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�����6SHFLDO�*0'+�SHFXOLDULWLHV7KH�PDLQ�SHFXOLDULW\� RI�*0'+�DOJRULWKPV� LV� WKDW��ZKHQ� LW�XVHV�FRQWLQXRXV�GDWD�ZLWK�QRLVH�� LW�VHOHFWV� DV� RSWLPDO� WKH� VLPSOLILHG� QRQ�SK\VLFDO� PRGHO�� 2QO\� IRU� DFFXUDWH� DQG� GLVFUHWH� GDWD� WKH�DOJRULWKPV� SRLQW� RXW� VR�FDOOHG� SK\VLFDO� PRGHO� � WKH� PRVW� VLPSOH� RSWLPDO�� IURP� DOO� XQELDVHG�PRGHOV�,W� LV� SURYHG� WKH� FRQYHUJHQFH� RI� PXOWLOD\HUHG� *0'+� DOJRULWKPV� >��@� DQG� LW� LV� SURYHG� WKDW�VKRUWHQHG�QRQ�SK\VLFDO�PRGHO� LV�EHWWHU� WKDQ�IXOO�SK\VLFDO�PRGHO��IRU�QRLV\�DQG�FRQWLQXRXV�GDWD�IRU� SUHGLFWLRQ� DQG� DSSUR[LPDWLRQ� VROYLQJ�� PRUH� VLPSOLILHG� 6KDQQRQ¶V� QRQ�SK\VLFDO� PRGHOV�EHFRPH�PRUH�DFFXUDWH�>��@���,W�FDQ�EH�QRWHG��WKDW�WKLV�FRQFOXVLRQ�KDV�SODFH�LQ�PRGHO�VHOHFWLRQ�RQ�WKH�EDVLV�RI�PRGHO�HQWURS\�PD[LPLVDWLRQ��$NDLNH�DSSURDFK���LQ�DYHUDJH�ULVN�PLQLPLVLQJ��9DSQLN�DSSURDFK��DQG�LQ�DQRWKHU�PRGHUQ�DSSURDFKHV��7KH�RQO\�ZD\�WR�JHW�QRQ�SK\VLFDO�PRGHOV�LV�WR�XVH�VRUWLQJ�RXW�*0'+�DOJRULWKPV��5HJXODULW\�RI�RSWLPDO�VWUXFWXUH�RI�IRUHFDVWLQJ�PRGHOV�FKDQJH�LQ�GHSHQGHQFH�RQ�JHQHUDO�LQGH[HV�RI�GDWD�LQGHWHUPLQDF\��QRLVH�OHYHO��GDWD�VDPSOH�OHQJWK��GHVLJQ�RI�H[SHULPHQW��QXPEHU�RI�LQIRUPDWLRQDO�YDULDEOHV��ZDV�VKRZQ�LQ�>��������@�



�
7KH�VSHFLDO�SHFXOLDULWLHV�RI�*0'+�DUH�IROORZLQJ��� ([WHUQDO� VXSSOHPHQW�� )ROORZLQJ� 6�%HHU�ZRUN� >��@�� RQO\� WKH� H[WHUQDO� FULWHULD�� FDOFXODWHG� RQ�QHZ�LQGHSHQGHQW�LQIRUPDWLRQ��FDQ�SURGXFH�WKH�PLQLPXP�RI�VRUWLQJ�RXW�FKDUDFWHULVWLF��%HFDXVH�RI�WKLV�GDWD�VDPSOLQJ�LV�GLYLGHG�LQWR�SDUWV�IRU�PRGHO�FRQVWUXFWLRQ�DQG�HYDOXDWLRQ��� )UHHGRP�RI�FKRLFH��)ROORZLQJ�'�*DERU�ZRUN�>��@��LQ�PXOWLOD\HUHG�*0'+�DOJRULWKPV�DUH�WR�EH�FRQYH\HG�IURP�RQH�OD\HU�WR� WKH�QH[W�OD\HU�QRW�RQH�EXW�)�EHVW�UHVXOWV�RI�FKRLFH WR�SURYLGH��IUHHGRP�RI�FKRLFH���� 7KH�UXOH�RI�OD\HUV�FRPSOLFDWLRQ��3DUWLDO�GHVFULSWLRQV��IRUPV�RI�D�PDWKHPDWLFDO�GHVFULSWLRQ�IRU�LWHUDWLRQ��VKRXOG�EH�VLPSOH��ZLWKRXW�TXDGUDWLF�PHPEHUV�LQ�WKHP��� $GGLWLRQDO�PRGHO�GHILQLWLRQ��,Q�FDVHV��ZKHQ�WKH�FKRLFH�RI�RSWLPDO�SK\VLFDO�PRGHO�LV�GLIILFXOW��EHFDXVH� RI� QRLVH� OHYHO� RU� RVFLOODWLRQV� RI� FULWHULRQ� PLQLPD� FKDUDFWHULVWLF�� DX[LOLDU\�GLVFULPLQDWLQJ� FULWHULRQ� LV� XVHG� >��@�� 7KH� FKRLFH� RI� WKH� PDLQ� FULWHULRQ� DQG� FRQVWUDLQV� RI�VRUWLQJ�RXW�SURFHGXUH�LV�WKH�PDLQ�KHXULVWLF�RI�*0'+��� $OO� DOJRULWKPV� KDYH� PXOWLOD\HUHG� VWUXFWXUH DQG� SDUDOOHO� FRPSXWLQJ� FDQ� EH� LPSOHPHQWHG� IRU�WKHLU�UHDOLVDWLRQ��� $OO�TXHVWLRQV�WKDW�DULVH�DERXW�W\SH�RI�DOJRULWKP��FULWHULRQ��YDULDEOHV�VHW�HWF��VKRXOG�EH�VROYHG�E\�PLQLPDO�FULWHULRQ�YDOXH��7KH�PDLQ� FULWHULD� XVHG� DUH�� FURVV�YDOLGDWLRQ�355�V�� UHJXODULW\�$5�V� DQG� EDODQFH� RI� YDULDEOHV�FULWHULRQ�%/�V�� (VWLPDWLRQ�RI�WKHLU�HIIHFWLYHQHVV��LQYHVWLJDWLRQ�RI�QRLVH�LPPXQLW\��RSWLPDOLW\�DQG�DGHTXDWHQHVV��DQG�WKHLU�FRPSDULVRQ�ZLWK�DQRWKHU�FULWHULD�ZDV�GRQH�LQ�GHWDLO�LQ�>�����������@��7KH�FRQGLWLRQV�� XQGHU� ZKLFK� *0'+� DOJRULWKP� SURGXFHV� WKH� PLQLPXP� RI� FKDUDFWHULVWLFV� DUH�IROORZLQJ�D� FULWHULRQ�RI�PRGHO�FKRLFH�LV�WR�EH�H[WHUQDO��EDVHG�RQ�DGGLWLRQDO�IUHVK�LQIRUPDWLRQ��ZKLFK�ZDV�QRW�XVHG�IRU�PRGHO�FRQVWUXFWLRQ�E� WKH� GDWD� VDPSOH� LV� QRW� WR� EH� WRR� ORQJ�� 6XFK� GDWD� VDPSOH� SURGXFH� WKH� VDPH� IRUP� RI�FKDUDFWHULVWLF�DV�WKH�H[DFW�GDWD�VDPSOH�ZLWKRXW�QRLVHV�F� ZKHQ�GLIIHUHQFH�W\SH�EDODQFH�FULWHULRQ�%/�V��LV�XVHG��VPDOO�QRLVH�LV�QHFHVVDU\�RU�WKH�YDULDEOHV�LQ�WKH�GDWD�VDPSOH�VKRXOG�QRW�EH�H[DFWO\ PHDVXUHG�>��@�'LIIHUHQFH�RI�WKH�*0'+�DOJRULWKPV�IURP�DQRWKHU�DOJRULWKPV�RI�VWUXFWXUDO�LGHQWLILFDWLRQ��JHQHWLF�DQG�EHVW�UHJUHVVLRQ�VHOHFWLRQ�DOJRULWKPV�FRQVLVWV�RI�WKUHH�PDLQ�SHFXOLDULWLHV�
i XVDJH� RI� H[WHUQDO� FULWHULD�� ZKLFK� DUH� EDVHG� RQ� GDWD� VDPSOH� GLYLGLQJ� DQG� DUH� DGHTXDWH� WR�SUREOHP� RI� IRUHFDVWLQJ� PRGHOV� FRQVWUXFWLRQ�� E\� GHFUHDVLQJ� RI� UHTXLUHPHQWV� WR� YROXPH� RI�LQLWLDO�LQIRUPDWLRQ�
i PXFK�PRUH�GLYHUVLW\�RI�VWUXFWXUH�JHQHUDWRUV��XVDJH�OLNH�LQ�UHJUHVVLRQ�DOJRULWKPV�RI�WKH�ZD\V�RI� IXOO� RU� UHGXFHG� VRUWLQJ� RI� VWUXFWXUH� YDULDQWV� DQG� RI� RULJLQDO� PXOWLOD\HUHG� �LWHUDWLRQ��SURFHGXUHV�
i EHWWHU� OHYHO� RI� DXWRPDWL]DWLRQ�� WKHUH� DUH� QHHGHG� WR� HQWHU� LQLWLDO� GDWD� VDPSOH� DQG� W\SH� RI�H[WHUQDO�FULWHULRQ�RQO\�



�
i DXWRPDWLF�DGDSWDWLRQ�RI�RSWLPDO�PRGHO�FRPSOH[LW\�DQG�H[WHUQDO�FULWHULD�WR�OHYHO�RI�QRLVHV�RU�VWDWLVWLFDO�YLRODWLRQV�± HIIHFW�RI�QRLVHLPPXQLW\�FDXVH�UREXVWQHVV�RI�WKH�DSSURDFK�
i LPSOHPHQWDWLRQ� RI� SULQFLSOH� RI� LQFRQFOXVLYH� GHFLVLRQV� LQ� SURFHVV� RI� JUDGXDO� PRGHOV�FRPSOLFDWLRQ�

�����6SHFWUXP�RI�*0'+�DOJRULWKPV6ROXWLRQ�RI�SUDFWLFDO SUREOHPV�DQG�*0'+�WKHRU\�GHVLJQ�OHDG�WR�GHYHORSPHQW�RI�EURDG�VSHFWUXP�RI� VRIWZDUH�DOJRULWKPV��(DFK�RI� WKHP�FRUUHVSRQGV� WR�VRPH�GHILQLWH�FRQGLWLRQV�RI� LW�DSSOLFDWLRQ�>��@�� $OJRULWKPV� PDLQO\� GLIIHU� RQH� IURP� DQRWKHU� E\� WKH� PRGHOV�FDQGLGDWHV� VHW� JHQHUDWRU�DUUDQJHPHQW�IRU�JLYHQ�EDVLF�IXQFWLRQ��E\�WKH�ZD\�RI�PRGHOV�VWUXFWXUH�FRPSOH[LQJ�DQG��DW�ODVW��E\�WKH� H[WHUQDO� FULWHULD� DFFHSWHG�� $OJRULWKP� FKRLFH� GHSHQGV� RQ� VSHFLILFV� RI� WKH� SUREOHP�� QRLVH�GLVSHUVLRQ�OHYHO��VXIILFLHQF\�RI�GDWD�VDPSOH��DQG�LI�GDWD�VDPSOH�LV�FRQWLQXRXV�YDOXHG�RQO\�
7DEOH����6SHFWUXP�RI�*0'+�DOJRULWKPV

*0'+�DOJRULWKPV9DULDEOHV 3DUDPHWULF 1RQ�SDUDPHWULF� &RPELQDWRULDO��&20%,� � 2EMHFWLYH�&RPSXWHU� 0XOWLOD\HUHG�,WHUDWLRQDO��0,$� &OXVWHUL]DWLRQ��2&&��&RQWLQXRXV � 2EMHFWLYH�6\VWHP�$QDO\VLV��26$� � �3RLQWLQJ�)LQJHU���3)�� +DUPRQLFDO FOXVWHUL]DWLRQ�DOJRULWKP�� 7ZR�OHYHO��$5,0$'� � $QDORJXHV�&RPSOH[LQJ��$&�� 0XOWLSOLFDWLYH�$GGLWLYH'LVFUHWH�DQG�ELQDU\ � +DUPRQLFDO�5HGLVFUHWL]DWLRQ � $OJRULWKP�RQ�WKH�EDVH�RI�0XOWLOD\HUHG�7KHRU\�RI�6WDWLVWLFDO�'HFLVLRQV��076'�
0RVW�RIWHQ� FULWHULD� RI� DFFXUDF\��GLIIHUHQWLDO�RU� LQIRUPDWLYH� W\SH�DUH�XVHG��7KH�ZRUN�RI�*0'+�DOJRULWKPV� KDV� D� VWUDLJKWIRUZDUG� DQDORJ\�ZLWK� WKH�ZRUN�RI�JDUGHQHU�GXULQJ� VHOHFWLRQ�RI� D� QHZ�K\EULG�SODQW�>��@�7KH� EDVLF� SDUDPHWULF�*0'+� DOJRULWKPV� OLVWHG� LQ� WDEOH� �� KDYH� EHHQ� GHYHORSHG� IRU� FRQWLQXRXV�YDULDEOHV��$PRQJ�WKH�SDUDPHWULF�DOJRULWKPV�>���@�WKH�PRVW�NQRZQ�DUH�� WKH�EDVLF� LV�&RPELQDWRULDO� �&20%,� DOJRULWKP�� ,W� LV�EDVHG�RQ�IXOO�RU� UHGXFHG�VRUWLQJ�RXW�RI�JUDGXDOO\�FRPSOLFDWHG PRGHOV�DQG�HYDOXDWLRQ�RI�WKHP�E\�H[WHUQDO�FULWHULRQ�RQ�VHSDUDWH�SDUW�RI�GDWD�VDPSOH�� 0XOWLOD\HUHG�,WHUDWLRQ��0,$� DOJRULWKP�XVH�DW�HDFK�OD\HU�RI�VRUWLQJ�SURFHGXUH�WKH�VDPH�SDUWLDO�GHVFULSWLRQ� �LWHUDWLRQ� UXOH��� ,W� VKRXOG� EH� XVHG�ZKHQ� LW� LV� QHHGHG� WR� KDQGOH D� ELJ� QXPEHU� RI�YDULDEOHV�� 2EMHFWLYH�6\VWHP�$QDO\VLV��26$� DOJRULWKP��7KH�NH\�IHDWXUH�RI�LW�LV�WKDW�LW�H[DPLQHV�QRW�VLQJOH�HTXDWLRQV�� EXW� V\VWHPV� RI� DOJHEUDLF� RU� GLIIHUHQFH� HTXDWLRQV�� REWDLQHG� E\� LPSOLFLW� WHPSODWHV�



�
�ZLWKRXW�JRDO� IXQFWLRQ���$Q�DGYDQWDJH�RI WKH�DOJRULWKP�LV� WKDW� WKH� LQIRUPDWLRQ�HPEHGGHG� LQ�WKH�GDWD�VDPSOH�LV�XWLOLVHG�EHWWHU�DQG�ZH�JHW�UHODWLRQVKLSV��EHWZHHQ�YDULDEOHV�� 7ZR�OHYHO��$5,0$'� DOJRULWKP�IRU�PRGHOOLQJ�RI�ORQJ�WHUP�F\FOLF�SURFHVVHV��VXFK�DV�VWRFN�RU�ZHDWKHU���7KHUH�DUH�XVHG�V\VWHPV�RI�SRO\QRPLDO�RU�GLIIHUHQFH�HTXDWLRQV� IRU� LGHQWLILFDWLRQ�RI�PRGHOV� RQ� WZR� WLPH� VFDOHV� DQG� WKHQ� FKRLFH�RI� WKH�EHVW� SDLU� RI�PRGHOV�E\� H[WHUQDO� FULWHULRQ�YDOXH��)RU�WKLV�FDQ�EH�XVHG�DQ\�SDUDPHWULF�DOJRULWKP�IURP�GHVFULEHG�DERYH�>��@�$OVR� OHVV� NQRZQ� SDUDPHWULF DOJRULWKPV�� ZKLFK� DSSO\� DQ� H[KDXVWLYH� VHDUFK� WR� GLIIHUHQFH��KDUPRQLF� RU� KDUPRQLF�H[SRQHQWLDO� IXQFWLRQV�� DQG� WKH� 0XOWLSOLFDWLYH�$GGLWLYH� DOJRULWKP�� LQ�ZKLFK� WHVWHG� SRO\QRPLDO�PRGHOV� DUH� REWDLQHG� E\� WDNLQJ� WKH� ORJDULWKP� RI� WKH� SURGXFW� RI� LQSXW�YDULDEOHV�>�����@��7KH�SDUDPHWULF�*0'+�DOJRULWKPV�KDYH�SURYHG�WR�EH�KLJKO\�HIILFLHQW�LQ�FDVHV�ZKHUH� RQH� LV� WR�PRGHO� REMHFWV� ZLWK� QRQ�IX]]\� FKDUDFWHULVWLFV�� VXFK� DV� HQJLQHHULQJ� REMHFWV�� ,Q�FDVHV��ZKHUH�PRGHOOLQJ�LQYROYHV�REMHFWV�ZLWK�IX]]\�FKDUDFWHULVWLFV��LW�LV�PRUH�HIILFLHQW�WR�XVH�WKH�QRQ�SDUDPHWULF�*0'+�DOJRULWKPV�� LQ�ZKLFK�SRO\QRPLDO�PRGHOV�DUH� UHSODFHG�E\�D�GDWD�VDPSOH�GLYLGHG� LQWR� LQWHUYDOV� RU� FOXVWHUV�� 6XFK� W\SH� DOJRULWKPV� FRPSOHWHO\� VROYH� WKH� SUREOHP� RI�FRHIILFLHQWV�HVWLPDWHV�ELDV�HOLPLQDWLRQ�1RQ�SDUDPHWULF�DOJRULWKPV�DUH�H[HPSOLILHG�E\�� 2EMHFWLYH�&RPSXWHU�&OXVWHUL]DWLRQ��2&&� DOJRULWKP�WKDW�RSHUDWHV�ZLWK�SDLUV�RI�FORVHO\�VSDFHG�VDPSOH�SRLQWV�>�@��,W�ILQGV�SK\VLFDO�FOXVWHUL]DWLRQ�WKDW�ZRXOG�DV�SRVVLEOH�EH�WKH�VDPH�RQ�WZR�VXEVDPSOHV��� �3RLQWLQJ�)LQJHU���3)� DOJRULWKP�IRU�WKH�VHDUFK�RI�SK\VLFDO�FOXVWHUL]DWLRQ��,W�LV�LPSOHPHQWHG�E\�FRQVWUXFWLRQ�RI�WZR�KLHUDUFKLFDO�FOXVWHULQJ�WUHHV�DQG�HVWLPDWLRQ�E\�WKH�EDODQFH�FULWHULRQ�>��@�� $QDORJXHV�&RPSOH[LQJ��$&� DOJRULWKP��ZKLFK�XVH�WKH�VHW�RI�DQDORJXHV�LQVWHDG�RI�PRGHOV�DQG�FOXVWHUL]DWLRQV�>�@��,W�LV�UHFRPPHQGHG�IRU�WKH�PRVW�IX]]\�REMHFWV�� DOJRULWKP��EDVHG�RQ�WKH�0XOWLOD\HUHG�7KHRU\�RI�6WDWLVWLFDO�'HFLVLRQV >�@��,W�LV�UHFRPPHQGHG�IRU�UHFRJQLWLRQ�RI�ELQDU\�REMHFWV�DQG�IRU�WKH�YDULDELOLW\�RI�LQSXW�GDWD�FRQWURO�WR�DYRLG�WKH�SRVVLEOH�H[SHUWV¶�HUURUV�LQ�LW�5HFHQW� GHYHORSPHQWV� RI� WKH�*0'+� KDYH� OHG� WR� QHXURQHWV�ZLWK� DFWLYH� QHXURQV��ZKLFK� UHDOLVH�WZLFH�PXOWLOD\HUHG�VWUXFWXUH��QHXURQV�DUH�PXOWLOD\HUHG�DQG�WKH\�DUH�FRQQHFWHG�LQWR�PXOWLOD\HUHG�VWUXFWXUH�� 7KLV� JLYHV� SRVVLELOLW\� WR� RSWLPLVH� WKH� VHW� RI� LQSXW� YDULDEOHV� DW� HDFK� OD\HU��ZKLOH� WKH�DFFXUDF\� LQFUHDVHV�� 7KH� DFFXUDF\� RI� IRUHFDVWLQJ�� DSSUR[LPDWLRQ� RU� SDWWHUQ� UHFRJQLWLRQ� FDQ� EH�LQFUHDVHG� EH\RQG� WKH� OLPLWV�� ZKLFK� DUH� UHDFKHG� E\� QHXURQHW� ZLWK� VLQJOH� QHXURQV�� RU� E\� XVXDO�VWDWLVWLFDO� PHWKRGV� >�������@�� ,Q� WKLV� DSSURDFK�� ZKLFK� FRUUHVSRQGV� WR� WKH� DFWLRQV� RI� KXPDQ�QHUYRXV�V\VWHP��WKH�FRQQHFWLRQV�EHWZHHQ�VHYHUDO�QHXURQV�DUH�QRW�IL[HG�EXW�FKDQJH�GHSHQGLQJ�RQ�WKH�QHXURQV�WKHPVHOYHV��6XFK�DFWLYH�QHXURQV�DUH�DEOH�GXULQJ�WKH�OHDUQLQJ�VHOI�RUJDQLVLQJ SURFHVV�WR�HVWLPDWH�ZKLFK�LQSXWV�DUH�QHFHVVDU\�WR�PLQLPLVH�WKH�JLYHQ�REMHFWLYH�IXQFWLRQ�RI�QHXURQ��7KLV�LV�SRVVLEOH�RQ�WKH�FRQGLWLRQ�WKDW�HYHU\�QHXURQ�LQ�LWV�WXUQ�LV�PXOWLOD\HUHG�XQLW��VXFK�DV�PRGHOOLQJ�*0'+�DOJRULWKP��1HXURQHW�ZLWK�DFWLYH�QHXURQV��ZKLFK�DUH�GHVFULEHG�EHORZ��LV�FRQVLGHUHG�DV�D�



�
WRRO� WR� LQFUHDVH�$,�SUREOHPV�DFFXUDF\�DQG�OHDG�WLPH�ZLWK� WKH�KHOS�RI�UHJUHVVLRQ�DUHD�H[WHQVLRQ�IRU�LQDFFXUDWH��QRLV\�GDWD�RU�VPDOO�GDWD�VDPSOHV�7KH�*0'+�DOJRULWKPV�UHFHQWO\�DUH�DSSOLHG�LQ�RSWLPL]DWLRQ�WR�VROYH�WKH�SUREOHPV�RI�QRUPDWLYH�IRUHFDVWLQJ� �DIWHU� �ZKDW�LI�WKHQ�� VFHQDULR�� DQG� RSWLPDO� FRQWURO� RI� PXOWLYDULDEOH� LOO�GHILQHG�REMHFWV�� 0DQ\� LOO�GHILQHG� REMHFWV� LQ� PDFURHFRQRP\�� HFRORJ\�� PDQXIDFWXULQJ� HWF�� FDQ� EH�GHVFULEHG� DFFXUDWHO\� HQRXJK� E\� VWDWLF� DOJHEUDLF� RU� E\� GLIIHUHQFH� HTXDWLRQV�� ZKLFK� FDQ� EH�WUDQVIRUPHG� LQWR� SUREOHPV� RI� OLQHDU� SURJUDPPLQJ� E\� QRPLQDWLRQ� RI� QRQ�OLQHDU� PHPEHUV� E\�DGGLWLRQDO� YDULDEOHV��*0'+�DOJRULWKPV� DUH� DSSOLHG� WR� HYDOXDWH� GHIOHFWLRQV� RI� RXWSXW� YDULDEOHV�IURP�WKHLU�UHIHUHQFH�RSWLPDO�YDOXHV�>����@��([DPSOHV�RI�XVH�RI�6LPSOLILHG�/LQHDU�3URJUDPPLQJ�6/3� DOJRULWKP�VKRXOG�EH�XVHG�IRU�H[SHUW�FRPSXWHU�DGYLVRU�FRQVWUXFWLRQ��QRUPDWLYH�IRUHFDVWLQJ�DQG�FRQWURO�RSWLPL]DWLRQ�RI�DYHUDJHG�YDULDEOHV��$Q�LPSRUWDQW�H[DPSOH�>��@�JLYHV�WKH�SUHGLFWLRQ�RI�HIIHFWV�RI�H[SHULPHQWV��7KH�DOJRULWKP�VROYHV�WZR�SUREOHPV��FDOFXODWLRQ�RI�HIIHFWV�RI�D�JLYHQ�H[SHULPHQW�DQG�FDOFXODWLRQ�RI�SDUDPHWHUV�ZKLFK�DUH�QHFHVVDU\�WR�UHDFK�RSWLPDO�UHVXOWV��,W�PHDQV��WKDW�WKH�UHDOLVDWLRQ�RI�H[SHULPHQWV�FDQ�RIWHQ�EH�UHSODFHG�E\�FRPSXWHU�H[SHULPHQWV��$V�DOUHDG\�QRWHG��FRQVLGHUHG�*0'+�DOJRULWKPV�KDYH�EHHQ�GHYHORSHG�IRU�FRQWLQXRXV�YDULDEOHV��,Q�SUDFWLFH��KRZHYHU�WKH�VDPSOH�ZLOO�RIWHQ�LQFOXGH�YDULDEOHV�GLVFUHWL]HG�LQWR�D�VPDOO�QXPEHU�RI�OHYHOV� RU� HYHQ� ELQDU\� YDOXHV�� 7R� H[WHQG� WKHVH� *0'+� DOJRULWKPV� WR� GLVFUHWL]HG� RU� ELQDU\�YDULDEOHV��WKH�+DUPRQLF�5HGLVFUHWL]DWLRQ�DOJRULWKP�KDV�EHHQ�GHYHORSHG�>��@�7KH�H[LVWHQFH�RI�D�EURDG�JDPXW�RI�*0'+�DOJRULWKPV�LV�WUDFHDEOH�WR�WKH�IDFW��WKDW�LW�LV�LPSRVVLEOH�WR�GHILQH�WKH�FKDUDFWHULVWLFV�RI�WKH�UHVW�RU�FRQWUROOHG�REMHFWV�H[DFWO\�LQ�DGYDQFH��7KHUHIRUH��LW�FDQ�EH�JRRG�SUDFWLFH�WR�WU\�VHYHUDO�*0'+�DOJRULWKPV�RQH�DIWHU�DQRWKHU�DQG�WR�GHFLGH�ZKLFK�RQH�VXLWV�D�JLYHQ� W\SH�RI�REMHFWV�EHVW��$OO� WKH�TXHVWLRQV��ZKLFK�DULVH�GXULQJ�PRGHOOLQJ�SURFHVV��DUH� WR�EH�VROYHG� E\� WKH� FRPSDULVRQ� RI� WKH� FULWHULRQ� YDOXHV�� WKDW� YDULDQW� LV� EHWWHU�� ZKLFK� OHDGV� WR� PRUH�GHHSHU� PLQLPXP� RI� EDVLF� H[WHUQDO� FULWHULD�� ,Q� WKLV� ZD\�� WKH� W\SH� RI� DOJRULWKP� LV� FKRVHQ�REMHFWLYHO\��DFFRUGLQJ�WR�WKH�YDOXH�RI�WKH�GLVFULPLQDWLQJ�FULWHULRQ�,QIRUPDWLRQ�DERXW�GLVSHUVLRQ�RI�QRLVH�OHYHO�LV�YHU\�XVHIXO�WR�GHFUHDVH�FRPSXWHU�FDOFXODWLRQ�WLPH��)RU� VPDOO� GLVSHUVLRQ� OHYHO� ZH� FDQ� XVH� WKH� OHDUQLQJ� QHWZRUNV� RI� *0'+� W\SH�� EDVHG� RQ� WKH�RUGLQDU\� UHJUHVVLRQ� DQDO\VLV� XVLQJ� LQWHUQDO� FULWHULD�� )RU� FRQVLGHUDEOH� QRLVH� OHYHO� WKH� *0'+�DOJRULWKPV�ZLWK�H[WHUQDO�FULWHULD�DUH�UHFRPPHQGHG��$QG�IRU�KLJK�OHYHO�RI�QRLVH�GLVSHUVLRQ�QRQ�SDUDPHWULF�DOJRULWKPV�RI�FOXVWHUL]DWLRQ�RU�DQDORJXHV�FRPSOH[LQJ�VKRXOG�EH�DSSOLHG�>�@�

�������7KH�&RPELQDWRULDO�*0'+�DOJRULWKP��&20%,�7KH�IORZFKDUW�RI�WKH�DOJRULWKP LV�VKRZQ�LQ�)LJ�����7KH�LQSXW�GDWD�VDPSOH�LV�D�PDWUL[�FRQWDLQLQJ�1�OHYHOV� �SRLQWV��RI�REVHUYDWLRQV�RYHU�D�VHW�RI�0 YDULDEOHV��7KH�VDPSOH� LV�GLYLGHG�LQWR�WZR�SDUWV��$SSUR[LPDWHO\�WZR�WKLUGV�RI�SRLQWV�PDNH�XS�WKH�OHDUQLQJ�VXEVDPSOH�1$��DQG�WKH�UHPDLQLQJ�RQH�WKLUG�RI�SRLQWV��H�J��HYHU\�WKLUG�SRLQW��ZLWK�VDPH�YDULDQFH�IRUP�WKH�FKHFN�VXEVDPSOH�1%��%HIRUH�GLYLGLQJ��SRLQWV�DUH�UDQJHG�E\�YDULDWLRQ�YDOXH��7KH�OHDUQLQJ�VDPSOH�LV�XVHG�WR�GHULYH�HVWLPDWHV�IRU�WKH�FRHIILFLHQWV�RI�WKH�SRO\QRPLDO��DQG�WKH�FKHFN�VXEVDPSOH LV�XVHG�WR�FKRRVH�WKH�VWUXFWXUH�RI�WKH�
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RU�EHWWHU�WR�XVH�WKH�FURVV�YDOLGDWLRQ�FULWHULRQ�355�V� �LW�WDNHV�LQWR�DFFRXQW�DOO�LQIRUPDWLRQ�LQ�GDWD�VDPSOH�DQG�LW�FDQ�EH�FRPSXWHG�ZLWKRXW�UHFDOFXODWLQJ�RI�V\VWHP�IRU�HDFK�FKHFNLQJ�SRLQW��> @355 V 1 \ \ %L L1� � � � PLQ� � o¦� �

� 1 1 1$ % �  � �� �
7R� WHVW�D�PRGHO� IRU�FRPSOLDQFH�ZLWK� WKH�GLIIHUHQWLDO�EDODQFH�FULWHULRQ�� WKH� LQSXW�GDWD�VDPSOH� LV�GLYLGHG� LQWR� WZR� HTXDO� SDUWV�� 7KH� FULWHULRQ� UHTXLUHV� WR� FKRRVH� D� PRGHO� WKDW� ZRXOG�� DV� IDU� DV�SRVVLEOH�� EH� WKH� VDPH� RQ� ERWK� VXEVDPSOHV�� 7KH� EDODQFH� FULWHULRQ� ZLOO� \LHOG� WKH� RQO\� RSWLPDO�SK\VLFDO�PRGHO�VROHO\�LI�WKH�LQSXW�GDWD�DUH�QRLV\�7R�REWDLQ�D�VPRRWK�H[KDXVWLYH�VHDUFK�FXUYH��)LJ������ZKLFK�ZRXOG�SHUPLW�RQH�WR�IRUPXODWH� WKH�H[KDXVWLYH�VHDUFK� WHUPLQDWLRQ� UXOH�� WKH� H[KDXVWLYH� VHDUFK� LV� SHUIRUPHG� RQ�PRGHOV� FODVVHG� LQWR�JURXSV�RI�DQ�HTXDO�FRPSOH[LW\��)RU�H[DPSOH��WKH�ILUVW�OD\HU�FDQ�XVH�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�HYHU\�FROXPQ�RI�WKH�VDPSOH��WKDW�LV�IXOO�VHDUFK�LV�DSSOLHG�WR�DOO�SRVVLEOH�PRGHOV�RI�WKH�IRUP�\ D D [ L �� � � L 0 � �� ����� �� ���1RQ�OLQHDU�PHPEHUV�FDQ�EH�WDNHQ�DV�QHZ�LQSXW�YDULDEOHV�LQ�GDWD�VDPSOLQJ��7KH�RXWSXW�YDULDEOH�LV�VSHFLILHG WKHUH�LQ�DGYDQFH�E\�WKH�H[SHULPHQWHU��$W�QH[W�OD\HU�DUH�VRUWHG�DOO�PRGHOV�RI�WKH�IRUP�\ D D [ D [L M � �� � � � M 0 � �� ����� ���
7KH�PRGHOV�DUH�HYDOXDWHG�IRU�FRPSOLDQFH�ZLWK� WKH�FULWHULRQ��DQG�VR�RQ�XQWLO� WKH�FULWHULRQ�YDOXH�GHFUHDVH��)RU�OLPLWDWLRQ�RI�FDOFXODWLRQ�WLPH�UHFHQWO\�LW�ZDV�SURSRVHG�GXULQJ�IXOO�VRUWLQJ�RI�PRGHOV�WR�UDQJH�YDULDEOHV�DFFRUGLQJ�WR�FULWHULRQ�YDOXH�DIWHU�VRPH�WLPH�RI�FDOFXODWLRQ�RU�DIWHU�VRPH�OD\HUV�RI� LWHUDWLRQ�� 7KHQ� IXOO� VRUWLQJ� SURFHGXUH� FRQWLQXHV� IRU� VHOHFWHG� VHW� RI� EHVW� YDULDEOHV� WLOO� WKH�PLQLPDO�YDOXH�RI�FULWHULRQ�ZLOO�EH�IRXQG��7KLV�JLYHV�SRVVLELOLW\�WR�VHW�PXFK�PRUH�LQSXW�YDULDEOHV�DW�LQSXW�DQG�WR�VDYH�HIIHFWLYH�YDULDEOHV�EHWZHHQ�OD\HUV�WR�IRXQG�RSWLPDO�PRGHO�$�VDOLHQW�IHDWXUH�RI�WKH�*0'+�DOJRULWKPV�LV�WKDW��ZKHQ�WKH\�DUH�SUHVHQWHG�FRQWLQXRXV�RU�QRLV\�LQSXW�GDWD��WKH\�ZLOO�\LHOG�DV�RSWLPDO�VRPH VLPSOLILHG�QRQ�SK\VLFDO�PRGHO��,I�LV�RQO\�LQ�WKH�FDVH�RI�GLVFUHWH�RU�H[DFW�GDWD�WKDW�WKH�H[KDXVWLYH�VHDUFK�IRU�FRPSOLDQFH�ZLWK�WKH�SUHFLVLRQ�FULWHULRQ�ZLOO�\LHOG� ZKDW� LV� FDOOHG� D� SK\VLFDO� PRGHO�� WKH� VLPSOHVW� RI� DOO� XQELDVHG� PRGHOV�� :LWK� QRLV\� DQG�FRQWLQXRXV�LQSXW�GDWD��VLPSOLILHG��6KDQQRQ��PRGHOV�SURYH�PRUH�SUHFLVH�>�����@�LQ�DSSUR[LPDWLRQ�DQG�IRU�IRUHFDVWLQJ�WDVNV��
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G�pPLQ 2XWSXWPRGHO
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L M� O< <� �D� ��D�[L� ��D� [M ��������D0 [O &5

� � � �
)LJ������&RPELQDWRULDO�*0'+�DOJRULWKP�

��� GDWD�VDPSOLQJ���� OD\HUV�RI�SDUWLDO�GHVFULSWLRQV�FRPSOH[LQJ���� IRUP�RI�SDUWLDO�GHVFULSWLRQV���� FKRLFH�RI�RSWLPDO�PRGHOV���� DGGLWLRQDO�PRGHO�GHILQLWLRQ�E\�GLVFULPLQDWLQJ�FULWHULRQ�
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9 9� �E� ��E�]L� ��E�]M]O &5
G�p RXWSXWPRGHO)� PLQ: :� �F� ��F�YL� ��F�YMYO &5

�������� � � �
2XWSXW�PRGHO���<N��  �G� ��G�[�N ��G� [�N�������GP�[0�N�[0���N

)LJ��� 0XOWLOD\HUHG�,WHUDWLRQDO�DOJRULWKP�
��� GDWD�VDPSOLQJ����� OD\HUV�RI�SDUWLDO�GHVFULSWLRQV�FRPSOH[LQJ����� IRUP�RI�SDUWLDO�GHVFULSWLRQV����� FKRLFH�RI�RSWLPDO�PRGHOV���� DGGLWLRQDO�PRGHO�GHILQLWLRQ�E\�GLVFULPLQDWLQJ�FULWHULRQ�)��DQG�)��� QXPEHU�RI�YDULDEOHV�IRU�GDWD�VDPSOLQJ�H[WHQVLRQ�



��
&DOFXODWLRQV�DUH�IDVWHU�ZKHQ�IROORZLQJ�WHFKQLTXHV�DUH�XVHG�>�����@�D� LQ�DOO�IRUPXODH�LQIRUPDWLRQDO�DUUD\�:7: LV�XVHG�LQVWHDG�RI�GDWD�VDPSOLQJ�DUUD\�: �;<��E� PRGHO¶V� SDUDPHWHUV� DUH� HVWLPDWHG� E\� UHFXUVLRQ� PHWKRG� RI� �IUDPLQJ�� ZKLFK� DOORZV� WR� XVH�DUUD\V�FDOFXODWHG�RQ�SUHYLRXV�VWHSV�F� IDVWHU�JHQHUDWLRQ�RI�YDULDEOHV�HQVHPEOH�LV�GRQH�XVLQJ�*DUVDLG�ELQDU\�FRXQWHU��ZKHUH�FXUUHQW�HQVHPEOH�LV�GLIIHU�IURP�SUHYLRXV�LQ�RQH�GLJLW�RQO\��������7KH�0XOWLOD\HUHG�,WHUDWLYH�*0'+�DOJRULWKP��0,$�$V�ZLWK� WKH�&RPELQDWRULDO� DOJRULWKP�� WKH� RXWSXW� YDULDEOH�PXVW�EH� VSHFLILHG� LQ� DGYDQFH�E\� WKH�SHUVRQ� LQ� FKDUJH� RI� PRGHOOLQJ�� ZKLFK� FRUUHVSRQGV� WR� WKH� XVH� RI� VR�FDOOHG� H[SOLFLW� WHPSODWHV��)LJ�����,Q�HDFK�OD\HU��QHZ�RXWSXW�YDULDEOHV�YDOXHV��FDOFXODWHG�E\�WKH�)�EHVW�PRGHOV�LQ�HDFK�SRLQW�DUH�XVHG�WR�VXFFHVVLYHO\�H[WHQG�WKH�GDWD�VDPSOH��)LJ������,Q�0XOWLOD\HUHG�,WHUDWLYH�DOJRULWKP�WKH�LWHUDWLRQ�UXOH�UHPDLQV�XQFKDQJHG�IURP�RQH�OD\HU�WR�QH[W��$V� LV� VKRZQ� LQ� )LJ�� ��� WKH� ILUVW� OD\HU� WHVWV� PRGHOV� WKDW� FDQ� EH� GHULYHG� IURP� WKH� LQIRUPDWLRQ�FRQWDLQHG� LQ� DQ\� WZR� FROXPQV� RI� WKH� VDPSOH�� 7KH� VHFRQG� OD\HU� XVHV� LQIRUPDWLRQ� IURP� IRXU�FROXPQV�� WKH� WKLUG�� IURP�DQ\� HLJKW� FROXPQV�� HWF��7KH� H[KDXVWLYH�VHDUFK� WHUPLQDWLRQ� UXOH� LV� WKH�VDPH�DV� IRU� WKH�&RPELQDWRULDO�DOJRULWKP�� LQ�HDFK� OD\HU� WKH�RSWLPDO�PRGHOV�DUH� VHOHFWHG�E\� WKH�PLQLPXP�RI�WKH�FULWHULRQ�>�����@��������7KH�2EMHFWLYH�6\VWHP�$QDO\VLV�DOJRULWKP��26$�,Q� GLVFUHWH� PDWKHPDWLFV�� WKH� WHUP� WHPSODWH� UHIHUV� WR� D� JUDSK� LQGLFDWLQJ� ZKLFK� RI� WKH� GHOD\HG�DUJXPHQWV�DUH�XVHG�LQ�VHWWLQJ�XS�FRQGLWLRQDO�DQG�QRUPDO�*DXVV�HTXDWLRQV��$�JUDGXDO�LQFUHDVH�LQ�WKH� VWUXFWXUDO� FRPSOH[LW\� RI� FDQGLGDWH�PRGHOV� FRUUHVSRQGV� WR� DQ� LQFUHDVH� LQ� WKH� FRPSOH[LW\�RI�WHPSODWHV�ZKRVH�H[SOLFLW��D��DQG�LPSOLFLW��E��IRUPV�DUH�VKRZQ�LQ�)LJ�����:KHQ�RQH�XVHV� LPSOLFLW� WHPSODWHV��RQH�KDV��EHJLQQLQJ� IURP� WKH� VHFRQG� OD\HU�RI� WKH�H[KDXVWLYH�VHDUFK��WR�VROYH�D�V\VWHP�RI�HTXDWLRQV�DQG�WR�HYDOXDWH�WKH�PRGHO��XVLQJ�D�V\VWHP�FULWHULRQ�7KH�V\VWHP�FULWHULRQ�LV�D�FRQYROXWLRQ�RI�WKH�FULWHULD�FDOFXODWHG�E\�WKH�HTXDWLRQV�WKDW�PDNH�XS�WKH�V\VWHP

