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$EVWUDFW�
&RQVWUXFWLRQ� RI� DQ� RSWLPDO�� RI� KLJKHVW� SUHFLVLRQ� DQG� VWDEOH� UHJUHVVLRQ� PRGHOV� LV�
FRQVLGHUHG�� $� QHZ� DOJRULWKP� LV� SUHVHQWHG� ZKLFK� VWDUWV� E\� VHOHFWLQJ� WKH� LQGHSHQGHQW�
YDULDEOHV�LQFOXGHG�LQ�D�OLQHDU�PRGHO��,I�VXFK�D�PRGHO�LV�IRXQG�LQDSSURSULDWH��LQFUHDVLQJO\�
PRUH�FRPSOH[��KLJKHU�SUHFLVLRQ�PRGHOV�DUH�FRQVLGHUHG��7KHVH�DUH�REWDLQHG�E\�DGGLWLRQ�
RI�QRQOLQHDU�IXQFWLRQV�RI�WKH�LQGHSHQGHQW�YDULDEOHV�DQG�WUDQVIRUPDWLRQ�RI�WKH�GHSHQGHQW�
YDULDEOHV��7KH�SURSRVHG�DOJRULWKP�LV� LQFRUSRUDWHG� LQ� WKH�6529�WRROER[��6KDFKDP��0��
DQG� 1�� %UDXQHU�� ������ &RPSXWHUV� FKHP�� (QJQJ��� LQ� SUHVV��� 8VLQJ� DQ� H[DPSOH�� LW� LV�
GHPRQVWUDWHG� WKDW� WKH� DOJRULWKP� JHQHUDWHV� VHYHUDO� RSWLPDO� PRGHOV� RI� JUDGXDOO\�
LQFUHDVLQJ� FRPSOH[LW\� DQG� KLJKHU� SUHFLVLRQ� IURP� ZKLFK� WKH� XVHU� FDQ� VHOHFW� WKH� PRVW�
DSSURSULDWH�PRGHO�IRU�KLV�QHHGV����
�
���,QWURGXFWLRQ�
$QDO\VLV�� UHGXFWLRQ� DQG� UHJUHVVLRQ� RI� H[SHULPHQWDO� DQG� SURFHVV� GDWD� DUH� FULWLFDO�
LQJUHGLHQWV�RI�YDULRXV�&$3(�DFWLYLWLHV��VXFK�DV�SURFHVV�GHVLJQ��PRQLWRULQJ�DQG�FRQWURO��
7KH� DFFXUDF\� DQG� UHOLDELOLW\� RI� SURFHVV�� UHODWHG� FDOFXODWLRQV� FULWLFDOO\� GHSHQG� RQ� WKH�
DFFXUDF\��YDOLGLW\�DQG�VWDELOLW\�RI�WKH�UHJUHVVLRQ�PRGHOV�ILWWHG�WR�H[SHULPHQWDO�GDWD��,W�LV�
XVXDOO\� XQNQRZQ�� D�SULRUL�� KRZ� PDQ\� H[SODQDWRU\� YDULDEOHV� �LQGHSHQGHQW� YDULDEOHV�
DQG�RU� WKHLU� IXQFWLRQV�� VKRXOG� EH� LQFOXGHG� LQ� WKH� PRGHO�� $Q� LQVXIILFLHQW� QXPEHU� RI�
H[SODQDWRU\�YDULDEOHV�UHVXOW�LQ�DQ�LQDFFXUDWH�PRGHO��ZKHUH�VRPH�LQGHSHQGHQW�YDULDEOHV�
WKDW�XQGHU�FHUWDLQ�FLUFXPVWDQFHV�VLJQLILFDQWO\�DIIHFW�WKH�GHSHQGHQW�YDULDEOH�DUH�RPLWWHG��
2Q� WKH� RWKHU� KDQG�� WKH� LQFOXVLRQ� RI� WRR�PDQ\� H[SODQDWRU\� WHUPV� UHQGHUV� DQ� XQVWDEOH�
PRGHO��6KDFKDP�DQG�%UDXQHU���������2IWHQ�WUDQVIRUPDWLRQV��VXFK�DV�WKH�%R[�DQG�&R[��
����� �PD[LPXP� OLNHOLKRRG�� WUDQVIRUPDWLRQV�� RI� WKH� GHSHQGHQW� DQG�RU� VRPH� RI� WKH�
LQGHSHQGHQW�YDULDEOHV�VKRXOG�EH�DSSOLHG�LQ�RUGHU�WR�REWDLQ�WKH�PRVW�DFFXUDWH�DQG�VWDEOH�
UHJUHVVLRQ�PRGHO���
7KH�SUHVHQWO\�DYDLODEOH�VWHSZLVH�UHJUHVVLRQ�SURJUDPV�KDYH�VHYHUDO�VKRUWFRPLQJV�IRU�XVH�
LQ�&$3(� UHODWHG� FRPSXWDWLRQV��7KH\�GR�QRW� VHDUFK� IRU�RSWLPDO�YDOXH�RI� WKH�%R[�&R[�
WUDQVIRUPDWLRQ�SDUDPHWHUV�IRU�WKH�GHSHQGHQW�DQG�RU�WKH�LQGHSHQGHQW�YDULDEOHV��WKXV�WKH�
VHDUFK�VKRXOG�EH�FRQGXFWHG�PDQXDOO\��7KH\�PD\�EH�KLJKO\�VHQVLWLYH�WR�QXPHULFDO�HUURU�
SURSDJDWLRQ� FDXVHG� E\� FROOLQHDULW\� DPRQJ� WKH� LQGHSHQGHQW� YDULDEOHV� DQG� \LHOG�
LQDFFXUDWH�UHVXOWV�ZLWKRXW�JLYLQJ�DQ\�ZDUQLQJ�FRQFHUQLQJ�WKH�LQDFFXUDF\��0RVW�RI�WKHP�
GR� QRW� FRQVLGHU� WKH� DFFXUDF\� RI� WKH� GDWD� DYDLODEOH� LQ� GHWHUPLQLQJ� WKH� QXPEHU� RI�
YDULDEOHV�WR�EH�LQFOXGHG�LQ�WKH�PRGHO��WKXV�PD\�\LHOG�DQ�XQVWDEOH�UHJUHVVLRQ�PRGHO���
'HYHORSPHQW�RI�EHWWHU�SURJUDPV�IRU�VWHSZLVH�UHJUHVVLRQ�DQG�GDWD�UHGXFWLRQ�LV�KLQGHUHG�
E\� WKH� ODFN� RI� GDWD� VHWV��ZKLFK� DUH� ODUJH� HQRXJK� DQG� UHSUHVHQWDWLYH� WR�&$3(� UHODWHG�



DSSOLFDWLRQV��DQG�FDQ�EH�XVHG�ERWK�IRU�GHILQLQJ�WKH�QHHGV�IRU�IXUWKHU�GHYHORSPHQWV�DQG�
IRU�WHVWLQJ�WKH�VRIWZDUH��,Q�RUGHU�WR�DGGUHVV�WKLV�QHHG��ZH�KDYH�VWDUWHG�GHYHORSLQJ�D�ZHE�
EDVHG� OLEUDU\�� ZKLFK� LQFOXGHV� GDWD� VXFK� DV� SK\VLFDO� DQG� WKHUPRG\QDPLF� SURSHUWLHV��
SURFHVV� PRQLWRULQJ� GDWD� DQG� GDWD� XVHG� IRU� HVWLPDWLQJ� SURSHUWLHV� IURP� GHVFULSWRUV� RI�
PROHFXODU�VWUXFWXUH��6RPH�GDWD�VHWV�FRQWDLQ�RYHU�D�KXQGUHG� LQGHSHQGHQW�YDULDEOHV�DQG�
RYHU� ���� GDWD� SRLQWV�� 7KH� OLEUDU\� FRQWDLQV� WKH� GDWD� VHWV� LQFOXGLQJ� LQIRUPDWLRQ�
FRQFHUQLQJ�WKH�H[SHULPHQWDO�HUURU��SHUWLQHQW�UHIHUHQFHV�DQG�RSWLPDO�PRGHOV�WKDW�ZH�KDYH�
IRXQG���
,Q�WKH�FRXUVH�RI�OLEUDU\�GHYHORSPHQW��ZH�KDYH�IRXQG�WKDW�LQ�JHQHUDO��DSSO\LQJ�VWHSZLVH�
UHJUHVVLRQ� DQG�RU� %R[�&R[� WUDQVIRUPDWLRQV� VHSDUDWHO\� GRHV� QRW� \LHOG� DOO� WKH� RSWLPDO�
PRGHOV��7KHVH�DQG�DGGLWLRQDO�WHFKQLTXHV�VKRXOG�EH�DSSOLHG�LQ�D�V\VWHPDWLF��SURFHGXUDO�
PDQQHU�LQ�RUGHU�WR�REWDLQ�WKH�EHVW�UHVXOWV��,Q�WKH�QH[W�VHFWLRQ��VRPH�EDVLF�FRQFHSWV�ZLOO�
EH�UHYLHZHG�DQG�WKH�SURSRVHG�DOJRULWKP�IRU�WKH�VHOHFWLRQ�DQG�LGHQWLILFDWLRQ�RI�RSWLPDO�
UHJUHVVLRQ�PRGHO� ZLOO� EH� SUHVHQWHG�� ,Q� VHFWLRQ� WKUHH�� WKH� SURSRVHG� SURFHGXUH� ZLOO� EH�
GHPRQVWUDWHG� XVLQJ� UHILQHU\� GDWD� WKDW� ZHUH� H[WHQVLYHO\� GLVFXVVHG� LQ� WKH� OLWHUDWXUH�
�'DQLHO�DQG�:RRG���������$OO�WKH�FDOFXODWLRQV�DUH�FDUULHG�RXW�ZLWK�D�PRGLILHG�YHUVLRQ�RI�
WKH�6529�SURJUDP�RI�6KDFKDP�DQG�%UDXQHU����������
�
���%DVLF�&RQFHSWV���
$�VWDQGDUG�OLQHDU�UHJUHVVLRQ�PRGHO�FDQ�EH�ZULWWHQ���
�
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ZKHUH�\� LV� DQ�1�YHFWRU� RI� WKH� GHSHQGHQW� YDULDEOH��[M� �M�  � �����«�Q�� DUH�1� YHFWRUV� RI�
H[SODQDWRU\�YDULDEOHV�� QEEE ������� �� DUH�WKH�PRGHO�SDUDPHWHUV�WR�EH�HVWLPDWHG�DQG� H �LV�
DQ�1� YHFWRU� RI� VWRFKDVWLF� WHUPV� �PHDVXUHPHQW� HUURUV��� � ,W� VKRXOG� EH� QRWHG� WKDW� DQ�
H[SODQDWRU\�YDULDEOH�FDQ�UHSUHVHQW�DQ�LQGHSHQGHQW�YDULDEOH�RU�D�IXQFWLRQ�RI�RQH�RU�PRUH�
LQGHSHQGHQW�YDULDEOHV�7KH�YHFWRU�RI�HVWLPDWHG�SDUDPHWHUV� � 7EÖ QEEE Ö������Ö�Ö �� FDQ�EH�
FDOFXODWHG�YLD�WKH�OHDVW�VTXDUHV�HUURU�DSSURDFK�E\�VROYLQJ�WKH�QRUPDO�HTXDWLRQ��
�
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�
ZKHUH�; >���[���[��«�[Q@� LV� DQ�1�Q����GDWD�PDWUL[�DQG�;7; $� LV� WKH�QRUPDO�PDWUL[��
7KLV�PHWKRG�LV�UDUHO\�XVHG�IRU�DFWXDO�FDOFXODWLRQV��VLQFH�LW�LV�VXEMHFWHG�WR�DQ�DFFHOHUDWHG�
SURSDJDWLRQ�RI� QXPHULFDO� HUURUV� LQ� FDVHV�RI� FROLQHDULW\� �VHH� IRU� H[DPSOH��%UDXQHU� DQG�
6KDFKDP���������7KH� FRQGLWLRQ�QXPEHU� RI� WKH�QRUPDO�PDWUL[�� �$��� � �WKH� UDWLR�RI� WKH�
DEVROXWH�YDOXHV�RI�WKH�PD[LPDO�WR�PLQLPDO�HLJHQYDOXHV��LV�XVHG�DV�D�FRQYHQLHQW�PHDVXUH�
RI�WKH�LOO�FRQGLWLRQLQJ�RI�WKH�UHJUHVVLRQ�SUREOHP��$OWHUQDWLYH�PHWKRGV�IRU�OHDVW�VTXDUHV�
UHJUHVVLRQ�DUH�GHVFULEHG�E\�%MRUFN���������
7KH�6529�SURJUDP�FRPELQHV�VWHSZLVH�UHJUHVVLRQ�ZLWK�45�GHFRPSRVLWLRQ� WR�ILQG� WKH�
RSWLPDO� UHJUHVVLRQ� PRGHO�� 7KH� 45� GHFRPSRVLWLRQ� VROYHV� WKH� HTXDWLRQ� \;  Ö E\�
GHFRPSRVLQJ�;� LQWR� WKH� SURGXFW� RI� D�PDWUL[�4� RI� RUWKRJRQDO� FROXPQV�� DQG� DQ� XSSHU�
WULDQJXODU� PDWUL[�� 5�� 7KH� 6529� DOJRULWKP� JHQHUDWHV� WKH� 4� PDWUL[� XVLQJ� WKH� *UDP�
6FKPLGW� PHWKRG� �VHH� IRU� H[DPSOH�� %MRUFN�� ������� 9DULDEOHV� DUH� VHOHFWHG� WR� HQWHU� WKH�
UHJUHVVLRQ�PRGHO�DFFRUGLQJ�WR�WKHLU�OHYHO�RI�FRUUHODWLRQ�ZLWK�WKH�GHSHQGHQW�YDULDEOH�DQG�



WKH\�DUH�UHPRYHG�IURP�IXUWKHU�FRQVLGHUDWLRQ�ZKHQ�WKHLU�UHVLGXDO�LQIRUPDWLRQ�JHWV�EHORZ�
WKH� QRLVH� OHYHO�� $GGLWLRQ� RI� QHZ� YDULDEOHV� WR� WKH� PRGHO� VWRSV� ZKHQ� WKH� UHVLGXDO�
LQIRUPDWLRQ� RI� DOO� UHPDLQLQJ� YDULDEOHV� JHWV� EHORZ� WKHLU� QRLVH� OHYHO�� $� GHWDLOHG�
GHVFULSWLRQ� RI� WKH� 6529� DOJRULWKP� DQG� WKH� FULWHULD� XVHG� IRU� YDULDEOHV� VHOHFWLRQ� DQG�
UHSODFHPHQW�FDQ�EH�IRXQG�LQ�6KDFKDP�DQG�%UDXQHU��������������
7KH� TXDOLW\� RI� WKH� UHJUHVVLRQ� PRGHO� LV� DVVHVVHG� LQ� YLHZ� RI� QXPHULFDO� DQG� JUDSKLFDO�
LQIRUPDWLRQ��ZKLFK�LQFOXGHV�WKH�PRGHO�YDULDQFH��FRQILGHQFH�LQWHUYDOV�RQ�WKH�SDUDPHWHU�
HVWLPDWHV�� WKH� OLQHDU�FRUUHODWLRQ�FRHIILFLHQW�� UHVLGXDO�DQG�QRUPDO�SUREDELOLW\�SORWV��7KH�
PRGHO�YDULDQFH�LV�GHILQHG�� � � Q�@Ö�Ö>�� \\\\ �� 7V ��ZKHUH� \ DQG� \Ö �DUH�WKH�PHDVXUHG�
DQG� FDOFXODWHG� YHFWRUV� RI� WKH� GHSHQGHQW� YDULDEOH� UHVSHFWLYHO\�� � LV� WKH� QXPEHU� RI�
GHJUHHV� RI� IUHHGRP� �  � 1±�N� ����� DQG� N� LV� WKH� QXPEHU� RI� LQGHSHQGHQW� YDULDEOHV�
LQFOXGHG� LQ� WKH� PRGHO�� 7KH� OLQHDU� FRUUHODWLRQ� FRHIILFLHQW� LV� GHILQHG� E\�� � � �@��>�@Ö�Ö>�� \\\\5 77 ���� \\\\ ��ZKHUH� \ LV�WKH�PHDQ�RI�\��7KH�YDULDQFH�DQG�
5�� DUH� XVHG� IRU� FRPSDULVRQ� EHWZHHQ� YDULRXV� PRGHOV�� ZKHUH� D� UHJUHVVLRQ� PRGHO� WKDW�
\LHOGV�D�VPDOOHU�YDULDQFH�DQG�WKH�5��YDOXH�FORVHU�WR���LV�FRQVLGHUHG�VXSHULRU���
7KH� FRQILGHQFH� LQWHUYDO� RQ� SDUDPHWHU� M� � ME�' �� LV� GHILQHG� E\� MMM DVW ���� DQE  ' � ��
ZKHUH� DMM� LV� WKH� GLDJRQDO� HOHPHQW� RI� WKH� LQYHUVHG� QRUPDO� PDWUL[�� DQG� W�Q�D�� LV� WKH�
VWDWLVWLFDO�W�GLVWULEXWLRQ�FRUUHVSRQGLQJ�WR��Q�GHJUHHV�RI�IUHHGRP�DQG�D�GHVLUHG�FRQILGHQFH�
OHYHO��D��$�PRGHO�ZKHUH�RQH�RU�PRUH�RI�WKH�FRQILGHQFH�LQWHUYDOV�DUH�JUHDWHU�LQ�DEVROXWH�
YDOXH�WKDQ�WKH�DVVRFLDWHG�SDUDPHWHU�YDOXHV��SDUDPHWHU�YDOXH�LV�QRW�VLJQLILFDQWO\�GLIIHUHQW�
IURP� ]HUR�� LV� FRQVLGHUHG� XQVWDEOH� �RU� HYHQ� LOO�FRQGLWLRQHG��� 7KHUHIRUH�� LW� LV� XVXDOO\�
FRQVLGHUHG�DV�XQDFFHSWDEOH��7KH�VLJQDO�WR�QRLVH�UDWLR�LQGLFDWRUV��ZKLFK�DUH�XVHG�E\�WKH�
6529� SURJUDP� IRU� YDULDEOH� VHOHFWLRQ�� XVXDOO\� UHPRYH� IURP� WKH� PRGHO� YDULDEOHV�
DVVRFLDWHG� ZLWK� LQVLJQLILFDQW� SDUDPHWHU� YDOXHV�� +RZHYHU�� WKH� UHPRYDO� RI� WKH� IUHH�
SDUDPHWHU� � ��� LV� WKH� XVHU
V� UHVSRQVLELOLW\�� 7KLV�PD\� EH� UHTXLUHG� EDVHG� RQ� WKHRUHWLFDO�
FRQVLGHUDWLRQV�RU�GXH�WR�H[FHVVLYH�FRQILGHQFH�LQWHUYDOV�RQ�WKLV�SDUDPHWHU���
,I�WKH�GLVWULEXWLRQ�RI�WKH�HUURUV�LQ�WKH�UHVLGXDO�SORW��SORW�RI� \\ Ö� YHUVXV� \ ��LV�UDQGRP��
VR� WKDW� QR� FOHDU� WUHQG� FDQ� EH� LGHQWLILHG�� WKH� PRGHO� FDQ� EH� FRQVLGHUHG� DV� DSSURSULDWH�
UHSUHVHQWDWLRQ� RI� WKH� GDWD�� 2WKHUZLVH�� WKH� XVH� RI� %R[�&R[� WUDQVIRUPDWLRQ� DQG�RU�
DGGLWLRQ�RI�QRQOLQHDU�IXQFWLRQV�RI�WKH�LQGHSHQGHQW�YDULDEOHV�VKRXOG�EH�FRQVLGHUHG��7KH�
%R[�&R[�WUDQVIRUPDWLRQ�LV�D�SRZHU�WUDQVIRUPDWLRQ�RI� WKH�GHSHQGHQW�YDULDEOH��\
� �\ � ��
ZKHUH� WKH� SDUDPHWHU� � LV� VHOHFWHG� VR� DV� WR� PLQLPL]H� WKH� YDULDQFH� RI� WKH� UHVXOWDQW�
FRUUHODWLRQ�� ,Q�RUGHU� WR�HQDEOH�D�PHDQLQJIXO�FRPSDULVRQ�RI� WKH�YDULDQFHV�RI�UHJUHVVLRQ�
PRGHOV�REWDLQHG�ZLWK�GLIIHUHQW� �YDOXHV�� WKH�GHSHQGHQW�YDULDEOH�PXVW�EH�VWDQGDUGL]HG��
7KH�VWDQGDUGL]HG�YDULDEOHV�HPSOR\HG�IRU� WKH�VHDUFK�DUH�� ���� � O\.Z � IRU� �zO �
DQG� \.Z OQ� �IRU� � O ���ZKHUH� Q L\. � � DQG� ���� �

��
� OO.. ��,Q�FDVH�WKH�

%R[�&R[�WUDQVIRUPDWLRQ�ZLWK�OLQHDU�WHUPV�RI�WKH�LQGHSHQGHQW�YDULDEOHV�GRHV�QRW�\LHOG�D�
UDQGRP� GLVWULEXWLRQ� RI� WKH� UHVLGXDOV�� DGGLQJ� QRQOLQHDU� IXQFWLRQV� RI� WKH� LQGHSHQGHQW�
YDULDEOHV�VKRXOG�EH�FRQVLGHUHG��,W�LV�FXVWRPDU\�WR�XVH�D�IXOO�TXDGUDWLF�PRGHO��FRQWDLQLQJ�
QRQOLQHDU� IXQFWLRQV� RI� WKH� IRUP� [L[M� DQG� [L��� RU� SRO\QRPLDO� PRGHO� �LQFOXGLQJ� KLJKHU�
SRZHUV�RI�[L�� DV� DQ� LQLWLDO�EDQN�RI� H[SODQDWRU\�YDULDEOHV� IRU� FDUU\LQJ�RXW� WKH� VWHSZLVH�
UHJUHVVLRQ�� XQOHVV� WKHRUHWLFDO� FRQVLGHUDWLRQV� VXJJHVW� GLIIHUHQW� IXQFWLRQDO� IRUPV�� ,W� LV�
ZRUWK�QRWLQJ� WKDW�TXDGUDWLF�DQG�SRO\QRPLDO�PRGHOV� WHQG� WR�EH� LOO�FRQGLWLRQHG� LI�PDQ\�
WHUPV� RU� KLJK� SRZHUV� RI� WKH� LQGHSHQGHQW� YDULDEOH� DUH� LQFOXGHG� LQ� WKH� PRGHO�� ,OO�
FRQGLWLRQLQJ�RI�WKH�PRGHO�LV�LQGLFDWHG�E\�D�YHU\�ODUJH�YDOXH�RI�WKH�FRQGLWLRQ�QXPEHU�RI�
WKH� QRUPDO� PDWUL[�� 6XFK� LOO�FRQGLWLRQLQJ� FDQ� EH� SUHYHQWHG� E\� WUDQVIRUPDWLRQ� RI� WKH�
LQGHSHQGHQW� YDULDEOHV� WR� WKH� >���� ��@� �RU� VLPLODU�� UDQJH�� 2QH� RI� VXFK� WUDQVIRUPDWLRQ�



VXSSRUWHG�E\�WKH�6529�SURJUDP�LV�WKH�VWDQGDUGL]DWLRQ��ZKHUH�WKH�WUDQVIRUPHG�YDULDEOH�
LV�GHILQHG�E\� ������ [GHYVW[[] � ��
�
���7KH�3URFHGXUH�IRU�&RQVWUXFWLQJ�2SWLPDO�5HJUHVVLRQ�0RGHOV�
)RU�WKH�VDNH�RI�EUHYLW\��RQO\�FDVHV�ZKHUH�WKHUH�LV�QR�SULRU�LQIRUPDWLRQ��IURP�WKHRUHWLFDO�
FRQVLGHUDWLRQV� DQG�RU� IURP� H[SHULHQFH�� RQ� QRQOLQHDU� IXQFWLRQV� RI� WKH� LQGHSHQGHQW�
YDULDEOHV� WR� EH� LQFOXGHG� LQ� WKH� UHJUHVVLRQ�PRGHO�� DUH� FRQVLGHUHG�� � )RU� WKH� GHSHQGHQW�
YDULDEOH�� WKH�FRPPRQO\�XVHG� IXQFWLRQ� OQ\� FDQ�EH�XVHG�DV� VWDUWLQJ�SRLQW� IRU� WKH� VHDUFK�
LQVWHDG� RI� \�� � %DVHG� RQ� WKH� SULQFLSOHV� RXWOLQHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� WKH� VHDUFK�
SURFHGXUH�IRU�WKH�RSWLPDO�UHJUHVVLRQ�PRGHO�FDQ�EH�RXWOLQHG��
���7KH�%R[�&R[�SDUDPHWHU�LV�VHW�DW� � O �IRU�XVLQJ�\�DV�GHSHQGHQW�YDULDEOH�RU� � O IRU�
XVLQJ�OQ\�DV�GHSHQGHQW�YDULDEOH��$�VHDUFK�IRU�WKH�LQGHSHQGHQW�YDULDEOHV�WR�EH�LQFOXGHG�LQ�
WKH�RSWLPDO�OLQHDU�PRGHO�LV�FDUULHG�RXW�XVLQJ�6529��7KH�VHDUFK�LV�UHSHDWHG�ZLWK� ��VHW�DW�
]HUR� DQG� WKH� EHVW� PRGHO� LV� VHOHFWHG� DFFRUGLQJ� WR� WKH� YDULDQFH� DQG�5�� YDOXHV�� � 7KH�
UHVLGXDO�SORW�IRU�WKH�VHOHFWHG�PRGHO�LV�H[DPLQHG��,I�WKH�HUURUV�DUH�UDQGRPO\�GLVWULEXWHG�
ILQLVK��RWKHUZLVH�SURFHHG�WR�VWHS����
���$�VHDUFK�IRU� WKH�%R[�&R[�SDUDPHWHU�YDOXH�WKDW�\LHOGV�D�PLQLPDO�YDULDQFH�LV�FDUULHG�
RXW�� XVLQJ� WKH� 6529� LQ� DQ� LQWHUQDO� ORRS� WR� VHOHFW� WKH� LQGHSHQGHQW� YDULDEOHV� WR� EH�
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