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�3UDQDY�*RVDYL����1HHODP�MDLQ����'U��9LVKDO�3XUDQLN

�6WXGHQW����$VVLVWDQW�3URIHVVRU�± 6HPLQDU�*XLGH����$VVLVWDQW�3URIHVVRU�± 6HPLQDU�*XLGH
�'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�
�$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW

7KH�LQIRUPDWLRQ�DJH�LV�GRPLQDWHG�E\�PDVVLYH�GDWD�FROOHFWLRQ��'DWD�RQ�ZKDW�FXVWRPHUV�EX\��XVH�DQG�ZULWH�
DUH�VRPH�H[DPSOHV��0DQXDOO\�SURFHVVLQJ�DQG�DQDO\]LQJ�WKLV�YROXPH�RI�GDWD�LV�LQIHDVLEOH��7KHUHIRUH��'DWD�
6FLHQFH�WHFKQLTXHV�DUH�XWLOL]HG�WR�H[WUDFW�WKH�YDOXH�DQG�SDWWHUQV�LQ�WKH�GDWD��&XVWRPHU�$QDO\WLFV��WKH�VFLHQFH
RI�DQDO\]LQJ�FXVWRPHU�EHKDYLRU�� LV�D�FODVVLF�H[DPSOH�RI� WKLV��:H�RXWOLQH� WKH�GDWD�SUHSURFHVVLQJ�� IHDWXUH�
HQJLQHHULQJ�� FXVWRPHU� VHJPHQWDWLRQ�� FKXUQ� SUHGLFWLRQ�� UHFRPPHQGDWLRQ� V\VWHPV�� DQG� ([SODLQDEOH�$,�
�6+$3�DQG�/,0(��VWHSV�RI�WKLV�SURFHVV��:H�H[DPLQH�VHYHUDO�UHFHQW�SDSHUV�LQ�WKH�GRPDLQ�RI�FKXUQ�SUHGLFWLRQ�
ZLWK� DSSOLFDWLRQ� LQ� HFRPPHUFH�� EDQNLQJ�� WHOHFRPPXQLFDWLRQV�� DQG� UHWDLO� VHFWRUV�� &KXUQ� SUHGLFWLRQ� DQG�
(QVHPEOH�PHWKRGV� VXFK�DV�5DQGRP�)RUHVW� DQG�;*%RRVW�DUH� WKH�VWDQGDUG� LQ� LQGXVWU\��:KLOH� WKHUH� LV� D�
ZHDOWK� RI� OLWHUDWXUH� RQ� FKXUQ� SUHGLFWLRQ� XVLQJ� GDWD� IURP� D� VLQJOH� VHFWRU�� WKHUH� DUH� PDQ\� UHPDLQLQJ�
FKDOOHQJHV��7KHVH�LQFOXGH�GDWD�SULYDF\��PXOWL�VRXUFH�GDWD�LQWHJUDWLRQ��ELDV��DQG�FROG�VWDUW�SUREOHPV��7KHUH�
LV�D�QHHG�WR�JHW�UDSLG��DFWLRQDEOH�LQVLJKWV��$V�D�UHYLHZ�SDSHU��ZH�GRQ¶W�EXLOG�D�V\VWHP�WR�WHVW�RXU�K\SRWKHVHV�

.H\ZRUGV

&XVWRPHU� DQDO\WLFV�� &XVWRPHU� VHJPHQWDWLRQ�� &KXUQ� SUHGLFWLRQ��'DWD� VFLHQFH�� ([SODLQDEOH�$,��0DFKLQH�
OHDUQLQJ��3HUVRQDOL]DWLRQ��3UHGLFWLYH�DQDO\WLFV��5HFRPPHQGDWLRQ�V\VWHPV��5HWHQWLRQ��6HQWLPHQW�DQDO\VLV�

,��,1752'8&7,21

:LWK�WKH�DGYHQW�RI�RQOLQH�SXUFKDVHV�DQG�PRELOH�DSS�DQG�ZDOOHW�WUDQVDFWLRQV��DQG�RQOLQH�UHYLHZ�V\VWHPV��D�
YDVW� DUUD\� RI� FRQVXPHU� GDWD� LV� EHLQJ� JHQHUDWHG�� &RQVXPHU� GDWD� FROOHFWHG� DQG� SURFHVVHG� HQDEOHV� XV� WR�
XQGHUVWDQG�FRQVXPHU�EHKDYLRUDO�SDWWHUQV�� WKHLU� OLNHV�DQG�GLVOLNHV�DQG�WKHLU�SRWHQWLDO�IXWXUH�DFWLRQV��7KLV�
GDWD�LV�OHYHUDJHG�WR�EHWWHU�FXVWRPHU�VDWLVIDFWLRQ��HQKDQFH�FRPSDQ\�SURGXFWV�DQG�RSWLPL]H�WKH�HIIHFWLYHQHVV�
RI�FRPSDQ\�PDUNHWLQJ�VWUDWHJLHV�

&RQVXPHU�GDWD�LV�UDSLGO\�LQFUHDVLQJ�EHFDXVH�RI�H�FRPPHUFH��PRELOH�DSSOLFDWLRQV��DQG�GLJLWDO�SD\PHQWV��
1RZ�VLPSOH�VSUHDGVKHHWV�DQG�UHSRUWV�DUH�LQVXIILFLHQW�IRU�DQDO\]LQJ�FXVWRPHU�GDWD�DQG�IRU�ILQGLQJ�KLGGHQ�
FXVWRPHU�EHKDYLRU� DQG� WUHQGV��&XVWRPHU�GDWD� DQDO\VLV� LV�ZKHUH�GDWD� VFLHQFH� FRPHV� LQ� WR� WKH�SLFWXUH� WR�
DGGUHVV� WKH� QHHG� IRU� D� VROXWLRQ� WKDW� FRPELQHV� GDWD� SUHSURFHVVLQJ�� VWDWLVWLFV�� YLVXDOL]DWLRQ�� DQG�PDFKLQH�
OHDUQLQJ�
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7KHUH� DUH� WKUHH� GLIIHUHQW� W\SHV� RI� FXVWRPHU� DQDO\WLFV�� 7KH\� DUH� NQRZQ� DV� GHVFULSWLYH�� SUHGLFWLYH�� DQG�
SUHVFULSWLYH�DQDO\WLFV��'HVFULSWLYH�DQDO\WLFV�JLYHV�\RX�LQVLJKW�LQWR�ZKDW�KDV�DOUHDG\�RFFXUUHG��IRU�LQVWDQFH�
ODVW�PRQWK¶V� VDOHV��3UHGLFWLYH� DQDO\WLFV� JLYHV� \RX� WKH� SRWHQWLDO� IXWXUH� VDOHV� DQG� DOVR� SURYLGHV� \RX�ZLWK�
LQVLJKW�LQWR�WKH�SRWHQWLDO�FKXUQ�UDWH�RI�FXVWRPHUV��3UHVFULSWLYH�DQDO\WLFV�UHFRPPHQGV�WR�\RX�WKH�EHVW�SDWK�
IRU�\RXU�FXVWRPHUV��0/�DOJRULWKPV�DUH�DEOH�WR�FOXVWHU�\RXU�FXVWRPHUV�WR�WDUJHW�DQG�UHFRPPHQG�SURGXFWV�
IRU�WKHP�DQG�DOVR�DUH�DEOH�WR�SUHGLFW�WKH�FXVWRPHUV�WKDW�KDYH�D�KLJK�SUREDELOLW\�RI�FKXUQLQJ�

)LQDOO\��FRQVXPHU�UHYLHZV�DUH�SURFHVVHG�DQG�DQDO\]HG�XVLQJ�1/3�DQG�0/�DOJRULWKPV��,Q�RUGHU�WR�JHW�KLJK�
TXDOLW\�DQG�LPSDFWIXO�DQDO\VLV�RI�WKH�FRQVXPHU�GDWD��WKH�PRGHOV�DQG�WKH�GDWD�LWVHOI�PXVW�EH�RI�D�KLJK�TXDOLW\�
DQG�PXVW� DOVR� DFFRXQW� IRU� SULYDF\� FRQFHUQV� DQG� UHJXODWLRQV��$OVR��PDQ\� RI� WKH� DOJRULWKPV�ZLWKLQ� WKH�
PDFKLQH�OHDUQLQJ�PRGHOV�WKDW�DUH�XVHG�LQ�FXVWRPHU�DQDO\WLFV�IXQFWLRQ�DV�D�³EODFN�ER[´�WR�WKH�HQG�XVHU��7R�
RYHUFRPH�WKLV�SUREOHP�� WRROV�KDYH�EHHQ�GHYHORSHG�WR�H[SODLQ�WKH�DOJRULWKPV�ZLWKLQ�WKH�PRGHOV� DQG�WKH�
UHVXOWLQJ�RXWSXW��6RPH�H[DPSOHV�DUH�6+$3�>�@�DQG�/,0(�>��@�

7KH� IRFXV�RI� WKLV�SDSHU� LV� WR� VWXG\�FXVWRPHU�DQDO\WLFV� DQG� WKH� WRROV�XVHG� LQ� LWV�SURFHVV�� LQFOXGLQJ�GDWD�
FROOHFWLRQ�DQG�SUHSDUDWLRQ�� DQG�YLVXDOL]DWLRQ��)XUWKHUPRUH�� WKLV�SDSHU�SURYLGHV� D� UHYLHZ�RI�YDULRXV�0/�
DSSURDFKHV� WKDW�DUH�XWLOL]HG� IRU� WKH�SXUSRVHV�RI� VHJPHQWDWLRQ��SUHGLFWLRQ�RI�FKXUQ�DQG� UHFRPPHQGDWLRQ�
V\VWHPV�

,,��%$&.*5281'

$��'DWD�7\SHV�IRU�&XVWRPHUV

'DWD�VRXUFHV�IRU�FXVWRPHUV�DUH�QXPHURXV��DQG�WKH�PDLQ�W\SHV�DUH�

� 7UDQVDFWLRQDO�'DWD��3XUFKDVH�GHWDLOV�LQFOXGLQJ�SD\PHQW�PHWKRGV��RUGHUV��DQG�RUGHU�YDOXHV��DV�ZHOO�
DV�GLVFRXQWV�

� %HKDYLRXUDO�'DWD��7KLV�LV�WKH�XVHU¶V�DFWLRQV�RQ�DQ�DSS�DQG�LQFOXGHV�WKH�SDJHV�WKDW�DUH�YLHZHG��WKH�
XVHU¶V�VHDUFKHV��FOLFNV�DQG�HYHQ�WKH�XVHU¶V�DSS�DFWLYLW\�

� 'HPRJUDSKLF�DQG�3URILOH�'DWD��'HWDLOV�OLNH�DJH��ORFDWLRQ�DQG�W\SH�RI�DFFRXQW�

� 6HUYLFH�8VDJH�'DWD��7KH�WHOHFRP�VHFWRU�XVHV�WKLV�GDWD�W\SH�IRU�FRQWUDFW�OHQJWK��VHUYLFH�XVDJH�DQG�
WKH�W\SH�RI�FXVWRPHU�VHUYLFH�DFFRXQW�

� )HHGEDFN�'DWD��5DWLQJV�DQG�UHYLHZV�DUH�LQFOXGHG�LQ�WKLV�GDWD�

(DFK�GDWD�W\SH�XVHG�LQ�LVRODWLRQ�LV�OLPLWHG�LQ�LWV�FDSDFLW\�WR�GHVFULEH�WKH�XVHU�H[SHULHQFH��7UDQVDFWLRQV�GR�
QRW�UHIOHFW�FXVWRPHU�VDWLVIDFWLRQ��7KRXJK�FRPELQLQJ�DOO�WKH�GDWD�VRXUFHV�SURYLGHV�D�FRPSUHKHQVLYH�YLHZ��
WKH�FRPELQDWLRQ�UDLVHV�GDWD SULYDF\�FRQFHUQV�

%��&XVWRPHU�/LIHF\FOH�DQG�5HWHQWLRQ

&XVWRPHUV�WHQG�WR�JR�WKURXJK�WKH�SKDVHV�RI�DFTXLVLWLRQ��JURZWK��UHWHQWLRQ��DQG�VRPHWLPHV��ORVV��$V�UHWDLQLQJ�
FXVWRPHUV� LV� PRUH� SURILWDEOH� WKDQ� DWWUDFWLQJ� QHZ� FXVWRPHUV�� WKH� ILHOG� RI� FKXUQ� DQDO\VLV� KDV� VHHQ� WKH�
GHYHORSPHQW�RI�D�ZLGH�UDQJH�RI�FXVWRPHU�UHWHQWLRQ�VWUDWHJLHV�DQG�PRGHOV�>�@��>�@�
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$��'DWD�3UHSURFHVVLQJ

5HDO�FXVWRPHU�GDWD� LV�PHVV\��KDV�GXSOLFDWH�HQWULHV��YDOXHV�RI�GLIIHUHQW� UDQJHV�DQG�PLVVLQJ�YDOXHV��'DWD�
3UHSURFHVVLQJ� KHOSV� LQ� FOHDQLQJ� DQG� SUHSDULQJ� WKH� GDWD� IRU� WKH� LQSXW� PRGHO�� %HORZ� PHQWLRQHG� WDEOH�
VXPPDUL]HV�WKH�PRVW�FRPPRQ�GDWD�SUHSURFHVVLQJ�WHFKQLTXHV�XVHG�

7$%/(�,��&20021�35(352&(66,1*�67(36

7HFKQLTXH 3XUSRVH ([DPSOH

'XSOLFDWH�UHPRYDO $YRLG�GRXEOH�FRXQWLQJ�FXVWRPHU� 6DYLQJ�VDPH�RUGHU�WZLFH�

0LVVLQJ� YDOXHV�
+DQGOLQJ

)LOO�'URS� )LOO�PLVVLQJ�DJH�YDOXH�ZLWK�WKH�PHGLDQ�

7UHDWLQJ�2XWOLHUV
5HGXFHG� LQIOXHQFH� RI� H[WUHPH�
YDOXHV�

+XJH�RQH�WLPH�SXUFKDVH�

(QFRGLQJ &RQYHUWLQJ�WH[W�YDOXHV�WR�QXPEHUV� &RQWUDFW�7\SH��2QH�+RW�(QFRGLQJ�

6FDOLQJ %ULQJLQJ�YDOXHV�WR�VLPLODU�UDQJH� 1RUPDOL]H�7HQXUH�,QFRPH�

%DODQFLQJ�&ODVVHV +DQGOH�FDVHV�RI�OHVVHU�&KXUQHUV� &ODVV�:HLJKWV�2YHUVDPSOLQJ�

6FDOLQJ�LV�LPSRUWDQW�LQ�'LVWDQFH�EDVHG�PHWKRGV��&ODVV�LPEDODQFH�LV�D�YHU\�FRPPRQ�FKDOOHQJH�LQ�&XVWRPHU�
&KXUQ��$�JRRG�PRGHO�WKDW�PDNHV�D�³1R�&KXUQ´�SUHGLFWLRQ�ZLOO�KDYH�DQ�DFFHSWDEOH�DFFXUDF\�UDWH�>�@��>�@�

%��)HDWXUH�(QJLQHHULQJ�DQG�6HOHFWLRQ

,Q� )HDWXUH�(QJLQHHULQJ��ZH� FUHDWH� QHZ IHDWXUHV� IURP� H[LVWLQJ� IHDWXUHV� LQ� RXU� GDWD��7KH�PRVW� FRPPRQ�
WHFKQLTXH�LV�5)0�ZKLFK�VWDQGV�IRU�5HFHQF\��)UHTXHQF\��DQG�0RQHWDU\�YDOXH��$QRWKHU�H[DPSOH�LV�$YHUDJH�
%DVNHW�6L]H�DQG�PDQ\�PRUH�OLNH�WKH�WHQXUH��FRPSODLQWV�FRXQW��DQG�FKDQJHV�LQ�WKH�XVDJH�RI�D�VHUYLFH�LQ�WKH�
ODVW�IHZ�PRQWKV��)ROORZLQJ�WKLV�LV�WKH�UHPRYDO�RI�IHDWXUHV�ZLWK�VLPLODU�GDWD�DQG�LQIRUPDWLRQ�

,9��(;3/25$725<�'$7$�$1$/<6,6

%HIRUH�FUHDWLQJ�D�PRGHO��LW¶V�EHVW�WR�OHDUQ�IURP�WKH�GDWD��7R�JDLQ�DQ�XQGHUVWDQGLQJ�RI�WKH�GDWD��GLIIHUHQW�
VWDWLVWLFDO�PHWKRGV�DQG�FKDUWV�DUH�XVHG��+LVWRJUDPV�UHYHDO�GDWD�GLVWULEXWLRQV��ER[�SORWV�LQGLFDWH�RXWOLHUV��DQG�
FRUUHODWLRQ�PDWULFHV�GLVSOD\�KRZ�YDULDEOHV�FKDQJH�LQ�WDQGHP��7UHQGV�FDQ�DOVR�EH�YLVXDOL]HG�WKURXJK�WLPH�
XVLQJ�D� OLQH�JUDSK��/LQH�JUDSKV�KHOS�GLVWLQJXLVK� WUHQGV� VXFK�DV�SHDN� WLPHV� LQ� VDOHV�RU�SHULRGV�RI� ORZHU�
DFWLYLW\��([SORUDWRU\�GDWD�DQDO\VLV�FDQ�DVVLVW�ZLWK�VHOHFWLQJ�ZKLFK�GDWD�IHDWXUHV�WR�LQFOXGH��DQG�FDQ�RIWHQ�
LQGLFDWH� WKH� UHDVRQLQJ� EHKLQG� FXVWRPHU� FKXUQ�� )RU� H[DPSOH�� VKRUWHU� FXVWRPHU� FRQWUDFWV� KDYH� KLJKHU�
FXVWRPHU�FKXUQ��'DVKERDUGV�DOORZ�PDQDJHUV� WR�VHH�GDWD�UHVXOWV��HYHQ� WKRVH�ZKR�GRQ¶W�KDYH�D� WHFKQLFDO�
EDFNJURXQG�
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9��&86720(5�6(*0(17$7,21

