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7KLV�VXSSOHPHQWDU\� LQIRUPDWLRQ� ILOH� VXSSOLHV�D�GHPRQVWUDWLRQ� IRU� WKH�GHVFULSWLRQ�RI� ORVVHV� RFFXUULQJ�
GXULQJ� VS,&3�06�PHDVXUHPHQWV�� ZKLFK� LQFOXGHV� WKH� QHEXOL]DWLRQ�� LRQL]DWLRQ�� LRQ� H[WUDFWLRQ� DQG� LRQ� WUDQVIHU�
HIILFLHQFLHV�� $OO� WKHVH� HIILFLHQFLHV� DUH� XVXDOO\� VXPPDUL]HG� XQGHU� D� JHQHULF� WHUP�� WKH� VR�FDOOHG� � ³WUDQVSRUW�
HIILFLHQF\´���

7KH� GHPRQVWUDWLRQ� WKHQ� FRQVLGHUV� LQGHSHQGHQWO\� WKH� FDVH� RI� D� FRQYHQWLRQDO� LQWURGXFWLRQ� V\VWHP� IRU�
,&3�06��D�VSUD\�FKDPEHU��DQG�WKDW�RI�D�GLUHFW�LQMHFWLRQ�QHEXOL]HU��&RQYHUVHO\�WR�D�VSUD\�FKDPEHU��ZKHUH�PRUH�
WKDQ�����RI�WKH�VDPSOH�GRHV�QRW�UHDFK�WKH�SODVPD��WKHUH�FDQ�EH�QR�ORVV�GXULQJ�WKH�QHEXOL]DWLRQ�RI�WKH�VDPSOH�
ZLWK�D�GLUHFW�LQMHFWLRQ�QHEXOL]HU��,Q�WKH�IROORZLQJ�ZH�GHVFULEH�KRZ�WR�GHULYH�HTXDWLRQV�WKDW�UHODWH�WKHVH�GLIIHUHQW�
HIILFLHQFLHV�WR�PHDVXUHG�RU�NQRZQ�YDULDEOHV��
�

��±�1XPEHU�RI�LRQV�GHWHFWHG�IURP�D�GLVVROYHG�VWDQGDUG�VROXWLRQ�
�
)RU�,&3�06�PHDVXUHPHQWV��DTXHRXV�VDPSOHV�DUH�QHEXOL]HG�LQWR�D�VSUD\�FKDPEHU��7KH�VDPSOH�GURSOHWV�DUH�

WUDQVSRUWHG� LQWR� WKH� SODVPD� DQG� DUH� ILQDOO\� VXEMHFW� WR� WKH� LRQL]DWLRQ� SURFHVV�� DV� VKRZQ� RQ� )LJ�� 6��� 'XULQJ�
QHEXOL]DWLRQ�LQ�WKH�VSUD\�FKDPEHU��SDUW�RI�WKH�VROXWLRQ�LV�ORVW�DV�RQO\�WKH�ILQHVW�GURSOHWV�DUH�WUDQVSRUWHG�WR�WKH�
SODVPD� �,&3�� DQG� WKLV� ORVV� LV� H[SUHVVHG� DV� WKH� QHEXOL]DWLRQ� HIILFLHQF\�� ,Q� WKH� SODVPD� WKH� VROXWLRQ� GURSOHWV�
XQGHUJR�GHVROYDWLRQ��YDSRUL]DWLRQ��DWRPL]DWLRQ�DQG�ILQDOO\�LRQL]DWLRQ��EXW�QRW�DOO�DWRPV�WKDW�ZKHUH�LQWURGXFHG�WR�
WKH�SODVPD�ZLOO�EH�LRQL]HG��7KLV�ORVV�GXULQJ�WKH�LRQL]DWLRQ�SURFHVV�LV�H[SUHVVHG�DV�WKH�LRQL]DWLRQ�HIILFLHQF\��7KH�
YHU\�FHQWHU�RI�WKH�LRQ�FORXG�LV�WKHQ�VDPSOHG�E\�WKH�FRQHV�DQG�RQO\�D�IUDFWLRQ�RI�WKH�LRQV�LQLWLDOO\�SURGXFHG�LQ�WKH�
SODVPD�ZLOO�HQWHU�WKH�PDVV�VSHFWURPHWHU��06���7KLV�ORVV�LV�H[SUHVVHG�DV�WKH�H[WUDFWLRQ�HIILFLHQF\��7KH�LRQV�DUH�
WKHQ�IRFXVHG�DQG�VDPSOHG�DJDLQ�E\�WKH�HQWUDQFH�DQG�RU�UHVROXWLRQ�VOLW��LQ�WKH�FDVH�RI�D�6HFWRU�)LHOG�,&3�06�RU�
LQWURGXFHG�LQ�D�FROOLVLRQ�UHDFWLRQ�FHOO�IRU�,&3�4XDGUXSROH�06��7KXV��RQO\�D�IUDFWLRQ�RI�WKH�LRQV�WKDW�SDVVHG�WKH�
FRQHV�ZLOO�EH�HYHQWXDOO\�GHWHFWHG�DQG�WKLV�ORVV�LV�JOREDOL]HG�DV�WKH�WUDQVIHU�HIILFLHQF\��
�

�

�
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:H�FDQ�H[SUHVV�WKH�QXPEHU�RI�LRQV�GHWHFWHG�DV�D�IXQFWLRQ�RI�WKH�QXPEHU�RI�PROHV�RI�VROXWH�QHEXOL]HG�DQG�RI�
WKH�GLIIHUHQW�HIILFLHQFLHV��
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:KHUH�WKH�QXPEHU�RI�PROHV�QHEXOL]HG�LV��
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ࣧ೔೚೙
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�
:LWK��
K1HEXOL]DWLRQ���WKH�QHEXOL]DWLRQ�HIILFLHQF\�±�WKH�UDWLR�RI�WKH�QXPEHU�RI�PROHV�DUULYLQJ�LQWR�WKH�SODVPD�WR�WKH�QXPEHU�
RI�PROHV�QHEXOL]HG���
KLRQL]DWLRQ���WKH�LRQL]DWLRQ�HIILFLHQF\�±�WKH�UDWLR�RI�WKH�QXPEHU�RI�LRQV�FUHDWHG�WR�WKH�QXPEHU�RI�PROHV�DUULYLQJ�LQWR�
WKH�SODVPD���

:DVWH
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KH[WUDFWLRQ�LRQ���WKH�H[WUDFWLRQ�HIILFLHQF\�±�WKH�UDWLR�RI�WKH�QXPEHU�RI�LRQV�H[WUDFWHG�WR�WKH�06�WR�WKH�QXPEHU�RI�LRQV�
FUHDWHG���
KWUDQVIHU�LRQ� ��WKH�WUDQVIHU�HIILFLHQF\�±�WKH�UDWLR�RI�WKH�QXPEHU�RI�LRQV�GHWHFWHG�WR�WKH�QXPEHU�RI�LRQV�H[WUDFWHG�WR�
WKH�06���
QLRQ��WKH�QXPEHU�RI�PROHV�QHEXOL]HG��LQ�PROH����
1LRQ�PHDVXUHG��WKH�QXPEHU�RI�LRQV�GHWHFWHG��LQ�FSV����
1$��$YRJDGUR�FRQVWDQW��LQ�PROH������
$LVR��WKH�LVRWRSLF�DEXQGDQFH��LQ����RI�WKH�PDVV�PHDVXUHG���
&LRQ��WKH�FRQFHQWUDWLRQ�RI�WKH�LRQ�LQ�WKH�GLVVROYHG�VWDQGDUG��LQ�QJ�/������
TOLT��WKH�XSWDNH�UDWH��LQ�/�PLQ������
WG��WKH�GZHOO�WLPH��LQ�PLQ����
DQG�0LRQ��WKH�PRODU�PDVV��LQ�QJ�PROH����RI�WKH�DQDO\WH��
�
&RPELQLQJ�HTXDWLRQ�����DQG�HTXDWLRQ������WKH�QXPEHU�RI�LRQV�GHWHFWHG�LV�WKHQ��
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��±�1XPEHU�RI�LRQV�GHWHFWHG�IURP�WKH�LRQL]DWLRQ�RI�RQH�QDQRSDUWLFOH�
�
,Q� WKH� FDVH� RI� D� 13V� VDPSOH� VROXWLRQ�� ZH� FDQ� LQGHSHQGHQWO\� H[SUHVV� WKH� QXPEHU� RI� LRQV� WKDW� DUH�

PHDVXUHG� E\� WKH� PDVV� VSHFWURPHWHU� DFFRUGLQJ� WR� WKH� QXPEHU� RI� DWRPV� SHU� 13� WKDW� ZHUH� LQWURGXFHG� WR� WKH�
QHEXOL]HU� DQG� WR� WKH� HIILFLHQFLHV� SUHYLRXVO\� GHILQHG� �)LJ�� 6����7KH� GLIIHUHQFH� KHUH�� FRPSDUHG� WR� D� GLVVROYHG�
DQDO\WH��LV�WKDW��WKH�PHDVXUHG�VLJQDO�LV�GLVFUHWH��ZKHQ�FRQWLQXRXV�IRU�GLVVROYHG���HDFK�13�FUHDWLQJ�D�VSLNH�VLJQDO��
WKH�13�DOVR�FRQWDLQV�HYHQWXDOO\�PRUH�WKDQ�RQH�HOHPHQW��DQG�LQ�WKH�IROORZLQJ�HTXDWLRQ�ZH�DVVXPH�D�VSKHULFDO�
VKDSH� RI� WKH� 13V�� 6R� IDU�� WKHUH� LV� DOVR� QR� UHDVRQ� WR� FRQVLGHU� WKDW� WKH� LRQL]DWLRQ�� H[WUDFWLRQ� DQG� WUDQVIHU�
HIILFLHQFLHV�IRU�WKH�13V�EH�WKH�VDPH�DV�IRU�WKH�VROXWHV��,QGHHG��IRU�LQVWDQFH��WKH�KLJK�QXPEHU�RI�DWRPV�LQ�D�13�LV�
FRQGHQVHG�ZKHQ�DUULYLQJ�LQ�WKH�SODVPD�DQG�WKHQ�LRQV�DUH�H[WUDFWHG�DQG�WUDQVIHUUHG�E\�FORXGV�ZKHQ�IRU�VROXWHV��
DWRPV�DQG�LRQV�DUH�LQFRPLQJ�FRQWLQXRXVO\��
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ĐŽŶƚĂŝŶĞĚ�ŝŶ�ĂŶ�ĂƋƵĞŽƵƐ�ƐŽůƵƚŝŽŶ�

�
� 2WKHUZLVH�� WKH� QHEXOL]DWLRQ� SURFHVV� IRU�13V� LV� WKH� VDPH� DV� IRU� VROXWHV� DQG� VR�� WKH� QXPEHU� RI� 13V�
GHWHFWHG�FDQ�EH�H[SUHVV�DV�D�IXQFWLRQ�RI�WKH�QHEXOL]DWLRQ�HIILFLHQF\�VXFK�DV��
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:LWK��
'13V�WKH�WRWDO�QXPEHU�RI�13V�HYHQWV���
113V�� WKH� WRWDO� 13�QXPEHU� FRQFHQWUDWLRQ� �LQ� SDUWLFOH�P/���� DQG�'�� WKH� QXPEHU� RI� GDWD� SRLQW� �L�H�� QXPEHU� RI�
GZHOO�WLPH���
�

+HUH� LW� LV� DOVR� LPSRUWDQW� WR� QRWH� WKDW� FRQWUDULO\� WR� GLVVROYHG� DQDO\VHV�� WKH� ORVV� RI� PDWHULDO� LQ� WKH�
LQWURGXFWLRQ�V\VWHP�KDV�QR�HIIHFW�RQ�WKH�LQWHQVLW\�RI�WKH�13�VLJQDO��,Q�RWKHU�ZRUGV��WKH�QHEXOL]DWLRQ�KDV�QR�HIIHFW�
RQ� WKH� QXPEHU� RI�PROHV� SHU�13�GHWHFWHG�� ,QGHHG�� WKLV�QXPEHU� RI�PROHV� LV� RQO\� LQIOXHQFHG� E\� WKH� FRPELQHG�
HIILFLHQFLHV�RI�WKH�SODVPD�DQG�WKH�PDVV�VSHFWURPHWHU�DQG�FDQ�EH�H[SUHVVHG�DV��
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:KHUH��FRQVLGHULQJ�D�13�RI�VSKHULFDO�VKDSH��WKH�QXPEHU�RI�PROHV�SHU�13�QHEXOL]HG�LV��
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௠ಿು
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113�PHDVXUHG��WKH�QXPEHU�RI�LRQV�GHWHFWHG�SHU�13��LQ�FSV����
P13��WKH�PDVV�RI�RQH�13��LQ�QJ��H[SUHVVHV�DV�݉ே௉ �ൌ �

ௗಿುయǤ௙ೌ ǤగǤఘ೔೚೙
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�DVVXPLQJ�D�VSKHULFDO�VKDSH���
ID��WKH�PDVV�IUDFWLRQ�RI�WKH�HOHPHQW�DQDO\]HG�LQ�RQH�13��LQ����L�H�������IRU�$X�13V����
G13��WKH�GLDPHWHU�RI�RQH�13��LQ�QP����
ULRQ��WKH�GHQVLW\�RI�WKH�13��LQ�QJ�QP����DQG�0LRQ��WKH�PRODU�PDVV�RI�WKH�HOHPHQW�DQDO\]HG��LQ�QJ�PROH�����
�
,I�ZH�FRPELQH�HTXDWLRQ�����DQG�HTXDWLRQ������WKH�QXPEHU�RI�LRQV�GHWHFWHG�SHU�13�LV�WKHQ��

:DVWH
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ܰே௉ି௠௘௔௦௨௥௘ௗ �ൌ�
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��±�([SUHVVLRQ�RI�WKH�PDMRU�HIILFLHQFLHV�GHSHQGLQJ�RQ�WKH�LQWURGXFWLRQ�V\VWHP�
�

,Q�WKH�IROORZLQJ��ZH�FRQVLGHU�VHSDUDWHO\�WZR�VDPSOH�LQWURGXFWLRQ�V\VWHPV��WKH�FRQYHQWLRQDO�VSUD\�FKDPEHU�
DQG�WKH�GLUHFW�LQMHFWLRQ�QHEXOL]HU��
�

x� (IILFLHQFLHV�ZKHQ�XVLQJ�D�FRQYHQWLRQDO�VSUD\�FKDPEHU�
�

�
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,Q�ERWK�HTXDWLRQV�����DQG������WKH�RQO\�FRQVWDQW�FRPPRQ�SDUDPHWHU�LV�WKH�PRODU�PDVV�0LRQ��%\�FRPELQLQJ�WKHVH�
HTXDWLRQV�H[SUHVVLQJ�0LRQ��ZH�REWDLQ��

௜௢௡Ǥܥ ௗǤݐ ௟௜௤Ǥݍ ே௘௕௨௟௜௭௔௧௜௢௡Ǥߟ
൫ఎ೔೚೙೔೥ೌ೟೔೚೙ష೔೚೙Ǥఎ೐ೣ೟ೝೌ೎೟೔೚೙ష೔೚೙Ǥఎ೟ೝೌ೙ೞ೑೐ೝష೔೚೙൯

ே೔೚೙ష೘೐ೌೞೠೝ೐೏
�ൌ � ௗಿು

యǤ௙ೌ ǤగǤఘ೔೚೙
଺

Ǥ ൫ఎ೔೚೙೔೥ೌ೟೔೚೙షಿುǤఎ೐ೣ೟ೝೌ೎೟೔೚೙షಿುǤఎ೟ೝೌ೙ೞ೑೐ೝషಿು൯
ேಿುష೘೐ೌೞೠೝ೐೏

� � � � � � � � � � � � ����

7KHQ��ZH�FDQ�H[SUHVV�WKH�QHEXOL]DWLRQ�HIILFLHQF\�DV��
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7R�VLPSOLI\�WKH�HTXDWLRQ��ZH�NQRZ�WKDW��WKH�VHQVLWLYLW\��PHDVXUHG�IURP�WKH�FDOLEUDWLRQ�RI�WKH�,&3�06�UHVSRQVH�
ZLWK�GLVVROYHG�VWDQGDUGV� �VORSH�RI� WKH� H[WHUQDO�FDOLEUDWLRQ��� LV�ܵ� ൌ �ே೔೚೙ష೘೐ೌೞೠೝ೐೏

஼೔೚೙
� �LQ�FSV�QJ���/�DV�GHFODUHG� LQ�

WKH�PDLQ�WH[W�RI�WKH�SDSHU��ZKLFK�JLYHV��
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,RQL]DWLRQ��H[WUDFWLRQ�DQG�WUDQVIHU�HIILFLHQFLHV�DUH�QRW�D�SULRUL�NQRZQ�DQG�FDQQRW�EH�DVVXPHG�HTXDO�IRU�LRQV�LQ�
VROXWLRQ� DQG� LRQV� LQ� 13V�� $V� LW� LV� QRW� FOHDU� IRU� WKH� PRPHQW� KRZ� ZH� FRXOG� GHWHUPLQH� WKHVH� WKUHH� GLIIHUHQW�
HIILFLHQFLHV� LQGHSHQGHQWO\�� ZH� FDQ� VLPSOLI\� HTXDWLRQ� ���� E\� LQWURGXFLQJ� KHUH� WKH� WHUP� ³WUDQVPLVVLRQ� UDWLR´��
Į7UDQVPLVVLRQ��,W�LV�GHILQHG�DV�³WKH�UDWLR�RI�WKH�WUDQVPLVVLRQ�HIILFLHQF\�IRU�D�GLVVROYHG�VWDQGDUG�WR�WKH�RQH�IRU�D�13´�
�L�H��D�FRUUHFWLRQ�IDFWRU�IRU�WUDQVPLVVLRQ�GLIIHUHQFHV�EHWZHHQ�WKH���VSHFLHV���
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