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 *D]L��hQLYHUVLWHVL��0�K�0LP�)DN��(QG�VWUL�0�K��%|O�P���$QNDUD�


� *D]L�hQLYHUVLWHVL�0�K�0LP�)DN��(QG�VWUL�0�K��%|O�P���$QNDUD�



$70$&$�±�(52/��

� ���

�����

RODUDN�WDQÕPODQDELOLU��(h6¶QLQ�DPDFÕ��RWRPDV\RQ�NDYUDPÕQÕ�YH�WHNQRORMLVLQL�WHN� ELU� �UHWLP� VLVWHPLQGH� ELUOHúWLUPHNWLU�� %X� VLVWHPOHU�� RWRPDWLN� WDúÕPD� YH�GHSRODPD� VLVWHPOHULQL�� RWRPDWLN� PDO]HPH� WDúÕPD� VLVWHPOHULQL�� URERWODUÕ��Q�PHULN�NRQWUROOX�PDNLQDODUÕ�YH�ELOJLVD\DU�NRQWURO�VLVWHPOHULQL�LoHULU���
(h6¶QLQ�DQD�ELOHúHQOHUL�úXQODUGÕU�6LQJK���������
D�� øú� LVWDV\RQODUÕ��0DNLQD�PHUNH]OHUL�� Q�PHULN� NRQWUROOX�PDNLQDODU��1&���PXD\HQH�GRQDQÕPODUÕ��\�NOHPH�YH�ERúDOWPD�DODQODUÕ\OD�Lú�DODQODUÕQGDQ�ROXúXU�� %X� LVWDV\RQODUGD�� LúOHPH�� \�NOHPH�ERúDOWPD�� PRQWDM�� \ÕNDPD� Y�E��RSHUDV\RQODU� RWRPDWLN� RODUDN� JHUoHNOHúWLULOLU�� 1&� PDNLQDODUÕ� (h6¶QLQ� \DSÕ�WDúODUÕGÕU�� %XQODU� � (h6¶GHNL� HVQHNOLN� GHUHFHVLQL� YH� � (h6¶QLQ� \HWHUOLOL÷LQL�EHOLUOHU��
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LLL�� 2WRPDWLN� GHSRODPD�JHUL� WDúÕPD� VLVWHPL� YH� DW|O\H� NRQWURO�VLVWHPL\OH�ELU�DUDGD�NXOODQÕODELOLU��
F��2WRPDWLN�GHSRODPD�YH�\HUOHúWLUPH�VLVWHPOHUL���%X�DODQODUGD��KHP�KDUHNHW� � � HGHQ� SDUoDODUÕ�� KHP� GH� HPQL\HW� VWR÷X� J|UHYLQL� \DSDQ� SDUoDODUÕ�LVWDV\RQODU� DUDVÕQGD� WDúÕ\DQ� PHNDQL]PDODU� EXOXQXU�� (h6� LoLQGHNL� LúOHPH�PHUNH]OHUL� \�NVHN� RUDQGD� \DWÕUÕP� JHUHNWLULU�� 7DP� RODUDN� LúOHPH� JHoPHGHQ�|QFH�KDPPDGGH�� WHUWLEDW� YH�SDOHWOHU� KD]ÕU�ROPDOÕGÕU��3DOHWOHU��(h6¶GH� LúOHP�J|UHFHN� RODQ� PDO]HPHOHULQ� NRQXOGX÷X� VWDQGDUW� WDúÕPD� NROD\OÕNODUÕGÕU��7HUWLEDWODU� LVH�� SDOHWOHU� �]HULQH� \HUOHúWLULOHQ� SDUoD� WXWXFX� ELULPOHUGLU��7HUWLEDWODU�� (h6� RUWDPÕQGD� ROGXNoD� |QHPOLGLU�� 7HUWLEDWODUÕQ� \DQOÕú� \D� GD�]D\ÕI� WDVDUÕPODUÕ� VRQXFXQGD� \HQLGHQ� LúOHPH� PDOL\HWOHUL�� JHFLNPHOHU�YE�VRUXQODU�RUWD\D�oÕNDELOLU��
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QLQ�DPDoODUÕQGDQ�ELULVL��LúOHQPHN��]HUH�EHNOH\HQ�Lú�SDUoDODUÕQÕQ�VD\ÕVÕQÕ� � D]DOWPDNWÕU�� %X� DPDFÕ� JHUoHNOHúWLUPHN� LoLQ� NXOODQÕODQ� ELOJLVD\DU�NRQWUROOX�WDúÕPD�VLVWHPOHUL��PDO]HPHQLQ�Lú�LVWDV\RQXQD�WDP�LúOHQHFH÷L�VÕUDGD�JHOPHVLQL� YH� Lú� LVWDV\RQXQGD� SDUoDQÕQ� LúOHQPHVL� ELWHU� ELWPH]�� DOÕQÕS�X]DNODúWÕUÕOPDVÕQÕ�VD÷ODPDNWÕU��%X�J|UHYL�\DSDQ�LNL�WDúÕPD�VLVWHPLQGHQ�ELULVL��
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*�Q�P�]GHNL� LPDODW� WHNQRORMLOHULQH� J|]� DWDUVDN�� |UQH÷LQ�� (h6¶\H�JHoPLú� LPDODW� VLVWHPOHULQGH�� �UHWLP� JHFLNPH� ]DPDQODUÕQÕQ� D]DOGÕ÷Õ�� \HQL��U�QOHU� LoLQ� \HQL� V�UHoOHULQ� JHOLúWLULOGL÷L�� KD]ÕUOÕN� ]DPDQODUÕQÕQ� D]DOGÕ÷Õ� YH�VRQXo� RODUDN� HVQHNOL÷LQ� DUWWÕUÕOGÕ÷ÕQÕ� J|UPHNWH\L]�� (VQHNOL÷LQ�� LPDODW� VHUYLV�|PU�Q�� X]DWPDVÕ� YH� GLQDPLN� SD]DU� GH÷LúLNOLNOHULQH� FHYDS� YHUPHVL�LVWHQLU��&KHQ�YH�&KXQJ���������
$QFDN� �(h6¶\H� JHoPLú� ELUoRN� ILUPD��(h6¶QLQ� JHUHNWLUGL÷L� úDUWODUÕ�\HULQH� JHWLUHPHGL÷L� LoLQ�� � EX� NRQXGD� EDúDUÕVÕ]OÕ÷D� X÷UDPÕúWÕU��.XODWLODND������� �� oR÷X�(h6� NXOODQÕFÕVÕQÕQ�PHYFXW� HVQHNOL÷L� JHUHNWL÷L� JLEL��NXOODQDPDGÕ÷ÕQÕ�� HVNL� �UHWLP� WHNQRORMLOHULQL� � NXOODQGÕ÷Õ� YH� EX� úHNLOGH� \HQL��UHWLP� WHNQRORMLOHULQLQ� \DUDUODUÕQGDQ� X]DNODúWÕ÷ÕQÕ� J|VWHUPLúWLU��%LUoRN�(h6�NXOODQÕFÕVÕQÕQ� NDEXO� HWWL÷L�� HVNL� �UHWLP� NDYUDPODUÕQGDQ� ELULVL� GH�� DW|O\H�\�NOHPHGLU��(h6�\�NOHPH�NDUDUÕ��VLVWHPGHNL�ND\QDNODU�YH�WHNQRORMLN�NÕVÕWODU�DOWÕQGD�� LúOHPOHULQ� DWDQPDVÕ\OD� LOJLOLGLU�� (h6¶GH� \�NOHPH� DPDoODUÕ� úXQODU�RODUDN�J|VWHULOHELOLU��
$WDQDQ�PDNLQH�LúOHP�V�UHOHULQL�GHQJHOHPHN�
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��� *UXSODQPÕú� HúLW� NDSDVLWHOHUGHNL� PDNLQDODUÕQ� Lú\�NOHULQL�GHQJHOHPHN�
��� *UXSODQPÕú� IDUNOÕ� NDSDVLWHOHUGHNL� PDNLQDODUÕQ� Lú\�NOHULQL�GHQJHOHPHN�
<�NOHPHQLQ�DUGÕQGDQ�Lú�VÕUDODPDQÕQ�GD�VLVWHP�SHUIRUPDQVÕ��]HULQGH�HWNLVL� E�\�NW�U�� 6LVWHPGH� SDKDOÕ� RODQ� 1&� WH]JDKODUÕQÕQ� EXOXQPDVÕ�� PDNLQH�ERú�EHNOHPH�V�UHOHULQL��VLVWHP�SHUIRUPDQVÕ�|Oo�V��LOH�LOJLOL�HQ�|QHPOL�PDOL\HW�HOHPDQÕ�\DSPDNWDGÕU��(h6¶QLQ�HVQHNOLN�\DSÕVÕ�GROD\ÕVÕ\OD��H÷HU�KHU�PDNLQD\D�ROGXNoD� GHQJHOL� ELU� Lú\�N�� DWDQPÕúúD�� VLVWHPGHNL� PDNLQH� ERú� EHNOHPH�V�UHOHULQLQ�G�úPHVL�GR÷DO�ELU�VRQXoWXU����
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7HNQRORMLN� NÕVÕWODU� DOWÕQGD�� Lú� N�PHOHULQLQ� WDPDPODQPDVÕ� LoLQ�URWDODUÕQ� �PDNLQD� VÕUDODUÕQD� J|UH�� DWDQPDVÕ�� URWDODPD� NDUDUODUÕ� RODUDN�WDQÕPODQDELOLU�� øúOHULQ� EX� PDNLQDODUD� JHUoHN� ]DPDQGD� DWDPDODUÕ� LVH�oL]HOJHOHPHGLU��ùHNLO��¶GH�(h6¶GHNL�KL\HUDUúLN�\DSÕ�J|VWHULOPLúWLU���
dL]HOJHOHPH� GH�� (h6¶QLQ� oDOÕúPDVÕQÕ� HWNLOH\HFHN� oRN� JHQLú�NDSVDPOÕ� ELU� SUREOHPGLU�� dL]HOJHOHPH� WHRULVL�� EX� DODQGD� NXOODQÕODELOHFHN�ID\GDOÕ�PRGHO� YH� WHNQLNOHUH� VDKLSWLU��%X�PRGHO� YH� WHNQLNOHUL�� (h6¶QLQ� KHP�PHUNH]L�� KHP� GH� PDNLQH� PHUNH]OHULQL� YH� WDúÕPD� VLVWHPOHULQL� NRQWURO� HGHQ�ELOJLVD\DUODUGD�SURJUDPOD\DUDN�NXOODQPDN�P�PN�QG�U��
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6RQXo�RODUDN��\�NOHPH�PRGHOLQGHQ�HOGH�HGLOHQ�oÕNWÕODU��KHUELU�SDUoD�WLSL�LoLQ��URWDODPD�DOWHUQDWLIOHULQLQ�ELU��N�PHVLGLU�GL\HELOLUL]��gUQH÷LQ�����3DUoD�WLSL�LNL�DOWHUQDWLI� URWD\D� VDKLSNHQ�� ��� 3DUoD� WLSL� �o� DOWHUQDWLI� URWDGDQ� ROXúDELOLU��%|\OHFH�� PDNVLPXP� VLVWHP� SHUIRUPDQVÕ� LoLQ�� KHUELU� SDUoD� WLSLQGH� KDQJL�URWDQÕQÕQ�NDEXO�HGLOHELOHFH÷L�EHOLUOHQLU��
(h6¶GH� \�NOHPH� YH� URWDODPD� SUREOHPOHULQL� LQFHOHGL÷LPL]GH�� \�NOHPH� YH�URWDODPD� SUREOHPOHULQGH� GH÷LúLN� IDNW|UOHUH� D÷ÕUOÕN� YHULOHUHN� PRGHOOHPH�
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7DEOR��¶GH�� �
�¶OD�J|VWHULOHQ� oDOÕúPDODU�oRN�DPDoOÕ� NDUDU�YHUPH� LOH�LOJLOL�RODQ�oDOÕúPDODUGÕU��
7DEOR� �¶GH� \DSÕODQ� oDOÕúPDODUÕ� LQFHOHUVHN�� (h6¶GH� \�NOHPH�SUREOHPL�LOH�LOJLOL�RODUDN��LON�oDOÕúPD��6WHFNH�YH�6ROEHUJ�WDUDIÕQGDQ���������ELU�VLP�ODV\RQ�oDOÕúPDVÕ�úHNOLQGH�VXQXOPXúWXU��
(h6¶GH� \�NOHPH� SUREOHPL� LoLQ� LON� PDWHPDWLNVHO� IRUP�ODV\RQ� LVH�\LQH�6WHFNH��������\DSÕOPÕúWÕU�*UXSODPD�YH�\�NOHPH������GR÷UXVDO�ROPD\DQ�NDUPD� WDPVD\ÕOÕ� SURJUDPODPD� úHNOLQGH� IRUP�OH� HGLOPLúWLU�� 0DNLQDODUGDNL�Lú\�NOHULQLQ�GHQJHOHQPHVL�SUREOHPL��]HULQGH�oDOÕúPÕúWÕU��
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.LPHPLD� YH� *HUVKZLQ� �������� PDNVLPXP� DNÕú� DPDFÕQD� XODúPDN��]HUH�� (h6
GH� SDUoD� URWDODUÕQÕQ� HQ� L\LOHQPHVL� SUREOHPL� �]HULQGH�oDOÕúPÕúODUGÕU�����������
$PPRQV� Y�G�� �������� Lú\�NOHULQLQ� GHQJHOHQPHVL� YH� Lú�LVWDV\RQODUÕQGDNL� JLGLú�JHOLú� VD\ÕODUÕQÕQ� HQD]ODQPDVÕ\OD� LOJLOL� oDOÕúPD�\DSPÕúODUGÕU��
6KDQNHU� YH� 7]HQ� �������� SDUoD� VHoLPL� SUREOHPOHULQLQ� o|]�P�QGH��PDWHPDWLNVHO� SURJUDPODPD� \DNODúÕPÕQÕ� |QHUPLúOHUGLU�� %X� \DNODúÕP��6WHFNH
QLQ��������oDOÕúPDVÕ\OD�EHQ]HUGLU��+HU�LNL�oDOÕúPDGD�GD��KHU�ELU�SDUoD�WLSL� LoLQ� WHN� ELU� URWD� ROGX÷X� YDUVD\ÕODUDN� PRGHO� NXUXOPXúWXU�� dDOÕúPDGD�Lú\�NOHULQLQ� GHQJHOHQPHVL� YH� JHFLNHQ� LúOHULQ� HQ� N�o�NOHQPHVL�DPDoODQPDNWDGÕU��
:LOKHOP� YH� 6KLQ� �������� DOWHUQDWLI� LúOHPOHU� LoLQ�� PDNLQDODUGDNL�Lú\�NOHULQLQ� GHQJHOHQPHVL� SUREOHPLQL� LQFHOHPLúOHUGLU�� 3UREOHP�� GR÷UXVDO�SURJUDPODPD�PRGHOL� RODUDN� NXUXOPXú� ROXS�� KHUELU� SDUoDQÕQ� KDQJL� DOWHUQDWLI�PDNLQDODUGDQ� JHoHFH÷L� YH� SDUoD� VD\ÕODUÕ� KHVDSODQPÕúWÕU�� 0RGHOGH�� PDNLQD�\HUOHúLPOHULQH� |QHP� YHULOPH\LS�� PDNLQDODU� DUDVÕ� X]DNOÕN� GD� PRGHOH� GDKLO�HGLOPHPLúWLU���%X��PRGHOGH�HNVLN�RODQ�WDUDIODUGDQ�ELULVLGLU��
2
*UDG\� YH� 0HQRQ� �������� (h6
QLQ� DQD� oL]HOJHOHPHVL\OH� LOJLOL�RODUDN�NDUDU�YHUPHGH��oRN�DPDoOÕ�\DNODúÕP��]HULQGH�GXUPXúODUGÕU��
$YRQWV� YH� 9DQ� :DVVHQKRYH� �������� NDSDVLWH� YH� WDOHS� NÕVÕWODUÕ�DOWÕQGD�� JHOHQHNVHO�DW|O\HOHUGH��UHWLOHQ�SDUoDODUD�NDUúÕ��(h6
GH��UHWLOHQ�ED]Õ�SDUoDODUÕQ� JHWLUHFH÷L� ID\GDODU� YH� IDUNOÕ� PDNLQDODUGDNL� Lú\�NOHULQLQ�GHQJHOHQPHVLQL� LQFHOHPLúOHUGLU�� *HOHQHNVHO� \|QH\OHP� DUDúWÕUPDVÕ�oDOÕúPDODUÕQGD�NXOODQÕODQ�/3�PRGHOOHU� YH�NX\UXN� WHRULVLQLQ�(h6¶GHNL�SDUoD�NDUÕúÕPÕ�YH�URWD�NDUÕúÕPÕ�SUREOHPOHULQLQ�o|]�P�QH�JHWLUHFH÷L�NDWNÕ��]HULQGH�GXUXOPXúWXU��
9HQWXUD� YH� &KHQ� �������� � (h6¶GH� DOHW� YH� PDNLQD� \�NOHPH�SUREOHPOHUL� �]HULQGH� GXUPXúODUGÕU�� 0DNLQDODUGDNL� Lú\�N�� GHQJHVL]OL÷LQLQ�D]DOWÕOPDVÕ\OD�LOJLOL�PRGHOOHPH�\DSPÕúODUGÕU���
0DLPRQ� YH� *HUVKZLQ� �������� � .LPHPLD� YH� *HUVKZLQ� ������¶LQ�oDOÕúPDODUÕQÕ�JHQLúOHWHUHN��JHUoHN�]DPDQOÕ�oL]HOJHOHPH�YH�JHUoHN�]DPDQOÕ�URWD�KHVDEÕQÕ�HNOHPLúWLU��
%DVWRV� �������� � N�PHOHPH� YH� URWDODPD� DUDVÕQGDNL� LOLúNL\L�DUDúWÕUPÕúWÕU�� .�PHOHPH�� URWDODPD�� GD÷ÕWÕP� YH� VÕUDODPD� ROPDN� �]HUH� G|UW�LúOHPVHO� SODQODPD� IRQNVL\RQX� WDQÕPODQPÕúWÕU�� 5RWDODPD� YH� N�PHOHPH�SUREOHPOHULQL�GHWD\OÕ�RODUDN�LQFHOHPLúWLU��øPDODW�VLVWHPOHUL�LoLQ�HWNLQ�LúOHPLQ��URWDODPD�VRQXoODUÕQD�ED÷OÕ�ROGX÷XQD�NDUDU�YHUPLúWLU��
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/HH� YH� -XQJ� �������� oRN� DPDoOÕ� NDUDU� YHUPH� WHNQLNOHULQGHQ� ELULVL�RODQ� DPDo� SURJUDPODPD\Õ� NXOODQDUDN�� SDUoD� VHoLPL� YH� DWDPDVÕ� SUREOHPLQL�ROXúWXUPXúWXU�� 0RGHO� �o� DPDoWDQ� ROXúPDNWDGÕU�� %XQODU�� �UHWLP� KÕ]Õ�LKWL\DoODUÕQÕQ� EHOLUOHQPHVL�� PDNLQDODUGDNL� Lú\�NOHULQLQ� GHQJHOHQPHVL��SDUoDODUÕQ�WRSODP�LúOHP�V�UHOHULQLQ�HQN�o�NOHQPHVLGLU��/HH�YH�-XQJ
ÕQ�DPDo�SURJUDPODPD� PRGHOL�� YHULOHQ� DPDoODU� YH� |QFHOLNOHUH� ED÷OÕ� RODUDN�� NDUDU�YHULFLQLQ�DPDoODUÕQD�XODúPDVÕQGD�LVWHQHQ�G�]H\GH�ELU�o|]�P�VD÷ODPDNWDGÕU��
6KDQNHU� YH� 6ULQLYDVXOX� �������� 6KDQNHU� YH� 7]HQ
LQ� �������oDOÕúPDVÕQGDQ� KDUHNHWOH�� PRGHOGHNL� DQDOLWLN� IRUP�ODV\RQODUGD� \HQL�G�]HQOHPHOHU�\DSDUDN�o|]�PGH�NROD\OÕN�VD÷ODPÕúODUGÕU��
'HDQ�YH�6FKQLHGHUMDQV� ��������(VQHN��UHWLP� VLVWHPOHUL� LoLQ��UHWLP�SODQODPDVÕQGD� DPDo� SURJUDPODPD� \DNODúÕPÕ� JHOLúWLUPLúOHUGLU�� <DSWÕNODUÕ�oDOÕúPDQÕQ� DPDFÕ�� (h6¶GH� PDO]HPH� WDúÕPD� YH� GD÷ÕWÕP� VLVWHPL� LoLQ�� DPDo�SURJUDPODPD�PRGHOLQLQ�NXOODQÕODELOLUOL÷LQL�J|VWHUPHNWLU���
5R� YH�.LP� ��������PDNVLPXQ� WDPDPODQPD� ]DPDQÕ�� RUWDODPD� DNÕú�]DPDQÕ�� RUWDODPD� JHFLNPH�� PDNVLPXP� JHFLNPH� NULWHUOHULQL� J|]|Q�QH� DODQ�DOWÕ� LúOHPVHO� NRQWURO� DOW� SUREOHPOHULQLQ� o|]�P�� LoLQ� VH]JLVHOOHUL�WDUWÕúPÕúODUGÕU��
.XPDU�YG�� �������� �(h6
GH�\�NOHPH�YH�JUXSODPD�SUREOHPOHUL� LoLQ�oRN� DPDoOÕ� \DNODúÕP� �]HULQGH� oDOÕúPÕúODUGÕU�� <DNODúÕP�� NDUDU� YHULFLQLQ�WHUFLKLQH�ED÷OÕ�RODUDN�X\JXQ�o|]�P��VD÷ODPD\Õ�DPDoODPDNWDGÕU��
&KHQ� YH� $VNLQ� �������� (h6¶GH� DOWÕ� \�NOHPH� VH]JLVHOLQLQ�SHUIRUPDQVODUÕQÕ�NDUúÕODúWÕUPÕúODUGÕU��+HUELUL�IDUNOÕ�DPDoODUD�GD\DQDQ�VH]JLVHO�\DNODúÕPODU��|UQHN�SUREOHP�YHULOHULQH�ED÷OÕ�RODUDN�GH÷HUOHQGLULOPLúWLU��
:LOVRQ� �������� (h6¶GH� PDNLQDODUD� Lú\�NOHULQLQ� DWDQPDVÕ\OD� LOJLOL�RODUDN�� PDNLQDODUGDNL� Lú\�NOHULQLQ� GHQJHOHQPHVL� � SUREOHPL� �]HULQGH�GXUPXúODUGÕU��
.LP� YH� <DQR� �������� �UHWLP� KÕ]ODUÕQÕQ� HQE�\�NOHQPHVL� DPDFÕ\OD��(h6¶GH�Lú\�NOHULQLQ�GHQJHOHQPHVL�SUREOHPL��]HULQGH�oDOÕúPÕúODUGÕU��
/LDQJ�YH�'XWWD���������SDUoD�VHoLPL�YH�PDNLQD�\�NOHPH\L��(h6¶GH��UHWLP�SODQODPD�SUREOHPOHULQGH��ELUELUL\OH�LOLúNLOL�LNL�DQD�SUREOHP�RODUDN�HOH�DOÕS��PRGHOOHPH�\DSPÕúODUGÕU����
6FKDOO� YH� &KDQGUD� �������� (h6¶GH� DOWHUQDWLI� DOHW� NXOODQÕPODUÕ��]HULQGH�GXUDUDN��PDNLQDODUGDNL� Lú\�NOHULQLQ�GHQJHOHQPHVL�DPDFÕQD�\|QHOLN�oDOÕúPDODU�\DSPÕúODUGÕU���
0RKDPHG� �������� SDUoD� JUXSODPD�� \�NOHPH� YH� SDUoD� URWDODPD�SUREOHPOHULQGH� DOHW� GHSRVX� NDSDVLWHVLQLQ� |QHPL� �]HULQGH� GXUPXúWXU�� 3DUoD�
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JUXSODUÕ� LoLQ�� PDNLQDODUD� DWDQDQ� WRSODP� Lú\�NOHULQLQ� GHQJHOHQPHVL� LOH� LOJLOL�PRGHOOHPH�\DSPÕúWÕU��
3LSODQL� YG�� �������� HVQHN� URWDOÕ�� NDSDOÕ� LPDODW� VLVWHPOHULQGHNL�SDUoDODUÕQ�� VHYNL\DW� YH� GD÷ÕWÕP� SUREOHPOHUL� �]HULQGH� GXUPXúODUGÕU��*HOHQHNVHO� GD÷ÕWÕP� NXUDOODUÕ� YH� EXQODUÕQ� HNVLN� RODQ� \|QOHUL� LQFHOHQHUHN��HVQHN�URWDODPDQÕQ�DYDQWDMODUÕ�RUWD\D�NRQXOPXúWXU��
'¶$QJHOR� Y�G�� �������� (h6� WDVDUÕPÕQGD�� oRN� NULWHUOL� ELU� PRGHO��]HULQGH� oDOÕúPÕúODUGÕU�� %D]Õ� SHUIRUPDQV� GH÷HUOHQGLUPH� |Oo�OHULQH� ED÷OÕ�RODUDN�ELU�GH÷HUOHQGLUPH�\DSPÕúODUGÕU���
0RKDPHG�YH�%HUQDUGR���������GHWD\OÕ�DOHW�SODQODPD�SUREOHPOHUL\OH�LOJLOL�RODUDN��\�NOHPH�YH�URWDODPD�SUREOHPOHUL��]HULQGH�oDOÕúPÕúODUGÕU��
0RKDPHG�YG����������(h6¶GH�SDUoD�JUXSODPD��\�NOHPH�YH�URWDODPD�LOH�LOJLOL�RODUDN��PDNLQDODUGDNL�Lú\�N��GHQJHOHUL�YH�WRSODP�LúOHP�]DPDQODUÕQÕ�HQD]OD\DQ��PRGHO�JHOLúWLUPLúWLU���
&KDNUDYDUW\� YH� 6KWXE� �������� &KXQJ� �������� PDNLQDODUGDNL� LúOHP�V�UHOHUL� IDNW|U�Q�� J|]|Q�QGH� EXOXQGXUDUDN�� (h6¶GH� SDUoD� VHoLPL� YH�\�NOHPH�SUREOHPOHUL��]HULQGH�oDOÕúPÕúODUGÕU��
/DVKNDUL�Y�G�� ��������:LOVRQ���������(h6¶GH�URWD�HVQHNOL÷L�YH�DOHW�GHSRVX� IDNW|UOHULQL� ELUDUDGD� NXOODQDUDN�� KHUELU� LúOHP� LoLQ� \DOQÕ]FD� WHN� ELU�PDNLQDQÕQ�NXOODQÕODELOGL÷L�ELU�\DNODúÕP��]HULQGH�oDOÕúPÕúODUGÕU��
+XWFKLVRQ� Y�G�� �������� WRSODP� LúOHP� V�UHOHULQL� HQD]OD\DQ� ELU�PRGHOOHPH�\DSPÕúODUGÕU��
+DQ�Y�G����������PDNLQH�LúOHP�V�UHOHUL��]HULQGH�GXUDUDN��PDNLQDODU�LoLQ�Lú�YH�DOHW�DWDPDODUÕ�SUREOHPOHUL��]HULQGH�oDOÕúPÕúODUGÕU��
&KHQ� YH� &KXQJ� �������� (h6� SODQODPD� YH� NRQWURO� NDUDUODUÕQGD��\�NOHPH�� URWDODPD� YH� oL]HOJHOHPHQLQ� DUGÕúÕN� RODUDN� GHYDP� HWWL÷LQL�J|VWHUPLúOHUGLU�� (h6� oL]HOJHOHPHVLQGHQ� |QFH� URWDODPDQÕQ� |QHPLQL�YXUJXODPÕúODUGÕU��<�NOHPH�YH�URWDODPDQÕQ�ELUELUL\OH�\DNÕQ�LOLúNLGH�ROGX÷X�YH�(h6�SHUIRUPDQVÕQÕ�HWNLOH\HFHNOHUL�GH�oDOÕúPDGD�J|VWHULOPLúWLU���
/LDQJ���������(h6¶GH�SDUoD�VHoLPL�YH�PDNLQD�\�NOHPH�NDUDUODUÕ\OD�LOJLOL� RODUDN�� WRSODP� LúOHP� V�UHVLQL� HQD]D� LQGLUHQ� PRGHO� �]HULQGH�oDOÕúPÕúODUGÕU��
3LSODQL� YH� 7DODYDJH� �������� HVQHN� URWDOÕ�� NDSDOÕ� LPDODW�VLVWHPOHULQGHNL� SDUoDODUÕQ�� VHYNL\DW� YH� GD÷ÕWÕP� SUREOHPOHUL� �]HULQGH�GXUPXúODUGÕU�� *HOHQHNVHO� GD÷ÕWÕP� NXUDOODUÕ� YH� EXQODUÕQ� HNVLN� RODQ� \|QOHUL�LQFHOHQHUHN��HVQHN�URWDODPDQÕQ�DYDQWDMODUÕ�RUWD\D�NRQXOPXúWXU��
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.XVLDN� �������� �UHWLP� PDOL\HWOHUL� �]HULQGH� GXUDUDN�� (h6¶GH� EX�IDNW|U�Q�PRGHOGHNL�|QHPLQL�YXUJXODPÕúWÕU��
6DULQ� YH� &KHQ� �������� PDNLQH� YH� �UHWLP� PDOL\HWOHULQLQ� HQ�N�o�NOHQPHVL� DPDFÕ� DOWÕQGD� \�NOHPH� SUREOHPL� �]HULQGH� oDOÕúPÕúODUGÕU��d|]�P�LoLQ�ELU�WDPVD\ÕOÕ�SURJUDPODPD�PRGHOL�|QHUPLúOHUGLU�����
-DLNXPDU� YH� 9DQ� :DVVHKRYH� �������� 5DP� Y�G�� �������� �UHWLP�PDOL\HWOHULQL�HQD]OD\DQ�PRGHO��]HULQGH�oDOÕúPÕúODUGÕU��
5DP� YG�� �������� �UHWLP� PDOL\HWOHULQLQ� HQN�o�NOHQPHVL� DPDFÕ\OD�oDOÕúPDODU�\DSPÕúODUGÕU��
0\LQW�YH�7DEXFDQRQ���������(h6¶GH�PDNLQD�VHoLPL�SUREOHPL� LoLQ��LQWHUDNWLI�NDUDU�YHUPH�\DNODúÕPÕ��]HULQGH�GXUPXúODUGÕU��dDOÕúPD�LNL�NÕVÕPGDQ�ROXúPDNWDGÕU��gQFHOLNOH�DQDOLWLN�KL\HUDUúL�V�UHFL��]HULQGH�GXUXOPXúWXU��øNLQFL�NÕVÕPGD� LVH�� DPDo� SURJUDPODP� PRGHOL� KD]ÕUODQDUDN�� PDNLQDODUÕQ� GH÷LúLN�NRQILJ�UDV\RQODUÕQD�ED÷OÕ�RODUDN��PDOL\HW�YH�NDU�GH÷HUOHQGLUPHVL�\DSÕOPÕúWÕU��
'DV� YH� 1DJHQGUD� �������� (h6¶GH� GH÷LúLN� URWDODUD� ED÷OÕ� RODUDN�ROXúDELOHFHN��UHWLP�PDOL\HWOHUL��]HULQGH�GXPXúODUGÕU��
%HUQDUGR� YH� 0RKDPHG� �������� PDNLQD� NDSDVLWHVL� YH� DOHW� NÕVÕWODUÕ�DOWÕQGD�\�NOHPH�YH�URWDODPD�SUREOHPOHUL��]HULQGH�oDOÕúPÕúODUGÕU���
&R�Y�G�� ��������(h6¶GH�\�NOHPH�YH� URWDODPD�SUREOHPOHUL��]HULQGH�oDOÕúPÕúODUGÕU��
0RKDPHG� �������� (h6¶GH� SDUoD� VHoLPL�� URWDODPD� YH� PDNLQD�\�NOHPH� LOH� LOJLOL� PRGHOOHPH� \DSPÕúWÕU�� 3DUoDODU� LoLQ� SDUoD� DLOHOHUL�ROXúWXUDUDN��JUXS�WHNQRORMLVL�NDYUDPÕQÕ�NXOODQPÕúWÕU�
+ZDQ�YH�6KRJXQ���������WHVOLP�WDULKOHUL\OH�LOJLOL�RODUDN��E�W�Q�SDUoD�WLSOHULQL��UHWHELOPH�\HWHQH÷LQH�VDKLS�PDNLQDODUGD��UDVVDO�ELU�(h6�LoLQ��SDUoD�WLSL�VHoLPL�SUREOHPL��]HULQGH�oDOÕúPÕúODUGÕU��
0RUHQR� YH� 'LQJ� �������� PRGHOGH� PDNLQH� WHVOLP� ]DPDQODUÕ�IDNW|U�Q�� GH� J|]|Q�QGH� EXOXQGXUDUDN�� PDNLQDODUGDNL� Lú\�N�� GHQJHOHULQL�DPDoOD\DQ�ELU�oDOÕúPD�\DSPÕúODUGÕU���
$WPDFD� YH� (URO� �������� (h6¶GH� \�NOHPH� YH� URWDODPD�SUREOHPOHULQGH�� oRN� DPDoOÕ� NDUDU� YHUPH� \DNODúÕPÕQÕQ� X\JXODQDELOLUOL÷L��]HULQGH�GXUPXúODUGÕU��dDOÕúPD��(h6¶GH�\�NOHPH�YH�URWDODPD�SUREOHPOHULQLQ�oRN�DPDoOÕ�NDUDU�YHUPH�WHNQLNOHUL�NXOODQÕODUDN�o|]�OPHVL��D\UÕFD�oDOÕúPDODUGD�UDVWODQPD\DQ�PDNLQDODU�DUDVÕQGDNL�X]DNOÕN�IDNW|U�Q��GH�PRGHOGH�HOH�DOPDVÕ�DoÕVÕQGDQ��OLWHUDW�UGHNL�oDOÕúPDODUGDQ�IDUNOÕOÕN�J|VWHULU���
�
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<DSÕODQ� oDOÕúPDGD� (h6¶GH� \�NOHPH� YH� URWDODPD� SUREOHPOHUL� LOH�LOJLOL� ELU� OLWHUDW�U� oDOÕúPDVÕ� KD]ÕUODQPÕúWÕU�� øON� RODUDN� (h6� KDNNÕQGD� WHPHO�ELOJLOHU� YHULOHUHN�� � (h6¶GH� \�NOHPH� YH� URWDODPD� SUREOHPOHUL� �]HULQGH�GXUXOPXúWXU��gQFHNL� \ÕOODUGD�NRQX� LOH� LOJLOL� \DSÕODQ�oDOÕúPDODU��oDOÕúPDODUGD�J|]|Q�QGH� EXOXQGXUXODQ� IDNW|UOHUH� J|UH� JUXSODUD� D\UÕODUDN�� oDOÕúPDODU�KDNNÕQGD�NÕVDFD�ELOJL�YHULOPLúWLU��
�<DSÕODQ� oDOÕúPDODUGD� \D]DUODUÕQ� IDUNOÕ� IDNW|UOHUH� D÷ÕUOÕN� YHUGLNOHUL�J|U�OPHNWHGLU�� øOHULNL� oDOÕúPDODUGD� GH÷LúLN� IDNW|UOHU� �]HULQGH� GXUXODUDN�� EX�IDNW|UOHULQ� \�NOHPH� YH� URWDODPD� SUREOHPOHUL� �]HULQGHNL� HWNLOHUL�DUDúWÕUÕODFDNWÕU���
�

.$<1$./$5�
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��� $YRQWV��/�+��YH�9DQ�:DVVHQKRYH��/�1����������7KH�3DUW�PL[�DQG�URXWLQJ�PL[� SUREOHP� LQ� )06�� D� FRXSOLQJ� EHWZHHQ� DQ� /3� PRGHO� DQG� FORVHG�TXHXHLQJ�QHWZRUN��,QW�-�3URG�5HV���9RO�����1R����������������
��� %DVWRV�� -�0��������� %DWFKLQJ� DQG� URXWLQJ�� 7ZR� IXQFWLRQV� LQ� WKH�RSHUDWLRQDO� SODQQLQJ� RI� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV�� (XURSHDQ� -�RI�2S�5HV����������������
��� %HUQDUGR�� -�� YH� 0RKDPHG�� =�� �������� 7KH� 0HDVXUHPHQW� DQG� XVH� RI�2SHUDWLRQDO�IOH[LELOLW\��(XURSHDQ�-�RI��2S��5HV����������������
��� &KDNUDYDUW\�$�.�� YH� 6KWXE�� $�� �������� 6HOHFWLQJ� SDUWV� DQG� ORDGLQJ�IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV�� 3URFHHGLQJV� RI� WKH� )LUVW� 256$�7,06�6SHFLDO� �&RQIHUHQFH� RQ�)OH[LEOH�0DQXIDFWXULQJ�6\VWHPV�� � VV�� ���������$QQ�$UERU���0LFKLJDQ���
��� &KHQ��<��YH�$VNLQ��5�*����������$�0XOWLREMHFWLYH�HYDOXDWLRQ�RI�IOH[LEOH�PDQXIDFWXULQJ�V\VWHP�ORDGLQJ�KHXULVWLFV�� � ,QW�-�3URG�5HV���9RO�����1R�������������
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��� &KHQ�� ,�-�� YH� &KXQJ�� &�+�� �������� (IIHFWV� RI� ORDGLQJ� DQG� URXWLQJ�GHFLVLRQV� RQ� SHUIRUPDQFH� RI� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV��,QW�-�3URG�5HV���9RO�����1R����������������
��� &R��+�&���%LHUPDQQ�-�6��YH�&KHQ��6�.����������$��0HWKRGLFDO�DSSURDFK�WR� WKH� IOH[LEOH� PDQXIDFWXULQJ� V\VWHP� EDWFKLQJ�� ORDGLQJ�� DQG� WRRO�FRQILJXUDWLRQ�SUREOHPV��,QW�-�3URG�5HV������������������
����'DV�� 6�&�� YH� 1DJHQGUD�� 3�� �������� � 6HOHFWLRQ� RI� URXWHV� LQ� D� IOH[LEOH�PDQXIDFWXULQJ�IDFLOLW\��,QW�-�3URG�(FRQRPLFV���������������
����'¶$QJHOR�� $��� 0DVVLPR�� *�� YH� /HYLDOGL�� 1�� �������� � 0XOWLFULWHULD�HYDOXDWLRQ� � PRGHO� IRU� IOH[LEOH� V\VWHP� GHVLJQ�� � &RPSXWHU� ,QWHJUDWHG�0DQXIDFWXULQJ�6\VWHPV��9RO����1��������������
����'HDQ��%��YH�6FKQLHGHUMDQV�<�0�� ��������$�JRDO�SURJUDPPLQJ�DSSURDFK�WR� � SURGXFWLRQ� SODQQLQJ� IRU� IOH[LEOH�PDQXIDFWXULQJ� V\VWHPV�� -RXUQDO� RI�(QJLQHHULQJ�7HFKQRORJ\�0DQDJHPHQW���������������
����+DQ�� 0�+�� YH� 0F*LQQLV�� /�)�� �������� � )ORZ� FRQWURO� LQ� IOH[LEOH�PDQXIDFWXULQJ��PLQLPL]DWLRQ�RI�VWRFNRXW�FRVW�� �,QW�-�3URG�5HV����������������
����+XWFKLVRQ��-���/HRQJ��.���6Q\GHU��'��YH�:DUG��)����������6FKHGXOLQJ�IRU�UDQGRP� MRE� VKRS� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV�� 3URFHHGLQJV� RI� WKH�7KLUG� 256$�7,06� &RQIHUHQFH� RQ� )OH[LEOH� 0DQXIDFWXULQJ� 6\VWHPV�����������
����+ZDQ���6�6��YH��6KRJXQ��$�:���������� �0RGHOOLQJ�DQG�VROYLQJ�DQ�)06�SDUW�VHOHFWLRQ�SUREOHP��,QW�-�3URG�5HV���9RO�����1R���������������
���� -DLNXPDU��5��YH�9DQ�:DVVHQKRYH��/�1�� ��������$�3URGXFWLRQ�3ODQQLQJ�IUDPHZRUN�IRU�IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV��-RXUQDO�RI�0DQXIDFWXULQJ�2SHUDWLRQV�0DQDJHPHQW������������
����.LP�� <HRQJ�'DH� YH� <DQR�� &�$�� �������� +HXULVWLFV� DSSURDFKHV� IRU�ORDGLQJ� SUREOHPV� LQ� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV�� ,,(� 7UDQVDFWLRQV��9RO�����,VV�����������
����.LPHPLD�� -�� YH�*HUVKZLQ�� 6�%�� ��������$Q� DOJRULWKP� IRU� WKH� FRPSXWHU�FRQWURO� RI� SURGXFWLRQ� LQ� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV�� ,,(�7UDQVDFWLRQV����������������
����.XODWLODND��1�� ��������9DOXLQJ� WKH� IOH[LELOLW\� RI� IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV�� ,(((� 7UDQVDFWLRQV� RQ� (QJLQHHULQJ� 0DQDJHPHQW�� ������� ���������
����.XPDU�� 3��� 7HZDUL�� 1�.�� YH� 6LQJK�� 1�� �������� -RLQW� &RQVLGHUDWLRQ� RI�*URXSLQJ� DQG� /RDGLQJ� 3UREOHPV� LQ� )OH[LEOH� 0DQXIDFWXULQJ� 6\VWHP��,QW�-��3URG�5HV����������������
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����.XVLDN�� $�� ��������0RGHOOLQJ� DQG�'HVLJQ� RI� )06
V�� � (OVHYLHU� 6FLHQFH�3XEOLVKHUV�E�Y���$PVWHUGDP��
���� /DVKNDUL��5�6���'XWWD��6�3��YH�3DGK\H��0�$����������$�QHZ�IRUPXODWLRQ�RI� RSHUDWLRQ� DOORFDWLRQ� SUREOHP� LQ� IOH[LEOH� PDQXIDFWXULQJ�V\VWHPV�PDWKHPDWLFDO� PRGHOOLQJ� DQG� FRPSXWDWLRQDO� H[SHULHQFH��,QW�-�3URG�5HV������������������
���� /HH��6�0��YH�-XQJ��+�-�� �������� �$�PXOWL�REMHFWLYH�SURGXFWLRQ�SODQQLQJ�PRGHO�LQ�D�IOH[LEOH�PDQXIDFWXULQJ�HQYLURQPHQW��,QW�-�3URG�5HV���9RO������1R����������������
���� /LDQJ�� 0�� YH� 'XWWD�� 6�3�� �������� $Q� LQWHJUDWHG� DSSURDFK� WR� WKH� SDUW�VHOHFWLRQ� DQG� PDFKLQH� ORDGLQJ� SUREOHP� LQ� D� FODVV� RI� IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV��(XURSHDQ�-�RI�2S�5HV���9RO�����,VV�������������
���� /LDQJ�� 0�� �������� ,QWHJUDWHG� PDFKLQLQJ� VSHHG�� SDUW� VHOHFWLRQ�� DQG�PDFKLQH�ORDGLQJ�GHFLVLRQV�LQ�IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV��&RPSXWHUV�DQG�,QGXVWULDO��(QJLQHHULQJ������������������
����0DLPRQ�� 2�=�� YH� *HUVKZLQ�� 6�%�� �������� '\QDPLF� VFKHGXOLQJ� DQG�URXWLQJ� IRU� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV� WKDW� KDYH� XQUHOLDEOH�PDFKLQHV��2SHUDWLRQV�5HVHDUFK������������������
����0RKDPHG�� =�$��������� 5DPLILFDWLRQV� RI� WRRO� PDJD]LQH� VL]H� RQ� WKH�PDNDVSDQ� DQG� URXWLQJ� IOH[LELOLW\� RI� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV��(XURSHDQ�-�RI�2S�5HV���������������
����0RKDPHG�� =�$�� �������� $� IOH[LEOH� DSSURDFK� WR� �UH�� FRQILJXUH� IOH[LEOH�PDQXIDFWXULQJ�FHOOV��(XURSHDQ�-�RI�2S�5HV������������
����0RKDPHG�� =�$��� .XPDU� $�� YH�0RWZDQL�� -�� �������� $Q� LPSURYHG� SDUW�JURXSLQJ� PRGHO� IRU� PLQLPL]LQJ� PDNHVSDQ� LQ� )06�� � (XURSHDQ� -�RI�2S�5HV��9RO������,VV�������������
����0RKDPHG�� =�0�� YH� %HUQDUGR�� -�-�� �������� 7RRO� SODQQLQJ� PRGHOV� IRU�IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV��(XURSHDQ�-�RI�2S�5HV����������������
����0RUHQR��$��YH�'LQJ��)����������+HXULVWLFV�IRU�WKH�)06�/RDGLQJ�DQG�SDUW�W\SH�VHOHFWLRQ�SUREOHPV��,QW�-�)OH[LEOH�0DQXIDFWXULQJ�6\VWHPV�����������
����0\LQW��6�� YH�7DEXFDQRQ��0�7�� ��������$�0XOWLSOH�� FULWHULD� DSSURDFK� WR�PDFKLQH� VHOHFWLRQ� IRU� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV��,QW�-�3URG�(FRQRPLFV��9RO�����,VV����������������
����2¶*UDG\�� 3�-�� YH�0HQRQ�� 8�� �������� /RDGLQJ� D� IOH[LEOH�PDQXIDFWXULQJ�V\VWHP��,QW�-�3URG�5HV���YRO�����1R���������������
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���� 3LSODQL��5��YH�7DODYDJH�� -�� ��������/DXQFKLQJ�DQG�GLSDWFKLQJ� VWUDWHJLHV�IRU�PXOWL�±FULWHULD�FRQWURO�RI�FORVHG�PDQXIDFWXULQJ�V\VWHPV�ZLWK�IOH[LEOH�URXWHLQJ�FDSDELOLW\���,QW�-�3URG�5HV���YRO�����1R���������������
���� 5DP�� %��� 6DULQ�� 6�&�� YH� &KHQ�� &�6�� �������� $� PRGHO� DQG� D� VROXWLRQ�DSSURDFK� IRU� WKH� PDFKLQH� ORDGLQJ� DQG� WRRO� DOORFDWLRQ� SUREOHP� LQ� D�IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV�)06¶V���,QW�-�3URG�5HV����������������
���� 5R�� ,�� YH� .LP�� -�� �������� 0XOWL�FULWHULD� RSHUDWLRQDO� FRQWURO� UXOHV� LQ�IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV�)06¶V��� ,QW�-�3URG�5HV��� YRO����� 1R�����������
���� 6DULQ�� 6�&�� YH� &KHQ�� &�6�� �������� 7KH� PDFKLQH� ORDGLQJ� DQG� WRRO�DOORFDWLRQ� SUREOHP� LQ� D� IOH[LEOH� PDQXIDFWXULQJ� V\VWHP�� ,QW�-�3URG�5HV������������������
���� 6FKDOO�� 6�2�� YH� &KDQGUD�� -�� �������� (YDOXDWLRQ� RI� DOWHUQDWLYH� WRRO�FRPELQDWLRQV� LQ� D� IOH[LEOH� PDQXIDFWXULQJ� V\VWHP�� &RPSXWHUV� DQG�,QGXVWULDO�(QJLQHHULQJ������������������
���� 6KDQNHU�.��YH�7]HQ��<�-����������$�ORDGLQJ�DQG�GLVSDWFKLQJ�SUREOHP�LQ�D�UDQGRP�IOH[LEOH�PDQXIDFWXULQJ�V\VWHP��,QW�-�3URG�5HV�������������������
���� 6KDQNHU��.��YH�6ULQLYDVXOX��$����������6RPH�PHWKRGRORJLHV�IRU�ORDGLQJ�SUREOHPV� LQ� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV�� ,QW�-�3URG�5HV��� ���� �����������
���� 6LQJK��1����������)OH[LEOH�PDQXIDFWXULQJ�V\VWHPV��6\VWHPV�$SSURDFK�7R�&RPSXWHU�,QWHJUDWHG�'HVLJQ�DQG�0DQXIDFWXULQJ��VV�����������
���� 6WHFNH�� .�(�� �������� )RUPXODWLRQV� DQG� VROXWLRQV� RI� QRQOLQHDU� LQWHJHU�SURGXFWLRQ� SODQQLQJ� SUREOHPV� IRU� IOH[LEOH� PDQXIDFWXULQJ� V\VWHPV��0DQDJHPHQW�6FLHQFH��������������
���� 6WHFNH��.�(��YH�6ROEHUJ��-�-����������/RDGLQJ�DQG�&RQWURO�3ROLFLHV�)RU�D�)OH[LEOH�0DQXIDFWXULQJ�6\VWHPV��,QW�-��3URG�5HV���������������
����9HQWXUD�� -�$�� YH� &KHQ�� )�)�� �������� /RDGLQJ� WRROV� DQG� PDFKLQHV� LQ�IOH[LEOH�PDQXIDFWXULQJ� V\VWHPV��&RPSXWHUV� DQG� ,QGXVWULDO� (QJLQHHULQJ��9RO�����QR����������������
����:LOKHOP�� :�(�� YH� 6KLQ�� +�0�� �������� (IIHFWLYLQHVV� RI� $OWHUQDWH�2SHUDWLRQV� LQ� D� )OH[LEOH�0DQXIDFWXULQJ� 6\VWHP�� ,QW�-�RI� 3URG�5HV��� �����������
����:LOVRQ�� -�0�� ��������$SSURDFKHV� WR�PDFKLQH� ORDG�EDODQFLQJ� LQ� IOH[LEOH�PDQXIDFWXULQJ� V\VWHPV�� -�RI� WKH�2SHUDWLRQDO� 5HVHDUFK� 6RFLHW\�� 9RO�����,VV�������������
�


