]��]HULQGH�PH\GDQD�JHOHQ�KDWD�GDKD�HWNLOL�ELU�



��

úHNLOGH J|]OHQPHNWHGLU��.RQXP�KDWDVÕ��DQL�ELU�úHNLOGH�DUWÕú�J|VWHUPHGL÷L�LoLQ� NÕ]DNODPD

YH�SDWLQDM�GXUXPODUÕQÕQ�NRQXP�KDWDVÕ�LOH�WHVSLWLQLQ�YHULPVL] ROGX÷XQD�NDUDU YHULOPLúWLU�

0DWODE�6LPXOLQN¶WH� WDVDUODQDQ KÕ]� �]HULQGHQ� NÕ]DNODPD YH� SDWLQDM� WHVSLW�PHNDQL]PDVÕ

ùHNLO����¶GH�J|VWHULOGL÷L�JLELGLU��%X�PRGHOGH�DUDo��]HULQGH�\HU�DODQ�LYPH|OoHU �]HULQGHQ�

HOGH�HGLOHQ�KÕ]�ELOJLVL�YH�PRWRUOX�DNVD�WDNÕODQ�WHNHU�VHQV|U�Q�Q�KÕ]�YHULVL�NXOODQÕOPÕúWÕU��

øYPH|OoHU �]HULQGHQ� KÕ]� KHVDEÕQGD� W�POHY KDWDVÕQÕQ� E�\�PHPHVL LoLQ� LYPH� YHULVL�

�]HULQGHQ� HOGH� HGLOHQ� KÕ]� YHULVL� ELU� JHUL� EHVOHPH G|QJ�V�� LOH� NRQWURO� HGLOPHNWHGLU��

.Õ]DNODPD \D�GD�SDWLQDMÕQ�PH\GDQD�JHOLS�JHOPHGL÷LQL�DQODPDN�LoLQ�GH�EX�LNL�KÕ]�YHULVL�

DUDVÕQGDNL� IDUNÕQ ³HúLN�GH÷HU´¶GHQ E�\�N�\D�GD�N�o�N�ROPD�GXUXPX�NXOODQÕOPDNWDGÕU��

(÷HU�KÕ]�IDUNÕQÕQ�PXWODN�GH÷HUL�HúLN�GH÷HULQGHQ�E�\�NVH�EX�GXUXP�ND\PD��NÕ]DNODPD�\D�

GD�SDWLQDM� RODUDN�GH÷HUOHQGLULOPHNWHGLU��+Õ]�IDUNÕ�HúLN�GH÷HUGHQ�N�o�NVH�ND\PD GXUXPX�

VÕIÕU�RODUDN NDEXO� HGLOHELOLU� $\UÕFD� EX�PRGHOGH� LYPH|OoHU KDWDVÕQÕQ� E�\�PHPHVL� LoLQ�

NXOODQÕODQ� JHUL� EHVOHPH G|QJ�V��� ND\PD� \D� GD� SDWLQDM� GXUXPODUÕ� \DúDQGÕ÷ÕQGD�

NÕUÕOPDNWDGÕU�� %X� úHNLOGH� LYPH|OoHU KÕ]� YHULVL� �]HULQGH� ND\PD� KDWDVÕQÕQ� J|U�OPHVL�

|QOHQPHNWHGLU�

ùHNLO� ���¶GH� LYPH� |OoHU� YH� RSWLN� GDUEH� VD\ÕFÕ� NXOODQÕODUDN� ROXúWXUXODQ� NÕ]DNODPD� YH�

SDWLQDM� WHVSLW�\|QWHPL�J|VWHULOPLúWLU��%HOLUWLOHQ�\|QWHP�LOH�NÕ]DNODPD�YH�SDWLQDM� WHVSLWL��

LYPH|OoHU�KDWDVÕ�\�NVHN�ROPDGÕ÷Õ�GXUXPODUGD�NXOODQÕODELOLU�

ùHNLO������+Õ]�YHULVLQH�J|UH�\DSÕODQ�ND\PD�WHVSLW�VLVWHPL

௔௥௔­ǡݒ LYPH|OoHU� �]HULQGHQ� HOGH� HGLOHQ� YHUL� LOH� KHVDSODQDQ� DUDo� KÕ]ÕQÕ�� ௢௣௚ݒ LVH� WHNHU�

VHQV|UGHQ�RNXQDQ�KÕ]Õ�LIDGH�HWPHNWHGLUݒ��௦௦ௗ೟೓ LVH�ND\PD�ROPDVÕ�LoLQ�EHOLUWLOHQ�HúLN�GH÷HUL�

LIDGH�HWPHNWHGLU��$UDo�KÕ]Õ�YH�WHNHU�KÕ]Õ�DUDVÕQGDNL�IDUNÕQ�LúDUHWL��SR]LWLI�\D�GD�QHJDWLI�



��

ROPDVÕ��� NÕ]DNODPD� \D� GD� SDWLQDM� ROGX÷XQD� GDLU� ELOJL� YHUPHNWHGLU�� %X� IDUN�� SR]LWLI�

ROGX÷XQGD�SDWLQDM��QHJDWLI�ROGX÷XQGD�LVH�NÕ]DNODPD�úHNOLQGH�DGODQGÕUÕOPDNWDGÕU�

หݒ௔௥௔­ െ ௢௣௚หݒ ൐ ௦௦ௗ೟೓ݒ ՜ ܽ݉ݕܽ݇ ሺ݌݈݅ݏሻ ����

­௔௥௔ݒ െ ௢௣௚ݒ ൐ ௦௦ௗ೟೓ݒ ՜ ݇ଓ݈ܽ݉ܽ݇ܽݖ ሺ݈݁݀݅ݏሻ ����

­௔௥௔ݒ െ ௢௣௚ݒ ൏ ௦௦ௗ೟೓ݒ ՜ �݊݅݌ݏሺ݆ܽ݊݅ݐܽ݌ ����

ùHNLO������LYPH|OoHU YHULVL�KDWDVÕ]�NDEXO�HGLOHUHN�HOGH�HGLOPLúWLU��%X�GXUXPGD�LYPH|OoHU

KHP� NÕ]DNODPD YH� SDWLQDM� WHVSLWLQGH� KHP� GH� DUDo� KÕ]ÕQÕQ� GR÷UX� KHVDSODQPDVÕQGD�

NXOODQÕOPÕúWÕU�� øYPH|OoHU KÕ]� YHULVLQLQ� ER]XOPDPDVÕ� LoLQ� NXOODQÕODQ� YH ùHNLO� ���¶GH�

J|VWHULOHQ�JHUL�EHVOHPH G|QJ�V���NÕ]DNODPD YH�SDWLQDM� GXUXPODUÕQGD� DoÕOPÕúWÕU��%X�GD�

WHNHU�KÕ]�VHQV|U�QGHNL�KDWDQÕQ�LYPH|OoHU �]HULQGHQ�HOGH�HGLOHQ�KÕ]�YHULVLQL�HWNLOHPHVLQL�

|QOHPLúWLU��*HUL�EHVOHPH�G|QJ�V�Q�Q�NÕVD�V�UHOL�NHVLOPHVL� LYPH|OoHU KÕ]�ELOJLVLQGH�NDEXO�

HGLOHELOLU�VHYL\HGH�ELU�KDWD\D�QHGHQ�ROPXúWXU�

ùHNLO������.Õ]DNODPD YH�SDWLQDM�VRQXFX�WHNHU VHQV|U��YH�LYPH�|OoHUGHQ�HOGH�HGLOHQ�YHULOHU

+DW�H÷LPLQLQ \�NVHN�ROGX÷X�ELU�GXUXPGD�\DSÕODQ LYPH|OoHU�KDWDODUÕ LVH GDKD�E�\�NW�U��

EXQXQ� QHGHQL� %|O�P� �¶GH� LQFHOHQHQ� LYPH|OoHU NDUDNWHULVWL÷LGLU�� øYPH|OoHU \HULQH�

'RSSOHU UDGDU�\D�GD�*36�KÕ]�YHULVL�NXOODQÕODUDN�D\QÕ�DOJÕOD\ÕFÕ X\JXODQDELOLU� ùHNLO����¶WH�

'RSSOHU� UDGDU� \D� GD� *36� UHIHUDQV� RODUDN� NXOODQÕODUDN� KD]ÕUODQDELOHFHN� ND\PD� WHVSLW�

\|QWHPL�J|VWHULOPLúWLU��%X�úHNLOGHQ�GH�DQODúÕODFD÷Õ�JLEL�ùHNLO����¶GHQ�IDUNOÕ�RODUDN�JHUL�

EHVOHPH�G|QJ�V�QH�LKWL\Do�GX\XOPDPÕúWÕU�

� �� �� �� �� �� ��
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UHIHUDQV�KÕ]
WHNHU�VHQV|U�KÕ]Õ
LYPH�|OoHUGHQ�HOGH�HGLOHQ�KÕ]
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ùHNLO������*36�\D�GD�'RSSOHU UDGDUOÕ�ND\PD WHVSLW DOJÕOD\ÕFÕVÕ

+Õ]� YHULVL� �]HULQGHQ� ROXúWXUXODFDN� DOWHUQDWLI� NÕ]DNODPD YH� SDWLQDM� DOJÕOD\ÕFÕVÕ 7DEOR�

���¶GH EHOLUWLOHQ GXUXPODUD�J|UH�WDVDUODQDELOLU�

7DEOR������.Õ]DNODPD YH�SDWLQDM�WHVSLWL�PLPDUL�DOWHUQDWLIOHUL

6HQV|U�� 6HQV|U�� $YDQWDM 'H]DYDQWDM

0RWRUOX YH� IUHQOL

DNVD� WDNÕODQ� WHNHU�

VHQV|U�

0RWRUVX]� YH� IUHQVL]�

DNVD� WDNÕODQ� WHNHU�

VHQV|U�

7HN�WLS�VHQV|U 0RWRUVX]� DNV� ROPDGÕ÷Õ�

GXUXPGD�oDOÕúPD]

0RWRUOX� YH� IUHQOL�

DNVD� WDNÕODQ� WHNHU�

VHQV|U�

øYPH�|OoHU 8FX] <�NVHN� H÷LPOL�

E|OJHOHUGH�KDWD\D�QHGHQ�

RODELOLU

0RWRUOX� YH� IUHQOL�

DNVD� WDNÕODQ� WHNHU�

VHQV|U�

'RSSOHU UDGDU <�NVHN�

KÕ]ODUGD�HWNLOL

3DKDOÕ�YH�G�ú�N�KÕ]ODUGD�

KDWD�RUDQÕ�\�NVHN

0RWRUOX� YH� IUHQOL�

DNVD� WDNÕODQ� WHNHU�

VHQV|U�

*36 8FX]� YH� KDWD�

RUDQÕ�G�ú�N

(ULúLOHELOLUOLN� YH�

GHYDPOÕOÕN�VRUXQX�YDU��

7DEOR� ���¶GH� LQFHOHQHQ� DOWHUQDWLI� \|QWHPOHUGHNL� RUWDN� QRNWD� NXOODQÕODFDN� WHNHU�

VHQV|U�G�U�� %X� VHQV|U�Q� PRWRU� YH� IUHQ� VLVWHPL� RODQ� ELU� WHNHUH� WDNÕOPDVÕ� ND\PD�

GXUXPODUÕQÕQ�WHVSLWL� LoLQ�PHFEXULGLU��7HVSLW�VLVWHPLQGH�NXOODQÕODFDN�UHIHUDQV VHQV|U LVH

KHGHIOHQHQ�SHUIRUPDQV�NULWHUOHULQH�J|UH�GH÷LúLNOLN�J|VWHUHELOPHNWHGLU�

.D\PD GXUXPODUÕQÕQ� WHVSLWL� LYPH� �]HULQGHNL� GH÷LúLNOLNOHULQ� WHVSLWL� LOH� GH�

\DSÕODELOPHNWHGLU��%X�DPDoOD�NXOODQÕODQ�VLVWHPOHUGH� WHNHU�KÕ]�VHQV|U��PRWRUOX�YH�IUHQOL�

DNVWD�\HU�DODQ� YH�LYPH|OoHU NXOODQÕOPÕúWÕU� øYPH�YHULVL��]HULQGHQ�\DSÕODFDN�NÕ]DNODPD YH�



��

SDWLQDM� WHVSLWL��KÕ]��]HULQGHQ�\DSÕODQ VLVWHP JLEL IDUNOÕ� úHNLOGH�\DSÕODELOLU� ùHNLO����¶WH�

LYPH� �]HULQGHQ� \DSÕODELOHFHN� WHVSLW� VLVWHPL� J|VWHULOPLúWLU� øYPH|OoHU YHULVL� \HULQH�

VLVWHPGH�NXOODQÕOPÕú�YH�ND\PD GXUXPODUÕQGDQ�HWNLOHQPH\HQ�'RSSOHU��*36�\D�GD�ERú�DNVD�

WDNÕODQ� WHNHU� VHQV|U�� D\QÕ� LúOHP� LoLQ� NXOODQÕODELOLU�� %XQXQ� LoLQ� VHQV|U� KÕ]� YHULOHUL�

�]HULQGHQ�LYPH�|Oo�P��\DSÕOÕS�IDUN�NRQWURO�HGLOPHOLGLU�

ùHNLO�����øYPH�YHULVLQH�J|UH�oDOÕúDQ�NÕ]DNODPD YH�SDWLQDM�DOJÕOD\ÕFÕVÕ

หܽ௜௩௠௘Ú௟­௘௥ െ ܽ௢௣௚ห ൐ ܽ௦௦ௗ೟೓Æ ܽ݉ݕܽ݇ ����

ܽ௜௩௠௘Ú௟­௘௥ �� LYPH|OoHULQ |OoW�÷�� LYPH� YHULVLQL� LIDGH� HGHUNHQ�� ܽ௢௣௚ LVH� WHNHU� VHQV|U��

�]HULQGHQ�KHVDSODQDQ�LYPH�YHULVLQL�LIDGH�HWPHNWHGLU��+Õ]�YHULVL�NXOODQÕODUDN�X\JXODQDQ�

\|QWHP��LYPH�YHULVL�LOH�GH�EHQ]HU�úHNLOGH�X\JXODQPDNWDGÕU�

øYPH|OoHU� �]HULQGHQ� |Oo�OHQ� LYPH� YHULVL� LOH NÕ]DNODPD YH� SDWLQDM� JHUoHNOHúHQ� WHNHULQ�

LYPH�YHULOHUL� NDUúÕODúWÕUÕOGÕ÷ÕQGD�QRUPDO�ROPD\DQ�]ÕSODPDODU�J|U�OP�úW�U� ùHNLO����¶WH�

WHNHU�VHQV|U�KÕ]�YHULVLQGHQ�HOGH�HGLOHQ�LYPH�LOH�LYPH|OoHULQ |OoW�÷��LYPH�YHULOHULQLQ�IDUNÕ�

J|VWHULOPLúWLU� .D\PD� GXUXPODUÕQGD� LYPH� YH� KÕ]� GH÷LúLPOHUL� ùHNLO� ��� �]HULQGHQ�

J|]OHQHELOPHNWHGLU�
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ùHNLO������øYPH�IDUNÕ LOH�WHVSLW�HGLOHQ�ND\PD GXUXPODUÕ
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�� 5$</,� 6ø67(0/(5� ødø1� %h7h1/(ùø.� 1$9ø*$6<21�

<g17(0/(5ø

6HQV|U�I�]\RQ�WHNQL÷L������¶OL \ÕOODUGDQ�EX�\DQD URERWLN�YH�X]D\�oDOÕúPDODUÕQGD�DNWLI�ELU�

úHNLOGH� NXOODQÕODJHOPLúWLU�� %X� WHNQLN� J�Q�P�]GH�� GR÷UXOX÷X� \�NVHN� XFX]� o|]�POHU�

VXQPDVÕQGDQ�GROD\Õ�RWRPRWLY�YH�UD\OÕ�VLVWHP�WHNQRORMLOHULQGH�GH�NXOODQÕOPDNWDGÕU >��@��

5D\OÕ� VLVWHPOHUGH� DUDo� WHNQRORMLOHUL� IDUNOÕOÕN� J|VWHUPHNWHGLU�� )DUNOÕ� WHNQRORMLOHUH� VDKLS�

DUDoODU�� IDUNOÕ SODWIRUPODUGD� YH� IDUNOÕ� JHUHNVLQLPOHUH� J|UH� NXOODQÕOPDNWDGÕU� 6HQV|U�

YHULOHULQLQ� ELUOHúWLULOPHVL� LoLQ� ELUoRN� \|QWHP YDUGÕU�� %X� \|QWHPOHU EHOLUOHQLUNHQ�

JHUHNVLQLPOHU� YH� LPNDQODU� GH÷HUOHQGLULOPHOLGLU�� (Q� L\L� PLPDUL\L� EHOLUOHPHN� LoLQ�

GR÷UXOXOXN��GD\DQÕNOÕOÕN��J�YHQOLN��PDOL\HW JLEL�DODQODUGDNL�JHWLUL�J|W�U�OHULQ�LQFHOHQPHVL�

JHUHNPHNWHGLU�

5D\OÕ� VLVWHPOHUGH� NXOODQÕODQ� VHQV|UOHU� YH� EX� VHQV|UOHULQ� NDUDNWHULVWLNOHUL� %|O�P� �¶GH�

GHWD\OÕ RODUDN� LQFHOHQPLúWLU�� %X� LQFHOHPHOHU� VRQXFXQGD� VHQV|UOHULQ� DUWÕODUÕ� YH� HNVLOHUL�

EHOLUOHQPLúWLU��%X�E|O�PGH�VHQV|U�NDUDNWHULVWLNOHUL NXOODQÕODUDN�J�YHQLOLU�KÕ]�YH�NRQXP�

ELOJLVL�LoLQ�NXOODQÕODQ�VHQV|U�I�]\RQ�WHNQLNOHUL DQODWÕODFDNWÕU�

)DUNOÕ VHQV|U�|Oo�P��YHULOHULQLQ L\L�ROGX÷X�YH�N|W��ROGX÷X�QRNWDODU�EXOXQPDNWDGÕU��27.�

YH� 272� VLVWHPOHULQLQ� G�]J�Q� oDOÕúDELOPHVL� LoLQ� NRQXP� YH� KÕ]� ELOJLVLQLQ� G�]J�Q�

KHVDSODQÕ\RU� YH� KDW� �VW�� HNLSPDQODUÕQD� KÕ]� YH� NRQXP� ELOJLOHULQLQ� ELOGLULOL\RU� ROPDVÕ�

JHUHNPHNWHGLU�� 6HQV|U� I�]\RQXQGD� DPDo� WHN� ELU� VHQV|U� LOH� HOGH� HGLOHQ� YHULQLQ� EDúND�

VHQV|UOHU� \DUGÕPÕ� LOH� GHVWHNOHQLS� GR÷UX�� GHYDPOÕOÕ÷D� VDKLS� YH� HULúLOHELOLU� ELU� VRQXo�

YHUPHVLQL�VD÷ODPDNWÕU��$\UÕFD�ELUGHQ�ID]OD�VHQV|U�NXOODQPDN�27.�HPQL\HW�JHUHNOHULQL�

VD÷OD\DELOPHN�LoLQ�GH�JHUHNOLGLU� 27.�HPQL\HW�JHUHNOHUL��&(1(/(&�������VWDQGDUGÕQGD�

J�YHQOLN�E�W�QO�N�VHYL\HVL��6DIHW\�,QWHJULW\�/HYHO�6,/��RODUDN�WDQÕPODQPÕúWÕU�>��@��

2ODVÕOÕNVDO� J�YHQOLN� \DNODúÕPÕ� ELUoRN� DODQGD� ROGX÷X� JLEL� UD\OÕ� VLVWHPOHUGH� GH�

NXOODQÕOPDNWDGÕU�� 5D\OÕ� VLVWHPOHUGH� 27.¶QÕQ� DQD� DPDFÕ� ND]DODUÕ� |QOHPHNWLU�� DQFDN

ND]DODUÕQ�WDPDPHQ�|QOHQPHVL�VD÷ODQDPDPÕú�YH�KDOD�ND]DODU�PH\GDQD�JHOPHNWHGLU��%X�

\�]GHQ�(1�������>��@��(1�������>��@ YH�(1�������>��@ UD\OÕ�VLVWHPOHU�LoLQ�RODVÕOÕNVDO�

ELU� J�YHQOLN� \DNODúÕPÕ� JHOLúWLUPLúWLU�� %X� \DNODúÕPD� J|UH� 6,/�6DIHW\� ,QWHJULW\� /HYHO��

KHVDEÕ� LoLQ� ³7HKOLNHOL� DUÕ]D RUDQÕ´ �WKH� UDWH� RI� GDQJHURXV� IDLOXUH� YH ³WROHUH� HGLOHELOLU�

ER]XOPD RUDQÕ´ �WKH�UDWH�RI�WROHUDEOH�KD]DUG�UDWH� NXOODQÕOPDNWDGÕU >��@ �



��

7ROHUH� HGLOHELOLU� ER]XOPD� RUDQÕ �7ROHUDEOH� +D]DUG� 5DWH�7+5�� ELU� HNLSPDQÕQ� QHGHQ�

RODELOHFH÷L�WHKOLNHOL�ROD\ODUÕQ�RUDQÕ�RODUDN�WDQÕPODPDNWDGÕU��%X�GH÷HU WDVDUÕP�VÕUDVÕQGD�

EHOLUOHQHQ� ELU� HúLN� GH÷HUGLU�� 7HKOLNHOL� DUÕ]D� RUDQÕ� �WKH� UDWH� RI� GDQJHURXV� IDLOXUH�� LVH�

HNLSPDQÕQ� QHGHQ� ROGX÷X� WHKOLNHOL� ER]XOPD� RUDQÕGÕU�� <DQL� ELU� HNLSPDQÕQ� J�YHQOL�

VD\ÕODELOPHVL�LoLQ WHKOLNHOL�ER]XOPD�RUDQÕQÕQ�WROHUH HGLOHELOLU�ER]XOPD RUDQÕQGDQ�G�ú�N�

ROPDVÕ�JHUHNPHNWHGLU�>��@� 7DEOR����¶GH 6,/�YH�7+5�DUDVÕQGDNL�LOLúNL�J|VWHULOPLúWLU�

7DEOR������6,/�WDQÕPODUÕ�>��@

7+5� GH÷HUL� WDVDUÕP� VÕUDVÕQGD� EHOLUOHQPHVL� JHUHNHQ� ELU� GH÷HUGLU� YH� �� IDUOÕ� \|QWHP� LOH�

EHOLUOHQHELOPHNWHGLU� ho�\|QWHPGHQ�ELUL�RODQ $/$53�\|QWHPLQH�J|UH�7+5�EHOLUOHQLUNHQ�

ROXúDQ� ER]XOPDQÕQ� ROXúPD� VÕNOÕ÷Õ� YH� ER]XOPDQÕQ� |QHP� VÕQÕIÕ� EHOLUOHQPHOLGLU� 6,/�

\DNODúÕPÕQD�J|UH�ER]XOPD�KD\DWL�ULVN�WDúÕ\DQ�ELU�KDWD\D�QHGHQ�ROX\RUVD�EXQXQ�ROXúPD�

VÕNOÕ÷ÕQÕQ D]DOWÕOPDVÕ�JHUHNPHNWHGLU� 7DEOR������KDWDODUÕQ�VÕQÕIODQGÕUÕOPDVÕ�LoLQ�$/$53�

\|QWHPLQH�J|UH�KD]ÕUODQPÕúWÕU >��@��

7DEOR������+DWDODUÕQ�|QHP�YH�VÕNOÕ÷D�J|UH�VÕQÕIODQGÕUÕOPDVÕ

+DWD�VÕQÕIÕ gUQHN gQHP�VHYL\HVL
0LQ|U�KDWD �,QVLJQLILFDQW� .�o�N�\DUDODU �
0DM|U�KDWD �0DUJLQDO� %�\�N�\DUDODU �
.ULWLN�KDWD �&ULWLFDO� ��|O�P �
)HODNHWOL
KDWD��&DWDVWURSKLF�

��¶GDQ�ID]OD�|O�P �

2OXúPD�VÕNOÕ÷Õ �IUHNDQVÕ� <ÕOGD� PH\GDQD� JHOPH�
RUDQÕ

.DWHJRUL

6ÕN��IUHTXHQW� ���� $
2ODVÕ��SUREDEOH� ���� %
1DGLUHQ��RFFDVLRQDO� ���� &
$]��UHPRWH� ���� '
2ODVÕ�ROPD\DQ ���� (
øQDQÕOPD] ���� )
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7DEOR� ���¶WH� |UQHN ELU� $/$53� WDEORVX� YHULOPLúWLU�� %X� WDEORGD� ³7´� LOH� LIDGH� HGLOHQ�

E|OJHOHU� WROHUH� HGLOHELOLU �WROHUDEOH�� ³,´� LOH� LIDGH� HGLOHQ� E|OJHOHUVH� WROHUH� HGLOHPH\HQ

�LQWROHUDEOH� ULVN�E|OJHOHULQL LIDGH�HWPHNWHGLU��³1´�LVH�LKPDO�HGLOHELOLU �QHJOLJLDEOH��ULVN�

E|OJHVLQL LIDGH�HWPHNWHGLU��6,/�KHVDEÕ�LoLQ�JHUHNOL�RODQ�7+5 �7ROHUDEOH�+D]DUG�5DWH��EX�

YH�EHQ]HUL�\|QWHPOHUOH�EHOLUOHQPHNWHGLU�

7DEOR����� $/$53�\|QWHPL�|UQHN�ULVN�WDEORVX�>��@

27.�VLVWHPL�ND]D�ROXúPDVÕQÕ�|QOH\LFL�J�YHQOL�ELU�VLVWHPGLU��2GRPHWUL�YH�KÕ]�KHVDEÕ�GD�

27.�VLVWHPLQLQ ELU�SDUoDVÕGÕU�YH�27.�IRQNVL\RQODUÕQÕQ G�]J�Q�oDOÕúDELOPHVL�LoLQ�|QHP�

WDúÕPDNWDGÕU��27.�VLVWHPL�EXOXQGX÷X�NRQXPX�YH�DUDo�KÕ]�ELOJLVLQL�KDW��VW��HNLSPDQODUD�

LOHWPHNWHGLU�� +DW� �VW�� HNLSPDQODUÕ� KDWWDNL� W�P� DUDoODUGDQ� DOGÕNODUÕ� YHULOHUH� YH� KDW�

GXUXPXQD� J|UH� KHU� DUDFD� KDUHNHW� \HWNLVL� YHUPHNWHGLU�� $UDo� �]HULQGH� \HU� DODQ� 27.�

VLVWHPOHUL�LVH�EX�KDUHNHW�\HWNLOHULQL�NXOODQDUDN�GR÷UX�IUHQOHPH�H÷ULOHULQL�KHVDSODPDOÕGÕU��

%X�QHGHQOH�RGRPHWUH VLVWHPL�J�YHQOL�27.�VLVWHP�WDVDUÕPÕQÕQ�|QHPOL�ELU�SDUoDVÕGÕU� 27.�

VLVWHPL�6,/�VHYL\HVLQH�VDKLS�ELU�VLVWHPGLU��6,/�JHUHNVLQLPOHULQL�VD÷OD\DELOPHVL�LoLQ�DOW�

SDUoDODUÕQÕQ�GD�EXQD�X\JXQ�ELU�SHUIRUPDQVWD oDOÕúPDVÕ�JHUHNPHNWHGLU��27.�VLVWHPL�LoLQ�

J�YHQOLN NDGDU GR÷UXOXN GD�|QHPOLGLU��%X�QHGHQOH KDWD�RUDQODUÕQÕ�HQ�N|W��GXUXPD�J|UH�

KHVDSOD\DUDN� J�YHQOL� DUDOÕN� KHVDEÕQÕQ JHUoHNOHúWLULOPHVL� JHUHNPHNWHGLU >��@� *�YHQOL�

DUDOÕN�� VRQ� JHoLOHQ� EDOL]H� J|UH� DUDFÕQ� EXOXQGX÷X� NRQXPGDNL EHOLUVL]OL÷L

WDQÕPODQPDNWDGÕU��*�YHQOL�DUDOÕN�ELOJLVL�RGRPHWUH�VLVWHPL�KDWDVÕQÕ�YH�EDOL]GHQ�JHoHUNHQ�

ROXúDELOHFHN�RNXPD�KDWDODUÕQÕ�LoHUHFHN�úHNLOGH�KHVDSODQPDNWDGÕU�>�@�

ùHNLO����¶GH�J�YHQOL�DUDOÕ÷ÕQ�EDOL]OHUGHQ�JHoHUNHQ�VÕIÕUODQPDVÕ�J|VWHULOPLúWLU��%X�oDOÕúPD�

NDSVDPÕQGD�EDOL]OHU��KDWD�VÕIÕUODPD�QRNWDODUÕ�RODUDN�NDEXO�HGLOPLúWLU�



��

ùHNLO������*�YHQOL�DUDOÕN�YH�EDOL]�JHoLúOHUL

6LQ\DOL]DV\RQ� VLVWHPLQLQ� GR÷UX� oDOÕúDELOPHVL� LoLQ�� LNL� EDOL]� DUDVÕ� PHVDIHGH�� RGRPHWUH�

VRQXFXQXQ� KDWD� EDQGÕ� LoHULVLQGH� NDOPDVÕ� JHUHNPHNWHGLU�� %X� VHEHSOH DUDo� �VW��

VLQ\DOL]DV\RQ�HNLSPDQODUÕ�V�U�ú�ER\XQFD�J�YHQOL�DUDOÕN�KHVDSODPDODUÕQÕ�\DSDUDN�KDW��VW��

HNLSPDQODUD� ELOGLUPHNWHGLU�� %X� úHNLOGH KDW� WUDIL÷L GR÷UX� ELU� úHNLOGH NRQWURO�

HGLOHELOPHNWHGLU�� *�YHQOL� DUDOÕ÷ÕQ� E�\�NO�÷�� KDW� NDSDVLWHVL� YH� WUDIL÷LQL� GR÷UXGDQ�

HWNLOHPHNWHGLU��*�Q�P�]GH� NXOODQÕODQ� KDUHNHWOL� EORN� VLVWHPL� J�YHQOL� DUDOÕ÷ÕQ� G�]J�Q�

KHVDSODQÕS� KDW� �VW�� HNLSPDQODUD� G�]J�Q� DNWDUÕOPDVÕ� LOH� VD÷ODQDELOPHNWHGLU�� +DW� �VW��

VLQ\DOL]DV\RQ�HNLSPDQODUÕ��J�YHQOL�DUDOÕN�ELOJLVLQL�NXOODQDUDN�KDW�WUDIL÷LQL�\|QHWPHNWHGLU��

+DWWD� EXOXQDQ� DUDoODUD� KDUHNHW� \HWNLVL� EX� ELOJLOHUH� J|UH� YHULOPHNWHGLU� >�@��%X� VHEHSOH

J�YHQOL� DUDOÕN� KHVDEÕ� KHP� J�YHQOL� V�U�ú�� KHP� GH� KDW� WUDILN� NDSDVLWHVLQL� GR÷UXGDQ�

HWNLOHPHNWHGLU��

6HQV|U� I�]\RQ� YH� EDOL]� NXOODQÕPÕ�� 27.� 6,/� JHUHNVLQLPOHULQL \DNDODPDN� LoLQ� |QHP�

WDúÕPDNWDGÕU�� d�QN�� IDUNOÕ� WHNQRORMLOHULQ ELUOHúPHVL� LOH� RUWDN� QHGHQOL� DUÕ]DODU�

G�ú�U�OPHNWHGLU�� 6,/ JHUHNVLQLPOHULQLQ� VD÷ODQDELOPHVL� LoLQ� ELUGHQ� ID]OD� VLVWHPLQ�

NXOODQÕOPDVÕ�]RUXQOXGXU >�@��%LUGHQ�ID]OD�VHQV|U�NXOODQPDN�HULúLOHELOLUOLN�YH�J�YHQLOLUOL÷L�

WHN�VHQV|U�NXOODQÕPÕQD�RUDQOD�DUWWÕUPDNWDGÕU��+HU�VHQV|U��NHQGL�J�YHQOL�DUDOÕN�ELOJLVLQH�

VDKLSWLU�YH�EX�J�YHQOLN�DUDOÕN�ELOJLVL�VHQV|U�Q�GR÷UXOX÷X�LOH�LOJLOLGLU��'R÷UXOX÷X�DUWÕUPDN�

LoLQ�J�YHQOL�DUDOÕN�ELOJLVLQLQ�GDUDOWÕOPDVÕ JHUHNPHNWHGLU��6,/�KHVDEÕQGD�LVH�GR÷UXOXNWDQ�

GDKD� oRN� KDWDODUÕQ� QHGHQ� RODFD÷Õ� ULVN� GXUXPODUÕQD EDNÕOPDNWDGÕU�� +HU� VHQV|U� NHQGL�

³E�W�QO�N´�GH÷HULQH�VDKLSWLU�YH�EX�GH÷HUOHU�6,/�KHVDEÕQGD�NXOODQÕOPDNWDGÕU��%X�QHGHQOH

6,/�KHVDEÕ�LoLQ��D\QÕ�DQGD�ELUGHQ�ID]OD�VHQV|U�NXOODQÕPÕ��VHQV|UOHU�ELUELULQGHQ�ED÷ÕPVÕ]�

ROGX÷X�GXUXPGD�KDWD�RUDQÕQÕ�G�ú�UPHNWHGLU >��@��%X�GXUXPGD� LVWHQHQ�KDWD�RUDQODUÕQGD�

XODúPDN� LoLQ� ELUELULQGHQ� ED÷ÕPVÕ]� VHQV|UOHULQ� I�]\RQ� DOJRULWPDVÕQGD� NXOODQÕOPDVÕ�

JHUHNWLUPHNWHGLU�
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6HQV|U�I�]\RQX� LoLQ�ELUELULQGHQ�IDUNOÕ�QDYLJDV\RQ�VHQV|UOHULQGHQ�DOÕQDQ�KÕ]�YH�NRQXP

ELOJLOHUL� ELUOHúWLULOPHVL� JHUHNPHNWHGLU�� %X� oDOÕúPD NDSVDPÕQGD� LQFHOHQHQ� KHU� VHQV|U�

PHVDIH YH�YH\D KÕ] |OoPH� \HWHQH÷LQH� VDKLSWLU�� %X� VHQV|UOHULQ� KDWDODUÕ�KDWD� NRYDU\DQV

PDWULVOHUL�LOH�NDUDNWHUL]H�HGLOPHNWHGLU�

ùHNLO����¶GH�J|VWHULOHQ�úHPDGD�P�DGHW�YHNW|UHO�VHQV|U�YHULVLQLQ�I�]\RQX�J|VWHULOPHNWHGLU��

ෝ࢞࢏ VHQV|U�oÕNWÕVÕQÕ�� ෝ࢞ࢌ LVH�I�]\RQ�VRQXFX�HOGH�HGLOHQ�GH÷HUL�LIDGH�HWPHNWHGLU࢏࢏ࡼ�� LVH�L��

VHQV|U�Q� KDWD� NRYDU\DQV PDWULVLQL� LIDGH� HWPHNWHGLU� ෝ࢞ࢌ¶LQ� KHVDSODQPDVÕ� LoLQ�

D÷ÕUOÕNODQGÕUÕOPÕú�HQ�N�o�N�NDUHOHU �ZHLJKWHG�OHDVW�VTXDUHV��NRPELQDV\RQX�NXOODQÕOPÕúWÕU

>��@ �

ùHNLO������%LUOHúWLULOPLú�QDYLJDV\RQ�o|]�P��>��@

(úLWOLN�����¶GD�VHQV|UOHUH�DLW�|Oo�POHUL�LoHUHQ�YHNW|U��[� YH�KDWD�YHNW|U� �H��J|VWHULOPLúWLU��

� ൌ ෤ݔ� ൅ ݁ ����

(úLWOLN�����¶GD�EHOLUWLOHQ�KDWD\Õ�PLQLPL]H�HWPHN�LoLQ�HQ�N�o�N�NDUHOHU�WRSODPÕ�\|QWHPL�

NXOODQÕOPÕúWÕU >��@�

෍݁௜
ଶ

௜ୀଵ

ൌ ሺ� െ ݔ෤ሻ்ሺݔ� െ ෤ሻݔ� ����
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(Q� N�o�N� NDUHOHU� WRSODPÕ� \|QWHPLQGH�� KDWDQÕQ NDUHOHU� WRSODPÕ� PLQLPL]H� HGLOPHN�

LVWHQGL÷LQGHQ�HúLWOLN�����¶QLQ�W�UHYL�VÕIÕUD�HúLWOHQHUHN ෤ݔ WDKPLQ�HGLOPLúWLU�YH�HúLWOLN�����¶GH�

ොݔ J|VWHULOPLúWLU�

ොݔ ൌ ሺܪ்ܪሻିଵݔ்ܪ ����

ሺݔො�� HúLWOLN������YH�HúLWOLN������ELUOHúWLULOHUHN�HúLWOLN�����¶GD�J|VWHULOGL÷L�KDOL�DOPÕúWÕU�

ොݔ ൌ ሺܪ்ܪሻିଵ்ܪሺ�ݔ෤ ൅ ݁ሻ

෤ݔ�  ൅ ሺܪ்ܪሻିଵ்݁ܪ

����

ሺݔො��YHNW|U�QH�DLW�GH÷LúLQWL�HúLWOLN������¶GD�YHULOGL÷L�JLELGLU�

ොሻݔሺݎܽݒ ൌ ොݔሺሺܧ െ ොݔ෤ሻሺݔ െ ෤ሻ்ሻݔ

�ሻ்்݁ܪሻିଵܪ்ܪሻሺሺ்݁ܪሻିଵܪ்ܪሺሺܧ 

 ሺܪ்ܪሻିଵܧ்ܪሺ்݁݁ሻ ሺܪ்ܪሻିଵ்ܪ

����

(úLWOLN� ������ I�]\RQ�VRQXFXQXQ�KDWD�NRYDU\DQV�PDWULVL�YH�\DSÕODQ�VHQV|U�|Oo�POHUL� LOH�

LOLúNLVLQL� J|VWHUPHNWHGLU�� %XUDGD� \HU� DODQ� 3�PDWULVL� KDWD� YHNW|U�� �H�¶\H� DLW� NRYDU\DQV�

PDWULVLQL�J|VWHUPHNWHGLU� )�]\RQ�VRQXFXݔ�ො௙LOH�LIDGH�HGLOPLúWLU >��@�

ො௙ݔ ൌ ሺି்ܲܪଵܪሻିଵି்ܲܪଵ ൮

ଵݔ
ଶݔ
ڭ
௠ݔ

൲
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ܪ ൌ ൮

�௡
�௡
ڭ
�௡

൲�������௡ ൌ ݊ݔ݊ ݉݅ݎܾ݅ ݏ݅ݎݐܽ݉

+DWD� NRYDU\DQV� PDWULVL RODUDN� WDQÕPODQDQ� �3�� HúLWOLN� ����¶GH YHULOPLúWLU�� %X� PDWULV��

VLPHWULN�ELU�PDWULVWLU��.|úHJHQLQGH�\HU�DODQ�HOHPDQODU�LVH�VHQV|U�KDWDODUÕQÕQ�GH÷LúLQWLVLGLU��

.|úHJHQGH�\HU�DOPD\DQ�HOHPDQODU�LVH�VHQV|U�oÕNWÕ�KDWDODUÕQÕQ�NRUHODV\RQXGXU�>��@�

ܲ ൌ ቌ

ሻܩሺܱܲݎܽݒ ǡܩሺܱܲݒ݋ܿ ሻݎ݈݁݌݌݋݀ ǡܩሺܱܲݒ݋ܿ ሻܵܲܩ
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ቍ ����
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%X� oDOÕúPD� NDSVDPÕQGD� �� DGHW� VHQV|U� |Oo�P�� NXOODQÕOPÕú� YH� NXOODQÕODQ� VHQV|U�

|Oo�POHULQLQ�ELUELULQGHQ ED÷ÕPVÕ] ROGX÷X�ELOLQPHNWHGLU��%X�GXUXPGD�LNL�VHQV|U�DUDVÕQGD�

NRUHODV\RQ� ROPDGÕ÷Õ� NDEXO� HGLOHUHN HúLWOLN ������ HúLWOLN ���� IRUPDWÕQD JHWLULOPLúWLU�

࢏࢏ࡼ ሺɐ
ʹ
݅݅ሻ VNDOHU�ELU�GH÷HU�DOPÕúWÕU�

ܲ ൌ ቌ

ܩሺܱܲݎܽݒ ሻ Ͳ Ͳ
Ͳ ሻݎ݈݁݌݌݋ሺ݀ݎܽݒ Ͳ

Ͳ Ͳ ሻܵܲܩሺݎܽݒ
ቍ  ቌ

ɐଶை௉ீ Ͳ Ͳ

Ͳ ɐଶ஽௢௣௣ Ͳ

Ͳ Ͳ ɐଶீ௉ௌ

ቍ ����

.RYDU\DQV� PDWULVL� N|úHJHQ� YH� +�PDWULVL� ELULP�PDWULV� ROGX÷XQGDQ� GROD\Õ HúLWOLN ����

HúLWOLN ���� IRUPDWÕQÕ DOPDNWDGÕU�
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%X�oDOÕúPD NDSVDPÕQGD� VHQV|U�YHULOHULQLQ�ELUOHúWLULOHUHN�GH÷HUOHQGLULOPHVLQGH��o \|QWHP�

GH÷HUOHQGLULOPLú�YH�NDUúÕODúWÕUÕOPÕúWÕU� ùHNLO����¶WH�6LPXOLQN��]HULQGH�KD]ÕUODQDQ PRGHO�

J|VWHULOPHNWHGLU��³)�]\RQ��´�RODUDN�EHOLUWLOHQ�EORN��HúLW D÷ÕUOÕNOÕ�WRSODPD�GD\DOÕ�I�]\RQ�

WHNQL÷LQL� ³)�]\RQ��´�RODUDN�EHOLUWLOHQ�EORN�VHQV|U�LQFHOHPHVL�VRQXFX�PRGHOOHQHQ�VHQV|U�

NDUDNWHULVWL÷LQH�J|UH�VDELW�D÷ÕUOÕNODQGÕUÕODQ�I�]\RQ�WHNQL÷LQL� ³)�]\RQ��´�RODUDN�EHOLUWLOHQ�

EORN� LVH� VHQV|U� NDUDNWHULVWL÷LQH� GD\DOÕ� X\XPOX D÷ÕUOÕNODQGÕUÕOPÕú I�]\RQ� WHNQL÷LQL�

EHOLUWPHNWHGLU� .XOODQÕODQ� \|QWHPOHULQ� WHVW� HGLOPHVL� LoLQ� ³9HUL� .�PHVL �´ YH� ³9HUL�

.�PHVL �´ UHIHUDQV�ELOJL�RODUDN�NXOODQÕOPÕúWÕU��)�]\RQGD�NXOODQÕODFDN�VHQV|UOHU�%|O�P�

�¶GH�LQFHOHQHQ�WHNHU�RSWLN�KÕ]�VHQV|U���'RSSOHU UDGDU�YH�*36¶WLU�� )�]\RQ���YH�)�]\RQ���

WHNQLNOHULQGH�)�]\RQ��¶GHQ�IDUNOÕ�RODUDN�ND\PD��NÕ]DNODPD�YH�SDWLQDM��WHVSLWL�\DUGÕPFÕ�

VLVWHP� RODUDN� NXOODQÕOPÕúWÕU��.D\PD� �NÕ]DNODPD YH� SDWLQDM� WHVSLW NÕVPÕQGD� LYPH|OoHU

YHULVL�\DUGÕPFÕ�YHUL�RODUDN NXOODQÕOPÕúWÕU�%DOL] ELULPL�GH�KDWD�VÕIÕUODPD LoLQ�NXOODQÕOPÕúWÕU�
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ùHNLO������6HQV|U�I�]\RQ�WHNQLNOHUL�YH�\DUGÕPFÕ�VLVWHPOHU

ùHNLO����¶WH�J|VWHULOHQ���I�]\RQ�WHNQL÷LQGH��VHQV|UOHUL�D÷ÕUOÕNODQGÕUPDN�LoLQ HúLWOLN ����

NXOODQÕOPÕú� IDNDW� IDUNOÕ� KDWD� NRYDU\DQV PDWULVOHUL �3� LOH \|QWHPOHULQ� ELUELULQGHQ�

IDUNOÕODúPDVÕ�VD÷ODQPÕúWÕU��

)�]\RQ�WHNQLNOHULQH�J|UH�KDWD�NRYDU\DQV �3��PDWULVOHUL�GH÷LúLNOLN�J|VWHUPHNWHGLU�

x )�]\RQ� �� RODUDN� DGODQGÕUÕODQ� ³(úLW�$÷ÕUOÕNOÕ� 7RSODPD�'D\DOÕ� )�]\RQ´� WHNQL÷LQGH��

VHQV|U�KDWDODUÕQÕQ HúLW�PHUWHEHGH�ROGX÷X�YDUVD\ÕODUDN�KDWD�NRYDU\DQV PDWULVL�\HULQH�

DúD÷ÕGDNL�NRYDU\DQV PDWULVL NXOODQÕOPÕúWÕU�
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൱
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)�]\RQ���YH�)�]\RQ��¶WH LVH�VHQV|U�D÷ÕUOÕNODQGÕUÕOPDVÕ JHUoHNFL VHQV|U�KDWD�PRGHOOHULQH�

GD\DQGÕUÕOPÕúWÕU��.XOODQÕODQ� VHQV|UOHU� ELUELULQGHQ�ED÷ÕPVÕ]� RODUDN� VHoLOGL÷L� LoLQ� HúLWOLN

����� KDWD�NRYDU\DQV PDWULVL�RODUDN�NXOODQÕOPÕúWÕU��
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(úLWOLN ����¶GD HOGH�HGLOHQ�VRQXo �]HULQGHQ )�]\RQ���YH��¶WH NXOODQÕODFDN�I�]\RQ�HúLWOL÷L��

HúLWOLN ���� HOGH�HGLOPHNWHGLU�
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૛ࢌࢂ YHࢌࢂ�૜¶��HOGH�HWPHN�LoLQ�D\QÕ�HúLWOLN NXOODQÕOPDNWDGÕU� %X�LNL�I�]\RQ�DUDVÕQGDNL�IDUN��

VWDQGDUW� VDSPD� GH÷HUOHULQLQ� VDELW� YH� GH÷LúNHQ� ROPDVÕGÕU�� )�]\RQ� �¶GH� |QFHGHQ�

WDQÕPODQPÕú� VWDQGDUW� VDSPD� GH÷HUOHUL� NXOODQÕOÕUNHQ� )�]\RQ� �¶WH |Oo�P� VÕUDVÕQGDQ�

ROXúWXUXODQ�KDWD�YHNW|U���]HULQGHQ�HOGH�HGLOHQ�VWDQGDUW�VDSPD�GH÷HUOHUL�NXOODQÕOPDNWDGÕU��

���� 6HQDU\RODU

6HQV|U� I�]\RQ� DOJRULWPDODUÕQÕQ� EHQ]HWLPOHUL VÕUDVÕQGD 7DEOR� ���¶WHNL� �o VHQDU\R�

NXOODQÕOPÕúWÕU� 6HQDU\R����VHQDU\R��¶\H�J|UH�GDKD�D]�KDWDOÕ�VHQV|U�YHULOHULQL�LoHUPHNWHGLU��

6HQDU\R��� W�QHO�GXUXPXQXQ�*36�YHULVL�YH�I�]\RQ�WHNQLNOHULQH�HWNLVLQLQ�J|]OHQPHVL�LoLQ�

W�QHO�GXUXPX�LoHUPHNWHGLU��7�QHO�GXUXPXQGD�*36��]HULQGHQ�PH\GDQD�JHOHQ�YHUL�ND\EÕ�

EHQ]HU� úHNLOOHUGH� GL÷HU� VHQV|UOHUGH� GH� \DúDQDELOHFHN� ELU� ROD\GÕU�� *36� YHULVLQLQ� HOGH�

HGLOPH�\|QWHPLQGHQ�YH�GR÷DVÕQGDQ�GROD\Õ�YHUL�ND\EÕ�J|]OHQPH�RODVÕOÕ÷Õ�\�NVHN�ROGX÷X�

LoLQ� VHQDU\R� �¶GH� YHUL� ND\EÕ� W�QHO� JHoLúL� RODUDN� PRGHOOHQPLúWLU� %HQ]HU YHUL� ND\EÕ

GXUXPX�� UD\ODU� ÕVODN�\D GD NDUOÕ�ROGX÷XQGD�'RSSOHU UDGDUGD�GD�\DúDQDELOPHNWHGLU >�@��

6HQDU\R���LVH�VHQDU\R��¶GHNL�EHQ]HU�KDWD�RUDQODUÕQD�VDKLSWLU��$QFDN�EX�VHQDU\RGD�W�QHO�

GXUXPX� EXOXQPDPDNWDGÕU�� 6HQDU\R� �¶�Q� VHQDU\R� �� YH� �¶GHQ� WHPHO� IDUNÕ�� NXOODQÕODQ�
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UHIHUDQV� KÕ]� YHULVLGLU�� 6HQDU\R� �� NDSVDPÕQGD� YHUL� N�PHVL �� UHIHUDQV� YHUL� RODUDN�

NXOODQÕOPÕúWÕU�

7DEOR������7HVW�6HQDU\RODUÕ

6HQDU\R

6HQV|UOHU
6HQDU\R�� 6HQDU\R�� 6HQDU\R��
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7�QHO�\RN 7�QHO� YDU� �����
0HWUH� LOH� �����
0HWUH�DUDVÕ

7�QHO�\RN

ùHNLO������VHQDU\R����� YH�� LoLQ�WDQÕPODQPÕú�RODQ�NÕ]DNODPD YH�SDWLQDM�GXUXPODUÕQÕ�]DPDQ�

SURILOL��]HULQGH�J|VWHUPHNWHGLU�

ùHNLO������6HQDU\R����� YH��¶WH NXOODQÕODQ�NÕ]DNODPD YH�SDWLQDM�YHULOHUL
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������ 6HQDU\R��¶H�*|UH�6HQV|UOHULQ�.DUúÕODúWÕUÕOPDVÕ

6HQDU\R� �� VRQXFX� HOGH� HGLOHQ� VHQV|U� KÕ]� |Oo�P� ELOJLOHUL� ùHNLO� ���¶WH� YHULOPLúWLU�� %X�

úHNLOGH� VHQV|U� KÕ]� |Oo�POHULQLQ� UHIHUDQV� KÕ]� YHULVLQH� J|UH� GXUXPODUÕ� J|VWHULOPLúWLU��

ùHNLOGHQ� GH� DQODúÕODFD÷Õ� JLEL� WHNHU� VHQV|U�QGH PH\GDQD� JHOHQ� ND\PD� GXUXPX� VHQV|U�

|Oo�P�Q�Q�UHIHUDQV�KÕ]GDQ�X]DNODúPDVÕQD�QHGHQ�ROPXúWXU��$QFDN�EX�GXUXP�NÕVD�V�UHOL�

KDWD\D�QHGHQ�ROPXúWXU��'RSSOHU�UDGDU�YH�*36�|Oo�P�VRQXoODUÕ�LVH��PRGHOOHQHQ�KDWDODU�

N�o�N�ROGX÷X�LoLQ�UHIHUDQV�YHUL\H�\DNÕQ�VRQXoODU�YHUPLúWLU�

ùHNLO������6HQDU\R��¶H�J|UH�HOGH�HGLOHQ�VHQV|U�KÕ]�YHULOHUL

ùHNLO����¶GD�� VHQDU\R��� VRQXFX�HOGH�HGLOHQ� VHQV|U�KÕ]�|Oo�P�KDWDODUÕQÕQ�(5706�KDWD�

EDQGÕQD� J|UH� GXUXPODUÕ� J|VWHULOPLúWLU�� 7HNHU� VHQV|U�� KÕ]� KDWDVÕ� GÕúÕQGD� KDWDODUÕQ� KDWD�

EDQGÕQÕQ�LoLQGH�NDOGÕ÷Õ�J|]OHQPLúWLU��7HNHU�VHQV|U�KÕ]�KDWDVÕQÕQ�LVH�DQOÕN�RODUDN�EDQGÕQ�

GÕúÕQD�oÕNWÕ÷Õ�J|U�OP�úW�U�
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G�ú�N�ROGX÷X�LoLQ�|Oo�P�VRQXoODUÕ�UHIHUDQVD�\DNÕQ�oÕNPÕúWÕU�

ùHNLO�����6HQDU\R �¶H�J|UH�VHQV|UOHULQ�PHVDIH�|Oo�POHUL

� �� �� �� �� ��� ��� ��� ��� ���

]DPDQ�V�

��

�

�

K
Õ]
�P

�V
�

*HUoHN�KÕ]�WHNHU�VHQV|U�KÕ]Õ

WHNHU�VHQV|U�KDWDVÕ
KDWD�EDQGÕ��

� �� �� �� �� ��� ��� ��� ��� ���

]DPDQ�V�

��

�

�

K
Õ]
�P

�V
�

*HUoHN�KÕ]�GRSOHU�VHQV|U�KÕ]Õ
GRSOHU�VHQV|U�KDWDVÕ
�KDWD�EDQGÕ��

� �� �� �� �� ��� ��� ��� ��� ���

]DPDQ�V�

��

�

�

K
Õ]
�P

�V
�

*HUoHN�KÕ]�*36�VHQV|U�KÕ]Õ
*36�VHQV|U�KDWDVÕ
�KDWD�EDQGÕ��

� �� �� �� �� ��� ��� ��� ��� ���

]DPDQ�V�

�

���

����

����

N
R
Q
X
P
�P

�

*HUoHN�NRQXP�YH�WHNHU�VHQV|U�PHVDIH�|Oo�P�
JHUoHN�NRQXP
WHNHU�VHQV|U�NRQXPX

� �� �� �� �� ��� ��� ��� ��� ���

]DPDQ�V�

�

���

����

����

N
R
Q
X
P
�P

�

*HUoHN�NRQXP�YH�GRSOHU�VHQV|U�PHVDIH�|Oo�P�
JHUoHN�NRQXP
GRSOHU�VHQV|U�NRQXPX

� �� �� �� �� ��� ��� ��� ��� ���

]DPDQ�V�

�

���

����

����

N
R
Q
X
P
�P

�

*HUoHN�NRQXP�YH�*36�VHQV|U�PHVDIH�|Oo�P�

JHUoHN�NRQXP
*36�VHQV|U�NRQXPX



��

ùHNLO����¶GH VHQV|U�PHVDIH�|Oo�P�KDWDODUÕQÕQ�(5706�PHVDIH�KDWD�EDQGÕ���YH�(5706�

PHVDIH KDWD�EDQGÕ��¶\H�J|UH�GXUXPODUÕ�J|VWHULOPLúWLU��%XUDGDQ�GD�DQODúÕODFD÷Õ�JLEL�PHVDIH�

|Oo�P�KDWDODUÕ�KDWD�EDQWODUÕQÕQ LoLQGH�NDOPÕúWÕU��+Õ]�|Oo�P�KDWDVÕQGDQ�IDUNOÕ�RODUDN�WHNHU�

VHQV|U���]HULQGHQ�HOGH�HGLOHQ�PHVDIH�|Oo�P�QGH�ND\PD�KDWDVÕ�HWNLOL�ROPDPÕúWÕU��%XQXQ�

QHGHQL� LVH� ND\PD� KDWDODUÕQÕQ� KÕ]� �]HULQGHQ� J|VWHUGL÷L� DQOÕN� HWNLQLQ� PHVDIH� |Oo�P��

�]HULQGH�|QHPOL�ELU�KDWD\D�QHGHQ�ROPDPÕúWÕU�

ùHNLO������6HQDU\R��¶H�J|UH�HOGH�HGLOHQ�VHQV|U�PHVDIH�|Oo�P�KDWDODUÕ�YH�(5706�KDWD�EDQWODUÕ

������ 6HQDU\R��¶\H�*|UH�6HQV|UOHULQ�.DUúÕODúWÕUÕOPDVÕ

ùHNLO����¶GD VHQDU\R���LoLQ�HOGH�HGLOHQ�VHQV|U�KÕ]�|Oo�P�VRQXoODUÕ�J|VWHULOPLúWLU��6HQV|U�

KÕ]� |Oo�P� VRQXoODUÕQÕQ� VHQDU\R� �¶H� J|UH� GDKD� oRN� UHIHUDQV� YHULGHQ� X]DNODúWÕ÷Õ�

J|U�OP�úW�U�� *36� YHULVL� �]HULQGH� W�QHOGHQ� GROD\Õ� \DúDQDQ� YHUL� ND\EÕ� GD� DúD÷ÕGD�

J|U�OPHNWHGLU��9HUL�ND\EÕ�RODUDN�J|VWHULOHQ�E|OJHGH�VHQV|U��]HULQGHQ�\DQOÕú�YH\D�GR÷UX�

YHUL�DOÕQPDPDNWDGÕU� *|VWHULP� YHUL�ND\EÕQÕ�LIDGH�HWPHNWHGLU�
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\H�J|UH�HOGH�HGLOHQ�VHQV|U�KÕ]�|Oo�POHUL

ùHNLO� ����¶GD VHQV|U� KÕ]� |Oo�P� KDWDODUÕQÕQ� (5706 KÕ]� KDWD� EDQGÕQD� J|UH� GXUXPX�

J|VWHULOPLúWLU��%X� úHNLOH EDNÕOGÕ÷ÕQGD�'RSSOHU� |Oo�P�Q�Q VHQDU\R� �¶GH� GH� KDWD� EDQGÕ�

LoHULVLQGH� NDOGÕ÷Õ� J|U�OPHNWHGLU .D\PD� GXUXPODUÕQGDQ� GROD\Õ� WHNHU� VHQV|U� KÕ]� |Oo�P�

VRQXFX�ED]Õ�QRNWDODUGD�KDWD�EDQGÕ�GÕúÕQD�oÕNPÕúWÕU��*36�KÕ] |Oo�P��LVH�W�QHO�GXUXPXQGDQ�

HWNLOHQPLúWLU� *36�VHQV|U���W�QHO JLEL�E|OJHOHUGH�oÕNÕú�YHUPHPHNWHGLU��$úD÷ÕGDNL�LúDUHWOL�

E|OJH�J|VWHULP�LoLQGLU��%X�E|OJH�GÕúÕQGD�*36��]HULQGHQ�HOGH�HGLOHQ�KÕ]�|Oo�P�KDWDVÕQÕQ�

KDWD�EDQGÕQGDQ�oÕNPDGÕ÷Õ�J|U�OP�úW�U�

ùHNLO�������6HQDU\R���LoLQ�HOGH�HGLOHQ�KÕ]�VHQV|U�KDWDODUÕ�YH�(5706�KDWD�EDQGÕ
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ùHNLO�����¶GH�VHQV|UOHULQ�PHVDIH�|Oo�POHUL�J|VWHULOPLúWLU��*36�KÕ]�YHULVLQGH�ROGX÷X�JLEL�

PHVDIH� |Oo�P YHULVL� �]HULQGH GH W�QHO� JHoLúL� J|VWHULOPLúWLU��%X� E|OJHGH�*36¶WHQ� YHUL�

DOÕQPDPDNWDGÕU�

ùHNLO������6HQDU\R���LoLQ�PHVDIH |Oo�POHUL

ùHNLO� ����¶GH VHQV|UOHULQ� PHVDIH� |Oo�P� KDWDODUÕQÕQ� KDWD� EDQWODUÕQD� J|UH� GXUXPX�

J|VWHULOPLúWLU��%X�úHNLO��]HULQGHQ�EDNÕOGÕ÷ÕQGD�VHQDU\R��¶GHQ�IDUNOÕ�RODUDN�WHNHU�VHQV|U��

PHVDIH�|Oo�P�Q�Q�WHNHU�VHQV|U�KDWDVÕQGDQ�HWNLOHQGL÷L�J|U�OP�úW�U��%X�GXUXPXQ�QHGHQL��

VHQDU\R��¶GH�EHOLUOHQHQ� WHNHU� oDS�KDWDVÕGÕU��7HNHU� oDS�KDWDVÕ�� ND\PD�KDWDVÕQGDQ� IDUNOÕ�

RODUDN�DQOÕN�ELU�KDWD�GH÷LOGLU��gOo�P�ER\XQFD�ELULNHUHN�PHVDIH�|Oo�P�KDWDVÕQD�QHGHQ�

ROPDNWDGÕU��'RSSOHU�PHVDIH�KDWDVÕ�EX�VHQDU\RGD�GD�KDWD�EDQWODUÕQÕQ�LoLQGH�NDOPÕúWÕU��*36�

VHQV|U��LVH�YHUL�ND\EÕ�GÕúÕQGD�KDWD�EDQWODUÕ�LoLQGH�NDOPÕúWÕU��%X�GXUXP�*36�VHQV|U�Q�Q

W�QHO� LoLQGH� VLQ\DO� ND\EHWPHVLQGHQ� GROD\Õ� ROXúPDNWDGÕU�� *36�� YHUL� ND\EÕ� ROPD\DQ

E|OJHOHUGH�G�ú�N�|Oo�P�KDWDVÕQD�VDKLS�ELU�VHQV|UG�U�
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ùHNLO�������6HQDU\R���LoLQ�VHQV|UOHULQ�PHVDIH�|Oo�P�KDWDODUÕ�YH�(5706�KDWD�EDQWODUÕ

������ 6HQDU\R��¶H�*|UH�6HQV|UOHULQ�.DUúÕODúWÕUÕOPDVÕ

6HQDU\R��¶WH LON�LNL�VHQDU\RGDQ�IDUNOÕ�RODUDN�YHUL�N�PHVL ��UHIHUDQV�RODUDN�NXOODQÕOPÕúWÕU��

9HUL�N�PHVL ���YHUL�N�PHVL �¶\H�J|UH�GDKD�\�NVHN�KÕ]�ELOJLOHULQL�LoHUPHNWHGLU��$\UÕFD�KÕ]�

YHULOHUL�GDKD�\�NVHN�ROGX÷X�LoLQ�NXOODQÕODQ�ND\PD�KDWDVÕ�GD�GDKD�\�NVHN�KÕ]�KDWDODUÕQD�

QHGHQ� ROPXúWXU�� 6HQDU\R� �¶GH� WDQÕPODQDQ� W�QHO� GXUXPX� EX� VHQDU\RGD�

GH÷HUOHQGLULOPHPLúWLU�

ùHNLO�����¶WH� VHQDU\R�� VRQXFX�HOGH�HGLOHQ� VHQV|U�KÕ]�|Oo�P�VRQXoODUÕ� YHULOPLúWLU��%X�

VHQDU\RGDNL�WHNHU�VHQV|U�YH�'RSSOHU�UDGDU�KDWD�\�]GHVL�VHQDU\R��¶GHQ�IDUNOÕ�ROPDPDVÕQD�

UD÷PHQ�KDWDQÕQ�GDKD�E�\�N�ROGX÷X�J|]OHQPLúWLU��%X�GXUXP�WHNHU�VHQV|U�YH�'RSSOHU�UDGDU�

KDWDODUÕQÕQ� |Oo�P� KÕ]ÕQD� ED÷OÕ� ROPDVÕQGDQ� ND\QDNODQPDNWDGÕU�� gWH� \DQGDQ� *36� KÕ]�

YHULVLQLQ� LVH� UHIHUDQV� KÕ]GDQ� oRN� X]DNODúPDGÕ÷Õ� YH� \�NVHN� KÕ]GDQ� HWNLOHQPHGL÷L�

J|U�OP�úW�U�
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7HNHU�VHQV|U��]HULQGHQ�HOGH�HGLOHQ�KÕ]�KDWDVÕQÕQ�KDWD�EDQGÕ�VÕQÕUÕQGD�ROGX÷X�YH�ND\PD�

GXUXPODUÕ� VÕUDVÕQGD� KDWD� EDQGÕQÕ� JHoWL÷L� J|]OHQPLúWLU�� 'RSSOHU� UDGDU� KÕ]� KDWDVÕ� LVH�

]DPDQOD�KDWD�EDQGÕQÕ�DúPD�VHYL\HVLQH�JHOPLúWLU��%HNOHQGL÷L�JLEL�*36 KÕ]�KDWDVÕ�|Oo�P�
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ùHNLO� ����¶WH� VHQDU\R � LoLQ� VHQV|UOHULQ� \DSPÕú� ROGX÷X�PHVDIH� |Oo�POHUL� YHULOPLúWLU��

gOo�OHQ� PHVDIH� X]XQ� ROGX÷X� LoLQ� KDWDODU� EX� úHNLO� �]HULQGHQ QHW� ELU� úHNLOGH

J|]OHQHPHPHNWHGLU�

ùHNLO�������6HQDU\R���LoLQ�HOGH�HGLOHQ�VHQV|UOHULQ�PHVDIH�|Oo�POHUL

ùHNLO�����¶GD LVH�PHVDIH�|Oo�P�KDWDODUÕQÕQ�(5706�PHVDIH�KDWD�EDQGÕ���YH�KDWD�EDQGÕ�

�¶\H�J|UH�GXUXPODUÕ�J|VWHULOPLúWLU���%X�úHNLO�KÕ]�|Oo�P�VRQXoODUÕQÕ�GR÷UXODU�QLWHOLNWHGLU��

%HNOHQGL÷L�JLEL�WHNHU�VHQV|U�YHULVL�KDWD�EDQGÕ��¶QLQ�VÕQÕUÕQGD�|Oo�P�VRQXoODUÕ�YHUPLúWLU��

'RSSOHU�UDGDU�LVH�KDWD�EDQGÕQÕQ�GDU�ROGX÷X�IDNDW�DUDo�KÕ]ÕQÕQ�\�NVHN�ROGX÷X�E|OJHGH�KDWD�

EDQGÕ� VÕQÕUÕQGD� VRQXoODU� YHUPLúWLU�� *36� YHULVL� GH� EHNOHQGL÷L� JLEL� |Oo�P� KÕ]ÕQGDQ�

HWNLOHQPHPLúWLU�
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*HUoHN�PHVDIH�YH�GRSOHU�VHQV|U�PHVDIH
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GRSOHU�VHQV|U�PHVDIH
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ùHNLO������� 6HQDU\R� �� VRQXFX� HOGH� HGLOHQ� VHQV|UOHULQ�PHVDIH� |Oo�P� KDWDODUÕ� YH�(5706�KDWD�

EDQWODUÕ

���� (úLW�$÷ÕUOÕNOÕ�7RSODPD�'D\DOÕ�)�]\RQ�0RGHOL

(úLW� D÷ÕUOÕNOÕ� WRSODPD� GD\DOÕ� I�]\RQ� ELOLQHQ� HQ� WHPHO ELUOHúWLUPH� \|QWHPLGLU�� %X�

\|QWHPGH� ELUGHQ� ID]OD� VHQV|UGHQ� DOÕQDQ� YHULOHU� WRSODQÕS� VHQV|U� VD\ÕVÕQD� E|O�QHUHN�

RUWDODPD�VRQXo�HOGH�HGLOPHNWHGLU� (úLWOLN ������ HúLW�D÷ÕUOÕNOÕ�WRSODPD�GD\DOÕ�I�]\RQ�LoLQ�

NXOODQÕODQ�KÕ]�HúLWOL÷LQL J|VWHUPHNWHGLU��%X�HúLWOLN��HúLWOLN ���� �]HULQGHQ�HúLWOLN ����¶WH

YHULOHQ�3�PDWULVL�NXOODQÕODUDN�KHVDSODQPÕúWÕU��%X�HúLWOLNWH \HU�DODQ�SD\GD�NXOODQÕODQ�VHQV|U�

VD\ÕVÕQÕ�LIDGH�HWPHNWHGLU� %X�\|QWHP��VHQV|U�KDWDODUÕ�ELUELULQGHQ�IDUNOÕ�]DPDQODUGD�RUWD\D�

oÕNDQ� VHQV|UOHUGH� NXOODQÕOGÕ÷ÕQGD� VHQV|U� KDWDVÕQÕQ� oRN� E�\�PHPHVLQH� RODQDN�

VD÷ODPDNWDGÕU� 7HNHU� VHQV|U��� 'RSSOHU UDGDU� YH� *36� VHQV|UOHUL� G�ú�Q�OG�÷�QGH��

VHQV|UOHULQ�IDUNOÕ�NDUDNWHULVWLNOHULQGHQ YH�ELUELULQGHQ�ED÷ÕPVÕ]�ROPDODUÕQGDQ GROD\Õ�EX

\|QWHP�UHDOL]DV\RQX�EDVLW�YH�HWNLOL�ELU�VHQV|U�ELUOHúWLUPH�\|QWHPLGLU�
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6HQDU\R��

6HQDU\R� �� LoLQ� HOGH� HGLOHQ� VHQV|U� |Oo�P VRQXoODUÕ� NDUúÕODúWÕUPDOÕ� RODUDN �����¶GH�

J|VWHULOPLúWLU��%X�VHQDU\R\D J|UH�HOGH�HGLOHQ�I�]\RQ���VRQXoODUÕ�LVH�DúD÷ÕGD�J|VWHULOPLúWLU��

6HQDU\R��¶GH�KDWD�\�]GHOHUL� ID]OD ROPDGÕ÷Õ� LoLQ�HOGH�HGLOHQ�I�]\RQ�VRQXFX�ED]Õ�VHQV|U�

YHULOHULQH NÕ\DVOD GDKD�N|W��oÕNPÕúWÕU��ùHNLO�����¶GH I�]\RQ���\|QWHPL�VRQXFXQGD�HOGH�

HGLOHQ�KÕ] YHULVLQLQ�UHIHUDQV�KÕ]D�J|UH�GXUXPX�J|VWHULOPLúWLU��ùHNLOGHQ GH�DQODúÕODFD÷Õ�JLEL�

I�]\RQ� VRQXFX� HQ� oRN ND\PD� GXUXPXQGDQ� HWNLOHQPLú�� EX� GXUXP� GÕúÕQGD� UHIHUDQV� KÕ]�

ELOJLVLQL�WDNLS�HWPLúWLU�

ùHNLO�������6HQDU\R���LoLQ�I�]\RQ���YH�UHIHUDQV�KÕ]

ùHNLO�����¶GH� I�]\RQ���VRQXFXQGD�HOGH�HGLOHQ�PHVDIH�|Oo�P��J|VWHULOPLúWLU��%X�|Oo�P�

VRQXFXQD�EDNÕOGÕ÷ÕQGD�PHVDIH�|Oo�P�Q�Q��]HULQGH�KÕ]GDNL�ND\PD�GXUXPXQXQ�HWNLVLQLQ�

\RN�GHQHFHN�NDGDU�D]�ROGX÷X�J|U�OPHNWHGLU��
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ùHNLO�������)�]\RQ���LOH�HOGH�HGLOHQ�PHVDIH�|Oo�P��YH�UHIHUDQV PHVDIH

*LGLOHQ� PHVDIH� X]XQ� ROGX÷X� LoLQ� VHQV|U� |Oo�POHULQGHNL� KDWDODU� EX� |Oo�POHUGH� L\L�

J|]OHQHPHPHNWHGLU��%X�\�]GHQ�|Oo�P�KDWDODUÕQÕQ�(5706�KDWD�EDQWODUÕQD J|UH�GXUXPODUÕ

DúD÷ÕGD�YHULOPLúWLU�

ùHNLO�����¶GD I�]\RQ ��VRQXFX�HOGH�HGLOHQ�KÕ]�YHULVLQGHNL�|Oo�P�KDWDVÕQÕQ�(5706�KÕ]�

KDWD� EDQGÕ� �¶H� J|UH� GXUXPX� J|VWHULOPLúWLU�� 6HQDU\R� �� úDUWODUÕ� ]RUOD\ÕFÕ� ROPDPDVÕQD�

UD÷PHQ�I�]\RQ�VRQXFX�HOGH�HGLOHQ�KÕ]ÕQ�KDWD�EDQGÕ�GÕúÕQD oÕNWÕ÷Õ�J|U�OP�úW�U��7HNHU�KÕ]�

VHQV|U� �23*��|Oo�P��LOH�NÕ\DVODQGÕ÷ÕQGD LVH ND\PD�GXUXPXQXQ�HWNLVLQLQ I�]\RQ��¶GH

D]DOGÕ÷Õ�J|U�OP�úW�U��%X�GXUXP�EHNOHQHQ�ELU�GXUXPGXU��d�QN��I�]\RQ���VRQXFXQGD KHU�

VHQV|U� HúLW� D÷ÕUOÕNOÕ� ELU� úHNLOGH� VRQXFD�HWNL� HWPLúWLU� YH� GL÷HU� VHQV|UOHUGH� ND\PD�KDWDVÕ�

J|U�OPHGL÷L�LoLQ�I�]\RQ���VRQXFXQGD EX�KDWDQÕQ�HWNLVL�D]DOPÕúWÕU�

ùHNLO�������6HQDU\R��
H�J|UH�I�]\RQ���KÕ]�KDWDVÕ�YH�(5706�KDWD�EDQGÕ
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ùHNLO�����¶GH�LVH�I�]\RQ�VRQXFX�HOGH�HGLOHQ�PHVDIH�KDWDVÕQÕQ�(5706�PHVDIH KDWD EDQGÕ

��YH�KDWD EDQGÕ �¶\H�J|UH�GXUXPX�J|VWHULOPLúWLU��)�]\RQ�PHVDIH�|Oo�P KDWDVÕQÕQ�LNL�KDWD�

EDQGÕQÕQ�GD�LoLQGH�NDOGÕ÷Õ�J|U�OP�úW�U��%X�GXUXP�EHNOHQHQ�ELU�GXUXPGXU��o�QN��I�]\RQ�

KÕ]Õ�DQOÕN�RODUDN�WHNHU�ND\PD�GXUXPXQGDQ�HWNLOHQVH ELOH EX�GXUXP PHVDIH�|Oo�P�YHULVL�

�]HULQGH�KÕ]�|Oo�P�QH�NÕ\DVOD�N�o�N�ELU�HWNL\H�QHGHQ�ROPXúWXU�

ùHNLO�������6HQDU\R��
H�J|UH�I�]\RQ���PHVDIH�KDWDVÕ�YH�(5706�KDWD�EDQWODUÕ

7DEOR� ���¶WH VHQV|U� YH� I�]\RQ� |Oo�POHULQLQ� UHIHUDQV� YHUL\H� J|UH� VWDQGDUW� VDSPD�

YHULOHULQLQ�NDUúÕODúWÕUÕOPDVÕ YHULOPLúWLU��%X�YHULOHUGH�HúLW�D÷ÕUOÕNOÕ�WRSODPD�GD\DOÕ�I�]\RQXQ�

KDWD\Õ� D]DOWWÕ÷Õ� DQFDN� HQ� L\L� |Oo�P� YHUHQ� VHQV|UH� RUDQOD� GDKD� N|W�� VRQXo� YHUGL÷L�

J|]OHQPLúWLU� 7DEOR� ���¶WH� YHULOHQ� VWDQGDUW� VDSPD� GH÷HUOHULQLQ \XNDUÕGDNL� VRQXoODUOD�

X\XPOX�ROGX÷X�J|U�OP�úW�U��

7DEOR������6HQDU\R���LoLQ�HOGH�HGLOHQ�VHQV|U�YH�I�]\RQ���VWDQGDUW�VDSPD�GH÷HUOHUL

7HNHU�VHQV|U� 'RSSOHU UDGDU *36 )�]\RQ��
+Õ]�VWDQGDUW�VDSPD �P�V� ���� ���� ���� �� ���

6HQDU\R��

6HQDU\R����6HQDU\R��¶H�J|UH�KDWD�RUDQODUÕQÕQ�GDKD�\�NVHN�ROGX÷X�GXUXPODUÕ�LoHUPHNWHGLU��

$\UÕFD�6HQDU\R��¶GHQ�IDUNOÕ�RODUDN�W�QHO�GXUXPX�GD�GH÷HUOHQGLULOPLúWLU�

ùHNLO�����¶GH 6HQDU\R��� LoLQ�HOGH�HGLOHQ�I�]\RQ���KÕ]�YHULVL�J|VWHULOPLúWLU��%X�úHNLOGH�

I�]\RQ ��KÕ]�YHULVLQLQ�UHIHUDQV�YHULGHQ�oRN�X]DNODúPDGÕ÷Õ�J|U�OP�úW�U��$QFDN�VHQDU\R�

�¶H�J|UH�KDWDQÕQ�DUWWÕ÷Õ�J|]OHQPLúWLU
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ùHNLO�������6HQDU\R���LoLQ�I�]\RQ���KÕ]�|Oo�P�

ùHNLO�����¶GH�I�]\RQ���KÕ]�KDWDVÕQÕQ�(5706�KÕ]�KDWD�EDQGÕQD�J|UH�GXUXPX�J|VWHULOPLúWLU��

6HQDU\R��¶GHQ�IDUNOÕ�RODUDN�EXUDGDNL�KDWDODUÕQ�GDKD�ID]OD�ROGX÷X�J|U�OP�úW�U��6HQDU\R�

�¶H�EHQ]HU�úHNLOGH� ND\PD�GXUXPODUÕQGD�KDWD�EDQGÕ�GÕúÕQD�oÕNPDODU�PH\GDQD�JHOPLúWLU��

6HQDU\R� �¶GH� \HU� DODQ� W�QHO� E|OJHVL� VÕUDVÕQGD� \DúDQDQ� *36� VLQ\DOL� VÕUDVÕQGD� I�]\RQ�

IRUP�O��HúLWOLN ����¶WH�YHULOGL÷L�úHNOLQH�G|Q�úP�úW�U��
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ùHNLO�������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���KÕ]�KDWDVÕ�YH�(5706�KDWD�EDQGÕ

ùHNLO�����¶WH�VHQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���PHVDIH�|Oo�P��YH�UHIHUDQV�PHVDIH�ELOJLVL�

J|VWHULOPLúWLU�

ùHNLO�������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���PHVDIH�|Oo�P�

ùHNLO�����¶WH I�]\RQ���PHVDIH�KDWDVÕQÕQ�(5706�PHVDIH�KDWD�EDQGÕ���YH�KDWD�EDQGÕ��¶\H�

J|UH� GXUXPX� J|VWHULOPLúWLU�� %XUDGDQ� GD� DQODúÕODFD÷Õ� JLEL� I�]\RQ� �� VRQXFX� KDWD� EDQGÕ�

LoHULVLQGH�NDOPÕúWÕU��$QFDN�HOGH�HGLOHQ�VRQXo�VHQDU\R��¶H�NÕ\DVOD�GDKD�N|W��oÕNPÕúWÕU�
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ùHNLO�������6HQDU\R�� LoLQ�HOGH�HGLOHQ�I�]\RQ���PHVDIH�|Oo�P�KDWDVÕ�YH�(5706�KDWD�EDQWODUÕ

7DEOR� ���¶GD 6HQDU\R� �¶\H� J|UH� \DSÕODQ� EHQ]HWLP VRQXoODUÕQGDQ� HOGH� HGLOHQ� VWDQGDUW�

VDSPD� YHULOHUL� \HU� DOPDNWDGÕU�� %X� YHULOHU� JUDILNOHU� �]HULQGHQ� J|]OHQHQ� VRQXFX�

GHVWHNOHPHNWHGLU�� 6HQDU\R� �¶H� RUDQOD� HOGH� HGLOHQ� VWDQGDUW� VDSPD YHULOHULQGH� E�\�PH�

PH\GDQD�JHOPLúWLU��6HQDU\R��¶GH�*36��]HULQGHQ�YHUL�ND\EÕ�\DUDWÕOPÕúWÕU��DQFDN�VHQV|U�

I�]\RQ�VÕUDVÕQGD�*36��]HULQGHQ�YHUL�JHOPHGL÷L�LoLQ�I�]\RQ�GL÷HU�VHQV|UOHUOH�\DSÕOPÕúWÕU��

%X� GXUXP� GD� I�]\RQ� �� VRQXFXQXQ� YHUL� ND\EÕQGDQ� HWNLOHQPHVLQL� |QOHPLúWLU�� *36�

HULúLOHELOLUOLN� SUREOHPL�PH\GDQD� JHOPHVLQH� UD÷PHQ� I�]\RQ� WHNQL÷L� EX� GXUXPGDQ� N|W��

HWNLOHQPHPLúWLU�� %X� GXUXP� I�]\RQ� \|QWHPOHULQLQ� HULúLOHELOLUOL÷L� DUWWÕUGÕ÷ÕQÕ�

J|VWHUPHNWHGLU�

7DEOR������6HQDU\R���LoLQ�HOGH�HGLOHQ�VHQV|U�YH�I�]\RQ���VWDQGDUW�VDSPD�GH÷HUOHUL

7HNHU�
VHQV|U�

'RSSOHU
UDGDU

*36 )�]\RQ��

+Õ]� VWDQGDUW�
VDSPD�P�V�

���� ���� ���� ����

6HQDU\R��

%X�VHQDU\RGD�UHIHUDQV�RODUDN�YHUL�N�PHVL ��NXOODQÕOPÕúWÕU��$PDo��|Oo�P�KÕ]ÕQÕQ�I�]\RQ�

���]HULQH�HWNLVLQL�J|]OHPOHPHNWLU�

ùHNLO�����¶WH�I�]\RQ���LoLQ�HOGH�HGLOHQ�KÕ]�|Oo�P�YHULVL�J|VWHULOPLúWLU��7HNHU�VHQV|U��YH�

'RSSOHU� UDGDU� KÕ]Õ� |Oo�P� KÕ]ÕQGDQ� HWNLOHQGL÷L� LoLQ� I�]\RQ� �� VRQXFX� HOGH� HGLOHQ� KÕ]�

|Oo�P�Q�Q�GH�|Oo�P�KÕ]ÕQGDQ�HWNLOHQGL÷L�J|U�OP�úW�U�
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ùHNLO�������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���KÕ]�|Oo�P�

ùHNLO�����¶GD I�]\RQ���KÕ]�KDWDVÕQÕQ�(5706�KÕ]�KDWD�EDQGÕQD�J|UH�GXUXPX�J|VWHULOPLúWLU��

)�]\RQ� �� KÕ]� KDWDVÕ� ND\PD� GXUXPODUÕQGD� DQOÕN� RODUDN� KDWD� EDQGÕQÕQ� GÕúÕQD� oÕNPÕúWÕU��

EXQXQ�GÕúÕQGD�LVH�KDWD�EDQGÕQÕQ LoLQGH�NDOPÕúWÕU��+Õ]�KDWDVÕ�VHQDU\R��¶WH GL÷HU�VHQDU\RODUD�

J|UH�DUWPÕú�ROVD�GD�ND\PD�GXUXPODUÕ�GÕúÕQGD�KDWD�EDQGÕ�LoLQGH�NDOPÕúWÕU��%XQXQ�QHGHQL�

LVH�KDWD�EDQWODUÕQÕQ�DUDo�KÕ]ÕQD�ED÷OÕ�úHNLOGH�GH÷LúPHVLGLU�
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ùHNLO������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���KÕ]�KDWDVÕ�YH�(5706�KDWD�EDQGÕ

ùHNLO�����¶GH VHQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���PHVDIH�|Oo�P�YHULVL�J|VWHULOPLúWLU�

ùHNLO�������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���PHVDIH�|Oo�P�
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ùHNLO�����¶GH I�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�|Oo�P�KDWDVÕQÕQ�(5706�PHVDIH�KDWD�

EDQGÕ ��YH�KDWD�EDQGÕ��¶\H�J|UH�GXUXPX�J|VWHULOPLúWLU��6HQV|U�YHULOHULQGHQ�IDUNOÕ�RODUDN�

I�]\RQ���VRQXFX�KDWD�EDQGÕ�LoHULVLQGH�NDOPÕúWÕU�

ùHNLO�������)�]\RQ���PHVDIH�|Oo�P�KDWDVÕQÕQ�(5706�KDWD�EDQWODUÕQD�J|UH�GXUXPX

7DEOR� ���¶GH� VHQDU\R� �� LoLQ� HOGH� HGLOHQ� KÕ]� VWDQGDUW� VDSPD� YHULOHUL� J|VWHULOPLúWLU��%X�

YHULOHUH�EDNÕOGÕ÷ÕQGD�GL÷HU�VHQDU\RODUGDQ IDUNOÕ�RODUDN�HQ�L\L�VRQXFXQ�*36�YHULVLQH�DLW�

ROGX÷X�J|]OHQPLúWLU��7HNHU�VHQV|U�|Oo�P��YH�'RSSOHU�UDGDU� |Oo�P KÕ]ÕQGDQ HWNLOHQGL÷L�

LoLQ�VWDQGDUW�VDSPD�GH÷HUOHULQGH�GH�E�\�PH�PH\GDQD�JHOPLúWLU��)�]\RQ���VRQXFX� WHNHU�

VHQV|U� YH�'RSSOHU�UDGDU KÕ]�|Oo�P�QGHQ GDKD�L\L�VRQXo�YHULUNHQ�*36¶WHQ�GDKD�N|W��ELU�

VRQXo�YHUPLúWLU�

7DEOR������6HQDU\R���LoLQ�KÕ]�KDWDVÕ�VWDQGDUW�VDSPD�GH÷HUOHUL

7HNHU�
VHQV|U�

'RSSOHU
UDGDU

*36 )�]\RQ��

+Õ]� VWDQGDUW�
VDSPD�P�V�
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���� 6HQV|U�.DUDNWHULVWL÷LQH�*|UH�6DELW�$÷ÕUOÕNODQGÕUÕOPÕú�)�]\RQ�

6HQV|UOHULQ� NDUDNWHULVWLNOHUL� ELUELULQGHQ� IDUNOÕOÕN� J|VWHUPHNWHGLU�� %X� IDUNODU� VHQV|U�Q�

NDUDNWHULVWL÷LQGHQ� YH� |Oo�OPHVL� J�o� oHYUH� IDNW|UOHUGHQ� PH\GDQD� JHOPHNWHGLU��

3HUIRUPDQVÕ�\�NVHN�RODQ�ELU�VHQV|U�Q�WHN�EDúÕQD�NXOODQÕOPDVÕ�HULúLOHELOLUOLN�YH�\HGHNOLOLN�

DoÕVÕQGDQ X\JXQ�GH÷LOGLU��%XQX�VD÷OD\DELOPHN�LoLQ� I�]\RQ��¶GH��o�VHQV|U�NXOODQÕODUDN�

GDKD� HULúLOHELOLU� ELU� VRQXo� HOGH� HWPHN� KHGHIOHQPLúWLU�� $QFDN� NXOODQÕODQ� VHQV|UOHULQ�

SHUIRUPDQVODUÕQD� EDNÕOPDNVÕ]ÕQ� HúLW� D÷ÕUOÕNODQGÕUPD LOH� ELUOHúWLULOPHVL HOGH� HGLOHQ�

VRQXFXQ�NXOODQÕODQ� L\L�SHUIRUPDQVOÕ� VHQV|UGHQ�X]DNODúPDVÕQD�QHGHQ�ROPXúWXU��)�]\RQ�

�¶GH�� I�]\RQ��¶GHQ� IDUNOÕ� RODUDN NXOODQÕODQ� NDWVD\ÕODUÕQ� EHOLUOHQPHVLQGH� JHUoHN� VHQV|U�

NDUDNWHULVWLNOHULQLQ� HWNLVL� J|]� |Q�QGH� EXOXQGXUXOPXúWXU�� %X� DPDoOD� NDWVD\ÕODU� VHQV|U�

NDUDNWHULVWLNOHUL LQFHOHQHUHN�EHOLUOHQPLúWLU��

%|O�P��¶GH�I�]\RQGD�NXOODQÕODFDN�VHQV|UOHU�GHWD\OÕ�úHNLOGH�LQFHOHQPLúWLU��%X�E|O�PGH�

NXOODQÕODQ� VHQV|U� KDWD� PRGHOOHUL� I�]\RQ� �� LoLQ� NXOODQÕODFDN VHQV|U NDWVD\ÕODUÕQ�

EHOLUOHQPHVLQGH NXOODQÕOPÕúWÕU�

6HQV|U�KDWDODUÕ VLVWHPDWLN�KDWDODUÕ YH�UDVWJHOH�KDWDODUÕ�LoHUPHNWHGLU��5DVWJHOH�KDWDODU�³�´�

RUWDODPDOÕ�EH\D]�J�U�OW��RODUDN�PRGHOOHQPLúWLU� %H\D]�J�U�OW��RODUDN�WDQÕPODQDQ UDVWJHOH

KDWDODU� VLVWHPDWLN� KDWDODUÕQ� \DQÕQGD� N�o�N� NDOPDNWDGÕU�� 6HQV|U� ILUPDODUÕ�� VLVWHPDWLN�

KDWDODUÕQÕ�YH�UDVWJHOH�KDWDODUÕ \DSWÕNODUÕ� WHVWOHUOH�EHOLUOHPHNWH�YH�ELU�KDWD�DUDOÕ÷Õ�ELOJLVL�

SD\ODúPDNWDGÕU�� dHYUH� NRúXOODUÕ� LVH� EX� KDWDODU JLEL� NROD\� WDQÕPODQDPDPDNWDGÕU��

.Õ]DNODPD�YH�SDWLQDM�GXUXPODUÕ��KDYD�NRúXOODUÕ�VRQXFX�VHQV|U�|Oo�P�Q�Q�ER]XOPDVÕ YH�

YHULOHULQ� HULúLOHELOLUOL÷LQLQ� ND\EROPDVÕ� VLVWHPDWLN� KDWD� úHNOLQGH� WDQÕPODQDPDPDNWDGÕU�

%|O�P��¶GH�VHQV|U�NDWDORJODUÕ��]HULQGHQ�HOGH�HGLOHQ�VLVWHPDWLN�KDWDODU�YH�HQ�oRN�\DúDQDQ�

oHYUHVHO�HWNLOHUH�GD\DOÕ |Oo�P KDWDODUÕ PRGHOOHQPLúWLU� %X�I�]\RQGD�PRGHOOHQHQ�KDWDQÕQ�

VWDQGDUW�VDSPD�ELOJLVL�I�]\RQ�NDWVD\ÕODUÕQÕQ�EHOLUOHQPHVLQGH�NXOODQÕODFDNWÕU�

+DWDQÕQ� VWDQGDUW� VDSPDVÕ�ı��� KDWDQÕQ� GD÷ÕOÕPÕ� KDNNÕQGD� ELOJL� YHUPHNWHGLU� +DWDQÕQ�

QRUPDO�GD÷ÕOÕPÕ��KDWDQÕQ�RUWDODPDVÕ�YH�KDWDQÕQ�GD÷ÕOÕPÕQÕ�LoHUPHNWHGLU� 1RUPDO�GD÷ÕOÕPD�

J|UH� േı� GD÷ÕOÕPÕQ� �����¶O�N� NÕVPÕQÕ NDSVDPDNWDGÕU�� േ�ı GH÷HUL� LVH� QRUPDO�

GD÷ÕOÕPGD������¶OLN�DODQÕ�NDSVDPDNWDGÕU >��@�
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ùHNLO�������9HUL�QRUPDO�GD÷ÕOÕPÕ >��@

6HQV|U� |Oo�P� KDWDODUÕQÕQ� VWDQGDUW� VDSPD� YHULOHUL�� VHQV|UOHULQ� NDUDNWHULVWL÷LQL�

\DQVÕWPDNWDGÕU� 6WDQGDUW� VDSPD� GH÷HUOHUL�� YHULQLQ� ROPDVÕ� JHUHNHQ� GH÷HUGHQ� QH� NDGDU�

X]DNODúWÕ÷ÕQD� GDLU� ELOJL� YHUGL÷L� LoLQ� EX� GH÷HUOHU� VHQV|U� NDWVD\ÕVÕQÕQ� D\DUODQPDVÕQGD�

ROGXNoD�HWNLOLGLU� %X�\�]GHQ�HúLW�D÷ÕUOÕNOÕ�WRSODPD�GD\DOÕ�I�]\RQGDQ�IDUNOÕ�RODUDN EXUDGD

HúLWOLN ���� NXOODQÕOPÕúWÕU��)�]\RQ���LoLQ��HúLWOLN ����¶GHNL�NDWVD\ÕODUÕQ�KHVDSODQPDVÕQGD

VHQV|U�KDWDODUÕQÕQ�VWDQGDUW�VDSPDODUÕQÕQ EHOLUOHQPHVL�JHUHNPHNWHGLU� .RQXP�ELOJLVL� LVH�

KHVDSODQDQ�KÕ]�ELOJLVL��]HULQGHQ�W�POHY LúOHPL�LOH�KHVDSODQDFDNWÕU�

x 2SWLN�GDUEH�VD\ÕFÕ�KDWDVÕ�WHNHU�oDSÕQÕQ�\DQOÕú�JLULOPHVLQGHQ�YH�ND\PD GXUXPODUÕQÕQ�

\DúDQPDVÕ�VRQXFX�PH\GDQD�JHOPHNWHGLU��.D\PD�GXUXPX�DQOÕN�RODUDN�\DúDQGÕ÷Õ�LoLQ�

QRUPDO�GD÷ÕOÕP�LOH�NDUDNWHUL]H�HGLOPHVL�X\JXQ�EXOXQPDPÕúWÕU��7HNHU�oDS�KDWDVÕ� LVH�

UD\OÕ�DUDoODU�LoLQ�WDQÕPODQDQ�OLPLWOHU�LOH�WDQÕPODQDELOLU��

<HQL�WHNHU�LOH�DúÕQPÕú�WHNHU�IDUNÕ�7DEOR����¶GH YHULOPLúWLU� 7DEOR����¶GDQ�DQODúÕODFD÷Õ�

JLEL� DúÕQPDPÕú� WHNHU� YH� DúÕQPÕú� WHNHU� DUDVÕQGD� ����¶WDQ GDKD� ID]OD� IDUND� L]LQ�

YHULOPHPHNWHGLU��%X�oDOÕúPDGD�EX�GH÷HU േΨͶ RODUDN�NDEXO�HGLOPLúWLU�

7DEOR������$UDo�WLSOHULQH�J|UH�\HQL�YH�HVNL�WHNHU�oDS�IDUNÕ >��@

$UDo�WLSL <HQL�WHNHU oDSÕ�PP� $úÕQPÕú�WHNHU oDSÕ�PP�
<�N�WUHQL ��� ���
/RNRPRWLI ���� ���
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*HUoHN�|Oo�P�GH÷HULQGH�PH\GDQD�JHOHELOHFHN PDNVLPXP േ��¶O�N�KDWD�GD÷ÕOÕPÕ�േ�ı�

KDWD�EDQGÕQD�NDUúÕOÕN JHOGL÷L�YDUVD\ÕOPÕúWÕU� %X�ELOJLOHU�NXOODQÕODUDN�RSWLN�KÕ]�VHQV|U��KÕ]�

KDWDVÕQÕQ�VWDQGDUW�VDSPDVÕ�HúLWOLN ����¶GD YHULOGL÷L�JLEL�NDEXO�HGLOPLúWLU�

ɐை௉ீ ൌ
ሺͲǤͲͶ ைܸ௉ீሻ

͵
݉Ȁݏ

����

x 'RSSOHU UDGDU�KDWDVÕ�േͳΨ µOLN�VHQV|U�KDWDVÕQGDQ�ROXúPDNWDGÕU��%X�KDWDQÕQ�\DQÕQGD�

oHYUH�NRúXOODUÕQÕQ�GH÷LúPHVL�VHQV|U�Q�KDWD\D�JLUPHVLQH�QHGHQ�RODELOHFHNWLU� .DWVD\Õ�

KHVDSODQÕUNHQ�VHQV|U�YHUL�ND\EÕ�J|]�DUGÕ�HGLOPLúWLU��%X�ELOJLOHUH�J|UH�'RSSOHU UDGDU�

KÕ]�KDWDVÕQÕQ�VWDQGDUW�VDSPDVÕ�HúLWOLN ����¶GH YHULOGL÷L�JLEL�DOÕQPÕúWÕU�

ɐ஽௢௣௣ ൌ
൫ͲǤͲͳ ௗܸ௢௣௣௟௘௥൯

͵
݉Ȁݏ

����

x *36�KDWDVÕ�E|O�P��¶GH�|Oo�P GH÷HULQGHQ ED÷ÕPVÕ]�RODUDN�\D\ÕOÕPÕ�േͲǤ͵ P�V�RODFDN�

úHNLOGH�WDQÕPODQPÕúWÕU��%X�\�]GHQ�*36�VWDQGDUW�VDSPD�GH÷HUL�LoLQ�HúLWOLN ¶GHNL�GH÷HU�

NXOODQÕOPÕúWÕU�

ɐீ௉ௌ ൌ
ͲǤͲ͵

͵
݉Ȁݏ

����

$\UÕFD� I�]\RQ� �¶GHQ� IDUNOÕ� RODUDN� I�]\RQ� �� YH� I�]\RQ� �¶WH ND\PD DOJÕOD\ÕFÕVÕ

NXOODQÕOPÕúWÕU�� %X� DOJÕOD\ÕFÕQÕQ I�]\RQ� IRUP�OHUL� �]HULQGHNL� HWNLVL� ��� E|O�P�QGH�

GHWD\ODQGÕUÕOPÕúWÕU�

6HQDU\R��

)�]\RQ� � VRQXFX� HOGH� HGLOHQ� KÕ]� YHULVLQLQ� UHIHUDQV� KÕ]D J|UH� GXUXPX� ùHNLO� ����¶GD

J|VWHULOPLúWLU�� 6HQDU\R� �¶GH� VHQV|U� |Oo�P� KDWDODUÕ� oRN� ROPDGÕ÷Õ� LoLQ� YH� ND\PD� WHVSLW�

VLVWHPL� LOH�ND\PD�GXUXPODUÕQGD� WHNHU�VHQV|U�YHULVLQLQ�HWNLVL� I�]\RQGDQ�oÕNDUÕOGÕ÷Õ� LoLQ�

I�]\RQ��¶GH�PH\GDQD�JHOHQ�KÕ]�KDWDVÕ I�]\RQ��¶GH�PH\GDQD�JHOPHPLúWLU�
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ùHNLO������ 6HQDU\R��¶H�J|UH�I�]\RQ��¶QLQ�KÕ]�|Oo�P�

$\QÕ�úHNLOGH�ùHNLO�����¶GH�I�]\RQ ��VRQXFX�KHVDSODQDQ�PHVDIH�ELOJLVLQLQ�JHUoHN�PHVDIH�

|Oo�P�QH� J|UH� GXUXPX� YHULOPLúWLU�� %X� |Oo�P� VRQXFX� GD� )�]\RQ� �¶GH� ROGX÷X� JLEL�

UHIHUDQVD�oRN�\DNÕQ�oÕNPÕúWÕU�

ùHNLO�������6HQDU\R��¶H�J|UH�VHQV|UOHULQ�YH�I�]\RQ��¶QLQ�NRQXP�|Oo�POHUL
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gOo�OHQ� )�]\RQ� �� VRQXoODUÕQGDNL� KDWDODUÕ� GDKD� L\L� J|]OH\HELOPHN� LoLQ� KDWDODUÕQ� KDWD�

EDQGÕQD�J|UH�GXUXPODUÕ�DúD÷ÕGD�J|VWHULOPLúWLU��ùHNLO�����¶GH�)�]\RQ���VRQXFX�HOGH�HGLOHQ�

KÕ]�|Oo�P�KDWDVÕQÕQ�(5706�KÕ]�KDWD�EDQGÕQD�J|UH�GXUXPX�YHULOPLúWLU� +Õ]�KDWDVÕ�KDWD�

EDQWODUÕQÕQ� LoLQGH� NDOGÕ÷Õ� J|U�OP�úW�U� )�]\RQ� �� LOH� NDUúÕODúWÕUÕOGÕ÷ÕQGD� EX� I�]\RQ�

WHNQL÷LQLQ�WHNHU�ND\PD�GXUXPXQGDQ�HWNLOHQPHGL÷L�YH�EX�QHGHQOH�DQOÕN�KDWD�EDQGÕ�GÕúÕQD�

oÕNPD�GXUXPODUÕQÕQ�\DúDQPDGÕ÷Õ�J|]OHQPLúWLU�

ùHNLO������)�]\RQ���KÕ]�KDWDVÕQÕQ�KDWD�EDQGÕQD�J|UH�GXUXPX

ùHNLO�����¶WH�)�]\RQ���PHVDIH�|Oo�P�KDWDVÕQÕQ�KDWD�EDQGÕQD�J|UH�GXUXPX�YHULOPLúWLU��

0HVDIH�|Oo�P�KDWDVÕQÕQ GD (5706�NRQXP�KDWD�EDQWODUÕ�LoLQGH�NDOGÕ÷Õ�J|U�OP�úW�U��
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ùHNLO�������)�]\RQ���PHVDIH�|Oo�P�KDWDVÕQÕQ�(5706�NRQXP�KDWD�EDQWODUÕQD�J|UH�GXUXPX

7DEOR� ����� VHQDU\R� �� VRQXFX� HOGH� HGLOHQ� KÕ]� |Oo�POHULQ� KDWD� NDUDNWHULVWL÷LQL�

J|VWHUPHNWHGLU�� %X� WDEORGD� YHULOHQ� VWDQGDUW� VDSPD� GH÷HUOHUL� LQFHOHQGL÷LQGH� I�]\RQ�

VRQXFXQXQ�KDWDOÕ�|Oo�POHUGHQ�)�]\RQ��¶H�J|UH�GDKD�D]�HWNLOHQGL÷L�J|U�OPHNWHGLU�

7DEOR�����6HQDU\R���LoLQ�KHVDSODQDQ�VWDQGDUW�VDSPD�GH÷HUOHUL

7HNHU�VHQV|U� 'RSSOHU UDGDU *36 )�]\RQ��
+Õ]�VWDQGDUW�VDSPD�P�V� ���� ���� ��� �����

6HQDU\R��

ùHNLO�����¶WH VHQDU\R��� LoLQ� \DSÕODQ� KÕ]� |Oo�P� VRQXFX J|U�OPHNWHGLU�� 6HQDU\R��¶GHNL�

úDUWODU� VHQDU\R� �¶GHQ� GDKD� ]RUOX� ROGX÷X� VHQV|U� |Oo�P� VRQXoODUÕ� �]HULQGHQ�

DQODúÕODELOPHNWHGLU��%X�GXUXP�I�]\RQ � VRQXFX��]HULQGH�GH�VHQDU\R��¶H�J|UH�GDKD�ID]OD�

J|]OHQPLúWLU�� 6HQDU\R� �� VÕUDVÕQGD� *36� YHULVL� �]HULQGH� ROXúDQ� YHUL� ND\EÕQÕQ� I�]\RQ�

VRQXFXQX� HWNLOHPHPHVL� LoLQ� ROXúDQ� YHUL� ND\EÕ� WHVSLW� HGLOLS� I�]\RQ� IRUP�O�QGHNL�*36�

VWDQGDUW� VDSPD�GH÷HUL� VRQVX]D� oHNLOPLúWLU��%X� LúOHP VRQXFX�*36�NDWVD\Õ� VÕIÕUODQÕUNHQ�

GL÷HU�VHQV|UOHULQ�D÷ÕUOÕ÷Õ�DUWPÕúWÕU�
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ùHNLO�������6HQDU\R��
\H�J|UH�I�]\RQ���VRQXFX�|Oo�OHQ�KÕ]

ùHNLO�����¶WH HOGH� HGLOHQ� I�]\RQ�KÕ]�KDWDVÕQÕQ�(5706�KÕ]�KDWD�EDQGÕQD�J|UH�GXUXPX�

J|VWHULOPLúWLU��gOo�P�VRQXFXQXQ�VHQDU\R���LoLQ�GH�KDWD�EDQGÕ�LoLQGH�NDOGÕ÷Õ�J|U�OP�úW�U�

ùHNLO�������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���KÕ]�KDWDVÕ�YH�(5706�KDWD�EDQGÕ
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ùHNLO�����¶GD I�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�|Oo�P��J|VWHULOPLúWLU��

ùHNLO�������6HQDU\R���LoLQ�I�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�|Oo�P�

ùHNLO�����¶GH I�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�KDWDVÕQÕQ�(5706�PHVDIH�KDWD�EDQGÕ���

YH� KDWD� EDQGÕ� �¶\H� J|UH� GXUXPODUÕ� J|VWHULOPLúWLU�� %X� VRQXo GD� KDWD� EDQGÕ� LoHUHVLQGH

NDOPÕúWÕU�

ùHNLO�������6HQDU\R���LoLQ�I�]\RQ���PHVDIH�KDWDVÕ�YH�(5706�KDWD�EDQWODUÕ
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%X�GH÷HUOHUH EDNÕOGÕ÷ÕQGD�I�]\RQ�SHUIRUPDQVÕ�GDKD�L\L�ELU�úHNLOGH�J|]OHQPHNWHGLU�

7DEOR� ������ HOGH� HGLOHQ� |Oo�POHU� VRQXFX� KHVDSODQDQ� VWDQGDUW� VDSPD� GH÷HUOHULQL�

LoHUPHNWHGLU�� %X� GH÷HUOHUH� EDNÕOGÕ÷ÕQGD� I�]\RQ� SHUIRUPDQVÕ� GDKD� L\L� ELU� úHNLOGH�

J|]OHQPHNWHGLU�

7DEOR�������6HQDU\R���LoLQ�KHVDSODQDQ�VWDQGDUW�VDSPD�GH÷HUOHUL

7HNHU�VHQV|U� 'RSSOHU UDGDU *36 )�]\RQ��
+Õ]�VWDQGDUW�VDSPD�P�V� ���� ���� ���� ����

6HQDU\R��

ùHNLO�����¶GH VHQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���KÕ]�|Oo�P��J|VWHULOPHNWHGLU��6HQDU\R�

��YH�VHQDU\R��¶GHQ�IDUNOÕ�RODUDN�UHIHUDQV�KÕ]�\�NVHN�ELU�KÕ]�ROGX÷X�LoLQ�I�]\RQ��¶GHNL�

KDWDQÕQ�DUWWÕ÷Õ�J|]OHQPLúWLU�

ùHNLO������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���KÕ]Õ

ùHNLO�����¶GD I�]\RQ���KÕ]�KDWDVÕQÕQ�(5706�KÕ]�KDWD�EDQGÕQD�J|UH�GXUXPX�J|VWHULOPLúWLU��

+DWD�GL÷HU�LNL�VHQDU\R\D�J|UH�DUWPÕú�ROVD�GD�KDOD�(5706�KDWD�EDQGÕQÕQ�LoLQGHGLU��d�QN��

KDWD�EDQGÕ�GD�|Oo�P�KÕ]ÕQD�J|UH�GH÷LúPHNWHGLU�
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ùHNLO������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���KÕ]�KDWDVÕ�YH�(5706�KDWD�EDQGÕ

ùHNLO�����¶GD VHQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���PHVDIH�|Oo�P��YHULOPLúWLU�

ùHNLO������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���PHVDIH�|Oo�P�

ùHNLO�����¶GH�PHVDIH�|Oo�P�KDWDVÕQÕQ�(5706�PHVDIH�KDWD�EDQGÕ���YH�KDWD�EDQGÕ��¶\H�

J|UH�GXUXPX�J|VWHULOPLúWLU��)�]\RQ���VRQXFX�HOGH�HGLOHQ�|Oo�P�Q�KDWD�EDQGÕ�LoHULVLQGH

NDOGÕ÷Õ�J|]OHQPLúWLU�
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ùHNLO������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ���PHVDIH�|Oo�P�KDWDVÕ�YH�KDWD�EDQWODUÕ

7DEOR�����¶GH VHQV|UOHU�YH�I�]\RQ���VRQXFX�HOGH�HGLOHQ KÕ]�KDWDVÕQD�DLW�VWDQGDUW�VDSPD�

GH÷HUOHUL�YHULOPLúWLU��%X�ELOJLOHU�GH�\XNDUÕGD�HOGH�HGLOHQ�VRQXoODUOD�|UW�úPHNWHGLU��'L÷HU�

VHQDU\RODUGDQ� IDUNOÕ� RODUDN�'RSSOHU� |Oo�P�SHUIRUPDQVÕ� EX� VHQDU\RGD� D]DOPÕúWÕU��*36�

SHUIRUPDQVÕ� LVH� GL÷HU� VHQV|UOHUH� J|UH� GDKD� L\L� VRQXo� YHUPLúWLU�� )�]\RQ� VRQXFX� LVH�

EHNOHQGL÷L�JLEL�HQ�L\L�VRQXo�YHUHQ�VHQV|UH�\DNÕQ�ELU�VRQXo�YHUPLúWLU�

7DEOR�������6HQDU\R���LoLQ�HOGH�HGLOHQ�VWDQGDUW�VDSPD�NDUúÕODúWÕUPDODUÕ

7HNHU�VHQV|U� 'RSSOHU UDGDU *36 )�]\RQ��
+Õ]�VWDQGDUW�VDSPD�P�V� ���� ���� ��� ����

���� 6HQV|U�.DUDNWHULVWL÷LQH�*|UH�8\DUODPDOÕ $÷ÕUOÕNODQGÕUÕOPÕú )�]\RQ�

)�]\RQ� �� YH� I�]\RQ� �¶GH� ROGX÷X� JLEL� EX� I�]\RQ� WLSLQGH� GH� DPDo� HULúLOHELOLUOLN� YH�

GR÷UXOX÷X� DUWÕUPDNWÕU� +HU� VHQV|U�Q� KHU� NRúXOGD� GR÷UX� VRQXo� YHUPHVL EHNOHQHPH]��

6HQV|U�NDUDNWHULVWL÷LQH�J|UH X\DUODPDOÕ D÷ÕUOÕNODQGÕUÕOPÕú I�]\RQ�WHNQL÷LQGH�HVDV�DPDo��

GR÷UXOX÷X� D]DOPÕú� \D� GD� HULúLOHELOLUOL÷L� G�úP�ú� ELU� VHQV|U� YHULVLQLQ� I�]\RQ� VRQXFX�

�]HULQGHNL� HWNLVLQL� D]DOWPDNWÕU�� %X� \�]GHQ� EX� I�]\RQ� VÕUDVÕQGD� VHQV|U� YHULOHUL�

D÷ÕUOÕNODQGÕUÕOÕUNHQ� VHQV|U� NDUDNWHULVWL÷LQL� \DQVÕWDQ� YH� VHQV|U� KDWDVÕQD� J|UH� GLQDPLN�

KHVDSODQDQ�³VWDQGDUW�VDSPD´�YHULOHUL�NXOODQÕOPÕúWÕU�
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%X�NÕVÕPGD�VHQDU\R����VHQDU\R�� YH�VHQDU\R�� �]HULQGHQ�GH÷HUOHQGLUPH�\DSÕODFDNWÕU��%X�

I�]\RQ� WLSLQGH�GH�VHQV|U�NDUDNWHULVWL÷LQH�ED÷OÕ� I�]\RQ�\DSÕOGÕ÷Õ� LoLQ NXOODQÕODQ�I�]\RQ�

IRUP�O� RODUDN� HúLWOLN ���� NXOODQÕOPÕúWÕU��)�]\RQ� �¶WH I�]\RQ� �¶GHQ� IDUNOÕ� RODUDN KHU�

VHQV|U�|Oo�P�YHULVLQH�J|UH�X\DUODPDOÕ NDWVD\ÕODU� I�]\RQ�IRUP�O�QGH NXOODQÕOPÕúWÕU��%X�

NDWVD\ÕODU� KHVDSODQÕUNHQ ��� |Oo�PGH� ELU� J�QFHOOHQHQ VWDQGDUW� VDSPD� GH÷HUOHUL VHQV|U�

NDWVD\ÕODUÕQÕQ� KHVDEÕQGD NXOODQÕOPÕúWÕU�� )�]\RQ� VÕUDVÕQGD� ELU� VHQV|U�Q� NDWVD\ÕVÕ�

I�]\RQGDNL� GL÷HU� VHQV|UOHULQ� SHUIRUPDQVÕQD� J|UH� GH÷LúPHNWHGLU� %X� DPDoOD� VHQV|U�

NDWVD\ÕODUÕ� GH÷LúHQ�VWDQGDUW�VDSPD�GH÷HUOHULQH�J|UH�J�QFHOOHQHUHN�I�]\RQ�VRQXoODUÕ�HOGH�

HGLOPLúWLU�

6WDQGDUW� VDSPD� GH÷HUOHULQLQ ��� |Oo�PGH� ELU� J�QFHOOHQHELOPHVL� LoLQ� UHIHUDQV� ELOJL\H�

LKWL\Do�GX\XOPDNWDGÕU��%X�\�]GHQ�EHQ]HWLP VÕUDVÕQGD�UHIHUDQV�KÕ]�YHULVL�RODUDN ELU�|QFHNL�

G|QJ�GH� KHVDSODQDQ I�]\RQ� VRQXFX NXOODQÕOPÕúWÕU�� 5D\OÕ� DUDoODU� E�\�N� D÷ÕUOÕNODUÕ�

QHGHQL\OH�N�o�N LYPHOHUOH�KDUHNHW�HWPHNWHGLU��6HQV|U�YHULOHUL�LVH�RUWDODPD���+]�JLEL�ELU�

IUHNDQVWD J�QFHOOHQPHNWHGLU��%X�G|QJ� V�UHVLQGH�DUDo�KÕ]ODUÕQGD�GUDPDWLN�GH÷LúLNOLNOHU�

PH\GDQD�JHOPHPHNWHGLU��%X�QHGHQOH I�]\RQ���VÕUDVÕQGD�UHIHUDQV�KÕ]�RODUDN�ELU�|QFHNL�

G|QJ�GH�KHVDSODQDQ�KÕ]�YHULVL NXOODQÕOPÕúWÕU��%HQ]HWLPH EDúODPD�DQÕQGD�KÕ]�VÕIÕU�ROGX÷X�

LoLQ� EHOOL� ELU� JHFLNPH VRQUDVÕ� \|QWHP� LVWHQLOGL÷L� JLEL� oDOÕúPDNWDGÕU� $\UÕFD� EDúODQJÕo�

NDWVD\ÕVÕ�RODUDN�VHQV|UOHUH�HúLW�D÷ÕUOÕN�YHULOPLúWLU�

)�]\RQ��¶WH GH�I�]\RQ��¶GH�NXOODQÕODQ�NÕ]DNODPD YH�SDWLQDM�DOJÕOD\ÕFÕVÕ NXOODQÕOPÕúWÕU��%X�

DOJÕOD\ÕFÕVÕ I�]\RQ�IRUP�O� �]HULQH�HWNLVL���� QXPDUDOÕ EDúOÕ÷Õ�DOWÕQGD�DQODWÕOPÕúWÕU�

6HQDU\R���

ùHNLO�����¶GH�I�]\RQ���WHNQL÷L�VRQXFX�HOGH�HGLOHQ�KÕ]�|Oo�P�VRQXFXQXQ�UHIHUDQV�KÕ]D J|UH�

GXUXPX� YHULOPLúWLU�� )�]\RQ� �¶\H� EHQ]HU� úHNLOGH� EX� VRQXoWD� ND\PD WHVSLW� VLVWHPL�

VD\HVLQGH�ND\PD GXUXPXQGDQ�HWNLOHQPHPLúWLU�
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ùHNLO������6HQDU\R��
H�J|UH�I�]\RQ���KÕ]�|Oo�P�

ùHNLO�����¶WH I�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�|Oo�P�VRQXFX�YHULOPLúWLU��%X�VRQXFXQ�

GD�UHIHUDQV�PHVDIH�ELOJLVLQL�WDNLS�HWWL÷L�J|U�OP�úW�U�

ùHNLO�������6HQDU\R��
H�J|UH�I�]\RQ���PHVDIH�|Oo�P�
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+DWDODUÕQ� GDKD� L\L� J|]OHQHELOPHVL� LoLQ� ùHNLO� ����¶WH I�]\RQ� �� VRQXFX� HOGH� HGLOHQ� KÕ]�

|Oo�P�KDWDVÕQÕQ�(5706�KÕ]�KDWD�EDQGÕQD�J|UH�GXUXPX�J|VWHULOPLúWLU��6RQXFXQ�KDWD�EDQGÕ�

LoHULVLQGH�NDOGÕ÷Õ�J|]OHQPLúWLU�

ùHNLO������6HQDU\R��
H�J|UH�I�]\RQ��
�Q�KÕ]�|Oo�P�KDWDVÕ

ùHNLO�����¶WH�I�]\RQ���PHVDIH�|Oo�P�KDWDVÕQÕQ�(5706�PHVDIH�KDWD�EDQGÕ���YH�KDWD�EDQGÕ�

�¶\H� J|UH� GXUXPODUÕ� J|VWHULOPLúWLU�� gOo�P� KDWDVÕQÕQ� KDWD� EDQWODUÕQÕQ� LoLQGH� NDOGÕ÷Õ

J|U�OP�úW�U�

ùHNLO������6HQDU\R��
H�J|UH�I�]\RQ��
�Q�PHVDIH�|Oo�P�KDWDVÕ
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7DEOR�������|Oo�P�VRQXoODUÕQGD�UHIHUDQV�YHUL\H J|UH�ROXúDQ�KDWDODUÕQÕQ VWDQGDUW�VDSPD

GH÷HUOHULQL J|VWHUPHNWHGLU��%X�GH÷HUOHUH�J|UH�HQ�L\L�VRQXFX�'RSSOHU UDGDU�YHUPHNWHGLU��

'RSSOHU UDGDUGDQ� VRQUD� HQ� L\L� VRQXo� LVH� VHQV|U� NDUDNWHULVWL÷LQH� J|UH X\DUODPDOÕ

D÷ÕUOÕNODQGÕUÕOPÕú�I�]\RQ�VRQXFXQD�DLWWLU��

7DEOR�������6HQDU\R���LoLQ�VHQV|U�YH�I�]\RQ�� VWDQGDUW�VDSPD�GH÷HUOHUL

7HNHU�VHQV|U� 'RSSOHU UDGDU *36 )�]\RQ��
+Õ]�VWDQGDUW�VDSPD�P�V� ���� ���� ��� �����

6HQDU\R��

%X�VHQDU\RGD�VHQDU\R��¶H�J|UH�KDWD�RUDQODUÕ�DUWÕUÕOPÕúWÕU��*36�YHULVL��]HULQGH�ROXúDQ�YHUL�

ND\EÕQÕQ� I�]\RQ� VRQXFXQX� HWNLOHPHPHVL� LoLQ� ROXúDQ� YHUL� ND\EÕ� WHVSLW� HGLOLS� I�]\RQ�

IRUP�O�QGHNL� *36� VWDQGDUW� VDSPD� GH÷HUL� VRQVX]D� oHNLOPLúWLU�� %X� LúOHP� VRQXFX� *36�

NDWVD\Õ�VÕIÕUODQÕUNHQ�GL÷HU�VHQV|UOHULQ�D÷ÕUOÕ÷Õ�DUWPÕúWÕU�

ùHNLO�����¶GD I�]\RQ���VRQXFX�HOGH�HGLOHQ�KÕ]�|Oo�P��J|VWHULOPHNWHGLU��)�]\RQ��¶GHQ�

IDUNOÕ�RODUDN�ND\PD�GXUXPX�HWNLOHUL� I�]\RQ��¶WH J|]OHQPHPLúWLU��*36�VLQ\DO�ND\EÕ�GD�

VHQV|U� I�]\RQ�VRQXFXQX�ROXPVX]�HWNLOHPHPLú� W�QHO�E|OPHVLQGH�|Oo�OHQ�KÕ]ÕQ UHIHUDQV�

KÕ]Õ�WDNLS�HWWL÷L�J|U�OP�úW�U�

ùHNLO�������6HQDU\R���LoLQ�I�]\RQ���KÕ]�|Oo�P�
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ùHNLO�����¶GH I�]\RQ���KÕ]�KDWDVÕQÕQ�(5706�KÕ]�KDWD�EDQGÕQD�J|UH�GXUXPX�J|VWHULOPLúWLU��

gOo�OHQ�KÕ]�YHULVLQLQ�KDWD�EDQGÕQÕQ�GÕúÕQD�oÕNPDGÕ÷Õ�J|]OHQPLúWLU�

ùHNLO�������6HQDU\R���LoLQ�I�]\RQ��
�Q�KÕ]�KDWDVÕQÕQ�(5706�KDWD�EDQGÕQD�J|UH�GXUXPX

ùHNLO�����¶GH�I�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�|Oo�P��J|VWHULOPLúWLU��

ùHNLO������6HQDU\R���LoLQ�I�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�|Oo�P�
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ùHNLO�����¶GD PHVDIH� KDWDVÕQÕQ�(5706�PHVDIH� KDWD� EDQGÕ� �� YH� KDWD� EDQGÕ� �¶\H� J|UH�

GXUXPX�J|VWHULOPLúWLU��0HVDIH�KDWDVÕQÕQ�KDWD�EDQGÕQGDQ�oÕNPDGÕ÷Õ�J|]OHQPLúWLU�

ùHNLO�������6HQDU\R���LoLQ�I�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�KDWDVÕ�YH�(5706 KDWD�EDQWODUÕ

7DEOR�����¶WH�VHQDU\R���LoLQ�\DSÕODQ�VWDQGDUW�VDSPD�KHVDSODUÕQÕQ�VRQXoODUÕ�YHULOPLúWLU��%X�

YHULOHULQ�\XNDUÕGDNL�JUDILNOHUOH�X\XPOX�ROGX÷X�J|]OHPOHQPLúWLU� )�]\RQ�VRQXFXQXQ�HQ�

L\L� GH÷HUL� YHUGL÷L EX� WDEOR� �]HULQGHQ J|U�OPHNWHGLU�� )�]\RQ� VRQXFX�� YHUL� ND\EÕQGDQ�

HWNLOHQPHGL÷L� LoLQ�HULúLOHELOLUOL÷L�GDKD�\�NVHN�ELU� VRQXoWXU��%X�GXUXPGD�'RSSOHU UDGDU�

\HULQH�I�]\RQXQ�WHUFLK�HGLOPHVL�LoLQ�|QHPOL�ELU�VHEHSWLU�

7DEOR�������6HQDU\R���LoLQ�KHVDSODQDQ�VHQV|U�YH�I�]\RQ�� VWDQGDUW�VDSPD�GH÷HUOHUL

7HNHU�
VHQV|U�

'RSSOHU
UDGDU

*36 )�]\RQ��

+Õ]� VWDQGDUW�
VDSPD�P�V�

���� ���� ���� ����

6HQDU\R��

ùHNLO� ����¶GH�6HQDU\R� �� LoLQ� HOGH� HGLOHQ� )�]\RQ� �� KÕ]� |Oo�P�� J|VWHULOPLúWLU�� 6HQV|U�

|Oo�POHULQH�J|UH�I�]\RQ�VRQXFXQXQ�GDKD�L\L�ROGX÷X�J|U�OP�úW�U�
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ùHNLO������6HQDU\R���LoLQ�I�]\RQ���KÕ]�|Oo�P�

ùHNLO� ����¶GH� )�]\RQ� �� KÕ]� KDWDVÕQÕQ� (5706� KÕ]� KDWD� EDQGÕQD� J|UH� GXUXPX�

J|VWHULOPLúWLU��%XUDGDQ�GD�DQODúÕODFD÷Õ�JLEL�I�]\RQ�VRQXFX�KDWD�EDQGÕQÕQ�LoLQGH�NDOPÕúWÕU�

ùHNLO������6HQDU\R���LoLQ�I�]\RQ���KÕ]�KDWDVÕ�YH�(5706�KDWD�EDQGÕ
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ùHNLO�����¶GH�)�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�|Oo�P��YHULOPLúWLU�

ùHNLO������6HQDU\R���LoLQ�I�]\RQ���PHVDIH�|Oo�P�

ùHNLO�����¶WH�)�]\RQ���VRQXFX�HOGH�HGLOHQ�PHVDIH�|Oo�P�KDWDVÕQÕQ�(5706�PHVDIH�KDWD�

EDQGÕ���YH�KDWD�EDQGÕ��¶\H�J|UH�GXUXPODUÕ�J|VWHULOPLúWLU��%XUDGDQ�GD�DQODúÕODFD÷Õ�JLEL�

I�]\RQ�VRQXFX�KDWD�EDQWODUÕQÕQ�LoLQGH�NDOPÕúWÕU�

ùHNLO������6HQDU\R���LoLQ�I�]\RQ���PHVDIH�|Oo�P�KDWDVÕ�YH�(5706�KDWD�EDQWODUÕ

� �� �� �� �� ��� ��� ��� ��� ��� ���

]DPDQ�V�

�

����

����

����

����

����

����

����

����
P
HV

DI
H�
P
�

*HUoHN�PHVDIH�YH�I�]\RQ�PHVDIH

JHUoHN�PHVDIH
I�]\RQ�PHVDIH

� �� �� �� �� ��� ��� ��� ��� ��� ���

]DPDQ�V�

����

����

����

����

�

���

���

���

���

P
HV

DI
H�
P
�

*HUoHN�PHVDIH�I�]\RQ�PHVDIH

I�]\RQ�KDWDVÕ
KDWD�EDQGÕ��
KDWD�EDQGÕ��



��

7DEOR�����¶WH VHQV|UOHU�YH�I�]\RQ���VRQXFX�HOGH�HGLOHQ�KÕ]�KDWDODUÕQD�DLW VWDQGDUW�VDSPD�

GH÷HUOHUL�J|VWHULOPLúWLU� %X�GH÷HUOHUGH�\XNDUÕGD�VRQXoODUOD�X\XPOXGXU��%HNOHQGL÷L�JLEL�

HQ�L\L�VRQXFX�*36�DOPDFÕ�YHUPLúWLU��)�]\RQ�VRQXFX�LVH�HQ�L\L�VRQXo�YHUHQ�*36¶H�\DNÕQ�

ELU�VRQXo�YHUPLúWLU�

7DEOR������6HQDU\R���LoLQ�HOGH�HGLOHQ�VHQV|U�YH�I�]\RQ���KÕ]�KDWDVÕ�VWDQGDUW�VDSPD�GH÷HUOHUL

7HNHU�
VHQV|U�

'RSSOHU
UDGDU

*36 )�]\RQ��

+Õ]� VWDQGDUW�
VDSPD�P�V�

���� ���� ��� ����

���� .D\PD��.Õ]DNODPD YH�3DWLQDM� $OJÕOD\ÕFÕ (WNLVL

6HQV|U� YHULOHULQLQ� ELUOHúWLULOPHVL� D\QÕ� ]DPDQGD� KDWDOÕ� VRQXo� YHUHQ� VHQV|U�Q� WHVSLW�

HGLOPHVLQH� GH� RODQDN� VD÷ODPDNWDGÕU�� %X� GXUXP� HOGH� HGLOHQ� |Oo�P� VRQXoODUÕQÕQ�

GR÷UXOX÷XQX�DUWWÕUPDNWDGÕU�

(úLW� D÷ÕUOÕNOÕ� WRSODPD�GD\DOÕ� I�]\RQGDQ� IDUNOÕ� RODUDN� I�]\RQ � YH� I�]\RQ�� WHNQL÷LQGH�

ND\PD� �NÕ]DNODPD� YH� SDWLQDM� WHVSLW� VLVWHPL NXOODQÕOPÕúWÕU��ho�QF�� E|O�PGH� GHWD\ODUÕ�

DQODWÕODQ�DOJÕOD\ÕFÕQÕQ NXOODQÕOPD�DPDFÕ�LVH�NÕ]DNODPD \D�GD�SDWLQDM�GXUXPODUÕQGD�WHNHU�

VHQV|U�YHULOHULQLQ�I�]\RQ�YHULVLQL�HWNLOHPHPHVLGLU��%X�DPDoOD LYPH|OoHU \DUGÕPFÕ�VHQV|U�

RODUDN�NXOODQÕOPÕúWÕU��

.D\PD� �NÕ]DNODPD� YH SDWLQDM�� WHVSLW� VLVWHPL WHNHU� KÕ]Õ� LOH� DUDo� DUDVÕQGD� KÕ]� IDUNÕ�

ROGX÷XQGD� X\DUÕ� YHUPHNWH� YH� WHNHU� VHQV|U�Q�Q� I�]\RQD� HWNLVLQL� VÕIÕUODPDNWDGÕU�� %X�

VD\HGH�I�]\RQ�LoHULVLQGH�KHVDSODQDQ�VHQV|U�NDWVD\ÕODUÕ�GL÷HU�VHQV|UOHULQ�VRQXoODUÕQD�J|UH�

J�QFHOOHQPHNWHGLU��%X�GD�VLVWHPGH�E�\�N�ELU�ND\PD�YH\D�SDWLQDM�GXUXPX�\DúDQGÕ÷ÕQGD�

J�YHQLOLU�KÕ]�YH�NRQXP�ELOJLVLQLQ�HOGH�HGLOPHVLQH�RODQDN�VD÷ODPDNWDGÕU�

1RUPDO�V�U�ú�VHQDU\RVX�YH�ND\PD GXUXPODUÕQGD�KHVDSODQDQ�VHQV|U�NDWVD\ÕODUÕ�DúD÷ÕGDNL�

JLELGLU�

1RUPDO�V�U�ú�GXUXPXQGD�
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.D\PD��NÕ]DNODPD YH�SDWLQDM� GXUXPXQGD�

23* NDWVD\ÕVÕ  ��

'RSSOHU NDWVD\ÕVÕ� �
൫ ஢మಸುೄ൯

஢మಸುೄା஢మವ೚೛೛

*36�NDWVD\ÕVÕ  �
൫ ஢మವ೚೛೛൯

஢మವ೚೛೛ା஢మಸುೄ

6HQDU\RODUGD�\RO�H÷LPL����VHYL\HVLQGHQ NDEXO�HGLOGL÷L�LoLQ�ND\PD�WHVSLW�VLVWHPL�GR÷UX�

VRQXoODU� YHUPLúWLU�� $QFDN� H÷LP� \�NVHN� ROGX÷XQGD� EX� WHVSLW� VLVWHPL� GR÷UX�

oDOÕúDPDPDNWDGÕU� (÷LPLQ� \�NVHN� ROGX÷X� YH� WHNHU� VHQV|U�QGHQ� EDúND� VHQV|UOHULQ�

EXOXQGX÷X�VLVWHPOHUGH��ND\PD��NÕ]DNODPD�YH�SDWLQDM��WHVSLW VLVWHPL GL÷HU VHQV|U�YHULOHUL�

NXOODQÕODUDN GD \DSÕODELOLU�

���� )�]\RQ�7HNQLNOHULQLQ�.DUúÕODúWÕUÕOPDVÕ

ho� IDUNOÕ� VHQDU\R� LoLQ� �o� IDUNOÕ� VHQV|U� I�]\RQ� WHNQL÷L� GH÷HUOHQGLULOPLúWLU� 6HQDU\RODU�

VHQV|U�YHULOHULQLQ�HWNLOHQHELOHFH÷L�GXUXPODUÕ�J|]OH\HELOPHN�LoLQ�ROXúWXUXOPXúWXU��)DUNOÕ�

UHIHUDQV�KÕ]ODU�� YHUL�ND\EÕ�� ND\PD�GXUXPX�YH� IDUNOÕ� KDWD�RUDQODUÕQÕQ� VHQV|U� oÕNWÕODUÕQD�

HWNLVL�J|]OHQPLúWLU��)DUNOÕ�VHQDU\RODUD�NDUúÕ�I�]\RQ�WHNQLNOHULQLQ�WHSNLOHUL LQFHOHQPLúWLU���

6HQV|U� YH� I�]\RQ� |Oo�P� VRQXoODUÕ� GH÷HUOHQGLULOGL÷LQGH� VHQV|U� NDUDNWHULVWL÷LQH J|UH�

D÷ÕUOÕNODQGÕUPD�LOH�\DSÕODQ�I�]\RQ�VRQXoODUÕQÕQ HúLW�D÷ÕUOÕNOÕ�WRSODPD�GD\DOÕ�I�]\RQD�J|UH�

GDKD�EDúDUÕOÕ�ROGX÷X�J|U�OP�úW�U��g]HOOLNOH�VHQDU\R�� YH�VHQDU\R��¶WH EX�IDUN�GDKD�L\L�

J|]OHQPLúWLU�� d�QN�� VHQDU\R� ��� KDWD� RUDQODUÕQÕQ \�NVHN� ROGX÷X� YH YHUL� ND\ÕSODUÕQÕQ�

\DúDQGÕ÷Õ GXUXPODUÕ�LoHUPHNWHGLU� 6HQDU\R���LVH�GDKD�\�NVHN�KÕ]ODUD�VDKLS�UHIHUDQV�YHUL�

LOH�\DSÕOGÕ÷Õ�LoLQ�VHQV|U�SHUIRUPDQVODUÕQGD�G�úPHOHUH�VHEHS�ROPXúWXU��%X�GD�HúLW�D÷ÕUOÕNOÕ�

WRSODPD�GD\DOÕ�I�]\RQXQ�GLUHN�HWNLOHQPHVLQH�QHGHQ�ROPXúWXU� $\UÕFD�ND\PD��NÕ]DNODPD�

YH�SDWLQDM�� WHVSLW� VLVWHPL I�]\RQ�� VÕUDVÕQGD�NXOODQÕOPDGÕ÷Õ� LoLQ� ND\PD��NÕ]DNODPD�YH�



��

SDWLQDM�� GXUXP� HWNLOHUL� GH� HúLW� D÷ÕUOÕNOÕ� WRSODPD� GD\DOÕ� I�]\RQGD� J|]OHQPLúWLU��

'H÷HUOHQGLULOHQ�VHQDU\RODU�J|]�|Q�QH�DOÕQGÕ÷ÕQGD�I�]\RQ��� VHQV|UOHU�IDUNOÕ�]DPDQODUGD�

KDWD\D� JLUGL÷LQGH NDEXO� HGLOHELOLU� VRQXoODU YHUPHNWHGLU�� $QFDN� VHQV|UOHU� D\QÕ� DQGD�

DUÕ]D\D�JLUHELOLU�\D�GD�D\QÕ�NRúXOODUGDQ�HWNLOHQHELOLU��%X�GXUXPODUGD�HOGH�HGLOHQ�VRQXoODU�

LVWHQHQ� NULWHUOHUL� VD÷OD\DPD\DFDNWÕU� )�]\RQ� �� YH� I�]\RQ� �� LVH� ROXúWXUXODQ� KDWD�

VHQDU\RODUÕQGDQ�GDKD�D]�HWNLOHQPHNWHGLU��%X�LNL�I�]\RQ�WLSLQGH�GH�ND\PD��NÕ]DNODPD�YH�

SDWLQDM�� WHVSLW� VLVWHPL NXOODQÕOGÕ÷Õ� LoLQ� WHNHU� VHQV|U� ND\PD� KDWDVÕQÕQ HWNLVL� HOLPLQH

HGLOPLúWLU�� 6HQDU\R� �¶GH� ROXúWXUXODQ� YHUL� ND\EÕQÕQ� VHQV|U� I�]\RQ� oÕNWÕODUÕQÕ� ROXPVX]�

HWNLOHPHGL÷L�J|]OHQPLúWLU��d�QN��I�]\RQ�WHNQLNOHUL�YHUL�ND\EÕ�\DúDQGÕ÷ÕQGD�LOJLOL�VHQV|U��

GHYUHGHQ� oÕNDUWDUDN� GL÷HU� VHQV|UOHU� \DUGÕPÕ� LOH� LVWHQHQ� VRQXFX� HOGH� HWPHNWHGLU�� %X�

VRQXoODU�� I�]\RQ� WHNQLNOHULQLQ� GR÷UXOX÷X� YH� HULúLOHELOLUOL÷L� DUWWÕUGÕ÷ÕQÕ� J|VWHUPHNWHGLU�

gOo�P� KÕ]ÕQÕQ� VHQV|UOHUL� YH� GROD\ÕVÕ� LOH� I�]\RQ� VRQXoODUÕQÕ� HWNLOHGL÷L� J|]OHQPLúWLU��

6HQDU\R���VÕUDVÕQGD� I�]\RQ���YH� I�]\RQ��¶H�DLW� VRQXoODUÕQÕQ�HQ� L\L� VRQXFX�YHUHQ�*36�

|Oo�P�QH� \DNODúWÕ÷Õ� J|]OHQPLúWLU�� $QFDN� I�]\RQ� ��� GL÷HU� VHQDU\RODUGD� ROGX÷X� JLEL�

RUWDODPD�ELU�VRQXo�YHUPLúWLU�

ùHNLO�����¶WH VHQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ�KDWDODUÕQÕQ�(5706�KÕ]�KDWD�EDQGÕQD�J|UH�

GXUXPODUÕ VÕUD\OD YHULOPLúWLU��6HQDU\R���]RUOD\ÕFÕ�ELU�VHQDU\R�ROPDGÕ÷ÕQGDQ�EHNOHQGL÷L�

JLEL� W�P� I�]\RQ� VRQXoODUÕ� KDWD� EDQGÕQÕQ� LoLQGH� NDOPÕúWÕU� 7HNHU� VHQV|U�Q��KDWD� EDQGÕ�

GÕúÕQD� oÕNDUDQ� ND\PD� GXUXPX� I�]\RQ� �¶GH� N�o�OP�ú� I�]\RQ� �� YH� �¶WH� LVH� HOLPLQH�

HGLOPLúWLU�

ùHNLO������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ�KÕ]�KDWDODUÕ
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ùHNLO�����¶WH�VHQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ�KÕ]�KDWDODUÕ�J|VWHULOPLúWLU��%XUDGDNL KDWD

RUDQODUÕ VHQDU\R��¶GHQ�GDKD�ID]OD�ROPDVÕQD�UD÷PHQ�I�]\RQ�VRQXoODUÕ�L\L�VRQXoODU�YHUPLú�

YH�KDWD�EDQGÕ�GÕúÕQD�oÕNPDPÕúWÕU�

ùHNLO������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ�KÕ]�KDWDODUÕ

ùHNLO�����¶GD VHQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ�KÕ]�KDWDODUÕQÕQ�NDUúÕODúWÕUPDVÕ�YHULOPLúWLU��

%X� VHQDU\RGD� NXOODQÕODQ� UHIHUDQV� YHUL� \�NVHN� KÕ]ODUD� VDKLS� ROGX÷X� LoLQ� ROXúDQ� KDWD�

PLNWDUÕ�E�\�P�úW�U��)�]\RQ��¶GHNL�ND\PD�GXUXPX VRQXFXQ KDWD�EDQGÕ�GÕúÕQD�oÕNPDVÕQD�

QHGHQ� ROPXúWXU�� 'L÷HU� I�]\RQ� VRQXoODUÕ� LVH� KDWD� E�\�PHVLQH� UD÷PHQ� KDWD� EDQGÕ� GD�

E�\�G�÷��LoLQ�EDQGÕQ�LoLQGH�NDOPÕúODUGÕU�

ùHNLO������6HQDU\R���LoLQ�HOGH�HGLOHQ�I�]\RQ�KÕ]�KDWDODUÕ
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7DEOR������ \DSÕODQ�EHQ]HWLP VRQXoODUÕQÕQ |]HWLGLU� )�]\RQ�� YH�I�]\RQ����KHP�I�]\RQ�

� KHP GH� I�]\RQGD� \HU� DODQ� VHQV|UOHUGHQ� GDKD� L\L� VRQXo� YHUPLúOHUGLU�� 6HQDU\R� �� YH�

6HQDU\R� �¶WH KDWD� E�\�NO�NOHUL� D\QÕ� ROPDVÕQD� UD÷PHQ� 'RSSOHU� UDGDU� VRQXFX� |Oo�P�

KÕ]ÕQGDQ�HWNLOHQPLúWLU�YH�VHQDU\R��¶WH�EHNOHQGL÷L�JLEL�KDWDVÕ�E�\�P�úW�U��$\QÕ�úHNLOGH�

WHNHU�VHQV|U�KDWDVÕ�GD�|Oo�P�KÕ]ÕQGDQ�ROXPVX]�HWNLOHQPLúWLU��gWH�\DQGDQ�*36�VHQV|U��

|Oo�P�KÕ]ÕQGDQ�HWNLOHQPHGL÷L�LoLQ�VHQDU\R��¶WH HQ�L\L�VRQXFX�YHUPLúWLU�

7DEOR�������6HQDU\R ��YH���LoLQ��VHQV|U�YH�I�]\RQ�VWDQGDUW�VDSPD�GH÷HUOHUL

+Õ]�YHULOHUL�LoLQ�\DSÕODQ�VWDQGDUW�VDSPD�KHVDSODUÕ�P�V�
6HQDU\R�� 6HQDU\R�� 6HQDU\R��

7HNHU�VHQV|U� ���� ���� ����
'RSSOHU�UDGDU ���� ���� ����
*36 ��� ���� ���
)�]\RQ�� ����� ���� ���
)�]\RQ�� ����� ���� ����
)�]\RQ�� ����� ��� ����

ùHNLO�����¶GH� VHQDU\R� �� VRQXFX� HOGH� HGLOHQ� VHQV|U� KÕ]� KDWDODUÕQÕQ� KLVWRJUDP� GD÷ÕOÕPÕ�

J|VWHULOPHNWHGLU��%HQ]HU�úHNLOGH�ùHNLO�����¶GH VHQDU\R��� LoLQ�ROXúWXUXOPXú� I�]\RQ�KÕ]�

KDWDODUÕQÕQ KLVWRJUDPODUÕ J|VWHULOPLúWLU�� )�]\RQ� �� YH� I�]\RQ� �¶�Q� KDWD� GD÷ÕOÕPÕ� *36�

YHULVLQH� \DNÕQ� oÕNDUNHQ� I�]\RQ� �¶LQ� KDWD� GD÷ÕOÕPÕ� VHQV|UOHULQ� KDWD� GD÷ÕOÕPODUÕQÕQ�

RUWDVÕQGD�oÕNPÕúWÕU�

ùHNLO�������6HQDU\R���6HQV|UOHULQ�KLVWRJUDP�GD÷ÕOÕPÕ
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ùHNLO�������6HQDU\R���LoLQ�KÕ]�KDWD�GD÷ÕOÕPÕ
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6LQ\DOL]DV\RQ� VLVWHPOHUL� UD\OÕ� VLVWHPOHULQ� NRQWURO�� YH� YHULPOLOL÷L� LoLQ� NULWLN |QHPGH�

VLVWHPOHUGLU��$UDo�WLSL�QH�ROXUVD�ROVXQ�IDUNOÕ�VWDQGDUWODU�D\QÕ�DPDFD�KL]PHW�HGHFHN�NXUDOODU�

YH�JHUHNVLQLPOHUOH�DUDo�WUDIL÷LQLQ�YH�J�YHQOL÷LQLQ�VD÷ODQPDVÕQÕ�DPDoODPDNWDGÕU��%X�WH]�

NDSVDPÕQGD� KHP 272� KHP� GH� 27.� VLVWHPOHUL� LoLQ� JHUHNOL� RODQ� KÕ]� YH� NRQXP� YHUL�

KHVDEÕQGD� NXOODQÕODQ� RGRPHWUH� VLVWHP PLPDULVL YH� DOJRULWPD� WDVDUÕPÕ� LQFHOHQPLúWLU��

2GRPHWUH�DOW�VLVWHPL�ELU�QDYLJDV\RQ�VLVWHPLGLU�YH�EX�WH]�NDSVDPÕQGD�ELUGHQ�ID]OD�VHQV|U�

NXOODQÕODUDN�ROXúWXUXOPXúWXU�

.XOODQÕODQ� VHQV|UOHU�� WHN� EDúODUÕQD�PHVDIH YH�YH\D KÕ]� ELOJLVL� �UHWHELOHQ� VHQV|UOHUGLU��

7HNHU� VHQV|U���'RSSOHU UDGDU� YH� LYPH|OoHU UD\OÕ� VLVWHPOHUGH� \D\JÕQ� RODUDN� NXOODQÕODQ�

VHQV|UOHUGLU��%X�VHQV|UOHULQ�\DQÕQGD�QDYLJDV\RQ�VLVWHPOHULQGH�\D\JÕQ�NXOODQÕODQ�*166

WHNQRORMLVL�GH�UD\OÕ�VLVWHP�KÕ]�VHQV|U��RODUDN�LQFHOHQPLúWLU� %X�\DNODúÕP�VRQ�\ÕOODUGD (5$�

WDUDIÕQGDQ�GHVWHNOHQHQ�ELU�\DNODúÕPGÕU >��@ >��@ >��@��

7HNHU� VHQV|U��� 'RSSOHU UDGDU�� LYPH|OoHU YH� *36� IDUNOÕ� GXUXPODUGD� IDUNOÕ� VRQXoODU�

YHUHELOHQ� VHQV|UOHUGLU�� %LUELULQGHQ� ED÷ÕPVÕ]� RODUDN� WHNHU�UD\� NRúXOODUÕQGDQ�� DUDo�

KÕ]ÕQGDQ�� KDYD� YH� GÕú� RUWDP� NRúXOODUÕQGDQ� HWNLOHQHELOPHNWHGLUOHU�� g]HOOLNOH� KDW�

NRúXOODUÕQGD�PH\GDQD�JHOHQ�GH÷LúLNOLNOHU�VHQV|U�VRQXoODUÕQÕ�HWNLOH\HELOPHNWHGLU��+DW�YH�

WHNHU� DUDVÕ� V�UW�QPH� D]DOPDVÕ� \D� GD� DUWPDVÕ�� KDYD� NRúXOODUÕ VRQXFX� KDWWD� HQJHOOHULQ�

ROXúPDVÕ� KDWWDNL�H÷LPOHU� WHNHUOHULQ�\D�GD�UD\ODUÕQ�ER]XOPDVÕ VHQV|UOHUGH�IDUNOÕ�HWNLOHUH�

QHGHQ�RODELOPHNWHGLU��%XQXQ�\DQÕQGD�YHUL�E�W�QO�÷�Q�Q�VD÷ODQDPDPDVÕ��|Oo�P�KÕ]ODUÕ

YH�VHQV|U�NDUDNWHULVWLNOHULQGHQ�GROD\Õ�ROXúDQ�KDWDODU�VHQV|U�SHUIRUPDQVÕQÕ�HWNLOHPHNWHGLU��

%X�GXUXPODU�E|O�P��¶GH�GHWD\OÕ�ELU�ELoLPGH�LQFHOHQPLúWLU��%X�LQFHOHPH VRQXFX�HGLOHQ�

VHQV|U�SHUIRUPDQV�ELOJLOHUL��IDUNOÕ�KDW�YH�IDUNOÕ�DUDo�WLSOHUL�LoLQ�ROXúWXUXODELOHFHN�VLVWHP�

PLPDULOHUL� LoLQ� JLUGL� RODUDN� NXOODQÕODELOHFHNWLU� $\QÕ� ]DPDQGD VHQV|U� I�]\RQ�

\DNODúÕPODUÕQGD GLNNDW�HGLOPHVL�JHUHNHQ�QRNWDODU EX�E|O�PGH EHOLUOHQPLúWLU�

%|O�P��¶WH��E|O�P��¶GHNL�VHQV|U�NDUDNWHULVWL÷L�ELOJLOHUL�NXOODQÕODUDN�ND\PD��NÕ]DNODPD�

YH�SDWLQDM��WHVSLW�VLVWHPL DOWHUQDWLIOHUL�ROXúWXUXOPXúWXU��%X�VLVWHP��WHNHU�VHQV|U�YHULOHULQLQ�

NÕ]DNODPD YH� SDWLQDMGDQ� HWNLOHQGL÷L� GXUXPODUGD� \DQOÕú� KÕ]� YH� NRQXP�YHULVL� KHVDEÕQÕQ�

|Q�QH� JHoLOPHVLQGH� NXOODQÕOPÕúWÕU�� %XQXQ� GÕúÕQGD� EX� WHVSLW� VLVWHPL�� WDKULN� YH� IUHQ�

VLVWHPLQLQ� G�]J�Q� oDOÕúDELOPHVL� YH� WHNHU�UD\� ER]XOPDODUÕQÕQ� |QOHQHELOPHVL� LoLQ� GH�

NXOODQÕOPDVÕ�JHUHNHQ�ELU�VLVWHPGLU� %X�QHGHQOH E|O�P��¶WH ROXúWXUXODQ�VLVWHPLQ�oÕNWÕODUÕ��



��

WDKULN� YH� IUHQ� DOW� VLVWHPOHULQL� X\DUPDN� YH� JHUHNOL� |QOHPOHULQ� DOÕQPDVÕ� LoLQ� GH�

NXOODQÕODELOLU�� <DUGÕPFÕ� VLVWHP� RODUDN� ROXúWXUXODQ EX� WHVSLW� VLVWHPL� E|O�P� �¶WH

ROXúWXUXODQ�PLPDULGH NXOODQÕOPÕúWÕU�

%|O�P� �� LVH� DQD� \|QWHPLQ� DQODWÕOGÕ÷Õ� YH� ROXúWXUXODQ�PLPDULQLQ� IDUNOÕ� �o VHQDU\R� LOH�

LQFHOHQGL÷L� E|O�PG�U�� %X� E|O�PGH� VHQV|U� I�]\RQ� WHNQLNOHUL YH� \DUGÕPFÕ� VLVWHPOHU

LQFHOHQHUHN NDUúÕODúWÕUÕOPÕúWÕU�� (OGH� HGLOHQ� VRQXoODU�� ELUGHQ� ID]OD� VHQV|U� NXOODQPDQÕQ�

JHUHNOLOL÷LQL�RUWD\D�NR\PXúWXU��$\UÕFD�EX�E|O�PGH�J�YHQOLN�VHYL\HVL�YH�J�YHQOL�DUDOÕN�

KHVDEÕ�GD�LQFHOHQPLúWLU��%X�LQFHOHPHOHU� ELUGHQ�ID]OD�VHQV|U�NXOODQPDQÕQ�HULúLOHELOLUOL÷L

YH�GR÷UXOX÷X�DUWÕUPDQÕQ GÕúÕQGD�27.¶GD�KHGHIOHQHQ�J�YHQOLN�VHYL\HVLQH�XODúPDN�LoLQ�GH�

JHUHNOL� ROGX÷XQX J|VWHUPLúWLU�� $\QÕ� ]DPDQGD�� EDOL]OHU� \DUGÕPÕ� LOH ELULNHQ� KDWDODUÕQ�

VÕIÕUODQPDVÕQÕQ J�YHQOL�DUDOÕ÷ÕQ E�\�PHVLQL�HQJHOOHQGL÷L�J|U�OP�úW�U�

%|O�P� �¶WH� LQFHOHQHQ� �o VHQV|U� I�]\RQ� WHNQL÷L� J|]� |Q�QH� DOÕQGÕ÷ÕQGD I�]\RQ�

VRQXoODUÕQÕQ�ED]Õ�VHQV|U�VRQXoODUÕQGDQ�GDKD�N|W��VRQXoODU�YHUGL÷L�J|]OHQPLúWLU��)�]\RQ�

�� NXOODQÕODQ� VHQV|UOHUGHQ� HúLW� úHNLOGH� HWNLOHQGL÷L� LoLQ� KHU� ]DPDQ� HQ� L\L� VRQXo� YHUHQ�

VHQV|UGHQ�GDKD�N|W��ELU� VRQXo�YHUPHNWHGLU�� )�]\RQ�� YH� I�]\RQ��¶WH LVH VRQXo�HQ� L\L�

VRQXo�YHUHQ�VHQV|UH�\DNÕQ�ELU�GH÷HU�YHUPHNWHGLU�

2GRPHWUH�VLVWHPLQLQ�ELU�J|UHYL�RODQ�J�YHQOL�DUDOÕN�KHVDEÕ� KDW�\R÷XQOX÷XQXQ�D]DOWÕOPDVÕ�

LoLQ� oRN� |QHPOLGLU� 9HULOHULQ� X\JXQ� ELU� úHNLOGH� ELUOHúWLULOHUHN� J�YHQOL� DUDOÕN� ELOJLVLQL�

N�o�OWPHVL� EX� QHGHQOH� |QHPOLGLU�� 9HULOHU� X\JXQ� úHNLOGH� ELUOHúWLULOPHGL÷LQGH� HQ� N|W��

VRQXo�YHUHQ�VHQV|U� KHVDSODQDQ�J�YHQOL�DUDOÕN�ELOJLVLQL E�\�WPHNWHGLU YH KDUHNHWOL�EORN�

\|QWHPL� LOH� ROXúWXUXODQ� EORN� X]XQOX÷X� DUWPDNWDGÕU�� %X� GXUXPGD� VHIHU� VD\ÕODUÕQÕQ�

D]DOPDVÕQD� YH� YHULPOLOL÷LQ� G�úPHVLQH� QHGHQ� ROPDNWDGÕU� *�YHQOL� DUDOÕN� ELOJLVLQL�

N�o�OWPHN�LoLQ� J�YHQOL�DUDOÕN�ELOJLVL�G�ú�N�RODQ�WHN�ELU�VHQV|U�LOH�KÕ]�YH�NRQXP�KHVDEÕQÕ�

\DSPDN� LVH�27.¶QÕQ� HQ� |QHPOL� KHGHIL� RODQ� J�YHQOLN� VHYL\HVLQLQ� \DNDODQDPDPDVÕQD�

QHGHQ�ROPDNWDGÕU�

%X� QHGHQOHUGHQ� GROD\Õ�� KHGHIOHQHQ� VLVWHP� SHUIRUPDQVÕQD� XODúDELOPHN� LoLQ� NXOODQÕODQ�

VHQV|UOHULQ�VHoLPL��NXOODQÕODQ�I�]\RQ�WHNQL÷L�YH�NXOODQÕODQ�KDWD WHVSLW�VLVWHPOHUL RGRPHWUH�

VLVWHPL� LoLQ� |QHPOLGLU� 8\JXQ� I�]\RQ� WHNQL÷L� YH� KDWD� WHVSLW� VLVWHPOHUL� LOH� HOGH� HGLOHQ�

VRQXoODU KHP� J�YHQOL� DUDOÕ÷Õ� N�o�OWPHNWH KHP� GH� KHGHIOHQHQ� KDWD� RUDQÕQD�

XODúÕODELOPHVLQH RODQDN�VD÷ODPDNWDGÕU�



���

%X� WH]� NDSPDVÕQGD� RGRPHWUH� PLPDULVLQLQ� QDVÕO� ROXúWXUXODFD÷Õ� LQFHOHQPLúWLU�� %X�

LQFHOHPHOHU� VRQXFX��X\JXQ�VLVWHP�PLPDULVLQLQ�ROXúWXUXODELOPHVL� LoLQ�|QFH�KDW�YH�DUDo�

JHUHNVLQLPOHULQLQ� L\L�EHOLUOHQPHVL�JHUHNPHNWHGLU��%X�JHUHNVLQLPOHUH�GD\DQDUDN� VHQV|U�

NÕVÕWODUÕQÕQ� RUWD\D� NRQPDVÕ YH� NXOODQÕOPDVÕ� SODQODQDQ� VHQV|UOHULQ� EHOLUOHQPHVL�

JHUHNPHNWHGLU��'DKD�VRQUD�VHoLOHQ�VHQV|UOHULQ�DUWÕ�YH�HNVL�\|QOHULQH�J|UH�LKWL\Do�GX\XODQ�

\DUGÕPFÕ� VLVWHPOHU EHOLUOHQPHOLGLU�� 'R÷UXOXN� SHUIRUPDQV� JHUHNVLQLPLQLQ YH� J�YHQOLN�

SHUIRUPDQV�JHUHNVLQLPLQLQ�D\QÕ�DQGD�\DNDODQDELOPHVL� LoLQ�JHUHNOL RODQ I�]\RQ� WHNQL÷L

NXOODQÕODUDN�RGRPHWUH�PLPDULVLQLQ�ROXúWXUXOPDVÕ�JHUHNWL÷L�DQODúÕOPÕúWÕU�
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>�@ (XURSHDQ� 5DLOZD\� $JHQF\�� ³6\VWHP� 5HTXLUHPHQWV� 6SHFLILFDWLRQ� &KDSWHU� ��
3URFHGXUHV�´�(7&6�%DVHOLQH���5HOHDVH����SS���±���������

>�@ 6ROHU� DQG� )DURRT�� ³5DGLR� &RPPXQLFDWLRQ� IRU� &RPPXQLFDWLRQV�%DVHG� 7UDLQ�
&RQWURO��&%7&���$�WXWRULDO�DQG�6XUYH\�´�,(((�&RPPXQ��6XUY���YRO������SS������±
�����������

>�@ %�� %LHQIDLW�� 3�� =RHWDUGW�� DQG� %�� %DUQDUG�� ³$XWRPDWLF� 7UDLQ� 2SHUDWLRQௗ�� WKH�
0DQGDWRU\�,PSURYHPHQW�IRU�(7&6�$SSOLFDWLRQV�´�$VS�������,UVH��SS���±���������

>�@ ³0DNLQJ� WKH� UDLOZD\� (5706� ² 0DNLQJ� WKH� UDLOZD\� V\VWHP� ZRUN� EHWWHU� IRU�
VRFLHW\�´�SS���±��������

>�@ (��(��8��*��9(56,216��³2GRPHWHU�))),6�´�QR������SS���±��������

>�@ 0�� 0DOYH]]L�� *�� 9HWWRUL�� %�� $OORWWD�� /�� 3XJL�� DQG� $�� 5LGROIL�� ³$� ORFDOL]DWLRQ�
DOJRULWKP�IRU� UDLOZD\�YHKLFOHV�EDVHG�RQ�VHQVRU� IXVLRQ�EHWZHHQ� WDFKRPHWHUV�DQG�
LQHUWLDO�PHDVXUHPHQW�XQLWV�´�YRO�������QR�����SS�����±����������

>�@ 6��(��,QWHURSHUDEOH��³7KH�(5706���(7&6�VLJQDOOLQJ�V\VWHP�´�S�����������

>�@ )�� (OEDKKDU� DQG� 0�� +HGGHEDXW�� ³$GYDQFHG� 7UDLQ� 3RVLWLRQLQJ�&RPPXQLFDWLRQ�
6\VWHP�´�0RG��5DLOZ��(QJ��������

>�@ 7��$SSURYDO��³))),6�IRU�(XUREDOLVH�´�QR�����SS���±����������

>��@ 5DLO6\VWHP��³%DOLVH�´������
>2QOLQH@��$YDLODEOH��KWWS���ZZZ�UDLOV\VWHP�QHW�EDOLVH��

>��@ -��2WHJXL��$��%DKLOOR��,��/RSHWHJL��DQG�/��(��'LH]��³$�6XUYH\�RI�7UDLQ�3RVLWLRQLQJ�
6ROXWLRQV�´�,(((�6HQV��-���YRO������QR������SS������±�����������

>��@ /��$��.OHLQ��6HQVRU�DQG�'DWD�)XVLRQ��6(&21'��%HOOLQJKDP��:DVKLQJWRQ�86$��
63,(²7KH�,QWHUQDWLRQDO�6RFLHW\�IRU�2SWLFDO�(QJLQHHULQJ�������

>��@ &��&��*UDQW��³3HUIRUPDQFH�5HTXLUHPHQWV�IRU�,QWHURSHUDELOLW\�´�SS����±���������

>��@ /��$VWHF�&RUSRUDWLRQ��³0DQXDO�3XOVH�*HQHUDWRUV�,QIRUPDWLRQ�´������
$YDLODEOH�KWWSV���ZZZ�JOREDOVSHF�FRP�OHDUQPRUH�PRWLRQBFRQWUROV�RSHUDWRUBLQWHU
IDFHV�PDQXDOBSXOVHBJHQHUDWRUV�
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>��@ 5DLO6\VWHP��³5ROOLQJ�6WRFN�7HUPV�´������
$YDLODEOH��KWWS���ZZZ�UDLOV\VWHP�QHW�UROOLQJ�VWRFN�WHUPV��

>��@ )��,��3HWUHVFX��$�1HZ�'RSSOHU�(IIHFWV��YRO������QR����������

>��@ <��7��&KDQ�DQG�)��/��-DUGLQH��³7DUJHW�/RFDOL]DWLRQ�DQG�7UDFNLQJ�)URP�'RSSOHU�
6KLIW�0HDVXUHPHQWV�´�,(((�-��2FHDQ��(QJ���YRO������QR�����SS�����±����������

>��@ 3��6WUD��%��*ODGEDFK� DQG�*��3KRQH��³'(87$ௗª�'(87$�6HQVRUV� 5REXVWQHVV� ��
VHOI�GLDJQRVLV�DQG�UHOLDELOLW\ௗ�©ௗ6HOI�GLDJQRVLV�´�YRO������QR��-XO\� �����

>��@ ³:KDW�LV�*166"�´�������
$YDLODEOH��KWWSV���ZZZ�JVD�HXURSD�HX�HXURSHDQ�JQVV�ZKDW�JQVV�

>��@ 3��'��*URYHV��3ULQFLSOHV�RI�*166��,QHUWLDO��DQG�0XOWLVHQVRU�,QWHJUDWHG�1DYLJDWLRQ�
6\VWHPV���QG�HG��/21'21��$UWHFK�+RXVH�������

>��@ /��/R�3UHVWL��*166�IRU�5DLO�7UDQVSRUWDWLRQ�&KDOOHQJHV�DQG�2SSRUWXQLWLHV��7RULQR��
6SULQJHU� �����

>��@ 6KLIW�UDLO�� ³,QQRYDWLRQ� 3URJUDPPH� �� ,3�� 5HVHDUFK� DQG� ,QQRYDWLRQ� $FWLYLWLHV�´�
�����
$YDLODEOH��KWWSV���VKLIW�UDLO�RUJ�UHVHDUFK�GHYHORSPHQW�LS���

>��@ *��&KRPLN��*OREDO�1DYLJDWLRQ�6DWHOOLWH�6\VWHPV�DQG�7KHLU�(YROXWLRQ��YRO������QR��
�� �����

>��@ %�� +��:�� +�� /�� (�� :DVOH��*166� ± *OREDO� 1DYLJDWLRQ� 6DWHOOLWH� 6\VWHPV� *36��
*/21$66��*DOLOHR��DQG�PRUH� �����

>��@ -��6WRZ�DQG�(��$QGHUVVRQ��³+DQGERRN�RI�5DLOZD\�9HKLFOH�'\QDPLFV�´�+DQGE��
5DLOZ��9HK��'\Q��������

>��@ 2��+HLULFK�DQG�%��6LHEOHU��³2QERDUG�7UDLQ�/RFDOL]DWLRQ�ZLWK�7UDFN�6LJQDWXUHVௗ��
7RZDUGV�*166�5HGXQGDQF\�´������

>��@ '�� 7LWWHUWRQ� DQG� -�� :HVWRQ�� ³6WUDSGRZQ� LQHUWLDO� QDYLJDWLRQ� WHFKQRORJ\� � �QG�
HGLWLRQ�� >%RRN�UHYLHZ�´�,(((�$HURVS��(OHFWURQ��6\VW��0DJ���YRO������QR�����SS����±
���������

>��@ .��.LP�� 6��+�� .RQJ�� DQG� 6��<�� -HRQ�� ³6OLS� DQG� 6OLGH�'HWHFWLRQ� DQG�$GDSWLYH�
,QIRUPDWLRQ�6KDULQJ�$OJRULWKPV�IRU�+LJK�6SHHG�7UDLQ�1DYLJDWLRQ�6\VWHPV�´�,(((�
7UDQV��,QWHOO��7UDQVS��6\VW���YRO������QR�����SS������±�����������



���

>��@ 0��0DOYH]]L��*��&RFFL��DQG�$��7DUDVFRQL��³'HVLJQ�RI�H[SHULPHQW�IRU�WKH�YDOLGDWLRQ�
RI�$73�$7&�RGRPHWU\�DOJRULWKPV�´�:,7�7UDQV��%XLOW�(QYLURQ���YRO������SS�����±
����������

>��@ )��)HQJ��³'RSSOHU�UDGDU�VSHHG�PHDVXUHPHQW�RQ�ERDUG��´�QR��-XQH�������

>��@ *��%DUQD��³&RQWURO�6\VWHP�RI�:KHHO�6OLGH�3URWHFWLRQ�'HYLFHV�IRU�5DLO�9HKLFOHV�
0HHWLQJ�WKH�5HTXLUHPHQWV�RI�(XURSHDQ�1RUPDWLYH�'RFXPHQWV�6\VWHP�6WHURZDQLD�
8NáDGyZ�´�3URF����WK�,QW��&RQI��4XDO��6DI��(FRO��7UDQVS���SS����±���������

>��@ $��$FKDU\D��6��6DGKX��DQG�7��.��*KRVKDO��³7UDLQ�ORFDOL]DWLRQ�DQG�SDUWLQJ�GHWHFWLRQ�
XVLQJ�GDWD�IXVLRQ�´�7UDQVS��5HV��3DUW &��YRO������QR�����SS����±���������

>��@ &(1(/(&�67$1'$576��³(1�������7KH�6SHFLILFDWLRQ�DQG�'HPRQVWUDWLRQ�RI�
5HOLDELOLW\��$YDLODELOLW\��0DLQWDLQDELOLW\�DQG�6DIHW\�´������

>��@ &(1(/(&�67$1'$576�� ³(1�������5DLOZD\� DSSOLFDWLRQV� � &RPPXQLFDWLRQ��
VLJQDOOLQJ DQG�SURFHVVLQJ�V\VWHPV� � 6RIWZDUH�IRU� UDLOZD\�FRQWURO�DQG�SURWHFWLRQ�
V\VWHPV�´������

>��@ &(1(/(&�67$1'$576��³(1�������5DLOZD\�DSSOLFDWLRQV�± &RPPXQLFDWLRQ��
VLJQDOOLQJ� DQG� SURFHVVLQJ� V\VWHPV� ± 6DIHW\� UHODWHG� HOHFWURQLF� V\VWHPV� IRU�
VLJQDOOLQJ�´������

>��@ 3��:LJJHU��³([SHULHQFH�ZLWK�6DIHW\�,QWHJULW\�/HYHO���6,/���$OORFDWLRQ�LQ�5DLOZD\�
$SSOLFDWLRQV�´�SS���±��� �����

>��@ +�� 6FKlEH�� ³'LIIHUHQW� 3ULQFLSOHV� 8VHG� IRU� 'HWHUPLQDWLRQ� RI� 7ROHUDEOH� +D]DUG�
5DWHV�´ �����

>��@ &��7LPPV��³'HWHUPLQDWLRQ�RI�VDIHW\�LQWHJULW\�OHYHOV�WDNLQJ�LQWR�DFFRXQW�$/$53��
&RVW�EHQHILW�DQDO\VLV�´�,QVW��&KHP��(QJ��6\PS��6HU���QR�������SS�����±����������

>��@ )��/��(�'UXHW��2��%LOHQQH��0��0DVVDU��)��0HHUV��³,QWHUYDO�%DVHG�6WDWH�(VWLPDWDLRQ�
IRU�6DIH�7UDLQ�3RVLWLRQLQJ�´�QR�����S����������

>��@ $NH�%M|UFN��1XPHULFDO�PHWKRGV�IRU�/6 3UREOHP��VLDP� �����

>��@ %HNNHQJ��³'DWD�IXVLRQ���HVWLPDWLRQ�DQG�FRQWURO�´������

>��@ (��6WDQGDUG�DQG�5��6WRFN��³(VU������ZKHHO�DQG�D[OHV�UHIHUHQFH�PDQXDO�´�SS���±����
�����



���

>��@ *6$�(XURSHDQ� *OREDO� 1DYLJDWLRQ 6DWHOOLWH� 6\VWHPV� $JHQF\�� ³(*126� DQG�
*$/,/(2�IRU�5$,/�,QFUHDVHG�6DIHW\���/RZHU�&RVWV�´������

>��@ 0��&��5IL�DQG�6��1��7UHQLWDOLD��³µ�7KH�(56$7�*DOLOHR�*DPH�&KDQJHU��¶´�����





g=*(d0øù

$G×�6R\DG× ��g]JH�gQFHOHU

'RùXP�<HUL ��,VSDUWD

'RùXP�7DULKL �����������

0HGHQL�+DOL ��%HNDU

<D]×üPD�$GUHVL �� $\UDQF×� PDKDOOHVL�� *�OHU\�]� VRNDN� QR������ dDQND\D� ��

$1.$5$

7HOHIRQ ����������������

(OHNWURQLN�3RVWD ��RQFHOHUR]JH#JPDLO�FRP

<DEDQF×�'LO ��úQJLOL]FH

(øú7ú0�'85808

/LVH������������ ��(UEDN×U�)HQ�/LVHVL�² 'HQL]OL 2UWDODPD��

��������

/LVDQV������������ ��2UWD�'RùX�7HNQLN�hQLYHUVLWHVL��2'7h�

(OHNWULN�YH�(OHNWURQLN�0�KHQGLVOLùL

2UWDODPD��

���������

úû�7(&5h%(6ú

�����\D]�VWDM× ��+DON�(QHUML

�����\D]�VWDM× ��$VHOVDQ�667�úQVDQV×]�6LVWHPOHU�6LVWHP�0�KHQGLVOLùL

����� 1LVDQ�7HPPX]� ��$GD\�P�KHQGLV��$VHOVDQ�8*(6

����� 7HPPX]�KDOHQ ���0�KHQGLV��$VHOVDQ�8*(6� 6LVWHP�7DVDU×P�0�KHQGLVL


