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5HDO�WLPH��DFFXUDWH�WD[L�GHPDQG�SUHGLFWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�LQWHOOLJHQW�WUDIILF�V\VWHP��,W�FDQ�KHOS�PDQDJH�WD[L�SDWFKLQJ�DQG�
PLQLPL]H�WKH�WLPH�DQG�HQHUJ\�ZDVWH�FDXVHG�E\�ZDLWLQJ��,Q�WKH�HUD�RI�ELJ�GDWD��D�GLYHUVLW\�RI�XUEDQ�GDWD�DQG�LQFUHDVLQJO\�FRPSOH[�WUDIILF�
GDWD�KDYH�EHHQ�FROOHFWHG�DQG�SXEOLVKHG��7UDGLWLRQDO�IRUHFDVWLQJ�PHWKRGV�KDYH�EHHQ�XQDEOH�WR�FRSH�ZLWK�WKH�KHWHURJHQHRXV�PDVVLYH�
WUDIILF�GDWD��ZKHUHDV�GHHS�OHDUQLQJ��DV�D�QHZ�GDWD�RULHQWHG�WHFKQLTXH��KDV�EHHQ�ZLGHO\�XVHG�LQ�WKH�ILHOG�RI�WUDIILF�SUHGLFWLRQ��7KLV�SDSHU�
DLPV�WR�XWLOL]H�PXOWLVRXUFH�GDWD�DQG�GHHS�OHDUQLQJ�WHFKQLTXHV�WR�LPSURYH�WKH�DFFXUDF\�RI�WD[L�GHPDQG�SUHGLFWLRQ��,Q�WKLV�SDSHU��D�MRLQW�
JXLGDQFH�UHVLGXDO�QHWZRUN��-*�1HW��LV�SURSRVHG�IRU�FLW\�VFDOH�WD[L�GHPDQG�SUHGLFWLRQ��7D[L�RUGHU�GDWD�DQG�PXOWLSOH�XUEDQ�JHRVSDWLDO�
GDWD� �32,�� URDG� QHWZRUN� DQG� SRSXODWLRQ�GLVWULEXWLRQ�GDWD�� DUH� LQWHJUDWHG� LQWR� WKH� -*�1HW��5HJLRQDO� IHDWXUHV� DUH� FRQVLGHUHG� LQ� WKH�
SUHGLFWLRQ�SURFHVV�E\�WKUHH�JXLGDQFH�EUDQFKHV�FRPSRVHG�RI�SL[HO�DGDSWLYH�FRQYROXWLRQDO�QHWZRUNV��HDFK�RI�ZKLFK�DSSOLHV�RQH�W\SH�RI�
XUEDQ�GDWD��-*�1HW�DVVLJQV�OHDUQDEOH�ZHLJKWV�WR�GLIIHUHQW�EUDQFKHV�DQG�UHJLRQV�WR�FRPELQH�WKH�RXWSXW�RI�WKH�EUDQFKHV��WKHQ�IXUWKHU�
DJJUHJDWHV�ZHDWKHU�DQG�WLPH�LQIRUPDWLRQ�WR�IRUHFDVW�WKH�WD[L�GHPDQG��([WHQVLYH�H[SHULPHQWV�DQG�DQDO\VHV�DUH�FRQGXFWHG��ZKLFK�VKRZ�
RXU�PHWKRG�RXWSHUIRUPV�WUDGLWLRQDO�PHWKRGV��7KH�PHDQ�VTXDUH�HUURU�RI�WKH�SUHGLFWLRQ�UHVXOW�RQ�WKH�WHVWLQJ�VHW�LV��������ZKLFK�LV�������
ORZHU�WKDQ�UHODWHG�PRGHOV��7KH�SRVLWLYH�LQIOXHQFH�RI�FRPELQLQJ�PXOWLSOH�JHRVSDWLDO�GDWD�LV�DOVR�YDOLGDWHG�E\�DEODWLRQ�H[SHULPHQWV��

�� ,1752'8&7,21�

7UDQVSRUWDWLRQ�LV�WKH�OLIHEORRG�RI�XUEDQ�YLWDOLW\��7KH�GHYHORSPHQW�
RI� VPDUW� FLW\� LV� LQVHSDUDEOH� IURP� HIIHFWLYH� LQWHOOLJHQW�
WUDQVSRUWDWLRQ�V\VWHP��7D[L�LV�DQ�LPSRUWDQW�SDUW�RI�XUEDQ�SXEOLF�
WUDQVSRUWDWLRQ��7KRXVDQGV�RI�SHRSOH�FKRRVH� WR� WDNH� WD[LV�HYHU\�
GD\� EHFDXVH� RI� FRQYHQLHQFH� DQG� UDSLGLW\�� ,I� ZH� DUH� DEOH� WR�
DFFXUDWHO\�SUHGLFW�WKH�WD[L�GHPDQG�LQ�YDULRXV�DUHDV�RI�WKH�ZKROH�
FLW\��UHDVRQDEOH�YHKLFOH�SUH�DOORFDWLRQ�ZLOO�EH�DFKLHYHG��DQG�WKHQ�
WKH�WLPH�ZDVWH�RI�SDVVHQJHUV�DQG�GULYHUV�DQG� WKH�ZDVWH�RI� IXHO�
FDXVHG�E\�HPSW\�YHKLFOHV�FDQ�EH�JUHDWO\�UHGXFHG��:LWK�WKH�DGYHQW�
RI�WKH�ELJ�GDWD�HUD��PDVVLYH�PXOWLVRXUFH�XUEDQ�GDWD��VXFK�DV�*36�
GDWD��VWDWLVWLFDO�GDWD��DQG�VDWHOOLWH� LPDJHU\��KDYH�EHHQ�FROOHFWHG�
WKURXJK� GLIIHUHQW� VHQVRUV�� 8VLQJ� WKHVH� KHWHURJHQHRXV� GDWD� WR�
DVVLVW�EHWWHU�FLW\�VFDOH�WD[L�GHPDQG�SUHGLFWLRQ�LV�WKH�SUREOHP�ZH�
DLP�WR�VROYH�LQ�WKLV�SDSHU���

9HKLFOH� GHPDQG� SUHGLFWLRQ� LV� D� EUDQFK� RI� JHQHULF� WUDIILF�
SUHGLFWLRQ�ZKLFK�DOVR�LQFOXGHV�URDG�VSHHG�SUHGLFWLRQ��<DR�HW�DO���
������� WUDYHO� WLPH� SUHGLFWLRQ� �:X� HW� DO��� ������� YHKLFOH� IORZ�
SUHGLFWLRQ� �$EDGL� HW� DO��� ������� HWF�� 7KH� IRUPXODV� RI� WKH�
SUHGLFWLRQ�SUREOHP�IRU�GLIIHUHQW�VSDWLR�WHPSRUDO�WUDIILF�GDWD�DUH�
YHU\� VLPLODU� DQG� WKH� PDLQ� SXUSRVHV� DUH� DOPRVW� LGHQWLFDO²
FDOFXODWH� WKH� IXWXUH� WUDIILF�UHOHYDQW� YDOXH� �<DR� HW� DO��� �������
6FKRODUV�KDYH�SXW�IRUZDUG�D�VHULHV�RI�PRGHOV�IRU�WUDIILF�SUHGLFWLRQ���

7KH� FRQYHQWLRQDO� SUHGLFWLRQ� PRGHOV� DUH� WLPH� VHULHV� PRGHOV��
ZKRVH� VWUXFWXUH� LV� SUHGHWHUPLQHG� EDVHG� RQ� FHUWDLQ� WKHRUHWLFDO�
DVVXPSWLRQV��DQG�WKH�PRGHO�SDUDPHWHUV�FDQ�EH�FDOFXODWHG�XVLQJ�
GDWD��$XWRUHJUHVVLYH�,QWHJUDWHG�0RYLQJ�$YHUDJH��$5,0$��LV�D�
WLPH� VHULHV� SDUDPHWULF� PRGHO� ZKLFK� DVVXPHV� WKDW� WUDIILF� LV� D�
VWDWLRQDU\� SURFHVV� ZLWK� FRQVWDQW� PHDQ�� YDULDQFH� DQG�


�� &RUUHVSRQGLQJ�DXWKRU�

DXWRFRUUHODWLRQ��,Q�WKH�SDVW�IHZ�GHFDGHV��VFKRODUV�KDYH�SURSRVHG�
PDQ\� WUDIILF�SUHGLFWLRQ�PRGHOV�EDVHG�RQ�$5,0$��$KPHG�DQG�
&RRN��������/HH�DQG�)DPEUR��������9DQ�'HU�9RRUW�HW�DO����������
$5,0$�ZDV�DOVR�H[WHQGHG�ZLWK�3RLVVRQ��0RUHLUD�0DWLDV�HW�DO���
����D��RU�SHUFHSWURQ� �0RUHLUD�0DWLDV� HW� DO��� ����E�� WR�SUHGLFW�
WD[L�GHPDQG�RI�D�JLYHQ�UHJLRQ���

0DFKLQH� OHDUQLQJ� SUHGLFWLRQ� PHWKRGV� LQFOXGH� FOXVWHULQJ�
DOJRULWKPV�� VXSSRUW� YHFWRU� PDFKLQH� �690�� SUHGLFWLRQ� PRGHOV�
DQG�QHXUDO�QHWZRUN�SUHGLFWLRQ�PRGHOV��&OXVWHULQJ�DOJRULWKP�FDQ�
DJJUHJDWH� WKH� GLVFUHWH� WD[L� SRLQWV� LQWR� UHJLRQV� WR� HVWLPDWH� WKH�
GHPDQG�RI�HDFK�UHJLRQ�LQ�WKH�FLW\��&KDQJ�HW�DO���������'DYLV�HW�
DO����������7KH�HVVHQFH�RI�690�LV�WR�PDS�RULJLQDO�GDWD�GLPHQVLRQ�
WR� KLJK�GLPHQVLRQDO� IHDWXUH� VSDFH� WKURXJK� QRQOLQHDU�
WUDQVIRUPDWLRQ�DQG�WKHQ�SHUIRUP�OLQHDU�UHJUHVVLRQ�LQ�WKLV�VSDFH��
690�EDVHG�WUDIILF�SUHGLFWLRQ�PHWKRGV��6XQ�HW�DO���������:X�HW�
DO���������<DR�HW�DO���������ZHUH�SURYHQ� WR�EH�VXSHULRU� WR�WLPH�
VHULHV� DQG� UHJUHVVLRQ�EDVHG� PHWKRGV�� 'HHS� OHDUQLQJ� GRHVQ¶W�
UHTXLUH�SUH�GHWHUPLQHG�IHDWXUHV��UHGXFLQJ�LQFRPSOHWHQHVV�FDXVHG�
E\�KDQGFUDIWHG�IHDWXUHV��'HHS�QHXUDO�QHWZRUNV�HVWDEOLVK�FRPSOH[�
QRQOLQHDU� UHODWLRQVKLS� WKURXJK� GLVWULEXWHG� DQG� KLHUDUFKLFDO�
IHDWXUH�UHSUHVHQWDWLRQV��SURYLGLQJ�D�GHHSHU�UHSUHVHQWDWLRQ�RI�WKH�
GDWD��ZKLFK�KDV�EHHQ�VXFFHVVIXOO\�DSSOLHG�LQ�PDQ\�ILHOGV��VXFK�DV�
QDWXUDO� ODQJXDJH� SURFHVVLQJ� �*UDYHV� HW� DO��� ������� LPDJH�
UHFRJQLWLRQ� �.HPNHU� HW� DO��� ������0DUPDQLV� HW� DO��� ������� HWF��
&RQYROXWLRQDO�QHXUDO�QHWZRUN��&11���=KDQJ�HW�DO���������������
DQG�UHFXUUHQW�QHXUDO�QHWZRUN��511���0D�HW�DO�������D������E��
;X�HW�DO���������KDYH�EHHQ�WKH�WZR�GHHS�OHDUQLQJ�PRGHOV�PDLQO\�
DSSOLHG�LQ�WUDIILF�SUHGLFWLRQ�DSSOLFDWLRQ�EHFDXVH�WKH�IRUPHU�FDQ�
FDSWXUH� VSDWLDO� GHSHQGHQF\� DQG� WKH� ODWWHU� IRU� WHPSRUDO�
GHSHQGHQF\�� 6RPH� LQWHJUDWHG� PRGHOV� WKDW� FRPELQH� &11� DQG�
511�ZHUH�DOVR�VWXGLHG��<DR�HW�DO�����������
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'HVSLWH�WKH�SURJUHVV�PDGH�RYHU�WKH�\HDUV��FLW\�VFDOH�WD[L�GHPDQG�
SUHGLFWLRQ� LV� VWLOO� D� FKDOOHQJH� EHFDXVH� RI� UHJLRQ� GLYHUVLW\��
SHRSOH¶V�WUDYHO�SDWWHUQ�DQG�H[WHUQDO�LQIOXHQFH�VXFK�DV�ZHDWKHU�DQG�
ELJ� HYHQWV��$OVR�� SUHGLFWLQJ� WD[L�GHPDQG� IRU� DOO� SDUFHOV� DW� RQH�
WLPH� LV� WULFN\��3UHYLRXV� UHVHDUFKHV�DOO� WUDLQHG� WKHLU�PRGHOV�DQG�
DSSOLHG� WKH� VDPH� SDUDPHWHUV� WR� DOO� FLW\� UHJLRQV� UHJDUGOHVV� RI�
UHJLRQ�IHDWXUHV��0RUHRYHU�� WKH�PHWKRGV�RI�PXOWLSOH�GDWD�IXVLRQ�
ZHUH�TXLWH�URXJK��ZKLFK�ZHUH�HLWKHU�FRQFDWHQDWLRQ�RU�VXPPDWLRQ��

7R�DGGUHVV�WKH�PHQWLRQHG�OLPLWDWLRQV�DERYH��ZH�SURSRVHG�D�MRLQW�
JXLGDQFH� UHVLGXDO� QHWZRUN� XVLQJ� KLVWRULFDO� WD[L� RUGHU� GDWD� DQG�
PXOWLVRXUFH� XUEDQ� JHRVSDWLDO� GDWD� �32,�� URDG� QHWZRUN� DQG�
SRSXODWLRQ�GLVWULEXWLRQ��WR�IRUHFDVW�WD[L�GHPDQG�LQ�HYHU\�UHJLRQ��
7KH�FDWHJRULHV�RI�32,�LQ�D�UHJLRQ�FDQ�LQIHU�WKH�UHJLRQ¶V�IXQFWLRQ�
�<XDQ� HW� DO��� ������� DQG� ZH� DVVXPH� WKDW� WKH� WD[L� GHPDQG� LV�
UHODWLYHO\�KLJK�LQ�DUHDV�ZLWK�ODUJH�32,V�DQG�SRSXODWLRQ��DV�ZHOO�
DV� GHQVH� URDG� QHWZRUNV��5DZ�YHFWRU�GDWD� DQG� UDVWHU�GDWD�ZHUH�
SURFHVVHG��7KHQ��ZH�FDUULHG�RXW�FRUUHODWLRQ�DQDO\VLV�EHWZHHQ�WD[L�
GHPDQG� DQG� WKH� DERYH� GDWD�� -*�1HW� LV� FRPSRVHG� RI� WKUHH�
EUDQFKHV��HDFK�RI�ZKLFK�GHSOR\V�SL[HO�DGDSWLYH�FRQYROXWLRQ� LQ�
RUGHU� WR� LPSOHPHQW� UHJLRQ� DGDSWLYH� SUHGLFWLRQ�� %\� IHHGLQJ�
32,�URDG�SRSXODWLRQ� GDWD� LQWR� WKH� QHW�� UHJLRQ� IHDWXUHV� FDQ� EH�
OHDUQHG�� 7KH� PRGHO� G\QDPLFDOO\� DJJUHJDWHV� WKH� RXWSXW� RI�
DIRUHPHQWLRQHG�WKUHH�EUDQFKHV�JXLGHG�E\�GLIIHUHQW�W\SHV�RI�GDWD��
WKHQ�IXUWKHU�FRPELQHV�FRQWH[W�LQIRUPDWLRQ��VXFK�DV�ZHDWKHU�DQG�
WLPH�� WR� REWDLQ� WKH� SUHGLFWLRQ� UHVXOW�� 8VLQJ� WD[L� RUGHU� GDWD� RI�
&KHQJGX� FLW\��ZH� FRQGXFWHG� H[WHQVLYH� H[SHULPHQWV� WR� WHVW� WKH�
SHUIRUPDQFH�RI�WKH�SURSRVHG�PHWKRG��DQG�UHVXOWV�VKRZ�WKDW�RXU�
PRGHO�FDQ�SUHGLFW�WKH�WD[L�GHPDQG�RI�WKH�HQWLUH�FLW\�ZLWK�JRRG�
SHUIRUPDQFH��

�� '$7$�352&(66,1*�$1'�&255(/$7,21�
$1$/<6,6�

7KLV�VHFWLRQ�LQWURGXFHV�WKH�GDWD��WKH�SURFHVVLQJ�PHWKRGV��DQG�WKH�
FRUUHODWLRQ�DQDO\VLV��7KH�GDWD�LQFOXGH�WD[L�RUGHU�GDWD��PXOWLVRXUFH�
XUEDQ� JHRVSDWLDO� GDWD� �32,� GDWD�� URDG� GDWD�� SRSXODWLRQ� GDWD���
ZHDWKHU�GDWD�DQG�WLPH�PHWDGDWD���

��� 7D[L�RUGHU�GDWD��

:H�XVHG� WKH�RQOLQH� WD[L�RUGHU�RSHQ�GDWDVHW� IURP�'LGL�&KX[LQJ�
�'LGL�'DWD�&HQWHU���������RQH�RI�WKH�ODUJHVW�,QWHUQHW�ULGH�VKDULQJ�
DQG�ULGH�KDLOLQJ�8EHU�OLNH�FRPSDQLHV�LQ�&KLQD��2XU�VWXG\�DUHD�LV�
&KHQJGX� FLW\�� WKH� FDSLWDO� FLW\� RI� 6LFKXDQ� 3URYLQFH� DQG� WKH�
WHFKQRORJ\�� ILQDQFLDO�DQG� WUDQVSRUWDWLRQ�FHQWHU� LQ� VRXWKZHVWHUQ�
&KLQD��,W�LV�UHSRUWHG�WKDW�'LGL�&KX[LQJ�KDV�SURYLGHG�ULGH�VHUYLFH�
WR� ���� PLOOLRQ� XVHUV� LQ� &KHQJGX� XQWLO� 6HSWHPEHU� ������ ZKLFK�
PHDQV�WKDW���RXW�RI�HYHU\����&KHQJGX�UHVLGHQWV�KDYH�XVHG�LW�RQFH�
�&%1'DWD�DQG�'LGL�5HVHDUFK�,QVWLWXWH���������7KH�GDWDVHW�FRYHUV�
WKH� ZKROH� &KHQJGX� FLW\� ZLWKLQ� *����� ULQJ� URDG� DQG� ZDV�
FROOHFWHG� LQ� 1RYHPEHU� ����� ZLWK� DQ� DYHUDJH� GDLO\� RUGHU� RI�
��������� 7D[L� RUGHU� GDWDVHW� LV� FRPSOHWH� DQG� FRYHUV� D� ODUJH�
SURSRUWLRQ�RI�SRSXODWLRQ�LQ�&KHQJGX��7KHUH�LV�QR�PLVVLQJ�YDOXH�
LQ�WLPH�QRU�VSDFH��

(DFK�UHFRUG�LQ�WD[L�RUGHU�GDWD�UHSUHVHQWV�D�ULGH��LQFOXGLQJ�VHYHQ�
DWWULEXWHV�� RUGHU� ,'�� WLPHVWDPS� RI� WKH� RULJLQ�� ODWLWXGH� DQG�
ORQJLWXGH�RI�WKH�RULJLQ��WLPHVWDPS�RI�WKH�GHVWLQDWLRQ��ODWLWXGH�DQG�
ORQJLWXGH�RI� WKH�GHVWLQDWLRQ��7D[L� RUGHU�GDWD�ZHUH� WUDQVIRUPHG�
LQWR� WLPH�VHULHV� LPDJHV�E\� IROORZLQJ�SURFHVVLQJ�VWHSV��5HJXODU�
JULGV�DUH�XVXDOO\�DSSOLHG�IRU�VWDWLVWLFDO�VWXG\�RQ�WKLV�WRSLF��)LUVW��
DFFRUGLQJ�WR�SUHYLRXV�ZRUN�WKDW�ZDV�DOVR�EDVHG�RQ�WD[L�RUGHU�GDWD�
IURP�'LGL�&KX[LQJ��<DR�HW�DO����������ZH�GLYLGHG�WKH�HQWLUH�FLW\�
LQWR����E\����JULGV�DQG�HDFK�RI�WKHP�GHQRWHV�D����NP�E\����NP�
UHJLRQ��2UGHU�,'�ZDV�XVHG�IRU�GDWD�GHGXSOLFDWLRQ��7D[L�GHPDQG�

LV�GHILQHG�DV�WKH�QXPEHU�RI�RULJLQ�SRLQWV�DW�RQH�UHJLRQ�SHU�WLPH�
LQWHUYDO��$QG�GURS�RII�DPRXQW�LV�WKH�QXPEHU�RI�GHVWLQDWLRQ�SRLQWV��
7KHQ�ZH�FDOFXODWHG�GHPDQG�DQG�GURS�RII�DPRXQW�LQ�WKH�UHJLRQV�
HYHU\� KDOI� KRXU��0LQ�0D[�QRUPDOL]DWLRQ�ZDV� XVHG� WR� VFDOH� DOO�
GDWD�LQWR�WKH�UDQJH�>���@��$�VDPSOH�LPDJH�RI�WD[L�GHPDQG�DW�RQH�
WLPH�LQWHUYDO�LV�VKRZQ�LQ�)LJXUH�����

)LJXUH����7D[L�RUGHU�GDWD�SURFHVVLQJ�UHVXOW�

��� 0XOWLSOH�XUEDQ�JHRVSDWLDO�GDWD�

8UEDQ� JHRVSDWLDO� GDWD� XVHG� LQ� WKLV� SDSHU� LQFOXGH� 32,�� URDG�
QHWZRUN��DQG�WKH�SRSXODWLRQ�GLVWULEXWLRQ��32,�GDWD�ZDV�FROOHFWHG�
IURP� %DLGX� 0DS� �KWWSV���PDS�EDLGX�FRP��� ZKLFK� FRQWDLQV� ���
FDWHJRULHV�DQG��������SRLQWV�LQ�WRWDO��:H�FRXQWHG�WKH�DPRXQW�RI�
HDFK�32,�W\SH�LQ�FLW\�JULGV�DQG�XVHG�LW�DV�WKH�32,�IHDWXUH�RI�WKH�
UHJLRQ��5DZ�URDG�QHWZRUN�GDWD�ZDV�REWDLQHG�IURP�2SHQ�6WUHHW�
0DS� �260��� LQFOXGLQJ� SULPDU\� URDGV�� VHFRQGDU\� URDGV��
SHGHVWULDQ�URDGV��HWF��)RU�HYHU\�JULG��WKH�OHQJWK�DQG�QXPEHU�RI�
URDGV�ZHUH�FRXQWHG��7KH�ODVW�NLQG�RI�JHRVSDWLDO�GDWD��SRSXODWLRQ�
GLVWULEXWLRQ��ZDV�REWDLQHG�IURP�*OREDO�+XPDQ�6HWWOHPHQW��*+6��
ZHEVLWH� �KWWSV���JKVO�MUF�HF�HXURSD�HX��� ZKLFK� GHSLFWV� WKH�
GLVWULEXWLRQ�RI�SRSXODWLRQ��H[SUHVVHG�DV�WKH�QXPEHU�RI�SHRSOH�SHU�
FHOO�� 6LQFH� LW� LV� D� UDVWHU� GDWDVHW�� ZH� GRZQVDPSOHG� LW� IURP� D�
UHVROXWLRQ�RI������NP�WR�����NP��WKH�VDPH�DV�WKH�FLW\�JULG��7KH�
DERYH� WKUHH� GDWD� FDQ� DOO� FRYHU� WKH� ZKROH� VWXG\� DUHD� ZLWKRXW�
PLVVLQJ�YDOXH��7KH\�ZHUH�QRW�FROOHFWHG�LQ�WKH�VDPH�\HDU�DV�WD[L�
RUGHU�GDWD�� EXW�ZH�EHOLHYH�32,�� URDGV� DQG�SRSXODWLRQ� LQ� D� FLW\�
ZRQ¶W� GUDPDWLFDOO\� FKDQJH� ZLWKLQ� D� IHZ� \HDUV�� 0LQ�0D[�
QRUPDOL]DWLRQ� ZDV� XVHG� WR� VFDOH� DOO� GDWD� LQWR� WKH� UDQJH� >���@��
)LJXUH���VKRZV�WKH�SURFHVVLQJ�UHVXOW�RI�WKH�DERYH�WKUHH�W\SHV�RI�
XUEDQ�GDWD���

)LJXUH����0XOWLVRXUFH�XUEDQ�JHRVSDWLDO�GDWD�SURFHVVLQJ�UHVXOWV�
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��� :HDWKHU�DQG�WLPH�

7KH� LPSDFW�RI�ZHDWKHU�DQG� WLPH�RQ�SHRSOH¶V� WUDYHO�EHKDYLRU� LV�
DOVR� FRQVLGHUHG� LQ� RXU� VWXG\�� :HDWKHU� GDWD� FDPH� IURP� WKH�
:HDWKHU�8QGHUJURXQG�ZHEVLWH��KWWSV���ZZZ�ZXQGHUJURXQG�FRP��
DQG� WKH� UDZ� GDWD�ZDV� FROOHFWHG� SHU� KRXU��1R�PLVVLQJ� YDOXH� LV�
IRXQG�DQG�DOO�YDOXHV�IDOO�LQWR�UHDVRQDEOH�UDQJH��)LUVW��WKH�ZHDWKHU�
UHFRUGV�ZHUH� LQWHUSRODWHG�E\�DQ�LQWHUYDO�RI�KDOI�DQ�KRXU��7KHQ��
RQH�KRW� HQFRGLQJ�ZDV� DSSOLHG� WR� WUDQVIRUP�ZHDWKHU� FRQGLWLRQV�
DQG�RWKHU� WLPH�PHWDGDWD� �L�H���GD\BRIBZHHN�� WLPHBRIBGD\�� LQWR�
ELQDU\�YHFWRUV�FDOOHG�FRQWH[W�IHDWXUHV��$W�ODVW��ZH�XVHG�0LQ�0D[�
QRUPDOL]DWLRQ�WR�VFDOH�WHPSHUDWXUH�DQG�ZLQG�VSHHG�LQWR�WKH�UDQJH�
>���@��

��� &RUUHODWLRQ�DQDO\VLV�

,Q�RUGHU� WR�TXDQWLWDWLYHO\�DQDO\]H� WKH�UHODWLRQVKLS�EHWZHHQ� WD[L�
RUGHU� GDWD� DQG� PXOWLVRXUFH� XUEDQ� JHRVSDWLDO� GDWD�� 3HDUVRQ�
FRUUHODWLRQ� FRHIILFLHQW�� DV� GHILQHG� DV� (T�� ����� ZDV� FDOFXODWHG�
EHWZHHQ� DYHUDJH� GDLO\� GHPDQG�� WKH� DPRXQW� RI� DYHUDJH� GDLO\�
GURS�RIIV�� VXPPDWLRQ� RI� 32,V�� VXPPDWLRQ� RI� URDG� OHQJWK��
VXPPDWLRQ�RI�URDG�DPRXQW��DQG�WKH�SRSXODWLRQ�LQ�HDFK�UHJLRQ��
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L' �DQG� L0 �DUH� UHVSHFWLYHO\� WKH� WD[L�GHPDQG�DQG�RWKHU�GDWD� LQ�

UHJLRQ� L �� ' �DQG�0 �DUH�WKHLU�DYHUDJH�YDOXH��&& �LV�FRUUHODWLRQ�
FRHIILFLHQW��$OO�FDOFXODWLRQ�UHVXOWV�ZHUH�SURYHQ�WR�EH�VLJQLILFDQW�
WKURXJK� WKH� K\SRWKHVLV� WHVW�� 7DEOH� �� VKRZV� WKDW� WKH� GURS�RII�
DPRXQW�DQG�32,�DPRXQW�DUH�ERWK�VWURQJO\�UHODWHG�WR�WD[L�GHPDQG��
ZKLOH� URDG� DQG� SRSXODWLRQ� DUH� PRGHUDWHO\� UHODWHG�� 7KXV��
FRPELQLQJ� WKH�JHRVSDWLDO� GDWD�SURSHUO\� FDQ� DVVLVW� WD[L�GHPDQG�
SUHGLFWLRQ�WR�D�FHUWDLQ�GHJUHH���

'DWD� &&� 'HVFULSWLRQ�
'URS�RII�� ����� 9HU\�VWURQJ�
32,� ����� 6WURQJ�
5RDG� ����� 0RGHUDWH�

3RSXODWLRQ� ����� 0RGHUDWH�
7DEOH����&RUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�GHPDQG�DQG�RWKHU�GDWD�

�� -2,17�*8,'$1&(�5(6,'8$/�1(7:25.�)25�
7$;,�'(0$1'�35(',&7,21��

,Q� WKLV� VHFWLRQ�� ZH� ILUVW� SUHVHQW� WKH� JHQHUDO� IUDPHZRUN� RI� WKH�
SURSRVHG� SUHGLFWLRQ� PRGHO²-*�1HW�� DQG� WKHQ� VSHFLILFDOO\�
LQWURGXFH� WKH� VWUXFWXUH� RI� JXLGDQFH� EUDQFKHV� WKDW� LQFRUSRUDWH�
PXOWLVRXUFH� JHRVSDWLDO� GDWD� XVLQJ� SL[HO�DGDSWLYH� FRQYROXWLRQ�
�3$&��� $W� ODVW�� D� IXVLRQ� PHFKDQLVP� LV� GHVLJQHG� WR� IXUWKHU�
DJJUHJDWH�DOO�LQIRUPDWLRQ�WRJHWKHU��

��� )UDPHZRUN�2YHUYLHZ�

:H� DVVXPH� WKDW� WKH� WD[L� GHPDQG� LQ� D� FHUWDLQ� UHJLRQ� LV� JUHDWO\�
LQIOXHQFHG� E\� WKH� VXUURXQGLQJ� DUHD� DQG� UHPRWH� DUHDV� FDQ� DOVR�
LQIOXHQFH�WKH�GHPDQG�RI�FXUUHQW�UHJLRQ�WKURXJK�URDG�FRQQHFWLRQV��
%HVLGHV��GLIIHUHQW�UHJLRQV�VHUYH�DV�GLIIHUHQW�IXQFWLRQ�DUHDV��WKHLU�
WD[L�GHPDQG�SDWWHUQV�YDU\�IURP�RQH�WR�DQRWKHU��-*�1HW�DLPV�WR�
FDSWXUH�WKH�VSDWLDO�WHPSRUDO�GHSHQGHQF\�DQG�UHJLRQ�GLYHUVLW\�LQ�
GHPDQG� SUHGLFWLRQ� SUREOHP�� 7KH� SXUSRVH� RI� WD[L� GHPDQG�
SUHGLFWLRQ�SUREOHP�LV�WR�IRUHFDVW�WKH�GHPDQG�YDOXH�RI�WKH�HQWLUH�
FLW\� DW� IXWXUH� WLPH� LQWHUYDO� W �� JLYHQ� KLVWRULFDO� GDWD� IURP� SDVW�

�W � �WLPH�LQWHUYDOV��$W�WLPH�LQWHUYDO� W ��ZH�GHQRWH�FLW\�VFDOH�WD[L�

GHPDQG�LQ�DOO� + :u UHJLRQV�DV�D�WHQVRU� + :
W;

u�\ ��ZKHUH� +

DQG�: �DUH�KHLJKW�DQG�ZLGWK�RI�RQH� LPDJH��7KXV��D� WLPH�VHULHV�

LPDJH� 7 + :; u u�\ �� ZKHUH� 7 UHSUHVHQWV� PDQ\� WLPH� LQWHUYDOV�
FDQ�H[SUHVV�WKH�G\QDPLF�FKDQJHV�RI�WKH�GHPDQG�

)LJXUH����-RLQW�*XLGDQFH�5HVLGXDO�1HWZRUN��-*�1HW��DUFKLWHFWXUH��&RQY��&RQYROXWLRQDO�OD\HU��5HV%ORFN��5HVLGXDO�EORFN��3$&��
3L[HO�DGDSWLYH�FRQYROXWLRQ��)&��)XOO\�FRQQHFWHG�OD\HU���
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)LJXUH���GHSLFWV�WKH�DUFKLWHFWXUH�RI�-*�1HW�WKDW�LV�FRPSRVHG�RI�
HDUO\� IHDWXUH� H[WUDFWLRQ�� JXLGDQFH� EUDQFKHV�� FRQWH[W� SDUW� DQG�
IHDWXUH� IXVLRQ�� 7KH� PDLQ� PRGHO� LQSXW� LV� KLVWRULFDO� WLPH�VHULHV�
LPDJHV��DQG�HDFK�LPDJH�KDV�WZR�FKDQQHOV��GHPDQG�DQG�GURS�RII�
DPRXQW��:H� FRQFDWHQDWH� WKH� LPDJHV� E\� WKH� WHPSRUDO� D[LV� �L�H��
ILUVW�LPDJH�FKDQQHO��DQG�REWDLQ�D�WHQVRU�WKDW�UHSUHVHQWV�KLVWRULFDO�
LQIRUPDWLRQ��)RU�HDUO\�IHDWXUH�H[WUDFWLRQ��WKH�RULJLQDO�LQSXW�LV�IHG�
LQWR�D�FRQYROXWLRQDO�OD\HU�ZLWK�DQ�DFWLYDWLRQ�IXQFWLRQ��WKHQ�LQWR�
VRPH� UHVLGXDO� EORFNV�� HDFK� RI� ZKLFK� LV� FRPSRVHG� RI� WZR�
FRQYROXWLRQDO� OD\HUV� DQG� WZR� DFWLYDWLRQ� OD\HUV�� -*�1HW� DSSOLHV�
SL[HO�DGDSWLYH�FRQYROXWLRQ�RSHUDWLRQ�ZLWK�WKH�JXLGDQFH�RI�UHJLRQ�
IHDWXUHV�LQIHUUHG�IURP�PXOWLVRXUFH�XUEDQ�JHRVSDWLDO�GDWD��32,V��
SRSXODWLRQ� GLVWULEXWLRQ�� DQG� URDG� QHWZRUNV� DUH� XVHG� WR� DVVLJQ�
IHDWXUHV�WR�SL[HOV��L�H��UHJLRQV��LQ�HDFK�EUDQFK��UHVSHFWLYHO\��7KH�
RXWSXWV�RI� WKH� WKUHH� JXLGDQFH�EUDQFKHV� DUH�PHUJHG�DQG� IXUWKHU�
LQWHJUDWHG�ZLWK�FRQWH[W� IHDWXUHV�H[WUDFWHG�IURP�IXOO\�FRQQHFWHG�
OD\HUV��$W� ODVW�� WKH� IXWXUH� WD[L� GHPDQG�SUHGLFWLRQ� LV� WKH� IXVLRQ�
UHVXOW��ZKLFK�KDV�WKH�VDPH�KHLJKW�DQG�ZLGWK�DV�WKH�LQSXW�LPDJHV���

��� 6WUXFWXUH� RI� WKH� JXLGDQFH� EUDQFK� EDVHG� RQ� SL[HO�
DGDSWLYH�&11�

7KUHH�JXLGDQFH�EUDQFKHV�VKDUH�D�VLPLODU�VWUXFWXUH�WKDW�FRQWDLQV�D�
JXLGDQFH� OHDUQLQJ�SDUW� DQG� D� UHVLGXDO�SL[HO�DGDSWLYH�&11�SDUW�
IROORZHG�E\�D�FRQYROXWLRQDO�OD\HU��7KH�WD[L�GHPDQG�SDWWHUQV�IRU�
GLIIHUHQW�IXQFWLRQDO�DUHDV�PD\�YDU\�ZLGHO\�DV�VKRZQ�LQ�)LJXUH����
)RU�H[DPSOH��*ULGB�����LV�D�FRPPHUFLDO�DUHD�ZKRVH�GHPDQG�LV�
WKH� ODUJHVW� DQG� LQFUHDVHV� RQ� ZHHNHQGV� ZKHQ� SHRSOH� DUH� PRUH�
OLNHO\�WR�JR�VKRSSLQJ��,Q�FRQWUDVW��WKH�GHPDQG�LQ�JULGB�����GURSV�
RQ� ZHHNHQGV� DQG� LV� OHVV� WKDQ� JULGB����� FRQVLGHULQJ� WKDW�
JULGB�����LV�DQ�HGXFDWLRQDO�DQG�PHGLFDO�UHJLRQ��6LQFH�JULGB�����
LV� QHDU� WKH� DLUSRUW� DQG� RQO\� WUDYHOOHUV� FDOO� IRU� WD[LV� WKHUH�� WKH�
GHPDQG�LV�PRUH�VWDWLRQDU\�DQG�OHVV�WKDQ�RWKHU�DUHDV���

)LJXUH����7D[L�GHPDQG�SDWWHUQV�RI�WKUHH�GLIIHUHQW�UHJLRQV�

&RQYROXWLRQ� LV� D� IXQGDPHQWDO� RSHUDWLRQ� LQ�PDQ\� WUDGLWLRQDO�RU�
GHHS� OHDUQLQJ� FRPSXWHU� YLVLRQ� DSSOLFDWLRQV� �.UL]KHYVN\� HW� DO���
������/DZUHQFH� HW� DO��� ������6LPDUG� HW� DO��� ������� ,Q� VWDQGDUG�
&11�� WKH� ILOWHU� ZHLJKWV� DUH� VKDUHG� VSDWLDOO\� DFURVV� WKH� ZKROH�
LPDJH��ZKLFK�LV�RQH�RI�WKH�PDLQ�UHDVRQV�IRU�LWV�SRSXODULW\�EXW�DOVR�
WKH� PDMRU� LQKHUHQW� OLPLWDWLRQ� VLQFH� LW� PDNHV� WKH� FRQYROXWLRQ�
LQGHSHQGHQW�RI�FRQWHQW��)RU�GHQVH�SL[HO�SUHGLFWLRQ�WDVNV��VXFK�DV�
LPDJH�VHJPHQWDWLRQ�DQG�IUDPH�SUHGLFWLRQ�� WKH�RSWLPDO�JUDGLHQW�
IRU� HDFK� SL[HO� LV� GLIIHUHQW� EHFDXVH� HDFK� SL[HO� VKRXOG� KDYH� D�
GLVWLQFW� RXWSXW�� +RZHYHU�� &11� ORRNV� IRU� JOREDO� RSWLPDO�
SDUDPHWHUV�RQ�WKH�HQWLUH�LPDJH�WKDW�PD\�QRW�SHUIHFWO\�ILW�HYHU\�
SL[HO�� &RQWHQW�LQGHSHQGHQW� PHDQV� WKDW� WKH� WUDLQHG� &11� ILOWHU�
ZHLJKWV�DUH�XVHG�LQ�DOO�SDUWV�RI�WKH�LPDJH��UHJDUGOHVV�RI�DQ\�ORFDO�
IHDWXUHV��6LPLODUO\��LQ�RXU�GHPDQG�SUHGLFWLRQ�SUREOHP��WKH�VDPH�
SDUDPHWHUV� DUH� DSSOLHG� LQ� DOO� UHJLRQV� RI� WKH� FLW\�� UHJDUGOHVV� RI�
ZKHWKHU� WKH� UHJLRQ� LV� D� FRPPHUFLDO� DUHD�� D� FXOWXUDO� DUHD� RU� D�
UHVLGHQWLDO�DUHD��7R�KDQGOH�WKH�OLPLWDWLRQV�RI�WUDGLWLRQDO�&11��LQ�
WKLV�ZRUN��SL[HO�DGDSWLYH�FRQYROXWLRQ�RSHUDWLRQ��6X�HW�DO���������
LV�HPSOR\HG��,Q�SL[HO�DGDSWLYH�FRQYROXWLRQ��ILOWHU�ZHLJKWV�DUH�QRW�
FRQVLVWHQW�EXW�FDQ�FKDQJH� LQ�GLIIHUHQW�SL[HOV��(DFK�SL[HO� LQ� WKH�
LPDJH�UHSUHVHQWV�D�UHJLRQ�LQ�WKH�FLW\��,Q�WKLV�ZD\��-*�1HW�LV�DEOH�

WR� DGDSWLYHO\� JHQHUDWH� IRUHFDVWLQJ� GHPDQG� IRU� WKH� FLW\� LQ�
UHIHUHQFH�WR�LQGLYLGXDO�IHDWXUHV�RI�HDFK�UHJLRQ��

3L[HO�DGDSWLYH� &RQYROXWLRQ�� 7KH� SL[HO�DGDSWLYH� FRQYROXWLRQ�
�3$&��PRGLILHV�WUDGLWLRQDO�VSDWLDOO\�LQYDULDQW�ILOWHU�ZHLJKWV�E\�D�

VSDWLDOO\� YDU\LQJ� NHUQHO� 
F F V V. u u u�\ WKDW� GHSHQGV� RQ� SL[HO�
IHDWXUHV� S �� $� SL[HO�DGDSWLYH� FRQYROXWLRQ� RSHUDWLRQ� RI� LQSXW��

� �� � ����� �Q[ [ [ [ �� F
L[ �\ RYHU� Q SL[HOV� DQG� F �FKDQQHOV� ZLWK�

Fc �FKDQQHO�RXWSXW�LV�GHILQHG�DV��
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ZKHUH� � �0 L LV� DQ� V Vu �VOLGLQJ� FRQYROXWLRQ� ZLQGRZ��

� �� � ����� �V VZ Z Z Z u �� F F
PZ

cu�\ DUH� WKH� ILOWHU� ZHLJKWV�� DQG�

FE c�\ �GHILQHV� ELDV�� 7KH� NHUQHO� IXQFWLRQ� . �KDV� D� IL[HG�
H[SUHVVLRQ�VXFK�DV�*DXVVLDQ�LQ�(T�������%\�EULQJLQJ�SL[HO�IHDWXUHV�
S �LQWR� . �� WKH�PRGLI\LQJ�SDUDPHWHUV� WKDW� FDQ�GLUHFWO\� FKDQJH�

RULJLQDO� Z �DUH� FDOFXODWHG�� 7KH� SDUDPHWHUV� DGDSW� WKH� VWDQGDUG�
VSDWLDO�ILOWHU� Z �WR�HDFK�GLVWLQFW�SL[HO��7KH�DGDSWLQJ�SL[HO�IHDWXUHV�
S �FDQ�EH�KDQGFUDIWHG�RU�GHULYHG�IURP�HQG�WR�HQG�OHDUQLQJ�DV�RXU�
ZRUN�LQ�WKLV�SDSHU�����

�
�

� � H[S^ � � � �`
�L M L M L M. S S S S S S � � �F ���

,Q� WKH� JXLGDQFH� OHDUQLQJ� SDUW�� ZH� XVH� VHYHUDO� QRUPDO�
FRQYROXWLRQDO�OD\HUV�WR�H[WUDFW�DGDSWLQJ�SL[HO�IHDWXUHV� S ��FDOOHG�
JXLGH��IURP�PXOWLVRXUFH�JHRVSDWLDO�GDWD��32,�GDWD��URDG�GDWD�DQG�
SRSXODWLRQ�GDWD���7KHVH�IHDWXUHV�WKHQ�VHUYH�DV�JXLGDQFH�LQ�WKUHH�
PRGHO�EUDQFKHV�DV�VKRZQ�LQ�)LJXUH����'LIIHUHQW�IURP�WUDGLWLRQDO�
PHWKRGV� WKDW� WUDLQ� DQG� DSSO\� WKH� VDPH� SDUDPHWHUV� WR� DOO� FLW\�
UHJLRQV�� RXU� PHWKRG� WDNHV� UHJLRQ� FKDUDFWHULVWLFV� LQWR�
FRQVLGHUDWLRQ��ZKLFK�LV�H[SHFWHG�WR�KHOS�LPSURYH�WKH�DFFXUDF\�RI�
GHPDQG�SUHGLFWLRQ��

5HVLGXDO�%ORFN��5HVLGXDO�OHDUQLQJ��+H�HW�DO���������LV�GHSOR\HG�
LQ� ERWK� WKH� HDUO\� IHDWXUH� H[WUDFWLRQ� SDUW� DQG� WKUHH� JXLGDQFH�
EUDQFKHV�LQ�-*�1HW��(DFK�FRQYROXWLRQ�QHXURQ�LQ�WKH�IHDWXUH�PDS�
KDV�D�ORFDO�UHFHSWLRQ�ILHOG�WKDW�LV�FRQQHFWHG�WR�WKH�QHXURQV�LQ�WKH�
XSSHU� OD\HU� E\� WUDLQDEOH� ZHLJKWV� �/HFXQ� HW� DO��� ������� ZKLFK�
PDNHV�&11�ILW�IRU�FDSWXULQJ�GHSHQGHQFLHV�EHWZHHQ�QHLJKERULQJ�
UHJLRQV��$OO� DUHDV� LQ� D� FLW\� DUH� FRQQHFWHG� E\� FRPSOLFDWHG� URDG�
QHWZRUNV�� OHDGLQJ� WR� WKH� SRWHQWLDO� VSDWLDO� GHSHQGHQF\� EHWZHHQ�
GLVWDQW� DUHDV�� VXFK� DV� UHVLGHQWLDO� DQG� FRPPHUFLDO� DUHDV�� 'HHS�
&11� VWUXFWXUH� FDQ� EUHDN� WKH� ORFDO� OLPLWDWLRQV� VLQFH� LW� KDV� D�
UHFHSWLRQ� ILHOG� WKDW� LV� ZLGH� HQRXJK� WR� FDSWXUH� WKH� VSDWLDO�
GHSHQGHQF\� RI� UHJLRQV� HYHQ� WKRXJK� WKH\� DUH� IDU� DSDUW�� 0XFK�
SURJUHVV� KDV� EHHQ�PDGH� LQ� FRPSXWHU� YLVLRQ� DSSOLFDWLRQV�XVLQJ�
GHHS� QHWZRUNV� DV� WKH\� LQWHJUDWH�PXOWLOHYHO� IHDWXUHV� �+H� HW� DO���
������-LQ�HW�DO����������5HVLGXDO�OHDUQLQJ�KDV�EHHQ�SURYHQ�WR�EH�
YHU\� HIIHFWLYH� LQ� GHHS� VWUXFWXUH� EHFDXVH� LW� FDQ� DOOHYLDWH� WKH�
SUREOHPV�RI�YDQLVKLQJ�H[SORGLQJ�JUDGLHQWV�DQG�WUDLQLQJ�DFFXUDF\�
GHJUDGDWLRQ� �+H� HW� DO��� ������� NQRZLQJ� DV� WKH� WZR� PDLQ�
FKDOOHQJHV�LQ�GHHS�QHWZRUNV��7KHUHIRUH��ZH�GHVLJQ�D�GHHS�PRGHO�
EDVHG�RQ�&11V�DQG�3$�&11V�ZKHUH�UHVLGXDO�OHDUQLQJ�LV�DSSOLHG���

,Q�WKH�SURSRVHG�-*�1HW��D�UHVLGXDO�EORFN�LV�GHILQHG�DV��

� � �; ; : ;c  �� ���
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ZKHUH� ; �DQG� ; c �DUH� LQSXW� DQG� RXWSXW� WHQVRUV�� � � �; :�
GHQRWHV�WKH�UHVLGXDO�IXQFWLRQ�DQG�: �DUH�DOO�OHDUQDEOH�SDUDPHWHUV�
LQFOXGLQJ�ZHLJKWV� DQG�ELDVHV��+HUH�ZH�XVH� D� IXQFWLRQ� � �ZLWK�
WZR�FRQYROXWLRQDO�RU�3$�FRQYROXWLRQDO�OD\HUV�DQG�D�5H/8�OD\HU�
VLQFH�D�VLQJOH�OD\HU�LV�SURYHQ�WR�EH�XQKHOSIXO��+H�HW�DO����������$V�
VKRZQ�LQ�)LJXUH����WKH�RQO\�GLIIHUHQFH�EHWZHHQ�D�3$&�5HVLGXDO�
%ORFN�DQG�D�5HVLGXDO�%ORFN�LV�WKDW�WKH�IRUPHU�KDV�SL[HO�DGDSWLYH�
RSHUDWLRQ�LQ�LWV�FRQYROXWLRQDO�OD\HU��7R�JHQHUDWH�VKDSH�LGHQWLFDO�
LQSXW� DQG� RXWSXW� DQG� DYRLG� UHVROXWLRQ� GHFOLQH�� ZH� HOLPLQDWH�
SRROLQJ�RSHUDWLRQ�LQ�RXU�PRGHO�DQG�DSSO\�WKH�VDPH�SDGGLQJ�LQ�DOO�
FRQYROXWLRQDO� OD\HUV��:LWK� / �3$&�UHVLGXDO� EORFNV� DQG� D� ILQDO�
FRQYROXWLRQ��WKH�RXWSXW�RI�WKUHH�EUDQFKHV�DUH� SRL; �� URDG; �DQG�

SRS; �LQ�)LJXUH�����

�D��5HVLGXDO�%ORFN������������E��3$&�5HVLGXDO�%ORFN�
)LJXUH�����D��6WUXFWXUH�RI�UHVLGXDO�EORFN�DQG��E��3$&�UHVLGXDO�

EORFN�

��� )XVLRQ�

,Q�WKLV�VHFWLRQ��ZH�LQWURGXFH�WKH�IXVLRQ�PHFKDQLVP�WKDW�FRPELQHV�
WKUHH�JXLGDQFH�EUDQFKHV�DQG�FRQWH[W�LQIRUPDWLRQ��)LUVW��WKH�SL[HO�
DGDSWLYH� FRQYROXWLRQDO� EUDQFKHV� DUH� PHUJHG� XVLQJ� ZHLJKW�
PDWULFHV��WKHQ�WKH�UHVXOW�LV�IXUWKHU�PHUJHG�ZLWK�ZHDWKHU�DQG�WLPH�
PHWDGDWD�E\�RWKHU�ZHLJKW�PDWULFHV���

7D[L�GHPDQG�LV�UHODWHG�WR�32,��URDG�DQG�SRSXODWLRQ�GLVWULEXWLRQ�
IHDWXUHV�DV�GHVFULEHG�LQ�VHFWLRQ������+RZHYHU��GLIIHUHQW�UHJLRQV�
DUH�LQIOXHQFHG�E\�WKHP�WR�GLIIHUHQW�GHJUHHV��)RU�H[DPSOH��WKHUH�
PD\�EH�RQO\�RQH�32,�LQ�D�WUDQVSRUWDWLRQ�FHQWHU��VXFK�DV�D�WUDLQ�
VWDWLRQ��� EXW� LWV� VXUURXQGLQJ� LV� GHQVHO\� GLVWULEXWHG�ZLWK� URDGV��
$QG� WKHUH�PD\� EH� RQO\� RQH� URDG� WKURXJK� D� FRPPHUFLDO� VWUHHW�
ZKLOH�WKH�QXPEHU�DQG�YDULHW\�RI�32,V�DUH�HQRUPRXV��$GGLWLRQDOO\��
LQ�UHVLGHQWLDO�DUHDV�RU�VFKRROV��32,V�DQG�URDGV�FDQ�EH�ERWK�VSDUVH�
EXW�WKH�SRSXODWLRQ�GHQVLW\�LV�ODUJH��OHDGLQJ�WR�ODUJH�WD[L�GHPDQG��
$� SDUDPHWULF�PDWUL[�EDVHG� IXVLRQ� PHWKRG� ZDV� SURSRVHG� IRU�
EUDQFK� DJJUHJDWLRQ� E\� DVVLJQLQJ� OHDUQDEOH� ZHLJKWV� WR� WKH�
EUDQFKHV�DQG�UHJLRQV��=KDQJ�HW�DO����������,QVSLUHG�E\�WKH�DERYH�
SKHQRPHQRQ�DQG�SDUDPHWULF�PDWUL[�EDVHG�IXVLRQ�PHWKRG��ZH�XVH�
WKUHH�ZHLJKW�PDWULFHV�OHDUQHG�IURP�EDFNSURSDJDWLRQ�WR�IXVH�32,�
JXLGHG�EUDQFK��URDG�JXLGHG�EUDQFK�DQG�SRSXODWLRQ�JXLGHG�EUDQFK�
DV�IROORZV��

EUDQFK S SRL U URDG R SRS; : ; : ; : ; � �D D D ���

ZKHUH� D �LV� +DGDPDUG� PXOWLSOLFDWLRQ�� S: �� U: �DQG� R: �DUH�

OHDUQDEOH� ZHLJKW� PDWULFHV� WKDW� UHSUHVHQW� GLIIHUHQW� LQIOXHQFH�
GHJUHHV��$QRWKHU�WZR�ZHLJKW�PDWULFHV� F: �DQG� E: �DUH�OHDUQHG�WR�

PHUJH� F; �DQG� EUDQFK; �� WKHQ�ZH� JHW� RXU� FLW\�VFDOH� SUHGLFWLRQ�

UHVXOW� Ö + :; u�\ �LQ� (T�� ����� 0HDQ� VTXDUH� HUURU� LV� WKH� ORVV�
IXQFWLRQ�LQ�-*�1HW���

Ö
F F E EUDQFK; : ; : ; �D D ���

�� (;3(5,0(176�

7R�HYDOXDWH�WKH�SURSRVHG�-RLQW�*XLGDQFH�5HVLGXDO�1HWZRUN�XVLQJ�
PXOWLSOH�JHRVSDWLDO�GDWD��ZH�FDUULHG�RXW�FRPSUHKHQVLYH�GHPDQG�
SUHGLFWLRQ� H[SHULPHQWV� RQ� 'LGL� &KX[LQJ� WD[L� RUGHU� GDWDVHW� DV�
GHVFULEHG� LQ� 6HFWLRQ� ��� 'HWDLOV� DERXW� H[SHULPHQW� VHWWLQJV� DQG�
SUHGLFWLRQ�UHVXOWV�DUH�SURYLGHG�LQ�WKH�VXEVHTXHQW�VXEVHFWLRQV���

��� ([SHULPHQW�LPSOHPHQWDWLRQ�

([SHULPHQW� VHWWLQJV��:H� UXQ� WKH� H[SHULPHQWV� XVLQJ�3\7RUFK�
OLEUDU\�RQ�D�FOXVWHU�RI�WZR�19,',$�*H)RUFH�����7L�*38V�WKDW�
KDV���*%�PHPRU\�HDFK��7KH�GDWDVHW�FRQWDLQV� WD[L�RUGHUV� IURP�
����������� WR� ����������� LQ� &KHQJGX�� 0XOWLVRXUFH� GDWD� DUH�
%DLGX�0DS�32,�GDWD��260�URDG�GDWD��*+6�SRSXODWLRQ�GDWD�DQG�
ZHE�ZHDWKHU�GDWD��$IWHU�GDWD�SURFHVVLQJ�DQG�QRUPDOL]DWLRQ��ZH�
REWDLQHG����WLPH�LQWHUYDOV��KDOI�DQ�KRXU��SHU�GD\�DQG������LQ�WRWDO��
7KH�KLVWRULFDO�GDWD�IURP�WKH�SUHYLRXV���WLPH�LQWHUYDOV�LV�WKH�LQSXW�
RI�DOO�PRGHOV��'DWD�IURP�WKH�ILUVW����GD\V�DUH�XVHG�IRU�WUDLQLQJ�
DQG�YDOLGDWLRQ��DQG�WKH�ODVW���GD\V�DUH�IRU�WHVWLQJ���

,Q�WUDLQLQJ�SURFHVV��506SURS�RSWLPL]DWLRQ�DOJRULWKP�LV�GHSOR\HG�
DQG� WKH�OHDUQLQJ�UDWH� LV�VHW� WR��������:H�WUDLQHG�DOO�PRGHOV� IRU�
����HSRFKV�� ,Q� -*�1HW�� FRQYROXWLRQDO� OD\HUV�DOO�KDYH���� ILOWHUV�
H[FHSW�IRU�WKH�ODVW�OD\HUV�LQ�HDFK�EUDQFK��7ZR�UHVLGXDO�EORFNV�DUH�
XVHG�IRU�HDUO\�IHDWXUH�H[WUDFWLRQ�DQG�WZR�3$&�UHVLGXDO�EORFNV�DUH�
LQFOXGHG� LQ� HDFK� JXLGDQFH� EUDQFK�� 7DEOH� �� LQWURGXFHV� DOO�
SDUDPHWHUV�LQ�-*�1HW��6LQFH�RULJLQDO�32,�LPDJH�KDV����FKDQQHOV��
PRUH�ILOWHUV�DUH�QHHGHG�WR�H[WUDFW�IHDWXUHV���

/D\HUV� )LOWHU�6L]H )LOWHUV�
*XLGDQFH��32,��/HDUQLQJ�&11� �î�� ��������
*XLGDQFH��URDG��/HDUQLQJ�&11� �î�� ������
*XLGDQFH��SRSXODWLRQ��/HDUQLQJ�

&11�
�î�� ������

&RQYROXWLRQDO�/D\HU�D� �î�� ���
5HVLGXDO�%ORFN�î���� �î�� ���

3$&�5HVLGXDO�%ORFN�î��� �î�� ���
&RQYROXWLRQDO�/D\HU�E� �î�� ��

7DEOH����0RGHO�SDUDPHWHUV�IRU�-*�1HW�

0HWULFV��:H�XVH�0HDQ�6TXDUH�(UURU��06(��IRU�HYDOXDWLRQ�LQ�RXU�
H[SHULPHQWV��7KH\�DUH�GHILQHG�DV���

� ��
�

� Ö
1

L L

L

06( ; ;
1

 

 �¦ ���

ZKHUH�� L; �DQG� Ö L; �DUH�JURXQG�WUXWK�DQG�IRUHFDVWHG�YDOXH�� 1 �LV�

WKH�QXPEHU�RI�VDPSOHV��

��� 2YHUDOO�FRPSDULVRQ�

:H�FRPSDUHG�RXU�-*�1HW�PRGHO�ZLWK�WKH�IROORZLQJ�VL[�UHODWHG�
PHWKRGV��
y +LVWRULFDO�$YHUDJH��+$���7KH�GHPDQG�RI�IXWXUH�WLPH�LQWHUYDOV�
LV�FDOFXODWHG�E\�WKH�DYHUDJH�GHPDQG�RI�KLVWRULFDO�WLPH�LQWHUYDOV��
y $5,0$�� :H� XVHG� DXWR�DULPD� IXQFWLRQ� LQ� 5� WR� ILW� WKH� EHVW�
$5,0$�PRGHO���
y 0XOWLSOH� /D\HU� 3HUFHSWURQ� �0/3��� 6HYHUDO� IXOO\� FRQQHFWHG�
OD\HUV�DUH�VWDFNHG�DQG�WKH�QXPEHUV�RI�KLGGHQ�XQLWV�DUH�������������
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�����������DQG�������2ULJLQDO�LPDJH�LQSXW�LV�IODWWHQHG�LQWR�D�RQH��
GLPHQVLRQDO�WHQVRU����
y /RQJ�6KRUW�7HUP�0HPRU\��/670���7KUHH�JDWHV�DUH�LQFOXGHG�
LQ� /670� WR� FDSWXUH� QHDU� DQG� ORQJ� GHSHQGHQFLHV� LQ� VHTXHQFH�
OHDUQLQJ��7KH�QXPEHUV�RI�KLGGHQ�XQLWV�DUH������������������DQG�
�������
y 6SDWLRWHPSRUDO�5HFXUUHQW�&RQYROXWLRQDO�1HWZRUNV� �65&1V���
65&1V��<X�HW�DO���������FRPELQHV�/670�DQG�&11�WR�SUHGLFW�
WUDIILF�VSHHG�RI�URDG�QHWZRUN��:H�DSSOLHG�WKH�VDPH�VWUXFWXUHV�LQ�
WKHLU�SDSHU�H[FHSW�WKDW�WKH�ODVW�OD\HU�KDV���灤��漤�����QHXURQV���
y 67�5HV1HW�� 67�5HV1HW� �=KDQJ� HW� DO��� ������ KDV� D� UHVLGXDO�
OHDUQLQJ� VWUXFWXUH� DQG� FRQVLGHUV� WKUHH� WHPSRUDO� GHSHQGHQFLHV��
'XH� WR� WKH�GDWD� OLPLWDWLRQ��ZH�RQO\� LQFOXGHG� WKH�FORVHQHVV�DQG�
SHULRG�SDUWV���

0RGHO� 06(�
+$� ������

$5,0$� ������
0/3� ������
/670� ������
65&1V� ������

67�5HV1HW� �����
-*�1HW�

1R�%UDQFK� �����
32,�%UDQFK� ������
5RDG�%UDQFK� ������

3RSXODWLRQ�%UDQFK� ������
��%UDQFKHV�ZLWKRXW�)XVLRQ ������
��%UDQFKHV�ZLWK�)XVLRQ� ������

7DEOH����&RPSDULVRQ�DPRQJ�GLIIHUHQW�PHWKRGV�

7DEOH� �� VKRZV� WKH� SUHGLFWLRQ� UHVXOWV�� 7KH� SURSRVHG� -*�1HW�
UHDFKHV� WKH� ORZHVW� 06(� ��������� ZKLFK� UHGXFHV� WKH� HUURU� E\�
�������$PRQJ� WKHVH�PHWKRGV��+$�DQG�$5,0$�RQO\� FRQVLGHU�
KLVWRULFDO� YDOXHV� RI� D� VLQJOH� UHJLRQ�� WKXV� WKH\� SHUIRUP� SRRUO\��
65&1V� DQG� 67�5HV1HW� KDYH� VLPLODU� SUHGLFWLRQ� HUURU� EHFDXVH�
WKH\�ERWK�XVH�&11�WR�FDSWXUH�VSDWLDO�GHSHQGHQF\�RI�WKH�ZKROH�
FLW\��ZKLFK�PDNHV�WKHP�VXSHULRU�WR�0/3�WR�/670�ZKHUH�VSDWLDO�
IHDWXUHV�DUH�IODWWHQHG���

,Q� RUGHU� WR� YHULI\� WKH� LPSDFW� RI� PXOWLVRXUFH� GDWD� RQ� IRUHFDVW�
UHVXOWV�� ZH� DOVR� FRPSDUHG� WKH� SHUIRUPDQFH� RI� VHYHUDO� PRGHO�
YDULDQWV��
y 1R�EUDQFK��7KH�SURSRVHG�-*�1HW�GHJUDGHV�WR�D�UHJXODU�UHVLGXDO�
QHW��2QO\�WD[L�RUGHU�GDWD�LV�XVHG�LQ�WKLV�PRGHO���
y 32,�%UDQFK��5RDG�%UDQFK��3RSXODWLRQ�%UDQFK��7KH�SUHGLFWLRQ�
LV�JXLGHG�E\�RQO\�RQH�W\SH�RI�WKH�XUEDQ�GDWD��HLWKHU�32,�GDWD��URDG�
GDWD�RU�SRSXODWLRQ�GDWD��

y ��%UDQFKHV�ZLWKRXW�)XVLRQ��7KLV�PRGHO�YDULDQW�VLPSO\�VXPV�WKH�
RXWSXWV�RI�WKUHH�EUDQFKHV��

&RPSDUHG�WR�WKH�QR�EUDQFK�PRGHO��YDULDQWV�LQWHJUDWHG�ZLWK�XUEDQ�
JHRVSDWLDO� GDWD� SHUIRUP� EHWWHU�� YHULI\LQJ� WKDW� UHJLRQ� IHDWXUHV�
OHDUQHG� IURP� WKHVH� GDWD� FDQ� LPSURYH� GHPDQG� SUHGLFWLRQ��
7KHUHIRUH��WKUHH�NLQGV�RI�GDWD�DUH�XVHG�LQ�RXU�ILQDO�-*�1HW��:KHQ�
ZH� VLPSO\� VXP� WKH� UHVXOWV� RI� WKUHH� EUDQFKHV� LQVWHDG� RI� XVLQJ�
ZHLJKW� PDWULFHV�� WKH� HUURU� LQFUHDVHV�� ZKLFK� GHPRQVWUDWHV� WKH�
HIIHFWLYHQHVV�RI�RXU�+DGDPDUG�SURGXFW�IXVLRQ�PHFKDQLVP��

��� 3HUIRUPDQFH�RI�GLIIHUHQW�WLPH�DQG�ORFDWLRQV�

:H� FRPSDUHG� WKH� IRUHFDVWLQJ� SHUIRUPDQFH� RI� WKH� -*�1HW� DW�
GLIIHUHQW�WLPH��)LJXUH���VKRZV�KRZ�SUHGLFWLRQ�HUURU�FKDQJHV�LQ�D�
GD\�� )LJXUH� ��D�� LV� WKH� GDLO\� GHPDQG� RI� DOO� UHJLRQV�� 7KH� WD[L�
GHPDQG�LV�WKH�ORZHVW�DW���DP�DQG�VR�LV�06(��7KHQ�WKH�FLW\�FRPHV�
DOLYH��DQG�LQ�WKH�PHDQWLPH��WKH�SUHGLFWLRQ�HUURU�RI�WKHVH�PRGHOV�
EHJLQV�WR�LQFUHDVH��7KH�GHPDQG�UHDFKHV�LWV�SHDN�LQ�WKH�DIWHUQRRQ��
$PRQJ�WKH�PRGHOV��0/3�LV�WKH�PRVW�XQVWDEOH�DQG�KDV�WKH�KLJKHVW�
ULVLQJ�GHJUHH�LQ�06(��7KH�HUURU�RI�/670�LV�VPDOOHU�FRPSDUHG�WR�
0/3�� 7KH� HUURU� FXUYH� RI� 67�5HV1HW� LV� VPRRWKHU� WKDQ� WKDW� RI�
65&1V�EHFDXVH�RI�UHVLGXDO� OHDUQLQJ��2XU�SURSRVHG�-*�1HW�KDV�
WKH�PRVW�VWDEOH�FXUYH��DQG�UHODWLYHO\�JRRG�SUHGLFWLRQ�UHVXOWV�DUH�
REWDLQHG�DW�DOO�WLPH�LQ�D�GD\���

�D��'DLO\�WD[L�GHPDQG�RI�DOO�UHJLRQV�

��E��06(�RYHU�WLPH�
)LJXUH����3UHGLFWLRQ�SHUIRUPDQFH�DW�GLIIHUHQW�WLP

)LJXUH����3UHGLFWLRQ�SHUIRUPDQFH�DW�GLIIHUHQW�ORFDWLRQ�
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7R�H[DPLQH�WKH�PRGHO�SHUIRUPDQFH�LQ�WKH�HQWLUH�FLW\��ZH�FDUULHG�
RXW�VRPH�H[SHULPHQWV�DW�GLIIHUHQW�ORFDWLRQV��7KH�[�D[LV�RI�WKUHH�
VXESORWV�LQ�)LJXUH���UHSUHVHQWV�SUHGLFWHG�WLPH�LQWHUYDOV��)LJXUH���
VKRZV� JUHDW� VLPLODULW\� EHWZHHQ� WKH� FLW\�VFDOH� SUHGLFWLRQ� YDOXH�
DQG�JURXQG�WUXWK�DW�RQH�WLPH�LQWHUYDO��ZKLFK�LV�D�VROLG�SURRI�RI�
WKH�VXSHULRULW\�RI�RXU�PRGHO�DW�WKH�FLW\�OHYHO��$PRQJ�WKUHH�W\SLFDO�
ORFDWLRQV�� -*�1HW� ILWV� WKH� WUXH� YDOXHV� EHVW� DW� WKH� FRPPHUFLDO�
UHJLRQ�ZKHUH�WD[L�GHPDQG�LV�KLJK�DQG�KDV�D�UHJXODU�SDWWHUQ��7KH�
ILWWLQJ�UHVXOWV�RI�WKH�PRGHO�LQ�RWKHU�UHJLRQV�DUH�DOVR�UHDVRQDEOH�
EHFDXVH�ZH�FRQVLGHU�WKH�LQGLYLGXDO�FKDUDFWHULVWLFV�RI�HDFK�UHJLRQ�
LQ�WKH�SUHGLFWLRQ�SURFHVV��

�� &21&/86,21�$1'�)8785(�:25.��

,Q�WKLV�SDSHU��LQVSLUHG�E\�UHJLRQ�GLYHUVLW\�LQ�FLWLHV��ZH�SURSRVH�D�
MRLQW�JXLGDQFH�UHVLGXDO�QHWZRUN�QDPHG�-*�1HW�IRU�FLW\�VFDOH�WD[L�
GHPDQG�SUHGLFWLRQ�EDVHG�RQ�UHVLGXDO�OHDUQLQJ�DQG�SL[HO�DGDSWLYH�
FRQYROXWLRQ��7KH�PRGHO�KDV�WKUHH�JXLGDQFH�EUDQFKHV��DQG�LQ�HDFK�
EUDQFK��PXOWLSOH�JHRVSDWLDO�GDWD��LQFOXGLQJ�32,�GDWD��260�URDG�
GDWD�DQG�SRSXODWLRQ�GDWD��DUH�DSSOLHG�WR�DVVLJQ�IHDWXUHV�WR�UHJLRQV��
7KLV�ZRUN�LV�WKH�ILUVW�DWWHPSW�WR�FRQVLGHU�UHJLRQ�FKDUDFWHULVWLFV�LQ�
WKH� FLW\�OHYHO� SUHGLFWLRQ� SURFHVV��%HVLGHV��ZHDWKHU� LQIRUPDWLRQ�
DQG�WLPH�PHWDGDWD�DUH�DOVR�FRQVLGHUHG��8VLQJ�'LGL�&KX[LQJ�WD[L�
RUGHU� GDWDVHW� RI� &KHQJGX�� ZH� FDUULHG� RXW� GDWD� SURFHVVLQJ� DQG�
GHPDQG� SUHGLFWLRQ� H[SHULPHQWV�� %\� FRUUHODWLRQ� DQDO\VLV�� ZH�
IRXQG�WKDW�WKH�DERYH�WKUHH�W\SHV�RI�JHRVSDWLDO�GDWD�DUH�UHODWHG�WR�
WD[L�GHPDQG�YDOXH��HVSHFLDOO\�32,�GDWD��7KH�H[SHULPHQW�UHVXOWV�
VKRZ� WKDW� WKH� SURSRVHG� PRGHO� SHUIRUPV� VWDEO\� DW� GLIIHUHQW�
ORFDWLRQV� DQG� WLPH� LQWHUYDOV� LQ� FRPSDULVRQ� ZLWK� RWKHU� UHODWHG�
PRGHOV��7KH�RYHUDOO�SUHGLFWLRQ�HUURU�RQ�WKH�WHVWLQJ�VHW�LV�UHGXFHG�
E\��������7KH�HIIHFWLYHQHVV�RI� LQWHJUDWLQJ�PXOWLSOH� VRXUFHV�RI�
JHRVSDWLDO�GDWD�LV�DOVR�YDOLGDWHG�E\�DEODWLRQ�H[SHULPHQWV���

7R�IXUWKHU�LPSURYH�WKH�SUHGLFWLRQ�DFFXUDF\��ZH�ZLOO�FRQVLGHU�WR�
FROOHFW�PRUH�GDWD��VXFK�DV�WUDIILF�GHQVLW\�GDWD�DQG�FURZG�PRELOLW\�
GDWD�� 7D[L� GHPDQG� SUHGLFWLRQ� IRU� WKH� HQWLUH� FLW\� LV� D�
VSDWLRWHPSRUDO� SUREOHP��7KH� SUHVHQW�ZRUN� KDV�QRW� VXIILFLHQWO\�
DGGUHVVHG� WKH� WHPSRUDO� GLPHQVLRQ�� ,Q� IXWXUH� VWXGLHV�� ZH� ZLOO�
FRQGXFW�PRUH�LQ�GHSWK�UHVHDUFK�RQ�KRZ�WR�FRQVLGHU�WKH�WHPSRUDO�
GLPHQVLRQ��VXFK�DV�XVLQJ��'�FRQYROXWLRQ�RU�FKDQQHO�DWWHQWLRQ��

$&.12:/('*(0(176�

7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�1DWLRQDO�.H\�5HVHDUFK�DQG�
'HYHORSPHQW� 3URMHFW� �*UDQW� 1R�� ����<)%��������� DQG� WKH�
1DWLRQDO�6FLHQFH�)RXQGDWLRQ�RI�&KLQD��*UDQW�1R�������������

5()(5(1&(6�

$EDGL�� $��� 5DMDELRXQ�� 7��� ,RDQQRX�� 3�$��� ������ 7UDIILF� )ORZ�
3UHGLFWLRQ� IRU� 5RDG� 7UDQVSRUWDWLRQ� 1HWZRUNV� :LWK� /LPLWHG�
7UDIILF�'DWD�� ,(((� 7UDQVDFWLRQV� RQ� ,QWHOOLJHQW� 7UDQVSRUWDWLRQ�
6\VWHPV������������±������

$KPHG��0�6���&RRN��$�5��� ������$QDO\VLV� RI� )UHHZD\�7UDIILF�
7LPH�VHULHV� 'DWD� E\� 8VLQJ� %R[�MHQNLQV� 7HFKQLTXHV��
7UDQVSRUWDWLRQ�5HVHDUFK�5HFRUG���±���

&%1'DWD��'LGL�5HVHDUFK�,QVWLWXWH��������6PDUW�7UDYHO�%LJ�'DWD
�5HSRUW�>:::�'RFXPHQW@��85/�KWWSV���ZZZ�FEQGDWD�FRP�UHS
RUW�����GHWDLO"LV5HDGLQJ UHSRUW	SDJH ���DFFHVVHG�����������

&KDQJ��+��ZHQ��7DL��<��FKLQ��+VX��<��MHQ�-���������&RQWH[W�DZDUH�
WD[L� GHPDQG� KRWVSRWV� SUHGLFWLRQ�� ,QWHUQDWLRQDO� -RXUQDO� RI�
%XVLQHVV�,QWHOOLJHQFH�DQG�'DWD�0LQLQJ���������±�����

'DYLV�� 1��� 5DLQD�� *��� -DJDQQDWKDQ�� .��� ������ $� PXOWL�OHYHO�
FOXVWHULQJ�DSSURDFK�IRU�IRUHFDVWLQJ�WD[L�WUDYHO�GHPDQG��,Q��,(((�
&RQIHUHQFH�RQ�,QWHOOLJHQW�7UDQVSRUWDWLRQ�6\VWHPV��3URFHHGLQJV��
,76&��,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHUV�,QF���SS��
���±�����

'LGL�'DWD�&HQWHU��������7D[L�2UGHU�'DWDVHW�RI�&KHQJGX�>:::�
'RFXPHQW@��85/�KWWSV���JDLD�GLGLFKX[LQJ�FRP��DFFHVVHG����������

*UDYHV�� $��� 0RKDPHG�� $�5��� +LQWRQ�� *��� ������ 6SHHFK�
UHFRJQLWLRQ� ZLWK� GHHS� UHFXUUHQW� QHXUDO� QHWZRUNV�� ,Q�� ,&$663��
,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��6SHHFK�DQG�6LJQDO�
3URFHVVLQJ���3URFHHGLQJV��SS������±�������

+H��.���=KDQJ��;���5HQ��6���6XQ��-���������'HHS�UHVLGXDO�OHDUQLQJ�
IRU� LPDJH� UHFRJQLWLRQ�� ,Q��3URFHHGLQJV� RI� WKH� ,(((�&RPSXWHU�
6RFLHW\�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ��
,(((�&RPSXWHU�6RFLHW\��SS�����±������

+H�� .��� =KDQJ�� ;��� 5HQ�� 6��� 6XQ�� -��� ������ 6SDWLDO� 3\UDPLG�
3RROLQJ�LQ�'HHS�&RQYROXWLRQDO�1HWZRUNV�IRU�9LVXDO�5HFRJQLWLRQ��
,(((�7UDQVDFWLRQV�RQ�3DWWHUQ�$QDO\VLV�DQG�0DFKLQH�,QWHOOLJHQFH��
�����������±������

-LQ��.�+���0F&DQQ��0�7���)URXVWH\��(���8QVHU��0���������'HHS�
&RQYROXWLRQDO�1HXUDO�1HWZRUN�IRU�,QYHUVH�3UREOHPV�LQ�,PDJLQJ��
,(((�7UDQVDFWLRQV�RQ�,PDJH�3URFHVVLQJ�������������±�������

.HPNHU�� 5��� 6DOYDJJLR�� &��� .DQDQ�� &��� ������ $OJRULWKPV� IRU�
VHPDQWLF�VHJPHQWDWLRQ�RI�PXOWLVSHFWUDO�UHPRWH�VHQVLQJ�LPDJHU\�
XVLQJ� GHHS� OHDUQLQJ�� ,6356� -RXUQDO� RI� 3KRWRJUDPPHWU\� DQG�
5HPRWH�6HQVLQJ���������±����

.UL]KHYVN\�� $��� 6XWVNHYHU�� ,��� +LQWRQ�� *�(��� ������ ,PDJH1HW�
FODVVLILFDWLRQ� ZLWK� GHHS� FRQYROXWLRQDO� QHXUDO� QHWZRUNV�� ,Q��
$GYDQFHV�LQ�1HXUDO�,QIRUPDWLRQ�3URFHVVLQJ�6\VWHPV��SS������±
������

/DZUHQFH��6���*LOHV��&�/���7VRL��$�&���%DFN��$�'��� ������)DFH�
UHFRJQLWLRQ�� $� FRQYROXWLRQDO� QHXUDO�QHWZRUN� DSSURDFK�� ,(((�
7UDQVDFWLRQV�RQ�1HXUDO�1HWZRUNV����������±������

/HFXQ��<���%HQJLR��<���+LQWRQ��*���������'HHS�OHDUQLQJ��1DWXUH���
��������������������

/HH�� 6��� )DPEUR�� '�%��� ������ $SSOLFDWLRQ� RI� VXEVHW�
DXWRUHJUHVVLYH�LQWHJUDWHG�PRYLQJ�DYHUDJH�PRGHO� IRU�VKRUW�WHUP�
IUHHZD\� WUDIILF� YROXPH� IRUHFDVWLQJ�� 7UDQVSRUWDWLRQ� 5HVHDUFK�
5HFRUG�����±������

0D��;���7DR��=���:DQJ��<LQKDL��<X��+���:DQJ��<XQSHQJ������D��
/RQJ� VKRUW�WHUP� PHPRU\� QHXUDO� QHWZRUN� IRU� WUDIILF� VSHHG�
SUHGLFWLRQ�XVLQJ�UHPRWH�PLFURZDYH�VHQVRU�GDWD��7UDQVSRUWDWLRQ�
5HVHDUFK�3DUW�&��(PHUJLQJ�7HFKQRORJLHV���������±������

0D��;���<X��+���:DQJ��<XQSHQJ��:DQJ��<LQKDL������E��/DUJH�
VFDOH� WUDQVSRUWDWLRQ� QHWZRUN� FRQJHVWLRQ� HYROXWLRQ� SUHGLFWLRQ�
XVLQJ�GHHS�OHDUQLQJ�WKHRU\��3/R6�21(����������

0DUPDQLV��'���:HJQHU��-�'���*DOOLDQL��6���6FKLQGOHU��.���'DWFX��
0��� 6WLOOD��8��� ������ 6HPDQWLF� 6HJPHQWDWLRQ� RI�$HULDO� ,PDJHV�
ZLWK� DQ� (QVHPEOH� RI� &11V�� ,6356� $QQDOV� RI� WKH�
3KRWRJUDPPHWU\�� 5HPRWH� 6HQVLQJ� DQG� 6SDWLDO� ,QIRUPDWLRQ��
&:*�,,,�9,,�����±������

0RUHLUD�0DWLDV��/���*DPD��-���)HUUHLUD��0���0HQGHV�0RUHLUD��-���
'DPDV�� /��� ����D�� 3UHGLFWLQJ� WD[L�SDVVHQJHU� GHPDQG� XVLQJ�
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VWUHDPLQJ�GDWD��,(((�7UDQVDFWLRQV�RQ�,QWHOOLJHQW�7UDQVSRUWDWLRQ�
6\VWHPV�������������±�������

0RUHLUD�0DWLDV��/���*DPD��-���)HUUHLUD��0���0HQGHV�0RUHLUD��-���
'DPDV��/�������E��2Q�SUHGLFWLQJ�WKH�WD[L�SDVVHQJHU�GHPDQG��$�
UHDO�WLPH� DSSURDFK�� ,Q�� /HFWXUH� 1RWHV� LQ� &RPSXWHU� 6FLHQFH�
�,QFOXGLQJ�6XEVHULHV�/HFWXUH�1RWHV�LQ�$UWLILFLDO�,QWHOOLJHQFH�DQG�
/HFWXUH�1RWHV�LQ�%LRLQIRUPDWLFV���SS����±�����

6LPDUG��3�<���6WHLQNUDXV��'���3ODWW��-�&���������%HVW�SUDFWLFHV�IRU�
FRQYROXWLRQDO� QHXUDO� QHWZRUNV� DSSOLHG� WR� YLVXDO� GRFXPHQW�
DQDO\VLV�� ,Q�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
'RFXPHQW� $QDO\VLV� DQG�5HFRJQLWLRQ�� ,&'$5�� ,(((�&RPSXWHU�
6RFLHW\��SS�����±������

6X��+���-DPSDQL��9���6XQ��'���*DOOR��2���/HDUQHG�0LOOHU��(���.DXW]��
-��� ������ 3L[HO�$GDSWLYH� &RQYROXWLRQDO� 1HXUDO� 1HWZRUNV�� ,Q��
3URFHHGLQJV�RI� WKH� ,(((�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�
3DWWHUQ�5HFRJQLWLRQ��SS�������±�������

6XQ��<���/HQJ��%���*XDQ��:���������$�QRYHO�ZDYHOHW�690�VKRUW�
WLPH� SDVVHQJHU� IORZ� SUHGLFWLRQ� LQ� %HLMLQJ� VXEZD\� V\VWHP��
1HXURFRPSXWLQJ����������±������

9DQ� 'HU� 9RRUW�� 0��� 'RXJKHUW\�� 0��� :DWVRQ�� 6��� ������
&RPELQLQJ�.RKRQHQ�PDSV�ZLWK�$5,0$�WLPH�VHULHV�PRGHOV� WR�
IRUHFDVW�WUDIILF�IORZ��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�&��(PHUJLQJ�
7HFKQRORJLHV�����������±������

:X��&�+���:HL��&�&���6X��'�&���&KDQJ��0�+���+R�� -�0���������
7UDYHO�WLPH�SUHGLFWLRQ�ZLWK�VXSSRUW�YHFWRU�UHJUHVVLRQ��,Q��,(((�
&RQIHUHQFH�RQ�,QWHOOLJHQW�7UDQVSRUWDWLRQ�6\VWHPV��3URFHHGLQJV��
,76&��,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHUV�,QF���SS��
����±�������

;X�� -��� 5DKPDWL]DGHK�� 5��� %RORQL�� /��� 7XUJXW�� '��� ������ 5HDO�
7LPH�SUHGLFWLRQ�RI�WD[L�GHPDQG�XVLQJ�UHFXUUHQW�QHXUDO�QHWZRUNV��
,(((�7UDQVDFWLRQV�RQ�,QWHOOLJHQW�7UDQVSRUWDWLRQ�6\VWHPV���������
����±������

<DR��%���&KHQ��&���&DR��4���-LQ��/���=KDQJ��0���=KX��+���<X��%���
������6KRUW�7HUP�7UDIILF�6SHHG�3UHGLFWLRQ�IRU�DQ�8UEDQ�&RUULGRU��
&RPSXWHU�$LGHG� &LYLO� DQG� ,QIUDVWUXFWXUH� (QJLQHHULQJ�� �������
���±�����

<DR��+���:X��)���.H��-���7DQJ��;���-LD��<���/X��6���*RQJ��3���/L��=���
<H�� -��� &KX[LQJ�� '��� ������ 'HHS� PXOWL�YLHZ� VSDWLDO�WHPSRUDO�
QHWZRUN�IRU�WD[L�GHPDQG�SUHGLFWLRQ��,Q����QG�$$$,�&RQIHUHQFH�
RQ� $UWLILFLDO� ,QWHOOLJHQFH�� $$$,� ������ $$$,� SUHVV�� SS�� ����±
������

<X�� +��� :X�� =��� :DQJ�� 6��� :DQJ�� <��� 0D�� ;��� ������
6SDWLRWHPSRUDO� UHFXUUHQW� FRQYROXWLRQDO� QHWZRUNV� IRU� WUDIILF�
SUHGLFWLRQ� LQ� WUDQVSRUWDWLRQ� QHWZRUNV�� 6HQVRUV� �6ZLW]HUODQG���
��������������

<XDQ�� -��� =KHQJ�� <��� ;LH�� ;��� ������ 'LVFRYHULQJ� UHJLRQV� RI�
GLIIHUHQW�IXQFWLRQV�LQ�D�FLW\�XVLQJ�KXPDQ�PRELOLW\�DQG�32,V��,Q��
3URFHHGLQJV�RI�WKH�$&0�6,*.''�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
.QRZOHGJH�'LVFRYHU\�DQG�'DWD�0LQLQJ��SS�����±������

=KDQJ��-���=KHQJ��<���4L��'���/L��5���<L��;���������'11�EDVHG�
SUHGLFWLRQ�PRGHO�IRU�VSDWLR�WHPSRUDO�GDWD��,Q��*,6��3URFHHGLQJV
RI� WKH� $&0� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� $GYDQFHV� LQ�
*HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHPV�� $VVRFLDWLRQ� IRU� &RPSXWLQJ�
0DFKLQHU\��SS��������

=KDQJ�� -��� =KHQJ�� <��� 4L�� '��� /L�� 5��� <L�� ;��� /L�� 7��� ������
3UHGLFWLQJ� FLW\ZLGH� FURZG� IORZV� XVLQJ� GHHS� VSDWLR�WHPSRUDO�
UHVLGXDO�QHWZRUNV��$UWLILFLDO�,QWHOOLJHQFH����������±������

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLIII-B4-2020, 2020 
XXIV ISPRS Congress (2020 edition)

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLIII-B4-2020-213-2020 | © Authors 2020. CC BY 4.0 License.

 
220




