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� � ,Q� 75(&9,'� ������ ZH� SDUWLFLSDWHG� DOO� WZR� W\SHV� RI� ,QVWDQFH� 6HDUFK� �,16�� WDVN�� LQFOXGLQJ�

DXWRPDWLF�VHDUFK�DQG�LQWHUDFWLYH�VHDUFK��)RU� WKH�DXWRPDWLF�VHDUFK�WDVN��ZH�SURSRVHG�D� WZR�VWDJH�

DSSURDFK�FRQVLVWLQJ�RI�VLPLODULW\�FRPSXWLQJ�DQG�UHVXOW�UH�UDQNLQJ��2XU�DSSURDFK�UHFRJQL]HG�DQG�

REWDLQHG� WKH� DFWLRQ� DQG� SHUVRQ� SUHGLFWLRQ� VFRUHV� VHSDUDWHO\�� DQG� WKHQ� PHUJHG� WKHLU� VFRUHV� IRU�

LQVWDQFH�VHDUFK��,Q�action-specific recognition��RXU�DSSURDFK�DFKLHYHG�DFWLRQ�UHFRJQLWLRQ�IURP�IRXU�

DVSHFWV��IUDPH�OHYHO�DFWLRQ�UHFRJQLWLRQ��YLGHR�OHYHO�DFWLRQ�UHFRJQLWLRQ��REMHFW�GHWHFWLRQ�DQG�IDFLDO�

H[SUHVVLRQ� UHFRJQLWLRQ�� ,Q� WKH� person-specific recognition�� RXU� DSSURDFK� DGRSWHG� D� GHHS� QHXUDO�

QHWZRUN�DQG�DSSOLHG�WRS�N�TXHU\�H[WHQVLRQ�VWUDWHJ\��,Q�WKH� instance score fusion��ZH�PHUJHG�WKH�

DFWLRQ�DQG�SHUVRQ�SUHGLFWLRQ�VFRUHV�DQG�DSSOLHG�D�UH�UDQNLQJ�VWUDWHJ\�WR�FRPELQH�WKH�LQIRUPDWLRQ�

IURP�DFWLRQ�VSHFLILF�UHFRJQLWLRQ�DQG�SHUVRQ�VSHFLILF�UHFRJQLWLRQ��)RU�WKH�LQWHUDFWLYH�VHDUFK�WDVN��WKH�

LQWHUDFWLYH�TXHU\�H[SDQVLRQ�VWUDWHJ\�ZDV�DSSOLHG�WR�UHILQH�WKH�UHVXOWV�IURP�DXWRPDWLF�VHDUFK��7KH�

RIILFLDO�HYDOXDWLRQV�VKRZHG�WKDW�RXU�DSSURDFK�UDQNHG��VW�LQ�ERWK�DXWRPDWLF�DQG�LQWHUDFWLYH�VHDUFK�� �

���2YHUYLHZ�
,Q�75(&9,'�����>�@��ZH�SDUWLFLSDWHG�DOO� WZR� W\SHV�RI� ,QVWDQFH�6HDUFK� �,16�� WDVN�� LQFOXGLQJ�

DXWRPDWLF� VHDUFK� DQG� LQWHUDFWLYH� VHDUFK��:H� VXEPLWWHG� WRWDOO\���� UXQV�� ��� DXWRPDWLF� UXQV� DQG���

LQWHUDFWLYH�UXQV��DQG�WKH�RIILFLDO�HYDOXDWLRQ�UHVXOWV�DUH�VKRZQ�LQ�7DEOH����,Q�ERWK�DXWRPDWLF�VHDUFK�

DQG�LQWHUDFWLYH�VHDUFK��RXU� WHDP�UDQNHG��VW�DPRQJ�DOO� WHDPV�LQ� WKH�0DLQ�WDVN�DQG�3URJUHVV� WDVN��

7DEOH���JLYHV�D�EULHI�GHVFULSWLRQ�RI� WKH� V\PEROV�XVHG� LQ�7DEOH����7KH�RYHUDOO� IUDPHZRUN�RI�RXU�

DSSURDFK�LV�VKRZQ�LQ�)LJXUH����

,Q�RXU�VXEPLWWHG�UXQV��WKH�QRWDWLRQ�³$´�LQGLFDWHV�WKH�SURYLGHG�YLGHR�H[DPSOHV�ZHUH�QRW�XVHG��

ZKLOH�³(´� LV� WKH�RSSRVLWH�RI�³$´��7KH�QRWDWLRQ�³0´�GHQRWHV� WKH�0DLQ� WDVN�DQG� WKH�³3´�GHQRWHV�

3URJUHVV� WDVN�� ³5XQ�´� FRQWDLQV� DOO� WKH� FRPSRQHQWV� SURSRVHG� LQ� WKH� DXWRPDWLF� VHDUFK�� LQFOXGLQJ�

IUDPH�OHYHO�DQG�YLGHR�OHYHO�DFWLRQ�UHFRJQLWLRQ��REMHFW�GHWHFWLRQ��IDFLDO�H[SUHVVLRQ�UHFRJQLWLRQ��GHHS�

IDFH�UHFRJQLWLRQ�DQG�WRS�N�TXHU\�H[WHQVLRQ�VWUDWHJ\��&RPSDUHG�ZLWK�³5XQ�´��WKH�REMHFW�GHWHFWLRQ�

DQG�IDFLDO�H[SUHVVLRQ�UHFRJQLWLRQ�ZHUH�QRW�DGRSWHG�LQ�³5XQ�´��DQG�³5XQ�´�LQGLFDWHV�WKH�WRS�N�TXHU\�

H[WHQVLRQ�VWUDWHJ\�ZDV�QRW�DSSOLHG�LQ�WKH�FRUUHVSRQGLQJ�VXEPLWWHG�UXQV��³5XQ�´�LQGLFDWHV�LQWHUDFWLYH�

UXQV�ZLWK�KXPDQ�IHHGEDFN��
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���2XU�DSSURDFK�

����$FWLRQ�VSHFLILF�5HFRJQLWLRQ�
,Q� WKLV� \HDU�� ��� DFWLRQV� ZHUH� UHTXLUHG� WR� EH� UHFRJQL]HG�� VXFK� DV� ³KXJJLQJ´�� ³NLVVLQJ´�� DQG�

³KROGLQJ�FORWK´��HWF��7KH�PDLQ�FKDOOHQJHV�DUH�VXPPDUL]HG�DV�IROORZV������6RPH�FDWHJRULHV�LQYROYH�

VLPLODU�FRQWHQW�WKDW�LV�KDUG�WR�GLVWLQJXLVK��)RU�H[DPSOH��FDWHJRULHV�³RSHQ�GRRU�HQWHU´��³RSHQ�GRRU�

OHDYH´��³FORVH�GRRU�ZLWKRXW�OHDYLQJ´�DQG�³VWDQG�WDON�GRRU´�GHVFULEH�WKH�DFWLRQV�WKDW�WDNH�SODFH�DW�WKH�

GRRU��ZKHUH�WKH�VXEWOH�GHWDLOV�DUH�FUXFLDO�WR�GLVWLQJXLVK�RSHQLQJ�WKH�GRRU�IURP�FORVLQJ�WKH�GRRU��RU�

WR�GLVWLQJXLVK�HQWHULQJ�IURP�OHDYLQJ������7KH�SURYLGHG�WUDLQLQJ�GDWD�LV�VFDUFH��VLQFH�RQO\��a��YLGHR�

FOLSV�DUH�SURYLGHG�IRU�SHU�DFWLRQ�FDWHJRU\��+RZHYHU��FXUUHQW�SRSXODU�DFWLRQ�UHFRJQLWLRQ�PRGHOV�EDVHG�

RQ�GHHS�OHDUQLQJ�DOZD\V�UHTXLUH�D�ODUJH�QXPEHU�RI�WUDLQLQJ�GDWD��

6LPLODU�WR�WKH�ODVW�\HDU��RXU�DSSURDFK�WRRN�PXOWLSOH�VWUDWHJLHV�IRU�DFWLRQ�UHFRJQLWLRQ��LQFOXGLQJ�

IUDPH�OHYHO� DQG� YLGHR�OHYHO� DFWLRQ� UHFRJQLWLRQ�� REMHFW� GHWHFWLRQ�� DV� ZHOO� DV� IDFLDO� H[SUHVVLRQ�

UHFRJQLWLRQ��)RU�FROOHFWLQJ�HQRXJK�WUDLQLQJ�GDWD��RQ�WKH�RQH�KDQG��H[LVWLQJ�UHOHYDQW�GDWDVHWV�ZHUH�

GLUHFWO\�DGRSWHG� WR� WUDLQ� WKH�GHHS�PRGHOV� IRU�DFWLRQ� UHFRJQLWLRQ��2Q� WKH�RWKHU�KDQG��ZH�FUDZOHG�

LPDJHV�IURP�WKH�,QWHUQHW�DV�H[SDQGHG�WUDLQLQJ�GDWD�IRU�WKH�IXOO\�DXWRPDWLF�UXQV�DQG�LQWHUDFWLYH�UXQV�

WKDW�VWDWH�WKH�VRXUFH�RI�WUDLQLQJ�GDWD�ZLWK�³(´��ZKLFK�ZHUH�DOORZHG�WR�XVH�H[WHUQDO�GDWD�IRU�WUDLQLQJ�

SXUSRVHV�LQ�,16�WDVN��

$OO�WKH�VWUDWHJLHV�ZHUH�ILQDOO\�LQWHJUDWHG�WR�ERRVW�WKH�DFWLRQ�UHFRJQLWLRQ��ZKHUH�ZH�FRPSXWHG�WKH�

IXVLRQ�YDOXH�RI�WKH�DOO�SUHGLFWLRQ�VFRUHV�RI�D�VKRW�DV�WKH�ILQDO�DFWLRQ�SUHGLFWLRQ�VFRUH� �Ǥ݁ݎܿܵݐܿܣ

������)UDPH�OHYHO�$FWLRQ�5HFRJQLWLRQ�

6RPH�DFWLRQ�FDWHJRULHV�GHVFULEH�WKH�VWDWH�RI�LQYROYHG�SHUVRQV��ZKLFK�FDQ�EH�GLUHFWO\�UHFRJQL]HG�

IURP� WKH� IUDPHV�� VXFK� DV� ³VLW� RQ� FRXFK´�� ³KROGLQJ� SKRQH´�� HWF�� ,Q� RXU� DSSURDFK�� DQ� LPDJH�

FODVVLILFDWLRQ� PHWKRG� ZDV� DGRSWHG� IRU� IUDPH�OHYHO� DFWLRQ� UHFRJQLWLRQ�� 7KH� RIILFLDO� JXLGHOLQH�

HQFRXUDJHG� WKH� SDUWLFLSDWHG� WHDPV� WR� FROOHFW� WKHLU� RZQ� GDWD� IRU� WUDLQLQJ� SXUSRVHV�� WKXV�ZH� ILUVW�

FROOHFWHG�ZHE�LPDJHV�DQG�IUDPHV�IURP�UHOHYDQW�YLGHR�GDWDVHWV�WR�FRQVWUXFW�WKH�WUDLQLQJ�GDWD��7KHQ�

WKH�LPDJH�FODVVLILFDWLRQ�PRGHO�6(1HW�ZDV�WUDLQHG�ZLWK�D�SURJUHVVLYH�WUDLQLQJ�VWUDWHJ\��ZKLFK�ZDV�

XVHG�WR�SUHGLFW�WKH�FDWHJRU\�VFRUH�RI�HDFK�YLGHR�IUDPH��)LQDOO\��WKH�IUDPH�ZLVH�SUHGLFWLRQ�VFRUHV�

ZHUH�PHUJHG�DV�WKH�UHFRJQLWLRQ�UHVXOWV�RI�WKH�FRUUHVSRQGLQJ�YLGHR��

���� 7UDLQLQJ�'DWD�&ROOHFWLRQ�
$FFRUGLQJ�WR�WKH�RIILFLDO�JXLGHOLQH��WKH�SURYLGHG�H[DPSOHV�FDQQRW�LQFOXGH�DOO�SRVVLEOH�YDULDWLRQV�

RI�DFWLRQ�DSSHDUDQFH��WKXV�LW�LV�QHFHVVDU\�WR�FROOHFW�H[WUD�GDWD�IRU�WUDLQLQJ�SXUSRVH��,Q�RXU�DSSURDFK��

WKH� WUDLQLQJ� GDWD� ZDV� FROOHFWHG� LQ� WZR� ZD\V�� )LUVW�� ZH� H[SORLWHG� WKH� LPDJHV� RQ� WKH� ,QWHUQHW��

&RQVLGHULQJ�1,67�SURYLGHG�GHWDLOHG�WH[W�GHILQLWLRQV�RI�WKH�DFWLRQ�FDWHJRULHV��ZH�VHOHFWHG�VHYHUDO�

NH\ZRUGV�IRU�HDFK�FDWHJRU\�DQG�WRRN�WKH�ZLGHO\�XVHG�VHDUFK�HQJLQHV��%DLGX�� DQG�%LQJ���WR�VHDUFK�

���������������������������������������� ���������������������
�� KWWSV���LPDJH�EDLGX�FRP�
�� KWWSV���FQ�ELQJ�FRP�



UHODWHG�ZHE�LPDJHV��6HFRQG��ZH�H[SORLWHG�YLGHR�IUDPHV�IURP�H[LVWLQJ�GDWDVHWV��([LVWLQJ�GDWDVHWV��

VXFK�DV�.LQHWLFV����>�@���FRQWDLQ�VLPLODU�DFWLRQ�FDWHJRULHV�LQ�WKH�,16�WDVN��ZKLFK�FDQ�EH�DGRSWHG�WR�

IRUP�WKH�WUDLQLQJ�GDWD�IRU�IUDPH�OHYHO�DFWLRQ�UHFRJQLWLRQ��

����0RGHO�7UDLQLQJ�DQG�7HVWLQJ�

7KH�LPDJH�FODVVLILFDWLRQ�WHFKQLTXH�ZDV�XWLOL]HG�WR�DGGUHVV�WKH�IUDPH�OHYHO�DFWLRQ�UHFRJQLWLRQ��

,PDJH� FODVVLILFDWLRQ� PHWKRGV>�@>�@� FDQ� GLVWLQJXLVK� WKH� FDWHJRULHV�� ZKLFK� FDQ� FDSWXUH� WKH�

GLVFULPLQDWLYH� GHWDLOV� RI� LPDJHV�� 6SHFLILFDOO\�� 6(1HW>�@� LV� DGRSWHG� DV� WKH� IUDPH�OHYHO� DFWLRQ�

UHFRJQLWLRQ�PRGHO�LQ�RXU�DSSURDFK��

)RU� PRGHO� WUDLQLQJ�� ZH� H[SORLWHG� WKH� SURJUHVVLYH� WUDLQLQJ� VWUDWHJ\�� 2XU� DSSURDFK� XVHG� WKH�

FROOHFWHG�ZHE�LPDJHV�DQG�YLGHR�IUDPHV�DV�WUDLQLQJ�GDWD�WR�WUDLQ�WKH�6(1HW�PRGHO��7KHQ�WKH�WUDLQHG�

6(1HW�ZDV�HPSOR\HG�WR�SUHGLFW�WKH�DFWLRQ�FDWHJRULHV�RI�YLGHR�IUDPHV�LQ�,16�WDVN��$FFRUGLQJ�WR�WKH�

SUHGLFWLRQ�VFRUHV��WKH�WRS�N�IUDPHV�ZHUH�VHOHFWHG�DQG�DGGHG�WR�WUDLQLQJ�GDWD��7KHQ�WKHVH�DXJPHQWHG�

WUDLQLQJ�GDWD�ZRXOG�EH�XVHG�WR�WUDLQ�WKH�6(1HW�PRGHO��7KH�SURJUHVVLYH�WUDLQLQJ�VWUDWHJ\�LQFUHDVHG�

WKH�QXPEHU�RI�WUDLQLQJ�GDWD��DQG�PDGH�WKH�GLVWULEXWLRQ�RI�WUDLQLQJ�GDWD�FORVH�WR�WKH�GDWD�RI�,16�WDVN��

ZKLFK�LPSURYHG�WKH�UHFRJQLWLRQ�DFFXUDF\��7KH�ILQDO�ZHOO�WUDLQHG�6(1HW�PRGHO�ZDV�XVHG�WR�SUHGLFW�

WKH�FDWHJRU\�VFRUH�RI�HDFK�IUDPH��DQG� WKH�PD[LPDO�VFRUH�RI� IUDPHV� LQ�HDFK�VKRW�ZDV�DGRSWHG�WR�

UHSUHVHQW�WKH�FDWHJRU\�RI�WKH�VKRW��

������9LGHR�OHYHO�$FWLRQ�5HFRJQLWLRQ�

6RPH�DFWLRQ�FDWHJRULHV�LQYROYH�D�ORQJ�UDQJH�RI�EHKDYLRU�DFURVV�PXOWLSO\�IUDPHV��ZKLFK�VKRXOG�

EH�UHFRJQL]HG�IURP�PXOWLSOH�IUDPHV��VXFK�DV�³JR�XS�GRZQ�VWDLUV´��7KXV��RXU�DSSURDFK�DGRSWHG�WZR�

PRGHOV��LQFOXGLQJ�6W1HW�PRGHO>�@�DQG�1RQ�ORFDO�QHWZRUN>�@�IRU�YLGHR�OHYHO�DFWLRQ�UHFRJQLWLRQ��

���� 7UDLQLQJ�'DWD�&ROOHFWLRQ�
,Q�WKH�RIILFLDOO\�SURYLGHG�GDWD��WKHUH�DUH�RQO\��a��YLGHR�FOLSV�IRU�HDFK�FDWHJRU\�WKDW�FDQ�EH�WDNHQ�

DV�WUDLQLQJ�GDWD��ZKLFK�FDQQRW�VXSSRUW�WR�WUDLQ�WKH�GHHS�OHDUQLQJ�EDVHG�PRGHOV��%HFDXVH�WKH�H[DPSOHV�

FDQQRW�LQFOXGH�DOO�SRVVLEOH�YDULDWLRQV�RI�DFWLRQ�DSSHDUDQFH��ZH�FROOHFW�WKH�DFWLRQ�GHYHORSPHQW�GDWD�

IRU�WUDLQLQJ�SXUSRVHV�DFFRUGLQJ�WR�WKH�VXJJHVWLRQ�RI�WKH�RIILFLDO�JXLGHOLQH��)RU�FROOHFWLQJ�VXIILFLHQW�

GDWD�IRU�PRGHO�WUDLQLQJ��ZH�GLUHFWO\�H[SORLWHG�WKH�YLGHRV�LQ�.LQHWLFV�����GDWDVHW��.LQHWLFV�����LV�D�

YLGHR�GDWDVHW�WKDW�FRQWDLQV�����KXPDQ�DFWLRQ�FDWHJRULHV��DQG�HDFK�FDWHJRU\�LQFOXGHV�PRUH�WKDQ�����

YLGHR�FOLSV��ZKLFK�FDQ�FRYHU����UHOHYDQW�FDWHJRULHV�LQ�,16�WDVN��7KXV��ZH�MXVW�WRRN�WKH�YLGHRV�RI�

WKHVH�FDWHJRULHV�DV�WKH�WUDLQLQJ�GDWD��$V�VKRZQ�LQ�7DEOH����GDWD�RI�WKH�FDWHJRULHV�LQ�WKH�ULJKW�FROXPQ�

ZDV�XVHG�DV�WKH�WUDLQLQJ�GDWD�RI�WKH�FDWHJRULHV�LQ�WKH�OHIW�FROXPQ��7KH�RIILFLDOO\�SURYLGHG�YLGHR�FOLSV�

LQ�,16�WDVN�ZHUH�DOVR�LQFOXGHG�LQ�WKH�WUDLQLQJ�GDWD��

����0RGHO�7UDLQLQJ�DQG�7HVWLQJ�

6W1HW�PRGHO>�@�DQG�1RQ�ORFDO�QHWZRUN>�@�ZHUH�DGRSWHG�LQ�YLGHR�OHYHO�DFWLRQ�UHFRJQLWLRQ��6W1HW�

WRRN�5HV1HW>�@�DV�WKH�EDFNERQH��ZKLFK�H[SORLWHG��'�DQG��'�FRQYROXWLRQV�WR�FDSWXUH�WKH�ORFDO�DQG�

JOREDO� VSDWLR�WHPSRUDO� LQIRUPDWLRQ�� 1RQ�ORFDO� QHWZRUN� HPEHGGHG� QRQ�ORFDO� EORFNV� LQ� GHHS�

QHWZRUNV��ZKLFK�FDQ�FDSWXUH� ORQJ�UDQJH�GHSHQGHQFLHV�LQ� WKH�YLGHR��%RWK�6W1HW�PRGHO�DQG�1RQ�



ORFDO�QHWZRUN�XVHG� LQ�RXU�PHWKRG� WRRN�5HV1HW����QHWZRUN�DV� WKH�EDFNERQH��$IWHU� WUDLQLQJ��RXU�

DSSURDFK�XWLOL]HG�WKH�WUDLQHG�PRGHOV�WR�FODVVLI\�DOO�WKH�YLGHR�VKRWV�LQ�,16�WDVN��DQG�WKH�SUHGLFWHG�

FDWHJRU\�VFRUHV�RI�6W1HW�PRGHO�DQG�1RQ�ORFDO�QHWZRUN�ZHUH�PHUJHG�WRJHWKHU�IRU�EHWWHU�UHFRJQLWLRQ�

UHVXOWV��

7DEOH����&RUUHVSRQGLQJ�UHODWLRQVKLSV�RI�FDWHJRULHV�EHWZHHQ�,16�WDVN�DQG�.LQHWLFV������

&DWHJRULHV�LQ�,16�WDVN� &DWHJRULHV�LQ�.LQHWLFV�����

KROGLQJ�SKRQH� WH[WLQJ�

GULQNLQJ� GULQNLQJ��GULQNLQJ�EHHU��GULQNLQJ�VKRWV��WDVWLQJ�EHHU�

FU\LQJ� FU\LQJ�

ODXJKLQJ� ODXJKLQJ�

JR�XS�GRZQ�VWDLUV� FOLPELQJ�ODGGHU�

KROGLQJ�SDSHU� IROGLQJ� QDSNLQV�� IROGLQJ� SDSHU�� UHDGLQJ� ERRN�� UHDGLQJ�

QHZVSDSHU��ULSSLQJ�SDSHU��VKUHGGLQJ�SDSHU�

KROGLQJ�FORWK� IROGLQJ�FORWKHV�

VPRNLQJ�FLJDUHWWH� VPRNLQJ��VPRNLQJ�KRRNDK�

NLVVLQJ� NLVVLQJ�

VKRXWLQJ� \DZQLQJ�

KXJJLQJ� KXJJLQJ�

������2EMHFW�'HWHFWLRQ�
6RPH�DFWLRQ�FDWHJRULHV�GHVFULEH�WKH�LQWHUDFWLRQV�RI�KXPDQV�DQG�REMHFWV��IRU�ZKLFK�WKH�REMHFW�FDQ�

EH�WDNHQ�DV�D�VWURQJ�FOXH�IRU�DFWLRQ�UHFRJQLWLRQ��7KXV��ZH�H[SORLWHG�REMHFW�GHWHFWLRQ�WHFKQLTXH�WR�

IDFLOLWDWH�DFWLRQ�UHFRJQLWLRQ��7DEOH���OLVWV�VRPH�DFWLRQV�LQ�,16�WDVN��ZKLFK�DUH�UHODWHG�WR�WKH�REMHFW�

FDWHJRULHV�LQ�H[WHUQDO�GDWDVHWV��LQFOXGLQJ�06�&2&2>�@��9LVXDO�*HQRPH>��@��HWF��06�&2&2�LQFOXGHV�

���REMHFW� FDWHJRULHV�� VXFK� DV� ³ERWWOH´�� ³FRXFK´�� HWF��� DQG�9LVXDO�*HQRPH� LQFOXGHV� ������REMHFW�

FDWHJRULHV�� VXFK� DV� ³GRRU´�� ³ERRN´�� HWF�� %RWK� RI� WKHP� DUH� ZLGHO\�XVHG� EHQFKPDUNV� IRU� REMHFW�

GHWHFWLRQ��

0DVN�5�&11>��@�PRGHO�SUH�WUDLQHG�RQ�06�&2&2�DQG�9LVXDO�*HQRPH�GDWDVHWV�ZDV�DGRSWHG�IRU�

REMHFW�GHWHFWLRQ�LQ�RXU�DSSURDFK��ZKLFK�ZDV�GLUHFWO\�HPSOR\HG�WR�GHWHFW�REMHFWV�LQ�DOO�IUDPHV��,Q�

DGGLWLRQ��IRU�WKH�DFWLRQ�³VPRNLQJ�FLJDUHWWH´��ZH�GLG�QRW�ILQG�DSSURSULDWH�FDWHJRU\�LQ�H[LVWLQJ�SXEOLF�

GDWDVHWV�� 6R�ZH� FROOHFW� UHODWHG� LPDJHV� IURP� ,QWHUQHW� IRU� WUDLQLQJ� SXUSRVHV�� DQG� DGRSW�<2/2Y��

PRGHO�� IRU�FLJDUHWWH�GHWHFWLRQ��

$IWHU�REWDLQLQJ�REMHFW�GHWHFWLRQ�VFRUHV�RI�HDFK�IUDPH��WKH�PD[LPDO�VFRUHV�RI�WKH�IUDPHV�LQ�D�VKRW�

ZDV�UHJDUGHG�DV�WKH�GHWHFWLRQ�VFRUH�RI�WKH�FRUUHVSRQGLQJ�VKRW��

������)DFLDO�([SUHVVLRQ�5HFRJQLWLRQ�

���������������������������������������� ���������������������
�� KWWSV���JLWKXE�FRP�XOWUDO\WLFV�\RORY��



7KH�IDFLDO�H[SUHVVLRQ�UHFRJQLWLRQ�WDVN�ZDV�GHVLJQHG�WR�LGHQWLI\�WKH�H[SUHVVLRQV�RI�KXPDQ��VXFK�

DV�DQJHU�DQG�KDSSLQHVV�� ,Q�,16�WDVN����DFWLRQV�ZHUH�KXJHO\�UHODWHG�WR�KXPDQ�IDFLDO�H[SUHVVLRQV��

QDPHO\�³VKRXWLQJ´��³ODXJKLQJ´�DQG�³FU\LQJ´��7KHUHIRUH��IDFLDO�H[SUHVVLRQ�UHFRJQLWLRQ�ZDV�XVHG�KHUH�

WR�DVVLVW�DFWLRQ�UHFRJQLWLRQ��

7DEOH����&RUUHVSRQGLQJ�UHODWLRQVKLSV�EHWZHHQ�DFWLRQV�DQG�REMHFWV��

$FWLRQV�LQ�,16�WDVN� 2EMHFWV�LQ�H[WHUQDO�GDWDVHWV� 'DWDVHW�

VLW�RQ�FRXFK� FRXFK�

06�&2&2�KROGLQJ�SKRQH� FHOO�SKRQH�

GULQNLQJ� ERWWOH��ZLQH�JODVV��FXS�

JR�XS�GRZQ�VWDLUV� VWDLUV�

9LVXDO�*HQRPH�

KROGLQJ�SDSHU�
QHZVSDSHU��ERRN��SDSHUV��

HQYHORSH�

RSHQ�GRRU�HQWHU�

GRRU��JDWH��GRRU�NQRE��GRRU�

KDQGOH��JDUDJH�GRRU�

RSHQ�GRRU�OHDYH�

VWDQG�WDON�GRRU�

FORVH�GRRU�ZLWKRXW�OHDYH�

���� 7UDLQLQJ�'DWD�&ROOHFWLQJ�
%HFDXVH� WKH� RIILFLDO� JXLGHOLQH� HQFRXUDJHG� WKH� SDUWLFLSDWHG� WHDPV� WR� FROOHFW� GDWD� IRU� WUDLQLQJ�

SXUSRVHV��WKH�GDWD�IURP�ERWK�ZLGHO\�XVHG�GDWDVHWV�DQG�VHDUFK�HQJLQHV�ZHUH�JDWKHUHG�WR�IRUP�WKH�

WUDLQLQJ�GDWD�IRU�IDFLDO�H[SUHVVLRQ�UHFRJQLWLRQ�LQ�RXU�DSSURDFK��&RQFUHWHO\��WKH�GDWD�ZDV�FROOHFWHG�

IURP�WZR�GDWDVHWV��&.�>��@�DQG�)(5����>��@��ZKLFK�ZHUH�GHGLFDWHG�WR�IDFLDO�H[SUHVVLRQ�UHFRJQLWLRQ��

:H�DOVR�HPSOR\HG�DQ�LPDJH�FUDZOHU�WR�LPDJH�VHDUFK�HQJLQHV��%DLGX�DQG�%LQJ��ZLWK�UHODWHG�NH\ZRUGV��

)DFH�GHWHFWLRQ�PRGHO�07&11>��@�ZDV�XWLOL]HG�VXEVHTXHQWO\�WR�FURS�KXPDQ�IDFHV�IURP�WKH�DERYH�

LPDJHV�IRU�FRQVWUXFWLQJ�WKH�WUDLQLQJ�GDWD��

����0RGHO�7UDLQLQJ�DQG�7HVWLQJ�

9**���>��@�PRGHO�SUH�WUDLQHG�RQ�,PDJH1HW�GDWDVHW�ZDV�FKRVHQ�DV�RXU�IDFLDO�H[SUHVVLRQ�FODVVLILHU��

:H�IXUWKHU�ILQH�WXQHG�9**����PRGHO�ZLWK�DIRUHPHQWLRQHG�WUDLQLQJ�GDWD��'XULQJ�WKH�WHVWLQJ�VWDJH��

RXU�DSSURDFK�ILUVW�GHWHFWHG�KXPDQ�IDFHV�IURP�YLGHR�IUDPHV��DQG�WKHQ�WRRN�WKH�FURSSHG�IDFH�LPDJHV�

DV�LQSXW�WR�H[WUDFW�IHDWXUHV�IURP�9**����PRGHO��6LPLODUO\��WKH�PD[LPDO�VFRUH�RI�WKH�IUDPHV�LQ�D�

VKRW�ZDV�UHJDUGHG�DV�WKH�SUHGLFWLRQ�VFRUH�RI�WKH�VKRW��

����3HUVRQ�,GHQWLILFDWLRQ�
)RU�SHUVRQ�LGHQWLILFDWLRQ��RXU�DSSURDFK�ILUVW�GHWHFWHG�IDFHV�LQ�TXHU\�H[DPSOHV��DQG�ILOWHUHG�RXW�

DEQRUPDO�³EDG´�IDFHV�RI�ORZ�GHWHFWLRQ�FRQILGHQFH�DQG�FRPSOHPHQWHG�ZLWK�³JRRG´�IDFHV�RI�KLJK�

GHWHFWLRQ�FRQILGHQFH��6HFRQG��IDFH�IHDWXUHV�IURP�TXHULHV�DQG�VKRWV�ZHUH�H[WUDFWHG�EDVHG�RQ�GHHS�

FRQYROXWLRQDO�QHXUDO�QHWZRUNV�DQG�FDOFXODWHG�WKH�VLPLODULW\��7RS N�TXHU\�H[WHQVLRQ�VWUDWHJ\�ZDV�

FRQGXFWHG�IRU�IXUWKHU�LPSURYLQJ�WKH�UHWULHYDO�UHVXOWV�IRU�VSHFLILF�SHUVRQ�� �



������)DFH�'HWHFWLRQ�DQG�&RPSOHPHQWDWLRQ�

2XU�DSSURDFK�GHWHFWHG�IDFHV�RI�TXHU\�H[DPSOHV�DQG�NH\�IUDPHV�RI�HDFK�VKRW�E\�WKH�SUH�WUDLQHG�

07&11��ZKLFK�FRXOG�KHOS�ORFDOL]H�WKH�IDFH�DUHD�IRU�IHDWXUH�H[WUDFWLRQ��:H�REVHUYHG�WKDW�QRW�DOO�WKH�

GHWHFWHG�IDFHV�RI�TXHU\�H[DPSOHV�ZHUH�KHOSIXO�IRU�UHWULHYDO�SHUIRUPDQFH��6RPHWLPHV��WKHUH�H[LVWHG�

ORZ�TXDOLW\�DEQRUPDO�IDFHV�QDPHO\�³EDG´�IDFHV��ZKLFK�ZHUH�TXLWH�GLIIHUHQW�IURP�RWKHU�IDFHV�GXH�WR�

WKH�FDPHUD�DQJOH�RU�OLJKW�LQWHQVLW\�DQG�DOZD\V�FRUUHVSRQGHG�WR�GHWHFWHG�IDFHV�RI�ORZ�FRQILGHQFH��

7KXV��ZH�ILOWHUHG�RXW�³EDG´�IDFHV�DQG�RQO\�DGRSW�WKH�³JRRG´�IDFHV�RI�KLJK�FRQILGHQFH�DXWRPDWLFDOO\��

,Q�WKLV�ZD\��WKH�TXDOLW\�RI�TXHU\�SHUVRQ�IDFHV�ZDV�LPSURYHG�WR�IDFLOLWDWH�UHWULHYDO�SHUIRUPDQFH��

������3HUVRQ�,GHQWLILFDWLRQ�EDVHG�RQ�'HHS�1HXUDO�1HWZRUN�

$IWHU�GHWHFWLQJ�IDFHV�IURP�TXHULHV�DQG�VKRWV�LQ�WKH�ODVW�VWHS��RXU�DSSURDFK�H[WUDFWHG�WKH�IHDWXUH�

YHFWRUV� E\� )DFH1HW�PRGHO>��@� SUH�WUDLQHG� RQ�9**)DFH�� GDWDVHW>��@�� %DVHG� RQ� WKH� H[WUDFWHG� IDFH�

IHDWXUHV��RXU�DSSURDFK�FDOFXODWHG�WKH�SUHGLFWLRQ�VFRUHV�YLD�FRVLQH�GLVWDQFH�EHWZHHQ�TXHU\�SHUVRQ�

H[DPSOHV�DQG�DOO�WKH�NH\�IUDPHV�RI�VKRWV��7KH�ODUJHVW�SUHGLFWLRQ�VFRUH�EHWZHHQ�WKH�VKRW�i�DQG�SHUVRQ�

j�LV�GHQRWHG�DV� ���ZKLFK�FDQ�EH�XVHG�WR�JHW�WKH�UDQNLQJ�OLVW�IRU�VSHFLILF�SHUVRQ�DQG�UHDOL]H݁ݎܿܵݎ݁ܲ

SUHOLPLQDU\�SHUVRQ�LGHQWLILFDWLRQ��

������7RS�N 4XHU\�([WHQVLRQ�VWUDWHJ\�

:H�REVHUYHG�WKDW�WKH�LQLWLDO�TXHU\�IHDWXUH�FRXOG�QRW�VXIILFLHQWO\�UHSUHVHQW�VSHFLILF�SHUVRQ��7KXV�

RXU�DSSURDFK�WULHG�WR�XWLOL]H�UHOHYDQW�GDWD�IURP�VKRW�IUDPHV��ZKLFK�DGRSWHG�D�WRS�N�TXHU\�H[WHQVLRQ�

VWUDWHJ\�EDVHG�RQ�UHWULHYDO�VKRW�UHVXOWV�RI�WKH�ILUVW�URXQG��6SHFLILFDOO\��RXU�DSSURDFK�FDOFXODWHG�WKH�

PHDQ�IHDWXUH�YHFWRU�RI�WRS�N�QHDUHVW�IUDPH�IDFHV�IURP�WKH�LQLWLDO�UHWULHYDO�VKRW�UHVXOWV��,Q�WKLV�ZD\��

WKH�TXHU\� IHDWXUH�FRXOG�EH�XSGDWHG� LQWR�D�PRUH�GLVFULPLQDWLYH� IHDWXUH��ZKLFK�ZDV�FORVHU� WR� UHDO�

UHSUHVHQWDWLRQ�RI�VSHFLILF�SHUVRQ��7KHQ��D�QHZ�URXQG�RI�UHWULHYDO�ZDV�FRQGXFWHG�EDVHG�RQ�WKH�QHZ�

IHDWXUH�WR�UHILQH�WKH�SHUVRQ�LGHQWLILFDWLRQ�UHVXOWV��

������7H[W�EDVHG�6HDUFK�

7KH�WUDQVFULSWV�RI�YLGHR�SURYLGHG�E\�1,67�SUHVHQWHG�VRPH�FOXHV�WR�GLVWLQJXLVK�WKH�VSHDNHUV��7R�

H[SORLW� WKH� FOXHV� LQ� WUDQVFULSWV�� RXU� DSSURDFK� DGRSWHG� D� WH[W�EDVHG� VHDUFK� RQ� HDFK� WRSLF� LQ� WKH�

WUDQVFULSWV�� )LUVW�� WKH�SHRSOH
V� LQIRUPDWLRQ�ZDV� H[WHQGHG� WKURXJK�:LNLSHGLD�ZHE�SDJHV� �VXFK� DV�

QLFNQDPHV��UROH�QDPHV��IDPLO\�PHPEHUV�RI�VSHFLILF�SHRSOH��DQG�WKH�QDPHV�RI�KLV�KHU�FORVHVW�IULHQGV��

HWF����7KHQ��ZH�UHWULHYHG�WKH�VKRWV�ZKRVH�WUDQVFULSWV�FRQWDLQ�WKH�NH\ZRUGV�RI�WRSLF��$QG�WKH�UHWULHYDO�

UHVXOWV�FDQ�KHOS�XV�WR�DGMXVW�WKH�SUHGLFWLRQ�VFRUH�LQ�WKH�VFRUH�IXVLRQ�SURFHVV�ZLWK�D�UHZDUG�PHFKDQLVP��

6HH�VHFWLRQ�����IRU�PRUH�GHWDLOV��

����,QVWDQFH�6FRUH�)XVLRQ�
,Q�6HFWLRQV�����DQG������ZH�KDYH�LQWURGXFHG�WKH�ILUVW�VWDJH�IRU�FRPSXWLQJ�WKH�SUHGLFWLRQ�VFRUHV�

RI�DFWLRQ�DQG�SHUVRQ��,Q�WKLV�VHFWLRQ��ZH�ZLOO�LQWURGXFH�WKH�UH�UDQNLQJ�VWDJH�ZLWK�WZR�IXVLRQ�VWUDWHJLHV��



ZKLFK�IXVHG�WKH�SUHGLFWLRQ�VFRUHV�RI�DFWLRQ�DQG�SHUVRQ�LQ�WZR�DVSHFWV�� �

����6HDUFKLQJ�SHUVRQ�EDVHG�RQ�FDQGLGDWH�DFWLRQ�VKRWV��)RU�HDFK�TXHU\��RXU�DSSURDFK�ILUVW�REWDLQHG�

WKH�FDQGLGDWH�DFWLRQ�VKRW�OLVW�ZLWK�WKH�DFWLRQ�SUHGLFWLRQ�VFRUHV�PHQWLRQHG�LQ�6HFWLRQ������7KHQ�D�WH[W�

EDVHG�UHZDUG�PHFKDQLVP�ZDV�DSSOLHG�WR�DGMXVW�SHUVRQ�SUHGLFWLRQ�VFRUHV�DV�IROORZV��

ଵݏ ൌ ߤ ή �݁ݎܿܵݎ݁ܲ ሺͳሻ�

ZKHUH� ߤ � LV� WKH� UHZDUG� SDUDPHWHU�� :H� VHW� ߤ  ͳ � LI� WKH� VKRW� FRQWDLQ� FRUUHVSRQGLQJ� SHUVRQ�

DFFRUGLQJ�WR�WKH�WH[W�EDVHG�VHDUFK�RQ�WKH�WUDQVFULSWV�RI�YLGHRV��RWKHUZLVH� ߤ ൌ ͳ��7KXV��LW�FDQ�XWLOL]H�

WKH�LQIRUPDWLRQ�IURP�WKH�WUDQVFULSWV�WR�LPSURYH�WKH�DFFXUDF\�RI�SUHGLFWLRQ�VFRUHV��%HVLGHV��WKH�VKRWV�

ZKLFK�ZHUH�QRW�LQFOXGHG�LQ�WRS�N�DFWLRQ�VSHFLILF�UHVXOWV�ZHUH�GURSSHG�E\�VHWWLQJ� ߤ ൌ Ͳ. )LQDOO\��

FDQGLGDWH�DFWLRQ�VKRWV�FDQ�EH�UH�UDQNHG�DFFRUGLQJ�WR�WKH�VFRUH� ��ଵݏ

����6HDUFKLQJ�VSHFLILF�DFWLRQ�EDVHG�RQ�FDQGLGDWH�SHUVRQ�VKRWV��6LPLODU�WR�WKH�SUHYLRXV�VWHS��RXU�

DSSURDFK� ILUVW� REWDLQHG� FDQGLGDWH� VKRWV�ZLWK� SHUVRQ� DFFRUGLQJ� WR� WKH� SUHGLFWLRQ� VFRUHV� EHWZHHQ�

SHUVRQV�PHQWLRQHG�LQ�6HFWLRQ������DQG�GHILQHG�WKH�DFWLRQ�SUHGLFWLRQ�VFRUHV�DV�IROORZV��

ଶݏ ൌ ߤ ή �݁ݎܿܵݐܿܣ ሺʹሻ�

ZKHUH� �ߤ LV�WKH�SDUDPHWHU��:H�GURSSHG�WKH�VKRWV�ZKLFK�ZHUH�QRW�LQFOXGHG�LQ�WRS�N�SHUVRQ�VSHFLILF�

UHVXOWV�E\�VHWWLQJ� ߤ ൌ Ͳ��DQG� ߤ ൌ ͳ� RWKHUZLVH. )LQDOO\�WKH�FDQGLGDWH�VKRWV�ZLWK�SHUVRQV�FRXOG�EH�

UH�UDQNHG�DFFRUGLQJ�WR�WKH�VFRUH� �ଶ��7KH�IXVLRQ�VFRUH�RI�D�VKRW�ZRXOG�EH�FDOFXODWHG�DVݏ�

ݏ ൌ ߱ሺݏߙଵ  �ଶሻݏߚ ሺ͵ሻ�

ZKHUH� �ߙ DQG� �ߚ DUH�ZHLJKW�SDUDPHWHUV��DQG� ߱� LV�D�ERQXV�SDUDPHWHU��,I�WKH�VKRW�VLPXOWDQHRXVO\�

H[LVWHG� LQ� WKH� WRS�N� DFWLRQ�VSHFLILF� UHVXOWV� DQG� WRS�M� SHUVRQ�VSHFLILF� UHVXOWV��ZH� VHW� ߱  ͳ� WR�

LPSURYH� WKH� VLJQLILFDQFH�RI� WKLV� VKRW��RWKHUZLVH� ߱ ൌ ͳ��7KH�ERQXV�SDUDPHWHU� ߱� LV�GHVLJQHG� WR�

KLJKOLJKW�WKRVH�VKRWV�WKDW�LQYROYH�WKH�TXHU\�LQ�ERWK�DFWLRQ�DQG�SHUVRQ�DVSHFWV��)LQDOO\��ZH�REWDLQHG�

IXVLRQ� VFRUHV� E\� SUHVHUYLQJ� LQIRUPDWLRQ� RI� ERWK� DFWLRQ�VSHFLILF� UHFRJQLWLRQ� DQG� SHUVRQ� DVSHFWV�

VSHFLILF�UHFRJQLWLRQ��

:H�DOVR�FRQVLGHUHG�WKH�FRQWLQXLW\�RI�YLGHRV��DQG�SURSRVHG�D� WLPH�VHTXHQFH�EDVHG�UH�UDQNLQJ�

VWUDWHJ\� WR� UHILQH� WKH� UHVXOWV��ZKLFK�FDQ�DGMXVW� WKH�VFRUHV�RI�HDFK�VKRW�DFFRUGLQJ� WR� WKH�DGMDFHQW�

IUDPHV��&RQFUHWHO\��RXU�DSSURDFK�UHFDOFXODWHG�WKH�VFRUH�RI�HDFK�VKRW�E\�LWV�QHLJKERU�VKRWV¶�VFRUH�DV�

IROORZV��

ݏ
ሺሻ ൌ ߠ ݏ

ሺାሻ  ሺͳ െ ݏሻߠ
ሺሻ

ି்ழழ்
� ሺͶሻ�

ZKHUH� ݏ
ሺሻ� GHQRWHV�WKH�VFRUH�RI� ݅�WK�VKRW�� ܶ� GHILQHV�WKH�UDQJH�RI�WKH�DGMDFHQW�IUDPHV��DQG� �ߠ LV�D�

SDUDPHWHU�WR�DGMXVW�WKH�SUHGLFWLRQ�VFRUH��

��,QWHUDFWLYH�6HDUFK�
7KH� VWUDWHJ\� IRU� LQWHUDFWLYH� VHDUFK� LV� VLPLODU� WR� RXU� SUHYLRXV� DSSURDFK� LQ� ,16� ����>��@��7KH�

LQWHUDFWLYH�VHDUFK�ZDV�EDVHG�RQ�581�B0(��581�B3(�DQG�DGRSWHG�WKH�WRS�N��N!������UHVXOWV�DV�

WKH�FDQGLGDWH�VKRWV��)LUVW��WKH�XVHU�UHWXUQHG�WKH�SRVLWLYH�RU�QHJDWLYH�ODEHOV�IRU�HDFK�WRSLF¶V�WRS�UDQNHG�

UHVXOWV�LQ�WKH�FDQGLGDWH�VKRWV��1H[W��WKH�SRVLWLYH�VDPSOHV�����VDPSOHV�IRU�HDFK�WRSLF��ZHUH�UHJDUGHG�



DV�H[SDQGHG�TXHULHV�WR�FRPSXWH�WKH�SUHGLFWLRQ�VFRUHV�RI�WKH�RWKHU�FDQGLGDWH�VKRWV��)LQDOO\��LW�IXVHG�

WKH� VFRUHV� RI� H[SDQGHG� DQG� RULJLQDO� TXHULHV� WR� UH�UDQN� WKH� FDQGLGDWH� VKRWV�� ZKHUH� WKH� QHJDWLYH�

VDPSOHV�ZHUH�GLVFDUGHG�� � �

��&RQFOXVLRQ�
7KURXJK�WKH�,16�WDVN�LQ�75(&9,'�������ZH�FRQFOXGHG�WKDW������2EMHFW�DQG�IDFLDO�H[SUHVVLRQ�

ZHUH�KHOSIXO�WR�LPSURYH�WKH�DFFXUDF\�RI�DFWLRQ�UHFRJQLWLRQ������0RUH�DWWHQWLRQ�VKRXOG�EH�IRFXVHG�

RQ�DFWLRQ�UHFRJQLWLRQ�WR�LPSURYH�DFFXUDF\�RI�WKH�,16�WDVN�LQ�WKH�IXWXUH�ZRUN������+XPDQ�IHHGEDFN�

FDQ�VLJQLILFDQWO\�ERRVW�WKH�DFFXUDF\�RI�,16�WDVN�� �

$FNQRZOHGJHPHQWV�
7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�1DWLRQDO�1DWXUDO�6FLHQFH�)RXQGDWLRQ�RI�&KLQD�XQGHU�*UDQW�

���������DQG�*UDQW�����������)RU�WKH�XVLQJ�RI�%%&�(DVW(QGHUV�YLGHR�RU�LPDJHV�VQDSVKRWV��

ZH�WKDQN�IRU�WKH�SURJUDPPH�PDWHULDO�FRS\ULJKWHG�E\�%%&��

�
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-HVVH�=KDQJ��(OLRW�*RGDUG��/XNDV�'LGXFK��-HIIUH\�/LX��$ODQ�)��6PHDWRQ��<YHWWH�*UDKDP��*DUHWK�-��)��-RQHV��

:HVVHO� .UDDLM� DQG� *HRUJHV� 4XpQRW�� 75(&9,'� ������ &RPSUHKHQVLYH� &DPSDLJQ� IRU� (YDOXDWLQJ� 9LGHR�

5HWULHYDO�7DVNV�DFURVV�0XOWLSOH�$SSOLFDWLRQ�'RPDLQV��3URFHHGLQJV�RI�75(&9,'�������������
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,QWHOOLJHQFH��SS�������������������

>�@� ;LDRORQJ�:DQJ��5RVV�*LUVKLFN��$EKLQDY�*XSWD��.DLPLQJ�+H��1RQ�ORFDO�1HXUDO�1HWZRUNV��,(((�&RQIHUHQFH�

RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ��SS�������������������

>�@� .DLPLQJ�+H��;LDQJ\X�=KDQJ��6KDRTLQJ�5HQ��DQG�-LDQ�6XQ��'HHS�5HVLGXDO�/HDUQLQJ�IRU�,PDJH�5HFRJQLWLRQ��

,(((�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ��SS�����������������
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