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ZKHUH� [L � LV�WKH�YDULDEOH�YDOXHV�LQ�WKH�WDEOH��[D � LV�WKH�FRUUHVSRQGLQJ�DQDORJXHYDOXH�DQG�[ LV�WKH�PHDQ�YDOXH�5HGXFLQJ� RI� WKH� VRUWLQJ� SURFHGXUH� LV�UHDFKHG� E\� JUDGXDOO\� FRPSOLFDWLRQ� RI�YDULDEOHV� VHWV� EDVHG� RQ� YDULDEOH� VHOHFWHG� DW�WKH�SUHYLRXV�VWHS�� ,I�GHILQH�DV�1�QXPEHU�RI�LQYHVWLJDWHG�YDULDEOHV��WKDQ�DW�ILUVW�VRUWLQJ�LV�GRQH�ZLWK�1� VDPSOHV��7KHQ�1��� VHWV� RI� DOO�YDULDEOHV�SDLUV�ZLWK�YDULDEOH� VHOHFWHG�DW� WKH�SUHYLRXV�VWHS�DUH�XVHG�IRU�DQDORJXHV�VHDUFK��7KHQ�WHVWHG�1���VHWV��ZKLFK�LQFOXGH�EHVW�YDULDEOHV�IURP�SUHYLRXV�OD\HUV�DQG�VR�RQ��5HVXOWV�RI�FRPSXWDWLRQ�VKRZHG�WKDW�ERWK�W\SHV�RI�VRUWLQJ�JLYH�SUDFWLFDOO\�WKH�VDPH�UHVXOW��WDEOH�����,Q� WKH�WDEOH�EHVW�UHVXOWV�IRU�IXOO�VRUWLQJ�DQG�UHGXFHG�VRUWLQJ�SURFHGXUHV�RI�UHDO�FKHPLFDO�GDWD�DUH�FRQVLGHUHG��%RWK�SURFHGXUHV�DUH�VHOHFW�WKH�VDPH���YDULDEOHV��WDNLQJ�RXW�YDULDEOHV�[��DQG�[��
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�%��7UDQVIRUPDWLRQ�RI�DQDORJXHV��QRW REOLJDWRU\�VWHS��0RVW�SURFHVVHV�LQ�ODUJH�VFDOH�V\VWHPV�DUH�HYROXWLRQDU\��,Q�WKLV�FDVH�VWDWLRQDULW\�DV�RQH�LPSRUWDQW�FRQGLWLRQ�RI�VXFFHVVIXO�XVH�RI�WKH�PHWKRG�RI�DQDORJXHV�LV�QRW�IXOILOOHG��$V�WLPH�VHULHV�PD\�EH�QRQ�VWDWLRQDU\�SDWWHUQV�ZLWK� VLPLODU� VKDSHV PD\�KDYH�GLIIHUHQW�PHDQ�YDOXHV�� VWDQGDUG�GHYLDWLRQV�DQG�WUHQGV��,Q�WKH�OLWHUDWXUH��LW�LV�UHFRPPHQGHG�WR�HYDOXDWH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�SURFHVV�DQG�LWV�WUHQG��ZKLFK�LV�DQ�XQNQRZQ�IXQFWLRQ�RI�WLPH��$QRWKHU�SRVVLELOLW\�JLYHV�WKH�VHOHFWLRQ�RI�GLIIHUHQFHVZKHUH� WKH� FULWHULRQ� RI� VWDWLRQDULW\� LV� XVHG� DV� VHOHFWLRQ� FULWHULRQ�� 7KH� UHVXOWV� RI� WKH� PHWKRG� RI�DQDORJXHV�GHSHQG�RQ�WKH�VHOHFWHG�WUHQG�IXQFWLRQ�,W� LV� DGYLVDEOH� WR� GHWHUPLQH� WUDQVIRUPHG� SDWWHUQV� ������� 
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 MWMMMW [ZZ[ � 7KH� ZHLJKWV�Z � �Z� IRU� HDFK� SDWWHUQ�$L N� ���� ZKHQ� N!�� FDQ� EH� HVWLPDWHG� E\�PHDQV�RI�WKH�OHDVW�VTXDUHV�PHWKRG��ZKLFK�JLYHV�QRW�RQO\�WKH�XQNQRZQ�ZHLJKWV�EXW�DOVR�WKH�WRWDO�VXP�RI�VTXDUHV�VL� ��ZKLFK�FDQ�EH�XVHG�LQ�WKH�IROORZLQJ�VWHS�DV�D�PHDVXUH�RI�VLPLODULW\�&��6HOHFWLRQ�RI�WKH�PRVW�VLPLODU�DQDORJXHV7KH� FORVHVW� DQDORJXH� LV� FDOOHG� WKH� ILUVW� DQDORJXH� $��� WKH� QH[W� RQH� LQ� GLVWDQFH�$� LV� FDOOHG� WKH�VHFRQG�DQDORJXH�DQG�VR�RQ�XQWLO�WKH�ODVW�DQDORJXH�$)��'LVWDQFHV�FDQ�EH�PHDVXUHG�E\�PHDQV�RI�WKH�(XFOLGHDQ� GLVWDQFH� RI� SRLQWV� RI� WKH� RXWSXW� SDWWHUQ� DQG� WKH� DQDORJXH� RU� E\� RWKHU� PHDVXUHV� RI�GLVWDQFH�� ,Q� RXU� FDVH� LW� LV� QRW� QHFHVVDU\� WR� ILQG� D� SUR[LPLW\�PHDVXUH�� EXW� WKH� WRWDO� VXP� RI� WKH�VTXDUHV�VL� JLYHV�XV�LQIRUPDWLRQ�DERXW�WKH�SUR[LPLW\�EHWZHHQ�$� DQG�$)�'��&RPELQLQJ�RI�IRUHFDVWV��FRPSOH[LQJ�(YHU\�VHOHFWHG�DQDORJRXV�KDV�LWV�FRQWLQXDWLRQ�ZKLFK�JLYHV�D�IRUHFDVW��,Q�VXFK�D�ZD\�ZH�REWDLQ�)�IRUHFDVWV��ZKLFK�DUH� WR�FRPELQH�� ,Q� WKH� OLWHUDWXUH� WKHUH�DUH�VHYHUDO�SULQFLSOHV�IRU�FRPELQDWLRQ�RI�IRUHFDVWV��7KH�XQNQRZQ�SUHGLFWLRQV� �N1[ � RI�WKH�0�V\VWHPV�YDULDEOHV�FDQ�EH�DVVXPHG�DV�D�OLQHDU�FRPELQDWLRQ�RI�WKH�FRQWLQXDWLRQV�RI�VHOHFWHG�DQDORJRXV�SDWWHUQV��L�H��

� LNM-M NM1 [JJ[ ���� ¦� �
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���6HOI�RUJDQL]DWLRQ�RI�WZLFH�PXOWLOD\HUHG�QHXUDO�QHWZRUNV$�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�PRGHOLQJ�DOJRULWKPV��6XFK�FRPSOH[�V\VWHP�FDQ�VROYH�FRPSOH[�SUREOHPV��:H�FDQ�XVH�WKH�*0'+�DOJRULWKPV�DV�WKH�FRPSOH[�QHXURQV��ZKHUH�WKH�VHOI�RUJDQL]DWLRQ�SURFHVVHV� DUH� ZHOO� VWXGLHG�� $OJRULWKPV� DUH� H[DPSOHV� RI� FRPSOH[� DFWLYH� QHXURQV�� EHFDXVH� WKH\�FKRRVH� WKH�HIIHFWLYH� LQSXWV�DQG�FRUUHVSRQGLQJ�FRHIILFLHQWV�RI� WKHP�E\� WKHPVHOYHV�� LQ�SURFHVV�RI�VHOI�RUJDQL]DWLRQ��7KH�SUREOHP�RI�QHXURQHW� OLQNV�VWUXFWXUH�VHOI�RUJDQL]DWLRQ� 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�� $V� DOUHDG\� QRWHG�� WKH� IXQFWLRQ� RI� DFWLYH� QHXURQV� FDQ� EH�SHUIRUPHG�E\�YDULRXV� UHFRJQLWLRQ� V\VWHPV�� QRWDEO\�E\�5RVHQEODWW
V� WZR�OD\HU�SHUFHSWURQV� � VXFK�QHXUDO� QHWZRUN� DFKLHYHV� WKH� WDVN� RI� SDWWHUQ� UHFRJQLWLRQ�� ,Q� WKH� VHOI�RUJDQL]DWLRQ� RI� D� QHXUDO�QHWZRUN�� WKH�H[KDXVWLYH�VHDUFK�LV�ILUVW�DSSOLHG�WR�GHWHUPLQH�WKH�QXPEHU�RI�QHXURQ�OD\HUV�DQG�WKH�VHWV�RI� LQSXW�DQG RXWSXW�YDULDEOHV�IRU�HDFK�QHXURQ��7KH�PLQLPXP�RI� WKH�GLVFULPLQDWLQJ�FULWHULRQ�VXJJHVWV� WKH� YDULDEOHV� IRU� ZKLFK� LW� LV� DGYDQWDJHRXV� WR� EXLOG� D� QHXUDO� QHWZRUN� DQG� KRZ� PDQ\�QHXURQ� OD\HUV� VKRXOG�EH�XVHG��7KXV�� WKH� WKHRU\�RI�QHXUDO�QHWZRUN�VHOI�RUJDQL]DWLRQ� LV� VLPLODU� LQ�PDQ\�UHVSHFWV�WR�WKDW�RI�HDFK�DFWLYH�QHXURQ�$FWLYH� QHXURQV� DUH� DEOH�� GXULQJ� WKH� VHOI�RUJDQL]LQJ� SURFHVV�� WR� HVWLPDWH� ZKLFK� LQSXWV� DUH�QHFHVVDU\� WR� PLQLPL]H� 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�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� $QDORJXHV� &RPSOH[LQJ� *0'+�DOJRULWKP�� 7KH� DOJRULWKP� ZLOO� VXJJHVW� ZKLFK� RI� WKH� SURSRVHG� DUJXPHQWV� VKRXOG� EH� WDNHQ� LQWR�FRQVLGHUDWLRQ�DQG�ZLOO�KHOS�WR�HVWLPDWH�WKH�FRQQHFWLYLW\�FRHIILFLHQWV�
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