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���� ,QLWLDOL]H� WKH� SUREDELOLW\�� I� RI� VWDWH� VM DQG� REVHUYDWLRQ�2��DQG� OHW� \M �W� UHSUHVHQW� WKH� VWDWH� DW� WLPH� W�� IRU� ZKLFK�� D�PD[LPL]DWLRQ�RYHU�SUHYLRXV�VWDWHV�KDV�EHHQ�SHUIRUPHG��
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IM ���� �SM EM �2��� IRU��� d M d 1�\M ���� ��������)RU���d W d 7 DQG���d M d 1� UHFXUVLYHO\�FRPSXWH�QHZ�YDOXHV��IM �W�  PD[�� � L � 1 >IL �W � ���DLM@ EM �2W���\M �W�  �DUJPD[�� ��L � 1 >IL �W � ���DLM@ EM �2W������� 7KHQ� WKH� VLQJOH� SDWK� ZLWK� WKH� KLJKHVW� SUREDELOLW\� FDQ� EH�FRPSXWHG� DQG� PD[LPXP� OLNHOLKRRG� VWDWH� VHTXHQFHV� FDQ� EH�
UHFRYHUHG�IURP�\M
7 �W���3U��2 _�0�  �PD[�� ��M � 1 >IM �7�@��M
7  DUJPD[�� ��M � 1 >IM �7�@���
3UDFWLFDO�$SSOLFDWLRQ�RI�+00V�,Q�WKH�SUHFHGLQJ�IRUPXODV�IRU�FRPSXWLQJ�PRGHO�SDUDPHWHUV��WKH�
IRUZDUG� DQG� EDFNZDUG� SUREDELOLWLHV� DL �W� DQG� EL �W� DSSHDU��+RZHYHU�� /HYLQVRQ� HW� DO�� QRWH� WKDW� WKHVH� SUREDELOLWLHV� WHQG� WR�
]HUR�H[SRQHQWLDOO\�DV�7 o f��DQG�LQ�SUDFWLFH�WKHVH�YDOXHV�PXVW�EH� VFDOHG� WR� DYRLG� XQGHU�IORZ��7KH� VFDOLQJ�SURFHGXUH� LQYROYHV�
PXOWLSOLFDWLRQ�RI�DL �W� DQG�EL �W� E\� D� VFDOLQJ� FRHIILFLHQW�O �W���VHOHFWHG�VXFK�WKDW�O �W� DL �W� DQG�O �W� EL �W� UHPDLQ�QRQ�]HUR�LQ�WKH�FRPSXWDWLRQ��DQG�
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5DELQHU�DQG�-XDQJ�KDYH�QRWHG�WKDW�LQ�$65�DSSOLFDWLRQV��HLWKHU�WKH� IRUZDUG�EDFNZDUG� SURFHGXUH� RU� WKH� 9LWHUEL� DOJRULWKP�PD\�EH�XVHG�WR�GHWHUPLQH�3U��2 _�0���7KH�VXPPDWLRQ�LQ�WKH�IRUZDUG�EDFNZDUG� SURFHGXUH� LV� XVXDOO\� GRPLQDWHG� E\� WKH� VLQJOH� WHUP��ZKLFK�WKH�PD[LPL]DWLRQ�VWHS�LQ�WKH�9LWHUEL�DOJRULWKP�VHOHFWV��$V�D UHVXOW��WKH�VFDOLQJ�SURFHGXUH�PD\�EH�DYRLGHG�VLQFH�WKH�9LWHUEL�DOJRULWKP�FDQ�EH�PRGLILHG�WR�FRPSXWH�ORJ��3U��2 _�0���GLUHFWO\��,Q�WKLV�FDVH�WKH�LQLWLDO��ORJ��SUREDELOLW\�LV�JLYHQ�E\��IM ���� ORJ��SL EM �2����$QG�WKH�UHFXUVLRQ�EHFRPHV��IM �W�  �PD[�� ��L � 1 >IL �W ������ORJ��DLM�@���ORJ��EM �2W���7KHQ� WKH� ORJ� SUREDELOLW\� FRPSXWHG� ZLWK� WKH� 9LWHUEL� DOJRULWKP�IRU�HDFK�ZRUG�LV��
ORJ��3U��2 _�0��� �PD[�� ��M�� 1 >IM �7�@��7KH� LPSOHPHQWDWLRQ� RI� ORJ� YDOXHV� SHUPLWV� WKH� FRPSXWDWLRQ� RI�ZRUG� SUREDELOLWLHV� WR� EH� DGGLWLYH� UDWKHU� WKDQ� PXOWLSOLFDWLYH��ZKLFK� DYRLGV� FRPSXWHU� ³XQGHUIORZ´� DQG� VSHHGV� XS� WKH�UHFRJQLWLRQ� SURFHVV� FRQVLGHUDEO\�� ,Q� JHQHUDO�� WKH� +00�FRPSXWDWLRQDO� FRPSOH[LW\� LV� 2 �1�� LQ� WKH� QXPEHU� RI� VWDWHV�VHDUFKHG� E\� WKH� 9LWHUEL� DOJRULWKP�� )LQDOO\�� LW� VKRXOG� EH� QRWHG�WKDW� WKHUH� DUH� D� FRQVLGHUDEOH� QXPEHU� RI�+00�YDULDQWV��ZKLFK�KDYH� EHHQ� IRUPXODWHG� WR� GHDO� ZLWK� VSHFLILF� FRQWLQXRXV� VSHHFK�UHFRJQLWLRQ� �&65�� SUREOHPV� �5DELQDU�� ����� DQG� 0RUJDQ� DQG� 6FRILHOG��

�������
�
���2&5�6\VWHP�$UFKLWHFWXUH�7KH� 2&5� V\VWHP� LV� GLYLGHG� LQWR� WZR� VXEV\VWHPV�� WUDLQHU� DQG�UHFRJQL]HU��7KH� WUDLQHU�VXEV\VWHP�LV�XVHG� WR� LQLWLDOL]H�DQG�WUDLQ�KLGGHQ�0DUNRY�PRGHOV� XVLQJ�PDQ\� VFDQQHG� ELWPDSV� DQG� WKHLU�FRUUHVSRQGLQJ� WH[W� ILOHV�� 7KH� EORFN� GLDJUDP� RI� WKH� WUDLQHU�VXEV\VWHP�LV�VKRZQ�LQ�)LJXUH����
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)LJXUH����2&5�7UDLQHU�VXEV\VWHP���7R�EXLOG�DQ�2&5�V\VWHP�WKDW�LV�DEOH�WR�UHFRJQL]H�DQ�$UDELF�IRQW�ZLWK� 0� GLIIHUHQW� OLJDWXUHV�� ZH� FRQVWUXFW� 0� GLIIHUHQW� KLGGHQ�0DUNRY�PRGHOV�HDFK�RI�WKHP�UHSUHVHQWV�RQH�RI�WKH�$UDELF�IRQW�OLJDWXUHV��7KH�QXPEHU�RI�VWDWHV�SHU�PRGHO�LV�VHOHFWHG�HPSLULFDOO\�WR�PD[LPL]H�WKH�V\VWHP�SHUIRUPDQFH��$OO�PRGHOV�DUH�LQLWLDOL]HG�XVLQJ�D�VLQJOH�ELWPDS�WKDW�FRQWDLQV�WKH�FRPSOHWH�VHW�RI�OLJDWXUHV�RI� WKH� XVHG�$UDELF� IRQW�� )LJXUHV� �� DQG� �� VKRZ� VHOHFWHG� VHW� RI�OLJDWXUHV�IRU�WZR�RI�WKH�PRVW�XVHG�$UDELF�IRQWV���

)LJXUH����6HOHFWHG�/LJDWXUHV�IRU�WKH�6LPSOLILHG�$UDELF�)RQW���
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)LJXUH����6HOHFWHG�/LJDWXUHV�IRU�WKH�7UDGLWLRQDO�$UDELF�)RQW���7KH� WUDLQLQJ� GRFXPHQWV� LQFOXGLQJ� WKH� LQLWLDOL]DWLRQ� ELWPDS� DUH�VFDQQHG� XVLQJ� D� PRQRFKURPH�� ���� '3,� VFDQQHU�� DQG� WKHQ� D�VHJPHQWRU�PRGXOH� LV�XVHG� WR�VHJPHQW� WKH�ELWPDSV� LQWR�D�VHULHV�RI�$UDELF�ZRUGV�VWDUWLQJ�IURP�WKH�XSSHU�ULJKW�FRUQHU�RI�WKH�SDJH�DV�VKRZ�LQ�)LJXUH����

�
)LJXUH����6OLGLQJ�:LQGRZ�RYHU�WKH�%LWPDS�RI�DQ�$UDELF�7H[W���7KH� IHDWXUH� H[WUDFWRU� PRGXOH� LV� XVHG� WR� H[WUDFW� IHDWXUHV� RI� D�VOLGLQJ�ZLQGRZ� RI� WKH� VDPH� KHLJKW� RI� WKH�$UDELF�ZRUGV� DQG� D�IL[HG�ZLGWK��ZKLFK�LV�D�UDWLR�RI�WKH�ZLQGRZ¶V�KHLJKW��7KH�VOLGLQJ�ZLQGRZ�VOLGHV� WKURXJK�WKH�ERG\�RI�WKH�$UDELF�ZRUG�IURP�ULJKW�WR�OHIW�XVLQJ�D�IL[HG�VWHS��DQG�SURYLGHV�D�VHULHV�RI�IHDWXUH�YHFWRUV�WR�WKH�IHDWXUH�TXDQWL]HU�PRGXOH��0DQ\�VHWV�RI�IHDWXUHV�DUH�WHVWHG�
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ZLWK� RXU� 2&5� V\VWHP�� EXW� LQYDULDQW� PRPHQWV� GHVFULEHG� E\�$O.KDO\�HW�DO��>$O.KDO\��@�SURYLGHG�WKH�EHVW�SHUIRUPDQFH��� 7KH�YHFWRU�TXDQWL]HU�PRGXOH�SURYLGHV�D�VHULHV�RI�REVHUYDWLRQV�WR�WKH�ODEHOHU�PRGXOH�XVLQJ�WKH�LQSXW�WUDLQ�RI�IHDWXUH�YHFWRUV�DQG�D FRGHERRN�FRQVWUXFWHG�IURP�PDQ\�LPDJHV�RI�WKH�WUDLQLQJ�VHW�RI�GRFXPHQWV�UHSUHVHQWLQJ�WKH�$UDELF�IRQW���7KH� ODEHOHU� PRGXOH� SURYLGHV� D� VHULHV� RI� REVHUYDWLRQV� ZLWK�WKHLU� DVVRFLDWHG� VHTXHQFH� RI� SDWWHUQV� WR� WKH�+00� WUDLQHU��7KH�+00� WUDLQHU� XVHV� WKHVH� LQSXWV� WR� DGDSW� WKH� YDOXHV� RI� WKH�WUDQVLWLRQ� SUREDELOLW\� PDWULFHV� DQG� WKH� REVHUYDWLRQ� SUREDELOLW\�PDWULFHV�RI�PRGHOV�RI�WKHVH�SDWWHUQV�WR�PD[LPL]H�WKH�SUREDELOLW\�RI� WKH� REVHUYDWLRQ� VHTXHQFHV� RI� WKHVH� SDWWHUQV� DV� GHVFULEHG� LQ�WKH�+00�VHFWLRQ��� 7KH� UHFRJQL]HU� VXEV\VWHP� XVHV� WKH� WUDLQHG� +00V� WR�UHFRJQL]H� WKH� XQVHHQ� GRFXPHQWV� RI� WKH� VDPH� IRQW� XVHG� IRU�WUDLQLQJ� WKH�2&5�V\VWHP��7KH�EORFN�GLDJUDP�RI� WKH� UHFRJQL]HU�VXEV\VWHP�LV�VKRZQ�LQ�)LJXUH����

�
)LJXUH����7KH�2&5�5HFRJQL]HU�6XEV\VWHP���7KH� 6HJPHQWRU� PRGXOH� VHJPHQWV� WKH� VFDQQHG� ELWPDS� LQWR�ZRUGV�� ZKLOH� WKH� )HDWXUH� ([WUDFWRU� DQG� 9HFWRU� 4XDQWL]HU�
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PRGXOHV� JHQHUDWH� D� VHULHV� RI� REVHUYDWLRQV� UHSUHVHQWLQJ� WKH�VHJPHQWHG�ZRUGV�DV�GHVFULEHG�LQ�WKH�WUDLQLQJ�F\FOH��7KH�+00V�5HFRJQL]HU�XVHV� WKH� WUDLQHG�+00V�RI� WKH�VHOHFWHG�$UDELF� IRQW�WR�JHQHUDWH�D�VHULHV�RI�SDWWHUQV�WKDW�PD[LPL]HV�WKH�SUREDELOLW\�RI�WKH� REVHUYDWLRQ� VHTXHQFH�� )LQDOO\�� WKH� WH[W� SUHSDUDWRU� PRGXOH�FRQYHUWV� WKH� VHULHV� RI� UHFRJQL]HG� SDWWHUQV� LQWR� WKHLU� HTXLYDOHQW�OLJDWXUHV�DQG�VWRUHV�WKHVH�OLJDWXUHV�LQ�D�WH[W�ILOH���
���([SHULPHQWDO�5HVXOWV�7KH�2&5� V\VWHP�ZDV� EXLOW� XVLQJ�&��� ODQJXDJH�� DQG� XVHG� IRU�WUDLQLQJ� WKH� 6LPSOLILHG� $UDELF� IRQW� XVLQJ� WKH� VHW� RI� OLJDWXUHV�VKRZQ� LQ� )LJXUH� ��� 7ZHQW\�ILYH� WH[W� SDJHV� FRQWDLQLQJ� WKHVH�OLJDWXUHV�ZHUH�SULQWHG�XVLQJ�D�ODVHU�SULQWHU�DQG�VFDQQHG�XVLQJ�D�PRQRFKURPH�VFDQQHU�ZLWK�����'3,�UHVROXWLRQ�����SDJHV�RI�WKLV�VHW�DUH�XVHG�IRU�WUDLQLQJ�DQG�IRXU�SDJHV�DUH�XVHG�IRU�WHVWLQJ�WKH�V\VWHP�� 7KH� IROORZLQJ� WDEOH� UHSUHVHQWV� WKH� V\VWHP� UHFRJQLWLRQ�DFFXUDF\� IRU� GLIIHUHQW� FRGHERRN� VL]HV� DQG� GLIIHUHQW� QXPEHU� RI�VWDWHV�SHU�PRGHO��
�

&RGHERRN�6L]H� 1XPEHU�RI�6WDWHV� 5HFRJQLWLRQ�$FFXUDF\�
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��� ��� ��������
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��� ��� ����������� ��� ��������
7DEOH����7HVW�5HVXOWV�RI�6LPSOLILHG�$UDELF�)RQW��7KH� V\VWHP� ZDV� DOVR� XVHG� IRU� WUDLQLQJ� WKH� 7UDGLWLRQDO� $UDELF�IRQW�XVLQJ� WKH� VHW� RI� OLJDWXUHV� VKRZQ� LQ�)LJXUH���DQG�SURYLGHG�WKH�IROORZLQJ�UHVXOWV��
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&RGHERRN�6L]H� 1XPEHU�RI�6WDWHV� 5HFRJQLWLRQ�$FFXUDF\�
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��� ��� ����������� ��� ��������
7DEOH����7HVW�5HVXOWV�RI�7UDGLWLRQDO�$UDELF�)RQW�����&RQFOXVLRQ�DQG�)XWXUH�ZRUN�,Q�WKLV�SDSHU��,�XVHG�+00�WHFKQLTXHV�IRU�EXLOGLQJ�D�FRQQHFWHG�$UDELF�2&5�V\VWHP��DQG�WHVWHG�WKLV�V\VWHP�XVLQJ�WKH�6LPSOLILHG�$UDELF� DQG� 7UDGLWLRQDO� $UDELF� IRQWV� RI� WKH� 0LFURVRIW� :RUG�DSSOLFDWLRQ��7KH�V\VWHP�SURYLGHG�D�YHU\�KLJK�DFFXUDF\����������IRU� WKH�6LPSOLILHG�$UDELF� IRQW�DQG���������IRU� WKH�7UDGLWLRQDO�$UDELF� IRQW��� 7KH� ILUVW� IRQW� SURYLGHG� EHWWHU� UHVXOWV� EHFDXVH� LW�FRQWDLQV�OHVV�QXPEHU�RI�OLJDWXUHV��� ,Q�WKH�IXWXUH��WKH�2&5�V\VWHP�ZLOO�EH�PRGLILHG�WR�EH�XVHG�IRU�UHFRJQL]LQJ� &RQQHFWHG� +DQGZULWWHQ� $UDELF� WH[W�� $� UREXVW�VHJPHQWRU�KDV�WR�EH�GHVLJQHG��DQG�DQRWKHU�VHW�RI�IHDWXUHV�KDV�WR�EH�XVHG�IRU�WKLV�MRE��$OVR�D�ODQJXDJH�PRGHO�KDV�WR�EH�DGGHG�IRU�LQFUHDVLQJ� WKH� UHFRJQLWLRQ� DFFXUDF\� RI� WKH� V\VWHP��7KH� V\VWHP�DOVR�LV�VORZ��WKH�UHFRJQLWLRQ�UDWH�LV�DERXW����ZRUGV�VHF��2Q�3,,������0+]� FRQILJXUDWLRQ��0RUH� H[SHULPHQWV� KDYH� WR�EH�GRQH� WR�LQFUHDVH�WKH�UHFRJQLWLRQ�VSHHG�����
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5HIHUHQFHV��� $O�<RXVHIL�� +�� DQG� 8SGD�� 6���� ³5HFRJQLWLRQ� RI� $UDELF�&KDUDFWHUV´�� ,((� 7UDQV�� 3DWWHUQ� $QDO\VLV� DQG� 0DFKLQH�,QWHOOLJHQFH��SS�����������9RO������1R������������ 'DYLG� 3�� 0RUJDQ� DQG� &KULVWRSKHU� /�� 6FRILHOG�� ³1HXUDO�1HWZRUNV� DQG� 6SHHFK� 3URFHVVLQJ´� .OXZHU� $FDGHPLF�3XEOLVKHUV��������SS������������ (O�.KDO\�� )��� DQG� 6LG�$KPHG��0��� ³0DFKLQH� 5HFRJQLWLRQ� RI�2SWLFDOO\� &DSWXUHG� 0DFKLQH� 3ULQWHG� $UDELF� 7H[W´� 3DWWHUQ�5HFRJQLWLRQ��9RO������1R������SS��������������������� (O�:DNLO��0�6���DQG�6KRXNU\��$�$����³2Q�/LQH�5HFRJQLWLRQ�RI�+DQGZULWWHQ� ,VRODWHG�$UDELF�&KDUDFWHUV´��3DWWHUQ�5HFRJQLWLRQ��9RO�����1R�����SS����������������� 5DELQDU�� /�5��� ³$� 7XWRULDO� RQ� +LGGHQ� 0DUNRY� 0RGHOV� DQG�6HOHFWHG� $SSOLFDWLRQV� LQ� 6SHHFK� 5HFRJQLWLRQ´� 3URFHHGLQJV� RI�WKH�,(((��YRO����������)HEUXDU\�������


