
&V,�7O� ILOPV��GHSRVLWLRQ��H[DPLQDWLRQRI�VWUXFWXUH�DQG�VFLQWLOODWLRQ
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1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH��
���/HQLQ�$YH����������.KDUNLY��8NUDLQH

7KH�VXEOLPDWLRQ�RI�WKH�EXON�&V,�FU\VWDO�ZLWK�RSWLPDO�DFWLYDWRU�FRQFHQWUDWLRQ�LQVWHDG�RI
SRZGHU�VRXUFH�XVH�DW�YDFXXP�GHSRVLWLRQ�RI�&V,�7O��ILOPV�KDV�EHHQ�VKRZQ�WR�SURYLGH�&V,�7O�
ILOPV�ZLWK�UHTXLUHG�FRQWHQW�DQG�XQLIRUP�GLVWULEXWLRQ�RI�DFWLYDWRU�LQ�WKH�ILOP�YROXPH��7KH
&V,�7O��ILOPV�SURGXFHG�E\�WKLV�WHFKQRORJ\�GHPRQVWUDWH�VXSHULRU�VFLQWLOODWLRQ�FKDUDFWHULVWLFV
LQ�FRPSDULVRQ�ZLWK�&V,�7O�� ILOPV�GHSRVLWHG�E\�D�XVXDO� WHFKQRORJ\��7KH�GHSHQGHQFH�RI� WKH
ILOP�FU\VWDOOLQH�VWUXFWXUH�RQ�WKH�GHSRVLWLRQ�FRQGLWLRQV�KDV�EHHQ�VWXGLHG�LQ�GHWDLO�

�º}ÈÏÈÓº�� ��º� ¹¯ÒäËÓËÓÒË� °�ãÒäÈ�ÒÒ� äºÓº}¯Ò°�ÈããÈ�&V,�7O�� °� º¹�ÒäÈã	Óº®� }ºÓ�
�ËÓ�¯È�ÒË®� È}�ÒmÈ�º¯È� mäË°�º� ¹º¯º�}ºmº�º� Ò°�º�ÓÒ}È� ¹¯Ò� mÈ}��äÓº®� }ºÓ�ËÓ°È�ÒÒ
¹ãËÓº}�&V,�7O��¹ºÏmºã«Ë��¹ºã��Ò�	�¹ãËÓ}Ò�&V,�7O��°�ÓËº²º�Òäº®�}ºÓ�ËÓ�¯È�ÒË®�Ò�º�Óº�
¯º�Ó©ä� ¯È°¹¯Ë�ËãËÓÒËä� È}�ÒmÈ�º¯È� m� º�ËäË� ¹ãËÓ}Ò�� �ãËÓ}Ò� &V,�7O��� ¹ºã��ËÓÓ©Ë� °
¹¯ÒäËÓËÓÒËä��È}º®��Ë²Óºãº�ÒÒ���ËäºÓ°�¯Ò¯�
��°�ÒÓ�Òãã«�ÒºÓÓ©Ë�¹È¯ÈäË�¯©��¹¯Ëmº°�
²º�«�ÒË�¹È¯ÈäË�¯©�¹ãËÓº}�&V,�7O���¹ºã��ËÓÓ©²�¹º�º�Ë¹¯ÒÓ«�º®��Ë²Óºãº�ÒÒ���º�¯º�
Óº�Ò°°ãË�ºmÈÓÈ�ÏÈmÒ°Òäº°�	�}¯Ò°�ÈããÒ�Ë°}º®�°�¯�}��¯©�¹ãËÓº}�º���°ãºmÒ®�º°ÈÎ�ËÓÒ«�

&V,�7O��ILOPV�SURGXFHG�E\�YDFXXP�GHSRVL�
WLRQ� DUH� XVHG� QRZ� DV� VFLQWLOODWLRQ� PHGLXP
IRU�LPDJH�IRUPLQJ�GHYLFHV�LQ�;�UD\�RU�J�UD�
GLDWLRQ�� 7KH� DSSOLFDWLRQ� RI�&V,�7O�� ILOPV� LQ
WKRVH� GHYLFHV� LV� MXVWLILHG� E\� LWV� KLJK� OLJKW
\LHOG� DQG� VKRUW� VFLQWLOODWLRQ� GHFD\� WLPH�
0RUHRYHU�� WKH� &V,�7O�� HPLVVLRQ� VSHFWUXP
PDWFKHV� ZHOO� ZLWK� SKRWRQ� VHQVLWLYLW\� RI
DPRUSKRXV� VLOLFRQ� GHWHFWRU� DUUD\V� �D�6L�+�
>����@��'XH�WR�WKH�WUHQG�RI�&V,�7O��ILOPV�SUR�
GXFHG�E\�YDFXXP�GHSRVLWLRQ� WR�JURZ� LQ�FR�
OXPQDU�PRUSKRORJ\�� WKHVH� ILOPV�SRVVHVV� LQ�
FUHDVHG� VSDWLDO� UHVROXWLRQ�� 7KH� UHDVRQ� LV
WKDW� WKH� VHSDUDWH� &V,�7O�� FROXPQV� DFW� DV
OLJKW� JXLGHV�� VXSSUHVVLQJ� WKH� ODWHUDO� OLJKW
VFDWWHULQJ� GXH� WR� WKH� WRWDO� LQWHUQDO� UHIOHF�
WLRQ�RQ�WKH�FROXPQ�ERXQGDULHV�>�@�

7KH� SURSHU� DFWLYDWRU� FRQWHQW� DQG� XQL�
IRUP� DFWLYDWRU� GLVWULEXWLRQ� SOD\� D� NH\� UROH
IRU� KLJK� VFLQWLOODWLRQ� HIILFLHQF\� RI� &V,�7O�
ILOPV�� 7R� DFKLHYH� WKH� UHTXLUHG� DFWLYDWRU
FRQWHQW�DQG�GLVWULEXWLRQ�LQ�WKH�ILOPV�DW�YDF�
XXP�GHSRVLWLRQ��HYDSRUDWLRQ�IURP�WZR�SRZ�
GHU� VRXUFHV� FRQWDLQLQJ� &V,� DQG� VRPH� WKDO�
OLXP� FRPSRXQGV� LV� RIWHQ�XVHG� >�@��$QRWKHU

ZD\� LV�WKH�GRSDQW�GLIIXVLRQ�WR�&V,� IURP�DQ
DGGLWLRQDOO\� GHSRVLWHG� 7O,� OD\HU� XQGHU� DQ�
QHDOLQJ� >�@�� $Q� DOWHUQDWLYH� ZD\� WR� SURGXFH
&V,�7O��ILOPV�ZLWK�UHTXLUHG�DFWLYDWRU�FRQWHQW
DQG� XQLIRUP� GLVWULEXWLRQ� ZLWKRXW� HYDSRUD�
WLRQ� IURP� WZR� VRXUFHV� RU� DQQHDOLQJ� LV� SUR�
SRVHG� LQ� WKLV� ZRUN�� 0RUHRYHU�� WKH� FU\VWDO�
OLQH�VWUXFWXUH�DQG�VFLQWLOODWLRQ�SURSHUWLHV�RI
&V,�7O��ILOPV�REWDLQHG�E\�YDFXXP�GHSRVLWLRQ
DUH�GLVFXVVHG�

7KH� &V,�7O�� VFLQWLOODWRU� ILOPV� ZHUH� SUR�
GXFHG� E\� SK\VLFDO� YDSRXU� GHSRVLWLRQ� �39'�
WHFKQLTXH�LQ�D�YDFXXP�EHWWHU�WKDQ�����Ü��3D
IURP� &V,� VRXUFH� ZLWK� ���� ZW��� 7O�� 7KH
&V,�7O�� ILOPV� ZHUH� GHSRVLWHG� RQWR� WZR� VXE�
VWUDWH�W\SHV��7KH�ILUVW�W\SH��WKH�������FOHDY�
DJH�SODQH�RI�/L)�VLQJOH�FU\VWDO��ZDV�XVHG�DV
DQ�RULHQWLQJ�VXEVWUDWH�ZKLOH�WKH�VHFRQG�RQH�
JODVV�� ZDV� HPSOR\HG� DV� DQ� DPRUSKRXV� QRQ�
RULHQWLQJ� VXEVWUDWH��7KH� VXEVWUDWH� DQG� FUX�
FLEOH� WHPSHUDWXUHV� ZHUH� FRQWUROOHG� E\� FRP�
SXWHU�GULYHQ�LQWHUIDFH�WKDW�SURYLGHG�WKH�DV�
VLJQHG� GHSRVLWLRQ� UDWH� DQG� VXEVWUDWH
WHPSHUDWXUH� GXULQJ� WKH� ZKROH� GHSRVLWLRQ
SURFHVV�� 7KH� VXEVWUDWH� WHPSHUDWXUH� YDULHG

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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IURP� ����.� WR� ����.�� 7KH� GHSRVLWLRQ� UDWH
ZDV�PHDVXUHG�XVLQJ�D�SUHYLRXVO\�FDOLEUDWHG
TXDUW]� RVFLOODWRU� SODFHG� QHDU� WKH� VXEVWUDWH
KROGHU�� LW� ZDV� IURP� ��c�V� WR� VHYHUDO� KXQ�
GUHGV� c�V�� 7KH� ILOP� FU\VWDOOLQH� VWUXFWXUH
ZDV� H[DPLQHG� E\� ;�UD\� GLIIUDFWLRQ� LQ� &X
.D� UDGLDWLRQ� XVLQJ� GLIIUDFWRPHWHU� ZLWK� D
JUDSKLWH� PRQRFKURPDWRU� LQ� WKH� SULPDU\
EHDP��,Q�WKH�FDVH�RI�VLQJOH�FU\VWDOOLQH�OD\HU
EORFNV��WKHLU�VWUXFWXUH�SHUIHFWQHVV�ZDV�HVWL�
PDWHG�E\�;�UD\�URFNLQJ�FXUYHV�REWDLQHG�E\
D� GRXEOH� FU\VWDO�;�UD\� VSHFWURPHWHU�ZLWK� D
6L�PRQRFKURPDWRU� DGMXVWHG� WR� ������ UHIOHF�
WLRQ� RI�&X�.D�� UDGLDWLRQ�� 7KH� FURVV� VHFWLRQLPDJHV� RI� VDPSOHV�ZHUH� REWDLQHG� E\� D�-60
����VFDQQLQJ�HOHFWURQ�PLFURVFRSH��6FLQWLOOD�
WLRQ� SURFHVVHV� LQ� WKH� VDPSOHV� ZHUH� H[FLWHG
E\� ����� 0H9� D� LUUDGLDWLRQ� IURP� ���3X
VRXUFH��7KH�&V,�7O��ILOP�SXOVH�KHLJKW�VSHFWUD
ZHUH� REWDLQHG� XVLQJ� D� +DPDPDWVX� ����
SKRWRPXOWLSOLHU�FRQQHFWHG�WR�WKH�PXOWLFKDQ�
QHO�DPSOLWXGH�DQDO\]HU�$0$���)�

7KH� GHSRVLWLRQ� RI� &V,�7O�� ILOPV� E\� 39'
UHVXOWV� LQ� FROXPQDU� PRUSKRORJ\� RI� WKH
JURZLQJ� OD\HUV�� 0RUHRYHU�� WKH� FROXPQDU
PRUSKRORJ\�RI�&V,�7O��ILOPV�DSSHDUV�UHJDUG�
OHVV�RI�WKH�VXEVWUDWH�W\SH� �)LJ������7KH�SUH�
YLRXVO\� SXEOLVKHG� UHVXOWV� >�@� VKRZ� WKDW
&V,�7O�� ILOPV� SURGXFHG� E\�39'�XVXDOO\� SRV�
VHVV� D� SRO\FU\VWDOOLQH� VWUXFWXUH�� ,Q� WKLV
ZRUN�� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� GHSRVL�
WLRQ� FRQGLWLRQV� DQG� WKH� ILOP� VWUXFWXUH� KDV
EHHQ� H[DPLQHG� LQ� GHWDLO�� ,W� LV� ZHOO� NQRZQ
WKDW� WKH� VXEVWUDWH� WHPSHUDWXUH� �7V�� VKRXOGEH�QR� OHVV�WKDQ�WZR�WKLUGV�RI�PHOWLQJ�SRLQW
�7P�� RI� WKH� PDWHULDO� EHLQJ� FRQGHQVHG� IRU

JRRG�DGDWRP�PRELOLW\�WKDW��LQ�WXUQ��GHILQHV
WKH� JURZLQJ� OD\HU� VWUXFWXUH�� 6R�� WKH� VXE�
VWUDWH�WHPSHUDWXUH�ZDV�FKRVHQ�WR�EH�����.�
VLQFH� WKH� &V,� PHOWLQJ� SRLQW� LV� ���� .�� $W
WKLV� VXEVWUDWH� WHPSHUDWXUH� DQG� ORZ� GHSRVL�
WLRQ�UDWH��EHORZ����c�V���WKH�&V,�7O��FRQGHQ�
VDWLRQ� RQWR� ������ /L)� VLQJOH� FU\VWDO� VXE�
VWUDWH� SURYLGHV� WKH� VLQJOH� FU\VWDOOLQH� VWUXF�
WXUH� RI� WKH� ILOP� FROXPQ� EORFNV�� ;�UD\
GLIIUDFWLRQ�VKRZV�WKDW�&V,�7O��ILOPV�REWDLQHG
DW�WKHVH�FRQGLWLRQV�KDYH�WZR�SUHIHUUHG�RULHQ�
WDWLRQV��QDPHO\�� >���@�DQG� >���@�� LQ�FRQWUDVW
WR� WKH� >���@� VXEVWUDWH� RULHQWDWLRQ� �)LJ���D��
7R� FRQILUP� WKH� VLQJOH� FU\VWDOOLQH� VWUXFWXUH
RI� UHIOHFWLQJ� EORFNV�� ;�UD\� URFNLQJ� FXUYHV
ZHUH� REWDLQHG�� 7KH� KDOI�ZLGWKV� RI� UHIOHF�
WLRQV� ZHUH� LQ� WKH� UDQJH� IURP� ��� WR� ��� DUF
PLQXWHV�IRU�������UHIOHFWLRQV�DQG�IURP���WR
��� DUF�PLQXWHV� IRU� ������ UHIOHFWLRQV��7KHVH
KDOIZLGWK� YDOXHV� FDQ� EH� FRPSDUHG� ZLWK
�� DUF� PLQXWHV� KDOIZLGWK� RI� WKH� ������ /L)
VXEVWUDWH� UHIOHFWLRQ�� FRQVHTXHQWO\�� LW� ZDV
FRQFOXGHG�WKDW�&V,�7O��ILOPV�GHSRVLWHG�XQGHU
WKHVH�FRQGLWLRQV�SRVVHVV�DGHTXDWH�FU\VWDOOLQH
SHUIHFWLRQ��+RZHYHU�� DW� WKH� VDPH� VXEVWUDWH
WHPSHUDWXUH� ����.�� WKH� GHSRVLWLRQ� UDWH� LQ�
FUHDVLQJ� XS� WR� WHQV�c�V� OHDGV� WR� GHWHULRUD�
WLRQ�RI�WKH�ILOP�FU\VWDO�SHUIHFWLRQ��7KLV�IRO�
ORZV�IURP�LPPHDVXUDEOH�YDOXHV�RI�WKH�URFN�
LQJ�FXUYH�KDOIZLGWK�DQG�DSSHDUDQFH�RI�QHZ
UHIOHFWLRQV� IURP� RWKHU� FU\VWDOORJUDSKLF
SODQHV� �)LJ���E��� ,Q� WKHVH� FRQGLWLRQV�� WKH
ZHOO�GHILQHG� ILOP� WH[WXUH� ZLWK� ������ DQG
������ SUHIHUUHG� RULHQWDWLRQV� LV� REVHUYHG
�)LJ���E��� 6R�� WKH� SUHIHUUHG� ILOP� RULHQWD�
WLRQV�DUH�UHWDLQHG�EXW�WKH�VLQJOH�FU\VWDOOLQH
VWUXFWXUH�GLVDSSHDUV��$W�GHFUHDVHG�VXEVWUDWH

