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.URQLN�REVWU�NWLI�DNFL÷HU�KDVWDOÕNODUÕQÕQ��.2$+��WHGDYLVLQGH�VLVWHPLN�NRUWLNRVWHURLGOHULQ��.6�� \HUL� ROGXNoD� WDUWÕúPDOÕGÕU�� 6LVWHPLN� .6¶OHULQ� \DQ� HWNLOHULQGHQ� GROD\Õ� NURQLN�NXOODQÕPODUÕQGD� NHVLQ� ID\GDOÕ� ROGXNODUÕQÕQ� REMHNWLI� NULWHUOHUOH� EHOLUOHQPHVL� HVDVWÕU��dDOÕúPDPÕ]GD�WRSODP�����HYUH�,,��Q ����)(9������LOH�����DUDVÕQGD��YH�HYUH�,,,��Q ���)(9������ VWDELO�.2$+¶OÕ�KDVWDQÕQ�NODVLN�WHGDYLOHULQH����J�Q�V�UH�LOH�KHU�J�Q�VDEDKODUÕ�WHN�GR]�DOÕQPDN��]HUH���PJ�PHWLO�SUHGQL]RORQ�HNOHQGL��+DVWDODUÕQ�EDúODQJÕo�YH�����J�Q�IRUVH� HNVSLUDWXDU� YROXP� �)(9�¶�� OHUL� NDUúÕODúWÕUÕOGÕ÷ÕQGD� �� KDVWDQÕQ� ������ )(9�¶LQGH����¶LQ �]HULQGH� G�]HOPH� J|]OHQGL�� %X� KDVWDODUÕQ� VLVWHPLN� .6� GR]ODUÕ� \DYDú� \DYDú�D]DOWÕODUDN�GHYDP�HGLOLUNHQ�����J�QO�N�.6�GHQHPHVLQGHQ�ID\GD�J|UPH\HQ����KDVWDQÕQ�VWHURLGL�KÕ]OD�D]DOWÕODUDN�NHVLOGL�� 6LVWHPLN�.6¶GHQ� ID\GD�J|UHQ�KDVWDODUGD�)(9� DUWÕúÕQÕQ�NRUXQGX÷X�HQ�G�ú�N�PHWLOSUHGQL]RORQ�GR]ODUÕ�EXOXQGXNWDQ�VRQUD�oDOÕúPD�VRQODQGÕUÕOGÕ��6LVWHPLN� .6¶GHQ� ID\GD� J|UHQ� �� KDVWDGDNL� RUWDODPD� )(9� DUWÕúÕ������� ROXUNHQ�� GL÷HU�KDVWDODUGD�EX�RUDQ�RUWDODPD������RODUDN�NDOGÕ��S� �������6LVWHPLN�.6¶OHULQ�PDNVLPXP�NODVLN� WHGDYL� LOH� EHOOL� ELU� RUDQÕQ� �]HULQGH� G�]HOWLOHPH\HQ� YH� VHPSWRPDWLN� RODQ�NRQWUDHQGLNDV\RQVX]� HYUH� ,,� YH� ,,,� .2$+� KDVWDODUÕQGD� VRQ� EDVDPDN� WHGDYL� RODUDN�NXOODQÕOPDVÕ�JHUHNWL÷LQL�G�ú�Q�\RUX]�
$QDKWDU�NHOLPHOHU� .2$+��6LVWHPLN�.RUWLNRVWHURLG��)D\GD
5ROH�RI 6\VWHPLF�&RUWLFRVWHURLGV�,Q�0RGHUDWH�$QG�6HYHUH�&23'
5ROH� RI� V\VWHPLF� FRUWLFRVWHURLGV� �&6�� LQ� WUHDWPHQW� RI� FKURQLF� REVWUXFWLYH� SXOPRQDU\�GLVHDVHV� �&23'�� LV� TXLWH� FRQWURYHUVLDO��&RQVLGHULQJ� VLGH�HIIHFWV�RI� V\VWHPLF�&6�� WKHLU�HIILFDF\� VKRXOG� EH� FOHDUO\� GRFXPHQWHG� ZLWK� REMHFWLYH� FULWHULD� EHIRUH� WKHLU� FKURQLF�XWLOL]DWLRQ��,Q�RXU�VWXG\�����JUDGH�,,��Q ����)(9� EHWZHHQ����DQG������DQG�JUDGH�,,,��Q ���)(9�������VWDEOH�&23'�SDWLHQWV�ZHUH�SUHVFULEHG����PJ�PHWK\O�SUHGQLVRORQ�DV�D� VLQJOH� GDLO\�PRUQLQJ� GRVH� IRU� ��� GD\V� LQ� DGGLWLRQ� WR� WKHLU� FODVVLF�&23'� WUHDWPHQW��:KHQ� ZLWK� WKHLU� LQLWLDO� DQG� ��WK GD\� IRUFHG� H[SLUDWRU\� YROXPH� �)(9��� YDOXHV�� IRXU�SDWLHQWV� ������ GHPRQVWUDWHG� DQ� LPSURYHPHQW� H[FHHGLQJ� ����� 3URWHFWLQJ� WKHLU�LPSURYHPHQW�� WKHLU� V\VWHPLF� &6� GRVHV� ZHUH� WDSHUHG� VORZO\��PHDQZKLOH� V\VWHPLF� &6�GRVHV�LQ�RWKHU�SDWLHQWV��ZKR�GLG�QRW�VKRZ�VXIILFLHQW�LPSURYHPHQW��ZHUH�UDSLGO\�WDSHUHG�DQG� VWRSSHG�� $IWHU� HVWDEOLVKLQJ� PLQLPDO� V\VWHPLF� &6� GRVHV�� UHJDUGLQJ� )(9�LPSURYHPHQW��VWXG\�ZDV�WHUPLQDWHG��:KHQ�FRPSDUHG�ZLWK�LQLWLDO�)(9� OHYHOV� DYHUDJH�)(9� LPSURYHPHQW�ZDV�������LQ�IRXU�SDWLHQWV�ZKR�EHQHILWHG�V\VWHPLF�&6��DQG������LQ�WKH�RWKHU����SDWLHQWV�ZKR�GLG�QRW��S��������,Q�FRQFOXVLRQ��ZH�WKLQN�WKDW�V\VWHPLF�&6�VKRXOG�EH�XWLOL]HG�DV�D�ODVW�VWDJH�WUHDWPHQW�RSWLRQ�LQ�JUDGH�,,�DQG�,,,�SDWLHQWV�ZLWKRXW�DQ\� FRQWUDLQGLFDWLRQ��ZKR�FRXOG�QRW�EH� WUHDWHG�VXIILFLHQWO\�DQG�DUH�V\PSWRPDWLF�ZLWK�PD[LPXP�FODVVLF�&23'�WUHDWPHQW��
.H\�ZRUGV� &23'��6\VWHPLF�&RUWLFRVWHURLG��%HQHILW
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.RUWLNRVWHURLGOHULQ� �.6�� NURQLN� REVWU�NWLI�DNFL÷HU�KDVWDOÕNODUÕQÕQ��.2$+��WHGDYLVLQGH�NXO�ODQÕPÕ� LOH� LOJLOL� RODUDN� \DSÕODQ� ELU� oRN� DUDúWÕU�PD\D�UD÷PHQ�KHQ�]�ELU�ILNLUELUOL÷LQH�YDUÕODPD�PÕúWÕU���� $VWÕP�WHGDYLVLQGH�KHPHQ�KHU�GXUXP�GD� \HUL� ú�SKH� J|W�UPH]� ROPDVÕQD� UD÷PHQ��.2$+¶WDNL�NXOODQÕPÕQGD�ID\GD�]DUDU�\|Q�QGHNL�GH÷HUOHQGLUPHOHULQ� YHULOHUL� oR÷X� NH]� .6¶OHULQ�\D\JÕQ� NXOODQÕPÕQÕQ� DOH\KLQH� VRQXoODQPDN�WDGÕU���� .2$+¶ÕQ� DNXW� DWDNODUÕQÕQ� WHGDYLVLQGH�.6¶OHULQ� \HUL ELUD]� GDKD� VD÷ODP� J|U�OPHNOH�ELUOLNWH�� NURQLN� .2$+� WHGDYLVLQGH� \DQ� HWNLOHUL�GH� J|]� |Q�QH� DOÕQGÕ÷ÕQGD�� .6¶OHULQ� EHOOL� ELU�DOJRULWPD� LoLQGH� YH� PDNVLPXP� NODVLN� WHGDYL�PHWRWODUÕ� LOH� EHOOL� ELU� G�]H\GH� L\LOHúPH� VD÷OD�QDPD\DQ� KDVWDODUGD� NXOODQÕPÕ� \|Q�QGHNL� J|�U�ú�� NHVLQ� ROPDPDNOD� ELUOLNWH� D÷ÕUOÕN� ND]DQ�PDNWDGÕU������ 6LVWHPLN� .6¶OHULQ� .2$+� WHGDYL�VLQGH�NURQLN�NXOODQÕPÕ�LoLQ�KDVWDODUÕQ�NHVLQ�ROD�UDN�ID\GD�J|UG�÷�Q�Q�REMHNWLI�NULWHUOHUOH�EHOLU�OHQPHVL�HQ�|QHPOL�HVDVWÕU����

.2$+¶OÕ� KDVWDODUÕQ� ������� NDGDUÕQÕQ� VLVWHPLN�.6� NXOODQÕPÕQGDQ� ID\GD�J|UG�÷��\|Q�QGH� VR�QXoODU� ����¶ODUÕQ� RUWDODUÕQD� NDGDU� ELOGLULOPLú��EXQD� HN� RODUDN� \DNÕQ� ]DPDQGD� \DSÕODQ� oDOÕú�PDODUOD� GD� LQKDOH� .6¶OHULQ� GH� .2$+¶OÕ� KDV�WDODUÕQ�E�\�N�NÕVPÕQGD�)(9�¶LQ�G�ú�ú�KÕ]ÕQÕ�\D�YDúODWWÕ÷Õ�úHNOLQGH�|Q�ELOJLOHU�HOGH�HGLOPLúWLU�������
%L]�GH�NOLQLN�oDOÕúPDPÕ]GD�ELU�JUXS�RUWD�YH�D÷ÕU�.2$+¶OÕ� KDVWDGD� VLVWHPLN� .6� NXOODQÕPÕQÕQ� ID\�GDOÕ� ROXS� ROPDGÕ÷ÕQÕ� SURVSHNWLI� RODUDN� DUDúWÕU�GÕN�
0$7(5<$/�YH�0(727
dDOÕúPD\D� WRSODP� ��� KDVWD� GDKLO� HGLOGL�� %XQ�ODUGDQ� oDOÕúPD� HVQDVÕQGD� VÕN� DOHYOHQPHOHU� YH�WHGDYL�X\XPVX]OX÷X�VDSWDQDQ���KDVWD�oDOÕúPD�GÕúÕ�EÕUDNÕOGÕ��dDOÕúPD\Õ� WDPDPOD\DQ����KDVWD�QÕQ� WDPDPÕ�HUNHN�ROXS��\Dú�RUWDODPDVÕ������ r����LGL��
dDOÕúPD� 7XUJXW� g]DO� 7ÕS� 0HUNH]L� $UDúWÕUPD�+DVWDQHVL� *|÷�V� +DVWDOÕNODUÕ� SROLNOLQL÷LQH�DUGÕúÕN�RODUDN�EDúYXUDQ�

�� $PHULFDQ� 7KRUDFLF� 6RFLHW\� �$76��NULWHUOHULQH� J|UH� ��� HYUH� ,,� �)(9����������YH���HYUH�,,,�.2$+¶OÕ��)(9������������� (Q� D]� �� D\GÕU� NODVLN� .2$+� WHGDYLVL�J|UHQ��� %HOLUJLQ�QHIHV�GDUOÕ÷Õ�YH�J�QO�N�DNWLYL�WHOHULQGH�NÕVÕWODPD�\DNÕQPDVÕ�RODQ��� )(9��)9&� ������ (Q�D]����SDNHW�[�\ÕO�VLJDUD�LoLFLOL÷L��� <Dú! ��\ÕO��� .OLQLN� RODUDN� EHOLUJLQ� RVWHRSRUR]� YH�NDOS�\HWPH]OL÷L�YH�HR]LQRILOLVL�ROPD\DQ��� (Q�D]���D\GÕU� DNXW�.2$+�DWD÷Õ�JHoLU�PH\HQ�YH� WHGDYLVLQGH�GH÷LúLNOLN�\DSÕO�PD\DQ� VWDELO� .2$+¶OÕ� KDVWDODUGDQ� EXVD\ÕODQ�NULWHUOHULQ�KHSVLQH�ELUGHQ�VDKLS�RODQODU�GDKLO�HGLOGL��
dDOÕúPD� ER\XQFD� |QFHGHQ� NXOODQGÕNODUÕ� LSUDW�URSLXP� EURPLGH�� WHRILOLQ�� YH� VDOEXWDPRO� YV��JLEL� LODoODUÕQ� NXOODQÕPÕQD� GR]ODUÕ� GH÷LúWLULOPH�PHN�ND\GÕ�LOH�P�GDKDOH�HGLOPHGL�
+DVWDODUÕQ� oDOÕúPD� EDúODQJÕFÕQGDNL� ED]DO� VROX�QXP� IRQNVL\RQ� GH÷HUOHUL� VDSWDQGÕNWDQ� VRQUD���� J�Q� V�UH� LOH� VDEDKODUÕ� WHN� GR]� DOÕQPDN��]HUH� ��� PJ� PHWLOSUHGQL]RORQ� EDúODQGÕ� YH�EXQX�NXOODQGÕNODUÕ�V�UHFH�KDVWDODUÕQ�GL\HWOHULQ�GH� \D÷� YH� WX]� NÕVÕWODPDVÕQD� JLGLOGL�� 6ROXQXP�IRQNVL\RQ� WHVWOHUL� |Oo�POHULQGH� 9PD[� ��F�6HQVRU� 0HGLFV� 6SLURJUDP� FLKD]Õ� NXOODQÕOPÕú�ROXS�� KHU� VHIHULQGH� �� JHoHUOL� |Oo�PGHQ� HQ�\�NVHN� RODQÕ� GH÷HUOHQGLUPH\H� DOÕQPÕúWÕU�� 2Q�EHú�J�Q�Q�VRQXQGD�\DSÕODQ�NRQWUROOHUGH�VROX�QXP� IRQNVL\RQODUÕQGD�)(9� GH÷HULQGHNL�G�]HO�PHVL����¶WHQ� ID]OD� RODQODUÕQ� .6� WHGDYLVLQGHQ�ID\GD� J|UG�÷�QH� NDUDU� YHULOHUHN� .6� GR]XQXQ�EDVDPDNOÕ� RODUDN� D]DOWÕOPDVÕQD� JHoLOGL�� )D\GD�J|UPH\HQ� KDVWDODUGD� LVH� .6� GR]X� KÕ]OÕ� ELU�úHNLOGH� D]DOWÕOÕS� VRQODQGÕUÕOÕUNHQ�� HVNLGHQ�NXOODQGÕNODUÕ� WHGDYLOHULQH� GHYDP� HGLOHUHN� �� D\�VRQUD�WHNUDU�NRQWUROH�oD÷ÕUÕOÕS�VROXQXP�IRQNVL�\RQ� WHVWOHUL� \DSWÕUÕOGÕ�� .6� WHGDYLVLQGHQ� ID\GD�J|UHQ� KDVWDODU� ������ J�QGH� ELU� NRQWUROOHUH�oD÷UÕOGÕ� YH� G�]HOPHQLQ� NRUXQGX÷X� PLQLPXP�.6�GR]X�EXOXQXQFD\D�NDGDU�.6¶QLQ�GR]X������PJ�D]DOWÕODUDN�GHYDP�HGLOGL��+HUKDQJL�ELU�GR]�D]DOWÕPÕQGDQ� VRQUDNL� NRQWUROGH� VROXQXP� IRQN�
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VL\RQODUÕQGD�ER]XOPDVÕ�RODQODUGD�WHNUDU�ELU��VW�GR]� EDVDPD÷ÕQD� oÕNÕOÕS� ��� J�Q� EHNOHQGLNWHQ�VRQUD� VRQ� ELU� NH]� GDKD� GR]� D]DOWÕPÕ� GHQHQGL�YH� ID\GD� J|UHQOHUGH� GDKD� VRQUD� GR]� D]DO�WÕPÕQD� GHYDP� HGLOLUNHQ� ID\GD� J|UPH\HQOHUGH�ELU� �VW� EDVDPDNWDNL� .6� GR]XQGD� GR]� VDELWOH�PHVL�\DSÕOGÕ��6LVWHPLN�.6�X\JXODPDVÕQGDQ�ID\�GD� J|UHQ� KDVWDODUGDNL� )(9�¶GHNL� G�]HOPH� DoÕ�VÕQGDQ� PDNVLPXP� ID\GDQÕQ� NRUXQGX÷X� PLQL�PXP�LGDPH�.6�GR]X�EXOXQGXNWDQ�VRQUD�oDOÕú�PD� VRQODQGÕUÕOGÕ�� 'DKD� VRQUD� VLVWHPLN� .6¶GHQ�ID\GD�J|UHQ�YH�J|UPH\HQ�KDVWDODUÕQ�EDúODQJÕo�YH� HQ� VRQ� )(9� GH÷HUOHUL� NDUúÕODúWÕUÕODUDN� DUD�GDNL� IDUNODU� GH÷HUOHQGLULOGL�� 7�P� KDVWDODU��oDOÕúPDQÕQ� EDúODQJÕFÕQGD� YH� NRQWUROOHUGH� NDV�LVNHOHW� VLVWHPL� úLND\HWOHUL� \|Q�QGHQ� VRUJXOD�PDVÕ� LOH NDUGL\RORML� X]PDQÕ� WDUDIÕQGDQ� (.*��WDQVL\RQ�|Oo�POHUL�YH�JHUHNLUVH�(&+2�WHWNLNOHUL�\DSÕODUDN��NDOS�\HWPH]OL÷L�\|Q�QGHQ�GH÷HUOHQ�GLULOGL�� 6LVWHPLN� .6� WHGDYLVLQGHQ� ID\GD� J|UHQ�YH� J|UPH\HQ� W�P� KDVWDODUÕQ� GHPRJUDILN� |�]HOOLNOHUL� LOH� WDNLS� GH÷HUOHUL� 7DEOR� �� YH �¶GH�J|VWHULOPLúWLU�
dDOÕúPDQÕQ� LVWDWLVWLNL� DQDOL]OHUL� 6366� SDNHW�SURJUDPÕ� NXOODQÕODUDN� 0DQQ�:KLWQH\� 8� YH�)LVFKHU¶LQ� NHVLQ� NL� NDUH� WHVWOHUL� LOH� \DSÕOPÕúWÕU��6D\ÕVDO� YHULOHULQ� W�P�� RUWDODPD� r 6'� RODUDN�EHOLUWLOPLúWLU�� ����¶WHQ� N�o�N� 3� GH÷HUOHUL� LVWD�WLVWLNVHO�RODUDN�DQODPOÕ�NDEXO�HGLOPLúWLU�
6218d/$5
dDOÕúPD\Õ� WDPDPOD\DQ� ��� KDVWDQÕQ� �¶���������� J�QO�N� RUDO� .6� X\JXODPDVÕQGDQ� ID\GD�J|UP�ú� ROXS� �)(9� ED]DO� GH÷HULQLQ� ���¶WHQ�ID]OD�DUWPÕú�ROPDVÕ��EX�KDVWDODUÕQ�)(9�¶OHUL����

J�Q�Q� VRQXQGD� EDúODQJÕFD� J|UH� RUWDODPD� ������� RUDQÕQGD� G�]HOPH� J|VWHUPLúWLU�� 6LVWHPLN�.6¶GHQ�ID\GD�J|UPH\HQ�KDVWDODUGDQ���¶VL�HYUH�,,�� �¶�� HYUH� ,,,� .2$+¶OÕ�� ID\GD� J|UHQ�KDVWDODUGDQ��¶��HYUH�,,���¶L�HYUH�,,,�.2$+¶OÕ�LGL��S!������� 6LVWHPLN� .6¶GHQ� ID\GD� J|UHQ�KDVWDODUÕQ� ���� J�Q� NRQWUROOHULQGHNL� PLQLPXP�YH� PDNVLPXP� )(9�� DUWÕúODUÕ� OLWUH� FLQVLQGHQ�VÕUDVÕ\OD� ����� YH� ����� OLWUH� EXOXQGX� �RUWDODPD������ OLWUH��� 'DKD� VRQUD� \DSÕODQ� LVWDWLVWLNL�GH÷HUOHQGLUPHGH�VLVWHPLN�.6¶GHQ� ID\GD�J|UHQ�YH� J|UPH\HQ� JUXSODU� DUDVÕQGD� \Dú�� VLJDUD�LoLFLOL÷L�� .2$+� V�UHVL� YH� EDúODQJÕo� )(9�¶OHUL�\|Q�QGHQ�LVWDWLVWLNL�ELU�IDUNOÕOÕN�VDSWDQPDPÕúWÕU��7DEOR� ���S!������� .6¶GHQ� ID\GD� J|UHQ� ��KDVWDQÕQ�VLVWHPLN�.6�GR]ODUÕQÕQ�EDVDPDNOÕ�ROD�UDN�D]DOWÕOPDVÕ�VRQXQGD�PHWLO�SUHGQLVRORQ�GR]�ODUÕ� �� KDVWDGD� ���PJ�GR]XQGD�� �� KDVWDGD����PJ� GR]XQGD�� �� KDVWDGD� LVH� ��� PJ� GR]XQGD�VDELWOHQGL�� %X� KDVWDODUÕQ� .6� GR]ODUÕ� LNLúHU� NH]�EX� GR]ODUÕQ� DOWÕQD� G�ú�OPH\H� oDOÕúÕOPDVÕQD�UD÷PHQ�)(9�¶OHUGHNL�EHOLUJLQ�D]DOPD�QHGHQL�LOH�WHNUDU� HVNL� GR]D� JHUL� G|Q�OG��� 6LVWHPLN� .6�WHGDYLVLQGHQ�ID\GD�J|UHQ�YH�J|UPH\HQ�KDVWD�ODUÕQ� oDOÕúPDQÕQ� EDúODQJÕFÕQGDNL� YH� VRQXQGDNL�)(9� GH÷HUOHUL� NDUúÕODúWÕUÕOGÕ÷ÕQGD� ID\GD� J|UHQ�JUXSWDNL� IDUN� �RUWDODPD� ������� J|UPH\HQ�JUXED� J|UH� �RUWDODPD������� LVWDWLVWLNL� RODUDN�DQODPOÕ� GHUHFHGH� ID]ODGÕU� �S�������� +DVWD�JUXSODUÕQD� DLW� EDúODQJÕo� YH� WDNLSOHUGHNL� )(9�GH÷HUOHUL���YH� OLWUH�GH÷HUOHUL��]HULQGHQ�7DEOR��¶GH� J|VWHULOPLúWLU�� 6LVWHPLN� .6� NXOODQÕPÕQÕQ�\DQ�HWNLOHUL�\|Q�QGHQ�NDUúÕODúWÕUÕOGÕ÷ÕQGD�LVH�.6�NXOODQDQ� JUXSWDNL� NDV�LVNHOHW� VLVWHPL� YH� NDU�GL\DN�úLND\HWOHU�\|Q�QGHQ�oDOÕúPDQÕQ�VRQXQGD�EDúODQJÕFD� J|UH EHOLUJLQ� ELU� DUWÕú� J|]OHQPH�PLúWLU��6LVWHPLN�.6�NXOODQGÕNODUÕ�V�UHFH�PXKWH�7DEOR��� *UXSODUÕQ�EDúODQJÕoWDNL�GHPRJUDILN�YH�NOLQLN�|]HOOLNOHUL�<Dú�\ÕO� 6LJDUD�SDNHW[\ÕO� +DVWDOÕN�V�UHVL��\ÕO� )(9����6WHURLGGHQ�ID\GD�J|UPH\HQ��Q���� ��r��� ����r���� ����r��� ����r�6WHURLGGHQ�ID\GD�J|UHQ��Q��� ��r��� ����r���� ���r��� ����r���S�GH÷HUL !���� !���� !���� !����
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