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(��/��.$3/$1�
8QLYHUVLW\�RI�&DOLIRUQLD�5DGLDWLRQ�/DERUDWRU\�

$1'�

3$8/�0(,(5�
8QLYHUVLW\�RI�&KLFDJR�

,Q�OLIHWHVWLQJ��PHGLFDO�IROORZ�XS��DQG�RWKHU�ILHOGV�WKH�REVHUYDWLRQ�RI�
WKH�WLPH�RI�RFFXUUHQFH�RI�WKH�HYHQW�RI�LQWHUHVW��FDOOHG�D�GHDWK��PD\�EH�
SUHYHQWHG�IRU�VRPH�RI�WKH�LWHPV�RI�WKH�VDPSOH�E\�WKH�SUHYLRXV�RFFXU��
UHQFH�RI�VRPH�RWKHU�HYHQW��FDOOHG�D�ORVV���/RVVHV�PD\�EH�HLWKHU�DFFLGHQWDO�
RU�FRQWUROOHG��WKH�ODWWHU�UHVXOWLQJ�IURP�D�GHFLVLRQ�WR�WHUPLQDWH�FHUWDLQ�
REVHUYDWLRQV��,Q�HLWKHU�FDVH�LW�LV�XVXDOO\�DVVXPHG�LQ�WKLV�SDSHU�WKDW�WKH�
OLIHWLPH��DJH�DW�GHDWK��LV�LQGHSHQGHQW�RI�WKH�SRWHQWLDO�ORVV�WLPH��LQ�
SUDFWLFH�WKLV�DVVXPSWLRQ�GHVHUYHV�FDUHIXO�VFUXWLQ\��'HVSLWH�WKH�UHVXOWLQJ�
LQFRPSOHWHQHVV�RI�WKH�GDWD��LW�LV�GHVLUHG�WR�HVWLPDWH�WKH�SURSRUWLRQ�3�W��
RI�LWHPV�LQ�WKH�SRSXODWLRQ�ZKRVH�OLIHWLPHV�ZRXOG�H[FHHG�W��LQ�WKH�DEVHQFH�
RI�VXFK�ORVVHV���ZLWKRXW�PDNLQJ�DQ\�DVVXPSWLRQ�DERXW�WKH�IRUP�RI�WKH�
IXQFWLRQ�3�W���7KH�REVHUYDWLRQ�IRU�HDFK�LWHP�RI�D�VXLWDEOH�LQLWLDO�HYHQW��
PDUNLQJ�WKH�EHJLQQLQJ�RI�LWV�OLIHWLPH��LV�SUHVXSSRVHG��
)RU�UDQGRP�VDPSOHV�RI�VL]H�1�WKH�SURGXFW�OLPLW��3/�� HVWLPDWH�FDQ�

EH�GHILQHG�DV�IROORZV��/LVW�DQG�ODEHO�WKH�1�REVHUYHG�OLIHWLPHV��ZKHWKHU�
WR�GHDWK�RU�ORVV��LQ�RUGHU�RI�LQFUHDVLQJ�PDJQLWXGH��VR�WKDW�RQH�KDV�
R��WM,� �W��
� �� "��� ��W1
�� 7KHQ�3�W��  ��U� >�1�U���1�U���@�� ZKHUH�U�
DVVXPHV�WKRVH�YDOXHV�IRU�ZKLFK�WU
�W�DQG�IRU�ZKLFK�WU��PHDVXUHV�WKH�
WLPH�WR�GHDWK��7KLV�HVWLPDWH�LV�WKH�GLVWULEXWLRQ��XQUHVWULFWHG�DV�WR�IRUP��
ZKLFK�PD[LPL]HV�WKH�OLNHOLKRRG�RI�WKH�REVHUYDWLRQV��
2WKHU�HVWLPDWHV�WKDW�DUH�GLVFXVVHG�DUH�WKH�DFWXDULDO�HVWLPDWHV��ZKLFK�

DUH�DOVR�SURGXFWV��EXW�ZLWK�WKH�QXPEHU�RI�IDFWRUV�XVXDOO\�UHGXFHG�E\�
JURXSLQJ���DQG�UHGXFHG�VDPSOH��56�� HVWLPDWHV��ZKLFK�UHTXLUH�WKDW�
ORVVHV�QRW�EH�DFFLGHQWDO��VR�WKDW�WKH�OLPLWV�RI�REVHUYDWLRQ��SRWHQWLDO�ORVV�
WLPHV��DUH�NQRZQ�HYHQ�IRU�WKRVH�LWHPV�ZKRVH�GHDWKV�DUH�REVHUYHG��:KHQ�
QR�ORVVHV�RFFXU�DW�DJHV�OHVV�WKDQ�W��WKH�HVWLPDWH�RI�3�W��LQ�DOO�FDVHV�UH��
GXFHV�WR�WKH�XVXDO�ELQRPLDO�HVWLPDWH��QDPHO\��WKH�REVHUYHG�SURSRUWLRQ�
RI�VXUYLYRUV��

&217(176�

���,QWURGXFWLRQ� ���������������������������������� ����
���� )RUPXODWLRQ��� �������������������������������������������������������� ����
���� 1RQSDUDPHWULF�HVWLPDWLRQ��������������������������������������������� ����
���� ([DPSOHV�RI�WKH�56�DQG�3/�HVWLPDWHV���������������������������������� ����
���� 1RWDWLRQ����������������������������������������������������������� ����

���7KH�3URGXFW�/LPLW�(VWLPDWH����������������������������������������������� ����
���� 'HILQLWLRQ�DQG�FDOFXODWLRQ��������������������������������������������� ����
���� 0HDQ�DQG�YDULDQFH�RI�3�W��������������������������������������������� ����
���� 0HDQ�OLIHWLPH������������������������������������������������������� ����

���7KH�5HGXFHG�6DPSOH�(VWLPDWH�YV��WKH�3/����������������������������������� ����
���� $OWHUQDWLYHV�WR�WKH�3/�HVWLPDWH���������������������������������������� ����
���� 'HSHQGHQFH�RI�GHDWKV�DQG�ORVVHV��������������������������������������� ����

�3UHSDUHG�ZKLOH�WKH�DXWKRUV�ZHUH�DW�%HOO�7HOHSKRQH�/DERUDWRULHV�DQG�-RKQV�+RSNLQV�8QLYHUVLW\�UHVSHFWLYHO\��

7KH�ZRUN�ZDV�DLGHG�E\�D�JUDQW�IURP�WKH�2IILFH�RI�1DYDO�5HVHDUFK��

����

James Hanley
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���$FWXDULDO�(VWLPDWHV� ������������������������������� ����
���� (VWLPDWHV�XVLQJ�RQO\�Q��%��;�������������������������������������� ����
���� (VWLPDWHV�XVLQJ�DYHUDJH�DJHV�������������������������������������� ����

��� 0D[LPXP�/LNHOLKRRG�'HULYDWLRQ� RI�WKH�3/� �� �������������������� ����
���0HDQV�DQG�9DULDQFHV�� ����������,�,� �����,���,,,,�,,,,,,,,� ���� ����

���� 7KH�3/�HVWLPDWH�3�W����������������������������������� ����� ����
���� &RYDULDQFHV�DQG�PHDQ�OLIHWLPHV�������������������������������������� ����

���&RQVLVWHQF\��7HVWLQJ�ZLWK�5HSODFHPHQW������������������������������������� ����

��� ,1752'8&7,21�

,�� )RUPXODWLRQ��,Q�PDQ\�HVWLPDWLRQ�SUREOHPV�LW�LV�LQFRQYHQLHQW�RU�LP��
SRVVLEOH�WR�PDNH�FRPSOHWH�PHDVXUHPHQWV�RQ�DOO�PHPEHUV�RI�D�UDQGRP�VDPSOH��
)RU�H[DPSOH��LQ�PHGLFDO�IROORZ�XS�VWXGLHV�WR�GHWHUPLQH�WKH�GLVWULEXWLRQ�RI�VXU��
YLYDO�WLPHV�DIWHU�DQ�RSHUDWLRQ��FRQWDFW�ZLWK�VRPH�LQGLYLGXDOV�ZLOO�EH�ORVW�EHIRUH�
WKHLU�GHDWK��DQG�RWKHUV�ZLOO�GLH�IURP�FDXVHV�LW�LV�GHVLUHG�WR�H[FOXGH�IURP�FRQ��
VLGHUDWLRQ��6LPLODUO\��REVHUYDWLRQ�RI�WKH�OLIH�RI�D�YDFXXP�WXEH�PD\�EH�HQGHG�E\�
EUHDNDJH�RI�WKH�WXEH��RU�D�QHHG�WR�XVH�WKH�WHVW�IDFLOLWLHV�IRU�RWKHU�SXUSRVHV��,Q�
ERWK�H[DPSOHV��LQFRPSOHWH�REVHUYDWLRQV�PD\�DOVR�UHVXOW�IURP�D�QHHG�WR�JHW�RXW�
D�UHSRUW�ZLWKLQ�D�UHDVRQDEOH�WLPH��
7KH�W\SH�RI�HVWLPDWH�VWXGLHG�KHUH�FDQ�EH�EULHIO\�LQGLFDWHG�DV�IROORZV��:KHQ�

D�UDQGRP�VDPSOH�RI�1�YDOXHV��7���7��� 
�
�
��71�RI�D�UDQGRP�YDULDEOH�LV�JLYHQ��
WKH�VDPSOH�GLVWULEXWLRQ�IXQFWLRQ�)W�W��LV�QDWXUDOO\�GHILQHG�DV�WKDW�ZKLFK�DVVLJQV�
D�SUREDELOLW\�RI�,�1�WR�HDFK�RI�WKH�JLYHQ�YDOXHV��VR�WKDW�3�W��HTXDOV���1�WLPHV�
WKH�QXPEHU�RI�VDPSOH�YDOXHV�OHVV�WKDQ�WKH�DUJXPHQW�W��%HVLGHV�GHVFULELQJ�WKH�
VDPSOH��WKLV�)�W��LV�DOVR�D�QRQSDUDPHWULF�HVWLPDWH�RI�WKH�SRSXODWLRQ�GLVWULEXWLRQ��
LQ�WKH�VHQVH�LQGLFDWHG�LQ�����EHORZ��:KHQ�WKH�REVHUYDWLRQV�DUH�LQFRPSOHWH��WKH�
FRUUHVSRQGLQJ�HVWLPDWH�LV�VWLOO�D�VWHS�IXQFWLRQ�ZLWK�GLVFRQWLQXLWLHV�DW�WKH�DJHV�
RI�REVHUYHG�GHDWKV��EXW�LW�FDQ�QR�ORQJHU�EH�REWDLQHG�DV�D�PHUH�GHVFULSWLRQ�RI�
WKH�VDPSOH��
7KH�VDPSOHV�FRQVLGHUHG�LQ�WKLV�SDSHU�DUH�LQFRPSOHWH�LQ�WKH�VHQVH�WKDW�RQH�

KDV�JLYHQ��QRW�D�UDQGRP�VDPSOH�7���
�
�
��71�RI�YDOXHV�RI�WKH�UDQGRP�YDULDEOH�
7�LWVHOI��FDOOHG�WKH�OLIHWLPH���EXW�WKH�REVHUYHG�OLIHWLPH��

WL� PLQ� �7L�� /L��� L� ��� ���
� 
� 1�� �OD��

+HUH�WKH�/L��FDOOHG�OLPLWV�RI�REVHUYDWLRQ��DUH�FRQVWDQWV�RU�YDOXHV�RI�RWKHU�UDQGRP�
YDULDEOHV��ZKLFK�DUH�DVVXPHG�WR�EH�LQGHSHQGHQW�RI�WKH�7;�XQOHVV�RWKHUZLVH�
VWDWHG��LQ�6HFWLRQV�����DQG�����)RU�HDFK�LWHP�LW�LV�NQRZQ�ZKHWKHU�RQH�KDV�

7L���/L�� W�� � 7L��D�GHDWK�� �OE��

RU�

/L��� 7��� WL� � /L��D�ORVV���

2UGLQDULO\�WKH�7L�DQG�/L�DUH�VR�GHILQHG�DV�WR�EH�QHFHVVDULO\�QRQQHJDWLYH��
7KH�LWHPV�LQ�WKH�VDPSOH�DUH�WKXV�GLYLGHG�LQWR�WZR�PXWXDOO\�H[FOXVLYH�FODVVHV��

QDPHO\�GHDWKV�DQG�ORVVHV��$�ORVV�E\�GHILQLWLRQ�DOZD\V�SUHFOXGHV�WKH�GHVLUHG�
NQRZOHGJH�RI�7���2Q�WKH�RWKHU�KDQG��D�GHDWK�GRHV�QRW�DOZD\V�SUHFOXGH�WKH�
NQRZOHGJH�RI�WKH�FRUUHVSRQGLQJ�/L��LQ�FDVH�WKH�OLPLWV�RI�REVHUYDWLRQ�DUH�QRQ��
UDQGRP�DQG�IRUHVHHDEOH��6XFK�NQRZOHGJH�RI�WKH�/L�PD\�KDYH�YDOXH��IRU�H[DPSOH��

James Hanley
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LW�PDNHV�DYDLODEOH�WKH�UHGXFHG�VDPSOH�HVWLPDWH��6HFWLRQ�����LI�RQH�FKRRVHV�WR�
XVH�LW��
7KH�W\SH�RI�VDPSOH�GHVFULEHG�LV�D�JHQHUDOL]DWLRQ�RI�WKH�FHQVRUHG�VDPSOH�GH��

ILQHG�E\�+DOG�>��@��DQG�D�VSHFLDOL]DWLRQ�RI�WKH�VLWXDWLRQ�FRQVLGHUHG�E\�+DUULV��
0HLHU��DQG�7XNH\�>��@��
7KH�WHUP�GHDWK�KDV�EHHQ�DGRSWHG�DV�EHLQJ�DW�OHDVW�PHWDSKRULFDOO\�DSSURSUL��

DWH�LQ�PDQ\�DSSOLFDWLRQV��EXW�LW�FDQ�UHSUHVHQW�DQ\�HYHQW�VXVFHSWLEOH�RI�UDQGRP�
VDPSOLQJ��,Q�SDUWLFXODU��WKH�UROHV�RI�GHDWK�DQG��UDQGRP��ORVV�PD\�EH�LQWHU��
FKDQJHDEOH��%\�UHGHILQLQJ�WKH�FODVVLILFDWLRQ�RI�HYHQWV�LQWR�GHDWKV�DQG�ORVVHV��LW�
PD\�EH�SRVVLEOH�WR�DSSURDFK�WKH�VDPH�GDWD�IURP�YDULRXV�SRLQWV�RI�YLHZ�DQG�WKXV�
WR�HVWLPDWH�WKH�VXUYLYRUVKLS�IXQFWLRQV�3�W��WKDW�ZRXOG�EH�DSSURSULDWH�WR�YDUL��
RXV�FDWHJRULHV�RI�HYHQWV�LQ�WKH�DEVHQFH�RI�WKH�RWKHUV��7KLV�LV�IDPLOLDU�HQRXJK��
VHH�IRU�H[DPSOH�>��@��>���@��>���@��
���� 1RQSDUDPHWULF�HVWLPDWLRQ��0RVW�JHQHUDO�PHWKRGV�RI�HVWLPDWLRQ��VXFK�DV�

PD[LPXP�OLNHOLKRRG�RU�PLQLPXP�FKL�VTXDUH��PD\�EH�LQWHUSUHWHG�DV�SURFHGXUHV�
IRU�VHOHFWLQJ�IURP�DQ�DGPLVVLEOH�FODVV�RI�GLVWULEXWLRQV�RQH�ZKLFK��LQ�D�VSHFLILHG�
VHQVH��EHVW�ILWV�WKH�REVHUYDWLRQV��7R�HVWLPDWH�D�FKDUDFWHULVWLF��RU�SDUDPHWHU��
RI�WKH�WUXH�GLVWULEXWLRQ�RQH�XVHV�WKH�YDOXH�WKDW�WKH�FKDUDFWHULVWLF�KDV�IRU�WKLV�
EHVW�ILWWLQJ�GLVWULEXWLRQ�IXQFWLRQ��,W�VHHPV�UHDVRQDEOH�WR�FDOO�DQ�HVWLPDWLRQ�SUR��
FHGXUH�QRQSDUDPHWULF�ZKHQ�WKH�FODVV�RI�DGPLVVLEOH�GLVWULEXWLRQV�IURP�ZKLFK�WKH�
EHVW�ILWWLQJ�RQH�LV�WR�EH�FKRVHQ�LV�WKH�FODVV�RI�DOO�GLVWULEXWLRQV���:ROIRZLW]�>��@�
KDV�XVHG�WKH�WHUPQ�VLPLODUO\�LQ�FRQQHFWLRQ�ZLWK�WKH�OLNHOLKRRG�UDWLR�LQ�K\SRWKHVLV�
WHVWLQJ���:LWK�D�FRPSOHWH�VDPSOH��LW�LV�HDV\�WR�VHH�WKDW�WKH�VDPSOH�GLVWULEXWLRQ�
UHIHUUHG�WR�LQ�����LV�WKH�QRQSDUDPHWULF�HVWLPDWH�RQ�WKH�PD[LPXP�OLNHOLKRRG�
FULWHULRQ��7KH�VDPH�UHVXOW�LV�WUXH�RI�WKH�SURGXFW�OLPLW�HVWLPDWH�IRU�LQFRPSOHWH�
VDPSOHV��DV�ZLOO�EH�GHPRQVWUDWHG�LQ�6HFWLRQ����
7KH�PRVW�IUHTXHQWO\�XVHG�PHWKRGV�RI�SDUDPHWULF�HVWLPDWLRQ�IRU�GLVWULEXWLRQV�

RI�OLIHWLPHV�DUH�SHUKDSV�WKH�ILWWLQJ�RI�D�QRUPDO�GLVWULEXWLRQ�WR�WKH�REVHUYDWLRQV�
RU�WKHLU�ORJDULWKPV�E\�FDOFXODWLQJ�WKH�PHDQ�DQG�YDULDQFH��DQG�ILWWLQJ�DQ�H[��
SRQHQWLDO�GLVWULEXWLRQ�H�WO$GW�OO�E\�HVWLPDWLQJ�WKH�PHDQ�OLIH��X�DORQH��6XFK�DV��
VXPSWLRQV�DERXW�WKH�IRUP�RI�WKH�GLVWULEXWLRQ�DUH�QDWXUDOO\�DGYDQWDJHRXV�LQVRIDU�
DV�WKH\�DUH�FRUUHFW��WKH
�HVWLPDWHV�DUH�VLPSOH�DQG�UHODWLYHO\�HIILFLHQW��DQG�D�
FRPSOHWH�GLVWULEXWLRQ�LV�REWDLQHG�HYHQ�WKRXJK�WKH�REVHUYDWLRQV�PD\�EH�UH��
VWULFWHG�LQ�UDQJH��+RZHYHU��QRQSDUDPHWULF�HVWLPDWHV�KDYH�WKH�LPSRUWDQW�IXQF��
WLRQV�RI�VXJJHVWLQJ�RU�FRQILUPLQJ�VXFK�DVVXPSWLRQV��DQG�RI�VXSSO\LQJ�WKH�HVWL��
PDWH�LWVHOI�LQ�FDVH�VXLWDEOH�SDUDPHWULF�DVVXPSWLRQV�DUH�QRW�NQRZQ��$Q�LPSRU��
WDQW�SURSHUW\�RI�WKHVH�QRQSDUDPHWULF�HVWLPDWHV�LV�WKDW�LI�WKH�DJH�VFDOH�LV�WUDQV��
IRUPHG�IURP�W�WR�W
� I�W���ZKHUH�I�LV�D�VWULFWO\�LQFUHDVLQJ�IXQFWLRQ��WKHQ�WKH�FRU��
UHVSRQGLQJ�HVWLPDWHG�GLVWULEXWLRQ�IXQFWLRQV�DUH�VLPSO\�UHODWHG�E\�)
�I�W���
)���
���� ([DPSOHV�RI�WKH�56�DQG�3/�HVWLPDWHV��:H�ZLOO�FRQVLGHU�WKH�IROORZLQJ�

VLWXDWLRQ��$�UDQGRP�VDPSOH�RI�����LWHPV�LV�SXW�RQ�WHVW�DW�WKH�EHJLQQLQJ�RI�������
GXULQJ�WKH�\HDU����LWHPV�GLH�DQG����VXUYLYH��$W�WKH�HQG�RI�WKH�\HDU��D�ODUJHU�
VDPSOH�LV�DYDLODEOH�DQG������DGGLWLRQDO�LWHPV�DUH�SXW�RQ�WHVW��'XULQJ�������
���LWHPV�IURP�WKH�ILUVW�VDPSOH�DQG�����IURP�WKH�VHFRQG�GLH��OHDYLQJ����DQG�����
VXUYLYRUV�UHVSHFWLYHO\��$V�RI�WKH�HQG�RI�������LW�LV�GHVLUHG�WR�HVWLPDWH�WKH�SURSRU��
WLRQ�3����RI�LWHPV�LQ�WKH�SRSXODWLRQ�VXUYLYLQJ�IRU�WZR�\HDUV�RU�PRUH��



���� $0(5,&$1� 67$7,67,&$/� $662&,$7,21� -2851$/�� -81(� �����

7KH�VXUYLYDO�SUREDELOLWLHV�DUH�VXSSRVHG�WR�GHSHQG�RQ�WKH�DJH��WKH�GXUDWLRQ�
RI�WKH�WHVW��UDWKHU�WKDQ�RQ�WKH�FDOHQGDU�\HDU��DQG�KHQFH�WKH�GDWD�DUH�DUUDQJHG�
DV�LQ�7DEOH������

7$%/(� ����

6DPSOHV� ,� ,,�

,QLWLDO�QXPEHUV� ���� �����
'HDWKV� LQ�ILUVW�\HDU�RI�DJH� ��� ����
2QH�\HDU�VXUYLYRUV� ��� ����
'HDWKV� LQ�VHFRQG�\HDU�RI�DJH� ���
7ZR�\HDU�VXUYLYRUV� ���

7KLV�SDUWLFXODU�H[DPSOH�LV�VXFK�WKDW�LW�LV�HDV\�WR�IRUP�DQ�HVWLPDWH�3
����
������� ������IURP�WKH�ILUVW�VDPSOH�DORQH��7KLV�LV�FDOOHG�WKH�UHGXFHG�VDPSOH�

�56�� HVWLPDWH�EHFDXVH�LW�LJQRUHV�WKH������LWHPV�WHVWHG�RQO\�GXULQJ�������,W�LV�D�
OHJLWLPDWH�HVWLPDWH�RQO\�ZKHQ�WKH�UHGXFHG�VDPSOH�LV�LWVHOI�D�UDQGRP�VDPSOH��
WKLV�ZLOO�EH�WKH�FDVH�RQO\�ZKHQ��DV�DVVXPHG�KHUH��WKH�REVHUYDWLRQ�OLPLWV��WZR�
\HDUV�IRU�WKH�ILUVW�VDPSOH��DQG�RQH�\HDU�IRU�WKH�VHFRQG��DUH�NQRZQ�IRU�DOO�LWHPV��
GHDWKV�DV�ZHOO�DV�ORVVHV��,Q�WKH�DEVHQFH�RI�WKLV�LQIRUPDWLRQ��RQH�ZRXOG�KDYH�QR�
EDVLV�IRU�GLVFULPLQDWLQJ�DPRQJ�WKH�����GHDWKV�REVHUYHG�EHIRUH�WKH�DJH�RI�WZR�
\HDUV��2QH�FDQQRW�VLPSO\�LJQRUH�WKH�����ORVVHV�DW�DJH�RQH�\HDU��VLQFH�RQO\����
LWHPV�KDYH�VXUYLYHG�IRU�WZR�\HDUV��3���� ZRXOG�WKHQ�EH�HVWLPDWHG�DV��������
������� DQ�DEVXUG�UHVXOW��7KH�SRLQW�LV�GLVFXVVHG�IXUWKHU�LQ�����EHORZ��
:H�QRZ�LQTXLUH�ZKHWKHU�WKH�VHFRQG�VDPSOH��XQGHU�WHVW�IRU�RQO\�RQH�\HDU��FDQ�

WKURZ�DQ\�OLJKW�RQ�WKH�HVWLPDWH�RI�3����� &OHDUO\�LW�ZLOO�EH�QHFHVVDU\�WR�DVVXPH�
WKDW�ERWK�VDPSOHV�KDYH�EHHQ�GUDZQ�IURP�WKH�VDPH�SRSXODWLRQ��DQ�DVVXPSWLRQ�
WKDW�WKH�56�HVWLPDWH�3
���� DYRLGHG��$W�DQ\�UDWH��WKH�HVWLPDWHV�RI�3���� IURP�
WKH�WZR�VDPSOHV��QDPHO\������DQG�������DUH�QRW�VXIILFLHQWO\�GLIIHUHQW�WR�FRQWUD��
GLFW�WKH�DVVXPSWLRQ��%\�FRPELQLQJ�WKH�WZR�VDPSOHV��WKH�HVWLPDWH�

3�O��  � 3
����  � ������ ������������ ������ � �����

LV�REWDLQHG�IRU�3����� �,Q�WKLV�FDVH�WKH�56�KDV�WKH�VDPH�YDOXH�DV�WKH�RWKHU�HVWL��
PDWH�WR�EH�GLVFXVVHG��WKH�SURGXFW�OLPLW�RU�3/��� 7KLV�UHVXOW�H[KDXVWV�WKH�XVHIXO��
QHVV�RI�WKH�VHFRQG�VDPSOH�IRU�WKH�SUHVHQW�SXUSRVHV��KRZ�GRHV�LW�KHOS�WR�HVWL��
PDWH�3���"�
7KH�DQVZHU�LV�WKDW�WKHUH�DUH�DGYDQWDJHV�WR�XVLQJ�WKH�ILUVW��WKH�VPDOOHU��

VDPSOH�IRU�HVWLPDWLQJ�3����3����� WKH�FRQGLWLRQDO�SUREDELOLW\�RI�VXUYLYDO�IRU�
WZR�\HDUV�JLYHQ�VXUYLYDO�IRU�RQH�\HDU��UDWKHU�WKDQ�3���� LWVHOI��7KLV�HVWLPDWH�LV�

3����3����  � ������ � ������ZKHQFH�

3����  � ������;������ � �������

D�YHU\�VLPSOH�H[DPSOH�RI�WKH�SURGXFW�OLPLW��3/�� HVWLPDWH��7KH�RXWVWDQGLQJ�
DGYDQWDJH�RI�WKLV�VWUDWHJ\�LV�WKDW�LW�ZRUNV�MXVW�DV�ZHOO�LI�ZH�DUH�QRW�SULYLOHJHG�
WR�NQRZ�WKDW�WKH�����GHDWKV�LQ�WKH�VHFRQG�VDPSOH�KDG�REVHUYDWLRQ�OLPLWV�RI�RQH�
\HDU��EHFDXVH�WKHVH�LWHPV�DUH�LUUHOHYDQW�WR�WKH�HVWLPDWLRQ�RI�3����3���� LQ�DQ\�
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FDVH��2WKHU�FRQVLGHUDWLRQV�IRU�GHFLGLQJ�EHWZHHQ�WKH�WZR�HVWLPDWHV�ZLOO�EH�VHW�
IRUWK�LQ�6HFWLRQ����
7KH�GLVFXVVLRQ�RI�WKH�3/� HVWLPDWH�ZLOO�EH�FRQWLQXHG�VKRUWO\��LQ�6HFWLRQV���

DQG����6HFWLRQ���LV�HTXDOO\�FRQFHUQHG�ZLWK�WKH�56�HVWLPDWH��ZKLOH�6HFWLRQ���LV�
GHYRWHG�WR�WKH�DFWXDULDO�HVWLPDWHV��7KH�UHPDLQLQJ�WKUHH�VHFWLRQV�FRQVLVW�SULQFL��
SDOO\�RI�PDWKHPDWLFDO�GHULYDWLRQV��7KRXJK�PXFK�ROGHU��WKH�DFWXDULDO�HVWLPDWHV�
DUH�HVVHQWLDOO\�DSSUR[LPDWLRQV�WR�WKH�3/�� WKH\�DUH�SURGXFWV�DOVR��EXW�W\SLFDOO\�
WKH\�DLP�WR�UHGXFH�WKH�QXPEHU�RI�IDFWRUV�E\�JURXSLQJ���*URXSLQJ�PD\�RU�PD\�
QRW�EH�SRVVLEOH�IRU�WKH�3/�LWVHOI���7KH�GLVWLQJXLVKLQJ�GHVLJQDWLRQ�SURGXFW�OLPLW�
ZDV�DGRSWHG�EHFDXVH�WKLV�HVWLPDWH�LV�D�OLPLWLQJ�FDVH�RI�WKH�DFWXDULDO�HVWLPDWHV��
,W�ZDV�SURSRVHG�DV�HDUO\�DV������E\�%RKPHU�>�@��UHIHUUHG�WR�E\�6HDO� >��@���EXW�
VHHPV�WR�KDYH�EHHQ�ORVW�VLJKW�RI�E\�ODWHU�ZULWHUV�DQG�QRW�IXUWKHU�LQYHVWLJDWHG��

���� 1RWDWLRQ��7KH�VXUYLYDO�IXQFWLRQ�

3�W��  � 3U��7� !� W��� �LF��

JLYLQJ�WKH�SRSXODWLRQ�SUREDELOLW\�RI�VXUYLYLQJ�EH\RQG�W��ZLOO�EH�XVHG�LQ�SODFH�
RI�WKH�GLVWULEXWLRQ�IXQFWLRQ�)�W�� ����3�W�� EHFDXVH�RI�LWV�FRQYHQLHQFH�ZKHUH�WKH�
SURGXFW�OLPLW�HVWLPDWH�DQG�LWV�DFWXDULDO�DSSUR[LPDWLRQV�DUH�FRQFHUQHG��,Q�
DGGLWLRQ�WKH�IROORZLQJ�IXQFWLRQV�DUH�GHILQHG��

3��W�� SURGXFW�OLPLW��3/�� HVWLPDWH�RI�3�W���
3
�W�� �UHGXFHG�VDPSOH��56�� HVWLPDWH�RI�3�W���
Q��W�� WKH� QXPEHU�RI�LWHPV�REVHUYHG�DQG�VXUYLYLQJ�DW�DJH�W��ZKHQ�GHDWKV�

�EXW�QRW�ORVVHV��DW�W�LWVHOI�DUH�VXEWUDFWHG�RII��
1�W�� WKH�H[SHFWDWLRQ�RI�Q�W���IRU�IL[HG�REVHUYDWLRQ�OLPLWV��
1"�W�� WKH� QXPEHU�RI�LWHPV�KDYLQJ�REVHUYDWLRQ�OLPLWV�/�VXFK�WKDW�/!� W��,Q�

SUDFWLFH�WKLV�IXQFWLRQ�LV�QRW�QHFHVVDULO\�NQRZQ��

)RU�WKH�ILUVW�UHDGLQJ�RI�WKH�SDSHU�LW�PD\�EH�GHVLUDEOH�WR�VXSSRVH�WKDW�WKH�
GHDWK�RI�RQH�LWHP�DQG�WKH�ORVV�RI�WKH�VDPH�RU�DQ\�RWKHU�LWHP�QHYHU�RFFXU�DW�WKH�
VDPH�DJH��DQG�QHYHU�FRLQFLGH�ZLWK�DQ�DJH�W�DW�ZKLFK�DQ\�RI�WKH�DERYH�IXQFWLRQV�
DUH�WR�EH�HYDOXDWHG��7KLV�FRQGLWLRQ�FDQ�DOZD\V�EH�PHW�E\�IXGJLQJ�WKH�DJHV�D�
OLWWOH�ZKHQ�QHFHVVDU\��2Q�WKH�RWKHU�KDQG��D�UHJXODU�XVHU�RI�WKH�WHFKQLTXHV�ZLOO�
SUREDEO\�FRPH�WR�UHJDUG�RYHUW�IXGJLQJ�DV�QDLYH��KH�ZLOO�SUHIHU�WR�IRUPDOL]H�KLV�
QRWDWLRQ�DQG�UHFRUG�NHHSLQJ�E\�DGRSWLQJ�WKH�FRQYHQWLRQV�DOUHDG\�LQVLQXDWHG�
LQWR�WKH�GHILQLWLRQV�RI�GHDWK�DQG�ORVV��3�W���DQG�Q�W��DERYH��7KHVH�FRQYHQWLRQV�
PD\�EH�SDUDSKUDVHG�E\�VD\LQJ�WKDW�GHDWKV�UHFRUGHG�DV�RI�DQ�DJH�W�DUH�WUHDWHG�DV�
LI�WKH\�RFFXUUHG�VOLJKWO\�EHIRUH�W��DQG�ORVVHV�UHFRUGHG�DV�RI�DQ�DJH�W�DUH�WUHDWHG�
DV�RFFXUULQJ�VOLJKWO\�DIWHU�W��,Q�WKLV�ZD\�WKH�IXGJLQJ�LV�NHSW�FRQFHSWXDO��V\V��
WHPDWLF��DQG�DXWRPDWLF��
7KH�FRQYHQWLRQ�WKDW�GHDWKV�SUHFHGH�ORVVHV�LQ�FDVH�RI�DPELJXLW\�LV�EDVHG�RQ�

WKH�IROORZLQJ�VHTXHQFH�RI�RSHUDWLRQV��ZKLFK�LV�FOHDUO\�PRUH�HIILFLHQW�WKDQ�WKH�
UHYHUVH�VHTXHQFH��([DPLQH�D�JURXS�RI�LWHPV�RI�DJH�WR��REVHUYH�WKH�QXPEHU�D� RI�
GHDWKV�VLQFH�WKH�ODVW�H[DPLQDWLRQ��DQG�WKHQ�UHPRYH��RU�ORVH�FRQWDFW�ZLWK��D�
QXPEHU�;�RI�WKH�VXUYLYRUV��,W�PD\�WKHQ�EH�FRQYHQLHQW�VLPSO\�WR�UHFRUG�WR�DV�
WKH�DJH�RI�GHDWK�RU�ORVV�RI�WKH���;�LWHPV��HVSHFLDOO\�LI�WR�LV�DOZD\V�DQ�LQWHJUDO�
PXOWLSOH�RI�D�IXQGDPHQWDO�WLPH�LQWHUYDO��LQ�IDFW��KRZHYHU��WKH�GHDWKV�ZLOO�KDYH�
SUHFHGHG�WKH�ORVVHV��
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7KH�FKLHI�H[FHSWLRQ�WR�WKH�LPPHGLDWH�DSSOLFDELOLW\�RI�WKLV�FRQYHQWLROQ�RFFXUV�
ZKHQ�WKH�ORVVHV�DUH�UDQGRP�EXW�FDQQRW�DIIHFW�LWHPV�WKDW�KDYH�DOUHDG\�GLHG��
7KHQ�WKH�SRVVLEOH�VHTXHQFHV�RI�RFFXUUHQFH�RI�GHDWKV�DQG�ORVVHV�EHWZHHQ�H[DPL��
QDWLRQ�WLPHV��DVVXPHG�WR�EH�FORVH�WRJHWKHU��DUH�DSSUR[LPDWHO\�HTXDOO\�OLNHO\��
DQG�D�UHDVRQDEOH�FRPSURPLVH�LV�WR�DVVXPH�WKDW�KDOI�WKH�ORVVHV�LQ�WKH�LQWHUYDO�
SUHFHGH�DQG�KDOI�IROORZ�WKH�GHDWKV��DV�LQ���E��EHORZ��,I�WKH�ORVV�RI�DQ�LWHP�LV�
FRPSDWLEOH�ZLWK�WKH�SRVVLELOLW\�RI�LWV�KDYLQJ�GLHG��XQNQRZQ�WR�WKH�H[SHUL��
PHQWHU��EHWZHHQ�WKH�WLPH�ZKHQ�LW�ZDV�ODVW�H[DPLQHG�DQG�WKH�WLPH�RI�ORVV��DQ�
LWHP�ORVW�LQ�WKLV�ZD\�LV�HIIHFWLYHO\�ORVW�MXVW�DIWHU�LW�ZDV�ODVW�H[DPLQHG��DQG�WKH�
FRQYHQWLRQ�LV�HQWLUHO\�DSSURSULDWH��7KH�GLVDSSHDUDQFH�RI�LQGLYLGXDOV�VXEMHFW�
WR�PHGLFDO�IROORZ�XS�LV�D�FDVH�LQ�SRLQW��
7KH�UHPDLQGHU�RI�WKH�FRQYHQWLRQV�FRQFHUQ�WKH�WUHDWPHQW�RI�GLVFRQWLQXLWLHV�LQ�

WKH�IXQFWLRQV�OLVWHG�DERYH��6KRXOG�WKH�YDOXH�DVVLJQHG�WR�Q�W���VD\��IRU�DQ�DUJX��
PHQW�W�IRU�ZKLFK�LW�LV�GLVFRQWLQXRXV�EH�WKH�ULJKW�KDQG�OLPLW�Q�W���� OLP�Q�W�K��
DV�K�
��ZLWK�K!���WKH�OHIW�KDQG�OLPLW�Q�W����� �WKH�VDPH�EXW�ZLWK�K������ RU�
VRPHWKLQJ�HOVH"�7KH�VXSHULRU�H[SUHVVLYHQHVV�RI�WKH�QRWDWLRQ�DGRSWHG�LV�LOOXV��
WUDWHG�E\�WKH�UHODWLRQV�

Q�W�� ����� Q�W�� WKH�QXPEHU�RI�GHDWKV�DW�W�� �,G��
Q�W���Q�W� �����  � WKH�QXPEHU�RI�ORVVHV�DW�W��

RU�HTXLYDOHQWO\�E\�WKH�IRUPXOD���D���3
�W�� Q�W��1"�W���ZKLFK�RWKHUZLVH�ZRXOG�
QRW�EH�YDOLG�DW�GLVFRQWLQXLWLHV��$QDORJRXV�FRQYHQWLRQV�DUH�DGRSWHG�IRU�DOO�WKH�
DERYH�PHQWLRQHG�IXQFWLRQV�RI�W��VR�WKDW�3�W��DQG�3�W��DUH�ULJKW�FRQWLQXRXV��
1"�W��LV�OHIW�FRQWLQXRXV��DQG�Q�W��DQG�3
�W��DUH�QHLWKHU��2WKHU�DGYDQWDJHV�RI�WKH�
FRQYHQWLRQ�IRU�3�W��DQG�LWV�HVWLPDWHV�DUH�WKH�IROORZLQJ���D��$FFRUGLQJ�WR�WKH�
VHTXHQFH�RI�RSHUDWLRQV�DVVXPHG�DERYH��RQH�PD\�UHFRUG�GHDWKV�DV�RI�DJH�W�DO��
WKRXJK�WKH\�DFWXDOO\�RFFXUUHG�VOLJKWO\�HDUOLHU���E��,W�PDNHV�3���� ���LI�DQG�RQO\�
LI�QR�LWHP�GLHV�DW�ELUWK��DJH�]HUR���7KLV�LV�FRQYHQLHQW�DQG�QDWXUDO��
2QH�RWKHU�SRVVLELOLW\�PD\�EH�PHQWLRQHG�EULHIO\��7KH�DVVXPSWLRQ�WKDW�

3��RR�� ����VR�WKDW�WKH�OLIHWLPHV�DUH�ILQLWH�ZLWK�SUREDELOLW\�RQH��LV�QHFHVVDU\�RQO\�
IRU�SDUWV�RI�6HFWLRQ���DQG�IRU�WKH�FDOFXODWLRQ�RI�D�ILQLWH�PHDQ�OLIHWLPH��+RZHYHU��
LQ�SUDFWLFH�WKHUH�LV�QR�DSSDUHQW�QHHG�WR�FRQWUDGLFW�WKH�DVVXPSWLRQ�HLWKHU��,I�
KDOI�RI�D�VDPSOH�GLHV�LQ�RQH�GD\�DQG�WKH�RWKHU�KDOI�LV�VWLOO�DOLYH�DIWHU������GD\V��
RQH�VKRXOG�VWLOO�UHSRUW�3��������QRW�3�RR���  ������VLQFH�WKH�DUJXPHQW������LV�
QRW�DQ�DUELWUDU\�ODUJH�QXPEHU��EXW�WKH�DFWXDO�GXUDWLRQ�RI�WKH�WHVW��

��� 7+(� 352'8&7�/,0,7� (67,0$7(�

���� 'HILQLWLRQ�DQG�FDOFXODWLRQ��%RWK�WKH�3/�DQG�WKH�DFWXDULDO�HVWLPDWHV�RI�
6HFWLRQ���DUH�EDVHG�RQ�WKH�IROORZLQJ�JHQHUDO�SURFHGXUH��
�D��7KH�DJH�VFDOH�LV�GLYLGHG�LQWR�VXLWDEO\�FKRVHQ�LQWHUYDOV������4L����XV��8����


��DV�GHVFULEHG�EHORZ���,Q�WKH�H[DPSOH�RI������WKHUH�ZHUH�RQO\�WZR�
VXFK�LQWHUYDOV��QDPHO\��������DQG����������

�E��)RU�HDFK�LQWHUYDO��XM�L��XM���RQH�HVWLPDWHV�SM� �3M�3MB��WKH�SURSRUWLRQ�RI�
LWHPV�DOLYH�MXVW�DIWHU�XM�L�WKDW�VXUYLYH�EH\RQG�XM��

�F��,I�W�LV�D�GLYLVLRQ�SRLQW��LW�PD\�EH�LQWURGXFHG�VSHFLDOO\�LI�QHFHVVDU\���WKH�
SURSRUWLRQ�3�W��LQ�WKH�SRSXODWLRQ�VXUYLYLQJ�EH\RQG�W�LV�HVWLPDWHG�E\�WKH�
SURGXFW�RI�WKH�HVWLPDWHG�SL�IRU�DOO�LQWHUYDOV�SULRU�WR�W��
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,I�VWHS��D�� LV�OHIW�UHODWLYHO\�DUELWUDU\�DQG�DSSUR[LPDWLRQV�RU�SDUDPHWULF�
DVVXPSWLRQV�DUH�DFFHSWHG�LQ�VWHS��E���RQH�DUULYHV�DW�WKH�DFWXDULDO�HVWLPDWHV��
7KH�3/�LV�REWDLQHG�E\�VHOHFWLQJ�WKH�LQWHUYDOV�LQ��D��VR�WKDW�WKH�HVWLPDWLRQ�LQ��E��
LV�D�VLPSOH�ELQRPLDO��ZLWKRXW�DQ\�UHFRXUVH�WR�DVVXPSWLRQV�RI�IXQFWLRQDO�IRUP��
7KH�FRQGLWLRQ�IRU�WKLV�LV�WKDW�ZLWKLQ�HDFK�LQWHUYDO��GHDWKV�DQG�ORVVHV�EH�VHJUH��
JDWHG�LQ�D�NQRZQ�IDVKLRQ��$V�D�EHJLQQLQJ��LW�PD\�EH�DVVXPHG�WKDW�QR�LQWHUYDO�
FRQWDLQV�ERWK�GHDWKV�DQG�ORVVHV��7KHQ�LI�WKH�QXPEHU�XQGHU�REVHUYDWLRQ�MXVW�
DIWHU�XM�O�LV�GHQRWHG�E\�QL��DQG��M�GHDWKV�DUH�REVHUYHG�LQ�WKH�LQWHUYDO��XM���� XM���
WKH�HVWLPDWH�LV�FOHDUO\�

SM�� �QM� �� DM��QM�  � QM
�QM�� ��D��

ZKHUH�QM
�LV�WKH�QXPEHU�XQGHU�REVHUYDWLRQ�MXVW�DIWHU�WKH�EM�GHDWKV��+RZHYHU��LI�
WKH�LQWHUYDO�FRQWDLQV�RQO\�ORVVHV��EXW�DW�OHDVW�RQH�LWHP�VXUYLYHV�WKURXJKRXW�WKH�
LQWHUYDO���WKH�HVWLPDWH�LV�IM� ����
,Q�WKH�SURGXFW�RI�FRQGLWLRQDO�SUREDELOLWLHV�IRUPHG�LQ�VWHS��F���XQLW�IDFWRUV�

PD\�DV�ZHOO�EH�VXSSUHVVHG��DQG�ZH�QHHG�QRW�EH�FRQFHUQHG�ZLWK�WKH�PDQQHU�LQ�
ZKLFK�WKH�ORVVHV�DUH�GLVWULEXWHG�DPRQJ�WKH�LQWHUYDOV��VR�ORQJ�DV�QM�DQG�QM
�DUH�
FRUUHFWO\�HYDOXDWHG�LQ���D���DQG�QR�ORVVHV�RFFXU�DW�DJHV�LQWHUPHGLDWH�WR�WKH�W��
GHDWKV��7KH�VLWXDWLRQ�LV�LOOXVWUDWHG�E\�WKH�IROORZLQJ�VFKHPH��

7$%/(� ����

1R��RI�LWHPV� 1� QOL� QL
� Q�� Q�
�

1R��RI�GHDWKV�RU�ORVVHV� 6R� DL� [L� %�� ;��

'LYLVLRQ�SRLQWV� X �� 8O� 8��

+HUH�1�LV�WKH�LQLWLDO�QXPEHU�RI�LWHPV��DQG�WKH�EUDFHV�MRLQ�WKH�QXPEHUV�ZKRVH�
UDWLRV�DUH�WKH�FRQGLWLRQDO�SUREDELOLWLHV���D���7KH�QXPEHUV�LQ�WKH�VHFRQG�OLQH�
DUH�WKH�GLIIHUHQFHV�RI�WKRVH�LQ�WKH�ILUVW��WKH�;
V�FRXQWLQJ�ORVVHV�DQG�WKH��
V�GHDWKV��
VRPH�RI�WKHVH�FRXOG�EH�]HUR��7KH�GLYLVLRQ�SRLQWV�XM�DUH�SODFHG�LQ�WKH�WKLUG�OLQH�
WR�VKRZ�WKDW�WKH�6M�GHDWKV�RFFXU�EHWZHHQ�XM�O�DQG�X���ZKLOH�X��LV�ORFDWHG�DQ\��
ZKHUH�DPRQJ�WKH�;M�ORVVHV��7KH�UHODWLRQ�Q��"Q�X��� "QM���KROGV��
7KH�3/�HVWLPDWH�LV�QRZ�JLYHQ�E\�

3��W�� � +�>��QM
�QM��� ZLWK� 8N�W�� QLO� � Q���� 6L�� ���E��
M ��

,I�WKH�JUHDWHVW�REVHUYHG�OLIHWLPH�W
�FRUUHVSRQGV�WR�D�ORVV����E��VKRXOG�QRW�EH�
XVHG�ZLWK�W!�W
��LQ�WKLV�FDVH�3�W��FDQ�EH�UHJDUGHG�DV�O\LQJ�EHWZHHQ���DQG�3�W
���
EXW�LV�QRW�PRUH�FORVHO\�GHILQHG��
,I�LW�LV�GHVLUHG�WR�SHUPLW�WKH�HQWUDQFH�RI�LWHPV�LQWR�WKH�VDPSOH�DIWHU�WKH�FRP��

PHQFHPHQW�RI�WKHLU�OLIHWLPHV��WKLV�FDQ�EH�GRQH�E\�WUHDWLQJ�VXFK�HQWUDQFHV�DV�
�ORVVHV��WKDW�DUH�FRXQWHG�QHJDWLYHO\�LQ�;L��7KH�VDPH�LWHPV�FDQ�RI�FRXUVH�GLVDS��
SHDU�DJDLQ�DW�D�ODWHU�DJH�DQG�VR�\LHOG�RUGLQDU\�ORVVHV�DV�ZHOO��,W�LV�DVVXPHG�WKDW�
QRWKLQJ�LV�NQRZQ�RI�WKH�H[LVWHQFH�RI�DQ\�VXFK�LWHP�WKDW�GLHV�EHIRUH�LW�EHFRPHV�
DYDLODEOH�IRU�REVHUYDWLRQ��WKDW�LV��WKH�REVHUYDWLRQ�LV�FHQVRUHG�RQ�WKH�ULJKW�EXW�
WUXQFDWHG�RQ�WKH�OHIW��LQ�WKH�WHUPLQRORJ\�RI�+DOG�>��@��
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7KH�IRUP���E��ZDV�VHOHFWHG�IRU�WKH�3/�HVWLPDWH�WR�JLYH�WKH�PLQLPXP�QXPEHU�
RI�HOHPHQWDU\�IDFWRUV�DQG�WKH�PD[LPXP�JURXSLQJ�RI�WKH�REVHUYDWLRQV��1HYHU��
WKHOHVV��WKH�QXPEHU�RI�GHDWKV�EM�LQ�DQ�LQWHUYDO�FDQ�HDVLO\�EH�DV�VPDOO�DV�XQLW\��
7KH�UHVXOWLQJ�HVWLPDWH�3L��WKRXJK�RI�OLPLWHG�YDOXH�E\�LWVHOI��LV�QRQH�WKH�OHVV�
DFFHSWDEOH�DV�D�FRPSRQHQW�RI�3�W���,Q�IDFW��RQH�LV�DW�OLEHUW\�WR�WDNH�WKH�LQWHUYDOV�
DV�VKRUW�DQG�DV�QXPHURXV�DV�RQH�SOHDVHV��DQG�WR�UHJDUG�HDFK�GHDWK�DV�RFFXS\LQJ�
DQ�LQWHUYDO�E\�LWVHOI��7R�VSHFLI\�WKH�UHVXOWLQJ�H[SUHVVLRQ��RQH�UHODEHOV�WKH�1�DJHV�
WL�RI�GHDWK�RU�ORVV�LQ�RUGHU�RI�LQFUHDVLQJ�PDJQLWXGH��DQG�GHQRWHV�WKHP�E\�
WOB�� W�
� �W�1�� 7KHQ�

3�W�� � �� >�1��� U���1��� U���@�� ��F��
U�

ZKHUH�U�UXQV�WKURXJK�WKRVH�SRVLWLYH�LQWHJHUV�IRU�ZKLFK�WU
�W�DQG�WU
�LV�WWOH�DJH�
RI�GHDWK��QRW�ORVV���7KH�FDQFHOODWLRQ�RI�OLNH�LQWHJHUV�LQ�QXPHUDWRU�DQG�GHQRPL��
QDWRU�ZKHUH�WKH\�RFFXU�UHGXFHV���F��WR���E���,I�WKHUH�DUH�QR�ORVVHV��HYHU\WKLQJ�
FDQFHOV�H[FHSW�WKH�ILUVW�GHQRPLQDWRU�1�DQG�WKH�ODVW�QXPHUDWRU�Q�W���VD\��DQG�
WKH�3/�UHGXFHV�WR�WKH�XVXDO�ELQRPLDO�HVWLPDWH�Q�W��1����F��VKRZV�WKDW�3�W��LV�D�
VWHS�IXQFWLRQ�ZKLFK�FKDQJHV�LWV�YDOXH�RQO\�DW�WKH�REVHUYHG�DJHV�RI�GHDWK��ZKHUH�
LW�LV�GLVFRQWLQXRXV��
,Q�DQDO\]LQJ�GDWD�RQ�OLIHWLPHV�E\�WKH�PXOWLSOLFDWLRQ�RI�FRQGLWLRQDO�SUREDELOL��

WLHV��RQH�RI�WKH�IROORZLQJ�WKUHH�SURFHGXUHV�ZLOO�XVXDOO\�VXIILFH��
���� ,I�WKH�QXPEHU�RI�GHDWKV�LV�UHODWLYHO\�VPDOO��WKHVH�GHDWKV�PD\�EH�DUUDQJHG�

LQ�RUGHU�RI�DJH�ZLWKRXW�JURXSLQJ��DQG�WKH�QXPEHUV�RI�ORVVHV�LQ�WKH�LQWHUYHQLQJ�
DJH�LQWHUYDOV�FRXQWHG��7KH�3/� HVWLPDWH�LV�FDOFXODWHG�E\���F���

���� ,I�����LV�WRR�WLPH�FRQVXPLQJ�EXW�WKH�QXPEHU�RI�GLVWLQFW�DJHV�RI�ORVV�LV�
UHODWLYHO\�VPDOO��WKHVH�DJHV�PD\�EH�DUUDQJHG�LQ�RUGHU��DGGLWLRQDO�GLYLVLRQ�SRLQWV�
LQVHUWHG�DV�GHVLUHG��DQG�WKH�QXPEHUV�RI�GHDWKV�LQ�WKH�UHVXOWLQJ�DJH�LQWHUYDOV�
FRXQWHG��,I�VRPH�RI�WKHVH�LQWHUYDOV�DUH�VKRUWHU�WKDQ�QHFHVVDU\�DQG�DUH�IRXQG�WR�
FRQWDLQ�QR�GHDWKV��WKH\�FDQ�EH�FRPELQHG�ZLWK�DGMDFHQW�LQWHUYDOV��7KH�3/�HVWL��
PDWH�LV�FDOFXODWHG�E\���E���

���� ,I�QHLWKHU�����QRU�����LV�FRPSDFW�HQRXJK��WKHQ�GLYLVLRQ�SRLQWV�DUH�FKRVHQ�
ZLWKRXW�FORVH�FRQVLGHUDWLRQ�RI�WKH�VDPSOH��GHDWKV�DQG�ORVVHV�DUH�FRXQWHG�LQ�
HDFK�LQWHUYDO��DQG�DQ�DFWXDULDO�DSSUR[LPDWLRQ�WR�WKH�3/��VXFK�DV���E���LV�XVHG��
$V�D�PLQLDWXUH�H[DPSOH�RI�FDVH������VXSSRVH�WKDW�RXW�RI�D�VDPSOH�RI���LWHPV�

WKH�IROORZLQJ�DUH�REVHUYHG��
'HDWKV�DW��������������������PRQWKV��
/RVVHV�DW���������������������PRQWKV��

7KH�FRQVWUXFWLRQ�RI�WKH�IXQFWLRQ�3�W��WKHQ�SURFHHGV�DV�IROORZV��
7$%/(� ����

8M� QL� �Q�
� ;M3� �X���

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

������� �� �� �� ������
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(DFK�YDOXH�RI�3�XM�� LV�REWDLQHG�E\�PXOWLSO\LQJ�Q�
�QM�E\�WKH�SUHFHGLQJ�YDOXH�
3�XM�L��� 7KH�DJH������LV�UHFRUGHG�LQ�WKH�ODVW�OLQH�WR�VKRZ�WKH�SRLQW�DW�ZKLFK�
3�W��EHFRPHV�XQGHILQHG��VLQFH�LW�LV�D�ORVV�WLPH��WKH������LV�HQFORVHG�LQ�SDUHQWKH��
VHV��,W�LV�WR�EH�LQIHUUHG�IURP�WKH�WDEOH�WKDW�3�������� ������IRU�H[DPSOH��7KH�
WKLUG�DQG�IRXUWK�FROXPQV�FRXOG�EH�RPLWWHG�VLQFH�QM
 � QML��� �H[FHSW�LQ�WKH�ODVW�
OLQH��ZKLFK�FRUUHVSRQGV�WR�D�ORVV��DQG�;M� �Q�QM��� ��
$�UXGLPHQWDU\�LOOXVWUDWLRQ�RI�FDVH�����KDV�DOUHDG\�EHHQ�JLYHQ�LQ������$�OLWWOH�

PRUH�HODERUDWH�H[DPSOH�RI�D�VLPLODU�VRUW�ZLWK�1� � ����LV�JLYHQ�LQ�7DEOH������
+HUH�����������DQG�����DUH�DVVXPHG�WR�EH�WKH�RQO\�DJHV�DW�ZKLFK�ORVVHV�RFFXU��
WKH\�DUH�SUHVFULEHG�DV�GLYLVLRQ�SRLQWV��7KH�RWKHU�GLYLVLRQ�SRLQWV��������������DUH�
VHOHFWHG�DW�SOHDVXUH��ZLWK�WKH�REMHFW�RI�LQWHUSRODWLQJ�DGGLWLRQDO�SRLQWV�RQ�WKH�
FXUYH�RI�3�W��YV��W��1(M�LV�WKH�HIIHFWLYH�VDPSOH�VL]H�GHILQHG�LQ���M��EHORZ��,Q�
SUDFWLFH�IRXU�FROXPQV�KHDGHG�XM��QM��QM
��3��ZLOO�VXIILFH��)URP�WKH�WDEOH�RQH�
LQIHUV�WKDW�������3������������ IRU�H[DPSOH��

7$%/(� ����

,QWHUYDO� )DFWRU�

X� 8M� M� QM� 6L� L� L� 3�X��� 1(��

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

���� 0HDQ�DQG�YDULDQFH�RI�3�W���7KH�LPSRUWDQW�IDFWV�KHUH��GHULYHG�LQ�6HFWLRQ�
�����DUH�WKDW�3�W��LV�FRQVLVWHQW�DQG�RI�QHJOLJLEOH�ELDV��XQOHVV�H[FHVVLYH�DYHUDJLQJ�
LV�GRQH��VHH�6HFWLRQ�������DQG�WKDW�DQ�DV\PSWRWLF�H[SUHVVLRQ�IRU�LWV�YDULDQFH�FDQ�
EH�REWDLQHG��/LNH�WKH�HVWLPDWH�LWVHOI��WKH�VDPSOH�DSSUR[LPDWLRQ�WR�LWV�YDULDQFH�
SURYHV�WR�EH�LQGHSHQGHQW�RI�WKH�OLPLWV�RI�REVHUYDWLRQ�RI�LWHPV�QRW�DFWXDOO\�ORVW��
+RZHYHU��WKH�YDULDQFH�GHULYHG�IURP�SRSXODWLRQ�YDOXHV�GRHV�GHSHQG�RQ�DOO�WKH�
OLPLWV�RI�REVHUYDWLRQ��ZKLFK�DUH�DVVXPHG�WR�EH�IL[HG�GXULQJ�WKH�VDPSOLQJ��
,W�KDV�EHHQ�QRWHG�WKDW�LI�WKH�JUHDWHVW�REVHUYHG�OLIHWLPH�W
�FRUUHVSRQGV�WR�D�

ORVV��WKHQ�IRU�W!�W
��3�W��LV�XQGHILQHG�WKRXJK�ERXQGHG�E\���DQG�3�W
���8QOHVV�
WKH�SUREDELOLW\�RI�WKLV�DPELJXRXV�VLWXDWLRQ�LV�TXLWH�VPDOO��KRZHYHU��D�QRQ��
SDUDPHWULF�HVWLPDWH�RI�3�W�� ZLOO�QRW�EH�YHU\�LQIRUPDWLYH�LQ�DQ\�FDVH��7KH�
DPELJXLW\�FDQQRW�RFFXU�XQOHVV�WKH�12�W��LWHPV�REVHUYDEOH�WR�W�DOO�GLH�DW�DJHV�
OHVV�WKDQ�W��7KH�SUREDELOLW\�RI�WKLV�HYHQW�LV�

>���� 3�W�� @1��W�� �� H�1��W�3�W��  � H�1� W�� ��G��

7KLV�LV�DOUHDG\�OHVV�WKDQ������ZKHQ�1�W��LV�RQO\�ILYH��
,W�LV�VKRZQ�LQ�6HFWLRQ�����WKDW�LI�RQH�FDQ�VXSSOHPHQW�WKH�DPELJXRXV�FDVH�E\�

DVFHUWDLQLQJ�WKH�DJH�RI�GHDWK�RI�WKH�LWHP�ORVW�DW�W
��RU�RI�RQH�RU�PRUH�RWKHU�
UDQGRPO\�VHOHFWHG�LWHPV�DOLYH�DW�W
��DQG�GHILQHV�3�W��IRU�W!�W
�DV�3�W
��WLPHV�WKH�
VXUYLYDO�IXQFWLRQ�IRU�WKH�VXSSOHPHQWDU\�VDPSOH��WKHQ�WKH�H[SHFWHG�YDOXH�RI�
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3�W��LV�SUHFLVHO\�WKH�SRSXODWLRQ�YDOXH�3�W���,Q�SUDFWLFH�WKLV�VXSSOHPHQWDWLRQ�
ZRXOG�RIWHQ�EH�QHLWKHU�IHDVLEOH�QRU�ZRUWKZKLOH��EXW�ZLWK�RWKHUZLVH�DGHTXDWH�
GDWD�WKH�UHVXOWLQJ�ELDV�LQ�RQH�RU�D�IHZ�VDPSOHV�ZLOO�EH�WRR�VPDOO�WR�KDYH�DQ\�
SUDFWLFDO�LPSRUWDQFH��
,W�ZLOO�EH�VKRZQ�LQ�6HFWLRQ�����WKDW�WKH�YDULDQFH�RI�3�W��LV�JLYHQ�DSSUR[L��

PDWHO\�E\�

9IIL�W�@� S���W��(� �TMO1MSM��� ��H�����

ZKHUH�WKH�GLVWLQFW�OLPLWV�RI�REVHUYDWLRQ�/M
�DUH�QRZ�XVHG�DV�WKH�GLYLVLRQ�SRLQ�WV��
/
N��� LV�WKH�JUHDWHVW�SUHFHGLQJ�W��DQG�SM ���TM� �3�/M
��3�/
M����� ZLWK�/RW� ����
/N
 � W��$IWHU�GLYLGLQJ���H��E\�3��W���RQH�VHHV�WKDW�WKH�VTXDUH�RI�WKH�FRHIILFLHQW�RI�
YDULDWLRQ��&9��RI�3�W��LV�VHW�HTXDO�WR�WKH�VXP�RI�WKH�VTXDUHV�RI�WKH�&9
V�RI�WKH�
HVWLPDWHV�RI�WKH�SM��WKH�XVXDO�DSSUR[LPDWLRQ�IRU�WKH�YDULDQFH�RI�D�SURGXFW��
,I�WKH�VDPSOH�HVWLPDWHV�DUH�LQVHUWHG�LQ���H��RQH�REWDLQV�


9�>3I�W�@��S�3�W�� (� >�ELOQM��QL��� �L�@� S�3�W�� (� ��I��
�� �� I� QL�

$�YHU\�VLPLODU�IRUPXOD�ZDV�GHULYHG�E\�*UHHQZRRG�>��@�DQG�ODWHU�E\�,UZLQ�>��@�
LQ�FRQQHFWLRQ�ZLWK�DFWXDULDO�HVWLPDWHV��,W�LV�HDVLO\�YHULILHG�WKDW���I��UHPDLQV�
YDOLG�ZKHQ�WKH�QXPEHU�RI�LQWHUYDOV�LV�UHGXFHG�WR�WKRVH�XVHG�LQ���E���RU�H[��
SDQGHG�WR�RQH�LQWHUYDO�IRU�HDFK�GHDWK�DV�LQ���F���,Q�WKH�ODWWHU�FDVH�LW�PD\�EH�
ZULWWHQ�

9>3IL�W�@3��W�� >�1��� U��1� �� U��)���NO�� ��J��

ZKHUH�U�UXQV�WKURXJK�WKH�SRVLWLYH�LQWHJHUV�IRU�ZKLFK�W�
��W�DQG�W�
�FRUUHVSRQGV�
WR�D�GHDWK��
,Q�WHUPV�RI�LQWHJUDOV���H��FDQ�EH�ZULWWHQ�

,��>3�W�@� 3��W�� W� G3�X�� ,�
2�1��X�3��X�� ��K��

�
� G3��X��
�3��W�� _G3X_�
�� 1�X�3�X��

,Q�FDVH�RI�DPELJXLW\�WKH�ILUVW�IRUP�VKRXOG�EH�UHIHUUHG�WR�DQG�LQWHUSUHWHG�LQ�DF��
FRUGDQFH�ZLWK������,I�3�X��DORQH�LV�GLVFRQWLQXRXV�ZLWKLQ�WKH�UDQJH�RI�LQWHJUDWLRQ��
LW�VKRXOG�EH�UHJDUGHG�DV� D� �FRQWLQXRXV��LQGHSHQGHQW�YDULDEOH��VR�WKDW�
I3�8����� G3�X��,� � ��3�X���
6LQFH�12�W��"1"�X��"1��LW�LV�FOHDU�WKDW���K��LV�JUHDWHU�WKDQ�WKH�FRPSOHWH�

VDPSOH�YDULDQFH�3�W��>���3�W�@�O1�EXW�OHVV�WKDQ�WKH�UHGXFHG�VDPSOH�YDULDQFH�
3�W��>���3�W�@�1"�W��RI���E���,I�ORVVHV�DUH�UDQGRP�DQG�WKH�LQVWDQWDQHRXV�UDWHV�RI�
GHDWK�DQG�ORVV�DPRQJ�VXUYLYRUV�DUH�LQ�WKH�UDWLR���WR�S�DW�DOO�DJHV��WKHQ�RQH�KDV�
(>12�X��
@� >133�X�@�
�IRU�ODUJH�VDPSOHV��DQG���K��UHGXFHV�WR�

7>3�W�@� B� >S,�S�W�� �� 3��W�@��O� �� S�1� ��L��
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,W�LV�RIWHQ�LQVWUXFWLYH�WR�HVWLPDWH�DQ�HIIHFWLYH�VDPSOH�VL]H�C
��W���ZKLFK�LQ�WKH�
DEVHQFH�RI�ORVVHV�ZRXOG�JLYH�WKH�VDPH�YDULDQFH�I�>3�W��@��(YLGHQWO\�

1(�:� � 3�W��>���� 3�W�@�9>3�W�@� ��M��

,W�FDQ�EH�VKRZQ�WKDW�1�Y�W��LV�QRQLQFUHDVLQJ�DV�W�LQFUHDVHV��DQG�WKDW�

Q�W��3�W���� 1
��W���� '�W��>L��� 3�W�@�� ��N��

ZKHUH�'�W��LV�WKH�QXPEHU�RI�GHDWKV�REVHUYHG�DW�DJHV�QRW�H[FHHGLQJ�W��7KH�
XSSHU�ERXQG�ZDV�SURSRVHG�DV�DQ�DSSUR[LPDWLRQ�WR�1�(�W��E\�&RUQILHOG�>�@��7KH�
ORZHU�ERXQG�FRUUHVSRQGV�WR�WKH�UHGXFHG�VDPSOH�YDULDQFH��
,Q�7DEOH�����RI�����ZH�KDG�3������������� ��������%\���I��WKH�YDULDQFH�RI�3����

LV�HVWLPDWHG�DV�

>�3����@� �������������� ��� ���  ��������

%\���J��WKH�VDPH�UHVXOW�DSSHDUV�LQ�WKH�IRUP�

R��V�������� �� �� Oa� �� a�
�;����� ;��� ��;���

7KH�HIIHFWLYH�VDPSOH�VL]H�LV�HVWLPDWHG�DV�

1(����  � ���������������������� � �����

7KH�ERXQGV�IRU�1@(����LQ���N��DUH�����DQG������9DOXHV�RI�L���DUH�DOVR�LQGLFDWHG�LQ�
7DEOH������
���� 0HDQ�OLIHWLPH��7KH�3/�HVWLPDWH�OE�RI�WKH�PHDQ�OLIHWLPH�ML�LV�GHILQHG�DV�

WKH�PHDQ�RI�WKH�3/�HVWLPDWH�RI�WKH�GLVWULEXWLRQ��,W�LV�ZHOO�NQRZQ��DQG�HDVLO\�
SURYHG�E\�LQWHJUDWLQJ�E\�SDUWV��WKDW�WKH�PHDQ�RI�D�QRQQHJDWLYH�UDQGRP�YDULD��
EOH�LV�HTXDO�WR�WKH�DUHD�XQGHU�WKH�FRUUHVSRQGLQJ�VXUYLYRUVKLS�IXQFWLRQ��+HQFH�

VW� �I-� �W�GW��

2I�FRXUVH��LI�3�W��LV�QRW�HYHU\ZKHUH�GHWHUPLQHG����LV�XQGHILQHG��,Q�FDVHV�ZKHUH�
WKH�SUREDELOLW\�RI�DQ�LQGHWHUPLQDWH�UHVXOW�LV�VPDOO��3�W��LV�SUDFWLFDOO\�XQELDVHG�
DQG�WKH�VDPH�LV�WUXH�RI��L��
,I�ZH��FRPSOHWH��3�W��LQ�WKH�H[DPSOH�RI�7DEOH�����E\�IROORZLQJ�WKH�ORQJHVW�

REVHUYHG�LQGLYLGXDO��ZLWK�W
� �������WR�GHDWK�DW�W� ������ZH�KDYH�

$� � �O����������� �� �������������� ������� �������������� �����

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

,I�3�W��ZHUH��FRPSOHWHG��E\�VHWWLQJ�3�W�� ��IRU�WKH�LQGHWHUPLQDWH�UDQJH��WKH�
ODVW�WHUP�LQ�WKH�DERYH�VXP�ZRXOG�EH�UHSODFHG�E\��������������������� �������
DQG��X�ZRXOG�EH�HVWLPDWHG�DV�������
2I�FRXUVH��LI�WKH�SUREDELOLW\�RI�DQ�LQGHWHUPLQDWH�UHVXOW�LV�KLJK��WKHUH�LV�QR�

VDWLVIDFWRU\�ZD\�WR�HVWLPDWH��X��,Q�VXFK�FDVHV�,UZLQ�>��@�KDV�VXJJHVWHG�WKDW�LQ�
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SODFH�RI�HVWLPDWLQJ�WKH�PHDQ�LWVHOI��RQH�VKRXOG�HVWLPDWH�WKH��PHDQ�OLIH�OLPLWHG�
WR�D�WLPH�/���VD\��>/@�� 7KLV�LV�WKH�PHDQ�RI�PLQ��7L��/���ZLWK�/�FKRVHQ�DW�WKH�LQ��
YHVWLJDWRU
V�FRQYHQLHQFH��1DWXUDOO\��RQH�ZRXOG�FKRRVH�/�WR�PDNH�WKH�SUREDELOLW\�
RI�DQ�LQGHWHUPLQDWH�UHVXOW�TXLWH�VPDOO��,I�RQH�FKRRVHV�WR�XVH�WKLV�SURFHGXUH�KH�
VKRXOG�JLYH�DQ�HVWLPDWH�RI�3�/�� DORQJ�ZLWK��� ,I�ZH�WDNH�/� ��� LQ�RXU�
H[DPSOH��

$,>�R@� � ������ �� ������ �� �������� �������� ������������ �� �����  � ������

DQG�3����� ��������
,Q�6HFWLRQ�����DQ�DSSUR[LPDWH�IRUPXOD�LV�JLYHQ�IRU�WKH�YDULDQFH�RI��X��

,� ���$��W�� ,�G3�W��_� &� $��W�� ,�G3�W��,�
9���� ,� ,� �����

R� 1�W�3�W�� 1R�1�W�3��W��

ZKHUH�$�W�� �IW�3�X�GX��8SRQ�PDNLQJ�WKH�REYLRXV�VXEVWLWXWLRQV�ZH�ILQG��DIWHU�
VRPH�UHGXFWLRQ��WKH�IROORZLQJ�HVWLPDWH�RI�9��X���

$U���
9:� �(� $����P��

U� �1�U��1�U� �� ���

ZKHUH�U�UXQV�RYHU�WKRVH�LQWHJHUV�IRU�ZKLFK�WU�FRUUHVSRQGV�WR�D� GHDWK��DQG�
$U I�U�3I�X�GX��,I�WKHUH�DUH�QR�ORVVHV��

1�

$U� � �WL��WU�1�
L U�O�

DQG� LW�FDQ� EH� VKRZQ�WKDW� 9��X��UHGXFHV�WR� ���W��E��1��� 7KLV� IDFW��SOXV� WKH�
LPSRVVLELOLW\�RI�HVWLPDWLQJ�WKH�YDULDQFH�RQ�WKH�EDVLV�RI�RQO\�RQH�REVHUYHG�
GHDWK��VXJJHVWV�WKDW���P��PLJKW�EH�LPSURYHG�E\�PXOWLSOLFDWLRQ�E\�'��'������
ZKHUH�'�LV�WKH�QXPEHU�RI�GHDWKV�REVHUYHG��
)RU�RXU�ILUVW�HVWLPDWH�RI�M� DERYH�ZH�KDYH�

$�� � ������ �� �������� �������� ������  � �������

$�� � �������� �������� ������ � �������

$�� � �������� ������  � �������

$�� � ������ � �������

�2EYLRXVO\�WKH�$U�DQG���DUH�EHVW�FDOFXODWHG�LQ�UHYHUVH�RUGHU���:H�WKHQ�KDYH�IRU�
WKH�HVWLPDWHG�YDULDQFH��

��������� ��������� ��������� ����������
Y������ �� "� "�  �����

�;�� �;�� �;�� �;��

7KH�HVWLPDWHG�VWDQGDUG�GHYLDWLRQ�RI��X�LV�D������ �������,I�WKH�IDFWRU�'��'�����
 ����LV�LQFOXGHG��WKHVH�UHVXOWV�EHFRPH������DQG������UHVSHFWLYHO\��
,I�RQH�LV�OLPLWHG�WR�JURXSHG�GDWD� DV� LQ�7DEOH�����LW�LV�QHFHVVDU\�WR�XVH�

DFWXDULDO�W\SH�DVVXPSWLRQV��H�J���WKH�WUDSH]RLGDO�UXOH��WR�HVWLPDWH��� DQG�LWV�
YDULDQFH��7KXV��ZH�PD\�HVWLPDWH�WKH�PHDQ�OLIH�OLPLWHG�WR���WLPH�XQLWV�DV�IROORZV��

 � ������>�������� ���������� �� ������� �������� ���������� �� �����

�� 
�
�
��� ������ �� ���������� �� ����@�  � ������
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:H�REVHUYH�LQ�FRQMXQFWLRQ�ZLWK�WKLV�HVWLPDWH�WKDW�WKH�HVWLPDWHG�SURSRUWLRQ�
VXUYLYLQJ�WKH�OLPLW�LV�3���� �������

��� 7+(� 5('8&('�6$03/(� (67,0$7(� 96�� 7+(� 3/�
���� $OWHUQDWLYHV�WR�WKH�3/�HVWLPDWH��7KH�DFFHSWDEOH�QRQSDUDPHWULF�HVWLPDWLRQ�

SURFHGXUHV�NQRZQ�WR�WKH�ZULWHUV�LQ�WKH�VLWXDWLRQ�FRQVLGHUHG�DUH�YDULDQWV�RI�WKH�
3/� DQG�RI�WKH�UHGXFHG�VDPSOH��56�� HVWLPDWH�GHILQHG�E\�

3
�W��  � Q�W��1"�W�� � Q�W���>Q�W���� '"�W�� ��D��

+HUH�1"�W�� �Q�W���'��W�� LV�WKH�QXPEHU�RI�LWHPV�ZLWK�REVHUYDWLRQ�OLPLWV�!�W��RI�
WKHVH��'2�W��GLH�DW�DJHV��W� DQG�Q�W��VXUYLYH�EH\RQG�W��$�VLPSOH�H[DPSOH�RI�WKH�
56�HVWLPDWH�KDV�EHHQ�JLYHQ�LQ������%HUNVRQ�DQG�*DJH� >�@�KDYH�FDOOHG�LW�WKH�
�DG�KRF��PHWKRG��
,I�WKH�OLIHWLPHV�DUH�LQGHSHQGHQW�RI�WKH�REVHUYDWLRQ�OLPLWV��WKH�UHGXFHG�VDPSOH�

RI�1"�W�� LWHPV�ZLOO�EH�D�UDQGRP�VDPSOH�DQG�3
�W��D�VLPSOH�ELQRPLDO�HVWLPDWH��
XQELDVHG��DQG�ZLWK�WKH�YDULDQFH�

9�>3
�W�@�  � 3�W��>���� 3�W��@�,1"2�W�� ��E��

,W�KDV�DOUHDG\�EHHQ�QRWHG�WKDW�WKLV�LV�HTXDO�WR�RU�ODUJHU�WKDQ�WKH�DSSUR[LPDWLRQ�
��K��WR�WKH�3/�YDULDQFH��$V�ZLWK�WKH�3/��WKH�HVWLPDWH�

����

�
�  � 3
�W�GW� ��F��

RI�WKH�PHDQ�OLIH�PD\�KDYH�WR�EH�WUXQFDWHG�DW�WKH�JUHDWHVW�RI�WKH�REVHUYDWLRQ�
OLPLWV��,Q�6HFWLRQ�����LW�LV�VKRZQ�WKDW�WKH�YDULDQFH�RI��
�LV�JLYHQ�H[DFWO\�E\�

9��
��  � �� ��3�W�� �I3�X�GXGW��

,Q�SUDFWLFH�RQH�VXEVWLWXWHV�3
��W��IRU�3�W��LQ�WKLV�IRUPXOD�DQG�SHUKDSV�DSSUR[L��
PDWHV�WKH�LQWHJUDOV��
:KHUHDV�WKH�3/�HVWLPDWH�KDV�GLVFRQWLQXLWLHV�RQO\�DW�REVHUYHG�DJHV�RI�GHDWK��

LW�LV�DSSDUHQW�IURP���D��WKDW�WKH�56�JHQHUDOO\�KDV�GLVFRQWLQXLWLHV�DW�ORVVHV�DQG�
REVHUYDWLRQ�OLPLWV�DOVR��)XUWKHUPRUH��VXSSRVH�WKDW�RQH�RI�WKH�REVHUYDWLRQ�
OLPLWV�/�LV�VXFK�WKDW�DOO��RU�D�VXIILFLHQW�QXPEHU�RI��WKH�FRUUHVSRQGLQJ�LWHPV�DUH�
REVHUYHG�WR�GLH�SULRU�WR�/��ZKLOH�RWKHU�LWHPV�VXUYLYH�DQG�DUH�REVHUYHG�EH\RQG�/��
7KHQ�WKH�GHFUHDVH�LQ�12�W���ZLWKRXW�DQ�HTXLYDOHQW�GHFUHDVH�LQ�Q�W���ZLOO�FDXVH�
3
�W��WR�LQFUHDVH�DV�W�LQFUHDVHV�WKURXJK�/��7KXV�3
�W���XQOLNH�3�W��DQG�WKH�WUXH�
3�W���LV�QRW�QHFHVVDULO\�PRQRWRQLF�GHFUHDVLQJ��+RZHYHU��WKLV�DSSHDUV�WR�EH�D�
GLVDGYDQWDJH�RQO\�LQ�D�SV\FKRORJLFDO�VHQVH��,W�GRHV�QRW�VHHP�DGYLVDEOH�WR�DYRLG�
LW��DV�RQH�FRXOG��E\�D�IXUWKHU�UHGXFWLRQ�RI�WKH�VDPSOH��EDVLQJ�WKH�HVWLPDWHG�
3�W�� IRU�DOO�W�D� VXLWDEOH�/� RQ�WKH�IL[HG�VDPSOH�RI�LWHPV�KDYLQJ�REVHUYDWLRQ�
OLPLWV�!�/��
7KH�H[SUHVVLRQ�'"�W�� 1"�W�� �Q�W�� LQ���D�� LV�QRW�WKH�WRWDO�QXPEHU�'�W�� RI�

GHDWKV�REVHUYHG�SULRU�WR�RU�DW�DJH�W��EXW�WKH��XVXDOO\�VPDOOHU��QXPEHU�RI�VXFK�
GHDWKV�KDYLQJ�REVHUYDWLRQ�OLPLWV!�W��6LQFH�3
�W��LV�XQELDVHG��WKH�HVWLPDWH�RE��
REWDLQHG�E\�UHSODFLQJ�'"�W�� E\�'�W�� LV�WRR�VPDOO�RQ�WKH�DYHUDJH��H[FHSW�LQ�
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VSHFLDO�FDVHV�ZKHUH�'�W��� '2�W��ZLWK�SUREDELOLW\�RQH���DV�KDV�EHHQ�SRLQWHG�RXW�
PDQ\�WLPHV��H�J���>�@�DQG�>��@���([DPSOHV�VXFK�DV�WKDW�RI�����VKRZ�WKDW�WKH�
UHVXOWLQJ�ELDV�FDQ�EH�YHU\�JUHDW��EHLQJ�LQ�IDFW�OLPLWHG�RQO\�E\�WKH�QHFHVVLW\�
WKDW�WKH�H[SHFWDWLRQ�EH�SRVLWLYH��6LQFH�'2�W��LV�RIWHQ�XQNQRZQ�ZKLOH�'�W��LV�
NQRZQ��DQ�LQYHVWLJDWRU�ZKR�LV�XQDFTXDLQWHG�ZLWK�WKH�3/�RU�RQH�RI�LWV�DSSUR[L��
PDWLRQV�LV�DOO�WRR�OLNHO\�WR�IDOO�LQWR�WKH�WUDS��
$QRWKHU�LQVLGLRXV�EXW�LQVWUXFWLYH�FKDUDFWHULVWLF�RI�WKH�LOOHJLWLPDWH�HVWLPDWH�

EDVHG�RQ�'�W��LV�WKH�IDFW�WKDW�LW�LV�VLPSO\�WKH�DYHUDJH�RI�WKH�3/�HVWLPDWHV�3�W��
�WKRVH�WKDW�DUH�GHILQHG�DW�W��REWDLQHG�E\�UHJDUGLQJ�HDFK�LWHP�DV�D�VDPSOH�LQ�LWV�
RZQ�ULJKW��)RU�D�VDPSOH�RI�RQH�LWHP�ZLWK�REVHUYHG�OLIHWLPH�WL��3�W��LV�XQLW\�IRU�
W�W���DQG�IRU�W�"W� LV�]HUR�RU�XQGHILQHG�DFFRUGLQJ�DV�WKH�REVHUYDWLRQ�HQGV�ZLWK�
GHDWK�RU�ORVV��7KLV�LV�DOVR�WKH�56�HVWLPDWH�XQOHVV�RQH�LQVLVWV�WKDW�3
�W��LV�XQGH��
ILQHG�IRU�W!�/,��WKH�REVHUYDWLRQ�OLPLW�RI�WKH�LWHP���HYHQ�WKRXJK�LW�PD\�KDYH�
EHHQ�HVWLPDWHG�DV�]HUR�IRU�VPDOOHU�YDOXHV�RI�W��
7KH�PRUDO�RI�WKLV�GLVFXVVLRQ�LV�WKDW�DULWKPHWLF�DYHUDJHV�RI�LQGHSHQGHQW�3/�

HVWLPDWHV�IURP�YHU\�VPDOO�VDPSOHV�ZLOO�WHQG�WR�EH�ELDVHG��2Q�WKH�RWKHU�KDQG��
WKH�DYHUDJLQJ�RI�LQGHSHQGHQW�56�HVWLPDWHV�LV�TXLWH�VDWLVIDFWRU\��HVSHFLDOO\�LI�
WKH�YDOXHV�RI�1��W��DUH�XVHG�DV�ZHLJKWV��7R�DYRLG�ELDV�RQH�PXVW�DW�OHDVW�DVVLJQ�
]HUR�ZHLJKW�ZKHQ�1"�W�� ����WKXV�VXSSO\LQJ�HDFK�HVWLPDWH�ZLWK�D�OLPLW�RI�RE��
VHUYDWLRQ��WKH�PD[LPXP�RI�WKRVH�DWWDFKHG�WR�LWV�LWHPV��EH\RQG�ZKLFK�LW�LV�
UHJDUGHG�DV�XQGHILQHG��HYHQ�WKRXJK�D�YDOXH�RI�]HUR�PD\�EH�LQGLFDWHG�DW�VRPH�
HDUOLHU�DJH��
7R�VXPQPDUL]H��WKH�DGYDQWDJHV�RI�WKH�3/�RYHU�WKH�56�DUH�WKH�IROORZLQJ��
�D��7KH�REVHUYDWLRQ�OLPLWV�QHHG�QRW�EH�NQRZQ�IRU�LWHPV�REVHUYHG�WR�GLH��
�E��7KH�VDPSOLQJ�YDULDQFH�RI�WKH�3/�LV�XVXDOO\�D�OLWWOH�VPDOOHU��
�F��7KH�3/�KDV�IHZHU�GLVFRQWLQXLWLHV��DQG�LWV�PRQRWRQLFLW\�PD\�EH�FRPIRUW��

LQJ��

2Q�WKH�RWKHU�KDQG��WKH�56�KDV�WKH�IROORZLQJ�DGYDQWDJHV�RYHU�WKH�3/��
�D�� ,W�LV�SHUIHFWO\�XQELDVHG��DQG�KHQFH�HVWLPDWHV�IURP�PDQ\�VPDOO�VDPSOHV�

FDQ�EH�FRPELQHG�E\��ZHLJKWHG��DYHUDJLQJ��
�E��,W�IDFLOLWDWHV�WKH�HVWLPDWLRQ�RI�DQ�LVRODWHG�YDOXH�RI�3�W���
�F��,W�PD\�EH�SUHIHUUHG�LQ�VRPH�FDVHV�RI�GHSHQGHQFH�EHWZHHQ�OLIHWLPHV�DQG�

REVHUYDWLRQ�OLPLWV��VHH�����EHORZ���

���� 'HSHQGHQFH�RI�GHDWKV�DQG�ORVVHV��7KH�DVVXPSWLRQ�WKDW�WKH�IXOO�OLIHWLPHV�
7L�DUH�LQGHSHQGHQW�RI�WKH�REVHUYDWLRQ�OLPLWV�/L�LV�VRPHWLPHV�YLRODWHG��DV�D�UH��
VXOW�RI�D�FKDQJH�LQ�WKH�SRSXODWLRQ�VDPSOHG��RU�WKH�FRQGLWLRQV�OHDGLQJ�WR�WKH�
HYHQW�FDOOHG�GHDWK��RU�WKH�PHWKRG�RI�VDPSOLQJ�WKH�SRSXODWLRQ��)RU�H[DPSOH��LQ�
D�VWXG\�RI�VXUYLYDO�DIWHU�DQ�RSHUDWLRQ��D�FKDQJH�LQ�VXUJLFDO�WHFKQLTXH�ILYH�\HDUV�
EHIRUH�WKH�GDWD�DUH�DQDO\]HG�ZLOO�DIIHFW�WKH�VXUYLYDO�WLPHV�RQO\�RI�WKRVH�ZLWK�
REVHUYDWLRQ�OLPLW�OHVV�WKDQ�ILYH�\HDUV��:KHQ�ORVV�LV�GXH�WR�XQIRUHVHHQ�FLUFXP��
VWDQFHV��VXFK�DV�SDWLHQWV�PRYLQJ�RXW�RI�WKH�VWDWH��WKH�SRVVLELOLWLHV�IRU�GHSHQG��
HQFH�DUH�REYLRXV��0HUUHOO�>��@�DQG�6DUWZHOO�>��@�KDYH�HPSKDVL]HG�WKLV�SRLQW��
7KH�HVWLPDWH�RI�3�W��IURP�WKH�VDPSOH�DV�D�ZKROH��ZKHWKHU�3/�RU�56��LQYROYHV�

DUELWUDU\�DVVXPSWLRQV�ZKRVH�GDQJHU�LV�SHFXOLDU�WR�WKH�GHSHQGHQW�FDVH�DQG�KHQFH�
HDVLO\�RYHUORRNHG��7KH�3/�HVWLPDWH�LQ�HIIHFW�DVVXPHV�WKDW�IRU�LWHPV�KDYLQJ�DQ�
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REVHUYDWLRQ�OLPLW�/�OHVV�WKDQ�W��WKH�FRQGLWLRQDO�VXUYLYDO�SUREDELOLW\�3�W��3�/��
LV�WKH�VDPH�DV�WKDW�IRU�LWHPV�ZKRVH�REVHUYDWLRQ�OLPLWV�H[FHHG�W��ZKLOH�WKH�56�
HVWLPDWH�PDNHV�WKH�VDPH�DVVXPSWLRQ�FRQFHUQLQJ�WKH�DEVROXWH�VXUYLYDO�SURE��
DELOLW\�3�W�� LWVHOI��,Q�PDQ\�DSSOLFDWLRQV��WKH�3/� DVVXPSWLRQ�PD\�VHHP�DV�
SODXVLEOH�DV�DQ\��RQ�WKH�RWKHU�KDQG��WKH�IDFW�WKDW�WKH�UHVXOWV�DUH�H[SUHVVHG�
LQ�WHUPV�RI�DEVROXWH�SUREDELOLWLHV�PD\�OHDG�RQH�WR�SUHIHU�WKH�56�DVVXPSWLRQ�
�ZKHQ�WKHUH�LV�QR�IHHOLQJ�WR�WKH�FRQWUDU\���LI�RQO\�EHFDXVH�LWV�RSHUDWLRQ�LV�PRUH�
HDVLO\�YLVXDOL]HG��)RU�H[DPSOH��WKH�56� HVWLPDWH�3
�W�� �DSDUW�IURP�VDPSOLQJ�
IOXFWXDWLRQV��FDQ�QHYHU�IDOO�RXWVLGH�WKH�UDQJH�RI�WKH�WUXH�YDOXHV�IRU�WKH�SRSXOD��
WLRQV�VDPSOHG��EHFDXVH�LW�LV�D�ZHLJKWHG�DYHUDJH��ZKHUHDV�LQ�XQIDYRUDEOH�FDVHV�
WKH�3/�HVWLPDWH�3�W��PD\�IDOO�RXWVLGH�WKLV�UDQJH��
,I�SULRU�REVHUYDWLRQ�OLPLWV�DUH�JLYHQ�IRU�DOO�WKH�LWHPV�DQG�WKH�VDPSOH�LV�

ODUJH�HQRXJK��GHSHQGHQFH�PD\�EH�LQTXLUHG�LQWR�E\�JURXSLQJ�WKH�LWHPV�DFFRUGLQJ�
WR�WKHVH�OLPLWV��PDNLQJ�VHSDUDWH�HVWLPDWHV�RI�3�W��IRU�HDFK�JURXS��DQG�FRPSDULQJ�
WKH�UHVXOWV��,I�VRPH�XQDQWLFLSDWHG�ORVVHV�RFFXU�LQ�DGYDQFH�RI�WKH�D�SULRUL�OLPLWV��
WKH�3/�PHWKRG�FDQ�EH�XVHG�ZLWKLQ�HDFK�JURXS��7KH�JURXS�HVWLPDWHV�FDQ�WKHQ�
EH�DYHUDJHG�ZLWK�WKH�LQLWLDO�QXPEHUV�RI�LWHPV�DV�ZHLJKWV�WR�JLYH�VRPHWKLQJ�
VLPLODU�WR�WKH�56�HVWLPDWH��LI�WKDW�LV�GHVLUHG��
2Q�WKH�RWKHU�KDQG��QR�GHSHQGHQFH�FDQ�EH�GHPRQVWUDWHG�LI�RQH
V�LQIRUPDWLRQ�

LV�OLPLWHG�WR�WKH�YDOXHV�RI�WKH�WL� �PLQ��/L��7L��DQG�WKHLU�FODVVLILFDWLRQ�DV�GHDWKV�
RU�ORVVHV��LQ�WKLV�FDVH�WKH�REVHUYHG�UDWHV�RI�GHDWK�DQG�ORVV�FDQ�DOZD\V�EH�UHSUH��
VHQWHG�E\�D�PRGHO�LQ�ZKLFK�GHDWKV�DQG�ORVVHV�RFFXU�LQGHSHQGHQWO\��DV�ZHOO�DV�
E\�PDQ\�PRGHOV�LQ�ZKLFK�WKLV�LV�QRW�VR��+RZHYHU��RQH�XVXDOO\�KDV�RU�FDQ�REWDLQ�
RWKHU�LQIRUPDWLRQ�WKDW�LV�PRUH�RU�OHVV�XVHIXO��
:KDW�RQH�ZRXOG�OLNH�LV�WR�REWDLQ�IRU�HDFK�LWHP�WKH�YDOXH�RI�DQ�DX[LOLDU\�

YDULDEOH�9��ZKLFK�PD\�EH�HLWKHU�TXDQWLWDWLYH�RU�TXDOLWDWLYH���VXFK�WKDW�WKH�7L�
DQG�/L�DUH�PRUH�QHDUO\�LQGHSHQGHQW�ZLWKLQ�VXEVDPSOHV�GHILQHG�LQ�WHUPV�RI�9��
WKDQ�WKH\�DUH�LQ�WKH�VDPSOH�RU�SRSXODWLRQ�DV�D�ZKROH��7KLV�ZLOO�JHQHUDOO\�EH�
WUXH�LI�9�LV�VWURQJO\�UHODWHG�WR�WKH�FDXVH�RI�ORVV��DQG�LQGHSHQGHQW�RI�WKH�FDXVH�RI�
GHDWK��RU�YLFH�YHUVD��,Q�WKLV�FDVH�WKH�VXEVDPSOHV�DUH�IRUPHG�VR�DV�WR�UHGXFH�WKH�
YDULDELOLW\�RI�WKH�/L��RU�WKH�7L��ZLWKLQ�WKHP��(YHQ�LI�WKH�DX[LOLDU\�YDULDEOH�GRHV�
QRW�KDYH�WKH�GHVLUHG�SURSHUWLHV��LW�PD\�EH�ZRUWKZKLOH�WR�JHW�DQ�HVWLPDWH�RI�
3�W��E\�D�GLIIHUHQW�URXWH�IRU�WKH�VDNH�RI�FRPSDULVRQ��$OVR��WKH�DX[LOLDU\�YDULDEOH�
PD\�EH�RI�LQWHUHVW�IRU�LWV�RZQ�VDNH��IRU�H[DPSOH��FODVVLILFDWLRQ�RI�WKH�LWHPV�E\�
VWDUWLQJ�GDWH�ZRXOG�EH�DLPHG�DW�GHWHFWLQJ�D�WHPSRUDO�FKDQJH�LQ�WKH�SRSXODWLRQ��
$V�SRLQWHG�RXW�LQ������WKH�SURFHGXUH�LQ�WKH�JHQHUDO�FDVH�LV�QRW�VDWLVIDFWRU\�LI�WKH�
HVWLPDWHV�GHSHQG�RQ�YHU\�IHZ�LWHPV��
7KH�LQQRFXRXV�IRUP�RI�GHSHQGHQFH�WKDW�UHVXOWV�IURP�WHVWLQJ�ZLWK�UHSODFH��

PHQW�LV�FRQVLGHUHG�EULHIO\�LQ�6HFWLRQ����

���$&78$5,$/� (67,0$7(6�

���� (VWLPDWHV�XWVLQJ�RQO\�Q�����;��,W�KDV�DOUHDG\�EHHQ�LQGLFDWHG��LQ������WKDW�
DFWXDULDO�HVWLPDWHV��OLNH�WKH�3/��DUH�IRUPHG�E\�PXOWLSO\LQJ�WRJHWKHU�D�VHTXHQFH�
RI�HVWLPDWHV�RI�FRQGLWLRQDO�SUREDELOLWLHV�RI�VXUYLYDO�WKURXJK�LQWHUYDOV�����X:���
�XV��8����
�������8QOLNH�WKH�3/��WKH�DFWXDULDO�HVWLPDWHV�ZLOO�JHQHUDOO\�EH�VRPH��
ZKDW�GHSHQGHQW�RQ�WKH�VHOHFWLRQ�RI�WKHVH�LQWHUYDOV��,W�UHPDLQV�WR�FRQVLGHU�KRZ�D�
W\SLFDO�IDFWRU�S�RI�WKLV�VRUW�FDQ�EH�HVWLPDWHG�ZKHQ�WKH�QXPEHU�RI�LWHPV�Q�DW�WKH�
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EHJLQQLQJ�RI�WKH�LQWHUYDO�LV�NQRZQ�WR�EH�GHSOHWHG�E\���GHDWKV�DQG�;�ORVVHV�
ZLWKLQ�WKH�LQWHUYDO��EXW�WKH�RUGHU�LQ�ZKLFK�WKHVH�RFFXU�LV�QRW�NQRZQ�RU�XVHG��
7KH�3/�HVWLPDWH�LV�GHQRWHG�E\�3��
$V�LQ������WKH�HVWLPDWHV�

3� a� \� 3 ���� ��D��Q� Q�Q�;�

ZRXOG�EH�XVHG�LI�DOO�WKH�GHDWKV�ZHUH�NQRZQ�WR�SUHFHGH�DOO�WKH�ORVVHV��DQG�LI�DOO�
ORVVHV�SUHFHGHG�DOO�GHDWKV��UHVSHFWLYHO\��(YLGHQWO\�S���S���S��,I�S�LV�QRW�NQRZQ��
DQRWKHU�LQWHUPHGLDWH�YDOXH�LV�FOHDUO\�VXSSOLHG�E\�WKH�ZHOO�NQRZQ��DGMXVWHG��
REVHUYHG��HVWLPDWH��FI��>�@��>��@��>��@��>��@��

Q��� ;����� ��E��
Q� �� ;���

7KLV�FDQ�EH�UHFRPPHQGHG�IRU�LWV�VLPSOLFLW\�HYHQ�WKRXJK�

Q��;����� Q��� ����;� Q�D��� ;�
�� ��F��

Q��� ;��� Q�D��� Q�

+7HUH�WKH�VHFRQG�IUDFWLRQ�LV�WKH�FRUUHVSRQGLQJ�HVWLPDWH�RI�WKH�SUREDELOLW\�RI�QRW�
EHLQJ�ORVW��LI�ORVVHV�DUH�DOVR�UDQGRP�HYHQWV���DQG�WKH�WKLUG�IUDFWLRQ�LV�WKH�RE��
VHUYHG�SUREDELOLW\�RI�HVFDSLQJ�ERWK�GHDWK�DQG�ORVV��7KH�RQO\�RWKHU�HVWLPDWH�LQ�
WKLV�VHFWLRQ�WKDW�IDLOV�WR�JLYH�HTXDOLW\�KHUH�LV�S����EHORZ��
7KH��MRLQW�ULVN��HVWLPDWH��FI��>�@�DQG�>��@��LV�

aQ��� ��[�� ��D�[��
S����  � >� ��G��

Q�

,W�LV�WKH�PD[LPXP�OLNHOLKRRG�HVWLPDWH�ZKHQ�WKH�ORVVHV�DUH�UDQGRP��WKH�LQVWDQ��
WDQHRXV�HYHQW�UDWH�IRU�ORVVHV�LV�D�FRQVWDQW�WLPHV�WKDW�IRU�GHDWKV��DQG�WKH�RQO\�
GDWD�JLYHQ�DUH�WKH�YDOXHV�RI�Q�����DQG�;��7KH�DERYH�HVWLPDWHV�VDWLVI\�WKH�UHOD��
WLRQ�S�S����S�O���S��
2QH�FDQ�REWDLQ�WKH�3/�HVWLPDWH�S�IURP�DQ\�RI�WKH�IRUHJRLQJ�E\�GLYLGLQJ�WKH�

JLYHQ�LQWHUYDO�LQWR�VPDOOHU�LQWHUYDOV�QR�RQH�RI�ZKLFK�FRQWDLQV�ERWK�GHDWKV�DQG�
ORVVHV��6LQFH�WKHUH�DUH�UHDVRQV��IXOO�XVH�RI�LQIRUPDWLRQ��DEVHQFH�RI�DUELWUDU\�
DVVXPSWLRQV��HVVHQWLDO�XQLTXHQHVV�RI�WKH�HVWLPDWH��IRU�SUHIHUULQJ�VPDOO�LQWHUYDOV�
WR�ODUJH��LW�VHHPV�UHDVRQDEOH�WR�UHJDUG�S�DV�WKH�VWDQGDUG�WR�ZKLFK�WKH�ODUJH��
LQWHUYDO�DFWXDULDO�PHWKRGV�DUH�DSSUR[LPDWLRQV��
7KH�HUURU�LQFXUUHG�LQ�DQ�DFWXDULDO�HVWLPDWH�RI�S�FDQ�EH�DWWULEXWHG�WR�WZR�

VRXUFHV��QDPHO\��WKH�VDPSOLQJ�HUURU�RI�I��UHIOHFWLQJ�WKH�IDFW�WKDW�D�LV�D�UDQGRP�
YDULDEOH��DQG�WKH�GLVFUHSDQF\�EHWZHHQ�S�O��DQG�3��UHIOHFWLQJ�WKH�XQNQRZQ�DU��
UDQJHPHQW�RI�GHDWKV�DQG�ORVVHV�ZLWKLQ�WKH�LQWHUYDO��7KHVH�VRXUFHV�RI�HUURU�ZLOO�
EH�FRPSDUHG�E\�FDOFXODWLQJ�WKH�YDULDQFH�RI�ORJ�S�LQ�HDFK�FDVH��RQ�WKH�DVVXPSWLRQ�
WKDW�Q�LV�ODUJH�FRPSDUHG�ZLWK�D�DQG�;��DQG�WKDW�IDFWRUV�RI�WKH�IRUP�����Q����
FDQ�EH�QHJOHFWHG��2Q�WKLV�EDVLV�WKH�HIIHFW�RI�YDULDWLRQ�LQ���LV�LQGLFDWHG�VXIILFLHQWO\�
E\�WKH�VTXDUH�RI�WKH�FRHIILFLHQW�RI�YDULDWLRQ�RI�S�����QDPHO\�

��Q�� ;����Q��� �� ;���� ����Q��� ��B� ���� ��H��
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7R�HYDOXDWH�WKH�VHFRQG�VRXUFH�RI�HUURU�ZH�QRWH�ILUVW�WKDW�WKH�WRWDO�UDQJH�RI�
SRVVLEOH�YDULDWLRQ�LQ�ORJ�3��JLYHQ���DQG�;��LV�E\���D��

ORJ� �ORJ� SB� ��;��Q��� D� �� ��I��

+RZHYHU��LI�WKH�DUUDQJHPHQW�LV�UDQGRP��WKH�H[WUHPH�YDOXHV�PD\�EH�XQOLNHO\��
7KHUHIRUH�LW�ZLOO�QRZ�EH�DVVXPHG�WKDW�DOO�SHUPXWDWLRQV�RI�WKH���GHDWKV�DQG�;�
ORVVHV�DUH�HTXDOO\�OLNHO\��ZKLFK�KDSSHQV�WR�EH�D�FRQVHTXHQFH�RI�WKH�SURSRUWLRQDO�
HYHQW�UDWHV�OHDGLQJ�WR���G���� ,Q�WKLV�FDVH�ORJ�S�LV�PLQXV�WKH�VXP�RI�D�UDQGRP�
VDPSOH�RI���RI�WKH����;�QXPEHUV�

ORJ���� �� ��a�� ORJ���� �� ��� ORJ���� �� ��

6DPSOLQJ�WKHRU\�DQG�WKH�(XOHU�0DFODXULQ�WKHRUHP�OHDG�WR�WKH�DSSUR[LPDWH�
YDULDQFH�

��;����� ;��� ������Q��� ���� ;���� ��J��

'LYLGLQJ�WKH�VDPSOLQJ�YDULDQFH���H��LQWR�WKH�VTXDUH�RI�KDOI�WKH�UDQJH���I��RI�
WKH�JURXSLQJ�HUURU�JLYHV�

%;���Q��� ������� ��K��

ZKLFK�PD\�EH�HLWKHU�!���RU������'LYLGLQJ���H��LQWR�WKH�JURXSLQJ�YDULDQFH���J��
JLYHV�

;����� ;��� ������Q��� D�B��;���� ��L��

ZKLFK�LV�DOZD\V������ZKHQ�Q�!����
7KH�DERYH�UHVXOWV�VXJJHVW�WKDW�UDWKHU�ODUJH�LQWHUYDOV�FRXOG�EH�XVHG�LI�HQRXJK�

ZDV�NQRZQ�DERXW�WKH�PHFKDQLVPV�RI�GHDWK�DQG�ORVV��DQG�WKDW�WKH�SULQFLSDO�
VRXUFH�RI�HUURU�LV�WKH�SUREDEOH�IDLOXUH�RI�WKH�YDULRXV�SHUPXWDWLRQV�RI�GHDWKV�DQG�
ORVVHV�ZLWKLQ�WKH�LQWHUYDO�WR�EH�HTXDOO\�OLNHO\��RU�WR�ILW�DQ\�RWKHU�VFKHPH�WKDW�
PD\�EH�DVVXPHG��(YLGHQFH�RQ�WKLV�SRLQW�FRXOG�EH�REWDLQHG�E\�H[DPLQLQJ�WKH�
SHUPXWDWLRQV�WKDW�DFWXDOO\�RFFXU��)RU�H[DPSOH��WKLV�LV�ZKDW�LV�GRQH�LQ�XVLQJ�
��D���2WKHUZLVH�RQH�VKRXOG�SUREDEO\�UHTXLUH�DW�WKH�OHDVW�WKDW���K��EH�VXLWDEO\�
VPDOO��7KLV�VWLOO�DVVXPHV�WKDW�JURXSLQJ�HUURUV��OLNH�WKH�VDPSOLQJ�HUURUV��DUH�LQGH��
SHQGHQW�IURP�LQWHUYDO�WR�LQWHUYDO��,I�QRW��RQH�LV�WKURZQ�EDFN�RQ�WKH�XOWLPDWH�LQ�
FRQVHUYDWLVP��ZKLFK�LV�WR�DVVHUW�RQO\�WKDW�I�SM���3���IOM3M��
���� (VWLPDWHV�XVLQJ�DYHUDJH�DJHV��6HYHUDO�HVWLPDWHV�ZLOO�QRZ�EH�FRQVLGHUHG�

WKDW�PDNH�XVH�RI�WKH�LQGLYLGXDO�DJHV�RI�GHDWK�DQG�ORVV��DOWKRXJK�DUELWUDU\�DJH�
LQWHUYDOV�FRQWLQXH�WR�EH�XVHG��7KH�LQGLYLGXDO�DJHV�HQWHU�YLD�WKH�DYHUDJH�DJH�$�RI�
WKH�D�GHDWKV��DQG�WKH�DYHUDJH�DJH�$�RI�WKH�;�ORVVHV��ERWK�PHDVXUHG�IURP�WKH�EH��
JLQQLQJ�RI�WKH�DJH�LQWHUYDO�XQGHU�FRQVLGHUDWLRQ��ZKLFK�LV�RI�OHQJWK�K��
7KH�ILUVW�HVWLPDWH�DVVXPHV�QRWKLQJ�DERXW�WKH�ORVVHV��EXW�DVVXPHV�WKDW�WKH�

LQVWDQWDQHRXV�GHDWK�UDWH�LV�FRQVWDQW�WKURXJKRXW�WKH�LQWHUYDO��7KH�WRWDO�H[��
SRVXUH�WR�WKH�ULVN�RI�GHDWK�LQ�WKH�LQWHUYDO�LV�WKHQ��Q��6�;�K���$�;$��WKH�PD[L��
PXP�OLNHOLKRRG�HVWLPDWH�RI�WKH�GHDWK�UDWH�LV���>�Q���;�K��$��;$@��DQG�WKH�
FRUUHVSRQGLQJ�HVWLPDWH�RI�WKH�VXUYLYDO�SUREDELOLW\�S�LV�

S���� � H[S�����>Q� �� ���� ;��� �6$���;$��K@�� ��M��
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%\�XVLQJ�S�����+DUULV��0HLHU��DQG�7XNH\�>����KDYH�EHHQ�DEOH�WR�JLYH�DQ�HVWLPD��
WLRQ�SURFHGXUH�IRU�WKH�PRUH�JHQHUDO�DQG�PRUH�GLIILFXOW�FDVH�LQ�ZKLFK�WKH�DJH�RI�
GHDWK�LV�QHYHU�NQRZQ�H[DFWO\��EXW�RQO\�NQRZQ�WR�IDOO�LQ�VRPH�LQWHUYDO��VHPL��
LQILQLWH�RU�ILQLWH��ERXQGHG�E\�RQH�RU�WZR�REVHUYDWLRQ�SRLQWV�ZKLFK�YDU\�IURP�
LWHP�WR�LWHP��
7KH�3/�HVWLPDWH�3�FDQ�EH�GHULYHG�IURP�S����DV�ZHOO�DV�IURP�S�O��RU�S�����$O��

WKRXJK�WKH�OLPLW�RI�WKH�SURGXFW�RI�WKH�HVWLPDWHV�S����IRU�WKH�VXELQWHUYDOV�LV�QRW�
TXLWH�XQLTXH��WKH�DYHUDJH�YDOXH�RI�ORJ�S����FRUUHVSRQGLQJ�WR���GHDWKV�RFFXUULQJ�
DW�WKH�VDPH�DJH�LV�

GX� Q��
�-RQ���O�X�� ORJ� <� ��N��
-2�Q���W�X�� Q�

LQ�DJUHHPHQW�ZLWK�S��Q� �� ���Q��+HUH�$�� �XK��KDV�EHHQ�UHJDUGHG�DV�XQLIRUPO\�
GLVWULEXWHG�EHWZHHQ���DQG�K��+RZHYHU��LQ�RWKHU�UHVSHFWV�WKH�EHKDYLRU�RI�S����
GRHV�QRW�SDUDOOHO�WKDW�RI�3��,I�WKH�SRVLWLRQ�RI�RQH�RU�PRUH�RI�WKH�GHDWKV�LV�VKLIWHG�
WRZDUG�WKH�HQG�RI�WKH�LQWHUYDO��S�
�� LV�LQFUHDVHG��ZKLOH�3�LV�GHFUHDVHG��RU�HOVH�QRW�
FKDQJHG���$JDLQ��S���� GRHV�QRW�QHFHVVDULO\�DJUHH�ZLWK�3�LQ�WKH�VLPSOH�FDVH�RI�QR�
ORVVHV��)LQDOO\��WKH�H[WUHPH�YDOXHV�RI�S����� REWDLQHG�E\�SXWWLQJ�$� $� �� RU�K��
IDOO�RXWVLGH�WKH�LQWHUYDO�S��S�ZLWKLQ�ZKLFK�3�LV�FRQILQHG��LQ�IDFW�RQH�FDQ�KDYH�
S�����S� ZKLOH�3� �S��RU�S���!�S�ZKLOH�S� S��
7KH�IROORZLQJ�HVWLPDWHV�KDYH�EHHQ�FRQVWUXFWHG�ZLWK�WKH�REMHFW�RI�XVLQJ�WKH�

PHDQ�DJHV�$�DQG�$�WR�VLPXODWH�WKH�EHKDYLRU�RI�S��
S����  � �Q��� F;�� ����Q���F;��� �����

Q� ��
;�B� FB� Q���� ��F�
S���� � >O� ;� ��P��

ZKHUH�

F �����$�$��K� IRU�L$�$O� �K���� ��Q��
 �� IRU� $�$� �� �K����
 ��� IRU� $�$� !� K����

7KH�YDOXH�RI�F�LV�LPPDWHULDO�ZKHQ�� ��RU�;� ���
7KHVH�HVWLPDWHV�DUH�WZR�GLIIHUHQW�DYHUDJHV�RI�WKH�ERXQGLQJ�HVWLPDWHV�S�DQG�

S��WDNHQ�ZLWK�ZHLJKWV�F�DQG����� F�UHVSHFWLYHO\��7KH�TXDQWLW\�F�LV�VR�GHILQHG�WKDW�
WKH�DSSURSULDWH�RQH�RI�WKH�ERXQGLQJ�HVWLPDWHV�LV�DVVLJQHG�DV�VRRQ�DV�,�$��$,�
!�K����7KLV�LV�LQWXLWLYHO\�UHDVRQDEOH��DQG�LV�MXVWLILHG�DQDO\WLFDOO\�E\�WKH�IDFW�
WKDW�ORJ�S����DQG�ORJ�S����KDYH�HVVHQWLDOO\�WKH�YDULDQFH���J��RI�ORJ�3��LI�HDFK�GHDWK�
DQG�HDFK�ORVV�LV�XQLIRUPO\�DQG�LQGHSHQGHQWO\�GLVWULEXWHG�LQ�WKH�LQWHUYDO��7R�
HVWLPDWH�WKLV�YDULDQFH��RQH�FDQ�PXOWLSO\�

YDU�F� YDU�>�$��� $��K@� � �� �� ;�����;�

E\�WKH�VTXDUH�RI�WKH�UDQJH���I���VLQFH���I��JLYHV�WKH�FKDQJH�LQ�ORJ�S���� DQG�ORJ�
S���� FRUUHVSRQGLQJ�WR�D�XQLW�FKDQJH�LQ�F��
([SHULHQFH�PD\�LQGLFDWH�ZKLFK�HVWLPDWH�LV�SUHIHUDEOH�LQ�D�JLYHQ�W\SH�RI�

VLWXDWLRQ��,I�UHOHYDQW�H[SHULHQFH�LV�ODFNLQJ��LW�ZRXOG�VHHP�DGYLVDEOH�WR�UHO\�
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SULPDULO\�RQ�DGHTXDWHO\�VPDOO�LQWHUYDOV��DQG�WR�PLQLPL]H�WKH�FRPSXWDWLRQ�
WLPH�E\�XVLQJ�VLPSOH�HVWLPDWHV��7KLV�VXJJHVWV�WKDW�S�L��EH�XVHG�ZKHQ�WKH�GHDWKV�
DQG�ORVVHV�DUH�WKRXJKW�WR�EH�DUUDQJHG�DW�UDQGRP�ZLWKLQ�WKH�LQWHUYDO��S�ZKHQ�
WKH�LQWHUYDO�LV�FKRVHQ�VR�WKDW�PRVW�RI�WKH�GHDWKV�SUHFHGH�PRVW�RI�WKH�ORVVHV��DQG�
S�ZKHQ�ORVVHV�SUHFHGH�GHDWKV��
7KLV�FRPSOHWHV�WKH�PDWHULDO�WKDW�VHHPV�WR�EH�PRVW�LPSRUWDQW�IRU�DSSOLFD��

WLRQV��7KH�UHPDLQLQJ�WKUHH�VHFWLRQV�DUH�GHYRWHG�SULPDULO\�WR�PDWKHPDWLFDO�
GHULYDWLRQV��

���0$;,080� /,.(/,+22'� '(5,9$7,21� 2)� 7+(� 3/�

,Q�DFFRUGDQFH�ZLWK�����WKH�PHWKRG�RI�PD[LPXP�OLNHOLKRRG�LV�YLHZHG�DV�D�
PHDQV�IRU�VHOHFWLQJ�WKH�EHVW�ILWWLQJ�GLVWULEXWLRQ�IURP�D�FODVV�RI�DGPLVVLEOH�GLV��
WULEXWLRQV��,W�ZLOO�QRZ�EH�VKRZQ�WKDW�LI�DOO�SRVVLEOH�GLVWULEXWLRQV�DUH�DGPLWWHG��
WKH�SURGXFW�OLPLW�LV�WKH�RQH�IRU�ZKLFK�WKH�VDPSOH�OLNHOLKRRG�LV�D�PD[LPXP��
/HW�7��7��� 
� �� �7N� GHQRWH�WKH�GLVWLQFW�DJHV�RI�GHDWK��ZLWK����GHDWKV�

REVHUYHG�DW�7M��/HW�;M�GHQRWH�WKH�QXPEHU�RI�ORVVHV�LQ�WKH�LQWHUYDO�>7���7M�L���
LQFOXGLQJ�DQ\�ORVVHV�DW�7M�EXW�QRQH�DW�7M�����+HUH�M� ������� 
� �� ,N��7R� ����
7N�,� � RR���7KH�DJHV�RI�WKH�;M�ORVVHV�DUH�GHQRWHG�E\�/L:��L� � ������
�
�;M�� 2QO\�
LQ�WKLV�VHFWLRQ��3�W��ZLOO�UHSUHVHQW�QRW�WKH��WUXH��VXUYLYRUVKLS�EXW�UDWKHU�DQ�
DUELWUDU\�RQH�WKDW�LV�WR�EH�GHWHUPLQHG�VR�DV�WR�PD[LPL]H�WKH�OLNHOLKRRG��7KH�
OLNHOLKRRG�PD\�QRZ�EH�ZULWWHQ�

/�,,� 3�/L�2���
L 2�

�[?��>3�7������3�7L�@��,� 3�//�����
��D��

�� �� ��� �� ��� ��� ��� �� ��� 










�


�>3�7N��� ��� �� 3�7N��@L/N� 3//�3� �N��-��

+HUH�3�7M�2�� LQFOXGHV��ZKHUHDV�3�7M�� H[FOXGHV��WKH�SUREDELOLW\�RI�GHDWK�DW�
DJH�7M�H[DFWO\��
&OHDUO\���D��ZLOO�EH�PD[LPL]HG�E\�PDNLQJ�WKH�3�/L�2���DQG�WKH�3�7M����� DV�

ODUJH��DQG�WKH�3�7M�� DV�VPDOO��DV�LV�FRQVLVWHQW�ZLWK�WKH�PRQRWRQLFLW\�RI�WKH�
IXQFWLRQ�DQG�WKH�DVVXPSWLRQ�7M���/LWL���7M����7KLV�PHDQV�WKDW�3�/"����� ���DQG�

3�7M��  � 3�/�L���  � 3�7MO�� ��� ��E��

IRU�DOO�L�DQG�M��,I�WKH�FRPPRQ�YDOXH�LV�GHQRWHG�E\�3M����D��UHGXFHV�WR�
N�

,,��3MO� �� 3M�2L3M�L� ZLWK�3R� � ��� ��F��
M O�

1RZ�ZULWLQJ�SM� ���� M� �3M�3M�L�JLYHV�3� 3O3�� ��
�
�� SM�DQG�3M�O���  �3,�����
SMLOTM��:LWK�WKHVH�VXEVWLWXWLRQV���F��EHFRPHV�

-�
,,� SM;V�DVT�-� aaaa��G��

James Hanley
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ZKHUH�
L ��  L��� L N�

QM�(;(� �1� � � �;L���ED��� RU� Q�7M�2��
L 2� L M�

LQ�WKH�QRWDWLRQ�RI������,Q�WKLV�IRUP�HDFK�IDFWRU�ZLWK�D�IL[HG�LQGH[�M�LV�PD[LPL]HG�
LQGLYLGXDOO\�E\�WKH�ELQRPLDO�HVWLPDWH�S� �SM ��QL��� ����Q���LQ�DJUHHPHQW�ZLWK�
WKH�3/�LQ���D���,I�;L��!����VR�WKDW�WKH�JUHDWHVW�REVHUYHG�OLIHWLPH�W
�FRUUHVSRQGV�WR�
D�ORVV��WKHQ�3�W
��!�� DQG�WKH�OLNHOLKRRG�RI�WKH�VDPSOH�LV�LQGHSHQGHQW�RI�WKH�
YDOXHV�RI�3�W��IRU�W!W
��7KXV�3�W��DQG�WKH�PD[LPXP�OLNHOLKRRG�HVWLPDWH�DUH�
LQGHWHUPLQDWH�XQGHU�WKH�VDPH�FLUFXPVWDQFHV��DQG�WKH�LGHQWLW\�EHWZHHQ�WKHP�LV�
FRPSOHWH��

��� 0($16� $1'� 9$5,$1&(6�

,Q�WKLV�VHFWLRQ�WKH�PHDQ�RI�3�W��DQG�WKH�YDULDQFHV�RI�3�W��DQG�RI�WKH�PHDQ��
OLIH�HVWLPDWHV��X�DQG� 
�DUH�GHULYHG��7KH�REVHUYDWLRQ�OLPLWV�DUH�UHJDUGHG�DV�IL[HG�
IURP�VDPSOH�WR�VDPSOH��,Q�SULQFLSOH��XQFRQGLWLRQDO�UHVXOWV�IRU�UDQGRP�ORVV�
WLPHV�FRXOG�EH�REWDLQHG�E\�LQWHJUDWLRQ��
���� 7KH�3/�HVWLPDWH�3�W���/HW�/����/���� ���� �� /N�� EH�WKH�GLVWLQFW�REVHUYD��

WLRQ�OLPLWV�WKDW�DUH�OHVV�WKDQ�WKH�DJH�W� �/N�DW�ZKLFK�3�W��LV�EHLQJ�HVWLPDWHG��/HW�
QM�� Q�/M�2�� EH�WKH�QXPEHU�RI�VXUYLYRUV
�REVHUYHG�EH\RQG�/L��1M�
 (QM�O�
�1��/��2�3�/M��� SM ��TM 3�/M��3�/MB���� DQG� �M�WKH�QXPEHU�RI�GHDWKV�
REVHUYHG�LQ�WKH�LQWHUYDO��/M����/M@��H[FOXGLQJ�QRQ]HUR�YDOXHV�RI�WKH�OHIW�HQG��
SRLQW`��ZLWK�/R 2�� 7KHQ�

3�W�� 3 � ,�SM� ZLWK� 3M� � �QM��� 6M��QM�� ��D��
M� O�

/HW�(M�GHQRWH�D�FRQGLWLRQDO�H[SHFWDWLRQ�IRU�QL�� �� QM� �DQG�KHQFH�DOVR�
����
� ,�
��$M���IL[HG��7KHQ�(�MI� �SL��SURYLGHG�WKDW�Q�!����,I�WKH�FRQGLWLRQ�Q��!2�
FRXOG�EH�LJQRUHG��RQH�FRXOG�ZULWH�

(3�W�� � (>WO�>� ���� 3N�O(NSN@�  �(>SOL� 3N�OSN@�

 � SN(�>SO�
� I3N��(NILN��@� ��E��
 � ����  � 3NSN�B� 
� S,� �� 3� �W���

VR�WKDW�IL�W��ZRXOG�EH�DQ�XQELDVHG�HVWLPDWH��7KH�IODZ�LQ�WKLV�GHPRQVWUDWLRQ�LV�
WKH�LQGHWHUPLQDF\�UHVXOWLQJ�ZKHQ��IRU�VRPH�M��QM�O� ���EXW�3�/M��!���DQ�HYHQW�
ZKRVH�SUREDELOLW\�LV�ERXQGHG�E\���G���DQG�ZKLFK�FRXOG�EH�REYLDWHG�LQ�SULQFLSOH�
E\�REWDLQLQJ�RQH�RU�PRUH�VXSSOHPHQWDU\�REVHUYDWLRQV��,Q�WKH�GHULYDWLRQV�RI�
DSSUR[LPDWH�IRUPXODV�WKDW�IROORZ��DQ\�ELDV�WKDW�3�W��PD\�KDYH�LV�QHJOHFWHG��
%RWK�*UHHQZRRG�>��@�DQG�,UZLQ�>��@�ZKHQ�JLYLQJ�IRUPXODV�IRU�WKH�YDULDQFH�

RI�DQ�DFWXDULDO�HVWLPDWH�RI�3�W��DFWXDOO\�WUHDW�D�VSHFLDO�FDVH�LQ�ZKLFK�WKH�DF��
WXDULDO�HVWLPDWRU�DQG�3�W��FRLQFLGH��7UDQVODWHG�LQWR�RXU�QRWDWLRQ�WKHLU�FRP��
PRQ�DUJXPHQW�LV�WKH�IROORZLQJ��
6XSSRVH�ZH�FRQVLGHU�FRQGLWLRQDO�YDULDQFHV�IRU�QM�KHOG�IL[HG�DW�WKH�YDOXHV�1M��
,�7KH�H[SUHVVLRQ�/L����PHDQV�WKDW�ORVVHV�DW�/L�LWVHOI�KDYH�EHHQ�VXEWUDFWHG�RII��
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7KHQ�WKH�3L�PD\�EH�WUHDWHG�DV�LQGHSHQGHQW�TXDQWLWLHV�DQG�

(>3��W�@�  � -�M�� �� B�  � S�� ������S�� @� ��� ��
1aaaL� 1�SaaaaaaL���

 � 3��W�� �L� �� T� ���

,I�ZH�LJQRUH�WHUPV�RI�RUGHU�1M���ZH�KDYH�DV�DQ�DSSUR[LPDWLRQ�IRU�WKH�YDULDQFH�

Y>3�W�@� 3��W��,� 1�S� ��G��
- OBB�1MSM�

7KLV�ODVW�H[SUHVVLRQ�ZH�ZLOO�UHIHU�WR�DV��*UHHQZRRG
V�IRUPXOD���7KH�FDOFXODWLRQ�
RI�WKH�YDULDQFH�ZLWK�QOL��
�
�
��Q$�IL[HG�FDQ�DSSDUHQWO\�EH�MXVWLILHG�RQO\�RQ�WKH�
JURXQG�WKDW�LW�GRHVQ
W�PDWWHU�D�JUHDW�GHDO��WKH�IL[HG�Q\�DUH�XQUHDOLVWLF��DQG�LQ��
FRQVLVWHQW�ZLWK�WKH�SUHYLRXV�DVVXPSWLRQ�RI�D�VDPSOH�RI�IL[HG�VL]H�DQG�IL[HG�
OLPLWV�RI�REVHUYDWLRQ��
7KH�DXWKRUV�KDYH�WKHUHIRUH�UHGHULYHG���G��E\�PHDQV�RI�VXFFHVVLYH�FRQGLWLRQDO�

H[SHFWDWLRQV��7KH�SURFHGXUH�LV�WR�YHULI\�E\�LQGXFWLRQ�WKH�DSSUR[LPDWH�UHODWLRQ�

(�� >3��W�� @� B��O� ���� SM���� ���SN� �*H��
L M�O� S(-��QL�

ZKLFK�UHGXFHV�WR���G��ZKHQ�M� ���$SSO\LQJ�(M�WR���H��KDV�WKH�HIIHFW�RI�UHSODFLQJ�
M�E\�M��� SURYLGHG�WKDW�RQH�VHWV�

(�(M�LQL�
MS�

(M(=M�OQL� ��I��

SM��(MQ���
ZKHUHLQ�3M�(M�OQL�KDV�EHHQ�UHSODFHG�E\�WKH�UDWLR�RI�WKH�H[SHFWDWLRQV�RI�QXPHU��
DWRU�DQG�GHQRPLQDWRU��7KH�IDFW�WKDW�SM�DQG�(M�OQL�DUH�SRVLWLYHO\�FRUUHODWHG�LP��
SURYHV�WKH�DSSUR[LPDWLRQ��
,Q�WKH�VSHFLDO�FDVH�LQ�ZKLFK�N� ����DOO�REVHUYDWLRQ�OLPLWV�OHVV�WKDQ�W�DUH�HTXDO�

WR�/���DQG�DQ\�LQGHWHUPLQDF\�LV�UHVROYHG�E\�RQH�VXSSOHPHQWDU\�REVHUYDWLRQ��
WKH�H[DFW�YDULDQFH�RI�̀3�W��FDQ�EH�FDOFXODWHG�WR�EH�

9>3�W�@�  � 3��W�� ���]TT�� �1
�� 1
SL��� >1
��3@�
1SC� 1
� 3X/� 1�3@� ��J��

�� �� ��>L
� @� 1�
�@���

ZKHUH�1�LV�WKH�WRWDO�VDPSOH�VL]H��1
�1"�W��� WKH�QXPEHU�RI�LWHPV�REVHUYDEOH�
WR�W�RU�EH\RQG��DQG�

>1
��3@�  � ��(�;���� ��K��

ZLWK�; PD[��<�����DQG�<�GLVWULEXWHG�ELQRPLDOO\��1
��SL���7KH�PHWKRGV�XVHG�
E\�6WHSKDQ�>��@�VKRZ�WKDW�>1
��SO@� 1
SX������ IRU�1
�ODUJH��7KXV�WKH�WHUP�
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LQ�VTXDUH�EUDFNHWV�LV�RI�RUGHU�������1
���DQG���J��DSSURDFKHV�*UHHQZRRG
V�
IRUPXOD���G��IRU�ODUJH�1
��
���� &RYDULDQFHV�DQG�PHDQ�OLIHWLPHV��7KH�PHWKRG�RI�,UZLQ�>��@�FDQ�EH�XVHG�

WR�GHULYH�WKH�YDULDQFH�RI� �� I��3�W�GW�E\�ZULWLQJ�

�� � (I� 3�X�3�Y�GYGX�
��L��

 � ��I�I�(>IL�X��3�Y��@GYGX��
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