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�

$EVWUDFW

7KH HIIHFWV RI GLUHFW IXHO LQMHFWLRQ DW ��� USP ZHUH H[SORUHG RQ D WZR�VWURNH VLQJOH�F\OLQGHU HQJLQH XVLQJ

JDVHRXV PHWKDQH �&+��� 0HWKDQH ZDV LQMHFWHG DW �� DWP� ZLWK VWDUW WLPLQJV UDQJLQJ IURP LPPHGLDWHO\ DIWHU

SRUW FORVXUH �KRPRJHQHRXV� WR ���%7'& �VWUDWLILHG�� 7ZR LQMHFWLRQ GXUDWLRQV ����� DQG ����� ZHUH HYDOXDWHG�

DQG WKHLU RXWSXW DQG HIILFLHQF\ FRPSDUHG WKRVH RI SUHPL[HG FKDUJHV ZLWK IXHO�DLU HTXLYDOHQFH UDWLRV UDQJLQJ

IURP WKH OHDQ OLPLW WR WKH ULFK OLPLW�

'LUHFW IXHO LQMHFWLRQ FOHDUO\ VKRZHG DQ LQFUHDVH D GHFUHDVH LQ VSHFLILF IXHO FRQVXPSWLRQ DQG D

FRUUHVSRQGLQJ LQFUHDVH LQ WKHUPDO HIILFLHQF\� 3UHVVXUH FXUYHV VXJJHVWHG WKDW WKLV ZDV GXH WR KLJKHU F\OLQGHU

SHDN SUHVVXUHV IRU D JLYHQ HTXLYDOHQFH UDWLR� 'LUHFW IXHO LQMHFWLRQ DOVR VHHPHG WR DGYDQFH WKH WLPLQJ RI SHDN

SUHVVXUHV� VR IXUWKHU ZRUN RQ PDSSLQJ VSDUN DQG LQMHFWLRQ WLPLQJV ZRXOG SURYH YDOXDEOH�

7KLV UHSRUW VSHFXODWHV RQ WKH WKHUPRG\QDPLFV EHKLQG WKH LQFUHDVHV LQ HIILFLHQF\� DQG DWWULEXWHV WKH

FDXVHV WR KLJKHU YROXPHWULF HIILFLHQF\ DQG OHVV VKRUW�FLUFXLWHG IXHO� +RZHYHU� IXUWKHU WHVWV PXVW EH GRQH� DQG

FDUH PXVW EH WDNHQ UHJDUGLQJ WKH YDOLGLW\ RI RXU GDWD GXH WR VRPH SRVVLEOH HUURUV LQ FDOLEUDWLRQ�

,QWURGXFWLRQ

*DLQV LQ VSHFLILF RXWSXW� WKHUPRG\QDPLF HIILFLHQF\ DQG SRZHU GHQVLW\ DUH WKH JRDOV RI HYHU\ HQJLQH

GHVLJQHU� 7KH WZR�VWURNH HQJLQH� ZLWK WKH DELOLW\ WR GHOLYHU D SRZHU VWURNH DW WZLFH WKH UDWH RI WKDW RI D IRXU�

VWURNH HQJLQH� LV WKH FKRLFH ZKHQ D KLJK SRZHU WR ZHLJKW UDWLR LV RI SULPDU\ LPSRUWDQFH� +RZHYHU� WKH WZR�

VWURNH HQJLQH LV VWLOO XQXVHG LQ WKH SDVVHQJHU FDU PDUNHW DQG RWKHU SRWHQWLDOO\ OXFUDWLYH LQGXVWULHV EHFDXVH RI

LWV KLJK K\GURFDUERQ HPLVVLRQV�

5HFHQWO\� SRZHUSODQW� VSHFLILFDOO\ FDU� PDQXIDFWXUHUV KDYH DFFHOHUDWHG DGYDQFHV LQ HQJLQH WHFKQRORJ\ WR

FRQIRUP ZLWK VWULFWHU HPLVVLRQV PDQGDWHV� ,Q IDFW� GXH WR WKH VXGGHQ ZHDOWK RI LPSURYHPHQWV LQ LQWHUQDO

FRPEXVWLRQ HQJLQH WHFKQRORJ\� WKH 86 JRYHUQPHQW KDV UHOD[HG LWV ]HUR HPLVVLRQV ODZV� 2QH RI WKHVH QHZHU

WHFKQRORJLHV LV GLUHFW IXHO LQMHFWLRQ� KHUHDIWHU UHIHUUHG WR DV '),� 7KLV UHSRUW ZLOO LQWURGXFH VRPH RI WKH

FKDUDFWHULVWLFV DQG DGYDQWDJHV RI '),� SDUWLFXODUO\ ZLWK UHVSHFW WR D WZR�VWURNH HQJLQH�
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�

5DWLRQDOH

:KDW�,V�'LUHFW�,QMHFWLRQ

7KH JUHDWHVW GLIIHUHQFH EHWZHHQ '), DQG

UHJXODU SRUW IXHO LQMHFWLRQ �3),� RU SUHPL[HG

FKDUJHV XVHG LQ VSDUN LJQLWLRQ JDVROLQH HQJLQHV LV

WKDW� LQVWHDG RI D SUHPL[HG PL[WXUH RI DLU DQG IXHO

HQWHULQJ WKH FRPEXVWLRQ F\OLQGHU� RQO\ DLU LV

LQGXFWHG LQ D '), HQJLQH� ZKLOH IXHO LV LQMHFWHG

GLUHFWO\ LQWR WKH F\OLQGHU DW D ODWHU WLPH� �)LJXUH ���

,Q WKLV ZD\� WKH '), FRQFHSW LV VLPLODU WR WKDW RI D

FRPSUHVVLRQ LJQLWLRQ GLHVHO HQJLQH� EXW KDV RXWSXW

FKDUDFWHULVWLFV VLPLODU WR WKDW RI D JDVROLQH HQJLQH� 7KH DGYDQWDJHV RI '), DUH QXPHURXV� DQG LWV JDLQV RYHU

3), KDYH EHHQ FRPSDUHG WR WKH JDLQV IRXQG LQ 3), GXULQJ WKH FDUEXUHWRU DJH�

:K\�'LUHFW�,QMHFWLRQ

/HDQ EXUQLQJ� ZKHUH WKH DPRXQW RI DLU LV JUHDWHU WKDQ WKH

VWRLFKLRPHWULF DPRXQW� LV GHVLUHG IRU KLJK HIILFLHQFLHV� )LJXUH �

VKRZV WKH WKHUPRG\QDPLF HIILFLHQF\ DV D IXQFWLRQ RI

FRPSUHVVLRQ UDWLR DQG VWRLFKLRPHWU\� +RZHYHU� OHDQ PL[WXUHV DUH

KDUG WR LJQLWH UHOLDEO\ ZLWK UHJXODU 3), DQG WKXV KDYH QRW EHHQ

ZLGHO\ LPSOHPHQWHG� %XW ZLWK '),� WKH IXHO�DLU PL[WXUH FDQ EH

VWUDWLILHG VXFK

WKDW WKH IXHO QHDU

WKH VSDUN LV

ZLWKLQ WKH

IODPPDELOLW\

OLPLWV ZKLOH WKH

UHVW RI WKH FKDUJH LV OHDQ HQRXJK VXFK WKDW NQRFN LV XQOLNHO\

>�@� 7KLV DOORZV IRU WKH KLJK HIILFLHQFLHV SUHYLRXVO\

XQDWWDLQDEOH ZLWK 3),� 2Q WKH RWKHU KDQG� UHJXODU

KRPRJHQHRXV PL[WXUHV FDQ DOVR EH HPXODWHG ZKHQ KLJK

SRZHU LV UHTXLUHG E\ LQMHFWLQJ UHODWLYHO\ HDUO\ DQG DOORZLQJ WKH

PL[WXUH WR EHFRPH XQLIRUP SULRU WR LJQLWLRQ �)LJXUH ���

)LJXUH �� 7KH DJH RI GLUHFW IXHO LQMHFWLRQ >�@

)LJXUH �� (IILFLHQF\ YV� 6WRLFKLRPHWU\� >�@

)LJXUH �� $ K\EULG EHWZHHQ VSDUN

LJQLWLRQ JDVROLQH DQG FRPSUHVVLRQ

LJQLWLRQ GLHVHO� >�@
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,Q DGGLWLRQ WR WKH HIILFLHQF\ JDLQV GXH WR OHDQ EXUQLQJ� '), LV OLNH WKH GLHVHO GHVLJQ DQG DOORZV ORDG DQG

