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$QDO\VLV�RI�6XOIXU�LQ�&RDO�DQG�&RDO�'HVXOIXUL]DWLRQ�E\

&RXQWHUIORZ�2[LGDWLYH�7UHDWPHQW�

.HRQ 6DQJ 5\RR� -RQJ�+D &KRL� DQG <RQJ 3\R +RQJ

'HSDUWPHQW RI &KHPLVWU\� $QGRQJ 1DWLRQDO 8QLYHUVLW\� $QGRQJ �������� .RUHD

5HFHLYHG -XO\ �� ����

&RDO KDV EHHQ XVHG DV D PDMRU IRVVLO IXHO VRXUFH IRU JHQHU�

DWLRQ RI HOHFWULFDO HQHUJ\ IRU FHQWXULHV� ,W LV ZLGHO\ GLVWUL�

EXWHG LQ PDQ\ FRXQWULHV DURXQG WKH ZRUOG� 7KH UHVHUYHV RI

FRDO DUH HVWLPDWHG DURXQG ������ × ��� WRQV� ZKLFK FDQ� DW

FXUUHQW UDWH RI FRQVXPSWLRQ� VXSSO\ WKH HQHUJ\ QHHGV IRU

VHYHUDO KXQGUHG \HDUV� ,W©V SUHHPLQHQFH DV D IXHO VRXUFH KDV�

KRZHYHU� EHHQ GHFOLQHG RQ DFFRXQW RI DQ DGYHUVH LPSDFW RQ

FOHDQ DLU� 7KH PDLQ FRQWULEXWRU WR WKH DLU SROOXWLRQ LV SUHV�

HQFH RI VXOIXU LQ FRDO� ,W LV VDLG WR EH PRVW VLJQLILFDQW LPSHG�

LPHQW WR WKH FRQWLQXRXV XVH RI FRDO LQ WKH IXWXUH� 7KH 62�

HPLVVLRQ LQ SRZHU SODQWV KDV EHHQ LGHQWLILHG DV WKH ODUJHVW

VRXUFH RI DFLG UDLQ ZKLFK KDV EHHQ OLQNHG WR GDPDJH WR QDWX�

UDO DTXDWLF V\VWHPV� ,W DOVR KDUPV IRUHVWV DQG EXLOGLQJV� FRQ�

WULEXWHV WR UHGXFHG YLVLELOLW\� DQG LV VXVSHFWHG RI FDXVLQJ LOO

KHDOWK� 7KHUHIRUH� EHFDXVH RI WKH JURZLQJ SXEOLF FRQFHUQ

RYHU KHDOWK DQG HFRORJLFDO HIIHFWV DVVRFLDWHG ZLWK FRDO XVH�

OHJLVODWLRQV KDYH EHHQ HQDFWHG WKH VWULFW UHJXODWLRQV DQG VWDQ�

GDUGV RQ WKH UHOHDVH RI 62� LQWR WKH DWPRVSKHUH�

7KH VXOIXU FRQWHQW RI FRDO YDULHV FRQVLGHUDEO\ ZLWK WKH

QDWXUH DQG RULJLQ RI WKH IRVVLO GHSRVLWV� 6XOIXU LQ FRDO LV

SUHVHQW LQ WZR EURDG IRUPV� LQRUJDQLF DQG RUJDQLF�� 1HDUO\

DOO IRUPV RI LQRUJDQLF VXOIXU DUH LURQ S\ULWH �)H6��� 7\SLFDOO\�

WKH S\ULWLF IRUP LV HVWLPDWHG EDVHG RQ LURQ FRQWHQW� DQG LV

UHGXFHG VLJQLILFDQWO\ E\ VL]H UHGXFWLRQ IROORZHG E\ VSHFLILF

JUDYLW\ VHSDUDWLRQ RU VLPLODU SK\VLFDO SURFHVVHV���� 6XOIXU LQ

WKH RUJDQLF IRUP LV FKHPLFDOO\ ERXQG LQ WKH FRDO� DQG HOH�

PHQWDO VXOIXU �6�� LQ FRDO LV FXUUHQWO\ FRXQWHG DV RUJDQLF VXO�

IXU DFFRUGLQJ WR WKH $670 '����� JXLGHOLQH���� 7KH UHPRYDO

RI RUJDQLF VXOIXU UHTXLUHV PRUH FRPSOH[ DQG FRVWO\ FKHPLFDO

SURFHVVHV� 6XFK WHFKQRORJLHV LQFOXGHV FRDO JDVLILFDWLRQ� RU

WKH FRQYHUVLRQ RI FRDO WR D V\QWKHWLF RLO RU VROLG PDWHULDO�����

$ FRDO GHVXOIXUL]DWLRQ SURFHVV ZDV FDUHIXOO\ H[SORUHG ZLWK

DQ H[SHULPHQWDO EHQFK VFDOH LQ RXU ODERUDWRU\� 7KH SURFHVV LV

EDVHG RQ FRQWUROOHG PLOG WHPSHUDWXUH R[LGDWLRQ ZLWK D FRXQ�

WHUIORZ R[LGDWLYH WHFKQLTXH� 7KH QDPH RI WKH WHFKQLTXH LV

GHULYHG IURP LWV RSHUDWLYH PHFKDQLVP LQ ZKLFK D IODPH LV

PDGH WR SURSDJDWH LQ D GLUHFWLRQ FRXQWHU WR WKH IORZ RI R[L�

GDQW� WKXV FUHDWLQJ D VWDUYHG HQYLURQPHQW� 7KH SURFHVV KDV

EHHQ XVHG WR EULQJ DERXW DOPRVW FRPSOHWH GHVWUXFWLRQ RI

DGVRUEHG FKORULQDWHG RUJDQLFV ZKLOH SUHVHUYLQJ PRVW RI

H[KDXVWHG DFWLYDWHG FDUERQ ZLWKRXW WKH XVH RI DQ H[WHUQDO

HQHUJ\ VRXUFH��� 7KH VXFFHVVIXO UHVXOWV OHG XV WR H[SORUH D

SRVVLELOLW\ IRU UHPRYDO RI VXOIXU IURP FRDO�

7KH SURMHFW RI WKH VWXG\ LV �D� WR DQDO\]H VXOIXU LQ FRDO DQG

�E� WR HYDOXDWH DQG RSWLPL]H D WKHUPDO R[LGDWLYH SURFHVV

VXFK WKDW LW \LHOGV KLJK VXOIXU UHPRYDO HIILFLHQF\ ZLWK WKH

OHDVW SURFHVVLQJ FRVWV�

([SHULPHQWDO 6HFWLRQ

$QDO\VLV RI 6XOIXU LQ &RDO� &RDO ZDV REWDLQHG IURP D

PLQH ILHOG DW .DQJZRQ 'R� .RUHD� &RDO VDPSOH ZDV JURXQG

XQGHU HLWKHU DLU RU DUJRQ DWPRVSKHUH DQG WKHQ IUDFWLRQDWHG

ZLWK VLHYHV� $ PHVK VL]H ������� UDQJH ZDV FROOHFWHG IRU IXU�

WKHU VWXGLHV� 7KH GHWHUPLQDWLRQ RI WRWDO VXOIXU FRQWHQW LQ FRDO

ZDV SHUIRUPHG XVLQJ DQ HOHPHQWDO DQDO\]HU �)LVRQV ,QVWUX�

PHQW ($ ����� 6WUDGD 5LYROWDQD������ 5RGDQR �0LODQ��

,WDO\� LQVWDOOHG ZLWK D UHDFWRU DQG D FKURPDWRJUDSKLF FROXPQ

DQG D WKHUPDO FRQGXFWLYLW\ GHWHFWRU �7&'� SRVLWLRQHG LQ

FHQWHU RI DQ RYHQ� 7KH FRPEXVWLRQ RI FRDO VDPSOH LQ UHDFWRU

ZDV GRQH DW DERXW ����� R&� 7KH FROXPQ PDGH IURP VWDLQ�

OHVV VWHHO RI � PP R�G�� � PP L�G� ZDV SDFNHG ZLWK 3RURSDN

46 ������� PHVK� DQG RSHUDWHG LVRWKHUPDOO\ DW �� R&�

7R LQYHVWLJDWH WKH ZHLJKW � RI HOHPHQWDO VXOIXU �6�� LQ

FRDO VDPSOH� �HOHPHQWDO VXOIXU LQ FRDO LV FXUUHQWO\ FRXQWHG�

DFFRUGLQJ WR WKH $670 '������ DV RUJDQLF VXOIXU ZKLFK LV D

VLJQLILFDQW VRXUFH RI HUURU IRU WKH GHWHUPLQDWLRQ RI VXOIXU

IRUPV LQ FRDO��� DQ LQWHJUDWHG VXSHUFULWLFDO IOXLG H[WUDFWLRQ

�6)(� V\VWHP� DV VKRZQ LQ )LJXUH �� ZDV XVHG� 3ULRU WR

H[WUDFWLRQ RI FRDO VDPSOH� HOHPHQWDO VXOIXU VSLNLQJ H[SHUL�

PHQWV ZHUH FDUULHG RXW ZLWK VRLO WR DVVHVV WKH UHFRYHU\� 7KH

VRLO ZDV FROOHFWHG ORFDOO\ DQG DLU GULHG DW ��� R&� IROORZHG

E\ VLHYHG WR WKH GHVLUHG SDUWLFOHV ������ PHVK VL]H�� $SSUR[L�

PDWHO\ �� J RI VLHYHG VRLO ZDV H[WUDFWHG ZLWK � � � �Y�Y�

)LJXUH �� 6FKHPDWLF GLDJUDP RI 6)( V\VWHP IRU FRDO H[WUDFWLRQ�
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PHWK\OHQH FKORULGH�DFHWRQH IRU �� KRXUV XVLQJ D 6R[KOHW

DSSDUDWXV� 7KH VRLO ZDV WKHQ RYHQ GULHG WR UHPRYH WKH H[FHVV

VROYHQW� DQG WXPEOHG VR WKDW LW ZDV WKURXJKO\ KRPRJHQL]HG�

$ � J RI WKH VRLO ZDV VHUYHG DV HOHPHQWDO VXOIXU VSLNH

UHFRYHU\ H[SHULPHQWV IRU 6)(� $ SRUWLRQ RI D VROXWLRQ RI HOH�

PHQWDO VXOIXU LQ WROXHQH ZDV VSLNHG RQ WRS RI VRLO� 7KH WROX�

HQH VROYHQW ZDV WKHQ HYDSRUDWHG SULRU WR WKH 6)( H[WUDFWLRQ�

7KH 6)( H[WDFWLRQ RI VRLO VDPSOH ZDV FDUULHG RXW ZLWK &2�

DW ��� DWP DQG ��� . DQG &2��0H2+ DW VDPH FRQGLWLRQ IRU

���PLQ LQ D VWDWLF PRGH� 7KH H[WUDFWHG HOHPHQWDO VXOIXU ZDV

FROOHFWHG LQWR D YLDO FRQWDLQLQJ � P/ RI WROXHQH DV FROOHFWLRQ

VROYHQW� $ *&�06 �6KLPDG]X 43������ 6KLPDG]X &RUS��

.\RWR� -DSDQ� ZDV XVHG IRU WKH HOHPHQWDO VXOIXU DQDO\VHV�

([WUDFW ZDV DQDO\]HG XVLQJ D 63%�� )627 FROXPQ �D �� P

× ���� PP L�G�� ��� µP ILOP�� 4XDQWLWDWLYH FDOLEUDWLRQ VWDQ�

GDUGV ZHUH SUHSDUHG ZLWK WROXHQH VROXWLRQ �$OGULFK� 0LOZDX�

NHH� :,� 86$� FRQWDLQLQJ HOHPHQWDO VXOIXU� %\ IROORZLQJ WKH

H[WUDFWLRQ RI VRLO� ZHLJKHG FRDO VDPSOHV ZHUH 6)( H[WUDFWHG

IRU DQDO\VLV RI HOHPHQWDO VXOIXU�

&RXQWHUIORZ 2[LGDWLYH 7UHDWPHQW IRU &RDO 'HVXOIXUL�

]DWLRQ� &RDO GHVXOIXUL]DWLRQ DSSDUDWXV FRQVLVWV RI DQ R[\JHQ

VXSSO\� D IL[HG EHG UHDFWRU� DQG D VHULHV RI LPSLQJHU WUDSV�

7KH UHDFWRU ZDV PDGH RI � FP L�G� × �� FP ORQJ TXDUW] WXEH

ZLWK R�ULQJ FDSV� 7KH LPSLQJHU WUDSV ZHUH ILOOHG ZLWK ���

+�2� VROXWLRQ� $ �� J RI FRDO ZDV SDFNHG LQWR D UHDFWRU DQG

WKHQ R[\JHQ ZDV LQWURGXFHG� 7KH IORZ UDWHV RI R[\JHQ ZHUH

FRQWUROOHG XVLQJ D QHHGOH YDOYH RQ D SUHVVXUH UHJXODWRU DQG

PRQLWRUHG ZLWK D FDOLEUDWHG URWDPHWHU� $IWHU D VHW SXUJLQJ

LQWHUYDO �a� PLQXWHV�� FRDO ZDV LJQLWHG DW WKH ERWWRP RI WKH

UHDFWRU XQWLO IODPH IURQW ZDV JHQHUDWHG� 7KH VHOI�SURSDJDWLQJ

IODPH ZDV WKHQ PRYHG FRXQWHU WR R[\JHQ IORZ� EXUQLQJ D

SRUWLRQ RI WKH FRDO� 7KH RII�JDV FRPSRVLWLRQV H[KDXVWHG IURP

WKH UHDFWRU ZHUH DQDO\]HG ZLWK D *&�7&'� E\ PHDVXULQJ WKH

UHVSRQVH UHODWLYH WR VWDQGDUG JDV PL[WXUHV �&2� &2�� +��

&+�� DQG 2�� 6FRWW 6SHFLDOW\ *DVHV ,QF�� 'XUKDP� 1&� 86$��

7KH JDVHV ZHUH VHSDUDWHG ZLWK FDUERVLHYH PDWHULDO ������

PHVK� SDFNHG FROXPQ DW �� R& RYHQ WHPSHUDWXUH� 7KH IODPH

WHPSHUDWXUH ZDV WKHRUHWLFDOO\ FDOFXODWHG IURP ERWK WKH ORVV

RI FRDO DQG WKH UHODWLYH UDWLR RI &2 DQG &2� LQ H[KDXVW JDV

LQVWHDG RI WHPSHUDWXUH PHDVXUHPHQW DSSOLDQFH OLNH D WKHU�

PRFRXSOH GXULQJ WKH SURFHVV GXH WR WKH WUDQVLHQW QDWXUH RI

IODPH� 7KH 62� HPLWWHG GXULQJ WKH SURFHVV ZDV SDVVHG WKURXJK

D VHULHV RI LPSLQJHU WUDSV� 7KH 62� FRQFHQWUDWLRQ ZDV GHWHU�

PLQHG ZLWK DQ LRQ FKURPDWRJUDSK �'LRQH[ ��� 6XQQ\YDOH�

&DOLIRUQLD� 86$� LQWHUIDFHG ZLWK D FRQGXFWLYLW\ GHWHFWRU�

5HVXOWV DQG 'LVFXVVLRQ

'HWHUPLQDWLRQ RI 7RWDO 6XOIXU &RQWHQW� )LJXUH � VKRZV

WKH FKURPDWRJUDP RI HDFK HOHPHQW REWDLQHG E\ DQ HOHPHQWDO

DQDO\]HU� 7KH SHDNV LQGLFDWHG ZHUH D FDUERQ� D K\GURJHQ�

DQG D VXOIXU� 7KH FRQFHQWUDWLRQV RI HDFK HOHPHQW ZHUH GHWHU�

PLQHG� E\ PHDVXULQJ WKH UHVSRQVH UHODWLYH WR VXOIDQLODPLGH

�&�+�1�2�6� VWDQGDUG �)LVRQ ,QVWUXPHQWV� 6�3�$�� 6WUDGD

5LYROWDQD������ 5RGDQR �0LODQ�� ,WDO\�� ,W ZDV IRXQG WKDW

WRWDO VXOIXU FRQWHQW LQ FRDO ZDV DURXQG ���� E\ ZHLJKW�

5HFRYHU\ 6WXG\ RI (OHPHQWDO 6XOIXU IURP 6RLO� 7KH

TXDQWLWDWLYH UHSURGXFLELOLW\ RI HOHPHQWDO VXOIXU IURP VRLO ZDV

LQYHVWLJDWHG E\ SHUIRUPLQJ UHSOLFDWH 6)( H[WUDFWLRQV� 7KH

6)( H[WUDFWLRQ RI VRLO ZHUH DFFRPSOLVKHG ZLWK &2� DW ���

DWP DQG �� R& DQG &2���� 0H2+ DW VDPH SUHVVXUH DQG

WHPSHUDWXUH� 8QGHU WKHVH FRQGLWLRQV� D PLQLPXP HTXLOLEUDWLRQ

SHULRG RI �� PLQ ZDV UHTXLUHG WR UHDFK VWHDG\ VWDWH FRQFHQ�

WUDWLRQ� :LWK &2� ���� DWP DQG �� R&� DORQH� WKH UHFRYHU\ RI

HOHPHQWDO VXOIXU ZDV UHODWLYHO\ ORZ� IDOOLQJ LQ �� � �� UDQJH�

$FFRUGLQJ WR WKH OLWHUDWXUH� LW LV JHQHUDOO\ DFFHSWHG WKDW SRODU

PDWUL[HV VXFK DV VRLO DQG VHGLPHQW DUH QRW UHDGLO\ DPHQDEOH

WR H[WUDFWLRQ ZLWK &2� LWVHOI� 7R H[SORUH WKH SRVVLELOLW\ RI

EHWWHU UHFRYHU\� PHWKDQRO ZDV FKRVHQ DV D SRODU PRGLILHU

DQG GLUHFWO\ LQWURGXFHG WR WKH VRLO LQVWHDG RI PL[LQJ ZLWK D

&2� LQ D F\OLQGHU� 7KH H[WUDFWLRQ HIILFLHQF\ RI HOHPHQWDO VXO�

IXU IURP VRLO ZLWK &2���� 0H2+ DW DERYH�PHQWLRQHG FRQ�

GLWLRQ ZDV HQKDQFHG� UHVXOWLQJ LQ HOHPHQWDO VXOIXU UHFRYHU\

DYHUDJLQJ �� � ��� 5HVXOWV IURP WKH VSLNHG VRLO H[WUDFWLRQV

GHPRQVWUDWH WKDW HOHPHQWDO VXOIXU FDQ EH TXDQWLWDWLYHO\ H[�

WUDFWHG LQ �� PLQ XVLQJ 6)( ZLWK &2���� 0H2+� 6LQFH WKH

UHFRYHU\ RI HOHPHQWDO VXOIXU ZDV PXFK KLJKHU XVLQJ WKH PHWK�

DQRO�PRGLILHG &2�� WKHVH IOXLGV ZHUH XVHG IRU FRDO H[WUDF�

WLRQV� 7KH H[WUDFW UROH RI SRODU PRGLILHUV LQ 6)( KDV QRW EHHQ

HOXFLGDWHG VR IDU� KRZHYHU� LW LV JHQHUDOO\ EHOLHYHG WKDW SRODU

PRGLILHUV LPSURYH UHFRYHU\ E\ LQFUHDVLQJ WKH VROXELOLW\ RI

DQDO\WH LQ WKH IOXLG DQG ZHDNHQLQJ WKH HOHFWURVWDWLF LQWHUDF�

WLRQ EHWZHHQ DQDO\WH DQG VDPSOH PDWUL[�

$QDO\VLV RI (OHPHQWDO 6XOIXU LQ &RDO� 7KH 6)( H[WUDF�

WLRQ RI FRDO ZDV GRQH ZLWK &2���� 0H2+ ���� DWP DQG ��
R&� IRU DQ HTXLOLEUDWLRQ SHULRG RI �� PLQ LQ D VWDWLF PRGH�

'XULQJ WKH LQLWLDO �� PLQ RI 6)( H[WUDFWLRQ� HOHPHQWDO VXOIXU

ZDV QRW TXDQWLWDWLYHO\ GHWHFWHG XQOLNH WKH UHFRYHU\ H[SHUL�

PHQWV RI WKH VSLNHG VRLO� 7KHUHIRUH� DGGLWLRQDO LQYHVWLJDWLRQ

ZDV FDUULHG RXW WR FRQILUP WKDW HOHPHQWDO VXOIXU FRXOG EH

H[WUDFWHG TXDQWLWDWLYHO\ IURP FRDO LQ LWV QDWLYH IRUP� ,W ZDV

FRQVLGHUHG WKDW VSHFLILF LQWHUDFWLRQV EHWZHHQ HOHPHQWDO VXO�

IXU DQG FRDO PLJKW EH DIIHFWHG WKH UDWHV RI H[WUDFWLRQ GXULQJ

WKH 6)(� 7R LQYHVWLJDWH WKLV SRVVLELOLW\� WKH 6)( EUHDNWKURXJK

VWXGLHV RI HOHPHQWDO VXOIXU IURP FRDO ZHUH SHUIRUPHG� 3ORWV

RI FXPXODWLYH TXDQWLW\ RI HOHPHQWDO VXOIXU IURP FRDO YHUVXV

WLPH ZLWK &2���� 0H2+ DUH JLYHQ LQ )LJXUH �� 7KH UHVXOWV

VKRZHG WKDW H[WUDFWLRQ HIILFLHQF\ RI HOHPHQWDO VXOIXU IURP

FRDO ZDV VLJQLILFDQWO\ LQFUHDVHG DIWHU �� PLQ� DQG ZDV NHSW

FRQVWDQW WKHUHDIWHU� 7KH SHUFHQW UDWLR RI HOHPHQWDO VXOIXU

REWDLQHG E\ 6)( ZDV IRXQG DSSUR[LPDWHO\ �� � �� RI WRWDO

)LJXUH �� 7KH DQDO\VLV RI FDUERQ� K\GURJHQ� DQG VXOIXU LQ FRDO E\
HOHPHQWDO DQDO\]HU�
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VXOIXU LQ FRDO�

&RXQWHUIORZ 2[LGDWLYH 7UHDWPHQW IRU &RDO 'HVXOIXUL�

]DWLRQ� 7KH SRWHQWLDO DSSOLFDELOLW\ RI FRXQWHUIORZ R[LGDWLYH

WUHDWPHQW IRU VXOIXU UHPRYDO IURP FRDO ZDV DVVHVVHG WKURXJK

D OLPLWHG EHQFK VFDOH H[SHULPHQW� &RXQWHUIORZ R[LGDWLYH

WUHDWPHQW SURFHVV ZDV EDVHG RQ FRQWUROOHG R[LGDWLRQ LQ R[\�

JHQ GHSOHWHG HQYLURQPHQW��� 7KH SURFHVV ZDV FRQGXFWHG DW

R[\JHQ IORZ UDWHV RI �� P/� ��� P/� ��� P/� DQG ��� P/

SHU PLQXWH DQG DSSUR[LPDWHO\ ��������� RI WKH VWRLFKLRPHW�

ULF R[\JHQ YROXPH �R[\JHQ IORZ UDWH × WRWDO EXUQ WLPH� ZDV

QHFHVVDU\ WR PDLQWDLQ D IODPH IRU FRPEXVWLRQ RI FRDO� 7KH

IODPH WHPSHUDWXUH ZDV HVWLPDWHG IURP ERWK UHODWLYH UDWLR RI

&2�&2� LQ H[KDXVW JDV DQG HQWKDOS\ RI IRUPDWLRQ DQG KHDW

FDSDFLW\ RI &2 DQG &2� DQG WKH ORVV RI FRDO�
�� 7KH WHPSHUD�

WXUH FDOFXODWHG YDULHG IURP ���� .a����� . DW GLIIHUHQW

R[\JHQ IORZ UDWHV� 7KH SHUFHQW VXOIXU UHPRYDO HIILFLHQF\

ZDV FDOFXODWHG E\ PHDVXULQJ WKH UHODWLYH FRQFHQWUDWLRQ RI

VXOIXU EHIRUH DQG DIWHU FRXQWHUIORZ R[LGDWLYH WUHDWPHQW� 7KH

FRDO ORVV GXULQJ FRXQWHUIORZ R[LGDWLYH WUHDWPHQW SURFHVV ZDV

GHWHUPLQHG JUDYLPHWULFDOO\� 6XOIXU UHPRYDO HIILFLHQFLHV DQG

WKH ORVV RI FRDO LQ DFFRUGDQFH ZLWK WKH FKDQJHV LQ R[\JHQ

IORZ UDWHV DUH JLYHQ LQ )LJXUH � DQG �� 7KH UHVXOWV VKRZHG

WKDW WKH VXOIXU UHPRYDO HIILFLHQF\ DQG FRDO ORVV ZHUH VLJQLIL�

FDQWO\ DIIHFWHG E\ R[\JHQ IORZ UDWH� 7KH EHVW VXOIXU UHPRYDO

HIILFLHQF\ DQG WKH OHDVW FRDO ORVV ZHUH REWDLQHG DW ORZ R[\�

JHQ IORZ UDWH ZKLFK ZDV MXVW HQRXJK WR VXVWDLQ D VWHDG\

IODPH� 8QGHU WKLV FRQGLWLRQ� LW VKRZHG WKDW DSSUR[LPDWHO\

��� RI WRWDO VXOIXU ZDV UHPRYHG IURP FRDO ZKLOH ��� RI

FRDO ORVV ZDV FRQVXPHG� $V D PDWWHU RI IDFW� WKLV VWXG\ KDV

EHHQ WULHG WR PHDVXUH RQO\ WKH UHPRYDO HIILFLHQF\ RI RUJDQLF

VXOIXU IURP FRDO E\ FRXQWHUIORZ R[LGDWLYH WUHDWPHQW� %XW� LW

LV WKRXJKW WKDW WKH UHPRYDO HIILFLHQF\ RI WRWDO VXOIXU VKRXOG

EH FRXQWHG LQFOXGLQJ LQRUJDQLF VXOIXU EHFDXVH VXOIXU IURP

LQRUJDQLF VXOIXU �)H6�� H[LVWHG LQ FRDO FDQ EH DOVR UHOHDVHG

IURP FRDO GXH WR DERYH�PHQWLRQHG KLJK IODPH WHPSHUDWXUH�

(YHQ LI WKH UHPRYDO HIILFLHQF\ RI VXOIXU ZHUH QRW KLJK HQRXJK�

FRXQWHUIORZ R[LGDWLYH WUHDWPHQW KDV VKRZQ FRQVLGHUDEOH

SRWHQWLDO IRU UHPRYDO RI VXOIXU ZLWKLQ FRDO EHFDXVH LW UXQV LQ

D VLQJOH VWHS DQG OHVV HQHUJ\ LQWHQVLYH H[FHSW IRU XQHYLWDEOH

ORVV RI FRDO VSHQW GXULQJ WKH SURFHVV�

$FNQRZOHGJPHQW� 7KH ILQDQFLDO VXSSRUW IURP $QGRQJ

1DWLRQDO 8QLYHUVLW\ IRU WKLV ZRUN LV JUDWHIXOO\ DFNQRZOHGJHG�
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