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$EVWUDFW�
'HYHORSPHQW� RI� HIIHFWLYH� WHFKQLTXHV� IRU� WKH� WDVN�GLVWULEXWLRQ� RQ� PXOWLSOH� SURFHVVRUV� RU� QRGHV� LV�FRQVLGHUHG� DV� RQH� RI� WKH� ELJJHVW� LVVXHV� LQ� SDUDOOHO�DQG�GLVWULEXWHG�RSHUDWLQJ�HQYLURQPHQWV��7KH�SXUSRVH�RI� ORDG� EDODQFLQJ� PHWKRGV� LV� WR� DVVLJQ� DUULYLQJ� RU�LQWHUQDOO\� JHQHUDWHG� WDVNV� RU� MREV� WR� SURFHVVLQJ�QRGHV�RI�D�GLVWULEXWHG�V\VWHP�LQ�D�ZD\�WKDW�SURYLGHV�WKH�KLJKHVW�V\VWHP�XWLOL]DWLRQ�DQG�PDLQWDLQV�IDLUQHVV��$ JUHDW�QXPEHU�RI�ORDG�EDODQFLQJ�PHWKRGV�KDV�EHHQ�GHYHORSHG��VR�IDU��(DFK�PHWKRG�GLVWLQJXLVKHV�LWVHOI�LQ�D EDVLF� SURSHUW\� OLNH� VFRSH� RI� DFWLYLW\� �ORFDO� YV��JOREDO��� FRRSHUDWLRQ� DPRQJ� QRGHV�� GLVWULEXWLRQ��SODFHV� ZKHUH� GHFLVLRQV� DUH� PDGH�� �GLVWULEXWHG� YV��FHQWUDOL]HG��DQG�RSWLPDOLW\��RSWLPDO�YV��VXE�RSWLPDO���,Q�RUGHU� WR�JHW� WKH�EHVW�SHUIRUPDQFH�DQG�FKRRVH� WKH�PHWKRG�WKDW�PHHWV�DSSOLFDWLRQ�UHTXLUHPHQWV��ILUVW�WKH�JURXS�RI�PHWKRGV��DQG�WKHQ�D�SDUWLFXODU�PHWKRG�KDYH�WR� EH� FKRVHQ� DFFRUGLQJ� WR� D� VSHFLDOO\� GHYHORSHG�SURFHGXUH�� 6XFK� DQ� DSSURDFK� KDV� WR� EH� WDNHQ�EHFDXVH� WKHUH� LV� DQ� HQWLUH� JURXS� RI� PHWKRGV� ZKLFK�VDWLVILHV�WKH�LQLWLDO�SURSRVHG�UHTXLUHPHQWV��
6HYHUDO� DSSURDFKHV� WR� ORDG� EDODQFLQJ� PHWKRGV�DVVHVVPHQW� KDYH� EHHQ� SUHVHQWHG� ZRUOGZLGH�� ,Q�DGGLWLRQ�� H[SHULPHQWV� ZLWK� GLIIHUHQW� DSSURDFKHV� WR�SHUIRUPDQFH�PHDVXUHPHQWV�KDYH�EHHQ�PDGH���
7KLV�DUWLFOH�GHDOV�ZLWK�DSSURDFKHV�WR�ORDG�EDODQFLQJ�PHWKRGV�DVVHVVPHQW�DQG�SDUDPHWHUV� WKDW�DUH� LQ�XVH��)LUVWO\�� ORDG� EDODQFLQJ� PHWKRGV� DUH� FDWHJRUL]HG�ZLWKLQ� D� WD[RQRP\�� 6XEVHTXHQWO\�� WKH� DUWLFOH� VKRZV�VRPH� DSSURDFKHV� WR� ORDG� EDODQFLQJ� PHWKRGV�FRPSDULVRQ� DQG� GHVFULEHV� WZR� ORDG� EDODQFLQJ�H[SHULPHQWV� �FRQGXFWHG� DW� )DFXOW\� RI� (OHFWULFDO�(QJLQHHULQJ� DQG� &RPSXWLQJ�� 8QLYHUVLW\� RI� =DJUHE���7ZR� GLIIHUHQW� DSSURDFKHV� WR� PHWKRG¶V� SHUIRUPDQFH�DVVHVVPHQW�DUH�DSSOLHG�� UHDO�WLPH�DQG�PDWKHPDWLFDO�VLPXODWLRQ�� 6RPH� DGYDQWDJHV� DQG� GUDZEDFNV� RI�VHOHFWHG� DSSURDFKHV� DUH� GLVFXVVHG�� )LQDOO\�� QHZ�SDUDPHWHUV�IRU�PHWKRG�DVVHVVPHQW�DUH�LQWURGXFHG��
�

��� ,QWURGXFWLRQ�
,Q� GLVWULEXWHG� V\VWHPV�� OLNH� WHOHFRPPXQLFDWLRQV�V\VWHPV�� LW� LV� YHU\� FRPPRQ� WR� KDYH� XQHTXDO�GLVWULEXWLRQ� RI� WDVNV� SHU� QRGH�� ,Q� WKDW� FDVH�� LW� LV�SRVVLEOH�WR�KDYH�RQH�RYHUZKHOPHG�QRGH�ZKLOH�DW�WKH�VDPH� WLPH� VHYHUDO� QRGHV� FDQ� EH� OLJKWO\� ORDGHG�� 7KH�UHDVRQV� IRU� VXFK� XQIDLU� WDVN� GLVWULEXWLRQ� PD\� OD\� LQ�EDG�V\VWHP�GHVLJQ��LQDFFXUDWH�SUHGLFWLRQ�RI�GHPDQGV�DQG� UHVSHFWLYH� FDSDFLW\�� RU� IOXFWXDWLRQV� LQ� UHTXHVW�LQFRPLQJ�UDWH��ZKLFK�PD\�EH�FDXVHG�E\�WKH�FKDQJH�LQ��WKH�QXPEHU�RI�XVHUV�RU� WKHLU� ORFDWLRQ���6LWXDWLRQ�ZLOO�UHVXOW� LQ� XQH[SHFWHG� GHOD\V� LQ� VHUYLFH� DFWLYLW\� DQG�DYDLODELOLW\� �RYHUZKHOPHG� QRGHV� ZLOO� SUREDEO\�H[SLULHQFH� SUREOHPV� ZLWK� VHUYLFLQJ� DOO� LQFRPLQJ�WDVNV���
7R� DYRLG� VLWXDWLRQ� GHVFULEHG� DERYH� ORDG� EDODQFLQJ�PHWKRGV� DUH� LQWURGXFHG�� 7KH� SXUSRVH� RI� ORDG�EDODQFLQJ� LV� WR� DVVLJQ� UHFHLYHG� WDVNV� WR� SURFHVVLQJ�QRGHV�LQ�D�ZD\�WKDW�HYHU\�QRGH�KDV�DSSUR[LPDWHO\�WKH�VDPH� DPRXQW� RI� WDVNV� WR� GR�� $GGLWLRQDOO\�� ORDG�EDODQFLQJ� PHWKRGV� LQGLUHFWO\� GHFUHDVH� WKH� V\VWHP¶V�UHVSRQVH�WLPH��
,PSOHPHQWDWLRQ�RI�WKH�ORDG�EDODQFLQJ�PHWKRGV�FDQ�EH�FRQVLGHUHG� DV� D� VROXWLRQ� WR� WKH� XQHYHQ� WDVN�GLVWULEXWLRQ� SUREOHP�� 6XFK� DQ� DSSURDFK� UHTXLUHV� WKH�VHOHFWLRQ�RI� DQ� DSSURSULDWH�JURXS�RI� WDVN� VFKHGXOLQJ�PHWKRGV�� :KLOH� WDVN� VFKHGXOLQJ� LQWURGXFHV� ORDG�EDODQFLQJ� DV� RQH� RI� LWV� VXE�FDWHJRULHV�� DOPRVW� WKH�HQWLUH�WD[RQRP\�FDQ�EH�DSSOLHG�WR�ORDG�EDODQFLQJ��
$ JURXS�RI� WDVN� VFKHGXOLQJ�PHWKRGV� LV� WR�EH�FKRVHQ�UHJDUGLQJ�WKH�PRVW�LPSRUWDQW�ZRUNLQJ�FKDUDFWHULVWLFV��6HFWLRQ� �� EULHIO\� GHVFULEHV� GLIIHUHQW� JURXSV� RI� WDVN�VFKHGXOLQJ�PHWKRGV��
6HOHFWLRQ� RI� D� SDUWLFXODU� ORDG� EDODQFLQJ� PHWKRG�VKRXOG�EH�PDGH�DIWHU�D�PHWKRG�FRPSDULVRQ��EDVHG�RQ�SUHYLRXVO\� GHYHORSHG� PHWKRGV�� &KDSWHU� �� SUHVHQWV�VHYHUDO� DSSOLFDEOH� PHWKRGV� DQG� UHVXOWV� RI� WKHLU�FRPSDULVRQ���

�WK ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�7HOHFRPPXQLFDWLRQV�0DMD�0DWLMDãHYLü�DQG�$OHQ %DåDQW��HGV���
-XQH���±����������=DJUHE��&URDWLD�

&RQ7(/�����
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([SHULPHQWV�� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� WZR�RSSRVLWH� PHWKRGV� IRU� ORDG� EDODQFLQJ� PHWKRGV�DVVHVVPHQW� DUH� GHVFULEHG� LQ� VHFWLRQ� ��� /DVW� VHFWLRQ�VXPPDUL]HV�WKH�GHVFULEHG�DSSURDFKHV��
��� 7D[RQRP\�RI�WDVN�VFKHGXOLQJ�PHWKRGV�
'XH� WR� D� ZLGH� YDULHW\� RI� DSSURDFKHV� WR� WKH� WDVN�VFKHGXOLQJ� SUREOHP�� LW� LV� GLIILFXOW� WR� PHDQLQJIXOO\�FRPSDUH�GLIIHUHQW� V\VWHPV� VLQFH� WKHUH� LV� QR� XQLIRUP�PHDQV�IRU�WKHLU�TXDOLWDWLYH�RU�TXDQWLWDWLYH�HYDOXDWLRQ��7KLV� VHFWLRQ� LQWURGXFHV� WD[RQRP\� >�@� RI� DSSURDFKHV�WR�WKH�UHVRXUFH�PDQDJHPHQW�SUREOHP�ZLWK�SXUSRVH�WR�SURYLGH� D� FRPPRQ� WHUPLQRORJ\� DQG� FODVVLILFDWLRQ�PHWKRG�QHFHVVDU\�LQ�DGGUHVVLQJ�WKLV�SUREOHP���
7KH� SUHVHQWHG� WD[RQRP\� LV� D� K\EULG� RI� IODW� DQG�KLHUDUFKLFDO� FODVVLILFDWLRQ� VFKHPHV� ±� KLHUDUFKLFDO� DV�ORQJ�DV�SRVVLEOH� LQ�RUGHU� WR� UHGXFH� WKH� WRWDO� QXPEHU�RI�FODVVHV��DQG�IODW�ZKHQ�WKH�GHVFULSWRUV�RI�WKH�V\VWHP�PD\�EH�FKRVHQ�LQ�DQ�DUELWUDU\�RUGHU��
7KH� VWUXFWXUH� RI� KLHUDUFKLFDO� SRUWLRQ� LV� VKRZQ� LQ�)LJXUH����
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�
)LJXUH����7DVN�VFKHGXOLQJ�FKDUDFWHULVWLFV�

/RFDO� YV��*OREDO� /RFDO� VFKHGXOLQJ� LV� LQYROYHG�ZLWK�WKH� DVVLJQPHQW� RI� SURFHVVHV� WR� WKH� WLPH�VOLFHV� RI� D�VLQJOH�SURFHVVRU��*OREDO�VFKHGXOLQJ�LV�WKH�SUREOHP�RI�GHFLGLQJ� ZKHUH� WR� H[HFXWH� D� SURFHVV� �VSHFLILF�QHWZRUN�QRGH�RU�VSHFLILF�SURFHVV�LQ�PXOWL�SURFHVVRUV�V\VWHP�VKRXOG�EH�VHOHFWHG���
6WDWLF�YV��'\QDPLF� ,Q�VWDWLF�VFKHGXOLQJ��LQIRUPDWLRQ�UHJDUGLQJ�SURFHVVHV�LQ�WKH�V\VWHP�DV�ZHOO�DV�DOO�RWKHU�V\VWHP�LQIRUPDWLRQ��OLNH�SURFHVVRUV�SRZHU��LV�NQRZQ�EHIRUH� V\VWHP� VWDUWXS�� 2Q� WKH� EDVLV� RI� WKDW�LQIRUPDWLRQ� DQG� VXSSRVHG� GLVWULEXWLRQ� RI� ORDG�� WDVN�VFKHGXOLQJ� LV� GRQH� SULRU� WR� VWDUW� RI� H[HFXWLRQ�� ,Q�G\QDPLF� VFKHGXOLQJ�� LQIRUPDWLRQ� DERXW� V\VWHP� LV�FROOHFWHG�GXULQJ�H[HFXWLRQ�WLPH��DQG�LW�LV�XVHG�LQ�UHDO�WLPH�GHFLVLRQ�PDNLQJ�SURFHVV��
2SWLPDO� YV�� 6XERSWLPDO� ,Q� WKH� FDVH� WKDW� DOO�LQIRUPDWLRQ�UHJDUGLQJ�WKH�VWDWH�RI�WKH�V\VWHP�DV�ZHOO�

DV� WKH� UHVRXUFHV� QHHGV� RI� D� SURFHVV� DUH� NQRZQ�� DQ�RSWLPDO� DVVLJQPHQW� FDQ� EH� PDGH� EDVHG� RQ� VRPH�FULWHULRQ�IXQFWLRQ��,Q�WKH�FDVH�WKDW�WKHVH�SUREOHPV�DUH�FRPSXWDWLRQDOO\� XQIHDVLEOH�� VXERSWLPDO� VROXWLRQV�PD\�EH�WULHG����
$SSUR[LPDWH� YV��+HXULVWLF� $SSUR[LPDWH�� LQVWHDG�RI�VHDUFKLQJ� WKH� HQWLUH� VROXWLRQ� VSDFH� IRU� DQ� RSWLPDO�VROXWLRQ�� LV� VDWLVILHG� ZKHQ� ILQG� D� ³JRRG´� RQH��+HXULVWLF� DOJRULWKPV� PDNH� WKH� PRVW� UHDOLVWLF�DVVXPSWLRQV� DERXW� D� SULRUL� NQRZOHGJH� FRQFHUQLQJ�SURYHV�DQG�V\VWHP�ORDGLQJ�FKDUDFWHULVWLFV���&ROOHFWHG�NQRZOHGJH� LV� XVHG� IRU� ORDG� EDODQFLQJ� GHFLVLRQV��7KHUH�DUH�IRXU�FDWHJRULHV�RI�FRPPRQ�DSSURDFKHV�IRU�RSWLPDO�DQG�VXERSWLPDO�DSSUR[LPDWH�VROXWLRQV���� 6ROXWLRQ�VSDFH�HQXPHUDWLRQ�DQG�VHDUFK�� *UDSK�WKHRU\�� 0DWKHPDWLFDO�SURJUDPPLQJ�� 4XHXLQJ�WKHRU\�
'LVWULEXWHG� YV�� 1RQ�GLVWULEXWHG� 5HVSRQVLELOLW\� IRU�WKH�WDVN�RI�JOREDO�G\QDPLF�VFKHGXOLQJ�FDQ�SK\VLFDOO\�UHVLGH� LQ� D� VLQJOH� SURFHVVRU� �SK\VLFDOO\� QRQ�GLVWULEXWHG��RU�WKH�ZRUN�LQYROYHG�LQ�PDNLQJ�GHFLVLRQ�FDQ�EH�SK\VLFDOO\�GLVWULEXWHG�DPRQJ�WKH�SURFHVVRUV��
&RRSHUDWLYH� YV�� 1RQ�FRRSHUDWLYH� ,W� PD\� EH�GLVWLQJXLVKHG� EHWZHHQ� WKRVH� PHWKRGV� WKDW� LQYROYH�FRRSHUDWLRQ� EHWZHHQ� WKH� GLVWULEXWHG� FRPSRQHQWV��FRRSHUDWLYH�� DQG� WKRVH� LQ� ZKLFK� WKH� LQGLYLGXDO�SURFHVVRUV�PDNH�GHFLVLRQ� LQGHSHQGHQW�RI� WKH�DFWLRQV�RI�WKH�RWKHU�SURFHVVRUV��QRQ�FRRSHUDWLYH���
6FKHGXOLQJ� DOJRULWKPV� IURP� HYHU\� JURXS� �)LJXUH� ���FDQ� IXUWKHUPRUH� GLIIHUHQWLDWH� UHJDUGLQJ� VHFRQG�� IODW�FODVVLILFDWLRQ�VFKHPH��DV�IROORZV��
$GDSWLYH� YV�� 1RQ�DGDSWLYH� $Q� DGDSWLYH� VROXWLRQ� WR�WKH�VFKHGXOLQJ�SUREOHP�LV�RQH�LQ�ZKLFK�WKH�DOJRULWKP�DQG� SDUDPHWHUV� XVHG� WR� LPSOHPHQW� WKH� VFKHGXOLQJ�SROLF\�FKDQJH�G\QDPLFDOO\�DFFRUGLQJ�WR�WKH�SUHYLRXV�DQG� FXUUHQW� EHKDYLRU� RI� WKH� V\VWHP� LQ� UHVSRQVH� WR�SUHYLRXV�GHFLVLRQ�PDGH�E\�WKH�VFKHGXOLQJ�V\VWHP��
/RDG� %DODQFLQJ� 7KLV� FDWHJRU\� RI� SROLFLHV�DSSURDFKHV� WKH� SUREOHP� ZLWK� WKH� SKLORVRSK\� WKDW�EHLQJ�IDLU�WR�WKH�KDUGZDUH�UHVRXUFHV�RI�WKH�V\VWHP�LV�JRRG�IRU�WKH�XVHUV�RI�WKH�V\VWHP��7KH�EDVLF�LGHD�LV�WR�DWWHPSW�WR�EDODQFH�WKH�ORDG�RQ�DOO�SURFHVVRUV�LQ�VXFK�D�ZD\�DV�WR�DOORZ�SURJUHVV�E\�DOO�SURFHVVHV�RQ�DOO�QRGHV�WR�SURFHHG�DW�DSSUR[LPDWHO\�WKH�VDPH�UDWH��
%LGGLQJ� ,Q� WKLV� FODVV� RI� SROLF\� PHWKRGV�� D� EDVLF�IXQFWLRQLQJ�LQFOXGHV�VHQGLQJ�ELGV�WR�DOO�QRGHV��/DWWHU��WDVNV�DUH� VFKHGXOHG� UHJDUGLQJ�D�SULQFLSOH� ³EHVW�RIIHU�ZLQV´��
3UREDELOLVWLF� 6RPHWLPHV� LW� LV� YHU\� KDUG��FRPSXWDWLRQDOO\� FRPSOH[�� WR� PDNH� GHWHUPLQLVWLF�GHFLVLRQ�� ,QVWHDG�� LGHD� RI� UDQGRPO\� FKRRVLQJ� VRPH�QRGH�DV� WKH�QH[W� WR�DVVLJQ� LV�XVHG��5HSHDWHGO\�XVLQJ�WKLV� PHWKRG�� D� QXPEHU� RI� VFKHGXOHV� PD\� EH�JHQHUDWHG��DQG�WKHQ�WKLV�VHW�LV�DQDO\]HG�WR�FKRRVH�WKH�EHVW�IURP�DPRQJ�WKRVH�UDQGRPO\�JHQHUDWHG��
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2QH�WLPH� DVVLJQPHQW� YV�� '\QDPLF� 5HDVVLJQPHQW�7DVN� GLVWULEXWLRQ� RQ� WDVN� DUULYDO� �RQH�WLPH�DVVLJQPHQW�� ORRNV� VWDWLF� ZKHQ� FDSDELOLW\� RI�UHDVVLJQPHQW� LV� SRVVLEOH�� '\QDPLF� 5HDVVLJQPHQW�RIIHUV� RSSRUWXQLW\� RI� UHDUUDQJLQJ� LQLWLDO� WDVN�GLVWULEXWLRQ���
$IWHU�GHVFULELQJ�DOO�WKHVH�RSSRVLWH�DSSURDFKHV��LW�FDQ�EH� FRQFOXGHG� WKDW� SUREOHP� RI� FKRRVLQJ� DSSURSULDWH�JURXS�LVQ¶W�WULYLDO��%XW��FRUUHFW�PHWKRGV�JURXS�FDQ�EH�VHOHFWHG� E\� PDNLQJ� GHFLVLRQ�� DFFRUGLQJ� WR� WKH�UHTXLUHPHQWV� DQG� V\VWHP� DUFKLWHFWXUH�� LQ� QRGHV� RI�WD[RQRP\�WUHH��)LJXUH�����
��� 3DUDPHWHUV�IRU�ORDG�EDODQFLQJ�PHWKRGV�DVVHVVPHQW�
�
$IWHU� VHOHFWLRQ� RI� RQH� JURXS� RI� ORDG� EDODQFLQJ�PHWKRGV�� IROORZLQJ� VWHS� LV� VHOHFWLRQ� UHILQHPHQW� WR�RQH� PHWKRG�� 7R� VHOHFW� WKH� EHVW� PHWKRG�� PHWKRGV�FDSDELOLWLHV� KDYH� WR� EH� TXHVWLRQHG��'HVLUDEOH� HIIHFWV�WKDW� ORDG�EDODQFLQJ�VWUDWHJ\�FDP�KDYH�RQ� WKH�V\VWHP�DUH�DV�IROORZLQJ���
� RSWLPDO� RYHUDOO� V\VWHP� SHUIRUPDQFH� ±� WRWDO�SURFHVVLQJ� FDSDFLW\� PD[LPL]HV� ZKLOH� UHWDLQLQJ�DFFHSWDEOH�GHOD\V��
� IDLUQHVV� RI� VHUYLFH� ±� XQLIRUPO\� DFFHSWDEOH�SHUIRUPDQFH� SURYLGHG� WR� MREV� UHJDUGOHVV� RI� WKH�VRXUFH�IURP�ZKLFK�WKH�MRE�DUULYHV��
� IDLOXUH� WROHUDQFH� ±� UREXVWQHVV� RI� SHUIRUPDQFH�PDLQWDLQHG�LQ�WKH�SUHVHQFH�RI�SDUWLDO�IDLOXUHV�LQ�WKH�V\VWHP��
7R� LQYHVWLJDWH� SHUIRUPDQFH�� GLIIHUHQW� DSSURDFKHV�FRXOG� EH� DSSOLHG�� ,I� WKH� JRDO� LV� WR� GLVWULEXWH� WDVNV�DSSUR[LPDWHO\�XQLTXHO\�RYHU�QRGHV��WKHQ�QRGH¶V�ORDG��QXPEHU� RI� WDVNV� DW� QRGH� LQ� WKH� PRPHQW�� FDQ� EH�FRPSDUHG�ZLWK�WKH�DYHUDJH�ORDG�RI�DOO�QRGHV��)LJXUH�����

WLPH

ORDG

DW

DYHUDJH
QRGH�$
QRGH�%

D r

)LJXUH����&RPSDULQJ�QRGH�ORDG�ZLWK�DYHUDJH�ORDG�
,I� WKH� PDLQ� JRDO� LV� XVHU� VDWLVIDFWLRQ�� WKH� PRVW�DSSURSULDWH� SDUDPHWHU� WR� PHDVXUH� LV� UHVSRQVH� WLPH��%\�PHDVXULQJ� DQG� FRPSDULQJ� UHVSRQVH� WLPHV�� LW� FDQ�EH�FRQFOXGHG�ZKLFK�PHWKRG�LV�PRVW�VXLWDEOH�IRU�XVHU��

,Q� WKLV� DSSURDFK� V\VWHP� LV� REVHUYHG� DV� D� EODFN� ER[��$IWHU�VHQGLQJ�D�MRE�LQWR�WKH�V\VWHP��LW�LV�QHFHVVDU\�WR�ZDLW� XQWLO� UHSRUW� DERXW� MRE¶V� FRPSOHWLRQ� LV� UHFHLYHG�IURP�WKH�V\VWHP��)LJXUH�����

VLPXODWHG
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8VHU�VHQGV
D�MRE
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GLVWULEXWHG
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8VHU�UHFHLYHV
MRE
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)LJXUH����0HDVXUHPHQW�RI�V\VWHP�UHVSRQVH�WLPH��

����� 3HUIRUPDQFH� PHWULF� E\� FRPSDULVRQ�ZLWK�SUHGHILQHG�PHWKRG�
2QH�H[DPSOH�RI�FRPSOHWH�ORDG�EDODQFLQJ�H[SHULPHQW�DQG�PHDVXUHPHQW� LV� GHVFULEHG� LQ� >�@��7KLV� DSSURDFK�XVHV�RQH�PHWKRG��)&)6��DV�D�UHIHUHQW�PHWKRG��)&6)��)LUVW�&RPH�)LUVW�6HUYHG��PHWKRG�LV�FKRVHQ�EHFDXVH�D�JRRG� ORDG� EDODQFLQJ� >�@� ZLOO� WHQG� QRW� WR� DOORZ� DQ\�VHUYHU� WR� EH� LGOH� ZKLOH� WKHUH� DUH� MREV� DZDLWLQJ�SURFHVVLQJ�LQ�WKH�V\VWHP��,Q�)&)6�WKH�ZKROH�V\VWHP�LV� IXQFWLRQLQJ� DV� D� RQH� KXJH� SURFHVVRU�� ,Q� UHDO� OLIH��H[HFXWLRQ� RI� VXFK� D� PHWKRG� LV� YHU\� TXHVWLRQDEOH�EHFDXVH�LW�UHTXLUHV�D�ORW�RI�UHVRXUFHV��FRPPXQLFDWLQJ�FRVW� DUH� FUXFLDO��� %XW�� LQ� WKLV� H[SHULPHQW�� LW� ZRUNV�ILQH�EHFDXVH�FRPPXQLFDWLRQ� DQG�SURFHVVLQJ�FRVW� IRU�PHWKRGV�DUH�QRW�LQFOXGHG��
6R�� PHWULF� IRU� PHWKRG� $� FDQ� EH� GHILQHG� DV� D� UDWLR�EHWZHHQ� PHDQ� UHVSRQVH� WLPH� RYHU� DOO� MREV� XQGHU�)&)6� PHWKRG� DQG� WKH� KLJKHVW� UHVSRQVH� WLPH� SHU�QRGHV�XQGHU�PHWKRG�$��
�

)LJXUH����0HDQ�UHVSRQVH�WLPH��RYHU�DOO�MREV��DV�D�IXQFWLRQ�RI�XWLOL]DWLRQ�
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5HVSRQVH� WLPH� ZDV� UHIHUUHG� WR� DV� D� YHU\� SRSXODU�SDUDPHWHU� IRU� PHWKRG� DVVHVVPHQW�� ,Q� >�@�� DQDO\VLV�VWDUWV� ZLWK� JUDSK� WKDW� VKRZV� UHVSRQVH� WLPHV� IRU�GLIIHUHQW�PHWKRGV��)LJXUH������
)RU� EHWWHU� XQGHUVWDQGLQJ�� ORDG� EDODQFLQJ� PHWKRGV�IURP�WKH�JUDSK��)LJXUH����DUH�GHVFULEHG�EULHIO\��
� 6RXUFH� SDUWLWLRQ� ±� 7KH� VRXUFHV� �QRGHV� WKDW�UHFHLYH� WDVNV�� DUH� SDUWLWLRQHG� LQWR� JURXSV� DQG�HDFK�JURXS�LV�VHUYHG�E\�RQH�VHUYHU���
� 6HUYHU� SDUWLWLRQ� ±� 7KH� VHUYHUV� DUH� SDUWLWLRQHG�LQWR� JURXSV� DQG� HDFK� JURXS� RI� VHUYHUV� VHUYHV�RQH�VRXUFH��
� 5DQGRP�VSOLWWLQJ�±�(DFK�VRXUFH�GLVWULEXWHV�MREV�UDQGRPO\� DQG� XQLIRUPO\� WR� HDFK� VHUYHU�� L�H�� LW�VHQGV� D� MRE� WR� RQH� RI� WKH� . VHUYHUV� ZLWK�SUREDELOLW\���.�
� 5DQGRP�VHUYLFH�±�(DFK�VHUYHU�YLVLWV�VRXUFHV�DW�UDQGRP�DQG�RQ�HDFK�YLVLW�UHPRYHV�DQG�VHUYHV�D�VLQJOH�MRE��
� &\FOLF� VSOLWWLQJ� ±� (DFK� VRXUFH� DVVLJQV� LWV� LWK��DUULYLQJ�MRE�WR�WKH�L�PRG�.�WK�VHUYHU��
� &\FOLF� VHUYLFH� ±� (DFK� VHUYHU� YLVLWV� WKH� VRXUFHV�LQ� D� F\FOLF� PDQQHU� DQG� UHPRYHV� DQG� VHUYHV� D�VLQJOH�MRE���
� -RLQ� WKH� 6KRUWHVW� 4XHXH� �-64�� ±� (DFK� VRXUFH�LQGHSHQGHQWO\� VHQGV� DQ� DUULYLQJ� MRE� WR� WKH�VHUYHU�WKDW�KDV�WKH�OHDVW�QXPEHU�RI�MREV��
� 6HUYH� WKH� /RQJHVW� 4XHXH� �6/4�� ±� $� GXDO� WR�-64�LV�WKH�DOJRULWKP�LQ�ZKLFK�ZKHQHYHU�D�VHUYHU�EHFRPHV� DYDLODEOH� LW� VHUYHV� D� MRE� IURP� WKH�ORQJHVW�VRXUFH�TXHXH��
� 6KRUWHVW� -RE� )LUVW� �6-)�� ±� 6HUYHUV� VHOHFW� WKH�FXUUHQWO\� ZDLWLQJ� MRE� WKDW� KDV� WKH� VPDOOHVW�VHUYLFH�WLPH�UHTXLULQJ��
3HUYLRXV� JUDSK� �)LJXUH� ��� FDQ� EH� QRUPDOL]HG� LQ�UHVSHFW�WR�)&)6��)LJXUH�����

)LJXUH����0HDQ�UHVSRQVH�WLPH�QRUPDOL]HG�ZLWK�UHVSHFW�WR�)&)6�

7KLV�H[SHULPHQW�VKRZV�H[SHULPHQW�ZKLFK�LV�KHOG�LQ�D�ODERUDWRU\� HQYLURQPHQW� DQG�ZKLFK� GRHVQ¶W� WDNH� FDUH�DERXW� FRPPXQLFDWLRQ� FRVWV�� $OVR�� V\VWHP� UHVSRQVH�WLPH�LV�XVHG�IRU�PHWKRGV�DVVHVVPHQW��

����� 3HUIRUPDQFH�PHWULF�ZLWK�UHVSRQVH�WLPH�DQG�FRPPXQLFDWLRQ�FRVWV�
0HDVXUHPHQWV� DQG� UHVXOWV� IURP� SUHYLRXV� VHFWLRQ� GR�QRW�LQFOXGH�FRPSXWDWLRQDO��FRPPXQLFDWLRQ�DQG�RWKHU�FRVWV�WKDW�ORDG�EDODQFLQJ�LQFOXGHV�E\�LWVHOI��7KH�PDLQ�GUDZEDFN�RI�SURFHGXUH�GHVFULEHG�LQ�SUHYLRXV�VHFWLRQ�LV� WKDW� WKH� �QHJDWLYH�� LPSDFW� RI� ORDG� EDODQFLQJ�PHWKRG�RYHUKHDG�LV�DFWXDOO\�XQNQRZQ��
2YHUKHDG�LQWURGXFHG�LQWR�ORDG�EDODQFLQJ�H[SHULPHQWV�E\� ORDG� EDODQFLQJ� PHWKRGV� FDQ� VLJQLILFDQWO\�LQIOXHQFH� V\VWHP� SHUIRUPDQFH�� ,Q� >�@��FRPPXQLFDWLRQDO�DQG�SURFHVVLQJ�FRVWV�LQWURGXFHG�E\�ORDG�EDODQFLQJ�PHWKRGV�DUH�LQFOXGHG�LQWR�HODERUDWLRQ���
7KH� WKUHH� ORDG� EDODQFLQJ� PHWKRGV� DUH� LQFOXGHG� LQWR�H[SHULPHQWV��
� 5DQGRP� ±� VDPH� DV� 5DQGRP� VSOLWWLQJ� IURP�SUHYLRXV�VHFWLRQ�
� 7KUHVKROG� ±� XQGHU� WKLV� PHWKRG� D� QRGH� LV�UDQGRPO\� VHOHFWHG� DQG� SUREHG� WR� GHWHUPLQH�ZKHWKHU�WKH�WUDQVIHU�RI�D�WDVN�WR�WKDW�QRGH�ZRXOG�SODFH�LW�DERYH�WKUHVKROG��,I�QRW�� WKHQ�WKH�WDVN�LV�WUDQVIHUUHG���
� 6KRUWHVW� ±� VDPH� DV� -RLQ� WKH� 6KRUWHVW� 4XHXH��-64��IURP�SUHYLRXV�VHFWLRQ�
'HVFULEHG�PHWKRGV�DUH�FRPSDUHG�WR�HDFK�RWKHU�DQG�WR�WZR� ³ERXQGLQJ´� FDVHV�� QR� ORDG� EDODQFLQJ��UHSUHVHQWHG�E\�. LQGHSHQGHQW�0�0���TXHXHV�ZKHUH�. LV�QXPEHU�RI�QRGHV��DQG�SHUIHFW� ORDG�EDODQFLQJ�DW�]HUR�FRVW��UHSUHVHQWHG�E\�0�0�.�TXHXH���

)LJXUH����5HVSRQVH�WLPH�YHUVXV�ORDG�
)LJXUH� �� UHSUHVHQWV� SULQFLSDO� SHUIRUPDQFH�FRPSDULVRQ�� &RPPXQLFDWLRQ� FRVWV� DUH� LQFOXGHG� DQG�WKH\�DUH�IL[HG���
7LOO�QRZ�FRPPXQLFDWLRQ�FRVWV�ZHUH�QRW�LQFOXGHG�LQWR�PHDVXUHPHQW�� %XW�� LW� LV� YHU\� LQWHUHVWLQJ� WR� VHH� KRZ�LQFUHDVH� RI� FRPPXQLFDWLRQ� FRVW� LQIOXHQFH� PHWKRG¶V�
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SHUIRUPDQFH��$W�WKH�EHJLQQLQJ��RQH�PHWKRG�FRXOG�EH�IL[HG�DQG�FRPPXQLFDWLRQ�FRVW�FRXOG�EH�UDLVHG�VORZO\��

)LJXUH����5HVSRQVH�WLPH�YHUVXV�ORDG�IRU�YDULRXV�WUDQVIHU�FRVWV�
6HOHFWHG�PHWKRG�LV�7KUHVKROG�PHWKRG��)LJXUH����DQG�LW� LV� REYLRXV� WKDW� WUDQVIHU� FRVWV� FRXOG� VLJQLILFDQWO\�GHFUHDVH�V\VWHP�SHUIRUPDQFH�E\�ULVLQJ�UHVSRQVH�WLPH���
,Q� DGGLWLRQ�� WKH� LPSDFW� RI� LQFUHDVHG� FRPPXQLFDWLRQ�FRVW� WR�DOO�PHWKRGV��FDQ�EH�H[DPLQHG��HVSHFLDOO\� WKH�PRVW� FRPSOH[� �)LJXUH� ���� $V� LW� FDQ� EH� H[SHFWHG��KLJKHVW� LPSDFW� FRPPXQLFDWLRQ� FRVWV� KDYH� RQ� WKH�PRVW�FRPSOH[�PHWKRG�±�6KRUWHVW���
)LQDOO\�� LW� FDQ�EH�FRQFOXGHG� WKDW� WKLV�PHWKRG��ZKLFK�LQFOXGHV�FRPPXQLFDWLQJ�DQG�SURFHVVLQJ�FRVW��LV�PRUH�GHWDLOHG� WKDW� PHWKRG� H[SODLQHG� LQ� WKH� SUHYLRXV�FKDSWHU��&RPPXQLFDWLQJ� FRVWV� DUH� LQFOXGHG�DQG� LW� LV�VKRZ� WKDW� FRPPXQLFDWLQJ� FRVWV� FDQ� VWURQJO\�LQIOXHQFH�V\VWHP�SHUIRUPDQFH��

)LJXUH����5HVSRQVH�WLPH�YHUVXV�WUDQVIHU�FRVWV�

��� ([SHULPHQWV�IRU�ORDG�EDODQFLQJ�PHWKRGV�DVVHVVPHQW�
$VVHVVPHQW� RI� ORDG� EDODQFLQJ� PHWKRGV� LV� XVXDOO\�GRQH� LQ� ODERUDWRU\� HQYLURQPHQW� E\� FKDQJLQJ�SDUDPHWHUV�WKDW�FDQ�DIIHFW�WKH�PHWKRG¶V�SHUIRUPDQFH��,Q� H[SHULPHQWDO� YDOLGDWLRQ�� V\VWHP� SHUIRUPDQFH� LV�REVHUYHG�� DQG� UHDFWLRQV� DQG� FRQFOXVLRQV� UHJDUGLQJ�FKDQJHV� DUH� QRWHG�� 8VXDOO\�� VRPH� H[LVWLQJ� QHWZRUN�DQG� QRGHV� DUH� XVHG�� +RZHYHU�� LQ� SDUWLFXODU� FDVHV�QRYHO� QHWZRUNV� FRXOG� EH� EXLOW� IRU� WKH� H[SHULPHQWDO�SXUSRVHV�>�@��

&RPPRQ� SUREOHP� IRU� WKH� GHVFULEHG� W\SH� RI�VLPXODWLRQ� LV� D� ODFN� RI� UHDO� ORDG�� $UWLILFLDO� ORDG�JHQHUDWRU� LV� LQFOXGHG� LQWR� WKH� VLPXODWLRQ�� ,W� LV�UHTXLUHG� WKDW� WKH� JHQHUDWRU�PXVW� KDYH� WKH� FDSDELOLW\�RI� FUHDWLQJ� ORDG� ZLWK� GLIIHUHQW� VWDWLVWLFDO� GLVFLSOLQHV�RI� WDVNV� DUULYDO� DQG�H[HFXWLRQ� WLPHV��/RDG�JHQHUDWRU�FDQ� EH� LPSOHPHQWHG� DV� D� VLPXODWLRQ� RI� HQYLURQPHQW�WKDW� VXUURXQGV� WKH� GLVWULEXWHG� V\VWHP� �)LJXUH� ����0DQDJHPHQW� QRGH� LV� DOVR� LQFOXGHG� LQWR� WKH�VLPXODWLRQ�DQG�LW�LV�XVHG�DV�DQ�LQVLJKW�LQWR�WKH�V\VWHP�XQGHU�WHVW��

1RGH��

1RGH��

1RGH�1

0RQLWRULQJ�QRGH

(QYLURQPHQW�VLPXODWRU
/RDG�JHQHUDWRU

GLVWULEXWHG�V\VWHP

�
)LJXUH����/RDG�JHQHUDWRU�LQ�H[SHULPHQWV�

0DWKHPDWLFDO� VLPXODWLRQ� UDLVHV� WKH� OHYHO� RI�H[SHULPHQW� DEVWUDFWLRQ�� 8VLQJ� PDWKHPDWLFDO�VLPXODWLRQ� RI� WKH� GLVWULEXWHG� V\VWHP� DQG� ORDG�EDODQFLQJ�PHWKRGV��LW�LV�SRVVLEOH�WR�LQYHVWLJDWH�HYHQWV�WKDW� DUH� YHU\� KDUG� WR� REVHUYH� ZLWK� WKH� UHDO� WLPH�VLPXODWLRQ�� $QRWKHU� DGYDQWDJH� RI� WKLV� W\SH� RI�VLPXODWLRQ�LV�LWV�ORZ�FRVW��$�GHVLJQHU�RQO\�QHHGV�RQH�FRPSXWHU� IRU� UXQQLQJ� VLPXODWLRQ� LQVWHDG� RI� D� ZKROH�QHWZRUN�� +RZHYHU�� WKH� FULWLFDO� WDVN� LQ� WKH�LPSOHPHQWDWLRQ� LV� WKH� WUDQVODWLRQ� RI� D� UHDO� WLPH�V\VWHP� LQWR� D� PDWKHPDWLFDO� PRGHO�� 0LVWDNHV� FRXOG�GUDPDWLFDOO\�DIIHFW�UHVXOWV�RI�WKH�LQYHVWLJDWLRQ���

����� 5HDO� WLPH� VLPXODWLRQV� IRU� ORDG�EDODQFLQJ�PHWKRGV�DVVHVVPHQW�
7KLV� VHFWLRQ� GHVFULEHV� WKH� H[SHULPHQWV� WKDW� ZHUH�FRQGXFWHG�DW�WKH�'HSDUWPHQW�RI�7HOHFRPPXQLFDWLRQV�DW�)DFXOW\�RI�(OHFWULFDO�(QJLQHHULQJ�DQG�&RPSXWLQJ��8QLYHUVLW\� RI� =DJUHE�� 7KH� UHDO� WLPH� VLPXODWLRQ�FRQVLVWV�RI�WKH�IROORZLQJ�HOHPHQWV��)LJXUH������� HQYLURQPHQW�VLPXODWRU�� DUWLILFLDO�ORDG�JHQHUDWRU�� V\VWHP�PDQDJHPHQW�� GDWD�JDWKHULQJ�DQG�SUHVHQWDWLRQ�� ORFDO�QRGH�RSHUDWLRQV��3URJUDPPLQJ� ODQJXDJH� (UODQJ� >�@� ZDV� XVHG� LQ� WKH�VLPXODWLRQV�GHYHORSPHQW��
7KH� XVHU� FDQ� VHW� XS�� VWDUW�� VWRS� DQG� PRQLWRU� WKH�VLPXODWLRQ� WKURXJK� JUDSKLFDO� XVHU� LQWHUIDFH�� 'XULQJ�WKH� SUHSDUDWLRQ� IRU� WKH� VLPXODWLRQ�� WKH� XVHU� FDQ� DGG�QRGHV� WR� WKH� VLPXODWLRQ�� FKRRVH� D� VWDWLVWLFDO�
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GLVWULEXWLRQ� IRU� WDVN� LQWHU�DUULYDO� WLPH� DQG� H[HFXWLRQ�OHQJWK�� 7KH� ORDG� EDODQFLQJ� PHWKRG� LV� VHOHFWHG�� WRR��$IWHU�VLPXODWLRQ�VWDUW�XS��WKH�DUWLILFLDO�ORDG�JHQHUDWRU�LV� DOVR� VWDUWHG� DQG� LW� ZLOO� IHHG� ZRUNLQJ� QRGHV� ZLWK�WDVNV�� DFFRUGLQJ� WR� WKH� VHW� YDOXHV� RI� LQWHU�DUULYDO�WLPHV�� $FWXDOO\�� WKH� ORDG� JHQHUDWRU� RQO\� VHQGV� WDVN�W\SH�DQG�SDUDPHWHUV����

QRGH��

QRGH��

QRGH�1

GLVWULEXWHG�V\VWHP

7DVN�H[HFXWLRQ

/RDG�EDODQFLQJ�PHWKRG

'DWD�JDWKHULQJ

5HPRWH�QRGH

0RQLWRULQJ�QRGH

(QYLURQPHQW�VLPXODWRU

'DWD�JDWKHULQJ�DQG
SUHVHQWLQJ

6\VWHP�PDQDJHPHQW

)LJXUH������6LPXODWLRQ�FRQILJXUDWLRQ�DQG�EDVLF�HOHPHQWV�
2Q� WKH� RWKHU� VLGH�� ZRUNLQJ� QRGH� KDV� VHYHUDO�SURFHVVHV�� � $OO� SURFHVVHV� DUH� VWDUWHG� DIWHU� WKH� XVHU�DGGV� D� QRGH� LQWR� WKH� VLPXODWLRQ�� :KHQ� WKH� QRGH�UHFHLYHV�D�WDVN�UHTXHVW��ORDG�EDODQFHU�LV�FRQVXOWHG�IRU�D ORFDWLRQ� RI� WKH� WDVN� H[HFXWLRQ�� ,I� WKH� QRGH� ORDG� LV�ORZ�� WKH� WDVN� ZLOO� EH� H[HFXWHG� ORFDOO\�� ,Q� WKH� RWKHU�FDVH�� WKH� ORDG�EDODQFHU�ZLOO�VHDUFK�IRU�D�QRGH� WKDW� LV�UHDG\� WR� UHFHLYH� D� WDVN�� ,I� LW� VXFFHHGV� D� WDVN� UHTXHVW�ZLOO�EH�VHQW��RU�HOVH�WKH�WDVN�PXVW�EH�H[HFXWHG�ORFDOO\�RU�RWKHUZLVH�UHMHFWHG��
7KH� IRXU� ORDG� EDODQFLQJ� PHWKRGV� DUH� LQFOXGHG� LQWR�WKH� H[SHULPHQWV�� 5DQGRP�� -RLQW� 6KRUWHVW� 4XHXH��-64���6HUYH�/RQJHVW�4XHXH��6/4��DQG�%LGGLQJ��
�

)LJXUH�����4XHXH�OHQJWK�DV�D�SDUDPHWHU�IRU�FRPSDULVRQ�
$V�D�FRPSDULVRQ�SDUDPHWHU��WKH�OHQJWK�RI�SURFHVVRU¶V�TXHXH� RQ� D� VSHFLILF� QRGH� ZDV� VHOHFWHG�� &KDQJHV� RI�TXHXH� OHQJWK� DUH� REVHUYHG� WKURXJK� WLPH� IRU� DOO�PHWKRGV� �)LJXUH� ����� 0HDVXULQJ� RI� TXHXH� OHQJWK�LQGLUHFWO\� LQFOXGHV� DOO� W\SHV� RI� FRPPXQLFDWLQJ� FRVWV�DQG�DOVR�WKH�RYHUKHDG�ZKLFK�PHWKRGV�LQYROYH��0HDQ�

LQWHU�DUULYDO�UDWH�ZDV�VHW�WR���VHFRQG��PHDQ�H[HFXWLRQ�WLPH�ZDV�VHW�WR�����VHFRQGV�DQG�WRWDO�QXPEHU�RI�MREV�ZDV�VHW�WR�����
5HVXOWV� IURP� WKH� H[SHULPHQW� SURYH� WKDW� XVLQJ� DQ\�ORDG� EDODQFLQJ� PHWKRG� FRXOG� VLJQLILFDQWO\� LPSURYH�V\VWHP� SHUIRUPDQFH�� 6\VWHP� SHUIRUPDQFH� FDQ� EH�FRPSDUHG�ZLWK�WKH�VLWXDWLRQ�ZKHUH�WKH�ORDG�EDODQFLQJ�PHWKRG�KDV�QRW�EHHQ�DFWLYDWHG��2I�FRXUVH��WKH�UDQGRP�PHWKRG�UHVXOWHG�LQ�WKH�ZRUVW�SHUIRUPDQFH��
)XUWKHUPRUH�� E\� FKDQJLQJ� WKH� SDUDPHWHUV� RI�JHQHUDWHG� ORDG�� VRPH� LQWHUHVWLQJ� UHVXOWV� ZHUH�DFKLHYHG�� )RU� H[DPSOH�� WKH� IROORZLQJ� JUDSKV� VKRZ�WKH� PHWKRG¶V� EHKDYLRU� LQ� FDVH� RI� D� GRXEOH� LQFUHDVH��)LJXUH�����DQG�D�GRXEOH�GHFUHDVH��)LJXUH�����RI�WDVN�DUULYDO�LQWHQVLW\��0HDQ�LQWHU�DUULYDO�UDWH�ZHUH�VHW�WR���DQG����� VHFRQGV��PHDQ�H[HFXWLRQ� WLPH�ZDV�VHW� WR����VHFRQGV�DQG�WRWDO�QXPEHU�RI�MREV�ZDV�VHW�WR�����

)LJXUH�����0HWKRGV�SHUIRUPDQFH�DW�KLJK�WDVN�DUULYDO�UDWH�
7KH� FKDQJH� RI� ORDG� DUULYDO� LQWHQVLW\� VKRZHG� WKDW� DOO�PHWKRGV� KDG� DOPRVW� WKH� VDPH� UHVXOWV� �RQO\� -64�KDV�GLVWLQJXLVKHG� SHUIRUPDQFHV��� (YHQ� WKH� VLPSOHVW�PHWKRG� �UDQGRP�� KDG� D� SHUIRUPDQFH� WKDW� LV� YHU\�FORVH�WR�WKH�PRVW�FRPSOH[�PHWKRG��

)LJXUH�����0HWKRGV�SHUIRUPDQFH�DW�ORZ�WDVN�DUULYDO�UDWH�
7KLV� EULHIO\� GHVFULEHG� PHWKRGRORJ\� DQG� LWV� UHVXOWV�SURGXFH�SDUDPHWHUV�IRU�PHWKRGV�DVVHVVPHQW��$�JUHDW�DGYDQWDJH�RI�WKH�DSSURDFK�ZLWK�UHDO�WLPH�VLPXODWLRQV�LV�D�V\VWHP�WHVWLQJ�LQ�FRQGLWLRQV�RI�UHDO�HQYLURQPHQW�WKDW� KDYH� FKDUDFWHULVWLFV� RI� WKH� WDUJHW� V\VWHP�� $OVR��WKH� FRPPXQLFDWLQJ� FRVW� DQG� RYHUKHDG� WKDW� ORDG�EDODQFLQJ�LQYROYHV�DUH�LQFOXGHG�LQWR�PHDVXUHPHQWV���
+RZHYHU�� WKH�PDLQ�GLVDGYDQWDJH�RI� WKLV� DSSURDFK� LV�LQ� WKH� GLIILFXOW\� LQ� H[WUDFWLQJ� VRPH� DGGLWLRQDO�
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LQIRUPDWLRQ�DERXW�WKH�VLPXODWLRQ�ZKHQ�WKH�VLPXODWLRQ�LV� ILQLVKHG�� ,Q� RUGHU� WR� JLYH� H[WUD� LQIRUPDWLRQ�� WKH�VLPXODWRU�KDV� WR�EH�SUHSURJUDPPHG�� ,Q�DGGLWLRQ�� WKH�VLPXODWLRQ� GHVLJQHU� LV� XVXDOO\� FRQFHQWUDWHG� RQ�SUREOHPV� RI� VLPXODWRU� GHVLJQ� DQG� IXQFWLRQLQJ�� 7KH�GHVLJQHU� KDV� WR� WDNH� FDUH� RI� WKH� GDWD� JDWKHULQJ��WUDQVIHUULQJ�HWF���

����� 0DWKHPDWLFDO� VLPXODWLRQV� IRU� ORDG�EDODQFLQJ�PHWKRGV�DVVHVVPHQW�
7KH�PDWKHPDWLFDO�VLPXODWLRQ�RI�D�GLVWULEXWHG�V\VWHP�KDV� RQH� JUHDW� DGYDQWDJH� FRPSDUHG� WR� WKH� UHDO� WLPH�VLPXODWLRQV�±�HYHU\WKLQJ�ZH�ZDQW�WR�NQRZ�DERXW�WKH�V\VWHP� FDQ� EH� H[WUDFWHG� HDVLO\� IURP� D�PDWKHPDWLFDO�PRGHO�� 6\VWHP� LV� GHILQHG� WKURXJK� PDWULFHV� WKDW�GHVFULEH�SDUDPHWHUV�RI�WKH�UHDO�V\VWHP���
$SSUR[LPDWLRQ� RI� WKH� V\VWHP� ZLWK� D� PDWKHPDWLFDO�PRGHO� ORRNV� YHU\� FRQYHQLHQW� EXW� LW� FDQ� EH� YHU\�GDQJHURXV��0LVLQWHUSUHWDWLRQ�RI�D�V\VWHP¶V�SDUDPHWHU�FRXOG� SURGXFH� WKH� ZURQJ� PDWKHPDWLFDO� PRGHO� DQG�GLIIHUHQFHV�UHJDUGLQJ�EDVLF�PRGHO��)LQDOO\��WKH�ZURQJ�FRQFOXVLRQV� FRXOG� EH� GUDZQ�� $QRWKHU� SRWHQWLDO�SUREOHP� LV� WKH� REOLJDWLRQ� WR� PRGHO� VRPH� FRPPRQ�WKLQJV� IURP� UHDO� OLIH� L�H�� FRPPXQLFDWLRQ� EHWZHHQ�QRGHV�DQG�QRGH�SURFHVVLQJ��
([SHULPHQWV� ZLWK� PDWKHPDWLFDO� VLPXODWLRQV� ZHUH�PDGH� DW� 'HSDUWPHQW� RI� 7HOHFRPPXQLFDWLRQV� DW�)DFXOW\� RI� (OHFWULFDO� (QJLQHHULQJ� DQG� &RPSXWLQJ��8QLYHUVLW\�RI�=DJUHE�>�@���
7KH� WZR� ORDG� EDODQFLQJ� PHWKRGV� DUH� LQFOXGHG� LQWR�H[SHULPHQWV�� 5DQGRP� DQG� -RLQW� 6KRUWHVW� 4XHXH��-64���5HVXOWV�DUH�FRPSDUHG�ZLWK�WKH�V\VWHP�ZLWKRXW�ORDG�EDODQFLQJ�PHWKRG��
$V� SDUDPHWHUV� WR� FRPSDUH�� WZR� GLIIHUHQW� SDUDPHWHUV�DUH� PHDVXUHG�� UHVSRQVH� WLPH� DQG� DYHUDJH� GHYLDWLRQ�IURP�PHDQ�QXPEHU�RI�MREV�SHU�QRGH��
$YHUDJH�QXPEHU�RI�MREV�SHU�QRGH�FDQ�EH�GHILQHG�DV��
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ZKHUH�0 LV�QXPEHU�RI�QRGHV��DQG�TLM� LV�D�QXPEHU�RI�MREV� DW� WKH� PRPHQW� M �WLPH� LQWHUYDO��� $YHUDJH�GHYLDWLRQ�IURP�PHDQ�QXPEHU�RI�MREV�SHU�QRGH�4 FDQ�EH�GHILQHG�DV��
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ZKHUH� 3 LV� QXPEHU� RI� WLPH� LQWHUYDOV� RFFXSLHG� E\�VLPXODWLRQ��
3HUIRUPDQFH�LV�REVHUYHG�UHJDUGLQJ�WKH�WLPH��EXW�PRUH�LQWHUHVWLQJ� LQIRUPDWLRQ� FRXOG� EH� H[WUDFWHG� E\�FRQVLGHULQJ�WKH�LQIOXHQFH�RI�VHYHUDO�RWKHU�SDUDPHWHUV��,Q�RUGHU� WR� HPSKDVL]H� WKH�SRVLWLYH� LQIOXHQFH�RI� ORDG�EDODQFLQJ� PHWKRGV�� WKH� H[SHULPHQW� FDQ� EH� DUUDQJHG�

VR�WKDW�D�JUHDW�QXPEHU�RI�MREV�DGGLWLRQDOO\�VORZV�WKH�QRGH� RQ� ZKLFK� WKH\� UHVLGH�� 7KLV� FDQ� EH� LPSOLHG�WKURXJK� ³VORZLQJ´� IDFWRU� �6)��� ³6ORZLQJ´� IDFWRU�LQFUHDVHV� H[HFXWLRQ� WLPH� �(7� RI� HYHU\� MRE� RQ� QRGH�E\�YDOXH�SURSRUWLRQDO� WR�QXPEHU�RI� MREV��1-� RQ� WKH�QRGH�� +LJKHU� ³VORZLQJ´� IDFWRU� SURGXFHV� ORQJHU�H[HFXWLRQ�WLPH��
� 1-6)(7(7 LQRUPDO ¢¢= ����
5HDFWLRQV� RI� ORDG� EDODQFLQJ� PHFKDQLVPV� DUH� VKRZQ�DW� IROORZLQJ� JUDSKV�� UHVSRQVH� WLPH� �)LJXUH� ���� DQG�DYHUDJH� GHYLDWLRQ� IURP� PHDQ� QXPEHU� RI� MREV� SHU�QRGH�4 �)LJXUH�����

)LJXUH�����5HVSRQVH�WLPH�DJDLQVW�³VORZLQJ´�IDFWRU�
)XUWKHUPRUH�� VRPH� RWKHU� SDUDPHWHUV� FRXOG� EH�FKDQJHG� LQ� RUGHU� WR� H[DPLQH� WKH�PHWKRG¶V� EHKDYLRU�>�@��PD[LPXP�QXPEHU�RI� MREV�SHU�QRGH�� WKUHVKROG�/�WKDW� LV� XVHG� LQ� GHFLGLQJ� WR� PRYH� D� WDVN� WR� DQ� RWKHU�QRGH��WUDQVIHUULQJ�FRVWV��FRPPXQLFDWLRQ�FRVW�HWF��

)LJXUH�����$YHUDJH�GHYLDWLRQ�IURP�PHDQ�QXPEHU�RI�MREV�SHU�QRGH�4 DJDLQVW�³VORZLQJ´�IDFWRU�
)LQDOO\�� LW� FDQ� EH� FRQFOXGHG� WKDW� D� PDWKHPDWLFDO�PRGHO� RIIHUV� D� JUHDW� QXPEHU� RI� YDULHWLHV� IRU�H[SHULPHQWLQJ� ZLWK� WKH� ORDG� EDODQFLQJ� PHFKDQLVP��6RPH� RI� WKHVH� SDUDPHWHUV� FRXOG� QRW� EH� FKDQJHG�DQ\ZD\� LQ� UHDO� WLPH� VLPXODWLRQV�� %\� FKRRVLQJ�



6��'HãLü��'LIIHUHQW�$SSURDFKHV�WR�([SHULPHQWV�IRU�/RDG�%DODQFLQJ�0HWKRG�&RPSDULVRQ�
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GLIIHUHQW� SDUDPHWHUV� IRU� DQDO\VLV�� VRPH� GLIIHUHQW�DVSHFW�RI�ORDG�EDODQFLQJ�PHWKRGV�SHUIRUPDQFH�FRXOG�EH�HPSKDVL]HG�DQG�DQDO\]HG���
��� 6XPPDU\�DQG�&RQFOXVLRQV��
7KLV� DUWLFOH� GHVFULEHV� GLIIHUHQW� DSSURDFKHV� WR� ORDG�EDODQFLQJ� PHWKRGV� DVVHVVPHQW�� $GGLWLRQDOO\�� VRPH�H[SHULPHQWDO� UHVXOWV� DUH� SUHVHQWHG� DQG� VRPH�SDUDPHWHUV� IRU� PHWKRGV� DVVHVVPHQW� �H�J�� UHVSRQVH�WLPH�RU�TXHXH�VL]H��DUH�LQWURGXFHG��
7KH�PDLQ�DLP�RI� WKLV�DUWLFOH�ZDV�QHLWKHU�D�SDUWLFXODU�HYDOXDWLRQ�RI�PHWKRGV�VSHFLILFDWLRQ��QRU�WKH�UHVXOWV�RI�H[SHULPHQWV��7KH�VHOHFWHG�JUDSKV�RQO\�HPSKDVL]H�WKH�GLIIHUHQW�DSSURDFKHV�DQG�SDUDPHWHU�HYDOXDWLRQ���
5HDO� WLPH� DQG� PDWKHPDWLFDO� VLPXODWLRQV� RI� D�GLVWULEXWHG� V\VWHP� WKDW� LQFOXGHV� ORDG� EDODQFLQJ�PHWKRGV�DUH�FUHDWHG�DQG�VRPH�H[SHULPHQWV�DUH�PDGH���
7KH�SUHVHQWHG�DQDO\VLV�VKRZV�WKDW�ERWK�PDWKHPDWLFDO�DQG� UHDO� WLPH� VLPXODWLRQV� KDYH� WKHLU� DGYDQWDJHV� DQG�GLVDGYDQWDJHV�� 5HDO� WLPH� VLPXODWLRQV� GHVFULEH� WKH�UHDO�V\VWHP�ZHOO��+RZHYHU��WKH\�KDYH�D�FRPSOH[�WDVN�LQ� JHWWLQJ� VRPH� YDOXHV� IURP� RI� WKH� V\VWHP��0DWKHPDWLFDO� VLPXODWLRQV� FDQ� HPSKDVL]H� VRPH�DVSHFWV�WKDW�DUH�XQVHHQ�RU�WRR�IDVW�WR�EH�QRWLFHG�ZKHQ�XVLQJ� UHDO� WLPH� VLPXODWLRQV�� )XUWKHUPRUH�� WKH\� DUH�VXLWDEOH� IRU� GLIIHUHQW� W\SHV� RI� H[SHULPHQWV� HQDEOLQJ�WKH� DGMXVWPHQW� RI� FUXFLDO� SDUDPHWHUV� IRU� V\VWHP�GHVFULSWLRQ��
,Q� FRQFOXVLRQ�� SDUWLFXODU� DSSOLFDWLRQ� GHWHUPLQHV� WKH�PHDVXUHPHQWV�LQ�RUGHU�WR�VHOHFW�WKH�PRVW�DSSURSULDWH�DQG�VXFFHVVIXO�DSSURDFK�LQ�VROYLQJ�WKH�ORDG�EDODQFLQJ�SUREOHP�
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