RXWSXW FRQWURO E\ GHWHUPLQLQJ WKH IXHO TXDQWLW\ LQMHFWHG UDWKHU WKDQ WKH DLU LQGXFWHG� 7KLV HOLPLQDWHV WKH QHHG

RI D WKURWWOH� DQG SXPSLQJ ORVVHV DUH VLJQLILFDQWO\ UHGXFHG >�@� 0LWVXELVKL 0RWRUV HVWLPDWHV WKH HIILFLHQF\

LQFUHDVH IURP WKLV IDFWRU DORQH WR DFFRXQW IRU KDOI RI WKH JDLQV DWWDLQDEOH WKURXJK WKH XVH RI '), LQ IRXU�

VWURNH HQJLQHV >�@� %XW� XQOLNH D GLHVHO� WKH VSDUN WLPLQJ FDQ DOVR EH DGMXVWHG� 7KHUHIRUH� EHFDXVH IXHO LV

LQMHFWHG LQGHSHQGHQWO\ RI WKH DLU� WKHUH H[LVWV WKH SDUDPHWHU RI LQMHFWLRQ WLPLQJ LQ DGGLWLRQ WR VSDUN WLPLQJ�

0LWVXELVKL 0RWRUV IHHO WKDW WKH PRVW GLVWLQFWLYH IHDWXUH RI '), LV WKH IUHHGRP RI PL[WXUH SUHSDUDWLRQ >�@�

)XUWKHUPRUH� GLIILFXOWLHV LQ FRQWUROOLQJ 12[ HPLVVLRQV LQ OHDQ EXUQLQJ SRUW IXHO LQMHFWLRQV LV OHVV VHYHUH DV

GLUHFW LQMHFWLRQ HQJLQHV WHQG WR EH YHU\ WROHUDQW WR LQWHUQDO H[KDXVW JDV UHFLUFXODWLRQ �(*5�� ZKLFK� LQ LWVHOI�

DOVR UHGXFHV SXPSLQJ ZRUN >�@�

,Q WHUPV RI GULYDELOLW\� WKH PRVW VLJQLILFDQW JDLQV LQ

XWLOL]LQJ '), LQFOXGH KLJKHU VSHFLILF WRUTXH DQG D ORZHU

NQRFNLQJ WHQGHQF\� ERWK RI ZKLFK UHVXOW IURP FKDUJH

FRROLQJ >�@� ZKHQ OLTXLG IXHOV DUH XVHG� :KHUHDV LQ 3),� WKH

IXHO YDSRUL]HV E\ DEVRUELQJ KHDW IURP WKH SRUW ZDOO DQG

YDOYHV� WKH KHDW RI YDSRUL]DWLRQ LQ D '), HQJLQH LV VXSSOLHG

E\ WKH DLU LWVHOI� WKHUHE\ UHGXFLQJ WKH DYHUDJH FKDUJH

WHPSHUDWXUH DQG DOORZV IRU KLJKHU FRPSUHVVLRQ UDWLR DQG

KLJKHU WKHUPRG\QDPLF �LQ SDUWLFXODU� YROXPHWULF� HIILFLHQF\

>�@� )RU H[DPSOH� WKH KHDW RI YDSRUL]DWLRQ IRU JDVROLQH LV

DSSUR[LPDWHO\ ��� N-�NJ� 7KLV FKDUJH FRROLQJ HIIHFW DOVR

PHDQV OHVV KHDW LV ORVW WKURXJK WR WKH FRRODQW WKURXJK WKH

F\OLQGHU ZDOOV >�@� 0LWVXELVKL HVWLPDWHV D UHGXFWLRQ FKDUJH

WHPSHUDWXUHV RI DERXW ��.� DQG D GHFUHDVH RI DERXW ��.

ZKHQ IXOO\ FRPSUHVVHG IRU D ��VWURNH PXOWLYDOYH HQJLQH >�@�

$OVR� DJJUHVVLYH VSDUN WLPLQJV FDQ EH XWLOL]HG ZLWKRXW

UXQQLQJ LQWR WKH DXWRLJQLWLRQ OLPLW� DQG FRPSUHVVLRQ UDWLRV

FDQ EH LQFUHDVHG IRU HYHQ KLJKHU HIILFLHQF\�

$OWKRXJK WKH IXHO HFRQRP\ EHQHILWV RI '), UXQQLQJ DW

VWRLFKLRPHWULF LV RQO\ D IHZ SHUFHQW FRPSDUHG WR 3), �GHSHQGHQW RQ WKH GHJUHH RI (*5� WKH UHGXFWLRQV LQ

IXHO HFRQRP\ FDQ EH DV KLJK DV ��� VLQFH WKH '), FDQ JXDUDQWHH SURSHU PL[WXUH LJQLWLRQ DW JDVROLQH $)5

�DLU�IXHO UDWLR� EH\RQG ���� >�@� 2WKHU HVWLPDWHV DUH SXW DW ��� ZKHQ FRPSDUHG ZLWK 3), UXQQLQJ DW

VWRLFKLRPHWULF >�@�

)LJXUH �� $WWDLQDEOH LQFUHDVHV LQ YROXPHWULF

HIILFLHQF\ DQG WRUTXH GXH WR '), >�@�
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7KH WZR VWURNH HQJLQH� DOWKRXJK ZLWK D KLJK SRZHU WR ZHLJKW KDV EHHQ GHHPHG HQYLURQPHQWDOO\

XQIULHQGO\ EHFDXVH LW FDQ EH FRQVLGHUHG DV RQ RSHQ V\VWHP� ZKHUH WKH IXHO�ODGHQ LQWDNH FKDUJH XVHG WR H[KDXVW

WKH FRPEXVWHG PL[WXUH �VFDYHQJLQJ� RIWHQ VKRUW�FLUFXLWV DQG HVFDSHV� XQEXUQHG� RXW RI WKH H[LW SRUW >�@�

UHVXOWLQJ LQ H[WUHPHO\ KLJK +& HPLVVLRQV DQG XQXVHG IXHO� +RZHYHU� ZKHQ '), LV XWLOL]HG� LQMHFWLRQ WLPLQJ

FDQ EH DGMXVWHG VXFK WKDW IXHO HQWHUV WKH F\OLQGHU RQO\ ZKHQ WKH H[KDXVW SRUW LV FORVHG� VR WKH HDUOLHU SUREOHPV

RI VKRUW�FLUFXLWLQJ DUH QRW D PDMRU FRQFHUQ� 7KLV PHDQV D VLJQLILFDQW UHGXFWLRQ LQ ZDVWHG IXHO� DQG WKXV HYHQ

KLJKHU JDLQV LQ HIILFLHQF\ DUH SRVVLEOH ZKHQ '), LV XVHG LQ FRQMXQFWLRQ ZLWK WZR�VWURNH GHVLJQV�

'HVSLWH WKH PXOWLSOH EHQHILWV RI GLUHFW LQMHFWLRQ� LW KDV QRW EHHQ ZLGHO\ LPSOHPHQWHG EHFDXVH WKH

GLIILFXOW\ LQ FR�RUGLQDWLQJ WKH IXHO� DLU DQG VSDUN� :LWK LPSURYHPHQWV LQ HOHFWURQLF FRQWURO WHFKQRORJ\�

KRZHYHU� WKH IHDVLELOLW\ RI '), KDV LQFUHDVHG GUDPDWLFDOO\�

,QMHFWLRQ�7LPLQJ�DQG�,QMHFWRU�'HVLJQ

,QLWLDO GHVLJQV RI '), KDG WKH VSDUN SOXJ DQG IXHO LQMHFWRU

FORVH WRJHWKHU WR DFKLHYH D VSUD\�JXLGHG GLVWULEXWLRQ� �)LJXUH

���+RZHYHU� WKLV WHFKQLTXH VKRUWHQV WKH OLIHWLPH RI WKH SOXJ

GXH WR WKH LPSLQJHPHQW RI OLTXLG IXHO RQ WKH HOHFWURGH DQG

WKXV ZDV GHHPHG XQUHOLDEOH� $ PRUH UHOLDEOH VROXWLRQ LV

REWDLQHG YLD D ZDOO�JXLGHG WHFKQLTXH� VXFK DV WKDW XVHG E\

0LWVXELVKL 0RWRUV LQ WKHLU '), HQJLQH� ZKHUH D FDYLW\ DW WKH

WRS RI WKH SLVWRQ JXLGHV WKH FKDUJH IORZ� $Q DLU�JXLGHG

WHFKQLTXH DOVR H[LVWV� ZKHUH WKH PL[WXUH LV GLUHFWHG E\ D ZHOO

GHILQHG LQ�F\OLQGHU IORZ >�@� 2UELWDO DQG RWKHU FRPSDQLHV DUH

LQYHVWLJDWLQJ DLU DVVLVWHG LQMHFWLRQ ZKLFK DOORZV WKH IXHO

LQMHFWRU WR VSUD\ DLU DV ZHOO DV IXHO� DW SUHGHWHUPLQHG WLPHV WR

ZLGHQ WKH IODPPDELOLW\ UDQJH IXUWKHU >�@� $V DIRUHPHQWLRQHG�

LQ DGGLWLRQ WR VSDUN WLPLQJ� LQMHFWLRQ WLPLQJ LV RI LPSRUWDQFH

LQ D VSDUN LJQLWLRQ '), HQJLQH� ,Q RUGHU WR H[WUDFW WKH KLJKHVW

YROXPHWULF HIILFLHQF\ IURP FKDUJH FRROLQJ� SLVWRQ ZHWWLQJ LV

WR EH DYRLGHG� VR ODWHU LQMHFWLRQ WLPLQJV WHQG WR EH EHVW� DV

ORQJ DV LW LV QRW WRR ODWH VXFK WKDW LQVXIILFLHQW WLPH UHPDLQV

IRU YDSRUL]DWLRQ� )LJXUH � VKRZV WKH GLIIHUHQW LQMHFWRU

SDWWHUQV IRU GLIIHUHQW FRQGLWLRQV�

)LJXUH �� ,QMHFWRU ORFDWLRQ >�@

)LJXUH �� 'LIIHUHQW LQMHFWLRQ SDWWHUQV IRU

GLIIHUHQW FRQGLWLRQV >�@
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'HILQLWLRQV�DQG�&RQFHSWV

7KH UHDOLVWLF GHILQLWLRQ RI WKHUPDO HIILFLHQF\ LV JLYHQ DV WKH UDWLR EHWZHHQ UDWH DW

ZKLFK WKH HQJLQH SURGXFHV ZRUN �SRZHU� DQG WKH UDWH RI KHDW LQSXW �(TXDWLRQ ���

$V DIRUHPHQWLRQHG� SDUW RI WKH DGYDQWDJHV RI '), FDQ EH DWWULEXWHG WR LQFUHDVHV LQ

YROXPHWULF HIILFLHQF\� VR LW LV DSSURSULDWH WR GHILQH WKH WHUP KHUH� 7KH YROXPHWULF

HIILFLHQF\ LV D PHDVXUH RI WKH HIIHFWLYHQHVV RI DQ HQJLQH·V DELOLW\ WR SXPS DLU

�(TXDWLRQ ��� 8VLQJ WKH LGHDO JDV UHODWLRQV� WKH H[SUHVVLRQ IRU YROXPHWULF HIILFLHQF\

EHFRPHV WKDW VKRZQ LQ (TXDWLRQ �� DV D IXQFWLRQ RI PROHFXODU ZHLJKWV� SUHVVXUHV�

WHPSHUDWXUHV� WKH IXHO�DLU UDWLR� WKH FRPSUHVVLRQ UDWLR DQG WKH UDWLR RI VSHFLILF KHDWV

IRU WKH PL[WXUH�

6LQFH WKH LQWDNH

SUHVVXUH LV WKH

VXP RI WKH SDUWLDO

SUHVVXUHV RI WKH

DLU� IXHO DQG ZDWHU� DQG� WKH JDVHRXV IXHO H[LVWV ZLWKLQ WKH LQWDNH V\VWHP IRU D 3), HQJLQH� WKH SDUWLDO SUHVVXUH

RI DLU LV ORZHU WKDQ WKDW RI WKH HQWLUH PL[WXUH� DQG WKXV D 3), HQJLQH KDV D ORZHU YROXPHWULF HIILFLHQF\�

$Q LQGLFDWRU RI WKH RXWSXW RI DQ HQJLQH LV WKH LQGLFDWHG ZRUN� : �WKH FRPPRQ XQLW LV

-� WKH MRXOH�� 3OHDVH QRWH WKDW ZH KDYH GHFLGHG WR XVH WKH JURVV YDOXH RI LQGLFDWHG VR DV WR

HOLPLQDWH VOLJKW FKDQJHV LQ SXPSLQJ ZRUN� *UDSKLFDOO\� : LV WKH DUHD EHWZHHQ WKH WUDFHV RI

WKH SUHVVXUH�YROXPH FXUYHV� H[FOXGLQJ WKH ORRS DW WKH ORZHU ULJKW KDQG FRUQHU� 7KH JURVV

SRZHU� 3 �QRUPDOO\ LQ N:�� RI DQ HQJLQH LV WKHQ WKH SURGXFW RI WKH : DQG WKH HQJLQH

VSHHG� 6 �LQ UHYROXWLRQV SHU PLQXWH RU UHYROXWLRQV SHU VHFRQG�� GLYLGHG E\ WKH QXPEHU RI

UHYROXWLRQV SHU SRZHU VWURNH SHU F\OLQGHU �� IRU IRXU�VWURNH F\FOHV DQG � IRU WZR�VWURNH

F\FOHV�� DV VKRZQ LQ (TXDWLRQ �� 7KHUHIRUH� RQH FDQ VHH WKDW� DW D JLYHQ VSHHG DQG

LQGLFDWHG ZRUN� D WZR�VWURNH HQJLQH ZLOO SURGXFH GRXEOH WKH SRZHU� DQG LW LV IRU WKLV

UHDVRQ WKDW WZR�VWURNH GHVLJQV DUH DFFODLPHG IRU WKHLU KLJK SRZHU GHQVLW\�

$ PRUH XVHIXO LQGLFDWRU LV DOPRVW QRQ�GLPHQVLRQDO SDUDPHWHU IRU GHVFULELQJ

HQJLQH RXWSXW LV WKH PHDQ HIIHFWLYH SUHVVXUH �0(3� XVXDOO\ LQ N3D RU 03D��

$OWKRXJK YDULRXV GHILQLWLRQV H[LVW� WKLV UHSRUW ZLOO XVH WKH VWDQGDUG GHILQLWLRQ IRU

JURVV LQGLFDWHG PHDQ HIIHFWLYH SUHVVXUH �,0(3�� ,0(3 LV GHILQHG DV ZRUN RXWSXW SHU F\FOH

GLYLGHG E\ WKH HQJLQH GLVSODFHPHQW� �(TXDWLRQ ���

$OWKRXJK FRPSDULVRQV LQ ,0(3 FDQ JLYH WKH GLVSODFHPHQW HIILFLHQF\ RI WKH HQJLQH�

WKH IXHO FRQVXPSWLRQ LV QRW WDNHQ LQWR DFFRXQW� 7KXV� WKH LQGLFDWRU RI LQGLFDWHG VSHFLILF

FRPEXVWLRQIXHO4P
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IXHO FRQVXPSWLRQ �,6)&� LV PRUH PHDQLQJIXO WKHUPRG\QDPLFDOO\ �(TXDWLRQ ��� ,W LV

GHILQHG DV WKH PDVV IORZ UDWH RI IXHO GLYLGHG E\ WKH SRZHU RXWSXW� DQG WKXV KDV WKH

XQLWV RI J�N: K� 7KH ,6)& LV WKH PRVW FRPPRQO\ XVHG LQGLFDWRU IRU HIILFLHQF\� LQ OLHX

RI (TXDWLRQ �� 7KHUH DUH DOVR WKH IXHO�DLU UDWLR �$)5� DQG IXHO�DLU UDWLR �)$5� E\ PDVV

�(TXDWLRQ � D� E�� 7KH LQYHUVH RI WKLV UDWLR LV VRPHWLPHV XVHG WRR� 7KH LQGLFDWRU I� IRU

HTXLYDOHQFH UDWLR� LV XVHG WR GHVFULEH WKH TXRWLHQW RI WKH DFWXDO )$5 �IXHO�DLU UDWLR� RYHU

VWRLFKLRPHWULF� 7KXV� I JUHDWHU WKDQ RQH VLJQLILHV D ULFK PL[WXUH� DQG I OHVV WKDQ RQH

VLJQLILHV D OHDQ PL[WXUH�

6LQFH WKH WZR�VWURNH HQJLQH LV DQ RSHQ F\FOH ZKHUH IUHVK FKDUJH GLVSODFHV

FRPEXVWHG JDVHV� VHYHUDO PRUH GHILQLWLRQV DUH UHTXLUHG� 7KH VFDYHQJH UDWLR� 65� LV WKH

DPRXQW UDWLR RI WKH PDVV RI DLU VXSSOLHG GXULQJ WKH LQWDNH�VFDYHQJLQJ SHULRG WR WKH

DFWXDO PDVV WKDW FRXOG ILOO WKH HQWLUH F\OLQGHU YROXPH �(TXDWLRQ ���� 6HYHUDO RWKHU

GHILQLWLRQV VXFK DV GHOLYHU\ UDWLR �'5��VFDYHQJLQJ HIILFLHQF\ �6(�� WUDSSLQJ HIILFLHQF\

�75� DQG FKDUJLQJ HIILFLHQF\ �&(� DQG FKDUJH SXULW\ �3� GHVFULEH VLPLODU LGHDV�

:H FDQ DOVR DQDO\]H KRZ FKDUJH FRROLQJ UHGXFHV F\OLQGHU WHPSHUDWXUHV E\

FRQVLGHULQJ DQ HQHUJ\ EDODQFH IRU D FRQWURO YROXPH� +RZHYHU� VLQFH WKDW ZLOO QRW EH WKH

IRFXV RI WKH UHSRUW� , ZLOO MXVW JLYH WKH HTXDWLRQ IRU WKH WHPSHUDWXUH GLIIHUHQFH GXH WR

YDSRUL]DWLRQ� DVVXPLQJ D FRQVWDQW VSHFLILF KHDW UDWLR �&S�� (TXDWLRQ �� VKRZV WKDW LI

WKH KHDW RI YDSRUL]DWLRQ FDQ EH VXSSOLHG IURP WKH DLU DORQH VXFK WKH FKDUJH

WHPSHUDWXUHV ZLOO GURS SURSRUWLRQDOO\ WR WKH DPRXQW RI IXHO� 7KLV LV WKH SULPDU\

HIIHFW RI FKDUJH FRROLQJ� ZKLFK DOORZV IRU KLJKHU FRPSUHVVLRQ UDWLRV�

DLU

IXHO

IXHO

DLU

P

P
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�

([SHULPHQW

,GHD�DQG�*RDO

%HFDXVH WKH WZR�VWURNH HQJLQH LV IDYRUDEOH GXH WR LWV KLJK SRZHU GHQVLW\� ZH KDYH FKRVHQ� LQ WKLV

H[SHULPHQW� WR GHWHUPLQH WKH HIIHFWV RI '), RQ ,0(3 DQG ,6)& LQ D WZR�VWURNH VLQJOH�F\OLQGHU HQJLQH� ,W LV

KRSHG WKDW� ZLWK WKH LPSOHPHQWDWLRQ RI '),� D QRWLFHDEOH GHFUHDVH LQ ,6)& FDQ EH REVHUYHG� $OWKRXJK FKDUJH

FRROLQJ LV D PDMRU EHQHILW RI '), VLQFH WKH SUDFWLFDO IXHOV DUH LQ WKH OLTXLG SKDVH� ZH KDYH FKRVHQ WR XVH

JDVHRXV PHWKDQH IRU IHDVLELOLW\ UHDVRQV� )XUWKHUPRUH� WKLV DOORZHG XV WR HVWLPDWH PRUH DFFXUDWHO\ WKH LQFUHDVH

LQ HIILFLHQF\ GXH WR WKH HOLPLQDWLRQ RI IXHO VKRUW�FLUFXLWLQJ DQG YROXPHWULF HIILFLHQF\ GXH WR DQ DLU�RQO\

LQGXFWLRQ�

'HVLJQ

7KH WHVWV ZHUH

FRQGXFWHG RQ D WZR�VWURNH

VLQJOH F\OLQGHU HQJLQH� ZLWK

GHVLJQ VSHFLILFDWLRQV OLVWHG

LQ 7DEOH �� 7KH HQJLQH DQG

F\OLQGHU KHDG DUH VKRZQ DV

)LJXUHV � DQG �� DQG LWV

VFKHPDWLF LV VKRZQ DV

)LJXUH �� ,Q VXPPDU\� WKH

XQGHUVTXDUH ������ FP�

HQJLQH LV RI WKH FURVV�

VFDYHQJHG ZLWK � LQWDNH

DQG � H[KDXVW SRUWV O\LQJ

DORQJ WKH F\OLQGHU·V

FLUFXPIHUHQFH� ZLWK

WLPLQJV RI ��� DQG ���

IURP %'&� UHVSHFWLYHO\�

7KHUH LV DOVR D ���� FP�

FXS LQ WKH VKDSH RI D UHFWDQJXODU SULVP DW WKH WRS RI F\OLQGHU KHDG� ZLWK JODVV ZLQGRZV WR IDFLOLWDWH

FRPEXVWLRQ YLVXDOL]DWLRQ� 7KHVH GLPHQVLRQV UHVXOW LQ D JHRPHWULF FRPSUHVVLRQ UDWLR RI ����� DQG D

FRPSUHVVLRQ UDWLR RI ���� DIWHU H[KDXVW SRUW FORVXUH� 0RVW RI WKHVH GDWD DUH SURYLGHG E\ 'H 5LVL >��@� ZKR

XVHG WKLV HQJLQH IRU D 6$( SDSHU ODVW \HDU� ,JQLWLRQ ZDV WULJJHUHG E\ XVLQJ D W\SLFDO -�JDS VSDUN SOXJ PRXQWHG

)LJXUH �� (QJLQH DQG H[KDXVW

)LJXUH �� &\OLQGHU KHDG ZLWK

JODVV ZLQGRZV

6SHFLILFDWLRQV 9DOXH 8QLWV

%RUH ����� PP

6WURNH ������ PP

&RQQHFWLQJ 5RG /HQJWK ������ PP

,QWDNH 3RUW 7LPLQJ ��� �%'&

([KDXVW 3RUW 7LPLQJ ��� �%'&

6TXLVK $UHD �� �

&OHDUDQFH +HLJKW ��� PP

&XS /HQJWK 	 :LGWK ����� PP

&XS 'HSWK ����� PP

&XS 9ROXPH ����� FPA�

'LVSODFHPHQW ������ FPA�

7RWDO 9ROXPH ������ FPA�

&RPSUHVVLRQ 5DWLR

�*HRPHWULF� ����

&RPSUHVVLRQ 5DWLR

�([KDXVW 3RUW &ORVXUH� ����

6SDUN 3OXJ

,JQLWLRQ

)XHO ,QMHFWRU

,QMHFWLRQ %DFN 3UHVVXUH �� atm

- 7\SH

��9� *0/;����

$LU )RUFHG� )RUG

7DEOH �� (QJLQH VSHFLILFDWLRQV ZLWK VRPH

GDWD IURP >��@�
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�

WUDQVYHUVH WR WKH F\OLQGHU D[LV DQG SRZHUHG E\ D ��

9'& SRZHU VXSSO\ DQG WULJJHUHG E\ D *0 /;����

LJQLWLRQ PRGXOH� 7KH IXHO LQMHFWRU IRU '), ZDV

VLWXDWHG DW WKH WRS RI WKH F\OLQGHU KHDG� SDUDOOHO WR WKH

F\OLQGHU D[LV� $ FRPSUHVVRU VXSSOLHG WKH DLU WKURXJK

D PDVV IORZ PHWHU DQG D ���� / VXUJH WDQN WR VWHDG\

RXW SUHVVXUH GLVWXUEDQFHV� $ YDFXXP SXPS

SUHYHQWHG RLO EXLOGXS LQ WKH FRPEXVWLRQ FKDPEHU�

3DUDPHWHUV�IRU�3UHPL[HG�	�'),

7HVWV ZHUH UXQ DW ��� USP DQG OLJKW ORDG WR

VLPXODWH LGOLQJ DQG ORZ GHPDQG FRQGLWLRQV�

+RZHYHU� WKH VSDUN ZDV RQO\ WULJJHUHG RQFH HYHU\

VL[WK F\FOH WR UHGXFH F\OLQGHU WHPSHUDWXUHV DQG WR

DOORZ IRU JRRG VFDYHQJLQJ� 7KH DLU IORZ ZDV NHSW

FRQVWDQW DW ���� 6&)0 �VWDQGDUG FXELF IHHW SHU PHWHU

LQGLFDWHG E\ D +DVWLQJV IORZ PHWHU� RU ��� FP��V�

ZKLFK LV SURSHU DPRXQW IRU D VFDYHQJH UDWLR RI ����

DVVXPLQJ LGHDO VFDYHQJLQJ� ,Q UHDOLW\� KLJKHU VFDYHQJH

UDWLRV DUH XVXDOO\ UHTXLUHG WR DOORZ SURSHU

FRPEXVWLRQ GXH WR LQHIILFLHQFLHV� +RZHYHU� VLQFH �

XQILUHG� PRWRUHG F\FOHV SUHFHGHG HDFK ILUHG F\FOH� ZH

DVVXPHG WKDW ZH FRXOG REWDLQ HQWLUHO\ IUHVK FKDUJH

EHIRUH HDFK LJQLWLRQ�

6SDUN WLPLQJ ZDV NHSW DW ��� %7'&� ZKLFK

DSSHDUHG WR EH WKH RSWLPXP IRU VWRLFKLRPHWULF

FRPEXVWLRQ DW RXU HQJLQH VSHHG� %HFDXVH WKH LJQLWLRQ

PRGXOH KDG D EXLOW�LQ WLPH GHOD\� FDUH ZDV WDNHQ WR

GHWHUPLQH LWV YDOXH XVLQJ D VWUREH DQG DQ

RVFLOORVFRSH� $W ��� USP� WKH WLPH GHOD\

FRUUHVSRQGHG WR ���� 'HWHUPLQDWLRQ RI WKH

WKHRUHWLFDO VWRLFKLRPHWULF $)5 E\ PDVV ZDV

QHFHVVDU\� WKH EDODQFHG FKHPLFDO HTXDWLRQ LV VKRZQ

DV (TXDWLRQ ��� )XUWKHU FDOFXODWLRQV LQYROYLQJ PROHFXODU ZHLJKWV JDYH DQ $)5 RI ����� E\ PDVV� +RZHYHU�

ZH XVHG D WDEXODWHG YDOXH RI ����� >�@� VLQFH (TXDWLRQ �� GRHV QRW LQFOXGH WKH WUDFH JDVHV IRXQG LQ DLU�

)LJXUH �� &\OLQGHU VFKHPDWLF >��@�

� �
������

���������� 12+&212&+ ��o��

(TXDWLRQ ��� &KHPLFDO EDODQFH IRU PHWKDQH LQ DLU

�R[\JHQ DQG QLWURJHQ�
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�

3UHPL[HG

%HFDXVH 3), FRXOG QRW EH REWDLQHG ZLWK WKH ODERUDWRU\ VHWXS� PHWKDQH IURP D VWRUDJH F\OLQGHU� GHOLYHUHG

DW DERXW ����� DWP ZDV UHJXODWHG E\ D FRQWURO YDOYH DQG SUHPL[HG DERXW � P XSVWUHDP IURP WKH F\OLQGHU� $

+DVWLQJV IORZ PHWHU LQGLFDWHG WKH UDWH RI IXHO IORZ� 6LQFH WKH IORZ PHWHU ZDV FDOLEUDWHG IRU DLU� PXOWLSOLFDWLRQ

E\ D SXEOLVKHG FRQYHUVLRQ IDFWRU RI ���� ZDV QHFHVVDU\ WR REWDLQ WKH FRUUHFW PDVV IORZ UDWH� :H DWWHPSWHG WR

GHWHUPLQH VWRLFKLRPHWU\ E\ DQ HPLVVLRQV WHVWHU� +RZHYHU� GXH WR WKH IDFW WKDW ZH ZHUH VSDUNLQJ RQO\ D VL[WK

RI WKH WLPH� WKH HPLVVLRQV WHVWHU·V UHVROXWLRQ ZDV GHHPHG LQDGHTXDWH IRU RXU SXUSRVHV� ,QVWHDG� VWRLFKLRPHWULF

EXUQLQJ KDG WR EH GHWHUPLQHG E\ ZDWFKLQJ WKH IODPH FRORU� 6HYHQ $)5V ZHUH UHFRUGHG� UDQJLQJ IURP WKH OHDQ

WR WKH ULFK OLPLW�

'),

$ )RUG DLU IRUFHG LQMHFWRU ZDV XVHG LQ WKH '), WHVWV� 7KH FRPSXWHU VLJQDOHG D WLPHG FRQWUROOHG YROWDJH

JHQHUDWRU� 7KH RXWSXW YROWDJH ZDV WKHQ LQYHUWHG DQG VHQW WR D FXUUHQW JHQHUDWRU WR DFWLYDWH WKH LQMHFWRU·V

SRSSHW� $Q\ XQLQMHFWHG IXHO ZRXOG EH URXWHG WKURXJK DQ RYHUIORZ WXEH� DQG WKLV H[FHVV PHWKDQH ZDV EXUQHG�

:H EDVHG RXU LQMHFWLRQ VWDUW WLPLQJ DQG GXUDWLRQ SDUDPHWHUV RQ 'H 5LVL·V >��@ 6$( SDSHU� )RU VDIHW\ DQG

LQMHFWRU GXUDELOLW\ FRQFHUQV� WKH PHWKDQH EDFNSUHVVXUH ZDV VHW DW �� DWP� ,W VKRXOG EH QRWHG WKDW WKH DPRXQW

RI IXHO LQMHFWHG ZDV QRW MXVW D IXQFWLRQ RI LQMHFWLRQ GXUDWLRQ� 5DWKHU� LW ZDV DOVR D IXQFWLRQ RI LQMHFWRU VWDUW

WLPLQJ VLQFH WKH DPRXQW RI IXHO LV SURSRUWLRQDO WR WKH GLIIHUHQFH EHWZHHQ WKH PHWKDQH DQG F\OLQGHU SUHVVXUHV�

7KXV� ZLWK DQ HDUOLHU LQMHFWRU VWDUW WLPLQJ� WKH F\OLQGHU SUHVVXUH ZDV ORZHU� DQG PRUH PHWKDQH FRXOG EH

LQMHFWHG�

'XH WR WKH UHTXLUHPHQW RI D �� DWP LQMHFWLRQ SUHVVXUH� WKH +DVWLQJV IORZ PHWHU XVHG IRU WKH SUHPL[HG

FKDUJHV FRXOG QRW EH XVHG IRU '),� ,QVWHDG� WZR 0DWKHVRQ )0����� PDVV IORZ PHWHUV ZHUH XVHG� RQH IRU WKH

PDLQ IORZ� DQG RQH RI WKH RYHUIORZ� 6LQFH WKHVH ZHUH XQFDOLEUDWHG� D 6LQJHU YROXPH UHFRUGHU ZDV XVHG WR

GHWHUPLQH WKH UHODWLRQ EHWZHHQ PHWHU GLYLVLRQV DQG DFWXDO PDVV IORZ� )RU WKH PDLQ IORZ� H[SDQVLRQ YDOYHV

ZHUH QHFHVVDU\ VLQFH WKH YROXPH UHFRUGHU FRXOG QRW ZLWKVWDQG SUHVVXUHV VLJQLILFDQWO\ KLJKHU WKDQ � DWP� 6LQFH

WKH RYHUIORZ ZRXOG EH YHQWHG DQG EXUQHG DW DWPRVSKHULF SUHVVXUH� WKH XVH RI H[SDQVLRQ YDOYHV ZDV

XQQHFHVVDU\ IRU WKH RYHUIORZ PHWHU FDOLEUDWLRQ� $ FDOLEUDWLRQ FKDUW IRU ERWK PHWHUV DUH VKRZQ DV )LJXUH �� LQ

WKH DSSHQGL[� 7KH PDVV IORZ UDWH WKURXJK WKH PDLQ IORZ PHWHU ZDV UHDG� IURP ZKLFK ��� RI WKH YDOXH

LQGLFDWHG E\ WKH RYHUIORZ PHWHU ZDV VXEWUDFWHG� 7KH ��� IDFWRU ZDV GXH WR WKH IDFW WKDW ZH ZHUH ILULQJ HYHU\

�WK VWURNH� 6RPH HUURUV ZHUH LQKHUHQW ZLWK RXU PHDVXUHPHQWV EHFDXVH ZH DVVXPHG D VWHDG\ VWDWH IORZ� ZKLFK

ZDV REYLRXVO\ QRW WKH FDVH ZLWK '),� WKH IORZ PHWHUV� HVSHFLDOO\ WKH RYHUIORZ PHWHU� DOVR VKRZHG VLJQLILFDQW

IOXFWXDWLRQ DW WLPHV� +RZHYHU� WKH PDVV IORZ UDWHV ZHUH UHSHDWDEOH DV ORQJ DV ZH JDYH D PLQXWH RU WZR WR

DOORZ IRU WKH PHWKDQH SUHVVXUH WR UHDFK D SVHXGR�HTXLOLEULXP LQ WKH WXEHV� 6WLOO� VRPH HUURU LV LQYROYHG GXH WR
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��

WKH DVVXPSWLRQ RI WKH � DWP RYHUIORZ SUHVVXUH� :KHQ ZH UDQ WKH '), HQJLQH XQILUHG� WKH RYHUIORZ UHDGLQJ

GLG QRW FRUUHVSRQG WR WKH PDLQ IORZ UHDGLQJ� D GLIIHUHQFH RI DERXW ���� J�V ZDV REVHUYHG�

7ZR LQMHFWLRQ GXUDWLRQV ZHUH XVHG� ���� PV RU ���� DQG ���� PV RU ���� )RU HDFK GXUDWLRQ� WHVWV ZHUH

GRQH ZLWK IRXU LQMHFWLRQ VWDUW WLPLQJV� ����� ����� ��� DQG ��� �DOO $%'&�� 'H 5LVL >��@�VXJJHVWHG D VWDUW

WLPLQJ RI ����$%'&� +RZHYHU� ZLWK RXU ��DWP EDFNSUHVVXUH� UHOLDEOH ILULQJ FRXOG QRW EH REWDLQHG�

'DWD�$FTXLVWLRQ

7KH F\OLQGHU KHDG ZDV

HTXLSSHG ZLWK D SUHVVXUH

WUDQVGXFHU� DQG D WUDQVGXFHU

ZDV DOVR LQVWDOOHG DW WKH

LQMHFWRU WR YHULI\ WKDW WKH

LQMHFWRU·V SRSSHW ZDV

RSHUDWLRQDO� 7KH DPSOLILHG

VLJQDOV IURP WKH WUDQVGXFHUV

ZHUH XVHG DV LQSXWV IRU D

SHUVRQDO FRPSXWHU� /LYH

HQJLQH VSHHG GDWD ZHUH

GLVSOD\HG RQ D VHFRQG

SHUVRQDO FRPSXWHU� ZKLFK

DOVR VHUYHG DV WKH WULJJHU IRU

VSDUN DQG LQMHFWLRQ WLPLQJV�

)LJXUH�� VKRZV WKH GDWD

DFTXLVLWLRQ FRPSXWHUV� $Q

DLU�RQO\ PRWRUHG UXQ ZDV

UHFRUGHG WR GHWHUPLQH WKH LQWHJULW\ RI WKH PHDVXUHPHQW SURFHGXUH� DQG LV VKRZQ LQ )LJXUH ��� 8VLQJ

/DQFDVWHU·V SDSHU >��@ DV D JXLGHOLQH� LW DSSHDUV WKDW RXU F\OLQGHU FOHDUDQFH YROXPH PLJKW KDYH EHHQ

)LJXUH ��� 'DWD DFTXLVLWLRQ

FRPSXWHUV

&\OLQGHU 3UHVVXUH YV� &UDQN $QJOH �0RWRUHG ZLWK $LU�

���

������

������
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&UDQN $QJOH ��$%'&�

3
UH
V
V
X
UH

�N
3
D
�

0RWRUHG

3HDN F\OLQGHU SUHVVXUH DW �� %7'&

&\OLQGHU 3UHVVXUH YV� 9ROXPH 5DWLR �0RWRUHG ZLWK $LU�
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&RPSUHVVLRQ� 39A������ .

([SDQVLRQ� 39A������ .

&OHDUDQFH YROXPH RYHUHVWLPDWHG"

)LJXUH ��� 3UHVVXUH FXUYHV IRU PRWRUHG WHVW
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3UHPL[HG '), ���� 'XUDWLRQ� '), ���� 'XUDWLRQ� /LQHDU �3UHPL[HG� /LQHDU �'), ���� 'XUDWLRQ�� /LQHDU �'), ���� 'XUDWLRQ��

(TXLYDOHQFH UDWLR IRU SUHPL[HG WULDOV VHHP WR EH KLJK� 6WRLFKLRPHWULF IODPH ZDV

REWDLQHG DW D UDWLR RI ����� 7KH OHDQ OLPLW RFFXUUHG DW D UDWLR RI �����

7KHUPDO HIILFLHQF\ DSSHDUV WR EH PRUH GHSHQGHQW RQ HTXLYDOHQFH UDWLR WKDQ SUHPL[HG�

)LJXUH ��� 7KHUPDO HIILFLHQF\ YV� II

RYHUHVWLPDWHG VLQFH WKHUH ZDV D FXUYH DW WKH XSSHU HQG RI WKH FRPSUHVVLRQ VWURNH RI WKH SUHVVXUH YV� YROXPH

GLDJUDP �)LJXUH ��E��

:H EHOLHYH WKDW WKLV ZDV SHUKDSV GXH WR WKH YROXPH WDNHQ XS E\ WKH VSDUN SOXJ DQG LQMHFWRU WLS� ZKLFK

ZHUH XQDFFRXQWHG IRU LQ RXU FOHDUDQFH YROXPH DSSUR[LPDWLRQ� $OVR� DOWKRXJK WKH UDWLR RI VSHFLILF KHDWV DV

GHWHUPLQHG E\ WKH VORSHV RI WKH SUHVVXUH DQG YROXPH FXUYHV �)LJXUH ��E� ZHUH DERXW ����� ORZHU WKDQ WKH

LGHDO JDV PRGHO·V ���� +RZHYHU� WKLV LV DFFHSWDEOH VLQFH WKH FRPSUHVVLRQ DQG H[SDQVLRQ SURFHVVHV DUH QRW

UHDOO\ DGLDEDWLF� $OVR� DOWKRXJK WKH UHIHUHQFH SUHVVXUH ZDV VHW DW DWPRVSKHULF� WKH DFTXLUHG GDWD DSSHDUHG WR

VKRZ SUHVVXUHV RI DERXW ����� SVL� VXJJHVWLQJ DQ HUURU LQ WKH & FRPSXWHU SURJUDP� 1HYHUWKHOHVV� WKH JHQHUDO

VKDSH RI WKH FXUYHV ZHUH UHSUHVHQWDWLYH RI WKH DFWXDO SURFHVV� 7KH SUHVVXUH GDWD DFTXLUHG ZHUH DOO ���HDUO\

EHFDXVH WKH FRPSXWHU FRXOG QRW VHQG D WULJJHU H[DFWO\ DW 7'&� VR WKH\ KDG WR EH VKLIWHG EHIRUH DQ\

FDOFXODWLRQV ZHUH SHUIRUPHG� 'DWD ZHUH DYHUDJHG RYHU �� ILUHG F\FOHV� ,0(3 ZDV FDOFXODWHG LQ D ZD\ VLPLODU

WR WKH 5LHPDQQ VXP PHWKRG� 7KH FKDQJH LQ SUHVVXUH DW HDFK YROXPH ZDV GHWHUPLQHG DQG PXOWLSOLHG E\ WKH

YROXPH LQFUHPHQW� )RU H[DPSOH� WKH YROXPH DW ���%7'& DQG ���$7'& ZHUH LGHQWLFDO GXH WR V\PPHWU\� DQG

VR WKH SUHVVXUH GLIIHUHQFH DW WKHVH WZR YROXPHV ZHUH GHWHUPLQHG� DQG PXOWLSOLHG E\ D YROXPH LQFUHPHQW WKDW

H[WHQGHG ERWK HDUOLHU DQG ODWHU LQ FUDQN DQJOH� +RZHYHU� WKLV GLG LQWURGXFH VRPH HUURU VLQFH WKH YROXPH

LQFUHPHQW SHU GHJUHH LV ODUJHU DW WKH PLGGOH RI WKH VWURNHV� ZKHQ WKH FRQQHFWLQJ URG ZDV QRW VWUDLJKW� DQG WKH

SLVWRQ KDG KLJKHU VSHHG�

7HVW�5HVXOWV�	�'LVFXVVLRQ�

5HVXOWV DUH JLYHQ LQ

WDEXODU IRUP LQ 7DEOH �� DQG

LQ JUDSKLFDO IRUP� VWDUWLQJ

IURP )LJXUH ��� 3OHDVH QRWH

WKDW DQ HUURU PXVW KDYH

RFFXUUHG ZLWK WKH IORZ

PHWHU FDOLEUDWLRQV IRU WKH

SUHPL[HG FDVH� $

VWRLFKLRPHWULF IODPH ZDV

REWDLQHG� EXW WKH IORZ PHWHU

UHDGLQJV JDYH D I RI ����

�VOLJKWO\ ULFK�� )XUWKHUPRUH�

WKH OHDQ OLPLW ZDV UHDFKHG DW

D I RI ����� 7KLV ZDV QRW

VXUSULVLQJ DV LW SURYHG
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GLIILFXOW WR FDOLEUDWH WKH +DVWLQJV IXHO IORZ PHWHU� WKHUH ZDV VLJQLILFDQW GULIW� HYHQ ZKHQ DOO PHWKDQH SUHVVXUH

ZDV UHOHDVHG� 7KLV HUURU PHDQW WKDW RXU ,6)&V IRU WKH SUHPL[HG WULDOV ZHUH KLJKHU WKDQ LQ UHDOLW\� DQG WKH

WKHUPDO HIILFLHQFLHV ZHUH ORZHU� 6WLOO� RQH FDQ VHH LQ )LJXUH �� WKH GHFUHDVH LQ HIILFLHQF\ ZLWK DQ LQFUHDVLQJ

HTXLYDOHQFH UDWLR� 7KH ILUVW REVHUYDWLRQ LV WKDW WKH WKHUPDO HIILFLHQFLHV ZHUH QRW RQO\ VLJQLILFDQWO\ EHWWHU IRU

'),� EXW WKH\ DOVR DSSHDUHG WR EH D ORW PRUH VHQVLWLYH ZLWK '), WKDQ ZLWK SUHPL[HG FKDUJHV �)LJXUH ����

3RVVLEOH UHDVRQV ZLOO EH GLVFXVVHG E\ DQDO\]LQJ WKH ,0(3 DQG ,6)& JUDSKV�

:LWK WKH VSDUN WLPLQJ IL[HG DW �� �%7'&� )LJXUH �� VKRZV WKDW SUHPL[HG ,0(3V LQFUHDVHG ZLWK

ULFKHQLQJ RI WKH PL[WXUH �IURP

��� N3D DW WKH OHDQ OLPLW WR ���

N3D DW WKH ULFK OLPLW��

XQGHUVWDQGDEO\ DV PRUH IXHO

PHDQW PRUH UHOHDVHG KLW� ,6)&

LQFUHDVHG IURP ��� J�N:K WR

���� J�N:K DV D UHVXOW RI WKH

DGGHG IXHO �)LJXUH ���� 7KH

JUHDWHU UDWH RI ,6)& LQFUHDVH

WKDQ ,0(3 LQFUHDVH FDXVHG

HIILFLHQFLHV WR GURS IURP ����

DW WKH OHDQ OLPLW WR ���� DW WKH

ULFK OLPLW� 7KH RQO\ H[FHSWLRQ

ZDV WKDW WKH ORZHVW ,6)& DQG

KLJKHVW HIILFLHQF\ ZHUH

REWDLQHG DW VWRLFKLRPHWULF�

SUREDEO\ DQ HUURU FDXVHG E\ WKH

WHVWLQJ RI WKH OHDQ EXUQ F\FOH

RQ D GLIIHUHQW GD\� ), WHVW

UHVXOWV GHSHQGHG RQ LQMHFWLRQ

GXUDWLRQ� )RU WKH ��� ����� PV�

GXUDWLRQ '), WULDOV� I UDQJHG

IURP ���� WR ����� /HDQHU

FKDUJHV FRUUHVSRQGHG WR ODWHU

VWDUW WLPLQJV GXH WR WKH

GHFUHDVH LQ WKH F\OLQGHU DQG

LQMHFWRU SUHVVXUH JUDGLHQW� )RU

,0(3 YV� (TXLYDOHQFH 5DWLR
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WKH ��� GXUDWLRQ ����� PV� WULDOV�

I UDQJHG IURP D YHU\ OHDQ ����

WR D VOLJKWO\ ULFK �����

$V ZLWK SUHPL[HG FKDUJHV

,0(3V DQG ,6)&V URVH ZLWK

ULFKHQLQJ RI WKH RYHUDOO PL[WXUH�

+RZHYHU� WKH ,0(3 RI WKH ���

GXUDWLRQ FDVH DSSHDUHG WR EH

PRUH VHQVLWLYH WR FKDQJHV LQ

$)5 �)LJXUH ���� ZKHUHDV WKH

,0(3 RI WKH ��� FDVH ZDV QRW

DV VHQVLWLYH� $OWKRXJK +H\ZRRG

�)LJXUH �� VXJJHVWV WKDW ,0(3 LV

ODUJHO\ D IXQFWLRQ RI I RQO\� WKH

GLVFUHSDQF\ ZDV SHUKDSV GXH WR

WKH IDFW WKDW WKH $)5V ZHUH QRW

FKDQJHG RQO\ E\ YDU\LQJ

GXUDWLRQ� EXW DOVR E\ LQMHFWLRQ

VWDUW WLPLQJ� 7KHUHIRUH� ,0(3V

RI WKH '), WHVWV ZHUH QRW D

GLUHFW IXQFWLRQ RI I� DQG WKH

,0(3 VHQVLWLYLW\ GLIIHUHQFHV

FDQQRW EH DWWULEXWHG WR GXUDWLRQ

RI I DORQH�

$OVR� IRU D JLYHQ

HTXLYDOHQFH UDWLR� WKH ���

GXUDWLRQ DSSHDUHG WR JLYH YHU\

7DEOH �� 7DEOH RI UHVXOWV
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)LJXUH ��D� E� &\OLQGHU SUHVVXUH YHUVXV FUDQN DQJOH�
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VOLJKWO\ ORZHU ,6)& YDOXHV� 3HUKDSV ZLWK IXHO LQMHFWLRQ ODVWLQJ �� ODWHU LQWR WKH F\FOH DOORZHG IRU D EHWWHU

VWRLFKLRPHWU\ DURXQG WKH VSDUN SOXJ� ,Q VXPPDU\� ,0(3V IRU WKH GLUHFW LQMHFWLRQ WHVWV UDQJHG IURP ��� N3D

WR ��� N3D� URXJKO\ LQ WKH VDPH UDQJH DV WKRVH REWDLQHG ZLWK SUHPL[HG FKDUJH� +RZHYHU� WKHVH ,0(3V ZHUH

REWDLQHG ZLWK VLJQLILFDQWO\ ORZHU ,6)&V� IURP D ORZ RI ��� J�N: K WR D KLJK RI ��� J�N: K� 1RWH WKDW HYHQ

WKH KLJKHVW ,6)& IRU '), WULDOV ZDV ORZHU WKDQ WKH ORZHVW RI WKH SUHPL[HG WHVWV�

$OWKRXJK VRPH JDLQV ZHUH H[SHFWHG LQ WKH '), WULDOV� LPSURYHPHQWV RI WKLV PDJQLWXGH ZHUH QRW

H[SHFWHG� 2QH RI WKH VRXUFHV RI HUURU ZDV WKH IXHO IORZ PHWHUV� $V DIRUHPHQWLRQHG� WKH FDOFXODWHG

HTXLYDOHQFH UDWLRV EDVHG RQ WKH

IORZ PHWHU UHDGLQJV DSSHDUHG WR

EH YHU\ KLJK IRU WKH SUHPL[HG

FDVH� DQG LQDFFXUDFLHV LQ

FDOLEUDWLQJ WKH IORZ PHWHUV IRU

'), FRXOG KDYH ZLGHQHG WKH

JDS EHWZHHQ '), DQG SUHPL[HG

FKDUJH� ,Q IDFW� VLQFH WKH ,6)&

VORSHV RI DOO WKH WULDOV ZHUH

VLPLODU� LW ZDV PRUH OLNHO\ WKDW

DOO WKH ZHUH FRQGXFWHG ZLWKLQ

WKH VDPH I UDQJH� EHFDXVH LI WKH

SUHPL[HG WULDOV ZHUH UHDOO\ DV

ULFK DV LQGLFDWHG� ,6)& VORSHV

ZRXOG EH PXFK KLJKHU� DV

GHSLFWHG LQ )LJXUH ��

7KH F\OLQGHU SUHVVXUH YV�

FUDQN DQJOH GLDJUDPV �)LJXUH

��� DOVR UHYHDO VRPH LQWHUHVWLQJ

FKDUDFWHULVWLFV� ,W DSSHDUV WKDW�

IRU ERWK SUHPL[HG DQG '),�

ULFKHU PL[WXUHV QRW RQO\

UHVXOWHG LQ KLJKHU SHDN

SUHVVXUHV GXH WR WKH LQFUHDVH

PDVV RI IXHO EXUQHG EXW DOVR

DGYDQFHG WKH WLPLQJ RI WKH SHDN

SUHVVXUH� ,Q IDFW� XQGHU YHU\

&\OLQGHU 3UHVVXUH YV� 9ROXPH 5DWLR �5LFK� +LJK ,0(3 &RQGLWLRQV�
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ULFK FRQGLWLRQV� WKH SHDN SUHVVXUH ZDV VRPHWLPHV SULRU WR 7'&� PHDQLQJ ZRUN ZDV ORVW EHFDXVH RI WKH KLJK

SUHVVXUHV GXULQJ FRPSUHVVLRQ� 3HUKDSV WKLV FRXOG EH H[SODLQHG E\ D IDVWHU ULVH LQ WHPSHUDWXUHV GXH WR WKH

LQFUHDVHG IXHO FRQWHQW� 7KH RSSRVLWH ZDV WUXH IRU OHDQ PL[WXUHV� SHDN SUHVVXUHV ZHUH ORZHU DQG UHWDUGHG�

SUREDEO\ EHFDXVH OHVV KHDW ZDV UHOHDVHG� DQG DW D VORZHU UDWH� 7KHVH UHVXOWV DUH SUHVHQWHG LQ D GLIIHUHQW IRUPDW

LQ WKH F\OLQGHU SUHVVXUH YHUVXV YROXPH UDWLR SORWV�

2QH FKDUDFWHULVWLFV RI '), DV VHHQ IURP WKH SUHVVXUH SORWV LV WKDW '), DSSHDUHG WR DGYDQFH SHDN

SUHVVXUHV LQ JHQHUDO� FKDUDFWHUL]HG E\ D YHU\ VKDUS EHQG DURXQG 7'& RQ WKH SUHVVXUH YHUVXV YROXPH UDWLR

FXUYHV �)LJXUH ���� 7KHVH ILJXUHV DOVR H[KLELW DQRWKHU FKDUDFWHULVWLF RI '),� KLJKHU SUHVVXUHV WKURXJKRXW WKH

H[SDQVLRQ VWURNH� ,Q VRPH FDVHV� WKH '), DOVR VKRZHG KLJKHU SUHVVXUHV LQ WKH HDUO\ SDUWV RI WKH FRPSUHVVLRQ

VWURNH� 7KHVH SHFXOLDULWLHV RI KLJKHU DQG HDUOLHU SHDN SUHVVXUHV VXJJHVW KLJKHU RYHUDOO F\OLQGHU WHPSHUDWXUHV�

ZKLFK SUREDEO\ UHVXOWHG IURP WKH IDFW WKDW WKH HQJLQH KDG EHHQ UXQQLQJ IRU D ORQJ WLPH ZKHQ '), WULDOV ZHUH

SHUIRUPHG�

)XWXUH�:RUN

7KLV VHFWLRQ VHUYHV WR JLYH D JOLPSVH RI WKH DEXQGDQFH RI IXWXUH UHVHDUFK WRSLFV LQ WKH HPHUJLQJ ILHOG RI

'),� 7KLV H[SHULPHQW HYDOXDWHG WKH JDLQV RI '), LQMHFWLRQ GXH PDLQO\ WR LQFUHDVHV LQ YROXPHWULF HIILFLHQF\

DQG UHGXFWLRQV LQ IXHO VKRUW�FLUFXLWLQJ� +RZHYHU� +RXVWRQ H[SODLQV WKDW ´>L@W LV WKH UHDO ZRUOG VLPXOWDQHRXV

DFKLHYHPHQW RI ORZ HQJLQH�RXW HPLVVLRQV RI 12[ DQG K\GURFDUERQV ZLWKRXW GHWULPHQW WR WKH IXHO HFRQRP\

FDSDELOLW\� ZKLFK LV LPSRUWDQW WR WKH LQWURGXFWLRQ RI '), WHFKQRORJLHV�µ >�@ 0XFK PRUH ZRUN QHHGV WR EH

GRQH RQ WKH JDLQV RI '), WKDW DUH PRUH ZLGHO\ DSSOLFDEOH� 7KDW LV� VLQFH PRVW SUDFWLFDO IXHOV DUH LQ WKH OLTXLG

SKDVH� FKDUJH FRROLQJ SOD\V D PDMRU UROH� )XUWKHUPRUH� LW FDQQRW EH IRUJRWWHQ WKDW DQRWKHU YHU\ LPSRUWDQW

VLGH�HIIHFW RI '), LV WKH GUDPDWLF UHGXFWLRQ LQ WKURWWOLQJ ORVVHV EHFDXVH RXWSXW FDQ EH FRQWUROOHG E\ WKH

DPRXQW RI LQMHFWHG IXHO UDWKHU WKDQ WKH YROXPH UDWH RI DLU LQGXFWHG� 2I FRXUVH� ORZ HPLVVLRQV KDYH WR EH

YHULILHG EHIRUH WKH FHUWLILFDWLRQ RI D QHZ GHVLJQ LV SRVVLEOH

$OWKRXJK ZH NHSW VSDUN WLPLQJ FRQVWDQW DW ���%7'&� ZH H[SHFW FKDQJHV LQ VSDUN WLPLQJ WR KDYH D YHU\

VLJQLILFDQW LPSDFW RQ WKH SRWHQWLDO RI '),� )XUWKHUPRUH� EHFDXVH '), HOLPLQDWHV WKH SUREOHP RI IXHO VKRUW�

FLUFXLWLQJ� PXFK KLJKHU VFDYHQJH UDWLRV VKRXOG EH WHVWHG� DQG WKH LQFUHDVHG IORZ RI DLU DUH H[SHFWHG WR KDYH DQ

LPSDFW GXH WR KLJKHU PDVV IORZ DQG IORZ YHORFLWLHV�
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)XWXUH�&RQVLGHUDWLRQV��:K\�QRW�'),�LQ�1RUWK�$PHULFD"

7KH 1RUWK $PHULFDQ PDUNHW KDV

EHHQ VORZ WR FDWFK RQWR '), WHFKQRORJ\

EHFDXVH� ZLWK ORZ IXHO SULFHV� HPLVVLRQV

FRQVLGHUDWLRQV IDU RXWZHLJK WKRVH RI

VSHFLILF IXHO FRQVXPSWLRQ� $OWKRXJK

UHFHQW GHYHORSPHQWV LQ '), WHFKQRORJ\

KDYH UHGXFHG WKH +& DQG VRRW HPLVVLRQV

RI '), HQJLQHV VLJQLILFDQWO\� 12[

HPLVVLRQV FRQWLQXH WR EH WURXEOLQJ

EHFDXVH WKH RYHUDOO OHDQ PL[WXUH UHTXLUHV

D FDWDO\WLF FRQYHUWHU� OLNH WKDW RQ

0LWVXELVKL FDUV� ZLWK VSHFLILF +&�12[

IHHGJDV UHVWULFWLRQV WKDW GR QRW FRQIRUP

ZLWK WKH 1RUWK $PHULFDQ ��ZD\ FORVHG�ORRS FDWDO\VW V\VWHP >�@� )XUWKHUPRUH� WKH LULGLXP EDVHG FDWDO\VW IRU

OHDQ EXUQ F\FOHV LV KLJKO\ VHQVLWLYH WR VXOIXU LQ IXHO� DQG VXOIXU FRQWHQW LQ SDUWV RI WKH 8QLWHG 6WDWHV UHPDLQV

XQDFFHSWDEO\ KLJK� DV VKRZQ LQ )LJXUH ��� +RZHYHU� 0LWVXELVKL 0RWRUV KDV UHFHQWO\ SURPLVHG WKDW WKHLU '),

HQJLQH VKRXOG PDNH LW LQWR WKH 86 PDUNHW E\ ���� ZLWK D QHZO\ XQYHLOHG FDWDO\VW >��@� 3HUKDSV� RQH GD\�

2UELWDO ZLOO EH DEOH WR PDUNHW LWV WZR�VWURNH YHUVLRQV KHUH WRR� LI WKH SXEOLF FDQ EH FRQYLQFHG WKDW SUHYLRXV

SUREOHPV ZLWK WZR�VWURNHV KDYH ODUJHO\ GLVDSSHDUHG ZLWK '), WHFKQRORJ\�

&RQFOXVLRQ

)URP D WKHUPRG\QDPLFV SRLQW RI YLHZ� '), FHUWDLQO\ VKRZHG DSSUHFLDEOH JDLQV LQ UHGXFHG VSHFLILF IXHO

FRQVXPSWLRQ DQG LQFUHDVHG HIILFLHQFLHV ZLWK QHJOLJLEOH GLIIHUHQFH LQ PHDQ HIIHFWLYH SUHVVXUHV� 7KHVH UHVXOWV

FDQ PDLQO\ EH DWWULEXWHG WR WKH UHGXFWLRQ LQ IXHO VKRUW�FLUFXLWLQJ DQG LQFUHDVHG YROXPHWULF HIILFLHQF\� 7KH

UHGXFWLRQ LQ ZDVWHG IXHO PDNHV '), H[WUHPHO\ EHQHILFLDO IRU WZR�VWURNH HQJLQHV� +RZHYHU� RWKHU SRWHQWLDO

JDLQV VXFK DV FKDUJH FRROLQJ DQG WKH UHGXFWLRQ RI WKURWWOLQJ ORVVHV QHHG WR EH DQDO\]HG� 2WKHU SDUDPHWHUV

VXFK DV VSDUN WLPLQJ DOVR QHHG WR EH UH�RSWLPL]HG ZLWK '), DV '), DSSHDUHG WR DGYDQFH SHDN SUHVVXUHV

VOLJKWO\� 8QIRUWXQDWHO\� WKH DFWXDO YDOXHV UHSRUWHG PD\ QRW EH FRUUHFW GXH WR FDOLEUDWLRQ HUURUV� EXW WKH JHQHUDO

IDYRUDEOH FKDUDFWHULVWLFV RI '), FDQ EH FOHDUO\ VHHQ�

)LJXUH ��� 6XOIXU FRQWHQW LQ 86 JDVROLQHV
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12[ R[LGHV RI QLWURJHQ

3 SRZHU �JURVV�

UF FRPSUHVVLRQ UDWLR

65 VFDYHQJH UDWLR

7'& WRS GHDG FHQWHU

7( WUDSSLQJ HIILFLHQF\

9 YROXPH

: LQGLFDWHG ZRUN �JURVV�
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*DMGHF]NR� IRU

EHLQJ RXU ODE
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KHOS LQ

WURXEOHVKRRWLQJ

ZKHQHYHU WKLQJV

ZHQW ZURQJ �L�H��

YHU\ RIWHQ��

0LNH 9RFDWXUR� IRU

VDYLQJ XV ZKHQ ZH

UDQ RXW RI

PHWKDQH�

3URIHVVRU 3KLO

)HOWRQ� IRU

VSDUNLQJ DQG

LQMHFWLQJ RXU

LQWHUHVW LQ '), DQG

IRU H[SODLQLQJ WKH

NH\ FRQFHSWV RI
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5DQG\ &KDQJ� IRU

EHLQJ D YHU\

HIILFLHQW ODE

SDUWQHU� IRU GRLQJ

ODE ZRUN GXULQJ

P\ H[DPV� DQG IRU

KLV & SURJUDPPLQJ

VNLOOV� $SRORJLHV

IRU FDXVLQJ DQ
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DWP RI PHWKDQH D
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6XFNHZHU� IRU

VXJJHVWLQJ WKLV

ZRUWKZKLOH SURMHFW�

5HIHUHQFHV

>�@ /LQNV IURP � KWWS���ZZZ�PLWVXELVKL�PRWRUV�FR�MS�LQWHU�WHFKQRORJ\�*',�! DQG �KWWS���ZZZ�PLWVXELVKL�

PRWRUV�FR�MS�027256+2:�706�VHPLQDU�LQGH[�KWPO�!�

>�@ +H\ZRRG� -� ,QWHUQDO &RPEXVWLRQ (QJLQH )XQGDPHQWDOV� 3OHQXP 3UHVV� 1HZ <RUN �������

>�@ $QGHUVRQ� 5�� <DQJ� -�� %UHKRE� '�� 9DOOHQFH� -�� :KLWHDNHU� 5�� 8QGHUVWDQGLQJ WKH 7KHUPRG\QDPLFV RI

'LUHFW ,QMHFWLRQ 6SDUN ,JQLWLRQ �',6,� &RPEXVWLRQ 6\VWHPV� $Q $QDO\WLFDO DQG ([SHULPHQWDO

,QYHVWLJDWLRQ� 6$( �������

>�@ .XPH� 7�� ,ZDPRWR� <�� 0XUDNDPL� 0�� $NLVKLQR� .�� $QGR� +�� &RPEXVWLRQ &RQWURO 7HFKQRORJLHV IRU

'LUHFW ,QMHFWLRQ 6, (QJLQH >VLF@� 6$( �������

>�@ .XZDKDUD� .�� 8HGD� .�� $QGR� +�� 0L[LQJ &RQWURO 6WUDWHJ\ IRU (QJLQH 3HUIRUPDQFH ,PSURYHPHQW LQ D

*DVROLQH 'LUHFW ,QMHFWLRQ (QJLQH� 6$( �������

>�@ +RXVWRQ� 5�� &DWKFDUW� *�� &RPEXVWLRQ DQG (PLVVLRQV &KDUDFWHULVWLFV RI 2UELWDO·V &RPEXVWLRQ 3URFHVV

$SSOLHG WR 0XOWL�&\OLQGHU $XWRPRWLYH 'LUHFW ,QMHFWHG ��6WURNH (QJLQHV� 6$( �������
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>�@ $QGR� +�� &RPEXVWLRQ &RQWURO 7HFKQLTXHV IRU *DVROLQH (QJLQHV� ,PHFK( 6�����������

>�@ 3UHXVVQHU� &�� '|ULQJ� &�� )HKOHU� 6�� .DPSPDQQ� 6�� '),� ,QWHUDFWLRQ %HWZHHQ 0L[WXUH 3UHSDUDWLRQ�

&RPEXVWLRQ 6\VWHP DQG ,QMHFWRU 3HUIRUPDQFH� 6$( �������

>�@ <X�� ([KDXVW (PLVVLRQ &RQWURO ZLWK 'LUHFW 0XOWL�3RLQW )XHO�,QMHFWLRQ RI D 6PDOO 7ZR�6WURNH (QJLQH�

,PHFK( 6�����������

>��@ %ODLU� *� 'HVLJQ DQG 6LPXODWLRQ RI 7ZR�6WURNH (QJLQHV� 6$(� :DUUHQGDOH �������

>��@ 'H 5LVL� $� $ 6WXG\ RI +�� &+�� &�+� 0L[LQJ DQG &RPEXVWLRQ LQ D 'LUHFW�,QMHFWLRQ 6WUDWLILHG�&KDUJH

(QJLQH� 6$( �������

>��@ /DQFDVWHU '�� .ULHJHU� 5�� /LQHVFK� -�� 0HDVXUHPHQWV DQG $QDO\VLV RI (QJLQH 3UHVVXUH 'DWD� 6$(
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