
,QWHUSUHWDELOLW\ RI 'HHS /HDUQLQJ IRU 0HGLFDO ,PDJH &ODVVLILFDWLRQ� ,PSURYHG
8QGHUVWDQGDELOLW\�DQG�*HQHUDOL]DWLRQ��6XPPDU\�RI�WKH�FRQWULEXWLRQV

0RWLYDWLRQ
7KH DSSOLFDWLRQ RI $UWLILFLDO ,QWHOOLJHQFH �$,� DQG� SDUWLFXODUO\� GHHS OHDUQLQJ WR PHGLFDO LPDJH
DQDO\VLV KDV OHG WR H[FHSWLRQDO UHVHDUFK UHVXOWV LQ VHYHUDO FRQWH[WV� LQFOXGLQJ WKH DQDO\VLV RI KXPDQ
WLVVXH VDPSOHV� 6WDWH�RI�DUW &RQYROXWLRQDO QHXUDO QHWZRUNV �&11V� ZHUH GHYHORSHG WR DXWRPDWLFDOO\
GHWHFW FDQFHU UHJLRQV LQ GLJLWDO SDWKRORJ\ LPDJHV RI KXPDQ WLVVXH PLFURVFRS\ VOLGHV� $V UHWURVSHFWLYH
VWXGLHV KDYH VKRZQ� KRZHYHU� &11V DSSHDU DV EODFN ER[ PDFKLQHV DQG WKHLU EHKDYLRU LV QRW DOZD\V
UHOLDEOH� )RU H[DPSOH� &11V GR QRW JHQHUDOL]H ZHOO HQRXJK WR UHDO�ZRUOG GDWD DQG DUH QRW UHDG\ \HW
IRU WKH LQWHJUDWLRQ LQ FOLQLFDO ZRUNIORZV� +HQFH� WKLV LV ZKHUH H[LVWLQJ PRGHOV QHHG WR EH LPSURYHG WKH
PRVW� 7KH DXWRPDWHG SUHGLFWLRQV E\ &11V DUH WDNHQ ZLWK UHVWUDLQW E\ SK\VLFLDQV� ZKR RIWHQ TXHVWLRQ
ZKHQ DQG ZK\ WKH PRGHO LV H[SHFWHG WR IDLO RQ WKHLU GDWD DQG VWUXJJOH WR DFFHSW LWV RSDFLW\ DQG OLWWOH
XQGHUVWDQGDELOLW\�
7KH GHYHORSPHQWV LQ WKLV 3K�'� GLVVHUWDWLRQ FDQ ILOO WKH JDS EHWZHHQ WKH SLWIDOOV RI FXUUHQW $,
GHYHORSPHQWV DQG WKH UHTXLUHPHQWV RI PHGLFDO SUDFWLFH� 7KDQNV WR WKH FRQWULEXWLRQV LQ WKLV ZRUN�
H[SODQDWLRQV RI &11 PRGHOV SUHGLFWLQJ WXPRURXV UHJLRQV LQ GLJLWDO VOLGHV RI WLVVXH FDQ EH JHQHUDWHG
LQ WHUPV RI FOLQLFDO IHDWXUHV WKDW DUH HDV\ WR XQGHUVWDQG E\ SDWKRORJLVWV� %HFDXVH RI WKHVH H[SODQDWLRQV�
SDWKRORJLVWV FDQ EH HPSRZHUHG ZLWK D GHHS XQGHUVWDQGLQJ RI WKH PRGHO DQG PD\ SUHGLFW HYHQWXDO
IDLOXUHV�RU�MXVWLI\�XQH[SHFWHG�RXWFRPHV�

5HVHDUFK�FRQWULEXWLRQV
7KLV 3K�'� GLVVHUWDWLRQ SURSRVHV QHZ LQWHUSUHWDELOLW\ WHFKQLTXHV WKDW DLP DW PDNLQJ WKH LQQHU
ZRUNLQJV RI GHHS OHDUQLQJ FODVVLILHUV XQGHUVWDQGDEOH WR SK\VLFLDQV� $, ,QWHUSUHWDELOLW\� RU $,
H[SODLQDELOLW\ �;$,�� LV DQ HPHUJLQJ ILHOG LQ $, WKDW GHDOV ZLWK WKH JHQHUDWLRQ RI H[SODQDWLRQV RI D
PDFKLQH OHDUQLQJ RU D GHHS OHDUQLQJ V\VWHP� 6RPH H[SODQDWLRQV DUH ORFDO� DQG DLP DW H[SODLQLQJ WKH
SURFHVV IROORZHG E\ WKH PRGHO WR REWDLQ D VSHFLILF SUHGLFWLRQ IRU D JLYHQ LQSXW� *OREDO H[SODQDWLRQV�
LQVWHDG� DLP DW H[SODLQLQJ WKH RYHUDOO PRGHO EHKDYLRU DQG WKH OHDUQHG SDWWHUQV� ,QWHUSUHWDELOLW\ UHVXOWV
LQ WKH PHGLFDO GRPDLQ UHO\ RQ FRPSDULQJ H[SODQDWLRQV ZLWK GRPDLQ NQRZOHGJH� SDUWLFXODUO\ WR HQVXUH
WKDW WKH VWDQGDUGV RI FOLQLFDO SUDFWLFH DUH IROORZHG E\ WKH PDFKLQHV� ,Q DGGLWLRQ WR SURSRVLQJ QRYHO
WHFKQLTXHV WR LQWHUSUHW &11V IRU GLJLWDO SDWKRORJ\� WKLV ZRUN VKRZV WKDW E\ LQWHUSUHWLQJ &11V�
XQZDQWHG EHKDYLRUV DQG ELDVHV FDQ EH XQFRYHUHG DQG FRUUHFWHG� JHQHUDWLQJ PRUH UHOLDEOH DQG
WUXVWZRUWK\�PRGHOV�IRU�WKH�FOLQLF�
0\�UHVHDUFK�SURSRVHV

��� 7KH TXDQWLILFDWLRQ RI WKH UHOLDELOLW\ DQG FRQVLVWHQF\ RI WKH VWDWH�RI�WKH�DUW LQWHUSUHWDELOLW\
WRROV� , VKRZ WKDW WKHVH PHWKRGV KDYH LPSRUWDQW OLPLWDWLRQV� VRPH RI ZKLFK DUH RYHUFRPH DV
WKH�VHFRQG�FRQWULEXWLRQ�RI�WKLV�ZRUN�

��� 7KH GHYHORSPHQW RI QHZ H[SODLQDELOLW\ PHWKRGV IRU &11V FODVVLILHUV LQ GLJLWDO SDWKRORJ\�
VXFK DV 5HJUHVVLRQ &RQFHSW 9HFWRUV DQG 6KDUS�/,0(� 7KH SURSRVHG PHWKRGV DSSO\ DOVR WR
RWKHU WDVNV ZLWK GLIIHUHQW LPDJLQJ PRGDOLWLHV� H�J� WKH GHWHFWLRQ RI UHWLQDO GLVHDVHV LQ
RSKWKDOPRORJ\�

��� 7KH GHYHORSPHQW RI PHWKRGV WKDW LPSURYH WKH PRGHO JHQHUDOL]DWLRQ WR QHZ LQSXWV FRPLQJ
IURP VKLIWHG GRPDLQV� IRU H[DPSOH� IURP PXOWLSOH KRVSLWDOV� , VKRZ WKDW WKH H[LVWLQJ PRGHOV
FDQ EH PRGLILHG DQG FRUUHFWHG WR DFFRXQW IRU XQZDQWHG EHKDYLRUV� )RU H[DPSOH� WKH
VHQVLWLYLW\ WR GRPDLQ VKLIWV LV UHGXFHG E\ JXLGLQJ WKH &11 WUDLQLQJ WR IRFXV RQ UHOHYDQW
FOLQLFDO�IHDWXUHV�DQG�WR�IRUJHW�FRQIRXQGLQJ�IDFWRUV�



3RWHQWLDO�LPSDFW
0XOWLSOH KRVSLWDOV DURXQG WKH ZRUOG� H�J� WKH +RVSLWDO RI /HHGV DQG WKH &DQQL]]DUR +RVSLWDO LQ
&DWDQLD� KDYH VKLIWHG WR D IXOO\�GLJLWDO FOLQLFDO ZRUNIORZ IRU WKH DQDO\VLV RI WLVVXH PLFURVFRS\ LPDJHV
RI WXPRU ELRSVLHV DQG UHVHFWLRQV� 7KH GLJLWDO LPDJHV DUH DFTXLUHG E\ H[WUHPHO\ KLJK�UHVROXWLRQ
VFDQQHUV DQG DOORZ SDWKRORJLVWV WR LQVSHFW WKH LPDJHV IURP DQ\ ORFDWLRQ� WR SDUWLFLSDWH LQ RQOLQH WXPRU
ERDUGV DQG WR DFFHVV WKH VXSSRUW JLYHQ E\ $, V\VWHPV IRU FDQFHU GLDJQRVLV� 7KH GHWHFWLRQ E\ &11V RI
LVRODWHG WXPRU FHOOV WKDW RFFXS\ OHVV WKDQ ����� � RI WKH HQWLUH LPDJH PD\ PDNH WKH GLIIHUHQFH LQ
DYRLGLQJ IDOVH QHJDWLYHV LQ WKH LGHQWLILFDWLRQ RI WXPRU PHWDVWDVHV� $V D UHVXOW� WKLV PD\ FKDQJH WKH
ILQDO�VWDJLQJ�RI�WKH�SDWLHQW�DQG�LPSURYH�WKH�HIIHFWLYHQHVV�RI�WKH�FDQFHU�WUHDWPHQW�

7KH LQWHUSUHWDELOLW\ PHWKRGV SURSRVHG LQ WKLV ZRUN PD\ IDFLOLWDWH WKH LQWHJUDWLRQ RI &11V LQ FOLQLFDO
URXWLQHV� SURYLGLQJ LQVLJKWV RQ XS WR ZKDW SRLQW DQG ZK\ D JLYHQ &11 PRGHO LV WUXVWZRUWK\ DQG
UHOLDEOH IRU HYHU\GD\ XVH� 7KDQNV WR WKH WHFKQLTXHV WKDW , GHYHORSHG� SK\VLFLDQV FDQ EHWWHU XQGHUVWDQG
WKH GHFLVLRQV RI ³EODFN�ER[´ PRGHOV� 7KLV LV VKRZQ LQ P\ GLVVHUWDWLRQ E\ WKH HYDOXDWLRQ ZLWK XVHU
WHVWV� ZKLFK VKRZHG LPSURYHG DFFHSWDQFH DPRQJ SK\VLFLDQV� DQG LPSURYHG FRQVLVWHQF\ DQG UHOLDELOLW\
RI WKH SURSRVHG WHFKQLTXHV ZLWK UHVSHFW WR WKH VWDWH�RI�WKH�DUW PHWKRGV� 7KH DQDO\VHV LQ WKLV ZRUN�
EHVLGHV� XQFRYHUHG VRPH SLWWIDOOV WKDW ZHUH FRUUHFWHG� SURYLGLQJ WKH UHVHDUFK FRPPXQLW\ ZLWK PRUH
UHOLDEOH DQG WUXVWZRUWK\ &11V WKDQ WKH DOUHDG\ H[LVWLQJ RQHV� SDUWLFXODUO\ IRU WKH GHWHFWLRQ RI
WXPRURXV�UHJLRQV�LQ�KLVWRORJ\�VOLGHV�

3RWHQWLDO�HIIHFWLYHQHVV
$V SDUW RI WKLV ZRUN� , GHYHORSHG DQ RSHQ�DFFHVV ZHEVLWH �KWWSV���FDGHYDO�S����KHYV�FK�� WKDW DOORZV
SHRSOH WR LQWHUDFW ZLWK WKH GLJLWDO VOLGHV� VHOHFW D UHJLRQ RI LQWHUHVW� DQG LQVSHFW WKH &11 SUHGLFWLRQ RI
WXPRU DUHDV ZLWKLQ WKH VHOHFWHG UHJLRQ� 7KH YLVXDO LQWHUIDFH DOORZV WR� �L� VHOHFW RQH LPDJH IURP D OLVW
RI DYDLODEOH VOLGHV �LL� GLVSOD\ WKH VOLGH ZLWK WKH SRVVLELOLW\ WR LQFUHDVH WKH PDJQLILFDWLRQ �LLL� DQQRWDWH
RQH UHJLRQ DQG DQDO\]H WKH &11 SUHGLFWLRQ RI WXPRU SUREDELOLW\ IRU HDFK DUHD LQ WKLV UHJLRQ �Y�
JHQHUDWH H[SODQDWLRQV IRU WKH &11 SUHGLFWLRQV DQG FRPSDUH WKHP DFURVV PXOWLSOH UHJLRQV DQG
H[SODQDWLRQ PHWKRGV� $ YLGHR�UHFRUGHG GHPRQVWUDWLRQ RI WKH WRRO IXQFWLRQDOLWLHV LV DYDLODEOH DW
VKRUWXUO�DW�X&3�� �DV�DFFHVVHG�LQ�-DQXDU\�������

7KH LQWHUSUHWDELOLW\ WHFKQLTXHV LQ WKLV ZRUN GHWHFW WKH QXFOHL ORFDWLRQV LQ WKH UHJLRQV VHOHFWHG E\ WKH
XVHU DQG XVH WKLV LQIRUPDWLRQ WR GHPRQVWUDWH WKDW WKH &11 SUHGLFWLRQV DUH EDVHG RQ WKH SL[HOV LQVLGH
WKH FRQWRXUV RI WXPRURXV QXFOHL� :LWK WKH PHWKRG WKDW , GHVLJQHG RI 5HJUHVVLRQ &RQFHSW 9HFWRUV
�5&9V�� , VKRZHG WKDW WKH QXFOHL VKRZLQJ DW\SLD LQ WKH PRUSKRORJ\ DQG WH[WXUH DUH UHOHYDQW IRU WKH
PRGHO SUHGLFWLRQ� 7KLV DSSURDFK GHPRQVWUDWHG WKDW WKH &11 GHFLVLRQ�PDNLQJ LV LQ OLQH ZLWK WKH
VWDQGDUGV RI FOLQLFDO SUDFWLFH� 7KDQNV WR WKLV LQWHUIDFH� SDWKRORJLVWV PD\ LQWHUDFW ZLWK &11V� XVH
LQWHUSUHWDELOLW\ WHFKQLTXHV DQG SDUWLFLSDWH LQ XVHU�VWXGLHV WKDW ZLOO KHOS XV WR HYHQ EHWWHU XQGHUVWDQG
WKH�UHTXLUHPHQWV�RI�$,�LQWHJUDWLRQ�LQ�FOLQLFV�

*RLQJ EH\RQG WKH SXUSRVH RI JHQHUDWLQJ H[SODQDWLRQV� , GLUHFWO\ WDFNOHG WKH JHQHUDOL]DWLRQ
GHILFLHQFLHV RI H[LVWLQJ PRGHOV� SURSRVLQJ PRGHOV WKDW JHQHUDOL]H EHWWHU WR QHZ GDWD VRXUFHV DQG WKDW
FDQ�EH�DSSOLHG�WR�LPDJHV�IURP�QHZ�LQVWLWXWLRQV�
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