&5 6 &5 &5 &5V\VW 6 � � � o� �� �� ���� PLQ� ���
ZKHUH�V LV�WKH�QXPEHU�RI�HTXDWLRQV�LQ�WKH�V\VWHP��7KH�IORZFKDUW�RI�WKH�26$�DOJRULWKP�LV�VKRZQ�LQ�)LJ�����7KH�NH\�IHDWXUH�RI�WKH�DOJRULWKP�LV�WKDW�LW�XVHV�LPSOLFLW�WHPSODWHV��DQG�DQ�RSWLPDO�PRGHO�LV�WKHUHIRUH�IRXQG�DV�D�V\VWHP�RI�DOJHEUDLF�RU�GLIIHUHQFH�HTXDWLRQV��$Q�DGYDQWDJH�RI�WKLV�DOJRULWKP�LV�WKDW�WKH�QXPEHU�RI�UHJUHVVRUV�LV�LQFUHDVHG�DQG�LQ�FRQVHTXHQFH��WKH�LQIRUPDWLRQ�HPEHGGHG�LQ�WKH�GDWD�VDPSOH��LV�XWLOLVHG�EHWWHU��$�GLVDGYDQWDJH�LV�WKDW�LW�FDOOV�IRU�D�ODUJH�DPRXQW�RI�FDOFXODWLRQV�LQ�RUGHU�WR�VROYH�WKH�V\VWHP�RI�HTXDWLRQV�DQG�D�JUHDWHU�QXPEHU�RI�FDQGLGDWH�PRGHOV�KDYH�WR�EH�VHDUFKHG��7KH�DPRXQW�RI�VHDUFK�FDQ�EH�UHGXFHG��XVLQJ�D�FRQVWUDLQW�LQ�WKH�IRUP�RI�DQ�DX[LOLDU\�SUHFLVLRQ�FULWHULRQ�
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)LJ�����'HULYDWLRQ�RI�FRQGLWLRQDO�HTXDWLRQV�RQ�D�GDWD�VDPSOH
��� �� �� ����� 0��� L M ;N���N��N��N

1
L [L�N�  �D� ��D�[L�N�����D�[L�N��� &5

L�� M [M�N�  �E� ��E�[L�N�����E�[L�N��� &5��E�[M�N���E�[M�N�����E�[M�N��� &5
PLQL����� M [L�N�  &5[M�N�  [O�N�  

)LJ������2EMHFWLYH�6\VWHP�$QDO\VLV���26$��DOJRULWKP,Q� VHWWLQJ�XS� WKH� V\VWHP�RI�HTXDWLRQV��RQH� WKHQ�GLVFDUGV� WKH�SRRUO\� IRUHFDVWLQJ�HTXDWLRQ� �XVLQJ�HTXDWLRQ� RQO\�� IRU� ZKLFK� WKH� YDULDWLRQ� DFFXUDF\� FULWHULRQ IRU� WKH� IRUHFDVW� LV� OHVV� WKDQ� XQLW\��QDUURZLQJ�RSHUDWLRQ��



��� �� �G L L L1
L1 \ \\ \� � �

� � �� o¦¦ ∃ PLQ� ���
ZKHUH� \ L � LV�WKH�YDULDEOH�YDOXHV�LQ�WKH�WDEOH��

∃\ L � LV�WKH�YDOXH�FDOFXODWHG�DFFRUGLQJ�WR�WKH�PRGHO�DQG�\ LV�WKH�PHDQ�YDOXH�7KLV� FULWHULRQ� LV� UHFRPPHQGHG� LQ� WKH� OLWHUDWXUH� LQ� RUGHU� WR� HYDOXDWH� WKH� VXFFHVV� RI� DQ�DSSUR[LPDWLRQ�RU�RI�D�IRUHFDVW�>��@��:LWK�G� �������WKH�UHVXOW�RI�PRGHOOLQJ�LV�WDNHQ�WR�EH�JRRG��ZLWK�������G� ������LW�LV�WDNHQ�WR�EH�VDWLVIDFWRU\��ZLWK�G� !������PRGHOOLQJ�LV�FRQVLGHUHG�WR�KDYH�IDLOHG��DQG�WKH�PRGHO�\LHOGV�PLVLQIRUPDWLRQ��
�����([WHQGHG�GHILQLWLRQ�RI�WKH�RQO\�RSWLPDO�PRGHO�E\�WKH�WKHRU\�RI�GLVFULPLQDWLQJ�FULWHULD,W� KDV� EHHQ� GHPRQVWUDWHG� WKHRUHWLFDOO\� DQG� H[SHULPHQWDOO\� WKDW� WKH� H[KDXVWLYH�VHDUFK� FXUYHV�VKRZQ� LQ� )LJ�� �� DUH� JUDGXDO� DQG� XQLPRGDO� IRU� WKH� H[SHFWHG� YDOXH� RI� WKH� FULWHULRQ� >��@�� 7KH�QXPEHU�RI�FDQGLGDWH�PRGHOV�WHVWHG�LQ�HDFK�H[KDXVWLYH�VHDUFK�OD\HU�FDQQRW�EH�LQILQLWHO\�ODUJH��,Q�RWKHU�ZRUGV�� LQ�FRQVWUXFWLQJ�H[KDXVWLYH� VHDUFK�FXUYHV�� WKH�H[SHFWHG�YDOXH�RI� WKH�FULWHULRQ� LV� LQ�HIIHFW�UHSODFHG�E\�LWV�PHDQ��RU�OHDVW��YDOXH��%HFDXVH�RI�WKLV��WKH�FXUYHV�WDNH�RQ�D�VOLJKWO\�ZDY\�VKDSH��DQG�D�VPDOO�HUURU�PD\�FUHHS�LQWR�WKH�RSWLPDO�PRGHO�VWUXFWXUH�FKRLFH�7KH� WKHRU\� RI� GLVFULPLQDWLQJ� FULWHULD� KDV� EHHQ� GHYHORSHG� E\� )HGRURY� DQG�<XUDFKNRYVN\� >��@�ZLWK� VSHFLDO� UHIHUHQFH� WR� H[SHULPHQWDO� GHVLJQ�� ,W� KDV�KRZHYHU�SURYHG� LWV� UHOHYDQFH� WR� WKH� VHOI�RUJDQLVDWLRQ� RI� PRGHOV� DQG� DFWLYH�QHXURQ� QHXUDO� QHWZRUNV�� 7KH� WKHRU\� SURFHHGV� IURP� WKH�IROORZLQJ� SUHPLVHV�� �,�� WKHUH� H[LVWV� D� �WUXH�� PRGHO� UHSUHVHQWHG� LQ� WKH� GDWD� VDPSOH�� ���� WKH�DVVXPHG� IHZ�REMHFW� GHVFULSWLRQV� ILW� WKH�PRGHO� WR� D� GLIIHUHQW� GHJUHH�� ���� WKH�PRGHO� WKDW� FRPHV�FORVHVW� WR� WKH� WUXH�PRGHO�FDQ�EH� VHOHFWHG� IURP� LWV�FRPSOLDQFH�ZLWK�DQ�DX[LOLDU\�GLVFULPLQDWLQJ�FULWHULRQ�:LWK� VXFK� DQ� DSSURDFK�� HYHU\� *0'+� DOJRULWKP� FRQVHFXWLYHO\� XVHV WZR� FULWHULD�� $W� ILUVW�� DQ�H[KDXVWLYH�VHDUFK�LV�DSSOLHG�WR�DOO�FDQGLGDWH�PRGHOV�IRU�FRPSOLDQFH�ZLWK�WKH�PDLQ�FULWHULRQ��DQG�D�VPDOO�QXPEHU�RI�PRGHOV�ZKRVH�VWUXFWXUH�LV�FORVH�WR�RSWLPDO�DUH�VHOHFWHG��7KHQ�RQO\�RQH�RSWLPDO�PRGHO� LV� VHOHFWHG� WKDW� FRPSOLHV�ZLWK� D� VSHFLDO� GLVFULPLQDWLQJ� FULWHULRQ�� 7KH� WKHRU\� RI� RSWLPDO�GLVFULPLQDWLQJ� FULWHULD� LV� VWLOO� LQ� WKH�GHYHORSPHQWDO� VWDJH��EXW� VXFFHVVIXO� GLVFULPLQDWLQJ� FULWHULD�DUH�DOUHDG\�NQRZQ��,Q�FDVHV�LQYROYLQJ�WKH�VHOHFWLRQ�RI�D�VWUXFWXUH�IRU�RSWLPDO�SRO\QRPLDO�PRGHOV��WKH�DSSUR[LPDWLRQ�RU�IRUHFDVW�YDULDWLRQ�FULWHULRQ�VHUYHV�ZHOO��,Q�WKH�VHOHFWLRQ�RI�RSWLPDO�FOXVWHUL]DWLRQ��JRRG�UHVXOWV�DUH�REWDLQHG�ZLWK�WKH�V\PPHWU\�FULWHULRQ�IRU�WKH�FOXVWHUV�GLVWDQFH�PDWUL[�FDOFXODWHG�UHODWLYH�WR�WKH�VHFRQGDU\�GLDJRQDO�>��@��HWF�
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���'DWD�DQDO\VLV��QHXUDO�QHWZRUNV�YHUVXV�VHOI �RUJDQLVLQJ�PRGHOOLQJ7KH� WDEOH� �� JLYHV� D� FRPSDULVRQ� RI� ERWK� PHWKRGRORJLHV�� QHXUDO� QHWZRUNV� DQG� VHOI�RUJDQLVLQJ�PRGHOOLQJ�LQ�FRQQHFWLRQ�ZLWK�WKHLU�DSSOLFDWLRQ�WR�GDWD�DQDO\VLV��

7DEOH����1HXUDO�QHWZRUNV�YHUVXV�VHOI�RUJDQLVLQJ�PRGHOOLQJ�
1HXUDO�QHWZRUNV 6WDWLVWLFDO�OHDUQLQJ�QHWZRUNV'DWD�DQDO\VLV XQLYHUVDO�DSSUR[LPDWRU VWUXFWXUH�LGHQWLILFDWRU$QDO\WLFDO�PRGHO LQGLUHFW�E\�DSSUR[LPDWLRQ GLUHFW

$UFKLWHFWXUH XQERXQGHG�QHWZRUN�VWUXFWXUH��H[SHULPHQWDO�VHOHFWLRQ�RI DGHTXDWH�DUFKLWHFWXUH�GHPDQGV�WLPH�DQG�H[SHULHQFH
ERXQGHG�QHWZRUN�VWUXFWXUH�>�@��DGDSWLYHO\�V\QWKHVLVHG�VWUXFWXUH

$�SULRUL�,QIRUPDWLRQ ZLWKRXW�WUDQVIRUPDWLRQ�LQ�WKH�ZRUOG�RI�QHXUDO�QHWZRUNV�QRW�XVDEOH
FDQ�EH�XVHG�GLUHFWO\�WR�VHOHFW�WKH�UHIHUHQFH�IXQFWLRQV�DQG�FULWHULD

6HOI�RUJDQLVDWLRQ GHGXFWLYH��JLYHQ�QXPEHU�RI�OD\HUV�DQG�QXPEHU�RI�QRGHV��VXEMHFWLYH�FKRLFH�
LQGXFWLYH��QXPEHU�RI�OD\HUV�DQG�RI�QRGHV�HVWLPDWHG�E\�PLQLPXP�RI�H[WHUQDO�FULWHULRQ��REMHFWLYH�FKRLFH�3DUDPHWHU�HVWLPDWLRQ LQ�D�UHFXUVLYH�ZD\�GHPDQGV�ORQJ�VDPSOHV HVWLPDWLRQ�RQ�WUDLQLQJ�VHW�E\�PHDQV�RI�PD[LPXP�OLNHOLKRRG�WHFKQLTXHV��VHOHFWLRQ�RQ�WHVWLQJ�VHW��H[WUHPHO\�VKRUW��)HDWXUH UHVXOW�GHSHQGV�IURP�LQLWLDO�VROXWLRQ��WLPH�FRQVXPLQJ�WHFKQLTXH��QHFHVVDU\�NQRZOHGJH�DERXW�WKH�WKHRU\�RI�QHXUDO�QHWZRUNV
H[LVWHQFH�RI�D�PRGHO�RI�RSWLPDO�FRPSOH[L�W\��QRW�WLPH�FRQVXPLQJ�WHFKQLTXH��QHFHV�VDU\�NQRZOHGJH�DERXW�WKH�WDVN��FULWHULD��DQG�FODVV�RI�V\VWHP��OLQHDU��QRQ�OLQHDU��

5HVXOWV� REWDLQHG� E\� VWDWLVWLFDO� OHDUQLQJ� QHWZRUNV� DQG� HVSHFLDOO\� *0'+� W\SH� DOJRULWKPV� DUH�FRPSDUDEOH�ZLWK�UHVXOWV�REWDLQHG�E\�QHXUDO�QHWZRUNV�>��@��,Q�GLVWLQFWLRQ�WR�QHXUDO�QHWZRUNV��WKH�UHVXOWV�RI�*0'+�DOJRULWKPV�DUH�H[SOLFLW�PDWKHPDWLFDO�PRGHOV�REWDLQHG�LQ�D�UHODWLYH�VKRUW�WLPH�RQ� WKH� EDVH� RI� H[WUHPHO\� VKRUW� VDPSOHV�� 7KH�ZHOO�NQRZQ� SUREOHPV� RI� DQ� RSWLPDO� �VXEMHFWLYH��FKRLFH�RI� WKH�QHXUDO� QHWZRUN�DUFKLWHFWXUH�DUH� VROYHG� LQ� WKH�*0'+�DOJRULWKPV�E\�PHDQV�RI�DQ�DGDSWLYH� V\QWKHVLV� �REMHFWLYH�FKRLFH��RI� WKH�DUFKLWHFWXUH��7KHUH�DUH� WR�HVWLPDWH�QHWZRUNV�RI� WKH�ULJKW�VL]H�ZLWK�D�VWUXFWXUH�HYROYHG�GXULQJ�WKH�HVWLPDWLRQ�SURFHVV�WR�SURYLGH�D�SDUVLPRQLRXV�PRGHO�IRU� WKH� SDUWLFXODU� GHVLUHG� IXQFWLRQ�� 6XFK� DOJRULWKPV� FRPELQLQJ� WKH�EHVW� IHDWXUHV�RI� QHXUDO� QHWV�DQG�VWDWLVWLFDO�WHFKQLTXHV�LQ�D�SRZHUIXO�ZD\�GLVFRYHU�WKH�HQWLUH�PRGHO�VWUXFWXUH�� LQ�WKH�IRUP�RI�D�QHWZRUN� RI� SRO\QRPLDO� IXQFWLRQV�� GLIIHUHQFH� HTXDWLRQV� DQG� RWKHU�� 0RGHOV� DUH� VHOHFWHG�DXWRPDWLFDOO\�EDVHG�RQ� WKHLU� DELOLW\� WR� VROYH� WKH� WDVN��DSSUR[LPDWLRQ�� LGHQWLILFDWLRQ��SUHGLFWLRQ��DQG�FODVVLILFDWLRQ��
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���1HWV�RI�DFWLYH�QHXURQV
�����6HOI�RUJDQLVDWLRQ�RI�WZLFH�PXOWLOD\HUHG�QHXUDO�QHWZRUN$�QHXUDO�QHWZRUN�LV�GHVLJQHG�WR�KDQGOH�D�SDUWLFXODU�WDVN��7KLV�PD\�LQYROYH�UHODWLRQ�LGHQWLILFDWLRQ��DSSUR[LPDWLRQ��� SDWWHUQ� DQG� VLWXDWLRQ� UHFRJQLWLRQ�� RU� D� IRUHFDVW� RI� UDQGRP� SURFHVVHV� DQG�UHSHWLWLYH�HYHQWV� IURP� LQIRUPDWLRQ�FRQWDLQHG� LQ�D�VDPSOH�RI�REVHUYDWLRQV�RYHU�D� WHVW�RU�FRQWURO�REMHFW�7KH� SUHVHQW� VWDJH� RI� FRPSXWHU� WHFKQRORJ\� DOORZV� D� QHZ� DSSURDFK� LQ� QHXUDO� QHWZRUNV�� ZKLFK�LQFUHDVHV� WKH� DFFXUDF\� RI� FODVVLFDO� PRGHOOLQJ� DOJRULWKPV�� 6XFK� FRPSOH[� V\VWHP� FDQ� VROYH�FRPSOH[�SUREOHPV��:H�FDQ�XVH�WKH�*0'+�DOJRULWKPV�DV�WKH�FRPSOH[�QHXURQV��ZKHUH�WKH�VHOI�RUJDQLVDWLRQ�SURFHVVHV�DUH�ZHOO�VWXGLHG��2QO\�E\�WKLV�LQGXFWLYH�VHOI�RUJDQLVLQJ�PHWKRG�IRU�VPDOO��LQDFFXUDWH�RU�QRLV\�GDWD�VDPSOHV�RSWLPDO�QRQ�SK\VLFDO�PRGHO��DFFXUDF\�RI�ZKLFK�LV�KLJKHU�DQG�VWUXFWXUH�LV�VLPSOHU�WKDQ�VWUXFWXUH�RI�XVXDO�IXOO� SK\VLFDO� PRGHO� FDQ� EH� IRXQG�� *0'+� DOJRULWKPV� DUH� WKH� H[DPSOHV� RI� FRPSOH[� DFWLYH�QHXURQV�� EHFDXVH� WKH\� FKRRVH� WKH� HIIHFWLYH� LQSXWV� DQG� FRUUHVSRQGLQJ� FRHIILFLHQWV� RI� WKHP� E\�WKHPVHOYHV�� LQ� SURFHVV� RI� VHOI�RUJDQLVDWLRQ�� 7KH� SUREOHP� RI� QHXURQHW� OLQNV� VWUXFWXUH� VHOI�RUJDQLVDWLRQ�LV�VROYHG�LQ�D�UDWKHU�VLPSOH�ZD\�(DFK� QHXURQ� LV� DQ� HOHPHQWDU\� V\VWHP� WKDW� KDQGOHV� WKH� VDPH� WDVN�� 7KH� REMHFWLYH� VRXJKW� LQ�FRPELQLQJ�PDQ\�QHXURQV�LQWR�D�QHWZRUN�LV�WR�HQKDQFH�WKH�DFFXUDF\�LQ�DFKLHYLQJ�WKH�DVVLJQHG�WDVN�WKURXJK� D� EHWWHU� XVH� RI� LQSXW� GDWD�� $V� DOUHDG\� QRWHG�� WKH� IXQFWLRQ� RI� DFWLYH� QHXURQV� FDQ� EH�SHUIRUPHG�E\�YDULRXV�UHFRJQLWLRQ�V\VWHPV��QRWDEO\�E\�5RVHQEODWW
V�WZR�OD\HU�SHUFHSWURQV�� VXFK�QHXUDO� QHWZRUN� DFKLHYHV� WKH� WDVN� RI� SDWWHUQ� UHFRJQLWLRQ�� ,Q� WKH� VHOI�RUJDQLVDWLRQ� RI� D� QHXUDO�QHWZRUN��WKH�H[KDXVWLYH�VHDUFK�LV�ILUVW�DSSOLHG�WR�GHWHUPLQH�WKH�QXPEHU�RI�QHXURQ�OD\HUV�DQG�WKH�VHWV�RI�LQSXW�DQG�RXWSXW�YDULDEOHV�IRU�HDFK�QHXURQ��7KH�PLQLPXP�RI�WKH�GLVFULPLQDWLQJ FULWHULRQ�VXJJHVWV� WKH� YDULDEOHV� IRU� ZKLFK� LW� LV� DGYDQWDJHRXV� WR� EXLOG� D� QHXUDO� QHWZRUN� DQG� KRZ�PDQ\�QHXURQ�OD\HUV�VKRXOG�EH�XVHG��7KXV��WKH�WKHRU\�RI�QHXUDO�QHWZRUN�VHOI�RUJDQLVDWLRQ�LV�VLPLODU�LQ�PDQ\�UHVSHFWV�WR�WKDW�RI�HDFK�DFWLYH�QHXURQ�$FWLYH� QHXURQV� DUH� DEOH�� GXULQJ� WKH� VHOI�RUJDQL]LQJ� SURFHVV�� WR� HVWLPDWH� ZKLFK� LQSXWV� DUH�QHFHVVDU\� WR� PLQLPLVH� WKH� JLYHQ� REMHFWLYH� IXQFWLRQ� RI� WKH� QHXURQ�� ,Q� WKH� QHXURQHW� ZLWK� VXFK�QHXURQV��ZH�VKDOO�KDYH�WZRIROG�PXOWLOD\HUHG�VWUXFWXUH��QHXURQV�WKHPVHOYHV�DUH�PXOWLOD\HUHG��DQG�WKH\�ZLOO�EH�XQLWHG�LQWR�D�PXOWLOD\HUHG�QHWZRUN��7KH\�FDQ�SURYLGH�JHQHUDWLRQ�RI�QHZ�IHDWXUHV�RI�VSHFLDO�W\SH��WKH�RXWSXWV�RI�QHXURQV�IURP�SUHYLRXV�OD\HU��DQG�WKH�FKRLFH�RI�HIIHFWLYH�VHW�RI�IDFWRUV�DW� HDFK� OD\HU� RI� QHXURQV�� 7KH� RXWSXW� YDULDEOHV� RI SUHYLRXV� OD\HUV� DUH� YHU\� HIIHFWLYH� VHFRQGDU\�LQSXWV� IRU� WKH�QHXURQV�RI�QH[W� OD\HU��)LUVW� OD\HU�RI�DFWLYH�QHXURQV�DFWV�VLPLODU� WR�.DOPDQ�ILOWHU��RXWSXW� VHW� RI� YDULDEOHV� UHSHDWHG� WKH� LQSXW� VHW� EXW� ZLWK� ILOWUDWLRQ� RI� QRLVHV�� 1XPEHU� RI� DFWLYH�QHXURQV�LQ�HDFK�OD\HU�LV�HTXDO�WR�QXPEHU�RI�YDULDEOHV�JLYHQ�LQ�LQLWLDO�GDWD�VDPSOLQJ�
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1HXURQHW�VWUXFWXUH�LV�JLYHQ�LQ�)LJ�����6ROHO\�LQFOXGLQJ�WKH�RXWSXW�FDOFXODWHG�YDULDEOHV�IURP�HDFK�SUHYLRXV� OD\HU�RI�QHXURQV�HIIHFWV�VDPSOH�H[WHQVLRQ��7KH�VDPSOHV�VKRZ�WKH�IRUP�RI� WKH�GLVFUHWH�WHPSODWH� XVHG� WR� WHDFK� WKH� ILUVW� QHXURQV� RI� D� OD\HU� E\� WKH�&RPELQDWRULDO�*0'+�DOJRULWKP�� ,Q�SDUWLFXODU��ZKHQ�IRXU�LQSXW�YDULDEOHV�DUH�XVHG�DQG�WZR�WLPH�GHOD\V�DUH�DOORZHG�IRU��W ����WKH�ILUVW�WHPSODWH�FRUUHVSRQGV��WR�WKH�IROORZLQJ�FRPSOHWH�GLIIHUHQFH HTXDWLRQ�[ D D [ D [ D [ D [N N N N N� � � � � � � � � � � � � �� � ��� � � � � � � � �� � � � �� � � �7KH�DOJRULWKP�ZLOO�VXJJHVW�ZKLFK�RI�WKH�SURSRVHG�DUJXPHQWV�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�DQG�ZLOO�KHOS�WR�HVWLPDWH�WKH�FRQQHFWLYLW\�FRHIILFLHQWV�7R� EHJLQ� ZLWK�� ZH� FRQVWUXFW� WKH� ILUVW� OD\HU� RI� QHXURQV� LQ� WKH� QHWZRUN�� 7KHQ� ZH� ZLOO� DEOH� WR�GHWHUPLQH�KRZ�DFFXUDWH�WKH�IRUHFDVW�ZLOO�EH�IRU�DOO�YDULDEOHV��)RU�WKLV�SXUSRVH��ZH�XVH�D�GLVFUHWH�WHPSODWH�WKDW�DOORZV�D�GHOD\�RI�RQH�RU�WZR�GD\V�IRU�DOO�YDULDEOHV��7KHQ�ZH�DGG�D�VHFRQG��D�WKLUG��HWF��OD\HU�WR�WKH�QHXUDO�QHWZRUN��DV�VKRZQ�LQ�)LJ�����DQG�JR�RQ�GRLQJ�VR�DV�ORQJ�DV�WKLV�LPSURYHV�WKH�IRUHFDVW�RU�GHFUHDVH�H[WHUQDO�FULWHULRQ�YDOXH�)RU�HDFK�QHXURQ��ZH�KDYH�DSSOLHG�WKH�H[WHQGHG�GHILQLWLRQ�SURFHGXUH�WR�RQH�PRGHO��RXW�RI�WKH�ILYH�FORVHVW� WR� WKH� RSWLPDO� RQH��� )RU� WKH� RSWLPDO�PRGHOV��ZH� KDYH� FDOFXODWHG� WKH� IRUHFDVW� YDULDWLRQ�FULWHULRQ��,W�PD\�EH�LQIHUUHG��WKDW�WKHUH�LV�QR�QHHG�WR�FRQVWUXFW�D�QHXUDO�QHWZRUN�LQ�RUGHU�WR�IRUP�D�IRUHFDVW�IRU�WKRVH�YDULDEOHV��IRU�ZKLFK�YDULDWLRQ�FULWHULRQ�YDOXH�WDNHV�RQ�WKH�OHDVW�YDOXH�LQ�WKH�ILUVW�OD\HU��,W� LV�DGYLVDEOH� WR�XVH�D�QHXUDO�QHWZRUN�WR�IRUP�D�IRUHFDVW� IRU�WKH�YDULDEOHV��IRU�ZKLFK�WKH�YDULDWLRQ�FULWHULRQ�WDNHV�RQ�WKH�OHDVW�YDOXH�LQ�WKH�ODVW�OD\HUV�RI�QHXURQV�7KH�HTXDWLRQV�IRU�WKH�QHXURQV�RI�WKH�QHWZRUN�GHILQH�WKH�FRQQHFWLRQV�WKDW�PXVW�EH�LPSOHPHQWHG�LQ�WKH�QHXUDO�QHWZRUN�� LQ� WKLV�ZD\� WKH\�KHOS�DFKLHYH� WKH� WDVN�RI�VWUXFWXUDO�VHOI�RUJDQLVDWLRQ�RI� WKH�QHXUDO�QHWZRUN��)RU�EUHYLW\��WKH�GDWD�VDPSOH�LQ�WKH�DERYH�H[DPSOH�LV�H[WHQGHG�LQ�RQO\�RQH�ZD\��WLOH�RXWSXW�YDULDEOHV�RI� WKH�ILUVW� OD\HU�DUH�SDVVHG�RQ�DV�DGGLWLRQDO�YDULDEOHV�WR� WKH�VHFRQG�� WKLUG��HWF�� OD\HU� RI� QHXURQV�� ,W� LV� SRVVLEOH� WR� FRPSDUH� GLIIHUHQW� VFKHPHV� RI� GDWD� VDPSOH� H[WHQVLRQ�E\�H[WHUQDO�FULWHULRQ�YDOXH�7KH�WDVN�IRU�VHOI�RUJDQLVDWLRQ�RI�VXFK�QHWZRUNV�RI�DFWLYH�QHXURQV�E\�VHOHFWLRQ�LV�WR�HVWLPDWH�WKH�QXPEHU�RI�OD\HUV�RI�DFWLYH�QHXURQV�DQG�WKH�VHW�RI�SRVVLEOH�SRWHQWLDO�LQSXWV�DQG�RXWSXWV�RI�HYHU\�QHXURQ��7KH�VRUWLQJ�FKDUDFWHULVWLF�� ´QXPEHU�RI�QHXURQHW�OD\HUV�� YDULDEOHV��JLYHQ�LQ�GDWD�VDPSOH³�� GHILQHV� WKH� RSWLPXP� QXPEHU� RI� OD\HUV� IRU� HDFK� YDULDEOH� VHSDUDWHO\�� 1HXURQHWV� ZLWK� DFWLYH�QHXURQV�VKRXOG�EH�DSSOLHG�WR�UDLVH�WKH�DFFXUDF\�RI�VKRUW�WHUP�DQG�ORQJ�WHUP�IRUHFDVWV�1RW�RQO\�*0'+�DOJRULWKPV��EXW�DOVR�PDQ\�PRGHOOLQJ�RU�SDWWHUQ�UHFRJQLWLRQ�DOJRULWKPV�FDQ�EH�XVHG�DV�DFWLYH�QHXURQV��,WV�DFFXUDF\ FDQ�EH�LQFUHDVHG�LQ�WZR�ZD\V�� HDFK�RXWSXW�RI�DOJRULWKP��DFWLYH�QHXURQ��JHQHUDWH�QHZ�YDULDEOH�ZKLFK�FDQ�EH�XVHG�DV�D�QHZ�IDFWRU�LQ�QH[W�OD\HUV�RI�QHXURQHW�� WKH�VHW�RI�IDFWRUV�FDQ�EH�RSWLPLVHG�DW�HDFK�OD\HU��7KH�IDFWRUV��LQFOXGLQJ�QHZ�JHQHUDWHG��FDQ�EH�UDQNHG�DIWHU�WKHLU�HIILFLHQF\�DQG�VHYHUDO�RI�WKH�PRVW�HIILFLHQW�IDFWRUV�FDQ�EH�XVHG�DV�LQSXWV�IRU�QH[W� OD\HUV� RI� QHXURQV�� ,Q� XVXDO� RQFH�PXOWLOD\HUHG� $11� WKH� VHW� RI� LQSXW� YDULDEOHV� FDQ� EH�FKRVHQ�RQFH�RQO\�
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)LJ����6FKHPDWLF�DUUDQJHPHQW�RI�WKH�ILUVW�WZR�URZV�RI�D�QHXUDO�QHWZRUN�
�����7KH�VHDUFK�WHUPLQDWLRQ�UXOH,Q�VHOI�RUJDQLVDWLRQ��WKH�OD\HUV�RI�QHXURQV�DUH�H[WHQGHG�DV�ORQJ�DV�WKLV�LPSURYHV�WKH�DFFXUDF\�RI�WKH� VROXWLRQ�\LHOGHG�E\� WKH�QHXUDO�QHWZRUN��7KLV�ZLOO�EH�GHPRQVWUDWHG� ODWHU�ZLWK� UHIHUHQFH� WR�D�UHOHYDQW�H[DPSOH�
�����*URXS�DOORZDQFH�IRU�DUJXPHQWV:H�ZLOO�FDOO�DV�WKH�H[KDXVWLYH�VHDUFK�FKDUDFWHULVWLF RI�D�QHXUDO�QHWZRUN�WKH�JUDSK�WKDW�UHODWHV�WKH�PDLQ�SUHFLVLRQ�FULWHULRQ�IRU�D�VSHFLILHG�YDULDEOH�WR�WKH�OD\HU�QXPEHU��7KLV�FKDUDFWHULVWLF�LV�VLPLODU�WR�WKDW�RI�WKH�*0'+�DOJRULWKPV��7R�REWDLQ�D�VPRRWK�DQG�XQLPRGDO�FXUYH��WKH�H[KDXVWLYH�VHDUFK�FKDUDFWHULVWLF� LV� FDOFXODWHG� IRU� PDQ\� WRROV� LQ� WKH� VDPSOH�� DQG� WKH� UHVXOWV� DUH� DYHUDJHG��7KHRUHWLFDOO\��WKH�H[KDXVWLYH�VHDUFK�FKDUDFWHULVWLF�KDV�EHHQ�LQYHVWLJDWHG�IRU�WKH�H[SHFWHG�YDOXH�RI�
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WKH� FULWHULRQ� >��@�� ,Q� SUDFWLFH�� WKH� H[KDXVWLYH�VHDUFK� FXUYH� KDV� WR� EH� FRQVWUXFWHG� QRW� IRU� WKH�H[SHFWHG�YDOXH�DQG�HYHQ�QRW�IRU�WKH�PHDQ�YDOXH�RI�WKH�FULWHULRQ��5DWKHU��LW�LV�FRQVWUXFWHG�IRU�WKH�EHVW�UHVXOWV�RI�WKH�H[KDXVWLYH�VHDUFK�DSSOLHG�WR�D�JURXS�IRU�ZKLFK�WKH�FULWHULRQ�WDNHV�RQ�WKH�OHDVW�YDOXH��7KLV�H[KDXVWLYH�VHDUFK�WHUPLQDWLRQ�UXOH�KROGV�RQO\�ZKHQ�PDQ\�DSSUR[LPDWLRQ�RU�IRUHFDVW�UHVXOWV�DUH�DYHUDJH�

�����7KH�VHOHFWLRQ�RI�D�GLVFUHWH�WHPSODWH:KDW�W\SH�RI�WHPSODWH�WR�XVH�GHSHQGV�RQ�WKH�WDVN�DW�KDQG��)LJ������,Q�DQ�DSSUR[LPDWLRQ�WDVN��WKH�WHPSODWH�GRHV�QRW�FRQWDLQ�GHOD\HG�DUJXPHQWV��LQ�D�IRUHFDVW�WDVN��WZR�RU�WKUHH�GHOD\V�KDYH�WKH�EH�DOORZHG� IRU�� ,Q� WKH� IRUPHU� FDVH�� RQH� REWDLQV� VLQJOH�PRPHQW� HTXDWLRQV�� LQ� WKH� ODWWHU�� GLIIHUHQFH�HTXDWLRQV�
�����([WHQGHG�GHILQLWLRQ�RI�RQH�RSWLPDO�PRGHO�IRU�HDFK�QHXURQ�LQ�D�QHWZRUN6HOI�RUJDQLVDWLRQ� RI� HDFK� QHXURQ� WDNHQ� VHSDUDWHO\� XVHV� WKH� GLIIHUHQWLDO� EDODQFH� FULWHULRQ� RU� WKH�UHJXODULW\� SUHFLVLRQ� FULWHULRQ�� $V� DOUHDG\� QRWHG�� WKH� H[KDXVWLYH�VHDUFK� FXUYH� DSSURDFKHV� LWV�PLQLPXP� LQ� D�JUDGXDO�PDQQHU�� DQG� WKH� FULWHULD� RI�PRGHOV� FORVH� WR� WKH�RSWLPDO�RQH�GLIIHU�RQO\�VOLJKWO\� IURP� RQH� DQRWKHU� LQ� YDOXH�� 7KLV� H[SODLQV� ZK\� RQH� KDV� WR� XVH� DQ� H[WHQGHG� GHILQLWLRQ�DOJRULWKP��7KLV�DOJRULWKP��LQVWHDG�RI�RQH��VHOHFWV�VHYHUDO�RI�WKH�EHVW�PRGHOV��)URP�WKHP�FKRVHQ�RQO\�RQH�WKDW�FRPSOLHV�ZLWK�DQRWKHU�YDULDWLRQ�GLVFULPLQDWLQJ�FULWHULRQ�
�����5HDGRXW�RI�PRGHOO LQJ�UHVXOWV(DFK�OD\HU�LQ�D�QHXUDO�QHWZRUN�FRQWDLQV�QHXURQV��ZKRVH�RXWSXWV�FRUUHVSRQG�HDFK�WR�D�SDUWLFXODU�VSHFLILHG� YDULDEOH�� WKH� RXWSXW� RI� WKH� ILUVW� QHXURQ� WR� WKH� ILUVW� YDULDEOH�� WKH�RXWSXW�RI� WKH� VHFRQG�QHXURQ�WR�WKH�VHFRQG�YDULDEOH��HWF��(DFK�FROXPQ�FRQVLVWV�RI�QHXURQV�ZKRVH�RXWSXWV�FRUUHVSRQG�WR�RQH�RI�WKH�YDULDEOHV��)URP�HDFK�FROXPQ�LQ�WXUQ��RQH�QHXURQ�ZLWK�D�PLQLPDO�YDULDWLRQ�FULWHULRQ�LV�VHOHFWHG��0RUH�VSHFLILFDOO\��RQH�QHXURQ�KDYLQJ�WKH�EHVW�UHVXOW�LV�VHOHFWHG�IURP�WKH�ILUVW�FROXPQ�RI�QHXURQV� IRU� ZKLFK� WKH� RXWSXW� LV� WKH� ILUVW� YDULDEOH�� VLPLODUO\�� RQH� QHXURQ� LV� VHOHFWHG� IURP� WKH�VHFRQG� FROXPQ� RI� QHXURQV� IRU� ZKLFK� WKH� RXWSXW� LV� WKH� VHFRQG� YDULDEOH�� HWF�� 7KLV� VHOHFWLRQ�SURFHGXUH�XQLTXHO\�GHILQHV�WKH�QXPEHU�RI�OD\HUV�IRU�HDFK�YDULDEOH�DQG��WKXV��WKH�VWUXFWXUH�RI�WKH�QHXUDO�QHWZRUN�
�����7KH�H[KDXVWLYH�VHDUFK�RI�PHWKRGV�IRU�GDWD �VDPSOH�H[WHQVLRQ�DQG�QDUURZLQJ7KH� SULQFLSDO� PHWKRG� RI� GDWD�VDPSOH� H[WHQVLRQ� LV� E\� LQFOXGLQJ� WKH� RXWSXW� YDULDEOHV� IURP� WKH�SUHYLRXV�OD\HU�WKDW�KDYH�FRPSOLHG�ZLWK�WKH�FULWHULRQ�EHVW�RI�DOO��,W�ZLOO�DOVR�EH�D�JRRG�SODQ�WR�WHVW�DJDLQVW�WKH�FULWHULRQ�WKH�DGYLVDELOLW\�RI�VDPSOH�H[WHQVLRQ�E\�VLPSOH�QRQ�OLQHDU�WUDQVIRUPDWLRQV�RI�LQSXW�YDULDEOHV��,Q�WKH�H[DPSOH�WKDW�IROORZV��WKUHH�YDULDEOHV�DUH�LQYROYHG��7KH\�DUH�[���[���DQG�[���D��7KH�H[WHQVLRQ�XVLQJ�WKH�FRYDULDQFH�RI�WKH�YDULDEOHVY [ [ Y [ [ Y [ [� � � � � � � � �   � � �
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�E��7KH�H[WHQVLRQ�XVLQJ�WKH�UHFLSURFDOV�RI�WKH�YDULDEOHV

Y [ Y [ Y [� � � � � �
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7KH� UHFLSURFDOV� VKRXOG� DERYH� DOO� EH� SURSRVHG� IRU� WKH� YDULDEOHV� WKDW� WDNH� D� PLQXV� VLJQ� LQ� WKH�HTXDWLRQ��WKDW�LV��WKH\�UHGXFH�WKH�YDOXH�RI�WKH�RXWSXW�
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