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3DUDOOHO� PDQLSXODWRUV� DUH� SUHIHUUHG� WR� VHULDO� PDQLSXODWRUV�IRU� WKHLU� EHWWHU� G\QDPLF� FDSDELOLWLHV�� LQFUHDVHG� ULJLGLW\� DQG�KLJK� SRVLWLRQLQJ� DFFXUDF\�� 7KH� ODWWHU�� KRZHYHU�� PD\� EH�GHWHULRUDWHG� E\� IDFWRUV� OLNH� PDQXIDFWXULQJ� WROHUDQFHV��LQVWDOODWLRQ� HUURUV� DQG� OLQN� RIIVHWV� UHVXOWLQJ� LQ� GLIIHUHQW�NLQHPDWLF� SDUDPHWHUV� IURP� WKRVH� RI� WKH� QRPLQDO� PRGHO��.LQHPDWLF� FDOLEUDWLRQ� LV� D� SURFHVV� E\� ZKLFK� WKH� DFWXDO�NLQHPDWLF� SDUDPHWHUV� DUH� HVWLPDWHG� DQG� ODWHU� XVHG� E\� WKH�PDQLSXODWRU¶V� FRQWUROOHU�� 7KLV� FRPSHQVDWHV� IRU� WKH� DERYH�VRXUFHV� RI� JHRPHWULF� HUURUV� DQG� KHQFH� LPSURYHV� DFFXUDF\�VLJQLILFDQWO\�� :LWKRXW� FDOLEUDWLRQ�� WKH� VLJQLILFDQFH� DQG�YHULGLFDOLW\� RI� UHVXOWV� IRU� H[SHULPHQWDO� URERWLFV� FDQQRW� EH�JDXJHG��2QH�PD\�H[SHFW�WR�VSHQG�PRVW�RI�H[SHULPHQWDO�HIIRUW�LQ FDOLEUDWLRQ�DQG� OHVV� LQ�DFWXDOO\� UXQQLQJ� WKH�H[SHULPHQWV� LQ�FRQWURO�>�@��.LQHPDWLF� FDOLEUDWLRQ� UHTXLUHV� UHGXQGDQW� VHQVRU\�LQIRUPDWLRQ�� 7KLV� LQIRUPDWLRQ� FDQ� EH� DFTXLUHG� E\� XVLQJ�H[WHUQDO� VHQVRUV� >���@��RU�E\�DGGLQJ� UHGXQGDQW� VHQVRUV� WR� WKH�V\VWHP�>����@��RU�E\�UHVWUDLQLQJ�WKH�PRWLRQ�RI�WKH�HQG�HIIHFWRU�WKURXJK� VRPH� ORFNLQJ� GHYLFH� >�����@�� 7KH� ODWWHU� WZR� DUH�FDWHJRUL]HG� DV� VHOI�FDOLEUDWLRQ� RU� DXWRQRPRXV� FDOLEUDWLRQ�WHFKQLTXHV��
&ODVVLFDO� PHWKRGV� RI� FDOLEUDWLRQ� UHTXLUH� PHDVXUHPHQW� RI�

FRPSOHWH� RU� SDUWLDO� SRVWXUHV� RI� WKH� HQG�HIIHFWRU� XVLQJ� VRPH�
H[WHUQDO�PHDVXULQJ�GHYLFHV��1XPHURXV�GHYLFHV�KDYH�EHHQ�XVHG�
IRU�FDOLEUDWLRQ�RI�SDUDOOHO�PDQLSXODWRUV��=KXDQJ�HW�DO��>�@�XVHG�
HOHFWURQLF� 7KHRGROLWHV� IRU� WKH� FDOLEUDWLRQ� RI� WKH� 6WHZDUW�
SODWIRUP� DORQJ� ZLWK� VWDQGDUG� PHDVXULQJ� WDSHV�� )RU� D� ��
GHJUHH�RI�IUHHGRP��'2)��UHGXQGDQW�SDUDOOHO�URERW��1DKYL�HW�DO��
>�@�HPSOR\HG�/9'7�VHQVRUV��/DVHU�GLVSODFHPHQW�VHQVRUV�ZHUH�
XVHG�WR�FDOLEUDWH�D�GHOWD���W\SH�SDUDOOHO�URERW�E\�0DXULQH�>�@��
2WD� HW� DO� SHUIRUPHG� FDOLEUDWLRQ� RI� D� SDUDOOHO� PDFKLQH� WRRO��
+H[D0�� XVLQJ� D� 'RXEOH� %DOO� %DU� V\VWHP� >�@�� 7DNHGD� HW� DO��
SURSRVHG�XVH�RI� ORZ�RUGHU�)RXULHU� VHULHV� WR� FDOLEUDWH�SDUDOOHO�
PDQLSXODWRUV�XVLQJ�'RXEOH�%DOO�%DU�V\VWHP�>�@��%HVQDUG�HW�DO��
>�@� GHPRQVWUDWHG� WKDW� *RXJK�6WHZDUW� SODWIRUP� FRXOG� EH�
FDOLEUDWHG� XVLQJ� WZR� LQFOLQRPHWHUV�� $OO� RI� WKH� NLQHPDWLF�
SDUDPHWHUV� FDQ� EH� LGHQWLILHG� ZKHQ� WKH� &DUWHVLDQ� SRVWXUH� LV�

FRPSOHWHO\�PHDVXUHG��+RZHYHU��PHDVXULQJ�DOO�FRPSRQHQWV�RI�
WKH� &DUWHVLDQ� SRVWXUH�� SDUWLFXODUO\� WKH� RULHQWDWLRQ�� FDQ� EH�
GLIILFXOW� DQG� H[SHQVLYH�� :LWK� SDUWLDO� SRVH� PHDVXUHPHQWV��
H[SHULPHQWDO�SURFHGXUH�LV�VLPSOHU�EXW�VRPH�RI�WKH�SDUDPHWHUV�
PD\�QRW�EH�LGHQWLILHG��6HOI�FDOLEUDWLRQ� VFKHPHV� SURYLGH� HFRQRPLF�� DXWRPDWLF��QRQLQYDVLYH�� DQG� IDVW� GDWD� PHDVXUHPHQW� DQG� DUH� WKHUHIRUH�SUHIHUUHG� RYHU� FODVVLFDO� FDOLEUDWLRQ� PHWKRGV�� =KDXQJ� >���@�SURSRVHG�WZR�URWDU\�VHQVRUV�DW�HDFK�XQLYHUVDO�MRLQW�RI�DOWHUQDWH�OHJV� RI� WKH� 6WHZDUW� SODWIRUP� DQG� GLVFXVVHG� IRUPXODWLRQ� RI�PHDVXUHPHQW� UHVLGXDO� DQG� LGHQWLILFDWLRQ� -DFRELDQ� LQ� GHWDLO��:DPSOHU� HW� DO�� FDOLEUDWHG� *RXJK�6WHZDUW� SODWIRUP� XVLQJ� ��VHQVRUV� DW� SDVVLYH� MRLQWV�RI�RQH� OHJ� >��@��.KDOLO� DQG�%HVQDUG�>��@� VKRZHG� WKDW� ORFNLQJ� XQLYHUVDO� DQG�RU� VSKHULFDO� MRLQWV��ZLWK� DSSURSULDWH� ORFNLQJ� PHFKDQLVPV�� FRXOG� FDOLEUDWH� WKH�6WHZDUW� PHFKDQLVP� DXWRQRPRXVO\�� 0DXULQH� HW� DO�� >�����@�H[WHQGHG� WKH� LGHD� WR� FDOLEUDWH� +(;$�W\SH� SDUDOOHO� URERW��0HJJLRODUR�HW�DO��>��@�SUHVHQWHG�D�FDOLEUDWLRQ�PHWKRG�XVLQJ�D�VLQJOH�HQG�SRLQW�FRQWDFW�FRQVWUDLQW��7KLV�PHWKRG�LV�DSSOLHG�WR�D�VHULDO� PDQLSXODWRU� WKDW� KDV� HODVWLF� HIIHFWV� GXH� WR� HQG�SRLQW�IRUFHV� DQG�PRPHQWV��5DXI� DQG�5\X� >��@�� DQG�5\X� DQG�5DXI�>��@�SURSRVHG�FDOLEUDWLRQ�SURFHGXUHV�IRU�SDUDOOHO�PDQLSXODWRUV�E\� LPSRVLQJ� FRQVWUDLQWV�RQ� WKH� HQG�HIIHFWRU�� 7KH� SUREOHP�RI�QRQ�LGHQWLILDEOH� SDUDPHWHUV� EHFRPHV� VHYHUH� IRU� WKH�VHOI�FDOLEUDWLRQ�VFKHPHV��SDUWLFXODUO\�IRU�WKH�IXOO\�DXWRQRPRXV�FDOLEUDWLRQ�VFKHPHV�WKDW�UHO\�RQ�LPSRVLQJ�FRQVWUDLQWV��
=KXDQJ� HW� DO�� >�@� IRUPXODWHG� WKH� FRVW� IXQFWLRQ� LQ� WHUPV� RI�

WKH� LQYHUVH�NLQHPDWLF� UHVLGXDOV� WKDW� UHVXOWV� LQ�EORFN�GLDJRQDO�
LGHQWLILFDWLRQ�-DFRELDQ�PDWUL[�DQG�WKH�LGHQWLILFDWLRQ�SURFHGXUH�
FDQ�EH�LPSOHPHQWHG�ZLWKRXW�VROYLQJ�IRUZDUG�NLQHPDWLFV��)DVVL�
HW� DO�� SURSRVHG� D� SURFHGXUH� IRU� REWDLQLQJ� D� PLQLPXP��
FRPSOHWH�� DQG� SDUDPHWULFDOO\� FRQWLQXRXV� PRGHO� IRU� WKH�
JHRPHWULFDO� FDOLEUDWLRQ� RI� SDUDOOHO� URERWV� >��@�� ,XUDVFX� DQG�
3DUN� >��@� IRUPXODWHG� WKH� NLQHPDWLF� FDOLEUDWLRQ� SUREOHP� IRU�
FORVHG� FKDLQ�PHFKDQLVPV� LQ� FRRUGLQDWH�LQYDULDQW� IDVKLRQ� DQG�
VROYHG�GLUHFWO\�WKH�QRQOLQHDU�FRQVWUDLQHG�RSWLPL]DWLRQ�SUREOHP�
RI�FDOLEUDWLRQ��'DQH\�HW�DO��>��@�SUHVHQWHG�YDULDEOH�HOLPLQDWLRQ�
WHFKQLTXH� WR� LPSURYH� WKH� HIIHFWLYHQHVV� RI� LGHQWLILFDWLRQ�
SURFHGXUH� ZKHQ� RQO\� SDUWLDO� SRVH� LQIRUPDWLRQ� LV� DYDLODEOH��

�$ 1HZ�'HYLFH�DQG�3URFHGXUH�IRU�.LQHPDWLF�&DOLEUDWLRQ�RI�3DUDOOHO�0DQLSXODWRUV�
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�$EVWUDFW� .LQHPDWLF�FDOLEUDWLRQ�LV�D�SURFHVV�ZKHUHE\�WKH�DFWXDO�YDOXHV�RI�JHRPHWULF�SDUDPHWHUV�DUH�HVWLPDWHG�VR�DV�WR�PLQLPL]H�WKH�HUURU� LQ�DEVROXWH�SRVLWLRQLQJ��0HDVXULQJ�DOO�FRPSRQHQWV�RI�&DUWHVLDQ�SRVWXUH��SDUWLFXODUO\� WKH�RULHQWDWLRQ��FDQ�EH�GLIILFXOW��:LWK�SDUWLDO�SRVH�PHDVXUHPHQWV��DOO�SDUDPHWHUV�PD\�QRW�EH�LGHQWLILDEOH��7KLV�SDSHU�SURSRVHV�D�QHZ�GHYLFH�WKDW�FDQ�LGHQWLI\�DOO�NLQHPDWLF�SDUDPHWHUV�ZLWK�SDUWLDO�SRVH�PHDVXUHPHQWV��6WXG\�LV�SHUIRUPHG�IRU�D�VL[�GHJUHH�RI�IUHHGRP�IXOO\�SDUDOOHO�+H[D�6OLGH�PDQLSXODWRU��7KH�GHYLFH��KRZHYHU�� LV�JHQHUDO�DQG�FDQ�EH�XVHG� IRU�RWKHU�SDUDOOHO�PDQLSXODWRUV��7KH�SURSRVHG�GHYLFH�FRQVLVWV�RI�D� OLQN�ZLWK�8�MRLQWV�RQ�ERWK� VLGHV� DQG� LV� HTXLSSHG�ZLWK� D� URWDU\� VHQVRU� DQG� D� ELD[LDO� LQFOLQRPHWHU��:KHQ� DWWDFKHG� EHWZHHQ� WKH� EDVH� DQG� WKH�PRELOH� SODWIRUP�� WKH� GHYLFH� UHVWULFWV� WKH� HQG�HIIHFWRU¶V� PRWLRQ� WR� ILYH� GHJUHH�RI�IUHHGRP� DQG� FDQ� PHDVXUH� SRVLWLRQ� RI� WKH�HQG�HIIHFWRU�DQG�RQH�RI�LWV�URWDWLRQV��1XPHULFDO�DQDO\VHV�RI�WKH�LGHQWLILFDWLRQ -DFRELDQ�UHYHDO�WKDW�DOO�SDUDPHWHUV�DUH�LGHQWLILDEOH��&RPSXWHU�VLPXODWLRQV�VKRZ�WKDW�WKH�LGHQWLILFDWLRQ�LV�UREXVW�IRU�WKH�HUURUV�LQ�WKH�LQLWLDO�JXHVV�DQG�WKH�PHDVXUHPHQW�QRLVH��,QWULQVLF�LQDFFXUDFLHV� RI� WKH� GHYLFH� FDQ� VLJQLILFDQWO\� GHWHULRUDWH� WKH� FDOLEUDWLRQ� UHVXOWV�� $� PHDVXUHPHQW� SURFHGXUH� LV� SURSRVHG� DQG�IRUPXODWLRQV�RI�FRVW�IXQFWLRQV�DUH�GLVFXVVHG�WR�SUHYHQW�SURSDJDWLRQ�RI�WKH�LQDFFXUDFLHV�WR�WKH�FDOLEUDWLRQ�UHVXOWV��
�

.H\ZRUGV��+H[D�6OLGH�0DQLSXODWRU��,GHQWLILFDWLRQ�3DUDPHWHUV��.LQHPDWLF�&DOLEUDWLRQ��3DUDOOHO�0DQLSXODWRUV�



,&&$6����� � � � � � � � � � � � � � � � � � � � � � � � � � � 2FWREHU��������*\HRQJMX�7(0)�+RWHO��*\HRQJMX��.RUHD� �
�.KDOLO� HW� DO�� >��@� SUHVHQWHG� DQ� DOJRULWKP� WR� FDOFXODWH� WKH�
LGHQWLILDEOH�SDUDPHWHUV�IRU�URERWV�ZLWK�WUHH�VWUXFWXUHV��2LOLYHUV�
HW DO�� >��@� XVHG� VLQJXODU� YDOXH� GHFRPSRVLWLRQ� IRU� WKH�
LGHQWLILFDWLRQ�SURFHVV�DQG�VKRZHG�WKDW�WKLV�SURYLGHV�LPPXQLW\�
WR� QXPHULFDO� UHGXQGDQFLHV� WKDW� PD\� UHVXOW� IURP� SDUWLDO� SRVH�
PHDVXUHPHQWV�� %DVHG� RQ� 45� DQDO\VHV� RI� WKH� LGHQWLILFDWLRQ�
-DFRELDQ�PDWUL[��%HVQDUG�DQG�.KDOLO�>��@�DQDO\]HG�QXPHULFDO�
UHODWLRQV� EHWZHHQ� WKH� LGHQWLILDEOH� DQG� WKH� QRQ�LGHQWLILDEOH�
SDUDPHWHUV� IRU� GLIIHUHQW� FDOLEUDWLRQ� VFKHPHV� ZLWK� FDVH� VWXG\�
RQ� WKH� *RXJK�6WHZDUW� SODWIRUP� WKDW� KDV� ��� LGHQWLILFDWLRQ�
SDUDPHWHUV�� 7KH\� VKRZHG� WKDW� �� SDUDPHWHUV� FRXOGQ¶W� EH�
LGHQWLILHG� ZKHQ� RQO\� SRVLWLRQ� RI� WKH� PRELOH� SODWIRUP� LV�
PHDVXUHG�� �� SDUDPHWHUV� DUH� QRQ�LGHQWLILDEOH� ZKHQ� WZR�
LQFOLQRPHWHUV� DUH� XVHG�� DQG� WKH� PD[LPXP� QXPEHU� RI�
LGHQWLILDEOH�SDUDPHWHUV�ZLWK�IXOO\�DXWRQRPRXV�VFKHPHV�LV�����7KLV�SDSHU�SUHVHQWV�D�QHZ�PHDVXULQJ�GHYLFH�IRU�FDOLEUDWLRQ�RI� SDUDOOHO� PDQLSXODWRUV�� 7KH� VWXG\� LV� SHUIRUPHG� IRU� D� ��GHJUHH�RI�IUHHGRP� �'2)�� IXOO\� SDUDOOHO� +H[D� 6OLGH�PDQLSXODWRU�� 7KH� GHYLFH�� KRZHYHU�� LV� JHQHUDO� DQG� FDQ� EH�HPSOR\HG� IRU� FDOLEUDWLQJ� RWKHU� SDUDOOHO� PDQLSXODWRUV�� 7KH�SURSRVHG�GHYLFH�UHVWULFWV�WKH�PRWLRQ�RI�WKH�PRELOH�SODWIRUP�WR�� GHJUHHV�RI�IUHHGRP� DQG� FDQ� PHDVXUH� WKH� SRVLWLRQ� RI� WKH�HQG�HIIHFWRU�DORQJ�ZLWK�RQH�RI�LWV�URWDWLRQV��)XUWKHU�GHWDLOV�RI�WKH� GHYLFH� ZLOO� EH� SURYLGHG� LQ� VHFWLRQ� ��� 7KH� GHYLFH�� WKXV��VKDUHV� IHDWXUHV� RI� ERWK� WKH� FODVVLFDO� FDOLEUDWLRQ� VFKHPHV� DQG�WKH� VHOI�FDOLEUDWLRQ� VFKHPHV�� 0HDVXUHPHQW� RI� GDWD� FDQ� EH�DXWRPDWHG�WKHUHE\�PDNLQJ�WKH�H[SHULPHQWDO�SURFHGXUH�VLPSOH��45� DQDO\VHV� RI� WKH� LGHQWLILFDWLRQ� -DFRELDQ� UHYHDO� WKDW� ZLWK�SDUWLDO� SRVH� PHDVXUHPHQWV� IURP� WKH� GHYLFH�� DOO� RI� WKH�SDUDPHWHUV� FDQ� EH� LGHQWLILHG�� ,QWULQVLF� LQDFFXUDFLHV� RI� WKH�GHYLFH� FDQ� VLJQLILFDQWO\� GHWHULRUDWH� WKH� FDOLEUDWLRQ� UHVXOWV��$�SURFHGXUH� IRU� PHDVXULQJ� SRVWXUHV� LV� SURSRVHG� DQG�IRUPXODWLRQV� RI� WKH� FRVW� IXQFWLRQ� DUH� GLVFXVVHG� WR� DYRLG�SURSDJDWLRQ� RI� WKH� GHYLFH¶V� LQWULQVLF� LQDFFXUDFLHV� WR� WKH�FDOLEUDWLRQ�UHVXOWV��7KLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��+H[D�6OLGH�0DQLSXODWRU�LV�LQWURGXFHG�LQ�6HFWLRQ����6HFWLRQ���GLVFXVVHV�WKH�FDOLEUDWLRQ�GHYLFH� DORQJ� ZLWK� PHDVXUHPHQW� SURFHGXUH� DQG� IRUPXODWLRQ��5HVXOWV� RI� FRPSXWHU� VLPXODWLRQV� DUH� SUHVHQWHG� LQ� VHFWLRQ� ��DORQJ�ZLWK�GLVFXVVLRQ�RQ�VRPH�LVVXHV��6HFWLRQ���FRQFOXGHV�WKH�VWXG\��
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6FKHPDWLF�RI� WKH�+H[D�6OLGH�PHFKDQLVP��+60��� WR�ZKLFK�WKH�SURSRVHG�FDOLEUDWLRQ�VFKHPH�LV�DSSOLHG��LV�VKRZQ�LQ�)LJ����DQG�VRPH�GHWDLOV�RI�WKH�JHRPHWULF�YDULDEOHV�DUH�JLYHQ�LQ�)LJ�����,W�LV�D���GHJUHH�RI�IUHHGRP�IXOO\�SDUDOOHO�PDQLSXODWRU�RI�3556�W\SH�� ,Q� ILJXUH���� $L�� DQG� $L�� GHQRWH� WKH� VWDUW� DQG� WKH� HQG�SRLQWV�RI�WKH�LWK��L ����«����UDLO�D[LV��$L GHQRWHV�WKH�FHQWHU�RI�LWK�XQLYHUVDO�MRLQW�DQG�LW�OLHV�RQ�WKH�OLQH�VHJPHQW�$L�$L�� $OO�RI�WKH�UDLO�D[HV�DUH�LGHQWLFDO�DQG�WKH�QRPLQDO�OLQN�OHQJWK�� A � IRU�

HDFK� OHJ� LV� HTXDO�� 7KH� DUWLFXODU� YDULDEOH�� LO � LV� WKH� GLVWDQFH�
EHWZHHQ� WKH� SRLQWV� $L�� DQG� $L� %L GHQRWHV� WKH� FHQWHU� RI�VSKHULFDO�MRLQW�DW�WKH�SODWIRUP��3RVWXUH� RI� WKH� PRELOH� SODWIRUP� LV� UHSUHVHQWHG� ZLWK� D�SRVLWLRQ�YHFWRU�RI� WKH�PRELOH� IUDPH�FHQWHU� LQ� WKH�EDVH� IUDPH�DQG�ZLWK�WKUHH�(XOHU�DQJOHV�DV�> @; [ \ ] T \ I ����
7KH� (XOHU� DQJOHV� DUH� GHILQHG� DV�� \ URWDWLRQ� DERXW� WKH�

JOREDO� ;�D[LV�� T URWDWLRQ� DERXW� WKH� JOREDO� <�D[LV� DQG� I
URWDWLRQ� DERXW� WKH� URWDWHG� ORFDO� ]�D[LV�� 2ULHQWDWLRQ� LV� WKXV�
JLYHQ�E\�� � � �< ; ]5 5 5 5T \ I 
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ZKHUH�& DQG�6 UHSUHVHQW�WKH�FRVLQH�DQG�VLQH�UHVSHFWLYHO\��

)LJ����6FKHPDWLF�RI�+60�

)LJ����*HRPHWULF�SDUDPHWHUV�RI�WKH�+60�
����7KH�,QYHUVH�.LQHPDWLFV��7KH� SUREOHP� RI� LQYHUVH� NLQHPDWLFV� LV� WR� FRPSXWH� WKH�DUWLFXODU� YDULDEOHV� IRU� D�JLYHQ�SRVLWLRQ� DQG�RULHQWDWLRQ�RI� WKH�PRELOH� SODWIRUP�� )RU� WKH� +60�� WKH� SUREOHP� RI� LQYHUVH�NLQHPDWLFV�LV�VLPSOH�DQG�XQLTXH�DQG�LV�VROYHG�LQGLYLGXDOO\�IRU�HDFK� NLQHPDWLF� FKDLQ�� &RQVLGHULQJ� D� VLQJOH� OLQN� FKDLQ�� WKH�LQYHUVH�NLQHPDWLFV�UHODWLRQ�FDQ�EH�H[SUHVVHG�DV�
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ZKHUH�D LV WKH�XQLW�YHFWRU�DORQJ�WKH�GLUHFWLRQ�RI�WKH�UDLOV��
����7KH�)RUZDUG�.LQHPDWLFV��,Q� IRUZDUG� NLQHPDWLFV�� SRVLWLRQ� DQG� RULHQWDWLRQ� RI� WKH�PRELOH� SODWIRUP� DUH� FRPSXWHG� IRU� JLYHQ� YDOXHV� RI� DUWLFXODU�YDULDEOHV�� )RUZDUG� NLQHPDWLFV� PD\� \LHOG� PXOWLSOH� VROXWLRQV�DQG� LV� VROYHG� QXPHULFDOO\� DFFRUGLQJ� WR� WKH� IROORZLQJ�DOJRULWKP�>��@��x 6XSSRVH�;J� DQ�LQLWLDO�SRVWXUH���[��YHFWRU��x &DOFXODWH�4J ,.�;J�x 8SGDWH�SRVWXUH�DV��;J ;J�-LQY

���4J�4G�x &DOFXODWH�4J ,.�;J�x ,I�__4G�4J__�!�WROHUDQFH��JRWR�VWHS��LLL��x HOVH�;J LV�WKH�IRUZDUG�NLQHPDWLFV�VROXWLRQ�ZKHUH�4G LV�WKH�YHFWRU�RI�PHDVXUHG�DUWLFXODU�YDULDEOHV��4J LV�WKH� DUWLFXODU� YDULDEOH� YHFWRU� FDOFXODWHG� IURP� ,.�� -LQY� LV� WKH�LQYHUVH�-DFRELDQ�DQG�;J LV�WKH�VROXWLRQ�SRVWXUH��1RWH�WKDW�WKH�LQYHUVH� RI� PDQLSXODWRU� -DFRELDQ� XVHG� LQ� WKH� DERYH�FRPSXWDWLRQV� QHHGV� WR� EH� WUDQVIRUPHG� LQWR� WKH� LQYHUVH�-DFRELDQ� RI�(XOHU� DQJOHV� DQG� WKLV� WUDQVIRUPDWLRQ� GHSHQGV�RQ�WKH�FKRLFH�RI�(XOHU�DQJOHV�XVHG��
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�����)UDPHV�DQG�,GHQWLILFDWLRQ�3DUDPHWHUV��2ULJLQ�RI�WKH�EDVH�IUDPH��2��LV�ORFDWHG�DW�WKH�FHQWHU�RI�WKH�8�MRLQW�QHDU� WKH�EDVH�SODWH��7KH�JOREDO�=�D[LV� LV�GLUHFWHG� DORQJ�WKH� QHJDWLYH� GLUHFWLRQ� RI� WKH� JUDYLW\� DFFHOHUDWLRQ� DQG� WKH�2;<=� V\VWHP� IRUPV� D� ULJKW�KDQGHG� V\VWHP�� *OREDO� ;� DQG�<�D[HV� DUH� GHILQHG� SDUDOOHO� WR� WKH� PHDVXUHPHQW� D[HV� RI� WKH�ELD[LDO� LQFOLQRPHWHU� DW� ]HUR� UHDGLQJ�� 2ULJLQ� RI� WKH� PRELOH�IUDPH�� 3�� LV� ORFDWHG� DW� WKH� FHQWHU� RI� WKH� 8� MRLQW� ZLWK� ]�D[LV�EHLQJ� FROOLQHDU� ZLWK� WKH� URWDWLRQ� D[LV� RI� WKH� URWDU\� VHQVRU��3;¶<¶=¶�DOVR�IRUPV�D�ULJKW�KDQGHG�V\VWHP��7KH� QXPEHU� RI� LGHQWLILFDWLRQ� SDUDPHWHUV� GHSHQGV� RQ� WKH�ZD\� WKH� UHIHUHQFH� IUDPHV� DUH� DVVLJQHG�� %\� DVVLJQLQJ� WKH�UHIHUHQFH� IUDPHV� SURSHUO\�� WKH� FRPSOH[LW\� RI� WKH� FDOLEUDWLRQ�SUREOHP�FDQ�EH�UHGXFHG�VLJQLILFDQWO\��)DVVL�HW�DO��GLVFXVVHG�WKH�PDQLSXODWRU� XQGHU� FRQVLGHUDWLRQ� IRU� WKHLU� VWXG\� RQ�LGHQWLILFDWLRQ� RI� D� PLQLPXP�� FRPSOHWH� DQG� SDUDPHWULFDOO\�FRQWLQXRV�PRGHO�IRU�JHRPHWULFDO�FDOLEUDWLRQ�RI�SDUDOOHO�URERWV�DQG� FRQFOXGHG� WKDW� ��� SDUDPHWHUV� DUH� UHTXLUHG��ZKLFK� LV� WKH�VDPH�DV�FRQVLGHUHG�LQ�WKLV�VWXG\��)ROORZLQJ�DUH�WKH�PLQLPXP�DQG�LQGHSHQGHQW�LGHQWLILFDWLRQ�SDUDPHWHUV�IRU�+60��
6 -RLQWV¶�ORFDWLRQ�� % � SDUDPHWHUV�FKDLQ�
6OLGHU�$[LV�6WDUW�3RLQW�� �$ � SDUDPHWHUV�FKDLQ�
6OLGHU�GLUHFWLRQ�YHFWRU�� D � SDUDPHWHUV�FKDLQ�
/LQN�/HQJWK�� A � SDUDPHWHUV�FKDLQ�1RWH� WKDW� WKH� XQLW� YHFWRUV� RI� WKH� VOLGHUV¶� DUH� VSHFLILHG� E\�WZR� FRPSRQHQWV�� VD\�� WKH� [� DQG� WKH� \�� 7KLV� PDNHV� ��SDUDPHWHUV� IRU�HDFK� OLQN�FKDLQ�DQG����SDUDPHWHUV� LQ� WRWDO� IRU�WKH�PHFKDQLVP��1RWH�WKDW�WKH�% SRLQWV�DUH�GHILQHG�ZLWK�UHVSHFW�WR WKH� 3;¶<¶=¶� IUDPH� ZKLOH� WKH�$� SRLQWV� DUH� GHILQHG� ZLWK�UHVSHFW�WR�WKH�2;<=�IUDPH��1RWH�DOVR�WKDW�DOO�SDUDPHWHUV�DUH�PHDVXUHG�LQ�WKH�XQLWV�RI�OHQJWK��
���&$/,%5$7,21�'(9,&(�$1'�352&('85(�

����7KH�0HDVXUHPHQW�'HYLFH�
7KH�GHYLFH�SURSRVHG�LQ�WKLV�SDSHU�PDLQO\�FRQVLVWV�RI�D�OLQN�KDYLQJ�8�MRLQWV�DW�ERWK�HQGV��$W�RQH�HQG��DIWHU� WKH�8�MRLQW��D�URWDU\� VHQVRU� LV� DWWDFKHG� VXFK� WKDW� LWV� D[LV� RI� URWDWLRQ�SDVVHV�WKURXJK� WKH� 8� MRLQW� FHQWHU�� $W� WKH� RWKHU� HQG�� D� IODQJH� LV�SURYLGHG� IRU�PRXQWLQJ��%LD[LDO� LQFOLQRPHWHU� LV� DOVR�PRXQWHG�DQG�LW�PHDVXUHV�WKH�URWDWLRQV�DERXW�;�DQG�<�D[HV��7KH�GHYLFH�FDQ� PHDVXUH� WKH� SRVLWLRQ� RI� WKH� HQG�HIIHFWRU� XVLQJ� WKH�LQFOLQRPHWHU¶V�LQIRUPDWLRQ��)LJXUH���VKRZV�ODEHOHG�VFKHPDWLFV�RI�WKH�SURSRVHG�GHYLFH��5RWDU\�VHQVRU�FDQ�PHDVXUH�URWDWLRQ�RI�WKH�PRELOH�SODWIRUP�DERXW� WKH� ORFDO� ]�D[LV�ZKHQ� DWWDFKHG� WR� WKH�PRELOH� SODWIRUP��$OWHUQDWHO\�� LW� FDQ� PHDVXUH� URWDWLRQ� RI� WKH� PRELOH� SODWIRUP�DERXW� WKH� JOREDO� ]�D[LV� LI� LW� LV� FRXSOHG� WR� WKH� EDVH� SODWIRUP��2ULHQWDWLRQ� RI� WKH� SODWIRUP� VKRXOG� EH� GHILQHG� LQ� DFFRUGDQFH�ZLWK� WKH� LQVWDOODWLRQ�RI� WKH�GHYLFH��&RQVLGHULQJ� WKH�&DUWHVLDQ�YHFWRU� GHILQHG� LQ� HTXDWLRQ���� WKH� URWDU\� VHQVRU� VKRXOG� EH�

DWWDFKHG� WR� WKH� PRELOH� SODWIRUP� DQG� PHDVXUH� DQJOHI � WKH�
URWDWLRQ�DERXW�ORFDO�]�D[LV��
����7KH�0HDVXUHPHQW�'DWD�
0RELOH�SODWIRUP�FDQ�RQO\�H[HFXWH���GRI�PRWLRQV�ZKLOH�WKH�GHYLFH� LV� DWWDFKHG�� ,W� FDQ� WKHQ�EH�SRVLWLRQHG�RYHU� D� VSKHULFDO�VXUIDFH� ZLWK� DUELWUDU\� RULHQWDWLRQ� DQG� ZLOO� KDYH� ��

GHJUHHV�RI�IUHHGRP�� ,I� / LV� WKH� OHQJWK� RI� WKH� OLQN� �EHWZHHQ�
WKH�XSSHU�DQG�WKH�ORZHU�8�MRLQW�FHQWHUV��DQG� D DQG� E DUH�
WKH�DQJOHV�PHDVXUHG�E\�WKH� LQFOLQRPHWHU�DERXW�;�DQG�<�D[HV�UHVSHFWLYHO\��WKH�PHDVXUHG�SRVLWLRQ�RI�WKH�PRELOH�SODWIRUP�FDQ�WKHQ�EH�JLYHQ�DV�
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5DQJHV� RI� WKH� PHDVXUHG� DQJOHV� ZLOO� GHSHQG� RQ� WKH�ZRUNVSDFH� RI� WKH� +60� DQG� WKH� PHDVXUHPHQW� UDQJH� RI� WKH�LQFOLQRPHWHU��

)LJ����6FKHPDWLF�RI�WKH�SURSRVHG�FDOLEUDWLRQ�GHYLFH�
����7KH�,GHQWLILFDWLRQ�/RRS�
7\SLFDOO\�� VROYLQJ� WKH� IROORZLQJ� V\VWHP�RI� HTXDWLRQV�ZLWK�OHDVW� VTXDUHV� SHUIRUPV� LGHQWLILFDWLRQ� IRU� WKH� FDOLEUDWLRQ�VFKHPHV��

�GX - G;� ����
ZKHUH� - LV� WKH� LGHQWLILFDWLRQ� -DFRELDQ��G;� LV� WKH� YHFWRU� RI�HUURU�UHVLGXDOV��L�H��WKH�FRVW�IXQFWLRQ�WR�EH�PLQLPL]HG��DQG�GX�LV WKH�YHFWRU� WR�XSGDWH� WKH�QRPLQDO�SDUDPHWHUV��(TXDWLRQ��� LV�VROYHG�LWHUDWLYHO\�ZLWK�WHUPLQDWLRQ�FULWHULRQ�VSHFLILHG�RQ�HLWKHU�GX�RU�G;� (IIHFWLYHQHVV�RI� WKH� FDOLEUDWLRQ�SURFHGXUH�GHSHQGV�RQ�WKH�,GHQWLILFDWLRQ�-DFRELDQ�WKDW�LV�FRPSXWHG�QXPHULFDOO\��,Q� WKLV� FDVH�� IRXU� URZV� RI� WKH� LGHQWLILFDWLRQ� -DFRELDQ� DUH�FRPSXWHG�IRU�HDFK�PHDVXUHPHQW�DV�
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6LPLODUO\��WKH�FRVW�IXQFWLRQ�WHUPV�FDQ�EH�FRPSXWHG�DV�
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ZKHUH�WKH�VXSHUVFULSWV�P DQG�F FRUUHVSRQG�WR�PHDVXUHG�DQG�FRPSXWHG�WKURXJK�IRUZDUG�NLQHPDWLFV�UHVSHFWLYHO\��1RWH� WKDW�WKH� PHDVXUHG� FRPSRQHQWV� DUH� FRPSXWHG� EDVHG� RQ�PHDVXUHPHQWV�IURP�WKH� LQFOLQRPHWHU�DFFRUGLQJ�WR�HTXDWLRQ����$OVR�QRWH� WKDW� WKH�IRUZDUG�NLQHPDWLFV�PD\�FRQYHUJH�WR�RWKHU�WKDQ�WKH�GHVLUHG�VROXWLRQ��7KHUHIRUH��HDFK�PHDVXUHPHQW�QHHGV�WR EH� FKHFNHG�� VD\� E\� LWV� (XFOLGLDQ� GLVWDQFH� WR� WKH� QRPLQDO�SRVWXUH��EHIRUH�XVLQJ�LW�IRU�WKH�LGHQWLILFDWLRQ���
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,Q�RUGHU�WR�VKRZ�YDOLGLW\�DQG�HIIHFWLYHQHVV�RI�WKH�SURSRVHG�FDOLEUDWLRQ�GHYLFH� DQG� SURFHGXUH�� FRPSXWHU� VLPXODWLRQV� KDYH�EHHQ� SHUIRUPHG�� )RU� VLPXODWLRQV�� IRXU� VHWV� RI� JHRPHWULFDO�SDUDPHWHUV�DUH�XVHG��7KH�ILUVW�VHW�GHILQHV�WKH�H[DFW�JHRPHWULF�SDUDPHWHUV�DQG�LV�XVHG�WR�JHQHUDWH�WKH�PHDVXUHPHQW�GDWD��7KH�RWKHU� VHWV� DUH� XVHG� DV� QRPLQDO� JHRPHWULF� SDUDPHWHUV� WKDW�VKRXOG� EH� FDOLEUDWHG�� 7DEOH��� JLYHV� WKH� H[DFW� YDOXHV� RI� WKH�JHRPHWULF� SDUDPHWHUV� DQG� 7DEOH��� VKRZV� WKH� HUURUV� LQ� WKH�QRPLQDO� VHWV� XVHG�� 1RWH� WKDW� DOO� GLPHQVLRQV� LQ� 7DEOH� �� DQG�7DEOH���DUH�OLQHDU�DQG�DUH�PHDVXUHG�LQ�PLOOLPHWHUV��7DEOH���7KH�H[DFW�JHRPHWULF�SDUDPHWHUV�
&KDLQ� �� �� �� �� �� ��
$R[� ������� ������� ������� ������ ������ ������
$R\� ������� ������� ������ ������ ������� �������
$R]� ������ ������ ������ ������ ������ ������
%[ ������� ������� ������� ������ ������ ������
%\ ������� ������ ������ ������ ������ �������
%] ������� ������� ������� ������� ������� �������
O ������ ������ ������ ������ ������ ������
D[ ������ ������ ���� ����� ������� �������
D\ ������ ������ ������� ������� ������ ������

7DEOH���(UURUV�LQ�WKH�QRPLQDO�SDUDPHWHUV�
3DUDPHWHUV� 0D[LPXP� 0HDQ� V

1RPLQDO�6HW��� ���� ����� �����
1RPLQDO�6HW��� ���� ����� �����
1RPLQDO�6HW��� ���� ����� �����
6LPXODWLRQV�KDYH�EHHQ�SHUIRUPHG�ZLWK�D�OLQN�KDYLQJ�OHQJWK�RI�����PLOOLPHWHUV��3RVWXUHV�ZHUH�JHQHUDWHG�ZLWK�UDQJHV�DORQJ�; DQG�<�D[HV�EHLQJ� r ����PLOOLPHWHUV�IURP�WKH�RULJLQ��5DQJH�IRU� URWDWLRQV� ZDV� FKRVHQ� WR� EH� r ��R� ��� SRVWXUHV� ZHUH�VHOHFWHG�IRU�FDOLEUDWLRQ�FRPSXWDWLRQV�ZKHQ�PHDVXUHPHQW�QRLVH�ZDV�QRW�FRQVLGHUHG��:KHQ�PHDVXUHPHQW�QRLVH�ZDV�FRQVLGHUHG�����SRVWXUHV�ZHUH�XVHG�IRU�WKH�FRPSXWDWLRQV��

)LJ����(UURU�FRPSDULVRQ�IRU�QRPLQDO�VHW�����1R�QRLVH��

)LJ����(UURU�FRPSDULVRQ�IRU�QRPLQDO�VHW�����1R�QRLVH��

)LJ����(UURU�FRPSDULVRQ�IRU�QRPLQDO�VHW�����1R�QRLVH��)LJXUHV���±���VKRZ�WKH�LQLWLDO�DQG�WKH�ILQDO�HUURUV�IRU�WKH����SDUDPHWHUV� LQGLYLGXDOO\� IRU� WKH� WKUHH� QRPLQDO� VHWV� RI�SDUDPHWHUV� ZKHQ� PHDVXUHPHQW� QRLVH� LV� QRW� FRQVLGHUHG�� ,Q�ILJXUHV�� WKH�KHLJKW�RI� µ, ¶ IURP� WKH�GDWXP����OLQH�� UHSUHVHQWV�WKH� LQLWLDO� HUURU� ZKLOH� WKH� ILQDO� HUURU� LV� UHSUHVHQWHG� E\� WKH�KHLJKW� RI� µ D ¶ IURP� WKH� GDWXP�� ,W� FDQ� EH� FRQFOXGHG� IURP�ILJXUHV� WKDW� DOO� SDUDPHWHUV� DUH� LGHQWLILHG�� 45� DQDO\VHV� DOVR�VKRZ� WKDW� DOO� SDUDPHWHUV� DUH� LGHQWLILDEOH�� $OVR�� WKH� UHVXOWV�VKRZ�WKDW�FRQYHUJHQFH�LV�UREXVW�DJDLQVW�WKH�LQLWLDO�HUURUV��)RU� VWXG\LQJ� WKH� HIIHFWV� RI� WKH� PHDVXUHPHQW� QRLVH��XQLIRUPO\� GLVWULEXWHG� QRLVH� ZDV� DGGHG� WR� WKH� H[DFW�PHDVXUHPHQW�GDWD� LQFOXGLQJ�WKH�DUWLFXODU�YDULDEOHV�� WKH�URWDU\�VHQVRU� PHDVXUHPHQWV� DQG� WKH� DQJOHV� PHDVXUHG� E\�LQFOLQRPHWHUV��)LJXUHV���±��� FRPSDUH� WKH� HUURUV� WKH� NLQHPDWLF� FKDLQV�EHIRUH�DQG�DIWHU�WKH�LGHQWLILFDWLRQ��1RPLQDO�VHW���ZDV�XVHG�IRU�WKH�UHVXOWV�VKRZQ�EHORZ��7DEOH���FRPSDUHV�WKH�PHDQ�YDOXHV�RI�WKH� HUURUV� LQ� WKH� SRVLWLRQ� DQG� LQ� WKH� RULHQWDWLRQ� IRU� ���UDQGRPO\� VHOHFWHG� SRVWXUHV�� 1RWH� WKDW� WKH� OLQHDU� YDOXHV� LQ�7DEOH���DUH� LQ�PLFURQV�DQG�WKH�DQJXODU�YDOXHV�DUH� LQ�GHJUHHV��$OWKRXJK� WKH� UHVXOWV� DUH� SUHVHQWHG� LQ�PLOOLPHWHUV� RU�PLFURQV�DQG� GHJUHHV� IRU� FRQYHQLHQFH�� WKH� VLPXODWLRQV� FRPSXWDWLRQV�ZHUH� SHUIRUPHG� LQ� PHWHUV� DQG� UDGLDQV�� 7KHUHIRUH�� ZKLOH� WKH�UDQGRP� QRLVH� DGGHG� WR� YDULDEOHV� PHDVXUHG� OLQHDUO\�FRUUHVSRQGV� WR� PLFURPHWHUV�� LW� FRUUHVSRQGV� WR� PLFUR� UDGLDQV�IRU�WKH�DQJXODU�YDULDEOH��

)LJ����(UURUV�LQ�NLQHPDWLF�FKDLQV�±���PLFURQ�QRLVH�

)LJ����(UURUV�LQ�NLQHPDWLF�FKDLQV�±����PLFURQ�QRLVH�
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)LJ����(UURUV�LQ�NLQHPDWLF�FKDLQV�±����PLFURQ�QRLVH�� 7DEOH���(IIHFWV�RI�PHDVXUHPHQW�QRLVH�
(UURU�DIWHU�&DOLEUDWLRQ�,QLWLDO�(UURU� � ��� ���

3RVLWLRQ� �����PP� ���� ��� ���
2ULHQWDWLRQ� �����GHJ� ������R �����R �����R
1RWH� WKDW� WKH� DERYH� VLPXODWLRQV� DQG� GLVFXVVLRQV�KROG� WUXH�IRU�WKH�FDVH�RI�WKH�LGHDO�GHYLFH��1RZ��ZH�GLVFXVV�VRPH�RI�WKH�LPSRUWDQW�SUDFWLFDO�SUREOHPV�DQG�OD\RXW�WKHLU�VROXWLRQV��:KLOH�PHDVXULQJ�GDWD��WKH�PRELOH�SODWIRUP�ZLOO�EH�FDSDEOH�RI� RQO\� �� GHJUHHV�RI�IUHHGRP� PRWLRQV�� 2QH� RI� WKH� VL[�DFWXDWRUV�� WKHUHIRUH�� LV� UHTXLUHG� WR� RSHUDWH� LQ� SDVVLYH� PRGH��3DVVLYH� PRGH� UHTXLUHV� WKH� DFWXDWRUV� WR� JLYH� SRVLWLRQ�LQIRUPDWLRQ� ZKLOH� QRW� SRZHUHG�� $FWXDWRUV� PD\� QRW� ZRUN�HIILFLHQWO\� LQ� SDVVLYH� PRGH�� %DFN� GULYDELOLW\� LV� D� VLJQLILFDQW�SUREOHP�ZKLOH�LPSOHPHQWLQJ�WKH�IXOO\�DXWRQRPRXV�FDOLEUDWLRQ�VFKHPHV� WKDW� UHTXLUH� VRPH� RI� WKH� DFWXDWRUV� WR� RSHUDWH� LQ�SDVVLYH�PRGH��7R�DYRLG�WKLV�SUREOHP��/9'7�FDQ�EH�DGGHG�WR�

WKH� GHYLFH�� ,Q� WKDW� FDVH�� WKH� FRQVWDQW� YDOXH� / VKRXOG� EH�
UHSODFHG� E\� L

P/ IRU� FRPSXWLQJ� WKH� PHDVXUHG� SRVLWLRQ� LQ�
HTXDWLRQ����,W� LV� DVVXPHG� WKDW� WKH� WZR� LQFOLQRPHWHUV� DUH�SHUSHQGLFXODU�DQG�PHDVXUH�URWDWLRQ�DERXW�WKH�;�DQG�WKH�<�D[HV��,Q�SUDFWLFDO�FDVH��WKH\�PD\�QRW�EH�WUXO\�SHUSHQGLFXODU�OHDGLQJ�WR�HUURQHRXV�FRPSXWDWLRQ�RI�WKH�PHDVXUHG�SRVLWLRQ��$OWKRXJK�WKH�YDOXHV�RI�\ DQG�]�PD\�EH�LQDFFXUDWH��WKH�OHQJWK�RI�WKH�GHYLFH�ZLOO�VWLOO�EH�WKH� VDPH�� 7KHUHIRUH�� WR� VROYH� WKLV� SUREOHP�� ZH� SURSRVH� D�SURFHGXUH�LQ�ZKLFK�PHDVXUHPHQWV�DUH�SHUIRUPHG�LQ�WZR�VWHSV��)LUVW�� RYHU� D� VSKHULFDO� VXUIDFH� DQG� WKHQ� E\� NHHSLQJ� WKH�HQG�HIIHFWRU�DW�D�IL[HG�SRVLWLRQ��)RU�PHDVXUHPHQWV�RYHU�WKH�VSKHULFDO�VXUIDFH��FRVW�IXQFWLRQ�LV� GHILQHG� LQ� WHUPV� RI� OLQN� OHQJWK� LQVWHDG� RI� WKH� &DUWHVLDQ�SRVLWLRQ�FRPSRQHQWV�DV�
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)RU�WKH�PHDVXUHPHQWV�ZLWK�IL[HG�SRVLWLRQ��WKH�FRVW�IXQFWLRQ�LV H[SUHVVHG�DV�
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ZKHUH� WKH� VXSHUVFULSW� I� UHIHUV� WR� WKH� IL[HG� SRVLWLRQ�� 1RWH�WKDW�SRVLWLRQ�FDQ�EH�IL[HG�XVLQJ�WKH�LQFOLQRPHWHUV¶�LQIRUPDWLRQ��)RU�WKH�SRVWXUHV�ZKHUH�YDOXHV�RI�ERWK�D[HV�RI�WKH�LQFOLQRPHWHU�
UHDG� ]HUR�� WKH� IL[HG� SRVLWLRQ� FDQ� EH� JLYHQ� DV� > @� � /� �
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6LPXODWLRQV�ZHUH�SHUIRUPHG�IRU�ERWK�FDVHV�ZLWK����SRVWXUHV�VHOHFWHG�RYHU�WKH�KHPLVSKHUH�DQG����SRVWXUHV�VHOHFWHG�ZLWK�WKH�IL[HG�SRVLWLRQ� IRU� VWXG\LQJ� LGHQWLILFDWLRQ�ZLWKRXW� FRQVLGHULQJ�PHDVXUHPHQW�QRLVH�� ,Q�ERWK�FDVHV�� WKH� UHVXOWV�ZHUH� WKH�VDPH��DV SUHVHQWHG� EHIRUH� LQ� ILJXUHV���±���� PHDQLQJ� WKDW� DOO�SDUDPHWHUV� ZHUH� LGHQWLILHG�� )RU� DQDO\VHV� ZLWK� PHDVXUHPHQW�QRLVH�� ��� SRVWXUHV� RYHU� VSKHULFDO� VXUIDFH� DQG� ��� ZLWK� IL[HG�SRVLWLRQ� ZHUH� VWXGLHG�� :KHQ� WKH� RIIVHWV� RI� WKH� LQFOLQRPHWHU�DQG� WKH� OLQN� OHQJWK� ZHUH� QRW� FRQVLGHUHG�� XVLQJ� HTXDWLRQV�����DQG�������VLPXODWLRQ�UHVXOWV�VKRZ�WKDW�WKH�HUURU�LQ�SRVLWLRQ�DQG�RULHQWDWLRQ�� DOWKRXJK� KLJKHU� IURP� WKH� YDOXHV� SUHVHQWHG� LQ�7DEOH����ZDV� VWLOO�RI� WKH�VDPH�RUGHU�DV� WKDW�RI� WKH� LQWURGXFHG�PHDVXUHPHQW� QRLVH�� 1RWH� WKDW� WKH� HUURUV� LQ� RULHQWDWLRQ� DUH�FRQVLGHUDEO\� OHVVHU� WKDQ� WKDW� RI� WKH� SRVLWLRQ�� ,QWURGXFLQJ�RIIVHWV� LQ� LQFOLQRPHWHU� PHDVXUHPHQWV� DQG� LQ� OLQN� OHQJWK�GHWHULRUDWHV� WKH� UHVXOWV� VLJQLILFDQWO\�� 8VLQJ� WKH� UHODWLYH� FRVW�IXQFWLRQV��DV�GHILQHG�LQ�HTXDWLRQV������DQG�������FDQ�UHMHFW�WKH�RIIVHWV¶� HIIHFWV�� +RZHYHU�� LWV� FRQYHUJHQFH� WDNHV� ORQJHU� WLPH�DQG� WKH� UHVXOWV� DUH� SRRU� DV� FRPSDUHG� WR� WKH� ILUVW� FDVHV��+RZHYHU��WKH�HUURU�LQ�SRVLWLRQ�DIWHU�FDOLEUDWLRQ�ZDV�UHGXFHG�E\����WLPHV�DQG�HUURU� LQ�RULHQWDWLRQ�E\�DERXW����WLPHV��ZKLFK�LV�VWLOO�TXLWH�VLJQLILFDQW��1RWH�WKDW�³OVTQRQOLQ´�RI�0$7/$%�ZDV�XVHG� IRU� VLPXODWLRQV� ZKHQ� FRVW� IXQFWLRQV� ZDV� H[SUHVVHG�DFFRUGLQJ�WR�HTXDWLRQV������DQG��������
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