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$EVWUDFW��9DULRXV�VFLHQWLILF�GLVFLSOLQHV�DW�WKH�8QLYHUVLW\�RI�:HVW�%RKHPLD�LQ�3LOVHQ�DWWUDFW
UHVHDUFKHUV� LQ� YDULRXV� ILHOGV� RI� VSHFLDOW\�� %HFDXVH� RI� QXPHURXV� ORFDWLRQV� RI� 8QLYHUVLW\

EXLOGLQJV�FRPELQHG�ZLWK�RYHUODSSLQJ�IRFXV�RI�IDFXOWLHV�� LW� LV�RIWHQ�WKH�FDVH� WKDW�SHRSOH�RI
WKH� VDPH� LQWHUHVW�� ZRUNLQJ� DW� RQH� LQVWLWXWLRQ�� GR� QRW� NQRZ� HDFK� RWKHU�� ZKLFK� LPSHGHV
VKDULQJ�RI�WKHLU�H[SHULHQFH��,W�LV�RXU�REMHFWLYH�WR�PHUJH�H[SHUWV�EDVHG�RQ�VLPLODULW\�RI�WKHLU

XVHU�SURILOHV��$QRWKHU�REMHFWLYH�LV�WR�XWLOL]H�XVHU�SURILOHV�WR�ILQG�DGGLWLRQDO�GRFXPHQWV�WKDW
PD\� EH� RI� LQWHUHVW� RI� D� XVHU�� 3DFNHW� ILOWHULQJ� DSSURDFK� LV� XVHG� WR� FROOHFW� LQIRUPDWLRQ� RQ

XVHUV��8VHU�SURILOHV�DUH�JHQHUDWHG�ZLWK� WKH�DLG�RI�6XIIL[�7UHH�&OXVWHULQJ�DOJRULWKP�RQ� WKH
EDVLV�RI�FKDUDFWHULVWLF�SKUDVHV�

.H\� :RUGV�� WH[W� PLQLQJ�� XVHU� SURILOH�� ZHE�� ZZZ�� UHFRPPHQGHU� V\VWHP�� H[SHUW� VHDUFK�

FOXVWHULQJ��VXIIL[�WUHH��SKUDVH�VHDUFK��FKDUDFWHULVWLF�SKUDVH��VLPLODULW\��SDFNHW�ILOWHU�

�����,QWURGXFWLRQ���2EMHFWLYHV

8VHU�SURILOH� LGHQWLILFDWLRQ�SURMHFW� LV�FXUUHQWO\�EHLQJ� LPSOHPHQWHG� DW� WKH�8QLYHUVLW\�RI�:HVW

%RKHPLD�� ,W� LV� WKH� REMHFWLYH� RI� WKH� DXWKRUV� WR� OLQN� SHRSOH� RI� VLPLODU� LQWHUHVWV� ZRUNLQJ� DW

GLIIHUHQW� XQLYHUVLW\� GHSDUWPHQWV�� DQG� WKXV� IDFLOLWDWH� VKDULQJ� RI� LQIRUPDWLRQ� DQG� H[SHULHQFH�

0DLQ� SURMHFW� JRDOV� LQFOXGH� DXWRPDWLF� JHQHUDWLRQ� RI� XVHU� SURILOHV� DQG� VXEVHTXHQW� H[SHUW

VHDUFK��:H� KDYH� EHHQ� GHVLJQLQJ� WKH� V\VWHP� ZLWK� PLQLPXP� �SUHIHUDEO\� ]HUR�� XVHU�IHHGEDFN

UHTXLUHPHQWV�LQ�PLQG�

�����%HKDYLRUDO�3DWWHUQV�RI�:HE�8VHUV

,Q�RUGHU� WR� FUHDWH�XVHU¶V�SHUVRQDO� LQWHUHVW� SURILOH�� LW� LV� QHFHVVDU\� WR� LGHQWLI\� KLV�KHU� IDYRULWH

SDJHV�DQG�DUWLFOHV��6XFK�LQIRUPDWLRQ�FDQ�EH�DFTXLUHG�LQ�YDULRXV�ZD\V�

�������8VH�RI�:HE�6HUYHU�/RJ�)LOHV

,QIRUPDWLRQ�RQ�XVHUV�FDQ�EH�JDWKHUHG�IURP�ZHE�VHUYHU� ORJ�ILOHV��7KLV�DSSURDFK�HQWDLOV�VRPH

GLVDGYDQWDJHV�

��� /RJ�ILOHV�DUH�DFFHVVLEOH�WR�DGPLQLVWUDWRUV�RQO\�±�ZKLFK�LV�WKH�FDVH�RI�GHSDUWPHQWDO�VHUYHUV�

+RZHYHU�� SURSRUWLRQ� RI� FRQQHFWLRQV� WR� ³KRPH´� VHUYHUV� LQ� WKH� RYHUDOO� XVHUV¶� DFWLYLW\� LV

QHJOLJLEOH�

������������������������������������������������


�8QLYHUVLW\�RI�:HVW�%RKHPLD��8QLYHU]LWQt�����������3O]H ��ZZZ�]FX�F]�
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��� 8VHU�LV�LGHQWLILHG�E\�,3�DGGUHVV�RQO\��ZKLFK�ZLOO�PDNH�LGHQWLILFDWLRQ�RI�D�SDUWLFXODU�XVHU

GLIILFXOW��DV�HDFK�3&�FDQ�EH�VKDUHG�E\�VHYHUDO�XVHUV��WKH�FDVH�RI�8QLYHUVLW\�ODEV��

%HFDXVH�RI�WKH�DERYH�GLIILFXOWLHV��ZH�KDYH�UXOHG�RXW�WKLV�DSSURDFK�

�������3UR[\�&DFKH�/RJV

7KLV�DSSURDFK�WR�LQIRUPDWLRQ�FROOHFWLRQ�LV�RIWHQ�PHQWLRQHG�E\�UHVHDUFKHUV��H�J��>�@�DQG�>�@��

8QIRUWXQDWHO\��LW�HQWDLOV�VHYHUDO�GUDZEDFNV�

��� ,W�GRHV�QRW�VROYH�WKH�SUREOHP�RI�XVHU¶V�ZRUNVWDWLRQ�LGHQWLILFDWLRQ�E\�PHDQV�RI�,3�DGGUHVV�

��� 8VHU�LV�IRUFHG�WR�XVH�SUR[\�FDFKH�VHUYLFH�

:H�KDYH�UXOHG�RXW�WKLV�RSWLRQ�DV�ZHOO�

�������8VH�RI�D�3DFNHW�)LOWHU

&DSWXULQJ� RI� LQIRUPDWLRQ� RQ� GRFXPHQWV� IRXQG� WR� EH� LQWHUHVWLQJ� IRU� D� XVHU� E\� PHDQV� RI� D

SDFNHW� ILOWHU� LV� GHHPHG� WR� EH� WKH� PRVW� VXLWDEOH� DSSURDFK�� DOWKRXJK� LW� HQWDLOV� RQH� GUDZEDFN�

XVHUV� DUH� PDGH� WR� ODXQFK� WKH� SDFNHW� ILOWHU� DV� DQ� H[WHUQDO� DSSOLFDWLRQ�� 1RQHWKHOHVV�� WKLV

GUDZEDFN�LV�EDODQFHG�E\�WKH�IROORZLQJ�EHQHILWV�

��� (DFK� XVHU� FDQ� EH� FOHDUO\� LGHQWLILHG�� H�J�� E\� D� QXPEHU� HQWHUHG� ZKLOH� UHJLVWHULQJ� WR� WKH

V\VWHP�

��� 7KH�SDFNHW� ILOWHU� FDQ�EH� VZLWFKHG�RII� DQ\� WLPH�� H�J�� WR� SUHYHQW� XQGHVLUDEOH� DOWHUDWLRQ� RI

XVHU¶V�SURILOH�E\�VRPH�GRFXPHQWV��RU�WR�PDLQWDLQ�XVHU¶V�SULYDF\�

�����6\VWHP¶V�'HVLJQ

)LJXUH���EHORZ�GHSLFWV�V\VWHP¶V�GHVLJQ�

)LJXUH����6\VWHP¶V�GHVLJQ�



(DFK�XVHU�LV�XVLQJ�D�SDFNHW�ILOWHU��3)��UHJLVWHULQJ�DOO�XVHU¶V�UHTXHVWV�GLVSDWFKHG�YLD�+773�WR

,QWHUQHW� VHUYHUV�� 8VHU¶V� UHTXHVWV� DUH� VWRUHG� LQ� GDWDEDVH� �'%� /,1.6�� RI� WKH� FHQWUDO� VHUYHU�

ZDLWLQJ� WKHUH� IRU�SURFHVVLQJ��7KH� ILUVW� VWHS�RI�GRFXPHQW�SURFHVVLQJ� �'2&80(17� 35(3�

HQWDLOV�SUH�SURFHVVLQJ�RI�RULJLQDO�GRFXPHQWV�FROOHFWHG�IURP�WKH�ZHE�LQWR�D�IRUP�DFFHSWDEOH�E\

WKH� V\VWHP�� &/$66,),&$7,21� 02'8/(� SHUIRUPV� FDWHJRUL]DWLRQ� RI� GRFXPHQWV� LQWR

WRSLFV� �723,&� *52836�� EDVHG� RQ� GRFXPHQW� FRQWHQWV�� %DVHG� RQ� FRQWHQWV� RI� GRFXPHQWV

FRQVLGHUHG�LQWHUHVWLQJ�E\�D�XVHU��LW�LV�SRVVLEOH�WR�FUHDWH�D�XVHU�SURILOH�DQG�GHFLGH�ZKLFK�WRSLFV

PD\� EH� RI� XVHU¶V� LQWHUHVW�� 8WLOL]LQJ� XVHU� SURILOH� DQG� WRSLFV� DVVRFLDWHG� ZLWK� LW�� D� TXHU\

�48(5<�*(1��LV�JHQHUDWHG�DQG�GLVSDWFKHG�WR�WKH�VHDUFK�VHUYHU��ZZZ�JRRJOH�FRP��LQ�RUGHU
WR� ORRN� XS� GRFXPHQWV� FRUUHVSRQGLQJ� WR� D� SDUWLFXODU� SURILOH�� 3DJHV� UHWXUQHG� E\� WKH� VHDUFK

VHUYHU�DUH�SURFHVVHG�E\�6($5&+�PRGXOH��ZKLFK�LGHQWLILHV�UHFRPPHQGHG�ZHE�SDJHV�LQ�WKH

GRFXPHQW��8/5�OLQNV�SUHYLRXVO\�YLVLWHG�E\�WKH�XVHU�DUH�ILOWHUHG�RXW�ILUVW��$OO�QHZ�85/�OLQNV

DUH�UHFRPPHQGHG�WR�WKH�XVHU��5(&200(1'('�'2&80(176���DV� WKHVH�FRUUHVSRQG� WR

XVHU¶V�LQWHUHVWV��75$,1,1*�'2&80(176�DUH�GHVLJQDWHG�IRU�D�SULRUL�JHQHUDWLRQ�RI�WRSLFV

±� WKHVH� LQFOXGH� FRQWHQWV� RI� GLVFXVVLRQ� JURXSV� RQ� YDULRXV� WRSLFV� �FRPSXWHU� VFLHQFH�� KLVWRU\�

DVWURQRP\��HWF���

�����3URFHVVLQJ�RI�,QFRPLQJ�'RFXPHQWV

�������'RFXPHQW�&RQYHUVLRQ�LQWR�3ODLQ�7H[W

'2&80(17� 35(3� PRGXOH� SHUIRUPV� FRQYHUVLRQ� RI� ZHE� GRFXPHQWV� LQWR� SODLQ� WH[W�

HOLPLQDWLQJ� DOO� DX[LOLDU\� DQG� IRUPDWWLQJ� HOHPHQWV�� 7KH� UHVXOWLQJ� WH[W� LV� WKHQ� SDVVHG� WR

&/$66,),&$7,21� 02'8/(�� 6R� IDU� ZH� KDYH� LQWHJUDWHG� VXLWDEOH� ILOWHUV� IRU� SODLQ� WH[W�

+70/�� 06� :RUG�� SRVWVFULSW� DQG� 3')� GRFXPHQWV�� 'RFXPHQW� W\SHV� DUH� LGHQWLILHG� E\� ILOH

XWLOLW\� XVHG� LQ�8QL[�/LQX[� V\VWHPV� �QRWH�� ILOH� XWLOLW\� DV� VXFK� LV� DQ� H[DPSOH� RI� D� GHFLVLRQ
WDEOH�EDVHG�FODVVLILHU���:H�DUH�XVLQJ�WKHVH�FRQYHUVLRQ�XWLOLWLHV�

�� +70/�±�KWPO�WH[W

�VHH�KWWS���ZZZ�FKLDUN�JUHHQHQG�XN�XFJL�aULFKDUGN�FYVZHY�KWPO�WH[W��

�� 06�:RUG�±�DQWLZRUG��VHH�KWWS���ZZZ�ZLQILHOG�GHPRQ�QO�LQGH[�KWPO��

�� 3')�±�ILOHV�DUH�FRQYHUWHG�E\�PHDQV�RI�$FUREDW�5HDGHU��VHH�KWWS���ZZZ�DGREH�FRP��

�� SRVWVFULSW�±�SV�DVFLL��VHH�KWWS���ZZZ�WDUGLV�HG�DF�XN�aDMHG�SVXWLOV���

�������'RFXPHQW�/DQJXDJH�,GHQWLILFDWLRQ

%HIRUH� ZH� SURFHHG� WR� WH[W� VWHPPLQJ�� LW� LV� QHFHVVDU\� WR� LGHQWLI\� GRFXPHQW� ODQJXDJH�� DV

VWHPPLQJ�SURFHVV�LV�KLJKO\�ODQJXDJH�GHSHQGHQW��:H�DUH�FXUUHQWO\�DEOH�WR�LGHQWLI\�(QJOLVK�DQG

&]HFK� ZLWK� KLJK� FRQILGHQFH�� EDVHG� RQ� RFFXUUHQFH� RI� VWRS� ZRUGV� �GHVSLWH� VRPH� VWRS�ZRUG

KRPRJUDSKV�H[LVWLQJ�LQ�WKHVH�ODQJXDJHV���3OHDVH�QRWH�LW�LV�PXFK�PRUH�GLIILFXOW�WR�GLIIHUHQWLDWH

EHWZHHQ�&]HFK�DQG�6ORYDN�GRFXPHQWV��IRU�H[DPSOH�

�������6WHPPLQJ

$� FRPELQDWLRQ� RI� WZR� VWHPPLQJ� DSSURDFKHV� �GLFWLRQDU\� DQG� DOJRULWKPLF�� KDV� EHHQ

LPSOHPHQWHG�� )RU� GLFWLRQDU\� PHWKRG�� ZH� DUH� XVLQJ� SXEOLFO\� DYDLODEOH� L�VSHOO� WR� JHQHUDWH

H[LVWLQJ� ZRUG� IRUPV� �RXU� GDWDEDVH� IRU� &]HFK� WKXV� LQFOXGHV� RYHU� ���� PLOOLRQ� ZRUG� IRUPV��

$OJRULWKPLF�DSSURDFK�WKDW�KDV�EHHQ�LPSOHPHQWHG��D�VLPSOLILHG�YHUVLRQ�RI�3RUWHU¶V�DOJRULWKP�±

VHH�KWWS���ZZZ�WDUWDUXV�RUJ�aPDUWLQ�3RUWHU6WHPPHU�GHI�W[W��LV�EDVHG�RQ�FXWWLQJ�RII
WKH�ORQJHVW�SRVVLEOH�ZRUG�HQGLQJV��PDLQWDLQLQJ�ZRUGV�RI�DW�OHDVW�WKUHH�FKDUDFWHUV��$OJRULWKPLF
VWHPPLQJ�LV�VWURQJO\�ODQJXDJH�GHSHQGHQW�



)LUVW��ZH�DSSO\�WKH�GLFWLRQDU\�PHWKRG��,Q�FDVH�D�ZRUG�LV�QRW�IRXQG�LQ�WKH�DSSOLFDEOH�GLFWLRQDU\

GDWDEDVH��DOJRULWKPLF�VWHPPLQJ�LV�DSSOLHG�

�����'DWDEDVH�'HVLJQ

�������(�5�$�6FKHPH

'DWDEDVH�LV�XVHG�WR�VWRUH�DOO�LQIRUPDWLRQ�RQ�GRFXPHQWV�YLVLWHG�E\�D�XVHU��XVHU�SURILOH��JURXSV

DQG� UHFRPPHQGHG� ILOHV�� (�5�$� VFKHPH� LV� GHSLFWHG� LQ� )LJXUH� ��� 86(5� WDEOH� FRQWDLQV

LQIRUPDWLRQ�RQ�XVHUV� FROOHFWHG� IURP�D� UHJLVWUDWLRQ� IRUP�� 9,6,7('B85/� FRQWDLQV� LQIRUPDWLRQ

RQ� 85/� DGGUHVVHV� YLVLWHG� E\� XVHUV�� 'DWD� LQ� WKLV� WDEOH� DUH� XSGDWHG� FRQWLQXRXVO\� E\� 3$&.(7

),/7(5� DSSOLFDWLRQ��$X[LOLDU\� LQIRUPDWLRQ�RQ�HDFK�85/�DGGUHVV� �DVVRFLDWHG�ZLWK� D�XVHU�� LV

DOVR�VWRUHG��VXFK�DV�WKH�GDWH�RI�WKH�ODVW�YLVLW�DQG�WKH�WRWDO�QXPEHU�RI�YLVLWV��5(&200(1'('B85/

WDEOH�FRQWDLQV�VLPLODU� LQIRUPDWLRQ�RQ�85/V�IRXQG� WR�EH�VXLWDEOH� IRU�D�XVHU�EDVHG�RQ�KLV�KHU

SURILOH�JHQHUDWHG�E\�WKH�V\VWHP�

6SHFLILF�DGGUHVVHV��VXFK�DV�,QWHUQHW�SRUWDOV�DQG�VHDUFK�WRROV�DUH�ILOWHUHG�RXW�DXWRPDWLFDOO\��DV
WKHVH� FRXOG� FRUUXSW� XVHU¶V� SURILOH�� $� OLVW� RI� WKHVH� ,QWHUQHW� VRXUFHV� LV� PDLQWDLQHG� LQ

)25%,''(1B8/5� WDEOH�� :H� DUH� XVLQJ� DOPRVW� ������ 85/V� IRU� WKLV� SXUSRVH� �VHH

KWWS���ZZZ�WZLFV�FRP�aWDNDNXZD��VHDUFK�VHDUFK�KWPO��

3+5$6(� WDEOH�FRQWDLQV�FKDUDFWHULVWLF�SKUDVHV�LGHQWLILHG�LQ�GRFXPHQWV�RI�D�SDUWLFXODU�XVHU��$V

DQ\�GRFXPHQW�FDQ�EH�YLVLWHG�E\�VHYHUDO�XVHUV��GRFXPHQW�SKUDVHV�DUH�OLQNHG�WR�XVHU�UHFRUGV�YLD

3+5$6(B86(5B85/� WDEOH��(DFK�XVHU�FDQ�EH� FKDUDFWHUL]HG�E\� VHYHUDO� FOXVWHUV� 86(5B&/867(5�

6LQFH�HDFK�FOXVWHU�FRQVLVWV�RI�D�VHW�RI�SKUDVHV��&/867(5B3+5$6(�WDEOH�PXVW�EH�XVHG�

)LJXUH����6\VWHP¶V�(�5�$�VFKHPH�



�������$VSHFW�RI�7LPH

$GDSWLYH�XVHU�SURILOHV�ZLOO�EH�XVHG��DV�XVHU¶V�LQWHUHVWV�PD\�FKDQJH�LQ�WKH�FRXUVH�RI�WLPH��:H

ZLOO�EH�XVLQJ�PHWDGDWD�RQ�XVHU¶V�YLVLWV��YLVLWBWLPH�DWWULEXWH�LQ�85/B9,6,76�WDEOH��VHH�)LJ����

LQ� RUGHU� WR� GLVFDUG� SDJHV� QRW� YLVLWHG� IRU� D� ORQJ� WLPH� IURP� FROOHFWLRQ� RI� GRFXPHQWV

FKDUDFWHUL]LQJ�D�SDUWLFXODU�XVHU��5H�JHQHUDWLRQ�RI�XVHU�SURILOHV�LQ�VL[�PRQWK�LQWHUYDOV�VHHPV�WR

EH�D�UHDVRQDEOH�FKRLFH�

�����'RFXPHQW�(QFRGLQJ

:H� KDG� WR� FUHDWH� D� PHFKDQLVP� IRU� H[FKDQJLQJ� GRFXPHQWV� DPRQJ� LQGLYLGXDO� PRGXOHV�

7KHUHIRUH��ZH�KDYH�FUHDWHG�D�SURSULHWDU\�IRUPDW�EDVHG�RQ�;0/��GHVFULELQJ�GDWD�RQ�WKH�EDVLV

RI�SUH�GHILQHG�GRFXPHQW�VWUXFWXUH��+HUH�LV�WKH�SURSRVHG�'7'�IRU�RXU�GRFXPHQWV�

��'2&7<3(�GRFXPHQWBFROOHFWLRQ�>

��(/(0(17�GRFXPHQWBFROOHFWLRQ������GHVFULSWLRQ"��GRFXPHQW���!

