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0ROHFXODU�K\GURJHQ�GLPHU���+����LV�D�ZHDNO\�ERXQG�YDQ�GHU�:DDOV�FRPSOH[��7KH�FRQILJXUDWLRQ�RI�WZR�K\GUR�
JHQ�PROHFXOHV�DQG�WKH�SRWHQWLDO�ZHOO�VWUXFWXUH�RI�WKH�GLPHU�KDYH�EHHQ�WKH�VXEMHFWV�RI�YDULRXV�VWXGLHV�DPRQJ
FKHPLVWV�DQG�DVWURSK\VLFLVWV��,Q�WKLV�VWXG\��ZH�XVHG�')7��0&*���DQG�0&*��PHWKRGV�WR�GHWHUPLQH�WKH�VWUXF�
WXUH�DQG�HQHUJ\�RI�WKH�PROHFXODU�K\GURJHQ�GLPHU��:H�FRPSDUHG�WKH�UHVXOWV�ZLWK�SUHYLRXVO\�UHSRUWHG�DE�LQLWLR
PHWKRG�UHVXOWV��7KH�DE�LQLWLR�UHVXOWV�ZHUH�DOVR�UHFDOFXODWHG�IRU�FRPSDULVRQ��$OO�RSWLPL]HG�JHRPHWULHV�REWDLQHG
IURP�WKH�03��DQG�')7�PHWKRGV�DUH�7�VKDSHG��7KH�+�+�ERQG�OHQJWKV�IRU�WKH�GLPHU�DUH�DOPRVW�WKH�VDPH�DV
WKRVH�RI�PRQRPHU��7KH�FHQWHU�WR�FHQWHU�GLVWDQFH�GHSHQGV�RQ�WKH�OHYHOV�RI�WKHRU\�DQG�WKH�VL]H�RI�WKH�EDVLV�VHWV�
7KH�ERQG�OHQJWKV�RI�WKH�+��PROHFXOH�IURP�WKH�0&*��DQG�0&*��PHWKRGV�DUH�VKRZQ�WR�EH�LQ�H[FHOOHQW�DJUHH�
PHQW�ZLWK�WKH�H[SHULPHQWDO�YDOXH��7KH�JHRPHWU\�RI�RSWLPL]HG�GLPHU�LV�7�VKDSHG��DQG�WKH�ZHOO�GHSWKV�IRU�WKH
GLPHUL]DWLRQ�SRWHQWLDO�DUH�YHU\�VPDOO��EHLQJ����FP−��DQG����FP−��DW�WKH�0&*��DQG�0&*��OHYHOV��UHVSHFWLYHO\�
,Q�JHQHUDO�WKH�03��OHYHO�RI�WKHRU\�SUHGLFWV�VWURQJHU�YDQ�GHU�:DDOV�LQWHUDFWLRQ�WKDQ�WKH�')7��DQG�DJUHHV�EHWWHU
ZLWK�WKH�0&*��DQG�0&*��WKHRULHV�

,QWURGXFWLRQ

0ROHFXODU�K\GURJHQ� LV�D� IXQGDPHQWDO�VSHFLHV� LQ� WKH�XQL�
YHUVH�� DQG� LW� LV�ZLGHO\�XVHG� DV� D� WHVW� V\VWHP� LQ� WKHRUHWLFDO
VWXGLHV��0ROHFXODU�K\GURJHQ�GLPHU���+����LV�D�ZHDNO\�ERXQG
YDQ�GHU�:DDOV�FRPSOH[��7KH�LQWHUDFWLRQ�EHWZHHQ�WZR�K\GUR�
JHQ�PROHFXOHV�DWWUDFWHG�PDQ\�LQWHUHVWLQJ�VWXGLHV�HVSHFLDOO\
LQ�WKH�FKHPLVWU\�DQG�DVWURSK\VLFV��,Q�VSLWH�RI�WKH�H[WHQVLYH
OLWHUDWXUH� RQ� WKH� VSHFWURVFRS\� RI�ZHDNO\� ERXQG�PROHFXODU
FRPSOH[HV��RQO\�D�IHZ�REVHUYDWLRQV�RI�WKH�K\GURJHQ�GLPHU
KDYH� EHHQ� UHSRUWHG�� 7KH� ILUVW� RI� WKHVH�ZDV�PDGH� LQ� �����
�����FP−��VSHFWUD�DW����.�E\�:DWDQDEH�DQG�:HOVK���7KH\
VXJJHVWHG� WKDW� PROHFXODU� K\GURJHQ� GLPHU� PD\� KDYH� RQH
YLEUDWLRQDO� OHYHO�ZLWK� D� GLVVRFLDWLRQ� HQHUJ\� OHVV� WKDQ� ���
FP−���,Q�WKH�VSHFWUXP�DQDO\VLV��WKH\�XVHG�0LFKHOV��'H�*UDDII�
DQG� 7HQ� 6HOGDP©V�� /HQQDUG�-RQHV� LQWHUPROHFXODU� SRWHQWLDO
ZKRVH� ZHOO�GHSWK� ZDV� HVWLPDWHG� WR� EH� ����� FP−��� $IWHU
:DWDQDEH�DQG�:HOVK�REVHUYHG� WKH� VSHFWUXP��PDQ\�VWXGLHV
KDYH�EHHQ�GRQH�IRU� WKLV�V\VWHP��*RUGRQ�DQG�&DVKLRQ��GLV�
FXVVHG� WKH� VSHFWUD� LQ� WHUPV� RI� LQWHUPROHFXODU� SRWHQWLDOV�
0F.HOODU�HW�DO�����FRQFHQWUDWHG�WKHLU�HIIRUWV�WR�JHW�KLJK�UHVR�
OXWLRQ� VSHFWUXP� RI� WKH� GLPHU� ZLWK� SRVVLEOH� LVRWRSH� OLQHV�
7KH\�H[SODLQHG�WKH�ZHDN�WUDQVLWLRQ�SUREDELOLW\�DV�D�UHVXOW�RI
FROOLVLRQ� LQGXFHG� DEVRUSWLRQ� �&,$��PHFKDQLVP��$FFRUGLQJ
WR�WKHVH�UHVXOWV��WKH�PROHFXODU�K\GURJHQ�GLPHU�ZDV�IRXQG�LQ
WKH� VSHFWUD� RI� -XSLWHU� DV� WKH� ILUVW� GHWHFWHG� H[WUDWHUUHVWULDO
GLPHU������

7KH�GLPHUL]DWLRQ�HQHUJ\��RSWLPL]HG�GLPHU�JHRPHWU\��DQG
LQWHUPROHFXODU�SRWHQWLDO�ZHOO�GHSWK�RI�WKH�PROHFXODU�K\GUR�
JHQ�GLPHU�KDYH�EHHQ�H[DPLQHG�E\�VHYHUDO�GLIIHUHQW�FRPSX�
WDWLRQDO�WHFKQLTXHV��$�ODUJH�QXPEHU�RI�WKHRUHWLFDO�DQG�FRP�
SXWDWLRQDO� LQYHVWLJDWLRQ� RQ� WKH� PROHFXODU� K\GURJHQ� GLPHU
FDQ�EH�IRXQG�LQ�UHYLHZ�DUWLFOHV�E\�+RE]D�HW�DO���DQG�&KDOD�
VLQVNL�HW�DO����$�SUHGLFWLRQ�RI�DFFXUDWH�VWUXFWXUH�DQG�HQHUJ\�LV
D�FULWLFDO�WHVW�IRU�FRPSDULVRQ�RI�YDULRXV�FRPSXWDWLRQDO�PHWK�

RGV��7KH�RSWLPL]HG�GLPHU�VWUXFWXUHV�ZHUH�VXJJHVWHG�E\�7DSLD
DQG�%HVVLV��� DV�RQH�RI� IRXU�SRVVLEOH� FRQILJXUDWLRQV�� OLQHDU�
SDUDOOHO��7�VKDSH��DQG�;�RULHQWDWLRQ���)LJXUH�����8VLQJ�WKH�0
OOHU�3OHVVHW�SHUWXUEDWLRQ��03���PHWKRG��%XUWRQ�DQG�6HQII���

6FKQHLGHU�HW� DO���� UHSRUWHG� WKDW� WKH�7�VKDSHG�FRQILJXUDWLRQ
KDV�WKH�ORZHVW�HQHUJ\��+RE]D�HW�DO����FDOFXODWHG�WKH�GLPHUL]D�
WLRQ�HQHUJ\�XVLQJ�GLIIHUHQW�EDVLV�VHWV�DQG�0|OOHU�3OHVVHW�SHU�
WXUEDWLRQ�WKHRU\��7KH\�FRQFOXGHG�WKDW�D�FRUUHFWLRQ�IRU�EDVLV
VHW� VXSHUSRVLWLRQ� HUURU� �%66(�� VKRXOG� EH� LQFOXGHG� DW� ERWK
WKH� 6&)� DQG� SRVW�6&)� OHYHOV� FDOFXODWLRQV�� 'DQE\� DQG
)ORZHU������ FDOFXODWHG� WKH� ERXQG� VWDWH� HQHUJ\� OHYHOV� RI
PROHFXODU�K\GURJHQ�GLPHU�EDVHG�XSRQ�GLIIHUHQW�LQWHUPROHF�
XODU�SRWHQWLDO�IXQFWLRQV��%XUWRQ�DQG�6HQII���SHUIRUPHG�FRQ�
ILJXUDWLRQDO� LQWHUDFWLRQ� FDOFXODWLRQV� DQG� FROOLVLRQ� LQGXFHG
EDQG�VWUXFWXUHV��%RRWKUR\G�HW�DO����REWDLQHG�DE�LQLWLR�HQHU�
JLHV�IRU�PDSSLQJ�WKH�JOREDO�SRWHQWLDO�IXQFWLRQ�RI�+��V\VWHP�
$JXDGR�HW�DO����JRW�WKH�JOREDO�SRWHQWLDO�HQHUJ\�VXUIDFH�DW�D
TXDQWLWDWLYH�OHYHO�E\�ILWWLQJ�%RRWKUR\G�HW�DO��GDWD��'LHS�DQG
-RKQVRQ��� FDOFXODWHG� WKH�SRWHQWLDO� HQHUJ\� VXUIDFH�ZLWK� VLQ�
JOHV�� GRXEOHV�� DQG� SHUWXUEDWLRQDO� WULSOHV� H[FLWDWLRQV� IRU� WKH
ULJLG�PRQRPHU�PRGHO�
([DPLQDWLRQ�RI�WKH�FDOFXODWHG�LQWHUDFWLRQ�SRWHQWLDO�FDQ�EH

GRQH� E\� XVLQJ� WKH� GLIIHUHQWLDO� VFDWWHULQJ� WHFKQLTXH�� )DUUDU
DQG�/HH���XVHG�WKH�FURVVHG�PROHFXODU�EHDP�WR�VWXG\�WKH�UHOD�
WLYHO\�ZHDN� FROOLVLRQDO� HQHUJ\� HQFRXQWHUV� RI� WKH� K\GURJHQ

)LJXUH �� 3RVVLEOH� VWUXFWXUHV� RI� WKH� +�
���+�� GLPHU�� D�� OLQHDU� E�

SDUDOOHO�F��7�VKDSH�G��;�RULHQWDWLRQ��1XPEHUV�LQ��F��DUH�K\GURJHQ
DWRP� QXPEHUV�� 7KH� VDPH� QXPEHU� QRWDWLRQ� ZKLFK� XVHG� LQ� �F�� LV
HPSOR\HG� LQ� WKLV� VWXG\�� 7KH� FHQWHU�WR�FHQWHU� GLVWDQFHV� DUH
UHSUHVHQWHG�E\�U�LQ�HDFK�ILJXUHV�
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PROHFXOHV��%XFN�HW�DO����UHILQHG�WKH�H[SHULPHQWDO�GDWD�XVLQJ
WKH� VDPH� WHFKQLTXH��7KHLU� UHVXOWV�ZHUH� LQ� JRRG� DJUHHPHQW
ZLWK�WKH�DE�LQLWLR�FDOFXODWLRQV�RYHU�D�UDQJH�RI�LQWHUPROHFXODU
VHSDUDWLRQV� RI� %XUWRQ� DQG� 6HQII� DV� ZHOO� DV� 6FKDHIHU� DQG
.RHKOHU���

7KH�FDOFXODWLRQ�RI�DQ�DFFXUDWH�LQWHUDFWLRQ�SRWHQWLDO�RI�DQ\
YDQ�GHU�:DDOV�FRPSOH[��ZLWK�WKH�SURSHU�JHRPHWU\�RSWLPL]D�
WLRQ�� LV�D� WKHRUHWLFDO�FKDOOHQJH��7KH�DFFXUDWH�FDOFXODWLRQ�RI
HQHUJ\�DQG�VWUXFWXUH�LV�YHU\�LPSRUWDQW�EHFDXVH�ZH�FDQ�H[WHQG
WKH�HPSOR\HG�PHWKRG�WR�YDULRXV�ELRORJLFDO�FRPSOH[�V\VWHP�
,Q�WKDW�VHQVH��WKLV�FRPSXWDWLRQDO�VWXG\�IRU�PROHFXODU�K\GUR�
JHQ� GLPHU� FDQ� EH� D� PRGHO� WHVWLQJ� V\VWHP� IRU� YDULRXV
DSSURDFKHV��7KH�SUHGLFWLRQ�RI�DFFXUDWH�PROHFXODU�JHRPHWU\
DQG� HQHUJ\� LV� XVXDOO\� DFKLHYHG� E\� WKH� +DUWUHH�)RFN� �+)�
PHWKRG��,Q�JHQHUDO��WKH�VXSHUPROHFXODU�DSSURDFK�ZLWK�SURSHU
%66(�FRUUHFWLRQV�JLYHV�JRRG�UHVXOW�IRU�PRVW�GLPHU�V\VWHPV�
+RZHYHU��WKHUH�DUH�PDQ\�FKHPLFDO�V\VWHPV�ZKHUH�WKH�LPSOH�
PHQWDWLRQ�RI�+)�FDOFXODWLRQ�IDLOV�RU� MXVW�QRW�SUDFWLFDO��7KH
PDMRU�UHDVRQ�LV�WKDW�+)�FDOFXODWLRQV�GR�QRW�DGGUHVV�WKH�IXQ�
GDPHQWDO� LVVXH� RI� HOHFWURQ� FRUUHODWLRQ� DQG� WKH� QHHG� IRU� D
PXOWL�UHIHUHQFH�UHSUHVHQWDWLRQ��,QFOXVLRQ�RI�FRUUHODWLRQ�W\SL�
FDOO\� LQFUHDVHV� WKH� FRPSXWDWLRQDO� FRVWV�� WKXV� OLPLWLQJ� LWV
DSSOLFDWLRQ�WR�UDWKHU�VPDOO�FKHPLFDO�V\VWHP�
7RGD\�WKHUH�LV�LQFUHDVLQJ�HYLGHQFH�WKDW�GHQVLW\�IXQFWLRQDO

WKHRU\��')7��RIIHUV�DQ�YLDEOH�DOWHUQDWLYH�WR�WKH�+)�DSSURDFK�
')7� LQFOXGHV� HOHFWURQ� FRUUHODWLRQ� LQ� D� IRUP� WKDW� GRHV� QRW
OHDG� WR� WKH� VFDOLQJ� SUREOHP� RI� +)� EDVHG�PHWKRGV��:KLOH
WKHUH� LV� VXIILFLHQW� HYLGHQFH� WKDW�')7� SURYLGHV� DQ� DFFXUDWH
GHVFULSWLRQ�RI�WKH�HOHFWURQLF�DQG�VWUXFWXUDO�SURSHUWLHV�RI�VRO�
LGV��LQWHUIDFHV�DQG�VPDOO�PROHFXOHV��UHODWLYHO\�OLWWOH�LV�NQRZQ
DERXW� WKH� V\VWHPDWLF� SHUIRUPDQFH� RI� ')7� DSSOLFDWLRQV� WR
PROHFXODU�GLPHUV��7R�LQYHVWLJDWH�WKH�DSSOLFDELOLW\�RI�')7�LQ
WKLV�ILHOG�RI�FKHPLVWU\��ZH�KDYH�SHUIRUPHG�D�V\VWHPDWLF�')7
VWXG\�RI�PROHFXODU�K\GURJHQ�GLPHUV�
7KH�HPSLULFDO�*DXVVLDQ���PHWKRG��*���RI�3RSOH�HW�DO������

KDV�EHHQ�VXFFHVVIXO�IRU�FRPSXWDWLRQDO�WKHUPRFKHPLVWU\��7KHUH
KDYH�EHHQ�PDQ\�DWWHPSWV� WR�GHYLVH�PRGLILHG�*��PHWKRGV�
W\SLFDOO\�WR�GHFUHDVH�WKH�FRPSXWDWLRQDO�FRVW�ZLWKRXW�D�JUHDW
ORVV�LQ�DFFXUDF\��7KH�XVXDO�DSSURDFK�ZDV�WR�VXEVWLWXWH�VRPH
RI�VWHSV�RU�WR�PDNH�FKDQJHV�LQ�WKH�PHWKRG��5HFHQWO\��7UXKODU
HW� DO���� SURSRVHG� D�PRGLILHG�*��PHWKRG�� FDOOHG� WKH�PXOWL�
FRHIILFLHQW� *�� �0&*��� PHWKRG�� )RU� DWRPV� LQ� WKH� /L�1H
SHULRG��WKH\�VKRZHG�WKDW�0&*��PHWKRG�LPSURYHG�LWV�DFFX�
UDF\�E\�D�IDFWRU�RI���ZLWK�D�����UHGXFWLRQ�LQ�FRPSXWDWLRQ
FRVW��0RUH� UHFHQWO\� WKH\� KDYH� GHYHORSHG� WKH�PXOWL�FRHIIL�
FLHQW�*���0&*���PHWKRG����DQG�VKRZHG�WKDW�WKH�URRW�PHDQ
VTXDUH�HUURU�LV�UHGXFHG�E\�DERXW�����DV�FRPSDUHG�WR�WKH�*�
PHWKRG�ZLWK�D�UHGXFWLRQ�LQ�FRVW�RI�DERXW�����
,Q�WKLV�VWXG\��ZH�XVHG�')7��0&*���DQG�0&*��PHWKRGV�WR

GHWHUPLQH�WKH�VWUXFWXUH�DQG�HQHUJ\�RI�WKH�PROHFXODU�K\GUR�
JHQ� GLPHU��:H� FRPSDUHG� WKH� UHVXOWV�ZLWK� RQHV� SUHYLRXVO\
UHSRUWHG� IURP�DE� LQLWLR�PHWKRGV��6RPH�RI� WKH� UHSRUWHG�DE
LQLWLR�UHVXOWV�ZHUH�DOVR�UHFDOFXODWHG�IRU�FRPSDULVRQ�

&RPSXWDWLRQDO�0HWKRGV

$OO�HOHFWURQLF�VWUXFWXUH�FDOFXODWLRQV�ZHUH�SHUIRUPHG�XVLQJ

*DXVVLDQ����TXDQWXP�PHFKDQLFDO�SDFNDJH����*HRPHWULHV�IRU
WKH�PROHFXODU� K\GURJHQ� GLPHU� DQG� WKH� K\GURJHQ�PROHFXOH
ZHUH�RSWLPL]HG�DW�WKH�VHFRQG�RUGHU�0|OOHU�3OHVVHW�SHUWXUED�
WLRQ� WKHRU\� �03��� FDOFXODWLRQ�XVLQJ������*�G�S��� �������
*�G�S��� DQG� 'XQQLQJ©V� FRUUHODWLRQ� FRQVLVWHQW� GRXEOH�]HWD
EDVLV�VHWV���������ZLWK�GLIIXVH�IXQFWLRQV��DXJ�FF�S9'=��LQ�WKH
JDV� SKDVH���� 'HQVLW\� IXQFWLRQDO� WKHRU\� FDOFXODWLRQV� XVLQJ
%HFNH©V��� WKUHH�SDUDPHWHU�JUDGLHQW�FRUUHFWHG�H[FKDQJH�IXQF�
WLRQDO���ZLWK�WKH�/HH�<DQJ�3DUU���JUDGLHQW�FRUUHFWHG�FRUUHOD�
WLRQ��%�/<3��ZHUH�DOVR�SHUIRUPHG�XVLQJ�WKH�VDPH�EDVLV�VHWV�
3HUGHZ©V���QRQORFDO�FRUUHODWLRQ�IXQFWLRQDO��3������ZDV�DOVR
WHVWHG��7KH�0&*��DQG�0&*��JHRPHWULHV�DQG�HQHUJLHV�ZHUH
FDOFXODWHG�E\�XVLQJ�WKH�0XOWLOHYHO�����SURJUDP���

7KH�IRUPDWLRQ�HQHUJLHV�IRU�WKH�GLPHU��(G��ZHUH�FDOFXODWHG
IURP� WKH� GLIIHUHQFH� LQ� HQHUJLHV� EHWZHHQ� WKH� FRPSOH[� DQG
WZR� GLIIHUHQW�PRQRPHUV�� 7KH� EDVLV� VHW� VXSHUSRVLWLRQ� HUURU
�%66(��PD\�EH�LPSRUWDQW�LQ�WKH�FDOFXODWLRQ�RI�WKH�IRUPDWLRQ
HQHUJLHV��7KH�%66(�ZDV�FRUUHFWHG�E\�WKH�%R\V�DQG�%HUQDUGL
FRXQWHUSRLVH�FRUUHFWLRQ�VFKHPH��

%66(� �>(P�0���− (G �0
��@���>(P�0���− (G �0
��@���(UHRUJ

���

(UHRUJ� �>(P�0
���− (P�0���@���>�(P�0
���− (P�0���@ ���

ZKHUH�(P�0��DQG�(G �0
��DUH�WKH�HQHUJLHV�RI�WKH�PRQRPHU�LQ
LWV�RZQ�EDVLV� VHW�DQG� LQ� WKH�EDVLV� VHW�RI� WKH�GLPHU�� UHVSHF�
WLYHO\�� DQG�0� DQG�0
� GHQRWH� WKH� RSWLPL]HG� JHRPHWU\� RI
PRQRPHU�DQG�WKH�JHRPHWU\�RI�WKH�PRQRPHU�LQ�WKH�RSWLPL]HG
GLPHU��UHVSHFWLYHO\��7KH�UHRUJDQL]DWLRQ�HQHUJ\��(UHRUJ��LV�WKH
GHIRUPDWLRQ�HQHUJ\�GXH�WR�WKH�GLPHUL]DWLRQ��7KH�UHRUJDQL]D�
WLRQ� HQHUJ\�� WKH� HQHUJ\�DVVRFLDWHG�ZLWK� WKH� WUDQVLWLRQ� IURP
WKH�RSWLPL]HG�JHRPHWU\�RI�PRQRPHU�WR�WKH�JHRPHWU\�RI�WKH
PRQRPHU�LQ�WKH�GLPHU��VKRXOG�EH�DOVR�LQFOXGHG�LQ�WKH�FRUUHF�
WLRQ�RI�WKH�%66(��7KH�FRUUHFWHG�IRUPDWLRQ�HQHUJ\�LV�GHWHU�
PLQHG�DV�IROORZV�

(G �FRUU�� �(�'��− >(P�0�����(P�0��@���%66( ���

 �(�'��− >(G �0
�����(G �0
��@���(UHRUJ ���

ZKHUH�(�'��LV�WKH�HQHUJ\�RI�GLPHU�

5HVXOWV�DQG�'LVFXVVLRQ

7KUHH� NLQGV� RI� FDOFXODWLRQV� RI� WKH� PROHFXODU� K\GURJHQ
GLPHU� HQHUJ\� OHYHOV� ZHUH� FRPSDUHG�� 7KH� FDOFXODWHG� ERQG
OHQJWKV� IRU� D� K\GURJHQ�PROHFXOH� DW� WKH�')7�DQG� WKH�03�
OHYHOV�RI�WKHRU\�XVLQJ�YDULRXV�EDVLV�VHWV�DUH�OLVWHG�LQ�7DEOH���
:KHQ�ZH�XVH� WKH�'XQQLQJ©V�FRUUHODWLRQ�FRQVLVWHQW�GRXEOH�
]HWD�EDVLV�VHWV��WKH�')7�SUHGLFWV�VOLJKWO\�ORQJHU�ERQG�OHQJWK
WKDQ�WKH�03��OHYHO�RI�WKHRU\��,Q�WKLV�VWXG\��WKH�03��DXJ�FF�
S97=�FDOFXODWLRQ�UHSURGXFHV�WKH�H[SHULPHQWDO�ERQG�OHQJWK
UHDVRQDEO\� ZHOO�� ,Q� JHQHUDO� WKH� ')7� WHQG� WR� JLYH� VOLJKWO\
ODUJHU� ERQG� OHQJWK� WKDQ� WKH� 03�� PHWKRG� ZKHQ� WKH� VDPH
EDVLV�VHWV�ZHUH�XVHG��7KH�ERQG�OHQJWKV�IURP�WKH�%�/<3�DQG
%/<3�PHWKRGV�XVLQJ�WKH�3RSOH©V�EDVLV�VHWV�DOVR�DJUHH�YHU\
ZHOO�ZLWK� H[SHULPHQWDO� UHVXOWV��7KH�')7�FDOFXODWLRQV�ZLWK
'XQQLQJ©V�DXJPHQWHG�GRXEOH�]HWD�EDVLV�VHWV�GRQ©W�JLYH�YHU\
JRRG�UHVXOWV��DOWKRXJK�'XQQLQJ©V�EDVLV�VHWV�DUH�PXFK�ODUJHU
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WKDQ�3RSOH©V��
7KH�%66(�FRUUHFWHG�GLPHUL]DWLRQ�HQHUJLHV�DQG�JHRPHWULF

SDUDPHWHUV�IRU�WKH�GLPHU�FDOFXODWHG�E\�WKH�')7�DQG�WKH�03�
OHYHO�RI�WKHRU\�DUH�VKRZQ�LQ�7DEOH����$OO�RSWLPL]HG�JHRPH�
WULHV�DUH�7�VKDSHG��7KH�+�+�ERQG�OHQJWKV�IRU�WKH�GLPHU�DUH
DOPRVW�WKH�VDPH�DV�WKRVH�RI�PRQRPHU��7KH�FHQWHU�WR�FHQWHU
GLVWDQFH�GHSHQGV�YHU\�PXFK�RQ�WKH�OHYHOV�RI�WKHRU\�DQG�WKH
VL]H�RI�WKH�EDVLV�VHWV��$GGLQJ�GLIIXVH�IXQFWLRQV��IRU�H[DPSOH�
UHGXFHV�WKH�GLVWDQFH��7KLV�VXJJHVWV�WKDW�IDLUO\�ODUJH�EDVLV�VHW
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