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QXPEHU RI GLVFUHWH PRGHV� LQ ZKLFK WKH VZLWFKLQJ EHWZHHQ GLmHUHQW PRGHV LV FRPPDQGHG E\ DQ H[WHUQDO
IXQFWLRQ� ,W LV DVVXPHG WKDW DW HDFK PRGH WKH V\VWHP LV JOREDOO\ GULIW�REVHUYDEOH DQG HLWKHU LV XQIRUFHG
RU KDV IXOO UHODWLYH GHJUHH� ([SRQHQWLDO GHFD\ RI WKH REVHUYDWLRQ HUURU LV HQVXUHG SURYLGHG WKDW WKHUH
H[LVWV DQ XSSHU ERXQG RQ WKH LQSXW DPSOLWXGH DQG D ORZHU ERXQG RQ WKH WLPH EHWZHHQ WZR FRQVHFXWLYH
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� ,QWURGXFWLRQ
0DQ\ UHFHQW SDSHUV GHDO ZLWK FRQWURO SUREOHPV
RQ K\EULG V\VWHPV �VHH H�J� >�����������@ DQG UHI�
HUHQFHV WKHUHLQ�� 2Q WKH RWKHU KDQG� VPDOOHU DW�
WHQWLRQ KDV EHHQ GHYRWHG WR WKH SUREOHP RI VWDWH
REVHUYDWLRQ IRU K\EULG V\VWHPV LQ D GHWHUPLQLV�
WLF VHWWLQJ� 7KH SUREOHP RI VWDWH HVWLPDWLRQ IRU
VZLWFKLQJ OLQHDU V\VWHPV LQ D VWRFKDVWLF IUDPH�
ZRUN KDV EHHQ LQYHVWLJDWHG nUVW LQ >�@ IRU GLVFUHWH
WLPH�V\VWHPV� 5HFHQW SDSHUV RQ WKH WRSLF DUH
>��@� IRU WKH FRQWLQXRXV�WLPH FDVH� DQG >�@ IRU WKH
GLVFUHWH�WLPH FDVH� 7KH FDVH RI QRQOLQHDU VWRFKDV�
WLF K\EULG V\VWHPV KDV EHHQ LQYHVWLJDWHG LQ >�@�
ZKHUH WKH RSWLPDO VWDWH HVWLPDWRU LV SUHVHQWHG
LQ WHUPV RI D =DNDL�W\SH HTXDWLRQ WKDW JLYHV WKH
HYROXWLRQ RI WKH FRQGLWLRQDO GHQVLW\ RI WKH VWDWH
YDULDEOH�
,Q WKH VWRFKDVWLF VHWWLQJ� WKH VZLWFKLQJ EH�

WZHHQ GLVFUHWH PRGHV LV FRPPDQGHG E\ D nQLWH�
VWDWH 0DUNRY FKDLQ� ,Q WKH GHWHUPLQLVWLF VHW�
WLQJ WKH VZLWFKLQJ WLPHV DQG WKH FRUUHVSRQGLQJ
GLVFUHWH PRGHV DUH DVVXPHG NQRZQ� 7KH VWDWH
REVHUYDWLRQ SUREOHP IRU GHWHUPLQLVWLF VZLWFKLQJ
GLVFUHWH�WLPH OLQHDU V\VWHPV LV LQYHVWLJDWHG LQ >�@�
LQ ZKLFK D /XHQEHUJHU VZLWFKLQJ REVHUYHU ZLWK
VFKHGXOHG JDLQV LV SURSRVHG�
7KLV SDSHU VWXGLHV WKH SUREOHP RI VWDWH REVHU�

YDWLRQ� LQ D GHWHUPLQLVWLF VHWWLQJ� IRU D FODVV RI
K\EULG DXWRPDWD GHVFULEHG E\ VZLWFKLQJ QRQOLQ�
HDU GLmHUHQWLDO HTXDWLRQV� $ VZLWFKLQJ REVHUYHU LV

7KLV ZRUN LV VXSSRUWHG E\ 0,85 �0LQLVWU\ RI (GX�
FDWLRQ� 8QLYHUVLW\ DQG 5HVHDUFK� DQG E\ &15 �1D�

WLRQDO 5HVHDUFK &RXQFLO��

SURSRVHG DQG H[SRQHQWLDO GHFD\ RI WKH REVHUYD�
WLRQ HUURU LV SURYHG XQGHU VXLWDEOH DVVXPSWLRQV�
7KH REVHUYHU JDLQ LV HDV\ WR FRPSXWH DQG WKH RE�
VHUYDWLRQ DOJRULWKP LV HDV\ WR LPSOHPHQW� %HIRUH
WR SUHVHQW WKH REVHUYHU� VRPH SUHOLPLQDULHV WDNHQ
IURP >���@ DUH UHSRUWHG� 7KH SDSHU FORVHV ZLWK
VRPH VLPXODWLRQ UHVXOWV RQ D VLPSOLnHG PRGHO RI
DQ LQWHUQDO FRPEXVWLRQ HQJLQH� WKDW GHPRQVWUDWH
WKH KLJK HmHFWLYHQHVV RI WKH SURSRVHG DOJRULWKP�
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QRQOLQHDU GLmHUHQWLDO HTXDWLRQV RI WKH W\SH
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7KH GLVFUHWH YDULDEOH Y LV SLHFHZLVH FRQVWDQW� VR
WKDW WKH V\VWHP ��� LV SLHFHZLVH VPRRWK� :KHQ
D FKDQJH RFFXUV LQ WKH YDULDEOH Y �MXPS� DOVR WKH
FRQWLQXRXV VWDWH [�W� PD\ XQGHUJR D GLVFRQWLQX�
RXV FKDQJH� :H DVVXPH WKH H[LVWHQFH RI D IXQF�
WLRQ
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ZKLFK DVVLJQV QHZ YDOXHV WR WKH FRQWLQXRXV VWDWH
YDULDEOH ZKHQ D MXPS RFFXUV IURP RQH GLVFUHWH
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:H DVVXPH WKDW WKH PRGH FKDQJHV LQ WKH
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1RQOLQHDU 6\VWHPV

7KH REVHUYHU IRU QRQOLQHDU VZLWFKLQJ V\VWHPV SUR�
SRVHG LQ WKLV SDSHU LV DQ H[WHQVLRQ RI WKH RQH SUH�
VHQWHG LQ >�� �@ IRU VPRRWK QRQOLQHDU V\VWHPV� DQG
WKHUHIRUH LW LV XVHIXO WR UHFDOO LQ VKRUW WKH UHOHYDQW
QRWDWLRQV DQG UHVXOWV�
:KHQ FRQVLGHULQJ WKH SUREOHP RI VWDWH REVHU�
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nQHV D JOREDO FKDQJH RI FRRUGLQDWHV� 'HnQLQJ WKH
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7KH VHFRQG DVVXPSWLRQ QHHGHG WR HQVXUH H[�
SRQHQWLDO FRQYHUJHQFH LV WKH IROORZLQJ�
+ � � H3 �]� X� LV JOREDOO\ XQLIRUPO\ /LSVFKLW] ZLWK

UHVSHFW WR ]� DQG WKH /LSVFKLW] FRHpFLHQW oH�
LV D QRQ GHFUHDVLQJ IXQFWLRQ RI MXM�
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7KH WKLUG DVVXPSWLRQ LV�
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,W LV HDV\ WR YHULI\ WKDW LQ WKH FDVH RI RE�
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7KH IROORZLQJ WKHRUHP >�@ FDQ EH JLYHQ�

7KHRUHP �� )RU V\VWHP ��� DVVXPH WKDW K\�

SRWKHVHV + � � + � � + � DUH VDWLVnHG DQG WKDW WKHUH

H[LVWV X � VXFK WKDW MX�W�M � X � � IRU W w �� 7KHQ�
IRU DQ\ SRVLWLYH m WKHUH H[LVWV D JDLQ YHFWRU . IRU

WKH REVHUYHU ���� DQG D FRQVWDQW ax VXFK WKDW
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:KHQ GHDOLQJ ZLWK K\EULG DXWRPDWD RI WKH W\SH
���� DOO IXQFWLRQV RI WKH VWDWH WKDW DUH GHnQHG LQ
WKH SUHYLRXV VHFWLRQ GHSHQG DOVR RQ WKH GLVFUHWH
PRGH Y � 9� +HQFH� LQ WKH IROORZLQJ WKH /LH
GHULYDWLYHV RI K DORQJ I ZLOO EH GHQRWHG /
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7KH RQO\ GHVLJQ GHJUHH RI IUHHGRP LV WKH FRQVWDQW
REVHUYHU JDLQ .� WKDW LV UHVSRQVLEOH RI WKH RE�
VHUYHU SHUIRUPDQFH�

� &RQYHUJHQFH 5HVXOWV
,Q WKLV VHFWLRQ ZH VKRZ WKDW WKH DVVXPSWLRQV
�+ � ^+ � � DUH VXpFLHQW WR JXDUDQWHH H[LVWHQFH RI
D JDLQ YHFWRU . LQ WKH REVHUYHU ���� WKDW HQ�
VXUHV DV\PSWRWLF REVHUYDWLRQ HUURU GHFD\� 7KLV
UHVXOW LV EDVHG RQ WKH FDSDELOLW\ WR DVVLJQ ODUJH
HLJHQYDOXHV WR WKH PDWUL[ $ � b.& � ZKLOH NHHS�
LQJ VPDOO WKH QRUP RI VXLWDEOH PDWULFHV �QRWH WKDW
WKH SDLU $ � � & � LV REVHUYDEOH DQG WKDW PDWUL[
$ � b .& � KDV D FRPSDQLRQ VWUXFWXUH�� /HW XV
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DQG OHW XV GHQRWH ZLWK .�e� WKH JDLQ VXFK WKDW
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7KH IROORZLQJ /HPPD LV IXQGDPHQWDO LQ WKH

SURRI RI H[SRQHQWLDO GHFD\ RI WKH REVHUYDWLRQ HU�
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/HPPD � LV D QRQ WULYLDO H[WHQVLRQ RI /HPPD � LQ
>�@� DQG FDQ EH SURYHG IROORZLQJ WKH VDPH OLQHV�
7KH DVVXPSWLRQV QHHGHG LQ WKLV SDSHU WR ZRUN

RXW WKH SURRI RI H[SRQHQWLDO GHFD\ RI WKH REVHU�
YDWLRQ HUURU DUH WKH IROORZLQJ�
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ZKHUH WKH IXQFWLRQ H5 LV GHnQHG LQ �����

3URRI� 7KH OHPPD VWDWHV D UHVXOW ZKLFK LV D
VOLJKW PRGLnFDWLRQ RI HTXDWLRQ ���� LQ >�@� ZLWK

WKH DGGLWLRQ RI WKH IXQFWLRQ H5� 7KH VDPH OLQHV RI
WKH SURRI RI 7KHRUHP � FDQ EH IROORZHG WR GHULYH
HTXDWLRQV �����
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