)RU� WKH� VDNH� RI� FXVWRPHU� PDQDJHPHQW�� VHJPHQWDWLRQ� SXWV� FXVWRPHU� JURXSV� LQ� VLORV� WKDW� FDQ� WKHQ� EH�
DSSURDFKHG� ZLWK� GLIIHUHQW� PHWKRGV�� 6LQFH� VHJPHQWDWLRQ� UHOLHV� RQ� JURXSLQJ�� XQVXSHUYLVHG� FOXVWHULQJ�
WHFKQLTXHV�DUH�XWLOL]HG��.�0HDQV� LV�PRVW�FRPPRQ�EHFDXVH�RI� LWV� VLPSOH�GHVLJQ�� ,QLWLDOO\��N�FOXVWHUV�DUH�
GHWHUPLQHG��&XVWRPHUV�DUH�WKHQ�DVVLJQHG�WR�WKH�FOXVWHU�ZLWK�WKH�FORVHVW�FHQWURLG��7KHQ�WKH�FOXVWHU�FHQWURLGV�
DUH�XSGDWHG�WR�WKH�FHQWHU�RI�WKH�DVVLJQHG�FXVWRPHU�SRLQWV��7KLV�SURFHVV�UHSHDWV�XQWLO�WKH�FOXVWHULQJ�EHFRPHV�
VWDEOH�

-  �ȈL Ȉ[א&L ]ۅ í�ȝLۅ�

7KH� REMHFWLYH� IXQFWLRQ� -� PHDVXUHV� KRZ� PXFK� WKH� FOXVWHU� PHPEHUV� GHYLDWH� IURP� WKH� DVVLJQHG� FOXVWHU�
FHQWURLG��7KH�PRVW�LPSRUWDQW�YDULDEOH�LV�N��0RVW�SHRSOH�GHFLGH�RQ�D�YDOXH�RI�N�E\�XVLQJ�HLWKHU�WKH�HOERZ�
PHWKRG�RU�E\�WKH�VLOKRXHWWH�VFRUH��+LHUDUFKLFDO�FOXVWHULQJ�RU�'%6&$1�PD\�EH�XVHG�LQVWHDG�RI�.�0HDQV�LI�
FOXVWHUV�GR�QRW�IRUP�FLUFOHV�DQG�KDYH�PDQ\�QRLVH�SRLQWV�

7DEOH�,,�VKRZV�5)0�LQSXWV��7KLV�H[DPSOH�LV�LOOXVWUDWLYH�

7$%/(�,,��,//8675$7,9(�(;$03/(�2)�5)0�6(*0(176

6HJPHQW 5HFHQF\ )UHTXHQF\ 6SHQGLQJ

/R\DO�FXVWRPHUV 5HFHQW +LJK +LJK

2FFDVLRQDO�EX\HUV 0HGLXP /RZ /RZ

$W�ULVN�FXVWRPHUV /RQJ�DJR :DV�KLJK :DV�KLJK

1HZ�FXVWRPHUV 9HU\�UHFHQW 9HU\�ORZ /RZ

6HJPHQWDWLRQ� JLYHV� D� EHWWHU� XQGHUVWDQGLQJ� RI� KRZ� FXVWRPHUV� VKRXOG� EH� DSSURDFKHG�� )RU� H[DPSOH��
UHZDUGLQJ�OR\DO�FXVWRPHUV�ZLWK�SRLQWV��ZKLOH�XVLQJ�GLIIHUHQW�WDFWLFV�IRU�QHZ�RU�DW�ULVN�FXVWRPHUV�

9,��&+851�35(',&7,21�$1'�5(7(17,21

&XVWRPHU�UHWHQWLRQ�WKURXJK�FKXUQ�SUHGLFWLRQ�KDV�EHFRPH�D�VWDQGDUG�SUHGLFWLYH�DQDO\WLFV�WRRO��&KXUQ�LV�ZKHQ�
FXVWRPHUV�VWRS�SD\LQJ��8VLQJ�VXSHUYLVHG�OHDUQLQJ�WHFKQLTXHV��ZH�WUDLQ�WKH�PRGHO�ZLWK�SUHYLRXV�GDWD�ZKHUH�
ZH�GHILQH�D�ELQDU\�ODEHO��UHWDLQHG��GLG�QRW�FKXUQ��RU�FKXUQHG��:H�ZLOO�GHILQH�FXVWRPHU�SUREDELOLW\�VFRUH�WR�
SUHGLFW�WKH�SURSHQVLW\�RI�FKXUQ�IRU�RXU�FXUUHQW�FXVWRPHU�EDVH��5HWHQWLRQ�SHUVRQQHO�ZLOO�IRFXV�WKHLU�RXWUHDFK�
SURJUDPV�RQ�WKH�KLJKHVW�SUREDELOLW\�FXVWRPHUV��)LJ����VKRZV�D�JHQHUDO�FXVWRPHU�DQDO\WLFV�SLSHOLQH�
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)LJ�����*HQHUDO�FXVWRPHU�DQDO\WLFV�SLSHOLQH�

$��0RGHOV�8VHG

7KHUH�DUH�D�QXPEHU�RI�WHFKQLTXHV�XVHG�IRU�EXLOGLQJ�FKXUQ�SUHGLFWLRQ�PRGHOV��$�FRPSDULVRQ�RI�PRGHOV�IRXQG�
PRVW�RIWHQ�LQ�RXU�UHVHDUFK�FDQ�EH�VHHQ�LQ�7DEOH�,,,�

7$%/(�,,,��&20021�&+851�35(',&7,21�02'(/6

0RGHO $GYDQWDJH /LPLWDWLRQ

/RJLVWLF�5HJUHVVLRQ )DVW��VLPSOH��HDV\�WR�LQWHUSUHW
1RW� JRRG� DW� OHDUQLQJ� FRPSOH[�
UHODWLRQVKLSV

'HFLVLRQ�7UHH (DVLHVW�IRU�FUHDWLQJ�VLPSOH�UXOHV &DQ�EH�RYHUILW�WR�GDWD

5DQGRP�)RUHVW
0RUH� DFFXUDWH� WKDQ� VLQJOH� GHFLVLRQ�
WUHH

+DUGHU�WR�LQWHUSUHW

;*%RRVW�>�@
*RRG�DFFXUDF\�RQ�GDWD� LQ�D� WDEXODU�
IRUPDW

5HTXLUHV� WXQLQJ� DQG� KDV� SRRU�
H[SODLQDELOLW\

/670�>�@ *RRG�IRU�WLPH�VHTXHQWLDO�GDWD
1HHG� D� ODUJHU� GDWD� VHW� DQG� JUHDWHU�
FRPSXWDWLRQDO�UHVRXUFHV

%��(YDOXDWLRQ�0HWULFV

%HFDXVH�DFFXUDF\�LV�PLVOHDGLQJ�ZLWK�LPEDODQFHG�GDWD��RWKHU�PHWULFV�PXVW�EH�XWLOL]HG��)RU�D�SDUWLFXODU�FODVV�
�H�J���FKXUQHG�FXVWRPHUV���73�UHSUHVHQWV�WKH�QXPEHU�RI�WUXH�SRVLWLYH�LQVWDQFHV��)3�LV�WKH�QXPEHU�RI�IDOVH�
SRVLWLYHV��DQG�)1�LV�WKH�QXPEHU�RI�IDOVH�QHJDWLYHV��7KHQ�ZH�GHILQH�
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3UHFLVLRQ� �73����73���)3� ���

5HFDOO� �73����73���)1� ���

)�� ���î�3UHFLVLRQ�î�5HFDOO����3UHFLVLRQ���5HFDOO� ���

3UHFLVLRQ� LQIRUPV� WKH� XVHU� RQ� WKH� QXPEHU� RI� FXVWRPHUV� DFWXDOO\� FKXUQHG� ZKR� ZHUH� LGHQWLILHG� E\� WKH�
SUHGLFWLRQ�DV�FKXUQHG��ZKHUHDV�UHFDOO�SURYLGHV�WKH�QXPEHU�RI�WUXH�FKXUQHG�FXVWRPHUV�ZKR�ZHUH�GHWHFWHG�
E\�WKH�SUHGLFWLRQ��$OVR�XVHG�H[WHQVLYHO\�LV�WKH�$UHD�8QGHU�WKH�&XUYH��$8&��RI�WKH�52&��7KH�EDODQFH�RI�
PLVVLQJ�D�FXVWRPHU�ZKR�VKRXOG�KDYH�EHHQ�FODVVLILHG�DV�FKXUQHG�YV��WKH�FRVW�RI�PDNLQJ�DQ�RIIHU�WR�D�FXVWRPHU�
ZKR�ZDV�DFWXDOO\�QRW�JRLQJ�WR�FKXUQ�LV�RIWHQ�D�GLIILFXOW�RQH�WR�HVWLPDWH��&KXUQ�SUHGLFWLRQ�PRGHOV��OLNH�DOO�
PDFKLQH�OHDUQLQJ�PRGHOV��PXVW�EH�WHVWHG�IRU�JHQHUDOL]DWLRQ�DFURVV�GLIIHUHQW�GDWD�VHWV�DQG�RU�WLPH�SHULRGV�

9,,��68**(67,216�$1'�&86720,=$7,21

0RVW�VLWHV�XVH�UHFRPPHQGDWLRQ�V\VWHPV��$PD]RQ�XVHV�UHFRPPHQGDWLRQ�V\VWHPV�WR�KHOS�FXVWRPHUV�ILQG�
WKLQJV� WR�EX\�DQG�$PD]RQ�YLGHR�XVHV� WKHP� WR� KHOS� FXVWRPHUV�GHFLGH�ZKDW� WR�ZDWFK��5HFRPPHQGDWLRQ�
V\VWHPV�FDQ�IDOO�LQWR�RQH�RI�WKUHH�PDLQ�FDWHJRULHV�

� &RQWHQW�EDVHG�UHFRPPHQGDWLRQ��5HFRPPHQGV�WKLQJV�WKH�FXVWRPHU�KDV�VKRZQ�DQ�LQWHUHVW�LQ�EDVHG�
RQ�SURSHUWLHV�OLNH�FDWHJRU\��EUDQG��HWF�

� &ROODERUDWLYH�ILOWHULQJ�UHFRPPHQGDWLRQ��5HFRPPHQGV�WKLQJV�RWKHU�XVHUV�KDYH�VKRZQ�DQ�LQWHUHVW�LQ�

� +\EULG�PHWKRGV��&RPELQH�HOHPHQWV�IURP�WKH�ILUVW�WZR�WR�PDNH�UHFRPPHQGDWLRQV�

0RVW�UHFRPPHQGDWLRQ�V\VWHPV�VXIIHU�IURP�WKH�FROG�VWDUW�SUREOHP��$�QHZ�FXVWRPHU�KDV�QR�SURILOH��$�QHZ�
SURGXFW� KDV� QR� UDWLQJV��7KH� V\VWHPV� FDQ¶W� JLYH� VXJJHVWLRQV� WR� QHZ� FXVWRPHUV� RU� SURGXFWV� XQWLO� D� XVHU�
LQWHUDFWV�ZLWK�WKH�V\VWHP��5HFRPPHQGDWLRQ�V\VWHPV�FDQ�JLYH�VXJJHVWLRQ�EDVHG�RQ�JHQHUDO�SRSXODULW\�XQWLO�
QHZ�GDWD�FRPHV�LQ�RU�E\�JLYLQJ�QHZ�XVHUV�D�TXLFN�SURILOH�VHWXS�WR�JDWKHU�LQIRUPDWLRQ�

9,,,��(;3/$,1$%/(�$,

%ODFN�ER[�PRGHOV�OLNH�'HHS�OHDUQLQJ�DQG�HQVHPEOH�OHDUQLQJ�PRGHOV�DUH�YHU\�JRRG�DW�ZKDW�WKH\�DUH�EXLOW�WR�
GR��DFFXUDF\���EXW�EXLOGLQJ�WUXVW�DQG�HQVXULQJ�WUDQVSDUHQF\�LV�KDUG��,I�D�7HOHFRP�FRPSDQ\�GHFLGHV�WR�DFFHSW�
D�SUHGLFWLRQ�IURP�D�PRGHO��WKH\�PXVW�KDYH�D�YDOLG�H[SODQDWLRQ��([SODLQDEOH�$,��;$,��KHOSV�ZLWK�SURYLGLQJ�
WKLV�WUDQVSDUHQF\�

6+$3�>�@�XVHV�6KDSOH\�YDOXHV�IURP�JDPH�WKHRU\��6+$3�DVVLJQV�HDFK�IHDWXUH�D�YDOXH�WKDW�FRQWULEXWHV�WR�WKH�
ILQDO�SUHGLFWLRQ��DQG�WKH�FRQWULEXWLRQ�YDOXH�RI�HDFK�IHDWXUH�HTXDOV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�SUHGLFWLRQ�DQG�
WKH�EDVH�YDOXH�RI�WKH�PRGHO�

I�[�� �ĳ� ��Ȉ�ĳM[M ���

ZKHUH�ĳၵ� �EDVH�YDOXH�DQG�ĳ༊� �IHDWXUH�FRQWULEXWLRQ�RI�IHDWXUH� M��6+$3�DOORZV�\RX� WR�H[SODLQ�HLWKHU�DQ�
LQGLYLGXDO�SUHGLFWLRQ�RI�WKH�PRGHO��ORFDO���RU�WKH�PRGHO�DV�D�ZKROH��JOREDO��

/,0(� >��@� DOORZV� \RX� WR� SURYLGH� DQ� H[SODQDWLRQ� IRU� DQ� LQGLYLGXDO� SUHGLFWLRQ�� ,W� DFFRPSOLVKHV� WKLV� E\�
FUHDWLQJ�D�VLPSOH�PRGHO�RI�WKH�LQGLYLGXDO�SUHGLFWLRQ�GDWD�SRLQWV��)RU�H[DPSOH��LQ WKH�FKXUQ�FDVH�VWXGLHV�>�@��
>�@��LW�LGHQWLILHG�WKH�W\SH�RI�FRQWUDFW��FXVWRPHU�WHQXUH��DQG�XVDJH�SDWWHUQ�DV�WKH�GULYLQJ�IHDWXUHV�RI�FKXUQ��
7KRXJK�D�PRGHO�PD\�FDSWXUH�WKHVH�IHDWXUHV��WKDW�PRGHO�GRHVQ¶W�QHFHVVDULO\�SURYH�FDXVDWLRQ�RI�FKXUQ�
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,;��/,7(5$785(�6859(<

7KH�VWXGLHV�UHYLHZHG�LQ�WKLV�SDSHU�DUH�VXPPDUL]HG�LQ�7DEOH�,9��,Q�>�@��0DQ]RRU�HW�DO��VXPPDUL]HG�H[LVWLQJ�
UHVHDUFK�RQ�0/�EDVHG�FKXUQ�SUHGLFWLRQ�FRYHULQJ�SUHSURFHVVLQJ��IHDWXUH�VHOHFWLRQ��DQG�PRGHO�WUDLQLQJ��,PDQL�
HW�DO��>�@�UHYLHZHG�����VWXGLHV�SXEOLVKHG�EHWZHHQ������DQG������DQG�LGHQWLILHG�WKH�LQFUHDVH�LQ�WKH�XVDJH�RI�
K\EULG�HQVHPEOH�PDFKLQH�OHDUQLQJ�DQG�GHHS�OHDUQLQJ�DSSURDFKHV�OLNH�;*%RRVW�DQG�/670��$VLI�HW�DO��>�@�
DGGUHVVHG�WKH�SUREOHP�RI�H[SODLQDEOH�FKXUQ�SUHGLFWLRQ�LQ�WHOHFRP�DQG�(O�$WWDU�DQG�(O�+DMM�>�@�VXUYH\HG�WKH�
OLWHUDWXUH�RQ�WKH�XVDJH�RI�HQVHPEOH�PRGHOV�IRU�FKXUQ�SUHGLFWLRQ�XVLQJ�6+$3�WR�DQDO\]H�IHDWXUHV��0DPXQ�
>�@�GLG�D�35,60$�EDVHG�UHYLHZ�RI�WKH�����VWXGLHV�RQ�0/�IRU�FXVWRPHU�UHWHQWLRQ��.DNXODSDWL�HW�DO��>�@�XVHG�
D�FRPELQDWLRQ�RI�5DQGRP�)RUHVW��;*%RRVW��6+$3��DQG�%HH�&RORQ\�2SWLPL]DWLRQ�WR�VROYH�WKH�SUREOHP�RI�
FKXUQ�SUHGLFWLRQ�LQ�UHWDLO�

7$%/(�,9��6800$5<�2)�5(9,(:('�678',(6

6WXG\ 0HWKRGRORJ\ .H\�LQVLJKW�OLPLWDWLRQ

0DQ]RRU� HW� DO�� �������
>�@

6\VWHPDWLF�5HYLHZ
3UHSURFHVVLQJ�� )HDWXUH� VHOHFWLRQ�� 0RGHO�
WUDLQLQJ��5HYLHZ�GRHVQ¶W�VXJJHVW�RU�WHVW�D�QHZ�
PRGHO�

,PDQL�HW�DO���������>�@ 6\VWHPDWLF�5HYLHZ
,QFUHDVLQJ�XVH�RI�;*%RRVW��/670�DQG�K\EULG�
DSSURDFKHV�� UHYLHZHG� ZRUN� FRQFHQWUDWHG� RQ�
WHOHFRP�DQG�UHWDLO�LQGXVWULHV�

$VLI�HW�DO���������>�@
([SODLQDEOH�$,� IRU� &KXUQ�
3UHGLFWLRQ

3UHGLFWLYH� PRGHOV� DUH� DQDO\]HG� IRU� IHDWXUHV��
UHVHDUFK� KDV� FRQFHQWUDWHG� RQ� WKH� WHOHFRP�
LQGXVWU\�

0DPXQ��������>�@ 35,60$�EDVHG�5HYLHZ
6XUYH\� RI� SUHGLFWLYH�PRGHOV��PHWKRGRORJ\� RI�
WKH� UHVHDUFK� SDSHUV� VXUYH\HG� KDV� YDULHG�
VLJQLILFDQWO\�

(O� $WWDU� 	� (O�+DMM�
�������>�@

(QVHPEOH�0HWKRGV
$QDO\VLV� RI�PRGHO� IHDWXUHV�� VXUYH\� XVHV� RQO\�
WHOHFRP�GDWD�

.DNXODSDWL�HW� DO�� �������
>�@

5DQGRP� )RUHVW�� ;*%RRVW�
DQG� %HH� &RORQ\�
2SWLPL]DWLRQ��5HWDLO�

&RPELQDWLRQ�RI�2SWLPL]DWLRQ�DQG�([SODLQDEOH�
PHWKRGV�� LQFUHDVHV� FRPSOH[LW\� RI� PRGHO� DQG�
ODFNV�JHQHUDOL]DWLRQ�WR�QRQ�UHWDLO�GDWDVHWV�

)URP� WKLV� UHYLHZ� LW� LV� HYLGHQW� WKDW�� L��0DFKLQH� OHDUQLQJ�KDV�EHHQ�D�ZHOO� UHVHDUFKHG�DUHD� IRU�SUHGLFWLQJ�
FXVWRPHU�FKXUQ�

;��86(�2)�&86720(5�$1$/<7,&6�%<�'20$,1

7DEOH�9��SURYLGHV�D�IHZ�W\SLFDO�H[DPSOHV�RI�KRZ�FXVWRPHU�DQDO\WLFV�FDQ�EH�DSSOLHG�DFURVV�VHYHUDO�VHFWRUV�
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7$%/(�9��86(�2)�&86720(5�$1$/<7,&6�%<�'20$,1

'RPDLQ 6DPSOH�$SSOLFDWLRQV

(�&RPPHUFH
3URGXFW� UHFRPPHQGDWLRQ�� SHUVRQDOL]DWLRQ� DQG� EX\LQJ� EHKDYLRXU� EDVHG�
FXVWRPHU�VHJPHQWDWLRQ

%DQNLQJ
&KXUQ� 3UHGLFWLRQ�� FXVWRPHU� VHJPHQWDWLRQ�� DQG� PDUNHWLQJ� WDUJHWHG� SURGXFW�
RIIHUV

7HOHFRP
&KXUQ�SUHGLFWLRQ�IURP�GDWD�RQ�XVDJH��WHQXUH�DQG�FRQWUDFWV��'HVLJQLQJ�UHWHQWLRQ�
RIIHUV�

5HWDLO
'HPDQG� IRUHFDVWLQJ�� DQDO\]LQJ� FXVWRPHU� UHYLHZV�� DVVHVVLQJ� FXVWRPHU�
VDWLVIDFWLRQ��DQG�GHYHORSLQJ�OR\DOW\�SURJUDPV�

$OO� WKH� VHFWRUV� KLJKOLJKWHG� KDYH� FRPPRQDOLWLHV�� .H\� XVHV� RI� FXVWRPHU� DQDO\WLFV� LQFOXGH� FXVWRPHU�
VHJPHQWDWLRQ��FKXUQ�SUHGLFWLRQ��SHUVRQDOL]HG�PDUNHWLQJ��VDOHV�IRUHFDVWLQJ��FXVWRPHU�UHWHQWLRQ�DQG�FXVWRPHU�
VDWLVIDFWLRQ�DQDO\VLV�

;,��5(6($5&+�*$36

'DWD�SULYDF\�DQG�SURWHFWLRQ�DUH�LPSRUWDQW�GXH�WR�WKH�QDWXUH�RI�WKH�LQIRUPDWLRQ�EHLQJ�FROOHFWHG��,Q�WKH�SDVW�
IHZ�\HDUV��WKHUH�KDV�EHHQ�PRUH�DQG�PRUH�GDWD�EHLQJ�FROOHFWHG�E\�EXVLQHVVHV�IURP�FXVWRPHUV��ZKLFK�PDNHV�
LW�HDVLHU�IRU�WKH�GDWD�WR�EH�IUDJPHQWHG��'DWD�VLORV�RIWHQ�KDSSHQ�ZKHQ�GDWD�LV�FROOHFWHG�IURP�PXOWLSOH�GLVSDUDWH�
V\VWHPV�DQG�EHFRPHV�FKDOOHQJLQJ�WR�OLQN�RU�XQLI\� 7KH�PRGHOV�DUH�EXLOW�RQ�D�WUDLQLQJ�GDWDVHW�WKDW�FDQ�HDVLO\�
EHFRPH�VNHZHG��,Q�WKHVH�VLWXDWLRQV��WKH�PRGHOV�WHQG�WR�KDYH�ELDVHV�WKDW�DUH�GLIILFXOW�WR�FRUUHFW��,Q�WKH�VDPH�
ZD\��EXVLQHVVHV�RIWHQ�VWUXJJOH�WR�JDLQ�LQVLJKWV�IURP�GDWD�WKDW�LV�QRW�WLPHO\��&XVWRPHUV�RI�D�EXVLQHVV�GR�QRW�
JHQHUDWH�HQRXJK�GDWD� WKDW�FDQ�EH�XVHG� IRU�SHUVRQDOL]DWLRQ�DQG� WDUJHWHG�DGV� LPPHGLDWHO\�DIWHU� WKHLU� ILUVW�
LQWHUDFWLRQ��7KLV�LV�UHIHUUHG�WR�DV�WKH�³FROG�VWDUW´�SUREOHP��6RPH�UHVHDUFK�VWXGLHV�IDLO�WR�JHQHUDOL]H�IURP�WKH�
GDWDVHW�RI�RQH�LQGXVWU\�WR�RWKHU�LQGXVWULHV��5HYLHZV�DQG�VXUYH\V�SURYLGH�IHHGEDFN�WKDW�WKH�FRPSDQ\�FDQQRW�
LQIHU�IURP�WUDQVDFWLRQ�GDWD��7KLV�VXUYH\�DQDO\]HV�VRPH�RI�WKH�FKDOOHQJHV�DQG�JDSV�LQ�FXUUHQW�UHVHDUFK��EXW�
GRHV�QRW�SUHVHQW�D�SURSRVHG�VROXWLRQ�

;,,��75(1'6�2)�7+(�)8785(

� &XVWRPHU� LQIRUPDWLRQ�VHQVLWLYH�DQDO\WLFV�ZKLFK�SURYLGH� WKH�GDWD�DQDO\VLV�\RX�UHTXLUH�ZKLOH�VWLOO�
VDIHJXDUGLQJ�FXVWRPHU�SULYDF\�

� ,QWHJUDWLQJ�WUDQVDFWLRQV�DQG�EURZVLQJ�DQG�IHHGEDFN�IURP�PXOWLSOH�FXVWRPHU�VRXUFHV�

� $QDO\LWLFV WR�SURFHVV�FXVWRPHU�DFWLYLW\�DQG�SUHVHQW�WKH�GDWD�DV�LQVLJKWV�DV�LW�KDSSHQV�

� %XLOGLQJ�V\VWHPV�WR�HQVXUH�PRGHOV�SURYLGH�DQDO\VLV�ZKLFK�LV�IDLU�DQG�ZLWKRXW�ELDV�

� 7KH�UHDVRQ�EHKLQG�FXVWRPHU�UHFRPPHQGDWLRQ�PXVW�EH�HYLGHQW�

� ,QFRUSRUDWLQJ�UHYLHZ�GDWD�DQG�WUDQVDFWLRQDO�GDWD�IRU�FXVWRPHU�DQDO\VLV�
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;,,,��6800$5<

&XVWRPHU�DQDO\WLFV�ZLWK�GDWD�VFLHQFH�ZDV�GHVFULEHG�IURP�WKH�EDVLFV�RI�GDWD�SUHSDUDWLRQ�DQG�SUHSURFHVVLQJ��
WR�WKH�FUHDWLRQ�RI�FXVWRPHU�VHJPHQWDWLRQ��WKH�SUHGLFWLRQ�RI�FKXUQ�DQG�WKH�GHYHORSPHQW�RI�UHFRPPHQGHU
V\VWHPV� DQG� PRGHO� LQWHUSUHWDELOLW\�� 7KH� VXUYH\HG� UHVHDUFK� VXJJHVWV� WKDW� HQVHPEOHV� DQG� PHWKRGV� IRU�
([SODLQDEOH�$,��;$,��VXFK�DV�6+$3�DQG�/,0(�LPSURYH� WKH�SUHGLFWLYH�DFFXUDF\�DQG� LQWHUSUHWDELOLW\�RI�
PRGHOV��UHVSHFWLYHO\��3HUIRUPDQFH�LV�KHDYLO\�UHOLDQW�RQ�WKH�GDWD�TXDOLW\��DQG�PDQ\�VWXGLHV�DUH�FRQVWUDLQHG�
WR�VSHFLILF�GRPDLQV��7KHUH�LV�VWLOO�D�ORQJ�URDG�DKHDG�WR�UHVROYH�LVVXHV�UHODWHG�WR�WKH�WUDGH�RIIV�RI�SULYDF\��
ELDV��WKH�³FROG�VWDUW´�SUREOHP��DQG�PRGHO�XSGDWHV�LQ�WKH�UHDO�ZRUOG��5HVHDUFK�VKRXOG�EH�IRFXVHG�RQ�PDNLQJ�
WKH�SUHGLFWLYH�DQDO\WLFV�SLSHOLQH�PRUH�WUXVWZRUWK\��6LQFH�WKH�SUHVHQW�VWXG\�ZDV�OLPLWHG�WR�D�VXUYH\�RI�WKH�
OLWHUDWXUH��IXWXUH�UHVHDUFK�ZLOO�HQWDLO�SUDFWLFDO�GHSOR\PHQW�DQG�DQDO\VLV�RI�D�UHDO�GDWDVHW�

5()(5(1&(6

>�@ $�� 0DQ]RRU�� 0�� $�� 4XUHVKL�� (�� .LGQH\�� /�� /RQJR�� ³0DFKLQH� /HDUQLQJ� 7HFKQLTXHV� WR� 3UHGLFW�
&XVWRPHU�&KXUQ�DQG�7LSV�IRU�%XVLQHVV�3HRSOH�´�,(((�$FFHVV�������
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