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LQWHUIHURPHWHU� VRXQGHU� EXLOW� E\� /LQFROQ� /DERUDWRU\
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EDQG� DQG� LWV� LVRODWHG� UHVRQDQFH� QHDU� �������*+]�
7KHVH�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�ZLWK�D�]HQLWK�
VFDQQLQJ�DLUERUQH� LPDJLQJ�VSHFWURPHWHU�� WKH�PLFUR�
ZDYH� WHPSHUDWXUH� VRXQGHU� �076��� ZKLFK� LQFRUSR�
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UDWHV� HLJKW� GRXEOH�VLGHEDQG� FKDQQHOV� FHQWHUHG� RQ
WKH� �������*+]� R[\JHQ� UHVRQDQFH�� DQG� DQ� DVVRFL�
DWHG�VZLWFKHG�IUHTXHQF\�UDGLRPHWHU�RSHUDWLQJ������
*+]��7KH�076�����*+]�FKDQQHOV�KDYH�QRPLQDO�VLQ�
JOH�VLGHEDQG�ZLGWKV�RI�����0+]�DQG�FHQWHU�IUHTXHQ�
FLHV� ORFDWHG� ��������� 0+]� IURP� WKH� OLQH� FHQWHU�
2EVHUYDWLRQV�ZHUH�REWDLQHG�FRQWLQXRXVO\�DV�D�1$6$
(5��� DLUFUDIW� DVFHQGHG� WR� a��� NP� DOWLWXGH� DQG
GHVFHQGHG�RQ� IRXU� IOLJKWV��1HDUE\� UDGLRVRQGHV�SOXV
QDYLJDWLRQDO� DQG� DLU� WHPSHUDWXUH� GDWD� IURP� WKH� DLU�
FUDIW� SHUPLWWHG� FRPSDULVRQ� RI� WKH� UDGLRPHWULF�PHD�
VXUHPHQWV� ZLWK� SUHGLFWLRQV� RI� PLFURZDYH� WUDQVPLW�
WDQFH�PRGHOV��

5HVXOWV�RI�WKLV�WUDQVPLWWDQFH�VWXG\��DUH�WKDW�WKH�R[\�
JHQ�WUDQVPLWWDQFHV�REVHUYHG�QHDU����*+]�DUH�FRQ�
VLVWHQW�ZLWK�UHFHQW�SUHYLRXV�H[SUHVVLRQV�ZLWKLQ�D�IHZ
SHUFHQW�� +RZHYHU�� H[SUHVVLRQV� FXUUHQWO\� XVHG� QHDU
����*+]�FDQ�EH�VOLJKWO\� LPSURYHG�E\�LQFUHDVLQJ�WKH
H[SRQHQW�RI�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�R[\�
JHQ� OLQH� ZLGWK� IURP� D� YDOXH� RI� ���� WR� D� YDOXH� QHDU
������ ,Q� DGGLWLRQ�� WKHVH� UHVXOWV� LQGLFDWH� WKDW� RSHUD�
WLRQDO� DWPRVSKHULF� WHPSHUDWXUH� VRXQGHUV� QHDU� ��
*+]�PD\�UHTXLUH�FRUUHFWLRQV�WR�WKHLU�FDOLEUDWLRQ�SUR�
FHGXUHV� LQ� RUGHU� WR� EULQJ� UDGLRVRQGH�EDVHG� SUHGLF�
WLRQV� RI� UDGLDQFHV� LQWR� EHWWHU� DJUHHPHQW�ZLWK� WKHVH
PLFURZDYH� VDWHOOLWH� REVHUYDWLRQV�� 6XFK� FRUUHFWLRQV
VKRXOG� LPSURYH� WKH� XWLOLW\� RI� PLFURZDYH� GDWD� QRZ
EHLQJ�FROOHFWHG�URXWLQHO\�E\�RSHUDWLRQDO�ZHDWKHU�VDW�
HOOLWHV��

'XULQJ�WKLV�SHULRG��ZRUN�EHJDQ�RQ�DQ�LPSURYHG�076
�GHVLJQDWHG�1$67�0��ZKLFK�ZLOO�SURGXFH�PXOWLFKDQ�
QHO� LPDJHV�QHDU� ERWK����DQG�����*+]��$PRQJ� WKH
LQLWLDO�WDVNV�RI�1$67�0�ZLOO�EH�FRQILUPDWLRQ�RI�WKH�HDU�
OLHU�GHPRQVWUDWLRQV�RI� UHWULHYDOV�RI�SUHFLSLWDWLRQ�FHOO�
WRS�DOWLWXGHV�XVLQJ�R[\JHQ�EDQG�PLFURZDYH�VSHFWUDO
GDWD��

����� 3XEOLFDWLRQ

6SLQD�� 0�6��� 0�-�� 6FKZDUW]�� '�+�� 6WDHOLQ�� DQG� $�-�
*DVLHZVNL�� ³$SSOLFDWLRQ� RI� 0XOWLOD\HU� )HHGIRU�
ZDUG� 1HXUDO� 1HWZRUNV� WR� 3UHFLSLWDWLRQ� &HOO�7RS
$OWLWXGH� (VWLPDWH�´� � 7UDQV�� *HR�� 5HP�� 6HQV�
���������������������

��� 5HGXFWLRQ�RI�9DULDWLRQ

6SRQVRU

0,7�/HDGHUV�IRU�0DQXIDFWXULQJ�3URJUDP
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3URIHVVRU� 'DYLG� +�� 6WDHOLQ�� 5RQDOG� &DR�� -XQHKHH
/HH�

5HGXFWLRQ�RI�SURFHVV�DQG�SURGXFW�YDULDWLRQ� WKURXJK
XVH� RI� VWDWLVWLFDO� DQDO\VLV� LV� D� SULPDU\� JRDO� RI� WKLV
UHVHDUFK�HIIRUW��'HYHORSLQJ�PHWKRGV�WR�H[WUDFW�SK\VL�
FDOO\�PHDQLQJIXO�EHKDYLRU�IURP�QRLV\�GDWD�VHWV�LV�WKH
SULQFLSDO� FKDOOHQJH� KHUH�� 7KH� .DUKRXQHQ�/RHYH
WUDQVIRUP��UHODWHG�WR�SULQFLSDO�FRPSRQHQW�DQDO\VLV��LV
IUHTXHQWO\� XVHG� ZKHQ� ³GDWD� PLQLQJ´� GDWD�ULFK� SUR�
FHVVHV� IRU� WKLV� SXUSRVH�� 7KHVH� WHFKQLTXHV� ZHUH
HPSOR\HG�WR�FKDUDFWHUL]H�D�GDWD�VHW�FROOHFWHG�IURP�D
SDSHU�PDQXIDFWXULQJ�SURFHVV�IRU�ZKLFK�����YDULDEOHV
ZHUH�UHFRUGHG�DW������SHULRGLFDOO\�VSDFHG�LQVWDQWV�RI
WLPH��7KH�GHULYHG�SULQFLSDO�FRPSRQHQWV�IRU�WKLV�GDWD
VHW��ZKLFK�ZDV�SXUJHG�RI�PRVW�GHIHFWLYH�RU�PLVVLQJ
GDWD�� UHYHDOHG� V\VWHPDWLF� EHKDYLRU� LQ� WKH� WLPH
GRPDLQ�� VXJJHVWLQJ� HDFK� SULQFLSDO� FRPSRQHQW� ZDV
DVVRFLDWHG�ZLWK�D�GLIIHUHQW�SK\VLFDO�DVSHFW�RI�WKH�SUR�
FHVV��$EVHQW�SK\VLFDO�FRQVWUDLQWV��V\VWHPDWLF�EHKDY�
LRU�LV�XQH[SHFWHG�VLQFH�WKH�SULQFLSDO�FRPSRQHQWV�DUH
PDWKHPDWLFDOO\� LQGHSHQGHQW� RI� WKH� VHTXHQFH� LQ
ZKLFK�WKH�����HOHPHQW�REVHUYDWLRQV�DUH�DUUDQJHG�

2QH� ZHDNQHVV� RI� WUDGLWLRQDO� SULQFLSDO� FRPSRQHQW
DQDO\VLV� WHFKQLTXHV�ZDV�FOHDUO\�HYLGHQW��7KH�HLJHQ�
YHFWRU�FRHIILFLHQWV�GLG�QRW�UHYHDO�ZKLFK�SURFHVV�YDUL�
DEOHV�ZHUH�SULPDULO\�DVVRFLDWHG�ZLWK�ZKLFK�SULQFLSDO
FRPSRQHQW��7KDW�LV��WKHUH�ZDV�HQRXJK�³FOXWWHU´�LQ�WKH
SURFHVV� GDWD� WKDW� HYHU\� SULQFLSDO� FRPSRQHQW� KDG
QRQWULYLDO� FRQWULEXWLRQV� IURP� DOPRVW� HYHU\� SURFHVV
YDULDEOH��5RQDOG�&DR¶V�WKHVLV��GHPRQVWUDWHG�WZR�GLI�
IHUHQW� WHFKQLTXHV� IRU�SUHSURFHVVLQJ� WKH�GDWD�VHW� VR
WKDW�WKH�VRXUFH�RI�WKH�UHVXOWLQJ�SULQFLSDO�FRPSRQHQWV
QRW� RQO\� FRUUHVSRQGHG� WR� SK\VLFDO� SURFHVVHV�ZKLFK
EHKDYHG�GLIIHUHQWO\� LQ� WLPH��EXW�DOVR� WKH�VHW�RI�YDUL�
DEOHV�SK\VLFDOO\�DVVRFLDWHG�ZLWK�HDFK�SULQFLSDO�FRP�
SRQHQW� ZDV� PXFK� PRUH� FOHDUO\� GHOLQHDWHG� ZLWKRXW
VSXULRXV� FRQWULEXWLRQV� IURP� WKH� HQWLUH� OLVW� RI� YDUL�
DEOHV�
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7KH� ILUVW� PHWKRG� ZKLFK� \LHOGHG� WKLV� LPSURYHPHQW
LQYROYHG�EDQGSDVV� ILOWHULQJ� LQ� WKH� WLPH�GRPDLQ�HDFK
YDULDEOH� EHIRUH� WKH� YDULDEOH� FRUUHODWLRQ� PDWUL[� ZDV
FRPSXWHG��7KXV�D�SULRUL�LQIRUPDWLRQ�ZDV�XWLOL]HG�SULRU
WR� WKH� SULQFLSDO� FRPSRQHQWV� DQDO\VLV�� WKLV� D� SULRUL
LQIRUPDWLRQ� FRQVLVWV� RI� WKH� NQRZQ� SUHIHUHQFH� IRU
SK\VLFDO� SURFHVVHV� WR� EH� FRUUHODWHG� LQ� WLPH� DQG� WR
�RIWHQ��H[KLELW�EDQG�SDVV�FKDUDFWHULVWLFV�

7KH�VHFRQG�DSSURDFK�ZDV�WR�XWLOL]H�WKH�D�SULRUL�LQIRU�
PDWLRQ� WKDW� PDQ\� RI� WKH� SK\VLFDO� YDULDEOHV� EHLQJ
UHFRUGHG� ZHUH� SK\VLFDOO\� XQFRUUHODWHG� ZLWK� HDFK
RWKHU�� 7KLV� LQIRUPDWLRQ� ZDV� LQFRUSRUDWHG� LQWR� WKH
SULQFLSDO� FRPSRQHQWV� DQDO\VLV� E\� QRWLQJ� WKDW� PDQ\
HOHPHQWV�LQ� WKH�YDULDEOH�FRUUHODWLRQ�PDWUL[�VKRXOG� LQ
WUXWK�EH�]HUR��DOWKRXJK�GDWD�FOXWWHU�PDGH�WKHP�RWKHU�
ZLVH��%\�VHWWLQJ�WHQ�WR�WZHQW\�SHUFHQW�RI�WKH�VPDOOHVW
FRUUHODWLRQ�FRHIILFLHQWV�WR�]HUR��PDQ\�RI�WKH�SULQFLSDO
FRPSRQHQWV� ZHUH� DJDLQ� UHGXFHG� WR� VPDOOHU� VHWV� RI
YDULDEOHV�ZKLFK�H[KLELWHG�VLJQLILFDQW�FRQWULEXWLRQV��,Q
PDQ\�FDVHV�WKHVH�VPDOO�VHWV�RI�YDULDEOHV�ZHUH�VLPL�
ODU�WR�WKRVH�UHYHDOHG�ZKHQ�XVLQJ�WKH�EDQGSDVV�DQDO�
\VLV�� 7KHVH� UHVXOWV� UHLQIRUFH� WKH� YDOLGLW\� RI� WKH
RULJLQDO�K\SRWKHVLV�WKDW�D�SULRUL�LQIRUPDWLRQ�FDQ�IDFLOL�
WDWH�FOXWWHU�UHGXFWLRQ�ZKHQ�SULQFLSDO�FRPSRQHQW�DQDO�
\VLV�LV�XVHG�LQ�GDWD�PLQLQJ��

����� 7KHVLV

&DR��5��0XOWLYDULDWH�$QDO\VLV�RI�0DQXIDFWXULQJ�'DWD�
0�6�� WKHVLV�� 'HSDUWPHQW� RI� (OHFWULFDO� (QJLQHHU�
LQJ�DQG�&RPSXWHU�6FLHQFH��0,7��0D\������


