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SDUDOOHO� GLVFUHWH�HYHQW� VLPXODWLRQ�� VWDWLVWLFDO� V\QFKURQLVDWLRQ�VWDWLVWLFV� FROOHFWLRQ� PHWKRGV�� QRQSDUDPHWULF� GHQVLW\� HVWLPDWLRQ�DFFXUDF\�
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7KH� VWDWLVWLFV� FROOHFWLRQ� PHWKRGV� DSSOLHG� WR� WKH� 6WDWLVWLFDO6\QFKURQLVDWLRQ� 0HWKRG� �660�� DUH� VWXGLHG�� � 7KH� GLVWULEXWLRQV� WR� EHHVWLPDWHG� DUH� DVVXPHG� WR� EH� WLPH� LQYDULDQW�� � 7KH� DFFXUDF\� DQG� WKHUHVRXUFH�UHTXLUHPHQWV�RI�WKH�VWDWLVWLFV�FROOHFWLRQ�LV� LQYHVWLJDWHG�ERWK� LQJHQHUDO�IRU�VRPH�ZHOO�NQRZQ�GLVWULEXWLRQV�DQG�LQ�D�SUDFWLFDOO\�LPSRUWDQWFDVH��LQ�D�VLPXODWLRQ�RI�DQ�)'',�QHWZRUN�
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7KH�6WDWLVWLFDO�6\QFKURQLVDWLRQ�0HWKRG��660���3RQJRU�������LV�DSURPLVLQJ� DOWHUQDWLYH� WR� WKH� FRQYHQWLRQDO� V\QFKURQLVDWLRQ�PHWKRGV� IRUSDUDOOHO� GLVFUHWH� HYHQW� VLPXODWLRQ� �H�J��� FRQVHUYDWLYH�� RSWLPLVWLF��)XMLPRWR�������7KH� FRQYHQWLRQDO� V\QFKURQLVDWLRQ� PHWKRGV� XVH� HYHQW�E\�HYHQWV\QFKURQLVDWLRQ�EHWZHHQ�WKH�VHJPHQWV�RI�WKH�VLPXODWHG�V\VWHP�DQG�WKH\DUH� XQIRUWXQDWHO\� QRW� DSSOLFDEOH� WR� DOO� FDVHV�� RU� GR� QRW� SURYLGH� WKHGHVLUDEOH�VSHHGXS���7KH�FRQVHUYDWLYH�PHWKRG�LV�HIILFLHQW�RQO\�LI�FHUWDLQVWULFW� FRQGLWLRQV� DUH�PHW�� � 7KH�PRVW� SRSXODU� RSWLPLVWLF�PHWKRG� �7LPH:DUS�� �-HIIHUVRQ� HW� DO�� ������ RIWHQ� SURGXFHV� H[FHVVLYH� UROOEDFNV� DQGLQWHU�SURFHVVRU�FRPPXQLFDWLRQ�660� GRHV� QRW� H[FKDQJH� LQGLYLGXDO� PHVVDJHV� EHWZHHQ� WKHVHJPHQWV� EXW� UDWKHU� WKH� VWDWLVWLFDO� FKDUDFWHULVWLFV� RI� WKH�PHVVDJH� IORZ�$FWXDO�PHVVDJHV�DUH�UHJHQHUDWHG�IURP�WKH�VWDWLVWLFV�DW�WKH�UHFHLYLQJ�VLGH��)XUWKHU� H[SODQDWLRQ� ZLOO� EH� JLYHQ� ODWHU��� � 660� FODLPV� WR� EH� OHVVVHQVLWLYH� WR� FRPPXQLFDWLRQ� GHOD\� DQG� LW� UHTXLUHV� OHVV� QHWZRUNEDQGZLGWK�WKDQ�HYHQW�E\�HYHQW�PHWKRGV���1HYHUWKHOHVV��LW�LV�QRW�DFFXUDWHLQ� WKH� VHQVH� WKDW� DQ� HYHQW� WKDW� RFFXUUHG� LQ� RQH� VHJPHQW� RI� WKH� V\VWHPGRHV� QRW� KDYH� DQ� LPPHGLDWH� LQIOXHQFH� RQ� DQRWKHU� VHJPHQW�� � )RU� WKLVUHDVRQ��WKH�PHWKRG�FDQQRW�EH�DSSOLHG�LQ�VRPH�VLPXODWLRQV��IRU�H[DPSOHLQ� WKH� FDVH� RI� GLJLWDO� FLUFXLWV� EXW� UHPDLQV� IHDVLEOH� LQ� RWKHU� FODVVHV� RIVLPXODWLRQ� VXFK� DV� WKH� SHUIRUPDQFH� HVWLPDWLRQ� RI� FRPPXQLFDWLRQV\VWHPV�7KH� WUDQVLHQW�EHKDYLRU�DQG�DFFXUDF\�RI�660�DSSOLHG� WR� DQ�)'',VLPXODWLRQ� ZHUH� DOUHDG\� GHPRQVWUDWHG� LQ� �/HQFVH� ������� DQG� WKHTXHVWLRQV�RI�SDUDOOHOLVDWLRQ�XVLQJ�660�ZHUH�GLVFXVVHG�LQ��/HQFVH�������7KH� ODWWHU�SDSHU�VKRZV�WKDW�D�YHU\�JRRG�VSHHG�XS�FDQ�EH�DFKLHYHG�LQ�D3'(6� �SDUDOOHO� GLVFUHWH�HYHQW� VLPXODWLRQ�� DSSO\LQJ� 660� DQG� ORRVHV\QFKURQLVDWLRQ�EHWZHHQ�WKH�VHJPHQWV�RI�WKH�VLPXODWHG�V\VWHP��EHFDXVHWKH� SURFHVVRUV� H[HFXWLQJ� WKH� VHJPHQWV� UXQ� LQGHSHQGHQW� LQ� WKH� YDVWPDMRULW\�RI�WLPH�7KH� DLP� RI� WKLV� SDSHU� LV� WR� H[DPLQH� ZKDW� VWDWLVWLFV� FROOHFWLRQPHWKRGV�VKRXOG�EH�IRU�XVHG�IRU�660�WR�EH�DEOH�WR�IDLWKIXOO\�UHJHQHUDWHWKH�VWDWLVWLFDO�FKDUDFWHULVWLFV�RI� WKH�PHVVDJH� IORZ�� �7KH� GLVWULEXWLRQV� WREH� HVWLPDWHG�DUH�DVVXPHG� WR� EH� WLPH� LQYDULDQW�� � 7KH� DFFXUDF\� DQG� WKHUHVRXUFH� UHTXLUHPHQWV� RI� WKH� VWDWLVWLFV� FROOHFWLRQ�� VHQGLQJ� DQGUHJHQHUDWLRQ� DUH� LQYHVWLJDWHG� ERWK� LQ� JHQHUDO� IRU� VRPH� ZHOO�NQRZQGLVWULEXWLRQV�DQG� LQ�D�SUDFWLFDOO\� LPSRUWDQW� FDVH�� LQ� D� VLPXODWLRQ�RI� DQ)'',�QHWZRUN�7KH�DSSOLHG�GLVWULEXWLRQ�HVWLPDWLRQ�PHWKRGV�DUH��FRXQW�WKH�UHODWLYHIUHTXHQF\�RI�WKH�SRVVLEOH�YDOXHV�RI�WKH�UDQGRP�YDULDEOH��IRU�WKH�GLVFUHWH

FDVH�RQO\���WKH�HTXLGLVWDQW�KLVWRJUDP��WKH�%DUURQ�HVWLPDWH�DQG�WZR�W\SHVRI�WKH�HTXLSUREDEOH�ELQ�KLVWRJUDPV�7KH� LQYHVWLJDWHG� UHVRXUFH� UHTXLUHPHQWV� DUH�� FRPSXWDWLRQ� XVHGGXULQJ� WKH� VWDWLVWLFV� FROOHFWLRQ� DQG� VWDWLVWLFV� UHJHQHUDWLRQ�� VWRUDJHUHTXLUHPHQWV� GXULQJ� VWDWLVWLFV� FROOHFWLRQ� DQG� UHJHQHUDWLRQ�FRPPXQLFDWLRQ�UHTXLUHPHQW�EHWZHHQ�WKH�VHJPHQWV�7KH� UHPDLQGHU�RI� WKLV�SDSHU�LV�RUJDQL]HG�DV� IROORZV�� ILUVW�� D� EULHILQWURGXFWLRQ�WR�660�LV�SUHVHQWHG��WKHQ�WKH�UHDVRQV�IRU�WKH�FKRLFH�RI�WKHHUURU�FULWHULRQ�DUH�JLYHQ��QH[W�WKH�VWDWLVWLFV�FROOHFWLRQ�PHWKRGV�DQG�WKHLUUHVRXUFH� UHTXLUHPHQWV� DUH� FRQVLGHUHG�� DIWHUZDUGV� WKH� W\SHV� RI� WKHGLVWULEXWLRQV� WKDW� FDQ� EH� PHW� LQ� GLVFUHWH�HYHQW� VLPXODWLRQ� �'(6�� DUHGLVFXVVHG�� ILQDOO\� WKH� DFFXUDF\� RI� WKH� HVWLPDWLRQ� RI� WKH� GLVFUHWH�FRQWLQXRXV� DQG� SVHXGR�FRQWLQXRXV� W\SHV� RI� UDQGRP� YDULDEOHV� DUHLQYHVWLJDWHG�ERWK�LQ�JHQHUDO�DQG�LQ�D�VSHFLDO�FDVH�7KLV� WRSLF� ZDV� LGHQWLILHG� DV� EHLQJ� RI� LPSRUWDQFH� LQ� WKHLQYHVWLJDWLRQ�RI�WKH�DFFXUDF\�RI�WKH�6WDWLVWLFDO�6\QFKURQLVDWLRQ�0HWKRG�
7+(�67$7,67,&$/�6<1&+521,6$7,21�0(7+2'

)RU�WKRVH�QRW�IDPLOLDU�ZLWK�660��D�VKRUW�VXPPDU\�RI�WKH�6WDWLVWLFDO6\QFKURQLVDWLRQ�0HWKRG� LV� JLYHQ� KHUH�� � 6HH� �3RQJRU� ������ IRU� PRUHLQIRUPDWLRQ�6LPLODUO\� WR�RWKHU�SDUDOOHO� GLVFUHWH� HYHQW� VLPXODWLRQ�PHWKRGV�� WKHPRGHO�WR�EH�VLPXODWHG����ZKLFK� LV�PRUH�RU� OHVV�D�SUHFLVH�UHSUHVHQWDWLRQRI�D�UHDO�V\VWHP����LV�GLYLGHG�LQWR�VHJPHQWV��ZKHUH�WKH�VHJPHQWV�XVXDOO\GHVFULEH� WKH� EHKDYLRU� RI� IXQFWLRQDO� XQLWV� RI� � WKH� UHDO� V\VWHP�� � 7KHFRPPXQLFDWLRQ� RI� WKH� VHJPHQWV� FDQ� EH� UHSUHVHQWHG� E\� VHQGLQJ� DQGUHFHLYLQJ�YDULRXV�PHVVDJHV�� �)RU�660��HDFK� VHJPHQW� LV� HTXLSSHG�ZLWKRQH�RU�PRUH�LQSXW�DQG�RXWSXW� LQWHUIDFHV�� �7KH�PHVVDJHV�JHQHUDWHG� LQ�DJLYHQ� VHJPHQW� DQG� WR� EH� SURFHVVHG� LQ� D� GLIIHUHQW� VHJPHQW� DUH� QRWWUDQVPLWWHG�WKHUH�EXW�WKH��RXWSXW�LQWHUIDFHV �2,)��FROOHFW�VWDWLVWLFDO�GDWDRI�WKHP���7KH�LQSXW�LQWHUIDFHV �,,)��JHQHUDWH�PHVVDJHV�IRU�WKH�VHJPHQWVDFFRUGLQJ� WR� WKH�VWDWLVWLFDO�FKDUDFWHULVWLFV�RI� WKH�PHVVDJHV� FROOHFWHG�E\WKH�SURSHU�RXWSXW�LQWHUIDFHV����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\� FRUUHFWUHVXOWV�� 7KH� HYHQWV� LQ� RQH� VHJPHQW� KDYH� QRW� WKH� VDPH� HIIHFW� � LQ� RWKHUVHJPHQWV�DV�LQ�WKH�RULJLQDO�PRGHO���VR�WKH�UHVXOWV�FROOHFWHG�GXULQJ�660DUH�QRW�H[DFW��7KH�SUHFLVLRQ�GHSHQGV�RQ�WKH�SDUWLWLRQLQJ�RI�WKH�PRGHO��RQWKH� DFFXUDF\� RI� VWDWLVWLFV� FROOHFWLRQ� DQG� UHJHQHUDWLRQ�� DQG� RQ� WKHIUHTXHQF\�RI�WKH�VWDWLVWLFV�H[FKDQJH�DPRQJ�WKH�SURFHVVRUV�
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2XU� WDVN� LV� WR� HVWLPDWH� WKH� XQNQRZQ� GLVWULEXWLRQ� RI� D� UDQGRPYDULDEOH�;� KDYLQJ� WKH� GLVWULEXWLRQ� IXQFWLRQ� )�[� 3U�;�[�� DQG� �LQ� WKH



FRQWLQXRXV� FDVH�� SUREDELOLW\� GHQVLW\� IXQFWLRQ� I�[� )¶�[��� �:H� HVWLPDWHI�[� E\�J�[� DQG�PHDVXUH�WKH�HUURU�RI�WKH�HVWLPDWLRQ�E\�RQH�RI� WKH�HUURUFULWHULD�
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7KH�PRVW�SRSXODU�HUURU�FULWHULRQ�LV� WKH�/� �VTXDUHG�HUURU��EHFDXVHRI�LWV�DQDO\WLFDO�VLPSOLFLW\���+RZHYHU��LW�LV�QRW�DGHTXDWH�KHUH��EHFDXVH�LWGH�HPSKDVL]HV�WKH�WDLOV�RI�D�GHQVLW\�E\�VTXDULQJ�WKH�VPDOO�GHQVLW\�YDOXHVWKHUH�� � /� LV� WKH� FULWHULRQ� RI� FKRLFH�� IRU� WKH� IROORZLQJ� UHDVRQ�� ZH� DUHLQWHUHVWHG� LQ� WKDW�KRZ�ZHOO�ZH� FDQ� HVWLPDWH� WKH�SUREDELOLWLHV�RI� HYHQWVL�H��WKH�LQWHJUDO�RI� I�[� IRU�D�JLYHQ�LQWHUYDO��UDWKHU�WKDQ�WKH�IXQFWLRQ� I�[�LWVHOI�� �,Q�RWKHU�ZRUGV�KRZ�PXFK�GLIIHUV�WKH�SUREDELOLW\�PHDVXUH�RI�RXUHVWLPDWLRQ� J�[� IURP� WKH� WKHRUHWLFDO� I�[� IRU� DQ\� %RUHO� VHWV�� � 7KHVXSUHPXP�RI�WKLV�GLIIHUHQFH�FDQ�EH�H[SUHVVHG�E\�WKH�/� HUURU��6FKHIIq
V7KHRUHP��VHH��'HYUR\H�DQG�*\ôUIL�������S������
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$QRWKHU�XVHIXO�SURSHUW\�RI�WKH�DEVROXWH�HUURU��/���LV�LWV�LQYDULDQFHWR�PRQRWRQH� FRQWLQXRXV� FKDQJHV�RI� VFDOH� �6FRWW� ������ S�� ����� �/ �� LV� DGLPHQVLRQOHVV�TXDQWLW\�DQG�LW�LV�HDV\�WR�VHH�WKDW���d�/� d���)RU�GLVFUHWH�UDQGRP�YDULDEOHV��/� LV�FDOFXODWHG�E\�VXP� LQVWHDG�RILQWHJUDO���/HW�;�WDNH�WKH�YDOXHV�[���[���«�[N��«�ZLWK�WKH�SUREDELOLWLHV�S��S��� «� SN�� «� � /HW� T��� T��� «� TN «� GHQRWH� WKH� PHDVXUHG� UHODWLYHIUHTXHQFLHV�RI�WKH�YDOXHV�WDNHQ�E\�;�
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$V� VLPXODWLRQ� LV� XVXDOO\� DSSOLHG� WR� VROYH� FRPSOH[� SUREOHPV� WKHDQDO\WLFDO�VROXWLRQ�RI�ZKLFK�LV�QRW�NQRZQ��WKH�GLVWULEXWLRQV�REVHUYHG�LQVLPXODWLRQ�DUH�QRW�NQRZQ�LQ� WKH�YDVW�PDMRULW\�RI�FDVHV��VR�ZH�FRQVLGHURQO\�WKH�QRQSDUDPHWULF�HVWLPDWLRQV���,Q�WKH�QH[W�VXEVHFWLRQV�ZH�H[DPLQHWKH� FRPSXWDWLRQ�� VWRUDJH� DQG� FRPPXQLFDWLRQ� UHTXLUHPHQWV� IRU� WKHVWXGLHG� VWDWLVWLFV� FROOHFWLRQ� DOJRULWKPV�� � :H� DVVXPH� WKH� UHDGHU� LVIDPLOLDU�ZLWK�WKH�HOHPHQWDU\�DOJRULWKP�WKHRU\��$KR�HW�DO��������DQG�WKH&�SURJUDPPLQJ�ODQJXDJH����&�FRGH�VHJPHQWV�ZLOO�EH�VHW�LQ�FRXULHU��

5HODWLYH�)UHTXHQF\
,I� D� UDQGRP�YDULDEOH�KDV� D� GLVFUHWH� GLVWULEXWLRQ� DQG� FDQ� WDNH� QRWWRR�PDQ\�YDOXHV�WKDW�DUH�NQRZQ�LQ�DGYDQFH��WKH�VLPSOHVW�ZD\�WR�FROOHFWVWDWLVWLFV� RI� WKH� UDQGRP�YDULDEOH� LV� WR� FRXQW� IRU� LWV� DOO� SRVVLEOH� YDOXHVKRZ� PDQ\� WLPHV� WKH\� RFFXU� LQ� WKH� VDPSOH�� � ,W� LV� FDOOHG� HPSLULFDOGLVWULEXWLRQ�� �/HW�[���[���«�[N��«�[0 GHQRWH�WKH�SRVVLEOH�YDOXHV�RI� WKHGLVFUHWH�UDQGRP�YDULDEOH�;���,I�;�WDNHV�LWV�SRVVLEOH�YDOXH�[ N IRU�QN WLPHVLQ� D� VDPSOH� RI� VL]H�1�� LWV� UHODWLYH� IUHTXHQF\� LV� T N  � QN�1�� � 7R� FROOHFWVWDWLVWLFV�RQH�QHHGV�DQ�DUUD\�RI�FRXQWHUV��WKDW�LV�LQWHJHUV��RI�VL]H�0���,QWKH�JHQHUDO�FDVH�ZH�QHHG�WR�VWRUH�WKH�[N YDOXHV�RUGHUHG��UHTXLUHV�DQRWKHUDUUD\� RI� VL]H� 0�� XVXDOO\� DQ� DUUD\� RI� W\SH� ³GRXEOH´� LQ� WKH� &SURJUDPPLQJ� ODQJXDJH�� DQG� XVH� ELQDU\� VHDUFK� IRU� DOO� ; L �L�  � �� WR� 1�REVHUYDWLRQV� WR� ILQG� M�� ;L [M DQG� WKHQ� WKH� M�WK� FRXQWHU� LV� WR� EHLQFUHPHQWHG�� ,Q� VSHFLDO� FDVHV��ZKHQ�ZH�KDYH�VRPH�H[WUD�NQRZOHGJH�RIWKH�SRVVLEOH�YDOXHV�RI�;��ZH�PD\�DYRLG�WKH�ELQDU\�VHDUFK�DQG�XVH�D�KDVKIXQFWLRQ�RU�HYHQ�GLUHFW�PDSSLQJ����(�J���/HW�;�WDNH�WKH�YDOXHV�����������«�������7KHQ�;����FDQ�EH�XVHG�DV�WKH�LQGH[�LQ�WKH�DUUD\�RI�FRXQWHUV��,I�ZH�NQRZ�DQG�VWRUH�WKH�SRVVLEOH�[N YDOXHV�RUGHUHG�LQ�DGYDQFH��WKHDOJRULWKPLFDO� FRPSOH[LW\� RI� WKH� FROOHFWLRQ� RI� D� VDPSOH� VL]HG� 1� LV2�1ORJ�0���LQ�WKH�JHQHUDO�FDVH�DQG�IRU�VWDWLVWLFV�H[FKDQJH��ZH�QHHG�WRWUDQVIHU�RQO\�WKH�FRXQWHUV��0VL]HRI�LQW��
+RZHYHU�� LI�ZH�GR�QRW�NQRZ�RU�GR�QRW�ZDQW� WR� VWRUH� WKH�SRVVLEOHYDOXHV�RI�;�LQ�DGYDQFH��SHUKDSV�EHFDXVH�WKHUH�DUH�WRR�PDQ\�RI�WKHP�DQGVRPH�RI�WKHP�DUH�WRR�UDUH���ZH�QHHG�WR�EXLOG�WKH�DUUD\�RI� WKH�[ N YDOXHVGXULQJ� WKH� VWDWLVWLFV� FROOHFWLRQ�� � 7KH� LQVHUWLRQ� RI� D� QHZ� HOHPHQW� PD\UHTXLUH� WR�PRYH� VRPH�HOHPHQWV� RI� WKH� DUUD\�� WKH� FRVW� RI�ZKLFK� FDQ� EHOLQHDU�ZLWK�WKH�DUUD\�VL]H��VR�WKH�FRPSOH[LW\�RI�WKH�VWDWLVWLFV�FROOHFWLRQ�LV�2�1ORJ�0¶���0¶�����ZKHUH�0¶�LV�WKH�QXPEHU�RI�WKH�GLIIHUHQW�YDOXHV�RI;� LQ� WKH� DFWXDO�1� VL]HG� VDPSOH�� �2I� FRXUVH�� WKH� SRVVLEOH� YDOXHV� RI� ;

�WRJHWKHU�ZLWK� WKH�FRXQWHUV��FDQ�EH�VWRUHG�LV�D�GDWD�VWUXFWXUH�WKDW�KDV�DORJDULWKPLFDO�LQVHUWLRQ�FRVW��IRU�H[DPSOH�$9/�WUHH������WUHH��%�WUHH��HWF�,Q� WKLV�FDVH�ZH� UHGXFH� WKH� DGGLWLRQDO�2��0¶���� FRVW� WR�2�0¶ORJ�0¶���$Q\ZD\�� WKH� FRPPXQLFDWLRQ� FRVWV�ZLOO� LQFOXGH� WKH� WUDQVIHU� RI� WKH�0¶HOHPHQWV�WRR��0¶VL]HRI�GRXEOH��
$W�WKH�SODFH�RI�WKH�VWDWLVWLFV�UHJHQHUDWLRQ�� WKH�VWRUDJH�UHTXLUHPHQWLV�DOVR�0VL]HRI�LQW����7KH�JHQHUDWLRQ�RI�D�UDQGRP�QXPEHU�RQ�WKHEDVLV�RI�WKH�FROOHFWHG�VWDWLVWLFV�UHTXLUHV�2�0��QXPEHU�RI�³�´�RSHUDWLRQVLI�ZH�XVH�WKH�WULYLDO�DOJRULWKP��*HQHUDWH� D�UDQGRP�QXPEHU�5�LQ� WKH�>��QN�� LQWHUYDO�DFFRUGLQJ� WR�XQLIRUP�GLVWULEXWLRQ�� �7KHQ� DGG� WKH�Q ��� ���� QN����QM YDOXHV�XQWLO� WKH� VXP� LV�JUHDWHU� WKDQ�5�� �5HWXUQ�[M DV� WKH� UHVXOW�� �$PRUH� VRSKLVWLFDWHG� DOJRULWKP� LV� WKH� IROORZLQJ� RQH�� FDOFXODWH� DQG� VWRUHWKH�VXP�M��YDOXHV�IRU�DOO�SRVVLEOH�M��UHTXLUHV�0VL]HRI�LQW� VWRUDJH�DQG�ILQG�WKH�DSSURSULDWH�RQH�E\�D�ELQDU\�VHDUFK�RI�2�ORJ�0���VWHSV�
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,I� D� UDQGRP� YDULDEOH� KDV� FRQWLQXRXV� GLVWULEXWLRQ� RU� LI� LW� KDVGLVFUHWH� GLVWULEXWLRQ� EXW� LW�PD\� WDNH� H[WUHPHO\�PDQ\� YDOXHV�� DQG� LW� LVDFFHSWDEOH��RQH�PD\�XVH�VRPH�NLQG�RI�KLVWRJUDP�IRU�VWDWLVWLFV�FROOHFWLRQ�$Q�HTXDO�ELQ�ZLGWK�KLVWRJUDP�LV�FKDUDFWHUL]HG�E\�LWV�VWDUWLQJ�SRLQWW���WKH�VL]H��K��DQG�QXPEHU��0��RI�LWV�ELQV���,W�UHTXLUHV�D�FRXQWHU�IRU�DOOLWV� ELQV�� DOWRJHWKHU� DERXW� 0VL]HRI�LQW� VWRUDJH� DQGFRPPXQLFDWLRQ���7KH�FROOHFWLRQ�RI�WKH�VWDWLVWLFV�LV�YHU\�VLPSOH�LI�ZH�XVHWKH� DOJRULWKP�� FRXQWHUBRIBELQ>LQW��;�W���K�@���� WKH� FRVWRI�WKH�FROOHFWLRQ�RI�1�VDPSOHV�LV�RQO\�2�1��)RU� WKH� JHQHUDWLRQ� RI� D� UDQGRP� QXPEHU� RQ� WKH� EDVLV� RI� WKHFROOHFWHG� VWDWLVWLFV�� RQH� QHHGV� WR� FKRRVH� D� ELQ� DQG� JHQHUDWH� D� UDQGRPQXPEHU�IURP�WKDW�ELQ�DFFRUGLQJ�WR�XQLIRUP�GLVWULEXWLRQ���7KH�FKRLFH�RIWKH�ELQ�PD\�EH�GRQH�E\�WKH�VDPH�ZD\�DQG�FRVW�DV�ZH�KDYH�VHHQ�LW�LQ�WKHFDVH�RI�WKH�VWDWLVWLFV�UHJHQHUDWLRQ�RQ�WKH�EDVLV�RI�WKH�UHODWLYH�IUHTXHQFLHVRI�WKH�SRVVLEOH�YDOXHV�RI�WKH�UDQGRP�YDULDEOH�1RWH�WKDW�WKLV�DSSURDFK�FDQ�RQO\�EH�XVHG�LI�ZH�NQRZ�D�ORZHU�DQGDQ� XSSHU� ERXQG� IRU� WKH� GLVWULEXWLRQ�� � ,Q� VRPH� SUDFWLFDO� FDVHV�ZH� QRZWKHVH� ERXQGV� DV� ³KLJK� SUREDELOLW\� ERXQGV´� RQO\�� WKDW� LV�� ZLWK� D� VPDOOSUREDELOLW\�WKH�YDOXH�RI�;�PD\�H[FHHG�WKHVH�ERXQGDULHV��LQ�WKLV�FDVH�LW�LVFRPPRQ�WR�DSSO\�DQ�XQGHUIORZ�DQG�RU�DQ�RYHUIORZ�ELQ�IRU�FRXQWLQJ�WKHH[WUHPH�YDOXHV�
%DUURQ�(VWLPDWH

%DUURQ�HVWLPDWH��%DUURQ�HW�DO��������LV�D�KLVWRJUDP�EDVHG�GHQVLW\HVWLPDWLRQ�PHWKRG���,W�FROOHFWV�VWDWLVWLFV�DFFRUGLQJ�WR�WKH�IROORZLQJ�VWHSV�7UDQVIRUP� WKH� UDQGRP� VDPSOHV� E\� D� IL[HG� GLVWULEXWLRQ� IXQFWLRQ� *�[��WKDW�LV�UHODWHG�VRPHKRZ�WR�)�[���WKH�GLVWULEXWLRQ�IXQFWLRQ�RI�WKH�UDQGRPYDULDEOH�;���0DNH�DQ�HTXLGLVWDQW�KLVWRJUDP�LQ�WKH�>���@�ZLWK�0 QXPEHURI�ELQV�RI�ZLGWK�K IURP�WKH�WUDQVIRUPHG�VDPSOHV���7KH�FDOFXODWLRQ�RI�WKHDSSUR[LPDWHG�GHQVLW\�IXQFWLRQ�LV�LQ�)LJXUH���
LI�[�ELQM WKHQ
I [ ELQK J [M∧

=� � � � � �µ

ZKHUH�P�ELQM��LV�WKHHPSLULFDO�PHDVXUHRI�WKH�M�WK�ELQ�
K

[ELQM

*�[�

ELQM��)LJXUH�����%DUURQ�HVWLPDWH
1RWH� WKDW� XVLQJ� J�[M�� LQVWHDG� RI� J�[��� ZKHUH� [M LV� DQ� DSSURSULDWHIL[HG� SRLQW� LQ� WKH� M�WK� SDUWLWLRQ� D� QHDUO\� HTXLSUREDEOH� ELQ� KLVWRJUDPHVWLPDWH�FDQ�EH�PDGH�LI�*�[��LV�FORVH�WR�)�[��7KH� UHVRXUFH� UHTXLUHPHQWV� FDQ� EH� GHULYHG� IURP� WKDW� RI� WKHHTXLGLVWDQW�KLVWRJUDP�SOXV�WKH�FRPSXWDWLRQDO�FRVWV�RI�WKH�WUDQVIRUPDWLRQRI�WKH�VDPSOHV�



(TXLSUREDEOH�%LQ�+LVWRJUDPV
.QRZLQJ� WKH�GLVWULEXWLRQ� IXQFWLRQ� )�[� RQH�PLJKW� VHW� XS� WKH� ELQERXQGDULHV� VR� WKDW� WKH� ELQV� DUH� HTXL� SUREDEOH�� � 7KH� FROOHFWLRQ� RI� WKHVWDWLVWLFV�UHTXLUHV�WR�ILQG�WKH�DSSURSULDWH�ELQ�IRU�WKH�VDPSOHV���7KLV�FDQEH� GRQH� E\� D� ELQDU\� VHDUFK�� DQG� WKH� DOJRULWKPLFDO� FRPSOH[LW\� RI� WKHFROOHFWLRQ�RI�D�VDPSOH�VL]HG�1�LV�2�1ORJ�0���� MXVW� OLNH� LQ� WKH�FDVH�RIFROOHFWLQJ� WKH� UHODWLYH� IUHTXHQFLHV� RI� WKH� VDPSOHV�� � 7KH� VWRUDJHUHTXLUHPHQWV� LQFOXGH� ERWK� WKH� VWRUDJH� RI� WKH� ELQ� ERXQGDULHV� DQG� WKHFRXQWHUV� 0�VL]HRI�GRXEOH��VL]HRI�LQW���� � 7KH� RWKHUUHVRXUFH�UHTXLUHPHQWV�DUH�VLPLODU�WR�WKDW�RI�WKH�HTXLGLVWDQW�KLVWRJUDP�$V�)�[� LV�QRW�NQRZQ��WKLV�PHWKRG�ZLOO�RQO\�EH�XVHG�DV�D�UHIHUHQFHIRU�WKH�IROORZLQJ�RQH�

6HPL�HTXLSUREDEOH�%LQ�+LVWRJUDPV
:H� VHW� XS� WKH� ELQ� ERXQGDULHV� VR� WKDW� ZH� JDLQ� VWDWLVWLFDOO\HTXLYDOHQW� EORFNV�� � $FFRUGLQJ� WR� )1�[�� �WKH� HPSLULFDO� GLVWULEXWLRQIXQFWLRQ��WKH�SDUWLWLRQ�LV�HTXL�SUREDEOH���,Q�WKLV�ZD\� WKH�ELQ�ERXQGDULHVRI�WKH�KLVWRJUDP�DUH�FRPSXWHG�IURP�WKH�FROOHFWHG�VDPSOHV���:H�H[SHFW�WKDW� LI� WKH� VDPSOH� VL]H� 1� LV� ODUJH� HQRXJK�� WKH� ELQ� ERXQGDULHV� ZLOO� EHFORVH�WR�WKH�RSWLPDO��DQG�WKH�/� HUURU�RI�WKH�VWDWLVWLFV�ZLOO�EH�FORVH�WR�WKDWRI�WKH�DERYH�PHQWLRQHG�UHIHUHQFH�PHWKRG�)RU�WKLV�PHWKRG�ZH�UHFRPPHQG�WKH�IROORZLQJ�DOJRULWKP���6WRUH�DOOWKH�1�REVHUYDWLRQV�RI�;���7KHQ�VRUW�WKH�FROOHFWHG�VDPSOHV�DQG�GUDZ�WKHERXQGDULHV�RI� WKH�0�ELQV�VR�WKDW� WKH�VDPH�QXPEHU�RI�VDPSOHV�IDOO� LQWRDOO�ELQV�7KH� FRVW� RI� WKH� VRUW� LV� 2�1ORJ�1���� WKH� VWRUDJH� UHTXLUHPHQW� LV1VL]HRI�GRXEOH� IRU�VWRULQJ�WKH�REVHUYDWLRQV���7KHRUHWLFDOO\�RQO\WKH�ELQ�ERXQGDULHV�KDYH�WR�EH� WUDQVIHUUHG�EHWZHHQ� WKH�VHJPHQWV� �DERXW0VL]HRI�GRXEOH� E\WHV���EHFDXVH�WKH�FRXQWHU�YDOXHV�DUH�WKH�VDPHIRU� DOO� ELQV�� � +RZHYHU�� WKH� FRXQWHUV�PD\� GLIIHU� IRU� VRPH� UHDVRQV�� WKHQXPEHU�RI�REVHUYDWLRQV�LV�QRW�DQ�H[DFW�PXOWLSOH�RI�WKH�QXPEHU�RI�FHOOV�RULI� ZH� XVH� WKLV� PHWKRG� IRU� FROOHFWLQJ� VWDWLVWLFV� RI� D� TXDQWL]HG� UDQGRPYDULDEOH�WKHQ�WKHUH�PD\�EH�HTXDO�RQHV�DPRQJ�WKH�REVHUYDWLRQV�DQG�WKH\KDYH�WR�EH�SODFHG�LQWR�WKH�VDPH�ELQ���,Q�WKLV�FDVH�WKH�FRXQWHUV�DOVR�KDYHWR�EH�WUDQVPLWWHG�

2WKHU�3RVVLEOH�'HQVLW\�(VWLPDWLRQ�0HWKRGV
7KH�IROORZLQJ�WZR�PHWKRGV�ZRUN�ZLWKRXW�VWRULQJ�WKH�REVHUYDWLRQV�7KH� 3� PHWKRG� �-DLQ� DQG� ,PULFK� ������ FDOFXODWHV� WKH� TXDQWLOHV� RI� DGHQVLW\�� � 7KH� .�VSOLW� PHWKRG� �9DUJD� ������ PDLQWDLQV� WKH� QXPEHU� RIFHOOV� �L�� H�� ELQV�� RSWLPDO� IRU� WKH� GLVWULEXWLRQ� DQG� WKH� QXPEHU� RIREVHUYDWLRQV�E\�GRLQJ�FHOO�VSOLWV�2WKHU�QRQSDUDPHWULF�HVWLPDWLRQV�DUH��IUHTXHQF\�SRO\JRQ��DYHU DJHGVKLIWHG�KLVWRJUDP�DQG�WKH�GLIIHUHQW�NHUQHO�PHWKRGV���6FRWW������7KHVH�PHWKRGV�ZH�GR�QRW�VWXG\�

7KH�&RQVLGHUDWLRQ�RI�WKH�5HVRXUFH�5HTXLUHPHQWV
:KHQ�VHOHFWLQJ� WKH�VWDWLVWLFV�FROOHFWLRQ�PHWKRG�ZH�PXVW�WDNH�FDUHIRU� WKH� UHVRXUFH� UHTXLUHPHQWV� GHVFULEHG� DERYH� QRW� WR� VORZ� GRZQ� WKH

VLPXODWLRQ�� � 7KH� HVWLPDWLRQ� RI� WKH� QXPEHU� RI� LQWHU�VHJPHQW� PHVVDJHVSHU�VLPXODWLRQ�H[HFXWLRQ�WLPH�VHFRQGV�PD\�EH�QHFHVVDU\���7KH�DFFXUDF\RI� WKH� HVWLPDWLRQ� PHWKRGV� KDV� SULPDU\� LPSRUWDQFH�� EXW� LW� LV� DOVRHVVHQWLDO� WR� FKHFN� WKDW� WKH� VWRUDJH�� FRPSXWDWLRQ� DQG� FRPPXQLFDWLRQUHTXLUHPHQWV�RI� WKH�DOJRULWKPV�FDQ�EH�VDWLVILHG�ZLWKRXW�VLJQLILFDQW� ORVVLQ�WKH�VSHHG�RI�WKH�VLPXODWLRQ�
7+(�7<3(6�2)�7+(�',675,%87,216�,1�'(6

,Q�PDQ\�FDVHV�UDQGRP�YDULDEOHV�LQ�D�'(6�WDNH�GLVFUHWH�YDOXHV���)RUH[DPSOH�LQ�D�QHWZRUN�VLPXODWLRQ�SDFNHW�OHQJWK��TXHXH�OHQJWK��QXPEHU�RIDFWLYH�VWDWLRQV�HWF��WDNH�QRW�RQO\�GLVFUHWH�EXW�HYHQ�LQWHJHU�YDOXHV���2Q�WKHRWKHU�KDQG�WKH� WLPH�RI�HYHQWV� LV�XVXDOO\�UHIHUUHG�DV�FRQWLQXRXV� UDQGRPYDULDEOH�� � /HW� XV� LQWURGXFH� WKH� TXDQWL]HG� UDQGRP� YDULDEOHV� IRU� WKHIROORZLQJ�UHDVRQV�
x� WKH�UHVROXWLRQ�RI�WKH�IORDWLQJ�SRLQW�YDULDEOHV�RI�FRPSXWHUV�LV�ILQLWHx� D�VPDOOHVW�XQLW�RI�WLPH�PD\�H[LVW�LQ�WKH�VLPXODWHG�V\VWHPx� LI� WKH� LQSXW�GDWD�RI� WKH�VLPXODWLRQ�FRPH�IURP�PHDVXUHPHQWV�RQ�DUHDO�V\VWHP��WKH\�PD\�EH�TXDQWL]HGx� LQ� WKH� VLPXODWLRQ�� WKHUH�PD\� EH�PL[WXUH� GLVWULEXWLRQV� �WKDW� DUH� DPL[WXUH�RI�GLVFUHWH�DQG�DEVROXWHO\�FRQWLQXRXV�GLVWULEXWLRQV�
7+(�$&&85$&<�2)�7+(�(67,0$7,21

$V� LW�ZDV�PHQWLRQHG�EHIRUH�� WKH�SDUDPHWULF� HVWLPDWLRQ� FDQQRW� EHXVHG�� DV� WKH�GLVWULEXWLRQV� WR� EH� HVWLPDWHG� DUH� XQNQRZQ�� �+RZHYHU��ZHFDQ� WHVW� WKH� GLIIHUHQW� HVWLPDWLRQ� PHWKRGV� IRU� VRPH� IUHTXHQWO\� XVHGGLVWULEXWLRQV���,W�JLYHV�XV�DQ�LPSUHVVLRQ�RI�WKH�EHKDYLRXU�RI�WKH�DFFXUDF\RI� WKH� PHWKRG�� WKDW� KHOS� XV� WR� FKRRVH� WKH� PHWKRG� WR� EH� XVHG� LQ� DSDUWLFXODU�VLPXODWLRQ�
([SRQHQWLDO�'LVWULEXWLRQ

7KH�H[SRQHQWLDO�GLVWULEXWLRQ�RFFXUV�PDQ\� WLPHV�LQ� VLPXODWLRQV�DVWKH� GLVWULEXWLRQ� RI� WKH� LQWHU�DUULYDO� WLPH� RI� UHTXHVWV�� � ,W� FDQ� EHFKDUDFWHUL]HG�E\�LWV�SUREDELOLW\�GHQVLW\�IXQFWLRQ�
I [ H [� � = −λ λ

7KH� YDOXH� RI� WKH� O SDUDPHWHU� ZDV� FKRVHQ� WR� EH� �� LQ� WKHH[SHULPHQWV�� �:KDW� LV� WKH�EHVW�/� HUURU� WKDW� FDQ�EH� DFKLHYHG�ZKHQ� WKHHVWLPDWLRQ�LV�GRQH�E\�1�QXPEHU�RI�REVHUYDWLRQV�ZLWK�WKH�RSWLPDO�FKRLFHRI�WKH�SDUDPHWHUV�RI�WKH�VWXGLHG�VWDWLVWLFV�FROOHFWLRQ�PHWKRGV"(TXLGLVWDQW�+LVWRJUDP%HVLGHV� WKH� 1� QXPEHU� RI� WKH� FROOHFWHG� VDPSOHV� WKH� /� HUURUGHSHQGV� RQ� WKH� SDUDPHWHUV� RI� WKH� KLVWRJUDP�� � 7KH� W � VKRXOG� EH� ��6LPXODWLRQ�H[SHULPHQWV�ZHUH� H[HFXWHG�ZLWK�GLIIHUHQW� YDOXHV� IRU� WKH�K 1VL]H�DQG�WKH�01 QXPEHU�RI�ELQV���7KH�1�QXPEHU�RI�VDPSOHV�ZDV�FKRVHQWR�EH������DQG�WKH�H[SHULPHQWV�ZHUH�UHSHDWHG�IRU������WLPHV�WR�VPRRWKWKH�GLDJUDP�

0HWKRG &RPSXWDWLRQ 6WRUDJH &RPPXQLFDWLRQUHODWLYH�IUHTXHQF\ 2�1ORJ�0���RU2�1ORJ�0¶���0¶��� 0�VL]HRI�LQW��VL]HRI�GRXEOH���RU0¶�VL]HRI�LQW��VL]HRI�GRXEOH�� 0VL]HRI�LQW��RU0¶�VL]HRI�LQW��VL]HRI�GRXEOH��HTXLGLVWDQW�KLVWRJUDP 2�1� 0VL]HRI�LQW� 0VL]HRI�LQW�%DUURQ�HVWLPDWH 2�1� 0VL]HRI�LQW� 0VL]HRI�LQW�HTXLSUREDEOH�ELQKLVWRJUDP 2�1ORJ�0�� 0�VL]HRI�LQW��VL]HRI�GRXEOH�� 0�VL]HRI�LQW��VL]HRI�GRXEOH��
VHPL�HTXLSUREDEOHELQ�KLVWRJUDP 2�1ORJ�1�� 1VL]HRI�GRXEOH��0�VL]HRI�LQW��VL]HRI�GRXEOH�� 0VL]HRI�GRXEOH��RU0�VL]HRI�LQW��VL]HRI�GRXEOH��7DEOH�����7KH�UHVRXUFH�UHTXLUHPHQWV�RI�WKH�VWXGLHG�GLVWULEXWLRQ�HVWLPDWLRQ�PHWKRGV�
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K1 6L]H�RI�ELQV01 1XPEHU�RI�ELQV ����
)LJXUH�����/��HUURU�RI�WKH�HTXLSUREDEOH�KLVWRJUDP�HVWLPDWLRQ�RI�����VDPSOHV�IURP�H[SRQHQWLDO�GLVWULEXWLRQ�LQ�WKH�IXQFWLRQ�RI�WKH�K 1�VL]H�DQGWKH�01�QXPEHU�RI�ELQV

)LJXUH�� VKRZV�WKDW�IRU�D�JLYHQ�01 QXPEHU�RI�ELQV�WKHUH�LV�DQ�K1RSWRSWLPDO� YDOXH� IRU� WKH� ELQ� VL]H�� � ,I� K1!K1RSW WKHQ� WKH� UHVROXWLRQ� LV� WRRFRDUVH� WKDW�FDXVHV� WKH�HUURU� WR�JURZ�DV�K1 LQFUHDVHV�� � ,I� �K1�K1RSW WKHQWKH� QXPEHU� RI� REVHUYDWLRQV� SHU� ELQ� LV� WRR� VPDOO� �WKHUH� LV� WRR� PXFKIOXFWXDWLRQ��WKDW�FDXVHV�WKH�HUURU�WR�JURZ�DV�K1 GHFUHDVHV���7R�RSWLPL]HWKH� SDUDPHWHUV� WKH� YDOXH� RI� K1 ZDV� FKDQJHG�ZKLOH� WKH� YDOXH�01 ZDVDOZD\V�VHW�VR�WKDW�WKH�UDQJH�RI�WKH�KLVWRJUDP�EH�ODUJH�HQRXJK��WKDW�LV�
0 K1 =







�
λ

7KH���O UDQJH�LV�HQRXJK��EHFDXVH� LQ� WKLV�FDVH� WKH�PHDVXUH�RI� WKHWDLO�RI�WKH�H[SRQHQWLDO�GLVWULEXWLRQ�LV�OHVV�WKDQ��������ZKLFK�LV�QHJOLJLEOHFRPSDUHG�WR�WKH�PHDVXUHG�YDOXHV�RI�WKH�/��HUURU�
K1 ���� ���� ���� ���� ���� ���� ����(�/�� ������ ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ����� ������ ������ ������7DEOH�����7KH�/��HUURU�LQ�WKH�IXQFWLRQ�RI�WKH�ELQ�VL]H��H[SRQHQWLDOGLVWULEXWLRQ�������VDPSOHV�������H[SHULPHQWV�

$V�LW�FDQ�EH�VHHQ�IURP�WDEOH����D�JRRG�FKRLFH�IRU�K 1 LV��������,W�DOVRFDQ� EH� VHHQ� WKDW� D� VPDOO� FKDQJH� LQ� K1 GRHV� QRW� FDXVH� D� VLJQLILFDQWFKDQJH�LQ�WKH�/� HUURU���7KH�QXPEHU�RI�ELQV��01��ZDV�FKRVHQ�WR�EH����EHFDXVH�IRU�IHZHU�ELQV� WKH�/� HUURU� LV� VLJQLILFDQWO\�ZRUVH� DQG� IRU�PRUHELQV�WKH�/��HUURU�LV�QRW�VLJQLILFDQWO\�EHWWHU�7KH�VL]H�DQG�QXPEHU�RI�ELQV�ZHUH�GHWHUPLQHG�LQ�WKH�FDVH�RI�VRPHRWKHU�QXPEHU�RI�VDPSOHV�FROOHFWHG���7DEOH�� VKRZV�WKH�UHVXOWV���1RWH�WKDWWKH�UDQJH�RI�KLVWRJUDP�FROOHFWLRQ��01K1��LV�LQ�WKH�RUGHU�RI���O�
1 ��� ���� ���� ���� ���� ����� �����01 �� �� �� �� �� �� ��K1 ���� ���� ���� ���� ���� ���� ����(�/�� ������ ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������ ������7DEOH�����7KH�/��HUURU�RI�WKH�HTXLGLVWDQW�KLVWRJUDP�LQ�WKH�IXQFWLRQ�RI�WKHQR��RI�REVHUYDWLRQV��H[SRQHQWLDO�GLVWULEXWLRQ��RSWLPDO�ELQ�QR��DQG�VL]H�

%DUURQ�(VWLPDWH2I�FRXUVH��LI�*�[�{)�[��LV�FKRVHQ��WKHQ�ZLWK�01 ��FHOO�WKH�PHWKRGSURGXFHV� ]HUR� /� HUURU�� VR� ZH� PXVW� WDNH� FDUH� WR� EH� KRQHVW� ZLWK� WKHFKRLFH� RI� WKH� *�[�� IXQFWLRQ�� � /HW� XV� FRQVLGHU� WKH� IROORZLQJ� WKUHHH[DPSOHV�
* [ ) [� �� � � �= ���* [ [ [� � ��� ���� � = −

λ λ

���* [ [ [� � ��� ��� � = −
λ λ

7KH� ILUVW� RQH� LV� DOVR� DQ� H[SRQHQWLDO� GLVWULEXWLRQ�� EXW� ZLWK� O��SDUDPHWHU�� WKH� VHFRQG� DQG� WKLUG� RQHV� DUH� OLQHDU� DSSUR[LPDWLRQVFRQFHUQLQJ�WKH�GHQVLW\�IXQFWLRQ����6HH�)LJXUH����

�����������������������������

� � � � � � � � � � ��
J [ [� ��� ���� � = −

λ λ J [ H [� ��� � =
−λ λ

I [ H [� � = −λ λ

J [ [� ��� ��� � = −
λ λ

)LJXUH�����'HQVLW\�IXQFWLRQV�IRU�%DUURQ�HVWLPDWH
7KH�RSWLPDO�YDOXH� IRU�0� LV�GHWHUPLQHG�LQ� WKH�XVXDO�ZD\��DQG� WKHUHVXOWV�IRU�WKH�/��HUURU�DUH�VKRZQ�LQ�7DEOH���
* *��[� *��[� *��[�1 ���� ���� ���� ���� ���� ����01 � �� �� �� � ��(�/�� ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������7DEOH�����7KH�/��HUURU�RI�WKH�%DUURQ�HVWLPDWH�IRU�GLIIHUHQW�*�[��IXQFWLRQV�H[SRQHQWLDO�GLVWULEXWLRQ��RSWLPDO�ELQ�QXPEHU�
%DUURQ�HVWLPDWH�SURGXFHG�EHWWHU�UHVXOWV�ZLWK�ERWK�*��[��DQG�*2�[�WKDQ� WKH� HTXLGLVWDQW� KLVWRJUDP�� � +RZHYHU�� LI� ZH� GR� QRW� KDYH� DQDSSURSULDWH� D� SULRUL� NQRZOHGJH� RI� WKH� GLVWULEXWLRQ� WKHQ� WKLV�PHWKRG� LVQRW�DSSOLFDEOH��*��[��LV�D�QHJDWLYH�H[DPSOH�(TXLSUREDEOH�%LQ�+LVWRJUDP7KH� >��� ��O�� LQWHUYDO� LV� XVHG� IRU� VWDWLVWLFV� FROOHFWLRQ� DQG� WKH� ELQERXQGDULHV� DUH� VHW� DFFRUGLQJ� WR� WKH� IROORZLQJ�� � 7KH� >����� LQWHUYDO� LVGLYLGHG� LQWR�01 HTXDO� LQWHUYDOV�� � 7KH� ERXQGDULHV� RI� WKH� LQWHUYDOV� DUHWUDQVIRUPHG� E\� WKH�PRGLILHG� LQYHUVH� GLVWULEXWLRQ� IXQFWLRQ�� VR� WKDW� WKHODVW�ELQ�ERXQGDU\�IDOO�WR���O�
) [ [H−

−

=
− −� �� � OQ�� �

λ7KH�01 QXPEHU�RI�FHOOV�LV�RSWLPL]HG�LQ�WKH�IROORZLQJ�ZD\��01 LVLQFUHDVHG�XQWLO�WKH�IXUWKHU�LQFUHPHQW�RI�01 GRHV�QRW�KDYH�D�VLJQLILFDQWHIIHFW�RQ�WKH�/� HUURU�� 7DEOH� � VKRZV�WKH� UHVXOWV� IRU�VRPH�YDOXHV�RI�1�WKH�QXPEHU�RI�REVHUYDWLRQV�
1 ��� ���� ���� ���� ���� ����� �����01 � �� �� �� �� �� ��(�/�� ������ ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������ ������7DEOH�����7KH�/��HUURU�RI�WKH�HTXLSUREDEOH�ELQ�KLVWRJUDP�LQ�WKH�IXQFWLRQRI�WKH�QXPEHU�RI�REVHUYDWLRQV��H[SRQHQWLDO�GLVWU���RSWLPDO�ELQ�QXPEHU�

7KH� LGHD�RI� WKH� HTXLSUREDEOH�KLVWRJUDP�JDYH� WKH�KRSH� RI� D� JRRGVROXWLRQ� IRU� WKH� ELQV� ZLWK� WRR� IHZ� REVHUYDWLRQV� DQG� WKHUHIRUH� PXFKXQFHUWDLQW\�DQG�HUURU��EXW�RXU�UHVXOWV�VKRZ�WKDW�WKH�YDOXH�RI�WKH�/ � HUURULV� KLJKHU� IRU� WKH� HTXLSUREDEOH� ELQ� KLVWRJUDP� WKDQ� IRU� WKH� HTXLGLVWDQWKLVWRJUDP�� � 7KLV� LV� TXLWH� VXUSULVLQJ� DQG� XQH[SHFWHG�� � 7R� FKHFN� RXUVLPXODWLRQ� UHVXOWV�� OHW� XV� FRPSDUH� WKH�/� HUURU� RI� WKH� LGHDO� HTXLGLVWDQWDQG� HTXLSUREDEOH� ELQ� KLVWRJUDPV�� � +HUH�� ³LGHDO´� PHDQV� WKDW� WKHKLVWRJUDPV� DUH� FRQVWUXFWHG� RQ� WKH� EDVLV� RI� WKH� SUREDELOLW\� GHQVLW\IXQFWLRQ�RI�WKH�H[SRQHQWLDO�GLVWULEXWLRQ�LQVWHDG�RI�RQ�WKH�EDVLV�RI�ILQLWHQXPEHU�RI�REVHUYDWLRQV���7KH�KLVWRJUDPV�DUH�FRQVWUXFWHG�IRU�WKH�>����� O�UDQJH�� WKH�/� HUURU� FRQWDLQV� WKH� H��|�������HUURU� FDXVHG�E\� WKH� ORVV� RIWKH� >��O��f�� WDLO� RI� WKH� GLVWULEXWLRQ�� � 7DEOH� � VKRZV� WKH� UHVXOWV�� WKDWMXVWLI\� WKH� LQWXLWLRQ�� � WKH�HTXLSUREDEOH�ELQ�KLVWRJUDP�KDV� OHVV�/� HUURU�EXW� WKH� GLIIHUHQFH� EHFRPHV� OHVV� DQG� OHVV� DV� WKH� QXPEHU� RI� ELQV� �0�LQFUHDVHV�



0 � � � �� �� ��/��RI�(T' ������ ������ ������ ������ ������ ������/��RI�(T3 ������ ������ ������ ������ ������ ������7DEOH�����7KH�FRPSXWHG�/��HUURU�RI�WKH�LGHDO�HTXLGLVWDQW��(T'��DQGHTXLSUREDEOH�ELQ��(T3��KLVWRJUDPV�LQ�WKH�IXQFWLRQ�RI�WKH�QXPEHU�RI�ELQV�0��LQ�WKH�FDVH�RI�H[SRQHQWLDO�GLVWULEXWLRQ�
7KH�UHVXOWV�RI�WKH�VLPXODWLRQ�H[SHULPHQWV�IRU�WKH�VDPH�QXPEHU�RIELQV�DQG�IRU�1 �����QXPEHU�RI�REVHUYDWLRQV�DUH�VKRZQ�LQ� 7DEOH�����7KHH[SHULPHQWV�ZHUH�H[HFXWHG������WLPHV��DYHUDJH�DQG�VWDQGDUG�GHYLDWLRQZHUH�FDOFXODWHG���5HVXOWV�VKRZ�WKDW�LQ�WKH�FDVH�RI�WKH�KLVWRJUDPV�WKDW�DUHEXLOW� XSRQ� ILQLWH� QXPEHU� RI� REVHUYDWLRQV�� WKH� HTXLSUREDEOH� ELQKLVWRJUDP�SURGXFHV�EHWWHU�UHVXOWV�WKDQ�WKH�HTXLGLVWDQW�RQH�IRU�YHU\�OLWWOHQXPEHU�RI�ELQV�RQO\�DQG� IRU� ODUJHU�QXPEHU�RI�ELQV� WKH�HTXLGLVWDQW�RQHSHUIRUPV�EHWWHU���7KH�TXHVWLRQ�³ZK\´�ZH�OHDYH�RSHQ�IRU�PDWKHPDWLFLDQV�

0 � � � �� �� ��/��RI�(T' ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������/��RI�(T3 ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������7DEOH�����7KH�/��HUURU�RI�WKH�HTXLGLVWDQW��(T'��DQG�HTXLSUREDEOH�ELQ�(T3��KLVWRJUDPV�LQ�WKH�IXQFWLRQ�RI�WKH�QXPEHU�RI�ELQV��0��EXLOW�E\FROOHFWLQJ�1 �����REVHUYDWLRQV�DQG�UHSHDWLQJ�WKH�H[SHULPHQWV�����WLPHV�LQ�WKH�FDVH�RI�H[SRQHQWLDO�GLVWULEXWLRQ�
6HPL�HTXLSUREDEOH�%LQ�+LVWRJUDP7KH� QXPEHU�RI� ELQ�XVHG�ZHUH� QRW�RSWLPLVHG�EXW� WKH\�ZHUH� WDNHQIURP�WKH�HTXLSUREDEOH�ELQ�KLVWRJUDP���7KH�UHVXOWV�IRU�VRPH�YDOXHV�RI�1DUH� VKRZQ� LQ� 7DEOH� ��� � 7KLV�PHWKRG� JLYHV� DSSUR[LPDWHO\� WKH� VDPH� /�HUURU�DV�WKH�³PRUH�SHUIHFW´�HTXLSUREDEOH�ELQ�KLVWRJUDP����2I�FRXUVH�WKH/��HUURU�LV�QRW�OHVV��VHH�WKH�YDOXH�RI�VWDQGDUG�GHYLDWLRQ��
1 ��� ���� ���� ���� ���� ����� �����01 � �� �� �� �� �� ��(�/�� ������ ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������ ������7DEOH�����7KH�/��HUURU�RI�WKH�VHPL�HTXLSUREDEOH�ELQ�KLVWRJUDP�LQ�WKHIXQFWLRQ�RI�WKH�QXPEHU�RI�REVHUYDWLRQV��H[SRQHQWLDO�GLVWULEXWLRQ��ELQQXPEHUV�DUH�HTXDO�ZLWK�WKDW�RI�WKH�HTXLSUREDEOH�ELQ�KLVWRJUDP�

*DPPD�'LVWULEXWLRQ
7KH�VXP�RI�Q QXPEHU�RI�H[SRQHQWLDO�GLVWULEXWLRQV�ZLWK�SDUDPHWHUO LV�D�JDPPD�GLVWULEXWLRQ�ZLWK�SDUDPHWHUV��Q��O����,WV�SUREDELOLW\�GHQVLW\IXQFWLRQ�LV�
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)RU� RXU� H[SHULPHQWV�� OHW� XV� FKRRVH� Q �� DQG� O � ��7KH� UDQGRPQXPEHUV� RI� WKH� JDPPD� GLVWULEXWLRQ� DUH� JHQHUDWHG� DFFRUGLQJ� WR� WKHGHILQLWLRQ��WKH�VXP�RI�Q ��UDQGRP�QXPEHUV�RI�H[SRQHQWLDO�GLVWULEXWLRQZLWK� O �� SDUDPHWHU�� � 7R� DYRLG� WKH� WZR� GLPHQVLRQDO� RSWLPLVDWLRQ�� WKHUDQJH�RI�WKH�VWDWLVWLFV�FROOHFWLRQ�LV�WKH�>�������LQWHUYDO�RPLWWLQJ�WKH�>���f��WDLO�RI�WKH�GLVWULEXWLRQ��WKH�PHDVXUH�RI�ZKLFK�LV�OHVV�WKDQ�������(TXLGLVWDQW�+LVWRJUDP7KH�RSWLPDO�ELQ�QXPEHU��01��ZDV�GHWHUPLQHG�IRU�DOO�WKH�YDOXHV�RI1� XVHG�� � 7KH� ELQ� VL]H� LV� K1  �01����� 7KH� H[SHULPHQWV�ZHUH� UHSHDWHG�����WLPHV���7DEOH���VKRZV�WKH�UHVXOWV�%HFDXVH�RI�VSDFH�OLPLWDWLRQV�ZH�KDYH�WR�RPLW�WKH�%DUURQ�HVWLPDWHDQG�WKH�HTXLSUREDEOH�ELQ�KLVWRJUDP���7KH\�DUH�QRW�WKH�PHWKRGV�RI�FKRLFHLQ�WKH�SUDFWLFDO�FDVH�DV�ZH�GR�QRW�NQRZ�WKH�GLVWULEXWLRQV�WR�EH�HVWLPDWHG�

1 ��� ���� ���� ���� ���� ����� �����01 �� �� �� �� �� �� ��(�/�� ������ ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������ ������7DEOH�����7KH�/��HUURU�RI�WKH�HTXLGLVWDQW�KLVWRJUDP�LQ�WKH�IXQFWLRQ�RI�WKHQXPEHU�RI�REVHUYDWLRQV��JDPPD�GLVWULEXWLRQ��RSWLPDO�ELQ�QXPEHU�
6HPL�HTXLSUREDEOH�%LQ�+LVWRJUDP7KH�RSWLPDO�ELQ�QXPEHU��01��ZDV�GHWHUPLQHG�IRU�DOO�WKH�YDOXHV�RI1�XVHG��7DEOH�� VKRZV�WKH�UHVXOWV���&RPSDULQJ�WKHP�ZLWK�WKH�UHVXOWV�RIWKH�HTXLGLVWDQW�RQH��ZH�FDQ�VHH�WKDW�WKH�HTXLGLVWDQW�RQH�SURGXFHV�DERXW�������OHVV�/� HUURU���,I�WKH�UDQJH�RI�WKH�SRVVLEOH�YDOXHV�LV�QRW�NQRZQ�LQDGYDQFH� DQG� VWRUDJH� DOORZV�� LW�PD\� EH�ZRUWK� VWRULQJ� WKH� REVHUYDWLRQV�7KHQ� ZH� FDQ� VHW� XS� WKH� UDQJH� RI� WKH� KLVWRJUDP� RQ� WKH� EDVLV� RI� WKHREVHUYDWLRQV�� FROOHFW� WKH� HTXLGLVWDQW� KLVWRJUDP� DQG� VHQG� LW� WR� WKHDSSURSULDWH� VHJPHQW�� � 7KHUH� LV� QR� MXVWLILFDWLRQ� WR� XVH� WKH� VHPL�HTXLSUREDEOH�ELQ�KLVWRJUDP�
1 ��� ���� ���� ���� ���� ����� �����01 �� �� �� �� �� �� ��(�/�� ������ ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������ ������7DEOH������7KH�/��HUURU�RI�WKH�VHPL�HTXLSUREDEOH�KLVWRJUDP�LQ�WKHIXQFWLRQ�RI�WKH�QXPEHU�RI�REVHUYDWLRQV��JDPPD�GLVWULEXWLRQ��RSWLPDO�ELQQXPEHU�

3DFNHW�/HQJWK�'LVWULEXWLRQ�LQ�DQ�)'',�%DFNERQH
7R�H[DPLQH�D�SUDFWLFDO�FDVH��OHW�XV�FRQVLGHU�WKH�GLVWULEXWLRQ�RI�WKHOHQJWK� RI� WKH� SDFNHWV� LQ� D� SK\VLFDOO\� H[LVWLQJ� QHWZRUN�� � 7KH� VHOHFWHGQHWZRUN�LV�WKH�)'',�EDFNERQH�RI�WKH�7HFKQLFDO�8QLYHUVLW\�RI�%XGDSHVW�7KH� GDWD� ZHUH� DFTXLUHG� IURP� WKH� VR�FDOOHG� 1RUWKHUQ� 5LQJ� E\� DSURWRFRO�DQDO\VHU� �/HQFVH� ������� � )LJXUH� � VKRZV�D� URXJK�RYHUYLHZ�RIWKH�GLVWULEXWLRQ�� �7KLV� LV�D�GLVFUHWH�GLVWULEXWLRQ�RI� LQWHJHU�YDOXHV� LQ� WKHUDQJH�>�������@��WKH�QXPEHU�RI�WKH�SRVVLEOH�YDOXHV�LV������

������������������������������

� ��� ���� ���� ����

IUHTXHQF\RI�SDFNHWV

OHQJWK
)LJXUH�����7KH�GLVWULEXWLRQ�RI�WKH�SDFNHW�OHQJWK�LQ�DQ�)'',�EDFNERQH��7KH�FROXPQ�DW�OHQJWK ���LV�WUXQFDWHG��LWV�KHLJKW�LV�DERXW���������

$V�ZH�GR�QRW�NQRZ�WKH�GLVWULEXWLRQ�LWVHOI��WKH�UHODWLYH�IUHTXHQFLHVRI� WKH� YDOXHV� LQ� WKH� 1 ����������� VL]H� VDPSOHV� DUH� FRPSDUHG� WR� WKHUHODWLYH� IUHTXHQFLHV� RI� WKH� YDOXHV� LQ� WKH� ZKROH� VDPSOH� �������REVHUYDWLRQV��� � 7KH� 1� VL]HG� VDPSOHV� DUH� FKRVHQ� UDQGRPO\�� � 7DEOH� ��VKRZV�WKH�UHVXOWV�
1 ��� ���� ���� ���� ���� ����� �����(�/�� ������ ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������ ������7DEOH������7KH�/��HUURU�RI�WKH�UHODWLYH�IUHTXHQF\�HVWLPDWLRQ��SDFNHWOHQJWK�GLVWULEXWLRQ�LQ�DQ�)'',�EDFNERQH�

,Q� WKH� FDVH� RI� WKLV� GLVWULEXWLRQ�� WKH� YDOXH� RI� WKH�/� HUURU� LV� TXLWHKLJK� IRU� WKH� VPDOOHU� YDOXHV� RI�1�� EXW� WKH� FRQYHUJHQFH� VSHHG� LQ� QHDUO\F��1����� � 7KLV� LV� IDVWHU� WKDQ� WKH� FRQYHUJHQFH� VSHHG� H[SHULHQFHG� LQ� WKHFDVH�RI�WKH�RWKHU�GLVWULEXWLRQV�WKDW�SURGXFH�WKH�UDWH�RI�F ��1�����ZKLFK� LVWKH�JXDUDQWHHG�RQH�IRU�KLVWRJUDPV�



,QWHU�$UULYDO�7LPH�'LVWULEXWLRQ�LQ�DQ�)'',�%DFNERQH
7KH� LQWHU� DUULYDO� WLPH� RI� WKH� SDFNHWV� LQ� WKH� EHIRUH� PHQWLRQHGQHWZRUN� ZDV� DOVR� REVHUYHG�� � 8QIRUWXQDWHO\�� WKH� SURWRFRO� DQDO\VHUUHFRUGHG� WKH� WLPH� GDWD� ZLWK� �������V� DFFXUDF\� RQO\�� � $V� )'',� LV� D���0ELW�V�QHWZRUN��WKLV���PV�LV�WKH�WLPH�RI������ELWV�� �,Q� WKLV�ZD\� WKHLQWHU�DUULYDO� WLPH� LV� D� TXDQWL]HG� UDQGRP� YDULDEOH�� VR� ZH� XVH� UHODWLYHIUHTXHQF\�HVWLPDWLRQ�
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� ����� ����� ����� ����� ����� �����GHOD\)LJXUH�����7KH�GLVWULEXWLRQ�RI�WKH�LQWHU�DUULYDO�WLPH���GHOD\���PHDVXUHG�LQVHFRQGV��LQ�DQ�)'',�EDFNERQH
)LJXUH�� VKRZV�DQ�HPSLULFDO�SLFWXUH�RI�D�SDUW�WKH�GLVWULEXWLRQ�RQO\�WKH�GLVWULEXWLRQ�LV�QRW�OLPLWHG�WR�WKH�>��������@�LQWHUYDO���7KH�HQYHORSH�RIWKH�GLVWULEXWLRQ� UHPLQGV� XV� WKH� H[SRQHQWLDO�GLVWULEXWLRQ�� � 7KH� UDQJH� RIWKH�VWDWLVWLFV�FROOHFWLRQ�LV�>�������@�DQG�WKH�PHDVXUH�RI�WKH�RPLWWHG�WDLO�LV�������ZKLFK�LV�D�VLJQLILFDQW�SDUW�RI�WKH�/� HUURU�IRU�WKH�VDPSOHV�RI�VL]HJUHDWHU�WKDQ��������5HVXOWV�DUH�VKRZQ�LQ�7DEOH����

1 ��� ���� ���� ���� ���� ����� �����(�/�� ������ ������ ������ ������ ������ ������ ������V�/�� ������ ������ ������ ������ ������ ������ ������7DEOH������7KH�/��HUURU�RI�WKH�UHODWLYH�IUHTXHQF\�HVWLPDWLRQ��SDFNHWOHQJWK�GLVWULEXWLRQ�LQ�DQ�)'',�EDFNERQH�
&21&/86,21

$� QXPEHU� RI� VWDWLVWLFV� FROOHFWLRQ� PHWKRGV� ZHUH� FRPSDUHG� DQGDSSOLHG�LQ�WKH�FDVH�RI�GLIIHUHQW�GLVWULEXWLRQV�LQ�RUGHU�WR�GHWHUPLQH�ZKDWHVWLPDWLRQ� PHWKRGV� VKRXOG� EH� XVHG� IRU� VWDWLVWLFV� FROOHFWLRQ� IRU� WKH6WDWLVWLFDO� 6\QFKULQLVDWLRQ�0HWKRG�� � %RWK� WKHLU� UHVRXUFH� UHTXLUHPHQWVDQG� DFFXUDF\� ZHUH� H[DPLQHG�� � 7KHLU� UHVRXUFH� UHTXLUHPHQWV� PXVW� EHWDNHQ� LQWR� FRQVLGHUDWLRQ�� QRW� WR� VORZ� GRZQ� WKH� VLPXODWLRQ�� EXW� WKHLUDFFXUDF\� LV� HYHQ� PRUH� LPSRUWDQW� WR� VDIHJXDUG� WKH� DFFXUDF\� RI� WKHVLPXODWLRQ�UHVXOWV�7KH� /� HUURU� FULWHULD� ZDV� FKRVHQ� IRU� PHDVXULQJ� WKH� HUURU� RI� WKHHVWLPDWLRQ�PHWKRGV�%DUURQ�HVWLPDWH�PD\�SURGXFH� WKH�VPDOOHVW�/� HUURU� DPRQJ� DOO� WKHGLVWULEXWLRQ�HVWLPDWLRQ�PHWKRGV��EXW� LW� UHTXLUHV�DQ� D�SULRUL� LQIRUPDWLRQRI�WKH�GLVWULEXWLRQ�WKDW�LV�QRW�DYDLODEOH�LQ�WKH�JHQHUDO�FDVH�VR�WKH�PHWKRGFDQQRW�EH�XVHG�LQ�JHQHUDO�7KHRUHWLFDOO\��WKH�HTXLSUREDEOH�ELQ�KLVWRJUDP�VKRXOG�SURGXFH�OHVV/� HUURU�WKDQ�WKH�HTXLGLVWDQW�RQH��DQG�LW�LV�DOVR�WKH�H[SHULHQFH�LQ�WKH�FDVHZKHQ�YHU\�VPDOO�QXPEHU�RI�ELQV�DUH�XVHG��EXW�LI�WKHUH�DUH�HQRXJK�ELQV�WKH� HTXLGLVWDQW� KLVWRJUDP� LV� EHWWHU�� � )RU� FRQWLQXRXV� GLVWULEXWLRQV�� WKHHTXLGLVWDQW�KLVWRJUDP�LV�WKH�PHWKRG�RI�FKRLFH�7KH�UHODWLYH�IUHTXHQF\�PHWKRG�SURGXFHG�DFFHSWDEOH�UHVXOWV�IRU�WKHH[DPLQHG�UHDO�OLIH�GLVFUHWH�RU�TXDQWL]HG�GLVWULEXWLRQV�

$&.12:/('*(0(17
7KH� VWDWLVWLFV� FROOHFWLRQ� WRROV� RI� WKH� 201H7��� GLVFUHWH�HYHQWVLPXODWRU�ZHUH�XVHG�IRU�VWDWLVWLFV�FROOHFWLRQ��6HH�LWV�KRPH�SDJH�IRU�PRUHLQIRUPDWLRQ��9DUJD�������

5()(5(1&(6
$KR�� $�� 9��� -�� (�� +RSFURIW�� -�� '�� 8OOPDQ�� ������ � 7KH� 'HVLJQ� DQG$QDO\VLV�RI�&RPSXWHU�$OJRULWKPV��$GGLVRQ�:HVOH\%DUURQ��$��5���/��*\ôUIL��(��&��0HXOHQ���������'LVWULEXWLRQ�(VWLPDWLRQ&RQVLVWHQW� LQ� 7RWDO� 9DULDWLRQ� DQG� LQ� 7ZR� W\SHV� RI� ,QIRUPDWLRQ'LYHUJHQFH�� ,(((�7UDQVDFWLRQV�RQ�,QIRUPDWLRQ�7KHRU\ 9RO�����1R����6HSWHPEHU�������SS������������'HYUR\H��/��� /��*\ôUIL�� ������1RQSDUDPHWULF�'HQVLW\�(VWLPDWLRQ��7KH/��YLHZ��-RKQ�:LOH\��1HZ�<RUN)XMLPRWR�� 5�� 0�� ������ �3DUDOOHO� 'LVFUHWH� (YHQW� 6LPXODWLRQ��&RPPXQLFDWLRQV�RI�WKH�$&0�����QR����������-DLQ��5���&�� ,PULFK�� �������7KH�3� $OJRULWKP� IRU�'\QDPLF�&DOFXODWLRQRI� 4XDQWLOHV� DQG� +LVWRJUDPV� :LWKRXW� 6WRULQJ� 2EVHUYDWLRQV��&RPPXQLFDWLRQV�RI�WKH�$&0�����QR������2FW���SS������������-HIIHUVRQ�� '�� %�� %HFNPDQ�� )�� :LHODQG�� /�� %OXPH�� 0�� 'L/RUHWR�� 3�+RQWDODV��3��/DURFKH��.��6WXUGHYDQW�� -��7XSPDQ��9��:DUUHQ�� -��9HGHO�+�� <RXQJHU� DQG� 6�� %HOOHQRW�� ������ �'LVWULEXWHG� 6LPXODWLRQ� DQG� WKH7LPH� :DUS� 2SHUDWLQJ� 6\VWHP��� 3URFHHGLQJV� RI� WKH� ��WK� 6,*236� �6\PSRVLXP�RQ�2SHUDWLQJ�6\VWHP�3ULQFLSOHV��SS��������/HQFVH�� *�� ������ �(IILFLHQW� 6LPXODWLRQ� RI� /DUJH� 6\VWHPV� �� 7UDQVLHQW%HKDYLRXU� DQG� $FFXUDF\�� 3URFHHGLQJV� RI� WKH� ����� (XURSHDQ6LPXODWLRQ� 6\PSRVLXP� �(66
��� �3DVVDX�� *HUPDQ\�� 2FW�� �������� 6&6(XURSH��SS����������/HQFVH�� *�� ������ �(IILFLHQW� 3DUDOOHO� 6LPXODWLRQ� ZLWK� WKH� 6WDWLVWLFDO6\QFKURQL]DWLRQ�0HWKRG��3URFHHGLQJV�RI�WKH�&RPPXQLFDWLRQ�1HWZRUNVDQG� 'LVWULEXWHG� 6\VWHPV� 0RGHOLQJ� DQG� 6LPXODWLRQ� �&1'6
��� �6DQ'LHJR��&$��-DQ����������6&6�,QWHUQDWLRQDO��SS������3RQJRU��*\���������6WDWLVWLFDO�6\QFKURQL]DWLRQ��D�'LIIHUHQW�$SSURDFK�RI3DUDOOHO�'LVFUHWH�(YHQW�6LPXODWLRQ���3URFHHGLQJV�RI�WKH������(XURSHDQ6LPXODWLRQ� 6\PSRVLXP� �(66� ��� �1RY�� ����� ������ 7KH� %ORFNKDXV�'UHVGHQ��*HUPDQ\���6&6�(XURSH��SS����������6FRWW��'��:��������0XOWLYDULDWH�'HQVLW\�(VWLPDWLRQ -RKQ�:LOH\�	�6RQV�,QF�9DUJD��$��%��)DNKDP]DGHK���������7KH�.�6SOLW�$OJRULWKP�IRU�WKH�3')$SSUR[LPDWLRQ� RI� 0XOWL�'LPHQVLRQDO� (PSLULFDO� 'LVWULEXWLRQV� ZLWKRXW6WRULQJ� 2EVHUYDWLRQV��� 3URFHHGLQJV� RI� WKH� �WK� (XURSHDQ� 6LPXODWLRQ6\PSRVLXP��(66
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