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,PDJH�JXLGHG�VXUJHU\��,*6��V\VWHPV�DVVLVW�D�VXUJHRQ�LQ�H[HFXWLQJ�SURFHGXUHV
ZLWK�PLQLPDO� WLPH�� LQYDVLYHQHVV� DQG� FROODWHUDO� GDPDJH�� � $� NH\� HOHPHQW� LQ
,*6�LV�SURYLGLQJ�WKH�VXUJHRQ�ZLWK�D�GHWDLOHG�PRGHO�RI�WKH�SDWLHQW¶V�DQDWRP\�
ZKLFK�KH� FDQ� YLVXDOL]H� IRU� SODQQLQJ�� QDYLJDWLRQ� DQG� HYDOXDWLRQ� RI� GHOLYHU\�
7KLV� UHTXLUHV� FRPSXWHU� YLVLRQ� DOJRULWKPV� WR� H[WUDFW� JHRPHWULF�PRGHOV� IURP
PHGLFDO�LPDJHU\��WR�UHJLVWHU�WKRVH�PRGHOV�WR�RQH�DQRWKHU�DQG�WR�WKH�SRVLWLRQ
RI� WKH� SDWLHQW� LQ� WKH� RSHUDWLQJ� URRP�� DQG� WR� DGDSW� WKRVH� PRGHOV� WR� UHIOHFW
LQWUD�RSHUDWLYH� FKDQJHV� LQ� DQDWRP\�� 7KXV�� D� NH\� DVSHFW� RI� ,*6� LV� FUHDWLQJ
DFFXUDWH�� GHWDLOHG�� SDWLHQW�VSHFLILF� PRGHOV� IURP� PHGLFDO� LPDJHU\�� � ,Q� WKLV
SDSHU��ZH�EULHIO\�RXWOLQH�DQ�DSSURDFK�WR�LPDJH�JXLGHG�VXUJHU\��DQG�SUHVHQW�DQ
H[DPSOH�RI�FXUUHQW�PHWKRGV�IRU�PRGHO�EXLOGLQJ�

��,QWURGXFWLRQ

5HFHQW�GHYHORSPHQWV�LQ�FRPSXWHU�YLVLRQ�DQG�URERWLFV�DUH�FKDQJLQJ�WKH�SUDFWLFH�RI�PDQ\
VXUJLFDO� SURFHGXUHV�� ,PDJH� JXLGHG� VXUJLFDO�PHWKRGV� DUH� SURYLGLQJ� D� VXUJHRQ�ZLWK� WKH
DELOLW\� WR� YLVXDOL]H� LQWHUQDO� VWUXFWXUHV� DQG� WKHLU� JHRPHWULF� UHODWLRQVKLSV�� RIWHQ� LQ
DOLJQPHQW�ZLWK�OLYH�LPDJHU\�RU�GLUHFW�YLHZV�RI�WKH�SDWLHQW���6XFK�YLVXDOL]DWLRQ�PHWKRGV
DOORZ�D�VXUJHRQ�WR�SODQ�PLQLPDOO\�LQYDVLYH�SURFHGXUHV���7UDFNLQJ�PHWKRGV�IXUWKHU�DOORZ
D�VXUJHRQ�WR�VHH�WKH�DFWXDO�SRVLWLRQ�RI�KLV�LQVWUXPHQWV��DQG�WKHLU�SK\VLFDO�UHODWLRQVKLS�WR
FULWLFDO�RU�KLGGHQ�VWUXFWXUHV�GXULQJ�D� SURFHGXUH�� WKXV� OHDGLQJ� WR� IDVWHU�� VDIHU� DQG�PRUH
HIIHFWLYH�PLQLPDOO\�LQYDVLYH�SURFHGXUHV�

2XU�DSSURDFK�WR�,PDJH�*XLGHG�6XUJHU\�FRQVLVWV�RI�WKH�IROORZLQJ�VWDJHV�

•� $� VHW� RI� PHGLFDO� LPDJHV� �VXFK� DV� 05,� RU� &7�� LV� DFTXLUHG� RI� WKH� UHOHYDQW
SRUWLRQ�RI�WKH�SDWLHQW
V�DQDWRP\��)LJXUH����

•� 7KHVH�LPDJHV�DUH�VHJPHQWHG�LQWR�GLVWLQFW�DQDWRPLFDO�VWUXFWXUHV��\LHOGLQJ�D��'
SDWLHQW�VSHFLILF�PRGHO��)LJXUH����

•� 7KH� PRGHO� LV� WKHQ� UHJLVWHUHG� WR� WKH� DFWXDO� SRVLWLRQ� RI� WKH� SDWLHQW� RQ� WKH
RSHUDWLQJ�WDEOH��6XUJLFDO�LQVWUXPHQWV�DUH�WUDFNHG�UHODWLYH�WR�WKH�SDWLHQW�DQG�WKH
PRGHO�� DOORZLQJ� WKH� VXUJHRQ� WR�HIIHFWLYHO\�H[HFXWH�SURFHGXUHV�ZKLOH�DYRLGLQJ
KLGGHQ��FULWLFDO�VWUXFWXUHV��)LJXUH����
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,Q�WKLV�SDSHU��ZH�EULHIO\�RXWOLQH�FXUUHQW�DSSURDFKHV�WR�HDFK�RI�WKHVH�VWDJHV��WKHQ�H[DPLQH
LQ� PRUH� GHWDLO� WKH� ILUVW� VWDJH� ��� VHJPHQWDWLRQ� RI� PHGLFDO� VFDQV� LQWR� SDWLHQW�VSHFLILF
PRGHOV�WKDW�FDQ�EH�XVHG�IRU�VXUJLFDO�SODQQLQJ��JXLGDQFH��DQG�QDYLJDWLRQ�

����6HJPHQWDWLRQ

7KH� ILUVW� VWDJH� FRQYHUWV� VWDQGDUG�PHGLFDO� LPDJHU\� LQWR� LQIRUPDWLRQ� WKDW�PRUH� GLUHFWO\
UHIOHFWV�SDWLHQW�DQDWRP\���$V�GHWDLOHG�LQ�VHFWLRQ����ZH�XVH�VHYHUDO�DOJRULWKPLF�PHWKRGV�WR
ODEHO� LQGLYLGXDO� HOHPHQWV� RI� D� YROXPHWULF� VFDQ� E\� WLVVXH� W\SH�� DQG� WR� FROOHFW� WKRVH
ODEHOOHG�YR[HOV�LQWR�FRQQHFWHG�VWUXFWXUHV�

����5HJLVWUDWLRQ

*LYHQ�VHJPHQWHG�PRGHOV�RI�WKH�SDWLHQW��VHH�VHFWLRQ�����ZH�ZDQW�WR�XVH�WKDW�LQIRUPDWLRQ
WR�DVVLVW� WKH�VXUJHRQ�� �2QH�DVSHFW�RI� WKLV� LV� WR�DOORZ�WKH�VXUJHRQ�WR�YLVXDOL]H�VWUXFWXUHV
DQG� WKHLU� UHODWLRQVKLSV�� LQ�RUGHU� WR� VXSSRUW�SODQ� UHOLDEOH�SURFHGXUHV�� �7R� WKLV� HQG�� LW� LV
RIWHQ� XVHIXO� WR� DXJPHQW� WKH� VWUXFWXUH� PRGHOV� FUHDWHG� E\� VHJPHQWLQJ� 05,� GDWD�� ZLWK
IXQFWLRQDO�DQG�RWKHU� LQIRUPDWLRQ�IURP�RWKHU� LPDJHU\��H�J��� I05,��3(7��63(&7��� �7KLV
UHTXLUHV�UHJLVWUDWLRQ�RI�WZR�RU�PRUH�GLIIHUHQW�PRGDOLWLHV���6LQFH�WKHUH�LV�RIWHQ�QR�VHW�RI
FRUUHVSRQGLQJ� ODQGPDUNV� EHWZHHQ� WKH� VFDQV�� ZH� KDYH� UHOLHG� RQ� D� UHJLVWUDWLRQ�PHWKRG
WKDW�ILQGV�WKH�EHVW�DOLJQPHQW�EHWZHHQ�LPDJH�YROXPHV��EDVHG�RQ�WKH�DOLJQPHQW�RI�DOO�WKH
GDWD� LQ� WKH�YROXPHV�� � ,Q� SDUWLFXODU�� RXU� JURXS�KDV�GHYHORSHG� UHJLVWUDWLRQ�PHWKRGV� WKDW
PD[LPL]H� WKH�0XWXDO� ,QIRUPDWLRQ�EHWZHHQ�GDWD� VHWV�� DQG�KDYH�GHPRQVWUDWHG� WKDW� VXFK
PHWKRGV�FDQ�UREXVWO\�DOLJQ�D�ZLGH�UDQJH�RI�PHGLFDO�LPDJHU\�>��@�

2QFH� VXFK� DXJPHQWHG�PRGHOV� DUH� FUHDWHG��ZH� DOVR�QHHG� WR� UHJLVWHU� WKHP� WR� WKH� DFWXDO
SRVLWLRQ�RI�WKH�SDWLHQW���7R�GR�WKLV��ZH�XVH�D�VXUIDFH�PDWFKLQJ�DOJRULWKP����G�GDWD�SRLQWV
IURP�WKH�VNLQ�VXUIDFH�RI�WKH�SDWLHQW�DUH�DFTXLUHG�XVLQJ�D�WUDFNHG�SUREH��W\SLFDO�PHWKRGV
LQYROYH� ORFDWLQJ� V\QFKURQL]HG�/('
V�RQ� WKH�SUREH� LQ�D� VHW�RI� WKUHH�FDPHUDV� DQG�XVLQJ
WULDQJXODWLRQ� WR� ORFDWH� WKH� SUREH�� RU� XVLQJ� HOHFWURPDJQHWLF� FRLOV� WUDFNLQJ� VPDOO� PHWDO
EDOOV� DWWDFKHG� WR� WKH� SUREH�� DQG� VLPLODUO\� XVLQJ� WULDQJXODWLRQ� WR� ORFDOL]H� WKH� SUREH��
7KHVH�GDWD�SRLQWV�DUH�WKHQ�PDWFKHG�WR�WKH�VNLQ�VXUIDFH�RI�WKH�UHFRQVWUXFWHG�SDWLHQW�PRGHO
WR�ILQG�WKH�EHVW�ILW��DQG�WKXV�WR�DOLJQ�WKH�PRGHO�ZLWK�WKH�DFWXDO�SDWLHQW�SRVLWLRQ�>������@�

)LJXUH����6WDQGDUG�LPDJHU\��VXFK�DV�05,��O��KLJKOLJKWV�GLIIHUHQW�WLVVXH
UHVSRQVHV���7KHVH�LPDJHV�DUH�FRQYHUWHG�WR�SDWLHQW�VSHFLILF�PRGHVO�RI�DQDWRP\�
7KH\�FDQ�EH�XVHG�ERWK�IRU�SODQQLQJ��FHQWHU��DQG�WR�VXSSRUW�QDYLJDWLRQ�E\
WUDFNLQJ�VXUJLFDO�LQVWUXPHQWV��ULJKW��






����9LVXDOL]DWLRQ

2QFH� WKH� PRGHO� DQG� SDWLHQW� FRRUGLQDWH� IUDPHV� KDYH� EHHQ� DOLJQHG�� ZH� FDQ� VXSSRUW
YLVXDOL]DWLRQ�RI�WKH�PRGHO�� �,Q�SDUWLFXODU�E\�FDOLEUDWLQJ�D�FDPHUD�ORRNLQJ�DW� WKH�SDWLHQW
RYHU�WKH�VXUJHRQ
V�VKRXOGHU�ZH�FDQ�DFTXLUH�OLYH�LPDJHU\�RI�WKH�VXUJLFDO�VLWH�� �6LQFH�ZH
DOVR�NQRZ�WKH�SRVLWLRQ�RI�WKH�PRGHO�ZLWK�UHVSHFW�WR�WKH�FDPHUD��ZH�FDQ�UHQGHU�DQ�LPDJH
RI� WKH� LQWHUQDO� VWUXFWXUHV� RI� WKH� PRGHO� IURP� WKH� SHUVSHFWLYH� RI� WKDW� FDPHUD�� � %\
FRPELQLQJ� WKH� WZR� WKURXJK� D� YLGHR� PL[HU�� ZH� FDQ� JHQHUDWH� DXJPHQWHG� UHDOLW\
YLVXDOL]DWLRQV��ZKLFK�HQDEOH�WKH�VXUJHRQ�WR�VHH�WKH�SRVLWLRQV�RI�QHDUE\�VWUXFWXUHV�WKDW�DUH
RWKHUZLVH�KLGGHQ�IURP�YLHZ�EHORZ�WKH�FXUUHQWO\�H[SRVHG�VXUJLFDO�VXUIDFH�

����1DYLJDWLRQ

)LQDOO\��E\�WUDFNLQJ�WKH�SRVLWLRQ�RI�DQ\�VXUJLFDO�LQVWUXPHQW�LQ�WKH�RSHUDWLQJ�VLWH��RQH�FDQ
UHODWH� WKH� SRVLWLRQ� RI� WKH� WLS� RI� WKH� LQVWUXPHQW� WR� WKH� FRUUHVSRQGLQJ� SRLQW� RQ� WKH
VHJPHQWHG�PRGHO���%\�GLVSOD\LQJ�WKLV�LQIRUPDWLRQ�RQ�D�PRQLWRU��WKH�VXUJHRQ�FDQ�UDSLGO\
QDYLJDWH�WR�GHVLUHG�WDUJHW�VLWHV�ZKLOH�DYRLG�FULWLFDO�VWUXFWXUHV�

��6HJPHQWDWLRQ
7KH�ILUVW�VWDJH�RI� WKLV�SLSHOLQH� LV�NH\�� �2QH�PXVW�H[WUDFW� UHOHYDQW� LQIRUPDWLRQ�IURP�WKH
PHGLFDO�LPDJHU\��LQ�RUGHU�WR�PRVW�HIIHFWLYHO\�SUHVHQW�LW�WR�WKH�VXUJHRQ���7KLV�EHFRPHV�D
SUREOHP�RI�VHJPHQWDWLRQ����ODEHOOLQJ�HDFK�YR[HO�RI�WKH�LPDJH�ZLWK�WKH�DVVRFLDWHG�WLVVXH
W\SH�� DQG� WKHQ� DJJORPHUDWLQJ� DGMDFHQW� YR[HOV� ZLWK� FRPPRQ� ODEHOV� LQWR� FRQQHFWHG
VWUXFWXUHV���,Q�WKLV�VHFWLRQ��ZH�GHVFULEH�VHYHUDO�FXUUHQW�WHFKQLTXHV�

����6WDWLVWLFDO�ODEHOOLQJ�RI�LPDJHV

2XU�EDVH�PHWKRG�XVHV�VWDWLVWLFDO�SURSHUWLHV�RI�WLVVXH�UHVSRQVH�LQ�05,�LPDJHU\�WR�FODVVLI\
WLVVXH� W\SH� DVVRFLDWHG� ZLWK� HDFK� YR[HO� >��������@�� 7KH� EDVLV� RI� WKH� PHWKRG� LV
VWUDLJKWIRUZDUG���6XSSRVH�RQH�FRXOG�LGHQWLI\�D�VPDOO�VHW�RI�YR[HOV�RI�HDFK�GHVLUHG�WLVVXH
W\SH� LQ� WKH� LPDJHU\�� IRU� H[DPSOH� E\� XVLQJ� NQRZQ� DQDWRPLFDO� ODQGPDUNV�� � 5HFRUG� WKH
LQWHQVLW\�LQ�WKH�05,�GDWD�DW�VXFK�SRLQWV���7KLV�JLYHV�XV�D�VHW�RI�VDPSOHV�RI�WKH�LQWHQVLW\
DVVRFLDWHG�ZLWK�HDFK� WLVVXH� W\SH�� � ,Q�SULQFLSOH�� D� VWUDLJKWIRUZDUG�DSSOLFDWLRQ�RI�QHDUHVW
QHLJKERU�ODEHOOLQJ�FDQ�WKHQ�EH�XVHG�WR�LGHQWLI\�WKH�WLVVXH�W\SH�DVVRFLDWHG�ZLWK�DOO�RWKHU
SRLQWV�LQ�WKH�LPDJHU\�

8QIRUWXQDWHO\��05,�LPDJHU\�FRQWDLQV�VLJQLILFDQW�JDLQ�DUWHIDFWV��ZKLFK�DFW�DV�D�QRQOLQHDU
PXOWLSOLHU�RQ�WKH�REVHUYHG�VLJQDO���7KLV�FDXVHV�VLPSOH�QHDUHVW�QHLJKERU�VFKHPHV�WR�IDLO�
$V� D� FRQVHTXHQFH�� RXU� JURXS� KDV� GHYHORSHG� >��������@� PHWKRGV� WKDW� DXWRPDWLFDOO\
DFFRXQW� IRU� WKH� JDLQ� DUWLIDFW�� ZKLOH� FRUUHFWO\� LGHQWLI\LQJ� WKH� WLVVXH� W\SH�� XVLQJ� WKH
([SHFWDWLRQ�0D[LPL]DWLRQ�DOJRULWKP�WR�LWHUDWLYHO\�VROYH�IRU�WKH�JDLQ�ILHOG�DQG�WKH�WLVVXH
ODEHOOLQJ�� 7KH�PHWKRG� SURFHHGV� E\� ILQGLQJ� WKH� EHVW� ODEHOOLQJ� RI� WKH� YR[HOV�� JLYHQ� WKH
FXUUHQW�HVWLPDWH�RI� WKH�JDLQ� ILHOG�� WKHQ�XVHV� WKRVH� ODEHOV� WR� ILQG� WKH�JDLQ� ILHOG�HVWLPDWH
WKDW�PD[LPL]HV�WKH�H[SHFWHG�YDOXH�RI�WKH�ILHOG�� �7KLV�F\FOH�LWHUDWHV�WR�FRQYHUJHQFH�DQG
SURYLGHV�DFFXUDWH�HVWLPDWHV�RI�ERWK�WKH�JDLQ�ILHOG�DQG�WKH�WLVVXH�ODEHOV�






7KH�(�0�PHWKRG�DVVXPHV�D�VWDWLRQDU\�SULRU�RQ�WKH� LQWHQVLWLHV�DVVRFLDWHG�ZLWK�GLIIHUHQW
WLVVXH� W\SHV� �ZKLFK� FDQ� EH� IRXQG� E\�PHDVXULQJ� UHODWLYH� YROXPHV� RI� ODEHOOHG� YR[HOV� LQ
WUDLQLQJ�LPDJHV���%HWWHU�XVH�RI�DQDWRPLFDO�NQRZOHGJH�FDQ�EH�PDGH��KRZHYHU�� �2QH�FDQ
XVH�0DUNRY�5DQGRP�)LHOG�PHWKRGV�WR�LPSRVH�ORFDO�FRQWLQXLW\�RQ�WKH�ODEHOOLQJ��DQG�RQH
FDQ� XVH� URXJK� NQRZOHGJH� RI� WKH� GLVWULEXWLRQ� RI� WLVVXH� W\SHV� DV� D� IXQFWLRQ� RI� GLVWDQFH
IURP� NQRZQ� ODQGPDUNV� WR� FUHDWH� QRQ�VWDWLRQDU\� SULRU� SUREDELOLWLHV� >�����@�� � 6XFK
PHWKRGV�HVVHQWLDOO\�LQFRUSRUDWH�FRDUVH�DWODV�LQIRUPDWLRQ�WR�JXLGH�VHJPHQWDWLRQ�

����8VLQJ�DQDWRPLFDO�NQRZOHGJH

%HFDXVH�VHJPHQWDWLRQ�RIWHQ�UHTXLUHV�GLVWLQJXLVKLQJ�DPELJXRXV�LQIRUPDWLRQ��KDYLQJ�SULRU
LQIRUPDWLRQ� DERXW� WKH� H[SHFWHG� VKDSH� RI� D� VWUXFWXUH� FDQ� VLJQLILFDQWO\� DLG� LQ� WKH
VHJPHQWDWLRQ�SURFHVV�� �)RU�H[DPSOH��RQH�FDQ�ILQG�FRUUHVSRQGLQJ�SRLQWV�DFURVV� WUDLQLQJ
LPDJHV�� DQG�XVH� WKDW� WR� FRQVWUXFW� D� VWDWLVWLFDO�PRGHO� RI� VKDSH� YDULDWLRQ� IURP� WKH� SRLQW
SRVLWLRQV���,Q�WKLV�FDVH��WKH�EHVW�PDWFK�RI�WKH�PRGHO�WR�WKH�LPDJH�LV�IRXQG�E\�VHDUFKLQJ
RYHU� WKH�PRGHO� SDUDPHWHUV� >�@�� $� VHFRQG�PHWKRG� >��@� DGGV� JOREDO� VKDSH� LQIRUPDWLRQ
LQWR� WKH� VHJPHQWDWLRQ� WDVN�E\�XVLQJ� DQ� HOOLSWLF�)RXULHU� GHFRPSRVLWLRQ�RI� WKH�ERXQGDU\
DQG�SODFLQJ�D�*DXVVLDQ�SULRU�RQ�WKH�)RXULHU�FRHIILFLHQWV�

2XU� DSSURDFK� WR� REMHFW� VHJPHQWDWLRQ� H[WHQGV� JHRGHVLF� DFWLYH� FRQWRXUV� >����@� E\
LQFRUSRUDWLQJ� VKDSH� LQIRUPDWLRQ� LQWR� WKH� HYROXWLRQ� SURFHVV�� � :H� ILUVW� FRPSXWH� D
VWDWLVWLFDO� VKDSH�PRGHO� RYHU� D� WUDLQLQJ� VHW� RI� FXUYHV�� � 7R� VHJPHQW� D� VWUXFWXUH� IURP� DQ
LPDJH�� ZH� HYROYH� DQ� DFWLYH� FRQWRXU� ERWK� ORFDOO\�� EDVHG� RQ� LPDJH� JUDGLHQWV� DQG
FXUYDWXUH��DQG�JOREDOO\�WR�D�PD[LPXP�OLNHOLKRRG�HVWLPDWH�RI�VKDSH�DQG�SRVH�

����3UREDELOLW\�'LVWULEXWLRQ�RQ�6KDSHV

7R�LQFRUSRUDWH�VKDSH�LQIRUPDWLRQ�LQWR�WKH�SURFHVV�RI�VHJPHQWLQJ�DQ�REMHFW�LQ�DQ�LPDJH�
ZH�FRQVLGHU�D�SUREDELOLVWLF�DSSURDFK��DQG�FRPSXWH�D�SULRU�RQ�VKDSH�YDULDWLRQ�JLYHQ�D�VHW
RI�WUDLQLQJ�LQVWDQFHV���7R�EXLOG�WKH�VKDSH�PRGHO��ZH�FKRRVH�D�UHSUHVHQWDWLRQ�RI�FXUYHV�
DQG�WKHQ�GHILQH�D�SUREDELOLW\�GHQVLW\�IXQFWLRQ�RYHU�WKH�SDUDPHWHUV�RI�WKH�UHSUHVHQWDWLRQ�

������&XUYH�5HSUHVHQWDWLRQ

(DFK� FXUYH� LQ� WKH� WUDLQLQJ� GDWDVHW� LV� HPEHGGHG� DV� WKH� ]HUR� OHYHO� VHW� RI� D� KLJKHU

GLPHQVLRQDO�VXUIDFH�� X ��ZKRVH�KHLJKW�LV�VDPSOHG�DW�UHJXODU�LQWHUYDOV��VD\� G1 �VDPSOHV�
ZKHUH� G LV� WKH�QXPEHU�RI�GLPHQVLRQV��� �7KH�HPEHGGLQJ� IXQFWLRQ�FKRVHQ� LV� WKH� VLJQHG
GLVWDQFH�IXQFWLRQ�>��@��ZKHUH�HDFK�VDPSOH�HQFRGHV�WKH�GLVWDQFH�WR�WKH�QHDUHVW�SRLQW�RQ
WKH�FXUYH��ZLWK�QHJDWLYH�YDOXHV�LQVLGH�WKH�FXUYH��)LJXUH�����(DFK�VXFK�VXUIDFH��GLVWDQFH

PDS��FDQ�EH�FRQVLGHUHG�D�SRLQW�LQ�D�KLJK�GLPHQVLRQDO�VSDFH��
G

1X ℜ∈ ����7KH�WUDLQLQJ

VHW�FRQVLVWV�RI�D�VHW�RI�VXUIDFHV�^
Q

XXX ������
��

`��2XU�JRDO�LV�WR�EXLOG�D�VKDSH�PRGHO�RYHU

WKLV�GLVWULEXWLRQ�RI�VXUIDFHV�






7KH�PHDQ�VXUIDFH�� µ ��LV�FRPSXWHG�E\�WDNLQJ�WKH�PHDQ�RI�WKH�VLJQHG�GLVWDQFH�IXQFWLRQV�

∑=
Q

L
X

�

µ �� � �7KH�YDULDQFH�LQ�VKDSH�LV�FRPSXWHG�XVLQJ�3ULQFLSDO�&RPSRQHQW�$QDO\VLV

�3&$����7KH�PHDQ�VKDSH�LV�VXEWUDFWHG�IURP�HDFK�VDPSOH�VXUIDFH�WR�FUHDWH�DQ�PHDQ�RIIVHW

PDS��HDFK�RI�ZKLFK�LV�SODFHG�DV�D�FROXPQ�YHFWRU�LQ�DQ� [Q1 G GLPHQVLRQDO�PDWUL[� 0 �

8VLQJ� 6LQJXODU� 9DOXH� 'HFRPSRVLWLRQ� �69'��� WKH� FRYDULDQFH� PDWUL[ 00 7 LV
GHFRPSRVHG�DV�

0088 77 =Σ
ZKHUH�8 LV� D�PDWUL[�ZKRVH� FROXPQ� YHFWRUV� UHSUHVHQW� WKH� VHW� RI� RUWKRJRQDO� PRGHV� RI
VKDSH� YDULDWLRQ� DQG� Σ � LV� D� GLDJRQDO� PDWUL[� RI� FRUUHVSRQGLQJ� VLQJXODU� YDOXHV�� $Q
HVWLPDWH� RI� D� QRYHO� VKDSH�� X �� RI� WKH� VDPH� FODVV� RI� REMHFW� FDQ� EH� UHSUHVHQWHG� E\
N SULQFLSDO�FRPSRQHQWV�LQ�D� N �GLPHQVLRQDO�YHFWRU�RI�FRHIILFLHQWV��α �

�� µα −= X8 7

N

ZKHUH�
N

8 LV� D�PDWUL[� FRQVLVWLQJ�RI� WKH� ILUVW� N FROXPQV� RI�8 WKDW� LV� XVHG� WR� SURMHFW� D

VXUIDFH� LQWR� WKH� HLJHQ�VSDFH�� � *LYHQ� WKH� FRHIILFLHQWV� α �� DQ� HVWLPDWH� RI� WKH� VKDSH� LV

UHFRQVWUXFWHG�IURP��
N

8 DQG� µ �

=
X
N

8 α � µ
1RWH� WKDW� LQ� JHQHUDO� 
X � ZLOO� QRW� EH� D� WUXH� GLVWDQFH� IXQFWLRQ�� � VLQFH� FRQYH[� OLQHDU
FRPELQDWLRQV�RI� GLVWDQFH�PDSV�GR�QRW� SURGXFH�GLVWDQFH�PDSV�� �+RZHYHU�� WKH� VXUIDFHV
JHQHUDOO\�VWLOO�KDYH�DGYDQWDJHRXV�SURSHUWLHV�RI�VPRRWKQHVV��ORFDO�GHSHQGHQFH��DQG�]HUR
OHYHO�VHWV�FRQVLVWHQW�ZLWK�WKH�FRPELQDWLRQ�RI�RULJLQDO�FXUYHV�

8QGHU� WKH� DVVXPSWLRQ� RI� D�*DXVVLDQ� GLVWULEXWLRQ� RI� VKDSH� UHSUHVHQWHG� E\� α �� ZH� FDQ
FRPSXWH�WKH�SUREDELOLW\�RI�D�FHUWDLQ�FXUYH�DV�
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)LJXUH����/HYHO�VHWV�RI�DQ�HPEHGGLQJ�IXQFWLRQ�X�IRU�D�FORVHG
FXUYH�&�LQ�WKH�SODQH�






ZKHUH�
N

Σ FRQWDLQV�WKH�ILUVW� N �URZV�DQG�FROXPQV�RI�Σ �

)LJXUH� �� VKRZV� WZR� RI� WKH� ��� WUDLQLQJ� FXUYHV� XVHG� WR� GHILQH� WKH� VKDSH�PRGHOV� RI� WKH
FRUSXV�FDOORVXP���7KH�RULJLQDO�VHJPHQWDWLRQV�RI�WKH�LPDJHV�DUH�RYHUODLG�DV�FXUYHV�RQ�WKH
VLJQHG�GLVWDQFH� PDS�� � %HIRUH� FRPSXWLQJ� DQG� FRPELQLQJ� WKH� GLVWDQFH� PDSV� RI� WKHVH
WUDLQLQJ� VKDSHV�� WKH� FXUYHV� ZHUH� DOLJQHG� XVLQJ� FHQWURLGV� DQG� VHFRQG� PRPHQWV� WR
DSSUR[LPDWH�WKH�FRUUHVSRQGHQFH��)LJXUH���LOOXVWUDWHV�]HUR�OHYHO�VHWV�FRUUHVSRQGLQJ�WR�WKH
PHDQV� DQG� WZR� SULPDU\� PRGHV� RI� YDULDQFH� RI� WKH� VKDSH� GLVWULEXWLRQ� RI� WKH� FRUSXV
FDOORVXP�� 1RWH� WKDW� WKH� PHDQ� VKDSH� DQG� SULPDU\� PRGHV� DSSHDU� WR� EH� UHDVRQDEOH
UHSUHVHQWDWLYH�VKDSHV�RI�WKH�FODVV�RI�REMHFWV�EHLQJ�OHDUQHG��7KH�ILUVW�PRGH�FDSXWUHV�VL]H�
ZKLOH�WKH�VHFRQG�PRGH�FDSWXUHV�WKH�GHJUHH�RI�FXUYDWXUH�RI�WKH�FRUSXV���7KH�WKLUG�PRGH
DSSHDUV�WR�UHSUHVHQW�WKH�VKLIWLQJ�RI�WKH�EXON�RI�WKH�FRUSXV�IURP�IURQW�WR�EDFN�

)LJXUH����2XWOLQHV�RI�WKH�FRUSXV�FDOORVXP�RI���RXW�RI����SDWLHQWV�LQ�WKH
WUDLQLQJ�VHW�HPEHGGHG�DV�WKH�]HUR�OHYHO�VHW�RI�D�KLJKHU�GLPHQVLRQDO�VXUIDFH�
WKH�VLJQHG�GLVWDQFH�IXQFWLRQ�

)LJXUH����7KH�ILUVW�WZR�SULPDU\�PRGHV�RI�YDULDQFH�RI�WKH�FRUSXV�FDOORVXP
WUDLQLQJ�GDWDVHW�






������7KH�&RUUHVSRQGHQFH�3UREOHP

:KHQ�PHDVXULQJ�VKDSH�YDULDQFH�RI�D�FHUWDLQ�SDUW�RI�DQ�REMHFW�DFURVV�D�SRSXODWLRQ�� LW� LV
LPSRUWDQW�WR�FRPSDUH�OLNH�SDUWV�RI�WKH�REMHFW���)RU�H[DPSOH��ZKHQ�ORRNLQJ�DW�YDULDQFHV�LQ
WKH�VKDSH�RI�WKH�YHUWHEUDH��LI�WZR�WUDLQLQJ�H[DPSOHV�DUH�PLVDOLJQHG�DQG�D�SURFHVV�RI�RQH
LV�RYHUODSSLQJ�D�QRWFK�RI�WKH�RWKHU��WKHQ�WKH�PRGHO�ZLOO�QRW�EH�FDSWXULQJ�WKH�DSSURSULDWH
DQDWRPLFDO� VKDSH� YDULDQFH� VHHQ� DFURVV� YHUWHEUDH�� 2QH� VROXWLRQ� WR� WKH� FRUUHVSRQGHQFH
SUREOHP� LV� WR� H[SOLFLWO\� JHQHUDWH� DOO� SRLQW�ZLVH� FRUUHVSRQGHQFHV� WR� HQVXUH� WKDW
FRPSDULVRQV�DUH�GRQH�FRQVLVWHQWO\��DOWKRXJK�WKLV�LV�GLIILFXOW�WR�DXWRPDWH�DQG�LV�PDQXDOO\
WHGLRXV� �VHH� >�@���$QRWKHU� DSSURDFK� WR� FRUUHVSRQGHQFH� LV� WR� URXJKO\� DOLJQ� WKH� WUDLQLQJ
GDWD� EHIRUH�SHUIRUPLQJ� WKH� FRPSDULVRQ� DQG�YDULDQFH� FDOFXODWLRQ�� � �$� URXJK� DOLJQPHQW
ZLOO�QRW�PDWFK�HYHU\�SDUW�RI�HDFK� WUDLQLQJ� LQVWDQFH�SHUIHFWO\��VR�RQH�PXVW�FRQVLGHU� WKH
UREXVWQHVV�RI�WKH�UHSUHVHQWDWLRQ�WR�PLVDOLJQPHQW�

8VLQJ�WKH�VLJQHG�GLVWDQFH�PDS�DV�WKH�UHSUHVHQWDWLRQ�RI�VKDSH�SURYLGHV�WROHUDQFH�WR�VOLJKW
PLVDOLJQPHQW� RI� REMHFW� IHDWXUHV�� LQ� WKH� DWWHPSW� WR� DYRLG� KDYLQJ� WR� VROYH� WKH� JHQHUDO
FRUUHVSRQGHQFH�SUREOHP���,Q�WKH�H[DPSOHV�SUHVHQWHG�KHUH��WKH�URXJK�ULJLG�DOLJQPHQW�RI
WKH�WUDLQLQJ�LQVWDQFHV�UHVXOWHG�LQ�WKH�PRGHO�FDSWXULQJ�WKH�VKDSH�YDULDQFHV�LQKHUHQW�LQ�WKH
SRSXODWLRQ�GXH�WR�WKH�GHSHQGHQFH�RI�QHDUE\�SL[HOV�LQ�WKH�VKDSH�UHSUHVHQWDWLRQ�

����6KDSH�3ULRUV�DQG�*HRGHVLF�$FWLYH�&RQWRXUV

*LYHQ� D� FXUYH� UHSUHVHQWDWLRQ� �WKH� N�YHFWRU� α �� DQG� D� SUREDELOLW\� GLVWULEXWLRQ� RQ� α �
SULRU� VKDSH� LQIRUPDWLRQ� FDQ� EH� IROGHG� LQWR� WKH� VHJPHQWDWLRQ� SURFHVV�� � 7KLV� VHFWLRQ
GHVFULEHV� DGGLQJ� D� WHUP� WR� WKH� OHYHO� VHW� HYROXWLRQ� HTXDWLRQ� WR� SXOO� WKH� VXUIDFH� LQ� WKH
GLUHFWLRQ�RI�WKH�PD[LPXP�OLNHOLKRRG�VKDSH�DQG�SRVLWLRQ�RI�WKH�ILQDO�VHJPHQWDWLRQ�

������*HRGHVLF�$FWLYH�&RQWRXUV�IRU�2EMHFW�6HJPHQWDWLRQ

7KH�VQDNH�PHWKRGRORJ\�GHILQHV�DQ�HQHUJ\�IXQFWLRQ� ��&( RYHU�D�FXUYH�& DV�WKH�VXP�RI

DQ� LQWHUQDO� DQG� H[WHUQDO� HQHUJ\� RI� WKH� FXUYH�� DQG� HYROYHV� WKH� FXUYH� WR� PLQLPL]H� WKH
HQHUJ\�>��@�

∫ ∫ ∇−= GTT&,GTT&&( _����__��
_�� �β
,Q� >�@�� &DVHOOHV�� HW� DO�� GHULYH� WKH� HTXLYDOHQFH� RI� JHRGHVLF� DFWLYH� FRQWRXUV� WR� WKH
WUDGLWLRQDO� HQHUJ\�EDVHG� DFWLYH� FRQWRXUV� �VQDNHV�� IUDPHZRUN� E\� ILUVW� UHGXFLQJ� WKH
PLQLPL]DWLRQ�SUREOHP�WR�WKH�IROORZLQJ�IRUP�

∫ ∇ GTT&T&,JT& _��
__������_PLQ ��

ZKHUH� J LV�D�IXQFWLRQ�RI�WKH�LPDJH�JUDGLHQW��XVXDOO\�RI�WKH�IRUP� �__��� �,∇+ ���8VLQJ

(XOHU�/DJUDQJH��WKH�IROORZLQJ�FXUYH�HYROXWLRQ�HTXDWLRQ�LV�GHULYHG�>�@
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ZKHUH��κ LV�WKH�FXUYDWXUH�DQG� 1 LV�WKH�XQLW�QRUPDO���%\�GHILQLQJ�DQ�HPEHGGLQJ�IXQFWLRQ
X RI�WKH�FXUYH�& ��WKH�XSGDWH�HTXDWLRQ�IRU�D�KLJKHU�GLPHQVLRQDO�VXUIDFH�LV�>�@�
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ZKHUH� F � LV� DQ� LPDJH�GHSHQGHQW� EDOORRQ� IRUFH� DGGHG� WR� IRUFH� WKH� FRQWRXU� WR� IORZ
RXWZDUG� >��� ��@�� � ,Q� WKLV� OHYHO� VHW� IUDPHZRUN�� WKH� VXUIDFH�� X �� HYROYHV� DW� HYHU\� SRLQW
SHUSHQGLFXODU�WR�WKH�OHYHO�VHWV�DV�D�IXQFWLRQ�RI�WKH�FXUYDWXUH�DW�WKDW�SRLQW�DQG�WKH�LPDJH
JUDGLHQW�

������(VWLPDWLRQ�RI�3RVH�DQG�6KDSH

,Q� DGGLWLRQ� WR� HYROYLQJ� WKH� OHYHO� VHW� EDVHG� RQ� WKH� FXUYDWXUH� DQG� WKH� LPDJH� WHUP�� ZH
LQFOXGH� D� WHUP� WKDW� LQFRUSRUDWHV� LQIRUPDWLRQ� DERXW� WKH� VKDSH� RI� WKH� REMHFW� EHLQJ
VHJPHQWHG���7R�DGG�VXFK�D�JOREDO�VKDSH�IRUFH�WR�WKH�HYROXWLRQ��WKH�SRVH�RI�WKH�HYROYLQJ
FXUYH� ZLWK� UHVSHFW� WR� WKH� VKDSH� PRGHO� PXVW� EH� NQRZQ� �VHH� )LJXUH� ���� � :LWKRXW� DQ
HVWLPDWH� RI� WKH� SRVH�� WKH� VKDSH� PRGHO� FDQQRW� DGHTXDWHO\� FRQVWUDLQ� RU� GLUHFW� WKH
HYROXWLRQ��7KHUHIRUH��DW�HDFK�VWHS�RI�WKH�FXUYH�HYROXWLRQ��ZH�VHHN�WR�HVWLPDWH�WKH�VKDSH
SDUDPHWHUV��α ��DQG�WKH�ULJLG�SRVH�SDUDPHWHUV�� S ��RI�WKH�ILQDO�FXUYH�XVLQJ�D�PD[LPXP

OLNHOLKRRG�DSSURDFK�

��_��PD[DUJ�
�

,XS3S S0/0/ ∇= αα α

,Q�WKLV�HTXDWLRQ�� X LV�WKH�HYROYLQJ�VXUIDFH�DW�VRPH�SRLQW�LQ�WLPH��ZKRVH�]HUR�OHYHO�VHW�LV
WKH� FXUYH� WKDW� LV� VHJPHQWLQJ� WKH� REMHFW�� � 7KH� WHUP� ,∇ LV� WKH� JUDGLHQW� RI� WKH� LPDJH
FRQWDLQLQJ� WKH�REMHFW� WR�EH� VHJPHQWHG�� �%\�RXU�GHILQLWLRQ�RI� VKDSH�DQG�SRVH�� WKH� ILQDO

VHJPHQWDWLRQ�FXUYH�LV�FRPSOHWHO\�GHWHUPLQHG�E\�α �DQG� S ���/HW� X �EH�WKH�HVWLPDWHG

ILQDO�FXUYH��ZKLFK�FDQ�EH�FRPSXWHG�IURP�α �DQG� S ���7KHUHIRUH��ZH�DOVR�KDYH

��_�PD[DUJ 


,XX3X

X0/
∇=

)LJXUH����7KUHH�VWHSV�LQ�WKH�HYROXWLRQ�SURFHVV��7KH�HYROYLQJ�FXUYH
LV�VKRZQ�LQ�VROLG�EOXH�VXSHULPSRVHG�RQ�WKH� LPDJH��WRS�URZ��� �7KH
FXUYH�LV�PDWFKHG�WR�WKH�H[SHFWHG�FXUYH�WR�REWDLQ�D�3')�RYHU�SRVH
�ERWWRP�URZ����7KH�QH[W�HYROXWLRQ�VWHS��EDVHG�RQ�SRVH�DQG�VKDSH��LV
VKRZQ�DV�WKH�GRWWHG�EOXH�OLQH�






7R� FRPSXWH� WKH� PD[LPXP� OLNHOLKRRG� ILQDO� FXUYH�� ZH� H[SDQG� WKH� WHUPV� XVLQJ� %D\HV

5XOH�
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:H�SURFHHG�E\�GHILQLQJ�HDFK�WHUP�RI�WKLV�HTXDWLRQ�LQ�WXUQ��:H�GLVFDUG�WKH�QRUPDOL]DWLRQ
WHUP� LQ� WKH� GHQRPLQDWRU� DV� LW� GRHV� QRW� GHSHQG� RQ� VKDSH� RU� SRVH�� � 0RUH� GHWDLOV� DUH
DYDLODEOH�LQ�>��@�

7KH�ILUVW�WHUP�FRPSXWHV�WKH�SUREDELOLW\�RI�D�FHUWDLQ�HYROYLQJ�FXUYH�� X ��JLYHQ�WKH�VKDSH

DQG�SRVH�RI�WKH�ILQDO�FXUYH�� X ��RU S�α ����1RWLFH�WKDW�WKLV�WHUP�GRHV�QRW�LQFOXGH�DQ\

LPDJH�LQIRUPDWLRQ�ZKDWVRHYHU��:H�PRGHO�WKLV�WHUP�DV�D�/DSODFLDQ�GHQVLW\�IXQFWLRQ�RYHU

RXWVLGH
9 ��WKH�YROXPH�RI�WKH�FXUYH�X WKDW�OLHV�RXWVLGH�WKH�FXUYH� X �

�H[S���_�
RXWVLGH

9SX3 −=α
7KLV� WHUP�DVVXPHV� WKDW�DQ\�FXUYH� X O\LQJ� LQVLGH� X LV�HTXDOO\� OLNHO\�� �6LQFH� WKH� LQLWLDO
FXUYH�FDQ�EH�ORFDWHG�DW�DQ\�SRLQW� LQVLGH�WKH�REMHFW�DQG�WKH�FXUYH�FDQ�HYROYH�DORQJ�DQ\
SDWK��ZH�GR�QRW�IDYRU�DQ\�VXFK�FXUYH�

7KH� VHFRQG� WHUP�FRPSXWHV� WKH�SUREDELOLW\� RI� VHHLQJ� FHUWDLQ� LPDJH�JUDGLHQWV� JLYHQ� WKH

FXUUHQW�DQG�ILQDO�FXUYHV��/HW� �� XK EH�WKH�EHVW�ILW�*DXVVLDQ�WR�WKH�VDPSOHV� _�_��  ,X ∇ �

:H�PRGHO� WKH� JUDGLHQW� SUREDELOLW\� WHUP� DV� D� /DSODFLDQ� RI� WKH� JRRGQHVV� RI� ILW� RI� WKH
*DXVVLDQ�
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7KH�ODVW�WZR�WHUPV�DUH�EDVHG�RQ�RXU�SULRU�PRGHOV��DV�GHVFULEHG�HDUOLHU���2XU�VKDSH�SULRU

LV�D�*DXVVLDQ�PRGHO�RYHU�WKH�VKDSH�SDUDPHWHUV��α ��ZLWK�VKDSH�YDULDQFH�
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,Q� RXU� FXUUHQW� IUDPHZRUN��ZH� VHHN� WR� VHJPHQW� RQH� REMHFW� IURP� DQ� LPDJH�� DQG� GR� QRW
UHWDLQ�SULRU�LQIRUPDWLRQ�RQ� WKH� OLNHOLKRRG�RI� WKH�REMHFW�DSSHDULQJ� LQ�D�FHUWDLQ� ORFDWLRQ�
7KXV��ZH�VLPSO\�DVVXPH�D�XQLIRUP�GLVWULEXWLRQ�RYHU�SRVH�SDUDPHWHUV��ZKLFK�FDQ�LQFOXGH
DQ\�W\SH�RI�WUDQVIRUPDWLRQ��GHSHQGLQJ�RQ�DSSOLFDWLRQ�

������ ∞−∞=8S3

7KHVH� WHUPV� GHILQH� WKH� PD[LPXP� OLNHOLKRRG� HVWLPDWRU� RI� VKDSH� DQG� SRVH�� ZKLFK
HVWLPDWHV�WKH�ILQDO�FXUYH�RU�VHJPHQWDWLRQ�RI�WKH�REMHFW���)RU�HIILFLHQF\��WKHVH�TXDQWLWLHV
DUH�FRPSXWHG�RQO\� LQ�D�QDUURZ�EDQG�DURXQG� WKH�]HUR� OHYHO�VHW�RI� WKH�HYROYLQJ� VXUIDFH�
DQG�WKH�0/�SRVH�DQG�VKDSH�DUH�UH�HVWLPDWHG�DW�HDFK�HYROXWLRQ�VWHS�XVLQJ�VLPSOH�JUDGLHQW
DVFHQW�RQ� WKH� ORJ� OLNHOLKRRG� IXQFWLRQ� LQ� WKH�%D\HV� UXOH� H[SDQVLRQ�� �:KLOH� HDFK� DVFHQW
PD\� \LHOG� D� ORFDO� PD[LPXP�� WKH� FRQWLQXRXV� UH�HVWLPDWLRQ� RI� WKHVH� SDUDPHWHUV� DV� WKH
VXUIDFH� HYROYHV� JHQHUDOO\� UHVXOWV� LQ� FRQYHUJHQFH� RQ� WKH� GHVLUHG�PD[LPXP�� � 1H[W�� ZH
LQFRUSRUDWH� WKLV� LQIRUPDWLRQ� LQWR� WKH� XSGDWH� HTXDWLRQ� FRPPRQO\� XVHG� LQ� OHYHO� VHW
VHJPHQWDWLRQ�






������(YROYLQJ�WKH�6XUIDFH

,QLWLDOO\�� WKH�VXUIDFH�� X �� LV�DVVXPHG�WR�EH�GHILQHG�E\�DW� OHDVW�RQH�SRLQW� WKDW� OLHV� LQVLGH
WKH� REMHFW� WR� EH� VHJPHQWHG�� � *LYHQ� WKH� VXUIDFH� DW� WLPH� W �� ZH� VHHN� WR� FRPSXWH� DQ
HYROXWLRQ� VWHS� WKDW� EULQJV� WKH� FXUYH� FORVHU� WR� WKH� FRUUHFW� ILQDO� VHJPHQWDWLRQ� EDVHG� RQ
ORFDO�JUDGLHQW�DQG�JOREDO�VKDSH�LQIRUPDWLRQ�

7KH� OHYHO�VHW�XSGDWH�H[SUHVVLRQ�SURYLGHV�D�PHDQV�RI�HYROYLQJ� WKH� VXUIDFH� X RYHU� WLPH
WRZDUGV�WKH�VROXWLRQ�WR�WKH�RULJLQDO�FXUYH�PLQLPL]DWLRQ�SUREOHP�� �7KHUHIRUH�� WKH�VKDSH
RI�WKH�VXUIDFH�DW�WLPH� �+W FDQ�EH�FRPSXWHG�IURP� ��WX E\�

���_��_��������
�

JWXWXFJWXWX ∇⋅+∇∇++=+ κλ
ZKHUH�

�
λ �LV�D�SDUDPHWHU�GHILQLQJ�WKH�XSGDWH�VWHS�VL]H�

%\�HVWLPDWLQJ�WKH�ILQDO�VXUIDFH� X �DW�D�JLYHQ�WLPH� W ��ZH�FDQ�DOVR�HYROYH�WKH�VXUIDFH�LQ
WKH�GLUHFWLRQ�RI�WKH�PD[LPXP�OLNHOLKRRG�ILQDO�VXUIDFH�

����������� 

�
WXWXWXWX −+=+ λ

ZKHUH� @���>
�

∈λ � LV� WKH� OLQHDU� FRHIILFLHQW� WKDW� GHWHUPLQHV� KRZ� PXFK� WR� WUXVW� WKH

PD[LPXP�OLNHOLKRRG�HVWLPDWH���&RPELQLQJ�WKHVH�HTXDWLRQV�\LHOGV�WKH�ILQDO�H[SUHVVLRQ�IRU
FRPSXWLQJ�WKH�VXUIDFH�DW�WKH�QH[W�VWHS�

���������_��_�������� 

��
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7KH� WZR�SDUDPHWHUV� λ � DQG�
�

λ � DUH�XVHG� WR�EDODQFH� WKH� LQIOXHQFH�RI� WKH� VKDSH�PRGHO

DQG�WKH�JUDGLHQW�FXUYDWXUH�PRGHO���7KH�SDUDPHWHUV�DOVR�GHWHUPLQH�WKH�RYHUDOO�VWHS�VL]H�RI
WKH�HYROXWLRQ���7KH�WUDGH�RII�EHWZHHQ�VKDSH�DQG�LPDJH�GHSHQGV�RQ�KRZ�PXFK�IDLWK�RQH
KDV�LQ�WKH�VKDSH�PRGHO�DQG�WKH�LPDJHU\�IRU�D�JLYHQ�DSSOLFDWLRQ

����5HVXOWV

6HJPHQWDWLRQ� H[SHULPHQWV�ZHUH� SHUIRUPHG� RQ� �'� VOLFHV� RI�05� LPDJHV� RI� WKH� FRUSXV
FDOORVXP� �)LJXUH� ���� � 7KH� FRUSXV� FDOORVXP� WUDLQLQJ� VHW� FRQVLVWHG� RI� ��� H[DPSOHV� OLNH

)LJXUH����7KUHH�VWHSV�LQ�WKH�VHJPHQWDWLRQ�RI�WZR�GLIIHUHQW�FRUSRUD�FDOORVD�
7KH�ODVW�LPDJH�LQ�HDFK�FDVH�VKRZV�WKH�ILQDO�VHJPHQWDWLRQ�LQ�UHG���7KH�F\DQ
FRQWRXU�LV�WKH�UHVXOW�RI�WKH�VWDQGDUG�HYROXWLRQ�ZLWKRXW�WKH�VKDSH�LQIOXHQFH�






WKRVH� LQ� )LJXUH� ��� � 7KH� VHJPHQWDWLRQV� RI� WZR� FRUSRUD� FDOORVD� DUH� VKRZQ� LQ� )LJXUH� ��
1RWLFH�WKDW�ZKLOH�WKH�0/�VKDSH�HVWLPDWRU�LV�LQLWLDOO\�LQFRUUHFW��DV�WKH�FXUYH�HYROYHV��WKH
SRVH�DQG�VKDSH�SDUDPHWHUV�FRQYHUJH�RQ�WKH�ERXQGDU\����7KH�VHJPHQWDWLRQV�RI�WKH�IHPXU
VOLFHV�DQG�WKH�FRUSRUD�DOO�FRQYHUJHG�LQ�XQGHU�D�PLQXWH�RQ�D�����0+]�3HQWLXP�,,,�

. &RUSXV�� &RUSXV��
��� ����PP ���PP
��� ����PP ����PP

7DEOH����3DUWLDO�+DXVGRUII�GLVWDQFH�EHWZHHQ�RXU�VHJPHQWDWLRQ�DQG�WKH�PDQXDOO\
VHJPHQWHG�JURXQG�WUXWK�

7R� YDOLGDWH� WKH� VHJPHQWDWLRQ� UHVXOWV�� ZH� FRPSXWH� WKH� XQGLUHFWHG� SDUWLDO� +DXVGRUII
GLVWDQFH�>��@�EHWZHHQ�WKH�ERXQGDU\�RI�WKH�FRPSXWHG�VHJPHQWDWLRQ�DQG�WKH�ERXQGDU\�RI
WKH�PDQXDOO\�VHJPHQWHG�JURXQG�WUXWK���7KH�GLUHFWHG�SDUWLDO�+DXVGRUII�GLVWDQFH�RYHU�WZR
SRLQW�VHWV�$�DQG�%�LV�GHILQHG�DV
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�

ED.%$K
%E$D

WK

.
−= ∈∈

ZKHUH� .� LV� D� TXDQWLOH� RI� WKH� PD[LPXP� GLVWDQFH�� � 7KH� XQGLUHFWHG� SDUWLDO� +DXVGRUII

GLVWDQFH�LV�GHILQHG�DV� ��������PD[���� $%K%$K%$+
...

= ���7KH�UHVXOWV�IRU�WKH
FRUSRUD�VKRZQ�LQ�7DEOH���LQGLFDWH�WKDW�YLUWXDOO\�DOO�WKH�ERXQGDU\�SRLQWV�OLH�ZLWKLQ�RQH�RU
WZR�YR[HOV�RI�WKH�PDQXDO�VHJPHQWDWLRQ�

$FNQRZOHGJHPHQWV
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