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$EVWUDFW�
3XUSRVH��0DWFKLQJ�WKH�FRORU�RI�D�NLPRQR�ZLWK�WKDW�RI�DQ�REL�LV�DQ�LPSRUWDQW�RI�FUHDWLQJ�D�EHDXWLIXO�
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KDQQDUL�HOLFLWLQJ�NLPRQR�LPDJHV��:H�XVHG�D�WKRXJKW�DOJRULWKP�EDVHG�RQ�D�NLPRQR�H[SHUW¶V�VHOHFWLRQ�

SURFHVV�IRU�VXLWDEOH�REL��DQG�H[DPLQHG�ZKHWKHU�WKH�LQVWUXFWLRQV�ZHUH�HIIHFWLYH�IRU�D�SHUVRQ�ZLWK�QR�

NLPRQR�NQRZOHGJH��

3DUWLFLSDQWV�DQG�0HWKRGV��2QH�NLPRQR�H[SHUW�DQG����JUDGXDWH�VWXGHQWV�ZLWK�QR�NLPRQR�NQRZOHGJH�

ZHUH�DVNHG�WR�VHOHFW�ZKHWKHU�WZR�WRS�DQG�ERWWRP�LPDJHV�ZHUH�VXLWDEOH�IRU�ILYH�NLPRQR�LPDJHV��1H[W��

WKH�VSHFLDOLVW
V�WKRXJKW�DOJRULWKP�ZDV�FODULILHG�E\�SURWRFRO�DQDO\VLV��$QG�ZH�LQVWUXFWHG�D�VWXGHQW�LQ�

VSHFLDOLVW
V� DOJRULWKPLF� WKRXJKW�SURFHVV�� DQG�HYDOXDWHG�ZKHWKHU� LW�ZDV�HIIHFWLYH��)LQDOO\��5*%�DQG� �

X¶Y¶�RI�REL�LPDJHV�ZHUH�UHTXHVWHG��WR�FODULI\�ZKDW�NLQG�RI�FRORU�FKDUDFWHULVWLF�WKHUH�ZHUH�LQ�WKH�REL�

WKDW�ZHUH�FRQVLGHUHG�WR�EH�VXLWDEOH�IRU�WKH�NLPRQR�LPDJHV�E\�GLVFULPLQDQW�DQDO\VLV�� �

5HVXOWV��2QFH�5*%�DQG�X
��Y
�FKDUDFWHULVWLFV�RI�WKH�FRORUV�RI�VXLWDEOH�REL�ZHUH�PDGH�FOHDU��DQG�WKH�

SDUWLFXODU�FKDUDFWHULVWLFV�RI�WKH�FRORU�ZDV�VKRZQ�ZKHQ�D��VXLWDEOH�REL��ZDV�FKRVHQ�E\�GLVFULPLQDQW�

DQDO\VLV��+RZHYHU��WKH�LQVWUXFWLRQV�RI�WKH�H[SHUW¶V�WKRXJKW�DOJRULWKP�ZHUH�QRW�HIIHFWLYH��

&RQFOXVLRQV��$ERXW�����RI��VXLWDEOH�REL�� VHOHFWHG�E\�VWXGHQWV�ZLWKRXW�NQRZOHGJH�RI�NLPRQR�DUH�

LGHQWLILDEOH�E\��FRORU��RQ�GLVFULPLQDQW�DQDO\VLV��)RU�H[SHUWV�WKLV�ZDV�DERXW������7KLV�VXJJHVWV�WKDW�

VWXGHQWV�ZKR�GR�QRW�KDYH�NQRZOHGJH�RI�NLPRQR�FKRVH�EDVHG�RQ�WKHLU�FRORU�SUHIHUHQFH��ZKLOH�H[SHUWV�

FRQVLGHUHG�IDFWRUV�VXFK�DV�³VWDWXV��DQG��VHDVRQ���

.H\�:RUGV��.DQVHL��&RORU��.LPRQR��2EL��'LVFULPLQDQW�DQDO\VLV

,QWURGXFWLRQ�

2ULJLQDOO\� WKH� NLPRQR� ZDV� FDOOHG� NRVRGH� DQG�

XVHG�DV�WKH�WKHUPDO�OD\HU�ZKLFK�D�QREOH�ZRUH�LQ�

WKH� +HLDQ� HUD�� ,Q� WKH� :DUULQJ� 6WDWHV� SHULRG��

ZDUULRUV� DQG� RUGLQDU\� SHRSOH� DOVR� VWDUWHG�

ZHDULQJ�NRVRGH�� WKH�EHDXWLIXO�FRORU�DQG�GHVLJQ�

ZHUH� DGGHG� DQG� HYHQWXDOO\� UHVXOWHG� LQ� WKH�

SUHVHQW�VW\OH���0DVXGD���������.\R\X]HQၥ LV�RQH�

RI�WKH�G\HLQJ�WHFKQLTXHV�IRU�NRVRGH��HVWDEOLVKHG�

VLQFH�WKH�ODWH���WK�FHQWXU\�LQ�WKH�PLG�(GR�SHULRG�

DUH�WKH�EHDXWLIXO�WRQH�VXLWDEOH�IRU�D�VHDVRQ�LV�WKH�

VSHFLDO�IHDWXUH��DQG�LV�VWLOO�ZHOO�ORYHG�E\�SHRSOH�� �

�0DVDNL��������$W� ILUVW�� WKH�REL�ZDV�D� WKLQ�EHOW�

VHOHFWHG�RXW�RI�FRQVLGHUDWLRQ�DYRLG�VSRLOLQJ�WKH�

EHDXW\� RI� D� NLPRQR�� DIWHU� WKDW�� LW� EHFDPH� WKH�

SUHVHQW��PRUH�GHFRUDWLYH�VW\OH��WKLV�DOORZHG�IRU�

WKH�NLPRQR�DQG�REL� WR�EH�XQLWHG�DQG�H[SUHVV�D�

VW\OH�RI�EHDXW\�XQLTXH�WR�WKH�-DSDQHVH�NLPRQR��

�.DZDEDWD�� ������� ,Q� -DSDQHVH�� ³REL�DZDVH´�

PHDQV� PDWFKLQJ� DQ� RELW� ZLWK� D� NLPRQR�� LW
V�

QHFHVVDU\�WR�FRQVLGHU�QRW�MXVW�WKH�FRORU��EXW�WKH�

WH[WXUH��WKH�SDWWHUQ��WKH�VHDVRQ��DQG�WKH�IDEULF�DV�

ZHOO�� �.RPL]R�� ������� ,Q� UHFHQW� \HDUV�� SHRSOH�

KDYH�HQMR\HG�REL�PDWFKLQJ�UHODWLYHO\�IUHHO\�XQWLO�

WKH�PLGGOH�RI�����¶V��GXULQJ�WKH�JROGHQ�DJH�RI�
6XEPLWWHG�RQ����0DUFK�������
$FFHSWHG�RQ����$SULO�������
��&RUUHVSRQGLQJ�$XWKRU�
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NLPRQR� SURGXFWLRQ�� D� JXLGHERRN� DERXW� WKH�

-DSDQHVH�GUHVVLQJ�LQ�NLPRQR�EHFDPH�D�EHVWVHOOHU��

DQG�PDQ\�FRPSOLFDWHG�UXOHV�IRU�ZHDULQJ�NLPRQR�

ZHUH�GHFLGHG�E\�WKH�NLPRQR�LQGXVWU\��7KLV�OHG�WR�

D� SUREOHP�ZKHUH� SHRSOH� EHFDPH� XQVXUH� DV� WR�

KRZ�WR�PDWFK�WKHLU�REL�ZLWK�D�NLPRQR�DQG�FRXOG�

QR� ORQJHU� NQRZ� ZKHWKHU� LW� ZDV� JRRG� RU� QRW��

VRPH�KROG�WKH�RSLQLRQ�WKDW�WKLV�ZDV�D�FDXVH�IRU�D�

PRUH� JHQHUDO� DYHUVLRQ� IURP� ZHDULQJ� NLPRQR�

�.RPL]R�� ������ ,WR�� ������� 7KHUHIRUH�� LQ� WKLV�

VWXG\��ZH�IRFXV�RQ�FRORU�DV�WKH�SK\VLFDO�IHDWXUH�

RI�NLPRQR�DQG�REL��:H�VWXGLHG�PRGHUQ�NLPRQR�

DQG�REL�DUUDQJHPHQWV��1RW�RQO\�FRORU��EXW�GHVLJQ��

UDQN�� VHDVRQ�� HWF�� VKRXOG� EH� WDNHQ� LQWR�

FRQVLGHUDWLRQ�� KRZHYHU�� ZH� GHFLGHG� WR� OHDYH�

WKRVH� PRUH� FRPSOLFDWHG� IHDWXUHV� IRU� IXWXUH�

UHVHDUFK� DQG� IRFXV� RQ� FRORU� ILUVW�� 8VLQJ��

.\R\X]HQၥ�NLPRQR��FKDUDFWHUL]HG�E\�D�JRUJHRXV��

GHOLFDWH�FRORU��7DEDWD���������ZH�DLPHG�WR�PDNH�

FOHDU�ZKDW�SDUWLFXODU�FKDUDFWHULVWLFV�WKH�FRORU�RI�

DQ� REL� KDV� LQ� D� NLPRQR� DUUDQJHPHQW� WKDW� LV�

SUDLVHG�DV�HOLFLWLQJ�D�VHQVH�RI�KDQQDUL��.RPL]R��

������.RPL]R���������:H�XVHG�SURWRFRO�DQDO\VLV�

WR� PDNH� H[SOLFLW� WKH� WKRXJKW� DOJRULWKP� RI� D�

NLPRQR�H[SHUW�DW�WKH�WLPH�RI�FKRRVLQJ�D�REL��DQG�

HYDOXDWHG� ZKHWKHU� LW� ZDV� SRVVLEOH� WR� LQVWUXFW�

SHUVRQV� ZLWKRXW� NLPRQR� NQRZOHGJH� KRZ� WR�

VHOHFW�D�VXLWDEOH�REL�XVLQJ�WKH�WKRXJKW�DOJRULWKP��

,Q�OLJKW�RI�WKH�LQFUHDVLQJ�QXPEHU�RI�SHRSOH�ZKR�

SXUFKDVH�NLPRQRV�DQG�REL�RQ� WKH� LQWHUQHW�� WKLV�

H[SHULPHQW�ZDV�FRQGXFWHG�XVLQJ�SLFWXUHV��

([SHULPHQW�0HWKRG

��� 6HOHFWLRQ� RI� WKH� REL� SLFWXUH� VWLPXOXV�

VXLWDEOH�IRU�D�NLPRQR

)RU� ILYH� NLPRQRV� LPDJHV�$� WR�(� >LPDJH�RIIHU��

.\R\X]HQ� &RRSHUDWLYH� /LDLVRQ� &RXQFLO@�

�)LJXUH���WKDW�ZHUH�HYDOXDWHG�DV�HOLFLWLQJ�D�VHQVH�

RI�KDQQDUL�LQ�WKH�SUHYLRXV�VWXG\��.RPL]R��������

.RPL]R��������� WKH� VSHFLDOLVW� VWXG\LQJ� G\HLQJ�

DQG�ZHDYLQJ�DV�ILQH�DUWV�FKRVH�WZR�RELV�HDFK�IRU�

D�NLPRQRV� LPDJH��D� WRWDO�RI� WHQ�REL� �)LJXUH����

IURP� ����REL� LPDJHV� >LPDJH� RIIHU�&RPSDQ\�

.\RWR�.LPRQR�,FKLED@��,Q�DGGLWLRQ��DQ�HTXDO�WHQ�

�QRQ�VXLWDEOH�REL��ZHUH�VHOHFWHG�LQ�WRWDO��)LJXUH�

����7KH�VHOHFWLRQ�PHWKRG�KDG�DQ�H[SHUW�FKRRVH�

WKHLU� WRS� WZR� ³VXLWDEOH� REL´� IRU�.\R\X]HQၥ

NLPRQR� LPDJHV�$� WKURXJK�(� LQ�)LJXUH���� IURP�

����SLHFHV�RI�REL��WKH�REL�QXPEHU�LQ�WKH�([SHUW�

FROXPQ�RI�7DEOH���VKRZV�WKH�UHVXOWV��7KHVH�WHQ

SLHFHV�DUH�GLVSOD\HG�DW�UDQGRP�LQ�)LJXUH����WKHVH�

ZHUH�XVHG�DV�WKH�VWLPXOXV�LQ�WKLV�H[SHULPHQW��,Q�

DGGLWLRQ�� WKH� H[SHUW¶V� ³XQVXLWDEOH� REL´� IRU�

NLPRQR� LPDJHV�$� WKURXJK�(�ZHUH� WKH� ERWWRP�

WZR� UDQNHG�REL� LPDJHV� IURP�����SLHFHV�� WKHVH�

)LJXUH����7KH�([SHUW¶V�6XLWDEOH�2EL�IRU�

.\R\X]HQ��.LPRQR�,PDJHV�$�WKURXJK�(

)LJXUH����7KH�([SHUW¶V�8QVXLWDEOH�2EL�IRU�

.\R\X]HQ��.LPRQR�,PDJHV�$�WKURXJK�(

)LJXUH����.LPRQR�,PDJHV�RI�.\R\X]HQ��
(OLFLWLQJ�D�6HQVH�RI�³+DQQDUL´
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DUH� VKRZQ� LQ� WKH�([SHUW� FROXPQ� RI�7DEOH� ���

7KHVH�WHQ�REL�LPDJHV�DUH�UDQGRPO\�DUUDQJHG�LQ�

)LJXUH� �� DQG�ZHUH� XVHG� DV� VWLPXOXV� LQ� WKLV�

H[SHULPHQW��7KH� H[SHULPHQW�ZDV� FRQGXFWHG� LQ�

GDUNURRPV� OHVV� WKDQ� �� O[��$Q� H[SHULPHQWDO�

VXEMHFW� REVHUYHG� ��� FP� RI� WKH� REL� DQG� NLPRQ�

LPDJH� VKRZQ� RQ� D� ���PRGHO� GLVSOD\� ����

LQFKHV�����î����� FP�� �1(&� 0XOWL6\QF� /&'�

9������7KHUHIRUH��WKH�ILHOG�DQJOHV�ZHUH�DERXW����

GHJ�� ZLGWK� E\� DERXW� ��� GHJ�� OHQJWK�� ,W� LV�

LPSRUWDQW� WKDW� RQH¶V� NLPRQR� DQG� REL�

DUUDQJHPHQW�FRLQFLGH�ZLWK�RQH¶V��VWDWXV���ZKLFK�

FKDQJHV� E\� VLWXDWLRQ�� VXFK� DV� ORFDWLRQ� DQG�

ZKHWKHU�RQH�LV�RQ�WKH�LQYLWLQJ�VLGH�RU�WKH�YLVLWLQJ�

VLGH� RI� DQ� LQWHUDFWLRQ�� %HFDXVH� WKH� KRXPRQJL

XVHG� LQ� WKH� SUHYLRXV� VWXG\�DUH� DVVRFLDWHG�ZLWK�

IRUPDO� GUHVV��ZH� XVHG� WKH� DSSURSULDWH� GRXEOH�

ZRYHQ�REL�LQ�WKLV�H[SHULPHQW��)XUWKHUPRUH��LW
V�

QHFHVVDU\� WR� FRQVLGHU� DJH� ZKHQ� FKRRVLQJ�

NLPRQRV� DQG� RELV�� VXEMHFWV� ZHUH� LQVWUXFWHG� WR�

FKRRVH�DQ�REL�DSSURSULDWH�IRU�³D�PDUULHG�ZRPDQ�

LQ�KHU���¶V�ZKR�LV�DWWHQGLQJ�D�ZHGGLQJ´���0RWRML��

�������

���3URWRFRO�DQDO\VLV�

3URWRFRO� DQDO\VLV� LV� D� PHWKRG� WR� KDYH� SHRSOH�

YHUEDOL]H� WKH� PHQWDO� SURFHVV� IRU� WKHLU� DFWLRQV��

DQG� WR� FODULI\� WKHLU� WKLQNLQJ� DQG� FRJQLWLYH�

SURFHVVHV� IURP� WKH� UHVXOWV� �)XNXGD�� ������� ,Q�

WKLV�UHVHDUFK��ZKHQ�WKH�VSHFLDOLVW�ZHUH�FKRRVLQJ�

WKHLU� WRS� WZR� ³VXLWDEOH� REL´� �7DEOH� ��� DQG�

³XQVXLWDEOH�REL´��7DEOH�����ZH�KDG�WKHP�H[SODLQ�

ZK\� WKH\� ZHUH� FKRVHQ�� WKH� VLWXDWLRQ� ZDV�

FDSWXUHG�E\�YLGHR��$IWHU�WKDW��WKH�XWWHUDQFH�ZDV�

GLYLGHG�LQWR�VHJPHQWV��FODXVHV���DQG�WKH�WKRXJKW�

SURFHVV� IRU� WKH�REL� VHOHFWLRQ�RI� WKH�H[SHUW�ZDV�

FODULILHG� E\� WKH� WKLQN�DORXG� PHWKRG� �)XNXGD��

������DQG�DQDO\]HG�E\�WKH�RFFXUUHQFH�IUHTXHQF\�

RI�WKH�V\PERO�ZKLFK�KDG�EHHQ�VXEGLYLGHG�E\�WKH�

FDWHJRU\�� 7KH� GLIIHUHQFHV� EHWZHHQ� WKH� RELV�

FKRVHQ� E\� H[SHULPHQWDO� FROODERUDWRUV� ZLWK� QR�

NLPRQR�NQRZOHGJH�ZHUH�FRPSDUHG��

���9DOLGLW\�RI�WKH�LQVWUXFWLRQV�WR�SHRSOH�

ZLWKRXW�NQRZOHGJH�RI�NLPRQRV�

([SHULPHQWDO�VXEMHFWV�ZHUH����JUDGXDWH�VWXGHQWV�

ZKR� KDG� QR� NQRZOHGJH� RI� KRZ� WR� GUHVV� LQ�

NLPRQR� ��� PHQ� DQG� �� ZRPHQ��� WKH\� VHOHFWHG�

WKHLU� WRS� WZR� ³PDWFKLQJ� REL´� IRU� NLPRQRV� $�

WKURXJK�(� IURP� WKH���� REL� LPDJHV� LQ�)LJXUH���

XVLQJ�WKH�VDPH�REL�LPDJHV�DV�WKH�H[SHUW��LW�ZDV�

DGGHG� XS�� DQG� WKH� WRS� �� EDQG� LPDJH� QXPEHUV�

ZLWK�WKH�KLJKHVW�QXPEHU�RI�YRWHV�ZHUH�VKRZQ�LQ�

WKH� 1RQ�([SHUW� FROXPQ� RI� 7DEOH� ��� 7KH�

H[SHULPHQW� ZDV� SHUIRUPHG� E\� SURMHFWLQJ� DQ�

LPDJH�RQ�D�����LQFK������LQFK������î�����FP��

VFUHHQ�XVLQJ�D�SURMHFWRU��(3621�(%�������LQ�D�

OHFWXUH� URRP�RI��� O[�RU� OHVV��7KH� H[SHULPHQWDO�

VXEMHFWV�REVHUYHG�WKH�LPDJHV�IURP�����WR�����P�

DSDUW�� 7KHUHIRUH�� WKH� ILHOG� DQJOH� LV� OHQJWKZLVH�

7DEOH��� 7KH�7RS�7ZR�RI�WKH�6XLWDEOH�2EL�IRU�
.\R\X]HQ��.LPRQR�&KRVHQ�E\�WKH�
([SHUW�DQG�WKH�*UDGXDWH�6WXGHQWV�
ZLWKRXW�.LPRQR�.QRZOHGJH�

.LPRQR
,PDJH

� ̐ � �

$ � � � �

% � �� � �

& � � �� �

' � � � ��

( � � � �

([SHUW 1RQ�([SHUW

.LPRQR
,PDJH

� ̐ � �

$ � � � ���

% � � � �

& � �� � ���

' � � � �

( � � � �

([SHUW 1RQ�([SHUW

7DEOH����7KH�7RS�7ZR�RI�WKH�8QVXLWDEOH�2EL�
IRU�.\R\X]HQ��.LPRQR�&KRVHQ�E\�WKH�
([SHUW�DQG�WKH�*UDGXDWH�6WXGHQWV�
ZLWKRXW�.LPRQR�.QRZOHGJH�
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DERXW� ������� DQG� ZLGWK� DERXW� �������� 7KH\�

FKRVH� �XQVXLWDEOH� REL�� IURP� WHQ� SLHFHV� RI� REL�

LPDJHV�RI�)LJXUH���LQ�WKH�VDPH�ZD\�DQG�7DEOH���

VKRZV� WKH� ORZHU� WZR� REL� QXPEHUV�� ZKLFK� KDG�

PDQ\�YRWHV��LQ�WKH�1RQ�([SHUW�FROXPQ�RI�7DEOH�

��� 5HJDUGLQJ� WKH� ³XQVXLWDEOH� REL´�� WKH� ORZHU�

VHFRQG�SRVLWLRQ�RI� WKH�NLPRQR� LPDJH�$� DQG�(�

ZHUH�GHVFULEHG�WZR�LPDJH�QXPEHUV�EHFDXVH�WKH\�

ZHUH� UDQNHG� WKH� VDPH�� )URP� WKLV� UHVXOW�� ZH�

FRPSDUHG� WKH� REL� ZKLFK� WKH� H[SHULPHQWDO�

VXEMHFWV�� ZLWKRXW� NLPRQR� NQRZOHGJH� VHOHFWHG��

ZLWK�WKRVH�FKRVHQ�E\�RI�D�NLPRQR�H[SHUW��1H[W��

XVLQJ�VL[�HOHPHQWV�IURP�WKH�SURWRFRO�DQDO\VLV�RI�

WKH� NLPRQR� H[SHUW¶V� WKRXJKW� DOJRULWKP� IRU�

FKRRVLQJ�VXLWDEOH�REL�LQVWUXFWLRQV�ZHUH�JLYHQ�WR�

WKH� VDPH� ��� JUDGXDWH� VWXGHQWV� IURP� VHFWLRQ� ���

�7DEOH�����7KH�LQVWUXFWLRQV�ZHUH�H[SODLQHG�ZKLOH�

WKH�OHFWXUHU�VKRZHG�VOLGHV�ZLWK�SLFWXUHV�IRU�HDFK�

RI�WKH�VL[�LWHPV��WDNLQJ�DERXW����PLQXWHV�WRWDO��

7KHQ�� XQGHU� WKH� VDPH� FRQGLWLRQV�� WKH�

SDUWLFLSDQWV�VHOHFWHG�REL��7KH�UHVXOWV�EHIRUH�DQG�

DIWHU�WKH�LQVWUXFWLRQ�DUH�VKRZQ�LQ�WKH�JUDSK�IRU�

HDFK�RI�WKH�NLPRQR�LPDJHV�$�WKURXJK�(��)LJXUH�

����7KH�H[SHUW¶V�DQVZHU�ZDV�WDNHQ�WR�EH�FRUUHFW�

DQG�LV�VKRZQ�LQ�WKH�([SHUW�FROXPQ�RI�7DEOH����

ZH� HYDOXDWHG� ZKHWKHU� WKH� LQVWUXFWLRQV� ZHUH�

HIIHFWLYH� E\� FRPSDULQJ� WKH� UDWLR� RI� FRUUHFW�

DQVZHUV� IURP� SDUWLFLSDQWV� ZLWKRXW� NLPRQR�

NQRZOHGJH�EHIRUH�DQG�DIWHU�WKH�LQVWUXFWLRQV�ZHUH�

JLYHQ�� �

��� � $EVWUDFWLRQ�RI�SK\VLFDO�IHDWXUHV�RI�REL�

LPDJHV�

&RORU��ZKLFK�LV�WKH�SK\VLFDO�IHDWXUH�RI�WKH�REL� �

LPDJHV�� ZDV� DEVWUDFWHG�� ,Q� WKH� SUHYLRXV� VWXG\�

�.RPL]R���������RXU�DQDO\VLV�RI�NLPRQR�LPDJHV�

HOLFLWLQJ�D�VHQVH�RI�KDQQDUL�VKRZHG�WKDW�D�SHDN�

DSSHDUHG�LQ�WKH�YLFLQLW\�RI�����LQ�WKH�SL[HO�YDOXH�

KLHUDUFK\� RI� WKH� 5*%� 5� KLVWRJUDP�� ,Q� WKH�

SUHVHQW� UHVHDUFK�� WKH� FRORU¶V� SK\VLFDO�

FKDUDFWHULVWLFV� ZHUH� DQDO\]HG� XVLQJ� WKH� WKUHH�

SULPDU\�FRORUV�5*%�DQG�EDVHG�RQ�WKH�&,(/89�

FRORU� V\VWHP� XVHG� ZKHQ� UHSUHVHQWLQJ� WKH�

GLIIHUHQFH� LQ� WKH�FRORU� UHSURGXFWLRQ� UDQJH�RI�D�

GLVSOD\�LQ�D�FKURPDWLFLW\�GLDJUDP��SHUIRUPHG�D�

FRORU�DQDO\VLV�RI�WKH�X¶Y¶�UHVXOWV��.RPL]R�������

.RPL]R���������7KH�VXLWDEOH�REL�IRU�NLPRQRV�$�

WKURXJK� (� VHOHFWHG� E\� DQ� H[SHUW�� DQG� WHQ� REL�

LPDJHV��)LJXUH����DQG�WHQ�XQVXLWDEOH�REL�LPDJHV��

WRWDO����LPDJHV�ZHUH�DEVWUDFWHG�IRU�WKH�DYHUDJH�

5*%�DQG� X
Y
�� D� VWDQGDUG� GHYLDWLRQ�� VNHZQHVV��

NXUWRVLV��WKH�PD[LPXP��DQG�WKH�PLQLPXP�ZHUH�

FDOFXODWHG��5*%�UHSUHVHQWV�5�UHG���*��JUHHQ���%�

�EOXH��HDFK�ZLWK���ELWV�WKDW�LV��D�YDOXH�RI��������

7KH� 5*%� RI� HDFK� RI� WKH� REL� LPDJHV� ZHUH�

FDOFXODWHG�DQG�WKH�QXPEHU�RI�SL[HOV�LQ�HDFK�5*%�

ZDV�UHSUHVHQWHG�DV�D�KLVWRJUDP��$W�WKDW�WLPH��WKH�

EDFNJURXQG�FRORUV�EODFN�DQG�ZKLWH����DQG������

ZHUH� H[FOXGHG�� )XUWKHUPRUH�� LQ� RUGHU� WR� NQRZ�

WKH�IHDWXUH�RI� WKH�KLVWRJUDP�DFFRUGLQJ�WR�5*%�

RI� WKH� VXLWDEOH� REL�� WKH� QXPEHU� RI� SL[HOV� ZDV�

WRWDOHG�IRU�WKH�EHOW�SLFWXUHV������DV�VHOHFWHG�E\�

WKH�H[SHUW��)LJXUH����DFFRUGLQJ�WR�5*%��DQG�WKH�

KLVWRJUDP�ZDV�FUHDWHG�IRU�HYHU\�5*%�� �

���'LVFULPLQDQW�DQDO\VLV�RI�5*%�DQG�X
Y
�

'LVFULPLQDWLRQ� DQDO\VLV� LV� � WR� SUHGLFW� DQG�

H[SODLQ���GHSHQGHQW�YDULDEOH�IURP�PRUH� � WKDQ �

7DEOH����7KH�3URWRFRO�$QDO\VLV�RI�WKH�.LPRQR�([SHUW¶V�7KRXJKW�$OJRULWKP�IRU�&KRRVLQJ�6XLWDEOH�2EL�

,QVWUXFWLRQ�&RQWHQWV

� &RQVLGHU�WKH�VXLWDEOH�VHDVRQ�MXGJLQJ�IURP�WKH�SDWWHUQ�RI�NLPRQR�DQG�REL

� &RQVLGHU�NLPRQR�DQG�REL�FRORUV��/LJKW�FRORUV�DQG�GHHS�FRORUV�GR�QRW�PDWFK

� 'R�QRW�PDNH�D�VWURQJ�F&RQWUDVW�EHWZHHQ��RI�D�NLPRQR�DQG�DDQ�REL

� &RQVLGHU�PHDQLQJ�RI�DQLPDOV�DQG�SODQWV

� &KRRVH�DQ�REL�WKDW�LV�UHODWLYHO\�HDV\�WR�PDWFK�ZLWK�RWKHU�NLPRQRV

� &KRRVH�ODUJH�SDWWHUQHG�REL�ZLWK�VPDOO�SDWWHUQHG�NLPRQR
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RQH�DXWRQRPRXV�YDULDEOH��2VKLR���������,Q�WKLV�

UHVHDUFK��WKH�SK\VLFDO�TXDQWLW\�RI�WKH�FRORU�RI�WKH�

REL�SLFWXUHV��5*%��WKH�DYHUDJH�RI�HDFK�X
Y
��WKH�

VWDQGDUG�GHYLDWLRQ�� WKH� VNHZQHVV�� WKH� NXUWRVLV��

WKH� PD[LPXP�� DQG� WKH� PLQLPXP�� ZHUH�

FDOFXODWHG�XVLQJ�6366��9HU������2-��,%0��&R����

,Q� RWKHU�ZRUGV��ZH� H[WUDFWHG� WKH� FRQWULEXWLQJ�

YDULDEOHV�� )XUWKHUPRUH�� ZKHQ� VHOHFWLQJ� D�

VXLWDEOH�REL� IRU� H[SHUWV�DQG�JUDGXDWH� VWXGHQWV�

ZKR� GR� QRW� KDYH� NLPRQR� NQRZOHGJH�� ZH�

FRPSDUHG� WKH� GHJUHH� WR� ZKLFK� ³FRORU´�ZDV�

UHJDUGHG� DV� LPSRUWDQW � � 7KH� VSHFLDOLVW 
V�

GLVFULPLQDQW�DQDO\VLV�ZDV�FRQGXFWHG�ILUVW��,Q����

WKH� WRS� WZR�³VXLWDEOH� RELV´�ZHUH� VHOHFWHG� IRU�

KDQQDUL� HOLFLWLQJ� NLPRQR� LPDJHV�$� WKURXJK�(�

�)LJXUH����E\� H[SHUWV� IURP�����REL� LPDJHV��$�

WRWDO� RI� ��� REL� QXPEHUV�ZHUH� LQGLFDWHG� LQ� WKH�

([SHUW� FROXPQ� RI� 7DEOH� ���0RUHRYHU�� WKH� WZR�

ORZHVW�UDQN�LPDJHV�ZHUH�VHOHFWHG�DV�³XQVXLWDEOH�

REL´�DV�VKRZQ�LQ�WKH�([SHUW�FROXPQ�RI�7DEOH����

'LVFULPLQDQW� DQDO\VLV� ZDV� FRQGXFWHG� RQ� WKH�

5*%�YDOXHV�RI�WKH�DERYH�WRWDO�RI����LPDJHV��WKH�

DYHUDJH� RI� HDFK� X
Y
�� D� VWDQGDUG� GHYLDWLRQ��

VNHZQHVV�� NXUWRVLV�� WKH� PD[LPXP�� DQG� WKH�

PLQLPXP�� 1H[W�� ZH� FRQGXFWHG� D� GLVFULPLQDQW�

DQDO\VLV� IRU� WKH� JUDGXDWH� VWXGHQWV� ZLWKRXW�

NLPRQR� NQRZOHGJH�� 7KH� JUDGXDWH� VWXGHQWV�

ZLWKRXW� NLPRQR� NQRZOHGJH� VHOHFWHG� ³VXLWDEOH�

REL´� IURP� WKH� ��� REL� LPDJHV� LQ� )LJXUH� �� IRU�

NLPRQR�LPDJH�$��)LJXUH����7KH�WRS���REL�LPDJH�

QXPEHUV��WKRVH�ZLWK�WKH�ODUJHVW�QXPEHU�RI�YRWHV��

DUH�VKRZQ�LQ�7DEOH���LQ�WKH�1RQ�([SHUW�FROXPQ��

,Q�DGGLWLRQ��WKH�WZR�PRVW�³XQVXLWDEOH�REL´�ZHUH�

OLNHZLVH� FKRVHQ� IURP� WKH� WHQ� REL� LPDJHV� LQ�

)LJXUH����6LQFH�WKH�VHFRQG�PRVW�XQVXLWDEOH�REL�

IRU�NLPRQR�LPDJH�$�DQG�(�KDG�WLH�VFRUHV��D�WRWDO�

RI����LPDJHV�ZHUH�XVHG��'LVFULPLQDWLRQ�DQDO\VLV�

ZDV�SHUIRUPHG�RQ�WKH�UHVXOWLQJ����LPDJHV��7KH�

FRORU� IHDWXUHV� RI� DQ�REL� VXLWDEOH� IRU� D�KDQQDUL

HOLFLWLQJ�NLPRQR�ZHUH�H[SODLQHG��,Q�DGGLWLRQ��ZH�

)LJXUH����7KH�5HVXOWV�RI�2EL�6HOHFWLRQV�EHIRUH�RU�DIWHU�WKH�,QVWUXFWLRQV��IRU�WKH�.\R\X]HQ��.LPRQR�

,PDJHV�$�WKURXJK�(�6HOHFWHG�E\�3DUWLFLSDQWV�ZLWKRXW�.LPRQR�.QRZOHGJH�
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FRPSDUHG�LW�WKH�H[SHUW�DQG�WKRVH�ZLWKRXW�NLPRQR�

NQRZOHGJH�� FODULI\LQJ� KRZ� PXFK� �FRORU�� LV�

UHJDUGHG�DV�LPSRUWDQW��

5HVXOWV�DQG�&RQVLGHUDWLRQ�
�� 6HOHFWLRQ�RI�WKH�REL�LPDJH�VWLPXOXV�

VXLWDEOH�IRU�D�NLPRQR�

7KH�H[SHUW�VHOHFWHG�WZR�LPDJHV�DV�³VXLWDEOH�REL´�

IRU�WKH�)LJXUH���.\RWR�\X]HQ�NLPRQR�LPDJHV�$�

WKURXJK�(��7KH�WRS�WZR�REL�LPDJHV�VHOHFWHG�E\�

VWXGHQWV�ZLWKRXW�NLPRQR�NQRZOHGJH�DV�³VXLWDEOH�

REL´�DUH�VKRZQ�LQ�7DEOH����,Q�WKH�VDPH�ZD\��WKH�

H[SHUW�DQG�VWXGHQWV�ZLWKRXW�NLPRQR�NQRZOHGJH�

VHOHFWHG� WKH� WZR� PRVW� ³XQVXLWDEOH� REL´� IURP�

DPRQJ�WKH�WHQ�REL�LPDJHV�LQ�)LJXUH����IRU�.\RWR�

\X]HQ�NLPRQRV�$�WKURXJK�(��7KH�UHVXOW�ZDV�WKDW�

QRQH�RI�WKH�REL�FKRVHQ�DV�VXLWDEOH�ZHUH�WKH�VDPH�

IRU� ERWK� WKH� H[SHUW� DQG� WKH� VWXGHQWV� ZLWKRXW�

NLPRQR�NQRZOHGJH��DQG�RQO\�RQH�XQVXLWDEOH�REL�

ZDV� UDQNHG� WKH� VDPH�� LPDJH� �� DV� SDLUHG�ZLWK�

NLPRQR�'���7DEOH���� �

���3URWRFRO�DQDO\VLV�

7KH� UHVXOWV� RI� WKH� SURWRFRO� DQDO\VLV� RI� WKH�

H[SHUW¶V�REL�PDWFKLQJ�LV�VKRZQ�LQ�7DEOH����,Q�WKLV�

H[SHULPHQW��WKH�NLPRQR�DQG�REL�ZHUH�PDWFKHG�LQ�

DFFRUGDQFH�ZLWK�VHPL�IRUPDO�DWWLUH��WKH�³VWDWXV´�

ZDV�HVWDEOLVKHG�WR�EH�WKDW�RI�DWWHQGLQJ�D�IRUPDO�

RFFDVLRQ�� VXFK� DV� D� ZHGGLQJ�� 7KH� WKRXJKW�

SURFHVV� WKDW� UHVXOWHG� IURP�SURWRFRO� DQDO\VLV� DV�

WKH� H[SHUW� FKRVH� DQ� REL� ILUVW� FRQVLGHUHG� WKH�

VHDVRQ�WKHQ�WKH�FRORU��SDWWHUQ��DQG�WKH�RWKHU�REL�

FRPELQDWLRQV�� LQ� WKDW� RUGHU�� WKH� FKRLFH� RI� REL�

WKHQ�EHFDPH�FOHDU��

���7KH�HIIHFWLYLW\�RI�LQVWUXFWLRQV�IRU�SHRSOH�

ZLWKRXW�NLPRQR�NQRZOHGJH�

7KH�³EHIRUH´�GDWD�LQ�)LJXUH���VKRZV�WKH�UHVXOWV�

RI�KDYLQJ����JUDGXDWH�VWXGHQWV�ZLWK�QR�NLPRQR�

NQRZOHGJH�VHOHFW�VXLWDEOH�REL� IRU�HDFK�NLPRQR�

LPDJH�$�WKURXJK�(�IURP�)LJXUH����$�JHQHUDO�ODFN�

RI�FRQYHUJHQFH�LQ�REL�VHOHFWLRQ�UHVXOWHG�IURP�WKH�

VWXGHQWV� ZLWKRXW� NLPRQR� NQRZOHGJH� FKRRVLQJ�

VXLWDEOH�REL�IRU�NLPRQR�LPDJHV�$�WKURXJK�(��ZH�

SUHVXPH� WKLV� LV� EHFDXVH� WKH\� ZHUH� FKRRVLQJ�

DFFRUGLQJ� WR� LQGLYLGXDO� SUHIHUHQFH�� 7KHQ�� ���

PLQXWH� LQVWUXFWLRQV� ZHUH� SHUIRUPHG� E\� DQ�

LQVWUXFWRU� XVLQJ� WKH� H[SHUW¶V� REL� VHOHFWLRQ�

WKRXJKW�SURFHVV�VKRZQ�LQ�7DEOH����$IWHU�WKDW��WKH�

VWXGHQWV� ZLWKRXW� NLPRQR� NQRZOHGJH� DJDLQ�

VHOHFWHG� VXLWDEOH� REL�� DV� VKRZQ� E\� WKH� ³DIWHU´�

GDWD� LQ� )LJXUH� ��� ,Q� WKLV� UHVXOW� DV� ZHOO�� WKH�

³VXLWDEOH�REL´�DQVZHUV�ZHUHQ¶W�FRQFHQWUDWHG�RQ�

DQ\�SDUWLFXODU�REL��VR�ZH�SUHVXPH�WKH�FKRLFH�ZDV�

PDGH� E\� WDVWH�� )XUWKHUPRUH�� LQ� RUGHU� WR� FKHFN�

ZKHWKHU� WKH� LQVWUXFWLRQV� IRU� VHOHFWLQJ� VXLWDEOH�

REL� ZHUH� HIIHFWLYH� IRU� SHRSOH� ZLWKRXW� NLPRQR�

NQRZOHGJH�� WKH� H[SHUW� REL� PDWFKLQJ� DQVZHUV�

VKRZQ� LQ� 7DEOH� �� ZHUH� WDNHQ� DV� WKH� FRUUHFW�

DQVZHUV��7KH�DFFXUDF\�UDWH�EHIRUH�DQG�DIWHU�WKH�

LQVWUXFWLRQ� LV� DV� VKRZQ� LQ�7DEOH����7KH� UHVXOWV�

ZHUH� WKDW� LQ�REL�PDWFKLQJ� IRU� WKH� ILYH�NLPRQR�

LPDJHV� $� WKURXJK� (�� RQO\� LPDJHV� %� DQG� &�

VKRZHG� DQ� LQFUHDVH� LQ� WKH� UDWH� RI� FRUUHFWQHVV��

DQG�WKH�LPDJH�ZLWK�WKH�KLJKHVW�LQFUHDVH�UDWH�ZDV�

&�ZLWK�D�������LQFUHDVH��)RU�DOO�NLPRQR�LPDJHV�

$� WKURXJK� (� WKH� UDWH� RI� FRUUHFW� REL� PDWFKLQJ�

DIWHU� LQVWUXFWLRQ� ZDV� ������ RU� OHVV�� DQG� QR�

UHPDUNDEOH� LQFUHDVH� LQ� WKH� UDWH� RI� FRUUHFWQHVV�

ZDV�IRXQG��)URP�WKLV��LW�EHFDPH�FOHDU�WKDW�VKRUW�

LQVWUXFWLRQV�DERXW� WKH�NLPRQR�H[SHUW¶V� WKRXJKW�

SURFHVV�ZKHQ�REL�PDWFKLQJ�FDQQRW�EH�VDLG�WR�EH�

HIIHFWLYH�� �

7DEOH����&RUUHFW�$QVZHU�5DWH�DIWHU�WKH�,QVWUXFWLRQ�

IRU�6HOHFWLQJ�6XLWDEOH�2EL

.LPRQR�
,PDJH

$FFXUDF\�
5DWH�EHIRUH�
,QVWUXFWLRQ

$FFXUDF\�5DWH�
DIWHU�

,QVWUXFWLRQ

3HUFHQWDJH�RI�
$FFXUDF\�

5DWH
$ ���� ���� �����
% ���� �� ����
& ���� ���� ����
' ���� ���� ����
( ���� ����� �����
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�� $EVWUDFWLRQ�RI�WKH�SK\VLFDO�IHDWXUHV�RI�WKH�

REL�SLFWXUHV�

7KH�5*%�YDOXH�RI�WKH�REL�LPDJH������ � �)LJXUH�

���FKRVHQ�E\�WKH�H[SHUW�DV�³VXLWDEOH�REL´�IRU�WKH�

NLPRQR�SLFWXUH�HOLFLWLQJ�D�VHQVH�RI�KDQQDUL�ZDV�

FDOFXODWHG��DQG�H[SUHVVHG�ZLWK� D�KLVWRJUDP�IRU�

HDFK�YDOXH�5��*��DQG�%��,Q�RUGHU�WR�LQYHVWLJDWH�

WKH�5*%� IHDWXUHV�RI� D� VXLWDEOH� REL� LPDJH� DV�

VHOHFWHG� E\� DQ� H[SHUW� IRU� NLPRQR� LPDJHV�

HOLFLWLQJ�D�VHQVH�RI�KDQQDUL��WKH�QXPEHU�RI�SL[HOV�

LQ�REL� LPDJHV��� WKURXJK���� LQ�)LJXUH� ��ZHUH�

DGGHG�WRJHWKHU�E\�5*%�YDOXHV��DQG�H[SUHVVHG�DV�

D� KLVWRJUDP� LQ�)LJXUH� ��� ,Q� DGGLWLRQ�� IRU� WKH�

SXUSRVH�RI�H[DPLQLQJ�WKH�FKDUDFWHULVWLFV�RI� WKH�

5*%�RI� WKH� VXLWDEOH� REL� FKRVHQ� E\� JUDGXDWH�

VWXGHQWV�ZLWKRXW�NLPRQR�NQRZOHGJH��WKH�WRS�WZR�

³VXLWDEOH�REL´�E\�QXPEHU�RI�YRWHV� IURP� WKH����

RSWLRQV�LQ�)LJXUH���IRU�NLPRQR�LPDJHV�$�WKURXJK�

(�ZHUH�JUDSKHG� LQ�)LJXUH����7KH� UHVXOWLQJ� WRS�

WZR�LPDJHV�ZHUH���DQG����VR�WKH�5*%�KLVWRJUDPV�

RI�5*%� LPDJHV� RI�REL� LPDJHV� �� DQG� ��ZHUH�

VKRZQ� LQ� )LJXUH� ��� ,Q� )LJXUH� ��� WKH� H[SHUW
V�

FKRVHQ� �VXLWDEOH� REL�� ��� 5*%� KLVWRJUDPV�

VKRZHG�SHDNV�IURP�����WR�����LQ�DOO�RI�WKH�5*%�

OHYHOV��DQG�5�DQG�*�VKRZHG� WKH�FKDUDFWHULVWLFV�

RI�KDYLQJ�D�ORQJ�WDLO�WR�WKH�OHIW��,Q�WKH�KLVWRJUDP�

)LJXUH����7KH�1XPEHU�RI�3L[HOV�LQ�2EL�,PDJHV���WKURXJK����LQ�)LJ���$GGHG�7RJHWKHU�E\�5*%�

9DOXHV��DQG�([SUHVVHG�DV�D�+LVWRJUDP

��
��

�� ��
�� �� ��
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� � � �� � � � � � �
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)LJXUH����7KH�%UHDNGRZQ�RI�WKH�6XLWDEOH�2EL�&KRVHQ�E\�*UDGXDWH�6WXGHQW�

ZLWKRXW�.LPRQR�.QRZOHGJH�IURP�WKH����2SWLRQV�LQ�)LJ��

)LJXUH����7KH�5*%�+LVWRJUDPV�RI�5*%�,PDJHV�RI�WKH�7RS�2EL�,PDJHV���DQG���&KRVHQ�E\�

*UDGXDWH�6WXGHQWV�ZLWKRXW�.LPRQR�.QRZOHGJH
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IRU� %�� LQ� DGGLWLRQ� WR� WKH� SHDN� DURXQG� ����� D�

JHQWOH�SHDN�ZDV�DOVR�IRXQG�DURXQG����WR������,Q�

WKH� KLVWRJUDP� RI� WKH� REL� LPDJH� FKRVHQ� E\�

VWXGHQWV�ZLWK�QR�NLPRQR�NQRZOHGJH��D�SHDN�ZDV�

VHHQ�DURXQG�����LQ�5*%�YDOXHV� LQ�)LJXUH���DV�

ZHOO�� LQ� WKH� VDPH� ZD\�� WKH� KLVWRJUDP� IRU� %�

VKRZHG�D�ORZ�SHDN�DW�DURXQG������

���'LVFULPLQDQW�DQDO\VLV�RI�5*%�DQG�X
Y¶�

'LVFULPLQDQW� DQDO\VLV� IRU� H[SODLQLQJ� WKH� REL�

FRQVLGHUHG�VXLWDEOH�IRU�NLPRQR�LPDJHV�HOLFLWLQJ�

D�VHQVH�RI�KDQQDUL�E\�DQ�H[SHUW�ZDV�FRQGXFWHG�

XVLQJ� WKH� DYHUDJH� YDOXH� RI� 5*%�� D� VWDQGDUG�

GHYLDWLRQ�� VNHZQHVV�� DQG� NXUWRVLV�� �)LJXUH� ���

7KH� PDJQLWXGH� RI� WKH� DEVROXWH� YDOXH� RI� WKH�

FDQRQLFDO�GLVFULPLQDQW�FRHIILFLHQW� VWDQGDUGL]HG�

LQ� )LJXUH� �� LQGLFDWHV� WKH� GHJUHH� WR� ZKLFK� WKH�

LQGHSHQGHQW� YDULDEOH� FRQWULEXWHV� LQ� JURXSLQJ�

�2VKLR�� ������� ,Q� WKLV� UHVHDUFK��ZH� GHFLGHG� WR�

H[SODLQ� WKH� VXLWDEOH�REL�E\�FRQVLGHULQJ� WKH� WRS�

WZR�GLVFULPLQDQW�IXQFWLRQ�YDULDEOHV�ZLWK�D�ODUJH�

DEVROXWH� YDOXH� DV� D� FRQWULEXWLRQ� LWHP�� ,Q� WKH�

GLVFULPLQDQW� DQDO\VLV� LQ� WKH� H[SHUW� 5*%�� DV�

VKRZQ� LQ� WKH� VWDQGDUGL]HG� FDQRQLFDO�

GLVFULPLQDQW�FRHIILFLHQW�RI�)LJXUH����WKH�DYHUDJH�

RI�*�LV�D�ODUJH�YDOXH�RI�������ZKLFK�WKHQ�EHFDPH�

WKH� VWDQGDUG� GHYLDWLRQ� ����� IRU� *�� 6LQFH� WKH�

IXQFWLRQ�RI�WKH�FHQWHU�RI�JUDYLW\�RI�WKH�³VXLWDEOH�

REL´�LV�QHJDWLYH��WKH�³VXLWDEOH�REL´�FKRVHQ�E\�DQ�

H[SHUW�FDQ�EH�GHVFULEHG�DV�³DQ�REL�LPDJH�ZLWK�D�

VPDOO�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�*´��1H[W��

ZH�FRQGXFWHG�GLVFULPLQDQW�DQDO\VLV�RI�X
Y
�DW�WKH�

WLPH�WKH�H[SHUW�FKRVH�D�VXLWDEOH�REL��WKH�UHVXOWV�

DUH� VKRZQ� LQ�)LJXUH����7KH� LWHPV�ZLWK� D� ODUJH�

DEVROXWH�YDOXH�ZDV������IRU�³NXUWRVLV�RI�Y´��DQG�

�����IRU�³VNHZQHVV�RI�Y´��%HFDXVH�WKH�IXQFWLRQ�

RI� WKH� FHQWHU� RI� JUDYLW\� RI� WKH� EDQG� ZKLFK�

PDWFKHV� LV� DOVR�QHJDWLYH�KHUH�� D� ³VXLWDEOH�REL´�

FDQ�EH�H[SODLQHG�E\�D�VPDOO�VNHZQHVV�DQG �

NXUWRVLV�RI�Y
��1H[W�ZH�DQDO\]HG�WKH�VXLWDEOH�REL�

FKRVHQ�E\�WKH�JUDGXDWH�VWXGHQWV�ZLWKRXW�NLPRQR�

NQRZOHGJH�� 7KH� 5*%� DQDO\VLV� UHVXOWV� DUH�

LQGLFDWHG� LQ� )LJXUH� ���� 7KH� ODUJHVW� DEVROXWH�

YDOXH�RI�WKH�UHVXOW�ZDV������IRU�WKH�GHJUHH�RI�WKH�

VNHZQHVV�RI�5��QH[W�ZDV�WKH�NXUWRVLV�RI�5�DW�������

EHFDXVH�WKH�IXQFWLRQ�RI�WKH�FHQWHU�RI�JUDYLW\�RI�

WKH�REL�ZKLFK�PDWFKHG�WKLV�ZDV�QHJDWLYH��LW�FDQ�

EH� GHVFULEHG� DV� ³DQ� REL� LPDJH� ZLWK� D� VPDOO�

VNHZQHVV� DQG� NXUWRVLV� RI�5´� )XUWKHUPRUH�� WKH�

UHVXOW� RI� WKH� GLVFULPLQDQW� DQDO\VLV� RI� X¶Y¶� LV�

VKRZQ� LQ� )LJXUH� ���� ,Q� WKLV� UHVXOW�� WKH� ODUJH�

DEVROXWH�YDOXH�LWHPV�ZHUH������IRU�WKH�VNHZQHVV�

RI�X¶�DQG�������IRU�WKH�³VWDQGDUG�GHYLDWLRQ�RI�X¶´��

DV� WKH� IXQFWLRQ� RI� WKH� FHQWHU� RI� JUDYLW\� RI� WKH�

³VXLWDEOH�REL´�LV�SRVLWLYH��LW�FDQ�EH�GHVFULEHG�DV�

³DQ� REL� LPDJH� ZLWK� D� ODUJH� VNHZQHVV� DQG�

VWDQGDUG� GHYLDWLRQ� RI� X¶´�� 7KHVH� UHVXOWV� ZHUH�

JDWKHUHG�LQ�7DEOH����)URP�WKLV�UHVXOW��WKHUH�LV�QR�

LWHP�ZLWK�WKH�VDPH�5*%�RU�X¶Y¶�FRORU�IHDWXUHV�

ZKHQ� H[SHUWV� DQG� SHRSOH� ZLWKRXW� NLPRQR�

NQRZOHGJH�VHOHFW�³VXLWDEOH�REL´��LW�WXUQHG�RXW�WR�

EH� FKRVHQ� RQ� D� FRPSOHWHO\� GLIIHUHQW� EDVLV��

0RUHRYHU��WKH�VXFFHVV�UDWH�RI�WKH�LWHPL]DWLRQ�RI�

WKH� H[SHUW¶V� 5*%� GLVFULPLQDQW� DQDO\VLV� ZDV�

�������DQG�WKH�VXFFHVV�UDWH�RI�X
Y
�ZDV�DV�ORZ�DV�

�������WKLV�FRXOG�LQGLFDWH�WKDW�ZKHQ�WKH�H[SHUW�

FKRRVHV� D� ³VXLWDEOH� REL´� LW� LV� QRW� RQO\� IRU� WKH�

FRORU�EXW�DOVR�GXH� WR�RWKHU�IDFWRUV��VXFK�DV� WKH�

�VWDWXV�� DQG� VR� IRUWK�� EHLQJ� WDNHQ� LQWR�

FRQVLGHUDWLRQ��,Q�DGGLWLRQ��WKH�VXFFHVV�UDWH�RI�WKH�

LWHPL]DWLRQ� RI� VWXGHQWV� ZLWKRXW� NLPRQR�

NQRZOHGJH� 5*%� GLVFULPLQDQW� DQDO\VLV� ZDV�

�������DQG�������IRU�X¶Y¶��ERWK�VKRZLQJ�D�KLJK�

YDOXH�� 7KLV� VXJJHVWV� WKDW�� VLQFH� WKH� VWXGHQWV�

ZLWKRXW�NLPRQR�NQRZOHGJH�GLG�QRW�NQRZ�DERXW�

³VWDWXV´�HWF���WKH\�PDLQO\�FKRVH�WKH�³VXLWDEOH�REL´�

IRU�WKH�³FRORU´��
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)XQFWLRQ 'LVSHUVLRQ� $FFXPXODWLRQˍ &RUUHODWLRQ�&RHIILFLHQW

� �����D ����� ����� �����

(LJHQYDOXH

D��7KH�ILUVW�FDQRQLFDO�GLVFULPLQDWLRQ�IXQFWLRQV�ZDV�XVHG�IRU�DQDO\VLV�

$SSURYHG
)XQFWLRQ

/DPGD�RI�:LONV &KL�6TXDUH 'LJUHH�RI��)UHHGDP 6LJQLILFDQW�3UREDELOLW\

� ����� ������ �� ����

/DPGD�RI��:LONV

)XQFWLRQ

�

� �����

� ������

7KH�IXQFWLRQ�RI�WKH�FHQWHU�RI
JUDYLW\�LQ�JURXSLQJ

6XLWDEOH

7KH�FDQRQLFDO�GLVFULPLQDQW
FRHIILFLHQW�QRW�VWDQGDUGL]HG�E\

JURXS�DYHUDJH

)XQFWLRQ

�

5 $YH� ������

5 6�'� ������

5 6.(:� �����

5���.857 �����

* $YH� ������

*ɻ6�'� �����

* 6.(:� ������

*���.857 �����

* $YH� �����

* 6�'� �����

* 6.(:� �����

*���.857 ����

7KH�FDQRQLFDO�GLVFULPLQDQW
FRHIILFLHQW�QRW�VWDQGDUGL]HG�E\

JURXS�DYHUDJH

� �

� �� � ��

� � � ��

� ����� � �����

� ���� ���� �����

� � � ��

� � � ��

� ���� ���� �����

� ���� ���� �����

&URVV�9DOLGDWLRQ

)HTXHQF\

�

D��7KH�FURVV�YDOLGDWLRQ�LV�FDUULHG�RXW�RQO\�IRU�WKH�DQDO\]HG�FDVHV��7KH�FURVV�
YDOLGDWLRQ�RQ�HDFK�FDVH�LV�DQDO\]HG�E\�WKH�IXQFWLRQV�REWDLQHG�IURP�DOO�FDVHV�
������RXW�RI�WKH�RULJLQDO�JURXSLQJ�ZDV�FODVVLILHG�SURSHUO\��������RXW�RI�WKH

FURVV��YDOLGDWHG�JURXSLQJ�ZDV�FODVVLILHG�SURSHUO\�

'LVFULPLQDQW�$QDO\VLV�5HVXOW�E�DQG�F

6XLWDEOH
3DUWLFLSDQWV¶�*URXS�1XPEHU

7RWDO

2ULJLQDO�'DWD

)HTXHQF\

�

)XQFWLRQ 'LVSHUVLRQ� $FFXPXODWLRQˍ &RUUHODWLRQ�&RHIILFLHQW

� �����D ����� ������ �����

D��7KH�ILUVW�FDQRQLFDO�GLVFULPLQDWLRQ�IXQFWLRQV�ZDV�XVHG�IRU�DQDO\VLV

(LJHQYDOXH

$SSURYHG
)XQFWLRQ

/DPGD�RI��:LONV &KL�6TXDUH 'HJUHH�RI�)UHHGRP 6LJQLILFDQW�3UREDELOLW\

� ����� ������ �� �����

/DPGD�RI��:LONV

)XQFWLRQ

�

� �����

� ������

7KH�FDQRQLFDO�GLVFULPLQDQW
FRHIILFLHQW�QRVWDQGDUGL]HG�E\

JURXS�DYHUDJH

7KH�IXQFWLRQ�RI�WKH�FHQWHU�RI
JUDYLW\�LQ�JURXSLQJ

6XLWDEOH
� �

� �� � ��

� � � ��

� ����� � �����

� ���� ���� �����

� � � ��

� � � ��

� ���� ���� �����

� ���� ���� �����

&URVV�9DOLGDWLRQ

)HTXHQF\

�

D��7KH�FURVV�YDOLGDWLRQ�LV�FDUULHG�RXW�RQO\�IRU�WKH�DQDO\]HG�FDVHV��7KH�FURVV�
YDOLGDWLRQ�RQ�HDFK�FDVH�LV�DQDO\]HG�E\�WKH�IXQFWLRQV�REWDLQHG�IURP�DOO�FDVHV�
������RXW�RI�WKH�RULJLQDO�JURXSLQJ�ZDV�FODVVLILHG�SURSHUO\��������RXW�RI

WKH�FURVV��YDOLGDWHG�JURXSLQJ�ZDV�FODVVLILHG�SURSHUO\

2ULJLQDO�'DWD

)HTXHQF\

�

'LVFULPLQDQW�$QDO\VLV�5HVXOW�E�DQG�F

6XLWDEOH
3DUW LFLSDQWV¶�*URXS�1XPEHU

7RWDO)XQFWLRQ

�

X
��PLQ �����

X
��PD[ �����

Y
��PLQ ������

Y
��PD[ ������

X
��$YH� �����

X
��6�'� ������

X
 6.(:� ������

X
���.857 ������

Y
���$YH� ������

Y
 6�'� ������

9
 6.(:� ����

Y
���.857 �����

7KH�VWDQGDUGL]HG�SRVLWLYH
DVVRFLDWHG�GLVFULPLQDQW�FRHIILFLHQW

)LJXUH����7KH�'LVFULPLQDQW�$QDO\VLV�RI�X
Y
�DW�WKH�7LPH�WKH�([SHUW�&KRVH�D�6XLWDEOH�2EL

)LJXUH����5*%�7KH�'LVFULPLQDQW�$QDO\VLV�IRU�([SODLQLQJ�WKH�2EL�&RQVLGHUHG�IRU�.LPRQR�,PDJHV�
(OLFLWLQJ�D�6HQVH�RI�+DQQDUL�E\�DQ�([SHUW�
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D�7KH�ILUVW�RQH�RI�WKH�FDQRQLFDO�GLVFULPLQDQW
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'LVFULPLQDQW�$QDO\VLV�5HVXOW�E�DQG�F

)XQFWLRQ

�

5 $YH� ������

5 6�'� �����

5 6.(:� ������

5���.857 ������

* $YH� ������

* 6�'� ������

* 6.(:� �����

% $YH� ������

* 6�'� ������
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7KH�VWDQGDUGL]HG
SRVLWLYH�DVVRFLDWHG

GLVFULPLQDQW

)XQFWLRQ 'LVSHUVLRQ�
$FFXPXODWLRQ

ˍ
&RUUHODWLRQ
&RHIILFLHQW

� ������D ����� ����� �����

D�7KH�ILUVW�RQH�RI�WKH�FDQRQLFDO�GLVFULPLQDQW�IXQFWLRQV�ZDV
XVHG�IRU�DQDO\VLV

(LJHQYDOXH

$SSURYHG
)XQFWLRQ

/DPGD�RI
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&KL�6TXDUH
'HJUHH�RI
)UHHGRP

6LJQLILFDQW
3UREDELOLW\
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/DPGD�RI�:LONV
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� ����

7KH�IXQFWLRQ�RI�WKH�FHQWHU�RI
JUDYLW\�LQ�JURXSLQJ

6XLWDEOH

7KH�FDQRQLFDO�GLVFULPLQDQW
FRHIILFLHQW�QRW�VWDQGDUGL]HG�E\

JURXS�DYHUDJH

)XQFWLRQ

�

X
��PLQ �����

X
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Y
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Y
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X
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X
��6�'� ������

X
 6.(:� �

X
���.857 ������

Y
���$YH� ������

Y
 6�'� ������

9
 6.(:� ����

Y
���.857 �����

7KH�VWDQGDUGL]HG
SRVLWLYH�DVVRFLDWHG

GLVFULPLQDQW�FRHIILFLHQW

� �

� �� � ��

� � �� ��

� ����� � �����

� ���� ����� �����

� � � ��

� � � ��

� ���� ���� �����
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&URVV�9DOLGDWLRQ

)HTXHQF\

�

D��7KH�FURVV�YDOLGDWLRQ�LV�FDUULHG�RXW�RQO\�IRU�WKH�DQDO\]HG�FDVHV��7KH�FURVV�
YDOLGDWLRQ�RQ�HDFK�FDVH�LV�DQDO\]HG�E\�WKH�IXQFWLRQV�REWDLQHG�IURP�DOO�FDVHV�
�������RXW�RI�WKH�RULJLQDO�JURXSLQJ�ZDV�FODVVLILHG�SURSHUO\��������RXW�RI�WKH

FURVV��YDOLGDWHG�JURXSLQJ�ZDV�FODVVLILHG�SURSHUO\�

6XLWDEOH
3DUWLFLSDQWV¶�*URXS�1XPEHU

7RWDO

2ULJLQDO�GDWD

)HTXHQF\

�

'LVFULPLQDQW�$QDO\VLV�5HVXOW�E�DQG�F

)LJXUH�����7KH�5*%�'LVFULPLQDQW�$QDO\VLV�RI�WKH�6XLWDEOH�2EL�&KRVHQ�E\�WKH�*UDGXDWH�6WXGHQWV�

ZLWKRXW�.LPRQR�.QRZOHGJH� �

)LJXUH�����7KH�'LVFULPLQDWLRQ�$QDO\VLV�RI�X¶Y¶�RI�WKH�6XLWDEOH�2EL�&KRVHQ�E\�WKH�*UDGXDWH�
6WXGHQWV�ZLWKRXW�.LPRQR�.QZOHGJH�
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&RQFOXVLRQ�

,Q�WKLV�VWXG\��DWWHQWLRQ�LV�SDLG�WR�WKH�SUREOHP�RI�

WKH�GLIILFXOW\�RI�FKRRVLQJ�VXLWDEOH�REL�DV�D�FDXVH�

RI�WKH�DYHUVLRQ�WR�D�NLPRQR��.RPL]R���������ZH�

H[DPLQHG�ZKDW�NLQG�RI�REL�LV�VXLWDEOH�IRU�NLPRQR�

WKDW� HOLFLW� D� VHQVH� RI� KDQQDUL�� ,Q� WKH� ILUVW�

H[SHULPHQW�� DQ� H[SHUW� DQG� VWXGHQWV� ZLWK� QR�

NLPRQR� NQRZOHGJH� FKRVH� VXLWDEOH� REL� IRU� WKH�

VDPH�NLPRQR�LPDJH��EXW�WKH�VHOHFWHG�REL�LPDJHV�

ZHUH� KDUGO\� LQ� DJUHHPHQW�� 7KHUHIRUH�� ZH�

FODULILHG� WKH� WKRXJKW� SURFHVV� RI� WKH� NLPRQR�

VSHFLDOLVWV� ZKHQ� FKRRVLQJ� D� VXLWDEOH� REL�� DQG�

PDGH�DQ�H[SHULPHQW�RQ�WKH�K\SRWKHVLV�WKDW�HYHQ�

WKRVH� ZKR� GR� QRW� KDYH� NQRZOHGJH� RI� NLPRQR�

ZRXOG�EH�DEOH�WR�FKRRVH�D�VXLWDEOH�REL�LI�WDXJKW��

KRZHYHU�� ZH� GLG� QRW� REVHUYH� DQ� LQFUHDVHG�

DFFXUDF\� UDWH�� )XUWKHUPRUH�� ZH� FRPSDUHG� WKH�

UHVXOWV� RI� GLVFULPLQDQW� DQDO\VLV� RQ� WKH� REL�

VHOHFWLRQ� RI� ERWK� WKH� VWXGHQWV� ZLWKRXW� NLPRQR�

NQRZOHGJH� DQG� WKH� H[SHUW�� XVLQJ� RQO\� FRORU�

LQIRUPDWLRQ��RQO\�������RI�WKH�H[SHUW¶V�³VXLWDEOH�

REL´�VHOHFWLRQ�ZDV�GLVWLQJXLVKDEOH��2Q�WKH�RWKHU�

KDQG�� ������ RI� WKH� ³VXLWDEOH� REL´� VHOHFWHG� E\�

VWXGHQWV� ZLWKRXW� NLPRQR� NQRZOHGJH� ZHUH�

GLVWLQJXLVKDEOH�XVLQJ�RQO\��FRORU�� LQIRUPDWLRQ��

,W� LV� WKRXJKW� WKDW� WKH� VWXGHQWV�ZLWKRXW� NLPRQR�

NQRZOHGJH�ZHUH�VHOHFWLQJ�VXLWDEOH�REL�PDWFKLQJ�

ZLWK�D�FHUWDLQ�GHJUHH�RI�XQLIRUP�VWDQGDUG�UHODWHG�

WR� WKHLU� FRORU�� ,Q� UHVSRQVH� WR� WKLV� UHVXOW�� ZH�

LQWHUYLHZHG� D� NLPRQR� H[SHUW�� �6LWXDWLRQ� LV�

LPSRUWDQW� IRU� NLPRQR� VW\OLQJ�� VR� WKLV� VRUW� RI�

DWWLUH�ZKHQ�\RX�JR� WR� WKLV�SODFH�� H[DPSOHV� DUH�

QHFHVVDU\�WR�WHDFK�³VWDWXV´��,W¶V�SRVVLEOH� WR�XVH�

LPDJHV� DQG� VXPPDULHV�� WKH� FRORU� VHOHFWLRQ� LV�

QH[W�SKDVH��ODVW�LV�WKH�PDWWHU�RI�WDVWH���%DVHG�

XSRQ�WKH�IRUHJRLQJ��LW�LV�LPSRUWDQW�WKDW�LQ�RUGHU�

WR� WHDFK� REL� PDWFKLQJ� WKDW� ILUVW� SOHQW\� RI�

LQVWUXFWLRQV� DUH� JLYHQ� XVLQJ� LPDJHV� VKRZLQJ�

�VWDWXV�� FKDQJLQJ� EDVHG� RQ�ZKHUH� WR� DQG�ZLWK�

ZKRP�RQH�JRHV��DQG�DIWHU�WKDW��LW�LV�WKRXJKW�WR�EH�

JRRG�VKRXOG�\RX�FKRRVH�WR�FRQVLGHU�WKH��VHDVRQ���

³FRORU´��³SDWWHUQ´��DQG�³FRPELQDWLRQ�ZLWK�RWKHU�

REL´�� ,Q� DGGLWLRQ�� FRQYHQWLRQDOO\�ZKHQ� D� VWRUH�

SHUVRQ� VHOHFWV� DQ� REL�� LW� LV� GRQH� VXEMHFWLYHO\��

ZLWKRXW� DQ\� REMHFWLYH� LQGLFDWLRQV�� 7KHVH�

ILQGLQJV�ZLOO�SURYLGH�JXLGDQFH�IRU�WKH�DXWRPDWHG�

VHOHFWLRQ�RI��VXLWDEOH�REL��IRU�LPDJHV�RI�NLPRQR�

HOLFLWLQJ� D� VHQVH� RI� KDQQDUL��$FFRUGLQJ� WR� WKH�

VDOHV� SHRSOH�� PRVW� RELV� DUH� QRW� SXUFKDVHG�

LQGHSHQGHQWO\� EXW� UDWKHU� ZLWK� D� NLPRQR�� RU�

SXUFKDVHG� DV� DQ� DFFRPSDQLPHQW� IRU� D� NLPRQR�

DOUHDG\�RZQHG�� ,I� WKDW� LV� WKH� FDVH�� LW�ZRXOG� EH�

SRVVLEOH� WR� GHYHORS� DQ� DSSOLFDWLRQ� WKDW� FRXOG�

VXJJHVW� D� VXLWDEOH� REL� E\� XVLQJ� DQ� LPDJH� RI� D�

NLPRQR�WKDW�RQH�DOUHDG\�RZQV��'XH�WR�WKLV�VRUW�

RI�DSSOLFDWLRQ��ZH�FDQ�H[SHFW�WKLV�UHVHDUFK�WR�EH�

XVHIXO� IRU� ,QWHUQHW� EXVLQHVV�� 7KHUH� DUH� PDQ\�

RWKHU� NLPRQR� FRQYHQWLRQV� EHVLGH� REL�

DUUDQJHPHQW�� 7KHUH� DUH� FXUUHQWO\� ���� UXOHV�

ZULWWHQ�LQ�ZKDW�LV�FDOOHG�WKH�NLPRQR�LQVWUXFWLRQ�

ERRN�SXEOLVKHG�LQ�������DSSUR[LPDWHO\����\HDUV�

DJR��DQG����RI�WKHP�DUH�DERXW�REL�DUUDQJHPHQW��

$PRQJ�WKHP��LW�LV�ZULWWHQ�WKDW�LW�LV�VDIH�WR�FKRRVH�

WKH� FRORU� SDWWHUQ� RI� D� YLVLWLQJ� GUHVV� ZKLFK�

KDUPRQL]HV� ZHOO� ZLWK� WKH� EDFNJURXQG� ZRYHQ�

SDWWHUQ��6KLR]XNL���������DQG�QRW�RQO\�WKH�FRORU�

EXW�DOVR�WKH�FRORU�VFKHPH�RI�WKH�SDWWHUQ��SDWWHUQV�

RQO\� XVHG� IRU� FHUWDLQ� HYHQWV�� DV� ZHOO� DV� WKH�

PHDQLQJ�RI�WKH�SDWWHUQ��2Q�WKH�RWKHU�KDQG��LW�LV�

DOVR�HQMR\DEOH��LQ�ZHDULQJ�NLPRQR��WR�KDUPRQL]H�

7DEOH����7KH�7RS�6HFRQG�3ODFH�RI�WKH�'LVFULPLQDQW�$QDO\VLV�RI�5*%�DQG�X
Y
�DFFRUGLQJ�WR�WKH�
([SHUW�DQG�WKH�*UDGXDWH�6WXGHQWV�ZLWKRXW�.LPRQR�.QRZOHGJH�

����������,WHP�� ����������,WHP�� ����������,WHP�� ����������,WHP��

([SHUW $YHUDJH�*�LV�VPDOO �6�'��*�LV�VPDOO �.XUW�Y
�LV�VPDOO �6NHZ�Y
�LV�VPDOO

*UDGXDWH�6WXGHQWV�ZLWKRXW
.LPRQR�.NQRZOHGJH

�6NHZ�5�LV�VPDOO �.XUW�5�LV�VPDOO �6NHZ�RI�X
�LV�ELJ �6�'��X
�LV�ELJ

5*% X
Y
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WKH�FKRLFH�IRU�WKH�FRORU�RI�WKH�GHFRUDWLYH�FROODU��

WKH� REL� EDQG�� WKH� REL� EXVWOH� DQG� WKH� WDEL��

3UHVHQWO\��LI�GUHVVLQJ�LQ�NLPRQR��LW�LV�QRW�SRVVLEOH�
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