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'RPLQLF� :�� 0DVVDUR�� -RQDV� %HVNRZ�� 0LFKDHO� 0�� &RKHQ�� &KULVWRSKHU� /�� )U\�� DQG� 7RQ\�
5RGULJXH]�
�
3HUFHSWXDO�6FLHQFH�/DERUDWRU\��8QLYHUVLW\�RI�&DOLIRUQLD��6DQWD�&UX]��6DQWD�&UX]��&$�������8��6��$��

 

$%675$&7�
7KLV� SDSHU� SUHVHQWV� DQ� LQLWLDO� LPSOHPHQWDWLRQ� DQG� HYDOXDWLRQ� RI� D� V\VWHP� WKDW� V\QWKHVL]HV�
YLVXDO�VSHHFK�GLUHFWO\�IURP�WKH�DFRXVWLF�ZDYHIRUP��$Q�DUWLILFLDO�QHXUDO�QHWZRUN��$11��ZDV�
WUDLQHG�WR�PDS�WKH�FHSVWUDO�FRHIILFLHQWV�RI�DQ�LQGLYLGXDO·V�QDWXUDO�VSHHFK�WR�WKH�FRQWURO�SD�
UDPHWHUV�RI�DQ�DQLPDWHG�V\QWKHWLF�WDONLQJ�KHDG��:H�WUDLQHG�RQ�WZR�GDWD�VHWV��RQH�ZDV�D�VHW�
RI�����ZRUGV�VSRNHQ�LQ�LVRODWLRQ�E\�D�VLQJOH�VSHDNHU�DQG�WKH�RWKHU�D�VXEVHW�RI�H[WHPSRUDQH�
RXV�VSHHFK�IURP����GLIIHUHQW�VSHDNHUV��7KH�V\VWHP�VKRZHG�OHDUQLQJ�LQ�ERWK�FDVHV��$�SHUFHS�
WXDO� HYDOXDWLRQ� WHVW� LQGLFDWHG� WKDW� WKH� V\VWHP·V� JHQHUDOL]DWLRQ� WR� QHZ� ZRUGV� E\� WKH� VDPH�
VSHDNHU�SURYLGHV�VLJQLILFDQW�YLVLEOH�LQIRUPDWLRQ��EXW�VLJQLILFDQWO\�EHORZ�WKDW�JLYHQ�E\�D�WH[W�
WR�VSHHFK�DOJRULWKP���

�� ,1752'8&7,21�
3HUVRQV� ILQG� LW� KDUG� WR� FRPPXQLFDWH� ZKHQ� WKH� DXGLWRU\� FRQGLWLRQV� DUH� SRRU�� H�J�� GXH� WR�
QRLVH�� OLPLWHG� EDQGZLGWK�� RU� KHDULQJ�LPSDLUPHQW�� 8QGHU� VXFK� FLUFXPVWDQFHV�� IDFH�WR�IDFH�
FRPPXQLFDWLRQ� LV�SUHIHUDEOH��7KH�YLVXDO� FRPSRQHQW�RI� VSHHFK�FDQ�FRPSHQVDWH� IRU�D�VXE�
VWDQWLDO� ORVV� LQ� WKH�VSHHFK�VLJQDO��7KLV�VR�FDOOHG�VXSHUDGGLWLYH�FRPELQDWLRQ�RI�DXGLWRU\�DQG�
YLVXDO�VSHHFK�FDQ�SURGXFH�D�ELPRGDO�DFFXUDF\��ZKLFK�LV�JUHDWHU�WKDQ�WKH�VLPSOH�VXP�RI�WKHLU�
VHSDUDWH�XQLPRGDO�SHUIRUPDQFHV� >�@��$Q�HYHQ�PRUH� VWULNLQJ� UHVXOW� LV� WKDW� WKH�VWURQJ� LQIOX�
HQFH�RI�YLVLEOH�VSHHFK�LV�QRW�OLPLWHG�WR�VLWXDWLRQV�ZLWK�GHJUDGHG�DXGLWRU\�LQSXW��$�SHUFHLYHU
V�
UHFRJQLWLRQ� RI� D� QRLVH�IUHH� DXGLWRU\�YLVXDO� SKUDVH� UHIOHFWV� WKH� FRQWULEXWLRQ� RI� ERWK� VRXQG�
DQG� VLJKW�� )RU� H[DPSOH�� LI� WKH� �QRQ�PHDQLQJIXO�� DXGLWRU\� VHQWHQFH�� ´0\� EDE�SRS�PH�SRR�
EULYHµ��LV�SDLUHG�ZLWK�WKH�YLVLEOH�VHQWHQFH��´0\�JDJ�NRN�PH�NRR�JULYHµ��WKH�SHUFHLYHU�LV�OLNHO\�
WR�KHDU��´0\�GDG�WDXJKW�PH�WR�GULYHµ��7ZR�DPELJXRXV�VRXUFHV�RI�LQIRUPDWLRQ�DUH�FRPELQHG�
WR�FUHDWH�D�PHDQLQJIXO�LQWHUSUHWDWLRQ�>����@��
����)DFHV�LQ�7HOHFRPPXQLFDWLRQ�
$OWKRXJK� ZH� EHQHILW� IURP� IDFH�WR�IDFH� GLDORJ�� FXUUHQW� WHFKQRORJ\� SUHFOXGHV� LW� ZKHQ� WKH�
FRQYHUVDWLRQDOLVWV� DUH� DW� D�GLVWDQFH�DQG�PXVW�FRPPXQLFDWH�HOHFWURQLFDOO\�� VXFK�DV�RYHU� WKH�
WHOHSKRQH�RU�RYHU�WKH�,QWHUQHW��2QH�RSWLRQ�LV�YLGHRFRQIHUHQFLQJ��EXW�WKH�YLVXDO�TXDOLW\�DQG�
IUDPH�UDWH� SURYLGHG� E\� VXFK� V\VWHPV�ZLWK� UHDVRQDEOH� EDQGZLGWK� FRQVWUDLQWV� DUH� QRUPDOO\�
WRR�SRRU�WR�EH�XVHIXO�IRU�VSHHFK�UHDGLQJ�SXUSRVHV��
� +DYLQJ�GHYHORSHG�D�WKUHH�GLPHQVLRQDO�WDONLQJ�KHDG��ZH�DUH�LQWHUHVWHG�LQ�LWV�DSSOLFDWLRQ�LQ�
WHOHFRPPXQLFDWLRQV�� $V� KDV� EHHQ� VKRZQ� E\� VHYHUDO� UHVHDUFKHUV� >������@�� DQLPDWHG� WDONLQJ�
IDFHV�FDQ�DFFRXQW�IRU�VLJQLILFDQW�LQWHOOLJLELOLW\�JDLQV�RYHU�WKH�DXGLWRU\�DORQH�FRQGLWLRQ��DOPRVW�
FRPSDUDEOH�WR�D�UHDO�VSHDNHU·V�IDFH��7KHUH�DUH�WZR�PHWKRGV�WR�H[SORLW�WKH�UHDO�WLPH�XVH�RI�
WDONLQJ�IDFHV� LQ�KXPDQ�KXPDQ�GLDORJ��7KH�PRVW�REYLRXV�LQYROYHV�WH[W�WR�VSHHFK��7W6��V\Q�
WKHVLV��%\�WUDQVPLWWLQJ�WKH�V\PEROLF�PHVVDJH�RYHU�WKH�SKRQH�OLQH�RU�WKH�,QWHUQHW��WKLV�LQIRU�
PDWLRQ�FRXOG�EH�XVHG�WR�DQLPDWH�D�WDONLQJ�IDFH�DW�WKH�UHFHLYLQJ�VWDWLRQ�RI�WKH�SDUWLFLSDQW��$�
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VWDQGDUG�WH[W�WR�VSHHFK�HQJLQH�ZRXOG�WUDQVODWH�WKH�V\PEROLF��ZULWWHQ��PHVVDJH�LQWR�D�VWULQJ�
RI� VSRNHQ� VHJPHQWV� >��@��7KH� IDFH�PRYHPHQWV�RI� WKH� WDONLQJ�KHDG�ZRXOG�EH�DOLJQHG�ZLWK�
WKHVH�V\QWKHWLF�VSHHFK�VHJPHQWV��7H[WXUH�PDSSLQJ�WHFKQRORJ\�>�@�ZRXOG�SRWHQWLDOO\�DOORZ�D�
SHUVRQ·V� HPDLO� WR�EH� VSRNHQ�DORXG�E\�D� WDONLQJ�KHDG��ZKLFK�UHVHPEOHV� WKH�RULJLQDO� VHQGHU��
7KH�GRZQVLGH�RI�WKLV�WHFKQRORJ\�LV�WKDW�WKH�YRLFH�ZRXOG�QRW�FRUUHVSRQG�WR�WKH�YRLFH�RI�WKH�
VHQGHU�DQG�IXUWKHUPRUH��V\QWKHWLF�DXGLWRU\�VSHHFK�LV�KHDUG�DV�URERW�OLNH�ZLWK�YHU\�OLWWOH�SUR�
VRGLF�DQG�HPRWLRQDO�VWUXFWXUH��
� 7KH� VHFRQG� DSSURDFK� WR� DXGLEOH�YLVLEOH� VSHHFK� V\QWKHVLV� XVHV� WKH� RULJLQDO� DXGLWRU\�
VSHHFK�LQ� LWV�RXWSXW��:LWK�WKLV�WHFKQLTXH��WKH�DQLPDWHG�WDONLQJ�KHDG�LV�JHQHUDWHG�IURP�DQG�
DOLJQHG�ZLWK�WKH�RULJLQDO�VSHHFK�RI�WKH�WDONHU��,Q�RUGHU�WR�GR�WKLV��LW�LV�ILUVW�QHFHVVDU\�WR�LGHQ�
WLI\�WKH�VHJPHQWV�LQ�WKH�XWWHUDQFH�HLWKHU�GLUHFWO\�RU�YLD�UHFRJQLWLRQ�RI�WKH�ZRUGV��VR�WKDW�WKH�
DSSURSULDWH�PRXWK�DQG�IDFLDO�PRYHPHQWV�FDQ�EH�GHWHUPLQHG��$�SRWHQWLDO� OLPLWDWLRQ�RI�WKLV�
DSSURDFK� LV� WKDW�DXWRPDWLF�VSHHFK�UHFRJQLWLRQ�LV�QRW�DFFXUDWH�HQRXJK�WR�SURYLGH�D�UHOLDEOH�
WUDQVFULSWLRQ�RI� WKH�XWWHUDQFH��)RU�PRUH�UHOLDEOH�SHUIRUPDQFH��WKH�XVHU�FDQ�W\SH�WKH�DFWXDO�
XWWHUDQFH� LQ� DGGLWLRQ� WR� VD\LQJ� LW��%\� DOLJQLQJ� WKH� VSHHFK�ZDYHIRUP�DQG� LWV�SKRQHWLF� WUDQ�
VFULSWLRQ�>��@��LW�ZRXOG�WKHQ�EH�SRVVLEOH�WR�GHWHUPLQH�DQG�LPSOHPHQW�WKH�DSSURSULDWH�IDFLDO�
PRYHPHQWV� RI� WKH� WDONLQJ� KHDG�� D� IXQFWLRQ� FXUUHQWO\� DYDLODEOH� LQ� WKH� &6/8� WRRONLW�
>KWWS���FVOX�FVH�RJL�HGX�WRRONLW�@��

����3UHYLRXV�5HVHDUFK�
6HYHUDO� UHVHDUFKHUV� KDYH� LQYHVWLJDWHG� WHFKQLTXHV� IRU� IXOO\� DXWRPDWLF� JHQHUDWLRQ� RI� OLS�
PRYHPHQWV�IURP�VSHHFK��7KH�UHVHDUFK�ILWV�ZLWKLQ�WKH�WZR�PHWKRGV�GHVFULEHG�LQ�WKH�SUHYL�
RXV� VHFWLRQ��7KH� ILUVW�PHWKRG� LV� EDVHG� DURXQG� D� GLVFUHWH� FODVVLILFDWLRQ� VWDJH� WR�GLYLGH� WKH�
VSHHFK�LQWR� ODQJXDJH�XQLWV�VXFK�DV�SKRQHPHV��YLVHPHV�RU�V\OODEOHV��IROORZHG�E\�D�V\QWKHVLV�
VWDJH��7KLV�DSSURDFK�KDV�EHHQ�HPSOR\HG�E\�VHYHUDO�LQYHVWLJDWRUV�>�������@�,Q�RQH�VWXG\�>��@��
DXGLWRU\�YLVXDO� V\OODEOH� RU� SKRQHPH�YLVHPH�+00V�ZHUH� WUDLQHG� ZLWK� ERWK� DXGLWRU\� DQG�
YLVXDO�VSHHFK�IHDWXUHV��&RQWH[W�GHSHQGHQW� OLS�SDUDPHWHUV�ZHUH�JHQHUDWHG�E\� ORRNLQJ�DKHDG�
WR�WKH�+00�VWDWH�VHTXHQFH�WKDW�ZDV�REWDLQHG�XVLQJ�FRQWH[W�LQGHSHQGHQW�+00V��
� 7KH� VHFRQG� JURXS� RI� PHWKRGV� GRHV� QRW� DWWHPSW� D� GLUHFW� FODVVLILFDWLRQ� LQWR� GLVFUHWH�
PHDQLQJIXO� FODVVHV�� EXW� UDWKHU� WULHV� WR�PDS� WKH� DFRXVWLFV� GLUHFWO\� WR� FRQWLQXRXV� YLVXDO� SD�
UDPHWHUV�� XVLQJ� VRPH� VWDWLVWLFDO� PHWKRG�� 9LVLEOH� VSHHFK� FRQWURO� SDUDPHWHUV� IRU� HLWKHU� OLS�
PRYHPHQW�>�����@�RU�D�FRPSOHWH�WDONLQJ�KHDG�>��@�DUH�FRPSXWHG�IURP�WKH�DXGLWRU\�VSHHFK�
VLJQDO�GLUHFWO\��0RULVKLPD�>��@�WUDLQHG�D�QHWZRUN�WR�JR�IURP�/3&�&HSVWUXP�VSHHFK�FRHIIL�
FLHQWV�WR�PRXWK�VKDSH�SDUDPHWHUV�� �+H�WUDLQHG�RQ����VSHDNHUV�DQG�LQFOXGHG�RQO\�RQH�WLPH�
VWHS�RI�VSHHFK�LQIRUPDWLRQ�IRU�KLV�QHWZRUN��$QRWKHU�DSSURDFK�LV�D�YHFWRU�TXDQWL]DWLRQ��94��
EDVHG�PHWKRG�PDSV�D�94�FRGH�ZRUG�YHFWRU�RI� DQ� LQSXW� DFRXVWLF� VSHHFK� VLJQDO� WR� OLS�SD�
UDPHWHUV�IUDPH�E\�IUDPH�>��@��

����%DOGL��WKH�7DONLQJ�+HDG�
2XU�WDONLQJ�KHDG��FDOOHG�%DOGL��LV�VKRZQ�LQ�)LJXUH����+LV�H[LVWHQFH�DQG�IXQFWLRQDOLW\�GHSHQG�
RQ� FRPSXWHU� DQLPDWLRQ� DQG� WH[W�WR�VSHHFK� V\QWKHVLV��+LV� VSHHFK� LV� FRQWUROOHG�E\� DERXW� ��
GR]HQ�SDUDPHWHUV��:LWK�RXU�FRPSOHWHO\�DQLPDWHG��V\QWKHWLF��WDONLQJ�KHDG�ZH�FDQ�FRQWURO�WKH�
SDUDPHWHUV� RI� YLVLEOH� VSHHFK� DQG� GHWHUPLQH� LWV� LQIRUPDWLYH� SURSHUWLHV�� ([SHULPHQWV� E\�
&RKHQ��:DONHU��DQG�0DVVDUR�>�@�DQG�0DVVDUR�>�@�KDYH�VKRZQ�WKDW�YLVLEOH�VSHHFK�SURGXFHG�
E\� WKH�V\QWKHWLF�KHDG��HYHQ�LQ� LWV�DGXPEUDWHG�IRUP�� LV�DOPRVW�FRPSDUDEOH�WR�WKDW�RI�D�UHDO�
KXPDQ���
� 7KH� WDONLQJ�KHDG�FDQ�EH�DQLPDWHG�RQ�D�VWDQGDUG�3&��DQG�UHTXLUHV�QR�VSHFLDOL]HG�KDUG�
ZDUH�RWKHU�WKDQ�D�JRRG��'�JUDSKLFV�FDUG��ZKLFK�LV�QRZ�VWDQGDUG�RQ�PDQ\�FRPSXWHUV��,Q�DG�
GLWLRQ��ZH�KDYH�D�GHVNWRS�DSSOLFDWLRQ�LQ�ZKLFK�DQ\�SHUVRQ·V�IDFH�FDQ�EH�PDQXDOO\�DGMXVWHG�
DQG�PDSSHG�RQWR�WKH�WDONLQJ�KHDG��$�VLQJOH�LPDJH�RI�D�SHUVRQ��RQFH�DGMXVWHG�WR�ILW�RQ�WKH�
WDONLQJ�KHDG��FDQ�EH�PRYHG�DSSURSULDWHO\�>�@��
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����$Q�$FRXVWLF�6SHHFK�WR�9LVXDO�6SHHFK�6\QWKHVL]HU�
$�V\VWHP�WKDW�UHOLDEO\�WUDQVODWHV�QDWXUDO�DXGLWRU\�VSHHFK�LQWR�V\QWKHWLF�YLVLEOH�VSHHFK�ZRXOG�
QRUPDOO\�UHTXLUH�WKH�IROORZLQJ�FRPSRQHQWV��

�� $�ODEHOHG�GDWD�EDVH�RI�DXGLWRU\�YLVXDO�VSHHFK��
�� $�UHSUHVHQWDWLRQ�RI�ERWK�WKH�DXGLWRU\�DQG�YLVXDO�VSHHFK�
�� 6RPH�PHWKRG�WR�GHVFULEH�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�UHSUHVHQWDWLRQV��DQG�
�� $�WHFKQLTXH�WR�V\QWKHVL]H�WKH�YLVLEOH�VSHHFK�JLYHQ�WKH�DXGLWRU\�VSHHFK���

7KHUH�DUH�VHYHUDO�ODEHOHG�GDWDEDVHV�RI�DXGLWRU\�VSHHFK�EXW�QR�UHDGLO\�DYDLODEOH�ODEHOHG�GDWD�
EDVHV� RI� YLVXDO� VSHHFK��*LYHQ� WKH� ODFN� RI� GDWDEDVHV� IRU� YLVLEOH� VSHHFK�� LQYHVWLJDWRUV� KDYH�
FUHDWHG�WKHLU�RZQ�LQ�RUGHU�WR�FDUU\�RXW�DXGLWRU\�WR�YLVLEOH�VSHHFK�V\QWKHVLV��,Q�VRPH�FDVHV��
�'�PRWLRQ� FDSWXUH� V\VWHPV� DUH� XVHG� XWLOL]LQJ� UHIOHFWLYH�PDUNHUV� RQ� WKH� IDFH� >�@�� ,Q�RWKHU�
FDVHV� OLS�FRQWRXUV�DUH�WUDFHG�XVLQJ�LPDJH�SURFHVVLQJ�WHFKQLTXHV�>����@��7KH�UHVXOWLQJ�PHDV�
XUHPHQWV�FDQ�EH�XVHG�DV�LQSXWV�WR�WKH�YLVLEOH�VSHHFK�V\QWKHVLV��
$Q�DOWHUQDWLYH�WR�D�UHFRUGHG�DXGLWRU\�YLVLEOH�VSHHFK�GDWD�EDVH��LV�WR�GHILQH�WKH�SURSHUWLHV�RI�
WKH�YLVLEOH�VSHHFK�D�SULRUL�LQ�WHUPV�RI�V\QWKHVLV�SDUDPHWHUV�IRU�HDFK�VSHHFK�VHJPHQW��*LYHQ�
RXU�SUHYLRXV�UHVHDUFK�DQG�FXUUHQW�WHFKQRORJ\��ZH�NQRZ�ZKLFK�IDFLDO�PRYHPHQWV�VKRXOG�EH�
PDGH�IRU�HDFK�VSRNHQ�VSHHFK�VHJPHQW�>������&KDSWHUV����	���@��)RU�H[DPSOH��WKH�PRXWK�LV�
FORVHG�DW�WKH�RQVHW�RI��E��DQG�RSHQ�DW�WKH�RQVHW�RI��G���,Q�RXU�GHYHORSPHQW�ZH�KDYH�GH�
WHUPLQHG� V\QWKHVLV� SDUDPHWHUV� WKDW� FUHDWH� LQWHOOLJLEOH� VSHHFK� DSSUR[LPDWLQJ� WKH� YLVLEOH�
VSHHFK�SURGXFHG�E\�D�QDWXUDO�VSHDNHU��7KH�IDFLDO�PRYHPHQWV�DUH�UHDOLVWLF�EHFDXVH�WKH\�KDYH�
EHHQ�ILQH�WXQHG�WR�UHVHPEOH�D�QDWXUDO�WDONHU�DV�PXFK�DV�SRVVLEOH�>�@��7KHVH�FRQWURO�SDUDPH�
WHUV�WKHQ�VHUYH�DV�ODEHOHG�UHSUHVHQWDWLRQ�RI�WKH�YLVLEOH�VSHHFK��
2XU�V\VWHP�WDNHV�QDWXUDO�DXGLWRU\�VSHHFK�DQG�PDSV�LW�LQWR�PRYHPHQWV�RI�RXU�DQLPDWHG�WDON�
LQJ�KHDG�WKDW�DUH�DOLJQHG�DSSURSULDWHO\�ZLWK�WKH�DXGLWRU\�VSHHFK���2XU�JRDO�LV�WR�JR�GLUHFWO\�
IURP� WKH� DXGLWRU\� VSHHFK� WR� WKHVH� VSHFLILF�PRYHPHQWV��:H� GHWHUPLQHG� WKH�PDSSLQJ� EH�
WZHHQ�WKH�DFRXVWLF�VSHHFK�DQG�WKH�DSSURSULDWH�YLVXDO�VSHHFK�PRYHPHQWV�E\�WUDLQLQJ�DQ�DUWL�

�)LJXUH�������7KH�DQLPDWHG�WDONLQJ�KHDG�
FDOOHG�%DOGL��

�

�
�
�
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)LJXUH�������7KH�PRGHO�DUFKLWHFWXUH�RI�RXU�SDUDPHWHU�HVWLPDWRU��
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ILFLDO�QHXUDO�QHWZRUN�WR�DVVRFLDWH�RU�PDS�IXQGDPHQWDO�DFRXVWLF�SURSHUWLHV�RI�DXGLWRU\�VSHHFK�
WR�RXU�YLVLEOH�VSHHFK�SDUDPHWHUV��1HXUDO�QHWZRUNV�KDYH�EHHQ�VKRZQ�WR�EH�HIILFLHQW�DQG�UR�
EXVW�OHDUQLQJ�PDFKLQHV�ZKLFK�VROYH�DQ�LQSXW�RXWSXW�PDSSLQJ�DQG�KDYH�EHHQ�XVHG�LQ�WKH�SDVW�
WR�SHUIRUP�VLPLODU�PDSSLQJV�IURP�DFRXVWLFV�WR�YLVXDO�VSHHFK��:H�UHSRUW�WKH�UHVXOWV�RI�WUDLQ�
LQJ�WKH�QHWZRUN�DJDLQVW�WZR�GLIIHUHQW�GDWDEDVHV��LVRODWHG�ZRUGV�DQG�H[WHPSRUDQHRXV�VSHHFK���

���(;3(5,0(17����:25'6�
����0HWKRG�
:H�XVHG�D�ELPRGDOO\�UHFRUGHG�WHVW�OLVW�LQ�QDWXUDO�VSHHFK�WKDW�LV�DYDLODEOH�WR�WKH�VSHHFK�DQG�
DQLPDWLRQ�FRPPXQLWLHV��7KLV�GDWD�VHW�H[LVWHG�LQ�WKH�IRUP�RI�D�FRUSXV�RI�RQH�V\OODEOH�ZRUGV�
SUHVHQWHG� LQ�FLWDWLRQ�VSHHFK�RQ� WKH�%HUQVWHLQ�DQG�(EHUKDUGW� >�@�YLGHRGLVN��7KLV� ODVHU�PDQ�
GDWD�VHW�UHSUHVHQWV�D�SRWHQWLDOO\�VWUDLJKWIRUZDUG�WDVN�IRU�WKH�QHWZRUN��WKH�ZRUGV�DUH�LVRODWHG�
DQG�KDG�D�SUHGLFWDEOH�VWUXFWXUH��7KH� WUDLQLQJ�VHW� �DERXW����PLQXWHV�ZRUWK�RI�VSHHFK��FRQ�
VLVWHG�RI�����ZRUGV��UDQGRPO\�VHOHFWHG�RXW�RI�WKH�����ZRUGV��OHDYLQJ����ZRUGV�IRU�WHVWLQJ��
7KH�DXGLR�ZDV�GLJLWL]HG�ZLWK�D�3&�VRXQGFDUG�DW���ELW����N+]��
)URP�WKH�DFRXVWLF�ZDYHIRUP�ZH�JHQHUDWHG�FHSVWUXP�FRHIILFLHQWV�DW����IUDPHV�SHU�VHFRQG��
���FRHIILFLHQWV�ZHUH�JHQHUDWHG�XVLQJ����0HO�VFDOHG�ILOWHUV��XVLQJ�RYHUODSSLQJ�KDPPLQJ�ZLQ�
GRZV�ZLWK�D�ZLGWK�RI����PV��
'HVLUHG�RXWSXW�SDUDPHWHUV�ZHUH�JHQHUDWHG�DV�IROORZV��7KH�GLJLWL]HG�ZDYHIRUPV�DQG�WKH�FRU�
UHVSRQGLQJ� WH[W��ZHUH� LQSXW� LQWR�D�9LWHUEL�EDVHG�IRUFHG�DOLJQPHQW�SURJUDP�� WKDW�SURGXFHG�
WLPH�DOLJQHG� SKRQHPH� ODEHOV� IRU� DOO� RI� WKH�ZRUGV� LQ� WKH� GDWDEDVH��8VLQJ� WKH� WLPH�DOLJQHG�
SKRQHPH�ODEHOV�����FRQWURO�SDUDPHWHUV�IRU�WKH�WDONLQJ�KHDG�ZHUH�JHQHUDWHG�DW����IUDPHV�SHU�
VHFRQG��XVLQJ�RXU�FXUUHQW�YLVXDO�VSHHFK�7W6�DOJRULWKP�>���SS���������@��7ZR�VHWV�RI�WRQJXH�
SDUDPHWHUV�IRU�WKH�VLPSOH�DQG�FRPSOH[�WRQJXH�PRGHOV�DQG�WKH�WKUHH�YLVLEOH�FXHV�XVHG�LQ�RXU�
WUDLQLQJ�VWXGLHV�>���SS���������@�DUH�LQFOXGHG�DV�RXWSXWV�RI�WKH�QHWZRUN��)XUWKHUPRUH��VLQFH�
WKH�DFWLYDWLRQ�YDOXHV�RI�WKH�QHWZRUNV·�RXWSXW�QRGHV�DUH�FRQVWUDLQHG�WR�OLH�LQ�WKH�UDQJH�����WR�
�����HDFK�SDUDPHWHU�ZDV�QRUPDOL]HG�UHODWLYH�WR�LW·V�PLQLPXP�DQG�PD[LPXP�YDOXHV�RYHU�WKH�
HQWLUH�GDWD�VHW�LQ�VXFK�D�ZD\�WKDW�DOO�SDUDPHWHUV�YDULHG�EHWZHHQ������DQG�������
:H�XVHG�D�IHHG�IRUZDUG�DUWLILFLDO�QHXUDO�QHWZRUN��$11��ZLWK�WKUHH�OD\HUV��DV�VKRZQ�LQ�)LJ�
XUH����7KH�DFRXVWLF�LQSXW�LV�VWUHDPHG�DW����IUDPHV�D�VHFRQG��$W�HYHU\�IUDPH�����FHSVWUDO�SD�
UDPHWHUV�VHUYH�DV�WKH� LQSXW�WR����LQSXW�XQLWV��$OO�RI�WKH����LQSXW�SDUDPHWHUV�ZHUH�WDNHQ�DW�
HOHYHQ�FRQVHFXWLYH�WLPH�IUDPHV��FXUUHQW���ILYH�IUDPHV�EDFN���ILYH�IUDPHV�IRUZDUG��\LHOGLQJ�
D�WRWDO�RI�����LQSXW�QRGHV�DQG����RXWSXW�QRGHV��1HWZRUNV�ZLWK���������������DQG�����KLG�
GHQ�XQLWV�ZHUH� WUDLQHG�XVLQJ� WKH�EDFN�SURSDJDWLRQ�DOJRULWKP�ZLWK�D� OHDUQLQJ� UDWH�RI�������
GXULQJ�����LWHUDWLRQV��:H�IRXQG�WKDW�LQFUHDVLQJ�WKH�QXPEHU�RI�KLGGHQ�XQLWV�LPSURYHG�JHQ�
HUDOL]DWLRQ�WR�WKH�GDWD�LQ�WKH�WHVW�VHW��7KH�QHWZRUN�ZLWK�����KLGGHQ�XQLWV�SURGXFHG�WKH�EHVW�
RYHUDOO�FRUUHODWLRQ�EHWZHHQ�GHVLUHG�DQG�JHQHUDWHG�RXWSXW�IRU�WKH�WHVW�VHW��:H�WKHUHIRUH�UH�
SRUW�WKH�UHVXOWV�ZLWK�����KLGGHQ�XQLWV��
:KHQ�XVLQJ�WKH�QHWZRUN�RXWSXWV�WR�GULYH�WKH�DUWLFXODWLRQ�RI�WKH�V\QWKHWLF�IDFH��ZH�IRXQG�WKH�
PRWLRQ�WR�EH�VRPHZKDW�MHUN\�GXH�WR�LQVWDELOLW\�LQ�WKH�RXWSXW�YDOXHV��(PSLULFDOO\�LW�ZDV�IRXQG�
WKDW�D�VLPSOH�SRVW�KRF�ILOWHULQJ��XVLQJ�D�WULDQJXODU�DYHUDJLQJ�ZLQGRZ�ZLWK�D�ZLGWK�RI����PV�
VLJQLILFDQWO\�UHGXFHG�WKHVH�GLVWXUEDQFHV�ZLWKRXW�QRWDEO\�LPSDLULQJ�WKH�WHPSRUDO�UHVROXWLRQ��

����5HVXOWV�
7KH�QHWZRUN�WUDLQHG�RQ�ODVHU�PDQ·V�LVRODWHG�ZRUGV�VKRZHG�IDLUO\�JRRG�OHDUQLQJ�DQG�JHQHUDO�
L]HG�IDLUO\�ZHOO� WR�QRYHO�ZRUGV��:H�FRPSXWHG�D�FRUUHODWLRQ�EHWZHHQ�WKH�WDUJHW�DQG�OHDUQHG�
SDUDPHWHU�YDOXHV�DFURVV�WKH�FRPSOHWH�WUDLQLQJ�DQG�WHVW�GDWD�VHWV��7KH�RYHUDOO�DYHUDJH�FRUUHOD�
WLRQV�EHWZHHQ�WKH�WDUJHW�DQG�OHDUQHG�SDUDPHWHU�YDOXHV�ZHUH������IRU�WKH�WUDLQLQJ�VHW�DQG������
IRU�WKH�WHVW�VHW��
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����3HUFHSWXDO�(YDOXDWLRQ�
,Q� RUGHU� WR� HYDOXDWH� WKH� TXDOLW\� RI� WKH�$11�YHUVXV�7W6� V\QWKHVL]HG� VSHHFK�� D� SHUFHSWXDO�
LGHQWLILFDWLRQ�VWXG\�ZDV�FDUULHG�RXW�ZLWK�KXPDQ�SDUWLFLSDQWV��)RU�WKLV�H[SHULPHQW������VKRUW�
(QJOLVK�ZRUGV�ZHUH� WHVWHG�����RI�ZKLFK�KDG�EHHQ�XVHG� WR� WUDLQ� WKH�QHWZRUN�DQG����FRP�
SOHWHO\�QHZ�ZRUGV��(DFK�RI�WKHVH�����ZRUGV�ZDV�SUHVHQWHG�XVLQJ�$11�DQG�WH[W�WR�VSHHFK�
�7W6�� EDVHG� V\QWKHVLV�� IRU� D� WRWDO� RI� ���� WULDOV� SHU�SDUWLFLSDQW�� 6WXGHQWV� IURP� LQWURGXFWRU\�
SV\FKRORJ\� FODVVHV� ���PDOH�� ��� IHPDOH�� DYHUDJH� DJH� ����� \HDUV��ZLWK� HLWKHU�QRUPDO�RU� FRU�
UHFWHG�YLVLRQ�VHUYHG�DV�VXEMHFWV��$OO�ZHUH�QDWLYH�(QJOLVK�VSHDNHUV��7KH�VXEMHFWV�ZHUH�WHVWHG�
LQGLYLGXDOO\� LQ� VRXQG�DWWHQXDWHG� URRPV��2Q�HDFK� WULDO�RI� WKH�H[SHULPHQW��D�ZRUG�ZDV�SUH�
VHQWHG�VLOHQWO\�DQG�WKHQ�WKH�VXEMHFW�W\SHG�LQ�ZKDW�ZRUG�ZDV�SUHVHQWHG��7KH�VL]H�RI�WKH�WDON�
LQJ�IDFH�ZDV�DERXW���LQFKHV�YHUWLFDOO\�YLHZHG�IURP�DERXW����LQFKHV��2QO\�YDOLG�VLQJOH�V\OODEOH�
ZRUGV�ZHUH�DFFHSWHG�DV�UHVSRQVHV��,I�WKH�W\SHG�ZRUG�ZDV�QRW�RQ�WKH�SURJUDP·V�OLVW�RI��������
ZRUGV��WKH�VXEMHFW�ZDV�FXHG�WR�HQWHU�D�QHZ�UHVSRQVH��7KH�QH[W�WULDO�VWDUWHG���VHFRQG�DIWHU�D�
UHVSRQVH�ZDV�HQWHUHG��7KH�H[SHULPHQW�ZDV�SUHVHQWHG� LQ� WZR�VHVVLRQV�RI�DERXW����PLQXWHV�
HDFK��
7KH�UHVXOWV�RI�WKH�H[SHULPHQW�ZHUH�VFRUHG�LQ�WHUPV�RI�WKH�SURSRUWLRQ�RI�FRUUHFW�LQLWLDO�FRQ�
VRQDQW��PHGLDO�YRZHO��DQG�ILQDO�FRQVRQDQW��ERWK�IRU�SKRQHPHV�DQG�YLVHPHV��)LJXUH���VKRZV�
WKH�SURSRUWLRQ�FRUUHFW� LQLWLDO�FRQVRQDQW��YRZHO��DQG�ILQDO�FRQVRQDQW�SKRQHPHV�IRU�WKH�WHVW�
ZRUGV�WKDW�GLG�QRW�RFFXU�LQ�WKH�WUDLQLQJ�VHW��$V�FDQ�EH�VHHQ�LQ�WKH�ILJXUH��SHUIRUPDQFH�ZDV�
ZHOO� DERYH� FKDQFH� IRU� ERWK� FRQGLWLRQV�� EXW� WKH� 7W6� V\QWKHVLV� VXSSRUWHG� PXFK� EHWWHU�
VSHHFKUHDGLQJ�WKDQ�WKH�$11�V\QWKHVLV��)LJXUH���VKRZV�WKH�FRUUHVSRQGLQJ�YLVHPH�SHUIRUP�
DQFH��&RUUHFW� SKRQHPH� LGHQWLILFDWLRQ� DYHUDJHG����� IRU�7W6� V\QWKHVLV� DQG����� IRU�$11�
V\QWKHVLV�� ,GHQWLILFDWLRQ�SHUIRUPDQFH� LV��RI�FRXUVH��PXFK�EHWWHU�ZKHQ�PHDVXUHG�E\�YLVHPH�
FDWHJRULHV�� DV� GHILQHG� LQ� SUHYLRXV� UHVHDUFK� >��� &KDSWHU� ��@�� 5HSOLFDWLQJ� WKH� UHVXOWV� DW� WKH�
SKRQHPH�OHYHO��SHUIRUPDQFH�JLYHQ�WKH�$11�V\QWKHVLV�IDOOV�VLJQLILFDQWO\�EHORZ�7W6�V\QWKHVLV��
2YHUDOO��FRUUHFW�YLVHPH�LGHQWLILFDWLRQ�ZDV�����IRU�7W6�V\QWKHVLV�DQG�����IRU�$11�V\QWKH�
VLV��7KH�GLVFUHSDQF\�EHWZHHQ�WKH�WZR�SUHVHQWDWLRQ�PRGHV�ZDV�ODUJHVW�IRU�WKH�YRZHOV��$W�WKLV�
WLPH��ZH�KDYH�QR�H[SODQDWLRQ�IRU�WKLV�GLIIHUHQFH�EHWZHHQ�YRZHOV�DQG�FRQVRQDQWV��

���(;3(5,0(17�����(;7(0325$1(286�63((&+�
����0HWKRG�
7HQ� VSHDNHUV� IURP� WKH� &6/8� VWRULHV� GDWDEDVH� >KWWS���FVOX�FVH�RJL�HGX�FRUSRUD�VWRULHV�@�
ZHUH�XVHG�WR�WUDLQ�WHQ�GLIIHUHQW�$11V��7KH�VWRULHV�FRUSXV� LV�PDGH�XS�RI�H[WHPSRUDQHRXV�
VSHHFK�FROOHFWHG�IURP�(QJOLVK�VSHDNHUV�LQ�WKH�&6/8�0XOWL�ODQJXDJH�7HOHSKRQH�6SHHFK�GDWD�
FROOHFWLRQ��(DFK�VSHDNHU�ZDV�DVNHG�WR�VSHDN�RQ�D�WRSLF�RI�WKHLU�FKRLFH�IRU�RQH�PLQXWH��7KLV�
GDWDEDVH�KDV�EHHQ� ODEHOHG� DQG� VHJPHQWHG� VR� WKDW� WKH� LGHQWLW\� DQG�GXUDWLRQ�RI� WKH� VSRNHQ�
ODQJXDJH�VHJPHQWV�DUH�NQRZQ��
7KH�LQSXW�GDWD�VHWV�KDG�DSSUR[LPDWHO\����VHFRQGV�RI�QDWXUDO�VSHHFK�����VHFRQGV�ZHUH�XVHG�
DV�WUDLQLQJ�GDWD�IRU�WKH�QHWZRUNV��7KH�UHPDLQLQJ����VHFRQGV�ZHUH�XVHG�DV�D�WHVW�VHW�IRU�WKH�
WUDLQHG�QHWZRUNV��7KH�UHVWULFWHG�DPRXQW�RI�WUDLQLQJ�GDWD�DYDOLDEOH�IURP�HDFK�VSHDNHU�PDNHV�
WKLV�GDWD�VHW�D�KDUG�WHVW�IRU�WKH�QHWZRUNV��
7KH� WUDLQLQJ�DQG�JHQHUDOL]DWLRQ� WHVWV� IROORZHG�WKH�VDPH�JHQHUDO�SURFHGXUH�DV�ZLWK� WKH� LVR�
ODWHG�ZRUGV��7KH�QHWZRUNV�ZHUH�WUDLQHG�IURP�����WR������HSRFKV��SDVVHV�WKURXJK�WKH�GDWD�
VHW��ZLWK�PRPHQWXP�VHW� WR�����DQG�D� OHDUQLQJ�UDWH�RI������ �����RU� ������:H�H[SHULPHQWDOO\�
GHWHUPLQHG� WKDW� ���� KLGGHQ� XQLWV�ZHUH� DEOH� WR� OHDUQ� WKH�PDSSLQJ�E\� WUDLQLQJ� VHYHUDO� QHW�
ZRUNV�ZLWK��������DQG�����KLGGHQ�XQLWV���
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����5HVXOWV�
7KH� QHWZRUNV�ZHUH� HYDOXDWHG�XVLQJ� WKH� URRW�PHDQ� VTXDUH� �506�� HUURU�RYHU� WLPH� DQG� WKH�
FRUUHODWLRQ� RI� HDFK� RXWSXW�SDUDPHWHU�ZLWK� WKH� FRUUHVSRQGLQJ� WUDLQLQJ� YDOXHV��7KH� DYHUDJH�
FRUUHODWLRQ� RI� DOO� SDUDPHWHUV�ZDV� DOVR� XVHG� DV� DQ� LQGLFDWRU� RI� QHWZRUN� SHUIRUPDQFH�� 7KH�
QHWZRUNV� YDULHG� VRPHZKDW� LQ� WKHLU� DELOLWLHV� WR� UHSURGXFH� WKH� RXWSXW� SDUDPHWHUV� RI� HDFK�
VSHDNHU�������WR������PHDQ�FRUUHODWLRQ�DFURVV�DOO�SDUDPHWHUV���
(DFK�QHWZRUN�ZDV�WHVWHG�RQ�QRYHO�VSHHFK�IURP�WKH�VSHDNHU�LW�ZDV�WUDLQHG�RQ��7KH�DYHUDJH�
FRUUHODWLRQ�RYHU�HYHU\�SDUDPHWHU�IRU�HDFK�QHWZRUN�ZDV�FDOFXODWHG�RQ�WKH�FRUUHVSRQGLQJ�WHVW�
VHW�IRU�HDFK�QHWZRUN��7KH�DELOLW\�WR�JHQHUDOL]H�WR�QRYHO�VSHHFK�YDULHG�DFURVV�WKH����VSHDNHUV��
6SHDNHU���DQG�VSHDNHU���JHQHUDOL]HG�WR�QRYHO�VSHHFK�IURP�WKHLU�WHVW�VHW�EHVW�ZLWK�DQ�DYHUDJH�
FRUUHODWLRQ�RI������DQG�������:H�EHOLHYH�WKDW�WKHVH�JHQHUDOL]DWLRQ�YDOXHV�DUH�ORZ�EHFDXVH�RI�
WKH�SDXFLW\�RI�WUDLQLQJ�GDWD�DQG�WKH�UHVWULFWHG�QXPEHU�RI�KLGGHQ�XQLWV��������
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���&21&/86,216�
,Q�D�W\SLFDO�DSSOLFDWLRQ��QDWXUDO�DXGLWRU\�VSHHFK�FDQ�EH�XVHG�WR�JHQHUDWH�DQ�DQLPDWHG�WDONLQJ�
KHDG� WKDW�ZLOO� EH� DOLJQHG�SHUIHFWO\�ZLWK� WKH�QDWXUDO� DXGLWRU\� VSHHFK�XWWHUDQFHV� DV� WKH\� DUH�
EHLQJ�VDLG��7KLV�W\SH�RI�DSSURDFK�LGHDOO\�DOORZV�IRU�ZKDW�LV�FDOOHG�JUDFHIXO�GHJUDGDWLRQ��7KDW�
LV�� WKH�DFRXVWLF�DQDO\VLV� LV�QRW�GHSHQGHQW�RQ�D�VSHHFK�UHFRJQL]HU�WKDW�FRXOG�PDNH�FDWDVWUR�
SKLF� HUURUV� DQG� WKHUHIRUH�PLVJXLGH� WKH� YLVLEOH� VSHHG� V\QWKHVLV�� 7KH�PDSSLQJ�EHWZHHQ� WKH�
DFRXVWLF�SDUDPHWHUV�DQG�WKH�YLVLEOH�VSHHFK�SDUDPHWHUV�LV�FRQWLQXRXV�DQG�D�VOLJKW�HUURU�LQ�WKH�
DQDO\VLV�RI�WKH� LQSXW�XWWHUDQFH�ZLOO�QRW�EH�FDWDVWURSKLF�EHFDXVH�WKH�SDUDPHWHUV�ZLOO�VWLOO�DS�
SUR[LPDWH�WKH�DSSURSULDWH�YLVLEOH�VSHHFK�SDUDPHWHUV�IRU�WKDW�XWWHUDQFH��
7KHUH� DUH�PDQ\� SRWHQWLDO� DSSOLFDWLRQV� IRU� WKLV� WHFKQRORJ\� SULPDULO\� EHFDXVH� EDQGZLGWK� LV�
KLJKO\� OLPLWHG� LQ� FRPPXQLFDWLRQ� DFURVV� WKH� ,QWHUQHW� DQG� WKHUHIRUH� YLGHR� WHOHFRQIHUHQFLQJ�
DQG�RWKHU�PHDQV�RI�IDFH�WR�IDFH�FRPPXQLFDWLRQ�DUH�VWLOO�YHU\�OLPLWHG�>�@��+RZHYHU�DXGLWRU\�
VSHHFK� FDQ� EH� UHSUHVHQWHG� DFFXUDWHO\� ZLWK� YHU\� OLWWOH� EDQGZLGWK� UHTXLUHPHQWV�� 7KH� XVHU�
FRXOG�KDYH�WKH�WDONLQJ�KHDGV�VWRUHG�ORFDOO\�DQG�FRQWUROOHG�DQG�DQLPDWHG�ORFDOO\�E\�WKH�DXGL�
WRU\�VSHHFK�WKDW�LV�EHLQJ�VWUHDPHG�RYHU�WKH�,QWHUQHW��
7KLV�DSSOLFDWLRQ�FRXOG�ZRUN�IRU�YLGHR�WHOHFRQIHUHQFLQJ�DV�ZHOO�DV�IRU�HPDLO�LQ�WKDW�XVHU�FRXOG�
VHQG�DQ�DXGLWRU\�PHVVDJH�WKDW�ZRXOG�FRQWURO�WKH�WDONLQJ�KHDG�ORFDWHG�RQ�WKH�UHFHLYHU·V�GHVN�
WRS�� ,Q�DGGLWLRQ� WKH�PHVVDJH�FRXOG�FRQWDLQ� LQIRUPDWLRQ�DERXW� WKH�VHQGHU�DQG�FRXOG�HLWKHU�
SURYLGH� D� WH[WXUH�PDS�RI� WKH� VHQGHU� WKDW�ZRXOG�EH�PDSSHG�RYHU� WKH� WDONLQJ�KHDG�RQ� WKH�
UHFHLYHU·V�FRPSXWHU�RU�WKH�DSSURSULDWH�WH[WXUH�FRXOG�EH�VWRUHG�SHUPDQHQWO\�DQG�UHWULHYHG�RQ�
WKH�UHFHLYLQJ�FRPSXWHU��
&XUUHQWO\�� RXU� V\VWHP� ORRNV��� IUDPHV�RU�����PV�DKHDG� WR�JHQHUDWH� WKH�DSSURSULDWH�YLVLEOH�
VSHHFK�SDUDPHWHU�YDOXHV��,Q�DQ�DFWXDO�DSSOLFDWLRQ��LW�ZRXOG��WKHUHIRUH��EH�QHFHVVDU\�WR�GHOD\�
WKH�DXGLWRU\�VSHHFK�E\�����PV��$QRWKHU�SRVVLELOLW\�LV�WR�WUDLQ�D�QHWZRUN�ZLWK�IHZHU�IUDPHV�
DKHDG�RI� WKH� FXUUHQW�RQH�� ,Q�HLWKHU�FDVH�� WKH�QHWZRUN� VROXWLRQ� LV�SUHIHUDEOH� WR�DQ\� VSHHFK�
UHFRJQLWLRQ� V\VWHPV� WKDW� GHOD\� WKHLU� GHFLVLRQV� XQWLO� DW� OHDVW� VHYHUDO� ZRUGV� KDYH� EHHQ� SUH�
VHQWHG��

���$&.12:/('*(0(17�
7KH� UHVHDUFK� LV� VXSSRUWHG�E\�JUDQWV� IURP�3+6��16)��,QWHO�� WKH�'LJLWDO�0HGLD�3URJUDP�RI�
WKH�8QLYHUVLW\�RI�&DOLIRUQLD��DQG�8&6&��&KULVWRSKHU�)U\�LV�QRZ�DW�'HSDUWPHQW�RI�3V\FKRO�
RJ\��8QLYHUVLW\�RI�&DOLIRUQLD���%HUNHOH\��7KH�DXWKRUV�WKDQN�&KULV�%UHJOHU��%MRUQ�*UDQVWU|P��
DQG�0DOFROP�6ODQH\�IRU�WKHLU�FRPPHQWV�RQ�WKH�SDSHU��

���5()(5(1&(6�
�� $JHOIRUV��(���%HVNRZ��-���'DKOTXLVW��0���*UDQVWURP��%���/XQGHEHUJ��0���6SHQV��.�(���2KPDQ��

7���������´6\QWKHWLF�)DFHV�DV�D�/LSUHDGLQJ�6XSSRUWµ��LQ�3URFHHGLQJV�RI�,&6/3·����,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��1RYHPEHU�������6\GQH\��$XVWUDOLD��

�� $UVODQ��/�0��	�7DONLQ��'�����������'�)DFH�3RLQW�7UDMHFWRU\�6\QWKHVLV�XVLQJ�DQ�$XWRPDWLFDOO\�
'HULYHG�9LVXDO�3KRQHPH�6LPLODULW\�0DWUL[�� ,Q�'��%XUQKDP��-��5REHUW�5LEHV�	�(��9DWLNLRWLV�
%DWHVRQ� �(GV��� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�$XGLWRU\�9LVXDO� 6SHHFK� 3URFHVVLQJ��'H�
FHPEHU�������7HUULJDO��$XVWUDOLD��

�� %HQRLW��&���	�/H�*RII��%����������$XGLR�YLVDXO�VSHHFK�V\QWKHVLV�IURP�)UHQFK�WH[W��(LJKW�\HDUV�
RI�PRGHOV��GHVLJQV�DQG�HYDOXDWLRQ�DW�WKH�,&3��6SHHFK�&RPPXQLFDWLRQ���������������

�� %HUQVWHLQ��/�(��	�(EHUKDUGW��6�3����������-RKQV�+RSNLQV�OLSUHDGLQJ�FRUSXV�YLGHRGLVN�VHW��%DOWLPRUH��
0'��7KH�-RKQV�+RSNLQV�8QLYHUVLW\��
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�� &RKHQ��0��0���	�0DVVDUR��'��:���������0RGHOLQJ�FRDUWLFXODWLRQ�LQ�V\QWKHWLF�YLVXDO�VSHHFK��,Q�
1�0�7KDOPDQQ� DQG�'��7KDOPDQQ� �(GV���0RGHOV� DQG�7HFKQLTXHV� LQ�&RPSXWHU�$QLPDWLRQ��7RN\R��
6SULQJHU�9HUODJ���

�� &RKHQ��0��0���:DONHU��5��/���	�0DVVDUR��'��:���������3HUFHSWLRQ�RI�6\QWKHWLF�9LVXDO�6SHHFK��
6SHHFKUHDGLQJ�E\�0DQ�DQG�0DFKLQH��0RGHOV��6\VWHPV�DQG�$SSOLFDWLRQV��1$72�$GYDQFHG�6WXG\�,QVWL�
WXWH���������$XJ����6HS����������&KDWHDX�GH�%RQDV��)UDQFH��

�� &URPDUW\��$����������.H\QRWH�DGGUHVV��,QWHUQHWZRUNHG�0XOWLPHGLD�DQG�(QWHUWDLQPHQW�'LVWUL�
EXWLRQ��(QWHU7HFK�&RQIHUHQFH��$SULO��������/D�&RVWD�5HVRUW�DQG�6SD��

�� *ROGHQWKDO�� :��� :DWHUV�� .��� 9DQ� 7KRQJ�� -�0��� 	�*OLFNPDQ��2�� �������� ´'ULYLQJ� 6\QWKHWLF�
0RXWK�*HVWXUHV��3KRQHWLF�5HFRJQLWLRQ�IRU�)DFH0H�µ�� LQ�SURFHHGLQJV�RI�(85263((&+·����
6HSWHPEHU�������5KRGHV��*UHHFH�
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