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5HFHLYHG�-XO\��������
,W� LV� NQRZQ� WKDW� XVLQJ� WKH� LUUHYHUVLEOH� JLDQW� PRGLILFDWLRQ�� LW� LV� SRVVLEOH� WR� FKDQJH

ORFDOO\� WKH� UHIUDFWLYH� LQGH[�RI� VHPLFRQGXFWRUV��7KLV�ZRUN� LV� FRQFHUQHG�ZLWK� WKH�GHYHORS�
PHQW� RI� WKH� PHWKRGV� RI� SKRWRQLF� FU\VWDO� IRUPDWLRQ� EDVLQJ� RQ� &G6�� &G7H� DQG� *D$V
VHPLFRQGXFWRUV�� ,W�ZDV�VKRZQ�WKDW�FRPSOH[�UHIUDFWLYH� LQGH[�RI�WKH�&G6��&G7H�DQG�*D$V
VHPLFRQGXFWRU�VDPSOHV�LV�FKDQJHG�VLJQLILFDQWO\�DIWHU�WKHLU�PRGLILFDWLRQ��)RU�H[DPSOH��WKH
FRPSOH[�UHIUDFWLYH� LQGH[�RI�&G6� LV�FKDQJHG�IURP��������L�������XS�WR�������L�������7KH
UHDO� DQG� LPDJLQDU\� SDUWV� RI� &G6� UHIUDFWLYH� LQGH[� DUH� GHFUHDVHG� E\� ����� DQG� �������
UHVSHFWLYHO\�� ZKLOH� WKH� DEVRUSWLRQ� FRHIILFLHQW� LV� GHFUHDVHG� E\� ��� WLPHV�� ,W� LV� DOVR� VKRZQ
WKDW�WKH�LQWHUIDFH�EHWZHHQ�PRGLILHG�DQG�QRQ�PRGLILHG�VDPSOH�DUHDV�LV�VXEPHUJHG�LQWR�WKH
VDPSOH� GHSWK� �WKH� GLVWDQFH� IURP� WKH� VXUIDFH� EHLQJ� DW� OHDVW� ���PP��� 7KXV�� RQH�� DQG� WZR
GLPHQVLRQDO�SKRWRQLF�FU\VWDOV�IRU�YLVLEOH�DQG�XOWUDYLROHW�UDQJHV�FDQ�EH�HIIHFWLYHO\�REWDLQHG
XVLQJ�&G6��&G7H� DQG�*D$V� VHPLFRQGXFWRU� VXEVWUDWHV�E\�PRGLI\LQJ�WKHUHRI�ZLWKRXW�FRP�
SOH[�OLWKRJUDSKLF�WHFKQRORJ\�
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,W� LV� EHOLHYHG� WKDW� SKRWRQLF� FU\VWDOV�ZLOO
ILQG�D�ZLGH�DSSOLFDWLRQ�LQ�LQIRUPDWLRQ�SURF�
HVVLQJ�� VWRUDJH�� DQG� WUDQVIHU� >�Ü�@��$� SKR�
WRQLF� FU\VWDO� �3&�� LV� DQ� RSWLFDO� PHGLXP
ZKHUH� SHULRGLFDOO\� DOWHUQDWLQJ� DUHDV� ZLWK
GLIIHUHQW� UHIUDFWLYH� LQGLFHV� �QPD[�Ü�QPLQ��!

�����ZKHUH�QPD[�DQG�QPLQ�DUH�UHIUDFWLYH�LQ�GLFHV� RI� WKH� SHULRGLFDOO\� DOWHUQDWLQJ� DUHDV�
DUH�IRUPHG��7KH�UHIUDFWLYH�LQGH[�FKDQJH�SH�
ULRG� LV� FRPSDUDEOH� ZLWK� WKH� OLJKW� ZDYH�
OHQJWK�DQG�LV�VXEVWDQWLDOO\�ODUJHU�WKDQ�WKDW
RI� WKH�FU\VWDOOLQH� ODWWLFH�RQH�� ,I� WKH�UHIUDF�
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WLYH� LQGH[� FKDQJH� SHULRG� LQ� D� PHGLXP� LQ
RQH��� WZR��� RU� WKUHH�GLPHQVLRQDO� VWUXFWXUHV
��'����'����'�SKRWRQLF�VWUXFWXUHV��LV�FRPSD�
UDEOH� ZLWK� WKH� HOHFWURPDJQHWLF� ZDYHOHQJWK�
WKHQ�WKH�OLJKW�SURSDJDWLRQ�GLIIHUV�IURP�WKDW
LQ� DQ� RUGLQDU\� PHGLXP�� 7KDW� LV� ZK\� VXFK
DUWLILFLDO�PHGLD� DUH� UHIHUUHG� WR� DV� SKRWRQLF
FU\VWDOV� >�Ü�@�� ,Q� 3&�� RQO\� OLJKW� ZDYHV� RI
FHUWDLQ�ZDYHOHQJWKV�FDQ�SURSDJDWH��WKXV��DO�
ORZHG� DQG� IRUELGGHQ� SKRWRQ� EDQGV� �]RQHV�
H[LVW� LQ� 3&�� 2I� PRVW� LQWHUHVW� IRU� VHPLFRQ�
GXFWRU� RSWRHOHFWURQLFV� DUH� WKH� 3&� DFWLYH� LQ
YLVLEOH� DQG� XOWUDYLROHW� VSHFWUDO� UDQJHV�� $W
SUHVHQW�� WKHUH� DUH� QR� SUHSDUDWLRQ� PHWKRGV
RI�VXFK�3&�
$Q\� WHFKQRORJLFDO� PHWKRGV� VXLWDEOH� WR

FKDQJH�ORFDOO\�UHIUDFWLYH�LQGH[�RI�D�PHGLXP
E\�D�FRQVLGHUDEOH�YDOXH��DW�OHDVW�E\������FDQ
EH�XVHG�IRU�WKH�3&�SUHSDUDWLRQ��,W�KDV�EHHQ
VKRZQ� E\� XV� EHIRUH� >�Ü�@� WKDW� XVLQJ� WKH
LUUHYHUVLEOH� JLDQW� PRGLILFDWLRQ� �,*0��� LW� LV
SRVVLEOH� WR� FKDQJH� ORFDOO\� WKH� UHIUDFWLYH
LQGH[�RI�D�VHPLFRQGXFWRU�E\����Ü�����,W�IRO�
ORZHG�IURP�RXU�ZRUN�>�@�WKDW�XVLQJ�OLJKW��LW
LV� SRVVLEOH� WR� IRUP� ORFDO� SHULRGLFDOO\� DOWHU�
QDWLQJ� DUHDV� GLIIHULQJ� FRQVLGHUDEO\� LQ� UH�
IUDFWLYH�LQGH[�ZLWKLQ�WKH�VDPSOH�VXEVXUIDFH
OD\HUV��%XW�LQ�>�Ü�@��WKH�PD[LPXP�GHSWK�RI
WKH� VHPLFRQGXFWRU� VDPSOH� PRGLILFDWLRQ� E\
,*0� ZDV� QRW� GHWHUPLQHG� DQG� WKXV� WKH� 3&
IRUPDWLRQ� SRVVLELOLW\� E\� ,*0�ZDV� QRW� GHP�
RQVWUDWHG�� ,W� LV� REYLRXV� WKDW� WKH� VHPLFRQ�
GXFWRU� VDPSOH� PRGLILFDWLRQ� GHSWK� ZLOO� GH�
ILQH� WKH� 3&� WKLFNQHVV�� DQG� WKH� UHIUDFWLYH
LQGH[� GLIIHUHQFH� �RU� JUDGLHQW� LQ� WKH� WUDQVL�
WLRQ� OD\HU�� EHWZHHQ� PRGLILHG� DQG� LQLWLDO
DUHDV�ZLOO�GHILQH�LWV�SDUDPHWHUV��7KH�DLP�RI
WKLV�ZRUN�LV�WR�VWXG\�WKH�PRYHPHQW�G\QDP�
LFV� RI� WKH� PRGLILHG� DUHD� ERXQGDU\� DQG� WKH
PRGLILFDWLRQ� GHSWK� RI� WKH� &G6�� &G7H� DQG
*D$V�VHPLFRQGXFWRU�VDPSOHV�DQG�WR�GHYHORS
WKH�3&�IRUPDWLRQ�PHWKRGV�XVLQJ�,*0��
7KH� SHULRGLF� OLJKW� LQWHUIHUHQFH� SDWWHUQ

�ZKLFK�ZDV�IRUPHG�RQ�WKH�VXUIDFH�RI�D�VHPL�
FRQGXFWRU� VDPSOH� DV� VKRZQ� LQ� )LJ����� ZLWK
GLIIHUHQW� SHULRGV� �IURP� ���� XS� WR� ��� PP�
ZDV�XVHG��'\QDPLFV�RI�WKH�LQWHQVLW\�FKDQJH
RI�WKH�UHIOHFWHG�OLJKW�LQWR����VW�UHIOH[�IURP
WKH�DSSHDULQJ�SHULRGLF� VWUXFWXUH�DW� � �ZDYH�
OHQJWK�ZDV�XVHG� WR�GHWHUPLQH�WKH�WKLFNQHVV
�GHSWK�� RI� WKH� PRGLILHG� VLQJOH� FU\VWDO� DUHD
DQG� YDOXHV� RI� LWV� FRPSOH[� UHIUDFWLYH� LQGH[
DW�WKHVH�GHSWKV��,W�ZDV�VKRZQ�LQ�H[SHULPHQW
WKDW� WKH� G\QDPLFV� RI� WKH� GLIIUDFWLRQ� HIIL�
FLHQF\� FKDQJH� LQ� WKH� IRUPLQJ� JUDWLQJV� GH�
SHQGV�RQ�D� �D�EHLQJ�WKH�DQJOH�EHWZHHQ�QRU�
PDO�WR�WKH�VDPSOH�VXUIDFH�DQG�WKH�V\PPHWU\
OLQH�RI�WKH�UHFRUGLQJ�VFKHPH��

7KH� GLIIUDFWLRQ� HIILFLHQF\� HYROXWLRQ� LQ
WKH� JUDWLQJV� IRUPHG� RQ� &G6�� &G7H� DQG
*D$V� VDPSOHV� DW� D� ����� DQG� D� ���� LV
VKRZQ�LQ�)LJ�����7KRVH�DUH�VHHQ�WR�EH�TXDOL�
WDWLYHO\� GLIIHUHQW�� ,Q� )LJ����� WKH� LQWHUIHU�
HQFH� PD[LPD� DQG� PLQLPD� DUH� FOHDUO\� VHHQ�
)RU� VXFK� LQWHUIHUHQFH�� LW� LV� QHFHVVDU\� WKDW
LQWHUIHULQJ� OLJKW� IOX[HV� �IOX[���DQG�IOX[���
ZLOO� EH� FRPSDUDEOH� LQ� LQWHQVLW\� DQG� WKHLU
SKDVH�GLIIHUHQFHV�ZHUH�GLYLVLEOH�E\��S��PD[�
LPD��RU�S����PLQLPD���)RU�FHUWDLQW\��ZH�ZLOO
QRWH�WKH�IOX[��EHDP��UHIOHFWHG�IURP�WKH�VDP�
SOH� VXUIDFH� DV� IOX[� ��� DQG� IOX[� UHIOHFWHG
IURP� WKH� LQWHUIDFH� RI� PRGLILHG� DQG� QRQ�
PRGLILHG�DUHDV�DV�IOX[���
,W� ZDV� VKRZQ� >�@� WKDW� XQGHU� ,*0�� ORQJ

TXDQWXP� ZLUHV� RULHQWHG� SHUSHQGLFXODU� WR
WKH�VDPSOH�VXUIDFH�DUH�IRUPHG�LQ�WKH�VDPSOH
VXEVXUIDFH� DUHD�� 7KHVH� TXDQWXP� ZLUHV� DUH
IRUPHG� IURP� WKH� FKDUJHG� GHIHFWV� RI� WKH
VHPLFRQGXFWRU� VDPSOH�� 4XDQWXP� ZLUHV
IRUPHG� LQ� WKH� VDPSOH�PDWUL[� GHFUHDVH� FRQ�
VLGHUDEO\� LWV� UHIUDFWLYH� LQGH[� �E\� ���Ü�����
ZKLFK�UHVXOWV� LQ�D�VKDUS�OHDS�RI�WKH�UHIUDF�
WLYH�LQGH[�DW�WKH�LQWHUIDFH�EHWZHHQ�PRGLILHG
DQG�QRQ�PRGLILHG�DUHDV��7KXV��WKH�LQWHQVLW\
RI� WKH� OLJKW� UHIOHFWHG� IURP� WKLV� LQWHUIDFH
�IOX[����LV�FRPSDUDEOH�WR�WKH�OLJKW�LQWHQVLW\
UHIOHFWHG� IURP� WKH� VDPSOH� VXUIDFH� �IOX[� ���
,Q� )LJ����� WKH� VDPSOH�PRGLILHG� ORFDOO\� RQO\
LQ�VXFK�SODFHV�ZKHUH�PD[LPD�DQG�PLQLPD�RI
WKH� LQWHUIHUHQFH� SDWWHUQ� DUH� SRVLWLRQHG� LV
VKRZQ� VFKHPDWLFDOO\�� VKRZQ� LV� DOVR� WKH� UH�
IUDFWLYH� LQGH[� GLVWULEXWLRQ� LQ� WKH� VDPSOH
FURVV�VHFWLRQ�� ,W� LV� REYLRXV� WKDW� LI� WKH� UH�
IUDFWLYH� LQGH[� GLIIHUHQFH� EHWZHHQ� WKH� QRQ�
PRGLILHG� DQG� PRGLILHG� DUHDV� H[FHHGV� ���

)LJ��������+H±&G�ODVHU�ZLWK��������PP�ZDYH�
OHQJWK�����������GLHOHFWULF�PLUURUV�����OHQV����
EHDPVSOLWWHU�����VHPLFRQGXFWRU�VDPSOH�����FHOO
ZLWK�ELGLVWLOOHG�ZDWHU�����SKRWRGLRGH������UH�
FRUGHU��
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DQG� WKH� VDPSOH�PRGLILFDWLRQ� GHSWK� H[FHHGV
�Ü��PP�� VXFK� DUWLILFLDO� PHGLXP� LV� D� SKR�
WRQLF�RQH�
'XULQJ� WKH� VDPSOH� PRGLILFDWLRQ�� WKH

TXDQWXP� ZLUHV� DUH� JUDGXDOO\� HQODUJHG� DQG
LQWHUIDFH� LV� VXEPHUJHG� LQWR� WKH� VDPSOH
GHSWK��)URP�FU\VWDO�VXUIDFH�DQG�IURP�LQWHU�
IDFH�DUH�UHIOHFWHG��UHVSHFWLYHO\��IOX[HV���DQG
���ZKLFK�IRUP����VW�UHIOH[��%HFDXVH�WKH�UH�
IUDFWLYH� LQGH[� DQG� WKH� WKLFNQHVV� RI� WKH
PRGLILHG�DUHD�DUH�FKDQJHG�GXULQJ�PRGLILFD�
WLRQ�� WKH� SKDVH� DQG� LQWHQVLW\� RI� WKH� IOX[��
DUH� FKDQJHG�� 'XH� WR� LQWHUIHUHQFH� RI� WKH� �
DQG���IOX[HV��PD[LPD�DQG�PLQLPD�DSSHDU�LQ
WKH� UHIOHFWHG� OLJKW� GHSHQGHQFH� �WKH� ���VW� UH�
IOH[� LQWHQVLW\���9DOXHV�RI�WKH�UHIOHFWLRQ�FRHI�
ILFLHQW� LQ� PLQLPD� DQG� WKH� QXPEHU� RI� VXFK
PLQLPD�HQDEOHG�XV�WR�GHWHUPLQH�WKH�WKLFNQHVV
DV�ZHOO� WKH� YDOXHV� RI� WKH� FRPSOH[� UHIUDFWLYH
LQGLFHV�RI�WKH�PRGLILHG�VDPSOH�DUHDV��

7KH� SKDVH� GLIIHUHQFH� G� EHWZHHQ� IOX[HV� �
DQG� �� LV� �G� �����S�O��>KQ�FRV�T�@���S���S�
+HUH� O� ��������PP� LV� WKH� ODVHU� UDGLDWLRQ
ZDYHOHQJWK�LQ�YDFXXP��K��WKLFNQHVV�DQG�Q��
UHIUDFWLYH� LQGH[� RI� WKH� PRGLILHG� DUHD�� UH�
VSHFWLYHO\�� S�� WKH� SKDVH� VKLIW� RI� OLJKW� UH�
IOHFWHG� IURP� LQWHUIDFH� EHWZHHQ� PHGLD� ZLWK
UHIUDFWLYH� LQGLFHV� Q�� DQG� Q�� �Q����Q���� ,Q
RXU�FDVH��DQJOH�T�LV�VPDOO��FRV�T��a�����WKXV�
�G� �����S�O��KQ���7KH�UHIOHFWLRQ�FRHIILFLHQW�RI�WKH�PRGLILHG
PHGLXP�LV�>�@�
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)LJ����� 'HSHQGHQFHV� RI� JUDWLQJ� GLIIUDFWLRQ� HIILFLHQF\� DW� WKH� ILUVW� GLIIUDFWLRQ� RUGHUV� GXULQJ� WKHLU
UHFRUGLQJ�LQ�WKH�VXUIDFH�UHJLRQ�RI�VHPLFRQGXFWRUV�DW�DQJOHV�D� �����DQG�D� ����IRU�&G6��&G7H�DQG
*D$V�VDPSOHV��ZLWK�����PP�JUDWLQJ�SHULRG��
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Q���UHIUDFWLYH�LQGH[�RI�WKH�VDPSOH�QRQ�PRGL�
ILHG� DUHD�� D�� WKH� VDPSOH� DEVRUSWLRQ� FRHIIL�
FLHQW�� ,QWHUIHUHQFH� HIIHFWV� DUH� VHHQ� LQ� WKH
UHIOHFWLRQ� FRHIILFLHQW� GHSHQGHQFHV� RI� WKH
&G6��&G7H�DQG�*D$V�VLQJOH�FU\VWDOV�DW�WKHLU
PRGLILFDWLRQ�� $Q� HVSHFLDOO\� FOHDU� LQWHUIHU�
HQFH�LV�VHHQ�LQ�WKH�UHIOHFWLRQ�FRHIILFLHQW�GH�
SHQGHQFH� RI� &G6� VLQJOH� FU\VWDO�� ,W� LV� VHHQ
IURP� )LJ���� WKDW� LQ� PLQLPD�� WKH� UHIOHFWLRQ
FRHIILFLHQW� YDOXHV� DUH� HVVHQWLDOO\� HTXDO� WR
]HUR��LQ�ILUVW�PD[LPXP��5PLQ� ����������LQVHFRQG�� WKLUG�� IRXUWK� DQG� ILIWK� RQHV�
5PLQ�|��������� 7KXV�� DOO� UHIOHFWLRQ� FRHIIL�FLHQW� FDOFXODWLRQV� ZHUH� SHUIRUPHG� IRU� &G6
VLQJOH�FU\VWDO��,Q�PLQLPD��FRV��G�� �Ü���7KH
UHIOHFWLRQ�FRHIILFLHQWV�YDOXHV�RI�WKH�LQ�PLQ�
LPD�DUH�JLYHQ�E\�H[SUHVVLRQ
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8VLQJ�WKLV�H[SUHVVLRQ��ZH�KDYH�FDOFXODWHG
GHSHQGHQFH� RI�5PLQ� RQ� WKH� UHIUDFWLYH� LQGH[RI� PRGLILHG� DUHD� DW� GLIIHUHQW� YDOXHV� RI� LWV
DEVRUSWLRQ� FRHIILFLHQW� �)LJ������ ,W� LV� VHHQ
IURP� )LJ���� WKDW� LQ� PLQLPD� WKH� UHIOHFWLRQ
FRHIILFLHQWV�UHDFK��������DQG��������UHVSHF�
WLYHO\�� WKH� LPDJLQDU\� SDUWV� RI� FRPSOH[� UH�
IUDFWLYH�LQGH[�EHLQJ�������DQG�������UHVSHF�
WLYHO\�� 7KH� DEVRUSWLRQ� FRHIILFLHQWV� RI� WKH

PRGLILHG�DUHDV�DUH�����FPÜ��DQG�������FPÜ��
UHVSHFWLYHO\�� 7KH� UHDO� SDUWV� RI� UHIUDFWLYH
LQGH[�LQ�ERWK�FDVHV�DUH������7KLV�HQDEOHV�WR
ZULWH� WKH� FRPSOH[� UHIUDFWLYH� LQGH[� YDOXHV
IRU� WKH�PRGLILHG�&G6� VLQJOH� FU\VWDO� IRU� WKH
ZDYHOHQJWK� ������� PP� IRU� WLPH� PRPHQWV
ZKHQ� UHIOHFWLRQ� FRHIILFLHQW� UHDFKHV� ILUVW�
VHFRQG�� WKLUG�� IRXUWK� DQG� ILIWK� PLQLPD�
UHVSHFWLYHO\�� DV� 1�� �������L������ DQG1��|1�|1��|1�� �������L������ 7KH� FRP�SOH[� UHIUDFWLYH� LQGH[� RI� WKH� QRQ�PRGLILHG
&G6� VLQJOH� FU\VWDO� DW� WKH� ZDYHOHQJWK
�������PP� LV� 1� ��������L�������� 7KXV�� LW
LV�VHHQ�WKDW�DW�PRGLILFDWLRQ�RI�WKH�&G6�VLQ�
JOH�FU\VWDO��WKH�UHDO�DQG�LPDJLQDU\�SDUWV�RI
WKH� FRPSOH[� UHIUDFWLYH� LQGH[� DUH� GHFUHDVHG
�E\������DQG���������UHVSHFWLYHO\���,W�LV�DOVR
VHHQ� WKDW� GXH� WR� PRGLILFDWLRQ�� DEVRUSWLRQ
FRHIILFLHQW�LV�GHFUHDVHG�E\����WLPHV�
7KH� PRGLILHG� DUHD� WKLFNQHVV� LV� KPLQ� �GO��Q��� (LJKWK� PLQLPXP� LV� DFKLHYHG� DW

�G� ���S��:H�KDYH�KPLQ� ��������PP��$IWHUHLJKW� PLQLPD� RI� WKH� UHIOH[� LQWHQVLW\�� LW� LV
LPSRVVLEOH� WR� PHDVXUH� WKH� PRGLILFDWLRQ
WKLFNQHVV�E\�WKLV�PHWKRG�
0HDVXUHPHQWV�RI�WKH�VDPSOH�PRGLILFDWLRQ

GHSWK� XVLQJ� LQWHUIHURPHWU\� DUH� OLPLWHG� WR
WKH�YDOXH�RI��������PP��EHFDXVH�GXH�WR�WKH
UHIUDFWLYH�LQGH[�GHFUHDVH�RI�WKH�VHPLFRQGXF�
WRU�VDPSOH�VXUIDFH�DUHDV��WKH�UHIOHFWHG�OLJKW
LQWHQVLW\�LV�GHFUHDVHG�DQG�LW�LV�LPSRVVLEOH�WR
UHFRUG� PRUH� WKDQ� �Ü�� PLQLPD�� 7KXV�� WKH
PHDVXUHPHQWV� RI� WKH� ODUJHU� PRGLILFDWLRQ
GHSWKV�ZDV� FDUULHG� RXW�XVLQJ� D�PLFURVFRSH�
,W�ZDV� DOVR� WDNHQ� LQWR� DFFRXQW� WKDW� WKH� LQ�
WHQVH� OLJKW� UHIOHFWLRQ� RI� YLVLEOH� UDQJH� IURP
LQWHUIDFH� LV� HDV\� WR� UHFRUG� XVLQJ� D� PLFUR�

)LJ�����'LIIUDFWLRQ�HIILFLHQF\�����YV�UHDO�SDUW�RI
WKH�UHIUDFWLYH�LQGH[��D��FPÜ�� ���������������������

)LJ�����0RGLILHG�DUHDV�RI� VDPSOH� �D���5HIUDF�
WLYH�LQGH[�SURILOH�LQ�$Ü$�FURVV�VHFWLRQ��E��
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VFRSH��,Q�WKHVH�H[SHULPHQWV��VHYHUDO�VDPSOHV
RI� &G6� VLQJOH� FU\VWDOV� ZHUH� PRGLILHG� DW
YDULRXV�H[SRVXUHV��)RU�WKH�PRGLILFDWLRQ�WKH
OLJKW�LQWHUIHUHQFH�SDWWHUQ�ZLWK���PP�SHULRG
ZDV�XVHG��$IWHU�PRGLILFDWLRQ�� WKH� LQWHUIDFH
GHSWK� ZDV� PHDVXUHG�� ZKLFK� KDV� WKH� VDPH
SHULRG���PP��,W�ZDV�HVWDEOLVKHG�WKDW�WKH�LQ�
WHUIDFH� GHSWK� ZDV� OLQHDUO\� LQFUHDVHG� ZLWK
WKH�PRGLILFDWLRQ� GXUDWLRQ�� DQG� LWV� SRVLWLRQ
ZDV� FRQILGHQWO\� UHJLVWHUHG� XS� WR� WKH� YDOXH
a���PP��
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