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$V� GLVFXVVHG� LQ� FKDSWHU� ,�� WKH� FU\VWDO� VWUXFWXUH� RI� %L)H2� LV� UKRPERKHGUDO� LQ WKH� 5�F�

VSDFH�JURXS�>-DFREVRQ�HW�DO����������)LVFKHU�HW�DO���������6RVQRZVND�HW�DO��������@� 7KH�

FU\VWDO�VWUXFWXUH�RI�%)�[37�VROLG�VROXWLRQV�DW�URRP�WHPSHUDWXUH�LV�VWLOO�FRQWURYHUVLDO��7KH�

0RUSKRWURSLF� SKDVH� ERXQGDU\� �03%�� LQ� WKH� %)�[37� V\VWHP� KDV� EHHQ� WUDGLWLRQDOO\�

EHOLHYHG�WR�VHSDUDWH�WKH�VWDELOLW\�ILHOGV�RI�WKH�UKRPERKHGUDO�DQG�WHWUDJRQDO�SKDVHV�LQ� WKH�

5�F�DQG�3�PP�VSDFH�JURXSV��UHVSHFWLYHO\�>6PLWK�HW�DO��������@� )HGXORY�HW�DO��>)HGXORY�

HW�DO��������@��KDYH�UHSRUWHG�WKDW�WKH�UDQJH�RI�03%�ZDV�[ �����WR������ZKLOH�RQ�WKH�RWKHU�

KDQG� :RRGZDUG� HW� DO�� >:RRGZDUG� HW� DO�������@� UHSRUWHG� WKDW� WKH� UDQJH� RI� 03% ZDV�

[ �����WR�������+RZHYHU��>=KX�HW�DO��������@��LW�KDYH EHHQ�SURSRVHG�WKDW�WKH�03%�UHJLRQ�

H[WHQGV� IURP� [ ����� WR� [ ����� JLYLQJ� DQ� XQXVXDOO\� ODUJH�ZLGWK�ǻ[ ����� IRU� WKH�03%�

UHJLRQ� LQ�WKH�%)�[37�V\VWHP��,W�ZDV�DOVR�VKRZQ� WKDW� LQ�FDUHIXOO\�SUHSDUHG�VDPSOHV�� WKH�

PRQRFOLQLF� DQG� WHWUDJRQDO� SKDVHV� DUH� VWDEOH� IRU� [ ����� DQG� [ ������ UHVSHFWLYHO\�

>%KDWWDFKDUMHH�HW�DO�� ������@��ZKHUH�DV� WZR�SKDVHV�FRH[LVW� IRU������[������FRPSRVLWLRQ�

UDQJH� 7KH�FHUDPLF�SRZGHU�RI�%)�[37�SUHSDUHG�E\�PHFKDQRV\QWKHVLV�SURFHVV��WKH�ZLGWK�

RI� WKH�03%� LV� VKRZQ� WR� EH�ǻ[ ������ >&RUUHDV� HW� DO�� ������@�� 7KHUH� LV� QR� VDWLVIDFWRU\�

H[SODQDWLRQ�WLOO�GDWH�DV�WR�ZK\�GLIIHUHQW�ZRUNHUV�UHSRUW�VXFK�ZLGHO\� GLIIHULQJ�YDOXHV� IRU�

WKH� ZLGWK� RI� WKH� 03%� UHJLRQ� UDQJLQJ� IURP� ǻ[ ����� >%KDWWDFKDUMHH� HW� DO�� ������@� WR�

ǻ[ ���� >=KX� HW� DO�� ������@�� �7KH�03%� LQ� WKH�PDJQHWRHOHFWULF�PXOWLIHUURLF� %)�[37 LV�

DOVR� GHSHQGHQW� RQ� FU\VWDOOLWH� VL]H�� .RWKDL� HW� DO�� >.RWKDL� HW� DO�� �������� ������@� KDYH�

UHSRUWHG� D� 03%� UHJLRQ� GHSHQGLQJ� RQ� GLIIHUHQW� FU\VWDOOLWH� VL]H�� KRZHYHU� IRU� WKH�

QDQRSDUWLFOHV� WKH� FU\VWDO� VWUXFWXUH� KDV� EHHQ� UHSRUWHG� WR� EH� URKPERKHGUDO� IRU� ��%)37�

SRZGHU�>1DUD\DQ HW�DO�������@��
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,Q� WKLV� FKDSWHU�� ZH� DWWHPSW� WR� UHVROYH� WKH� H[LVWLQJ� FRQWURYHUVLHV� UHJDUGLQJ WKH� FU\VWDO�

VWUXFWXUHV� RI� %)�[37� DW� URRP� WHPSHUDWXUH� IURP� D� V\VWHPDWLF� VWUXFWXUDO� VWXG\� XVLQJ�

5LHWYHOG�DQDO\VLV�RI� KLJK�UHVROXWLRQ�V\QFKURWURQ�[�UD\�GLIIUDFWLRQ��6;5'��GDWD� IRU�WKH�

FRPSRVLWLRQV� ����DQG�[ ������RQ�WKH�ERWK VLGH�RI�03%�IRU�ERWK�EXON�DQG�QDQR�SDUWLFOHV���

/DERUDWRU\� [�UD\� GLIIUDFWLRQ GDWD DUH� XVHG� IRU WKH VWUXFWXUDO� DQDO\VLV� RI� WKH %)�[37�

SRZGHU�� ZKLFK�LV�FDOFLQHG�DW� ��� �&ࡈ �����[������� $� EULHI LQWURGXFWLRQ� WR� WKH� 5LHWYHOG�

UHILQHPHQW�WHFKQLTXH�LV�DOVR�LQFOXGHG LQ�WKLV�FKDSWHU�

����([SHULPHQWDO

)RU� [�UD\� FKDUDFWHUL]DWLRQV�� WKH� VLQWHUHG� SHOOHWV�ZHUH� FUXVKHG� WR� ILQH SRZGHUV� DQG� WKHQ�

DQQHDOHG�WR�UHPRYH�WKH�VWUDLQV LQWURGXFHG�GXULQJ�FUXVKLQJ� 6\QFKURWURQ�[�UD\�GLIIUDFWLRQ�

�6;5'� SDWWHUQV�ZHUH�FROOHFWHG DW�KLJK�UHVROXWLRQ�SRZGHU�GLIIUDFWLRQ�EHDPOLQH�3�����DW�

3(75$,,,��'(6<��+DPEXUJ��*HUPDQ\�IRU�UHVROYLQJ�WKH�FRQWURYHUV\�DERXW�WKH�VWUXFWXUH�

7KH�ZDYHOHQJWK� IRU� WKH� V\QFKURWURQ� [�UD\� GLIIUDFWLRQ� XVHG�ZDV�������c� ���� NH9���7KH�

VDPSOHV�ZHUH�NHSW�LQVLGH�.DSWRQ�WXEHV�KDYLQJ GLDPHWHU�RI�����PP ZLWK�D WRWDO �5���

7KH %)�[37�SRZGHU��ZKLFK�LV�FDOFLQHG�DW� ��� �\HG�E\�;�UD[�DUH�FKDUDFWHUL�����]������&ࡈ

GLIIUDFWLRQ�PHDVXUHPHQWV��XVLQJ��DQ����N:�URWDWLQJ�DQRGH��&X.Į��EDVHG�5LJDNX��5,17�

������3&�VHULHV��SRZGHU�GLIIUDFWRPHWHU�RSHUDWLQJ LQ�WKH�%UDJJ� %UHQWDQR�JHRPHWU\�DQG�

ILWWHG�ZLWK�D�JUDSKLWH�PRQRFKURPDWRU�LQ�WKH�GLIIUDFWHG�EHDP��7KH�RSHUDWLQJ�YROWDJH�DQG�

FXUUHQW�ZHUH�NHSW�DW����N9�DQG�����P$��UHVSHFWLYHO\�

����$�EULHI�LQWURGXFWLRQ�RI 5LHWYHOG�UHILQHPHQW�PHWKRG

7KH�PHWKRG�RI�ILQGLQJ WKH�DUUDQJHPHQW�RI DWRPV�ZLWKLQ�D�FU\VWDO�V\VWHP�LV�NQRZQ�DV�;�

UD\� FU\VWDOORJUDSK\� LQ� ZKLFK� D� EHDP� RI� [�UD\V� LV� GLIIUDFWHG� E\� D� FU\VWDO� LQ VSHFLILHG�

GLUHFWLRQV��)URP�WKH�LQWHQVLWLHV�DQG�DQJOHV�RI�WKHVH�GLIIUDFWHG�EHDPV� WKH�PHDQ�SRVLWLRQV�

RI�WKH�DWRPV�LQ�WKH�FU\VWDO�FDQ�EH�GHWHUPLQHG��)RU�WKH�QHZ�PDWHULDOV��VLQJOH�FU\VWDO [�UD\�
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GLIIUDFWLRQ�LV�FRPPRQO\�XVHG�WR�ILQG�RXW WKH�VWUXFWXUHV� +RZHYHU��WKHUH�LV�VRPH�OLPLWDWLRQ�

RI�WKLV�WHFKQLTXH�E\�ZKLFK�WKH�DELOLW\�WR�JURZ�QHDUO\�SHUIHFW�FU\VWDOV WKDW�DUH�VXLWDEOH�IRU

GLIIUDFWLRQ��'XH�WR�WKLV� OLPLWDWLRQ�DQG�WKH�WLPH�DQG�FRVWLQWHQVLYH QDWXUH�RI�WKH�WHFKQLTXH��

VWUXFWXUDO�FKDUDFWHUL]DWLRQ�XVLQJ�[�UD\�SRZGHU GLIIUDFWLRQ�LV�PRUH�FRPPRQ��

'U��+��5LHWYHOG�ZDV�WKH�ILUVW��ZKR� KDYH�FDUULHG RXW�D�FRPSXWHU SURJUDP�WR�PDNH�XVH�RI�

WKH� IXOO� LQIRUPDWLRQ� FRQWHQW� RI� WKH� SRZGHU� GLIIUDFWLRQ SDWWHUQ�ZKLFK� LV� QRZ�FRPPRQO\�

NQRZQ�DV�WKH µ5LHWYHOG UHILQHPHQW¶��RU�µ5LHWYHOG�DQDO\VLV¶ RU µ5LHWYHOG�PHWKRG¶��7KLV�LV�D�

OHDVW�VTXDUHV�UHILQHPHQW PHWKRG�LQ�ZKLFK�WKH�UHILQHPHQWV�DUH�FDUULHG�RXW�XQWLO�WKH�EHVW�ILW�

LV�REWDLQHG EHWZHHQ�WKH�HQWLUH�REVHUYHG�SRZGHU�GLIIUDFWLRQ�SDWWHUQ�WDNHQ�DV�D�ZKROH�DQG�

WKH HQWLUH� FDOFXODWHG� SDWWHUQ� EDVHG� RQ� WKH� VLPXOWDQHRXVO\� UHILQHG�PRGHO� IRU� WKH FU\VWDO�

VWUXFWXUH��GLIIUDFWLRQ�RSWLFV�HIIHFW��LQVWUXPHQWDO�IDFWRUV�DQG�RWKHU VSHFLPHQ�FKDUDFWHULVWLFV�

><RXQJ�������@��7KH�SDUDPHWHU�ZKLFK�LV�VRXJKW�WR�EH PLQLPL]HG�LV�WKH�UHVLGXDO��6\�

ݕܵ ൌ ෍݅ݓ
݅

ሺ݅݋ݕെ݅ܿݕ ሻ
ʹǥǥǥǥǥǥ ሺ͵Ǥͳሻ

ZKHUH�� \RL LV� WKH� REVHUYHG� DQG� \FL LV� WKH� FDOFXODWHG� LQWHQVLW\� DW� WKH� L
WK VWHS� DQG�ZL LV D�

VXLWDEOH�ZHLJKW�JLYHQ�E\��ZL�
��  �\RL�

$�SRZGHU�GLIIUDFWLRQ�SDWWHUQ�UHVXOWV�IURP�VHYHUDO�LQGLYLGXDO�UHIOHFWLRQ� HDFK�RI�ZKLFK�KDV�

D�SHDN�KHLJKW��D�SHDN�SRVLWLRQ��D�EUHDGWK��WDLOV�ZKLFK�GHFD\ JUDGXDOO\�ZLWK�GLVWDQFH�IURP�

WKH�SHDN�SRVLWLRQ��DQG�DQ�LQWHJUDWHG�DUHD�ZKLFK�LV SURSRUWLRQDO�WR�WKH�%UDJJ�,QWHQVLW\�,N�RI�

HDFK�UHIOHFWLRQ�ZKHUH�N�VWDQGV�IRU�WKH 0LOOHU�LQGLFHV�K�N�O��7KH�LQWHQVLW\�,N�LV�SURSRUWLRQDO�

WR�WKH�VTXDUH�RI� WKH� VWUXFWXUH IDFWRU��,N Į� _)N_
���><RXQJ�������@��7\SLFDOO\��PDQ\�%UDJJ�

UHIOHFWLRQV�FRQWULEXWH WR�WKH�LQWHQVLW\��\L��REVHUYHG�DW�DQ\�DUELWUDULO\�FKRVHQ�SRLQW�µL¶�LQ�WKH�

SRZGHU GLIIUDFWLRQ� SDWWHUQ��7KH� FDOFXODWHG� LQWHQVLWLHV� \FL DUH� GHWHUPLQHG� IURP� WKH�_)N_
�
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YDOXHV� FDOFXODWHG� IURP� WKH� SURSRVHG� VWUXFWXUDO� PRGHO� E\� VXPPLQJ� XS� WKH FDOFXODWHG�

FRQWULEXWLRQV�IURP�WKH�QHLJKERXULQJ�%UDJJ�UHIOHFWLRQV�SOXV�WKH EDFNJURXQG�

݅ܿݕ ൌ ݇ܮ෍ݏ ȁ݇ܨȁ
݅ߠʹሺߔʹ െ ሻܲ݇݇ߠʹ ܣ ൅ ܾ݅ݕ ǥǥǥǥǥǥǥ ሺ͵Ǥʹሻ

ZKHUH�V� LV�WKH�VFDOH�IDFWRU��N�UHSUHVHQWV�WKH�0LOOHU�LQGLFHV��K��N��O�� IRU�D�%UDJJ UHIOHFWLRQ��

/N FRQWDLQV�WKH�/RUHQW]��SRODUL]DWLRQ��DQG�PXOWLSOLFLW\� IDFWRUV��Ȱ LV� WKH UHIOHFWLRQ�SURILOH�

IXQFWLRQ�� 3N LV� WKH� SUHIHUUHG� RULHQWDWLRQ� IXQFWLRQ�� $� LV� DQ DEVRUSWLRQ� IDFWRU�� )N LV� WKH�

VWUXFWXUH�IDFWRU�IRU� WKH�NWK %UDJJ�UHIOHFWLRQ��DQG�\EL LV WKH�EDFNJURXQG� LQWHQVLW\�DW�WKH� L
WK

VWHS� ><RXQJ� ������@��7KH�5LHWYHOG� WHFKQLTXH� LV D� VWUXFWXUH� UHILQHPHQW� WHFKQLTXH�ZKHUH�

WKH� NQRZOHGJH� RI� WKH� EDVLF� VWUXFWXUH� LV UHTXLUHG� LQ� DGYDQFH�� ,Q� UHFHQW� \HDUV�� KRZHYHU�

DWWHPSWV�KDYH�EHHQ�PDGH�WR�VROYH XQNQRZQ�VWUXFWXUHV�DOVR�XVLQJ�WKLV�WHFKQLTXH�>3HXFKDUW�

HW� DO�� ������@� 7KH� VKDSH� RI� D� SRZGHU� GLIIUDFWLRQ� UHIOHFWLRQ� LV� LQIOXHQFHG� E\� ERWK� WKH

VDPSOH��H�J��GRPDLQ��VL]H��VWUHVV�VWUDLQ��GHIHFWV��DQG�WKH�LQVWUXPHQW��H�J��UDGLDWLRQ VRXUFH��

JHRPHWU\�� VOLW� VL]HV��� DQG� WKH\� YDU\�DV�D� IXQFWLRQ�RI��Ʌ��$PRQJ� WKH YDULRXV�SHDN�VKDSH�

IXQFWLRQV��WKH�SVHXGR�9RLJW��DQ�DSSUR[LPDWLRQ�RI�WKH�9RLJW IXQFWLRQ��LV�PRVW�ZLGHO\�XVHG��

7KH� SVHXGR�9RLJW� �S9�� IXQFWLRQ� LV� VLPSO\� D� OLQHDU FRPELQDWLRQ� RI� /RUHQW]LDQ� �/�� DQG�

*DXVVLDQ��*��FRPSRQHQWV�LQ�WKH�UDWLR�><RXQJ ������@

S9� �Ș/������Ș�*�«««««««� �����

:KHUH�� Ș� LV� WKH� SVHXGR�9RLJW�PL[LQJ� SDUDPHWHU��$OO� SHDN� VKDSH� IXQFWLRQV� FRQWDLQ KDOI�

ZLGWK� RI� WKH� %UDJJ� SHDNV� RU� WKH� IXOO� ZLGWK� DW� KDOI� PD[LPD� �):+0�� ZKRVH DQJXODU�

GHSHQGHQFH�LV�H[SUHVVHG�E\�WKH�IDPRXV�&RJOLRWL�IXQFWLRQ�>&DJOLRWL�HW�DO� ������@�

�):+0��  �8WDQ�Ʌ �9WDQɅ ��:«««««�������

:KHUH��8��9�DQG�:�DUH�KDOI�ZLGWK�SDUDPHWHUV�

7KH� SDUDPHWHUV�ZKLFK� DUH� UHILQHG� LQ� WKH�5LHWYHOG�PHWKRG� LQFOXGH VWUXFWXUDO� SDUDPHWHUV�

�SRVLWLRQDO�FRRUGLQDWHV��XQLW�FHOO�SDUDPHWHUV�DQG�WKHUPDO SDUDPHWHUV���VDPSOH�SDUDPHWHUV�
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�VWUDLQV�� GRPDLQ� VL]H�� SUHIHUUHG� RULHQWDWLRQ�� LQVWUXPHQWDO� SDUDPHWHUV� �):+0� RI WKH�

SHDNV�GXH�WR�GLIIUDFWLRQ�JHRPHWU\��VKLIW RI�RULJLQ��EDFNJURXQG�HWF��DQG�WKH�VFDOH�IDFWRU�

5LHWYHOG�UHILQHPHQW�SURFHVV�ZLOO�DGMXVW� WKH�UHILQDEOH�SDUDPHWHUV�XQWLO� D µEHVW� ILW¶� IRU� WKH�

HQWLUH�FDOFXODWHG�SDWWHUQ�WR�WKH�HQWLUH�REVHUYHG�SDWWHUQ�LV REWDLQHG� ,W�LV�LPSRUWDQW�WR�FKHFN�

WKH�DGHTXDF\�RI� WKH�VHOHFWHG�VWUXFWXUDO�PRGHO LQ�JLYLQJ�JOREDO�PLQLPD��UDWKHU� WKDQ� ORFDO�

�µIDOVH¶��PLQLPD��LQ�WKH�DJUHHPHQW IDFWRUV��2QH�QHHGV�YDULRXV�FULWHULD�RI�ILW�XVXDOO\�FDOOHG�

DJUHHPHQW�IDFWRUV��LQ RUGHU�WR�PDNH�WKHVH�FKRLFHV��7KH�LQGLFDWRUV�XVHG�LQ�WKH�UHILQHPHQWV�

DUH� WKH YDULRXV� 5�IDFWRUV� �RU� DJUHHPHQW� IDFWRUV��ZKLFK� DUH� GHILQHG� DV� IROORZV� ><RXQJ

������@�

�L� 5� VWUXFWXUH�IDFWRU�����������������������������������5) 
σ ȁሺܭܫ ሺƮݏܾ݋Ԣ ሻሻ

ͳ
ʹെܭܫ ሺ݈ܿܽ ሻ

ͳ
ʹሻȁ

σሺ݇ܫሺƮݏܾ݋
Ԣ ሻሻ

ͳ
ʹ

�LL� 5�SURILOH�IDFWRU�����������������������������������������5S 
σ ȁ݅݋ݕ െ݅ܿݕ ȁ

෌݅݋ݕ

�LLL� 5�%UDJJ�IDFWRU�����������������������������������������5% 
σ ȁܭܫ ሺƮݏܾ݋Ԣ ሻെܭܫ ሺ݈ܿܽ ሻȁ

σሺ݇ܫሺƮݏܾ݋
Ԣ ሻሻ

�LY� 5�:HLJKWHG�SURILOH�IDFWRU������������������������5ZS �ቄ
σ݅ݓ ሺ݅ݕሺݏܾ݋ ሻെ݅ݕሺ݈ܿܽ ሻሻ

σ݅ݓሺ݅ݕሺݏܾ݋ ሻሻ
ʹ

ቅ
ͳȀʹ

�Y� 5�H[SHFWHG�ZHLJKWHG�SURILOH�IDFWRU����������5H[S ቂ
ሺܰെܲሻ

෌݅݋ʹݕ݅ݓ
ቃ
ͳȀʹ

,Q�WKH�DERYH�H[SUHVVLRQV�,.�LV�WKH�LQWHQVLW\�DVVLJQHG�WR�WKH�.WK %UDJJ�UHIOHFWLRQ�DW WKH�HQG�

RI� WKH�UHILQHPHQW�F\FOHV��1�DQG�3�DUH�QXPEHU�RI�REVHUYDWLRQV�DQG YDULDEOHV��7KH�%UDJJ�

LQWHQVLW\�,.�LV�UDUHO\�REVHUYHG�GLUHFWO\��7KHUHIRUH�WKH�,. YDOXHV�LQ�WKH�H[SUHVVLRQ�IRU�5)�

DQG� 5%� DUH� REWDLQHG� IURP� WKH� WRWDO� REVHUYHG LQWHQVLW\� XVLQJ� SURJUDPPDWLF� DOORFDWLRQ�

ZKLFK�LV�JHQHUDOO\�ELDVHG�WRZDUGV�WKH VWUXFWXUDO�PRGHO�EHLQJ�UHILQHG�

7KH�JRRGQHVV��RI� ILW�LQGLFDWRU�µ6¶�LV
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ቃ
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ǥǥǥǥǥǥ Ǥ ሺ͵Ǥͷሻ

7KH�6�YDOXH�GHSHQGV�RQ�WKH�TXDOLW\�RI�SRZGHU�GLIIUDFWLRQ�GDWD�DQG�LV�RQO\�DQ LQGLFDWRU�RI�

WKH� JOREDO� PLQLPXP� VROXWLRQ�� ,UUHVSHFWLYH� RI� WKH� 6 YDOXH�� RQH� VHHNV WR� DFKLHYH� D�

GLIIHUHQFH�SURILOH�DV�IODW�DV�SRVVLEOH�EHIRUH�DFFHSWLQJ�D�PRGHO� 7KH�JRRGQHVV�RI�ILW�RI�WKH�

V\VWHP�LV�DOVR�UHSUHVHQWHG�E\�DQ�LQGLFDWRU�FDOOHG�Ȥ� DQG�H[SUHVVHG�DV

Ȥ�  6� ൤
݌ݓܴ

݌ݔܴ݁
൨
ʹ

ൌ ቂ
ݕܵ

ሺܰെܲሻ
ቃ«««««««��������

)URP� SXUHO\� PDWKHPDWLFDO� SRLQW� RI� YLHZ�� 5:3� LV� WKH� PRVW� PHDQLQJIXO� DPRQJ� DOO WKH�

DJUHHPHQW�IDFWRUV�

����5LHWYHOG�UHILQHPHQW�GHWDLOV�RI�%)�[37

5LHWYHOG�UHILQHPHQWV�ZHUH�FDUULHG�RXW�XVLQJ�WKH�)8//352)�SDFNDJH >&DUYDMDO�������@��

7KH�:\FNRII�SRVLWLRQV�DQG�WKH�DV\PPHWULF�XQLW�IRU�WKH�YDULRXV VSDFH�JURXSV�XVHG�GXULQJ�

WKH� 5LHWYHOG� UHILQHPHQWV� RI� GLIIHUHQW� FU\VWDOORJUDSKLF SKDVHV� RI� %)�[37 V\VWHP� LQ� WKH�

SUHVHQW�ZRUN�DUH�JLYHQ�EHORZ�

�� )RU�WKH� UKRPERKHGUDO�SKDVH�ZLWK� WKH�5�F� VSDFH� JURXS��ZH�XVHG�KH[DJRQDO� D[HV�

ZLWK� ODWWLFH� SDUDPHWHU� D+  � E+  � ¥�D5 DQG� F+  �¥�D5� ZKHUH� D5 UHSUHVHQWV WKH�

UKRPERKHGUDO�FHOO�SDUDPHWHU� 7KHUH�DUH�WKUHH� LRQV��%L����3E����)H���7L�� DQG�2����

LQ�WKH�DV\PPHWULF�XQLW�RI�WKH�UKRPERKHGUDO VWUXFWXUH��7KH�%L����3E�� DQG�)H���7L��

LRQV�RFFXS\�WKH���D��:\FNRII�VLWH�DW������� ]��ZKLOH RQ�WKH�RWKHU�KDQG 2�� LRQV�DW�

WKH����E��:\FNRII�VLWHV�DW��[��\��]���$V�SHU�0HJDZ�HW�DO���������� WKH�FRRUGLQDWHV�

RI�DOO� WKH DWRPV� LQ� WKH�DV\PPHWULF�XQLW�FHOO�RI� WKH�5�F� VSDFH�JURXS�FDQ�DOVR� EH�

ZULWWHQ�DV�D IXQFWLRQ�RI�WKH�GLVSODFHPHQW�SDUDPHWHUV V��W��G�DQG�H�� %L����3E�� ������

����������V���)H���7L�� �������W���2�� ���������H��G����������G���������� 7KH�µV¶�DQG�

µW¶ SDUDPHWHUV�GHVFULEH�WKH�SRODU�GLVSODFHPHQW�RI�FDWLRQV�%L����3E�� DQG�)H���7L��
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DORQJ�>���@UK��7KH�GLVSODFHPHQW�SDUDPHWHU�µH¶�RI�R[\JHQ �2����IURP LWV�LGHDO�FXELF�
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SVHXGRUKRPERKHGUDO�FRPSRVLWLRQV�RI�%)�[37 KDV�EHHQ�SURSRVHG�WR�LQGXFH�UKRPERKHGUDO�
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;5'�GDWD >%KDWWDFKDUMHH HW�DO���������&RP\Q HW�DO����������6PLWK HW�DO����������5DQMDQ HW�

DO�����������������6XQGHU HW�DO�������@� 6R�WKHUH� LV�D�QHHG�WR�VHWWOH� WKLV�FRQWURYHUV\� ILUVW�

XVLQJ�KLJK�UHVROXWLRQ�V\QFKURWURQ�[�UD\�GLIIUDFWLRQ��6;5'��GDWD�

)LJ���� GHSLFWV�WKH�6;5' SDWWHUQV�RI��������������DQG�����UHIOHFWLRQV�RI�%)�����37�IRU�

GLIIHUHQW�VL]HV�IRU�ZKLFK�WKH�VWUXFWXUH�LV�PRQRSKDVLF��$OO�WKH�LQGLFHV�KHUH�DUH�ZLWK�UHVSHFW�

WR� WKH� GRXEOHG� SVHXGRFXELF� �SF�� SHURYVNLWH� FHOO��7KH� GRXEOHW� QDWXUH�RI� ���SF DQG����SF

SVHXGRFXELF� �SF��SURILOHV�DQG�VLQJOHW�QDWXUH�RI����SF KDV� EHHQ� WDNHQ� LQ� WKH� OLWHUDWXUH�DV�

SURRI�RI�UKRPERKHGUDO�VWUXFWXUH�ZLWK�5�F�VSDFH�JURXS�IRU�%)�[37 ZLWK�FRPSRVLWLRQV�RQ�

WKH�%)� HQG�RI� WKH�PRUSKRWURSLF� SKDVH� ERXQGDU\� �03%�� LQ� WKH� HDUOLHU� DV�ZHOO� DV� VRPH�

UHFHQW� OLWHUDWXUH 5DQMDQ HW� DO�� �������� .RWKDL HW� DO�� �������� �������� +RZHYHU�� WKLV�

DVVLJQPHQW� RI� VSDFH� JURXS RYHUORRNV� WKH� DQRPDORXV� SHDN� EURDGHQLQJ� RI� K��� DQG� KK��

SHDNV� ZLWK� UHVSHFW� WR� WKH� KKK SVHXGRFXELF SHDNV� DV� UHSRUWHG� E\� %KDWWDFKDUMHH HW� DO�

������� )RU�H[DPSOH��WKH�UDWLR�RI�WKH�IXOO�ZLGWK�DQG�KDOI�PD[LPXP��):+0��RI�WKH����SF

WR WKH�QHLJKERXULQJ�SHDN�RI�WKH����SF GRXEOHW� LV�DERXW�����IRU��ȝP�SRZGHU��6LQFH�WKHVH�

WZR�SHDNV�DUH�QHLJKERXULQJ�SHDNV��WKH�FKDQJH�LQ�WKHLU�):+0�DV�D�IXQFWLRQ�RI��ș�DV�SHU

&DJOLRWL� IXQFWLRQ VKRXOG�EH�QHJOLJLEOH�EXW�ZH� ILQG�WKDW����SF SHDN� LV�PXFK�EURDGHU�WKDQ�
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WKH� LQGLYLGXDO� SHDNV� LQ� WKH� ���SF SURILOH >&DJOLRWL HW� DO� ������@� $� VLPLODU� DQRPDORXV�

EURDGHQLQJ�KDV�HDUOLHU�EHHQ�UHSRUWHG LQ�WKH�³UKRPERKHGUDO´�SKDVH�RI�3=7�3)1�DQG�301�

[� 37� DOVR��ZKHUH� LW� KDV� EHHQ� FRQFOXVLYHO\� HVWDEOLVKHG� E\�5LHWYHOG� UHILQHPHQW� WKDW� WKLV�

EURDGHQLQJ�FDQQRW�EH�PRGHOOHG�XVLQJ�DQLVRWURSLF�VWUDLQ�EURDGHQLQJ�DQG�WKDW�WKH�RQO\�ZD\�

WKDW� WKH� K��SF�� KK�SF DQG� KKKSF SHDNV� FDQ� EH� ILWWHG� FRQVLVWHQWO\� LV� E\� ORZHULQJ� WKH�

V\PPHWU\� IURP� UKRPERKHGUDO� WR�PRQRFOLQLF >5DJLQL HW� DO�� �������� 6LQJK HW� DO�� �������

6LQJK� HW� DO�� �������� 6WHSKHQV HW� DO�������@�� %KDWWDFKDUMHH� DQG� 3DQGH\ VKRZHG� WKDW� WKH

DQRPDORXV�EURDGHQLQJ�RI�WKH�K��SF �H�J������LQ�)LJ����DQG�KK�SF �H�J������LQ�)LJ����3HDNV

RI� %)�[37� FRPSRVLWLRQ�ZLWK� �����[������ �L�H�� RQ� WKH�%)� VLGH� RI� WKH�03%�� FDQQRW� EH�

DFFRXQWHG� IRU� LQ� WKH�5LHWYHOG� UHILQHPHQWV� XVLQJ� WKH�5�F� VSDFH� JURXS >%KDWWDFKDUMHH HW�

DO�������@��,W�ZDV�VKRZQ�WKDW�3E7L2� VXEVWLWXWLRQ�FKDQJHV�WKH�VSDFH�JURXS�V\PPHWU\�RI�

%)� WR� &F� IRU� ZKLFK� DQ� H[FHOOHQW� ILW� ZDV� REWDLQHG� IRU� K��SF�� KK�SF DQG� KKKSF SHDNV�

FRQVLVWHQWO\���
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)LJ������5LHWYHOG�UHILQHPHQW�SURILOH� IRU���������������DQG�����SVXHGRFXELF�UHIOHFWLRQV�XVLQJ�,F�

VSDFH�JURXS�IRU�%)�����37�

+RZHYHU�� WKH� FXUUHQW� OLWHUDWXUH� FRQWLQXHV� WR� FRQVLGHU� 5�F� VSDFH� JURXS� IRU� %)�[37

>&RP\Q HW�DO����������5DQMDQ HW�DO����������������@� 6LQFH�DOO�WKHVH�DQDO\VHV�ZHUH�FDUULHG�

RXW�XVLQJ�ODERUDWRU\�VRXUFH�;5'�GDWD� LW�LV�GHVLUDEOH�WR�VHWWOH�WKH�VWUXFWXUH�RI�%)�����37�

LQ� WKH� EXON� DQG� QDQRFU\VWDOOLQH� IRUPV�XVLQJ� KLJK� UHVROXWLRQ�6;5'�GDWD� ILUVW�� 6LQFH� WKH�

VDPSOHV�XVHG�LQ�WKH�SUHVHQW� LQYHVWLJDWLRQ�ZHUH�SUHSDUHG�E\ WKH�VRO�JHO�PHWKRG��ZKLFK�LV�

H[SHFWHG�WR�HQVXUH�EHWWHU�FKHPLFDOO\�KRPRJHQHLW\�DV�FRPSDUHG�WR�WKH�VDPSOHV�SUHSDUHG�

E\�VROLG� VWDWH�GLIIXVLRQ�URXWH�LQ�WKH�HDUOLHU�ZRUN��LW� LV�H[SHFWHG�WKDW�5LHWYHOG�DQDO\VLV�RI�

KLJK� UHVROXWLRQ� 6;5'� GDWD� FDQ� UHVROYH� WKH� FRQWURYHUV\� XQDPELJXRXVO\ >=KX HW� DO��

���������������6PLWK HW�DO����������6XQGHU HW�DO�������@�
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$FFRUGLQJO\�� 5LHWYHOG� UHILQHPHQWV� ZHUH� FDUULHG� RXW� IRU� ERWK� WKH� 5�F� DQG� &F� VSDFH�

JURXSV��,Q�WKH�UHILQHPHQW��DQLVRWURSLF�VWUDLQ�EURDGHQLQJ�PRGHO�RI�6WHSKHQ�ZDV�XVHG�DV�D�

VWDQGDUG�SURWRFRO�IRU�5LHWYHOG�UHILQHPHQWV�XVLQJ�6;5'�GDWD��7KH�SRVLWLRQDO�FRRUGLQDWHV�

DQG� WKH� WKHUPDO� SDUDPHWHUV� RI� DOO� WKH� DWRPV� LQ� WKH� DV\PPHWULF� XQLW�ZHUH� UHILQHG� DORQJ�

ZLWK� WKH�XQLW�FHOO�SDUDPHWHUV�DQG�YDULRXV� LQVWUXPHQWDO�SDUDPHWHUV��)LJ�� ����D��FRPSDUHV�

WKH�REVHUYHG��FDOFXODWHG�DQG�GLIIHUHQFH�SURILOHV�RI�D�IHZ�VHOHFWHG�SVHXGRFXELF�UHIOHFWLRQV�

REWDLQHG� E\�5LHWYHOG� UHILQHPHQW� IRU� WKH�5�F�DQG� WKH�&F� VSDFH�JURXSV� IRU� WKH��ȝP�VL]H�

SRZGHU��,W�LV�HYLGHQW�IURP�WKHVH�ILJXUHV�WKDW�WKH�ILW�IRU�WKH�5�F�VSDFH�JURXS�LV�UDWKHU�EDG�

IRU� ERWK� WKH� ���� DQG� ���� SF� UHIOHFWLRQV� DV� FRPSDUHG� WR� WKDW� IRU� WKH� &F� VSDFH� JURXS��

)XUWKHU��WKH�ILW�LV�H[WUHPHO\�SRRU�IRU�WKH�����VXSHUODWWLFH�SHDN�IRU�WKH�5�F�VSDFH�JURXS�DV�

FRPSDUHG�WR�WKH�&F�VSDFH�JURXS��)XUWKHU��WKHUH�LV�D�GUDVWLF�GHFUHDVH�LQ�JRRGQHVV�RI�ILW�Ȥ�

IURP� ���� IRU� WKH� UKRPERKHGUDO� 5�F� VSDFH� JURXS� WR� ��� IRU� WKH� PRQRFOLQLF� &F� VSDFH�

JURXS��7KXV�ERWK�WKH�Ȥ� YDOXH�DV�ZHOO�DV�WKH�TXDOLW\�RI�ILW�VKRZQ�LQ�)LJ������D��FOHDUO\�UXOH�

RXW�WKH�UKRPERKHGUDO�5�F�VSDFH�JURXS�SURSRVHG�LQ�WKH�HDUOLHU�ZRUN�DQG� IDYRXUV�WKH�&F�

VSDFH� JURXS� SURSRVHG� E\� 6KXYUDM\RWL� DQG� 3DQGH\ >%KDWWDFKDUMHH HW� DO�� ������@�� $IWHU�

VHWWOLQJ�WKH�FRQWURYHUV\�DERXW�WKH�UKRPERKHGUDO�5�F�YHUVXV�PRQRFOLQLF�&F�VSDFH�JURXS�

V\PPHWULHV�RI�%)�����37�XVLQJ�6;5'�GDWD�IRU�EXON�SRZGHU��SDUWLFOH�VL]H��ȝP���ZH�DOVR�

H[DPLQHG� WKH� SRVVLELOLW\� RI� WKH� &F� VSDFH� JURXS� UHYHUWLQJ� WR� 5�F� VSDFH� JURXS� RQ�

GHFUHDVLQJ�WKH�SDUWLFOH�VL]H��
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)LJ������5LHWYHOG�UHILQHPHQW�SURILOH�IRU���������������DQG�����SVXHGRFXELF�UHIOHFWLRQV�XVLQJ�5�F�

DQG�&F�VSDFH�JURXS�IRU��D���PP��E������QP�RI�%)�����37�

)LJ����� �E��GHSLFWV�WKH�ILWV�IRU�D�IHZ�VHOHFWHG�SVHXGRFXELF�SHDNV�RI�%)�����37�SRZGHUV�

RI�a���QP�VL]H��$V� LQ�WKH�FDVH�RI�EXON�SRZGHU��WKH� ILWV� IRU�&F�VSDFH�JURXS�LV�HYLGHQWO\�

VXSHULRU� WR� WKH� 5�F� VSDFH� JURXS� IRU� ���QP� VL]H� SRZGHU� 7DEOH� ���� OLVWV WKH� UHILQHG�

SDUDPHWHUV�RI�%)�����37�SRZGHUV�RI�GLIIHUHQW� VL]HV��)RU�WKH�FRRUGLQDWHV��ZH�KDYH�XVHG�

WKH�HTXLYDOHQW�,F�VHWWLQJ�LQVWHDG�RI�WKH�&F�VHWWLQJ��ZKLFK�LV�WKH�QRQ�VWDQGDUG�VHWWLQJ�RI�&F�

DV�WKH�YLVXDOL]DWLRQ�RI�WKH�VXSHUH[FKDQJH�SDWKZD\V�GLVFXVVHG�LQ�QH[W�FKDSWHU�
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7DEOH� ��� 5HILQHG� VWUXFWXUDO� SDUDPHWHUV� RI� %)�����37RI� GLIIHUHQW� VL]HV� XVLQJ� ,F� VSDFH� JURXS�

REWDLQHG�IURP�V\QFKURWURQ�[�UD\�GLIIUDFWLRQ��

%)����37�
DW�

GLIIHUHQW�
VL]HV�

)UDFWLRQDO�FRRUGLQDWHV
7KHUPDO�

3DUDPHWHUV�
�c��

/DWWLFH�
3DUDPHWHUV�

�c�

6WDWLVWLFDO�
SDUDPHWHUV$WRP [ \ ]

����QP

%L�3E ��� ��� ��� %LVR ��������
D ����������
E ����������
F ����������
ȕ ���������

5S ����
5ZS ����
5H[S ����
Ȥ�� ����

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

����QP

%L�3E ��� ��� ��� %LVR ��������
D ����������
E ����������
F ����������
ȕ ���������

5S ����
5ZS ����
5H[S ����
Ȥ�� �����

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

����QP

%L�3E ��� ��� ��� %LVR ��������
D ����������
E ����������
F ����������
ȕ ���������

5S ����
5ZS ����
5H[S ����
Ȥ�� ����

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

���P %L�3E ��� ��� ��� %LVR ��������
D ����������
E ����������
F ����������
ȕ ����������

5S ����
5ZS ����
5H[S ����
Ȥ�� ����

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

,Q�WKH�FRQWH[W�RI�WHWUDJRQDO�SKDVH�RI�%)���37� ZH�KDYH�HDUOLHU�GLVFXVV�LQ�WKLV�FKDSWHU��WKDW�

WKH�QDQRSDUWLFOHV�KDYH�D�WZR�WHWUDJRQDO�SKDVHV�ZLWK�GLIIHUHQW�WHWUDJRQDOLW\��7R�YHULI\�WKLV�

SRVVLELOLW\�IRU�WKH�PRQRFOLQLF�SKDVH��ZH�DOVR�FDUULHG�RXW�WZR�SKDVH�5LHWYHOG�UHILQHPHQWV

IRU�YDULRXV�SRVVLEOH�FRUH�DQG�WKH�VKHOO�VWUXFWXUHV IRU�WKH�%)�����37�VDPSOH�KDYLQJ�ORZHVW�

SDUWLFOH� VL]H� �a����QP��� DV� WKLV� VL]H� LV� PRVW� VXVFHSWLEOH� IRU� VXFK� D� FRUH�VKHOO� VWUXFWXUH��

)LJ�����GHSLFWV� WKH�5LHWYHOG� ILWV DORQJ�ZLWK� WKH�Ȥ� YDOXHV� WKH� IROORZLQJ�SRVVLELOLWLHV��&F�

�FRUH��&F� �VKHOO��� &F� �FRUH��5�F� �VKHOO�� DQG� &F� �FRUH�� �� 3�PP� �VKHOO�DQG� 5�F� ��

3�PP�5HILQHPHQWV� XVLQJ� WKHVH� FRPELQDWLRQV� RI� SKDVHV� GLG� QRW� LPSURYH� WKH� ILWV DV�

FRPSDUHG� WR� VLQJOH�SKDVH�&F� ,Q� IDFW�� WZR�SKDVH� UHILQHPHQWV� LQYDULDEO\� OHG� WR�KLJKHU�Ȥ�
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YDOXHV�DV�FRPSDUHG�WR�VLQJOH�SKDVH�UHILQHPHQW�XVLQJ�&F�VSDFH�JURXS��1RUPDOO\�Ȥ� VKRXOG�

GHFUHDVH�DV�WKH�QXPEHU�RI�UHILQDEOH SDUDPHWHUV�LQFUHDVHV��+RZHYHU��LQ�WKH�SUHVHQW�FDVH

WKH�LQFOXVLRQ�RI�VHFRQG�SKDVH�OHG�WR�KLJKHU�Ȥ���
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)LJ������&RPSDULVRQ�RI�5LHWYHOG� UHILQHPHQW�SURILOH� IRU� IRXU�GLIIHUHQW� VWUXFWXUDO�PRGHOV� IRU�%)�

����37�

������ (IIHFW� RI� SDUWLFOH� VL]H� RQ� WKH� FRPSRVLWLRQ� ZLGWK� RI� WKH� SKDVH�

FRH[LVWHQFH�UHJLRQ

.RWKDL�HW�DO������� KDYH�UHSRUWHG�WKDW�%)�[37�WUDQVIRUP�IURP�D�SXUH�WHWUDJRQDO�SKDVH�WR�D�

VWDWH� FRPSULVLQJ� WHWUDJRQDO� DQG� UKRPERKHGUDO� SKDVHV� DV� WKH� DYHUDJH� FU\VWDOOLWH� VL]H� LV�

UHGXFHG� IURP� a��� WR a�� ȝP�� ZKLFK� PHDQV� WKDW� VPDOOHU� VL]H� FU\VWDOOLQH� SRZGHU� � KDYH�

KLJKHU�VXUIDFH�HQHUJ\�WKDW��FUHDWHV�DQ�HTXLYDOHQW�FRPSUHVVLYH�VWUHVV�WR�GULYHV�WKH��V\VWHP�

WRZDUGV� WHWUDJRQDO�UKRPERKHGUDO� FULWLFDOLW\� +RZHYHU�� %KDWWDFKDUMHH� HW� DO� KDV� DOUHDG\�

HVWDEOLVKHG WKDW�WKH UKRPERKHGUDO�V\PPHWU\�RI�%L)H2� LQ�5�F�VSDFH�JURXS�JHWV�UHGXFHG�

WR�PRQRFOLQLF�LQ�&F�VSDFH�JURXS�DV�UHVXOW�RI�3E7L2� VXEVWLWXWLRQ��7KLV�PRQRFOLQLF�SKDVH�

LV� VWDEOH� LQ� FRPSRVLWLRQ� UDQJH� RI� ����[������ >%KDWWDFKDUMHH� HW� DO�������@�� :H� KDYH�
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FDOFLQHG�RXU�VDPSOHV DW���� ࡈ &�ZKLFK�LV�ORZHVW�WHPSHUDWXUH�IRU�WKH�V\QWKHVLV�RI�SXUH�%)�[�

37 �����[����� SRZGHU�� DV� GLVFXVVHG� LQ� FKDSWHU� ,,�� 7KH� VL]H� RI� SRZGHU� JUDGXDOO\�

LQFUHDVHV� DV� VXEVWLWXWLRQ�RI�3E7L2� LQ�%L)H2���7KH�SDUWLFOH� VL]HV�RI� WKHVH�FRPSRVLWLRQV�

DUH�DOVR�OLVWHG�LQ�WDEOHV�����������LQ�FKDSWHU�,,�

>%KDWWDFKDUMHH�HW�DO�������@ KDYH�UHSRUWHG�WKDW�VWDELOLW\�RI�YDULRXV�FU\VWDOORJUDSKLF�SKDVHV�

RI� %)�[37 DV� D� IXQFWLRQ� RI� FRPSRVLWLRQ�� $FFRUGLQJ� WR� KLP�� WKH� FRPSRVLWLRQV� RI� %)�

����37�DQG�%)�����37�PXVW�EH�PRQRFOLQLF��ZKHUHDV�WKH�FRPSRVLWLRQ�RI�%)����37�KDYH�

ERWK�WHWUDJRQDO�DQG�PRQRFOLQLF�SKDVH��,Q�FRQWH[W�ZLWK�WKDW��ZH�KDYH�DOUHDG\�HVWDEOLVKHG�

WKDW� WKH�%)�����37�SRZGHU� VKRZV�PRQRFOLQLF�SKDVH�HYHQ�DIWHU� UHGXFWLRQ�RI� VL]H� LQ� WKH�

SUHYLRXV�VHFWLRQ�RI�WKLV�FKDSWHU��� >%KDWWDFKDUMHH�HW�DO�������@ KDYH�UHSRUWHG�03% UHJLRQ�

OHDGLQJ�WR�DQ�H[WHQGHG� IURP�ǻ[� ����IRU�DQQHDOHG�VDPSOHV�WR�ǻ[� �����IRU�WKH�VWUHVVHG�

VDPSOHV�WRZDUG�WKH�%L)H2� ULFKHU�VLGH��

%XW�LQ�RXU�FDVH�WKHUH�LV�QR�VLJQLILFDQW�FKDQJH�GXULQJ�FUXVKLQJ�RI�VDPSOH��)LJ������FRPSDUH�

WKH� [�UD\� GLIIUDFWLRQ SURILOHV� RI� XQFUXVKHG� DQG� FUXVKHG� SRZGHUV� RI� D� PRQRFOLQLF�

FRPSRVLWLRQV L�H��%)�����37�
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)LJ���� 5RRP�WHPSHUDWXUH�[�UD\�SRZGHU�GLIIUDFWLRQ�SURILOH�RI�XQFUXVKHG�DQG�FUXVKHG�SRZGHU�RI�

%)�����37�FDOFLQHG�DW���� �&ࡈ

7KH� QHZ� SKDVH� PDUNHG� ZLWK� �7�� HYHQ� SUHVHQW� ZLWK� PDLQ� SHURYVNLWH� SHDN� �0�� EHIRUH�

FUXVKLQJ�WKH�SRZGHU��
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,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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ZKHUH� E
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�
^�_��
�`

^�B��]_��
�`

^��B��]_�
��`

^��
B��]_��
�`

^PB[�]_�
��`

^PB�\]_�
��`

^PB
[�
]_��
�`

^PB[[]_�
��`

Ƚ� � � � � � � � �
Ƚ� � � � � �� �� �� ��
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����
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�����
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,UUHGXFDEOH�
5HSUHVHQWDWLRQ

%DVLV�
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�E�VLWH

���������]�
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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�
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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�
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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��
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)LJ����� 7HPSHUDWXUH�GHSHQGHQFH�RI�RUGHUHG�PDJQHWLF�PRPHQW��KDOI� ILOOHG�FLUFOH��REWDLQHG�IURP�

WKH�5LHWYHOG�UHILQHPHQW�RI�QHXWURQ�SRZGHU�GLIIUDFWLRQ�GDWD�ILWWHG�FXUYH�ZLWK�ȝ�7�� ȝ����7�71�
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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��
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����,QWURGXFWLRQ
,Q�SUHYLRXV�FKDSWHU��ZH� UHSRUWHG DQ�DQRPDORXV� LQFUHDVH� LQ�71 IURP����. WR�a���.�RQ�

UHGXFLQJ� WKH� VL]H� IURP� ���� QP� WR� ��� QP� LQ� WKH� WHWUDJRQDO� SKDVH� RI� ���[�%L)H2��

[3E7L2�VROLG�VROXWLRQ�IRU�[ �����7KH�WHWUDJRQDO�SKDVH�RI�%)�[37 LV�XQXVXDO EHFDXVH�RI�

LWV� ODUJH� WHWUDJRQDOLW\� �K � �F�D� ��� WKDW� DIIHFWV� WKH� VXSHUH[FKDQJH� LQWHUDFWLRQV� DOVR�� )RU�

H[DPSOH��WKH�71 RI�WKH�PRQRFOLQLF�SKDVH�RI�%)�[37�ZLWK�[ ����LV�a���.�ZKLFK�VXGGHQO\�

GURSV�WR�a����.IRU�[ �����DV�D�UHVXOW�RI� WKH�PRUSKRWURSLF�VWUXFWXUDO SKDVH�WUDQVLWLRQ�WR�

WKH� WHWUDJRQDO� SKDVH LQ� WKH� EXON� VDPSOHV >%KDWWDFKDUMHH HW� DO�� ������@�7KLV� LV� TXLWH�

LQWULJXLQJ��+DG�WKLV�GURS�EHHQ�GXH�WR�GXH�WR�VOLJKW�LQFUHDVH������LQ�GLVRUGHU�FRQWHQW�RI�WKH�

PDJQHWLF�VXEODWWLFH��WKH�71 VKRXOG�KDYH�EHHQ�a����.��EHLQJ�WKH�H[WUDSRODWHG�YDOXH�RI�71

IURP� WKH� PRQRFOLQLF� VLGH� ,W� ZDV� DUJXHG� WKDW� WKH� ORZ� YDOXH� RI 71 RI� EXON� WHWUDJRQDO�

FRPSRVLWLRQV�DFURVV�WKH�03%�LV�GXH�WR�WKH�ODUJH�IHUURHOHFWULF�GLVWRUWLRQ��Ș F�D����FDXVHG�

E\ WKH�RII�FHQWHULQJ�RI�)H���7L�� LRQV� LQ� WKH�R[\JHQ�RFWDKHGUDO�HQYLURQPHQW� WKDW�EUHDNV�

WKH� FRYDOHQW� ERQG�� DQG� KHQFH� WKH� VXSHUH[FKDQJH� LQWHUDFWLRQ� SDWKZD\�� DORQJ� WKH� >���@�

GLUHFWLRQ UHGXFLQJ� WKH� GLPHQVLRQDOLW\� RI� WKH� $)0� VWDWH� WR� G � �� �LH�� �G�$)0�

>%KDWWDFKDUMHH HW� DO�� ������� <DVKLPD HW� DO�� ������@� 0RUH� VLJQLILFDQWO\�� LW� ZDV�

GHPRQVWUDWHG� WKDW� WKH� DQRPDORXV� LQFUHDVH� LQ� 71 RQ� GHFUHDVLQJ� WKH� SDUWLFOH� VL]H� RI� WKH�

WHWUDJRQDO� FRPSRVLWLRQV� LV� OLQNHG� ZLWK� WKH� FURVVRYHU� IURP� QHDUO\� �G� $)0� RUGHULQJ� LQ�

EXON WR�D��G�$)0�RUGHULQJ�LQ�VPDOOHU�SDUWLFOHV�GXH�WR�UHHVWDEOLVKPHQW�RI�VXSHUH[FKDQJH�

LQWHUDFWLRQV� LQ� WKH� >���@� GLUHFWLRQ� DV� D� UHVXOW� RI� UHGXFHG� IHUURHOHFWULF� GLVWRUWLRQ� LQ� WKH�

WHWUDJRQDO�VWUXFWXUH>FKDSWHU�,9@�7KXV�WKH�DQRPDORXV�LQFUHDVH�LQ�71�ZLWK�GHFUHDVLQJ�VL]H�LV�

D�FRQVHTXHQFH�RI�WKH�FRPSOH[�LQWHUSOD\�EHWZHHQ�IHUURHOHFWULF�GLVWRUWLRQ�DQG�WKH�VWUHQJWK�

RI�WKH�VXSHUH[FKDQJH�LQWHUDFWLRQV�ERWK�RI�ZKLFK�FDQ�EH�PRGXODWHG�WKURXJK�VL]H�
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$V� PHQWLRQHG� HDUOLHU�� WKH� VWUXFWXUH� RI� %)�[37� FKDQJHV� IURP� WHWUDJRQDO� �VSDFH� JURXS�

3�PP�� IRU� [������ WR�PRQRFOLQLF� �VSDFH� JURXS�&F�� IRU� [� �� �����ZKLOH� WKH� WZR� SKDVHV

FRH[LVW� LQ� WKH� PRUSKRWURSLF� SKDVH� ERXQGDU\� �03%�� UHJLRQ >%KDWWDFKDUMHH HW� DO�

������@�7KH�QDWXUH�RI��G�$)0�RUGHULQJ�LQ�WKH�SVHXGRUKRPERKHGUDO�PRQRFOLQLF�SKDVH�RI�

%)�[37� LV� VLPLODU� WR� WKH� �G� $)0� SKDVH� RI� SXUH� %)�� H[FHSW� IRU� WKH� IDFW� WKDW� 37�

VXEVWLWXWLRQ� OHDGV� WR� WKH� ORZHULQJ� RI� WKH� VSDFH� JURXS� V\PPHWU\� IURP� 5�F� WR�

&F>%KDWWDFKDUMHH HW�DO�������@�,W LV�RI� LQWHUHVW�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�SDUWLFOH�VL]H� LQ�

VXFK�PRQRFOLQLF�FRPSRVLWLRQV�DOVR�WR�XQGHUVWDQG�WKH�UROH�RI�IHUURHOHFWULF�GLVWRUWLRQ�RQ�WKH�

71��:H�VKRZ�KHUH�WKDW�XQOLNH�SXUH�%)��ZKHUH 71 GHFUHDVHV�ZLWK�GHFUHDVLQJ�SDUWLFOH�VL]H

DV�SHU�WKH�SUHGLFWLRQV�RI�WKH�VFDOLQJ�WKHRULHV��WKH�71 RI�WKH�PRQRFOLQLF�SKDVH�RI�%)�[37 LQ

IDFW LQFUHDVHV ZLWK� GHFUHDVLQJ� SDUWLFOH� VL]H >%LQGHU ������@�2XU� ILQGLQJV KLJKOLJKW� DQ�

LJQRUHG� IDFHW� RI� PDJQHWRHOHFWULF� FRXSOLQJ� LQ PXOWLIHUURLFV� LQ� WKH� OLWHUDWXUH ZKHUH E\�

IHUURHOHFWULF�GLVWRUWLRQ�DQG�LWV�PDQLSXODWLRQ�WKURXJK�SDUWLFOH�VL]H�FDQ�EH�XVHG�WR�WDLORU�WKH�

VWUHQJWK�RI�WKH�PDJQHWLF�LQWHUDFWLRQV�DQG�KHQFH�WKH�PDJQHWLF�WUDQVLWLRQ�WHPSHUDWXUHV� :H�

SUHVHQW� WKH� UHVXOWV� RI� KLJK� UHVROXWLRQ� V\QFKURWURQ� [�UD\� GLIIUDFWLRQ� �6;5'��� QHXWURQ�

SRZGHU� GLIIUDFWLRQ� �13'�� DQG� PDJQHWL]DWLRQ� PHDVXUHPHQWV� RQ� ERWK� EXON� DQG�

QDQRFU\VWDOOLQH� SRZGHUV� RI� D� SVHXGRUKRPERKHGUDO� PRQRFOLQLF� FRPSRVLWLRQ� RI� %)�[37�

ZLWK�[ �����WR�LOOXVWUDWH�WKH�DQRPDORXV�VL]H�HIIHFW��

����([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�,,��;�UD\�GLIIUDFWLRQ��6;5'��SDWWHUQV�

ZHUH� DOVR� UHFRUGHG� DW� KLJK� UHVROXWLRQ� SRZGHU� GLIIUDFWLRQ� EHDPOLQH� 3����� DW� 3(75$,,,��

'(6<�� +DPEXUJ�� *HUPDQ\� IRU� UHVROYLQJ� WKH� FRQWURYHUV\� DERXW� WKH� WUXH� VSDFH� JURXS�

V\PPHWU\��5�F�RU�&F��RI�%)�����37�GLVFXVVHG�LQ�FKDSWHU�,,,�
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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�

0DJQHWL]DWLRQ��0��YV�DSSOLHG�ILHOG��+��K\VWHUHVLV�PHDVXUHPHQWV�ZHUH�DOVR�SHUIRUPHG�DW�

GLIIHUHQW�WHPSHUDWXUHV�XS�WR�D�ILHOG�RI���7HVOD�

1HXWURQ�SRZGHU�GLIIUDFWLRQ��13'��SDWWHUQV�ZHUH�UHFRUGHG�RQ�WKH�KLJK�UHVROXWLRQ�SRZGHU�

WKHUPDO QHXWURQ�GLIIUDFWRPHWHU +537�DW�WKH�6ZLVV�6SDOODWLRQ�1HXWURQ�6RXUFH��6,14��DW�

3DXO 6FKHUUHU� ,QVWLWXWH�� 6ZLW]HUODQG�� 7KH� QHXWURQ� EHDP�ZLWK� D ZDYHOHQJWK� RI ������ c

REWDLQHG� E\� XVLQJ� D� ������ UHIHFWLRQ� IURP�D� YHUWLFDOO\ IRFXVLQJ�*H�PRQRFKURPDWRU�ZDV�

XVHG�� 7KH� GLIIUDFWLRQ� VLJQDO� ZDV� UHFRUGHG� XVLQJ� D� SRVLWLRQ�VHQVLWLYH� GHWHFWRU� LQ� WKH� �ș�

UDQJH�RI���DQG������

5LHWYHOG�UHILQHPHQWV�ZHUH FDUULHG�RXW�XVLQJ�)8//352)�SDFNDJH >&DUYDMDO ������@��)RU�

UHILQLQJ� WKH� PDJQHWLF� VWUXFWXUH� 5LHWYHOG� UHILQHPHQWV� ZHUH FDUULHG� RXW� XVLQJ WKH�

)8//352)�SDFNDJHDQG�%DV,UUHSV VRIWZDUH�LQ�WKH�VDPH�SDFNDJH�

����5LHWYHOG�DQDO\VLV�RI�WKH�QHXWURQ�SRZGHU�GLIIUDFWLRQ�SDWWHUQ

$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\�

6LQFH�WKH�&F�VSDFH�JURXS�RI�%)�����37�DOUHDG\�SRVVHVVHV�D�GRXEOHG�SHURYVNLWH�FHOO��WKH

PDJQHWLF�VWUXFWXUH�FDQ�EH�UHSUHVHQWHG�E\�WKH�SURSDJDWLRQ�YHFWRU�N� ����������7KH PDJQHWLF�

UHSUHVHQWDWLRQ� RI� WKH� )H� VXEODWWLFH� ��D� :\FNRII� VLWH�� FDQ� EH� GHFRPSRVHG� LQWR WZR�

LUUHGXFLEOH�UHSUHVHQWDWLRQV��,5V���HDFK�KDYLQJ�WKUHH�EDVLV�YHFWRUV��DV��ī�D  �>�ī� ��ī�@�

OHDGLQJ�WR�WZR�SRVVLEOH�FRQILJXUDWLRQV�RI�WKH�PDJQHWLF�PRPHQWV�LQ�WKH�PRQRFOLQLF�SKDVH�
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ZKHUH�� WKH� V\PEROV� )� DQG� *� VWDQG� IRU� IHUURPDJQHWLF� DQG� *�W\SH� DQWLIHUURPDJQHWLF

DUUDQJHPHQWV�RI�PRPHQWV��%HUWDXW¶V�QRWDWLRQ�>%HUWDXW�������@��ZKLOH�6L��L ��WR����VWDQG

IRU� WKH�FRPSRQHQWV�RI� WKH� LWK�DWRPLF�VLWH��7KH�VXSHUVFULSWV�;��<��DQG�=� LQ�*��)�DQG�6L

UHSUHVHQW�WKH�>���@��>���@�DQG�>���@�GLUHFWLRQV�RI�WKH�PRQRFOLQLF�FHOO��7KH�FKDUDFWHU�WDEOH

DQG� WKH� EDVLV� YHFWRUV� RI� WKH� WZR� ,5V� DUH� JLYHQ� LQ� 7DEOH ����D�E��� ,W� LV� HYLGHQW� WKDW� WKH�

PDJQHWLF VWUXFWXUH� GXH� WR� ERWK� WKH� ,5V� ZLOO� EH� QRQFROOLQHDU� UHVXOWLQJ� IURP� WKH�

VXSHUSRVLWLRQ�RI IHUURPDJQHWLF�DQG�DQWLIHUURPDJQHWLF�FRPSRQHQWV�RI�WKH�QHW�PRPHQWV��

7DEOH�����D���&KDUDFWHU�WDEOH�DQG�EDVLV�YHFWRU��PDJQHWLF� RI�VSDFH�JURXS�&F�DW�N� ������

,UUHGXFDEOH
5HSUHVHQWDWLRQ

6\PPHWU\�HOHPHQWV��.RYDOYH�
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7DEOH�����E���&KDUDFWHU�WDEOH�DQG�EDVLV�YHFWRU��PDJQHWLF��RI�VSDFH�JURXS�&F�DW�N� ������

,UUHGXFDEOH
5HSUHVHQWDWLRQ

6\PPHWU\�HOHPHQWV��.RYDOYH�
^�_�����` ^ı_�������`

ī�
��� � �

ī�
��� � ��

,UUHGXFDEOH
5HSUHVHQWDWLRQ

%DVLV�9HFWRU �D�VLWH
�[�\�]�� �[���\��]�����
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��� 5HVXOWV�DQG�GLVFXVVLRQ

����� 5RRP�WHPSHUDWXUH�5LHWYHOG�UHILQHPHQW�RI�%)�����37

6\QFKURWURQ� [�UD\� SRZGHU� GLIIUDFWLRQ� �6;5'�� SDWWHUQV� RI� ��������� ���� DQG� ����

UHIOHFWLRQV� RI� %)�����37� IRU� WKH VL]HV� RI� a� ����� ����� ��� DQG� ���� QP DUH� JLYHQ� LQ�

&KDSWHU� ,,,�,Q� RUGHU� WR� UHPRYH� DQ\� DPELJXLW\� GXH� WR� OLPLWHG� QXPEHU� RI� SHDNV� LQ� WKH�

6;5'� SDWWHUQ�� ZH� DOVR� XVHG� KLJK� UHVROXWLRQ� DQG� KLJKHU� ³T´� QHXWURQ� GLIIUDFWLRQ� GDWD�

FROOHFWHG� ZHOO� DERYH� WKH� 1pHO� WUDQVLWLRQ� WHPSHUDWXUH� 71 ZKHUH� QR� PDJQHWLF� SHDN� LV�

SUHVHQW�� IRU� VWUXFWXUH� UHILQHPHQW�� 7KH� UHVXOWV� RI� 5LHWYHOG� UHILQHPHQW� RI WKH� QXFOHDU�

VWUXFWXUH�DW�KLJK�WHPSHUDWXUH�����.��XVLQJ�QHXWURQ�GLIIUDFWLRQ�SDWWHUQ�LV�VKRZQ�LQ�ILJ�����

IRU�&F� �FRUH��&F� �VKHOO��� &F� �FRUH��5�F� �VKHOO�� DQG�&F� �FRUH����3�PP� �VKHOO�DQG�5�F
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�FRUH� �� 3�PP �VKHOO�� VWUXFWXUDO� PRGHOV�� $V� LQ� WKH� FDVH� RI� 6;5'� GDWD�� ZH� ILQG� WKDW�

5LHWYHOG� UHILQHPHQW�XVLQJ� QHXWURQ�GDWD�DOVR LQFUHDVHV� Ȥ� IRU� WKH� WZR SKDVH�PRGHOV�ZLWK�

UHVSHFW�WR�WKDW�RI�WKH�VLQJOH�SKDVH�UHILQHPHQW�XVLQJ�&F�VSDFH�JURXS� 7KLV�SURYHV�WKDW�WKH�

LQFUHDVH�LQ�Ȥ� IRU�WZR�SKDVH�UHILQHPHQWV�LV�QRW�GXH�WR�OLPLWHG�QXPEHU�RI�SHDNV�LQ�6;5'�

SDWWHUQV��7KLV VXJJHVWV�WKDW�WKH�V\VWHP�UHPDLQV�LQ�WKH�PRQRFOLQLF�&F�SKDVH�HYHQ�DIWHU�VL]H�

UHGXFWLRQ ZLWK�LQVLJQLILFDQW�FRQWULEXWLRQ�GXH�WR�WKH�GLVRUGHUHG�DWRPV�� LI�DQ\�� LQ�WKH�VKHOO�

UHJLRQ ZKLFK�FDQQRW�EH�FDSWXUHG�E\�5LHWYHOG�WHFKQLTXH�
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�T �GHJUHH�

)LJ������5LHWYHOG�UHILQHPHQW�SURILOH�IRU�GLIIHUHQW�VWUXFWXUDO�PRGHOV��D��&F��E��&F�&F��F��&F�5�F�

�G��&F�3�PP�DQG��H��5�F�3�PP�RI�QHXWURQ�SRZGHU�GLIIUDFWLRQ�SDWWHUQ�WDNHQ�DW����.�IRU����QP�

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

7KH� '&� 0�7�� PHDVXUHPHQWV ZHUH FDUULHG� RXW� DW� ���2H� IURP� ���.� WR� ���.�)LJ����

VKRZV�WKH�0�7��SORW IRU�WKH�VDPSOHV�ZLWK�SDUWLFOH�VL]HV���P������QP������QP�DQG�����

QP��7KHVH�SORWV�FOHDUO\� UHYHDO�D�SHDN�FRUUHVSRQGLQJ� WR�WKH�DQWLIHUURPDJQHWLF� WUDQVLWLRQ��

7KH� 1pHO� WUDQVLWLRQ� WHPSHUDWXUH� �71�� ZDV� GHWHUPLQHG� IURP WKH� GHULYDWLYH� SORWV� RI� WKH�

0�7�� FXUYHV� LQ� WKH� YLFLQLW\� RI� WKH� SHDN� WHPSHUDWXUH��7KH� ��P� VL]H� SRZGHU��ZKLFK�ZH�

VKDOO�WUHDW�DV�UHSUHVHQWDWLYH�RI�WKH�EXON�EHKDYLRU�VKRZV�71 DW����.� %HORZ�WKH�71��WKHUH�LV�

DQRWKHU�WUDQVLWLRQ��ZKLFK LV�EHWWHU�UHYHDOHG�LQ�WKH�GHULYDWLYH�SORW��LQVHW�RI�ILJ����D���7KLV�

WUDQVLWLRQ� LV� NQRZQ� WR� EH� GXH� WR� VSLQ� UHRULHQWDWLRQ� WUDQVLWLRQ� LQ� EXON� %)�����37

>%KDWWDFKDUMHH HW�DO��������@�
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)LJ������7HPSHUDWXUH�GHSHQGHQFH�RI�ILHOG�KHDWLQJ��)+��PDJQHWL]DWLRQ��0��IRU��D����P��E������QP�

�F������QP�DQG��G�����QP�%)�����37�VDPSOH�

2Q�GHFUHDVLQJ�WKH�SDUWLFOH� VL]H�EHORZ��ȝP��WKH� VLJQDWXUH�RI�VSLQ�UHRULHQWDWLRQ�WUDQVLWLRQ�

GLVDSSHDUV��$V�D�UHVXOW��WKH�$)0�SHDN�LQ�WKH�0�7��SORW�IRU�����QP�VL]H�SRZGHU�EHFRPHV�

UHODWLYHO\�VKDUSHU�WKDQ�WKDW�IRU��ȝP�SRZGHU��FRPSDUH�)LJ���� �D��DQG��E����+RZHYHU��RQ�

GHFUHDVLQJ� WKH� SDUWLFOH� VL]H� IXUWKHU�� WKH� $)0� WUDQVLWLRQ� SHDN� VKRZV� URXQGLQJ� DQG�

VPHDULQJ��VHH�)LJ� �����F��DQG��G����7KH����QP�VL]H�SRZGHU�LQIDFW�VKRZV�YHU\�EURDG�SHDN�

DURXQG�71��7KLV� EURDGHQLQJ� LV� QRW� LQGXFHG�E\�3E7L2�GLVRUGHU�ZKLFK� LV� IL[HG�DW�[ �����
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EXW�LV�HVVHQWLDOO\�D�VLJQDWXUH�RI�WKH�ILQLWH�VL]H�HIIHFW >%LQGHU HW�DO��������@� 2Q�GHFUHDVLQJ�

SDUWLFOH�VL]H�EHORZ�����QP��WKH�WHWUDJRQDO�SKDVH�VWDUWV�DSSHDULQJ�DQG�KHQFH�RXU�VWXG\�RI�

WKH� ILQLWH� VL]H� HIIHFW� LQ� WKH� PRQRFOLQLF� SKDVH� ZDV� UHVWULFWHG� XSWR� ���QP� VL]H� SRZGHUV�

RQO\�� :KHQ� WKH� WHWUDJRQDO� DQG� PRQRFOLQLF� SKDVHV� FRH[LVW�� WKH� VLWXDWLRQ� EHFRPH� PRUH�

FRPSOH[�DV� WKHVH�SKDVHV�FDQ�DOVR� IRUP�D�FRUH� �VKHOO� VWUXFWXUH� LQ� WKH� VDPH�SDUWLFOH��7KH�

PRVW� UHPDUNDEOH� IHDWXUH�RI� WKH�0�7��SORWV� LQ�)LJ ��� LV� WKH� LQFUHDVLQJ� WUHQG�RI�71 ZLWK�

GHFUHDVLQJ�SDUWLFOH�VL]H��7KLV� LV� LQ�PDUNHG�FRQWUDVW�WR�WKH�VLWXDWLRQ� LQ�SXUH�%)�ZKHUH�RQ�

GHFUHDVLQJ� WKH� SDUWLFOH� VL]H�� 71 ZDV VKRZQ� WR� GHFUHDVHV� DV� SHU� WKH� SUHGLFWLRQV� RI� WKH�

6FDOLQJ�WKHRULHV >/DQJ HW�DO��������@�

$V�WKH�0�7��SORW�VKRZV�D�UDWKHU�EURDG�SHDN�DURXQG�71 IRU�����QP�VL]H�SRZGHU��WKH�71

ZDV�FURVV�FKHFNHG�XVLQJ�QHXWURQ�VFDWWHULQJ�PHDVXUHPHQWV�DOVR�IRU�WKLV�VPDOOHVW�VL]H��)LJ��

����D��GHSLFWV�WKH�HYROXWLRQ�RI�QHXWURQ�GLIIUDFWLRQ�SDWWHUQ�RI WKH�����QP�VL]H�SRZGHU�LQ�D�

OLPLWHG��ș UDQJH�IRU�WHPSHUDWXUHV�IURP�����WR����.��7KH�ILUVW�SHDN�DW�ò�ò�ò�SVHXGRFXELF�

SRVLWLRQ� LQ� WKHVH� SDWWHUQV� PDUNHG� E\� DQ� DUURZ�� LV� WKH� FKDUDFWHULVWLF� DQWLIHUURPDJQHWLF�

SHDN� 7KH YDULDWLRQ�RI�WKH�LQWHJUDWHG�LQWHQVLW\�RI�WKLV�SHDN�ZLWK�WHPSHUDWXUH�LV�GHSLFWHG� LQ�

ILJ�����E��� ,W� LV� HYLGHQW� IURP� WKLV� ILJXUH� WKDW� WKH� LQWHQVLW\� RI� WKH� DQWLIHUURPDJQHWLF� SHDN�

GHFUHDVHV�RQ�LQFUHDVLQJ�WKH�WHPSHUDWXUH�DERYH����.�DOPRVW�OLQHDUO\��7KLV�LV�H[SHFWHG��DV�

WKH� LQWHQVLW\� RI� WKH� DQWLIHUURPDJQHWLF� SHDN� LV� SURSRUWLRQDO� WR� WKH� VTXDUH� RI� WKH� RUGHU�

SDUDPHWHU��$ERYH�DERXW����.��WKH� LQWHQVLW\� IROORZV�D�GLIIHUHQW� VORSH�ZLWK�FRQVLGHUDEO\�

UHGXFHG�YDOXH��7KH UHPDQHQW�LQWHQVLW\�DERYH����.�LV�GXH�WR�WKH�SUHVHQFH�RI�VKRUW�UDQJH�

DQWLIHUURPDJQHWLF�FRUUHODWLRQV�DERYH�71 DV�ZHOO�DV�WKH�SUHVHQFH�RI�D�QXFOHDU�SHDN�GXH�WR�

WKH�&F�VSDFH�JURXS�ZLWK� UDWKHU� ORZ� LQWHQVLW\��0RVW� LQWHUHVWLQJO\�� WKH� VORSH�RI� WKH� OLQHDU�

SORW� FKDQJHV� DURXQG� ���.� ZKLFK� FRUUHVSRQGV� WR� WKH� 71 IRU� WKH� ���� QP� VL]H� VDPSOH�
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GHWHUPLQHG� E\�0�7�� PHDVXUHPHQWV�� 7KLV� SURYLGHV� DQ� LQGHSHQGHQW� FRQILUPDWLRQ� RI� WKH�

WUDQVLWLRQ�WHPSHUDWXUH�GHWHUPLQHG�E\�0�7��PHDVXUHPHQWV���
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7HPSHUDWXUH�.�

)LJ�� ���� �D�� 7HPSHUDWXUH� GHSHQGHQW� QHXWURQ� SURILOH� RI� %)�����37� LQ� WKH� ORZ� �ș� UHJLRQ� �E��

,QWHJUDWHG�LQWHQVLW\�RI�ILUVW�PDJQHWLF�SHDN�RI�VDPSOH�%)�����37 RI�VL]H����QP�
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������(IIHFW�RI�SDUWLFOH�VL]H�RQ�VSLQ�UHRULHQWDWLRQ�WUDQVLWLRQ

7KH�PRQRFOLQLF�FRPSRVLWLRQV RI�%)�[37�KDYH EHHQ�VKRZQ�WR�XQGHUJR�D�VSLQ�UHRULHQWDWLRQ�

WUDQVLWLRQ� EHORZ� WKH�1pHO� WHPSHUDWXUH��7KH PDJQHWLF WUDQVLWLRQV� KDYH� EHHQ�GHVFULEHG� LQ�

WKH�IROORZLQJ�PDQQHU�E\�%KDWWDFKDUMHHHW�DO ������ ZLWK GHFUHDVLQJ�WHPSHUDWXUH�

������������
ܱܶܲܶ
ሱۛ ሮۛ ȞʹͲͲͳ ሺݖݔܨݕܩሻ

ܶܰ
ሱሮȞͳ

ͲͲͲ ሺݕܨݖݔܩሻǡ ZKHUH� ī�
��� DQG� ī�

���DUH� WKH�

LUUHGXFLEOH� UHSUHVHQWDWLRQV� �,UUHS�� RI� WKH� PDJQHWLF� )H� VXEODWWLFH� ��D� :\FNRII� VLWH��

IRUSURSDJDWLRQ� YHFWRUV N�  � ����� DQG� ������ ZKLOH� *\)[]�� *[])\ SUHVHQW� WKH� PDJQHWLF�

VWUXFWXUH� LQ�%HUWDXW�QRWDWLRQ�FRUUHVSRQGLQJ� WR�WKH� WZR� ,UUHSV��,Q� WKH�%HUWDXW�QRWDWLRQ� *�

DQG� )� VWDQG� IRU� $)0� DQG� )0� FRPSRQHQWV�ZKLOH WKH� VXSHUVFULSWV� GHQRWH� WKH� GLUHFWLRQ�

�[�\��RU�SODQH��[]�[\��RI�PDJQHWLVDWLRQ�

7KH� 0�7�� SORW� IRU� �� �P� VDPSOH� UHYHDOV� ERWK� WKH� 1pHO� WHPSHUDWXUH� �71�� DQG� VSLQ�

UHRULHQWDWLRQ� WHPSHUDWXUH� �7237�� DUH ���� .� DQG� ���.� UHVSHFWLYHO\ �VHH� )LJ�� ����D���

+RZHYHU��RQ� GHFUHDVLQJ� WKH� SDUWLFOH� VL]H�� WKHUH� LV� QR� HYLGHQFH� RI� WKH� VSLQ� UHRULHQWDWLRQ

WUDQVLWLRQV�LQ�WKH 0�7��SORWV��6LQFH�WKH�UHGXFWLRQ�LQ�SDUWLFOH�VL]H�OHDGV�WR�WKH�URXQGLQJ�DQG�

VPHDULQJ�RI WKH�$)0�WUDQVLWLRQ�SHDN LQ�0�7� �VHH�)LJ� ����F��DQG��G����LW�LV�OLNHO\�WKDW�WKH�

ZHDN� DQRPDO\� DW� WKH VSLQ� UHRULHQWDWLRQ� WHPSHUDWXUH� LV� JHWWLQJ PDVNHG� E\� SDUWLFOH� VL]H�

EURDGHQLQJ�� ,Q� RUGHU� WR� YHULI\� WKH� SUHVHQFH� RU� RWKHUZLVH� RI� WKH� VSLQ� UHRULHQWDWLRQ�

WUDQVLWLRQ��ZH�FDUULHG�RXW 5LHWYHOG�UHILQHPHQW�RI�WKH�PDJQHWLF�VWUXFWXUH�XVLQJ�WKH�QHXWURQ�

SRZGHU� GLIIUDFWLRQ� GDWD� DW� ���.�� D� WHPSHUDWXUH MXVW� EHORZ�71 EXW� DERYH� WKH� EXON� VSLQ�

UHRULHQWDWLRQ�WUDQVLWLRQ�WHPSHUDWXUH�7237��XVLQJ�DOO�WKH�SRVVLEOH�,UUHSV��L�H��ī�
��� DQG�ī�

���

EHORQJLQJ� WR� N�  � ������ DQG� ī�
��� DQG� ī�

��� EHORQJLQJ� WR� N ������ DV� GLVFXVVHG� E\

%KDWWDFKDUMHHHW�DO ��������7KH� UHVXOWV�DUH� VKRZQ� LQ�)LJ������ 7KH�YDOXHV�RI�Ȥ� DQG�5PDJ

EHORQJLQJ�WR�HDFK�PRGHO�KDYH�EHHQ�JLYHQ LQ�WKLV�ILJXUH��(YLGHQWO\��WKH ,UUHSī�
��� JLYHV�WKH�
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EHVW� ILW� DPRQJVW� DOO� WKH� SRVVLEOH� PRGHOV� LQGLFDWLQJ WKDW� WKH� PDJQHWLF� VWUXFWXUH DW� WKLV�

WHPSHUDWXUH EHORQJV�WR WKH ī�
����*[])\� ,UUHS��

�� �� �� ��

�� �� �� ��

�� �� �� ��
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)LJ������5LHWYHOG�UHILQHPHQW�RI�WKH�PDJQHWLF�VWUXFWXUH�XVLQJ�WKH�QHXWURQ�SRZGHU�GLIIUDFWLRQ�GDWD�DW�

D�WHPSHUDWXUH����.�XVLQJ�DOO�WKH�SRVVLEOH�UHSUHVHQWDWLRQV�
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$W�URRP�WHPSHUDWXUH�����.��DOVR��L�H��EHORZ�7237���WKH�,UUHS�ī�
����JLYHV D�EHWWHU ILW ZLWK�

ORZHU�Ȥ� %KDWWDFKDUMHH HW�DO��������� 7KH�,UUHS�ī�
��� OHDGV�WR�DQ�LQIHULRU�ILW ZLWK�KLJKHU�Ȥ��

)LJV����� �D��DQG��E��VKRZ WKH�5LHWYHOG� ILWV� IRU ����QP�VDPSOH�DW����.�XVLQJ�WKH�,UUHSV�

ī�
��� DQG�ī�

�����UHVSHFWLYHO\��7KH� UHILQHG�SDUDPHWHUV REWDLQHG� IRU�����.�DQG�����. DUH�

JLYHQ�LQ�WDEOH������2Q�WKH�EDVLV�RI�WKH�UHILQHPHQWV�XVLQJ�QHXWURQ�SRZGHU�GLIIUDFWLRQ�GDWD�

ZH�PD\�FRQFOXGH�WKDW�WKH�VSLQ�UHRULHQWDWLRQ�WUDQVLWLRQ�GRHV�QRW�RFFXU�LQ�WKH�QDQRSDUWLFOHV��

DV�LQGLFDWHG�E\�0�7��SORWV�DOVR��7KLV LV�DQRWKHU�IHDWXUH�RI�VL]H�UHGXFWLRQ LQ�WKH�PRQRFOLQLF�

FRPSRVLWLRQV�RI�%)�[37�IRU�[���������7KXV�WKH�QDQRSDUWLFOHV�KDYLQJ�WKH�VL]H�RI�����QP�

XQGHUJR SDUDPDJQHWLF�WR�*�W\SH�$)0�RUGHULQJ��ZLWK�VSLQ�FRQILJXUDWLRQ�EHORQJLQJ�WR WKH�

,UUHS� ī�
����*[])\��� GLUHFWO\� ZLWKRXW� WKH� LQWHUPHGLDWH� VWUXFWXUH� UHSRUWHG� IRU� EXON� E\�

%KDWWDFKDUMHH�HW�DO���������

:H� DOVR� DQDO\VHG� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI� WKH� RUGHUHGPDJQHWLF� PRPHQW� SHU� )H�

DWRP�� 7KLV� LV VKRZQ� LQ� ILJ�� ����� ,W� LV� HYLGHQW� IURP� WKH� ILJXUH� WKDW WKH� RUGHUHG�PRPHQW�

GURSV�UDSLGO\�XSWR�a���.��EXW�GRHV�QRW�YDQLVK�FRPSOHWHO\�XQWLO� WKH�WHPSHUDWXUH�UHDFKHV�

���.��7KH�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�RUGHUHG�PRPHQW�ZDV�ILWWHG�WR�D�SRZHU�ODZ��ȝ� �

ȝ� >�71í 7���71@
ȕ��ZKLFK JLYHV�WKH�YDOXH�RI�ȕ �������7KLV YDOXH GLIIHUV�IURP�WKH�ȕ�YDOXH

�ò� H[SHFWHG� IRU� WKH� PROHFXODU� ILHOG� WKHRU\� DQG� /DQGDX� WKHRU\� RI� VHFRQG� RUGHU� SKDVH�

WUDQVLWLRQ��7KLV YDOXH�RI�ȕ� LV FORVH� WR�WKH�YDOXH�RI� WKH FULWLFDO H[SRQHQW ���REWDLQHG� IRU�

VSLQ�ZDYH�WKHRU\�DQG�&DOOHQ�GHFRXSOLQJ (LEVFK�W] HW�DO� ������� 3DWHO HW�DO��������� DQG

KDV� EHHQ� UHSRUWHG� LQ� RUWKRIHUULWHV� DV� ZHOO� DV� %)� VROLG� VROXWLRQV ΀%KDWWDFKDUMHH HW� DO��

������@�



ϭϯϱ

�� �� �� ��

�� �� �� �� ��� ��� ���

�� �� �� ��

*
<
)
;=

F� �����

*���

�

*���

�

F� �����

�T��GHJUHH�

*
;=
)
<

�E�

5PDJ ����

5PDJ ����

,Q
WH
QV
LW
\�
�D
�X
��

�D�

���.

���.

