
&URZGVRXUFLQJ�,P DJH�6HJP HQWDWLRQ�XVLQJ�69 *

( GZ DUG�. LP

/HKLJK�8QLYHUVLW\ ��' HSDUWP HQW�RI�&RP SXWHU�6FLHQFH�DQG�( QJLQHHULQJ�
HGN��� # OHKLJK�HGX

; LDROHL�+XDQJ

/HKLJK�8QLYHUVLW\ ��' HSDUWP HQW�RI�&RP SXWHU�6FLHQFH�DQG�( QJLQHHULQJ�
[ LK��� # OHKLJK�HGX

$EVWUDFW

: LWK�WKH�XELTXLW\ �RI�GLJLWDO�FDP HUDV��FDP HUD�SKRQHV��ZHE�FDP V��HWF���WKH�DP RXQW�RI�GLJLWDO�LP DJH�GDWD�LV�H[ SORGLQJ��+RZHYHU��WR�XWLOL] H
WKLV�GDWD�IRU�LP DJH�DQQRWDWLRQ�DQG�UHFRJQLWLRQ�DOJRULWKP V��D�ODUJH�DP RXQW�RI�ODEHOHG�GDWD�IRU�WUDLQLQJ�LV�UHTXLUHG��%XW�REWDLQLQJ�WUDLQLQJ
GDWD�RQ�ODUJH�GDWDVHWV�RI�LP DJHV�LV�D�YHU\ �WHGLRXV�DQG�H[ SHQVLYH�SURFHVV��7R�DGGUHVV�WKLV�LVVXH��ZH�GHYHORS�DQ�RQOLQH�LP DJH�DQQRWDWLRQ
V\VWHP �WKDW�FDQ�FROOHFW�DQQRWDWLRQ�GDWD�IURP �FURZGV��$GGLWLRQDOO\ ��ZH�LQFRUSRUDWH�VHP L�DXWRP DWLF�VHJP HQWDWLRQ�DOJRULWKP V�WKDW�DUH�DEOH
WR�DVVLVW�WKH�XVHU�LQ�FUHDWLQJ�DFFXUDWH�REMHFW�ERXQGDULHV��: H�VKRZ�WKDW�RXU�V\VWHP �LV�DQ�HIIHFWLYH�DQG�XVHIXO�WRRO�LQ�FROOHFWLQJ�LP DJH
DQQRWDWLRQ�GDWD�

7DEOH�RI�&RQWHQWV

,QWURGXFWLRQ

5 HODWHG�: RUN

0 HWKRGRORJ\

6HJPHQWDWLRQ�PHWKRGV

$PD] RQ�0 HFKDQLFDO�7XUN

5 HVXOWV

: RUNHU�DFFXUDF\

&RQFOXVLRQ

%LEOLRJUDSK\

,QWURGXFWLRQ

,Q�UHFHQW�\ HDUV��WKHUH�KDV�EHHQ�DQ�H[ SORVLRQ�RI�GLJLWDO�LP DJH�GDWD��+RZHYHU��ZKHQ�LQWHUSUHWHG�E\ �D�FRP SXWHU��WKLV�LP DJH�GDWD�LV�HVVHQWLDOO\
XQVWUXFWXUHG�SL[ HO�GDWD��7KH�FRP SXWHU�RQO\ �VHHV�SL[ HO�YDOXHV��DQG�KDV�QR�NQRZOHGJH�RI�ZKDW�LV�FRQWDLQHG�LQ�WKH�LP DJH��,Q�RUGHU�WR�FUHDWH�XVHIXO
LP DJH�GDWD�WR�FRP SXWHU�UHFRJQLWLRQ�DQG�GHWHFWLRQ�DOJRULWKP V��WKH�FRQWHQW�ZLWKLQ�DQ�LP DJH�P XVW�EH�ODEHOHG��) RU�H[ DP SOH��IRU�WKH�WDVN�RI�REMHFW
UHFRJQLWLRQ��WKH�IRUHJURXQG�REMHFW�LQ�WKH�LP DJH�P XVW�EH�RXWOLQHG�DQG�VHSDUDWHG�IURP �WKH�EDFNJURXQG��: LWK�ODUJH�DP RXQWV�RI�WUDLQLQJ�GDWD��D
FRP SXWHU�DOJRULWKP �P D\ �EH�DEOH�WR�OHDUQ�KRZ�WR�VHSDUDWH�SL[ HOV�RQ�D�QHZ�LP DJH�LQWR�FRKHUHQW�JURXSV��7KLV�VHSDUDWLRQ�WDVN�LV�UHIHUUHG�WR�DV�LP DJH
VHJP HQWDWLRQ��DQG�DOWKRXJK��IXOO\ �DXWRP DWLF�P HWKRGV�WR�SHUIRUP �WKLV�LP DJH�VHJP HQWDWLRQ�SUREOHP �KDYH�EHHQ�SURSRVHG��WKHVH�P HWKRGV�KDYH�\ HW�WR
UHDFK�KXP DQ�OHYHO�DFFXUDF\��

2 QH�VLJQLILFDQW�KXUGOH�IRU�LP DJH�VHJP HQWDWLRQ�DOJRULWKP V�LV�WKH�FROOHFWLRQ�RI�WUDLQLQJ�GDWD��7KH�FROOHFWLRQ�RI�LP DJH�VHJP HQWDWLRQ�WUDLQLQJ�GDWD�LV�D
WHGLRXV�DQG�H[ SHQVLYH�WDVN��$VVXP LQJ�WKDW�WKH�DYHUDJH�VHJP HQWDWLRQ�WLP H�RI�DQ�LP DJH�UDQJHV�EHWZHHQ��� ��� �VHFRQGV�>. ,0 ���� @��D�GDWDEDVH�RI
� ���� �LP DJHV�FRXOG�WDNH�XSZDUGV�RI��� �KRXUV��) XUWKHU��QHZ�LP DJH�GDWDVHWV�OLNH�,P DJH1HW�>' ( 1 * ���� @�FRQWDLQ�P RUH�WKDQ��� �P LOOLRQ�LP DJHV�
ZKLFK�FRXOG�WDNH�D�VLQJOH�XVHU��� ��� �\ HDUV�WR�DQQRWDWH��,Q�RXU�ZRUN��ZH�DGGUHVV�WKH�SUREOHP �RI�FROOHFWLQJ�LP DJH�VHJP HQWDWLRQ�WUDLQLQJ�GDWD
WKURXJK�WKH�XVH�RI�VFDODEOH�YHFWRU�JUDSKLFV��69 * ��DQG�$P D] RQ�0 HFKDQLFDO�7XUN��0 WXUN���: H�EXLOG�DQ�DQQRWDWLRQ�WRRO�WKDW�XWLOL] HV�WKH�LQWHUDFWLYLW\
DQG�IOH[ LELOLW\ �RI�69 * �WR�FROOHFW�LP DJH�DQQRWDWLRQV�IURP �XVHUV�RQ�WKH�ZHE��2 XU�WRRO�LV�DFFHVVLEOH�YLD�0 WXUN��ZKLFK�LV�DQ�RQOLQH�FURZG�VRXUFLQJ
SODWIRUP �ZKHUH�WKRXVDQGV�RI�ZRUNHUV�DUH�DEOH�WR�ZRUN�RQ�SURYLGHG�WDVNV�IRU�D�VP DOO�SURILW��: H�VKRZ�WKDW�RXU�V\VWHP �LV�DEOH�WR�JUHDWO\ �VLP SOLI\ �WKH
FROOHFWLRQ�DQG�DQQRWDWLRQ�RI�REMHFWV�ZLWKLQ�WKH�( 7+=�6KDSH�GDWDVHW�>) ( 5 ���� @��6RP H�VDP SOH�LP DJHV�IURP �WKLV�GDWDVHW�FDQ�EH�VHHQ�LQ�) LJXUH�� �

) LJXUH�� ��6DP SOH�LP DJHV�IURP �WKH�( 7+ =�6KDSH�GDWDVHW�

5 HODWHG�: RUN



7KHUH�KDYH�EHHQ�VHYHUDO�UHODWHG�ZRUNV�WKDW�ZRUN�WRZDUGV�FROOHFWLQJ�ODUJH�VHWV�RI�DQQRWDWHG�WUDLQLQJ�GDWD��7KH�/RWXV�+LOO�><$ 2 ���� @�GDWDEDVH
FRQWDLQV�D�ODUJH�TXDQWLW\ �RI�P DQXDOO\ �DQQRWDWHG�GDWD��2 QOLQH�VLWHV�VXFK�DV�) OLFNU�DQG�) DFHERRN�KDYH�VWDUWHG�DOORZLQJ�WKH�DQQRWDWLRQ�RI�LP DJHV�YLD
ERXQGLQJ�ER[ HV��3UREDEO\ �WKH�P RVW�VXFFHVVIXO�DQG�P RVW�VLP LODU�V\VWHP �WR�RXUV�LV�WKH�/DEHO0 H�>58 6 ���� @�WRRO��7KH�/DEOH0 H�V\VWHP �KDV�DOVR
H[ SHULP HQWHG�ZLWK�WKH�SRVVLELOLWLHV�RI�FURZG�VRXUFLQJ�WKHLU�DQQRWDWLRQV�RQ�0 WXUN��+RZHYHU��WKHUH�DUH�WZR�VLJQLILFDQW�GLIIHUHQFHV�WKDW�H[ LVW�EHWZHHQ
RXU�V\VWHP �DQG�WKHLUV��/DEHO0 H�KDV�EXLOW�WKHLU�RZQ�FXVWRP �; 0 / �LP DJH�DQQRWDWLRQ�ODQJXDJH�DQG�DQQRWDWLRQ�V\VWHP ��,Q�FRQWUDVW��ZH�XWLOL] H�69 * ��D
: � &�UHFRPP HQGDWLRQ�IRU�RXU�V\VWHP ��WKXV�P D[ LP L] LQJ�FRP SDWLELOLW\ �ZLWK�H[ LVWLQJ�DQG�IXWXUH�EURZVHUV��6HFRQGO\ ��/DEOH0 H�LV�FRP SOHWHO\ �P DQXDO�
P HDQLQJ�WKDW�WKH�XVHU�FOLFNV�DURXQG�DQ�REMHFW�WR�DFKLHYH�WKHLU�ILQDO�RXWOLQH��,Q�RXU�V\VWHP ��ZH�LQFRUSRUDWH�DQRWKHU�OHYHO�RI�FRP SXWHU�DVVLVWDQFH��: H
ZLOO�GHVFULEH�LQ�ODWHU�VHFWLRQV�WKDW�RXU�V\VWHP �KDV�WKH�DELOLW\ �WR�UHILQH�D�XVHU
V�DQQRWDWLRQ�WR�EHWWHU�ILW�WKH�REMHFW�ERXQGDU\ �

0 HWKRGRORJ\

,Q�RXU�ZRUN��ZH�XVH�69 * �DQG�$P D] RQ�0 HFKDQLFDO�7XUN��WR�JDWKHU�VHJP HQWDWLRQ�UHVXOWV�IURP �XVHUV�RQ�WKH�ZHE��: H�ILUVW�GHVFULEH�WZR�VHJP HQWDWLRQ
P HWKRGV��D�P DQXDO�P HWKRG�DQG�D�VHP L�DXWRP DWLF�P HWKRG��WKDW�ZH�KDYH�LP SOHP HQWHG�XVLQJ�69 * ��7KHQ��ZH�ZLOO�GHVFULEH�WKH�LP SOHP HQWDWLRQ�RI
WKHVH�P HWKRGV�LQ�0 WXUN�

6HJP HQWDWLRQ�0 HWKRGV

) RU�RXU�ILUVW�P HWKRG��ZH�LP SOHP HQWHG�D�P DQXDO�VHJP HQWDWLRQ�LQ�69 * ��* LYHQ�WKH�LQWHUDFWLYH�FDSDELOLWLHV�RI�69 * �ZLWK�- DYDVFULSW��ZH�FDQ�DOORZ
XVHUV�WR�P DQXDOO\ �GUDZ�DQ�RXWOLQH�DURXQG�REMHFWV�ZLWKLQ�LP DJHV��: H�GLVSOD\ �D�UDVWHU�LP DJH�XQGHU�DQ�69 * �� J! �XVLQJ�WKH�� LP DJH�[ OLQN�KUHI! �ZKLFK
FDWFKHV�RQFOLFN�HYHQWV��$V�WKH�XVHU�FOLFNV�DURXQG�WKH�LP DJH��ZH�FDQ�FUHDWH�� FLUFOH! �HOHP HQWV�DQG�� OLQH! �HOHP HQWV�WKDW�IROORZ�WKHLU�FOLFNV��) LQDOO\ �
WKH�XVHU�FDQ�FORVH�WKH�SDWK�WR�FUHDWH�D�SRO\ JRQ�WKDW�VXUURXQGV�WKH�IRUHJURXQG�UHJLRQ�E\ �FOLFNLQJ�RQ�WKHLU�ILUVW�SRLQW��7KH�RQFOLFN�HYHQW�DGGHG�WR�WKH
ILUVW�SRLQW�ZLOO�FOHDU�WKH�FLUFOH�DQG�OLQH�HOHP HQWV��DQG�FRQVWUXFW�D�� SRO\ JRQ! �HOHP HQW��ZLWK�WKH�SRLQWV�FRQVWUXFWHG�IURP �WKH�XVHU�FOLFNV��) LJXUH��
LOOXVWUDWHV�WKLV�SURFHVV�

) LJXUH�� ��0 DQXDO�DQQRWDWLRQ�XVLQJ�69 * �

6DP SOH�FRGH�DVVRFLDWHG�ZLWK�WKH�ILQDO�P DQXDO�VHJP HQWDWLRQ�LV�VKRZQ�EHORZ�

� � � �
�"[PO�YHUVLRQ ������"!
�VYJ��EDVH3URILOH �IXOO����[POQV �KWWS���ZZZ�Z��RUJ ������VYJ����[POQV�[OLQN �KWWS���ZZZ�Z��RUJ������[O LQN�
� ZLGWK ������KHLJKW ������YLHZ%R[ ��������������YHU VLRQ �����!
�WLWOH!�6WUDZEHUU\�H[DPSOH��WLWOH!
�GHVF!0DQXDO�DQQRWDWLRQ�VWUDZEHUU\�H[DPSOH��GHVF!
�J�[POQV �KWWS���ZZZ�Z��RUJ������VYJ��LG �DUHD�!
����LPDJH�[POQV�[OLQN �KWWS���ZZZ�Z��RUJ������[OLQN ��LG �UDZLPDJH��[OLQN�KUHI �VWUDZEHUU\�MSJ��[ ����\  ����
� � ZLGWK ������KHLJKW ������!
����J�LG �PDQXDO��WUDQVIRUP �WUDQVODWH������!
�������SRO\JRQ�SRLQWV ����������������������������� ��������������������������������������������������� ��������
� � ������������������������������������������������� ��VWURNH �UJE�����������VWURNH�ZLGWK ����ILOO �QRQH ��!
�����J!
��J!
��VYJ!
� �

1H[ W��ZH�SUHVHQW�D�VHP L�DXWRP DWLF�VHJP HQWDWLRQ�P HWKRG��ZKHUH�D�FRP SXWHU�DOJRULWKP �DVVLVWV�WKH�XVHU�LQ�WKH�VHJP HQWDWLRQ�SURFHVV��,Q�) LJXUH�� �
ZH�GHP RQVWUDWH�WKH�XVH�RI�69 * �WR�LQLWLDOL] H�WKH�FRQWRXU�IRU�DQ�DFWLYH�FRQWRXU�VHJP HQWDWLRQ�P HWKRG�>.$66 ���� @��6LP LODU�WR�WKH�P DQXDO�P HWKRG��WKH
XVHU�FOLFNV�DURXQG�DQ�REMHFW�WKH\ �ZLVK�WR�VHJP HQW�IURP �WKH�EDFNJURXQG��$ IWHU�FORVLQJ�WKH�SRO\ JRQ��DQ�$ - $; �IXQFWLRQ�ZLOO�VHQG�WKHVH�SRLQWV�WR�D
VHUYHU�VLGH�VFULSW��7KH�VHUYHU�VLGH�VFULSW�ZLOO�FRP SXWH�WKH�HGJHV�RI�WKH�LP DJH�DQG�WKH�FRUUHVSRQGLQJ�GLVWDQFH�WUDQVIRUP �RI�WKH�HGJH�LQIRUP DWLRQ�
6HH�>. ,0 ���� @�>.$66 ���� @�IRU�VSHFLILF�DOJRULWKP LF�GHWDLOV��7KH�DFWLYH�FRQWRXU�P HWKRG�ZLOO�HYROYH�WKH�JLYHQ�SRO\ JRQ��DQG�DIWHU�VHYHUDO
FRP SXWDWLRQDO�LWHUDWLRQV��WKH�SRO\ JRQ�ZLOO�ILW�WR�WKH�LP DJH�ERXQGDULHV��7KH�VHUYHU�VLGH�VFULSW�ZLOO�WKHQ�VHQG�EDFN�D�� SRO\ JRQ! �REMHFW�ZKLFK�FDQ�EH
DSSHQGHG�WR�RXU�69 * �GRFXP HQW�WR�YLVXDOL] H�WKHVH�UHVXOWV�



) LJXUH�� ��7KH�ILUVW�LP DJH�LV�WKH�P DQXDO�LQLWLDOL] DWLRQ�JLYHQ�E\ �WKH�XVHU��7KH�WKLUG�LP DJH�LV�WKH�VHP L�DXWRP DWLF�UHVXOW�GLVSOD\HG�XVLQJ
69 * �

6DP SOH�FRGH�DVVRFLDWHG�ZLWK�WKH�ILQDO�VHP L�DXWRP DWLF�VHJP HQWDWLRQ�LV�VKRZQ�EHORZ�

� � � �
�"[PO�YHUVLRQ ������"!
�VYJ��EDVH3URILOH �IXOO����[POQV �KWWS���ZZZ�Z��RUJ ������VYJ����[POQV�[OLQN �KWWS���ZZZ�Z��RUJ������[O LQN�
� ZLGWK ������KHLJKW ������YLHZ%R[ ��������������YHU VLRQ �����!
�WLWOH!�6WUDZEHUU\�H[DPSOH��WLWOH!
�GHVF!6HPL�DXWRPDWLF�DQQRWDWLRQ�VWUDZEHUU\�H[DPSOH��GHVF!
�J�[POQV �KWWS���ZZZ�Z��RUJ������VYJ��LG �DUHD�!
����LPDJH�[POQV�[OLQN �KWWS���ZZZ�Z��RUJ������[OLQN ��LG �UDZLPDJH��[OLQN�KUHI �VWUDZEHUU\�MSJ��[ ����\  ����
� � ZLGWK ������KHLJKW ������!
����J�LG �PDQXDO��WUDQVIRUP �WUDQVODWH������!
�������SRO\JRQ�ILOO�RSDFLW\ ������ILOO �JUHHQ��VWUR NH �UJE�����������VWURNH�ZLGWK ����SRLQWV ��������� �������������
��������������������������������������������������� ��������������������������������������������������� �����������������
��������������������������������������������������� ��������������������������������������������������� ����������������
��������������������������������������������������� ��������������������������������������������������� ������������������

� ��� FXW�VHYHUDO�OLQHV�RI�SRLQWV���

��������������������������������������������������� ��������������������������������������������������� �������������������������
��������������������������������������������������� ��������������������������������������������������� ������������������������
��������������������������������������������������� ��������������������������������������������������� ������������������!
�����J!
��J!
��VYJ!
� �

$P D] RQ�0 HFKDQLFDO�7XUN

7R�HIIHFWLYHO\ �DQG�HIILFLHQWO\ �FROOHFW�KXP DQ�OHYHO�VHJP HQWDWLRQV��ZH�FDQ�XVH�DQ�RQOLQH�FURZGVRXUFLQJ�WRRO��$P D] RQ�0 HFKDQLFDO�7XUN��7KLV�RQOLQH
SODWIRUP �DOORZV�D�UHVHDUFKHU�WR�FUHDWH�+XP DQ�,QWHOOLJHQFH�7DVNV��+,7V���ZKHUH�WKRXVDQGV�RI�ZRUNHUV�FDQ�SDUWLFLSDWH��* LYHQ�RXU�69 *
UHSUHVHQWDWLRQ��ZH�DUH�XQLTXHO\ �SRVLWLRQHG�WR�WDNH�DGYDQWDJH�RI�WKH�RQOLQH�HQYLURQP HQW�IRU�RXU�VHJP HQWDWLRQ�WDVN��: H�FUHDWH�VHJP HQWDWLRQ�+,7V
ZKHUH�ZH�DVN�D�XVHU�WR�RXWOLQH�D�VSHFLILF�REMHFW�ZLWKLQ�DQ�LP DJH��2 XU�V\VWHP �XVHV�WKH�P DQXDO�RXWOLQH�DV�DQ�LQLWLDOL] DWLRQ�WR�RXU�VHP L�DXWRP DWLF
P HWKRG�DQG�SUHVHQWV�WKH�XVHU�ZLWK�ERWK�UHVXOWV�L�H��WKHLU�P DQXDO�DQQRWDWLRQ�DQG�WKH�FRP SXWHU�DVVLVWHG�DQQRWDWLRQ��1H[ W��ZH�DVN�WKH�XVHU�LI�WKH�VHP L�
DXWRP DWLF�P HWKRG�RXWSHUIRUP V�WKHLU�P DQXDO�DQQRWDWLRQ��2 QFH�WKH�XVHU�FRP SOHWHV�WKH�ZRUN��ZH�FROOHFW�DQG�VWRUH�ERWK�WKHLU�P DQXDO�SRO\ JRQ
UHSUHVHQWDWLRQ�DQG�RXU�FRP SXWHU�JHQHUDWHG�SRO\ JRQ�LQ�D�0 \ 64 / �GDWDEDVH�DQG�SD\ �WKH�ZRUNHU�D�VP DOO�VXP �RI�P RQH\ ��� ��� �GROODUV���$ �VDP SOH
LQWHUIDFH�RI�RXU�+,7�FDQ�EH�VHHQ�LQ�) LJXUH�� �



) LJXUH�� ��3DUWLDO�VFUHHQ�VKRW�RI�RXU�$P D] RQ�0 HFKDQLFDO�7XUN�LQWHUIDFH�

5 HVXOWV

) RU�RXU�H[ SHULP HQWV��ZH�FROOHFWHG�LP DJH�DQQRWDWLRQ�UHVXOWV�IRU�D�VWDQGDUG�GDWDVHW��WKH�( 7+=�6KDSH�GDWDVHW��7KLV�VHW�FRQWDLQV���� ��ZH�XVH���� �
LP DJHV�IURP �ILYH�GLIIHUHQW�FODVVHV��DSSOH�ORJRV��ERWWOHV��JLUDIIHV��FXSV��DQG�VZDQV���) RU�UHGXQGDQF\��ZH�SXEOLVKHG�� �+,7V�SHU�LP DJH�IRU�D�WRWDO�RI
� ���� �+,7V�RQ�0 WXUN��: LWKLQ�� �KRXUV�DQG��� �P LQXWHV�RI�SXEOLVKLQJ�RXU�+,7V��DOO�� ���� �+,7V�ZHUH�FRP SOHWHG�E\ ��� �XQLTXH�ZRUNHUV��7KH�DYHUDJH�WLP H
VSHQW�SHU�+,7�ZDV�� �P LQXWH��� �VHFRQGV��DW�D�FRVW�RI�� ��� �GROODUV�SHU�+,7��7KH�WRWDO�FRVW�IRU�WKH�DQQRWDWLRQV��SOXV�SURFHVVLQJ�IHHV�ZDV���� ��� ��

: H�ZHUH�DOVR�LQWHUHVWHG�LQ�ZKHWKHU�RU�QRW�RXU�VHP L�DXWRP DWLF�VHJP HQWDWLRQ�DOJRULWKP �ZRXOG�EH�KHOSIXO�LQ�WKH�VHJP HQWDWLRQ�WDVN��) RU�HDFK�+,7��WKH
XVHU�ZDV�DVNHG�ZKHWKHU�RU�QRW�WKH\ �SUHIHUUHG�WKHLU�P DQXDO�VHJP HQWDWLRQ�RU�RXU�VHP L�DXWRP DWLF�UHVXOW��,Q��� ��RXW�RI���� ��LP DJHV��DW�OHDVW�RQH�XVHU
EHOLHYHG�WKDW�RXU�FRP SXWHU�DVVLVWHG�VHJP HQWDWLRQ�RXWSHUIRUP HG�WKHLU�P DQXDO�VHJP HQWDWLRQ��7KLV�GHP RQVWUDWHV�WKDW�RXU�VHP L�DXWRP DWLF�P HWKRG�LV
D�XVHIXO�DQG�KHOSIXO�DGGLWLRQ�IRU�FROOHFWLQJ�JURXQG�WUXWK�VHJP HQWDWLRQ�GDWD�

: RUNHU�DFFXUDF\

7R�HQVXUH�WKH�DFFXUDF\�RI�WKH�ZRUNHU
V�VHJP HQWDWLRQV��ZH�LVVXHG�ILYH�+,7V�SHU�LP DJH��: H�FRXOG�UHMHFW�RU�DFFHSW�D�VHJP HQWDWLRQ�EDVHG�XSRQ�WKH
DJUHHP HQW�EHWZHHQ�XVHUV��$GGLWLRQDOO\ ��ZH�WDNH�WKH�XVHUV�KLVWRU\ �LQWR�DFFRXQW��* HQHUDOO\ �VSHDNLQJ��LI�WKH�XVHU�KDV�SHUIRUP HG�WKH�WDVN�FRUUHFWO\ �DQG
DFFXUDWHO\ �WKH�ILUVW�VHYHUDO�WLP HV��ZH�DFFHSW�WKHLU�VXEVHTXHQW�VXEP LVVLRQV��,Q�) LJXUH�� ��ZH�SUHVHQW�VRP H�RI�WKH�FROOHFWHG�UHVXOWV�ZLWK�WKHLU
VHJP HQWDWLRQV�RYHUODLG�RQ�WRS�RI�WKH�LP DJH�

� � � � �

� � � � � �

) LJXUH�� ��0 WXUN�XVHU�VHJHP HQWDWLRQV��0 XOWLSOH�XVHU�SURYLGHG�SRO\ JRQV�DUH�RYHUODLG�RQ�WRS�RI�WKH�LP DJH�

&RQFOXVLRQ
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