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1RZDGD\V� VSHHFK� WHFKQRORJ\� GHYHORSPHQW� VWURQJO\�UHOLHV�RQ�FRUSXV�EDVHG�PHWKRGRORJLHV��,Q�D�VSHHFK�FRUSXV��DOPRVW�DV�LPSRUWDQW�DV�WKH�VSHHFK�LWVHOI�LV�WKH�LQIRUPDWLRQ�FRPSOHPHQWLQJ� LW�� ,Q� SDUWLFXODU�� SKRQHWLF� VHJPHQWDWLRQ�DQG� ODEHOLQJ� DUH� YHU\� XVHIXO� EHFDXVH� SKRQHV� DUH� XVXDOO\�FRQVLGHUHG� WKH� VPDOOHVW� FRQVWLWXHQWV� RI� VSHHFK�� 7R� GDWH��WKH�PRVW�SUHFLVH�ZD\� WR�REWDLQ� WKH�SKRQHWLF�VHJPHQWDWLRQ�DQG� ODEHOLQJ� LV� PDQXDOO\�� +RZHYHU�� PDQXDO� SKRQHWLF�ODEHOLQJ�DQG��HVSHFLDOO\��VHJPHQWDWLRQ�DUH�YHU\�FRVWO\�DQG�UHTXLUH�PXFK� WLPH� DQG� HIIRUW�� )RU� WKDW� UHDVRQ�� WKH\� KDYH�WULHG�WR�EH�DYRLGHG��,Q� VSHHFK� UHFRJQLWLRQ� +LGGHQ� 0DUNRY� 0RGHOV��+00V�� KDYH� DYRLGHG� WKH� QHHG� IRU� PDQXDO� SKRQHWLF�VHJPHQWDWLRQ�� +00V� SURGXFH� D� VHJPHQWDWLRQ�� ZKLFK�DOWKRXJK� OHVV� SUHFLVH� WKDQ� D�PDQXDO� VHJPHQWDWLRQ�� VHHPV�WR� EH� SUHFLVH� HQRXJK� WR� WUDLQ� WKH� +00V� EHFDXVH�+00�WUDLQLQJ� LV� DQ� DYHUDJLQJ� SURFHVV� WKDW� WHQGV� WR� VPRRWK� WKH�HIIHFWV�RI�VHJPHQWDWLRQ�HUURUV��&R[�HW�DO����������)RU� VSHHFK� V\QWKHVLV�� KRZHYHU�� WKH� SKRQHWLF�VHJPHQWDWLRQ� SURGXFHG� E\� +00V� LV� QRW� SUHFLVH� HQRXJK��,Q� WKH� GHYHORSPHQW� RI� ERWK� FRQFDWHQDWLYH� DFRXVWLF� XQLW�LQYHQWRULHV�DQG�SURVRGLF�PRGHOV�LW�LV�XVXDO�WR�VHOHFW�VLQJOH�H[DPSOHV�LQVWHDG�RI�UHO\LQJ�RQ�DQ�DYHUDJLQJ�SURFHVV��$V�D�FRQVHTXHQFH�RI�WKH�ODFN�RI�DYHUDJLQJ�DQG�HUURU�VPRRWKLQJ��D� VHJPHQWDWLRQ�HUURU�PD\�SURGXFH�DQ�DXGLEOH�HUURU� LQ� WKH�V\QWKHWLF� YRLFH� �&R[� HW� DO��� ������� 7KLV� QHHG� IRU� PRUH�SUHFLVH� VHJPHQWDWLRQ� KDV� OHG� VSHHFK� V\QWKHVLV� WR� UHO\� RQ�PDQXDO�VHJPHQWDWLRQ�IRU�\HDUV��'XULQJ�WKH�ODVW�IHZ�\HDUV��KRZHYHU�� WKH� QHHG� WR� GHYHORS� QHZ� YRLFHV� DQG� ODQJXDJHV�TXLFNO\��/MROMH�HW�DO���������&R[�HW�DO���������DQG�ZLWK�WKH�PD[LPXP� TXDOLW\� �ZKLFK� IUHTXHQWO\� UHTXLUHV� ODUJH�LQYHQWRULHV�� KDV� UDLVHG� WKH� LQWHUHVW� LQ� DXWRPDWLF�VHJPHQWDWLRQ� WHFKQLTXHV� WR� SDUWLDOO\� DXWRPDWH� WKH�GHYHORSPHQW�RI�V\QWKHVLV�LQYHQWRULHV�DQG�PRGHOV��
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��� *RDO�RI�WKH�SDSHU�
7KLV� SDSHU� SUHVHQWV� DQ� DQDO\VLV� RI� WKH� XVH� RI� +00V�IRU� DXWRPDWLF� SKRQHWLF� VHJPHQWDWLRQ�� ,W� VWDUWV� E\�UHYLHZLQJ�WKH�VWDWH�RI�WKH�DUW��7KHQ��LW�DQDO\]HV�DQG�WULHV�WR�H[SODLQ�WKH�LQIOXHQFH�RI�WKH�QXPEHU�RI�*DXVVLDQV�SHU�VWDWH�DQG� FRQWH[W�GHSHQGHQF\� RQ� VHJPHQWDWLRQ� UHVXOWV�� 7KH�WKHRUHWLFDO� H[SODQDWLRQ� IRU� WKH� SRRUHU� VHJPHQWDWLRQ�DFFXUDF\� RI� FRQWH[W�GHSHQGHQW� +00V� LV� UHYLHZHG�� :H�DUJXH�WKDW� WKLV�SRRUHU�DFFXUDF\�LV�GXH�WR�V\VWHPDWLF�HUURUV�WKDW� FRXOG� EH� SDUWLDOO\� FRUUHFWHG� ZLWK� D� QHZ� VWDWLVWLFDO�FRUUHFWLRQ� PHWKRG�� :H� VXFFHVVIXOO\� WHVW� WKLV� SRVVLELOLW\��DFKLHYLQJ�ZLWK�FRQWH[W�GHSHQGHQW�+00V�DQG�WKLV�PHWKRG�KLJKHU� VHJPHQWDWLRQ� DFFXUDF\� WKDQ� WKDW� DFKLHYHG� ZLWK�FRQWH[W�LQGHSHQGHQW� +00V�� )LQDOO\�� WKH� UROH� RI� VSHDNHU�DGDSWDWLRQ�LQ�DXWRPDWLF�SKRQHWLF�VHJPHQWDWLRQ�DQG�KRZ�LW�LQWHUDFWV�ZLWK�WKLV�QHZ�FRUUHFWLRQ�WHFKQLTXH�DUH�DQDO\]HG��

��� 6WDWH�RI�WKH�DUW�
7KH� PRVW� IUHTXHQW� DSSURDFK� IRU� DXWRPDWLF� SKRQHWLF�VHJPHQWDWLRQ�� DQG� WKH� RQH� DQDO\]HG� LQ� WKLV� SDSHU�� LV�SHUIRUPLQJ� IRUFHG� DOLJQPHQWV� RI� WKH� VSHHFK� DQG� WKH�RUWKRJUDSKLF� WUDQVFULSWLRQ�PDNLQJ�XVH�RI�SKRQHWLF�+00V�DQG� FHSVWUDO� IHDWXUHV� �PRVW� IUHTXHQWO\� 0HO�)UHTXHQF\�&HSVWUDO�&RHIILFLHQWV��0)&&V��YHU\�VLPLODU� WR� WKRVH�XVHG�LQ�VSHHFK�UHFRJQLWLRQ��/MROMH�HW�DO���������&R[�HW�DO���������$QJHOLQL�HW�DO���������$QJHOLQL�HW�DO�����������7KHUH� DUH� WZR� ZLGHO\� DFFHSWHG� DGDSWDWLRQV� RI� WKH�+00V�DQG� IHDWXUHV�WR� WKH�SDUWLFXODU�SUREOHP�RI�SKRQHWLF�VHJPHQWDWLRQ�� 2QH� LV� XVLQJ� D� KLJKHU� IUDPH� UDWH� WKDQ� WKH�RQH� XVHG� LQ� VSHHFK� UHFRJQLWLRQ� WR� UHGXFH� TXDQWL]DWLRQ�HUURUV� �/MROMH� HW� DO��� ������$QJHOLQL� HW�DO���������$QJHOLQL�HW�DO���������&KRX�HW�DO����������7KH�RWKHU�LV�XVLQJ�FRQWH[W�LQGHSHQGHQW� +00V� LQVWHDG� RI� FRQWH[W�GHSHQGHQW�+00V�EHFDXVH�WKH\�SURYLGH�EHWWHU�VHJPHQWDWLRQ�DFFXUDF\��/MROMH�HW� DO��� ������ &R[� HW� DO��� ������ $QJHOLQL� HW� DO��� ������$QJHOLQL�HW�DO���������&KRX�HW�DO����������



,W� LV� ZRUWK� PHQWLRQLQJ� WKDW� WKHUH� LV� D� VLJQLILFDQW�QXPEHU� RI� DXWKRUV� WKDW� XVH� FRPSOHWHO\� GLIIHUHQW� IHDWXUHV�RU� WHFKQLTXHV� �)DUKDW� HW� DO��� ������ =XH� HW� DO��� ������)ODPPLD� HW� DO��������.DUMDODLQHQ�HW� DO��������$QJHOLQL� HW�DO��� ������0DOIUqUH� HW� DO�� ������� 2WKHUV� FRPELQH� +00V�ZLWK� RWKHU� IHDWXUHV� RU� WHFKQLTXHV� �%RsIIDUG� HW� DO��� ������0DOIUqUH�HW�DO���������&KRX�HW�DO�����������3HUIRUPDQFH� RI� VHJPHQWDWLRQ� DOJRULWKPV� FDQ� EH�DVVHVVHG� LQ� DQ� LQGLUHFW� ZD\�� IRU� LQVWDQFH� PHDVXULQJ� WKH�ZRUG�HUURU�UDWH�RI�D�UHFRJQL]HU�WKDW�XVHV�WKH�VHJPHQWDWLRQ�DOJRULWKP��/HH�	�*ODVV��������RU�WKH�VXEMHFWLYH�TXDOLW\�RI�D� VSHHFK� V\QWKHVL]HU� JHQHUDWHG� PDNLQJ� XVH� RI� DXWRPDWLF�VHJPHQWDWLRQ� �&R[� HW� DO��� ������ %RsIIDUG� HW� DO��� �������+RZHYHU��WKH�PRVW�FRPPRQ�DQG�GLUHFW�IRUP�RI�HYDOXDWLRQ�LV� FRPSDULQJ� WKH� VHJPHQWDWLRQ� WR� D�PDQXDO� VHJPHQWDWLRQ�WR� FRPSXWH� WKH� VHJPHQWDWLRQ� DFFXUDF\� DV� WKH� SHUFHQWDJH�RI� ERXQGDULHV� ZLWK� HUURUV� VPDOOHU� WKDQ� VHYHUDO� YDOXHV� RI�WROHUDQFH��/MROMH�HW�DO���������$QJHOLQL�HW�DO�����������$� FRPSDULVRQ� RI� WKH� PRVW� FRPPRQO\� UHSRUWHG� ILJXUH�RI�PHULW��WKH�SHUFHQWDJH�RI�ERXQGDULHV�ZLWK�HUURUV�VPDOOHU�WKDQ� ��� PV��� LQ� VHYHUDO� UHVHDUFK� ZRUNV� UHYHDOV� WKDW� EHVW�VSHDNHU�GHSHQGHQW� UHVXOWV� �DURXQG� ���� RI� ERXQGDULHV�ZLWK� HUURUV� EHORZ� ��� PV��� KDYH� EHHQ� DFKLHYHG� ZLWK�+00V� �$QJHOLQL� HW� DO��� ������� V\QWKHVLV� DQG� '7:��$QJHOLQL� HW� DO��� ������ DQG� +00V� DQG� UHILQHPHQW� UXOHV��&KRX�HW�DO����������)RU�WKH�VSHDNHU�LQGHSHQGHQW�FDVH��EHVW�UHVXOWV� �DURXQG� ���� RI� ERXQGDULHV� ZLWK� HUURUV� VPDOOHU�WKDQ����PV���KDYH�EHHQ�REWDLQHG�ZLWK�+00V��$QJHOLQL�HW�DO���������$QJHOLQL�HW�DO����������
��� %DVHOLQH�V\VWHP�

,Q�+00�EDVHG�SKRQHWLF�VHJPHQWDWLRQ�LW�LV�FRPPRQ�WR�XVH� DOPRVW� WKH� VDPH� IHDWXUHV�� +00� WRSRORJ\� DQG� EDVH�SKRQH� VHW� XVHG� IRU� VSHHFK� UHFRJQLWLRQ��0RVW�ZRUNV� XVH� D�KLJKHU�IUDPH�UDWH� WKDQ�WKH�RQH�XVHG�LQ�VSHHFK�UHFRJQLWLRQ�WR� UHGXFH� TXDQWL]DWLRQ� HUURUV� �6HFWLRQ� ���� 2XU� V\VWHP�FRPSXWHV� D� IHDWXUH� YHFWRU� HYHU\� �� PV��� XVLQJ� D� ��� PV��+DPPLQJ�ZLQGRZ�DQG�D�SUH�HPSKDVLV�FRHIILFLHQW�RI�������7KH�IHDWXUH�YHFWRU�XVHG�LQ�RXU�V\VWHP�LV�WKH�VDPH�XVHG�LQ�RXU� UHFRJQL]HU�� ��� 0HO�)UHTXHQF\� &HSVWUDO� &RHIILFLHQWV��0)&&V��ZLWK�&HSVWUDO�0HDQ�1RUPDOL]DWLRQ� �&01�� DQG�QRUPDOL]HG� ORJ� HQHUJ\�� DV� ZHOO� DV� WKHLU� ILUVW� DQG� VHFRQG�RUGHU� GLIIHUHQFHV�� \LHOGLQJ� D� WRWDO� RI� ��� FRPSRQHQWV�� )RU�WKH� +00� WRSRORJ\�� RXU� V\VWHP� XVHV� �� VWDWHV�� WUDQVLWLRQV�IURP� OHIW� WR� ULJKW� DQG�QR� VNLSV��7KH�KLJK� IUDPH� UDWH�XVHG�DOORZV� IRU� WKH�XVH�RI���VWDWHV�ZLWKRXW� LPSRVLQJ� LPSRUWDQW�UHVWULFWLRQV� RQ� SKRQH� GXUDWLRQ�� 2XWSXW� SUREDELOLW\�GLVWULEXWLRQV�LQ�+00�VWDWHV�DUH�PRGHOHG�ZLWK�PL[WXUHV�RI��� WR� �� GLDJRQDO� FRYDULDQFH� *DXVVLDQV�� )LQDOO\�� DV� PRVW�UHVHDUFKHV�GR��ZH� UHO\�RQ� WKH�VDPH�SKRQH�VHW�XVHG�LQ�RXU�UHFRJQL]HU� ���� &DVWLOLDQ� 6SDQLVK� SKRQHV��� 2XU� EDVHOLQH�V\VWHP� XVHV� VSHDNHU�LQGHSHQGHQW� +00V� WUDLQHG� RQ�FDUHIXOO\�UHFRUGHG�VSHHFK��6HFWLRQ�����
����� 5HVXOWV�

7DEOH� �� VKRZV� WKH� VHJPHQWDWLRQ� DFFXUDF\� �PHDVXUHG�DV� WKH� SHUFHQWDJH� RI� ERXQGDULHV� ZLWK� HUURUV� VPDOOHU� WKDQ�VHYHUDO� WROHUDQFH� YDOXHV� LQ� PLOOLVHFRQGV�� IRU� FRQWH[W�LQGHSHQGHQW� DQG� FRQWH[W�GHSHQGHQW�+00V�ZLWK�GLIIHUHQW�QXPEHUV� RI� *DXVVLDQV� SHU� VWDWH�� 7KHVH� UHVXOWV� ZHUH�REWDLQHG� RQ� IRXU� FRUSRUD� �0������ 0������ )����� DQG�
0�7RW�� VHH�6HFWLRQ��� IRU� FRUSRUD�GHVFULSWLRQ���5HVXOWV� LQ�EROG� IDFH� DUH� WKH� EHVW� UHVXOWV� XVLQJ� GLIIHUHQW� QXPEHU� RI�*DXVVLDQV� IRU� HLWKHU� FRQWH[W�GHSHQGHQW� RU� FRQWH[W�

LQGHSHQGHQW� +00V�� 6KDGHG� UHVXOWV� DUH� WKH� EHVW� UHVXOWV�REWDLQHG� IRU� D� JLYHQ� QXPEHU� RI� *DXVVLDQV� ZLWK� HLWKHU�FRQWH[W�GHSHQGHQW�RU�FRQWH[W�LQGHSHQGHQW�+00V��:LWK� UHVSHFW� WR� WKH� QXPEHU� RI� *DXVVLDQV� SHU� +00�VWDWH� VHYHUDO� WUHQGV� FDQ� EH� REVHUYHG� IRU� ERWK� FRQWH[W�GHSHQGHQW� DQG� FRQWH[W�LQGHSHQGHQW� +00V�� 0RUH�*DXVVLDQV� WHQG� WR� SURGXFH� EHWWHU� UHVXOWV� ZKHQ� ODUJH�WROHUDQFHV� �FRPSDUDEOH� WR� WKH� GXUDWLRQ� RI� D� SKRQH�� DUH�FRQVLGHUHG�� DQG� ZRUVH� UHVXOWV� IRU� VPDOO� WROHUDQFHV�� � )RU�VPDOO�WROHUDQFHV��UHVXOWV�VWHDGLO\�GHJUDGH�DV�WKH�QXPEHU�RI�*DXVVLDQV� LQFUHDVH�� 7KLV� GHJUDGDWLRQ� LV� PXFK� IDVWHU� IRU�FRQWH[W�LQGHSHQGHQW� +00V�� )RU� ODUJH� WROHUDQFHV�� WKH�WHQGHQF\� IRU� LPSURYHPHQW� DV� WKH� QXPEHU� RI� *DXVVLDQV�LQFUHDVHV�LV�DOVR�VWURQJHU�IRU�FRQWH[W�LQGHSHQGHQW�+00V��:LWK� UHVSHFW� WR�FRQWH[W�GHSHQGHQF\��RXU�H[SHULPHQWDO�UHVXOWV� VKRZ� WKDW� FRQWH[W�LQGHSHQGHQW� +00V� RQO\�RXWSHUIRUP� FRQWH[W�GHSHQGHQW� RQHV� ZKHQ� WKH� WROHUDQFH�FRQVLGHUHG� LV� DURXQG� ��� PV�� :H� KDYH� DQDO\]HG� WKHVH�UHVXOWV� LQ� PRUH� GHWDLO� �DQDO\]LQJ� UHVXOWV� IRU� ��� YDOXHV� RI�WROHUDQFH� IURP� �� PV�� WR� ���� PV��� DOWKRXJK� WKH� FRPSOHWH�UHVXOWV� DUH� QRW� SUHVHQWHG� KHUH�� ILQGLQJ� WKUHH� GLIIHUHQW�WROHUDQFH� ]RQHV� ZKHUH� FHUWDLQ� +00V� EHKDYH� EHVW�� )RU�VPDOO� WROHUDQFHV� ������ PV��� FRQWH[W�GHSHQGHQW� +00V�ZLWK�IHZHU�*DXVVLDQV�EHKDYH�EHVW��)RU�PHGLXP�WROHUDQFHV�������� PV��� FRQWH[W�LQGHSHQGHQW� +00V� ZLWK� IHZHU�*DXVVLDQV� DUH� EHWWHU�� )LQDOO\�� IRU� ODUJH� WROHUDQFHV� �!���PV���FRQWH[W�GHSHQGHQW�+00V�ZLWK�PRUH�*DXVVLDQV�WHQG�WR�SURGXFH�EHWWHU�UHVXOWV��7KLV�EHKDYLRU��IRXQG�LQ�D�JOREDO�HYDOXDWLRQ�RI�SKRQHWLF� VHJPHQWDWLRQV�XVLQJ�IRXU�VSHDNHUV��ZDV� DOVR� IRXQG� ZKHQ� UHVXOWV� ZHUH� DQDO\]HG� VSHDNHU� E\�VSHDNHU��ZLWK�RQO\�VPDOO�YDULDWLRQV�LQ�WKH�WROHUDQFH�]RQHV���
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798.:,;.< :=< > ?A@CB0D*E,F.@G> HAIGD JLK JNMPOQJLR.O JLK.OSJTMPO.O
U ?V:*8W:,;.< :,< > ?*@ XZYG[ XZY \LMA[ ]WY ^_MA[ M*` ^.\G[ K.` aAa.b c"d
egf0f0h YWR XZ]G[ OWR \.KG[ ]_M ^"Ri[ K.] ^Z`Z[ ]"R j=kAk
egf0f0h ]WX XZ]G[ \LM \.KG[ \.` ^WYG[ OZ` ^Z`Z[ ^W] j=kAk
e 7ml X.Xi[ ]WX \.YG[ \WO ^"Ri[ Y.^ ^Z`Z[ ]"R j=kAk

egf0f0h YWRon e 7pl qZr.s rWt r.r.s u*v w"xGs v.y ^.^G[ M=Y j=kAk
egf0f0h ]WXon e 7pl XZ\G[ O.] \.]G[ `AR w"xGs v.y w.wZs xiu j=kAk

7DEOH����6HJPHQWDWLRQ�DFFXUDF\�DFKLHYHG�ZLWK�GLIIHUHQW�VSHDNHU�DGDSWDWLRQ�WHFKQLTXHV����

e D,< FG?W8 JzK JNMPOQJLRZOQJzKWO{JNMPO.O
|T?A@.< D=}W<G~ @i8"D,;L[W� |N~ ��RzM*[ \.K XZ^G[ XG` `WYG[ `WK ^W]G[ KZ` ^.^G[ X.]
|T?A@.< D=}W<G�VD,;_[W� |��o��RZ]Z[ OLM KLMA[ ].K \Z`Z[ Y.\ ^W\G[ O.^ ^.^G[ XLM
|���n��G|�|��p� e qiuAs x.� vZr.s �iu �.�Zs w.y wW�Zs vZr w.wZs �Wy

7DEOH����6HJPHQWDWLRQ�DFFXUDF\�DFKLHYHG�ZLWK�6WDWLVWLFDO�&RUUHFWLRQ�RI�&RQWH[W�'HSHQGHQW�%RXQGDU\�0DUNV��6&&'%0���
�



EHFDXVH�WKH�PRUH�GHWDLOHG�PRGHOLQJ�DFKLHYHG�ZLWK�VSHDNHU�DGDSWDWLRQ� LV� QRW� YHU\� XVHIXO� QHDU� WKH� ERXQGDULHV�� ZKHUH�VSHFWUDO� YDULDELOLW\� LV� YHU\� KLJK�� 2XU� VSHDNHU�GHSHQGHQW�UHVXOWV� IRU� D� WROHUDQFH� RI� ��� PV�� DUH� UHDVRQDEO\� JRRG���������EXW�VWLOO�VPDOOHU�WKDQ�WKH�EHVW�UHVXOWV�IRXQG�LQ�WKH�OLWHUDWXUH��DURXQG��������
��� �6SHDNHU�DGDSWDWLRQ�DQG�6&&'%0�
7R�REWDLQ�ERWK�7DEOH���DQG�)LJXUH���ZH�KDYH�DSSOLHG�6&&'%0� WUDLQHG� RQ� WKH� VSHDNHU�LQGHSHQGHQW� +00V� WR�FRUUHFW� WKH� VHJPHQWDWLRQV� SURGXFHG� E\� VSHDNHU�DGDSWHG�+00V�� 7KLV� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� VSHDNHU�DGDSWDWLRQ� GRHVQ¶W� DIIHFW� VXEVWDQWLDOO\� WKH� V\VWHPDWLF�VHJPHQWDWLRQ� HUURUV� SURGXFHG� E\� WKH� ORVV� RI�FRUUHVSRQGHQFH� EHWZHHQ� SKRQHV� DQG� FRQWH[W�GHSHQGHQW�+00V�� $� YHULILFDWLRQ� RI� WKLV� K\SRWKHVLV� FDQ� EH� VHHQ� LQ�)LJXUH� ��� ZKHUH� WKH� UHODWLYH� UHGXFWLRQ� RI� VHJPHQWDWLRQ�HUURUV�DFKLHYHG�E\�DSSO\LQJ�6&&'%0�LV�FRPSDUHG�ZKHQ�6&&'%0� LV� DSSOLHG� WR� FRUUHFW� D� VHJPHQWDWLRQ� SURGXFHG�E\�WKH�VDPH�VSHDNHU�LQGHSHQGHQW�+00V�IRU�ZKLFK�LW�ZDV�WUDLQHG�DQG�ZKHQ�WKH�VDPH�6&&'%0�LV�DSSOLHG�WR�FRUUHFW�WKH� VHJPHQWDWLRQV� SURGXFHG� E\� VSHDNHU�DGDSWHG� YHUVLRQV�RI� WKRVH�+00V��6&&'%0�ZDV� WUDLQHG�RQ�FRUSXV�0�7RW�DQG� UHVXOWV� DUH� FRPSXWHG� RQ� FRUSXV� )������ 7KH� +00V�XVHG� KDYH� ��*DXVVLDQV� SHU� VWDWH�� ,W� FDQ� EH� REVHUYHG� WKDW�WKH�LPSURYHPHQWV�DFKLHYHG�DUH�DOPRVW�WKH�VDPH�UHJDUGOHVV�RI�WKH�XVH�RU�QRW�RI�WKHVH�VSHDNHU�DGDSWDWLRQ�PHWKRGV��7KLV�FRQILUPV� RXU� DVVXPSWLRQ� WKDW� WKH� VSHDNHU�DGDSWDWLRQ�WHFKQLTXHV� XVHG� GRQ¶W� DIIHFW� VXEVWDQWLDOO\� WKH� V\VWHPDWLF�HUURUV�SURGXFHG�GXH�WR�WKH�ORVV�RI�FRUUHVSRQGHQFH�EHWZHHQ�SKRQHV�DQG�FRQWH[W�GHSHQGHQW�+00V���

��� &RQFOXVLRQV�
:H� KDYH� DQDO\]HG� VHJPHQWDWLRQ� UHVXOWV� IRU� FRQWH[W�GHSHQGHQW� DQG� FRQWH[W�LQGHSHQGHQW�+00V�ZLWK�GLIIHUHQW�QXPEHUV� RI� *DXVVLDQV� SHU� VWDWH� DQG� KDYH� SURSRVHG� DQ�H[SODQDWLRQ� IRU� WKH� UHVXOWV� EDVHG� RQ� WKH� FRQFXUUHQF\� RI�VHYHUDO� IDFWRUV� WKDW� DUH� GRPLQDQW� IRU� FHUWDLQ� VL]HV� RI�VHJPHQWDWLRQ� HUURUV�� :H� KDYH� DGGUHVVHG� RQH� RI� WKHVH�IDFWRUV�� WKH� ORVV� RI� FRUUHVSRQGHQFH� EHWZHHQ� SKRQHV� DQG�FRQWH[W�GHSHQGHQW� +00V� �ZKLFK� H[SODLQV� WKH�VXUSULVLQJO\� SRRU� VHJPHQWDWLRQ� UHVXOWV� IRXQG� IRU� FRQWH[W�GHSHQGHQW� +00V��� DQG� KDYH� SURSRVHG� DQG� VXFFHVVIXOO\�

WHVWHG� D� QHZ� WHFKQLTXH�� 6WDWLVWLFDO� &RUUHFWLRQ� RI� &RQWH[W�'HSHQGHQW� %RXQGDU\� 0DUNV� �6&&'%0�� WKDW� UHGXFH� WKH�LQIOXHQFH�RI�WKLV�IDFWRU��PDNLQJ�FRQWH[W�GHSHQGHQW�+00V�SOXV� 6&&'%0� FOHDUO\� RXWSHUIRUP� FRQWH[W�LQGHSHQGHQW�+00V� IRU� DOO� HUURU� VL]HV� FRQVLGHUHG�� 7KHQ�� ZH� KDYH�DQDO\]HG� VSHDNHU� DGDSWDWLRQ� WHFKQLTXHV�� ILQGLQJ� WKDW� WKH\�DUH� DEOH� WR� FRUUHFW�YHU\� ODUJH� VHJPHQWDWLRQ�HUURUV�EXW� DUH�QRW� YHU\� HIIHFWLYH� WR� UHGXFH� VPDOO� RU� LQWHUPHGLDWH�VHJPHQWDWLRQ� HUURUV�� ,Q� SDUWLFXODU�� ZH� KDYH� IRXQG� WKDW�VSHDNHU� DGDSWDWLRQ� WHFKQLTXHV� KDUGO\� LQIOXHQFH�VHJPHQWDWLRQ�HUURUV�WKDW�6&&'%0�LV�DEOH�WR�FRUUHFW���)LJXUH� �� VKRZV� WKH� GLVFUHSDQFLHV� IRXQG� EHWZHHQ� WZR�FRPSOHWHO\�LQGHSHQGHQW�PDQXDO�SKRQHWLF�VHJPHQWDWLRQV�RI�FRUSXV�0������� �ZKLFK� FDQ� EH� LQWHUSUHWHG� DV� WKH�PDQXDO�VHJPHQWDWLRQ�DFFXUDF\��DQG� WKH� VHJPHQWDWLRQ�DFFXUDF\�RI�WKH�+00�EDVHG�PHWKRGV�DQDO\]HG�LQ�WKLV�SDSHU��EDVHOLQH��VSHDNHU�LQGHSHQGHQW�� FRQWH[W�GHSHQGHQW� +00V� ZLWK� ��*DXVVLDQV� SHU� VWDWH��� EDVHOLQH� SOXV� 6&&'%0�� DQG�EDVHOLQH� SOXV� VSHDNHU� DGDSWDWLRQ� �0//5���0$3�� SOXV�
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)LJXUH����5HODWLYH�UHGXFWLRQ�RI�VHJPHQWDWLRQ�HUURUV�
DFKLHYHG�ZLWK�GLIIHUHQW�VSHDNHU�DGDSWDWLRQ�WHFKQLTXHV��
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)LJXUH����5HODWLYH�UHGXFWLRQ�RI�VHJPHQWDWLRQ�HUURUV�DFKLHYHG�ZLWK�6&&'%0�WUDLQHG�IRU�VSHDNHU�LQGHSHQGHQW�+00V�DQG�DSSOLHG�WR�FRUUHFW�VSHDNHU�LQGHSHQGHQW�DQG�
VSHDNHU�DGDSWHG�+00�EDVHG�VHJPHQWDWLRQV��
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)LJXUH����&RPSDULVRQ�RI�PDQXDO�DQG�DXWRPDWLF�VHJPHQWDWLRQ�DFFXUDF\�IRU�WKH�EDVHOLQH�+00V��%/���WKH�EDVHOLQH�+00V�SOXV�6&&'%0��DQG�WKH�EDVHOLQH�+00V�ZLWK�VSHDNHU�DGDSWDWLRQ��6SN$GDS��DQG�6&&'%0����



6&&'%0��6&&'%0�ZDV�WUDLQHG�RQ�FRUSXV�0�7RW�ZKLOH�UHVXOWV�DUH�SUHVHQWHG�IRU�FRUSXV�0��������VHH�6HFWLRQ���IRU�FRUSRUD� GHVFULSWLRQ��� ,PSURYHPHQWV� DFKLHYHG� RYHU� WKH�EDVHOLQH� V\VWHP� E\� LQWURGXFLQJ� 6&&'%0� DQG� VSHDNHU�DGDSWDWLRQ� DUH� YHU\� LPSRUWDQW� DQG� OHDG� WR� UHVXOWV� FORVH� WR�WKH�SHUIRUPDQFH�RI�D�PDQXDO�VHJPHQWDWLRQ�LQ�WKH�UDQJH�RI�ODUJH�WROHUDQFHV��)RU�VPDOO�WROHUDQFHV��KRZHYHU��UHVXOWV�DUH�VWLOO� IDU� DZD\� IURP� PDQXDO� DFFXUDF\�� 7R� LPSURYH�VHJPHQWDWLRQ� DFFXUDF\� IRU� VPDOO� WROHUDQFHV�� ZH� KDYH�VXFFHVVIXOO\� XVHG� ORFDO� UHILQHPHQW� WHFKQLTXHV� �7ROHGDQR�HW� DO�� ������ 7ROHGDQR�� ������ 7ROHGDQR� 	� +HUQiQGH]��������ZKRVH�GHVFULSWLRQ�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU���
��� &RUSRUD�XVHG�

$OO�WKH�FRUSRUD�XVHG�DUH�LQ�&DVWLOLDQ�6SDQLVK��6SHDNHU�LQGHSHQGHQW� +00V� ZHUH� WUDLQHG� XVLQJ� D�FRUSXV�FRQWDLQLQJ����XWWHUDQFHV�DQG����LVRODWHG�ZRUGV�IRU�HDFK�RI������VSHDNHUV������PDOH�DQG�����IHPDOH��6SHHFK�ZDV� UHFRUGHG� ZLWK� D� PLFURSKRQH� DW� ��� .+]� LQ� D� FOHDQ�HQYLURQPHQW�DQG�GRZQVDPSOHG�WR���.+]���6SHDNHU�DGDSWDWLRQ�H[SHULPHQWV�ZHUH�FDUULHG�RXW�XVLQJ�IRXU� RUWKRJUDSKLFDOO\� ODEHOHG� PRQR�VSHDNHU� FRUSRUD��
0�7RW� ����� VHQWHQFHV�� ����� ZRUGV�� ������ SKRQHV�� PDOH�VSHDNHU��� 0�7RW� ����� VHQWHQFHV�� ����� ZRUGV�� ������SKRQHV��PDOH�VSHDNHU���)�7RW������VHQWHQFHV�������ZRUGV��������SKRQHV�� IHPDOH� VSHDNHU�� DQG�0�7RW� ����� VHQWHQFH�VHTXHQFHV�������ZRUGV��������SKRQHV��PDOH�VSHDNHU���)RU� VHJPHQWDWLRQ� HYDOXDWLRQ� VRPH� VXEVHWV� RI� WKHVH�PRQR�VSHDNHU� FRUSRUD� ZHUH� SKRQHWLFDOO\� ODEHOHG� DQG�VHJPHQWHG� E\� KDQG��0����� ���� VHQWHQFHV�� ����� SKRQHV��VHJPHQWHG�E\� ODEHOHU�/DE$��� VHYHUDO� VXEVHWV�RI� LW� DV�0��
���������VHQWHQFHV�������SKRQHV��VHJPHQWHG�E\�/DE$�DQG�
/DE%� WR� HYDOXDWH� GLVFUHSDQFLHV� LQ�PDQXDO� VHJPHQWDWLRQV��DQG�0������� ���� VHQWHQFHV�� ����� SKRQHV�� VHJPHQWHG� E\�
/DE$��� WKUHH�VHWV� WKDW�RQO\�GLIIHU� LQ� WKH�VSHDNHU�0������D�VXEVHW� RI� 0��������� 0������ )����� ���� VHQWHQFHV�� ����SKRQHV�� VHJPHQWHG� E\� /DE$��� DQG� 0�7RW�� PDQXDOO\�VHJPHQWHG�E\�D�JURXS�RI�ODEHOHUV��

����$FNQRZOHGJHPHQWV�
7KLV� ZRUN� ZDV� GRQH� DW� WKH� 6SHHFK� 7HFKQRORJ\�'LYLVLRQ�RI�7HOHIyQLFD�,QYHVWLJDFLyQ�\�'HVDUUROOR��5	'���ZKLFK� SURYLGHG� WKH� FRUSRUD� IRU� WKH� H[SHULPHQWV�� 7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�/XLV�9LOODUUXELD�IRU�KLV�DGYLFH�RQ� +00V� DQG� 0LJXHO� ÈQJHO� 5RGUtJXH]� DQG� -RVp�*UHJRULR�(VFDODGD�IRU�WKHLU�DGYLFH�RQ�VSHHFK�V\QWKHVLV���

����5HIHUHQFHV��
$QJHOLQL�%��%UXJQDUD�)��)DODYLJQD�'��*LXOLDQL�'��*UHWWHU�5� DQG� 2PRORJR� 0�� $XWRPDWLF� 6HJPHQWDWLRQ� DQG�
/DEHOOLQJ� RI� (QJOLVK� DQG� ,WDOLDQ� 6SHHFK�'DWDEDVHV�� ,Q�3URFHHGLQJV�(85263((&+�������SS����������$QJHOLQL� %�� %DUROR� &�� )DODYLJQD� '�� 2PRORJR� 0� DQG�6DQGUL� 6��$XWRPDWLF�'LSKRQH�([WUDFWLRQ� IRU� DQ� ,WDOLDQ�
7H[W�7R�6SHHFK� 6\QWKHVLV� 6\VWHP�� ,Q� 3URFHHGLQJV�(85263((&+�������YRO�,,��SS����������%RsIIDUG� 2�� &KHUERQQHO� %�� (PHUDUG� )� DQG� :KLWH� 6��
$XWRPDWLF� 6HJPHQWDWLRQ� DQG� 4XDOLW\� (YDOXDWLRQ� RI�
6SHHFK� 8QLW� ,QYHQWRULHV� IRU� &RQFDWHQDWLRQ�%DVHG�
0XOWLOLQJXDO� 362/$� 7H[W�7R�6SHHFK� 6\VWHPV�� ,Q�3URFHHGLQJV�(85263((&+�������SS������������&R[�6��%UDG\�5� DQG� -DFNVRQ�3��7HFKQLTXHV� IRU�$FFXUDWH�
$XWRPDWLF� $QQRWDWLRQ� RI� 6SHHFK� :DYHIRUPV�� ,Q�3URFHHGLQJV�RI� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�

/DQJXDJH�3URFHVVLQJ�� �����6\GQH\� �$XVWUDOLD���9RO�9��SS������������&KRX� )&�� 7VHQJ� &<� DQG� /HH� /6�� $XWRPDWLF� 6HJPHQWDO�
DQG� 3URVRGLF� /DEHOLQJ� RI�0DQGDULQ� 6SHHFK�'DWDEDVH��,Q� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ�������6\GQH\��$XVWUDOLD���9RO�,9��SS������������)DUKDW�$��3pUHQQRX�*�DQG�$QGUp�2EUHFKW�5��$�6HJPHQWDO�
$SSURDFK� 9HUVXV� D� &HQWLVHFRQG� 2QH� IRU� $XWRPDWLF�
3KRQHWLF� 7LPH�$OLJQPHQW�� ,Q� 3URFHHGLQJV�(85263((&+�������SS����������)ODPPLD� *�� 'DOVJDDUG� 3�� $QGHUVHQ� 2� DQG� /LQGEHUJ� %��
6HJPHQW� %DVHG� 9DULDEOH� )UDPH� 5DWH� 6SHHFK� $QDO\VLV�
DQG� 5HFRJQLWLRQ� 8VLQJ� D� 6SHFWUDO� 9DULDWLRQ� )XQFWLRQ��,Q� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ�������SS����������*DXYDLQ� -/� DQG� /HH� &+�� 0D[LPXP� $� 3RVWHULRUL�
(VWLPDWLRQ� IRU� 0XOWLYDULDWH� *DXVVLDQ� 2EVHUYDWLRQV� RI�
0DUNRY� &KDLQV��� ,(((� 7UDQVDFWLRQV� RQ� 6SHHFK� DQG�$XGLR�3URFHVVLQJ��9RO��������SS�����������������.DUMDODLQHQ�0��$OWRVDDU�7� DQG�+XWWXQHQ�0��$Q�(IILFLHQW�
/DEHOLQJ� 7RRO� IRU� WKH�4XLFNVLJ� 6SHHFK�'DWDEDVH�� � � ,Q�3URFHHGLQJV�RI� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ�������6\GQH\��$XVWUDOLD���9RO�,9��SS������������/HH�6�DQG�*ODVV�-��5HDO�7LPH�3UREDELOLVWLF�6HJPHQWDWLRQ�
IRU�6HJPHQW�%DVHG�6SHHFK�5HFRJQLWLRQ�� LQ�3URFHHGLQJV�RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ� /DQJXDJH�3URFHVVLQJ�������6\GQH\��$XVWUDOLD���1RYHPEHU�������/HJJHWWHU� &-� DQG� :RRGODQG� 3&�� 0D[LPXP� /LNHOLKRRG�
/LQHDU� 5HJUHVVLRQ� IRU� 6SHDNHU� $GDSWDWLRQ� RI�
&RQWLQXRXV�'HQVLW\�+LGGHQ�0DUNRY�0RGHOV��&RPSXWHU��6SHHFK�DQG�/DQJXDJH��������$SU��������SS����������/MROMH� $�� +LUVFKEHUJ� -� DQG� 9DQ� 6DQWHQ� -3+�� $XWRPDWLF�
6SHHFK� 6HJPHQWDWLRQ� IRU� &RQFDWHQDWLYH� ,QYHQWRU\�
6HOHFWLRQ�� ,Q�9DQ� 6DQWHQ� -3+� HW� DO�� �HGV���3URJUHVV� LQ�
6SHHFK�6\QWKHVLV��6SULQJHU��������SS����������0DOIUqUH� )�� 'HURR� 2� DQG� 'XWRLW� 7��3KRQHWLF� $OLJQPHQW��
6SHHFK� 6\QWKHVLV� %DVHG� YV�� +\EULG� +00�$1�� ,Q�3URFHHGLQJV�RI� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ�������6\GQH\��$XVWUDOLD���9RO�,9��SS������������7ROHGDQR�'7��5RGUtJXH]�0$�DQG�(VFDODGD�-*��7U\LQJ�WR�
0LPLF� +XPDQ� 6HJPHQWDWLRQ� RI� 6SHHFK� 8VLQJ� +00�
DQG�)X]]\�/RJLF�3RVW�&RUUHFWLRQ�5XOHV��,Q�3URFHHGLQJV�RI�WKH�� �

� �(6&$�&2&26'$�,QWHUQDWLRQDO�:RUNVKRS�RQ�6SHHFK� 6\QWKHVLV�� ����� -HQRODQ� &DYHV� �$XVWUDOLD��� SS�����������7ROHGDQR� '7�� 1HXUDO� 1HWZRUN� %RXQGDU\� 5HILQLQJ� IRU�
$XWRPDWLF� 6SHHFK� 6HJPHQWDWLRQ�� ,Q�3URFHHGLQJV� RI� WKH�,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $FRXVWLFV� 6SHHFK� DQG�6LJQDO�3URFHVVLQJ�������,VWDQEXO��7XUNH\���-XQH�������7ROHGDQR� '7� DQG� +HUQiQGH]� /$�� /RFDO� 5HILQHPHQW� RI�
3KRQHWLF� %RXQGDULHV�� $� *HQHUDO� )UDPHZRUN� DQG� LWV�
$SSOLFDWLRQ� 8VLQJ� 'LIIHUHQW� 7UDQVLWLRQ� 0RGHOV�� ,Q�3URFHHGLQJV�(86263((&+�������$DOERUJ��'HQPDUN���6HSWHPEHU�������=XH� 9�� *ODVV� -�� 3KLOOLSV� 0� DQG� 6HQHII� 6�� $FRXVWLF�
6HJPHQWDWLRQ� DQG� 3KRQHWLF� &ODVVLILFDWLRQ� LQ� WKH�
6800,7� 6\VWHP�� ,Q� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV�6SHHFK�DQG�6LJQDO�3URFHVVLQJ�������SS�����������
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