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UDQJH� IURP�������WR�����PJ��7ZR�PHWKRGV�RI� IUDJPHQW� VL]H�GHWHUPLQDWLRQ�DUH�XVHG�Û� WKH
PHWKRG�RI�ZHLJKLQJ�DQG�WKH�PHWKRG�RI�SKRWRJUDSKLQJ�ZLWK�VXEVHTXHQW�PHDVXUHPHQW�RI�WKH
LPDJH�DUHD��7KH�FRPSDUDWLYH�DQDO\VLV�RI�PHWKRGV�LV�FDUULHG�RXW��DQG�D�JRRG�DJUHHPHQW�RI
WKH�UHVXOWV�LV�VKRZQ��7KH�IRUP�RI�ODUJH�VFDOH�DV\PSWRWLF�RI�VL]H�GLVWULEXWLRQ�RI�IUDJPHQWV
LV� GHWHUPLQHG�� ,W� KDV� SRZHU� GLVWULEXWLRQ� IRUP�ZLWK� H[SRQHQW� Ü����� 7KH� FUDFN�UHVLVWDQFH
FRHIILFLHQW�LV�FDOFXODWHG�RQ�WKH�EDVLV�RI�REWDLQHG�UHVXOWV�
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���,QWURGXFWLRQ
6KRFN� IUDJPHQWDWLRQ�� RU�� DV� LW� LV� FDOOHG

LQ� >�@�� �ZHDN� IUDJPHQWDWLRQ��� UHSUHVHQWV
WKH� GHVWUR\LQJ� RI� D� PDWHULDO� VDPSOH� ZLWK
RQH� LPSDFW� ZLWK� JLYHQ� HQHUJ\�� 7KH� VKRFN
IUDJPHQWDWLRQ� LV� WKH� FHQWUDO� VWDJH� RI�PDQ\
WHFKQRORJLFDO�SURFHVVHV�DQG�WHVWLQJ�PHWKRGV�
:LWK�LWV�UHVXOWV�ZH�FDQ�GHWHUPLQH�WKH�PDWH�
ULDO�VWUHQJWK�FKDUDFWHULVWLFV�Û�UHODWHG�ERWK
WR�VKRFN�GHVWUR\LQJ�DV�VXFK�DQG��LQWULQVLF�
PDWHULDO� FKDUDFWHULVWLFV�� VXFK� DV� HIIHFWLYH
ELQGLQJ�HQHUJ\�

7KH�VKRFN�IUDJPHQWDWLRQ�FDQ�EH�XVHG�IRU
TXLFN� REWDLQLQJ� D� ORW� RI� PDWHULDO� VDPSOHV
ZLWK� D� VSHFLILHG� VL]H� GLVWULEXWLRQ�� LQ� SDU�
WLFXODU�Û�RI�PLFUR�ILQH�SRZGHUV��,Q�FRQWUDVW
WR� PXOWL�VKRFN� IUDJPHQWDWLRQ� RU� SURORQJHG
IUDJPHQWDWLRQ� XQGHU� SUHVVXUH�� WKH� SURSHU�
WLHV�RI�IUDJPHQW�VL]H�GLVWULEXWLRQ�LQ�FDVH�RI
RQH�VKRFN� IUDJPHQWDWLRQ� FDQ� EH� ZHOO� FRQ�
WUROOHG� E\� SDUDPHWHUV� RI� WKH� IUDJPHQWHG
VDPSOH��IRU�H[DPSOH��FKRLFH�RI�LWV�VL]H��DQG

WKH� GHVWUR\LQJ� GHYLFH� �LQ� SDUWLFXODU�Û� WKH
HQHUJ\�LQMHFWHG�LQ�WKH�LPSDFW���)RU�WKLV�UHD�
VRQ�� WKH� VWXG\� RI� IUDJPHQWV� GLVWULEXWLRQ
SURSHUWLHV� LQ� VKRFN� IUDJPHQWDWLRQ� VHHPV� WR
EH�YHU\�LPSRUWDQW�

6DSSKLUH� LV� D� WUDQVSDUHQW� FU\VWDO�� LW� LV
YHU\�ULJLG��,W�LV�SRVVLEOH�WR�JURZ�VXFK�FU\V�
WDOV� RI� FRPSDUDWLYHO\� ODUJH� VL]H�� 1RZDGD\V
VRPH� SURGXFHUV� RIIHU� ZLQGRZV
���u����� PP� ZLWK� WKLFNQHVV� ��� PP�� 7KH
VSHFLILF� IHDWXUHV�RI� WKLV�PDWHULDO�GHWHUPLQH
WKH� VDSSKLUH� DSSOLFDWLRQ� LQ� WUDQVSDUHQW
KLJK�VSHHG�VKRFN�SURWHFWLRQ�FRQVWUXFWLRQV�

7KHUH� DUH� VRPH� VSHFLDO� PHWKRGV� IRU
HYDOXDWLRQ� RI� VWUHQJWK� FKDUDFWHULVWLFV� LQ
KLJK�VSHHG� VKRFN� >����@�� +RZHYHU�� WKH\� DUH
RULHQWHG� RQ� VWXGLHV� RI� VHSDUDWH� FKDUDF�
WHULVWLFV� RI� DPRUSKRXV� PDWHULDOV� DQG� DUH
GLVWLQJXLVKHG� E\� VWUHVVHV� FUHDWHG� LQ� WKH
VDPSOH� LQ� GHVWUR\LQJ��'XH� WR� DQLVRWURS\� RI
LWV� FU\VWDO� VWUXFWXUH�� WKH� VDSSKLUH� KDV� GLI�
IHUHQW� SURSHUWLHV� LQ� GLIIHUHQW� FU\VWDO�
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ORJUDSKLF� GLUHFWLRQV�� $OVR� VWUHQJWK� FKDUDF�
WHULVWLFV� HVVHQWLDOO\� YDU\� GHSHQGLQJ� RQ� WKH
FU\VWDO� VXUIDFH� VWDWH� �JULQGLQJ�� SROLVKLQJ�
FKHPLFDO�RU�WKHUPDO�HWFKLQJ��>�@�

7KH� FU\VWDO� VWUHQJWK� FKDUDFWHULVWLFV� FDQ
EH�GHWHUPLQHG�IURP�WKH� IUDJPHQWV� VL]H�GLV�
WULEXWLRQ� WKDW� LV� IRUPHG� LQ� WKH� SURFHVV� RI
GHVWUR\LQJ� LW� E\� LPSDFW�� 2XU� ZRUN� LV� GHGL�
FDWHG� WR� REWDLQLQJ� WKLV� GLVWULEXWLRQ�� LWV
DQDO\VLV� DQG� DOVR� FU\VWDO� VWUHQJWK� FKDUDF�
WHULVWLFV�FDOFXODWLRQ�RQ�WKH�EDVH�RI�LW��,Q�WKH
FDSDFLW\� RI� WKH� �IUDJPHQW� VL]H�� YDOXH� ZH
FDQ�XVH�LWV�PDVV��YROXPH�RU�VSHFLILF�JHRPHW�
ULF�VL]H�Û�WKH�FXEH�URRW�RI�YROXPH��,Q�PRVW
RI� RXU�ZRUN�ZH�XVHG� WKH� IUDJPHQW�PDVV� LQ
WKLV�FDSDFLW\�

:H� KDYH� IRFXVHG� RQ� REWDLQLQJ� WKH� IUDJ�
PHQW� VL]H� GLVWULEXWLRQ�� EHFDXVH� NQRZOHGJH
RI�WKLV�GLVWULEXWLRQ�ERWK�KDV�DQ�LQGHSHQGHQW
VLJQLILFDQFH�DQG��VLPXOWDQHRXVO\��DOORZV�RQH
WR� FDOFXODWH� RWKHU� SK\VLFDO� FKDUDFWHULVWLFV�
VXFK�DV�FUDFN�UHVLVWDQFH�FRHIILFLHQW��DYHUDJH
IUDJPHQW� VL]H� DQG� IUDJPHQW� VL]H� GLVSHUVLRQ
�ZKLFK� LV� LPSRUWDQW� IRU� REWDLQLQJ� ILQH�GLV�
SHUVHG� SRZGHUV��� ,Q� DGGLWLRQ�� NQRZOHGJH� RI
GLVSHUVLRQ�RQ�D�VXIILFLHQWO\�ZLGH�VFDOH�UDQJH
RI� IUDJPHQW�PDVV� DOORZV� H[WUDSRODWLQJ� WKLV
GLVWULEXWLRQ�RQ�VFDOHV�LQDFFHVVLEOH�LQ�IUDPHV
RI� RWKHU� PHDVXULQJ� PHWKRGV�� 7KLV� DOORZV
PDNLQJ� SUHGLFWLRQV� DERXW� IUDJPHQW� VL]HV�
GLUHFW�PHDVXULQJ�RI�ZKLFK�LV�WHFKQLFDOO\�GLI�
ILFXOW�

)LQDOO\�� LW� LV�XVHIXO�WR�FRPSDUH�GLVWULEX�
WLRQV� REWDLQHG� DV� D� UHVXOW� RI� RXU� H[SHUL�
PHQWV� ZLWK� GLVWULEXWLRQV� IRXQG� LQ� RWKHU
ZRUNV� GHGLFDWHG� WR� VKRFN� IUDJPHQWDWLRQ�� ,W
ZLOO� DOORZ� PDNLQJ� UHDVRQDEOH� DVVXPSWLRQV
DERXW� WKH� UHODWLYH� HIIHFWV� RQ� WKH� GLVWULEX�
WLRQ� RI� VSHFLILF� SDUDPHWHUV� RI� WKH� H[SHUL�
PHQW� �PDWHULDO�� VL]H� DQG� VKDSH� RI� VDPSOH�
DQG�DOVR�WKH�PHWKRG�RI�LPSDFW�EULQJLQJ�DQG
LQMHFWHG�HQHUJ\�TXDQWLW\���RQ�WKH�RQH�KDQG�
DQG� JHQHUDO� XQLYHUVDO� VKRFN� IUDJPHQWDWLRQ
SURSHUWLHV�RQ�WKH�RWKHU�KDQG�

:H� KDYH� VHW� WKH� H[SHULPHQW� RQ� VKRFN
IUDJPHQWDWLRQ� RI� VDSSKLUH� VDPSOHV�� )UDJ�
PHQW� PDVVHV� IRUPHG� LQ� WKLV� H[SHULPHQW
ZHUH� PHDVXUHG�� DQG� ZLWK� WKHVH� GDWD� IUDJ�
PHQW� GLVWULEXWLRQV� KLVWRJUDPV� RYHU� PDVVHV
IRU�GLIIHUHQW�PHDVXULQJ�PHWKRGV�DQG�RQ�GLI�
IHUHQW� VFDOHV�ZHUH�FRQVWUXFWHG��2Q�WKH�EDVH
RI� FRQVWUXFWHG� KLVWRJUDPV� ZH� GHWHUPLQHG
WKH� IRUP� RI� WKH� ODUJH�VFDOH� GLVWULEXWLRQ� DV�
\PSWRWLF�� 7KH� REWDLQHG� DV\PSWRWLF� ZDV
WKHRUHWLFDOO\� JURXQGHG� LQ� ZRUN� >�@�� 7KH
FRPSDULVRQ� RI� LW� ZLWK� WKH� IRUP� RI� DV\PS�
WRWLFV� GLVFRYHUHG� LQ� RWKHU�ZRUNV� �>�Ü�@�� DO�
ORZV�PDNLQJ�DQ�DVVXPSWLRQ�DERXW� WKH� IRUP
XQLYHUVDOLW\� RI� WKH� IUDJPHQWV� GLVWULEXWLRQ

RQ� ODUJH� VFDOHV�� $OVR�� ZH� FDOFXODWHG� WKH
FUDFN�UHVLVWDQFH�FRHIILFLHQW�

���([SHULPHQW�VHW�XS
6DSSKLUH� FU\VWDOV� LQ� WKH� IRUP� RI� GLVNV

ZLWK� GLDPHWHU� ���� PP� DQG� ZLGWK� ���� PP
ZHUH� XVHG� IRU� WKH� H[SHULPHQWV�� 7KH� EDVLV
SODQH��������ZDV�SDUDOOHO�WR�WKH�GLVN�SODQH�
7KH� FU\VWDOV�ZHUH� JURZQ� E\� WKH� 6WHSDQRY�V
PHWKRG� DQG� DQQHDOHG� LQ� YDFXXP�� 7KH� VDP�
SOHV� KDG� LGHQWLFDO� TXDQWLW\� DQG� TXDOLW\� RI
GHIHFWV�� EHFDXVH� WKH\� KDYH� EHHQ� FXW� IURP
RQH�FU\VWDO�

)RU� VDPSOH� GHVWUR\LQJ� ZH� XVHG� WKH� LP�
SDFW� GHYLFH� �)LJ������ /RDG� PDVV�Û� ���� NJ�
IDOOLQJ�KHLJKW�ZDV�FKDQJHG�ZLWKLQ�WKH�OLPLWV
RI����FP�WR����FP�

:H� VHOHFWHG� WKH� SURMHFWLOH� IDOOLQJ� KHLJKW
HTXDO� WR� ��� FP�� EHFDXVH�ZLWK� WKLV� ORDG� WKH
IUDJPHQWV� RI� HYHU\� FU\VWDO� KDG� VL]HV� LQ� D
ZLGH�PDVV�UDQJH��:LWK�VPDOOHU�ORDG��SURMHF�
WLOH� IDOOLQJ� KHLJKW���� FP�� FU\VWDOV�ZHUH�GH�
VWUR\HG�LQWR��Ü��IUDJPHQWV��DQG�ZLWK�ODUJHU
ORDG� �SURMHFWLOH� IDOOLQJ� KHLJKW� ��� FP�� WKH
FU\VWDOV� ZHUH� GHVWUR\HG� LQWR� D� ODUJH� TXDQ�
WLW\� RI� VPDOO� IUDJPHQWV�ZKLFK� FRXOG�QRW�EH
ZHLJKWHG� XVLQJ� DQ� DQDO\WLFDO� ZHLJKLQJ�PD�
FKLQH� DQG� VHSDUDWHG� RQ� DQ� REMHFW�SODWH� IRU
SKRWRJUDSKLQJ�

$PRQJ� DOO� VL]H� FKDUDFWHULVWLFV�� WKH� IUDJ�
PHQW�PDVV�LV�GHWHUPLQHG�ZLWK�WKH�OHDVW�DP�
ELJXLW\�� )RU� H[DPSOH�� WKH� �OLQH� VL]H�� RI� D
IUDJPHQW�FDQ�EH�GHILQHG�ERWK�DV�LWV�DYHUDJH
GLDPHWHU�DQG�DV�WKH�FXEH�URRW�RI�LWV�YROXPH
DQG��LQ�VRPH�FDVH��DV�VTXDUH�URRW�RI�WKH�DUHD
RI� LWV� SURMHFWLRQ�� 7KLV� FKRLFH� LV�� LQ� IDFW�
DUELWUDU\�

7KHUHIRUH��ZH� DFFHSW� WKH� IUDJPHQW�PDVV
DV� WKH� VL]H� FKDUDFWHULVWLF��:H� GHWHUPLQH� LW
E\� GLUHFW� ZHLJKLQJ� LQ� WKH� PDVV� UDQJH� LQ
ZKLFK� LW� LV� SRVVLEOH� DQG� FDOFXODWH� IURP� WKH
RWKHU�PHDVXUHPHQWV�RXWVLGH�RI�WKLV�UDQJH�DV

)LJ�����7KH�VFKHPH�RI�VDPSOH�EUHDNLQJ�GHYLFH�
��Û� SURMHFWLOH�� ��Û� XSSHU� OD\HU� RI� KDUGHQHG
VWHHO����Û�FU\VWDO����Û�ERWWRP�OD\HU�RI�KDUG�
HQHG�VWHHO�

5�<H�%URGVNLL�HW�DO����6L]H�GLVWULEXWLRQ�RI�VDSSKLUH����
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GHVFULEHG� EHORZ�� :H� DOVR� DSSO\� DGGLWLRQDO
PHDVXUHPHQW� PHWKRGV� WR� WKRVH� IUDJPHQWV
ZKLFK�ZH�FDQ�ZHLJK��,W�LV�QHFHVVDU\��ILUVW�RI
DOO�� IRU� WKH� HVWLPDWLRQ� RI� DSSOLFDELOLW\� RI
DOWHUQDWLYH�PHDVXUHPHQW�PHWKRGV��DQG��VHF�
RQGO\�� IRU� WKH� GHWHUPLQDWLRQ� RI� FRQVWDQWV
UHTXLUHG� IRU�FRPSXWDWLRQ�RI�IUDJPHQW�PDVV
RQ� WKH� EDVLV� RI� WKH� UHVXOWV� REWDLQHG� ZLWK
WKHVH�PHWKRGV�

���'DWD�SURFHVVLQJ�PHWKRGV�
&RPSDULVRQ�RI�WKH�UHVXOWV

)UDJPHQW�PDVVHV�ZHUH� GHWHUPLQHG�XVLQJ
WZR�PHWKRGV�

��� ,Q� ILUVW� PHWKRG�� IUDJPHQWV� ZDV� VFDW�
WHUHG� RQ� JODVV� DQG� SKRWRJUDSKHG��7KHQ� WKH
DUHD�RI�WKHLU�LPDJHV�RQ�WKH�SKRWR�ZDV�GHWHU�
PLQHG�DQG�IUDJPHQW�PDVVHV�ZHUH�FDOFXODWHG
RQ�WKH�EDVLV�RI�WKLV�DUHD�GDWD�

��� 7KH� VHFRQG� PHWKRG� ZDV� ZHLJKLQJ� RI
IUDJPHQWV�

:HLJKLQJ�ZDV� FDUULHG� RXW�ZLWK� WKH� KHOS
RI� DQ� HOHFWURQLF� ZHLJKLQJ� PDFKLQH�� ZLWK
SUHFLVLRQ�XS� WR�����PJ��)URP�IUDJPHQWV�RI
��� H[SHULPHQWV�� DOO� IUDJPHQWV� ZLWK�PDVVHV
IURP� �� PJ� ZHUH� ZHLJKHG�� 7KHUH� ZHUH
����IUDJPHQWV�

0HWKRG� ZLWK� SKRWRJUDSKLQJ�� 7KH� LPDJH
DUHDV� �LQ� SL[HOV�� ZHUH� FDOFXODWHG� XVLQJ� DQ
DSSURSULDWH� VRIWZDUH�� EXW� EHIRUH� WKLV� WKH
SKRWR�QHHGHG�PDQXDO�FRUUHFWLRQ�Û�GHOHWLQJ
RI� WUDFHV� RI� GXVW� DQG� DUWLIDFWV�� DV� ZHOO� DV
FRYHULQJ� RYHU� WKH� LQQHU� UHJLRQV� RI� ODUJH
IUDJPHQWV��7KH�UHVROXWLRQ�RI�WKH�SKRWRV�ZDV
GHWHUPLQHG� E\� PDUNV� SORWWHG� RQ� WKH� JODVV�
��� SL[HOV� WR�PLOOLPHWHU�� 7KXV�� WKH� DUHDV� RI
IUDJPHQW�SURMHFWLRQV� RQ�JODVV� LQ�PP��ZHUH
REWDLQHG�� 7KH� IUDJPHQW�PDVVHV� ZHUH� FDOFX�
ODWHG�RQ�WKH�EDVLV�RI�WKHVH�YDOXHV�XVLQJ�WKH
IROORZLQJ�IRUPXOD

P� �DU6�e��� ���
ZKHUH� U� LV� WKH� VDSSKLUH� GHQVLW\� ��� J�FP��
DQG�D� LV� D� �IRUP�IDFWRU��� L�H��� D� FRHIILFLHQW
UHODWHG�WR�WKH�IUDJPHQW�VKDSH��

7KH�IRUP�IDFWRU�RI�IUDJPHQWV�REWDLQHG�LQ
WKH� H[SHULPHQW� LV� GHWHUPLQHG� RQ� WKH� EDVLV
RI� DJUHHPHQW� EHWZHHQ� WKH� GDWD� REWDLQHG� E\
ERWK�PHWKRGV��2I�FRXUVH��VXFK�DJUHHPHQW�LV
UHDOL]HG� LQ� WKH� UHJLRQ� DFFHVVLEOH� IRU� ERWK
PHWKRGV� L�H��� WKH� ODUJH�VFDOH� UHJLRQ�� ,W� LV
LPSRUWDQW�� EHFDXVH� WKH� QXPEHU� RI� IUDJ�
PHQWV� PHDVXUHG� XVLQJ� WKH� SKRWRJUDSKLQJ
PHWKRG� LV� HVVHQWLDOO\� ODUJHU� WKHQ� RI� WKH
ZHLJKHG� IUDJPHQWV�� 7KLV� LV� GXH� WR� WKH� IDFW
WKDW� WKH�PHWKRG�ZLWK�SKRWRJUDSKLQJ�DOORZV
UHFRUGLQJ�RI�IUDJPHQWV�RI�PXFK�ORZHU�PDVV
DV�FRPSDUHG�ZLWK�WKH�PHWKRG�XVLQJ�D�ZHLJK�

LQJ�PDFKLQH��/HW�XV�HVWLPDWH�WKH�ORZHU�PDVV
OLPLW� WKDW� FDQ� EH� PHDVXUHG� LQ� WKH� SKRWR�
JUDSKLQJ� PHWKRG�� 2Q� D� SKRWR�� RQH� FDQ� UH�
FRUG� IUDJPHQWV�ZLWK�DUHD� RI� VHYHUDO�SL[HOV�
:H� WDNH�� IRU� GHILQLWHQHVV�� ��� SL[HOV�� 6XFK
DQ�DUHD� RQ� D�SKRWR�FRUUHVSRQGV� WR� WKH�DUHD
RI� IUDJPHQW� SURMHFWLRQ� RQ� JODVV� FORVH� WR
�������Ü��PP�� DQG�� VXSSRVLQJ� WKDW� WKH
IUDJPHQW� VKDSH� LV� FORVH� WR� FXEH��ZH� REWDLQ
WKDW� LWV� YROXPH� LV� DERXW� ��������Ü��PP�
DQG� PDVV� Ü�������Ü�� PJ�� 7KLV� PDVV� LV� E\
WKUHH�RUGHUV�RI�PDJQLWXGH�VPDOOHU�WKDQ�WKH
PDVV� DFFHVVLEOH� IRU� UHOLDEOH� ZHLJKLQJ� ZLWK
DFFHSWDEOH� SUHFLVLRQ� XVLQJ� D� ZHLJKLQJ� PD�
FKLQH�

/HW�XV�GHVFULEH�WKH�SURFHGXUH�RI�WKH�IRUP
IDFWRU�GHWHUPLQDWLRQ��7KH�IRUP�IDFWRU�YDOXH
D�LV�VRPHZKDW�GLIIHUHQW�RQ�GLIIHUHQW�VFDOHV�
:H� VXSSRVH��KRZHYHU�� WKDW�ZLWK� WKH� H[FHS�
WLRQ�RI� VHYHUDO� ODUJHVW� IUDJPHQWV� �WKDW� UHS�
UHVHQW�DOPRVW�XQEURNHQ� LQLWLDO�VDPSOHV���ZH
FDQ� WDNH� DQ� LGHQWLFDO� YDOXH� IRU� DOO� VFDOHV�
7KH� FULWHULRQ� IRU� GHWHUPLQDWLRQ� RI�D�� WKXV�
PXVW� EH� LQVHQVLWLYH� WR� VL]H� GHYLDWLRQV� LQ� D
VPDOO�TXDQWLW\�RI�WKH�ODUJHVW�IUDJPHQWV��:H
WDNH�WKH�HTXDOLW\�RI�DYHUDJH�IUDJPHQW�PDVV
PHDVXUHG�E\�WKH�ERWK�PHWKRGV�DV�WKLV�FULWH�
ULRQ�

7KH� DYHUDJH� PDVV� YDOXH� WKDW� ZDV� RE�
WDLQHG� LQ� ZHLJKLQJ� LV� GHWHUPLQHG� LQ� WKH
XVXDO�ZD\��)RU�REWDLQLQJ�D�VLPLODU�YDOXH�LQ
WKH� PHWKRG� ZLWK� SKRWRJUDSKLQJ�� ZH� QHHG�
ILUVW� RI� DOO�� WR�GHWHUPLQH� WKH� DUHD�UDQJH�RI
SURMHFWLRQV� FRUUHVSRQGLQJ� WR� WKH� ZHLJKHG
IUDJPHQWV��,W�FDQ�EH�VHHQ�IURP�����WKDW�LW�LV
D� VHW� RI� DUHDV�QRW� OHVV� WKDQ�6�� �P��DU����ZKHUH�P��LV�WKH�VPDOOHVW�RI�PDVVHV�REWDLQHGGXULQJ�ZHLJKLQJ��)XUWKHU��ZH�ILQG�WKH�DYHU�

)LJ�����7KH�VFKHPH�RI�VDPSOH�IUDJPHQWV�SKR�
WRJUDSKLQJ����Û�FDPHUD����Û�VFUHHQ�SURWHFW�
LQJ� FDPHUD� REMHFWLYH� IURP� H[SRVXUH�� �� Û
VDPSOH�IUDJPHQWV�DIWHU�EUHDNLQJ����Û�TXDUW]
REMHFW�SODWH�� �� Û� EODFN� ER[� JXDUDQWHHLQJ
GDUN�EDFNJURXQG�IRU�VDPSOH� IUDJPHQWV����Û
KLJKOLJKW�ODPS�IRU�VDPSOH�IUDJPHQWV�
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DJH� E\� FDOFXODWLQJ� IUDJPHQW� PDVVHV� XVLQJ
WKH�DERYH�IRUPXOD�DV

­P® �DU­6�e�®��
ZKHUH� WKH� DYHUDJLQJ� LV� RYHU� WKH�PHQWLRQHG
DUHDV�UDQJH�

$V� LW� FDQ� EH� VHHQ�� D� HQWHU� ERWK� LQ� WKH
GHILQLWLRQ�RI�UDQJH�DQG�LQ�WKH�DYHUDJLQJ�IRU�
PXOD��:H� VKDOO� XVH� WKH� IROORZLQJ� SURFHGXUH
IRU�GHWHUPLQDWLRQ�RI�D��:H�VKDOO�FKRRVH�DV�6�DOO� WKH� DUHDV� VHTXHQWLDOO\� LQ� WKH� GHFUHDVLQJ
RUGHU�� )XUWKHU�� ZH� VKDOO� FDOFXODWH�� LQ� WKLV
VXSSRVLWLRQ��D��D� �P��U�6�������DQG�­P®��:H
VKDOO�FRPSDUH�WKLV�DYHUDJH�ZLWK�WKH�DYHUDJH
UHVXOW� RI� ZHLJKLQJ�� $QG� ZH� VKDOO� WDNH� DV
FRUUHFW� WKDW� YDOXH� RI� D� ZKLFK� HQVXUHV� WKH
HTXDOLW\� RI� WKH� DYHUDJH� YDOXHV�� 7KH� IRUP
IDFWRU� YDOXH� FDOFXODWHG� LQ� WKLV� ZD\� ZDV
D|�����

/HW� XV� GHWHUPLQH�� IRU� IUDJPHQW� VKDSHV
FORVH�WR�VLPSOH�JHRPHWULF�ILJXUHV��SDUDOOHOH�
SLSHG�� HOOLSVRLG��� WKH� YDOXHV� RI� SDUDPHWHUV�
:H�FRQVLGHU�VRPH�H[DPSOHV�WR�VKRZ�KRZ�WKH
IRUP�IDFWRU�LV�UHODWHG�WR�SDUDPHWHUV�RI�JHR�
PHWULF�ILJXUHV��

)RU� D� SODWH�OLNH� SDUDOOHOHSLSHG� �D�u�D�u�E�
E���D�� WKH� YROXPH� LV� HTXDO� WR�9� �D�E�� DQG
WKH� SURMHFWLRQ� DUHD� LV� 6� �D��� VR� WKH� IRUP
IDFWRU�LV�HTXDO�WR�D� � D�E

�D���e�� �
E
D�

)RU�D�URG�OLNH�SDUDOOHOHSLSHG��E�u�E�u�D��E���D��
9� �DE���6� �DE�DQG�D� � DE�

�DE��e�� ��CCED �
)RU� D� SODWH�OLNH� HOOLSVRLG� �VHPLD[HV

�D�u�D�u�E��E���D��9� ��SD�E����6� �SD���� L�H�

D� �
�
�SD�E
�SD���e�� �

�
��CCS

E
D�

)LQDOO\��IRU�D�URG�OLNH�HOOLSVRLG��VHPLD[HV
E�u�E�u�D��E���D��9� ��SDE�����6� �SDE��IURP

KHUH�D� �
�
�SDE�
�SDE��e�� �

�
��CCS�CCED �

7KXV��D�FORVH�WR������FDQ�FRUUHVSRQG�WR�
IRU� H[DPSOH�� SODWH�OLNH� SDUDOOHOHSLSHG� ZLWK
LWV� ZLGWK� DERXW� ����� RI� WKH� RWKHU� WZR� GL�
PHQVLRQV�� )RU� SODWH�OLNH� HOOLSVRLGV� VXFK
IRUP� IDFWRU� YDOXH� JLYHV� WKH� D[LV� OHQJWK
UDWLR� RI������� L�H��� LW� LV� EXW� VOLJKWO\�GLIIHU�
HQW�IURP�VSKHUH�

7KH� KLVWRJUDP� RI� IUDJPHQWV� TXDQWLW\� DV
IXQFWLRQ� RI� WKHLU� �PDVVHV�� REWDLQHG� E\� UH�
FDOFXODWLRQ�RI�WKH�LPDJH�DUHDV�RQ�WKH�SKRWRV
LQ�WKH�GHVFULEHG�ZD\�LV�JLYHQ�LQ�)LJ����

���/DUJH�VFDOH�DV\PSWRWLFV�RI
IUDJPHQW�GLVWULEXWLRQ

:H� FDQ� REWDLQ� WKH� PDVV� GLVWULEXWLRQ� RI
IUDJPHQWV�LQ�WKH�ODUJH�VFDOH�UDQJH�IURP�WKH
GDWD� RI� GLUHFW� ZHLJKLQJ� ZLWKRXW� DGGLWLRQDO
UHFDOFXODWLRQ�

([SRQHQWLDO� DQG� SRZHU� ODUJH�VFDOH� DV�
\PSWRWLF� DUH�PHQWLRQHG�PRVW� IUHTXHQWO\� LQ
WKH� ZRUNV� RQ� IUDJPHQWDWLRQ�� 7KH� SUHVHQFH
RI� H[SRQHQWLDO� DV\PSWRWLF� LQ� WKH� GLVWULEX�
WLRQ� GHQVLW\� Q�P�� FDQ� EH� HDVLO\� GHWHUPLQHG
IURP�WKH�KLVWRJUDP�RI�WKH�IUDJPHQW�QXPEHU
ORJDULWKP�OQ1�YV��PDVV�Û�WKH�SRLQWV�LQ�WKH
UDQJH�RI�ODUJH�PDVVHV�DUH�ZHOO�DSSUR[LPDWHG
E\� D� VWUDLJKW� OLQH�� 6LPLODUO\��ZH� FDQ� HDVLO\
VHH� WKH� SRZHU� DV\PSWRWLF� RQ� WKH� KLVWRJUDP
OQ1�YV��OQP�

7KH� KLVWRJUDP� OQ1�OQP�� LV� SUHVHQWHG� LQ
)LJ����� 7KH� DUUDQJHPHQW� RI� KLVWRJUDP
SRLQWV� FORVH� WR� OLQHDULW\� FDQ� YLVXDOO\� EH
VHHQ��DQG�WKLV� LV�FRQILUPHG�E\�WKH�GHWHUPL�
QDWLRQ� FRHIILFLHQW� �|������ FORVH� WR� XQLW\�

)LJ�����7KH�KLVWRJUDP�RI�PDVV�GLVWULEXWLRQ�RI
IUDJPHQWV�REWDLQHG�E\� WKH�PHWKRG�ZLWK�SKR�
WRJUDSKLQJ�

)LJ�����0DVV�GLVWULEXWLRQ�RI�IUDJPHQWV�LQ�WKH
ODUJH�VFDOH� UHJLRQ��:HLJKLQJ�PHWKRG�� GRXEOH
ORJDULWKP�VFDOH�
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7KH�DQJOH�FRHIILFLHQW��VORSH��RI�WKH�DSSUR[L�
PDWLQJ� OLQH� LV� FORVH� WR� Ü����� 6R�� DFFRUGLQJ
WR

QP�P�GP� �QOQP�OQP�GOQP��
ZH�REWDLQ�IRU�WKH�PDVV�GLVWULEXWLRQ�GHQVLW\�

QP���P�����
7KH� IUDJPHQW�GLVWULEXWLRQ�KLVWRJUDP�RE�

WDLQHG� ZLWK� WKH� KHOS� RI� WKH� PHWKRG� ZLWK
SKRWRJUDSKLQJ� LQ� D� VLPLODU� PDVV� UDQJH� LV
SUHVHQWHG� LQ� )LJ����� $V� LW� FDQ� EH� VHHQ�� WKH
KLVWRJUDP� LV� DOVR� ZHOO� DSSUR[LPDWHG� E\� D
VWUDLJKW� OLQH�� SUDFWLFDOO\� ZLWK� WKH� VDPH
DQJOH�FRHIILFLHQW�

:H� REWDLQ� IRU� WKH� VL]H� GLVWULEXWLRQ� RI
IUDJPHQWV�U� �9�����VR��

QU�U����U�����
7KH� KLVWRJUDP� 1�U�� LQ� WKH� ODUJH�VFDOH

UDQJH� LV� SUHVHQWHG� LQ� )LJ���� ZLWK� WKH� DS�
SUR[LPDWLQJ� FXUYH�� 6LPLODU� H[SRQHQWV� RI
ODUJH�VFDOH�SRZHU�DV\PSWRWLF�DUH�PHQWLRQHG�LQ
H[SHULPHQWDO�ZRUNV�RQ�IUDJPHQWDWLRQ�>�Ü�@�

7KXV�� WKH� FRPSDULVRQ� RI� ODUJH�VFDOH� GLV�
WULEXWLRQ� DV\PSWRWLF� REWDLQHG�ZLWK� WKH� WZR
PHWKRGV�LQYROYHG�VKRZV�JRRG�FRQVLVWHQF\�RI
WKHVH�PHWKRGV��,W�FRQILUPV�WKH�KLJK�DSSOLFD�
ELOLW\� RI� WKH� PHWKRG� ZLWK� SKRWRJUDSKLQJ�
ZKLFK�LV�YHU\�LPSRUWDQW�EHFDXVH�WKH�PHWKRG
ZLWK�SKRWRJUDSKLQJ�DOORZV�PHDVXUHPHQWV�RI
PXFK�VPDOOHU�IUDJPHQWV�

:H�FRPSDUHG�RXU�DV\PSWRWLFV�ZLWK�WKRVH
GHVFULEHG�LQ�RWKHU�ZRUNV��,W�WXUQHG�RXW�WKDW
SRZHU� DV\PSWRWLF� ZLWK� H[SRQHQW� Ü���� IRU
GLVWULEXWLRQ�1�U�� REWDLQHG� LQ�RXU�VWXG\�FDQ
DOVR�EH�IRXQG�LQ�RWKHU�H[SHULPHQWV�RQ�VKRFN
IUDJPHQWDWLRQ�� ZLWK� RWKHU� PDWHULDOV� DQG
ORDG�PHWKRGV��0RUHRYHU��WKH�REVHUYHG�H[SR�

QHQWV�ZHUH�FORVH�WR�WKRVH�SUHGLFWHG�WKHRUHWL�
FDOO\� >�@�� ,W� DOORZV� XV� WR� VXSSRVH� WKH� SUHV�
HQFH�RI�XQLYHUVDO�EHKDYLRU�RI�IUDJPHQWV�VL]H
GLVWULEXWLRQ� LQ� WKH� ODUJH�VFDOH� UDQJH� IRU
VKRFN�IUDJPHQWDWLRQ�

���&UDFN�UHVLVWDQFH�FRHIILFLHQW
&UDFN�UHVLVWDQFH� FRHIILFLHQW� �DOVR� NQRZQ

DV� �IUDLOQHVV� FRHIILFLHQW��� LV� GHWHUPLQHG� LQ
WKH�IROORZLQJ�ZD\�

&� �)���$$ �

ZKHUH�$� LV� WKH� DUHD� RI� LQLWLDO� VDPSOH� �VDP�
SOHV�� VXUIDFH�� )� Û� WRWDO� DUHD� RI� WKH� IUDJ�
PHQWV�VXUIDFH��$V�LW�FDQ�EH�VHHQ��WKH�LPSDFW
HQHUJ\�LV�QRW�LQFOXGHG�LQ�WKH�GHILQLWLRQ��L�H�
FUDFN�UHVLVWDQFH�FRHIILFLHQW�LV�GHWHUPLQHG�LQ
JLYHQ� H[SHULPHQW� FRQGLWLRQV�� 7KH� H[SHUL�
PHQW� FRQGLWLRQV� LQ� RXU� FDVH�ZHUH� GHVFULEHG
DERYH�

/HW�XV�FDOFXODWH�WKH�DUHD�RI�LQLWLDO�VDPSOH
VXUIDFH��7KH�VDPSOH�LV�F\OLQGULFDO��7KH�EDVH
DUHD� LV� HTXDO� WR� ������ S[� RU� ������ PP��
+HLJKW� LV����S[�������PP���WKDW�PHDQV�WKH
VLGH�VXUIDFH�DUHD�LV�HTXDO�WR�������PP��DQG
WKH� WRWDO� VXUIDFH� DUHD� LV� HTXDO� WR
������PP��

7KH� IUDJPHQW�VXUIDFH� DUHD�6� FDQ�EH� FDO�
FXODWHG� IURP� IUDJPHQW� SURMHFWLRQ� RQ� JODVV
DUHD�6��DV

6� �E6��
&RHIILFLHQW� E� LV� GHWHUPLQHG� E\� WKH� IUDJ�

PHQW� VKDSH�� 9LVXDOO\�� WKH� IUDJPHQWV� DUH
FORVH� WR� SODWH�OLNH� SDUDOOHOHSLSHGV��)RU� VXFK
SODWHV� E� ��D�����DED� � ������ED�� ,Q� RXU� FDVH�
WKH� IRUP� IDFWRU� D�|������ VR� E�D� ����� DQG

)LJ����� 0DVV� GLVWULEXWLRQ� RI� IUDJPHQWVV� LQ
WKH� ODUJH�VFDOH� UHJLRQ�� 0HWKRG� ZLWK� SKRWR�
JUDSKLQJ��GRXEOH�ORJDULWKP�VFDOH�

)LJ����� 6L]H� GLVWULEXWLRQ� RI� IUDJPHQWV�
:HLJKLQJ�PHWKRG��RUGLQDU\�VFDOH�
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E�  ������:H� VKDOO� FDOFXODWH� WKH� WRWDO� IUDJ�
PHQWV�DUHD�FRQVLGHULQJ�RQO\�IUDJPHQWV�ZLWK
6�t���S[��EHFDXVH�WKH�TXDQWLW\�RI�RQO\�VXFKIUDJPHQWV� FDQ� EH� GHWHUPLQHG� DFFXUDWHO\
HQRXJK��7KH�WRWDO�DUHD�RI�SURMHFWLRQV�RI�VXFK
IUDJPHQWV� LV� ��������� PP��� 6R� )� 
������������� ���������PP���$QG�WKH�FUDFN�
UHVLVWDQFH�FRHIILFLHQW�LV�HTXDO�WR�&�|�����

:H�KDYH�PHQWLRQHG�DERYH�WKDW�WKLV�FRHI�
ILFLHQW�LV�GHWHUPLQHG�ZLWKLQ�D�SDUWLFXODU�H[�
SHULPHQW��L�H��LW�GHSHQGV�XSRQ�WKH�PDVV�DQG
WKH�IRUP�RI�WKH�VDPSOH��WKH�OHDG�PHWKRG�DQG
WKH� LQMHFWHG�HQHUJ\�YDOXH��7KH�VHQVH�RI�FDO�
FXODWLRQ�RI� WKLV� FRHIILFLHQW� LQ� FRQGLWLRQV� RI
RXU�H[SHULPHQW�LV�WKH�IROORZLQJ��ILUVWO\��ZH
FDQ�HVWLPDWH� WKH�YDOXHV�RI� VWUHQJWK�FKDUDF�
WHULVWLFV�RI�DQ�LQYHVWLJDWHG�FU\VWDO�ZKHQ�ZH
NQRZ�ERWK�WKH�YDOXH�RI�WKLV�FRHIILFLHQW�DQG
SDUDPHWHUV�RI�WKH�VDPSOH�DQG�LPSDFW�GHYLFH�
6HFRQGO\��LQYHVWLJDWLQJ�IXUWKHU��LQ�WKH�VDPH
FRQGLWLRQV��VLPLODU��ZLWK�WKH�VDPH�IRUP�DQG
PDVV��VDPSOHV�RI�VDSSKLUH��DQQHDOHG�LQ�VSH�
FLDO�DWPRVSKHUH��ZH�VKDOO�REWDLQ�WKH�VSHFWUD
RI� FUDFN�UHVLVWDQFH� FRHIILFLHQW� YDOXHV� IRU
GLIIHUHQW� PDWHULDOV� LQ� WKH� VDPH� FRQGLWLRQV�
7KDW� DOORZV� XV� WR� ZDWFK� WKH� FKDQJLQJ� RI
PDWHULDO� FUDFN�UHVLVWDQFH� XQGHU� GLIIHUHQW
NLQGV�RI�SURFHVVLQJ�

���&RQFOXVLRQV
��� &RPSDULVRQ� RI� UHVXOWV� REWDLQHG� E\

SKRWRJUDSKLQJ�DQG�GLUHFW�ZHLJKLQJ�PHWKRGV
VKRZHG� KLJK� DSSOLFDELOLW\� RI� WKH� SKRWR�
JUDSKLQJ� PHWKRG�� 0XFK� VPDOOHU� VFDOHV� RI
IUDJPHQW�PDVVHV� DUH� DFFHVVLEOH� IRU�PHDVXU�
LQJ�XVLQJ�WKLV�PHWKRG�

��� 7KH� GLVWULEXWLRQ� RI� VDSSKLUH� IUDJ�
PHQWV� LQ� VKRFN�IUDJPHQWDWLRQ�ZDV�REWDLQHG
LQ�WKH�PDVV�UDQJH������Ü����PJ�

��� 7KH� IRUP� RI� ODUJH�VFDOH� GLVWULEXWLRQ
DV\PSWRWLF�ZDV� HVWDEOLVKHG�� ,W� LV� WKH�SRZHU
GLVWULEXWLRQ� ZLWK� WKH� H[SRQHQW� DERXW� Ü���
�IRU�PDVV�GLVWULEXWLRQ��RU�Ü�����IRU�VL]H�GLV�
WULEXWLRQ���

��� 7KH� FUDFN�UHVLVWDQFH� FRHIILFLHQW� ZDV
FDOFXODWHG� LQ� FRQGLWLRQV� RI� WKH� SUHVHQW� H[�
SHULPHQW�

$FNQRZOHGJPHQWV��$XWKRUV�ZRXOG� OLNH�WR
WKDQN�WKH�HPSOR\HHV�RI�WKH�/DERUDWRU\����RI
WKH� ,QVWLWXWH� IRU� 6LQJOH� &U\VWDOV� IRU� WKHLU
KHOS� LQ� WKH� H[SHULPHQW� RUJDQL]DWLRQ� DQG
FDUU\LQJ� RXW�� :H� ZRXOG� DOVR� OLNH� WR� JLYH
VSHFLDO� WKDQNV� WR�9�9�<DQRYVN\� IRU�QXPHU�
RXV�YDOXDEOH�UHFRPPHQGDWLRQV�DERXW�WKH�H[�
SHULPHQW� VHWWLQJ� DQG� GDWD� SURFHVVLQJ�� DQG
DOVR� IRU� WKH� FRQVXOWDWLRQV� JLYHQ� WR� WKH
DXWKRUV� GXULQJ� WKH� SURFHVV� RI� PDQXVFULSW
SUHSDUDWLRQ�
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