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���,QWURGXFWLRQ
7KH�ORQJ�VWDQGLQJ�LQWHUHVW�LQ�WKH��'�H[�

FLWRQ� G\QDPLFV� RI� V\VWHPV� OLNH� FRQMXJDWHG
SRO\PHUV�� SRO\VLODQV� DQG� -�DJJUHJDWHV� LV
GXH� WR� WKHLU� DWWUDFWLYH� SURSHUWLHV� LQ� ERWK
IXQGDPHQWDO� DQG� DSSOLHG� VHQVH�� -�DJJUH�
JDWHV�DUH�QDQRVFDOH�PROHFXODU�FOXVWHUV�FKDU�
DFWHUL]HG� E\� D� QDUURZ� UHG�VKLIWHG� H[FLWRQ
DEVRUSWLRQ� EDQG� DV� FRPSDUHG� WR� WKH� PRQR�
PHU�RQH�>�Ü�@��7KH�-�DJJUHJDWH�H[FLWRQ�G\�
QDPLF�FDXVHV�WKHLU�XQLTXH�RSWLFDO�SURSHUWLHV
>�Ü�@� DQG� LV� UHVHPEOHG� WR� WKDW� RI� WKH� OLJKW
KDUYHVWLQJ� FRPSOH[HV� >�@�� WKXV�� -�DJJUH�
JDWHV� FDQ� EH� FRQVLGHUHG� DV� DQ� DUWLILFLDO
PRGHO� WKHUHRI� >�@�� $� IXUWKHU� -�DJJUHJDWH
IHDWXUH��ZKLOH�UHPDLQLQJ�LQ�D�VKDGRZ��FRXOG
EH� YHU\� DWWUDFWLYH� IRU� WKH� QDQRGHYLFH� FRQ�
VWUXFWLRQ�� VLPLODU� WR� WKH� FDUERQ� QDQRWXEH
HOHFWURQ� EDOOLVWLF� WUDQVSRUW� >�@�� VRPH� W\SHV
RI�-�DJJUHJDWHV�H[KLELW�DQ�DQRPDORXV�HIIHF�
WLYH� H[FLWRQ� PLJUDWLRQ� �a���� VLWHV�� >�����@�
)URP� WKH� YLHZSRLQW� RI� FRQGHQVHG� PDWWHU
SK\VLFV�� WKH� -�DJJUHJDWHV� DV� UHVHDUFK� RE�

MHFWV� KDYH� VWLPXODWHG� WKH� GHYHORSPHQW� RI
PDQ\�QHZ�LGHDV�DQG�PRGHOV�>�Ü�����@��

,Q� WKH� ODVW� \HDUV�� WKH� FU\R�7(0� WHFK�
QLTXH� SURYLGHV� WKH� GLUHFW� YLVXDOL]DWLRQ� RI
WKH� -�DJJUHJDWH� PLFURVFRSLF� VWUXFWXUH� >��
������@�� 7KH� YDULHW\� RI� -�DJJUHJDWH� DUFKL�
WHFWXUH�GHSHQGLQJ�RQ�SURSHUWLHV�RI�EXLOGLQJ
PRQRPHUV� KDV� EHHQ� UHYHDOHG� >���������@�
1HYHUWKHOHVV��WKH�PROHFXODU�FKDLQ��OLQHDU�RU
ULQJ�VKDSHG��LV�VWLOO�WKH�PDLQ�VWUXFWXUH�PR�
WLYH� RI� -�DJJUHJDWHV�� 7KXV�� WKH� FRQFHSW� RI
�'� )UHQNHO� H[FLWRQV� KDV� EHHQ� VXFFHVVIXOO\
DSSOLHG� WR� H[SODLQ� WKH� -�DJJUHJDWH� RSWLFDO
SURSHUWLHV�>�Ü�����@��7KH�H[FLWRQ�GHORFDOL]D�
WLRQ� OHQJWK�1GHO�GHILQHG�E\�WKH�FRPSHWLWLRQEHWZHHQ� WKH� GLSROH�GLSROH� LQWHUDFWLRQV� DQG
WKH� GLVRUGHU� SOD\V� WKH� NH\� UROH� ZLWKLQ� WKH
IUDPH� RI� �'� H[FLWRQ� PRGHO� >��Ü��@�� &HU�
WDLQO\�� WKH� H[LVWHQFH� RI� ORFDOL]HG� H[FLWRQ
VWDWHV� LQ� WKH� GLVRUGHUHG� V\VWHPV� LV� FRQ�
QHFWHG� FORVHO\� WR� WKH� $QGHUVRQ� ORFDOL]DWLRQ
SKHQRPHQRQ� GLVFXVVHG� LQWHQVLYHO\� LQ� >��Ü
��@��7KH�DYHUDJHG�1GHO�FDQ�EH�REWDLQHG�IURPD�EXON�H[SHULPHQW�E\�FRPSDULQJ�WKH�DEVRUS�
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WLRQ� EDQGV� RU� IOXRUHVFHQFH� GHFD\� WLPHV� RI
-�DJJUHJDWHV� DQG� PRQRPHUV� >�Ü�����@�� DQG
LW� LV� DERXW� VHYHUDO� WHQV� RI� PRQRPHUV� �O�a
����c���$FFRUGLQJ� WR� WKH� FXUUHQW� FRQFHSWV�
D� PROHFXODU� FKDLQ� PD\� FRQWDLQ� VHYHUDO
QRQRYHUODSSLQJ�VHJPHQWV�1GHO�FKDUDFWHUL]HGE\� WKHLU� LQWULQVLF� GLVFUHWH� VSHFWUD� RI� ORFDO
H[FLWRQ� VWDWHV� >��Ü��@�� EHLQJ� PDQLIHVWHG
QHLWKHU� LQ� GHQVLW\� RI� H[FLWRQ� VWDWHV� QRU� LQ
DEVRUSWLRQ�EDQG�>��@��,Q�WKLV�FRQQHFWLRQ��WKH
FRQFHSW�RI��KLGGHQ��VWUXFWXUH�KDV�DSSHDUHG
>��@��7KH�GHWDLOHG�NQRZOHGJH�DERXW�ORFDO�H[�
FLWRQ� VWDWHV� ZLOO� DOORZ� ORRNLQJ� LQWR� PLFUR�
VFRSLF�QDWXUH�RI�FKDLQ�H[FLWRQV�DQG�WKH�$Q�
GHUVRQ� ORFDOL]DWLRQ� K\SRWKHVLV� WR� EH� H[DP�
LQHG�IRU��'�H[FLWRQ�V\VWHP�>��Ü��@��6R��LW�LV
VWLOO� DQ� LPSRUWDQW� FKDOOHQJH� WR� ILQG� WKH� GL�
UHFW� H[SHULPHQWDO� HYLGHQFH� RI� WKH� H[LVWHQFH
RI� GLVFUHWH� VSHFWUXP�RI� ORFDO� H[FLWRQ� VWDWHV
FRQQHFWHG� ZLWK� QRQRYHUODSSLQJ� 1GHO� VHJ�PHQWV�

5RRP� WHPSHUDWXUHV� GLG� QRW� DOORZ� WR� RE�
VHUYH�TXDQWXP�HIIHFWV�LQ�VSHFWURVFRS\�RI�LQ�
GLYLGXDO�-�DJJUHJDWH�RI�GLIIHUHQW�W\SHV�>��Ü
��@��5HFHQWO\��D�ORW�RI�LPSRUWDQW�H[SHULPHQ�
WDO� UHVXOWV� FRQFHUQLQJ� VSHFWURVFRS\� RI� DQ
LQGLYLGXDO� OLJKW� KDUYHVWLQJ� FRPSOH[� KDYH
EHHQ� REWDLQHG� XVLQJ� WKH� VLQJOH� PROHFXOH

VSHFWURVFRS\� �606�� WHFKQLTXH� >���������@�
7KH� ORZ�WHPSHUDWXUH� 606� KDV� DOORZHG� IRU
WKH�ILUVW�WLPH�WR�RYHUFRPH�WKH�HQVHPEOH�DY�
HUDJLQJ�DQG�H[DPLQH� WKH�H[FLWRQ�VSHFWUD�RI
LQGLYLGXDO�-�DJJUHJDWHV�>��@��,Q�WKH�IOXRUHV�
FHQFH� H[FLWDWLRQ� VSHFWUXP� RI� LQGLYLGXDO� -�
DJJUHJDWH��WKHUH�ZHUH�QHZ�QDUURZ�SHFXOLDUL�
WLHV� LQ� WKH� ORZ�IUHTXHQF\� VLGH� DV� FRPSDUHG
WR� EXON� H[SHULPHQWV� �)LJ������ 7KHVH� SHFXOL�
DULWLHV�KDYH�EHHQ�DVFULEHG�WR�H[FLWRQV�ORFDO�
L]HG� RQ� GLIIHUHQW� VHJPHQWV�� 8QIRUWXQDWHO\�
WKH� FRPSOHWH�SLFWXUH� RI� H[FLWRQ� ORFDOL]DWLRQ
IRU� VLQJOH� -�DJJUHJDWHV� DW� ORZ� WHPSHUDWXUH
LV� VWLOO� XQFOHDU�� 7KH� DLP� RI� WKLV� ZRUN� LV
WU\LQJ�WR�SURYLGH�D�GHHSHU�XQGHUVWDQGLQJ�RI
WKH�UHVXOWV�REWDLQHG�LQ�>��@�

���([SHULPHQWDO�VHFWLRQ
7KH� VWXG\� REMHFWV� ZHUH�-�DJJUHJDWHV� GH�

VLJQHG� IURP� PROHFXOHV� RI� ��PHWK\O��c�RF�
WDGHF\O����c�F\DQLQH�SHUFKORUDWH��DPSKL�3,&�
EHLQJ� DQ� DPSKLSKLOLF� DQDORJXH� RI� ZHOO�
NQRZQ� ���c�HWK\O����c�F\DQLQH� LRGLGH� �3,&�
PROHFXOHV� �)LJ���D��� 7KH� RFWDGHF\O� UDGLFDOV
DOORZV� WKH� DPSKL�3,&� -�DJJUHJDWHV� WR� EH
IRUPHG� LQ� D� ELQDU\� GLPHWK\OIRUPDPLGH�
ZDWHU� �'0)�:�� VROXWLRQ� DW� ORZ� PRQRPHU
FRQFHQWUDWLRQ� �a��Ü�� 0�� >�@�� 'HWDLOV� RI� H[�

)LJ����� /XPLQHVFHQFH� H[FLWDWLRQ� VSHFWUD� RI
GLIIHUHQW�VLQJOH�DPSKL�3,&�-�DJJUHJDWHV�DW�7
 ����� .�� �D�� DYHUDJLQJ� RYHU� DOO� VFDQV� RI� WKH
-�DJJUHJDWH�� �E�� DYHUDJLQJ� RYHU� RQO\� IHZ
VFDQV�RI�WKH�VDPH�-�DJJUHJDWH���F��FRPSDULQJ
WKH� VSHFWUXP� RI� -�DJJUHJDWHV� HQVHPEOH� ���
ZLWK� WKH� VSHFWUXP�DYHUDJHG�RYHU�DOO� LQGLYLG�
XDO�-�DJJUHJDWHV�����
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SHULPHQWDO� VHWXS� DQG� VDPSOH� SUHSDUDWLRQ
DUH�GHVFULEHG�LQ�>��@�

���5HVXOWV�DQG�GLVFXVVLRQ
7KH� :�'0)� VROXWLRQV� FRQWDLQHG� DERXW

��� �� RI� ZDWHU�� WKXV�� XQGHU� VXFK� FRQGL�
WLRQV�� WKH� VXUIDFH�DFWLYH� DPSKL�3,&� PROH�
FXOHV� FDQ� IRUP� RQO\� D� FORVHG� VWUXFWXUH
�)LJ������$V�WKH�G\H�SRVVHVVHV�D�ODUJH�QHDUO\
IODW� �KHDG�� UHVXOWLQJ� LQ� H[FLWRQ� IRUPDWLRQ
GXH� WR� KLJK� WUDQVODWLRQ� V\PPHWU\�� LW� ZDV
VXSSRVHG� WKDW� DPSKL�3,&� -�DJJUHJDWHV� DUH
F\OLQGHUV�FRQVLVWLQJ�RI�ULQJV�LQFOXGLQJ�1ULQJa����PRQRPHUV�RI�����QP�GLDPHWHU�GLFWDWHG
E\� WKH� G\H� K\GURFDUERQ� �WDLO�� >��@�� +RZ�
HYHU�� FU\R�7(0� LPDJHV� RI� DPSKL�3,&� -�DJ�
JUHJDWHV� UHYHDOHG� ODUJH� GRXEOH�ZDOO� VWUXF�
WXUHV� >��@��+HUH�ZH� KDYH� WR�PDNH� VRPH� UH�
PDUNV�WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH
UHVXOWV� SUHVHQWHG� LQ� >��@�� $W� ORZ� G\H� FRQ�
FHQWUDWLRQV� XVXDOO\� XVHG� IRU� DPSKL�3,&� -�
DJJUHJDWHV� SUHSDUDWLRQ�� -�DJJUHJDWHV� DUH
DSSHDUHG� WR� EH� WRR� VPDOO� WR� REWDLQ� WKHLU
LPDJH�XVLQJ�FU\R�7(0��7R�UHVROYH�WKH�-�DJ�
JUHJDWHV�� WKH� G\H� FRQFHQWUDWLRQ� ZDV� LQ�
FUHDVHG�XS� WR���Ü��0� >��@�� )RU� VXUIDFWDQWV�
LW� LV�NQRZQ�WKDW� WKHUH� LV�D�VR�FDOOHG�VHFRQG
FULWLFDO� PLFHOOH� FRQFHQWUDWLRQ� >��@�� 7KH� LQ�
FUHDVH�RI�WKH�VXUIDFWDQW�FRQFHQWUDWLRQ�DERYH
WKH� VHFRQG� FULWLFDO� PLFHOOH� FRQFHQWUDWLRQ
FDXVHV�WKH�PLFHOOH�VWUXFWXUH�WUDQVIRUPDWLRQ
IURP�D�PRQROD\HU�WR�ELOD\HU��ODPHOODU��>��@�
7KXV�� ZH� KDYH� VXSSRVHG� WKDW� DW� ORZ� G\H
FRQFHQWUDWLRQV�� DPSKL�3,&� -�DJJUHJDWHV
H[LVW� LQ� D� IRUP� RI� PRQROD\HU� F\OLQGHUV� RI
����QP�GLDPHWHU�� D�PRGHO� WKHUHRI�ZDV�SUR�
SRVHG� LQ� >��@�� 6LPLODUO\�� IRU� VPDOO� 7'%&
-�DJJUHJDWHV�XQUHVROYDEOH�E\�FU\R�7(0��WKH
VLQJOH�ZDOO� WXEXODU� VWUXFWXUH� DOVR� KDV� EHHQ
SURSRVHG� >��@�� ,W� ZDV� VWDWHG� WKDW� VPDOO
PRQROD\HU� 7'%&� -�DJJUHJDWHV� DUH� IRUPHG
DW� ORZ� G\H� FRQFHQWUDWLRQV� >��@�� ZKLFK� VXS�
SRUWV�RXU�FRQFOXVLRQ�DERXW�WKH�IRUPDWLRQ�RI
VLQJOH�ZDOO� DPSKL�3,&� -�DJJUHJDWHV� DW� ORZ
G\H�FRQFHQWUDWLRQV�

7KH�HQVHPEOH�RI�DPSKL�3,&�-�DJJUHJDWHV
LV�FKDUDFWHUL]HG�E\�D�FRQVLGHUDEOH�H[WHQW�RI
LQWHUSDUWLFOH� GLVRUGHU� >��@�� ,W� IROORZV� IURP
WKH�IDFW�WKDW�WKH�VXPPDWLRQ�RI�VHYHUDO�DYHU�
DJHG� IOXRUHVFHQFH� H[FLWDWLRQ� VSHFWUD� RI� GLI�
IHUHQW� LQGLYLGXDO�-�DJJUHJDWHV� GRHV� QRW� UH�
SHDW� WKH� EXON� IOXRUHVFHQFH� H[FLWDWLRQ� VSHF�
WUXP��)LJ���F���7KH�QDUURZ�OLQHV�YDQLVK�DV�D
UHVXOW� RI� PXOWLSOH� VFDQV� VXPPDWLRQ� �)LJ�
�F���6R��WKLV�LPSRUWDQW�REVHUYDWLRQ�GHVHUYHV
GHWDLOHG� GLVFXVVLRQ� DW� D� OHYHO� RI� VLQJOH
VFDQV�

7KH�IOXRUHVFHQFH�H[FLWDWLRQ�VSHFWUD�RI�LQ�
GLYLGXDO�-�DJJUHJDWHV�DUH�SUHVHQWHG�LQ�)LJ���

DQG� )LJ����� 7KH� H[FLWDWLRQ� VSHFWUD� FOHDUO\
H[KLELW�GLVFUHWH�VWUXFWXUH�DQG�QDUURZ�OLQHV�
ZKLFK� KDYH� QHYHU� EHHQ� REVHUYHG� LQ� EXON
VSHFWURVFRS\�QHLWKHU�IRU�DPSKL�3,&�-�DJJUH�
JDWHV� QRU� IRU� RWKHUV� >�Ü���������@�� )RU� DOO
LQGLYLGXDO�-�DJJUHJDWHV��WKH�H[FLWDWLRQ�VSHF�
WUD�H[KLELW� VWURQJ�IOXFWXDWLRQV� LQ� WKH�QXP�
EHU� RI� VSHFWUDO� OLQHV�� WKHLU� LQWHQVLW\� DQG
VSHFWUDO�SRVLWLRQV��EXW�WKH�W\SLFDO�VWUXFWXUH
RI�VSHFWUD�LV�SUHVHUYHG��)LJ������,W�KDV�EHHQ
UHYHDOHG� WKDW�� DV� D� UXOH�� D� JURXS� RI� WKUHH
VSHFWUDO� OLQHV� �RQH� QDUURZ� ORQJ�ZDYHOHQJWK
OLQH� DQG� WZR� EURDG� VKRUW�ZDYHOHQJWK� RQHV�
LV� REVHUYHG� LQ� HDFK� H[FLWDWLRQ� VSHFWUXP
�)LJ����� VSHFWUXP� ���� 7KH� QDUURZ� OLQH� SRVL�
WLRQ�LV�IOXFWXDWHG�QHDU�����QP��7ZR�VKLIWHG
WULSOHWV�DUH�RIWHQ�REVHUYHG�LQ�WKH�H[FLWDWLRQ
VSHFWUXP� �)LJ����� VSHFWUXP� ���� 7KH� QDUURZ
VSHFWUDO� OLQH� RI� WKH� VHFRQG�JURXS� LV� IOXFWX�
DWHG� DURXQG� ���� QP�� 7KH� H[FLWDWLRQ� VSHF�
WUXP� FRQWDLQLQJ� QXPHURXV� QDUURZ� VSHFWUDO
OLQHV� �)LJ����� VSHFWUXP� ��� ZDV� UDUHO\� RE�
VHUYHG�� )RU� VRPH� FDVHV�� DIWHU� WKH� FHUWDLQ
QXPEHU�RI�VFDQV��a������WKH�-�DJJUHJDWH�H[�
FLWDWLRQ� VSHFWUXP� LV� QRW� REVHUYHG� DW� DOO�
ZKLOH�VRPH�-�DJJUHJDWHV�KDYH�UHYHDOHG�WR�EH
YHU\� VWDEOH�� 7KH� QDUURZ� OLQHV� GLVDSSHDU
ILUVW�� DQG� WKHQ� WKH� VSHFWUXP� GLVDSSHDUV
FRPSOHWHO\��7KH�UHPDLQGHU�RI�WKH�H[FLWDWLRQ
VSHFWUXP�DIWHU�GLVDSSHDUDQFH�RI�WKH�QDUURZ
OLQHV� LV� D� JRRG� HYLGHQFH� WKDW� ZH� GHDO� ZLWK

)LJ������D��0ROHFXODU�VWUXFWXUHV�RI�DPSKL�3,&
G\H���E��D�PRGHO�RI�WKH�DPSKL�3,&�ULQJ���F��D
PRGHO� RI� F\OLQGULFDO� VWUXFWXUH� RI� DPSKL�3,&
-�DJJUHJDWH��
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SKRWRSK\VLFDO� EXW� QRW� SKRWRFKHPLFDO� WUDQV�
IRUPDWLRQV��

8VLQJ�URWDWLRQ�RI�ODVHU�EHDP�SRODUL]DWLRQ
DW� KHOLXP� WHPSHUDWXUHV�� LW� KDV� EHHQ� HVWDE�
OLVKHG� WKDW� DERXW� �����RI� LQGLYLGXDO�-�DJ�
JUHJDWHV�WHVWHG�GR�QRW�H[KLELW�DQ\�SRODUL]D�
WLRQ�GHSHQGHQFH�RI�H[FLWDWLRQ�VSHFWUD�DW�DOO
LQ� VSLWH� RI� GLSROH� QDWXUH� RI� H[FLWRQ� WUDQVL�
WLRQ� �VHH� )LJ���� LQ� >��@��� +RZHYHU�� DERXW
��� �� RI� -�DJJUHJDWHV� KDYH� VKRZQ� D
SURXQFHG� SRODUL]DWLRQ� GHSHQGHQFH� �VHH
)LJ�� �� LQ� >��@��� ,W� FDQ� RQO\� PHDQ� WKDW� WKH
H[FLWRQ� WUDQVLWLRQ� GLSROH� UDQGRPO\� FKDQJHV
GLUHFWLRQ� LQ� WKH� ����� UDQJH�� )RU�PROHFXODU
FKDLQ�� LW� FRXOG� EH� SRVVLEOH� LI� WKH� FKDLQ� LV
ORQJ�DQG�VWURQJO\�FXUYHG�RU�LW�LV�FORVHG�

7KH� VWURQJ� IOXFWXDWLRQ� RI� WKH� H[FLWDWLRQ
VSHFWUXP� VWUXFWXUH� ZLWK� DQ� DYHUDJH� VSOLW�
WLQJ� OHVV�WKDQ�����FPÜ�� DQG� WKH�DEVHQFH�RI
SRODUL]DWLRQ�GHSHQGHQFH�DOORZ�XV�WR�VXSSRVH
WKDW�ZH�KDYH�IRXQG�D�QHZ�W\SH�RI�SHFXOLDUL�
WLHV�ZKLFK�ZHUH�KLGGHQ�E\�WKH�HQVHPEOH�DY�
HUDJLQJ� LQ� WKH� EXON� H[SHULPHQWV� >�����@�� ,W
LV� FOHDU� WKDW� WKH� ORJLFDO� H[SODQDWLRQ� RI� WKH
GDWD�REWDLQHG�� LQ�SDUWLFXODU�� WKH�DEVHQFH�RI
SRODUL]DWLRQ� GHSHQGHQFH� DW� ORZ� WHPSHUD�
WXUHV�� ZLOO� QRW� EH� DFKLHYHG� ZLWKLQ� WKH
IUDPHZRUN� RI� �'� H[FLWRQ�PRGHO� XVHG� IRU� D
ULQJ� RU� OLQHDU� FKDLQ� >�����@�� ,Q� DQ� XVXDO
WUHDWPHQW�� ERWK� PRGHOV� SUHGLFW� D� SUR�
QRXQFHG� SRODUL]DWLRQ� RI� -�DJJUHJDWH� H[FLWRQ
WUDQVLWLRQV� WKDW�KDV�EHHQ�REVHUYHG� LQ�H[SHUL�
PHQW�HYHQ�DW� URRP� WHPSHUDWXUH� >����������@�

1HYHUWKHOHVV��ZH� DUH� JRLQJ� WR� XVH� ERWK� WKH
ULQJ� DQG� OLQHDU� FKDLQ� PRGHOV� WR� EXLOG� DQ
DGHTXDWH� SLFWXUH� RI� H[FLWRQ� G\QDPLF� DQG
WHPSHUDWXUH� WUDQVIRUPDWLRQV�REVHUYHG�EDVLQJ
RQ�WKH�DQDO\VLV�RI�UHDO�DPSKL�3,&�-�DJJUHJDWH
VWUXFWXUH�DQG�QDWXUH�RI�WKH�H[FLWRQ�VWDWHV�

$V� PHQWLRQHG� DERYH�� IRU� WKH� DPSKL�3,&
-�DJJUHJDWHV� DW� KHOLXP� WHPSHUDWXUH�1GHO� LVDERXW� ���PRQRPHUV�� +HQFH�� WKHUH� FRXOG� EH
RQH�1GHO� VHJPHQW�ZLWKLQ� WKH� ULQJ�ZLWK� GLV�FUHWH�VSHFWUXP�RI�ORFDO�H[FLWRQ�VWDWHV��)LJ�����
7KLV� VHJPHQW� LV� FRQILQHG� E\� WKH� WXQQHOLQJ
EDUULHUV� ZKLFK� PD\� UHVXOW� IURP� D� VWURQJ

)LJ�����&KDUDFWHULVWLF�OXPLQHVFHQFH�H[FLWDWLRQ
VSHFWUD�RI�VLQJOH�DPSKL�3,&�-�DJJUHJDWHV�DY�
HUDJHG�RYHU�RQO\�IHZ�VFDQV��7� �����.�

)LJ����� �D��� 6LPSOLILHG� VFKHPH� RI� WKH� ULQJ
-�DJJUHJDWH� ZLWK� ORFDOL]HG� H[FLWRQ� FRQILQHG
E\� WXQQHO� EDUULHUV�� 7KH� EDUULHU� DQG�� UHVSHF�
WLYHO\�� ORFDOL]HG� H[FLWRQ� SRVLWLRQV� FRXOG� EH
FKDQJHG� XQGHU� -�DJJUHJDWH� H[FLWDWLRQ�� �E�
7KH� VLPSOLILHG� VFKHPH� RI� ORFDOL]HG� H[FLWRQ
VWDWHV� FRQILQHG� E\� WKH� WXQQHO� EDUULHU�� ZKLFK
KHLJKW�LV�DERXW�����FPÜ��RU�PRUH��7KH�HQHUJ\
SDUDPHWHUV�FKDUDFWHUL]LQJ�ORFDO�H[FLWRQ�VWDWHV
DUH�WDNHQ�IURP�)LJ�����

,�.�.DWUXQRY�HW�DO����)HDWXUHV�RI�H[FLWRQ�ORFDOL]DWLRQ���

)XQFWLRQDO�PDWHULDOV������������� ���



VLWH� HQHUJ\� GHYLDWLRQ� �)LJ������ 6LQFH� DW� H[�
SHULPHQWDO� FRQGLWLRQV� XVHG�� RQO\� D� VPDOO
QXPEHU� RI� WKH� ULQJV� LQ� WKH� VLQJOH�-�DJJUH�
JDWH�FRXOG�EH�H[SHFWHG��WKH�VSHFWUD�RI�H[FL�
WRQV� ORFDOL]HG� RQ� GLIIHUHQW� ULQJV� DUH� QRW
RYHUODSSHG�� 7KHVH� ORFDO� H[FLWRQ� VWDWHV� DUH
UHIOHFWHG�LQ�WKH�H[FLWDWLRQ�VSHFWUXP�RI�LQGL�
YLGXDO�-�DJJUHJDWH� �)LJ���� DQG�)LJ������ 7KH
DEVHQFH� RI� WKH� SRODUL]DWLRQ� GHSHQGHQFH� RI
-�DJJUHJDWH�H[FLWDWLRQ�VSHFWUXP�DQG�VWURQJ
IOXFWXDWLRQV� RI� VSHFWUDO� OLQHV� SUHGLFW� WKDW
SRVLWLRQV�RI�WKH�ORFDOL]HG�H[FLWRQ�ZLWKLQ�WKH
ULQJ� FRXOG� EH� FKDQJHG� UDQGRPO\�� 6R�� WKH
H[FLWRQ� WUDQVLWLRQ� GLSROH� FRQQHFWHG� ZLWK
1GHO� VHJPHQW� WDNHV� UDQGRP� RULHQWDWLRQV� RQWKH� ULQJ�� 2I� FRXUVH�� XQGHU� VXFK� FRQGLWLRQ�
LQ�VSLWH�RI�WKH�GLSROH�QDWXUH�RI�H[FLWRQ�WUDQ�
VLWLRQV�� QR�SRODUL]DWLRQ�GHSHQGHQFH� RI� H[FL�
WDWLRQ�VSHFWUD�LV�REVHUYHG���

,Q� RUGHU� WR� JHW� PRUH� GHWDLOHG� TXDQWLWD�
WLYH�LQIRUPDWLRQ�RQ�ORFDO�H[FLWRQ�VWDWHV��ZH
VWDUW� IURP� WKH� FKDLQ� PRGHO� RI� FRXSOHG� 1
WZR�OHYHO�PROHFXOHV��:H�ZLOO� WDNH� LQWR� FRQ�
VLGHUDWLRQ� WKH�QHDUHVW�QHLJKERU� LQWHUDFWLRQV
DQG� VWDWLF� GLDJRQDO� GLVRUGHU�� DQG� QHJOHFW
SKRQRQV��6XFK�W\SH�RI�D�TXDQWXP�V\VWHP�LV
GHVFULEHG� E\� WKH� NQRZQ� H[FLWRQ� +DPLO�
WRQLDQ�� ZKLFK� FDQ� EH� XVHG� IRU� ERWK� OLQHDU
DQG�ULQJ�FKDLQV�>��������@�
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+HUH�� _Q®� LV� WKH� VWDWH�ZKHQ�WKH�PROHFXOH
Q� LV� H[FLWHG�DQG�RWKHU�PROHFXOHV�DUH� LQ� WKH
JURXQG� VWDWH��(��� WKH� VLWH� HQHUJ\�� DQG� VQ�WKH�VLWH�HQHUJ\�IOXFWXDWLRQ�GHVFULEHG�E\�WKH
*DXVV� GLVWULEXWLRQ� ZLWK� VQ

BBB� ��� DQG� VQ�
BBB�z���

E�LV�WKH�WUDQVIHU�LQWHJUDO��
$W� WKH� FRQGLWLRQ� VQ� ���� WKH� H[FLWRQVWDWHV� RI� OLQHDU� DQG� ULQJ� FKDLQV� DUH� GH�
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DQG� WKH� H[FLWRQ� VSHFWUXP� LV� GHWHUPLQHG� E\
WKH�HTXDWLRQV�>��������@�

(N� �(�����E���FRV�T�� ���
+HUH�� T� �SN�e�1�����N� ��������1� IRU� WKH� OLQ�
HDU� FKDLQ� DQG� T� ��SN�e�1�N� ���r��r�����1�e��
IRU�WKH�ULQJ�FKDLQ��

7R�DQDO\]H�WKH�RSWLFDO�SURSHUWLHV�DQG�HQ�
HUJ\� VSHFWUXP� RI� H[FLWRQ� RQ�1GHO� VHJPHQW�ZH� FDQ� XVH� WKH� OLQHDU� FKDLQ� PRGHO� ZLWK
VRPH� HVVHQWLDO� UHPDUNV�� 5HDOO\�� LW� IROORZV
IURP� WKH� H[FLWDWLRQ� VSHFWUXP� VWUXFWXUH
�)LJ����� WKDW� WKUHH� ORFDO� H[FLWRQ� VWDWHV� DUH
RSWLFDOO\�DFWLYH��7KH�OLQHDU�FKDLQ�PRGHO�SUH�
GLFWV�WKDW�RGG�H[FLWRQ�VWDWHV��(T�����DUH�RS�
WLFDOO\�DFWLYH�EXW�RQO\�WKH�ERWWRP�N� ���RQH
LV� FKDUDFWHUL]HG� E\� ����� RI� IXOO� RVFLOODWRU
VWUHQJWK� >��@�� 6R�� LQ� WKH� OLQHDU� FKDLQ� VSHF�
WUXP�� RQO\� RQH� LQWHQVH� OLQH� VKRXOG� EH� RE�
VHUYHG��7KLV�FRQWUDGLFWLRQ�LV�H[SODLQDEOH��$V
LW� ZDV� GLVFXVVHG� DERYH�� WKH� 1GHO� VHJPHQWOHQJWK� LV� QRW� PXFK� OHVV� WKDQ�1ULQJ�� VR� LWVFXUYDWXUH� LV� VLJQLILFDQW�� 8QGHU� WKLV� FRQGL�
WLRQ��WKH�VXPPDWLRQ�RI�PRQRPHU�WUDQVLWLRQ
GLSROHV�GLIIHUV�FRQVLGHUDEO\�IURP�WKDW�IRU�D
OLQHDU�FKDLQ�GXH�WR�D�YDULDEOH�RULHQWDWLRQ�RI
PRQRPHU� GLSROHV� DORQJ� WKH� 1GHO� VHJPHQW�7KH� H[FLWRQ� WUDQVLWLRQ� GLSROH� PRPHQW� RI
FXUYHG�1GHO�VHJPHQW�LV�QRQ]HUR�IRU�WKH�RGGDQG� HYHQ� H[FLWRQ� ZDYH� IXQFWLRQV� ����� %XW�
IRU� DQ\� N�!���� WKH� ZDYH� IXQFWLRQV� ���� H[�
KLELW� VWURQJ� RVFLOODWLRQ�� DQG� WKH� GLSROH�PR�
PHQW� RI� H[FLWRQ� WUDQVLWLRQ� WHQGV� WR� ]HUR�
2QO\� WKUHH� H[FLWRQ� WUDQVLWLRQV� �N� ���� ��� ��
KDYH� VLJQLILFDQW� RVFLOODWRU� VWUHQJWK�� ,W� LV� D
UHDVRQ�IRU�WKH�JURXS�RI�WKUHH�VSHFWUDO� OLQHV
REVHUYHG� LQ� WKH� H[FLWDWLRQ� VSHFWUD� �)LJ����
VSHFWUXP�����7KH�QH[W�FRQWUDGLFWLRQ�LV�WKDW
WKH� HQHUJ\� LQWHUYDOV� EHWZHHQ� WKHVH� WKUHH
OLQHV�GR�QRW�FRLQFLGH�ZLWK�WKH�H[FLWRQ�VSHF�
WUXP� SUHGLFWHG� E\� (T����� 7KH� YDOXH� RI� WKH
H[SUHVVLRQ��(��Ü�(����(��Ü�(���LV�DERXW�����LU�UHVSHFWLYH�RI�E�DQG�1GHO�SDUDPHWHU�YDOXHV��$WWKH�VDPH�WLPH��WKH�YDOXH��Q��Ü�Q�����Q��Ü�Q���LVDERXW� ���� WKDW� IROORZV� IURP� WKH� VSHFWUXP
UHSUHVHQWHG� LQ� )LJ����� ,W� IROORZV� IURP� H[�
SHULPHQW�WKDW�WKH�JDS�EHWZHHQ�WKH�ILUVW�DQG
VHFRQG�ORFDO�H[FLWRQ�VWDWHV��a���FPÜ���H[FHHGV
WKH�YDOXH��a���FPÜ���SUHGLFWHG�E\�(T������

7KH� VWDWLF� GLVRUGHU� SHUWXUEDWLRQ� 9� ¦VQ
Q

���_Q®­Q_� RI� H[FLWRQ� VWDWHV� �(T����� FRXOG
EH� RQH� RI� WKH� UHDVRQV� IRU� WKLV� GLVFUHSDQF\�
5HDOO\��GXH�WR�FRQGLWLRQ�VQ

BBB��ZH�KDYH�WR�DQD�
O\]H�WKH�VHFRQG�RUGHU�FRUUHFWLRQV��ZKLFK�DUH
HN� �¦

Q
_9N�Q_���(N�Ü�(Q��� ZKHUH� (N� DUH� WKH

XQSHUWXUEHG� HQHUJ\� OHYHOV� �(T������ H�� LVQHJDWLYH�RZLQJ�WR�WKH�FRQGLWLRQ��(��Ü�(Q�����DQG� H�� LV� SRVLWLYH� GXH� WR� �(��Ü�(���!��� DQG_�(��Ü�(����(��Ü�(Q�_������ )ROORZLQJ� WKH
VDPH� ORJLF�� LW� LV�SRVVLEOH�WR�VKRZ�WKDW�H�� LVSRVLWLYH��WRR��7KH�FRQGLWLRQ� _H�_�!�_H�_�!�_H�_�!����!�_HQ_� GLFWDWHV� D� UHPDUNDEOH� FRQWULEXWLRQ

,�.�.DWUXQRY�HW�DO����)HDWXUHV�RI�H[FLWRQ�ORFDOL]DWLRQ���

��� )XQFWLRQDO�PDWHULDOV�������������



IURP�FRUUHFWLRQV�WR�WKH�ILUVW�HQHUJ\�LQWHUYDO
�N� ���DQG�N� ���H[FLWRQ�VWDWHV���,W�LV�LPSRU�
WDQW� WKDW� RQO\� WZR� ORZHU� H[FLWRQ� VWDWHV� DUH
PRYHG� DSDUW� DQG� LW� FDQ� EH� VKRZQ� WKDW� WKH
QHZ�YDOXH�RI�H[SUHVVLRQ��(��Ü�(����(��Ü�(��WHQGV� WR� ��� $V� D� URXJK� DSSUR[LPDWLRQ�� WKH
FRUUHFWLRQ� WR� WKH� HQHUJ\� LQWHUYDO� EHWZHHQ
WKH� ILUVW� DQG� VHFRQG� H[FLWRQ� VWDWHV� LV� GH�
VFULEHG�E\�WKH�IROORZLQJ�H[SUHVVLRQ�

H�a�H�� �
�T���VQ�

BBB

�1����������(����(��
� ���

+HUH��T�LV�DERXW����WKDW�IROORZV�IURP�WKH
VXPPDWLRQ�RI�KDUPRQLF�IXQFWLRQV�

+HQFH�� WKH� XQSHUWXUEHG� HQHUJ\� LQWHUYDO
_(��Ü�(�_��EHLQJ�DERXW����FPÜ�� DFFRUGLQJ� WR
WKH�HTXDWLRQ������KDV�WR�EH�LQFUHDVHG�E\�WKH
FRUUHFWLRQ� �����ZKLFK� LV�DERXW����FPÜ��DW�E�a
����FPÜ��� 1GHO�a���� DQG� VQ�

BBB
� ��'Q):+0��� 

�����FPÜ���� >�����@�� 7KH� QHZ� HQHUJ\� LQWHU�
YDO� RI� ��� FPÜ�� LV� LQ� DJUHHPHQW� ZLWK� WKDW
REVHUYHG� LQ� WKH� H[FLWDWLRQ� VSHFWUXP� �)LJ�
���� +HQFH�� WKH� ORFDO� H[FLWRQ� VWDWHV� RI� WKH
ULQJ� DUH� IRUPHG� XQGHU� WKH� VWURQJ� LQIOX�
HQFH� RI� WKH� VWDWLF� GLVRUGHU�� ,Q� WKH� DEVHQFH
RI�GHSKDVLQJ��DW�����.��WKH�VSHFWUDO�OLQHV�RI
ORFDO� PDQLIROG� �)LJ����� VSHFWUXP� ��� DUH
FKDUDFWHUL]HG�E\�WKH�OLIHWLPH�OLPLWHG�ZLGWK�
7KH�ZLGWK�RI� ILUVW�QDUURZ� OLQH�RI�'Q):+0�a����FPÜ�� FRLQFLGHV� ZLWK� WKH� H[FLWRQ� GHFD\
WLPH�� ZKLFK� LV� DERXW� �����Ü��� V� � >�@�� 7KH
ZLGWK�RI�RWKHU�WZR�VSHFWUDO� OLQHV� LV�GHILQHG
E\� WKH� WLPH� RI� QRQUDGLDWLYH� UHOD[DWLRQ�
ZKLFK� LV� DERXW� ������Ü��� V� IRU� N� ��� VWDWH
DQG�������Ü���V�IRU�N� ���VWDWH�

���&RQFOXVLRQV��
7KH��KLGGHQ�� VSHFWUDO� VWUXFWXUH� RI�-�DJ�

JUHJDWH�ORFDOL]HG�H[FLWRQ�VWDWHV�KDV�EHHQ�UH�
YHDOHG�XVLQJ�WKH�606�WHFKQLTXHV��$W�KHOLXP
WHPSHUDWXUH��LQ�WKH�ULQJ�-�DJJUHJDWH�ZLWK�D
FRQVLGHUDEOH� VWDWLF� GLVRUGHU� '�e�E�a������ WKH
VWURQJ� H[FLWRQ� ORFDOL]DWLRQ� UHJLPH�KDV� EHHQ
REVHUYHG�� 7KH� VWDWLF� GLVRUGHU� HIIHFWLYHO\
FRQILQHG� WKH� ORFDO� H[FLWRQ� VWDWHV� E\� WXQQHO�
LQJ�EDUULHUV�RQWR�1GHO�VHJPHQWV��1GHO�a�����1ULQJ�a���� PRQRPHUV��� 8QGHU� -�DJJUHJDWHH[FLWDWLRQ�� WKH� SRVLWLRQV� RI� 1GHO� VHJPHQWVDQG� WKHLU� FKDUDFWHULVWLFV� FRXOG� EH� FKDQJHG�
7KH� VWUXFWXUH� RI� ORFDOL]HG� H[FLWRQ� VSHFWUD
GHPRQVWUDWHV�FOHDUO\�WKDW�WKH�ORFDOL]HG�H[FL�
WRQ� VWDWHV� DUH� VWURQJO\� SHUWXUEHG� GXH� WR
VWDWLF�GLVRUGHU�

5HIHUHQFHV
� ���-�0ROO�� 6�'DHKQH�� -�'XUUDQW� HW� DO��� -��&KHP�

3K\V��������������������

� ���8�'H� 5RVVL�� 6�'DHKQH�� 8�*RPH]� � HW� DO��� -�
3K\V��&KHP���%������������������

� ���&�6SLW]�� -�.QRHVWHU�� $�4XDUW� HW� DO��� &KHP�
3K\V�������������������

� ���+�%HUOHSVFK�� &�%RWWFKHU�� $�4XDUW� HW� DO��� -�
3K\V��&KHP��������������������

� ���6�6�/DPSRXUD�� &�6SLW]�� 6�'DHKQH� HW� DO��� -�
3K\V��&KHP���%������������������

� ���,�*�6FKHEO\NLQ�� 2�<X�6OXVDUHQNR�� /�6�/HSQHY
HW�DO���-��3K\V��&KHP�'��%������������������

� ���*�6�.DWULFK�� .�.HPQLW]� .��� <X�9�0DO\XNLQ�
$�0�5DWQHU��-��/XPLQHVFHQFH����������������

� ���$�0�YDQ�2LMHQ��0�.HWHODDUV�� -�.RKOHU� HW� DO��
6FLHQFH������������������

� ���3�/�0F(XHQ��0�%RFNUDWK��'�+�&REGHQ�HW�DO��
3K\V��5HY��/HWW�������������������

����'�0RELXV��$GY��0DWHU�����������������
����+�%HUOHSVFK�� &�%RWWFKHU�� /�'DKQH�� -��3K\V�

&KHP��������������������
����+�%HUOHSVFK�� &�%RWWFKHU��-��3K\V��&KHP��� ����

������������
����+�)LGGHU�� -�.QRHVWHU�� '�:LHUVPD�� -��&KHP�

3K\V�������������������
����$�9�0DO\VKHY�� 9�$�0DO\VKHY�� 3K\V��5HY��� ���

��������������
����0�%HGQDU]�� 9�$�0DO\VKHY�� -�.QRHVWHU�� -�

&KHP��3K\V��������������������
����)�$�%�)�GH�0RXUD��0�/�/\UD��3K\V��5HY��/HWW��

����������������
����$�5RGULJXH]�� 9�$�0DO\VKHY�� *�6LHUD� HW� DO��

3K\V��5HY��/HWW�����������������������
����)�'RPLQJXH]�$GDPH��9�$�0DO\VKHY��)�$�%�)�GH

0RXUD��0�/�/\UD��3K\V��5HY��/HWW��������������
���������

����'�$�+LJJLQV��3�(�%DUEDUD��-��3K\V��&KHP������
���������

����+�<DR�� 6�.LWDPXUD�� .�.LPXUD�� 3K\V��&KHP�
&KHP��3K\V������������������

����<X�9�0DO\XNLQ��$�9�6RURNLQ��6�/�(ILPRYD�HW
DO���-��/XPLQHVFHQFH������������������

����$�1�/HEHGHQNR��*�<D�*XUDOFKXN��$�9�6RURNLQ
HW�DO���-��3K\V��&KHP���%�������������������

����&K�%UXQHO��3K�7DPDUDW��%�/RXQLV�HW�DO���-��/X�
PLQHVFHQFH����Ü���������������

����&�+RIPDQQ��0�.HWHODDUV��0�0LWVXVKLWD�HW�DO��
3K\V��5HY��/HWW�����������������������

����(�/DQJ��$�6RURNLQ��0�'UHFKVOHU� HW� DO���1DQR
/HWW������������������

����<X�9�0DO\XNLQ��6�/�(ILPRYD��$�9�6RURNLQ�HW
DO��)XQFWLRQDO��0DWHULDOV�����������������

����'�0\HUV�� 6XUIDFWDQW�6FLHQFH� DQG�7HFKQRORJ\�
�UG� (G�� -RKQ�:LOH\� 	� 6RQV�� ,QF��� +RERNHQ�
1HZ�-HUVH\��������

����&�6SLW]�� -�.QRHVWHU�� $�2XDUW�� 6�'DHKQH�
&KHP��3K\V�������������������

����<X�9�0DO\XNLQ�� 2�*�7RYPDFKHQNR�� *�6�.D�
WULFK�HW�DO���/RZ�7HPS��3K\V������������������

����$�9�6RURNLQ�� ,�,�)LOLPRQRYD�� 5�6�*U\Q\RY� HW
DO���-��3K\V��&KHP���&������������������

,�.�.DWUXQRY�HW�DO����)HDWXUHV�RI�H[FLWRQ�ORFDOL]DWLRQ���

)XQFWLRQDO�PDWHULDOV������������� ���



|°º­ãÒmº°�L�ãº}ÈãLÏÈ�L��Ë}°Ò�ºÓLm��¹ºº�ÒÓº}Ò²�-�È�¯Ë�È�È²
,�z�zÈ�¯�Óºm��v����ÁLäºmÈ��|�{�vº¯º}LÓ����{�lÈã
}LÓ

~È��º¹ºäº�º
��Ë²ÓL}Ò�º�ÓºäºãË}�ã«¯Óº��°¹Ë}�¯º°}º¹L��mÒ«mãËÓº�ãº}ÈãLÏÈ�L
�Ë}°Ò�
�ºÓLm� �� }Lã	�L� -�È�¯Ë�È��� LÏ� °Ë¯Ë�ÓLä� °��¹ËÓËä� °�È�Ò�Óº�º� ­ËÏãÈ��� '�e�E� a� ����� �¯Ò
�ËãL¼mÒ²� �Ëä¹Ë¯È��¯È²� °¹Ë}�¯� Ï­��ÎËÓÓ«� -�È�¯Ë�È��� °}ãÈ�È¼�	°«� Ï� ¯«��� ¯ºÏ¯LÏÓËÓÒ²
°¹Ë}�¯Èã	ÓÒ²�ãLÓL®��«}L�mÒÏÓÈ�È
�	°«�Ë}°¹ºÓËÓ�L®Óº�ãº}ÈãLÏºmÈÓÒäÒ�Ë}°Ò�ºÓÓÒäÒ�°�È�
ÓÈäÒ� �1GHO���1ULQJ����º� ÓÈãËÎÈ�	� �º� °Ë�äËÓ�Lm� }LãË�	���º� ÓË� ¹Ë¯Ë}¯ÒmÈ
�	°«�� v¹Ë}��¯Èã	ÓL� mãÈ°�Òmº°�L� ãº}ÈãLÏºmÈÓÒ²� Ë}°Ò�ºÓLm� ¹¯ºÈÓÈãLÏºmÈÓº� ÓÈ� º°ÓºmL� äº�ËãL� ÏÓÈ�Óº
°}¯ÒmãËÓº�º�äºãË}�ã«¯Óº�º�ãÈÓ�
Î}È�

����

,�.�.DWUXQRY�HW�DO����)HDWXUHV�RI�H[FLWRQ�ORFDOL]DWLRQ���

��� )XQFWLRQDO�PDWHULDOV�������������


