
$E�,QLWLR�6WXG\�RI�&DOL[>�@FURZQ���HWKHU�&RPSOH[HG�ZLWK�$PPRQLXP�&DWLRQV �%XOO��.RUHDQ�&KHP��6RF��������9RO������1R�����������

$E�,QLWLR�6WXG\�RI�&RQIRUPHUV�RI�S�WHUW�%XW\OFDOL[>�@FURZQ���HWKHU

&RPSOH[HG�ZLWK�$ON\O�$PPRQLXP�&DWLRQV

-RQJ�,Q�&KRH�
�6XN�.\X�&KDQJ��DQG�6KLQNRK�1DQEX�

'HSDUWPHQW�RI�&KHPLVWU\��&KXQJ�$QJ�8QLYHUVLW\��6HRXO����������.RUHD
�,QVWLWXWH�IRU�0ROHFXODU�6FLHQFH��0\RGDLML��2ND]DNL��$LFKL�����������-DSDQ

5HFHLYHG�0D\��������

7KH� VWUXFWXUHV� DQG� HQHUJLHV� RI�S�WHUW�EXW\OFDOL[>�@FURZQ���HWKHU� ���� LQ� YDULRXV� FRQIRUPHUV� DQG� WKHLU� DON\O

DPPRQLXP�FRPSOH[HV�KDYH�EHHQ�FDOFXODWHG�E\�DE�LQLWLR�+)�����*�TXDQWXP�PHFKDQLFV�PHWKRG��:H�KDYH�WULHG

WR�REWDLQ�WKH�UHODWLYH�DIILQLW\�RI�SDUWLDO�FRQH�DQG�����DOWHUQDWH�FRQIRUPHUV�RI���IRU�DON\O�DPPRQLXP�JXHVWV�E\

FRPSDULVRQ�ZLWK�LWV�FRQH�VKDSHG�DQDORJXH��:H�KDYH�DOVR�FDOFXODWHG�WKH�UHODWLYH�FRPSOH[DWLRQ�HIILFLHQF\�RI

WKHVH�KRVW�JXHVW�FRPSOH[HV�IRFXVLQJ�RQ�WKH�ELQGLQJ�VLWHV�RI�FURZQ���HWKHU�PRLHW\�RU�EHQ]HQH�ULQJV�SRFNHW�RI

WKH�KRVW�PROHFXOH����7KHVH�FDOFXODWLRQV�UHYHDOHG�WKDW�WKH�FURZQ�PRLHW\�KDV�EHWWHU�FRPSOH[DWLRQ�HIILFLHQF\�WKDQ

XSSHU�ULP�SDUW�RI�FDOL[>�@DUHQH�WKDW�LV�LQ�VLPLODU�WUHQG�WR�WKH�FRQH�VKDSHG�FRPSOH[HV�

.H\ZRUGV � &DOL[>�@FURZQ���HWKHU��3DUWLDO�FRQH������$OWHUQDWH��$ON\O�DPPRQLXP�LRQV��0ROHFXODU� UHFRJQL�

WLRQ�

,QWURGXFWLRQ

7KH�PROHFXODU�GHVLJQ�RI�V\QWKHWLF�UHFHSWRUV�IRU�WKH�VHOHF�

WLYH� UHFRJQLWLRQ� RI� PDQ\� LPSRUWDQW� JXHVWV� KDV� EHHQ� HYHU

LQFUHDVLQJ�DFWLYH�UHVHDUFK�DUHD�LQ�VXSUDPROHFXODU�FKHPLVWU\

ILHOG��� 7KH� FDOL[DUHQHV���� KDYLQJ� ZHOO�GHILQHG� PROHFXODU

IUDPHZRUN�DUH�SDUWLFXODUO\�DWWUDFWLYH�DV�D�EDVLF�VNHOHWRQ�IRU

QHZ� VXSUDPROHFXODU� V\VWHPV� DQG� D� YDULHW\� RI� FRPSRXQGV

KDYH�EHHQ�SUHSDUHG�WR�HQGRZ�XQLTXH�ELQGLQJ�FKDUDFWHULVWLFV

WR�WKHVH�YHUVDWLOH�PROHFXODU�V\VWHPV�����3DUWLFXODUO\��VHOHFWLYH

ELQGLQJ�RI�RUJDQLF�DPPRQLXP�JXHVWV�RI�ELRORJLFDOO\�LPSRU�

WDQW�IXQFWLRQV�DWWUDFWHG�PXFK�UHVHDUFK�LQWHUHVWV� ��ZKLFK�UHVXOWV

LQ�GHYHORSPHQW�RI�PDQ\�LQWHUHVWLQJ�KRVW�V\VWHPV�IURP�FDOL[�

DUHQHV��� 2I� WKHVH� FDOL[>�@�FURZQ� HWKHUV� UHYHDOHG� VHOHFWLYH

PROHFXODU�UHFRJQLWLRQ�DQG�VHQVLQJ�EHKDYLRU�WRZDUG�PDQ\�RI

LPSRUWDQW�DPLQH�JXHVWV�����

5HFHQWO\�� WKHUH�KDV�EHHQ�PXFK�SURJUHVV� LQ� WKH� FRPSXWD�

WLRQDO�DSSURDFKHV� LQ�VXSUDPROHFXODU�FKHPLVWU\��ZKLFK�PD\

OHDG�WR�WKH�PLFURVFRSLF�LQVLJKW�LQWR�WKH�VWUXFWXUDO�DQG�WKHUPR�

G\QDPLFDO� IHDWXUHV� LQYROYHG� LQ� WKH� SURFHVVHV� RI�PROHFXODU

UHFRJQLWLRQ�DQG�VXSUDPROHFXODU�RUJDQL]DWLRQ� �G�:LSII�HW�DO�

KDYH�SHUIRUPHG�FRPSXWDWLRQDO�VWXGLHV�RQ�D�VHULHV�RI�LPSRU�

WDQW�LRQRSKRUHV�GHULYHG�IURP�FDOL[DUHQHV� ��:H�KDYH�UHSRUWHG

SUHOLPLQDU\� $0�� VHPL�HPSLULFDO� TXDQWXP�PHFKDQLFV� DQG

PROHFXODU�PHFKDQLFV�FDOFXODWLRQV�XVLQJ�D�YDULHW\�RI� IRUFH�

ILHOGV��00���00���&9))��IRU�WKH�DON\O�DPPRQLXP�FRP�

SOH[HV�RQ�WKUHH�GLIIHUHQW�FRQIRUPDWLRQV��FRQH��SDUWLDO�FRQH�

����DOWHUQDWH��RI�S�WHUW�EXW\OFDOL[>�@FURZQ���HWKHU��������:H

KDYH� DOVR� VWXGLHG� WKH� VWUXFWXUHV� DQG� HQHUJLHV� RI� WKH� FRQH�

VKDSHG�KRVW���DQG�LWV�DON\O�DPPRQLXP�FRPSOH[HV�XVLQJ� DE

LQLWLR�+)�����*�TXDQWXP�PHFKDQLFV����%\�D�VHULHV�RI�FDOFX�

ODWLRQV�WKH�SULPDU\�ELQGLQJ�VLWH�RI�KRVW���IRU�WKH�UHFRJQLWLRQ

RI�DON\O�DPPRQLXP�JXHVWV�ZDV�FRQILUPHG�WR�EH�WKH�FHQWUDO

SDUW�RI�WKH�FURZQ�PRLHW\�RI�FRQH�FRQIRUPDWLRQ����7KH�FRP�

SOH[DWLRQ�HQHUJ\�FDOFXODWLRQV�DOVR�UHYHDOHG�WKDW�WKH�DPPRQLXP

FDWLRQ�ZLWKRXW�DON\O�JURXS�VKRZHG�WKH�KLJKHVW�FRPSOH[DWLRQ

HIILFLHQF\�ZKHQ�FRPELQHG�ZLWK�KRVW� ���7KHVH�UHVXOWV�DUH�LQ

VDWLVIDFWRU\� DJUHHPHQW� ZLWK� WKH� SUHOLPLQDU\� $0�� VHPL�

HPSLULFDO� TXDQWXP� PHFKDQLFV� DQG� PROHFXODU� PHFKDQLFV

FDOFXODWLRQV�DV�ZHOO�DV�ZLWK�WKH�H[SHULPHQWDO ��UHVXOWV�

,Q� WKLV� SDSHU� ZH� UHSRUW� WKH� DE� LQLWLR� FDOFXODWLRQ� RI� WKH

FRQIRUPHUV� RI� S�WHUW�EXW\OFDOL[>�@DUHQH� FRPSOH[HG� ZLWK

VLPSOH�DON\O�DPPRQLXP�JXHVWV��7KH�PDLQ�HPSKDVHV�RI�WKLV

VWXG\� DUH� WU\LQJ� WR� GHWHUPLQH� WKH� UHODWLYH� ELQGLQJ� DIILQLW\

WRZDUG� DON\O� DPPRQLXP� JXHVWV� RI� SDUWLDO�FRQH� DQG� ����

DOWHUQDWH� FRQIRUPDWLRQV� FRPSDUHG� WR� LWV� FRQH�VKDSHG� DQD�

ORJXH�DORQJ�ZLWK�WKH�FRPSOH[DWLRQ�HIILFLHQF\�RI�WKHVH�KRVW�

JXHVW� FRPSOH[HV� IRFXVLQJ� RQ� WKH� ELQGLQJ� VLWH� RI� FURZQ���

HWKHU�RU�EHQ]HQH�ULQJV�SRFNHW�RI�WKH�KRVW�PROHFXOH� ��XVLQJ

DE�LQLWLR�+)�����*�TXDQWXP�PHFKDQLFV��

&RPSXWDWLRQDO�0HWKRGV

7KH� LQLWLDO� VWUXFWXUHV� RI� KRVW� PROHFXOH� DQG� KRVW�JXHVW
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RUGHU� WR� IRFXV� WKH� FURZQ�HWKHU� PRLHW\�� DOO� RI� WKH� FRQIRUPHUV� LQ
)LJXUHV���WKURXJK���VKRZ�WKH�XSSHU�ULP�RI�FDOL[DUHQH�LQ�WKH�ORZHU
SRVLWLRQ�
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FRPSOH[HV�IRU�DE�LQLWLR�+)�����*�FDOFXODWLRQV�ZHUH�GHWHU�

PLQHG�E\�,QVLJKW,,�'LVFRYHU�������:H�KDYH�DGDSWHG�&RQVLVWHQW

9DOHQFH�)RUFHILHOG��&9))��WR�H[SUHVV�WKH�0ROHFXODU�0HFK�

DQLFV��00����HQHUJLHV�RI�FDOL[>�@FURZQ���HWKHU�KRVW��DON\O�

DPPRQLXP�FDWLRQV�DQG�FRPSOH[HV��(DFK�VWUXFWXUH�ZDV�VXE�

MHFWHG�WR�D�FRQIRUPDWLRQDO�VHDUFK�LQ�ZKLFK�����.�FRQVWDQW

WHPSHUDWXUH�PROHFXODU� G\QDPLFV�ZDV� FDUULHG� RXW� IRU� �� QV�

(YHU\� ���SV� GXULQJ� WKH� �� QV� VQDSVKRW�ZHUH� VDYHG� DQG� WKH

HQHUJLHV�RI�WKHVH�FRQIRUPHUV�ZHUH�PLQLPL]HG�WR������NFDO�

PRO�JUDGLHQW��

6HPL�HPSLULFDO�4XDQWXP�0HFKDQLFDO��$0���0HWKRG�

7KH�FRQIRUPDWLRQV�RI�WKH�KRVW�DQG�FRPSOH[HV�REWDLQHG�IURP

00� FDOFXODWLRQV� ZHUH� IXOO\� UH�RSWLPL]HG� WR� HVWLPDWH� WKH

ELQGLQJ�HQHUJ\�DQG�WKH�HQWKDOS\�RI�IRUPDWLRQ�RI�WKH�FRPSRXQGV

XVLQJ�$0�� VHPL�HPSLULFDO� TXDQWXP�PHFKDQLFV�PHWKRG�RI

WKH�+\SHU&KHP���������7KH�GHIDXOW�VHPL�HPSLULFDO�RSWLRQV

�5HVWULFWHG� +DUWUHH� )RFN� �5+)�� VSLQ� SDLULQJ�� ZHUH� XVHG

H[FHSW�WKH�IROORZLQJV��WRWDO�FKDUJH� ����VSLQ�PXOWLSOLFLW\� ��

IRU� QHXWUDO� KRVW� �S�WHUW�EXW\OFDOL[>�@FURZQ���HWKHU��� WRWDO

FKDUJH�  � ��� VSLQ� PXOWLSOLFLW\�  � �� IRU� FDWLRQLF� JXHVWV� DQG

FRPSOH[HV��

$E� LQLWLR� 4XDQWXP� 0HFKDQLFDO� �+)�����*�� 0HWKRG�

$E�LQLWLR�+)�����*�TXDQWXP�PHFKDQLFDO�FDOFXODWLRQ�RI�WKH

KRVW��� RU� LWV� FRPSOH[HV� E\�*DXVVLDQ� ����� RQ� )XMLWVX�933
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WRRN�PRUH�WKDQ�����KRXUV�WR�UHDFK�DQ�RSWLPXP�FRQIRUPDWLRQ

ZLWK� HUURU� OLPLW� RI� OHVV� WKDQ� ������ NFDO�PRO� ����������

DWRPLF� XQLW� �$�8���� IRU� HDFK� FRPSOH[�� *HQHURXV� WLPH

DOORFDWLRQ�RI�WKH�VXSHUFRPSXWHU�VKRXOG�EH�DSSUHFLDWHG�WR�WKH

UHVHDUFK�FHQWHU�IRU�FRPSXWDWLRQDO�VFLHQFH�LQ�WKH�,QVWLWXWH�IRU

0ROHFXODU�6FLHQFH�RI�-DSDQ��

5HVXOWV�DQG�'LVFXVVLRQ

7KH� DE� LQLWLR� TXDQWXP� PHFKDQLFDO� IXOO� RSWLPL]DWLRQV

ZLWKRXW� DQ\� FRQVWUDLQW� ZHUH� FDUULHG� RXW� IRU� WZR� NLQGV� RI

FRPSOH[DWLRQ� PRGH� IRU� HDFK� FRQIRUPHU�� FRPELQLQJ� FRQH�

SDUWLDO�FRQH�� DQG� ����DOWHUQDWH� FRQIRUPHUV� RI� KRVW� �� ZLWK

JXHVW� LQ� WZR� GLIIHUHQW� ORFDWLRQV� �WKH� FURZQ���HWKHU� �FU�� RU

EHQ]HQH�ULQJV�SRFNHW��E]���RI�FDOL[>�@DUHQH�FURZQ�HWKHU��7R

KDYH�DQ�LQVLJKW�LQWR�WKH�ELQGLQJ�RI�RUJDQLF�DPPRQLXP�JXHVWV�

VLPSOH�DON\ODPLQHV�ZHUH�FKRVHQ�DV�PRGHO�FRPSRXQGV��7KH

UHVXOWV�RI�DE�LQLWLR�+)�����*�HQHUJLHV�IRU�WKH�FRPSOH[HV�RI

SDUWLDO�FRQH� DQG� ����DOWHUQDWH� FDOL[>�@FURZQ���HWKHU� ZLWK

DON\O�DPPRQLXP�LRQV�DUH�OLVWHG�LQ�7DEOHV���DQG����7DEOH��

UHSRUWV�WKH�DE�LQLWLR�+)�����*�DEVROXWH�DQG�UHODWLYH�HQHUJLHV

�LQ�DWRPLF�XQLW��RI�WKH�GLIIHUHQW�FRPSOH[HV�RI�FDOL[>�@FURZQ�
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*XHVW�E]�H ����������� ������� ����������� ������� ����������� ������� ����������� �������
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GHQRWHV�WKDW�DON\O�DPPRQLXP�LRQ�LV�FRQWDLQHG�LQVLGH�RI�WKH�FURZQ���HWKHU�PRLHW\��H*XHVW�E]��PHDQV�WKDW�DON\O�DPPRQLXP�LRQ�LV�FRQWDLQHG�LQVLGH�RI
XSSHU�ULP�FRQVLVWHG�RI�EHQ]HQH�ULQJV��ISDFR�DQG�����DOW�GHQRWH�SDUWLDO�FRQH�DQG�����DOWHUQDWH�FRQIRUPDWLRQ��UHVSHFWLYHO\�

7DEOH����$E�LQLWLR�(QHUJLHV��NFDO�PRO�D�RI�&RPSOH[HV�RI�&DOL[>�@FURZQ���HWKHU�ZLWK�DON\O�$PPRQLXP�,RQV

$E�LQLWLR�+)�����*�HQHUJLHV��NFDO�PRO�

$ON\O�DPPRQLXP�JXHVWE�F

1+�
� 0H (W Q�3U

���������� ���������� ���������� �����������

+RVW��F &RPSOH[�FRQIRUPDWLRQ +)�����*�UHODWLYH�HQHUJLHVD�RI�FRPSOH[HV
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��HWKHU�ZLWK�UHSUHVHQWDWLYH�OLQHDU�DON\O�DPPRQLXP�FDWLRQV�

7DEOH� �� UHSRUWV� WKH� UHVXOWV� RI� 7DEOH� �� FRQYHUWHG� DV� WKH

UHODWLYH�HQHUJLHV�RI�WKUHH�NLQGV�RI�FRPSOH[HV�LQ�NFDO�PRO�IRU

WKH�VDNH�RI�UHDGDELOLW\�

:KHQ� RQH� VHHV� 7DEOH� ��� WKH� SDUWLDO�FRQH�FRPSOH[� ZLWK

1+�
��FU�� DQG� WKH� SDUWLDO�FRQH�FRPSOH[� ZLWK� 1+�

��E]�� LQ

WKUHH�EHQ]HQH�ULQJV� SRFNHW� DUH� IRXQG� WR� EH� ����� NFDO�PRO

DQG� ������ NFDO�PRO� OHVV� VWDEOH� WKDQ� WKH�PRVW� VWDEOH� FRQH�

FRPSOH[� ZLWK� 1+�
��FU�� LQ� FURZQ�HWKHU� ULQJ�� UHVSHFWLYHO\�

:LWKLQ� SDUWLDO�FRQH�FRPSOH[�� WKH� 1+�
��FU�� LV� PXFK� PRUH

VWDEOH�WKDQ�WKH�FRPSOH[�LQ�EHQ]HQH�ULQJV�SRFNHW�E\����NFDO�

PRO��7KH�WUHQG�LQ�UHODWLYH�VWDELOLW\�EHWZHHQ�WKH�SRVLWLRQV�RI

DPPRQLXP�LRQ�LQ�WZR�SRVVLEOH�ELQGLQJ�ORFDWLRQV�LV�VLPLODU

WR� WKDW� RI� DOUHDG\� UHSRUWHG� FRQH�FRPSOH[����2WKHU� NLQGV� RI

OLQHDU�DON\O�DPPRQLXP�FRPSOH[HV�DOO�VKRZHG�VLPLODU�WUHQG

IRU�WKH�UHODWLYH�VWDELOLWLHV�LQ�WKHVH�DE�LQLWLR�TXDQWXP�PHFKD�

QLFDO� FDOFXODWLRQV�� :KHQ� RQH� FRPSDUHV� WKH� UHODWLYH� VWDEL�

OLWLHV�RI�WKH�KRVW�LQ�SDUWLDO�FRQH�FRQIRUPDWLRQ�IRU�WKH�GLIIHU�

HQW�JXHVWV� LQ�7DEOH���� WKH�JXHVW� LQ� WKH� FURZQ�HWKHU�PRLHW\

�JXHVW�FU�� PRGH�� JHQHUDOO\� KDV� WKH� KLJKHU� FRPSOH[DWLRQ

HIILFLHQFLHV�IRU�DOO�NLQGV�RI�WKH�DON\O�DPPRQLXP�LRQV�WKDQ�LQ

WKH� WKUHH�EHQ]HQH�ULQJV� SRFNHW� RI� WKH� SDUWLDO� FRQH� FRQIRU�

PDWLRQ�RI�KRVW�PROHFXOH����

)LJXUH���VKRZV�WKH�ILQDO�DE� LQLWLR�FDOFXODWHG�VWUXFWXUH�RI

SDUWLDO� FRQH� FRQIRUPDWLRQ� RI� �� FRPSOH[HG� LQ� FURZQ�HWKHU

PRLHW\�ZLWK�SURS\O�DPPRQLXP�LRQ��7KH�FDOFXODWHG�VWUXFWXUH

GRHV�QRW�DIIHFWHG�VLJQLILFDQWO\�ZLWK�WKH�VL]H�RI�DON\O�JURXS�LQ

DPPRQLXP�LRQ�XS�WR�WKH�HWK\O�DPPRQLXP�JXHVW��+RZHYHU�

IRU� WKH� SURS\O� DPPRQLXP� FRPSOH[�� ULJRURXV� RSWLPL]DWLRQ

FKDQJHG�LWV�FRQIRUPDWLRQ�WR�WKH�PRUH�VWDEOH�FRQH�DQDORJXH�

7KHUHIRUH��ZH�KDG�WR�SRVLWLRQ�WKH�SURS\O�DPPRQLXP�JXHVW�DW

WKH�RWKHU�VLGH�RI�FURZQ���HWKHU�PRLHW\�DV�D�VWDUWLQJ�VWUXFWXUH�

,Q� WKLV� FDVH� WKH� UHVW� RI� LRQRSKRUH� VWUXFWXUHV� DUH� UHODWLYHO\

XQDIIHFWHG��)LJXUH���VKRZV�WKH�OHVV�VWDEOH�VWUXFWXUH�RI�SDUWLDO

FRQH� FRQIRUPDWLRQ� RI� �� FRPSOH[HG� LQ� WKH� WKUHH�EHQ]HQH�

ULQJV�SRFNHW�ZLWK�SURS\O�DPPRQLXP�LRQ��7KH�GLIIHUHQW�SRVL�

WLRQ�RI�WKH�FURZQ���HWKHU�PRLHW\��HLWKHU�YHUWLFDO�RU�IODWWHQHG�

GLG�QRW�LQIOXHQFH�WKH�UHODWLYH�VWDELOLW\�RI�WKH�FRPSOH[HV�IRU

YDULRXV�DON\O�DPPRQLXP�JXHVWV��ZKLFK�PLJKW�EH�GXH�WR�WKH

IDFW�WKDW�WKH�DON\O�JURXSV�RI�WKH�JXHVW�ORFDWHG�LQ�XSSHU�ULP

SDUW�DGRSWLQJ�WKH�RXWZDUG�RULHQWDWLRQ�

:KHQ� RQH� VHHV� 7DEOH� ��� WKH� ����DOWHUQDWH�FRPSOH[� ZLWK

1+�
��FU�� DQG� WKH� ����DOWHUQDWH�FRPSOH[� ZLWK� 1+�

��E]�� LQ

WZR�EHQ]HQH�ULQJV� SRFNHW� RSSRVLWH� WR� WKH� FURZQ� HWKHU

)LJXUH� ��� $E� LQLWLR� FDOFXODWHG� VWUXFWXUH� RI� SDUWLDO�FRQH� FRQIRU�
PDWLRQ� RI� �� FRPSOH[HG� LQ� FURZQ�HWKHU� ULQJ� ZLWK� Q�SURS\O
DPPRQLXP�LRQ�

)LJXUH� ��� $E� LQLWLR� FDOFXODWHG� VWUXFWXUH� RI� SDUWLDO�FRQH� FRQIRU�
PDWLRQ� RI� �� FRPSOH[HG� LQ� WKH� FDOL[>�@DUHQH�FDYLW\� FRQVLVWHG� RI
EHQ]HQH�ULQJV�ZLWK�Q�SURS\O�DPPRQLXP�LRQ�

)LJXUH� ��� $E� LQLWLR� FDOFXODWHG� VWUXFWXUH� RI� ����DOWHUQDWH� FRQIRU�
PDWLRQ� RI� �� FRPSOH[HG� LQ� FURZQ�HWKHU� ULQJ� ZLWK� Q�SURS\O
DPPRQLXP�LRQ�
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PRLHW\�DUH�IRXQG�WR�EH�������NFDO�PRO�DQG�������NFDO�PRO

OHVV�VWDEOH�WKDQ�WKH�PRVW�VWDEOH�FRQH�FRPSOH[�ZLWK�1+�
��FU�

LQ�FURZQ�HWKHU�ULQJ��7KH�����DOWHUQDWH�FRPSOH[�ZLWK�1+�
��LQ

FURZQ�HWKHU� PRLHW\� LV� PRUH� VWDEOH� WKDQ� WKH� ����DOWHUQDWH�

FRPSOH[� LQ� EHQ]HQH�ULQJV� SRFNHW� DV� RWKHU� FRQIRUPHUV�

)LJXUH���VKRZV�WKH�ILQDO�DE�LQLWLR�VWUXFWXUH�RI�����DOWHUQDWH

FRQIRUPDWLRQ� RI� �� FRPSOH[HG� LQ� FURZQ�HWKHU�PRLHW\�ZLWK

SURS\O� DPPRQLXP� LRQ�� ,Q� WKLV� FDVH�� RQH� RI� WKH� WHUW�EXW\O

JURXSV�RI�WZR�DOWHUQDWH�ULQJV�PRYHV�VRPHZKDW�RXWZDUG�IURP

WKH� FURZQ� HWKHU� PRLHW\� DV� WKH� VL]H� RI� WKH� DON\O� JURXS

LQFUHDVHV��ZKLFK� UHVXOWV� LQ�PRUH� IODWWHQHG� FRQIRUPDWLRQ�RI

WKH�LRQRSKRUH��)LJXUH���VKRZV�WKH�OHVV�VWDEOH�VWUXFWXUH�RI�WKH

����DOWHUQDWH� FRQIRUPDWLRQ� RI� �� FRPSOH[HG� LQ� WKH� WZR�

EHQ]HQH�ULQJV� SRFNHW� RSSRVLWH� WR� WKH� FURZQ� HWKHU� PRLHW\

ZLWK�SURS\O�DPPRQLXP� LRQ��7KH� VXEVWLWXHQW�HIIHFWV�RQ� WKH

FRQIRUPDWLRQ�RI� LRQRSKRUH� DUH� DJDLQ� QHJOLJLEOH� GXH� WR� WKH

RXWZDUG� RULHQWDWLRQ� IRU� WKH� DON\O� JURXSV� RI� WKH� JXHVW��7KH

VWDELOLW\�RI�WKH�FRPSOH[HV�LQ�JHQHUDO�GHFUHDVHV�LQ�WKH�RUGHU

RI�1+�
��!�0H1+�

��!�(W1+�
��!�3U1+�

���ZKLFK�LV� LQ�JRRG

DJUHHPHQW�ZLWK�WKH�H[SHULPHQWDO�UHVXOWV���

,Q� RUGHU� WR� GHSLFW� WKH� UHODWLYH� HQHUJLHV� IRU� WKH� DON\O

DPPRQLXP�JXHVW� LQ� FURZQ���HWKHU�PRLHW\� DQG� LQ� EHQ]HQH

ULP� RI� KRVW� ��� ZH� FRQYHUWHG� WKH� GDWD� LQ� 7DEOH� �� LQWR� WZR

GLIIHUHQW� SORWV� RI� )LJXUHV� �� DQG� ��� UHVSHFWLYHO\�� )LJXUH� �

VKRZV�WKH�UHODWLYH�VWDELOLW\��NFDO�PRO��IRU�WKH�DON\O�DPPRQLXP

JXHVW� LQ� FURZQ���HWKHU� PRLHW\� RI� KRVW� ��� 7KH� Q�SURS\O

DPPRQLXP�FRPSOH[�RI�����DOWHUQDWH�FRQIRUPHU�ZDV�VR�XQVWDEOH

WKDW�IXUWKHU�DE�LQLWLR�JHRPHWU\�RSWLPL]DWLRQ�ZRXOG�FRQYHUW�LW

WR� SDUWLDO� FRQH� DQDORJXH� GXH� WR� WKH� VWHULF� KLQGUDQFH� RI

Q�SURS\O� JURXS� LQ� WKH� DPPRQLXP� FDWLRQ�� 7KHUHIRUH�� WKLV

YDOXH� �������NFDO�PRO�� LV� RPLWWHG� LQ� WKH� SORW��$V�RQH� VHHV

)LJXUH����DOO�RI�WKH�����DOWHUQDWH�FRPSOH[HV�DUH�PRUH�WKDQ���

NFDO�PRO�XQVWDEOH�FRPSDUHG�ZLWK�WKH�FRQH�DQDORJXHV��)LJXUH

�� VKRZV� WKH� UHODWLYH� VWDELOLW\� �NFDO�PRO�� IRU� WKH� DON\O

DPPRQLXP�JXHVW� LQ� EHQ]HQH� ULP� RI� KRVW����+HUH�� WKH� ����

DOWHUQDWH� FRQIRUPHUV� DUH� DJDLQ� PRVW� XQVWDEOH�� EXW� WKH

PDJQLWXGH�RI�GLIIHUHQFHV�LV�PXFK�VPDOOHU�WKDQ�FURZQ���HWKHU

SRFNHW�FRPSOH[HV��OHVV�WKDQ����NFDO�PRO�FRPSDUHG�ZLWK�WKH

FRQH�DQDORJXHV��$Q�LQWHUHVWLQJ�UHVXOW�LQ�WKLV�SORW�LV�WKDW�WKH

SDUWLDO� FRQH� FRPSOH[HV� RI� WKH� DPPRQLXP� LRQ� ZLWK� DON\O

JURXS� KDYH� YHU\�PXFK� VLPLODU� VWDELOLW\� FRPSDUHG� WR� FRQH

FRPSOH[HV��2QH�RI�WKH�UHDVRQV�PLJKW�EH�GXH�WR�VPDOOHU�EXW

IDLUO\� QRWLFHDEOH� &+�DURPDWLF� π� LQWHUDFWLRQV� LQ� WKUHH
EHQ]HQH�ULQJV�FRPSDUHG�WR�FRQH�FRPSOH[HV��

,Q� RUGHU� WR� FRPSOHWH� WKH� SUHYLRXV� $0�� VHPL�HPSLULFDO

TXDQWXP�PHFKDQLFDO� FDOFXODWLRQ� RI� FRPSOH[HV� RI� FDOL[>�@�

FURZQ���HWKHU� ZLWK� DON\O� DPPRQLXP� LRQV����ZH� KDYH� DOVR

FRPSXWHG�WKH�UHOHYDQW�HQHUJLHV�RI�WKH�SDUWLDO�FRQH�DQG�����

DOWHUQDWH�FRPSOH[HV�LQ�ZKLFK�WKH�JXHVW�FDWLRQ�LV�LQ�EHQ]HQH�

ULQJV� SRFNHW�� +HUH� DJDLQ� WKH� VWDELOLW\� RI� WKH� FRPSOH[HV

GHFUHDVHV� LQ� WKH� RUGHU� RI� 1+�
�� !� 0H1+�

�� !� (W1+�
�� !

3U1+�
���ZKLFK�LV� LQ� OLQH�ZLWK� WKH�H[SHULPHQWDO�UHVXOWV���$V

ZH�KDYH�FRPSDUHG�WKH�TXDQWXP�PHFKDQLFDO�VWDELOLWLHV�RI�WKH

GLIIHUHQW�SDUWLDO�FRQH�DQG�����DOWHUQDWH�FRPSOH[HV��WKH�UHODWLYH

HQHUJLHV� RI�$0�� VHPL�HPSLULFDO�PHWKRG� DUH� LQ� SDUDOOHO� WR

WKH�WUHQG�RI�DE�LQLWLR�+)�����*�TXDQWXP�PHFKDQLFDO�FDOFX�

ODWLRQV��7KHUHIRUH��ZKHQ�RQH�GRHV�QRW�KDYH�HQRXJK�FRPSXW�

LQJ�UHVRXUFHV�IRU�WKH�DE�LQLWLR�FDOFXODWLRQV��LW�LV�SRVVLEOH�WR

XWLOL]H� WKH� OHVV� H[SHQVLYH� VHPL�HPSLULFDO� $0�� TXDQWXP

PHFKDQLFDO� PHWKRGV� WR� JHW� UHODWLYH� VWDELOLWLHV� RI� GLIIHUHQW

)LJXUH� ��� $E� LQLWLR� FDOFXODWHG� VWUXFWXUH� RI� ����DOWHUQDWH� FRQIRU�
PDWLRQ� RI� �� FRPSOH[HG� LQ� FDOL[>�@DUHQH�FDYLW\� FRQVLVWHG� RI
EHQ]HQH�ULQJV�ZLWK�Q�SURS\O�DPPRQLXP�LRQ�

)LJXUH� ��� 5HODWLYH� VWDELOLW\� �NFDO�PRO�� IRU� WKH� DON\O� DPPRQLXP
JXHVW�LQ�FURZQ���HWKHU�PRLHW\�RI�KRVW���

)LJXUH� ��� 5HODWLYH� VWDELOLW\� �NFDO�PRO�� IRU� WKH� DON\O� DPPRQLXP
JXHVW�LQ�EHQ]HQH�ULP�RI�KRVW���
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JXHVWV� ZDV� FRQILUPHG� WR� EH� WKH� FHQWUDO� SDUW� RI� WKH� FURZQ

PRLHW\� DV� LQ� FRQH�FRPSOH[HV�� 7KH� DE� LQLWLR� ����*� FDOFX�

ODWLRQV� DOVR�GXSOLFDWH� WKH�GLVFULPLQDWLRQ�DELOLW\�RI� WKH�KRVW

WRZDUG� WKH� YDU\LQJ� VWUXFWXUHV� RI� DON\O� DPPRQLXP� LRQV�

&RPSOH[DWLRQ�ZLWK� DPPRQLXP� LRQ�ZLWKRXW� DON\O� JURXS� LQ

DOO� FDVHV� VKRZV� WKH� KLJKHVW� FRPSOH[DWLRQ� HIILFLHQF\� ZLWK

FRQH� FRQIRUPDWLRQ� WKDQ� SDUWLDO�FRQH� DQG� ����DOWHUQDWH

FRQIRUPDWLRQDO�DQDORJXHV��7KHVH�DE�LQLWLR�+)�����*�UHVXOWV

DUH�LQ�VDWLVIDFWRU\�DJUHHPHQW�ZLWK�WKH�UHVXOWV�RI�SUHOLPLQDU\

SXEOLFDWLRQ��� ZKLFK� KDYH� XVHG� OHVV� H[SHQVLYH� FDOFXODWLRQ
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