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����,QWURGXFWLRQ

,Q�WKH�SUHYLRXV�FKDSWHU��ZH�WULHG�WR�VHWWOH�WKH�URRP�WHPSHUDWXUH�FU\VWDO VWUXFWXUH�RI�QDQR�

SRZGHU�RI�%)�����37 XVLQJ� KLJK�HQHUJ\� V\QFKURWURQ�[�UD\�SRZGHU�GLIIUDFWLRQ�GDWD�7KH�

QDQR�VWUXFWXUHG�PDJQHWLF�PDWHULDOV� GLIIHU� VLJQLILFDQWO\� IURP� WKHLU� EXON� FRXQWHUSDUWV� DQG�

KDYH� EHHQ� H[SORLWHG� IRU� VHYHUDO� WHFKQRORJLFDO� DSSOLFDWLRQV�� 7KH QDQRVWUXFWXUHG�

IHUURPDJQHWLF� �)0�� DQG� IHUULPDJQHWLF� �)HU0�� PDWHULDOV� DUH� FRPPRQO\� XVHG� � LQ�

SHUPDQHQW�PDJQHWV���PDJQHWLF�GDWD�VWRUDJH��ORJLF�GHYLFHV��IHUURIOXLGV��ELRPHGLFDO�GHYLFHV�

HWF� >'RUPDQQ HW� DO�� ��������������� )LRUDQL �������� 3DQNKXUVW HW� DO�� ������@� ,Q� UHFHQW�

\HDUV��QDQRVWUXFWXUHG�DQWLIHUURPDJQHWLF��$)0��PDWHULDOV�KDYH�DOVR�UHFHLYHG�FRQVLGHUDEOH�

DWWHQWLRQ� IRU� DSSOLFDWLRQV� OLNH� VSLQ� YDOYHV�� PDJQHWLF� UDQGRP� DFFHVV� PHPRU\� DQG� $)0�

DQG�)0�FRPSRVLWH�EDVHG�KDUG�PDJQHWV >0¡UXS HW�DO��������@�7KH�WHWUDJRQDO�SKDVH�RI�%)�

[37�KDV�JRW��VHYHUDO�XQXVXDO�FKDUDFWHULVWLFV�������LW�VKRZV�DQRPDORXVO\�KXJH�WHWUDJRQDOLW\�

�K ��F�D����� WKDW�LV�PRUH�WKDQ�WKUHH�WLPHV�WKDW�RI�WKH�FRPPHUFLDO�03%�FHUDPLFV�OLNH�3=7��

����WHWUDJRQDOLW\� LQFUHDVHV�RQ�DSSURDFKLQJ�WKH�03%�DQG��EHFRPHV�a������� IRU�[ �����

ZKHUHDV� LW� GHFUHDVHV� RQ� DSSURDFKLQJ� WKH�03%� LQ� 3=7����� WKH� KLJK� WHWUDJRQDOLW\� SKDVH��

GRHV�QRW� UHVXOW� IURP� WKH�SDUDHOHFWULF� �3(��FXELF� SKDVH� �GLUHFWO\� � EXW�E\� DQ� LVRVWUXFWXUDO�

SKDVH�WUDQVLWLRQ�IURP�D��ORZ�K SKDVH��ZKLFK�JHWV�IRUPHG�ILUVW�IURP�WKH�FXELF�SDUDHOHFWULF�

SKDVH��EHORZ�WKH�FXULH�WHPSHUDWXUH ����DQG�LW�VKRZV�YHU\�ORZ�71 ��a����.�IRU [ ����� DV�

FRPSDUHG�WR�QHLJKERXULQJ�PRQRFOLQLF�FRPSRVLWLRQV�ZLWK�71 a�����.�IRU�[ ����� )LQLWH�

VL]H� HIIHFWV� LQ� $)0V� QDQRSDUWLFOHV�� QDQRURGV� DQG WKLQ� ILOPV� KDYH� EHHQ� LQYHVWLJDWHG�

H[WHQVLYHO\ >0ROLQD�5XL] HW�DO��������� .RGPD HW�DO����������$PEURVH�HW�DO���������7DQJ�

HW� DO�� ������� :HVFKNH HW� DO�� ������@� DQG� LW� KDV� EHHQ� VKRZQ� WKDW� 71 GHFUHDVHV� ZLWK�

GHFUHDVLQJ�SDUWLFOH�VL]H�RU�WKH�WKLQ�ILOP�WKLFNQHVV DV�SHU�WKH�SUHGLFWLRQV�RI�1pHO>6HOEDFK�HW�

DO��������@��7KH GHFUHDVH�LQ�71 LV�IRXQG�WR�EH�FRQVLVWHQW�ZLWK�%LQGHU¶V�VFDOLQJ�WKHRU\�RI�
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FULWLFDO� SKHQRPHQD� LQ� UHGXFHG� GLPHQVLRQ� V\VWHPV ZKLFK� JLYH WKH� IROORZLQJ� XQLYHUVDO

SRZHU�ODZ�GHSHQGHQFH�RI�WUDQVLWLRQ�WHPSHUDWXUH�>%LQGHU�������@�
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17 DQG JUDLQ

17 DUH�WKH�EXON�DQG�ILQLWH�VL]H�$)0�WUDQVLWLRQ�WHPSHUDWXUHV��G LV�WKH�JUDLQ�

GLDPHWHU��ȟ� LV�WKH�PDJQHWLF�FRUUHODWLRQ�OHQJWK�DW�� .�DQG�Ȟ�WKH�FULWLFDO�H[SRQHQW�UHODWHG�WR�

ȟ�

����([SHULPHQWDO

7KH�GLIIHUHQW� VL]HV�RI�%)����37�VDPSOHV�ZHUH� V\QWKHVL]HG� E\� WKH�PHWKRGV�GLVFXVVHG� LQ�

FKDSWHU� ,,�� +LJK� HQHUJ\� V\QFKURWURQ� [�UD\� SRZGHU� GLIIUDFWLRQ� GDWD� ZHUH� DQDO\VHG� E\�

5LHWYHOG�PHWKRG�XVLQJ�WKH�)8//352)�VRIWZDUH�SDFNDJH�>&DUYDMDO�������@��GLVFXVVHG�LQ�

FKDSWHU�,,,��0DJQHWLF�FKDUDFWHUL]DWLRQ�ZDV�FDUULHG�RXW�XVLQJ�D�4XDQWXP�'HVLJQ� (YHUFRRO�

,,� 3306��� 0DJQHWL]DWLRQ� YV� WHPSHUDWXUH� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� LQ� WKH�

WHPSHUDWXUH�UDQJH�RI����.����.�LQ�DQ�DSSOLHG�ILHOG�RI������2H�RU�����2H�RQ�FDVH�WR�FDVH�

EDVLV��ZKHUHDV�PDJQHWL]DWLRQ�YV�DSSOLHG� ILHOG�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�DW�VHOHFWHG�

WHPSHUDWXUHV� XS� WR� D� PD[LPXP� ILHOG� RI� �� 7HVOD�� 1HXWURQ� SRZGHU� GLIIUDFWLRQ

PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�RQ�KLJK�UHVROXWLRQ�SRZGHU�GLIIUDFWRPHWHU�632',�DW�)50�

,,��*DUFKLQJ��*HUPDQ\��7KH� LQFLGHQW�QHXWURQ�ZDYHOHQJWK�ZDV��������c��$SSUR[LPDWHO\�

���J�RI�WKH�VDPSOH��FRQWDLQHG�LQ�D�F\OLQGULFDO�QLRELXP�KROGHU�ZLWK����ȝP�ZDOO�WKLFNQHVV�

���PP� KHLJKW�� DQG� ���PP�GLDPHWHU��ZDV� XVHG� IRU� WKHVH�PHDVXUHPHQWV��7KH� GDWD�ZHUH�

FROOHFWHG�DW� VWHSV�RI�����R LQ� WKH��ș� UDQJH� IURP��� WR����R��$�FORVHG�F\FOH� FU\RVWDW�ZDV�

XVHG�IRU�VDPSOH�WHPSHUDWXUH�YDULDWLRQ�LQ�WKH�WHPSHUDWXUH�UDQJH�RI���.�WR�����.
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��� 5LHWYHOG�DQDO\VLV�RI�WKH�QHXWURQ�SRZGHU�GLIIUDFWLRQ�SDWWHUQ

1HXWURQ�SRZGHU�GLIIUDFWLRQ�GDWD�ZHUH�DQDO\]HG� E\�5LHWYHOG� UHILQHPHQW WHFKQLTXH�XVLQJ�

)8//352)�VRIWZDUH�SDFNDJH�>&DUYDMDO�������@� 7KH�PDJQHWLF�VWUXFWXUH�LV�EDVHG�RQ WKH�

SURSDJDWLRQ�YHFWRU�DQG WKH�FKHPLFDO�XQLW�FHOO�ZKLFK�UHYHDOV WKH�UHODWLRQ�EHWZHHQ�PRPHQW�

RULHQWDWLRQV� LQ� WKH� PDJQHWLF� VXE� ODWWLFH�� 5HSUHVHQWDWLRQ� WKHRU\� LV� XVHG WR� ILQG� RXW� WKH�

SRVVLEOH� PDJQHWLF� VWUXFWXUHV DQG� WKHVH� VWUXFWXUHV� DUH� GHFRPSRVHG� LQWR� LUUHGXFLEOH�

UHSUHVHQWDWLRQV� �,5�� RI� WKH OLWWOH� JURXS� *N�� ZKLFK� OHDYH� WKH� SURSDJDWLRQ� YHFWRU�� N��

LQYDULDQW��*N LV�D� VXEJURXS�RI� WKH�FKHPLFDO� VSDFH�JURXS�*��7KH�PRPHQW�RI�D�SDUWLFXODU�

PDJQHWLF�LRQ��VD\�MWK��FDQ�EH�ZULWWHQ�DV�D�)RXULHU�H[SDQVLRQ�

PM  � `��H[S^ M
N

N
M ULNS\ �¦ «««««������

ZKHUH�YHFWRU�UM UHSUHVHQW�WKH�SRVLWLRQ�RI�WKH�MWK�PDJQHWLF�LRQ��7KH�JHQHUDO�EDVLV�YHFWRU�
N
M\

LV�PDGH� XS� IURP�FRQWULEXWLRQV� IURP� VHYHUDO� EDVLV� YHFWRUV�� WKH�\QV� �� FRUUHVSRQGLQJ� WR� D�

SDUWLFXODU�,5�RI�*N DQG�FDQ�EH�ZULWWHQ�DV�

N
M\
 �6 FQ�\Q««««««««««�����

ZKHUH�FQV DUH�WKH�PL[LQJ�FRHIILFLHQWV��

)RU�WHWUDJRQDO�PDJQHWLF�VWUXFWXUH�UHSUHVHQWDWLRQ�RI�WKH�)H�VXEODWWLFH���E�VLWH��DW�N �ò��ò��

ò�FDQ�EH�H[SUHVVHG�LQ�WHUPV�RI�WZR�,5V

*�E������ ����* � ��* � ««««�������

:KHUH�*� LV�WZR�GLPHQVLRQDO�DQG�*� LV�RQH�GLPHQVLRQDO��5HILQHPHQW�ZLWK�WKH�WZR�PRGHOV�

�*� DQG�*��� VKRZV� WKDW� WKH� VHFRQG� ,5� �*��� JLYHV� EHWWHU ILW� >%KDWWDFKDUMHH� HW� DO� ������@��

%DVLV� YHFWRU� RI� *� JLYHV� D� *�W\SH� RI� DQWLIHUURPDJQHWLF� VWUXFWXUH� ZLWK� WKH� PDJQHWLF�

PRPHQWV� DORQJ� WKH� FU\VWDOORJUDSKLF� F� D[LV�� 7KHUH� DUH� WZR� EDVLV� YHFWRU� IRU� *� DQG� WKH�
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FRPELQHG�VWUXFWXUH�ZLWK�WKHVH�WZR�EDVLV�YHFWRUV�DUH�DJDLQ�RI�*�W\SH�EXW�ZLWK�WKH�PDJQHWLF�

PRPHQW�LQ�WKH�DE�SODQH��7KH�FKDUDFWHU�WDEOH�DQG�WKH�EDVLV�YHFWRUV�RI�WKHVH�WZR�,5V�RI�WKH�

WHWUDJRQDO�SKDVH�DUH�JLYHQ�LQ�7DEOH����

7DEOH���� &KDUDFWHU�WDEOH�DQG�EDVLV�YHFWRU��PDJQHWLF��RI�VSDFH�JURXS�3�PP�DW�N� ����������������

,UUHGXFDEOH�
5HSUHVHQWDW
LRQ

6\PPHWU\�HOHPHQWV��.RYDOHY�
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����5HVXOW�DQG�GLDFXVVLRQ

����� 0DJQHWL]DWLRQ�VWXGLHV�RI�%)����37�SRZGHU

%)����37�ZLWK� DYHUDJH� SDUWLFOH� VL]HV� RI� a� ���� ���� ��� DQG� ���� QP DUH� VHOHFWHG� IRU� WKH�

PDJQHWLF�VWXGLHV��>'HWDLOV�DUH�JLYHQ�LQ�&KDSWHU�,,�DQG�,,,@�7HPSHUDWXUH��7��GHSHQGHQFH�RI�

PDJQHWL]DWLRQ��0��RI�%)�����37�ZDV�LQYHVWLJDWHG�DW�D�PDJQHWLF�ILHOG�RI������2H�GXULQJ�

KHDWLQJ� LQ�WKH�WHPSHUDWXUH�UDQJH�RI��.�WR�����. IRU�����QP�����QP�����QP�DQG����QP�

VL]H� SRZGHUV� LQ� ]HUR�ILHOG� FRROHG� �=)&�� DQG� ILHOG� FRROHG� �)&��PRGHV ��7KH� UHVXOWV� DUH�

VKRZQ�LQ�ILJ���� �D�WR�G���,Q�0�7��RI�FXUYHV�%)����37��WKH�PDJQHWL]DWLRQ�VWDUWV�LQFUHDVLQJ�

EHORZ� D� FHUWDLQ� WHPSHUDWXUH� ZLWK� GHFUHDVLQJ WHPSHUDWXUH� OLNH� LQ� IHUURPDJQHWLF��

IHUULPDJHQWLF� >&XOOLW\� ������@� RU� FDQWHG DQWLIHUURPDJQHWLF� V\VWHP�� 7KHUHIRUH�� WKH�

EHKDYLRXU� RI� 0�7�� FXUYH� RI� %)����37� LV SUREDEO\� GXH� WR� FDQWHG� DQWLIHUURPDJQHWLF�

RUGHULQJ� LQ� ZKLFK� WKH� ZHDN IHUURPDJQHWLF� FRPSRQHQW� DSSHDUV� EHORZ� WKH� PDJQHWLF�

WUDQVLWLRQ� WHPSHUDWXUH� 7KH� =)&�0�7� SORW� RI� WKH� ���� QP� VL]H� SDUWLFOHV� VKRZV� D� 1pHO�

WUDQVLWLRQ� WHPSHUDWXUH� 71 a� ���.� �VHH� WKH� LQVHW� DOVR�� VLPLODU� WR� WKDW� UHSRUWHG� LQ� EXON�

SRZGHUV�RI�%)����37 >%LQGHU�������@��,QWULJXLQJO\��RQ� �UHGXFLQJ�WKH�SDUWLFOH�VL]H�WR����

QP�� ��� DQG���� QP�� WKH�1pHO� WHPSHUDWXUH� LQFUHDVHV� GUDVWLFDOO\� WR� ����� � ���� � DQG� ���.��

UHVSHFWLYHO\��DV�FDQ�EH�VHHQ�IURP�YDULRXV�LQVHWV�WR�)LJ������7KH�DQRPDO\�DW�7I a��. LQ�WKH�

=)&�0�7�SORW�RI�WKH�EXON�LV�NQRZQ�WR�EH�GXH�WR�VSLQ�JODVV�IUHH]LQJ >=KX�HW�DO��������@�

%L)H2� VKRZV�OLQHDU�0�+ FXUYH�EHFDXVH�RI�WKH�SUHVHQFH�RI�WKH�VSDWLDOO\�LQFRPPHQVXUDWH�

PRGXODWHG� VSLUDO� VSLQV� VWUXFWXUH� RI� DSSUR[LPDWH� ZDYHOHQJWK� RI� ��� QP� >/HEHXJOH� HW� DO��

������@�� ,Q� WKLV� VFHQDULR�� RQH� H[SHFWV�ZHDN� IHUURPDJQHWLVP� GXH� WR� VSLQ� FDQWLQJ� LQ� WKH�

VKHOO�UHJLRQ�RI�WKH��� QP�VL]H�QDQRSDUWLFOHV�RI�%)����37�DV�REVHUYHG�LQ�VLPLODU�FRUH�VKHOO�

W\SH�V\VWHPV�LQ�QRQ�PXOWLIHUURLF�$)0�R[LGHV >%HQLWH]�HW�DO���������
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)LJ���� 7KH�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�)&�DQG�=)&�PDJQHWL]DWLRQV�RI�%)����37���D±G�������

�������DQG����QP�VL]H�SRZGHUV�XQGHU�PDJQHWLF� ILHOG�RI������2H��7KH� LQVHWV�RI� �D� WR� G�� GHSLFW�

PDJQLILHG�SORW�QHDU�71

7KLV ZDV�FRQILUPHG�E\�WKH�0�+�PHDVXUHPHQWV��WKH�UHVXOWV�RI�ZKLFK�DUH�VKRZQ�LQ�)LJ�����

,W� LV� HYLGHQW� IURP� )LJ� ����D�� WKDW� WKH� 0�+� SORWV� IRU ���� QP�� ��� QP� DQG� ��� QP� VL]H�

SRZGHUV� DUH� VWUDLJKW� OLQHV� FRQILUPLQJ� WKHLU� SDUDPDJQHWLF� QDWXUH� DW� URRP� WHPSHUDWXUH��

ZKHUHDV�WKH����QP�VL]H�SDUWLFOHV�H[KLELW�QRQOLQHDU�0�+�FXUYH��ZLWK�D�OLWWOH�ORRS�RSHQLQJ��

:LWK�GHFUHDVLQJ� WHPSHUDWXUH�� WKH�0�+� ORRS�RI����QP� VL]H�SDUWLFOHV�RSHQV�XS� IXUWKHU�DV�

FDQ� EH� VHHQ� IURP� WKH� WZR� LQVHWV�RI�)LJ� ����E��ZKLFK�FRPSDUH� WKH�0�+�SORWV� IRU����QP�

VL]H� SDUWLFOHV� DW� ���� .� DQG� �� .�� )XUWKHU�� WKH�0�+� ORRS� LQ� )LJ� ����E�� LQVHW� UHYHDOV� DQ�

H[FKDQJH�ELDV��(%��RI�a�����2H�DW��.��ZKLFK�GHFUHDVHV�ZLWK� LQFUHDVLQJ�WHPSHUDWXUH�IRU�

WKH� VDPH�SDUWLFOH� VL]H� 7KH�(% GHFUHDVHV�ZLWK� LQFUHDVLQJ�SDUWLFOH� VL]H�DOVR� IRU� WKH� VDPH�
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WHPSHUDWXUH��)RU�H[DPSOH��WKH�(% DW���.�LV�a���2H�DQG�a��2H�IRU����QP�DQG����QP�VL]H�

SRZGHUV��UHVSHFWLYHO\��ZKLOH�LW�LV�DEVHQW�IRU�WKH�EXON�SRZGHU��VHH�)LJ�����F��LQVHW��
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)LJ����0�+�SORWV�IRU���D����������������QP�VL]H�SRZGHUV�DW����.���E�����QP�SDUWLFOHV�DW�����DQG�

�.�DQG��F������������������QP�VL]H�SRZGHUV�DW��.��,QVHWV�RI��E��DQG��F��FRPSDUH�H[FKDQJH�ELDV�DW�

�.�DQG����.�IRU����QP��DQG�DW��.�IRU�����DQG����QP�SRZGHUV�

7KH�PRUH�SURQRXQFHG�(%��DV�VKRZQ�LQ�WKH�LQVHW�RI�)LJ�����E���LQ�WKH�VPDOOHVW�VL]H�SDUWLFOHV�

�a��� QP�� LV� GXH� WR� KLJKHU� VXUIDFH� WR� YROXPH� UDWLR� RI� ��� QP� SDUWLFOHV� OHDGLQJ� WR�PRUH�

QXPEHU�RI�VSLQV�LQ�WKH�VXUIDFH�OD\HUV�FRQVWLWXWLQJ�WKH�VKHOO�UHJLRQ�



ϭϭϬ

7R�YHULI\�WKH�H[FKDQJH�ELDV�ZKLFK�LV�SUHVHQW� LQ�QDQR�VDPSOH��ZH�DJDLQ�FDSWXUH�WKH�0�+�

PHDVXUHPHQW XVLQJ� WKH�4XDQWXP�'HVLJQ (YHUFRRO�0306� WR�D�YHU\� FORVH� VWHS�VL]H�RI�

��2H�DW�URRP�WHPSHUDWXUH��$V�VKRZQ�LQ�ILJ� ����K\VWHUHVLV� ORRSV�ZHUH�PHDVXUHG� LQ�ERWK�

WKH� ]HUR�ILHOG�FRROLQJ� �=)&�� DQG� ILHOG�FRROLQJ� �)&�� FRQGLWLRQ�� $IWHU� EHLQJ� FRROHG� LQ� D�

PDJQHWLF� ILHOG� RI�േͷܶ ZH�REVHUYH� WKDW�� WKHUH� LV� D� FRUUHVSRQGLQJ� VKLIW� LQ� WKH� K\VWHUHVLV�

ORRS LQ�ERWK�KRUL]RQWDO�DQG YHUWLFDO�)&�K\VWHUHVLV�FXUYH�

8SRQ� FRROLQJ� WKH� VDPSOH� LQ� SRVLWLYH� PDJQHWLF� ILHOG� UHVXOWV� LQ� D� QHJDWLYH VKLIW� RI� WKH�

K\VWHUHVLV�ORRS�DQG�YLFH�YHUVD� $�H[FKDQJH�ELDV ZLWK�D�YDOXH�RI�a����2H�LV�GHWHFWHG�IURP�

WKH�VKLIW� DORQJ� WKH� ILHOG�D[LV�RI� WKH�)&� FXUYH�ZKLFK� LV�DSSUR[LPDWHO\� VDPH�DV� IRXQG�E\�

HDUOLHU� UHVXOW��7KH� LQWHUIDFH� EHWZHHQ� WKH�)0�FRPSRQHQW�RI� WKH�FDQWHG�VSLQV� LQ� WKH� VKHOO�

UHJLRQ� DQG� WKH� FROOLQHDU� $)0� VSLQV� LQ� WKH� FRUH� �RI� %)�����37�� LV� UHVSRQVLEOH� IRU� WKH�

H[FKDQJH�ELDV�HIIHFW�DV�REVHUYHG�LQ�RWKHU�V\VWHPV�DOVR�> %HQLWH] HW�DO����������<XVXI HW�DO��

������� 0DQQD HW�DO��������� 7KXV�RXU 0�+�SORW�VKRZLQJ�(% HIIHFW�QRW�RQO\�FRQILUPV�WKH�

FRH[LVWHQFH�RI�$)0�DQG�ZHDN�)0�RUGHULQJ�EXW�DOVR�UHYHDOV�WKDW WKH\�DULVH�IURP�D�FRUH�

VKHOO�W\SH�RI�QDQRVWUXFWXUH�RI�LQGLYLGXDO�QDQRSDUWLFOHV��
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)LJ���� 7KH� ILHOG�GHSHQGHQW� PDJQHWL]DWLRQ� K\VWHUHVLV� �0�+�� ORRSV� RI� %)����37� RI� VL]H� ��QP��

,QVHW�VKRZV�WKH�VKLIWLQJ�RI�FXUYH�ZLWK�ILHOGV�

������1HXWURQ�GLIIUDFWLRQ�VWXGLHV

,Q� RUGHU� WR� UHDOL]H� WKH� DUUDQJHPHQW� RI� PDJQHWLF� PRPHQWV� LQ� LURQ� VXEODWWLFH� EHORZ� 71��

SRZGHU�QHXWURQ�GLIIUDFWLRQ�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW�LQ�WHPSHUDWXUH�UDQJH�IURP��.�WR�

���.� IRU� QDQR� DQG� �.� WR� ���.� IRU� EXON� SRZGHU�� 7KH� WHPSHUDWXUH� HYROXWLRQ� RI� WKH�

PDJQHWLF� SHDN� FRUUHVSRQGLQJ� WR� SURSDJDWLRQ� YHFWRU� N ò� ò� ò� LQ� WKH� QHXWURQ� SRZGHU�

GLIIUDFWLRQ�SDWWHUQV�LV�VKRZQ�LQ�)LJV������D��DQG�����E��IRU�EXON�DQG���QP�VL]H�SRZGHUV��

UHVSHFWLYHO\ LQ� WKH� �ș� UDQJH� IURP� ��� WR� ��� GHJUHHV� 7KH�PDJQHWLF� SHDN� RFFXUULQJ� MXVW�

EHIRUH�WKH�SVXHGRFXELF�������QXFOHDU�SHDN�LV�GXH�WR�WKH�DQWLIHUURPDJQHWLF�RUGHULQJ�RI�WKH�

VSLQ��7KH� LQWHQVLW\� RI� SHDN� GHFUHDVHV�ZLWK� LQFUHDVLQJ� WHPSHUDWXUH� EXW� GRHV� QRW� EHFRPH�

]HUR� DW 71� ,Q� WKH� EXON� VDPSOHV�� WKH� $)0� SHDN� �PDUNHG� ZLWK� DVWHULVN� LQ� WKH� ILJXUH��

DSSHDUV� EHORZ�71 a���.�ZKHUHDV� LW� LV� SUHVHQW� HYHQ� DW� URRP� WHPSHUDWXUH� LQ� ��QP� VL]H

SRZGHU�
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)LJ����� 7HPSHUDWXUH�GHSHQGHQW�SRZGHU� QHXWURQ�GLIIUDFWLRQ�SURILOH�RI�EXON� DQG�QDQR�%)����37�

VDPSOHV��&RUUHVSRQGLQJ�WHPSHUDWXUHV�DUH�VKRZQ�LQ�ILJXUHV�

7KLV�FOHDUO\�VKRZV�D�GUDVWLF�HQKDQFHPHQW�RI�71� LQ���QP�VL]H�SRZGHU�� �7KH�YDULDWLRQ�RI�

WKH� LQWHJUDWHG�LQWHQVLW\�RI� WKH�ò�ò�ò�PDJQHWLF�SHDN�ZLWK�WHPSHUDWXUH�VKRZQ� LQ�)LJ����

�D��UHYHDOV�71 a���.�LQ�DJUHHPHQW�ZLWK�WKH�71 GHWHUPLQHG�IURP�=)&�0�7�PHDVXUHPHQWV�

�)LJ��������7KH�PDJQHWLF�QHXWURQ�SHDNV�RI����QP�SDUWLFOHV�KDYH�VKDUS�DQG�GLIIXVH��EURDG��

FRPSRQHQWV��VHH�)LJ�����E��ZKLFK�GHSLFWV�WZR�GHFRQYROXWHG�/RUHQW]LDQV��OLQNHG ZLWK�WKH�

FRH[LVWLQJ� KLJK� DQG� ORZ� WHWUDJRQDOLW\� SKDVHV�� UHVSHFWLYHO\�� DV� FRQILUPHG� E\� 5LHWYHOG�

UHILQHPHQWV�XVLQJ�6;53'�GDWD��VHH�FKDSWHU�,,,���7KH�GLIIXVH�FRPSRQHQW�RI�WKH�PDJQHWLF�

VFDWWHULQJ�LV�GRPLQDQW�DERYH����.��7KH�YDULDWLRQ�RI�WKH�LQWHJUDWHG�LQWHQVLW\�RI�WKH�VKDUS

FRPSRQHQW�ZLWK�WHPSHUDWXUH�IRU���QP�VL]H�SRZGHU�VKRZV�D�OLQHDU�EHKDYLRXU�XSWR�a���.�

DQG�LWV�H[WUDSRODWLRQ�WR�]HUR�LQWHQVLW\�JLYHV�D�71 RI�a����. LQ�DJUHHPHQW�ZLWK�WKH�0�7��

UHVXOWV��7KXV�WKHUH�LV�D�GUDVWLF�HQKDQFHPHQW�RI�71 ZLWK�UHVSHFW�WR�71  ���.�RI�WKH EXON�



ϭϭϯ

SRZGHU��7KH�GLIIXVH�FRPSRQHQW VKRZV�WHPSHUDWXUH GHSHQGHQFH�GLIIHUHQW�IURP�WKDW�RI�WKH�

VKDUS�FRPSRQHQW�DQG�WKH�FRUUHVSRQGLQJ�71 LV�VWLOO�KLJKHU��DV�VPDOO�UHVLGXDO� LQWHQVLW\�FDQ�

EH� VHHQ� DW� WKH� $)0� SHDN� SRVLWLRQ� HYHQ� LQ� ���� DQG� ���� .� SURILOH� LQ� )LJ�� ���� �E���:H�

SURSRVH WKDW�WKH�GLIIXVH�FRPSRQHQW�RI�WKH�PDJQHWLF�SHDN�ZLWK�VKRUWHU�FRUUHODWLRQ�OHQJWK�LV�

GXH�WR�VSLQ�GLVRUGHU�LQ�D�WKLQ�VKHOO�UHJLRQ�RI�WKH�VXUIDFH�OD\HUV�RI�WKH�QDQRSDUWLFOHV��,Q�WKLV�

VFHQDULR��RQH�H[SHFWV�ZHDN�IHUURPDJQHWLVP�GXH�WR�VSLQ�FDQWLQJ�LQ�WKH�VKHOO�UHJLRQ�RI�WKH�

���QP�VL]H�QDQRSDUWLFOHV�RI�%)����37�DV�REVHUYHG� LQ�VLPLODU�FRUH�VKHOO� W\SH�V\VWHPV� LQ�

QRQ�PXOWLIHUURLF�$)0�R[LGHV >%HQLWH] HW�DO��������@��7KLV�ZHDN� IHUURPDJQHWLVP�VKRXOG�

EH� SUHVHQW� HYHQ� DW� URRP� WHPSHUDWXUH� DV� WKH FRUUHVSRQGLQJ� 71 LV� ZHOO� DERYH� WKH� URRP�

WHPSHUDWXUH�IRU����QP�VL]H�SDUWLFOHV�
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)LJ����� �D��9DULDWLRQ� LQ� WKH� LQWHJUDWHG� LQWHQVLW\�RI� WKH�PDJQHWLF�SHDN�ZLWK� WHPSHUDWXUH�IRU�EXON�

DQG� QDQR� VL]H� SRZGHUV�� 'RWV� UHSUHVHQW� PHDVXUHG� GDWD� SRLQWV�� ZKLOH� WKH� FRQWLQXRXV� OLQH�

FRUUHVSRQGV� WR� WKH� OHDVW�VTXDUHV� ILWWHG�/RUHQW]LDQ�V��� �E��'HFRQYROXWLRQ�RI� WKH�PDJQHWLF�SHDN�RI�

���QP�VL]H�SRZGHU�VKRZLQJ�WZR�GLIIHUHQW�PDJQHWLF�FRUUHODWLRQ�OHQJWKV��ȟ���



ϭϭϰ

������5ROH�RI�VXSHU�H[FKDQJH�LQWHUDFWLRQ

7KH�HQKDQFHPHQW�RI�71 ZLWK�VL]H�UHGXFWLRQ�LV�XQLTXH�WR�0)$)0V��,W LV�D�FRQVHTXHQFH�RI�

WKH� VXEWOH� LQWHUSOD\� EHWZHHQ� WKH� IHUURHOHFWULF� GLVWRUWLRQ� DQG� WKH� VWUHQJWK� RI� WKH�

VXSHUH[FKDQJH� LQWHUDFWLRQ� LQ� WKH� PXOWLIHUURLF� %)����37�� 7DEOH� ��� OLVWV� WKH� OHQJWKV� RI�

)H��� 2�� ERQG�OHQJWKV�LQ�WKH�>���@�GLUHFWLRQ�IRU�WKH�EXON�DQG�WKH����QP�VL]H�SRZGHU��DV�

FDOFXODWHG� XVLQJ� WKH� SRVLWLRQDO� FRRUGLQDWHV� REWDLQHG� E\�5LHWYHOG� UHILQHPHQW� RI�6;53'�

SDWWHUQV >VHH�FKDSWHU�,,,@���7KH�ORQJHU�)H��� 2�� ERQG�OHQJWK��ODEHOOHG�DV�)H�2�E LQ�7DEOH�

�����LQ�WKH�EXON�SRZGHU�LV�WRR�ELJ������� c��DV�FRPSDUHG�WR�WKH�VXP�RI��WKH�LRQLF�UDGLL�RI��

)H�� DQG� 2�� �a������ c�� WR� KDYH� DQ\� RUELWDO� RYHUODS� UHTXLUHG� IRU� VXSHUH[FKDQJH�

LQWHUDFWLRQV�LQ�>���@�GLUHFWLRQ�LQ�WKH�EXON�SRZGHUV��$V�D�UHVXOW��WKH�$)0�VXSHUH[FKDQJH�

LQWHUDFWLRQ�SDWKZD\V�DUH�FRQILQHG�WR�>���@�DQG�>���@�GLUHFWLRQV�RQO\��

7DEOH���� )H�2�ERQG�OHQJWKV��c�RI�WKH�GRPLQDQW�SKDVH�FRQVWLWXWLQJ�WKH�FRUH�RI�%)����37�VDPSOHV�

DV�D�IXQFWLRQ�RI�SDUWLFOH�VL]H

6L]H�
�QP�

%RQG�OHQJWK��c�

)H�2�D )H�2�E )H�2�

�� ������ ����� �����

�� ������ ����� �����

�� ������ ����� �����

��� ������ ����� �����
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)LJ�����)H�2�)H�H[FKDQJH�SDWKZD\V��D��%XON��E�����QP�RI�%L)H2������3E7L2�

$V�WKH�ORQJHU�)H��� 2�� ERQG�LQ�WKH�>���@�GLUHFWLRQ�GHFUHDVHV�V\VWHPDWLFDOO\�ZLWK�SDUWLFOH�

VL]H� UHGXFWLRQ� �VHH� 7DEOH� ��� IRU� ERQG� OHQJWK� RI� WKH� ��� QP� VL]H� SRZGHU��� WKHUH� LV� D�

JUDGXDO� HQKDQFHPHQW� RI� VXSHUH[FKDQJH� LQWHUDFWLRQ� LQ� WKH� >���@� GLUHFWLRQ� DOVR�� 7KLV�

FURVVRYHU� IURP� HVVHQWLDOO\� �G� $)0� LQWHUDFWLRQV� LQ� WKH� EXON� SRZGHUV� WR� �G� $)0�

LQWHUDFWLRQV�LQ�QDQRSDUWLFOHV�RI�%)�����37�LV�UHVSRQVLEOH�IRU�WKH�GUDVWLF�ULVH�LQ�WKH�71 DV�D�

UHVXOW�RI�VL]H�UHGXFWLRQ��)LJ�����VKRZV�WKH�VXSHUH[FKDQJH��SHUFRODWLQJ�SDWK�RI�)H�2�)H�IRU�

EXON�DQG�QDQR�VDPSOH�RI�%)����37��IRU�WKH�EHWWHU�XQGHUVWDQGLQJ�RI�WKLV�V\VWHP�

7KXV�� WKH� SK\VLFV� RI� VL]H� HIIHFW� LQ�PXOWLIHUURLF�$)0�V\VWHPV� LV� HQWLUHO\� GLIIHUHQW� IURP�

WKDW�LQ�FRQYHQWLRQDO�$)0�V\VWHPV��

����� (YLGHQFH�RI�HQKDQFHPHQW�RI�71 DW�DWRPLF�OHYHO�

$OWKRXJK�WKH�;5'�VWXG\�VKRZV�WKDW�SUHVHQFH�RI�WZR�WHWUDJRQDO�SKDVHV�LQ�QDQR�%)����37�

VDPSOHV� DW� URRP� WHPSHUDWXUH�� 7HPSHUDWXUH� GHSHQGHQW� QHXWURQ� GLIIUDFWLRQ� VWXG\� ZDV�

FDUULHG� RXW� IRU� ��� QP� VL]H� VDPSOHV� QRW� RQO\� DQVZHU� WR� VWUXFWXUDO� LQIRUPDWLRQ� EXW� DOVR�

SUHFLVHO\�GHWHUPLQH�WKH�R[\JHQ�FRRUGLQDWHV�ZKLFK�LV�QRW�SRVVLEOH�WKURXJK�;5'�GDWD��,W�LV�
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DOUHDG\� ZHOO� HVWDEOLVKHG� UHILQHPHQW� IRU� EXON� VDPSOH� RI� %)�����37� >%KDWWDFKDUMHH� HW�

DO�������@��VR�RXU�IRFXV�WR�YLVXDOL]HG�LW�QDQR�SDUW�RI�WKLV�FRPSRVLWLRQ��
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)LJ�� ����2EVHUYHG� �GRWWHG��� FDOFXODWHG� �FRQWLQXRXV� OLQH�� DQG� GLIIHUHQFH� SURILOHV� �ERWWRP� OLQH��

REWDLQHG�IURP�5LHWYHOG�UHILQHPHQW�RI�%)�����37�XVLQJ�3�PP�VSDFH�JURXS��7KH� LQVHW�VKRZV WKH�

PDJQHWLF�SHDN�RI�QDQR�SRZGHU�DW�WHPSHUDWXUH�RI��.�DQG����.��

:H�FDUULHG�RXW�5LHWYHOG�UHILQHPHQWV IRU�WKH�%)����37�VDPSOH�KDYLQJ�ORZHVW�SDUWLFOH�VL]H�

�a���QP�� )LJ�����VKRZV�QHXWURQ�SDWWHUQ�DW�WHPSHUDWXUH�RI��.�DQG����.��7KH�SDUDPHWHU�

REWDLQHG�IURP�UHILQHPHQW�LV�OLVWHG�LQ�WDEOH����
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7DEOH�����5LHWYHOG�UHILQHG�SRVLWLRQDO�FRRUGLQDWHV��WKHUPDO�SDUDPHWHUV�DQG�ODWWLFH�SDUDPHWHUV�RI����

QP�VL]H�SRZGHU�RI�%)�����37�DW��.�DQG����.��7KH�PDJQHWLF�5�IDFWRU�IRU�WKH�FRH[LVWLQJ�SKDVH�LV�

UDWKHU�KLJK�GXH�WR�WKH�GLIIXVH�QDWXUH�RI�WKH�QHXWURQ�SHDN�FRPSRQHQW��

%)���37�ZLWK��VL]H�
���QP )UDFWLRQDO�FRRUGLQDWHV 7KHUPDO�3DUDPHWHUV�

�c��
/DWWLFH�

3DUDPHWHUV��c�
6WDWLVWLFDO�
SDUDPHWHUV$WRP [ \ ]

�.

7HWUDJRQDO�
SKDVH��

%L�3E ��� ��� ��� %�� %�� �����������
%�� �������� D E ����������

F ���������

5S �����
5ZS �����
5H[S �����
Ȥ�  ������

0DJQHWLF�5�
IDFWRU��������

)H�7L ��� ��� �������� %LVR ������

2� ��� ��� �������� %�� %�� ����������%�� �
�������

2� ��� ��� �������� %�� %�� ����������%�� �
��������

7HWUDJRQDO�
SKDVH��

%L�3E ��� ��� ��� %�� %�� ����������
%�� �������� D E ����������

F ����������
)H�7L ��� ��� �������� %LVR ������

2� ��� ��� �������� %�� %�� �����������%�� �
����������

2� ��� ��� �������� %�� %�� �����������%�� �
��������
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7HWUDJRQDO�
SKDVH��

%L�3E ��� ��� ��� %�� %�� ����������%�� �
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D E �����������

F �����������

5S �����
5ZS �����
5H[S �����
Ȥ�  �����

0DJQHWLF�5�
IDFWRU��������

)H�7L ��� ��� ��������� %LVR ����������

2� ��� ��� ��������� %�� %�� ���������%�� �
���������

2� ��� ��� ��������� %�� %�� ����������%�� �
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7HWUDJRQDO�
SKDVH��

%L�3E ��� ��� ��� %�� %�� �����������%�� �
��������

D E �����������

F �����������)H�7L ��� ��� ��������� %LVR ������

2� ��� ��� ��������� %�� %�� ������������%�� �
����������

2� ��� ��� ��������� %�� %�� �������������
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$V�IDU�DV�WKH�PDJQHWLF�VWUXFWXUH�RI�%)����37�LV�FRQFHUQHG��WKHUH�LV�RQO\�RQH�PDJQHWLFDOO\�

DFWLYH�FDWLRQ��)H����LQ�WKLV�VROLG�VROXWLRQ�DQG�WKH�PDJQHWLF�VWUXFWXUH�WKHUHIRUH�FRUUHVSRQGV�

WR� WKH� DUUDQJHPHQW� RI�PDJQHWLF�PRPHQWV� RI� )H�� VXEODWWLFH� RQO\�� 7KH� XQLW� FHOO YROXPH�

VKRZV�D�VPDOO�EXW�GLVWLQFW�FKDQJH�DURXQG�����.��VHH�)LJ�������7KH WHPSHUDWXUH�a����.�DW�

ZKLFK� ZH� REVHUYH� DQRPDOLHV� LQ� WKH� WHWUDJRQDO XQLW� FHOO� YROXPH� FRLQFLGHV� ZLWK� WKH�

PDJQHWLF�WUDQVLWLRQ�WHPSHUDWXUH�71 a��� .�REWDLQHG�E\�WKH PDJQHWL]DWLRQ�VWXGLHV��7KHVH
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DQRPDOLHV�LQ�WKH�XQLW�FHOO�SDUDPHWHUV�DW�71 UHYHDO�WKH�SUHVHQFH�RI PDJQHWRHODVWLF�FRXSOLQJ�

LQ� %)�����37� 7KHUH� LV� DQRWKHU� LVRVWUXFWXUDO� SKDVH� WUDQVLWLRQ� DFURVV� 71 ZDV� REVHUYHG�

ZKLFK�LV�REWDLQHG�E\�5LHWYHOG�UHILQHPHQW�RI�QDQR�VDPSOH��
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)LJ����� 7HPSHUDWXUH�GHSHQGHQW�YDULDWLRQ�RI�XQLW�FHOO�YROXPH�REWDLQHG�E\�SRZGHU�QHXWURQ�

GLIIUDFWLRQ�SURILOH�RI���QP�%)����37�VDPSOHV��

,VRVWUXFWXUDO� SKDVH� WUDQVLWLRQ� �,37�� DUH� YHU\� UDUH� >5DQMDQ� HW� DO� ������@� EXW KDYH� EHHQ�

UHSRUWHG� DFURVV� 71 LQ� DQRWKHU� PXOWLIHUURLFV� /X0Q2� DQG� <0Q2� >/HH� HW� DO� ������@�

UHFHQWO\�EXW�DW�YHU\�ORZ�WHPSHUDWXUHV��0RUH�UHFHQWO\��DQ LVRVWUXFWXUDO�SKDVH�WUDQVLWLRQ�KDV�

DOVR� EHHQ� UHSRUWHG� LQ� WKH� ���[�%L)H2�� [3E7L2� V\VWHP� DW� KLJK� WHPSHUDWXUHV� FORVH� WR�

IHUURHOHFWULF�SKDVH�WUDQVLWLRQ UDWKHU�WKDQ�PDJQHWLF�WUDQVLWLRQ�WHPSHUDWXUH�>%KDWWDFKDUMHH�HW�

DO��������@�

7KH� YDULDWLRQ� RI� WKH� RUGHUHG� PDJQHWLF� PRPHQW� SHU� )H�� LRQ�� REWDLQHG� E\� 5LHWYHOG

UHILQHPHQWV��DV�D�IXQFWLRQ�RI� WHPSHUDWXUH�LQ�WKH�UDQJH�������.� LV�VKRZQ� LQ )LJ������7KH�

RUGHUHG�PRPHQW�ZHUH�ILWWHG�E\�SRZHU�ODZ�ȝ�7�� ȝ����7�71�
ȕ XVLQJ ȝ���71 DQG�ȕ�DV�ILWWLQJ�

SDUDPHWHUV�IRU�WKH�GDWD �.�7���� .��7KH�ILWV�DUH�VKRZQ�DV�VROLG�OLQHV�WKURXJK�WKH�GDWD�



ϭϭϵ

SRLQWV��7KH ILWV� JLYH� ȕ  ��������� DQG�71a�������� IURP� WKH� RUGHUHG�PRPHQW� FXUYH��7KH

YDOXH�RI�FULWLFDO� H[SRQHQW�ȕ REWDLQHG� IURP�FDOFXODWHG�RUGHUHG�PDJQHWLF�PRPHQW�GDWD� LV�

FORVH� WR� KDOI�ZKLFK� VXJJHVWV WKDW� WKH� DQWLIHUURPDJQHWLF� SKDVH� WUDQVLWLRQ�PD\� EH� VHFRQG�

RUGHU�LQ�QDWXUH��

� ��� ��� ��� ���

�

�

�

�

���QP

7HPSHUDWXUH�.�

P )
H�
P %

�

&RUH

P P����7�7
1
�E

E ����r����
7
1
 �����r���

)LJ����� 7HPSHUDWXUH�GHSHQGHQFH�RI�RUGHUHG�PDJQHWLF�PRPHQW��KDOI� ILOOHG�FLUFOH��REWDLQHG�IURP�
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��� 6XPPDU\�DQG�FRQFOXVLRQV

7KH�PDLQ�FRQFOXVLRQV�RI�WKLV�FKDSWHU�PD\�VXPPDUL]HG�DV�XQGHU�

��� 7KH� 1pHO� WHPSHUDWXUH� �71�� RI� %)����37 ZKHUH� LQFUHDVHV� IURP� a���.� LQ� EXON�

SRZGHUV�WR�a���.�LQ���QP�VL]H�IHUURHOHFWULF�SRZGHUV�� ,W� LV�SRVVLEOH�WR�UDLVH�WKH�

1pHO� WHPSHUDWXUH� �71�� VXEVWDQWLDOO\� �XSWR� a� ���.� �� WKURXJK� SDUWLFOH� VL]H��

UHGXFWLRQ�� �7KLV�H[WUDRUGLQDU\�HQKDQFHPHQW�RI�71 LV� OLQNHG�ZLWK�WKH�WXQDEOLW\�RI�

WKH� VWUHQJWK� RI� WKH� VXSHUH[FKDQJH� LQWHUDFWLRQ� WKURXJK� D� GHFUHDVH� LQ� WKH�

IHUURHOHFWULF�GLVWRUWLRQ�LQ�ORZ�GLPHQVLRQDO�V\VWHPV�GXH�WR�ILQLWH�VL]H�HIIHFWV��

��� 7KH�QDQR�VDPSOH�DOVR�VKRZV�D�KXJH�DPRXQW�RI�H[FKDQJH�ELDV��(%��RI�a�����2H�DW�

�.��ZKLFK�FRQILUPV�FRUH�VKHOO�W\SH�VWUXFWXUH�

��� 7KHUH� LV� VLJQLILFDQW� VKLIW� LQ� WKH� ODWWLFH� SDUDPHWHU� REWDLQHG� IURP� 5LHWYHOG�

UHILQHPHQW� RI� WKH� QXFOHDU� DQG� PDJQHWLF� VWUXFWXUHV� XVLQJ� QHXWURQ� SRZGHU�

GLIIUDFWLRQ� GDWD� DW� PDJQHWLF� WUDQVLWLRQ� WHPSHUDWXUH� ZLWKRXW� DIIHFWLQJ� WKH�

V\PPHWU\��

7KH�PDJQHWLF�SURSHUWLHV�WRZDUGV�WKH�%L)H2� HQG�RI�03%�IRU�EXON�VDPSOHV�VKRZV�YDULHW\�

RI� H[RWLF� SKHQRPHQRQ� OLNH� VSLQ� UHRULHQWDWLRQ� WHPSHUDWXUH�� VXGGHQ� LQFUHDVH� LQ� WKH�1HHO�

WUDQVLWLRQ� WHPSHUDWXUH� DIWHU� FURVVLQJ� WKH� ERXQGDU\�� 7KH� VL]H� SOD\V� DQ� LPSRUWDQW� UROH� LQ�

PDJQHWLF� SURSHUWLHV� RI�%)�����37� VDPSOHV�� ,W�ZLOO� EH� LQWHUHVWLQJ� WR� H[SORUH� WKH� UROH� RI�

VL]H� IRU� WKH� FRPSRVLWLRQ� WRZDUGV� %L)H2� VLGH� DV� ZHOO�� 1H[W� FKDSWHU� GHDOV� ZLWK� WKH�

PDJQHWLF� VWXGLHV� RQ� %)�����37� VDPSOH� DQG� WKH� HIIHFW� RI� VL]H� RQ� WKDW��


