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'HSDUWPHQW�RI�(OHFWURQLFV��8QLYHUVLW\�RI�0LQLQJ�DQG�0HWDOOXUJ\�
DO��0LFNLHZLF]D������������.UDNRZ��3RODQG

7ZR�PDJQHWRPHWHUV�� UHVRQDQFH�YLEUDWLQJ�VDPSOH�PDJQHWRPHWHU� �5�960��DQG�PDJQHWRRSWLFDO�.HUU
HIIHFW�PDJQHWRPHWHU��02.(��GHVLJQHG�IRU�WKH�PHDVXUHPHQWV�RI�K\VWHUHVLV�ORRSV�RI�XOWUD�WKLQ�ILOPV�DQG
VSLQWURQLFV�HOHPHQWV�DUH�GHVFULEHG��%RWK�LQVWUXPHQWV�KDYH�EHHQ�EXLOW�E\�WKH�ILUVW�DXWKRU�RI�WKLV�SDSHU� LQ
WKH�'HSDUWPHQW�RI�(OHFWURQLFV��7KH�PHDVXULQJ�KHDG�RI�5�960�LV�XQLYHUVDO�DQG�FDQ�ZRUN� LQ� WKH�+HOP�
KROW]�FRLOV�DV�ZHOO�DV�LQ�DQ�HOHFWURPDJQHW��7KH�IUHTXHQF\�RI�5�960�LV�DERXW����+]��7HVW�PHDVXUHPHQWV
RQ�0J2�������)H��������DQG���0/�����c�&U�VDPSOHV�ZHUH�SHUIRUPHG�DQG�WKH�VHQVLWLYLW\�ZDV�HVWLPDWHG�DV
�� ��� �HPX��7KH�02.(�V\VWHP�ZLWK�D�GLIIHUHQWLDO�DPSOLILHU��LQ�FRQWUDVW�WR�ORFN�LQ�GHWHFWLRQ�WHFKQLTXH��LV
HVSHFLDOO\�UHFRPPHQGHG�IRU�UDSLG�PHDVXUHPHQWV�XS�WR�����N+]��7KH�FDOLEUDWLRQ�RI�WKH�.HUU�URWDWLRQ�DQJOH
ZDV�SHUIRUPHG�RQ� WKH�VWDQGDUG�)H�VSXWWHUHG� ILOPV� �ZLWK� WKLFNQHVV� IURP���QP� WR����QP�� DQG�)H�ZHGJH
VDPSOH��SUHSDUHG�E\�0%(�WHFKQLTXH��ZLWKLQ�WKH�UDQJH�RI�WKLFNQHVV�IURP���0/�WR����0/�RI�)H��%DVHG�RQ
WKH� PHDVXUHPHQW� RI� ��� ��� ��� ��� �� 0/� RI� )H�� WKH� DQJOH� UHVROXWLRQ� RI� .HUU� URWDWLRQ� ZDV� HVWLPDWHG� DV
������PLQ�� 7KH� H[DPSOH� PHDVXUHPHQW� RI� K\VWHUHVLV� ORRS� RQ� WKH� VSLQ� YDOYH� VWUXFWXUH� 6L� ������ 7D
����c��&R����c��&X�����c��&R�����c��)H0Q������c��7D�����c��LV�GHPRQVWUDWHG�

.H\�ZRUGV��PDJQHWRPHWU\��YLEUDWLRQ�VDPSOH�PDJQHWRPHWHU��960���PDJQHWRRSWLFDO�.HUU�HIIHFW��02.(��
PDJQHWLF�PRQRDWRPLF�OD\HUV��VSLQ�HOHFWURQLFV

���,QWURGXFWLRQ
0XOWLOD\HUV�LQ�WKH�IRUP�RI�DUWLILFLDO�VXSHUODWWLFHV�LQ�WKH�UDQJH�RI�WKLFNQHVV�RI�VHY�

HUDO�PRQRDWRPLF� OD\HUV�FRQVLVWLQJ�RI�GLIIHUHQW�PDJQHWLF�PDWHULDOV� �H�J��� VRIW�RU�KDUG
IHUURPDJQHWV�� DQWLIHUURPDJQHWV�� VHPLFRQGXFWRUV�� LQVXODWRUV�� IRUP� VSLQ�QDQRV\VWHPV
ZKLFK�PD\�EH�DSSOLHG�DV�PDJQHWRHOHFWURQLF�GHYLFHV��FHOOV�RI�PDJQHWLF�UDQGRP�DFFHVV
PHPRU\��0�5$0��>�@��VHQVRUV�>�@�RU� UHDG�KHDGV� LQ�KDUG�GLVN�GULYHV� >�@��6XFK�YHU\
WKLQ�ILOPV�GHSRVLWHG�RQWR�GLDPDJQHWLF�RU�SDUDPDJQHWLF�VXEVWUDWH��ZKHUH�WKH�YROXPH�RI
WKH�IHUURPDJQHWLF�PDWHULDO�LV�PXFK�VPDOOHU�WKDQ�WKH�YROXPH�RI�WKH�VXEVWUDWH�� UHTXLUH
BBBBBBBBB

� &RUUHVSRQGLQJ�DXWKRU��H�PDLO��ZURQD#DJK�HGX�SO�
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YHU\�VHQVLWLYH�LQVWUXPHQWV�DQG�SUHFLVH�PHWKRGV�IRU�PHDVXUHPHQW�RI�K\VWHUHVLV�ORRSV�
,Q� WKLV� SDSHU�� ZH� GHPRQVWUDWH� WKH� FRQVWUXFWLRQ� DQG� WHVW� PHDVXUHPHQWV� RI� WZR� YHU\
KLJKO\�VHQVLWLYH�PDJQHWRPHWHUV��UHVRQDQFH�YLEUDWLQJ�VDPSOH�PDJQHWRPHWHU��5�960�
>�@� DQG�PDJQHWRRSWLFDO�.HUU� HIIHFW� �02.(��PDJQHWRPHWHU� >�@��%RWK� DUUDQJHPHQWV�
ZKLFK�ZHUH�UHFHQWO\�EXLOW�LQ�WKH�'HSDUWPHQW�RI�(OHFWURQLFV�RI�WKH�8QLYHUVLW\�RI�0LQ�
LQJ� DQG� 0HWDOOXUJ\�� DUH� FKDUDFWHUL]HG� E\� ORZ�FRVW� DQG� VRSKLVWLFDWHG� HOHFWURQLFV
VROXWLRQV��:H�DOVR�VKRZ�WKDW�IRU�REWDLQLQJ�IXOO�LQIRUPDWLRQ�RQ�PDJQHWL]DWLRQ�UHYHUVDO
SURFHVV� LQ� PDJQHWLF� PXOWLOD\HUV�� ERWK� PDJQHWRPHWHUV� VKRXOG� EH� XVHG�� EHFDXVH� WKH
PHWKRGV�DUH� FRPSOHPHQWDU\��5�960�PHDVXUHPHQWV�GHOLYHU� LQIRUPDWLRQ� DERXW� DYHU�
DJHG� PDJQHWL]DWLRQ� SURFHVV� IURP� WKH� ZKROH� YROXPH� RI� WKH� VDPSOH�� ZKHUHDV
PDJQHWRRSWLFDO� LQIRUPDWLRQ� IURP�02.(�PDJQHWRPHWHU� LV� ORFDO�� OLPLWHG� E\� OLJKW�EHDP
VSRW�DQG�SHQHWUDWLRQ�GHSWK��IRU�PHWDOV�LW�LV�DERXW�����c�ZLWK�DQ�H[SRQHQWLDO�GHFD\��

���0DJQHWRPHWHU�5�960
7KH�LGHD�RI�5�960�LV�EDVHG�RQ�WKH�)DUDGD\�LQGXFWLRQ�ODZ�DQG�WKH�RULJLQDO�)RQHU

VROXWLRQ� >�@� DGRSWHG� IRU� PHDVXUHPHQWV� RI� XOWUD�WKLQ� ILOPV�� 7KHUH� DUH� WKH� IROORZLQJ
PDLQ� DGYDQWDJHV� RI� 5�960� LQ� UHODWLRQ� WR� WKH� )RQHU¶V� 960�� WKH� VDPSOH� RVFLOODWHV
�ZLWK�D�PD[LPXP�DPSOLWXGH�RI���PP��SDUDOOHO� WR� WKH�GLUHFWLRQ�RI�H[WHUQDO�PDJQHWLF
ILHOG��WKHUHIRUH�LW�LV�DOZD\V�LQ�WKH�UHJLRQ�RI�KRPRJHQHRXV�ILHOG��LQ�WKH�)RQHU¶V�960�
WKH�VDPSOH�YLEUDWHV�SHUSHQGLFXODUO\�WR�WKH�GLUHFWLRQ�RI�H[WHUQDO�PDJQHWLF�ILHOG���D�FRQ�
ILJXUDWLRQ�RI�SLFN�XS�FRLOV�LQ�WKH�IRUP�RI�VPDOO�6PLWK�FRLOV�LV�PRUH�IDYRXUDEOH�>�@�WKDQ
WZR�SDLUV�RI�SLFN�XS�FRLOV�FRQQHFWHG�DGYHUVHO\�DV�LQ�FRQYHQWLRQDO�)RQHU¶V�960�

7KH�EORFN�GLDJUDP�RI�5�960� LV� VKRZQ� LQ�)LJ�� ���7KH�PDJQHWLF� WKLQ� ILOP� LV� DW�
WDFKHG� WR� WKH� HQG� RI� D� JODVV� SLSH�URG� RVFLOODWLQJ� ZLWK� WKH� PHFKDQLFDO� UHVRQDQFH
IUHTXHQF\� RI� WKH� URG±VDPSOH� V\VWHP�� 7KH� RVFLOODWLRQV� DUH� IRUFHG� E\� D� SLH]RHOHFWULF
WUDQVGXFHU�DWWDFKHG�WR� WKH�KHDG� �$���7KH�SLH]RHOHFWULF� WUDQVGXFHU�ZRUNV� IDU� IURP� LWV
RZQ� UHVRQDQFH�� LQ� RXU� FDVH�ZLWK� WKH� IUHTXHQF\� HTXDO� DSSUR[LPDWHO\� WR� ���+]�� 7KH
VDPSOH�SODFHG� LQ� WKH�PDJQHWLF� ILHOG�� SURGXFHG�E\�+HOPKROW]� FRLOV� RU� HOHFWURPDJQHW
�%���RVFLOODWHV�EHWZHHQ�SLFN�XS�FRLOV��&��LQGXFLQJ�D�VLJQDO�ZKLFK�LV�WUDQVIHUUHG�WR�WKH
GLIIHUHQWLDO�LQSXW�RI�WKH�ORFN�LQ�DPSOLILHU��7KH�FDSDFLW\�VHQVRU��IRU�HOHFWURQLFV�GHWDLOV
VHH�H�J��>�@�RU�FRQWDFW�GLUHFWO\�WKH�ILUVW�DXWKRU��RI�WKH�VDPSOH�SRVLWLRQ��(��GHOLYHUV�WKH
VLJQDO�SURSRUWLRQDO�WR�WKH�DPSOLWXGH�RI�VDPSOH�RVFLOODWLRQV�DQG�VXSSOLHV�WKH�YROWDJH�WR
WKH�HOHFWURQLF�V\VWHP�ZKLFK�JHQHUDWHV�D�UHIHUHQFH�VLJQDO��IXUWKHU�SURYLGHG�WR�WKH�UHIHU�
HQFH� LQSXW� RI� WKH� ORFN�LQ� DPSOLILHU�� 7KH� RXWSXW� RI� GLJLWDO�WR�DQDORJ� FRQYHUWHU
�'$& �	��

� ��DQG�GLJLWDO�RXWSXW��' �	��

� ��RI�WKH�ORFN�LQ�DPSOLILHU�FRQWURO�WKH�FXUUHQW�IORZLQJ
WKURXJK�WKH�HOHFWURPDJQHW�DQG�LWV�GLUHFWLRQ��UHVSHFWLYHO\�

7KH� WHVODPHWHU� �+WP���Q���XVLQJ�D�+DOO� VHQVRU��PHDVXUHV�PDJQHWLF� ILHOG� DQG� WKH
YROWPHWHU�PHDVXUHV�WKH�DPSOLWXGH�RI�WKH�UHIHUHQFH�VLJQDO��7KH�VLJQDO�IURP�WKH�SLFN�XS
FRLOV��GHWHFWHG�E\�WKH�ORFN�LQ�DPSOLILHU��LV�PHDVXUHG�DV�D�IXQFWLRQ�RI�WKH�PDJQHWLF�ILHOG
DQG�DOORZV�RQH�WR�REWDLQ�WKH�K\VWHUHVLV�ORRS�RI�WKH�H[DPLQHG�VDPSOH�
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)LJ�����%ORFN�GLDJUDP�RI�5�960��$�±�KHDG��%�±�HOHFWURPDJQHW�
&�±�SLFN�XS�FRLOV��'�±�+DOO�VHQVRU��(�±�FDSDFLW\�VHQVRU�RI�SRVLWLRQ

)RU�KDUPRQLF�RVFLOODWLRQV�RI�WKH�VDPSOH��WKH�VLJQDO�H�LQGXFHG�LQ�WKH�SLFN�XS�FRLOV�LV
SURSRUWLRQDO�WR�WKH�DPSOLWXGH�RI�RVFLOODWLRQV�.��IUHTXHQF\�RI�WKH�VDPSOH�RVFLOODWLRQV�
DQG�PDJQHWLF�PRPHQW�RI�WKH�PHDVXUHG�VDPSOH�P�

�FRV�� WPJ.H wwm=
7KH� JHRPHWU\� RI� WKH� DSSOLHG� SLFN�XS� FRLOV� DQG� GLPHQVLRQV� RI� WKH� LQYHVWLJDWHG

VDPSOH� DUH� WDNHQ� LQWR� DFFRXQW� E\� D� JHRPHWULFDO� IDFWRU�J� >�@��ZKLFK� GHSHQGV� RQ� WKH
VDPSOH� SRVLWLRQ�PHDVXUHG� EHWZHHQ� SLFN�XS� FRLOV��'HVLJQHG� SLFN�XS� FRLOV� VKRXOG� EH
FKDUDFWHUL]HG�E\�D�ODUJH�IDFWRU�J�ZKLFK�VKRXOG�EH�LQGHSHQGHQW�RI�WKH�SRVLWLRQ�RI�WKH
PRYLQJ� VDPSOH�� ,Q�5�960�� WKH� 6PLWK� JHRPHWU\�ZDV� DSSOLHG� >��@� IRU� SLFN�XS� FRLOV
EHFDXVH�RI�WKH�ODUJHVW�YDOXH�RI� WKH�JHRPHWULFDO� IDFWRU�DQG�WKH�IODWWHVW�GHSHQGHQFH�RI
J�]�D � ���LQ�WKH�ZLGH�UDQJH�RI�VDPSOH�SRVLWLRQV�>�@��)LJ������)URP�WKH�DQDO\VLV�RI�J�DV
D�IXQFWLRQ�RI�SLFN�XS�FRLOV�VL]H��XQGHU�WKH�DVVXPSWLRQ�WKDW� WKH�VDPSOH�KDV�D�IRUP�RI
D�GLSROH���ZH�FDQ� VHH� WKDW� WKH� ODUJHVW�J� LV� IRU�] � �D � � ������ZKHUH��] � � LV� WKH� GLVWDQFH
EHWZHHQ�SLFN�XS�FRLOV��DQG�D � LV�WKH�UDGLXV�RI�WKH�FRLOV�DSSOLHG��)RU�] � �D � � �������DQG
] � �D � � ���������UHODWLYH�FKDQJHV�RI�J�GR�QRW�H[FHHG�����KHQFH�WKHVH�YDOXHV�DUH�UHFRJ�
QL]HG�DV�RSWLPDO��7KH�FDOLEUDWLRQ�RI�PDJQHWRPHWHU�ZDV�FDUULHG�RXW�E\�H[DPLQLQJ�WKH
JHRPHWULFDO� IDFWRU�J� IRU�GLIIHUHQW� VKDSHV�RI� IODW� VDPSOHV�PDGH�RI� KLJK�SXULW\� QLFNHO
IRLO��7KH�PDLQ�SXUSRVH�RI�XVLQJ�5�960�ZDV�WR�PDNH�PHDVXUHPHQWV�RI�WKH�K\VWHUHVLV
ORRS��VDWXUDWLRQ�PDJQHWL]DWLRQ��FRHUFLYH�IRUFH�DQG�DQLVRWURS\�ILHOG�
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)LJ�����*HRPHWULFDO�IDFWRU�IRU�RQH�WXUQ�RI�FRLOV��IRU�GLSROH�VDPSOH���D�
DQG�UHODWLYH�FKDQJH�RI�JHRPHWULFDO�IDFWRU�IRU�GLSROH��E��� �±�H[SHULPHQWDO�GDWD�IRU�1L�IRLO
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)LJ�����+LJK�ILHOG��D��DQG�ORZ�ILHOG��E��PHDVXUHPHQWV
RI�WKH�0J2�������)H����0/��&U�����c��VDPSOH�RULHQWHG�HSLWD[LDOO\

,Q�WKH�FDVH�RI�YHU\�WKLQ�PDJQHWLF�ILOPV��D�VLJQDO�IURP�WKH�VXEVWUDWH�LV�FRPSDUDEOH�WR
WKH�VLJQDO�IURP�WKH�WKLQ�OD\HU�DV�VKRZQ�LQ�)LJ���D��7HVW�PHDVXUHPHQWV�ZHUH�SHUIRUPHG
RQ�PRQROD\HUV� RI� )H��ZLWK� YDULDEOH� WKLFNQHVV�� ��0/�� ��0/� DQG� ��0/� ���0/� RI� )H
 � � �����c��� GHSRVLWHG� E\� WKH�PROHFXODU� EHDP� HSLWD[\� �0%(�� WHFKQLTXH� RQ� WKH�0J2
������VXEVWUDWH�DQG�SURWHFWHG�DJDLQVW�R[LGDWLRQ�E\�D����c�WKLFN�&U�OD\HU��7KH�YROXPH�RI
WKH�VXEVWUDWH�ZDV�E\�VHYHQ�RUGHUV�RI�PDJQLWXGH�KLJKHU�WKDQ�WKDW�RI�LURQ�OD\HU��WKH�YRO�
XPH�RI�0J2� VXEVWUDWH� ±� ��s t �P u � DQG�YROXPH�RI� ����c�)H� OD\HU� ±� ���Â��s � v �P u ��� 7KH
VLJQDO�IURP�WKH�GLDPDJQHWLF�0J2�VXEVWUDWH�LV�QHJDWLYH�DQG�YDULHV�OLQHDUO\�ZLWK�PDJQHWLF
ILHOG��)LJ���D���7KH�WRWDO�VLJQDO�IURP�VXEVWUDWH�DQG�)H����0/�� �����c��&U�����c��ZDV
PHDVXUHG� LQ� WKH� HOHFWURPDJQHW� LQ�KLJK�PDJQHWLF� ILHOG� �)LJ���D�� DQG� LQ� WKH�+HOPKROW]
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FRLOV� LQ� ORZ�ILHOG��)LJ���E��� WKHQ�WKH�GLDPDJQHWLF�VLJQDO� IURP� WKH�VXEVWUDWH�ZDV�VXE�
WUDFWHG��)LQDOO\��WKH�K\VWHUHVLV�ORRS�LQ�WKH�KDUG�GLUHFWLRQ�ZDV�REWDLQHG��WKH�HDV\�D[LV�LV
WKH�>���@�GLUHFWLRQ�IRU�)H���$�VLJQDO�YHU\�ZHDN��EXW�VXIILFLHQW�WR�UHJLVWHU�WKH�PDJQHWLF
K\VWHUHVLV��ZDV�REWDLQHG�IURP���0/�DQG���0/�RI�)H�VDPSOHV��)LJ�����
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)LJ�����+\VWHUHVLV�ORRSV�IRU������DQG���0/�RI�)H�DIWHU�VXEWUDFWLQJ�WKH�VLJQDO�IURP�WKH�VXEVWUDWH

%DVHG� RQ� WKHVH� PHDVXUHPHQWV�� WKH� VHQVLWLYLW\� RI� 5�960� ZDV� HVWLPDWHG� DV
��s:9 �HPX��EXW�WKH�PDJQHWLF�PRPHQW�UHVROXWLRQ�ZDV�HTXDO�WR���s<; �HPX��7KH�UHVROXWLRQ
RI�PDJQHWLF�PRPHQW�PHDVXUHPHQW�UHVXOWV�IURP�GLJLWDO�UHVROXWLRQ�RI�WKH�VLJQDO�PHDV�
XUHG�E\�WKH�ORFN�LQ�DPSOLILHU�

���.HUU�PDJQHWRPHWHU
$� KLJK�VHQVLWLYLW\� PDJQHWRRSWLFDO� .HUU� PDJQHWRPHWHU� EDVHG� RQ� WKH� GLIIHUHQWLDO

DPSOLILHU�� LQ� FRQWUDVW� WR� ORFN�LQ� GHWHFWLRQ� WHFKQLTXH�� LV� HVSHFLDOO\� UHFRPPHQGHG� IRU
UDSLG� PHDVXUHPHQWV� XS� WR� ���� N+]�� 7KH� DUUDQJHPHQW� IRU� PHDVXUHPHQWV� RI� PDJQH�
WRRSWLFDO�K\VWHUHVLV�ORRSV�LV�VKRZQ�LQ�)LJ�����7KH�FRKHUHQW�OLJKW�IURP�WKH�+H�1H�ODVHU
�=��� ZLWK� �� P:� SRZHU� DQG� ZDYHOHQJWK� l�  � ���� QP�� LV� SRODUL]HG� E\� WKH� *ODQ±
7KRPSVRQ�SULVP�SRODUL]HU��3��DQG�LV�WKHQ�UHIOHFWHG�E\�WKH�VXUIDFH�RI�WKH�VDPSOH��6�
SODFHG�LQ� WKH�FHQWUH�RI� WKH�+HOPKROW]�FRLOV� �+��RU�DQ�HOHFWURPDJQHW��1H[W�� LW�SDVVHV
WKURXJK� WKH�:ROODVWRQ� SULVP� �:��ZKLFK� VSOLWV� WKH� EHDP� LQWR� WZR� EHDPV� SRODUL]HG
OLQHDUO\� LQ�PXWXDOO\�RUWKRJRQDO�SODQHV��7KHVH�EHDPV�DUH� IRFXVHG�E\� WKH� OHQV� �/��RQ
WKH� SKRWRGLRGHV� RI� GLIIHUHQWLDO� DPSOLILHU� �$�� �IRU� HOHFWURQLFV� GHWDLOV� VHH� >�@��� 7KH
DPSOLILHU� GHOLYHUV� ERWK� WKH� FRPPRQ� �8 = �� DQG� WKH� GLIIHUHQWLDO� �8> �� VLJQDOV�
SURSRUWLRQDO� WR� WKH� VXP� DQG� GLIIHUHQFH� RI� WKH� OLJKW� LQWHQVLWLHV� RI� WKH� EHDPV�
UHVSHFWLYHO\��7KHVH�VLJQDOV�DUH�PHDVXUHG�E\�D�KLJK�UHVROXWLRQ�����ELW��DQG�UDSLG�����
N+]��$'�FRQYHUWHU�LQ�3&,�������FRPSXWHU�FDUG��7KH�FRPSXWHU�FRQWUROV�WKH�YROWDJH�RI
D�SURJUDPPDEOH�ELSRODU�FXUUHQW�VRXUFH��.(3&2�%23������0��ZKLFK�LV�XVHG�WR�GULYH
WKH�FXUUHQW�WKURXJK�WKH�+HOPKROW]�FRLOV��RU�WKH�HOHFWURPDJQHW��WR�SURYLGH�D�VZHHSLQJ
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KROW]�FRLOV��RU�WKH�HOHFWURPDJQHW��WR�SURYLGH�D�VZHHSLQJ�PDJQHWLF�ILHOG��7KH�PDJQHWLF
ILHOG� LV� DFFXUDWHO\� FDOLEUDWHG� EHIRUH� PHDVXUHPHQWV� RI� WKH� K\VWHUHVLV� ORRS� XVLQJ
D�WHVODPHWHU��+WP���Q��

)LJ�����6FKHPDWLF�OD\RXW�RI�02.(�V\VWHP�DUUDQJHPHQW��=�±�ODVHU��3�±�SRODULVHU�
+S�±�+DOO�SUREH��:�±�:ROODVWRQ�SULVP��/�±�OHQV��$�±�GLIIHUHQWLDO�DPSOLILHU�

+�±�+HOPKROW]�FRLOV��(�±�FDSDFLW\�VHQVRU�RI�WKH�VDPSOH�SRVLWLRQ

7KH�02.(�V\VWHP�LV�SURJUDPPHG�XVLQJ�WKH�/DE9LHZ�SURJUDPPLQJ�HQYLURQPHQW�
7KH�GLIIHUHQWLDO�WR�FRPPRQ�VLJQDO�UDWLR�PHDVXUHG�DV�D�IXQFWLRQ�RI�WKH�PDJQHWLF�ILHOG
JLYHV�K\VWHUHVLV�ORRS�DW�WKH�SRLQW�RI�VDPSOH�LOOXPLQDWHG�E\�WKH�ODVHU�EHDP��)RU�GHWHU�
PLQDWLRQ� RI� WKH� DEVROXWH� YDOXH� RI� WKH� .HUU� URWDWLRQ� DQJOH�� D� FDOLEUDWLRQ� FXUYH� RI
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)LJ�����.HUU�URWDWLRQ�DQJOH�RI�)H�VSXWWHUHG�ILOPV�PHDVXUHG
LQ�VDWXUDWLRQ�ILHOG������7��YV��WKLFNQHVV�RI�)H

GLIIHUHQWLDO�WR�FRPPRQ�VLJQDO�UDWLR�DV�D�IXQFWLRQ�RI�WKH�URWDWLRQ�DQJOH�RI�WKH�SRODUL]D�
WLRQ� SODQH�8> �8 = �  � I� K �� ZDV� UHFRUGHG�� 7KH� FDOLEUDWLRQ� ZDV� GRQH� E\� URWDWLRQ� RI
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D�KROGHU� LQ�ZKLFK� WKH�:ROODVWRQ�SULVP�� WKH� OHQV� DQG� WKH�DPSOLILHU�ZLWK�SKRWRGLRGHV
DUH� PRXQWHG� WRJHWKHU�� $GGLWLRQDOO\�� WKH� FDOLEUDWLRQ� RI� WKH� .HUU� URWDWLRQ� DQJOH� ZDV
SHUIRUPHG� RQ� VWDQGDUG� VSXWWHUHG� )H� ILOPV�ZLWK� WKH� WKLFNQHVV� IURP� �� QP� WR� ��� QP�
XVLQJ�D�.HUU�VSHFWURPHWHU��LQ�WKH�,QVWLWXWH�RI�3K\VLFV��8QLYHUVLW\�RI�%LDá\VWRN��EDVHG
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6�798;: 6*8;:

<=8;: > 8;:

)LJ�����.HUU�URWDWLRQ�K\VWHUHVLV�ORRSV
RI�������������0/�RI�)H�IRU�V�DQG�S�SRODUL]DWLRQ

?A@CB D#E�FHGCI�IKJCGML NPO�QR S�R TUR VUR W#R XUR

YAZ[
\] ^

_ `a

b Rdc W
b Rdc T

Rdc R

Rdc T

Rdc W

egf�h�i j�k l m�j�n l h�o
pqf�h�i j�k l m�j�n l h�o

)LJ�����.HUU�URWDWLRQ�DQJOH�RI�)H�ZHGJH�VDPSOH�SUHSDUHG�E\�0%(
YV��WKLFNQHVV�IRU�S�DQG�V�SRODUL]DWLRQ��7KH�DUURZV�LQGLFDWH
WKH�WUDQVLWLRQ�IURP�LQ�SODQH�WR�SHUSHQGLFXODU�DQLVRWURS\
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RQ�WKH�SRODUL]DWLRQ�PRGXODWLRQ�WHFKQLTXH��)LJXUH���VKRZV�WKH�H[SHULPHQWDO�DQG�FDOFXODWHG
GDWD�>�@��:H�FDQ�VHH�WKDW�DERYH�WKH�WKLFNQHVV�RI����QP��WKH�H[SHULPHQWDO�DQG�FDOFXODWHG
GDWD�DJUHH�YHU\�ZHOO�EXW�EHORZ�WKDW�YDOXH�WKH�GLIIHUHQFH�EHWZHHQ�WKHP�LQFUHDVHV�ZLWK�GH�
FUHDVLQJ�WKLFNQHVV�RI�)H�GXH�WR�WKH�SUHVHQFH�RI�D�QRQVWRLFKLRPHWULF�LURQ�R[LGH�OD\HU�DERXW
��QP�WKLFN�>�����@��7KH�VHQVLWLYLW\�RI�WKH�PDJQHWRPHWHU�GHVLJQHG�ZDV�GHWHUPLQHG�RQ�WKH
EDVLV� RI�PHDVXUHPHQW� RI� XOWUD�WKLQ� )H�ZHGJH� ILOP�� SUHSDUHG� E\�0%(� WHFKQLTXH� RQ� WKH
����c�WKLFN�EXIIHU�OD\HU�RI�$X�������JURZQ�RQ�0J2�VLQJOH�FU\VWDO�VXEVWUDWH��7KH�WKLFNQHVV
RI�)H�UDQJHG�EHWZHHQ���0/�DQG����0/��7KH�VDPSOH�ZDV�FDSSHG�ZLWK�D����c�WKLFN�$X
OD\HU�WR�SUHYHQW�R[LGDWLRQ��([DPSOHV�RI�.HUU�URWDWLRQ�K\VWHUHVLV�ORRSV�IRU�S�DQG�V�SRODUL]D�
WLRQ� IRU�������������0/�DUH� VKRZQ� LQ�)LJ�����7KH� ORQJLWXGLQDO�.HUU� HIIHFW�PHDVXUHPHQW
SURYHG�WKH�SUHVHQFH�RI�WKH�LQ�SODQH�PDJQHWLF�DQLVRWURS\�IRU�)H�WKLFNQHVV�EHWZHHQ����DQG
��0/��VKRZLQJ�D�GHFUHDVH�RI�WKH�.HUU�URWDWLRQ�ZLWK�GHFUHDVLQJ�)H�WKLFNQHVV��)LJ������%H�
ORZ�WKH�FULWLFDO�WKLFNQHVV����0/���D�GUDVWLF�LQFUHDVH�RI�WKH�.HUU�URWDWLRQ�ZDV�REVHUYHG�GXH
WR� WKH�FKDQJH�RI� WKH�HDV\�PDJQHWL]DWLRQ�D[LV� LQ� WKH�GLUHFWLRQ�SHUSHQGLFXODU� WR� WKH� OD\HU�
7KLV�FKDQJH�ZDV�DFFRPSDQLHG�E\�WKH�DSSHDUDQFH�RI�WKH�SRODU�FRQWULEXWLRQ�WR�WKH�PHDVXUHG
VLJQDO�>��@��7KH�PHDVXUHPHQWV�RQ�)H�ZHGJH�VDPSOH�SURYH�WKDW���0/�)H�LV�VWLOO�IHUURPDJ�
QHWLF� DW� D�URRP� WHPSHUDWXUH� �)LJ�� ���� 2Q� WKH� EDVLV� RI� WKHVH� PHDVXUHPHQWV� WKH� DQJOH
UHVROXWLRQ�RI�WKH�.HUU�URWDWLRQ�ZDV�HVWLPDWHG�DV�������PLQ�

���7HVW�PHDVXUHPHQWV�XVLQJ�VSLQWURQLF�HOHPHQWV
7KH�PHDVXUHPHQWV�RI�WKH�K\VWHUHVLV�ORRSV�ZHUH�SHUIRUPHG�RQ�VHOHFWHG�VSLQ�YDOYH