)LJ����� 6(0� LPDJHV� RI� &V,�7O�� ILOPV� FURVV� VHFWLRQ�� D�� &V,�7O�������� FOHDYDJH� SODQH� RI� /L)� VLQJOH
FU\VWDO��E��&V,�7O��JODVV�
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WHPSHUDWXUH������.��DQG�GHSRVLWLRQ�UDWH�LQ�
FUHDVHG� WR� KXQGUHGV� c�V�� WKH� &V,�7O�� ILOPV
SRVVHVV� W\SLFDO� SRO\FU\VWDOOLQH� VWUXFWXUH
ZLWKRXW� DQ\� SUHIHUUHG� RULHQWDWLRQV� �)LJ�
�F��

7KH� REWDLQHG� PRUSKRORJ\� RI� &V,�7O�� OD\�
HUV� �)LJ����� FDQ� EH� ZHOO� H[SODLQHG� LQ� WHUPV
RI� WKH� 6WUXFWXUH� =RQH�0RGHO� >�@�� ,W� LV�ZHOO
NQRZQ�WKDW�WKH�DGDWRP�PRELOLW\�GHSHQGV�RQ
WKH� VXEVWUDWH� WHPSHUDWXUH� DQG� VXUIDFH� DQG
EXON� GLIIXVLRQ� WKDW� LV� FKDUDFWHUL]HG� E\
7V�7P� UDWLR��/HW�XV�FRQVLGHU�WKH�FDVH�ZKHQVXEVWUDWH� WHPSHUDWXUH� LV� DERXW� ���� .� DQG
GHSRVLWLRQ� UDWH� LV� DERXW� KXQGUHG� c�V�� WKH
7V�7P�UDWLR�EHLQJ�DERXW�������6R��ZH�IDOO�WR=RQH� 7� �7UDQVLWLRQ� ]RQH�� WKDW� LV� FKDUDF�
WHUL]HG� E\� 7V�7P������Ü����� 'XULQJ� ILOPJURZWK�LQ�D�PRGH�FRUUHVSRQGV�WR�WKH�7�=RQH
DUHD�ZH�REVHUYH�WKH�ILQH�ILEHU�WH[WXUH�GHYHORS�
PHQW�� 7KH� VDWXUDWLRQ� QXFOHDWLRQ� GHQVLW\
VHWV�LQLWLDO�LQ�SODQH�JUDLQ�VL]HV��$GDWRP�PR�
ELOLWLHV� DUH� ORZ� DQG� FROXPQV� SUHVHUYH� WKH
UDQGRP� RULHQWDWLRQ� RI� WKH� QXFOHL� DV� SUH�
GLFWHG�E\�WKH�EDOOLVWLF�GHSRVLWLRQ�PRGHO�>�@�
7KXV��WKH�FU\VWDOOLWHV�LQ�WKH�ILOP�DUH�QHDUO\
UDQGRP� RU� RQO\� ZHDNO\� WH[WXUHG�� WKDW� LV
FRQILUPHG�E\�;�UD\�GLIIUDFWLRQ��)LJ���F��

7KH�VHFRQG�FDVH�LV�UHDOL]HG�ZKHQ�WKH�VXE�
VWUDWH�WHPSHUDWXUH� LV�����.�DQG�GHSRVLWLRQ
UDWH� LV� OHVV� WKDQ� WHQ� c�V�� ,Q� WKLV� FDVH�
7V�7P� UDWLR� LV� DERXW������ WKDW� FRUUHVSRQGV

WR�=RQH�,,��7V�7P������Ü������+HUH��WKH�VXU�IDFH� GLIIXVLRQ� UDWHV� DUH� VLJQLILFDQW�� WKXV�
WKH� ILOP� WKLFNHQLQJ� SURFHHGV� WKURXJK� ORFDO
HSLWD[\� RQ� LQGLYLGXDO� JUDLQV�� 0RUHRYHU�� DW
KLJKHU�7V�7P��WKH�YROXPH�GLIIXVLRQ�EHFRPHV
VLJQLILFDQW�� 6R�� WKH� JUDLQ� FRDUVHQLQJ�� L�H�
UHFU\VWDOOL]DWLRQ� WKURXJK� JUDLQ� ERXQGDU\
PLJUDWLRQ��WDNHV�SODFH�QRW�RQO\�GXULQJ�FRD�
OHVFHQFH�� EXW� DOVR� WKURXJKRXW� WKH� ILOP
WKLFNHQLQJ� SURFHVV�� 7KH� GHFUHDVH� LQ� WKH
WRWDO�JUDLQ�ERXQGDU\�DUHDV�DV�ZHOO�DV�PLQL�
PL]DWLRQ� RI� LQWHUIDFH� DQG� VXUIDFH� HQHUJ\
DUH�WKH�GULYLQJ�IRUFHV�IRU�RULHQWDWLRQ�VHOHF�
WLRQ� GXULQJ� WKH� FRDOHVFHQFH� VWDJH��$V� D� UH�
VXOW��WKH�LVODQG�ZLWK�ORZHU�HQHUJ\�SHU�DWRP
FRQVXPHV�WKH�RWKHUV��UHVXOWLQJ�LQ�D�QHZ�VLQ�
JOH�FU\VWDO�LVODQG��DV�WKH�V\VWHP�DWWHPSWV�WR
PLQLPL]H� WKH� RYHUDOO� VXUIDFH� DQG� LQWHUIDFH
HQHUJ\�� 6R�� ODUJH� JUDLQV� ZLWK� ORZ� VXUIDFH
DQG�LQWHUIDFH�HQHUJ\�JURZ�DW�WKH�H[SHQVH�RI
VPDOOHU� RU� XQIDYRUDEO\� RULHQWHG� JUDLQV�
7KXV�� WKH� FRDUVHQLQJ� GXULQJ� FRDOHVFHQFH� LV
WKH�PRVW� SUREDEOH� FDXVH� UHVXOWLQJ� LQ� VHOHF�
WLRQ� RI� SUHIHUUHG� RULHQWDWLRQ�� 6R�� WKH� ILOP
VWUXFWXUH� LV� FRPSRVHG� RI� FROXPQDU� FU\VWDOV
�)LJ������,Q�DGGLWLRQ��WKH�GLIIXVLRQ�SURFHVVHV
DUH� QRW� OLPLWHG� E\� KLJK� GHSRVLWLRQ� UDWH�
WKXV��WKH�VLQJOH�FU\VWDOOLQH�FROXPQDU�EORFNV
DSSHDU� �)LJ���D��� %XW� LQ� FDVH� RI� WKH� VXE�
VWUDWH� WHPSHUDWXUH� ���� .� DQG� GHSRVLWLRQ
UDWH� RI� WHQV�c�V�� D�ZHDN� OLPLWDWLRQ�RI� FRQ�
GHQVHG� DWRPV� PLJUDWLRQ� RQ� WKH� VXUIDFH� RI
VXEVWUDWH� WDNHV� SODFH�� 7KLV� UHVXOWV� LQ� GHWH�
ULRUDWLRQ� RI� FU\VWDOOLQH� SHUIHFWQHVV� RI� FR�
OXPQDU�EORFNV��WKH�SUHIHUUHG�RULHQWDWLRQV�LQ
OD\HU�EHLQJ��KRZHYHU��UHWDLQHG��)LJ���E��

$SSHDUDQFH�RI�WZR�SUHIHUUHG�RULHQWDWLRQV
>���@� DQG� >���@� LQ�&V,�7O�� ILOPV� FDQ� EH� H[�
SODLQHG�DV�IROORZV��$V�PHQWLRQHG�DERYH��WKH
FRDUVHQLQJ�GXULQJ�FRDOHVFHQFH�SURYLGHV�D�VH�
OHFWLRQ� RI� SUHIHUUHG� RULHQWDWLRQV�� 7KH� LV�
ODQGV� WHUPLQDWHG� ZLWK� FORVH� SDFNHG� SODQHV
DUH� W\SLFDOO\� VHOHFWHG�� WKDW� LV�� ������ IRU
ERG\�FHQWHUHG� FXELF� ODWWLFH��$QRWKHU� UHDVRQ
LV� WKDW� ������ DQG� ������ DUH� WKH� SDUWLFXODU
ORZ� LQGH[� FU\VWDOORJUDSKLF� SODQHV� RI� ERG\�
FHQWHUHG� FXELF� LRQLF� FU\VWDOV� WKDW� DUH� QHX�
WUDO�

$OO�GLIIUDFWLRQ�GDWD�VKRZQ�LQ�)LJ����ZHUH
REWDLQHG� XVLQJ� WKH� T�Ü��T� V\PPHWULF� VFDQ�
QLQJ�PRGH�� )URP� WKHVH� GDWD��ZH� REWDLQ� LQ�
IRUPDWLRQ� RQO\� DERXW� RULHQWDWLRQV� RI� ILOP
SODQHV�WKDW�DUH�SDUDOOHO�WR�WKH�VXEVWUDWH��7R
FODULI\�WKH�RULHQWDWLRQ�RI�ILOP�EORFNV�LQ�ODW�
HUDO� GLUHFWLRQ� WR� WKH� VXEVWUDWH�� WKH� ;�UD\
GLIIUDFWLRQ�UHIOHFWLRQV�IURP�LQFOLQHG�FU\VWDO�
ORJUDSKLF� SODQHV� RI� WKH� VXEVWUDWH� DQG� ILOP
ZHUH� H[DPLQHG� LQ� DV\PPHWULF� PRGH�� $V� D
UHVXOW�� UHODWLRQV� EHWZHHQ� ������ DQG� �����

)LJ����� ;�UD\� GLIIUDFWLRQ� SDWWHUQV� RI� WKH
&V,�7O�� ILOPV� GHSRVLWHG� RQWR� /L)� ������� D�
GHSRVLWLRQ� UDWH���c�V�� VXEVWUDWH� WHPSHUDWXUH
���� .�� E�� GHSRVLWLRQ� UDWH� ��c�V�� VXEVWUDWH
WHPSHUDWXUH� ���� .�� F�� GHSRVLWLRQ� UDWH
����c�V��VXEVWUDWH�WHPSHUDWXUH�����.�

$�/HEHG\QVN\�HW�DO����&V,�7O��ILOPV��GHSRVLWLRQ�����
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ILOP� SODQHV� LQFOLQHG� WR� ������ DQG� �����
SODQHV�� UHVSHFWLYHO\�� DQG� ������ VXEVWUDWH
SODQHV� LQFOLQHG� WR� ������ SODQH� ZHUH� GHWHU�
PLQHG��%DVLQJ�RQ�WKH�GDWD�REWDLQHG��WKH�FRU�
UHVSRQGLQJ� VWHUHRJUDSKLF� SURMHFWLRQV� ZHUH
SORWWHG� �)LJ���D�� E��� $V� IROORZV� IURP� )LJ�
�E�� DQJOHV� EHWZHHQ� SURSHU� UHIOHFWLRQV� IURP
LQFOLQHG� SODQHV� RI� WKH� ILOP� DQG� VXEVWUDWH
FDQ� HLWKHU� FRLQFLGH� ZLWK� HDFK� RWKHU� RU� EH
WXUQHG�E\������+HQFH��WKH�ILOP�EORFNV�RI�WKH
VDPH� RULHQWDWLRQ� FDQ� FRH[LVW� LQ� WZR
HTXLSUREDEOH� SRVLWLRQV� UHODWLYH� WR� WKH� VXE�
VWUDWH�DQG�WKH�DQJOH�EHWZHHQ�WKHVH�SRVLWLRQV
LV� ����� 8VLQJ� WKHVH� GDWD�� WKH�PRGHO� RI� WKH
ILOP�VXEVWUDWH� LQWHUIDFH� VWUXFWXUH� ZDV� SUR�
SRVHG� �)LJ���F�� G��� )URP� WKDW�PRGHO�� LW� FDQ
EH� FRQFOXGHG� WKDW� LQWHUDFWLRQ� EHWZHHQ� &V,
DQG�/L)� LV�ZHDN��EHFDXVH�RQO\�D�KDOI�RI�WKH
LQYHUVHO\�FKDUJHG� LRQV�RI� WKH� ILOP�DQG�VXE�
VWUDWH� DUH� VLWXDWHG� RSSRVLWH� WR� HDFK� RWKHU�
7KHUHIRUH�� WKHUH� LV� EDODQFH� EHWZHHQ� UHSXO�
VLRQ� DQG� DWWUDFWLRQ� IRUFHV� DW� WKH� LQWHUIDFH�
7KLV�ZHDN�LQWHUDFWLRQ�EHWZHHQ�WKH�OD\HU�DQG
WKH�VXEVWUDWH�DQG�ODUJH�YDOXH�RI�&V,�DQG�/L)

ODWWLFH�PLVILW�SURYLGH�ILOP�JURZWK�DFFRUGLQJ
WR� FRLQFLGHQW� QRGHV� PHFKDQLVP�� $V� IROORZV
IURP� WKH� REWDLQHG� VWUXFWXUDO� GDWD�� DW� KLJK
VXEVWUDWH� WHPSHUDWXUH� DQG� UDWKHU� ORZ� FRQ�
GHQVDWLRQ� UDWH�� WKH� VXEVWUDWH� LQIOXHQFHV� RQ
WKH�JURZLQJ� OD\HU� VWUXFWXUH��7KLV� LQIOXHQFH
LV�QRW�VWURQJ�EXW�LW�LV�VXIILFLHQW�WR�RUGHU�WKH
ILOP�FROXPQDU�EORFNV�DFFRUGLQJO\�WR�WKH�VXE�
VWUDWH� LQ�SODQH� RULHQWDWLRQ�� %XW� DW� KLJK
GHSRVLWLRQ� UDWH� DQG� ORZ� VXEVWUDWH� WHPSHUD�
WXUH�� WKH� RULHQWDWLRQ� LQIOXHQFH� RI� VXEVWUDWH
RQ�WKH�JURZLQJ�OD\HU�RULHQWDWLRQ�GLVDSSHDUV
�)LJ���F��

&V,�7O�� ILOPV� GHSRVLWHG� RQWR� JODVV� VXE�
VWUDWH� GHPRQVWUDWH� D� VLPLODU� GHSHQGHQFH� RI
WKH� VWUXFWXUH� RQ� WKH� GHSRVLWLRQ� FRQGLWLRQV�
7KDW� LV�� GHFUHDVH� RI� WKH� VXEVWUDWH� WHPSHUD�
WXUH� IURP� ����.� WR� ����.� DQG� LQFUHDVH� RI
WKH� FRQGHQVDWLRQ� UDWH� UHVXOW� LQ� WKH� ILOP
FU\VWDOOLQH� VWUXFWXUH� FKDQJH� IURP� KLJKO\
WH[WXUHG� WR� XVXDO� SRO\FU\VWDOOLQH�&V,� VWUXF�
WXUH� �)LJ������2I�FRXUVH��WKH�DEVHQFH�RI�RUL�
HQWLQJ� VXEVWUDWH� SUHYHQWV� WKH� GHYHORSPHQW
RI� WKH� VLQJOH� FU\VWDOOLQH� DUHDV� LQ� WKH� ILOP

)LJ�����6WHUHRJUDSKLF�SURMHFWLRQV�RI�&V,�/L)�����������!��D��DQG�����!��E��OD\HU�RULHQWDWLRQ��'DUN
GRWV�FRUUHVSRQG� WR�/L)� DQG� OLJKW�VTXDUHV�WR�&V,� ILOP��3URSRVHG�VWUXFWXUH�RI�&V,�/L)������ LQWHUIDFH
IRU��������F��DQG��������G��&V,�RULHQWDWLRQ�
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HYHQ�DW�WKH�PRVW�IDYRUDEOH�GHSRVLWLRQ�FRQGL�
WLRQV�

7R�DFKLHYH� WKH�KLJKHVW�SRVVLEOH�VFLQWLOOD�
WLRQ� HIILFLHQF\� RI�&V,�7O�� ILOPV�� WKH� FRQFHQ�
WUDWLRQ� DQG� KRPRJHQHRXV� GLVWULEXWLRQ� RI
WKDOOLXP� DUH� HVVHQWLDO�� ,Q�PRVW� FDVHV�� WKDO�
OLXP� FRQFHQWUDWLRQ� LQ� WKH� YDFXXP� HYDSR�
UDWHG�&V,�7O��OD\HUV�LV�LQKRPRJHQHXRV�GXH�WR
WKH�GLIIHUHQFHV�RI�SDUWLDO�YDSRU�SUHVVXUHV�RI
&V,� DQG�7O,�� ,Q�WKLV�ZRUN��WKH�XVXDO�GHSRVL�
WLRQ� PHWKRG� IURP� SRZGHU� VRXUFH� ZDV� UH�
SODFHG�E\�VXEOLPDWLRQ�RI� WKH�EXON�&V,� FU\V�
WDO�ZLWK� RSWLPDO�7O� FRQFHQWUDWLRQ��'HWHUPL�
QDWLRQ� RI� 7O� FRQWHQW� LQ� WKH� VRXUFH� KDG
VKRZQ� WKDW� LW� LV� FRQVWDQW� DQG� HTXDOV� WR
���� ZW���� ERWK� SULRU� WR� DQG� DIWHU� GHSRVL�
WLRQ�� 6R� ZH� VXSSRVHG� WKDW�� DW� FRQVWDQW� 7O
FRQWHQW� LQ� WKH� VRXUFH� SULRU� WR� DQG� DIWHU
GHSRVLWLRQ�� WKH� 7O� FRQWHQW� LQ� D� ILOP� FRUUH�
VSRQGV�WR�LW�RI�WKH�VRXUFH��7KLV�DVVXPSWLRQ
ZDV�FRQILUPHG�E\�WKH�YROWDPPHWULF�DQDO\VLV
RI�7O�FRQWHQW� LQ�WKH�ILOP��7KH�7O�FRQFHQWUD�
WLRQ� LQ� WKH� GHSRVLWHG� ILOPV� ZDV� ���� ZW���
WRR��+HQFH��WKLV�WHFKQLTXH�SURYLGHV�D�SURSHU
FRQFHQWUDWLRQ�DQG�KRPRJHQHRXV�GLVWULEXWLRQ
RI�GRSDQW�GXULQJ�GHSRVLWLRQ�

7R�FRPSDUH�WKH�VFLQWLOODWLRQ�HIILFLHQF\�RI
&V,�7O�� ILOPV� GHSRVLWHG� IURP� GLIIHUHQW
VRXUFHV�� WKH� VFLQWLOODWLRQ�SXOVH�KHLJKW� VSHF�
WUD�ZHUH�REWDLQHG��)RU�FRPSDULVRQ�SXUSRVHV�
DOO� SXOVH� KHLJKW� VSHFWUD� VKRZQ� LQ� )LJ���

ZHUH�QRUPDOL]HG�WR�WKH�SHDN�RI�WKH�VWDQGDUG
&V,�7O�� D� SDUWLFOH� GHWHFWRU�� $OO� VDPSOHV
VKRZQ� LQ�)LJ����ZHUH�GHSRVLWHG�XQGHU�VLPL�
ODU� FRQGLWLRQV� WR� H[FOXGH� WKH� LQIOXHQFH� RI
FU\VWDOOLQH�VWUXFWXUH�RQ�WKH�REWDLQHG�VFLQWLOOD�
WLRQ� UHVXOWV�� 7KH� ILOPV�ZHUH� GHSRVLWHG� XVLQJ
WKH� VDPH� &V,�7O�� FU\VWDO� ZLWK� NQRZQ� GRSDQW
FRQFHQWUDWLRQ� RI� ���� ZW���� )RU� GHSRVLWLRQ
IURP� SRZGHU� VRXUFH�� WKLV� FU\VWDO� ZDV� SRZ�
GHUHG� DQG� IRU� GHSRVLWLRQ� IURP� WKH� EXON�� WKH
EXON�SDUW�RI�WKLV�FU\VWDO�ZDV�XVHG�DV�VRXUFH�

$V� LV� VKRZQ� LQ� )LJ����� &V,�7O�� ILOPV� GH�
SRVLWHG�IURP�WKH�EXON�FU\VWDO�VKRZ�D�KLJKHU
HQHUJ\� UHVROXWLRQ� WKDQ� WKH� ILOPV� GHSRVLWHG
IURP� SRZGHU� VRXUFH�� 7KLV� GLIIHUHQFH� LQ� HQ�
HUJ\� UHVROXWLRQ� RI� &V,�7O�� ILOPV� GHSRVLWHG
IURP� YDULRXV� VRXUFHV� FDQ� EH� H[SODLQHG� DV
IROORZV��'XULQJ�GHSRVLWLRQ�IURP�WKH�SRZGHU
&V,�7O�� VRXUFH�� DQ� LQKRPRJHQHRXV� GRSDQW
FRQFHQWUDWLRQ� WDNHV� SODFH� RYHU� WKH� YROXPH
RI�JURZLQJ�OD\HU�GXH�WR�WKH�VRXUFH�GHSOHWLRQ
RI�7O�GXULQJ�GHSRVLWLRQ��7KHUHIRUH��WKH�SDUWV
RI�ILOP�ZLWK�GLIIHUHQW�GRSDQW�FRQFHQWUDWLRQ

)LJ����� 3XOVH� KHLJKW� VSHFWUD� RI�&V,�7O�� ILOPV
GHSRVLWHG� IURP� GLIIHUHQW� VRXUFHV�� D�� &V,�7O�
ILOPV� GHSRVLWHG� IURP� SRZGHU� VRXUFH�� �� Û
WKLFNQHVV���PP�� GHSRVLWLRQ� UDWH� ��c�V�� �� Û
WKLFNQHVV����PP��GHSRVLWLRQ�UDWH����c�V����Û
WKLFNQHVV� ��� PP�� GHSRVLWLRQ� UDWH� �� c�V�� E�
&V,�7O�� ILOPV� GHSRVLWHG� IURP�EXON�&V,�7O�� VLQ�
JOH�FU\VWDO����Û�WKLFNQHVV�����PP��GHSRVLWLRQ
UDWH���c�V�� �� Û� VLQJOH� FU\VWDO�&V,�7O��� �� Û
WKLFNQHVV����PP��GHSRVLWLRQ�UDWH����c�V����Û
WKLFNQHVV� ���PP�� GHSRVLWLRQ� UDWH� ��c�V�� $OO
ILOP�VSHFWUD�DUH�QRUPDOL]HG�WR�WKH�D�GHWHFWRU
SHDN�

)LJ����� ;�UD\� GLIIUDFWLRQ� SDWWHUQV� RI� WKH
&V,�7O��ILOPV�GHSRVLWHG�RQ�WKH�JODVV�VXEVWUDWH�
D��GHSRVLWLRQ�UDWH�����c�V��VXEVWUDWH�WHPSHUD�
WXUH� ���� .�� E�� GHSRVLWLRQ� UDWH� �� c�V�� VXE�
VWUDWH� WHPSHUDWXUH�����.�� F�� GHSRVLWLRQ� UDWH
��c�V��VXEVWUDWH�WHPSHUDWXUH�����.�
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UHVSRQG� GLIIHUHQWO\� WR� H[FLWLQJ� UDGLDWLRQ�
7KLV� IHDWXUH� UHVXOWV� LQ� EURDGHQHG� VFLQWLOOD�
WLRQ�SXOVH�KHLJKW�VSHFWUD�

$V� LW� LV� VHHQ� IURP� )LJ����� &V,�7O�� ILOPV
GHSRVLWHG� IURP�SRZGHU�VRXUFH�KDYH� ORZHUHG
OLJKW�\LHOG� DV� FRPSDUHG� WR� WKH� ILOPV�GHSRV�
LWHG� IURP� EXON� VRXUFH�� 7KLV� GLVWLQFWLRQ� LQ
OLJKW� \LHOG� FDQ� EH� H[SODLQHG� E\� WKH� VRXUFH
GHSOHWLRQ�RI�7O�GXULQJ�GHSRVLWLRQ�LQ�WKH�FDVH
RI�HYDSRUDWLRQ�IURP�&V,�7O��SRZGHU��7KH�IDFW
RI� 7O� GHSOHWLRQ� LQ� SRZGHU� VRXUFH� GXULQJ
GHSRVLWLRQ� ZDV� FRQILUPHG� E\� YROWDPPHWULF
DQDO\VLV��,Q�WXUQ��WKLV�7O�GHSOHWLRQ�LQ�VRXUFH
UHVXOWV� LQ� GHSOHWLRQ� RI� GRSDQW� LQ� WKH� JURZ�
LQJ�OD\HU��

7R� FRQFOXGH�� LW� KDV� EHHQ� GHPRQVWUDWHG
WKDW�WKH�XVH�RI�&V,�7O��EXON�FU\VWDO�VXEOLPD�
WLRQ� GXULQJ� YDFXXP� GHSRVLWLRQ� SURYLGHV� D
UHSURGXFLEOH� GRSDQW� FRQWHQW� DQG� XQLIRUP
GLVWULEXWLRQ� LQ� WKH� JURZLQJ� ILOPV�� 7KDW�� LQ
WXUQ��UHVXOWV�LQ�LPSURYHG�VFLQWLOODWLRQ�FKDU�
DFWHULVWLFV� RI� &V,�7O�� ILOPV�� VXFK� DV� OLJKW
\LHOG�DQG�HQHUJ\�UHVROXWLRQ��DV�FRPSDUHG�WR
&V,�7O�� ILOPV� GHSRVLWHG� IURP� WKH� SRZGHU
VRXUFH�� 7KH� GHSHQGHQFH� EHWZHHQ� GHSRVLWLRQ
FRQGLWLRQV� DQG� ILOP� FU\VWDOOLQH� VWUXFWXUH� LV
WKH� VDPH� ERWK� IRU� GHSRVLWLRQ� IURP� EXON

&V,�7O��FU\VWDO�DQG�IRU�GHSRVLWLRQ�IURP�SRZ�
GHU� &V,�7O�� VRXUFH�� ,W� KDV� EHHQ� VKRZQ� WKDW
LQ�ERWK�FDVHV��&V,�7O��FROXPQDU�OD\HUV�FDQ�EH
REWDLQHG�XQGHU�SURSHU�GHSRVLWLRQ�FRQGLWLRQV
ZLWK� WKH� VLQJOH� FU\VWDOOLQH� VWUXFWXUH� RI� FR�
OXPQDU�EORFNV�
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