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0XOWL�6WDJH�$PSOLILHUV���$�6LPSOH�([DPSOH

7KH� UHDGHU� ZKR� KDV� SDWLHQWO\� IROORZHG� WKH� GLVFXVVLRQ� SUHVHQWHG� LQ� SUHYLRXV

FKDSWHUV�LV�SUREDEO\�HDJHU�WR�VHH�DOO�WKDW�WKHRU\�EHLQJ�SXW�LQWR�SUDFWLFH�

%HIRUH� MXPSLQJ� WR� VRPH� PRUH� FRPSOH[� DPSOLILHU� FLUFXLWV�� ZH� ZLOO� JLYH� D

UHODWLYHO\�VLPSOH�H[DPSOH�RI�D�WZR�VWDJH�GLIIHUHQWLDO�FDVFRGH�DPSOLILHU��E\�ZKLFK�ZH

ZLOO� LOOXVWUDWH� WKH� DFWXDO� V\VWHP� RSWLPL]DWLRQ� SURFHGXUH� LQ� VRPH� GHWDLO�� XVLQJ� WKH

SUHYLRXVO\�GHYHORSHG�SULQFLSOHV�LQ�WKHLU�IXOO�SRWHQWLDO�

6LQFH�ZH�ZDQW�WR�JUDVS�WKH��ELJ�SLFWXUH���ZH�ZLOO�KDYH�WR�OHDYH�RXW�VRPH�OHVV

LPSRUWDQW� WRSLFV�� VXFK� DV� WKH� QHJDWLYH� LQSXW� LPSHGDQFH� FRPSHQVDWLRQ�� WKH� FDVFRGH

GDPSLQJ��HWF��7KHVH�DUH�LPSRUWDQW�IRU�WKH�RSWLPL]DWLRQ�RI�HDFK�SDUWLFXODU�VWDJH��ZKLFK�

RQFH� RSWLPL]HG�� FDQ� EH� LGHDOL]HG� WR� VRPH�H[WHQW��:H�KDYH� FRYHUHG� WKDW� H[WHQVLYHO\

HQRXJK� LQ� �� VR� ZH� ZLOO� QRW� H[SOLFLWO\� GUDZ� WKH� DVVRFLDWHG� FRPSRQHQWV� LQ� WKH3DUW �

VFKHPDWLF� GLDJUDP�� %XW�� DW� WKH� HQG� RI� RXU� FDOFXODWLRQV�� ZH�ZLOO� EULHIO\� GLVFXVV� WKH

LQIOXHQFH�RI�WKRVH�FRPSRQHQWV�WR�ILQDO�FLUFXLW�YDOXHV�

$� WZR�VWDJH� DPSOLILHU� LV� D� �PLQLPXP� FRPSOH[LW\�� V\VWHP� IRU� ZKLFK� WKH

PXOWLVWDJH� GHVLJQ� SULQFLSOHV� VWLOO� DSSO\�� 7R� WKLV�� ZH�ZLOO� DGG� D� ��SROH� 7�FRLO� DQG� D

��SROH�/�7�FRLO�SHDNLQJ�QHWZRUNV��GLVFXVVHG�LQ� ��DV�ORDGV�WR�HDFK�VWDJH��PDNLQJ3DUW �

D� WRWDO� RI� �� SROHV�� 7KHUH� LV�� KRZHYHU�� DQ� DGGLWLRQDO� UHDO� SROH�� GXH� WR� WKH� � LQSXW8�

FDSDFLWDQFH�DQG�WKH�WRWDO�LQSXW�DQG�VLJQDO�VRXUFH�UHVLVWDQFH��$V�ZH�ZLOO�VHH�ODWHU��WKLV

SROH�FDQ�EH�QHJOHFWHG�LI�LWV�GLVWDQFH�IURP�WKH�FRPSOH[�SODQH�RULJLQ�LV�DW�OHDVW�WZLFH�DV

ODUJH�DV�WKDW�RI�WKH�V\VWHP�UHDO�SROH�VHW�E\� �c �°9 *D D

6XFK�DQ�DPSOLILHU�WKXV�UHSUHVHQWV�DQ�HOHPHQWDU\�H[DPSOH��LQ�ZKLFK�HYHU\WKLQJ

WKDW�ZH�KDYH�OHDUQHG�VR�IDU�FDQ�EH�DSSOLHG��7KH�UHDGHU�VKRXOG��KRZHYHU��EH�DZDUH�WKDW

WKLV� LV� E\� QR�PHDQV� WKH� LGHDO� RU��ZRUVH� VWLOO�� WKH� RQO\�SRVVLELOLW\��$W� WKH� HQG�RI�RXU

FDOFXODWLRQV��ZKHQ�ZH�ZLOO�EH�DEOH�WR�DVVHVV�WKH�DGYDQWDJHV�DQG�OLPLWDWLRQV�RIIHUHG�E\

RXU� LQLWLDO� FKRLFHV� DW� HDFK� VWDJH�� ZH� ZLOO� H[DPLQH� D� IHZ� SRVVLELOLWLHV� IRU� IXUWKHU

LPSURYHPHQW�

:H�ZLOO�VWDUW�RXU�FDOFXODWLRQV�IURP�WKH�XQDYRLGDEOH�VWUD\�FDSDFLWDQFHV�DQG�WKH

GHVLUHG�WRWDO�YROWDJH�JDLQ��7KHQ��ZH�ZLOO�DSSO\�DQ�RSWLPL]DWLRQ�SURFHVV��ZKLFK�ZH�OLNH

WR�UHIHU�WR�DV�WKH� ��E\�ZKLFK�ZH�ZLOO�FDOFXODWH�DOO�WKH�UHPDLQLQJJHRPHWULFDO�V\QWKHVLV

FLUFXLW�FRPSRQHQWV�LQ�VXFK�D�ZD\��WKDW�WKH�UHVXOWLQJ�V\VWHP�ZLOO�FRQIRUP�WR�WKH���SROH

QRUPDOL]HG� %HVVHO�7KRPVRQ� V\VWHP�� 7KH� RQO\� GLIIHUHQFH� ZLOO� EH� WKDW� WKH� DFWXDO

DPSOLILHU�SROHV�ZLOO�EH� ODUJHU�E\�D�FHUWDLQ� IDFWRU��SURSRUWLRQDO� �EXW�QRW�HTXDO�� WR� WKH

XSSHU�KDOI�SRZHU�IUHTXHQF\�� ��:H�KDYH�DOUHDG\�PHW�WKH�JHRPHWULFDO�V\QWKHVLV�LQ�LWV +

EDVLF�IRUP�LQ� �ZKHQ�ZH�ZHUH�GLVFXVVLQJ�WKH���SROH�7�FRLO�FLUFXLW��7KH3DUW ���)LJ� �����

QDPH� VSULQJV� IURP� WKH� IDFW� WKDW�� IRU� D� JLYHQ� SROH� SDWWHUQ� DQG� D� IHZ� LQGHSHQGHQW

FRPSRQHQW� YDOXHV�� WKH� UHPDLQLQJ� FRPSRQHQWV� FDQ� EH� FDOFXODWHG� IURP� VLPSOH

JHRPHWULFDO�UHODWLRQV��LQYROYLQJ�WKH�SROH�UHDO�DQ�LPDJLQDU\�FRPSRQHQWV��+HUH�ZH�DUH

JRLQJ�WR�VHH�D�JHQHUDOL]DWLRQ�RI�WKRVH�EDVLF�UHODWLRQV��DSSOLHG�WR�WKH�ZKROH�DPSOLILHU�

:H� PXVW� DGPLW� WKDW� WKH� FRQVWDQW� DQG� UHDO� LQSXW� LPSHGDQFH� RI� WKH� 7�FRLO

QHWZRUN�LV�WKH�PDLQ�IDFWRU�ZKLFK�DOORZV�XV�WR�DVVLJQ�VR�PDQ\�SROHV�WR�RQO\�WZR�VWDJHV�

$FWXDOO\��ZH� FRXOG�XVH� D� FDVFDGH�RI�SDVVLYH� WZR�SROH� VHFWLRQV��EXW� WKH\�ZRXOG� ORDG

HDFK� RWKHU� DQG�� DV� D� UHVXOW�� WKH� EDQGZLGWK� H[WHQVLRQ� IDFWRU� ZRXOG� VXIIHU�� $QRWKHU

SRVVLELOLW\� ZRXOG� EH� WR� XVH� DQ� DGGLWLRQDO� FDVFRGH� VWDJH� WR� VHSDUDWH� WKH� ODVW� WZR
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SUREOHPV�WR�WDNH�FDUH�RI��,W�LV��QHYHUWKHOHVV��D�SHUIHFWO\�YDOLG�RSWLRQ�
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GLIIHUHQWLDO� FDVFRGH� VWDJHV� DQG� WZR� FXUUHQW� VRXUFHV�� ZKLFK� VHW� ERWK� WKH� WUDQVLVWRU

WUDQVFRQGXFWDQFH� DQG� WKH�PD[LPXP� FXUUHQW� DYDLODEOH� WR� ORDG� UHVLVWRUV�� � DQG� �9 9D E

7KLV�OLPLWV�WKH�YROWDJH�UDQJH�DYDLODEOH�WR�WKH�&57��6LQFH�WKH�FLUFXLW�LV�GLIIHUHQWLDO��WKH

WRWDO�JDLQ�LV�D�GRXEOH�RI�HDFK�KDOI��7KH�WRWDO�G�F��JDLQ�LV��DSSUR[LPDWHO\� �
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* °�H� ��WR�PDWFK�WKH�WUDQVLVWRU�WLPH�FRQVWDQWV��,Q�WXUQ��WKLV�VHWV�WKH�LQSXW�FDSDFLWDQFH�DW

WKH�EDVH�RI� �DQG� ��WR�ZKLFK�ZH�PXVW�DGG�WKH�LQHYLWDEOH� �DQG�VRPH�VWUD\V�8 8 *� � FE

7KH� FDSDFLWDQFH� � VKRXOG� WKXV� FRQVLVWV� RI�� SUHIHUDEO\�� RQO\� WKH� LQSXW*G

FDSDFLWDQFH�DW�WKH�EDVH�RI� ��,I�UHTXLUHG�E\�WKH�FRLO�WXQLQJ��LW�FDQ�HDVLO\�EH�LQFUHDVHG8�

E\� DGGLQJ� D� VPDOO� FDSDFLWDQFH� LQ� SDUDOOHO�� 1RWH� WKDW� WKH� DVVRFLDWHG�7�FRLO�� ��ZLOO3G

KDYH�WR�EH�GHVLJQHG�DV�DQ�LQWHUVWDJH�SHDNLQJ��DV�GLVFXVVHG�LQ� ��EXW�ZH3DUW ���6HF� ���

FDQ�OHDYH�WKH�QHFHVVDU\�FRUUHFWLRQV�WR�EH�GRQH�DW�WKH�HQG�

7KH� FDSDFLWDQFH� �� GXH�DOPRVW�HQWLUHO\� WR� WKH�&57�YHUWLFDO�SODWHV�� LV�PXFK*E

ODUJHU� WKDQ� �� VR�ZH�H[SHFW� WKDW� �DQG� �FDQ�QRW�EH�HTXDO��)URP�WKLV� LW� IROORZV* 9 9G D E

WKDW� LW� PLJKW� EH� GLIILFXOW� WR� DSSO\� HTXDO� JDLQ� WR� HDFK� VWDJH�� LQ� DFFRUGDQFH�ZLWK� WKH

SULQFLSOH�H[SODLQHG�LQ� ��1HYHUWKHOHVV��WKH�GLIIHUHQFH�LQ�JDLQ�ZLOO�QRW3DUW ���(T� ������
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)LJ� �������� �$�VLPSOH���VWDJH�GLIIHUHQWLDO�FDVFRGH�DPSOLILHU�ZLWK�D���SROH�SHDNLQJ�V\VWHP ��WKH

��SROH� 7�FRLO� LQWHUVWDJH� SHDNLQJ� �EHWZHHQ� WKH� � FROOHFWRU� DQG� WKH� � EDVH�� DQG� WKH� ��SROH8 8� �

/�7�FRLO� RXWSXW� SHDNLQJ� �EHWZHHQ� WKH� � FROOHFWRU� DQG� WKH�YHUWLFDO�SODWHV�RI� WKH�FDWKRGH�UD\8�

WXEH���7KH�VFKHPDWLF�ZDV�VLPSOLILHG�WR�HPSKDVL]H�WKH�LPSRUWDQW�GHVLJQ�DVSHFWV���VHH�WH[W�
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/LNH�DQ\�RWKHU�HQJLQHHULQJ�SURFHVV��WKH�JHRPHWULFDO�V\QWKHVLV�DOVR�VWDUWV�IURP

VRPH�H[WHUQDO�ERXQGDU\�FRQGLWLRQV��ZKLFK�VHW�WKH�PDLQ�GHVLJQ�JRDO��,Q�WKLV�FDVH��LW�LV

WKH�&57�YHUWLFDO�VHQVLWLYLW\�DQG�WKH�DYDLODEOH�LQSXW�YROWDJH��IURP�ZKLFK�WKH�WRWDO�JDLQ

LV� GHILQHG�� 7KH� QH[W� FRQGLWLRQ� LV� WKH� FKRLFH� RI� WUDQVLVWRUV�� E\� ZKLFK� WKH� DYDLODEOH

FXUUHQW�LV�GHILQHG��%RWK�WKH�&57�DQG�WKH�WUDQVLVWRUV�VHW�WKH�ORZHU�OLPLW�RI�WKH�ORDGLQJ

FDSDFLWDQFHV�DW�YDULRXV�QRGHV��)URP�WKHVH��WKH�ILUVW�FLUFXLW�FRPSRQHQW� �LV�IL[HG�9E

:LWK� � IL[HG�� ZH� DUULYH� DW� WKH� ILUVW� �IUHH�� SDUDPHWHU�� ZKLFK� FDQ� EH9E

UHSUHVHQWHG�E\�VHYHUDO�FLUFXLW�FRPSRQHQWV��+RZHYHU��VLQFH�ZH�ZRXOG�OLNH�WR�PD[LPL]H

WKH� EDQGZLGWK�� WKLV� SDUDPHWHU� VKRXOG� EH� DWWULEXWHG� WR� RQH� RI� WKH� FDSDFLWDQFHV�� %\

FRPSDULQJ�WKH�GHVLJQ�HTXDWLRQV�IRU�WKH���SROH�7�FRLO�DQG�WKH���SROH�/�7�FRLO�SHDNLQJ

QHWZRUNV� LQ� �� LW� FDQ� EH� GHGXFHG� WKDW� �� WKH� LQSXW� FDSDFLWDQFH� RI� WKH� ��SROH3DUW � *D

VHFWLRQ��LV�WKH�PRVW�FULWLFDO�FRPSRQHQW�

:LWK� WKHVH� ERXQGDULHV� VHW�� OHW
V� VD\� WKDW� ZH� KDYH� WKH� IROORZLQJ� FRPSRQHQW

YDOXHV�WR�VWDUW�WKH�GHVLJQ �

* ~ ��E S)� � � S)�RI�WKH�&57�YHUWLFDO�SODWHV��� S)�VWUD\ �
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7KH�SROH�SDWWHUQ�LV��LQ�WKH�JHQHUDO�FDVH��DOVR�D��IUHH��SDUDPHWHU��EXW�ZH�ZRXOG

OLNH� WR� KDYH� D� QLFH� VPRRWK� WUDQVLHQW�� VR� ZH� KDYH� QR� RWKHU� FKRLFH� EXW� WR� DGRSW� WKH

%HVVHO�7KRPVRQ�SDWWHUQ��$V�FDQ�EH�VHHQ�LQ� ��HDFK�SROH���SDLU��GHILQHV�D�FLUFOH)LJ� �����

JRLQJ�WKURXJK�WKH�SROH�DQG�WKH�RULJLQ�DQG�ZLWK�WKH�FHQWHU�RQ�WKH�QHJDWLYH�UHDO�D[LV�
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)LJ� ������ �� � 7KH� �� %HVVHO�7KRPVRQ� SROHV�� 7KH� FKDUDFWHULVWLF� FLUFOH� RI� HDFK

SROH� ��SDLU�� KDV� D� GLDPHWHU� GHILQHG� E\� WKH� DSSURSULDWH� �FRQVWDQW� DQG� WKH9*
SHDNLQJ�IDFWRU� ��ZKLFK�GHSHQGV�RQ�WKH�W\SH�RI�QHWZRUN�FKRVHQ�2
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7KH�SROHV�LQ� �EHDU�WKH�LQGH[�RI�WKH�DVVRFLDWHG�FLUFXLW�FRPSRQHQWV�DQG)LJ� �����

WKH�UHDGHU�PLJKW�ZRQGHU�ZK\�ZH�KDYH�FKRVHQ�SUHFLVHO\�WKDW�DVVLJQPHQW�

,Q�D�JHQHUDO�FDVH��WKH�DVVLJQPHQW�RI�D�SROH���SDLU��WR�D�SDUWLFXODU�FLUFXLW�VHFWLRQ

LV�\HW�DQRWKHU��IUHH��GHVLJQ�SDUDPHWHU��,I�ZH�ZHUH�GHVLJQLQJ�D�ORZ�IUHTXHQF\�ILOWHU��ZH

FRXOG�LQGHHG�KDYH�FKRVHQ�DQ�DUELWUDU\�DVVLJQPHQW��DV�ORQJ�DV�HDFK�FRPSOH[�FRQMXJDWH

SROH�SDLU�LV�DVVLJQHG�DV�D�SDLU��D�OLPLWDWLRQ�GXH�WR�SK\VLFV��LQVWHDG�RI�FLUFXLW�WKHRU\��

,I��KRZHYHU��WKH�EDQGZLGWK�LV�DQ�LVVXH��WKHQ�ZH�PXVW�VHHN�WKRVH�QRGHV�ZLWK�WKH

ODUJHVW�FDSDFLWDQFHV�DQG�DSSO\�WKH�SROHV�ZLWK�WKH�ORZHVW�LPDJLQDU\�SDUW�WR�WKRVH�FLUFXLW

VHFWLRQV��7KLV�LV�EHFDXVH�WKH�FDSDFLWRU�LPSHGDQFH��ZKLFK�LV�GRPLQDQWO\�LPDJLQDU\��LV

LQYHUVHO\�SURSRUWLRQDO�ERWK�WR�WKH�FDSDFLWRU�YDOXH�DQG�WKH�VLJQDO�IUHTXHQF\�

,Q� WKLV� OLJKW�� WKH� ODUJHVW� FDSDFLWDQFH� LV� DW� WKH� &57�� WKDW� LV� �� WKXV� WKH*E

SROH�SDLU� ZLWK� WKH� ORZHVW� LPDJLQDU\� SDUW� LV� DVVLJQHG� WR� WKH� RXWSXW� 7�FRLO� VHFWLRQ�

IRUPHG�E\� �DQG� ��WKHUHIRUH�DFTXLULQJ�WKH�LQGH[��E��� �DQG� �3 9   E E E E� �

7KH�UHDO�SROH�LV�WKH�RQH�DVVRFLDWHG�ZLWK�WKH���SROH�VWDJH�DQG�WKHUH�LW�LV�VHW�E\

WKH�ORDGLQJ�UHVLVWRU� �DQG�WKH�LQSXW�FDSDFLWDQFH� ��EHFRPLQJ� �9 *  D D D

7KH� UHPDLQLQJ� WZR� SROH� SDLUV� VKRXOG� EH� DVVLJQHG� VR� WKDW� WKH� SDLU� ZLWK� WKH

ODUJHU�LPDJLQDU\�SDUW�LV�DSSOLHG�WR�WKDW�SHDNLQJ�QHWZRUN�ZKLFK�KDV�D�ODUJHU�EDQGZLGWK

LPSURYHPHQW� IDFWRU�� +HUH� ZH� PXVW� FRQVLGHU� WKDW�� IRU� D� 7�FRLO�� � DQG� IRU� WKH2 ~ �
VHULHV�SHDNLQJ� /�VHFWLRQ� �RI� WKH� ��SROH� /�7�VFHWLRQ�� �� &OHDUO\�� WKH� SROH�SDLU2 ~ �
ZLWK� WKH� ODUJHU� LPDJLQDU\� SDUW� VKRXOG� EH� DVVLJQHG� WR� WKH� LQWHUVWDJH�7�FRLO�� �� WKXV3G

WKH\�DUH�ODEHOHG� �DQG� ��7KH�/�VHFWLRQ�WKHQ�JHWV�WKH�UHPDLQLQJ�SDLU�� �DQG� �    � � � �G G F F

:H�KDYH�WKXV�DUULYHG�DW�D�VROXWLRQ�ZKLFK�VHHPV�ORJLFDO��EXW�LQ�RUGHU�WR�EH�VXUH

WKDW�ZH�KDYH�PDGH�WKH�ULJKW�FKRLFH��ZH�VKRXOG�FKHFN�RWKHU�FRPELQDWLRQV��DV�ZHOO��:H

DUH�JRLQJ�WR�GR�LW�DW�WKH�HQG�RI�WKH�GHVLJQ�SURFHVV�

7KH�SROHV�IRU�WKH�QRUPDOL]HG�� �RUGHU�%HVVHO�7KRPVRQ�V\VWHP��DV�WDNHQ�HLWKHUWK

IURP� �� RU� E\� XVLQJ� WKH� � � �� URXWLQH�� DORQJ� ZLWK� WKH3DUW ��� 7DEOH ����� %(67$3 3DUW �

DVVRFLDWHG�DQJOHV��DUH �
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WKH�FRPSRQHQWV�RI�WKH�WZR�SHDNLQJ�QHWZRUNV�
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LQ� �� WKH� QRQ�FRPSHQVDWHG� V\VWHP� KDV� D� EDQGZLGWK� RI� QHDUO\� ��0+]�� 7KH)LJ� �����

FRPSHQVDWHG�DPSOLILHU�EDQGZLGWK�LV�FORVH�WR���0+]��PRUH�WKDQ�����WLPHV�ODUJHU�

7KH� FRPSDULVRQ� RI� VWHS�UHVSRQVHV� LQ� � H[SRVHV� WKH� GLIIHUHQFH� LQ)LJ� �����

SHUIRUPDQFH�HYHQ�PRUH�GUDPDWLFDOO\��7KH�ULVHWLPH�RI�WKH�QRQ�FRPSHQVDWHG�V\VWHP�LV

DERXW����� QV�DQG�IRU�WKH�FRPSHQVDWHG�V\VWHP�LW
V�RQO\���� QV��DOVR�D�IDFWRU�RI�����WLPHV

EHWWHU�DQG�ZLWK�DQ�RYHUVKRRW�RI�RQO\������ �

� � �� �� �� ��

�

���

���

���

���

���

���

W

J W

$

>QV@

� �

�

J W� � J W� �$
1

)LJ� ������ �� �7KH�JDLQ�QRUPDOL]HG� VWHS�UHVSRQVHV�RI� WKH���SROH�FRPSHQVDWHG� V\VWHP

J J$ 1 !  !! !� DQG� WKH� ��SROH� QRQ�FRPSHQVDWHG� V\VWHP� �� 7KH� ULVHWLPHV� DUH� ���� QV� IRU

J J J1 $ $ !  !  !! ! !�DQG��RQO\���� QV�IRU� ��7KH�RYHUVKRRW�RI� �LV�RQO\������ �

7KH� DERYH� FRPSDULVRQ� RI� WKH� LQGXFWLYHO\� FRPSHQVDWHG� DQG� WKH� QRQ�

FRPSHQVDWHG� DPSOLILHU� VKRZV�DQ� LPSUHVVLYH� LPSURYHPHQW� LQ�SHUIRUPDQFH��%XW�� LV� LW

WKH�EHVW�WKDW�FRXOG�EH�REWDLQHG�IURP�WKLV�FLUFXLW�FRQILJXUDWLRQ "�$IWHU�DOO��LQ� �ZH3DUW �

KDYH�VHHQ�D�VLPLODU�LPSURYHPHQW�IURP�MXVW�WKH���SROH�/�7�FRLO�VHFWLRQ�DQG�ZH�H[SHFW

WKDW�WKH�DGGLWLRQ�RI�WKH���SROH�VHFWLRQ�VKRXOG�\LHOG�D�VOLJKWO\�EHWWHU�UHVXOW�DW�OHDVW�

2QH�REYLRXV�ZD\�WR�H[WHQG�WKH�EDQGZLGWK�ZRXOG�EH�WR�ORZHU�WKH�YDOXH�RI� �9E

LQFUHDVH�WKH�ELDV�FXUUHQWV�DQG�VFDOH�WKH�UHPDLQLQJ�FRPSRQHQWV�DFFRUGLQJO\��7KHQ�ZH

VKRXOG� LQFUHDVH� WKH� LQSXW� VLJQDO� DPSOLWXGH� WR� JHW� WKH� VDPH� RXWSXW�� %XW� WKLV� LV� WKH

�WULYLDO��VROXWLRQ��PDWKHPDWLFDOO\��DW�OHDVW ��QRW�VR�ZKHQ�EXLOGLQJ�DQ�DFWXDO�FLUFXLW��

%\�D�FDUHIXO�LQVSHFWLRQ�RI�WKH�DPSOLILHU�GHVLJQ�HTXDWLRQV�DQG�FRPSDULQJ�WKHP

ZLWK�WKH�DQDO\VLV�RI�WKH�WZR�VHFWLRQV�LQ� ��ZH�FRPH�WR�WKH�FRQFOXVLRQ�WKDW�WKH�PRVW3DUW �

VHULRXV�EDQGZLGWK�GUDZEDFN�IDFWRU�LV�WKH�KLJK�YDOXH�RI�WKH�&57�FDSDFLWDQFH��ZKLFK�LV

PXFK� KLJKHU� WKDQ� � RU� �� %XW� LI� VR�� GLG� ZH� OLPLW� WKH� SRVVLEOH� LPSURYHPHQW� E\* *D G

DVVLJQLQJ�WKH�SROHV�ZLWK�WKH�ORZHVW�LPDJLQDU\�SDUW�WR�WKH�RXWSXW "�6KRXOGQ
W�ZH�JHW�D

EHWWHU�SHUIRUPDQFH�LI�ZH�DGG�PRUH�SHDNLQJ�WR�WKH�RXWSXW�VWDJH "
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6LQFH� ZH� KDYH� SXW� WKH� GHVLJQ� HTXDWLRQV� DQG� WKH� UHVSRQVH� DQDO\VLV� LQWR� D

FRPSXWHU�URXWLQH��ZH�FDQ�QRZ�LQYHVWLJDWH�WKH�HIIHFW�RI�GLIIHUHQW�SROH�DVVLJQPHQWV��7R

GR�VR��ZH�VLPSO\�UHRUGHU� WKH�SROHV�DQG�UXQ�WKH�URXWLQH�DJDLQ��%HVLGHV�WKH�SROH�RUGHU

WKDW�ZH�KDYH�GHVFULEHG��OHW
V�LQGLFDWH�LW�E\�WKH�SROH�RUGHU �� ��ZH�KDYH��DEFG�� �(T� �����

DGGLWLRQDO�SHUPXWDWLRQV ��DEGF DFEG DGEF DFGE DGFE�� �� �� �� ��7KH�ODVW�WZR�SHUPXWDWLRQV

UHVXOW� LQ� D� UDWKHU� VORZ� V\VWHP�� UHTXLULQJ� D� ODUJH� LQGXFWDQFH� IRU� � DQG� ODUJH3E

FDSDFLWDQFHV� �DQG� ��%XW�WKH�UHPDLQLQJ�RQHV�GHVHUYH�D�ORRN�* *F G

,Q� �ZH�KDYH�SORWWHG�WKH�IRXU�QRUPDOL]HG�VWHS�UHVSRQVHV�DQG��LQ�RUGHU)LJ� �����

WR�GLVWLQJXLVK�WKHP�PRUH�FOHDUO\��ZH�KDYH�GLVSODFHG�WKHP�YHUWLFDOO\�E\�D�VPDOO�RIIVHW�

7KLV��ZDV�QHFHVVDU\��VLQFH�ZH�KDYH�WZR�LGHQWLFDO�SDLUV�RI�UHVSRQVHV�DQG�WKH\�ZRXOG�EH

SORWWHG�RQH�RQ�WRS�RI�WKH�RWKHU�
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DEFG

DEGF
DFEG

DGEF

)LJ� ������ �� �7KH�QRUPDOL]HG�VWHS�UHVSRQVHV�RI�DOO� IRXU�SRVVLEOH�FRPELQDWLRQV�RI

SROH� DVVLJQPHQWV��7KHUH� DUH� WZR�SDLUV� RI� UHVSRQVHV�� KHUH� VSDFHG�YHUWLFDOO\� E\� D

VPDOO� RIIVHW� WR� DOORZ� HDVLHU� LGHQWLILFDWLRQV�� 7KH� DQDO\VLV� WKDW� ZH� KDYH� GRQH� LQ

GHWDLO�LV�RQH�RI�WKH�IDVWHU�UHVSRQVHV���DEFG���EODFN��

,I�WKH�SROH�SDLUV� �DQG� �DUH�PXWXDOO\�H[FKDQJHG��WKH�UHVXOW�LV�WKH�VDPH�DV�RXU  F G

RULJLQDO�DQDO\VLV��%XW��E\�H[FKDQJLQJ� �ZLWK�HLWKHU� �RU� ��WKH�UHVXOW�LV�VXERSWLPDO�   E F G

$� FORVHU� ORRN� DW� � UHYHDOV� WKDW� ERWK� RI� WKH� VORZHU� UHVSRQVHV� KDYH7DEOH ���

9 ~ �	� �
� 9D D+ +�LQVWHDG�RI� ��7KH�KLJKHU�YDOXH�RI� �PHDQV�DFWXDOO\�D�KLJKHU�JDLQ��DV

FDQ�EH�VHHQ�LQ� ��ZKHUH�WKH�RULJLQDO�V\VWHP�ZDV�VHW�IRU�D�JDLQ�RI� ��LQ)LJ� ����� ( � ���

FRQWUDVW� ZLWK� WKH� KLJKHU� YDOXH�� �� 7KH� KLJKHU� JDLQ� UHVXOWV� IURP� D� GLIIHUHQW( � ���

WXQLQJ�RI�WKH���SROH�7�FRLO�VWDJH��LQ�DFFRUGDQFH�ZLWK�WKH�GLIIHUHQW�SROH�DVVLJQPHQW�

6LQFH�RXU�SULPDU\�GHVLJQ�JRDO�LV�WKH�EDQGZLGWK�DQG�QRW�JDLQ��ZH�PLJKW�WU\�WR

UHFDOFXODWH�WKH�V\VWHP�E\�ORZHULQJ�WKH�LQLWLDO�YDOXH�RI� ��,I�ZH�VHOHFW�D�YDOXH��IURP9E

WKH� ����� WROHUDQFH� (���� VHULHV� RI� VWDQGDUG� YDOXHV�� RI� �� WKH� JDLQ�ZLOO� EH� YHU\��
+
FORVH� WR� WKH� RULJLQDO� RQH�� 7KLV� VLWXDWLRQ� LV� VKRZQ� LQ� �� 7KH� GLIIHUHQFH)LJ� ������

EHWZHHQ�WKH�WZR�V\VWHP�SDLUV�LV�PXFK�VPDOOHU��KRZHYHU��WKH�UHFDOFXODWHG�SDLU�VWLOO�KDV

D�VOLJKWO\�ORZHU�EDQGZLGWK��7KLV�IDFW�QLFHO\�LOOXVWUDWHV�WKDW�RXU�LQLWLDO�DVVXPSWLRQV�RI
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KRZ�WR�DFKLHYH�PD[LPXP�EDQGZLGWK��ZLWKLQ�D�JLYHQ�FRQILJXUDWLRQ��ZHUH�QRW�JXHVVHG

RXW�RI�VKHHU�OXFN�
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)LJ� ���������7KH�VORZHU�UHVSRQVHV�RI� ��ZKHQ�SORWWHG�ZLWK�WKH�DFWXDO�JDLQ�)LJ� �����

DUH�DFWXDOO\�WKRVH�ZLWK�D�KLJKHU�YDOXH�RI� �DQG�WKHUHIRUH�D�KLJKHU�JDLQ�9D
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5E  ����:

5 E  ����:

)LJ� ��������� � ,I� WKH�KLJK�JDLQ�UHVSRQVHV�DUH�UHFDOFXODWHG�E\�UHGXFLQJ� �IURP�WKH9E

RULJLQDO� ��� � WR� ��� �� WKH� JDLQ� LV� HTXDO� LQ� DOO� IRXU�FDVHV��+RZHYHU�� WKRVH�SROH+ +

DVVLJQPHQWV��ZKLFK�SXW�WKH�SROHV�ZLWK�WKH�KLJKHU�LPDJLQDU\�SDUW�DW�WKH�RXWSXW�VWDJH�

VWLOO�UHVXOW�LQ�D�VOLJKWO\�VORZHU�V\VWHP�
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G

7DEOH ��� �� �&LUFXLW�FRPSRQHQWV� IRU���RI� WKH���SRVVLEOH�SROH�DVVLJQPHQWV��7KH� ODVW� WZR

FROXPQV� UHSUHVHQW� WKH� VDPH� SROH� DVVLJQPHQW� DV� WKH� PLGGOH� WZR�� EXW� KDYH� EHHQ

UHFDOFXODWHG� IRU� � DQG� QHDUO\� HTXDO� JDLQ�� 7KH� ILUVW� FROXPQ� LV� WKH� H[DPSOH9 ~ ��
E +

FDOFXODWHG� LQ� WKH� WH[W� DQG� LWV� UHVSRQVH� LV� RQH�RI� WKH� WZR� IDVWHVW��7KH�RWKHU� IDVW� V\VWHP

�VHFRQG� FROXPQ�� LV� SUREDEO\� QRQ�UHDOL]DEOH� �LQ� GLVFUHWH� IRUP��� GXH� WR� S)��7KH* � �F

ODVW�FROXPQ��DGEF��LV��RQ�WKH�RWKHU�KDQG��RQO\�VOLJKWO\�VORZHU��EXW�SUREDEO\�PXFK�HDVLHU

WR�UHDOL]H��7�FRLO�FRXSOLQJ�DQG�WKH�FDSDFLWDQFH�YDOXHV��

,Q� �ZH�KDYH�FROOHFWHG�DOO�WKH�GHVLJQ�SDUDPHWHUV�IRU�WKH�IRXU�RXW�RI�VL[7DEOH ���

SRVVLEOH�SROH�DVVLJQPHQWV��7KH� V\VWHPV� LQ� WKH� ODVW� WZR�FROXPQV�KDYH� WKH�VDPH�SROH

DVVLJQPHQWV�DV�LQ�WKH�PLGGOH�WZR��EXW�KDYH�EHHQ�UHFDOFXODWHG�IURP�D�ORZHU� �YDOXH�9E

LQ� RUGHU� WR� REWDLQ� WKH� WRWDO� YROWDJH� JDLQ� QHDUO\� HTXDOWR� WKH� ILUVW� V\VWHP�� )URP� D

SUDFWLFDO� SRLQW� RI� YLHZ�� WKH� ILUVW� DQG� WKH� ODVW� FROXPQ� DUH� WKH� PRVW� LQWHUHVWLQJ �� WKH

V\VWHP�UHSUHVHQWHG�E\�WKH�ILUVW�FROXPQ�LV�WKH�IDVWHVW��DV�WKH�VHFRQG�RQH��EXW�WKH�ODWHU�LV

GLIILFXOW� WR� UHDOL]H��PDLQO\� GXH� WR� ORZ� � YDOXH���ZKLOH� WKH� ODVW� RQH� LV� RQO\� VOLJKWO\*F

VORZHU�EXW�PXFK�HDVLHU�WR�UHDOL]H��PDLQO\�GXH�WR�D�ORZHU�PDJQHWLF�FRXSOLQJ� �DQG�WKH�E
QRQ�SUREOHPDWLF�YDOXHV�RI� �DQG� �* *F G

7KH�PDLQ�SUREOHP�RI� WKH� ILUVW� FROXPQ�V\VWHP�LV� WKH� UHODWLYHO\�KLJK�PDJQHWLF

FRXSOLQJ�IDFWRU�RI� WKH�RXWSXW�7�FRLO�� ��$�SRVVLEOH�ZD\�WR�LPSURYH�WKLV�FRXOG�EH�E\�E
DSSO\LQJ�D�FHUWDLQ�DPRXQW�RI�HPLWWHU�SHDNLQJ� WR�HLWKHU� �RU� �HPLWWHU�FLUFXLW��%XW8 8� �

WKHQ�� ZH� ZRXOG� JHW� D� ��SROH� V\VWHP� DQG� ZH� ZRXOG� KDYH� WR� UHFDOFXODWH� HYHU\WKLQJ�

ZKLFK��E\�LWVHOI��LV�QRW�D�GLIILFXOW�WDVN�LI�ZH�XVH�WKH�JHRPHWULFDO�V\QWKHVLV�PHWKRG��DV

ZH�KDYH�VHHQ��7KH�SUREOHP�ZLWK�XVLQJ�HPLWWHU�SHDNLQJ�ZRXOG�UHVXOW�IURP�WKH�UHTXLUHG

QHJDWLYH� LQSXW� LPSHGDQFH� FRPSHQVDWLRQ� DQG� WKH� DVVRFLDWHG� VWUD\� FDSDFLWDQFH� RI� WKH

FRPSHQVDWLQJ�QHWZRUN�

$���SROH� V\VWHP�PLJKW�EH�PRUH� HDVLO\� LPSOHPHQWHG� LI�� LQVWHDG�RI� WKH���SROH

VHFWLRQ��ZH�ZRXOG�XVH�DQRWKHU�/�7�FRLO���SROH�QHWZRUN��7KH�UHDO�SROH�FRXOG�WKHQ�EH

SURYLGHG�E\�WKH�VLJQDO�VRXUFH�UHVLVWDQFH�DQG�WKH� �LQSXW�FDSDFLWDQFH��ZKLFK�ZH�KDYH8�

FKRVHQ� WR� QHJOHFW� VR� IDU��:LWK� �� SROHV�� ERWK� 7�FRLOV� FDQ� EH�PDGH� WR� DFFRPPRGDWH

WKRVH�WZR�SROH�SDLUV�ZLWK�PRGHUDWH�LPDJLQDU\�SDUW�YDOXHV��EHFDXVH�WKH�7�FRLO�FRXSOLQJ

IDFWRU�GHSHQGV�RQO\�RQ�WKH�SROH�DQJOH� ���VR�WKDW�WKH�V\VWHP�EDQGZLGWK�FRXOG�EH�PRUH�

HDVLO\� PD[LPL]HG�� $� SUREOHP� FRXOG� DULVH� ZLWK� D� ORZ� YDOXH� RI� VRPH� FDSDFLWDQFHV�

ZKLFK�PLJKW�EHFRPH�GLIILFXOW�WR�DFKLHYH��%XW��DV�LW�LV�HYLGHQW�IURP� ��WKHUH�DUH7DEOH ���

PDQ\� SRVVLEOH� YDULDWLRQV� �WKHLU� QXPEHU� LQFUHDVHV� DV� WKH� IDFWRULDO� RI� WKH� QXPEHU� RI
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SROHV��� VR� WKDW� D� FOHYHU� FRPSURPLVH� FDQ� DOZD\V� EH�PDGH��2I� FRXUVH��ZLWK� D� NQRZQ

VLJQDO�VRXUFH��DQ�DGGLWLRQDO�LQGXFWLYH�SHDNLQJ�FRXOG�EH�DSSOLHG�DW�WKH�LQSXW��UHVXOWLQJ

LQ�D� WRWDO�RI����RU�PD\EH�HYHQ����SROHV��EXW� WKHQ� WKH�FRPSRQHQW� WROHUDQFHV�DQG� WKH

DGMXVWPHQW�SUHFLVLRQ�ZRXOG�VHW�WKH�OLPLWV�RI�UHDOL]DELOLW\�

)LQDOO\��ZH�ZRXOG�OLNH�WR�YHULI\�WKH�LQLWLDO�FODLP�WKDW�WKH�LQSXW�UHDO�SROH� ��GXH �
WR�WKH�VLJQDO�VRXUFH�DQG�EDVH�VSUHDG�UHVLVWDQFH�DQG�WKH�WRWDO�LQSXW�FDSDFLWDQFH��FDQ�EH

QHJOHFWHG�LI�LW�LV�ODUJHU�WKDQ�WKH�V\VWHP�UHDO�SROH� ��6LQFH�WKH�LQSXW�SROH�LV�VHSDUDWHG D
IURP� WKH� UHVW� RI� WKH� V\VWHP� E\� WKH� ILUVW� FDVFRGH� VWDJH�� LW� FDQ� EH� DFFRXQWHG� IRU� E\

VLPSO\�PXOWLSO\LQJ� WKH� V\VWHP� WUDQVIHU� IXQFWLRQ�E\� LW�� ,Q� WKH� IUHTXHQF\� UHVSRQVH�� LWV

LQIOXHQFH� LV� EDUHO\�QRWLFHDEOH�� ,Q� WKH� VWHS�UHVSRQVH�� �� LW� DIIHFWV�PRVWO\� WKH)LJ� ������

HQYHORSH� GHOD\� DQG� WKH� RYHUVKRRW�� ZKLOH� WKH� ULVHWLPH� �LQ� DFFRUGDQFH� ZLWK� WKH

IUHTXHQF\�UHVSRQVH��UHPDLQV�QHDUO\�WKH�VDPH�
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)LJ� ��������� �,I�WKH�UHDO�LQSXW�SROH� �LV�DW�OHDVW�WZLFH�DV�ODUJH�DV�WKH�V\VWHP�UHDO �
SROH� �� LWV� LQIOXHQFH� RQ� WKH� VWHS� UHVSRQVH� FDQ� EH� VHHQ�PHUHO\� DV� DQ� LQFUHDVHG D
HQYHORSH� GHOD\� DQG� D� UHGXFHG� RYHUVKRRW�� ZKLOH� WKH� ULVHWLPH� UHPDLQV� QHDUO\

LGHQWLFDO�

8VXDOO\�� WKH� VLJQDO� VRXUFH� LPSHGDQFH� LV� �� � RU� OHVV�� :LWK� DQ� LQSXW+

FDSDFLWDQFH� RI� D� IHZ� S)�� WKH� LQSXW� SROH� FDQ� HDVLO\� EH� VHYHUDO� WLPHV� ODUJHU� WKDQ� WKH

V\VWHP�UHDO�SROH��+RZHYHU��LQ�PRVW�RVFLOORVFRSHV�DQ�LQSXW�EXIIHU�VWDJH��ZLWK�YDULDEOH

JDLQ DWWHQXDWLRQ�� WDNHV� FDUH� RI� DGDSWLQJ� WKH� VLJQDO� DPSOLWXGH� WR� WKH� UHTXLUHG� OHYHO�°
7KHQ�� LWV� RXWSXW� LPSHGDQFH�� VHHQ� E\� WKH� LQSXW� FDSDFLWDQFH� RI� RXU� DPSOLILHU�� FDQ� EH

KLJK�HQRXJK�WKDW�ZH�ZRXOG�EH�IRUFHG�WR�DFFRXQW�IRU�LW��,Q�VXFK�FDVHV��DV�DOUHDG\�VWDWHG

EHIRUH�� LW� PLJKW� EHFRPH� IHDVLEOH� WR� UHSODFH� WKH� ��SROH� SHDNLQJ� QHWZRUN� E\� DQRWKHU

��SROH�/�7�FRLO�QHWZRUN�DQG�PDNH�WKH�LQSXW�SROH�WKH�PDLQ�V\VWHP�UHDO�SROH�

$V� DOUHDG\� PHQWLRQHG�� WKH� KLJK� FDSDFLWDQFH� RI� WKH� &57� YHUWLFDO� GHIOHFWLRQ

SODWHV�LV�WKH�GRPLQDQW�FDXVH�RI�EDQGZLGWK�OLPLWDWLRQ��7KH�PRVW�DGYDQFHG�&57V�IURP

WKH� DQDORJ� 
VFRSH� HUD� KDYH� WKH� GHIOHFWLRQ� SODWHV� EURNHQ� LQWR� D� QXPEHU� RI� VHFWLRQV�

FRQQHFWHG�H[WHUQDOO\�E\�D�VHULHV�RI�7�FRLOV��WKXV�UHGXFLQJ�WKH�FDSDFLWDQFH�VHHQ�E\�WKH

DPSOLILHU�WR�MXVW�D�IUDFWLRQ�RI�WKH�RULJLQDO�YDOXH��,Q�WKH�VDPH�WLPH��WKH�7�FRLOV�SURYLGH

D�GHOD\�UHTXLUHG�WR�PDWFK�WKH�VLJQDO�SURSDJDWLRQ�WR�WKH�HOHFWURQ�YHORFLW\�LQ�WKH�ZULWLQJ



�3DUW������6\VWHP�V\QWKHVLV�DQG�LQWHJUDWLRQ 3�6WDULÈ��(�0DUJDQ�
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EHDP��ILQLWH�WUDYHO�WLPH�E\�WKH�GHIOHFWLRQ�SODWHV�DQG�VRPH�QRQ�QHJOLJLEOH�UHODWLYLVWLF�

HIIHFWV���DLGLQJ�WR�D�EHWWHU�EHDP�FRQWURO�

�� ,Q� YDFXXP�� D� KRPRJHQHRXV� HOHFWULF� ILHOG� RI� VWUHQJWK� �� ZKHUH� � LV� WKH� YROWDJH� SRWHQWLDO, ~ = °� =
EHWZHHQ�WKH�DQRGH�DQG�FDWKRGH�DQG� �LV�WKH�ILHOG�OHQJWK��WKH�GLVWDQFH�EHWZHHQ�WKH�DQRGH�DQG�FDWKRGH���
DQ�HOHFWURQ�HPLWWHG�E\�WKH�KRW�FDWKRGH�ZLOO�EH�DFFHOHUDWHG�DW�WKH�UDWH �
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� %\�DVVXPLQJ�D�FRQVWDQW�DFFHOHUDWLRQ��IURP�D�KRPRJHQHRXV�ILHOG���WKH�ILQDO�HOHFWURQ�YHORFLW\�

MXVW�EHIRUH�KLWWLQJ�WKH�DQRGH��RU�SDVVLQJ�WKURXJK�D�VPDOO�KROH�LQ�LW��LV�FDOFXODWHG�DV �
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� (T� )��FDQ�EH�FRQVLGHUHG�FRUUHFW�LI�WKH�ILQDO�YHORFLW\�LV�VPDOO�LQ�FRPSDULVRQ�ZLWK�WKH�YHORFLW\

RI� OLJKW��RWKHUZLVH�ZH�PXVW�DSSO\� WKH�7KHRU\�RI�5HODWLYLW\��)RU�DQ�DQRGH�YROWDJH�RI�RQO\���� 9��WKH

DERYH�HTXDWLRQ�ZRXOG�JLYH�D�YHORFLW\� ���� �� P V��ZKLFK�LV�DOPRVW����RI�WKH�YHORFLW\�RI�OLJKW�# ~ d °�

� ~ d ° ����������� �� P V �� d °�� P V��8VXDOO\��&57�DQRGH�YROWDJH�YDOXHV�UDQJH�IURP��� N9�WR�

�� N9��UHVXOWLQJ�LQ�ILQDO�HOHFWURQ�YHORFLWLHV�RI�DERXW� ���°

� 7KH�7KHRU\�RI�5HODWLYLW\��DV� IRUPXODWHG�E\�$OEHUW�(LQVWHLQ� LQ�������SUHGLFWV�DQ�LQFUHDVH�RI

WKH�PDVV�RI�DQ�DFFHOHUDWHG�REMHFW�LQ�FRPSDULVRQ�WR�LWV�UHVW�PDVV��LQ�DFFRUGDQFH�ZLWK�WKH�UHODWLRQ��
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ZKHUH� �LV�WKH�REMHFW�UHODWLYLVWLF�PDVV�� �LV�WKH�REMHFW�UHVW�PDVV�� �LV�WKH�REMHFW�YHORFLW\�DQG� �LV�WKH� � # �U �

YHORFLW\�RI� OLJKW��$FFRUGLQJ� WR� WKLV�� WKH�HOHFWURQ�PDVV�FKDQJHV�ZLWK� ��EXW� �DOVR�FKDQJHV�GXH�WR�WKH# #
DFFHOHUDWLRQ�HQIRUFHG�E\�WKH�HOHFWULF�ILHOG��VR�ZH�PXVW�FDOFXODWH�WKH�ILQDO�YHORFLW\�DQG�PDVV�LWHUDWLYHO\�

� 2QFH� WKH�HOHFWURQ�JRHV�WKURXJK�WKH�DQRGH�� LWV�YHORFLW\�WRZDUGV�WKH�VFUHHQ�UHPDLQV�FRQVWDQW�

%XW� ZKHQ� LW� HQWHUV� WKH� GHIOHFWLRQ� SODWHV�� RQO\� WKH� WUDQVYHUVDO� YHORFLW\� FRPSRQHQWV� FKDQJH� DQG� WKH

HOHFWURQ� SDWK� LV� SDUDEROLF�� WKHQ� OLQHDU� DJDLQ�EHWZHHQ� WKH� GHIOHFWLRQ�SODWHV� DQG� WKH� VFUHHQ��6LQFH� WKH

GHIOHFWLRQ�YROWDJHV�DUH�UHODWLYHO\�ORZ������9���ZH�FDQ�XVH�(T� )��WR�FDOFXODWH�WKH�GHIOHFWLRQ��EXW�QRZ

= �� LV� WKH� YROWDJH�EHWZHHQ� WKH� GHIOHFWLRQ�SODWHV� �� KRZHYHU�� LQVWHDG�RI� WKH� UHVW� HOHFWURQ�PDVV� �� WKHH

UHODWLYLVWLF� PDVV� PXVW� EH� XVHG�� 7KH� UHODWLYLVWLF� PDVV�� ZKLFK� WKH� HOHFWURQ� KDV� DFTXLUHG� IURP� WKH

DFFHOHUDWLRQ�LQ�WKH�DQRGH�FDWKRGH�ILHOG��LV�FDOFXODWHG�E\�(T� )��

� )RU�H[DPSOH�� LI�ZH�DVVXPH�WKH�QRQ�GHIOHFWHG�HOHFWURQ�YHORFLW\� � �� WKH�HOHFWURQ�ZRXOG# ~ �°
DFTXLUH�D�PDVV� ���� ��%\�WDNLQJ�WKLV�EDFN�LQWR�(T� )���WKH�YHUWLFDO�YHORFLW\�FRPSRQHQW�ZRXOG� �U H�
EH� ORZHU� E\� VRPH� ��� DQG�� WR� JHW� WKH� GHVLUHG� GHIOHFWLRQ��ZH�ZRXOG�KDYH� WR� LQFUHDVH� WKH� GHIOHFWLRQ

YROWDJH�E\�WKH�VDPH�DPRXQW��7KLV�LV�FRUUHFWHG�E\�VLPSO\�LQFUHDVLQJ�WKH�DPSOLILHU�JDLQ�

� $�PRUH�GLIILFXOW�SUREOHP�DULVHV�IURP�WKH�IDFW�WKDW�WKH�HOHFWURQ�WDNHV�D�ILQLWH�DPRXQW�RI�WLPH�WR

WUDYHO� WKH� GHIOHFWLRQ� ILHOG�� )RU� D� FRQVWDQW� RU� D� VORZO\� FKDQJLQJ� ILHOG�� WKLV� WLPH�GRHV� QRW� KDYH� WR� EH

DFFRXQWHG�IRU ��KRZHYHU��ZKHQ�WKH�GHIOHFWLRQ�SRWHQWLDO�FKDQJHV�E\�VHYHUDO�YROWV�SHU�QDQRVHFRQG��WKLV

WLPH� EHFRPHV� LPSRUWDQW�� EHFDXVH� LW� ZRXOG� DIIHFW� ERWK� WKH� KRUL]RQWDO� DQG� YHUWLFDO� GHIOHFWLRQ�� %\

DVVXPLQJ�DJDLQ� ��DQG�D�GHIOHFWLRQ�ILHOG�OHQJWK��LQ�WKH�DQRGH�WR�VFUHHQ�GLUHFWLRQ�� � FP��WKH# ~ �° � ~
WLPH�ZKLFK�WKH�HOHFWURQ�ZRXOG�VSHQG�LQ�WKH�GHIOHFWLRQ�ILHOG�LV �
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DQG�WKLV�WLPH�LV�HTXDO�WR�WKH�ULVHWLPH�RI�D����0+]�RVFLOORVFRSH��7KHUHIRUH��WKH�DPRXQW�RI�GHIOHFWLRQ�

LQ�ERWK�KRUL]RQWDO�DQG�YHUWLFDO�GLUHFWLRQ��ZRXOG�GHSHQG�DOVR�RQ�WKH�VLJQDO�VOHZ�UDWH�DQG�QRW�RQO\�RQ�LWV

DPSOLWXGH��DV�LW�VKRXOG�

� 7KLV��SUREOHP�LV�VROYHG�E\�EUHDNLQJ�WKH�SODWHV�LQWR�VHYHUDO�VPDOOHU�VHFWLRQV�DQG�LQWURGXFLQJ

DQ�DSSURSULDWH�VLJQDO�GHOD\�EHWZHHQ�WKHP��VR�WKDW�WKH�HOHFWURQ�LV�EHLQJ�GHIOHFWHG�E\�D�QHDUO\�FRQVWDQW

ILOHG�WKURXJKRXW�WKH�WUDYHO�WLPH�


