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.XUXPVDO�.D\QDN�3ODQODPDVÕ� �..3�� VLVWHPOHULQH� \|QHOLN� NXOODQÕFÕ�DOJÕVÕQÕ�� JHQHO� WXWXP�� �UHWLOHQ� HQIRUPDV\RQXQ� QLWHOLNOHUL�� DOJÕODQDQ�NXOODQÕúOÕOÕN�YH�RUJDQL]DV\RQHO�HWNLOHU�ROPDN��]HUH�G|UW�IDUNOÕ�ER\XWWD�|OoPH\L�KHGHIOH\HQ�EX�DUDúWÕUPD��0DUPDUD�%|OJHVLQGH�IDDOL\HW�J|VWHUHQ����ILUPDGDQ����� oDOÕúDQÕQ� NDWÕOÕPÕ\OD� JHUoHNOHúWLULOPLúWLU�� %LUH\VHO� NDUDNWHULVWLNOHULQ�DOJÕODU� �]HULQGHNL� HWNLOHUL�� oDOÕúPDQÕQ� ELU� EDúND� ER\XWXGXU�� $UDúWÕUPDGDQ�HOGH�HGLOHQ�EXOJXODU��..3�VLVWHPOHULQH�\|QHOLN�JHQHO�WXWXPXQ��VW�G�]H\GH�YH�ROXPOX�ROGX÷XQX��NXOODQÕFÕODUÕQ�\HQL�VLVWHPLQ�HVNL�VLVWHPH�RUDQOD�GDKD�E�W�Q��XODúÕODELOLU�� GR÷UX�� ]DPDQOÕ� YH� DQODúÕODELOLU� HQIRUPDV\RQ� �UHWWL÷LQL�G�ú�QG�NOHULQL�� VLVWHPLQ� DOJÕODQDQ� NXOODQÕúOÕOÕ÷Õ� LOH� RUJDQL]DV\RQODU��]HULQGHNL� HWNLOHULQLQ� SR]LWLI� ROGX÷XQX� RUWD\D� NR\PDNWDGÕU�� <HWNL� YH�VRUXPOXOXN� G�]H\OHULQH� GD\DOÕ� RODUDN� \|QHWVHO� YH� \�U�WVHO� NXOODQÕFÕODUÕQ�DOJÕODUÕ� DUDVÕQGD� DQODPOÕ� IDUNODU� ROXúPDPDVÕQD� NDUúÕQ�� GHQH\LPH� GD\DOÕ�ELUH\VHO� NDUDNWHULVWLNOHU� EDNÕPÕQGDQ� ..3� VLVWHPOHULQH� \|QHOLN� DOJÕODUÕQ�JUXSODU�DUDVÕQGD�|QHPOL�GHUHFHGH�IDUNOÕODúWÕ÷Õ�VRQXFXQD�XODúÕOPÕúWÕU���
�$%675$&7��7KLV� VWXG\�ZKLFK�DLP� WKH�PHDVXUH�XVHU�SHUFHSWLRQ� WR�(53�V\VWHPV�IRU�JHQHUDO�DWWLWXGH��SURGXFHG�LQIRUPDWLRQ¶V�SURSHUWLHV��SHUFHLYHG�XVHIXOQHVV�DQG�RUJDQL]DWLRQDO�HIIHFWV�FDUU\�RXW�ZLWK�����SDUWLFLSDWLRQ� IURP���� ILUP� LQ�WKH�0DUPDUD�UHJLRQ��7KH�HIIHFWV�RI�LQGLYLGXDO�SURSHUWLHV�RQ�SHUFHSWLRQV�DUH�DQRWKHU� GLPHQVLRQ� RI� WKH� VWXG\�� 7KH� ILQGLQJV� RI� VWXG\� WKDW� DUH� H[SRVH� WR�JHQHUDO�DWWLWXGH�WR�(53�V\VWHPV�LV�KLJK�SRVLWLYH�DQG�XVHU�SHUFHSWLRQV�WR�QHZ�V\VWHP� DJDLQVW� ROG� RQH� DUH� PRUH� DWWDLQLQJ�� WUXWK�� WUXVWZRUWK\�� WLPHO\��XQGHUVWDQGDEOH� DQG� PRUH� SRVLWLYH� SHUFHLYHG� XVHIXOQHVV� RI� WKH� V\VWHPV� DQG�HIIHFWV� RQ� RUJDQL]DWLRQ�� 8VHU� SHUFHSWLRQ� QR� GLIIHUHQFH� IRU� PDQDJHUV� DQG�XVHUV�EXW�WKDW�KDV�GLIIHUHQFH�IRU�H[SHULHQFH��
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dD÷ÕPÕ]GD�NXUXPVDO�ED]GD�\|QHWLP�V�UHFLQH�GHVWHN�RODQ� HQ�E�\�N�YH� |QHPOL� VLVWHPOHU�� NXUXPVDO� ND\QDN� SODQODPD� �..3�� IRUPXQGD� RUWD\D�oÕNPDNWDGÕU�� *HQHOOLNOH� VHNW|U� D\UÕPÕ� ROPDNVÕ]ÕQ� KÕ]OD� \D\ÕODQ� EX� HQWHJUH�\D]ÕOÕPODUÕQ� ILUPDODU� LoLQ� ELU� JHUHNVLQLP� ROGX÷X� YH� |QHPOL� UHNDEHW�DYDQWDMODUÕQÕQ� \DUDWÕOPDVÕQD� QHGHQ� ROGX÷X� KXVXVXQGD� NXúNX�EXOXQPDPDNWDGÕU�� .XUXPVDO� ND\QDN� SODQODPD� VLVWHPOHUL� JHQHOOLNOH�RUJDQL]DV\RQ� |OoH÷LQGH� YHUL� WDEDQODUÕ� NXOODQÕODUDN� X\JXODPDODUGD� JHQLú� ELU�HQWHJUDV\RQ�VD÷ODPDNWDGÕU��<|QHWLP� V�UHFLQGH� LKWL\Do�GX\XODQ�HQWHJUDV\RQ��YHUL�LúOH\HQ�VLVWHPOHULQ�ILUPDQÕQ�W�P�IDDOL\HWOHULQH�\D\ÕOPDVÕQÕ��RUWDN�GLO��YHUL�\ROX�� VHPERO� YH� DQOD\Õú� LOH� DPDo� ELUOL÷L� VD÷ODQDUDN� oDOÕúPDVÕQÕ�JHUHNWLUPHNWHGLU���
%X� \�]GHQ� ..3� VLVWHPOHULQLQ� HWNLQOL÷L� DUWWÕUPDN�� Lú� V�UHoOHULQL�KÕ]ODQGÕUPDN�YH�GDKD�L\L�HQIRUPDV\RQ�VD÷OD\DUDN�NDUDU�NDOLWHVLQL�\�NVHOWPHN�JLEL� ELU� oRN� \DUDUD� \RO� DoPDVÕ� EHNOHQPHNWHGLU��..3� VLVWHPOHUL� EX� YH� GL÷HU�EHNOHQHQ� \DUDUODUÕ� \�]�QGHQ� \DOQÕ]� HQ� E�\�N� úLUNHWOHU� DUDVÕQGD� GH÷LO�� RUWD�E�\�NO�NWHNL�úLUNHWOHU�DUDVÕQGD�GD�KÕ]OD�\D\ÕOPDNWDGÕU��%X�GXUXP�EDúDUÕ�LoLQ�..3� VLVWHPOHULQLQ� QHW� NDWNÕVÕQÕQ� JHQHOOLNOH� SR]LWLI� J|U�OG�÷�Q�� LIDGH�HWPHNWHGLU��:DOO�YH�6HLIHUW�����������
%XQXQOD�ELUOLNWH�EX�VLVWHPOHULQ�NXUXOPDVÕ� LoLQ�KHUKDQJL�ELU� úLUNHWLQ�HQIRUPDV\RQ� E�WoHVLQGH� KHP� ILQDQVDO� KHP� GH� HQWHOHNW�HO� ND\QDNODU�EDNÕPÕQGDQ�JHUoHNWHQ�|QHPOL�IRQODUÕQ�D\UÕOPDVÕ�JHUHNPHNWHGLU��*UDQOXQG�YH�0DOPL�� ������� %X� \HQL� HQWHJUH� HQIRUPDV\RQ� WHNQRORMLVLQL� EHQLPVH\HQ�ILUPDODUÕQ� KÕ]OD� DUWPDVÕQD� NDUúÕQ� EX� ILUPDODU� �]HULQGH� \DSÕODQ� DUDúWÕUPDODU��RQODUÕQ� E�\�N� ELU� NÕVPÕQÕQ� ..3� VLVWHPOHULQLQ� EDúDUÕVÕQÕQ� YH� HWNLQOL÷LQLQ�|Oo�OPHVL\OH� LOJLOL� VLVWHPDWLN� ELU� PHWRGRORML\H� VDKLS� ROPDGÕNODUÕQÕ�J|VWHUPHNWHGLU��/LWHUDW�U��EX�VLVWHPOHULQ�EDúDUÕVÕ�YH�EDúDUÕ�IDNW|UOHUL�KDNNÕQGD�KHQ�]�\HWHUOL�ELOJL\H�VDKLS�ROPDGÕ÷ÕPÕ]Õ��:DOO�YH�6HLIHUW���������VLVWHPOHULQ�HWNLQOL÷LQLQ� ILQDQVDO� RODUDN� RUWD\D� NRQPDVÕ� LoLQ� LVH� ]DPDQÕQ� KHQ�]� HUNHQ�ROGX÷XQX�RUWD\D�NR\PDNWDGÕU���
$QFDN�EHQ]HU�VLVWHPOHU��]HULQGH�\DSÕODQ�DUDúWÕUPDODU��NXOODQÕFÕODUÕQ�VLVWHPOH� LOJLOL� DOJÕODUÕQÕQ�HWNLQOL÷LQ�YH�EDúDUÕQÕQ�RUWD\D�NRQPDVÕ�EDNÕPÕQGDQ�|QHPOL� ELU� LúOHY� J|UHELOHFH÷LQL� J|VWHUPHNWHGLU�� %X� QHGHQOH� oDOÕúPDPÕ]GD�NXUXPVDO�ND\QDN�SODQODPD�VLVWHPOHULQLQ�HWNLQOL÷L��\|QHWLP�ELOLúLP�VLVWHPOHUL�V|]�NRQXVX�ROGX÷XQGD�EDúYXUXODQ�³NXOODQÕFÕODU�DoÕVÕQGDQ�NDEXO�HGLOHELOLUOLN´�NULWHUL�WHPHO�DOÕQDUDN�LQFHOHQPLúWLU��<|QHWLP�PHUNH]OHUL�0DUPDUD�E|OJHVLQGH�EXOXQDQ� ��� ILUPDGDQ� ���� oDOÕúDQÕQ� NDWÕOÕPÕ\OD� JHUoHNOHúWLULOHQ� DUDúWÕUPDGD��NXOODQÕFÕODUÕQ�..3� VLVWHPOHUL\OH� LOJLOL� DOJÕODUÕ�� JHQHO� WXWXP�� HQIRUPDV\RQXQ�DOJÕODQDQ� QLWHOL÷L�� VLVWHPLQ� DOJÕODQDQ� NXOODQÕúOÕOÕ÷Õ� YH� RUJDQL]DV\RQHO� HWNLOHU�ROPDN� �]HUH� G|UW� WHPHO� ER\XWWD� |Oo�OP�úW�U�� 6RQ� ER\XW� RODUDN� ELUH\VHO�NDUDNWHULVWLNOHULQ� DOJÕODU� �]HULQGHNL� HWNLOHULQLQ� GDKLO� HGLOPHVL\OH� \�U�W�OHQ�DUDúWÕUPDGDQ� HOGH� HGLOHQ� EXOJXODU�� � ���� ..3� VLVWHPOHULQH� \|QHOLN� JHQHO�WXWXPXQ��VW�G�]H\GH�YH�ROXPOX�ROGX÷XQX������NXOODQÕFÕODUÕQ�\HQL�VLVWHPL�HVNL�VLVWHPH� RUDQOD� GDKD� XODúÕODELOLU�� GR÷UX�� J�YHQLOLU�� ]DPDQOÕ� YH� DQODúÕODELOLU�
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HQIRUPDV\RQ��UHWWL÷LQL�G�ú�QG�NOHULQL������VLVWHPLQ�DOJÕODQDQ�NXOODQÕúOÕOÕ÷Õ�LOH�RUJDQL]DV\RQODU� �]HULQGHNL� HWNLOHULQLQ� SR]LWLI� ROGX÷XQX� YH� ���� DOJÕODUÕQ�GHQH\LPH�GD\DOÕ�RODUDN�IDUNOÕODúDELOHFH÷LQL�RUWD\D�NR\PDNWDGÕU��
�
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%UDGIRUG� YH� 5REHUWV� ������� ILUPDODUÕQ� E�\�N� NÕVPÕQÕQ�� ..3�VLVWHPOHULQLQ�HWNLQOL÷LQL�GL÷HU�ILUPDODUGDNL�..3�VLVWHPOHUL\OH�NÕ\DVOD\DUDN�\D�GD�EXOXQGXNODUÕ�VHNW|UGH�RUWDODPD�G�]H\L�ED]�DODUDN�|Oo�P�\DSPD�H÷LOLPLQGH�ROGXNODUÕ� VRQXFXQD� XODúPÕúODUGÕU�� %X� GXUXP�� ILUPDODUÕQ� ..3� VLVWHPOHULQLQ�HWNLQOL÷LQL� |OoPHNOH� LOJLOL� EHOLUOL� YH� VLVWHPDWLN� ELU� PHWRGRORML\H� VDKLS�ROPDGÕNODUÕQÕ�RUWD\D�NR\PDNWDGÕU��7LQKDP�GD�������������ILUPDGDQ���¶VLQLQ�WHNQRORML� \DWÕUÕPODUÕQÕQ� HWNLQOL÷LQL� |OoPH� \HWLVLQGHQ� \RNVXQ� ROGX÷XQX� LIDGH�HGHUHN� \XNDUÕGDNL� EXOJX\D� GHVWHN� ROPDNWDGÕU�� %XQXQOD� ELUOLNWH� ..3�VLVWHPOHULQLQ�HWNLQOLNOHULQL�|OoPH\H�\|QHOLN�IDUNOÕ�SHUVSHNWLIOHUOH�\DSÕOPÕú�YH�HOH� DOÕQDQ� NULWHUOHU� EDNÕPÕQGDQ� EX� W�U� VLVWHPOHULQ� |QHPOL� |Oo�GH� EDúDUÕOÕ�EXOXQGX÷XQX� RUWD\D� NR\DQ� oDOÕúPDODU� GD� PHYFXWWXU� �6DFFRPDQR�� ������0F&DQQ�YH�/XFDV��������0DEHUW�YH�GL÷HUOHUL����������
dDOÕúPDPÕ]GD� LVH�� ..3� VLVWHPOHULQLQ� HWNLQOL÷LQLQ� NXOODQÕFÕ� DOJÕODUÕ�WHPHO� DOÕQDUDN� |Oo�OPHVL� KHGHIOHQPLúWLU�� %X� oHUoHYHGH� ..3� VLVWHPOHUL\OH�LOJLOL� NXOODQÕFÕODUÕQ� DOJÕODUÕ�� JHQHO� WXWXP�� �UHWLOHQ� HQIRUPDV\RQXQ� DOJÕODQDQ�QLWHOL÷L�� VLVWHPLQ� DOJÕODQDQ� NXOODQÕúOÕOÕ÷Õ� YH� RUJDQL]DV\RQHO� HWNLOHUL� ROPDN��]HUH� G|UW� DQD� EDúOÕN� DOWÕQGD� LQFHOHQPLúWLU�� %XQXQOD� ELUOLNWH� ELUH\VHO�NDUDNWHULVWLNOHULQ� NXOODQÕFÕ� DOJÕVÕ� �]HULQGH� QH� W�U� HWNLOHU� \DUDWWÕ÷Õ� KXVXVX��NDSVDP�GÕúÕQGD�WXWXOPDPÕúWÕU���
�����..3�6LVWHPOHULQH�<|QHOLN�*HQHO�7XWXP�
<HQL�ELU�VLVWHPLQ�X\JXODPD�EDúDUÕVÕ\OD�LOJLOL�NXOODQÕFÕODUÕQ�DOJÕVÕ��\D�VLVWHP� RQODU� WDUDIÕQGDQ� NDEXO� HGLOGL÷LQGH� YH� NXOODQÕOGÕ÷ÕQGD� �/XFXV�� ������5REH\�� ������ \D� GD� NXOODQÕFÕ� WDWPLQL� DUWWÕ÷ÕQGD� �%DLOH\� YH� 3HDUVRQ�� ������'ROO�YH�7RUN]DGHK��������RUWD\D�oÕNDU��$QFDN�VLVWHPLQ�NXOODQÕPÕ�]RUXQOX�YH�JHUHNOL�LVH��NDEXO�HGLOPH�YH�NXOODQPD�WXWXPX��EDúDUÕ\Õ�|OoPHN�LoLQ�ELU�NULWHU�RODUDN� HOH� DOÕQDPD]� �'ROO� YH� 7RUN]DGHK�� ������ 0F*RZDQ�� ������� d�QN��..3� VLVWHPOHULQLQ� EDúDUÕVÕ�� VLVWHPLQ� NXOODQÕOÕS� NXOODQÕOPDGÕ÷ÕQD� EDNÕODUDN�GH÷HUOHQGLULOHPH]�� %X� \�]GHQ� EDúDUÕ\Õ� |OoPHN� LoLQ� oDOÕúPDPÕ]GD��NXOODQÕFÕODUÕQ� VLVWHPH� NDUúÕ� WDNÕQGÕ÷Õ� WXWXPD� RGDNODQÕOPÕúWÕU�� .XOODQÕFÕODUÕQ�ELU� VLVWHPH� NDUúÕ� WXWXPODUÕ� ROXPVX]� LVH�� EX� RQODUÕQ� VLVWHPL� NDEXO�HWPHGLNOHULQLQ�ELU� LúDUHWL�RODUDN�DOJÕODQDELOLU��%X�EDNÕPGDQ�WXWXP��ELU�QHVQH�\D� GD� ROD\D� \|QHOLN� HWNLOL� GH÷HUOHQGLUPH� V�UHFL� RODUDN� WDQÕPODQDELOLU��)LVKEHLQ�YH�$M]HQ����������
..3� VLVWHPOHUL� LoLQ� JHQHO� WXWXPXQ� |Oo�OPHVL�� VLVWHP� NXUXOGXNWDQ�VRQUD� EHNOHQHQ� EDúDUÕ\D� XODúÕOÕS� XODúÕOPDGÕ÷Õ� NRQXVXQGD� |QHPOL� ELU�SDUDPHWUH�RODUDN�J|U�OHELOLU��6LVWHPH�\|QHOLN�JHQHO�WXWXPXQ�G�]H\L��VLVWHPLQ�NXOODQÕFÕODU� WDUDIÕQGDQ� EHQLPVHQLS� EHQLPVHQPHGL÷LQL� RUWD\D� NR\DU� �6FKXOW]�
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YH� *LQ]EHUJ�� ������� d�QN�� \HQL� NXUXODQ� VLVWHPOHULQ� EDúDUÕVÕ�� \D]ÕOÕP��\|QHWLP�� H÷LWLP� GHVWH÷L�� PDOL\HW� HWNLQOL÷L� JLEL� ELUoRN� HWNHQLQ� \DQÕ� VÕUD��VLVWHPL� NXOODQPDNWD� LVWHNOL�� VLVWHPLQ� EDúDUÕVÕQD� LQDQPÕú� YH� PRWLYH� HGLOPLú�NXOODQÕFÕODUÕQ�oDEDODUÕ\OD�GD�\DNÕQGDQ�LOJLOLGLU���
2UJDQL]DV\RQODUGDNL� oDOÕúDQODU�� \HQL� VLVWHPLQ� ILUPDGDNL� URO�QH�LOLúNLQ�|QFHGHQ�HGLQLOPLú�\DUJÕODUOD�IDUNOÕ�WXWXPODU�VHUJLOH\HELOLUOHU��$QFDN�EX�WXWXPODUÕQ� RUWDODPDVÕ�� � VLVWHPLQ� EDúDUÕVÕQÕ� HWNLOH\HELOHFHN� G�]H\GH� RODELOLU��%DUNL�� YH�+XII�� �������*�Q�P�]H� NDGDU� \DSÕODQ� oDOÕúPDODUGDQ� HOGH� HGLOHQ�VRQXoODU�� NXOODQÕFÕODUÕQ� ..3� VLVWHPOHULQH� LOLúNLQ� JHQHO� WXWXPXQXQ� ROXPOX�ROGX÷XQX� J|VWHUPHNWHGLU� �7LQKDP�� ������ .LUE\�� ������ 0F&DQQ� YH� /XFDV��������%UDGOH\�YH�GL÷HUOHUL��������0DEHUW�YH�GL÷HUOHUL��������5HVWLYR���������*HQHOOLNOH� \�NVHN� \DWÕUÕP� PDOL\HWLQH� VDKLS� ROPDODUÕQD� YH� EX� \DWÕUÕPÕQ�JHWLULVLQL�|OoPH\H�\|QHOLN�ILQDQVDO�|Oo�OHULQ�JHOLúWLULOHPHPLú�ROPDVÕQD�NDUúÕQ�NXUXPVDO�\DSÕ� LoLQGH�\|QHWLP�ELOLúLP�VLVWHPOHULQH��<%6��RODQ�JHQHO�H÷LOLP��SR]LWLIWLU��%UDGIRUG�YH�5REHUWV��������7LQKDP��������-RUGDQ�YH�.UXPPLHGH���������
dDOÕúPDPÕ]GD� <%6� YH� ..3� VLVWHPOHULQH� \|QHOLN� OLWHUDW�UGHNL�oDOÕúPDODUÕQ�EXOJXODUÕQD�SDUDOHO�RODUDN�DúD÷ÕGDNL�KLSRWH]�WHVW�HGLOHFHNWLU��

+LSRWH]��� .XOODQÕFÕODUÕQ�..3�VLVWHPOHULQH�\|QHOLN�WXWXPODUÕ�ROXPOXGXU��
�����hUHWLOHQ�(QIRUPDV\RQXQ�$OJÕODQDQ�1LWHOL÷L�

<|QHWLP� ELOLúLP� VLVWHPOHULQLQ� JLUGLVL� KDP� YHUL�� oÕNWÕVÕ� LVH��HQIRUPDV\RQGXU��%LU�\|QHWLP�ELOLúLP�VLVWHPLQGH�NDOLWH��HQIRUPDV\RQXQ�ED]Õ�QLWHOLNOHULQH� GD\DOÕ� RODUDN� EHOLUOHQLU�� %LOLúLP� VLVWHPLQLQ� oÕNWÕVÕ� NDOLWHOL\VH��/XFXV�� ������� �UHWLOHQ� HQIRUPDV\RQD� NROD\FD� XODúÕODELOL\RUVD� �.UHDPHU� YH�GL÷HUOHUL�� ������� HQIRUPDV\RQ� DoÕN�� NHVLQ� YH� LOJLOL\VH� �)XHUVW� YH� &KHQH\�������� NXOODQÕODELOLU�� /LWHUDW�UGH� ELUoRN� DUDúWÕUPDFÕ�� HQIRUPDV\RQXQ�QLWHOLNOHULQL�IDUNOÕ�úHNLOOHUGH�VÕUDODPÕúODUGÕU��$QFDN�W�P�DUDúWÕUPDFÕODU�GLNNDWH�DOÕQGÕ÷ÕQGD���UHWLOHQ�HQIRUPDV\RQXQ�EHú�WLSLN�QLWHOL÷H�VDKLS�ROPDVÕ�JHUHNWL÷L�KXVXVXQGD� ELU� X]ODúPDQÕQ� ROGX÷X� J|U�OPHNWHGLU�� %XQODU� E�W�QO�N��XODúÕODELOLUOLN�� GR÷UXOXN�� ]DPDQOÕOÕN� YH�DQODúÕODELOLUOLNWLU��
$VOÕQGD��UHWLOHQ�HQIRUPDV\RQXQ�QLWHOLNOHUL��KHU�NXUXODQ�\HQL� VLVWHP�LoLQ�|QHPOL�ELU�EDúDUÕ� |Oo�V�G�U��ùLPGL\H� NDGDU�\DSÕODQ� oDOÕúPDODU�� �UHWLOHQ�HQIRUPDV\RQXQ� QLWHOLNOHUL� DoÕVÕQGDQ� \HQL� NXUXODQ� VLVWHPOHULQ� KHS� GDKD�EDúDUÕOÕ�EXOXQGX÷XQX�RUWD\D�NR\PDNWDGÕU��(OGH�HGLOHQ�HQIRUPDV\RQXQ�NDOLWHVL�YH� EX� HQIRUPDV\RQD� HULúPH� NROD\OÕ÷Õ� DoÕVÕQGDQ� ..3� VLVWHPOHUL� \�NVHN�

��� (QIRUPDV\RQXQ� LKWL\DFÕ� NDUúÕOD\DFDN� GHUHFHGH� D\UÕQWÕOÕ� ROPDVÕ�� ID]OD� YH� JHUHNVL]� YHUL�
LoHUPHPHVL�YH�NRQX\OD�LOJLOL�W�P�ER\XWODUÕ�DoÕNODPDVÕ���

��� (QIRUPDV\RQXQ� LKWL\Do� GX\XOGX÷XQGD�� LKWL\Do� GX\DQ� NXOODQÕFÕ� WDUDIÕQGDQ� HOGH� HGLOHELOLU� YH�
LúHOHQHELOLU�GXUXPGD�EXOXQPDVÕ���

��� %HOLUOL� ELU� ]DPDQ� GLOLPLQGH� HOGH� HGLOHQ� \D� GD� �UHWLOHQ� YH� GR÷UXOX÷XQGDQ� HPLQ� ROXQDQ�
HQIRUPDV\RQ�PLNWDUÕQÕQ��WRSODP�HQIRUPDV\RQ�PLNWDUÕQD�RUDQÕ��

��� (QIRUPDV\RQXQ�WDP�LKWL\Do�GX\XOGX÷X�DQGD�NXOODQÕPD�VXQXOPDVÕ���
��� (QIRUPDV\RQXQ� JHUH÷LQGHQ� ID]OD� D\UÕQWÕ� LoHUPHPHVL�� DQODúÕODELOLU� RUWDN� ELU� GLO�� úHNLO� YH�

D\UÕQWÕ�G�]H\LQLQ�J|]HWLOPHVL���
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RUDQODUGD�EDúDUÕ�VD÷ODPÕúODUGÕU��6DFFRPDQR���������(QIRUPDV\RQ��UHWLPL�YH�\|QHWLPL�LOH�LOJLOL�..3�VLVWHPOHULQLQ�JHQHO�EDúDUÕVÕ�LUGHOHQGL÷LQGH��ILUPDODUÕQ�\DOQÕ]FD� ��¶WHQ� GDKD� D]� ELU� NÕVPÕ� LoLQ� ELU� ROXPVX]OXNWDQ� V|]� HGLOHELOLU��0DEHUW�YH�GL÷HUOHUL����������
%X�ELOJLOHU�ÕúÕ÷ÕQGD�DúD÷ÕGD�\HU�DODQ�KLSRWH]OHU��KDOHQ�NXOODQÕOPDNWD�RODQ�..3�VLVWHPL� LOH�|QFHNL� VLVWHPLQ��UHWWL÷L� HQIRUPDV\RQXQ� XODúÕODELOLUOLN��GR÷UXOXN�� J�YHQLUOLOLN�� ]DPDQOÕOÕN� YH� DQODúÕODELOLUOLN� EDNÕPÕQGDQ�NDUúÕODúWÕUÕOPDVÕ�DPDFÕQD�\|QHOLNWLU���

+LSRWH]��$� .XOODQÕFÕODU� PHYFXW� �\HQL�� ..3� VLVWHPL� WDUDIÕQGDQ� �UHWLOHQ�HQIRUPDV\RQXQ�� |QFHNL� VLVWHPH� RUDQOD� GDKD� E�W�Q� ROGX÷XQX�G�ú�QPHNWHGLUOHU��
+LSRWH]��%� .XOODQÕFÕODU� PHYFXW� �\HQL�� ..3� VLVWHPL� WDUDIÕQGDQ� �UHWLOHQ�HQIRUPDV\RQXQ�� |QFHNL� VLVWHPH� RUDQOD� GDKD� XODúÕODELOLU�ROGX÷XQX�G�ú�QPHNWHGLUOHU��
+LSRWH]��&� .XOODQÕFÕODU� PHYFXW� �\HQL�� ..3� VLVWHPL� WDUDIÕQGDQ� �UHWLOHQ�HQIRUPDV\RQXQ�� |QFHNL� VLVWHPH� RUDQOD� GDKD� GR÷UX�EXOPDNWDGÕUODU��
+LSRWH]��'� .XOODQÕFÕODU� PHYFXW� �\HQL�� ..3� VLVWHPL� WDUDIÕQGDQ� �UHWLOHQ�HQIRUPDV\RQXQ��|QFHNL�VLVWHPH�RUDQOD�GDKD�]DPDQOÕ�ROGX÷XQX�G�ú�QPHNWHGLUOHU��
+LSRWH]��(� .XOODQÕFÕODU� PHYFXW� �\HQL�� ..3� VLVWHPL� WDUDIÕQGDQ� �UHWLOHQ�HQIRUPDV\RQXQ�� |QFHNL� VLVWHPH� RUDQOD� GDKD� DQODúÕODELOLU�EXOPDNWDGÕUODU��

�����..3�6LVWHPOHULQLQ�$OJÕODQDQ�.XOODQÕúOÕOÕ÷Õ�
%DúDUÕOÕ�\HQLOLN�X\JXODPDVÕ��\HQLOL÷LQ�|UJ�W��\HOHUL�WDUDIÕQGDQ�NDEXO�HGLOPHVLQH� ED÷OÕGÕU� �/HRQDUG�%DUWRQ�� ������� gQFHNL� oDOÕúPDODU�� Lú�SHUIRUPDQVÕQÕ� L\LOHúWLUHFH÷LQH� LQDQÕODQ� \HQLOLNOHULQ� GDKD� oDEXN� YH� NROD\�NDEXO� HGLOPHNWH� ROGX÷XQX� J|VWHUPHNWHGLU� �'DYLV�� ������ .UDHPHU� YH�GL÷HUOHUL�� ������� $\UÕFD� DOJÕODQDQ� VLVWHP� NXOODQÕúOÕOÕ÷Õ� LOH� PHYFXW� VLVWHPLQ�NXOODQÕPÕQGDNL�HWNLQOLN��GR÷UXGDQ�LOLúNLOLGLU��6FKXOW]�YH�6OHYLQ��������5REH\���������
..3� VLVWHPOHULQH� \DWÕUÕP� \DSDQ� ELUoRN� ILUPDGD� J|]OHQHQ� JHQHO�H÷LOLP�� IDDOL\HW� RWRPDV\RQXQXQ� Lú� SHUIRUPDQVÕQGD� |QHPOL� RUDQGD� ELU� DUWÕúD�QHGHQ� ROGX÷XQX� RUWD\D� NR\PDNWDGÕU� �6DFFRPDQR�� ������� $VOÕQGD� EX� JHQHO�H÷LOLP��ELOLúLP�VLVWHPOHULQLQ�W�P��LoLQ�JHoHUOLGLU��d�QN��ELOLúLP�VLVWHPOHULQH�GX\XODQ� JHUHNVLQLP�� Lú� LKWL\DoODUÕ� LOH� GR÷UXGDQ� LOJLOLGLU� �+DPLOWRQ� YH�&KHUQDY\����������
%X�NÕVÕPGD�|Oo�OPHVL�DPDoODQDQ�DOJÕODQDQ�NXOODQÕúOÕOÕN��ELU�ELUH\LQ�KHGHI� VLVWHPOH� NHQGL� Lú� SHUIRUPDQVÕ� DUDVÕQGDNL� LOLúNLQLQ� GHUHFHVL� RODUDN�WDQÕPODQÕU��'DYLV���������.XUXPVDO�\D]ÕOÕP�SURMHOHULQLQ�Lú�VRQXoODUÕQD�HWNLVL�
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EDNÕPÕQGDQ� GH÷HU� \DUDWPD� EDúDUÕVÕ�� EX� WLS� SURMHOHUH� JLULúPLú� RQ� ILUPDQÕQ�GRNX]X� WDUDIÕQGDQ� NDEXO� HGLOPHNWHGLU� �%RRNHU�� �������&ROOHFWLRQV�	�&UHGLW�5LVN�/WG���������WDUDIÕQGDQ��\D\ÕQODQPÕú�ELU�DUDúWÕUPD��..3�VLVWHPOHULQLQ�Lú�YHULPOLOL÷LQH�HWNLVL�DoÕVÕQGDQ�|QHPOL�LOHUOHPHOHU�VD÷ODGÕ÷ÕQD�LOLúNLQ�EXOJXODUÕ�RUWD\D� NR\PDNWDGÕU�� ..3� VLVWHPOHUL� |]HOOLNOH� VWRN� NRQWURO�� PXKDVHEH��ILQDQVDO�\|QHWLP�YH��UHWLP�oL]HOJHOHPH�IDDOL\HWOHULQGH�ND\GD�GH÷HU�EDúDUÕODU�HOGH�HGLOPHVLQH�\RO�DoPDNWDGÕU��7LQKDP���������6DFFRPDQR��������LVH��VWRN�VHYL\HOHULQGH����¶H�\DNÕQ�G�ú�ú��WDKPLQ�KDWDVÕ�RUDQODUÕQGD�LNL�NDW�L\LOHúPH�YH�VHYN� PDOL\HWOHULQGH� ���¶H� \DNÕQ� D]DOPDQÕQ� VLVWHPOHULQ� DOJÕODQDQ�NXOODQÕúOÕOÕ÷Õ�EDNÕPÕQGDQ�VRPXW�YHULOHU�VXQGX÷XQX�LIDGH�HWPHNWHGLU��$VOÕQGD�..3� SURMHOHUL� LOH� oDOÕúPD� VLVWHPOHULQGH� YH� Lú� \DSÕú� úHNLOOHULQGH� ROXPOX� ELU�JHOLúPH� \DúDPDGÕ÷ÕQÕ� LGGLD� HGHQ� NXOODQÕFÕ� QHUHGH\VH� \RNWXU� �0DEHUW� YH�GL÷HUOHUL����������
%X� oDOÕúPDODUGD� XODúÕODQ� VRQXoODU� ÕúÕ÷ÕQGD� WHVW� HGLOHFHN� KLSRWH]OHU��DúD÷ÕGDNL�JLEL�LIDGH�HGLOHELOLU��

+LSRWH]��$� .XOODQÕFÕODU�..3�VLVWHPLQLQ�LúOHULQLQ�NDOLWHVLQGHNL�L\LOHúPH\H�ROXPOX�NDWNÕGD�EXOXQGX÷XQX�G�ú�QPHNWHGLUOHU��
+LSRWH]��%� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� LúOHUL� �]HULQGH� VD÷ODGÕNODUÕ�NRQWURO�� DUWÕUPD\D� ROXPOX� NDWNÕGD� EXOXQGX÷XQX�G�ú�QPHNWHGLUOHU��
+LSRWH]��&� .XOODQÕFÕODU�..3�VLVWHPLQLQ�NDUPDúÕN�]RU�J|UHYOHUL�GDKD�NÕVD�]DPDQGD� JHUoHNOHúWLUPHOHULQH� NDWNÕGD� EXOXQGX÷XQX�G�ú�QPHNWHGLUOHU��
+LSRWH]��'� .XOODQÕFÕODU�..3� VLVWHPLQLQ� LúOHUL� LOH� LOJLOL� NULWLN� QRNWDODUGD�NHQGLOHULQH�GHVWHN�ROGX÷XQX�G�ú�QPHNWHGLUOHU��
+LSRWH]��(� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� �UHWNHQOLNOHULQGH� DUWÕúD� \RO�DoWÕ÷ÕQÕ�G�ú�QPHNWHGLUOHU��
+LSRWH]��)� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� Lú� SHUIRUPDQVODUÕQGD� DUWÕúD� \RO�DoWÕ÷ÕQÕ�G�ú�QPHNWHGLUOHU��
+LSRWH]��*� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� GDKD� ID]OD� LúL� EDúDUPDODUÕQD�ROXPOX�NDWNÕGD�EXOXQGX÷XQX�G�ú�QPHNWHGLUOHU��
+LSRWH]��+� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� LúOHUL� �]HULQGHNL� HWNLQOLNOHULQL�DUWWÕUGÕ÷ÕQÕ�G�ú�QPHNWHGLUOHU��
+LSRWH]��ø� .XOODQÕFÕODU�..3�VLVWHPLQLQ� LúOHULQL� GDKD�NROD\� \DSPDODUÕQD�ROXPOX�NDWNÕGD�EXOXQGX÷XQX�G�ú�QPHNWHGLUOHU��
+LSRWH]��-� .XOODQÕFÕODU�..3�VLVWHPLQLQ�ELU�E�W�Q�RODUDN�LúOHULQGH�\DUDUOÕ�ROGX÷XQX�G�ú�QPHNWHGLUOHU��

������..3�6LVWHPOHULQLQ�2UJDQL]DV\RQHO�(WNLOHUL�
2UJDQL]DV\RQHO�HWNL��X\JXODPD�SURMHVLQLQ�JHQHO�HWNLQOL÷L�LOH�LOJLOLGLU��6FKXOW]� YH� 6OHYLQ¶H� ������� J|UH� VRV\DO� RUJDQL]DV\RQODUGD� X\JXODQDQ�
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PRGHOOHULQ� EDúDUÕVÕ�� NXOODQÕFÕODUÕ� WDUDIÕQGDQ� NDEXO� HGLOPHVLQH� YH�RUJDQL]DV\RQOD�X\XPOX�ROPDVÕQD�ED÷OÕGÕU���
/LWHUDW�UGHNL� oDOÕúPDODU�� ELUoRN� ILUPDQÕQ� JHQHO� RUJDQL]DV\RQHO�SHUIRUPDQVWD�DUWÕú�VD÷OD\DFD÷ÕQD�LQDQÕODQ�NXUXPVDO�o|]�POHUH�\|QHOGLNOHULQL�RUWD\D� NR\PDNWDGÕU�� 2UJDQL]DV\RQHO� HWNLOHU� DoÕVÕQGDQ� ILUPDODUÕQ� XODúWÕNODUÕ�VRQXoODU�� NXUXPVDO� ELOLúLP� VLVWHPOHULQGHQ� EHNOHGLNOHUL� EDúDUÕ\Õ� oRN� �VW�VHYL\HGH� ROPDVD� GD� \DNDODGÕNODUÕ� \|Q�QGHGLU�� dRN� �VW� G�]H\GH�RUJDQL]DV\RQHO� ID\GD�VD÷ODGÕ÷Õ�G�ú�Q�OHQ� VLVWHPOHU�������RUDQÕQGD�NDOÕUNHQ��KHGHIOHQHQ�EDúDUÕ\D�XODúDQODUÕQ�RUDQÕ������¶D�\DNÕQGÕU��%RRNHU����������
2UJDQL]DV\RQHO� HWNLOHU� DoÕVÕQGDQ� NXOODQGÕNODUÕ� NXUXPVDO� VLVWHPOHUL�EDúDUÕOÕ�EXOPD\DQ�ILUPDODU��JHQHOOLNOH�EX�VLVWHPOHUL�\HQL�NXOODQPD\D�EDúODPÕú�RODQODUGÕU��+DOEXNL�EX�W�U�VLVWHPOHU��RQX�DNWLI�úHNLOGH�YH�X]XQ�V�UH�NXOODQPÕú�ILUPDODUGD� RUJDQL]DV\RQHO� EDúDUÕ\D� HWNL� DoÕVÕQGDQ� oRN� |QHPOL�J|U�OPHNWHGLUOHU� �0F&DQQ� YH� /XFDV�� ������� %�\�N� NÕVPÕ� \|QHWLFLOHUGHQ�ROXúDQ�JHQLú�ELU�NDWÕOÕPFÕ�NLWOHVL�LOH�..3�VLVWHPOHULQLQ�RUJDQL]DV\RQHO�HWNLOHUL�DoÕVÕQGDQ� DOJÕODU� DUDúWÕUÕOGÕ÷ÕQGD�� VLVWHPOH� LOJLOL� ROXPVX]� J|U�úOHULQ� \�]GH�EHúLQ� DOWÕQGD� NDOGÕ÷Õ� J|U�OP�úW�U�� %HQ]HU� RUDQ�� NXUXPVDO� HQWHJUDV\RQGD�VD÷ODQDQ�EDúDUÕ�LOH�LOJLOL�JHQHO�H÷LOLPOHUGH�GH�RUWD\D�oÕNPDNWDGÕU��%X�\�]GHQ�..3� VLVWHPOHULQLQ� RUJDQL]DV\RQHO� JHoHUOLOL÷L� YH� NXUXPVDO� HQWHJUDV\RQX�VD÷ODPDNWDNL�EDúDUÕVÕQÕQ�\�NVHN�RUDQGD�NDEXO�J|UG�÷�� V|\OHQHELOLU� �0DEHUW�YH�GL÷HUOHUL���������
..3�VLVWHPLQLQ� \DUDWWÕ÷Õ�GH÷LúLPLQ�RUJDQL]DV\RQHO� HWNLOHUL\OH� LOJLOL�DOJÕODUÕQ� WHVW� HGLOPHVL� DPDFÕ\OD� ROXúWXUXODQ� KLSRWH]OHU�� DúD÷ÕGDNL� JLEL� LIDGH�HGLOHELOLU��

+LSRWH]��$� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� DOÕQDQ� NDUDUODUÕQ� NDOLWHVLQL�L\LOHúWLUGL÷LQL�G�ú�QPHNWHGLUOHU��
+LSRWH]��%� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� LVUDIÕQ� D]DOWÕOPDVÕQD� NDWNÕGD�EXOXQGX÷X�NDQDDWLQGHGLUOHU��
+LSRWH]��&� .XOODQÕFÕODU�..3�VLVWHPLQLQ�\HQLOLNOHULQ�JHUoHNOHúWLULOPHVLQH�NDWNÕ�VD÷ODGÕ÷Õ�NDQDDWLQGHGLUOHU��
+LSRWH]��'� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� IRQNVL\RQODU� DUDVÕ� LOLúNLOHUGH�L\LOHúPHOHU�VD÷ODGÕ÷ÕQÕ�G�ú�QPHNWHGLUOHU��
+LSRWH]��(� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� IRQNVL\RQODU� DUDVÕ� LOHWLúLPGH�L\LOHúPHOHU�VD÷ODGÕ÷ÕQD�LQDQPDNWDGÕUODU��
+LSRWH]��)� .XOODQÕFÕODU� ..3� VLVWHPLQLQ� RUJDQL]DV\RQXQ� DPDoODUÕQD�RGDNODQPD\Õ�DUWWÕUGÕ÷ÕQÕ�G�ú�QPHNWHGLUOHU��

�����%LUH\VHO�.DUDNWHULVWLNOHULQ�(WNLVL�
8\JXODPDODUÕQ� HWNLQOL÷L\OH� LOJLOL� GH÷HUOHQGLUPHOHU�� IDUNOÕ� LúOHYVHO�JUXSODU� DUDVÕQGD� � DQODúPD]OÕ÷ÕQ� YH� LKWLODIODUÕQ� ND\QD÷Õ� RODELOLU�� 'DKD� |QFH�LIDGH� HGLOGL÷L� JLEL� ..3� VLVWHPOHULQH� NXOODQÕFÕODUÕQ� WHSNLVL� ROXPOX� ROPDNOD�
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ELUOLNWH�� EX� WHSNLQLQ� ELUH\VHO� NDUDNWHULVWLNOHUH� GD\DOÕ� RODUDN� IDUNOÕODúÕS�IDUNOÕODúPDGÕ÷Õ� KXVXVXQGD� ID]ODFD� NDQÕW� EXOXQPDPDNWDGÕU�� +DOEXNL� EHQ]HU�VLVWHPOHUOH� LOJLOL� RODUDN� \DSÕODQ� oDOÕúPDODU�� H÷LWLP� YH� GHQH\LP� G�]H\LQLQ��/XFXV��������\DúÕQ��)XHUVW�YH�&KHQH\���������NLúLOLN�YH�NDYUDPD�|]HOOLNOHUL��'H6DQFWLV�� ������ LOH� URO� LOLúNLVLQLQ� �=PXG� YH� &R[�� ������ 0F.HHQ� YH�GL÷HUOHUL�� ������$QGHURQ�������� IDUNOÕ� DOJÕODU� �UHWWL÷LQL�RUWD\D� NR\PDNWDGÕU��$\UÕFD� LQVDQODUÕQ� VLVWHPOHUH� NDUúÕ� QDVÕO� ELU� WHSNL� YHUGL÷LQLQ�� NXOODQÕODQ�VLVWHPGHQ�VD÷ODQDQ�HQIRUPDV\RQXQ�LoHUL÷LQH�ED÷OÕ�RODELOHFH÷L�YH�EX�\|QGHNL�LKWL\DoODUÕQ� GD� ELU� LúOHYVHO� DODQGDQ� GL÷HULQH� GH÷LúHELOHFH÷L� LIDGH� HGLOHELOLU��+RSZRRG���������
dDOÕúPDPÕ]GD� ELUH\VHO� |]HOOLNOHULQ� DOJÕODUÕQ� �]HULQGHNL� HWNLOHULQL�RUWD\D� NR\PDN� LoLQ� NXOODQÕFÕODU� LNL� DOW� JUXED� D\UÕOPÕúWÕU�� %LULQFL� JUXSWD�VLVWHPGHQ� HOGH� HGLOHQ� ELOJL\L� NDUDU� YHUPH� V�UHFLQGH� NXOODQDUDN� \|QHWLP�IDDOL\HWOHULQL�JHUoHNOHúWLUHQOHU��\|QHWHQOHU��� LNLQFL�JUXSWD� LVH��VLVWHPL�YHUL\OH�EHVOH\HQ�� YHULOHUL� LúOH\HUHN�ELULQFL� JUXEXQ�NXOODQÕPÕQD�KD]ÕU� KDOH�JHWLUHQ�YH�|QFHNL� JUXED� RUDQOD� NDUDU� YHUPH� V�UHoOHULQGH� VRUXPOXOXNODUÕ� oRN� VÕQÕUOÕ�NXOODQÕFÕODU� �\�U�WHQOHU�� EXOXQPDNWDGÕU�� %LULQFL� JUXSWDNL� �\|QHWHQOHU��NXOODQÕFÕODU�� KHU� NDGHPHGHQ� \|QHWLFLOHUL� YH� V�UHo� VRUXPOXODUÕQÕ� NDSVDUNHQ��LNLQFL� JUXSWD� �\�U�WHQOHU�� P�KHQGLVOHU�� GDQÕúPDQODU�� X]PDQODU�� VLVWHP�DQDOLVWOHUL��PHPXUODU�YH�WHNQLNHUOHU�EXOXQPDNWDGÕU���

+LSRWH]��$� <|QHWHQOHULQ� ..3� VLVWHPL\OH� LOJLOL� DOJÕODUÕ�� \�U�WHQOHULQ�DOJÕODUÕQGDQ�IDUNOÕGÕU��
7�P� \HQLOLNOHULQ� EDúDUÕ\D� XODúPDVÕQGD� RUJDQL]DV\RQX� ROXúWXUDQ�E|O�POHULQ�� LúOHY� YH� V�UHoOHULQ� \HQLOL÷H� DGDSWDV\RQX� |QHP� WDúÕPDNWDGÕU��<HQLOL÷LQ� NDEXO� HGLOPHVLQGH� H÷LWLP� YH� GHQH\LPLQ� |QHPL�� NXUXODQ� ..3�VLVWHPOHULQH� \|QHOLN� ELUH\VHO� DOJÕODUÕQ� úHNLOOHQPHVLQGH� GH� GLNNDWH� DOÕQPDVÕ�JHUHNHQ� ELU� IDNW|U� RODUDN� NDUúÕPÕ]D� oÕNPDNWDGÕU�� %LOJLOL� YH� GHQH\LPOL�NXOODQÕFÕODUÕQ� GHQH\LPVL]� ..3� VLVWHPL� NXOODQÕFÕODUÕQD� J|UH� VLVWHPOH� LOJLOL�DOJÕODUÕQGD�IDUNOÕOÕN�ROPDVÕ�EHNOHQLU���

+LSRWH]��%� ..3� VLVWHPOHULQGH� GHQH\LPOL� NXOODQÕFÕODUÕQ� DOJÕODUÕ��VLVWHPOH� LON� NH]� NDUúÕODúDQ� NXOODQÕFÕODUÕQ� DOJÕODUÕQGDQ�IDUNOÕGÕU��
�

���'(öøù.(1/(5ø1�g/dh0h��9(5ø�YH�<g17(0�
$UDúWÕUPDPÕ]D� NRQX� RODQ� YHULOHULQ� WRSODQPDVÕ� LoLQ� 'DYLV� ��������6FKXOW]�YH�6OHYLQ��������LOH�0F*RZDQ¶GDQ��������\DUDUODQÕODUDN�JHOLúWLULOHQ�ELU� DQNHW� IRUPX� NXOODQÕOPÕúWÕU�� �¶OL� OLNHUW� |OoH÷LQH� J|UH� G�]HQOHQHQ� DQNHW�IRUPX�� NXOODQÕFÕODUÕQ� ..3� VLVWHPOHUL\OH� LOJLOL� DOJÕODUÕQÕ� |OoPHN� DPDFÕ\OD��..3� VLVWHPOHULQH� \|QHOLN� JHQHO� WXWXP�� �UHWLOHQ� HQIRUPDV\RQXQXQ� DOJÕODQDQ�QLWHOL÷L�� ..3� VLVWHPOHULQLQ� DOJÕODQDQ� NXOODQÕúOÕOÕ÷Õ�� ..3� VLVWHPOHULQLQ�RUJDQL]DV\RQHO� HWNLOHUL� JLEL� ER\XWODUÕ� LoHUHQ� ��� LIDGH� YH� NXOODQÕFÕODUOD� LOJLOL�VRUXODUGDQ�ROXúPDNWDGÕU��
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9HULOHULQ�WRSODQPDVÕ�VÕUDVÕQGD�NXOODQÕODQ�|OoHNOHULQ�DQODúÕODELOLUOL÷LQL�DUWWÕUPDN� LoLQ� |Q� WHVWOHU� \DSÕOPÕú�� |Q� WHVWOHUGHQ� HOGH� HGLOHQ� VRQXoODUD� J|UH�|OoHNOHU� �]HULQGH� JHUHNOL� G�]HOWPHOHU� \DSÕOGÕNWDQ� VRQUD� X\JXODPD\D�JHoLOPLúWLU��
$UDúWÕUPDQÕQ� DQD� N�WOHVL�� \|QHWLP� PHUNH]L� 0DUPDUD� E|OJHVLQGH�EXOXQDQ� YH� ..3� VLVWHPOHULQL� X\JXOD\DQ� ILUPDODUÕQ� oDOÕúDQODUÕQGDQ�ROXúPDNWDGÕU��:HE¶GH� ROXúWXUXODQ� DQNHW� IRUPX�� WHOHIRQ� YH� HOHNWURQLN� SRVWD�\ROX\OD�XODúÕODQ����ILUPDQÕQ�����oDOÕúDQD�X\JXODQPÕú��EX�DQNHWOHUGHQ�X\JXQ�J|U�OHQ�����WDQHVL��|UQHNOHPH�GDKLO�HGLOPLúWLU��
%X�\ROOD�HOGH�HGLOHQ�YHULOHUH��W�WHVWL��LNLOL�W�WHVWL�YH�WHN�\|QO��YDU\DQV�DQDOL]L�X\JXODQDUDN�KLSRWH]OHU�WHVW�HGLOPLúWLU���
���$5$ù7,50$1,1�%8/*8/$5,��
�����*HQHO�7XWXP�
..3�VLVWHPOHULQH� \|QHOLN� JHQHO� WXWXPXQ��RUWDQFD\D� J|UH� QH� \|QGH�IDUNOÕODúWÕ÷ÕQÕ� |OoPHN� LoLQ� NXOODQÕODQ� W� WHVWLQGHQ� HOGH� HGLOHQ� VRQXoODU�� WDEOR��¶GH�J|U�OHELOLU���
7DEOR����..3�6LVWHPLQH�<|QHOLN�*HQHO�7XWXPXQ�$QDOL]L�

7HVW�'H÷HUL� ���
1 2UWDODPD 6WG��6DSPD

6WG��+DWD�2UW� W GI� $QODPOÕOÕN�������WDLOHG� 2UWDODPD�)DUN�
+LSRWH]��*HQHO�7XWXP�

��� ����� ����� ����� ������� ��� ����� �����
7DEOR� �¶GH� RUWD\D� NRQDQ� DQDOL]� VRQXoODUÕ�� �..3� VLVWHPLQH� \|QHOLN�JHQHO�WXWXPXQ�RUWDQFDQÕQ�����LVWDWLVWLNVHO�RODUDN�DQODPOÕ�ELU�ELoLPGH��]HULQGH�ROGX÷XQX� J|VWHUPHNWHGLU�� � %X� EXOJXODU�� NXOODQÕFÕODUÕQ� � ..3� VLVWHPLQLQ�X\JXODQPDVÕQD� NDUúÕ� ROXPOX� ELU� WXWXP� VHUJLOHGL÷LQL� RUWD\D� NR\PDNWDGÕU��RUWDODPD� �������W� ���������S�����������
%X� NRúXOODU� DOWÕQGD� NXOODQÕFÕODUÕQ� ..3� VLVWHPOHULQH� \|QHOLN�WXWXPODUÕQÕQ� ROXPOX� ROGX÷XQX� LIDGH� HGHQ� KLSRWH]� �¶LQ� NDEXO� HGLOPHVL�JHUHNHFHNWLU��
�����(QIRUPDV\RQXQ�$OJÕODQDQ�1LWHOL÷L�
.XOODQÕFÕODUÕQ� HVNL� VLVWHPOHUL� LOH� \HQL� NXUXODQ� ..3� VLVWHPOHUL�WDUDIÕQGDQ��UHWLOHQ�HQIRUPDV\RQOD� LOJLOL� DOJÕODUÕ�DUDVÕQGD� IDUN�ROXS�ROPDGÕ÷Õ��HQIRUPDV\RQXQ�EHú�QLWHOL÷L��E�W�QO�N��XODúÕODELOLUOLN��GR÷UXOXN��]DPDQOÕOÕN�YH�DQODúÕODELOLUOLN�� GLNNDWH� DOÕQDUDN� LQFHOHQPLúWLU�� $QDOL]� LoLQ� HVNL� YH� \HQL�VLVWHPOHUGH��UHWLOHQ�HQIRUPDV\RQD� LOLúNLQ�NXOODQÕFÕ�DOJÕODUÕQÕQ�RUWDODPDVÕ��EX�EHú�QLWHOLN�EDNÕPÕQGDQ�LNLOL�W�WHVWL�NXOODQÕODUDN�DQDOL]�HGLOPLúWLU��$QDOL]OHUGHQ�HOGH�HGLOHQ�VRQXoODU��WDEOR��¶GH�J|U�OG�÷��JLELGLU���
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..3�VLVWHPOHULQGHQ�VD÷ODQDQ�HQIRUPDV\RQXQ�DOJÕODQDQ�NXOODQÕúOÕOÕ÷Õ�LOH�LOJLOL�VRQXoODU��KLSRWH]OHULQ�W�P�Q�Q���$� �%� �&� �' YH��(� NDEXO�HGLOGL÷LQL�J|VWHUPHNWHGLU�� � .XOODQÕFÕODUÕQ� \HQL� VLVWHPLQ� �UHWWL÷L� HQIRUPDV\RQX�� HVNL�VLVWHPGHQ� VD÷ODQDQ� HQIRUPDV\RQD� RUDQOD� GDKD� XODúÕODELOLU� �+LSRWH]� �$� W � ��������� S��������� GR÷UX� �+LSRWH]� �%� W � ��������� S��������� J�YHQLOLU��+LSRWH]��&� W ����������S���������]DPDQOÕ��+LSRWH]��'� W ����������S��������YH�DQODúÕODELOLU��+LSRWH]��(� W ����������S��������EXOPDNWDGÕUODU��
�����$OJÕODQDQ�.XOODQÕúOÕOÕN�
.XOODQÕFÕODUÕQ� ..3� VLVWHPOHULQLQ� NXOODQÕúOÕOÕ÷Õ\OD� LOJLOL� DOJÕ�G�]H\OHULQLQ� RUWDQFDGDQ� ���� IDUNOÕ� ROXS� ROPDGÕ÷ÕQÕQ� EHOLUOHQPHVL� LoLQ� W� WHVWL�X\JXODQPÕúWÕU��$QDOL]�VRQXoODUÕ��WDEOR��¶WH�J|U�OG�÷��JLELGLU���
..3� VLVWHPOHULQLQ� DOJÕODQDQ� NXOODQÕúOÕOÕ÷Õ� LOH� LOJLOL� VRQXoODU�� LOHUL�V�U�OHQ� KLSRWH]OHULQ� W�P�Q�Q� ��$� �%� �&� �'� �(� �)� �*� �+ YH� �ø� NDEXO�HGLOGL÷LQL� J|VWHUPHNWHGLU�� .XOODQÕFÕODU� ..3� VLVWHPOHULQLQ�� LúOHULQLQ�NDOLWHVLQGH� L\LOHúPH\H� �+LSRWH]� �$� RUW ������ W �������� S��������� LúOHUL��]HULQGHNL� NRQWURO�� DUWWÕUPD\D� �+LSRWH]� �%� RUW ������ W �������� S���������NDUPDúÕN�]RU� J|UHYOHULQL� GDKD� NÕVD� ]DPDQGD� JHUoHNOHúWLUPH\H� �+LSRWH]� �&�RUW ������ W �������� S��������� LúOHULQLQ� NULWLN� \|QOHULQH� GHVWHN� ROPDGD��+LSRWH]� �'� RUW ������ W �������� S��������� LúOHULQGH� �UHWNHQOLN� DUWÕúÕQD��+LSRWH]��(� RUW ������W ��������S���������Lú�SHUIRUPDQVÕQGD�DUWÕúD��+LSRWH]��)� RUW ������ W �������� S��������� GDKD� ID]OD� Lú� \DSDELOPH� EHFHULVL� �]HULQH��+LSRWH]� �*� RUW ������ W �������� S��������� Lú� �]HULQGHNL� HWNLQOL÷LQ�DUWÕUÕOPDVÕQD� �+LSRWH]� �+� RUW ������ W �������� S��������� LúOHULQL� GDKD� NROD\�\DSDELOPHOHULQH� �+LSRWH]� �ø� RUW ������ W �������� S�������� |QHPOL� NDWNÕODU�\DSWÕ÷Õ�KXVXVXQGD�KHPILNLUGLUOHU���

7DEOR����(QIRUPDV\RQXQ�$OJÕODQDQ�1LWHOL÷LQLQ�$QDOL]L�
+LSRW� (QIRUPDV\RQ�1LWHOL÷L� 2UW� 1 6WG���6DSPD 2UW� 6WG��6DSPD W $QODPOÕOÕN����WDLOHG�

%�W�QO�NB(6� ����� ���� ������$ %�W�QO�N�B<6 ����� ���� ����� ������ ������ ������� �����
8ODúÕODELO�B(6 ����� ���� ������% 8ODúÕODELO�B<6 ����� ���� ����� ������ ������ ������� �����
'R÷UXOXNB(6� ����� ���� ������& 'R÷UXOXNB<6� ����� ���� ����� ������ ������ ������� �����
=DPDQOÕOÕNB(6 ����� ���� ������' =DPDQOÕOÕNB<6 ����� ���� ����� ������ ������ ������� �����
$QODúÕODELB(6 ����� ���� ������( $QODúÕODELB<6 ����� ���� ����� ������ ������ ������� �����
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$OJÕODQDQ� NXOODQÕúOÕOÕNOD� LOJLOL� VRQ� KLSRWH]�� JHQHO� RODUDN�NXOODQÕúOÕOÕNOD� LOJLOL� DOJÕ� G�]H\LQL� KHGHI� DOPDNWDGÕU�� 7DEORGDNL� VRQXoODU��NXOODQÕFÕODUÕQ� ..3� VLVWHPOHULQL� JHQHO� RODUDN� \DUDUOÕ� EXOGXNODUÕQÕ� RUWD\D�NR\PDNWDGÕU��+LSRWH]��-� RUW ������W ��������S����������
�����2UJDQL]DV\RQHO�(WNLOHU�
..3� VLVWHPOHULQLQ� RUJDQL]DV\RQHO� HWNLOHUL\OH� LOJLOL� NXOODQÕFÕ�DOJÕODUÕQÕQ� RUWDQFDGDQ� ���� IDUNOÕ� ROXS� ROPDGÕ÷ÕQÕQ� LVWDWLNVHO� RODUDN� WHVW�HGLOPHVL� LoLQ� X\JXODQDQ� W� WHVWLQGHQ� HOGH� HGLOHQ� VRQXoODU�� WDEOR� �¶GH�J|U�OPHNWHGLU��

7DEOR����$OJÕODQDQ�.XOODQÕúOÕOÕ÷ÕQ�$QDOL]L�
+LSRWH]OHU� 1 2UW� 6WG��6DSPD� 7HVW�'H÷HUL� ���

W $QODPOÕOÕN���WDLOHG� 2UWDODPD�)DUN�
+LSRWH]��$� øú�.DOLWHVLQGHNL�ø\LOHúPH� ��� ���� ����� ������ ����� �����
+LSRWH]��%� øú�h]HULQGH�.RQWURO��$UWWÕUPD� ��� ���� ����� ������ ����� �����
+LSRWH]��&� .DUPDúÕN�*|UHYOHUL�'DKD�.ÕVD�=DPDQGD�*HUoHNOHúWLUPH� ��� ���� ����� ������ ����� �����
+LSRWH]��'� .ULWLN�1RNWDODUGD�'HVWHN ��� ���� ����� ������ ����� �����
+LSRWH]��(� hUHWNHQOLNWH�$UWÕú� ��� ���� ����� ������ ����� �����
+LSRWH]��)� øú�3HUIRUPDQVÕQGD�$UWÕú� ��� ���� ����� ������ ����� �����
+LSRWH]��*� 'DKD�)D]OD�øú�<DSDELOPH� ��� ���� ����� ������ ����� �����
+LSRWH]��+� øúOHUL�h]HULQGHNL�(WNLQOLNOHULQL�$UWWÕUPD� ��� ���� ����� ������ ����� �����
+LSRWH]��ø� øúOHUL�'DKD�.ROD\�<DSPD� ��� ���� ����� ������ ����� �����
+LSRWH]��-� *HQHO�2ODUDN�øúOHULQGH�<DUDUOÕ� ��� ���� ����� ������ ����� �����
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$QDOL]OHU� VRQXFX� HOGH� HGLOHQ� EXOJXODU�� KLSRWH]OHULQ� NXYYHWOL� ELU�ELoLPGH�GHVWHNOHQGL÷LQL�RUWD\D�NR\PDNWDGÕU��.XOODQÕFÕODU�..3�VLVWHPOHULQLQ��DOÕQDQ� NDUDUODUÕQ� NDOLWHVLQGH� L\LOHúPH\H� �+LSRWH]� ����� RUW ������ W ��������S��������� LVUDIÕQ�ÕVNDUWDQÕQ� D]DOPDVÕQD� �+LSRWH]� ����� RUW ������ W ��������S��������� \HQLOLNOHULQ� JHUoHNOHúPHVLQH� �+LSRWH]� ����� RUW ������ W ��������S��������� IRQNVL\RQODU� DUDVÕ� LOLúNLOHUGH� �+LSRWH]� ����� RUW ������ W ��������S�������� YH� IRQVL\RQODU� DUDVÕ� LOHWLúLPGH� L\LOHúPH\H� �+LSRWH]� ����� RUW ������W �������� S��������� RUJDQL]DV\RQXQ� DPDoODUÕQD� RGDNODQPD\D� �+LSRWH]� �����RUW ������ W �������� S�������� ROXPOX� NDWNÕGD� EXOXQGX÷XQD� LOLúNLQ� J�oO�� YH�ROXPOX�DOJÕODUD�VDKLSWLUOHU���
�����%LUH\VHO�.DUDNWHULVWLNOHU�
*HQHO�WXWXP��PHYFXW�VLVWHPGHQ�HOGH�HGLOHQ�HQIRUPDV\RQXQ�QLWHOL÷L��NXOODQÕúOÕOÕN�YH�VLVWHPLQ�RUJDQL]DV\RQHO�HWNLOHULQH�LOLúNLQ�NXOODQÕFÕ�DOJÕODUÕQÕQ�RUWDODPD� G�]H\LQLQ� \HWNL� YH� VRUXPOXOXN� DODQÕQD� J|UH� IDUNOÕODúWÕ÷Õ� KLSRWH]L��YDU\DQV� DQDOL]L� NXOODQÕODUDN� WHVW� HGLOPLúWLU�� $QDOL]GHQ� HOGH� HGLOHQ� VRQXoODU��7DEOR��¶WH�VXQXOPDNWDGÕU���
7DEOR� �¶GHNL� DQDOL]� VRQXoODUÕ�� ..3� VLVWHPOHUL� LoLQ� DOJÕVDO�GH÷LúNHQOHULQ�KHU�ELUL�DoÕVÕQGDQ�RUWDQFDQÕQ������]HULQGH�DQODPOÕ�YH�ROXPOX�ELU�DOJÕ\D� LúDUHW� HWPHVLQH� NDUúÕQ�� EX� GXUXPXQ� KLoELU� IDNW|U� DoÕVÕQGDQ� \HWNL� YH�VRUXPOXOXN� DODQODUÕ� G�]H\LQGH� DQODPOÕ� ELU� IDUNOÕODúPD\D� \RO� DoPDGÕ÷ÕQÕ�RUWD\D� NR\PDNWDGÕU�� <|QHWHQOHU� DOW� JUXEXQGDNL� NXOODQÕFÕODUÕQ� VLVWHP�KDNNÕQGDNL� DOJÕODUÕ� LOH� \�U�WHQOHU� DOW� JUXEXQGDNL� NXOODQÕFÕODUÕQ� DOJÕODUÕ�

7DEOR����2UJDQL]DV\RQHO�(WNLOHULQ�$QDOL]L�
+LSRWH]OHU� 1 2UWDODPD 6WG��6DSPD� 7HVW�'H÷HUL� ���

W $QODP����WDLOHG� 2UWDODPD�)DUN�
+LSRWH]��$� .DUDUODUÕQ�NDOLWHVLQGH�L\LOHúPH� ��� ����� ����� ������� ����� �����
+LSRWH]��%�øVUDI�ÕVNDUWDQÕQ�D]DOPDVÕQD�NDWNÕ� ��� ����� ����� ������� ����� �����
+LSRWH]��&� <HQLOLNOHULQ�JHUoHNOHúWLULOPHVLQH�NDWNÕ� ��� ����� ����� ������� ����� �����
+LSRWH]��'� )RQVL\RQODU�DUDVÕ�LOLúNLOHUGH�L\LOHúPH´� ��� ����� ����� ������� ����� �����
+LSRWH]��(� )RQNVL\RQODU�DUDVÕ�LOHWLúLPGH�L\LOHúPH´� ��� ����� ����� ������� ����� �����
+LSRWH]��)�2UJDQL]DV\RQXQ�DPDoODUÕQD�RGDNODQPD� ��� ����� ����� ������� ����� �����
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ELUELULQH� EHQ]HUGLU��%X� \�]GHQ� DOW� JUXSODUÕQ� DOJÕODUÕ� DUDVÕQGD� IDUN� ROGX÷XQX�LIDGH�HGHQ�+LSRWH]��$ UHGGHGLOPLúWLU��

.XOODQÕFÕODUÕQ�GHQH\LP�G�]H\LQLQ�..3�VLVWHPOHUL�LOH�LOJLOL�DOJÕODUÕQÕ�QH� |Oo�GH� HWNLOHGL÷LQL� EHOLUOHPHN� �]HUH� JHUoHNOHúWLULOHQ� WHN� \|QO�� YDU\DQV�DQDOL]OHULQGHQ�HOGH�HGLOHQ�VRQXoODU��WDEOR��¶GD�VXQXOPDNWDGÕU���

7DEORGD�GHQH\LPOL�YH�GHQH\LPVL]�NXOODQÕFÕ�JUXSODUÕQÕQ�G|UW�IDNW|UOH�LOJLOL� DOJÕODUÕ� DUDVÕQGD� IDUN� ROXS� ROPDGÕ÷ÕQÕQ� EHOLUOHQPHVL� LoLQ� NXOODQÕODQ�YDU\DQV�DQDOL]LQGHQ�HOGH�HGLOHQ�VRQXoODU��EX�NXOODQÕFÕ�JUXSODUÕQÕQ�JHQHO�WXWXP�YH� NXOODQÕúOÕOÕN� LOH� LOJLOL� DOJÕODUÕQÕQ� EHQ]HU�� HQIRUPDV\RQXQ� QLWHOL÷L� YH�RUJDQL]DV\RQHO� HWNL� EDNÕPÕQGDQ� LVH�� IDUNOÕ� DOJÕODUD� VDKLS� ROGX÷XQX� RUWD\D�NR\PDNWDGÕU���
%X� EXOJXODU� ÕúÕ÷ÕQGD� GHQH\LPOL� NXOODQÕFÕODUÕQ� VLVWHPOH� LOJLOL�DOJÕODUÕQÕQ� GHQH\LPVL]� NXOODQÕFÕODUÕQ� DOJÕODUÕQGDQ� IDNOÕ� ROGX÷XQX� LIDGH� HGHQ�

7DEOR����<|QHWHQ�YH�<�U�WHQOHULQ�$OJÕODUÕ�$UDVÕQGDNL�)DUNOÕOÕNODUÕQ�$QDOL]L��
$OJÕ�)DNW|UOHUL� .DUHOHU�7RSODPÕ� 6'� 2UWDODPD�.DUH� ) S

*UXSODU�$UDVÕ� ����� �� ����� ����� �����
*UXS�øoL� �������� ���� ����� � �*HQHO�7XWXP�
7RSODP� �������� ���� � � �
*UXSODU�$UDVÕ� ����� �� ����� ����� �����
*UXS�øoL� ������� ���� ����� � �(QIRUPDV\RQXQ�1LWHOL÷L� 7RSODP� ������� ���� � � �
*UXSODU�$UDVÕ� ������� �� ������� ����� �����
*UXS�øoL� ������� ���� ����� � �$OJÕODQDQ�.XOODQÕúOÕOÕN� 7RSODP� ������� ���� � � �
*UXSODU�$UDVÕ� ������� �� ������� ����� �����
*UXS�øoL� ������� ���� ����� � �2UJDQL]DV\RQHO�(WNL� 7RSODP� ������� ���� � � �
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dDOÕúPDQÕQ� DPDFÕ�� NXUXPVDO� ND\QDN� SODQODPD� VLVWHPOHULQLQ�HWNLQOL÷LQL�� ³NXOODQÕFÕODU� DoÕVÕQGDQ� NDEXO� HGLOHELOLUOLN´� NULWHULQL� NXOODQDUDN�NXOODQÕFÕ� DOJÕODUÕ� \ROX\OD� |OoPHNWLU�� <|QHWLP� PHUNH]L�0DUPDUD� E|OJHVLQGH�EXOXQDQ� ��� ILUPDGDQ� ���� oDOÕúDQÕQ� NDWÕOÕPÕ\OD� JHUoHNOHúWLULOHQ� DUDúWÕUPDGD��NXOODQÕFÕODUÕQ�..3� VLVWHPOHUL\OH� LOJLOL� DOJÕODUÕ�� JHQHO� WXWXP�� HQIRUPDV\RQXQ�DOJÕODQDQ� QLWHOL÷L�� VLVWHPLQ� DOJÕODQDQ� NXOODQÕúOÕOÕ÷Õ� YH� RUJDQL]DV\RQHO� HWNLOHU�ROPDN� �]HUH� G|UW� WHPHO� ER\XWWD� |Oo�OP�úW�U�� 6RQ� ER\XW� RODUDN� ELUH\VHO�NDUDNWHULVWLNOHULQ� DOJÕODU� �]HULQGHNL� HWNLOHULQLQ� GDKLO� HGLOPHVL\OH� \�U�W�OHQ�DUDúWÕUPDGDQ�HOGH�HGLOHQ�EXOJXODU��..3�VLVWHPOHULQH�\|QHOLN��\DSÕOPÕú�|QFHNL�DUDúWÕUPDODUD� SDUDOHO� RODUDN�� JHQHO� WXWXPXQ�� |QHPOL� GHUHFHGH� ROXPOX�ROGX÷XQX�J|VWHUPHNWHGLU���
.XOODQÕODQ�..3�VLVWHPOHULQGH��UHWLOHQ�ELOJLQLQ�E�W�QO�N��]DPDQOÕOÕN��GR÷UXOXN��XODúÕODELOLUOLN�YH�DQODúÕODELOLUOLN�|Oo�WOHUL�DoÕVÕQGDQ�HVNL� VLVWHPOHUH�J|UH�GDKD�NXOODQÕúOÕ�DOJÕODQGÕ÷Õ�DUDúWÕUPDPÕ]ÕQ�ELU�EDúND�EXOJXVXGXU��hUHWLOHQ�HQIRUPDV\RQXQ�ILUPD�IDDOL\HWOHUL��]HULQGH�YH�NDUDU�YHUPH�V�UHOHULQGHNL�HWNLVL�J|]�|Q�QH�DOÕQGÕ÷ÕQGD�QH�GHUHFH�|QHPOL�ROGX÷X�RUWDGDGÕU��%X�QHGHQOH�..3�VLVWHPOHULQGH��UHWLOHQ� HQIRUPDV\RQOD� LOH� LOJLOL� ROXPOX�DOJÕODU�� EX� VLVWHPOHULQ�WHPHO� DPDoODUÕQGDQ� ELUL� RODQ� NDUDU� DúDPDODUÕQD� GHVWHN� YHUPH� KHGHILQLQ�EDúDUÕOÕ�EXOXQGX÷X�VRQXFXQD�YDUPDPÕ]Õ�VD÷ODPDNWDGÕU��
..3� VLVWHPOHUL� LOH� LOJLOL� |QHPOL� ELU� GL÷HU� HWNLQOLN� NULWHUL�� \DSÕODQ�LúOHUH�NDWNÕVÕ�LOH�LOJLOL�NXOODQÕFÕ�DOJÕVÕQÕQ�|Oo�P�QGH�JL]OLGLU��.XUXODQ�ELOLúLP�VLVWHPOHULQLQ� EDúDUÕ\D� XODúPDVÕQGD� |QHPOL� ELU� HWNLVL� RODQ� Lú� IDDOL\HWOHULQH�LOLúNLQ� NXOODQÕúOÕOÕN� DOJÕVÕ�� NXOODQÕFÕODUÕQ� VLVWHPL� NDEXO� HWPHOHUL� LOH� LOJLOL� HQ�EHOLUJLQ� NULWHUGLU�� $UDúWÕUPDQÕQ� EXOJXODUÕ�� ..3� VLVWHPOHULQH� LOLúNLQ� EX� W�U�DOJÕOÕODUÕQ� J�oO�� ELU� ELoLPGH� ROXPOX� ROGX÷XQX� RUWD\D� NR\PDNWDGÕU��.XOODQÕFÕODU�� ..3� VLVWHPOHULQLQ� LúOHULQH� ROXPOX� HWNLGH� EXOXQGX÷X�G�ú�QFHVLQH�VDKLSWLU��.HQGL�LúOHUL�LOH�LOJLOL�GDKD�YHULPOL�YH�HWNLQ�ROPDODUÕQGD��LúOHUL� �]HULQGHNL� NRQWURO�� DUWÕUPDODUÕQGD�� LúOHULQL� GDKD� NROD\�� KÕ]OÕ� YH� EDVLW�úHNLOGH� \DSPDODUÕQGD�� JHQHO� DQODPGD� SHUIRUPDQVODUÕQÕ� YH� �UHWNHQOLNOHULQL�DUWWÕUPDODUÕQGD� ..3� VLVWHPOHULQLQ� NDWNÕVÕ� LoLQ� J�oO�� YH� ROXPOX� DOJÕODUD�VDKLSWLUOHU���
$UDúWÕUPD�NXOODQÕFÕODUÕQ��..3�VLVWHPOHULQL�NHQGL�RUJDQL]DV\RQODUÕQD�HWNLOHUL�DoÕVÕQGDQ�|QHPOL�EXOGXNODUÕQÕ�RUWD\D�NR\PDNWDGÕU��.XOODQÕFÕODU��..3�VLVWHPOHULQLQ� DOGÕNODUÕ� NDUDUODUÕQ� NDOLWHVLQL� DUWÕUGÕ÷ÕQÕ� G�ú�QPHNWHGLUOHU��$\UÕFD� ÕVNDUWD�LVUDI� RUDQODUÕQGD� G�ú�ú� VD÷ODGÕ÷Õ�� \HQLOLNOHULQ�JHUoHNOHúWLULOPHVLQH� NDWNÕ� YHUGL÷L�� RUJDQL]DV\RQXQ� DPDoODUÕQD� RGDNODQPD�VD÷ODGÕ÷Õ��IRQNVL\RQODU�DUDVÕ�LOLúNLOHULQ�YH�LOHWLúLPLQ�NDOLWHVLQGH�DUWÕú�\RO�DoWÕ÷Õ�\|Q�QGH�ROXPOX�DOJÕODUÕQ�YDUOÕ÷Õ�GD�WHVSLW�HGLOPLúWLU��%X�KHP�RUJDQL]DV\RQHO�
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HWNLOHU�DoÕVÕQGDQ�EX�VLVWHPOHULQ�QH�GHUHFH�|QHPOL�ROGX÷XQD� LOLúNLQ�VRPXW�ELU�NDQÕW� WHúNLO� HWPHNWH�� KHP�GH� LúOHWPH� LoLQGH� HQWHJUDV\RQX� YH� KHGHI� ELUOL÷LQL�VD÷ODPDGD� EDúDUÕOÕ� EXOXQGX÷XQX� J|VWHUHQ� ELU� NDOLWH� NULWHUL� RODUDN�J|U�OPHNWHGLU��%X�VRQXo��ILUPDODUÕQ�..3�VLVWHPOHULQH�\|QHOLN�\DWÕUÕPODUÕQGD�|QHPOL�ELU�NDUDU�YHUPH�NULWHUL�RODUDN�VXQXODQ�RUJDQL]DV\RQHO�HWNLOHUH� LOLúNLQ�KHGHIOHQHQ� EDúDUÕQÕQ� VD÷ODQGÕ÷Õ� NDUDUÕ� LoLQ� NÕ\PHWOL� ELU� EXOJX� RODUDN�GH÷HUOHQGLULOPHOLGLU��
$UDúWÕUPD�LOH�LOJLOL�VRQ�EXOJXODU�..3�VLVWHPOHULQH�\|QHOLN�DOJÕODUGD�ELUH\VHO� NDUDNWHULVWLNOHULQ� HWNLVLQH� LOLúNLQGLU�� %LUH\VHO� NDUDNWHULVWLNOHU�DoÕVÕQGDQ� IDUNOÕ� NDWÕOÕPFÕODU� ROXPOX� DOJÕODUD� VDKLSWLUOHU�� 'HQH\LP� GLNNDWH�DOÕQGÕ÷ÕQGD�� JUXSODU� DUDVÕQGD� HQIRUPDV\RQXQ� QLWHOL÷L� YH� RUJDQL]DV\RQHO�HWNLOHU� EDNÕPÕQGDQ� DQODPOÕ� IDUNOÕOÕNODUÕQ� ROGX÷X� YH� GDKD� |QFH� ..3� VLVWHP�GHQH\LPL� ROPD\DQODUÕQ� RODQODUD� RUDQOD� GDKD� \�NVHN� ELU� DOJÕ� G�]H\LQH� VDKLS�ROGXNODUÕ� WHVSLW� HGLOPLúWLU�� $QFDN� \|QHWHQOHU� LOH� \�U�WHQOHU� DUDVÕQGD� KLoELU�DOJÕ� IDNW|U�� EDNÕPÕQGDQ� DQODPOÕ� ELU� IDUNOÕOÕN� EXOXQPDPDNWDGÕU��'DKD� VRQUD�\DSÕODFDN�DUDúWÕUPDODUGD�..3�VLVWHPOHULQH�\|QHOLN�NXOODQÕFÕ�DOJÕVÕQD�ELUH\VHO�NDUDNWHULVWLNOHULQ� HWNLVLQH� LOLúNLQ� GDKD� IDUNOÕ� YH� GDKD� ]HQJLQ� GH÷LúNHQOHULQ�NXOODQÕOPDVÕ�� NRQX\OD� LOJLOL� GDKD� GHULQ� ELOJLOHU� HGLQLOPHVLQH� NDWNÕGD�EXOXQDELOLU����
%X�DUDúWÕUPD��..3�VLVWHPOHULQLQ�EDúDUÕVÕQGD�HQ�|QHPOL�HWNHQ�RODUDN�J|U�OHQ� NXOODQÕFÕODUÕQ� VLVWHPOHUL� NDEXOOHQPHOHULQH� YH� VLVWHP� HWNLQOL÷L� LOH�DOJÕODQDQ�VLVWHP�NXOODQÕúOÕOÕ÷ÕQÕQ�GR÷UXGDQ�ED÷ÕQWÕOÕ�ROGX÷XQD�LOLúNLQ�\DUJÕODU�J|]� |Q�QGH� WXWXOGX÷XQGD� ..3� VLVWHPOHULQLQ� |QHPOL� ELU� DYDQWDMÕQÕ� RUWD\D�NR\PDNWDGÕU��d�QN��EX�VLVWHPOHUH�\|QHOLN�KHP�ROXPOX�JHQHO�WXWXP��KHP�GH�HQIRUPDV\RQXQ� QLWHOLNOHUL�� VLVWHPLQ� NXOODQÕúOÕOÕ÷Õ� YH� RUJDQL]DV\RQD� HWNLOHUL�DoÕVÕQGDQ� YDURODQ� ROXPOX� DOJÕODU�� VLVWHPOHULQ� NXOODQÕFÕODU� WDUDIÕQGDQ�EHQLPVHQGL÷LQL�J|VWHUPHNWHGLU���
%XQXQOD� ELUOLNWH� �ONHPL]GH� \HUOHúLN� ILUPDODUÕQGDNL� ..3�VLVWHPOHULQH�\|QHOLN�EX�oRN�J�oO��JHQHO�ROXPOX� WXWXPXQ�]DPDQOD�QH�\|QGH�GH÷LúWL÷LQLQ� LQFHOHQPHVL� GH� |QHPOLGLU�� $UDúWÕUPDQÕQ� X\JXODQGÕ÷Õ� ILUPDODUÕQ�E�\�N�oR÷XQOX÷X��..3�VLVWHPOHUL�LOH�|UQH÷LQ�$%'�\D�GD�$YUXSD¶QÕQ�E�\�N�ILUPDODUÕ� NDGDU� X]XQ� V�UH� oDOÕúPDPÕú�� EX� VLVWHPOHULQ� ILUPD� HQWHJUDV\RQXQX�E�W�Q�\OH� VD÷OD\DPDPÕúODUGÕU��%X�DUDúWÕUPD�VRQXFXQGD�RUWD\D�oÕNDQ�ROXPOX�WXWXPXQ� ELU� W�U� \�NVHN� EHNOHQWL� RODUDN� WDQÕPODQPDVÕ� GD� P�PN�QG�U��'ROD\ÕVÕ\OD�EX�ROXPOX�WXWXPXQ�ILUPDODU�E�\�G�NoH�\D�GD�HQWHJUDV\RQD�GDKLO�RODQ� E|O�POHULQ� VD\ÕODUÕ� DUWWÕNoD� YH�YH\D� NXOODQÕODQ� VLVWHPOHU� WHNQRORMLN�JHOLúPHOHUH� SDUDOHO� ELU� úHNLOGH� ROJXQODúWÕNoD� QDVÕO� ELU� GH÷LúLPH� X÷UD\DFD÷Õ�ELOLQPHPHNWHGLU��hVWHOLN�DúÕUÕ� \�NVHN�EHNOHQWLOHULQ�NDUúÕODQDPDPDVÕ�KDOLQGH�KÕ]OD� DúÕUÕ� ROXPVX]� DOJÕ\D� G|Q�úPH�RODVÕOÕ÷Õ� ROGXNoD� \�NVHNWLU��%X� QHGHQOH��ONHPL]�RGDNOÕ�EX�ILUPDODUGDNL�..3�VLVWHPOHULQH�\|QHOLN�DOJÕQÕQ�EHOOL�]DPDQ�DUDOÕNODUÕQGD� WHNUDU� LQFHOHQPHVL� JHUHNPHNWHGLU�� %|\OH� ELU� LQFHOHPHQLQ� KHP��\D]ÕOÕP��UHWHQ�YH�EX�W�U�VLVWHPOHU�NXOODQDQ��KHP�GH�EX�W�U�VLVWHPOHUH�\DWÕUÕP�\DSPD\Õ�SODQOD\DQ�ILUPDODU�LoLQ�|QHPOL�ELU�GHQH\LP�YH�ELOJL�ND\QD÷Õ�RODFD÷Õ�DoÕNWÕU���
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��� $QGHUVRQ�� 6�� :��� ³$� )UDPHZRUN� IRU� $VVHVVLQJ� &RVW� 0DQDJHPHQW�6\VWHP�&KDQJHV��7KH�&DVH�RI�$FWLYLW\�%DVHG�&RVWLQJ�,PSOHPHQWDWLRQ�DW�*HQHUDO�0RWRUV´��-RXUQDO�RI�0DQDJHPHQW�$FFRXQWLQJ�5HVHDUFK��)DOO�������V�������
��� %DLOH\�� -��(�� YH�6�:��3HDUVRQ�� ³'HYHORSPHQW� RI� D�7RRO� IRU�0HDVXULQJ�DQG� $QDO\]LQJ� &RPSXWHU� 8VHU� 6DWLVIDFWLRQ´�� 0DQDJHPHQW� 6FLHQFH�0D\�������V�����������
��� %DUNL�� +�� YH� 6�� /�� +XII�� ³&KDQJH�� $WWLWXGH� WR� &KDQJH�� DQG� 'HFLVLRQ�6XSSRUW� 6\VWHP� 6XFFHVV´�� ,QIRUPDWLRQ� DQG�0DQDJHPHQW� �� ������ V�����������
��� %RRNHU��(���³(QWHUSULVH�6RIWZDUH�3URMHFWV�5DUHO\�6DWLVI\´�,QWHUQHWZHHN�$SULO��������9RO��������V�����
��� %UDGIRUG��0�� YH�'��5REHUWV�� ³'RHV�<RXU� (53� 6\VWHP�0HDVXUH�8S"´��6WUDWHJLF�)LQDQFH� 6HSWHPEHU�������V���������
��� %UDGOH\��3���-��7KRPDV��7��*RREH\�YH�-��$��&RRNH��³&DUULHUV�DQG��3/V�(PEUDFH� (53� 6RIWZDUH´�� /RJLVWLFV� 0DQDJHPHQW� DQG� 'LVWULEXWLRQ�5HSRUW� $SULO�������9RO�������V������
��� &ROOHFWLRQV� 	� &UHGLW� 5LVN�� ³(53� 6\VWHPV� /DFNLQJ´�� &ROOHFWLRQV� 	�&UHGLW�5LVN�5HVHDUFKV� -XQH�������9RO�����V������
��� 'DYLV�� )��� ³3HUFHLYHG� 8VHIXOQHVV�� 3HUFHLYHG� &DVH� RI� 8VH�� DQG� 8VHU�$FFHSWDQFH� RI� ,QIRUPDWLRQ� 7HFKQRORJ\´��0,6� 4XDUWHUO\� 6HSWHPEHU�������V�����������
��� 'H6DQFWLV��*��³$�0LFUR�3HUVSHFWLYH�RI�,PSOHPHQWDWLRQ´��0DQDJHPHQW�6FLHQFH�,PSOHPHQWDWLRQ��6XSSOHPHQW�������V��������
���� 'ROO�� :�� -�� YH� *�� 7RUN]DGHK�� ³7KH� 0HDVXUHPHQW� RI� (QG�8VHU�&RPSXWLQJ�6DWLVIDFWLRQ´��0,6�4XDUWHUO\� -XQH�������V�����������
���� )(,��³0DNLQJ� WKH�(53�&RPPLWPHQW��:KDW�&RQWUROOHUV�1RZ�6D\�DERXW�,PSOHPHQWDWLRQ�7LPH�DQG�dRVW´��7KH�&RQWUROOHU¶V�5HSRUW� 0D\�������V��������
���� )LVKEHLQ��0�� YH� ,�� $M]HQ��%HOLHI��$WWLWXGH�� ,QWHQWLRQ� DQG�%HKDYLRXU��$Q�,QWURGXFWLRQ�WR�7KHRU\�DQG�5HVHDUFK� $GGLVRQ�:HVOH\� 5HDGLQJ��0$��$GGLVRQ�:HVOH\��������
���� )XHUVW��:��YH�3��&KHQH\��³)DFWRUV�$IIHFWLQJ�WKH�3HUFHLYHG�8WLOL]DWLRQ�RI�&RPSXWHU�%DVHG� 'HFLVLRQ� 6XSSRUW� 6\VWHPV� LQ� WKH� 2LO� ,QGXVWU\´��'HFLVLRQ�6FLHQFHV����������V�����������
���� *UDQOXQG��0��YH�7��0DOPL��³0RGHUDWH�,PSDFW�RI�(536�RQ�0DQDJHPHQW�$FFRXQWLQJ��$�/DJ�RU�3HUPDQHQW�2XWFRPH´��0DQDJHPHQW�$FFRXQWLQJ�5HVHDUFK� ���������V�����������



.XUXPVDO�.D\QDN�3ODQODPD�6LVWHPOHULQH�<|QHOLN�.XOODQÕFÕ���

��

&��� 6��

���� +DPLOWRQ�� 6�� YH� 1�� /�� &KHUQDY\�� ³(YDOXDWLQJ� ,QIRUPDWLRQ� 6\VWHP�(IIHFWLYHQHVV�� &RPSDULQJ� (YDOXDWRU� 9LHZSRLQWV´�� 0,6� 4XDUWHUO\�'HFHPEHU�������V���������
���� +RSZRRG�� $�*���$Q� $FFRXQWLQJ� 6\VWHP� DQG�0DQDJHULDO� %HKDYLRU�/H[LQJWRQ��0$��/H[LQWJRQ�%RRNV��������
���� -RUGDQ��:�*��YH�.�5��.UXPZLHGH��³(53�,PSOHPHQWHUV��%HZDUH´��&RVW�0DQDJHPHQW�8SGDWH� 0DUFK�������V�������
���� .LUE\��+��� ³(53��7KH� ,QVLGH� 6WRU\´��:RUNV�0DQDJHPHQW� 6HSWHPEHU�������V����±�ZZZ�EHQFKPDUNUHVHDUFK�FR�XN��
���� .UDHPHU�� .��� -�� 'DQ]LJHU�� '�� 'XQNOH� YH� -�� .LQJ�� ³7KH� 8VHIXOQHVV� RI�&RPSXWHU�%DVHG� ,QIRUPDWLRQ� WR� 3XEOLF� 0DQDJHUV´�� 0,6� 4XDUWHUO\��-XQH�������V�����������
���� /HRQDUG�%DUWRQ�� '��� ³,PSOHPHQWDWLRQ� &KDUDFWHULVWLFV� RI� 2UJDQL]DWLRQDO�,QQRYDWLRQV´��&RPPXQLFDWLRQV�5HVHDUFK���������������V�����������
���� /XFXV�� +�&��� -U��� ³%HKDYLRUDO� )DFWRUV� LQ� 6\VWHP� ,PSOHPHQWDWLRQ´��,PSOHPHQWLQJ�2SHUDWLRQV�5HVHDUFK�0DQDJHPHQW�6FLHQFH� �(GLW|U��5��/��6FKXOW]�YH�'��3��6OHYLQ��1<��$PHULNDQ�(OVHYLHU��������
���� 0DEHUW�� 9��� $��� $�� 6RQL� YH�0�� $�� 9HQNDWDUDPDQDQ�� � ³(53� 6XUYH\� RI�8�6��0DQXIDFWXULQJ� )LUPV´��3URGXFWLRQ� DQG� ,QYHQWRU\�0DQDJHPHQW�-RXUQDO� 9RO�������������V���������
���� 0DEHUW�� 9�� $��� $�� 6RQL� YH� 0�� $�� 9HQNDWDUDPDQDQ�� ³(QWHUSULVH�5HVRXUFHV� 3ODQQLQJ�� 0HDVXULQJ� 9DOXH´�� 3URGXFWLRQ� DQG� ,QYHQWRU\�0DQDJHPHQW�-RXUQDO� 7KLUG�4XDUWHU�������V���������
���� 0F&DQQ��*�� YH� 7�� /XFDV�� ³0DNLQJ� (53� 6SHOO� 52,´��&KDUWHU� 0DUFK�������V��������
���� 0F*RZDQ�� $��� ³3HUFHLYHG� %HQHILWV� RI� $%&0� ,PSOHPHQWDWLRQ´�$PHULFDQ�$FFRXQWLQJ�$VVRFLDWLRQ�$FFRXQWLQJ�+RUL]RQV� 0DUFK�������V���������
���� 0F*RZDQ�� $�� YH� 7�� .ODPPHU�� ³6DWLVIDFWLRQ� ZLWK� $FWLYLW\�%DVHG� &RVW�0DQDJHPHQW� ,PSOHPHQWDWLRQ´�� -RXUQDO� RI� 0DQDJHPHQW� $FFRXQWLQJ�5HVHDUFK� )DOO�������V�����������
���� 0F.HHQ�� -�� '��� 7�� *XLPDUDHV� YH� -�� &�� :HWKHUEH�� ³7KH� 5HODWLRQVKLS�%HWZHHQ�8VHU� 3DUWLFLSDWLRQ� DQG�8VHU� 6DWLVIDFWLRQ�� $Q� ,QYHVWLJDWLRQ� RI�)RXU� &RQWLQJHQF\� )DFWRUV´��0,6� 4XDUWHUO\� 'HFHPEHU� ������ V�� ���������
���� 5HVWLYR�� .��� ³&RPSDQLHV� :DWFKLQJ� IRU� (53¶V� 6HFRQG� :DYH´��&RPSXWHU�'HDOHU�1HZV� ������9RO�������V������
���� 5REH\��'���³8VHU�$WWLWXGHV�DQG�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHPV�8VH´��$FDGHP\�RI�0DQDJHPHQW�-RXUQDO� ������������V������������
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���� 6DFFRPDQR�� $��� ³(53� /LYHV´�� 7UDIILF� :RUOG� 6HSWHPEHU� ������ 9RO�������V��������
���� 6FKXOW]�� 5�� YH� 0�-�� *LQ]EHUJ�� ³,PSOHPHQWDWLRQ� 5HVHDUFK�WKH� 7KLUG�*HQHUDWLRQ´�$SOLFDWLRQV� RI�0DQDJHPHQW� 6FLHQFHV�� /RQGRQ�� 8.�� -$,�3UHVV��������V��������
���� 6FKXOW]�� 5�� YH� '�� 3�� 6OHYLQ�� ³,PSOHPHQWDWLRQ� DQG� 2UJDQL]DWLRQDO�9DOLGLW\´�� ,PSOHPHQWLQJ� 2SHUDWLRQV� 5HVHDUFK�� 0DQDJHPHQW�6FLHQFHV�� �(GLW|U�� 5�� /�� 6FKXOW]� YH� '�� 3�� 6HOHYLQ�� ������ V�� ���������1�<���$PHULFDQ�(OVHYLHU��
���� 7LQKDP�� %��� ³$UH� <RX� 6DWLVILHG� ZLWK� <RXU� (53"´�� 0DQXIDFWXULQJ�&RPSXWHU�6ROXWLRQV���$XJXVW��������9RO�����V�������
���� 7LQKDP��%���³7KH�053�(53�8VHU�6DWLVIDFWLRQ�6XUYH\´��0DQXIDFWXULQJ�&RPSXWHU�6ROXWLRQV��-XO�������9RO�����V����������
���� :DOO��)��YH�)��6HLIHUW��³'RHV�WKH�6WUXFWXUH�RI�DQ�2UJDQL]DVLWRQ�,QIOXHQFH�WKH� 6XFFHVV� RI� LWV� (53�6\VWHP"� 5HVXOWV� RI� DQ� (PSLULFDO� 6WXG\´��(XURSDQ� $FFRXQWLQJ� ,QIRUPDWLRQ� 6\VWHPV� &RQIHUHQFH� �����&RSHQKDJHQ�%XVLQHVV�6FKRRO��������$SULO��
���� =PXG�� 5�� :�� YH� -�� )�� &R[��� ³7KH� ,PSOHPHQWLRQ� 3URFHVV�� $� &KDQJH�$SSURDFK�´��0,6�4XDUWHUO\��������V���������


