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�$WKDUYD�.DGDP���3URI��6DQGHHS�.XPDU�-DLVZDO���3URI��$UYLQG�*DXWDP

�6WXGHQW���$VVLVWDQW�3URIHVVRU�DQG�*XLGH���6HPLQDU�&RRUGLQDWRU
�'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�
�$MHHQN\D�'<�3DWLO�6FKRRO�2I�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW

0DQ\�DSSOLFDWLRQV�VSDQ�PXOWLSOH�FORXG�SURYLGHUV��7KH�IDXOWV�LQ�RQH�FORXG�SURYLGHU�FDQ�WUDYHO�WR�RWKHU�
SURYLGHUV��ZKLFK� DUH�QRW�YLVLEOH� LQ� WKH�PRQLWRULQJ� FRQVROHV�RI� WKRVH�SURYLGHUV��7KUHVKROG� DOHUWV� DQG�
DQRPDO\�GHWHFWLRQ�V\VWHPV�FDQ�RQO\�PRQLWRU�HDFK�PHWULF�LQGLYLGXDOO\�DQG�WKHUHIRUH�DUH�RIWHQ�DOHUWHG�WRR�
ODWH� WR�GLDJQRVH� WKH�SUREOHP�TXLFNO\��7KLV�DUWLFOH� UHYLHZV� WKH�DSSOLFDWLRQ�RI�JUDSK�PDFKLQH� OHDUQLQJ�
WHFKQLTXHV��VSHFLILFDOO\�JUDSK�QHXUDO�QHWZRUNV��*11V���WR�LQFLGHQW�SUHGLFWLRQ�DQG�URRW�FDXVH�DQDO\VLV�
DQG�H[WHQGV�WKHVH�WHFKQLTXHV�WR�PXOWL�FORXG�HQYLURQPHQWV��7KH�PHWULFV�IURP�HDFK�FORXG�SURYLGHU�DUH�
FRPELQHG�LQWR�D�JUDSK�VWUXFWXUH�DQG�*11V�OHDUQ�IURP�WKDW�JUDSK�VWUXFWXUH��7KH�UHVXOWV�RI�WKH�DQDO\VLV�
FDQ�EH�H[SODLQHG�E\�UHWXUQLQJ�WKH�VXEJUDSK�RI�WKH�JUDSK�WKDW�LV�PRVW�UHVSRQVLEOH�IRU�WKH�UHVXOWV�RI�WKH�
DQDO\VLV��7KHVH�UHVXOWV�FDQ�EH�DSSOLHG�WKURXJKRXW�WKH�LQFLGHQW�OLIHF\FOH��$OVR��PHWULFV�IRU�HYDOXDWLQJ�WKH�
VXFFHVV�RI� WKHVH� V\VWHPV�DUH� VSHFLILHG��7KLV�ZRUN� LV� D�SURSRVDO� IRU� VXFK�D� V\VWHP�DQG�KDV�QRW�EHHQ�
YDOLGDWHG�WKURXJK�QHZ�H[SHULPHQWV��

.H\ZRUGV��*UDSK�PDFKLQH� OHDUQLQJ��*UDSK�QHXUDO� QHWZRUNV��0XOWL�FORXG�� ,QFLGHQW� SUHGLFWLRQ��5RRW�
FDXVH�DQDO\VLV��,QWHUSUHWDELOLW\��$,2SV

,QWURGXFWLRQ

&ORXG� FRPSXWLQJ� DOORZV� FRPSDQLHV� WR� UXQ� WKHLU�ZRUNORDGV� RQ�PXOWLSOH� FORXGV� VLPXOWDQHRXVO\��7KLV�
DOORZV�WKHP�WR�DYRLG�EHLQJ�GHSHQGHQW�RQ�D�VLQJOH�FORXG�YHQGRU��WR�FRPSO\�ZLWK�UHJXODWRU\�UHTXLUHPHQWV�
RU�WR�HQVXUH�WKDW�WKHLU�DSSOLFDWLRQV�UHPDLQ�DYDLODEOH�LQ�WKH�HYHQW�RI�DQ�RXWDJH�RI�WKH�FORXG�YHQGRU��%H\HU�
HW�DO���������

7KH�SURFHVV�RI�GHDOLQJ�ZLWK�DQ�LQFLGHQW�FDQ�EH�EURNHQ�GRZQ�LQWR�VHYHUDO�VWHSV��+RZHYHU��WRROLQJ�LV�RIWHQ�
OLPLWHG� WR� DGGUHVVLQJ� MXVW� RQH�RI� WKHVH� VWHSV��)RU� H[DPSOH�� DOHUWV� WKDW� FDQ�EH� WULJJHUHG�ZKHQ�FHUWDLQ�
WKUHVKROGV�DUH�UHDFKHG�ZLOO�W\SLFDOO\�GR�VR�RQO\�DIWHU�WKH�FXVWRPHUV�KDYH�DOUHDG\�EHHQ�LPSDFWHG�E\�WKH�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

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

LQFLGHQW�DQG�URRW�FDXVH�DQDO\VLV�LV�W\SLFDOO\�SHUIRUPHG�IURP�D�VWDUWLQJ�SRLQW�RI�]HUR�ZLWK�WKH�FORFN�VWLOO�
UXQQLQJ��/XR�HW�DO���������&KHQ�HW�DO���������

&ORXG�FRPSXWLQJ�FDQ�EH�UHSUHVHQWHG�DV�D�JUDSK��ZLWK�VHUYLFHV�FRQQHFWHG�WR�RQH�DQRWKHU��UXQQLQJ�RQ�KRVWV�
DQG�FRQWDLQHUV��ORFDWHG�LQ�VSHFLILF�UHJLRQV�DQG�XVLQJ�GDWDEDVHV�DQG�TXHXHV��*UDSK�QHXUDO�QHWZRUNV�OHDUQ�
DERXW�WKH�VWUXFWXUH�RI�WKHVH�JUDSKV��.LSI�	�:HOOLQJ��������*LOPHU�HW�DO����������ZKLFK�ZRXOG�DOORZ�WKHP�
WR�GHWHUPLQH� WKH�SRWHQWLDO�SURSDJDWLRQ�RI� LVVXHV�ZLWKLQ�D�FORXG�HQYLURQPHQW��+RZHYHU��JUDSK�QHXUDO�
QHWZRUNV� GR� KDYH� VRPH� GUDZEDFNV� LQ� WKH� VHWWLQJ� RI� FORXG� FRPSXWLQJ�� VSHFLILFDOO\� LQ� WKH� DUHD� RI�
FUHGLELOLW\�� LW� LV� XQOLNHO\� WKDW� HQJLQHHUV�ZRXOG� WDNH� DFWLRQV� EDVHG� XSRQ� WKH� RXWSXW� RI� D� JUDSK�QHXUDO�
QHWZRUN�LI�WKH\�FRXOG�QRW�H[SODLQ�WKDW�RXWSXW��5XGLQ��������

:H� WKHUHIRUH� VXUYH\�JUDSK�EDVHG�ZRUN�RQ� LQFLGHQW�SUHGLFWLRQ� DQG�5&$��SRLQW�RXW�ZKDW�PXOWL�FORXG�
RSHUDWLRQ�VWLOO�ODFNV��DQG�RXWOLQH�D�IUDPHZRUN�WKDW�LV�LQWHUSUHWDEOH�DQG�OLIHF\FOH�DZDUH�IURP�WKH�VWDUW��2XU�
FRQWULEXWLRQ� LV� D� VWUXFWXUHG� UHYLHZ�� D� IUDPHZRUN� DQG� DQ� HYDOXDWLRQ� SODQ�� ZH� GR� QRW� FODLP� QHZ�
H[SHULPHQWDO�ILQGLQJV�

/LWHUDWXUH�5HYLHZ

7KHRUHWLFDO�)UDPHZRUN

7KUHH� FRQFHSWV� VXSSRUW� WKH� IUDPHZRUN�� 0HVVDJH� SDVVLQJ� LV� WKH� ILUVW�� HYHU\� QRGH� UHIUHVKHV� LWV�
UHSUHVHQWDWLRQ�IURP�LWV�QHLJKERXUV��VR�WKH�VWUXFWXUH�RI�WKH�V\VWHP�EHFRPHV�SDUW�RI�ZKDW�WKH�PRGHO�OHDUQV�
�*LOPHU� HW� DO��� �������*UDSK� FRQYROXWLRQ�� QHLJKERXU� VDPSOLQJ� DQG� QHLJKERXU� DWWHQWLRQ� DUH� FRPPRQ�
IRUPV�RI�LW��.LSI�	�:HOOLQJ��������+DPLOWRQ�HW�DO���������9HOLþNRYLü�HW�DO����������DQG�UHYLHZV�RI�WKH�
DUHD�DUH�DYDLODEOH��=KRX�HW�DO���������:X�HW�DO���������

7KH�VHFRQG�FRQFHSW�LV�WKDW�UHDO�JUDSKV�DUH�W\SHG�DQG�FKDQJH�RYHU�WLPH��$�FORXG�JUDSK�PL[HV�PDQ\�NLQGV�
RI�QRGHV�DQG�OLQNV��ZKLFK�UHODWLRQDO�DQG�KHWHURJHQHRXV�PRGHOV�WUHDW�ZLWK�VHSDUDWH�SDUDPHWHUV�SHU�W\SH�
�6FKOLFKWNUXOO�HW�DO���������+X�HW�DO����������%HFDXVH�WHOHPHWU\�NHHSV�DUULYLQJ��G\QDPLF�JUDSK�PHWKRGV�
DGG�PHPRU\�RU�WLPH�HQFRGLQJV��5RVVL�HW�DO���������.D]HPL�HW�DO���������

7KH� WKLUG� FRQFHSW� LV� WKH� OLQN� EHWZHHQ� H[SODQDWLRQ� DQG FDXVDOLW\�� ([SODLQHUV� IRU� *11V� SRLQW� WR� WKH�
VXEJUDSK�DQG�IHDWXUHV�WKDW�OHDG�WR�DQ�RXWSXW��<LQJ�HW�DO���������/XR�HW�DO����������ZKLOH�FDXVDO�UHDVRQLQJ�
VHHNV�WR�GHWHUPLQH�ZKDW�LQIOXHQFHV�ZKDW�HOVH�LQ�WKH�V\VWHP��3HDUO���������%HFDXVH�5&$�DLPV�WR�ILQG�D�
FDXVH��QRW�MXVW�D�FRUUHODWHG�V\PSWRP��LW�UHTXLUHV�ERWK�IRUPV�RI�UHDVRQLQJ��

,QFLGHQW�0DQDJHPHQW�DQG�0XOWL�&ORXG�&KDOOHQJHV

7DEOH���SURYLGHV�D�VXPPDU\�RI�WKH�YDULRXV�VWDJHV�RI�WKH�FORXG�OLIHF\FOH�DQG�WKH�WDVNV�WKDW�DUH�UHTXLUHG�
RI�WKRVH�VWDJHV��DV�ZHOO�DV�WKH�FRQWULEXWLRQV�WKDW�JUDSK�OHDUQLQJ�FDQ�PDNH�WR�HDFK�RI�WKHVH�WDVNV��7KH�
WKUHH� PDLQ� GLIILFXOWLHV� WKDW� DULVH� ZKHQ� RSHUDWLQJ� DFURVV� PXOWLSOH� FORXG� SODWIRUPV� LQFOXGH� WHOHPHWU\�
GLIIHUHQFHV�EHWZHHQ� WKH�SODWIRUPV��EHKDYLRXU�GLIIHUHQFHV�EHWZHHQ� WKH�SODWIRUPV�DQG�SULYDF\�UXOHV�RU�
FRQWUDFWV�WKDW�GR�QRW�DOORZ�IRU�WKH�FRPELQDWLRQ�RI�GDWD�IURP�PXOWLSOH�SODWIRUPV�LQWR�RQH�ORFDWLRQ�
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7DEOH��� ,QFLGHQW�/LIHF\FOH�6WDJHV�DQG�WKH�5ROH�RI�*UDSK�/HDUQLQJ

6WDJH 7DVN 5ROH�RI�*UDSK�/HDUQLQJ
3UH�LQFLGHQW ,QFLGHQW�SUHGLFWLRQ 'HWHFW�VSUHDGLQJ�GHJUDGDWLRQ�HDUO\
'HWHFWLRQ $QRPDO\�DOHUWLQJ *URXS�UHODWHG�DOHUWV�E\�WRSRORJ\
7ULDJH 6HYHULW\��RZQHUVKLS /RFDWH�WKH�DIIHFWHG�VXEJUDSK

'LDJQRVLV 5RRW�FDXVH�DQDO\VLV
5DQN�FDQGLGDWH�FDXVHV�DORQJ�
HGJHV

5HYLHZ 3RVW�LQFLGHQW�OHDUQLQJ 6WRUH�LQFLGHQW�VXEJUDSKV�IRU�UHXVH

&ODVVLFDO�DQG�6WDWLVWLFDO�$SSURDFKHV

5HVHDUFK�LQ�HDUO\�GLDJQRVLV�RI�VRIWZDUH�V\VWHPV�KDV�HPSOR\HG�PDFKLQH�OHDUQLQJ�DOJRULWKPV�WR�PDWFK�
HYHQWV�ZLWK�WLPH�VHULHV�GDWD��/XR�HW�DO���������DQG�GHHS�OHDUQLQJ�PRGHOV�WR�LGHQWLI\�DEQRUPDO�V\VWHP�
EHKDYLRU� IURP� ORJ� ILOHV� �'X� HW� DO��� �������+RZHYHU�� WKHVH DSSURDFKHV� DQDO\]H� LQGLYLGXDO� VLJQDOV� RU�
VHUYLFHV� ZLWKLQ� D� V\VWHP� ZLWKRXW� FRQVLGHULQJ� WKH� GHSHQGHQFLHV� EHWZHHQ� WKRVH� VHUYLFHV��$OVR�� WKHVH�
PHWKRGV�WHQG�WR�GHJUDGH�LQ�SHUIRUPDQFH�ZKHQ�WKH�ZRUNORDG�RI�WKH�V\VWHP�VKLIWV�RYHU�WLPH��ZKLFK�LV�
NQRZQ�DV�FRQFHSW�GULIW��*DPD�HW�DO���������

*UDSK�%DVHG�5RRW�&DXVH�$QDO\VLV

$QRWKHU�ERG\�RI�UHVHDUFK�XWLOL]HV�GHSHQGHQF\�JUDSKV�GLUHFWO\��7KH�&DXVH,QIHU�WRRO�FUHDWHV�D�FDXVDOLW\�
JUDSK� IURP� WKH� SHUIRUPDQFH� GDWD� RI� D� V\VWHP� DQG� ZDONV� WKDW� JUDSK� WR� GHWHUPLQH� WKH� FDXVHV� RI�
SHUIRUPDQFH� LVVXHV� �&KHQ� HW� DO��� �������7RROV� OLNH�0LFUR5&$� DQG�$XWR0$3� XVH� WKHVH� GHSHQGHQF\�
JUDSKV� WR� DVVLJQ� VFRUHV� WR� VHUYLFHV�ZLWKLQ� D� V\VWHP� �:X� HW� DO��� ������0D� HW� DO��� �������0LFUR5DQN�
DQDO\]HV�WKHVH�GHSHQGHQF\�JUDSKV�XVLQJ�UDQJH�DQDO\VLV��<X�HW�DO����������1H]KD�LV�DQRWKHU�WRRO�WKDW�FDQ�
KDQGOH�PXOWLSOH�GDWD�W\SHV�ZLWKLQ�D�V\VWHP�DQG�SURYLGHV�LQWHUSUHWDEOH�UHVXOWV�IRU�WKRVH�DQDO\VHV��<X�HW�
DO����������7KHVH�WRROV�DUH�PRUH�HIIHFWLYH�WKDQ�DQDO\]LQJ�D�VLQJOH�VLJQDO�IURP�D�V\VWHP�EXW�WKH\�UHO\�XSRQ�
WKH�UXOHV�VHW�E\�WKH�XVHUV�UDWKHU�WKDQ�DQ\�OHDUQLQJ�PRGHOV�RI�WKH�V\VWHP�

*UDSK�1HXUDO�1HWZRUNV�IRU�$QRPDO\�DQG�,QFLGHQW�3UHGLFWLRQ

/HDUQHG� JUDSK�PRGHOV� KDYH� DOVR� EHHQ� DSSOLHG� WR� PXOWLYDULDWH� PRQLWRULQJ� GDWD�� )RU� LQVWDQFH�� JUDSK�
GHYLDWLRQ�QHWZRUNV�FDQ�EH�XVHG�WR�PRGHO�WKH�UHODWLRQVKLSV�EHWZHHQ�YDULRXV�PHWULFV�LQ�D�GDWDVHW�DQG�UHSRUW�
ZKHQ� WKRVH� UHODWLRQVKLSV� DUH�YLRODWHG� �'HQJ�	�+RRL�� �������*UDSK�DWWHQWLRQ�PRGHOV� FDQ�EH�XVHG� WR�
PRGHO�ERWK�WKH�IHDWXUHV�RI�HDFK�VDPSOH�LQ�WKH�GDWDVHW��DV�ZHOO�DV�WKH�WLPH�UHODWLRQVKLSV�EHWZHHQ�WKRVH�
VDPSOHV� �=KDR� HW� DO��� ������� 7KHVH� PRGHOV� FDQ� EH� XVHG� WR� LGHQWLI\� SRWHQWLDO� LQFLGHQWV� ZLWKLQ� WKH�
PRQLWRUHG�V\VWHP�EXW�WKH\�GR�QRW�DFFRXQW�IRU�PXOWLSOH�SURYLGHUV�RI�WKH�VDPH�W\SH�RI�GDWD��.QRZOHGJH�
JUDSKV��KRZHYHU��FDQ�EH�XVHG�WR�PRGHO�YDULRXV�HQWLWLHV�ZLWKLQ�WKH�VDPH�GDWDVHW�LQ�D�FRQVLVWHQW�PDQQHU�
�+RJDQ�HW�DO���������

,QWHUSUHWDELOLW\

,Q�RSHUDWLRQV��H[SODQDWLRQV�RIWHQ�GHFLGH�ZKHWKHU�D�PRGHO�JHWV�XVHG��0RGHO�DJQRVWLF�PHWKRGV�VXFK�DV�
/,0(�DQG�6+$3�DFFRXQW�IRU�VLQJOH�SUHGLFWLRQV��5LEHLUR�HW�DO���������/XQGEHUJ�	�/HH���������DQG�*11�
H[SODLQHUV�UHSRUW�WKH�HGJHV�DQG�IHDWXUHV�WKDW�PDWWHUHG��<LQJ�HW�DO���������/XR�HW�DO���������<XDQ�HW�DO���
�������'RVKL�9HOH]�DQG�.LP��������SURSRVH�MXGJLQJ�H[SODQDWLRQV�DJDLQVW�WKH�SXUSRVH�WKH\�VHUYH��DQG�
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5XGLQ� ������� ZDUQV� WKDW� H[SODLQLQJ� DQ� RSDTXH� PRGHO� FDQ� EH� OHVV� VHQVLEOH� WKDQ� XVLQJ� RQH� WKDW� LV�
LQWHUSUHWDEOH�LQ�WKH�ILUVW�SODFH�

5HVHDUFK�*DSV

7KH�UHYLHZ�H[SRVHV� IRXU�JDSV��0RVW�JUDSK�PHWKRGV�DVVXPH�RQH�HQYLURQPHQW�DQG�QRW�VHYHUDO�FORXGV�
ZLWK�PLVPDWFKHG�VFKHPDV��3UHGLFWLRQ�DQG�5&$�DUH�XVXDOO\�VHSDUDWH�V\VWHPV��VR�ZKDW�LV�OHDUQHG�LQ�RQH�
VWDJH�LV�QRW�UHXVHG�LQ�WKH�QH[W��([SODQDWLRQV�DUH�VHOGRP�WHVWHG�IRU�XVHIXOQHVV�WR�UHVSRQGHUV��$QG�WUDQVIHU�
EHWZHHQ�SURYLGHUV��RU�OHDUQLQJ�XQGHU�GDWD�VKDULQJ�UHVWULFWLRQV��LV�VWLOO�ODUJHO\�XQH[SORUHG�

5HVHDUFK�4XHVWLRQV

7KH�IROORZLQJ�UHVHDUFK�TXHVWLRQV�DUH�DGGUHVVHG�LQ�WKLV�SDSHU��

�� +RZ�ZHOO�GR�JUDSK�EDVHG�PRGHOV�FRPSDUH�WR�QRQ�JUDSK�DQG�UXOH�SURSDJDWLRQ�DSSURDFKHV�IRU�
HDUO\�LQFLGHQW�SUHGLFWLRQ�DQG�URRW�FDXVH�UDQNLQJ"

�� :KLFK�JUDSK�GHVLJQ�DQG�WUDLQLQJ�FKRLFHV�DUH�QHHGHG�IRU�PRGHOV�WR�ZRUN�DFURVV�KHWHURJHQHRXV�
FORXG�SURYLGHUV"

�� +RZ�VKRXOG�H[SODQDWLRQV�EH�JHQHUDWHG�DQG�DVVHVVHG�VR�WKDW�WKH\�KHOS�HQJLQHHUV�GXULQJ�WULDJH�
DQG�GLDJQRVLV"

+\SRWKHVHV

7KUHH�QXOO�K\SRWKHVHV�ZHUH�IRUPXODWHG�IRU�WKH�IUDPHZRUN�

�� $W�HTXDO�IDOVH�DODUP�UDWHV��JUDSK�EDVHG�PRGHOV�GR�QRW�SUHGLFW�LQFLGHQWV�HDUOLHU�RU�PRUH�DFFXUDWHO\�
WKDQ�QRQ�JUDSK�WLPH�VHULHV�EDVHOLQHV�

�� +HWHURJHQHRXV�WHPSRUDO�JUDSK�PRGHOV�DUH�QRW�EHWWHU�WKDQ�KRPRJHQHRXV�RU�VWDWLF�JUDSK�PRGHOV�IRU�
URRW�FDXVH�UDQNLQJ�

�� ([SODQDWRU\ VXEJUDSKV�GR�QRW�VDYH�HQJLQHHUV�WLPH�LQ�ILQGLQJ�D�URRW�FDXVH�FRPSDUHG�WR�UDQNHG�OLVWV�
ZLWKRXW�H[SODQDWLRQ��

0HWKRGRORJ\

5HVHDUFK�'HVLJQ

7KH�VWXG\�LV�GHVLJQHG�ZLWK�GHVLJQ�VFLHQFH��$�VWUXFWXUHG�UHYLHZ�RI�LQFLGHQW�PDQDJHPHQW��JUDSK�OHDUQLQJ�
DQG�LQWHUSUHWDELOLW\�SURYLGHV�D�VHW�RI�UHTXLUHPHQWV�WKDW�LQIRUP�WKH�SURSRVHG�IUDPHZRUN�DQG�HYDOXDWLRQ�
SODQ��0DVV�WHVWLQJ�LV�SRVWSRQHG�WR�WKH�QH[W�VWDJH��

'DWD�6RXUFHV�DQG�6DPSOH

7KLV�IUDPHZRUN�LV�EDVHG�RQ�IRXU�W\SHV�RI�GDWD��PHWULFV��ORJV��GLVWULEXWHG�WUDFHV��DQG�FKDQJH�GHSOR\PHQW�
HYHQWV��7KH�WUDFHV�DQG�FRQILJXUDWLRQV�FRQWDLQ�WKH�GHSHQGHQF\�HGJHV��ZKLOH�WKH�ORJV�DQG�FKDQJHV�FRQWDLQ�
WKH�HYHQW�QRGHV�DQG� WKHLU�DWWULEXWHV��7LFNHWV�DQG�SRVW�PRUWHP�UHSRUWV�VHUYH�DV� WKH� ODEHOV� IRU� LQFLGHQW�
SUHGLFWLRQ� DQG� URRW� FDXVH� DQDO\VLV�� ,Q� FDVHV� ZKHQ� VKDULQJ� SURGXFWLRQ� GDWD� LV� LPSRVVLEOH�� ODEHOOHG�
LQFLGHQWV�PD\�EH�SURYLGHG�E\�EHQFKPDUNV�DQG�IDXOW�LQMHFWLRQ�WHVWEHGV�RI�SXEOLF�PLFURVHUYLFHV��6SOLWWLQJ�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

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

KDV�WR�EH�GRQH�DORQJ�WKH�WLPH�DQG�LQFLGHQW�ERXQGDULHV�WR�HQVXUH�WKDW�WKH�UHODWHG�LQFLGHQWV�GR�QRW�VSOLW�
EHWZHHQ�WUDLQ�DQG�WHVW�VHWV�

)UDPHZRUN�&RPSRQHQWV

7KH�SLSHOLQH�IURP�)LJXUH���FRQVLVWV�RI�VHYHQ�VWHSV�DQG�FRPSULVHV�IRXU�PDLQ�PRGXOHV�

�� 8QLILFDWLRQ�OD\HU� WUDQVODWHV�WKH�SURYLGHU�VSHFLILF�LGV��PHWULF�DQG�ORJ�QDPHV�LQWR�D�FRPPRQ�VFKHPD�
WR�PDNH�WKH�VDPH�REMHFWV�ORRN�WKH�VDPH�LQ�HYHU\�FORXG�

�� *UDSK�FRQVWUXFWLRQ� FUHDWHV�D�KHWHURJHQHRXV�WHPSRUDO�JUDSK�ZKRVH�QRGHV�KDYH�W\SHV��VHUYLFH��KRVW��
FRQWDLQHU��UHJLRQ��FORXG��FKDQJH��DQG�ZKRVH�HGJHV�KDYH�W\SHV��FDOOV��UXQV�RQ��VKDUHV��GHSOR\HG�WR���
7KHVH�JUDSKV�DUH�XSGDWHG�XVLQJ�VOLGLQJ�ZLQGRZV�

�� /HDUQLQJ�PRGXOH� D�UHODWLRQ�WHPSRUDO�*11�HQFRGHU��6FKOLFKWNUXOO HW�DO���������+X�HW�DO���������
5RVVL�HW�DO���������IHHGLQJ�WZR�KHDGV��RQH�IRU�SUHGLFWLQJ�LQFLGHQWV�DQG�RQH�IRU�UDQNLQJ�URRW�FDXVHV��
)RFDO�ORVV��/LQ�HW�DO���������KDQGOHV�LQIUHTXHQW�LQFLGHQWV��DQG�GRPDLQ�DGYHUVDULDO�WUDLQLQJ��*DQLQ�HW�
DO���������WUDLQV�WKH HQFRGHU�RQ�IHDWXUHV�LQGHSHQGHQW�RI�WKH�SURYLGHU�

�� ,QWHUSUHWDELOLW\�OD\HU� RXWSXWV�DQ�H[SODQDWRU\�VXEJUDSK�ZLWK�HGJH�LPSRUWDQFH��<LQJ�HW�DO���������
/XR�HW�DO���������DQG�FRXQWHUIDFWXDO�YDOLGDWLRQ��DQG�DVVRFLDWHV�HDFK�LQWHUSUHWDWLRQ�ZLWK�D�VWDJH�LQ�WKH�
OLIHF\FOH�

)LJXUH��� 3URSRVHG�LQWHUSUHWDELOLW\�DQG�OLIHF\FOH�DZDUH�PXOWLFORXG�IUDPHZRUN�
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([SHULPHQW�3URWRFRO�

(YDOXDWLRQ�SURFHHGV�LQ�IRXU�VWDJHV�

3KDVH����'DWD�3UHSDUDWLRQ��1RUPDOL]H�WHOHPHWU\�GDWD��FUHDWH�RQH�JUDSK�SHU�WLPH�ZLQGRZ��DQG�VSOLW�GDWD�
DFFRUGLQJ�WR�WLPH�DQG�LQFLGHQWV�

3KDVH����7UDLQLQJ��3UHWUDLQ�WKH�HQFRGHU�ZLWK�XQODEHOOHG�ZLQGRZV��DQG�ILQH�WXQH�ERWK�KHDGV�:KHQ�GDWD�
FDQQRW�EH�WUDQVSRUWHG�RXW�RI�D�SURYLGHU¶V�FORXG��IHGHUDWHG�OHDUQLQJ��0F0DKDQ�HW�DO���������WDNHV�SODFH�
RI�SRROLQJ��

3KDVH ��$EODWH��5HPRYH�RQH�FRPSRQHQW�DW�D�WLPH�DQG�UHFRUG�WKH�HIIHFW�

x 1R�WHPSRUDO�HQFRGLQJ

x 1R�W\SH�VSHFLILF��KHWHURJHQHRXV��SDUDPHWHUV

x 1R�GRPDLQ�DGYHUVDULDO�DOLJQPHQW

x 1R�LQWHUSUHWDELOLW\�OD\HU

3KDVH �� 7HVW� RQ� FORXGV� DQG�KXPDQV��/HDUQ�RQ� RQH� FORXG� YHQGRU� DQG� WHVW� RQ� DQRWKHU�� DQG�PHDVXUH�
GLDJQRVLV� WLPH� RI� HQJLQHHUV� XVLQJ� DQG� QRW� XVLQJ� H[SODQDWLRQV�� )LJXUH� �� LV� DQ� H[DPSOH� RI� H[SHFWHG�
RXWFRPH�RQ�D�VLPXODWHG�GHSHQGHQF\�JUDSK�

)LJXUH� ���0XOWL�FORXG� GHSHQGHQF\� JUDSK� ZLWK� URRW�FDXVH� SDWK� PDUNHG� RXW� �H[HPSODU\�� (YDOXDWLRQ�
0HWULFV�DQG�$QDO\VLV

7KH�SUHGLFWLRQ�TXDOLW\�ZLOO�EH�PHDVXUHG�E\�3UHFLVLRQ��5HFDOO�DQG�/HDG�7LPH��5RRW�&DXVH�UDQNLQJ�E\�
WRS�N�DFFXUDF\�DQG�PHDQ�UHFLSURFDO�UDQN��H[SODQDWLRQV�E\�ILGHOLW\�DQG�XVHU�VWXG\��OLNH�LQ�'RVKL9HOH]�DQG�
.LP���������7KH�PHDVXUHPHQWV�DUH�VXPPDUL]HG�LQ�7DEOH����7KH�UHVXOWV�PXVW�EH�PHDVXUHG�LQ�UHSHDWHG�
H[SHULPHQWV�DQG�WKHQ�HYDOXDWHG�E\�SDLUHG�VLJQLILFDQFH�WHVWV��

7DEOH��� (YDOXDWLRQ�0HWULFV
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0HWULF 'HVFULSWLRQ
3UHFLVLRQ���5HFDOO &RUUHFW�DQG�IRXQG�LQFLGHQW�SUHGLFWLRQV
/HDG�WLPH 0LQXWHV�RI�ZDUQLQJ�EHIRUH�WKH�LQFLGHQW
)DOVH�DODUPV�GD\ 6SXULRXV�ZDUQLQJV�SHU�GD\
7RS�N�DFFXUDF\ 7UXH�FDXVH�ZLWKLQ�WKH�WRS�N�FDQGLGDWHV
055 0HDQ�UHFLSURFDO�UDQN�RI�WKH�WUXH�FDXVH
)LGHOLW\ +RZ�ZHOO�WKH�H[SODQDWLRQ�UHIOHFWV�WKH�PRGHO
&URVV�FORXG�GURS 3HUIRUPDQFH�ORVV�RQ�DQ�XQVHHQ�SURYLGHU
'LDJQRVLV�WLPH (QJLQHHU�WLPH�WR�LGHQWLI\�WKH�FDXVH

5HVXOWV

1R�QHZ�H[SHULPHQWV�DUH�UHSRUWHG��VR�WKH�UHVXOWV�KHUH�DUH�DQDO\WLFDO��7KH\�VHW�WKH�SXEOLVKHG�FKDUDFWHULVWLFV�
RI�HDFK�DSSURDFK�IDPLO\�DJDLQVW�ZKDW�PXOWL�FORXG�RSHUDWLRQ�GHPDQGV�

5HVHDUFK�4XHVWLRQ����*UDSK�0RGHOV�&RPSDUHG�ZLWK�2WKHU�$SSURDFKHV

7DEOH��� &RPSDULVRQ�RI�$SSURDFK�)DPLOLHV

)DPLO\ 8VHV�OLQNV ,QWHUSUHWDEOH 0XOWL�FORXG�UHDG\
5XOHV�DQG�WKUHVKROGV 1R +LJK /RZ
3HU�VLJQDO�0/ 1R 0HGLXP /RZ
*UDSK�SURSDJDWLRQ <HV +LJK 0HGLXP
*11��SURSRVHG� <HV 0HGLXP��ZLWK�H[SODLQHUV 0HGLXP�WR�KLJK

$V�VHHQ�IURP�7DEOH����JUDSK�SURSDJDWLRQ�EDVHG�DSSURDFKHV�WDNH�LQWR�DFFRXQW�GHSHQGHQFLHV�DQG�DUH�HDVLO\�
H[SODLQDEOH��EXW�KDYH�SUH�GHILQHG�UXOHV��*UDSK�1HXUDO�1HWZRUNV�OHDUQ�WKH�GHSHQGHQFLHV�DQG�FDQ�ZRUN�
ZLWK�PRUH�DGYDQFHG�GDWD��EXW�UHTXLUH�H[SODQDWLRQV��6LJQDO�EDVHG�DSSURDFKHV�UHPDLQ�VLPSOH�DQG�LJQRUH�
IDXOW�SURSDJDWLRQ�EHWZHHQ�VHUYLFHV�

5HVHDUFK�4XHVWLRQ����0DNLQJ�0RGHOV�:RUN�$FURVV�&ORXG

7KHUH�DUH�WKUHH�PDLQ�WHFKQRORJLHV�ZKLFK�VXSSRUW�JUDSK�EDVHG�OHDUQLQJ��)LUVW�LV�D�FRPPRQ�VFKHPD�WR�
PDNH�QRGHV� DQG�HGJHV� FRPSDUDEOH��$QRWKHU� LV� KDYLQJ� W\SH�DZDUH�SDUDPHWHUV� WR�SUHYHQW� HGJHV� IURP�
PHUJLQJ�GLIIHUHQW�QRGHV��/DVW�LV�WKH�FDSDELOLW\�RI�GRPDLQ�DGDSWDWLRQ�ZKLFK�GHFUHDVHV�D�V\VWHP
V�SURYLGHU�
VSHFLILF�ELDV�

5HVHDUFK�4XHVWLRQ����([SODQDWLRQV

([SODLQLQJ�D�UHVXOW�IRU�D�V\VWHP�WKDW�XVHV�D�GHSHQGHQF\�JUDSK�VKRXOG�EH�GRQH�ZLWK�D�VXEJUDSK�WKDW�LV�
HDVLO\�XQGHUVWDQGDEOH��)RU�H[DPSOH��LW�VKRXOG�EH�XQGHUVWDQGDEOH�HQRXJK�IRU�WKH�RSHUDWRU�WR�DFW�XSRQ�LW�
WR�IL[�D�V\VWHP�IDXOW�
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+\SRWKHVLV�$VVHVVPHQW

7DEOH���$VVHVVPHQW�RI�1XOO�+\SRWKHVHV�DW�WKH�)UDPHZRUN�/HYHO

+\SRWKHVLV %DVLV�RI�DVVHVVPHQW 6WDWXV
+ၵ� )DLOXUHV�VSUHDG�DORQJ�GHSHQGHQFLHV /LNHO\�UHMHFWHG��WR�EH�WHVWHG
+ၵ� 7\SHG��WLPH�DZDUH�JUDSKV�UHWDLQ�PRUH�VLJQDO /LNHO\�UHMHFWHG��WR�EH�WHVWHG
+ၵ� ([SODQDWLRQV�QDUURZ�WKH�VHDUFK�VSDFH /LNHO\�UHMHFWHG��WR�EH�WHVWHG

7DEOH���JLYHV�WKH�FXUUHQW�VWDWXV�RI�HDFK�K\SRWKHVLV��$OO�DUH�VXSSRUWHG�E\�UHODWHG�ZRUN��EXW�QRW� WHVWHG�
DJDLQVW�D�VWDQGDUGL]HG�VHW�RI�FORXG�EHQFKPDUNV��VR�HDFK�LV�VWDWHG�DV�OLNHO\�WR�EH�UHMHFWHG�

'LVFXVVLRQ

)URP�WKLV�VWXG\��,�KDYH�OHDUQHG�WKDW�QR�WHFKQLTXH�DGGUHVVHV�WKH�FRPSOHWH�OLIHF\FOH�RI�D�IDXOW��+RZHYHU��
XVLQJ�JUDSK�OHDUQLQJ�SURYLGHV�EHQHILWV�LQ�GHWHFWLQJ�IDXOWV�HDUO\�DQG�ZKHQ�WKH�FDXVH�RI�D�IDXOW�LV�KDUG�WR�
GHWHUPLQH�

3UHGLFWLRQ�DQG�'LDJQRVLV�7RJHWKHU

2QH�FRPPRQ�JUDSK�UHSUHVHQWDWLRQ�ZRXOG�DOORZ�HYLGHQFH�JDWKHUHG�EHIRUH�DQ�LQFLGHQW�WR�EH�XVHG�GXULQJ�
GLDJQRVLV�DQG�IRU�WKH�UHVXOWV�RI�GLDJQRVLV�WR�EH�XVHG�ODWHU�LQ�SUHGLFWLQJ�LQFLGHQWV��/LIHF\FOH�SHUVSHFWLYH�
LV�WKH�NH\�GLIIHUHQFH�FRPSDUHG�WR�WRROV�GHVLJQHG�IRU�RQH�SKDVH�RI�WKH�OLIHF\FOH�

,QWHUSUHWDELOLW\�DQG�7UXVW

([SODQDWLRQV�KDYH�VLJQLILFDQFH�RQO\�ZKHQ�WKH\�FDQ�OHDG�WR�DFWLRQ��$�FRQFLVH�VXEJUDSK�DVVRFLDWHG�ZLWK�
VSHFLILF�VHUYLFHV�DQG�UHFHQW�FKDQJHV�LV�EHWWHU�WKDQ�D�OHQJWK\�IHDWXUH�YHFWRU��$Q�H[SODQDWLRQ�PXVW�KDYH�DQ�
HOHPHQW�RI�XQFHUWDLQW\��DQG�LI�D�VLPSOH�PRGHO�ZRUNV�DV�ZHOO�DV�D�FRPSOH[�RQH��WKH�IRUPHU�VKRXOG�EH�
IDYRUHG��5XGLQ��������

'DWD�4XDOLW\�DQG�'ULIW

7KH�PRGHOV�LQ�WKH�FLWHG�SDSHU�ZHUH�GHVLJQHG�IRU�VWDWLF�VHWWLQJV��7KH�V\VWHPV��KRZHYHU��DUH�FRQVWDQWO\�
FKDQJLQJ� GXH� WR� WKH� FRQWLQXRXV� GHSOR\PHQW� DQG� VFDOLQJ� RI� FORXG� LQIUDVWUXFWXUH� DQG� VHUYLFHV��7KHVH�
V\VWHPV�VKRXOG��WKHUHIRUH��DFFRXQW�IRU�VRPH�DPRXQW�RI�GULIW�LQ�WKH�GDWD��*DPD�HW�DO����������$ORQJ�ZLWK�
WKH�SUHYLRXVO\�PHQWLRQHG�IDFWRUV��URRW�FDXVH�LGHQWLILFDWLRQ�LV�VXEMHFWLYH��,Q�WKH�SURSRVHG�PRGHOV��WKLV�
DGGV�XQFHUWDLQW\�DQG�ORZHUV�WKH�DFFXUDF\�

/LPLWDWLRQV

$OWKRXJK�WKLV�LV�QRW�DQ�H[SHULPHQWDO�VWXG\��LW�SUHVHQWV�D�QXPEHU�RI�QHZ�GHVLJQ�FRQVLGHUDWLRQV�IRU�XVLQJ�
JUDSK�PDFKLQH�OHDUQLQJ�WR�KHOS�LQ�LQFLGHQW�SUHGLFWLRQ�DQG�URRW�FDXVH�DQDO\VLV�LQ�D�FORXG�HQYLURQPHQW�

&RQFOXVLRQ

$�QXPEHU�RI�QHZ�DSSURDFKHV�ZHUH�LQWURGXFHG�DQG�IUDPHG�DV�D�V\VWHP�IRU�PXOWLSOH�FORXGV��7HOHPHWU\�
GDWD�IURP�PXOWLSOH�VRXUFHV�ZDV�XVHG�WR�EXLOG�D�GLUHFWHG��PXOWLJUDSK�UHSUHVHQWDWLRQ�RI�D�FORXG�V\VWHP�
RYHU�WLPH��
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5HODWLRQDO�DQG�WHPSRUDO�GDWD�ZHUH�XVHG�DV�LQSXWV�WR�D�GHHS�QHXUDO�QHWZRUN��ZKLFK�ZDV�WUDLQHG�WR�OHDUQ�
ERWK�FURVV�GRPDLQ��LQWHU�FORXG��DQG�GRPDLQ�VSHFLILF��LQWUD�FORXG��SDWWHUQV�IRU�EHWWHU�GLDJQRVLV�RI�HYHQWV��

6XEJUDSKV�DUH�JHQHUDWHG�IRU�WKH�OLIHF\FOH�RI�D�SDUWLFXODU�LQFLGHQW��7KHVH�SURYLGH�D�EHWWHU�XQGHUVWDQGLQJ�
RI�KRZ�D�SDUWLFXODU�HYHQW�RFFXUUHG�DQG�ZKDW�SURFHVVHV��HYHQWV��DQG�RWKHU�WHOHPHWU\�UHODWHG�WR�LW��

$OWKRXJK�LW�UHPDLQV�DQ�HPSLULFDO�TXHVWLRQ�WR�FRQILUP�WKDW�HQJLQHHUV�WUXVW�DQG�XWLOL]H�WKLV�IUDPHZRUN�IRU�
WKH�LQWHQGHG�JRDO�RI�SURYLGLQJ�DQ�HDUOLHU�DQG�PRUH�DFFXUDWH�GLDJQRVLV�� WKLV�ZRUN�EXLOGV�XSRQ�FXUUHQW�
DSSURDFKHV�IRU�D�PRUH�FUHGLEOH�V\VWHP��7KLV�IUDPHZRUN�KDV�QRW�\HW�EHHQ�EHQFKPDUNHG�RQ�D�FORXG�EDVHG�
V\VWHP

5HFRPPHQGDWLRQV

7KH�SULRULWLHV�IRU�IXWXUH�ZRUN�PHQWLRQHG�LQ�WKH�UHYLHZ�LQFOXGH�

�� &UHDWH�DQG�PDNH�RSHQ�DFFHVV�GDWDVHWV�RI�ODEHOHG�PXOWL�FORXG�LQFLGHQWV��7KHVH�GDWDVHWV�VKRXOG�FRQWDLQ�
WUDFHV��ORJV��FKDQJHV�DQG�KDYH�ODEHOV�RI�WKH�URRW�FDXVH�RI�WKH�LQFLGHQW�

�� &UHDWH�D�VWDQGDUG�WHOHPHWU\�IRUPDW�IRU�DOO�VHUYLFH�SURYLGHUV��7KLV�DOORZV�FURVV�FRPSDULVRQ�RI�VHUYLFHV�
EHWZHHQ�VHUYLFH�SURYLGHUV�

��� 3UHGLFWLRQ�PHWKRGV�VKRXOG�QRW�EH�HYDOXDWHG�RQ�DFFXUDF\��EXW�RQ�KRZ�HDUO\� WKH�SUHGLFWLRQ�FDQ�EH�
PDGH�ZKLOH�PDLQWDLQLQJ�D�IL[HG�IDOVH�DODUP�UDWH�

��� 3UHGLFWLRQ�PRGHOV�VKRXOG�EH�HYDOXDWHG�E\�DVNLQJ�HQJLQHHUV�WR�SURYLGH�GLDJQRVHV�DQG�WUDFNLQJ�WKH�
WLPH�LW�WRRN�WR�GR�VR�

��B+RZ�PRGHOV�FDQ�EH�WUDQVIHUUHG�EHWZHHQ�SURYLGHUV�VKRXOG�EH�HYDOXDWHG��$SSURDFKHV�WR�HQDEOH�PRGHOV�
WR�OHDUQ�DFURVV�GDWD�WKDW�FDQQRW�EH�FRPELQHG�VKRXOG�DOVR�EH�HYDOXDWHG�

5HIHUHQFHV

�� %H\HU��%���-RQHV��&���3HWRII��-���	�0XUSK\��1��5���(GV������������6LWH�UHOLDELOLW\�HQJLQHHULQJ��+RZ�
*RRJOH�UXQV�SURGXFWLRQ�V\VWHPV��2
5HLOO\�0HGLD�

�� &KHQ��3���4L��<���=KHQJ��3���	�+RX��'����������&DXVH,QIHU��$XWRPDWLF�DQG�GLVWULEXWHG�SHUIRUPDQFH�
GLDJQRVLV�ZLWK�KLHUDUFKLFDO�FDXVDOLW\�JUDSK�LQ�ODUJH�GLVWULEXWHG�V\VWHPV��,Q�,(((�,1)2&20������
�SS��������������,(((�

�� &KHQ��-���+H��;���/LQ��4���;X��<���=KDQJ��+���+DR��'���HW�DO����������$Q�HPSLULFDO�LQYHVWLJDWLRQ�RI�
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