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3HFXOLDU SKHQRPHQD LQ HOHFWULFDO WUDQVSRUW SURSHUWLHV RI *D1 LQFOXGH D GHFUHDVH LQ HOHFWURQ PRELOLW\

ZKHQ WKH FDUULHU FRQFHQWUDWLRQ LV GHFUHDVHG� D KXJH 89 SKRWRFRQGXFWLYH JDLQ� DQG DQ DSSDUHQW

LPPXQLW\ RI UDGLDWLYH WUDQVLWLRQV WR GHIHFWV� ,Q KLJK TXDOLW\ VDPSOHV� VFDWWHULQJ RI FDUULHUV E\ FKDUJHG

GLVORFDWLRQ OLQHV FRXOG H[SODLQ WKHVH HIIHFWV� DQG SURYLGH D JRRG ILW WR WKH WHPSHUDWXUH GHSHQGHQW +DOO

HIIHFW PHDVXUHPHQW >�@� ,Q VDPSOHV ZLWK ODUJH GLVORFDWLRQ GHQVLWLHV DQG ORZ IUHH FDUULHU FRQFHQWUDWLRQ�

ODWHUDO WUDQVSRUW PHDVXUHPHQWV VKRZ WKDW WKH FRQGXFWLYLW\ LV WKHUPDOO\ DFWLYDWHG� DQG DQ DOWHUQDWLYH

H[SODQDWLRQ� WKH *UDLQ %RXQGDU\ &RQWUROOHG 7UDQVSRUW �*%&7� PRGHO� VHHPV WR EHWWHU ILW WKH

H[SHULPHQWDO UHVXOW >�@�

$OWKRXJK WKH WHPSHUDWXUH GHSHQGHQFH RI WKH FRQGXFWLYLW\ LQ WKHVH WZR PRGHOV LV EDVLFDOO\ GLIIHUHQW�

WKHUH PXVW EH QR FRQIOLFW EHWZHHQ WKHVH WZR GHVFULSWLRQV� 7KH\ PD\ PHUJH LQWR HDFK RWKHU DFFRUGLQJ WR

WKH GHQVLW\ RI GLVORFDWLRQ OLQHV SHUSHQGLFXODU WR WKH GLUHFWLRQ RI WKH HOHFWULFDO FXUUHQW� LQ WKH IROORZLQJ

ZD\� LI WKH DYHUDJH GLVWDQFH EHWZHHQ GLVORFDWLRQV WR EH FURVVHG E\ WKH FDUULHUV LV GGLV DQG WKHLU

FRUUHVSRQGLQJ GHSOHWLRQ UDGLXV LV ZGLV � WKHQ� IRU ZGLV© GGLV WKH GLVORFDWLRQV FDQ EH FRQVLGHUHG ³LVRODWHG´

VFDWWHULQJ OLQHV ��'� HPEHGGHG LQ D EXON FRQGXFWLQJ ILOP >�@� 2Q WKH RWKHU KDQG� IRU PRUH GHIHFWHG

VDPSOHV� ZKHQ ZGLV | GGLV� WKH GHSOHWHG UHJLRQV PD\ FRQQHFW PDQ\ GLVORFDWLRQ OLQHV WR IRUP H[WHQGHG

��'� GHSOHWLRQ UHJLRQV GHFRUDWLQJ D FORVHG YROXPH >�@� 7KH ODUJH YDULDWLRQ LQ HOHFWULFDO SURSHUWLHV RI

*D1 UHSRUWHG E\ YDULRXV UHVHDUFKHUV� ZKLFK VHHP WR EH VDPSOH GHSHQGHQW� PD\ ZHOO UHIOHFW WKH

SUHVHQFH RI WKHVH WZR UHJLPHV� 6LQFH *D1 H[KLELWV D FROXPQDU PLFURVWUXFWXUH� DQG VLQFH WKH VFDWWHULQJ

E\ GLVORFDWLRQ OLQH FKDUJHV LV DQJXODU GHSHQGHQW� LW LV SRVVLEOH WR REVHUYH ERWK WUDQVSRUW UHJLPHV LQ WKH

VDPH VDPSOH� E\ SHUIRUPLQJ LQ�SODQH �ODWHUDO� DQG SHUSHQGLFXODU WR WKH OD\HU SODQH �YHUWLFDO�

FRQGXFWLYLW\ PHDVXUHPHQWV�

,Q WKLV ZRUN� ZH PHDVXUHG YHUWLFDO PRELOLW\ RI *D1 E\ *HRPHWULFDO 0DJQHWR�5HVLVWDQFH �*05�� DQG

ODWHUDO PRELOLW\ E\ +DOO HIIHFW PHDVXUHPHQWV� $ ODUJH GLIIHUHQFH EHWZHHQ WKH ODWHUDO DQG YHUWLFDO

PRELOLWLHV DQG WKHLU WHPSHUDWXUH GHSHQGHQFH ZDV REWDLQHG� 7KH H[SHULPHQWDO UHVXOWV� VKRZLQJ D ODUJH

DQLVRWURS\� FDQ EH MRLQHG LQWR D FRPSUHKHQVLYH WUDQVSRUW PRGHO WKDW LQFOXGHV WKH SUHYLRXV RQHV DV

SDUWLFXODU FDVHV�

7KH *D1 ILOPV XVHG LQ WKLV ZRUN ZHUH JURZQ E\ 02&9' RQ ������ VDSSKLUH VXEVWUDWHV� DW D SUHVVXUH

RI ��� 7RUU DQG DW WHPSHUDWXUH RI ����
�
&� DIWHU D GHSRVLWLRQ RI D WKLQ *D1 EXIIHU OD\HU DW D ORZHU

WHPSHUDWXUH ����
�
&�� $ WKLQ $O*D1 EDUULHU OD\HU ZDV LQWURGXFHG DERYH WKH EXIIHU OD\HU WR SUHYHQW

SHUWXUEDWLRQ LQ WKH ODWHUDO HOHFWULFDO PHDVXUHPHQWV E\ WKH VKXQW FRQGXFWDQFH DW WKH VXEVWUDWH�EXIIHU

LQWHUIDFH� )RU *05 PHDVXUHPHQWV� D ����$ 6L GRSHG ��
��
��
FP

��
� Q W\SH *D1 FRQWDFW OD\HU ZDV

JURZQ DIWHU WKH EXIIHU OD\HU� 2Q WRS RI WKLV FRQWDFW OD\HU� WKH PDLQ ILOP �� PLFURPHWHUV WKLFN� RI

XQGRSHG *D1 ZDV JURZQ� 7ZR GLIIHUHQW GHYLFH VWUXFWXUHV ZHUH SURFHVVHG� L� D VWDQGDUG +DOO EDU ZDV

LPSOHPHQWHG XVLQJ GU\ HWFKLQJ GRZQ WR WKH VDSSKLUH VXEVWUDWH� LL� D *05 PHVD VWUXFWXUH ����
���

PP
�
� ZDV LPSOHPHQWHG XVLQJ GU\ HWFKLQJ GRZQ WR WKH 6L GRSHG FRQWDFW OD\HU� 6WDQGDUG RKPLF

�7L�$O�1L�$X� FRQWDFWV ZHUH LPSOHPHQWHG E\ OLIW�RII PHWDOOL]DWLRQ� /DUJH RKPLF FRQWDFWV ZHUH

GHSRVLWHG RQ WRS RI WKH PHVD *05 VWUXFWXUH DQG RQ WKH FRQWDFW OD\HU�

7HPSHUDWXUH GHSHQGHQW +DOO HIIHFW PHDVXUHPHQWV �PDJQHWLF ILHOG % � .*�� LQ WKH ������. UDQJH�

ZHUH SHUIRUPHG WR VWXG\ WKH ODWHUDO WUDQVSRUW RI ³DV JURZQ´ VDPSOHV� ,RQ LPSODQWDWLRQ ZDV XVHG WR

SURGXFH UDGLDWLRQ�LQGXFHG FRPSHQVDWLRQ RI FDUULHUV� WR LQFUHDVH ZGLV� DQG +DOO PHDVXUHPHQWV

SHUIRUPHG LQ WKH UDQJH ��
�
. WR ���

�
.� YV LPSODQWDWLRQ GRVH�

,Q WKH *05 VDPSOHV D PHWDO HOHFWURGH FRYHUV WKH PHVD �ZLGWK :�� $ ERWWRP HOHFWURGH LV GHSRVLWHG RQ

WRS RI WKH H[SRVHG Q
�
6L GRSHG OD\HU� 7KH YHUWLFDO GLVWDQFH EHWZHHQ WKH HOHFWURGHV� /� LV WKH WKLFNQHVV

RI WKH *D1 VDPSOH� 6LQFH LQ WKLV FDVH / © :� WKH +DOO ILHOG LV VKRUWHQHG E\ WKH FRQWDFWV� WKH /RUHQ]

IRUFH LV QR ORQJHU FRPSHQVDWHG� DQG WKH *05 LV REVHUYHG� 7KXV WKH *05 HQDEOHV WKH XVH RI D WZR

WHUPLQDO GHYLFH IRU H[WUDFWLRQ RI HOHFWURQ PRELOLW\ YDOXHV IURP WKH FXUUHQW GHSHQGHQFH RQ WKH PDJQHWLF

ILHOG� 8QOLNH LQ SK\VLFDO PDJQHWR�UHVLVWDQFH� WKH *05 HIIHFW LV SXUHO\ GXH WR WKH ERXQGDU\ FRQGLWLRQV�

*05 PHDVXUHPHQWV ZHUH SHUIRUPHG �%  � 7� LQ WKH ������
�
. UDQJH WR VWXG\ YHUWLFDO WUDQVSRUW LQ

VDPSOHV RI YDULRXV GLVORFDWLRQ GHQVLWLHV� 7KH FDUULHU FRQFHQWUDWLRQ ZDV FDOFXODWHG IURP WKH PHDVXUHG

PRELOLW\�



,Q VDPSOHV ZLWK KLJK GLVORFDWLRQ GHQVLW\ �1GLV | ��
��
FP

��
�� WKH ODWHUDO PRELOLW\ DW URRP WHPSHUDWXUH LV

ORZ ������� FP
�
�9V�� DQG QHDUO\ WHPSHUDWXUH LQGHSHQGHQW LQ WKH �������

�
. UDQJH� DQG GHFUHDVHV ZLWK

IXUWKHU GHFUHDVH LQ WHPSHUDWXUH� :KHQ WKH IUHH FDUULHU GHQVLW\ LV UHGXFHG E\ UDGLDWLRQ�LQGXFHG GDPDJH�

WKH ODWHUDO FRQGXFWLYLW\ EHFRPHV WKHUPDOO\ DFWLYDWHG� 7KH PHDVXUHG DFWLYDWLRQ HQHUJ\ YV UHFLSURFDO

FDUULHU FRQFHQWUDWLRQ LV SUHVHQWHG LQ )LJ� �� 7KH WZR VHSDUDWH UHJLPHV REVHUYHG LQ )LJ� � DUH HDVLO\

XQGHUVWRRG EDVHG RQ WKH *UDLQ %RXQGDU\ &RQWUROOHG 7UDQVSRUW PRGHO >�@� 7KHVH UHVXOWV FDQ QRW EH

SUHGLFWHG E\� DQG DUH QRW FRQVLVWHQW ZLWK� WKH GLVORFDWLRQ VFDWWHULQJ PRGHO�

7KH YHUWLFDO WUDQVSRUW DV PHDVXUHG E\ *05 RQ QRQ LPSODQWHG VDPSOH� H[KLELWV HOHFWURQ PRELOLW\ ZLWK

WKH ³XVXDO´ EHOO�VKDSHG WHPSHUDWXUH GHSHQGHQFH� 7KH SHDN PRELOLW\ LV DW D ORZHU WHPSHUDWXUH WKDQ WKDW

SUHGLFWHG E\ /RRN DQG 6L]HORYH >�@� )LJ� � VKRZV WKH WHPSHUDWXUH GHSHQGHQFH RI HOHFWURQ PRELOLW\ LQ

ODWHUDO� DQG YHUWLFDO GLUHFWLRQ� 7KH FDUULHU FRQFHQWUDWLRQ GHGXFHG IURP WKH *05 PHDVXUHPHQWV LV RQH

RUGHU RI PDJQLWXGH ORZHU WKDQ WKDW REWDLQHG E\ +DOO PHDVXUHPHQWV� 7KLV HIIHFW PD\ EH UHODWHG WR

ODWHUDO FRQILQHPHQW RI FDUULHUV E\ WKH SRWHQWLDO EDUULHUV DURXQG GLVORFDWLRQ OLQHV �GHSOHWLRQ F\OLQGHUV��

UHTXLULQJ YROXPH UH�FDOLEUDWLRQ�

)LJ�� /DWHUDO DQG YHUWLFDO PRELOLWLHV DV IXQFWLRQ RI WHPSHUDWXUH�

7KH VWURQJ DQLVRWURS\ REVHUYHG� DQG WKH TXDQWLWDWLYH GHWDLOV RI WKH PHDVXUHPHQWV� FDQ QRW EH H[SODLQHG

E\ WKH FRQYHQWLRQDO PRGHOV� $Q RULHQWDWLRQ�GHSHQGHQW WUDQVSRUW GHVFULSWLRQ LV VXJJHVWHG� EDVHG RQ WKH

FROXPQDU PLFURVWUXFWXUH RI *D1� DQG RQ H[LVWLQJ PRGHOV IRU WUDQVSRUW LQ WKH GLIIHUHQW UHJLPHV�

�� '� &� /RRN DQG -� 5� 6L]HORYH� 3K\V� 5HY� /HWW� ��� ���� �������

�� -� 6DO]PDQ� &� 8]DQ�6DJX\� 5� .DOLVK� 9� 5LFKWHU� DQG %� 0H\OHU� $SSO� 3K\V� /HWW� ��� ���� �������
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)LJ� �� $FWLYDWLRQ

HQHUJ\ RI HOHFWULFDO

FRQGXFWLYLW\ LQ *D1 YV

UHFLSURFDO FDUULHU

FRQFHQWUDWLRQ� 7ZR

VHSDUDWH UHJLPHV DUH

FOHDUO\ REVHUYHG
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/DWHUDO PRELOLW\ >+DOO PHDVXUHPHQWV@
9HUWLFDO PRELOLW\>*05 PHDVXUHPHQWV@

7HPSHUDWXUH >.@
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