
77((&+1&+122//2*2*<�<�%%55,,(())
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1RYHPEHU�����

&RPSDT�&RPSXWHU

&RUSRUDWLRQ

&217(176

,QWURGXFWLRQ,QWURGXFWLRQ����������������������������������������������

������8VHUV�LQ�DQ������8VHUV�LQ�DQ

2/73�(QYLURQPHQW2/73�(QYLURQPHQW��������������������������

2/73�%HQFKPDUN�'HVFULSWLRQ � �

5HVXOWV �������������������������������� �

,QWHUSUHWDWLRQ�RI�5HVXOWV �������� �

������8VHUV�LQ�WKH������8VHUV�LQ�WKH

)LOH�6HUYLFHV)LOH�6HUYLFHV

(QYLURQPHQW(QYLURQPHQW��������������������������������������������

)LOH�6HUYLFHV)LOH�6HUYLFHV

%HQFKPDUN%HQFKPDUN

'HVFULSWLRQ'HVFULSWLRQ ����������������������������������������������

7HVW�6HWXS ��������������������������� �

5HVXOWV �������������������������������� �

,QWHUSUHWDWLRQ�RI�5HVXOWV �������� �

([WUDSRODWLRQ�RI�1HW%HQFK
5HVXOWV�WR�7\SLFDO�8VDJH ����� ��

&RQFOXVLRQ&RQFOXVLRQ������������������������������������������ ����

5HIHUHQFHV5HIHUHQFHV ���������������������������������������� ����

&RPSDT�&RPSDT�3UR/LDQW������6HUYHUV�LQ������3UR/LDQW������6HUYHUV�LQ������
8VHU�(QYLURQPHQWV8VHU�(QYLURQPHQWV
7KLV�SDSHU�SUHVHQWV�UHVXOWV�IURP�D�FRQWLQXLQJ�SHUIRUPDQFH�LQYHVWLJDWLRQ�EHLQJ�FRQGXFWHG�RQ

&RPSDT�VHUYHUV��7KHVH�UHVXOWV�FOHDUO\�LQGLFDWH�WKDW�WKH�&RPSDT�3UR/LDQW������LV�IXOO\�FDSDEOH�RI

VXSSRUWLQJ�PRUH�WKDQ������XVHUV�LQ�ERWK�RQ�OLQH�WUDQVDFWLRQ�SURFHVVLQJ�DQG�ILOH�VHUYLFHV

HQYLURQPHQWV��7KLV�FODLP�LV�EDVHG�RQ�DQDO\VLV�RI�LQGXVWU\�VWDQGDUG�EHQFKPDUN�UHVXOWV���)RU�HDFK

RI�WKH�FDVHV�VWXGLHG�WKHUH�LV�

x� DQ�LQWURGXFWLRQ�WR�WKH�¦UHDO�ZRUOG§�HQYLURQPHQW�VLPXODWHG�E\�WKH�EHQFKPDUN

x� DQ�RYHUYLHZ�RI�WKH�EHQFKPDUN�XVHG

x� DQG�DQ�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV�REWDLQHG�GXULQJ�WKH�EHQFKPDUN��LQFOXGLQJ�H[WUDSRODWLRQ

WR�UHDO�ZRUOG�HQYLURQPHQWV

7KH�SDSHU�FRQFOXGHV�ZLWK�D�EULHI�VXPPDU\�RI�WKH�UHVXOWV�

,W�VKRXOG�EH�QRWHG�WKDW�WKH�UHVXOWV�SUHVHQWHG�KHUH�DUH�IURP�8QL[:DUH�DQG�1HW:DUH�HQYLURQPHQWV�

&RPSDT�UHVHDUFK�DQG�H[SHULHQFH�LQGLFDWHV�WKDW�WKH�UHVXOWV�FDQ�EH�H[WUDSRODWHG�WR�RWKHU

HQYLURQPHQWV�
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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,$/ �(55256 �25 �20,66 ,216 �&217$,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 �86( �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��'HVNSUR��)DVWDUW��&RPSDT�,QVLJKW�0DQDJHU��/7(��3DJH0DUT��6\VWHPSUR�

6\VWHPSUR�/7��3UR/LDQW��/LFHQVH3DT��49LVLRQ��6/7��3UR/LQHD��6PDUW6WDUW��1HW)OH[��'LUHFW3OXV�

4XLFN)LQG��5HPRWH3DT��%DFN3DT��7HFK3DT��6SHHG3DT��4XLFN%DFN��3DT)D[��UHJLVWHUHG�8QLWHG

6WDWHV�3DWHQW�DQG�7UDGHPDUN�2IILFH�

6\VWHPSUR�;/��1HW���6LOHQW&RRO��/7(�(OLWH��3UHVDULR��6PDUW6WDWLRQ��0LQL6WDWLRQ��9RFDO\VW�

3DJH0DWH��6RIW3DT��)LUVW3DT��6ROXWLRQ3DT��(DV\3RLQW��(=�+HOS��0D[/LJKW��0XOWL/RFN�

4XLFN%ODQN��4XLFN/RFN��DQG�8OWUD9LHZ�DUH�WUDGHPDUNV�DQG�RU�VHUYLFH�PDUNV�RI�&RPSDT

&RPSXWHU�&RUSRUDWLRQ�

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

UHVSHFWLYH�FRPSDQLHV�

������&RPSDT�&RPSXWHU�&RUSRUDWLRQ��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�

1HW%HQFK
70
�LV�D�WUDGHPDUN�RI�=LII�'DYLV�3XEOLVKLQJ�&RPSDQ\

&RPSDT�3UR/LDQW������6HUYHUV�LQ�������8VHU�(QYLURQPHQWV
6HFRQG�(GLWLRQ��1RYHPEHU������

'RFXPHQW�1XPEHU����$�����
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,1752'8&7,21

7KH�SULPDU\�DSSOLFDWLRQ�HQYLURQPHQWV�IRU�&RPSDT�VHUYHUV�LQFOXGHG�LQ�WKLV�VWXG\�ZHUH�RQ�OLQH

WUDQVDFWLRQ�SURFHVVLQJ��2/73��DQG�ILOH�VHUYLFHV���7KH�UHVXOWV�GHPRQVWUDWH�WKDW�WKH�&RPSDT

3UR/LDQW������FDQ�VXSSRUW�PRUH�WKDQ������UHDO�XVHUV�LQ�GHPDQGLQJ�FXVWRPHU�HQYLURQPHQWV�

,Q�WKLV�LQYHVWLJDWLRQ�WKH�3UR/LDQW������ZDV�WHVWHG�XVLQJ�LQGXVWU\�VWDQGDUG�EHQFKPDUNV�LQ�HDFK

DSSOLFDWLRQ�HQYLURQPHQW���%HQFKPDUNV�DUH�GHVLJQHG�WR�VWUHVV�WKH�VHUYHU�XQWLO�WKH�VHUYHU�UHDFKHV

WKH�PD[LPXP�SRWHQWLDO�LQ�RQH�RI�LWV�VXEV\VWHPV��7KH�EHQFKPDUNV�XVHG�LQ�WKLV�VWXG\�ZHUH�FKRVHQ

WR�GULYH�WKH�VHUYHU�WR�LWV�PD[LPXP�FDSDFLW\�LQ�RUGHU�WR�XQGHUVWDQG�WKH�XSSHU�ERXQGV�RQ

SHUIRUPDQFH�

7KH�3UR/LDQW������ZDV�FKRVHQ�IRU�WKLV�VWXG\�VLQFH�LW�LV�WKH�ODWHVW�LQ�WKH�3UR/LDQW�SURGXFW�IDPLO\

IURP�&RPSDT�6\VWHPV�'LYLVLRQ����7KH�&RPSDT�6\VWHP3UR�;/��DQG�WKH�&RPSDT�3UR/LDQW�����

DQG������DOVR�LQFOXGHG�WKH�VDPH�V\VWHP�DUFKLWHFWXUH����7KH�3UR/LDQW�������VXSSRUWV�WKH�ODWHVW�LQ

RSWLRQV�DQG�SURFHVVRUV�DQG�DOORZHG�WKH�LQYHVWLJDWRUV�WR�GHWHUPLQH�ZKLFK�VXEV\VWHP�ZDV�EHLQJ

GULYHQ�WR�LWV�OLPLW���7KH�UHVXOWV�REWDLQHG�ZLWK�WKH�3UR/LDQW������FDQ�EH�XVHG�WR�H[WUDSRODWH�WKH

UHVXOWV�WR�RWKHU�&RPSDT�VHUYHUV�ZLWK�D�VLPLODU�DUFKLWHFWXUH��HVSHFLDOO\�LQ�D�VLQJOH�SURFHVVRU

HQYLURQPHQW�VXFK�DV�1HW:DUH�

7KLV�SDSHU�GHVFULEHV�WKH�EHQFKPDUNV�DQG�UHVXOWV�REWDLQHG��,W�DOVR�LQWHUSUHWV�WKH�UHVXOWV�DV�WKH\

UHODWH�WR�D�UHDO�FXVWRPHU�HQYLURQPHQW�IRU�ERWK�WUDQVDFWLRQ�SURFHVVLQJ�DQG�ILOH�VHUYLFHV��,Q�WKH

WUDQVDFWLRQ�SURFHVVLQJ�HQYLURQPHQW��WKH�VHUYHU�ZDV�WHVWHG�XVLQJ�73&�&��D�EHQFKPDUN�IURP�WKH

7UDQVDFWLRQ�3URFHVVLQJ�3HUIRUPDQFH�&RXQFLO��UXQQLQJ�XQGHU�WKH�8QL[:DUH�RSHUDWLQJ�V\VWHP���,Q

WKH�ILOH�DQG�SULQW�VHUYLFHV�HQYLURQPHQW��WKH�VHUYHU�ZDV�WHVWHG�XVLQJ�1HW%HQFK
70
��UHYLVLRQ�����

UXQQLQJ�XQGHU�WKH�1HW:DUH�RSHUDWLQJ�V\VWHP��YHUVLRQ��������7KLV�SDSHU�DOVR�LQFOXGHV�HYLGHQFH

IURP�FXVWRPHU�H[SHULHQFH�WKDW�FDQ�EH�XVHG�DV�D�JXLGHOLQH�WR�UHODWH�1HW%HQFK�XVHUV�WR�UHDO�XVHUV�

������86(56�,1�$1�2/73�(19,5210(17

$�W\SLFDO�RQ�OLQH�WUDQVDFWLRQ�SURFHVVLQJ�HQYLURQPHQW�FRQVLVWV�RI�D�VHUYHU�DWWDFKHG�WR�PDQ\

GLIIHUHQW�XVHUV�YLD�D�QHWZRUN���7KHVH�XVHUV�PDNH�LQTXLULHV��FKDQJHV��DQG�XSGDWHV�DFURVV�WKH

QHWZRUN�WR�LQIRUPDWLRQ�LQ�D�GDWDEDVH�UHVLGLQJ�RQ�WKH�VHUYHU��'LIIHUHQW�HOHPHQWV�RI�WKH�VHUYHU

ZKLFK�PLJKW�OLPLW�SHUIRUPDQFH�LQ�DQ�2/73�HQYLURQPHQW�LQFOXGH�WKH�SURFHVVRU�PHPRU\

VXEV\VWHP��WKH�QHWZRUN�WKURXJKSXW�DQG�WKH�1HWZRUN�,QWHUIDFH�&RQWUROOHU��1,&���WKH�,�2�EXV��VXFK

DV�(,6$�RU�3&,���DQG�WKH�GLVN�VXEV\VWHP�

2/73�DSSOLFDWLRQV�VWUDLQ�WKH�SURFHVVRU�PHPRU\�VXEV\VWHP�VLQFH�WKH�DSSOLFDWLRQV�JHQHUDWH�D

UHODWLYHO\�ODUJH�QXPEHU�RI�FDFKH�PLVVHV���$V�ORQJ�DV�WKH�PHPRU\�KLHUDUFK\�FDQ��NHHS�XS��ZLWK�WKH

SURFHVVRU��DGGLWLRQDO�SURFHVVRU�SRZHU�ZLOO�\LHOG�D�KLJKHU�QXPEHU�RI�WUDQVDFWLRQV�SHU�XQLW�WLPH�

�7KH�73&�EHQFKPDUNV�XVH�HLWKHU�WUDQVDFWLRQV�SHU�VHFRQG��WSV��RU�SHU�PLQXWH��WSP��DV�WKHLU

PHWULF����7KH�PHPRU\�KLHUDUFK\�SHUIRUPDQFH�LV�GLFWDWHG�E\�VHYHUDO�IDFWRUV�LQFOXGLQJ�WKH�VL]H�RI

WKH�FDFKH��WKH�VSHHG�RI�WKH�PDLQ�PHPRU\�'5$0��DQG�WKH�VSHHG�DQG�FRQJHVWLRQ�RI�WKH�EXV

LQWHUFRQQHFWLQJ�WKH�SURFHVVRU�WR�WKH�PDLQ�PHPRU\�

1,&V�FRPPXQLFDWH�UHTXHVWV�DQG�UHVSRQVHV�YLD�WKH�QHWZRUN�WR�DQG�IURP�WKH�GDWDEDVH�VHUYHU���7KH

QHWZRUN�WUDQVDFWLRQV�DUH�YHU\�VPDOO�E\�QDWXUH��ERWK�LQ�WHUPV�RI�WKH�DPRXQW�RI�GDWD�WUDQVIHUUHG�DQG

WKH�QXPEHU�RI�UHTXHVWV�DQG�UHSOLHV�WUDQVIHUUHG��ZKHQ�FRPSDUHG�WR�WKRVH�LQ�ILOH�VHUYLFHV

HQYLURQPHQW��$V�ORQJ�DV�D�1,&�FDSDEOH�RI�EXV�PDVWHULQJ�LV�XVHG��VR�WKDW�LW�GRHV�QRW�FRQVXPH

SURFHVVRU�EDQGZLGWK���WKH�SHUIRUPDQFH�RI�WKH�1,&�KDV�D�VPDOO�LPSDFW�RQ�WKH�2/73�SHUIRUPDQFH�

7KH�GLVN�VXEV\VWHP�VWRUHV�ERWK�WKH�GDWDEDVH�DQG�WKH�WUDQVDFWLRQ�ORJV���7KH�SHUIRUPDQFH�RI�WKH

GLVN�VXEV\VWHP�FDQ�DIIHFW�WKH�SHUIRUPDQFH�RI�DQ�2/73�HQYLURQPHQW��KRZHYHU��PRVW�2/73

HQYLURQPHQWV��HVSHFLDOO\�LQ�EHQFKPDUNV��DUH�VHW�XS�ZLWK�HQRXJK�GLVNV�WR�DOORZ�IRU�FRQFXUUHQW

DFFHVV�WR�GLVNV�UHGXFLQJ�ODWHQF\��ZKLFK�PLQLPL]HV�QHJDWLYH�LPSDFW�RQ�SHUIRUPDQFH�

'LIIHUHQW�HOHPHQWV�RI�WKH�VHUYHU�ZKLFK'LIIHUHQW�HOHPHQWV�RI�WKH�VHUYHU�ZKLFK

PLJKW�OLPLW�SHUIRUPDQFH�LQ�DQ�2/73PLJKW�OLPLW�SHUIRUPDQFH�LQ�DQ�2/73

HQYLURQPHQW�LQFOXGH�WKH�SURFHVVRU�HQYLURQPHQW�LQFOXGH�WKH�SURFHVVRU�

PHPRU\�VXEV\VWHP��WKH�QHWZRUNPHPRU\�VXEV\VWHP��WKH�QHWZRUN

WKURXJKSXW�DQG�WKH�QHWZRUN�LQWHUIDFHWKURXJKSXW�DQG�WKH�QHWZRUN�LQWHUIDFH

FRQWUROOHU��WKH�,�2�EXV��VXFK�DV�(,6$FRQWUROOHU��WKH�,�2�EXV��VXFK�DV�(,6$

RU�3&,���DQG�WKH�GLVN�VXEV\VWHP�RU�3&,���DQG�WKH�GLVN�VXEV\VWHP�

2/73�DSSOLFDWLRQV�VWUDLQ�WKH2/73�DSSOLFDWLRQV�VWUDLQ�WKH

SURFHVVRU�PHPRU\�VXEV\VWHP�VLQFHSURFHVVRU�PHPRU\�VXEV\VWHP�VLQFH

WKH�DSSOLFDWLRQV�JHQHUDWH�D�UHODWLYHO\WKH�DSSOLFDWLRQV�JHQHUDWH�D�UHODWLYHO\

ODUJH�QXPEHU�RI�FDFKH�PLVVHV�ODUJH�QXPEHU�RI�FDFKH�PLVVHV�

1,&V�FRPPXQLFDWH�UHTXHVWV�DQG1,&V�FRPPXQLFDWH�UHTXHVWV�DQG

UHVSRQVHV�YLD�WKH�QHWZRUN�WR�DQGUHVSRQVHV�YLD�WKH�QHWZRUN�WR�DQG

IURP�WKH�GDWDEDVH�VHUYHU�IURP�WKH�GDWDEDVH�VHUYHU�
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7KH�,�2�EXV�WUDQVIHUV�GDWD�EHWZHHQ�WKH�GLVN�VXEV\VWHP�DQG�PHPRU\�DQG�WUDQVIHUV�UHTXHVWV�DQG

UHSOLHV�EHWZHHQ�PHPRU\�DQG�WKH�1,&V���,I�WKH�,�2�EXV�ZHUH�WR�EHFRPH�IXOO\�FORJJHG��LW�FRXOG�OLPLW

SHUIRUPDQFH�LQ�DQ�2/73�HQYLURQPHQW���+RZHYHU��WKH�DPRXQW�RI�GDWD�WUDQVIHUUHG�LQ�DQ�2/73

HQYLURQPHQW�LV�UHODWLYHO\�VPDOO��DQG�,�2�EXV�XWLOL]DWLRQ�OHYHOV�UHPDLQ�TXLWH�ORZ�

2QH�DGYDQWDJH�RI�WKH�&RPSDT�3UR/LDQW������V\VWHP�DUFKLWHFWXUH�LQ�WKH�WUDQVDFWLRQ�SURFHVVLQJ

HQYLURQPHQW�LV�WKDW�LW�DOORZV�FRQFXUUHQW�DFFHVV�RI�V\VWHP�PHPRU\�E\�WKH�SURFHVVRUV�DQG�WKH�,�2

VXEV\VWHP���7KLV�DOORZV�PRUH�RI�WKH�SURFHVVRUV
�SHUIRUPDQFH�WR�EH�UHDOL]HG�VLQFH�WKH\�DUH�QRW

EORFNHG�IURP�PHPRU\�DFFHVV�E\�,�2�SHULSKHUDOV�

2/73�%HQFKPDUN�'HVFULSWLRQ

7KH�LQGXVWU\�VWDQGDUG�EHQFKPDUN�IRU�2/73�V\VWHPV�LV�WKH�7UDQVDFWLRQ�3URFHVVLQJ�3HUIRUPDQFH

&RXQFLO©V�73&�&��7KHLU�HDUOLHU�EHQFKPDUNV�ZHUH�WKH�73&�$�DQG�73&�%��73&�$�DQG�73&�%

KDYH�EHHQ�UHSODFHG�E\�WKH�73&�&�VLQFH�LW�PRUH�FORVHO\�UHSUHVHQWV�UHDO�ZRUOG�HQYLURQPHQWV���7KH

FRXQFLO�QR�ORQJHU�DFFHSWV�VXEPLVVLRQV�RI�73&�$�DQG�73&�%�UHVXOWV�IRU�LQFOXVLRQ�LQ�WKHLU�UHSRUWV��

73&�&�KDV�D�PL[WXUH�RI�UHDG�RQO\�DQG�XSGDWH�LQWHQVLYH�WUDQVDFWLRQV�WKDW�VLPXODWH�WKH�DFWLYLWLHV

IRXQG�LQ�FRPSOH[��UHDO�ZRUOG��2/73�DSSOLFDWLRQ�HQYLURQPHQWV��,W�IRFXVHV�RQ�WKH�UHVSRQVH�WLPH�IRU

RQH�WUDQVDFWLRQ�W\SH��WKH�KLJKO\�LQWHUDFWLYH�RUGHU�HQWU\��DV�WKH�RYHUDOO�EHQFKPDUN�PHWULF��$W�WKH

VDPH�WLPH�WKH�VHUYHU�PXVW�EH�UXQQLQJ�D�FHUWDLQ�SHUFHQWDJH�RI�IRXU�RWKHU�WUDQVDFWLRQ�W\SHV��%\

FRQWUDVW��73&�$�DQG�73&�%�KDYH�RQO\�RQH�WUDQVDFWLRQ�W\SH�

7KH�73&�&�EHQFKPDUN�VLPXODWHV�D�UHDO�XVHU�DV�FORVHO\�DV�SRVVLEOH�E\�EXLOGLQJ�LQ�GHOD\V�WR

VLPXODWH�XVHU�WKLQN�WLPH��XVHU�W\SLQJ�GHOD\V��HWF��7KH�YDOXH�RI�WKH�73&�&�EHQFKPDUN�LV�IXUWKHU

LQFUHDVHG�EHFDXVH�DOO�EHQFKPDUN�UHVXOWV�DUH�GRFXPHQWHG�DQG��VXEPLWWHG�WR�WKH�FRXQFLO�ZKLFK

DXGLWV�WKH�UHVXOWV���7KH�FRXQFLO�DOVR�SXEOLVKHV�WKH�UHVXOWV�VR�WKDW�FXVWRPHUV�DUH�FRPSDUH�WKHP�

5HVXOWV

7KH�73&�&��YHUVLRQ����EHQFKPDUN�WHVW�ZDV�FRQGXFWHG�RQ�D�&RPSDT�3UR/LDQW������UXQQLQJ�WKH

1RYHOO�8QL[:DUH��UHOHDVH�������DQG�WKH��'%06�6\EDVH�6\VWHP���������$�IXOO�GLVFORVXUH�UHSRUW�RI

WKLV�UXQ�LV�DYDLODEOH�IURP�&RPSDT�>UHI�WSFF@��7DEOH���VKRZV�WKH�V\VWHP�SDUDPHWHUV�

7DEOH����6\VWHP�3DUDPHWHUV�5XQQLQJ�73&�&�%HQFKPDUN

6\VWHP�&RPSRQHQWV6\VWHP�&RPSRQHQWV 4XDQWLW\4XDQWLW\ 'HVFULSWLRQ'HVFULSWLRQ

3URFHVVRU � ����0+]�3HQWLXP�ZLWK����.���/��FDFKH���0%�/��FDFKH�SHU�ERDUG

0HPRU\ � �����0%

'LVN�&RQWUROOHUV � 60$57�6&6,�$UUD\�&RQWUROOHU

'LVNV �� ����*%�+RW�3OXJJDEOH�6&6,���'ULYHV

1,&V � &RPSDT�1HW)OH[���(WKHUQHW

7DEOH���VKRZV�WKH�UHVXOWV�RI�WKH�WHVWLQJ��7KH�&RPSDT�3UR/LDQW������DFKLHYHG�D�WKURXJKSXW�RI

��������WSP&��,W�VKRXOG�EH�QRWHG�WKDW�WKH�73&�&��YHUVLRQ����UHSRUWHG�WKH�WKURXJKSXW�LQ

WUDQVDFWLRQV�SHU�VHFRQG��WSV��DV�RSSRVHG�WR�WKH�WUDQVDFWLRQV�SHU�PLQXWH��WSP��VKRZQ�KHUH�IRU

YHUVLRQ����7KHUH�ZHUH������VLPXODWHG�XVHUV�LQ�WKLV�V\VWHP��7KH�XVHUV�ZHUH�VLPXODWHG�LQ�WKH

EHQFKPDUNLQJ�HQYLURQPHQW�RQ�IRXU�&RPSDT�3UR/LDQW������V\VWHPV�UXQQLQJ��WKH�5HPRWH

7HUPLQDO�(PXODWLRQ�SURJUDP�WR�VLPXODWH������XVHUV�

7KH�,�2�EXV�WUDQVIHUV�GDWD�EHWZHHQ7KH�,�2�EXV�WUDQVIHUV�GDWD�EHWZHHQ

WKH�GLVN�VXEV\VWHP�DQG�PHPRU\�DQGWKH�GLVN�VXEV\VWHP�DQG�PHPRU\�DQG

WUDQVIHUV�UHTXHVWV�DQG�UHSOLHVWUDQVIHUV�UHTXHVWV�DQG�UHSOLHV

EHWZHHQ�PHPRU\�DQG�WKH�EHWZHHQ�PHPRU\�DQG�WKH�1,&V�1,&V�

7KH�73&�&�EHQFKPDUN�VLPXODWHV�D7KH�73&�&�EHQFKPDUN�VLPXODWHV�D

UHDO�XVHU�DV�FORVHO\�DV�SRVVLEOH�E\UHDO�XVHU�DV�FORVHO\�DV�SRVVLEOH�E\

EXLOGLQJ�LQ�GHOD\V�WR�VLPXODWH�XVHUEXLOGLQJ�LQ�GHOD\V�WR�VLPXODWH�XVHU

WKLQN�WLPH��XVHU�W\SLQJ�GHOD\V��HWF�WKLQN�WLPH��XVHU�W\SLQJ�GHOD\V��HWF�

7KH�&RPSDT�7KH�&RPSDT�3UR/LDQW������DFKLHYHG3UR/LDQW������DFKLHYHG

D�WKURXJKSXW�RI���������D�WKURXJKSXW�RI���������WSP&�WSP&�
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7DEOH����5HVXOWV�RI�73&�&�%HQFKPDUN�7HVW�RQ�D�&RPSDT�3UR/LDQW�����������

73&�&�7KURXJKSXW ��������WSP&

3ULFH�3HUIRUPDQFH �����WSP&

1XPEHU�RI�8VHUV ����

,QWHUSUHWDWLRQ�RI�5HVXOWV

%HFDXVH�WKH�73&�&�EHQFKPDUN�VLPXODWHV�¦UHDO�XVHUV§�DQG�SODFHV�DQ�XSSHU�OLPLW�RQ�WKH�UHVSRQVH

WLPH��WKH�UHVXOWV�VKRZQ�LQ�7DEOH���LQGLFDWH�WKDW�WKH�3UR/LDQW������LV�DEOH�WR�FRPIRUWDEO\�VXSSRUW

LQ�H[FHVV�RI������XVHUV�LQ�WKH�2/73�HQYLURQPHQW�

,Q�DGGLWLRQ��SUHOLPLQDU\�LQYHVWLJDWLRQV�VKRZ�VOLJKWO\�ORZHU�EXW�FRPSDUDEOH�SHUIRUPDQFH�RI�WKH

6\EDVH�GDWDEDVH�ZLWK�D�VLPLODU�VHW�XS�XQGHU�WKH�:LQGRZV�17�RSHUDWLQJ�V\VWHP��7KH�&RPSDT

3UR/LDQW������UXQQLQJ�WKH�:LQGRZV�17�RSHUDWLQJ�V\VWHP�LV�DOVR�DEOH�WR�FRPIRUWDEO\�VXSSRUW

PRUH�WKDQ�D������XVHUV�LQ�WKH�WUDQVDFWLRQ�SURFHVVLQJ�HQYLURQPHQW�

8QSXEOLVKHG�PHDVXUHPHQWV�PDGH�GXULQJ�WKH�DXGLWHG�EHQFKPDUN�UXQ�LQGLFDWH�WKDW�WKH�SURFHVVRU

VXEV\VWHP�ZDV�WKH�OLPLW�WR�SHUIRUPDQFH�LQ�WKLV�HQYLURQPHQW���WKH�XWLOL]DWLRQ�OHYHOV�RI�WKH

SURFHVVRU�WR�PHPRU\�EXV�DQG�RI�WKH�QHWZRUN�ZHUH�ZLWKLQ�DFFHSWDEOH�OLPLWV��XWLOL]DWLRQ�RI�WKH�,�2

EXV��(,6$��ZDV�PHDVXUHG�DW�XQGHU������DQG�WKH�GLVN�VXEV\VWHP�ZDV�WXQHG�WR�SURYLGH�PD[LPXP

SHUIRUPDQFH�DW�PLQLPXP�FRVW���)RU�WKHVH�UHDVRQV��LW�LV�UHDVRQDEOH�WR�H[SHFW�KLJKHU�SHUIRUPDQFH�

DV�LQGLFDWHG�E\�WKH�WSP��DQG�PRUH�XVHUV�DV�KLJKHU�SHUIRUPDQFH�SURFHVVRUV�EHFRPH�DYDLODEOH�IRU

WKH�3UR/LDQW������

������86(56�,1�7+(�),/(�6(59,&(6�(19,5210(17

7KH�YDVW�PDMRULW\�RI�3&�DUFKLWHFWXUH�EDVHG�VHUYHUV�DUH�LQVWDOOHG�LQ�D�ILOH�VHUYLFHV�HQYLURQPHQW�

+LVWRULFDOO\��WKHVH�LQVWDOODWLRQV�ZHUH�LQWHQGHG�WR�DOORZ�IRU�WKH�VKDULQJ�RI�ILOHV�DQG�SULQWHUV���,Q

WLPH��PDLO�VHUYLFHV�ZHUH�DGGHG���5HFHQWO\�VKDULQJ�RI�RIILFH�DXWRPDWLRQ�DSSOLFDWLRQV�DFURVV�WKH

QHWZRUN�KDV�EHHQ�JDLQLQJ�LQ�SRSXODULW\���$OWKRXJK�HDFK�RI�WKHVH�DSSOLFDWLRQ�IDPLOLHV�SODFHV

GLIIHUHQW�GHPDQGV�RQ�WKH�VHUYHU��WKH\�DOO�VKDUH�IXQGDPHQWDOV�RI�QHWZRUN�WRSRORJLHV�DQG�FRPPRQ

ILOH�DFFHVV���0DQ\�QHWZRUNV�DUH�XVHG�IRU�DOO�RI�WKHVH�DSSOLFDWLRQV�

,Q�WKH�ILOH�VHUYLFHV�HQYLURQPHQW�D�VHUYHU�LV�DWWDFKHG�WR�RQH�RU�PRUH�ORFDO�DUHD�QHWZRUNV��/$1V�

WKURXJK�RQH�RU�PRUH�QHWZRUN�LQWHUIDFH�FRQWUROOHUV��1,&V����7KH�/$1V�FRQQHFW�WKH�VHUYHU�WR�WKH

XVHU�QRGHV�DQG�WR�RWKHU�VHUYHUV���7KH�VHUYHU�DFWV�DV�WKH�FHQWUDO�UHSRVLWRU\�IRU�VKDUHG�ILOHV�

GRFXPHQWV��PDLO��DSSOLFDWLRQV��HWF���7UDIILF�RQ�WKH�/$1�FRQVLVWV�RI�PHVVDJHV�WR�DQG�IURP�WKH�XVHUV

DQG�WKH�VHUYHU��DQG�RFFDVLRQDOO\�DGPLQLVWUDWLYH�PHVVDJHV�EHWZHHQ�VHUYHUV���7KH�WKURXJKSXW

UHTXLUHPHQW�RI�WKH�VHUYHU�LQ�WKLV�HQYLURQPHQW�YDULHV�WKURXJKRXW�WKH�GD\�

7KH�DPRXQW�RI�KDQG�KROGLQJ�WKH�1,&�UHTXLUHV�IURP�WKH�SURFHVVRU�FDQ�GLUHFWO\�LPSDFW�WKH

SHUFHLYHG�SHUIRUPDQFH�RI�WKH�VHUYHU�LQ�WKH�ILOH�VHUYLFHV�HQYLURQPHQW���,I�WKH�1,&�LV�QRW�D�EXV

PDVWHU�RU�LI�LW�JHQHUDWHV�PDQ\�LQWHUUXSWV�SHU�SDFNHW��WKH�KRVW�SURFHVVRU�ZLOO�EH�UHTXLUHG�WR�VSHQG

PDQ\�F\FOHV�KDQGOLQJ�WKH�1,&���,Q�D�VLQJOH�XVHU�GHVNWRS�V\VWHP��WKLV�PD\�QRW�LPSDFW�RYHUDOO

SHUIRUPDQFH���+RZHYHU�LQ�WKH�KHDYLO\�ORDGHG�VHUYHU�HQYLURQPHQW�WKHVH�F\FOHV�DUH�UHTXLUHG�IRU

RWKHU�WDVNV�

:KHQ�D�FOLHQW�UHTXHVWV�D�EORFN�RI�GDWD�IURP�D�ILOH�RQ�WKH�VHUYHU��WKH�VHUYHU�DOORFDWHV�VRPH�VSDFH�LQ

LWV�PHPRU\�WR�VWRUH�WKH�EORFN��7KH�EORFN�RI�GDWD�PD\�EH�D�VKDUHG�ILOH�RU�D�FRS\�RI�WKH�H[HFXWDEOH�RI

D�ZRUG�SURFHVVLQJ�SDFNDJH��7KH�EORFN�LV�WUDQVIHUUHG��IURP�WKH�GLVN�DQG�LV�VWRUHG�LQ�WKH�DUHD�LQ

VHUYHU�PHPRU\�NQRZQ�DV�WKH�GLVN�FDFKH��7KLV�EORFN�LV�WKHQ�WUDQVIHUUHG�IURP�WKH�GLVN�FDFKH�YLD�WKH

QHWZRUN�WR�WKH�FOLHQW���$�EORFN�WR�EH�ZULWWHQ�ZRXOG�WUDYHO�LQ�WKH�UHYHUVH�GLUHFWLRQ����,I�WKH�VDPH

EORFN�LV�UHTXHVWHG�DJDLQ�E\�DQ\�XVHU�EHIRUH�LW�LV�UHPRYHG�IURP�WKH�FDFKH��WKH�EORFN�ZLOO�EH

7KHUH�ZHUH������VLPXODWHG�XVHUV�LQ7KHUH�ZHUH������VLPXODWHG�XVHUV�LQ

WKLV�V\VWHP�WKLV�V\VWHP�

7KH�&RPSDT�7KH�&RPSDT�3UR/LDQW������UXQQLQJ3UR/LDQW������UXQQLQJ

WKH�:LQGRZV�17�RSHUDWLQJ�V\VWHP�LVWKH�:LQGRZV�17�RSHUDWLQJ�V\VWHP�LV

DOVR�DEOH�WR�FRPIRUWDEO\�VXSSRUW�PRUHDOVR�DEOH�WR�FRPIRUWDEO\�VXSSRUW�PRUH

WKDQ�D������XVHUV�LQ�WKH�WUDQVDFWLRQWKDQ�D������XVHUV�LQ�WKH�WUDQVDFWLRQ

SURFHVVLQJ�HQYLURQPHQW�SURFHVVLQJ�HQYLURQPHQW�

6HYHUDO�IDFWRUV�FDQ�OLPLW�SHUIRUPDQFH6HYHUDO�IDFWRUV�FDQ�OLPLW�SHUIRUPDQFH

RI�KDQGOLQJ�FOLHQW�UHTXHVWV�RI�KDQGOLQJ�FOLHQW�UHTXHVWV�
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DYDLODEOH�LQ�PHPRU\���6LQFH�LW�LV�DOUHDG\�LQ�WKH�GLVN�FDFKH��WKH�EORFN�FDQ�EH�DFFHVVHG�PRUH�TXLFNO\

WKDQ�LI�LW�ZHUH�RQ�WKH�GLVN��7KLV�LV�UHIHUUHG�WR�DV�D�¦KLW§�LQ�WKH�GLVN�FDFKH�

6HYHUDO�IDFWRUV�FDQ�OLPLW�SHUIRUPDQFH�RI�KDQGOLQJ�FOLHQW�UHTXHVWV�

x� 7KH�ILUVW�RI�WKHVH�LV�WKH�VL]H�RI�WKH�GLVN�FDFKH���,I�LW�LV�WRR�VPDOO��RU�LI�DFFHVVHV�DUH�WRR�UDQGRP�

WKHUH�ZLOO�EH�D�ODUJH�QXPEHU�RI�PLVVHV�ZKLFK�PXVW�EH�VDWLVILHG�E\�DFFHVVLQJ�WKH�GLVN�

x� 'LVN�DFFHVV�WLPHV�LPSDFW�SHUIRUPDQFH�

x� ,I�WKH�GLVN�V\VWHP�LV�QRW�WXQHG�SURSHUO\��WKHQ�WKH�WLPH�UHTXLUHG�WR�DFFHVV�GDWD�IURP�WKH�GLVN

PD\�LPSDFW�SHUIRUPDQFH�

x� $QRWKHU�SRVVLEOH�SHUIRUPDQFH�OLPLWHU�LV�WKH�,�2�EXV�RYHU�ZKLFK�LQIRUPDWLRQ�WUDYHOV�EHWZHHQ

WKH�GLVNV��PHPRU\��DQG�1,&���,I�WKH�,�2�EXV�LV�WRR�FRQJHVWHG��RU�LQHIILFLHQW��SHUIRUPDQFH�ZLOO

EH�OLPLWHG�

7KH�ILQDO�SRWHQWLDO�OLPLWHU�RI�WKLV�HQYLURQPHQW�LV�WKH�SK\VLFDO�/$1��(WKHUQHW�LV�WKH�GRPLQDQW

/$1�HQYLURQPHQW���7KH�WKHRUHWLFDO�PD[LPXP�EDQGZLGWK�RI�(WKHUQHW�LV����0ESV��PHJDELWV�SHU

VHFRQG����%HFDXVH�RI�SURWRFRO�RYHUKHDGV��HWF���WKH�SUDFWLFDO�EDQGZLGWK�LV�VXEVWDQWLDOO\�OHVV�LQ�WKH

¦UHDO�ZRUOG�§��:KLOH�WKH�(WKHUQHW�FDQ�EH�YLHZHG�DV�D�EXV�OLNH�WKH�(,6$�EXV�WKH�EHKDYLRU�RI�WKH

WZR�LV�YHU\�GLIIHUHQW��$OO�RI�WKH�(,6$�EXV�EDQGZLGWK�FDQ�EH�XVHG�HIIHFWLYHO\�H[FHSW�IRU�FHUWDLQ

VPDOO�RYHUKHDGV�LQ�WUDQVPLVVLRQ�DQG�DUELWUDWLRQ���:KHQ�WKH�XWLOL]DWLRQ�RI�WKH�(WKHUQHW�LQFUHDVHV

EH\RQG������WKH�SDFNHWV�WU\LQJ�WR�DFFHVV�WKH�(WKHUQHW�IURP�GLIIHUHQW�PDFKLQHV�FROOLGH�

1HZ�����0ESV�(WKHUQHW�1,&V��VXFK�DV�WKH�&RPSDT�1HW)OH[����DUH�QRZ�DYDLODEOH���%HFDXVH�WKH\

UHTXLUH�D�KLJKHU�JUDGH�RI�ZLULQJ�WKDQ�PRVW�(WKHUQHW�LQVWDOODWLRQV�FXUUHQWO\�KDYH��WKHLU�XVH�LV

SUHGRPLQDWHO\�LQ�WKH�VHUYHU��$OVR�DYDLODEOH�DUH�URXWHUV�ZLWK�D�IHZ�����0ESV�SRUWV�WKDW�FDQ

FRQQHFW�WR�WKH�VHUYHU�DQG�VHYHUDO����0ESV�SRUWV�WKDW�FDQ�FRQQHFW�WR�WKH�FOLHQWV���,Q����0ESV

(WKHUQHW��DERXW�����0HJDE\WHV�SHU�VHFRQG��WKH�ZLUH�LV�RIWHQ�WKH�OLPLWHU�RI�SHUIRUPDQFH�DQG�KRZ

PDQ\�XVHUV�FDQ�VXSSRUWHG�

7RGD\©V�����0ESV�WHFKQRORJLHV�DUH�PRYLQJ�WKH�ERWWOHQHFN�WR�RWKHU�SDUWV�RI�WKH�V\VWHP���+RZHYHU�

ZLWK�WKH�QHWZRUNLQJ�VXEV\VWHP�FDSDEOH�RI�VXFK�KLJK�WKURXJKSXWV��LW�LV�IHDVLEOH�WR�FRQVLGHU

VXSSRUWLQJ�D�ODUJH�QXPEHU�RI�XVHUV�RQ�D�VLQJOH�VHUYHU�E\�FRQVROLGDWLQJ�VHYHUDO�VHUYHUV�LQWR�RQH�

),/(�6(59,&(6�%(1&+0$5.�'(6&5,37,21

2QH�RI�WKH�LQGXVWU\�VWDQGDUG�EHQFKPDUNV�IRU�ILOH�VHUYLFHV�LV�1HW%HQFK�SXEOLVKHG�E\�=LII�'DYLV�

7KH�WHVWV�IRU�WKLV�LQYHVWLJDWLRQ�DUH�EDVHG�RQ�1HW%HQFK�YHUVLRQ������7KH�1HW%HQFK�SURJUDP�UXQV

RQ�WKH�FOLHQW�ZRUNVWDWLRQV��1HW%HQFK�UHTXLUHV�QR�VSHFLDO�VHUYHU�VRIWZDUH�DSDUW�IURP�WKH�ILOH

VHUYLFHV�RI�WKH�1HWZRUN�2SHUDWLQJ�6\VWHP��126���6LQFH�D�PDMRULW\�RI�&RPSDT�FXVWRPHUV�XVH

1RYHOO©V�1HW:DUH�DV�WKHLU�126�LQ�WKH�ILOH�VHUYLFHV�HQYLURQPHQW��WKH�UHVXOWV�JLYHQ�KHUH�DUH�EDVHG

RQ�1HW:DUH��YHUVLRQ�������7KH�1HW%HQFK�FRQVROH�LV�D�FRQWUROOLQJ�ZRUNVWDWLRQ�DQG�UDQ�XQGHU

:LQGRZV�������7KH�1HW%HQFK�FOLHQWV�ZHUH�UXQ�XQGHU�'26���(DFK�1HW%HQFK�FOLHQW�UHDG�RU�ZURWH�D

EORFN�RI�GDWD�RQ�WKH�VHUYHU���:KHQ�WKH�UHTXHVW�LV�FRPSOHWH�DQG�WKH�FOLHQW�KDV�HLWKHU�UHFHLYHG�WKH

GDWD�UHTXHVWHG�RU�KDV�UHFHLYHG�DQ�DFNQRZOHGJPHQW�RI�WKH�ZULWH��WKH�FOLHQW�JHQHUDWHV�DQRWKHU

UHTXHVW��7KH�FOLHQWV�FRQWLQXH�PDNLQJ�WKHVH�UHTXHVWV�IRU�WKH�GXUDWLRQ�RI�WKH�EHQFKPDUN�

7KH�1HW%HQFK�FOLHQWV�PDNH�VLPXOWDQHRXV�DFFHVV�WR�WKH�VHUYHU���7KLV�LV�XQFKDUDFWHULVWLF�RI�UHDO

XVHUV��8VHUV�ZRUNLQJ�RQ�ZRUNVWDWLRQV�ZLWK�GLVNV�VKRXOG�EH�DEOH�WR�ZRUN�GXULQJ�DW�OHDVW�SDUW�RI�WKH

GD\�ZLWK�YHU\�IHZ�UHTXHVWV�WR�WKH�VHUYHU���7KH�1HW%HQFK�FOLHQWV�FDQ�DOVR�EH�VHW�XS�WR�PDNH�EDFN�

WR�EDFN�UHTXHVWV�WR�WKH�VHUYHU���)RU�H[DPSOH��D�W\SLFDO�ILOH�VHUYHU�XVHU�ZLOO�RSHQ�D�ZRUG�SURFHVVLQJ

GRFXPHQW�DQG�WKHQ�VSHQG�WLPH�HGLWLQJ�RU�UHDGLQJ�WKH�GRFXPHQW�EHIRUH�VDYLQJ�LW�RU�RSHQLQJ

DQRWKHU�RQH���7KH�EHQFKPDUN�ZDV�UXQ�LQ�WKLV�PRGH�GXULQJ�WKLV�LQYHVWLJDWLRQ��+RZHYHU��WKLV�LV�QRW

FKDUDFWHULVWLF�RI�D�UHDO�XVHU�ZKR�ZRXOG�QRUPDOO\�KDYH�D�FHUWDLQ�DPRXQW�RI�WKLQN�WLPH�EHWZHHQ

7KH�ILQDO�SRWHQWLDO�7KH�ILQDO�SRWHQWLDO�OLPLWHU�RI�WKLVOLPLWHU�RI�WKLV

HQYLURQPHQW�LV�WKH�SK\VLFDO�/$1�HQYLURQPHQW�LV�WKH�SK\VLFDO�/$1�

1HZ�����1HZ�����0ESV�(WKHUQHW�0ESV�(WKHUQHW�1,&V��VXFK1,&V��VXFK

DV�WKH�&RPSDT�1HW)OH[����DUH�QRZDV�WKH�&RPSDT�1HW)OH[����DUH�QRZ

DYDLODEOH�DYDLODEOH�

7RGD\·V�����7RGD\·V�����0ESV�WHFKQRORJLHV�DUH0ESV�WHFKQRORJLHV�DUH

PRYLQJ�WKH�ERWWOHQHFN�WR�RWKHU�SDUWVPRYLQJ�WKH�ERWWOHQHFN�WR�RWKHU�SDUWV

RI�WKH�V\VWHP���+RZHYHU��ZLWK�WKHRI�WKH�V\VWHP���+RZHYHU��ZLWK�WKH

QHWZRUNLQJ�VXEV\VWHP�FDSDEOH�RIQHWZRUNLQJ�VXEV\VWHP�FDSDEOH�RI

VXFK�KLJK�WKURXJKSXWV��LW�LV�IHDVLEOH�WRVXFK�KLJK�WKURXJKSXWV��LW�LV�IHDVLEOH�WR

FRQVLGHU�VXSSRUWLQJ�D�ODUJH�QXPEHU�RIFRQVLGHU�VXSSRUWLQJ�D�ODUJH�QXPEHU�RI

XVHUV�RQ�D�VLQJOH�VHUYHU�E\XVHUV�RQ�D�VLQJOH�VHUYHU�E\

FRQVROLGDWLQJ�VHYHUDO�VHUYHUV�LQWRFRQVROLGDWLQJ�VHYHUDO�VHUYHUV�LQWR

RQH�RQH�

2QH�RI�WKH�LQGXVWU\�VWDQGDUG2QH�RI�WKH�LQGXVWU\�VWDQGDUG

EHQFKPDUNV�IRU�ILOH�VHUYLFHV�LVEHQFKPDUNV�IRU�ILOH�VHUYLFHV�LV

1HW%HQFK�SXEOLVKHG�E\�1HW%HQFK�SXEOLVKHG�E\�=LII�'DYLV�=LII�'DYLV�

7KH�7KH�1HW%HQFK�FOLHQWV�PDNH1HW%HQFK�FOLHQWV�PDNH

VLPXOWDQHRXV�DFFHVV�WR�WKH�VHUYHU�VLPXOWDQHRXV�DFFHVV�WR�WKH�VHUYHU�

7KLV�LV�XQFKDUDFWHULVWLF�RI�UHDO�XVHUV�7KLV�LV�XQFKDUDFWHULVWLF�RI�UHDO�XVHUV�

8VHUV�ZRUNLQJ�RQ�ZRUNVWDWLRQV�ZLWK8VHUV�ZRUNLQJ�RQ�ZRUNVWDWLRQV�ZLWK

GLVNV�VKRXOG�EH�DEOH�WR�ZRUN�GXULQJ�DWGLVNV�VKRXOG�EH�DEOH�WR�ZRUN�GXULQJ�DW

OHDVW�SDUW�RI�WKH�GD\�ZLWK�YHU\�IHZOHDVW�SDUW�RI�WKH�GD\�ZLWK�YHU\�IHZ

UHTXHVWVUHTXHVWV�WR�WKH�VHUYHU�WKH�VHUYHU�
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UHTXHVWV�WR�WKH�VHUYHU��)RU�WKHVH�DQG�RWKHU�UHDVRQV��HDFK�1HW%HQFK�FOLHQW�LQ�WKLV�WHVW�SODFHG�PXFK

PRUH�VWUHVV�RQ�WKH�VHUYHU�WKDQ�D�UHDO�XVHU�

1HW%HQFK�FDQ�EH�UXQ�LQ�VHYHUDO�GLIIHUHQW�FRQILJXUDWLRQV��HDFK�RI�ZKLFK�FDQ�VWUHVV�WKH�SHUIRUPDQFH

RI�GLIIHUHQW�VXEV\VWHPV�RI�WKH�VHUYHU��7KH�1HW%HQFK�1,&�WHVW�FRQFHQWUDWHV�RQ�WHVWLQJ�PD[LPXP

WKURXJKSXW�WKDW�FDQ�EH�VXVWDLQHG�RQ�WKH�1,&�FDUGV�LQ�WKH�VHUYHU��7KLV�WHVW�FDFKHV�DOO�GDWD�LQ�WKH

GLVN�FDFKH�LQ�PHPRU\�DQG�GRHV�QRW�LQYROYH�GLVN�DFFHVVHV�GXULQJ�WKH�WHVWLQJ��7KLV�WHVW�FDQ�EH

FRQILJXUHG�WR�UXQ�DW�D�VSHFLILF�FOLHQW�EORFN�UHTXHVW�VL]H��7KH�UHVXOWV�RI�WKLV�WHVW�JLYH�DQ�XSSHU

ERXQG�RQ�WKH�SHUIRUPDQFH�WKH�VHUYHU�FDQ�DFKLHYH�DW�D�VSHFLILF�EORFN�VL]H�JUDQXODULW\��7KLV�WHVW

GLIIHUV�IURP�WKH�UHDO�ZRUOG�LQ�WKDW�WKH�VHUYHU�GLVN�FDFKH�KLW�UDWH�LV��������7\SLFDOO\��V\VWHPV

DGPLQLVWUDWRUV�DWWHPSW�WR�PDLQWDLQ�GLVN�FDFKH�KLW�UDWHV�RI�DURXQG�������7KH�SHUIRUPDQFH�RI�WKH

GLVN�V\VWHP�KDV�HVVHQWLDOO\�QR�LPSDFW�RQ�WKLV�EHQFKPDUN�

,Q�WKH�1HW%HQFK�'LVN�0L[�WHVW�WKH�VHUYHU�ILHOGV�UHTXHVWV�RI��YDU\LQJ�EORFN�VL]HV�DQG�D�FRPELQDWLRQ

RI�UHDGV�DQG�ZULWHV�WKDW�LV�GHILQHG�E\�1HW%HQFK�WR�VLPXODWH�UHDO�XVDJH��(DFK�XVHU�LV�VHW�XS�LQLWLDOO\

ZLWK�D�ODUJH�ILOH��PLQLPXP�VL]H�RI����0%���(DFK�XVHU�WKHQ�PDNHV�UDQGRP�UHDG�DQG�ZULWH�UHTXHVWV

UHVWULFWHG�RQO\�WR�LWV�ILOH��:KLOH�UHDO�XVHUV�VKDUH�ILOHV��WKLV�HIIHFW�LV�QRW�VLPXODWHG�LQ�WKH�1HW%HQFK

'LVN�0L[�WHVW��7KHUHIRUH�WKH�GLVN�FDFKH�KLW�UDWLR�ZLOO�EH�ORZHU�ZKHQ�UXQQLQJ�1HW%HQFK�'LVN�0L[

WHVW�ZLWK�D�ODUJH�QXPEHU�RI�XVHUV�WKDQ�WKH�H[SHFWHG�GLVN�FDFKH�KLW�UDWLR�LQ�WKH�UHDO�ZRUOG���7KH

UHVXOWV�RI�WKLV�WHVW�JLYH�D�ORZHU�ERXQG�RQ�VHUYHU�SHUIRUPDQFH�

7HVW�6HWXS

7KH�3UR/LDQW������VHUYHU�ZDV�WHVWHG�DW�WKH�1RYHOO�6XSHUODE���7KH�6XSHUODE�SURYLGHV�DFFHVV�WR

�����ZRUNVWDWLRQV��'XULQJ�WKH�SHULRG�RI�WKH�LQYHVWLJDWLRQ�RQO\�����RI�WKH�FOLHQWV�ZHUH�RSHUDWLRQDO�

7KH�RYHUDOO�WHVW�VHW�XS�LV�VKRZQ�LQ�)LJXUH����7KH�FOLHQWV�ZHUH�FRQQHFWHG�WR����0ELW�(WKHUQHW

VHJPHQWV��7KHUH�ZHUH�XS�WR����ZRUNVWDWLRQV�RQ�HDFK�RI����VHJPHQWV��7ZR�6\VFRQQHFW�����

VZLWFKLQJ�KXEV�ZHUH�XVHG��(DFK�VZLWFKLQJ�KXE�KDG�IRXUWHHQ����0ELW�SRUWV�FRQQHFWHG�WR�FOLHQW

VHJPHQWV�DQG�RQH�����0ELW�SRUW�FRQQHFWHG�WR�WKH�3UR/LDQW�������7KH�3UR/LDQW������KDG�WZR

1HW)OH[�������%DVH7;�1,&�FDUGV�LQVWDOOHG�
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7KH�7KH�3UR/LDQW������VHUYHU�ZDV�WHVWHG3UR/LDQW������VHUYHU�ZDV�WHVWHG

DW�WKH�DW�WKH�1RYHOO�1RYHOO�6XSHUODE���7KH�6XSHUODE���7KH�6XSHUODE6XSHUODE

SURYLGHV�DFFHVV�WR������SURYLGHV�DFFHVV�WR������

ZRUNVWDWLRQV��'XULQJ�WKH�SHULRG�RI�WKHZRUNVWDWLRQV��'XULQJ�WKH�SHULRG�RI�WKH

LQYHVWLJDWLRQ�RQO\�����RI�WKH�FOLHQWVLQYHVWLJDWLRQ�RQO\�����RI�WKH�FOLHQWV

ZHUH�RSHUDWLRQDO�ZHUH�RSHUDWLRQDO�
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����0ELW

���0ELW�(WKHUQHW�6HJPHQWV

����0ELW

��� ����ZRUNVWDWLRQV�RU�IHZHU

6

<

6

&
2

1

1

(

&

7

6

:

,

7

&

+

X3

&

0HP

X3

&

X3

&

PX[

+RVW�%XV

(,6$

X3

&

6&6,�'LVN

&RQWUROOHU

1HW)OH[��

����%DVH�7;

1HW)OH[��

����%DVH�7;

&RPSDT�3UR/LDQW������6HUYHU

X3���3HQWLXP��3URFHVVRU

&�����&DFKH

6

<

6

&

2

1

1

(

&

7

6

:

,

7

&
+

)LJXUH����6\VWHP�VHWXS�IRU������FOLHQW�1HW%HQFK�UXQ�RQ�D�&RPSDT�3UR/LDQW�����

5HVXOWV

7KH�UHVXOWV�RI�WKH�WHVW�DUH�VKRZQ�LQ�)LJXUH�����7KH�1HW%HQFK�1,&�WHVW�ZDV�UXQ�ZLWK�D�UHTXHVW�VL]H

RI��.%��7KH�1,&�WHVW�ZDV�UHSHDWHG�IRU�YDU\LQJ�QXPEHU�RI�FOLHQWV��'XULQJ�HDFK�UXQ��WKH�QXPEHU�RI

FOLHQWV�LQ�HDFK�(WKHUQHW�VHJPHQW�ZDV�HTXDO��EDODQFLQJ�WKH�FOLHQW�ORDG�DFURVV�DOO�VHJPHQWV�

1HW%HQFK�DOORZV�YDU\LQJ�WKH�VWUHVV�OHYHO�SODFHG�RQ�WKH�VHUYHU�E\�YDU\LQJ�WKH�WKLQN�WLPH�RI�HDFK

FOLHQW��WKH�WLPH�WKDW�WKH�FOLHQW�SDXVHV�EHWZHHQ�LWHUDWLRQV���7KLV�WHVW�UDQ�DW�WKH�PD[LPXP�VWUHVV

OHYHO��QR�WKLQN�WLPH�EHWZHHQ�LWHUDWLRQV���5HIHU�WR�WKH�DSSHQGL[�IRU��WKH�V\VWHP�VHW�XS��)LJXUH��

VKRZV�WKH�V\VWHP�WKURXJKSXW�DQG�WKH�FRUUHVSRQGLQJ�SURFHVVRU�DQG�(,6$�EXV�XWLOL]DWLRQ�ZKHQ

GLIIHUHQW�QXPEHUV�RI�FOLHQWV�ZHUH�DFWLYH��7KH�IROORZLQJ�VHFWLRQ�GHVFULEHV�WKH�LQWHUSUHWDWLRQ�RI�WKH

QXPEHUV�SUHVHQWHG�
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7KLV�WHVW�UDQ�DW�WKH�PD[LPXP�VWUHVV7KLV�WHVW�UDQ�DW�WKH�PD[LPXP�VWUHVV

OHYHO��QR�WKLQN�WLPH�EHWZHHQOHYHO��QR�WKLQN�WLPH�EHWZHHQ

LWHUDWLRQV��LWHUDWLRQV��
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1XPEHU�RI�FOLHQWV

6
\
V
WH
P
�7
K
UR
X
J
K
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X
W�
�0

%
�V
H
F
�

�

��

��

��

��

���

8
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OL
]
D
WL
R
Q
��
�
�

7KURXJKSXW

&38�8

(,6$�8

)LJXUH����7KURXJKSXW��SURFHVVRU�8WLOL]DWLRQ��DQG�(,6$�8WLOL]DWLRQ�IRU�WKH�&RPSDT�3UR/LDQW������UXQQLQJ

1HW%HQFK�ZLWK�����FOLHQWV��3URFHVVRU��3HQWLXP�����0+]��0HPRU\���*%��'LVN�����GLVNV

,QWHUSUHWDWLRQ�RI�5HVXOWV

)LJXUH���VKRZV�WKH�V\VWHP�WKURXJKSXW��SURFHVVRU�XWLOL]DWLRQ�DQG�WKH�(,6$�EXV�XWLOL]DWLRQ�SORWWHG

DJDLQVW�WKH�QXPEHU�RI�FOLHQWV�IRU�WKH�1HW%HQFK�1,&�WHVW�RQ�D�&RPSDT�3UR/LDQW�������$V�VHHQ�LQ

WKH�ILJXUH�WKH�WKURXJKSXW�IURP�WKH�VHUYHU�LV�D�PD[LPXP�DW�����FOLHQWV�DQG�WKHQ�LW�GURSV�VOLJKWO\

DV�WKH�QXPEHU�RI�XVHUV�LV�LQFUHDVHG�WR������7KLV�LV�GXH�WR�FROOLVLRQV�LQ�WKH�FOLHQW�(WKHUQHW�VHJPHQW�

7KHUH�ZHUH�DSSUR[LPDWHO\����FOLHQWV�SHU�(WKHUQHW�VHJPHQW�LQ��WKH�PD[LPXP�FOLHQW�FRQILJXUDWLRQ�

7KH�FOLHQWV�ZHUH�VHW�WR�UXQ�DW�WKH�PD[LPXP�VWUHVV�OHYHO��7KLV�PHDQV�WKDW�WKH�FOLHQWV�ZHUH

UHTXHVWLQJ�PRUH�SDFNHWV�IURP�WKH�VHUYHU�DV�VRRQ�DV�WKH\�UHFHLYHG�D�UHSO\�IRU�D�SUHYLRXV�UHTXHVW�

:KHQ�D�ODUJHU�QXPEHU�RI�YHU\�DFWLYH�FOLHQWV�DUH�FRQQHFWHG�WR�WKH�VDPH�(WKHUQHW�VHJPHQW�

FROOLVLRQV�LQ�WKH�VHJPHQW�FDXVH�QHWZRUN�LQHIILFLHQFLHV�GXH�WR�WKH�FROOLVLRQ�GHWHFW�DQG�EDFN�RII

SURWRFRO�XVHG�LQ�(WKHUQHW���7KHUHIRUH��WKH�PD[LPXP�SRVVLEOH�EDQGZLGWK�LQ�WKH�V\VWHP�FDQQRW�EH

XWLOL]HG�HIIHFWLYHO\��7KH�UHVXOWV�SUHVHQWHG�KHUH�DUH�IRU�XS�WR�����VLPXOWDQHRXV�XVHUV�

$V�PHQWLRQHG��WKH�1HW%HQFK�FOLHQWV�LQ�WKHVH�WHVWV�GLG�QRW�SDXVH�EHWZHHQ�JHWWLQJ�D�UHSO\�DQG

VHQGLQJ�RXW�WKH�QH[W�UHTXHVW��$�UHDO�XVHU�ZRXOG�KDYH�D�FHUWDLQ�DPRXQW�RI�WKLQN�WLPH�WR�SURFHVV�WKH

UHSO\�UHFHLYHG�EHIRUH�VHQGLQJ�RXW�DQRWKHU�UHTXHVW��$OVR��LQ�WKH�UHDO�ZRUOG�QRW�DOO�XVHUV�ZRXOG�LVVXH

UHTXHVWV�WR�WKH�VHUYHU�VLPXOWDQHRXVO\���7KHUHIRUH�WKHVH�1HW%HQFK�WKURXJKSXW�UHVXOWV�FDQ�VDIHO\�EH

H[WUDSRODWHG�WR�D�ODUJHU�QXPEHU�RI�UHDO�XVHUV�

)LJXUH���DOVR�VKRZV�WKH�SURFHVVRU�XWLOL]DWLRQ�DQG�WKH�XWLOL]DWLRQ�RI�WKH�(,6$�EXV��7KH�SURFHVVRU

XWLOL]DWLRQ�ZDV�PHDVXUHG�XVLQJ�D�1HW:DUH�/RDGDEOH�0RGXOH��1/0����$V�FDQ�EH�VHHQ��WKH�1/0

UHSRUWV�WKDW�WKH�SURFHVVRU�LV�DOPRVW�IXOO\�XWLOL]HG��,Q�WKLV�WHVW��WKH�SURFHVVRU�LV�SURFHVVLQJ�UHTXHVW

SDFNHWV��EXLOGLQJ�GDWD�SDFNHWV��VHUYLFLQJ�LQWHUUXSWV��DQG�LQLWLDWLQJ�EXV�PDVWHU�WUDQVIHUV�DV�TXLFNO\

DV�LW�FDQ��WKXV��WKH�QHWZRUN�LV�QRW�WKH�ERWWOHQHFN���7KLV�KLJK�SURFHVVRU�XWLOL]DWLRQ�LV�GLIIHUHQW�WKDQ

WKDW�SUHYLRXVO\�REVHUYHG�ZLWK����0ESV�(WKHUQHW�ZKLFK�UXQV�DW�RQH�WHQWK�WKH�VSHHG���,W�LV

FRQVLVWHQW��KRZHYHU��EHFDXVH�LQ�WKRVH�SUHYLRXV�V\VWHPV�WKH�QHWZRUN�ZDV�WKH�ERWWOHQHFN�DQG�LQ�WKH

QHZ�V\VWHPV�LW�QR�ORQJHU�LV�
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7KH�UHVXOWV�SUHVHQWHG�KHUH�DUH�IRU�XS7KH�UHVXOWV�SUHVHQWHG�KHUH�DUH�IRU�XS

WR�����VLPXOWDQHRXV�XVHUV�WR�����VLPXOWDQHRXV�XVHUV�

$V�PHQWLRQHG��WKH�$V�PHQWLRQHG��WKH�1HW%HQFK�FOLHQWV�LQ1HW%HQFK�FOLHQWV�LQ

WKHVH�WHVWV�GLG�QRW�SDXVH�EHWZHHQWKHVH�WHVWV�GLG�QRW�SDXVH�EHWZHHQ

JHWWLQJ�D�UHSO\�DQG�VHQGLQJ�RXW�WKHJHWWLQJ�D�UHSO\�DQG�VHQGLQJ�RXW�WKH

QH[W�UHTXHVW��$�UHDO�XVHU�ZRXOG�KDYHQH[W�UHTXHVW��$�UHDO�XVHU�ZRXOG�KDYH

D�FHUWDLQ�DPRXQW�RI�WKLQN�WLPH�WRD�FHUWDLQ�DPRXQW�RI�WKLQN�WLPH�WR

SURFHVV�WKH�UHSO\�UHFHLYHG�EHIRUHSURFHVV�WKH�UHSO\�UHFHLYHG�EHIRUH

VHQGLQJ�RXW�DQRWKHU�UHTXHVW�VHQGLQJ�RXW�DQRWKHU�UHTXHVW�
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7KH�(,6$�EXV�KDV�D�UHODWLYHO\�FRQVWDQW�XWLOL]DWLRQ�RI�����GXULQJ�WKH�EHQFKPDUN���:KLOH�����LV

RQH�RI�WKH�KLJKHVW�(,6$�XWLOL]DWLRQV�UHSRUWHG�GXULQJ�D�EHQFKPDUN��LW�LV�QRW�WKH�SHUIRUPDQFH

OLPLWHU���7KH�(,6$�EXV�SURWRFRO�KDV�EHHQ�GHVLJQHG�WR�KDYH�D�YHU\�ORZ�DUELWUDWLRQ�DQG�VZLWFKLQJ

RYHUKHDG�VR�PRVW�RI�WKH�¦XWLOL]DWLRQ§�LV�XVHG�IRU�XVHIXO�ZRUN��'XH�WR�LWV�GHVLJQ�FKDUDFWHULVWLFV��LW�LV

SRVVLEOH�WR�GULYH�(,6$�XWLOL]DWLRQ�WR�ZHOO�DERYH�����DQG�VWLOO�DFFRPSOLVK�XVHIXO�ZRUN�LI

LQWHOOLJHQW�SHULSKHUDOV�DUH�EHLQJ�XVHG��7KH�1HW)OH[���FRQWUROOHUV�DQG�WKHLU�FRQWURO�VRIWZDUH�KDYH

EHHQ�GHVLJQHG�WR�PDNH�HIILFLHQW�XVH�RI�WKH�EXV�EDQGZLGWK����$V�D�VLGH�QRWH��VLQFH�WKH�ERWWOHQHFN�LQ

WKH�V\VWHP�LV�LQ�RWKHU�VXEV\VWHPV�DQG�QRW�LQ�WKH�,�2�EXV��WKLV�SDUWLFXODU�VHW�XS�ZLOO�KDYH�HTXDO

WKURXJKSXW�RQ�D�VHUYHU�WKDW�KDV�VLPLODU�SURFHVVRU�DQG�PHPRU\�DUFKLWHFWXUH�EXW�KDV�D�3&,�EXV�DV

WKH�,�2�EXV�

%XV�8WLOL]DWLRQ�1XPEHUV%XV�8WLOL]DWLRQ�1XPEHUV

:KLOH�WKH�(WKHUQHW�FDQ�EH�YLHZHG�DV�D�EXV�OLNH�WKH�(,6$�EXV�WKH�EHKDYLRU�RI�WKH�WZR�LV�YHU\

GLIIHUHQW��$OO�RI�WKH�(,6$�EXV�EDQGZLGWK�FDQ�EH�XVHG�HIIHFWLYHO\�H[FHSW�IRU�FHUWDLQ�VPDOO

RYHUKHDGV�LQ�WUDQVPLVVLRQ�DQG�DUELWUDWLRQ��,Q�WKLV�SDUWLFXODU�VLWXDWLRQ�WKH�RYHUKHDG�LV�EHWZHHQ����

����RI�WKH�(,6$�EXV��7KH�UHPDLQLQJ�EDQGZLGWK�LV�XVHG�IRU�GDWD�WUDQVIHU��%\�FRQWUDVW��VKDUHG

(WKHUQHW�FDQ�RQO\�XVH�DERXW�����RI�LWV�EDQGZLGWK�HIIHFWLYHO\���:KHQ�WKH�XWLOL]DWLRQ�RI�WKH

(WKHUQHW�LQFUHDVHV�EH\RQG������WKH�SDFNHWV�WU\LQJ�WR�DFFHVV�WKH�(WKHUQHW�IURP�GLIIHUHQW�PDFKLQHV

FROOLGH���:KHQ�D�FROOLVLRQ�LV�GHWHFWHG��WKH�WZR�PDFKLQHV�EDFN�RII�IRU�D�UDQGRP�DPRXQW�RI�WLPH

EHIRUH�UHWU\LQJ���,I�WKH�VDPH�SDFNHW�KDV�PXOWLSOH�FROOLVLRQV��HDFK�WLPH�LW�EDFNV�RII�IRU�DQ

H[SRQHQWLDOO\�LQFUHDVLQJ�DPRXQW�RI�WLPH��7KHUHIRUH��ZLWK�LQFUHDVLQJ�FROOLVLRQV��WKH�HIIHFWLYH

WKURXJKSXW�ZLOO�GURS�H[SRQHQWLDOO\��7KH�(,6$�EXV�KDV�D�FHQWUDO�DUELWUDWLRQ�WKDW�FRQWUROV�DFFHVV�RI

DOO�PDVWHUV�WR�WKH�EXV��7KHUH�LV�QR�QHHG�WR�GHWHFW�FROOLVLRQV��VLQFH�RQO\�RQH�PDVWHU�FDQ�XVH�WKH�EXV

DW�DQ\�JLYHQ�WLPH��7KHUHIRUH��WKH�EDQGZLGWK�LV�QRW�ZDVWHG�LQ�UHWUDQVPLVVLRQV�DQG�VLOHQW�SHULRGV

�ZKHQ�QR�PDVWHU�LV�XVLQJ�WKH�EXV�EHFDXVH�WKH\�KDYH�WR�ZDLW�IRU�WKH�EDFN�RII�WLPHU�WR�H[SLUH��

7KH�PD[LPXP�WKURXJKSXW�IURP�WKH�V\VWHP�ZLWK�WZR�����0ELW�1,&V�LQVWDOOHG�DQG�����1HW%HQFK

FOLHQWV�ZDV����0%�VHF��%HFDXVH�WKLV�LV�D�1HW%HQFK�1,&�WHVW��LW�GRHV�QRW�LQFOXGH�GLVN�DFFHVV��,I��LQ

WKH�UHDO�XVHU�HQYLURQPHQW��WKHUH�DUH�VRPH�GLVN�DFFHVVHV��SDUW�RI�WKH�(,6$�EXV�EDQGZLGWK�DQG�WKH

SURFHVVRU�EDQGZLGWK�ZRXOG�EH�UHTXLUHG�WR�VHUYLFH�WKH�GLVN�DFFHVVHV��7KLV�ZRXOG�UHGXFH�WKH�WRWDO

VHUYHU�EDQGZLGWK�DYDLODEOH�IRU�QHWZRUN�VHUYLFHV�

$OVR��WKH�WHVW�UHVXOWV�VKRZQ�LQ�)LJXUH���DUH�IRU�D�EORFN�UHTXHVW�VL]H�RI��.%��,Q�D�W\SLFDO�XVHU

HQYLURQPHQW���.%�LV�OLNHO\�WR�EH�D�PHGLDQ�EORFN�VL]H��KRZHYHU��LW�LV�QRW�OLNHO\�WR�EH�DQ�DYHUDJH

EORFN�VL]H���1RWH���$OWKRXJK�WKH�UHTXHVWHG�EORFN�VL]H�LV��.%��WKH�ODUJHVW�SDFNHW�ZKLFK�FDQ�EH

WUDQVIHUUHG�RQ�(WKHUQHW�LV������E\WHV��VR�WKH�EORFN�LV�VHQW�LQ�VHYHUDO�SDFNHWV����:LWK�ODUJHU�EORFN

VL]H�UHTXHVWV��WKH�QHWZRUN�DQG�EDQGZLGWK�ZLWKLQ�WKH�VHUYHU�DUH�XVHG�PRUH�HIILFLHQWO\��7KH

WKHRUHWLFDO�PD[LPXP�WKURXJKSXW�DFKLHYDEOH�WKURXJK�WKH�WZR�1,&V�LV����0%�VHF������0ELW�VHF�

IXOO�GXSOH[���7KH�1HW%HQFK�1,&�WHVW�WUDIILF�LV�SULPDULO\�LQ�RQH�GLUHFWLRQ��VLQFH�WKH�FOLHQWV�GR�QRW

ZULWH�WR�WKH�VHUYHU��WKH\�RQO\�UHDG�IURP�LW���,Q�WKH�1HW%HQFK�1,&�WHVW�WKH�WKHRUHWLFDO�PD[LPXP

WKURXJKSXW�DFKLHYDEOH�LV����0%�VHF������0ELW�VHF���RU�RQH�KDOI�WKH�IXOO�GXSOH[�FDVH��)LJXUH��

VKRZV�WKDW�WKH�SHDN�V\VWHP�WKURXJKSXW�DFKLHYHG��DV�UHSRUWHG�E\�1HW%HQFK��ZDV����0%�VHF��7KH

UHPDLQLQJ�EDQGZLGWK�RI�WKH�QHWZRUN�LV�XVHG�WR�WUDQVIHU�WKH�UHTXHVWV��SDFNHW�KHDGHUV�

DFNQRZOHGJPHQWV��DQG�VR�IRUWK��:KHQ�WKH�SDFNHW�VL]H�LV�UHGXFHG�WR�����E\WHV��WKH�SHDN�V\VWHP

WKURXJKSXW�ZLOO�EH�UHGXFHG��SHUKDSV�WR�DV�ORZ�DV����0%�VHF��7KHUHIRUH�LI�WKH�XVHUV�DUH�H[SHFWHG�WR

WUDQVIHU�PRVWO\�VPDOO�SDFNHWV��WKH�PD[LPXP�DYDLODEOH�EDQGZLGWK�ZLOO�EH�UHGXFHG�

([WUDSRODWLRQ�RI�1HW%HQFK�5HVXOWV�WR�7\SLFDO�8VDJH

,W�LV�LPSRUWDQW�WR�EH�DEOH�WR�UHODWH�WKH�UHVXOWV�RI�WKH�1HW%HQFK�EHQFKPDUNV�WR�WKH�EHKDYLRU�RI

¦UHDO§�1HW:DUH�FOLHQWV��7KH�1HW%HQFK�FOLHQWV�XVHG�LQ�WKLV�LQYHVWLJDWLRQ�ZHUH�VHW�XS�WR�VWUHVV�WKH

VHUYHU�DV�PXFK�DV�SRVVLEOH��7KLV�DOORZV�RQH�WR�IXOO\�ORDG�D�VHUYHU�ZLWK�D�KDQGIXO�RI�ZRUNVWDWLRQV

LQ�WKH�WHVW�HQYLURQPHQW��7KH�1HW%HQFK�FOLHQWV�DUH�FRQILJXUHG�WKLV�ZD\�VLQFH�LW�LV�QRW�DOZD\V
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7KH�(,6$�EXV�KDV�D�UHODWLYHO\7KH�(,6$�EXV�KDV�D�UHODWLYHO\

FRQVWDQW�XWLOL]DWLRQ�RI�����GXULQJ�WKHFRQVWDQW�XWLOL]DWLRQ�RI�����GXULQJ�WKH

EHQFKPDUN���:KLOH�����LV�RQH�RI�WKHEHQFKPDUN���:KLOH�����LV�RQH�RI�WKH

KLJKHVW�(,6$�KLJKHVW�(,6$�XWLOL]DWLRQV�UHSRUWHGXWLOL]DWLRQV�UHSRUWHG

GXULQJ�D�EHQFKPDUN��LW�LV�QRW�WKHGXULQJ�D�EHQFKPDUN��LW�LV�QRW�WKH

SHUIRUPDQFH�SHUIRUPDQFH�OLPLWHU���7KH�(,6$�EXVOLPLWHU���7KH�(,6$�EXV

SURWRFRO�KDV�EHHQ�GHVLJQHG�WR�KDYH�DSURWRFRO�KDV�EHHQ�GHVLJQHG�WR�KDYH�D

YHU\�ORZ�DUELWUDWLRQ�DQG�VZLWFKLQJYHU\�ORZ�DUELWUDWLRQ�DQG�VZLWFKLQJ

RYHUKHDG�VR�PRVW�RI�WKH�´XWLOL]DWLRQµ�LVRYHUKHDG�VR�PRVW�RI�WKH�´XWLOL]DWLRQµ�LV

XVHG�IRU�XVHIXO�ZRUN��'XH�WR�LWVXVHG�IRU�XVHIXO�ZRUN��'XH�WR�LWV

GHVLJQ�FKDUDFWHULVWLFV��LW�LV�SRVVLEOH�WRGHVLJQ�FKDUDFWHULVWLFV��LW�LV�SRVVLEOH�WR

GULYH�(,6$�XWLOL]DWLRQ�WR�ZHOO�DERYHGULYH�(,6$�XWLOL]DWLRQ�WR�ZHOO�DERYH

����DQG�VWLOO�DFFRPSOLVK�XVHIXO�ZRUN����DQG�VWLOO�DFFRPSOLVK�XVHIXO�ZRUN

LI�LQWHOOLJHQW�SHULSKHUDOV�DUH�EHLQJLI�LQWHOOLJHQW�SHULSKHUDOV�DUH�EHLQJ

XVHG�XVHG�

7KH�PD[LPXP�WKURXJKSXW�IURP�WKH7KH�PD[LPXP�WKURXJKSXW�IURP�WKH

V\VWHP�ZLWK�WZR�����V\VWHP�ZLWK�WZR�����0ELW�0ELW�1,&V1,&V

LQVWDOOHG�DQG�����LQVWDOOHG�DQG�����1HW%HQFK�FOLHQWV1HW%HQFK�FOLHQWV

ZDV����0%�VHF�ZDV����0%�VHF�

,W�LV�LPSRUWDQW�WR�EH�DEOH�WR�UHODWH�WKH,W�LV�LPSRUWDQW�WR�EH�DEOH�WR�UHODWH�WKH

UHVXOWV�RI�WKH�UHVXOWV�RI�WKH�1HW%HQFK�EHQFKPDUNV1HW%HQFK�EHQFKPDUNV

WR�WKH�EHKDYLRU�RI�´UHDOµ�WR�WKH�EHKDYLRU�RI�´UHDOµ�1HW:DUH1HW:DUH

FOLHQWV�FOLHQWV�
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SRVVLEOH�WR�KDYH�D�ODUJH�QXPEHU�RI�FOLHQWV�DYDLODEOH�IRU�WHVWV���,W�LV�DOVR�GLIILFXOW�WR�LQVWUXPHQW

VHUYHUV�LQ�D�¦OLYH§�XVHU�QHWZRUN���QHWZRUN�DGPLQLVWUDWRUV�W\SLFDOO\�GR�QRW�ZDQW�WR�DOORZ�ZLUHV�WR

EH�VROGHUHG�WR�WKHLU�SURGXFWLRQ�VHUYHUV�IRU�WKH�SXUSRVH�RI�¦YHQGRU�UHVHDUFK§��

6LQFH�WKH�1HW%HQFK�FOLHQW�ZDV�FRQILJXUHG�WR�LVVXH�UHSHDWHG�EDFN�WR�EDFN�UHTXHVWV�IRU�EORFNV�RI

GDWD��WKH�1HW%HQFK�FOLHQW�FDQ�EH�YLHZHG�DV�D�¦ZRUVW�FDVH§�XVHU���5HDO�XVHUV�UHTXLUH�VRPH�WKLQN

WLPH��DQG�LW�LV�KLJKO\�XQOLNHO\�WKDW�RQ�D�QHWZRUN�RI������XVHUV�DOO�ZLOO��LVVXH�VLPXOWDQHRXV�UHTXHVWV

IRU�ODUJH�DPRXQWV�RI�GDWD�

7KH�WKURXJKSXW�UHTXLUHG�E\�D�FOLHQW�LQ�WKH�UHDO�ZRUOG�YDULHV�IURP�PLQXWH�WR�PLQXWH�DQG�IURP�XVHU

WR�XVHU���7KH�WKURXJKSXW�GHSHQGV�RQ�WKH�QDWXUH�RI�WKH�ZRUN�EHLQJ�SHUIRUPHG��,I�D�QHWZRUN

DGPLQLVWUDWRU�LV�DZDUH�RI�RU�LV�DEOH�WR�SUHGLFW�WKH�WKURXJKSXW�UHTXLUHPHQW�RI�D�W\SLFDO�XVHU�LQ�WKH

DGPLQLVWUDWRUV�LQVWDOODWLRQ��WKHQ�WKH�QXPEHU�RI�FOLHQWV�WKDW�FDQ�EH�VXSSRUWHG�E\�D�VHUYHU�FDQ�EH

GHULYHG�E\�GLYLGLQJ�WKH�PD[LPXP�WKURXJKSXW�DYDLODEOH�IURP�WKH�VHUYHU��DURXQG����0%�VHF�LQ�WKLV

FDVH���E\�WKH�WKURXJKSXW�UHTXLUHPHQW�SHU�FOLHQW�

,I������XVHUV�ZHUH�VXSSRUWHG�RQ�WKH�VHUYHU�LQ�WKLV�WHVW��DQG�WKH\�DOO�DFFHVVHG�WKH�VHUYHU

VLPXOWDQHRXVO\��WKHQ�WKH�WKURXJKSXW�DYDLODEOH�SHU�XVHU�ZRXOG�EH�DV�VKRZQ�LQ�7DEOH���LI�WKH�XVHUV

DUH�QRW�H[SHFWHG�WR�DFFHVV�WKH�VHUYHU�VLPXOWDQHRXVO\��WKHQ�WKH�WKURXJKSXW�DYDLODEOH�SHU�FOLHQW

LQFUHDVHV�

7DEOH����7KURXJKSXW�DYDLODEOH�IURP�D�&RPSDT�3UR/LDQW������IRU�D�VLQJOH�FOLHQW

7RWDO�VHUYHU�WKURXJKSXW7RWDO�VHUYHU�WKURXJKSXW 1XPEHU�RI�FOLHQWV1XPEHU�RI�FOLHQWV 7KURXJKSXW�DYDLODEOH�SHU7KURXJKSXW�DYDLODEOH�SHU
FOLHQWFOLHQW

/RZ�&RQWHQWLRQ�����0%�VHF ���� ���.%�VHF

+LJK�&RQWHQWLRQ�����0%�VHF ���� ���.%�VHF

&21&/86,21

7KLV�SDSHU�VKRZV�WKH�FDSDELOLW\�RI�WKH�3UR/LDQW������LQ�WKH�2/73�HQYLURQPHQW�DQG�WKH�ILOH

VHUYLFHV�HQYLURQPHQW�DQG�KDV�VKRZQ�WKDW�WKH�VHUYHU�KDV�WKH�FDSDELOLW\�WR�VXSSRUW�������XVHUV

DGHTXDWHO\�LQ�WKHVH�HQYLURQPHQWV��,Q�WKH�WUDQVDFWLRQ�SURFHVVLQJ�HQYLURQPHQW�WKH�VHUYHU�ZDV�DEOH

WR�VXSSRUW������73&�&�FOLHQWV��ZKLFK�LV�HTXLYDOHQW�WR�VXSSRUWLQJ������UHDO�XVHUV�ZKLOH�WKH�VHUYHU

LV�GRLQJ�FHUWDLQ�SURFHVVLQJ�LQ�WKH�EDFNJURXQG��,Q�WKH�ILOH�VHUYLFHV�HQYLURQPHQW��WKH�PD[LPXP

DYDLODEOH�WKURXJKSXW�IURP�WKH�VHUYHU�LV�RYHU���0%�VHF�

2QH�&RPSDT�FXVWRPHU�FRQVLGHULQJ�FRQVROLGDWLRQ�RI�WKHLU�VHUYHUV�HVWLPDWHV�WKDW�DSSUR[LPDWHO\

�����XVHUV�ZLOO�UHTXLUH��0%�VHF�WKURXJKSXW�IURP�WKH�VHUYHU���7KLV�QXPEHU�ZDV�GHULYHG�IURP�WKH

W\SLFDO�QHWZRUN�XWLOL]DWLRQ�RQ�HDFK�VXE�QHW�WLPHV�WKH�QXPEHU�RI�VXE�QHWV���7KLV�QXPEHU�ZDV

HVWLPDWHG�IRU�D�SUHGRPLQDWHO\�RIILFH�DXWRPDWLRQ�HQYLURQPHQW��ZLWK�VRPH�RUGHU�HQWU\�IXQFWLRQV�

(YHQ�LQ�WKH�ZRUVW�FDVH��WKH�3UR/LDQW������RU�DQ\�RWKHU�&RPSDT�VHUYHU�ZLWK�WKH�VDPH�V\VWHP

DUFKLWHFWXUH�PDFKLQH�ZLOO�EH�DEOH�WR�KDQGOH�WKDW�WKURXJKSXW�HDVLO\�

+RZHYHU��KDYLQJ������RU�PRUH�XVHUV�RQ�D�VLQJOH�PDFKLQH�LV�UHDOO\�PRUH�WKDQ�DQ�LVVXH�RI

WKURXJKSXW�LI���������XVHUV�DUH�GHSHQGLQJ�RQ�D�VLQJOH�PDFKLQH�DQG�WKDW�PDFKLQH�IDLOV��WKHQ�WKHUH

DUH������SHRSOH�GHPDQGLQJ�LWV�LPPHGLDWH�UHWXUQ���&RPSDT�KDV�UHDOL]HG�WKLV�IURP�WKH�GDZQ�RI�WKH

3&�DUFKLWHFWXUH�EDVHG�VHUYHU��DQG�IRU�WKDW�UHDVRQ�KDV�EXLOW�DYDLODELOLW\�IHDWXUHV�LQWR�LWV�SURGXFW

RIIHULQJV�

x� 5$,'�FRQWUROOHUV�IRU�VWRUDJH��LQWURGXFHG�LQ������

x� +RW�SOXJ�GLVN�GULYHV��LQWURGXFHG�LQ������

x� 3UH�IDLOXUH�ZDUUDQW\�PRQLWRULQJ�RI�NH\�FRPSRQHQWV��LQWURGXFHG�LQ������
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6LQFH�WKH�6LQFH�WKH�1HW%HQFK�FOLHQW�ZDV1HW%HQFK�FOLHQW�ZDV

FRQILJXUHG�WR�LVVXH�UHSHDWHG�EDFN�WR�FRQILJXUHG�WR�LVVXH�UHSHDWHG�EDFN�WR�

EDFN�UHTXHVWV�IRU�EORFNV�RI�GDWD��WKHEDFN�UHTXHVWV�IRU�EORFNV�RI�GDWD��WKH

1HW%HQFK�FOLHQW�FDQ�EH�YLHZHG�DV�D1HW%HQFK�FOLHQW�FDQ�EH�YLHZHG�DV�D

´ZRUVW�FDVHµ�XVHU���5HDO�XVHUV�UHTXLUH´ZRUVW�FDVHµ�XVHU���5HDO�XVHUV�UHTXLUH

VRPH�WKLQN�WLPH��DQG�LW�LV�KLJKO\VRPH�WKLQN�WLPH��DQG�LW�LV�KLJKO\

XQOLNHO\�WKDW�RQ�D�QHWZRUN�RI�����XQOLNHO\�WKDW�RQ�D�QHWZRUN�RI�����

XVHUV�DOO�ZLOO��LVVXH�VLPXOWDQHRXVXVHUV�DOO�ZLOO��LVVXH�VLPXOWDQHRXV

UHTXHVWV�IRU�ODUJH�DPRXQWV�RI�GDWD�UHTXHVWV�IRU�ODUJH�DPRXQWV�RI�GDWD�

7KLV�SDSHU�VKRZV�WKH�FDSDELOLW\�RI�WKH7KLV�SDSHU�VKRZV�WKH�FDSDELOLW\�RI�WKH

3UR/LDQW������LQ�WKH�2/733UR/LDQW������LQ�WKH�2/73

HQYLURQPHQW�DQG�WKH�ILOH�VHUYLFHVHQYLURQPHQW�DQG�WKH�ILOH�VHUYLFHV

HQYLURQPHQW�DQG�KDV�VKRZQ�WKDW�WKHHQYLURQPHQW�DQG�KDV�VKRZQ�WKDW�WKH

VHUYHU�KDV�WKH�FDSDELOLW\�WR�VXSSRUWVHUYHU�KDV�WKH�FDSDELOLW\�WR�VXSSRUW

������XVHUV�DGHTXDWHO\�LQ�WKHVH������XVHUV�DGHTXDWHO\�LQ�WKHVH

HQYLURQPHQWV�HQYLURQPHQWV�



::+,7(�+,7(�33$3(5$3(5��FRQW��

�������$�����

x� )XOO\�LQWHJUDWHG�836�VXSSRUW��LQWURGXFHG�LQ������

x� 5HGXQGDQW�SRZHU�VXSSOLHV��LQWURGXFHG�LQ������

x� 6WDQGE\�5HFRYHU\�6HUYHU�VXSSRUW��LQWURGXFHG�LQ������

x� 2Q�/LQH�EDFNXS�SURFHVVRUV

x� $GYDQFHG�(&&�PHPRU\

x� &RPSDT�,QVLJKW�0DQDJHU��ZLWK�IDLOXUH�SDJLQJ

x� �[���WHFKQLFDO�VXSSRUW�KRW�OLQHV

x� ZRUOG�ZLGH�VHUYLFH�DQG�VXSSRUW�RIIHULQJV

x� GULYHU�LQWHJUDWLRQ�DQG�YHULILFDWLRQ

x� 6PDUW6WDUW�FRQILJXUDWLRQ�KHOSHU

$QG�WKH�OLVW�FRQWLQXHV�WR�JURZ�ZLWK�HYHU\�JHQHUDWLRQ�

7KH�ERWWRP�OLQH�LV�WKDW�&RPSDT�SURYLGHV�WKH�KDUGZDUH�WKDW�VXSSRUWV�������XVHUV�DQG�WKDW

QHWZRUN�DGPLQLVWUDWRUV�GRQ©W�PLQG�VXSSRUWLQJ�

5()(5(1&(

>UHI�WSFF@�73&�%HQFKPDUN�&�)XOO�'LVFORVXUH�5HSRUW�IRU�3UR/LDQW������������0RGHO���XVLQJ

8QL[:DUH�������DQG�6\EDVH�6\VWHP���������&RPSDT�&RPSXWHU�&RUSRUDWLRQ��)LUVW�(GLWLRQ��0D\

�����

7KH�ERWWRP�OLQH�LV�WKDW�&RPSDT7KH�ERWWRP�OLQH�LV�WKDW�&RPSDT

SURYLGHV�WKH�KDUGZDUH�WKDW�VXSSRUWVSURYLGHV�WKH�KDUGZDUH�WKDW�VXSSRUWV

������XVHUV�DQG�WKDW�QHWZRUN������XVHUV�DQG�WKDW�QHWZRUN

DGPLQLVWUDWRUV�GRQ·W�PLQG�VXSSRUWLQJDGPLQLVWUDWRUV�GRQ·W�PLQG�VXSSRUWLQJ

WKHP�RQ�WKHP�RQ�
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