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$%675$&7�
&RPSXWLQJ�VXUIDFH�LQWHUVHFWLRQV�LV�D�IXQGDPHQWDO�SUREOHP�LQ�JHRPHWULF�PRGHOLQJ��$Q\�ERROHDQ�RSHUDWLRQ�FDQ�EH�
VHHQ� DV� DQ� LQWHUVHFWLRQ� FDOFXODWLRQ� IROORZHG� E\� D� VHOHFWLRQ� RI� SDUWV� QHFHVVDU\� IRU� EXLOGLQJ� WKH� VXUIDFH� RI� WKH�
UHVXOWLQJ�REMHFW�� �7KLV�SDSHU�GHDOV�ZLWK� WKH�FRPSXWLQJ�RI� LQWHUVHFWLRQ�FXUYHV�RQ�VXEGLYLVLRQ�VXUIDFHV� �VXUIDFHV�
JHQHUDWHG� E\� WKH� /RRS� VFKHPH���:H� SUHVHQW� WKUHH� YDULDQWV� RI� RXU� DOJRULWKP�� 7KH� ILUVW� YDULDQW� FDOFXODWHV� WKLV�
LQWHUVHFWLRQ� DIWHU� D� FODVVLILFDWLRQ� RI� WKH� REMHFW� IDFHV� LQWR� LQWHUVHFWLQJ� DQG� QRQ� LQWHUVHFWLQJ� SDLUV� RI� IDFHV��7KH�
VHFRQG�YDULDQW� LV� EDVHG�RQ� WKH���QHLJKERUKRRG�RI� WKH� LQWHUVHFWLQJ� IDFHV��7KH� WKLUG�YDULDQW� XVHV� WKH�FRQFHSW�RI�
ELSDUWLWH�JUDSK��
.H\ZRUGV�
6XEGLYLVLRQ�VXUIDFHV��/RRS�VFKHPH��LQWHUVHFWLRQ�FXUYHV��ELSDUWLWH�JUDSK��
�
��� ,1752'8&7,21�
6XUIDFH� JHQHUDWLRQ� PHWKRGV� SOD\� D� YHU\� VLJQLILFDQW�
UROH� LQ� &RPSXWHU� JUDSKLFV� DQG� &RPSXWHU� $LGHG�
'HVLJQ� �&$'��� 6XEGLYLVLRQ� VXUIDFHV� EDVHG� RQ� VKDSH�
PRGHOLQJ� KDV� WZR� PDLQ� DGYDQWDJHV�� LW� DSSOLHV� WR�
PHVKHV� RI� DUELWUDU\� WRSRORJ\� �OLNH� SRO\JRQDO�
PRGHOLQJ��DQG�LW�H[KLELWV�ORFDO�EHKDYLRU��OLNH�185%6�
RU�%�6SOLQH�PRGHOLQJ���LW�LV�DOVR�EDVHG�RQ�RQO\�D�VPDOO�
QXPEHU� RI� FRQWURO� SRLQWV�� 6XEGLYLVLRQ� WHFKQLTXHV� DUH�
QRZ�ZLGHO\�XVHG��7KH�VXFFHVV�RI�WKHVH�VXUIDFHV�LV�GXH�
WR� WKHLU� FDSDFLW\� WR� JHQHUDWH� VPRRWK� VXUIDFHV� VWDUWLQJ�
IURP� DUELWUDU\� LQLWLDO� PHVKHV� DQG� WR� WKHLU� UHODWLYHO\�
HDV\�LPSOHPHQWDWLRQ�WKDQNV�WR�WKHLU�VLPSOH�FRQFHSW��$�
VXEGLYLVLRQ� VXUIDFH� LV� GHILQHG� E\� DQ� LQLWLDO� PHVK� RI�
DUELWUDU\� W\SH�DQG�VRPH� UHILQHPHQW� UXOHV��7KHVH� UXOHV�
FRQVLVW� RI� JHRPHWULFDO� UXOHV� WKDW� GHWHUPLQH� WKH�
SRVLWLRQV� RI� QHZ� FRQWURO� SRLQWV� IURP� WKH� SRVLWLRQV� RI�
ROG� RQHV� DQG� WRSRORJLFDO� UXOHV� ZKLFK� GHVFULEH� WKH�
UHILQHPHQW� SURFHGXUH� RI� WKH� FRQWURO� SRO\KHGURQ�

FRQQHFWLYLW\� DQG� WKXV� VXUIDFH� SURSHUWLHV�� )URP� D�
SRO\JRQDO� PHVK�� FDOOHG� WKH� FRQWURO� QHWZRUN�� WKH�
UHSHDWHG�DSSOLFDWLRQ�RI�UHILQHPHQW�UXOHV�SURGXFHV�QHZ�
SRO\JRQDO�PHVKHV�LQFOXGLQJ�PRUH�DQG�PRUH�IDFHV��7KH�
SURGXFHG� VHTXHQFH� RI� PHVKHV� FRQYHUJHV� WRZDUGV� D�
VPRRWK�VXUIDFH��FDOOHG� WKH� OLPLW�VXUIDFH��H�J��%�VSOLQH�
RU� %R[�VSOLQH��� WRSRORJLFDOO\� VLPLODU� WR� WKH� LQLWLDO�
FRQWURO� QHWZRUN�� )LJXUH� �� VKRZV� DQ� H[DPSOH� RI� D�
VXEGLYLVLRQ� VXUIDFH�� )URP� OHIW� WR� ULJKW�� WKH� VXUIDFH�
EHFRPHV�LQFUHDVLQJO\�VPRRWK��
�

�
)LJXUH����([DPSOH�RI�D�VXEGLYLVLRQ�VXUIDFH��

6LQFH�WKH�LQWURGXFWLRQ�RI�VXEGLYLVLRQ�VXUIDFHV�LQ������
E\� &DWPXOO�&ODUN� >&DW��@� DQG� 'RR�6DELQ� >'RR��@��
PDQ\� VXEGLYLVLRQ� VFKHPHV� KDYH� EHHQ� SURSRVHG�
>/RR����=RU����.RE����9HO��@���
,Q� JHRPHWULF� DQG� VXUIDFH� PRGHOLQJ�� FRPSXWLQJ�
VXUIDFH� LQWHUVHFWLRQV� LV� D� IXQGDPHQWDO� DQG� UHFXUUHQW�
SUREOHP�ZLGHO\� VWXGLHG� IRU�DOJHEUDLF�DQG�SDUDPHWULF�
VXUIDFHV��'HSHQGLQJ�RQ�WKH�DOJRULWKPV�LQYROYHG�LQ�WKH�
GLIIHUHQW� XQGHUO\LQJ� WDVNV�� LQWHUVHFWLRQ� FRPSXWDWLRQ�

3HUPLVVLRQ� WR�PDNH�GLJLWDO�RU�KDUG�FRSLHV�RI�DOO�RU�SDUW�RI�
WKLV�ZRUN�IRU�SHUVRQDO�RU�FODVVURRP�XVH� LV�JUDQWHG�ZLWKRXW�
IHH� SURYLGHG� WKDW� FRSLHV� DUH� QRW� PDGH� RU� GLVWULEXWHG� IRU�
SURILW� RU� FRPPHUFLDO� DGYDQWDJH� DQG� WKDW� FRSLHV� EHDU� WKLV�
QRWLFH� DQG� WKH� IXOO� FLWDWLRQ� RQ� WKH� ILUVW� SDJH�� 7R� FRS\�
RWKHUZLVH��RU�UHSXEOLVK��WR�SRVW�RQ�VHUYHUV�RU�WR�UHGLVWULEXWH�
WR�OLVWV��UHTXLUHV�SULRU�VSHFLILF�SHUPLVVLRQ�DQG�RU�D�IHH���
���������
	�����
�������� ����������� �����
:6&*¶������)HEUXDU\������������3O]HQ��&]HFK�5HSXEOLF��
&RS\ULJKW�81,21�$JHQF\�±�6FLHQFH�3UHVV�



PHWKRGV�PD\�EH� FODVVLILHG� LQWR� IRXU�PDLQ�FDWHJRULHV�
>%RH����3DW����$EG��@��$QDO\WLFDO�PHWKRGV�>&KD����
3DW��@��ODWWLFH�HYDOXDWLRQ�PHWKRGV�>%DU��@��PDUFKLQJ�
PHWKRGV�>%DM��@�DQG�VXEGLYLVLRQ�PHWKRGV���
,Q� WKH�SUHVHQW�ZRUN��ZH�DUH�SDUWLFXODUO\�LQWHUHVWHG�LQ�
FRPSXWLQJ�LQWHUVHFWLRQ�FXUYHV�RI�VXEGLYLVLRQ�VXUIDFHV�
LQ� WKH� FRQWH[W� RI� VROLG� DOJHEUD�ZKHUH� REMHFWV� DUH� DOO�
PRGHOHG� E\� VXEGLYLVLRQ� VXUIDFHV�� $OWKRXJK� IRU�
SUDFWLFDO� UHDVRQV� RXU� LQWHUVHFWLRQ� FRPSXWLQJ�
DOJRULWKP� KDV� RQO\� EHHQ� WHVWHG� RQ� VXEGLYLVLRQ�
VXUIDFHV�JHQHUDWHG�E\� WKH�/RRS� VFKHPH��RXU�PHWKRG�
LV� QRQHWKHOHVV� DSSOLFDEOH� WR� DQ\� RWKHU� VXEGLYLVLRQ�
VFKHPH��,Q�WKLV�SDSHU��ZH�SUHVHQW�DQG�FRPSDUH�WKUHH�
YDULDQWV� RI� D� VXEGLYLVLRQ� VXUIDFH� LQWHUVHFWLRQ�
FRPSXWDWLRQ� DOJRULWKP�� WKH� ILUVW� YDULDQW�� FDOOHG� WKH�
QDWXUDO� YDULDQW�� FDOFXODWHV� WKLV� LQWHUVHFWLRQ� DIWHU�
KDYLQJ�FODVVLILHG�WKH�REMHFW�IDFHV�LQWR�LQWHUVHFWLQJ�RU�
QRQ�LQWHUVHFWLQJ�SDLUV��7KH�VHFRQG�YDULDQW�LV�EDVHG�RQ�
WKH� ��QHLJKERUKRRG� RI� WKH� LQWHUVHFWLQJ� IDFHV�� 7KH�
WKLUG� YDULDQW� XVHV� WKH� FRQFHSW� RI� ELSDUWLWH� JUDSK��7R�
DSSO\�WKH�WZR�ODVW�YDULDQWV��LW�LV�QHFHVVDU\�WR�NQRZ�WKH�
LQWHUVHFWLQJ� IDFHV� DQG� LQWHUVHFWLRQ� FXUYHV� FRPSXWHG�
XVLQJ�WKH�QDWXUDO�YDULDQW�DW�WKH�LQLWLDO�OHYHO��7KH�PDLQ�
GLIIHUHQFH� EHWZHHQ� WKH� QHLJKERUKRRG� DQG� JUDSK�
YHUVLRQV�OLHV�LQ�WKH�VHW�RI�IDFHV�FRQVLGHUHG��$W�D�JLYHQ�
OHYHO�RI�VXEGLYLVLRQ��WKH�ILUVW�FRQVLGHUV�D�VHW�RI�IDFHV�
SHU�REMHFW��ZKLOH�WKH�VHFRQG�FRQVLGHUV�VHYHUDO�VXEVHWV�
RI�WKH�SUHFHGHQW�VHW�E\�WKH�LQWHUPHGLDU\�RI�D�ELSDUWLWH�
JUDSK��
�
��� 1$785$/�$/*25,7+0�
&RPSXWLQJ� LQWHUVHFWLRQ� FXUYHV� LV� FDUULHG� RXW� LQ�
VHYHUDO� VWHSV�� )LUVW�� WKH� IDFHV� RI� WZR� VXUIDFHV� DUH�
LQGH[HG� LQWR� WZR� FDWHJRULHV�� LQWHUVHFWLQJ� IDFHV� DQG�
RWKHUV��2QO\�LQWHUVHFWLQJ�SDLUV�RI�IDFHV�DUH�FRQVLGHUHG�
LQ� WKH� QH[W� VWHS� RI� WKH� DOJRULWKP�� 7KH� IDFH�IDFH�
LQWHUVHFWLRQ� UHVXOWV� LQ� D� VHW� RI� LQWHUVHFWLRQ� SRLQWV�
ZKLFK�ZLOO�EH�VRUWHG�DQG�FRQQHFWHG�LQ�RUGHU�WR�REWDLQ�
SLHFHZLVH� OLQHDU� DSSUR[LPDWLRQV� RI� WKH� LQWHUVHFWLRQ�
FXUYHV��

'HWHFWLQJ�IDFH�LQWHUVHFWLRQ��
7KLV�SUHOLPLQDU\� VWHS�FRQVLVWV� LQ�XVLQJ� WKH�HQFORVLQJ�
ER[HV�FROOLVLRQ�WHVWV�DV�D�ILUVW�ILOWHU�WR�HOLPLQDWH�IDFHV�
FOHDUO\�GLVMRLQHG�IURP�DQ\�IXWXUH�LQYHVWLJDWLRQ��7KHQ��
LQWHUVHFWLRQV� RI� DOO� WKH� UHPDLQLQJ� IDFHV� ZLOO� EH�
FDOFXODWHG��7KH�FRPSOH[LW\�RI�WKLV�DOJRULWKP�EHFRPHV�
	 
  / M Nq � ZKHUH� !M � DQG� "N � UHVSHFWLYHO\� DUH�

VPDOOHU� WKDQ�WKH�RULJLQDO�QXPEHUV�RI�IDFHVM �DQG� N �
RI�WKH�VXUIDFHV� #3 �DQG� $3 ��

&RPSXWLQJ�IDFH�LQWHUVHFWLRQ��
6HYHUDO� PHWKRGV� PD\� EH� FRQVLGHUHG� WR� FRPSXWH�
LQWHUVHFWLRQ� SRLQWV�� 2
%ULHQ� DQG� 0DQRFKD� >2EU��@�
FRPSXWH� WKH� LQWHUVHFWLRQ� E\�PDNLQJ� WKH� LQWHUVHFWLRQ�

RI�WKH�SODQHV�FDUU\LQJ�WKH�IDFHV�DQG�WKHQ�E\�WDNLQJ�WKH�
UHVWULFWLRQ� RQ� WKH� IDFHV�� 7KH\� DUH� WKXV� REOLJHG� WR�
GLVWLQJXLVK�EHWZHHQ� WZR�FDVHV�� WKH�FDVH�LQ�ZKLFK�WKH�
WZR� LQWHUVHFWLRQ� SRLQWV� EHORQJ� WR� WKH� HGJHV� RI� WKH�
VDPH� IDFH� DQG� WKH�FDVH� LQ�ZKLFK� WKH\�DUH�FDUULHG�E\�
VHJPHQWV�RI�GLIIHUHQW�IDFHV��)LJXUH�����

�

�
)LJXUH����7ZR�FDVHV�RI�IDFH�IDFH�LQWHUVHFWLRQ��

$QRWKHU� VROXWLRQ� FRQVLVWV� LQ� FRPSXWLQJ� WKH�
LQWHUVHFWLRQV� RI� DOO� WKH� VHJPHQWV� RI� D� IDFH� ZLWK� WKH�
RWKHU� IDFH�� 7KH� VWUDLJKW� OLQH�SODQH� LQWHUVHFWLRQ� LV�
FDOFXODWHG� ILUVW�� 7KH� HTXDWLRQ� RI� WKH� VWUDLJKW� OLQH�
EHLQJ� ZULWWHQ� LQ� SDUDPHWULF� IRUP�� WKH� UHVWULFWLRQ� RQ�
WKH�VHJPHQW�LV�FDUULHG�RXW�E\�FKHFNLQJ�WKDW�WKH�YDOXH�
RI� WKH� SDUDPHWHU� LV� LQ� WKH� LQWHUYDO� < >��� �� 7KHQ� ZH�
QHHG�RQO\�WR�FKHFN�WKDW�WKH�LQWHUVHFWLRQ�SRLQW�EHORQJV�
WR� WKH� IDFH�� ZKLFK� LV� HDVLO\� GRQH� E\� FRPSDULQJ� WKH�
VXUIDFH�RI�WKH�IDFH�ZLWK�WKH�VXP�RI�WKH�VXUIDFHV�RI�WKH�
WULDQJOHV�IRUPHG�E\�WKH�LQWHUVHFWLRQ�SRLQW�DQG�WKH�IDFH�
YHUWLFHV��:H�FKRVH�WR�LPSOHPHQW�WKLV�VHFRQG�VROXWLRQ���

7KH�SRO\JRQDO�LQWHUVHFWLRQ�FXUYH��
3RLQW� VRUWLQJ� LV� HDVLO\� FDUULHG� RXW� WKDQNV� WR� WKH�
VWUXFWXUH� RI� WKH� LQWHUVHFWLRQ� SRLQW� ZKLFK� VWRUHV� WKH�
SRLQW� FRRUGLQDWHV�� WKH� IDFHV� RI� HDFK� REMHFW� DW� WKH�
RULJLQ�RI�WKLV�SRLQW�DQG�WKH�HGJH�RQ�ZKLFK�WKLV�SRLQW�LV�
ORFDWHG�� 7KXV� WKH� HQGV� RI� WKH� LQWHUVHFWLRQ� HGJHV�
FRUUHVSRQG� WR� WKH� LQWHUVHFWLRQ�SRLQWV�SRLQWLQJ� WR� WZR�
LGHQWLFDO� IDFHV�� 7KHQ�� WKH� HGJHV� DUH� FRQQHFWHG� E\�
XVLQJ� WKH� ZLQJHG� HGJH� VWUXFWXUH� >%DX��@��)LJXUH� ��
UHSUHVHQWV� DQ� H[DPSOH� RI� WKH� LQWHUVHFWLRQ� FXUYH� DQG�
WKH�LQWHUVHFWLQJ�IDFHV�DW�WKH�LQLWLDO�OHYHO��

�

�
)LJXUH����,QWHUVHFWLRQ�FXUYH�DQG�LQWHUVHFWLQJ�IDFHV�
DW�WKH�LQLWLDO�OHYHO��
�
��� 1(,*+%25+22'�$/*25,7+0�
7KLV� DOJRULWKP� RQO\� FRQVLGHUV� WKH� IDFHV� RI� WKH�
QHLJKERUKRRG� RI� WKH� SUHYLRXV� LQWHUVHFWLQJ� FXUYHV� DV��
LQ�>2EU��@��7KH�FDOFXODWLRQ�RI�WKH�LQWHUVHFWLRQ�DW�WKH�
LQLWLDO�OHYHO�IRU�WKLV�DOJRULWKP�LV�FDUULHG�RXW�XVLQJ�WKH�
QDWXUDO� DOJRULWKP�� ,QWHUVHFWLQJ� SDLUV� RI� IDFHV� RI� WZR�
VXUIDFHV�DUH�WKXV�GHWHUPLQHG���



/HW� %) � EH� WKH� IDFH� VHW� RI� WKH� VXUIDFH� &3 � LQYROYHG� LQ�
WKH�LQWHUVHFWLRQ���
7KH�ILUVW�VWHS�RI�WKLV�DOJRULWKP�FRQVLVWV�LQ�ILQGLQJ�WKH�
��QHLJKERUKRRG� 	 
' ()9 ��/HW�XV�UHPHPEHU�WKDW�WKLV���
QHLJKERUKRRG�FRQWDLQV�WKH�VHW� &) �DV�ZHOO�DV�DOO�IDFHV�
DGMDFHQW� WR�WKHVH�IDFHV�E\�D�YHUWH[��7KH�VHWV� 	 
)*))9 �
DQG� 	 
),+)9 �DUH�UHSUHVHQWHG�LQ�WKH�)LJXUH���D��
�

�

D�� E�� �
)LJXUH����,QWHUVHFWLQJ�IDFHV��D����QHLJKERUKRRG�
	 
) ()9 ��E����QHLJKERUKRRG�VXEGLYLGHG� 	 
) (): ��

,Q� IDFW�� WKH� ��QHLJKERUKRRG� 	 
+ -)9 � LV� QHYHUWKHOHVV�
SUHVHUYHG� LQ� RUGHU� WR� FRUUHFWO\� FDOFXODWH� WKH� ��
QHLJKERUKRRG� 	 
+ -): � RI� WKH� VHW� RI� VXE�IDFHV� RI� &) �
REWDLQHG� E\� WKH� VXEGLYLVLRQ� RI� /RRS�� ,QGHHG�� LQ�
FHUWDLQ� FDVHV�� WKH� IDFHV� RI� 	 
+ -): � DUH� UHTXLUHG� WR�
ILQG� WKH� HQWLUH� QHLJKERUKRRG� DW� WKH� IROORZLQJ� OHYHO��
7KHQ�� WKH� QDWXUDO� DOJRULWKP� LV� DJDLQ� XVHG� WR� WHVW�
LQWHUVHFWLRQV� EHWZHHQ� 	 
)*)): � DQG� 	 
),+): �� 7KH�
LQWHUVHFWLRQ� FXUYH� REWDLQHG� DW� OHYHO� RQH� LV� JLYHQ� LQ�
)LJXUH����

�

�
)LJXUH����,QWHUVHFWLRQ�DW�OHYHO����/HIW��7KH�
LQWHUVHFWLRQ�FXUYH��5LJKW��,QWHUVHFWLQJ�IDFHV��

7KLV� SURFHVV�ZLOO� EH� UHSHDWHG� X � WLPHV� WR�REWDLQ� WKH�
LQWHUVHFWLRQ�FXUYHV�DW�D�JLYHQ�VXEGLYLVLRQ�OHYHO���
7KLV� DOJRULWKP� VLJQLILFDQWO\� UHGXFHV� WKH� QXPEHU� RI�
IDFHV� LQYROYHG� LQ� WKH� LQWHUVHFWLRQ� FDOFXODWLRQ�� LW� LV�
FRQVHTXHQWO\�PXFK�IDVWHU�WKDQ�WKH�QDWXUDO�DOJRULWKP��
�
��� $/*25,7+0�86,1*�$�%,3$57,7(�
*5$3+�
7KLV� DOJRULWKP� XVHV� D� ELSDUWLWH� JUDSK� WR� UHGXFH� WKH�
QXPEHU�RI�LQWHUVHFWLRQV�WR�EH�WHVWHG���

7KH� QRGHV� RI� RQH� FROXPQ� UHSUHVHQW� WKH� IDFHV� RI� WKH�
ILUVW�REMHFW�DQG�WKRVH�RI�WKH�VHFRQG�FROXPQ�UHSUHVHQW�
WKH� IDFHV�RI� WKH�VHFRQG�REMHFW�� ,QWHUVHFWLQJ�IDFHV�DUH�
FRQQHFWHG�E\�HGJHV��
2QFH� WKLV�JUDSK� LV�HVWDEOLVKHG�� WKH�QHLJKERUKRRGV�RI�
.& �DQG� /' �DUH�DGGHG�WR�WKH�JUDSK���7KH�LQWHUVHFWLRQV�

RI�HDFK�IDFH�RI� 	 
0*0)9 �ZLWK�DOO� WKH�IDFHV�RI� 	 
0,1)9 �
DUH� QR� ORQJHU� WHVWHG�� DV� WKH� DOJRULWKP� FRQVLVWV� LQ�
FRPSXWLQJ� RQO\� LQWHUVHFWLRQV� EHWZHHQ� VXE�SDUWV� RI�
WKHVH� VHWV�� ,QGHHG�� WKH�ELSDUWLWH�JUDSK�RI� LQWHUVHFWLRQ�
DVVRFLDWHV�WR�HDFK�LQWHUVHFWLQJ�IDFH� .& �RI� 2) ��D�VHW� 3' �
RI� 4) � LQWHUVHFWLQJ� IDFHV�� VR� WKDW� RQH� QHHGV� RQO\� WR�
FDOFXODWH� WKH� LQWHUVHFWLRQV� EHWZHHQ� HOHPHQWV� RI�
	 
0 5&9 � DQG� HOHPHQWV� RI� 	 
687'9 � FRQQHFWHG� E\� DQ�

HGJH��
�
%HORZ��ZH�DSSO\� WKLV�DOJRULWKP� WR�D�VLPSOH�H[DPSOH�
�WR� UHGXFH� WKH� QXPEHU� RI� JUDSK� YHUWLFHV��� WKH�
LQWHUVHFWLRQ� RI� WKH� EXQQ\� ����� IDFHV��ZLWK� D� VPDOOHU�
EDQG�����IDFHV��LV�FRQVLGHUHG����
2XU� DOJRULWKPV� LV� FRPSRVHG� E\� WKH� IROORZLQJ� VWHSV��
FRQVWUXFWLRQ�RI�WKH�LQLWLDO�OHYHO�ELSDUWLWH�JUDSK��)LJXUH�
���� QHLJKERUKRRG� FRPSXWDWLRQ� �)LJXUH� ����
FRPSXWDWLRQ�RI�SDUWLDO�VXEGLYLVLRQ��)LJXUH�����)LQDOO\��
WKH�LQWHUVHFWLQJ�FRXSOHV�RI�IDFHV�DUH�GHWHUPLQDWHG��
�
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)LJXUH����&RPSXWDWLRQ�RI�WKH���QHLJKERUKRRGV�

	 
c d&9 �DQG� 	 
e8f'9 ��
�

	 
gih':

	 
j_j':

	 
jik':

	 
j^j&:

	 
g8l&:

�
)LJXUH����2EWDLQLQJ� 	 
m n&: �DQG� 	 
o8p': �IURP�

SDUWLDO�VXEGLYLVLRQ�RI� 	 
q r&9 �DQG� 	 
s8t'9 ��
�

7KLV� YDULDQW� LV� PRUH� HIILFLHQW� WKDQ� WKH� ILUVW� DQG� WKH�
VHFRQG� YDULDQWV� SUHVHQWHG� DERYH�� 7KH� IDFW� WKDW� LW� LV�
EDVHG�RQ�D�ELSDUWLWH�JUDSK�UHGXFHV�WKH�QXPEHU�RI�WHVWV�
IRU�LQWHUVHFWLQJ�IDFHV�DW�HDFK�VXEGLYLVLRQ�OHYHO��

��� &21&/86,21�
,Q� WKLV� SDSHU�� ZH� GHVFULEHG� WKUHH� YDULDQWV� RI� DQ�
DOJRULWKP� IRU� WKH� FRPSXWDWLRQ� RI� LQWHUVHFWLRQ� FXUYHV�
EHWZHHQ� WZR� REMHFWV� PRGHOHG� E\� VXEGLYLVLRQ�
VXUIDFHV�� 7KH� QDWXUDO� DOJRULWKP� LV� D� QRQ� RSWLPL]HG�
YDULDQW� WKDW� FDQ� EH� LQWHUHVWLQJ� WR� XVH� ZKHQ� WKH�
LQWHUVHFWLQJ�VXEGLYLVLRQ�VXUIDFHV�KDYH�D�VPDOO�QXPEHU�
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