
()),&,(17�3$5$//(/�6,08/$7,21�:,7+�7+(�67$7,67,&$/6<1&+521,=$7,21�0(7+2'
*iERU�/HQFVH'HSDUWPHQW�RI�7HOHFRPPXQLFDWLRQV7HFKQLFDO�8QLYHUVLW\�RI�%XGDSHVW6]WRF]HN�XWFD��+������%XGDSHVW��+XQJDU\(�PDLO��*DERU�/HQFVH#KLW�EPH�KX

.(<:25'6SDUDOOHO� GLVFUHWH�HYHQW� VLPXODWLRQ�� FRPPXQLFDWLRQ� QHWZRUNV�SHUIRUPDQFH�DQDO\VLV��VWDWLVWLFDO�V\QFKURQL]DWLRQ��VSHHG�XS
$%675$&77KH� WUDQVLHQW� EHKDYLRU�� DFFXUDF\� DQG� HIILFLHQF\� RI� WKH6WDWLVWLFDO� 6\QFKURQL]DWLRQ� 0HWKRG� �660�� DUH� VWXGLHG� LQ� DSUDFWLFDOO\� LPSRUWDQW� FDVH�� �$Q� H[LVWLQJ� KLJK�VSHHG�QHWZRUN� �WZRLQWHUFRQQHFWHG� )'',� 5LQJV�� LV� VLPXODWHG� DFFXUDWHO\�� � 7KHWRSRORJ\��FDEOH�OHQJWKV�DQG�WKH�RIIHUHG�ORDG�LV�WDNHQ�IURP�WKH�UHDOV\VWHP���7KH�UHVXOWV�RI� WKH�VLPXODWLRQ�ZLWK�660�DUH�FRPSDUHG�WRWKH�UHVXOWV�RI�D�UHIHUHQFH�VLPXODWLRQ�ZLWKRXW�660���7KH�H[HFXWLRQWLPHV� RI� GLVWULEXWHG� DQG� QRQ�GLVWULEXWHG� VLPXODWLRQV� XVLQJ� 660DUH� FRPSDUHG� WR� WKH� H[HFXWLRQ� WLPH� RI� WKH� UHIHUHQFH� VLPXODWLRQ�ZLWKRXW� 660��� � 7KH� TXHVWLRQV� RI� LPSOHPHQWDWLRQ� RI� SDUDOOHOVLPXODWLRQ�ZLWK�WKH�KHOS�RI�660�DUH�DOVR�GLVFXVVHG���:H�FRQFOXGHWKDW�WKH�VLPXODWLRQ�ZLWK�660�LV�D�ELW�OHVV�DFFXUDWH�EXW�LW�IDFLOLWDWHVD� YHU\� HIILFLHQW� SDUDOOHO� VLPXODWLRQ�� ZKLFK� FDQ� EH� HDVLO\LPSOHPHQWHG�DQG�SURYLGHV�DQ�H[FHOOHQW�VSHHGXS�
,1752'8&7,21'LVFUHWH� HYHQW� VLPXODWLRQ� LV� D� SRZHUIXO� PHWKRG� LQ� WKHSHUIRUPDQFH� DQDO\VLV�RI� FRPPXQLFDWLRQ�QHWZRUNV�� GLJLWDO� FLUFXLWVDQG� FRPSXWHU� V\VWHPV�� � 7KH� VLPXODWLRQ� RI� ODUJH� DQG� FRPSOH[V\VWHPV�UHTXLUHV�D�ODUJH�DPRXQW�RI�PHPRU\�DQG�FRPSXWLQJ�SRZHUWKDW�LV�RIWHQ�DYDLODEOH�RQO\�RQ�D�VXSHUFRPSXWHU���(IIRUWV�ZHUH�PDGHWR�XVH� FOXVWHUV� RI�ZRUNVWDWLRQV� RU�PXOWLSURFHVVRU� V\VWHPV� LQVWHDGRI� VXSHUFRPSXWHUV�� DV� WKLV� ZRXOG� EH� PXFK� PRUH� FRVW� HIIHFWLYH�7KH�FRQYHQWLRQDO�V\QFKURQL]DWLRQ�PHWKRGV�IRU�SDUDOOHO�VLPXODWLRQ�H�J���FRQVHUYDWLYH��RSWLPLVWLF���)XMLPRWR�������XVH�HYHQW�E\�HYHQWV\QFKURQL]DWLRQ� DQG� WKH\� DUH� XQIRUWXQDWHO\� QRW� DSSOLFDEOH� WR� DOOFDVHV��RU�GR�QRW�SURYLGH�WKH�GHVLUDEOH�VSHHGXS�� �7KH�FRQVHUYDWLYHPHWKRG� LV� HIILFLHQW� RQO\� LI� FHUWDLQ� VWULFW� FRQGLWLRQV� DUH�PHW�� � 7KHPRVW� SRSXODU� RSWLPLVWLF� PHWKRG� �7LPH� :DUS�� �-HIIHUVRQ� �����RIWHQ� SURGXFHV� H[FHVVLYH� UROOEDFNV� DQG� LQWHU�SURFHVVRUFRPPXQLFDWLRQ�

7KH�6WDWLVWLFDO�6\QFKURQL]DWLRQ�0HWKRG��660���3RQJRU������LV� D� SURPLVLQJ� DOWHUQDWLYH� WR� WKH� FRQYHQWLRQDO�PHWKRGV�� �$V�ZLWKRWKHU� SDUDOOHO� VLPXODWLRQ� PHWKRGV�� WKH� PRGHO� LV� GLYLGHG� LQWRVHJPHQWV�WKDW�W\SLFDOO\�H[HFXWH�RQ�VHSDUDWH�SURFHVVRUV��EXW�XQOLNHRWKHU� PHWKRGV�� 660� GRHV� QRW� H[FKDQJH� LQGLYLGXDO� PHVVDJHVEHWZHHQ�WKH�VHJPHQWV�EXW�UDWKHU�WKH�VWDWLVWLFDO�FKDUDFWHULVWLFV�RI�WKHPHVVDJH�IORZ���$FWXDO�PHVVDJHV�DUH�UHJHQHUDWHG�IURP�WKH�VWDWLVWLFVDW�WKH�UHFHLYLQJ�VLGH���)XUWKHU�H[SODQDWLRQ�ZLOO�EH�JLYHQ�ODWHU�

660�FODLPV�WR�EH�OHVV�VHQVLWLYH�WR�FRPPXQLFDWLRQ�GHOD\�DQG�LWUHTXLUHV� OHVV� QHWZRUN� EDQGZLGWK� WKDQ� HYHQW�E\�HYHQW� PHWKRGV�1HYHUWKHOHVV�� LW� LV� QRW� DFFXUDWH� LQ� WKH� VHQVH� WKDW� DQ� HYHQW� WKDWRFFXUUHG�LQ�RQH�VHJPHQW�RI�WKH�V\VWHP�GRHV�QRW�KDYH�DQ�LPPHGLDWHLQIOXHQFH�RQ�DQRWKHU�VHJPHQW���)RU�WKLV�UHDVRQ��WKH�PHWKRG�FDQQRWEH�DSSOLHG�LQ�VRPH�VLPXODWLRQV��IRU�H[DPSOH�LQ�WKH�FDVH�RI�GLJLWDOFLUFXLWV�EXW�UHPDLQV�IHDVLEOH�LQ�RWKHU�FODVVHV�RI�VLPXODWLRQ�VXFK�DVWKH�SHUIRUPDQFH�HVWLPDWLRQ�RI�FRPPXQLFDWLRQ�V\VWHPV�
7KH� WUDQVLHQW� EHKDYLRU� DQG� DFFXUDF\� RI� 660� ZHUH� DOUHDG\GHPRQVWUDWHG�LQ�DQ�HDUOLHU�SDSHU��/HQFVH���������7KLV�SDSHU�GHDOVZLWK� WKH� TXHVWLRQV� RI� SDUDOOHOLVDWLRQ� XVLQJ� 660� DQG� ZLWK� WKHHIILFLHQF\�RI�660���$V�660�XVHG�IRU�GLVWULEXWHG�VLPXODWLRQ�LQ�WKLVSDSHU�LV�VOLJKWO\�GLIIHUHQW�IURP�660�LQ�WKH�DERYH�PHQWLRQHG�SDSHU�VRPH� RI� WKH� HDUOLHU� H[SHULPHQWV� ZHUH� UHSHDWHG� WR� FKHFN� WKHWUDQVLHQW�EHKDYLRU�DQG�DFFXUDF\�RI�WKH�QHZ�660�
7KH� VLPXODWHG� V\VWHP� LV� DQ� )'',� QHWZRUN�� � )LUVW�� D� YHU\DFFXUDWH�QRQ�SDUDOOHO�VLPXODWLRQ�RI�WZR�LQWHUFRQQHFWHG�)'',�ULQJVLV�GRQH� WR�VHW�XS�D�UHIHUHQFH�� �2QH� ULQJ�FRQVLVWV�RI� VHYHUDO�)'',VWDWLRQV�LQWHUFRQQHFWHG�E\�ZLULQJ�FRQFHQWUDWRUV�DQG� WKH�RWKHU�RQHLV� D� VPDOOHU� ULQJ� RI� )'',� VWDWLRQV�� � 7KH� WRSRORJ\� DQG� WKH� FDEOHOHQJWKV� DUH� WDNHQ� IURP� D� UHDO� V\VWHP�� � 7KH� ORDG� LV� SURGXFHG� E\PHDVXUHPHQWV�� � 6HFRQG�� 660� LV� XVHG�EHWZHHQ� WKH� WZR� ULQJV� DQGWKH� UHVXOWV� DUH� FRPSDUHG� WR� WKH� FDVH�ZLWKRXW� XVLQJ� 660�� � 7KLUG�WKH� VLPXODWLRQ� LV� H[HFXWHG� LQ� SDUDOOHO� E\� RQH� SURFHVVRU�� WKHVLPXODWLRQ� RI� WKH� WZR� ULQJV� LV� GRQH� E\� FRRSHUDWLQJ� SURFHVVHV� RQWKH�VDPH�SURFHVVRU��660�LV�XVHG�EHWZHHQ�WKH�WZR�ULQJV��WKH�ORFDOYLUWXDO�WLPH�RI�WKH�WZR�SDUWV�RI�WKH�PRGHOO�LV�V\QFURQL]HG�E\�ORRVHV\QFKURQLVDWLRQ��VHH� ODWHU��� �)RXUWK�� WKH� VLPXODWLRQ� LV�H[HFXWHG� LQSDUDOOHO�E\�WZR�SURFHVVRUV���WKH�VLPXODWLRQ�RI�HDFK�ULQJV�UXQV�RQ�LWVRZQ� SURFHVVRU�� 660� DQG� ORRVH� V\QFKURQLVDWLRQ� LV� XVHG� EHWZHHQWKH� WZR� ULQJV�� � 7KH� H[HFXWLRQ� WLPHV� DUH�PHDVXUHG� LQ� WKH� �� FDVHVDQG�DUH�FRPSDUHG�
7KLV� WRSLF� ZDV� LGHQWLILHG� DV� EHLQJ� RI� LPSRUWDQFH� LQ� WKHHIILFLHQW� SDUDOOHOLVDWLRQ� RI� HYHQW�GULYHQ� GLVFUHWH� HYHQW� VLPXODWLRQIDFLOLWDWLQJ�UDSLG�DQG�HDV\�SDUDOOHO�LPSOHPHQWDWLRQ�
7KH� UHPDLQGHU� RI� WKLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ILUVW�� DEULHI� LQWURGXFWLRQ� WR� 660� LV� JLYHQ�� WKHQ� WKH� VLPXODWHG� V\VWHP� LVGHVFULEHG�� QH[W� WKH� VLPXODWLRQ� PRGHO� LV� GHILQHG�� DIWHUZDUGV� WKHTXHVWLRQV� RI� SDUDOOHOLVDWLRQ� DUH� FRQVLGHUHG� DQG� ILQDOO\�� WKHVLPXODWLRQ�UHVXOWV�DUH�SUHVHQWHG�DQG�GLVFXVVHG�

7+(�67$7,67,&$/�6<1&+521,6$7,21�0(7+2'$�VKRUW�VXPPDU\�RI�WKH�6WDWLVWLFDO�6\QFKURQL]DWLRQ�0HWKRG�LVJLYHQ�KHUH�



6LPLODUO\� WR� RWKHU�SDUDOOHO� GLVFUHWH� HYHQW� VLPXODWLRQ�PHWKRGV�WKH� PRGHO� WR� EH� VLPXODWHG� ��� ZKLFK� LV� PRUH� RU� OHVV� D� SUHFLVHUHSUHVHQWDWLRQ�RI�D� UHDO�V\VWHP���� LV�GLYLGHG�LQWR�VHJPHQWV��ZKHUHWKH� VHJPHQWV� XVXDOO\�GHVFULEH� WKH� EHKDYLRU� RI� IXQFWLRQDO�XQLWV� RIWKH� UHDO� V\VWHP�� � 7KH� FRPPXQLFDWLRQ� RI� WKH� VHJPHQWV� FDQ� EHUHSUHVHQWHG�E\�VHQGLQJ�DQG�UHFHLYLQJ�YDULRXV�PHVVDJHV���)RU�660�HDFK� VHJPHQW� LV� HTXLSSHG� ZLWK� RQH� RU� PRUH� LQSXW� DQG� RXWSXWLQWHUIDFHV�� �7KH�PHVVDJHV�JHQHUDWHG�LQ�D�JLYHQ�VHJPHQW�DQG� WR�EHSURFHVVHG�LQ�D�GLIIHUHQW� VHJPHQW�DUH�QRW� WUDQVPLWWHG�WKHUH�EXW� WKHRXWSXW�LQWHUIDFHV �2,)��FROOHFW�VWDWLVWLFDO�GDWD�RI�WKHP���7KH� LQSXWLQWHUIDFHV �,,)�� JHQHUDWH�PHVVDJHV� IRU� WKH� VHJPHQWV� DFFRUGLQJ� WRWKH� VWDWLVWLFDO� FKDUDFWHULVWLFV� RI� WKH� PHVVDJHV� FROOHFWHG� E\� WKHSURSHU�RXWSXW�LQWHUIDFHV����6HH�)LJ�����

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

)LJ������$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�VDPH�HIIHFWLQ�RWKHU�VHJPHQWV�DV�LQ�WKH�RULJLQDO�PRGHO���VR�WKH�UHVXOWV�FROOHFWHGGXULQJ� 660� DUH� QRW� H[DFW�� 7KH� SUHFLVLRQ� GHSHQGV� RQ� WKHSDUWLWLRQLQJ� RI� WKH�PRGHO�� RQ� WKH� DFFXUDF\�RI� VWDWLVWLFV� FROOHFWLRQDQG� UHJHQHUDWLRQ�� DQG�RQ� WKH� IUHTXHQF\�RI� WKH� VWDWLVWLFV� H[FKDQJHDPRQJ�WKH�SURFHVVRUV�

$GYDQWDJHV�RI�660660� KDV� WKH� IROORZLQJ� DGYDQWDJHV� FRPSDUHG� WR� WKH� RWKHU3'(6��3DUDOOHO�'LVFUHWH�(YHQW�6LPXODWLRQ��PHWKRGV�
x� UHTXLUHV�OHVV�QHWZRUN�EDQGZLGWKx� WROHUDWHV�FRPPXQLFDWLRQ�GHOD\�EHWWHUx� FDQ�EH�HDVLO\�LPSOHPHQWHGx� UHTXLUHV�OHVV�VXSSRUW�IURP�WKH�VLPXODWLRQ�NHUQHOx� PD\�SURGXFH�EHWWHU�VSHHGXS

$�IHDVLEOH�DSSURDFK�FDQ�EH�WKDW�RQH�LPSOHPHQWV�KLV�VLPXODWLRQDV�D�XQL�SURFHVVRU�YHUVLRQ�ILUVW���$IWHU�YHULILFDWLRQ��KH�UHSODFHV�WKHPHVVDJH�SDWKV�RQ�WKH�VHJPHQW�ERXQGDULHV�ZLWK�VWDWLVWLFDO�LQWHUIDFHSDLUV���+H�PD\�UXQ�WKH�VLPXODWLRQ�IDVW�RQ�D�FOXVWHU�RI�ZRUNVWDWLRQVDQG�SURGXFH�UHVXOWV�WKDW�DUH�SUREDEO\�OHVV�DFFXUDWH�WKDQ�WKRVH�WKDWFDQ� EH� DFKLHYHG� ZLWKRXW� 660� EXW� WKH\� FDQ� EH� SURGXFHG� PXFKIDVWHU� DQG� DUH� SUREDEO\� DSSOLFDEOH� IRU� WXQLQJ� WKH� PRGHO� RQ� WKHEDVLV�RI� WKHP�� �7KH� ILQDO� UHVXOWV�DUH� WR�EH�YHULILHG�ZLWK� WKH� XVXDO'(6�YHULILFDWLRQ�PHWKRGV�
7+(�6,08/$7('�6<67(07R� H[DPLQH� WKH� FKDUDFWHULVWLFV� RI� WKH� 660� LQ� D� SUDFWLFDOO\LPSRUWDQW� FDVH�� D� ZLGHO\� XVHG� FRPPXQLFDWLRQ� QHWZRUN�� )LEHU'LVWULEXWHG�'DWD�,QWHUIDFH�ZDV�FKRVHQ���)'',�LV�D�����0ESV�ILEHU

RSWLF�QHWZRUN�VWDQGDUG�� � �$16,�;��������������,W�KDV�D�GXDO�ULQJWRSRORJ\� WKDW� FDQ� EH� H[WHQGHG� E\�ZLULQJ� FRQFHQWUDWRUV�� � 7KH� VR�FDOOHG� 7LPHG�7RNHQ� DFFHVV� SURWRFRO� LV� DSSOLHG� IRU� PHGLD� DFFHVVFRQWURO�SXUSRVHV�
7KH� DLP� RI� WKLV� VLPXODWLRQ� VWXG\� ZDV� WR� H[DPLQH� 660� LQ� DUHDOLVWLF� VLPXODWLRQ�� VR� DOO� SRVVLEOH� HIIRUWV� ZHUH� PDGH� WR� XVH� DVLPXODWLRQ�PRGHO�WKDW�LV�YHU\�FORVH�WR�DQ�H[LVWLQJ�QHWZRUN�

EPHFLVFR�

EPHFLVFR�
EPHFLVFR�
EPHFLVFR�

EPHFRQF� EPHFRQF�
EPHFRQF�

EPHFRQF�

EPHEU� EPHEU�
&KDOOHQJH
JLEULGJH

ELJPDF *ROLDW
'HOILQ

EPHFRQF�
EPHEU� HWKVZ� HWKVZ� IL]LND�

1RUWKHUQ)'',5LQJ SURWRFRO�DQDO\]HU

)'',�5LQJ6RXWKHUQ
SURWRFRO�DQDO\]HU

[\SOH[ EPHFLVFR�

+HOLRV] EPHFLVFR� PKWEULGJH :DJQHU

 �ZLULQJ�FRQFHQWUDWRU�
 �))',�6WDWLRQ

/HJHQG�  �GRXEOH�DWWDFKPHQW�ZLULQJ��
 �VLQJOH�DWWDFKPHQW�ZLULQJ��

)LJ������)'',�EDFNERQH�RI�WKH�7HFKQLFDO�8QLYHUVLW\�RI�%XGDSHVW
7KH�)'',�EDFNERQH�RI� WKH�7HFKQLFDO�8QLYHUVLW\�RI�%XGDSHVWZDV� IRXQG� WR� EH� DSSURSULDWH�� � ,W� FRQVLVWV� RI� WZR� ULQJV�� 7KH1RUWKHUQ� 5LQJ� LV� D� XQLYHUVLW\�ZLGH� QHWZRUN� DQG� FRQVLVWV� RI� ��)'',� VWDWLRQV� LQWHUFRQQHFWHG� E\� �� ZLULQJ� FRQFHQWUDWRUV�� � 7KH6RXWKHUQ� 5LQJ� LV� WKH� EDFNERQH� RI� WKH� )DFXOW\� RI� (OHFWULFDO(QJLQHHULQJ� DQG� ,QIRUPDWLFV�� DQG� EHLQJ� VPDOOHU� ULQJ� RI� �� )'',VWDWLRQV���7KH�WRSRORJ\�RI�WKH�QHWZRUN�DQG�WKH�FDEOH�OHQJWKV�ZHUHWDNHQ�IURP�WKH�UHDO�V\VWHP��)LJ���� VKRZV�WKH�WRSRORJ\�RI�WKH�WZRLQWHUFRQQHFWHG�ULQJV�
7KH�WZR�ULQJV�DUH�LQWHUFRQQHFWHG�E\�WKH�EPHFLVFR��URXWHU�
7KH� ORDG� XVHG� LQ� WKH� VLPXODWLRQ� PRGHO� FDPH� IURPPHDVXUHPHQWV� WDNHQ� RQ� WKH� UHDO� ULQJV�� � %\� XVLQJ� D� SURWRFRO



DQDO\]HU��WKH�ILUVW����RFWHWV�RI�DOO�WKH�SDFNHWV�ZHUH�FRSLHG�IURP�WKHULQJ�DQG�WKH�SDFNHW�OHQJWKV��DUULYDO�WLPHV��DV�ZHOO�DV�WKH�DGGUHVVHVRI�WKH�VRXUFH�DQG�GHVWLQDWLRQ�VWDWLRQV�ZHUH�VWRUHG�
)URP� WKH� DERYH�GDWD��RQH� FDQ�SURGXFH� D� YHU\� GHWDLOHG� WUDIILFPDWUL[�7 >WLM@�ZKHUH� L DQG� M VWDQGV� IRU� WKH� VRXUFH� DQG�GHVWLQDWLRQVWDWLRQV�� UHVSHFWLYHO\� DQG� DOO� WKH� WLM HOHPHQWV� DUH� WZR�GLPHQVLRQDOGLVWULEXWLRQV� RI� WKH� SDFNHWV� IURP� VWDWLRQL WR� VWDWLRQM�� WKHGLPHQVLRQV�EHLQJ�SDFNHW�OHQJWK�DQG�LQWHU�DUULYDO�WLPH�

7+(�6,08/$7,21�02'(/:KDW�LV�0RGHOHG�IURP�WKH�)'',�1HWZRUN"7KH� SDUWV� RI� WKH� )'',� VWDQGDUG� WKDW� ZHUH� IRXQG� WR� EHLUUHOHYDQW� FRQFHUQLQJ� RXU� VLPXODWLRQ� DUH� QRW�PRGHOHG�� � )URP� WKHGXDO�ULQJ� WRSRORJ\��RQO\�WKH�SULPDU\�ULQJ� LV�PRGHOHG�EHFDXVH� WKHVHFRQGDU\�ULQJ�LV�QRW�XVHG�GXULQJ�QRUPDO�RSHUDWLRQ���$OO�WKH�)'',VWDWLRQV�FRQWDLQ�D�0HGLD�$FFHVV�&RQWURO �0$&��HQWLW\���,WV�QRUPDORSHUDWLRQ� �7LPHG�7RNHQ� 5LQJ� 3URWRFRO�� LV� VLPXODWHG� SUHFLVHO\�$OO� WKH� ULQJ� LQLWLDOL]DWLRQ� DQG� ULQJ� UHFRYHU\� PHFKDQLVPV� DUHRPLWWHG���$W�WKH�EHJLQQLQJ�RI�WKH�VLPXODWLRQ��WKH�RSHUDWLYH�YDOXH�RIWKH 7DUJHW�7RNHQ�5RWDWLRQ�7LPH �7B2SU�� LV� VHW� LQ�DOO� WKH� VWDWLRQVDQG�D�WRNHQ�LV�LQVHUWHG�LQWR�WKH�ULQJ�E\�D�FKRVHQ�VWDWLRQ���1R�HUURUVDUH� PRGHOHG� GXULQJ� WKH� RSHUDWLRQ� DV� QR� HUURUV� ZHUH� REVHUYHGGXULQJ�WKH�PHDVXUHPHQWV���7KH�H[DFW�ILEHU�OHQJWKV�EHWZHHQ�VWDWLRQVZHUH� WDNHQ� IURP� PHDVXUHPHQW� ORJERRNV�� � 7KH� YDOXH� RI� VWDWLRQODWHQF\ ZDV� WDNHQ�IURP� �0,/����������� �7KH�YDOXH�RI�7B2SU�ZDVTXHULHG� IURP� )'',� VWDWLRQV�� � 7KH� HIIHFW� RI� WKH� ZLULQJFRQFHQWUDWRUV�LV�PRGHOHG�E\�D�FRQVWDQW�GHOD\�
7KH�6LPXODWLRQ�(QYLURQPHQW7KH� VLPXODWLRQ�ZDV�SHUIRUPHG�XVLQJ� WKH�201H7���GLVFUHWH�HYHQW� VLPXODWRU�� � ,W� ZDV� GHYHORSHG� E\� $QGUiV� 9DUJD� DW� WKH7HFKQLFDO� 8QLYHUVLW\� RI� %XGDSHVW�� DQG� LV� IUHHO\� DYDLODEOH� IRUDFDGHPLF� SXUSRVHV�� � 5HDGHUV� LQWHUHVWHG� LQ� WKH� VLPXODWRU� VKRXOGUHIHU�WR�WKH�201H7���+RPH�3DJH��9DUJD��������

201H7��� PDNHV� LW� SRVVLEOH� WR� UXQ� WKH� VHJPHQWV� RI� WKHVLPXODWHG� V\VWHP� RQ� GLIIHUHQW� FRPSXWHUV�� � ,W� XVHV� 390� IRU� WKHFRPPXQLFDWLRQ�RI� WKH� VHJPHQWV�� �$OO� WKH� VHJPHQWV� DUH� VLPXODWHGVHSDUDWHO\� XVLQJ� WKHLU� RZQ� )XWXUH� (YHQW� 6HWV� �DOVR� FDOOHG� HYHQWTXHXH��� DQG� WKHLU� /RFDO� 9LUWXDO 7LPHV� �/97�� DUH� 127V\QFKURQL]HG��XQOHVV�WKH�XVHU�H[SOLFLWO\�DVNV�IRU�LW�
/RDG�0RGHOLQJ$V� LW� ZDV� PHQWLRQHG� EHIRUH�� WKH� 7 >WLM@� WUDIILF� PDWUL[� ZDVGHULYHG� IURP� WKH�PHDVXUHPHQWV� RQ� WKH� )'',� ULQJV�� � 7KLV�PDWUL[ZDV� REVHUYHG� DW� JLYHQ� SRLQWV� RI� WKH� ULQJV� ZKHUH� WKH� SURWRFRODQDO\]HU�ZDV�LQVHUWHG���7�LV�QRW�LGHQWLFDO�ZLWK� WKH�' >GLM@�GHPDQGPDWUL[��ZKHUH�GLM H[SUHVVHV�WKH�WZR�GLPHQVLRQDO��OHQJWK�DQG�LQWHU�DUULYDO�WLPH��GLVWULEXWLRQ�RI�VHQG�UHTXHVWV�DUULYLQJ�IURP�WKH�RXWVLGHZRUOG�DW�VWDWLRQL �DV�VRXUFH�VWDWLRQ��WR�EH�VHQW�WR�VWDWLRQM���:H�QHHGWR�XVH�'�IRU�ORDG�JHQHUDWLRQ�EXW�RQO\�7�FDQ�EH�HDVLO\�PHDVXUHG���,Q
 7KURXJKRXW� WKLV� SDSHU�� XQGHU� ³XVHU´� ZH�PHDQ� WKH� SHUVRQ�ZKRLPSOHPHQWV�WKH�VLPXODWLRQ�

�/HQFVH�������ZH�KDYH�DOUHDG\�VKRZQ�ZK\�RQH�FDQ�XVH�7�IRU�ORDGJHQHUDWLRQ�LQVWHDG�RI�'��WKRXJK�WKH\�DUH�QRW�LGHQWLFDO�PDWULFHV�
$V� WKH� DYHUDJH� XWLOL]DWLRQ� RI� WKH� REVHUYHG� )'',� QHWZRUN� LVEHORZ� ���� D� IDFWRU� FDOOHG� /RDG� 0XOWLSOLHU ZDV� LQWURGXFHG� WRVLPXODWH� KLJKHU� ORDG�� � 7KH� LQWHU�DUULYDO� WLPH� LV� GLYLGHG� E\� WKLVIDFWRU� VR� WKH� ORDG� EHFRPHV� /RDG� 0XOWLSOLHU� WLPHV� PRUH�� � %\FKDQJLQJ� WKH� YDOXH� RI� WKLV� IDFWRU�� WKH� ORDG� RI� WKH� V\VWHP� FDQ� EHHDVLO\�PRGLILHG��ZKLOH�WKH�QDWXUH�RI�WKH�WUDIILF�UHPDLQV�WKH�VDPH�

7UDIILF�%HWZHHQ�WKH�5LQJV7KH� WZR� ULQJV� DUH� LQWHUFRQQHFWHG� E\� D� URXWHU��ZKLFK� KDV� RQHSRUW�LQ�ERWK�ULQJV���,Q�WKH�VLPXODWLRQ�PRGHO�FDOOHG��ZLUHG���WKH�WZRURXWHU�SRUWV� DUH� LQWHUFRQQHFWHG� E\� �� ZLUHV�� � $OO� WKH� SDFNHWVGHVWLQHG� WR� WKH� URXWHU� LQ� RQH� ULQJ�ZLOO� EH� FDSWXUHG� E\� WKH� URXWHUSRUW�DQG�VHQW�WR�WKH�URXWHU�SRUW�FRQQHFWHG�WR�WKH�RWKHU�ULQJ���,Q�WKHPRGHO��WKDW�SRUW�KDV�WR�VHOHFW�D�GHVWLQDWLRQ�VWDWLRQ�UDQGRPO\�IRU�WKHSDFNHW� LQ� WKH�RWKHU� ULQJ��EHFDXVH� WKH�RULJLQDO� URXWLQJ� LQIRUPDWLRQZDV�QRW�FDSWXUHG�GXULQJ�WKH�WUDIILF�PHDVXUHPHQW���7KH�VHOHFWLRQ�LVGRQH� RQ� VWDWLVWLFDO� EDVLV� DQG� WKH� DOJRULWKP� FDQ� EH� IRXQG� LQ�/HQFVH��������
,Q�WKH�VLPXODWLRQ�PRGHOV�FDOOHG��660�&��DQG��660�7��WKH�WZRURXWHU�SRUWV�RSHUDWH� LQ� WKH� VDPH�ZD\� EXW� WKH\� DUH� LQWHUFRQQHFWHGWKURXJK�VWDWLVWLFDO�LQWHUIDFHV�

6WDWLVWLFDO�,QWHUIDFHV7KH�VWDWLVWLFDO�LQWHUIDFHV�RI�WKH�660�FRQVLVW�RI�RXWSXW�LQWHUIDFH�2,)�� DQG� LQSXW� LQWHUIDFH� �,,)�� SDLUV�� $Q� � 2,)� FDSWXUHV� WKHPHVVDJHV�� FROOHFWV� VWDWLVWLFV� DERXW� WKHP��DQG� LI� FHUWDLQ� FRQGLWLRQVDUH�PHW� LW� VHQGV� WKH� VWDWLVWLFV� WR� WKH� FRUUHVSRQGLQJ� ,,)�� � 7KH� ,,)JHQHUDWHV�PHVVDJHV�RQ� WKH� EDVLV� RI� WKH� VWDWLVWLFV� LW� UHFHLYHG� IURPWKH�FRUUHVSRQGLQJ�2,)�
7KH� FRQGLWLRQ� WKDW� WULJJHUV� WKH� 2,)� WR� VHQG� WKH� FROOHFWHGVWDWLVWLFV� VKRXOG� EH� FKRVHQ� E\� WKH� XVHU�� � ,Q� WKH� HDUOLHU� SDSHU�/HQFVH� ������� WKH� FRXQWHU� GULYHQ� DSSURDFK� ZDV� XVHG�� � 7KLV� LVFDOOHG� 660�&�� � ,Q� 660�&� WKH� WUDQVPLVVLRQ� RI� WKH� VWDWLVWLFV� LVFRQWUROOHG�E\�WKH�VR�FDOOHG�XSGDWH�WKUHVKROG �87��SDUDPHWHU���7KH2,)�FRXQWV�WKH�FDSWXUHG�PHVVDJHV�DQG� LI� WKH�FRXQWHU� UHDFKHV�87�WKH� 2,)� VHQGV� WKH� FROOHFWHG� VWDWLVWLFV� WR� WKH� DSSURSULDWH� ,,)� DQGDOVR� UHVWDUWV� LWV� RZQ� VWDWLVWLFV� FROOHFWLRQ�� � ,Q� WKLV� ZD\�� ZKHQ� WKH2,)� VHQGV� LWV� VWDWLVWLFV� WKH\� DUH� DOUHDG\� EDVHG� RQ� HQRXJKREVHUYDWLRQV� WR� DFKLHYH� WKH� UHTXLUHG� DFFXUDF\�� EXW� WKLV� PHWKRGPD\�SURGXFH�ORQJ�WUDQVLHQW�LI�WKH�UDWH�RI�PHVVDJH�DUULYDO�WR�WKH�2,)LV�ORZ�
:H� KDYH� DOUHDG\� PHQWLRQHG� WKDW� 201H7��� VXSSRUWV� WKHV\QFKURQL]DWLRQ�RI�WKH�/97¶V�RI�WKH�VHJPHQWV�LI�WKH�YLUWXDO�WLPH�RIWKH�UHTXLUHG�V\QFKURQL]DWLRQ�LV�NQRZQ�LQ�DGYDQFH��8QIRUWXQDWHO\�LW� LV� QRW� NQRZQ� LQ� DGYDQFH�� DW� ZKDW� /97� DQ� 2,)� ZLOO� ILQLVKFROOHFWLQJ�87�QXPEHU�RI�VDPSOHV���)RU�WKLV�UHDVRQ��WKH�WLPH�GULYHQDSSURDFK�LV�XVHG�LQ�WKLV�SDSHU�� �7KLV� LV�FDOOHG�660�7�� � ,Q�660�7WKH�2,)�VHQGV� LWV�VWDWLVWLFV�DIWHU�DQ�XSGDWH�LQWHUYDO �8,��/97�KDVEHHQ�HODSVHG���8VLQJ�WKLV�VHFRQG�PHWKRG��WKH�/97�RI�WKH�VWDWLVWLFVVHQGLQJ� LV� SUHGLFWDEOH� EXW� WKH� DFFXUDF\� RI� WKH� VWDWLVWLFV� LV� QRWHQVXUHG���)RU�WKH�ODWWHU��WKH�2,)�GRHV�QRW�GHOHWH�LWV�VWDWLVWLFV�DW�WKHWLPH�RI�VWDWLVWLFV�VHQGLQJ�DXWRPDWLFDOO\�� �7KH� XVHU�PXVW� H[SOLFLWO\VSHFLI\��ZKHQ�WKH�VWDWLVWLFV�FROOHFWLRQ�VKRXOG�EH�UHVWDUWHG�



'XULQJ�WKH�VLPXODWLRQ�� WKH�OHQJWK�DQG�WKH�LQWHU�DUULYDO�WLPH�RIWKH�PHVVDJHV�DUH�REVHUYHG�E\�WKH�2,)¶V�DQG�WKH�FROOHFWHG�VWDWLVWLFV�KLVWRJUDPV��DUH�VHQW�WR�WKH�DSSURSULDWH�,,)¶V��7KH�,,)¶V�UH�JHQHUDWHWKH�WUDIILF�RQ�WKH�EDVLV�RI�WKH�VWDWLVWLFV�
48(67,216�2)�3$5$//(/,6$7,213DUWLWLRQLQJ�RI�WKH�0RGHO3DUWLWLRQLQJ� LV� DOZD\V� DQ� LPSRUWDQW� TXHVWLRQ� LQ� SDUDOOHOGLVFUHWH�HYHQW�VLPXODWLRQ���7KH�TXHVWLRQ�LV�HYHQ�PRUH�FULWLFDO�LI�ZHXVH�660�EHWZHHQ�WKH�VHJPHQWV���660�PD\�EH�XVHG�RQO\�DW�SRLQWV�ZKHUH� QRW� WKH� LQGLYLGXDO� PHVVDJHV� EXW� RQO\� WKH� VWDWLVWLFDOFKDUDFWHULVWLFV� RI� WKH� PHVVDJH� IORZ� DUH� LPSRUWDQW�� � ,Q� RXUVLPXODWLRQ�PRGHO�� WKHUH� LV�RQO\�RQH�SRLQW�ZKHUH� WKLV�FRQGLWLRQ� LVVDWLVILHG��WKH�FRQQHFWLRQ�EHWZHHQ�WKH�WZR�ULQJV���7KH�LQVHUWLRQ�RI�DVWDWLVWLFDO� LQWHUIDFH� SDLU� LQWR� DQ� )'',� ULQJ� ZRXOG� UHVXOW� LQ� WKHYLRODWLRQ�RI�WKH�PHGLD�DFFHVV�FRQWURO�SURWRFRO�RI�WKH�ULQJ�
'LYHUVH�/RFDO�9LUWXDO�7LPHV660� HOLPLQDWHV� WKH� QHHG� IRU� HYHQW�E\�HYHQW� V\QFKURQL]DWLRQRI�WKH�VHJPHQWV���,Q�WKLV�ZD\��LI�WKH�V\VWHP�LV�VLPXODWHG�GLVWULEXWHG�LQ�PXOWLSOH�SURFHVVHV��HLWKHU�RQ�WKH�VDPH�SURFHVVRU��RU�RQ�PXOWLSOHRQHV��WKHQ�HDFK�VHJPHQW�KDV�LWV�RZQ�HYHQW�TXHXH��DQG� WKH�/97¶VRI�WKH�VHJPHQWV�PD\�EH�GLIIHUHQW�� � �3RQJRU������� �7KLV�DSSURDFKXVHV�660�&��WKH�FRXQWHU�GULYHQ�YHUVLRQ�RI�660�
/RRVH�6\QFKURQL]DWLRQ,W�LV�PDQ\�WLPHV�H[SHFWHG��WKDW�WKH�/97¶V�RI�WKH�VHJPHQWV�PHHWDW�FHUWDLQ�SRLQWV�RI�WLPH���)RU�H[DPSOH��LI�D�SDUDPHWHU�LV�FKDQJHG�LQVHJPHQW�$�DW�W���LWV�HIIHFW�VKRXOG�UHDFK�VHJPHQW�%�QRW�HDUOLHU�WKDQW� DQG�QRW�ODWHU�WKDQ�W��'W��ZKHUH�'W�LV�DQ�DOORZHG�WLPH�LQWHUYDO�IRUWKH� WUDQVLHQW�� �7KLV� UHTXLUHPHQW� FDQ�EH� VDWLVILHG�E\� WKH� IROORZLQJFRQVWUXFWLRQ�

/RRVH� V\QFKURQL]DWLRQ EHWZHHQ� VHJPHQW�$� DQG� VHJPHQW� %� LVGHILQHG�IRUPDOO\�DV�IROORZV�
/HW� W��� W��� W��� ���� WL�� ���� WQ EH� V\QFKURQL]DWLRQ� SRLQWV� RI� WLPH�/HW� W$ DQG� W% GHQRWH� WKH� /97¶V� RI� VHJPHQW� $� DQG� VHJPHQW� %�UHVSHFWLYHO\�6HJPHQW�$�DQG�VHJPHQW�%�DUH�ORRVHO\�V\QFKURQL]HG�LI�
��W$ ��WL�����W% d�WL�������W$ !�WL�����W% t�WL�����L� �������������Q�7KH� ORRVH� V\QFKURQL]DWLRQ� RI� WKH� WZR� VHJPHQWV� PHDQV� WKDWQRQH�RI�WKHP�PD\�OHDYH�DQ\�V\QFKURQL]DWLRQ�SRLQW�RI�WLPH��WL��XQWLOWKH�RWKHU�RQH�UHDFKHG�LW�

,Q� WL WKH� VHJPHQWV�$� DQG� %�PD\� H[FKDQJH� WKH� VWDWLVWLFV� WKH\KDYH�FROOHFWHG�EHIRUH� WL DQG� WKH\�PD\�XVH�WKH�QHZ�RQHV�LQ� WKH� >WL�WL��@� WLPH� LQWHUYDO�� � :LWK� WKH� DSSURSULDWH� FKRLFH� RI� WKH� WLV\QFKURQL]DWLRQ� SRLQWV� RI� WLPH�� LW� LV� HQVXUHG� WKDW� WKH� HIIHFW� RI� DFKDQJH�LQ�VHJPHQW�$�LQ�W� ZLOO�UHDFK�VHJPHQW�%�DW�WKH�HDULHVW�DW�W�DQG� DW� WKH� ODWHVW� DW� W��'W�� � ,Q� WKLV� SDSHU�� ZH� XVH� ORRVHV\QFKURQL]DWLRQ�ZKHUH�WL L8,��8,�EHLQJ�WKH�XSGDWH�LQWHUYDO���7KLVDSSURDFK�XVHV�660�7��WKH�WLPH�GULYHQ�YHUVLRQ�RI�660���7KH�JUHDWDGYDQWDJH�RI�WKH�ORRVH�V\QFKURQL]DWLRQ�DQG�660�7�RYHU�WKH�HYHQWE\� HYHQW� V\QFKURQL]DWLRQ� LV� WKDW� WKH� VHJPHQWV� PD\� EH� VLPXODWHGLQGHSHQGHQWO\�EHWZHHQ�WKH�WL�V\QFKURQL]DWLRQ�SRLQWV�RI�WLPH�

7KH� VLPXODWLRQ� WRRO�� 201H7��� VXSSRUWV� WKH� ORRVHV\QFKURQL]DWLRQ�LQ�WKH�IROORZLQJ�ZD\���,I�6HJPHQW�$ ZDQWV�WR�VHQGD�PHVVDJH�WR�6HJPHQW�% DW�/97�W� WKHQ�6HJPHQW�$�VKRXOG�DVN�WKHVLPXODWRU�QRW�WR�OHW�WKH�/97�RI�6HJPHQW�%�SDVV�W� XQWLO�LW�UHFHLYHGD�PHVVDJH�IURP�6HJPHQW�$���,Q�WKLV�ZD\�� WKH�FDXVDOLW\� LV�HQVXUHGDQG�QR�UROOEDFN�LV�QHFHVVDU\���7KLV�LV�D�VR�FDOOHG��XQL�GLUHFWLRQDO�V\QFKURQL]DWLRQ�� ,I�ERWK�VHJPHQWV� DVN� IRU� V\QFKURQL]DWLRQ� IRU� WKHVDPH�/97��WKHQ�WKH�/97¶V�RI�WKH�WZR�VHJPHQWV�ZLOO�UHDOO\�PHHW�
6,08/$7,21�5(68/767\SHV�RI�7UDQVLHQWV�&DXVHG�E\�WKH�6607KH� DLP� RI� RXU� ILUVW� VLPXODWLRQ� H[SHULPHQWV� ZDV� WR� H[DPLQHWKH�WUDQVLHQW�EHKDYLRU�RI�660���)LUVW��WR�VHW�XS�D�UHIHUHQFH��WKH�WZRULQJV� ZHUH� LQWHUFRQQHFWHG� ZLWK� ZLUHV�� � 6HFRQG�� WKH� ZLUHV� ZHUHUHSODFHG�ZLWK� WKH� VWDWLVWLFDO� LQWHUIDFHV�RI�660�&�� �7KLUG�� 660�7ZDV� XVHG� EHWZHHQ� WKH� WZR� ULQJV�� � :LWK� WKH� KHOS� RI� WKH� /RDG0XOWLSOLHU�IDFWRU��WKH�RIIHUHG�ORDG�RI�WKH 1RUWKHUQ�5LQJ�ZDV�UDLVHGE\�D�IDFWRU�RI���DW� W� � V��/97��DQG� LW�ZDV�VHW�EDFN�WR� LWV�RULJLQDOYDOXH�DW�W� �V���7KH�VWDWLVWLFV�FROOHFWLRQ�RI�WKH�RXWSXW�LQWHUIDFHV�RI660�7�ZDV� UHVWDUWHG�DW� W� DQG� W��� �:H�REVHUYHG� WKH� XWLOLVDWLRQ� LQERWK� ULQJV� DQG� FDOFXODWHG� WKH� DYHUDJH� LQ� HDFK� ��� PV� �/97�ZLQGRZ�DQG�SORWWHG�DV�D�IXQFWLRQ�RI�WLPH�
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15BZLUHG
15B660�&��87 ���

65BZLUHG15B660�7��8, ���PV 65B660�&��87 ���
65B660�7��8, ���PV

)LJ������7UDQVLHQW�EHKDYLRXU��WKH�ORDG�FKDQJHV
)LJ���� VKRZV�WKH�DYHUDJH�RI����VLPXODWLRQ�UXQV�ZLWK�GLIIHUHQWVHHGV� IRU� WKH� UDQGRP� QXPEHU� JHQHUDWRU�� � 7KH� DYHUDJLQJ� RI� WKHUHVXOWV� RI� PXOWLSOH� UXQV� ZDV� QHFHVVDU\� EHFDXVH� WKHUH� ZHUH� WRRPDQ\�IOXFWXDWLRQV����WKH����PV�ZLQGRZ�VL]H�FRXOG�QRW�EH�LQFUHDVHGEHFDXVH�WKH�WUDQVLHQWV�ZRXOG�KDYH�GLVDSSHDUHG�
7KH� FXUYH� WLWOHG� �15BZLUHG�� VKRZV� WKH� XWLOL]DWLRQ� RI� WKH1RUWKHUQ�ULQJ�LQ�WKH�FDVH�ZKHQ�WKH�WZR�ULQJV�DUH�LQWHUFRQQHFWHG�E\ZLUHV� DQG� VHUYHV� DV� D� UHIHUHQFH�� � �15B660�&� 87 ����� DQG�15B660�7� 8, ���PV�� VKRZ� WKH� XWLOL]DWLRQ� RI� WKH� 1RUWKHUQ5LQJ� LQ� WKH� FDVH� ZKHQ� XVLQJ� 660�&� DQG� 660�7�� UHVSHFWLYHO\�7KH�PHDQLQJV�RI�WKH�FXUYH�WLWOHV�DUH�VLPLODU�IRU�WKH�6RXWKHUQ�5LQJ�65��
7ZR� W\SHV� RI� WUDQVLHQWV� FDQ� EH� REVHUYHG� LQ� WKH� JUDSK�� � 7KHLQLWLDO� WUDQVLHQW LV� FDXVHG� E\� WKH� VWDWLVWLFDO� LQWHUIDFHV� RQO\�� � DFHUWDLQ� SURSRUWLRQ� RI� WKH� ORDG� RI� WKH� ULQJV� FRPHV� IURP� WKH� RWKHUULQJ��DQG� WKH�2,)� �� ,,)�SDLU�QHHGV� VRPH�WLPH� WR� FROOHFW� VWDWLVWLFV�7KLV� WLPH� �DQG� LQ� WKLV� ZD\� WKH� OHQJWK� RI� WKH� LQLWLDO� WUDQVLHQW�



GHSHQGV�RQ� WKH� UDWH�RI�SDFNHWV� DUULYLQJ� WR� WKH�2,)� LQ� WKH� FDVH�RI660�&�� � 7KLV� GLIIHUHQFH� FDQ� EH� REVHUYHG� LQ� WKH� JUDSK�� WKH6RXWKHUQ�5LQJ�KDV�ORQJHU�LQLWLDO�WUDQVLHQW�WKHQ�WKH�1RUWKHUQ�5LQJ�,Q�WKH�FDVH�RI�660�7�WKH�OHQJWK�RI�WKH�LQLWLDO�WUDQVLHQW�GHSHQGV�RQWKH�8,�SDUDPHWHU�RQO\�DQG�IRU� WKLV�UHDVRQ�LW� LV�RI�HTXDO�OHQJWK�IRUERWK�ULQJV�� �:KHQ� WKH� ORDG�RI� WKH� ULQJV� LV�FKDQJHG�� WKH� VWDWLVWLFDOLQWHUIDFHV�QHHG�VRPH�WLPH�WR�FROOHFW� QHZ�VWDWLVWLFV�� LQ� WKLV�ZD\� LIWKHUH�LV�D�WUDQVLHQW�LQ�WKH�VLPXODWHG�V\VWHP��660�SURGXFHV�IXUWKHUWUDQVLHQW�� � /HW� XV� VHH� WKH� JUDSK� DJDLQ�� DW� W� 15B660�&� DQG15B660�7� ULVH� ZLWK� 15BZLUHG�� EHFDXVH� WKH� ORDG� IURP� WKH6RXWKHUQ�5LQJ�WR�WKH�1RUWKHUQ�5LQJ�GRHV�QRW�FKDQJH���$IWHU�W� WKH,,)�RI� WKH�6RXWKHUQ�5LQJ� � VWLOO�JHQHUDWHV�SDFNHWV�DFFRUGLQJ� WR� WKHROG�VWDWLVWLFV��VR�65B660�&�DQG�65B660�7�GR�QRW�UDLVH�XQWLO�WKH,,)� JHWV� QHZ� VWDWLVWLFV�� � 7KH� VLWXDWLRQ� LV� VLPLODU� DIWHU� W� EXW� WKHWUDQVLHQW� RI� WKH� 660�&� LV� ORQJHU� WKDQ� DIWHU� W� EHFDXVH� WKH� 2,)VHQGV� WKH� VWDWLVWLFV� DIWHU� WKH� DUULYLDO� RI� HYHU\� 87�WK� SDFNHWV� DQGDIWHU�W� WKH�ORDG�LQ�WKH�1RUWKHUQ�5LQJ�LV�VLJQLILFDQWO\�OHVV�WKH�DIWHUW����$JDLQ��WKH�OHQJWK�RI�WKH�WUDQVLHQW�FDXVHG�E\�660�7�LV�HTXDO�WR8,�
$� GUDZEDFN�RI� 660�7� LV� WKDW� WKH�2,)� FDQ� QRW� DXWRPDWLFDOO\GHOHWH�LWV�VWDWLVWLFV�DIWHU�VHQGLQJ�WKHP�EHFDXVH�LW�KDV�WR�EH�HQVXUHGWKDW� WKH� VWDWLVWLFV� FROOHFWHG� E\� WKH� 2,)� DUH� EDVHG� RQ� HQRXJKREVHUYDWLRQV���,Q�WKH�SUHVHQW�LPSOHPHQWDWLRQ�RI�WKH�2,)�RI�660�7LW� LV� WKH� UHVSRQVLELOLW\� RI� WKH� XVHU� WR� H[SOLFLWO\� VSHFLI\�ZKHQ� WKHVWDWLVWLFV� FROOHFWLRQ� RI� WKH�2,)� KDV� WR� EH� UHVWDUWHG�� � $V� LW� FDQ� EHVHHQ�IURP�WKH�JUDSK�WKH�8, ���PV�LV�ODUJH�HQRXJK���15B660�&87 �����ULVHV�HDUOLHU�WKDQ��15B660�7�8, ���PV���WR�FROOHFW�WKHQHFHVVDU\� QXPEHU� RI� REVHUYDWLRQV�� �7KH� QHHGHG� WLPH� LQWHUYDO� IRUWKH�FROOHFWLRQ�RI�WKH�UHTXLUHG�QXPEHU�RI�REVHUYDWLRQV�LV�QRW�NQRZQLQ�JHQHUDO�EDFDXVH�LW�GHSHQGV�RQ�WKH�DUULYLDO�UDWH�RI�WKH�PHVVDJHV�2I�FRXUVH��LI�WKH�DUULYDO�UDWH�LV�PHDVXUHG�LQ�DGYDQFH��DQ�DSSURSULDWH8,�FDQ�EH�FKRRVHQ�DQG� WKHQ�WKH�2,)�PD\�GHOHWH� WKH�ROG�VWDWLVWLFVULJKW�DIWHU�VHQGLQJ�WKHP�

$FFXUDF\�RI�WKH�5HVXOWV$V� LW� ZDV� H[DPLQHG� LQ� �/HQFVH� ������� 660�&� SURGXFHVDFFHSWDEOH� UHVXOW�DFFXUDF\�� �660�7�LV�HYHQ�EHWWHU��DV� LWV�VWDWLVWLFVDUH�EDVHG�RQ�PRUH�DQG�PRUH�REVHUYDWLRQV�DV�WLPH�HODSVHV�EHFDXVHWKH� 2,)� GRHV� QRW� GHOHWH� WKH� ROG� VWDWLVWLFV�� � ,I� WKH� XVHU� WXQHV� WKHYDOXH�RI�WKH�8,�DQG�DVNV�IRU�WKH�GHOHWLRQ�RI�WKH�VWDWLVWLFV�DIWHU�HYHU\VHQGLQJ� RI� WKH� VWDWLVWLFV� WR� WKH� DSSURSULDWH� ,,)�� WKHQ� WKH� UHVXOWDFFXUDF\�ZLOO�GHSHQG�RQ�WKH�FKRLFH�RI�8,�
)LJ�� �� VKRZV� WKH� XWLOLVDWLRQ�RI� WKH� ULQJV� IRU� D� ORQJHU� SHULRG�7KH�YDOXH�RI�WKH�DYHUDJH�XWLOLVDWLRQ�LQ�WKH���V���V��LQWHUYDO�FDQ�EHVHHQ�LQ�EUDFNHWV�QH[W�WR�WKH�WLWOHV�RI�WKH�FXUYHV�
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15BZLUHG�����������
15B660�7��8,����PV�����������

65BZLUHG�����������
65B660�7��87 ��������������

)LJ������8WLOLVDWLRQ�RI�WKH�)'',�ULQJV�ZLWK�DQG�ZLWKRXW�660�7
(IILFLHQF\�RI�6607KH� PDLQ� DLP� RI� RXU� UHVHDUFK� LV� WR� VSHHG� XS� WKH� VLPXODWLRQZLWK� 660�� � 7KH� IROORZLQJ� �� VLPXODWLRQ� PRGHOV� ZHUH� H[HFXWHGXQWLO��V�YLUWXDO�WLPH�
��� 7KH� WZR�ULQJV�DUH�LQWHUFRQQHFWHG�E\�ZLUHV�� WKH�VLPXODWLRQ�RIWKH�ZKROH�QHWZRUN�LV�GRQH�E\�RQH�SURFHVV��WKHUH�LV�RQH�HYHQWTXHXH��WKH�/97¶V�RI�WKH�WZR�ULQJV�DUH�FRPPRQ�
��� 7KH� WZR� ULQJV� DUH� LQWHUFRQQHFWHG�E\� VWDWLVWLFDO� LQWHUIDFHV�RIW\SH�660�7��WKH�VLPXODWLRQ�RI�WKH�ZKROH�QHWZRUN�LV�GRQH�E\RQH�SURFHVV�� WKHUH�LV�RQH�HYHQW�TXHXH�� WKH�/97¶V�RI� WKH� WZRULQJV�DUH�FRPPRQ�
��� 7KH� WZR� ULQJV� DUH� LQWHUFRQQHFWHG� E\� VWDWLVWLFDO� LQWHUIDFHV� RIW\SH� 660�7�� WKH� VLPXODWLRQ� RI� WKH� ULQJV� LV� GRQH� E\� WZRVHSDUDWH�SURFHVVHV�KDYLQJ�WKHLU�RZQ�HYHQW�TXHXH��WKH�/97¶VRI� WKH� WZR� ULQJV� DUH� ORRVHO\� V\QFKURQL]HG�� � 7KH� WZRSURFHVVHV�DUH�H[HFXWHG�E\�WKH�VDPH�SURFHVVRU��XVLQJ�390�IRUFRPPXQLFDWLRQ�ZLWK�HDFK�RWKHU�
��� 7KH� WZR� ULQJV� DUH� LQWHUFRQQHFWHG� E\� VWDWLVWLFDO� LQWHUIDFHV� RIW\SH� 660�7�� WKH� VLPXODWLRQ� RI� WKH� HDFK� ULQJ� LV� GRQH� E\� DVHSDUDWH�SURFHVV�KDYLQJ�WKHLU�RZQ�HYHQW�TXHXH��WKH�/97¶V�RIWKH� WZR� ULQJV� DUH� ORRVHO\� V\QFKURQL]HG�� � (DFK� SURFHVV� LVH[HFXWHG� E\� LWV� RZQ� SURFHVVRU�� XVLQJ� 390� IRUFRPPXQLFDWLRQ�ZLWK�HDFK�RWKHU�

2I� FRXUVH�� WKH� UHVXOWV� SURGXFHG� E\� WKH� H[HFXWLRQ� RI� WKH� ��� �DQG� ��PRGHOV� DUH� FRPSOHWHO\� WKH� VDPH�� RQO\� WKH� H[HFXWLRQ� WLPHVGLIIHU�
$OO�WKH�H[SHULPHQWV�ZHUH�H[HFXWHG�RQ�3&V�ZLWK����0+]�,QWHO3HQWLXP�SURFHVVRUV����0%�5$0�����.%�FDFKH���,Q�PRGHO����WKHWZR�FRPSXWHUV�ZHUH�LQWHUFRQQHFWHG�E\�D�����0ESV�$70�QHWZRUN�7KH� SURFHVVHV� UDQ� XQGHU� /LQX[� RSHUDWLQJ� V\VWHP� �NHUQHO� YHUVLRQ��������DQG�ZHUH�FRPSLOHG�E\�JFF�Y����ZLWK�WKH���2���IODJ�RQ��IXOORSWLPL]DWLRQ����7KH�390�YHUVLRQ�ZDV�����
7KH� H[HFXWLRQ� WLPHV� ZHUH� PHDVXUHG� E\� WKH� 81,;� �WLPH�FRPPDQG�� WKH� VR� FDOOHG� ZDOO� FORFN� WLPHV� ZHUH� WDNHQ� LQWRFRQVLGHUDWLRQ����:DOO�FORFN�WLPH�PHDQV�WKH�SK\VLFDOO\�HODSVHG�WLPHLQ�WKH�UHDO�ZRUOG�IURP�WKH�VWDUW�WR�WKH�WHUPLQDWLRQ�RI�D�SURFHVV��
7DEOH� �� VKRZV� WKH� UHVXOWV�� � $V� LW� FDQ� EH� VHHQ�� QHLWKHU� WKHLQVHUWLRQ� RI� WKH� 660�7� LQWHUIDFHV� �PRGHO� ��� QRU� WKH� ORRVH



V\QFKURQL]DWLRQ� ZLWK� WKH� QHFHVVDU\� LQWHU�SURFHVV� FRPPXQLFDWLRQ�PRGHO���� FDXVHG� VLJQLILFDQW� RYHUKHDG�FRPSDUHG� WR� WKH� UHIHUHQFHVLPXODWLRQ��PRGHO������7KH�UHVXOWV�RI�PRGHO���VKRZ������DQG�����VSHHGXSV� FRPSDUHG� WR� WKH� UHVXOWV� RI�PRGHO� �� IRU� 8, ���PV� DQG8, ��PV�� UHVSHFWLYHO\�� �0RGHO� �� ZDV� H[HFXWHG� IRU� 8, �PV� WRRDQG�LWV�H[HFXWLRQ�WLPH�ZDV���PLQXWHV�DQG����VHFRQGV�UHVXOWLQJ�LQ�DVSHHGXS�RI��������7KLV�LV�DOVR�JRRG�EXW�8, �PV�SUREDEO\�ZLOO�QRWEH�XVHG�LQ�SUDFWLFH�EHLQJ� WRR� VPDOO� IRU� VWDWLVWLFV�FROOHFWLRQ�DV� WKHW\SLFDO�YDOXH�RI�WKH�7757��7DUJHW�7RNHQ�5RWDWLRQ�7LPH��RI�)'',LV�LQ�WKH�RUGHU�RI���PV�
2WKHU�2EVHUYDWLRQV'XULQJ� WKH� VLPXODWLRQ� H[SHULPHQWV� WZR� LQWHUHVWLQJREVHUYDWLRQV�ZHUH�PDGH�

7KH�)XWXUH�(YHQW�6HW�RI�WKH�201H7���VLPXODWRU�LV�VWRUHG�LQ�D�ELQDU\�� KHDS�� � :KHQ� OLQNHG� OLVW� ZDV� XVHG� LQVWHDG� RI� KHDS�� WKHIROORZLQJ�REVHUYDWLRQ�ZDV�PDGH���)LUVW��WKH�QHWZRUN�ZDV�VLPXODWHGLQ�RQH�SURFHVV�XVLQJ�660�7���$IWHUZDUGV��LW�ZDV�VLPXODWHG�LQ�WZRSURFHVVHV�UXQQLQJ�RQ� WKH�VDPH�SURFHVVRU�� �,Q� WKH�VHFRQG�FDVH� WKHH[HFXWLRQ�RI�WKH�VLPXODWLRQ�UHTXLUHG�����OHVV�ZDOO�FORFN�WLPH�WKDQLQ� WKH� ILUVW�FDVH�� � ,W� VRXQGV� VXUSULVLQJ�EXW� WKH�H[SODQDWLRQ� LV�YHU\VLPSOH���,Q�WKH�ILUVW�FDVH�WKH�DYHUDJH�VL]H�RI�WKH�)(6�ZDV������,Q�WKHGLVWULEXWHG�FDVH�WKH�DYHUDJH�VL]HV�RI�WKH�)(6
V�ZHUH����DQG����IRUWKH�1RUWKHUQ�5LQJ� DQG� IRU� WKH� 6RXWKHUQ�5LQJ�� UHVSHFWLYHO\�� �7KHQXPEHU� RI� DOO� WKH� VLPXODWLRQ� HYHQWV� WR� VFKHGXOH� ZDV� QHDUO\� WKHVDPH� LQ� WKH� WZR� FDVHV� EXW� LQ� WKH� VHFRQG� FDVH� WKH� OLQNHG� OLVWV�VWRULQJ�WKH�)(6��ZHUH�VKRUWHU�VR�LW�UHTXLUHG�IHZHU� LQVWUXFWLRQV�WRKDQGOH� WKHP�� � �(VSHFLDOO\� WKH� QXPEHU� RI� WKH� NH\� FRPSDULVRQVGRPLQDWHV��� �:KHQ�KHDS�ZDV�XVHG�IRU� LPSOHPHQWLQJ� WKH�)(6�� QRVXFK� NLQG� RI� VSHHGXS� ZDV� H[SHULHQFHG�� � 7KLV� REVHUYDWLRQ� LV� LQDFFRUGDQFH�ZLWK�WKH�WKHRUHWLFDO�UHVXOWV�LQ��/HQFVH�������
7KH�RWKHU�REVHUYDWLRQ� LV� WKH�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ� WKHORDG�RI� WKH�)'',� ULQJV�DQG� WKH�H[HFXWLRQ� WLPH�RI� WKH� VLPXODWLRQ�:KHQ� WKH� ORDG� RI� D� ULQJ� LV� VPDOO�� WKH� VWDWLRQV� DUH� UHSHDWLQJ� WKHWRNHQ� LQ� WKH�PDMRULW\�RI� WKH� WLPH��DV� WKH\�GR�QRW� KDYH�SDFNHWV� WRWUDQVPLW�� � 7KH� WRNHQ� LV� VKRUW�� VR� WKH� DYHUDJH� LQFUHPHQW� RI� WKHYLUWXDO� WLPH� SHU� HYHQW� LV� YHU\� ORZ�� � 7KH� VLPXODWLRQ� RI� DQ� HPSW\)'',�ULQJ� UHTXLUHV�PRUH�HYHQWV� �DQG� LQ� WKLV�ZD\�PRUH�H[HFXWLRQWLPH��WKDQ�D�KHDYLO\�ORDGHG�RQH���)RU�WKLV�UHDVRQ�WKH�)'',�PRGHOVXVHG� LQ� FRPPHUFLDO� VLPXODWRUV� GHWHFW� WKH� LGOH� VWDWH� RI� D� ULQJ� DQGXVH� WRNHQ� H[WUDFWLRQ� DQG� UHWUDQVPLVVLRQ� PHFKDQLVPV� �0,/� �������

&21&/86,217KH� WUDQVLHQW� EHKDYLRU� DQG� DFFXUDF\� RI� WKH� 6WDWLVWLFDO6\QFKURQL]DWLRQ� 0HWKRG� ZHUH� WHVWHG� DQG� FRPSDUHG� WR� WKHWUDGLWLRQDO�HYHQW�E\�HYHQW�V\QFKURQL]DWLRQ���7KH�VHOHFWHG�VLPXODWHGV\VWHP� ZDV� DQ� )'',� QHWZRUN�� � ,W� ZDV� IRXQG� WKDW� WKH� UHVXOWVSURGXFHG�E\�XVLQJ�660�7�DUH�FORVH�WR�WKH�UHVXOWV�RI�WKH�WUDGLWLRQDOVLPXODWLRQ�XVHG�DV�UHIHUHQFH�
$�VLPSOH�SDUDOOHOLVDWLRQ�PHWKRG�ZDV� SURSRVHG�ZLWK� WKH� ORRVHV\QFKURQL]DWLRQ� DQG� 660�7�� � 8VLQJ� WKLV� PHWKRG�� D� VSHHGXS� RI����� RU� ����� �GHSHQGLQJ� RQ� WKH� 8,� SDUDPHWHU� RI� 660�7�� ZDVDFKLHYHG� LQ� WKH� VLPXODWLRQ� RI� WZR� LQWHUFRQQHFWHG� )'',� ULQJV� E\WZR�QHWZRUNHG�FRPSXWHUV�

,W� ZDV� IRXQG� WKDW� LQ� VRPH� FDVHV� WKH� SDUDOOHO� VLPXODWLRQSURGXFHV�VSHHGXS�HYHQ�LI�WKH�SURFHVVHV�VLPXODWLQJ�WKH�SDUWV�RI�WKHV\VWHP�H[HFXWH�RQ�D�VLQJOH�SURFHVVRU�
:H�FRQFOXGH� WKDW�660�7�DQG� ORRVH�V\QFKURQL]DWLRQ�PDNHV� LWSRVVLEOH�WR�LPSOHPHQW�HIILFLHQW�SDUDOOHO�VLPXODWLRQ�RI�ODUJH�V\VWHPVRQ�FOXVWHUV�RI�ZRUNVWDWLRQV�RU�PXOWLSURFHVVRU�V\VWHPV�

0RGHO�QR� 8,� �����PV 8,� ����PV� ����� ���� ����� ���� ����� ���� ����
7DEOH�����([HFXWLRQ�WLPHV�RI�VLPXODWLRQ�PRGHOV�LQ�>PLQ�VHF@

5()(5(1&(6
$16,�;�������������)LEHU�'LVWULEXWHG�'DWD�,QWHUIDFH��)'',���7RNHQ�5LQJ0HGLD�$FFHVV�&RQWURO��0$&���$PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH�1HZ�<RUN��1<)XMLPRWR��5��0���������3DUDOOHO�'LVFUHWH�(YHQW�6LPXODWLRQ��&RPPXQLFDWLRQV�RI�WKH�$&0�����QR����������-HIIHUVRQ��'��%��%HFNPDQ��)��:LHODQG��/��%OXPH��0��'L/RUHWR��3�+RQWDODV��3��/DURFKH��.��6WXUGHYDQW��-��7XSPDQ��9��:DUUHQ��-��9HGHO��+�<RXQJHU�DQG�6��%HOOHQRW���������'LVWULEXWHG�6LPXODWLRQ�DQG�WKH�7LPH:DUS�2SHUDWLQJ�6\VWHP���3URFHHGLQJV�RI�WKH���WK�6,*236���6\PSRVLXPRQ�2SHUDWLQJ�6\VWHP�3ULQFLSOHV��SS��������/HQFVH��*���������,QYHVWLJDWLRQ�RI�(YHQW�6HW�$OJRULWKPV��3URFHHGLQJV�RIWKH������(XURSHDQ�6LPXODWLRQ�0XOWLFRQIHUHQFH��(60������3UDJXH��&]HFK5HSXEOLF��-XQH�������6&6�(XURSH��SS����������/HQFVH��*���������(IILFLHQW�VLPXODWLRQ�RI�ODUJH�V\VWHPV���7UDQVLHQW%HKDYLRXU�DQG�$FFXUDF\��3URFHHGLQJV�RI�WKH������(XURSHDQ�6LPXODWLRQ6\PSRVLXP��(66������3DVVDX��*HUPDQ\��2NW����������6&6�(XURSH��SS���������0,/����������231(7�([DPSOH�0RGHOV�0DQXDO��5HOHDVH�����&KDSWHU)'',��0,/����,QF�3RQJRU��*\���������6WDWLVWLFDO�6\QFKURQL]DWLRQ��D�'LIIHUHQW�$SSURDFK�RI3DUDOOHO�'LVFUHWH�(YHQW�6LPXODWLRQ���3URFHHGLQJV�RI�WKH������(XURSHDQ6LPXODWLRQ�6\PSRVLXP��(66������7KH�%ORFNKDXV��'UHVGHQ��*HUPDQ\�1RY��������6&6�(XURSH��SS����������3RQJRU��*\���������0XOWLSOH�9LUWXDO�7LPHV�LQ�3DUDOOHO�'LVFUHWH�(YHQW6LPXODWLRQ����3URFHHGLQJV�RI�WKH�3DUDOOHO�3URFHVVLQJ�:RNVKRS��7HFKQLFDO8QLY��RI�%XGDSHVW��%XGDSHVW��+XQJDU\��)HEU�����������5HTXHVW�SDSHU�IURPLWV�DXWKRU�E\�(�PDLO��3RQJRU#KLW�EPH�KX9DUJD��$��������7KH�201H7���+RPH�3DJHKWWS���ZZZ�KLW�EPH�KX�SKG�YDUJDD�RPQHWSS�KWP%,2*5$3+<
*iERU�/HQFVH ZDV�ERUQ�LQ�*\ôU��+XQJDU\��LQ��������+H�UHFHLYHG�KLV�0�6�LQ� HOHFWULFDO� HQJLQHHULQJ� DQG� FRPSXWHU� V\VWHPV� IURP� WKH� 7HFKQLFDO8QLYHUVLW\�RI�%XGDSHVW�LQ��������+H�LV�FXUUHQWO\�SXUVXLQJ�KLV�3K��'��DW�WKHVDPH� XQLYHUVLW\�� �7KH� DUHD�RI� KLV� UHVHDUFK� LV� FRPSXWHU� DUFKLWHFWXUHV� DQGSDUDOOHO�SURFHVVLQJ��+H�LV�LQWHUHVWHG�LQ��SDUDOOHO��GLVFUHWH�HYHQW�VLPXODWLRQ�


