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�8QLYHUVLW\�RI�/MXEOMDQD��6ORYHQLD��

�%D\ORU�&ROOHJH�RI�0HGLFLQH��+RXVWRQ��8�6�$��

$EVWUDFW��$Q�DSSURDFK�WR�WKH�LQWHJUDWLRQ�RI�'DWD�0LQLQJ�DQG�'HFLVLRQ�6XSSRUW�

LV�SURSRVHG�LQ�ZKLFK�WKHVH�WZR�WHFKQLTXHV�DUH�XVHG�MRLQWO\�IRU�VROYLQJ�HYDOXD�

WLRQ�RU�FODVVLILFDWLRQ�SUREOHPV��7KH�LQWHJUDWLRQ�LV�EDVHG�RQ�D�FRPPRQ�PRGHOLQJ�

IRUPDOLVP�� TXDOLWDWLYH� KLHUDUFKLFDO�PXOWL�DWWULEXWH� GHFLVLRQ�PRGHOV�� 7KHVH� FDQ�

EH� GHYHORSHG� HLWKHU� ���� LQ� D� WUDGLWLRQDO�'HFLVLRQ�6XSSRUW�ZD\� WKURXJK� D� GLD�

ORJXH�EHWZHHQ�WKH�GHFLVLRQ�PDNHU�DQG�GHFLVLRQ�DQDO\VW��RU�E\�����'DWD�0LQLQJ�

XVLQJ�D�GDWDEDVH�RI�SUHYLRXVO\�VROYHG�SUREOHPV��,W�LV�VKRZQ�WKDW�WKHVH�PHWKRGV�

FDQ�EH� FRPELQHG� LQ� D�QXPEHU�RI�XVHIXO�ZD\V�� VHTXHQWLDOO\�RU� LQ�SDUDOOHO�� DQG�

ZLWK�GLIIHUHQW�OHYHOV�RI�H[SHUW
V�LQYROYHPHQW��7KH�DSSURDFK�LV�LOOXVWUDWHG�XVLQJ�D�

UHDO�ZRUOG�SUREOHP�RI�KRXVLQJ�ORDQ�DOORFDWLRQ��

�� ,QWURGXFWLRQ�

'DWD�0LQLQJ� �'0��DQG�'HFLVLRQ�6XSSRUW� �'6��DUH� WZR�GLVFLSOLQHV�DLPHG�DW� VROYLQJ�

GLIILFXOW�SUDFWLFDO�SUREOHPV��,Q�PDQ\�ZD\V�� WKH\�DUH�FRPSOHPHQWDU\��7R�VROYH�D�SDU�

WLFXODU�SUREOHP��'6�>��@�WHQGV�WR�UHO\�RQ�NQRZOHGJH�DFTXLUHG�IURP�H[SHUWV��ZKLOH�'0�

>��@�DWWHPSWV�WR�H[WUDFW�LW�IURP�GDWD��7KH�LQWHJUDWLRQ�RI�'0�DQG�'6�PD\�LPSURYH�WKH�

TXDOLW\�RI�SUREOHP�VROYLQJ�PHWKRGV��SURFHVVHV��DQG�DFKLHYHG�UHVXOWV��

6HYHUDO�LQWHJUDWLYH�DSSURDFKHV�KDYH�DOUHDG\�EHHQ�VXJJHVWHG��0RVW�RIWHQ��WKH\�WDNH�

D�YLHZSRLQW�RI�RQH�GLVFLSOLQH�DQG� WU\� WR�HQKDQFH� WKDW�GLVFLSOLQH�ZLWK�PHWKRGV�RI� WKH�

RWKHU�RQH��7KXV��WKHUH�DUH�WZR�JHQHUDO�FDVHV��

���'HFLVLRQ�6XSSRUW�IRU�'DWD�0LQLQJ��7KH�LGHD�LV�WR�HQKDQFH�WKH�'0�SURFHVV�E\�VXS�

SRUWLQJ�YDULRXV�GHFLVLRQ�PDNLQJ�WDVNV�WKDW�WDNH�SODFH�LQ�WKDW�SURFHVV��)RU�H[DPSOH��

WKH�DSSURDFK�EDVHG�RQ�52&�FXUYHV�>��@�VXSSRUWV�WKH�VHOHFWLRQ�RI�WKH�PRVW�DSSUR�

SULDWH�PDFKLQH�OHDUQLQJ�DOJRULWKP�IRU�D�SDUWLFXODU�'0�SUREOHP��

���'DWD�0LQLQJ�IRU�'HFLVLRQ�6XSSRUW��5HFHQW�'6�V\VWHPV��ZKLFK�UHO\�RQ�WHFKQRORJLHV�

VXFK� DV� GDWD�ZDUHKRXVHV�� GDWD� FXEH� DQG�2/$3� >��@�� LQFRUSRUDWH�PRUH� DQG�PRUH�

'0�HOHments; a typical example is Microsoft’s OLE DB for DM [15]. DM has also 
EHHQ�XVHG�WR�LPSURYH�PXOWLSOH�FULWHULD�PRGHOV�LQ�VSDWLDO�GHFLVLRQ�PDNLQJ�>�@��

,Q� WKLV�SDSHU��ZH�SURpose a different and more “symmetric” approach: XVLQJ�'0�

DQG�'6�MRLQWO\�IRU�VROYLQJ�HYDOXDWLRQ�RU�FODVVLILFDWLRQ�SUREOHPV��,Q�'6��HVSHFLDOO\�LQ�
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'HFLVLRQ�$QDO\VLV� >��@�� VXFK� SUREOHPV� DUH� WUDGLWLRQDOO\� DSSURDFKHG� E\�PRGHOLQJ�� D�

PRGHO� LV�GHYHORSHG�FROODERUDWLYHO\�E\� WKH�GHFLVLRQ�PDNHU� DQG�GHFLVLRQ� DQDO\VW�� DQG�

XVHG�IRU�WKH�HYDOXDWLRQ��FODVVLILFDWLRQ�DQG�RU�DQDO\VLV�RI�GHFLVLRQ�DOWHUQDWLYHV��7\SLFDO�

PRGHOLQJ� WHFKQLTXHV� LQFOXGH� GHFLVLRQ� WUHHV�� LQIOXHQFH� GLDJUDPV�� DQG� PXOWL�DWWULEXWH�

XWLOLW\�PRGHOV��'0��RQ�WKH�RWKHU�KDQG��RSHUDWHV�RQ�GDWD�DERXW�SUHYLRXVO\�VROYHG�SURE�

OHPV��8VLQJ�D�PXOWLWXGH�RI�GDWD�DQDO\VLV�DQG�PDFKLQH�OHDUQLQJ�PHWKRGV��'0�GHYHORSV�

PRGHOV�WKDW�H[SODLQ�WKH�GDWD�DQG�VROYH�SUHYLRXVO\�XQVHHQ�SUREOHPV��,Q�WKLV�FDVH��PRG�

HOV�DUH�W\SLFDOO\�UHSUHVHQWHG�E\�UXOHV��GHFLVLRQ�WUHHV��RU�QHXUDO�QHWZRUNV��

7KH�SURSRVHG�LQWHJUDWLRQ�RI�'6�DQG�'0�LV�EDVHG�RQ�D�FRPPRQ�PRGHOLQJ�IRUPDO�

LVP��TXDOLWDWLYH�KLHUDUFKLFDO�PXOWL�DWWULEXWH�GHFLVLRQ�PRGHOV��6XFK�PRGHOV�DUH�SDUWLFX�

ODUO\� FRQYHQLHQW� EHFDXVH� WKHUH� DOUHDG\� H[LVW� ERWK� '6� DQG� '0� PHWKRGV� IRU� WKHLU�

GHYHORSPHQW��'(;� >�@� IRU� WKH� GHYHORSPHQW� EDVHG� RQ� H[SHUW� NQRZOHGJH�� DQG�+,17�

>��@�IRU�WKH�GHYHORSPHQW�IURP�GDWD��7KHVH�WZR�PHWKRGV�FDQ�EH�XVHG�LQGHSHQGHQWO\�RU�

FRPELQHG�LQ�D�QXPEHU�RI�ZD\V��

• '(;�RQO\��$SSOLHG�ZKHQ�WKH�H[SHUW�LV�DYDLODEOH��EXW�QR�GDWD�IRU�PLQLQJ��

• +,17�RQO\��8VHG�ZKHQ�WKHUH�LV�D�GDWDEDVH�RI�SUHYLRXVO\�VROYHG�FDVHV��EXW�QR�H[SHU�

WLVH�WR�JXLGH�PRGHO�GHYHORSPHQW��

• 6XSHUYLVHG: This is a special HINT’s mode that involves the expert, who can, at 
GLIIHUHQW�OHYHOV�DQG�WR�GLIIHUHQW�H[WHQW��JXLGH�WKH�PRGHO�GHYHORSPHQW�SURFHVV��

• 6HULDO��$Q�LQLWLDO�PRGHO�LV�GHYHORSHG�E\�+,17�IURP�GDWD�DQG�IXUWKHU�UHILQHG�E\�WKH�

H[SHUW�XVLQJ�'(;��

• 3DUDOOHO��7ZR�RU�PRUH�PRGHOV�DUH�GHYHORSHG�LQ�SDUDOOHO�E\�ERWK�+,17�DQG�'(;��

• &RPELQHG��2QH�RU�PRUH�VXE�PRGHOV�DUH�GHYHORSHG�E\�+,17��VRPH�RWKHUV�E\�'(;��

DQG�DOO�FRPELQHG�WRJHWKHU�LQWR�D�VLQJOH�PRGHO��

7KLV�SDSHU�LV�VWUXFWXUHG�DV�IROORZV��6HFWLRQ���SURYLGHV�D�EULHI�GHVFULSWLRQ�RI�KLHUDU�

FKLFDO� PXOWL�DWWULEXWH� PRGHOV�� 6HFWLRQ� �� LQWURGXFHV� D� UHDO�OLIH� GHFLVLRQ� SUREOHP� RI�

KRXVLQJ�ORDQ�DOORFDWLRQ��ZKLFK�LV�XVHG�DV�D�ZRUNLQJ�H[DPSOH��7KH�PHWKRGV�'(;�DQG�

+,17�DUH�SUHVHQWHG�LQ�VHFWLRQV���DQG����UHVSHFWLYHO\��7KHLU�LQWHJUDWLRQ�LV�SURSRVHG�LQ�

VHFWLRQ����7KH�SDSHU�LV�FRQFOXGHG�E\�GLUHFWLRQV�IRU�IXUWKHU�ZRUN�DQG�D�VXPPDU\��

�� +LHUDUFKLFDO�0XOWL�$WWULEXWH�'HFLVLRQ�0RGHOV�

+LHUDUFKLFDO�PXOWL�DWWULEXWH�PRGHOV�DUH�ZLGHO\�XVHG�LQ�GHFLVLRQ�DQDO\VLV�>����@�IRU�

WKH� FODVVLILFDWLRQ� RU� HYDOXDWLRQ� RI� RSWLRQV� WKDW� DUH� GHILQHG� LQ� DWWULEXWH�YDOXH� VSDFH��

7KH\�UHSUHVHQW�D�GHFRPSRVLWLRQ�RI�D�FRPSOH[�GHFLVLRQ�SUREOHP�LQWR�VPDOOHU�DQG�OHVV�

FRPSOH[�VXESUREOHPV��,Q�JHQHUDO��WKH\�FRQVLVW�RI�DWWULEXWHV�; � �DQG�XWLOLW\�IXQFWLRQV�) � �

�)LJ������$WWULEXWHV�DUH�YDULDEOHV�WKDW�UHSUHVHQW�GHFLVLRQ�VXESUREOHPV��7KH\�DUH�RUJDQ�

L]HG�KLHUDUFKLFDOO\� VR� WKDW� WKH� DWWULEXWHV� WKDW�RFFXU�RQ�KLJKHU� OHYHOV�RI� WKH�KLHUDUFK\�

GHSHQG�RQ�ORZHU�OHYHO�RQHV��:H�GLVWLQJXLVK�EHWZHHQ�EDVLF�DWWULEXWHV��WHUPLQDO�QRGHV��

DQG�DJJUHJDWH�DWWULEXWHV��LQWHUQDO�QRGHV���9DULDEOHV�DUH�FRQQHFWHG�E\�XWLOLW\�IXQFWLRQV�

WKDW�DJJUHJDWH�SDUWLDO�VXESUREOHPV�LQWR�WKH�RYHUDOO�HYDOXDWLRQ�RU�FODVVLILFDWLRQ��

&RPPRQ�PXOWL�DWWULEXWH�GHFLVLRQ�PHWKRGV��VXFK�DV�$+3�>��@��GHDO�ZLWK�TXDQWLWD�

WLYH�GHFLVLRQ�PRGHOV��7KHVH�DUH�FKDUDFWHUL]HG�E\�FRQWLQXRXV�DWWULEXWHV�DQG�XWLOLW\�IXQF�
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WLRQV�WKDW�DUH�W\SLFDOO\�GHILQHG�LQ�WHUPV�RI�DWWULEXWHV
�ZHLJKWV��,Q�FRQWUDVW��WKH�V\VWHPV�

'(;�DQG�+,17��ZKLFK�DUH�GHVFULEHG� ODWHU� LQ�VHFWLRQV���DQG����GHDO�ZLWK�TXDOLWDWLYH�

models. These are aimed at “soft” decision problems, i.e., less structured and less 
IRUPDOL]HG�SUREOHPV�WKDW� LQYROYH�H[SHUW� MXGJPHQW��4XDOLWDWLYH�PRGHOV�DUH�FKDUDFWHU�

L]HG�E\�GLVFUHWH�DWWULEXWHV�DQG�XWLOLW\�IXQFWLRQV�WKDW�DUH�UHSUHVHQWHG�E\�GHFLVLRQ�UXOHV�

�VHH�VHFWLRQ���IRU�H[DPSOHV���

�
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)LJ�����&RPSRQHQWV�RI�D�PXOWL�DWWULEXWH�PRGHO�

7KH�H[SORLWDWLRQ�RI�PRGHOV�VWDUWV�E\�UHSUHVHQWLQJ�GHFLVLRQ�RSWLRQV��DOWHUQDWLYHV��E\�

WKH�YDOXHV�RI�EDVLF� DWWULEXWHV�� HDFK�RSWLRQ�$� LV� UHSUHVHQWHG�E\�D�YHFWRU�RI�YDOXHV�D � ��

2SWLRQV�DUH�WKHQ�HYDOXDWHG�E\�D�ERWWRP�XS�DJJUHJDWLRQ��VR�WKDW�WKH�RYHUDOO�HYDOXDWLRQ�

��XWLOLW\���RI�HDFK�RSWLRQ�LV�DVVLJQHG�WR�WKH�URRW�DWWULEXWH��<�LQ�)LJ������7KHVH�YDOXHV�DUH�

XVHG�WR�FRPSDUH�DQG�UDQN�RSWLRQV��DQG�HYHQWXDOO\�WR�VHOHFW�WKH�EHVW�RQH���

�� $�5HDO�:RUOG�&DVH��+RXVLQJ�/RDQ�$OORFDWLRQ�

$V�D�ZRUNLQJ�H[DPSOH�WKURXJKRXW�WKLV�SDSHU�ZH�XVH�D�GHFLVLRQ�PRGHO�DQG�GDWD�IURP�D�

UHDO�ZRUOG�PDQDJHPHQW�GHFLVLRQ�VXSSRUW�V\VWHP�IRU�DOORFDWLQJ�KRXVLQJ�ORDQV�>�@��7KLV�

V\VWHP�ZDV�GHYHORSHG� IRU� WKH�+RXVLQJ�)XQG�RI� WKH�5HSXEOLF�RI�6ORYHQLD�DQG�UHSUH�

VHQWV�RQH�RI�WKH�ODUJHVW�DQG�PRVW�LPSRUWDQW�DSSOLFDWLRQV�RI�'(;��7KH�)XQG�GLVWULEXWHV�

ILQDQFLDO� UHVRXUFHV� WR�FLWL]HQV� LQ� IORDWV�RI� ORDQV�� ,Q�HDFK�IORDW�� WKH� WDVN� LV� WR�DOORFDWH�

DYDLODEOH� IXQGV� WR� DSSOLFDQWV�� 6LQFH� ������ WKH� V\VWHP�KDV� EHHQ� XVHG� LQ� ��� IORDWV� RI�

ORDQV��DOORFDWLQJ�WKH�DPRXQW�WKDW�FRUUHVSRQGV�WR�����PLOOLRQ�¼��7KLV�LV�DV�PXFK�DV�WZR�

WKLUGV�RI�DOO�KRXVLQJ�ORDQV�DSSURYHG�LQ�6ORYHQLD�LQ�WKDW�SHULRG��

,Q� HDFK� IORDW�� WKHUH� DUH� W\SLFDOO\� VHYHUDO� WKRXVDQGV�RI�DSSOLFDQWV�ZKRVH� UHTXHVWHG�

DPRXQW� H[FHHGV� WKH� DYDLODEOH� ILQDQFLDO� UHVRXUFHV��7KHUHIRUH�� WKH� DSSOLFDQWV�PXVW� EH�

UDQNHG� LQWR� D� SULRULW\� RUGHU� IRU� WKH� GLVWULEXWLRQ� RI� UHVRXUFHV� LQ� DFFRUGDQFH�ZLWK� WKH�
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FULWHULD� SUHVFULEHG� LQ� WKH� WHQGHU�� (DFK� DSSOLFDQW� LV� UDQNHG� LQWR� RQH� RI� ILYH� SULRULW\�

FODVVHV��7KH�FULWHULD�YDU\�IURP�WHQGHU�WR�WHQGHU��EXW�W\SLFDOO\�LQFOXGH��

��� DSSOLFDQW
V�KRXVLQJ�FRQGLWLRQV�LQ�WHUPV�RI�WKH�RZQHUVKLS�DQG�VXLWDELOLW\�RI�SUHVHQW�

KRXVLQJ��WKH�ZD\�RI�VROYLQJ�WKHLU�SUREOHP��DQG�WKH�VWDJH�RI�VROYLQJ��

��� DSSOLFDQW
V�VWDWXV�LQ�WHUPV�RI�HDUQLQJV��HPSOR\PHQW�DQG�WKH�QXPEHU�RI�FKLOGUHQ��

��� VRFLDO�DQG�KHDOWK�FRQGLWLRQV��

,Q�WKH�V\VWHP��WKH�HYDOXDWLRQ�RI�ORDQ�SULRULW\�LV�FDUULHG�RXW�E\�D�TXDOLWDWLYH�KLHUDU�

FKLFDO� PXOWL�DWWULEXWH� PRGHO� ZKRVH� VWUXFWXUH� UHIOHFWV� WKH� DERYH� FULWHULD� �)LJ������ ,Q�

WRWDO��WKHUH�DUH����EDVLF�DQG���DJJUHJDWH�DWWULEXWHV��7KH�PRGHO�ZDV�GHYHORSHG�FROODER�

UDWLYHO\�E\�H[SHUWV�DQG�GHFLVLRQ�DQDO\VWV�XVLQJ�'(;��

��������� 	�
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)LJ�����0RGHO�VWUXFWXUH�IRU�KRXVLQJ�ORDQ�DOORFDWLRQ�

7DEOH����'HFLVLRQ�UXOHV�IRU�WKH�DWWULEXWH�6RF�+HDOWK�

+HDOWK� 6RFLDO� 6RF�+HDOWK�

����QRUPDO� ����QRUPDO� ����QRUPDO�

����QRUPDO� ����SULRULW\� ����SULRULW\�

����QRUPDO� ����KLJKBSULRULW\� ����KLJKBSULRULW\�

����SULRULW\� ����QRUPDO� ����KLJKBSULRULW\�

����SULRULW\� ����SULRULW\� ����KLJKBSULRULW\�

����SULRULW\� ����KLJKBSULRULW\� ����KLJKBSULRULW\�

7KH�PRGHO� LV�TXDOLWDWLYH�� VR� DOO� WKH�DWWULEXWHV�DUH�QRPLQDO�� WKHLU�YDOXHV�DUH�ZRUGV�

WKDW� W\SLFDOO\� H[SUHVV� VRPH� OHYHO� RI� SULRULW\�� )RU� H[DPSOH�� WKHUH� DUH� WKUHH� SULRULW\�

OHYHOV�IRU�6RFLDO������QRUPDO������SULRULW\��DQG�����KLJKBSULRULW\��7KH�VSHFLILF�YDOXH�IRU�

HDFK�DSSOLFDQW�LV�GHWHUPLQHG�IURP�KLV�RU�KHU�)DPLO\�6WDWXV�DQG�$JH��ZKHUH�WKH�KLJKHVW�

SULRULW\� LV� W\SLFDOO\� JUDQWHG� IRU� \RXQJ� IDPLOLHV�� 7KH� SULRULW\� RI�6RFLDO� LV� WKHQ� FRP�

ELQHG�ZLWK�+HDOWK��ZKLFK�FDQ�EH�HLWKHU�����QRUPDO�RU�����SULRULW\��IRU�GLVDEOHG�SHRSOH���

7KH�DJJUHJDWLRQ�RI�6RF�+HDOWK�LV�WKHQ�GHILQHG�E\�GHFLVLRQ�UXOHV�VKRZQ�LQ�7DEOH����

�� '6�0HWKRG��'(;�

7KH�+RXVLQJ�)XQG
V�PRGHO�ZDV�GHYHORSHG�XVLQJ�'(;�>�@��D�FRPSXWHU�SURJUDP�WKDW�

facilitates the “DS way” of model development in collaboration between deciVLRQ�
H[SHUWV�DQG�DQDO\VWV��7KH�GHYHORSPHQW�LV�EDVHG�H[FOXVLYHO\�RQ�H[SHUWV
�NQRZOHGJH�DQG�
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DQDO\VWV
� DGYLFH�� '(;� VXSSRUWV� WKH� IROORZLQJ� IXQFWLRQV�� ZKLFK� DOVR� URXJKO\� FRUUH�

VSRQG�WR�WKH�PDLQ�VWDJHV�RI�GHFLVLRQ�PRGHO�GHYHORSPHQW�DQG�H[SORLWDWLRQ��

���$FTXLVLWLRQ�RI�DWWULEXWHV�DQG�WKHLU�KLHUDUFK\��

���$FTXLVLWLRQ�DQG�FRQVLVWHQF\�FKHFNLQJ�RI�GHFLVLRQ�UXOHV��

���'HVFULSWLRQ��HYDOXDWLRQ�DQG�DQDO\VLV�RI�RSWLRQV��

���([SODQDWLRQ�RI�HYDOXDWLRQ�UHVXOWV��

'XULQJ� WKH� ODVW� GHFDGH��'(;�ZDV�XVHG� LQ�PRUH� WKDQ� ILIW\� UHDO�OLIH�GHFLVLRQ�SURE�

OHPV�>��@��5HFHQWO\�� WKHUH�ZHUH�DSSOLFDWLRQV� LQ�KHDOWK�FDUH�>�@��HGXFDWLRQ�>�@��DQG�LQ�

LQGXVWU\� >�@� IRU� GHFLVLRQ� SUREOHPV� UHODWHG� WR� ODQG�XVH� SODQQLQJ�� HFRORJ\�� DQG� WKH�

HYDOXDWLRQ�RI�HQWHUSULVHV��SURGXFWV��SURMHFWV�DQG�LQYHVWPHQWV��

�� '0�0HWKRG��+,17�

+,17� LV� D� GDWD�PLQLQJ� PHWKRG� WKDW� GHYHORSV� KLHUDUFKLFDO� PXOWL�DWWULEXWH� GHFLVLRQ�

PRGHOV�XVLQJ�GHFLVLRQ�H[DPSOHV�WKDW�PD\�EH�WDNHQ�HLWKHU�IURP�DQ�H[LVWLQJ�GDWDEDVH�RI�

SDVW� GHFLVLRQV�� RU� SURYLGHG� H[SOLFLWO\� E\� WKH� GHFLVLRQ�PDNHU�� (DFK� H[DPSOH� LV� GH�

VFULEHG�E\�D�VHW�RI�DWWULEXWHV�DQG�LWV�XWLOLW\��7KH�PHWKRG�LV�UHVWULFWHG�WR�GHFLVLRQ�SURE�

OHPV�ZLWK�QRPLQDO�DWWULEXWHV�DQG�XWLOLW\��*LYHQ�DQ�LQLWLDO�VHW�RI�H[DPSOHV��WKH�PHWKRG�

GHYHORSV�D�FRUUHVSRQGLQJ�PRGHO�LQ�WHUPV�RI�D�KLHUDUFK\�RI�DWWULEXWHV�DQG�WKHLU�GHILQL�

WLRQV�� 7KH� GHYHORSPHQW� SURFHHGV� HLWKHU� ZLWK� RU� ZLWKRXW� KXPDQ� LQWHUDFWLRQ�� 7KH�

PHWKRG�LV�GHVFULEHG�LQ�GHWDLO�LQ�>��@��DQG�DQ�H[WHQVLRQ�RI�+,17�WKDW�GHDOV�ZLWK�QRLV\�

GDWD�LV�SUHVHQWHG�LQ�>��@��

7DEOH����6HW�RI�H[DPSOHV�WKDW�SDUWLDOO\�GHVFULEHV�WKH�IXQFWLRQ�\ )�[ � �[ � �[ � ���

[ � � [ � � [ � � \�

OR� OR� OR� OR�

OR� OR� KL� OR�

OR� PHG� OR� OR�

OR� PHG� KL� PHG�

OR� KL� OR� OR�

OR� KL� KL� KL�

PHG� PHG� OR� PHG�

PHG� KL� OR� PHG�

PHG� KL� KL� KL�

KL� OR� OR� KL�

KL� KL� OR� KL�

�

+,17�LV�EDVHG�RQ�IXQFWLRQ�GHFRPSRVLWLRQ�>����@��/HW�XV�GHVFULEH�WKH�EDVLF�SULQFL�

SOHV�RI�RSHUDWLRQ�XVLQJ�7DEOH����,W�UHSUHVHQWV�D�VHW�RI�H[DPSOHV�WKDW�SDUWLDOO\�GHVFULEH�

WKH� XWLOLW\� IXQFWLRQ� \ )�[ � �[ � �[ � ��� )URP� WKH� YLHZSRLQW� RI� KLHUDUFKLFDO�PRGHOLQJ�� WKLV�

situation corresponds to a “flat” multi�DWWULEXWH� PRGHO� FRQVLVWLQJ� RI� WKH� URRW� \� DQG�
EDVLF�DWWULEXWHV�[ � ��[ � ��DQG�[ � ��7KH�JRDO�LV�WR�ILQG�D�EHWWHU�KLHUDUFKLFDO�PRGHO�LQ�WHUPV�RI�

VWUXFWXUH�DQG�WKH�FRPSOH[LW\�RI�XWLOLW\�IXQFWLRQV��+,17�GRHV�WKLV�E\�WU\LQJ�WR�GHFRP�

SRVH�)�LQWR�IRUPV�VXFK�DV�\ *�[ � �+�[ � �[ � �����ZKHUH�*�DQG�+�DUH�QHZ�XWLOLW\�IXQFWLRQV��
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7KH�GHFRPSRVLWLRQ�\ *�[ � �+�[ � �[ � ���FDQ�EH�UHIRUPXODWHG�E\�LQWURGXFLQJ�D�QHZ�DW�

WULEXWH�F�VR�WKDW�\ *�[ � �F��DQG�F +�[ � �[ � ���7KLV�UHSUHVHQWV�D�WZR�OHYHO�KLHUDUFK\�FRQ�

WDLQLQJ�F�WKDW�GHSHQGV�RQ�[ � �DQG�[ � ��7KLV�LQGLFDWHV�WKDW�+,17�LV�LQ�IDFW�D�FRQFHSW�OHDUQ�

LQJ�PHWKRG�WKDW�LQduces a new variable (“concept”) in each decomposition step. �
)RU�WKH�GDWD�IURP�7DEOH����DOO�WKUHH�SRVVLEOH�QRQ�WULYLDO�GHFRPSRVLWLRQV�DUH�VKRZQ�

LQ�)LJ�����7KH�QHZ�WDEOHV�DUH�VPDOOHU�WKDQ�WKH�LQLWLDO�RQH��7KH�OHIWPRVW�GHFRPSRVLWLRQ�

LV� WKH� VPDOOHVW� DQG� WKH� HDVLHVW� WR� LQWHUSUHW�� F� FRUUHVSRQGV� WR� PLQ�[ � �[ � �� DQG� \� WR�

PD[�[ � �F���7KXV��WKLV�GHFRPSRVLWLRQ�LV�SUHIHUUHG�RYHU�WKH�RWKHU�WZR��
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)LJ�����7KUHH�GLIIHUHQW�GHFRPSRVLWLRQV�RI�7DEOH���

+,17� UHSHDWV� VXFK� GHFRPSRVLWLRQ� VWHSV� UHFXUVLYHO\� RQ�*� DQG�+�� DV� ORQJ� DV� WKH�

FRPSOH[LW\�RI�WKH�UHVXOWLQJ�PRGHO�GHFUHDVHV��,Q�JHQHUDO��WKH�ILQDO�UHVXOW�LV�D�KLHUDUFK\�

FRQVLVWLQJ� RI� WKH� URRW� \�� EDVLF� DWWULEXWHV� [ � � �WHUPLQDO� QRGHV�� DQG� QHZO\� FRQVWUXFWHG�

FRQFHSWV�F � ��LQWHUQDO�QRGHV���)RU�HDFK�FRQFHSW��+,17�GHYHORSV�D�FRUUHVSRQGLQJ�XWLOLW\�

IXQFWLRQ�DQG�UHSUHVHQWV�LW�E\�VHWV�RI�H[DPSOHV��7KH�UHSUHVHQWDWLRQ�GHYHORSHG�E\�+,17�

LV�WKHUHIRUH�H[DFWO\�WKH�VDPH�DV�LQ�'(;��

7KH� GHFRPSRVLWLRQ� DOJRULWKP� LWVHOI� LV� VRPHZKDW� FRPSOH[�� ,Q� WKHRU\�� RSWLPDO� GH�

FRPSRVLWLRQ� LV� D� GLIILFXOW� FRPELQDWRULDO� SUREOHP� WKDW� FRQVLVWV� RI� VHYHUDO� 13�KDUG�

VWHSV��)RU�SUDFWLFH��+,17�LPSOHPHQWV�D�QXPEHU�RI�VKRUWFXWV�DQG�KHXULVWLFV��,QVWHDG�RI�

VHDUFKLQJ�IRU�DOO�SRVVLEOH�GHFRPSRVLWLRQV��LW�ORRNV�RQO\�IRU�WKH�IXQFWLRQV�+�WKDW�KDYH�D�

VPDOO�QXPEHU�RI�DUJXPHQWV��W\SLFDOO\�RQO\�WZR�RU�WKUHH��7KH�DFWXDO�GHFRPSRVLWLRQ�RI�

)�LQWR�*�DQG�+�LV�FDUULHG�RXW�E\�D�KHXULVWLF�DOJRULWKP�WKDW�LV�EDVHG�RQ�JUDSK�FRORULQJ��

ZKLFK� LV� IDVW� EXW� VXE�RSWLPDO�� 7KH� FRPSOH[LW\� RI� GHFRPSRVLWLRQ� LV� DVVHVVHG� E\� WKH�

QXPEHU�RI�YDOXHV�WKDW�DUH�QHHGHG�IRU�WKH�QHZ�FRQFHSW�F��)RU�IXUWKHU�GHWDLOV��VHH�>��@��

+,17�ZDV�ILUVW� LPSOHPHQWHG� LQ�&�IRU�VHYHUDO�81,;�SODWIRUPV��LQFOXGLQJ�+3�8;��

6*,�,ULV��DQG�6XQ26��5HFHQWO\��+,17�EHFDPH�D�FRPSRQHQW�RI�D�GDWD�PLQLQJ�IUDPH�

ZRUN�FDOOHG�2UDQJH� >��@��ZKLFK�XVHV�3\WKRQ� IRU� D� VFULSWLQJ� ODQJXDJH�DQG� IDFLOLWDWHV�

H[WHQVLYH�H[SHULPHQWDWLRQ�DQG�VWXGLHV�RI�GLIIHUHQW�IXQFWLRQ�GHFRPSRVLWLRQ�VFHQDULRV��
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�� ,QWHJUDWLQJ�'0�DQG�'6�

,Q�WKLV�VHFWLRQ�ZH�VKRZ�KRZ�'(;�DQG�+,17��WKH�WZR�UHSUHVHQWDWLYHV�RI�'6�DQG�'0�

PHWKRGV�� FDQ� EH� FRPELQHG� LQ� D� QXPEHU� RI� LQWHUHVWLQJ� ZD\V��:H� WDNH� WKH� +RXVLQJ�

)XQG
V� GHFLVLRQ� PRGHO� DQG� GDWD�� DQG� GHPRQVWUDWH� VL[� PRGHO� GHYHORSPHQW� PRGHV��

'(;�RQO\��+,17�RQO\��VXSHUYLVHG��VHULDO��SDUDOOHO��DQG�FRPELQHG��

���� '(;�2QO\�0RGH�

,Q� UHDOLW\�� WKH� +RXVLQJ� )XQG
V� ORDQ� DOORFDWLRQ� PRGHO� ZDV� GHYHORSHG� E\� D� JURXS� RI�

H[SHUWV� XVLQJ� '(;� RQO\�� 7KH� GHYHORSPHQW� VWDUWHG� LQ� ������ ZKHQ� WKH� )XQG� ZDV�

IRXQGHG��DQG�QR�GDWD�IRU�PLQLQJ�ZDV�DYDLODEOH�DW� WKDW� WLPH��7KH�PRGHO�ZDV�ILUVW�DS�

SOLHG�LQ�������DQG�WKHQ�JUDGXDOO\�DGDSWHG�IRU�VXEVHTXHQW�IORDWV�RI�ORDQV�>�@��

+,17�EHFDPH�RSHUDWLRQDO� ODWHU�� VR� LW� FRXOG�QRW�DFWXDOO\�FRQWULEXWH� WR� WKH�SURMHFW��

6LQFH�WKHQ��KRZHYHU��WKH�)XQG�KDV�FROOHFWHG�D�FRQVLGHUDEOH�DPRXQW�RI�GDWD�DERXW�ORDQ�

DOORFDWLRQ�� ZKLFK� ZH� XVH� WR� H[SHULPHQWDOO\� DVVHVV� WKH� K\SRWKHWLFDO� FRQWULEXWLRQ� RI�

+,17�KDG�LW�EHHQ�DYDLODEOH�HDUOLHU��7KLV�VWXG\�LV�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV��

���� +,17�2QO\�0RGH�

)RU� WKH� H[SHULPHQWDO� HYDOXDWLRQ� RI�+,17��ZH� WRRN� DSSOLFDQWV
� GDWD� IURP�RQH� RI� WKH�

IORDWV� FDUULHG�RXW� LQ�������7KHUH�ZHUH������DSSOLFDQWV� LQ� WKDW� IORDW��(DFK�GDWD� LWHP�

FRQWDLQHG����WZR�WR�ILYH�YDOXHG�EDVLF�DWWULEXWHV��'XH�WR�WKH�GLVFUHWHQHVV�RI�DWWULEXWHV��

WKH������UHFRUGV�SURYLGHG�����XQLTXH�H[DPSOHV��FRYHULQJ�������RI�DWWULEXWH�VSDFH��

7KH�ILUVW�JRDO�ZDV�WR�UHFRQVWUXFW�WKH�RULJLQDO�GHFLVLRQ�PRGHO�XVLQJ�RQO\�WKH�DYDLO�

able applicants’ data, supplemented by the already known loan priority. For this puU�
SRVH��HDFK�H[DPSOH�ZDV�FODVVLILHG�E\�WKH�RULJLQDO�HYDOXDWLRQ�PRGHO�DQG�WKH�UHVXOWLQJ�

XQVWUXFWXUHG�GDWDEDVH�ZDV�VXEPLWWHG�WR�WKH�GHFRPSRVLWLRQ�PHWKRG��+,17�ZDV�XVHG�LQ�

WKH�VR�FDOOHG�XQVXSHUYLVHG�PRGH��ZKLFK�SURFHHGV�ZLWKRXW�KXPDQ�LQWHUYHQWLRQ���
��������� 	�
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)LJ�����0RGHO�VWUXFWXUH�GHYHORSHG�LQ�+,17�RQO\�PRGH�

+,17� GHYHORSHG� WKH�PRGHO�ZKRVH� VWUXFWXUH� LV� VKRZQ� LQ�)LJ�� ���7KH� FRPSDULVRQ�

ZLWK�WKH�RULJLQDO�PRGHO��)LJ�����UHYHDOV�WKHUH�DUH�WZR�PLVVLQJ�DWWULEXWHV��&XOW�+LVW�DQG�

)LQ�6RXUFHV��7KLV�LV�EHFDXVH�WKHVH�DWWULEXWHV�DIIHFW�WKH�ORDQ�SULRULW\�RQO\�XQGHU�VRPH�

UDUH� VSHFLDO� FLUFXPVWDQFHV�� )RU� H[DPSOH��&XOW�+LVW� DSSOLHV� RQO\� WR� KRXVHV� WKDW� DUH�

GHFODUHG�D�FXOWXUDO�RU�KLVWRULFDO�PRQXPHQW��7KHUH�ZHUH�QR�VXFK�FDVHV�LQ�WKH�GDWDEDVH��
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)XUWKHU�FRPSDULVRQ�UHYHDOV�WKDW�LQ�VRPH�SDUWV�WKH�PRGHOV�PDWFK�YHU\�ZHOO��7KLV�LV�

HVSHFLDOO\� WUXH� IRU� WKH� FRQFHSWV� F � � DQG� F � �� ZKLFK� FORVHO\� FRUUHVSRQG� WR� WKH� RULJLQDO�

DWWULEXWHV�6WDWXV�DQG�3UHVHQW��UHVSHFWLYHO\��:KHQ�UHYLHZHG�E\�D�GRPDLQ�H[SHUW��VRPH�

RWKHU� SDUWV� ZHUH� IRXQG� OHVV� VDWLVIDFWRU\� DQG� PRUH� GLIILFXOW� WR� LQWHUSUHW�� HVSHFLDOO\�

DURXQG�F � � DQG�F � ��$W� WKLV�SRLQW�� WKH�H[SHUW�FOHDUO\�H[SUHVVHG� WKH�QHHG�IRU�VXSHUYLVHG�

GHFRPSRVLWLRQ��VHFWLRQ�������

:LWK�UHVSHFW�WR�JHQHUDOL]DWLRQ��+,17�SHUIRUPHG�YHU\�ZHOO��,WV�FODVVLILFDWLRQ�DFFX�

UDF\��DVVHVVHG�E\�D����IROG�FURVV�YDOLGDWLRQ��ZDV������±��������%\�WKLV��+,17�RXWSHU�
IRUPHG�&�����D�VWDWH�RI�WKH�DUW�PDFKLQH� OHDUQLQJ�SURJUDP�WKDW� LQGXFHV�GHFLVLRQ� WUHHV�

IURP�H[DPSOHV�>��@��ZKLFK�DFKLHYHG�WKH�DFFXUDF\�RI������±��������

���� 6XSHUYLVHG�0RGH�

&HQWUDO�WR�HDFK�GHFRPSRVLWLRQ�VWHS�LV�WKH�SDUWLWLRQ�RI�DWWULEXWHV�;�WR�$�DQG�%��VR�WKDW�

)�;� *�$�+�%���� ,Q� WKH� XQVXSHUYLVHG� PRGH�� SDUWLWLRQ� VHOHFWLRQ� LV� JXLGHG� E\�+,17�

DVVHVVLQJ� WKH�FRPSOH[LW\�RI�*�DQG�+��,Q�WKH�VXSHUYLVHG�PRGH��WKH�XVHU�LV�DOORZHG�WR�

LQWHUYHQH�E\�VXJJHVWLQJ�WKH�PRVW�VXLWDEOH�SDUWLWLRQ��D�IHZ�EHVW�SDUWLWLRQV�DUH�SUHVHQWHG�

E\�+,17�WR�WKH�XVHU��ZKR�VHOHFWV�RQH�DQG�ODEHOV�WKH�QHZO\�FRQVWUXFWHG�FRQFHSW��

7KH�VXSHUYLVHG�PRGH�HIIHFWLYHO\�FRPELQHV�WKH�'0�DQG�'6�SULQFLSOHV�RI�PRGHO�GH�

YHORSPHQW��7KH�SURFHVV�EDVLFDOO\�SURFHHGV�LQ�WKH�'0�ZD\�IURP�GDWD��EXW�FDQ�EH�FRP�

SOHPHQWHG�ZLWK�H[SHUW
V�NQRZOHGJH�LQ�WKH�'6�VHQVH��

7R�LOOXVWUDWH�WKLV�SURFHVV��OHW�XV�XVH�WKH�VDPH�GDWD�DV�LQ�VHFWLRQ������$IWHU�UHPRYLQJ�

WKH� LUUHOHYDQW� EDVLF� DWWULEXWHV�&XOW�+LVW� DQG�)LQ�6RXUFHV�� WKH� GDWD� VHW� FRQWDLQV� ����

OHDUQLQJ� H[DPSOHV�GHVFULEHG�E\����EDVLF�DWWULEXWHV��HDFK�H[DPSOH�KDV�D�NQRZQ� ORDQ�

DOORFDWLRQ�SULRULW\��+RXVLQJ���7KLV�VLWXDWLRQ�FRUUHVSRQGV�WR�D�IODW�GHFLVLRQ�PRGHO��

7KH�GDWD�VHW�LV�WKHQ�H[DPLQHG�IRU�GHFRPSRVLWLRQ��DOO�SRVVLEOH�SDUWLWLRQV�RI�WKH�WHQ�

LQSXW�DWWULEXWHV�ZLWK�%� FRQWDLQLQJ���RU���DWWULEXWHV�DUH�H[DPLQHG��)URP�WKHVH��+,17�

VHOHFWV� RQO\� WKRVH� LQ� ZKLFK� WKH� QHZO\� FUHDWHG� DWWULEXWH� F� KDV� WKH� ORZHVW� QXPEHU� RI�

GLVFUHWH�YDOXHV�� ,Q�RXU�FDVH�� WKH� ORZHVW�QXPEHU�RI�F’s values was 3, and among 120 
SRVVLEOH�SDUWLWLRQV�WKHUH�ZHUH����VHOHFWHG�DQG�SUHVHQWHG�WR�WKH�H[SHUW��

��� 6XLWDE�$GYDQWDJH�(PSOR\HG�

��� $GYDQWDJH�6WDJH�(PSOR\HG�

��� $GYDQWDJH�(PSOR\HG�+HDOWK�

��� $GYDQWDJH�(PSOR\HG�)DPLO\�

��� (DUQLQJV�(PSOR\HG�&KLOGUHQ�

��� (DUQLQJV�(PSOR\HG�+HDOWK�

��� (DUQLQJV�(PSOR\HG�)DPLO\�

��� (DUQLQJV�&KLOGUHQ�+HDOWK�

��� (PSOR\HG�&KLOGUHQ�+HDOWK�

���(PSOR\HG�+HDOWK�)DPLO\�

���(PSOR\HG�+HDOWK�$JH�

$PRQJ�WKHVH��WKH�H[SHUW�FKRVH�WKH�ILIWK�SDUWLWLRQ�DV�KH�WKRXJKW�LW�FRQVWLWXWHG�DQ�LP�

SRUWDQW�DQG�FRPSUHKHQVLEOH�LQWHUPHGLDWH�FRQFHSW�UHSUHVHQWLQJ�DSSOLFDQWV
�6WDWXV��

7KH�GHFRPSRVLWLRQ�SURFHVV�FRQWLQXHG�LQ�D�VLPLODU�ZD\�UHVXOWLQJ�LQ�WKUHH�PRUH�DJ�

JUHJDWH�DWWULEXWHV��6RFLDO��VRFLDO�DQG�KHDOWK�FRQGLWLRQ�RI�WKH�DSSOLFDQW���3UHVHQW��VXLW�

DELOLW\� RI� DSSOLFDQW
V� SUHVHQW� KRXVLQJ�� DQG�+RXVH� �RYHUDOO� KRXVLQJ� FRQGLWLRQV��� 7KH�

RYHUDOO�PRGHO�VWUXFWXUH�LV�SUHVHQWHG�LQ�)LJ�����$SDUW�IURP�WKH�WZR�H[FOXGHG�DWWULEXWHV��

the resulting structure is very similar to the one actually used in the Fund’s decision 
VXSSRUW� V\VWHP��7KXV��ZKHQ�HYDOXDWHG�E\� WKH�GRPDLQ� H[SHUW�� WKH� UHFRQVWUXFWLRQ�ZDV�

FRQVLGHUHG�VXFFHVVIXO��
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)LJ�����0RGHO�VWUXFWXUH�GHYHORSHG�LQ�VXSHUYLVHG�PRGH�

7KH� FODVVLILFDWLRQ� DFFXUDF\� RI� WKH� REWDLQHG�PRGHO� LV� YHU\� KLJK�� �����±� ������� ,Q�
FRPSDULVRQ� ZLWK� WKH� XQVXSHUYLVHG� GHFRPSRVLWLRQ�� WKLV� LV� DERXW� ���� EHWWHU�� VR� WKH�

PRGHO�GHYHORSHG�LQ�WKH�VXSHUYLVHG�PRGH�LV�VXSHULRU��,Q�RWKHU�ZRUGV��WKH�PRGHO�GHYHO�

RSHG�E\�D�FRPELQDWLRQ�RI�'0�DQG�'6�WHFKQLTXHV�ZDV�FOHDUO\�EHWWHU�WKDQ�WKH�RQH�GH�

YHORSHG�E\�'0�DORQH��

���� 6HULDO�0RGH�

6HULDO�PRGH� RI� FRPELQLQJ�'0� DQG�'6� RFFXUV�ZKHQ�+,17� DQG�'(;� DUH� XVHG� RQH�

DIWHU� DQRWKHU� FRQWULEXWLQJ� WR� D� VLQJOH�PRGHO�� )LUVW�� DQ� LQLWLDO�PRGHO� LV� GHYHORSHG� E\�

+,17�IURP�GDWD��DQG�WKHQ�PRGLILHG�E\�WKH�H[SHUW�XVLQJ�'(;��7KLV�LV�SRVVLEOH�EHFDXVH�

WKH� WZR� V\VWHPV�XVH� H[DFWO\� WKH� VDPH�PRGHO� UHSUHVHQWDWLRQ��2QFH�D�PRGHO�KDV�EHHQ�

GHYHORSHG�E\�+,17��LW�LV�DOUHDG\�UHSUHVHQWHG�LQ�WKH�IRUP�VXLWDEOH�IRU�'(;��

)RU�H[DPSOH�� UHFDOO� WKDW� WZR�EDVLF�DWWULEXWHV��&XOW�+LVW�DQG�)LQ�6RXUFHV��ZHUH�H[�

FOXGHG� IURP� WKH�PRGHOV�GHYHORSHG�E\�+,17��7KHVH� DWWULEXWHV�ZHUH�QRW� WUXO\� UHGXQ�

GDQW��WKH\�ZHUH�HOLPLQDWHG�EHFDXVH�WKH\�FRUUHVSRQGHG�WR�VRPH�UDUH�FDVHV�WKDW�KDG�QRW�

RFFXUUHG� LQ� WKH�GDWD�VHW�� ,Q�RUGHU� WR�UHLQWURGXFH� WKHP�LQWR� WKH�PRGHO�� WKH�H[SHUW�FDQ�

WDNH�D�PRGHO�GHYHORSHG�E\�+,17��HLWKHU�LQ�VXSHUYLVHG�RU�XQVXSHUYLVHG�PRGH���ORDG�LW�

LQWR�'(;��PDQXDOO\�DGG�WKH�WZR�DWWULEXWHV���DQG�HGLW�WKH�FRUUHVSRQGLQJ�GHFLVLRQ�UXOHV��

���� 3DUDOOHO�0RGH�

3DUDOOHO�PRGH�UHIHUV�WR�WKH�FDVH�ZKHQ�'0�DQG�'6�DUH�XVHG�LQGHSHQGHQWO\�WR�PDNH�WZR�

RU�PRUH�GLIIHUHQW�PRGHOV��HLWKHU�IURP�GDWD�E\�+,17��RU�IURP�H[SHUWLVH�E\�'(;��7KH�

UHVXOW� LV� D�PXOWLWXGH�RI�PRGHOV��ZKLFK�FDQ�EH�FRPSDUHG�ZLWK�HDFK�RWKHU� LQ� WHUPV�RI�

XVHG�DWWULEXWHV�� WKHLU�VWUXFWXUH�DQG�LQWHU�UHODWLRQV��RU�FODVVLILFDWLRQ�DFFXUDF\�� ,Q�DGGL�

tion to a better insight into the problem, such models can be used to provide “second 
RSLQion”, which can be either confirmaWLYH�ZKHQ�WKH�HYDOXDWLRQV�DJUHH��RU�FDQ�UDLVH�D�
ZDUQLQJ�LQ�WKH�FDVH�RI�GLVDJUHHPHQW��

/RRNLQJ�EDFN�DORQJ�WKLV�SDSHU��LW�LV�HDV\�WR�VHH�WKDW�ZH�DFWXDOO\�GLG�XVH�WKH�SDUDOOHO�

PRGH��ZH�GHYHORSHG�D�PRGHO�E\�'(;��)LJ�����DQG�WZR�PRGHOV�E\�+,17��)LJV����DQG�

����,Q�VHFWLRQV�����DQG������ZH�FRPSDUHG�WKHP�LQ�WHUPV�RI�WKHLU�VWUXFWXUH��FRPSUHKHQ�

VLELOLW\��DQG�FODVVLILFDWLRQ�DFFXUDF\��

���� &RPELQHG�0RGH�

&RPELQHG�PRGH�LV�WKH�PRVW�JHQHUDO�DQG�VXEVXPHV�VRPH�RI�WKH�RWKHUV��7KH�LGHD�LV�WR�

GHYHORS�D� VLQJOH�PRGHO�XVLQJ�VXE�PRGHOV� �VXEWUHHV��SRVVLEO\�GHYHORSHG�E\�GLIIHUHQW�
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PHWKRGV� DQG� IURP�GLIIHUHQW� VRXUFHV��6R��RQH�RU�PRUH� VXEWUHHV� FDQ�EH�GHYHORSHG�E\�

+,17�� VRPH�RWKHUV�E\�'(;�� DQG�DOO�FRPELQHG� WRJHWKHU� LQWR�D� VLQJOH�PRGHO��1RWLFH�

WKDW�PXOWL�DWWULEXWH�PRGHOV�DUH�SDUWLFXODUO\�VXLWDEOH�IRU�WKLV�NLQG�RI�GHYHORSPHQW�GXH�WR�

WKHLU�KLHUDUFKLFDO�VWUXFWXUH�DQG�LQKHUHQW�IOH[LELOLW\���

)RU�D�K\SRWKHWLFDO�H[DPSOH��FRQVLGHU�WKH�PRGHO�IURP�)LJ�����ZKLFK�ZDV�RULJLQDOO\�

LQ� LWV�HQWLUHW\�GHYHORSHG�E\�'(;��7KH�PRGHO�FRQWDLQV�WKUHH�VXEWUHHV��+RXVH��6WDWXV��

DQG�6RF�+HDOWK��+DG�WKH�DSSURSULDWH�GDWD�DERXW�HDUQLQJV��HPSOR\PHQW��DQG�VRFLDO�DQG�

KHDOWK� VWDWXV� RI� FLWL]HQV� EHHQ� DYDLODEOH� SULRU� WR� WKDW�� WKH� VXEWUHHV� 6WDWXV� DQG� 6RF�

+HDOWK�FRXOG�KDYH�EHHQ�REWDLQHG�E\�+,17��SRVVLEO\�IURP�WZR�RU�PRUH�GLIIHUHQW�GDWD�

VHWV��7KH�WKLUG�VXEWUHH��+RXVH��FRXOG�KDYH�EHHQ�GHYHORSHG�E\��VD\��D�UHDO�HVWDWH�H[SHUW��

$IWHU�REWDLQLQJ�WKHVH�FRPSRQHQWV��WKH\�FRXOG�KDYH�EHHQ�PDQXDOO\��JOXHG��WRJHWKHU�E\�

LQWURGXFLQJ� D� QHZ� URRW� DWWULEXWH� +RXVLQJ� DQG� GHILQLQJ� WKH� FRUUHVSRQGLQJ� GHFLVLRQ�

UXOHV��

�� )XUWKHU�:RUN�

7KH�ORDQ�DOORFDWLRQ�PRGHO�SUHVHQWHG�LQ�WKLV�SDSHU�ZDV�RULJLQDOO\�GHYHORSHG�RQO\�E\�D�

'6�PHWKRG��WKH�LQWHJUDWLRQ�RI�'0�DQG�'6�IRU�WKH�VDPH�SUREOHP�ZDV�UHYLVLWHG�DIWHU�

ZDUGV� LQ� D� VRPHZKDW� K\SRWKHWLFDO� VHWWLQJ�� 2EYLRXVO\�� WKH� DSSURDFK� QHHGV� IXUWKHU�

HYDOXDWLRQ�LQ�UHDO�OLIH�VHWWLQJV�VR�DV�WR�FRPELQH�'0�DQG�'6�ULJKW�IURP�WKH�EHJLQQLQJ��

$SDUW�IURP�PXOWL�DWWULEXWH�PRGHOV��DUH�WKHUH�DQ\�RWKHU�W\SHV�RI�PRGHOV�VXLWDEOH�IRU�

WKH�SURSRVHG�SULQFLSOH�RI�'0�RU�'6�LQWHJUDWLRQ"�7KH�DSSURDFK�UHTXLUHV�WKDW�����WKHUH�

H[LVW� ERWK�'0�DQG�'6�PHWKRGV�RI�PRGHO�GHYHORSPHQW� WKDW� ����XVH� WKH�VDPH�PRGHO�

UHSUHVHQWDWLRQ�� 3UREDEO\� PRVW� SURPLVLQJ� IRU� IXUWKHU� UHVHDUFK� VHHP� UHSUHVHQWDWLRQV�

EDVHG�RQ�SURGXFWLRQ��LI�WKHQ��UXOHV��7KHUH�KDV�EHHQ�D�ORQJ�WUDGLWLRQ�RI�GHYHORSLQJ�VXFK�

UXOHV�PDQXDOO\�IRU�H[SHUW�V\VWHPV�>��@��DQG�WKHUH�H[LVW�PDFKLQH�OHDUQLQJ�PHWKRGV�WKDW�

FDQ� OHDUQ� UXOHV� IURP�GDWD�� LQFOXGLQJ�&���� >��@��6RPH�SRWHQWLDO� SUREOHPV�PD\�RFFXU�

ZLWK� WKH� VXSHUYLVHG�PRGH� RI� RSHUDWLRQ��ZKLFK�PD\� QRW� EH� SRVVLEOH�ZLWK� VRPH� UXOH�

OHDUQLQJ�DOJRULWKPV��DQG�ZLWK�WKH�FRPELQHG�PRGH�VLQFH�SURGXFWLRQ�UXOHV�DUH�LQ�JHQHUDO�

QRW�DV�ZHOO�VWUXFWXUHG�DV�KLHUDUFKLFDO�PRGHOV��

$QRWKHU�LQWHUHVWLQJ�FDQGLGDWH�IRU�IXUWKHU�UHVHDUFK�PD\�EH�GHFLVLRQ�WUHHV��ZKLFK�DUH�

ZLGHO\� XVHG� ERWK� LQ� GHFLVLRQ� DQDO\VLV� �'$�� DQG�PDFKLQH� OHDUQLQJ� �0/��� +RZHYHU��

SUHFDXWLRQ�LV�QHHGHG�EHFDXVH�WKHVH�WZR�GLVFLSOLQHV�XVH�WKH�VDPH�QDPH�IRU�WZR�VRPH�

ZKDW�GLIIHUHQW�FRQFHSWV�� ,Q�0/��D�GHFLVLRQ� WUHH�FRQVLVWV�RI�LQWHUQDO�QRGHV�WKDW�UHSUH�

VHQW� VRPH� EUDQFKLQJ� FULWHULD�� DQG� WHUPLQDO� QRGHV� WKDW� FRUUHVSRQG� WR� WKH� ILQDO�

FODVVLILFDWLRQ�RU�HYDOXDWLRQ��,Q�FRQWUDVW��'$
V�GHFLVLRQ�WUHHV�FRQWDLQ�FKDQFH�DQG�GHFL�

VLRQ�QRGHV��DQG�WKHLU�WHUPLQDO�QRGHV�UHSUHVHQW�XWLOLWLHV��ZKLFK�DUH�DOZD\V�QXPHULF�DQG�

W\SLFDOO\�UHSUHVHQW�VRPH�PRQHWDU\�YDOXH��,Q�VSLWH�RI�WKH�GLIIHUHQFHV��WKHUH�DOUHDG\�H[LVW�

'6�V\VWHPV�WKDW�FDQ�GHDO�ZLWK�ERWK�W\SHV�RI�GHFLVLRQ�WUHHV��IRU�H[DPSOH�'$7$�>��@��D�

FRPSXWHU�SURJUDP�WKDW� IDFLOLWDWHV� WKH�PDQXDO�GHYHORSPHQW�RI�ERWK�'$�DQG�0/�W\SH�

GHFLVLRQ�WUHHV��$�FRUUHVSRQGLQJ�PDFKLQH�OHDUQLQJ�DOJRULWKP�LV�VWLOO�PLVVLQJ��WKRXJK��

)LQDOO\�� WKH� FRQFHSWV� WKDW� DUH�PDQXDOO\� GHYHORSHG� LQ�'(;� FDQ� EH� XVHG� DV� EDFN�

JURXQG�NQRZOHGJH�IRU�VRPH�'0�PHWKRG��,Q�JHQHUDO��'(;�GRHV�QRW�QHHG�WR�EH�FRX�

SOHG�ZLWK�+,17��DV� LW�FDQ�SURYLGH�FRQFHSWV�IRU�RWKHU�W\SHV�RI�OHDUQLQJ�PHWKRGV��)RU�



� ���

�

LQVWDQFH��LQ�>��@�WKH�FRQFHSWV�PDQXDOO\�GHYHORSHG�E\�D�SK\VLFLDQ�DQG�HQFRGHG�LQ�'(;�

ZHUH�XVHG�WR�FRPSOHPHQW�WKH�GDWD�ZKHQ�LQGXFLQJ�D�QDLYH�%D\HVLDQ�SURJQRVWLF�PRGHO��

7KLV�PRGHO�ZDV�VLJQLILFDQWO\�PRUH�DFFXUDWH�WKDQ�WKH�PRGHO�GHYHORSHG�IURP�GDWD�RQO\��

�� &RQFOXVLRQ�

:H�SURSRVHG� DQ� DSSURDFK� WKDW� LQWHJUDWHV�'DWD�0LQLQJ� �'0�� DQG�'HFLVLRQ�6XSSRUW�

�'6��IRU�PRGHO�EDVHG�SUREOHP�VROYLQJ��,Q�JHQHUDO��WKH�DSSURDFK�UHTXLUHV�WR�EH�FDSD�

ble of developing models in both DS and DM ways: “manually” from expertise, and 
“automatically” from data, respectively. It is also important that both types of methods 
GHYHORS�PRGHOV�RI�WKH�FRPPRQ�W\SH�DQG�XVH�WKH�VDPH�UHSUHVHQWDWLRQ��WKLV�IDFLOLWDWHV�D�

PXOWLWXGH�RI�PHWKRG�FRPELQDWLRQV��VXFK�DV�VXSHUYLVHG��SDUDOOHO��DQG�VHULDO��7R�DWWHPSW�

VXFK�D�FRPELQDWLRQ��ERWK�KXPDQ�H[SHUWLVH�DQG�PLQLQJ�GDWD�DERXW�WKH�SUREOHP�PXVW�EH�

DYDLODEOH��

6SHFLILFDOO\��RXU�DSSURDFK�LV�EDVHG�RQ�TXDOLWDWLYH�KLHUDUFKLFDO�PXOWL�DWWULEXWH�GHFL�

VLRQ�PRGHOV�DQG�WZR�PRGHO�GHYHORSPHQW�WRROV��'(;�RQ�WKH�'6�VLGH��DQG�+,17�RQ�WKH�

'0� VLGH�� 8VLQJ� D� UHDO�ZRUOG� H[DPSOH� RI� KRXVLQJ� ORDQ� DOORFDWLRQ��ZH� GHPRQVWUDWHG�

WKDW�WKH�DSSURDFK�ZDV�LQGHHG�SUDFWLFDO�DQG�RIIHUHG�D�QXPEHU�RI�LPSURYHPHQWV�RI�WKH�

PRGHOLQJ�SURFHVV��6RPH�KLJKOLJKWV�LQFOXGH��

���HINT successfully reconstructed the DEX’s model anG�RXWSHUIRUPHG�&����LQ�WHUPV�
RI�FODVVLILFDWLRQ�DFFXUDF\��

���The integration of DM and DS through HINT’s supervised decomposition had a 
SRVLWLYH�HIIHFW�RQ�ERWK�WKH�FODVVLILFDWLRQ�DFFXUDF\�DQG�FRPSUHKHQVLELOLW\��

���7KH� SDUDOOHO�PRGH� RI� RSHUDWLRQ� SURYLGHV� D�PXOWLWXGH� RI�PRGHOV� DQG� HYDOXDWLRQV��

LQFOXGLQJ�D�VR�called “second opinion”.�
���+LHUDUFKLFDO�PXOWL�DWWULEXWH�PRGHOV�DUH�KLJKO\�PRGXODU�DQG�IOH[LEOH��DQG�WKXV�FRQ�

YHQLHQW�IRU�WKH�FRPELQHG�PRGH�RI�RSHUDWLRQ��

5HJDUGLQJ�IXUWKHU�ZRUN��WKLV�DSSURDFK�QHHGV�DGGLWLRQDO�HYDOXDWLRQ�LQ�UHDO�ZRUOG�DSSOL�

FDWLRQV��$OVR�� LW� VHHPV� SURPLVLQJ� IRU� WKH� H[SORUDWLRQ�RI�RWKHU�PRGHOLQJ� IRUPDOLVPV��

HVSHFLDOO\�SURGXFWLRQ�UXOHV�DQG�GHFLVLRQ�WUHHV��

$FNQRZOHGJPHQW�

7KH�ZRUN�UHSRUWHG�KHUH�ZDV�VXSSRUWHG�E\� WKH�6ORYHQLDQ�0LQLVWU\�RI�(GXFDWLRQ��6FL�

HQFH�DQG�6SRUW��DQG�E\�WKH�(8�SURMHFW�6RO(X1HW��,67��������

5HIHUHQFHV�

��� $QGULHQNR��*���-DQNRZVNL��3���$QGULHQNR��1���'DWD�PLQLQJ�DSSURDFK�WR�UHGXFLQJ�FRPSOH[�

LW\�RI�PXOWLSOH�FULWHULD�VSDWLDO�GHFLVLRQ�SUREOHP��,Q��)RUHU��3���<HK��$�*�2���+H��-���HGV����

3URF���WK�,QW��6\PS��RQ�6SDWLDO�'DWD�+DQGOLQJ�6'+�������%HLMLQJ���������D��–�D���
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