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����0LVVLQJ�YDOXHV,Q�PRVW�SUDFWLFDO�DSSOLFDWLRQV�ZH�KDYH�WR�GR�ZLWK�VRPH�RI�WKH�YDOXHV�LQ�WKH�GDWD�VHW�QRW�REVHUYHG��$�JHQHUDO�SUREOHP�LQ� UHSODFHPHQW�RI�PLVVLQJ�YDOXHV� LV� WKDW� WKHUH�PD\�EH�VRPH� LQIRUPDWLRQ�FRQWHQW��FDUULHG� E\� WKH� DFWXDO� SDWWHUQ� RI�PHDVXUHPHQWV�PLVVLQJ��&UHDWLQJ� DQG� LQVHUWLQJ� VRPH� UHSODFHPHQW�YDOXH�IRU�WKH�PLVVLQJ�YDOXH�WKH�REMHFWLYH�LW�LV�WR�JXDUDQWHH�WKDW�WKLV�YDOXHV�DW�OHDVW�DUH�QHXWUDO�WKDW�LV�QHLWKHU�DGGV�QRU�VXEWUDFWV�LQIRUPDWLRQ�IURP�WKH�GDWD�VHW��3RRUO\�FKRVHQ�YDOXHV�DGGV�LQIRUPDWLRQ�WR�WKH�GDWD�VHW��WKDW�LV�QRW�UHDOO\�SUHVHQW�WKH�PLVVLQJ�YDOXH�DQG�LQ�VXFK�D�ZD\�GLVWRUWLQJ�WKH�GDWD��,W�LV�QHFHVVDU\� WR� SUHVHUYH� WKH� EHWZHHQ�YDULDEOHV� UHODWLRQVKLS�� ZKLFK� ZLOO� EH� H[SORUHG� LQ� WKH� QH[W�PRGHOOLQJ�VWHS�:LWK� WKH� YDULDEOHV� YDOXHV� WKDW� DUH� MRLQWO\� SUHVHQW� LQ� WKH� LQLWLDO� VDPSOH� GDWD� VHW� JRRG� HVWLPDWHV� RI�PLVVLQJ�YDOXHV�RI�DQ\�YDULDEOH�FDQ�EH�PDGH�XVLQJ�620�DOJRULWKPV��7KLV�DSSURDFK�KDV�WZR�VWHSV��� GHOHWLRQ�RI�PLVVLQJ�YDOXHV��OLVW�GHOHWLRQ���$OO�REVHUYDWLRQV�ZLWK�RQH�RU�PRUH�PLVVLQJ�YDOXHV�DUH�GHOHWHG��2Q� WKH�EDVH�RI� �VXFK�UHGXFHG�GDWD�VHW�E\�PHDQV�RI�620�DOJRULWKP�DUH�JHQHUDWHG�IRU�HYHU\� YDULDEOH� ZLWK� PLVVLQJ� YDOXHV� D� OLQHDU� RU� QRQOLQHDU� PRGHO�� ZKHUH� DV� YDULDEOHV� DUH� XVHG� DOO�YDULDEOHV� RI� WKH� ZKROH� GDWD� VHW� ZLWKRXW� WKH� FRQVLGHUHG� YDULDEOH� LQFOXGLQJ� WKH� RXWSXW� YDULDEOHV��6SHFLDOO\� IRU� VPDOO�GDWD� VHWV� LV� FRQYLQLHQW� WKH� DGYDQWDJHV�RI�620�DOJRULWKP�JHQHUDWH�PRGHOV�RQ�VPDOO�GDWD�VHWV��� 8VLQJ� WKH�JHQHUDWHG�PRGHOV� IRU�HYHU\�YDULDEOH�E\�PHDQV�RI�ZKDW�LI�SUHGLFWLRQ�WKH�PLVVLQJ�YDOXHV�FDQ�EH�HVWLPDWHG��$IWHU�WKLV�WKH�ZKROH�GDWD�VHW�FDQ�EH�XVHG�WR�VROYH�WKH�GDWD�PLQLQJ�WDVN�,I� WKHUH� DUH� PRUH� WKDQ� RQH� PLVVLQJ� YDOXHV� LQ� RQH� DQG� WKH� VDPH� UHFRUG�PD\� EH� LW� LV� GLIILFXOW� WR�HVWLPDWH� WKH� XQNQRZQ� YDOXHV� E\� UHJUHVVLRQ� PRGHOV� EHFDXVH� RI� FRQIOLFWV� EHWZHHQ� YDULDEOHV� ZLWK�PLVVLQJ� YDOXHV� �LQWHUGHSHQGHQFH� EHWZHHQ� YDULDEOHV� WR� SUHGLFW��� ,Q� WKLV� FDVH� $QDORJ� &RPSOH[LQJ��$&�� FODVVLILFDWLRQ� LV� XVHIXO�� )RU� WKH� JLYHQ� UHFRUG�ZLWK�PLVVLQJ� YDOXHV� E\� $&� FODVVLILFDWLRQ� DUH�VHOHFWHG�PRVW�VLPLODU�UHFRUGV�ZKLFK�GRHV�QRW�FRQWDLQ�PLVVLQJ�YDOXHV��$IWHU�WKLV��WKH�PLVVLQJ�YDOXHV�DUH�HVWLPDWHG�DV�PHDQ�YDOXH�RI�PHDVXUHG�YDOXHV�RI�VLPLODU�UHFRUGV���� 'DWD��GLPHQVLRQDOLW\��UHGXFWLRQ$� FUXFLDO� SUREOHP� LV� GHWHUPLQLQJ� KRZ� PXFK� GDWD� LV� QHHGHG� IRU� PRGHOOLQJ�� 5HGXFLQJ� WKH�GLPHQVLRQDOLW\� LW�LV�QHFHVVDU\� WR HQKDQFH� WKH�UHODWLRQVKLSV�UHDOO\� LQ�WKH�GDWD��7KHUHIRUH�WKH�PRVWO\�QRW� SURRIDEOH� GHPDQG� LV� WKH� GDWD� VHWV� QHHGV� WR� EH� UHSUHVHQWDWLYH�� 6HFRQGO\� D� FRQFHQWUDWLRQ� RI�LQVWDQFHV�KDV� WR�HQKDQFH� WKH�ZKROH� LQIRUPDWLRQ� DERXW�EHWZHHQ�YDULDEOH� UHODWLRQVKLSV�EXW�DOVR� WKH�YDULDELOLW\�RI�LQGLYLGXDO�YDULDEOHV��3UDFWLFDO�GDWD�PLQLQJ�DSSOLFDWLRQ�KDV�WR�KDQGOH�ZLWK�PRXQWDLQV�RI�GDWD�� L�H�� WDEOHV� ZLWK� KLJK� GLPHQVLRQ�� %HVLGHV� WKH� NQRZQ� WKHRUHWLFDO� GLPHQVLRQDOLW\� SUREOHP� >�@�WKHUH� LV�D�GLPHQVLRQ� OLPLW�RI�DOO�NQRZQ�WRROV�FRQQHFWHG�ZLWK�FRPSXWHU� WLPH�DQG�ZRUNLQJ�VWRUDJH��7KHUHIRUH�D�VWHS�RI�KLJK�SULRULW\�LV�WKH�REMHFWLYH�FKRLFH�RI�HVVHQWLDO�YDULDEOHV�� VWDWH�VSDFH�UHGXFWLRQ��EXW�DOVR�WKH�H[FOXVLRQ�RI�UHGXQGDQW�REVHUYDWLRQV�� VDPSOH�VSDFH�UHGXFWLRQ�
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����� 6WDWH�VSDFH�UHGXFWLRQD� 0RGXODU�DSSURDFK7KH� PRGXODU� DSSURDFK� UHOLHV� RQ� GHFRPSRVLQJ� D� JLYHQ� WDVN� DPRQJ� D� QXPEHU� RI� QHWZRUNV�� HDFK�VROYLQJ�D�VHSHUDWH�VXE�WDVN��*LYHQ�DUH�1�YDULDEOHV�[L��IURP�ZKLFK�0�YDULDEOHV�\M KDV�WR�EH�SUHGLFWHG��7KH�IROORZLQJ��DSSURDFK�FDQ�EH�XVHG�IRU�G\QDPLF�V\VWHPV��� 5DQGRPO\�WKH�YDULDEOHV�DUH�JURXSHG�LQ�3�JURXSV�ZLWK�QHDUO\�WKH�VDPH�QXPEHU�RI�YDULDEOHV��(YHU\�JURXS�JLYHV�D�VXE�GDWD�VHW��� )RU�HYHU\�VXE�GDWD�VHW�LV�JHQHUDWHG�D�V\VWHP�RI�HTXDWLRQV�E\�PHDQV�RI�620�DQG�HVWLPDWHG�WKH� V\VWHP� SUHGLFWLRQ� IRU� DOO� YDULDEOHV�� ,I� WKH YDULDEOHV� \M LV� LQFOXGHG� LQ� WKH� JURXS�� D�SUHGLFWLRQ� LV�REWDLQHG�� LQ� WKH�RWKHU�FDVH�D�PRGHO�RI�YDULDEOHV�\M GHSHQGLQJ�RI�DOO�YDULDEOHV�LQFOXGHG� LQ� WKH� JURXS� LV� JHQHUDWHG� DQG� E\� PHDQV� RI� ZKDW� LI� � SUHGLFWLRQ� WKH� XQNQRZQ�SUHGLFWLRQ�RI�\M HYDOXDWHG��� 7KH�REWDLQHG�3�SUHGLFWLRQV�IRU�HYHU\�YDULDEOH�\M DUH�FRPELQHG�E\�PHDQV�RI�620�DOJRULWKPV��ORRN�DW�VHFWLRQ����E�� 6HOI�RUJDQLVLQJ�YDULDEOH�VHOHFWLRQ7KH�EDVLF�LGHD�LV�WR�XVH�WKH�*0'+�SULQFLSOH��LW�LV�WKH�DLP�WR�UHGXFH�KLJK�GLPHQVLRQDO�SUREOHPV�E\�VROYLQJ�PDQ\�VPDOO�SUREOHPV��7KH�YDULDEOH�VHW�6��ZLWK�D�KLJK�QXPEHU�RI��YDULDEOHV�LV�GLYLGHG�LQWR�P�VXEVHWV�ZLWK� HTXDO� QXPEHU� RI� YDULDEOHV�� ,Q� WKH� ILUVW� JHQHUDWLRQ� IRU� HYHU\� FRPELQDWLRQ� LQ� SDLUV� RI�VXEVHWV�OLQHDU�RU�QRQ�OLQHDU�PRGHOV�DUH�JHQHUDWHG��(YHU\�JHQHUDWHG�PRGHO�FRQWDLQV�YDULDEOHV��WKH�VHW�RI� DOO� YDULDEOHV�� FRQWDLQHG� LQ� ���P PRGHOV�RI� WKH� ILUVW� JHQHUDWLRQ�JLYH� � WKH� YDULDEOH� VHW�6� RI� ILUVW�
JHQHUDWLRQ�� ,Q� WKH�VHFRQG�JHQHUDWLRQ� WKH�QHZ�YDULDEOHV�VHW�6� ZLOO�EH�GLYLGHG�LQ�HTXDO�VXEVHWV�DQG�IRU� HYHU\� FRPELQDWLRQ� LQ� SDLUV� RI� VXEVHWV� DJDLQ� OLQHDU� RU� QRQ�OLQHDU� PRGHOV� DUH� JHQHUDWHG�� 7KH�ZKROH�VHW�RI�YDULDEOHV��FRQWDLQHG�LQ�PRGHOV�RI�VHFRQG�JHQHUDWLRQ�JLYHV�WKH�YDULDEOHV�VHW�6� DQG�VR�RQ��7KLV�KDV�WR�FRQWLQXH�XS�WR�D�JLYHQ�QXPEHU�RI�YDULDEOHV�LV�UHDFKHG��2EYLRXVO\� IRU� YHU\� KLJK� QXPEHU� RI� YDULDEOHV� VXFK� DQ� DSSURDFK� GRHV� QHHG� PDQ\� FRPSXWDWLRQDO�HIIRUW��WKH�QXPEHU�RI�PRGHOV�ZKLFK�KDV�WR�EH�JHQHUDWHG�LV�WRR�PXFK��,Q�WKLV�FDVH�RQO\�D�SDUWLWLRQ�LQ�HTXDO�JURXSV�RI�YDULDEOHV� LV�XVHIXO��EXW� WKHUH� LV� WKH�GDQJHU�� WKDW�QRW�DOO� LQIOXHQFHV� LQ�SDLUV�RQ� WKH�RXWSXW�DUH�FRQVLGHUHG�������� 6DPSOH�VSDFH�UHGXFWLRQ:H�KDYH�WR�GLIIHU�EHWZHHQ�VWDWLRQDU\�SURFHVVHV�RU�KRPRJHQHRXV�VDPSOHV�RI�REVHUYDWLRQV�DQG�QRQ�VWDWLRQDU\� SURFHVVHV� RU� LQKRPRJHQHRXV� VDPSOHV� RI� REVHUYDWLRQV�� ,Q� ERWK� FDVHV� ZH� FDQ� XVH� VHOI�RUJDQLVLQJ�FOXVWHULQJ�WR�JHQHUDWH�KRPRJHQHRXV�RU�VWDWLRQDU\�SDUWV�RI�WKH�ZKROH�SURFHVV��VDPSOH��%XW�FRPELQLQJ� RI� UHVXOWV� LV� SRVVLEOH� RQO\� LQ� ILUVW� FDVH�� 7KH� VHFRQG� FDVH� JLYHV� PRGHOV� IRU� GLIIHUHQW�VLWXDWLRQ��8VLQJ� WKLV�PRGHO�HQVHPEOH� LW�QHHGV� WKHUHIRUH�D� FODVVLILFDWLRQ�RI� WKH�JLYHQ� VLWXDWLRQ�DQG�DIWHU�WKLV�WKH�DSSOLFDWLRQ�RI�WKH�FRUUHVSRQGLQJ�PRGHO�
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D��6WDWLRQDU\�SURFHVVHV,I�WKHUH�LV�D�ELJ�QXPEHU�RI�REVHUYDWLRQV��L�H��D�KLJK�VDPSOH�VL]H�RQH�XVHIXO�DSSURDFK�WKH�VDPSOH�KDV�WR�EH�GLYLGHG�E\�FOXVWHULQJ�LQ�VHYHUDO�FOXVWHUV�RI�VDPSOH�REVHUYDWLRQV��$IWHU�FOXVWHULQJ�HYHU\�FOXVWHU�FDQ�UHSUHVHQWHG�E\�RQH�REVHUYDWLRQ��7KLV�UHSUHVHQWDWLYH�FDQ�EH�VHOHFWHG�DV�RQH�VSHFLILF�REVHUYDWLRQ��PHDQ�YDOXH�RI�DOO�REHUYDWLRQV�LQ�WKH�FOXVWHU��REVHUYDWLRQ��ZKLFK�KDV�WKH�ORZHVW�GLVWDQFH�WR�DOO�RWKHU�D�V�R�� 3ULQFLSDOO\� LW� KDV� WR� EH� FRQVLGHUHG� WKH� IDFW�� WKDW� UHGXQGDQF\� RI� VDPSOHV� FRQWDLQV� VRPH�LQIRUPDWLRQ��7R�GHOHWH�WKH�UHGXQGDQW�LQVWDQFHV�PHDQV�WR�ORVW�WKLV�LQIRUPDWLRQ��7KHUHIRUH�LW�LV�EHWWHU�WR�XVH�ZHLJKWV��ZKLFK�JLYH� LQVWDQFHV�ZLWK� UHSHDWHG� UHDOLVDWLRQV� D�KLJKHU�ZHLJKW� WKDQ� VXFK��ZKLFK�RQO\�RQH�WLPHV�ZLOO�EH�E� 1RQVWDWLRQDU\�SURFHVVHV��%\�PHDQV�RI�$&�FOXVWHULQJ�WKH�REVHUYDWLRQV�DUH�GLYLGHG�LQWR�D�VPDOO�QXPEHU�RI�FOXVWHUV�ZLWK�VLPLODU�UHFRUGV�� (YHU\� FOXVWHU� FRQWDLQV� REVHUYDWLRQV� RI� D� QHDUO\� VWDWLRQDU\� SURFHVV�� $IWHU� WKLV� IRU� HYHU\�FOXVWHU�FDQ�JHQHUDWHG�E\�PHDQV�RI�620�DOJRULWKPV�D�VSHFLDO�PRGHO���� 6HOI�RUJDQLVLQJ�PRGHOOLQJ��620�6HOI�RUJDQLVLQJ�PRGHOOLQJ�FRQVLVWV�RI�VHYHUDO�VWHSV�RI�VHOI�RUJDQLVDWLRQ��VXFK�DVR VHOI�RUJDQLVDWLRQ�RI�WUDQVIHU�IXQFWLRQV��QHXURQV��R VHOI�RUJDQLVDWLRQ�RI�QHWZRUNV�R IRU�PXOWL�RXWSXW�V\VWHPV��VHOI�RUJDQLVDWLRQ�RI�V\VWHPV�RI�QHWZRUNV��DXWRQRPRXV�V\VWHPV�RI�HTXDWLRQV��,Q�VXFK�D�ZD\�LW�LV�SRVVLEOH�WR�JHQHUDWH�IURP�VKRUW�DQG�QRLV\�GDWD�VDPSOHV� OLQHDU�QRQOLQHDU�WLPH�VHULHV�PRGHOV�� VWDWLF�G\QDPLF�OLQHDU�QRQOLQHDU�PXOWL�LQSXW�VLQJOH�RXWSXW�PRGHOV�� V\VWHPV�RI�OLQHDU�QRQOLQHDU�GLIIHUHQFH�HTXDWLRQV��PXOWL�LQSXW�PXOWL�RXWSXW�PRGHOV��� V\VWHPV�RI�VWDWLF�G\QDPLF�PXWOL�LQSXW�PXOWL�RXWSXW�IX]]\�UXOHVGHVFULEHG�DQDO\WLFDOO\� LQ�DOO� IRXU�FDVHV��0RUH� WKDQ� WKLV� IRU�KLJK�QRLVH� OHYHO�QRQSDUDPHWULF�PRGHOV��SDWWHUQ�FOXVWHU�� DUH� REWDLQHG� E\� $QDORJ� &RPSOH[LQJ�� 8VLQJ� $QDORJ� &RPSOH[LQJ� QRW� RQO\�SUHGLFWLRQ� EXW� DOVR� FOXVWHU� DQDO\VLV� �$&� FOXVWHULQJ�� DQG� FODVVLILFDWLRQ� �$&� FODVVLILFDWLRQ�� >�@� LV�SRVVLEOH�����6HOI�RUJDQLVDWLRQ�RI�WUDQVIHU�IXQFWLRQV��QHXURQV�$�*0'+�DOJRULWKP�UHDOLVHV�IRU�HDFK�FUHDWHG�QHXURQ�DQ�RSWLPLVDWLRQ�RI�WKH�VWUXFWXUH�RI�LWV�WUDQVIHU�IXQFWLRQ��$FWLYH�1HXURQ���(DFK�WUDQVIHU�IXQFWLRQ�IN LV�DGDSWLYHO\�FUHDWHG�E\�DQRWKHU�VHOI�RUJDQLVLQJ�SURFHVV� DQG� WKH\� PD\� GLIIHU� RQH� IURP� DQRWKHU� E\� WKHLU� QXPEHU� RI� YDULDEOHV� XVHG� DQG� E\� WKHLU�IXQFWLRQDO�VWUXFWXUH�DQG�FRPSOH[LW\��620�KDV�LPSOHPHQWHG�D�FRPSOHWH�VHFRQG�RUGHU�SRO\QRPLDO�DV�GHIDXOW�DQDO\WLFDO�HOHPHQWDU\�PRGHO�VWUXFWXUH�I�YL��YM�� �D� ��D� YL ��D� YM ��D� YLYM ��D� YL� ��D� YM��
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7KLV� DEVWUDFW� HOHPHQWDU\� PRGHO� GHILQHV� WKH� FODVV� RI� SRVVLEOH� PRGHOV� IRU� WKLV� OHYHO� RI� VHOI�RUJDQLVDWLRQ��7KH�DUJXPHQWV�YL��YM UHSUHVHQW�DOO�NLQGV�RI�LQSXW�GDWD�OLNH�QRQ�ODJJHG�LQSXW�YDULDEOHV�[L�W��ODJJHG�LQSXW�YDULDEOHV�[L�W�Q��GHULYDWLYH�LQSXW�YDULDEOHV�RU�HYHQ�IXQFWLRQV�RU�PRGHOV��H�J�� [L ����[L�� VLQ�[L��RU� ORJ�[L���7KH� WUXH�PRGHO�RI�HYHU\� FUHDWHG�QHXURQ� LV� LQVWDQWLDWHG�DGDSWLYHO\� E\�VHOI�RUJDQLVDWLRQ��$V�D� UHVXOW�� WKH�V\QWKHVLVHG�QHWZRUN� LV�D�FRPSRVLWLRQ�RI�GLIIHUHQW�� D�SULRUL�XQNQRZQ�QHXURQV�� DQG� WKHLU� FRUUHVSRQGLQJ� WUDQVIHU� IXQFWLRQ� KDYH� EHHQ� VHOHFWHG� IURP� DOO� SRVVLEOH� OLQHDU� RU�QRQ�OLQHDU�SRO\QRPLDOV��I��YL���YM��
����6HOI�RUJDQLVDWLRQ�RI�QHWZRUNV7KH� VHFRQG� OHYHO�RI� VHOI�RUJDQLVDWLRQ� HPSOR\V�D�PXOWL�OD\HUHG� LWHUDWLYH�*0'+�DOJRULWKP��7KHUH�DUH�WZR�HQKDQFHPHQWV�WR�WKH�EDVLF�DOJRULWKP��KRZHYHU��7KH�ILUVW�GLIIHUHQFH�LV�WKDW�WKH�QHXURQV�PXVW�QRW�KDYH�WZR�LQSXW�YDULDEOHV�GXH�WR�WKHLU�VHOI�VHOHFWLQJ�FDSDELOLW\��7KH�VHFRQG�GLIIHUHQFH�RI� �620�DOJRULWKP�LV�DSSO\LQJ�D�VR�FDOOHG� OD\HU�EUHDN�WKURXJK�VWUXFWXUH��DOO�RULJLQDO�LQSXW�YDULDEOHV�YL DQG�DOO�VHOHFWHG�)S EHVW�PRGHOV�RI�DOO�S�SUHFHGLQJ�OD\HUV�DUH�XVHG�DV�LQSXWV�WR�FUHDWH�WKH�PRGHO�FDQGLGDWHV�RI�OD\HU�S����7KH�HQKDQFHG�YHUVLRQ�EUHDNV�RSHQ�WKLV�IL[HG� OD\HU� GHSHQGHQFH� VWUXFWXUH�� DQG� LW� DOORZV� FRQVLGHULQJ� DQ\� VHOHFWHG� PRGHO� FDQGLGDWH� �RU�RULJLQDO�LQSXW�YDULDEOH��DV�LQSXW�LQIRUPDWLRQ�DW�DQ\�OD\HU�RI�PRGHO�FUHDWLRQ��7KLV� JUHDWHU� IOH[LELOLW\� RI� PRGHO� V\QWKHVLV�� KRZHYHU�� DOVR� DPSOLILHV� WKH� GDQJHU� WKDW� PRGHOV� DUH�EHFRPLQJ� LQFUHDVLQJO\� FROOLQHDU�ZLWK� JURZLQJ� QXPEHU� RI� OD\HUV�� 7R� DYRLG� HYROXWLRQ� RI� FROOLQHDU�LQSXW� YDULDEOHV� JHQHUDWHG� GXULQJ�PRGHOOLQJ�� D� VWDWLVWLFDO� WHVW� LV� SURFHVVHG� EHIRUH� DQ\� QHZ� QHXURQ�ZLOO�EH�FUHDWHG�H[FOXGLQJ�FROOLQHDU� LQSXW�SDLUV� IURP�PRGHOOLQJ� LQ� WKLV�ZD\��6XFK�DQ�DOJRULWKP�IRU�VHOI�RUJDQLVDWLRQ�RI�PXOWL�OD\HUHG��QHWZRUNV�RI�DFWLYH�QHXURQV�SHUIRUPV�WKH�FUHDWLRQ�RI�DQ�RSWLPDO�FRPSOH[�QHWZRUN� VWUXFWXUH� �RSWLPDO�QXPEHU�RI�QHXURQV� DQG�QXPEHU�RI� OD\HUV�� DQG� VHOHFWLRQ�RI� D�QXPEHU�RI�EHVW�PRGHO�FDQGLGDWHV�RXW�RI�SRSXODWLRQV�RI�FRPSHWLWLYH�PRGHOV��
����6HOI�RUJDQLVDWLRQ�RI�V\VWHPV�RI�QHWZRUNV��DXWRQRPRXV�V\VWHPV�RI�HTXDWLRQV�&RPSOH[� V\VWHPV� XVXDOO\� KDYH� VHYHUDO� RXWSXW� YDULDEOHV�� 7KH� JRDO� RI� PRGHOOLQJ� V\VWHPV� RI�HTXDWLRQV� XVLQJ�*0'+� LV� WR� VHOI�RUJDQLVH� D�PRGHO� IRU� HDFK� RXWSXW� YDULDEOH� DQG� WR� LGHQWLI\� WKH�LQWHUGHSHQGHQFH� VWUXFWXUH� EHWZHHQ� WKH� V\VWHP� YDULDEOHV� LQFOXGLQJ� VHSDUDWLQJ� YDULDEOHV� LQWR�HQGRJHQRXV� DQG� H[RJHQRXV� YDULDEOHV� DFFRUGLQJ� WR� WKHLU� FRUUHVSRQGLQJ� PRGHO� TXDOLW\�� $IWHU�PRGHOOLQJ� D� V\VWHP� RI� P� HTXDWLRQV�� 620� VHOHFWV� D� EHVW� DXWRQRPRXV� V\VWHP� FRQVLVWLQJ� RI� P�HTXDWLRQV� �P� �� P�� QHFHVVDU\� WR� GHVFULEH� WKH� V\VWHP� FRPSOHWHO\�� +HUH�� WKH� QXPEHU� P� RI�HTXDWLRQV�WKH�EHVW�V\VWHP�FRQVLVWV�RI�DQG�LWV�FRPSRVLWLRQ�RI�YDULDEOHV�LV�FRPSOHWHO\�GHWHFWHG�E\�WKH�DOJRULWKP�XVLQJ�D�V\VWHP�FULWHULRQ��$OO�YDULDEOHV�RI�WKH�LGHQWLILHG�EHVW�V\VWHP�FDQ�EH�FRQVLGHUHG�DV�HQGRJHQRXV�YDULDEOHV�RI�WKH�V\VWHP��$OO�UHPDLQLQJ�YDULDEOHV�ZKLFK�PD\�EH�SDUW�RI�WKH�DXWRQRPRXV�V\VWHP�DUH�HLWKHU�H[RJHQRXV�RU�DUH�LGHQWLILHG�DV�H[RJHQRXV�GXH�WR�DQ�LQVXIILFLHQW�GDWD�EDVLV��
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�� 9DOLGDWLRQ$� YHU\� LPSRUWDQW� DQG� VWLOO� XQVROYHG� SUREOHP� LQ� NQRZOHGJH� H[WUDFWLRQ� IURP� GDWD� LV� DQDO\VLV� DQG�YDOLGDWLRQ�RI�WKH�REWDLQHG�PRGHOV��7KLV�HYDOXDWLRQ�SURFHVV�LV�DQ�LPSRUWDQW�FRQGLWLRQ�IRU�DSSOLFDWLRQ�RI�PRGHOV�REWDLQHG�E\�GDWD�PLQLQJ��2QO\�IURP�GDWD�DQDO\VLV�LW�LV�LPSRVVLEOH�WR�GHFLGH�ZKHWKHU�WKH�HVWLPDWHG�PRGHO�FDQ�UHIOHFW�WKH�FDXVDO�UHODWLRQVKLS�EHWZHHQ�LQSXW�DQG�RXWSXW�DGHTXDWHO\�RU�ZKHWKHU�LW�LV�D�VWRFKDVWLF�PRGHO�ZLWK�QRQ�FDXVDO�� FRUUHODWLRQV������'DWD�GULYHQ�DSSURDFK7KH�GDWD�GULYHQ�DSSURDFK�JHQHUDWHV�D�GHVFULSWLRQ�RI�WKH�V\VWHP�EHKDYLRXU�IURP�REVHUYDWLRQV�RI�UHDO�V\VWHPV� HYDOXDWLQJ� KRZ� LW� EHKDYHV� �RXWSXW�� XQGHU� GLIIHUHQW� FRQGLWLRQV� �LQSXW��� 7KLV� LV� VLPLODU� WR�VWDWLVWLFDO�PRGHOOLQJ� DQG� LWV� JRDO� LV� WR� LQIHU� JHQHUDO� ODZV� IURP� VSHFLILF� FDVHV�� 7KH� PDWKHPDWLFDO�UHODWLRQVKLS�WKDW�DVVLJQV�DQ�LQSXW�WR�DQ�RXWSXW�DQG�WKDW�LPLWDWHV�WKH�EHKDYLRXU�RI�D�UHDO�ZRUOG�V\VWHP�XVLQJ� WKHVH� UHODWLRQVKLSV�XVXDOO\�KDV�QRWKLQJ� WR�GR�ZLWK� WKH�UHDO�SURFHVVHV�UXQQLQJ� LQ� WKH�V\VWHP��KRZHYHU��&KHUNDVVN\� >�@� XQGHUOLQHG� WKDW� WKH� WDVN�RI� OHDUQLQJ�HVWLPDWLRQ� RI� VWDWLVWLFDO�GHSHQGHQF\�EHWZHHQ��REVHUYHG��LQSXWV�DQG�RXWSXWV�FDQ�RFFXU�LQ�WKH�IROORZLQJ�VLWXDWLRQV�RU�DQ\�FRPELQDWLRQ�RI�WKHP�� RXWSXW�FDXVDOO\�GHSHQG�RQ�WKH��REVHUYHG��LQSXWV�� LQSXWV�FDXVDOO\�GHSHQG�RQ�WKH�RXWSXW�V��� LQSXW�RXWSXW�GHSHQGHQF\�LV�FDXVHG�E\�RWKHU��XQREVHUYHG��IDFWRUV�� LQSXW�RXWSXW�FRUUHODWLRQ�LV�QRQ�FDXVDO�,W� IROORZV� WKDW� FDXVDOLW\� FDQQRW� EH� LQIHUUHG� IURP� GDWD� DQDO\VLV� DORQH�� LQVWHDG� HDFK� RI� WKH� ��SRVVLELOLWLHV� RU� WKHUH� FRPELQDWLRQ� LV� VSHFLILHG� DQG� WKHUHIRUH� FDXVDOLW\� PXVW� EH� DVVXPHG� RU�GHPRQVWUDWHG� E\� DUJXPHQWV� RXWVLGH� WKH� GDWD� >�@� DQG� FDQ� QRW� SURRIHG� E\� D� WHFKQLFDO� YDOLGDWLRQ�SURFHVV�:LWK� LQVXIILFLHQW� D� SULRUL� LQIRUPDWLRQ� DERXW� WKH� V\VWHP� WR� EH� PRGHOOHG�� WKHUH� DUH� VHYHUDO�PHWKRGRORJLFDO� SUREOHPV� ZH� KDYH� WR� IRFXV� RQ� EHIRUH� DSSO\LQJ� GDWD�GULYHQ� PHWKRGRORJLHV�� 7KH�LQFRPSOHWH�� VLQFH�ILQLWH�� GDWD�EDVLV�ZH�DOZD\V�XVH�OHDGV�WR�DQ�LQGHWHUPLQDF\�RI�WKH�PRGHO�DQG�WKH�FRPSXWDWLRQDO� GDWD� GHULYHG� IURP� LW�� 7KLV� LQFRPSOHWHQHVV� RI� WKH� WKHRUHWLFDO� NQRZOHGJH� DQG� WKH�LQVXIILFLHQW�GDWD�EDVH�FDXVHV�WKH�SUREOHPV�PHQWLRQHG�LQ�>�@�620�IRFXVHV�WLJKWO\�RQ�WKH�SUDFWLFDO�DSSOLFDWLRQ�RI�UHVXOWV��LW�LV�YHU\�VXFFHVVIXO�WR�JHQHUDWH�D�EODFN�ER[� WKDW� LV� NQRZQ� WR� ZRUN� XQGHU� VSHFLILF� FRQGLWLRQV� DQG� DSSOLFDWLRQV�� ,Q� WKLV� SDSHU� WKHUHIRUH�YDOLGDWLRQ�PHDQV�WR�SURRI�WKH�GHULYHG�SDWWHUQ�IURP�GDWD�H[LVWV�DFWXDOO\�DQG�LV�LPSRUWDQW�IRU�SUDFWLFDO�DSSOLFDWLRQV�RU�LW�LV�RQO\�VWRFKDVWLF�
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DOJRULWKP� LW� ZDV� FUHDWHG� ZLWK�� ,Q� WKLV� FRQWH[W�� WKLV� QRLVH� VHQVLWLYLW\� FKDUDFWHULVWLFV� SURYLGHV� WKH�UHTXLUHG�H[WHUQDO�LQIRUPDWLRQ�WR�EH�DEOH�VWDWLQJ�D�PRGHO�QRW�EHLQJ�YDOLG�RU�EHLQJ�YDOLG�WKH�PRUH�DV�WKH�PRGHO¶V�TXDOLW\�40 GLVWLQJXLVKHV�IURP�DQ�H[WHUQDOO\�JLYHQ�TXDOLW\�OHYHO�4X �40 � 4X !!����� ,PSURYHPHQW�RI�PRGHO�UHVXOWV�,I�WKH�PRGHO�LV�QRW�YDOLGx LQ� WKH� GDWD� EDVH� DUH� QRW� LQFOXGHG� PRVW� LPSRUWDQW� LQSXW� YDULDEOHV�� 7KHUHIRUH� WKH� LQYHVWLJDWHG�YDULDEOH� FDQQRW� EH� H[SODLQHG� E\� D� LQSXW�RXWSXW� PRGHO� VXIILFLHQWO\�� 7KH� YDULDEOH� VKRXOG� E\�FRQVLGHUHG� DV� H[RJHQRXV� DQG� VKRXOG� EH� GHVFULEHG� E\� D� WLPH� VHULHV� PRGHO� RU� E\� $QDORJ�&RPSOH[LQJ�x WKH� GDWD� EDVH� LV� QRW� ZHOO�EHKDYHG�� L�H�� WKHUH� DUH� PRUH� YDULDEOHV� WKDQ� REVHUYDWLRQV�� %HVLGHV�PHWKRGV�RI�GLPHQVLRQDOLW\�UHGXFWLRQ�TXDOLW\�RI�PRGHO�UHVXOWV�FDQ�EH�LPSURYHG�E\�FRPELQLQJ�,Q�PDQ\�ILHOGV��VXFK�DV�HFRQRP\��WKHUH�DUH�RQO\�D�OLWWOH�QXPEHU�RI�REVHUYDWLRQV�ZKLFK�LV�WKH�UHDVRQ�IRU� XQFHUWDLQ� UHVXOWV�� 7KH� UHVXOWV� REWDLQHG� E\� PRGHOV� ZLWK� VPDOO� VDPSOH� DUH� LQ� PRVW� FDVHV� XQ�VXIILFLHQW��$OO�PHWKRGV�RI�DXWRPDWHG�PRGHO�VHOHFWLRQ�OHDG�WR�D�VLQJOH�EHVW�PRGHO��2Q�WKLV�EDVH�DUH�PDGH�FRQFOXVLRQ�DQG�GHFLVLRQ�DV�LI�WKH�PRGHO�ZHUH�WKH�WUXH�PRGHO��+RZHYHU�WKLV�LJQRUHV�WKH�PDMRU�FRPSRQHQW� RI� XQFHUWDLQW\�� QDPHO\� XQFHUWDLQW\� DERXW� WKH�PRGHO� LWVHOI�� 7R� LPSURYH�PRGHO� UHVXOWV�DUWLILFLDO� JHQHUDWLRQ� RI�PRUH� WUDLQLQJ� FDVHV� E\�PHDQV� RI� MLWWHULQJ�� UDQGRPLVLQJ� D�R�� LV� D� SRZHUIXO�ZD\��0DQ\� UHVHDUFKHV�KDYH� VKRZQ�� WKDW� VLPSO\� FRPELQLQJ� WKH�RXWSXW�RI�PDQ\� SUHGLFWRUV� FDQ�JHQHUDWH�PRVW�DFFXUDWH�SUHGLFWLRQ�WKDW�RI�DQ\�RI�WKH�LQGLYLGXDO�SUHGLFWRU��7KHRUHWLFDO�DQG�HPSLULFDO�ZRUN�>�@�KDV�VKRZQ��WKDW�D�JRRG�HQVHPEOH�LV�RQH�ZKHUH�WKH�LQGLYLGXDO�QHWZRUNV�DUH�ERWK�DFFXUDWH�DQG�PDNH�WKHLU�HUURUV�RQ�GLIIHUHQW�SDUWV�RI�WKH�LQSXW�VSDFH��&RPELQLQJ�WKH�RXWSXW�RI�QHWZRUNV�LV�XVHIXO�RQO\�LI�WKHUH� LV� GLVDJUHHPHQW� RQ� VRPH� LQSXWV�� WRSRORJ\�� SDUDPHWHU� D�R�� &RPELQLQJ� VHYHUDO� LGHQWLFDO�QHWZRUNV�SURGXFHV�QR�JDLQ��7KH� WDVN� RI� FRPELQLQJ� LV�� JLYHQ� DQ� HQVHPEOH� RI� SUHGLFWRUV�� VRXJKW� LV� D� SUHGLFWLRQ� E\� PHDQV� RI�YRWLQJ�RU�DYHUDJLQJ��VLPSOH��ZHLJKWHG��%D\HVLDQ��&RPELQLQJ�WKH�FRUUHVSRQGLQJ�RXWSXWV�RI�D�QXPEHU�RI�WUDLQHG�QHWZRUNV�LV�VLPLODU�WR�FUHDWLQJ�D�ODUJH�QHWZRUN�LQ�ZKLFK�WKH�WUDLQHG�QHWZRUNV�DUH�VXE�QHWZRUNV�RSHUDWLQJ�LQ�SDUDOOHO�DQG�WKH�FRPELQDWLRQ�ZHLJKWV�DUH�WKH�FRQQHFWLRQ��ZHLJKWV�RI�WKH�RXWSXW�OD\HU��,W�LV�SRVVLEOH�WR�JHQHUDWH�D�FRPELQDWLRQ�RI�PRGHOV� �V\QWKHVLV�� E\� 620� DOJRULWKPV� LWVHOI�� 7KH� ELJ� DGYDQWDJH� RI� WKLV� DSSURDFK� LV� WKDW�DXWRPDWLFDOO\�E\�VHOI�RUJDQLVDWLRQ�LV�VHOHFWHG�WKH�EHVW��YRWLQJ��RU�FRPELQHG�VRPH�RI�WKH�EHVW�PRGHOV�OLQHDUO\�RU�QRQOLQHDUO\��� &RQFOXVLRQV*0'+� EDVHG� DOJRULWKPV� DQG� VHOI�RUJDQLVDWLRQ� FDQ� EH� XVHG� WR� DXWRPDWH� WKH� ZKROH� GDWD� PLQLQJ�SURFHVV�� L�H��PRGHOV� KDYH� EHHQ� FUHDWHG� DGDSWLYHO\� DQG� GDWD SUHSDUDWLRQ�ZLOO� EH� VHOI�RUJDQLVHG� LQ�VSHFLDO� PLVVLQJ� YDOXHV� DUH� HVWLPDWHG� DQG� GLPHQVLRQDOLW\� LV� UHGXFHG�� � 3URSHUO\� DSSOLHG� WKH� GDWD�



��
SUHSDUDWLRQ� SURFHVV� SUHSDUHV� ERWK� WKH� GDWD� DQG� WKH� XVHU�� :KHQ� GDWD� LV� FRUUHFWO\� SUHSDUHG� DQG�VXUYH\HG�WKH�TXDOLW\�RI�WKH�PRGHOV�SURGXFHG�ZLOO�GHSHQG�PRVWO\�RQ�WKH�FRQWHQW�RI�WKH�GDWD��QRW�VR�PXFK�RQ�WKH�DELOLW\�RI�WKH�XVHU��7KH�DSSURDFK�LV�LPSOHPHQWHG�LQ�VRIWZDUH��.QRZOHGJH0LQHU��DQG�VXSSRUWHG� E\� $SSOH6FULSW�� $� VXFFHVVIXO� UHDO�OLIH� DSSOLFDWLRQ� LV� &DUFLQRJHQLFLW\� 3UHGLFWLRQ� RI$URPDWLF�&RPSRXQGV��LQFOXGHG�LQ�WKLV�LVVXH�>�@�
/LWHUDWXUH���0�OOHU�-��$���/HPNH�)� 6HOI�2UJDQLVLQJ�'DWD�0LQLQJ��/LEUL� +DPEXUJ���������3\OH�'� 'DWD�3UHSDUDWLRQ�IRU�'DWD�0LQLQJ��0RUJDQ�.DXIPDQ�3XEO��6DQ�)UDQFLVFR���������&KHUNDVVN\�9���0XOLHU�)� /HDUQLQJ�IURP�'DWD���-��:LOH\	6RQV��1HZ�<RUN���������/HPNH�)���0�OOHU�-��$� 9DOLGDWLRQ�LQ�6HOI�2UJDQLVLQJ�'DWD�0LQLQJ��,&,0�������/YLY���������6KDUNH\�$�-�&� &RPELQLQJ�$UWLILFLDO�1HXUDO�1HWV��(QVHPEOH�DQG�0RGXODU�0XOWL �1HW�6\VWHPV��6SULQJHU��/RQGRQ� �����
6. Lemke F., Benfenati E. Carcinogenicity Prediction of Aromatic Compounds Using Self-

organising Data Mining. USIM, 2, 2003.


