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SDUDOOHO�GLVFUHWH�HYHQW�VLPXODWLRQ��VWDWLVWLFDO�V\QFKURQL]DWLRQ�DSSOLFDELOLW\�FULWHULD��HIILFLHQF\��DFFXUDF\�
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7KH�DSSOLFDELOLW\�RI�WKH�6WDWLVWLFDO�6\QFKURQL]DWLRQ�0HWKRG�660��LQ�SDUDOOHO�GLVFUHWH�HYHQW� VLPXODWLRQ� LV� VWXGLHG�� �&ULWHULDDUH�JLYHQ� IRU� WKH� WLPH�GULYHQ�DSSURDFK� �660�7��� � ,W� LV� SURYHQ�WKDW�WKH�OHYHO�RI�WKH�RXWSXW�HUURU�FDQ�EH�JXDUDQWHHG���3RVLWLYH�DQGQHJDWLYH� H[DPSOHV� DUH� VKRZQ� WR� JLYH� D� GHHSHU� LQVLJKW� WR� WKHFULWHULD�� � :H� FRQFOXGH� WKDW� 660�7� FDQ� EH� D� YHU\� HIILFLHQWV\QFKURQL]DWLRQ� PHWKRG� LQ� WKH� SDUDOOHO� VLPXODWLRQ� RI� ODUJHFRPPXQLFDWLRQV�DQG�RWKHU�V\VWHPV�
,1752'8&7,21

7KH� 6WDWLVWLFDO� 6\QFKURQL]DWLRQ� 0HWKRG� �660�� �3RQJRU������ LV� D� SURPLVLQJ� DOWHUQDWLYH� WR� WKH� FRQYHQWLRQDOV\QFKURQL]DWLRQ� PHWKRGV� IRU� SDUDOOHO� GLVFUHWH� HYHQW� VLPXODWLRQ�H�J���FRQVHUYDWLYH��RSWLPLVWLF���)XMLPRWR�������
7KH� FRQYHQWLRQDO� V\QFKURQL]DWLRQ� PHWKRGV� XVH� HYHQW�E\�HYHQW� V\QFKURQL]DWLRQ� EHWZHHQ� WKH� VHJPHQWV� RI� WKH� VLPXODWHGV\VWHP�DQG�WKH\�DUH�XQIRUWXQDWHO\�QRW�DSSOLFDEOH� WR�DOO�FDVHV�RUGR�QRW�SURYLGH�WKH�GHVLUDEOH�VSHHG�XS���660�GRHV�QRW�H[FKDQJHLQGLYLGXDO� PHVVDJHV� EHWZHHQ� WKH� VHJPHQWV� EXW� UDWKHU� WKHVWDWLVWLFDO�FKDUDFWHULVWLFV�RI�WKH�PHVVDJH�IORZ�� �$FWXDO�PHVVDJHVDUH�UHJHQHUDWHG�IURP�WKH�VWDWLVWLFV�DW�WKH�UHFHLYLQJ�VLGH����)XUWKHUH[SODQDWLRQ�ZLOO�EH�JLYHQ�ODWHU����660�FODLPV�WR�EH�OHVV�VHQVLWLYHWR�FRPPXQLFDWLRQ�GHOD\�DQG�LW�UHTXLUHV�OHVV�QHWZRUN�EDQGZLGWKWKDQ�HYHQW�E\�HYHQW�PHWKRGV���1HYHUWKHOHVV��LW�LV�QRW�DFFXUDWH�LQWKH� VHQVH� WKDW� DQ� HYHQW� WKDW� RFFXUUHG� LQ� RQH� VHJPHQW� RI� WKHV\VWHP� GRHV� QRW� KDYH� DQ� LPPHGLDWH� LQIOXHQFH� RQ� DQRWKHUVHJPHQW���)RU�WKLV�UHDVRQ��WKH�PHWKRG�FDQQRW�EH�DSSOLHG�LQ�VRPHVLPXODWLRQV�� IRU� H[DPSOH� LQ� WKH� FDVH� RI� GLJLWDO� FLUFXLWV� EXWUHPDLQV� IHDVLEOH� LQ� RWKHU� FODVVHV� RI� VLPXODWLRQ� VXFK� DV� WKHSHUIRUPDQFH�HVWLPDWLRQ�RI�FRPPXQLFDWLRQ�V\VWHPV�

$Q�DGGLWLRQ�DGYDQWDJH�RI�660�LV�WKDW�LW�LV�UHODWLYHO\�HDV\�WRH[WHQG� H[LVWLQJ� QRQ�SDUDOOHO� VLPXODWLRQ� VRIWZDUH� IRU� XVH� ZLWK660�� ZKLFK� LV� QRW� QHFHVVDULO\� WUXH� IRU� RWKHU� V\QFKURQL]DWLRQPHWKRGV�� $Q� H[DPSOH� RI� D� VLPXODWLRQ� V\VWHP� WKDW� GLUHFWO\VXSSRUWV�660�LV�201H7�����9DUJD�����E��
7KH�DLP�RI�WKLV�SDSHU�LV�WR�GHWHUPLQH�XQGHU�ZKDW�FRQGLWLRQVWKH�6WDWLVWLFDO�6\QFKURQL]DWLRQ�0HWKRG�FDQ�EH�DSSOLHG�LQ�SDUDOOHOGLVFUHWH�HYHQW� VLPXODWLRQ�� � :H� DUH� FRQFHUQHG� ZLWK� ERWK� WKHDFFXUDF\�RI�WKH�UHVXOWV�DQG�WKH�VSHHG�XS�FDQ�EH�DFKLHYHG�
7KH�UHPDLQGHU�RI�WKLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��DIWHU�DEULHI�LQWURGXFWLRQ�WR�660�DQG�660�7��WKH�DSSOLFDELOLW\�FULWHULDIRU�660�7�DUH�JLYHQ�LQ�DQ�LQIRUPDO�ZD\���7KH\�DUH�IRUPDOL]HG�LQWKH�QH[W�FKDSWHU�WRJHWKHU�ZLWK�D�SURRI�WKDW�WKH�UHTXLUHG�OHYHO�RIWKH� RXWSXW� HUURU� FDQ� EH� JXDUDQWHHG� E\� VDWLVI\LQJ� WKH� FULWHULD�$IWHUZDUGV��ZH� VKRZ�SRVLWLYH� DQG�QHJDWLYH� H[DPSOHV� WR� JLYH� DEHWWHU�LQVLJKW�RI�WKH�FULWHULD�� �)LQDOO\��ZH�SUHVHQW�WKH�FRQGLWLRQVIRU�D�JRRG�VSHHG�XS�DQG�JLYH�WKH�GLUHFWLRQV�RI�IXWXUH�UHVHDUFK�RQWKH�VWDWLVWLFV�H[FKDQJH�FRQWURO�DOJRULWKP�RI�660�7�
7KLV� WRSLF� ZDV� LGHQWLILHG� DV� EHLQJ� RI� LPSRUWDQFH� LQ� WKHSDUDOOHO�VLPXODWLRQ�RI�ODUJH��FRPPXQLFDWLRQ��V\VWHPV�
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7KH�2ULJLQDO�660)RU� WKRVH� QRW� IDPLOLDU�ZLWK� 660�� D� VKRUW� VXPPDU\� RI� WKH6WDWLVWLFDO�6\QFKURQL]DWLRQ�0HWKRG�LV�JLYHQ�KHUH�� �6HH� �3RQJRU������IRU�PRUH�LQIRUPDWLRQ�

6LPLODUO\� WR� RWKHU� SDUDOOHO� GLVFUHWH�HYHQW� VLPXODWLRQPHWKRGV��WKH�PRGHO� WR�EH�VLPXODWHG�²�ZKLFK� LV�PRUH�RU� OHVV�DSUHFLVH� UHSUHVHQWDWLRQ� RI� D� UHDO� V\VWHP� ²� LV� GLYLGHG� LQWRVHJPHQWV��ZKHUH� WKH� VHJPHQWV� XVXDOO\�GHVFULEH� WKH� EHKDYLRU� RI
� 201H7���LV� IUHHO\�DYDLODEOH� IURP� WKH�:HE� VLWH�FLWHG� LQWKH�5HIHUHQFH



IXQFWLRQDO�XQLWV�RI� � WKH�UHDO�V\VWHP���7KH�FRPPXQLFDWLRQ�RI�WKHVHJPHQWV� FDQ� EH� UHSUHVHQWHG� E\� VHQGLQJ� DQG� UHFHLYLQJ� YDULRXVPHVVDJHV���)RU�660��HDFK�VHJPHQW�LV�HTXLSSHG�ZLWK�RQH�RU�PRUHLQSXW�DQG�RXWSXW�LQWHUIDFHV���7KH�PHVVDJHV�JHQHUDWHG�LQ�D�JLYHQVHJPHQW� DQG� WR� EH� SURFHVVHG� LQ� D� GLIIHUHQW� VHJPHQW� DUH� QRWWUDQVPLWWHG� WKHUH� EXW� WKH� � RXWSXW� LQWHUIDFHV �2,)�� FROOHFWVWDWLVWLFDO� GDWD� RI� WKHP�� � 7KH� LQSXW� LQWHUIDFHV �,,)�� JHQHUDWHPHVVDJHV� IRU� WKH� VHJPHQWV� DFFRUGLQJ� WR� WKH� VWDWLVWLFDOFKDUDFWHULVWLFV� RI� WKH� PHVVDJHV� FROOHFWHG� E\� WKH� SURSHU� RXWSXWLQWHUIDFHV����6HH�)LJXUH����

PHVVDJHV VWDWLVWLFV2,) ,,) PHVVDJHVUH�JHQHUDWHG
VHJPHQW�$ VHJPHQW�%

)LJXUH�����$Q�2,)���,,)�SDLU
7KH�VHJPHQWV�ZLWK�WKHLU�LQSXW�DQG�RXWSXW�LQWHUIDFHV�FDQ�EHVLPXODWHG� VHSDUDWHO\� RQ� VHSDUDWH� SURFHVVRUV�� JLYLQJ� VWDWLVWLFDOO\FRUUHFW� UHVXOWV�� 7KH� HYHQWV� LQ� RQH� VHJPHQW� KDYH� QRW� WKH� VDPHHIIHFW� LQ�RWKHU�VHJPHQWV�DV� LQ� WKH�RULJLQDO�PRGHO��VR� WKH� UHVXOWVFROOHFWHG�GXULQJ�660�DUH�QRW�H[DFW�� �7KH�SUHFLVLRQ�GHSHQGV�RQWKH� SDUWLWLRQLQJ� RI� WKH� PRGHO�� RQ� WKH� DFFXUDF\� RI� VWDWLVWLFVFROOHFWLRQ� DQG� UHJHQHUDWLRQ�� DQG� RQ� WKH� IUHTXHQF\� RI� WKHVWDWLVWLFV�H[FKDQJH�DPRQJ�WKH�SURFHVVRUV�

660�7���5HILQHPHQW�2I�6607KH�RULJLQDO�660�GRHV�QRW�H[SOLFLWO\�VWDWH�ZKHQ�WKH�2,)¶VVKRXOG�VHQG�WKHLU�VWDWLVWLFV�WR�WKH�DSSURSULDWH�,,)¶V�� �7KH�UHVXOWVRI� �/HQFVH� ����E�� ZRXOG� VXJJHVW� WKDW� WKH� VWDWLVWLFV� FROOHFWLRQPXVW�EH�FRQWLQXHG�XQWLO�WKH�VDPSOH�FRQWDLQV�WKH�UHTXLUHG�QXPEHURI� REVHUYDWLRQV�� WKHQ� WKH� VWDWLVWLFV� VKRXOG� EH� VHQW� DQG� WKHVWDWLVWLFV�FROOHFWLRQ�VKRXOG�EH�UHVWDUWHG���7KLV�ZDV�FDOOHG�660�&�WKH�FRXQWHU�GULYHQ�DSSURDFK��LQ��/HQFVH�����D����,Q�WKDW�SDSHU�660�7 �WKH� WLPH� GULYHQ� DSSURDFK�� ZDV� SURSRVHG� IRU� SDUDOOHOVLPXODWLRQ�� ZKLFK� ZRUNV� DV� IROORZV�� � 8VLQJ� WKH� QRWDWLRQV� RI)LJXUH����DW�WKH�EHJLQQLQJ�RI�WKH�VLPXODWLRQ�WKH�2,)�RI�VHJPHQW$�PXVW�WHOO�WKH�,,)�RI�VHJPHQW�%�DW�ZKDW�YLUWXDO�WLPH�LW�ZLOO�VHQGWKH�ILUVW�VWDWLVWLFV���7KLV�LV�W� LQ�)LJXUH�����,Q�WKLV�ILJXUH� WKH�WKLQKRUL]RQWDO�OLQHV�VKRZ�WKH�ZDOO�FORFN��UHDO��WLPH�RI�WKH�SURFHVVRUVH[HFXWLQJ� WKH�VHJPHQWV�DQG� WKH� WKLFN�OLQHV�DUH� WKH�YLUWXDO� WLPHVRI� WKH� VHJPHQWV�� � 6HJPHQW� %� WDNHV� LQWR� FRQVLGHUDWLRQ� WKH� ILUVWVWDWLVWLFV� IURP� VHJPHQW� $� DW� W� YLUWXDO� WLPH�� � ,W� LV� GRQH� LQ� WKHIROORZLQJ� ZD\�� � ,Q� WKH� ILJXUH�� VHJPHQW� %� UHFHLYHV� WKH� ILUVWVWDWLVWLFV�IURP�VHJPHQW�$�DW�W[ �DFFRUGLQJ�WR�LWV�RZQ�YLUWXDO�WLPH�DQG�DV�W[�W���VHJPHQW�%�VFKHGXOHV�WKH�DUULYDO�RI�WKH�VWDWLVWLFV�IRUW����7KH�RWKHU�SRVVLELOLW\�LV�VKRZQ�RQ�WKH�H[DPSOH�RI�W����6HJPHQW%� KDV� QRW� UHFHLYHG� WKH� VWDWLVWLFV� XQWLO� W��� DQG� LW� KDV� QR� PRUHHYHQWV� VFKHGXOHG� ZLWK� OHVV� WKDQ� RU� HTXDO� WLPH� VWDPS�� VR� WKHH[HFXWLRQ�RI�WKH�VLPXODWLRQ�RI�VHJPHQW�%�LV�VXVSHQGHG�XQWLO�WKHVWDWLVWLFV�DUULYH� IURP� VHJPHQW�$�� �7KHQ� VHJPHQW�%� UHFHLYHV� WKHVWDWLVWLFV�DQG�WKH�H[HFXWLRQ�UHVXPHV�� �6HJPHQW�%�DOZD\V�NQRZVDW� ZKDW� YLUWXDO� WLPH� WR� H[SHFW� WKH� QH[W� VWDWLVWLFV�� EHFDXVH6HJPHQW�$�DOZD\V�LQFOXGHV�WKH�YLUWXDO�DUULYDO�� VHQGLQJ��WLPH�RI

WKH�L�WK�VWDWLVWLFV�LQ�WKH��L���WK�VWDWLVWLFV�SDFNDJH���:H�FDOOHG�WKLVVROXWLRQ� ORRVH�V\QFKURQLVDWLRQ�� 7KLV�PHWKRG�PDNHV� LW�SRVVLEOHIRU� WKH� VLPXODWLRQ� RI� WKH� VHJPHQWV� WR� UXQ� LQGHSHQGHQWO\� RQVHSDUDWH�SURFHVVRUV�LQ�WKH�YDVW�PDMRULW\�RI�WLPH�DQG� WKHUHIRUH�LWPD\�UHVXOW�LQ�H[FHOOHQW�VSHHG�XS�� �6HH��/HQFVH�����D��IRU�PRUHGHWDLOV�
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VWDWLVWLFV VWDWLVWLFV
VHJPHQW�%

VHJPHQW�$

�)LJXUH�����7KH�RSHUDWLRQ�RI�660�7��6HH�WKH�WH[W�IRU�H[SODQDWLRQ�
7+(�$33/,&$%,/,7<�&5,7(5,$�2)�660�7660�7�FDQ�EH� DSSOLHG�DQG�SURGXFHV�PHDQLQJIXO� UHVXOWV� LIWKH� IROORZLQJ� FRQGLWLRQV� DUH�PHW�� � �7KH� H[SUHVVLRQV�ZULWWHQ� LQLWDOLF�ZLOO�EH�IRUPDOO\�GHILQHG�LQ�WKH�QH[W�FKDSWHU��
�D�� 7KH�VLPXODWHG�V\VWHP�FDQ�EH�GLYLGHG�LQWR�VHJPHQWV�VR�WKDWQRW� WKH� LQGLYLGXDO� PHVVDJHV� EXW� RQO\� WKHLU� VWDWLVWLFDOFKDUDFWHULVWLFV�DUH�LPSRUWDQW�EHWZHHQ�WKH�VHJPHQWV�
�E�� $� VPDOO� HUURU LQ� WKH� DSSUR[LPDWLRQ� RI� WKH� VWDWLVWLFDOFKDUDFWHULVWLFV� RI� WKH� PHVVDJH� IORZ� FDXVHV� VPDOO� HUURU LQWKH� RXWSXW� RI� WKH� VLPXODWLRQ� WKDW� GHSHQGV� RQO\� RQ� WKHPHDVXUH�RI�WKH�DSSUR[LPDWLRQ�HUURU�
�F�� 7KH� SDUDPHWHUV� RI� WKH� PRGHO� PD\� FKDQJH� GXULQJ� WKHVLPXODWLRQ�EXW� WKH� FKDQJHV� LQ� WKH� VWDWLVWLFDO� FKDUDFWHULVWLFVRI� WKH� PHVVDJH� IORZV� EHWZHHQ� WKH� VHJPHQWV� DUH� UDUHHQRXJK�
�G�� 1RWH� WKDW� D� FKDQJH� LQ� WKH� VWDWLVWLFDO� FKDUDFWHULVWLFV� RI� WKHPHVVDJH� IORZ� LV� RQO\� SURSDJDWHG� WR� RWKHU� VHJPHQWV� ZKHQWKH�VWDWLVWLFV�SDFNDJH�LV�DFWXDOO\�VHQW�RYHU�E\�WKH�2,)��7KHIRXUWK�FRQGLWLRQ�LV�WKDW�WKLV�GHOD\�FDXVHV�HUURU�LQ�WKH�RXWSXWRI� WKH� VLPXODWLRQ� RQO\� GXULQJ� WKH� GHOD\� DQG�RU� DW� PRVWGXULQJ� DQ� DGGLWLRQDO� WLPH� LQWHUYDO� ZLWK� D� OHQJWKSURSRUWLRQDO�WR�WKH�GHOD\�
7+(�287387�(5525�2)�6,08/$7,21�:,7+�660�7

/HW�XV�GHQRWH�WKH�FRQFHUQHG�VWDWLVWLFDO�FKDUDFWHULVWLFV�RI�WKHPHVVDJH� IORZ� E\� WKH� UDQGRP�YDULDEOH�; DQG� LWV� DSSUR[LPDWLRQE\�;���7KH�HUURU�RI�WKH�DSSUR[LPDWLRQ�LV�DOVR�D�UDQGRP�YDULDEOH�K; ;�;�� �7KH�REVHUYHG�RXWSXW�RI� WKH�VLPXODWLRQ� LV�GHQRWHG�E\2�� �7KH�K; HUURU�RI� WKH�DSSUR[LPDWLRQ�FDXVHV�K2 2�2 HUURU� LQWKH�RXWSXW���&RQGLWLRQ��E��LV�GHILQHG�IRUPDOO\�DV�IROORZV�
�E
�� K2 I�K;��IRU�VRPH�I��DQG��H!� �G��_K;_�G ��_K2_�H�

1RWH�� WKDW� VRPHWLPHV� WKH� IROORZLQJ� FRQGLWLRQV� PD\� EHHQRXJK�



�E

�� K2 I�K;�� IRU� VRPH� I�� DQG��H!� �G� (^K;`�G � (^K2`�H�ZKHUH�(^`�LV�WKH�H[SHFWHG�YDOXH�RI�WKH�UDQGRP�YDULDEOH�
/HW�XV�GHQRWH�WKH�QXPEHU�RI�REVHUYDWLRQV�LQ�D�VDPSOH�E\�Q��G!� �1� Q!1�� _K;_�G�� �7KH�YDOXH�RI�1�GHSHQGV�RQ�ERWK�WKHUHTXLUHG�YDOXH� RI�G DQG� WKH� FRQYHUJHQFH� VSHHG�RI� WKH� VWDWLVWLFVFROOHFWLRQ�PHWKRG� XVHG�� � 6HH� �/HQFVH� ����E�� IRU� PRUH� GHWDLOVDERXW� WKH� FRQYHUJHQFH� VSHHG� RI� VRPH� ZHOO�NQRZ� VWDWLVWLFVFROOHFWLRQ�PHWKRGV�
,Q� WKH� VWDWLRQDU\� FDVH� ZH� FDQ� JXDUDQWHH� _K2_�H ZLWK� WKHDSSURSULDWH�FKRLFH�RI�1�
/HW� XV� FRQVLGHU� WKH� WUDQVLHQWV� LQ� WKH� V\VWHP�� � ,I� WKHGLVWULEXWLRQ�RI�WKH�UDQGRP�YDULDEOH�; FKDQJHV�LQ�VHJPHQW�$�DW�WFLQ� WKH� L�WK� VDPSOH� FROOHFWLRQ� LQWHUYDO�� WKH� H[DFW� QHZ� VWDWLVWLFVDUULYH� DW� VHJPHQW� %� DW� WKH� WL�� V\QFKURQLVDWLRQ� SRLQW� RI� YLUWXDOWLPH�� ��VHH�)LJXUH���� �,I�71 LV�DQ�XSSHU�ERXQG�IRU� WKH� OHQJWK�RIDQ\��WL���WL��LQWHUYDO��WKHQ�WKH�OHQJWK�RI�WKH�WUDQVLHQW�775��71�

775��WKH�OHQJWK�RI�WKH�WUDQVLHQWFDXVHG�E\�660�7

WL�� WL��WL
WKH�L�WK�VDPSOH�LVFROOHFWHG�LQ�VHJPHQW�$ WKH��L���WK�VDPSOH�LVFROOHFWHG�LQ�VHJPHQW�$

VHJPHQW�%�UHFHLYHVWKH�H[DFW�VWDWLVWLFV

; FKDQJHV�KHUH

)LJXUH�����7KH�WUDQVLHQW�FDXVHG�E\�660�7
&RQGLWLRQ��G��VD\V�WKDW�WKH�WUDQVLHQW�PD\�FDXVH�RXWSXW�HUURUGXULQJ� WKH�775 WLPH�RI� WKH� WUDQVLHQW��SOXV�PD[LPXP� FH775 WLPHDIWHU�LW�� ��FH LV�DQ�DSSURSULDWH�FRQVWDQW��� �7KXV� WKH�RXWSXW�RI� WKHVLPXODWLRQ�PD\� FRQWDLQ�DQ�HUURU�GXH� WR� WKH� WUDQVLHQW� FDXVHG�E\660�7�OHVV�WKDQ�FH¶71�WLPH��ZKHUH�FH¶ ����FH��
/HW� XV� GHQRWH� WKH� WLPH� HODSVHV� IURP� WKH� HQG� RI� WKH� FH¶71WLPH�LQWHUYDO� WR� WKH�QH[W�FKDQJH�RI�; E\�7467 �� WKH� WLPH�RI� WKHTXDVL�VWDWLRQDU\�VWDWH���7KH�HPSLULFDO�PHDQLQJ�RI��UDUH�HQRXJK�LQ� FRQGLWLRQ� �E�� LV�� FH¶71 ���7467�� � /HW� XV�PDNH� LW� D� ELW�PRUHIRUPDO�� � +2 LV� DQ� XSSHU� ERXQG� IRU� WKH� DEVROXWH� YDOXH� RI� WKHRXWSXW� HUURU� GXULQJ� WKH� WUDQVLHQW� FDXVHG� E\� 660�7�� �1RZ��ZHVKRZ� WKDW� K2 �H FDQ�EH�HQVXUHG�� �/HW�XV�FKRRVH�G¶�� _K;_�G¶��_K2_�òH GXULQJ�WKH�7467 WLPH�SHULRG�� �/HW�175 DQG�1467 GHQRWHWKH� QXPEHU� RI� WKH� FROOHFWHG� RXWSXW� VWDWLVWLFV� YDOXHV� GXULQJ� WKHFH¶71 DQG� WKH� 7467 WLPH� SHULRGV�� UHVSHFWLYHO\�� � 7KH� EHIRUHPHQWLRQHG��UDUH�HQRXJK��FRQGLWLRQ�LV�
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d�òH�òH d H
+RZHYHU��WKH�FRQGLWLRQ�IRU�1467 LV�TXLWH�VWULFW��DQG�LW�LV�QRWDOZD\V�QHFHVVDU\���:H�KDYH�HOLPLQDWHG�WKH�HUURU�RI�WKH�RXWSXW�RIWKH�VLPXODWLRQ�E\�DYHUDJLQJ�YHU\�PDQ\�YDOXHV�� �,I�ZH�NQRZ� WKHWLPH� RI� WKH� FKDQJHV� RI�; LQ� DGYDQFH�� RU� LI� ZH� FDQ� GHWHFW� WKHFKDQJH�� ZH� FDQ� MXVW� RPLW� WKH� 175 QXPEHU� RI� RXWSXW� VWDWLVWLFVYDOXHV� ZLWK� HUURU�� � %\� GRLQJ� VR�� D� ORW� RI� YLUWXDO� WLPH� �DQGWKHUHIRUH�VLPXODWLRQ�H[HFXWLRQ�WLPH�WRR��PD\�EH�VDYHG��EHFDXVHLQ� WKLV� ZD\� RQO\� WKH� FH¶71 YLUWXDO� WLPH� LV� ZDVWHG�� DQG� WKHUHTXLUHPHQW� IRU�1467 LV� MXVW� WKH�VDPH�DV� LW� LV� LQ� WKH�FDVH�RI� WKHWUDGLWLRQDO�HYHQW�E\�HYHQW�V\QFKURQLVDWLRQ�
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�� 1467 PXVW� EH� ODUJH� HQRXJK� WR� FROOHFW� WKH� VWDWLVWLFV� RI� WKHRXWSXW�RI�WKH�VLPXODWLRQ�ZLWK�WKH�UHTXLUHG�DFFXUDF\�
7KH�SURSRUWLRQ�RI�WKH�ZDVWHG�FH¶71 DQG�XVHIXO�7467 YLUWXDOWLPH�LV�YHU\�LPSRUWDQW���7KH�FH¶71 YLUWXDO�WLPH�LV�XVHG�XS�MXVW�WRHOLPLQDWH� WKH� WUDQVLHQW� FDXVHG� E\� 660�7�� � ,Q� DGGLWLRQ� WR� LWVH[HFXWLRQ� WLPH� FRPHV� WKH� H[HFXWLRQ� WLPH� ZDVWHG� GXH� WRFRPPXQLFDWLRQ�RYHUKHDG�EHWZHHQ� WKH� SURFHVVRUV� H[HFXWLQJ� WKHVHJPHQWV�� �+RZHYHU�� LI� ERWK� RI� WKHP� DUH� ORZ� FRPSDUHG� WR� WKHH[HFXWLRQ� WLPH�RI�7467 DQG� WKH�PRGHO� RI� WKH� VLPXODWHG� V\VWHPZDV� SDUWLWLRQHG� LQ� WKH� ZD\� WKDW� WKH� ORDG� RI� WKH� H[HFXWLQJSURFHVVRUV� LV� QHDUO\� EDODQFHG�� RXU� VLPXODWLRQ� PD\� SURGXFH� DJRRG�VSHHG�XS�

(;$03/(6�)25�7+(�$33/,&$7,21�2)�660�7
6DWHOOLWH�3RZHU�&RQVXPSWLRQ���$�3RVLWLYH�([DPSOH/HW� XV� FRQVLGHU� WKH� IROORZLQJ� H[DPSOH�� � $� KXUULFDQHIRUHFDVWLQJ� VDWHOOLWH� FROOHFWV� GDWD� RI� WKH� DWPRVSKHUH� DQG� DIWHUVRPH�SUHSURFHVVLQJ�� LW� VHQGV� WKHP� WR� WKH� (DUWK� IRU� HYDOXDWLRQ�7KH�ZKROH�V\VWHP�LV�EXLOW�XS�E\�WKUHH�PDMRU�IXQFWLRQDO�XQLWV�

��� 7KH� ,QWHOOLJHQW� 0HDVXUHPHQW� 6\VWHP� FRQWUROV� WKHVHQVRUV� DQG� HYDOXDWHV� WKHLU� VLJQDOV�� FROOHFWV� DQG� SUHSURFHVVHVPHDVXUHPHQW�GDWD���,WV�RXWSXW�LV�D�YDULDEOH�UDWH�SDFNHW�GDWD�IORZ�7KH� SDFNHW� UDWH� GHSHQGV� RQ� HQYLURQPHQWDO� FRQGLWLRQV� VXFK� DVWKH� VWDWH� RI� WKH� DWPRVSKHUH�� KXUULFDQH� VXVSLFLRXV� REVHUYDWLRQV�HWF�
��� 7KH�'DWD�7UDQVPLVVLRQ�6\VWHP�FDUULHV�WKH�GDWD�SDFNHWVIURP�WKH�,QWHOOLJHQW�0HDVXUHPHQW�6\VWHP�WR�WKH�'DWD�(YDOXDWLRQ6\VWHP�RQ�WKH�(DUWK���7KH�'DWD�7UDQVPLVVLRQ�6\VWHP�FRQWDLQV�DUDGLR�OLQN�GRZQZDUGV�DQG�DQRWKHU�RQH�XSZDUGV�� �7KH�GDWD�VHQWWKURXJK� WKH� GRZQOLQN� LV� DFNQRZOHGJHG� RQ� WKH� XSOLQN�� � 7KHWUDQVPLVVLRQ� SRZHU� LV� FRQWUROOHG� LQ� WKH� IXQFWLRQ� RI� WKH� SDFNHWORVV� UDWLR�� VR� WKH� SRZHU� FRQVXPSWLRQ�ELW� GHSHQGV� RQ� WKHHQYLURQPHQWDO� FRQGLWLRQV� �VWDWH� RI� WKH� DWPRVSKHUH�� RUELWGHYLDWLRQV��HWF���WRR���7R�VDYH�SRZHU��WKH�FDUULHU�RI�WKH�GRZQOLQNLV�WXUQHG�RII�ZKHQ�WKHUH�LV�QR�WUDQVPLVVLRQ�
��� 7KH� (DUWK�'DWD� (YDOXDWLRQ� 6\VWHP� LV� UHVSRQVLEOH� IRUWKH�ILQDO�HYDOXDWLRQ�RI�WKH�FROOHFWHG�PHDVXUHPHQW�GDWD�
)LJXUH���VKRZV�WKH�EORFN�GLDJUDP�RI�WKH�SK\VLFDO�V\VWHP�



'DWD�3DFNHWV
6DWHOOLWH

6DWHOOLWH�5DGLR�6\VWHP
'RZQOLQN 8SOLQN

'DWD�3DFNHWV

,QWHOOLJHQW�0HDVXUHPHQW�6\VWHP

(DUWK�5DGLR�6\VWHP
(DUWK�'DWD�(YDOXDWLRQ�6\VWHP

(DUWK�6\VWHP
)LJXUH����7KH�VDWHOOLWH�GDWD�FROOHFWLRQ�V\VWHP

2XU� WDVN� LV� WR� GHWHUPLQH� WKH� EHKDYLRU� RI� WKH� SRZHUFRQVXPSWLRQ�RI�WKH�6DWHOOLWH�5DGLR�6\VWHP�WR�EH�DEOH�WR�WHOO�WKHVRODU� FHOO� DQG� EDWWHU\� UHTXLUHPHQWV�� � 7KH� SRZHU� FRQVXPSWLRQGHSHQGV� RQ� ERWK� WKH� SDFNHW� UDWH� IURP� WKH� ,QWHOOLJHQW0HDVXUHPHQW� 6\VWHP� DQG� WKH� UDGLR� FKDQQHO� FRQGLWLRQV�� � %RWKTXDQWLWLHV� GHSHQG� RQ� HQYLURQPHQWDO� FRQGLWLRQV� WKDW� DUH� WRRFRPSOH[�IRU�DQ�DQDO\WLFDO�WUHDWPHQW���6RPH�RI�WKH�HQYLURQPHQWDOFRQGLWLRQV��H�J��DWPRVSKHUH�� LQIOXHQFH�ERWK� WKH�SDFNHW� UDWH�DQGWKH� UHTXLUHG� WUDQVPLVVLRQ� SRZHU�� VR� WKH\� FDQQRW� EH� VLPXODWHGLQGHSHQGHQWO\�� �+RZHYHU�� LW� LV� NQRZQ�IURP� HDUOLHU� H[SHULPHQWVWKDW�WKH�HQYLURQPHQWDO�FRQGLWLRQV�FKDQJH�YHU\�VORZO\�FRPSDUHGWR�WKH�GDWD�SDFNHW�UDWH��WKDW�LV�W\SLFDOO\�PLOOLRQV�RI�GDWD�SDFNHWVDUH� WUDQVPLWWHG�EHWZHHQ� WZR�FRQVHFXWLYH� VLJQLILFDQW� FKDQJHV� LQWKH�HQYLURQPHQWDO�FRQGLWLRQV���,W�LV�DOVR�NQRZQ�WKDW�WKH�FKDQQHOFDSDFLW\�LV�PRUH�WKDQ�WZLFH�DV�PXFK�WKDQ�LW� LV�QHFHVVDU\�IRU� WKHPD[LPXP�SDFNHW�UDWH��VR�WKHUH�LV�SUDFWLFDOO\�QRW�EXIIHULQJ�H[FHSWWKDW� WKH�SDFNHWV�DUH� VWRUHG� �WR�EH�DEOH� WR� UHWUDQVPLW� WKHP��XQWLODQ� DFNQRZOHGJHPHQW� LV� UHFHLYHG�� � :H� SURSRVH� WKH� IROORZLQJSDUDOOHO�VLPXODWLRQ�
x� 7KH�(DUWK�'DWD�(YDOXDWLRQ�6\VWHP�LV�RPLWWHG�DV�LW�KDVQR�LQIOXHQFH�IRU�WKH�LQYHVWLJDWHG�SRZHU�FRQVXPSWLRQ�
x� 7KH� UHPDLQGHU� RI� WKH� V\VWHP� LV� GLYLGHG� LQWR� WZRVHJPHQWV�� WKH� ,QWHOOLJHQW� 0HDVXUHPHQW� 6\VWHP� DQG� WKH� 'DWD7UDQVPLVVLRQ� 6\VWHP�� WKH\� DUH� VLPXODWHG� SDUDOOHO� RQ� WZRSURFHVVRUV�� � 7KH� VHJPHQWV� PRGHO� WKRVH� HQYLURQPHQWDOFRQGLWLRQV�WKDW�DUH�UHOHYDQW�WR�WKHLU�RSHUDWLRQ�
x� 7KH� WZR� VHJPHQWV� RI� WKH�PRGHO� DUH� H[HFXWHG� E\� WZRSURFHVVRUV���660�7�LV�DSSOLHG�EHWZHHQ� WKH� WZR�VHJPHQWV�� �7KHSDFNHW�LQWHU�DUULYDO�WLPH�VWDWLVWLFV�DUH�FROOHFWHG�E\�WKH�2,)�RI�WKH,QWHOOLJHQW�0HDVXUHPHQW�6\VWHP�DQG�WKH�UHVXOW�LV�VHQW�WR�WKH�,,)RI� WKH� 'DWD� 7UDQVPLVVLRQ� 6\VWHP�� � 7KH� SDFNHW� GDWD� IORZ� LVUHJHQHUDWHG�E\�WKH�,,)�RI�WKH�'DWD�7UDQVPLVVLRQ�6\VWHP�
)LJXUH���VKRZV�WKH�EORFN�GLDJUDP�RI�WKH�VLPXODWLRQ�PRGHO�

'DWD�3DFNHWV
,QWHOOLJHQW�0HDVXUHPHQW�6\VWHP

'DWD�7UDQVPLVVLRQ�6\VWHP

6DWHOOLWH�5DGLR�6\VWHP
'RZQOLQN 8SOLQN(DUWK�5DGLR�6\VWHP

)LJXUH����7KH�VLPXODWLRQ�PRGHO�RI�WKH�VDWHOOLWH�GDWD�FROOHFWLRQV\VWHP
7KH�DSSOLFDELOLW\�FULWHULD�RI�WKH�660�7�DUH�VDWLVILHG�

�D�� $W� WKH�ERXQGDULHV�RI� WKH� WZR�VHJPHQWV�� QRW� WKH� LQGLYLGXDOSDFNHWV�EXW�RQO\�WKH�DYHUDJH�SDFNHW�UDWH�LV�LPSRUWDQW�LQ�WKHSRLQW�RI�YLHZ�RI�WKH�SRZHU�FRQVXPSWLRQ�
�E�� $� VPDOO� HUURU� RI� WKH� HVWLPDWLRQ� RI� WKH� SDFNHW� UDWH� �RU� WKHGLVWULEXWLRQ�RI�WKH�SDFNHW�LQWHU�DUULYDO�WLPH��FDXVHV�D�VPDOOHUURU� LQ� WKH� FDOFXODWLRQ� RI� WKH� SRZHU� FRQVXPSWLRQ� DQGGHSHQGV� RQO\� RQ� WKH� PHDVXUH� RI� WKH� HUURU�� QRW� WKH� DFWXDOYDOXH�RI�WKH�SDFNHW�UDWH�
�F�� 6LJQLILFDQW�FKDQJHV�DUH�UDUH�HQRXJK�WR�PDNH� WKH�QHFHVVDU\QXPEHU�RI�REVHUYDWLRQV�LQ�TXDVL�VWDWLRQDU\�VWDWH�
�G�� $V� WKHUH� DUH� SUDFWLFDOO\� QR� EXIIHULQJ�� WKH� GHOD\� RI� WKHFKDQJHV�RI�WKH�SDFNHW�UDWH�FDXVHV�HUURU�RQO\�XQWLO�WKH�DUULYDORI�WKH�QHZ�SHUIHFW�VWDWLVWLFV�
1HJDWLYH�([DPSOHV7KH� ILUVW� H[DPSOH� LV� WKH� VLPXODWLRQ� RI� DQ� )'',� �$16,;������� ������ ULQJ�� � ,I� WKH� ULQJ� LV� GLYLGHG� LQWR� WZR� �RU�PRUH�VHJPHQWV�DQG�WKH�VHJPHQWV�DUH�VLPXODWHG�E\�VHSDUDWH�SURFHVVRUV�WKH� H[SOLFLW� SDVVLQJ� RI� WKH� WRNHQ� FDQQRW� EH� UHSODFHG� E\� WKHDUULYDO� WLPH� VWDWLVWLFV� RI� WKH� WRNHQ� FROOHFWHG� DW� WKH� VHJPHQWERXQGDULHV�� � 7KLV� ZRXOG� EH� D� YLRODWLRQ� RI� WKH� 0HGLD� $FFHVV&RQWURO�SURWRFRO�UHVXOWLQJ�LQ�ULQJ�UHFRYHU\��WRNHQ�ORVV��GXSOLFDWHWRNHQV�HWF�����+HUH�660�7�FDQQRW�EH�DSSOLHG��EHFDXVH�FRQGLWLRQ�D��LV�QRW�VDWLVILHG�

2XU� VHFRQG� QHJDWLYH� H[DPSOH� LV� GHULYHG� IURP� WKH� EHIRUHPHQWLRQHG� SRVLWLYH� RQH�� � /HW� XV� PRGLI\� WKH� V\VWHP� GHVFULEHGWKHUH� LQ� WKH� IROORZLQJ� ZD\�� � 7KH� 'DWD� 7UDQVPLVVLRQ� 6\VWHPFRQWDLQV� WZR� GRZQOLQNV� ZLWK� QR� WUDQVPLVVLRQ� SRZHU� FRQWURO�7KH� XQDFNQRZOHGJHG� SDFNHWV� DUH� UHWUDQVPLWWHG� XQWLO� DQDFNQRZOHGJPHQW�DUULYHV�IRU� WKH�SDFNHW�� �7KH� SULPDU\�GRZQOLQNLV� DOZD\V� RSHUDWLRQDO� DQG� WKH� VHFRQGDU\� ZRUNV� RQO\� LI� LW� LVQHFHVVDU\� GXH� WR� KLJK� SDFNHW� UDWH� DQG� SRRU� FKDQQHO� FRQGLWLRQV�WKDW� LV�� D� KLJK� QXPEHU� RI� SDFNHW� UHWUDQVPLVVLRQV��� � 7KH� HDUWKVWDWLRQ� GRHV� QRW� KDYH� EXUVW� GHPRGXODWRUV�� VR�ZKHQ� WKH� VHFRQGFDUULHU� LV� SXW� LQWR� RSHUDWLRQ�� WKHUH� LV� D� VLJQLILFDQWV\QFKURQL]DWLRQ� RYHUKHDG�� )RU� WKLV� UHDVRQ�� WKH� FDUULHU� LV� QRWVZLWFKHG� RII� LPPHGLDWHO\� DIWHU� WUDQVPLWWLQJ� D� SDFNHW�� EXW� RQO\DIWHU�D�FHUWDLQ�GHOD\��7KLV�DOVR�PHDQV�WKDW�HYHQ�D�IHZ�SDFNHWV�RQ



WKH� VHFRQGDU\� OLQN� PD\� UHVXOW� LQ� VLJQLILFDQWO\� LQFUHDVHG� SRZHUFRQVXPSWLRQ�
)RU� DQ\� JLYHQ� FKDQQHO� FRQGLWLRQV� RQH� FDQ� FDOFXODWH� ZKDWSDFNHW� UDWH� FDQ� FRPSOHWHO\� H[KDXVW� WKH� FDSDFLW\� RI� WKH� SULPDU\GRZQOLQN�� � $Q� DUELWUDULO\� VPDOO� HUURU� LQ� WKH� HVWLPDWLRQ� RI� WKHSDFNHW�UDWH�IURP�WKH�,QWHOOLJHQW�0HDVXUHPHQW�6\VWHP�FDQ�FDXVH�DVHULRXV�HUURU�LQ�WKH�RXWSXW�RI�WKH�VLPXODWLRQ�LI�WKH�SDFNHW�UDWH�LVFORVH�HQRXJK�WR�WKH�FDOFXODWHG�FULWLFDO�UDWH�� �1RZ��FRQGLWLRQ��E�LV�QRW�VDWLVILHG�

7ZR�,QWHUFRQQHFWHG�)'',�5LQJV���$QRWKHU�3RVLWLYH�([DPSOH,Q��/HQFVH�����D��660�7�ZDV�XVHG�LQ�WKH�VLPXODWLRQ�RI�WKH)'',�EDFNERQH�RI� WKH�7HFKQLFDO�8QLYHUVLW\�RI�%XGDSHVW�� �7KLVQHWZRUN� FRQVLVWV� RI� WZR� ULQJV�� 7KH� 1RUWKHUQ� 5LQJ� LV� DXQLYHUVLW\�ZLGH� QHWZRUN� DQG� FRQVLVWV� RI� ��� )'',� VWDWLRQVLQWHUFRQQHFWHG�E\���ZLULQJ�FRQFHQWUDWRUV���7KH�6RXWKHUQ�5LQJ�LVWKH� EDFNERQH� RI� WKH� )DFXOW\� RI� (OHFWULFDO� (QJLQHHULQJ� DQG,QIRUPDWLFV��DQG�EHLQJ�VPDOOHU�ULQJ�RI���)'',�VWDWLRQV���7KH�WZRULQJV� DUH� LQWHUFRQQHFWHG� E\� D� URXWHU�� � 7KH� WRSRORJ\� RI� WKHQHWZRUN�DQG�WKH�FDEOH�OHQJWKV�ZHUH� WDNHQ�IURP� WKH� UHDO�V\VWHP�7KH�ORDG�XVHG�LQ�WKH�VLPXODWLRQ�PRGHO�FDPH�IURP�PHDVXUHPHQWVWDNHQ�RQ�WKH�UHDO�)'',�ULQJV�
)LUVW�� D� YHU\� DFFXUDWH� VLPXODWLRQ� RI� WKH� QHWZRUN� ZDVSHUIRUPHG�� �7KHQ��660�7� LQWHUIDFHV�ZHUH� LQVHUWHG�EHWZHHQ� WKHWZR�)'',�ULQJV�DQG�WKH�VLPXODWLRQ�ZDV�SHUIRUPHG�ZLWK�WKH�VDPHSDUDPHWHUV�DV�EHIRUH���7KH�XWLOL]DWLRQ�RI�WKH�ULQJV�ZHUH�PHDVXUHGLQ�ERWK�FDVHV���,W�ZDV�IRXQG�WKDW�WKH�XWLOL]DWLRQ�YDOXHV�ZHUH�FORVHWR�HDFK�RWKHU�LQ�WKH�WZR�VLPXODWLRQV�
6SDFH� SHUPLWV� QR� PRUH� GHWDLOHG� GLVFXVVLRQ� RI� WKHH[SHULPHQWV� KHUH�� EXW� WKH� UHDGHU� LV� HQFRXUDJHG� WR� UHDG� WKHRULJLQDO� SDSHU� DQG� FKHFN� LI� WKH� DSSOLFDELOLW\� FULWHULD� RI� 660�7DUH�UHDOO\�VDWLVILHG�

&21',7,216�)25�$�*22'�63(('�83
,Q� WKH� SUDFWLFDO� DSSOLFDWLRQ� RI� 660�7�� WKH� OHQJWK� RI� WKHYLUWXDO�WLPH�LQWHUYDO�ZKLOH�WKH�2,)�FROOHFWV�D�VWDWLVWLFV�SDFNDJH�LVYHU\�LPSRUWDQW���7KHUH�DUH�WKUHH�SRLQWV�

��� 7KH� WLPH� LQWHUYDO� VKRXOG� EH� ODUJH� HQRXJK� WR� FROOHFW� DVDPSOH�WKDW�LV�EDVHG�RQ�HQRXJK�REVHUYDWLRQV�WR�SURGXFH�DQHVWLPDWLRQ�ZLWK�WKH�UHTXLUHG�DFFXUDF\�
��� 7KH� WLPH� LQWHUYDO� VKRXOG� EH� VKRUW� HQRXJK� WR� ERXQG� WKHOHQJWK�RI�WKH�WUDQVLHQW�FDXVHG�E\�660�7�
��� 7KH�IUHTXHQF\�RI�WKH�VWDWLVWLFV�H[FKDQJH�VKRXOG�QRW�EH� WRRKLJK�WR�SURGXFH�JRRG�VSHHG�XS�

7KH� ILUVW� WZR� FRQGLWLRQV� VKRXOG� EH� HYLGHQW� IRU� WKH� UHDGHU�EXW� WKH� WKLUG� RQH� UHTXLUHV� VRPH� H[SODQDWLRQ�� � 8QWLO� QRZ�� WKHVLPXODWLRQ� ZLWK� 660�7� ZDV� LQGHSHQGHQW� IURP� WKH� H[HFXWLRQHQYLURQPHQW�� �+RZHYHU�� WKH�PDLQ� DLP�RI�660�7� LV� WR� SURGXFHERWK� JRRG� UHVXOWV� DQG� JRRG� VSHHG�XS�� � 7KXV�� WKH� RYHUKHDGFDXVHG� E\� WKH� VWDWLVWLFV� H[FKDQJH� LV� YHU\� LPSRUWDQW�� � /HW� XVFRQVLGHU�WKLV�RYHUKHDG�

7KH� VWDWLVWLFV� WUDQVPLVVLRQ� GLUHFWHG� JUDSK� LV� GHILQHG� DVIROORZV�
x� WKH�QRGHV�DUH�WKH�VHJPHQWV�RI�WKH�VLPXODWLRQ�PRGHO�
x� WKH� �GLUHFWHG�� HGJHV� DUH� WKH� VHJPHQW� WR� VHJPHQW� URXWHV� RIVWDWLVWLFV�WUDQVPLVVLRQ�

,I� WKHUH� DUH� QR� GLUHFWHG� ORRSV� LQ� WKH� JUDSK� WKHQ� WKHVLPXODWLRQ�PD\�ZRUN�DV�D�SLSHOLQH�ZLWK�LQILQLWH�EXIIHUV�EHWZHHQWKH�VWDJHV���+RZHYHU��LI�WKHUH�LV�D�GLUHFWHG�ORRS�LQ�WKH�JUDSK�WKHYLUWXDO� WLPHV� RI� WKH� VHJPHQWV� RI� WKLV� ORRS� DUH� V\QFKURQL]HG� LQVRPH�ZD\���/HW�XV�FRQVLGHU�WKH�VLPSOHVW�H[DPSOH���WKHUH�DUH�WZRVHJPHQWV� DQG� WKH\� VHQG� VWDWLVWLFV� WR� HDFK� RWKHU�� � /HW� WKH\H[FKDQJH� WKHLU� VWDWLVWLFV� HYHU\� 7� YLUWXDO� WLPH� LQWHUYDO�� � 7KHVHJPHQWV� DUH� H[HFXWHG� E\� WZR� SURFHVVRUV� $� DQG� %�� � 7KHSURFHVVRUV� DUH� LGHQWLFDO� DQG� WKH\� GR� QRW� KDYH� DQ\� RWKHU� ORDG�7KH�H[HFXWLRQ�WLPH�RI�WKH�7�YLUWXDO�WLPH�LV�W$ DQG�W%��7KH�WLPH�RIFRPPXQLFDWLRQ�LV�GHQRWHG�E\�W&���7KLV�WLPH�LQFOXGHV�WKH�WLPH�RIGDWD� SDFNLQJ� DQG� FRQYHUVLRQ� WR� WKH� QHWZRUN� GDWD� IRUPDW� �H�J�;'5�� LI� QHFHVVDU\�� GDWD� WUDQVPLVVLRQ� WLPH� DQG� SURSDJDWLRQGHOD\� SOXV� GDWD� FRQYHUVLRQ� IURP� QHWZRUN� IRUPDW� �LI� QHFHVVDU\�DQG�XQSDFNLQJ�� �7KH�H[HFXWLRQ�WLPH�RI�D�7�YLUWXDO�WLPH�LQWHUYDOZLWK�660�7�LV�
���� W� PD[�W$�W%��W&

7KH� RYHUKHDG� RI� WKH� VWDWLVWLFV� FROOHFWLRQ� DQG� UHJHQHUDWLRQGRQH� E\� WKH� ,,)
V� DQG�2,)
V� LV� GHQRWHG� E\� W,,) W2,)�� � 7KHVH� DUHLQFOXGHG� LQ� W$ DQG� W%�� VR� WKH\� PXVW� EH� VXEVWUDFWHG� LQ� WKHFDOFXODWLRQ� RI� WKH� H[HFXWLRQ� WLPH� RI� WKH� WUDGLWLRQDO� VLPXODWLRQ�7KH� H[HFXWLRQ� WLPH� RI� D� 7� ORQJ� YLUWXDO� WLPH� LQWHUYDO� XVLQJWUDGLWLRQDO�XQL�SURFHVVRU�VLPXODWLRQ�LV�
���� W� W$�W2,)�$�W,,)�$�W%�W2,)�$�W,,)�$�W&
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7KLV�YDOXH�FDQ�EH�FORVH�WR���LI�W$|W%��W&��W$ DQG�W,)��W$�WKDW� LV� WKH� ORDG� RI� WKH� SURFHVVRUV� LV� ZHOO� EDODQFHG�� WKHFRPPXQLFDWLRQ� RYHUKHDG�� DQG� WKH� RYHUKHDG� FDXVHG� E\� WKHVWDWLVWLFV�FROOHFWLRQ�DQG�PHVVDJH�UHJHQHUDWLRQ�DUH�VPDOO�
,Q� D� ODUJH� �FRPPXQLFDWLRQ�� V\VWHP� WKHUH� DUH� XVXDOO\PXOWLSOH� SRLQWV� ZKHUH� WKH� 660�7� DSSOLFDELOLW\� FULWHULD� DUHVDWLVILHG���,W�PHDQV�WKDW�WKH�LQVHUWLRQ�RI�WKH�660�7�LQWHUIDFHV�WRWKHVH� SRLQWV� ZLOO� QRW� FDXVH� VLJQLILFDQW� GHJUDGDWLRQ� RI� WKHDFFXUDF\�RI�WKH�UHVXOWV���2XW�RI�WKHVH�SRLQW�WKH�VLPXODWLRQLVW�PXVWFDUHIXOO\� VHOHFW� WKRVH�� WKDW� VHSDUDWH� WKH� PRGHO� WR� VHJPHQWV� RIVLPLODU�FRPSOH[LW\��VR�WKDW�WKH�FRPSXWLQJ�SRZHU�UHTXLUHG�E\�WKHVLPXODWLRQ�RI�WKH�VHJPHQWV�DUH�LQ�WKH�VDPH�RUGHU�



:KHQ�VHOHFWLQJ� WKH� VWDWLVWLFV�FROOHFWLRQ�PHWKRG� LW� LV�ZRUWKFRQVLGHULQJ� LWV� DOJRULWKPLFDO� FRPSOH[LW\� �/HQFVH� ����E��� � $QLQWHUHVWLQJ� QHZ� GHQVLW\� HVWLPDWLRQ� PHWKRG�� N�VSOLW� �9DUJD����D��PD\�DOVR�EH�XVHG�LQ�660�2,)
V�
$QG� ODVW� EXW� QRW� OHDVW� WKH� IUHTXHQF\� RI� WKH� VWDWLVWLFVH[FKDQJH� VKRXOG� QRW� EH� KLJKHU� WKDQ� LW� LV� UHTXLUHG�� ,Q� HDUOLHUH[SHULPHQWV� RQ� VLPXODWLQJ� WZR� LQWHUFRQQHFWHG� )'',� ULQJV� E\WZR�SURFHVVRUV�XVLQJ�660�7��/HQFVH�����D���ZH�DFKLHYHG�����������DQG������VSHHG�XS�GHSHQGLQJ�RQ�WKH�IUHTXHQF\�RI�VWDWLVWLFVH[FKDQJH�
7KH�GLUHFWLRQ�RI�WKH�IXWXUH�UHVHDUFK�LV�WR�GHYHORS�D�VWDWLVWLFVH[FKDQJH�FRQWURO�DOJRULWKP�WKDW�GHWHUPLQHV�WKH�RSWLPDO� WLPH�RIWKH�VWDWLVWLFV�H[FKDQJH�
7KH� H[LVWHQFH� RI� ZHDNHU� FULWHULD� IRU� WKH� DSSOLFDELOLW\� RI660�7�LV�DOVR�D�TXHVWLRQ�RI�LQWHUHVW�
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7KH� DSSOLFDELOLW\� RI� WKH� PRGLILHG� 6WDWLVWLFDO6\QFKURQL]DWLRQ�0HWKRG� �660�7�� ZDV� VWXGLHG�� � &ULWHULD� ZHUHJLYHQ� IRU� WKH� DSSOLFDELOLW\� RI� 660�7� LQ� SDUDOOHO� GLVFUHWH�HYHQWVLPXODWLRQ���:H�KDYH�SURYHQ�WKDW�WKH�VPDOO�OHYHO�RI�RXWSXW�HUURURI� WKH� SDUDOOHO� VLPXODWLRQ� XVLQJ� 660�7� FRPSDUHG� WR� WKH� XQL�SURFHVVRU� VLPXODWLRQ� ZLWKRXW� 660�7� FDQ� EH� JXDUDQWHHG� LI� WKHFULWHULD�DUH�VDWLVILHG�
:H� VKRZHG� D� UHDO� OLIH� H[DPSOH� ZKHUH� WKH� DSSOLFDELOLW\FULWHULD� DUH� VDWLVILHG� DQG� 660�7� FDQ� EH� DSSOLHG�� � :H� JDYHQHJDWLYH�H[DPSOHV�WRR�
:H� SUHVHQWHG� WKH� FRQGLWLRQV� ZKHQ� WKH� DSSOLFDWLRQ� RI660�7�UHVXOWV�LQ�D�JRRG�VSHHG�XS�
:H� FRQFOXGH� WKDW� 660�7� FDQ� EH� D� YHU\� HIILFLHQWV\QFKURQL]DWLRQ� PHWKRG� LQ� WKH� SDUDOOHO� VLPXODWLRQ� RI� ODUJH�FRPPXQLFDWLRQ��V\VWHPV�
7KH�GLUHFWLRQ�RI�WKH�IXWXUH�UHVHDUFK�LV�WR�GHYHORS�D�VWDWLVWLFVH[FKDQJH�FRQWURO�DOJRULWKP�WKDW�GHWHUPLQHV�WKH�RSWLPDO� WLPH�RIWKH�VWDWLVWLFV�H[FKDQJH�
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