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-XO\�����

3UHSDUHG�%\

,QWUDQHW�6ROXWLRQV

%XVLQHVV�8QLW

&RPSDT�&RPSXWHU

&RUSRUDWLRQ

&217(176

3HUIRUPDQFH

0HWULFV ����������������������� �

3HUIRUPDQFH�$QDO\VLV
0HWKRGRORJLHV ����������������� �

3HUIRUPDQFH�7HVW

6HWXS�������������������������� �

%HQFKPDUNLQJ�7HVW�6HWXS � �

7HVWHG�6HUYHU�6HWXS ��������� �

5HVXOWV�$QDO\VLV ��������� �

6WDWLF�0RGHO �������������������� �

/LJKW�&*,�0RGHO ����������������

+HDY\�&*,�0RGHO ��������������

6XPPDU\ ������������������ ��

3HDN�3HUIRUPDQFH �������������

%RWWOHQHFNV ����������������������

&DSDFLW\�6ROXWLRQV ������������

$SSHQGL[�$�

'LVWULEXWLRQ�RI

6DPSOH�)LOHV ������������� ��

$SSHQGL[�%�

6DPSOH�2XWSXW�RI

6,0&*,�(;( �������������� ��

3HUIRUPDQFH�$QDO\VLV�DQG�&DSDFLW\
3ODQQLQJ�RI�1HWVFDSH�(QWHUSULVH�6HUYHU
�����RQ�&RPSDT�6HUYHUV
:HE�WHFKQRORJLHV�KDYH�H[SORGHG�LQ�UHFHQW�\HDUV��0RUH�EXVLQHVVHV�DQG�RUJDQL]DWLRQV�DUH

H[SHULPHQWLQJ�ZLWK�,QWHUQHW�WHFKQRORJLHV��GXH�LQ�ODUJH�SDUW�WR�WKH�EHQHILWV�IDFLOLWDWHG�E\

WKHP��LQFOXGLQJ�WKH�DELOLW\�WR�TXLFNO\�GHYHORS�DQG�GHSOR\�DSSOLFDWLRQV�ZLWKLQ�GLYHUVH

HQYLURQPHQWV��DQG�LPSOHPHQWDWLRQ�RI�VHDPOHVV�FRPPXQLFDWLRQV��3HUIRUPDQFH�LVVXHV�KDYH

WKHUHIRUH�EHFRPH�FULWLFDO�WRSLFV�LQ�,QWHUQHW�LQWUDQHW�GHVLJQ��*RRG�SHUIRUPDQFH�DQDO\VLV

FDQ�KHOS�XVHUV�WR�

x� 6HOHFW�DSSURSULDWH�KDUGZDUH�DQG�VRIWZDUH�LQ�,QWHUQHW�LQWUDQHW�GHVLJQ

x� )DFLOLWDWH�FDSDFLW\�SODQQLQJ

x� 0DNH�FRQILJXUDWLRQ�DGMXVWPHQWV�WR�DFKLHYH�PD[LPXP�RXWSXW

x� ,GHQWLI\�WKH�ERWWOHQHFNV�LQ�D�V\VWHP

x� 8QGHUVWDQG�XVHU�VHUYLFH�ORDGV

�,QWHUQHW�LQWUDQHW�SHUIRUPDQFH�DQDO\VLV�LV�FRPSOLFDWHG��VLQFH�WKH�SHUIRUPDQFH�LV�UHODWHG�WR

D�YDULHW\�RI�FRPSRQHQWV��VXFK�DV�QHWZRUN��ZHE�VHUYHU�VRIWZDUH��DQG�KDUGZDUH��&DUHIXOO\

VHOHFWLQJ�FRUUHFW�PHWKRGV�WR�GR�WKH�SHUIRUPDQFH�DQDO\VLV�LV�YHU\�LPSRUWDQW�
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�127,&(

�7KH�LQIRUPDWLRQ�LQ�WKLV�SXEOLFDWLRQ�LV�VXEMHFW�WR�FKDQJH�ZLWKRXW�QRWLFH�

�&203$4 �&20387(5 �&25325$7 ,21 � 6+$// � 127 � %( � / , $%/( � )25 � 7(&+1,&$/

25 �(', 725,$/ �(55256 �25 �20, 6 6 ,216 �&217$ ,1(' �+(5( ,1 � �125 � )25

,1& ,'(17$/ �25 � &216(48(17,$/ � '$0$*(6 � 5(68/7,1* � )520� 7+(

)851 , 6+,1* � � 3(5)250$1&( � �25 �8 6( �2) � 7+ , 6 �0$7(5,$/ �

�7KLV�SXEOLFDWLRQ�GRHV�QRW�FRQVWLWXWH�DQ�HQGRUVHPHQW�RI�WKH�SURGXFW�RU�SURGXFWV�WKDW�ZHUH�WHVWHG�

7KH�FRQILJXUDWLRQ�RU�FRQILJXUDWLRQV�WHVWHG�RU�GHVFULEHG�PD\�RU�PD\�QRW�EH�WKH�RQO\�DYDLODEOH

VROXWLRQ��7KLV�WHVW�LV�QRW�D�GHWHUPLQDWLRQ�RI�SURGXFW�TXDOLW\�RU�FRUUHFWQHVV��QRU�GRHV�LW�HQVXUH

FRPSOLDQFH�ZLWK�DQ\�IHGHUDO��VWDWH�RU�ORFDO�UHTXLUHPHQWV��&RPSDT�GRHV�QRW�ZDUUDQW�SURGXFWV�RWKHU

WKDQ�LWV�RZQ�VWULFWO\�DV�VWDWHG�LQ�&RPSDT�SURGXFW�ZDUUDQWLHV�

�3URGXFW�QDPHV�PHQWLRQHG�KHUHLQ�PD\�EH�WUDGHPDUNV�DQG�RU�UHJLVWHUHG�WUDGHPDUNV�RI�WKHLU

UHVSHFWLYH�FRPSDQLHV�

�&RPSDT��&RPSDT�,QVLJKW�0DQDJHU��3UR/LDQW��1HW)OH[��UHJLVWHUHG�8QLWHG�6WDWHV�3DWHQW�DQG

7UDGHPDUN�2IILFH�

�2WKHU�SURGXFW�QDPHV�PHQWLRQHG�KHUHLQ�PD\�EH�WUDGHPDUNV�DQG�RU�UHJLVWHUHG�WUDGHPDUNV�RI�WKHLU

UHVSHFWLYH�FRPSDQLHV�

�������&RPSDT�&RPSXWHU�&RUSRUDWLRQ��$OO�ULJKWV�UHVHUYHG��3ULQWHG�LQ�WKH�8�6�$�

�0LFURVRIW��:LQGRZV��:LQGRZV�17��:LQGRZV�17�$GYDQFHG�6HUYHU��64/�6HUYHU�IRU�:LQGRZV�17

DUH�WUDGHPDUNV�DQG�RU�UHJLVWHUHG�WUDGHPDUNV�RI�0LFURVRIW�&RUSRUDWLRQ�

�1HWVFDSH��(QWHUSULVH�6HUYHU�DUH�WUDGHPDUNV�DQG�RU�UHJLVWHUHG�WUDGHPDUNV�RI�1HWVFDSH

&RPPXQLFDWLRQV�&RUS�
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�

�3HUIRUPDQFH�$QDO\VLV�DQG�&DSDFLW\�3ODQQLQJ�RI�1HWVFDSH�(QWHUSULVH
6HUYHU������RQ�&RPSDT�6HUYHUV

�)LUVW�(GLWLRQ��-XO\������

'RFXPHQW�1XPEHU����$�����
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�3(5)250$1&(�0(75,&6

�,QWHUQHW�LQWUDQHW�SHUIRUPDQFH�FDQ�EH�YLHZHG�LQ�HLWKHU�RI�WZR�ZD\V���E\�D�1HWZRUN�$GPLQLVWUDWRU�RU

:HE�0DVWHU�FRQFHUQHG�ZLWK�V\VWHP�WKURXJKSXW�DQG�XWLOL]DWLRQ��RU�E\�WKH�LQGLYLGXDO�HQG�XVHU

FRQFHUQHG�ZLWK�UHVSRQVH�WLPH�

�7KLV�SDSHU�IRFXVHV�RQ�WKH�SHUIRUPDQFH�RI�1HWVFDSH�(QWHUSULVH�6HUYHU������UXQQLQJ�RQ�&RPSDT

VHUYHUV��5HTXHVWV�SHU�VHFRQG�DQG�ODWHQF\�WLPH��DV�GHVFULEHG�EHORZ��ZHUH�VHOHFWHG�DV�WKH�ZHE

SHUIRUPDQFH�PHWULFV�

x� 5HTXHVWV�SHU�VHFRQG���7KH�WRWDO�QXPEHU�RI�UHTXHVWV�SHU�VHFRQG�FRPSOHWHG�GXULQJ�VSHFLILHG�WHVW

SHULRG�

x� /DWHQF\�WLPH���$PRXQW�RI�WLPH�WKDW�D�UHTXHVW�IRU�D�FOLHQW�WDNHV��/DWHQF\�LQFOXGHV�ERWK�WKH�WLPH

LW�WDNHV�D�FOLHQW�WR�FRQQHFW�WR�WKH�VHUYHU�DQG�WKH�WLPH�LW�WDNHV�IRU�WKH�VHUYHU�WR�WUDQVIHU�GDWD�WR

WKH�FOLHQW���/DWHQF\�LV�H[SUHVVHG�LQ�PLOOLVHFRQGV�LQ�WKLV�SDSHU�

3HUIRUPDQFH�$QDO\VLV�0HWKRGRORJLHV

)RU�WKH�SHUIRUPDQFH�DQDO\VLV�LQYHVWLJDWLRQ��&RPSDT�XVHG�WKUHH�PHWKRGV���PRGHOLQJ�XVHU

UHTXLUHPHQWV��EHQFKPDUNLQJ�WHVWV��DQG�PRQLWRULQJ�SHUIRUPDQFH�

0RGHOLQJ�8VHU�5HTXLUHPHQWV

*HQHUDOO\��WKH�FRQWHQWV�RI�D�ZHE�VLWH�FDQ�EH�GLYLGHG�LQWR�WZR�FDWHJRULHV���VWDWLF�DQG�G\QDPLF��7KUHH

VDPSOH�XVHU�SURILOH�PRGHOV�DUH�SUHVHQWHG�KHUH��7KH�ILUVW�LV�WKH�6WDWLF�+70/�PRGHO��'HSHQGLQJ�RQ

ZKHWKHU�WKH�ILOHV�DUH�+70/�RU�JUDSKLF��DOO�WKH�UHTXHVWV�DUH�VWDWLF�+773�*(7�UHTXHVWV��7KH

DQDO\VLV�VKRZV�PRUH�WKDQ�����RI�VLWHV�EHORQJ�WR�WKLV�PRGHO��7KH�VHFRQG�LV�WKH�/LJKW�&*,�PRGHO�

$ERXW�����RI�WKH�UHTXHVWV�ZLOO�EH�&*,��DQG�����DUH�VWDWLF��7KH�WKLUG�LV�WKH�+HDY\�&*,�PRGHO�

$ERXW�����RI�WKH�UHTXHVWV�ZLOO�EH�&*,��DQG�����DUH�VWDWLF��7KH�WKUHH�PRGHOV�DUH�LOOXVWUDWHG�LQ

7DEOH���

7$%/(�����02'(/�2)�86(5�5(48,5(0(17

8VHU�0RGHOV� &*,�5HTXHVWV� 6WDWLF�+70/�5HTXHVWV�

6WDWLF�+70/ �� ����

/LJKW�&*, ��� ���

+HDY\�&*, ��� ���

%HQFKPDUNLQJ�7HVWV

%HQFKPDUNLQJ�WHVWV�DUH�JHQHUDOO\�XVHG�LQ�ZHE�VHUYHU�SHUIRUPDQFH�DQDO\VLV���7KH�VWDQGDUG

EHQFKPDUN�WRROV�SURYLGH�WKH�DELOLW\�WR�UXQ�H[DFWO\�WKH�VDPH�WHVW�VFHQDULR�XQGHU�GLIIHUHQW

FRQILJXUDWLRQV���7KH�FRQILJXUDWLRQV�LQFOXGH�ERWK�KDUGZDUH�DQG�VRIWZDUH��VXFK�DV�GLIIHUHQW�RSHUDWLQJ

V\VWHPV�DQG�ZHE�VHUYHUV��VR�RQO\�FHUWDLQ�SDUDPHWHUV�DUH�FKDQJHG�WR�LVRODWH�WKHLU�HIIHFWV�RQ

SHUIRUPDQFH�

7KHUH�DUH�FXUUHQWO\�VHYHUDO�ZHE�VHUYHU�SHUIRUPDQFH�EHQFKPDUN�WRROV�DYDLODEOH���:HE6WRQH�

63(&ZHE��DQG�:HE%HQFK�DUH�WKH�PRVW�FRPPRQO\�XVHG�EHQFKPDUN�WRROV�

x� :HE6WRQH���:HE6WRQH�PHDVXUHV�WKH�UDZ�WKURXJKSXW�RI�D�VWDQGDUG�+773�ZRUNORDG���,W�LV

PHDVXUHG�DFURVV�WZR�PDLQ�YDULDEOHV���ODWHQF\�LQ�VHFRQGV�DQG�WKH�QXPEHU�RI�FRQQHFWLRQV�SHU

VHFRQG�
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�
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�

�

x� 63(&ZHE���GHYHORSHG�E\�WKH�63(&�FRPPLWWHH��PHDVXUHV�WKH�UHVSRQVH�WLPH�IRU�VHUYHU�UHTXHVWV

DFURVV�D�QXPEHU�RI�GLIIHUHQW�ZRUNORDGV��,W�VHQGV�+773�UHTXHVWV�WR�WKH�VHUYHU��EDVHG�RQ�GHILQHG

ZRUNORDG�SDUDPHWHUV��DQG�FDOFXODWHV�WKH�RYHUDOO�WKURXJKSXW�DW�WKH�HQG�RI�D�UXQ�

x� :HE%HQFK���GHYHORSHG�E\�=LII�'DYLV�%HQFKPDUN�2SHUDWLRQ��:HE%HQFK�SURYLGHV�ERWK�VWDWLF

VWDQGDUG�WHVWV�DQG�G\QDPLF�WHVWV��7KH�G\QDPLF�WHVWV�PHDVXUH�DFFHVV�WR�WKH�&RPPRQ�*DWHZD\

,QWHUIDFH�VFULSWV���,Q�WKH�JHQHUDO�UHSRUWV�RI�:HE%HQFK��WKHUH�DUH�WZR�RYHUDOO�VHUYHU�VFRUHV�

UHTXHVW�SHU�VHFRQG�DQG�WKURXJKSXW��DV�PHDVXUHG�LQ�E\WHV�SHU�VHFRQG��7KH�ODWHQF\�WLPH�LV

JHQHUDWHG�IURP�FOLHQW�UHSRUWV�

,Q�WKLV�SDSHU��DOO�WKH�EHQFKPDUNLQJ�UHVXOWV�ZHUH�JDWKHUHG�XVLQJ�:HE%HQFK�����

0RQLWRULQJ�3HUIRUPDQFH

'XULQJ�EHQFKPDUNLQJ�WHVWV��XVHUV�DUH�DOVR�LQWHUHVWHG�LQ�SHUIRUPDQFH�RQ�HDFK�VXEV\VWHP��VXFK�DV

&38��PHPRU\��GLVN��DQG�QHWZRUN��&RPSDT�XVHG�3HUI0RQ�DQG�1HW0RQ�WR�PRQLWRU�WKH�EHKDYLRU�RI

HDFK�VXEV\VWHP��ZKLFK�LV�PHDVXUHG�E\�&38�XWLOL]DWLRQ��PHPRU\�XVDJH��DQG�QHWZRUN�XWLOL]DWLRQ�

0RQLWRULQJ�SHUIRUPDQFH�LV�YHU\�KHOSIXO�LQ�DGGUHVVLQJ�WKH�ERWWOHQHFNV�LQ�WKH�V\VWHPV�
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�

�

�

�

�

�

�

�

�

�

�

�

�

�

3(5)250$1&(�7(67�6(783

&RPSDT�XVHG�:HE%HQFK�����WR�LPSOHPHQW�WKH�EHQFKPDUNLQJ�SHUIRUPDQFH�WHVWV��7KH�WHVWV�ZHUH

GHVLJQHG�WR�VKRZ�WKH�SHUIRUPDQFH�RI�&RPSDT�VHUYHUV�UXQQLQJ�1HWVFDSH�(QWHUSULVH�6HUYHU������RQ

0LFURVRIW�:LQGRZV�17�����

%HQFKPDUNLQJ�7HVW�6HWXS

7KH�:HE%HQFK�����VHWXS�LQFOXGHV�WZR�DVSHFWV���WKH�VXLWH�VHWXS�DQG�WKH�WHVW�HQYLURQPHQW�VHWXS�

6XLWH�6HWXS

7KH�WHVW�VXLWHV�UHIOHFW�WKH�XVHU�UHTXLUHPHQW��7KUHH�WHVW�VXLWHV�ZHUH�FUHDWHG�WR�FRUUHVSRQG�WR�WKH�WKUHH

VHOHFWHG�XVHU�PRGHOV��)RU�WKH�6WDWLF�7HVW�VXLWH��WKH�ZRUNORDG�LV������VWDWLF�UHTXHVWV���)RU�WKH�/LJKW

&*,�WHVW�VXLWH��WKH�GLVWULEXWLRQ�LV�����VWDWLF�UHTXHVWV�DQG�����G\QDPLF�UHTXHVWV��7KH�+HDY\�&*,

WHVW�VXLWH�FRQWDLQV�����VWDWLF�UHTXHVWV�DQG�����&*,�G\QDPLF�UHTXHVWV�

,Q�HDFK�WHVW�VXLWH��VHYHUDO�WHVWV�ZHUH�UXQ��)LJXUH���VKRZV�WKH�/LJKW�&*,�VXLWH�HGLW�VFUHHQ�

)LJXUH�����/LJKW�&*,�VXLWH�HGLW�VFUHHQ

7KH�YLUWXDO�FOLHQW�QXPEHUV�ZHUH�FKDQJHG�WR�VLPXODWH�GLIIHUHQW�ORDGV��2WKHU�WHVWLQJ�SDUDPHWHUV�ZHUH

XQFKDQJHG�WR�LVRODWH�WKH�ORDGLQJ�HIIHFWV�RQ�WKH�WHVWHG�VHUYHU��7KHVH�SDUDPHWHUV�LQFOXGHG�

x� 5XQQLQJ�WLPH�RI����PLQXWHV

x� 5DPS�XS�DQG�UDPS�GRZQ�WLPH�RI����VHFRQGV�HDFK

x� 7KUHDG�QXPEHU�RI�HDFK�FOLHQW�ZDV�RQH

x� 5HFHLYH�EXIIHU�VL]H�RI�HDFK�FOLHQW�ZDV��.

x� .HHS�DOLYH�WXUQHG�RII

x� 7KLQNLQJ�DQG�GHOD\�WLPH�ZHUH�]HUR
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�)LJXUH���VKRZV�WKH�WHVW�SDUDPHWHU�HGLW�VFUHHQ�

�

�

�)LJXUH�����7HVWLQJ�SDUDPHWHU�HGLWLQJ�VFUHHQ
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�

�7HVWLQJ�(QYLURQPHQW�6HWXS

�)LJXUH���VKRZV�DQ�RYHUYLHZ�RI�WKH�WHVWLQJ�HQYLURQPHQW�VHWXS�IRU�WKH�VWDWLF�VXLWH�WHVW�LQ�WKH�WHVWLQJ

ODE�DW�&RPSDT��7KH�FRQWUROOHU�LV�D�3UR/LDQW������ZLWK�RQH�3HQWLXP�3UR�SURFHVVRU�DQG�����0%�RI

5$0��7KH�FRQWUROOHU�VHQGV�WKH�WHVW�LQIRUPDWLRQ�WR�WKH�FOLHQWV��DQG�ZKHQ�WKH�FOLHQWV�FRPSOHWH�WKH

WHVWV��WKH�UHVXOWV�DUH�VHQW�EDFN�WR�WKH�FRQWUROOHU�

�7KH�FOLHQWV�VHQG�+773�UHTXHVWV�WR�WKH�WHVWHG�VHUYHU�DQG�FROOHFW�GDWD���,Q�VWDWLF�VXLWH�WHVWV�����FOLHQW

PDFKLQHV�ZHUH�GHSOR\HG�LQ�WZR�GHGLFDWHG�����0ELW�IDVW�(WKHUQHW�/$1V��7KH�WHVW�VHUYHUV�KDYH�WZR

QHWZRUN�LQWHUIDFH�FDUGV�WR�FRQQHFW�WKH�WZR�VXEQHWV��7KHVH�WZR�����0ELW�1,&V�LQ�WKH�WHVW�VHUYHU

SXVK�LW�QHDU�LWV�QHWZRUN�SHUIRUPDQFH�OLPLW�

�&RPSDUHG�WR�VWDWLF�VXLWH�WHVWV������0ELW�QHWZRUN�EDQGZLGWK�LV�ZLGH�HQRXJK�IRU�WKH�/LJKW�&*,�DQG

+HDY\�&*,�WHVWV��2QH�GHGLFDWHG�����0ELW�/$1�ZDV�XVHG�LQ�WKH�&*,�WHVWV��DQG�WKH�QXPEHU�RI

FOLHQW�PDFKLQHV�ZDV�UHGXFHG�WR�����DV����PDFKLQHV�FRXOG�JHQHUDWH�HQRXJK�ORDGLQJ�LQ�&*,�WHVWV�IRU

WKH�WHVWHG�VHUYHUV�

�7KH�QXPEHU�RI�FOLHQWV�ZDV�LQFUHDVHG�GXULQJ�WKH�WHVWV�WR�VLPXODWH�GLIIHUHQW�ZRUN�ORDGV���:KHQ�WKH

QXPEHU�RI�FOLHQWV�ZDV�ELJJHU�WKDQ�WKH�QXPEHU�RI�FOLHQW�PDFKLQHV��YLUWXDO�FOLHQWV�SDUWLFLSDWHG�

�

�

&RQWUROOHU

&OLHQWV

����0E�/$1 ����0E�/$1

6HUYHU�XQGHU

7HVW

�

�)LJXUH�����2YHUYLHZ�RI�7HVWLQJ�(QYLURQPHQW

�7HVWHG�6HUYHU�6HWXS

�6LQFH�:HE%HQFK�PHDVXUHV�WKH�SHUIRUPDQFH�RI�WKH�:HE�VHUYHU�VRIWZDUH�DQG�KDUGZDUH��WKH

FRQILJXUDWLRQ�RI�WKH�RSHUDWLQJ�V\VWHP�DQG�1HWVFDSH�(QWHUSULVH�6HUYHU�ZHUH�NHSW�WKH�VDPH��&RPSDT

VHUYHUV�DQG�WKHLU�FRQILJXUDWLRQV�ZHUH�FKDQJHG�GXULQJ�WKH�SHUIRUPDQFH�WHVWV�WR�LVRODWH�WKH�HIIHFWV�RQ

SHUIRUPDQFH�EDVHG�RQ�KDUGZDUH�DQG�UHODWHG�FRQILJXUDWLRQV�
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�

�7$%/(�����&21),*85$7,21�2)�26�$1'�:(%�6(59(5�62)7:$5(

�:HE�6HUYHU�6RIWZDUH�
�9HQGRU �1HWVFDSH�&RPPXQLFDWLRQV�&RUS�

�

�+773�6RIWZDUH �(QWHUSULVH�6HUYHU�����

�

�6HUYHU�&DFKH �'HIDXOW

�

�/RJ�0RGH �&RPPRQ

�

�1XPEHU�RI�WKUHDGV �'HIDXOW

�2SHUDWLQJ�6\VWHP�
�9HQGRU �0LFURVRIW

�

�9HUVLRQ �17����

�

�2WKHUV �6HUYLFH�3DFN���ZLWK�WKH�WFSLS�V\V�XSGDWHG�ILOH

�7KH�&RPSDT�3UR/LDQW�����ZDV�VHOHFWHG�DV�WKH�EDVHOLQH�VHUYHU�DQG�WKH�&RPSDT�3UR/LDQW������ZDV

VHOHFWHG�DV�WKH�KLJK�HQG�VHUYHU��7DEOH���OLVWV�WKH�GLIIHUHQW�WHVWLQJ�FRQILJXUDWLRQV�RI�WKH�WZR�VHUYHUV�

$OO�RI�WKHP�ZHUH�WHVWHG�XVLQJ�WKH�WKUHH�XVHU�UHTXLUHPHQW�PRGHOV��6WDWLF��/LJKW�&*,��DQG�+HDY\

&*,�

�7$%/(�����/,67�2)�+$5':$5(�&21),*85$7,216

�0DFKLQH� �3URFHVVRUV� �0HPRU\�

�3UR/LDQW���� ���3HQWLXP�3UR��������.�&DFKH ����0%

�3UR/LDQW���� ���3HQWLXP�3UR��������.�&DFKH ����0%

�3UR/LDQW����� ���3HQWLXP�3UR��������.�&DFKH �����0%

�3UR/LDQW����� ���3HQWLXP�3UR��������.�&DFKH �����0%

�3UR/LDQW����� ���3HQWLXP�3UR��������.�&DFKH �����0%

�3UR/LDQW����� ���3HQWLXP�3UR��������.�&DFKH �����0%

�5(68/76�$1$/<6,6

�,Q�0DUFK��������&RPSDT�FRQGXFWHG�D�VHULHV�RI�EHQFKPDUNLQJ�SHUIRUPDQFH�WHVWV�RQ�WKH�3UR/LDQW

����DQG�3UR/LDQW������VHUYHUV�UXQQLQJ�1HWVFDSH�(QWHUSULVH�6HUYHU�������:KLOH�XVLQJ�EHQFKPDUN

SURJUDPV�WR�JDWKHU�WKH�SHUIRUPDQFH�GDWD��PRQLWRULQJ�WRROV�OLNH�3HUI0RQ�DQG�1HW0RQ�ZHUH�XVHG�WR

YLHZ�RWKHU�SDUDPHWHUV�VXFK�DV�&38�XWLOL]DWLRQ��QHWZRUN�XWLOL]DWLRQ��DQG�PHPRU\�XVDJH��7KH

IROORZLQJ�VHFWLRQ�DQDO\]HV�WKH�UHVXOWV�EDVHG�RQ�GLIIHUHQW�XVHU�UHTXLUHPHQW�PRGHOV�DQG�GLIIHUHQW

&RPSDT�VHUYHUV�

�%HQFKPDUNLQJ�WHVWV�ZHUH�FRQGXFWHG�RQ�VL[�KDUGZDUH�FRQILJXUDWLRQV�XVLQJ�WKUHH�XVHU�ORDG�PRGHOV�

7KH�3UR/LDQW������DQG�3UR/LDQW�����ERWK�VKRZHG�JRRG�VFDODELOLW\�IURP���SURFHVVRU�WR��

SURFHVVRUV��&RPSDUHG�ZLWK�WKH�6WDWLF�0RGHO��WKH�WKURXJKSXW�RI�VHUYHUV�ZDV�OHVV�LQ�WKH�&*,�PRGHOV�

7KLV�UHGXFWLRQ�LQ�WKURXJKSXW�LV�FDXVHG�E\�&*,�UHTXHVWV�XVLQJ�PRUH�VHUYHU�V\VWHP�UHVRXUFHV��VXFK

DV�&38�WLPH��ILOH�KDQGOHV��DQG�VR�RQ�

�6HUYHU�SHUIRUPDQFH�ZDV�QRW�DIIHFWHG�E\�FKDQJLQJ�WKH�PHPRU\�FRQILJXUDWLRQ�LQ�DQ\�RI�WKH�WKUHH

PRGHOV�
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�

�6WDWLF�0RGHO

�,Q�VWDWLF�PRGHO�EHQFKPDUNLQJ�WHVWV��DOO�UHTXHVWV�XVH�WKH�VWDWLF�*(7�PHWKRG���7KH�FRQVWUXFWLRQ�RI

VDPSOH�ILOHV�LV�EDVHG�RQ�WKH�IROORZLQJ�UXOHV�

x� $YHUDJH�ILOH�VL]H�LV���.%

x� ����RI�ILOHV�DUH�OHVV�WKDQ����.%

x� 7KH�VL]H�RI�WKH�PRVW�IUHTXHQWO\�UHWULHYHG�ILOH�LV���.%

x� 7KH�VPDOOHVW�ILOH�LV�����E\WHV

x� 7KH�ODUJHVW�ILOH�LV����.%

([DFW�GLVWULEXWLRQ�RI�WKH�VDPSOH�ILOHV�FDQ�EH�IRXQG�LQ�$SSHQGL[�$�

3UHYLRXV�WHVWLQJ�VKRZHG�WKDW�LW�ZDV�YHU\�HDV\�IRU�WKH�3UR/LDQW�����DQG�3UR/LDQW������WR�VDWXUDWH

RQH�����0ELW�)DVW�(WKHUQHW�/$1�FDUG�LQ�VWDWLF�PRGHO�EHQFKPDUNLQJ�WHVWV���7KHUHIRUH��WZR

GHGLFDWHG�����0ELW�)DVW�(WKHUQHW�/$1�FDUGV�ZHUH�XVHG�LQ�WKH�VHUYHU�XQGHU�WHVWV��VR�WKDW�WKH�WHVWV

FRXOG�VWUHVV�WKH�&RPSDT�VHUYHUV���%RWK�3UR/LDQW�����DQG�3UR/LDQW������VHUYHUV�FDQ�EH�FRQILJXUHG

ZLWK�PRUH�WKDQ�WZR�1HWZRUN�,QWHUIDFH�&DUGV��6LQFH�WHVWLQJ�DOVR�VKRZHG�WKDW�D�FOLHQW�PDFKLQH

FDQQRW�DFFRPPRGDWH�PRUH�WKDQ����YLUWXDO�FOLHQWV�����FOLHQW�PDFKLQHV�ZHUH�XVHG�WR�JHQHUDWH�ORDGV�

6WDWLF�0RGHO�WHVWV�VKRZHG�

x� 7KH�EHQFKPDUNLQJ�WHVWV�VWUHVVHG�WKH�VHUYHUV��HYLGHQFHG�E\�WKH�&38�XWLOL]DWLRQ�UHDFKLQJ�����

�����LQ�SHDN�SHUIRUPDQFH�VLWXDWLRQV�IRU�DOO�VL[�KDUGZDUH�FRQILJXUDWLRQV�

x� 7KH�3UR/LDQW������ZLWK���SURFHVVRUV�FDQ�KDQGOH�DV�PDQ\�VWDWLF�+773�UHTXHVWV�DV�WKH�WZR

GHGLFDWHG�����0ELW�/$1V�FDQ�VHQG�

x� %RWK�3UR/LDQW������DQG�3UR/LDQW�����VKRZHG�JRRG�VFDODELOLW\�IURP���SURFHVVRU�WR��

SURFHVVRUV�

x� 3HUIRUPDQFH�LQFUHDVHG�YHU\�TXLFNO\�DV�WKH�FOLHQW�QXPEHU�LQFUHDVHG��WKHQ�KHOG�VWHDG\��7KH

VHUYHUV�VKRZHG�WKH�DELOLW\�WR�KDQGOH�PDQ\�FOLHQWV�VLPXOWDQHRXVO\��ZLWKRXW�UHGXFLQJ�WKH

WKURXJKSXW�RI�WKH�VHUYHUV�

�3UR/LDQW�����

�%HQFKPDUNLQJ�5HVXOWV

�)LJXUHV���DQG���VKRZ�WKH�EHQFKPDUNLQJ�UHVXOWV�RI�D�3UR/LDQW������V\VWHP�ZLWK���3HQWLXP�3UR�����

0+]�SURFHVVRU�����.�/��RQ�FKLS�FDFKH������0%�5$0��DQG���3&,�1HW)OH[����������1,&V���7KH

ZHE�VHUYHU�DQG�RSHUDWLQJ�V\VWHP�FRQILJXUDWLRQ�FDQ�EH�IRXQG�LQ�7DEOH���

�7KH�WKURXJKSXW�QXPEHU�MXPSHG�IURP�����UHTXHVWV�VHF�RQ����YLUWXDO�FOLHQWV�WR�����UHTXHVWV�VHF�RQ

���YLUWXDO�FOLHQWV�DV�WKH�ORDGLQJ�ZDV�LQFUHDVHG��7KH�WKURXJKSXW�QXPEHU�LQFUHDVHG�VORZO\�WR�����

UHTXHVWV�VHF�RQ����YLUWXDO�FOLHQWV��$IWHU�WKDW��WKH�QXPEHU�GURSV�EXW�VWLOO�NHHSV�����UHTXHVWV�VHF�WR

�����UHTXHVWV�VHF�

�/DWHQF\�GRHV�QRW�VKRZ�D�ELJ�LQFUHDVH�IURP����YLUWXDO�FOLHQWV�WR����YLUWXDO�FOLHQWV��ZKLFK�DUH���

PLOOLVHFRQGV�DQG����PLOOLVHFRQGV�UHVSHFWLYHO\��7KH�QXPEHU�VWD\HG�OLQHDU��LQFUHDVLQJ�IURP���

YLUWXDO�FOLHQWV�WR�����YLUWXDO�FOLHQWV�

�

�1R�HUURUV�RFFXUUHG�LQ�WKH�WHVWV�
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�)LJXUH�����7KURXJKSXW�IRU�3UR/LDQW�������3�ZLWK�����0%�5$0

�

�

�

�

�

�

�

�

�

�

�

�

�

�)LJXUH�����/DWHQF\�IRU�3UR/LDQW�������3�ZLWK�����0%�5$0

�

�3URFHVVRUV

�$�3HQWLXP�3UR�����0+]�SURFHVVRU�ZLWK����.�/��RQ�FKLS�FDFKH�ZDV�DGGHG�WR�WKH�SUHYLRXV�V\VWHP�

2WKHU�VXEV\VWHPV�ZHUH�NHSW�WKH�VDPH��DV�ZHOO�DV�WKH�FRQILJXUDWLRQ�RI�WKH�RSHUDWLQJ�V\VWHP�DQG�ZHE

VHUYHU�VRIWZDUH��)LJXUHV���DQG���FOHDUO\�VKRZ�WKH�SHUIRUPDQFH�LQFUHDVH�ZKHQ�PRYLQJ�IURP�D��

SURFHVVRU�V\VWHP�WR�D���SURFHVVRU�V\VWHP��:KHQ�FRPSDULQJ�WKH�WZR�VHWXSV�IRU�SHDN�SHUIRUPDQFH�

WKH���SURFHVVRU�V\VWHP�H[KLELWHG�D�����DGYDQWDJH�

�

�

3UR/LDQW�����

�

���

���

���

���
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�
�
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�7KH�WKURXJKSXW�GLG�QRW�FKDQJH�ZKHQ�WKH�QXPEHU�RI�YLUWXDO�FOLHQW�QXPEHUV�LQFUHDVHG�IURP����DQG

����+RZHYHU��WKH�VHFRQG�SURFHVVRU�FDXVHG�D�GHFUHDVH�RI�������ODWHQF\�LQ�WKH�ORZ�ORDGLQJ�VLWXDWLRQ�

:KHQ�WKH�YLUWXDO�FOLHQW�QXPEHU�ZDV�RYHU�����WKH�VHFRQG�SURFHVVRU�VKRZHG�D�ELJ�DGYDQWDJH��7KH���

SURFHVVRU�V\VWHP�VKRZHG�D�SHUIRUPDQFH�GURS�DIWHU�PRUH�WKDQ����YLUWXDO�FOLHQWV��FRPSDUHG�WR�WKH���

SURFHVVRU�V\VWHP�WKDW�VKRZHG�SHUIRUPDQFH�FRQVLVWHQF\�ZLWK�RYHU������UHTXHVWV�SHU�VHFRQG��HYHQ

ZKHQ�WKHUH�ZHUH�����YLUWXDO�FOLHQWV�
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�)LJXUH�����7KURXJKSXW�&RPSDULVRQ�RI��3�DQG��3

�
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�0HPRU\

�0HPRU\�FRQILJXUDWLRQV�RI�WKH���SURFHVVRU�DQG���SURFHVVRU�V\VWHPV�ZHUH�FKDQJHG�IURP�����0%�WR

����0%���2WKHU�FRQILJXUDWLRQV�ZHUH�QRW�FKDQJHG���)LJXUHV���DQG���VKRZ�WKH�SHUIRUPDQFH

FRPSDULVRQ�DIWHU�WKH�PHPRU\�FKDQJHV��)RU�ERWK��3�DQG��3�V\VWHPV��DGGLQJ�PRUH�PHPRU\�RQO\

VKRZHG�D�VOLJKW�SHUIRUPDQFH�LQFUHDVH��7KLV�LV�DWWULEXWHG�WR�WKH�IDFW�WKDW�WKH�1HWVFDSH�(QWHUSULVH

6HUYHU�FDQ�FDFKH�WKH�VWDWLF�ILOHV��DQG�WKHUH�ZDV�D�UHODWLYHO\�VPDOO�VHW�RI�VDPSOH�ILOHV��(YHQ�LQ�D

VPDOO�PHPRU\�VLWXDWLRQ��WKH�VHUYHU�FRXOG�FDFKH�DOO�WKH�VDPSOH�ILOHV�

�
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�)LJXUH�����7KURXJKSXW�&RPSDULVRQ�RQ�'LIIHUHQW�0HPRU\�&RQILJXUDWLRQV

�

3UR/LDQW�����
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�)LJXUH�����/DWHQF\�&RPSDULVRQ�RI�'LIIHUHQW�0HPRU\�&RQILJXUDWLRQV

�

�0RQLWRULQJ�5HVXOWV

�'XULQJ�WKH�EHQFKPDUNLQJ�SHUIRUPDQFH�WHVWV��WKUHH�FKDUDFWHULVWLFV�ZHUH�PRQLWRUHG��&38�XWLOL]DWLRQ�

PHPRU\�XVDJH��DQG�QHWZRUN�XWLOL]DWLRQ��:H�YLHZHG�WKH�QHWZRUN�XWLOL]DWLRQ�IURP�WKH�KXEV��DQG�WKH

&38�XWLOL]DWLRQ�DQG�PHPRU\�XVDJH�IURP�WKH�:LQGRZV�17�3HUIRUPDQFH�0RQLWRU�SURJUDP��7R�OLPLW

WKH�PRQLWRULQJ�SURJUDP
V�HIIHFW�RQ�SHUIRUPDQFH��WKH�GDWD�ZDV�QRW�UHFRUGHG�WR�GLVN��7KH�UHVXOWV

ZHUH�XVHG�WR�LQGLFDWH�WKH�V\VWHP�FRQGLWLRQ�RI�WKH�WHVW�VHUYHUV�

�7DEOH���VKRZV�WKH�PRQLWRULQJ�UHVXOWV�RI�GLIIHUHQW�KDUGZDUH�FRQILJXUDWLRQV�IRU�WKH�VWDWLF�PRGHO�DW

SHDN�SHUIRUPDQFH�VLWXDWLRQV�

�7$%/(�����021,725,1*�5(68/76�)25�67$7,&�02'(/�$7�3($.
3(5)250$1&(�6,78$7,216

�+DUGZDUH�0RGHOV� �&OLHQW�1XPEHU� �&38�8WLOL]DWLRQ� �1HWZRUN�8WLOL]DWLRQ� �0HPRU\�8VDJH�

�3UR/LDQW�������3 ��� ����a���� ����a��� ���0%a��0%

�3UR/LDQW�������3� ��� ����a���� ����a��� ���0%a��0%

�3UR/LDQW�������3 ���� �$ERXW���� ����a��� ���0%a��0%

�3UR/LDQW�������3� ���� �$ERXW���� ����a��� ���0%a��0%

�3UR/LDQW����

�7KH�3UR/LDQW�����VHUYHU�LQFOXGHV�HLWKHU�RQH�RU�WZR�����0+]�3HQWLXP�3UR�3URFHVVRUV�ZLWK

LQWHJUDWHG�����.%��VHFRQG�OHYHO�FDFKH��7ZR�1HWIOH[���3&,�1,&V�ZHUH�DGGHG�WR�WKH�WHVW�VHUYHU�

%RWK�VHUYHUV�KDG����0%�5$0�

�

3UR/LDQW�����
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�7KH���SURFHVVRU�3UR/LDQW�����UHDFKHG�DERXW������UHTXHVWV�VHF�ZKHQ�WKHUH�ZHUH����FOLHQWV��,WV

WKURXJKSXW�UHPDLQHG�VWHDG\�DW�DERXW������UHTXHVWV�VHF�IRU�WKH�UHVW�RI�WKH�WHVWV���7KH�SHDN

SHUIRUPDQFH�ZDV�UHDFKHG�DW������UHTXHVWV�VHF�RQ�����YLUWXDO�FOLHQWV���7KH���SURFHVVRU�3UR/LDQW

����UHDFKHG�����UHTXHVWV�VHF�RQ�����YLUWXDO�FOLHQWV�DW�LWV�SHDN�SHUIRUPDQFH�

�7KH�3UR/LDQW�����VKRZHG�VLPLODU�SHUIRUPDQFH�WUHQGV�ZLWK�WKH�3UR/LDQW�������DV�VHHQ�LQ�)LJXUHV

���DQG������,Q�SHDN�EHQFKPDUNLQJ�SHUIRUPDQFH�UHVXOWV��WKH���SURFHVVRU�3UR/LDQW�����KDG�DERXW�D

����SHUIRUPDQFH�LQFUHDVH�RYHU�WKH���SURFHVVRU�3UR/LDQW�����

�

�

�

�

�

�

�

�

�

�

�

�

�)LJXUH������7KURXJKSXW�&RPSDULVRQ�IRU�3UR/LDQW������3�DQG��3

�
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�

�

�

�

�

�

�

�

�

�

�)LJXUH������/DWHQF\�&RPSDULVRQ�RI�3UR/LDQW������3�DQG��3

�

�
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�

�

�

�/LJKW�&*,�0RGHO

�7KH�/LJKW�&*,�PRGHO�FRQVLVWV�RI�����G\QDPLF�&*,�UHTXHVWV�DQG�����VWDWLF�UHTXHVWV��7KH

G\QDPLF�&*,�UHTXHVW�XVHG�LQ�WKH�EHQFKPDUN�WHVW�LQYRNHV�D�SURJUDP�LQ�WKH�VHUYHU�VLGH�WR�FUHDWH�D

WH[W�ILOH�FRQWDLQLQJ�WKH�V\VWHP�YDULDEOHV��SDUDPHWHUV��DQG�YDOXHV��7KH�ILOH�VL]H�LV�GHSHQGHQW�RQ�WKH

VHUYHU�FRQGLWLRQ��DQG�LV�QRUPDOO\�DURXQG�����E\WHV��7KH�VDPSOH�RXWSXW�LV�OLVWHG�LQ�$SSHQGL[�%�

�7KH�VHWXS�XVHG�RQH�GHGLFDWHG�����0ELW�)DVW�(WKHUQHW�FDUG�LQ�WKH�/LJKW�&*,�PRGHO�EHQFKPDUNLQJ

WHVWV��DV�WKH�VHUYHU�DOZD\V�JHWV�VDWXUDWHG�LQ�WKH�&*,�WHVWV���7KH�RSHUDWLQJ�V\VWHP�DQG�ZHE�VHUYHU

VRIWZDUH�FRQILJXUDWLRQV�ZHUH�WKH�VDPH�DV�WKRVH�IRU�WKH�VWDWLF�PRGHO�

�7KH�&*,�PRGHO�WHVWV�VKRZHG�

x� 7KH�VHUYHUV�EHFDPH�VDWXUDWHG�DV�WKH�&38�XWLOL]DWLRQ�UHDFKHG�QHDU������LQ�D�SHDN�SHUIRUPDQFH

VLWXDWLRQ�

x� &RPSDUHG�WR�WKH�6WDWLF�PRGHO��WKURXJKSXW�LV�UHGXFHG��&*,�UHTXHVWV�FRQVXPH�PRUH�VHUYHU

V\VWHP�UHVRXUFHV��VXFK�DV�&38�WLPH���ILOH�KDQGOHV��DQG�VR�RQ�

x� 7KH�ODWHQF\�LQFUHDVHG�LQ�&*,�PRGHOV��:KHQ�VHUYHUV�UHFHLYH�D�G\QDPLF�&*,�UHTXHVW��D�VHUYHU

VLGH�SURJUDP�LV�LQYRNHG��ZKLFK�FRQVXPHV�VRPH�&38�WLPH��,W�WDNHV�D�PXFK�ORQJHU�WLPH�IRU�WKH

VHUYHU�WR�SURFHVV�&*,�UHTXHVWV�WKDQ�VWDWLF�UHTXHVWV�

x� %RWK�WKH�3UR/LDQW������DQG�3UR/LDQW�����VKRZ�JRRG�VFDODELOLW\�IURP���SURFHVVRU�WR��

SURFHVVRUV�LQ�&*,�PRGHO�EHQFKPDUNLQJ�WHVWV�

�

�3UR/LDQW�����

�)LJXUH����VKRZV�WKH�EHQFKPDUNLQJ�UHVXOWV�RI�GLIIHUHQW�FRQILJXUDWLRQV�RI�WKH�3UR/LDQW������LQ�WKH

/LJKW�&*,�PRGHO���7KHUH�DUH�IRXU�VHWXSV�OLVWHG�LQ�WKH�JUDSK����SURFHVVRU�3HQWLXP�3UR�����ZLWK

���.�FDFKH�SURFHVVRU�ZLWK�����0%�5$0��WKHQ�ZLWK�����0%�5$0��DQG�WKH���SURFHVVRU�3HQWLXP

3UR�����ZLWK����.�/��FDFKH�ZLWK�����0%�5$0��WKHQ�ZLWK�����0%�5$0���,Q�WKLV�FKDUW�WKH���

SURFHVVRU�VHUYHU�VKRZHG�D�ELJ�DGYDQWDJH�RYHU�WKH���SURFHVVRU�VHUYHU�LQ�ERWK�WKH�����0%�DQG

���0%�PHPRU\�FDWHJRULHV�ZKHQ�WKHUH�ZHUH�PRUH�WKDQ����YLUWXDO�FOLHQWV��7KH���SURFHVVRU�VHUYHU

SURGXFHV�DERXW�����PRUH�WKURXJKSXW�WKDQ�WKH���SURFHVVRU�VHUYHU�LQ�WKHVH�WHVWV�

�$V�ZLWK�WKH�VWDWLF�WHVWV��DGGLQJ�PRUH�PHPRU\�WR�WKH���SURFHVVRU�RU���SURFHVVRU�VHUYHU�GLG�QRW�VKRZ

SHUIRUPDQFH�LPSURYHPHQW�LQ�WKH�EHQFKPDUNLQJ�WHVWV�IRU�WKH�/LJKW�&*,�PRGHO�

�7KH�KLJKHVW�WKURXJKSXW�IRU�WKH��3�3UR/LDQW������ZDV�����UHTXHVWV�VHF�DQG�����UHTXHVWV�VHF�IRU�WKH

�3�3UR/LDQW�������7KHVH�ZHUH�UHDFKHG�DW����DQG����YLUWXDO�FOLHQWV��UHVSHFWLYHO\�

�7KHUH�ZHUH�WZR�VWDJHV�IRU�WKH�EHQFKPDUNLQJ�WHVWV���7KH�ILUVW�VWDJH�IRU���SURFHVVRU�ZDV�IURP��

FOLHQWV�WR���FOLHQWV��,Q�WKLV�ILUVW�VWDJH��WKH�WKURXJKSXW�LQFUHDVHG�VLJQLILFDQWO\�ZKHQ�WKH�FOLHQW�QXPEHU

LQFUHDVHG��KRZHYHU��ODWHQF\�LQFUHDVHG�YHU\�VORZO\��7KH�FOLHQWV�GLGQ©W�JHQHUDWH�HQRXJK�ORDG�WR

VWUHVV�WKH�WHVWHG�VHUYHU��7KH�ILUVW�VWDJH�IRU���SURFHVVRUV�ZDV�IURP���FOLHQWV�WR����FOLHQWV��DQG�ODVWHG�D

OLWWOH�ELW�ORQJHU�WKDQ�WKH�ILUVW�VWDJH�IRU���SURFHVVRU��VLQFH�WKH���SURFHVVRU�KDQGOHV�PRUH�UHTXHVWV�

�7KH�VHFRQG�VWDJH�IRU���SURFHVVRU�ZDV�IURP����FOLHQWV�WR�����FOLHQWV��:KHQ�WKH�FOLHQW�QXPEHU

LQFUHDVHG��WKH�WKURXJKSXW�UHPDLQHG�VWHDG\�DQG�WKH�ODWHQF\�LQFUHDVHG��7KLV�LQGLFDWHG�WKDW�WKH�ORDG

ZDV�KLJK�HQRXJK�WR�VWUHVV�WKH�VHUYHUV��7KH�VHUYHUV�KDQGOHG�PRUH�FOLHQWV�DQG�GLGQ©W�UHGXFH�WKH

VHUYHU�SHUIRUPDQFH��KRZHYHU��HQG�XVHUV�ZRXOG�H[SHULHQFH�PRUH�ZDLWLQJ�WLPH�WR�JHW�UHTXHVWV

VHUYLFHG��7KH�VHFRQG�VWDJH�IRU���SURFHVVRUV�ZDV�IURP����FOLHQWV�WR�����FOLHQWV�
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�3UR/LDQW����

�)LJXUH����VKRZV�WKH�EHQFKPDUNLQJ�UHVXOWV�RQ�WKH�3UR/LDQW�����ZLWK���3HQWLXP�3UR�����SURFHVVRU

DQG�WKH�3UR/LDQW�����ZLWK���SURFHVVRUV��7KH���SURFHVVRU�VHUYHU�VKRZV�DSSUR[LPDWHO\�D����

SHUIRUPDQFH�LQFUHDVH�RYHU�WKH���SURFHVVRU�VHUYHU�

�

�

�

�

�

�

�

�

�

�

�

�

�

�)LJXUH������7KURXJKSXW�IRU�3UR/LDQW�����LQ�/LJKW�&*,�0RGHO

�)LJXUH�����/DWHQF\�IRU�3UR/LDQW�����LQ�/LJKW�&*,�0RGHO

�

�+HDY\�&*,�0RGHO

�7KH�+HDY\�&*,�0RGHO�FRQVLVWV�RI�����G\QDPLF�&*,�UHTXHVWV�DQG�����VWDWLF�UHTXHVWV��7KH�&*,

UHTXHVW�LV�WKH�VDPH�DV�ZLWK�WKH�/LJKW�&*,�PRGHO��2QH�GHGLFDWHG�����0ELW�)DVW�(WKHUQHW�/$1�FDUG

ZDV�VHOHFWHG�IRU�WKH�EHQFKPDUNLQJ�WHVWV�

�)LJXUHV����DQG����VKRZ�WKH�EHQFKPDUNLQJ�WHVW�UHVXOWV�IRU�WKH�3UR/LDQW������DQG�WKH�3UR/LDQW�����

UHVSHFWLYHO\���$GGLQJ�WKH�VHFRQG�SURFHVVRU�LPSURYHG�WKH�VHUYHU�WKURXJKSXW�LQ�ERWK�WKH�3UR/LDQW

�����DQG�3UR/LDQW�����VHUYHUV��3HDN�WKURXJKSXW�VKRZHG�D�����LPSURYHPHQW�IRU�ERWK�WKH�3UR/LDQW

�����DQG�3UR/LDQW�����

�)LJXUH����DOVR�VKRZV�WKDW�WKHUH�DUH�QR�EHQHILWV�WR�XSJUDGLQJ�WKH�PHPRU\�IURP�����0%�WR�����0%

5$0�RQ�EHQFKPDUNLQJ�WHVWV�IRU�+HDY\�&*,�WHVWV�

�3HUIRUPDQFH�RQ�WKH�+HDY\�&*,�PRGHO�VKRZV�D�VLPLODU�WUHQG�WR�WKDW�RQ�WKH�/LJKW�&*,�PRGHO�

�

�

�

�

�

�

�

3UR/LDQW����

�
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���

���

���

���

���
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�)LJXUH������7KURXJKSXW�RI�3UR/LDQW������RQ�+HDY\�&*,�0RGHO
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�)LJXUH������7KURXJKSXW�RI�3UR/LDQW�����RQ�+HDY\�&*,�0RGHO

�)LJXUH�����/DWHQF\�RI�3UR/LDQW�����RQ�+HDY\�&*,�0RGHO

�

�0RQLWRULQJ�5HVXOWV

�&38�XWLOL]DWLRQ�UHDFKHG������IRU�DOO�VHUYHUV�LQ�ERWK�WKH�/LJKW�&*,�PRGHO�DQG�WKH�+HDY\�&*,

PRGHO�EHQFKPDUNLQJ�WHVWV�LQ�D�SHDN�SHUIRUPDQFH�VLWXDWLRQ�

�1HWZRUN�XWLOL]DWLRQ�ZDV�ORZ�GXH�WR�WKH�DPRXQW�RI�WUDIILF�RQ�WKH�QHWZRUN�

�

�

3UR/LDQW�����

�
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�6800$5<

�3HDN�3HUIRUPDQFH

�7DEOH���OLVWV�WKH�SHDN�WKURXJKSXW�RQ�EHQFKPDUNLQJ�WHVWV�IRU�WKH�3UR/LDQW������DQG�WKH�3UR/LDQW

����VHUYHUV�LQ�WKH�WKUHH�XVHU�UHTXLUHPHQW�PRGHOV��7KH�VHUYHU�WKURXJKSXW�GHFUHDVHG�VLJQLILFDQWO\�LQ

WKH�/LJKW�&*,�DQG�+HDY\�&*,�PRGHOV�GXH�WR�WKH�&*,�UHTXHVWV�LQYRNLQJ�D�QHZ�VHUYHU�VLGH�SURFHVV�

(YHQ�D�VPDOO�DPRXQW�RI�&*,�UHTXHVWV��DV�OLWWOH�DV�����LQ�WKH�/LJKW�&*,�PRGHO���FRXOG�FDXVH�D�GURS

LQ�VHUYHU�SHUIRUPDQFH��:KHQ�FRPSDULQJ�WKH�/LJKW�&*,�PRGHO�DQG�WKH�6WDWLF�+70/�PRGHO��WKH

&38�XWLOL]DWLRQ�LV�DOPRVW�WKH�VDPH�LQ�D�SHDN�SHUIRUPDQFH�VLWXDWLRQ��7KH�VHUYHU�RQ�WKH�/LJKW�&*,

PRGHO�FDQ�RQO\�JHQHUDWH�DERXW�RQH�TXDUWHU�RI�WKH�WRWDO�WKURXJKSXW�DV�WKH�VHUYHU�ZRUNLQJ�RQ�WKH

6WDWLF�+70/�PRGHO�

�:KHQ�WKH�YLUWXDO�FOLHQW�QXPEHU�LQLWLDOO\�LQFUHDVHG�IRU�WKH�WKUHH�PRGHOV��WKH�WKURXJKSXW�LQFUHDVHG�

KRZHYHU��ZKHQ�WKH�WKURXJKSXW�UHDFKHG�LWV�ODUJHVW�RXWSXW��LQFUHDVLQJ�WKH�YLUWXDO�FOLHQWV�GLG�QRW�VKRZ

D�FRUUHVSRQGLQJ�LQFUHDVH�LQ�VHUYHU�RXWSXW��7KH�VHUYHU�VWLOO�PDLQWDLQV�WKURXJKSXW�QHDU�WKH�SHDN

QXPEHU��DOWKRXJK�WKH�ODWHQF\�LQFUHDVHV�VLPXOWDQHRXVO\��1HWZRUN�FROOLVLRQ�UDWHV�DUH�H[SHFWHG�WR

LQFUHDVH�ZKHQ�WKH�FOLHQW�QXPEHU�LQFUHDVHV��$�GHFUHDVH�LQ�VHUYHU�SHUIRUPDQFH�PD\�EH�QRWLFHDEOH�WR

HQG�XVHUV�

�3OHDVH�QRWH�WKDW�:HE%HQFK�XVHV�YLUWXDO�FOLHQWV�WR�VLPXODWH�WKH�:HE�EURZVHU�XVHUV��EXW�WKHLU

EHKDYLRU�LV�YHU\�GLIIHUHQW���8QOLNH�DFWXDO�EURZVHUV��ZKLFK�WDNH�D�JUHDW�GHDO�RI�WLPH�WR�GLVSOD\�WKH

ILOHV�WKDW�WKH�VHUYHU�VHQGV��WKH�YLUWXDO�FOLHQW�NHHSV�VHQGLQJ�UHTXHVWV�XQWLO�LW�JHWV�WKH�UHSO\�IURP�WKH

VHUYHU��7KH�YLUWXDO�FOLHQWV�DUH�PXFK�EXVLHU�WKDQ�QRUPDO�XVHUV��$V�LQ�WKH�EHQFKPDUNLQJ�WHVWV�RQ�WKH

3UR/LDQW��3�6WDWLF�PRGHO��ZKHQ�WKHUH�ZHUH�����YLUWXDO�FOLHQWV��HDFK�FOLHQW�VHQW�DERXW������UHTXHVWV

GXULQJ�WKH����PLQXWH�WHVWLQJ�SHULRG��,W�LV�DVVXPHG�WKH�QRUPDO�XVHU�ZLOO�VHQG�PXFK�OHVV�WKDQ�����

UHTXHVWV�LQ����PLQXWHV�

�7$%/(�����3($.�7+528*+387

�0RGHOV� �6WDWLF�+70/� �/LJKW�&*,� �+HDY\�&*,�

�3UR/LDQW�������3 ������5HT�6HF �����5HT�6HF ����5HT�6HF

�3UR/LDQW�������3 ������5HT�6HF �����5HT�6HF ����5HT�6HF

�3UR/LDQW������3 �����5HT�6HF �����5HT�6HF ����5HT�6HF

�3UR/LDQW������3 ������5HT�6HF �����5HT�6HF ����5HT�6HF

�%RWWOHQHFNV

�7\SLFDO�ERWWOHQHFNV�IRU�D�ZHE�VHUYHU�DUH�

x� 1HWZRUNLQJ

x� &38V

x� 0HPRU\

x� 'LVNV

x� %XV�$UFKLWHFWXUH
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1HWZRUNLQJ

)RU�WKH�6WDWLF�PRGHO��QHWZRUNLQJ�LV�WKH�PRVW�OLNHO\�ERWWOHQHFN��)RU�EHQFKPDUNLQJ�WHVWV�RQ�WKH

3UR/LDQW�������3��WKH�QHWZRUNLQJ�XWLOL]DWLRQ�RI�WZR�GHGLFDWHG�����0ELW�)DVW�(WKHUQHW�/$1�FDUGV

UHDFKHG����������ZKLFK�LV�SUREDEO\�WKH�OLPLW�WKDW�(WKHUQHW�/$1�FDQ�KDQGOH�IRU�WKH�+773

SURWRFRO��,Q�WKLV�VLWXDWLRQ��D�VLJQLILFDQW�QXPEHU�RI�QHWZRUN�FROOLVLRQV�FDQ�EH�H[SHFWHG�

6LQFH�+773�LV�SUREDEO\�QRW�WKH�RQO\�SURWRFRO�SUHVHQW�LQ�DQ�LQWUDQHW��QHWZRUNLQJ�EHFRPLQJ�D�ODUJHU

ERWWOHQHFN�WR�LQWUDQHW�SHUIRUPDQFH�LV�OLNHO\�

)RU�WKH�/LJKW�&*,�PRGHO��QHWZRUNLQJ�ZRXOG�EH�WKH�VHFRQG�ERWWOHQHFN�WR�SHUIRUPDQFH�DIWHU�WKH

&38��+RZHYHU��LQ�D����0ELW�(WKHUQHW�/$1��WKH�QHWZRUN�ZLOO�EH�WKH�OLNHO\�ERWWOHQHFN��)RU�WKH

+HDY\�&*,�PRGHO��QHWZRUNLQJ�GRHV�QRW�VHHP�WR�LPSDLU�SHUIRUPDQFH�

&38

$GGLQJ�D�VHFRQG�&38�ZLOO�DOZD\V�LPSURYH�WKH�VHUYHU�SHUIRUPDQFH��OLPLWHG�RQO\�E\�QHWZRUN

EDQGZLGWK��,Q�WKH�EHQFKPDUNLQJ�WHVWV��WKH�SHUIRUPDQFH�RI�ERWK�WKH�3UR/LDQW������DQG�3UR/LDQW

����VHUYHUV�LQFUHDVHG�FRQVLVWHQWO\�IURP�D���SURFHVVRU�WR���SURFHVVRU�FRQILJXUDWLRQ�IRU�DOO�WKUHH

PRGHOV��,Q�D�SHDN�SHUIRUPDQFH�VLWXDWLRQ��&38�XWLOL]DWLRQ�UHDFKHG�QHDUO\������LQ�WKH

EHQFKPDUNLQJ�WHVWV��ZKLFK�LV�DQRWKHU�LQGLFDWLRQ�WKDW�WKH�&38�LV�WKH�ERWWOHQHFN�

)RU�WKH�/LJKW�&*,�PRGHO�DQG�+HDY\�&*,�PRGHO��WKH�&38�ZLOO�DOZD\V�EH�WKH�ERWWOHQHFN�

0HPRU\�DQG�'LVN

)RU�DOO�EHQFKPDUNLQJ�WHVWV��WKH�PHPRU\�DQG�GLVN�GLG�QRW�VKRZ�DQ\�VLJQLILFDQW�HIIHFWV�RQ�VHUYHU

SHUIRUPDQFH��)RU�G\QDPLF�WHVWV��WKH�PHPRU\�LV�SUREDEO\�QRW�WKH�ERWWOHQHFN�

)RU�WKH�6WDWLF�PRGHO��WKH�UHVXOWV�VKRZHG�VRPH�LQFRQVLVWHQF\�WR�RWKHU�UHVXOWV�UHOHDVHG��PRVW�OLNHO\

GXH�WR�WKH�VPDOO�VL]H�RI�WKH�VDPSOH�ILOHV�LQ�WKH�EHQFKPDUNLQJ�WHVWV���$�ODUJH�DPRXQW�RI�PHPRU\�ZDV

QRW�UHTXLUHG�WR�FDFKH�DOO�WKH�ILOHV��)RU�XVHUV�ZLWK�D�ODUJH�ILOH�VHW��PHPRU\�FRXOG�HIIHFW�VHUYHU

SHUIRUPDQFH�PRUH�WKDQ�ZKDW�ZDV�VKRZQ�LQ�RXU�WHVWV�

%XV�$UFKLWHFWXUH

&RPSDT�DOVR�YHULILHG�WKDW�D�3&,�EXV�SHUIRUPHG�PXFK�EHWWHU�WKDQ�DQ�(,6$�EXV���7KH�&RPSDT

3UR/LDQW������DQG�3UR/LDQW�����VHUYHUV�VXSSRUW�3&,�EXV��VR�LW�LV�UHFRPPHQGHG�WKDW�WKH�FXVWRPHU

VHOHFW�3&,�FDUGV��VXFK�DV�3&,�1,&V�DQG�3&,�$UUD\�FRQWUROOHUV��LQVWHDG�RI�(,6$�FDUGV�IRU�XVH�LQ

WKHVH�VHUYHUV�
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&DSDFLW\�6ROXWLRQV

)RU�,QWHUQHW�LQWUDQHW�XVHUV�ZKR�DUH�QRW�VDWLVILHG�ZLWK�WKH�FXUUHQW�SHUIRUPDQFH�RI�WKHLU�VHUYHUV��RU�IRU

XVHUV�ZKR�DUH�SODQQLQJ�KLJK�FDSDFLW\�VHUYHUV��WKH�IROORZLQJ�VXJJHVWLRQV�ZLOO�KHOS�LQ�FKRRVLQJ

HIILFLHQW�VHUYHU�SODWIRUPV�

5HTXLUHPHQWV

,GHQWLI\�WKH�ORDG�PRGHO

%DVHG�RQ�SHUIRUPDQFH�UHVHDUFK��LW�LV�FOHDU�WKDW�WKH�VHUYHUV�SHUIRUP�GLIIHUHQWO\�LQ�GLIIHUHQW�XVHU

PRGHOV��,Q�D�6WDWLF�PRGHO��WKH�3UR/LDQW������ZLWK��3�UHDFKHV�DERXW������UHTXHVWV�VHF��DQG�WKH

/LJKW�&*,�PRGHO�UHDFKHV�RQO\�DERXW�����UHTXHVWV�VHF��DQG�DV�ORZ�DV����UHTXHVWV�VHF�IRU�WKH�+HDY\

&*,�PRGHO�

8QGHUVWDQGLQJ�WKH�ORDG�UHTXLUHPHQWV�LV�FULWLFDO�LQ�LGHQWLI\LQJ�ERWWOHQHFNV�

,GHQWLI\�WKH�QXPEHU�RI�FXVWRPHUV

,Q�WKLV�WHVWLQJ��YLUWXDO�FOLHQWV�ZHUH�XVHG�WR�VLPXODWH�UHDO�ZRUOG�XVHUV��7KH�YLUWXDO�FOLHQW�QXPEHU�FDQ

QRW�EH�GLUHFWO\�FRQYHUWHG�WR�WKH�QXPEHU�RI�UHDO�ZRUOG�FXVWRPHUV��$V�SUHYLRXVO\�VWDWHG��WKH�EHKDYLRU

RI�WKH�YLUWXDO�FOLHQW�LV�GLIIHUHQW�WKDQ�WKDW�RI�WKH�UHDO�ZRUOG�XVHU�QRW�RQO\�EHFDXVH�WKH�EURZVHUV�WDNH

WLPH�WR�GLVSOD\�WKH�ILOHV�WKH\�UHFHLYH��EXW�DOVR�EHFDXVH�WKH�FXVWRPHU�QRUPDOO\�VSHQGV�WLPH�UHDGLQJ

WKH�ILOHV�

7KH�WHVWV�RQ�WKH�3UR/LDQW������LQ�WKH�6WDWLF�PRGHO�ZLWK�����YLUWXDO�FOLHQWV�VKRZHG�WKDW�WKH�DYHUDJH

ODWHQF\�LV����PLOOLVHFRQGV��DQG�WKH�WKURXJKSXW�LV������UHTXHVWV�VHF��,Q�WKH����PLQXWH�WHVWV��WKH

VHUYHU�KDQGOHG�DERXW���������UHTXHVWV��ZLWK�DQ�DYHUDJH�ODWHQF\�RI����PLOOLVHFRQGV��1RUPDOO\�D

EURZVHU�WDNHV�RQO\�VHFRQGV�WR�GLVSOD\�LQIRUPDWLRQ��KRZHYHU��LW�WDNHV�ORQJHU�WR�GLVSOD\�DQ�LPDJH

ILOH��,W�LV�DVVXPHG�WKDW�D�XVHU�ZLOO�KDYH���UHTXHVWV�PLQXWH��ZKLFK�PHDQV�WKDW�WKH�XVHU�ZLOO�JHQHUDWH

DERXW�������UHTXHVWV�LQ���EXVLQHVV�KRXUV���7KH�WHVWHG�VHUYHU�FDQ�KDQGOH�DERXW���������UHTXHVWV��

UHTXHVWV�SHU�PLQXWH���PLQXWHV� �QHDU��������XVHUV�

(IILFLHQF\�5HFRPPHQGDWLRQV

,GHQWLI\LQJ�WKH�ERWWOHQHFNV�DQG�DQDO\]LQJ�WKH�XVHU�ORDG�PRGHOV�LV�LPSRUWDQW��7KH�IROORZLQJ

UHFRPPHQGDWLRQV�DUH�EDVHG�RQ�WKH�EHQFKPDUNLQJ�SHUIRUPDQFH�WHVWV�

x� 7KH�QHWZRUN�LV�WKH�ERWWOHQHFN�IRU�WKH�6WDWLF�PRGHO�RQ�D�3UR/LDQW������RU�3UR/LDQW�����ZLWK

RQO\���GHGLFDWHG�����0ELW�/$1�

x� )RU�D�XVHU�ZLWK�G\QDPLF�FRQWHQWV�RQ�WKHLU�VLWH��DGGLQJ�D�VHFRQG�SURFHVVRU��DQG�RU�UHSODFLQJ�D

3UR/LDQW�����ZLWK�D�3UR/LDQW������JUHDWO\�LPSURYHV�SHUIRUPDQFH�

x� $����0ELW�/$1�LV�D�ERWWOHQHFN�IRU�LQWUDQHW�XVHUV��5HSODFH�ZLWK�D�����0ELW�/$1�WR�LPSURYH

WKH�SHUIRUPDQFH�

x� 6HOHFW�D���SURFHVVRU�VHUYHU�DV�WKH�PRVW�FRVW�HIILFLHQW�VROXWLRQ�IRU�&*,�PRGHOV�

x� $OWKRXJK�SHUIRUPDQFH�ZDV�QRW�VHQVLWLYH�WR�PHPRU\�LQ�WKH�EHQFKPDUNLQJ�WHVWV��VHUYHUV�WKDW

KDQGOH�D�ELJ�ILOH�VHW�ZLOO�EHQHILW�IURP�PRUH�PHPRU\�

x� 6HOHFW�3&,�EXV�FDUGV�IRU�WKH�1,&V��DUUD\�FRQWUROOHU��HWF�
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$33(1' ,; �$�� �' ,675 ,%87,21�2) �6$03/(�) , /(6

&/$66B���% �

&/$66B���% �

&/$66B�. ��

&/$66B�. ��

&/$66��. ��

&/$66B�. ��

&/$66B��. ��

&/$66B��. �

&/$66B��. �

&/$66B���. �
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$33(1' ,; �%�� �6$03/(�287387�2) �6,0&*,�(;(

6(59(5B62)7:$5(� �1HWVFDSH�(QWHUSULVH�����

6(59(5B1$0(� �WMLDQJ

*$7(:$<B,17(5)$&(� �&*,����

6(59(5B35272&2/� �+773����

6(59(5B3257� �����

5(48(67B0(7+2'� �*(7

+773B$&&(37� �LPDJH�JLI��LPDJH�[�[ELWPDS��LPDJH�MSHJ��LPDJH�SMSHJ���

+773B86(5B$*(17� �0R]LOOD�����*ROG��:LQ17��,�

+773B5()(5(5� 

3$7+B,1)2� 

3$7+B75$16/$7('� 

6&5,37B1$0(� ��FJL�ELQ�VLPFJL�H[H

48(5<B675,1*� 

5(027(B+267� ���������������

5(027(�$''5� ���������������

5(027(B86(5� 

$87+B7<3(� 

&217(17B7<3(� 

&217(17B/(1*7+� 

$1127$7,21B6(59(5� 