)LJ������5LHWYHOG�UHILQHPHQW�RI�WKH�PDJQHWLF�VWUXFWXUH�XVLQJ�WKH�QHXWURQ�SRZGHU�GLIIUDFWLRQ�GDWD�DW�

D�WHPSHUDWXUH����.�XVLQJ�DOO�WKH�SRVVLEOH�UHSUHVHQWDWLRQV�

7DEOH� ��� 5HILQHG� VWUXFWXUDO� SDUDPHWHUV� RI� %)�����37XVLQJ� &F� VSDFH� JURXSDV� REWDLQHG� IURP�
QHXWURQ�SRZGHU�GLIIUDFWLRQ�

%)����37�RIVL]H�
����QP�DW�
GLIIHUHQW�WHPS�

)UDFWLRQDO�FRRUGLQDWHV 7KHUPDO
3DUDPHWHUV�

�c��

/DWWLFH�
3DUDPHWHUV�

�c�

6WDWLVWLFDO�
SDUDPHWHUV$WRP [ \ ]

���. &F

%L�3E ��� ���� ��� %LVR ������� D ���������
E ���������
F �����������
ȕ� ����������

5S �����
5ZS �����
5H[S �����
Ȥ�  �����
0DJQHWLF�5�
IDFWRU������

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

���. &F

%L�3E ��� ���� ��� %LVR ������� D ���������
E ���������
F ����������
ȕ� ����������

5S �����
5ZS �����
5H[S �����
Ȥ�  �����
0DJQHWLF�5�
IDFWRU������

)H�7L �������� �������� �������� %LVR �������
2� �������� �������� �������� %LVR �������
2� �������� �������� �������� %LVR �������
2� �������� ��������� ��������� %LVR �������
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)LJ���� 0DJQHWLF PRPHQW� �ILOOHG� FLUFOHV�� REWDLQHG� IURP� WKH�5LHWYHOG� UHILQHPHQWV� XVLQJ

WKH�QHXWURQ�SRZGHU�GLIIUDFWLRQ�GDWD�DORQJ�ZLWK�WKH�ILWWHG�FXUYH�IRU ȝ� �ȝ� >�71 í 7���71@
ȕ�

������5ROH�RI�FU\VWDO�FKHPLFDO�SDUDPHWHUV�LQ�HQKDQFLQJ�71

7KH� )(�� )0� DQG� $)0� WUDQVLWLRQ� WHPSHUDWXUHV� �7&�� DUH� NQRZQ� WR� GHFUHDVH� ZLWK�

GHFUHDVLQJ�SDUWLFOH�VL]H�EHORZ�D�FULWLFDO�VL]H��7KLV�GHFUHDVH�LQ�WUDQVLWLRQ�WHPSHUDWXUH�KDV�

EHHQ�H[SODLQHG� LQ�WHUPV RI�WKH�VFDOLQJ�WKHRULHV ZKLFK�UHODWH WKH�SDUWLFOH�VL]H��G��DQG�WKH�

FRUUHODWLRQ�OHQJWK��ȟ��ZLWK�WKH�7&�LQ�WKH�IROORZLQJ�PDQQHU >%LQGHU HW�DO���������

� �Q
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77
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JUDLQ
&

E
& �����

ZKHUH� E
&7 DQG JUDLQ

&7 DUH� WKH� EXON� DQG� ILQLWH� VL]H� WUDQVLWLRQ� WHPSHUDWXUHV�� G LV� WKH� JUDLQ�

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

ȟ�
7KXV��DQ\ LQFUHDVH� LQ�71 ZLWK�GHFUHDVLQJ�SDUWLFOH�VL]H� LV� UDWKHU XQXVXDO�DQG FDOOV� IRU�DQ�

H[SODQDWLRQ��:H�KDG�HDUOLHU�VKRZQ�D�KXJH�HQKDQFHPHQW�RI�71 DV�D�UHVXOW�RI�SDUWLFOH�VL]H

UHGXFWLRQ�LQ�D�WHWUDJRQDO�FRPSRVLWLRQ�RI�%)�[37 WDNLQJ�[ ������%)�����37��DV�H[DPSOH�
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,Q� FDVH� RI� %)�����37� QDQRSDUWLFOHV� WKHUH� LV� DQ� LQFUHDVH� LQ� WKH�1pHO WHPSHUDWXUH� IURP�

���.�IRU�EXON WR����.� IRU���QP�VL]H�SDUWLFOHV��7KH� LQFUHDVH� LQ�FDVH�RI�PRQRFOLQLF�%)�

����37� LV� UDWKHU� PRGHVW�71a���.� IRU� EXON� WR� ���.� IRU���� QP� VL]H� SDUWLFOHV��� 7KLV�

GLIIHUHQFH� LQ� LQFUHDVH� LQ� 71 ZLWK� GHFUHDVLQJ� VL]H� LQ� WHWUDJRQDO� DQG� PRQRFOLQLF�

FRPSRVLWLRQV�DOVR�FDOOV�IRU�DQ�H[SODQDWLRQ��7KH�KXJH�HQKDQFHPHQW�RI�71 LQ�WHWUDJRQDO�%)�

[37�ZDV�H[SODLQHG�E\�XV�LQ�WHUPV RI WKH�UHGXFWLRQ�LQ�WKH�IHUURHOHFWULF�GLVWRUWLRQ�OHDGLQJ�WR�

VKRUWHQLQJ�RI�WKH�ORQJHU�)H�2�ERQG�OHQJWK�DORQJ�WKH�>���@�GLUHFWLRQ� $V�D�UHVXOW�RI�VXFK�D�

VKRUWHQLQJ�RI�WKH�ORQJHU�)H�2�ERQG�OHQJWK��WKH�VWUHQJWK�RI�WKH�VXSHUH[FKDQJH�LQWHUDFWLRQ�

LQFUHDVHV� OHDGLQJ� WR�DQ� LQFUHDVHV�RI� WKH�71 �GLVFXVVHG� LQ�FKDSWHU� ,9�� 7KLV� ORQJHU�)H�2�

ERQG� OHQJWK� LV�PXFK� ODUJHU�WKDQ�WKH�VXP�RI�WKH� LRQLF�UDGLL�RI�)H�� DQG�2�� DV�D�UHVXOW�RI�

ZKLFK� WKH� VXSHUH[FKDQJH� LQWHUDFWLRQ� SDWKZD\V� DUH� DORQJ� >���@� DUH� QHDUO\� EURNHQ� DQG�

$)0�VWDWH�RI�%)�����37�LQ�EXON�LV�HVVHQWLDOO\���GLPHQVLRQDO���G���7KXV��WKH�LQFUHDVH�LQ�

71 ZLWK�GHFUHDVLQJ�SDUWLFOH� VL]H� LQ� WKH� WHWUDJRQDO� SKDVH�RI�%)�[37� LV�HVVHQWLDOO\� OLQNHG�

ZLWK� D� FURVVRYHU� IURP� QHDUO\� �G� $)0� RUGHULQJ� LQ� EXON� GXH� WR� EURNHQ� VXSHU� H[FKDQJH�

SDWKZD\V� LQ� WKH� >���@� GLUHFWLRQ� WR� D� �G� $)0� RUGHULQJ� LQ� VPDOOHU� SDUWLFOHV� GXH� WR�

UHHVWDEOLVKPHQW�RI�VXSHUH[FKDQJH�LQWHUDFWLRQV�LQ�WKLV�GLUHFWLRQ�DV�D�UHVXOW�RI�WKH�UHGXFHG�

IHUURHOHFWULF�GLVWRUWLRQ��+RZHYHU�� LQ�WKH�PRQRFOLQLF�FRPSRVLWLRQ�RI�%)�����37��QRQH�RI�

WKH�ERQGV�LV�DFWXDOO\�WRR�ODUJH�OLNH�%)�����37�DQG�DV�VXFK�WKH�H[FKDQJH�SDWKZD\V�DUH�QRW�

FRPSOHWHO\�EURNHQ��:KDW�LV�HYHQ�PRUH�LQWULJXLQJ�LQ�FDVH�RI�%)�����37�LV WKDW�WKH�SDUWLFOH�

VL]H� GHSHQGHQFH� RI� 71 LQ� WKLV� V\VWHP� LV� RSSRVLWH� WR� WKDW� RI SXUH� %)�� ,Q� SXUH� %)�� 71

GHFUHDVHV�ZLWK�SDUWLFOH�VL]H�DV�SHU�WKH�VFDOLQJ�ODZ RI�(T��������>6HOEDFK HW�DO�������@

7R� XQGHUVWDQG� WKH� HIIHFW� RI� SDUWLFOH� VL]H� RQ� 71 LQ� %)�����37�� ZH� ILUVW� SUHVHQW� D�

FRPSDULVRQ�RI� WKH�YDULRXV�)H�2�ERQG� OHQJWKV��ZKLFK�GHFLGH�WKH�H[FKDQJH�SDWKZD\V�� IRU�
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WKH�EXON�DQG�QDQRFU\VWDOOLQH�PRQRFOLQLF%)�����37��DV�ZHOO�DV�DQG�EXON�UKRPERKHGUDO�%)

DV�VKRZQ�LQ�)LJ������D��DQG��E��

)LJ�������D��7KH�)H�2�ERQG�OHQJWKV�IRU�WKH�RFWDKHGUDO�FRRUGLQDWLRQ�LQ�PRQRFOLQLF�%)�����37�DQG�

UKRPERKHGUDO %L)H2����E��&RPSDULVRQ�RI�DV\PPHWU\�RI�ERQG�OHQJWKV�IRU�%)�����37�DQG�%L)H2���

7KH� VWUXFWXUDO� SDUDPHWHUV� REWDLQHG� IURP� 5LHWYHOG� DQDO\VLV� RI� WKH� 6;5'�ZHUH� XVHG� WR�

FDOFXODWH� WKH� ERQG� OHQJWKV� DQG� ERQG� DQJOHV� IRU� )H�2� OLQNDJHV� EHORQJLQJ� WR� WKH� R[\JHQ�

RFWDKHGURQ��7KH� SDUDPHWHUV� VR� REWDLQHG� DUH� OLVWHG� LQ� 7DEOH� ����� ,Q� WKH� LGHDO� SHURYVNLWH�

VWUXFWXUH�� DOO WKH )H�2� ERQGV� RI� WKH� RFWDKHGURQ� DUH� HTXDO DQG�2�)H�2� ERQG DQJOHV� DUH�

������$V�D�UHVXOW�RI�IHUURHOHFWULF�GLVWRUWLRQ��RQH�REVHUYHV�XQHTXDO�)H�2�ERQG�OHQJWKV�DQG�
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GHYLDWLRQ�IURP����� ERQG�DQJOH��&RUUHVSRQGLQJ�WR�WKH�WKUHH�R[\JHQ�DWRPV��2���2���ERWK�

SODQDU�R[\JHQ��DQG�2���DSH[�R[\JHQ���LQ�WKH�DV\PPHWULF�XQLW��WKHUH�DUH�WKUHH�SDLUV�RI�)H�

2� ERQG� OHQJWKV� DQG� WKUHH�2�)H�2� DQJOHV� GLIIHUHQW� IURP� ����� 7KH� UHVXOWV� RI� 5LHWYHOG�

UHILQHPHQW� UHYHDO� D� V\VWHPDWLF�FKDQJH� LQ� WKH� ERQG�DQJOHV DQG�ERQG� OHQJWKV RI� WKH� DSH[�

R[\JHQ�DWRPV��:H�GHILQH�DQ�DV\PPHWU\�SDUDPHWHU� DV�D�PHDVXUH�RI� WKH�GHYLDWLRQ� LQ�WKH�

ERQG�OHQJWK�IURP�WKH�LGHDO�SHURYVNLWH�R[\JHQ�RFWDKHGUD�DV�D�UDWLR�RI�WKH�GLIIHUHQFH�LQ�WKH�

WZR�RSSRVLWH�ERQG�OHQJWKV�WR�WKH�VXP�RI�WKHVH�RSSRVLWH�ERQG OHQJWKV DV�JLYHQ�EHORZ�

��$V\PPHWU\��$V\P�� �
ሺሺ݁ܨെܱሻܫെሺ݁ܨെܱሻܫܫ ሻ

ሺሺ݁ܨെܱሻܫ൅ሺ݁ܨെܱሻܫܫ ሻ
ܺͳͲͲ

7DEOH���� 'HWDLOV�RI�ERQG�OHQJWK�DQG�ERQG�DQJOH�RI�%)�����37�RI�GLIIHUHQW�VL]HV�DQG�EXON�%L)H2�

>*RVZDPL�HW�DO�������@�

6L]H�
�QP�

%RQG�OHQJWK��ǖ� $V\P
���

%RQG�OHQJWK��ǖ� $V\P�
���

%RQG�OHQJWK��ǖ� $V\P�
���

%RQG�$QJOH����

%)����37 �)H�2��, �)H�2��,, �)H�2��, �)H�2��,, �)H�2��, �)H�2��,, 2��)H�2� 2��)H�2� 2��)H�2�

���� ������� ������� ���� ������� ������� �� ������� �������� a� �������� ��������� ���������

��� ������� ������� ���� ������� ������� �� ������� �������� a� �������� ��������� ���������

��� ������� ������� ���� ������� ������� �� ������� �������� a� �������� ��������� ���������

��� ������� ������� ���� ������� ������� �� ������� ������� a� �������� �������� ��������

%XON�
%L)H2�

������� ������� ���� ������� ������� ���� ������� ������� ���� �������� �������� ��������

,W�FDQ�EH�VHHQ�IURP�7DEOH�����WKDW�WKH�DV\PPHWU\�SDUDPHWHU�VLJQLILFDQWO\�LQFUHDVHV�IRU�WKH�

)H�2��)H� ERQGV� IURP����� IRU� EXON� WR� ���� IRU� WKH� QDQRFU\VWDOOLQH VDPSOH� ZKLOH� WKH�

DV\PPHWU\�IRU�WKH�)H�2��)H ERQGV�LQFUHDVHV�IURP�����WR�����RQO\��7KH )H�2��)H�ERQG�

OHQJWKV� UHPDLQ� QHDUO\� V\PPHWULF� DQG� XQDIIHFWHG� E\� SDUWLFOH� VL]H� UHGXFWLRQ� 7KH�

V\VWHPDWLF�LQFUHDVH�LQ�WKH�DV\PPHWU\�SDUDPHWHU�RQ�GHFUHDVLQJ�WKH�SDUWLFOH�VL]H�FRUUHODWHV�

ZHOO�ZLWK WKH�1pHO� WHPSHUDWXUH� RI� WKH� VDPSOHV�ZKLFK� LQFUHDVHV IURP����. IRU� EXON� WR�
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���.IRU� ���� QP� VL]H� SDUWLFOHV� �VHH� )LJ�� ������ )XUWKHU�� WKH� FKDQJH� LQ� WKH� DV\PPHWU\�

SDUDPHWHU LV�PXFK�PRUH�SURPLQHQW�EHWZHHQ�EXON�DQG�����QP VL]H�SDUWLFOHV WKDQ�EHWZHHQ�

����QP�DQG����QP�SDUWLFOHV��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�FKDQJH�LQ�WKH�71 ZKLFK�FKDQJHV�

IURP���.�IRU�EXON�WR����.�IRU�WKH�����QP VL]H�SRZGHUV DQG�WKHQIURP���.IRU�����QP

VL]H�WR�����.�IRU�����QP��
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)LJ�����9DULDWLRQ�RI�1HHO�WHPSHUDWXUH�DQG�SHUFHQWDJH�DQLVRWURS\�ZLWK�SDUWLFOH�VL]H�RI�%)�����37��

KLJKOLJKWLQJ�WKHLU�FRUUHODWLRQV�

7KH� QH[W� TXHVWLRQ� WKDW� DULVHV� LV� DERXW� WKH� GLIIHUHQFH� LQ� WKH� YDULDWLRQ� RI� WKH 1pHO�

WHPSHUDWXUH�ZLWK�SDUWLFOH�VL]H�LQ�UKRPERKHGUDO %L)H2�DQG�PRQRFOLQLF�%)�����37��:KLOH�

71 RI�%L)H2�IROORZV�WKH�VFDOLQJ�WKHRU\�>6HOEDFK HW�DO�������@��%)�����37�GRHV�QRW��7KH

DQVZHU� OLHV� DJDLQ� LQ� WKH� VWUXFWXUDO� GHWDLOV�� ,Q� FDVH� RI� %L)H2��� DOO� WKH� WKUHH� )H�2�)H�

H[FKDQJH� SDWKZD\V� DUH� HTXDOO\� DV\PPHWULF� �VHH� 7DEOH� ����� IRU� ERWK� EXON� DQG�

QDQRFU\VWDOOLQH� VDPSOHV� GXH� WR� WKH� UKRPERKHGUDO� VSDFH� JURXS� 5�F� >*RVZDPL HW� DO��

������@��,Q�FRQWUDVW��LQ�%)�����37��WKH�DV\PPHWU\�SDUDPHWHU�IRU�WKH�)H�2��)H�SDWK�ZD\�
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LQFUHDVHV� VLJQLILFDQWO\ ZLWK� GHFUHDVLQJ� SDUWLFOH� VL]H� DQG� FRUUHODWHV� ZHOO� ZLWK WKH� 1pHO�

WHPSHUDWXUH �VHH� )LJ�� ������ )XUWKHU�� WKHUH� LV� RQO\� D� VPDOO� YDULDWLRQ� LQ� WKH� DV\PPHWU\

SDUDPHWHU� IRU�)H�2��)HZLWK�VL]H�ZKLOH� DV\PPHWU\ SDUDPHWHU� LV� QHDUO\�FRQVWDQW� IRU )H�

2��)H�� 7KXV�� WKH� ERQG� DV\PPHWU\� SDUDPHWHU� FDSWXUHV� WKH� PRVW� VLJQLILFDQW� GLIIHUHQFH�

EHWZHHQ %)�����37�DQG�%L)H2�IRU�WKH�WKUHH�VXSHU�H[FKDQJH�SDWKZD\V�� 7KLV�GLIIHUHQFH�LV�

GHSLFWHG� LQ� )LJ�� ����E�� DW� WKH� HOHPHQWDU\� SHURYVNLWH� XQLW� FHOO OHYHO�� 7KH� XQLIRUP�

DV\PPHWU\� DORQJ� DOO� WKH� WKUHH� VXSHUH[FKDQJH� SDWKZD\V� FDQ� EH� FOHDUO\� VHHQ LQ� FDVH RI�

%L)H2�LQ�WKH�ILJXUH�EXW�QRW�LQ�FDVH�RI�%)�����37���,W�LV�YHU\�OLNHO\�WKDW�WKHVH�GLIIHUHQFHV�

LQ�WKH�DV\PPHWU\�SDUDPHWHU�WULJJHU�D�XQLTXH�EHKDYLRU�LQ�WKH�QDQRSDUWLFOHV�RI�%)�����37

VROLG�VROXWLRQ��

$V�PHQWLRQHG�HDUOLHU�� WKH� LQFUHDVH� LQ� WKH�1pHO� WHPSHUDWXUH� LV�TXLWH� ODUJH� LQ�FDVH�RI�%)�

����37�� ���.� IRU� EXON� WR� ���.� IRU� ��� QP� VL]H� SDUWLFOHV�� ZKHUHDV� LW� LV� FRPSDUDWLYHO\�

PXFK� VPDOOHU� IRU� %)�����37�� 7KH� PDMRU� GLIIHUHQFH� LQ� WKH� )H�2�)H� VXSHUH[FKDQJH�

SDWKZD\V�RI� WHWUDJRQDO�%)�����37��PRQRFOLQLF�%)�����37�DQG�UKRPERKHGUDO�%L)H2� LV�

KLJKOLJKWHG� LQ� )LJ������ ,Q� FDVH� RI� %)�����37�RQH� RI� WKH� )H�2�� ERQG� OHQJWKV� LQ� WKH� ]�

GLUHFWLRQ LV�VLJQLILFDQWO\�ODUJHU�WKDQ�WKH�VXP�RI�WKH�WZR�LRQLF�UDGLL�GXH�WR�WKH�IHUURHOHFWULF�

GLVWRUWLRQ��$V�D�UHVXOW��WKH�H[FKDQJH�SDWKZD\�LV�EURNHQ�LQ�WKH�]�GLUHFWLRQ�DQG�WKH�QDWXUH�RI�

$)0� RUGHULQJ� EHFRPHV� HVVHQWLDOO\� ��G�� :KHQ� WKH� VL]H� LV� UHGXFHG�� WKH� IHUURHOHFWULF�

GLVWRUWLRQ� DOVR� GHFUHDVHV� ZKLFK� LQ� WXUQ� UHGXFHV WKH� ORQJHU� )H�2� ERQG� OHQJWK� LQ� WKH� ]�

GLUHFWLRQ��:LWK�GHFUHDVLQJ�)H�2�ERQG�OHQJWK��WKH�VXSHUH[FKDQJH�LQWHUDFWLRQV�JURZ�DORQJ�

WKH�]�GLUHFWLRQ�OHDGLQJ�WR�D�FURVV�RYHU�IURP���G�WR���G�$)0�LQWHUDFWLRQV�DQG�LQFUHDVH�LQ�

71��,Q�FDVH�RI�%)�����37��WKHUH� LV�FRQVLGHUDEOH�URRP�IRU�WKLV�PDQLSXODWLRQ�RI� WKH�)H�2�

ERQG�OHQJWK DORQJ�WKH�]�GLUHFWLRQ�DQG�KHQFH�WKH�VWUHQJWK�RI�WKH�VXSHUH[FKDQJH�LQWHUDFWLRQ��
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)LJ�����)H�2�)H�H[FKDQJH�SDWKZD\V� �D�� WHWUDJRQDO�%L)H2������3E7L2��� �E��PRQRFOLQLF�%L)H2��

����3E7L2��DQG��F��UKRPERKHGUDO�%L)H2�

7KLV�H[SODLQV�WKH�ODUJH�LQFUHDVH�LQ�WKH�1pHO�WHPSHUDWXUH�IURP����.�IRU�EXON WR�����. IRU�

��QP�SDUWLFOHV�� ,Q FDVH� RI�PRQRFOLQLF�%)�����37� WKH�)H�2 ERQGV� DUH� QHYHU� EURNHQ� LQ�

DQ\� GLUHFWLRQ� GXH� WR� WKH� IHUURHOHFWULF� GLVWRUWLRQ DQG� DV� D� UHVXOW� WKHUH� LV� FRPSDUDWLYHO\�

PXFK� VPDOOHU� FKDQJH� LQ� WKH� ERQG� OHQJWKV� GXH� WR� VL]H UHGXFWLRQ�� 7KH� VXSHUH[FKDQJH�

SDWKZD\V�DUH�DOUHDG\�LQ�WKH���G�UHJLPH�OHDYLQJ�OHVV�VFRSH�IRU�PDQLSXODWLQJ�WKH�VWUHQJWK�RI�

WKH� VXSHUH[FKDQJH� LQWHUDFWLRQV� WKURXJK� UHGXFWLRQ� LQ� IHUURHOHFWULF� GLVWRUWLRQ� ZLWK�

GHFUHDVLQJ�SDUWLFOH� VL]H��$V�GLVFXVVHG HDUOLHU�� WKH� LQFUHDVH� LQ� WKH� DV\PPHWU\ RI� WKH� WZR�

)H�2��ERQG�OHQJWKV�ZLWK�GHFUHDVLQJ�VL]H�LQ�D�SDUWLFXODU�GLUHFWLRQ�VHHPV�WR�EH SOD\LQJ�WKH�

PRVW�VLJQLILFDQW�UROH�LQ�GHFLGLQJ WKH�VWUHQJWK�RI�WKH�VXSHUH[FKDQJH LQWHUDFWLRQV LQ�FDVH�RI�

%)�����37��7KH�DV\PPHWU\�LQ�WKH�)H�2�ERQG OHQJWKV LQ�FDVH�RI�%L)H2� LV�VDPH�LQ�DOO�WKH�

FU\VWDOORJUDSKLF�GLUHFWLRQV�LUUHVSHFWLYH�RI�WKH�VL]H�GXH�WR�WKH�UKRPERKHGUDO�V\PPHWU\� LQ�

FRQWUDVW�WR�WKH�SUHYLRXV�WZR�FDVHV ZLWK�WHWUDJRQDO�DQG�PRQRFOLQLF��
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,Q� $QGHUVRQ¶V� WKHRU\� RI� VXSHUH[FKDQJH� LQWHUDFWLRQV�� WKH� VWUHQJWK� DQG QDWXUH� RI� WKH

LQWHUDFWLRQ�PDLQO\�GHSHQGV RQ�WKH�RYHUODSSLQJ�LQWHJUDO�RI�WKH�SDUWLFLSDWLQJ�LRQV��ZKLFK�LQ�

WXUQ�GHSHQGV�RQ�WKH�FU\VWDO�ILHOG�SDUDPHWHUV $QGHUVRQ ��������6R��LQ�FDVH�RI�R[LGHV ZKHUH�

WKH� PDJQHWLF� RUGHULQJ� LV� JHWWLQJ� IDFLOLWDWHG� WKURXJK� VXSHUH[FKDQJH LQWHUDFWLRQV�� WZR�

SK\VLFDO�SDUDPHWHUV�SOD\�YHU\� LPSRUWDQW�UROH�� WKH ERQG� OHQJWKV� LQ�)H�2�)H DQG )H�2�)H

ERQG� DQJOH�� ,Q FDVH� RI� WHWUDJRQDO� %)�����37�� RQO\� WKH ERQG� OHQJWK� LQ� F� GLUHFWLRQ LV�

DIIHFWHG�E\�SDUWLFOH�VL]H��ZKHUHDV�VL]H�UHGXFWLRQ VWURQJO\�DIIHFWV�ERWK�WKH�ERQG�OHQJWK�DQG�

ERQG�DQJOH �VHH�7DEOH�����LQ�PRQRFOLQLF�%)�����37�)RU VXFK�DV\PPHWULF�VXSHUH[FKDQJH�

LQWHUDFWLRQV��DQ�DGGLWLRQDO� WHUP +'0  �'LM��6L[6M���ZKHUH�'LMLV� WKH�']\DORVKLQVNLL�YHFWRU�

QHHGV�WR�EH�FRQVLGHUHG LQ�WKH�PDLQ�+DPLOWRQLRQ 0RUL\D ��������)RU�ODUJH�DV\PPHWULHV�

WKH�']\DORVKLQVNLL�0RUL\D�'0��LQWHUDFWLRQ�WHUP FDQQRW�EH�LJQRUHG��:H�EHOLHYH�WKDW�LW�LV�

WKLV� '0� LQWHUDFWLRQ� WHUP� WKDW� PD\� EH� UHVSRQVLEOH� IRU� LQFUHDVH� LQ� 71 ZLWK� GHFUHDVLQJ�

SDUWLFOH�VL]H�LQ�FDVH�RI�PRQRFOLQLF�%)�����37����
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����6XPPDU\�DQG�FRQFOXVLRQV

���7KH�1pHO� WUDQVLWLRQ� WHPSHUDWXUH� �71��RI�%)�����37 LQFUHDVHV� IURP����.� IRU�EXON� WR�

����.�IRU�����QP�SDUWLFOH�VL]H�XVLQJ�PDJQHWL]DWLRQ�DQG�QHXWURQ�SRZGHU�GLIIUDFWLRQ�GDWD��

%DVHG�RQ�5LHWYHOG� UHILQHG� VWUXFWXUDO�SDUDPHWHUV��ZH�VKRZ� WKDW� WKH�DV\PPHWU\�DQG�QRQ�

OLQHDULW\�RI�WKH�)H�2�)H�VXSHUH[FKDQJH��SDWKZD\V�JURZV�ZLWK�GHFUHDVLQJ�SDUWLFOH�VL]H�DQG�

WKDW�WKH\�H[KLELW�D�VWURQJ�FRUUHODWLRQ�ZLWK�71��:H�EHOLHYH�WKDW�WKHVXEVWDQWLDOO\�HQKDQFHG�

']\DORVKLQVNLL�0RUL\D� �'0�� LQWHUDFWLRQ ZLWK� GHFUHDVLQJ� SDUWLFOH� VL]H� DV� D� UHVXOW� RI�

DV\PPHWULF�DQG�QRQ�FROOLQHDU�)H�2�)H�VXSHUH[FKDQJH�SDWKZD\V�PD\�EH�WKH�NH\�IDFWRU�LQ�

UDLVLQJ�WKH�71 RQ�GHFUHDVLQJ�WKH�SDUWLFOH�VL]H��

���,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�VSLQ�UHRULHQWDWLRQ�WUDQVLWLRQ�RFFXUULQJ�EHORZ�71 LQ�EXON�

PRQRFOLQLF�FRPSRVLWLRQV�OLNH�%)�����37�LV�VXSSUHVVHG�LQ�WKH�QDQRFU\VWDOOLQH�VDPSOHV�RI�
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