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0DJQHWLF�QDQR�SDUWLFOHV FRQWLQXH�WR�DWWUDFW�VFLHQWLILF� LQWHUHVWV GXH WR XQGHUO\LQJ�SK\VLFV

DW ORZ� GLPHQVLRQV�� ZKLFK� JHQHUDOO\� RSHQV� DQRWKHU� GRPLQLRQ� RI� DSSOLFDWLRQV� 7KH�

XQFRPSHQVDWHG� VXUIDFH� VSLQV� HQJDJH� DW� QDQR VFDOHV� LQ� D� PXFK� PRUH� FUXFLDO� ZD\ LQ�

FRPSDULVRQ� WR� WKH� EXON� FRXQWHUSDUW� DQG� FRQWULEXWHV� WR� WKH� RYHUDOO� PDJQHWL]DWLRQ RI WKH

V\VWHP� :LWK�WKHVH�UHGXFHG�GLPHQVLRQV�� WKH�SK\VLFDO SURSHUWLHV�DUH�PDLQO\�JRYHUQHG�E\�

WZR� IDFWRUV� YL]�� VXUIDFH� DQG� ILQLWH�VL]H� HIIHFW� >$OLYLVDWRV ��������.RGDPD HW DO���������

6XQ HW� DO��������� 'XWWD� HW� DO��������� $OOZRRG HW� DO�������@�� ,Q� VXFK� SDUWLFOHV�� SKDVH�

LQKRPRJHQHLW\� LV�QRZ�ZHOO�HVWDEOLVKHG�DW� ORFDO� OHYHO�� LW�FDQ�EH�VWUXFWXUDO�RU�PDJQHWLF�DV�

WKH� FDVH� PD\� EH�� 7KH� VWUXFWXUDO� GLVRUGHU� JHQHUDOO\� IRUPV� LQKRPRJHQHRXV� PDJQHWLF�

SKDVHV�� ,Q� PDJQHWLF� V\VWHPV�� WKHVH� GLVRUGHUV� JHQHUDOO\ OHDG� WR� SUH�IRUPDWLRQ� RI�

IHUURPDJQHWLF� �)0��DQWLIHUURPDJQHWLF� �$)0�� FOXVWHUV� SULRU� WR� VHWWLQJ� RI� ORQJ�UDQJH�

PDJQHWLF�RUGHU��LI�WKH�V\VWHP�LV�JHWWLQJ�FRROHG�IURP�SDUDPDJQHWLF�UHJLPH��7KLV�FOXVWHUHG�

VWDWH� LGHQWLILHG� DV� *ULIILWKV� 3KDVH� �*3� >'HLVHQKRIHU HW� DO�������@� ,W� ZDV LQLWLDOO\

VXJJHVWHG� IRU� UDQGRPO\� GLOXWHG� ,VLQJ� IHUUR�PDJQHWV�� ,Q� FDVH� RI� UDQGRPO\� GLOXWHG� ,VLQJ

IHUURPDJQHWV LQWHUFKDQJH�RI�WKH�ERQGV�DPRQJVW�WKH�QHDUHVW�DGMDFHQW KDYLQJ�VWUHQJWK RI�-�

DQG� �� FDQ� EH� FRQVLGHUHG� DV� GLVWULEXWHG� UDQGRPO\� ZLWK� SUREDELOLW\� S� DQG� ��S�� %HORZ� D�

SHUFRODWLRQ�WKUHVKROG�3&��QR�ORQJ�UDQJH PDJQHWLF�RUGHU�LV�HVWDEOLVKHG��ZKHUHDV�DERYH�WKDW�

WKUHVKROG�D�ORQJ�UDQJH PDJQHWLF�SKDVH�H[LVWV�EHORZ�D WHPSHUDWXUH�UHFRJQL]HG�DV�*ULIILWKV�

WHPSHUDWXUH� �7*�� ,Q� WKH�]RQH� LQ� EHWZHHQ�7&��7���7*�� WKH� V\VWHP� LV� UHSUHVHQWHG�E\� WKH�

FRH[LVWHQFH�RI�PDJQHWLF�FOXVWHUV�ZLWKLQ�WKH�H[WHQVLYHO\�SDUDPDJQHWLF��30��SKDVH�ZKLFK�

LV�PHQWLRQ�DV�*3�

*ULIILWK�SKDVH��*3��VLQJXODULW\�LV�VXFK�D�IRUP�RI LQ�KRPRJHQHLW\�RI�PDJQHWLF�VWDWH��ZKHUH�

PDJQHWLF� VSLQV� DUH� JDWKHUHG� DV� FOXVWHU� OLNH� DUUDQJHPHQW� DERYH� WKH� FODVVLFDO� PDJQHWLF�
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RUGHULQJ�L�H��FRH[LVWHQFH�RI�VKRUW�UDQJH�)0�PDJQHWLF�FOXVWHUV ZLWKLQ�SDUDPDJQHWLF��30��

HQYLURQPHQW� 8QGHU� WKH� RWKHU� FRQGLWLRQ�� WKH� FRH[LVWHQFH� RI� VKRUW�UDQJH� RUGHUHG� $)0�

FOXVWHUV� LQVLGH� WKH�30�PDWUL[� OHDGV� WR�WKH�QRQ�*ULIILWKV�OLNH�SKDVH� >=KRX�HW� DO�� ������@��

2WKHU�WKDQ�WKH�FRH[LVWHQFH�RI�WKH�VKRUW�UDQJH�PDJQHWLFDOO\�RUGHUHG�VWDWH�LQ�WKH�30�PDWUL[�

FRPSHWLWLRQ� EHWZHHQ� IHUURPDJQHWLF� DQG� DQWLIHUURPDJQHWLF� RU� IHUULPDJQHWLF� SKDVHV� FDQ�

OHDG�WR�WKH�SUHVHQFH�RI�*ULIILWKV�OLNH�SKDVH��)RU�H[DPSOH��3DWKDN�HW�DO�KDV�UHSRUWHG�D�YHU\�

XQXVXDO� PDJQHWLF� FKDUDFWHULVWLF� LQ� 5DUH� HDUWK� GLDOXPLQLGHV 3U���(U���$O� FRH[LVWHQFH� RI�

IHUURPDJQHWLF�DQG�IHUULPDJQHWLF� DORQJ�ZLWK PHWDPDJQHWLVP�LQ�WKH�SUHVHQFH�RI�DQ�DSSOLHG

PDJQHWLF�ILHOG��7KH�*ULIILWKV�SKDVH�EHKDYLRU KDV�EHHQ�REVHUYHG�HYHQ�DW�+� ���N2H LQ�WKLV�

FRPSRXQG�>3DWKDO�HW�DO��������@�

7KH� *ULIILWKV� SKDVH� KDV� DOVR� EHHQ� REVHUYHG� LQ� KROH� GRSHG� GRXEOH� SHURYVNLWH�

/D�í[6U[&R0Q2� KDYLQJ�D�YDOXH�RI�[� �����������DQG������7KH�H[LVWHQFH�RI�*ULIILWKV�SKDVH

LV� H[SODLQHG� RQ� WKH� EDVLV� RI� HIIHFWV� RI� TXHQFKHG� UDQGRPQHVV� RQ� WKH�PDJQHWL]DWLRQ� RI� D�

GLOXWH� ,VLQJ� DQG�TXHQFKHG�GLVRUGHUHG� IHUURPDJQHWLF� V\VWHP�EHORZ�*ULIILWKV� WHPSHUDWXUH

7*��7KH� TXHQFKHG� GLVRUGHU� LV� RULJLQDWHG� IURP� WKH� QXFOHDWLRQ� RI� IHUURPDJQHWLF� FOXVWHUV��

ZKLFK�FDQ� EH�HQKDQFHG�E\� WKH�FRPSHWLWLRQ� EHWZHHQ� WKH�PDJQHWLF�SKDVHV� >0DQGDO�HW�DO��

������@�

$V�PHQWLRQHG�DERYH��WKDW�RQ�UHGXFWLRQ�RI�SDUWLFOH�VL]H��DQRWKHU�GLVRUGHU�JHWV�LQWURGXFHG�LQ�

WKH� V\VWHP� WKURXJK� WKH� XQFRPSHQVDWHG� FRRUGLQDWLRQ� DW� WKH� VXUIDFH��0DQ\� D� WLPHV� WKLV�

EURNHQ�FU\VWDOORJUDSKLF�V\PPHWU\�RI�VXUIDFH�SHUFRODWHV�ZLWK�WKH�PDJQHWLF�GLVRUGHUV�LQ�WKH�

FRUH�RI�WKH�QDQRSDUWLFOHV���0DUNRYLFK HW�DO��KDYH�SUHSDUHG 6P���&D���0Q2� QDQRSDUWLFOHV�

LQ� WKH� UDQJH� RI� ��� DQG� ��� QP� DYHUDJH VL]H�� 7KH� *ULIILWKV� SKDVH� EHKDYLRU KDV� EHHQ�

REVHUYHG�XSWR�DQ�DSSOLHG�ILHOG�RI DW�+� �� N2H LQ�WKH�EXON�RI�WKLV�FRPSRXQG��ZKHUHDV�IRU�

WKH�QDQRSDUWLFOHV�KDYLQJ�DQ�DYHUDJH�VL]H�RI����QP��WKH�*ULIILWKV�SKDVH�KDV�EHHQ�REVHUYHG�
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HYHQ�XSWR�DQ�DSSOLHG�PDJQHWLF�ILHOG�DV KLJK�DV����N2H�>0DUNRYLFK HW�DO��������@��%DQLN�HW�

DO�� KDYH� UHSRUWHG� SDUWLFOH� VL]H� GULYHQ� WUDQVLWLRQ� RI� WKH� QRQ�*ULIILWKV� SKDVH� WR� *ULIILWKV�

SKDVH� LQ� �/D���<��������&D���0Q2� FRPSRXQG� $� UHGXFWLRQ� LQ� ODWWLFH GLVWRUWLRQV� WRJHWKHU�

ZLWK�WKH�TXHQFKHG�GLVRUGHU�KDYLQJ�LWV�RULJLQ�LQ�WKH�LRQLF�VL]H�PLVPDWFK�RI�WKH�GLIIHUHQW�$

VLWH RFFXSDQW�KDV�EHHQ�DWWULEXWHG�IRU�WKH�HPHUJHQFH�*ULIILWKV�SKDVH LQ�WKHVH�FRPSRXQG�RQ�

WKH�VL]H�UHGXFWLRQ�>%DQLN�HW�DO��������@��

,Q VRPH RWKHU� SHURYVNLWH� R[LGHV OLNH 6P���6U���0Q2��� /D���6U���&R2� DQG� /D�1L0Q2�

�/102�� RQ� GHFUHDVLQJ� WKH� SDUWLFOH� VL]H� IURP� EXON� WR� QDQR� OHYHO� OHDGV� WR� WKH� SKDVH�

WUDQVIRUPDWLRQ�IURP�WKH�QRQ�*ULIILWKV�OLNH�SKDVH�WR�*ULIILWKV�OLNH�SKDVH�GXH�WR�WKH�H[KDXVW�

RI�$)0�LQWHUDFWLRQV�>+H�HW�DO����������6DEHU�HW�DO�������@��,W�LV�ZHOO�GHILQHG�WKDW�TXHQFKHG�

UDQGRP�GLVRUGHU DQG�RU VWURQJ�FRPSHWLWLRQ�RI�)0�DQG�$)0�H[FKDQJH�LQWHUDFWLRQV�DUH�WKH�

EDVLF�,QJUHGLHQWV�WR�DQWLFLSDWH�WKH�*ULIILWKV OLNH�SKDVH�>'HLVHQKRIHU�HW�DO����������-LDQJ�HW�

DO�� ������@� 7KH� +DOOPDUN� RI� *3� LV� D� VKDUS� GRZQWXUQ� LQ� WKH� LQYHUVH� PDJQHWLF�

VXVFHSWLELOLW\� �DV� D� IXQFWLRQ� RI� WHPSHUDWXUH�� >*ULIILWKV� �������� 6DODPRQ� HW� DO���������

3UDPDQLN�HW�DO�������@��7KH�GRZQWXUQ�QDWXUH�LQ�WKH�WKHUPDO�EHKDYLRU�RI�Ȥí� LV�D�VLJQLILFDQW�

REVHUYDWLRQ�WKDW�GLIIHUHQWLDWHV�*3�IURP�PDUNHG�SKDVH�WUDQVLWLRQ�DQG�LQ�ODWWHU�LW�ULVHV�WR�DQ�

XSZDUG�FXUYDWXUH�LQ�Ȥí� YV�7�DERYH�71�RU�7&��GHYLDWLQJ�IURP�&XULH�:HLVV��&:��ODZ� 7KH�

GLPLQLVKLQJ�RI�WKH�GRZQWXUQ�LQ�Ȥí� ZLWK�WKH�FRQWLQXRXV�LQFUHDVH�LQ�ILHOG�LV�DQRWKHU�W\SLFDO�

LQGLFDWLRQ�RI�*3�

7KH�SUHVHQFH� RI�*3� LQ�PXOWLIHUURLFV� FDQ� DGG� WR�D� JUHDW� DGYDQWDJH��0XOWLIHUURLFV� �0)V��

H[KLELW�HLWKHU�FRXSOLQJ�EHWZHHQ�HOHFWURQLF�DQG�PDJQHWLF�RUGHUV�RIIHU�JUHDW�RSSRUWXQLWLHV�

IRU�DSSOLFDWLRQV� LQ LQIRUPDWLRQ� VWRUDJH�� VSLQ�HOHFWURQLFV�DQG�PDJQHWR�HOHFWURQLFV�� ,Q� WKH�

UHFHQW� VFHQDULR� WKH� FRQWUROOLQJ� DQG� FRXSOLQJ� RI� YDULRXV� µIHUUR� RU� DQWLIHUUR¶� PDJQHWLF�

RUGHUV�DUH�RI�KXJH�LQWHUHVW�DW�URRP�WHPSHUDWXUH�RU�DERYH >6SDOGLQ�HW�DO����������:DQJ�HW�
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DO��������@� 7KH�LPSURYHPHQW�LQ�WKHVH�NLQGV�RI�FRXSOLQJV�DW�DERYH�WKH�URRP�WHPSHUDWXUH�

PD\� EH� H[HFXWHG� E\� YDULRXV�ZD\V� OLNH� LQWHUQDO� FKHPLFDO� SUHVVXUH� L�H�� GRSLQJ� DQG�RWKHU�

H[WHUQDO�GLVWXUEDQFH�HWF��>+XU�HW�DO���������<DQJ�HW�DO��������@��7KH�PDWHULDOV�ZKLFK�VKRZ�

KLJK� PDJQHWR�HOHFWULF� FRXSOLQJ� DV� ZHOO� DV� FRH[LVWHQFH� RI� PRUH� WKDQ� RQH� PDJQHWLF�

LQWHUDFWLRQ�� H�� J�� FRLQFLGHQFH� RI� $)0� DQG� )0� RQ� GRSLQJ� DUH� WKH� PRVW� SURPLVLQJ�

FDQGLGDWHV� IRU� WHFKQRORJLFDO� DSSOLFDWLRQV�� >6LQJK� HW� DO�� ������@�� ,Q� VXFK� D� FODVV� RI�

PDWHULDOV��WKH�VROLG�VROXWLRQ�RI�%L)H2��3E7L2�VKRZV�VHYHUDO�H[RWLF�SKHQRPHQD�OLNH�ZHDN�

IHUURPDJQHWLVP�� WULFULWLFDO� WUDQVLWLRQ�� PRUSKRWURSLF� SKDVH� WUDQVLWLRQ�� LVRVWUXFWXUDO�

IHUURHOHFWULF�WR�IHUURHOHFWULF�WUDQVLWLRQ��FULWLFDO�HQG�SRLQW��VSLQ�UHRULHQWDWLRQ�WUDQVLWLRQ�DQG�

VSLQ� JODVV� WUDQVLWLRQ��+HUH��ZH� DUH� UHSRUWLQJ� DQRWKHU� H[RWLF� SURSHUW\� L�H�� RFFXUUHQFH� RI�

*ULIILWKV�SKDVH�LQ�WKH�%L)H2������3E7L2�VROLG�VROXWLRQ�LQ�WKH�EXON�DV�ZHOO�DV� LQ�����QP�

SDUWLFOH�VL]H�SRZGHU��

����([SHULPHQWDO

3RZGHUV�RI�%)�����37�VROLG� VROXWLRQ�ZLWK�GLIIHUHQW�VL]HV�ZHUH�V\QWKHVL]HG�XVLQJ�VRO�JHO�

WHFKQLTXH WKH�GHWDLOV�RI�ZKLFK�DUH�JLYHQ�LQ�FKDSWHU�,,��

0DJQHWLF� PHDVXUHPHQWV DW� DQG� DERYH� URRP� WHPSHUDWXUH� ZHUH� FDUULHG� RXW� XVLQJ� D�

4XDQWXP�'HVLJQ (YHUFRRO�0306� ZLWK�D�KLJK�WHPSHUDWXUH�DWWDFKPHQW�FDSDEOH�RI JRLQJ�

XS� WR� �����.� 7HPSHUDWXUH� GHSHQGHQW PDJQHWL]DWLRQ 0�7��PHDVXUHPHQWV�ZHUH� FDUULHG�

RXW�RQ�]HUR�ILHOG�FRROHG�VDPSOHV�ZKLOH�KHDWLQJ�XQGHU�D�PDJQHWLF�ILHOG�RI�����2H������2H��

�����2H�DQG������2H� 0DJQHWL]DWLRQ��0��YV�DSSOLHG� ILHOG��+��K\VWHUHVLV�PHDVXUHPHQWV�

ZHUH�DOVR�SHUIRUPHG�DW�GLIIHUHQW�WHPSHUDWXUHV�XS�WR�D�ILHOG�RI���7HVOD�

��� 5HVXOWV�DQG�GLVFXVVLRQ

����� (YLGHQFH�RI�*ULIILWK�OLNH�SKDVH
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)LJ����VKRZV�WKH�ORZ�ILHOG�����2H��PDJQHWL]DWLRQ�YV�WHPSHUDWXUH�FXUYH�IRU�EXON�DQG�����

QP�VDPSOH��7KH�ILHOG�KHDWLQJ�DQG�ILHOG�FRROHG�PDJQHWL]DWLRQ�EHKDYLRXU�RI�WKHVH�VDPSOHV�

DUH�GLVWLQFWO\�GLIIHUHQW��7KH�ILHOG�KHDWLQJ�PDJQHWL]DWLRQ�VKRZV�D�W\SLFDO�DQWLIHUURPDJQHWLF�

OLNH�EHKDYLRXU�KDYLQJ�D�WUDQVLWLRQ�WHPSHUDWXUH��71��DW�a����.�DQG�a����.�IRU�EXON�DQG�

����QP�VL]HG�%)�����37�VDPSOH�UHVSHFWLYHO\��+RZHYHU��ZKHQ�FRROHG�XQGHU�WKH�ILHOG��WKH�

PDJQHWL]DWLRQ� FXUYH� VKRZV� W\SLFDO� RI� IHUURPDJQHWLF�PDWHULDOV�� ,Q� VSLWH� RI� WKH� IDFW� WKDW��

WKLV� DQRPDO\� LQ� WKH� 0�7� FXUYH� DSSHDUV� WR� PLPLF� D� W\SLFDO� SDUDPDJQHWLF� �30�� WR�

IHUURPDJQHWLF� �)0�� OLNH� WUDQVLWLRQ� DV� LW� LV� VHHP IURP� KLJK� WHPSHUDWXUH� WR� URRP�

WHPSHUDWXUH �57� VLGH�
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)LJ���� 7KH�WHPSHUDWXUH�GHSHQGHQFH��)+�DQG�)&�FXUYHV�RI�%)�����37��D������QP��E��EXON�

SRZGHU�XQGHU�PDJQHWLF�ILHOG�RI�����2H��
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7KH�RFFXUUHQFH�RI� WKH�VHSDUDWLRQ�EHWZHHQ�)&�DQG�=)&�FXUYHV� LV�XVXDOO\�DWWULEXWH�WR�WKH�

DSSHDUDQFH� RI� WKH� VSLQ� JODVV� RU� FOXVWHU� OLNH� VWDWH� ZKLFK� DULVHV� EHFDXVH� RI� PDJQHWLF�

DQLVRWURS\� >&XOOLW\� ������@� 7KLV� REVHUYDWLRQ� RI� PDJQHWL]DWLRQ� EHKDYLRXU� LV� RQH� RI� WKH�

W\SLFDO� EHKDYLRXUV� RI� WKH� VDPSOHV� KDYLQJ� *ULIILWKV� OLNH� SKDVH�� ZKLFK� VKRZV� D� FOHDU�

WUDQVLWLRQ� IURP� ORQJ� UDQJH� DQWLIHUURPDJQHWLF� WR� VKRUW� UDQJH�

DQWLIHUURPDJQHWLF�IHUURPDJQHWLF�EHKDYLRXU�LQ�WKH�PDJQHWL]DWLRQ�FXUYH��

7KLV FDQ�EH�XQGHUVWRRG�DV��ZKHQ�WKH�GLVRUGHUV�LQ�WKH�PDJQHWLF�ODWWLFH�LV�LQWURGXFHV�WKHUH�LV�

D�WHQGHQF\�WR�IRUP�ODUJH�QXPEHU�RI�FOXVWHU�DQG�WKH�ORQJ�UDQJH $)0�RUGHU�LV� LQWHUUXSWHG�

DQG� XQFRPSHQVDWHG� VSLQV� VWDUW� WR� QDUUDWH� IRU� ODUJH� LUUHYHUVLELOLW\� >.XQGX� HW� DO� ������@�

,QFUHDVH�RI�WKH�QHW�PRPHQW�RI�WKH�JUDLQV GXH�WR�WKH�GHVWDELOL]DWLRQ�RI�WKH�ORQJ�UDQJH $)0�

RUGHU�LQ�WKHVH�V\VWHPV�LV�VWURQJO\�GRPLQDWHG�E\�LQKRPRJHQHRXV FOXVWHUV��

)LJ�� ���� UHSUHVHQWV� 0�+� FXUYHV� DW� GLIIHUHQW� WHPSHUDWXUHV� EHORZ� DQG� DERYH� WKH� 1HHO�

WHPSHUDWXUH� �71�� $W� URRP� WHPSHUDWXUH�� 0�+� FXUYH� VKRZ� D� VPDOO� IHUURPDJQHWLF� OLNH�

K\VWHUHVLV� ORRS�� EXW� QR� VDWXUDWLRQ�ZDV� QRW�REVHUYHG� HYHQ� DW� DQ� DSSOLHG� ILOHG� RI� ��N2H��

7KLV�SKHQRPHQRQ VXSSRUWV�WKH�FDQWHG�$)0�OLNH�EHKDYLRU�RI�VDPSOH�

7KH�0�+�FXUYHV�DW����.��L�H��DERYH�71���VKRZ�D�QRQ�OLQHDU�EHKDYLRU�DW�ORZ�ILHOG��+��7KLV�

NLQG�RI�QDWXUH�DW�ORZ�ILHOG������N2H��VKRZV�WKH�SUHVHQFH�RI�ZHDN�PDJQHWL]DWLRQ� ,Q�RUGHU�

WR� ILQG� RXW� ZKHWKHU� WKHVH� FOXVWHU� KDYH ORQJ� UDQJH� RU� VKRUW� UDQJH� IHUUR� PDJQHWLF�

FRUUHODWLRQV��)0&���0� YHUVXV�+�0�SORWWHG��L�H��DQ�$UURW�SORW��DW�DERYH�DQG�EHORZ�WKH�71

IRU�WKH�����QP�SRZGHU�VKRZQ�LQ�ILJ������
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)LJ�����0�+�FXUYH�IRU�EXON�DQG�����QP�SRZGHU�DW�GLIIHUHQW�WHPSHUDWXUHV�

,W�LV�ZHOO�HVWDEOLVKHG�IDFW�WKDW�LI�DW�KLJKHU�ILHOG�VLGH��WKH�OLQHDU�H[WUDSRODWLRQ�RI�$UURW�SORW�

SURYLGHV� D� SRVLWLYH� LQWHUFHSW� RQ� WKH� <�D[LV� L�H��0��D[LV��� LW� VKRZV� H[LVWHQFH� RI�

VSRQWDQHRXV� PDJQHWL]DWLRQ� ZLWK� ORQJ�UDQJH� )0&�� ZKLOH� RQ� WKH� RWKHU� VLGH� D� QHJDWLYH�

LQWHUFHSW�VKRZV�VKRUW�UDQJH�)0&�>7RQJ�HW�DO���������DQG�3UDPDQLN�HW�DO��������@�



ϭϱϮ

�

�

�

�

�

�

�� �� �� �� �� ��

���

���

���

���

��� �E� %XON

����.
����.
����.

����QP�D�

+�0��2H�PRO�HPX�

0
� �
HP

X�
�P
RO

� �
[�
��

����.
���.
���.

)LJ���� $UURWW�SORWV�RI�LVRWKHUPV�DW�GLIIHUHQW�WHPSHUDWXUHV�DURXQG�71 IRU��D������QP�DQG��E��EXON�

SRZGHU���

,Q�RXU�FDVH�� WKH�DERYH�PHQWLRQHG� OLQHDU�H[WUDSRODWLRQ VKRZV�D�QHJDWLYH� LQWHUFHSW�RQ�WKH�

0��D[LV�IRU�ERWK�WKH�VDPSOH��WKXV�HVWDEOLVKLQJ�WKDW�WKHUH�LV�D�SUHVHQFH�RI�VKRUW�UDQJH�)0&�

LQ�QDQR�%)�����37�VDPSOH��

7KH�PHDVXUHPHQWV�RI�VXVFHSWLELOLW\�XVLQJ�'& PDJQHWLF�ILHOG�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�

DW�GLIIHUHQW�DSSOLHG�ILHOGV�UHYHDOV�D�VWURQJ�VLJQ RI�*3�LQ�WKH�QDQR�%)�����37 SRZGHU� 7KH�

LQYHUVH�PDJQHWLF�VXVFHSWLELOLW\��Ȥ����VKRZV�D�QRWLFHDEOH�VWURQJ�ILHOG�GHSHQGHQW�GRZQWXUQ�

RQ�PRYLQJ�WRZDUGV�WKH�PDJQHWLF�SKDVH�WUDQVLWLRQ� �71��IURP�WKH�KLJK�WHPSHUDWXUH�UHJLRQ�

L�H��SDUDPDJQHWLF�VLGH��)LJ����� VKRZV�WKH�SORW�RI�Ȥ�� ZLWK�WHPSHUDWXUH��,W�FDQ�EH�GLYLGHG�
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LQWR� WKUHH� UHJLRQV� �L�� /RQJ� UDQJH� $)0� RUGHUHG�� �LL�� VKRUW� UDQJH� $)0�)0� FOXVWHU� �*3�

SKDVH��DQG��LLL��SDUDPDJQHWLF�UHJLRQ��

�

�

�

�

��� ��� ��� ��� ��� ���

�

�

�

a�
��
.

a�
��
.

a�
��
.

�E�

3
DU
DP

DJ
QH
WL
F

6KRUW�UDQJH�)0�$)0�

/
RQ
J�
UD
QJ
H�
$
)
0
�

3
DU
DP

DJ
QH
WL
F

6KRUW�UDQJH�)0�$)0�

/
RQ
J�
UD
QJ
H�
$
)
0
�

7
*

71

7�.�

F G
F��
�2
H�
P
RO
H�
HP

X�
� �
[�
��

�

71

����QP

7
*

%XON

a�
��
.

����2H

�D�

)LJ���� 7HPSHUDWXUH�YDULDWLRQ�LQ�LQYHUVH�GF�VXVFHSWLELOLW\��ȤGF
����PHDVXUHG�LQ�����2H�ILHOG�DUH�

SORWWHG�IRU��D������QP��E��EXON�SRZGHU�RI�%)�����37��

$�*3�OLNH�EHKDYLRU FOHDUO\�H[LVWV�EHORZ�D�FULWLFDO� WHPSHUDWXUH�ZKHUH�'&�PDJQHWL]DWLRQ

VKRZV� GRZQWXUQ� 7KH� RQVHW� RI� WKLV� GRZQWXUQ� LV� GHQRWHG� DV� 7* EHORZ�ZKLFK WKH� )0&

HPHUJHV LQ� WKH� 30� PDWUL[�� 7KLV GHYLDWLRQ L�H�� GRZQWXUQ� LQ� WKH� LQYHUVH� PDJQHWLF�

VXVFHSWLELOLW\ JHWV�JUDGXDOO\�VXSSUHVVHG�ZLWK�LQFUHDVLQJ�ILHOG��+��DV�VKRZQ�LQ�WKH�ILJ�������

$V�HYLGHQW�IURP�WKH�GRZQWXUQ�LQ�WKH�Ȥ�� ZLWK�WHPSHUDWXUH�SORW��DQ�DSSOLHG�ILHOG�RI���N2H�

ZDV�VXIILFLHQW�HQRXJK� WR�TXHQFK WKH�*ULIILWKV� VLQJXODULW\��ZKHUHDV� IRU� EXON�VDPSOHV�ZH�



ϭϱϰ

VWLOO�REVHUYH�WKH�GRZQWXUQ�LQ�WKH�Ȥ�� ZLWK�WHPSHUDWXUH�SORW�HYHQ�DW�DSSOLHG�ILHOG�RI���N2H������

$QRWKHU�GLVWLQFW�IHDWXUH� LV� WKH�KLJK�YDOXH�RI�7* LQ�WKLV�V\VWHP��7KH�YDOXHV�RI�7* IRU�WKH

����QP�VDPSOH RI�%)�����37 DUH�IRXQG�WR�EH�a��� .��ZKHUHDV�IRU�EXON�%)�����37�WKLV�

YDOXH� LV�����.� ,W�ZLOO� QRW�EH�RXW�RI�SODFH� WR�PHQWLRQ� WKDW� WKH�*ULIILWKV�SKDVH� KDV� EHHQ�

REVHUYHG� LQ�PRVW�RI� WKH� V\VWHPV�DW� WHPSHUDWXUHV�ZHOO� EHORZ� WKH� URRP� WHPSHUDWXUH��7KH�

%)�����37�LV SUREDEO\�WKH�RQO\�V\VWHP�WR�WKH�EHVW�RI�RXU�NQRZOHGJH�WR�KDYH�VXFK�D�KLJK�

YDOXH�RI�7* ZKHUH�WKH�*ULIILWKV�SKDVH�KDV�EHHQ�REVHUYHG�XS�WR�D�WHPSHUDWXUH�RI����.�LQ�

WKH�QDQRSDUWLFOH�RI�%)�����37��
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)LJ�����7HPSHUDWXUH�YDULDWLRQ�LQ�LQYHUVH�GF�VXVFHSWLELOLW\��ȤGF
����PHDVXUHG�LQ�������������DQG��N2H�

ILHOG�DUH�SORWWHG�IRU��D������QP��E��EXON�SRZGHU�RI�%)�����37���
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7R�HVWDEOLVK�WKH�SUHVHQFH�RI�*ULIILWKV�SKDVH��WKH�LQYHUVH�RI�PDJQHWLF�VXVFHSWLELOLW\�RI�WKH�

WHPSHUDWXUH�GHSHQGHQFH�PXVW�IROORZ�WKH�SRZHU�ODZ�UHODWLRQ�

���������������������������������� ���� JDF �� � 5
&777

:KHUH��Ȗ LV� WKH�H[SRQHQW�RI�VXVFHSWLELOLW\��ZKLFK�YDOXHV� OLHV� LQ�EHWZHHQ���DQG��� IRU� WKH�

*3�>-LDQJ�HW�DO���������DQG�������@�7KH�YDOXH�RI� ܥܶ
ܴ ൌ ܶܰ KDV�EHHQ XVHG�IRU�YDOXH�RI�Ȝ LQ�

ERWK� WKH� 30� DV� ZHOO� DV� *3� UHJLRQ� IRU� ERWK� WKH� EXON� DV� ZHOO� DV� ���� QP� SRZGHU� VL]H�

VDPSOH�� 7KH� YDOXH� RI� Ȗ� DV� REWDLQHG� IURP� ILWWLQJ� RI� Ȥ�� GDWD� XVLQJ� HTXDWLRQ� �� KDV� EHHQ�

REWDLQHG�WR�EH�������DQG�������IRU�EXON�DQG����QP�UHVSHFWLYHO\� IRU�%)�����37�SRZGHU�

DQG�VKRZQ�LQ�ILJXUH������
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)LJ���� 7HPSHUDWXUH�YDULDWLRQ�ZLWK�LQYHUVH�GF�VXVFHSWLELOLW\��ȤGF
����PHDVXUHG�LQ�����2H�ILHOG�DUH�

SORWWHG�IRU��D������QP��E��EXON�SRZGHU�RI�%)�����37���
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:KHQ�FRPSDUHG�ZLWK�WKH�RWKHU�V\VWHPV�H�J��QDQRSDUWLFOHV�RI�6P���&D���0Q2� DV�UHSRUWHG�

E\�0DUNRYLFK�HW�DO�D�ILW�RI�(T������WR Ȥ�� GDWD�JLYHV�7&  ���.�ZLWK�Ȗ �����DQG�7& ���.�

ZLWK�Ȗ  �����IRU��� QP�DQG����QP�VL]HG�VDPSOHV��UHVSHFWLYHO\ >0DUNRYLFK�HW�DO�������@���

6LPLODUO\�� %DQLN� HW� DO� KDV� UHSRUWHG� D� YDOXH� RI� Ȗ  ������ IRU� �/D���<��������&D���0Q2�

QDQRSDUWLFOHV� >%DQLN� HW� DO�� ������@�� 7KH� YDOXH� RI� Ȗ� IRU� RWKHU� EXON� V\VWHPV� KDYLQJ� WKH�

*ULIILWKV�SKDVH�KDV�LQYDULDEO\�EHHQ�UHSRUWHG�EHWZHHQ�����WR������

7KH�REWDLQHG�YDOXHV�WKXV�FRQILUP�WKH�FRQFOXVLYH�SUHVHQFH�RI�*ULIILWKV�OLNH�SKDVH�LQ�EXON�

DQG�QDQR�ELVPXWK� IHUULWH�OHDG� WLWDQDWH� V\VWHPV�� � 6XFK�D�SUHVHQFH�RI�*ULIILWKV� OLNH�SKDVH�

HYHQ�XS�WR����.�KDV�QRW�EHHQ�UHSRUWHG�\HW��7KLV�XQLTXH�REVHUYDWLRQ�SURYLGHV�DQRWKHU�WRRO�

WR�FRQWURO�WKH�PDJQHWLF�RUGHULQJ�LQ�WKH�%)�[37�PXOWLIHUURLF�V\VWHPV�WRZDUGV�WKH�%L)H2��
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��� &RQFOXVLRQV

6DPSOHV�RI�%)�����37 KDYLQJ�D�VL]H�RI�����QP�DQG�EXON�KDV�EHHQ�LQYHVWLJDWHG�IRU�WKHLU�

PDJQHWLF� EHKDYLRU� LQ� WKH� WHPSHUDWXUH� UDQJH�RI��������.�� 7KH�GHYLDWLRQ� LQ� WKH� LQYHUVH�

VXVFHSWLELOLW\�EHKDYLRU�IURP�&XULH�:HLVV�ODZ�DQG�LQFUHDVH�LQ�VXVFHSWLELOLW\�H[SRQHQW�ZLWK�

UHGXFWLRQ�RI�VL]H�LQGLFDWHV�WKH�HYROXWLRQ�RI�WKH�*ULIILWK¶V�SKDVH�LQ�%)�����37 DURXQG�71�

7KH�*ULIILWK¶V�SKDVH� WR�SDUDPDJQHWLF� WUDQVLWLRQ� KDV� EHHQ� IRXQG� WR�EH�DW� H[WUHPHO\� KLJK�

WHPSHUDWXUH�XS�WR�����.�IRU�����QP�VL]HG�%)�����37 SDUWLFOHV�DQG�XSWR����.�IRU�EXON��

7KH�SUHVHQFH�RI�*ULIILWK¶V�3KDVH� LV� LQIHUUHG�GXH�WR�PDJQHWLF� IUXVWUDWLRQ�ZLWK�GHFUHDVLQJ�

VL]H��ZKHUH� WKH� GLVRUGHUHG� VXUIDFH� SOD\V� D� YHU\� LPSRUWDQW� UROH�� 7KH GHYLDWLRQ� EHWZHHQ�

ILHOG� KHDWLQJ DQG� ILHOG� FRROHG� PDJQHWL]DWLRQ� FXUYHV� LV� REVHUYHG� LQ� WKHVH� VDPSOHV� DQG�

DWWULEXWHG� WR� WKH� DSSHDUDQFH� RI� WKH� VKRUW� UDQJH� PDJQHWLFDOO\� RUGHUHG� FOXVWHU� VWDWH� WKDW�

DULVHV�GXH� WR�WKH�XQGHUO\LQJ�PDJQHWLF�GLVRUGHU� 6XFK�D�SUHVHQFH�*ULIILWKV�SKDVH�DW�KLJK�

WHPSHUDWXUHV�RSHQV DQRWKHU�DYHQXH�WR�FRQWURO�WKH�PDJQHWLF�RUGHULQJ�LQ�PXOWLIHUURLF�

%LVPXWK�IHUULWH�OHDG�WLWDQDWH�V\VWHPV�


