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$D\XVK�5DPHVK�,QJOH

'HSW��RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ

3XQH��0DKDUDVKWUD��,QGLD
DD\XVKLQJOH��#JPDLO�FRP

'U��9LVKDO�3XUDQLN

'HSW��RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ

3XQH��0DKDUDVKWUD��,QGLD
YLVKDOSXUD#JPDLO�FRP

$EVWUDFW

0DFKLQH�XQOHDUQLQJ� LV� WKH�TXHVWLRQ�RI�KRZ�D� WUDLQHG�PRGHO�FDQ�EH�PDGH� WR�DFW�DV� LI�VRPH�RI� LWV�
WUDLQLQJ�LQVWDQFHV�ZHUH�QHYHU�HQFRXQWHUHG�ZLWKRXW�KDYLQJ�WR�UHWUDLQ�WKH�PRGHO�IURP�VFUDWFK��,QWHUHVW�
LQ�WKH�WRSLF�KDV�LQFUHDVHG�DV�SULYDF\�UHJXODWLRQV�VXFK�DV�*'35�KDYH�EHHQ�LQWURGXFHG�DQG�SHRSOH¶V�
GHPDQGV�WR�KDYH�FRQWURO�RYHU�WKHLU�GDWD�KDYH�JURZQ��5HPRYDO�PHWKRGV��YHULILFDWLRQ�DQG�SURRI�RI�
XQOHDUQLQJ� VFKHPHV� DQG� DXGLW� DQDO\VHV� H[LVW� LQ� WKH� OLWHUDWXUH�� )URP� WKH� SDSHUV� WKDW�ZH� UHYLHZHG�
KRZHYHU��QRQH�FRPELQH�WKH�FRQFHSWV�RI�FRQVHQW�ZLWKGUDZDO��VFRSHG�UHPRYDO��YHULILFDWLRQ��DQG�DQ
DXGLWDEOH� UHFRUG� LQ� RQH�ZRUNIORZ��:H� DLP� WR� SURSRVH� D� IUDPHZRUN� WKDW�ZH� FDOO�&RQVHQW�$ZDUH�
0DFKLQH�8QOHDUQLQJ �&$08��WKDW�LQLWLDWHV�XQOHDUQLQJ�ZKHQ�D�SHUVRQ�ZLWKGUDZV�FRQVHQW��YHULILHV�
WKDW�XQOHDUQLQJ�LV�DFWXDOO\�WDNLQJ�SODFH��DQG�GRFXPHQWV�WKLV�SURFHVV�LQ�DQ�DXGLWDEOH�UHFRUG��:H�UHYLHZ�
UHFHQW�SURSRVDOV��FRPSDUH�WKHP�RQ�WKH�LVVXHV�RI�FRQVHQW�KDQGOLQJ�DQG�YHULILDELOLW\��DQG�LGHQWLI\�WKH�
JDS� FUHDWHG�� EHIRUH� GLVFXVVLQJ� WKUHH� SRWHQWLDO� DSSURDFKHV� WR� YHULI\LQJ� UHPRYDO�� PHPEHUVKLS�
LQIHUHQFH�DXGLWLQJ��LQIOXHQFH�IXQFWLRQ�DXGLWLQJ��DQG�FHUWLILHG�UHPRYDO�ERXQGV��7KH�GHVLJQ�SURSRVDO�
LV�FDOOHG�&$08��:H�GR�QRW�UHSRUW�DQ\�H[SHULPHQWV�DQG�LPSOHPHQWDWLRQ�DQG�HYDOXDWLRQ�LV�OHIW�IRU�
IXWXUH�UHVHDUFK�

.H\ZRUGV� ��0DFKLQH� XQOHDUQLQJ�� FRQVHQW�PDQDJHPHQW�� GDWD� SULYDF\�� *'35�� ULJKW� WR� EH� IRUJRWWHQ��
YHULILFDWLRQ��SULYDF\�SUHVHUYLQJ�$,��WUXVWZRUWK\�$,�

,��,QWURGXFWLRQ

7KH�GDWDVHWV�WKDW�PRVW�RI�WKH�PDFKLQH�OHDUQLQJ��0/��PRGHOV�UHO\�RQ�WKHVH�GD\V�DUH�KXJH��DQG�WKH\�
RIWHQ�LQFOXGH�SHUVRQDO�LQIRUPDWLRQ��3URYLGH�LQGLYLGXDOV�FRQWURO�RYHU�WKHLU�GDWD�XQGHU�WKH�*HQHUDO�'DWD�
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3URWHFWLRQ�5HJXODWLRQ� �*'35�� DQG�RWKHU� OHJLVODWLRQ��7KLV� LQFOXGHV� D� UHTXHVW� WR� KDYH� LW� WDNHQ� GRZQ��
+RZHYHU��ZKHQ�VRPHERG\�ZLWKGUDZV�KLV�FRQVHQW��RQFH�LW�KDV�EHHQ�VWRUHG��LW�GRHVQ¶W�FRPSOHWH�WKH�MRE��
WKH�PRGHO�WUDLQHG�RQ�LW�PD\�VWLOO�UHSUHVHQW�LW��5HGRLQJ�WKH�ZKROH�WUDLQLQJ�UXQ�IRU�HDFK�UHTXHVW�FRVWV�WRR�
PXFK�WR�EH�UHDOLVWLF��SDUWLFXODUO\�IRU�ODUJH�PRGHOV�

$�QRYHO�PHWKRG�WR�UHPRYH�WKH�LQIOXHQFH�RI�VHOHFWHG�GDWD�IURP�D�FRPSOHWHG�PRGHO�LV�SURYLGHG�E\�0DFKLQH�
XQOHDUQLQJ ZKLFK� GRHV� QRW� GLPLQLVK� WKH� XWLOLW\� RI� WKH� PRGHO� >��@�� >��@�� >��@�� >��@�� +RZHYHU�� PRVW�
SUHYLRXV�VWXGLHV�PDNH�WKH�DVVXPSWLRQ�WKDW�IRUJRWWHQ�GDWD�LV�MXVW�JLYHQ��$�FRXSOH�RI�TXHVWLRQV��ZKLFK�DUH�
LPSRUWDQW�IRU�SUDFWLFH�DUH�QRW�GLVFXVVHG�DV�PXFK�

�� &RQVHQW�DV�D�WULJJHU� +RZ�D�ZLWKGUDZDO�LV�UHFRUGHG��WLHG�WR�WKH�FRUUHFW�GDWD��DQG�FRQYHUWHG�LQWR�DQ�
XQOHDUQLQJ�UHTXHVW�

�� 9HULILDELOLW\�ZLWKLQ�WKH�ZRUNIORZ� +RZ�D�GDWD�VXEMHFW��DXGLWRU��RU�UHJXODWRU�FDQ�FRQILUP�WKDW�WKH�
GDWD¶V�LQIOXHQFH�KDV�UHDOO\�GLVDSSHDUHG��ZLWK�WKH�FKHFN�OLQNHG�WR�WKH�VSHFLILF�HUDVXUH�UHTXHVW�DQG�
VWRUHG�IRU�ODWHU�UHYLHZ�

7KLV�SDSHU�FRQWULEXWHV�LQ�WKH�IROORZLQJ�DVSHFWV�

� $�VWUXFWXUHG�FRPSDULVRQ�RI�UHSUHVHQWDWLYH�XQOHDUQLQJ�DSSURDFKHV�LQ�WHUPV�RI�FRQVHQW�KDQGOLQJ�DQG�
YHULILFDWLRQ��6HFWLRQ�,,,��

� $�FRQFHSWXDO�IUDPHZRUN��&$08��WKDW�OLQNV�FRQVHQW�ZLWKGUDZDO��XQOHDUQLQJ��YHULILFDWLRQ��DQG�DXGLW�
ORJJLQJ��6HFWLRQ�,9��

� $�GLVFXVVLRQ�RI� FDQGLGDWH�YHULILFDWLRQ� VWUDWHJLHV�� HYDOXDWLRQ� FULWHULD�� RSHQ�FKDOOHQJHV�� DQG� IXWXUH�
GLUHFWLRQV��6HFWLRQV�9±9,,,��

7R� WKH�EHVW� RI�RXU�NQRZOHGJH�� DQG�JLYHQ� WKDW�RXU� VHDUFK�ZDV�QRW� V\VWHPDWLF�� QRQH�RI� WKH�ZRUNV�ZH�
UHYLHZHG� FRPELQHV� WKHVH� VWHSV� LQ� RQH� ZRUNIORZ� �6HFWLRQ� ,,,��� :KDW� &$08� FRQWULEXWHV� LV� WKLV�
LQWHJUDWLRQ��DORQJ�ZLWK�LWV�VFRSH�UHVROXWLRQ�DQG�HVFDODWLRQ�VWHSV��DQG�QRW�DQ\�VLQJOH�FRPSRQHQW�RQ�LWV�
RZQ�

6FRSH� QRWH� 7KH� IUDPHZRUN� LV� FRQFHSWXDO�� 7KLV� SDSHU� UHSRUWV� QR� LPSOHPHQWDWLRQ� DQG� QR�
H[SHULPHQWDO�HYDOXDWLRQ�

,,��%DFNJURXQG

$��0DFKLQH�8QOHDUQLQJ

7KH�WUDLQLQJ�VHW�LV�GHQRWHG�E\�' DQG�WKH�OHDUQLQJ�DOJRULWKP�E\�ࣛ��WKH�UHVXOW�RI�ZKLFK�LV�WKH�WUDLQHG�
PRGHO�ș  �ࣛ�'���,I�VRPH�RI�WKH�GDWD�KDV�WR�EH�IRUJRWWHQ��ZH�SDUWLWLRQ�WKH�GDWD�LQWR�'I ك ' �IRUJHW�VHW��
DQG�'U  �' ? 'I �UHWDLQ�VHW���$Q�XQOHDUQLQJ�SURFHGXUH�࣯��LV�JLYHQ�WKH�WUDLQHG�PRGHO��DV�ZHOO�DV�ERWK�VHWV��
DQG�RXWSXWV�D�QHZ�PRGHO�

7KH�DLP�LV�IRU�șX WR�EHKDYH�DV�FORVHO\�DV�SRVVLEOH�WR�D�PRGHO�WUDLQHG�ZLWKRXW�'I��0HWKRGV�IDOO�LQWR�WZR�
EURDG�JURXSV�
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� ([DFW�XQOHDUQLQJ \LHOGV�D�PRGHO�șX WKDW�LV�WKH�VDPH�DV�ࣛ�'U��RU�IROORZV�WKH�VDPH�GLVWULEXWLRQ��L�H���
șX G �ࣛ�'U���VKDUGHG�WUDLQLQJ�LQ�WKH�VW\OH�RI�6,6$�>��@ LV�D�W\SLFDO�H[DPSOH�

� $SSUR[LPDWH�XQOHDUQLQJ��șX RQO\�ODQGV�QHDU�ࣛ�'U���ZKLFK�ZHDNHQV�WKH�JXDUDQWHH�EXW�VDYHV�HIIRUW�
>��@±>��@�

6XUYH\V�>�@��>�@��>�@��>�@��>��@ FRYHU�WD[RQRPLHV��PHWULFV��DQG�DSSOLFDWLRQ�VFHQDULRV�

%��&HUWLILHG�5HPRYDO

&�� *XR� HW� DO�� >��@ SURSRVHG� ��FHUWLILHG׫ UHPRYDO�� D� QRWLRQ� PRGHOOHG� RQ� GLIIHUHQWLDO� SULYDF\� WKDW�
TXDQWLILHV� KRZ� WKRURXJKO\� D� PRGHO� KDV� ORVW� WKH� LQIOXHQFH� RI� SDUWLFXODU� WUDLQLQJ� GDWD�� $� UHPRYDO�
PHFKDQLVP�Ⴙ VDWLVILHV�LW�ZKHQ��IRU�HYHU\�PHDVXUDEOH�VHW�࣮ RI�PRGHOV�

,Q�RWKHU�ZRUGV�� WKH�RXWSXW�RI�WKH�XQOHDUQLQJ�VWHS�VKRXOG�EH�KDUG�WR� WHOO�DSDUW�IURP�D�PRGHO�UHWUDLQHG�
ZLWKRXW�WKH�GDWD�SRLQW�[��7KH�VPDOOHU׫� LV��WKH�VWURQJHU�WKH�JXDUDQWHH���7KLV�LV�WKH�PXOWLSOLFDWLYH��į  ���
IRUP��>��@ DOVR�JLYH�D�UHOD[HG��׫��į��YHUVLRQ��

&��5HJXODWRU\�&RQWH[W

7KH�*'35�>��@ DOORZV�GDWD�VXEMHFWV�WR�ZLWKGUDZ�WKHLU�FRQVHQW�DV�ZHOO�DV�WR�VHHN�WKH�GHOHWLRQ�RI�WKHLU�
SHUVRQDO�GDWD��7KH�SUREOHP�LV�WKDW�WKHVH�ULJKWV QHHG�WR�EH�WXUQHG�LQWR�SURSHUWLHV�RI�D�WUDLQHG�PRGHO�WKDW�
FDQ�EH�WHVWHG�

,,,��5HODWHG�:RUN

:RUN�SXEOLVKHG�IURP������RQZDUG�KDV�OHDQHG�WRZDUGV�VXUYH\V��YHULILFDWLRQ��DQG�JRYHUQDQFH��2Q�WKH�
JRYHUQDQFH�VLGH��/LQ�HW�DO��>�@ �������WUHDW�WKH�DXGLWLQJ�RI�XQOHDUQLQJ�FRPSOLDQFH�DV�D�JDPH�EHWZHHQ�DQ�
RSHUDWRU� DQG� DQ� DXGLWRU�� ZKLOH� +XWVRQ� HW� DO�� >�@ ������ DQG� &RRSHU� HW� DO�� >�@ ������� ORRN� DW� KRZ�
XQOHDUQLQJ�UHODWHV� WR�SULYDF\�ODZ�DQG�ZKHUH�WHFKQLFDO�FDSDELOLWLHV�IDOO�VKRUW�RI�ZKDW� WKH�ODZ�H[SHFWV��
5HFHQW�VXUYH\V�E\�1JX\HQ�HW�DO��>�@ ��������/L�HW�DO��>�@ ��������6KDLN�HW�DO��>�@ ��������DQG�<��;X�>�@
������ UHYLHZ�WHFKQLTXHV��HYDOXDWLRQ�PHWULFV��DSSOLFDWLRQV��DQG�RSHQ�SUREOHPV��/L�HW�DO��JLYH�D�VWUXFWXUHG�
RYHUYLHZ�RI�YHULILFDWLRQ�PHWKRGV�DQG�PHWULFV��DQG�<��;X�DOVR�FRYHUV�ODUJH�ODQJXDJH�PRGHOV��;XH�HW�DO��
>�@ �������IRFXV�VSHFLILFDOO\�RQ�YHULILFDWLRQ��2Q�WKDW�IURQW��=KDQJ�HW�DO��>�@ �������VKRZ�WKDW�H[LVWLQJ�
YHULILFDWLRQ�VWUDWHJLHV�FDQ�EH�FLUFXPYHQWHG�E\�D�GLVKRQHVW�SURYLGHU��:HQJ�HW�DO��>��@ �������LQWURGXFH�
SURRI� RI� XQOHDUQLQJ� DQG� LQVWDQWLDWH� LW� ZLWK� WUXVWHG� KDUGZDUH�� DQG�<�� *XR� HW� DO�� >��@ ������� YHULI\�
XQOHDUQLQJ�ZLWK�LQYLVLEOH�EDFNGRRU�WULJJHUV�

3UHYLRXV� OLWHUDWXUH� �����±������ HVWDEOLVKHG�D� IRXQGDWLRQ�RI� WKH�SULPDU\�FRQFHSWV� IRU� UHPRYDO� DQG�
YHULILFDWLRQ��=KDQJ�HW�DO��>��@ �������VXJJHVW�D�FRQVHQW�WDJJLQJ�SDWWHUQ�IRU�RQOLQH�GDWD��ZKHQ�FRQVXPHUV�
ZLWKGUDZ�WKHLU�FRQVHQW��WKH�PRGHO�LV�UHWUDLQHG�RU�XQOHDUQHG��LW�LV�WKHQ�UHFRUGHG�RQ�D�GLVWULEXWHG�OHGJHU��,W�
LV�GHPRQVWUDWHG�DV�D�SURRI�RI�FRQFHSW�DQG�DV�IDU�DV�ZH�FRXOG�GHWHUPLQH��LW�ODFNV�DQ\�VWHS�WR�GHWHUPLQH�LI�
WKH� XQOHDUQLQJ� WRRN� HIIHFW�� ;X� HW� DO�� ������� >��@ UHYLHZV� XQOHDUQLQJ� PHWKRGV� DQG� WKHLU� YDOLGDWLRQ�
PHWKRGV��7KXGL�HW�DO��>��@ �������VXJJHVW�WKDW�XQOHDUQLQJ�FDQ�RQO\�EH�SURSHUO\�GHILQHG�DW�DOJRULWKP�OHYHO��
ZLWK�WKH�RQO\�YHULILDEOH�DVVHUWLRQ�WKDW�D�PRGHO�RZQHU�FDQ�PDNH�EHLQJ�WKDW�WKH\�HPSOR\HG�DQ�DOJRULWKP�
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VXEMHFW�WR�H[WHUQDO�VFUXWLQ\��'DWD�GHOHWLRQ�LV�VXJJHVWHG�WR�EH�YHULILHG�SUREDELOLVWLFDOO\�XVLQJ�EDFNGRRU�
PHWKRGV�LQ�6RPPHU�HW�DO���������>��@��)URP�WKH�SRLQW�RI�YLHZ�RI�8QOHDUQLQJ��-RVH�DQG�6LPHRQH�>��@
�������ORRN�DW�XQOHDUQLQJ�WKURXJK�3$&�%D\HVLDQ�DQG�LQIRUPDWLRQ�ULVN�PLQLPL]DWLRQ�WKHRU\��%RXUWRXOH
HW�DO��>��@ �������SURSRVHG�6,6$�WUDLQLQJ��ZKLFK�VKDUGV�WKH�GDWD�DQG�WUDLQV�LVRODWHG�VXE�PRGHOV�VR�WKDW�
RQO\�WKH�GDWD¶V�VKDUG�QHHGV�WR�EH�UHWUDLQHG��ZKLOH�*UDYHV�HW�DO��>��@ �������SURSRVHG�$PQHVLDF�0DFKLQH�
/HDUQLQJ��ZKLFK�VHOHFWLYHO\�UROOV�EDFN�WKH�SDUDPHWHU�XSGDWHV�DVVRFLDWHG�ZLWK�WKH�GDWD�EHLQJ�GHOHWHG��&��
*XR�HW�DO���������>��@ SURYLGHG�FHUWLILFDWLRQV�RI�GDWD�UHPRYDO�DQG�*LQDUW�HW�DO���������>��@ LQYHVWLJDWHG�
HIILFLHQW�GDWD�UHPRYDO�

7KH�LGHD�LWVHOI�JRHV�EDFN�WR�&DR�DQG�<DQJ�>��@ ��������ZKR�LQWURGXFHG�PDFKLQH�XQOHDUQLQJ�DV�D�ZD\�
RI�PDNLQJ�V\VWHPV�IRUJHW�

7DEOH�,�VXPPDUL]HV�UHSUHVHQWDWLYH�ZRUNV�DJDLQVW�WKH�WZR�DVSHFWV�ZH�FDUH�DERXW��DQG�)LJ����JURXSV�WKH�
UHPRYDO�PHWKRGV�E\�DSSURDFK�

5HVHDUFK�JDS� ([LVWLQJ�ZRUN�FRYHUV�PDQ\�SLHFHV�RI�WKH�SUREOHP��UHPRYDO�PHWKRGV��YHULILFDWLRQ�DQG�
SURRI�RI�XQOHDUQLQJ� WHFKQLTXHV��DXGLW�DQG�JRYHUQDQFH�DQDO\VHV��DQG�D�FRQVHQW�WULJJHUHG� UHWUDLQLQJ�RU�
XQOHDUQLQJ�VWHS�IRU�ZHE�GDWD��$FURVV�WKH�SDSHUV�ZH�ORRNHG�DW��QRQH�FRYHUV�DOO�ILYH�RI�WKH�VWHSV�EHORZ�
LQVLGH�RQH�ZRUNIORZ�IRU�D�WUDLQHG�PRGHO���L��D�FRQVHQW�UHJLVWU\�UHFRUGLQJ�WKH�SXUSRVH�DQG�ODZIXO�EDVLV�RI�
SURFHVVLQJ���LL��VFRSLQJ�D�ZLWKGUDZDO�GRZQ�WR�WKH�IRUJHW�VHW���LLL��UHPRYDO�ZLWK�D�VXLWDEOH�PHWKRG�DQG�
HVFDODWLRQ���LY��YHULILFDWLRQ��DQG��Y��DQ�DXGLW�UHFRUG�WLHG�WR�WKDW�LQGLYLGXDO�UHTXHVW��2XU�VHDUFK�ZDV�QRW�D�
V\VWHPDWLF�UHYLHZ��VR� WKLV� LV�D�JDS�DPRQJ� WKH�SDSHUV�ZH�H[DPLQHG�DQG�QRW�SURRI� WKDW�QR�VXFK�SDSHU�
H[LVWV��,W�PRWLYDWHV�WKH�IUDPHZRUN�WKDW�IROORZV�

)LJ�����,OOXVWUDWLYH�JURXSLQJ�RI�WKH�XQOHDUQLQJ�ZRUNV�GLVFXVVHG�LQ�WKLV�VHFWLRQ��QRW�D�IRUPDO�WD[RQRP\��
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)LJ�� ��� &RQFHSWXDO� &$08� SLSHOLQH�� FRQVHQW� ZLWKGUDZDO� WULJJHUV� VFRSHG� XQOHDUQLQJ�� IROORZHG� E\�
YHULILFDWLRQ�DQG�DXGLW�ORJJLQJ�

,9��3URSRVHG�&RQVHQW�$ZDUH�8QOHDUQLQJ�)UDPHZRUN

&$08�LV�D�FRQFHSWXDO�SLSHOLQH�ZLWK�ILYH�FRPSRQHQWV��)LJ�����

�� &RQVHQW�5HJLVWU\� 6WRUHV�HDFK�GDWD�VXEMHFW¶V�FRQVHQW�VWDWXV��SXUSRVH��OHJDO�EDVLV��DQG�WLPHVWDPSV��
$�ZLWKGUDZDO�HYHQW�VHWV�WKH�SLSHOLQH�JRLQJ�IRU�GDWD�KHOG�XQGHU�WKDW�FRQVHQW��'DWD�WKDW�PXVW�EH�NHSW�
XQGHU�D�GLIIHUHQW�ODZIXO�EDVLV�>��@ LV�D�PDWWHU�RI�SROLF\�DQG�LV�RXWVLGH�WKH�VFRSH�RI�WKLV�SDSHU�

�� 6FRSH�5HVROYHU�0DSV�WKH�ZLWKGUDZDO�WR�WKH�FRQFUHWH�IRUJHW�VHW�'I �UHFRUGV��GHULYHG�IHDWXUHV��DQG��
ZKHUH�DSSOLFDEOH��GDWD�XVHG�LQ�HDUOLHU�PRGHO�YHUVLRQV���*HWWLQJ�WKLV�ULJKW�PDWWHUV��UHPRYH�WRR�OLWWOH�
DQG�WKH�UHTXHVW�LV�QRW�KRQRXUHG��UHPRYH�WRR�PXFK�DQG�WKH�PRGHO�ORVHV�XWLOLW\�

�� 8QOHDUQLQJ� (QJLQH� $SSOLHV� DQ� H[LVWLQJ� WHFKQLTXH�� H�J�� VKDUG�EDVHG� UHWUDLQLQJ� >��@�� XSGDWH�
UHYHUVDO�>��@��RU�FHUWLILHG�UHPRYDO�>��@��FKRVHQ�WR�VXLW�WKH�PRGHO�W\SH�DQG�WKH�FRVW�EXGJHW�

�� 9HULILFDWLRQ�0RGXOH� &KHFNV�ZKHWKHU�WKH�LQIOXHQFH�RI�'I KDV�EHHQ�UHPRYHG�DQG�ZKHWKHU�XWLOLW\�
RQ�WKH�UHWDLQHG�GDWD�LV�SUHVHUYHG��6HFWLRQ�9��

�� $XGLW�/RJ� 'RFXPHQWV�WKH�UHTXHVW��KRZ�LW�ZDV�GRQH��WKH�YHULILFDWLRQ�UHVXOWV�DQG�WKH�YHUVLRQ�RI�WKH�
PRGHO�WKDW�ZDV�FUHDWHG��IRU�ODWHU�UHYLHZ�

,I�YHULILFDWLRQ�IDLOV��WKH�SLSHOLQH�HVFDODWHV�WR�D�VWURQJHU�UHPRYDO�VWUDWHJ\��XS�WR�IXOO�UHWUDLQLQJ��EHIRUH�WKH�
UHTXHVW�LV�PDUNHG�FRPSOHWH�

$��,OOXVWUDWLYH�:DONWKURXJK

7DNH�D�VHUYLFH�WKDW�KDV�WUDLQHG�D�PRGHO�RQ�XVHU�LQWHUDFWLRQ ORJV��)LJ����IROORZV�RQH�UHTXHVW�WKURXJK�
&$08��7KH� GDWD� VXEMHFW� ZLWKGUDZV� FRQVHQW� IRU� D� JLYHQ� SXUSRVH� �VWHS� ���� DQG� WKH� UHJLVWU\� HPLWV� D�
ZLWKGUDZDO�HYHQW�QDPLQJ�WKH�XVHU�DQG�WKH�SXUSRVH��VWHS�����7KH�VFRSH�UHVROYHU�PDSV�WKDW�HYHQW�WR�WKH�
IRUJHW�VHW�'I��GHULYHG�IHDWXUHV�LQFOXGHG��DQG�SDVVHV�LW�RQ��VWHS�����7KH�XQOHDUQLQJ�HQJLQH�SLFNV�D�PHWKRG�
WKDW�ILWV�WKH�PRGHO�DQG�FRVW�EXGJHW��SURGXFHV�șX��DQG�KDQGV�LW�WR�WKH�YHULILFDWLRQ�PRGXOH��VWHS�����,I�D�
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FKHFN�IDLOV��WKH�HQJLQH�LV�DVNHG�WR�HVFDODWH�WR�D�VWURQJHU PHWKRG��VWHS��E���$IWHU�WKH�FKHFNV�VXFFHHG��WKH�
RXWFRPH�DQG�WKH�FKRVHQ�PHWKRG�DUH�ZULWWHQ�WR�WKH�DXGLW�ORJ��VWHS�����SURGXFLQJ�D�UHPRYDO�UHFRUG�WKDW�WKH�
GDWD�VXEMHFW�RU�DQ�DXGLWRU�FDQ�LQVSHFW��VWHS�����7KH�ZDONWKURXJK�LV�RQO\�LOOXVWUDWLYH�DQG�GRHV�QRW�FRPH�
IURP�DQ�LPSOHPHQWDWLRQ�

7$%/(�,

&203$5,621�2)�(;,67,1*�0$&+,1(�81/($51,1*�$3352$&+(6

:RUN <HDU 0HWKRG 0DLQ�ILQGLQJ /LPLWDWLRQ��Z�U�W��WKLV�
SDSHU�

/LQ�HW�DO��>�@
�SUHSULQW�

���� *DPH�WKHRUHWLF�
DXGLW�PRGHO

0RGHOV�RSHUDWRU±DXGLWRU�
LQWHUDFWLRQ�IRU�XQOHDUQLQJ�
FRPSOLDQFH

(FRQRPLF�DQG�UHJXODWRU\�
IRFXV��QR�WHFKQLFDO�
SLSHOLQH

1JX\HQ�HW�DO��
>�@

���� 6XUYH\��WD[RQRP\ 5HYLHZV�WHFKQLTXHV��UHPRYDO�
UHTXHVWV��DSSOLFDWLRQV��
FKDOOHQJHV

1R�LQWHJUDWHG�FRQVHQW�
DZDUH�YHULILFDWLRQ�
IUDPHZRUN

/L�HW�DO��>�@ ���� 7D[RQRP\��
HYDOXDWLRQ

0HWKRGV��YHULILFDWLRQ�DQG�
HYDOXDWLRQ�PHWULFV��
DSSOLFDWLRQV��DWWDFNV��IXWXUH�
GLUHFWLRQV

0HWULFV�DUH�VXUYH\HG��EXW�
QRW�OLQNHG�WR�FRQVHQW�
WULJJHUHG�UHPRYDO�UHTXHVWV

6KDLN�HW�DO��>�@ ���� 7D[RQRP\��
FRPSDULVRQ

&ODVVLILHV�DSSURDFKHV��
GLVFXVVHV�PHWULFV��GDWDVHWV��
FKDOOHQJHV

'RHV�QRW�LQWHJUDWH�FRQVHQW�
ZLWKGUDZDO�ZLWK�YHULILDEOH�
UHPRYDO

<��;X�>�@ ���� &RPSDUDWLYH�
VXUYH\

7UDGLWLRQDO�PRGHOV�YV��ODUJH�
ODQJXDJH�PRGHOV��HYDOXDWLRQ�
FULWHULD

1R�XQLILHG�FRQVHQW�DZDUH�
PHFKDQLVP

:HQJ�HW�DO��>��@ ���� 3URRI�RI�
XQOHDUQLQJ

$OJRULWKP�OHYHO�GHILQLWLRQV�
ZLWK�D�WUXVWHG�KDUGZDUH�
LQVWDQWLDWLRQ

5HOLHV�RQ�WUXVWHG�
KDUGZDUH��QR�FRQVHQW�
PDQDJHPHQW

=KDQJ�HW�DO��
>��@ �SUHSULQW�

���� &RQVHQW�WDJJLQJ�
IUDPHZRUN

&RQVHQW�ZLWKGUDZDO�WULJJHUV�
UHWUDLQLQJ�RU�XQOHDUQLQJ��
ORJJHG�RQ�D�OHGJHU��SURRI�RI�
FRQFHSW

:HE�GDWD�VHWWLQJ��QR�
YHULILFDWLRQ�VWDJH�IRXQG

;X�HW�DO��>��@ ���� 6XUYH\ ([DFW��DSSUR[LPDWH��PRGHO�
VSHFLILF�XQOHDUQLQJ��
VXPPDUL]HV�YHULILFDWLRQ�
PHWKRGV

9HULILFDWLRQ�LV�UHYLHZHG��
QRW�HPEHGGHG�LQ�D�
FRQVHQW�GULYHQ�ZRUNIORZ

7KXGL�HW�DO��>��@ ���� 7KHRU\�RI�
DXGLWDEOH�
GHILQLWLRQV

7KHUH�LV�RQO\�DQ�DOJRULWKP�
OHYHO�GHILQLWLRQ�RI�
XQOHDUQLQJ��DXGLWDEOH�FODLPV�
UHTXLUH�DQ�DXGLWDEOH�
DOJRULWKP

1R�FRQVHQW�GULYHQ�
ZRUNIORZ
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:RUN <HDU 0HWKRG 0DLQ�ILQGLQJ /LPLWDWLRQ��Z�U�W��WKLV�
SDSHU�

6RPPHU�HW�DO��
>��@

���� %DFNGRRU�EDVHG�
YHULILFDWLRQ

3UREDELOLVWLF�YHULILFDWLRQ�RI�
GDWD�GHOHWLRQ�LQ�0/�DV�D�
VHUYLFH

9HULILFDWLRQ�RQO\��QR�
FRQVHQW�WULJJHU�RU�DXGLW�
ZRUNIORZ

-RVH�	�6LPHRQH�
>��@

���� 3$&�%D\HVLDQ�
IUDPHZRUN

7KHRUHWLFDO IUDPHZRUN�IRU�
XQOHDUQLQJ

3ULPDULO\�WKHRUHWLFDO��
FRQVHQW�GULYHQ�SUDFWLFH�
QRW�DGGUHVVHG

%RXUWRXOH�HW�DO��
>��@

���� 6,6$�IUDPHZRUN /RZHU�XQOHDUQLQJ�FRVW�YLD�
GDWD�PRGHO�SDUWLWLRQLQJ

'RHV�QRW�DGGUHVV�FRQVHQW�
PDQDJHPHQW

*UDYHV�HW�DO��
>��@

���� 6HOHFWLYH�UHPRYDO 7DUJHWHG�UHPRYDO�RI�
WUDLQLQJ�GDWD�LQIOXHQFH

3RVVLEOH�FRPSXWH�VWRUDJH�
RYHUKHDG��QR�H[SOLFLW�
FRQVHQW�YHULILFDWLRQ

&��*XR�HW�DO��
>��@

���� &HUWLILHG�UHPRYDO 7KHRUHWLFDO�JXDUDQWHHV�
OLPLWLQJ�UHPRYHG�GDWD�
LQIOXHQFH

$VVXPSWLRQV�PD\�QRW�
PDWFK�UHDO�FRQVHQW�
ZRUNIORZV

*LQDUW�HW�DO��
>��@

���� 'DWD�GHOHWLRQ�
PHWKRGV

(IILFLHQW�GHOHWLRQ�RI�GDWD�
LQIOXHQFH

)RFXVHV�RQ�HIILFLHQF\�
UDWKHU�WKDQ�FRQVHQW�DQG�
YHULILFDWLRQ

%��2EMHFWLYH

7KH�XQOHDUQLQJ�VWHS�FDQ�EH�VHHQ�DV�D�EDODQFH�EHWZHHQ�WKUHH�JRDOV�

ZKHUH�Ⴄ PHDVXUHV�WKH�LQIOXHQFH�RI�'I WKDW�UHPDLQV��ႝXWLO WKH�ORVV�RI�SHUIRUPDQFH�RQ�UHWDLQHG�GDWD��ࣝ WKH�
FRPSXWDWLRQDO�FRVW�RI�WKH�SURFHGXUH�࣯ IURP�(T�������DQG�Ȝ��� DUH�WUDGH�RII�ZHLJKWV��(TXDWLRQ�����LV�D�
GHVLJQ�DEVWUDFWLRQ�DQG�QRW�D�VSHFLILF�DOJRULWKP�

&��7KUHDW�0RGHO�6NHWFK

%HFDXVH�&$08�SURGXFHV�UHFRUGV�WKDW�RWKHU�SHRSOH�PD\�UHO\�RQ��LWV�IDLOXUH�PRGHV�PDWWHU��:H�DVVXPH�
DQ�RSHUDWRU�ZKR�PD\�EH�FDUHOHVV�RU��LQ�WKH�ZRUVW�FDVH��GLVKRQHVW��DQG�ZH�FRQVLGHU�IRXU�FRQFHUQV�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͑͘и�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib(ϙϙиϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͕͖͘

)LJ�����6HTXHQFH�RI�RQH�FRQVHQW�ZLWKGUDZDO�UHTXHVW�WKURXJK�WKH�&$08�FRPSRQHQWV��FRQFHSWXDO��

� )RUJHG�RU�UHSOD\HG�UHTXHVWV� VRPHRQH�VXEPLWV�D�ZLWKGUDZDO�RQ�EHKDOI�RI�DQRWKHU�SHUVRQ�

� )DOVH�FODLPV�RI�UHPRYDO� WKH�RSHUDWRU�UHSRUWV�VXFFHVV�ZLWKRXW�DFWXDOO\�SHUIRUPLQJ�RU�YHULI\LQJ�WKH�
XQOHDUQLQJ��&XUUHQW�YHULILFDWLRQ�VFKHPHV�FDQ�EH�IRROHG�E\�D�GLVKRQHVW�SURYLGHU�>�@�

� /RJ�WDPSHULQJ� DXGLW�UHFRUGV�DUH�DOWHUHG�DIWHU�WKH�IDFW�

� /HDNDJH� WKURXJK� WKH� SLSHOLQH� ORJV� RU� YHULILFDWLRQ� RXWSXWV� �H�J��� PHPEHUVKLS� VFRUHV�� UHYHDO�
LQIRUPDWLRQ�DERXW�WKH�GDWD�EHLQJ�UHPRYHG�

3RVVLEOH�GHVLJQ�GLUHFWLRQV�LQFOXGH�DXWKHQWLFDWHG�ZLWKGUDZDO�UHTXHVWV��DSSHQG�RQO\�KDVK�FKDLQHG�DXGLW�
UHFRUGV��ORJJLQJ�LGHQWLILHUV�DQG�GLJHVWV�LQVWHDG�RI�UDZ�GDWD��DQG�KDYLQJ�D�WKLUG�SDUW\�DXGLWRU�UH�UXQ�WKH�
YHULILFDWLRQ�LQGHSHQGHQWO\��7KHVH�DUH�GLUHFWLRQV�IRU�IXWXUH�ZRUN��QRW�PHFKDQLVPV�ZH�KDYH�HYDOXDWHG�

9��&DQGLGDWH�9HULILFDWLRQ�6WUDWHJLHV

9HULI\LQJ�XQOHDUQLQJ�LV�KDUG�EHFDXVH�PRGHO�SDUDPHWHUV�GR�QRW�GLUHFWO\�UHYHDO�ZKLFK�GDWD�VKDSHG�WKHP��
7KH�VWUDWHJLHV�EHORZ�DUH�GLUHFWLRQV�IRU�IXWXUH�ZRUN��DQG�QRQH�LV�LPSOHPHQWHG�KHUH��)LJ����VKRZV�KRZ�WKH�
YHULILFDWLRQ�PRGXOH�FRXOG�FRPELQH�WKHP��D�XWLOLW\�FKHFN�RQ�UHWDLQHG�GDWD�ILUVW��WKHQ�UHVLGXDO�LQIOXHQFH�
DXGLWV��ZLWK�HVFDODWLRQ�LI�HLWKHU�FKHFN�IDLOV��7KH�WROHUDQFHV�DUH�SROLF\�FKRLFHV�DQG�ZRXOG�KDYH�WR�EH�VHW�
VHSDUDWHO\�IRU�HDFK�DSSOLFDWLRQ�

$��0HPEHUVKLS�,QIHUHQFH�DV�D�5HVLGXDO�,QIOXHQFH�,QGLFDWRU

$�PHPEHUVKLS�LQIHUHQFH�DWWDFN��0,$��>��@ DWWHPSWV�WR�GHWHUPLQH�LI�D�UHFRUG�ZDV�LQ�WKH�WUDLQLQJ�VHW��
2QFH�XQOHDUQHG��WKH�FKDQFH�RI�VXFFHVV�RI�WKH�DWWDFN�VKRXOG�DSSURDFK�WKH�VDPH�UDWH�DV�LW�ZRXOG�RQ�UHFRUGV�
QHYHU� HQFRXQWHUHG� GXULQJ� WKH� OHDUQLQJ� SURFHVV�� RWKHUZLVH� WKHUH� LV� UHVLGXDO� LQIOXHQFH�� 7KLV� FDQ� EH�
H[SUHVVHG�LQ�D�VLPSOH�IRUPDW��WKH�0,$�DGYDQWDJH
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ZKHUH�YDOXHV�QHDU�]HUR�LQGLFDWH�OLWWOH�UHVLGXDO�LQIOXHQFH��7KH�OLPLWDWLRQ�LV�WKDW�D�IDLOHG�DWWDFN�LV�HYLGHQFH�
RI�UHPRYDO��QRW�SURRI�

%��,QIOXHQFH�)XQFWLRQ�%DVHG�$XGLWLQJ

,QIOXHQFH� IXQFWLRQV� >��@ DSSUR[LPDWH� KRZ� PXFK� D� WUDLQLQJ� SRLQW� DIIHFWV� PRGHO� SDUDPHWHUV� RU�
SUHGLFWLRQV��(VWLPDWLQJ�WKH�LQIOXHQFH�RI�'I RQ�WKH�XQOHDUQHG�PRGHO�FDQ�VKRZ�ZKHWKHU�LWV�FRQWULEXWLRQ�
KDV� VKUXQN�� 7KH� GUDZEDFNV� DUH� WKH� FRVW� RI� WKH� +HVVLDQ�UHODWHG� FRPSXWDWLRQ� DQG� WKH� TXDOLW\� RI� WKH�
DSSUR[LPDWLRQ�IRU�GHHS��QRQ�FRQYH[�PRGHOV�

&��&HUWLILHG�5HPRYDO�%RXQGV

:KHUH�WKH�OHDUQLQJ�VHWWLQJ�DOORZV�LW��FHUWLILHG�UHPRYDO�>��@ JLYHV�D�TXDQWLILDEOH�JXDUDQWHH�RI�WKH�IRUP�
LQ� (T�� �����2I� WKH� WKUHH� VWUDWHJLHV� LW� LV� WKH� VWURQJHVW� IRUPDOO\�� EXW� QRWH� WKDW� LW� FHUWLILHV� WKH� UHPRYDO�
PHFKDQLVP�XQGHU�VWDWHG�DVVXPSWLRQV��IRU�H[DPSOH��FRQYH[�RU�ZHOO�EHKDYHG�PRGHOV� DQG�GRHV�QRW�YHULI\�
DQ�DUELWUDU\�GHSOR\HG�PRGHO�

)LJ�����&RQFHSWXDO�YHULILFDWLRQ�DQG�HVFDODWLRQ�IORZ�RI�WKH�&$08�YHULILFDWLRQ�PRGXOH�

7$%/(�,,

&$1','$7(�9(5,),&$7,21�675$7(*,(6��&21&(378$/��

6WUDWHJ\ 6WUHQJWK :HDNQHVV
0,$�EDVHG 0RGHO�DJQRVWLF��HPSLULFDO (YLGHQFH�RQO\��DWWDFN�GHSHQGHQW
,QIOXHQFH�EDVHG 7DUJHWV�VSHFLILF�SRLQWV &RVWO\��DSSUR[LPDWLRQ�HUURU
&HUWLILHG�ERXQGV )RUPDO�JXDUDQWHH 5HVWULFWLYH�DVVXPSWLRQV
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'��&RPSDULVRQ

9,��3URSRVHG�(YDOXDWLRQ�&ULWHULD

$�IXWXUH�LPSOHPHQWDWLRQ�RI�&$08�FRXOG�EH�DVVHVVHG�DORQJ�WKHVH�D[HV�

� )RUJHWWLQJ�TXDOLW\� KRZ�PXFK�EHWWHU�D�PHPEHUVKLS�LQIHUHQFH�DWWDFN�SHUIRUPV�RQ�'I WKDQ�FKDQFH�
�(T��������DQG�KRZ�IDU�DFFXUDF\�RQ�'I GLIIHUV�IURP�WKDW�RI�D�PRGHO�UHWUDLQHG�RQ�'U�

� 8WLOLW\� DFFXUDF\�RU�WDVN�SHUIRUPDQFH�RQ�UHWDLQHG�DQG�KHOG�RXW�GDWD�

� (IILFLHQF\� WLPH�DQG�PHPRU\�FRPSDUHG�ZLWK�IXOO�UHWUDLQLQJ�

� &RQVHQW�ILGHOLW\� FRUUHFWQHVV�RI�VFRSH�UHVROXWLRQ��QR�PLVVHG�RU�RYHU�GHOHWHG�GDWD��

� $XGLWDELOLW\� FRPSOHWHQHVV�DQG�UHSURGXFLELOLW\�RI�WKH�DXGLW�UHFRUG�

9,,��&KDOOHQJHV�DQG�/LPLWDWLRQV

� 1R�XQLYHUVDO�YHULILFDWLRQ� (PSLULFDO�WHVWV�FDQ�PLVV�UHVLGXDO�LQIOXHQFH��DQG�IRUPDO�JXDUDQWHHV�UHVW�
RQ�VWURQJ�DVVXPSWLRQV��$�GLVKRQHVW�SURYLGHU�FDQ�DOVR�JHW�DURXQG�YHULILFDWLRQ�>�@��DQG�RQO\�DOJRULWKP�
OHYHO�FODLPV�DUH�IRUPDOO\�DXGLWDEOH�>��@��)RU�WKLV�UHDVRQ�WKH�YHULILFDWLRQ�PRGXOH�LQ�&$08�VXSSOLHV�
HYLGHQFH�IRU�DQ�DXGLW��QRW�SURRI�

� 6FRSLQJ� 'DWD�FDQ�EH�GXSOLFDWHG��WUDQVIRUPHG��RU�DJJUHJDWHG��ZKLFK�PDNHV�LW�KDUG�WR�ILQG�DOO�WKH�
LQIOXHQFH�RI�RQH�XVHU¶V�GDWD�

� 6FDOH�:LWK�ODUJH�PRGHOV��LQFOXGLQJ�ODUJH�ODQJXDJH�PRGHOV�>�@��UHSHDWHG�XQOHDUQLQJ�DQG�YHULILFDWLRQ�
JHW�FRVWO\�
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