
$�0L[WXUH�0RGHO�IRU�&OXVWHULQJ�7KUHH�:D\�3UR[LPLW\�'DWD8Q�0RGHOOR�GL�0LVWXUD�SHU�&ODVVLILFDUH�'DWL�D�7UH�9LH GL�3URVVLPLWj�/DXUD�%RFFL'LSDUWLPHQWR�GL�6RFLRORJLD�H�&RPXQLFD]LRQH8QLYHUVLWj�GHJOL�6WXGL�GL�5RPD�³/D�6DSLHQ]D´ODXUD�ERFFL#XQLURPD��LW

'RQDWHOOD�9LFDUL��0DXUL]LR�9LFKL'LSDUWLPHQWR�GL�6WDWLVWLFD��3UREDELOLWj�H�6WDWLVWLFKH�$SSOLFDWH8QLYHUVLWj�GHJOL�6WXGL�GL�5RPD�³/D�6DSLHQ]D´GRQDWHOOD�YLFDUL#XQLURPD��LWPDXUL]LR�YLFKL#XQLURPD��LW
5LDVVXQWR� ,Q�TXHVWR�ODYRUR�YLHQH�SURSRVWD�XQD�QXRYD�PHWRGRORJLD�SHU�LQGLYLGXDUH�XQD�SDUWL]LRQH� VIRFDWD� GL� PDWULFL� GL� SURVVLPLWj� WUD� RJJHWWL� LQ� FODVVL� ³RPRJHQHH´� H�FRQWHPSRUDQHDPHQWH��LGHQWLILFDUH�DOO¶LQWHUQR�GL�FLDVFXQD�FODVVH�XQD�SDUWL]LRQH�FRQVHQVR�GHJOL� RJJHWWL�� ,O�PRGHOOR� SURSRVWR� YLHQH� VWLPDWR�PHGLDQWH� XQ�DOJRULWPR� GL� WLSR� (&0�VRWWR�O¶LSRWHVL�FKH�L�GDWL�VLDQR�FDPSLRQDWL�GD�XQD�PLVWXUD�GL�GHQVLWj�PXOWLQRUPDOL�
.H\ZRUGV� )X]]\�SDUWLWLRQ��FRQVHQVXV�SDUWLWLRQ��ILQLWH�PL[WXUH�RI�*DXVVLDQ�GHQVLWLHV�
���,QWURGXFWLRQ
/DUJH� GDWD� VHWV� RUJDQL]HG� LQWR� D� WKUHH�ZD\� SUR[LPLW\� DUUD\� DUH� JHQHUDOO\� GLIILFXOW� WR�FRPSUHKHQG� DQG� VSHFLILF� WHFKQLTXHV� DUH� QHFHVVDU\� WR� H[WUDFW� UHOHYDQW� LQIRUPDWLRQ��&ODVVLILFDWLRQ�PHWKRGRORJLHV� IRU� WKUHH�ZD\� GLVVLPLODULW\� GDWD� DVVXPH�� DV� IRU� WKH� WZR�ZD\� FDVH�� D� XQLTXH� FRPPRQ�XQGHUO\LQJ� FODVVLILFDWLRQ� VWUXFWXUH� LQ� WKH� GDWD��+RZHYHU��VLQFH� WKH�FOXVWHULQJ� VWUXFWXUH�RIWHQ�FKDQJHV�ZKHQ�GLIIHUHQW�RFFDVLRQV� LQ� WKH� WKUHH�ZD\�GDWD� DUH� FRQVLGHUHG�� WKH� XVH� RI� D� VLQJOH� FODVVLILFDWLRQ� WR� UHFRQVWUXFW� WKH� WD[RQRPLF�LQIRUPDWLRQ�IUHTXHQWO\� DSSHDUV�HYHQ�PRUH�XQUHDOLVWLF��7R�RYHUFRPH� WKLV�SUREOHP�323��3DUWLWLRQV�2I�3DUWLWLRQV��KDV�EHHQ�UHFHQWO\�SURSRVHG�E\�*RUGRQ�	�9LFKL���������7KH\�GHWHFW�D�³VHFRQGDU\´�SDUWLWLRQ�RI�WKH�REVHUYHG�WKUHH�ZD\�GDWD�DQG�LGHQWLI\�D�FRQVHQVXV�SDUWLWLRQ� IRU� HDFK� FODVV� RI� WKH� VHFRQGDU\� SDUWLWLRQ�� )XUWKHUPRUH�� :HGHO� 	� 'H6DUER�������� SUHVHQWHG� D� PHWKRGRORJ\� FRQFHUQHG� ZLWK� WKH� HVWLPDWLRQ� RI� XOWUDPHWULF� WUHHV�FDOLEUDWHG�RQ�VXEMHFWV¶�SDLUZLVH�SUR[LPLWLHV�XVLQJ�D�ILQLWH�PL[WXUH�IRUPXODWLRQ�7KLV� SDSHU� IROORZV� WKH� VDPH� JXLGHOLQHV� RI� UHVHDUFK�� LQFOXGLQJ� WKH� LGHD� WR� LGHQWLI\�VLPXOWDQHRXVO\�D�IX]]\�SDUWLWLRQ�RI�WKH�VHW�RI�RFFDVLRQV�LQ�FODVVHV�RI�VLPLODU�SUR[LPLW\�PDWULFHV� DQG�� ZLWKLQ� HDFK� FODVV�� WR� ILW� D� ��XOWUDPHWULF� PDWUL[� �L�H��� ZLWK� DW� PRVW� WZR�GLIIHUHQW�RII�GLDJRQDO�YDOXHV��WKDW�UHSUHVHQWV�WKH�EHVW�FRQVHQVXV�SDUWLWLRQ�RI�WKH�REMHFWV��:HGHO� 	� 'H6DUER� ������� QRWHG� LQ� WKHLU� PRGHO� D� ODUJH� QXPEHU� RI� SDUDPHWHUV� WR� EH�HVWLPDWHG�WKDW�FDXVHV�D�YHU\�KLJK�FRPSXWDWLRQDO�FRPSOH[LW\�DQG�VXJJHVW�D�SDUVLPRQLRXV�UHSUHVHQWDWLRQ� RI� WKH� ZLWKLQ� FODVV� FRYDULDQFH� PDWUL[� XVLQJ� LQ� SUDFWLFH� DQ� LVRWURSLF�IRUPXODWLRQ��:H�SURSRVH�D�GDWD� UHGXFWLRQ�DSSURDFK� WKDW� LQGXFHV�D� VSHFLILF�FRYDULDQFH�VWUXFWXUH� LQVLGH� HDFK� FODVV� RI� WKH� IX]]\� SDUWLWLRQ�� 7KH� PRGHO� LV� IRUPDOL]HG� E\� D�FRQVWUDLQHG�PD[LPXP�OLNHOLKRRG�PL[HG�LQWHJHU�SUREOHP�DQG�D�QXPHULFDO�PHWKRG��EDVHG�RQ�(&0�VWUDWHJ\��LV�DOVR�GHVFULEHG�
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���1RWDWLRQ
)RU�WKH�FRQYHQLHQFH�RI�WKH�UHDGHU��WKH�WHUPLQRORJ\�XVHG�LQ�WKLV�SDSHU�LV�OLVWHG�KHUH�Q��U QXPEHU�RI�REMHFWV�DQG�RFFDVLRQV��UHVSHFWLYHO\�,� ^R��«�RQ` VHW�RI�Q REMHFWV�WR�EH�FODVVLILHG�-  �,Q ± ���Q��Q��Q �Q u Q��FHQWHULQJ�RSHUDWRU��ZKHUH��Q LV�D�YHFWRU�RI�Q RQHV�6 >VLMK@ �Q�u Q�u U� DUUD\�VSHFLI\LQJ�LQQHU�SURGXFWV�EHWZHHQ�RL DQG�RM���L��M ��«�Q���LQ� WKH�KWK RFFDVLRQ��WKH�DUUD\�6 FDQ�EH�ZULWWHQ�DV�D�VHW�RI� U �Q�u Q�� LQQHU�SURGXFW�PDWULFHV�L�H���6 >6��«�6U@��ZKHUH�6K >VLMK��L�M ��«�Q@��F QXPEHU�RI�FODVVHV�RI�WKH�IX]]\�SDUWLWLRQ�RI�WKH�VHW�RI�RFFDVLRQV�&� ^&���«�&F` IX]]\�SDUWLWLRQ�RI�WKH�VHW�RI�RFFDVLRQV��VHFRQGDU\�FODVVLILFDWLRQ��JN QXPEHU�RI�FODVVHV�RI�WKH�NWK FRQVHQVXV�SDUWLWLRQ�3N RI�,�3� ^3���«�3F` VHW�RI�SDUWLWLRQV�RI�, �SULPDU\�FODVVLILFDWLRQV��0N >PLMN@ �Q�u Q�� GRXEOH�FHQWHUHG� LQQHU� SURGXFW� ��XOWUDPHWULF PDWUL[� �L�H��� ZLWK� DW�PRVW�WZR�GLIIHUHQW�RII�GLDJRQDO�YDOXHV��VSHFLI\LQJ�WKH�XOWUDPHWULF�GLVWDQFH�EHWZHHQ�RL