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1HXUDO�QHWZRUN�LQ� LPDJH�SURFHVVLQJ�DV�ZHOO�DV� LQ�WDVNV��FRQQHFWHG�ZLWK�WKH�FODVVLILFDWLRQ�RI� LPDJH�GDWD�KDYH�EHHQ�ZLGHO\�XVHG��7KH�SUREOHP�RI�SULQWHG�FKDUDFWHUV¶�UHFRJQLWLRQ�LV�VROYHG�HYHU\ZKHUH�ZLWK�WKH�KHOS�RI�VWURQJ�VRIWZDUH�SURGXFWV�KDYLQJ�HQRUPRXV�GDWDEDVHV�ZLWK�WKH�LQIRUPDWLRQ�DERXW�W\SH�IRQWV�DQG�ZLWK�D�ORW�RI�DGGLWLRQDO�LQIRUPDWLRQ��7KRXJK�WKH�WDVN�RI�FKDUDFWHUV¶�UHFRJQLWLRQ�LV��DV�LV�JHQHUDOO\�NQRZQ��VROYHG�EH�D�KXPDQ� LPPHGLDWHO\�� UHJDUGOHVV�RI� WKH� IRQW��2QH�RI� WKH� UHPDUNDEOH� IHDWXUHV�RI�QHXUDO�QHWZRUNV� LV�WKHLU�DELOLW\�WR�ILQG�XQLTXH�UHODWLRQV�LQ�LQSXW�GDWD��WR�FKDQJH�WKHLU�SHUFHSWLELOLW\�DFFRUGLQJ�WR�WKH�NLQG�RI�LWV�DOORFDWLRQ�>�@��
,Q�ZKROH�WKH�SURFHVV�RI�WH[W�UHFRJQLWLRQ�LV�TXLWH�GLIILFXOW�DQG�WLPH�WDNLQJ�SURFHVV��ZKLFK�LV�FRQQHFWHG�ZLWK�D FRUUHFW�SUHOLPLQDU\�GDWD�SURFHVVLQJ��)LUVW�ZH�VORW� WKH�REMHFW�ZLWK�DOSKDQXPHULF�GDWD� LQWR� VWULQJV�DQG�ZRUGV�RI� WKH� WH[W��$QG� WKHQ�ZH�SDUW� LW� LQWR�FKDUDFWHUV��$IWHU� WKLV�SURFHVV� LV� ILQLVKHG��ZH�VWDUW�ZLWK� WKH�UHFRJQLWLRQ�� L�H��ZH�GLYLGH� FKDUDFWHUV� LQWR�GLIIHUHQW�FDWHJRULHV��7KH�SUREOHP�RI� VHJPHQWDWLRQ�RI�SULQWHG�DQG� KDQG�ZULWWHQ� FKDUDFWHUV� LQWR� VWULQJV� DQG� ZRUGV� FDQ� EH� VROYHG� ZLWK� WKH� VDPH� DOJRULWKPV� DV� WKH�PHWKRGV� RI� ERG\� VWUXFWXUH� DUH� IL[HG�� 7KH� SURFHVV� RI� FODVVLILFDWLRQ� LV� QRW� IL[HG�� EHFDXVH� WKH�ZD\� HDFK�FKDUDFWHU�LV�ZULWWHQ�LV�DOPRVW�XQLTXH�IRU�HDFK�SHUVRQ��
:KLOH�GHYHORSLQJ�WKH�V\VWHP�RI�UHFRJQLWLRQ�RI�KDQG�ZULWWHQ�FKDUDFWHUV�LW�LV�UHDVRQDEOH�WR�QDUURZ�WKH�FODVV�RI�UHFRJQL]DEOH�FKDUDFWHUV��,Q�FRQQHFWLRQ�ZLWK�WKLV�IDFW�OHW¶V�WDNH�D�ORRN�DW�WKH�UHFRJQLWLRQ�WDVN�RI�KDQG�ZULWWHQ�QXPEHUV� IURP��� WR���� ,Q�ZKROH� WKH�SUREOHP�RI� FKDUDFWHU¶V� UHFRJQLWLRQ� LQ� WKH� FRQWH[W�RI�QHXUDO�QHWZRUNV� FDQ� EH� SUHVHQWHG� LQ� WZR� SDUWV�� WUDLQLQJ� DQG� UHFRJQLWLRQ�� 7UDLQLQJ� LV� SHUIRUPHG� E\� LQSXWWLQJ�VHSDUDWH� LPDJHV� LQGLFDWLQJ� WKHLU� EHORQJLQJ� WR� RQH� RU� DQRWKHU� FODVV�� $V� D� UHVXOW� RI� VXFK� SURFHVV� WKH�UHFRJQLWLRQ�V\VWHP�JDLQV�WKH�DELOLW\�WR�UHDFW�LGHQWLFDOO\�RQ�DOO�WKH�REMHFWV�RI�RQH�FODVV�DQG�GLIIHUHQWO\�RQ�DOO� WKH�REMHFWV�RI�GLIIHUHQW�FODVVHV��$IWHU�WKH�SURFHVV�RI� WUDLQLQJ�JRHV�WKH�SURFHVV�RI�UHFRJQLWLRQ�RI�QHZ�REMHFWV��WKDW�FKDUDFWHUL]HV�WKH�DFWLRQV�RI�DOUHDG\�WUDLQHG�V\VWHP��$XWRPDWLRQ�RI�WKHVH�SURFHVVHV�PDNHV�WKH�SUREOHP�RI�LPDJH�UHFRJQLWLRQ�OHDUQLQJ��
� 7R�UHFRJQL]H�FKDUDFWHUV�RQ�WKH�EDVLV�RI�LQSXW�ELW�FDUGV�� � SRLQWV�ZH�XVH�EDFN�SURSDJDWLRQ�QHW�ZLWK�WZR� OD\HUV��7KLV�QHW�DOVR�KDV�D� OD\HU�RI�QHXURQV�WKDW�GRQ¶W� LQIOXHQFH� LW�DQG�DUH�QRW� LQYROYHG� LQ�WKH�WUDLQLQJ�SURFHVV��7KLV�OD\HU�LV�DQ�LQSXW�RQH�LQ�WKH�QHW�DQG�SHUIRUPV�D�GLVWULEXWLYH�IXQFWLRQ�RI�LPSXOVHV�LQWR�QHXURQV�RI�WKH�QH[W�OD\HU��$OO�ZHLJKWLQJ�FRHIILFLHQWV�RI�WKH�LQSXW�OD\HU�HTXDO����L�H��LQSXW�GDWD�GR�QRW�FKDQJH�ZKLOH�WKH\�DUH�EHLQJ�PRYHG�WKURXJK�WKH�OD\HU��7KH�VHFRQG�OD\HU�LV�D�.RKRQHQ�OD\HU�>�@��,W�FRQWDLQV����QHXURQV��7KH�LQSXW�RI�HDFK�RI�WKHVH�QHXURQV�UHFHLYHV����LPSXOVHV�IURP�WKH�RXWSXW�RI�QHW�QHXURQV�RI�WKH�GLVWULEXWLYH�OD\HU��&ODVVLFDO�.RKRQHQ�OD\HU�ZRUNV�DFFRUGLQJ�WR�WKH�VFKHPH�³WKH�ZLQQHU�WDNHV�LW�DOO´��7KRXJK�LW�LV�PRUH�UHDVRQDEOH�IRU�WKH�UHVHDUFK� WR� XVH� .RKRQHQ� OD\HUV� LQ� WKH� LQWHUSRODWLRQ�PRGH�� L�H��ZKHQ� WKHUH� DUH� VHYHUDO� ]HUR� LPSXOVHV�ZLWK�YDOXHV� IURP���WR���RQ�WKH�OD\HU�RXWSXW��6R�WKH�RXWSXW�RI�.RKRQHQ�OD\HU�FDQ�EH�LQWHUSUHWHG�DV�D�WKHRUHWLFDO�SUREDELOLW\�RI�EHORQJLQJ�RI� LQSXW�YHFWRU� WR�RQH�RU�DQRWKHU� FODVV�� ,Q� VXFK�FDVH� WKH�ZKROH�JURXS�RI�.RKRQHQ�QHXURQV�KDYLQJ�WKH�ELJJHVW�RXWSXW�FDQ�WUDQVIHU�LWV�VLJQDO�WR�WKH�*URVVEHUJ�OD\HU�>�@��7KH�QXPEHU�RI�QHXURQV�LQ�VXFK�D�JURXS�PXVW�EH�VHOHFWHG�DFFRUGLQJ�WR�WKH�WDVN�DQG�WKHUH�LV�QR�FRQYLQFLQJ�GDWD�DERXW�WKH�RSWLPDO�VL]H�LI�WKH�JURXS��$OO�QHXURQV�EH\RQG�WKH�JURXS�KDYH�]HUR�RXWSXW��$W�WKH�VDPH�WLPH�ZH�VHW�VRPH�UDQJH�RI�QHXURQV¶�DIILQLW\��7KLV�YDOXH�GHWHUPLQHV�WKH�PD[LPDO�DEVROXWH�YDOXH�RI�WKH�GLIIHUHQFH�EHWZHHQ�RXWSXWV�RI�WZR�QHXURQV�LQ�.RKRQHQ� OD\HU��E\�ZKLFK� WKHVH�QHXURQV�DUH�FRQVLGHUHG� WR� ORFDWH�TXLWH� FORVH� WR�HDFK�RWKHU� WR�JHW� LQ� WKH�JURXS�ZLWK�WKH�ELJJHVW�QXPEHU�RI�RXWSXWV��$IWHU�WKH�PD[LPDO�RXWSXW�DPRQJ�WKH�QHXURQV�RI�.RKRQHQ�OD\HU�KDV�EHHQ�FKRVHQ��ZH�FRPSDUH�DEVROXWH�YDOXHV�RI�RXWSXW�GLIIHUHQFHV�RI�D�JLYHQ�QHXURQ��ZLWK�PD[LPDO�RXWSXW��DQG�RI� RWKHU� QHXURQV� RI� WKH� OD\HU�� 2XWSXWV� GRQ¶W� ]HUR� IRU� WKRVH� QHXURQV�� ZKRVH� RXWSXWV� KDYH� JRW� LQ� WKH�QHLJKERUKRRG�RI�PD[LPDO�QHXURQ�RXWSXW�ZLWK�UDGLXV�HTXDO�WR�D�JLYHQ�UHVHPEODQFH�UDGLXV��
� 7R�DOORFDWH�ZHLJKW�YHFWRUV�LQ�DFFRUGDQFH�ZLWK�WKH�GHQVLW\�RI�LQSXW�YHFWRUV��WKDW�PXVW�EH�GLYLGHG��DQG�SODFLQJ�LQ�VXFK�D�ZD\�PRUH�YHFWRUV�LQ�WKH�QHLJKERUKRRG�RI�D�ELJ�QXPEHU�RI�LQSXW�YHFWRUV��ZH�KDYH�FKRVHQ�D�PHWKRG�ZLWK�WKH�XVH�RI�UDGLXV�DGMXVWPHQW��1HW�WUDLQLQJ�EHJLQV�ZLWK�UDQGRP�ZHLJKWV��EXW�DW�WKH�LQLWLDO�VWDJH�ZH�DGMXVW�DOO�WKH�ZHLJKWV�DQG�QRW�RQO\�WKRVH�FRQQHFWHG�ZLWK�WKH�ZLQQLQJ�.RKRQHQ�QHXURQ��,Q�VXFK�D�ZD\�ZHLJKW�YHFWRUV�PRYH�FORVHU�WR�WKH�DUHD�RI�LQSXW�YHFWRUV��,Q�WKH�SURFHVV�RI�WUDLQLQJ�WKH�ZHLJKW�FRUUHFWLRQ� VWDUWV� EHLQJ� SHUIRUPHG� RQO\� IRU� WKH� FORVHVW� QHXURQV� WR� WKH� ZLQQLQJ� .RKRQHQ� QHXURQ�� 7KLV�DGMXVWPHQW� UDGLXV� JUDGXDOO\� EHFRPHV� VPDOOHU� DQG� RQO\� WKRVH� ZHLJKWV� FRQQHFWHG� ZLWK� WKH� ZLQQLQJ�.RKRQHQ�QHXURQ�DUH�EHLQJ�DGMXVWHG�>�@��
,W�LV�EHWWHU�WR�QRUPDOL]H�LQSXW�YHFWRUV�EHIRUH�GHOLYHULQJ�WKHP�WR�WKHLU�QHW�LQSXW�LQ�WKH�IROORZLQJ�ZD\������
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7KLV�WXUQV�DQ�LQSXW�YHFWRU�LQWR�XQLW�YHFWRU�ZLWK�WKH�VDPH�GLUHFWLRQ��L�H��LQWR�D�YHFWRU�ZLWK�D�XQLW�OHQJWK�LQ�WKH�Q�GLPHQVLRQDO�VSDFH��
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7KHUH� LV� VXFK� WZR�GLPHQVLRQDO� YHFWRU�9 LQ ILJ�� �� SUHVHQWHG� LQ� FRRUGLQDWHV� � � ZKHUH� FRRUGLQDWH� LV�HTXDO�IRXU�DQG�FRRUGLQDWH�\ ± WKUHH��6TXDUH�URRW�RI�D�VXP�RI�VTXDUHV�RI�WKHVH�FRPSRQHQWV�LV�HTXDO�ILYH��'LYLVLRQ�RI�HDFK�FRPSRQHQW�RI�9 E\�ILYH�JLYHV�YHFWRU�9 ZLWK�FRPSRQHQWV�����DQG������ZKHUH�9¶�JRHV�LQ�WKH�VDPH�GLUHFWLRQ�DV�9 EXW�KDV�XQLW�OHQJWK��
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)LJ������,QSXW�XQLW�YHFWRU�
7KHUH�DUH�VHYHUDO�XQLW�YHFWRUV�RQ�ILJ�����7KH\�HQG�LQ�WKH�SRLQWV�RI�XQLW�FLUFXPIHUHQFH��FLUFXPIHUHQFH�ZLWK�XQLW�UDGLXV���ZKLFK�RFFXUV�RQO\�ZKHQ�WKH�QHW�KDV�WZR�LQSXWV��,I�WKHUH�ZHUH�WKUHH�LQSXWV��YHFWRUV�ZRXOG�EH�SUHVHQWHG�DV�DUURZV�HQGLQJ�RQ�D�VXUIDFH�RI�XQLW�FLUFXPIHUHQFH��7KHVH�SUHVHQWDWLRQV�FDQ�EH�WUDQVIHUUHG�WR�QHWV�KDYLQJ�UDQGRP�QXPEHU�RI�LQSXWV��ZKHUH�HDFK�LQSXW�YHFWRU�LV�DQ�DUURZ�HQGLQJ�RQ�WKH�VXUIDFH�RI�XQLW�K\SHUVSKHUH�>�@��
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)LJ����7ZR�GLPHQVLRQDO�XQLW�YHFWRUV�RQ�WKH�XQLW�FLUFXPIHUHQFH�
$W�.RKRQHQ�OD\HU�WUDLQLQJ�DQ�LQSXW�YHFWRU�LV�GHOLYHUHG�WR�LQSXW�DQG�ZH�FRPSXWH�LWV�GRW�SURGXFW�ZLWK�ZHLJKW�YHFWRUV��FRQQHFWHG�ZLWK�DOO�.RKRQHQ�QHXURQV��1HXURQ�ZLWK�WKH�PD[LPXP�YDOXH�RI�GRW�SURGXFW� LV�GHFODUHG�WKH�³ZLQQHU´�DQG�LWV�ZHLJKWV�DUH�EHLQJ�DGMXVWHG��'RW�SURGXFW�XVHG�WR�FRPSXWH�YDOXHV�1(7�LV�D�PHDVXUH�RI�FRQYHUJHQFH� EHWZHHQ� LQSXW� DQG� ZHLJKW� YHFWRUV�� 7KHUHIRUH� WKH� SURFHVV� RI� WUDLQLQJ� FRQVLVWV� RI� FKRRVLQJ�.RKRQHQ�QHXURQ�ZLWK�ZHLJKW�YHFWRU��ZKLFK�LV�WKH�FORVHVW�WR�WKH�LQSXW�YHFWRU��DQG�RI�IXUWKHU�DSSUR[LPDWLRQ�RI�ZHLJKW�YHFWRU�WR�WKH�LQSXW�RQH��7KH�IROORZLQJ�SURFHVV�LV�FDOOHG�VHOI�WUDLQLQJ��7KH�V\VWHP�RUJDQL]HV�LWVHOI�LQ�VXFK�D�ZD\�WKDW�WKH�JLYHQ�.RKRQHQ�QHXURQ�KDV�PD[LPXP�RXWSXW�IRU�LQSXW�YHFWRU��7KH�SURFHVV�RI�WUDLQLQJ�KDV�WKH�IRUP��

�
Z  Z � D�[ ± Z ��� ����



3 D J H �_��

ZKHUH�Z ± QHZ�YDOXH�RI�ZHLJKW�FRQQHFWLQJ�LQSXW�FRPSRQHQW� ZLWK�WKH�ZLQQLQJ�QHXURQ��Z ± LV�D�SUHYLRXV�YDOXH�RI�WKLV�ZHLJKW��D ± FRHIILFLHQW�RI�WUDLQLQJ�VSHHG��WKDW�FDQ�YDU\�LQ�WKH�SURFHVV�RI�WUDLQLQJ��
(DFK�ZHLJKW�FRQQHFWHG�ZLWK�ZLQQLQJ�.RKRQHQ�QHXURQ�FKDQJHV�LQ�SURSRUWLRQ�WR�WKH�GLIIHUHQFH�EHWZHHQ�LWV YDOXH�DQG�WKH�YDOXH�RI�LQSXW�ZKHUH�LW�LV�FRQQHFWHG��7KH�GLUHFWLRQ�RI�FKDQJH�PLQLPL]HV�WKH�GLIIHUHQFH�EHWZHHQ�ZHLJKW�DQG�LWV�LQSXW��

2Q�ILJ����WKLV�SURFHVV�LV�VKRZQ�JHRPHWULFDOO\� LQ�WZR�GLPHQVLRQDO�PRGH��)LUVW�ZH�ILQG�YHFWRU�[�±�ZF� 7R�GR�WKLV�ZH�QHHG�WR�PDNH�D�VHJPHQW�IURP�WKH�HQG�Z WR�WKH�HQG�[� 7KHQ�ZH�VKRUWHQ�WKLV�YHFWRU�E\�PXOWLSO\LQJ� LW� E\� GRW� SURGXFW� D �VPDOOHU� YDOXH��� $V� D� UHVXOW� ZH� JHW� D� FKDQJH� YHFWRU� � 7KH� ILQDO� QHZ�ZHLJKW�YHFWRU�Z LV�D�VHJPHQW�JRLQJ�IURP�WKH�EHJLQQLQJ�RI�WKH�FRRUGLQDWHV�WR�WKH�HQG�RI�YHFWRU� � $V�D�UHVXOW�ZH�FDQ�VHH�WKDW�WKH�HIIHFW�RI� WUDLQLQJ� LV� LQ�WKH�URWDWLRQ�RI�ZHLJKW�YHFWRU� LQ�WKH�GLUHFWLRQ�RI� LQSXW�YHFWRU�ZLWKRXW�DQ\�LPSRUWDQW�FKDQJHV�LQ�LWV�OHQJWK��
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)LJ����� 5RWDWLRQ�RI�ZHLJKW�YHFWRU�LQ�WKH�SURFHVV�RI�WUDLQLQJ��Z ± YHFWRU�RI�QHZ�ZHLJKW�FRHIILFLHQWV��Z ±YHFWRU�RI�ROG�ZHLJKW�FRHIILFLHQWV��
9DULDEOH�D LV�D�FRHIILFLHQW�RI�WUDLQLQJ�VSHHG��ZKLFK�LV�ILUVW�a�����DQG�FDQ�JUDGXDOO\�UHGXFH�LQ�WKH�SURFHVV�RI�WUDLQLQJ��7KLV�JLYHV�DQ�RSSRUWXQLW\�WR�PDNH�ELJ�VWHSV�DW�WKH�EHJLQQLQJ�IRU�IDVW�URXJK�WUDLQLQJ�DQG�VPDOOHU�VWHSV�DW�WKH�DSSURDFK�WR�WKH�ILQDO�YDOXH��
,I�HDFK�.RKRQHQ�QHXURQ�ZDV�DVVRFLDWHG�ZLWK�RQH�LQSXW�YHFWRU��WKHQ�.RKRQHQ�OD\HU�FRXOG�EH�WUDLQHG�ZLWK�WKH�KHOS�RI�RQH�FRPSXWLQJ�RQ�ZHLJKW��:HLJKW�RI�ZLQQLQJ�QHXURQ�ZRXOG�EH�HTXDO� WR� WKH�FRPSRQHQWV�RI�WUDLQLQJ� YHFWRU� �D  ���� $V� D� UXOH� D� WUDLQLQJ�TXDQWLW\� LQFOXGHV�PDQ\� VLPLODU� LQSXW� YHFWRUV�� DQG� WKH� QHW�PXVW� EH� WUDLQHG� WR� DFWLYDWH� RQH� DQG� WKH� VDPH�.RKRQHQ� QHXURQ� IRU� HDFK� RI� WKHP�� ,Q� VXFK� D� FDVH� WKH�ZHLJKWV� RI� WKLV� QHXURQ� PXVW� UHVXOW� IURP� DYHUDJLQJ� RI� LQSXW� YHFWRUV�� ZKLFK� PXVW� DFWLYDWH� LW�� *UDGXDO�UHGXFWLRQ�RI�YDOXH�D UHGXFHV�WKH�LQIOXHQFH�RI�HDFK�WUDLQLQJ�VWHS��VR�WKDW�WKH�ILQDO�YDOXH�ZLOO�EH�DQ�DYHUDJH�YDOXH�RI�LQSXW�YHFWRUV�ZKHUH�WKH�WUDLQLQJ�SURFHVVHV��6R�WKH�ZHLJKWV��DVVRFLDWHG�ZLWK�WKH�QHXURQ��ZLOO�KDYH�WKHLU�YDOXH�QHDU�WKH�³FHQWHU´�RI�LQSXW�YHFWRUV��IRU�ZKLFK�WKH�JLYHQ�QHXURQ�LV�D�³ZLQQHU´�
:KHQ�WKH�QHW�LV�WUDLQHG��DSSOLFDWLRQ�RI�DQ�LQSXW�YHFWRU�OHDGV�WR�D�UHTXLUHG�RXWSXW�YHFWRU��$ELOLW\�RI�WKH�QHW�WR JHQHUDOL]H�KHOSV�WR�ILQG�WKH�FRUUHFW�RXWSXW�HYHQ�E\�WKH�DSSOLFDWLRQ�RI�LQSXW�YHFWRU��ZKLFK�LV�LQFRPSOHWH�RU�VOLJKWO\�ZURQJ��7KLV�JLYHV�DQ�RSSRUWXQLW\�WR�XVH�WKH�JLYHQ�QHW�WR�UHFRJQL]H�DQG�UHVWRUH�LPDJHV�DQG�WR�LQWHQVLI\�VLJQDOV��
7R� VROYH� WKH� SUREOHPV� RI� LPDJH� SURFHVVLQJ� DQG� FODVVLILFDWLRQ� �KDQG�ZULWWHQ� FKDUDFWHUV� UHFRJQLWLRQ� DV�ZHOO���WUDQVIHU�RI�XQSURFHVVHG�DQG�SUHOLPLQDU\�GDWD�WR�WKH�QHW�LQSXW�GRHV�QRW�XVXDOO\�JLYH�GHVLUHG�UHVXOWV��7KLV�LV�QRW�FRQQHFWHG�ZLWK�WKH�VSHFLILF�FKDUDFWHUV�RI�UHFRJQL]DEOH�LPDJHV��EXW�ZLWK�WKH�VSHFLILF�FKDUDFWHUV�RI�SRVVLEOH�GLIIHUHQFHV�DPRQJ�LPDJHV�RI�RQH�RU�YDULRXV�FODVVHV��)RU�WKH�FKDUDFWHUV�ZULWWHQ�E\�SHUVRQ�VXFK�VSHFLILF�FKDUDFWHUV�DUH�� LQFOLQDWLRQ��ZULWLQJ�DPSOLWXGH�HWF��,W� LV�HYLGHQW�� WKDW�WKH� LPDJHV�RI�RQH�DQG�WKH�VDPH�QXPEHU�ZULWWHQ�E\�GLIIHUHQW�SHRSOH�FDQ�GLIIHU�D�ORW��,Q�WKLV�FDVH�ZH�QHHG�DQ�DOJRULWKP�WKDW�LV�DEOH�WR�HPSKDVL]H�WKH�FRPPRQ�TXDOLWLHV�RI�LQSXW�GDWD���
$V DQ�DOJRULWKP�WKDW�KHOSV�WR�LGHQWLI\�WKH�FKDUDFWHULVWLFV�RI�HDFK�V\PERO�ZH�FDQ�XVH�D�VFKHPH�EDVHG�RQ�WKH�.LUVFK�PHWKRG�RI�ERXQGDU\�DOORFDWLRQ��)RU�HDFK� LQSXW� LPDJH�RQO\�WKRVH�VHJPHQW�RI� LPDJH�OLQHV�DUH�FKRVHQ��ZKLFK�KDYH�FHUWDLQ�GLUHFWLRQ��WKHUH�DUH�KRUL]RQWDO��YHUWLFDO��OHIW��DQG�ULJKW�GLDJRQDO�FKDUDFWHULVWLFV�RI�V\PERO�LPDJH��7R�GR�WKLV��RQO\�WKRVH�HOHPHQWV�DUH�H[DPLQHG�LQ�WZR�GLPHQVLRQDO�DSHUWXUH�� � XVHG�LQ�.LUVFK�PHWKRG��ZKLFK�FKDUDFWHUL]H�WKH�SUHVHQFH�RI�D�OLQH�VHJPHQW�LQ�WKH�JLYHQ�GLUHFWLRQ��



3 D J H �_��

� �� �

��� � ���
��� ��� ���

�

��� ��� ���
��� � ���
� �� �

�

��� � ��
��� � ��
��� ��� ���

�

��� ��� ���
� �� ���
� �� ���

�

� � �E��
��� ��� �

��� � ��
��� ��� �

�

� ��� ���
� �� ���
� ��� ���

�

��� ��� ���
��� � ��
��� � ��

�

� �� ���
� �� ���
��� ��� ���

�

�F� �G��
)LJ����� ,PDJH�DQDO\VLV�RQ�EDVLV�RI�.LUVFK�PDVNV��D��KRUL]RQWDO�FKDUDFWHULVWLFV��E��YHUWLFDO�FKDUDFWHULVWLFV��F� ULJKW�GLDJRQDO�FKDUDFWHULVWLFV��G��OHIW�GLDJRQDO�FKDUDFWHULVWLFV�

�
)RUPDOO\�WKH�SURFHVV�FDQ�EH�SUHVHQWHG�ZLWK�WKH�IROORZLQJ�UHODWLRQV��
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9DOXHV�6L DQG�7L DUH�GHWHUPLQHG�IURP�WKH�UHODWLRQV��
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$W WKH�VDPH�WLPH�LQGH[HV�RI�$ DUH�FDOFXODWHG�E\�PRGXOH���DQG�

�����������   N$N ����
� ��QHLJKERULQJ�SRLQWV�WR�WKH�SRLQW�ZLWK�LQGH[HV��L��M�� GHWHUPLQHG�DV�LW�LV�VKRZQ�LQ�ILJ�����
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)LJ����'HWHUPLQDWLRQ�RI���QHLJKERUV�ZLWK�UHVSHFW�WR�WKH�SRLQW�ZLWK�LQGH[HV��L��M��
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6R�RQ�EDVLV�RI�WKH�DIRUHPHQWLRQHG�IRUPXODH���LPDJHV�±�PDVNV�DUH�IRUPHG��ZKLFK�DUH�EHLQJ�ODWHU�DSSOLHG�RQ�WKH�LQSXW�LPDJH��� ���SRLQWV��$V�D�UHVXOW�ZH�PDQDJH�WR�JHW���PRUH�ELW�FDUGV�IURP�WKH�LQLWLDO�LPDJH��ZKLFK�FKDUDFWHUL]H�KRUL]RQWDO��YHUWLFDO�OHIW��DQG�ULJKW�GLDJRQDO�FKDUDFWHULVWLFV�R�V\PERO�LPDJH��
7KH� SHUIRUPHG� H[SHULPHQWV� KDYH� VKRZQ�� WKDW� WKH� XVH� RI� FDUGV� RI� V\PERO� ZULWLQJ� FKDUDFWHULVWLFV� E\�UHFRJQLWLRQ� DOORZV� LQFUHDVLQJ� WKH� SHUFHQWDJH� RI� FRUUHFW� UHFRJQLWLRQ� RI� FKDUDFWHUV� E\� DUWLILFLDO� QHXUDO�QHWZRUN��QHWZRUNV��PRUH�WKDQ�RQ�����LQ�FRPSDULVRQ�ZLWK�WKH�SURFHVVLQJ�RI�LQLWLDO�LPDJHV��
$FFRUGLQJ� WR� WKH� VHOHFWLRQ� RI� WUDLQLQJ� DQG� WHVW� VDPSOLQJV�� WKH� GHVFULEHG� VFKHPH� RI� QHXUDO� QHWZRUN�RUJDQL]DWLRQ�DOORZV�JHWWLQJ�IURP����WR�����UHFRJQLWLRQ�UDWH��
2Q� WKH� DVVXPSWLRQ� RI� WKH� IDFW� WKDW� WKH� LQSXW� LPDJH� LV� EHLQJ� SURFHVVHG� WR� GHWHUPLQH� IRXU� H[WUD� LPDJHV�FKDUDFWHULVWLFV�RI�V\PERO�ZULWLQJ��WKH�DQDO\VLV�RI���LQSXW�LPDJHV�PXVW�EH�SHUIRUPHG��,Q�RUGHU�WR�GR�WKLV��D�VHW�RI�QHWZRUNV�LV�XVHG��EDVHG�RQ�WKH�PRGHO�RI�FRXQWHUSURSDJDWLRQ�ZLWK�.RKRQHQ�DQG�*URVVEHUJ�OD\HUV��2Q�WKH�LQSXW� RI� RQH� RI� WKHP� WKH� VR� FDOOHG� JOREDO� FKDUDFWHULVWLFV� LV� EHLQJ� WUDQVPLWWHG� ±� V\PERO� LPDJH� ZLWKRXW�SURFHVVLQJ�ZLWK�DOJRULWKPV�RI�DOORFDWLRQ�RI�GLUHFWHG�VHJPHQWV�RI� LPDJH� OLQHV��2Q� WKH�RWKHU��� QHWZRUNV� WKH�LPDJHV� DUH� WUDQVPLWWHG�� ZKLFK� DUH� UHFHLYHG� DIWHU� DOORFDWLRQ� RI� KRUL]RQWDO�� YHUWLFDO�� OHIW�� DQG� ULJKW�GLDJRQDO�FKDUDFWHULVWLFV�RI�V\PERO�LPDJHV��
(DFK�RI�WKH�H[DPLQHG�QHXUDO�QHWZRUNV�LV�WUDLQHG�LQGHSHQGHQWO\�DQG�SDUDOOHO��,Q�WKH�IXWXUH�WKH�UHVXOWV�RI�WKH�ZRUN�ZLWK�HDFK�QHWZRUN�FDQ�EH�DOVR�DQDO\]HG�WR�GHWHUPLQH�WKH�H[DFW�FODVVLILFDWLRQ��7KHUH�DUH�PDQ\�GLIIHUHQW�PHWKRGV�WR�DQDO\]H�WKH�UHVXOWV�RI�ZRUNLQJ�GDWD�RI�QHXUDO�QHWZRUNV�RI�RQH�W\SH�DQG�DUFKLWHFWXUH��)RU�H[DPSOH��IRU�WKH�DFFUHGLWDWLRQ�PRGH�RI�.RKRQHQ�OD\HU��RQO\�ZKHQ�RQH�QHXURQ�RI�WKH�OD\HUV�KDV�XQLW�LQSXW���D�YRWLQJ�PHWKRG�FDQ�EH�XVHG��ZKHUH�WKH�ILQDO�FODVVLILFDWLRQ�LV�WKH�RQH�WKDW�ZDV�JHQHUDWHG�E\�PRVW�RI�WKH�V\VWHP�QHWZRUNV��,Q�WKH�LQWHUSRODWLRQ�PRGH�ZH�FDQ�DYHUDJH�QHWZRUN�RXWSXWV��DSSO\�WKH�HOHPHQWV�RI� IX]]\� ORJLF�� WDNLQJ� LQ� DFFRXQW� WKH� ZHLJKW� RI� HDFK� QHXUDO� QHWZRUN�� 7KLV� ZHLJKW� FDQ� EH� FKRVHQ� IRU�H[DPSOH�RQ�EDVLV�RI� VWDWLVWLF�GDWD�DERXW�KRZ�DFFXUDWH�RQH�RU�DQRWKHU�QHXUDO�QHWZRUN� LQ� WKH� UHVXOWV�RI�FODVVLILFDWLRQ��$V�DQ�DOWHUQDWLYH�ZH�FDQ�DSSO\�RQH�PRUH�QHXUDO�QHWZRUN� WR�SHUIRUP�FODVVLILFDWLRQ��ZKLFK�ZLOO�EH�TXLWH�ORJLFDO��,Q�WKH�SURFHVV�RI�WUDLQLQJ�VXFK�QHWZRUN�FDQ�SHUIRUP�WKH�FRUUHFWLRQ�RI�SDUDPHWHUV�LQ�VXFK� D� ZD\�� WKDW� WKH�PD[LPDO� YDOXHV� RI� VHPDQWLF� ZHLJKWV� FRUUHVSRQG� ZLWK� WKH� RXWSXWV� RI� WKH� QHXUDO�QHWZRUN�� ZKLFK� LV� PRUH� SUHFLVH� LQ� HYDOXDWLRQ�� $QG� YLFH� YHUVD�� IRU� QHXUDO� QHWZRUNV�� ZKLFK� JLYH� PRUH�PLVWDNHV�LQ�FODVVLILFDWLRQ�WKDQ�RWKHUV��WKH�VHQVLELOLW\�ZLOO�EH�ORZHU���
1HWZRUN�KDV�D�TXLWH�HDV\�PRGHO��7KHUH� LV�D�FRPELQHG�QHWZRUN�RI����QHXURQV�FRQVWUXFWHG��1XPEHU����GHWHUPLQHV�WKH�QXPEHU�RI�RXWSXWV�FODVVLILFDWLRQ�QHWZRUNV��WKH�QXPEHU�RI�RXWSXWV�FRUUHVSRQGV�ZLWK�WKH�QXPEHU�RI�FODVVHV�RI�UHFRJQL]HG�FKDUDFWHUV�±�LQ�WKLV�FDVH�WKHUH�DUH�QXPEHUV�IURP���WR�����(DFK�QHXURQ�KDV� �� VHPDQWLF� ZHLJKWV�� (DFK� ZHLJKW� GHWHUPLQHV� KRZ� SUHFLVH� WKH� ZRUN� RI� WKH� QHXUDO� FODVVLILFDWLRQ�QHWZRUN�� ZKLFK� FRUUHVSRQGV� ZLWK� WKH� JLYHQ� LQSXW� �RU� ZHLJKW��� 6R� WKH� WUDLQLQJ� SURFHVV� RI� FRPELQHG�QHWZRUN�FDQ�EH�LQ�VRPH�ZD\�FDOOHG�D�SURFHVV�RI�HVWLPDWLRQ�RI�UHFRJQLWLRQ�UDWH�QRW�RQO\�RI�RQH�SDUWLFXODU�FODVVLILFDWLRQ�QHWZRUN�EXW�IRU�UHFRJQLWLRQ�UDWH�RI�HDFK�V\PERO�E\�HYHU\�QHWZRUN��7KHUH�DUH����RXWSXWV�LQ�WKH�QHWZRUN�DV�ZHOO��$PRQJ�WKHP�WKH�PD[LPDO�RXWSXW�LV�FKRVHQ��,QSXW�LPDJH�UHIHUV�WR�WKH�FODVV��ZKLFK�FRUUHVSRQG�ZLWK�WKH�PD[LPDO�RXWSXW�RI�FRPELQHG�QHWZRUN��
7KH�DSSOLFDWLRQ�RI�D�VHW�RI�QHXUDO�FODVVLILFDWLRQ�QHWZRUNV��ZKLFK�DUH�WUDLQHG�VHSDUDWHO\��WRJHWKHU�ZLWK�WKH�QHXUDO�QHWZRUN�WKDW�DQDO\]HV�WKHLU�RXWSXWV��JLYHV�WKH�SRVVLELOLW\�WR�LQFUHDVH�WKH�UHFRJQLWLRQ�UDWH�XS�WR����� IRU� VHOHFWLRQ� RI� KDQG�ZULWWHQ� V\PEROV� 01,67� �RI� $PHULFDQ� 1DWLRQDO� ,QVWLWXWH� RI� ,QIRUPDWLRQ� DQG�7HFKQRORJLHV���
)RU� SUDFWLFDO� H[SHULPHQWV� RI� WKH� JLYHQ� DOJRULWKP� ZH� KDYH� GHYHORSHG� D� SURJUDP�� ZKLFK� LQFOXGHV� WKH�LPSOHPHQWDWLRQ�RI�EDVLF�FRPSRQHQWV��7KH�GHYHORSHG�KLHUDUFK\�RI�FODVVHV�LQFOXGHV�WKH�PRGHOV�RI�QHXURQ��QHXURQ�OD\HU��SHUFHSWURQ��FRXQWHUSURSDJDWLRQ�QHWZRUN�DQG�UHFRJQLWLRQ�QHWZRUN�ZLWK�WKH�QXPEHU�RI�LQSXW�QHXURQV����DQG�ZLWK� WKH�QXPEHU�RI�QHXURQV���� IRU�*URVVEHUJ� OD\HU��7KH�DSSOLFDWLRQ�SHUIRUPV�QHWZRUN�WUDLQLQJ�SURFHVVHV�RQ�EDVLV� RI� DIRUHPHQWLRQHG� VHOHFWLRQ�01,67�� &RQGLWLRQV� RI� QHWZRUN� V\VWHPV� FDQ�EH�VDYHG�WR�VWXG\�WKHP�VWHS�E\�VWHS��7KH�SHUIRUPDQFH�TXDOLW\�RI�QHXUDO�QHWZRUN�V\VWHP�FDQ�EH�WHVWHG�DW�DQ\�WLPH�E\�UHFRJQL]LQJ�WHVW�VHOHFWLRQV�ZLWK�WKH�SRVVLELOLW\�WR�DQDO\]H�QRW�RQO\�ZRUN�DFFXUDF\�SHUFHQWDJH�ZLVH�EXW�DOVR�WKH�IDFW��DW�ZKDW�QXPEHUV�WKHUH�ZDV�WKH�ELJJHVW�QXPEHU�RI�HUURUV�DQG�IRU�EHQHILW�RI�ZKDW�QXPEHU�WKHUH�ZDV�SHUIRUPHG�FODVVLILFDWLRQ�LQ�WKH�UHFRJQLWLRQ�PRPHQW��,Q�IXWXUH�LQ�RUGHU�WR�UHFRJQL]H�D�PRUH�FODVVHV�RI�V\PEROV��LW�LV�SRVVLEOH�WR�VWDUW�ZLWK�DOSKDEHW�OHWWHUV�UHFRJQLWLRQ��
:H�SODQ�WR�FRQWLQXH�IXUWKHU�H[SHULPHQWV�RQ�WKH�SUREOHP�RI�KDQG�ZULWWHQ�FKDUDFWHUV�UHFRJQLWLRQ�ZLWK�WKH�LPSURYHPHQW�RI�QHXUDO�FODVVLILFDWLRQ�QHWZRUN�DUFKLWHFWXUH��,W�LV�D�ZHOO�NQRZQ�IDFW�WKDW�WR�FKRVH�DQ�RSWLPDO�DPRXQW�RI�QHXURQV�LQ�HYHU\�OD\HU�RI�QHXUDO�QHWZRUN�DQG�LWV�DUFKLWHFWXUH�LV�H[WUHPHO\�GLIILFXOW��7KRXJK�WKH�TXDOLW\� DQG� SDUWLFXODU� IHDWXUHV� RI� .RKRQHQ� OD\HU� IXQFWLRQLQJ�� ZKLFK� LV� LQFOXGHG� LQWR� WKH�FRXQWHUSURSDJDWLRQ�QHWZRUN��PDNH�LW�SRVVLEOH�WR�SHUIRUP�LWV�UHRUJDQL]DWLRQ��L�H��WR�FRQVWUXFW�D�PRGHO�RI�QHXUDO�QHWZRUN��ZKLFK�LV�DEOH�WR�FKRRVH�DQ�RSWLPDO�DPRXQW�RI�QHXURQV�DQG�VHPDQWLF�ZHLJKWV�DV�ZHOO�>�@��7R� LPSOHPHQW� VXFK�PRGHO� LQ�D� VSHFLDO� FDVH�RI� FRXQWHUSURSDJDWLRQ�QHWZRUNV¶� DSSOLFDWLRQ�RQO\�RQH�H[WUD�VWHS�LQ�QHXUDO�QHWZRUN�WUDLQLQJ� LV�QHHGHG�±�WR�GHWHFW�WKRVH�QHXURQV�WKDW�VKRXOG�EH�UHSODFHG�ZLWK�H[WUD�HOHPHQWV�DQG�WKRVH�WKDW�VKRXOG�EH�GHOHWHG�IURP�WKH�DUFKLWHFWXUH��

�
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���*URVVEHUJ�6��������&ODVVLFDO�DQG�LQVWUXPHQWDO�OHDUQLQJ�E\�QHXUDO�QHWZRUNV��3URJUHVV�LQ�WKHRUHWLFDO�ELRORJ\��YRO�����SS����±�����1HZ�<RUN��$FDGHPLF�3UHVV��
�� .RKRQHQ�7��������6HOI±RUJDQL]DWLRQ�DQG�DVVRFLDWLYH�PHPRU\��6HULHV�LQ�,QIRUPDWLRQ�6FLHQFHV��YRO�����%HUOLQ��6SULQJHU�YHUODJ�
�� � � � � �� � � � � � ������
�� � � � � ±� �


