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,I�WKH�H[DFW�NQRZOHGJH�RI�WKH�VWUHVVHV�GLVWULEXWLRQ�SHUPLWV�WR�GR�VRPH�PRGLILFDWLRQV�RI�WKH�SLHFH�VKDSH�

LQ�RUGHU�WR�WHQG�WR�RSWLPXP�PHFKDQLFDO�VWDELOLW\�� WKH�NQRZOHGJH�RI�WKH�FUDFN�VWUHVV�IRU�DQ\�PDWHULDO�ZLWK�

DQ\� ORDGV� SHUPLWV� WR� RYRLG� DQ\� GHIHFWV� IRU� GLIIHUHQW� V\VWHPV�� 7KLV�� FDQ� EH� GRQH� E\� DGRSWLQJ� D� VLPSOH�

VXSHUYLVLQJ�PHWKRG��7KLV� REVHUYDWLRQ� FDQ�EH�GRQH� DXWRPDWLFDOO\�XVLQJ� LPDJLQJ�PHDQV�GHYHORSHG� E\� WKH�

DFWXDO�WHFKQRORJ\��

,I� WKLV�NQRZOHGJH�FDQ�UHVXOW�IURP�D� WKHRUHWLFDO�VWXG\�LQ�FDVH�RI� VLPSOH� ORDGV�DQG�VLPSOH�JHRPHWULFDO�

VKDSHV��IRU�WKH�FXUUHQW�ORDGLQJ�FDVHV��ZH�XVXDOO\�XVH�SHUIRUPHG�H[SHULPHQWDO�DQG�WKHRUHWLFDO�PHWKRGV��

3KRWRHODVWLFLPHWU\� ZLWFK� LV� DQ� RSWLFDO� PHWKRG� SHUPLWWLQJ� WR� NQRZ� TXLFNO\� WKH� VSDWLDO� VWUHVVHV�

GLVWULEXWLRQ�DQG�WKHLU�YDOXHV�RI�VRPH�SLHFH�LQ�RUGHU�WR�SHUIRUP�LWV�PHFKDQLFDO�VWDWH���

,Q� WKLV�ZRUN��ZH�DVVRFLDWH� WKH�QXPHULFDO� � VWRUDJH�DQG�SURFHVVLQJ�HTXLSPHQW� IRU�G\QDPLFDO� LPDJH� WR�

SKRWRHODVWLFLPHWU\�IRU�VWXG\LQJ�WKH�FUDFN�VWUHVV�LQ�JODVV�EDUV�VXEPLWWHG�WR�IRXU�SRLQWV�IOH[LRQ��
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:KHQ� RQH� SLHFH� LV� VXEPLWWHG� WR� D� IRUFH�� VWUHVVHV� DSSHDU�� 7KHLU� GLVWULEXWLRQ� LVQ·W�
QHFHVVDULO\�XQLIRUP��XVXDOO\� WKHUH�DUH�DUHDV�RI�VWUHVVHV�FRQFHQWUDWLRQ��7KHUH�DUH�ZHDN�SRLQWV�
LQ� WKH�SLHFH��7KH�NQRZOHGJH�RI� UHJLRQV�ZLWFK�DUH�PRUH� VWUHVVHG�SHUPLWV� WR�NQRZ� WKH�SLHFH�
VKDSH�PRGLILFDWLRQV��LQ�RUGHU�WR�JHW�WKH�PRUH�XQLIRUP�GLVWULEXWLRQ��

,I� WKH� YLVXDOLVDWLRQ� RI� WKH� VWUHVV� GLVWULEXWLRQ� LQ� WKH� VWUXFWXUH� DQG� WKH� DFFHVV� WR� SULQFLSDO�
VWUHVVHV�FDQ�EH�GRQH�HDVLO\�E\�SKRWRHODVWLFLPHWU\��WKH�FUDFN�VWUHVV�YDOXH�FDQ�EH�REWDLQHG�RQO\�
E\�FDOFXODWLRQ�IRU�RQO\�RQH�SRLQW�XVLQJ�WKH�FUDFN�PRPHQW��

,Q� WKH� SUHVHQW� ZRUN�� ZH� DVVRFLDWH� D� TXLFNO\� VWRUDJH� PHWKRG� WR� WKH� SKRWRHODVWLFLPHWU\� IRU�
IROORZLQJ�WKH�VWUHVV�GLVWULEXWLRQ�LQ�D�JODVV�VDPSOH�ORDGHG�DW�LWV�OLPLW�FUDFN��:H�GHWHUPLQH�E\�
UHSOD\LQJ�WKH�H[SHULPHQWDO�VWRUHG�ILOP��WKH�LPDJH�MXVW�EHIRUH�WKH�FUDFN���
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7KH�NQRZOHGJH�RI�WKH�PHFKDQLFDO�VWUHVV�DW�DQ\�SRLQW�RI�RQH�VWUXFWXUH�SHUPLWV�WR�NQRZ�
LWV�VWDELOLW\�DQG�ULJLGLW\�VWDWH�LQ�WKH�FRQVWUXFWHG�PHFKDQLVP�IRU�ZLWFK�LW�LV�HVWDEOLVKHG��
�
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)LJXUH�����6WDWH�RI�VWUHVVHV�LQ�WKH�SODQH�RI�D�FXWWHG�HOHPHQW��
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)RU�D�FHUWDLQ�FXWWLQJ�GLUHFWLRQ��VKHDU�VWUHVVHV�EHFRPH�QLOO��LQ�WKLV�FDVH��RQH�RI�WKH�WZR�QRUPDO�
WUHVVHV�JHWV� LWV�PD[LPXP�YDOXH�DQG�WKH�RWKHU�WKH�PLQLPDO�RQH��7KH�QHZ��VWUHVVHV�GLUHFWLRQV�
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,Q� WKH� VDPH� PDQQHU�� ZH� FDQ� FDOFXODWH� WKH� DQJOH� EHWZHHQ� WKH� FXWWLQJ� GLUHFWLRQ� DQG� WKH�
SULQFLSDO�GLUHFWLRQ��
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$FFRUGLQJ� %5(:67(5�� WKH� OLJKW� VSHHGV� DQG� WKH� VWUHVVHV� DUH� FRQQHFWHG� E\� SKRWRHODVWLF�
FRQVWDQWV��
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9R�LV�WKH�OLJKW�VSHHG�LQ�WKH�LVRWURSLF�PDWHULDO��
9��DQG�9��WKH�VSHHGV�IROORZLQJ�WKH�SULQFLSDO�GLUHFWLRQV��VR�WKDW�WKH�LQGH[HV�Q��DQG�Q���
�
7KH�DEVROXWH�GHOD\�LQWURGXFHG�EHWZHHQ�WKH�ZDYHV�IROORZLQJ�WKH�WZR�LQGH[HV�LV�H[SUHVVHG�E\��

( )��

��

��
QQG

99
GW −=








−= � �����

�G�� LV� WKH�VDPSOH�WKLFNQHVV�DQG��Q���Q���WKH�UHIUDFWLRQ�LQGH[HV�IROORZLQJ�WKH�WZR�SRODULVDWLRQ�
GLUHFWLRQV��
�
7KH�ZDON�GLIIHUHQFH�RI�SRODULVHG�OLJKWV�IROORZLQJ�WKH�WZR�GLUHFWLRQV�FDQ�EH�H[SUHVVHG�E\��
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7KLV�HTXDWLRQ� LV�D� � IXQGDPHQWDO� LQ�SKRWRHODVWLFLPHWU\��)RU�DQ\�ZDYH�OHQJWK�λ�DQ�H[SUHVVLQJ�
WKH�ZDON�GLIIHUHQFH�LQ�ZDYH�OHQJWK�QXPEHU��WKH�HTXDWLRQ�����EHFRPHV���
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)RU� D� ORDGHG� SKRWRHODVWLF� PDWHULDO�� KHQFH� ELUHIULQJHQW�� ZH� FDQ� DW� DQ\� SRLQW�� ORRN� IRU� WKH�
SULQFLSDO� GLUHFWLRQV� E\� VWXG\LQJ� WKH� SRODULVDWLRQ� D[HV� RI� WKH� OLJKW� DQG� ZH� FDQ� NQRZ� WKH�
GLIIHUHQFH�RI�SULQFLSDO�VWUHVVHV�E\�PHDVXULQJ�WKH�SKDVH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�HPHUJHQW�
UD\V���������
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7KH�H[SHULPHQWDO�VHW�XS�XVHG�LV�PDGH�RI��ILJ������

• $�OLJKW�VRXUFH�ZLWK�OLQHDU�SRODULVLQJ��ILOWHU��

• $�VDPSOH��ZLWK�LWV�IRXU�SRLQWV�EHQGLQJ�GHYLVH��

• $�VHFRQG�SRODULVLQJ�ILOWHU�ZKLFK�LV�XVHG�DV�DQ�DQDO\VHU��

• $�YLGHR�&&&'��FDPHUD�DV�D�UHFHSWRU��
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)LJXUH�����([SHULPHQWDO�VHW�XS�GHYLFH��
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,Q� RXU� FDVH� WKH� VDPSOH� LV� D� JODVV� ZKLFK� KDV� D� EDU� VKDSH� � ZLWK� �[�� PPñ�� 7KLV� VDPSOH� LV�
LQWURGXFHG�LQ�WKH�H[SHULPHQWDO�GHYLFH�DQG�ORDGHG�XQWLO�LW�FUDFNV��7KH�UHVXOW�LV�D�VXFFHVVLRQ�RI�
PDQ\�LPDJHV�VWRUHG�DV�D�ILOP��
�

7KH�SURFHVVLQJ� LV�GRQH�RQ�WKH� ODVW� LPDJH�EHIRUH�WKH�FUDFN��7KH�LPDJH�QXPHULFDO�SURFHVVLQJ�
SHUPLWV�WR�VHSDUDWH�PRQRFKURPDWLF�LPDJHV�DQG�XVLQJ�WKHLU��ZDYH�OHQJWKV�YDOXHV�WR�GHWHUPLQH�
WKH�FRUUHVSRQGLQJ�VWUHVVHV�YDOXHV��
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5HVXOWV�DUH�SUHVHQWHG�LQ�ILJXUH�����ZHUH�ZH�VKRZ�LQ�WKH�ILUVW�FROXPQ�WKH�EDVLF�LPDJH�DQG�LQ�
WKH�RWKHUV�WKH�PRQRFKURPDWLF�LPDJHV�ILOWHUHG�IURP�WKH�EDVLF�RQH�XVLQJ�QXPHULFDO�ILOWHUV�DQG�
WKHUH�FRUUHVSRQGLQJ�VWUHVVHV�YDOXHV��
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,W� DSSHDUV� FOHDUO\� IURP� WKHVH� UHVXOWV� WKDW� WKH� FRPELQDWLRQ� � EHWZHHQ� KLJK� VSHHG�

GHWHFWLRQ� GHYLFH� DQG� WKH� QXPHULFDO� SURFHVVLQJ� PHWKRGV� DQG� WKH� RSWLFDO� WHFKQLTXHV�



SHUPLWV� WR� VROYH� VRPH� LPSRUWDQW� PHFKDQLFDO� SUREOHPV�� 7KH� TXLFN� GHWHFWLRQ� RI� VWUHVV�

GLVWULEXWLRQ�DQG�WKHLU�GHWHUPLQHG�YDOXHV��SDUWLFXODUO\�FUDFN�

�VWDWH�EHFRPH�HDV\�ZLWK�WKH�SUHVHQWHG�WHFKQLTXH��
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