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'LIHUHQWHV� DXWRUHV� KDQ� GHVDUUROODGR� LQWHUHVDQWHV� PRGHORV� \� KDQ� OOHJDGR� D�VLJQLILFDWLYRV� UHVXOWDGRV� PHGLDQWH� YDULDFLRQHV� GH� ORV� PRGHORV� GH� LQVSHFFLyQ�� /RV�GLIHUHQWHV�PRGHORV�GHSHQGHQ�GH�ODV�VXSRVLFLRQHV�UHDOL]DGDV�GH�DFXHUGR�DO�KRUL]RQWH�GH�WLHPSR��OD�FDQWLGDG�GH�LQIRUPDFLyQ�GLVSRQLEOH��OD�QDWXUDOH]D�GH�ODV�IXQFLRQHV�GH�FRVWH��HO�REMHWLYR�GH� ORV�PRGHORV�� ODV� UHVWULFFLRQHV�GH� ORV�PRGHORV�� HWF��/RV�GLIHUHQWHV�PRGHORV�VRQ�PX\�VLPLODUHV�DO�PRGHOR�EiVLFR�SUHVHQWDGR�SRU�%DUORZ�HW�DO���������(VWH�PRGHOR�HV�XQ� PRGHOR� GH� LQVSHFFLyQ� SXUD� GH� VXVWLWXFLyQ� SRU HGDG�� VH� VXSRQH� TXH� QR� H[LVWH�PDQWHQLPLHQWR�SUHYHQWLYR�\�HO�VLVWHPD�HV�UHHPSOD]DGR�VyOR�FXDQGR�IDOOD�
(O�PRGHOR�EiVLFR�VXSRQH�TXH�



x (O�IDOOR�GHO�VLVWHPD�HV�FRQRFLGR�VyOR�WUDV�XQD�LQVSHFFLyQ�x /DV�LQVSHFFLRQHV�QR�GHJUDGDQ�HO�VLVWHPD�x (O�VLVWHPD�QR�SXHGH�IDOODU�GXUDQWH�OD�LQVSHFFLyQ�x &DGD�LQVSHFFLyQ�WLHQH�XQ�FRVWH�F��x (O�FRVWH�GH�QR�DFWXDU�DQWH�XQ�IDOOR�KDVWD�OD�LQVSHFFLyQ�HV�F� SRU�XQLGDG�GH�WLHPSR�(O�FRVWH�WRWDO�SRU�FLFOR�GH�LQVSHFFLyQ�HV�GDGR�SRU�
'RQGH� W HV�HO� WLHPSR�KDVWD�HO� IDOOR��[  ��[��� [��� ���� �� HV� OD�VHFXHQFLD�GH� ORV� WLHPSRV�GH�LQVSHFFLyQ�FRQ�[� ��[� ��[� ��������\�Q HV�WDO�TXH�[Q�� ���W ��[Q���*HQHUDOPHQWH�OD�SROtWLFD�GH�LQVSHFFLyQ�ySWLPD�[
 HV�DTXHOOD�TXH�PLQLPL]D�OD�PHGLD�GHO�FRVWH�(�&�7�[�� }�GRQGH�7� HO�WLHPSR�GH�IDOOR�GHO�VLVWHPD��HV�XQD�YDULDEOH�DOHDWRULD�VXSXHVWD�QR�QHJDWLYD�
02'(/26�&21�5(3$5$&,Ï1�0Ë1,0$�

(Q� VLVWHPDV� FRPSOHMRV� IRUPDGRV� SRU� FRPSRQHQWHV� LQGLYLGXDOHV�� FXDQGR� XQ�FRPSRQHQWH�GH�XQ�VLVWHPD�IDOOD��HO�IDOOR�D�PHQXGR�VH�UHIOHMD�HQ�HO�VLVWHPD�FRPSOHWR��(Q�ORV�VLVWHPDV�VXMHWRV�D�IDOOR�VH�GHEH�GHWHUPLQDU�VL�HFRQyPLFDPHQWH�HV�DFHSWDEOH�VXVWLWXLU�HO� VLVWHPD�� UHSDUDU� R� VXVWLWXLU� HO� FRPSRQHQWH� TXH� KD� IDOODGR�� 6L� OD� UHSDUDFLyQ� R�VXVWLWXFLyQ� GHO� FRPSRQHQWH� TXH� KD� IDOODGR� GHYXHOYH� DO� HVWDGR� GH� IXQFLRQDPLHQWR� DO�VLVWHPD�FRPSOHWR�SHUR�OD�WDVD�GH�IDOORV�GHO�VLVWHPD�SHUPDQHFH�LJXDO�TXH�DQWHV�GHO�IDOOR��HQWRQFHV� OD� UHSDUDFLyQ� VH� OODPD� UHSDUDFLyQ� PtQLPD�� <D� TXH� HQ� OD� PD\RUtD� GH� ORV�VLVWHPDV� OD� WDVD� GH� IDOORV� VH� LQFUHPHQWD� FRQ� OD� HGDG�� OOHJDUtD� D� VHU� FDUR�PDQWHQHU� XQ�VLVWHPD�D�EDVH�GH� UHSDUDFLRQHV�PtQLPDV��/D�SUHJXQWD�HQWRQFHV�HV��¢&XiQGR�HV�ySWLPR�UHHPSOD]DU�HO�VLVWHPD�FRPSOHWR�HQ�OXJDU�GH�UHDOL]DU�UHSDUDFLRQHV�PtQLPDV"
(O� SULPHU� WUDEDMR� GRQGH� VH� WUDWD� OD� UHSDUDFLyQ� PtQLPD� GDWD� GH� ������SHUWHQHFLHQWH� D�%DUORZ� \�+XQWHU�� HOORV� HVWXGLDURQ� XQ�PRGHOR� GH� VXVWLWXFLyQ� SHULyGLFD�FRQ�UHSDUDFLRQHV�PtQLPDV�HQWUH�VXVWLWXFLRQHV��(O�PRGHOR�EiVLFR�GH�UHSDUDFLyQ�PtQLPD�GHVDUUROODGR�SRU�%DUORZ�\�+XQWHU�KD�VLGR�JHQHUDOL]DGR�\�PRGLILFDGR�SRU�YDULRV�DXWRUHV�SDUD� DGDSWDUVH� D� VLWXDFLRQHV�PiV� UHDOHV��(O� REMHWLYR� LQLFLDO�GHO�PRGHOR�HUD�EXVFDU�XQD�HGDG� GH� VXVWLWXFLyQ� W
 TXH� PLQLPL]DUD� HO� FRVWH� HVSHUDGR� SRU� XQLGDG� GH� WLHPSR� FRQ�VXVWLWXFLRQHV�\� UHSDUDFLRQHV�PtQLPDV��/RV� IDOORV�TXH�RFXUUHQ�DQWHV�GH� W
 VRQ� UHVXHOWRV�FRQ UHSDUDFLyQ� PtQLPD�� PLHQWUDV� TXH� FXDQGR� DOFDQ]D� HVWD� HGDG� HO� VLVWHPD� HV�UHHPSOD]DGR�� 8QD� GHILQLFLyQ� PDWHPiWLFD� GH� UHSDUDFLyQ� PtQLPD� OD� GDQ� 1DNDJDZD� \�.RZDGD��������

(O�PRGHOR�GH�UHSDUDFLyQ�PtQLPD�JHQHUDOPHQWH�VXSRQH�TXH�
x /D�WDVD�GH�IDOORV�GHO�VLVWHPD�HV�XQD�IXQFLyQ�FUHFLHQWH�x /DV�UHSDUDFLRQHV�PtQLPDV�QR�DIHFWDQ�D�OD�WDVD�GH�IDOOR�GHO�VLVWHPD�x (O�FRVWH�GH�OD�UHSDUDFLyQ�PtQLPD�FI HV�LQIHULRU�TXH�HO�FRVWH�GH�VXVWLWXFLyQ�HO�VLVWHPD�FRPSOHWR�FU �x (O�IDOOR�GHO�VLVWHPD�HV�LQPHGLDWDPHQWH�GHWHFWDGR�
(O� FRVWH� HVSHUDGR� SRU� XQLGDG� GH� WLHPSR� XVDQGR� XQD� VXVWLWXFLyQ� SRU� HGDG� W SDUD� HO�PRGHOR�EiVLFR�HV�GDGR�SRU�

&�W�[�� ��F� Q�����F� �[Q ± W�

FI 1�W����FU&�W�� � W



'RQGH�1�W��UHSUHVHQWD�HO�Q~PHUR�HVSHUDGR�GH�IDOORV��UHSDUDFLRQHV�PtQLPDV��GXUDQWH�HO�SHULRGR����W�  
02'(/26�'(�6867,78&,Ï1�'(�6,67(0$6�68-(726�$�,03$&726

0XFKRV� PRGHORV� GH� LPSDFWR� GH� PDQWHQLPLHQWR� LPSRQHQ� YDULDV� VXSRVLFLRQHV� TXH�SXHGHQ�VHU�GHVFULWDV�GH�XQD�PDQHUD�JHQHUDO�FRPR�D�FRQWLQXDFLyQ�VH�HVSHFLILFD�
x (O�VLVWHPD�HVWD�VXMHWR�D�XQRV�LPSDFWRV�TXH RFXUUHQ�DOHDWRULDPHQWH�x &DGD�LPSDFWR�FDXVD�XQD�FDQWLGDG�DOHDWRULD�GH�GDxR�x (O�GDxR�VH�DFXPXOD�DGLWLYDPHQWH�KDVWD�OD�VXVWLWXFLyQ�R�HO�IDOOR�x (O�WLHPSR�HQWUH�LPSDFWRV�\�HO�GDxR�FDXVDGR�SRU�HO�LPSDFWR�VRQ�YDULDEOHV�DOHDWRULDV�FX\DV�IXQFLRQHV�GH�GLVWULEXFLyQ� );�W� \�*;�W���UHVSHFWLYDPHQWH��GHEHUtDQ�GHSHQGHU�GHO�GDxR�DFXPXODGR�HQ�HO�WLHPSR�W��;�W��x 7UDV� HO� IDOOR�� HO� VLVWHPD� HV� UHHPSOD]DGR� SRU� XQ� VLVWHPD� LGpQWLFR� \� QXHYR�� FRQ� XQ�FRVWH�F�'���GRQGH�' LPSOLFD�HVWDGR�GH�IDOOR�x $GHPiV��HO�VLVWHPD�SXHGH�VHU�UHHPSOD]DGR�DQWHV�GHO�IDOOR��FRQ�XQ�FRVWH�F�[����F�'���VL�HO�QLYHO�GH�GDxR�HQ�HO�WLHPSR�GH�VXVWLWXFLyQ�HV�[�x /D� IXQFLyQ� GH� FRVWH� GH� VXVWLWXFLyQ� F�[�� VH� VXSRQH� XQD� IXQFLyQ� QR� GHFUHFLHQWH� GHO�GDxR�DFXPXODGR�x /DV�VXVWLWXFLRQHV�VH�VXSRQH�TXH�VRQ�UHDOL]DGDV�HQ�XQ�WLHPSR GHVSUHFLDEOH�x 6L�HO�GDxR�DFXPXODGR�HQ�HO�WLHPSR�W� HV�[��\�XQ�LPSDFWR�GH�PDJQLWXG�\ RFXUUH�HQ�HO�WLHPSR�W��OD�SUREDELOLGDG�GH�IDOOR�HV�XQD�IXQFLyQ�GH��[ ��\��

'HVGH�HO�PRPHQWR�HQ�TXH�ORV�VLVWHPDV�GDxDGRV�VRQ�VXVWLWXLGRV�SRU�QXHYRV�VLVWHPDV�FRQ� LGpQWLFDV� SURSLHGDGHV� HVWRFiVWLFDV�� HO� FRPSRUWDPLHQWR� HQ� FXDQWR� D� GHWHULRUR� VH�UHSLWH� LQILQLWDPHQWH�YDULRV�FLFORV��$Vt��HO�FRVWH�HVSHUDGR�SRU�XQLGDG�GH�WLHPSR�WLHQH�OD�H[SUHVLyQ�

GRQGH� ] HV� HO� WLHPSR� GH� IDOOR�� 7 HV� OD� �SRVLEOH� YDULDEOH�� WLHPSR� GH� VXVWLWXFLyQ� \ OD�QRWDFLyQ��] � 7��GHQRWD�PLQ�]� 7���0XFKRV�PRGHORV�GH�LPSDFWR�GDQ�ODV�FRQGLFLRQHV�EDMR� OD� FXDO� OD� SROtWLFD� ySWLPD� HV� WUDWDGD� GH� OD� IRUPD� GH� XQD� SROtWLFD� FRQ� OtPLWH� GH�FRQWURO�� 8QD� SROtWLFD� FRQ� OtPLWH� GH� FRQWURO� HV� XQD� UHJOD� HQ� OD� TXH� ODV� VXVWLWXFLRQHV�RFXUUHQ� FXDQGR� HO� GDxR� DFXPXODGR� H[FHGH� XQ� QLYHO� FUtWLFR�D R� VH� SURGXFH� XQ� IDOOR��FXDOTXLHUD�TXH�RFXUUD�SULPHUR��HV�GHFLU��HO�WLHPSR�GH�VXVWLWXFLyQ�YLHQH�GDGR�SRU�
02'(/26�',9(5626�'(�6867,78&,Ï1
([LVWH� RWUD� YDULHGDG� GH� PRGHORV� GH� VXVWLWXFLyQ� TXH� QR� FXDGUDQ� ELpQ� HQ� ODV� RWUDV�VHFFLRQHV�� 0XFKRV� GH� HOORV� FRQVLGHUDQ� XQD� UHSDUDFLyQ� \� XQD� VXVWLWXFLyQ� FRPR�HTXLYDOHQWH�� H[FHSWR� TXH� XQD� UHSDUDFLyQ� SDUD� XQ� VLVWHPD� HQ� IDOOR� HV�PiV� FDUD� TXH� OD�VXVWLWXFLyQ�GH�XQ�VLVWHPD�HQ�IXQFLRQDPLHQWR�
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([LVWHQ�FLUFXQVWDQFLDV�HQ�ODV�FXDOHV�ORV�VLVWHPDV�SXHGHQ�VHU�REVHUYDGRV�FRQWLQXDPHQWH�\�HO� IDOOR�GHWHFWDGR� UiSLGDPHQWH��'H� WRGDV� IRUPDV�� WUDV� IDOODU�XQ� VLVWHPD�QR�SXHGH� VHU�UHSDUDGR�\�SXHVWR�D�WUDEDMDU�FRQ�XQD�WDVD�GH�IDOOR�GHVFDUJDGD��UHSDUDFLyQ�PtQLPD���DOJR�KD�VLGR�VXVWLWXLGR�FRQ XQ�FRVWH�FI��6L�HO�VLVWHPD�HV�UHHPSOD]DGR�DQWHV�GHO�IDOOR��HQWRQFHV�VH� LQFXUUH�XQ� FRVWH�GH� VXVWLWXFLyQ� LQIHULRU�FS ��FI��$OJXQRV�PRGHORV�SUHVHQWDGRV�HQ� OD�OLWHUDWXUD�FRQVLGHUDQ�OD�HGDG�GHO�VLVWHPD�FRPR�HO�FULWHULR�SDUD�FRQVLGHUDU�OD�VXVWLWXFLyQ�SUHYHQWLYD��7DPELpQ�H[LVWHQ�HQ�OD�OLWHUDWXUD�YDULDFLRQHV�GH�HVWD�LGHD�EiVLFD��$QVHOO�HW�DO�������SURSRQHQ�XQD�HGDG�GH� VXVWLWXFLyQ� ILMD�SDUD�PRGHODU�XQ�VLVWHPD�FRQ� WDVD�GH� IDOOR�FUHFLHQWH�D�OR�ODUJR�GH�XQ�KRUL]RQWH�GH�WLHPSR�ILQLWR��(OORV�GHPDQGDQ�TXH�HO�WLHPSR�ILMR�SDUD�VXVWLWXLU�HV�IiFLO�GH�FRPSXWDU�XVDQGR�HVWH�PRGHOR�HQ�FRPSDUDFLyQ�D�RWURV�PRGHORV�VLPLODUHV�� SHUR� QR� SUXHEDQ� TXH� VX� PRGHOR� VHD� PHMRU� TXH� XQ� VLPSOH� SURFHGLPLHQWR�DVLQWyWLFR�TXH�PLQLPL]D�HO�FRVWH�HVSHUDGR�SRU�XQLGDG�GH�WLHPSR��3HVH�D�WRGR��VX�PRGHOR�UHVXOWD� VHU� PHMRU� TXH� DOJXQRV� RWURV�PRGHORV� FRQ� KRUL]RQWH� GH� WLHPSR� ILQLWR� SDUD� ORV�FDVRV�HQ�TXH�HO�KRUL]RQWH�GH�WLHPSR�GHSHQGH�GHO�Q~PHUR�GH�VXVWLWXFLRQHV�TXH�KDQ�GH�VHU�UHDOL]DGDV��SRU�OR�TXH�QR�VH�WUDWD�GH�XQ�KRUL]RQWH�GH�WLHPSR�ILQLWR�\�VL�GH�XQ�KRUL]RQWH�GH�WLHPSR�TXH�YDUtD�
%,%/,2*5$)Ë$
� $QVHOO�� -��� %HQGHOO��$�� \�+XPEOHV�� 6�� ������³$JH�5HSODFHPHQW� �8QGHU�$OWHUQDWLYH�&RVW�&ULWHULD´��0DQDJHPHQW�6FLHQFH���������������� %DUORZ��5��(���+XQWHU��/�&��\�3URVFKDQ��)������� � ³2SWLPXP�&KHFNLQJ�3URFHGXUHV´��-RXUQDO�RI WKH�6RFLHW\�IRU�,QGXVWULDO�DQG�$SSOLHG�0DWKHPDWLFV���������������� &KR�'�,��� 3DUODU�0�� ������³$�6XUYH\� RI�0DLQWHQDQFH�0RGHOV� IRU�0XOWL�8QLWV�6\VWHPV´��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK������������ &UHVSR�� $��� 6iQFKH]�� $��� ³'LVHxR� \� 'HVDUUROOR� GH� 3ROtWLFDV� GH�0DQWHQLPLHQWR� PHGLDQWH�0RGHORV�&XDQWLWDWLYRV´��������WK &RQJUHVR�,EHURDPHULFDQR�GH�0DQWHQLPLHQWR��%XHQRV�$LUHV��$UJHQWLQD�� )XUODQHWWR��/���&DWWDQHR��0��\�0DVWULIRUWL��&��������³0DQXWHQ]LRQH�3URGXWWLYD��/¶HVSHULHQ]D�GHO�730�LQ�,WDOLD´��,6(',�3HWULQL�(GLWRUH��7RULQR�� +HQOH\�� (�� -�� \� .XPDPRWR�� +�� ������³3UREDELOLVWLF� 5LVN� $VVHVVPHQW´�� ,(((� 35(66�� 3LVFDWDZD\��1�-��������� .HOO\��$��������³0DLQWHQDQFH�3ODQQLQJ�DQG�&RQWURO´��%XWWHUZRUWKV��2[IRUG�� 0F&DOO�� -�-�� ������ ³0DLQWHQDQFH� 3ROLFLHV� IRU� 6WRFKDVWLFDOO\ )DLOLQJ� (TXLSPHQW�� $� 6XUYH\´��0DQDJHPHQW�6FLHQFH���������������� 0RXEUD\��-��������³5HOLDELOLW\�&HQWUHG�0DLQWHQDQFH´��%XWWHUZRUWK�+HLQHPDQQ��2[IRUG�� 1DNDJDZD��7��\�.RZDGD��0��������³$QDO\VLV�RI�D�6\VWHP�ZLWK�0LQLPDO�5HSDLU�DQG�LWV�$SSOLFDWLRQ�WR�5HSODFHPHQW�3ROLF\´��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQV�5HVHDUFK��������������� 2VDNL�� 6�� \� 1DNDJDZD�� 7�� ������ ³%LEOLRJUDSK\� IRU� 5HOLDELOLW\� DQG� $YDLODELOLW\� RI� 6WRFKDVWLF�6\VWHPV´��,(((�7UDQVDFWLRQV�RQ�5HOLDELOLW\��5������������� 3LHUVNDOOD�� :�� 3�� \� 9RHONHU�� -�� $�� ������ ³$� 6XUYH\� RI� 0DLQWHQDQFH� 0RGHOV�� 7KH� &RQWURO� DQG�6XUYHLOODQFH�RI�'HWHULRUDWLQJ�6\VWHPV´��1DYDO�5HVHDUFK�/RJLVWLFV�4XDUWHUO\��������������� 5HVQLNRII��+�� /�� ������ ³0DWKHPDWLFDO�$VSHFWV� RI� 5HOLDELOLW\�&HQWUHG�0DLQWHQDQFH´��'ROE\�$FFHVV�3UHVV��/RV�$OWRV��&$�� 6KHULI��<��6��\�6PLWK��0��/��������´2SWLPDO�0DLQWHQDQFH�0RGHOV�IRU�6\VWHP�6XEMHFW� WR�)DLOXUH��$�UHYLHZ´��1DYDO�5HVHDUFK�/RJLVWLFV�4XDUWHUO\�������������� 6KHULI��<��6������� �´5HOLDELOLW\�$QDO\VLV��2SWLPDO�,QVSHFWLRQ�DQG�0DLQWHQDQFH�6FKHGXOHV�RI�)DLOLQJ�6\VWHPV´��0LFURHOHFWURQLFV�DQG�5HOLDELOLW\ ������������ 6KHUZLQ��'��������³$�5HYLHZ�RI�2YHUDOO�0RGHOV�IRU�0DLQWHQDQFH�0DQDJHPHQW´��-RXUQDO�RI�TXDOLW\�LQ�0DLQWHQDQFH�(QJLQHHULQJ ���Q��������������� 6PLWK��'�-��������³5HDELOLW\�0DLQWDLQDELOLW\�DQG�5LVN´��%XWWHUZRUWK�+HLQHPDQQ�/WG���2[IRUG�� 9DOGH]�)ORUHV� \� )HOGPDQ�� ������ �³$� 6XUYH\� RI� 3UHYHQWLYH�0DLQWHQDQFH�0RGHOV� IRU� 6WRFKDVWLFDOO\�'HWHULRUDWLQJ�6LQJOH�8QLW�6\VWHPV´��1DYDO�5HVHDUFK�/RJLVWLFV��9RO�������������
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