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$%675$&7� 8VLQJ� WKH� SURSRVHG� PRGHO� IRU� DFRXVWLF� HPLVVLRQ� �$(�� FDXVHG� E\� FUDFN�IRUPDWLRQ� LQ� D� VROLG� LW� LV� IRXQG� WKDW�$(�DPSOLWXGHV�DUH� LQ� GLUHFW� SURSRUWLRQ� WR� WKH� FUDFN�DUHD�� (PSOR\LQJ� WKLV� PRGHO� H[SHULPHQWDO� $(� LQYHVWLJDWLRQ� RI� GDPDJLQJ� LQ� FRPSRVLWH�PDWHULDOV� ZLWK� YDULRXV� W\SHV� RI� FDUERQ� ILEHUV� VWDFNLQJ� DUH� SUHVHQWHG�� 6L[WHHQ� OD\HUV� RI�FDUERQ�ILEHUV�SODFHG�LQ� WKH�VDPH�PDWUL[�JDYH�WKH�GLIIHUHQW�GXUDELOLW\�DQG�$(�DFWLYLW\�RI�D�ORDGHG� FRPSRVLWH�� &ULWHULD� IRU� TXDQWLWDWLYH� DVVHVVPHQW� RI� WKH� FRPSRVLWH� GDPDJLQJ��DFFRXQWLQJ�D�VSHFLILF�FKDQJH�LQ�WKH�$(�DPSOLWXGH�GXULQJ�WKH�GLIIHUHQW�VWDJHV�RI�ORDGLQJ��DUH�GHYHORSHG�� 7KH� DQDO\VLV� RI� VSHFWUXP� FKDUDFWHULVWLFV� RI� WKH� $(� SXOVH� SDVVHG� WKURXJK� WKH�SHUIHFW�DQG� WKH�GDPDJHG�VSHFLPHQV�KDV�FRQILUPHG�WKH�HIILFLHQF\�RI� WKH�SURSRVHG�FULWHULD��1XPHULFDO�YDOXHV�RI�WKH�FULWHULD�SDUDPHWHUV�IRU�LQYHVWLJDWHG�W\SHV�RI�FRPSRVLWH�VSHFLPHQV�DUH�SUHVHQWHG�
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2QH� RI� WKH� VSHFLILF� IHDWXUHV� RI� FRPSRVLWH� PDWHULDOV� LV� WKDW� WKH\� DUH�IUHTXHQWO\� FUHDWHG� VLPXOWDQHRXVO\� ZLWK� D� VWUXFWXUH�� 7KDW� LV� ZK\� LW� LV�QHFHVVDU\� WR�VWXG\�WKH�SK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV�RI�FRPSRVLWHV�DW�DOO�VWDJHV�RI�WKHLU�PDQXIDFWXULQJ�>�@�$W�WKH�EHJLQQLQJ�RI�WKH���LHV�LQ�WKH�LQYHVWLJDWLRQ�RI�IUDFWXUH�SURFHVVHV�LQ�FRPSRVLWHV�DQG�QRQ�GHVWUXFWLYH�WHVWLQJ�DV�ZHOO�DV�LQ�WHFKQLFDO�GLDJQRVWLFV�RI�WKHLU� SURGXFWV� D� PHWKRG� RI� DFRXVWLF� HPLVVLRQ� �:?�� KDV� EHHQ� XVHG�� 7KLV�PHWKRG�LV�KLJKO\�VHQVLWLYH�DQG�DOORZV�XV�WR�WHVW�HIIHFWLYHO\�D�VWUXFWXUH�RU�LWV�VHSDUDWH� HOHPHQWV� LUUHVSHFWLYHO\� WR� LWV� VKDSH� DQG� VL]H�� 1DWXUDOO\�� WKH�DSSOLFDWLRQ� RI� QRQ�GHVWUXFWLYH� WHVWLQJ� DQG� WHFKQLFDO� GLDJQRVWLFV� XVLQJ� :?SKHQRPHQRQ�UHTXLUHV� WKH�HVWDEOLVKLQJ�RI� WKH DSSURSULDWH� FRUUHODWLRQV�EHWZHHQ�:? VLJQDOV�DQG�WKH�SURFHVVHV�RI�IRUPDWLRQ�DQG�JURZWK�RI�GLIIHUHQW�W\SHV�RI�GHIHFWV� QXFOHDWHG� LQ� FRPSRVLWHV� XQGHU� VWDWLF� RU� DOWHUQDWLQJ� ORDGLQJ�� 7KH\�FDXVH�IUDFWXUH�RI�PDWUL[��ILEHUV��FRPSRXQGV�DV�ZHOO�DV�WKHLU�LQWHUIDFHV��1RWH�WKDW� WKH� PDMRULW\� RI� WKH� NQRZQ�PHWKRGV� RI� IODZ� GHWHFWLRQ� ZLGHO\� DSSOLHG� LQ�QRQ�GHVWUXFWLYH� WHVWLQJ� DQG� GLDJQRVWLFV� RI PHWDO� SURGXFWV� DQG� VWUXFWXUHV� KDYH�



SURYHG� WR� EH� XQVXLWDEOH� IRU� UHVHDUFKHV� RI� FRPSRVLWHV� GXH� WR� WKHLU� FRPSOH[�VWUXFWXUH� >�@�� 7KHUHIRUH�� GHYHORSPHQW� RI� QHZ� FULWHULD� DQG� WHFKQLTXHV� IRU�PRGHUQ�PHWKRGV�RI�FUDFN�GHWHFWLRQ�LQ�FRPSRVLWHV�LV�RI�JUHDW�LPSRUWDQFH�
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/HW� XV� FRQVLGHU� DQ� LQILQLWH� KRPRJHQHRXV� DQG� LVRWURSLF� HODVWLF� ERG\��$W�LQILQLW\�XQLIRUPO\�GLVWULEXWHG�WHQVLOH�VWUHVV�RI�LQWHQVLW\�V LV�DSSOLHG�DORQJ�2]D[LV�� /HW� XV� DVVXPH� WKDW� DW� WKH� WLPH� W  � �� LQ� WKH� DUHD� RI� D� ERG\�� ZKHUH�VWUHVVHV�DFKLHYH�FULWLFDO�YDOXH�RI�V���D�SHQQ\�VKDSHG�FUDFN�LV�IRUPHG�7KH� ERXQGDU\� FRQGLWLRQV� FRUUHVSRQGLQJ� WR� D� SHQQ\�VKDSHG� FUDFN�IRUPDWLRQ� LQ�F\OLQGULFDO�FRRUGLQDWH�V\VWHP�2UM]��ZKRVH�RULJLQ�2 FRLQFLGHV�ZLWK�WKH�FHQWHU�RI�D�SHQQ\�VKDSHG�FUDFN��DQG�D[LV�2] LV�SHUSHQGLFXODU�WR�WKH�FUDFN�SODQH�DUH�JLYHQ�LQ�>�@�$QDO\]LQJ� WKH� VROXWLRQ� RI� WKH� SUREOHP� LQ� SDSHU� >�@� WKH� DSSUR[LPDWLRQ�H[SUHVVLRQ�IRU�HVWLPDWLRQ�RI�WKH�PD[LPDO�YDOXHV�RI�WKH�GLVSODFHPHQW�YHFWRU�LV�SURSRVHG� � �5F UX LLFL ��
���PD[ U T)VE � ���

ZKHUH�IXQFWLRQV� � �T) L FKDUDFWHUL]H�WKH�DQJXODU�GLVWULEXWLRQ�IRU�ORQJLWXGLQDO�DQG� VKHDU� ZDYHV�� UHVSHFWLYHO\�� DW�5!!U���5 LV� WKH� GLVWDQFH� IURP� WKH� FUDFN�DUHD� WR� WKH� REVHUYDWLRQ� SRLQW�� U LV� PDWHULDO� GHQVLW\�� F� LV� WKH� YHORFLW\� RI�ORQJLWXGLQDO�ZDYH��EL DUH� WKH� SURSRUWLRQDOLW\� IDFWRUV� IRU� ORQJLWXGLQDO� �L ���DQG�VKHDU��L ���ZDYHV��UHVSHFWLYHO\��E� �����DQG�E� �����,Q�WKH�FDVH�ZKHQ�VHYHUDO�FUDFNV�DUH�IRUPHG��ZH�ILQG�WKDW�WKH�DUHD�RI�QHZ�IRUPHG�GHIHFWV�FDQ�EH�HVWLPDWHG�XVLQJ�WKH�VXP�RI�:? DPSOLWXGHV�DV�IROORZV�
6 J6$L ���

ZKHUH�$L LV�WKH�DPSOLWXGH�RI�:? VLJQDO�WKDW�LV�SURSRUWLRQDO�WR� LFXPD[ DQG�J LV�$(� FRQVWDQW� RI� WKH� PDWHULDO�� WKDW� WDNHV� LQWR� DFFRXQW� LWV� VWUHQJWK�FKDUDFWHULVWLFV� �HODVWLFLW\� PRGXOXV�� 3RLVVRQ
V� UDWLR�� \LHOG� SRLQW�� DV� ZHOO DV�$(�GHYLFH�PRGHV�RI�:? UHFRUGLQJ�� �  �������«P��P LV� WKH�QXPEHU�RI�:?VLJQDOV�UHFRUGHG�GXULQJ�GHIRUPDWLRQ�



$(�7(67�5(68/76
7KH� ODPLQDWHG� FRPSRVLWH� VSHFLPHQV� RI� ZLGWK� G ���� OHQJWK� T ���� DQG�WKLFNQHVV�K ��PP�ZHUH�LQYHVWLJDWHG��7KUHH�JURXSV�RI�FRPSRVLWH�VSHFLPHQV�HDFK� KDYLQJ� ��� OD\HUV� RI� WKH� FDUERQ� ILEHUV� FRPSRXQGHG� E\� VLPLODU� HSR[\�PDWUL[HV�ZHUH�SUHSDUHG��,Q�DOO�JURXSV�RI�VSHFLPHQV�WKH�OD\HUV�ZHUH�VWDFNHG�DFFRUGLQJ�WR�WKH�VSHFLILHG�ILEHU�LQWHUODFLQJ�>�@�6SHFLPHQV�XQGHU�WKUHH�SRLQW�EHQGLQJ�ZHUH�WHVWHG��7KH�GLVWDQFH�EHWZHHQ�WKH�VXSSRUWV�ZDV�O ���PP��$�WUDYHUVH�VSHHG�RI�WKH�LQGHQWHU�ZDV������PP�V��$�3�����VHULDO�SLH]RHOHFWULF�WUDQVGXFHU�ZLWK�D�IUHTXHQF\�EDQG�RI����«����0+]�ZDV�XVHG�WR�GHWHFW�$(�VLJQDOV��,W�ZDV�PRXQWHG�DW�WKH�HGJH�RI�WKH�VSHFLPHQ�EHKLQG�WKH�VXSSRUWV�DQG�SUHVVHG�ZLWK�D�IRUFH�RI���«���1�E\�XVLQJ�D�FRQWDFW�OD\HU�RI�RLO��$(�VLJQDOV�ZHUH�UHFRUGHG�ZLWK�DQ�$91���GHYLFH��7KH�DPSOLILFDWLRQ�IDFWRU�LQ� WKH�RSHUDWLQJ� IUHTXHQF\� UDQJH�����«����0+]�ZDV�HTXDO� WR����G%�DQG� WKH�WUDQVIHU�UDWLR�RI�ORZ�DQG�KLJK�IUHTXHQFLHV�ILOWHUV�ZDV�DSSUR[LPDWHO\�HTXDO�WR����,Q� FKDUDFWHULVWLF� SRLQWV� RI� GHIRUPDWLRQ� FXUYH� WKH� RQVHW� RI� IUDFWXUH� VWDJHV� LQ�FRPSRVLWHV� DV� ZHOO� DV� FULWLFDO� IUDFWXUH� ORDG� DQG�$(� VLJQDOV� GLVWULEXWLRQ�ZHUH�GHWHUPLQHG��7KH�DSSURSULDWH�PDJQLWXGHV�RI�PHFKDQLFDO YDOXHV�KDYH�EHHQ�IRXQG�XVLQJ� WKH� FXUYH� �VSHFLPHQ� GHIOHFWLRQ� I � ORDG�3��� %\� LQFUHDVLQJ� WKH� GLVWDQFH�EHWZHHQ� VXSSRUWV� WKH� LQIOXHQFH� RI� GHIRUPDWLRQ� RQ� IUDFWXUH� QXFOHDWLRQ� LQ� WKH�PDWUL[� DQG� ILEHUV�� FULWLFDO� VWUHVV� YDOXH� FRUUHVSRQGLQJ� WR� WKH� RQVHW� RI� PDFUR�FUDFNLQJ� ZHUH� HVWDEOLVKHG� XVLQJ� $(� VLJQDOV�� ,Q� DOO� WHVWV� WKH� ORFDWLRQ� RI� WKH�SLH]RHOHFWULF� WUDQVGXFHU�� WKH� GHYLFH� PRGHV� RI� :? VLJQDOV� VHOHFWLRQ� DQG�UHFRUGLQJ��ORDGLQJ�UDWH�DQG�WKH�H[SHULPHQW�VHWXS�ZHUH�WKH�VDPH��7KH�PD[LPDO�YDOXHV� RI� QRUPDO� DQG� WDQJHQWLDO� VWUHVVHV� DFWLQJ� LQ� WKH� FURVV�VHFWLRQ� RI� WKH�VSHFLPHQ� DW� DQ\� ORDG�ZHUH� GHWHUPLQHG� E\� WKH�NQRZQ� IRUPXODH��([SHULPHQWDO�UHVHDUFKHV�ZHUH�FDUULHG�RXW�DFFRUGLQJ�WR�WKH�WHFKQLTXH�GHVFULEHG�LQ�>���@�)UDFWXUH�RI�FRPSRVLWHV��DV�ZHOO�DV�RI�DQ\�VWUXFWXUH�PDWHULDO�GRHV�QRW�RFFXU�LQVWDQWO\��1XFOHDWLRQ�DQG�VXEFULWLFDO�JURZWK�RI�D�GHIHFW�WDNHV�WKH�JUHDWHU�SDUW�RI�WKLV� SURFHVV� XQWLO� LW� UHDFKHV� WKH� FULWLFDO� VL]HV�� $W� WKLV�PRPHQW� XQVWDEOH� VWDJH�EHJLQV� UHVXOWLQJ� LQ� WKH� ILQDO� IDLOXUH� RI� PDWHULDO�� 1RWH� WKDW� WKH� SHULRG� RI�VXEFULWLFDO�GHIHFW�JURZWK��ZKHQ�WKH�DFFXPXODWLRQ�RI�YROXPH�GDPDJHV�RFFXUV�LQ�WKH�PDWHULDO��LV�WKH�FRQWUROOLQJ�VWDJH�RI�WKH�SURFHVV��,W�FDQ�EH�GLYLGHG�LQWR�WKUHH�FRQVHTXHQW�VWDJHV�����WKH�EHJLQQLQJ�RI�IUDFWXUH�����WKH�ODWHQW�SHULRG�ZKHQ�GHIHFW�LQIOXHQFH�LV�\HW�LQVLJQLILFDQW�RQ�D�PDFUROHYHO�DQG����WKH�FULWLFDO�VWDJH��7KH�ODVW�RQH�LV�PDLQO\�VKRUW�WHUP�DQG�WUDQVIRUPV�LQWR�XQVWDEOH�VWDJH WKDW�LV�YHU\�VKRUW�LQ�FRPSDULVRQ�ZLWK� WKH�VXEFULWLFDO�VWDJH��7KHUHIRUH�� WKH�GLDJQRVWLFV�RI�FRPSRVLWH�SURGXFWV� QHHGV� WR� EH� DEOH� WR� GLVWLQJXLVK� WKH� VWDJHV� RI� YROXPH� GDPDJH�DFFXPXODWLRQ�� )RU� WKLV� SXUSRVH�� LW� LV� QHFHVVDU\� WR� KDYH� FULWHULD� RI� WKHLU�HVWLPDWLRQ�



&ULWHULRQ����/DWHQW�SHULRG�RI�YROXPH�GDPDJH�DFFXPXODWLRQ�LQ�FRPSRVLWHV�EHJLQV�XQGHU�FRQGLWLRQ�VV

 tt DDVVPD[ �DD�� � LV�$(�FRQVWDQW�7KH� GLDJUDPV� RI� VSHFLPHQV� ORDGLQJ� IRU� DOO� WKUHH� JURXSV� RI� FRPSRVLWHV� DUH�VKRZQ� LQ�)LJXUH���� ,W� IROORZV� IURP�)LJXUH��� WKDW� WKH�EHVW� VWUHQJWK�SDUDPHWHUV�KDYH� WKH� VSHFLPHQV� RI� JURXS� ,,� DQG� WKH� EHVW� VWUDLQ� SDUDPHWHUV� KDYH� WKH�VSHFLPHQV�RI�JURXS�,,,��7KH�VSHFLPHQV�RI�DOO�WKUHH�JURXSV�KDYH�DOVR�D�GLIIHUHQW�:? DFWLYLW\��,W�IROORZV�IURP�WKH�DQDO\VLV�RI�$(�UHFRUGV�:LWK� WKH� IXUWKHU� ORDGLQJ��:? VLJQDOV�� KDYLQJ� DPSOLWXGHV� DSSUR[LPDWHO\� E\�RQH� RUGHU� RI� PDJQLWXGH� KLJKHU�� EHJLQ� WR� HPLW�� :H� DVVXPH� WKLV� PRPHQW�FRUUHVSRQGV� WR� WKH� EHJLQQLQJ� RI�PDFURFUDFNLQJ� LQ� FRPSRVLWHV�� QDPHO\� WR� WKH�EHJLQQLQJ� RI� ILEHU� EXQFKHV� IDLOXUH� LQ� FRPSRVLWH� OD\HUV�� 7KH�PRGH� ,� VWUHVVHV��ZKLFK�DSSHDU�DW�WKDW�PRPHQW�DUH�GHQRWHG�E\�V
��DQG�VPD[ LV�WKH�FRUUHVSRQGLQJ�VWUHVV�DW�WKH�PRPHQW�RI�DEUXSW�IDOO�RI�ORDGLQJ�RQ�WKH�FXUYH�I�� 3 �VHH�)LJXUH��Z��

D E
)LJXUH �� 'HSHQGHQFH�RI�GHIOHFWLRQ�I RQ�ORDG�3 �,��11��111 GHQRWH�WKH�JURXSV�RI�VSHFLPHQV���Z��DQG�W\SLFDO�WLPH�GLVWULEXWLRQ�RI�:? DPSOLWXGHV�GXULQJ�TXDVL�VWDWLF�ORDGLQJ�RI�VSHFLPHQV�DW�WKH�SRLQW�VPD[ �I� ± FRUUHVSRQGV�WR�LQLWLDO�SKDVH�RI�YROXPH GDPDJHV�DFFXPXODWLRQ���E��
7KH� LQFUHDVH� RI� WKH� DSSOLHG� ORDG� ZLWKLQ� WKH� LQWHUYDO� IURP� V
 WR� VPD[ LV�DFFRPSDQLHG� DOVR� E\� WKH� LQFUHDVH� RI�$(� VLJQDO� DPSOLWXGHV�� ,W� LV� UHDVRQDEO\� WR�DVVXPH��WKDW�WKH�UDWLR�D  �V
�VPD[ DOORZV�XV�WR�TXDQWLWDWLYHO\�HVWLPDWH�WKH�ODWHQW�GHYHORSPHQW�RI� ORFDO� IUDFWXUH� LQ� WKH�FRPSRVLWH��%\�FRPSDULQJ� WKH�H[SHULPHQWDO�GDWD�REWDLQHG�IRU�WKHVH�WKUHH�JURXSV�RI�VSHFLPHQV�ZH�KDYH�IRXQG�WKH�SDUDPHWHUV�WKDW� GHVFULEH� WKH� ODWHQW� IUDFWXUH� SHULRG� LQ� FRPSRVLWHV�� ,W� ZDV� GLIIHUHQW� IRU� HDFK�JURXS�RI�VSHFLPHQV�DQG� WKH�IROORZLQJ�DYHUDJH�PDJQLWXGHV�RI�SDUDPHWHU�D�ZHUH�REWDLQHG��D�  �������D�  ����� DQG�D�  ����� IRU�JURXS�,��11 DQG�111��UHVSHFWLYHO\��7KXV��VXEFULWLFDO�FUDFNLQJ� LQ�FRPSRVLWH�VSHFLPHQV�RFFXUV�DFFRUGLQJ� WR� WKHLU�$(�



UHFRUGV�LQ�WKH�JLYHQ�UDQJH�RI�D��3URFHVVLQJ�RI�H[SHULPHQWDO�GDWD�KDV�VKRZQ�WKDW�WKH� GDWD� VFDWWHULQJ� IRU� WKH� FULWHULRQ� SDUDPHWHU� ZDV� r��«��� RI� LWV� DYHUDJH�YDOXH��,W�LV�FDXVHG�PDLQO\�E\�GHYLDWLRQV�RI�VPD[ YDOXH�DQG�LQ�D�OHVV�GHJUHH�E\�WKH�VFDWWHULQJ� RI� V
�� 7DNLQJ� LQWR� DFFRXQW� WKLV� FLUFXPVWDQFH�� ZH� KDYH� GHULYHG� WKH�PLQLPDO� YDOXH� RI� FRQVWDQW� D ZLWK� WKH� PD[LPDO� VFDWWHULQJ� RI� ��� �� IURP� WKH�HTXDWLRQ�D  �V
L PLQ � ����V
� PLQ�� �V� PD[ � ��� V� PD[���7KXV�ZH�KDYH�IRXQG�WKDW�FRQVWDQW� D ������ 7KH� FULWHULRQ� IRU� GHWHUPLQDWLRQ� RI� WKH� EHJLQQLQJ� RI� ODWHQW�GHYHORSPHQW�RI�YROXPH�GDPDJHV�LQ�FRPSRVLWHV�RI�WKH�JLYHQ�W\SH�WKHQ�WDNHV�WKH�IRUP�
V
 t �����VPD[� ���

&ULWHULRQ����&ULWLFDO�YROXPH�GDPDJLQJ�LQ�FRPSRVLWHV�FRXOG�EH�GHWHUPLQHG�E\�LQHTXDOLW\�66:� ��9�tt [[

 �[[

 LV�$(�FRQVWDQW�)XUWKHU�DQDO\VLV�RI�:? VLJQDOV�DPSOLWXGHV�KDV�DOORZHG�XV� WR�HVWDEOLVK�DQRWKHU�LPSRUWDQW� FULWHULRQ� IRU� TXDQWLWDWLYH� HVWLPDWLRQ� RI� YROXPH� GDPDJLQJ� LQ�FRPSRVLWHV��7KLV�FULWHULRQ�DFFRXQWV�WKH�VXP�RI�$(�VLJQDOV�DPSOLWXGHV�IURP�WKH�PRPHQW� RI� WKH� ODWHQW� SHULRG� RQVHW� WR� WKH�PRPHQW� ZKHQ� VWUHVVHV� DFKLHYH� WKH�YDOXH�RI�VPD[��L�H��DW�WKH�VXEFULWLFDO�VWDJH�RI�YROXPH�GDPDJLQJ�GHYHORSPHQW�$V� LW� LV� VKRZQ� DERYH�� QXFOHDWLRQ� DQG� GHYHORSPHQW� RI� IUDFWXUH� LQ� VWUXFWXUH�PDWHULDOV� LV� DFFRPSDQLHG� E\� WKH� JURZWK� RI� WKH� VXUIDFH� DUHDV� RI� QHZ�IRUPHG�GLVFRQWLQXLWLHV�� 7KH� WHFKQLTXH� IRU� WKH� SURSRVHG� FULWHULRQ� DSSOLFDWLRQ� LV� DV�IROORZV��)LUVWO\��ZH�ILQG�WKH�YDOXH�RI�6:� �ZKHUH�:� LV�WKH�DPSOLWXGH�RI�P�WK�:?VLJQDO��P� ������«��P��ZLWKLQ�WKH�LQWHUYDO�IURP�WKH�EHJLQQLQJ�RI�:? DSSHDUDQFH�WR� WKH� PRPHQW� RI� WKH� DEUXSW� ORDGLQJ� IDOO� LQ� WKH� I� � 3 FXUYH� �WKH�PRPHQW� RI�PDFURFUDFNLQJ���QDPHO\��DV� LW�ZDV�QRWHG�SUHYLRXVO\��ZKHQ�WKH�PRGH�,�VWUHVVHV�JHWV�WKH�YDOXH�RI�VPD[��7KHQ�ZH�HVWLPDWH�WKH�YROXPH�GDPDJLQJ�[ IRU�HDFK�W\SH�RI�VSHFLPHQV�E\�HT�������+DYLQJ�WKHVH�YDOXHV�RI�[ IRU�HDFK�JURXS�RI�FRPSRVLWHV��ZH� ILQG� WKHLU�PLQLPXP�YDOXH�[L��7KH�DQDO\VLV�RI� W\SLFDO�:(�GDWD� IRU�DOO� WKUHH�JURXSV� RI� VSHFLPHQV� UHFRUGHG� WR� WKH�SRLQW�� FRUUHVSRQGLQJ� WR�VPD[�� KDV� VKRZQ�WKDW� DYHUDJH� YDOXHV� RI� [� IRU� WKH� VSHFLPHQV�ZLWK� GLIIHUHQW� VWDFNLQJ� RI� FDUERQ�ILEHUV�ZHUH��[�  �������[�  �����DQG [�  �������Z�X��PP� IRU�,��11 DQG�111 JURXSV��UHVSHFWLYHO\��7KH� VFDWWHULQJ�RI� WKH�YDOXHV�ZDV�ZLWKLQ� WKH� UDQJH�r �«����� ,Q�WKLV�FDVH� WKH�PLQLPXP�YDOXH�ZLWK�DFFRXQW�RI� WKH�PD[LPDO�VFDWWHULQJ�EHFRPHV�WKH�$(�FRQVWDQW�[
 WKDW�FRXOG�EH�HVWLPDWHG�E\�WKH�H[SUHVVLRQ��[
  �[� ± ����[�  �������± ����u������| ������Z�X��PP���+HQFH��LQ�WKLV�FDVH�WKH�VHFRQG�FULWHULRQ�IRU� HVWLPDWLRQ�RI� WKH�FULWLFDO�YDOXH�RI�YROXPH�GDPDJHV� LQ�FRPSRVLWH� WDNHV� WKH�IRUP�



6:� �9 t ������ ���%\� FRPSDULQJ� WKH� YDOXHV� RI� [ IRU� DOO� WHVWHG� VSHFLPHQV��ZH� KDYH� IRXQG�WKDW� JURXSV� 11 DQG� 111 KDYH� VKRZQ� DOPRVW� LGHQWLFDO� WHQGHQF\� WR� QXFOHDWLRQ�DQG�GHYHORSPHQW�RI�WKH�IDLOXUH�SURFHVVHV��*URXS�111 LV�WKH�PRVW�IOH[LEOH�DV�LW�IROORZV� IURP�)LJXUH��E��7KLV� IDFW�� LQ�RXU�RSLQLRQ��VKRZV� WKDW� WKRXJK�WKHUH�DUH� VLJQLILFDQW� GLVVLPLODULWLHV� LQ� FXUYHV� I� � 3�� WKH� DFFXPXODWHG� YROXPH�GDPDJHV LQ�WKHVH�VSHFLPHQV��KRZHYHU��DUH�FORVH�E\�WKH�YDOXH��,W�VWLPXODWHG�XV�WR�HVWLPDWH�WKH�LQIOXHQFH�RI�GHIRUPDWLRQ�RQ�:? VLJQDOV��)RU�WKLV�SXUSRVH��WKH� GLVWDQFH� EHWZHHQ� VXSSRUWV� ZDV� LQFUHDVHG� XS� WR� ��� PP�� DQG� WKH� UDWLR�EHWZHHQ�WKH�VXP�RI�:? DPSOLWXGHV�DW�WKH�LGHQWLFDO�VSHFLPHQ�GHIOHFWLRQ�DQG�GLIIHUHQW� �VLJQLILFDQWO\� OHVV��V ZDV� IRXQG�� 7KH� FXUYH� I� � 3 DQG� DPSOLWXGH�GLVWULEXWLRQ�RI�:? LQ�WKHVH�WHVWV�DUH�VKRZQ�LQ�)LJXUH����
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