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7KH�SDSHU�GLVFXVVHV�WKH�LPSOHPHQWDWLRQ�SUREOHPV�RI� WKH
3:/�PDFURVLPXODWLRQ� WHFKQLTXH� UHOHYDQW� WR� IXQFWLRQDO�
57/� OHYHO��3ULQFLSOHV�RI� WKH� DFWXDO� 3:/� DSSUR[LPDWLRQ
DOJRULWKP� DUH� EULHIO\� HODERUDWHG� ZLWK� UHVSHFW� WR� EDVLF
EXLOGLQJ� EORFNV� XVHG� IRU� V\QWKHVLV�� %DVHG� RQ� LW� WKH
DVSHFWV� RI� DQDORJ� PRGHOLQJ� LQ� 9+'/� HQYLURQPHQW� DUH
FRQVLGHUHG��'LIIHUHQW�DSSURDFKHV� WR�PRGHOLQJ�RI� VLPSOH
EORFNV� DQG� FRPSOH[� VWUXFWXUHV� LQFOXGLQJ� VRPH� KLJKHU
RUGHU� HIIHFWV�DUH�SUHVHQWHG��6SHFLDO�DWWHQWLRQ� LV�SDLG� WR
IHHGEDFN�ORRS�VWUXFWXUHV�WKDW�UHTXLUH�LWHUDWLRQV��,Q�PL[HG
$�'�PRGHOLQJ� WKH� VLJQDO� FRQYHUVLRQ� EHWZHHQ� 3:/� DQG
ORJLF�GRPDLQV�LV�HPSKDVL]HG�

���,QWURGXFWLRQ

6LQFH�WKH�DFWXDO�GHVLJQ�VWUDWHJLHV�IRU�,&V�DUH�KLHUDUFKLFDO�
DOVR� WKH� QHHG� RI� PL[HG� PRGHOLQJ� DW� KLJKHU� OHYHOV� RI
DEVWUDFWLRQ� EHJLQV� WR� HPHUJH�� %HVLGHV�� KLJKHU� OHYHO
PRGHOV� �H�J�� IXQFWLRQDO�OHYHO�� WHQG� WR� FRPSULVH� PRUH
VSHFLILFDWLRQV�� WR� SURYLGH� D� GHVLJQHU�ZLWK�PRUH� GHWDLOHG
YHULILFDWLRQ� UHVXOWV� SULRU� WR� VWHS� GRZQ� WR� ORZHU� GHVLJQ
OHYHOV�� ,Q� SDUWLFXODU�� WKH� SLHFH�ZLVH� OLQHDU� �3:/�
DSSURDFK� SURYHG� WR� EH� HIILFLHQW� LQ� WKH� IXQFWLRQDO�OHYHO
$�'�PDFURVLPXODWLRQ�>�@��,Q�WKLV�FDVH�IRU�DQDORJ�PRGHOV
XVXDOO\� LQHUWLDO� EXLOGLQJ� EORFNV� DUH� XVHG�� ZKHUHDV� WKH
GLJLWDO�XQLWV�DUH�PRGHOHG�PDLQO\�E\�D�ORJLFDO�GHVFULSWLRQ
LQFOXGLQJ�GHOD\�HIIHFWV��6LJQDOV�SURSDJDWLQJ�EHWZHHQ�WKH
DQDORJ� XQLWV� DUH� 3:/� ZDYHIRUPV�� DQG� ZKHQ� QHFHVVDU\
WKH\�DUH�FRQYHUWHG�WR�VWDQGDUG�ORJLF��DQG�YLFH�YHUVD��

,Q� RUGHU� WR� SXW� WKLV� DSSURDFK� LQWR� D� EURDGHU
SHUVSHFWLYH�� WKH� 9+'/� LPSOHPHQWDWLRQ� KDV� EHHQ
SHUIRUPHG� IRU� WKH� 3:/� WHFKQLTXH� >���@�� 7KH� GHYHORSHG
DQDORJ� PRGHOV�� DOWKRXJK� FRQWLQXRXV� LQ� QDWXUH�� DUH
YLHZHG� WKHUH� DV� GLVFUHWH� �LQ� WLPH�� VLPXODWLRQ� REMHFWV
EDVHG�RQ�WKH�XQLTXH�H[SOLFLW�IRUPXODV��$V�D�FRQVHTXHQFH�
WKH� VWDQGDUG� 9+'/� SURYLGHG� ZLWK� VRPH� PDWKHPDWLFDO
DQG� 3:/� IXQFWLRQ� SDFNDJHV� VKRZV� WR� EH� VXIILFLHQW� IRU
WKLV� SXUSRVH�� $SSDUHQWO\�� SULRU� WR� WKHVH� HIIRUWV�� VRPH
ZRUN�KDV�DOUHDG\�EHHQ�GRQH��KRZHYHU�LQ�RQO\�VLPSOH�DQG
WUDGLWLRQDO�DOJRULWKPV�KDYH�EHHQ�LPSOHPHQWHG�LQ�9+'/
>�@�

����3:/�6LPXODWLRQ�7HFKQLTXH

7ZR� PDLQ� LVVXHV�� PRGHOLQJ� DQG� VLJQDO� DSSUR[LPDWLRQ�
FRQVWLWXWH�WKH�3:/�DSSURDFK�WR�VLPXODWLRQ�RI�DQDORJ�DQG
PL[HG� $�'� XQLWV�� 7KH� 3:/� IXQFWLRQDO�OHYHO� PRGHOV
PDNH�XVH�RI�EDVLF�DOJHEUDLF�RSHUDWRUV�WR�FKDUDFWHUL]H�WKH
VWDWLF�EHKDYLRU��DQG�VLPSOH� LQHUWLDO� EORFNV�RU� LQWHJUDWRUV
�UHIHUUHG� WR� DV� WKH� EDVLF� EXLOGLQJ� EORFNV�� WR� PLPLF� WKH
WUDQVLHQW� HIIHFWV�� 7KH� UHTXLUHG� QRQOLQHDU� IXQFWLRQV� �H�J�
WR�PRGHO�VDWXUDWLRQ��DUH�UHSUHVHQWHG�LQ�3:/�IRUP�

$OO� WKH� DQDORJ� VLJQDOV� DUH� DVVXPHG� WR� EH� 3:/
ZDYHIRUPV� DV� ZHOO�� &OHDUO\�� ZKHQ� SURFHVVHG� E\� WKH
PHQWLRQHG�DERYH� VWDWLF� RSHUDWRUV� �ZLWK� WKH� H[FHSWLRQ� RI
PXOWLSOLFDWLRQ���WKH\�NHHS�WKHLU�3:/�IRUP��,Q�FRQWUDU\�WR
WKLV�� WKH� VPRRWK� ZDYHIRUPV� SURGXFHG� E\� WKH� G\QDPLF
EORFNV� RU� PXOWLSOLHUV� PXVW� EH� FRQYHUWHG� LQWR� WKH� 3:/
IRUP�� $� XQLTXH� QRQLWHUDWLYH� DSSUR[LPDWLRQ� SURFHGXUH
PD\�EH�XVHG�IRU�WKLV�SXUSRVH�

,Q� WKLV� ZD\� ZH� DYRLG� WKH� &38� LQWHQVLYH� WUDGLWLRQDO
DOJRULWKPV� XVHG� WR� VROYH� IRU� GLIIHUHQWLDO� HTXDWLRQV�
0RUHRYHU�� GXULQJ� VLPXODWLRQ� ZH� DUH� DEOH� WR� ZRUN� ZLWK
PXFK�ODUJHU�WLPH�VWHSV��DQG�DOZD\V�IROORZ�GLVFUHWH�SRLQWV
WKDW�VDWLVI\�WKH�RULJLQDO�VROXWLRQV�

$� ZLGH� FODVV� RI� DQDORJ� DQG� PL[HG� $�'� PRGHOV� KDV
EHHQ�VLPXODWHG�ZLWK�WKH�3:/�WHFKQLTXH�>�@�

���3:/�$QDORJ�0RGHOV�LQ�9+'/

7KH�SUHOLPLQDU\�PRGHOV��DLPHG�DW�YDOLGDWLRQ�RI�WKH�3:/
DSSURDFK�� KDYH� EHHQ� GHILQHG� DV� VWDQG� DORQH� EHKDYLRUDO
9+'/� REMHFWV��:H� KDYH� FRQWUROOHG� WKHP� ZLWK� D� VLQJOH
SURFHVV� ZLWKRXW� VHQVLWLYLW\� OLVW� XVLQJ� WKH� :$,7� )25
VWDWHPHQW�� ,W� KDV� EHHQ� IROORZHG� E\� WKH� YDULDEOH� 7VWHS�
FDOFXODWHG�ZLWK�WKH�3:/�DOJRULWKP��ZKLFK�VXVSHQGHG�WKH
H[HFXWLRQ�RI�WKH�SURFHVV�

+RZHYHU��ZKHQ�FUHDWLQJ�D�PRGHO�WKDW�FRQVLVWV�RI�PRUH
DQDORJ�EXLOGLQJ�EORFNV�WKLV�VLPSOH�FRQVWUXFWLRQ�IDLOV��,W�LV
EHFDXVH� WKH� EORFNV� XVXDOO\� SURGXFH� WKHLU� RZQ� 3:/
VHJPHQWV�� ZKLFK� DUH� RIWHQ� VKRUWHU� WKDQ� WKH� LQSXW� 3:/
VHJPHQWV�� 7R� FRSH�ZLWK� WKLV� SUREOHP�ZH� KDYH� VXSSOLHG
HDFK� EORFN�ZLWK� DQ� DGGLWLRQDO� VHOI�VWURELQJ�PHFKDQLVP�
ZKLFK� DOORZV� D�PXOWLSOH� H[HFXWLRQ� RI� WKH� SURFHVV� IRU� D
JLYHQ�LQSXW�VHJPHQW�� ,Q�RWKHU�ZRUGV�� WKH�SURFHVV�KDV� WR



EH�DFWLYDWHG�E\� WKH�VHQVLWLYLW\� OLVW�� DQG� WKH� HYHQWV�RI� WKH
VHOI�VWUREH� VLJQDO� KDYH� WR� EH� SURGXFHG�� ZKHQ� QHFHVVDU\
LQVLGH�WKH�PRGHO��$GGLWLRQDOO\�WKH�PRGHO�PXVW�EH��ZRNHQ
XS��E\�WKH�LQSXW�VLJQDO��$V�D�FRQVHTXHQFH��WKH�VHQVLWLYLW\
OLVW� FRPSULVHV� WKH� IROORZLQJ� VLJQDOV�� �,QSXW6ORSH�� 7HQG�
6HOI6WUREH���VR� WKDW� WKH�RUGHU�RI� WKH� HYHQWV� LV� FRQWUROOHG
E\�WKH�
GHOWD�WLPH
�PHFKDQLVP�

+LJKHU�RUGHU� HIIHFWV�� OLNH� WKH� VOHZ� UDWH� LQ� FDVH� RI� DQ
DPSOLILHU�PD\�EH�DOVR�PRGHOHG�XVLQJ�WKH�3:/�DSSURDFK�
)RU�WKLV�SXUSRVH�WKH�EHKDYLRUDO�VORSH�OLPLWLQJ�PHFKDQLVP
�6/0�� KDV� EHHQ� LQWURGXFHG�� ,W� EHJLQV� WR� DFW� QRW� XQWLO
VRPH� WKUHVKROG� YROWDJH� LV� FURVVHG� �DSSUR[�� ����P9� IRU
ELSRODU� LQSXW� VWDJH� DQG� ���� 9� IRU�026�� DQG� WKH� LQSXW
VORSH� H[FHHGV� WKH�SUHVFULEHG�YDOXH��7KH� LPSOHPHQWDWLRQ
RI�WKH�6/0�PHFKDQLVP�KDV�WR�DFFRXQW�IRU�WKH�VFKHGXOLQJ
RI�HYHQWV��DQG�ZKHQ�QHFHVVDU\�WR�UHGXFH�WKH�LQSXW�VLJQDO
VORSH��7KH�6/0�FDXVHV�WKH�HIIHFW�RI��WLPH�VKLIW���L�H��WKH
OHQJWK� RI� WKH� RULJLQDO� 3:/� VHJPHQW�PD\� EH� LQFUHDVHG�
7KH� VLPSOH� VLJQDO� DVVLJQPHQW�ZLWK�$)7(5� VWDWHPHQW� LV
QRW� VXIILFLHQW�� VLQFH� WKH� VLJQDO� GULYHU� PLJKW� RYHUORRN
VRPH�VLJQDO� WUDQVLWLRQV��7R�DYRLG� VXFK�HUURUV�ZH�KDG� WR
XVH� D� GLIIHUHQW� GHOD\� PRGHOLQJ� PHFKDQLVP� ZLWK
75$163257�VWDWHPHQW��VR�WKDW�DOO�HYHQWV�DUH�VFKHGXOHG
DQG� DVVLJQHG� WR� WKH� RXWSXWV� DW� WKH� SURSHU� WLPH� LQVWDQWV
�H�J���(QG2XW�� �75$163257�;DFWXDO�$)7(5�7VWHS��

:LWK�UHVSHFW�WR�WKH�IHHGEDFN�ORRSV��ZH�FDQ�GLVWLQJXLVK
WZR� FODVVHV� RI� DQDORJ� V\VWHPV�� 7KH� ILUVW� RQH� PD\� EH
UHIHUUHG� WR� DV� WKH� �VZLWFKLQJ� ORRS��� ZKHUH� IRU� D� JLYHQ
SRUWLRQ�RI�WLPH�RQO\�D�SDUW�RI�WKDW�ORRS�VWUXFWXUH�LV�DFWLYH�
8QOLNH� WKH� VZLWFKLQJ� ORRSV�� WKH� ORRSV� RI� DQDORJ� QDWXUH
WHQG� WR�EH� FORVHG� �WLJKW� IHHGEDFN���$SSDUHQWO\�� GLIIHUHQW
DSSURDFKHV� DUH� UHTXLUHG� WR�PRGHO� WKH� EHKDYLRU� RI� WKRVH
WZR�FODVVHV��:KLOH�WKH�VZLWFKLQJ�ORRS�PRGHOV�HPSOR\�WKH
W\SLFDO�IHDWXUHV�RI�WKH�3:/�PHFKDQLVP��WKH�DQDORJ�RQHV
XVXDOO\� QHHG� LWHUDWLRQV�� 7KH� LWHUDWLYH� DSSURDFK� KDV� D
VXEVWDQWLDO�LQIOXHQFH�RQ�WKH�PRGHOLQJ�WHFKQLTXH��%HFDXVH
RI�WKH�IHHGEDFNV�WKH�SURSHU�YDOXHV�RI�RXWSXW�VLJQDOV�KDYH
WR�EH� FDOFXODWHG�ZLWK� LWHUDWLRQV�� DQG�ZH� KDYH� WR� VWRS� LQ
VRPH� VHQVH� WKH� VLPXODWLRQ� FORFN� ��WR� IUHH]H� WKH� WLPH��
XQWLO� WKH� LWHUDWLRQV� DUH�EURXJKW� WR� FRQYHUJHQFH��7R�FRSH
ZLWK� WKLV� SUREOHP� ZH� HPSOR\� WKH� QDWXUDO� LWHUDWLRQV
�VXEVHTXHQW� GHOWD¶V� JHQHUDWLRQ�� EXLOW� LQWR� WKH� 9+'/
VLPXODWRU��8VXDOO\�RQO\�VHYHUDO�VWHSV�KDYH� WR�EH�GRQH� WR
FRPSOHWH�WKH�LWHUDWLYH�SURFHVV�

���0L[HG�$�'�6\VWHPV�

$� FRQQHFWLRQ� EHWZHHQ� WKH� DQDORJ� DQG� GLJLWDO� GRPDLQV
VHHPV� WR�EH� D� SDUWLFXODU� SUREOHP� LQ�PRGHOLQJ� RI�PL[HG
$�'�V\VWHPV��7KH�UHTXLUHG�LQWHUIDFH�LV�SURYLGHG�ZLWK�WKH
3:/�WR�ORJLF� DQG� ORJLF�WR�3:/� YLUWXDO� FRQYHUWHUV�� $W
OHDVW�D�IHZ�VROXWLRQV�PD\�EH�SURSRVHG�KHUH��7KH�VLPSOHVW
PRGHOV�RI�FRQYHUWHUV�DUH�EDVHG�RQ�WZR�ORJLFDO�OHYHOV�DQG
D� VLQJOH� 3:/� VHJPHQW� EHWZHHQ� WKHP�� 0RUH� DFFXUDWH

VROXWLRQV�WDNH�LQWR�DFFRXQW�VLJQDO�GHOD\V��GLIIHUHQW�ULVLQJ
DQG�IDOOLQJ�HGJHV��PXOWLYDOXHG�ORJLF�HWF��7RR�FRPSOLFDWHG
PRGHOV�PD\�EH�QRW�XVHIXO� LQ�SUDFWLFH��:H�KDYH� WR� DYRLG
WKH�VLWXDWLRQ�ZKHQ�WKH�XQNQRZQ�VWDWH�LV�JHQHUDWHG�E\�WKH
3:/�WR�ORJLF�FRQYHUWHU�GXULQJ�WKH�ULVLQJ�RU�IDOOLQJ�HGJH
RI� WKH� VLJQDO� �DQG� YLFH� YHUVD��� 7KLV� XQQHFHVVDULO\
SURGXFHG� VWDWH� WHQGV� WR� VSUHDG� WKURXJK� WKH� GLJLWDO� SDUW
DQG� PD\� DSSHDU� DW� WKH� DQDORJ� LQSXW�� $� WUDGH�RII� LV
UHFRPPHQGHG�LQ�WKLV�FDVH��WKH�FRQYHUWHU�ZLWK�WZR�ORJLFDO
OHYHOV�� ZKLFK�PRGHOV� LQHUWLDO� GHOD\� DQG� D� ULVLQJ�IDOOLQJ
HGJH�VHHPV�WR�EH�D�UHDVRQDEOH�VROXWLRQ�

���6XPPDU\

7KH� SLHFH�ZLVH� OLQHDU� DSSURDFK� WR� PRGHOLQJ� RI� DQDORJ
DQG� PL[HG� $�'� V\VWHPV� UHSUHVHQWHG� DW� WKH� IXQFWLRQDO
OHYHO�SURYHG�WR�EH�FRPSXWDWLRQDOO\�HIILFLHQW��$OVR�KLJKHU
RUGHU�HIIHFWV�� OLNH� FDSDFLWLYH�RXWSXW� ORDGLQJ�RU� VOHZ� UDWH
PD\� EH� DFFRXQWHG� IRU�� 7KH� LPSOHPHQWDWLRQ� RI� WKH
UHOHYDQW�PRGHOV�LQ�9+'/�HQYLURQPHQW�LV�IHDVLEOH�WKDQNV
WR�WKH�GLVFUHWH�QDWXUH�RI� WKH�3:/�VLJQDOV�� IRU�ZKLFK�WKH
VHJPHQW� ERXQGDULHV� PD\� EH� DVVXPHG� DV� VLPXODWLRQ
HYHQWV�� :H� KDYH� DGGUHVVHG� D� YDULHW\� RI� WKH
LPSOHPHQWDWLRQ� DVSHFWV�� 7KH� VLPSOH� SURFHVVHV� RI� WKH
LQGLYLGXDO� PRGHOV� KDYH� EHHQ� FRPSDUHG� ZLWK� WKH
FRPSRQHQW�SURFHVVHV�RI� FRPSOH[� VWUXFWXUHV� DFWLYDWHG� E\
WKH� LQSXW� VLJQDOV� DV� ZHOO� DV� WKH� VSHFLDO� VHOI�VWURELQJ
PHFKDQLVP��7KH�LPSOHPHQWDWLRQ�RI�WKH�QRQ�OLQHDU�HIIHFWV
KDV�EHHQ�H[HPSOLILHG�ZLWK�WKH�VORSH�OLPLWLQJ�PHFKDQLVP
XVHG�IRU�WKH�DPSOLILHU�PRGHO��)RU�WKH�WLJKW�IHHGEDFN�ORRSV
WKDW� UHTXLUH� LWHUDWLRQV� ZH� KDYH� SURSRVHG� WKH� PXOWL�
SURFHVV� DUFKLWHFWXUH� ZLWK� DQ� H[WUD� RXWSXW� SURFHVV
FRQWUROOLQJ� WKH� LWHUDWLRQV�� ,Q� FDVH�RI�PL[HG�$�'�PRGHOV
ZH� KDYH� HPSKDVL]HG� WKH� SUREOHP� RI� VLJQDO� FRQYHUVLRQ
EHWZHHQ� GLJLWDO� DQG� 3:/� GRPDLQV�� 7KH� DPELJXLW\
KDYLQJ� LWV� RULJLQ� LQ� XQNQRZQ� ORJLFDO� VWDWHV� PD\� EH
DYRLGHG�E\�PHDQV�RI�D�UHODWLYHO\�VLPSOH�FRQYHUWHU�PRGHO�
7KH�PL[HG�$�'�PRGHOLQJ� EDVHG� RQ� WKH� 3:/� WHFKQLTXH
SURYLGHG�ZLWK�WKRVH�YLUWXDO�FRQYHUWHUV�SURYHG�WR�EH�ZHOO
VXLWHG�WR�WKH�XQLILHG�9+'/�HQYLURQPHQW�
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>�@� -�' EURZVNL��$�3XáND��'LVFUHWH�$SSURDFK� WR� 3:/�$QDORJ
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