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7KH�SDSHU�GLVFXVVHV�WKH�KLVWRU\�DQG�SDUDGLJP�RI�VFLHQWLILF
MRXUQDO��WKH�FULVLV�RI�WUDGLWLRQDO�MRXUQDOV�DQG�OLEUDULHV��HOHF�
WURQLF�MRXUQDOV��HOHFWURQLF�SUHSULQW�DUFKLYHV��&'�DUFKLYHV��FL�
WDWLRQ�RI�HOHFWURQLF�SXEOLFDWLRQV��LQYHVWLJDWLRQV�DQG�IRUHFDVWV�
6RPH�FRQFOXVLRQV� IRU�DXWKRUV��SXEOLVKHUV�DQG�VFLHQWLILF� OL�
EUDULHV�DUH�PDGH�
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7KH�SUREOHP�RI�GDWD�H[FKDQJH�LQ�GLVWULEXWHG�KHWHURJHQH�
RXV�GDWDEDVHV�LV�IRUPXODWHG�DQG�LWV�VROXWLRQ�DOJRULWKP�LV�SUH�
VHQWHG��$�WKUHH�HOHPHQW�RUGHU�PRGHO�LV�SURSRVHG�DQG�DQ�XQ�
GHUO\LQJ�DXWRPDWRQ�LV�GHVLJQHG��$Q�DORJRULWKP�WKDW�LPSOH�
PHQWV�WKH�PRGHO�LQ�UHODWLRQDO�GDWDEDVH�PDQDJHPHQW�V\VWHPV
LV�GHYHORSHG�DQG�VRPH�UHFRPPHQGDWLRQV�IRU�LWV�SRVVLEOH�DS�
SOLFDWLRQV�DUH�PDGH�
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$�PHWKRGRORJ\�IRU�GHYHORSLQJ�D�PRGHO�RI�D�FRPSOH[�PXO�
WL�VWDJH�SURFHVV�EDVHG�RQ�PXOWL�OD\HU�QHXURQ�QHWZRUN�LV�GH�
VFULEHG��7KH�QHXURQHW�PRGHO�VWUXFWXUH�IRU�D�PXOWL�VWDJH�SURF�
HVV�DQG�DQ�DOJRULWKP�IRU�LWV�IRUPDWLRQ�DUH�GHVFULEHG��7KH�QHX�
URQHW� PRGHO� OHDUQLQJ� SURFHGXUH� LV� FRQVLGHUHG�� 7KH� SDSHU
VKRZV�WKDW�WKH�OHDUQLQJ�SURFHVV�FDQ�EH�UHGXFHG�WR�WKH�PLQL�
PL]DWLRQ�RI�D�PXOWLYDULDEOH�IXQFWLRQ��7KH�HTXDWLRQV�IRU�DQD�
O\WLFDO� UHFDOFXODWLRQ�RI� ORVV� IXQFWLRQ�V� JUDGLHQW� DUH�GHULYHG
WKDW� DOORZ� WKH� DSSOLFDWLRQ� RI� HIIHFWLYH� RSWLPL]DWLRQ� WHFK�
QLTXHV�IRU�QHWZRUN�OHDUQLQJ�

$�02',),&$7,21�2)�6,03/(;�0(7+2'�%$6('�
21�7+(�(92/87,21�35,1&,3/(����������������������������

=KHYQHURY�9�$�

7KH� SDSHU� VXJJHVWV� WR� XVH� WKH� RSWLPL]DWLRQ� GLUHFWLRQ
FKRLFH�ODZ�ZKHQ�VROYLQJ�DQ�/3�SUREOHP��7KH�FKRLFH�ODZ�LV
EDVHG�RQ�WKH�SDUDPHWHU�HYROXWLRQ�SULQFLSOH��,W�LV�VKRZQ�WKDW
WKH�DSSOLFDWLRQ�RI�WKLV�ODZ�HOLPLQDWHV�F\FOLQJ�DQG�HQVXUHV�DS�
SUHFLDEOH� SUREOHP� WLPH� UHGXFWLRQ� DV� DJDLQVW� WKH� VLP�
SOH[�PHWKRG�XQGHU�HTXDO�UHDOL]DWLRQ�FRPSOH[LW\�
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'HVLJQ�FRQFHSWV��VWUXFWXUH�DQG�RSHUDWLRQ�WHFKQRORJ\�RI
LQGXVWULDO� HQYLURQPHQWDO� VDIHW\� V\VWHPV�DUH�H[DPLQHG��7KH
SDSHU�GLVFXVVHV�WKH�SUREOHPV�RI�DSSO\LQJ�PDWKHPDWLFDO�PRG�
HOLQJ�RI�HQYLURQPHQWDO�SURFHVVHV�LQ�VXFK�V\VWHPV��LQ�SDUWLF�
XODU�RI�SROOXWLRQ�WUDQVSRUW�LQ�WKH�DWPRVSKHUH��7KH�UHVXOWV�SUH�

VHQWHG�ZHUH� DSSOLHG� LQ� WKH� GHYHORSPHQW� RI� HQYLURQPHQWDO
PRQLWRULQJ�V\VWHPV�IRU�$VWUDNKDQ�*DV�&KHPLFDO�&RPSOH[�
2UHQEXUJ�*DV�3URFHVVLQJ�3ODQW�DQG�5XVVLDÜ7XUNH\�JDV�PDLQ
SLSHOLQH�
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7KH�SDSHU�DQDO\]HV�WKH�SURVSHFW�RI�VROYLQJ�WKH�RSWLPL]D�
WLRQ�WDVNV�RI�WKH�ORJLVWLF�F\FOH�LQ�RQ�OLQH�SURGXFWLRQ�PDQDJH�
PHQW�ZLWK�WKH�KHOS�RI�WKH�DGYDQFHG�PHWKRGV�RI�DXWRPDWLF
FRQWURO�WKHRU\��7KH�SUREOHP�RI�FXUUHQW�EXGJHWLQJ�LQ�WUDQV�
SRUWDWLRQ�DQG�ORJLVWLFV�VHUYLFHV�LV�VROYHG�DV�DQ�H[DPSOH�
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7KH�SDSHU�VXEVWDQWLDWHV�WKH�UHODWLRQVKLS�EHWZHHQ�PDFU�
RHFRQRPLF�G\QDPLF�DQG� WHFKQRORJLFDO�SULRULWLHV�RI� LQYHVW�
PHQW�DQG�RIIHUV�D�&REEÜ'RXJODV�W\SH�SURGXFWLRQ�IXQFWLRQ
WKDW�FRQWDLQV�DQ�LQIRUPDWLRQ�IDFWRU�DV�D�JHQHUDOL]HG�ORJLVWLF
IXQFWLRQ�RI�WKH�LQIRUPDWLRQ�LQYROYHG��$�ORJLVWLF�PRGHO��ZKLFK
FRQQHFWV�ILQDO�FRQVXPSWLRQ�ZLWK�UHDO�LQFRPH��LV�RIIHUHG�DV�D
EDVH�IRU�D�SURFHGXUH�RI�PLGGOH�UXQ�IRUHFDVWLQJ�RI�WKHVH�YDOXHV�
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7KH� SDSHU� GLVFXVVHV� WKH�PRGHOV� RI� FRUSRUDWH� REMHFWLYH
IXQFWLRQ�GHYHORSHG�LQ�WKH�NH\�EUDQFKHV�RI�FRQWHPSRUDU\�HFR�
QRPLF�WKHRU\��1HZ�PRGHOV�RI�FRUSRUDWH�REMHFWLYH�IXQFWLRQ
GHYHORSHG�LQ�WKH�FRQWH[W�RI�VKDUHKROGHU�YDOXH�FUHDWLRQ�WKHRU\
DUH� DGYLVHG��0HULWV� DQG� GUDZEDFNV� RI� FRUSRUDWH� REMHFWLYH
IXQFWLRQ�PRGHOV�DUH�GHVFULEHG�
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%DVLF�GHYHORSPHQW�VWDJHV�DQG�VWDWH�RI�WKH�DUW�RI�DQDORJ
FRPSXWDWLRQ�DUH�EULHIO\�GLVFXVVHG��'UDVWLF�QDUURZLQJ�RI� LWV
DSSOLFDWLRQ�GRPDLQ�UHVXOWV�LQ�WKH�UHGXFWLRQ�RI�NQRZOHGJH�EDVH
LQ�FRQWURO�VFLHQFHV�DQG�WR�FHUWDLQ�QDUURZ�PLQGHGQHVV�LQ�VSH�
FLDOLVWV�HGXFDWLRQ��$JDLQVW�WKLV�EDFNJURXQG��WKH�SDSHU�DGYR�
FDWHV�WKH�H[SHGLHQFH�RI�ZLGHU�DSSOLFDWLRQ�RI�VPDOO�VSHFLDOLVHG
DQDORJ�FRPSXWHUV�ERWK�IRU�WUDLQLQJ�SXUSRVHV�DQG�IRU�YHULI\LQJ
PRELOH�REMHFW�FRQWURO�DOJRULWKPV�
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