��(/(0(17�GHVFULSWLRQ�������3&'$7$��!

��(/(0(17�GRFXPHQW������GRFXPHQWBLG��XUO"��ODQJXDJH"��WLWOH"��WRSLFOLVW"�

NH\ZRUGV"��DEVWUDFW"�FRQWHQW��!

��(/(0(17�GRFXPHQWBLG�������3&'$7$��!

��(/(0(17�XUO�������3&'$7$��!

��(/(0(17�ODQJXDJH�������3&'$7$��!

��(/(0(17�WLWOH�������3&'$7$��!

��(/(0(17�WRSLFOLVW������WRSLF���!

��(/(0(17�WRSLF�������3&'$7$��!

��(/(0(17�NH\ZRUGV�������3&'$7$��!

��(/(0(17�DEVWUDFW�������3&'$7$��!

��(/(0(17�FRQWHQW�������3&'$7$��!

@!

�����3DFNHW�)LOWHU

:LQ&DS�G\QDPLF�OLEUDU\�LV�XWLOL]HG�IRU�SDFNHW�WUDSSLQJ��WKH�)UHH�3DFNHW�FDSWXUH�$UFKLWHFWXUH

IRU�:LQGRZV�±�VHH�ZLQSFDS�SROLW�LW���,W�LV�FDSDEOH�RI�SDFNHW�ILOWHULQJ�RQ�RSHUDWLQJ�V\VWHP¶V
NHUQHO�OHYHO��8SRQ�LWV�ODXQFK��WKH�OLEUDU\�FDQ�WUDS�DOO�SDFNHWV�RI�D�ORFDO�ZRUNVWDWLRQ��DQG�VDYH

WKHVH�LQWR�D�EXIIHU�IRU�ODWHU�XVH��)RU�RXU�SXUSRVHV�ZH�DUH�WUDSSLQJ�RQO\�WKRVH�SDFNHWV�WKDW�DUH

GLVWULEXWHG� YLD� SRUW� ��� �VWDQGDUG� +773� SRUW�� DQG� FRQWDLQ� UHTXHVWV� WR� ZHE� VHUYHUV� �L�H�� *(7

FRPPDQG���)URP�WKHVH�SDFNHWV�ZH�ILOWHU�RXW�UHTXHVWV�WR�GRFXPHQWV�WKDW�FDQQRW�EH�SURFHVVHG

�ILOHV�FRQWDLQLQJ�LPDJHV��VRXQG��YLGHR��FRPSUHVVHG�ELQDU\�GDWD��HWF����:H�FDQ�LGHQWLI\�VHUYHU

DGGUHVV��XVLQJ�KRVW�LWHP��DQG�ILOH�SDWK�HDVLO\�

�����'RFXPHQW�&OXVWHULQJ

)RU�GRFXPHQW�FOXVWHULQJ�ZH�KDYH�LPSOHPHQWHG�6XIIL[�7UHH�&OXVWHULQJ�DOJRULWKP��VHH�>�@��IRU

H[DPSOH��EDVHG�RQ�IUHTXHQW�SKUDVH�VHDUFK�LQ�D�GRFXPHQW�FROOHFWLRQ��:H�UHJDUG�DOO�GRFXPHQWV

UHTXHVWHG�E\�D�VLQJOH�XVHU�DV�D�VSHFLDO�GRFXPHQW�FROOHFWLRQ��VXEMHFW�WR�IUHTXHQW�SKUDVH�VHDUFK�

8VHU¶V�SURILOH�LV�WKHQ�UHSUHVHQWHG�E\�UHVXOWV�RI�WKLV�VHDUFK�



�������6XIIL[�7UHH�&OXVWHULQJ

6XIIL[� 7UHH� &OXVWHULQJ� �67&�� DOJRULWKP� LV� VLPLODU� WR� FUHDWLQJ� DQ� LQYHUWHG� OLVW� RI� SKUDVHV

RFFXUULQJ�LQ�D�GRFXPHQW�FROOHFWLRQ��&RPSOH[LW\�LV� LQ�WKH�RUGHU�RI�2�Q�� �VHH�>�@���ZKHUH�Q� LV

WKH�QXPEHU�RI�GRFXPHQWV� LQ� WKH�FROOHFWLRQ��:H�ZLOO� DSSO\� WKH�PHFKDQLVP� WR� DOO� GRFXPHQWV

UHTXHVWHG� E\� D� XVHU� WR� EH� GLVSOD\HG� LQ� KLV�KHU� ZHE� EURZVHU�� 'RFXPHQWV� ZLOO� EH� VXEMHFW� WR

VWHPPLQJ�DQG�VWRS�ZRUG�ILOWHULQJ��7KH�PD[LPXP�OHQJWK�RI�SKUDVHV�EHLQJ�VHDUFKHG�LV�N ����� � ���

,Q�IDFW��WKLV�DUJXPHQW�GHILQHV�WKH�OHQJWK�RI�VOLGLQJ�ZLQGRZ�XVHG�WR�SURFHVV�WH[W�GRFXPHQWV�

�������&OXVWHULQJ�$OJRULWKP�,PSOHPHQWDWLRQ

67&�DOJRULWKP�FUHDWHV�D�ORJLFDO�VWUXFWXUH�FRUUHVSRQGLQJ�WR�1�QDU\�WUHH��VHH�ILJXUH����

)LJXUH����,PSOHPHQWDWLRQ�RI�67&�DOJRULWKP�

(DFK� WUHH�QRGH� �H[FHSW� URRW�RI� WKH� WUHH� ORFDWHG� DW�/ � �� FRQWDLQV� D� OLQN� WR� RQH¶V� ³IDWKHU´� �L�H�

SUHYLRXV�ZRUG� LQ� D�SDUWLFXODU�SKUDVH���7UHH�QRGHV� ORFDWHG� DW� WKH� VDPH� OHYHO� �/� �� M ��«N ����� �

ZLWK�WKH�VDPH�IDWKHU�DUH�VWRUHG�LQ�D�OLQNHG�OLVW��³&KLOG´�OLQN�JRHV�IURP�D�KLJKHU�OHYHO�QRGH�WR

WKH�EHJLQQLQJ�RI�D�OLQNHG�OLVW�RI�LWV�VXFFHVVRUV��(DFK�QRGH�L�LV�DVVRFLDWHG�ZLWK�1 � �UHSUHVHQWLQJ

IUHTXHQF\�RI�D�SKUDVH�LQ�GRFXPHQW�FROOHFWLRQ��,Q�RUGHU�WR�GHWHUPLQH�GLVFULPLQDWRU\�SRZHU�RI

SKUDVHV�LQ�GRFXPHQW�FROOHFWLRQ��WKH�ZHLJKW�IDFWRU�LV�FRPSXWHG�IRU�HDFK�SKUDVH�

Z�I � �� �/�I � ����1 � �

ZKHUH�I � �LV�D�SKUDVH�FRUUHVSRQGLQJ�WR�QRGH�L�RI�67&�WUHH��/�I � ��LV�LWV�GHSWK��1 � �LV�IUHTXHQF\�RI

LWV�RFFXUUHQFH�LQ�GRFXPHQW�FROOHFWLRQ�

�������)RUPLQJ�RI�&OXVWHUV

:H�SLFN�WRS�3�QRGHV��L�H��WKH�ILUVW�3�QRGHV�ZLWK�WKH�KLJKHVW�ZHLJKW��VD\�3 ����DQG�FRQVLGHU

WKHVH�FKDUDFWHULVWLF�QRGHV��SKUDVHV��RI�WKH�FRUUHVSRQGLQJ�GRFXPHQW�FROOHFWLRQ��DVVRFLDWHG�ZLWK

D�SDUWLFXODU�XVHU���:H�DUH�LQWHUHVWHG�LQ�VLPLODULW\�RI�SKUDVHV�LQ�RUGHU�WR�ILQG�FOXVWHUV�RI�SKUDVHV

�XVLQJ�D�PHFKDQLVP�VLPLODU�WR�IUHTXHQW�LWHPVHWV�PLQLQJ��

6LPLODULW\�RI� WZR�SKUDVHV� FDQ�EH�TXDQWLILHG�E\�PHDQV�RI�GRFXPHQWV� LQ�ZKLFK� WKHVH�SKUDVHV

RFFXU��/HW¶V�GHILQH�WKH�IROORZLQJ�ELQDU\�VLPLODULW\�PHDVXUH�IRU�SKUDVHV�I � �DQG�I � �
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ZKHUH�' � �DQG�' � �UHSUHVHQW�GRFXPHQWV�FRQWDLQLQJ�I � �DQG�I � �SKUDVHV��UHVSHFWLYHO\��f�UHSUHVHQWV

