
6XSHUYLVHG�)HDWXUH�%DVHG�&ODVVLILFDWLRQ�RI�0XOWL�&KDQQHO�6$5,PDJHV�8VLQJ�/RJLVWLF�5HJUHVVLRQ
'��%RUJK\V��&��3HUQHHO��0��$FKHUR\�
6LJQDO�	�,PDJH�&HQWUH��5R\DO�0LOLWDU\�$FDGHP\��%UXVVHOV��%HOJLXP
0��.HOOHU��+��6���
0LFURZDYHV�DQG�5DGDU�,QVWLWXWH��+5���*HUPDQ�$HURVSDFH�$JHQF\��'/5���2EHUSIDIIHQKRIHQ��*HUPDQ\
$��3L]XULFD��:��3KLOLSV
'HSW��2I�7HOHFRPPXQLFDWLRQV�DPG�,QIRUPDWLRQ�3URFHVVLQJ��8QLYHUVLW\�RI�*KHQW��%HOJLXP

$EVWUDFW
7KLV�SDSHU�GHVFULEHV�D�QHZ�PHWKRG�IRU�VXSHUYLVHG�FODVVLILFDWLRQ�RI�PXOWL�FKDQQHO�6$5�LPDJHV��)RU�D�SURMHFW�RQ
KXPDQLWDULDQ� GHPLQLQJ�� D� VHW� RI�PXOWL�FKDQQHO� 6$5� GDWD�� LQFOXGLQJ� SRODULPHWULF� DQG� GXDO�SDVV� LQWHUIHURPHWULF
GDWD�DW�GLIIHUHQW�IUHTXHQFLHV�ZDV�DFTXLUHG�XVLQJ�WKH�(�6$5�V\VWHP�RI�WKH�*HUPDQ�$HURVSDFH�&HQWUH��'/5���7KH
DLP�ZDV�WR�WU\�DQG�FODVVLI\�D�ODUJH�QXPEHU�RI�GLIIHUHQW�ODQGFRYHU�FODVVHV�WKDW�DUH�UHOHYDQW�IRU�GHFLGLQJ�ZKHWKHU�D
UHJLRQ�LV�SRWHQWLDOO\�PLQHG�RU�QRW��&ODVVHV�W\SLFDOO\�LQFOXGH�³DEDQGRQHG�DJULFXOWXUDO�ODQG´��³XVHG�ILHOGV´��HWF��7KH
FODVVHV�ZHUH�GHILQHG�E\�LQWHUYLHZLQJ�H[SHUWV�RI�D�0LQH�$FWLRQ�&HQWHU�� �$�JURXQG�VXUYH\�PLVVLRQ�FROOHFWHG� WKH
QHFHVVDU\�JURXQG�WUXWK�LQIRUPDWLRQ�IRU�HDFK�FODVV��7KLV�JURXQG�WUXWK�ZDV�GLYLGHG�LQWR�D�OHDUQLQJ�DQG�YDOLGDWLRQ
VHW�� 7KH� SURSRVHG� PHWKRG� FRPELQHV� DOO� DYDLODEOH� LQIRUPDWLRQ� LQWR� D� VXSHUYLVHG�� IHDWXUH�EDVHG� FODVVLILFDWLRQ
VFKHPH��7KH�LQSXW�IHDWXUHV�LQFOXGH�DPSOLWXGH�LQIRUPDWLRQ�DIWHU�GHVSHFNOLQJ��UHVXOWV�RI�SRODULPHWULF�GHFRPSRVLWL�
RQ� DQG� LQWHUIHURPHWULF� FRKHUHQFH��7KH� GLIIHUHQW� SDUDPHWHUV� KDYH� GLYHUVH� VWDWLVWLFDO� GLVWULEXWLRQV�� LW� LV� WKXV� QRW
SRVVLEOH�WR�XVH�VWDQGDUG�VWDWLVWLFDO�WHFKQLTXHV��H�J��IDFWRULDO�DQDO\VLV��IRU�UHGXFLQJ�WKH�IHDWXUH�VSDFH��7KHUHIRUH�D
FODVVLILFDWLRQ�PHWKRG�EDVHG�RQ� ORJLVWLF�UHJUHVVLRQ��ZDV�GHYHORSHG��7KH�PHWKRG�FRQVLGHUV�HDFK�FODVV� VHSDUDWHO\
DQG�WULHV�WR�GLVWLQJXLVK�LW�IURP�DOO�RWKHUV�E\�FRPELQLQJ�WKH�LQSXW�SDUDPHWHUV�LQWR�D�QRQ�OLQHDU�IXQFWLRQ��2QO\�IHD�
WXUHV� WKDW�KDYH�D�VWDWLVWLFDOO\�VLJQLILFDQW�FRQWULEXWLRQ� WR� WKH�GLVFULPLQDWLRQ�RI� WKH�JLYHQ�FODVV�DUH� WDNHQ� LQWR�DF�
FRXQW��7KH�PHWKRG�UHVXOWV�LQ�D�GHWHFWLRQ�LPDJH�IRU�HDFK�FODVV��7KHVH�DUH�FRPELQHG�LQWR�D�FODVVLILFDWLRQ�PDS�XVLQJ
PDMRULW\�YRWLQJ��&ODVVLILFDWLRQ�UHVXOWV�DUH�HYDOXDWHG�XVLQJ�FRQIXVLRQ�PDWULFHV�EDVHG�RQ�WKH�YDOLGDWLRQ�VHW�

� ,QWURGXFWLRQ
7KLV� DUWLFOH� SUHVHQWV� D� QHZ� PHWKRG� IRU� VXSHUYLVHG
FODVVLILFDWLRQ�RI�PXOWL�FKDQQHO�6$5�GDWD��7KH�PHWKRG
ZDV�DSSOLHG�IRU�D�SURMHFW�RQ�KXPDQLWDULDQ�GH�PLQLQJ��
$ VHW� RI� PXOWL�FKDQQHO� 6$5� GDWD�� LQFOXGLQJ� SROD�
ULPHWULF�DQG�GXDO�SDVV�LQWHUIHURPHWULF�GDWD�DW�GLIIHUHQW
IUHTXHQFLHV�ZDV�DFTXLUHG�XVLQJ� WKH�(�6$5�V\VWHP�RI
WKH�*HUPDQ�$HURVSDFH�&HQWUH��7KH� LPDJHV� IURP�GLI�
IHUHQW�EDQGV��3��/���&�DQG�;�EDQG��FRYHU�WKH�VDPH�UH�
JLRQ�EXW� HDFK�EDQG�KDV� D�GLIIHUHQW� VSDWLDO� UHVROXWLRQ�
*HRFRGLQJ� LQIRUPDWLRQ�ZDV� DOVR� SURYLGHG�� 7KH� UHOH�
YDQW� ODQGFRYHU� FODVVHV� ZHUH� GHILQHG� E\� LQWHUYLHZLQJ
H[SHUWV� RI� D�0LQH� $FWLRQ� &HQWHU�� � $� JURXQG� VXUYH\
PLVVLRQ�FROOHFWHG�WKH�QHFHVVDU\�JURXQG�WUXWK�LQIRUPD�
WLRQ�IRU�HDFK�FODVV�
)RU� FODVVLILFDWLRQ� RI� 32/6$5� LPDJHV�� VHYHUDO� XQVX�
SHUYLVHG� DSSURDFKHV� KDYH� EHHQ� SURSRVHG�� EDVHG� RQ
YDULRXV�SRODULPHWULF�GHFRPSRVLWLRQ�PHWKRGV�>�@���7KH
PRVW�XVHG�PHWKRG�LV�WKH�GHFRPSRVLWLRQ�RI�&ORXGH�DQG
� 60$57�� 6SDFH� DQG� DLUERUQH�PLQHG� DUHD� UHGXFWLRQ
WRROV��IXQGHG�E\�WKH�(&��SURMHFW�QU��,67�����������

3RWWLHU� >�@�� ,Q� WKLV� PHWKRG� WKH� SRODULPHWULF� LQIRUPD�
WLRQ�LV�FRQYHUWHG�LQWR�WKUHH�SDUDPHWHUV��HQWURS\�+��a�
DQJOH� DQG� $QLVRWURS\� $�� WR� ZKLFK� WKH� DXWKRUV� KDYH
DVVRFLDWHG� DQ� HOHJDQW� SK\VLFDO� LQWHUSUHWDWLRQ�� 7KH\
VXE�GLYLGHG�WKH�IHDWXUH�VSDFH�IRUPHG�E\�WKH�WKUHH�SD�
UDPHWHUV�LQWR�UHJLRQV� WKDW�FRUUHVSRQG�WR�GLVWLQFW�VFDW�
WHULQJ�EHKDYLRXU��+RZHYHU��WKH�H[DFW�ERUGHUV�RI�WKHVH
GLIIHUHQW� UHJLRQV� GHSHQG� RQ� PDQ\� IDFWRUV�� 'LIIHUHQW
PHWKRGV�ZHUH�VXJJHVWHG� WR�PDNH� WKHVH�ERUGHUV� IOH[L�
EOH�� ,Q� >�@� WKH� VDPSOHV� LQ� WKH� IHDWXUH� VSDFH� DUH� UH�
JURXSHG�EDVHG�RQ�WKH�FRPSOH[�:LVKDUW�GLVWULEXWLRQ��,Q
>�@�D�VXSHUYLVHG�FODVVLILFDWLRQ�PHWKRG�EDVHG�RQ�QHXUDO
QHWZRUNV� DQG� IX]]\� ORJLF� LV� XVHG� WR� OHDUQ� WKH� FODVV
ERUGHUV� IURP� WKH�DYDLODEOH� OHDUQLQJ� VDPSOHV��7KH� DG�
YDQWDJH�RI� WKH�DSSURDFK�SURSRVHG� LQ� >�@� LV� WKDW�RWKHU
LQSXW�IHDWXUHV�FDQ�EH�HDVLO\�DGGHG�LQ�RUGHU�WR�LQFUHDVH
WKH� GLVFULPLQDWLRQ� DELOLW\� RI� WKH� FODVVLILFDWLRQ�� ,Q� >�@
WKH�ODUJHVW�HLJHQYDOXH�l��RI�WKH�SRODULPHWULF�FRKHUHQFH
PDWUL[�DQG�WKH�LQWHUIHURPHWULF�FRKHUHQFH�DUH�DGGHG�
:H� SURSRVH� KHUH� DQ� DSSURDFK� EDVHG� RQ� ORJLVWLF� UH�
JUHVVLRQ�� ZKLFK� FRQVLGHUV� HDFK� FODVV� VHSDUDWHO\� DQG
WULHV�WR�GLVWLQJXLVK�LW�IURP�DOO�RWKHUV�E\�FRPELQLQJ�WKH
LQSXW� IHDWXUHV� LQWR� D� QRQ�OLQHDU� IXQFWLRQ�� WKH� ORJLVWLF



IXQFWLRQ�� 7KH� PHWKRG� DOORZV� WR� HDVLO\� DGG� IHDWXUHV�
0RUHRYHU�� IRU�HDFK�FODVV�D�³GHWHFWLRQ� LPDJH´��ZLWK� D
ZHOO�GHILQHG� VWDWLVWLFDO�PHDQLQJ�� LV� REWDLQHG�� )RU� WKH
OHDUQLQJ� VHW� WKH� YDOXH� DW� HDFK� SL[HO� LQ� WKH� GHWHFWLRQ
LPDJH� UHSUHVHQWV� WKH� FRQGLWLRQDO� SUREDELOLW\� WKDW� WKH
SL[HO� EHORQJV� WR� WKDW� FODVV�� JLYHQ� DOO� LQSXW� IHDWXUHV�
7KH�GHWHFWLRQ� LPDJHV�DUH� LQ�VH� LQWHUHVWLQJ�IRU� WKH�KX�
PDQ� SKRWR� LQWHUSUHWHUV� ZRUNLQJ� DW� WKH� 0LQH� $FWLRQ
&HQWHU�
7KH� ORJLVWLF� UHJUHVVLRQ�ZDV� FDUULHG� RXW� XVLQJ�:DOG
V
IRUZDUG�� VWHS�ZLVH� PHWKRG�� ,Q� WKLV� PHWKRG�� DW� HDFK
VWHS�� WKH� PRVW� GLVFULPLQDQW� IHDWXUH� LV� DGGHG� DQG� WKH
VWDWLVWLFDO� VLJQLILFDQFH� RI� DGGLQJ� LW� WR� WKH� PRGHO� LV
YHULILHG��7KH�PHWKRG�SHUIRUPV�LPSOLFLWO\�D�IHDWXUH�VH�
OHFWLRQ�
7KH� �GHWHFWLRQ� LPDJHV

� RI� WKH� GLIIHUHQW� FODVVHV� DUH
IXVHG�XVLQJ�D�PDMRULW\�YRWH�

� ,QSXW�GDWD
����2YHUYLHZ�RI�WKH�6$5�GDWD�VHW

)RU� WKLV� SURMHFW� WKH�*HUPDQ� 6SDFH�$JHQF\�'/5� DF�
TXLUHG�(�6$5�GDWD�DW���GLIIHUHQW�IUHTXHQFLHV��3�DQG�/�
EDQG� DUH� IXOO�SRODULPHWULF�� GXDO�SDVV� LQWHUIHURPHWULF
ZKLOH�GXH�WR�IOLJKW�WLPH�OLPLWDWLRQV�IRU�&��DQG�;�EDQG
RQO\�99�SRODULVDWLRQ�LV�DYDLODEOH��$OO�GDWD�ZHUH�GHOLY�
HUHG�DV�6/&�GDWD�DQG�JHRFRGHG�DPSOLWXGH�GDWD��7KH\
ZHUH�DFTXLUHG�IURP�SDUDOOHO�IOLJKW�SDWKV�DQG�FRYHU�DS�
SUR[LPDWHO\� WKH� VDPH� UHJLRQ�� +RZHYHU� WKH� SL[HO
VSDFLQJ� LQ� WKH�6/&�GDWD�RI�GLIIHUHQW�EDQGV� LV� QRW� WKH
VDPH�� 7RJHWKHU� ZLWK� WKH� GDWD�� ZH� WKHUHIRUH� DOVR� UH�
FHLYHG� JHRFRGLQJ�PDWULFHV� WKDW� HQDEOH� RQH� WR� H[WUDFW
SRODULPHWULF�DQG�LQWHUIHURPHWULF�LQIRUPDWLRQ�XVLQJ�WKH
6/&�GDWD�DQG�JHRFRGH�WKH�UHVXOWV�DIWHUZDUGV�

����'HULYHG�IHDWXUH�VHW
)URP� WKH� LQSXW�6$5�GDWD� VHYHUDO� LQSXW� IHDWXUHV�ZHUH
GHULYHG�� 7KH� ILUVW� RQHV� FRQVLVW� RI� WKH� YDOXH� LQ� WKH
VSHFNOH� UHGXFHG� ORJ�LQWHQVLW\� LPDJHV�� 7KH� XVHG
VSHFNOH� UHGXFWLRQ� PHWKRG� FRPELQHV� D� FRQWH[W� EDVHG
ORFDOO\� DGDSWLYH�ZDYHOHW� VKULQNDJH� DQG�0DUNRY�5DQ�
GRP�)LHOGV�WR�OLPLW�EOXUULQJ�RI�HGJHV�E\�LQFRUSRUDWLQJ
SULRU� NQRZOHGJH� DERXW� SRVVLEOH� HGJH� FRQILJXUDWLRQV
>�@�
,Q� RUGHU� WR� FDSWXUH� WKH� SRODULPHWULF� LQIRUPDWLRQ�� WKH
SDUDPHWHUV�RI� WKH�&ORXGH� GHFRPSRVLWLRQ� �+��a�DQJOH
DQG�l�� DUH�XVHG��)URP�WKH�SDLUV�RI�LQWHUIHURPHWULF�LP�
DJHV� WKH� LQWHUIHURPHWULF� FRKHUHQFH� �r� LV� FDOFXODWHG�
7KH� SRODULPHWULF� DQG� LQWHUIHURPHWULF� IHDWXUHV� DUH
DYDLODEOH� IRU� 3�DQG� /�EDQG�� ZKLFK� UHVXOWV� LQ� �� SD�
UDPHWHUV��7KHLU�YDOXHV�ZHUH�UHVFDOHG�WR�XQVLJQHG�E\WHV
XVLQJ�WKHLU�SK\VLFDO�OLPLWV�
7KH� SRODULPHWULF� DQG� LQWHUIHURPHWULF� IHDWXUHV� ZHUH
GHWHUPLQHG�RQ�WKH�VODQW�UDQJH�6$5�GDWD�DQG�WKHQ�JHR�
FRGHG��7KH�VSHFNOH�UHGXFWLRQ�ZDV�DSSOLHG�RQ�WKH�JHR�
FRGHG�LPDJHV�

����*URXQG�WUXWK
7ZHOYH�FODVVHV�ZHUH�GHILQHG�IRU�WKH�SURMHFW��$�JURXQG
VXUYH\�PLVVLRQ�ZDV�RUJDQLVHG�WR�DFTXLUH�JURXQG�WUXWK�
L�H��H[DPSOHV�IRU�HDFK�FODVV�
7DEOH����/DQGFRYHU�FODVVHV�GHILQHG�IRU�WKH�SURMHFW
&� $EDQGRQHG�ODQG &� 5RDGV
&� )LHOGV�ZLWKRXW�9HJHW� &� 3DVWXUHV
&� )LHOGV�RI�%DUOH\ &� )RUHVWV
&� )LHOGV�RI�:KHDW &�� :DWHU
&� )LHOGV�RI�&RUQ &�� +HGJHV�6KUXEV
&� 5HVLGHQWLDO�DUHDV &�� 5DGDU�6KDGRZV

7KH� JURXQG� WUXWK� REMHFWV� ZHUH� WKHQ� GLYLGHG� LQWR� D
OHDUQLQJ� VHW� DQG� D� YDOLGDWLRQ� VHW�� %RWK� VHWV� FRQWDLQ
DURXQG�����REMHFWV� IRU�HDFK� WHVW�VLWH��7KH�SDUDPHWHUV
RI� WKH� ORJLVWLF� UHJUHVVLRQ� ZHUH� FDOFXODWHG� XVLQJ� WKH
OHDUQLQJ�VHW��7KH�FODVVHV�LQ�WKH�WDEOH�DUH�WKH�FODVVHV�IRU
WKH� OHDUQLQJ� VHW�� )RU� WKH� YDOLGDWLRQ� VHW� VRPH� FODVVHV
DUH� PHUJHG� EHFDXVH� WKHLU� GLVWLQFWLRQ� GRHV� QRW� JLYH
UHOHYDQW�LQIRUPDWLRQ�WR�WKH�GHPLQHUV���&���&��DQG�&�
DUH�PHUJHG�LQWR�D�FODVV�³)LHOGV�LQ�XVH�ZLWK�YHJHWDWLRQ´
DQG�&��LV�PHUJHG�ZLWK�&���

� 7KH�FODVVLILFDWLRQ�PHWKRG
%HFDXVH�WKH�GLIIHUHQW�LQSXW�IHDWXUHV�KDYH�YHU\�GLYHUVH
VWDWLVWLFDO� GLVWULEXWLRQV�� FODVVLFDO� PHWKRGV� IRU� IHDWXUH
VHOHFWLRQ�FDQQRW�EH�XVHG��7KHUHIRUH�ZH�GHYHORSHG�DQ
DSSURDFK�EDVHG�RQ�ORJLVWLF�UHJUHVVLRQ��/5���ZKLFK�DO�
ORZV�WR�FRPELQH�IHDWXUH�VHOHFWLRQ�DQG� WKH�FUHDWLRQ�RI
WKH� FODVVLILFDWLRQ� IXQFWLRQ�� (DFK� FODVV� LV� FRQVLGHUHG
VHSDUDWHO\� DQG� ORJLVWLF� UHJUHVVLRQ� LV� XVHG� WR� ILQG� D
FRPELQDWLRQ� RI� LQSXW� IHDWXUHV� WKDW� GLVFULPLQDWHV� WKDW
FODVV�IURP�DOO�RWKHUV�EDVHG�RQ�WKH�OHDUQLQJ�VHW�

����/RJLVWLF�UHJUHVVLRQ
/RJLVWLF� UHJUHVVLRQ� >�@� RIIHUV� D� ZD\� WR� FRPELQH� WKH
GLIIHUHQW� IHDWXUHV� ZKLOH� DW� WKH� VDPH� WLPH� \LHOGLQJ� D
PHDVXUH�RI� WKHLU� UHVSHFWLYH�GLVFULPLQDWLYH�SRZHU��/5
FRPELQHV� WKH� GLIIHUHQW� LQSXW� IHDWXUHV� XVLQJ� D� ORJLVWLF
IXQFWLRQ�

ZKHUH� ��� \[) LV�WKH�YHFWRU�RI�LQSXW�IHDWXUHV�DW�SL[HO
[�\��&L LV�WKH�FODVV�XQGHU�FRQVLGHUDWLRQ�DQG�WKH�EL�V DUHWKH� ZHLJKWV� DWWULEXWHG� E\� WKH� ORJLVWLF� UHJUHVVLRQ� IRU
WKDW�FODVV�WR�HDFK�IHDWXUH�
7KH�/5�ZDV�FDUULHG�RXW�XVLQJ�:DOGV�IRUZDUG�PHWKRG�
7KLV� LV�DQ� LWHUDWLYH�PHWKRG�DQG�DW�HDFK�VWHS� WKH�PRVW
GLVFULPLQDWLQJ� IHDWXUH� LV� DGGHG� DQG� WKH� VWDWLVWLFDO� VL�
JQLILFDQFH�RI� DGGLQJ� LW� WR� WKH�PRGHO� LV� YHULILHG��7KLV
PHDQV� WKDW� WKH� FUHDWLRQ� RI� GHFLVLRQ� VXUIDFHV� IRU� WKH
FODVVLILFDWLRQ�LV�FRPELQHG�ZLWK�WKH�IHDWXUH�VHOHFWLRQ�
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����7KH�PDMRULW\�YRWH
:KHQ�WKH�ORJLVWLF�IXQFWLRQ�IRU�D�JLYHQ�FODVV�LV�DSSOLHG
WR�DOO�SL[HOV�RI�DQ�LPDJH�VHW��D�GHWHFWLRQ�LPDJH�IRU�WKH
FRQVLGHUHG�FODVV�LV�REWDLQHG��7KH�GHWHFWLRQ�LPDJHV�DUH
FRPELQHG� LQWR� D� FODVVLILFDWLRQ� XVLQJ�PDMRULW\� YRWLQJ�
L�H�� LQ� D� QHLJKERXUKRRG� �W\SLFDOO\� �[��� RI� HDFK� SL[HO
WKH� VXP� RI� FRQGLWLRQDO� SUREDELOLW\� IRU� HDFK� FODVV� LV
GHWHUPLQHG�DQG�WKH�SL[HO� LV�DVVLJQHG�WR� WKH�FODVV�FRU�
UHVSRQGLQJ�WR�WKH�KLJKHVW�VXP�

� $SSOLFDWLRQ�RI�WKH�PHWKRG
)RU�HDFK�FODVV�D�³WDUJHW�FODVV´�ZDV�FUHDWHG�FRPSRVHG
RI�DOO�DYDLODEOH�VDPSOHV�RI�WKDW�FODVV��7KH�EDFNJURXQG
FODVV� FRQVLVWV� RI� VDPSOHV� IURP� DOO� RWKHU� FODVVHV�� /R�
JLVWLF�UHJUHVVLRQ�JLYHV�WKH�EHVW�UHVXOWV�ZKHQ�WKH�QXP�
EHU�RI� WDUJHW� DQG�EDFNJURXQG� VDPSOHV� LV� HTXDO�� WKHVH
RWKHU�FODVVHV�ZHUH� WKXV� UDQGRPO\�VXE�VDPSOHG��7DEOH
� SUHVHQWV� WKH� SDUDPHWHUV� WKDW�ZHUH� IRXQG� E\� WKH� OR�
JLVWLF� UHJUHVVLRQ�� 7KH� WDEOH� LOOXVWUDWHV� ZKLFK� IHDWXUHV
DUH�XVHG�IRU�GLVWLQJXLVKLQJ�HDFK�FODVV�IURP�WKH�RWKHUV�
H�J�� IRU� GHWHFWLQJ� IRUHVWV� �&���� RQO\� �� IHDWXUHV� DUH
XVHG�

7DEOH����3DUDPHWHUV�EL IRXQG�E\�WKH�ORJLVWLF�UHJUHVVLRQ
&� &� &� &� &� &� &� &� &� &�� &�� &��

E� ����� ������ ������ ������� ������ ������ ����� ������ ������� ����� ������ ������

/++ ����� ����� ������ ����� ����� ������ ����� ������ �����

/+9 ����� ����� �����

/99 ����� ������ ����� ������ ������ ����� ����� ������ ����� �����

3++ ����� ����� ������ ������ ����� ����� ����� ������

3+9 ������ ������ ����� ����� ����� ����� ������

399 ������ ����� ����� ������ ������ ����� ������ �����

&99 ����� ����� ������ ����� ����� ������ ����� ����� ������

;99 ������ ����� ����� ����� ����� ����� ������ ������

r/ ����� ����� ����� ����� ����� ����� ������ ������ ������ �����

r3 ������ ����� ������ ������ ������ ����� ����� �����

+/ ������ ����� ����� ������ ����� ������ ����� ����� �����

a/ ������ ������ ������ ����� ����� ����� �����

+3 ������ ����� ������ ������ ������ �����

a3 ������ ������ ����� ������

l/ ������ ������ ������ ������ ����� ������ ����� ������

l3 ������ ������ ����� ������ ������ ������ ������ ������

� 5HVXOWV�DQG�GLVFXVVLRQ
,Q�)LJXUH���SDUW�RI�WKH�/�EDQG�(�6$5�LPDJH�RI�RQH�RI
WKH� WHVW� VLWHV� LV� VKRZQ�� )LJXUH� �� VKRZV� WKH� GHWHFWLRQ
LPDJH� IRU� RQH� RI� WKH� FODVVHV�� L�H�� DEDQGRQHG� ODQG
)LJXUH� �� VKRZV� WKH� UHVXOWV� RI� WKH� FODVVLILFDWLRQ�� 7KH
FRORUV�RI�WKH�FODVVHV�DUH�WKH�RQHV�XVHG�WR�IRU�WKH�FODVV
QXPEHUV�LQ�7DEOH�����7DEOH���VKRZV�WKH�UHVXOWV�RI�WKH
YDOLGDWLRQ��8VLQJ�WKH�YDOLGDWLRQ�VHW�D�FRQIXVLRQ�PDWUL[
ZDV� FDOFXODWHG�� 7KH� YDOXHV� LQ� WKH� WDEOH� DUH� VWDWLVWLFV
FDOFXODWHG� IURP� WKH� FRQIXVLRQ� PDWUL[�� 7KH� k LV� WKH
.DSSD�FRHIILFLHQW� >�@� FDOFXODWHG� SHU� FODVV��8$� LV� WKH
XVHU
V DFFXUDF\� DQG� UHODWHV� WKH� SURSRUWLRQ� RI� SL[HOV
FODVVLILHG� DV� D� JLYHQ� FODVV� WR� WKH� QXPEHU� WKDW� UHDOO\
EHORQJ�WR�WKDW�FODVV��L�H��GLDJRQDO�HOHPHQW�RI� WKH�FRQ�
IXVLRQ�PDWUL[�GLYLGHG�ZLWK�WKH�VXP�RI�WKH�HOHPHQWV�LQ
WKH� FROXPQ�� 7KH� 3URGXFHU
V $FFXUDF\� �3$�� LV� WKH
FRPSOHPHQWDU\�
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7KH�3$�LV�WKXV�OLQNHG�WR�WKH�SUREDELOLW\�RI�IDOVH�FODVVL�ILFDWLRQV� IRU� D� FODVV� ZKLOH� WKH� 8$� LV� UHODWHG� WR� WKHSUREDELOLW\� RI� FRUUHFW� FODVVLILFDWLRQ�� 5RDGV� JLYH� YHU\EDG� UHVXOWV� LQ� WKH� FODVVLILFDWLRQ��7KLV� LV� EHFDXVH� WKH\DUH�WRR�QDUURZ�WR�GHWHFW�XVLQJ�D�SL[HO�ZLVH�FODVVLILFD�WLRQ��([DPLQDWLRQ�RI� WKH�FRQIXVLRQ�PDWUL[� VKRZV� WKDWILHOGV� ZLWKRXW� YHJHWDWLRQ� DQG� SDVWXUHV� DUH� FRQIXVHGZKLFK�H[SODLQV� WKH� ORZ�YDOXHV� LQ� WKH� WDEOH��)RU�ZDWHUWKH�ORZ�YDOXH�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�D�ULYHUERUGHUHG� E\� WUHHV� ZDV� LQGLFDWHG� LQ� WKH� JURXQG� WUXWK�7KLV�PHDQV� WKDW�PDQ\�SL[HOV�ZHUH�FODVVLILHG�DV� VKDG�RZV���7KH�RWKHU�FODVVHV�VKRZ�D�JRRG�FODVVLILFDWLRQ�UH�
VXOW��k� 3$�DQG�8$�> ������)RU�UHVLGHQWLDO�DUHDV�WKH�3$LV� YHU\� KLJK�ZKLOH� WKH�8$� LV� ORZ��7KLV� LV� WR� WKH� IDFWWKDW�WKH�GHWHFWLRQ�RYHUHVWLPDWHV�WKHLU�VL]H�
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$ QHZ�PHWKRG� IRU� VXSHUYLVHG� FODVVLILFDWLRQ� RI�PXOWL�
FKDQQHO�6$5�GDWD�ZDV�SURSRVHG��7KH�PHWKRG�GHWHFWV
HDFK� FODVV� VHSDUDWHO\� XVLQJ� ORJLVWLF� UHJUHVVLRQ� DQG
EXLOGV� WKH� FODVVLILFDWLRQ� PDS� XVLQJ� PDMRULW\� YRWLQJ�
0RVW� FODVVHV� DUH� FRUUHFWO\� GHWHFWHG�� 3DVWXUHV� DQG
ILHOGV� ZLWKRXW� YHJHWDWLRQ� DUH� FRQIXVHG�� 3UREOHPV� UH�
PDLQ� DOVR� IRU� URDGV� DQG� ULYHUV�� 7KHVH� SUREOHPV� FDQ
SUREDEO\� EH� VROYHG� E\� FRPELQLQJ� WKH� FODVVLILFDWLRQ

ZLWK� WKH� UHVXOWV� RI� D� GHWHFWRU� IRU� OLQHDU� REMHFWV�� 7KLV
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