
&RUUHODWLRQV�RI�WKH�PXOWLFRPSRQHQW�R[LGLFPHOW�YLVFRVLW\�ZLWK�RWKHU�SURSHUWLHV�
9�9�0RUHQNR

'RQHWVN�1DWLRQDO�8QLYHUVLW\�
���8QLYHUVLWHWVND\D�6W���������'RQHWVN��8NUDLQH

5HFHLYHG�0DUFK���������
&RUUHODWLRQV� EHWZHHQ� WKH� YLVFRVLW\� RI� LURQ� \WWULXP� JDUQHW� VROXWLRQV� LQ� WKH� PHOWHG

3E2±%�2�±%D2±%D)��VROYHQW�DQG�WKH�VROXWLRQ�PHOW�VSHFLILF�YROXPH�DQG�FRQGXFWDQFH�KDYH
EHHQ�LQYHVWLJDWHG��7R�VWXG\�WKH�VWUXFWXUH�RI�WKDW�V\VWHP��LW�LV�SRVVLEOH�WR�XVH�WKH�%DFKLQ�
VN\�HTXDWLRQ�DQG�WKH��KROH��PRGHO�RI�WKH�OLTXLG�VWUXFWXUH��

jÏ��ËÓ©� °ºº�Óº�ËÓÒ«� m«Ï}º°�Ò� ¯È°�mº¯ºm� ÎËãËÏº�Ò��¯ÒËmº�º� �¯ÈÓÈ�È� m� ¯È°¹ãÈmË
¯È°�mº¯Ò�Ëã«�3E2±%�2�±%D2±%D)��°���Ëã	Ó©ä�º�Ëäºä�Ò�ªãË}�¯º¹¯ºmº�Óº°�	
�¯È°�mº�¯ºm�¯È°¹ãÈmºm�� iã«� ÒÏ��ËÓÒ«� °�¯ºËÓÒ«� ª�º®� °Ò°�Ëä©� äºÎÓº� Ò°¹ºã	ÏºmÈ�	� �¯ÈmÓËÓÒË
rÈ�ÒÓ°}º�º�Ò���©¯º�Ó�
��äº�Ëã	�°�¯ºËÓÒ«�ÎÒ�}º°�Ë®�

$PRQJ� WKH� ZD\V� WR� WKH� EXON� DQG� ILOP
JDUQHWV�FU\VWDOV��WKHUH�LV�WKH�FU\VWDOOL]DWLRQ
IURP�VROXWLRQ�PHOWV��,Q�WKLV�ZRUN��WKH�REMHFW�RI
LQYHVWLJDWLRQV�LV�WKH�LURQ�\WWULXP�JDUQHW��<,*�
VROXWLRQ� LQ�3E2±%�2�±%D2±%D)��VROYHQW��7KHTXDOLWDWLYH�FRPSRVLWLRQ�RI� WKH�VROYHQW� LV� LQGL�
FDWHG� LQ� >�@�� 7KH� JURZLQJ� SURFHVV� RI� JDUQHW
VLQJOH� FU\VWDOV� RI� GHSHQGV� RQ� PDQ\� IDFWRUV�
LQFOXGLQJ� WKH� SK\VLFRFKHPLFDO� SDUDPHWHUV� RI
WKH�FU\VWDOOL]DWLRQ�PHGLXP��7KH�PDLQ�SK\VLFR�
FKHPLFDO�SURSHUWLHV�RI�WKDW�V\VWHP�ZHUH�LQYHV�
WLJDWHG� EHIRUH� >����@�� $V� LV� VKRZQ� LQ� >�@�� LQ
PHOWHG� PL[WXUHV� RI� DONDOL� PHWDO� KDOLGHV�� DQ
LQWHUUHODWLRQ�LV�REVHUYHG�EHWZHHQ�WKH�PHOW�YLV�
FRVLW\� DQG� VSHFLILF�YROXPH� DV�ZHOO� DV� FRQGXF�
WDQFH��,Q�WKLV�ZRUN��VLPLODU�FRUUHODWLRQV�LQ�WKH
PXOWLFRPSRQHQW�R[LGLF�PHOW�ZLOO�EH�VWXGLHG�

7KH�G\QDPLF�YLVFRVLW\��K��RI�D�OLTXLG�FDQ
EH� FRQQHFWHG� ZLWK� LWV� VSHFLILF� YROXPH� �9VS�E\�WKH�LQWHUUHODWLRQ�>�@
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ZKHUH� $� DQG� Z� DUH� VWDWLRQDU\� YDOXHV� IRU
HDFK�OLTXLG��7R�WKH�TXDQWLW\�Z��DVVLJQHG�LV�XVX�
DOO\�WKH�VHQVH�RI�YROXPH�RFFXSLHG�E\�WKH�OLTXLG
SDUWLFOHV�� DQG� WKH� GLIIHUHQFH� �9VS�Ü�Z�� FDQ� EHLGHQWLILHG�DV�WKH�OLTXLG��IUHH�YROXPH��

$IWHU�LQYHVWLJDWLRQ�RI�YLVFRVLW\�DQG�GHQ�
VLW\� RI� JDUQHW� VROXWLRQV�� WKH� LQWHUUHODWLRQ
EHWZHHQ� WKRVH� ZDV� VWXGLHG�� )LJ���� LOOXV�
WUDWHV� FRUUHODWLRQV� EHWZHHQ� WKH� UHFLSURFDO
YLVFRVLW\�YDOXH�DQG�VSHFLILF�YROXPH�RI�SXUH
VROYHQW� PHOW� DQG� JDUQHW� VROXWLRQV�� /LQHDU
FRUUHODWLRQV� ZLWK� KLJK� FRUUHODWLRQ� IDFWRUV
�DERYH� ������ ZHUH� REWDLQHG� EHWZHHQ� WKHVH
SK\VLFRFKHPLFDO� SDUDPHWHUV�� 7KH� JUDGLHQW
RI�WKH�YLVFRVLW\�GHSHQGHQFH�RQ�WKH�PHOW�VSH�
FLILF�YROXPH� LQFUHDVHV�ZLWK� WKH�JDUQHW� FRQ�
FHQWUDWLRQ��7KH�REWDLQHG�YROXPH�GHSHQGHQFH
LV�D�IRUPDO�RQH��7KH� LQFUHDVLQJ�JDUQHW�FRQ�
FHQWUDWLRQ� UHVXOWV� LQ� LQFUHDVLQJ� RSHUDWLQJ
WHPSHUDWXUHV� RI� WKH� VROXWLRQ�PHOW� DQG� WHP�
SHUDWXUH� JUDGLHQW� RI� YLVFRVLW\�� 7KLV� VWDWH�
PHQW� LV� FRQILUPHG� E\� WKH� WHPSHUDWXUH� GH�
SHQGHQFHV� RI� YLVFRVLW\�� 7KXV�� LW� LV� MXVW� WKH
WHPSHUDWXUH�WKDW�LV�WKH�REMHFWLYH�UHDVRQ�IRU
WKH�YLVFRVLW\�JUDGLHQW�LQFUHDVH�LQ�)LJXUH�

8VLQJ�(T������ LW� LV�SRVVLEOH�WR�REWDLQ�WKH
IROORZLQJ� H[SUHVVLRQ� IRU� WKH� DFWLYDWLRQ� HQ�
HUJ\�RI�YLVFRXV�IORZ��pK��>����@�
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7KLV�HTXDWLRQ�UHODWHV�IRUPDOO\�WKH�HQHUJ\
WR� WKH� OLTXLG� �IUHH�YROXPH���7KH�DFWLYDWLRQ
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HQHUJLHV� RI� D� YLVFRXV� IORZ� FDOFXODWHG� IURP
(T������ FRLQFLGH� HVVHQWLDOO\� ZLWK� DFWLYDWLRQ
HQHUJ\�YDOXHV�GHWHUPLQHG�IURP�WHPSHUDWXUH
GHSHQGHQFHV�RI�YLVFRVLW\��WR�ZLWKLQ�r�����

,Q� LV� VKRZQ� >�@� WKDW� WKH� YLVFRVLW\� RI
PHOWHG�VDOWV�FDQ�EH�UHODWHG�WR�DQRWKHU�SK\VL�
FRFKHPLFDO� SURSHUW\� RI� V\VWHP�� HTXLYDOHQW
HOHFWULF� FRQGXFWDQFH� �/HT���7R� WKDW� HQG�� WKHIROORZLQJ�UHODWLRQVKLS�ZDV�XVHG�

OJK� �I���QOJ/HT�� ���
ZKHUH� I� DQG�Q� DUH� FRHIILFLHQWV� >�@��)RU� VDOW
PHOWV�� WKH� YDOXHV� RI� WKRVH� FRHIILFLHQWV� UH�
PDLQ�FRQVWDQW�ZLWKLQ�DFFXUDF\�OLPLWV�RI�YLV�
FRVLW\� DQG� FRQGXFWDQFH� PHDVXUHPHQWV� LQ
UDWKHU� ZLGH� WHPSHUDWXUH� LQWHUYDOV� >�@�� ,Q
WKLV� ZRUN�� WKH� LQWHUUHODWLRQ� EHWZHHQ� WKHVH
SK\VLFRFKHPLFDO� SDUDPHWHUV� KDV� EHHQ� VWXG�
LHG�� WRR�� H[FHSW� IRU� WKH�PRODU� FRQGXFWLYLW\
YDOXHV�ZHUH�XVHG� LQVWHDG�RI�HTXLYDOHQW�FRQ�
GXFWLYLW\�

8VLQJ� (T������ WKH� FRUUHODWLRQV� EHWZHHQ
YLVFRVLW\�DQG�PRODU�FRQGXFWLYLW\�RI�WKH�V\V�
WHP�KDYH�EHHQ�REWDLQHG��:LWKLQ�WKH�VWXGLHG
FRQFHQWUDWLRQ�UDQJH��WKH�UHFWLOLQHDU�GHSHQG�
HQFHV� EHWZHHQ� WKHVH� SDUDPHWHUV� DUH� RE�
VHUYHG��DW�KLJK�FRUUHODWLRQ�IDFWRUV���7KH�FR�
HIILFLHQWV� I� DQG� Q� DUH� FRQVWDQW� ZLWKLQ� WKH
WHPSHUDWXUH� LQWHUYDO� RI� XS� WR� KXQGUHG� GH�
JUHHV��7KH�GHSHQGHQFHV�RI�YLVFRVLW\�RQ�FRQ�
GXFWDQFH�KDYH�QR�SK\VLFDO� VHQVH�� WKHUHIRUH�
WKH� JUDSKLF� PDWHULDO� LV� QRW� UHSUHVHQWHG� LQ
WKLV�ZRUN�

7KH�YLVFRVLW\� LV� UDWKHU� VHQVLWLYH� WR�SUHV�
HQFH� RI� ODUJH� LRQV� LQ� WKH� V\VWHP�� LQ� WKLV
FDVH��RI�\WWULXP�DQG�LURQ�FRPSOH[�LRQV��,W�LV
MXVW�WKH�VPDOOHU�SDUWLFOHV�WKDW�DUH�UHVSRQVL�
EOH� IRU� HOHFWULF� FRQGXFWDQFH� WR� WKH� JUHDWHVW
H[WHQW� >����@�� +RZHYHU�� LW� LV� LPSRVVLEOH� WR
ILQG� DQ\� FRUUHODWLRQ� EHWZHHQ� WKH� SDUWLFOH
VL]HV�RI�VWUXFWXUDO�PRLHWLHV�LQ�WKH�VROXWLRQV
�HOHPHQWDU\� DQG� FRPSOH[� LRQV�� DQG� WKH� YLV�
FRVLW\�RU�FRQGXFWDQFH�YDOXHV��7KHUHIRUH��WKH

YLVFRVLW\� DQG� FRQGXFWDQFH� FDQ�EH� FRQQHFWHG
IRUPDOO\�XVLQJ�(T�����

7KH� UHVXOWV� RI� FDOFXODWLRQV� KDYH� VKRZQ
WKDW�LQ�<,*��3E2±%�2�±%D2±%D)���V\VWHPV�
WKH� FRUUHODWLRQV� EHWZHHQ� YLVFRVLW\� DQG� VSH�
FLILF� YROXPH� RU� FRQGXFWDQFH� DUH� REVHUYHG�
7R�VWXG\�WKH�VWUXFWXUH�RI�WKLV�V\VWHP�� LW� LV
SRVVLEOH� WR� XVH� WKH� HTXDWLRQV� �Ü��� VR� WKH
�KROH��PRGHO�RI�WKH�IOXLG�VWUXFWXUH�LV�YDOLG�
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)LJ�� ��� 9LVFRVLW\� FRUUHODWLRQV� ZLWK� VSHFLILF
YROXPH� RI� <,*� VROXWLRQ�PHOWV�� SXUH� VROYHQW
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