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7KH�LQGHSHQGHQFH�RI�WKH�UHVSRQVH�RI�D�0LFURZDYH�,QGXFHG�3ODVPD�$WRPLF�(PLVVLRQ�'HWHFWRU

�*&�0,3��IRU�*DV�&KURPDWRJUDSK\�ZLWK�WKH�FKHPLFDO�VWUXFWXUH�RI�WKH�DQDO\WH�KDV�EHHQ�H[SORLWHG

XVLQJ�DV�WHVWH�VDPSOHV�QLQH�RUJDQRFKORULQH�FRPSRXQGV��:LWK�VLJQDO�PRQLWRULQJ�DW�WKH�FKORULQH������

QP�HPLVVLRQ� OLQH� DQG�DIWHU�SURSHU� DGMXVWPHQW�RI� WKH�RSHUDWLRQDO� FRQGLWLRQV�RI� WKH�*&�0,3� WKH

DJUHHPHQW�RI�WKH�GHWHFWRU�UHVSRQVH�IRU�WKH�QLQH�FRPSRXQGV�ZDV�RI������RU�OHVV��ZKLFK�LV�DGHTXDWH

IRU�WKH�XVH�RI�WKH�FRPSRXQG�LQGHSHQGHQW�FDOLEUDWLRQ�PHWKRG��,W�LV�SURSRVHG�WKDW�WKH�UHOLDELOLW\�RI

WKH� TXDQWLWDWLRQ� DIWHU� DSSO\LQJ� WKH� FRPSRXQG�LQGHSHQGHQW� FDOLEUDWLRQ�PHWKRGRORJ\�PD\�EH� HQ�

KDQFHG�LI�D�VHW�RI�FDOLEUDWLRQ�FRPSRXQGV�LV�XVHG�LQVWHDG�RI�D�VLQJOH�FDOLEUDWLRQ�FRPSRXQG�

.H\ZRUGV�� PLFURZDYH� LQGXFHG� SODVPD�� FKORULQH� VSHFLILF� GHWHFWLRQ�� FRPSRXQG�LQGH�

SHQGHQW�FDOLEUDWLRQ�PHWKRG

,QWURGXFWLRQ

7KH�SURSHUW\�RI�WKH�0LFURZDYH�,QGXFHG�3ODVPD�$WRPLF

(PLVVLRQ�'HWHFWRU��*&�0,3��RI�EHKDYLQJ�DV�D�GHWHFWRU�WKDW

PD\�UHVSRQG�WR�DQDO\WHV�LQGHSHQGHQWO\�RI�WKHLU�VWUXFWXUHV

KDV� EHHQ� XVHG� LQ� VWXGLHV� VXFK� DV� WKH� GHWHUPLQDWLRQ� RI

HPSLULFDO�IRUPXODH������DQG�RI�TXDQWLWDWLRQ�E\�WKH�VR�FDOOHG

FRPSRXQG�LQGHSHQGHQW�FDOLEUDWLRQ�PHWKRG�����,Q�VWXGLHV�RI

WKLV�W\SH�WZR�H[SHULPHQWDO�GUDZEDFNV�KDYH�WR�EH�DFFRXQWHG

IRU���D��WKH�VWUXFWXUH�RI�WKH�DQDO\WH�LV�NQRZQ��EXW�WKH�DQDO\WH

LV� QRW� DYDLODEOH� DV� D� FKURPDWRJUDSKLF� VWDQGDUG�� �E�� WKH

LGHQWLW\�RI�WKH�DQDO\WH�LV�XQFHUWDLQ��EXW�RWKHU�LQIRUPDWLRQ

SHUPLWV�WKH�HVWLPDWLRQ�RI�LWV�SRVVLEOH�VWUXFWXUH��,Q�WKH�WULDO

RI�DQ�DQDO\WLFDO�VROXWLRQ�RI�WKH�WZR�DIRUHPHQWLRQHG�FDVHV�LW

LV�QHFHVVDU\�WR�DVVXPH�WKDW�D�FRQGLWLRQ�PD\�EH�IRXQG�XQGHU

ZKLFK�WKH�*&�0,3�UHVSRQVH�WRZDUGV�WKH�DQDO\WH�LV�VLPLODU

WR�LWV�UHVSRQVH�WRZDUGV�D�FKRVHQ�FDOLEUDWLRQ�VDPSOH��7KXV�

WKH�H[SHULPHQWDWLRQ�HPERGLHV�WKH�HVWDEOLVKPHQW�RI�D�FULWH�

ULRQ�RI�DVVXUDQFH� WKDW� WKH�*&�0,3�UHVSRQVH�WRZDUGV�WKH

FDOLEUDWLRQ�VDPSOH�DQG�WRZDUGV�WKH�DQDO\WH�FRQYHUJH�WR�D

VWDWLVWLFDOO\�FRPPRQ�YDOXH��7KH�H[SHULPHQWDWLRQ�LV�DOVR�QRW

VWUDLJKWIRUZDUG�EHFDXVH��LQ�JHQHUDO��WKH�RSWLPL]DWLRQ�RI�WKH

SHUIRUPDQFH�RI�D�*&�0,3�V\VWHP�LV�QRW�WULYLDO�DV�LW�GHSHQGV

RQ�WKH�DFKLHYHPHQW�RI�WKH�SURSHU�FRPSURPLVH�DPRQJ�LWV

VHYHUDO�RSHUDWLRQDO�YDULDEOHV��DV�ZHOO�DV�RQ�VSHFLILF�FKDU�

DFWHULVWLFV� RI� WKH� DYDLODEOH� HTXLSPHQW���$Q� H[SHULPHQWDO

DSSURDFK�WR�HVWDEOLVK�WKH�DERYH�PHQWLRQHG�FRQYHUJHQFH�RI

UHVSRQVH�FRXOG�EH�EDVHG�RQ�FRPSDULVRQ�RI�WKH�UHVSRQVH�RI

$UWLFOH
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WKH�*&�0,3�WRZDUGV�D�VHW�RI�FRPSRXQGV�H[SHFWHG�WR�EH

VWUXFWXUDOO\�VLPLODU�WR�WKH�VDPSOH�WR�EH�TXDQWLILHG��7KHVH

¦FDQGLGDWH�WR�VWDQGDUG§�FRPSRXQGV�VKRXOG�WKHQ�EH�FKUR�

PDWRJUDSKHG�XQGHU�YDULRXV�RSHUDWLRQDO�FRQGLWLRQV�RI�WKH

*&�0,3�VXFK�DV�WKH�IORZ�UDWH�RI�WKH�KHOLXP�SODVPD�VXSSRUW

JDV��WKH�LQSXW�PLFURZDYH�SRZHU�DQG�WKH�LQMHFWHG�PDVV�RI

WKH� HOHPHQW� RI� FKRLFH� IRU� GHWHFWLRQ�� (YDOXDWLRQ� RI� WKH

UHVSRQVH�GDWD�RI�WKH�*&�0,3�IRU�WKH�FDQGLGDWH�IRU�VWDQGDUG

FRPSRXQGV�ZRXOG�UHYHDO�LI�LW�LV�SRVVLEOH�WR�DVVXPH�WKDW�WKH

*&�0,3�UHVSRQVH�WRZDUGV�WKHVH�FRPSRXQGV�FRQYHUJHV�WR

D�FRPPRQ�YDOXH�ZLWKLQ�DQ�DVVXPHG�XQFHUWDLQW\��7KHQ�WKH

TXDQWLWDWLRQ�RI�WKH�DQDO\WH�ZRXOG�EH�XQGHUWDNHQ�E\�LQWHU�

SRODWLRQ�IURP�WKH�UHVSRQVH�GDWD�RI�WKH�FDOLEUDWLRQ�VHW��2QH

DSSURDFK�WR�WKLV�H[SHULPHQWDO�SURFHGXUH�LV�GHVFULEHG�LQ�WKH

SUHVHQW�SDSHU��+HUH��QLQH�DQDO\WHV�ZHUH�XVHG�LQ�WKH�VHDUFK

IRU� FRQGLWLRQV� WKDW� FRXOG� OHDG� WR� WKH� FRQYHUJHQFH� RI� UH�

VSRQVH�RI�D�*&�0,3�DW�WKH�������QP�FKORULQH�HPLVVLRQ�OLQH�

$V�ZLOO�EH�VKRZQ�WKLV�H[SHULPHQWDO�SURFHGXUH�UHSUHVHQWV�D

V\VWHPDWLF� DSSURDFK� WKDW� FDQ� EH� XVHG� WR� DVFHUWDLQ� LI� D

QRQ�VWUXFWXUDO�GHSHQGHQFH�RI�WKH�*&�0,3�UHVSRQVH�PD\�EH

DVVXPHG�DQG�DW�ZKLFK�OHYHO�RI�XQFHUWDLQW\�

0DWHULDOV�DQG�0HWKRGV

*&�0,3�V\VWHP��SURWRW\SH�
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DQ�(QKDQFHG�%HHQDNHU�W\SH� UHVRQDQW� FDYLW\� �$+)�$QD�

O\VHQWHFKQLN��WKURXJK�D����:�FRD[LDO�FDEOH��GLVFKDUJH�FHOO�
��PP�R�G�����PP�L�G��TXDUW]�WXEH��FRQQHFWHG�WR�WKH�FDYLW\

WKURXJK�D�EUDVV�DGDSWHU��FKURPDWRJUDSK�WR�FDYLW\�WUDQVIHU

OLQH�������L�G��LQVXODWHG�FRSSHU�WXEH��GLUHFWO\�KHDWHG�E\�WKH

*&�RYHQ��SODVPD�VXSSRUW�JDV��DQDO\WLFDO�JUDGH�KHOLXP��7KH

HPLVVLRQ�IURP�WKH�SODVPD�ZDV�IRFXVHG�E\�D� I� �����PP

IXVHG�VLOLFD�OHQV�RQWR�WKH�����PP�HQWUDQFH�VOLW�RI�D�PRGHO

0XOWLVSHF�����PP�PRQRFKURPDWRU��2ULHO��6WUDWIRUG��&7��

7KH�VLJQDO�DPSOLILFDWLRQ�ZDV�DFFRPSOLVKHG�ZLWK�D�PRGHO

������SKRWRPXOWLSOLHU�WXEH�FRQQHFWHG�WKURXJK�D�ODE�PDGH

SUH�DPSOLILHU�WR�D�PRGHO������SKRWRPHWHU�UHDGRXW��2ULHO��

7KH�DPSOLILHG�VLJQDO�ZDV�GLJLWL]HG�E\�D�PRGHO�'7�����$

$'&��'DWD�7UDQVODWLRQ��0DUOERUR��0$��FRQQHFWHG�WR�D���

0+]�����'/&�3&�FRPSDWLEOH�PLFURFRPSXWHU��7KH�GDWD

DQDO\VLV � ZDV� DFFRPSOLVKHG� ZLWK� WKH� SURJUDP
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,VRRFWDQH��$OGULFK��0LOZDXNHH��:,�����EURPR���FKOR�

URSURSDQH��6KHOO�&KLPLH��3DULV��)UDQFH���FKORURIRUP��EHQ�

]HQH������GLFKORURHWKDQH�DQG�WHWUDFKORURHWK\OHQH��5HDJHQ�

5LR�GH�-DQHLUR��%UD]LO�����FKORUREXWDQH�R�GLFKORUREHQ]HQH

DQG�FKORUREHQ]HQH��9HWHF��5LR�GH�-DQHLUR��%UD]LO���S�FKOR�

URWROXHQH�DQG�KH[DFKORURHWKDQH��&DUOR�(UED��0LODQ��,WDO\��

$OO�UHDJHQWV�ZHUH�RI�DQDO\WLFDO�JUDGH�

([SHULPHQWDO

7KH� VWXGLHV� DLPHG� WR� HVWDEOLVK� WKH� EHKDYLRU� RI� WKH

*&�0,3� UHVSRQVH� WRZDUGV� RUJDQRFKORULQH� FRPSRXQGV

ZLWK�VLJQDO�PRQLWRULQJ�DW�WKH�FKORULQH�������QP�HPLVVLRQ

OLQH��7KXV��WR�ZDUUDQW�WKH�KLJKHU�SRVVLEOH�UHOLDELOLW\�RI�WKH

&O� VLJQDO� DQ� H[SHULPHQWDO� SURFHGXUH� ZDV� XQGHUWDNHQ� WR

HVWDEOLVK� WKH� RSHUDWLRQDO� FRQGLWLRQV� RI� WKH�*&�0,3� WKDW

HQKDQFHG�WKH�PRODU�FKORULQH�WR�FDUERQ�VHOHFWLYLW\��&O�&� �

DW�WKH�&O�HPLVVLRQ�OLQH��,Q�WKLV�SURFHGXUH�FKORURIRUP�DQG

Q�KH[DQH� GLVVROYHG� LQ� LVRRFWDQH�ZHUH� XVHG� DV� WHVW� FRP�

SRXQGV��7KH�WHVWV�ZHUH�FDUULHG�RXW�DV�IROORZV�

x�&KURPDWRJUDSK�� FDUULHU� JDV�� +H� DW� ����P/�PLQ���
FROXPQ�RYHQ�WHPSHUDWXUH������&�WR�����&�DW����&�PLQ����

LQMHFWRU� WHPSHUDWXUH�� ���� �&�� LQMHFWHG� VDPSOH� YROXPH�

����P/��VSOLW�UDWLR�������

x�3ODVPD�*HQHUDWLRQ��+HOLXP�VXSSRUW�JDV�IORZ��)��LQ
WKH�UDQJH�RI�����P/�PLQ���WR������P/�PLQ����PLFURZDYH

LQSXW�SRZHUV��3��RI����:�����:�DQG�����:�

x�6DPSOH�DPRXQW��7KH�FRQFHQWUDWLRQV�RI�&+&O��DQG�RI
&�+��ZHUH�DGMXVWHG�IRU�WKH�GHWHFWLRQ�RI��UHVSHFWLYHO\����QJ

RI�FKORULQH�DQG�����QJ�RI�FDUERQ�

$IWHU� WKH� HVWDEOLVKPHQW� RI� WKH� 0,3� FRQGLWLRQV� WKDW

UHVXOWHG�LQ�WKH�KLJKWHVW�&O�&�YDOXH��WKH�H[SHULPHQWV�ZLWK

WKH� LVRRFWDQH� VROXWLRQV� RI� WKH�PL[WXUH� RI� WKH� DIRUHPHQ�

WLRQHG� QLQH� RUJDQRFKORULQH� FRPSRXQGV�ZHUH� FDUULHG� RXW

XQGHU�WKH�IROORZLQJ�FRQGLWLRQV�

x�&KURPDWRJUDSK�� FDUULHU� JDV��+H� DW� ����P/�PLQ��� �
FROXPQ�RYHQ�WHPSHUDWXUH������&����PLQ���WR�����&�DW������&

PLQ����IURP�����&�WR������&�DW����&�PLQ
���XS��KHOG�DW������&

IRU���PLQ��LQMHFWRU�WHPSHUDWXUH�������&��LQMHFWLRQ�YROXPH�

����P/��VSOLW�UDWLR��YDULDEOH�IURP������WR�������

x�3ODVPD�*HQHUDWLRQ��+HOLXP�VXSSRUW�JDV�DW�����P/
PLQ��������P/�PLQ

���DQG������P/�PLQ����PLFURZDYH�LQSXW

SRZHU�DW����:�DQG�����:�

x�6DPSOH�DPRXQW��7ZR�VROXWLRQV�RI� WKH�QLQH�RUJDQR�
FKORULQH�FRPSRXQGV�LQ�LVRRFWDQH�ZHUH�SUHSDUHG�WR�DOORZ

WKH�GHWHFWLRQ�RI�UHVSHFWLYHO\���QJ�DQG����QJ�RI�FKORULQH�IRU

HDFK�DQDO\WH�

,Q� WKH� FKURPDWRJUDSKLF� DQDO\VLV� RI� WKH� QLQH� RUJDQR�

FKORULQH�FRPSRXQGV�DOO�LQMHFWLRQV�ZHUH�SHUIRUPHG�LQ�WULS�

OLFDWH��)RU�HDFK�FKURPDWRJUDSKLF�SHDN�WKH�UDWLR�RI�WKH�SHDN

DUHD� WR� WKH� LQMHFWHG� PDVV� �$�P�� RI� &O� ZDV� FDOFXODWHG�

7HWUDFKORURHWKHQH� ZDV� DUELWUDULO\� HOHFWHG� DV� D� UHIHUHQFH

FRPSRXQG�DQG� WKH�$�P�RI�HDFK�RI� WKH�RWKHU�FRPSRXQGV

ZHUH�GLYLGHG�E\�WKH�$�P�RI�WHWUDFKORURHWKHQH��7KH�UDWLRV

RI�$�P�ZHUH�WKH�SDUDPHWHUV�XVHG�LQ�WKH�FDOFXODWLRQ�RI�WKH

FRQYHUJHQFH�RI�UHVSRQVH��7KH�UDWLRV�RI�$�P�DUH�QRUPDOL]HG

�� $XJXVWR�HW�DO� -��%UD]��&KHP��6RF�



UHVSRQVHV��KHUHLQ�LQGLFDWHG�DV�51L�ZHUH�L�VWDQGV�IRU�HDFK�RI

WKH�VWXGLHG�FRPSRXQGV�

5HVXOWV�DQG�'LVFXVVLRQ

7KH�YDULDWLRQ�RI� WKH�&O�&�PRODU� VHOHFWLYLW\� DW� WKH�&O

������ QP� HPLVVLRQ� OLQH� ZDV� DFFHVVHG� DIWHU� XVLQJ� WKUHH

OHYHOV�RI�PLFURZDYH�LQSXW�SRZHU�DQG�VL[�OHYHOV�RI�KHOLXP

IORZ��7KH�REWDLQHG�&O�&��DYHUDJH�RI�WULSOLFDWHV��DUH�VKRZQ

LQ�7DEOH���WRJHWKHU�ZLWK�WKHLU�SHUFHQW�VWDQGDUG�GHYLDWLRQ

�V5��

)URP�7DEOH���LW�FDQ�EH�DVFHUWDLQHG�WKDW�&O�&�LQFUHDVHV

LQ�GLUHFW� SURSRUWLRQ� WR� WKH�)+H�� IRU� HDFK�3��7KH�XOWLPDWH

FDVHV�RI�KLJK�&O�&�DUH�LQGLFDWHG�ZLWK�DVWHULVNV�LQ�7DEOH���

ZKLFK� ZHUH� FRQVLGHUHG� DV� EHLQJ� YLUWXDOO\� LQILQLWH� &O�&

EHFDXVH�ZKLOH�WKH�VLJQDO�IRU�FKORURIRUP�LQFUHDVHG�DV�)+H

ZDV�LQFUHDVHG��WKH�EHQ]HQH�VLJQDO�ZDV�QRW�GLVWLQJXLVKDEOH

IURP� WKH� FKURPDWRJUDSKLF� EDVHOLQH�� 7KHVH� UHVXOWV� VXJ�

JHVWHG�WKDW�WKH�DFKLHYHPHQW�RI�WKH�PRVW�UHOLDEOH�DQG�SXUH

&O�VLJQDO�DW�WKH�������QP�HPLVVLRQ�OLQH�FRXOG�RFFXU�ZLWK

WKH�0,3�RSHUDWHG�ZLWK�3� �����:�DQG�)� ������P/�PLQ���

,W�ZDV�DOVR�SUHVXPHG�WKDW�WKH�LQGHSHQGHQFH�RI�WKH�UHVSRQVH

RI�WKH�*&�0,3�ZLWK�WKH�FKHPLFDO�VWUXFWXUH�RI�WKH�DQDO\WH

ZRXOG�SUREDEO\�RFFXU�DW�WKH�0,3�RSHUDWLRQDO�FRQGLWLRQ�WKDW

HQVXUHV� WKH� SXUHVW� &O� VLJQDO�� 1HYHUWKHOHVV�� LQ� WKH� VXE�

VHTXHQW� VWXGLHV� RI� FRQYHUJHQFH�RI� UHVSRQVH� IRU� WKH� QLQH

VWXGLHG�FRPSRXQGV�RWKHU�RSHUDWLRQDO�FRQGLWLRQV�ZHUH�DOVR

WHVWHG�IRU�FRPSDUDWLYH�SXUSRVHV��7ZHOYH�*&�0,3�RSHUD�

WLRQDO�FRQGLWLRQV�ZHUH�XVHG��D�FRPELQDWLRQ�RI�WZR�OHYHOV�RI

3��WKUHH�OHYHOV�RI�)+H�DQG�WZR�OHYHOV�RI�GHWHFWHG�&O�PDVV�

)RU�HDFK�*&�0,3�RSHUDWLRQDO�FRQGLWLRQ�WULSOLFDWH�FKURPD�

WRJUDPV�RI�WKH�QLQH�FRPSRXQGV�ZHUH�REWDLQHG��WKH�DYHUDJH

QRUPDOL]HG� UHVSRQVH� 51L� ZDV� FDOFXODWHG� IRU� HDFK� FRP�

SRXQG�DQG�WKH�REWDLQHG�VHW�RI�QLQH�51L�ZHUH�ILWWHG�WKURXJK

UHJUHVVLRQ�DQDO\VLV�WR�WKH�VXUIDFH�JLYHQ�E\�(T����

51� �D�����D��W ©5�����D��&�����D��+�����D����&O����

� � � � � � � ���D��&�+�����D��+�&O�����D��&�&O� ���

$V�FDQ�EH�GHGXFHG�IURP�LWV�LQVSHFWLRQ��(T����UHODWHV�WKH

51L�WR�WKH�IROORZLQJ�SDUDPHWHUV�RI�WKH�VWXGLHG�FRPSRXQGV�

WKH� DGMXVWHG� UHWHQWLRQ� WLPH� �W©5L��� WKH� QXPEHU� RI� FDUERQ�

K\GURJHQ�DQG�FKORULQH�DWRPV�SHU�IRUPXOD��&L��+L��&OL��DQG

WR�WKH�SDLUHG�SURGXFW�RI�WKH�DWRP�QXPEHUV��L�H��&Lx+L��&Lx&OL

DQG� +Lx&OL�� )RU� HDFK� RI� WKH� XVHG� *&�0,3� RSHUDWLRQDO

FRQGLWLRQV�(TXDWLRQ���LV�GHILQHG�E\�WKH�UHJUHVVLRQ�FRHIIL�

FLHQWV�D�� WR�D���ZKLFK�ZHUH�REWDLQHG�DIWHU�VXEPLWWLQJ�WKH

FRUUHVSRQGHQW�51L�WR�UHJUHVVLRQ�DQDO\VLV�XVLQJ�WKH�([FHO

����VSUHDGVKHHW��0LFURVRIW�&RUSRUDWLRQ��5HGPRQG��:$��

7KHQ��HDFK�IRUP�RI�(T����ZDV�XVHG�WR�FDOFXODWH��IRU�HDFK

VWXGLHG�FRPSRXQG��WKH�LQWHUSRODWHG�QRUPDOL]HG��UHVSRQVH

���51�L�!�� DQG� WKH� SHUFHQW� UHVLGXDO� �5V��� �� WKH� GLIIHUHQFH

EHWZHHQ���51�L�!�DQG�51L�UHODWLYH�WR���51�L�!��7DEOH���GLV�

SOD\V�WKH�51L��WKH���51�L�!�DQG�WKH�5V��REWDLQHG�IRU�WKH�QLQH

FRPSRXQGV� XQGHU� WKH� FRQGLWLRQ� RI� 3�  � ���� :�� )+H� 

����P/�PLQ���DQG�GHWHFWHG�&O�PDVV�RI���QJ��7KH�51L�RI

7DEOH���ZHUH�FDOFXODWHG�IURP�FKURPDWRJUDPV�VLPLODU�WR

WKH� FKURPDWRJUDP� GHSLFWHG� LQ� )LJ�� ��� $OWKRXJK� WKH

��51�L�!�DQG�5V��IRU�WKH�RWKHU�VWXGLHG�*&�0,3�RSHUDWLRQDO

FRQGLWLRQV� ZHUH� DOVR� FDOFXODWHG� WKHLU� OLVWLQJ� ZDV� QRW

LQFOXGHG�KHUH�EHFDXVH�LW�ZRXOG�EH�WRR�H[WHQVLYH��0RUH�

RYHU��LW�ZLOO�EH�FODULILHG�LQ�WKH�IROORZLQJ�GLVFXVVLRQ�WKDW

WKH���51�L�!�DQG�5V��RI�7DEOH���DUH�WKH�PRVW�UHOHYDQW�IRU

WKH�SUHVHQW�GLVFXVVLRQ�

9RO�����1R��������� ,QGHSHQGHQW�'HWHFWRU�IRU�4XDQWLWDWLYH�&KURPDWRJUDSKLF�$QDO\VLV ��

7DEOH����&KORULQH�WR�&DUERQ�6HOHFWLYLWLHV
D
�2EWDLQHG�DW�WKH�������QP�(PLVVLRQ�/LQH�XQGHU�9DULHG�+HOLXP�)ORZ�DQG�0LFURZDYH�,QSXW�3RZHUV�

)+H���P/�PLQ
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D
�7KH�VU�DUH�VKRZQ�EHWZHHQ�SDUHQWKHVLV�EHORZ�WKH�FRUUHVSRQGLQJ�DYHUDJH�&O�&�YDOXH�

)LJXUH����7\SLFDO�FKURPDWRJUDP�REWDLQHG�IRU�WKH�PL[WXUH�RI�QLQH�FRP�

SRXQGV�XQGHU�WKH�0,3�FRQGLWLRQV�RI�3� �����ZDWWV�DQG�)+H� ������P/

PLQ
��
�� ,Q� WKHLU� RUGHU� RI� HOXWLRQ� WKH� DQDO\WHV� DUH�� ��  � FKORURIRUP�� ��  

����GLFKORURHWKDQH�� ��  � ��FKORUREXWDQH�� ��  � WHWUDFKORURHWK\OHQH�� ��  

��EURPR���FKORURSURSDQH���� �FKORUREHQ]HQH���� �S�FKORURWROXHQH���� 

R�GLFKORUREHQ]HQH���� �KH[DFKORURHWKDQH��7KH�FKURPDWRJUDSKLF�FRQGL�

WLRQV�DUH�GHVFULEHG�LQ�WKH�([SHULPHQWDO�



7KH�YDOXHV�RI�WKH�5V��VKRZQ�LQ�7DEOH���LQGLFDWH�WKDW�

IRU�WKH�FRQGLWLRQ�RI�3� �����:��)+H� �����P/�PLQ
���DQG�&O

GHWHFWHG�D�PDVV�RI���QJ��WKH�DSSURDFK�RI�ILW�RI�WKH�51L�GDWD

WR�(T����SHUPLWV�LQWHUSRODWLRQ�RI�HDFK�RI�WKH�QLQH� ��51�L�!

ZLWK�D�OHYHO�RI�ELDV�WKDW�LV�QRW�JUHDWHU�WKDQ������DQG�WKDW

IRU�PRVW��VHYHQ��RI�WKH�VWXGLHG�FRPSRXQGV�UHPDLQHG�EHORZ

����1HYHUWKHOHVV��WKH�GDWD�RI�7DEOH���GR�QRW�LQGLFDWH�LI�WKH

��51�L�!�WHQG�WR�D�FRPPRQ�YDOXH��L�H��LI�WKH�VHDUFKHG�FRQYHU�

JHQFH�RI�UHVSRQVH�DPRQJ�WKH�VWXGLHG�FRPSRXQGV�ZDV�DW�

WDLQHG�� 7R� DVVHVV� WKH� FRQYHUJHQFH� RI� UHVSRQVH� WKH� QLQH

��51�L�!� RI� 7DEOH� �� ZHUH� SDLUHG� DQG� FRPSDUHG�� )RU� WKLV

FRPSDULVRQ� WKH� DEVROXWH� SHUFHQW� GLIIHUHQFHV� �_$35_�� EH�

WZHHQ�WKH���51�L�!�ZHUH�FDOFXODWHG�DFFRUGLQJ�WR�(T����

«$35«� �����DEV�>
���51�L� �=�!�����51�L� �<�!�

��51�L� �=�!
@ ���

ZKHUH� ��51�L� �<�!� DQG� ��51�L� �=�!� DUH� WKH� JHQHUDO� UHSUH�

VHQWDWLRQ�RI�WKH���51�L�!�IRU�WKH����SRVVLEOH�SDLUV�RI�FRP�

SRXQGV� XVHG� DV� WHVW� VDPSOHV� �� H�J�� =� DQG� <� FRXOG� EH

FKORUREHQ]HQH�DQG�KH[DFKORURHWKDQH��HWF��7KH�_$35_�PD\

EH�WDNHQ�DV�WKH�DQDO\WLFDO�HUURU��ELDV��WR�EH�H[SHFWHG�ZKHQ�

HYHU�WKH�TXDQWLWDWLRQ�RI�D�FRPSRXQG�=�LV�FDOFXODWHG�XVLQJ

FRPSRXQG�<�DV�WKH�DQDO\WLFDO�VWDQGDUG��7KXV��DV�LQGLFDWHG

E\�WKH�GDWD�SUHVHQWHG�LQ�7DEOH����WKH�_$35_�PD\�UHYHDO�WKH

SRVVLELOLW\�IRU�WKH�FRQYHUJHQFH�RI�UHVSRQVH�

$IWHU�DQDO\]LQJ�7DEOH���IRU�WKH�GDWD�RI�WKH�QLQH�FRP�

SRXQGV�LW�FDQ�EH�VHHQ�WKDW�RXW�RI����SRVVLEOH�FRPSDULVRQV�

���SDLUV�RI�FRPSRXQGV�IDOO�ZLWKLQ�����RI�ELDV�EHWZHHQ�WKH

UHVSHFWLYH���51�L�!��7KLV�FRQFOXVLRQ�DSSOLHV�IRU�WKH�FKURPD�

WRJUDSKLF�GDWD�REWDLQHG�XVLQJ�WKH�*&�0,3�FRQGLWLRQV�RI

3� �����:��)+H� �����P/�PLQ
���DQG�GHWHFWHG�&O�PDVV�RI

��QJ��7KLV� VDPH� W\SH�RI�GDWD� HYDOXDWLRQ�ZDV� FDUULHG�RXW

XVLQJ�WKH�_$35_�WKDW�FRUUHVSRQGHG�WR�WKH�RWKHU�VWXGLHG�0,3

RSHUDWLRQDO�FRQGLWLRQV��$V�LV�VKRZQ�LQ�7DEOH����LW�ZDV�IRXQG

WKDW�WKH�0,3�RSHUDWLRQDO�FRQGLWLRQ�RI�3� �����:��)+H� ����

P/�PLQ���DQG�GHWHFWHG�&O�PDVV�RI���QJ�UHVXOWHG�LQ�D�JUHDWHU

QXPEHU�RI�SDLUV�RI�FRPSRXQGV�ZLWK�OHVV�WKDQ�����RI�ELDV

EHWZHHQ�WKH�UHVSHFWLYH���51�L�!�

7KH�DERYH�UHDVRQLQJ�LQGLFDWHV�WKDW�IRU�WKH�KHUHLQ�VWXG�

LHG�WHVW�VDPSOH�WKH�FRQYHUJHQFH�RI�UHVSRQVH�RFFXUV�DW�WKH

������QP�&O�HPLVVLRQ�OLQH�ZKHQ�WKH�*&�0,3�RSHUDWLRQDO

FRQGLWLRQ�IDYRUV�D�KLJK�FKORULQH�WR�FDUERQ�VHOHFWLYLW\��1HY�

HUWKHOHVV��WKH�GDWD�RI�7DEOH���PD\�EH�IXUWKHU�H[SORLWHG�DV�

ZLWKLQ�LWV�VHW�RI�QLQH�FRPSRXQGV��VXEJURXSV�PD\�DOVR�EH

�� $XJXVWR�HW�DO� -��%UD]��&KHP��6RF�

7DEOH����5HVXOWV�RI�WKH�VXUIDFH�ILW�DIWHU�(T����IRU�WKH�51�GDWD�REWDLQHG�DW

3� �����:��)+H� ������P/�PLQ
��
�DQG���QJ�RI�GHWHFWHG�&O��7KH�DGMXVWHG

UHWHQWLRQ�WLPHV��W©5��DUH�VKRZQ�IRU�LOOXVWUDWLYH�SXUSRVHV�

&RPSRXQG W5© 51L�
D

�51L!
E

5V�

&+&O� ���� ����� ����� ���

&�+�&O� ���� ����� ����� ����

&�+�&O ���� ����� ����� ���

&�&O� ���� ����� ����� ����

&�+�%U&O ���� ����� ����� ���

&�+�&O ���� ����� ����� ���

&�+�&O ����� ����� ����� ����

&�+�&O� ����� ����� ����� ���

&�&O� ����� ����� ����� ���

D��E
�VHH�WH[W�IRU�H[SODQDWLRQ�

7DEOH����$EVROXWH�3HUFHQW�'LIIHUHQFH��_$35_��EHWZHHQ�WKH�SDLUV�RI�WKH�VWXGLHG�FRPSRXQGV�REWDLQHG�DW�3� �����:��)+H� ������P/�PLQ
��
�DQG���QJ�RI

GHWHFWHG�&O�

&+&O� &�+�&O� &�+�&O &�&O� &�+�%U&O &�+�&O &�+�&O &�+�&O� &�&O�

�51L! ���� ���� ���� ���� ���� ���� ���� ���� ����

&+&O� ���� � ��� ��� ��� ��� ��� ��� ��� ���

&�+�&O� ���� � ��� ��� ��� ��� ��� ��� ���

&�+�&O ���� � ��� ���� ��� ��� ��� ����

&�&O� ���� � ��� ��� ��� ��� ���

&�+�%U&O ���� � ��� ��� ��� ���

&�+�&O ���� � ��� ��� ���

&�+�&O ���� � ��� ���

&�+�&O� ���� � ���

&�&O� ���� �

o
p

7DEOH����1XPEHU�RI�SDLUV�RI�FRPSRXQGV�WKDW�SUHVHQW�����RU�OHVV�RI�ELDV

REVHUYHG�DW�GLIIHUHQW�FRPELQDWLRQV�RI�+HOLXP�IORZ��)+H�� ��PLFURZDYH

LQSXW�SRZHU�DQG�GHWHFWHG�PDVV�RI�&O�

P&O� ����QJ P&O� ���QJ

)+H���P/�PLQ
�� ���: ����: ���: ����:

��� �� �� �� ��

��� �� �� �� ��

���� � � � � �� ��



FRQVLGHUHG��2QH�VXEJURXS�LV�WKDW�IRUPHG�E\�WKH�DOLSKDWLF

FRPSRXQGV�&+&O���&�+�&O���&�&O��DQG�&�&O��WKDW�FRXOG

EH�FKRVHQ�DV�¦FDQGLGDWH�IRU�VWDQGDUG§�FRPSRXQGV�IRU�WKH

DQDO\VLV�RI�D�FKORULQDWHG�DOLSKDWLF�DQDO\WH�H[SHFWHG�WR�KDYH

RQH�RU�WZR�FDUERQ�DWRPV�LQ�LWV�VWUXFWXUH��7KH�LQVSHFWLRQ�RI

WKH�GDWD�RI�7DEOH���IRU�&+&O���&�+�&O���&�&O��DQG�&�&O�
UHYHDOV�WKDW�LW�ZRXOG�EH�UHDVRQDEOH�WR�H[SHFW�QR�PRUH�WKDQ

���RI�ELDV�LQ�WKH�TXDQWLWDWLRQ�RI�VXFK�DQ�DQDO\WH�XVLQJ�WKH

UHVSRQVH� GDWD� RI� DQ\� RI� WKH� IRXU� FRPSRXQGV�� ,W� LV� DOVR

HYLGHQW�IURP�7DEOH���WKDW�WKH�WKUHH�DURPDWLF�FRPSRXQGV�

&�+�&O��&�+�&O��DQG�&�+�&O�DOVR�FRUUHODWH�YHU\�ZHOO��DV

WKHLU�_$35_�DUH������RU�OHVV��7KHVH�OHYHOV�RI�H[SHFWHG�HUURU

RI� ���� DQG� ���� VKRXOG� VXIILFH� IRU� TXDQWLWDWLRQ� E\� WKH

FRPSRXQG�LQGHSHQGHQW�FDOLEUDWLRQ�PHWKRG��DQG�IRU�VWXG�

LHV�RI�HPSLULFDO� IRUPXODH�EHFDXVH�GDWD�VXFK�DV�UHWHQWLRQ

WLPHV�DQG� WKH�YDOXHV�RI� VSHFLILF�HPLVVLRQ� OLQHV�FRXOG�EH

FURVV�FRUUHODWHG�WR�DVFHUWDLQ�WKH�SURSHU�LGHQWLILFDWLRQ�RI�WKH

DQDO\WH�XQGHU�VWXG\���7KH�GDWD�RI�7DEOH���PD\�DOVR�LQGLFDWH

SRVVLEOH�RXWOLHUV�LQ�WKH�VHW�RI�VWDQGDUG�FRPSRXQGV��DV�ZRXOG

EH� WKH�FDVH�RI�XVLQJ�&�+�%U&O�DQG� WKH�IRXU�DERYH�PHQ�

WLRQHG�DOLSKDWLF�FRPSRXQGV�DV�WKH�VHW�RI�VWDQGDUGV��$IWHU

LQVSHFWLQJ� WKH�GDWD�RI�7DEOH��� LW� LV� QRWHG� WKDW� WKH� _$35_

EHWZHHQ� &�+�%U&O� DQG� DQ\� RI� WKH� RWKHU� DOLSKDWLF� FRP�

SRXQGV�LV�PRUH�WKDQ��������ZLWK�DQ�H[WUHPH�FDVH�RI������

��ZKLFK�VWURQJO\�LQGLFDWHV�WKDW�&�+�%U&O�VKRXOG�EH�HOLPL�

QDWHG�IURP�WKH�VHW��7KXV��WKH�FRPSDULVRQ�RI�WKH�_$35_�PD\

DOVR�UHYHDO�RXWOLHUV�LQ�WKH�WHVW�VDPSOH�

&RQFOXVLRQV

7KH� SRVVLELOLW\� RI� XQGHUWDNLQJ� TXDQWLWDWLYH� DQDO\VLV

ZLWKRXW�WKH�QHHG�IRU�WKH�VSHFLILF�WDUJHW�FRPSRXQG�WR�FRQ�

VWUXFW�FDOLEUDWLRQ�FXUYHV�LV�D�YHU\�XVHIXO�IHDWXUH�ZKHQ�LW�LV

KDUG�WR�ILQG�VXFK�D�FRPSRXQG�LQ�D�¦SXUH§�VWDWH��7KH�DS�

SURDFK�SURSRVHG�LQ�WKLV�ZRUN�SHUPLWV�D�V\VWHPDWLF�HYDOX�

DWLRQ� WR� HVWDEOLVK� WKH� LQGHSHQGHQFH� RI� UHVSRQVH� RI� WKH

*&�0,3�GHWHFWRU�WR�WKH�FKHPLFDO�VWUXFWXUH�RI�WKH�DQDO\WH�

,Q�WKH�SUHVHQW�VWXG\�LW�ZDV�LPSRUWDQW�WR�HVWDEOLVK�WKH�*&�

0,3�FRQGLWLRQV�WKDW�SHUPLWWHG�WKH�DFTXLVLWLRQ�RI�HVVHQWLDOO\

¦SXUH§�FKORULQH�VLJQDOV��ZKLFK�VHHPV�WR�EH�LPSHUDWLYH�IRU

WKH�SXUSRVH�RI� DFKLHYLQJ� WKH�GHVLUHG� FRQYHUJHQFH�RI� UH�

VSRQVH�DPRQJ�WKH�FKORULQDWHG�DQDO\WHV��,Q�WKLV�HYDOXDWLRQ

LW�ZDV�IRXQG�WKDW�ZKHQ�ZRUNLQJ�ZLWK�*&�0,3�RSHUDWLRQDO

FRQGLWLRQV�WKDW�HQKDQFH�WKH�FKORULQH�WR�FDUERQ�VHOHFWLYLW\�

QLQH�FRPSRXQGV�RI�YHU\�YDULHG�VWUXFWXUH�WHQG�WR�VKRZ�WKH

VDPH�UHVSRQVH�DW�WKH�FKORULQH�HPLVVLRQ�OLQH��7KXV��LW�PD\

EH� FRQFOXGHG� WKDW� TXDQWLWDWLYH�SURFHGXUHV�EDVHG�RQ�GDWD

LQWHUSRODWLRQ�WKURXJK�WKH�FRPSRXQG�LQGHSHQGHQW�FDOLEUD�

WLRQ�PHWKRG�DUH�SRWHQWLDOO\�IHDVLEOH�E\�XVLQJ�WKH�SURSHUW\

RI�HOHPHQWDO�VHOHFWLYLW\�RI�WKH�*&�0,3�

$FNQRZOHGJPHQWV

7KH�DXWKRUV�ZDQW�WR�WKDQN�&RQVHOKR�1DFLRQDO�GH�'H�

VHQYROYLPHQWR�&LHQWtILFR�H�7HFQROyJLFR��&13T���DQG�)XQ�

GDomR� GH� $PSDUR� j� 3HVTXLVD� GR� (VWDGR� GH� 6mR� 3DXOR

�)$3(63��IRU�WKHLU�VXSSRUW�RI�WKLV�ZRUN�

5HIHUHQFHV

��8GHQ��3�&���6ODWNDYLW]��.�-���%DUQHV��5�0���'HPLQJ�

5�/��$QDO��&KLP��$FWD����������������

��9DOHQWH��$�/�3���8GHQ��3�&��$QDO\VW����������������

��3HGHUVHQ�%MHUJDDUG�� 6��� $VS�� 7�1��� *UHLEURNN�� 7�

+5&	&��������������

�� -RKQVRQ�� 3�$���4XLPE\��%��� 6XOOLYDQ�� -�-��$P��/DE�

��������������

��.RYDFLF��1���5DPXV��7�/��-��$QDO��$WRP��6SHFWURP�

�������������

��(VWHV��6�$���8GHQ��3�&���%DUQHV��5�0��$QDO��&KHP�

���������������

��5LVE\��7�+���7DOPL��<��&5&�&ULW��5HY��$QDO��&KHP�

��������������

��$XJXVWR��)��0�6F��'LVVHUWDWLRQ��81,&$03��&DPSL�

QDV�������

��8GHQ��3�&��,Q�(OHPHQW�6SHFLILF�&KURPDWRJUDSKLF�'H�

WHFWLRQ�E\�$WRPLF�(PLVVLRQ�6SHFWURVFRS\��$&6�6\P�

SRVLXP� 6HULHV� ������ 3�&�� 8GHQ�� (G��� $PHULFDQ

&KHPLFDO�6RFLHW\��:DVKLQJWRQ��������S����

)$3(63�KHOSHG�LQ�PHHWLQJ�WKH�SXEOLFDWLRQ�FRVWV�RI�WKLV�DUWLFOH

9RO�����1R��������� ,QGHSHQGHQW�'HWHFWRU�IRU�4XDQWLWDWLYH�&KURPDWRJUDSKLF�$QDO\VLV ��


