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6XP�RI�SDLUV�RI�UDQGRP�HYHQWV��¦ SDLU3  ����
&ULWHULRQ�� 3  3 3RUG SDLU¦¦ ¦� o PD[ �
VKRXOG�EH�FDOFXODWHG�IRU�DOO�OHYHOV�RI�RXWSXW�YDULDEOH�5� 5�����5�� DQG�WKH�PRVW�SUREDEOH�OHYHOV�VKRXOG�EH�FKRVHQ�RXW�DV�WKH�PRVW�SUREDEOH�IRUHFDVW�IRU�HDFK�JLYHQ�RXWSXW�YHFWRU�RI�IDFWRUV������7DNLQJ�SUHKLVWRU\�RI�SURFHVV�LQWR�DFFRXQW�2QO\� WR� VKRZ�EULHI�H[DPSOH�ZH�GLG�QRW� WDNH� LQWR�DFFRXQW�GHOD\HG�DUJXPHQWV�ZLWK� ODJ� ORQJHU�WKDQ�RQH�GD\��7R JHW�KLJK�DFFXUDF\�RI�IRUHFDVW�WKHUH�LV�QHFHVVDU\�WR�WDNH�LQWR�DFFRXQW�UDQGRP�HYHQWV� FDOFXODWHG� IRU� HDFK� GHOD\� WLPH� VHSDUDWHO\�� )RU� H[DPSOH� IRU� 'ROODU� UDWH� IRUHFDVW� LW� LV�QHFHVVDU\� WR� WDNH� LQWR� DFFRXQW� ��� GHOD\HG� YDOXHV� RI�'ROODU� UDWH��&ULWHULRQ� LQ� IROORZLQJ� IRUP�ZRXOG�EH�FDOFXODWHG� � �3  3 3L RUG L SDLU� � o¦¦¦ �� PD[
�����&RPSDULVRQ�ZLWK�SRO\QRPLDO�*0'+�DOJRULWKP,Q�WKH�SUREOHP�FRQVLGHUHG�ZH�KDYH�LQ�RXU�GLVSRVLWLRQ�UDWKHU�ORQJ�LQSXW�GDWD�VDPSOLQJ�DQG�WKHUH�IRUH�ZH�FDQ�DSSO\�SRO\QRPLDO�*0'+�>�@�WRR��7KH�UHVXOW�LV�DOPRVW�WKH�VDPH�DV�E\�SUREDELOLVWLF�DOJRULWKP��DYHUDJH�HUURU�RI�IRUHFDVW�ZLWK�OHDG�WLPH�RI�HLJKW�GD\V�LV�HTXDO�WR�RQH�SHUFHQW��L�H��LV�YHU\�VPDOO�RQH�>�@��/HDG�WLPH�RI�IRUHFDVW�FDQ�EH�HVWLPDWHG�DSSUR[LPDWHO\�E\�
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ZKHUH��K�� WLPH�VWHS�JLYHQ�LQ�GDWD�VDPSOH��55�HUURU�YDULDQFH�FULWHULRQ�ZKHQ��55� �������OHDG�WLPH�LV��7/  �����WLPH�VWHSV�����7UDQVIRUPDWLRQ�RI�LQLWLDO�GDWD�VDPSOLQJ�LQWR�VDPSOLQJ�RI�FHQWHUV�RI�FOXVWHUV�RI�SK\VLFDO�FOXVWHUL]DWLRQ�DV�WKH�WRRO�IRU�ORQJ�GDWD�VDPSOLQJV7KHUH� DUH� WZR� GLIIHUHQW� GLIILFXOWLHV� LQ� PRGHOV� VHOI�RUJDQL]DWLRQ� E\� *0'+� DOJRULWKPV�� )LUVW�DULVHV�LQ�FDVH�ZKHQ�ZH�UHFHLYH�WRR�VKRUW�LQLWLDO�GDWD�VDPSOLQJ��7KH�XVH�RI�SDLU�SUREDELOLWLHV�LV�UHFRPPHQGHG�LQ�WKLV�FDVH��7KH\�FDQ�EH�DSSOLHG�ZKHQ�ZH�KDYH�LQ�GDWD�VDPSOLQJ�RQO\�RQH�OLQH�IRU�HDFK�GLYLVLRQ��OHYHO��RI�RXWSXW�YDULDEOH��6HFRQG�GLIILFXOW\�DULVHV�ZKHQ�ZH�UHFHLYH�WRR�ORQJ�LQLWLDO� GDWD� VDPSOLQJ�� ,Q� WKLV� FDVH� FDQ� EH� UHFRPPHQGHG� WR� SURYLGH� FOXVWHUL]DWLRQ� RI� WKH� GDWD�VDPSOLQJ�� WR� ILQG� VR� FDOOHG� SK\VLFDO� FOXVWHUL]DWLRQ� DQG� WR� XVH� IRU�PRGHOOLQJ� WKH� VDPSOLQJ� RI�FOXVWHUV�FHQWHU�FRRUGLQDWHV�>�@��/HW�XV�JLYH�QHFHVVDU\�GHILQLWLRQV��HDFK�OLQH�LQ�LQSXW�GDWD�VDPSOLQJ�FRUUHVSRQGV�WR�FRRUGLQDWHV�RI� VDPH� SRLQW� LQ�PXOWL�GLPHQVLRQDO� FKDUDFWHULVWLF� VSDFH�� &OXVWHUV� DUH� WKH� FRPSDFW� JURXSV� RI�SRLQWV�LQ�WKLV�VSDFH��&OXVWHUL]DWLRQ�PHDQV�WKH�GLYLVLRQ�RI�WKLV�VSDFH�WR�FOXVWHUV��(DFK�FOXVWHU�FDQ�EH� SUHVHQWHG� E\� LWV� SRLQWV� DQG� E\� DYHUDJH� SRLQW� FDOOHG� DV� FHQWHU� RI� FOXVWHU� >�@�� 3K\VLFDO� RU�RSWLPDO�FOXVWHUL]DWLRQ�FDQ�EH�GHILQHG�DV�VXFK�IRU�ZKLFK�WKH�QXPEHU�RI�FOXVWHUV�DQG�FRRUGLQDWHV�RI�WKHLU�FHQWHUV�DUH�VWDEOH��WKH\�FDQ�EH�IRXQG�RQ�HDFK�ORQJ�HQRXJK�SDUW�RI�LQLWLDO�GDWD�VDPSOLQJ��7KLV� SURSHUW\� DOORZV� XV� WR� UHFRPPHQG� SK\VLFDO� FOXVWHUL]DWLRQ� DV� FULWHULRQ� WR� FKRRVH� RSWLPDO�IRUHFDVWLQJ�DPRQJ�PDQ\�IRUHFDVWLQJV�FDQGLGDWHV��3K\VLFDO�FOXVWHUL]DWLRQ�FDQ�EH�FRQVLGHUHG�DV�GLVFUHWH�DQDORJXH�RI�FRQWLQXH�YDOXHG�SK\VLFDO�PRGHO�RI�REMHFW�,Q�FDVH�RI�D�YHU\�ORQJ�LQLWLDO�GDWD�VDPSOLQJ�ZH�FDQ�UHFRPPHQG�WR�XVH�IRU�PRGHOOLQJ WKH�VKRUW�VDPSOLQJ� RI� FOXVWHUV� FHQWHUV� FRRUGLQDWHV�� 7KLV� VDPSOLQJ� LV� XVXDOO\� YHU\� VKRUW� DQG� RQO\�PRGHOOLQJ�DOJRULWKPV�ZLWK�SDLUV�SUREDELOLW\�DFFRXQW�FDQ�EH�DSSOLHG��1XPEHU�RI�OLQHV�LV�HTXDO�WR�QXPEHU� RI� FOXVWHUV�� 7\SH� RI� DOJRULWKP�ZKLFK� VKRXOG� EH� DSSOLHG� GHSHQGV� IURP� GLVSHUVLRQ� RI�QRLVH�LQ�WKH�LQSXW�GDWD�VDPSOLQJ�DQG�IURP�LWV�VL]H��IURP�QXPEHU�RI�OLQHV�1�DQG�IURP�QXPEHU�RI�YDULDEOHV� �IDFWRUV��0��:KHQ� QRLVH� GLVSHUVLRQ� LV� VPDOO� �OHVV� ��������� SRO\QRPLDO� SDUDPHWULF�DOJRULWKPV�DUH�PRVW�HIIHFWLYH��)RU�YHU\�VPDOO�GLVSHUVLRQ�XVXDO�LQWHUQDO�FULWHULD�FDQ�EH�XVHG��,W�LV�QRW�QHFHVVDU\�WR�GLYLGH�GDWD�VDPSOLQJ�WR�WZR�SDUWV�:KHQ�ZH�KDYH�IURP���WR����OLQHV�LQ�WKH�VDPSOLQJ�&RPELQDWRULDO�*0'+�DOJRULWKP�LV�UHFRP�PHQGHG��:KHQ�QXPEHU�RI�IDFWRUV�LV�HTXDO�IURP����WR�DERXW�����OLQHV�WKH�PXOWLOD\HUHG�*0'+�DOJRULWKPV� FDQ�EH�XVHG� >�@��%XW�ZKHQ�QXPEHU�RI� OLQHV� LV�ELJ� WKH�DOJRULWKP�RI�GDWD� VDPSOLQJ�
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���1HXUDO�QHWZRUN�ZLWK�DFWLYH�QHXURQV�DV�WKH�WRRO�WR�LQFUHDVH�DFFXUDF\����������������RI�LQWHUSRODWLRQ�SUREOHPV�VROXWLRQ�>�@(DFK�VLQJOH�DOJRULWKP�RI�PRGHOOLQJ�FDQ�EH�FRQVLGHUHG�DV�RQH�ELJ�DFWLYH�QHXURQ�ZKLFK�ILQG�E\�OHDUQLQJ�RU�VHOI�RUJDQL]DWLRQ�SURFHVV�RSWLPDO�LQSXW�IDFWRUV�DQG�WKHUHIRUH�VROYHV�WKH�SUREOHP�RI�QHWZRUN�VHOI�RUJDQL]DWLRQ��7R�FRQVWUXFW�ILUVW�OD\HU�RI�QHXURQV�RI�QHXUDO�QHWZRUN�LW�LV�HQRXJK�WR�XVH� DFWLYH� QHXURQV� IRU� DOO� WKH� YDULDEOHV� JLYHQ� LQ� LQSXW� GDWD� VDPSOLQJ�� ,W� ZDV� SURYHG�H[SHULPHQWDOO\�DQG�WKHRUHWLFDOO\�WKDW�RXWSXW�YDULDEOHV�RI�DFWLYH�QHXURQV�RI�ILUVW�OD\HU�DUH�D�YHU\�HIIHFWLYH�VHFRQGDU\�IDFWRUV�IRU�WKH�DFWLYH�QHXURQV�RI�VHFRQG�DQG�QH[W�OD\HUV��HVSHFLDOO\�LQ�FDVH�RI� QRLVHG� LQSXW� GDWD��1XPEHU� RI� OD\HUV� VKRXOG� EH� LQFUHDVHG� XQWLO� WKH� LQWHUQDO� HUURU� FULWHULRQ�GHFUHDVHV��3URFHGXUH�RI�GLYHUJHQFH�FRQYHUJHQFH�RI� IDFWRUV�QXPEHU��DORQJ� WKH�QHWZRUN�OD\HUV��DOORZV�WR�FKRRVH�WKH�PRVW�HIIHFWLYH�UHJUHVVLRQ�VSDFH�>�@�
���1HXUDO�QHWZRUN�ZLWK�SUREDELOLVWLF�DFWLYH�QHXURQV�SXUSRVH�RI�ZKLFK����������������LV�WR�ILQG��WUXH´�LQSXW�FOXVWHULQJ1HXUDO� QHWZRUNV� IRU� VROXWLRQ� RI� LQWHUSRODWLRQ� SUREOHPV� XVH� IRU� WKHLU� VHOI�RUJDQL]DWLRQ� HUURU�FULWHULRQ��3UREOHP�RI�SK\VLFDO�PRGHO�RI�WKH�REMHFW�UHFRQVWUXFWLRQ�DQG�FRUUHFWLRQ�RI�PLVWDNHV�LQ�LQSXW� GDWD� VDPSOLQJV� FDQ� EH� VROYHG� E\� DQRWKHU� W\SH� RI� QHWZRUNV� ZRUNLQJ� RQ� FRQYHUJHQFH�FULWHULRQ�� 2XWSXW� RI� DFWLYH� QHXURQV� RI� ILUVW� OD\HU� LV� WUDQVIRUPHG� LQWR� VSHFLDO� VHFRQG� GDWD�VDPSOLQJ� DQG� DOO� FDOFXODWLRQV� DUH� UHSHDWHG�� $OJRULWKP� LV� LWHUDWLRQDO� RQH�� 1XPEHU� RI� DFWLYH�QHXURQV�� ZRUNLQJ� FRQVHTXHQWO\�� LQFUHDVHG�� XQWLO� WKH� GDWD� VDPSOLQJ� FRQYHUJHV� WR� RQH� VWDEOH��WUXH��IRUP�>�@��,I�LQLWLDO�GDWD�VDPSOLQJ�LV�JLYHQ�E\�DQ�H[SHUW�WKHQ��WUXH���FOXVWHULQJ�FRUUHVSRQGV�WR�PDMRULW\�RI�H[SHUW�GHFLVLRQ�LQ�HDFK�SDUWLFXODU�FDVH�VROYHG�E\�KLP�
���)XWXUH�GHYHORSPHQW�RI�QHXUDO�QHWZRUNV�LV�FRQVWUXFWLRQ�RI�FRPPLWWHH�RI�GHFLVLRQ�UXOHV�FRPPLWWHHV&RPPLWWHH�RI�GHFLVLRQ�UXOHV�LV�WKH�XQLRQ�RI�VHYHUDO�PRGHOLQJ�DOJRULWKPV�HDFK�KDYLQJ�LWV�³DUHD�RI�FRPSHWHQFH³��$OJRULWKPV�GLIIHU�PDLQO\�E\�WKHLU�UHIHUHQFH�IXQFWLRQV�>�@��&KDQJH�RI�VLWXDWLRQ�LV� UHIOHFWHG� LQ� GDWD� VDPSOLQJ� DQG� IRU� HDFK� VLWXDWLRQ� VKRXOG� EH� XVHG� RQH� WKH� PRVW� HIIHFWLYH�DOJRULWKP��6XFK�FRPPLWWHH�FDQ�EH�FRQVLGHUHG�DV�RQH�ELJ�DFWLYH�QHXURQ�RI�QHXUDO�QHWZRUN��7KLV�QHWZRUN�FDQ�EH�FRQVLGHUHG�DV�FRPPLWWHH�RI�FRPPLWWHHV�
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