DQG�RM �L��M ��«�Q� LQVLGH�WKH�NWK FRQVHQVXV�SDUWLWLRQ�3N RI�,�8N >XLON@ �Q�u JN��ELQDU\�PDWUL[�VSHFLI\LQJ�IRU�HDFK�RL WKH�PHPEHUVKLS�WR�WKH�OWK FODVV�RI�WKH�NWK FRQVHQVXV�SDUWLWLRQ�3N RI�,��L�H��XLON  ���LI�RL EHORQJV�WR�WKH�OWK FODVV�RI�3N ��XLON  ���RWKHUZLVH�VK��PN �Q�� u ��� FROXPQ� YHFWRUV� IRUPHG� E\� FROXPQ� YHFWRUL]LQJ�� UHVSHFWLYHO\��PDWULFHV�6K DQG�0N�6 >V��«�VU@ �Q��u U��PDWUL[�ZKRVH�FROXPQV�DUH�WKH�U YHFWRUV�VK �K ��«�U��,Q�WKLV�SDSHU�ZH�ZLOO�ILW�D�WD[RQRPLF�VWUXFWXUH�WR�6 LQ�RUGHU�WR�GHWHFW�DQ�RSWLPDO�IX]]\�SDUWLWLRQ�RI�WKH�VHW�RI�RFFDVLRQV�LQWR�F FODVVHV�&��«�&F��ZKHUH�WKH�KWK RFFDVLRQ�EHORQJV�WR�FODVV�&N ZLWK�SUREDELOLW\�WKN��7KH�PRGHO�DOVR� LGHQWLILHV�D�FRQVHQVXV�SDUWLWLRQ� N3 RI�WKH�VHW�,��DVVRFLDWHG�ZLWK�HDFK�FODVV�&N �N� ���«�F��
���7KH�0L[WXUH�0RGHO�DQG�WKH�$OJRULWKP
7KH�PRGHO�KHUH�SURSRVHG�ZLOO�EH�DSSOLHG�RQ�VFDODU�SURGXFWV�EHWZHHQ�REMHFWV��ZKLFK�FDQ�EH�HDVLO\�FRPSXWHG�E\�GRXEOH�FHQWHULQJ�HDFK�GLVVLPLODULW\�PDWUL[�'K DV�6K� ������-'K-RU�GLUHFWO\�IURP�D�VHW�RI�GDWD�PDWULFHV��0DWULFHV�6K ZLOO�EH�FODVVLILHG�LQWR�F FODVVHV��VHFRQGDU\�FODVVLILFDWLRQ���HDFK�UHSUHVHQWHG�E\�D�SDUWLWLRQ�RI�REMHFWV��SULPDU\�FODVVLILFDWLRQ��VSHFLILHG�E\�0N�/HW�VK EH�D�Q� UDQGRP�YHFWRU�VDPSOHG�IURP�D�SRSXODWLRQ�ZKLFK�FRQVLVWV�RI�F FODVVHV�LQ�SURSRUWLRQV� FSSS ��� �� � ��DQG�VK LV�DVVXPHG�WR�EH�QRUPDOO\�GLVWULEXWHG� LQ� WKH�NWK FODVV�ZLWK�PHDQ�YHFWRU�PN DQG��Q��u Q���FRYDULDQFH�PDWUL[� N� �7KH� FODVV�FRQGLWLRQDO� PHDQ� YHFWRU�PN�� LGHQWLI\LQJ� WKH� H[SHFWHG� FRQVHQVXV� SDUWLWLRQ�ZLWKLQ�WKH�NWK FODVV�RI�WKH�IX]]\�SDUWLWLRQ�RI�WKH�VHW�RI�RFFDVLRQV��LV�GHILQHG�DV> @ ¹̧·©̈§ c��c -88,--8-8P NNQNNNNN YHF D��E�� ���
ZKHUH�DN DQG�EN DUH�WKH�WZR�YDOXHV�� NN ED� d� ��ZKLFK��WRJHWKHU�ZLWK�WKH�PHPEHUVKLS�PDWUL[�8N��GHILQH�FRPSOHWHO\�WKH�SDUWLWLRQ� N3 RI�, �L�H���0N��
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:H� SURYLGH�� JLYHQ� WKH� NWK FODVV�� D� ORFDO� GLPHQVLRQDOLW\� UHGXFWLRQ� PHWKRG� E\�WUDQVIRUPLQJ�WKH�REVHUYDWLRQ�VK DV
NKNK _\$V  �K� ���«�U�

ZKHUH�\K_N LV��D�P�GLPHQVLRQDO�YHFWRU���P ��Q����RI�ODWHQW�YDULDEOHV��IDFWRUV��DQG�$N LV�D��Q��u P��FROXPQ�RUWKRQRUPDO�PDWUL[�RI�IDFWRU�ORDGLQJV�7KXV��WKH�GHQVLW\�RI�\K_N LQ�WKH�NWK FODVV�LV�JLYHQ�E\�� � � � � � � �¿¾½®̄­ �cc�� c ��� NKNNNNKNP�NNNN�KN ��I PV$9$PV99P$\ �����_ ��H[S�� ���
DQG��XQFRQGLWLRQDOO\��WKH�GHQVLW\�RI�\K LV�WKH�ILQLWH�PL[WXUH� � � �NNNN�KNF

N NFFFK� �I�����������I 9P$\99P$P$\ cS cc ¦ �� _���� ���
ZKHUH� �tSN �N� ���«�F��DQG� ��  S¦ FN N �,W�LV�ZRUWK�QRWLQJ�WKDW�ZKHQ WKH�UDQN�RI� N� LV�P �P ��Q��� WKH�EHVW�UDQN�P DSSUR[LPDWLRQ�WR� N� LV�REWDLQHG�E\�XVLQJ�LWV�UDQN�P HLJHQGHFRPSRVLWLRQ�� NNNN $9$� c ��ZKHUH�$N LV�MXVW�WKH�ORDGLQJV�PDWUL[�GHILQHG�DERYH�DQG�9N LV�WKH��P u P� GLDJRQDO�FRYDULDQFH�PDWUL[�RI�\K_N�7KXV��PL[WXUH�PRGHO�����LV�DOVR�XVHIXO�LQ�PRGHOLQJ�KLJK�GLPHQVLRQDO�GDWD�E\�PL[WXUH�RI�QRUPDO�FRPSRQHQWV��SDUWLFXODUO\�LQ�VLWXDWLRQV�ZKHUH�WKHUH�DUH�OLPLWHG�GDWD�*LYHQ�D� VDPSOH�V���V��«� VU RI� LQGHSHQGHQW�DQG� LGHQWLFDOO\� GLVWULEXWHG�REVHUYDWLRQV�� LW�FDQ� EH� HDVLO\� VKRZQ� WKDW�PD[LPL]LQJ� WKH� ORJ�OLNHOLKRRG� RI�PRGHO� ��� LV� HTXLYDOHQW� WR�PD[LPL]H�WKH�FRPSOHWH�GDWD�ORJ�OLNHOLKRRG��%DVIRUG�	�0F/DFKODQ�������� � � �^ `¦¦  c� - U

K NNNN�KNNF
N KN
 �I�� _� �ORJORJ] 9P$\" ���VXEMHFW�WR���  S¦ FN N �� �tS N �� NN ED� d� � ^ `> @N���������� JOQ�LXX LONLONN ��   � 8 F��N �� 

ZKHUH� - LV�WKH�VHW�RI�SDUDPHWHUV�RI�WKH�RYHUDOO�PL[WXUH�PRGHO�DQG�ZKHUH�]KN �K ��«UDQG�N ��«F��LV�DQ�XQREVHUYDEOH�FRPSRQHQW�ODEHO�YDULDEOH�GHILQHG�WR�EH���RU���ZKHWKHU�RU�QRW�VK GLG�DULVH�IURP�WKH�NWK FODVV�RI�WKH�IX]]\�SDUWLWLRQ�7KH� FRQVWUDLQHG� SUREOHP� RI� PD[LPL]LQJ� ���� FDQ� EH� IDFHG� E\� XVLQJ� WKH� IROORZLQJ�DOJRULWKP�� *LYHQ LQLWLDO� IHDVLEOH� YDOXHV� IRU� SDUDPHWHUV� $N� 9N�� DN�� EN�� 8N�� DQG� SN�N ��«F��� IXQFWLRQ� ���� LV� PD[LPL]HG� ZLWK� UHVSHFW� WR� HDFK� VHW� RI� SDUDPHWHUV�FRQGLWLRQDOO\�XSRQ�WKH�RWKHUV��$W�HDFK�VWHS��WKH�HVWLPDWHG�YDOXHV�SURYLGH�PRQRWRQLFDOO\�LQFUHDVLQJ� YDOXHV� RI� WKH� ORJ�OLNHOLKRRG� IXQFWLRQ� ����� VR� WKDW� WKH� FRQYHUJHQFH� RI� WKH�DOJRULWKP�WR�DW�OHDVW�D�ORFDO�RSWLPXP�LV�JXDUDQWHHG��EHLQJ�����ERXQGHG�IURP�DERYH��7KLV�FRPSXWDWLRQDO�SURFHGXUH�FDQ�EH�FRQVLGHUHG�DV�DQ�(&0�W\SH�DOJRULWKP�7KH�JOREDO�RSWLPDO�VROXWLRQV�RI�����RQ�WKH��W���WK� LWHUDWLRQ IRU�HDFK�VHW�RI�SDUDPHWHUV��JLYHQ�WKH�FXUUHQW�HVWLPDWHV��DUH��
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ZKHUH� �� ��� �WNGLDJ 2 LV� WKH� GLDJRQDO� PDWUL[� ZLWK� HOHPHQWV� ��� �WKN2 IRU� K ��«�U�� 7KH�PD[LPL]DWLRQ�RI� � �-
" ZLWK�UHVSHFW�WR�8N��JLYHQ�WKH�FXUUHQW�HVWLPDWH�RI� ��WN$ �� ��WN9 �� ��D WN ����E WN �� ��� �S WN �� ��� �WKN2 �K ��«U DQG� N ��«F�� LV� VROYHG� IRU� WKH� GLIIHUHQW� URZV� RI� ��� �WN8LQGHSHQGHQWO\� E\� WDNLQJ� ����  �WLONX �� LI� > @� � > @� �^ `N

 �����PD[� ������ JXX WLOWLON �""  Q- - �Q� DQG�����  �WLONX RWKHUZLVH�� 0DWUL[� ��� �WN$ FRQWDLQV� WKH� ILUVW� P HLJHQYHFWRUV� RI�� � � �� � � �� ������������� ���� c�� WN
UWNWN
UWN GLDJWUGLDJ 2�P62�P6 DQG� ��� �WN9 LV� WKH�GLDJRQDO�PDWUL[�RI� WKH�FRUUHVSRQGLQJ�ILUVW�P HLJHQYDOXHV�
���'LVFXVVLRQ
,Q� WKLV� SDSHU� D� PRGHO� IRU� VLPXOWDQHRXV� FODVVLILFDWLRQ� RI� RFFDVLRQV� DQG� REMHFWV� LV�SURSRVHG�� 7KH� DLP� LV� WR� REWDLQ� D� VHFRQGDU\� FODVVLILFDWLRQ� �IX]]\� SDUWLWLRQ�� RI� WKH�REVHUYHG� WKUHH�ZD\� GDWD� DVVXPHG� WR� EH� VDPSOHG� E\� D�PL[WXUH� RI�PXOWLYDULDWH� QRUPDO�GHQVLWLHV� WKDW� UHSUHVHQW� WKH� FODVVHV� RI� WKH IX]]\� SDUWLWLRQ�� 7KH� SURSRVHG� UHGXFWLRQ�DSSURDFK� LV� SDUVLPRQLRXV� DQG� SDUWLFXODUO\� XVHIXO� LQ� VLWXDWLRQV� ZKHUH� WKHUH� DUH� KLJK�GLPHQVLRQDO� OLPLWHG�GDWD��([DPSOHV�RI� WKH�PHWKRGRORJ\�ZLOO�EH�JLYHQ� LQ� D� VXFFHVVLYH�H[WHQGHG�YHUVLRQ�RI�WKLV�SDSHU�WR�GHPRQVWUDWH�SUDFWLFDO�XVHV�RI�WKH�PHWKRG�
5HIHUHQFHV
%DVIRUG��.�(���0DF/DFKODQ��*�-���������0L[WXUH�0RGHOV��,QIHUHQFH�DQG�$SSOLFDWLRQ�WR�&OXVWHULQJ��0DUFHO�'HNNHU�,QF���1HZ�<RUN�DQG�%DVHO*RUGRQ��$�'���9LFKL��0�� �������3DUWLWLRQV�RI�3DUWLWLRQV��-RXUQDO�RI�&ODVVLILFDWLRQ��������������:HGHO�� 0��� 'H6DUER�� :�6�� ������� 0L[WXUH� RI� �&RQVWUDLQHG�� 8OWUDPHWULF� 7UHHV��3V\FKRPHWULND�����������������
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