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�� ,QWURGXFWLRQ�
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WKUHH� FRPSHWHQFH� HVWLPDWH� �PHPEHUVKLS�� IXQFWLRQV�IURP�WKH�XQLYHUVH�RI�DWWULEXWH�VSDFH��
�� 0HWKRG�GHVFULSWLRQ�
)DXOW� GLDJQRVWLF� PHWKRGV� DUH� UHTXHVWHG� WR� JHQHUDWH�XQDPELJXRXV� UHVXOWV� ±� WKH\� KDYH� WR� GLVFULPLQDWH� QRU�PDO�FDVHV� IURP�WKH�IDXOW�RQHV��0RUHRYHU�D� W\SH�RI� WKH�IDXOW�LV�XVXDOO\�WR�EH�GHWHUPLQHG�EHVLGHV��7KH�PHWKRGV�DUH� VXSSRVHG� WR� JLYH� WKH� UHVSRQVH� LQ� WKH� IRUP� RI� D�FOHDU�VLQJOH�YDOXHG�FODVVLILFDWLRQ�DV�KD]\�UHVSRQVHV�FDQ�EH�KDUGO\�XVHG�IRU�FRQWURO�RI�DQ�REVHUYHG�V\VWHP��7KLV�UHTXLUHPHQW� LPSOLHV� WKDW� XQDPELJXRXV� FODVVLILFDWLRQV�KDYH� WR� EH� DVVLJQHG� WR� DOO� WKH� WUDLQLQJ� H[DPSOHV� XVHG�GXULQJ�WKH�OHDUQLQJ�SHULRG�DV�ZHOO��+RZHYHU�� WKLV�W\SH�RI� DVVLJQPHQW� GRHV� QRW� FRUUHVSRQG� WR� UHDOLW\� ZKHQ�VPRRWK� FRQWLQXRXV� WUDQVLWLRQV� FRQQHFW� DGMDFHQW�FODVVHV�� )URP� WKLV� SRLQW� RI� YLHZ�� LW� VHHPV� WR� EH�PRUH�QDWXUDO�WR�DOORZ�IRU�IX]]\�UHSUHVHQWDWLRQ�RI�FODVV�FRP�SHWHQFH���7KH�PHWKRG�EHLQJ�GHVFULEHG� FDQ�EH�GLYLGHG� WR� IRXU�IXQGDPHQWDO�VWHSV��H[SODLQHG�LQ�WKH�UHVW�RI�WKH�SDSHU���

���([WHQVLRQ�RI�WKH�VHW�RI�FRQVLGHUHG�DWWULEXWHV�E\�HV�
WLPDWHV� RI� FRPSHWHQFH� WR� LQGLYLGXDO� FODVVLILFD�
WLRQV²�HDFK�SRVVLEOH�FODVVLILFDWLRQ�L�LV�HVWLPDWHG�E\�
D� FRPSHWHQFH� HVWLPDWH� IXQFWLRQ� &()L�� WKH� VHW� RI�YDOXHV�RI�DOO�FRQVLGHUHG�&()V�IRU�DQ\�H[DPSOH�GH�
ILQHV�LWV�FRPSHWHQFH�HVWLPDWH�YHFWRU�&(9��

���VHDUFK� IRU� UHODWLRQ� EHWZHHQ� &(9V� DQG� WKH� VLQJOH�
YDOXHG�FODVVLILFDWLRQV� ���SURSRVDO�RI�D�PHWKRG�KRZ�
WR� ILQG� WKH� VLQJOH� YDOXHG� FODVVLILFDWLRQ� IURP�&()V�
�FUHDWLRQ�RI�D�FRUUHVSRQGLQJ�GHFLVLRQ�WUHH�RU�D�QHX�
UDO�QHW���

���DVVHVVPHQW�RI�&(9V� IRU� � WKH� WHVWLQJ�H[DPSOHV� �XV�
LQJ�&(9V� LQ� WKH� WUDLQLQJ� VHW� DQG�1� QHDUHVW� QHLJK�
ERUV�PHWKRG���

���WUDQVIRUPDWLRQ� RI� D� FRPSHWHQFH� FODVV� HVWLPDWH� GH�
VFULSWLRQ�RI�WHVWLQJ�H[DPSOHV�WR�D�VLQJOH�YDOXH��

3URFHVV�GHQRWHG�LQ�WKH�VWHS���GHSHQGV�PRVWO\�RQ�UHDO�DSSOLFDWLRQ��7KH� IROORZLQJ� FKDSWHU� VXJJHVWV� D� SURFHVV�OHDGLQJ� WR� WKH� DERYH�PHQWLRQHG� H[WHQVLRQ�� 7KH� SUR�SRVDO�FDQ�EH�HDVLO\�DGDSWHG�WR�UHDO�DSSOLFDWLRQ�VSHFLIL�FDWLRQ� LI� WKH� LQGLYLGXDO� FODVVHV� DUH� WRWDOO\� RU� SDUWLDOO\�RUGHUHG�� $V� WKH� H[WHQVLRQ� UHVXOW�� WKHUH� LV� JHQHUDWHG� D�VHW�RI� WUDLQLQJ�H[DPSOHV�HQULFKHG�E\�FRPSHWHQFH�HVWL�
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PDWH� IXQFWLRQV� &()V�� $VVHVVPHQW� RI� &()V� IRU� WKH�WHVWLQJ� H[DPSOHV� LV� DFKLHYHG� E\� 1�QHDUHVW� QHLJKERUV�DOJRULWKP�� 7KH� GDWDEDVH� RI� WUDLQLQJ� H[DPSOHV� LV�VHDUFKHG� WKURXJK�� 7KH� QHDUHVW� WUDLQLQJ� H[DPSOHV� DUH�VRUWHG�RXW� IRU�HDFK� WHVWLQJ�H[DPSOH��7KHQ�� WKH�FRPSH�WHQFH� HVWLPDWH� GHVLJQ� RI� HDFK� WHVWHG� H[DPSOH� LV� SUR�SRVHG� IURP� WKH� ZHLJKWHG� FODVVLILFDWLRQ� FRPSHWHQFH�HVWLPDWHV� RI� WKH� VHOHFWHG� QHDUHVW� QHLJKERUV�� )LQDOO\��WKHUH� DUH� DSSOLHG� LQ� SDUDOOHO� UHVXOWV� RI� WZR�0/� WHFK�QLTXHV�� QDPHO\� ,'�� DQG�11� DOJRULWKPV�� WR� WUDQVIRUP�FODVVLILFDWLRQ�HVWLPDWHV�RU�FRPSHWHQFH�HVWLPDWH�YHFWRUV�RI� WHVWHG� H[DPSOHV� WR� VLQJOH� YDOXHG� FODVVLILFDWLRQV� ���VHH�)LJXUH�����

)LJXUH����&RPSHWHQFH�(VWLPDWH�0HWKRG�
,W� LV� ZRUWK� WR� QRWLFH� WKDW� VWHSV� ��� �� DQG� �� DUH� FRQ�IRUPDEOH� WR� IX]]LILFDWLRQ� DQG� GHIX]]LILFDWLRQ� VWHSV� LQ�IX]]\�FODVVLILHU�V\VWHPV��+RZHYHU��E\�WKH�VDPH�PDLO�LW�LV� REYLRXV� WKDW� WKH� VXJJHVWHG� FODVVLILFDWLRQ� PHWKRG�GRHV� QRW� VDWLVI\� GHILQLWLRQ� RI� IX]]\� FODVVLILHU� V\VWHP��

³$� IX]]\� FODVVLILHU� V\VWHP� LV� D� V\VWHP� ZKLFK� OHDUQV�
IX]]\� UXOHV� LQ� RUGHU� WR� JXLGH� LWV� SHUIRUPDQFH� LQ� DQ�
DUELWUDU\� �HQYLURQPHQW´� >*H\HU�6FKXOW]�� ����@��&RP�SHWHQFH� HVWLPDWHV� DSSHQG� XWLOLVDWLRQ� RI� EDFNJURXQG�NQRZOHGJH�WKDW�FDQ�QRW�EH�H[WUDFWHG�IURP�WKH�DWWULEXWH�VHW�QRU�WKH�VLQJOH�YDOXHG�FODVVLILFDWLRQV��7R� VXP� LW� XS�� WKH� VXJJHVWHG�PHWKRG� LV� VXLWDEOH� IRU�DOO�WDVNV�WKDW�PHHW�WKH�IROORZLQJ�UHTXLUHPHQWV��
L�� 7UDLQLQJ� DQG� WHVWLQJ� H[DPSOHV� DUH� GHVFULEHG� E\�

PHDQV�RI�D�VHW�RI�DWWULEXWHV��
LL�� WKHUH�LV�DVVLJQHG�D�VLQJOH�FODVV�WR�HDFK�WUDLQLQJ�H[�

DPSOH��E\�D�WHDFKHU�GRPDLQ�H[SHUW���
LLL�� WKH� VHW� RI� LQGLYLGXDO� FODVVHV� LV� WRWDOO\� RU� SDUWLDOO\�

RUGHUHG� �DJDLQ�ZLWK�DLG�RI�EDFNJURXQG�NQRZOHGJH�
SURYLGHG�E\�WKH�GRPDLQ�H[SHUW���

LY�� WUDQVLWLRQV�EHWZHHQ�DGMDFHQW�GLDJQRVWLF�VWDWHV�VKRZ�
FRQWLQXRXV� FRXUVH�� ZKLOH� RULJLQDO� FODVVHV� FRUUH�
VSRQGLQJ� WR� WKHVH� VWDWHV� FKDQJH� GLVFUHWHO\� �YHU\�
UHSUHVHQWDWLYH�H[DPSOH�RI�VXFK�D�FDVH�LV�H[SODLQHG�
LQ�FDVH�VWXG\���VHH�6HFWLRQ�����

Y�� FRPSHWHQFH� HVWLPDWH� IXQFWLRQV� WUDQVIRUPLQJ� WKH�
XQLYHUVH� RI� DWWULEXWH� VSDFH� WR� WKH� UHDO� XQLW� LQWHU�
YDO����!�FDQ�EH�IRXQG��

��� � &RPSHWHQFH�(VWLPDWH�'HI LQLWLRQ�RI �
&ODVVLI LHG�3DUDPHWHU�

/HW¶V� FRQVLGHU� DQ� DSSOLFDWLRQ� ZLWK� Q� GLIIHUHQW� VLQJOH�YDOXHG� FODVVLILFDWLRQV� ERXQG� E\� D� UHODWLRQ� RI� SDUWLDO�RUGHU��$Q\�ORQJHVW�RUGHUHG�VHTXHQFH�RI�FODVVLILFDWLRQV�LV� UHIHUUHG� WR� DV� DQ� RUGHULQJ�� 6XSSRVH� WKHUH� DUH� P�GLIIHUHQW� RUGHULQJV� LQ� WKH� FRQVLGHUHG� VHW� RI� FODVVLILFD�WLRQV�� *HQHUDOO\�� WKHVH� RUGHULQJV� GR� QRW� KDYH� WR� EH�QHFHVVDULO\� PXWXDOO\� GLVMRLQW� DQG� HDFK� FODVVLILFDWLRQ�VKRXOG�DSSHUWDLQ�WR�RQH�RUGHULQJ�DW�OHDVW��,Q�WKH�FDVH�RI�IDXOW�GLDJQRVWLFV��LW�XVXDOO\�KROGV�WKDW�HDFK�RUGHULQJ�RL�FRUUHVSRQGV� WR� D� WUDQVLWLRQ� IURP� D� QRUPDO� VWDWH�QRUP�WR�D�PDUJLQDO� IDXOW� VWDWH�I�IDXOWL��ILQDO� IDXOW���7KHQ��DQ�LQGLYLGXDO�&()�IL�TXDOLILHV�D�FRPSHWHQFH�RI�D�VHOHFWHG�FDVH�WR�WKH�L�WK�IDXOW�VFDOH��7KH�YDOXH�3L
$�RI�WKH�&()�IL�HYDOXDWHV� FRPSHWHQFH� RI� WKH� H[DPSOH� $� WR� WKH� L�WK�PDUJLQDO� FODVVLILFDWLRQ� I�IDXOWL� �IL�$� � 3L

$��� 3URYLGHG�3L
$�LV�HTXDO�WR�RU�QHDU�WR����WKH�H[DPSOH�$�VKRZV�WR�EH�QRUPDO� �IURP� WKH� SRLQW� RI� YLHZ� RI� WKLV� W\SH� RI� IDXOW���3URYLGHG� 3L

$� LV� HTXDO� WR� RU� QHDU� WR� ��� WKH� H[DPSOH� $�PDWFKHV�ZLWK�WKH�VWDWH�I��IDXOWL�� �2WKHUZLVH�� WKH�H[DP�SOH�$� LV�JRLQJ� WR�EH�FODVVLILHG�DV�D� VWDWH� IURP� WKH� L�WK�IDXOW� VFDOH�� EHOLHI� LQ� WKLV� FODVVLILFDWLRQ� FRUUHVSRQGV� WR�3L
$��

)LJXUH���)DXOW�VWDWH�GLDJUDP�
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ZKHUH��P� �LV� QXPEHU� RI� SDUWLFXODU� FRPSHWHQFH� HVWL�PDWH�IXQFWLRQV��3L
$�� LV�D�YDOXH�RI�WKH�L�WK�SDUWLFXODU�FRPSHWHQFH�HVWLPDWH�IXQFWLRQ�RI�H[DPSOH�$��
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ZKHUH��IL�� LV� WKH� L�WK� SDUWLFXODU� FRPSHWHQFH� HVWLPDWH�IXQFWLRQ��DL$�� LV� D� YDOXH� RI� WKH� L�WK� DWWULEXWH� RI� H[DPSOH�$��� � � N��� LV�WKH�QXPEHU�RI�PHDVXUHG�DWWULEXWHV��
� 2I�FRXUVH�� WKH�PHWKRG�GRHV�QRW� IDLO�XQGHU� VXFK�FLU�FXPVWDQFHV�� EXW� LW� PDNHV� QR� XVH� WR� DSSO\� LW� KDYLQJ�DQRWKHU� SHUIHFW� WRRO� IRU� FODVVLILFDWLRQ�� ,Q� VXFK� D� FDVH��DOO� WKH�YDOXHV�RI� FRPSHWHQFH� HVWLPDWH� IXQFWLRQV� FRXOG�EH� DQDO\WLFDOO\� FDOFXODWHG� IRU� XQVHHQ� H[DPSOHV� DQG� LI�WKH\�ZHUH�SHUIHFW� WKH\�ZRXOG�EH�HDVLO\� WUDQVIRUPHG�WR�D� VLQJOH� YDOXH��2Q� WKH� RWKHU� KDQG�� WKH�PHWKRG� FDQ� EH�DSSOLHG� LQ� DOO� RWKHU� FDVHV�� (VSHFLDOO\� LI� FODVV� FRPSH�WHQFH�HVWLPDWH�GHVLJQ�RI�WKH�WUDLQLQJ�H[DPSOHV�LV�LQWXL�WLYH�RU�LW�FDQ�EH�PDWKHPDWLFDOO\�GHILQHG��EXW�DWWULEXWHV�GR� QRW� RFFXU� DV� WKH� LQSXW� SDUDPHWHUV� RI� WKH� IXQFWLRQ��LQGLYLGXDO�IXQFWLRQV�FDQ�EH�GHILQHG�ZLWK�UHVSHFW�WR�WKH�VHOHFWHG� DWWULEXWHV��ZKLFK� DUH� QRW� DYDLODEOH�ZLWKLQ� WKH�WHVWLQJ�VHW���
��� � 1�1HDUHVW�1HLJKERXUV�
7KH�FRUH�RI� FODVVLILFDWLRQ�PHWKRG�RI�1�QHDUHVW� QHLJK�ERXUV� LV�YHU\� VLPSOH�SURYLGHG�YDJXH� WHUPV�QHLJKERXU��VLPLODULW\�HWF��DUH�WDNHQ�LQ�DFFRXQW��,Q�IDFW��WKHVH�WHUPV�KDYH� WR� EH� GHILQHG� WKURXJK� UHODWLYHO\� FRPSOLFDWHG� VHW�RI� QXPHULF� SDUDPHWHUV�� ZKRVH� DGMXVWPHQW� UHSUHVHQWV�WKH� PRVW� GLIILFXOW� DQG� WLPH�FRQVXPLQJ� SURFHGXUH�ZLWKLQ�WKH�IUDPHZRUN�RI�PHWKRG�RI�WKLV�W\SH��� /HW�XV�GHILQH�WKHVH�YDJXH�WHUPV�PRUH�SUHFLVHO\��7KH�QHDUHVW� QHLJKERXU� �OHW� XV� GHQRWH� LW� %�� WR� D� WHVWLQJ�H[DPSOH�$�LV�GHILQHG�DV�WKH�H[DPSOH�ZLWK�WKH�VKRUWHVW�ZHLJKWHG�GLVWDQFH�RI�LWV�LPDJH�IURP�WKH�LPDJH�RI�$�LQ�WKH�QRUPDOLVHG�DWWULEXWH�VSDFH�RI�GLPHQVLRQ�N��

ZKHUH� N��� LV�WKH�QXPEHU�RI�PHDVXUHG�DWWULEXWHV��� � � DL$�� LV�D�YDOXH�RI�DWWULEXWH�DL�IRU�WKH�H[DPSOH�$��� � � DL%�� LV�D�YDOXH�RI�DWWULEXWH�DL�IRU�WKH�FDVH�%��PD[�DL��� LV�WKH�PD[LPXP�YDOXH�RI�WKH�DWWULEXWH�DL�LQ�WKH�WUDLQLQJ�VHW��PLQ�DL��� LV� WKH�PLQLPXP�YDOXH�RI�WKH�DWWULEXWH�DL� LQ�WKH�WUDLQLQJ�VHW��� � � ZL�� LV�WKH�ZHLJKW�DVVRFLDWHG�WR�WKH�DWWULEXWH�DL��
�� 7KH�YDOXH�RI�WKH�FRPSHWHQFH�HVWLPDWH�IXQFWLRQ�3M�ZLWKLQ�HDFK�FRQVLGHUHG�VFDOH�RI�WKH�H[DPSOH�$�LV�DJDLQ�

FDOFXODWHG�DV�D�ZHLJKWHG�VXP�RI�FRUUHVSRQGLQJ�FRPSH�WHQFH�HVWLPDWH�IXQFWLRQV�RI�1�QHDUHVW�QHLJKERXUV�RI�WKH�H[DPSOH�$��ZKHUH��1�� LV� WKH� QXPEHU� RI� WKH� QHDUHVW� QHLJKERXUV�XVHG�IRU�SUHGLFWLRQ��

YL�� LV�D�ZHLJKW�DVVRFLDWHG�ZLWK�WKH�L�WK�QHDUHVW�QHLJKERXU�RI�H[DPSOH�$��3ML�� LV� D� YDOXH�RI� WKH� M�WK�FRPSHWHQFH�HVWLPDWH�IXQFWLRQ� RI� WKH� L�WK� QHDUHVW� QHLJKERXU� RI�WKH�H[DPSOH�$��
� ,W�IROORZV�WKDW� LQ�RUGHU�WR�UHDFK�JRRG�UHVXOWV�RI�SUH�GLFWLRQ�WZR�GLIIHUHQW�DUUD\V�RI�ZHLJKWV��Z��Y��KDG�WR�EH�RSWLPLVHG�WRJHWKHU�ZLWK�WKH�SDUDPHWHU�1��
��� � ,'��±�5HWXUQ�WR�2ULJLQDO�6LQJOH�

9DOXHG�&ODVVLI LFDWLRQ�
7KH� ,'�� DOJRULWKP�� PHPEHU� RI� 7','7� �7RS�'RZQ�,QGXFWLRQ� RI�'HFLVLRQ�7UHHV�� IDPLO\�� LV� D� ZHOO�NQRZQ�DOJRULWKP� RI� FUHDWLQJ� GHFLVLRQ� WUHHV� IURP� H[DPSOHV�>4XLQODQ������@���7KH� 7','7� DOJRULWKPV� GR� QRW� XVH� DQ\� IRUP� RI�EDFNJURXQG� NQRZOHGJH�� 7KH� LQIHUHQFH� HQJLQH� FRQ�VWUXFWV�D�GHFLVLRQ�WUHH�LQ�D�UHFXUVLYH�ZD\�IURP�LWV�URRW�WR� LWV� OHDYHV��SDUWLWLRQLQJ� WKH�RULJLQDO� WUDLQLQJ� VHW� LQWR�VPDOOHU� DQG� VPDOOHU� VXEVHWV�� ,QGXFLQJ� D� GHFLVLRQ� WUHH�H[SORLWV�D�JHQHUDO�VWUDWHJLF�KHXULVWLF��VLPSOHU� WUHHV�DUH�SUHIHUDEOH� EHFDXVH� WKH\� H[KLELW� EHWWHU� SUHGLFWLYH�SRZHU�� 7KHUH� H[LVW� VHYHUDO� SUH�� DQG� SRVW�� SUXQLQJ�WHFKQLTXHV� H[SORLWHG� E\� 7','7� DOJRULWKPV� IRU� SURF�HVVLQJ� QRLV\� GDWD� DQG� UHGXFLQJ� WKH� ³EXVK\´� GHFLVLRQ�WUHHV�>4XLQODQ������@��7KH� LGHD� RI� WUDQVIRUPDWLRQ� RI� FRPSHWHQFH� HVWLPDWH�FODVVLILFDWLRQ� YDOXHV� WR� WKH� VLQJOH� YDOXHG� GHVLJQ� LV�TXLWH�HDV\��$�VXEVHW�RI� WUDLQLQJ�H[DPSOHV�ZLWK�NQRZQ�RULJLQDO� FODVVLILFDWLRQ� LV� HPSOR\HG� IRU� WKLV� SXUSRVH��7KH�FRPSHWHQFH�HVWLPDWH�FODVVLILFDWLRQV�DUH�FDOFXODWHG�RQ� DOO� WKH� WUDLQLQJ� H[DPSOHV�EHORQJLQJ� WR� WKH� VHOHFWHG�VXEVHW� XVLQJ� WKH� PHWKRG� GHVFULEHG� LQ� VHFWLRQ� ����� ,Q�VXFK� D� ZD\�� D� QHZ� VHW� RI� WUDLQLQJ� GDWD� LV� LQWURGXFHG��(DFK�REMHFW� LV� UHSUHVHQWHG�E\�DWWULEXWHV�FRUUHVSRQGLQJ�WR� FRPSHWHQFH� HVWLPDWH� FODVVLILFDWLRQV�� GHVLUHG� FODVV�DJUHHV�ZLWK� WKH� VLQJOH� YDOXH� RULJLQDO� FODVVLILFDWLRQ��$�GHFLVLRQ� WUHH� FDQ� EH� JHQHUDWHG� IRU� WKH� REWDLQHG� GDWD�VHW�� 7KLV� WUHH� JLYHV� D� FKDQFH� WR� UHWXUQ� WR� WKH� VLQJOH�YDOXH� FODVVLILFDWLRQV� IRU� WKH� WHVWLQJ� H[DPSOHV� DIWHU�1�QHDUHVW�QHLJKERXU�PHWKRG�DSSOLFDWLRQ��� $QG� WKHUH� LV� RQH�PRUH� DGYDQWDJH� RI� WKLV� DSSURDFK��,'�� DOJRULWKP� DWWHPSWV� WR� UHDFK� WKH� RSWLPDO� GHSWK� RI�WKH� JHQHUDWHG� WUHH� >5XVVHO� DQG�1RUYLJ�� ����@��$� WUHH��ZKLFK� DQVZHUV� EDVLF� FRQGLWLRQV� RI� SUREDEO\� DSSUR[L�PDWHO\� FRUUHFW� �3$&�� OHDUQLQJ��PXVW�PHHW� WKH� IROORZ�LQJ�LQHTXDOLW\��

ZKHUH� H[BQXP�� LV�VL]H�RI�WKH�WUDLQLQJ�VHW��DWBQXP�� LV�QXPEHU�RI�DWWULEXWHV��+O�� � � LV�WKH�RSWLPDO�GHSWK�RI�WKH�WUHH��
� 8VXDOO\� LW� KROGV� WKDW� P�N� �QXPEHU� RI� FRQVLGHUHG�FODVV� RUGHULQJV� LV� VLJQLILFDQWO\� ORZHU� WKDQ� WKH�QXPEHU�RI� PHDVXUHG� DWWULEXWHV��� 7KXV�� ,'�� GRHV� QRW� QHHG� DV�PDQ\�WUDLQLQJ�H[DPSOHV�WR�JHQHUDWH�D�WUHH�RI�WKH�VDPH�GHSWK�HQVXULQJ� WKH�VDPH�GHJUHH�RI� UHOLDELOLW\�DV� LQ� WKH�FDVH� RI� GLUHFW� OHDUQLQJ� RQ� WKH� VLQJOH� YDOXH� FODVVLILFD�WLRQV��
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��� � 11�±�5HWXUQ�WR�2ULJLQDO�6LQJOH�
9DOXHG�&ODVVLI LFDWLRQ�

7KH� QHXUDO� QHW� DUFKLWHFWXUH� XVHG� IRU� WKLV� VWXG\� LV� D�IHHGIRUZDUG� QHWZRUN�ZLWK� RQH� KLGGHQ� OD\HU��:H� KDYH�XVHG� WKH� VWDQGDUG� EDFNSURSDJDWLRQ�WUDLQLQJ� VFKHPH�WKDW� HPSOR\V� WKH� GHOWD� UXOH�WUDLQLQJ� DOJRULWKP�� $� GH�WDLOHG�GHVFULSWLRQ�RI�WKH�QHXUDO�QHW�DUFKLWHFWXUH�DQG�WKH�GHOWD� UXOH� WUDLQLQJ� DOJRULWKP� XVHG� FDQ� EH� IRXQG� LQ�>6RXFHN��������3DR������@��7KLV� QHXUDO� QHW� VFKHPH� LV� HPSOR\HG� XVLQJ� VXSHU�YLVHG� OHDUQLQJ�� 8SRQ� UHDFKLQJ� D� PLQLPXP� HUURU�WKUHVKROG� RU� LPSURYHPHQW� OHYHO� WKH� QHXUDO� QHW� LV� FRQ�VLGHUHG� WUDLQHG� DQG� WKH� ZHLJKWV� DQG� RWKHU� SDUDPHWHUV�SUHYLRXVO\�DGMXVWHG�DUH�FODPSHG�RU�IL[HG���7KH�WUDLQHG�QHXUDO�QHW�LV�WKHQ�XVHG�WR�FODVVLI\�XQNQRZQ�VDPSOHV�RU�LQ�RXU�FDVH��FKDUDFWHULVH�SXPS�RSHUDWLRQ�IURP�VDPSOHG�LQSXW� SDUDPHWHUV�� 7KLV� LV� SHUIRUPHG� E\� SUHVHQWLQJ�FKDUDFWHULVWLFV�IURP�DQ�XQNQRZQ�RSHUDWLQJ�VWDWH�WR�WKH�QHXUDO� QHW� WKDW� LV� SURFHVVHG� LQ� D� IHHGIRUZDUG� PDQQHU�DQG� DQ� RXWSXW� YDOXH� LV� FRPSXWHG�� 7KH� RXWSXW� YDOXH�UHSUHVHQWV�WKH�FRPSXWHG�VWDWH�RI�WKH�V\VWHP��7KH�PRVW�DSSURSULDWH�QHWZRUN�WRSRORJ\�LV�GHSHQGHQW�RQ� WKH� WUDLQLQJ�GDWD�VHW�DQG�WKH�PDSSLQJ�VXUIDFH� WR�EH�HQFRGHG� LQ� WKH� QHXUDO� QHW�� 7KHUH� LV� QR� JHQHUDO� WKHRU\�KRZ�WR�FRQVWUXFW�WKH�EHVW�WRSRORJ\�IRU�D�JLYHQ�SUREOHP�DOWKRXJK�JHQHUDO�UXOHV�RI�WKXPE�GR�H[LVW��,Q�FODVVLILFD�WLRQ� WDVNV� VXFK� DV� WKLV� RQH� �OLQHDUO\� QRQ�VHSDUDEOH���WKUHH�OD\HUHG�QHWZRUNV�DUH�XVHG�RIWHQ��7KH�QXPEHU�RI�LQSXW�QRGHV�FRUUHVSRQGV� WR� WKH�GLPHQVLRQ�RI� WKH� LQSXW�YHFWRU�� ,Q� WKH� FDVH� RI� SXUH� 11� DSSURDFK�� WKHUH� DUH� ��LQSXW� QHXURQV� ZLWK� HDFK� RQH� UHSUHVHQWLQJ� HDFK� LQSXW�DWWULEXWH�� ,Q� WKH�FDVH�RI� WKH�FRPELQHG�PHWKRG��FRPEL�QDWLRQ� RI� FRPSHWHQFH� HVWLPDWH� DQG� QHXUDO� QHWZRUN�DSSURDFKHV��� WKHUH� ZHUH� HPSOR\HG� �� QHXURQV� LQ� WKH�LQSXW� OD\HU�� RQH� IRU� HDFK� FRPSHWHQFH� HVWLPDWH� YDOXH��7KH� QXPEHU� RI� RXWSXW� QRGHV�PD\� EH� D� VLQJOH� QRGH� RU�PXOWLSOH�QRGHV�ZLWK�HDFK�QRGH�UHSUHVHQWLQJ�RQH�RI�WKH�SRVVLEOH� DWWULEXWHV� RU� FODVVLILFDWLRQ� YDOXHV�� )RU� RXU�VWXG\� ZH� XVH� �� RXWSXW� QHXURQV� ZLWK� HDFK� RQH� UHSUH�VHQWLQJ�RQH�RI�WKH�SRVVLEOH�RSHUDWLQJ�VWDWHV�RI�WKH�V\V�WHP�� 7KH� GDWD� DQG� WKH� VWDWHV� RI� WKH� V\VWHP� DUH� GH�VFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQ��7KH�QXPEHU�RI�QRGHV�LQ�D�KLGGHQ�OD\HU�LV�XVXDOO\�GHWHUPLQHG�H[SHULPHQWDOO\��7KHUH� DUH� VHYHUDO� KHXULVWLFV�� KRZHYHU� WKH\� DUH� RI� D�JHQHUDO� QDWXUH� DQG� PHUHO\� SURYLGH� D� JRRG� VWDUWLQJ�SRLQW� IRU� GHILQLQJ� WKH� LQLWLDO� QHXUDO� QHW� DUFKLWHFWXUH��6XEVHTXHQW� WUDLQLQJ� DQG� WHVWLQJ� VHVVLRQV� DUH� W\SLFDOO\�QHHGHG� WR� UHILQH� WKH� QHXUDO� QHW� VWUXFWXUH� DQG� LPSURYH�FODVVLILFDWLRQ�DFFXUDF\��
��� � 5HFDSLWXODWLRQ�
+DYLQJ�GHILQHG� LQGLYLGXDO�PHWKRG�VWHSV� LQ�GHWDLO�� LW� LV�ZRUWK� WR� VXPPDULVH� H[DFW� VHTXHQFH� RI� WKHVH� VWHSV� DW�IXOO� OHQJWK�� &RPSOLDQFH� RI� WKH� VHTXHQFH� DVVXUHV� FRU�UHFW�VHJUHJDWLRQ�RI�WUDLQLQJ�DQG�WHVWLQJ�GDWD��/HW�XV�KDYH�D�WUDLQLQJ�VHW�7�FRQVLVWLQJ�RI�W�H[DPSOHV��(DFK� H[DPSOH� LV� DVVLJQHG� WR�RQH�RI�Q� GLIIHUHQW� VLQJOH�YDOXHG� FODVVLILFDWLRQV�� ZKLFK� EHORQJ� WR� P� GLIIHUHQW�RUGHULQJV�� 7KH� JRDO� LV� WR� DVVLJQ� FRUUHFWO\� RQH� VLQJOH�YDOXHG�FODVVLILFDWLRQ�WR�HDFK�RI�X�SDWWHUQV�EHORQJLQJ�WR�D� WHVWLQJ�VHW�8��7KH�SURFHVV�RI�FODVVLILFDWLRQ� LV�DV� IRO�

ORZV��VWHSV���WR���UHSUHVHQW�OHDUQLQJ�SKDVH��VWHSV���WR���WHVWLQJ�SKDVH���
��� 'HILQH� &()� I��«�IP� DQG� SURYLGH� WKHLU� YDOXHV� IRU�DOO� H[DPSOHV� IURP�7��$GGLWLRQDO�FRPSHWHQFH�HVWL�

PDWH� IRU� WKH� QRUPDO� VWDWH� LV� GHILQHG� DV� WKH� FRP�
SOHPHQW�RI��I���«�IP��WR����7KXV�P���QHZ�YDOXHV�DUH�DVVLJQHG�WR�HDFK�H[DPSOH��3�L����«�3�L�P������

��� 7KH� 1�QHDUHVW� QHLJKERXU� DOJRULWKP� LV� DSSOLHG� WR�
WKH� VHW� 7� WR� JHQHUDWH� QHZ� WUDQVIRUPHG� YDOXHV�
&(97 �37

�L����«�37
� �L�P����� IRU� HDFK� H[DPSOH� EH�ORQJLQJ� WR�7��7KH�SDUDPHWHUV�Y� IRU� WKH�1�QHDUHVW�

QHLJKERXU�DOJRULWKP�DUH�DGMXVWHG�VR�WKDW�WKH�WRWDO�
GLIIHUHQFH�EHWZHHQ�&(9�DQG�&(97� LV�PLQLPLVHG�
RQ�7��7KH�&(97� YDOXHV�ZLOO� EH�XVHG� LQ� WKH� QH[W�
VWHSV� WR� HQVXUH� PD[LPDO� VLPLODULW\� EHWZHHQ� WKH�
WUDLQLQJ�VHW�DQG�WKH�WHVWLQJ�VHW�GDWD���

��� &UHDWH� D� GHFLVLRQ� WUHH� �OHDUQ� D� QHXUDO� QHW�� WKDW�
WUDQVIRUPV� YDOXHV� REWDLQHG� LQ� WKH� VWHS� �� EDFN� WR�
VLQJOH� YDOXHG� FODVVLILFDWLRQV�� DOO� SDWWHUQV� IURP� VHW�
7� DUH� XVHG� IRU� WKLV� SXUSRVH�� YDOXHV� �37

�L����«�37
�

�L�P����� DUH� FRQVLGHUHG� DV� DWWULEXWHV�� VLQJOH� YDOXHG�FODVVLILFDWLRQV�UHSUHVHQW�GHVLUHG�FODVVHV��
��� $VVHVV�YDOXHV�RI�&('�IRU�HDFK�H[DPSOH�EHORQJLQJ�

WR�WKH�VHW�8�XVLQJ�1�QHDUHVW�QHLJKERXU�DOJRULWKP±�
YDOXHV��37

�L����«�37
��L�P�����DUH�DVVLJQHG�WR�HDFK�WHVW�LQJ�H[DPSOH��

��� 8VH� WKH� GHFLVLRQ� WUHH� �QHXUDO� QHW�� FUHDWHG� LQ� WKH�
VWHS���WR�REWDLQ�VLQJOH�YDOXHG�FODVVLILFDWLRQV�IRU�DOO�
H[DPSOHV�IURP�8��

��� (YDOXDWH� TXDOLW\� RI� WKH� JHQHUDWHG� FODVVLILFDWLRQV�
�SURYLGHG� WKH� FRUUHFW� FODVVLILFDWLRQV� DUH� NQRZQ�
ZLWKLQ�WKH�VHW�8���

�� &DVH�6WXG\�
3XPSV��PRWRUV�DQG�EHDULQJV�FRQVWLWXWH�WKH�PDMRU�VKDUH�RI� HTXLSPHQW�� ZKLFK� UHTXLUH� YHU\� IUHTXHQW� PDLQWH�QDQFH�LQ�WKH�SURFHVV�LQGXVWULHV��7KH�XQVFKHGXOHG�VKXW�GRZQV�� ZKLFK� WKH\� FDXVH�� UHVXOW� LQ� FRQVLGHUDEOH� SUR�GXFWLRQ� DQG� UHYHQXH� ORVV�� ,QFLSLHQW� IDXOW� GHWHFWLRQ�EDVHG� RQ� DGYDQFHG� FRQGLWLRQ� PRQLWRULQJ� WHFKQLTXHV�ZRXOG�HQVXUH�ORZHU�GRZQ�WLPH�DQG�JUHDWHU�WKURXJKSXW��&RQGLWLRQ�PRQLWRULQJ�RI�SXPSV�KDV�QRW�UHFHLYHG�PXFK�DWWHQWLRQ� DQG� WKHUH� DUH� RQO\� IHZ� SDSHUV� LQ� ZKLFK�VFKHPHV�DUH�SURSRVHG�IRU�WKH�IDXOW�GHWHFWLRQ�RI�SXPSV�E\�DQDO\VLQJ� WKH� VLJQDO�GHULYHG� IURP�D�SUHVVXUH� WUDQV�PLWWHU�RU�D�IORZ�PHWHU�LQVWDOOHG�LQ�WKH�SXPSLQJ�V\VWHP��+RZHYHU��LW�LV�SRVVLEOH�WR�GHWHFW�VRPH�IDXOW�FRQGLWLRQV�LQ�SXPSV�E\� DQDO\VLQJ� WKH� VWDWRU�FXUUHQW� RI� WKH�PRWRU�GULYLQJ�WKH�SXPS��1XPEHU� RI� SDUDPHWHUV� FDQ� EH� GHULYHG� IURP� WKH�PHDVXUHPHQWV�RQ�WKH�V\VWHP�FRQVLVWLQJ�RI�D�PRWRU�DQG�D�SXPS��7KURXJKRXW�WKLV�VWXG\�WKHUH�ZDV�XVHG�D�VHW�RI�QLQH�SDUDPHWHUV��(LJKW�SDUDPHWHUV�UHSUHVHQW�VLJQLILFDQW�PDJQLWXGHV� RI� WKH� VWDWRU� FXUUHQW� VSHFWUXP�� 7KH� ODVW�SDUDPHWHU��GHQRWHG�E\�67$786��SURYLGHV�WKH�FODVVLIL�FDWLRQ� RI� WKH� DFWXDO� EHKDYLRXU� H[KLELWHG� E\� WKH� SXPS�



V\VWHP� �� LWV� GLDJQRVHV�� 7KHUH� FDQ� EH� GLVWLQJXLVKHG� ��LPSRUWDQW� VWDWHV�� QDPHO\� QRUPDO� IXQFWLRQ� DQG� IRXU�IDXOW�W\SHV��$V�D�PDWWHU�RI�IDFW��WKHVH�ILYH�VWDWHV�FDQ�EH�SDUWLDOO\� RUGHUHG� DV� WKHUH� DUH� MXVW� WZR�PDUJLQDO� IDXOWV�DVVRFLDWHG� ZLWK� WKH� REVHUYHG� SXPSV�� FDYLWDWLRQ� DQG�EORFNDJH�� 7KXV� WKHUH� FDQ� EH� GHILQHG� WZR� GLIIHUHQW�VWDWH� RUGHULQJV�� HDFK�RI� WKHP�FRUUHVSRQGLQJ� WR�RQH�RI�PDUJLQDO�IDXOWV��RUGHULQJ�$�±�QRUPDO�VWDWH��GHQRWHG�����ORZ�OHYHO�FDYLWDWLRQ�����DQG�FDYLWDWLRQ�����DQG�RUGHULQJ�%� ±� QRUPDO� VWDWH� ����� ORZ�OHYHO� EORFNDJH� ���� DQG�EORFNDJH������$V� LW� IROORZV� IURP� WKH� PHWKRG� GHVFULSWLRQ� FKDSWHU��WZR�FRPSHWHQFH�HVWLPDWH� IXQFWLRQV�HYDOXDWLQJ�FRPSH�WHQFH� RI� HDFK� H[DPSOH� WR� RQH� RI� WKH� IDXOW� RUGHULQJV�VKRXOG� EH� GHILQHG�� ,Q� DGGLWLRQ� WR� WKDW�� WKH� WKLUG� &()�H[SUHVVLQJ� FRPSHWHQFH� RI� H[DPSOH� WR� D� QRUPDO� VWDWH�VKRXOG� EH� FDOFXODWHG� �LW�PDNHV� VXP� RI� DOO� &()V� IRU� D�JLYHQ�H[DPSOH�HTXDO�WR�����'HVSLWH�RI�WKH�IDFW�WKH�IXQF�WLRQV�FDQ�EH�KDUGO\�DQDO\WLFDOO\�TXDOLILHG�RQ�WKH�DERYH�GHILQHG�DWWULEXWH�VHW��WKH\�FDQ�EH�UHODWHG�WR�SDUDPHWHUV�IURP�RXWVLGH�RI�WKH�DWWULEXWH�VHW��$OO�WKH�PHDVXUHPHQWV�ZLWKLQ� WKH� WUDLQLQJ� VHW� ZHUH� FROOHFWHG� LQ� VXFK� D� ZD\��WKDW� IDXOWV� ZHUH� VLPXODWHG� E\� JUDGXDOO\� FORVLQJ� WKH�YDOYH��7KH� FDYLWDWLRQ�ZDV� VLPXODWHG�ZLWK� DLG�RI� YDOYH�PRGLILFDWLRQV� LQ�SXPS� LQOHW�� WKH�EORFNDJH�ZDV� FDXVHG�E\�JUDGXDOO\� FORVLQJ�RXWOHW�YDOYH��&RQVHTXHQWO\�� GHIL�QLWLRQ� RI� FRPSHWHQFH� HVWLPDWH� IXQFWLRQV� FDQ� EH� EDVHG�RQ� SRVLWLRQ� RI� WKH� YDOYHV� ±� WKH� PRUH� LV� LQOHW� YDOYH�FORVHG�WKH�KLJKHU� LV�PHDVXUHPHQW�FRPSHWHQFH� WR�FDYL�WDWLRQ� �E\� DQDORJ\� IRU� EORFNDJH���2I� FRXUVH�� SRVLWLRQV�RI� YDOYHV� GR� QRW� GHILQH� WKH� VWDWH� DEVROXWHO\� FOHDUO\��WKHLU� SRVLWLRQ� LV� OLQHDUO\� FKDQJHG�ZKLOH� SXPS� FRQGL�WLRQV� GR� QRW� FKDQJH� OLQHDUO\���2QH�PRUH� FULWHULRQ� FDQ�EH�XVHG�WR�PDNH�GHVLUHG�FRPSHWHQFLHV�PRUH�SUHFLVH��$�ZDWHU� IORZ� UDWH� ZDV� PHDVXUHG� GXULQJ� WKH� SXPS� H[�SHULPHQWV� VLPXOWDQHRXVO\� ZLWK� VWDWRU� FXUUHQW� PHDV�XUHPHQWV�� 7KH� IORZ� UDWH� PHDVXUHPHQW� LV� FRPSHWLWLYH�FRQGLWLRQ�PRQLWRULQJ�WHFKQLTXH�DQG�FDQ�QRW�EH�XVHG�DV�DQ�H[WUD�DWWULEXWH�GXULQJ� OHDUQLQJ�SKDVH��1HYHUWKHOHVV��LW�FDQ�KHOS�WR�VHW�GRZQ�FRPSHWHQFH�HVWLPDWH�FODVVLILFD�WLRQ�RI�WKH�LQGLYLGXDO�WUDLQLQJ�H[DPSOHV��
��� � 5HDFKHG�5HVXOWV�$QG�7KHLU�&RP�

SDULVRQ�7R�5HVXOWV�2I �7UDGLWLRQDO�
0/�$OJRULWKPV�

7KHUH�ZDV�PHDVXUHG�D�FHQWULIXJDO�SXPS�ZLWK�PDJQHWLF�FRXSOLQJ� GXULQJ� H[SHULPHQWV��7KH� UHVXOWV� DFKLHYHG�E\�WKH� VXJJHVWHG� FRPSHWHQFH� HVWLPDWH� PHWKRG� DUH� VXP�PDULVHG� LQ� 7DEOHV� �� DQG� ��� 7KH\� DUH� FRPSDUHG� ZLWK�UHVXOWV� DFKLHYHG� E\� WZR� RWKHU� ZHOO�NQRZQ� 0/� WHFK�QLTXHV�±�QHXUDO�QHWV�DQG�,'���%RWK�PHWKRGV�GHDOW�ZLWK�VLQJOH�YDOXHG�FODVVLILFDWLRQV��7DEOH���FRPSDUHV�UHVXOWV�UHDFKHG� E\� SXUH� ,'�� PHWKRG� ZLWK� UHVXOWV� RI� FRPSH�WHQFH�HVWLPDWH�PHWKRG�FRPELQHG�ZLWK�,'��IRU�UHWXUQ�WR�WKH� FULVS� YDOXHG� FODVVLILFDWLRQV�� /LNHZLVH�� 7DEOH� ��VKRZV� GLIIHUHQFH� EHWZHHQ� FRUUHFWQHVV� RI� 11� PHWKRG�DQG�FRPSHWHQFH�HVWLPDWH�PHWKRG�XVLQJ�11�WR�UHWXUQ�WR�VLQJOH� YDOXH� FODVVLILFDWLRQV�� 7KHUH� DUH� WZR� GLIIHUHQW�W\SHV� RI� FODVVLILFDWLRQ� HUURUV� GHILQHG�� 7KH� ILUVW� W\SH�VLPSO\� LQYROYHV� DOO� PLVFODVVLILFDWLRQV�� (UURU� RFFXUV�ZKHQHYHU� WKH� GHVLUHG� FODVV� GRHV� QRW� DJUHH� ZLWK� WKH�

JHQHUDWHG� FODVVLILFDWLRQ�� 7KH� VHFRQG� W\SH� SD\V� DWWHQ�WLRQ�WR�VXFK�FDOOHG�KDUG�HUURUV�RQO\��7KHVH�KDUG�HUURUV�GR�QRW�RFFXU�ZKHQHYHU� WKH�VXJJHVWHG�FODVVLILFDWLRQ�&��LV� QRW� HTXDO� WR� WKH� RULJLQDO� RQH� &��� EXW� &�� LV� GLUHFW�SUHGHFHVVRU� RU� VXFFHVVRU� RI�&��� ,W�PHDQV�� WKDW� FODVV� ��FDQ�EH�FODVVLILHG�DV���RU����WKH�FODVV���FDQ�EH�FODVVLILHG�DV���DQG�FODVV���DV����DOO�WKH�VWDWHPHQWV�KROG�YLFH�YHUVD�WRR���$�KDUG�HUURU�LV�QRW�FRQVLGHUHG�ZKHQ�LW�LV�FRUUHFWO\�DVVLJQHG� D� IDXOW� VFDOH� DQG� FODVVLILFDWLRQ� LV� GLUHFWO\�DGMRLQHG�WR�WKH�GHVLUHG�FODVV��
�

,'�� &RPS��HVWLPDWH�
PHWKRG�ZLWK�,'��

'LVWU1R��
0HWKRG�

DOO�>�@� KDUG�>�@� DOO�>�@� KDUG�>�@�
'LVWU��� ��� ��� ��� ����
'LVWU��� ��� ��� ��� ���
'LVWU��� ��� ��� ��� ���
$YHUDJH� ����� ����� ����� �����
7DEOH���&RUUHFWQHVV�RI�SXPS�IDXOW�FODVVLILFDWLRQ�±�,'��DS�
SURDFK��DOO�GHQRWHV�FRUUHFWQHVV�ZKHQ�DOO�HUURUV�DUH�FRQVLG�
HUHG��KDUG�GHQRWHV�FRUUHFWQHVV�ZKHQ�RQO\�KDUG�HUURUV�DUH�

FRQVLGHUHG��
11� &RPS��HVWLPDWH�

PHWKRG�ZLWK�11�
'LVWU1R��
0HWKRG�

DOO�>�@� KDUG�>�@� DOO�>�@� KDUG�>�@�
'LVWU��� ��� ���� ��� ����
'LVWU��� ��� ��� ��� ���
'LVWU��� ��� ��� ��� ���
$YHUDJH� ����� ��� ��� ���
7DEOH���&RUUHFWQHVV�RI�SXPS�IDXOW�FODVVLILFDWLRQ�±�11�DS�

SURDFK�
7KHUH� ZDV� XVHG� D� VHW� RI� ���� H[DPSOHV� DW� DOO�� 7KH�FRPSHWHQFH�HVWLPDWH�FODVVLILFDWLRQV�EDVHG�RQ�LQSXW�DQG�RXWSXW�YDOYH�SRVLWLRQV�DQG�ZDWHU�IORZ�UDWH�ZHUH�HVWDE�OLVKHG�IRU�DOO�WKH�PHDVXUHG�H[DPSOHV��7KHQ��WKHUH�ZHUH�OHDUQHG�QHZ�FRPSHWHQFH�HVWLPDWH�FODVVLILFDWLRQV�IRU�DOO�WKH� H[DPSOHV� �WKH\�ZHUH� XVHG� IRU� WUDLQLQJ� DQG� WHVWLQJ�DW�WKH�VDPH�WLPH���,W�ZDV�GRQH�LQ�����VWHSV��RQH�RI�WKH�H[DPSOHV� ZDV� DOZD\V� FKRVHQ�� �� QHDUHVW� QHLJKERXUV�ZHUH�IRXQG�ZLWKLQ�WKH�UHVW�RI�����H[DPSOHV�DQG�D�QHZ�FRPSHWHQFH� HVWLPDWH� FODVVLILFDWLRQ�ZDV� DVVLJQHG� WR� LW��$V�IDU�DV�WKH�QXPEHU�RI�WKH�QHDUHVW�QHLJKERXUV�LV�WDNHQ�LQWR� FRQVLGHUDWLRQ�� �� QHLJKERXUV� VKRZHG� WR� EH� RSWL�PXP� QXPEHU� IRU� JLYHQ� DPRXQW� RI� H[DPSOHV�� 7KH�ZHLJKW�DUUD\�Z�ZDV�VHW� LQ�FRQIRUPLW\�ZLWK�FRUUHODWLRQ�EHWZHHQ� LQGLYLGXDO� DWWULEXWHV� DQG� WKH� GHVLUHG� FODVV��Z >����������������������������������@���)LQDOO\��GHFLVLRQ�WUHHV� KDG� WR� EH� JHQHUDWHG� DQG� QHXUDO� QHWV� OHDUQHG��7KUHH�GLIIHUHQW�UDQGRP�GLVWULEXWLRQV�ZHUH�XVHG�IRU�WKLV�SXUSRVH��VLQFH�WKH�H[DPSOHV�FDQ�QRW�EH�XVHG�IRU�WUDLQ�LQJ� DQG� WHVWLQJ� DW� WKH� VDPH� WLPH� ZKHQ� WKH� GHFLVLRQ�WUHHV� DUH� JHQHUDWHG��7KH� WUDLQLQJ� VHW� FRQVLVWHG� DOZD\V�RI�����H[DPSOHV�DQG�WHVWLQJ�VHW�LQFOXGHG�WKH�UHPDLQLQJ�����H[DPSOHV��7KH�UHODWLRQ�EHWZHHQ�WKH�GHVLUHG�FODVVHV�DQG� FODVVLILFDWLRQV� LV� VKRZQ� LQ� 7DEOH� �� ����� WHVWLQJ�H[DPSOHV� ±� �� GLVWULEXWLRQV� ZLWK� ���� H[DPSOHV�� �� DS�SURDFKHV���7KH�KDUG�HUURUV�DUH�PDUNHG�RXW�LQ�EROG��

�

&ODVV�� �� �� �� �� �� $YJ�



&ODVVL�ILFDWLRQ� FRUU��>�@�
�� ���� �� �� �� �� �����
�� ��� ��� �� �� �� �����
�� �� �� ���� �� �� �����
�� �� �� �� ��� ��� �����
�� �� �� �� ��� ���� �����

7DEOH���&RQIXVLRQ�PDWUL[�IRU�FRPSHWHQFH�HVWLPDWH�PHWKRG�
ZLWK�,'��DQG�11�

��� � 0HWKRG�0RGLI LFDWLRQ�
7KHUH� H[LVW� PDQ\� SRVVLEOH� FKDQJHV� RI� GHDOLQJ� ZLWK�HVWLPDWHV� RI� FODVV� FRPSHWHQFH� LQGHHG�� 2QH� PRUH�PHWKRG�PRGLILFDWLRQ� ZDV� SUDFWLFDOO\� LPSOHPHQWHG�� ,Q�WKH� ILUVW� LQVWDQFH�� WKUHH� HWDORQV�RI�PDUJLQDO�FODVVLILFD�WLRQV� �QRUPDO� VWDWH�� FDYLWDWLRQ�� DQG� EORFNDJH�� ZHUH�GHWHUPLQHG��7KH\�ZHUH�FRPSXWHG�DV�DYHUDJH�YDOXHV�RI�DWWULEXWHV�WDNHQ�IURP�PHDVXUHPHQWV�ZLWK�H[WUHPH�SRVL�WLRQ�RI�YDOYHV��$V�VRRQ�DV�WKHUH�DUH�HWDORQV�RI�WKH�PDU�JLQDO� FODVVHV� HVWDEOLVKHG�� FRPSHWHQFH� RI� LQGLYLGXDO�H[DPSOHV� WR� FODVVHV� FDQ� EH� H[SUHVVHG� LQ� DFFRUGDQFH�ZLWK�WKHLU�GLVWDQFHV�WR�WKHVH�HWDORQV��+DYLQJ� GLVWDQFHV� G��� G�� DQG� G��� YDOXHV� RI� FRPSH�WHQFH� HVWLPDWH� IXQFWLRQV� DUH� FDOFXODWHG� DV� UHODWLYH�VLPLODULW\� PHDVXUHV� WR� LQWURGXFHG� HWDORQV�� 6LPLODULW\�PHDVXUH� LV� LQWURGXFHG� DV� DQ� LQYHUVH� RI� GLVWDQFH� IURP�WKH�HWDORQ��

� 7KH� FORVHU� WKH� H[DPSOH� LPDJH� WR� D� FODVV� HWDORQ� LQ�DWWULEXWH� VSDFH� LV� WKH� KLJKHU� YDOXH� RI� WKH� DSSURSULDWH�SUREDELOLVWLF�IXQFWLRQ��$W�WKH�VDPH�WLPH�LW�KROGV��

7UDQVIRUPDWLRQ� RI� FRPSHWHQFH� HVWLPDWH� FODVVLILFD�WLRQ�YDOXHV�WR�WKH�VLQJOH�YDOXHG�GHVLJQ�LV�GRQH�DJDLQ�E\�,'��� ([SHULPHQWDO� UHVXOWV� DFKLHYHG� E\� WKLV� DSSURDFK�DUH�VKRZQ�LQ�7DEOH����
�

0RGLILHG�PHWKRG�'LVWU1R��
0HWKRG� DOO�>�@� KDUG�>�@�
'LVWU��� ��� ���
'LVWU��� ��� ���
'LVWU��� ��� ���
$YHUDJH� ����� �����

7DEOH���&RUUHFWQHVV�RI�PRGLILHG�FRPSHWHQFH�HVWLPDWH�
PHWKRG�

7KLV�PRGLILHG�PHWKRG�GRHV�QRW� UHDFK�DV�KLJK�DEVR�OXWH� FRUUHFWQHVV� RI� FODVVLILFDWLRQ� DV� WKH� PHWKRG� XVLQJ�FRPSHWHQFH�HVWLPDWH�IXQFWLRQV��EXW�LW�VWLOO�VKRZV�EHWWHU�UHVXOWV� WKDQ� ,'�� DQG� 11�PHWKRGV� DSSOLHG� GLUHFWO\� WR�WKH� DWWULEXWH� VHW�� ,Q� FRPSDULVRQ� WR� WKH� FRPSHWHQFH�HVWLPDWH� PHWKRG�� LW� GRHV� QRW� GHPDQG� VXFK� SURIRXQG�EDFNJURXQG� NQRZOHGJH�� 7KHUH� MXVW� KDYH� WR� EH� NQRZQ�

HQRXJK�FDVHV�UHSUHVHQWLQJ�DOO�PDUJLQDO�IDXOW�VWDWHV�DQG�WKH� QRUPDO� VWDWH�� &RQVHTXHQWO\�� WKH� PRGLILHG� PHWKRG�FDQ� EH� DSSOLHG� ZKHQHYHU� LW� LV� WRR� GLIILFXOW� WR� GHVLJQ�FRPPHQVXUDWH�FRPSHWHQFH�IXQFWLRQV��
�� &RQFOXVLRQ�
,Q�WKLV�SDSHU��WKHUH�KDV�EHHQ�SURSRVHG�D�QHZ�FRPSH�WHQFH�HVWLPDWH�DSSURDFK�WR�SURFHVV�IDXOW�GLDJQRVLV��7KH�PHWKRG� LV� EDVHG� RQ� ZHOO�NQRZQ� PDFKLQH� OHDUQLQJ�WHFKQLTXHV�� WKH� RULJLQDOLW\� RI� WKH� DSSURDFK� LV� LQ� WKHLU�FRPELQDWLRQ� LQ� FRQMXQFWLRQ�ZLWK� WKH� FRPSHWHQFH� HVWL�PDWH� FODVVLILFDWLRQ�� 7KH� EDVLF� VRXUFH� RI� WKH� FRPSH�WHQFH� HVWLPDWHV� IRU� WKH� WUDLQLQJ� VHW� RI� H[DPSOHV� LV�EDFNJURXQG�NQRZOHGJH� DYDLODEOH�GXH� WR� WKH� VHWWLQJ�RI�WKH� H[SHULPHQWDO� HQYLURQPHQW�� 7KLV� GRHV� QRW� KDYH� WR�EH� WUXH� LQ�JHQHUDO��QDPHO\� LQ� WKH�UHDO�FRQGLWLRQV��7KDW�LV� ZK\�� WKHUH� KDV� EHHQ� VXJJHVWHG� D� PRGLILFDWLRQ� RI�SUHVHQWHG� PHWKRG� ZKLFK� HQDEOHV� SURFHVVLQJ� RI� WDVNV�WKDW� DUH� KDUG� WR� EH� GHFRPSRVHG� DFFRUGLQJ� WR� FODVV�FRPSHWHQFH�HVWLPDWH�PHWKRG�VFHQDULR��7KH�PHWKRG�ZDV� DSSOLHG� RQ�PRQLWRULQJ� SURFHVV� UH�VXOWV�LQ�RUGHU�WR�GHWHFW�SRVVLEOH�IDXOW�VWDWHV��7KH�UHVXOWV�REWDLQHG�LQGLFDWH�WKDW�LW�LV�SRVVLEOH�WR�GLDJQRVH�FHUWDLQ�SXPS� SUREOHPV� ZLWKRXW� DQ\� DGGLWLRQDO� LQVWUXPHQWD�WLRQ�� L�H�� WKH� VHW� RI� WKH� RQ�OLQH� PHDVXUHG� DWWULEXWHV�RIIHUV� D� JRRG� SRWHQWLDO� IRU� LQGXVWULDO� GLDJQRVWLFV� RI�SXPS�GHIHFWV�ZKHQ�FRPELQHG�ZLWK� VXJJHVWHG�PHWKRG��0RUHRYHU�� D� FRPSDULVRQ� RI� FRUUHFWQHVV� RI� FODVVLILFD�WLRQV� SURYHV� WKDW� WKH� VXJJHVWHG� PHWKRG� VKRZV� EHWWHU�UHVXOWV� WKDQ� GLUHFW� DSSOLFDWLRQ� RI� WUDGLWLRQDO�0/� WHFK�QLTXHV��

$FNQRZOHGJHPHQWV�
7KLV�UHVHDUFK�ZDV�SDUWLDOO\�VXSSRUWHG�E\�WKH�JUDQW�&(=�-�����������������
5HIHUHQFHV�
>*H\HU�6FKXOW]������@�*H\HU�6FKXOW]��$���)X]]\�5XOH�%DVHG�([SHUW� 6\VWHPV� DQG�*HQHWLF�0DFKLQH� /HDUQ�LQJ��3K\VLFD�9HUODJ�+HLGHOEHUJ��*HUPDQ\�������
>.RXW� HW� DO��� ����@� .RXW�� -��� .OHPD�� -��� /DXU\Q�� â���âW SiQNRYi�� 2���0D tN�� 9��� $,�0HWKRGV� IRU� ,QWHOOL�JHQW� 3XPS� 'LDJQRVWLFV� ,,��� 5HVHDUFK� 5HSRUW� */��������&78�3UDJXH�
>4XLQODQ�� ����@� 4XLQODQ�� -��� 5��� &� ����� 3URJUDPV� IRU�0DFKLQH� /HDUQLQJ�� 0RUJDQ� .DXIPDQQ� 3XEOLVKHUV��&DOLIRUQLD�������
>5XVVHOO� DQG� 1RUYLJ�� ����@� 5XVVHOO�� 6��� 1RUYLJ�� 3���$UWLILFLDO�,QWHOOLJHQFH��D�PRGHUQ�DSSURDFK��3UHQWLFH���+DOO�������
>6RXFHN������@�6RXþHN��%��DQG�7KH�,5,6�*URXS��1HX�UDO� DQG� ,QWHOOLJHQW� 6\VWHP� ,QWHJUDWLRQ�� $� :LOH\�,QWHUVFLHQFH� 3XEOLFDWLRQ�� 1HZ� <RUN� �� &KLFKHVWHU� ��%ULVEDQH���7RURQWR���6LQJDSRUH�������
>3DR������@�3DR��<RK�+DQ��$GDSWLYH�3DWWHUQ�5HFRJQL�WLRQ� DQG� 1HXUDO� 1HWZRUNV�� &DVH� :HVWHUQ� 5HVHUYH�8QLYHUVLW\��$GGLVRQ���:HVOH\�3XEOLVKLQJ�������
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