WKUHVKROG�ZLWK�D�VLJQLILFDQW�LPSDFW�RQ�FOXVWHU�JHQHUDWLRQ�

7KH� ORQJHU� SKUDVHV� DUH� XVHG� IRU� XVHU� SURILOH� LGHQWLILFDWLRQ� �N � � � ��� WKH� ORZHU� WKUHVKROG� f� IRU

VLPLODULW\�PHWULFV�PXVW�EH�VHOHFWHG��DQG�YLFH�YHUVD��

3KUDVHV� OLQNHG� E\� VLPLODULW\� UHODWLRQVKLSV� IRUP� D� SKUDVH� DVVRFLDWLRQ� JUDSK� �3$*���3URILOH

FOXVWHUV� �3&�� DUH� UHSUHVHQWHG� E\�PD[LPXP� FRPSOHWH� VXEJUDSKV� �L�H�� FOLTXHV�� RI� WKH� SKUDVH

DVVRFLDWLRQ� JUDSK�� ,I� w�3$*�� GHQRWHV� WKH� QXPEHU� RI� YHUWLFHV� RI� WKH� ODUJHVW� FOLTXH�� LW� DOVR

GHQRWHV� WKH� QXPEHU� RI� SKUDVHV� RI� WKH� ODUJHVW� FOXVWHU�� 7KH� QXPEHU� RI� FOLTXHV� UHSUHVHQWV� WKH

QXPEHU� RI� FOXVWHUV� �L�H�� WKH� QXPEHU� RI� GLIIHUHQW� DUHDV� RI� XVHU¶V� LQWHUHVW��� :H� FDQ� GHILQH

DQRWKHU� XVHIXO� WKUHVKROG� IRU� WKH� PLQLPXP� DFFHSWDEOH� VL]H� RI� D� FOLTXH� �H�J�� WKUHH

YHUWLFHV�SKUDVHV� RU� PRUH��� 7KH� XSSHU� OLPLW� IRU� w�3$*�� LV�3� �YHU\� XQOLNHO\� FDVH��� 9DOXH� RI

w�*��LV�DOVR�NQRZQ�DV�³FOLTXHQHVV´�RI�D�JUDSK�*�

7KH�KLJKHU� WKH�YDOXH�RI� f� WKUHVKROG� LV�� WKH� IHZHU� HGJHV�RI�3$*� DUH� IRUPHG��GHFUHDVLQJ� WKH

DYHUDJH�VL]H�RI�SURILOH�FOXVWHUV��ZKLOH� LQFUHDVLQJ� WKH�QXPEHU�RI� WKHVH� FOXVWHUV��:H�KDYH�QRW

VSHFLILHG�DQ\�XSSHU�OLPLW�IRU�WKH�QXPEHU�RI�FOXVWHUV�\HW��DOWKRXJK�LW�LV�UHDVRQDEOH�WR�EHOLHYH�

WKDW�RQH�XVHU�ZLOO�QRW�EH�FKDUDFWHUL]HG�E\�PRUH�WKDQ�WKUHH�RU�IRXU�LGHQWLILDEOH�DUHDV�RI�LQWHUHVW�

$OWHUQDWLYHO\�� ZH� FDQ� PHDVXUH� SKUDVH�WR�SKUDVH� VLPLODULW\� E\� PHDQV� RI� VXSSRUW� DQG

FRQILGHQFH�

��FRQILGHQFH

��VXSSRUW �����
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ZKHUH�î'î�GHQRWHV�WKH�WRWDO�QXPEHU�RI�GRFXPHQWV�FROOHFWHG�LQ�RUGHU�WR�LGHQWLI\�SURILOH�RI�D

SDUWLFXODU�XVHU��7KH�HGJH�RI�3$*�EHWZHHQ�SKUDVHV� I � �DQG� I � � LV� WKHQ�GHVFULEHG�E\�VXS ��� � � DQG

FRQI ��� � �YDOXHV��,I�P��Q�DQG�O���YHUWLFHV��3$*��DQG�PQ��QO�DQG�PO���HGJHV��3$*���WKHQ��XQGHU

DVVXPSWLRQ�RI�FRQGLWLRQDO�LQGHSHQGHQFH�RI�SKUDVHV��ZH�FDQ�LQIHU�WKDW���Ê�FRQI ��� � � � � �FRQI ��� � ��

FRQI � ��� �Ê���

�����6\VWHP�8VHU�,QWHUDFWLRQ

8VHUV� FDQ� UHJLVWHU� YLD� ZHE� EURZVHU� E\� HQWHULQJ� WKHLU� QDPH� DQG� H�PDLO�� 8VHUV� GRZQORDG� D

SDFNHW� ILOWHU� �FXUUHQWO\� DYDLODEOH� IRU� :LQGRZV� RQO\�� DQG� FRQILJXUDWLRQ� ILOH� UHTXLUHG� IRU

LGHQWLILFDWLRQ��7KH�LVVXH�RI�LPPRUDO�%LJ�%URWKHU�PRQLWRULQJ�LV�KDQGOHG�E\�UHJLVWHULQJ�YLD�WKH

ZHE�LQWHUIDFH�DQG�H[SOLFLW�ODXQFK�RI�WKH�SDFNHW�ILOWHU�

,Q� SULQFLSOH�� XVHU¶V� IHHGEDFN� LQ� WKH� FRXUVH� RI� DFWXDO� ZRUN� LV� DXWRPDWLF� ±� XVHU� YLVLWV� D

UHFRPPHQGHG� ZHE� SDJH�� ZKLFK� LV� UHJLVWHUHG� E\� WKH� SDFNHW� ILOWHU� DQG� SDVVHG� WR� HYDOXDWLRQ

PRGXOHV��%DVHG�RQ�DXWRPDWLF�IHHGEDFN�ZH�FDQ�PRGLI\�ZHLJKWV�RI�GRFXPHQWV�G\QDPLFDOO\�

������3UDFWLFDO�7HVWV

:H� GHFLGHG� WR� XVH� 5&9�� FROOHFWLRQ� �5HXWHUV� &RUSXV� 9ROXPH� ��� VHH� KWWS���

DERXW�UHXWHUV�FRP��IRU�67&�DOJRULWKP�WHVWLQJ��$�VSHFLILF�FODVV��DVVRFLDWHG�ZLWK�D�SDUWLFXODU
XVHU�� LV� VXEMHFW� WR� WHVWLQJ� E\� UDQGRPO\� VHOHFWLQJ� DSSUR[�� ���� RI� GRFXPHQWV� RI� WKLV� FODVV

�WUDLQLQJ�GRFXPHQWV���VHDUFKLQJ�IRU�IUHTXHQWO\�RFFXUULQJ�SKUDVHV��IRUPLQJ�SKUDVH�DVVRFLDWLRQ

JUDSKV� �3$*V��� DQG� GHILQLQJ� DSSOLFDEOH� SURILOH� FOXVWHUV�� 5HPDLQLQJ� GRFXPHQWV� DUH� PL[HG

ZLWK�D�FHUWDLQ�QXPEHU�RI�GRFXPHQWV� IURP�RWKHU� FDWHJRULHV�� DQG� WKHQ�ZH� WU\� WR� ILQG�SURILOH�



FOXVWHU�SKUDVHV� LQ� WKHVH� WHVWLQJ�GRFXPHQWV��)RU� VHDUFKLQJ� SXUSRVHV� ZH� FUHDWH� YDULDEOH�VL]HG

YHFWRU�RI�FKDUDFWHULVWLF�SKUDVHV��SKUDVH�FHQWURLG��UHSUHVHQWLQJ�HDFK�SURILOH�FOXVWHU��3&���1RZ

ZH� FDQ� FRPSXWH� FRVLQH�PHWULF� VLPLODULW\� EHWZHHQ� D� WHVWLQJ� GRFXPHQW�'� � DQG� FKDUDFWHULVWLF

SKUDVHV�RI�SURILOH�FOXVWHU�& � ��L���[�«QXPEHU�RI�FOLTXHV�RI�3$*]��
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ZKHUH�6LP�& � ��'� ��GHQRWHV�VLPLODULW\�RI�FOXVWHU�& � �DQG�WHVWLQJ�GRFXPHQW�'� ��+ � �LV�WKH�QXPEHU�RI

FKDUDFWHULVWLF� SKUDVHV� LQ� SURILOH� FOXVWHU� & � � �YHFWRU� VL]H��� Z�I � �� GHQRWHV� WKH� ZHLJKW� RI� WKH

FRUUHVSRQGLQJ�FKDUDFWHULVWLF�SKUDVH�I � ��DQG�G�	� �UHSUHVHQWV�WKH�QXPEHU�RI�RFFXUUHQFHV�RI�SKUDVH

I � �LQ�GRFXPHQW�'� ��,I�6LP�& � ��'� �Ë�t��WKHQ�'� ���& � ��ZKHUH�t�LV�D�VSHFLILF�WKUHVKROG�

������3URMHFW�6XPPDU\

:H�FDQ�VXPPDUL]H�WKH�PHWKRGRORJ\�GHWDLOHG�LQ�DERYH�SDUDJUDSKV�LQ�IRUP�RI�VHYHUDO�VWHSV�

��� &ROOHFW�LQIRUPDWLRQ�RQ�XVHUV��D�FROOHFWLRQ�RI�YLVLWHG�ZHE�SDJHV�SHU�XVHU��

��� )LQG�IUHTXHQW�SKUDVHV��DSSO\�67&�DOJRULWKP��

��� 6HOHFW�FKDUDFWHULVWLF�SKUDVHV��OLNHO\�D�IL[HG�QXPEHU�SHU�HDFK�XVHU��

��� $VVRFLDWH� ³VLPLODU´� SKUDVHV� WR� IRUP� SURILOH� FOXVWHU�V�� IRU� HDFK� XVHU� ±� IRUPDWLRQ� RI

SKUDVH�FHQWURLGV�

��� $SSO\�UHVXOWV�RI�WKH�DERYH�

D��/RRN�IRU�VLPLODU�SURILOH�FOXVWHUV��LGHQWLI\�XVHUV�RI�VLPLODU�LQWHUHVWV��

E��5HFRPPHQG�QHZ��QRQ�YLVLWHG��GRFXPHQWV�WKDW�PD\�EH�RI�LQWHUHVWV�RI�D�XVHU�

������&RQFOXVLRQV

2XU�UHVHDUFK�LQ�WKH�ILHOG�RI�XVHU�SURILOH�LGHQWLILFDWLRQ�DW�WKH�8QLYHUVLW\�LV�FXUUHQWO\�LQ�WKH�ILUVW

SKDVH�� :H� DVVXPH� WKDW� ZH� ZLOO� EH� DEOH� WR� PDNH� RXU� GHVLJQ� PRUH� HIILFLHQW�� WKXV� DFKLHYLQJ

KLJKHU� SUHFLVLRQ� ZKLOH� PHDVXULQJ� XVHU�SURILOH� VLPLODULW\�� :H� DUH� SODQQLQJ� WR� WHVW� WKH

FOXVWHULQJ� PHWKRG� RQ� VHYHUDO� GRFXPHQW� FROOHFWLRQV� LQ� YDULRXV� ODQJXDJHV�� 2XU� UHVHDUFK� ZLOO

DOVR�EHQHILW�IURP�D�SUDFWLFDO�FRPSDULVRQ�RI�YDULRXV�FOXVWHULQJ�DSSURDFKHV�

7KLV�ZRUN�KDV�EHHQ�SDUWO\�VXSSRUWHG�E\�JUDQWV�1R��060�����������DQG�0(����

5HIHUHQFHV

���� 3��.��&KDQ��&RQVWUXFWLQJ�:HE�8VHU�3URILOHV��$�1RQ�LQYDVLYH�/HDUQLQJ�$SSURDFK��3URFHHGLQJV�RI

:HE� 8VDJH� $QDO\VLV� DQG� 8VHU� 3URILOLQJ� ±� ,QWHUQDWLRQDO� :(%.''
��� :RUNVKRS� 6DQ� 'LHJR�
8�6�$�

���� 5�� .RYDO�� 3�� 1iYUDW�� ,QWHOOLJHQW� 6XSSRUW� IRU� ,QIRUPDWLRQ� 5HWULHYDO� LQ� WKH� :::� (QYLURQPHQW�

3URFHHGLQJV� RI� $GYDQFHV� LQ� 'DWDEDVHV� DQG� ,QIRUPDWLRQ� 6\VWHPV� ±� (DVW� (XURSHDQ� &RQIHUHQFH�
$'%,6�������%UDWLVODYD��6ORYDNLD

���� 2�� =DPLU�� 2�� (W]LRQL�� :HE� 'RFXPHQW� &OXVWHULQJ�� $�)HDVLEOH� 'HPRQVWUDWLRQ�� UHWULHYHG� IURP

&LWH6HHU��LQ�)HEUXDU\�������KWWS���FLWHVHHU�RUJ�


