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$EVWUDFW
7KH�QXPHULFDO�GDWD�LQ�GDLO\�PXG�UHSRUWV KDV�EHHQ�IXOO\�XVHG�

LQ� UHSRUWLQJ�DQG�PRQLWRULQJ�ZHOO�RSHUDWLRQ�DQG�HYHQ�PRUH� LQ�
ZHOO� VXPPDUL]LQJ�� +RZHYHU�� D� ODUJH� TXDQWLW\� RI� OLWHUDO� GDWD
IURP GDLO\ PXG UHSRUWV� LV QRW EHLQJ� WDNHQ� IXOO� DGYDQWDJH� RI�
$UWLILFLDO�,QWHOOLJHQW��$,� WHFKQRORJLHV�DUH�XVHG�LQ�VWXG\LQJ�WKH�
OLWHUDO�GDWD� WR�H[WUDFW�FULWLFDO�DQG�YDOXDEOH� LQIRUPDWLRQ KLGGHQ�
LQ�ZRUGV�

,Q WKLV VWXG\��D�OLEUDU\�FRQWDLQLQJ D�YDULHW\�RI�LQFLGHQW�NH\�
ZRUGV� IUHTXHQWO\� XVHG LQ� RLO� ILHOG LV FUHDWHG�� 7KHQ� 1DWXUDO
/DQJXDJH�3URFHVVLQJ��1/3��LV�XVHG�WR�VWXG\�D�PDVVLYH�TXDQWLW\�
RI�OLWHUDO� LQIRUPDWLRQ�WKDW�PXG�HQJLQHHUV�FRPPHQWHG�LQ�PRUH�
WKDQ����� PXG�UHSRUWV�LQ���� ZHOOV�DQG�VHDUFK�WKH�NH\�ZRUGV�
UHODWHG�WR�WKH�OLEUDU\��DQG�WKHQ�ODEHO�WKH�UHSRUWV�DQG�WKH�ZHOOV�
ZLWK�WKH�NH\�ZRUGV� ,Q�WKLV�SURFHVV��1/3 FDQ�WDNH�FRQVLGHUDWLRQ�
RI�FDVH�VHQVLWLYLW\��VWRS�ZRUGV��DEEUHYLDWLRQV��GLIIHUHQW� WHQVHV�
DQG�QHJDWLRQV�LQ�WKH�VHQWHQFHV��

5HVXOWV VKRZ�WKDW WKH�1/3 PHWKRGV FDQ�DFFXUDWHO\�LGHQWLI\�
WKRVH�ZHOOV�DVVRFLDWHG�ZLWK�FHUWDLQ�W\SHV�RI�LQFLGHQWV�DQG�RQ�D�
VSHFLILF� GDWH�� 7KH� LPSOHPHQWDWLRQ� WR� UHDO�ZRUOG� GDWD� LV DOVR
KLJKO\�DFFXUDWH�LQ�LQFLGHQW�ODEHOLQJ� 7KH�GDWD�PLQLQJ�PHWKRGV�
ZLWK 1/3�WHFKQRORJ\�KDYH�SURYHQ�HIIHFWLYHQHVV�DQG�DFFXUDF\�
LQ�DQDO\]LQJ�OLWHUDO�GDWD�LQ GDLO\�PXG�UHSRUWV��7KH\�VDYH�KXPDQ�
ODERUV� LQ� LGHQWLI\LQJ� FULWLFDO� LQIRUPDWLRQ� IURP� PDVVLYH� GDWD��
8VHUV�FDQ�DSSO\ WKH�PHWKRGV WR�ILQG�RXW�WKH�ZHOOV�ZLWK�D�FHUWDLQ�
IHDWXUH��IXUWKHU�DQDO\]H DQG�SUHGLFW�WKH�WUHQG�RI�ZHOOV�WR VXSSRUW�
GHFLVLRQ�PDNLQJ�

,QWURGXFWLRQ�
,Q� FRPSXWHU� VFLHQFH�� $,� VRPHWLPHV� FDOOHG� PDFKLQH�

LQWHOOLJHQFH�� LV� LQWHOOLJHQFH� GHPRQVWUDWHG� E\� PDFKLQHV�� ,W�
LQYROYHV� H[HFXWLQJ� WDVNV� EDVHG� RQ� LQWHOOLJHQW� EHKDYLRU� RI�
KXPDQV� LQ� VROYLQJ� FRPSOH[� LVVXHV�� &RPSDUHG� WR� RWKHU�
DXWRPDWLRQV�� $,� IDFLOLWDWHV� UHGXFWLRQ� RI� KXPDQ� WDVNV� DQG�
RSHUDWLRQDO�H[SHQVHV�

7KH�FRQFHSW�RI�$,�ZDV� ILUVW�SURSRVHG� LQ�����¶V��7KH� ILUVW�
ILHOG�RI�$,�UHVHDUFK�ZDV�IRXQGHG�DW�D�ZRUNVKRS�LQ�'DUWPRXWK�
&ROOHJH�LQ�������'XULQJ�WKH�SDVW����\HDUV��WKH�GHYHORSPHQW�RI�
$,�H[SHULHQFHG�WZR�JROGHQ�WLPHV��IURP������WR������DQG�IURP�
�����WR�������6LQFH�������$,�KDV�EHFRPH�D�KRW�WRSLF�DJDLQ DQG�
LV� HYHQ� PRUH� SRSXODU� WKDQ� DQ\� WLPH� EHIRUH� 3HRSOH� FRQVLGHU�
QRZDGD\V DV WKH�WKLUG�ERRPLQJ�WLPH�RI�$,�

7KH�DSSOLFDWLRQ�RI�$,�WHFKQRORJLHV�SURPRWHG WHFKQRORJLFDO�
LPSURYHPHQW�RI�DOO�LQGXVWULHV��$SSOH�6LUL�LQ�L3KRQH�XVHV�VSHHFK�
UHFRJQLWLRQ�DQG�1/3�WHFKQRORJLHV WR�LGHQWLI\�VSHDNHU¶V�ZRUGV�

DQG� SKUDVHV�� XQGHUVWDQG� WKH� PHDQLQJV�� DQG� WKHQ� UHVSRQG� WR�
FRPPDQGV� RU� DQVZHU� TXHVWLRQV�� 7HVOD� GHYHORSHG� DXWRSLORW�
V\VWHP� WKDW XWLOL]HV GHHS� OHDUQLQJ� QHXUDO� QHWZRUNV WR� DVVLVW�
GULYHUV LQ ODQH�FHQWHULQJ��FUXLVH�FRQWURO��VHOI�SDUNLQJ�DQG�VHOI�
GULYLQJ� ,Q�0DUFK������� WKH�$OSKD*R�SURJUDP�GHYHORSHG�E\�
'HHS0LQG� EHDW� WRS� KXPDQ� SURIHVVLRQDO� *R� SOD\HU�� ZKLFK�
PDUNHG� D� VLJQLILFDQW� PLOHVWRQH� LQ� WKH� GHYHORSPHQW� RI� $, DV�
QXPHULFDO�HVWLPDWHV�VKRZ�WKDW�WKH�QXPEHU�RI�SRVVLEOH�JDPHV�RI�
*R�IDU�H[FHHGV�WKH�QXPEHU�RI�DWRPV�LQ�WKH�REVHUYDEOH�XQLYHUVH�

7KH�DSSOLFDWLRQ�RI�$,�WHFKQRORJLHV�LQ�2LO�DQG�*DV�LQGXVWU\�
VWDUWHG�D�OLWWOH�ODWHU WKDQ�RWKHU�LQGXVWULHV��EXW�LWV�JURZLQJ�VSHHG�
LV�UDSLG��,Q�$XJXVW�������6KHOO�ODXQFKHG LWV�9LUWXDO�$,�$VVLVWDQW�
V\VWHP� WKDW SURYLGHV�FXVWRPHUV� WKH�FRQYHQLHQFH�RI� VHDUFKLQJ�
DQG�GLVFRYHULQJ� OXEULFDQW�SURGXFWV�XVLQJ�QDWXUDO� ODQJXDJH�� ,Q�
0DUFK� ������ $NHU� 6ROXWLRQV DSSOLHG� PDFKLQH�OHDUQLQJ�
DOJRULWKPV� WR� WKHLU� $, SODWIRUP� WR� DQDO\]H� VHQVRU� GDWD IURP�
PRUH�WKDQ����RIIVKRUH�VWUXFWXUHV��ZKLFK�HQDEOHV�WKH�FRPSDQ\�
WR�LGHQWLI\�VXERSWLPDO�RSHUDWLRQV�DQG�LPSHQGLQJ�IDLOXUHV�EHIRUH�
WKH\� RFFXU� ,Q� ������ %DNHU� +XJKHV� ODXQFKHG� DQ� $,�EDVHG�
DSSOLFDWLRQ� WKDW� XVHV� PDFKLQH� OHDUQLQJ� WR� FRPSDUH� UHDO�WLPH�
GDWD�ZLWK�KLVWRULFDO�GDWD�DFURVV�SURGXFWLRQ�RSHUDWLRQV�WR�DOORZ
ZHOO�RSHUDWRUV�WR�SUHGLFW�IXWXUH�SURGXFWLRQ PRUH�DFFXUDWHO\��$,�
WHFKQRORJLHV� SURYLGH� D� OHYHO� RI� HIILFLHQF\� DQG� DFFXUDF\� WKDW�
KXPDQV�FDQ�QHYHU�DFKLHYH� VDYLQJ WLPH�RQ�WKH�MREV DQG�FXWWLQJ
FRVW�

7KH DSSOLFDWLRQ�RI�$, WHFKQRORJLHV� LQ�GULOOLQJ�RSHUDWLRQ� LV�
PDLQO\�XVHG�WR�SUHGLFW�DQG�SUHYHQW�LQFLGHQWV�DQG�WKHQ�GHFUHDVH�
RU�HYHQ�HOLPLQDWH�QRQ�SURGXFWLRQ WLPH��137���7KH�PRVW�JHQHUDO�
PHWKRG� LV� XVLQJ� PDFKLQH� OHDUQLQJ� WR� DQDO\]H� DQ� HQRUPRXV�
DPRXQW�RI�KLVWRULFDO�GDWD WR GLVFRYHU�WKH�GHHS�FRQQHFWLRQV�DQG�
SDWWHUQV� EHWZHHQ�GULOOLQJ�GDWD� DQG�QRQ�H[SHFWHG� LQFLGHQWV� ,Q�
WKLV�SURFHVV��PDFKLQH�OHDUQLQJ PRGHOV DUH�EXLOW��ZKLFK�FDQ�EH�
XVHG�LQ�PRQLWRULQJ�UHDO�WLPH�ILHOG�GDWD��2QFH�LW�UHFRJQL]HV�DQ\�
GDWD�SDWWHUQV�ZKLFK�LW�SUHGLFWV�WR�IRUHVKDGRZ�EDG UHVXOWV��LW�ZLOO
VHQG�DOHUW�EHIRUH�WKH�KD]DUG�KDSSHQV��7KHUHIRUH� ILHOG�HQJLQHHUV�
FDQ� WDNH� WLPHO\� UHPHGLDO� DFWLRQ� DFFRUGLQJO\�� RU� VWRS� WKH�
RQJRLQJ�RSHUDWLRQ�WR�SUHYHQW�WKH�RFFXUUHQFH�RI�LQFLGHQWV��0RUH�
DGYDQFHG� $,� V\VWHPV FDQ� HYHQ� SURYLGH� RSWLPDO� VROXWLRQV WR�
DYRLG�WKH�LQFLGHQWV�RU�PLQLPL]H�WKH�LPSDFW�RI�WKHP� 2I�FRXUVH��
LW�UHTXLUHV�VXSHULRU�PDFKLQH�OHDUQLQJ�DOJRULWKPV��PRUH�UHVHDUFK
DQG RSWLPL]DWLRQ�

,Q�UHFHQW�\HDUV��PDQ\�UHVHDUFKHUV�GHGLFDWHG�WKHLU�WLPH�DQG�
HIIRUWV WR� WKH� UHVHDUFK� DQG� GHYHORSPHQW� RI� $,� WHFKQRORJLHV��
WKHUHIRUH��PDQ\�H[FHOOHQW�$,�PRGHOV�ZHUH�EXLOW��7KUHH�W\SLFDO�
PDFKLQH�OHDUQLQJ�DOJRULWKPV�ZHUH HPSOR\HG�WR�DQDO\]H�GULOOLQJ�
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GDWD� RI� HDUOLHU� GULOOHG� ZHOOV LQFOXGLQJ� GHSWK�� PXG� GHQVLW\��
ILOWUDWLRQ�� SXPS�SUHVVXUH�� IORZ� UDWH� DQG�JHRVWUHVV� DQG� WKHQ� D�
ULVN� SUHGLFWLRQ� PRGHO� RI� ORVW� FLUFXODWLRQ� ZKLOH� GULOOLQJ ZDV�
HVWDEOLVKHG� �=HMXQ� /L� HW� DO��� ������� .H\� GULOOLQJ� SDUDPHWHUV�
LQFOXGLQJ� PXG� ZHLJKW�� HTXLYDOHQW� FLUFXODWLRQ� GHQVLW\�� SODVWLF�
YLVFRVLW\��\LHOG�SRLQW��IORZ�UDWH��UHYROXWLRQV�SHU�PLQXWHV��ZHLJKW�
RQ�ELW��DQG�QR]]OHV�WRWDO�IORZ�DUHD�ZHUH�XVHG�DV�LQSXWV�ZLWK�DQ�
DGYDQFHG�$,�WHFKQLTXH�WR�HVWLPDWH�PXG�ORVVHV�SULRU�WR�GULOOLQJ��
�+XVDP�$ONLQDQL�HW�DO��������� $Q $UWLILFLDO�1HXWUDO�1HWZRUN�
�$11� PRGHO�ZDV� GHYHORSHG� WR� SUHGLFW�523�XVLQJ� ��� LQSXW�
GULOOLQJ� SDUDPHWHUV�� �0RKDPPHG� $,�'XVKDLVKL� HW� DO��� �������
$11�WHFKQLTXH�ZDV�DOVR�XVHG�WR�JHQHUDWH�HPSLULFDO�PRGHOV�WR�
SUHGLFW�WKH�UKHRORJLFDO�SDUDPHWHUV� LQ UHDO�WLPH�EDVHG�RQ�PRUH�
WKDQ������UHDO�ILHOG�PHDVXUHG�SRLQWV RI�PXG�ZHLJKW�DQG�PDUVK�
IXQQHO� YLVFRVLW\�� �,EUDKLP� +�� *RPDD� HW� DO��� ������ $OO� WKH�
SUHYLRXV�VWXGLHV�DQG�UHVHDUFKHV�IRFXVHG�RQ�QXPHULFDO�GDWD�RQO\��
EXW�XQGHUXWLOL]HG�WKH�YDOXDEOH�OLWHUDO�GDWD��$GGLWLRQDOO\��LQ�RUGHU�
WR�DQDO\]H�KLVWRULFDO�GDWD�DERXW�GULOOLQJ�LQFLGHQWV�RU�WKH FDXVH�
RI�137��ZH�QHHG�WR�ORFDWH�WKHVH�LQFLGHQWV�DQG�137�HYHQWV�ILUVW��
DQG�WKH�OLWHUDO�GDWD�IURP�GULOOLQJ�UHSRUWV�DUH�WKH�EHVW�UHVRXUFH�IRU�
XV WR�REWDLQ�WKLV�LQIRUPDWLRQ��

'DLO\� PXG� UHSRUW� LV� D� VKHHW� RI� GDWD� ILOOHG� RXW� E\� PXG�
HQJLQHHUV� DW WKH�ZHOO� VLWH� RQ� D� GDLO\�EDVLV�� ,W� UHFRUGV�GULOOLQJ�
LQIRUPDWLRQ��PXG�WHVW�UHVXOWV��PXG�DGGLWLYH�XVDJH�DQG�LQYHQWRU\�
DFFRXQWLQJ� HWF��$�W\SLFDO�GDLO\�PXG�UHSRUW�LV�VKRZQ�LQ�)LJXUH�
���7KH�OLWHUDO�FRQWHQWV�LQ�WKH�UHG�ER[HV�DUH�UHFRPPHQGHG�WRXU�
WUHDWPHQWV� DQG UHPDUNV�� 7KH� UHFRPPHQGHG� WRXU� WUHDWPHQWV�
VHFWLRQ� UHFRUGV� DOO� WUHDWPHQWV� WKDW� KDV� EHHQ� GRQH� WR� WKH�PXG�
V\VWHP�VLQFH�WKH�ODVW�UHSRUW��ZKLOH�WKH�UHPDUNV�VHFWLRQ�UHFRUGV�
LPSRUWDQW�GULOOLQJ�LQIRUPDWLRQ��VXPPDU\�RI�WKH�GDLO\�RSHUDWLRQV��
HYHQWV�RU� LQFLGHQWV�RFFXUV�� DQG�FRQFHUQV��7KH�QXPHULFDO�GDWD�
FDQ�EH�H[WUDFWHG�DQG�SXW�LQWR�DQDO\VLV�HDVLO\��EXW�WKH�OLWHUDO�GDWD�
LV�DOZD\V�LJQRUHG�DQG�LV�QRW�IXOO\�H[SORLWHG�EHFDXVH�LW�LV�GLIILFXOW�
WR�H[WUDFW�LQIRUPDWLRQ�IURP�LW��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�OHW�
$,�WHFKQRORJ\�VFDQ�WKH�LQIRUPDWLRQ�DPRQJ�D�ODUJH�QXPEHU�RI�
GDLO\�PXG�UHSRUWV�DQG�UHFRJQL]H�NH\�ZRUGV�LQGLFDWLQJ�KDSSHQHG�
LQFLGHQWV�DFFXUDWHO\�

1DWXUDO�/DQJXDJH�3URFHVVLQJ
1DWXUDO�ODQJXDJH�SURFHVVLQJ��1/3� LV WKH�PRVW�LPSRUWDQW�$,�

WHFKQRORJ\�ZH�XVHG� LQ� WKLV� VWXG\�� ,W� LV D� VXEILHOG�RI�DUWLILFLDO�
LQWHOOLJHQFH� DQG� OLQJXLVWLFV�� ZKLFK� FRQFHUQV ZLWK� KRZ� WR�
SURJUDP� FRPSXWHUV� WR� SURFHVV� DQG� DQDO\]H� ODUJH� DPRXQWV� RI�
QDWXUDO�ODQJXDJH�GDWD�

7KH� GHYHORSPHQW� RI�1/3�JHQHUDOO\� VWDUWHG� LQ� ����V��7KH�
ILUVW� DSSOLFDWLRQ� RI� 1/3� LV� *HRUJHWRZQ±,%0� H[SHULPHQW��
ZKLFK�LQYROYHG�FRPSOHWHO\�DXWRPDWLF�WUDQVODWLRQ�RI�PRUH�WKDQ�
VL[W\�5XVVLDQ�VHQWHQFHV�LQWR�(QJOLVK��6WDUWLQJ�LQ�WKH�ODWH�����V��
WKHUH�ZDV�D�UHYROXWLRQ�LQ�1/3 ZLWK�WKH�LQWURGXFWLRQ�RI�PDFKLQH�
OHDUQLQJ� DOJRULWKPV� IRU� ODQJXDJH� SURFHVVLQJ�� 6LQFH� ������
UHSUHVHQWDWLRQ�OHDUQLQJ�DQG�GHHS�QHXUDO�QHWZRUN�VW\OH�PDFKLQH�
OHDUQLQJ�PHWKRGV�EHFDPH�ZLGHVSUHDG�LQ�1/3�

1/3 LV� IUHTXHQWO\� XVHG� WR� LGHQWLI\� DQG� H[WUDFW� YDOXDEOH�
LQIRUPDWLRQ�IURP�ODUJH�DPRXQW�RI�WH[W�GDWD��HVSHFLDOO\�LQ�WKH�HUD�
RI� LQIRUPDWLRQ� H[SORVLRQ�� *RRJOH¶V� *PDLO� FDQ� LGHQWLI\� MXQN�
HPDLOV�EDVHG�RQ�WKH�WH[W�LQ�WKH�HPDLOV��1HZV�ZHEVLWHV�FODVVLI\�
QHZV�DQG�PDNH�VXJJHVWLRQV�EDVHG�RQ� WKH�XVHUV¶ UHDG KLVWRU\��

1/3�FDQ�DOVR�LGHQWLI\�WKH�VHQWLPHQW�ZLWKLQ�WKH�WZHHWV�RI�'RQDOG�
7UXPS¶V�DFFRXQW�DQG�WHOO�ZKHWKHU�KLPVHOI�RU�KLV�VWDII�SRVWHG�WKH�
WZHHWV�

)LJXUH���± $�GDLO\�PXG�UHSRUW�VDPSOH

0HWKRGV
'DWD� 0LQLQJ� LV WKH� SURFHVV� RI H[SORUDWRU\� GDWD� DQDO\VLV�

WKURXJK� XQVXSHUYLVHG� PDFKLQH� OHDUQLQJ�� ,Q� 39,¶V� PXG�
UHSRUWLQJ�VRIWZDUH��ZH�DSSOLHG�GDWD�PLQLQJ�WHFKQLTXHV�LQ�1/3�
WR�DQDO\]H�DQG�H[WUDFW�NH\�LQIRUPDWLRQ�IURP�WKH�PXG�UHSRUW�WH[W�

'DWD�0LQLQJ
:H�DSSOLHG�WZR�DSSURDFKHV�LQ�1/3�WR�GLVFRYHU�WKH�LQFLGHQWV�

LQIRUPDWLRQ�ZLWKLQ�WKH�WH[W�RI�WKH�GDLO\�PXG�UHSRUWV�E\�5��RQH�
RI�WKH�PRVWO\�SRZHUIXO�FRPSXWHU�ODQJXDJHV�LQ�$,�ILHOG�

)LUVW�� ZH� WUHDW� HDFK� WH[W� RI� WKH UHSRUW� DV� D� FROOHFWLRQ� RI�
LQGLYLGXDO�ZRUGV��,Q�WKLV�ZD\��ZH�WUHDW�HYHU\�ZRUG�RU�SKUDVH�LQ�
D� GRFXPHQW� DV� D� SRWHQWLDOO\� LPSRUWDQW� NH\ZRUG� DQG� ZH� FDQ�
NQRZ�KRZ�RIWHQ�HDFK�ZRUG�RU�WHUP�DSSHDUV LQ�HDFK�UHSRUW��$IWHU�
VSOLWWLQJ�VHQWHQFHV��VWULSSLQJ�ZKLWH�VSDFHV��UHPRYLQJ�QXPEHUV�
DQG�SXQFWXDWLRQ��DQG�FRQYHUWLQJ�WR�ORZHU�FDVH��ZH�JHW�D�OLVW�RI�
VLPSOLILHG�WH[W�IRU�IXUWKHU�DQDO\VLV�

%XW�WKH�SUREOHP�LV��PDQ\�RI�WKH�PRVW�IUHTXHQWO\�XVHG�ZRUGV�
LQ�(QJOLVK�DUH�ZRUWKOHVV�LQ�WKH�DQDO\VLV�± WKHVH�ZRUGV�DUH�FDOOHG�
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VWRS� ZRUGV�� VXFK� DV� WKH�� RI�� DQG�� WR�� HWF�� 7KHUH� DUH� W\SLFDOO\�
DERXW�����WR�����RI�WKHP��DQG�WKH\�DUH�UHPRYHG�IURP�RXU�UHVXOWV�

$QRWKHU�SUREOHP�WKDW�ZLOO�ORZHU�WKH�HIIHFWLYHQHVV�RI�1/3�LV�
REYLRXV� (QJOLVK�KDV�PDQ\�ZRUGV�ZLWK�GLIIHUHQW�IRUPV��$�QRXQ�
KDV�LWV�SOXUDO��VXFK�DV�³GRJ��GRJV´��$�YHUE�KDV�GLIIHUHQW�WHQVHV�
DQG�YRLFHV��VXFK�DV�³EX\��ERXJKW´��³PLQH��PLQHU��PLQLQJ´��DQG
³FRQWLQXH��FRQWLQXRXVO\´��7KH\�DUHQ¶W�DFWXDOO\�GLIIHUHQW��6R��ZH�
PXVW�JURXS�WKHVH�WRJHWKHU�DV�WKH�VDPH�EDVLF�ZRUG��,Q�IDFW��WKHVH�
VLPLODU�ZRUGV�KDYH�D�VDPH�URRW��RU�VWHP��:KHQ�WKHVH�ZRUGV�ZLWK�
WKH�VDPH�VWHP�DSSHDU�LQ�WKH�WH[W��ZH�WULP�WKHVH�ZRUGV�XVLQJ�WKH�
1/3�FRUSXV OLEUDU\ LQ�5��)RU�H[DPSOH��E\�WULPPLQJ�³XVHU��XVHUV��
XVHG��XVLQJ´�ZH�JHW�WKH�VWHP�RI�WKHP�DV�³XV´��1H[W��EHFDXVH�³XV´�
LV�QRW�ZKDW�ZH�ZDQW� LQ�RXU�UHVXOWV��ZH�XVH�WKH�PRVW�FRPPRQ�
ZRUG�RI�³XV´�LQ�WKH�WH[W�WR�UH�FRPSOHWH�LW��6R�KHUH��IRU�H[DPSOH��
DOO�WKH�³XVHU��XVHUV��XVHG��XVLQJ´�EHFRPH�³XVHG´�

6HFRQGO\��WR�PDNH�XS�IRU�WKH�OLPLWDWLRQ�RI�1/3��ZKLFK�LV�QRW�
DEOH� WR� KDQGOH� PRUH� FRPSOH[� VHPDQWLF� H[SUHVVLRQ RU� H[WUDFW�
VSHFLILF� ZRUGV� PXG� SURIHVVLRQDOV� FDUH� PRVW�� ZH� GHILQHG�
NH\ZRUGV�DQG�SKUDVH�OLVWV�WR�UHLQIRUFH�WKH�UHVXOW��)LUVW��ZH�XVH�
WKH�FRPPRQ�LQFLGHQW�ZRUGV�WR�ILOWHU�WKH�UHVXOWV��7KH�GLIIHUHQW�
IRUPV�RI�ZRUGV��VXFK�DV�DEEUHYLDWLRQV��DUH�DOVR�FRQVLGHUHG��)RU�
H[DPSOH��³VKXW LQ��VKXW�LQ��6,'3��6,&3´�DUH�XVHG�WR�ILQG�RXW�WKH�
NH\ZRUGV� UHODWHG� WR� DQ� LQFLGHQW� RI� VKXW� LQ�� 6HFRQG�� IURP� WKH�
VHQWHQFHV�WKHVH�LQFLGHQW�NH\ZRUGV�DSSHDU��HOLPLQDWH WKRVH ZLWK�
DQ\�ZRUGV�RI�QHJDWLRQ��VXFK�DV�³QR��QRW��DYRLG��SUHYHQW��KDUGO\��
HWF�´� 7KLUG�� EHFDXVH� PDQ\� VSHFLDOL]HG� ZRUGV� DUH� FRQWH[W�
GHSHQGHQW�� ZH� LQFOXGH� DQRWKHU� ILOWHU�RXW� OLVW� WR� UHPRYH� WKH�
LQFLGHQWV� ZH� SLFNHG� XS� WKDW� DUH� DFWXDOO\� QRW� LQFLGHQWV� )RU�
H[DPSOH�� WKH� RFFXUUHQFH� RI� WKH� SKUDVH� ³VRDS� VWLFN´ GRHVQ¶W�
PHDQ�D�SLSH�VWXFN�LQFLGHQW��³ORVW�FLUFXODWLRQ�PDWHULDO´ GRHVQ¶W�
PHDQ�D�ORVW�FLUFXODWLRQ�LQFLGHQW KDSSHQV��DQG�NLFN�RXW�GRHVQ¶W�
UHODWH�WR�D�NLFN�LQFLGHQW DW�DOO� )LQDOO\��WR�HQVXUH�WKH�DFFXUDF\�RI�
WKH�LQFLGHQWV�GHWHFWHG��ZH�VDPSOHG�DQG�FKHFNHG�WKH�UHVXOWV�E\�
KXPDQ�H[SHUWV�WR�FRUUHFW�HUURUV�DQG HQKDQFH�WKH�NH\ZRUG�OLVWV�

3UHGLFWLYH�0RGHOLQJ
7KH�GDWD�PLQLQJ�WHFKQLTXHV�ZH�DUH�DSSO\LQJ�DERYH�DUH�XVHG�

WR�³ODEHO´�WKH�WH[W�GDWD��ZKLFK�VHHPV OLNH�WR�ODEHO�DQ�DQVZHU�³�´�
WR�DQ�HTXDWLRQ ³��� "´��:LWK�WKH�ULJKW�DQVZHU��ZH�FDQ�XVH�WKH�
³TXHVWLRQV´� DQG� WKH� ³DQVZHUV´� WR� ³WUDLQ´� WKH� FRPSXWHU� WR�
GLVFRYHU�WKH�UHODWLRQ�EHWZHHQ�WKHP��7KH�FRPSXWHU�FDQ�SHUIRUP�
VXSHUYLVHG� PDFKLQH� OHDUQLQJ� WR� EXLOG� SUHGLFWLYH� PRGHOV� WR�
LGHQWLI\�LQFLGHQWV�LQ�IXWXUH�PXG�UHSRUW�WH[WV��7KH�ILUVW�VWHS�ZH�
DUH� GRLQJ� LV� WR� EXLOG� FODVVLILFDWLRQ� SUHGLFWLYH� PRGHOV�� )RU�
H[DPSOH��ZH�DUH�WU\LQJ�WR�EXLOG�PRGHOV�WR�GHFLGH�ZKDW�NLQG�RI�
LQFLGHQWV�KDYH KDSSHQHG�WR�D�FHUWDLQ�ZHOO� LQ�D�FHUWDLQ�GD\��$IWHU�
FROOHFWLQJ�DQG�LQWHJUDWLQJ�PRUH�QXPHULFDO GDWD�LQWR�RXU�WUDLQLQJ�
GDWD��ZH�DUH�EXLOGLQJ�PRUH� UHJUHVVLRQ�SUHGLFWLYH�PRGHOV��)RU�
H[DPSOH��ZH�XVH�WKH�VXUYH\�GDWD�DQG�RSHUDWLRQDO�SDUDPHWHUV�WR�
KHOS� WUDLQ�PRGHOV� WR� SUHGLFW� WKH� SRVVLELOLWLHV� RI� WKH� LQFLGHQWV�
EHIRUH� GULOOLQJ�� 6RPH� RI� WKH� PRVWO\� XVHG� PDFKLQH OHDUQLQJ�
DOJRULWKPV�FDQ�EH�DSSOLHG�WR�WUDLQ�WKH�PRGHOV��VXFK�DV�/RJLVWLF�
5HJUHVVLRQ�� &ODVVLILFDWLRQ� 7UHH� DQG� 5DQGRP� )RUHVW�� 7R
LPSURYH�WKH DFFXUDF\��ZH�DUH�SODQQLQJ�WR�LPSOHPHQW�$UWLILFLDO�
1HXUDO�1HWZRUNV �$11� WR�WUDLQ�RXU�PRGHOV�

)LJXUH�� ± $UWLILFLDO�1HXUDO�1HWZRUN�$UFKLWHFWXUH�

7KH�QHXUDO�QHWZRUNV�LQ�RXU�EUDLQV�KDYH�QXPHURXV�GHQGULWHV�
DQG� D[RQV� WR� LQSXW� DQG� RXWSXW� LQIRUPDWLRQ�� WKH\� DUH�
LQWHUFRQQHFWHG�ZLWKLQ WKH�QHWZRUN��7KH�$11�LV�RQH�RI�WKH�PRVW�
VXFFHVVIXO� ELRQLF� LPSOHPHQWDWLRQV� LQ� $,� ILHOG�� ,W� PLPLFV� WKH�
VWUXFWXUH�RI�QHXUDO�QHWZRUNV��LQ�ZKLFK�LQIRUPDWLRQ�LV�SDVVHG RQ�
IURP�RQH�QRGH�WR�DQRWKHU��$V�VKRZQ�LQ�WKH�)LJXUH ���$11�KDV�
WKUHH W\SHV� RI� OD\HUV�� ,QSXW�/D\HU��+LGGHQ�/D\HU� DQG�2XWSXW�
/D\HU�� 7KH� GDWD� LV� SURFHVVHG� LQ� WKH� QHWZRUN� E\� )RUZDUG�
3URSDJDWLRQ��)LUVW�� HDFK�QRGH� LQ� LQSXW� OD\HU�SDVVHV�RQH� LQSXW
GDWD��VXFK�DV�HDFK�QXPHUDO�RU�WH[W�GDWD�LQ�D�PXG�UHSRUW��WR�HYHU\�
QRGH�RI� WKH� ILUVW� KLGGHQ� OD\HU��(YHU\�QRGH� LQ� WKH� ILUVW�KLGGHQ�
OD\HU�WKHQ�DSSOLHV�D�FRPELQDWLRQ�IXQFWLRQ�WR�WKH�LQSXW�GDWD�DQG�
SDVVHV WKH�UHVXOW�WR�HYHU\�QRGH�LQ�WKH�VHFRQG�KLGGHQ�OD\HU� 7KH�
QRGHV� LQ� WKH� VHFRQG� OD\HU�ZLOO�GR� WKH� VDPH�DV� WKH� ILUVW� OD\HU�
:KHQ� WKH� GDWD� LV� DSSOLHG� D� FRPELQDWLRQ� IXQFWLRQ� LQ� WKH� ODVW�
KLGGHQ�OD\HU��LW�ZLOO�EH�SDVVHG�WR�WKH�QRGHV�LQ�WKH�RXWSXW�OD\HU��
7KH�QRGHV�RI�WKH�RXWSXW�OD\HU�ZLOO�SURYLGH�WKH�UHVXOWV�ZH�ZLVK�
WR�VHH��VXFK�DV�WKH�SRVVLELOLWLHV�RI�HDFK�LQFLGHQWV��DIWHU�DSSO\LQJ�
VLPLODU� FRPELQDWLRQ� IXQFWLRQV�� $OWKRXJK WKHUH� DUH� VR� PDQ\�
IXQFWLRQV� ZLWKLQ� WKH� QHWZRUN�� ZKHQ� WUDLQLQJ� WKH� PRGHO�� WKH�
SDUDPHWHUV� RI� WKH� IXQFWLRQV� LQ� HDFK� QRGH� ZLOO� EH� DGMXVWHG�
DFFRUGLQJ�WR�WKH�GLIIHUHQFH�EHWZHHQ�WKH�RXWSXW�GDWD�DQG�WKH�WUXH�
GDWD� 7KHUHIRUH� WKH� ODUJH� VFDOH�RI� WKH�QHWZRUN� UHTXLUHV�PRUH�
FRPSXWDWLRQDO� SRZHU� EXW� WKH� DFFXUDF\� RI� WKH� UHVXOWV� ZLOO� EH�
PXFK�KLJKHU�

$OWKRXJK�WKH�SURMHFWHG�DFFXUDF\�RI�WKH�$11�ZLOO�EH�KLJKHU��
WKH�$11�WHQGV WR�RYHUILW�DQG�YDULDEOH�VHOHFWLRQ�LV�QRW�SRVVLEOH��
$11�LV�DOVR�D�³EODFN�ER[´�PHWKRG��LW�SURYLGHV�QR�LQVLJKW�LQWR�
UHODWLRQVKLSV�EHWZHHQ�LQSXW�GDWD�DQG�WKH�RXWFRPH��VR�LW�ZRXOG�
QRW� LQIRUP�PXFK� NQRZOHGJH� DERXW� KRZ� WR� GHFUHDVH� LQFLGHQW�
UDWHV��IRU�H[DPSOH�

&DVH 6WXG\
:H�KDYH�GRQH�WZR FDVH�VWXGLHV�IRU�WKLV�UHVHDUFK��,Q�WKH�ILUVW�



� -��'RH� -��6PLWK�DQG�%��-RQHV $$'(����)7&(�[[[

VWXG\�����ZHOOV�ZHUH�LQYROYHG�LQ�WKH�DQDO\VLV��7KH�SXUSRVH�RI�
WKLV�VWXG\�LV�WR�LPSURYH WKH�DFFXUDF\�RI�WKH�1/3 PRGHO� $W�WKH
ILUVW� URXQG� RI� WKH� DQDO\VLV�� WKH� 1/3� PRGHO� PDUNHG RXW� ���
RFFXUUHQFHV�RI�LQFLGHQWV��7KHQ�ZH�SXOOHG�RXW WKRVH�UHSRUWV�DQG�
PDQXDOO\� VHDUFKHG IRU� WKH� NH\�ZRUGV�� WR� YHULI\� LI� WKH� UHVXOWV�
IURP�WKH�1/3�PRGHO�DUH�WUXO\�FRUUHFW��7KH�YHULILFDWLRQ�SURFHVV�
KHOSHG�XV�GHWHFW VRPH�LQFRUUHFW VHDUFK�UHVXOWV�FDXVHG�E\�1/3�
PLVXQGHUVWDQGLQJ WKH� WUXH� PHDQLQJV� RI� WKH� VHQWHQFHV�� )RU�
LQVWDQFH��WKH VHQWHQFH�³)RU�ELW�EDOOLQJ�DGG����VDFNV�ZDOQXW�WR�
VZHHSV´�FRQWDLQV�DQ�LQFLGHQW�NH\�ZRUG ³EDOOLQJ´��VR�WKH�1/3�
PRGHO� PLVLGHQWLILHG� WKLV� VLWXDWLRQ� DV� D� KDSSHQHG� EDOOLQJ�
LQFLGHQW�� %XW� LQ� IDFW� WKH� VHQWHQFH PHDQV� DGGLQJ� ZDOQXW� WR�
SUHYHQW� EDOOLQJ�� DQG� ELW� EDOOLQJ� DFWXDOO\� GRHVQ¶W� KDSSHQ��:H�
XSJUDGHG�WKH�1/3�PRGHO�WR�FRUUHFW�WKH�PLVWDNHV�DQG�WKHQ�NHSW�
UHSHDWLQJ�WKH�YHULILFDWLRQ�SURFHGXUH�XQWLO�DOO�VHDUFK�UHVXOWV�ZHUH
SURYHQ�FRUUHFW� $IWHU�FRUUHFWLRQ��WKH�RSWLPL]HG�1/3�PRGHO�FXW�
GRZQ� WKH� RFFXUUHQFH� QXPEHU� RI� LQFLGHQW� WR� ���� 0DQXDO�
YHULILFDWLRQ�SURYHG�DOO����LQFLGHQWV�ZHUH�PDUNHG�FRUUHFWO\��,Q�
VXPPDU\�� WKH� ILUVW� VWXG\� FRUUHFWHG� ��� HUURUV� LQ� WKH� 1/3�
SURFHGXUH� 7KH� FRPSDULVRQ� EHWZHHQ� EHIRUH� DQG� DIWHU� WKH�
FRUUHFWLRQ�LV�VKRZQ�LQ�7DEOH���

%HIRUH�&RUUHFWLRQ $IWHU�&RUUHFWLRQ

,QFLGHQW
1R�RI�
:HOOV

,QFLGHQW
1R�RI�
:HOOV

%DOOLQJ �� 6KXW�LQ ��

6KXW�LQ �� )DLOXUH ��

)DLOXUH �� 6WXFN �

6WXFN � /RVW�FLUFXODWLRQ �

/RVW�FLUFXODWLRQ � 'DPDJH �

'DPDJH � %DOORRQLQJ �

%DOORRQLQJ � :DVKRXW �

:DVKRXW � .LFN �

.LFN � ,QIOX[ �

,QIOX[ � %DOOLQJ �

7ZLVW � 7ZLVW �

%XFNOH � %XFNOH �

7RWDO �� 7RWDO ��
7DEOH � ± 5HVXOW�FRPSDULVRQ�LQ�6WXG\���

,Q�WKH�VHFRQG�VWXG\��ZH�DSSOLHG�WKH�RSWLPL]HG�1/3�PRGHO�
WR�����UDQGRP�ZHOOV� 7KH�LQFLGHQW�UDQNLQJ�LV�VKRZQ�LQ�7DEOH����
:H�UDQ�WKH�1/3�SURJUDP�LQ�YHU\��ORZ�FRQILJXUHG�FRPSXWHU�ZLWK�
D� ���*+]� &38� DQG� �*%� PHPRU\�� 7KH� SURJUDP� WRRN� ���
PLQXWHV�WR�ILQLVK�WKH�ZKROH�DQDO\VLV�ZLWK�DQ�DYHUDJH�SURFHVVLQJ�
VSHHG�DERXW���UHSRUWV�SHU�VHFRQG��7KH�VXFFHVVIXO�H[HFXWLRQ�RQ�
WKH� ORZ�FRQILJXUHG� FRPSXWHU� LQGLFDWHV� WKDW� WKLV� 1/3� PRGHO�
GRHVQ¶W�UHTXLUH�DQ�H[SHQVLYH�VXSHUFRPSXWHU��7KH�VSHHG�FDQ�EH�
ERRVWHG�VLJQLILFDQWO\�LI�D�EHWWHU�FRPSXWHU�LV�XVHG�

,QFLGHQW 1R�RI�:HOOV

)DLOXUH ��

6KXW�LQ ��

'DPDJH ��

6WXFN ��

%DOOLQJ ��

/RVW�FLUFXODWLRQ ��

,QIOX[ ��

:DVKRXW ��

.LFN ��

%DOORRQLQJ �

%XFNOH �

:HOO�FRQWURO �

7ZLVW �

:DVK�RYHU �

7RWDO ���
7DEOH���± 5HVXOW�RI�6WXG\���

3UREOHP
7KHUH�DUH�PDQ\�IDFWV�PDNLQJ�WKH�1/3 PRGHO�YHU\�KDUG�WR�

DFKLHYH� D� GHVLUHG� DFFXUDF\� )LUVW�� PXG� HQJLQHHUV� KDYH YHU\��
GLIIHUHQW� VW\OHV�RI�ZULWLQJ��ZKLFK�EULQJV GLIILFXOWLHV� WR� WKH�$,�
V\VWHP� WR� XQGHUVWDQG� 6HFRQG�� VRPH� PXG� HQJLQHHUV� PD\�
XQLQWHQWLRQDOO\� DYRLG� XVLQJ� WKRVH� LQFLGHQW� ZRUGV� GLUHFWO\��
,QVWHDG WKH\�ZRXOG�OLNH�WR�XVH VRPH�DOWHUQDWLYH�ZRUGV WR PDNH�
WKH� UHSRUWV ORRN� EHWWHU�� 7KLV� DSSURDFK� DJDLQ� LQFUHDVHV� WKH�
GLIILFXOWLHV�IRU�WKH�$,�PRGHO�WR�XQGHUVWDQG�WKH�ZULWWHQ�FRQWHQWV��
DQG� WR� LGHQWLI\� KDSSHQHG� LQFLGHQWV�� 7KLUG�� WKHUH� LV� D� VPDOO�
SUREDELOLW\� WKDW� WKH� GDLO\� PXG� UHSRUWV� PD\� LQFOXGH� VRPH�
XQFRPPRQ�DEEUHYLDWLRQV�RU� FRGHV� WR�SUHVHQW� VRPH� LQFLGHQWV��
$,�PRGHO�LV�XQDEOH�WR�UHFRJQL]H�

&RQFOXVLRQV
�� WKLV�UHVHDUFK�SURYHV�WKDW� WKH�GHYHORSHG�1/3�PRGHO�FDQ�

VXFFHVVIXOO\�H[WUDFW�LQFLGHQW�UHODWHG�LQIRUPDWLRQ IURP D�ODUJHU�
DPRXQW�RI�OLWHUDO�GDWD�RI�GDLO\�PXG�UHSRUWV�

�� WKH�1/3�PRGHO�VSHQW����PLQXWHV�WR�ILQLVK�WKH�DQDO\VLV�RI�
DERXW������GDLO\�PXG�UHSRUWV�IURP�����ZHOOV�ZLWKLQ�D�ORZ OHYHO�
FRPSXWHU� &RQVLGHULQJ WKH GLIILFXOWLHV� RI� WKH� DOJRULWKPV� WKH
SURFHVVLQJ� VSHHG� LV� DFFHSWDEOH� 7KH� SURFHVV FDQ EH IXUWKHU�
DFFHOHUDWHG E\� RSWLPL]LQJ� WKH� DOJRULWKPV RU� XVLQJ� D� PRUH�
SRZHUIXO�FRPSXWHU�

�� WKH� DFFXUDF\�RI� WKH�1/3� UHVXOWV� LQFUHDVHG�JUHDWO\� DIWHU�
VXSHUYLVHG�WUDLQLQJ�ZDV�DSSOLHG�WR�WKH�PRGHO�UHSHDWHGO\�

�� WKH�UHVXOWV�IURP�WKH�1/3�PRGHO�SURYLGH�UHOLDEOH�GDWD��WKH\�
FDQ�EH�IXUWKHU�XVHG�LQ�UHDO�WLPH�GDWD�PRQLWRULQJ�DV�FRPSDULVRQ�
GDWD�WR�SUHGLFW�LQFLGHQWV��

$FNQRZOHGJPHQWV
:H�WKDQN�9DOHQFH�'ULOOLQJ�)OXLG�IRU�SURYLGLQJ�UHOLDEOH�GDWD�
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WR XV�WR�GR�DOO�WKH�DQDO\VLV�DQG�DXWKRUL]LQJ�XV�WR�FLWH�WKH�GDLO\�
PXG�UHSRUW�DV�D�VDPSOH�

1RPHQFODWXUH
$,  $UWLILFLDO�,QWHOOLJHQW
$11�  $UWLILFLDO�1HXUDO�1HWZRUN
1/3  1DWXUDO�/DQJXDJH�3URFHVVLQJ
137  1RQ�SURGXFWLRQ�7LPH

5HIHUHQFHV
�� +XVDP�$ONLQDQL��$ER�$O�+DPHHGL DQG�6KDUL�'XQQ�1RUPDQ�������

³8VLQJ� $UWLILFLDO� ,QWHOOLJHQFH� 0HWKRG� WR� (VWLPDWH� /RVW�
&LUFXODWLRQ� (YHQWV� 3ULRU� WR� 'ULOOLQJ´� � $$'(����%7&(������
$$'(�1DWLRQDO�7HFKQLFDO�&RQIHUHQFH�DQG�([KLELWLRQ��'HQYHU��
$SULO�������������$YDLODEOH�IURP�ZZZ�DDGH�RUJ

�� 0RKDPPHG�$O�'XVKDLVKL� $KPDG�$ODGDVDQL��4XWDLED�2NDVKD��
DQG�0RUWDGKD�$O�VDED�������³1HXUDO�1HWZRUN�$SSOLFDWLRQ� WR�
0DQDJH� 'ULOO� 6WHP� 9LEUDWLRQV� DQG� ,PSURYH� 'ULOOLQJ�
3HUIRUPDQFH´ $$'(����17&(������ $$'(� 1DWLRQDO�
7HFKQLFDO�&RQIHUHQFH�DQG�([KLELWLRQ��'HQYHU��$SULO�������������
$YDLODEOH�IURP�ZZZ�DDGH�RUJ

�� ,EUDKLP� +�� *RPDD�� 6DODKHOGLQ� (ONDWDWQ\�� $EGXOD]HH]�
$EGXOUDKHHP� DQG�0RKDPHG�$��0DKPRXG� ������ ³5HDO�7LPH�
GHWHUPLQDWLRQ� RI� WKH� UKHRORJLFDO� SURSHUWLHV� RI� +LJK� 2YHU�
%DODQFHG�'ULOOLQJ�)OXLG�8VLQJ�$UWLILFLDO� LQWHOOLJHQFH´ $$'(�
���17&(������7HFKQLFDO�&RQIHUHQFH�DQG�([KLELWLRQ��'HQYHU��
$SULO�������������$YDLODEOH�IURP�ZZZ�DDGH�RUJ

�� =HMXQ�/L��0LDQ�&KHQ��<DQ�-LQ��<XQKX�/X��+DQTLQJ�:DQJ��=KL�
*HQJ��6KLPLQJ�:HL �����³6WXG\�RQ�,QWHOOLJHQW�3UHGLFWLRQ�IRU�
5LVN� /HYHO� RI� /RVW� &LUFXODWLRQ� :KLOH� 'ULOOLQJ� %DVHG� RQ�
0DFKLQH� /HDUQLQJ´� $50$���������� �� ��QG� 8�6�� 5RFN�
0HFKDQLFV�*HRPHFKDQLFV� 6\PSRVLXP�� 6HDWWOH�� :DVKLQJWRQ��
-XQH������� �����




