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ZDWHU� LQOHWV� DORQJ� WKH� WXQQHO� ZLWK� VLJQLILFDQW� IORZ�� WKH� WXQQHO� ORVVHV�PXVW� EH� VXEGLYLGHG� LQWR
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PLQLPXP�DQG�PD[LPXP�YDOXHV�

7KH� SRO\QRPLQDOV� 7L�[�� DUH� &KHE\VKHY� SRO\QRPLQDOV� RI� ��VW� NLQG�� GHJUHH� L� DQG� FDQ� HDVLO\� EH
H[SUHVVHG�LQ�WHUPV�RI�UHFXUVLRQ�IRUPXOD
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7KH� GRXEOH� VXP� LV� WDNHQ� WR� WKH�PD[LPXP� GHJUHH� .� LQ�4� DQG� /� LQ� +� ZKLFK� LV� QHFHVVDU\� WR
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7KH�FRHIILFLHQW�PDWUL[�&�L�M��LV�WKH�DFWXDO�GDWD�WKDW�QHHG�WR�EH�VWRUHG�IRU�HDFK�WXUELQH��:LWK�.� �/
 � ��� WKLV� LV� D� �[��PDWUL[�� 7KH� FRQYHQLHQFH�RI� WKLV� UHSUHVHQWDWLRQ� LV� WKDW� WKH� SRO\QRPLQDOV� DUH
RUWKRJRQDO��DQG�LI�WKH�QRPLQDO�SRLQW�RI�RSHUDWLRQ�LV�FKRVHQ�WR�EH�LQ�WKH�SRLQW��;&��<&�� �������ZH
VHH� WKDW� WKH� FRHIILFLHQW�&������ LV� WKH� EHVW�SRLQW� HIILFLHQF\� RI� WKH� WXUELQH�� $OO� RWKHU� FRHIILFLHQWV
UHSUHVHQW� WKH� VKDSH� RI� WKH� HIILFLHQF\� FXUYH� RXWVLGH� WKH� EHVW�SRLQW�� )RU� FRQGLWLRQ� PRQLWRULQJ
SXUSRVHV�� LW� LV� WKHUHIRUH� SRVVLEOH� WR� HVWLPDWH� RQO\� WKH� &������ SDUDPHWHU�� DVVXPLQJ� WKDW� D
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PHDQV�WKDW�WKH�EHVW�SRLQW�HIILFLHQF\�ZLOO�EH�REVHUYDEOH�UHJDUGOHVV�RI�ZKHWKHU�WKH�WXUELQH�UXQV�DW
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QHHGHG�� LQ�ZKLFK� WKH�ZKROH� UDQJH�RI� RSHUDWLRQDO� SRLQWV� DUH� FRYHUHG�� 7KH� DFWXDO� DOJRULWKP� WR
GHWHUPLQH� WKH� EHVW� &KHE\VKHY� ILW� WR� WKRVH� GDWD� LV� WKH� (2�&$)� URXWLQH� RI� WKH� )RUWUDQ� 1$*
OLEUDU\�

7ZR�RWKHU�SDUDPHWHUV� DUH� YDOXDEOH� IRU� WKH�REVHUYDWLRQ�RI� WKH� VWDWH�RI� WKH� WXUELQH��2QH� LV� WKH
:LQWKHU�.HQQHG\�PHDVXUHPHQW��7KH�RWKHU�LV�WKH�7RUULFHOOL�ODZ�RI�WKH�JXLGH�YDQH�DSSDUDWXV��7KH
:LQWKHU�.HQQHG\�PHDVXUHPHQW�LV�D�GLIIHUHQWLDO�SUHVVXUH�VHQVRU�FRQQHFWHG�WR�WKH�LQQHU�SDUW�DQG
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���� J� LV� WKH

DFFHOHUDWLRQ�RI� JUDYLW\� DQG�+� LV� WKH� HIIHFWLYH� KHDG� DFURVV� WKH� WXUELQH�� 7KLV� FRQVWDQW�PLJKW� EH
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7KH� IXQGDPHQWDO� VWHDG\�VWDWH�HTXDWLRQ� OLQNLQJ�4�DQG�+� WR� WKH� DFWLYH�SRZHU�RI� WKH� JHQHUDWRU�
ZKLFK�LV�DQ�LPSRUWDQW�PHDVXUHPHQW��LV

3� �ρ J�η �4�+��⋅ 4�⋅ +�����:�

ZKHUH� ρ� LV� GHQVLW\� RI� ZDWHU�� J� LV� DFFHOHUDWLRQ� RI� JUDYLW\�� η� LV� WKH� HIILFLHQF\� RI� WXUELQH� DQG
JHQHUDWRU��7KH�HIILFLHQF\�RI� WKH�JHQHUDWRU� LV�D�VLPSOH� IXQFWLRQ�RI�DFWLYH�SRZHU�DQG�FDQ�EH�VHW
FRQVWDQW�IRU�PRVW�RI�WKH�RSHUDWLRQDO�LQWHUYDO�RI�WKH�JHQHUDWRU��FORVH�WR�������

����7232/2*<�2)�$&78$/�3/$17

)ROORZLQJ� WKH� JHQHUDO� VWUXFWXUH�� WKH� PRGHOOLQJ� RI� WKH� K\GUDXOLF� ORVVHV� LQ� WKH� DFWXDO� SODQW� LV
GHILQHG�E\�WKH�WRSRORJ\�SDUDPHWHUV

1F QXPEHU�RI�ZDWHU�LQOHWV�DORQJ�WKH�WXQQHO
1S QXPEHU�RI�SHQVWRFNV
17 QXPEHU�RI�WXUELQHV��7KLV�QXPEHU�PXVW�EH�VSHFLILHG�DV�D�VHW�RI�QXPEHUV��VD\LQJ�

KRZ�PDQ\�WXUELQHV�DVVRFLDWHG�WR�HDFK�SHQVWRFN
17� �17S����1WS�����������17S1S

*LYHQ� WKHVH� WRSRORJ\� SDUDPHWHUV�� LW� LV� SRVVLEOH� WR� ZULWH� XS� WKH� HTXDWLRQV� GHVFULELQJ� WKH
FRQYHUVLRQ�RI�HQHUJ\�DQG�WKH�ORVVHV�LQ�WKH�SODQW�

8SVWUHDP�WXQQHO

7KLV� LV� GHILQHG�DV� UXQQLQJ� IURP� WKH�PDLQ� LQOHW� RI� WKH� XSVWUHDP� UHVHUYRLU�� WR� DQG� LQFOXGLQJ� WKH
WUDVKUDFN�
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����6HSWHPEHU������

4�� LV� GLVFKDUJH� IURP� UHVHUYRLU�� 4L� LV� GLVFKDUJH� WKURXJK� LQOHW� QR�� L�� +S� LV� KHDG� RQ� WRS� RI
SHQVWRFN�V���7KH�GLVFKDUJH�WKURXJK�WKH�WUDVKUDFN�4WU� LV�HTXDO� WR� WKH�WRWDO�GLVFKDUJH�4WRWDO�RI� WKH
SODQW�LQ�WKLV�FRQILJXUDWLRQ�

3HQVWRFNV�DQG�WXUELQHV

7KH�SHQVWRFNV�DUH�DVVXPHG�WR�EH�SDUDOOHO�VWUXFWXUHV��VR�ZH�KDYH

+S���+X  �NS�4
�
S����+7S�

 �NS�4
�
S����+7S�

•

•

 �NS1S4
�
S1S���+7S1S

+HUH�� WKH�SDUDPHWHUV�NS���NS��� �����NS1S�DUH� WKH� ORVV�FRHIILFLHQWV�RI�HDFK�SHQVWRFN�� WKH� ORVV�EHLQJ
SURSRUWLRQDO�WR�WKH�VTXDUH�RI�WKH�GLVFKDUJH��+X�LV�WKH�KHDG�GRZQVWUHDP�RI�WKH�FRPPRQ�RXWOHW�RI
WXUELQHV��DQG�+7S���+WS��������+7S1S�DUH�WKH�HIIHFWLYH�KHDG�RI�HDFK�VHW�RI�WXUELQHV�DVVRFLDWHG�ZLWK�WKH
UHVSHFWLYH� SHQVWRFN� S��� S��� ���� 7KHVH� HIIHFWLYH� KHDGV� HQWHU� LQWR� WKH� VWDWH� YHFWRU� RI� WKH� SODQW�
WRJHWKHU�ZLWK�HDFK�RI�WKH�GLVFKDUJHV�WKURXJK�WXUELQHV�

'RZQVWUHDP�WXQQHO

7KLV�LV�GHILQHG�DV�UXQQLQJ�IURP�WKH�MRLQW�SRLQW�RI�WKH�GUDIW�WXEHV�RI�WXUELQHV�WR�WKH�RXWOHW�RI�WKH
GRZQVWUHDP�UHVHUYRLU��7KLV�PHDQV

+X���+X\� �NX4
�
WRWDO

,W�LV�DVVXPHG�WKDW�WKHUH�DUH�QR�VLQJXODU�ORVVHV�DVVRFLDWHG�ZLWK�HDFK�WXUELQH�RXWOHW�RWKHU�WKDQ�WKH
ORVVHV� LQ� WKH� WXUELQH� LWVHOI�� DQG� WKHVH� ORVVHV� DUH� LQFOXGHG� LQ� WKH� HIILFLHQF\� IXQFWLRQ�RI� WXUELQHV
H[SODLQHG�DERYH�

+X� LV� WKH� KHDG� MXVW� GRZQVWUHDP� RI� WKH� WXUELQHV�� DQG� +X\� LV� WKH� KHDG� �ZDWHU� OHYHO�� RI� WKH
GRZQVWUHDP�UHVHUYRLU�

,Q�FDVH�WKHUH�LV�QR�GRZQVWUHDP�WXQQHO��ZH�KDYH�+X� �+X\�DQG�WKHUH�FDQ�EH�QR�H[WUD�K\GUDXOLF
ORVV�GRZQVWUHDP�RI�WKH�WXUELQH�V��
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�� 287387�'$7$�'(),1,7,21

��� 5$1.('�/,67�2)�+<327+(6(6

5DQNHG�OLVW�RI�PRVW� OLNHO\�K\SRWKHVHV��LQWHJHU�YHFWRU��DQG�WKH�FRUUHVSRQGHQW�SUREDELOLWLHV� IRU�D
K\SRWKHVLV�WR�EH�WKH�RQH�WR�UHSUHVHQW�WKH�DFWXDO�FRQGLWLRQ�LQ�WKH�SODQW��,Q�PRVW�FDVHV��E\�D�VLQJOH
IDXOW��RU�E\�D�QRUPDO�VWDWH��WKH�WRS�K\SRWKHVLV�VKRXOG�GRPLQDWH��L�H��D�SUREDELOLW\�FORVH�WR�RQH��

��� 67$7(�9(&725

7KH�VWDWH�YHFWRU�RI�WKH�K\GUDXOLF�RSHUDWLRQ�SRLQW�LV�GHILQHV�E\�WKH�NH\�YDULDEOHV�RI�WKH�WXUELQHV�
4L���L ��������17��ZKHUH�17�LV�WKH�WRWDO�QXPEHU�RI�WXUELQHV��DQG�WKH�GLIIHUHQFH�LQ�VWDWLF�KHDG��+R\�
+X\��EHWZHHQ�WKH�XSVWUHDP�DQG�GRZQVWUHDP�UHVHUYRLUV�

7KH�IROORZLQJ�VWUXFWXUH�LV�GHILQHG�IRU�WKH�VWDWH�YHFWRU�[�

[� ��47����47�����������47,17S���47����47�����������47�17S����������4717S1S��+G�
7

ZKHUH�����7�PHDQV�WKH�WUDQVSRVH�RI�WKH�URZ�YHFWRU��DQG�+G� �+R\���+X\�LV�WKH�VWDWLF�KHDG�GLIIHUHQFH�

([DPSOH

:LWK� WZR� SHQVWRFNV� DQG� �� WXUELQHV� VXFK� WKDW� WXUELQHV� �� DQG� �� DUH� FRQQHFWHG� WR� WKH� ILUVW
SHQVWRFN�DQG�WXUELQH���LV�XQGHU�WKH�VHFRQG�SHQVWRFN��ZH�JHW�

17S�� ��
17S�� ��

DQG�WKH�VWDWH�YHFWRU�

[� ��47����47�����47�����+G�

*LYHQ� WKLV� VWDWH� YHFWRU� DQG� WKH� UDGLDO� VWUXFWXUH� RI� WKH� SODQW� GHILQHG� LQ� VHFWLRQ� ����� DQG� DOO
SDUDPHWHUV�GHVFULELQJ� WKH�K\GUDXOLF� ORVVHV�� WKHQ�DOO�RWKHU�YDULDEOHV�FDQ�EH�FDOFXODWHG� IURP� WKH
VWDWH�YHFWRU�

7KH�HIIHFWLYH�KHDG�+7S��LV�FRPPRQ�IRU�WXUELQH���DQG���DQG�JLYHQ�E\�

+7S�� �+G��XSVWUHDP�ORVVHV��7S�����GRZQVWUHDP�ORVVHV�

7KH�XSVWUHDP�ORVVHV��UHIHUUHG�WR�WXUELQHV�RQ�SHQVWRFN���DUH�

,Q�WKLV�H[SUHVVLRQ��RQO\�WKH�ODVW�WHUP�FKDQJHV�IURP�SHQVWRFN�WR�SHQVWRFN�

7KH�GRZQVWUHDP�ORVVHV�DUH�
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$OO�V\PEROV�DUH�H[SODLQHG�LQ�VHFWLRQ������DERYH�

7KLV� LV� WKH� VWDWH� YHFWRU� WKDW� HQWHUV� LQWR� WKH� FDOFXODWLRQ� RI� WKH� QRUPDO� VWDWH�� L�H�� QR� SDUDPHWHU
HVWLPDWLRQ��7KLV�LV�WKH�RUGLQDU\�.DOPDQ�)LOWHU�FDOFXODWLRQ�

��� 3$5$0(7(5�9(&725

7KH� SDUDPHWHUV� DVVRFLDWHG� ZLWK� WKWH� FRQGLWLRQ� PRQLWRULQJ� DUH� WKH� ORVV� FRHIILFLHQWV� RI� WKH
K\GUDXOLF�V\VWHP��N���N���N��������N1&�RI�WKH�WXQQHO��RU�MXVW�NW� �N��LI�WKHUH�DUH�QR�ZDWHU�LQOHWV�DORQJ
WKH� WXQQHO��� )XUWKHUPRUH�� WKH� ORVV� NRHIILFLHQW� � RI� WKH� WUDVKUDFN� NWU�� WKH� ORVV� FRHIILFLHQWV� RI� WKH
SHQVWRFNV� NS��� NS��� ����� NS1S� DUH� VXEMHFW� WR� HVWLPDWLRQ�� DV� ZHOO� DV� WKH� ORVV� FRHIILFLHQW� NX� RI� WKH
GRZQVWUHDP� �WDLOUDFH�� WXQQHO� LI� WKHUH� LV� VXFK� D� WXQQHO�� 7KHQ� IRU� HDFK� WXUELQH�� WKHUH� LV� WKH
FRHIILFLHQW�&������GHILQLQJ�WKH�EHVW�SRLQW�HIILFLHQF\��DQG�WKHQ�RSWLRQDOO\�WKH�7RUULFHOOL�FRQVWDQW�RI
WKH�JXLGH�YDQH�DSSDUDWXV�RSHQLQJ�N7��PLJKW�EH�DQ�RSWLRQ�IRU�FRQGLWLRQ�PRQLWRULQJ��7KH�:LQWKHU�
.HQQHG\�FRQVWDQW�RI�WKH�VSLUDO�FDVH�FDQ�EH�WDNHQ�DV�D�IL[HG�FRQVWDQW�

7KH� SDUDPHWHUV� PHQWLRQHG� DERYH� DUH� WKH� SURFHVV� SDUDPHWHUV�� ,Q� DGGLWLRQ�� WKH� PRQLWRULQJ
PHWKRG�DOORZV�IRU�HVWLPDWLRQ�RI� IDXOW\�PHDVXUHPHQWV��RU�ELDV� LQ� WKH�VHQVRUV��7KHUH� LV�RQH�ELDV
SDUDPHWHU�IRU�HDFK�VHQVRU��DQG�WKH�PHDVXUHPHQW�PRGHO�IRU�WKHVH�ELDV�HUURUV�LV

\P� �\U���E

ZKHUH�\P�LV�WKH�LQGLFDWHG�YDOXH��\U�LV�WKH�WUXH�YDOXH�DQG�E�LV�WKH�VHQVRU�ELDV�ZKLFK�LV�D�V\VWHPDWLF
RIIVHW�RI�WKH�LQVWUXPHQW�
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�� '<1$0,&�%(+$9,285

$V� PHQWLRQHG� LQ� 6HFWLRQ� ��� WKH� FRQGLWLRQV� RI� H[HFXWLRQ�� RSHUDWLRQDO� PRGHV� HWF��� PXVW� EH
GLVFXVVHG�FDUHIXOO\��7KH�PRVW�LPSRUWDQW�LVVXH�LV�WKH�SUHVHOHFWLRQ�RI�K\SRWKHVHV�WR�EH�VXEMHFW�WR
WHVW�

7KH�FRQWURO�RSHUDWRU�RU�PDLQWHQDQFH�RSHUDWRU�PLJKW�KDYH�VRPH�D�SULRUL�LQIRUPDWLRQ�ZKLFK�FRXOG
EH�KHOSIXO�LQ�HVWDEOLVKLQJ�WKH�OLVW�RI�K\SRWKHVHV��,Q�JHQHUDO��WKH�QXPEHU�RI�K\SRWKHVHV�VKRXOG�EH
NHSW�VPDOO��EHFDXVH�RI�FRPSXWLQJ�HIIRUW�

7KH�RSHUDWLRQDO�PRGH�RI�WKLV�IXQFWLRQ�ZRXOG�EH�DQ�LQWHUPLWWHQW�RQH��6D\��IRU� LQVWDQFH�� WKDW� WKH
PDLQWHQDQFH� RSHUDWRU� LV� LQWHUHVWHG� LQ� D� FRQGLWLRQ� PRQLWRU� UHSRUW� HYHU\� PRQWK� RU� VR�� 7KH
IXQFWLRQ� LWVHOI� XVHV� WLPH� VHULHV� LQSXW� GDWD� IURP� WKH� VHQVRUV�� 7KH� VXFFHVVIXO� HVWLPDWLRQ� RI
SDUDPHWHUV�ZRXOG�QHHG��VD\��VRPH�����VDPSOHV�IURP�HDFK�VHQVRU�

:LWK�VDPSOH�LQWHUYDO�RI����VHFRQGV��WKH�GDWD�DFTXLVLWLRQ�IXQFWLRQ�LV�DFWLYH�IRU���KRXU����PLQ��7KH
VDPSOH�LQWHUYDO�LV�QRW�FULWLFDO��VLQFH�ZH�DUH�ORRNLQJ�DW�D�VWHDG\�VWDWH�SURFHVV�

7KH�H[DPSOH�DERYH�OHDGV�WR�WKH�IROORZLQJ�VHTXHQFH�LQ�WLPH�

)LJXUH������7LPH�VHTXHQFH�RI�IXQFWLRQ��H[DPSOH��

'XULQJ�WKH�LQWHUYDO��a���PRQWK��EHWZHHQ�HDFK�WLPH�WKH�IXQFWLRQ�LV�DFWLYDWHG��LW�LV�KLEHUQDWLQJ�
%RWK�WKH�VDPSOH�LQWHUYDO��QXPEHU�RI�VDPSOHV�DQG�WKH�KLEHUQDWLQJ�SHULRG�VKRXOG�EH�DGMXVWDEOH�

7KHUH�LV�QR�QHHG�IRU�DXWRPDWLF�SHULRGLFDO�DFWLYDWLRQ�RI�WKH�IXQFWLRQ��,W�VKRXOG�EH�DGHTXDWH�IRU
WKH�PDLQWHQDQFH�RSHUDWRU�FRQWURO�RSHUDWRU�WR�KDYH�WKH�RSSRUWXQLW\�WR�PDQXDOO\�UHTXHVW�D�UXQ�RI
WKH�IXQFWLRQ�

1 month 1 month

500 samplest = 0 t = 5000s

∆t = 10sstart
sampling

stop
sampling

t

condition
monitoring
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�� '$7$�352&(66,1*��$/*25,7+06�

2YHUDOO�VWUXFWXUH�

)LJXUH������2YHUDOO�SURJUDP�VWUXFWXUH�

7KH�VDPSOLQJ�RI�PHDVXUHPHQWV�FDQ�EH�GRQH�LQ�WR�ZD\V�

�� $�EDWFK�RI�VD\�����VDPSOHV�LV�FROOHFWHG�DQG�VWRUHG�RQ�D�GDWDILOH�IRU�RII�OLQH�SURFHVVLQJ�

�� 7KH� VDPSOLQJ� LV� PDGH� DV� D� SDUW� RI� DQ� RQ�OLQH� PRGH� RI� WKH� IXQFWLRQ�� $OO� SUHGLFWLRQV�
ILOWHULQJ�DQG�FDOFXODWLRQ�RI�SUREDELOLW\�GHQVLWLHV�DUH�PDGH�LQ�D�UHFXUVLYH�PDQQHU�EHWZHHQ
HDFK�PHDVXUHPHQW�VDPSOH�

7KH� DGYDQWDJH� RI� PRGH� ��� LV� WKDW� WKH� VDPSOLQJ� FDQ� EH� VWRSSHG� DV� VRRQ� DV� FRQYHUJHQFH� LV
REWDLQHG�

$OO�FDOFXODWLRQV�DUH�GRQH� LQ�SDUDOOHO�� L�H�� IRU�HDFK�K\SRWKHVLV��7KH� ODVW�FDOFXODWLRQ� LV�QRUPDOLVLQJ
DQG�FRPSDULVRQ�RI�SUREDELOLW\�GHQVLWLHV�

Initialization Simulation

Selected hypotheses
.    .    .    .    .    .    .

Update state

Predict measurement

Sample measurement

Kalman filtering

Calculate probability density

Repeat until
convergence limit,
or until all
measurements have
been processed

Compare hypotheses

Present dominant hypothesis and parameters
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6LPXODWRU
7KH� VLPXODWLRQ� �ER[�� LV� LQWHQGHG� IRU� WHVW�SXUSRVHV��$OO� WKH� DOJRULWKPV� VKRXOG�EH� WHVWHG�RII�OLQH
XVLQJ� V\QWKHWLF� PHDVXUHPHQWV�� 7KLV� FDQ� EH� GRQH� XVLQJ� WKH� VLPXODWLRQ� PRGH�� 7KLV� UHTXLUHV� D
GHWDLOHG�PDWKHPDWLFDO�PRGHO�RI�WKH�K\GUDXOLF�VWULQJ�DQG�WXUELQHV�RI�WKH�SODQW��7KLV�PRGHO�FDQ�EH
H[DFWO\�WKH�VDPH�DV�WKH�PHDVXUHPHQW�PRGHO�RI�WKH�VWDWH�HVWLPDWRU�

3URFHVV�IDLOXUHV�FDQ�EH�VLPXODWHG�VLPSO\�E\�DOWHULQJ�WKH�QXPHULFDO�YDOXH�IRU�VRPH�FRHIILFLHQW�RU
HIILFLHQF\�� 6HQVRU� ELDV� FDQ� EH� VLPXODWHG� VLPSO\� E\� DGGLQJ� D� FRQVWDQW� YDOXH� WR� RQH� RI� WKH
V\QWKHWLF�WLPH�VHULHV�UHSUHVHQWLQJ�WKH�VHQVRU�GDWD�

,W� LV� VWURQJO\� UHFRPPHQGHG� WR� DGG� �ZKLWH�� QRLVH� WR� WKH� V\QWKHWLF� PHDVXUHPHQWV�� LQ� RUGHU� WR
VLPXODWH�PHDVXUHPHQW�QRLVH�DQG�WR�PDNH�WKH�HVWLPDWLRQ�DOJRULWKPV�ZRUN�SURSHUO\�

7KH�IORZ�RI�GDWD�IURP�WKH�VLPXODWRU�DQG�LQWR�WKH�HVWLPDWRU�RI�WKH�FRQGLWLRQ�PRQLWRULQJ�V\VWHP�LV
LOOXVWUDWHG�E\�)LJXUH�����EHORZ

6WDUW�VLP

'HILQH�VWDWH�YHFWRU
IRU�QRUPDO�RSHUDWLRQ

'HFLGH��FRUUHFW�
IDXOW�K\SRWKHVLV

$OWHU�SURFHVV�SDUDPHWHU
LI�DSSURSULDWH�DFFRUGLQJ

WR�K\SRWKHVLV

&RPSXWH�DOO�VWHDG\
VWDWH�PHDVXUHPHQWV

6HW�PHDVXUHPHQW�ELDV
LI�DSSURSULDWH�DFFRUGLQJ

WR�K\SRWKHVLV

$GG�PHDVXUHPHQW�QRLVH
WR�VLQJOH�VDPSOH�QR�L

'HOLYHU�VDPSOH�WR�WKH
VDPSOLQJ�URXWLQH�RI�WKH
FRQGLWLRQ�PRQLWRULQJ
HVWLPDWRU��RU�PHDV��ILOH�

6WRS�VLP

L 16$03
"

L� �L����

<HV

1R

6\QWKHWLF�VDPSOH
PHDVXUHPHQW

L� ��

)LJXUH�����)ORZ�FKDUW�IRU�WKH�VLPXODWRU
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7KH�GHWDLOHG�GHVFULSWLRQ�RI�HDFK�RI�WKH�HOHPHQWV�RI�)LJXUH�����LV�JLYHQ�LQ�$SSHQGL[�,��$OJRULWKPV�

(VWLPDWRU
,Q�WKH�IROORZLQJ�D�EULHI�GHVFULSWLRQ�RI�WKH�HOHPHQWV�LV�JLYHQ�

• ,QLWLDOL]DWLRQ

$OO�PDWULFHV�DQG�YHFWRUV�DUH� LQLWLDOLVHG��6WDWH�YHFWRU��PHDVXUHPHQW�YHFWRU��SDUDPHWHU�YHFWRU
DQG�FRYDULDQFH�PDWULFHV�

 
7KH� VWDWH� YHFWRU� LV� H[WHQGHG� ZLWK� RQH� DGGLWLRQDO� HOHPHQW�� 7KLV� LV� D� SDUDPHWHU� VXEMHFW� WR
HVWLPDWLRQ��$OO�RWKHU�SDUDPHWHUV�DUH� ORFNHG� WR� WKHLU�QRUPDO�QXPHULFDO�YDOXHV��7KH�HVWLPDWHG
SDUDPHWHU� LV� XQLTXHO\� GHILQHG� E\� WKH� DFWXDO� K\SRWKHVLV� VHOHFWHG�� 2QH� SDUDPHWHU� IRU� HDFK
K\SRWKHVLV�

 
• 6HOHFWLRQ�RI�K\SRWKHVLV

$�K\SRWKHVLV�LV�GHILQHG�VXFK�WKDW�D�GHYLDWLRQ�IURP�WKH�QRUPDO��LQLWLDO��VWDWH�KDV�RFFXUHG��7KH
QRUPDO�VWDWH�LV�GHILQHG�DV�WKH�VHW�RI�SURFHVV�SDUDPHWHUV�EHLQJ�XQFKDQJHG�IURP�WKHLU�RULJLQDO
YDOXHV��DQG�DOO�WKH�LQVWUXPHQWV�EHLQJ�XQELDVHG��7KH�VWDWH�YHFWRU�FDQ�WDNH�RQ�DQ\�YDOXH�LQ�WKH
DOORZHG�UDQJH�IRU�WKH�VWDWH�YHFWRU�HOHPHQWV��7KLV�PHDQV�WKDW�IRU�HYHU\�WXUELQH�4�DQG�+�DUH
EHWZHHQ�WKHLU�PLQLPXP�DQG�PD[LPXP�YDOXHV� LI� WKH� WXUELQH� LV� UXQQLQJ��RU� WKH�4� LV�]HUR� IRU
HDFK�WXUELQH�DW�VWDQGVWLOO�

7KH� K\SRWHVLV� LV� VLPSO\� D� VHOHFWLRQ� RI� WKRVH� SURFHVV� SDUDPHWHUV� DQG�RU� LQVWUXPHQW� ELDV
SDUDPHWHUV�ZKLFK�DUH�VXVSHFWHG�KDYLQJ�FKDQJHG�WKHLU�QXPHULFDO�YDOXH�UHODWLYH�WR�WKH�QRUPDO
YDOXHV��RU�WKH�RULJLQDO�YDOXHV���7KH�QRUPDO�YDOXHV�FDQ�EH�RSGDWHG�HYHU\�WLPH�WKHUH�KDV�EHHQ�D
FRQILUPHG�HVWLPDWLRQ�RI�D�FKDQJH��7KH�ORQJ�WHUP�WUHQG�FDQ�EH�UHFRUGHG�LI�WKHVH�FKDQJHV�DUH
IROORZHG�RYHU�D�SHULRG�RI�WLPH�

7KH�PHWKRG�RI�HVWLPDWLRQ�RI�SDUDPHWHUV�XVHG� LQ� WKLV� DSSOLFDWLRQ� LV� WKH�$XJPHQWHG�.DOPDQ
)LOWHU�� 7KLV� PHDQV� WKDW� WKH� VWDWH� YHFWRU� [� LV� DXJPHQWHG� E\� WKH� SDUDPHWHU�V�� ZKLFK� LV� �DUH�
VXEMHFW� WR� VXVSLFLRQ� RI� FKDQJH� LQ� QXPHULFDO� YDOXH�� 7KH� QHZ� VWDWH� YHFWRU� [� LV� WKHQ� WKH� ROG
YHFWRU� [� DXJPHQWHG� E\� WKH� QXPEHU� RI� SDUDPHWHUV� XQGHU� VXVSLFLRQ� �WKHLU� YDOXH� VKRXOG� EH
HVWLPDWHG�EDVHG�RQ�WKH�PHDVXUHPHQWV��

[� ��[��SH�
7

ZKHUH�SH�LV�D�YHFWRU�RI�SDUDPHWHUV�WR�EH�HVWLPDWHG��7KH�YHFWRU�[�GHILQHV�WKH�K\SRWKHVLV��7KH
SDUDPHWHU�SH�YHFWRU�FRXOG� LQ�SULQFLSOH�EH�DOO� WKH�SURFHVV�SDUDPHWHUV�DQG�DOO� WKH� LQVWUXPHQW
ELDVHV�� WKHUHE\�PDNLQJ� RQH� VLQJOH� K\SRWKHVLV� FDUU\� DOO� SDUDPHWHUV�� 7KLV� ZRXOG� JLYH� D� ODUJH
VWDWH� YHFWRU�� ODUJH� FRYDULDQFH�PDWULVHV�� DQG� WKH� REVHUYDELOLW\� RI� HDFK� SDUDPHWHU� ZRXOG� EH
H[WUHPHO\�ORZ��,W�LV�WKHUHIRUH�UHFRPPHQGHG�WR�NHHS�WKH�QXPEHU�RI�VHOHFWDEOH�K\SRWKHVHV�ORZ
E\� DOORZLQJ� RQO\� VLQJOH� IDXOW� � K\SRWKHVHV� WR� EH� VHOHFWHG�� 7KLV� PHDQV� WKDW� WKH� VWDWH� YHFWRU
ZRXOG�EH�DXJPHQWHG�E\�D�VFDODU�RQO\��QDPHO\�WKH�SDUDPHWHU�XQGHU�VXVSLFLRQ��7KLV�PHDQV�WKDW
WKH�PD[LPXP�QXPEHU�RI�K\SRWKHVHV� LV� WKH�QXPEHU�RI�SDUDPHWHUV� WKDW�FRXOG�EH�HVWLPDWHG�
ZKLFK� DJDLQ� LV� WKH� QXPEHU� RI� SURFHVV� SDUDPHWHUV� �ORVV� FRHIILFLHQWV�� HIILFLHQF\� FRHIILFLHQWV
&������HWF���SOXV�WKH�QXPEHU�RI�VHQVRUV�

7KH� UHVWULFWLRQ� WR� VLQJOH� IDXOW� K\SRWKHVLV� RQO\� LV� D� PDWWHU� RI� FKRLFH�� 7KH� UHDVRQ� IRU� WKLV
UHFRPPHQGDWLRQ�LV�WKDW�IDXOWV�LQ�LQVWUXPHQWV�RFFXU�LQGHSHQGHQWO\�DQG�SURFHVV�FKDQJHV�RFFXU
HLWKHU� YHU\� VORZO\�� LQFUHDVHG�ZHDU�� JUDGXDOO\� REVWUXFWHG� GXFWV� HWF�� RU� DV� D� VXGGHQ� FKDQJH
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�ODUJH� GHEULV� SDUWLFOHV� REVWUXFWLQJ� IORZ��� %\� UHTXHVWLQJ� WKH� PRQLWRULQJ� IXQFWLRQ� ZLWK
UHDVRQDEO\� VKRUW� WLPH� LQWHUYDOV� UHODWLYH� WR� WKH� H[SHFWHG� FKDQJHV� LQ� SDUDPHWHUV�� WKH
DVVXPSWLRQ�RI�VLQJOH� IDXOWV� LV�D� IDLU�RQH�� ,I� WKLV� LV� UHJDUGHG�DV�D� WRR�VWURQJ�UHVWULFWLRQ�RQ�WKH
SDUDPHWHU�HVWLPDWLRQ��D�JRRG�DOWHUQDWLYH�LV�WR�DOORZ�IRU�GRXEOH�IDXOW�K\SRWKHVHV��7KH�SH�YHFWRU
ZRXOG�WKHQ�KROG�WZR�HOHPHQWV��DQG�WKH�QXPEHU�RI�VHOHFWHG�K\SRWKHVHV�ZRXOG�EH�

([DPSOH

6D\�WKHUH�DUH����SURFHVV�SDUDPHWHUV�DQG����VHQVRUV�HDFK�SURQH�WR�ELDV� IDLOXUH��7KH�PD[LPXP
QXPEHU� RI� K\SRWKHVHV� IRU� VLQJOH� IDXOWV� ZRXOG� EH� ��� �� ���  � ��� LQ� DGGLWLRQ� WR� WKH� QRUPDO
K\SRWKHVLV��,Q�FDVH�RI�GRXEOH�IDXOW�K\SRWKHVHV��WKH�PD[LPXP�QXPEHU�ZRXOG�EH�

7KHUH�LV�DOZD\V�D�WUDGH�RII�EHWZHHQ�IOH[LELOLW\�DQG�FRPSOH[LW\��)OH[LELOLW\�LQ�QXPEHU�RI�HVWLPDWHG
SDUDPHWHUV�LV�DFKLHYHG�DW�WKH�H[SHQVH�RI�FRPSXWLQJ�WLPH�DQG�REVHUYDELOLW\�
 
 
• 8SGDWH�VWDWH

6LQFH�ZH�DVVXPH�VWDWLRQDU\�FRQGLWLRQV�� WKH� VWDWH� LV� VHW�HTXDO� WR� WKH�SUHYLRXV� VWDWH� DW� HYHU\
WLPH�VWHS��7KLV�PHDQV�WKDW�+�DQG�4�IRU�HDFK�WXUELQH�DQG�WKH�SDUDPHWHU�WR�EH�HVWLPDWHG�DUH
WKH�HOHPHQWV�RI�WKLV�VWHDG\�VWDWH�YHFWRU��7KH\�DUH�XSGDWHG�E\�WKH�.DOPDQ�ILOWHU�

• 3UHGLFW�PHDVXUHPHQWV

*LYHQ� WKH� VWDWH� YHFWRU�� WKH�PHDVXUHPHQWV� � SUHGLFWLRQ� FDQ� EH� FDOFXODWHG� DV� D� NQRZQ� �QRQ�
OLQHDU��YHFWRU� IXQFWLRQ�RI� WKH�VWDWH�YHFWRU��$� IXQFWLRQ� IRU�FDOFXODWLRQ�RI� WKH�HIILFLHQF\�RI� WKH
WXUELQH� LV� XVHG�� 7KH� HOHPHQWV� RI� WKH� PHDVXUHPHQW� PDWUL[�� D� OLQHDUL]HG� YHUVLRQ� RI� WKH
PHDVXUHPHQW�IXQFWLRQ��LV�FDOFXODWHG�

• 6DPSOH�PHDVXUHPHQWV

$�QHZ�VDPSOH�RI�PHDVXUHPHQWV�IURP�HDFK�RI�WKH�VHQVRUV�DUH�UHDG�IURP�WKH�EDWFK�ILOH��PRGH
���� VHH� DERYH�� RU� LV� FROOHFWHG� RQ�OLQH� WKURXJK� WKH� GDWD� DFTXLVLWLRQ� V\VWHP� �PRGH� ���� VHH
DERYH��

• .DOPDQ�ILOWHULQJ

3HUIRUPV�D�ZHLJKWHG�XSGDWLQJ�RI� WKH� VWDWH� YHFWRU�GHSHQGLQJ�RI� WKH� SUHGLFWLRQ� HUURU� YHFWRU
�SUHGLFWHG�PHDVXUHPHQW�PLQXV�DFWXDO�PHDVXUHPHQW�YHFWRU��

7KH�QHFHVVDU\�FDOFXODWLRQV�IRU�WKH�SUHGLFWLRQ�RI�QH[W�VWDWH�DUH�WKH�IROORZLQJ�

� DSULRUL�FRYDULDQFH�RI�VWDWHV��PDWUL[�
� .DOPDQ�ILOWHU�JDLQ�PDWUL[
� DSRVWHULRUL�FRYDULDQFH�PDWUL[�RI�VWDWHV

QXPEHU�RI�SDUDPHWHUV
�� �

��
�� �  ����
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� DSRVWHULRUL�HVWLPDWH�RI�VWDWH

• &DOFXODWH�SUREDELOLW\�GHQVLW\
 

7KH�SUREDELOLW\�GHQVLW\�RI�WKH�QXPHULFDO�YDOXH�WKDW�WKH�PHDVXUHPHQW�YHFWRU�LV�FDOFXODWHG��7KLV
LV� WKH� SUREDELOLW\� RI� D� GHYLDWLRQ� EHWZHHQ� HVWLPDWHG� YDOXHV� DQG� YDOXHV� FDOFXODWHG� IURP� D
QRLVHOHVV�PRGHO��UHIHUUHG�WR�WKH�PRGHO�FRUUHVSRQGLQJ�WR�WKH�DFWXDO�K\SRWKHVLV�

• &RPSDULVRQ�RI�K\SRWKHVHV

%\� WKH� XVH� RI� %D\HªV� UXOH�� WKH� SUREDELOLW\� RI� K\SRWKHVLV� QR�� L� LV� DFWXDOO\� UHSUHVHQWLQJ� WKH
SUHVHQW� FRQGLWLRQ� RI� WKH� SODQW�� LV� FDOFXODWHG�� +HUH�� LW� LV� DVVXPHG� WKDW� WKH� LQGLYLGXDO
SUREDELOLWLHV� VXP� XS� WR� RQH�� ZKLFK� PHDQV� WKDW� RQH� RI� WKH� K\SRWKHVHV� LV� OLNHO\� WR� EH� WKH
FRUUHFW� RQH�� 7KLV�� REYLRXVO\�� GHSHQGV� RQ� WKH� VNLOOV� DQG� DSULRUL� NQRZOHGJH� RI� WKH� RSHUDWRU�
2QH� VKRXOG� LQFOXGH� WKH� �1RUPDO� FRQGLWLRQ�� K\SRWKHVLV�� WR� HQVXUH� WKDW� WKH� QRUPDOLVDWLRQ� LV
YDOLG�LI�QR�HUURUV�RFFXU�

• 3UHVHQW�WKH�PRVW�OLNHO\�K\SRWKHVLV

$� FRPSDULVRQ� EHWZHHQ� WKH� K\SRWKHVHV� UHVXOWV� LQ� WDEOHV� LQ� ZKLFK� WKH� SUREDELOLWLHV� KDYH
QXPHULFDO�YDOXHV�EHWZHHQ���DQG����,I�RQH�RI�WKH�SUREDELOLWLHV�DSSURDFKHV����WKLV�LV�WDNHQ�DV�D
SRVLWLYH� GLDJQRVLV� RI� WKH� FRUUHVSRQGLQJ� K\SRWKHVLV� EHLQJ� WUXH�� ,W� PLJKW� EH� WKH� QRUPDO
K\SRWKHVLV��RU�LW�PD\�EH�WKDW�D��VLQJOH��HUURU�LV�ORFDOLVHG�

7KH�FRQGLWLRQ�LV�REYLRXVO\�WKDW�WKH�VSDFH�VSDQQHG�E\�WKH�LQGLYLGXDO�K\SRWKHVHV�LV�D�FRPSOHWH
VHW�� ,I� QRQH� RI� WKH� K\SRWKHVHV� GRPLQDWHV�� DQG� WKH� QRUPDO� K\SRWKHVLV� FRPSHWHV� ZLWK� WKH
DOWHUQDWLYHV��WKHUH�LV�SUREDEO\�QR�HUURU�LQ�WKH�V\VWHP��,I�LW�LV�GLIILFXOW�WR�LGHQWLI\�D�VLQJOH�HUURU�
WKH�UHDVRQ�PD\�EH�WKDW�WKH�QXPEHU�RI�K\SRWKHVHV�LQLWLDOO\�VHOHFWHG��ZHUH�LQFRPSOHWH��RU�WKDW�D
QXPEHU�RI�K\SRWKHVHV�GHVFULEH�WKH�VDPH�VLWXDWLRQ��L�H��QRUPDO�FRQGLWLRQ��
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�� ,17(5)$&(6

���� 23(5$725�,17(5)$&(

7KH�SURJUDP�V\VWHP�LV�D�VWDQG�DORQH�PRGXOH�VXLWDEOH�IRU�FRGLQJ�LQ�WKH�&�ODQJXDJH��7KH�UHDVRQ
WKDW�WKH�&�ODQJXDJH�LV�UHFRPPHQGHG��LV�WKDW�VRPH�RI�WKH�VXEPRGXOHV�KDYH�DOUHDG\�EHHQ�FRGHG�
EXW�QRW� LQWHJUDWHG� LQ�D�FRPSOHWH�V\VWHP��7KHUHIRUH��ZH�EHOLHYH�WKDW� WKHUH�PLJKW�EH�VRPH�WLPH
DQG�HIIRUW�VDYHG�E\�FKRRVLQJ�&�

$OO� GDWD� LQWR� DQG� RXW� RI� WKH�PRGXOH� DUH� VR� IDU� DVVXPHG� WR� EH� KHOG� RQ� IODW� ILOHV�� VR� WKDW� WKH
LQWHJUDWLRQ�LQWR�DQ�H[LVWLQJ�SODWIRUP��&DVWRU��VKRXOG�EH�DV�HDV\�DV�SRVVLEOH�

,Q� VLPXODWLRQ� PRGH�� WKH� XVHU� PXVW� UXQ� WKH� SURJUDP� WR� SURGXFH� V\QWKHWLF� GDWD� WR� WHVW� WKH
SHUIRUPDQFH�RI�WKH�HVWLPDWRU��,Q�WKLV�ZD\�WKH�XVHU�FDQ�LQMHFW�HUURUV�LQ�SURFHVV�RU�VHQVRUV��3ULRU�WR
HVWLPDWLRQ��WKH�XVHU�PXVW�VHOHFW�WKH�K\SRWKHVHV�WR�EH�LQFOXGHG�LQ�WKH�FRPSDULVRQ�

7KLV�LV�GRQH�LQWHUDFWLYHO\�LQ�D�GLDORJXH�ZLWK�WKH�SURJUDP��7KLV�GLDORJXH�FDQ�EH�LPSOHPHQWHG�E\
FOLFNLQJ� DW� DOWHUQDWLYHV� LQ� D� FRPSUHKHQVLYH� WDEOH� RI� VWDWHPHQWV� GHVFULELQJ� WKH� LQGLYLGXDO
K\SRWKHVHV�DQG�WKHLU�FRUUHVSRQGLQJ�VWDWH�PRGHO�

7KH� UHVXOWV� RI� WKH� HVWLPDWLRQ� DUH� PDLQO\� WLPH� VHULHV� RI� HVWLPDWHG� VWDWHV�� SDUDPHWHUV� DQG
SUREDELOLWLHV��7KHVH�GDWD�DUH�VXLWDEOH�IRU�JUDSKLFDO�SUHVHQWDWLRQ�DV�WLPH�SORWV�

���� 6<67(0�,17(5)$&(

$W�WKLV�VWDJH�RI�GHYHORSPHQW��WKH�V\VWHP�LQWHUIDFH�LV�RSHQ��,W�PXVW�EH�VSHFLILHG�LQ�FR�RSHUDWLRQ
ZLWK�WKRVH�UHVSRQVLEOH�IRU�WKH�RYHUO\LQJ�V\VWHP��&DVWRU��
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�� (5525�0$1$*(0(17

$�JHQHUDO�UXOH�LV�WKDW�DOO�LQSXW�GDWD�VKRXOG�EH�VXEMHFW�WR�SUHTXDOLILFDWLRQ��OLPLW�FKHFN��SODXVLELOLW\
RU�RSHUDWRU�FRQILUPDWLRQ��EHIRUH�WKH\�DUH�DOORZHG�WR�HQWHU�LQWR�DQ\�SURFHVVLQJ��7KH�PHWKRG�LWVHOI
LV�TXLWH�UREXVW��SURYLGHG�WKDW�WKHUH�DUH�QR�DQRPDOLHV�LQ�PHDVXUHPHQW�GDWD�

7KH� FDOFXODWLRQ� RI� SUREDELOLW\� GHQVLWLHV� UHTXLUHV� DGMXVWPHQW� RI� VRPH� FRQYHUJHQFH� VHQVLWLYH
LQWHUQDO�SDUDPHWHUV��7KHVH�DUH�GHSHQGHQW�RQ�PHDVXUHPHQW�QRLVH��DQG�PXVW�EH�WXQHG�DFFRUGLQJ
WR�WKH�UHTXLUHPHQWV�RI�WKH�DFWXDO�LQVWDOODWLRQ�

$OO�HUURU�PHVVDJHV�VKRXOG�EH�KHOG�RQ�D�VHSDUDWH�ILOH��DQG�HDFK�LQGLYLGXDO�PHVVDJH�LGHQWLILHG�E\�D
JOREDOO\�XQLTXH�QXPEHU�ZKLFK� LV� UHIHUUHG� WR�DV� � D�SDUDPHWHU�E\� DOO� WKH� UHOHYDQW� IXQFWLRQV� DQG
SURFHGXUHV�� ,Q� WKLV�ZD\� LW� LV� HDV\� WR� WUDQVODWH� WKH� GLDORJXH� LQWR� DQ\� ODQJXDJH� VXLWDEOH� IRU� WKH
RSHUDWRUV�� 7KLV�SULQFLSOH� DOVR� DSSOLHV� WR� WKH� LQWHUDFWLYH� GLDORJXH� FRQWUROOLQJ� WKH� UXQQLQJ�RI� WKH
SURJUDP�

$�GHWDLOHG�OLVW�RI�HUURU�PHVVDJHV�PXVW�EH�GHYHORSHG�IRU�HDFK�SURJUDP�PRGXOH�DQG�VXEPRGXOH�
7KLV�UHPDLQV�WR�EH�GRQH��DQG�LW�ZLOO�EH�VXEMHFW�WR�IXUWKHU�VSHFLILFDWLRQ�LQ�WKH�$SSHQGL[��IROORZLQJ
WKH�VRIWZDUH�DOJRULWKP�VSHFLILFDWLRQ�

�� &21675$,176

$V�PHQWLRQHG�LQ�SUHYLRXV�VHFWLRQV��WKHUH�DUH�QR�VHULRXV�UHDO�WLPH�FRQVWUDLQWV�WKDW�PXVW�EH�IXOILOOHG
IRU�WKLV�IXQFWLRQ�WR�H[HFXWH�SURSHUO\�

$V� ORQJ� DV� WKH� XQGHUO\LQJ� DVVXPSWLRQ� RI� VWHDG\� VWDWH� SURFHVVHV� LV� YDOLG�� WKHUH� LV� SUDFWLFDOO\
XQOLPLWHG�IUHHGRP�RI�FKRLFH�RI�VDPSOH�LQWHUYDO�OHQJWK�

+RZHYHU�� LI� WKH�SURFHVV�FRQWDLQV�G\QDPLF�PRGHV�� L�H���K\GUDXOLF��VORZ��RVFLOODWLRQV�� WKH�SURFHVV
PRGHO� �VWDWH� VSDFH�� PXVW� EH� PRGLILHG� DFFRUGLQJO\�� DQG� DGGLWLRQDO� SDUDPHWHUV� PXVW� EH
LQWURGXFHG�ZKLFK�FDQ�GHVFULEH�WKH�G\QDPLFDO�PRGHV��RVFLOODWLRQ�IUHTXHQF\�HWF����7KLV�UHTXLUHV�QR
VWUXFWXUDO� FKDQJH� LQ� WKH� DOJRULWKPV�� RQO\� WKDW� WKH� VWDWH� YHFWRU� EH� H[SDQGHG� DQG� WKH� SURFHVV
PRGHO�H[SUHVVHG�DV�GLIIHUHQFH�HTXDWLRQV�LQVWHDG�RI�VWHDG\�VWDWH�
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��� +$5':$5(�$1'�62)7:$5(�5(48,5(0(176

7KH� IXQFWLRQ� FDQ� EH� LPSOHPHQWHG� XVLQJ� VWDQGDUG� 3&� KDUGZDUH�� D� VWDQGDUG� FRPPHUFLDO� GDWD
DFTXLVLWLRQ� V\VWHP� ZLWK� 3&� LQWHUIDFH� DQG� D� &� FRPSLOHU�� 1R� H[WHUQDO� VRIWZDUH� SDFNDJHV� DUH
UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�.DOPDQ�ILOWHU�DQG�K\SRWKHVLV�WHVW�DOJRULWKPV�

��� 7(67�3/$1

,W�LV�VWURQJO\�UHFRPPHQGHG�WKDW�WKH�VLPXODWRU�EH�LPSOHPHQWHG�ZLWK�WKH�V\VWHP��,Q�WKLV�ZD\�LW�ZLOO
EH�SRVVLEOH� WR�WHVW� WKH�V\VWHP� LQ�D�PRGXODU�ZD\��DQG� WKH� WHVW��PRVW� LPSRUWDQWO\��FDQ�EH�PDGH
LQGHSHQGHQWO\�RI�GDWD�DFTXLVLWLRQ�KDUGZDUH�

7KH�GDWD�DFTXLVLWLRQ�V\VWHP�QHHGV�RII�OLQH�WHVWLQJ�EHIRUH�DQ\WKLQJ�LV�LQVWDOOHG�LQ�WKH�SLORW�SRZHU
SODQWV�

,I�H[LVWLQJ�GDWD�DFTXLVLWLRQ�LV�WR�EH�XVHG��ZKLFK�LV�DOUHDG\�LQVWDOOHG�LQ�WKH�FRQWURO�FHQWUH�6&$'$�
RU�D�FRPELQDWLRQ�RI�H[LVWLQJ�DQG�QHZ�GDWD�FROOHFWLRQ�KDUGZDUH�DQG�VRIWZDUH�LV�WR�EH�XVHG��WKHQ
WKH�WHVW�SURFHGXUH�PXVW�EH�VSHFLILHG�DQG�WDLORUHG�WR�WKH�DFWXDO� LQVWDOODWLRQ��7KLV�SRLQW�WKHUHIRUH
KDV�WR�EH�GHFLGHG�XSRQ�DW�D�ODWHU�RFFDVLRQ�

$33(1',;

$SSHQGL[����'HWDLOHG�VSHFLILFDWLRQ�RI�DOJRULWKPV�DQG�VRIWZDUH�VXE�PRGXOHV��7KLV�UHPDLQV�VWLOO�WR
EH� FRPSOHWHG�� 6HH� WKH� UHIHUHQFH� DUWLFOH� EHORZ�� 0RVW� RI� WKH� EDVLF� DOJRULWKPV� DUH� GHVFULEHG
KHUHLQ�
$SSHQGL[���'DWD�WDEOHV

5()(5(1&(���DWWDFKHG�GRFXPHQW�LQ�DSSHQGL[���

6NDUVWHLQ�����
&RQGLWLRQ�PRQLWRULQJ�RI�SRZHU�SODQWV�XVLQJ�H[WHQGHG�.DOPDQ�ILOWHULQJ�
0RGHOOLQJ��,GHQWLILFDWLRQ�DQG�&RQWURO��������YRO�����QR�������������
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$33(1',;��

�$/*25,7+06�
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,Q�WKH�IROORZLQJ�DOO�WKH�PRGXOHV�RI�)LJXUH�����2YHUDOO�SURJUDP�VWUXFWXUH���ZLOO�EH�JLYHQ�D�GHWDLOHG
GHVFULSWLRQ�

$���� ,1,7,$/,=$7,21

7KLV�PRGXOH�SURYLGHV�LQLWLDOL]DWLRQ�RI�WKH�PRGHO��7KLV�DOVR�LQFOXGHV�WKH�HVWDEOLVKPHQW�E\�WKH�XVHU
RI�WKH�VHOHFWHG�K\SRWKHVHV�VXEMHFW�WR�WHVWLQJ�DJDLQVW�PHDVXUHPHQWV�

+\SRWKHVHV

7KH�XVHU�LV�VXSSRVHG�WR�VSHFLI\�D�OLPLWHG�QXPEHU�RI�K\SRWKHVH�JLYHQ�E\�WKH�VHOHFWLRQ�RI
SDUDPHWHUV�WR�EH�HVWLPDWHG��,I�WKH�QXPEHU�RI�SDUDPHWHUV�WR�EH�HVWLPDWHG�LV�]HUR��WKHQ�WKH�PRGHO
LV�VHW�WR�SXUH�VWDWH�HVWLPDWLRQ�DQG�D�QRUPDO�VWDWH�LV�WKHQ�DVVXPHG��7KLV�LV�D�XVHIXO�PRGH�RI
RSHUDWLRQ�LI�WKHUH�LV�QR�HYLGHQFH�RI�D�IDXOW\�FRQGLWLRQ��RU�LI�WKH�JRDO�LV�VLPSO\�WR�HVWLPDWH�HIIHFWLYH
KHDG�DQG�GLVFKDUJH�IRU�HDFK�WXUELQH�

7KH�XVHU�FDQ�FKRRVH�EHWZHHQ�]HUR�DQG�ILYH�SDUDPHWHUV�WR�EH�HVWLPDWHG��7KH\�DUH�FKRVHQ�IURP�D
FRPSOHWH�VHW�RI�SDUDPHWHUV�FRYHULQJ�WKH�ZKROH�K\GUDXOLF�V\VWHP��7KHVH�DUH�WKH�SDUDPHWHUV�OLVWHG
LQ�VHFWLRQ�����DQG������6HFWLRQ�����FRYHUV�SURFHVV�SDUDPHWHUV��ORVV�FRHIILFLHQWV�HWF���DQG�VHFWLRQ
����FRYHUV�WKH�PHDVXUHPHQW�HUURU��ELDV��SDUDPHWHUV��1RWH�WKDW�WKH�QXPEHU�RI�SDUDPHWHUV
GHSHQGV�RQ�WKH�QXPEHU�RI�SHQVWRFNV�DQG�WKH�QXPEHU�RI�WXUELQHV�

7KH�GLPHQVLRQ�RI�WKH�VWDWH�YHFWRU��ZKLFK�LQ�WKH�QRUPDO�VWDWH�LV�WZLFH�WKH�QXPEHU�RI�WXUELQHV
�HIIHFWLYH�KHDG�DQG�GLVFKDUJH�IRU�HDFK�WXUELQH���LV�LQFUHDVHG�E\�RQH�IRU�HDFK�DGGLWLRQDO
SDUDPHWHU�WR�EH�HVWLPDWHG��,W�LV�UHFRPPHQGHG�WR�NHHS�WKH�QXPEHU�RI�HVWLPDWHG�SDUDPHWHUV�DV
ORZ�DV�SRVVLEOH��LQ�RUGHU�WR�PD[LPL]H�REVHUYDELOLW\�DQG�WR�NHHS�WKH�SURFHVVLQJ�WLPH�ORZ��7KLV�FDQ
EH�DFFRPSOLVKHG�E\�SHUIRUPLQJ�D�FRQGLWLRQ�PRQLWRULQJ�RIWHQ�HQRXJK�WR�HQVXUH�WKDW�WKH
DVVXPSWLRQ�RI�D�VLQJOH�IDXOW�RU�D�QRUPDO�VWDWH�LV�YDOLG��:KHQ�WKH�GLPHQVLRQ�RI�WKH�VWDWH�YHFWRU
LQFUHDVHV�IURP�1�WR�1����WKH�GLPHQVLRQ�RI�DOO�FRYDULDQFH�PDWULFHV�LV�LQFUHDVHG�WR��1�����

,QLWLDOL]H�ILOWHU

7KH�.DOPDQ�)LOWHU�LV�LQLWLDOL]HG�E\�VSHFLI\LQJ�WKH�LQLWLDO�VWDWH�YHFWRU��7KLV�FRXOG�LQ�IDFW�EH�D�]HUR
YHFWRU��,W�ZLOO�EH�XSGDWHG�DIWHU�D�IHZ�WLPH�VWHSV�DQ\ZD\�

)XUWKHUPRUH��WKH�DSULRUL��FRYDULDQFH�PDWUL[�RI�WKH�VWDWHV�PXVW�EH�VSHFLILHG��7KLV�LV�JHQHUDOO\�D�IXOO
PDWUL[��EXW�WKH�LQLWLDO�YDOXH�RI�LW�FDQ�EH�VSHFLILHG�DV�D�GLDJRQDO�PDWUL[�LQ�ZKLFK�HDFK��GLDJRQDO�
HOHPHQW�LV�JLYHQ�D�YDOXH�ZKLFK�FRUUHVSRQGV�WR�WKH��DVVXPHG��YDULDQFH�RI�WKH�FRUUHVSRQGLQJ
HOHPHQW�IRU�WKH�VWDWH�YHFWRU��,W�GHSHQGV�RQ�KRZ�ZHOO�WKH�HOHPHQWV�DUH�NQRZQ�LQ�DGYDQFH��)RU
H[DPSOH��LI�WKH�GLVFKDUJH�RI�D�VSHFLILF�WXUELQH�LV�NQRZQ�WR�EH�T�ZLWKLQ�D�PDUJLQ�RI�T���∆T��WKHQ
WKH�FRUUHVSRQGLQJ�LQLWLDO�YDULDQFH�HOHPHQW�RI�WKH�DSULRUL�FRYDULDQFH�PDWUL[�VKRXOG�EH�VHW�WR��∆T���
'HIDXOW�YDOXHV�VKRXOG�EH�VXJJHVWHG�E\�WKH�V\VWHP��7KH�DSULRUL�FRYDULDQFH�PDWUL[�LV�GHQRWHG
X(k), WKH�LQLWLDO�YDOXH�EHLQJ�X(0). �$OVR��WKH�LQLWLDO�YDOXH�RI�WKH�DSRVWHULRUL�FRYDULDQFH�PDWUL[

X(0)
∧

LV�VHW�HTXDO�WR�X(0).



remafex
,QWHUQDO�GRF��:3������5(9�&
&RQGLWLRQ�0RQLWRULQJ�RI�+\GUDXOLF�6WULQJ�DQG�7XUELQH��6��

5(0$)(;�,QGXVWULDO�57'�3URMHFW������ 3DJH����
����6HSWHPEHU������

&RYDULDQFH�PDWUL[�RI�SURFHVV�QRLVH�9

7KLV�PDWUL[�LV�D�PHDVXUH�RI�WKH�RYHUDOO�PRGHO�HUURU��,W�WDNHV�FDUH�RI�WKH�HUURUV�ZH�PDNH�E\
VLPSOLI\LQJ�WKH�GHVFULSWLRQ�RI�WKH�UHDO�K\GUDXOLF�SURFHVV�LQWR�WKH�PRGHO��7KH�LQLWLDO�YDOXH�9����RI
WKLV�PDWUL[�FDQ�EH�VSHFLILHG�DV�D�GLDJRQDO�PDWUL[��7KH�HOHPHQWV�VKRXOG�EH�JLYHQ�D�YDOXH�ZKLFK
UHIOHFWV�WKH�DVVXPHG�PRGHO�HUURU�

&RYDULDQFH�PDWUL[�RI�PHDVXUHPHQW�QRLVH�:

7KLV�LV�VLPSO\�D�PHDVXUH�RI�WKH�DFFXUDF\�RI�WKH�VHQVRUV��7KH�PDWUL[�LV�LQLWLDOL]HG�DV�D�GLDJRQDO
PDWUL[��ZKHUH�WKH�HOHPHQWV�LV�WKH�YDULDQFH��∆\���RI�HDFK�PHDVXUHPHQW�

7UDQVLWLRQ�PDWUL[�Φ

*LYHQ�WKH�SURFHVV�PRGHO�LQ�GLVFUHWH�IRUP

[�N���� �I�[�N���S�

ZKHUH�S�LV�WKH�SDUDPHWHU�YHFWRU��WKH�WUDQVLWLRQ�PDWUL[�LV�GHILQHG�DV

ZKHUH�[7�LV�WKH�WUDQVSRVH�RI�[��Φ(0) LV�WKH�LQLWLDO�YDOXH�RI�WKH�WUDQVLWLRQ�PDWUL[�

0HDVXUHPHQW�PDWUL[

7KH�PHDVXUHPHQW�PRGHO

\�N�� �J��[��N���S�

LV�OLQHDUL]HG�WR�JLYH�WKH�PHDVXUHPHQW�PDWUL[�'�N��

ZKHUH�[7�N��LV�WKH�WUDQVSRVH�RI�[�N���*LYHQ�WKH�LQLWLDO�YDOXH�RI�[��[�����WKHQ�'����FDQ�EH�FDOFXODWHG�
7KLV�LV�QHFHVVDU\�WR�VWDUW�WKH�.DOPDQ�)LOWHU�

.DOPDQ�)LOWHU�JDLQ

7KH�.DOPDQ�)LOWHU�JDLQ�PDWUL[�.����FDQ�EH�FDOFXODWHG�JLYHQ�DOO�WKH�LQLWLDO�YDOXHV��IRU�N� ����RU�WKH
XSGDWHG�YDOXHV��IRU�N�!����
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$����� 83'$7(�67$7(

%DVHG�XSRQ�WKH�SUHGLFWHG�VWDWH��ZKLFK�ZDV�FDOFXODWHG�IURP�WKH�SUHYLRXV�XSGDWHG�VWDWH�LI�WKH
WLPH�VWHS�FRXQWHU�LV�JUHDWHU�WKDW�RU�HTXDO�WR�RQH��,I�WKH�VWHS�FRXQWHU�LV�]HUR��WKLV�PHDQV�WKH�LQLWLDO
FRQGLWLRQ�ZKLFK�WKHQ�DFWV�DV�WKH��XSGDWHG��VWDWH�DW�W� �����WKH�XSGDWHG�VWDWH�FDQ�EH�FDOFXODWHG
XVLQJ�WKH�.DOPDQ�)LOWHU�JDLQ�PDWUL[�DQG�WKH�PHDVXUHPHQW�SUHGLFWLRQ�HUURU��DOVR�FDOOHG�WKH
LQQRYDWLRQ��

ZKHUH

[ N
∧
( ) LV�WKH�XSGDWHG��DSRVWHULRUL��HVWLPDWH�WKH�VWDWH�YHFWRU��LQFOXGLQJ�HVWLPDWHG

SDUDPHWHUV��
[(k) LV�WKH�SUHGLFWHG�VWDWH�YHFWRU��FDOFXODWHG�DW�WLPH�N����,I�N ���WKLV�LV�WKH�LQLWLDO�VWDWH

ZKLFK�PXVW�VSHFLILHG�
.�N� LV�WKH�.DOPDQ�)LOWHU�JDLQ�PDWUL[�
\�N� LV�WKH�DFWXDO�PHDVXUHPHQWV�DW�WLPH�N�
y(k) LV�WKH�SUHGLFWHG�PHDVXUHPHQW�YHFWRU�DW�WLPH�N��FDOFXODWHG�EDVHG�RQ�LQIRUPDWLRQ

DW�WLPH�N����)RU�N ��WKLV�YHFWRU�FDQ�EH�D�]HUR�YHFWRU��ZKLFK�PHDQV�WKDW�WKH�ILUVW
PHDVXUHPHQW�LV�WDNHQ�DV�D�ODUJH�SUHGLFWLRQ�HUURU�

3UHGLFW�VWDWH

$OO�LQIRUPDWLRQ�XS�WR�WLPH�N�LV�QRZ�DYDLODEOH��DQG�WKH�SUHGLFWLRQ�RI�WKH�QH[W�VWDWH�YHFWRU�FDQ�EH
GRQH�DV

:KHQ�WKH�VWDWH� [ N( )+1 �KDV�EHHQ�FDOFXODWHG��WKH�DOJRULWKP�LV�PDGH�UHFXUVLYH�E\�VHWWLQJ

ZKLFK�PHDQV�WKDW�DOO�LQIRUPDWLRQ�XS�WR�WLPH�N�KDV�EHHQ�XVHG��7KH�SUHGLFWHG�VWDWH�YHFWRU�LV�WKHQ
WKH�NH\�WR�DOO�FDOFXODWLRQV�DW�WKH�QH[W�WLPH�VWHS�

( ) ( ) ( )( )[ [
∧
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:LWK�JLYHQ�SDUDPHWHUV�DQG�VWDWHV�XS�WR�WLPH�N����DQG�WKH�SUHGLFWHG�VWDWH�DW�WLPH�N��WKH
PHDVXUHPHQW�PRGHO�LV�XVHG�WR�SUHGLFW�WKH�PHDVXUHPHQW�YHFWRU�DW�WLPH�N��EHIRUH�WKH�DFWXDO
PHDVXUHPHQWV�DUH�WDNHQ�

:LWK�WKLV��WKH�PHDVXUHPHQW�PDWUL[�'�FDQ�EH�XSGDWHG�E\�XVLQJ�WKH�OLQHDUL]DWLRQ�IURP�$����

7KH�UHVXOWV�RI�WKH�HVWLPDWLRQ�DUH�QRZ�VWRUHG�LQ�D�ILOH��7KLV�ILOH�ZLOO�FRQWDLQ�VWDWHV�;�������;Q��WKH
PHDVXUHPHQWV�\�������\P��DQG�WKH�SUHGLFWLRQ�HUURUV�LQ�PHDVXUHPHQWV�ε�������ε�P��ε = −y y ��DQG�Q
P�LV�WKH�QXPEHU�RI�VWDWH�YDULDEOHV�DQG�PHDVXUHPHQW�YDULDEOHV�UHVSHFWLYHO\�

$����� $35,25,�&29$5,$1&(�X

&DOFXODWHV�DSULRUL�FRYDULDQFH�PDWUL[�IRU�WKH�VWDWHV

$����� .$/0$1�),/7(5�*$,1

*LYHQ�WKH�DSULRUL�FRYDULDQFH��WKH�JDLQ�PDWUL[�LV

LQ�ZKLFK�X �DQG�'�DUH�DV�GHILQHG�DERYH��:�LV�WKH�FRYDULDQFH�PDWUL[�IRU�PHDVXUHPHQW�QRLVH�
1RWH�WKDW�WKH�.DOPDQ�JDLQ�LQFUHDVHV�ZLWK�LQFUHDVLQJ�9��WKURXJK�X ��DQG�GHFUHDVHV�ZLWK
LQFUHDVLQJ�:�

$����� $3267(5,25,�&29$5,$1&(

7KH�DSRVWHULRUL�FRYDULDQFH�LV�FDOFXODWHG�DV

ZKHUH�,�LV�WKH�Q[Q�LGHQWLW\�PDWUL[�
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$����� 6$03/(�0($685(0(17

,I�PHDVXUHPHQWV�DUH�VWRUHG�RQ�ILOH��WKLV�LV�VLPSO\�D�IXQFWLRQ�WKDW�DGGUHVVHV�WKH�PHDVXUHPHQW
YHFWRU�DW�WLPH�N�

,I�PHDVXUHPHQWV�DUH�VDPSOHG�RQ�OLQH�IURP�D�GDWD�DFTXLVLWLRQ�V\VWHP��WKLV�PRGXOH�VKRXOG�DFWLYDWH
WKH�VDPSOLQJ��1RWH�WKDW�LW�LV�LPSRUWDQW�WR�NHHS�WUDFN��RI�UHDO�WLPH�DQG�D�FRQVWDQW�VDPSOLQJ
LQWHUYDO��7KLV�LV�RQO\�WR�PDLQWDLQ�WKH�SRVVLELOLW\�RI�DGGLQJ�G\QDPLFV�WR�WKH�SURFHVV�HTXDWLRQV��,Q
WKH�SUHVHQW�YHUVLRQ��WKHUH�LV�QR�G\QDPLFV�LQYROYHG��VR�WKH�FRQVHTXHQFH�RI�QRW�KDYLQJ�D�FRQVWDQW
VDPSOLQJ�LQWHUYDO�GRHV�QRW�DIIHFW�WKH�HVWLPDWHV�

$����� $3267(5,25,�67$7(�(67,0$7(

*LYHQ�WKH�.DOPDQ�JDLQ�DQG�WKH�QHZ�PHDVXUHPHQW�YHFWRU��WKH�VWDWH�YHFWRU�FDQ�QRZ�EH�XSGDWHG
VLPSO\�E\

ZKHUH� ( ) ( ) ( )y k y k k− = ε LV�WKH�PHDVXUHPHQW�SUHGLFWLRQ�HUURU��ε�N��PXVW�EH�NHSW�RQ�D�ILOH�IRU

WKH�SRVW�SURFHVVLQJ�RI�SUREDELOLWLHV�RI�HDFK�K\SRWKHVLV��7KH�VWDWH�YHFWRU� [ N
∧
( ) �LV�XVHG�WR�SUHGLFW

WKH�VWDWH�YHFWRU�IRU�WKH�QH[W�LQWHUYDO�N�����

$����� 352%$%,/,7<�'(16,7<

7KLV�IXQFWLRQ�LV�EDVHG�RQ�WKH�0XOWLSOH�0RGHO�+\SRWKHVLV�3UREDELOLW\�7HVW�PHWKRG��00+37�
ZKLFK�LV�H[SODLQHG�LQ�WKH�DWWDFKHG�DUWLFOH�LQ�$SSHQGL[����)RU�HDFK�LWHUDWLRQ��WKH�SUREDELOLW\
GHQVLW\�IRU�WKH�LQQRYDWLRQ�VHTXHQFH��ε�N���LV�FDOFXODWHG��7KH�UHVXOW��Ψι��LV�D�PHDVXUH�RI�WKH
FRQGLWLRQDO�SUREDELOLW\�RI�WKH�SUHGLFWLRQ�HUURU�ε XQGHU�WKH�K\SRWKHVLV�+L�

ZKHUH�5�LV�WKH�FRYDULDQFH�PDWUL[�IRU�WKH�SUHGLFWLRQ�HUURU�ε�

1RWH�WKDW�WKLV�PDWUL[��RU�LWªV�LQYHUVH��LV�XVHG�WR�FDOFXODWH�.DOPDQ�)LOWHU�JDLQ�PDWUL[�GHVFULEHG�LQ
$�����
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7KLV�IXQFWLRQ�WHVWV�IRU�D�VWRS�FULWHULRQ��ZKLFK�LV�IXOILOOHG�LI�RQH�RI�WKH�IROORZLQJ�WZR�VLWXDWLRQV
RFFXU�

�� 7KH�GHYLDWLRQ�EHWZHHQ�WKH�SUHGLFWHG�PHDVXUHPHQWV�DQG�WKH�DFWXDO�PHDVXUHPHQWV�LV�OHVV
WKDQ�D�JLYHQ�OLPLW��WKLV�PHDQV�WKDW�WKH�ILOWHU��LQFOXGLQJ�SDUDPHWHU�HVWLPDWLRQ��KDV�UHDFKHG
FRQYHUJHQFH��7KH�OLPLW�VKRXOG�EH�VHW�MXVW�DERYH�WKH�H[SHFWHG�YDOXH�RI�WKH�SUHGLFWLRQ�HUURU
YDULDQFH��ε7�ε!�DV�JLYHQ�E\�WKH�SURFHVV�QRLVH�9�DQG�PHDVXUHPHQW�QRLVH�:�

�� 7KH�WRWDO�QXPEHU�RI�VDPSOHV��16$03��KDV�EHHQ�SURFHVVHG�

,I�QRW��SURFHHG�ZLWK�VWHSV�$������WKURXJK�$�������XQWLO����RU����RFFXUV��:KHQ�K\SRWKHVLV�+L�KDV
EHHQ�LQYHVWLJDWHG��WKLV�IXQFWLRQ�WHVWV�LI�WKHUH�DUH�DQ\�RWKHU�K\SRWKHVLV�OHIW�WR�SURFHVV��,I�VR�WKH
ZKROH�SURFHVV�LV�UHLQLWLDOL]HG�XVLQJ�WKH�DSSURSULDWH�SURFHGXUHV�RI�$�������DQG�WKH�ORRS�$�����
WKURXJK�$�������LV�UH�HQWHUHG�

7KLV�LV�WKHQ�UHSHDWHG�XQWLO�DOO�WKH�LQLWLDO�K\SRWKHVLV�+L��L� �����������+<3�KDYH�EHHQ�SURFHVVHG�DQG
WKH�FRUUHVSRQGLQJ�VHTXHQFHV�^ε`�KDYH�EHHQ�VWRUHG�LQ�D�ILOH�

$����� +<327+(6,6�352%$%,/,7,(6

%\�XVLQJ�%D\HVª�UXOH��DOO�WKH�SUH�VSHFLILHG�K\SRWKHVHV�DUH�QRZ�FRPSDUHG��)RU�HDFK�K\SRWKHVLV�
WKLV�UHVXOWV�LQ�D�WDEOH�FRQWDLQLQJ�WKH�HVWLPDWHG�SUREDELOLW\�RI�WKH�K\SRWKHVLV�EHLQJ�WUXH��JLYHQ�DOO
PHDVXUHPHQWV�XS�WR�DQG�LQFOXGLQJ�WLPH�N�����

,Q�WKLV�H[SUHVVLRQ��WKH�DSULRUL�SUREDELOLW\� ( )q k 1i + �LV�WKH�SUREDELOLW\�RI�WKH�K\SRWKHVLV�+L�EHLQJ

WUXH�DW�WLPH�N��7KLV�DSULRUL�SUREDELOLW\�LV�FDOFXODWHG�DV�D�VWDWLF�SUHGLFWLRQ�ZLWK�D�ORZHU�ERXQG�

$�W\SLFDO�YDOXH�IRU�WKH�ORZHU�ERXQG�T�L�LV���
����ψL�DUH�WKH�SUREDELOLW\�GHQVLWLHV�FDOFXODWHG�LQ�WKH

PRGXOH�GHVFULEHG�LQ�$�����

$����� 27+(5�)81&7,216

,Q�DGGLWLRQ�WR�WKH�IXQFWLRQV�GHVFULEHG�VR�IDU��VRPH�RWKHU�IXQFWLRQV�DUH�QHHGHG��7KHVH�DUH
HVSHFLDOO\�IRU�LQLWLDOL]LQJ�WKH�PRGHO�EDVHG�RQ�WKH�LQIRUPDWLRQ�LQ�WKH�FRQILJXUDWLRQ�ILOH��$OVR�
IXQFWLRQV�IRU�RSHQLQJ�ILOHV��ZULWLQJ�WR�DQG�UHDGLQJ�IURP�ILOHV��DQG�IRU�LQWHUSUHWLQJ�LQIRUPDWLRQ�KHOG
RQ�ILOHV��IXQFWLRQV�IRU�PDWUL[�PDQLSXODWLRQ�DQG�VWULQJ�PDQLSXODWLRQ�DUH�QHHGHG�
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,WHP +\GUDXOLF�VWULQJ�DQG�WXUELQH
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