VWUXFWXUHV�DQG�RQ�DQ�DUUD\�RI�PDJQHWLF�GRWV�>�@��7KH�VSLQ�YDOYH�7D�����c��&R�����c�
�&X�����c��&R�����c��)H0Q������c��7D�����c��VWUXFWXUH�VSXWWHUHG�RQ�6L������LV�GHP�
RQVWUDWHG� KHUH� DV� DQ� H[DPSOH� �)LJ�� ���� ,Q� FRQWUDVW� WR� WKH� PDJQHWL]DWLRQ� RI� 5�960
PHDVXUHPHQW�� WKH� VLJQDO� RI� WKH�PDJQHWRRSWLFDO� K\VWHUHVLV� ORRS� LV� KLJKHU� IRU� SLQQHG
OD\HU��O\LQJ�DW�WKH�WRS�RI�PXOWLOD\HU�V\VWHP��GXH�WR�OLJKW�DEVRUSWLRQ�HIIHFW�

� �
	 

	� �
�

�� �
��
��
��� �

� �
� �
���

�
�
�
�

���!  
"�# $&%�'
(*),+ (.-/+ ).0 1 2!3

46587:9 ;=<?>
� �A@B� � � �C�D@E�C� � � @ � @

F
G
�

� �IH �
�C�!H @
�C�!H �
� � H @

� H �
� H @
�!H �
�!H @
�IH �

)LJ�����&RPSDULVRQ�RI�WKH�VSLQ�YDOYH�K\VWHUHVLV�ORRSV�
PDJQHWL]DWLRQ��5�960���.HUU�URWDWLRQ�DQJOH�DQG�FDOFXODWHG�YDOXHV
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1HYHUWKHOHVV��WKH�VZLWFKLQJ�ILHOGV�GHWHUPLQHG�IURP�PDJQHWL]DWLRQ�DQG�.HUU�HIIHFW
PHDVXUHPHQWV�DUH�DOPRVW�WKH�VDPH��7KH�FDOFXODWLRQV�RI�PDJQHWL]DWLRQ�K\VWHUHVLV�ORRS
DJUHH�YHU\�ZHOO�ZLWK� WKH�PHDVXUHPHQWV�SHUIRUPHG�E\�PHDQV�RI�5�960��7KH� ILWWLQJ
SDUDPHWHUV�DUH�WKH�IROORZLQJ��LQWHUOD\HU�H[FKDQJH�HQHUJ\�- � � ����Â����� �-�P � ��H[FKDQJH
ELDVHG�HQHUJ\�(��� � ����Â����� � -�P � � DQG�XQLD[LDO�DQLVRWURS\�RI�D� IUHH� DQG� WKH�SLQQHG
OD\HUV�DUH�. �	� � �����Â�� 
 �-�P 
 �DQG�. � � � ����Â�� 
 �-�P 
 ��UHVSHFWLYHO\�

���&RQFOXVLRQV
7KH�PDJQHWRPHWHUV� GHVLJQHG� DUH� KLJKO\� VHQVLWLYH� DQG� DEOH� WR�PHDVXUH� YHU\� WKLQ

ILOPV�GRZQ� WR� ��0/�RI�)H��'XH� WR� VLPSOH� RSHUDWLRQ�PHWKRGV�� ERWK� LQVWUXPHQWV� DUH
UHFRPPHQGHG� IRU� D� IDVW� FKDUDFWHUL]DWLRQ� RI� IXQGDPHQWDO� PDJQHWLF� SDUDPHWHUV� RI
PRQRDWRPLF� OD\HUV��PXOWLOD\HUV� DQG� VSLQWURQLFV� HOHPHQWV��7KH\� DUH� VLPSOH� IURP� WKH
HOHFWURQLF�SRLQW�RI�YLHZ�DV�ZHOO�DV�IURP�WKH�PHFKDQLFDO�RQH��WKH�FRVW�RI�FRQVWUXFWLQJ
WKH�WZR�PDJQHWRPHWHUV�EHLQJ�YHU\�ORZ�LQ�UHODWLRQ�WR�FRPPHUFLDO�GHYLFHV�

$FNQRZOHGJHPHQWV
7KH� DXWKRUV� WKDQN� 3URI�� -�� .RUHFNL� DQG� 'U�� 7�� O ]DN� IRU� VXSSO\LQJ� 0%(�GHSRVLWHG� VDPSOHV� RI

0J2�)H�PRQROD\HUV��7KLV�ZRUN�ZDV�SDUWLDOO\�VXSSRUWHG�E\�WKH�6WDWH�&RPPLWWHH�IRU�6FLHQWLILF�5HVHDUFK
�JUDQWV�1R��3%=�.%1�����3���������DQG������������
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