
0XOWL�&KDQQHO�G\QDPLF�PDWFKLQJ�IXOO�ZDYHIRUP�LQYHUVLRQ��
Jian Mao*, James Sheng, Yi Huang, Feng Hao, and Faqi Liu, TGS 
�
6XPPDU\�
�
:H� SURSRVH� D� PXOWL�FKDQQHO� G\QDPLF� PDWFKLQJ� IXOO�
ZDYHIRUP� LQYHUVLRQ� �'0):,�� IRU� D� KLJK�UHVROXWLRQ�
YHORFLW\�PRGHO�XSGDWH��ZKLFK�IRFXVHV�RQ�VROYLQJ�NLQHPDWLF�
GLIIHUHQFH�EHWZHHQ�LQSXW�GDWD�DQG�V\QWKHWLF�GDWD��:LWK�WKH�
GDWD� UHVLGXDO� FDOFXODWHG� LQ� ORFDOL]HG�ZLQGRZV� LQ� WLPH� DQG�
VSDFH�� '0):,� SURYLGHV� D� UREXVW� YHORFLW\�PRGHO� XSGDWH�
XVLQJ�WKH�WRWDO�HQHUJ\�LQ�WKH�GDWD�LQFOXGLQJ�ERWK�GLYLQJ�ZDYH�
DQG�UHIOHFWLRQV��7KH�DSSOLFDWLRQV�WR�D�VWUHDPHU�GDWDVHW�DQG�D�
VSDUVH�QRGH�GDWDVHW�ZLWK�XOWUDORQJ�RIIVHWV�LQ�*XOI�RI�0H[LFR�
VKRZV�LWV�FDSDELOLW\�WR�UHVROYH�ODUJH�YHORFLW\�HUURUV�DQG�JLYH�
VLJQLILFDQW�XSOLIW�RQ�VXE�VDOW�LPDJH��
�
,QWURGXFWLRQ��
�
,Q�UHFHQW�\HDUV��)XOO�ZDYHIRUP�LQYHUVLRQ��):,��KDV�EHFRPH�
D�VWDQGDUG�WRRO�IRU�KLJK�UHVROXWLRQ�YHORFLW\�PRGHO�EXLOGLQJ��
:H� KDYH� VHHQ� PRUH� DQG� PRUH� VXFFHVVIXO� H[DPSOHV� RI�
UHVROYLQJ�FRPSOH[�YHORFLW\�HUURUV�IURP�):,�LQFOXGLQJ�ERWK�
VHGLPHQW�DQG�VDOW�YHORFLW\�XSGDWH��0DR�HW�DO���������0LFKHOO�
HW� DO��� ������ 6KHQ� HW� DO��� ������ :DQJ� HW� DO�� ������� ):,�
UHTXLUHV� KLJK�TXDOLW\� VHLVPLF� GDWD� WR� EHWWHU� VROYH� IRU� ERWK�
LPDJLQJ� DQG� PRGHO�EXLOGLQJ� XQFHUWDLQWLHV�� )URP� QDUURZ�
D]LPXWK�VWUHDPHU��1$=��WR�ZLGH�D]LPXWK�VWUHDPHU��:$=��
DQG� WKHQ� RFHDQ� ERWWRP� QRGH� �2%1��� WKH� DFTXLVLWLRQ�
DGYDQFHPHQWV� HQDEOH� ZLGHU� D]LPXWK� DQG� ORQJHU� RIIVHW�
LQIRUPDWLRQ� WR� EH� FDSWXUHG��ZKLFK� FDQ� EH� XVHG� LQ� ):,� WR�
EHWWHU�VROYH�LPDJLQJ�SUREOHPV�LQ�VXEVXUIDFH���
�
):,� LV� D� KLJKO\� QRQOLQHDU� LQYHUVLRQ� DOJRULWKP� LQ� GDWD�
GRPDLQ�� &RQYHQWLRQDO� ):,� XVHV� WKH� /�� QRUP� EDVHG�
REMHFWLYH�IXQFWLRQ��ZKLFK� LV�PHDVXUHG�E\� WKH�GDWD�UHVLGXDO�
EHWZHHQ� WKH� UHFRUGHG�VHLVPLF�GDWD�DQG�PRGHOOHG�V\QWKHWLF�
GDWD�� ,Q� UHDOLW\�� WKH� REVHUYHG� VHLVPLF� GDWD� LQFOXGHV� HODVWLF�
HIIHFWV�ZKLFK�DUH�KDUG�WR�VLPXODWH�LQ�WKH�V\QWKHWLF�GDWD�XVLQJ�
WKH�DFRXVWLF�ZDYH�HTXDWLRQ��7KLV�PD\�PDNH�):,�HYHQ�PRUH�
FKDOOHQJLQJ��HVSHFLDOO\�WKH�DPSOLWXGH�LQFRQVLVWHQF\��ZKLFK�
FDQ�OHDG�):,�WR�FRQYHUJH�WR�DQ�LQFRUUHFW�PRGHO��$V�D�UHVXOW���
DWWHPSWV�KDYH�EHHQ�PDGH�WR�XVH�WKH�WUDYHOWLPH�LQIRUPDWLRQ�
IRU�LQYHUVLRQ��:DUQHU�HW�DO���������-LDR�HW�DO�������/XR�HW�DO���
�������6RPH�RWKHU�HIIRUWV�PDNH�XVH�RI�WKH�SKDVH�RQO\�):,�
�/XR�HW�DO���������0DKDUUDPRY�HW�DO���������0DR�HW�DO����������
�
+HUH�ZH�SURSRVH�DQ�):,�DOJRULWKP�ZLWK�DQ�REMHFW�IXQFWLRQ�
ZKLFK�FDQ�G\QDPLFDOO\�PDWFK�V\QWKHWLF�GDWD�WR�WKH�UHDO�GDWD�
VHWV�� ,W� DWWHPSWV� WR� IRFXV� RQ� UHVROYLQJ� WKH� NLQHPDWLF�
GLIIHUHQFH�EHWZHHQ� WKH� WZR�GDWD� VHWV�GXULQJ� WKH� LQYHUVLRQ��
6LQFH� WKH� ODWHUDO� LQIRUPDWLRQ� LV� XVHG�� WKH� PXOWL�FKDQQHO�
DOJRULWKP�FDQ�PLWLJDWH� WKH� LQIOXHQFH�RI�QRLVH�LQ�LQSXW�GDWD�
DQG� PDNH� WKH� LQYHUVLRQ� VFKHPH� PRUH� UREXVW�� :H�

GHPRQVWUDWH� WKH�YDOLGLW\�RI� WKLV�PHWKRG�RQ�D�VWUHDPHU�GDWD�
DQG�D�QHZO\�DFTXLUHG�VSDUVH�QRGH�GDWD�LQ�*XOI�RI�0H[LFR��
�
'\QDPLF�0DWFKLQJ�):,�
�
&RQYHQWLRQDO� ):,� WULHV� WR� PLQLPL]H� WKH� /�� QRUP� RI� WKH�
GLIIHUHQFH� EHWZHHQ� WKH� LQSXW� GDWD� DQG� V\QWKHWLF� GDWD�� $�
JOREDO�QRUPDOL]DWLRQ�FDQ�EH�XVHG�WR�PDWFK�WKH�HQHUJ\�OHYHO�
EHWZHHQ� WKH� WZR� GDWDVHWV� IRU� UHDO� DSSOLFDWLRQ�� 6LQFH� WKH�
IHDWXUH�RI�WKH�ZDYHIRUPV�DUH�RIWHQ�ORFDOL]HG�LQ�ERWK�WLPH�DQG�
VSDFH�ZLWK� IUHTXHQF\�GHSHQGHQF\��D�PRUH�DFFXUDWH�ZD\� LV�
SUHIHUUHG� WR� G\QDPLFDOO\� PDWFK� WKH� V\QWKHWLF� GDWD� WR� WKH�
LQSXW�GDWD��
��
/RFDO� FURVVFRUUHODWLRQ� FDQ� EH� XVHG� WR� PHDVXUH� D� WLPH�
GHSHQGHQW� UHOHYDQFH� EHWZHHQ� WKH� UHFRUGHG� GDWD�݀ሺݐሻ �DQG�
V\QWKHWLF�GDWDݑ�ሺݐሻ�DV�IROORZ�

ܿሺ�ሻ ൌ  ሺ߬ሻݓ ҧ݀ሺݐ  ߬ሻݑതሺݐ  ߬ሻఛబ
ିఛబ

݀߬���������������������
ZKHUHݓ�ሺ߬ሻ�LV�WKH�ORFDO�ZLQGRZ�IXQFWLRQ�DQG�߬�LV�WKH�OHQJWK�
RI�WKH�KDOI�ZLQGRZ��� ҧ݀�DQGݑ�ത�VWDQG�IRU�G\QDPLFDOO\�PDWFKHG�
UHFRUGHG�GDWD�DQG�V\QWKHWLF�GDWD�LQ�ORFDO�ZLQGRZV��ZKLFK�FDQ�
EH�LPSOHPHQWHG�XVLQJ�D�QRUPDOL]DWLRQ�ZLWK�HQYHORS�RU�ORFDO�
HQHUJ\��+RZHYHU��RQH�GLPHQVLRQDO�ZLQGRZ�FURVVFRUUHODWLRQ�
FDQ� EH� VHQVLWLYH� WR� QRLVH� LQ� WKH� GDWD�� HVSHFLDOO\� FRKHUHQW�
QRLVH�� $� PXOWL�GLPHQVLRQDO� ZLQGRZ� FDQ� EH� XVHG� WR� WDNH�
DGYDQWDJH�RI�WKH�ODWHUDO�FRKHUHQFH�RI�WKH�VLJQDO�WR�LPSURYH�
WKH�UHOLDELOLW\�RI�WKH�PHDVXUHPHQW��
�
+HUH�� ZH� SURSRVH� WR� XVH� PXOWL�FKDQQHO� ORFDO� ZLQGRZ�
FURVVFRUUHODWLRQ�ZKLFK�LV�ODWHUDOO\�H[WHQGHG�LQ�VSDFH�

ܿሺݐሻ ൌ   ǡݔሺݓ ߬ሻ ҧ݀ሺݔ  ǡݔ ݐ  ߬ሻݑതሺݔ  ǡݔ ݐ ఛబ
ିఛబ

௫బ
ି௫బ

߬ሻ ������������ݔ݀߬݀
ZKHUHݓ�ሺݔǡ ߬ሻ��LV�D��'�ZLQGRZ�IXQFWLRQ�ZKHUHݔ��LV�WKH�KDOI�
ZLQGRZ� OHQJWK� LQ� VSDFH� GRPDLQ�� ҧ݀ሺݔ  ǡݔ ݐ  ߬ሻ �DQG�
ݔതሺݑ  ǡݔ ݐ  ߬ሻ�UHSUHVHQW�G\QDPLFDOO\�PDWFKHG� LQSXW�GDWD�
DQG�V\QWKHWLF�GDWD�LQ��'�ZLQGRZV���
�
7KH�REMHFWLYH�IXQFWLRQ�IRU�PXOWL�FKDQQHO�G\QDPLF�PDWFKLQJ�
):,�LV�GHILQHG�DV�IROORZ��

ܧ ൌ െ   ܿሺݔ௦
்
 ǡ ǡݔ ௦௫ೝ௫ೞݔ݀ݔ݀ݐሻ݀ݐ

����������������
�
ZKLFK�LV�D�VXPPDWLRQ�RI�WKH�ORFDOL]HG�PDWFKLQJ�OHYHO�IRU�WKH�
ZKROH� GDWDVHW� DQG� WKH� QHJDWLYH� VLJQ� PHDQV� WR� PDNH� WKH�
LQYHUVLRQ� D� PLQLPL]DWLRQ� SUREOHP�� 7KH� FRUUHVSRQGLQJ�
DGMRLQW�VRXUFH�FDQ�EH�FDOFXODWHG�DV�

��െܪሺ ҧ݀ሺݐሻ െ ܿሺݐሻݑതሺݐሻሻ���������������������������������

ZKHUH� ሺήሻܪ �LV� DQ� RSHUDWRU� ZKLFK� FRQWDLQV� D� ZHLJKWHG�
VXPPDWLRQ� DQG� D� WKUHVKROG� LQ� WKH� �'� ORFDO� ZLQGRZ�� 7R�
IXUWKHU� LPSURYH� WKH� UREXVWQHVV��ZH� FDQ� DOVR� DSSO\� FHUWDLQ�
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'\QDPLF�0DWFKLQJ�):,��

FRQVWUDLQV� LQ� ERWK� GDWD� GRPDLQ� DQG�PRGHO� GRPDLQ� WR� WKH�
PHWKRG��6KHQJ�HW�DO����������
�
7KH�DPSOLWXGH�GLVFUHSDQF\�EHWZHHQ�LQSXW�DQG�V\QWKHWLF�GDWD�
RIWHQ�OHDG�WR�):,�GLYHUJHQFH�LQ�ILHOG�GDWD�DSSOLFDWLRQ��,Q�WKLV�
DSSURDFK�� DPSOLWXGH� LPSDFW� LV� PLWLJDWHG� E\� WKH� G\QDPLF�
PDWFKLQJ�LQ�PXOWL�FKDQQHO�ORFDO�ZLQGRZV��VR�WKH�NLQHPDWLF�
GLIIHUHQFHV� DUH� SURPRWHG� LQ� WKH� LQYHUVLRQ�� ,Q� WKH� PXOWL�
FKDQQHO�G\QDPLF�PDWFKLQJ�PHWKRG��WKH�ZLQGRZ�LV�ORFDOL]HG�
LQ� ERWK� WLPH� DQG� VSDFH� GRPDLQ� ZKLFK� SURYLGHV� D� PRUH�
UHOLDEOH�PHDVXUHPHQW�RI�WKH�UHOHYDQFH�EHWZHHQ�WKH�LQSXW�DQG�
V\QWKHWLF� GDWD�� 7KH� ZLQGRZ� VL]H� LV� IUHTXHQF\� GHSHQGHQW�
ZKLFK�LV�QDWXUDOO\�HPEHGGHG�LQ�PXOWL�VFDOH�):,�DOJRULWKP��
7KH� XVHIXO� VLJQDO� LV� SURPRWHG� GXULQJ� LQYHUVLRQ� ZKLFK�
LPSURYHV� WKH� UREXVWQHVV�RI�):,��(YHQ�VWDUWLQJ� IURP�QRLVH�
FRQWDPLQDWHG� UDZ� GDWD�� WKLV�PHWKRG� FDQ� VWLOO� JLYH� UHOLDEOH�
LQYHUVLRQ�UHVXOWV�DV�VKRZQ�LQ�WKH�IROORZLQJ�H[DPSOHV��
�
):,�([DPSOHV�

7KH� ILUVW� DSSOLFDWLRQ� RI� '0):,� DOJRULWKP� LV� D� VWUHDPHU�
GDWDVHW�LQ�*XOI�RI�0H[LFR��,W
V�D�:$=�GDWDVHW�EXW�WKH�ORQJHVW�
RIIVHW�LV�RYHU���NP��7KH�ORZ�IUHTXHQF\�VLJQDO�LV�OLPLWHG�ZLWK�
YHU\�SRRU�VLJQDO�WR�QRLVH�UDWLR�EHORZ��+]��)LJXUH��D��DQG��G��
VKRZ� WKH� YHORFLW\� PRGHO� EHIRUH� DQG� DIWHU� '0):,��
&RUUHVSRQGLQJO\��ZH�FDQ�VHH�WKH�LPSDFW�RQ�PLJUDWLRQ�LPDJH�
LQ�ILJXUH��E��DQG��H��DQG�FRPPRQ�LPDJH�JDWKHU�LQ�ILJXUH��F��
DQG� �I��� :H� VHH� WKH� HYHQWV� SRLQWHG� E\� UHG� DUURZV� DUH�
FRQQHFWHG� LQ� WKH� GHHSHU� VHFWLRQ� DQG� WKH� JDWKHUV� DUH�PRUH�
IRFXVHG�LQ�UHG�ER[HV���

7KH�VHFRQG�H[DPSOH�LV�DQ�2%1�VXUYH\�LQ�*XOI�RI�0H[LFR��
ZKLFK� LV� D� VSDUVH�QRGH� VXUYH\�ZLWK�XOWUDORQJ�RIIVHWV��7KLV�
VXUYH\�ZDV�GHVLJQHG�ZLWK�QRPLQDO�QRGH�VSDFLQJ�����P�E\�
����P�DQG�VRXUFH�VSDFLQJ���P�E\����P��ZKLFK�LV�VXJJHVWHG�
E\�SUHVXUYH\� DFTXLVLWLRQ� VWXGLHV� �+XDQJ� HW� DO��� �������)RU�
HDFK�QRGH� ORFDWLRQ��D�PLQLPXP���NP�RIIVHW�ZDV�DFTXLUHG�
DQG� WKH� ORQJHVW� RIIVHW� LV� RYHU� ��NP�� :LWK� WKLV� XOWUDORQJ�
RIIVHW�GDWDVHW��WKH�GLYLQJ�ZDYH�SHQHWUDWLRQ�FDQ�UHDFK���NP�
LQ�GHSWK��6HYHUH�EOHQGHG�QRLVH�SUHVHQWV�LQ�WKH�GDWDVHW��ZKLFK�
LV� FKDOOHQJLQJ� IRU� DSSOLFDWLRQ� RI� ):,�� )LJXUH� �� VKRZV� D�
SRUWLRQ�K\GURSKRQH�GDWD�IURP�RQH�QRGH��:H�FDQ�FOHDUO\�VHH�
WKH� DPRXQW� RI� WKH� VWURQJ�EOHQGHG�QRLVH� �YHUWLFDO� VWULSLQJ���
7KH� XVHIXO� GLYLQJ� ZDYHV� KLGH� EHKLQG� WKH� QRLVH� ZKLFK� LV�
LQGLFDWHG�E\�WKH�EOXH�DUURZV��:H�FRQGXFWHG�):,�ZLWK�UDZ�
GDWD� GHVSLWH� WKH� EOHQGHG� QRLVH� FRQWDPLQDWLRQ�� ZKLFK�
FRQWDLQV�WKH�VDPH�ZDYHOHW�FKDUDFWHU�DV�WKH�VLJQDO��,I�ZH�RQO\�
XVH��'�WLPH�ZLQGRZ�ORFDO�FURVVFRUUHODWLRQ��ZH�KDYH�WURXEOH�
KDQGOLQJ� EOHQGHG� QRLVH��:LWK� WKH� SURSRVHG� PXOWL�FKDQQHO�
G\QDPLF�PDWFKLQJ�PHWKRG��ZH�DUH�DEOH�WR�ORFDWH�WKH�DFWXDO�
GLIIHUHQFHV� EHWZHHQ� WKH� LQSXW� DQG� V\QWKHWLF� GDWD� LQ� WKH�
ORFDOL]HG��'�ZLQGRZV���

7KH�VWDUWLQJ�PRGHO�IRU�):,�LV�D�OHJDF\�PRGHO�REWDLQHG�IURP�
WUDGLWLRQDO� PRGHO� EXLOGLQJ� ZLWK� PDULQH� VWUHDPHU� GDWD�� $�

FHUWDLQ� OHYHO� VPRRWKLQJ� WR� WKH� VDOW� ERXQGDU\� ZDV� DSSOLHG�
ZKLFK� FDQ� PLWLJDWH� WKH� SRVVLEOH� HUURUV� LQWURGXFHG� E\�
WRPRJUDSK\�DQG�LQWHUSUHWDWLRQ��7KH�PRGHO�ZDV�XSGDWHG�IURP�
WKH� VKDOORZ� VHGLPHQW� WR� VXEVDOW� UHJLRQ�� ZKLFK� WDNHV� IXOO�
DGYDQWDJH� RI� WKH� ORZ� IUHTXHQF\� DQG� XOWUD�ORQJ� RIIVHW�
LQIRUPDWLRQ�IURP�WKH�LQSXW�GDWD��$V�D�UHVXOW��ZH�VXFFHVVIXOO\�
LQYHUWHG� D� YHORFLW\� PRGHO� WKDW� VLJQLILFDQWO\� LPSURYHV� WKH�
LPDJH�XQGHUQHDWK�WKH�VDOW�ERGLHV�DQG�IODWWHQV�570�FRPPRQ�
LPDJLQJ�JDWKHUV��)LJXUH���DQG��� VKRZ� WKH�YHORFLW\�PRGHO��
PLJUDWLRQ�LPDJH�DQG�FRPPRQ�LPDJH�JDWKHU�EHIRUH�DQG�DIWHU�
):,� IURP� DQ� LQOLQH� VHFWLRQ� DQG� D� FURVVOLQH� VHFWLRQ�
UHVSHFWLYHO\��)URP�WKH�XSGDWHG�PRGHO�ILJXUH��G��DQG�ILJXUH�
�G���ZH�FDQ�VHH�D�ORW�RI�UHPDUNDEOH�GLIIHUHQFHV��WKH�VKDOORZ�
JDV� FORXG� DQRPDOLHV� DUH� LGHQWLILHG� E\� ):,�� EDFNJURXQG�
VHGLPHQW� YHORFLW\� LV� XSGDWHG� ZKLFK� VKRZ� LPSURYHG�
DOLJQPHQW� ZLWK� JHRORJLFDO� VWUXFWXUHV�� VDOW� JHRPHWULHV� DUH�
XSGDWHG�� LQFOXGLQJ� VDOW� LQFOXVLRQV�� VDOW� IHHGHUV� DQG� GHHSHU�
VDOW�SHGHVWDOV��%\�FRPSDULQJ�WKH�570�LPDJHV�PLJUDWHG�IURP�
WKH� OHJDF\� DQG� '0):,� YHORFLW\� PRGHOV�� ZH� PDUNHG� WKH�
PDMRU�XSOLIWV�ZLWK�UHG�DUURZV��,PDJHV�RI�VXEVDOW�VWUXFWXUHV�
DUH� VLJQLILFDQWO\� LPSURYHG��7KH�GHHSHU� LPDJH�GLVWRUWLRQ� LV�
PXFK�EHWWHU� UHVROYHG�ZLWK�VRPH�VWURQJ�FRKHUHQW�VWUXFWXUHV�
VKRZHG� XS�� ZKLFK� DUH� JHRORJLFDOO\� SODXVLEOH�� 7KH� 570�
FRPPRQ� LPDJH� JDWKHUV� DUH� XS� WR� ��NP� RIIVHW� ZLWK� D�
FRYHUDJH� RI� WKH� ZKROH� LQOLQH� DQG� FURVVOLQH� VHFWLRQV�� 7KH�
JDWKHUV�DUH�IODWWHQHG�LQ�WKH�VHGLPHQW�DUHD�DQG�VHYHUDO�VWURQJ�
VXE�VDOW� HYHQWV� FRQVLVWHQWO\� VKRZ� XS� DIWHU� PRGHO� XSGDWH��
ZKLFK�JLYH�XV�FRQILGHQFH�LQ�RXU�'0):,�UHVXOW��7KH�LQOLQH�
DQG�FURVVOLQH�4&�FRYHUV�WKH�HQWLUH�VXUYH\�DUHD��ZKLFK�SURYHG�
WKH�UREXVWQHVV�RI�RXU�PHWKRG��7KH�GHWDLOHG�FDVH�KLVWRU\�ZLOO�
EH�VXPPDUL]HG�LQ�+XDQJ�HW�DO��������
�
&RQFOXVLRQV�
�
$�PXOWL�FKDQQHO�G\QDPLF�PDWFKLQJ�):,�DOJRULWKP�KDV�EHHQ�
SURSRVHG�DQG�DSSOLHG�WR�D�VWUHDPHU�GDWD�DQG�D�VSDUVH�QRGH�
GDWD�ZLWK�XOWUDORQJ�RIIVHWV��7KH�ZLQGRZ�XVH�LQ�'0):,�LV�
ORFDOL]HG� LQ� ERWK� WLPH� DQG� VSDFH�� ZKLFK� JLYHV� D� UHOLDEOH�
PHDVXUHPHQW� RI� WKH� FRUUHODWLRQ� EHWZHHQ� LQSXW� GDWD� DQG�
V\QWKHWLF� GDWD��7KH� GDWDVHWV� FRQWDPLQDWHG� E\� VHYHUH� QRLVH�
DUH�KDQGOHG�YHU\�ZHOO�E\�RXU�DOJRULWKP��7KH�QHZ�G\QDPLF�
PDWFKLQJ�REMHFWLYH�IXQFWLRQ�FDQ�HPSKDVL]H�WKH�LQYHUVLRQ�RQ�
WKH� NLQHPDWLF� LQIRUPDWLRQ� DQG� SURYLGH� KLJK�UHVROXWLRQ�
YHORFLW\�PRGHOV�IRU�KLJK�ILGHOLW\�LPDJLQJ���
�
$FNQRZOHGJPHQWV�
�
:H�ZRXOG�OLNH�WR�WKDQN�7*6�IRU�SHUPLVVLRQ�WR�SUHVHQW�WKLV�
ZRUN��:H�DOVR�WKDQN�7*6�PXOWL�FOLHQW�GHSDUWPHQW�DV�ZHOO�
DV�SDUWQHU�:HVWHUQ*HFR�IRU�DOORZLQJ�XV�WR�XVH�WKH�ILHOG�GDWD�
H[DPSOHV��:H�DSSUHFLDWH�WKH�KHOSIXO�WHFKQLFDO�GLVFXVVLRQV�
IURP�%LQ�:DQJ��6FRWW�0LFKHO��<DQJ�+H��-HDQ�-L��'XQFDQ�
%DWH�DQG�+HQULN�5RHQGH��:H�DOVR�WKDQN�WKH�+3&�WHFKQLFDO�
VXSSRUW�IURP�&KULV�&KLDQJ�DQG�$OH[�<HK��
�
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