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� &RPSXWHU�JHQHUDWHG�KRORJUDPV��&*+V��XVHG�WR�SURGXFH�RSWLFDO�YRUWH[�FDUU\LQJ�

/DJXHUUH�*DXVVLDQ�PRGHV�DUH�PDQXIDFWXUHG�XVLQJ�WKUHH�GLIIHUHQW�W\SHV�RI�DGGLWLYH�

PDQXIDFWXULQJ��)XVHG�'HSRVLWLRQ�0RGHOLQJ��)'0���VWHUHROLWKRJUDSK\��67$���DQG�PDVNHG�

VWHUHROLWKRJUDSK\��06/$���'�SULQWLQJ�PHWKRGV�RIIHU�FRQYHQLHQW�DQG�LQH[SHQVLYH�DOWHUQDWLYHV�

IRU�WKH�IDEULFDWLRQ�RI�KRORJUDSKLF�JUDWLQJV��DOWKRXJK�DUH�OLPLWHG�VLJQLILFDQWO\�LQ�HYHU\�FDVH�E\�

SK\VLFDOO\�DFKLHYDEOH�UHVROXWLRQV��7KH�KRORJUDPV�DUH�GHVLJQHG�WR�JHQHUDWH�YDULRXV�/DJXHUUH�

*DXVVLDQ�PRGHV�E\�FRQYHUVLRQ�RI�WKH�IXQGDPHQWDO�+HUPLWH�*DXVVLDQ�ODVHU�PRGH�DQG�ZHUH�

JHQHUDWHG�IRU�D]LPXWKDO�DQG�UDGLDO�LQGLFHV�RI�LQWHJHU�YDOXHV�JUHDWHU�WKDQ�RU�HTXDO�WR����7HVWLQJ�LQ�

WUDQVPLVVLRQ�VKRZHG�WKDW�ODUJH�VFDOH�KRORJUDPV�PDQXIDFWXUHG�E\��'�SULQWLQJ�VXFFHVVIXOO\�

SURGXFH�/DJXHUUH�*DXVVLDQ�EHDPV�ZKHQ�SURSDJDWHG�D�ODUJH�HQRXJK�GLVWDQFH��
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� $Q�RSWLFDO�YRUWH[�LV�D�SKDVH�VLQJXODULW\�SURSDJDWHG�E\�D�EHDP�RI�OLJKW�ZKRVH�SKDVH�IURQW�

VSLUDOV�DERXW�LWV�GLUHFWLRQ�RI�SURSDJDWLRQ��7KH�PRVW�FRPPRQ�H[DPSOH�RI�DQ�RSWLFDO�YRUWH[�LV�WKDW�

RI�WKH�/DJXHUUH�*DXVVLDQ�EHDP��LQ�ZKLFK�WKH�KHOLFDO�SKDVH�IURQW�LV�FKDUDFWHUL]HG�E\�DQ�D]LPXWKDO�

SKDVH�GHSHQGHQFH��NQRZQ�DV�WKH�+LOEHUW�IDFWRU��RI�݁݌ݔሺ݅κ߶ሻ�>�@��7KH�D]LPXWKDO�DQJOH�RI�WKH�

EHDP��߶��LV�QRW�ZHOO�GHILQHG�QHDU�WKH�FHQWUDO�D[LV�RI�WKH�KHOL[��DQG��DV�D�UHVXOW��WKH�DPSOLWXGH�DW�

WKRVH�ORFDWLRQV�YDQLVKHV��6XFK�DUHDV�RI�]HUR�DPSOLWXGH�DUH�WKH�SUHYLRXVO\�PHQWLRQHG�SKDVH�

VLQJXODULWLHV�ZKLFK�DSSHDU�DV�GDUN�KROHV�LQ�WKH�FHQWHU�RI�YRUWH[�FDUU\LQJ�EHDPV�DQG�UHVXOW�LQ�WKH�

µGRQXW¶�VKDSH�W\SLFDO�RI�KHOLFDOO\�SKDVHG�EHDPV���

7KH�SULQFLSDO�LQWHUHVW�LQ�RSWLFDO�YRUWLFHV�LV�LQ�WKH�URWDWLRQ�RI�PRPHQWXP�DERXW�WKH�SKDVH�

VLQJXODULW\�DQG�WKH�RUELWDO�DQJXODU�PRPHQWXP��2$0��VXFK�EHDPV�FDUU\�DV�D�UHVXOW��8QOLNH�VSLQ�

DQJXODU�PRPHQWXP��2$0�LV�LQGHSHQGHQW�RI�D�EHDP¶V�SRODUL]DWLRQ�VWDWH�>�@��2$0�LV�JLYHQ�E\�

� ܮ ൌ κ԰� ����

�
:KHUH�Ɛ��WKH�VDPH�TXDQWLW\�VKRZQ�LQ�WKH�+LOEHUW�IDFWRU��LV�NQRZQ�DV�WKH�WRSRORJLFDO�FKDUJH�RI�DQ�

RSWLFDO�YRUWH[�DQG�LV�LQGLFDWLYH�RI�WKH�QXPEHU�DQG�KDQGHGQHVV�RI�ʹߨ�SKDVH�FKDQJHV�ZKLFK�RFFXU�

LQ�RQH�UHYROXWLRQ�RI�߶��ZKLFK�VRPH�VRXUFHV�LQWHUSUHW�WR�FRUUHVSRQG�WR�WKH�YHORFLW\�RI�WKH�SKDVH�

URWDWLRQ�>�@�DQG�RWKHUV�>�@�DV�WKH�QXPEHU�RI�KHOLFDO�SKDVH�IURQWV�LQWHUWZLQHG�ZLWKLQ�D�YRUWH[�

FDUU\LQJ�EHDP���

� 7KH�DSSOLFDWLRQV�RI�RSWLFDO�YRUWLFHV�DUH�P\ULDG�DQG�LQFOXGH�SDUWLFOH�WUDSSLQJ��RSWLFDO�

WZHH]HUV��TXDQWXP�FRPPXQLFDWLRQ��DWRP�FRROLQJ��PXOWLSOH[LQJ�LQ�ILEHU�DQG�IUHH�VSDFH��KLJK�

SUHFLVLRQ�LQWHUIHURPHWU\��DQG�SURSDJDWLRQ�WKURXJK�WXUEXOHQFH��5HFHQW�DGYDQFHV�LQ�RSWLFDO�YRUWH[�

WHFKQRORJ\�KDYH�IRFXVHG�RQ�LQFUHDVLQJ�WKH�WXQDELOLW\�RI�YRUWH[�FKDUDFWHULVWLFV�LQFOXGLQJ�2$0��
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ZDYHOHQJWK��DQG�FKLUDOLW\��DV�ZHOO�DV�RQ�WKH�JHQHUDWLRQ�RI�RSWLFDO�YRUWLFHV�ZLWK�IUDFWLRQDO�

WRSRORJLFDO�FKDUJH�>�@��

� 2SWLFDO�YRUWLFHV�FDQ�DSSHDU�VSRQWDQHRXVO\��KRZHYHU�WKHLU�JHQHUDWLRQ�W\SLFDOO\�GRQH�YLD�

PRGH�FRQYHUVLRQ�RI�WKH�+HUPLWH�*DXVVLDQ��/*��EHDPV�ZKLFK�PRVW�ODVHUV�QDWXUDOO\�HPLW��:KLOH�

/DJXHUUH�*DXVVLDQ��/*��PRGHV��WKH�JHQHUDWLRQ�RI�ZKLFK�LV�WKH�IRFXV�RI�WKLV�SDSHU��KDYH�EHHQ�

FUHDWHG�GLUHFWO\�E\�PDQLSXODWLQJ�RSWLFDO�FDYLWLHV��WKH\�UHPDLQ�HDVLHVW�WR�FUHDWH�YLD�H[WHUQDO�PRGH�

FRQYHUVLRQV�DFKLHYHG�XVLQJ�VSLUDO�SKDVH�SODWHV��633V���F\OLQGULFDO�OHQV�V\VWHPV��RU�FRPSXWHU�

JHQHUDWHG�KRORJUDPV��&*+V���633V��DOVR�NQRZQ�DV�YRUWH[�UHWDUGHUV��RIIHU�KLJK�FRQYHUVLRQ�

HIILFLHQF\�EXW�DUH�GLIILFXOW�WR�SURGXFH�DQG�FDQ�EH�H[SHQVLYH�WR�SXUFKDVH��&\OLQGULFDO�OHQV�V\VWHPV�

DOVR�SURYLGH�KLJKO\�HIIHFWLYH�PRGH�FRQYHUVLRQ�EXW�WHQG�WR�EH�GLIILFXOW�WR�DOLJQ�DQG�UHTXLUH�

VSHFLILF�+*�PRGHV�WR�SURGXFH�HDFK�/*�PRGH��OLPLWLQJ�WKHLU�XVHIXOQHVV�>�@��&RPSXWHU�JHQHUDWHG�

KRORJUDPV�DUH�E\�IDU�WKH�PRVW�FRPPRQO\�XVHG�PHWKRG�WR�JHQHUDWH�YRUWH[�EHDPV�RZLQJ�ODUJHO\�WR�

WKH�VKHHU�FXVWRPL]DELOLW\�DQG�HDVH�ZLWK�ZKLFK�WKH\�FDQ�EH�PDGH��1HLWKHU�FDQ�LW�EH�DUJXHG�WKDW�

&*+V�DUH�OHVV�HIIHFWLYH�WKDQ�WKH�RWKHU�PHWKRGV��UHFHQW�SURMHFWV�KDYH�FRQILUPHG�WKH�HIILFDF\�RI�

FRPSXWHU�JHQHUDWHG�IRUN�KRORJUDPV�LQ�FUHDWLQJ�KLJK�RUGHU�/*�EHDPV�IRU�XVH�LQ�KLJK�SRZHU��

KLJK�SUHFLVLRQ�LQWHUIHURPHWHUV�OLNH�/,*2�$GYDQFHG�>���@���

� *HQHUDOO\��&*+V�DUH�IDEULFDWHG�E\�SURFHVVHV�VXFK�DV�KRORJUDSKLF�LPDJLQJ��ODVHU�

PLFURPDFKLQLQJ��DQG��LQFUHDVLQJO\��SKRWROLWKRJUDSK\�>�@��&XUUHQW�FDSDELOLWLHV�RI�DGGLWLYH�

PDQXIDFWXULQJ�WHFKQRORJLHV��KRZHYHU��DUH�VXFK�WKDW�HYHQ�KREE\�TXDOLW\��'�SULQWHUV�SRVVHVV�

UHVROXWLRQV�VPDOO�HQRXJK�WR�WKHRUHWLFDOO\�SULQW�FRPSXWHU�JHQHUDWHG�IRUN�VPDOO�HQRXJK�WR�

VXFFHVVIXOO\�JHQHUDWH�/*�EHDPV��8QOLNH�KRORJUDSKLF�JUDWLQJV�SURGXFHG�E\�WUDGLWLRQDO�PHWKRGV�

ZKLFK�FDQ�PD[LPL]H�GLIIUDFWLRQ�WR�VSHFLILF�LQGLFHV�E\�DGMXVWLQJ�JURRYH�GHSWK�RU�E\�EOD]LQJ�>�@��

IRUN�KRORJUDPV�PDQXIDFWXUHG�YLD��'�SULQWLQJ�ZRXOG��E\�QHFHVVLW\��EH�ELQDU\�WUDQVPLVVLRQ�
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JUDWLQJV��'HVSLWH�WKLV��WKH�FRQYHQLHQFH�LQKHUHQW�LQ�SURGXFLQJ�KRORJUDPV�YLD��'�SULQWLQJ�RIIHUV�

VWURQJ�PRWLYDWLRQ�WR�LQYHVWLJDWH�VXFK�D�PHWKRG¶V�IHDVLELOLW\��DV�LV�H[SORUHG�WKURXJKRXW�WKH�UHVW�RI�

WKLV�SDSHU���
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&KDSWHU����)RUN�+RORJUDPV�DQG�/*�PRGHV�

� &RPSXWHU�JHQHUDWHG�KRORJUDPV�DUH�FUHDWHG�E\�VLPXODWLQJ�WKH�LQWHUIHUHQFH�SDWWHUQV�

EHWZHHQ�YDU\LQJ�REMHFW�DQG�UHIHUHQFH�ZDYHV��WKURXJK�ZKLFK�LQIRUPDWLRQ�DERXW�WKH�DPSOLWXGH�DQG�

SKDVH�RI�ERWK�SDUWLFLSDWLQJ�ZDYHV�LV�UHFRUGHG��:KHQ�D�SDWWHUQ�LV�LOOXPLQDWHG�E\�RQH�RI�LWV�

FRQVWLWXHQW�ZDYHV��WKH�LQIRUPDWLRQ�HQFRGHG�LQ�WKH�VKDSH�RI�WKH�SDWWHUQ�LV�LPSDUWHG�VXFK�WKDW�WKH�

ZDYH�OHDYLQJ�WKH�KRORJUDP�LV�WKH�UHFRQVWUXFWLRQ�RI�WKH�RWKHU�FRQVWLWXHQW�ZDYH��&*+V�ZKLFK�

UHVXOW�LQ�WKH�SURGXFWLRQ�RI�/DJXHUUH�*DXVVLDQ�EHDPV��FRPPRQO\�FDOOHG�µIRUN¶�KRORJUDPV��DUH�

FUHDWHG�LQ�D�VLPLODU�PDQQHU��LQ�ZKLFK�WKH�GHVLUHG�/*�PRGH�LV�WDNHQ�WR�EH�WKH�REMHFW�ZDYH�DQG�D�

WLOWHG�SODQH�ZDYH�LV�WDNHQ�WR�EH�WKH�UHIHUHQFH��7KH�D]LPXWKDO�SKDVH�GHSHQGHQFH�RI�WKH�/*�EHDP�

UHVXOWV�LQ�D�µIRUNHG¶�FHQWUDO�IULQJH�LQ�DQ�RWKHUZLVH�DSSUR[LPDWHO\�HTXLGLVWDQW�IULQJH�SDWWHUQ��7KH�

QXPEHU�RI�H[WUD�IULQJHV�SURGXFHG�DW�WKH�ELIXUFDWLRQ�SRLQW�RI�WKH�IRUN�LV�HTXLYDOHQW�WR�WKH�

WRSRORJLFDO�FKDUJH�RI�WKH�/*�EHDP�PLQXV����/*�EHDPV�ZLWK�UDGLDO�PRGH�LQGLFHV�RI�� ൐ Ͳ�UHVXOW�

LQ�ULQJ�GLVORFDWLRQV�FHQWHUHG�RQ�WKH�ELIXUFDWLRQ�SRLQW�RI�WKH�FHQWHU�IULQJH��WKH�QXPEHU�RI�ZKLFK�LV�

HTXDO�WR�WKH�YDOXH�RI�S���

�

)LJXUH����([DPSOH�IRUN�KRORJUDPV�IRU��IURP�OHIW�WR�ULJKW��/*����Ɛ ���S ����/*����Ɛ ���S ����
DQG�/*����Ɛ ���S ����

�
� :KHQ�D�IRUN�KRORJUDP�LV�LOOXPLQDWHG�E\�D�SODQH�ZDYH��WKH�UHVXOWLQJ�)UDXQKRIHU��IDU�ILHOG��

GLIIUDFWLRQ�SDWWHUQ�ZLOO�SRVVHVV�DQ�RSWLFDO�YRUWH[�DW�HDFK�RUGHU�RI�GLIIUDFWLRQ�PD[LPD��VDYH�IRU�WKH�

]HURWK�ZKLFK�FRQVLVWV�RI�OLJKW�QRW�GLIIUDFWHG�E\�WKH�KRORJUDP��)RU�KRORJUDPV�LOOXPLQDWHG�E\�D�

EHDP�ZLWK�κ ൌ Ͳ��WKH�RSWLFDO�YRUWH[�GLIIUDFWHG�WR�HDFK�PD[LPXP�ZLOO�KDYH�D�WRSRORJLFDO�FKDUJH�
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RI�݉ ൌ κ݊�LQ�ZKLFK�Q�LV�WKH�GLIIUDFWLRQ�RUGHU�DQG�Ɛ�LV�WKH�WRSRORJLFDO�FKDUJH�RI�WKH�KRORJUDP�

�HTXDO�WR�WKH�WRSRORJLFDO�FKDUJH�RI�WKH�/*�EHDP�IURP�ZKLFK�LW�ZDV�JHQHUDWHG��>�@��7KH�

KDQGHGQHVV�D�YRUWH[¶V�URWDWLRQ�IRU�SRVLWLYH�YDOXHV�RI�P�LV�WKH�VDPH�RI�WKH�KDQGHGQHVV�RI�WKH�

RULJLQDO�DQG�RSSRVLWH�IRU�WKRVH�RFFXUULQJ�DW�QHJDWLYH�RUGHUV��

�

)LJXUH����5HVXOWLQJ�GLIIUDFWLRQ�SDWWHUQ�IURP�D�IRUN�KRORJUDP�ZLWK�D�WRSRORJLFDO�FKDUJH�RI�Ɛ ���
DQG�WKH�UHVXOWLQJ�WRSRORJLFDO�FKDUJH�RI�YRUWLFHV�DW�HDFK�GLIIUDFWLRQ�RUGHU�Q�>�@��

�
�'HVLJQ�DQG�6LPXODWLRQ�RI�)RUNHG�+RORJUDPV�

�7KH�/DJXHUUH�*DXVVLDQ�PRGHV�UHSUHVHQW�D�FRPSOHWH�VHW�RI�VROXWLRQV�WR�WKH�SDUD[LDO�ZDYH�

HTXDWLRQ��7KH�JHQHUDO�IRUP�RI�DQ�/*�EHDP�RI�UDGLDO�PRGH�S�DQG�WRSRORJLFDO�FKDUJH�Ɛ�

SURSDJDWLQJ�LQ�WKH�]�GLUHFWLRQ�LV�JLYHQ��LQ�SRODU�FRRUGLQDWHV��E\�WKH�HTXDWLRQ�

�
ǡݎ௣κሺݑ ߶ǡ ሻݖ ൌ κ௣௅ீܥ ൬

଴ݓ

ሻݖሺݓ
൰ቆ

ʹξݎ
ሻݖሺݓ

ቇ
ȁκȁ

݌ݔ݁ ቆെ
ଶݎ

ሻݖଶሺݓ
ቇ ௣κܮ ቆ

ଶݎʹ

ሻݖଶሺݓ
ቇ

ൈ ݌ݔ݁ ቆെ݅݇
ଶݎ

ʹܴሺݖሻ
ቇ �ሻ൯ݖ൫݅߰ሺ݌ݔሺെ݅κ߶ሻ݁݌ݔ݁

�

����

�
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ఒ
�LV�WKH�ZDYH�QXPEHU�IRU�ZDYHOHQJWK�Ȝ��

κ௣௅ீܥ �LV�WKH�QRUPDOL]DWLRQ�FRQVWDQW��

��ݖ�ሻ�LV�WKH�EHDP�VL]H�DWݖሺݓ�଴�LV�WKH�EHDP�ZDLVW�DQGݓ

௣κܮ ሺݔሻ�DUH�WKH�UHOHYDQW�/DJXHUUH�SRO\QRPLDOV��



ϭϭ�
�

ோݖ ൌ గ୵బ
మ

ఒ
�LV�WKH�5D\OHLJK�UDQJH��
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ቁ�LV�WKH�*RX\�SKDVH�VKLIW�

� :KHQ�PRGHOLQJ�LQWHUIHUHQFH�ZLWK�VXFK�DQ�/*�EHDP��DOORZLQJ�WKH�LQWHUIHUHQFH�WR�RFFXU�DW�

�ݖ ൌ �Ͳ�DQG�GLVUHJDUGLQJ�WKH�QRUPDOL]DWLRQ�FRQVWDQW�VLPSOLILHV�(TXDWLRQ�����VLJQLILFDQWO\�WR�
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�
:KHUHݓ��LV�QRZ�VLPSO\�WKH�GLDPHWHU�RI�WKH�EHDP�DW�WKH�ORFDWLRQ�ZKHUH�WKH�LQWHUIHUHQFH�LV�VDLG�WR�

RFFXU��7KH�FDVH�ZKHUH�κ ൌ � ൌ Ͳ�UHSUHVHQWV�WKH�IXQGDPHQWDO�*DXVVLDQ�VROXWLRQ��

7KH�WLOWHG�SODQH�ZDYH�ZKLFK�VHUYHV�DV�WKH�KRORJUDP¶V�UHIHUHQFH�ZDYH�LV�JLYHQ�E\��

� ɗ௥௘௙ ൌ ݌ݔ݁ ൤݅ ൬
ʹɎݔ
ɉ
൰ �ሺɅሻ൨݊ܽݐ ����

:KHUH�ș�LV�WKH�DQJOH�WKH�SODQH�ZDYH�PDNHV�ZLWK�UHVSHFW�WR�WKH�REMHFW�ZDYH¶V�GLUHFWLRQ�RI�

SURSDJDWLRQ��)RU�D�GHVLUHG�JUDWLQJ�SHULRG��WKH�WLOW�DQJOH�ș�RI�WKH�UHIHUHQFH�ZDYH�ZLOO�HTXDO�

GLIIUDFWLRQ�DQJOH�Ʌ௠േଵ�DQG�FDQ�EH�IRXQG�XVLQJ�WKH�JUDWLQJ�HTXDWLRQ�

� Ʌ௠݊݅ݏ ൌ Ʌ௜݊݅ݏ ൅ ݉
ɉ
Ȧ
� ����

)RU�ZDYHOHQJWK�Ȝ��SHULRG�ȁ��DQG�LQFLGHQW�DQJOHߠ�௜ ൌ Ͳ��

� 7KH�LQWHUIHUHQFH�SDWWHUQ�EHWZHHQ�/*�REMHFW�ZDYH�DQG�WLOWHG�SODQH�ZDYH�LV�VLPXODWHG�E\�

WDNLQJ�WKH�DOJHEUDLF�VXP�RI�WKH�WZR�ZDYHV��IRU�ZKLFK�WKH�DEVROXWH�YDOXH�RI�WKH�UHVXOW�VTXDUHG�LV�

SURSRUWLRQDO�WR�WKH�UHVXOWLQJ�LUUDGLDQFH�GLVWULEXWLRQ��%LQDUL]LQJ�WKLV�LUUDGLDQFH�GLVWULEXWLRQ�UHVXOWV�

LQ�WKH�LQYHUVH�RI�WKH�GHVLUHG�WUDQVPLVVLRQ�IRUN�KRORJUDP��$�KRORJUDP�FUHDWHG�IURP�D�WLOWHG�SODQH�

ZDYH�DQG�QRUPDOO\�LQFLGHQW�REMHFW�ZDYH�ZLOO�IXQFWLRQ�WKH�VDPH�LQ�UHIOHFWLRQ�DV�LW�GRHV�LQ�
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WUDQVPLVVLRQ��WKRXJK�IXWXUH�LWHUDWLRQV�RI�WKLV�SURMHFW�PD\�GHVLUH�WR�H[SORUH�VLWXDWLRQV�LQ�ZKLFK�

WKLV�LV�QRW�QHFHVVDULO\�WKH�FDVH���

� 2QFH�D�KRORJUDP�KDV�EHHQ�JHQHUDWHG��LWV�IDU�ILHOG�GLIIUDFWLRQ�SDWWHUQ�FDQ�E\�VLPXODWHG�E\�

WDNLQJ�LWV�)DVW�)RXULHU�7UDQVIRUP��))7���KRZHYHU�WKH�ORZ�UHVROXWLRQ�RI�WKH�UHVXOWV��HYHQ�ZLWK�

FRPSHQVDWLRQ�YLD�WKH�WHFKQLTXH�RI�]HUR�SDGGLQJ��ZDUUDQWV�WKH�XVH�RI�DQ�DOWHUQDWH�WHFKQLTXH�

ZKHUH�DQ�݁௜గ�SKDVH�VKLIW�WHUP�LV�LQWURGXFHG�WR�KRORJUDP�EHIRUH�WKH�))7�SURFHVV��VHH�WKH�FRGH�LQ�

$SSHQGL[���IRU�PRUH�GHWDLOV���7KH�GLIIUDFWLRQ�SDWWHUQV�VLPXODWHG�WKURXJK�WKLV�DOWHUQDWH�PHWKRG�GR�

QRW�VKRZ�WKH��WK�RUGHU�DV�LV�SUHVHQW�LQ�WKH�H[SHULPHQWDO�UHVXOWV�RI�WKH�KRORJUDPV��WKRXJK�WKH�

KLJKHU�TXDOLW\�RI�WKH�VLPXODWHG�RUGHUV�LV�D�PRUH�WKDQ�DFFHSWDEOH�WUDGH�RII��7KH�EDVLF�SURFHVV�WKLV�

SURMHFW�XVHG�WR�SURGXFH�IRUN�KRORJUDPV�DQG�VLPXODWH�GLIIUDFWLRQV�SDWWHUQV�LV�VKRZQ�EHORZ�LQ�

ILJXUH�����

�

)LJXUH����)ORZ�FKDUW�RI�0$7/$%�SURJUDP�ZULWWHQ�WR�JHQHUDWH�IRUN�KRORJUDPV�DQG�VLPXODWH�WKHLU�
GLIIUDFWLRQ�SDWWHUQV��)XOO�SURJUDP�LQ�$SSHQGL[����

�
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� $OO�KRORJUDPV�JHQHUDWHG�IRU�WKLV�SURMHFW�ZHUH�GRQH�VR�ZLWK�WKH�VSHFLILFDWLRQV�WR�SURGXFH�D�

JUDWLQJ�SHULRG�RI�ͳʹͲ݉ߤ���L�H���DQ�LQGLYLGXDO�IULQJH�ZLGWK�RI�͸Ͳ݉ߤ���DQG�DSSUR[LPDWHO\����IULQJH�

SDLUV��7R�FUHDWH�WKH�GHVLUHG�ͳʹͲ݉ߤ��SHULRG��WKH�SODQDU�UHIHUHQFH�ZDYH�ZDV�JLYHQ�D�WLOW�DQJOH�RI�

DSSUR[LPDWHO\ߠ� ൌ �ͲǤ͵Ͳʹι��7KH�ZDYHOHQJWK�XVHG�IRU�DOO�FDOFXODWLRQV�ZDVߣ� ൌ �͸͵ʹǤͺ�݊݉��

W\SLFDO�RI�+HOLXP�1HRQ��+H�1H��ODVHUV�OLNH�WKRVH�IRXQG�LQ�8$+¶V�LQWHUIHURPHWU\�DQG�WXUEXOHQFH�

ODEV��+RORJUDPV�ZHUH�JHQHUDWHG�IRU�VTXDUH�SL[HO�JULGV�RI�VL]H�����[�����IRU�D�����SL[HO�WR�

PLFURQ�VFDOH��$V�WKH�GHVLUH�ZDV�WR�IDEULFDWH�WKH�JUDWLQJV�XVLQJ�DGGLWLYH�PDQXIDFWXULQJ��D�����

SL[HO�ERUGHU�ZDV�DGGHG�WR�FRQWDLQ�HDFK�JUDWLQJ��IRU�D�ILQDO�KRORJUDP�RI�VL]H�RI�����[�����SL[HOV��

RU�HTXLYDOHQWO\�����[݉ߤ�������/*ƐS�EHDPV�ZHUH�JHQHUDWHG�IRU�/*����/*����/*����/*����DQG�

/*���PRGHV��)RU�HDFK�PRGH�/*����/*����DQG�/*����KRORJUDPV�ZHUH�FUHDWHG�IRU�LQFLGHQW�EHDP�

GLDPHWHUV�RI�ͷͲͲߣ��ͳͲͲͲߣ��DQG�ʹͲͲͲߣ��WKRXJK�GXH�WR�WLPH�FRQVWUDLQWV�DQG�KDUGZDUH�LVVXHV��RQO\�

WKH�ͳͲͲͲߣ�YHUVLRQV�ZHUH�PRGHOHG�DQG�VHQW�IRU�SURGXFWLRQ��

�

)LJXUH����(DFK�JUDWLQJ�VHOHFWHG�IRU��'�PRGHOLQJ��7RS�URZ�FRQVLVWV�RI�PRGHV��IURP�OHIW�WR�ULJKW��
/*����/*����DQG�/*����%RWWRP�URZ�FRQVLVWV�RI�PRGHV��IURP�OHIW�WR�ULJKW��/*���DQG�/*����

�
� �
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&KDSWHU����7KH��'�3ULQWLQJ�3URFHVV�

� $GGLWLYH�PDQXIDFWXULQJ�KDV�EHFRPH�D�VWDSOH�PHWKRG�IRU�SDUW�SURWRW\SLQJ�DQG�IDEULFDWLRQ�

LQ�PDQ\�ILHOGV�GXH�WR�LWV�FRQYHQLHQFH�DQG�ORZ�FRVW��7KH��'�SULQWLQJ�PHWKRGV�RI�IXVHG�GHSRVLWLRQ�

PRGHOLQJ��)'0��DQG�YDW�SRO\PHUL]DWLRQ�FDQ�EH�XVHG�WR�IDEULFDWH�YDULRXV�RSWLFDO�GHYLFHV��

LQFOXGLQJ�OHQVHV�DQG�GLIIUDFWLRQ�JUDWLQJV�>��@��WKRXJK�WKH�ODWWHU�PHWKRG�LV�JHQHUDOO\�SUHIHUUHG�LQ�

GHIHUHQFH�WR�WKH�KLJKHU�UHVROXWLRQ�LWV�GHYLFHV�DUH�FDSDEOH�RI��9DW�SRO\PHUL]DWLRQ�SULQWLQJ�

PHWKRGV�OLNH�6WHUHROLWKRJUDSK\��6/$��DQG�'LJLWDO�/LJKW�3URFHVVLQJ��'/3��ZRUN�LQ�VLPLODU�

PDQQHUV�E\�H[SRVLQJ�SKRWRFXUDEOH�UHVLQ�WR�D�89�OLJKW�VRXUFH�ZKLFK�FXUHV�DQG�KDUGHQV�WKH�UHVLQ�

DQG�WKXV�µSULQWV¶�HDFK�OD\HU�RI�WKH�SDUW��WKRXJK�'/3�PDFKLQHV�XVH�D�SURMHFWHG�OLJKW�VRXUFH�WR�FXUH�

HQWLUH�OD\HUV�DW�RQFH�ZKLOH�6/$�PDFKLQHV�WUDGLWLRQDOO\�XVH�D�89�ODVHU�EHDP�WR�FDUHIXOO\�WUDFH�

HDFK�OD\HU��0DVNHG�VWHUHROLWKRJUDSK\��06/$��PDFKLQHV��ZKLFK�XVH�DQ�DUUD\�RI�89�OLJKW�VRXUFHV�

PDVNHG�ZLWK�DQ�/&'�VFUHHQ�DQG�FXUH�HQWLUH�OD\HUV�DW�RQFH�OLNH�'/3��DUH�EHFRPLQJ�LQFUHDVLQJO\�

SRSXODU�DV�WKH\�WHQG�WR�SULQW�IDVWHU�WKDQ�WUDGLWLRQDO�6/$�PHWKRGV���

+REE\�TXDOLW\�YDW�SRO\PHUL]DWLRQ�GHYLFHV�DUH�DYDLODEOH�ZLWK�]�D[LV�UHVROXWLRQV�DV�VPDOO�DV�

���PLFURQV��ZKLFK�PDNH�WKHP�LGHDO�FDQGLGDWHV�IRU�DWWHPSWLQJ�WR�SULQW�GLIIUDFWLRQ�JUDWLQJV��WKH�

VPDOO�VL]HV�RI�ZKLFK�DUH�RIWHQ�QHFHVVLWLHV��)RU�WKLV�SURMHFW��IRUN�KRORJUDPV�ZHUH�SULQWHG�ZLWK�

06/$��6/$��DQG�)'0�SULQWHUV��WR�YDU\LQJ�GHJUHHV�RI�VXFFHVV��7DEOH���EHORZ�GHWDLOV�WKH�

PHWKRG��EUDQG��DQG�UHVROXWLRQ�RI�HDFK�SULQWHU�XVHG�LQ�WKLV�SURMHFW���

0HWKRG� 3ULQWHU� ;<�5HVROXWLRQ� =�5HVROXWLRQ�
06/$� (OHJRR�0DUV���3UR� �����PP� ���������PP�

6/$� )RUPODEV�)RUP���� ������PP��������PP�
/DVHU�6SRW�6L]H�� �����������PP�

)'0� 3UXVD�L��0.�6�� ����PP
� �����������PP�
�

7DEOH����6XPPDU\�RI�DGGLWLYH�PDQXIDFWXULQJ�PHWKRG��GHYLFH��DQG�UHVROXWLRQV��
7KH�[\�
UHVROXWLRQ�RI�)'0�SULQWHUV�OLNH�WKH�3UXVD�L��0.�6��DUH�OLPLWHG�E\�WKH�ILODPHQW�QR]]OH�GLDPHWHU��

RI�ZKLFK�����PP�LV�WKH�GHIDXOW�DQG�ZKDW�ZDV�XVHG�IRU�WKLV�SURMHFW��
�
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0RGHOLQJ�WKH�*UDWLQJV�

� )RU�HDFK�GHVLUHG�/*�PRGH��D�ELWPDS�LPDJH�RI�WKH�LQYHUVH�RI�HDFK�ILQDO�JUDWLQJ�ZDV�

FRQYHUWHG�WR�D�');�ILOH�XVLQJ�/LQN&$'��7KHVH�');�ILOHV�ZHUH�WKHQ�LPSRUWHG�LQWR�$XWRGHVN¶V�

)XVLRQ����&$'�PRGHOLQJ�VRIWZDUH�DV�D�VNHWFK��WKRXJK�WKH�VFDOH�ZDV�FRQYHUWHG�IURP�PLFURQ�WR�

PLOOLPHWHU��IURP�ZKLFK�D�VROLG�ERG\�RI�WKH�KRORJUDP�ZDV�FUHDWHG�E\�XWLOL]LQJ�WKH�µH[WUXGH¶�WRRO��

7R�HQVXUH�WKH�KRORJUDP�FRQVLVWHG�RI�D�VLQJOH�ERG\�ZLWK�D�FORVHG�EXLOG�YROXPH��HDFK�IULQJH�ZDV�

PDQXDOO\�LQVSHFWHG�WR�YHULI\�LWV�FRQQHFWLRQ�WR�DGMDFHQW�IULQJHV��ZLWK�DGGLWLRQDO�ERGLHV�FUHDWHG�

DQG�PHUJHG�DV�QHFHVVDU\��2QFH�WKH�KRORJUDP�ERG\�ZDV�FRQILUPHG�WR�KDYH�D�FORVHG�YROXPH��LW�

ZDV�UH�VFDOHG�WR�WKH�RULJLQDO�GHVLUHG�VL]H�RI��PP�[��PP�[��PP�DQG�H[SRUWHG�DV�D�PHVK�WR�DQ�

67/�ILOH��WKH�IRUPDW�UHTXLUHG�E\�QHDUO\�DOO��'�SULQWHUV��*HQHUDWLQJ�WKH��'�PRGHOV�RI�D�KRORJUDP�

ZDV�D�WHGLRXV�DQG�SURORQJHG�SURFHVV��DV�WKH�QXPEHU�RI�IDFHWV�SURGXFHG�E\�WKH�');�VNHWFK�

ERJJHG�GRZQ�WKH�SURFHVVRU�RQ�HYHQ�D�UREXVW�GHVNWRS��7KRVH�ZLVKLQJ�WR�IROORZ�D�VLPLODU�SURFHVV�

PD\�VHHN�D�GLIIHUHQW��PRUH�HIILFLHQW�PHWKRG�IRU�JHQHUDWLQJ�WKH��'�PRGHOV�RI�WKH�KRORJUDPV��

�

)LJXUH����(DFK�KRORJUDP�PRGHOHG�IRU��'�SULQWLQJ��7KLV�OD\RXW�ZDV�XVHG�VSHFLILFDOO\�IRU�RQH�RI�
WKH�ILUVW�LWHUDWLRQV�RI�KRORJUDPV�SULQWHG�ZLWK�WKH�)RUP�����

� �



ϭϲ�
�

5HVXOWV�

0DVNHG�6WHUHROLWKRJUDSK\�

� 7KH�ILUVW�KRORJUDPV�ZHUH�SULQWHG�XVLQJ�WKH�(OHJRR�0DUV���3UR��D�KREE\�TXDOLW\�06/$�

SULQWHU��ZKLFK�ERDVWV��IRU�LWV�FRVW��DQ�LPSUHVVLYH�[\�UHVROXWLRQ�RI����PLFURQV�DQG�D�]�UHVROXWLRQ�RI�

DV�ORZ�DV����PLFURQV��7KHRUHWLFDOO\��WKLV�UHVROXWLRQ�ZDV�ILQH�HQRXJK��LI�RQO\�MXVW��WR�SULQW�WKH�

KRORJUDP�DW�WKH�GHVLUHG��PP�[��PP�[��PP�VFDOH�ZLWK�͸Ͳ݉ߤ��IULQJHV��KRZHYHU�WKH�UHVXOWLQJ�

KRORJUDP�ZDV�D�VROLG�ERG\�ZLWK�QR�UHVROYDEOH�IULQJH�IHDWXUHV��7KH�KRORJUDPV�ZHUH�VFDOHG�XS�

VXEVWDQWLDOO\�IRU�WKH�VHFRQG�(OHJRR�SULQWLQJ�DWWHPSW�WR�D�VL]H�RI��FP�[��FP�[�FP����[�VFDOH���

WKRXJK�DOO�H[KLELWHG�VLJQLILFDQW�IHDWXUH�ZDUSLQJ�DW�WKLV�VL]H�DV�VKRZQ�EHORZ�LQ�ILJXUH�����

�

)LJXUH����5HVXOWV�RI�RQO\�LWHUDWLRQ�RI�KRORJUDPV�SULQWHG�ZLWK�(OHJRR�0DUV���3UR��-RLQHG�DQG�
ZDUSHG�IULQJHV�SUHVHQW�IRU�HDFK�PRGH��WKRXJK�FOHDUO\�PRUH�SURQRXQFH�LQ�PRGHV�ZLWK�D�UDGLDO�

PRGH�S ���
�

&XUVRU\�YLVXDO�LQVSHFWLRQ�OHG�WR�DQ�LQLWLDO�EHOLHI�WKDW�ZKLOH�WKH�/*���DQG�/*���

KRORJUDPV�ZHUH�FRPSOHWHO\�XVHOHVV�GXH�WR�GHIRUPLWLHV�RI�WKH�IULQJH�VWUXFWXUH��WKH�/*���DQG�

/*���KRORJUDPV�PD\�EHHQ�XVDEOH��&ORVHU�LQYHVWLJDWLRQ��KRZHYHU��UHYHDOHG�ODUJH�GHSRVLWV�RI�

UHVLQ�WKDW�KDG�EHHQ�WUDSSHG�EHWZHHQ�IULQJHV�DQG�VXEVHTXHQWO\�FXUHG��SUHYHQWLQJ�QHFHVVDU\�
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WUDQVPLVVLRQ�WKURXJK�WKH�JUDWLQJ��8QIRUWXQDWHO\��QR�IXUWKHU�SURWRW\SHV�ZHUH�PDGH�XVLQJ�WKLV�

SULQWHU��WKRXJK�LW�UHPDLQV�D�YLDEOH�RSWLRQ�IRU�XVH�LQ�WKH�IXWXUH��

�

�

)LJXUH����([DPSOH�RI�FXUHG�UHVLQ�GHSRVLWV�WUDSSHG�EHWZHHQ�IHDWXUHV�RI�WKH�/*���(OHJRR�
SULQWHG�KRORJUDP��0RVW�VLJQLILFDQW�LQ�KRORJUDPV�ZLWK݌� ൐ Ͳ��

�
6WHUHROLWKRJUDSK\�

$�PRUH�PHWKRGLFDO�DSSURDFK�ZDV�XVHG�IRU�VXEVHTXHQW�SULQWLQJ�HIIRUWV��ZKLFK�IRFXVHG�RQ�

GHWHUPLQLQJ�D�UHDOLVWLF�VFDOH�IRU�KRORJUDPV�SULQWHG�RQ�WKH�)RUPODEV�)RUP���LQGXVWULDO�TXDOLW\�

6/$�SULQWHU��ZKLFK��OLNH�WKH�0DUV����KDV�D�UHVROXWLRQ�WKHRUHWLFDOO\�FDSDEOH�RI�SULQWLQJ�KRORJUDPV�

DW�WKH�RULJLQDOO\�GHVLUHG�VFDOH��EXW�IDLOV�WR�UHDOL]H�VXFK�ILQH�IHDWXUHV�GXULQJ�WKH�DFWXDO�SULQWLQJ�

SURFHVV��$IWHU�WKH�LQLWLDO�/*���SULQW�ZDV�XQVXFFHVVIXO��WKH�VDPH�KRORJUDP�ZDV�SULQWHG�XVLQJ�

FOHDU�UHVLQ�DW�LQFUHDVLQJO\�ODUJH�VFDOHV�XQWLO�ZHOO�GHILQHG��WKRXJK�QRW�SHUIHFW��IULQJH�VHSDUDWLRQ�

ILQDOO\�RFFXUUHG�DW�DQ��[�VFDOH���
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�

)LJXUH����,WHUDWLRQV�RI�/*���SURWRW\SH�KRORJUDPV�RI�LQFUHDVLQJ�VFDOH�SULQWHG�E\�DQ�
DVVRFLDWH�DW�%OXH+DOR�XVLQJ�WKH�)RUP���SULQWHU��6FDOHV�UDQJH�IURP����[��OHIWPRVW��WR��[�

�ULJKWPRVW���DW�ZKLFK�IULQJH�VHSDUDWLRQ�ZDV�ILQDOO\�DFKLHYHG��
�

+DYLQJ�DFKLHYHG�D�VXFFHVVIXO�SURWRW\SH��WKH�IROORZLQJ�/*���KRORJUDP�ZDV�SULQWHG�DW�WKLV�

VDPH�VFDOH�EXW�ZLWK�RSDTXH�ZKLWH�UHVLQ�IRU�ODE�WHVWLQJ��)ULQJH�VHSDUDWLRQ�ZDV�RQFH�DJDLQ�
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