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AN ERROR BUDGET FOR BULK SEA-SURFACE TEMPERATURES DERIVED FROM
AATSR DATA

/LVD�$��+RUURFNV��5RJHU�:��6DXQGHUV��$QQH�2©&DUUROO

0HW�2IILFH��/RQGRQ�5RDG��%UDFNQHOO��5*����6=��8.��(PDLO��OLVD�KRUURFNV#PHWRIILFH�FRP

'RFXPHQW�+LVWRU\

'DWH 9HUVLRQ $FWLRQ�&RPPHQWV $SSURYDO

���������� ��� 5HSRUW�SURYLGHG�DV�GHOLYHUDEOH��D������IURP�7HFKQLFDO
$QQH[��D�RI�&33�

5��6DXQGHUV

���������� ��� 'UDIW�RI�1:3�7HFKQLFDO�5HSRUW�LQFRUSRUDWLQJ�FRPPHQWV
RQ�9HUVLRQ�����IURP�-��(\UH�

���������� ��� )LQDO�YHUVLRQ��ZLWK�PLQRU�FRUUHFWLRQV�WR�9HUVLRQ�����
IROORZLQJ�FRPPHQWV�IURP�-��(\UH�

-��(\UH

([HFXWLYH�VXPPDU\

6HD�VXUIDFH�WHPSHUDWXUH�PHDVXUHPHQWV�WR�KLJK�DFFXUDF\�DUH�UHTXLUHG�LQ�PDQ\�DUHDV�RI�FOLPDWH�UHVHDUFK��QRW
OHDVW�IRU�FOLPDWH�FKDQJH�GHWHFWLRQ��7KH�$ORQJ�7UDFN�6FDQQLQJ�5DGLRPHWHUV�KDYH�EHHQ�GHVLJQHG�WR�SURYLGH
667V�DFFXUDWH�WR�EHWWHU�WKDQ�����.��%\�WKH�HQG�RI�WKH�(19,6$7�PLVVLRQ��������D����\HDU�UHFRUG�RI�GDWD�IURP
WKHVH�LQVWUXPHQWV�ZLOO�EH�DYDLODEOH�

(VWLPDWHV�RI�WKH�ELDV�DQG�UDQGRP�HUURU�DVVRFLDWHG�ZLWK�EXON�667V�GHULYHG�IURP��$�$765�DUH�QHHGHG�LQ�RUGHU
WR�DVVLPLODWH�WKHVH�GDWD�LQWR�FOLPDWH�DQDO\VHV�RU�WR�LQWHUSUHW�LQWHUFRPSDULVRQV�ZLWK�DOWHUQDWLYH�GDWDVHWV�

$�PRGHO�IRU�WKH�HUURU�EXGJHW�DVVRFLDWHG�ZLWK��$�$765�EXON�667V�KDV�EHHQ�GHVFULEHG��DQG�HVWLPDWHV�RI�WKH
H[SHFWHG�ELDV�DQG�UDQGRP�HUURU�KDYH�EHHQ�GHWHUPLQHG��$Q�DGGLWLRQDO�TXDOLW\�FRQWURO�KDV�EHHQ�VXJJHVWHG�LQ
RUGHU�WR�VFUHHQ�RXW�FRQWDPLQDWHG�RU�DQRPDORXV�GDWD�

2SWLPDO�EXON�667V�IURP��$�$765�DUH�H[SHFWHG�WR�EH�XQELDVHG�WR������.�OHYHO�RI�DFFXUDF\��5DQGRP�HUURU�LV
GHSHQGHQW� RQ� WKH� FKRLFH� RI� UHWULHYDO� DOJRULWKP� DQG� WKH� DWPRVSKHULF� FRQGLWLRQV� SHUWDLQLQJ� WR� WKH
REVHUYDWLRQ��EXW�VKRXOG�EH�EHORZ������.�LQ�DOO�FDVHV�

:RUN� LV�XQGHUZD\� WR�GHILQH� WZR� VLPSOH� FRUUHFWLRQV� WR� DSSO\� WR� UHWULHYHG� VNLQ� 667V� LQ� RUGHU� WR� DWWDLQ� WKH
H[SHFWHG�OHYHO�RI�ELDV��)XUWKHU�ZRUN�WR�SURYLGH�D�TXDQWLWDWLYH�YDOLGDWLRQ�RI�WKHVH�HVWLPDWHV�LV�UHFRPPHQGHG�

7KLV� ZRUN� VKRXOG� HQDEOH� ZLGHVSUHDG� XVH� RI� �$�$765� 667V� LQ� FOLPDWH� UHVHDUFK� LQ� JHQHUDO� DQG� VKRXOG
FRQWULEXWH�WR�LPSURYHPHQWV�LQ�WKH�+DGOH\�&HQWUH�GDWDVHWV�LQ�SDUWLFXODU�

�� ,1752'8&7,21

7KH� SULPDU\� SXUSRVH� RI� WKH� $GYDQFHG� $ORQJ�7UDFN� 6FDQQLQJ� 5DGLRPHWHU� �$$765��� ODXQFKHG� RQ� (6$©V
(19,6$7�SODWIRUP� LQ�0DUFK������� LV� WR�FRQWLQXH�WKH�UHFRUG�RI�FOLPDWH�DFFXUDF\�JOREDO�667�HVWDEOLVKHG�E\
$765���DQG�����7KH�$765�LQVWUXPHQWV�KDYH�EHHQ�GHVLJQHG�WR�GHOLYHU�667�WR�EHWWHU�WKDQ�����.�DFFXUDF\��DV
UHTXLUHG�IRU�FOLPDWH�GDWDVHWV��:H�GHULYH�D�EXON�667�SURGXFW�IURP��$�$765�GDWD�VXLWDEOH�IRU�FRPSDULVRQ�ZLWK
LQ� VLWX�667�GDWDVHWV� DQG� DQDO\VHV�� )RU�PHDQLQJIXO� FRPSDULVRQV� DQG�� XOWLPDWHO\�� EOHQGLQJ�RI� WKH� �$�$765�
GHULYHG� 667V� ZLWK� LQ� VLWX� GDWDVHWV�� LW� LV� HVVHQWLDO� WKDW� WKH� HUURUV� DVVRFLDWHG� ZLWK� WKH� �$�$765� 667V� DUH
DFFXUDWHO\�UHSUHVHQWHG��ERWK�LQ�WHUPV�RI�V\VWHPDWLF�HUURUV��RU�ELDVHV��DQG�UDQGRP�HUURU�
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+HUH� ZH� GHYHORS� D� ORJLFDO� PRGHO� IRU� WKH� HUURUV� FRQWULEXWLQJ� WR� WKH� �$�$765� EXON� 667� SURGXFW�� :H� XVH
SXEOLVKHG� UHVXOWV� RU� RXU� RZQ� YDOLGDWLRQ� WR� HVWDEOLVK� WKH� PDJQLWXGHV� RI� WKH� GLIIHUHQW� HUURU� FRPSRQHQWV�
DWWHPSWLQJ� DV� IDU� DV� SRVVLEOH� WR� NHHS� ELDVHV� DQG� UDQGRP� HUURUV� VHSDUDWH�� $� JHQHUDO� HVWLPDWH� RI� HUURU
DVVRFLDWHG� ZLWK� WKH� GHULYDWLRQ� RI� D� EXON� 667� IURP� �$�$765� LV� GHWHUPLQHG�� DQG� ZH� WKHQ� FRQVLGHU� WKH
FRQGLWLRQV�ZKLFK�PD\�LQFUHDVH�WKH�HUURU�DVVRFLDWHG�ZLWK�LQGLYLGXDO�REVHUYDWLRQV��:H�RIIHU�VRPH�YDOLGDWLRQ
RI� RXU� HUURU�PRGHO� WKURXJK� FRPSDULVRQV� ZLWK� +DG,667��� )LQDOO\�� ZH� VXJJHVW� D� SUDJPDWLF� TXDOLW\� FKHFN
DJDLQVW�D�EDFNJURXQG�667� ILHOG��ZKLFK�PD\�EH�DSSOLHG�GXULQJ�RSHUDWLRQDO�GDWD�SURFHVVLQJ� WR�HQVXUH� WKDW
VSXULRXV�GDWD�DUH�LGHQWLILHG�

�� '$7$�352&(66,1*�$1'�(5525�02'(/

7KH� �$�$765� LV� VHQVLWLYH� WR� WKH� RFHDQ©V� LQIUDUHG� UDGLDWLYH� VNLQ� WHPSHUDWXUH� �VNLQ� 667��� ZKLFK� LV� WKH
WHPSHUDWXUH�RI�RQO\�WKH�WRS�IHZ���

� �
�P��7KLV�WHPSHUDWXUH�LV�GLIIHUHQW�IURP�WKH�EXON�667�VDPSOHG�E\�LQ�VLWX

VHQVRUV� DW� GHSWKV� RI� ��P� RU� PRUH� EHFDXVH� RI� WKH� VNLQ� HIIHFW� �H�J��� )DLUDOO� HW� DO�� ������ DQG� DQ\� VKDOORZ
WHPSHUDWXUH� JUDGLHQWV� ZKLFK� EXLOG� XS� GXULQJ� WKH� GD\�� 7KH� VNLQ�EXON� WHPSHUDWXUH� GLIIHUHQFHV� FDQ� EH
EHWZHHQ�a����DQG�����.��VNLQ�FRROHU��DW�QLJKW�RU�XS�WR��¤��.��VNLQ�ZDUPHU��GXULQJ�WKH�GD\��7UDGLWLRQDO�667
GDWDVHWV��H�J���3DUNHU�HW�DO��������5D\QHU�HW�DO��������KDYH�EHHQ�FRQVWUXFWHG�IURP�EXON�667�PHDVXUHPHQWV�
�$�$765�667V�PXVW�EH�DGMXVWHG�IRU�VNLQ�EXON�GLIIHUHQFHV�WR�REWDLQ�FRPSDUDELOLW\�ZLWK�WKHVH�GDWDVHWV�EHFDXVH
DW� WKH� OHYHO� RI� DFFXUDF\� UHTXLUHG� IRU� FOLPDWH� UHVHDUFK� ����� .�� $OOHQ� HW� DO�� ������ WKHVH� GLIIHUHQFHV� DUH� QRW
QHJOLJLEOH�

�����3URFHVVLQJ�VFKHPH

�$�$765� VNLQ�667V� DUH� UHWULHYHG� IURP�VSDWLDOO\�DYHUDJHG� LQIUDUHG� FKDQQHO� EULJKWQHVV� WHPSHUDWXUHV� XVLQJ� D
OLQHDU� UHWULHYDO�GHILQHG� IURP�KLJK�UHVROXWLRQ�UDGLDWLYH� WUDQVIHU�PRGHOOLQJ�� �$�$765�KDV� LQIUDUHG�FKDQQHOV�DW
��������DQG����PLFURQV�DQG�LW�YLHZV�WKH�VXUIDFH�DW�QDGLU�DQG�IRUZDUG�DORQJ�WKH�RUELWDO�JURXQG�WUDFN��6NLQ
667� FDQ� WKHUHIRUH� EH� UHWULHYHG� XVLQJ� D� QXPEHU� RI� FRPELQDWLRQV� RI� GLIIHUHQW� FKDQQHOV� DQG� YLHZV�� 667V
UHWULHYHG� XVLQJ� WKH� GXDO�YLHZ� FDSDELOLW\� RI� WKH� LQVWUXPHQW� DUH� FRQVLGHUDEO\� EHWWHU� WKDQ� WKRVH� XVLQJ� RQO\
QDGLU�YLHZ�GDWD��DQG�VR�ZH�GLVFXVV�RQO\�WKH�GXDO�YLHZ�UHWULHYDOV�LQ�WKLV�SDSHU��:H�FRQVLGHU�WZR�DOJRULWKPV�
7KH�ILUVW�PDNHV�XVH�RI�RQO\�WKH����DQG����PLFURQ�FKDQQHO�GDWD��DQG�LV�UHIHUUHG�WR�DV�'���7KH�VHFRQG�XVHV�LQ
DGGLWLRQ�GDWD�DW�����PLFURQV��DQG�LV�UHIHUUHG�WR�DV�'���7KLV�DOJRULWKP�FDQQRW�EH�XVHG�GXULQJ�WKH�GD\�ZKHQ
UHIOHFWHG� VRODU� UDGLDWLRQ� FRQWULEXWHV� WR� WKH� UDGLDQFH� VHHQ� DW� ���� PLFURQV�� ,Q� HLWKHU� FDVH�� VNLQ� 667� �7� �� LV
UHWULHYHG�E\� OLQHDU� FRPELQDWLRQ� RI� WKH� FKDQQHO� EULJKWQHVV� WHPSHUDWXUHV� �7 � ���ZHLJKWHG� E\� SUHGHWHUPLQHG
FRHIILFLHQWV� �D � �� �(T�� ���� 7KH� FRHIILFLHQWV� DQG� RIIVHW� �D � �� DUH� GHILQHG� E\� PXOWLSOH� UHJUHVVLRQ� RI� VNLQ
WHPSHUDWXUHV� DJDLQVW� EULJKWQHVV� WHPSHUDWXUHV� FRPSXWHG� IRU� D� JOREDO� VXLWH� RI� DWPRVSKHULF� SURILOHV� YLD� D
GHWDLOHG�UDGLDWLYH�WUDQVIHU�PRGHO��0HUFKDQW�HW�DO��������
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:H� WKHQ� SUHGLFW� D� VNLQ�EXON� WHPSHUDWXUH� DGMXVWPHQW� �∆7�� IRU� HDFK� REVHUYDWLRQ� YLD� D� SK\VLFDO
SDUDPHWHULVDWLRQ�IRU�WKH�VNLQ�HIIHFW��)DLUDOO�HW�DO��������8QGHU�IRUFHG�FRQYHFWLRQ��WKLV�VNLQ�HIIHFW�LV�GHSHQGHQW
RQ�ERWK�WKH�QHW�KHDW�IOX[�RXW�RI�WKH�RFHDQ��4��DQG�WKH�LQVWDQWDQHRXV�ZLQG�VSHHG�WKURXJK�(T��
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LQ�ZKLFK� u∗ � LV� WKH� IULFWLRQ�YHORFLW\� LQ� WKH�ZDWHU� �LQ� WXUQ� UHODWHG� WR�ZLQG� VSHHG��� k� DQG�ν� DUH� WKH� WKHUPDO

FRQGXFWLYLW\�DQG�NLQHPDWLF�YLVFRVLW\��UHVSHFWLYHO\��DQG�λ�LV�D�GLPHQVLRQOHVV�SDUDPHWHU��)DLUDOO�HW�DO��PDGH�(T
��DSSURSULDWH�DOVR�WR�IUHH�FRQYHFWLRQ��E\�UHGHILQLQJ�λ�WR�EH�EXR\DQF\�GHSHQGHQW��LW�DWWDLQV�D�FRQVWDQW�YDOXH
DW�PRGHUDWH� WR�KLJK�ZLQG� VSHHGV�� DQG� UHGXFHV� DV�ZLQG� VSHHGV� UHGXFH��+RUURFNV� HW� DO� �����D��SURYLGH� D
IXOOHU�GHVFULSWLRQ�DQG�VKRZ�KRZ�WKLV�SDUDPHWHULVDWLRQ� LV�HQWLUHO\�DGHTXDWH�IRU�DSSOLFDWLRQ�WR�$765���667V�
%XON�667��7 � ��PD\�WKHQ�EH�GHULYHG�E\�FRPELQDWLRQ�RI�VNLQ�667�DQG�VNLQ�EXON�DGMXVWPHQW��(T����
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$�SK\VLFDO�PRGHO�WR�SUHGLFW�LQFLGHQFHV�RI�GD\WLPH�VKDOORZ�VXUIDFH�ZDUPLQJ��H�J���.DQWKD�DQG�&OD\VRQ������
LV�XVHG�WR�LGHQWLI\�SRWHQWLDOO\�LQIODWHG�667V�

�����3URSRVHG�HUURU�PRGHO

7KH�ELDV�DQG�UDQGRP�HUURU�DVVRFLDWHG�ZLWK�WKH�ILQDO�HVWLPDWH�RI�EXON�667�DUH�WKH�HQG�UHVXOW�RI�HUURUV�LQFXUUHG
DW�HDFK�VWDJH�RI�WKH�667�FDOFXODWLRQ��)LJXUH���SURYLGHV�D�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�HDFK�RI�WKHVH�VWHSV�DQG
WKH�VRXUFHV�RI�HUURU�DW�HDFK�VWDJH�

�)LJXUH����%XON�667�SURFHVVLQJ�VFKHPH�DQG�FRQWULEXWLRQV�WR�HUURUV��(DFK�QDPHG�HUURU�FDQ�EH�VSOLW
LQWR�V\VWHPDWLF�DQG�UDQGRP�FRPSRQHQWV��1RW�VKRZQ�KHUH�DUH�DQ\�DGGLWLRQDO�HUURUV�DULVLQJ�IURP
YDULRXV�VRXUFHV�RI�FRQWDPLQDWLRQ�RU�LQVWUXPHQW�SURFHVVLQJ�DQRPDOLHV�

7KH�UHWULHYDO�HUURU� LV�WKH�HUURU�DVVRFLDWHG�ZLWK�DQ�HVWLPDWH�RI�VNLQ�667�IURP�XQFRQWDPLQDWHG����DUFPLQXWH
DYHUDJHG� EULJKWQHVV� WHPSHUDWXUH� �$%7�� GDWD�� ,W� UHSUHVHQWV� WKH� FRPELQHG� HIIHFWV� RI� LQVWUXPHQW�� IRUZDUG
PRGHO�DQG�UHWULHYDO�PRGHO�HUURUV��5HWULHYDO�HUURU�GHSHQGV�XSRQ�WKH�FRPELQDWLRQ�RI�LQIUDUHG�FKDQQHOV�XVHG
LQ� WKH� UHWULHYDO�� DQG� FDQ� YDU\�ZLWK� ODWLWXGH�� 5HWULHYDO� HUURU� KDV� EHHQ� TXDQWLILHG� IRU� $765� �H�J��� %DUWRQ� HW
DO�������0HUFKDQW��������DQG�WKHUH�LV�QR�UHDVRQ�WR�H[SHFW�$$765�WR�EH�PXFK�GLIIHUHQW�

7KH�VNLQ�HIIHFW�PRGHO�HUURU�UHSUHVHQWV�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�SUHGLFWLRQ�RI�VNLQ�EXON�DGMXVWPHQW�
,W�FRPELQHV�HUURUV�LQ�ERWK�WKH�SDUDPHWHULVDWLRQ�LWVHOI�DQG�WKH�IOX[�GDWD�XVHG�WR�IRUFH�WKH�SDUDPHWHULVDWLRQ�
7KH�WRWDO�REVHUYDWLRQ�HUURU�DVVRFLDWHG�ZLWK�DQ�HVWLPDWH�RI�EXON�667�FDQ�WKHQ�EH�GHILQHG�DV�WKH�FRPELQDWLRQ
RI�UHWULHYDO�HUURU�DQG�VNLQ�HIIHFW�PRGHO�HUURU�

$GGLWLRQDO�XQIRUHVHHQ�DQG�QRQ�JDXVVLDQ�HUURUV�FDQ�DIIHFW� LQGLYLGXDO�REVHUYDWLRQV��(UURUV�RI�WKLV�W\SH�UHVXOW
IURP� YDULRXV� VRXUFHV� RI� GDWD� FRQWDPLQDWLRQ� �XQGHWHFWHG� FORXG�� XQGHWHFWHG� VHD�LFH�� XQGHWHFWHG� GD\WLPH
VKDOORZ�ZDUPLQJ��XQGHWHFWHG�ODQG���XQIODJJHG�LQVWUXPHQW�DQRPDOLHV��RU�XQH[SHFWHG�SURFHVVLQJ�DQRPDOLHV�
'DWD�DIIHFWHG�E\�WKLV�VHFRQG�W\SH�RI�HUURU�VKRXOG�EH�LGHQWLILHG�DQG�UHPRYHG�SULRU�WR�IXUWKHU�SURFHVVLQJ�RU
DVVLPLODWLRQ�� $X[LOLDU\� LQIRUPDWLRQ� �VXFK� DV� EDFNJURXQG� 667� ILHOGV�� FORXG� FOLPDWRORJLHV�� LFH� FRYHUDJH
DQDO\VHV��DUH�UHTXLUHG�IRU�WKLV�TXDOLW\�FRQWURO�SURFHVV�
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,Q� VHFWLRQ� ��ZH� DVVHVV� FRQWULEXWLRQV� WR� WKH� EXON� 667� REVHUYDWLRQ� HUURU�� ,Q� VHFWLRQ� ��� ZH� FRQVLGHU� RWKHU
VRXUFHV�RI�GDWD�FRQWDPLQDWLRQ��,Q�VHFWLRQ���ZH�GLVFXVV�RXU�REVHUYDWLRQ�HUURU�HVWLPDWHV�DQG�VXJJHVW�D�TXDOLW\
FKHFN�WR�LGHQWLI\�GDWD�DIIHFWHG�E\�FRQWDPLQDWLRQ�RU�RWKHU�DQRPDOLHV�

�� (67,0$7(6�2)�%8/.�667�2%6(59$7,21�(5525

�����6NLQ�667�UHWULHYDO�HUURU

0HUFKDQW� ������� VWXGLHG� WKH� VLPXODWHG� UHWULHYDO� HUURU� DVVRFLDWHG� ZLWK� VNLQ� 667V� GHWHUPLQHG� IURP� $765
VSDWLDOO\�DYHUDJHG�EULJKWQHVV�WHPSHUDWXUHV��$%7V���1RLVH�RQ�WKH�$%7V�ZDV�DVVXPHG�DW�WKH������.�OHYHO��7KLV
LV�D�FRQVHUYDWLYH�HVWLPDWH�FRPSXWHG�E\�DVVXPLQJ�a�����.�QRLVH��W\SLFDO�1(∆7��RQ�WKH���NP�SL[HO�EULJKWQHVV
WHPSHUDWXUHV�DQG�a����RI� WKH�SL[HOV�FRQWULEXWLQJ�WR�RQH�$%7��6LPXODWHG�UHWULHYDO�HUURUV�KDG�PHDQ� �ELDV�
DQG�VWDQGDUG�GHYLDWLRQ��UDQGRP�HUURU��RI������.�DQG������.� IRU�'���DQG��������.�DQG������.� IRU�'���$Q
DOWHUQDWLYH�DSSURDFK�IURP�%DUWRQ�HW�DO��������ZKR�IRXQG�VLPLODU�YDOXHV�IRU�WKH�WKHRUHWLFDO�UDQGRP�HUURUV�RQ
$765� UHWULHYDOV�RI������.� IRU�'�� DQG������.� IRU�'��� %DUWRQ� HW� DO�� XVHG� DQ� HDUOLHU� YHUVLRQ�RI� WKH� 5DGLDWLYH
7UDQVIHU�0RGHO��570���ZKHUHDV�0HUFKDQW�XSGDWHG�WKH�VSHFWURVFRSLF�GDWD�DQG�DHURVRO�DVVXPSWLRQV�XVHG�LQ
WKH�570��DQG�WKLV�PD\�DFFRXQW�IRU�WKH�VPDOO�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�VWXGLHV��(UURUV�IRU�$$765�VNLQ�667
UHWULHYDOV�PLJKW�EH�H[SHFWHG�WR�EH�VPDOOHU�WKDQ�WKRVH�IRU�$765�RZLQJ�WR�1(∆7�DW�OHYHOV�RI�RQO\������¤�����
.�RQ�$$765�LQIUDUHG�FKDQQHOV��6PLWK�HW�DO��������+RZHYHU��LQ�RUELW�WKH�$$765�FKDQQHO�QRLVH�KDV�LQFUHDVHG
GXH� WR� FRQWDPLQDWLRQ� RI� UDGLRPHWHU� RSWLFV� IURP� UHVLGXDO� ZDWHU� YDSRXU� KHOG� LQ� WKH� (19,6$7� VDWHOOLWH
VWUXFWXUH��&��0XWORZ��SHUV��FRP���

7KH�UDQGRP�SDUW�RI� WKH�UHWULHYDO�HUURU� �L�H�� VWDQGDUG�GHYLDWLRQ�� IRU�$%7V�KDV� WZR�VRXUFHV�� ILWWLQJ�HUURU�DQG
QRLVH��7KH�ILWWLQJ�HUURU�LV�VHHQ�ZKHQ�OLQHDU�UHWULHYDO�FRHIILFLHQWV�DUH�UHDSSOLHG�WR�WKH�EULJKWQHVV�WHPSHUDWXUH
GDWDVHW�IURP�ZKLFK�WKH\�ZHUH�GHULYHG��DQG�KDV�D�JOREDO�YDOXH�RI�a�����.�IRU�'���7KH�QRLVH�GHSHQGV�XSRQ
WKH�DFWXDO�1(∆7�RQ�HDFK�FKDQQHO�PHDVXUHPHQW��DQG�DOVR� WKH�QXPEHU�RI�SL[HOV�DYHUDJHG� WR�PDNH�XS� WKH
$%7��DV�VXPPDULVHG�LQ�(T������
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ZKHUH�σ ����� ��� � LV� WKH�RYHUDOO�QRLVH� FRPSRQHQW��D � � DUH� WKH� UHWULHYDO� FRHIILFLHQWV��Q � � 	
��� � � LV� WKH�QXPEHU�RI�SL[HOV
DYHUDJHG�WR�IRUP�WKH�$%7��DQG�1(∆7�LV�a�����.��6WULFWO\��WKH�QRLVH��DQG�KHQFH�UHWULHYDO�HUURU��WKHUHIRUH�YDULHV
ZLWK�WKH�QXPEHU�RI�SL[HOV�LQFOXGHG�LQ�HDFK�$%7��*LYHQ�DQ�RYHUDOO�UDQGRP�HUURU�RI������.�IRU�'���DQG�ILWWLQJ
HUURU�RI�a�����.��WKH�QRLVH�FRPSRQHQW�LV�H[SHFWHG�WR�EH�a�����.��RQ�DYHUDJH��:H�DVVXPH�DQ�DYHUDJH�YDOXH
HYHU\ZKHUH��VLQFH�WKH�PDMRULW\�RI�WKH�$$765�REVHUYDWLRQV�SDVVHG�WKURXJK�SURFHVVLQJ�KDYH�PRUH�WKDQ�����
RI�WKH�SL[HOV�FRQWULEXWLQJ�WR�HDFK�$%7��$W�KLJK�ODWLWXGHV�ZKHUH�WKH�QXPEHU�RI�DYDLODEOH�SL[HOV�LV�VLJQLILFDQWO\
UHGXFHG��ZH�LQWURGXFH�DQ�LQIODWHG�QRLVH�FRPSRQHQW�WR�FRPSHQVDWH��VHH�EHORZ��

7KH�KLJKHU�UDQGRP�HUURU�IRU�'���FRPSDUHG�WR�'���UHVXOWV�PDLQO\�IURP�WKH�ODUJHU�ILWWLQJ�HUURU�ZKHQ�RQO\�WZR
FKDQQHOV�DUH�XVHG�LQ�WKH�UHWULHYDO�LQVWHDG�RI�WKUHH��,W�LV�LOOXVWUDWHG�E\�FRPSDULVRQ�RI�VFDWWHU�SORWV�RI�UHWULHYHG
YV� WUXH� 667� IRU� '�� DQG� '�� UHWULHYDOV�� )RU� H[DPSOH��0HUFKDQW� DQG� +DUULV� ������� SURYLGH� VFDWWHU� SORWV� RI
UHWULHYHG�667�DJDLQVW�EXR\�667� IRU�D� VXLWH�RI�$765¤EXR\�FRLQFLGHQFHV� LQ� WKH� WURSLFV� �WKHLU� )LJXUH����� DQG
VFDWWHU� LQ�WKH�'��FDVH� LV�ZLGHU��UHJDUGOHVV�RI�FKRLFH�RI� UHWULHYDO�FRHIILFLHQWV��$������.�UDQGRP�HUURU�RQ�'�
LQGLFDWHV�WKH�OLPLW�RI�DFFXUDF\�DFKLHYDEOH�E\�WKLV�OLQHDU�DOJRULWKP�RQ��$�$765�VSDWLDOO\�DYHUDJHG�GDWD�

7KH������.�JOREDO�PHDQ�V\VWHPDWLF�UHWULHYDO�HUURU�IRU�'��PDVNV�D�VPDOO�]RQDOO\�YDU\LQJ�FRPSRQHQW�UHDFKLQJ
�����.�LQ�WKH�WURSLFV�DQG������.�LQ�PLG�ODWLWXGHV��7KLV�YDULDEOH�FRPSRQHQW�UHVXOWV�IURP�QRQ�OLQHDULWLHV�LQ�WKH
UHODWLRQVKLS�EHWZHHQ� 667� DQG�EULJKWQHVV� WHPSHUDWXUH�GLIIHUHQFHV�� %ULJKWQHVV� WHPSHUDWXUH� GLIIHUHQFHV� DUH
VWURQJO\�FRQWUROOHG�E\�WRWDO�FROXPQ�DWPRVSKHULF�ZDWHU�YDSRXU��ZKLFK�LQ�WXUQ�LV�FRUUHODWHG�ZLWK�ODWLWXGH��VR
ZH� VHH� DQ� DSSDUHQWO\� ODWLWXGH�GHSHQGHQW� YDULDELOLW\� LQ� V\VWHPDWLF� UHWULHYDO� HUURU� LQ� VLPXODWLRQV�� ,W� LV� DOVR
HYLGHQW�LQ�JOREDO�FRPSDULVRQV�RI�'��DQG�'��UHWULHYDOV�RI�UHDO�QLJKW�WLPH�$$765�GDWD��)LJXUH����EHFDXVH�WKH
HTXLYDOHQW�QRQ�OLQHDULWLHV�IRU�'��DUH�PLQLPDO��7KH�]RQDOO\�YDU\LQJ�FRPSRQHQW�RI�'��ELDV�FRXOG�EH�UHPRYHG
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E\�DSSOLFDWLRQ�RI�D�V\VWHPDWLF�DGMXVWPHQW�WR�'��UHWULHYDOV��EDVHG�RQ�ODWLWXGH��RU�DLU�PDVV��0HUFKDQW�������
QRWHG�WKDW�'��UDQGRP�HUURU�ZDV�OLWWOH�UHGXFHG�E\�XVLQJ�ODWLWXGH�GHSHQGHQW�UHWULHYDO�FRHIILFLHQWV��DOWKRXJK
WKHVH� DFKLHYHG� VLJQLILFDQW� UHGXFWLRQ� LQ� ELDV��:H� WKHUHIRUH� DVVXPH� WKDW� WKH� DSSOLFDWLRQ� RI� DQ� DGMXVWPHQW
EDVHG�RQ�ODWLWXGH��ZKLOH�HIIHFWLYH� LQ�UHPRYLQJ�]RQDO�667�ELDVHV��FRXOG�SURGXFH�RQO\�D�PDUJLQDO� UHGXFWLRQ
�������.��LQ�JOREDO�UDQGRP�HUURU��$�ODWLWXGH�GHSHQGHQW�FRUUHFWLRQ�ZDV�GHYHORSHG�IRU�D�&'�520�RI�$765��
GDWD� �0XUUD\� HW� DO�� ������� D� VLPLODU� FRUUHFWLRQ� FRXOG� EH� GHILQHG� IRU� ERWK� $765� DQG� $$765��:RUN� LV�ZHOO
XQGHUZD\�WRZDUGV�IRUPXODWLQJ�D�FRUUHFWLRQ�IRU�V\VWHPDWLF�HUURUV�LQ�$$765�UHWULHYDOV��DQG�VLQFH�ZH�LQWHQG�WR
DSSO\�WKLV�FRUUHFWLRQ��ZH�KHUHDIWHU� LJQRUH�WKH�]RQDO�YDULDWLRQ� LQ�'��ELDV�DQG�DVVXPH�YDOXHV�RI������.�DQG
�����.�IRU�'��UHWULHYDO�HUURU�PHDQ�DQG�6'��,Q�WKH�DEVHQFH�RI�WKLV�FRUUHFWLRQ��D�]RQDOO\�YDU\LQJ�FRQWULEXWLRQ
VKRXOG�VWULFWO\�EH�LQFOXGHG�LQ�HVWLPDWHV�RI�'��ELDV�

)LJXUH����0HDQ�GLIIHUHQFHV�EHWZHHQ�'��DQG�'��IRU���PRQWKV�RI�QLJKW�WLPH�$$765�GDWD��GLVSOD\HG
RQ�D�PDS�DW�KDOI�GHJUHH�UHVROXWLRQ��XSSHU��DQG�DV�]RQDO�DYHUDJHV�LQ���GHJUHH�EDQGV��ORZHU��

7KH� DEVROXWH� ELDV� RQ� VNLQ� 667� UHWULHYDOV� FDQQRW� EH� GHILQHG� ZLWKRXW� D� YDOLGDWLRQ� H[HUFLVH�� 0HUFKDQW� DQG
+DUULV��������GLG�WKLV�IRU�$765��+RUURFNV�HW�DO������E��SURYLGHG�D�VLPLODU�YDOLGDWLRQ�RI�HDUO\�$$765�GDWD��,Q
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ERWK�FDVHV�WKH�DEVROXWH�ELDV�DVVRFLDWHG�ZLWK�'��ZDV�QHJOLJLEOH��ZKHUHDV�'��ZDV�ELDVHG�ZDUP�E\�a����.��$
ELDV� RI� WKLV� PDJQLWXGH� FDQ� EH� H[SHFWHG� WKHRUHWLFDOO\� JLYHQ� WKH� XQFHUWDLQW\� DVVRFLDWHG� ZLWK� EULJKWQHVV
WHPSHUDWXUHV�VSHFLILHG�E\�H[LVWLQJ�UDGLDWLYH�WUDQVIHU�PRGHOV��0HUFKDQW�DQG�/H�%RUJQH���������)URP�(T������
IRU�XQELDVHG�UHWULHYDOV��WKH�RIIVHW��D � ��LV�GHILQHG�DV�

1,
o S i i

i n

a T a T
=

= − ∑ ���

%LDVHV��H��LQ�VLPXODWLRQV�RI�EULJKWQHVV�WHPSHUDWXUHV�FDXVH�D�ELDV��H � � ��LQ�WKH�GHULYHG�YDOXH�RI�D � �ZHLJKWHG�E\
WKH�D � �FRHIILFLHQWV�

2
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7KH� D � � FRHIILFLHQWV� JHQHUDOO\� KDYH� ODUJHU� DEVROXWH� YDOXHV� IRU� '�� UHWULHYDOV� �EHWZHHQ� �� DQG� ���� WKDQ� '�
�EHWZHHQ�����DQG�����)RU�D � �WR�EH�VSHFLILHG�ZLWK�DQ�DFFXUDF\�RI�a�����.�IRU�'��UHWULHYDOV��DEVROXWH�HUURUV�LQ
VLPXODWLRQV�RI�EULJKWQHVV�WHPSHUDWXUHV�ZRXOG�QHHG�WR�EH�������.��&XUUHQW�UDGLDWLYH�WUDQVIHU�PRGHOV�PD\�EH
DFFXUDWH�WR�a�����.�DW�EHVW��ZKLFK�PHDQV�WKDW�HUURUV� LQ�WKH�YDOXH�RI�D � �FRXOG�EH�XS�WR�a����.� IRU�'��DQG
a���� .� IRU� '��� �1RWH� WKDW� EHFDXVH� D � � FRHIILFLHQWV� � GHSHQG� RQ� GLIIHUHQFHV� LQ� VLPXODWHG� EULJKWQHVV
WHPSHUDWXUHV�� UHWULHYDO� HUURU� VWDQGDUG� GHYLDWLRQV� RI� OHVV� WKDQ� ���� .� FDQ� EH� REWDLQHG� IURP� VLPXODWLRQV
DFFXUDWH�WR�a�����.��

6LQFH�WKH�DEVROXWH�DFFXUDF\�RI�UHWULHYDOV�RI�VNLQ�667�LV�OLPLWHG�E\�WKH�DFFXUDF\�RI�UDGLDWLYH�WUDQVIHU�PRGHOOLQJ�
WKH�ELDVHV�VHHQ�LQ��$�$765�YDOLGDWLRQ�H[HUFLVHV�DUH�XQVXUSULVLQJ��7KH�REYLRXV�ZD\�WR�UHPRYH�WKHVH�ELDVHV�LV
WR� DGMXVW� WKH� D � � WHUP� E\� VRPH� HPSLULFDOO\�GHWHUPLQHG� DPRXQW�� :H� LQWHQG� WR� GHILQH� D � � DGMXVWPHQWV� IRU
$$765� RQ� WKH� EDVLV� RI� TXDOLW\�FRQWUROOHG� $$765¤EXR\�PDWFKXSV�� DQG� WR� DSSO\� LW� URXWLQHO\��ZH� WKHUHIRUH
DVVXPH�KHUHDIWHU�WKDW�ELDV�RQ�ERWK�'��DQG�'��VNLQ�667V�FDQ�EH�PDLQWDLQHG�EHORZ�a�����.�

,Q� VXPPDU\�� DVVXPLQJ� FRUUHFWLRQ� RI� ]RQDOO\�YDU\LQJ� ELDV� LQ� '�� DQG� DSSURSULDWH� HPSLULFDOO\�GHWHUPLQHG
RIIVHW� DGMXVWPHQWV� IRU�ERWK�'�� DQG�'��� DEVROXWH�ELDV� RQ� VNLQ� 667V� VKRXOG�EH� VPDOOHU� WKDQ�������.�ZLWK
UDQGRP� HUURU� RI� a����� DQG� a����� .� IRU� '�� DQG� '��� UHVSHFWLYHO\�� � ,Q� WKH� DEVHQFH� RI� WKHVH� FRUUHFWLRQV�
DEVROXWH�ELDVHV�FRXOG�EH�EHWZHHQ������.�RQ�'���YDU\LQJ�ZLWK�ODWLWXGH��DQG�a����.�RQ�'��

667�UHWULHYDO�LQ�KLJK�ODWLWXGH�]RQHV�LV�OLDEOH�WR�ODUJHU�HUURUV�WKDQ�UHWULHYDOV�LQ�ORZHU�ODWLWXGHV�ZKHQ�D�JOREDO
VHW� RI� FRHIILFLHQWV� LV� HPSOR\HG�� 7KLV� LV� GXH� WR� WKH� H[WUHPH� DWPRVSKHULF� FRQGLWLRQV� WKDW� SUHYDLO� LQ� WKHVH
UHJLRQV�� 0DWWKLHVHQ� DQG� 0HUFKDQW� ������� VHW� RXW� D� GHWDLOHG� VWXG\� RI� 667� UHWULHYDO� IURP� $765��� LPDJH
UHVROXWLRQ�GDWD�LQ�PDUJLQDO�LFH�]RQHV��7KH\�QRWH�WKDW�D�VWDQGDUG�667�UHWULHYDO�FDQ�UHVXOW�LQ�ELDVHV�RI�XS�WR����
.��EXW� WKDW� D� UHWULHYDO� WDLORUHG� WR� LFH� ]RQHV� FDQ� UHGXFH� WKLV� ELDV� WR� a����.�� 7KH� VWDQGDUG�GHYLDWLRQ�RI� WKH
UHWULHYDO�HUURU� IURP�XVH�RI� WKH� VWDQGDUG�'�� UHWULHYDO� FRHIILFLHQWV�RQ� VLQJOH�SL[HO�GDWD� LQ� WKHVH� UHJLRQV�ZDV
�����.��0DWWKLHVHQ�DQG�0HUFKDQW��7DEOH�����7KLV�QXPEHU�SURYLGHV�D�PHDVXUH�RI�WKH�ILWWLQJ�HUURU�SDUW�RI�WKH
UDQGRP� HUURU� IRU� UHWULHYDOV� RI� $%7V� �VLQFH� IRU� UHWULHYDOV� RI� LPDJH� UHVROXWLRQ� GDWD� QR� H[WUD� QRLVH� ZDV
LQFOXGHG���WKLV�LV�ODUJHU�WKDQ�WKH�PHDQ�JOREDO�ILWWLQJ�HUURU�RI�a�����.�IRU�'��

6LQFH�WKH�ILWWLQJ�HUURU�LV�ODUJHU�IRU�UHWULHYDOV�LQ�KLJK�ODWLWXGHV��WKH�RYHUDOO�UDQGRP�HUURU�FDQ�EH�UHFDOFXODWHG�WR
LQFOXGH� WKH� H[SHFWHG� LQFUHDVH��+RZHYHU�� WKH�QRLVH� FRPSRQHQW� VKRXOG� DOVR�EH� LQFUHDVHG�EHFDXVH� DW� KLJK
ODWLWXGHV�RQO\�DERXW�KDOI� WKH�QXPEHU�RI���NP

�

�SL[HOV�DUH�DYDLODEOH�WR�FRQWULEXWH�WR�HDFK����DUFPLQXWH�FHOO
FRPSDUHG�WR�PLG�ODWLWXGHV�WURSLFV��GXH�WR�WKH�FXUYDWXUH�RI�WKH�(DUWK���)URP�(T�������WKH�RYHUDOO�QRLVH�VKRXOG
WKXV� EH� LQFUHDVHG� E\� D� IDFWRU� RI� aô��� IURP� WKH� DYHUDJH� RI� a����� .� VXJJHVWHG� HDUOLHU� WR� a����� .�� �7KH
DVVXPSWLRQ� RI� VLPLODU� 1(∆7�� HYHQ� DW� WKH� KLJKHVW� ODWLWXGHV� LV� MXVWLILHG�� VLQFH� FDOLEUDWLRQ� RI� WKH� LQIUDUHG
FKDQQHOV�RQ�$$765�VKRZHG�QR�VLJQLILFDQW� LQFUHDVH� LQ� HUURU�XQWLO�EULJKWQHVV� WHPSHUDWXUHV�GURSSHG�EHORZ
a����.��6PLWK�HW�DO����������7KH�RYHUDOO�UDQGRP�HUURU�RQ�'��$%7�UHWULHYDOV�LQ�KLJK�ODWLWXGHV�WKHQ�EHFRPHV
a�����.��FRPSDUHG�WR�a�����.�LQ�WKH�JHQHUDO�FDVH�

0DWWKLHVHQ�DQG�0HUFKDQW�DOVR�VKRZHG�WKDW�VWDQGDUG�'��UHWULHYDOV�DW�KLJK�ODWLWXGHV�KDG�D�PHDQ�ELDV�RI�a¤
�����.��:H�DVVXPH�WKDW�WKLV�LV�MXVW�WKH�KLJK�ODWLWXGH�HQG�RI�WKH�]RQDO�ELDV�LQ�'��UHWULHYDOV�LGHQWLILHG�DERYH�
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DQG�ZRXOG�EH�UHPRYHG�E\�DSSOLFDWLRQ�RI�D�ODWLWXGH�GHSHQGHQW�FRUUHFWLRQ��)RU�'��667�UHWULHYDOV�WKHUH�ZDV
QR�VLJQLILFDQW�LQFUHDVH�LQ�ILWWLQJ�HUURU�RU�ELDV�LQ�KLJK�ODWLWXGH�]RQHV�RYHU�WKH�JOREDO�FDVH�

0DWWKLHVHQ� DQG�0HUFKDQW� FDOFXODWHG� WKH� UDQJH�RI� 667� WKDW� FRXOG�EH� FORVH� WR� VHD�LFH� �WKHLU� ILJXUH� ���� WKLV
GHOLPLWV� WKH� FDWHJRU\� RI� ¦H[WUHPH� FRQGLWLRQV§� IRU� ZKLFK� VWDQGDUG� UHWULHYDOV�PD\� EH� GHILFLHQW�� $W� ��� LFH
FRYHUDJH�� 667� UDQJHG� IURP� ����� WR� �� �&�� EDVHG� RQ� D� VWDQGDUG� OLQHDU� GHSHQGHQFH� RI� 667� RQ� LFH� IUDFWLRQ
�5D\QHU� HW� DO�� ������ FRPELQHG�ZLWK� UDQGRP�QRLVH��:H�FKRRVH�a�� �&� �����.�� WR� EH� WKH� WKUHVKROG� RI� 667
EHORZ�ZKLFK� WKH� UDQGRP� HUURU� DVVRFLDWHG�ZLWK� VNLQ� UHWULHYDO� ZRXOG� EH� LQFUHDVHG� WR� ����� .� IRU� '��� 7KH
SURFHVVRU�LV�DOUHDG\�FRQILJXUHG�WR�IODJ�LPPHGLDWHO\�DQ\�UHWULHYHG�VNLQ�667V�EHORZ��������.��ZLWK�EXON�667V
GHULYHG�RQO\�IRU�XQIODJJHG�REVHUYDWLRQV��5HWULHYDO�HUURUV�DUH�VXPPDULVHG�LQ�7DEOH���

7DEOH����(VWLPDWHG�UHWULHYDO�HUURUV�IRU��$�$765�GDWD��LQ�.�
'XDO�YLHZ����FKDQQHOV 'XDO�YLHZ����FKDQQHOV

*HQHUDOO\ 667�������. *OREDOO\

5HWULHYDO�0D[LPXP�%LDV ����� ����� �����

5HWULHYDO�5DQGRP�(UURU ���� ���� ����

1RWH��(UURUV�DVVXPH�WKDW�DGMXVWPHQWV�GHVFULEHG�LQ�WH[W�KDYH�EHHQ�DSSOLHG�

�����6NLQ�(IIHFW�0RGHO�(UURU

$V�RXWOLQHG�LQ�VHFWLRQ����ZH�HVWLPDWH�WKH�FRRO�VNLQ�HIIHFW�E\�PHDQV�RI�D�SK\VLFDO�SDUDPHWHULVDWLRQ�LQ�RUGHU�WR
REWDLQ�FRPSDUDELOLW\�EHWZHHQ��$�$765�GHULYHG�667�DQG� LQ�VLWX�EXON�667��0HUFKDQW�DQG�+DUULV� �������DOVR
XVHG�WKH�FRRO�VNLQ�PRGHO�RI�)DLUDOO�HW�DO��������WR�FRPSDUH�$765�667V�ZLWK�EXR\�667V�LQ�D�WURSLFDO�YDOLGDWLRQ
H[HUFLVH�

)ROORZLQJ� DUJXPHQWV� SUHVHQWHG� E\�0HUFKDQW� DQG� +DUULV�� V\VWHPDWLF� HUURUV� LQ� HVWLPDWHV� RI� KHDW� IOX[� DQG
IULFWLRQ�YHORFLW\�PD\�EH�a�����IURP�W\SLFDO�IOX[�SDUDPHWHULVDWLRQ�VFKHPHV��IURP�(T������WKHVH�SURSDJDWH�WR
D�V\VWHPDWLF�HUURU�LQ�SUHGLFWHG�VNLQ�HIIHFW�RI�a������L�H���a�����.�IRU�D�W\SLFDO�VNLQ�HIIHFW�RI�����.��

,Q�RSHUDWLRQDO��$�$765�SURFHVVLQJ��ZH�XVH�IOX[�GDWD�IURP�WKH�0HW�2IILFH�1:3�PRGHO�DQDO\VLV��(UURUV�LQ�1:3
VXUIDFH�IOX[�ILHOGV�DUH�QRW�ZHOO�FRQVWUDLQHG��EXW�D�PHDQ�JOREDO�V\VWHPDWLF�HUURU�RI�a���:�P

� �

� LQ�QHW� IOX[� LV
RIWHQ�TXRWHG��0��0F&XOORFK��SHUV��FRP���IROORZLQJ�,VHPHU�HW�DO����������7KLV�YDOXH�LV�RI�RUGHU�������EXW�LV
OLNHO\�WR�KDYH�VWURQJ�JHRJUDSKLFDO�GHSHQGHQFLHV��1:3�PRGHO�ZLQG� ILHOGV�PD\�EH�EHWWHU�FRQVWUDLQHG�WKDQ
WKH� VXUIDFH� IOX[HV�� 7KH� a��� �� V\VWHPDWLF� HUURU� LQ� VNLQ� HIIHFW� VXJJHVWHG� E\� 0HUFKDQW� DQG� +DUULV� ������
VKRXOG� EH� DQ� DSSURSULDWH�� DQG� SHUKDSV� FRQVHUYDWLYH�� HVWLPDWH� RI� WKH� VNLQ� HIIHFW� PRGHO� ELDV�� 6\VWHPDWLF
HUURUV�LQ�WKH�IOX[�GDWD�FRXOG�EH�LQ�HLWKHU�GLUHFWLRQ�DQG�YDULDELOLW\�LQ�WKHVH�HUURUV�LV�QRW�DFFXUDWHO\�NQRZQ��:H
DVVXPH�WKDW�������.�GHOLPLWV�WKH�XVXDO�ELDV�LQ�VNLQ�HIIHFW�SUHGLFWLRQ�FDXVHG�E\�V\VWHPDWLF�HUURUV�LQ�IOX[�GDWD�

5DQGRP� HUURUV� LQ� WKH� IOX[� GDWD� XVHG� E\� 0HUFKDQW� DQG� +DUULV� ZHUH� HVWLPDWHG� WR� EH� DURXQG� ��� ��
SURSDJDWLQJ�WR�D�a�����UDQGRP�HUURU�LQ�SUHGLFWHG�VNLQ�HIIHFW��L�H���a�����.�IRU�D�W\SLFDO�VNLQ�HIIHFW�RI�����.��
$JDLQ�ZH� DVVXPH� WKDW� UDQGRP� HUURUV� LQ� WKH� 1:3� VXUIDFH� IOX[� ILHOGV� XVHG� LQ� �$�$765� SURFHVVLQJ�ZLOO� EH
VLPLODU�WR�RU�OHVV�WKDQ�WKLV�HVWLPDWH

7R� FRQILUP� WKHVH� HVWLPDWHV�� ZH� UHFRQVLGHU� WKH� VNLQ� HIIHFW� REVHUYDWLRQV� DQG� )DLUDOO� PRGHO� SUHGLFWLRQV
SUHVHQWHG� E\� +RUURFNV� HW� DO� �����D��� 2EVHUYDWLRQV� ZHUH� IURP� WKH� 1DXUX��� FUXLVH� LQ� WKH� ZHVW� 3DFLILF�
EHWZHHQ� ODWLWXGHV� �¤����� )RU� ����� QLJKW� WLPH� REVHUYDWLRQV� RI� VNLQ� HIIHFW�� WKH� )DLUDOO�PRGHO�ZDV� XVHG� WR
SUHGLFW�WKH�VNLQ�HIIHFW��ILUVW�IURP�IOX[�GDWD�PHDVXUHG�RU�GHULYHG�LQ�VLWX��DQG�WKHQ�ZLWK�1:3�PRGHO�DQDO\VLV
IOX[�ILHOGV��UHVXOWV�DUH�VKRZQ�LQ�)LJXUH����:KHQ�WKH�LQ�VLWX�IOX[�GDWD�ZHUH�XVHG��WKH�PHDQ�GLIIHUHQFH�EHWZHHQ
SUHGLFWHG�DQG�REVHUYHG�EXON¤VNLQ�GLIIHUHQFH�ZDV� �������.�ZLWK� VWDQGDUG�GHYLDWLRQ�RI�������.�� �6LQFH� WKH
PHDQ�PHDVXUHG�VNLQ�HIIHFW�ZDV�������.��WKHVH�YDOXHV�UHSUHVHQW�D�W\SLFDO�ELDV�DQG�UDQGRP�HUURU�RI�����DQG
������:KHQ�WKH�1:3�IOX[�GDWD�ZHUH�XVHG��WKH�PHDQ�GLIIHUHQFH�EHWZHHQ�SUHGLFWHG�DQG�REVHUYHG�VNLQ�HIIHFWV
ZDV�������.�ZLWK�VWDQGDUG�GHYLDWLRQ�RI�������.��7KXV�DQ�DYHUDJH�GLIIHUHQFH�RI�������¤����������õ������.�LQ
VNLQ� HIIHFW�SUHGLFWLRQ�ZDV� LQWURGXFHG�ZKHQ�1:3� IOX[�GDWD�ZHUH�XVHG� LQ�SODFH� RI� LQ� VLWX�GHULYDWLRQV�� 7KLV
GLVFUHSDQF\�PD\�DULVH�IURP�HUURUV� LQ�ERWK�WKH�1:3�ILHOGV�DQG�WKH� LQ�VLWX�GHULYDWLRQV��EXW� LW� LOOXVWUDWHV� WKDW
XQFHUWDLQW\� LQ� IOX[� GDWD� FDQ� FDXVH� V\VWHPDWLF� HUURUV� LQ� VNLQ� HIIHFW� SUHGLFWLRQ� DW� WKH� OHYHO� VXJJHVWHG� E\
0HUFKDQW�DQG�+DUULV�



�

)LJXUH� ���2EVHUYDWLRQV� RI� FRRO� VNLQ� HIIHFW� IURP� WKH� 1DXUX��� FUXLVH�� DQG� SUHGLFWLRQV� XVLQJ� WKH
)DLUDOO�HW�DO��������PRGHO�IRUFHG�E\�1:3�DQDO\VLV�IOX[�GDWD��8SSHU��%XON¤VNLQ�GLIIHUHQFHV�DJDLQVW
LQ�VLWX�ZLQG�VSHHG��0LGGOH��3UHGLFWHG¤REVHUYHG�VNLQ�HIIHFW�HUURU�DJDLQVW�LQ�VLWX�ZLQG�VSHHG��EOXH
OLQH� VKRZV�PHDQ� DQG� VWDQGDUG� GHYLDWLRQV� RI� GDWD� ELQQHG� DFFRUGLQJ� WR� ZLQGVSHHG�� /RZHU�� $V
PLGGOH�SDQHO��EXW�DJDLQVW�1:3�ZLQG�VSHHG�

7KH�ELDV�ZLWK�WKH�LQ�VLWX�IOX[HV�LV�ORZ��EXW�WKLV�LV�EHFDXVH�WKH�YDOXH�RI�λ� LQ�(T����ZDV�VHW�WR�����LQ�RUGHU�WR
PLQLPLVH� WKH�PHDQ� ELDV� LQ� WKLV� GDWDVHW�� ,Q� RUGHU� WR� UHGXFH� WKH�PHDQ� ELDV�ZKHQ�1:3� IOX[HV�ZHUH� XVHG�
+RUURFNV�HW�DO�DSSOLHG�D�V\VWHPDWLF�FRUUHFWLRQ�RI�������.�WR�VNLQ�HIIHFW�SUHGLFWLRQV�IURP�WKH�1:3�IOX[�GDWD�
7KH�PHDQ�ELDV�ZLWK�1:3�IOX[HV�WKHQ�EHFRPHV��������.��EXW�WKLV�PDVNV�D�VLJQLILFDQW�WUHQG�ZLWK�WUXH�ZLQG
VSHHG� �)LJXUH� ���PLGGOH�SDQHO��� )RU�ZLQG� VSHHGV� DERYH� a����P� V

� �

� �L�H���ZKHUH� WKH� VNLQ� HIIHFW� LV� URXJKO\
FRQVWDQW�DW�����.���WKH�PHDQ�ELDV�LV�QHJOLJLEOH��EXW�DW�ORZHU�ZLQG�VSHHGV��WKH�SUHGLFWHG�VNLQ�HIIHFW�LV�ELDVHG
ORZ�E\�a�����.�IURP�D�WUXH�VNLQ�HIIHFW�RI�a����.��)URP�WKHVH�GDWD�� LW�ZRXOG�EH�SRVVLEOH� WR�GHILQH�D�ZLQG�
GHSHQGHQW�FRPSRQHQW�WR�WKH�VNLQ�HIIHFW�PRGHO�ELDV��+RZHYHU��IRU��$�$765�SURFHVVLQJ��¦WUXH§�ZLQG�VSHHGV
DUH� QRW� DYDLODEOH�� :KHQ� WKH� SUHGLFWHG¤REVHUYHG� VNLQ� HIIHFW� HUURU� LV� SORWWHG� DJDLQVW� 1:3� ZLQG� VSHHG



��

HVWLPDWHV�� WKH� WUHQG� LV� IDU� OHVV� FRQYLQFLQJ� �)LJXUH� ��� ORZHU� SDQHO��� :H� WKHUHIRUH� SURSRVH� WKDW� WKH� EHVW
HVWLPDWH�RI� V\VWHPDWLF�HUURU� LV� VWLOO� WKH�YDOXH� VXJJHVWHG�E\�0HUFKDQW�DQG�+DUULV��EXW�ZH� UHFRPPHQG� WKDW
ZKHUH� 1:3� ZLQG� VSHHG� LV� EHORZ� a�� P� V

� �

�� WKH� HVWLPDWH� RI� UDQGRP� HUURU� VKRXOG� EH� LQIODWHG�� &OHDUO\�
V\VWHPDWLF�HUURUV�FRXOG�EH�PXFK�ODUJHU�LI�WKH�YDOXH�RI�λ�ZHUH�GLIIHUHQW��,W� LV�HVVHQWLDO�WKDW�H[HUFLVHV�VXFK�DV
WKDW�E\�+RUURFNV�HW�DO��DUH�UHSHDWHG�WR�HQVXUH�WKLV�YDOXH�LV�WXQHG�IRU�PLQLPXP�ELDVHV�DFURVV�D�JOREDO�GDWDVHW�

7KH�VWDQGDUG�GHYLDWLRQ�RI�WKH�HUURU�ZKHQ�1:3�IOX[�GDWD�ZHUH�XVHG�ZDV������.��RU�a������7KLV�LV�OHVV�WKDQ
WKH������.�UDQGRP�HUURU�VXJJHVWHG�E\�0HUFKDQW�DQG�+DUULV��EXW�WKH�GDWD�XVHG�LQ�WKLV�VWXG\�DUH�WHPSRUDOO\
DQG� VSDWLDOO\� OLPLWHG�� DQG� GR� QRW� UHSUHVHQW� YHU\� KLJK�ZLQG� VSHHGV�� 7R� HQVXUH� WKDW� RXU� HUURU� HVWLPDWH� LV
DSSURSULDWH�IRU�GDWD�XQGHU�D�ZLGHU�UDQJH�RI�FRQGLWLRQV��ZH�SUHIHU�WKH�PRUH�FRQVHUYDWLYH�UDQGRP�HUURU�YDOXH
RI������.��:KHUH�WKH�1:3�ZLQG�VSHHG�LV�EHORZ���P�V

� �

�� WKLV�YDOXH�VKRXOG�EH� LQFUHDVHG�WR�����.��IURP�WKH
VWDQGDUG� GHYLDWLRQ� RI� WKH� ORZHVW� ZLQG� VSHHG� ELQ� LQ� WKH� ORZHU� SDQHO� RI� )LJXUH� ��� WR� DFFRXQW� IRU� WKH
GHILFLHQFLHV�LQ�VNLQ�HIIHFW�SUHGLFWLRQ�DW�ORZ�ZLQG�VSHHG�GLVFXVVHG�DERYH�

*OHFNOHU�DQG�:HDUH���������LQYHVWLJDWHG�ELDVHV�DQG�UDQGRP�HUURUV�LQ�VXUIDFH�IOX[�ILHOGV�GHULYHG�IURP�LQ�VLWX
GDWD�� )RU� VKRUWZDYH�KHDW� IOX[HV�� WKH\� IRXQG� WKDW� LQ� WKH� WURSLFV�� UDQGRP�HUURUV� RI� a���:�P

� �

�ZHUH�PXFK
PRUH�VLJQLILFDQW�WKDQ�ELDVHV��)XUWKHU�QRUWK��D�ELDV�RI����:�P

� �

�ZDV�GRPLQDQW��)RU� ODWHQW�KHDW� IOX[HV�� WKH\
IRXQG�WKDW�ELDVHV�GRPLQDWHG�UDQGRP�HUURUV�HYHU\ZKHUH��ZLWK�YDOXHV�RI�a���:�P

� �

�LQ�PLG�ODWLWXGHV�DQG���
:�P

� �

� QHDU� WKH� HTXDWRU�� ,W� LV� FOHDU� WKDW� ELDVHV� DQG� UDQGRP� HUURUV� DVVRFLDWHG� ZLWK� LQ� VLWX� IOX[� ILHOGV� DUH
FRPSOH[�DQG�YDULDEOH��(UURUV�LQ�PRGHO�DQDO\VLV�ILHOGV�DUH�OLNHO\�WR�EH�VLPLODUO\�FRPSOH[��)RU�HVWLPDWHV�RI�HUURU
RQ�RSHUDWLRQDO��$�$765�SURGXFWV��WKLV�OHYHO�RI�FRPSOH[LW\�FDQQRW�EH�DGHTXDWHO\�UHSUHVHQWHG��,QVWHDG��YDOXHV
RI�������.�IRU�WKH�UDQJH�RI�V\VWHPDWLF�HUURU��DQG������.��LQFUHDVLQJ�WR�����.�LI�1:3�ZLQG�VSHHG�LV�OHVV�WKDQ
��P�V

� �

�� IRU� UDQGRP� HUURU� DVVRFLDWHG�ZLWK� VNLQ� HIIHFW�PRGHO� SUHGLFWLRQV� DUH� FRQVHUYDWLYH� HVWLPDWHV�ZKLFK
VKRXOG�EH�DSSURSULDWH�LQ�DOO�EXW�WKH�PRVW�H[WUHPH�VLWXDWLRQV��7KHVH�HVWLPDWHV�DUH�VXPPDULVHG�LQ�7DEOH���

7DEOH����(VWLPDWHG�VNLQ�HIIHFW�PRGHO�HUURUV��LQ�.�
:LQG�!���P�V

�
�

:LQG�����P�V
�

�

6NLQ�(IIHFW�0RGHO�0D[LPXP�%LDV ����� �����

6NLQ�(IIHFW�0RGHO�5DQGRP�(UURU ���� ����

�����7RWDO�EXON�667�REVHUYDWLRQ�HUURU

:H�HVWLPDWH�WKH�PD[LPXP�ELDV�DQG�UDQGRP�HUURU�RQ�GHULYHG�EXON�667V�IURP�WKH�HUURUV�DVVRFLDWHG�ZLWK�WKH
VNLQ� UHWULHYDO� DQG� WKH� VNLQ� HIIHFW� PRGHO� RXWOLQHG� DERYH�� %XON� 667� LV� FRPSXWHG� YHU\� VLPSO\�� DV� (T�� ����
7KHUHIRUH� WKH�PD[LPXP�ELDV�DVVRFLDWHG�ZLWK�EXON�667� LV� WKH� VXP�RI� WKH�PD[LPXP�ELDVHV�DVVRFLDWHG�ZLWK
UHWULHYHG�VNLQ�667�DQG�SUHGLFWHG�VNLQ�HIIHFW��DQG�WKH�UDQGRP�HUURU�LV�DSSUR[LPDWHO\�WKH�UHVXOW�RI�VXPPLQJ
UDQGRP�HUURUV�LQ�TXDGUDWXUH��(VWLPDWHG�YDOXHV�DUH�VXPPDULVHG�LQ�7DEOH���

7DEOH����(VWLPDWHG��$�$765�EXON�667�REVHUYDWLRQ�HUURUV��LQ�.�
:LQG�!���P�V

�
�

:LQG�����P�V
�

�

'XDO�YLHZ����FKDQQHOV
'XDO�YLHZ�
��FKDQQHOV

'XDO�YLHZ����FKDQQHOV
'XDO�YLHZ�
��FKDQQHOV

667�ì�����. 667�������. *OREDOO\ 667�ì�����. 667�������. *OREDOO\

5HWULHYDO�0D[LPXP�%LDV ����� ����� ����� ����� ����� �����

6NLQ�(IIHFW�0RGHO�0D[LPXP�%LDV ����� ����� ����� ����� ����� �����

%XON�667�0D[LPXP�%LDV ����� ����� ����� ����� ����� �����

5HWULHYDO�5DQGRP�(UURU ���� ���� ���� ���� ���� ����

6NLQ�(IIHFW�0RGHO�5DQGRP�(UURU ���� ���� ���� ���� ���� ����

%XON�667�5DQGRP�(UURU ���� ���� ���� ���� ���� ����

7KH�ELDV�H[SHFWHG�LQ�EXON�667�HVWLPDWHV�VKRXOG�WKXV�IDOO�ZLWKLQ�WKH�ERXQGV�RI�������.��ZH�H[SHFW�HVWLPDWHV
RI� EXON� 667� WR� EH� XQELDVHG� DW� WKH� ���� .� DFFXUDF\� OHYHO�� 7KLV� DVVXPHV� WKDW� DEVROXWH� ELDVHV� LQ� VNLQ� 667
UHWULHYDOV� KDYH� EHHQ� PLQLPLVHG� E\� DSSOLFDWLRQ� RI� WKH� DGMXVWPHQWV� GHVFULEHG� LQ� VHFWLRQ� ����� ,W� IXUWKHU
DVVXPHV�WKDW�GDWD�DUH�XQFRQWDPLQDWHG�DQG�QRW�DIIHFWHG�E\�LQVWUXPHQW�RU�SURFHVVLQJ�DQRPDOLHV�RI�DQ\�NLQG�
7KH�UDQGRP�HUURU�GHWHUPLQHG�KHUH�IRU�EXON�667V�LV�LQ�DOO�FDVHV�ZLWKLQ�WKH�HUURU�VSHFLILHG�LQ�WKH�GHVLJQ�RI�WKH
�$�$765�LQVWUXPHQWV�IRU�UHWULHYDO�RI�VNLQ�667������.���DQG�SURYLGHV�FRQILGHQFH�WKDW�GDWD�IURP�WKLV�VHULHV�RI
VDWHOOLWH�LQVWUXPHQWV�VKRXOG�PHHW�UHTXLUHPHQWV�IRU�FOLPDWH�UHVHDUFK�



��

�� 6285&(6�2)�327(17,$/�&217$0,1$7,21

7KH� HVWLPDWHV� RI� EXON� 667� REVHUYDWLRQ� HUURU� SUHVHQWHG� LQ� VHFWLRQ� �� DVVXPHG� WKDW� WKH� �$�$765� GDWD�ZHUH
XQFRQWDPLQDWHG�� 7KHUH� DUH� WKUHH� VRXUFHV� RI� SRWHQWLDO� FRQWDPLQDWLRQ� RI� GHULYHG� EXON� 667V�� 5HVLGXDO
XQGHWHFWHG� FORXG� DW� WKH� SL[HO� OHYHO� UHVXOWV� LQ� VRPH� LQYDOLG� EULJKWQHVV� WHPSHUDWXUHV� FRQWULEXWLQJ� WR� WKH
DYHUDJH� EULJKWQHVV� WHPSHUDWXUH� YDOXHV� IRU� HDFK� ���DUFPLQXWH� FHOO�� 6NLQ� 667V� UHWULHYHG� IURP� FORXG�
FRQWDPLQDWHG�EULJKWQHVV�WHPSHUDWXUHV�ZLOO�EH�LQ�HUURU��DQG�WKLV�ZLOO�VXEVHTXHQWO\�DIIHFW�WKH�HVWLPDWH�RI�EXON
667��7KH�SUHVHQFH�RI�XQGHWHFWHG�VHD�LFH�LQ��$�$765�FHOOV�FDQ�DOVR�FKDQJH�EULJKWQHVV�WHPSHUDWXUHV�IURP�WKH
YDOXHV�WKH\�ZRXOG�KDYH�KDG�ZHUH�WKH�FHOO�FRPSOHWHO\�FOHDU�VHD��DQG�UHWULHYHG�VNLQ�667V�ZLOO�FRQVHTXHQWO\�EH
LQ� HUURU�� )LQDOO\��XQGHU� FRQGLWLRQV�RI� VWURQJ� LQVRODWLRQ�DQG� ORZ�ZLQG�� WKHUPDO� VWUDWLILFDWLRQ�RI� WKH� VXUIDFH
RFHDQ� OD\HUV� LQYDOLGDWHV� WKH� DVVXPSWLRQ� RI� DQ� LVRWKHUPDO� SURILOH� EHWZHHQ� ¦VXEVNLQ§� DQG� ¦EXON§
PHDVXUHPHQWV��,Q�WKLV�VLWXDWLRQ��WKH�VNLQ�OD\HU�FDQ�EHFRPH�VLJQLILFDQWO\�ZDUPHU�WKDQ�ZDWHU�DW�GHSWKV�RI���P
RU�PRUH��DQG�WKH�YDOXH�GHULYHG�IRU�7 � �IURP�(T������FRXOG�EH�HYHQ�D�IHZ�.�ZDUPHU�WKDQ�WKH�WUXH�EXON�667�DW���
P�� 7KHVH� VFHQDULRV� DUH� FRQVLGHUHG� EHORZ�� DQG� WKH� HUURUV� WKDW� WKH\�PD\� LQWURGXFH� LQWR� WKH� EXON� 667� DUH
HVWLPDWHG�

�����&ORXG�FRQWDPLQDWLRQ

5HVLGXDO� XQGHWHFWHG� FORXG� LQ� �$�$765� GDWD� LV� SUREDEO\� WKH�PRVW� VLJQLILFDQW� VRXUFH� RI� HUURU� LQ� 667� ILHOGV
GHWHUPLQHG�IURP�WKLV�VHQVRU��&ORXG\�SL[HOV�DUH�GHWHFWHG�GXULQJ�WKH�KLJKHU�OHYHO��/�E���$�$765�SURFHVVLQJ�
YLD�D�VHULHV�RI�WHVWV�RQ�WKH�LQIUDUHG�FKDQQHO�EULJKWQHVV�WHPSHUDWXUHV��DQG�RQ�DFFRPSDQ\LQJ�YLVLEOH�FKDQQHOV
ZKHQ� WKH\� DUH� DYDLODEOH� �GXULQJ� WKH� GD\��� 7KH� FORXG� GHWHFWLRQ� VFKHPH� ZDV� GHVFULEHG� E\� =iYRG\� HW� DO
�������� -RQHV� HW� DO� ������� LQYHVWLJDWHG� WKH� LPSDFW� RI� XQGHWHFWHG� FORXG� RQ� QLJKW� WLPH� VSDWLDOO\�DYHUDJHG
667V��EXW�WKLV�VWXG\�ZDV�SULRU�WR�WKH�LQWURGXFWLRQ�RI�IXUWKHU�WHVWV�E\�=iYRG\�HW�DO��DEOH�WR�GHWHFW�PXFK�RI�WKH
SUHYLRXVO\�XQIODJJHG�KRPRJHQHRXV�FORXG��1HYHUWKHOHVV��-RQHV�HW�DO�SURYLGH�D�XVHIXO�XSSHU�OLPLW�WR�WKH�HUURU
WKDW�FORXG�FRQWDPLQDWLRQ�PD\�QRZ�LQWURGXFH�LQWR�UHWULHYHG�667V��7KH\�QRWHG�WKDW�WKH�LPSDFW�RI�FORXG�RQ
KDOI�GHJUHH� VSDWLDOO\� DYHUDJHG� 667V�ZDV� JHQHUDOO\� VHHQ� DV� D� FRRO� ELDV� RI� !� �� .�� DQG� VWDQGDUG� GHYLDWLRQV
LQFUHDVHG�E\�!� �� .�� 6LPLODU� YDOXHV� DURVH� IURP� FRPSDULVRQV� RI� ���DUFPLQXWH� VSDWLDOO\�DYHUDJHG�$765� 667V
ZLWK�EXR\V�E\�0HUFKDQW���������ZKR�DWWULEXWHG�RXWOLHUV�DW�WKH�a��.�OHYHO�WR�UHVLGXDO�FORXG�FRQWDPLQDWLRQ�
8QGHWHFWHG�FORXG�LQ��$�$765�FHOOV�PD\�QRW�DOZD\V�UHVXOW�LQ�FRRO�667V��:KHWKHU�FORXG�UHVXOWV�LQ�GHSUHVVLRQ
RU� HOHYDWLRQ� RI� UHWULHYHG� 667� GHSHQGV� XSRQ� WKH� FORXG©V� VSHFWUDO� VLJQDWXUH� FRXSOHG�ZLWK� WKH� VLJQ� RI� WKH
UHWULHYDO�FRHIILFLHQWV�IRU�WKH�GLIIHUHQW�FKDQQHOV�DQG�YLHZV�

7KH�PDLQ�FKDOOHQJH�LV�KRZ�WR�LGHQWLI\�WKRVH��$�$765�FHOOV�ZKLFK�ZHUH�SDVVHG�DV�FORXG�IUHH��EXW�ZKLFK�PD\
VWLOO� FRQWDLQ� FORXG��2QH�SRVVLELOLW\� LV� WR� FRQVLGHU� WKH�QXPEHU� RI� �� NP

�

� SL[HOV�ZKLFK� FRQWULEXWH� WR� WKH� ��
DUFPLQXWH� FHOO� PHDQ�� 3L[HOV� ZKLFK� IDLO� WKH� FORXG� GHWHFWLRQ� WHVWV� LQ� /�E� SURFHVVLQJ� DUH� GLVFDUGHG�� ,I� WKH
QXPEHU�UHPDLQLQJ�LV�D�RQO\�D�VPDOO�SHUFHQWDJH�RI�WKH�PD[LPXP�WKDW�FRXOG�FRQWULEXWH�WR�WKH�FHOO��WKHQ�WKHUH
LV�D�KLJK�FKDQFH�WKDW� WKHVH� IHZ�UHPDLQLQJ�SL[HOV�PD\�DOVR�FRQWDLQ�FORXG��DV�\HW�XQLGHQWLILHG�� ,I� WKLV� LV� WKH
FDVH�� WKHQ� ZH� H[SHFW� WR� ILQG� WKH� ODUJHVW� �$�$765� 667� DQRPDOLHV� �IURP� FRPSDULVRQV� WR� LQGHSHQGHQW
PHDVXUHV� RI� 667��ZKHUH� WKH� SHUFHQWDJH� RI� FRQWULEXWLQJ� SL[HOV� LV� VPDOO�� 7KH�PD[LPXP�QXPEHU� RI� �� NP

�

SL[HOV��1 � ��� ��LQ�D����DUFPLQXWH�FHOO�DW�ODWLWXGH��φ��YDULHV�IURP�a����DW�WKH�HTXDWRU�DV�

345 cosmaxNφ φ= × ���

,Q� )LJXUH� ��ZH� VKRZ� WKH�PRQWKO\�PHDQ� GLIIHUHQFH� EHWZHHQ� $765��� EXON� 667� DQG� +DG,667��� D�PRQWKO\
FOLPDWH� DQDO\VLV� RI� 667� EDVHG� RQ� LQ� VLWX� GDWD� DQG� ELDV�FRUUHFWHG� $9+55� �5D\QHU� HW� DO�� ������� /DUJHVW
GLIIHUHQFHV�DUH�ORFDWHG�HLWKHU�FORVH�WR�VWURQJ�JUDGLHQWV�LQ�667��H�J��� WKH�*XOI�6WUHDP��ZKHUH�WKH�$765�GDWD
DUH�PRUH�OLNHO\�WKDQ�WKH�LQWHUSRODWHG�DQDO\VLV�WR�FDSWXUH�WKH�WUXH�ORFDWLRQ�RI�KLJK�667V��RU�FORVH�WR�WKH�GDWD
JDSV�ZKHUH�QR�FORXG�IUHH�$765�REVHUYDWLRQV�ZHUH�DYDLODEOH�WKURXJKRXW�WKH�PRQWK��1RWH�WKDW�WKH�ODUJH�JDSV
LQ�WKH�$WODQWLF�DQG�(DVW�3DFLILF�DUH�GXH�WR�SRRU�FRQILGHQFH�IODJV�DJDLQVW�WKH�UHFHLYHG�$765���SURGXFWV�DORQJ
WKHVH�RUELWV�� WKH� UHDVRQ�ZK\� WKHVH�GDWD�KDYH�EHHQ� IODJJHG� LV�XQFOHDU� DQG� LV�XQGHU� LQYHVWLJDWLRQ�ZLWK� WKH
GDWD�SURYLGHU��5$/���7KH�ORZHU�SDQHO�LQ�)LJ����VKRZV�WKH�QXPEHU�RI���NP

�

�SL[HOV�XVHG�LQ�WKH�QDGLU�YLHZ���
DUFPLQXWH� DYHUDJH�� DV� WKH� SHUFHQWDJH� RI� WKH� PD[LPXP� QXPEHU� DYDLODEOH� �FDOFXODWHG� IURP� (T�� ���� DQG
DYHUDJHG�DFURVV� WKH�PRQWK��$�PLQLPXP�����FRYHUDJH� LQ� FHOOV� LV� UHTXLUHG� IRU� WKH�GDWD� WR�EH� FRQVLGHUHG



��

YDOLG��DQG�VR�FHOOV�ZLWK�PRUH�WKDQ������FORXG�FRYHU�DUH�RPLWWHG�IURP�WKLV�SORW�DQG�LQGHHG�DQ\�IXUWKHU�667
SURFHVVLQJ�

)LJXUH���� �XSSHU��'LIIHUHQFHV�EHWZHHQ�PRQWKO\�PHDQ�$765��� EXON� 667� DQG�+DG,667�� IRU� $SULO
�������ORZHU��1XPEHU�RI���NP

�

�SL[HOV�LQ�WKH�QDGLU�YLHZ����DUFPLQXWH�FHOO��DV�WKH�SHUFHQWDJH�RI
WKH�PD[LPXP�QXPEHU�DYDLODEOH��DQG�DYHUDJHG�DFURVV�WKH�PRQWK�

$QRPDOLHV�SRWHQWLDOO\�UHODWHG�WR�UHVLGXDO�FORXG�DUH�LQ�WKH�QRUWK�HDVW�3DFLILF�ZKHUH�JDSV�LQ�FRYHUDJH�LQGLFDWH
KLJK� SUREDELOLW\� RI� FORXG�� DQG� LQ� WKH� 6RXWKHUQ�2FHDQV�� VRXWK� RI� $IULFD� DQG� VWUHWFKLQJ� HDVWZDUGV��ZKHUH
ODUJH�GLVFUHSDQFLHV�DUH�DVVRFLDWHG�ZLWK�D�WKLQ�EDQG�RI�GLVFDUGHG�GDWD��7KH�FRUUHVSRQGHQFH�EHWZHHQ�WKHVH
DQRPDOLHV�DQG�SL[HO�SHUFHQWDJHV�LV�QRW�FOHDU��SL[HO�SHUFHQWDJHV�LQ�SDUWV�RI�WKH�QRUWK�HDVW�3DFLILF�DUH�ORZ��EXW
WKHVH�GR�QRW�PDWFK�H[DFWO\�WKH�ORFDWLRQ�RI�WKH�ODUJHVW�667�GLIIHUHQFHV��,Q�WKH�6RXWKHUQ�2FHDQV��WKH�SDWWHUQ
RI� ORZ�SL[HO� SHUFHQWDJHV� LV� OHVV� FRQYLQFLQJ�� 3L[HO� � SHUFHQWDJHV� DUH� UHODWLYHO\� ORZ� RYHU� WKH�ZHVWHUQ�1RUWK



��

3DFLILF��EXW�667�DQRPDOLHV�DUH�DOVR�ORZ�KHUH��$UHDV�RIWHQ�DVVRFLDWHG�ZLWK�SHUVLVWHQW�FORXG�FRYHU��H�J��ZHVWHUQ
VHDERDUG�RI� 6RXWK�$PHULFD� DQG�1DPLELD��KDYH� UHODWLYHO\� KLJK�SL[HO� SHUFHQWDJHV�� VKRZLQJ� WKDW�$765� FHOOV
ZHUH�LGHQWLILHG�DV�HLWKHU�FRPSOHWHO\�FOHDU�RU�FRPSOHWHO\�FORXG\��DQG�WKXV�GLVFDUGHG��

$� VLPLODU� FRPSDULVRQ� FDQ� EH�PDGH� EHWZHHQ� �$�$765� EXON� 667V� DQG� FROORFDWHG� EXR\� 667V� WR� LQYHVWLJDWH
ZKHWKHU�ODUJHVW�667�DQRPDOLHV�FRUUHVSRQG�WR�ORZ�IUDFWLRQV�RI�DYDLODEOH���NP

�

�SL[HOV��7KLV�FRPSDULVRQ�LV�IUHH
IURP�WKH�HIIHFWV�RI�PRQWKO\�DYHUDJLQJ��DQG�VR�WUHQGV�VKRXOG�EH�PRUH�REYLRXV��)LJXUH���VKRZV�WKH�$765���¤
EXR\�667�GLIIHUHQFH� IRU������PDWFKXSV� IURP�D�JOREDO�GDWDEDVH� IRU� -DQXDU\¤$XJXVW�������SORWWHG�DJDLQVW
WKH� SHUFHQWDJH� RI� FRQWULEXWLQJ� SL[HOV�� 7KH� FOHDU� FXWRII� DW� ��� �� SL[HOV� UHIOHFWV� WKH� PLQLPXP� FRYHUDJH
UHTXLUHG�IRU�667�SURFHVVLQJ��7KH�RXWOLHUV�IRU�ZKLFK�WKH�$765���667� LV�FRROHU�WKDQ�WKH�FRUUHVSRQGLQJ�EXR\
667� FRXOG� EH� WKH� UHVXOW� RI� UHVLGXDO� FORXG� FRQWDPLQDWLRQ�� ,Q� IDFW�� WKH� ZDUP� RXWOLHUV� FRXOG� DOVR� EH� WKH
FRQVHTXHQFH�RI�FORXG��RU�WKH\�PD\�UHSUHVHQW�VKDOORZ�GLXUQDO�ZDUPLQJ��2XWOLHUV�LQ�)LJXUH���DUH�GLVWULEXWHG
HYHQO\� WKURXJKRXW� WKH� UDQJH� RI� SL[HO� SHUFHQWDJHV�� ,I� WKH� QXPEHU� RI� SL[HOV� XVHG� LQ� WKH� IRUZDUG� YLHZ� LV
FRQVLGHUHG�� WKH�GLVWULEXWLRQ� LV�VLPLODU��6RPH�DXWKRUV� VXJJHVW�FRPSDULQJ�WKH�QXPEHU�RI�SL[HOV�DYDLODEOH� LQ
WKH�WZR�YLHZV��ZKHUH�WKHUH�DUH� ODUJH�GLVFUHSDQFLHV��WKLV�PD\�EH�UHODWHG�WR�FORXG�FRQWDPLQDWLRQ��$�SORW�RI
667�GLIIHUHQFH�DJDLQVW�WKH�QDGLU¤IRUZDUG�SL[HO�SHUFHQWDJH�GLIIHUHQFH�UHYHDOHG�QR�VLJQLILFDQW�WUHQG��ZLWK�WKH
ODUJHVW�667�GLIIHUHQFHV�RFFXUULQJ�ZKHUH�QDGLU�DQG�IRUZDUG�YLHZV�KDG�VLPLODU�SL[HO�FRYHUDJH�

)LJXUH����$765���EXON�667�PLQXV�EXR\�667�DV�D�IXQFWLRQ�RI�WKH�SHUFHQWDJH�RI�SL[HOV�XVHG�LQ�WKH
QDGLU�YLHZ�

,Q� VXPPDU\�� IRU�SL[HO� FRYHUDJHV�DERYH�������ZH� ILQG�QR� VLJQLILFDQW� UHODWLRQVKLS�EHWZHHQ� WKH�QXPEHU�RI
SL[HOV�FRQWULEXWLQJ�WR� WKH����DUFPLQXWH�FHOOV�DQG�FORXG�UHODWHG�667�ELDVHV��:LWKLQ� WKH��$�$765�SURFHVVLQJ
VFKHPH��DQ� LQLWLDO� FKHFN�FRPSDULQJ�QDGLU�RQO\�DQG�GXDO�YLHZ�667V� LV�PDGH�� WKLV� VFUHHQV� RXW� REVHUYDWLRQV
ZKHUH�UHVLGXDO�FORXG�SUHVHQW�LQ�RQO\�RQH�YLHZ�FDXVHV�D�ODUJH�GXDO¤QDGLU�667�GLIIHUHQFH��+RZHYHU��ZH�VWLOO
VXVSHFW� VRPH� REVHUYDWLRQV� WR� EH� DIIHFWHG� E\� XQGHWHFWHG� FORXG�� FDXVLQJ� WKH� RXWOLHUV� LQ� WKH� EXR\
FRPSDULVRQ�� DQG� WKH� ODUJH� 667� GLIIHUHQFHV� QHDU� FORXG\� DUHDV� LQ� WKH� +DG,667� FRPSDULVRQ�� 6LPLODUO\�� LQ
SUHYLRXV�FRPSDULVRQV�RI�$765���WR�+DGOH\�&HQWUH�LQ�VLWX�GDWDVHWV�ZH�DWWULEXWHG�LQFUHDVHG�ELDV�DQG�VWDQGDUG
GHYLDWLRQ�LQ�WKH�1�3DFLILF�GXULQJ�QRUWKHUQ�KHPLVSKHUH�VXPPHU�WR�XQGHWHFWHG�FORXG��+RUURFNV�HW�DO��������

7KH�FKDOOHQJH�RI�KRZ�WR�LGHQWLI\�WKH�UHOHYDQW�REVHUYDWLRQV�UHPDLQV��6LQFH�WKH�SHUFHQWDJH�RI�SL[HOV�XVHG�LQ
HDFK�FHOO�FDQQRW�EH�UHODWHG�FRQILGHQWO\�WR�REVHUYHG�DQRPDOLHV��WKHUH�VHHPV�WR�EH�QR�LQIRUPDWLRQ�ZLWKLQ�WKH
�$�$765� GDWD� DORQH� ZLWK� ZKLFK� WR� LGHQWLI\� FORXG�FRQWDPLQDWLRQ�� ,QVWHDG�� LW� ZLOO� EH� QHFHVVDU\� WR� � XVH
FRPSDULVRQV�ZLWK� LQGHSHQGHQW�GDWDVHWV��$�FKHFN�DJDLQVW�D����\HDU�667�FOLPDWRORJ\� LV�QRW�SUHFLVH�HQRXJK
EHFDXVH�WKH�PDJQLWXGH�RI�GLVFUHSDQFLHV�FDXVHG�E\�FORXG�LV�VLPLODU�WR�GLVFUHSDQFLHV�H[SHFWHG�DV�D�UHVXOW�RI
UHDO�FOLPDWH�YDULDELOLW\��H�J���(O�1LxR���)RU�QHDU�UHDO�WLPH�SXUSRVHV��667�DQDO\VHV�IURP�1:3�FRXOG�EH�XVHG�WR
LGHQWLI\�VSXULRXV��$�$765�GDWD��DOWKRXJK�WKH�DFFXUDF\�RI�1:3�667�ILHOGV�LV�SUREDEO\�ZRUVH�WKDQ��$�$765��,Q
WKH�IXWXUH��ZLWK�DWPRVSKHULF�PRGHOV�DEOH�WR�UHVROYH�FORXG��LW�PD\�EH�SRVVLEOH�WR�XVH�FORXG�DQDO\VHV�WR�DVVLVW
LQ�ORFDWLQJ�REVHUYDWLRQV�OLNHO\�WR�EH�EHQHDWK�FORXG�



��

$�PRUH�HIIHFWLYH�FRPSDULVRQ�PD\�EH�DJDLQVW�667�UHWULHYHG� IURP�PLFURZDYH� LQVWUXPHQWV��6LQFH�FORXGV�DUH
WUDQVSDUHQW�WR�VRPH�PLFURZDYH�IUHTXHQFLHV��LW�LV�SRVVLEOH�WR�UHWULHYH�667�EHQHDWK�FORXG��7KH�GLVDGYDQWDJH
RI�PLFURZDYH�REVHUYDWLRQV�LV�WKDW�WKH\�KDYH�D�FRDUVHU�UHVROXWLRQ�WKDQ�LQIUDUHG��PLQLPXP�SL[HO�VL]H�RI�a��
NP���$�UHODWLYHO\�FRDUVH�UHVROXWLRQ�JOREDO�ILHOG�IURP�PLFURZDYH�GDWD��SHUKDSV�XSGDWHG�RYHU�D�UROOLQJ���GD\
LQWHUYDO�� VKRXOG�EH�DGHTXDWH� WR� LGHQWLI\� WKH� �$�$765�667�RXWOLHUV�DW� WKH�a��.� OHYHO� UHVXOWLQJ� IURP�UHVLGXDO
FORXG��:H�KDYH� FRPSDUHG�$765���GDWD�ZLWK� 667V� IURP� WKH� 7URSLFDO� 5DLQIDOO�0RQLWRULQJ�0LVVLRQ� �7500�
PLFURZDYH�LPDJHU��70,��DV�D�ILUVW�VWHS�LQ�WKLV�GLUHFWLRQ��6DXQGHUV�HW�DO������D���7500�KDV�D�ORZ�HDUWK�RUELW�
DQG� GDWD� DUH� WKHUHIRUH� RQO\� DYDLODEOH� IRU� ODWLWXGHV� EHWZHHQ� �� ��� ��� )XWXUH� PLFURZDYH� LQVWUXPHQWV� �H�J�
$065��ZLOO�SURYLGH�JOREDO�667�FRYHUDJH��ZLWK�GDWD�DYDLODEOH�LQ�QHDU�UHDO�WLPH��+RZHYHU�IRU�WKH�HDUOLHU�GDWD�
IURP�$765�������SURJUHVV�LQ�LPSURYLQJ�SL[HO�OHYHO�FORXG�GHWHFWLRQ�LV�VWLOO�UHTXLUHG�DQG�ZH�KDYH�UHSRUWHG�RQ
KRZ�WKLV�PD\�EH�DFKLHYHG��6DXQGHUV�HW�DO������E��

�����6HD�LFH�FRQWDPLQDWLRQ

,I�XQGHWHFWHG�VHD�LFH� LV�SUHVHQW� LQ�DQ� �$�$765�FHOO�� LW� DIIHFWV� WKH� DYHUDJH�EULJKWQHVV� WHPSHUDWXUHV�� ,GHDOO\�
VHD�LFH�VKRXOG�EH�LGHQWLILHG�DW�WKH���NP�SL[HO�OHYHO�LQ�D�VLPLODU�ZD\�WR�FORXG��DQG�RQO\�WKRVH�SL[HOV�GHHPHG
LFH�IUHH�VKRXOG�FRQWULEXWH�WR�WKH�PHDQ�EULJKWQHVV�WHPSHUDWXUHV�DQG�667�LQ�WKH�FHOO��,FH�FRYHUDJH�RYHU�PRUH
WKDQ�����RI�WKH�FHOO�DUHD�VKRXOG�SHUKDSV�UHVXOW�LQ�UHMHFWLRQ�RI�WKH�FHOO�IRU�667�SXUSRVHV��8QIRUWXQDWHO\��WKH
SL[HO�OHYHO��$�$765�SURFHVVLQJ�FXUUHQWO\�LQFOXGHV�QR�PHWKRG�RI�VHD�LFH�GHWHFWLRQ��XQOHVV�LFH�FRYHUHG�SL[HOV
WULJJHU�VRPH�RI� � WKH�FORXG�GHWHFWLRQ�WHVWV��ZKLFK�WKH\�DUH�TXLWH� OLNHO\� WR�GR��� WKH\�ZLOO�EH� LQFOXGHG� LQ� WKH
VSDWLDOO\�DYHUDJHG� SURGXFWV� �$�� %LUNV�� SHUV�� FRP���� &OHDUO\� WKLV� LV� DQ� DUHD� ZKHUH� IXUWKHU� ZRUN� FRXOG� EH
LPSRUWDQW�

7KHUH� LV� QR� LQIRUPDWLRQ� ZLWKLQ� WKH� �$�$765� SURGXFWV� UHFHLYHG� DW� WKH� 0HW� 2IILFH� WKDW� DOORZV� DQ� HDV\
DVVHVVPHQW�RI�UHVLGXDO�VHD�LFH�LQ�HDFK����DUFPLQXWH�FHOO��+RZHYHU��ZH�FDQ�XVH�HVWLPDWHV�RI�LFH�IUDFWLRQ�IURP
WKH�1:3�PRGHO�DQDO\VLV� WR� LGHQWLI\�REVHUYDWLRQV�FRUUHVSRQGLQJ� WR�KLJK�PRGHO� LFH� IUDFWLRQV��7KH�1:3� LFH
IUDFWLRQ� ILHOG� LV�EXLOW�XS� IURP�SDVVLYH�PLFURZDYH�GDWD��:KHUHYHU� WKH�1:3�PRGHO� LFH� IUDFWLRQ� LV�QRQ�]HUR�
VXUIDFH� IOX[� HVWLPDWHV�ZLOO�EH� VWURQJO\� FRQWUROOHG�E\� WKH� SUHVHQFH�RI� LFH��2XU� VNLQ� HIIHFW�PRGHO� KDV� EHHQ
GHYHORSHG� IRU� RSHQ� ZDWHU� VLWXDWLRQV�� DV� DUH� WKH� EXON� IRUPXODH� HPSOR\HG� LQ� WKH� 1:3� PRGHO� IRU� DLU�VHD
IOX[HV��%RWK�RI� WKHVH�SDUDPHWHULVDWLRQV�PD\�QRW�KROG� LQ�DUHDV�FORVH� WR� VHD�LFH�ZKHUH�DOWHUQDWLYH�SURFHVVHV
FDQ�GRPLQDWH��)RU� WKDW� UHDVRQ��1:3�PRGHO� IOX[�GDWD�DUH�RQO\�FRQVLGHUHG�YDOLG� LQ� WKH� �$�$765�SURFHVVLQJ
V\VWHP�IRU�REVHUYDWLRQV�ZKHUH�WKH�1:3�LFH�IUDFWLRQ�LV�]HUR��2QH�FRQVHTXHQFH�RI�WKLV� LV� WKDW�EXON�667V�DUH
RQO\� GHULYHG�ZKHUH� WKH�1:3� LFH� IUDFWLRQ� LV� ]HUR��2EVHUYDWLRQV�ZLWK� WKH� KLJKHVW� OLNHOLKRRG� RI� UHVLGXDO� LFH
FRQWDPLQDWLRQ�DUH�WKHUHIRUH�DXWRPDWLFDOO\�VFUHHQHG�RXW�RI�WKH�EXON�667�SURGXFW�

�����,PSDFW�RI�VKDOORZ�GLXUQDO�ZDUPLQJ

$� FRQYHUVLRQ� IURP� VNLQ� 667� WR� QRPLQDO� EXON� 667� DW� ��P� UHOLHV� XSRQ� DQ� DFFXUDWH� FKDUDFWHULVDWLRQ� RI� WKH
WHPSHUDWXUH� JUDGLHQW� LQ� WKLV� WRS� PHWUH� RI� WKH� RFHDQ�� $W� QLJKW�� ZH� DVVXPH� DQ� LVRWKHUPDO� SURILOH� IURP
EHQHDWK� WKH� VNLQ� OD\HU� GRZQ� WR� VHYHUDO� PHWUHV�� KHDW� LV� LQYDULDEO\� EHLQJ� ORVW� IURP� WKH� RFHDQ� LQWR� WKH
DWPRVSKHUH��HQFRXUDJLQJ�FRQYHFWLYH�PL[LQJ�HYHQ�LQ�WKH�DEVHQFH�RI� IRUFHG�PL[LQJ�GXH�WR�VWURQJHU�ZLQGV�
7KXV�WKH�RQO\�WHPSHUDWXUH�JUDGLHQW�LV�WKDW�DFURVV�WKH�VNLQ�OD\HU��ZKLFK�FDQ�EH�ZHOO�TXDQWLILHG�E\�D�SK\VLFDO
SDUDPHWHULVDWLRQ��H�J���+RUURFNV�HW�DO������D���3URILOH���LQ�)LJXUH���LOOXVWUDWHV�WKLV�VLWXDWLRQ��'XULQJ�WKH�GD\�
XQGHU�FORXG�IUHH�FRQGLWLRQV��VWURQJ�LQVRODWLRQ�LV�DEVRUEHG�DW�WKH�RFHDQ©V�VXUIDFH��,Q�WKH�DEVHQFH�RI�VXIILFLHQW
PL[LQJ�HQHUJ\�IURP�PRGHUDWH�ZLQGV��WKHUPDO�VWUDWLILFDWLRQ�GHYHORSV��WHPSHUDWXUH�JUDGLHQWV�EHFRPH�VWDEOH�
DQG�WKH�WHPSHUDWXUH�GLIIHUHQWLDO�RYHU�D�IHZ�PHWUHV�FDQ�LQFUHDVH�WKURXJK�WKH�GD\��3URILOH���LQ�)LJXUH���VKRZV
WKH�LPSDFW�RI�WKLV�GLXUQDO�ZDUPLQJ�



��

)LJXUH� ��� 6FKHPDWLF� WHPSHUDWXUH� SURILOHV� DW� WKH� RFHDQ� VXUIDFH� IRU� QLJKW�� RU� FORXG\�� ZLQG\
FRQGLWLRQV��3URILOH����DQG�FDOP�FOHDU�GD\WLPH��3URILOH����

,I�D�VWURQJ�WHPSHUDWXUH�JUDGLHQW�EHWZHHQ�VNLQ�DQG�EXON�667�H[LVWV�DW�WKH�WLPH�RI��$�$765�REVHUYDWLRQ��WKHQ
RXU�GHULYHG�YDOXH�RI�EXON�667�LV�ZDUPHU�WKDQ�WKH�WUXH���P�667�E\�DQ�DPRXQW�GHWHUPLQHG�E\�WKDW�JUDGLHQW�
'LIIHUHQFHV� RI� XS� WR� �¤�� .� EHWZHHQ� VNLQ� DQG� ��P� 667� DUH� QRW� XQFRPPRQ� LQ� WKLV� VLWXDWLRQ�� 8QGHWHFWHG
GLXUQDO�WKHUPRFOLQHV�FDQ�EH�D�VLJQLILFDQW�VRXUFH�RI�HUURU�LQ�GD\WLPH�FDOFXODWLRQV�RI�EXON�667�IURP��$�$765�

7KH�GHYHORSPHQW�RI�WKH�667�SURILOH�GXULQJ�WKH�GD\�GHSHQGV�XSRQ�QHW�KHDW�IOX[HV��LQFOXGLQJ�LQVRODWLRQ��DQG
VXUIDFH�ZLQG�VSHHG��DQG�WKH�KLVWRU\�RI�WKHVH�YDULDEOHV�IURP�ORFDO�GDZQ�WR�WKH�WLPH�RI�REVHUYDWLRQ��6HYHUDO
RQH�GLPHQVLRQDO�PRGHOV� DSSURSULDWH� WR� WKH� SUREOHP� RI� WKH� GHYHORSPHQW� RI� D� GLXUQDO� WKHUPRFOLQH� H[LVW
�H�J���.UDXV�DQG�7XUQHU�������3ULFH�HW�DO��������.DQWKD�DQG�&OD\VRQ��������:H�KDYH�LQWHJUDWHG�WZR�RI�WKHVH
LQWR�WKH��$�$765�SURFHVVLQJ�V\VWHP��ZLWK�WKH�DLP�RI�LGHQWLI\LQJ��$�$765�REVHUYDWLRQV�ZKLFK�PD\�EH�DIIHFWHG
E\� WKH� SUHVHQFH� RI� D� GLXUQDO� WKHUPRFOLQH�� ,Q� ERWK� VLPXODWLRQV� DQG� FRPSDULVRQV� ZLWK� REVHUYHG� GLXUQDO
ZDUPLQJ� LQ� $9+55� 667V� WKH� PRGHO� VXJJHVWHG� E\� .DQWKD� DQG� &OD\VRQ� ������� SURYLGHG� PRUH� UHDOLVWLF
HVWLPDWHV�RI�GLXUQDO�667�GLIIHUHQFHV��$�UHSRUW�RQ�WKH�DSSOLFDWLRQ�RI�PRGHOV� IRU�GLXUQDO�ZDUPLQJ�WR�$$765
SURFHVVLQJ�LV�FXUUHQWO\�EHLQJ�SUHSDUHG�

$V�ZLWK�WKH�VNLQ�HIIHFW�PRGHO��VXUIDFH�KHDW�IOX[HV�DQG�ZLQG�VSHHGV�IURP�1:3�DUH�XVHG�WR�IRUFH�WKH�GLXUQDO
WKHUPRFOLQH� PRGHO�� ZKLFK� LV� LQWHJUDWHG� IURP� GDZQ� WKURXJK� WR� WKH� �$�$765� RYHUSDVV� WLPH� IRU� HDFK
REVHUYDWLRQ�� $� SUHGLFWLRQ� RI� WKH� VXUIDFH� WR� ��P� WHPSHUDWXUH� GLIIHUHQFH� �QHJOHFWLQJ� VNLQ� HIIHFW�� DW� WKH
REVHUYDWLRQ� WLPH� LV�REWDLQHG�� LI� WKLV� YDOXH� LV� KLJK�HQRXJK� WR� RIIVHW� D� W\SLFDO� VNLQ� HIIHFW� �L�H��� !� ���� .�� LW� LV
IODJJHG�� 7KLV� SURFHGXUH� FRXOG� QRZ� EH� UHYLVHG� VR� WKDW� LW� LV� REVHUYDWLRQV� ZLWK� SUHGLFWHG� WKHUPRFOLQH� 667
GLIIHUHQFHV�JUHDWHU�WKDQ�WKH�SRVVLEOH�EXON�667�ELDV��������.��ZKLFK�DUH�IODJJHG�

7R�DVVHVV�ZKHWKHU�WKH�GLXUQDO�WKHUPRFOLQH�PRGHO�LV�UREXVW�LQ�WKH�PHDQ��ZH�FDQ�FRPSDUH�D�PRQWKO\�PHDQ
RI� SUHGLFWHG� LQFLGHQFHV� RI� GLXUQDO� ZDUPLQJ� ZLWK� WKH� GLIIHUHQFH� EHWZHHQ� PRQWKO\� PHDQ� GD\� WLPH� DQG
PRQWKO\�PHDQ�QLJKW�WLPH�$$765�667V��7KLV�FRPSDULVRQ�LV�VKRZQ�LQ�)LJXUH����7KH�GD\¤QLJKW�667�GLIIHUHQFH
PXVW�EH�HYDOXDWHG�LQ�WKH�PHDQ�VHQVH�EHFDXVH�WKHUH�LV�LQVXIILFLHQW�RYHUODS�RI�GD\�DQG�QLJKW�FRYHUDJH�IURP
$$765�RQ�D�GDLO\�EDVLV��6LQFH�WKH�GLXUQDO�WKHUPRFOLQH�SUHGLFWLRQ�LV�WKH�PRQWKO\�PHDQ�RI�GDLO\�FRPSXWDWLRQV�
LQWHUSUHWDWLRQ� RI� )LJXUH� �� LV� GLIILFXOW�� 7KH� GD\¤QLJKW� GLIIHUHQFH� DOVR� LQFOXGHV� WKH� HIIHFW� RI� GLIIHUHQW� FORXG
GHWHFWLRQ�DW�GD\�DQG�QLJKW��&ORXG�GHWHFWLRQ�LV�PRUH�FRQVHUYDWLYH�DW�QLJKW�EHFDXVH�WKHUH�DUH�QR�YLVLEOH�GDWD�
DUHDV� ZKHUH� WKH� GD\WLPH� 667� LV� VLJQLILFDQWO\� FRROHU� WKDQ� DW� QLJKW� PD\� EH� GXH� WR� UHPQDQW� FORXG� LQ� WKH
GD\WLPH�GDWD��7KH�GD\¤QLJKW�GLIIHUHQFH�LV�XQDIIHFWHG�E\�LQWHUDOJRULWKP�ELDVHV�EHFDXVH�WKH�'��UHWULHYDO�ZDV
XVHG�WKURXJKRXW��&RYHUDJH�IRU�WKH�WKHUPRFOLQH�SUHGLFWLRQV�LV�GLIIHUHQW�EHFDXVH�WKHVH�ZHUH�WLHG�WR�GD\WLPH
GDWD�RQO\�



��

)LJXUH� ��� &RPSDULVRQ� RI� GLXUQDO� WKHUPRFOLQH� SUHGLFWLRQV� ZLWK� REVHUYHG� GLIIHUHQFHV� EHWZHHQ
PRQWKO\� PHDQ� GD\WLPH� DQG� QLJKW� WLPH� VNLQ� 667� ILHOGV�� �8SSHU�� 2EVHUYHG� $$765� GLIIHUHQFHV�
�0LGGOH��3UHGLFWHG�WKHUPRFOLQHV��ZKHUH�VNLQ¤��P�GLIIHUHQFH�PRUH�WKDQ�����.��DV�D�SHUFHQWDJH�RI
GD\WLPH�REVHUYDWLRQV���/RZHU��0RQWKO\�PHDQ�SUHGLFWHG�VNLQ¤��P�GLIIHUHQFH�

7KH� SUHGLFWHG� WKHUPRFOLQHV� DUH� ORFDWHG� LQ� WKH� WURSLFV� RU� PLG�ODWLWXGHV� DZD\� IURP� VWURQJ� ZLQG� EHOWV�� DV
H[SHFWHG� IRU� WKH�6RXWKHUQ�KHPLVSKHUH� VXPPHU��7KH� VWURQJHVW� WKHUPRFOLQHV� DUH�SUHGLFWHG�ZKHUH� WKH� IOX[
GDWD�UHIOHFW�FRQGLWLRQV�RI�QR�FORXG�DQG�YHU\�ORZ�ZLQG��7KH�REVHUYHG�GD\¤QLJKW�FRPSDULVRQ�LV�PRUH�GLIILFXOW
WR�LQWHUSUHW��ZLWK�QR�DUHDV�RI�VWURQJ�GLXUQDO�ZDUPLQJ�SDUWLFXODUO\�REYLRXV�



��

$Q�DOWHUQDWLYH�YDOLGLW\�FKHFN�FDQ�EH�PDGH�DJDLQVW�D�PRQWKO\�PHDQ�RI�GD\¤QLJKW�667�GLIIHUHQFHV�REWDLQHG
IURP�$9+55�GDWD��7KH�ZLGHU�VZDWK�RI�WKLV�LQVWUXPHQW�DOORZV�IRU�GLUHFW�FRPSDULVRQ�RI�FRQVHFXWLYH�GD\�DQG
QLJKW�667V��SURYLGLQJ�D�PRUH�UHOLDEOH�PHDVXUH�RI�GLXUQDO�ZDUPLQJ��7KH�FRPSDULVRQ�IRU�)HEUXDU\������ZDV
QRW�DYDLODEOH��)LJXUH���VKRZV�LQVWHDG�WKH�JOREDO�GLVWULEXWLRQ�RI�PHDQ�GD\¤QLJKW�GLIIHUHQFH�IRU�-DQXDU\�����
�$��6WXDUW�0HQWHWK��SHUV��FRP����7KH�GD\WLPH�$9+55�RYHUSDVV�LV�PLG�DIWHUQRRQ��FRUUHVSRQGLQJ�WR�WKH�SHDN
RI� WKH�GLXUQDO� F\FOH�� FRPSDUHG� WR� a����¤����K� IRU� �$�$765�� )LJXUH� �� VKRZV� WKH�GD\¤QLJKW� WHPSHUDWXUH
GLIIHUHQFH��ZKLOH�WKH�ORZHU�SDQHO�LQ�)LJXUH���VKRZV�WKH�PHDQ�VNLQ�WR���P�WHPSHUDWXUH�GLIIHUHQFH��DOWKRXJK
UHODWHG�� WKHVH� YDOXHV�QHHG�QRW�EH� WKH� VDPH��1HYHUWKHOHVV�� WKH�SUHGLFWHG�GLXUQDO�ZDUPLQJ� FRUUHVSRQGV� WR
VRPH� H[WHQW� ZLWK� WKH� PHDQ� SDWWHUQ� RI� REVHUYHG� GLXUQDO� ZDUPLQJ� LQ� )LJXUH� ��� 2XU� GLXUQDO� WKHUPRFOLQH
PRGHO�VKRZV�VRPH�VNLOO�LQ�LGHQWLI\LQJ�SRWHQWLDOO\�DIIHFWHG�REVHUYDWLRQV��DW�OHDVW�LQ�WKH�PHDQ�

)LJXUH����2EVHUYHG�GD\¤QLJKW�667�GLIIHUHQFHV�IURP�$9+55�GDWD�GXULQJ�-DQXDU\�������$9+55�KDV
D�ZLGHU� VZDWK� WKDQ� �$�$765� DQG� GLIIHUHQFHV� EHWZHHQ� FRQVHFXWLYH� GD\� DQG� QLJKW� 667V� FDQ� EH
FRPSXWHG�� 7KH� DIWHUQRRQ� RYHUSDVV� LQ�PLG�DIWHUQRRQ� LV� FORVH� WR� WKH� SHDN� RI� WKH� GLXUQDO� F\FOH�
�)LJXUH�FRXUWHV\�RI�$��6WXDUW�0HQWHWK��62&��

*LYHQ� WKDW� WKH� GLXUQDO� WKHUPRFOLQH� PRGHO� FDQ� LGHQWLI\� SRWHQWLDOO\� DIIHFWHG� REVHUYDWLRQV�� WKHUH� DUH� WZR
RSWLRQV�DYDLODEOH�WR�WKH�XVHU��7KH�PRUH�FDXWLRXV�DSSURDFK�LV�WR�UHMHFW�DQ\�REVHUYDWLRQV�IRU�ZKLFK�WKH�PRGHO
SUHGLFWV�D�VNLQ¤��P�WHPSHUDWXUH�GLIIHUHQFH�RI�PRUH�WKDQ�����.��$OWHUQDWLYHO\��DIIHFWHG�GDWD�FRXOG�EH�XVHG�
EXW�ZLWK�LQIODWHG�HUURU�DQG�ELDV�WR�UHIOHFW�WKH�DVVRFLDWHG�XQFHUWDLQW\��$W�SUHVHQW��ZH�UHFRPPHQG�WKH�IRUPHU
DSSURDFK��EXW�IRU�FRPSOHWHQHVV�LQ�WKLV�UHSRUW�ZH�GHVFULEH�D�PHWKRG�IRU�WKH�ODWWHU�

7KH�GLXUQDO�WKHUPRFOLQH�PRGHO�SUHGLFWLRQV�FDQ�EH�XVHG�WR�GHILQH� LQIODWHG�HUURUV� IRU�DIIHFWHG�REVHUYDWLRQV�
7KH�DEVROXWH�ELDV�DVVRFLDWHG�ZLWK�PRGHOOHG�VNLQ�WR���P�WHPSHUDWXUH�GLIIHUHQFHV�LV�QRW�NQRZQ��DOWKRXJK�WKH
YDOXHV�FRPPRQO\�REWDLQHG�IURP�WKH�PRGHO�DUH�JHQHUDOO\�RI� WKH�ULJKW�PDJQLWXGH� �XS�WR�a��.���2I�JUHDWHU
VLJQLILFDQFH� LQ�WHUPV�RI�XQFHUWDLQW\� LV�WKH�UHOLDELOLW\�RI� WKH�1:3�IOX[�GDWD�RYHU� WKH�SHULRG�UHOHYDQW� WR�HDFK
REVHUYDWLRQ��LI�WKH�1:3�PRGHO�KDV�IDLOHG�WR�SUHGLFW�FORXG�LQ�WKH�FRUUHFW�SODFH��WKHQ�VRODU�IOX[HV�FDQ�EH�YHU\
GLIIHUHQW�IURP�WKH�WUXH�YDOXH�DW�D�JLYHQ�ORFDWLRQ��,Q�VHFWLRQ������ZH�HVWLPDWHG�V\VWHPDWLF�DQG�UDQGRP�HUURUV
LQ� VXUIDFH� IOX[HV� RI� WKH� RUGHU� RI� ��� �� DQG� ��� ��� UHVSHFWLYHO\�� V\VWHPDWLF� HUURU� LQ� WKH� VRODU� IOX[� PD\
RFFDVLRQDOO\�EH�PXFK�ODUJHU�WKDQ�WKLV��6LQFH�WKH�SHUIRUPDQFH�RI�WKH�PRGHO�LV�GHSHQGHQW�XSRQ�WKH�TXDOLW\�RI
WKH�IOX[�GDWD��ZKLFK�LV�KLJKO\�YDULDEOH��SURSDJDWLRQ�RI�WKHVH�YDOXHV�WKURXJK�WR�WKHLU�LPSDFW�RQ�SUHGLFWHG�∆7
LV�QRW�VXIILFLHQW��,Q�IDFW��EHFDXVH�ZH�GR�QRW�XVH�WKH�SUHGLFWHG�∆7�LQ�DQ�DGGLWLYH�ZD\�LQ�WKH�HVWLPDWH�RI�EXON
667�� WKH� H[DFW� HUURU� RQ� WKH� SUHGLFWHG� YDOXH� LV� QRW� UHTXLUHG�� ,QVWHDG��ZH� FDQ� XVH� WKH� SUHGLFWHG�∆7� DV� DQ
HVWLPDWH�RI�ELDV�RQ�WKH�EXON�667��ZKLOH� LQFUHDVLQJ�WKH�UDQGRP�HUURU� WR�DFFRXQW� IRU� WKH� ODUJH�YDULDELOLW\� LQ
FRQILGHQFH�LQ�WKH�IOX[�GDWD�XVHG�WR�GHWHUPLQH�WKLV�HVWLPDWH��:KDW�OLPLW�FDQ�ZH�JLYH�WR�WKH�UDQGRP�HUURU"

&RQVLGHU�D�SRSXODWLRQ�RI�GLXUQDO�WKHUPRFOLQH�HYHQWV��,I�WKH�PRGHO�VXFFHVVIXOO\�SUHGLFWV�WKH�HYHQW�LQ������RI
WKH�FDVHV��EXW� IDLOV� LQ� WKH� UHPDLQGHU�GXH� WR� LQDFFXUDWH� IOX[�GDWD��KDOI� WKH� WLPH�ZLWK� DQ�HUURU� HTXDO� WR� WKH
PD[LPXP�∆7�LQ�WKH�SRVLWLYH�VHQVH��DQG�KDOI�WKH�WLPH�LQ�WKH�QHJDWLYH�VHQVH��WKHQ�WKH�YDULDQFH�RI�WKH�HUURU�LV
JLYHQ�E\�
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ZKHUH�1�LV�WKH�QXPEHU�RI�HYHQWV��[ � �DUH�WKH�HUURUV�LQ�WKH�SUHGLFWLRQV��[�LV�WKH�PHDQ�HUURU��LQ�WKLV�FDVH�]HUR��
DQG�[ � �LV�WKH�PD[LPXP�WKHUPRFOLQH�∆7��)RU�REVHUYDWLRQV�DW�PLG�PRUQLQJ��H[FXUVLRQV�RI�PRUH�WKDQ�a����.
DUH�UDUH��7DNLQJ�WKLV�YDOXH��WKH�YDULDQFH�LQ�RXU�H[DPSOH�ZRXOG�EH�a�����.��DQG�WKH�VWDQGDUG�GHYLDWLRQ�OLWWOH
RYHU���.�

,W�ZRXOG� WKXV� EH� SRVVLEOH� WR� XVH� WKH� VNLQ¤�P� 667� GLIIHUHQFH� SUHGLFWHG� IURP� RXU� LPSOHPHQWDWLRQ� RI� WKH
.DQWKD�&OD\VRQ�PRGHO�WR�HVWLPDWH�DQ�DGGLWLYH�FRPSRQHQW�RI�WKH�ELDV�RQ�DIIHFWHG�EXON�667V��$Q�DGGLWLRQDO
FRPSRQHQW� WR� WKH� UDQGRP�HUURU�RI�a��.� VKRXOG�EH� LQFOXGHG� IRU� WKHVH�REVHUYDWLRQV��7KLV�SURSRVDO�ZRXOG
SURYLGH�DQ�LQFUHPHQW�WR�WKH�HUURU�IRU�SRWHQWLDO�GLXUQDO�ZDUPLQJ��EXW�RQO\�IRU�WKRVH�REVHUYDWLRQV�ZKHUH�WKH
WKHUPRFOLQH� PRGHO� SUHGLFWV� DQ� HIIHFW�� ,W� FDQQRW� SURYLGH� DGGLWLRQDO� HUURU� IRU� REVHUYDWLRQV� IRU� ZKLFK� WKH
PRGHO� KDV� IDLOHG� WR�SUHGLFW� DQ\�GLXUQDO�ZDUPLQJ�� ,W� VKRXOG� DOVR� EH� QRWHG� WKDW� LI� WKH�PRGHO� XVHG� WR� IODJ
GLXUQDO�ZDUPLQJ�LV�FKDQJHG��WKHQ�WKLV�PHWKRG�RI�HUURU�HVWLPDWLRQ�PD\�QR�ORQJHU�EH�DSSURSULDWH�

�� ',6&866,21

�����9DOLGDWLRQ�RI�HUURU�HVWLPDWHV

7KH�QHZ�HUURU�PRGHO�KDV�EHHQ�DSSOLHG�WR�$$765�GDWD�IRU�)HEUXDU\�������&RGH�KDV�EHHQ�ZULWWHQ�LQ�39�:$9(
WR� GHPRQVWUDWH� WKH� LPSOHPHQWDWLRQ� RI� WKH� VFKHPH�� DQG� WKLV� FDQ� EH� HDVLO\� WUDQVODWHG� WR� )RUWUDQ��� IRU
LQFRUSRUDWLRQ� LQWR� WKH�0HW�2IILFH� �$�$765� 3URFHVVLQJ� 6FKHPH� �+RUURFNV� HW� DO�� ������� %LDVHV� DQG� UDQGRP
HUURUV�KDYH�EHHQ�FRPSXWHG�VHSDUDWHO\�IRU�ERWK�'��DQG�'��UHWULHYDOV��7KH�FDOFXODWLRQV�DUH�VXPPDULVHG�LQ�(T�
����DQG�������LQ�ZKLFK�ε�UHSUHVHQWV�ELDV�DQG�σ�UDQGRP�HUURU��RU�VWDQGDUG�GHYLDWLRQ��DQG�WKH�VXEVFULSWV�%��6�
VHP�� DQG� G�� VWDQG� IRU� EXON� 667�� VNLQ� 667� UHWULHYDO�� VNLQ� HIIHFW�PRGHO� DQG� SUHGLFWHG� GLXUQDO� WKHUPRFOLQH�
UHVSHFWLYHO\�

( )B S sem dε ε ε ε= + + ���

( )2 2 2
B S sem dσ σ σ σ= + + ����

σ � �GHSHQGV�XSRQ�WKH�W\SH�RI�UHWULHYDO�DQG�IRU�'��UHWULHYDOV�LW�LV�ODUJHU�IRU�667V�EHORZ���&��VHFWLRQ�������σ �����

LV� ODUJHU� DW� ORZ� ZLQG� VSHHGV� �VHFWLRQ� ������ 7KH� GLXUQDO� WKHUPRFOLQH� FRPSRQHQWV� DUH� UHOHYDQW� RQO\� IRU
GD\WLPH�� ORZ�ZLQG�VSHHG�REVHUYDWLRQV� IRU�ZKLFK�GLXUQDO� WKHUPRFOLQHV�KDYH�EHHQ�SUHGLFWHG� �VHFWLRQ������
&XUUHQWO\� ZH� DGYLVH� WKDW� GDWD� ZLWK� SUHGLFWHG� GLXUQDO� WKHUPRFOLQHV� DUH� GLVFDUGHG� DQG� LQ� WKLV� FDVH�� WKHVH
HUURUV� DUH� QRW� UHOHYDQW�� :H� LQFOXGH� WKHP� KHUH� IRU� GHPRQVWUDWLRQ� SXUSRVHV�� 5HVXOWV� IURP� WKH� HUURU
FRPSXWDWLRQ� DUH� VKRZQ� LQ� )LJXUH� �� DV� D� PRQWKO\� PHDQ� DW� KDOI�GHJUHH� UHVROXWLRQ�� )RU� FRPSDULVRQ� WKH
GLIIHUHQFH�EHWZHHQ�D�EXON�667��FRPSRVLWH�RI�'��UHWULHYDOV�GXULQJ�WKH�GD\�DQG�'��DW�QLJKW��DQG�+DG,667��LV
DOVR�VKRZQ�

7KH�ILUVW�REVHUYDWLRQ�IURP�)LJXUH���LV�WKDW�WKH�VWURQJHVW�DQRPDOLHV�LQ�WKH�$$765¤+DG,667�GLIIHUHQFH�SORW�DUH
QRW�UHSUHVHQWHG�LQ�WKH�PRGHOOHG�HUURU�ILHOGV��6LJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�$$765�DQG�+DG,667�FDQ�DULVH
IURP�WKH�GLIIHUHQW�UHVROXWLRQV�RI�WKH�GDWDVHWV��VDPSOLQJ�LQFRQVLVWHQFLHV�LQ�WKH�$$765�GDWD��DQG�HUURU�LQ�WKH
DQDO\VLV��DV�ZHOO�DV�IURP�FRQWDPLQDWLRQ�RI�$$765�GDWD��7KHVH�HIIHFWV�DUH�QRW�LQFOXGHG�LQ�WKH�HUURU�PRGHO�



��

)LJXUH����(UURU�HVWLPDWHV�LQ�)HEUXDU\��������8SSHU��5DQGRP�HUURU�DVVRFLDWHG�ZLWK�EXON�667�IURP
'�� UHWULHYDO� �GD\� DQG� QLJKW�� DYHUDJHG� WR� KDOI�GHJUHH�� �0LGGOH�� (VWLPDWHG� ELDV� RQ� '�� UHWULHYDO
DYHUDJHG� WR� KDOI�GHJUHH�� �/RZHU�� 'LIIHUHQFH� EHWZHHQ� PRQWKO\� PHDQ� $$765� EXON� 667� DQG
+DG,667��DW����UHVROXWLRQ�



��

5DQGRP�HUURU�DVVRFLDWHG�ZLWK�'��EXON�667�LV�EHWZHHQ�����DQG������.��DV�H[SHFWHG�IURP�WKH�YDOXHV�LQ�7DEOH
���7KH�VNLQ�HIIHFW�PRGHO�FRQWULEXWLRQ�LV�ODUJHU�IRU�ORZ�ZLQG�VSHHGV��RU�ZKHUH�WKHUH�DUH�QR�ZLQG�VSHHG�GDWD
DYDLODEOH��1RWH� WKDW� WKH� VNLQ� HIIHFW� LV� FRPSXWHG�E\� UHIHUHQFH� WR� WKH�ZLQG�PL[LQJ�HQHUJ\� ILHOG� UDWKHU� WKDQ
VXUIDFH�ZLQG�VSHHG��+LJKHU�UDQGRP�HUURU�LV�DOVR�VHHQ��ZKHUH�667�LV�ORZ��ODUJH�DUHDV�RI�WKH�6RXWKHUQ�2FHDQ
DQG�QRUWKHUQ�3DFLILF�KDYH�EHHQ�LGHQWLILHG�DV�EHORZ�WKH����&�WKUHVKROG��,Q�VRPH�FDVHV�WKHVH�DUHDV�FRUUHVSRQG
WR�VOLJKWO\�ODUJHU�DQRPDOLHV�RI�$$765�FRPSDUHG�WR�+DG,667��LQ�WKH�ORZHU�SORW��,QFUHDVHG�HUURU�LV�DOVR�VHHQ
ZKHUH�GLXUQDO�WKHUPRFOLQHV�DUH�SUHGLFWHG��7KHVH�GR�QRW�PDWFK�WKH�+DG,667�DQRPDOLHV�H[DFWO\��EXW�WKH\�GR
IDOO�LQ�WKH�ULJKW�JHQHUDO�DUHDV��7KH�WUXH�H[WHQW�RI�GLXUQDO�ZDUPLQJ�LV�XQGHUSUHGLFWHG�EHFDXVH�WKH�QHFHVVDU\
IOX[�GDWD�ZHUH�QRW�DOZD\V�DYDLODEOH� IRU�QHDU�UHDO� WLPH�SURFHVVLQJ��%LDV�DVVRFLDWHG�ZLWK� WKH�'��EXON�667� LV
XQLIRUP�DW�a������.��H[FHSW�ZKHUH�GLXUQDO�WKHUPRFOLQHV�KDYH�EHHQ�SUHGLFWHG��7KH�GLUHFWLRQ�RI�WKH�ELDV�KDV
QRW� EHHQ� VSHFLILHG� EHFDXVH� WKH� V\VWHPDWLF� HUURUV� RQ� 1:3� IOX[HV� DUH� QRW� NQRZQ� DFFXUDWHO\� HQRXJK� �VHH
VHFWLRQ�������KRZHYHU�� UHDO�ELDVHV� UHVXOWLQJ� IURP�GLXUQDO�ZDUPLQJ�ZRXOG�EH�SRVLWLYH�� 7KH�ELDV� DVVRFLDWHG
ZLWK�'��EXON�667��QRW�VKRZQ��LV�D�XQLIRUP�������.��ZKLOH�WKH�DVVRFLDWHG�UDQGRP�HUURU�LV������.�RU������.�DW
ORZ�ZLQGVSHHGV��7DEOH����

,Q� FDOFXODWLQJ� WKH� HUURU� ILHOG��ZH�KDYH� DVVXPHG� WKDW� WKH� FRUUHFWLRQV�PHQWLRQHG� LQ� VHFWLRQ����� KDYH� EHHQ
DSSOLHG�� +RZHYHU�� WKH� FRUUHFWLRQ� IRU� ]RQDO� ELDVHV� LQ� '�� UHWULHYDOV�� DQG� WKH� JOREDO� RIIVHW�� KDYH� \HW� WR� EH
GHILQHG� IRU�$$765�� WKH� DEVHQFH�RI� WKHVH� FRUUHFWLRQV� WKHUHIRUH� FRQWULEXWHV� WR� WKH�GLIIHUHQFHV� LQ� WKH�XSSHU
SDQHO�RI�)LJXUH����:RUN�WR�GHILQH�WKHVH�FRUUHFWLRQV�IRU�$$765�LV�LQ�SURJUHVV�DQG�VKRXOG�EH�DFKLHYHG�E\�HQG�
0D\�������7KH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�WKH�$$765¤+DG,667��GLIIHUHQFH�ILHOG�ZHUH������.�DQG�����
.�UHVSHFWLYHO\��,Q�7DEOH����ZH�VXJJHVWHG�WKDW�WKH�PD[LPXP�ELDV�H[SHFWHG�LQ��$�$765�EXON�667V�ZDV�������.�
WKLV�VKRXOG�EH�HDVLO\�DFKLHYHG�RQFH�WKH�VNLQ�667�FRUUHFWLRQV�DUH�LQFOXGHG��7KH������.�VWDQGDUG�GHYLDWLRQ�KDV
D� QXPEHU� RI� FRQWULEXWLRQV��1DWXUDO� YDULDELOLW\� LQ� 667� RYHU� WKH� FRXUVH� RI� D�PRQWK� LV� LPSOLFLW�� $$765� GDWD
DYDLODEOH� GXULQJ� WKH� PRQWK� ZHUH� QRW� XQLIRUPO\� GLVWULEXWHG� LQ� VSDFH� RU� WLPH�� EXW� ZHUH� PHDQHG� IRU
FRPSDULVRQ�ZLWK�+DG,667�RQ�D����JULG��7KHUH�DUH�QR�HVWLPDWHV�RI�HUURU�RQ�+DG,667��DQG�VR�WKH�FRQWULEXWLRQ
WR�WKH������.�IURP�$$765�DORQH�FDQQRW�EH�GHWHUPLQHG��+RZHYHU��LW©V�OLNHO\�WKDW�WKH�$$765�HUURU�LQGLFDWHG�E\
WKLV�FRPSDULVRQ�LV�JUHDWHU�WKDQ�WKH�YDOXHV�HVWLPDWHG�LQ�7DEOH���EHFDXVH�SRWHQWLDOO\�FRQWDPLQDWHG�GDWD�KDYH
QRW�EHHQ�DGHTXDWHO\�VFUHHQHG�RXW�

�����$GGLWLRQDO�TXDOLW\�FRQWURO

)RU� VHPL�RSHUDWLRQDO� DSSOLFDWLRQV�� LW� LV� QHFHVVDU\� WR� SHUIRUP� D� TXDOLW\� FRQWURO� RQ� UHWULHYHG� EXON� 667V� WR
GHWHFW�FRQWDPLQDWHG�GDWD�RU�XQIRUHVHHQ�LQVWUXPHQW�RU�SURFHVVLQJ�DQRPDOLHV��,Q�WKH�H[LVWLQJ�VFKHPH�ZLWKLQ
WKH� SURFHVVRU�� D� EDFNJURXQG� 667� ILHOG� LV� GHULYHG� IURP� SUHYLRXV� $$765� EXON� 667V� WKHPVHOYHV�� $� WHQ�
DUFPLQXWH�JULG�LV�LQLWLDOLVHG�DV�WKH�����������FOLPDWRORJ\�DQG�HDFK�JULGSRLQW�LV�VXEVHTXHQWO\�XSGDWHG�GDLO\
ZLWK�DQ\�YDOLG�EXON�667V��'��DQG�'��GHULYDWLRQV�DUH�NHSW�VHSDUDWH��DQG�HDFK�FHOO�LV�RQO\�FRQVLGHUHG�YDOLG�LI�LW
KDV�EHHQ�XSGDWHG�ZLWKLQ�WKH�SUHYLRXV����GD\�SHULRG��$�FKHFN�LV�PDGH�UHTXLULQJ�WKH�SURFHVVHG�EXON�667�WR
EH�ZLWKLQ���.�RI�WKH�EDFNJURXQG�YDOXH��7KHUH�DUH�D�QXPEHU�RI�DGYDQWDJHV�WR�WKLV�PHWKRG��WKH�EDFNJURXQG
ILHOG�LV�D�FRPSDUDEOH�667�PHDVXUHPHQW��ZLWK�'��DQG�'��VHSDUDWH��DQG�LW�PD\�EH�PRUH�DFFXUDWH�WKDQ�GDLO\
DQDO\VHV�GHYHORSHG�IURP�DOWHUQDWLYH�GDWD�VRXUFHV��+RZHYHU�WKHUH�DUH�DOVR�GLVDGYDQWDJHV��6RPH�SDUWV�RI�WKH
JOREH�FDQ�KDYH�IHZ�RU�QR�YDOLG�$$765�REVHUYDWLRQV�RYHU�WKH�FRXUVH�RI�D�PRQWK��ZLWQHVV�GDWD�JDSV�RQ�XSSHU
SDQHO��)LJ������LQ�WKHVH�DUHDV�DQ\�YDOLG�GDWD�DUH�OLNHO\�WR�EH�FRPSDUHG�WR�FOLPDWRORJ\�YDOXHV��ZKLFK�PD\�EH
TXLWH�GLIIHUHQW�DV�D�UHVXOW�RI�FOLPDWH�YDULDELOLW\�UDWKHU�WKDQ�GHILFLHQFLHV�LQ�WKH�$$765�GDWD��6LQFH�FRPSDULVRQV
PD\� EH� PDGH� DJDLQVW� FOLPDWRORJ\� D� KLJK� WKUHVKROG� IRU� DOORZHG� GHYLDWLRQV� RI� �� .� LV� QHHGHG�� QRW� UHDOO\
VXIILFLHQW� WR�GHWHFW�SRRU�GDWD��6RPH�DUHDV�RI� WKH�JOREH�PD\�KDYH�SHUVLVWHQWO\� FORXG�FRQWDPLQDWHG�$$765
GDWD��8QGHU�WKLV�V\VWHP��WKH�EDFNJURXQG�ILHOG�PD\�GHYHORS�SHUVLVWHQW�GHYLDWLRQV�IURP�¦WUXWK§�LQ�WKHVH�DUHDV�
DQG�VXEVHTXHQW�SRRU�GDWD�ZRXOG�QRW�EH�IODJJHG�

$Q� DOWHUQDWLYH� RSWLRQ� LV� WR� XVH� GDLO\�1:3�PRGHO� DQDO\VHV� RI� VXUIDFH� WHPSHUDWXUH� DV� D� EDFNJURXQG� ILHOG�
:KLOH� WKH� DFFXUDF\� RI� DQ� 1:3� 667� DQDO\VLV�PD\� EH�ZRUVH� WKDQ� �$�$765� �TXRWHG� DW� a�� ."��� WKH� ILHOG� LV
XSGDWHG� UHJXODUO\�� LV� FRQVLVWHQW� ZLWK� WKH� DQDO\VHG� GDLO\� DWPRVSKHULF� FRQGLWLRQV�� IUHH� IURP� FORXG
FRQWDPLQDWLRQ��DQG�JOREDOO\�FRPSOHWH��7R�VDIHJXDUG�DJDLQVW�DQ\�PLQRU�DQRPDOLHV�DQG�HQVXUH�UHOHYDQFH�IRU
REVHUYDWLRQV�DW�WKH�EHJLQQLQJ�DQG�HQG�RI�D�GD\��ZH�VXJJHVW�GHULYLQJ�D�UROOLQJ���GD\�PHDQ�ILHOG��FHQWUHG�RQ
WKH�$$765�REVHUYDWLRQ�GDWH�



��

)LJXUH� ��� VKRZV� D� ��GD\� PHDQ� VXUIDFH� WHPSHUDWXUH� ILHOG� IURP� 1:3�� DQG� WKH� FRUUHVSRQGLQJ� DQRPDOLHV
FDOFXODWHG�IURP�D�RQH�GD\�KDOI�GHJUHH�PHDQ�$$765�EXON�667�ILHOG�

)LJXUH� ���� �8SSHU�� $� ��GD\� PHDQ� ILHOG� IURP� WKH� 1:3� VXUIDFH� WHPSHUDWXUH� DQDO\VLV�� �/RZHU�
'LIIHUHQFH�EHWZHHQ�$$765�EXON�667�PHDQHG�DW�KDOI�GHJUHH�UHVROXWLRQ�DQG�WKH���GD\�PHDQ�1:3
VXUIDFH�WHPSHUDWXUH�ILHOG�UHJULGGHG�WR�WKH�VDPH�UHVROXWLRQ��2EVHUYDWLRQV�IODJJHG�ZLWK�SUHGLFWHG
GLXUQDO�WKHUPRFOLQHV�ZHUH�RPLWWHG�IROORZLQJ�FXUUHQW�SUDFWLFH�LQ�WKH�$$765�SURFHVVRU�

&RRO� $$765� GDWD� LQ� WKH� HTXDWRULDO� 3DFLILF�� DQG� VRXWKHUQ� 3DFLILF� DQG� $WODQWLF� PD\� LQGLFDWH� FORXG
FRQWDPLQDWLRQ��:DUP� GDWD� LQ� WKH� 6RXWK� $WODQWLF� RFFXU� RQ� GD\OLJKW� RUELWV� DQG�PD\� LQGLFDWH� XQSUHGLFWHG
GLXUQDO�ZDUPLQJ��GDWD�IODJJHG�ZLWK�SUHGLFWHG�GLXUQDO�WKHUPRFOLQHV�ZHUH�RPLWWHG���)LJXUH����LV�D�KLVWRJUDP
RI�WKH�DQRPDOLHV�SORWWHG�LQ�)LJXUH�����7KH�GLIIHUHQFHV�DUH�FKDUDFWHULVHG�E\�D�PHDQ�RI������.�DQG�VWDQGDUG
GHYLDWLRQ�RI������.��$JDLQ��WKH�PHDQ�GLIIHUHQFH�LV�QRW�]HUR�EHFDXVH�ZH�KDYH�QRW�\HW�DSSOLHG�DQ�DGMXVWPHQW
WR� WKH� VNLQ� 667� UHWULHYDOV� IRU� FRQVLVWHQF\�ZLWK� LQ� VLWX� GDWD�� (DUO\� $$765� YDOLGDWLRQ� LQGLFDWHG� WKDW� '�� VNLQ
UHWULHYDOV�ZHUH� a���� .�ZDUPHU� WKDQ� H[SHFWHG� FRPSDUHG� WR� EXR\V� �+RUURFNV� HW� DO�� ����E��� 7KH� VWDQGDUG



��

GHYLDWLRQ�LV�D�FRPELQDWLRQ�RI�WKH�HUURUV�DVVRFLDWHG�ZLWK�WKH�WZR�GDWDVHWV��DVVXPLQJ��IRU�HDVH�RI�FDOFXODWLRQ�
WKDW� DOO� RI� WKH� $$765� EXON� 667V� KDYH� UDQGRP� HUURU� RI� ����� .� �JHQHUDO� YDOXH� IRU� '�� UHWULHYDOV��� WKHQ� WKH
UDQGRP�HUURU� IURP� WKH� EDFNJURXQG� ILHOG� LV� a����� .��ZKLFK� LV�ZLWKLQ� WKH� DFFHSWHG� HUURU� IRU�1:3� VXUIDFH
WHPSHUDWXUH�ILHOGV�� ,I�ZH�FRQVLGHU�WKDW�SRLQWV�RXWVLGH�RI�D���σ� UDQJH�RI� WKH�PHDQ�UHSUHVHQW�FRQWDPLQDWHG
GDWD�ZKLFK�VKRXOG�EH�GLVFDUGHG��WKHQ�DQ\�GLIIHUHQFHV�RXWVLGH�WKH�UDQJH������WR������.� LQGLFDWH�GDWD�WR�EH
UHPRYHG�� )URP� )LJXUH� ���� WKH� IHZ� GDWD� LPSOLFDWHG� E\� WKLV� WKUHVKROG� FRXOG� ZHOO� UHVXOW� IURP� XQGHWHFWHG
FORXG�RU�GLXUQDO�ZDUPLQJ�

)LJXUH�����+LVWRJUDP�RI�GLIIHUHQFHV�EHWZHHQ�$$765�EXON�667�IRU����)HEUXDU\������DQG�D�PHDQ
VXUIDFH�WHPSHUDWXUH�ILHOG�IRU���¤���)HEUXDU\�IURP�1:3�DQDO\VLV�

�� &21&/86,216

:H� KDYH� SUHVHQWHG� D�PRGHO� IRU� WKH� HUURU� EXGJHW� DVVRFLDWHG� ZLWK� GHULYDWLRQV� RI� EXON� 667� IURP� �$�$765
VSDWLDOO\�DYHUDJHG�GDWD��)RU�XQFRQWDPLQDWHG�GDWD��ZH�H[SHFW�HVWLPDWHV�RI�EXON�667�WR�EH�XQELDVHG�DW� WKH
����� .� DFFXUDF\� OHYHO�� SURYLGHG� WKDW�� �D�� GXDO�YLHZ� WZR�FKDQQHO� UHWULHYDOV� RI� VNLQ� 667� DUH� FRUUHFWHG� IRU
NQRZQ�ODWLWXGLQDO�ELDVHV�UHODWHG�WR�QRQ�OLQHDU�UHVSRQVH�WR�WRWDO�FROXPQ�ZDWHU�YDSRXU��DQG��E��UHWULHYHG�VNLQ
667V�DUH�DGMXVWHG�WR�RIIVHW�FRQVWDQW�ELDV�DULVLQJ�IURP�OLPLWHG�DFFXUDF\�LQ�UDGLDWLYH�WUDQVIHU�PRGHOOLQJ��7KHVH
FRUUHFWLRQV� DUH� H[SHFWHG� IURP� WKHRUHWLFDO� DUJXPHQWV�� 7KH� ILUVW� FDQ� EH� GHWHUPLQHG� IURP� UDGLDWLYH� WUDQVIHU
VLPXODWLRQV��EXW�WKH�VHFRQG�UHTXLUHV�DQ�HPSLULFDO�YDOLGDWLRQ��:RUN�WR�GHYHORS�WKH�FRUUHFWLRQV�IRU�$$765�LV
XQGHUZD\�LQ�FROODERUDWLRQ�ZLWK�WKH�8QLYHUVLW\�RI�(GLQEXUJK��7KH�UDQGRP�HUURU�DVVRFLDWHG�ZLWK�EXON�667V�LV
H[SHFWHG�WR�UDQJH�IURP������.�WR������.�GHSHQGLQJ�RQ�WKH�UHWULHYDO�DOJRULWKP�DQG�DWPRVSKHULF�FRQGLWLRQV
�H[WUHPH� FROG�� DQG� ZLQG� VSHHG��� 7KHVH� DUH� ZLWKLQ� WKH� HUURU� VSHFLILHG� LQ� WKH� GHVLJQ� RI� WKH� �$�$765
LQVWUXPHQWV�IRU�UHWULHYDO�RI�VNLQ�667������.���%XON�667V�IURP�WKLV�VHULHV�RI�VDWHOOLWH�LQVWUXPHQWV�VKRXOG�PHHW
WKH�VWULQJHQW�UHTXLUHPHQWV�RI�FOLPDWH�PRQLWRULQJ�

&RPSDULVRQV�RI�$$765�EXON�667V�ZLWK�+DG,667��LQGLFDWH�WKDW�RXU�HVWLPDWHV�RI�HUURU�DUH�SODXVLEOH�QXPEHUV�
4XDQWLWDWLYH�YDOLGDWLRQ�RI�RXU�HVWLPDWHV�LV�GLIILFXOW�EHFDXVH�WKH�HUURUV�DVVRFLDWHG�ZLWK�WKH�FOLPDWH�DQDO\VLV�DUH
XQNQRZQ��2QFH�WKH�VNLQ�667�FRUUHFWLRQV�IRU�$$765�KDYH�EHHQ�GHYHORSHG��ZH�VXJJHVW�WKDW�IXUWKHU�YDOLGDWLRQ
RI�RXU� HUURU� HVWLPDWHV��XVLQJ� FRUUHODWLYH�EXR\�667V� LV�GHVLUDEOH��$�GHWDLOHG� VWXG\� RI� D� IXOO� \HDU� RI� $$765¤
+DG,667� FRPSDULVRQV� LV� DOVR�QHHGHG�� VLQFH� LQWHUSUHWDWLRQ�RI� WKH�GLIIHUHQFH� ILHOGV� LV�QRW� VLPSOH��EXW� FRXOG
KLJKOLJKW�DUHDV�IRU�LPSURYHPHQW�LQ�ERWK�GDWDVHWV�



��

:H� KDYH� VXJJHVWHG� D� TXDOLW\� FRQWURO� FKHFN� ZKLFK� FRXOG� EH� LPSOHPHQWHG� LQ� WKH� �$�$765� SURFHVVRU� WR
HOLPLQDWH� SRWHQWLDOO\� FRQWDPLQDWHG� GDWD�� EDVHG� RQ� FRPSDULVRQ� RI� GHULYHG� EXON� 667V� DQG� D� ��GD\� PHDQ
VXUIDFH�WHPSHUDWXUH�ILHOG�IURP�1:3�DQDO\VLV�

&RQWDPLQDWLRQ� RI� �$�$765� GDWD� E\� XQGHWHFWHG� FORXG� FRQWLQXHV� WR� SUHVHQW� GLIILFXOWLHV�� :KLOH� WKH� ZRUVW
DIIHFWHG�GDWD�FDQ�EH�VFUHHQHG�RXW�WKURXJK�D�TXDOLW\�FKHFN��LW�ZRXOG�EH�SUHIHUDEOH�WR�VHH�LPSURYHPHQWV�LQ
WKH�SL[HO�OHYHO�FORXG�GHWHFWLRQ�VR�WKDW�FRQWDPLQDWLRQ�ZDV�UHGXFHG�IXUWKHU��2QH�RSWLRQ�IRU�WKH�IXWXUH�PD\�EH
WR�LQWHJUDWH�D�VWDJH�IRU�GHWHFWLRQ�RI�FORXG�FRQWDPLQDWLRQ�LQ�WKH�VSDWLDOO\�DYHUDJHG�GDWD�LQWR�RXU�SURFHVVRU�
7KLV�FRXOG�EH�EDVHG�RQ�FRPSDULVRQ�RI�UHWULHYHG�667�ZLWK�QHDU�FRLQFLGHQW�FRDUVHU�UHVROXWLRQ�PLFURZDYH�667
ZKLFK�LV�XQDIIHFWHG�E\�FORXG��6RPH�ZRUNHUV�KDYH�JRQH�IXUWKHU��WR�GHYHORS�PHUJHG�LQIUDUHG�PLFURZDYH�667
SURGXFWV� �H�J��� :LFN�� ������� � &RPELQDWLRQ� RI� WKHVH� GDWD� W\SHV� LV� SUREDEO\� EHVW� DFKLHYHG� WKURXJK� GDWD
DVVLPLODWLRQ� LQWR�DQ�DQDO\VLV��DOWKRXJK�WKHUH�PD\�EH�GLVDGYDQWDJHV�WR�WKLV�DSSURDFK� LQ�WKH�FDVH�RI�$$765�
ILUVWO\�EHFDXVH� LW�PD\�GHJUDGH� WKH� 667� DFFXUDF\�SRVVLEOH� IURP�RSWLPDO� XQFRQWDPLQDWHG�$$765�GDWD�� DQG
VHFRQGO\�EHFDXVH�LW�ZRXOG�UHGXFH�WKH�VSDWLDO�UHVROXWLRQ�

$&.12:/('*(0(176

$$765� GDWD� DUH��� (XURSHDQ� 6SDFH� $JHQF\� DQG�ZHUH� SURYLGHG�ZLWKLQ� WKH� IUDPHZRUN� RI� (19,6$7� FDO�YDO
DFWLYLWLHV��$765���&$%7�GDWD�ZHUH�SURYLGHG�E\�5�$�/��:H�WKDQN�1��5D\QHU�RI�WKH�+DGOH\�&HQWUH�IRU�SURYLVLRQ
RI� +DG,667�� GDWDVHW�� DQG� $�� 6WXDUW�0HQWHWK� RI� WKH� 6RXWKDPSWRQ� 2FHDQRJUDSK\� &HQWUH� IRU� SURYLVLRQ� RI
)LJXUH����7KH�FODULW\�RI�WKH�WH[W�ZDV�JUHDWO\�LPSURYHG�IROORZLQJ�GLVFXVVLRQV�ZLWK�&��0HUFKDQW�DQG�-��(\UH�

�� 5()(5(1&(6

$OOHQ�0��5���0XWORZ�&��7���%OXPEHUJ�*��0��&���&KULVW\�-��5���0F1LGHU�5��7���DQG�/OHZHOO\Q�-RQHV�'��7��*OREDO
FKDQJH�GHWHFWLRQ��1DWXUH��9RO���������������¤���������

%DUWRQ�,��-���=iYRG\�$��0���2©%ULHQ�'��0���&XWWHQ�'��5���6DXQGHUV�5��:���DQG�/OHZHOO\Q�-RQHV�'��7��7KHRUHWLFDO
DOJRULWKPV�IRU�VDWHOOLWH�GHULYHG�VHD�VXUIDFH�WHPSHUDWXUHV��-��*HRSK\V��5HV���9RO������'��������¤�����������

(QYLVDW�3URGXFWV�+DQGERRN��KWWS���HQYLVDW�HVD�LQW�GDWDSURGXFWV�

)DLUDOO� &�:��� %UDGOH\� (�)��� *RGIUH\� -�6���:LFN� *�$��� (GVRQ� -�%��� DQG� <RXQJ� *�6�� &RRO�VNLQ� DQG�ZDUP�OD\HU
HIIHFWV�RQ�VHD�VXUIDFH�WHPSHUDWXUH��-��*HRSK\V��5HV��9RO�������&��������¤�����������

*OHFNOHU�3��-��DQG�:HDUH�%��&��8QFHUWDLQWLHV�LQ�JOREDO�RFHDQ�VXUIDFH�KHDW�IOX[�FOLPDWRORJLHV�GHULYHG�IURP�VKLS
REVHUYDWLRQV��-��&OLPDWH��9RO����������¤�����������

+RUURFNV�/���2©&DUUROO�$���&DQG\�%���DQG�6DXQGHUV�5��3URJUHVV�ZLWK�WKH�SURGXFWLRQ�RI�DQ�$765������EXON�667
UHFRUG��'HOLYHUDEOH� ��D������� IURP� 7HFKQLFDO� $QQH[� �D� RI� WKH� ����¤��� &OLPDWH� 3UHGLFWLRQ� 3URJUDPPH��0HW
2IILFH�������

+RUURFNV�/��$���2
&DUUROO�$��*���6DXQGHUV�5��:���&DQG\�%���DQG�+DUULV��$��5��1HDU�UHDO�WLPH�SURFHVVLQJ�RI�GDWD
IURP� WKH�$GYDQFHG�$ORQJ�7UDFN� 6FDQQLQJ� 5DGLRPHWHU� �$$765�� WR�SURYLGH� EXON� VHD� VXUIDFH� WHPSHUDWXUHV�
$$765�6FLHQFH�'RFXPHQW�1R����0HW�2IILFH�������

+RUURFNV�/��$���&DQG\�%���1LJKWLQJDOH�7��-���6DXQGHUV�5��:���2©&DUUROO�$���DQG�+DUULV�$��5��3DUDPHWHULVDWLRQV�RI
WKH� RFHDQ� VNLQ� HIIHFW� DQG� LPSOLFDWLRQV� IRU� VDWHOOLWH�EDVHG� PHDVXUHPHQW� RI� VHD�VXUIDFH� WHPSHUDWXUH�� -�
*HRSK\V��5HV���9RO������&����������GRL�������������-&������������D�

+RUURFNV� /�$��� :DWWV� -�*��� 6DXQGHUV� 5�:��� DQG� 2
&DUUROO� $�� 9DOLGDWLRQ� RI� WKH� $$765� 0HWHR� SURGXFW� VHD�
VXUIDFH� WHPSHUDWXUH� DJDLQVW� LQ� VLWX� REVHUYDWLRQV� DQG� DQDO\VHV�� (6$� 6SHFLDO� 3XEOLFDWLRQ� 9RO�� ����� LQ� SUHVV�
����E�

,VHPHU�+��-���:LOOHEUDQG�-���DQG�+DVVH�/��)LQH�DGMXVWPHQW�RI�ODUJH�VFDOH�DLU�VHD�HQHUJ\�IOX[�SDUDPHWHUL]DWLRQV
E\�GLUHFW�HVWLPDWHV�RI�RFHDQ�KHDW�WUDQVSRUW��-��&OLPDWH��9RO���������¤�����������



��

-RQHV�0��6���6DXQGHUV�0��$��� DQG�*X\PHU�7��+��*OREDO� UHPHQDQW� FORXG�FRQWDPLQDWLRQ� LQ� WKH� DORQJ�WUDFN
VFDQQLQJ�UDGLRPHWHU�GDWD��6RXUFH�DQG�UHPRYDO��-��*HRSK\V��5HV��9RO������&���������¤������������

.DQWKD�/�+���DQG�&OD\VRQ�&�$��$Q�LPSURYHG�PL[HG�OD\HU�PRGHO�IRU�JHRSK\VLFDO�DSSOLFDWLRQV��-��*HRSK\V��5HV�
9RO������&����������¤������������

.UDXV�(�%���DQG�7XUQHU�-�6��$�RQH�GLPHQVLRQDO�PRGHO�RI�WKH�VHDVRQDO�WKHUPRFOLQH�,,��7KH�JHQHUDO�WKHRU\�DQG
LWV�FRQVHTXHQFHV��7HOOXV��9RO��������¤����������

0DWWKLHVHQ�6���DQG�0HUFKDQW�&��6HD� VXUIDFH� WHPSHUDWXUH� LQ�PDUJLQDO� LFH� ]RQHV��)LQDO� UHSRUW� RQ�3DWKILQGHU
SURMHFW��+DGOH\�&HQWUH�FRQWUDFW�QXPEHU�3%�%������0HW2IILFH�������

0HUFKDQW�&��-��(OLPLQDWLQJ�ELDV�LQ�VDWHOOLWH�UHWULHYDOV�RI�VHD�VXUIDFH�WHPSHUDWXUH��3K'�WKHVLV��8QLYHUVLW\�&ROOHJH�
/RQGRQ�������

0HUFKDQW� &�� -��� DQG� +DUULV� $�� 5�� 7RZDUG� WKH� HOLPLQDWLRQ� RI� ELDV� LQ� VDWHOOLWH� UHWULHYDOV� RI� VHD� VXUIDFH
WHPSHUDWXUH� ��� &RPSDULVRQ� ZLWK� LQ� VLWX� PHDVXUHPHQWV�� -�� *HRSK\V�� 5HV�� 9RO�� ���� �&����� �����¤������
�����

0HUFKDQW�&�� -��� DQG�/H�%RUJQH�3�� 5HWULHYDO�RI� VHD� VXUIDFH� WHPSHUDWXUH� IURP� VSDFH��EDVHG�RQ�PRGHOLQJ�RI
LQIUDUHG�UDGLDWLYH�WUDQVIHU��6XEPLWWHG�������

0HUFKDQW� &�� -��� +DUULV� $�� 5���0XUUD\�0�� -��� DQG� =iYRG\� $��0�� 7RZDUG� WKH� HOLPLQDWLRQ� RI� ELDV� LQ� VDWHOOLWH
UHWULHYDOV�RI�VHD�VXUIDFH�WHPSHUDWXUH����7KHRU\��PRGHOLQJ�DQG�LQWHUDOJRULWKP�FRPSDULVRQ��-��*HRSK\V��5HV��
9RO�������&����������¤������������

0XUUD\�0��-���$EROLQV�-���$OOHQ�0��5���%LUNV�$��5���'DQFH\�.���0XWORZ�&��7���0HUFKDQW�&�� -���DQG�+DUULV�$��5�
6HD�VXUIDFH�WHPSHUDWXUHV�IURP�WKH�$765�VHULHV��%RRNOHW�DFFRPSDQ\LQJ�WKH�2FWREHU������UHOHDVH�RI�$765��667
GDWD�&'�520�IURP�5XWKHUIRUG�$SSOHWRQ�/DERUDWRU\�������

3DUNHU� '�� (��� )ROODQG� &�� .��� DQG� -DFNVRQ� 0�� 0DULQH� VXUIDFH� WHPSHUDWXUH�� REVHUYHG� YDULDWLRQV� DQG� GDWD
UHTXLUHPHQWV��&OLPDWLF�&KDQJH��9RO��������������������

3ULFH�-�)��:HOOHU�5�$���DQG�3LQNHO�5��'LXUQDO�F\FOLQJ��REVHUYDWLRQV�DQG�PRGHOV�RI�WKH�XSSHU�RFHDQ�UHVSRQVH�WR
GLXUQDO�KHDWLQJ��FRROLQJ��DQG�ZLQG�PL[LQJ��-��*HRSK\V��5HV���9RO����������¤�����������

5D\QHU�1��$���3DUNHU�'��(���+RUWRQ�(��%���)ROODQG�&��.���$OH[DQGHU�/��9���5RZHOO�'��3���.HQW�(��&���DQG�.DSODQ�$�
*OREDO� DQDO\VHV� RI� 667�� VHD� LFH� DQG� QLJKW� PDULQH� DLU� WHPSHUDWXUH� VLQFH� WKH� ODWH� QLQHWHHQWK� FHQWXU\�� -�
*HRSK\V��5HV���LQ�SUHVV�������

6DXQGHUV�5��:��� 5REHUWV�7���2©&DUUROO�$��� DQG�+RUURFNV� /��$��&RPSDULVRQ�RI�$765�DQG�70,� 667V�ZLWK� WKH
+DGOH\� &HQWUH� 667� DQDO\VHV��1:3� 7HFKQLFDO� 5HSRUW�� 0HW� 2IILFH�� LQ� SUHS�� EXW� VRRQ� WR� EH� DYDLODEOH� IURP
KWWS���ZZZ�PHWRIILFH�FRP�UHVHDUFK�QZS�SXEOLFDWLRQV�������D�

6DXQGHUV�5���+RUURFNV�/���DQG�:DWWV�-��6WDWXV�RI��$�$765�667�GDWD�UHFRUG�DQG�IHDVLELOLW\�RI�D�UHSURFHVVHG����
\HDU� GDWDVHW� IRU� FOLPDWH� VWXGLHV�� 'HOLYHUDEOH� ��D������� IURP� 7HFKQLFDO� $QQH[� �D� RI� WKH� ����¤��� &OLPDWH
3UHGLFWLRQ�3URJUDPPH��0HW�2IILFH������E�

6PLWK� '�� /��� 'HOGHUILHOG� -��� 'UXPPRQG� '��� (GZDUGV� 7��� 0XWORZ� &�� 7��� 5HDG� 3�� '��� DQG� 7RSOLV� *�� 0�
&DOLEUDWLRQ�RI�WKH�$$765�LQVWUXPHQW��$GY��6SDFH�5HV��9RO��������¤���������

:LFN� *�$�� %OHQGHG� VHD�VXUIDFH� WHPSHUDWXUH� SURGXFW�� KWWS���ZZZ�HWO�QRDD�JRY�VDWUHV�EOHQGHGBVVW�KWPO�
�����

=iYRG\�$��0���0XWORZ�&��7���DQG�/OHZHOO\Q�-RQHV�'��7��&ORXG�FOHDULQJ�RYHU�WKH�RFHDQ�LQ�WKH�SURFHVVLQJ�RI
GDWD�IURP�WKH�$ORQJ�7UDFN�6FDQQLQJ�5DGLRPHWHU��$765���-��$WPRV��2FHDQLF�7HFK��9RO���������¤����������


