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4XDOLW\�RI�([SHULHQFH��4R(��LQ�&ORXG�*DPLQJ�
$UFKLWHFWXUHV��$�5HYLHZ

$VLI�$OL�/DJKDUL��+XL�+H� .DPUDQ�$OL�0HPRQ� 5DVKLG�$OL�/DJKDUL��,PWLD]�$OL�+DOHSRWR��$VL\D�.KDQ

&RPSXWHU�1HWZRUNV�DQG�6HFXULW\�/DE��6FKRRO�RI�&RPSXWHU�6FLHQFH�	�7HFKQRORJ\

+DUELQ�,QVWLWXWH�RI�7HFKQRORJ\

6FKRRO�RI�0HFKDWURQLFV��+DUELQ�,QVWLWXWH�RI�7HFKQRORJ\

6WDWH�.H\�/DERUDWRU\�RI�,QIRUPDWLRQ�3KRWRQLFV�DQG�2SWLFDO�&RPPXQLFDWLRQV��6FKRRO�RI�(OHFWURQLF�(QJLQHHULQJ��
%HLMLQJ�8QLYHUVLW\�RI�3RVWV�DQG�7HOHFRPPXQLFDWLRQV����������&KLQD

48(67�1DZDEVKDK��6LQGK��3DNLVWDQ�

6FKRRO�RI�(QJLQHHULQJ��8QLYHUVLW\�RI�3O\PRXWK��3O\PRXWK�8QLWHG�.LQJGRP��

DVLIODJKDUL��KHKXL��>#KLW�HGX�FQ@� DOL�NDPUDQ��#JPDLO�FRP� UDVKLGDOL#VWX�KLW�HGX�FQ��+DOHSRWR#TXHVW�HGX�SN��
DVL\D�NKDQ#SO\PRXWK�DF�XN

$EVWUDFW² &ORXG�JDPLQJ�LV�D�QHZ�ZD\�RI�RQOLQH�JDPLQJ��ZKLFK�UHQGHUV�WKH�JDPH�GDWD�RQ�WKH�FORXG�VLGH�
LQVWHDG� RI� WKH� HQG� XVHU¶V� V\VWHP� DQG� LV� IRUZDUGHG� YLD� D� KLJK�VSHHG� QHWZRUN�� ,Q� FORXG� JDPLQJ�� JDPH�
VRIWZDUH DQG� HPXODWRUV� UXQ� RQ� WKH� KLJK�VSHHG� VHUYHU� RI� FORXG� DQG� VHUYLFHV� DYDLODEOH� IRU� XVHUV� RQ� WKH�
FRPPHUFLDO�DQG�IUHH�EDVLV��8VHUV�FDQ�XVH�UHQGHUHG�GDWD�RI�JDPH�IURP�WKH�FORXG�XVLQJ�WKLQ�KHWHURJHQHRXV�
GHYLFHV� YLD� WKH� ,QWHUQHW� WR� SOD\� WKH� JDPH� DQ\WLPH� DQG� DQ\ZKHUH��7KH� SRSXODULW\� RI� FORXG� JDPLQJ� KDV�
LQFUHDVHG� VLQFH� WKH� ODWH� ����V� ZKLFK� DWWUDFW� WKH� LQGXVWU\� DQG� DFDGHPLD�� 4XDOLW\� RI� ([SHULHQFH� �4R(��
GRPDLQ�KDV�EHHQ�DGGHG� LQ�FORXG�JDPLQJ�DUFKLWHFWXUHV� WR�DVVHVV�XVHU�VDWLVIDFWLRQ��HQMR\PHQW��DQG�QHHGV�
GXULQJ�RQOLQH�JDPLQJ��,Q�WKLV�UHVHDUFK�SDSHU��ZH�VXUYH\�DQG�DQDO\]H�WKH�SUHYLRXV�FORXG�JDPLQJ�PRGHOV�
DQG�DUFKLWHFWXUHV�DQG�RIIHU�DVSHFWV�RI�IXWXUH�GHYHORSPHQW��ZKLFK�ZLOO�KHOS�WR�JLYH�WKH�TXDOLW\�RI�VHUYLFH�
�4R6��DFFRUGLQJ�WR�VHUYLFH�OHYHO�DJUHHPHQW��6/$��DQG�LQFUHDVH�XVHU�VDWLVIDFWLRQ�OHYHO�IRU�FORXG�JDPLQJ��
KHQFH��LPSURYLQJ�WKH�RYHUDOO�4R(�

,QGH[�7HUPV²4XDOLW\�RI�([SHULHQFH��4R(���4XDOLW\�RI�6HUYLFH��4R6���1HWZRUN�SDUDPHWHUV��&ORXG�
JDPLQJ�

� ,1752'8&7,21�

1RZDGD\V� RQOLQH� JDPLQJ� LV� JURZLQJ� LQ� SRSXODULW\� RQ� WKH� ,QWHUQHW�� $FFRUGLQJ� WR� D� UHFHQW� VWXG\� DQG�
IRUHFDVW�>�@��JOREDO�,QWHUQHW�RQOLQH�JDPLQJ�WUDIILF�ZDV�DFFRXQWHG�IRU�����SHWDE\WHV�SHU�PRQWK�LQ������DQG�
E\� ������ LW� LV� H[SHFWHG� WR� UHDFK� ���� SHWDE\WHV� SHU�PRQWK�� 7KH� RYHUDOO� JDPLQJ� LQFOXGHV� FDVXDO� RQOLQH�
JDPLQJ��QHWZRUNHG�FRQVROH�JDPLQJ��DQG�PXOWLSOD\HU�YLUWXDO�ZRUOG�JDPLQJ��7KH�RQOLQH�JDPLQJ�VWDUWHG�LQ�
WKH�����V�DQG�08'��ZDV�WKH�ILUVW�JDPH��ZKLFK�ZDV�FUHDWHG�LQ������DQG�OLPLWHG�WR�DQ�LQWHUQDO�QHWZRUN�
EHIRUH�FRQQHFWHG�WR�$53$1(7�LQ������>�@��$IWHU�WKDW�FRPPHUFLDO�JDPLQJ�VWDUWHG�LQ�WKH�QH[W�GHFDGHV�DQG�
WKH�ILUVW�FRPPHUFLDO�RQOLQH�JDPH�ZDV�³,VODQGV�RI�.HVPDL´�DQG�PRUH�JUDSKLFDO�JDPHV�ZHUH�ODXQFKHG�VXFK�
DV�³06;�/,1.6´�DFWLRQV�JDPHV�LQ������>�@�

,Q�WKH�SDVW�FOLHQW��VHUYHU�JDPLQJ�ZDV�SRSXODU�DPRQJ�WKH�XVHUV��UHQGHULQJ�RI�JUDSKLFV�DQG�JDPHV�H[HFXWHG�
DW�XVHU¶V�GHYLFH�� WKH�VHUYHU�SURYLGHG�D�JDPH�SURJUDP�DQG�QHWZRUN�IDFLOLW\�IRU�VKDULQJ�WKH�YLGHR�DW�ERWK�



HQGV�IRU�PXOWL�SOD\HU�VFHQDULR�>�@��&OLHQW�VHUYHU�JDPLQJ�GLG�QRW�VDWLVI\�WKH�XVHU�DQG�WKH\�IDFHG�SUREOHPV�
EHFDXVH�RI�WKH�JUDSKLFV�UHQGHULQJ�RI�WKH�JDPH�UHTXLUHG�KLJK�SURFHVVLQJ�DQG�PHPRU\�XQLWV�>�@��8VHUV�DOVR�
IDFH� GHYLFH� FRQILJXUDWLRQ� LVVXHV� LQ�PXOWL�SOD\HU�� RQH�XVHU�KDV�KLJK�SHUIRUPDQFH� FRPSXWLQJ� GHYLFH� DQG�
RWKHUV� KDYH� ORZ� SHUIRUPDQFH�� UHVXOWLQJ� LQ� ZDLWLQJ� DQG� VORZ� JDPLQJ�� 8VHUV� UHTXLUHG� D� SXUFKDVH� WR�
GLIIHUHQW�JDPH�SODWIRUPV��FRQILJXUH�DGGLWLRQDO�KDUGZDUH�ZKLFK�LQFUHDVHG�WKH�FRVW�RI�HQG�XVHU�IRU�SOD\LQJ�
3&�EDVHG�DQG�RQOLQH�JDPHV�>�@��3ULFH�RI�D�OHJDO�FRS\�RI�WKH�JDPH�SURJUDP��WKH�FRQWH[W�RI�JDPHV�DQG�XVHU�
GHYLFHV�IRU�DFFHVVLQJ�DQG�UHQGHULQJ�RI�GDWD�DOVR�KDV�DQ�LPSDFW�RQ�WKH�XVHU¶V�4R(�

7KH�FORXG�JDPLQJ�KDV�VWDUWHG�LQ������ZLWK�WKH�ODXQFK�RI�8OWLPDWH�³2QOLQH´�>�@��&ORXG�JDPLQJ�WHFKQRORJ\�
LV� GLIIHUHQW� IURP� WUDGLWLRQDO�RQOLQH�JDPLQJ�EHFDXVH� WKH�JDPHV�DUH� UHQGHUHG� DQG�SURFHVVHG� LQ� WKH� FORXG�
VHUYHU�DQG�YLGHR�LV�IRUZDUGHG�WR�HQG�XVHUV�DQG�SOD\HU�UHTXLUHG�WKH�WKLQ�FOLHQW�WR�SOD\�WKH�JDPHV�>�@��8VHUV�
UHFHLYHG�WKH�YLGHR�IUDPHV�IURP�WKH�FORXG�IRU�YLHZ�JDPH�YLGHR�DQG�VHQG�LQSXW�GDWD�WR�D�FORXG�VHUYHU��DV�
VKRZQ�LQ�WKH�FORXG�JDPLQJ�PRGHO�LV�VKRZQ�LQ�ILJXUH����6KRZV�WKH�XVHU�VHQGV�FRPPDQGV�WR�SOD\�WKH�JDPH�
DQG�UHFHLYHV�GLVSOD\�IURP�D�FORXG�GDWD�FHQWHU�

7KH�XVHU�GLG�QRW�QHHG�PRUH�KDUGZDUH�EHFDXVH�DOO�FRPSOH[�UHQGHULQJ�RI�JDPHV�KDQGOHG�E\�FORXG�VHUYHUV��
ZKLFK�GHFUHDVH� WKH�EXUGHQ� IURP�XVHU�GHYLFHV� DQG� WLPH�RI�SURFHVVLQJ >�@��&ORXG� VHUYHUV�RIIHU�SODWIRUP�
LQGHSHQGHQW�JDPHV�VR�WKH�XVHU�FDQ�SOD\�WKH�VLPLODU JDPH�XVLQJ�DQ\�GHYLFH��DQ\SODFH LQ�WKH�ZRUOG��&ORXG�
VHUYHUV�VWRS�XVHUV�XVLQJ�D�SLUDWHG�YHUVLRQ�RI�JDPHV�RQ�WKHLU�RZQ�GHYLFHV��7KLV�VXSSRUWV�WKH�GHYHORSHU�WR�
JHW� GDWD� DVVRFLDWHG WR� WKH� JDPH H[LVW� LQ FORXG� VHUYHUV�� ZKLFK� ZLOO� EH� XVHG� WR� XSGDWH� WKH� JDPH�� 7KH�
GHYHORSHUV�FDQ�XSGDWH�WKH�JDPHV�RQ�WKH�FORXG�DQG�FKDQJHV�DUH�DXWRPDWLFDOO\�UHIOHFWHG�LQ�WKH�XVHUV��&ORXG�
VHUYHUV�UHTXLUHG�WKH�XVHU�H[SHULHQFH�WR�LPSURYH WKHLU�VHUYLFHV�IRU�FOLHQWV�ZKR�SD\�IRU�JDPHV��VR�WKH�4R(
LV�XVHG�WR�FDSWXUH�WKH�XVHU�IHHGEDFN�DERXW�WKH�FORXG�VHUYLFHV�>��@�

7KH GHILQLWLRQ�RI�4R( LV�JLYHQ�E\�4XDOLQHW�DV�³4XDOLW\�RI�([SHULHQFH��4R(�� LV�WKH�GHJUHH�RI�GHOLJKW�RU�
DQQR\DQFH�RI�WKH�XVHU�RI�DQ�DSSOLFDWLRQ�RU�VHUYLFH��,W�UHVXOWV�IURP�WKH�IXOILOOPHQW�RI�KLV�RU�KHU�H[SHFWDWLRQV�
ZLWK� UHVSHFW� WR� WKH� XWLOLW\� DQG�RU� HQMR\PHQW� RI� WKH� DSSOLFDWLRQ� RU� VHUYLFH� LQ� WKH� OLJKW� RI� WKH� XVHU¶V�
SHUVRQDOLW\� DQG� FXUUHQW� VWDWH´� >��@�� 4R(� LV� D� WHUP� XVHG� WR� PHDVXUH� D� XVHU¶V� OHYHO� RI� VDWLVIDFWLRQ� DQG�
HQMR\PHQW� IRU� D� SDUWLFXODU� SURGXFW� RU� VHUYLFH� >��@��4R(� FDQ� EH� FDSWXUHG� LQ� WZR� WHFKQLTXHV�� VXEMHFWLYH�
4R(�EDVHG�RQ�WKH�TXHVWLRQQDLUH��LQWHUYLHZV�DQG�VFDOHV�DQG�REMHFWLYH�4R(�EDVHG�RQ�WKH�WHFKQLFDO�4XDOLW\�
RI� 6HUYLFH� �4R6�� GDWD� DQG� REMHFWLYH� KXPDQ� IDFWRUV�ZKLFK� DUH� UHODWHG� WR� WKH� KXPDQ� SK\VLRORJLFDO� DQG�
FRJQLWLYH� V\VWHP� >��@��4R(� LV�PHDVXUHG� LQ� WKH�0HDQ�2SLQLRQ� 6FRUH� �026��ZKLFK� LV� VFRUHG� E\� XVHUV�
VXEMHFWLYHO\�



)LJ����&ORXG�*DPLQJ�0RGHO

x 7KH�SDSHU�DGGUHVVHV�WKH�WRSLF�RI�4R(�LQ�FORXG�JDPLQJ DUFKLWHFWXUHV��EDFNJURXQG RI 4R(�DQG�LWV�
LQYROYHPHQW LQ�FORXG JDPLQJ WR�DVVHVV�WKH�HQG�XVHU¶V�VDWLVIDFWLRQ�DQG�HQMR\PHQW�OHYHO��

x 7KLV� SURYLGHV� D� UHYLHZ� RI� ERWK� REMHFWLYH� DQG� VXEMHFWLYH� 4R(�PHDVXULQJ� SURFHGXUHV� IRU� FORXG�
JDPLQJ�DQG� IUDPHZRUNV�� VXFK�DV� IUDPHZRUN�DQDO\VLV�DQG�FRPSDULVRQ��5HVWULFWLRQ�RI�SDVW�ZRUN�
DQG�GLIILFXOWLHV�RI�IXWXUH�ZRUN�DGGLWLRQDOO\�H[DPLQHG����

x )XUWKHU�� ZH� GLVWLQJXLVK� DQG� WDON� DERXW� D� ORW� RI� RSHQ� LVVXHV� \HW� WR� EH� WHQGHG� WR�� IRU� SUHFLVH�
HVWLPDWLRQ� RI� 4R(� LQ� FORXG� JDPLQJ� 7KLV� ZRUN� ZLOO� KHOS� XV� LQ� LGHQWLI\LQJ� WKH� PDLQ� 4R6�
SDUDPHWHUV�LQ�FORXG�JDPLQJ�DQG�GHYHORSLQJ�4R(�HQDEOHG�FORXG�JDPLQJ�SODWIRUP�

7KH� UHVW� RI� WKH� SDSHU� SUHSDUHG LQ� ILYH� VHFWLRQV�� ,Q� VHFWLRQ� ,,� ZH� JLYH� SUHYLRXV� FORXG� JDPLQJ� 4R(�
SURYLVLRQ� DUFKLWHFWXUHV�� VHFWLRQ� ,,,� LV� EDVHG� RQ� WKH� FRQVLGHUDWLRQ� RI� 4R(� SURYLVLRQ� LQ� &ORXG� JDPLQJ��
6HFWLRQ�,9�SURYLGHV�RSHQ�LVVXHV�IRU�IXWXUH�UHVHDUFK�DQG�ILQDOO\��LQ�VHFWLRQ�9�ZH�FRQFOXGH�WKH�ZRUN��

��29(59,(:�&/28'�*$0,1*�$5&+,7(&785(6�:,7+�',))(5(17�$3352$&+(6

4R(� GRPDLQ� KDV� EHHQ� PHUJHG� LQ� FORXG� JDPLQJ� DUFKLWHFWXUHV� WR� JHW� IHHGEDFN� IURP� XVHUV� DERXW� WKHLU�
VDWLVIDFWLRQ�OHYHO�DQG�QHHGV��&ORXG�FRPSXWLQJ�SURYLGHV�WKUHH�OD\HUV��VXFK�DV�VRIWZDUH�DV�D�VHUYLFH��6DD6���
SODWIRUP�DV�D�VHUYLFH� �3DD6�� DQG� LQIUDVWUXFWXUH�DV�D�VHUYLFH� �,DD6��� *DPLQJ�DV�D�VHUYLFH� �*DD6�� ZDV�
LQWURGXFHG�E\�GHYHORSHUV�WR�RIIHU�RQOLQH�JDPLQJ�DV�D�VHUYLFH�WR�HQG�XVHUV��*DD6�DOORZ�UHQGHULQJ�RI�JDPH�
GDWD�DW� WKH�FORXG�VLGH�DQG�VHQG�UHVXOWV� WR�HQG�XVHUV YLD�WKH�KLJK�VSHHG�,QWHUQHW�WR�UHPRWH� ORFDWLRQV�>����
��@��&ORXG�FRPSXWLQJ�PDNH�JDPLQJ�HDV\�IRU�HQG�XVHUV�DQG�WKH\�FDQ�SOD\�ZLWKRXW�KDYLQJ�WKHLU�RZQ�KLJK�
SHUIRUPDQFH� FRPSXWLQJ� V\VWHP� DQG� OLFHQVHG� VRIWZDUH�� WKH� XVHU� RQO\� UHTXLUHG� D� QHWZRUN� FRQQHFWLRQ��
GLVSOD\�/&'�DQG�FRQWUROOLQJ�WKH�NH\ERDUG��&ORXG�JDPLQJ�LV�SRSXODU�GXH�WR�WKH�GHYHORSPHQW�RI�JDPLQJ�
SODWIRUPV�VXFK�DV�$SS6WUHDP�>��@��6WUHDP0\*DPH�DQG�*DPLQJ$Q\�:KHUH��6ORZ�,QWHUQHW� VSHHG� LV�DQ�
LVVXH� IRU� SOD\LQJ� FORXG� JDPLQJ�� FORXG� VXSSRUWV� ORZ� IUDPHV� SHU� VHFRQG �)36�� JDPLQJ� >���� ��@��ZKLFK�
GHFUHDVHV�WKH�4R(�RI�WKH�JDPH�SOD\HUV��+'�JDPLQJ�UHTXLUHV�KLJK�EDQGZLGWK�IRU�VHQGLQJ�GDWD�IURP�FORXG�
WR�HQG�XVHU��EXW�XQIRUWXQDWHO\��WKH�G\QDPLF�QDWXUH�RI�QHWZRUN�WUDIILF�DQG�OLPLWHG�QHWZRUN�EDQGZLGWK�LV�D�
SUREOHP�� 6HYHUDO� UHVHDUFKHUV� SURYLGHG� D� VROXWLRQ� WR� DFKLHYH� JDPLQJ� ZLWK� JRRG� 4R(� RI� XVHUV� E\�
FRQVLGHULQJ�QHWZRUN�EDQGZLGWK�LQ�DUFKLWHFWXUH�GHYHORSPHQW�>����������@�

&ORXG�JDPLQJ�DUFKLWHFWXUHV�ZHUH�GHYHORSHG�ZLWK�GLIIHUHQW�DSSURDFKHV�VXFK�DV�ORFDO�UHQGHULQJ�DQG�UHPRWH�
UHQGHULQJ�PRGHOV�>����������@��4R(�EDVHG�PRGHOV�DQG�YLGHR�TXDOLW\�DGMXVWLQJ�PRGHOV��5HPRWH�UHQGHULQJ�
PRGHOV� SURYLGH� WKH� IDFLOLW\� WR� SOD\� JDPHV� ZLWKRXW� KLJK� SURFHVVLQJ� KDUGZDUH�� 7KH� VHUYHU� FROOHFWV�
LQVWUXFWLRQV�IURP�XVHUV�DQG�VHQGV�WR�WKH�FORXG�IRU�JDPH�UHQGHULQJ�ZKHUH�DFWLRQV�DQG�UHQGHULQJ�SHUIRUPHG�
RQ�WKH�DFWLRQV�RI�XVHUV��5HQGHUHG�GDWD�RI�D�JDPH�LV�VHQW�YLD�WKH�QHWZRUN�IURP�FORXG�WR�HQG�XVHUV��LQ�WKLV�
VFHQDULR��WKH�QHWZRUN�ERWWOHQHFN�LV�D�SUREOHP�WR�SOD\�FRQYHQWLRQDO�JDPLQJ�IRU�HQG�XVHUV�>��@�

&ORXG�JDPLQJ� DUFKLWHFWXUH� DQG� SODWIRUPV� DUH� GHYHORSHG�ZLWK� GLIIHUHQW� WDFWLFV� WR� VSOLW� WKH� WDVN� EHWZHHQ�
FOLHQWV� DQG� FORXG� VHUYHUV�� )HZ� SODWIRUPV� VXSSRUW� VWUHDPLQJ� JUDSKLFV� IURP� FORXG� VHUYHUV� WR� FOLHQWV� DQG�
JUDSKLFV�UHQGHUHG�DW�FOLHQW¶V�*38�>������@��,Q�WKHVH�W\SHV�RI�SODWIRUPV��WKH�FOLHQW�UHTXLUHV�SRZHUIXO�*38�
WR�SURFHVV�WKH�KLJK�TXDOLW\�JDPH�VFHQH�LQ�UHDO�WLPH��ZKLFK�LV�QRW�JRRG�IRU�OLPLWHG�UHVRXUFHV�GHYLFHV�VXFK�
DV�PRELOH�GHYLFHV�DQG�VHW�WRS�ER[HV��3ODWIRUPV�VXSSRUW�SRVW�UHQGHULQJ�RSHUDWLRQV�OHVV�SDUW�LV�UHQGHUHG�DW�



WKH�FOLHQW� VLGH�DQG� WKH� UHVW� RI��'�UHQGHUHG� LV� GRQH� DW� WKH�FORXG� VLGH� >������@��&OLHQW� UHQGHUHG� LQFOXGHV�
OLJKWV�� DXJPHQWLQJ� DQG� WH[WXUH� DV� SRVW� UHQGHULQJ� RSHUDWLRQV�� 7KHVH� DSSURDFKHV� WR� JDPH� SODWIRUPV�
LQFUHDVHG� WKH� GHYHORSPHQW� FRVW� RI� WKH� JDPH� DQG� FRPSOLFDWH� WKH� GHYHORSPHQW� RI� WKH� JDPH�� ,Q� YLGHR�
VWUHDPLQJ�DUFKLWHFWXUHV�RI�JDPHV��FORXG�UHQGHUHG�WKH�JDPH�VFHQH�DQG�VWUHDP�YLGHR�WR�WKH�FOLHQW�>������@��
9LGHR� VWUHDPLQJ� DSSURDFK� LV� OLJKWHU� ZHLJKW� FRPSDUHG� WR� WKH� RWKHU� DSSURDFKHV� RI� JDPH� DUFKLWHFWXUHV�
EHFDXVH� LQ� WKLV� DSSURDFK� FOLHQW� RQO\� GHFRGH� DQG� GLVSOD\� YLGHRV� ZKLFK� QHHG� ORZ� UHVRXUFHV�� VXSSRUW�
KHWHURJHQHRXV�GHYLFHV��HDVLHU�WR�PDNH�DQG�UHTXLUHV�WKH�VPDOOHVW�DXJPHQWDWLRQV�RQ�JDPH�FRGH�

0DLQ�FRPPHUFLDO�YLGHR�VWUHDPLQJ�FORXG�JDPLQJ�SODWIRUPV�DUH�WKH�*DL.DL�>��@��8ELWXV�>��@ DQG�2Q/LYH�
>��@�� *DPLQJ$Q\:KHUH� LV� RSHQ�� FURVV�SODWIRUP�� HIILFLHQW� DQG� PRGXODUL]HG�� *DPLQJ$Q\:KHUH� KDV�
LQIOXHQFHG� PDQ\� UHVHDUFK� SURMHFWV� RQ� FORXG� JDPLQJ�� VXFK� DV� *38� FRQVROLGDWLRQ� >��@�� H�OHDUQLQJ�
DSSOLFDWLRQV�>��@�DQG�FORXG�UHVRXUFH�DOORFDWLRQ�>��@�

��&/28'�*$0,1*�42(�3529,6,21�$5&+,7(&785(6

7KH� GHOLYHU\� RI� FORXG� JDPLQJ� VHUYLFHV� ZLWK� 4R6� DFFRUGLQJ� WR� XVHU¶V� 4R(� UHTXLUHV� WKH� VXSSRUW� RI�
DUFKLWHFWXUHV��DSSOLFDWLRQV��DQG�SURWRFROV�VR�WKDW�JDPH�XVHUV�FDQ�XVH�FORXG�JDPLQJ�VHUYLFHV�XELTXLWRXVO\��
DQ\WLPH�DQG�DQ\ZKHUH�>������@��&ORXG�JDPLQJ�FRPPXQLFDWLRQ�QHHGV�WR�PHHW�WKH�UHTXLUHPHQWV��VXFK�DV�
KLJK�EDQGZLGWK�QHWZRUN��ORZ�SDFNHW�GHOD\�DQG�ORVV��ORZ�HUURU�UDWH��WKH�DFFHSWDEOH�IUDPH�UDWH�RI�YLGHR�DQG�
YHU\�VPDOO�GHOD\�YDULDQFH�>��@��4R(�EDVHG�DUFKLWHFWXUHV�DQG�PRGHOV�IRU�FORXG�JDPLQJ�ZHUH�SURSRVHG�E\�
UHVHDUFKHUV� E\� FRQVLGHULQJ� GLIIHUHQW� SDUDPHWHU� VXFK� DV� YLGHR� UDWH�� PXOWLSOD\HU� SODWIRUP� SHUIRUPDQFH��
EDQGZLGWK��YLUWXDO�PDFKLQH�SODFHPHQW��HWF��IRU�DVVHVVPHQW�RI�HQG�XVHU�4R(�

7KLV�VHFWLRQ�FRYHUV�WKH�DQDO\VLV�RI�YLGHR�VWUHDPLQJ�EDVHG�DQG�QHWZRUN�EDVHG�DSSURDFKHV�IRU�FORXG�
JDPLQJ�

����$QDO\VLV�RI�YLGHR�VWUHDPLQJ�EDVHG�DSSURDFKHV�IRU�FORXG�JDPLQJ�

7KH� UHFHQW� UHVHDUFKHV� FRPSUHVV� WKH� YLGHR� ZLWKRXW� FRPSURPLVLQJ� WKH� TXDOLW\� RI� YLGHR� DQG� JLYH� 4R6�
DFFRUGLQJ�WR�WKH�QHWZRUN�EDQGZLGWK DQG�ODWHQF\��2QH�VXFK�ZRUN�SURYLGHG�E\�6XQ�DQG�:X�>��@�DQG�D�QHZ�
ELW� DOORFDWLRQ� VFKHPH� LV� SURSRVHG� RQ� WKH�0%� OD\HU� EDVHG� RQ� 52,� �5HJLRQ� RI� ,QWHUHVW�� IRU� LPSURYLQJ�
EDQGZLGWK�HIILFLHQF\��52,�LV�D�SDUWLFXODU�DUHD�RI�LQWHUHVW�ZKHUH�WKH�XVHU�IRFXVHV�GXULQJ�SOD\LQJ�WKH�JDPH���
LQ�FDU�UDFLQJ�JDPLQJ�WUDFN��GDVKERDUG�DQG�UDQNLQJ�LV�52,��EXW�WKH�EDFNJURXQG�LV�QRW�52,��7KH�VFKHPH�LV�
EDVHG�RQ�UHGXFLQJ�ELWV�RI�QRQ�52,�XVLQJ�D�SURSRVHG�DOJRULWKP�DQG�IRUZDUG�WR�JDPH�XVHUV��,Q�WKH�SURSRVHG�
VFKHPH�52,�DQG�LPSRUWDQFH�RI�YDOXH�DUH�LGHQWLFDO�EHFDXVH�WKH�XVHU�PD\�EH�LQWHUHVWHG�LQ�REMHFW�PRUH�WKDQ�
52,�DQG�WKDW�REMHFW�PD\�QRW�EH�LQ�WKH�UHJLRQ�RI�WKH�VFUHHQ��,PSRUWDQW�YDOXHV�RI�WKH�REMHFW�DUH�GHWHFWHG�DQG�
DVVLJQHG�WR�WKH�JUDSKLFV�SURFHVVRU�DQG�52,�YDOXHV�RI�HYHU\�SL[HO�FDQ�EH�JHQHUDWHG�DORQJ�ZLWK�WKH�RULJLQDO�
UHQGHUHG� SLFWXUH��$IWHU� WKDW� UDWH� FRQWURO� �5&��PRGXOH�ZLOO� XVH� SURGXFHG�52,�PDS� WR� LPSOHPHQW�52,�
EDVHG� UDWH� FRQWURO�� 2EMHFWLYH� 4R(� EDVHG� PHWKRG� LV� DOVR� SURSRVHG� ZLWK� UDWH� FRQWURO� VFKHPH� E\� XVLQJ�
LQWHJUDWHG� PHDQ� VTXDUHG� HUURU� �,06(�� EHFDXVH� SHDN� VLJQDO� WR� QRLVH� UDWLR� �3615�� LV� QRW� VXLWDEOH� WR�
PHDVXUH� WKH�SHUIRUPDQFH�RI�52,�EDVHG� LPDJH��7KLV�DSSURDFK� LV� EHWWHU� WR� FRPSUHVV� WULYLDO� DUHDV�RI� WKH�
IUDPH� DQG�PDQDJH� WKH� ELW� UDWH� IRU� VORZ� QHWZRUNV�� EXW� FRPSUHVVLQJ� VFKHPH�ZLOO� QRW� NQRZ�52, RI� WKH�
SDUWLFXODU�XVHU�EHFDXVH�HYHU\�XVHU�KDV�GLIIHUHQW�LQWHUHVWV�LQ�SOD\LQJ�WKH�VDPH�JDPH��7KLV�DSSURDFK�ZLOO�QRW�
LPSURYH�WKH�RYHUDOO�4R(�RI�JDPH�XVHUV�



&ORXG� JDPLQJ� H[SHULHQFH�ZDV� DQDO\]HG�+RQJ� HW� DO�� E\� H[WHQGLQJ�*DPLQJ$Q\ZKHUH� �*$�� SODWIRUP� LQ�
IRXU�VHFWLRQV�VXFK�DV�VHUYHUV��FOLHQWV��SRUWDOV�DQG�D�PDQDJHU�>��@��&URZGVRXUFLQJ�V\VWHP�ZDV�EXLOW�RQ�WKH�
*$�DQG�VXEMHFWLYH�UDWLQJV�RI�XVHUV�ZHUH�FROOHFWHG�E\�XVLQJ�RQOLQH�TXHVWLRQQDLUH�RQ�GLIIHUHQW�JDPHV�VXFK�
DV� �%DWPDQ�� )*3;�� &R'�� KDYLQJ� GLIIHUHQW� IUDPH� UDWHV� ����� ���� ��� ISV�� DQG� ELWUDWH� ������ ��� ��0ESV���
5HVXOWV�VKRZ�WKDW�KLJKHU�ELW�UDWH�ZLWK�D�IL[HG�IUDPH�UDWH�SURYLGHV�KLJKHU�026��WKH�VLJQLILFDQFH�RI�VKDULQJ�
EDQGZLGWK�DPRQJ�WKH�JDPH�XVHUV��'XULQJ�WKH�H[SHULPHQWV��UHVHDUFKHUV�JRW�VHYHUDO�QHZ�ILQGLQJV�VXFK�DV�
KLJK�IUDPH�UDWH�PDNH�JDPHV�PRUH�UHVSRQVLYH�DQG�SURYLGH�KLJKHU�LQWHUDFWLYLW\��EXW�KLJK�IUDPH�UDWHV�YLGHR�
UHTXLUHG�PRUH�IUDPHV�WR�HQFRGH�WKLV�FDXVH¶V�ORZHU�JUDSKLFV�TXDOLW\��:KHQ�ELWUDWH�UDWH�LV�ORZ������0%�V��
DQG�WKH�IUDPH�UDWH�LV�KLJK�WKHQ�RYHUDOO�026�ZDV�ORZ��EXW�WKH�IUDPH�UDWH�LV�KLJK�DQG�ELWUDWH����0%�V��LV�
DOVR�KLJK�WKHQ�026�LV�KLJK�VR�WKH�KLJK�IUDPH�UDWH�LV�QRW�DFFHSWDEOH�EHFDXVH�LW�DOVR�FDXVHV�ORZ�JUDSKLFV�
TXDOLW\��7ZR�DOJRULWKPV�ZHUH�SURSRVHG� WR�DGRSW� WKH�YLGHR�UDWH� LQ�G\QDPLF�QHWZRUNV��$QDO\WLFDO� UHVXOWV�
VKRZ� WKDW� DOJRULWKPV� UXQ� LQ� SRO\QRPLDO� WLPH� DQG� DFKLHYH� LGHDO� DGDSWDWLRQ�� 6LPXODWLRQ� UHVXOWV� IXOILOO�
DFFRUGLQJ�WR�DQDO\VLV�DQG�SURSRVHG�DOJRULWKPV�DFKLHYH�XVHUV�UHTXLUHG�RSWLPL]DWLRQ�FULWHULD��FDQ�EH�VFDOHG�
PRUH�IRU������JDPHUV�IRU�SUREOHP�VROXWLRQV��RXWSHUIRUP�WKH�EDVHOLQH�DOJRULWKPV�E\�XS�WR�����DQG������
7KH� DXWKRU� SURYLGHV� QHZ� ILQGLQJV� GXULQJ� WKH� H[SHULPHQWV� DQG� DQDO\WLFDO� UHVXOWV� RI� WKH� DOJRULWKP�ZHUH�
SUHVHQWHG�ZLWK�QR�UHDO�WLPH�LPSOHPHQWDWLRQ�DQG�VLPXODWLRQV�UHVXOWV���

(QG�WR�(QG��(�(��ODJ�LQ�YLGHR�JDPHV�PRGHOV�ZDV�SUHVHQWHG�E\�0HW]JHU�HW�DO��>��@�IRU�RQOLQH�DQG�FORXG�
YDULDQWV��7KH�ODJ�PRGHO�LV�JLYHQ�IRU�FROOHFWLQJ�4XDOLW\�RI�([SHULHQFH��4R(���SDUWLFXODUO\�IRU�YLGHR�JDPHV��
7KH�ODJ�PRGHO�QRWLILHV�WLPH�SDVVHG�EHWZHHQ�D�SOD\HU�LQSXW�HYHQW�NH\VWURNH RU�PRXVH�PRYHPHQW�DQG�HIIHFW�
RQ�WKH�GLVSOD\�HYHQW�LQ�WKH�ORFDO�GLVSOD\��(�(�/DJ�GHSHQGV�RQ�WKH�YLGHR�FRGHF�GHOD\�IRU�FORXG�JDPHV��WKH�
IUDPH� UDWH� DQG� VHUYHU� WLFNUDWH�� SURFHVVLQJ� WLPH�� QHWZRUN� GHOD\� DQG� FRPPDQG� UDWH�� ZKLFK� LV� VKRZQ� LQ�
ILJXUH���

)LJ��� %DVLF�PRGHO�RI�D�FRQWLQXRXV�PDLQ�YLGHR�JDPH�ORRS�>��@�

7KH�PRGHO�LV�VLPXODWHG�XVLQJ�'LVFUHWH�(YHQW�6LPXODWLRQ��'(6���VKRZLQJ�WKH�GRPLQDQW�LQIOXHQFH�RI�WKH�
JDPH�IUDPH�UDWH�RQ�WKH�(�(�ODJ��SDUWLFXODUO\�IRU�ORZ�IUDPH�UDWHV��7KLV�PRGHO�H[SODLQV�WKH�ODJ�RI�GLIIHUHQW�
W\SH�RI�JDPHV�DQG�LV�LPSRUWDQW�IRU�WKH�GHVLJQ�RI�JDPH�4R(�DVVHVVPHQW��

�����$QDO\VLV�RI�1HWZRUN�EDVHG�DSSURDFKHV�IRU�FORXG�JDPLQJ�

$Q� 2SHQ� &ORXG� *DPLQJ� 6\VWHP�� *DPLQJ$Q\�ZKHUH� ZDV� JLYHQ� E\� +XDQJ� HW� DO� >��@�� 7KH� SURSRVHG�
JDPLQJ� V\VWHP� *DPLQJ$Q\ZKHUH� LV� HIILFLHQW� DQG� SURYLGHV� KLJK� UHVSRQVLYHQHVV� DQG� YLGHR� TXDOLW\� DV�
FRPSDUHG� WR� WKH� HDUOLHU� JDPLQJ� V\VWHPV� VXFK� DV� 2Q/LYH� DQG� 6WUHDP0\*DPH�� 7KH�*DPLQJ$Q\ZKHUH�
V\VWHP� LV� DYDLODEOH� IRU�:LQGRZV� DQG�/LQX[� DQG�26�;�� EXW� LW� GRHV� QRW� VXSSRUW�$QGURLG� DQG� L26��7KH�



V\VWHP�FDQ�VXSSRUW�3&�EDVHG�DQG�RQOLQH�JDPHV�WR�SOD\�YLD�WKLQ�FOLHQWV��7KLV�JDPLQJ�V\VWHP�LV�H[WHQVLEOH�
VR� WKH�GHYHORSHU� FDQ� UHSODFH�YLGHR�FRGHFV� DQG�QHWZRUN�SURWRFROV� DQG�H[WHQG� IXUWKHUPRUH� DFFRUGLQJ� WR�
JDPH� XVHUV�� 7KH� SRUWDEOH� IHDWXUH� SURYLGHV� WKH� IDFLOLW\� WR� WKH� XVHU� FDQ� XVH�ZLUHOHVV� QHWZRUN� DQG� FOLHQW�
XVLQJ� GLIIHUHQW� RSHUDWLQJ� V\VWHPV� DQG� FRQILJXUDWLRQ� PDGH� HDVLHU� WR� XVH� SURSRVHG� *DPLQJ$Q\:KHUH�
V\VWHP�IRU�JDPLQJ�RU�RQOLQH�YLGHR�VWUHDPLQJ�ZLWK�GLYHUVH�SDUDPHWHUV��7KH�WH[W�EDVHG�FRQILJXUDWLRQ�ILOHV�
DOVR�DYDLODEOH�IRU�WKH�XVHU��VR�WKH\�FDQ�FKDQJH�SDUDPHWHUV�IRU�EHVW�FRPELQDWLRQV��ZKLFK�ILW� WKHLU�V\VWHP�
DFFRUGLQJ� WR�XVDJH� VFHQDULR��7KLV�SODWIRUP� LV�RSHQO\� DYDLODEOH� IRU�GHYHORSHU� DQG� UHVHDUFKHU� WR�GHYHORS�
IXUWKHU�DQG�LPSOHPHQW�LQ�D�UHDO�WLPH�FORXG�HQYLURQPHQW�IRU�FRPPXQLW\�DQG�FRPPHUFLDO�EDVHG�JDPLQJ�

1HWZRUN�VSHHG� LV�D�PDMRU� LVVXH� LQ� WKH�GHOLYHU\�RI�YLGHR�GDWD�RI�JDPH� LQ�*DPLQJ$Q\ZKHUH�DOWKRXJK� LW�
UHGXFHV� WKH�QHWZRUN�GHOD\�FRPSDUH� WR�SUHYLRXV�FORXG�JDPLQJ�DUFKLWHFWXUHV�� VR�DYRLGLQJ�QHWZRUN�VSHHG�
LVVXH�QHZ�&ORXGIRJ�OLJKWZHLJKW�V\VWHP�LV�SURSRVHG�>��@��,Q�WKLV�SURSRVHG�JDPLQJ�V\VWHP��VXSHUQRGHV�DUH�
XVHG� DV� D� IRJ�EDVHG� FRQFHSW� LQ� WKH� PLGGOH� EHWZHHQ� WKH� FORXG� DQG� HQG� XVHUV� &ORXG� SURFHVVLQJ� ZLOO�
UHQGHULQJ� JDPH� JUDSKLFV� DQG� RYHUDOO� FRPSXWLQJ� RI� WKH� YLUWXDO� ZRUOG
V� QHZ� VWDWH� DQG� XSGDWLQJ� WR�
VXSHUQRGHV� DQG� FRQQHFWLQJ� HDFK� XVHU� WR� QHDUE\� JDPH� GDWD� VXSHUQRGHV� 7KH� XVHU� GLG� QRW� KDYH� D� IDVW�
QHWZRUN� OLQN� WR� FRQQHFW�ZLWK� FORXG� DQG� UHFHLYHG� D� YLUWXDO�ZRUOG� XSGDWH� DQG� UHQGHUHG� JDPH� DQG� FORXG�
YLGHRV�WKDW�GLG�QRW�IRUZDUG WKH�ZKROH�YLGHR�RI�JDPH WR�ORQJ�GLVWDQFH�XVHUV��7KLV�PHWKRG SURYLVLRQV�KLJK�
4R(�RQ�VORZ QHWZRUNV�DQG�VKRUWHQV� WKH� UHSO\ WLPH��XSVXUJH XVHU�FRYHUDJH�DQG�GHFUHDVH�QHWZRUN SULFH��
7KH�&ORXGIRJ�ZDV� FRPSDUHG�ZLWK�*DPLQJ$Q\ZKHUH�� >��@� DQG�(GJH&ORXG� >��@�PRGHOV� DQG� LW� SURYLGH
EHWWHU�4R6�IRU�D�JDPH�ZLWKRXW�D� ORQJ�GHOD\�� ,Q�&ORXG)RJ�FXVWRPHUV�DUH�UHDOO\�FORVH� WR� VXSHUQRGHV��VR�
FXVWRPHU�UHFHLYHG�YLGHRV�IURP�QHDU�VXSHUQRGHV�LQ�LWV�SODFH�RI�ORQJ�GLVWDQFH�VHUYHUV���

7KH�PDMRULW\�RI� UHVHDUFK�ZRUN�KDV�EHHQ�GRQH�RQ� WKH�QHWZRUN�EDQGZLGWK�FRQVXPSWLRQ�DQG�YLGHR� IUDPH�
UDWH�EHFDXVH�JDPH�YLGHR�EURDGFDVWHG�WR�XVHUV�DW���ISV�DQG�OLPLWHG�QHWZRUN�EDQGZLGWK�GRHV�QRW�VXSSRUW�
VPRRWK�YLGHR�GHOLYHU\�WR�HQG�XVHUV�>��������������@��+LJK�YLGHR�TXDOLW\�DQG�ORZ�QHWZRUN�EDQGZLGWK�FDXVH�
GHOD\�SDFNHW�GHOLYHU\�DW�HQG�XVHUV�IURP�WKH�FORXG��VR�WKH�ZDLW�WLPH��EXIIHULQJ�DQG�GHOD\�LQSXW�DFWLRQV�IURP�
XVHU�GHJUDGH�WKH�XVHU�H[SHULHQFH�

7KH�QHWZRUN� LV� DOVR� LPSRUWDQW� IRU�SOD\LQJ�FORXG�JDPLQJ��ZKLFK� LV� D�EULGJH�EHWZHHQ� WKH� FOLHQW� DQG� WKH�
FORXG� VHUYHU� IRU� GDWD WUDQVIHU��1HWZRUN� WUDIILF� LV� G\QDPLF� VR� GLIILFXOW� IRU� WKH� KLJK� GDWD� UDWH� WR� UHFHLYH�
HYHU\�WLPH�GXH�WR�SHDN�XVDJH�RI�WKH�QHWZRUN�>��@�

7KH� LQIOXHQFH RI� QHWZRUN� IDFWRUV OLNH SDFNHW� GHOD\� DQG� ORVV ZHUH� DQDO\]HG E\� GLIIHUHQW�
UHVHDUFKHUV� -DUVFKHO HW�DO��>��@ PHDVXUHG�VXEMHFWLYH 4R( WR�H[DPLQH WKH�LPSDFW�RI�WKH�ORVV�DQG�GHOD\�RI�
WKH�QHWZRUN�WDNLQJ�SDUW�LQ�FORXG�JDPLQJ�RQ�WKH�FRQVXPHU�H[SHULHQFH��7KUHH�JDPHV�KDG�EHHQ�FKRVHQ�3UR�
(YROXWLRQ�6RFFHU�IRU�WKH�RPQLSUHVHQW�SRLQW�RI�YLHZ��VORZ�SDFH�JDPHSOD\���)LQDO�)DQWDV\�;,,,�IRU�WKH��UG�
SHUVRQ� SRLQW� RI� YLHZ� �PHGLXP�SDFHG� JDPHSOD\�� DQG� *UDQ 7XULVPR +'� &RQFHSW� IRU� WKH�
�VW SHUVRQ SHUVSHFWLYH��IDVW�SDFHG�JDPHSOD\�� 7KH�UHDVRQ RI�FKRRVLQJ�D�YDULHW\�RI�WKUHH�YLGHR�JDPHV�ZDV�
WR�VXSSO\�SDUWLFLSDQW�H[WUD�SLFNV�WR�UHSHDW�WHVWV DQG JLYH VFRUHV�IRU�WKH�YLGHR�JDPHV�RQ�WKH�XQLTXH�QHWZRUN�
ORVV DQG�GHOD\�IURP�WKH�FORXG WR�FOLHQW�DQG�FRQVXPHU�WR�FORXG�VHUYHU�RQJRLQJ�WUDIILF��1HWZRUN�WUDIILF ZDV�
GLVWXUEHG E\�XVHG 1HW(P HPXODWRU��ZKLFK�ZDV�SDUW�RI�WHVW�EHG�DQG�PLGGOH�EHWZHHQ�FORXG�JDPLQJ�VHUYHU
DQG�WKH�HQG�XVHU��7KH�UHVXOWV�IRXQGHG RQ�WKH����WHVW�UXQV������XVHUV�DVVLJQHG�026 IRU�FORXG�JDPLQJ� 7KH�
026� HVWHHPV� IOXFWXDWH� IURP� JDPH� WR� JDPH��PRGHUDWH�PRYLQJ� JDPH� �YLGHR� FRQWHQWV�� LPSURYHV� FOLHQW�
DSSUDLVDOV� WKDQ� WKH TXLFN� PRYLQJ VXEVWDQFH� JDPH� DQG� PHGLXP� VSHHG� PRYLQJ� VXEVWDQFH� JDPH� JHW�
UHDVRQDEOH� HYDOXDWLRQV�� 7KH� HIIHFW� RI� SDFNHW� ORVV� DQG� GHOD\� RQ� FORXG� JDPLQJ� LV� OLNH� LWV� LPSDFW� RQ�



WUDGLWLRQDO� JDPLQJ�� 7KH� V\VWHP� GHOD\� �EL�GLUHFWLRQDO� ZDV� H[SDQGHG WKHQ� FOLHQW� 026� HVWHHPV ZHUH�
GLPLQLVKHG LQ�OLJKW�RI�WKH�IDFW�WKDW�FOLHQWV�KDQJ�WLJKW�IRU�D�UHVSRQVH�LQ�WKH�JDPH�EDVHG�RQ�WKHLU UHVSRQVH��
3OD\HUV�RI�TXLFN�GLYHUVLRQV�DFNQRZOHGJH�WKH�KLJK�ORVV�ZKHQ�FRQWUDVWHG�ZLWK�KLJK�GHOD\�LQ�OLJKW�RI�WKH�IDFW�
WKDW�IRU�SOD\HU
V�DFKLHYHPHQW�LQ�WKH�JDPH��LW�LV�H[WUHPHO\�VROLG�WR�UHVSRQG�UDSLGO\� $PLG�WKH�UHYLHZ��MXVW�
����RI�FOLHQWV�ZHUH�HDJHU�WR�SD\�D�PRQWK�WR�PRQWK�FKDUJH�IRU�EXVLQHVV�FORXG�JDPLQJ�LI�WKH�4R6�LV�JLYHQ�
WR�WKHP�

7KH�RWKHU� VXEMHFWLYH�4R(�DVVHVVPHQW�RI� ,Q�KRPH�VWUHDPLQJ�RI�RQOLQH�JDPLQJ�ZDV�GRQH�E\�6OLYDU�HW�DO�
>��@�RQ��:RUOG�RI�:DUFUDIW��JDPH�E\�XVLQJ�*DP�LQJDQ\ZKHUH�SODWIRUP��7KH�UHVHDUFK�ZDV�EDVHG�RQ�WKH�
4R(�GHJUDGDWLRQ�RI�WKH�GLIIHUHQW�QHWZRUNV�IRU�WUDGLWLRQDO�RQOLQH�JDPLQJ�DQG�,Q�KRPH�JDPLQJ��7KH�UHVXOWV�
VKRZ�WKH�SDFNHW�ORVV�DQG�GHOD\�KDYH D�PDMRU�LPSDFW�RQ�WKH�JDPLQJ�4R(�DQG�SDFNHW�ORVV�SDUDPHWHU�KDYH�
PRUH�LQIOXHQFH RQ�WKH�4R(�DV�FRPSDUHG�WR�WKH�SDFNHW�GHOD\��7UDQVIHUULQJ IURP�WUDGLWLRQDO�RQOLQH�JDPLQJ�
�FOLHQW�VHUYHU�� WR� VROHO\� FORXG�JDPLQJ�GHJUDGHV� WKH�4R(�RI� WKH�JDPH�SOD\HU�GXH� WR�QHWZRUN�4R6��7KLV�
PD\� UHVXOW� LQ� WKH� LQH[SHULHQFHG� SOD\HU� WR� QRW� SOD\� WKH� JDPH� LQ� WKH� GHJUDGHG� QHWZRUN� FRQGLWLRQ� DV�
FRPSDUHG�WR�LQH[SHULHQFHG�SOD\HUV��8VHU�IHHGEDFN�SURRI�WKDW�LQ�KRPH�JDPLQJ�LV�SRVVLEOH�LI�EHWWHU�YLGHR�
TXDOLW\�LV�JXDUDQWHHG�GXULQJ�WKH�VWUHDPLQJ��

&RQVLGHULQJ� WKH� QHWZRUN� EDQGZLGWK� LVVXH� LQ� FORXG� JDPLQJ�� D� QHZ� JDPH� DUFKLWHFWXUH�ZDV� SURSRVHG� E\�
0XKDPPDG�HW�DO��>�@��7KH�PRGHO�LV�EDVHG�RQ�D�FORXG�HQG�DQG�FOLHQW�HQG� LW�FRQVXPHV�ORZ�EDQGZLGWK�DV�
FRPSDUHG� WR� W\SLFDO� UHPRWH� UHQGHULQJ�FORXG�PRGHOV��7KLV�PRGHO�EDVHG�RQ� WKH�FRPPXQLFDWLRQ�RI�FORXG�
DQG�FOLHQW�HQG�LV�GLIIHUHQW�IURP�W\SLFDO�FORXG�PRGHO�WR�VHQG�UHQGHUHG�IUDPH�UHVXOWV�WR�WKH�FOLHQW��EXW�LW�ZLOO�
VHQG�UHFHLYH�D�QXPEHU RI�FRPPDQGV WKDW�ZLOO�DOORZ D�JDPH�WR�EH�SOD\HG�DW�XVHU VLGH�IRU�D�VKRUW�SHULRG��
7KH� EULFN� EUHDNLQJ� JDPH� LV� XVHG� WR� VLPXODWH� WKH� SURSRVHG� PRGHO� ZLWK� D� PL[WXUH RI� $PD]RQ� (ODVWLF�
&RPSXWLQJ��(&���DQG�5HODWLRQDO�'DWDEDVH��5'6��LQVWDQFHV��&OLHQW�LQSXW�LV�JDWKHUHG�IRU�YDULRXV�VLWXDWLRQV�
WKURXJK� VXEMHFWLYH� H[DPLQDWLRQV� DQG� WKH� H[KLELWLRQ� LV�ZRUWK\��*DPH�SOD\HUV� DGYLVHG� SURSRVHG�JDPLQJ�
DUFKLWHFWXUH�SURGXFHV�RQO\��NEV�GDWD�SHU�XVHU��7KLV�PRGHO�LV�JRRG�IRU�FORXG�JDPLQJ�VORZ�VSHHG�QHWZRUNV�
IRU�VKRUW�WLPH�SHULRG��EXW�DOVR�WKH�GUDZEDFN�RI�WKLV�PRGHO�LV�WKDW�LW�GRHV�QRW�VXSSRUW�FRQWLQXHG�JDPLQJ�IRU�
D�ORQJ�WLPH���

��� 48$/,7$7,9(�48$17,7$7,9(� &203$5,621� 2)� 7+(� )($785(6� $1'�
3(5)250$1&(�2)�7+(�&/28'�*$0,1*�$5&+,7(&785(6��

,Q�WKLV�VHFWLRQ�D�UHODWLYH�VWXG\�RI�WKH�FXUUHQW�4R(�EDVHG�FORXG�JDPLQJ�IUDPHZRUNV�DQG�DUFKLWHFWXUHV�DV�IDU�
DV�GLIIHUHQW�TXDOLWLHV��IRU�H[DPSOH��DUUDQJHPHQW�IDFWRUV��H[DPLQDWLRQ�VXSSRUW��UHYHDOLQJ�DQG�NLQGV�RI 4R(�
VXSSRUW�DV�JLYHQ�LQ�7DEOH����'HSOR\PHQW�SDUDPHWHU�LV�WKH�FRUH�SDUDPHWHU�RI�FORXG�JDPLQJ�DUFKLWHFWXUHV��
0RVWO\�GHYHORSHG�DUFKLWHFWXUHV�VXSSRUW�TXDQWLWDWLYH�DQDO\VLV�RI�GDWD�DOWKRXJK�WKHLU�SDUDPHWHUV�GLIIHU�IURP�
HDFK� RWKHU�� &ORXGOHW� >��@� XVH� WKH� SHDN� VLJQDO� WR� QRLVH� UDWLR� �3615�� SDUDPHWHU� WR� DVVHVV� WKH�4R(� DQG�
SHUIRUPDQFH�RI�DUFKLWHFWXUHV�E\�FROOHFWLQJ�REMHFWLYH�4R(�EXW�GLG�QRW�VXSSRUW�UHSRUWLQJ�IXQFWLRQ�WKH�4R(�
GHJUDGDWLRQ� $GDSWLYH�FORXG�>��@�XVHV�VXEMHFWLYH�4R(�DVVHVVPHQW�RI�YLGHR�TXDOLW\�RI�JDPHV�RQ�GLIIHUHQW�
ELWUDWH� DQG� FRGHFV�� 7KLV� DUFKLWHFWXUH� DOVR� VXSSRUWV� WKH� TXDQWLWDWLYH� DQDO\VLV� RI� GDWD� ZLWKRXW� UHSRUWLQJ�
IXQFWLRQ��(�(�>��@�FDOFXODWH�WKH�URXQG�WULS�WLPH��577��RI�SDFNHWV�DQG�VXEMHFWLYH�4R(�DVVHVVPHQW�RI�YLGHR�
TXDOLW\�ZLWK�WKH�TXDQWLWDWLYH�VXSSRUW�RI�GDWD�DQDO\VLV��-DUVFKHO�>��@��(PSLULFDO�4R(>��@�DQG�IULHQGO\�FORXG�
JDPLQJ�XVHG�14R6�$4R6�SDUDPHWHUV�WR�DVVHVV�WKH�4R(�RI�JDPHV�DQG�XVHV�VXEMHFWLYH�4R(�WR�DVVHVVPHQW�
IRU�SHUIRUPDQFH�PHDVXUHPHQW�
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&ORXG�*DPLQJ�4R(

$UFKLWHFWXUHV

3DUDPHWHUV $QDO\VLV�
6XSSRUW

5HSRUWLQJ 5HPDUNV

&ORXGOHW�>��@ 3615 4XDQWLWDWLYH 1R 2EMHFWLYH��
(YDOXDWLRQ

$GDSWLYH�FORXG�>��@ 9LGHR�
FRGHFV

4XDQWLWDWLYH 1R 6XEMHFWLYH�
(YDOXDWLRQ

(�(�>��@

9LGHR�
4XDOLW\�	�

577

4XDQWLWDWLYH 1R 6XEMHFWLYH�
(YDOXDWLRQ

-DUVFKHO�>��@ 14R6�	�
$4R6

4XDOLWDWLYH 1R 6XEMHFWLYH�
(YDOXDWLRQ

(PSLULFDO�4R(�>��@ 14R6�	�
$4R6

4XDQWLWDWLYH 1R 6XEMHFWLYH�
(YDOXDWLRQ

)ULHQGO\

&ORXG�*DPLQJ�>�@

14R6�	�
$4R6

4XDQWLWDWLYH 1R

6XEMHFWLYH�
(YDOXDWLRQ

/LPLWDWLRQV� RI� SUHYLRXV� FORXG� JDPLQJ� DUFKLWHFWXUHV� PHDQ� WKDW� WKH� DQDO\VLV� RI� XVHU�VXEPLWWHG� 4R(��
ZKHWKHU� LW� LV� SRVLWLYH� RU� QHJDWLYH� DQG� FORXG� VHUYLFHV� FDQQRW� IROORZ� DFFRUGLQJ� WR� XVHU� SUHIHUHQFHV��$OO�
DUFKLWHFWXUHV�PHQWLRQHG�LQ�7DEOH�,��XVH�VXEMHFWLYH�RU�REMHFWLYH�4R(�DQG�QR�VXFK�DUFKLWHFWXUHV�XVHG�ERWK�
W\SHV�RI�4R(�PRQLWRULQJ�WR�FDSWXUH�DFFXUDWH�IHHGEDFN�RI�JDPH�XVHUV��3UHYLRXV�DUFKLWHFWXUHV�DOVR�GLG�QRW�
FRQWDLQ�UHSRUWLQJ�WRROV�ZKLFK�VHQG�DOHUW�DGPLQLVWUDWRU�DV�ZHOO�DV�WR�HQG�XVHU�RQ�VHUYLFH�GHJUDGDWLRQ�

���&216,'(5$7,216�2)�42(�3529,6,21�,1�&/28'�*$0,1*

$QDO\VLV�RI�SUHYLRXV�YLGHR�DQG�QHWZRUN�EDVHG�DUFKLWHFWXUHV�VKRZV�WKDW�VWLOO��FORXG�JDPLQJ�DUFKLWHFWXUHV�
KDV� OLPLWHG� VFRSH� WR� SURYLGH� 4R6� WR� HQG� XVHU� DFFRUGLQJ� WR� 4R(� DQG� LPSURYH� WKH� VHUYLFH� GHOLYHU\��
)ROORZLQJ� SDUDPHWHUV� ZLOO� EH� LQ� FRQVLGHUDWLRQ� LQ� WKH� IXWXUH� GXULQJ� WKH� GHYHORSPHQW� RI� FORXG� JDPLQJ�
PRGHOV�DQG�DUFKLWHFWXUHV�



�����'HVLJQ�RI�4R(�FDSWXUH

6XEMHFWLYH�RU�REMHFWLYH�4R(�LV�FRQVLGHUHG�IRU�YLGHR�TXDOLW\�DQG�QHWZRUN�WUDIILF�LQ�FORXG�JDPLQJ�EXW�VWLOO��
ERWK�4R(�IHDWXUHV�DUH�UHTXLUHG�WR�DGG�LQ�FORXG�JDPLQJ�DUFKLWHFWXUHV��$JHQW�EDVHG�WHFKQRORJ\�LV�DOVR�XVHG�
LQ� WKH� IXWXUH� GHYHORSPHQW�RI� FORXG�JDPLQJ� DUFKLWHFWXUHV� WR� FROOHFW� REMHFWLYH�4R(�4R6�GDWD� RI� LQWHUQDO�
FORXG� HQYLURQPHQW�� WKH� QHWZRUN� EHWZHHQ� FORXG� DQG� XVHU� DQG� FOLHQW� GHYLFH�PRQLWRULQJ� >��@�� 2EMHFWLYH�
4R(�4R6�GDWD�ZLOO� VXSSRUW�FORXG�PDQDJHPHQW� WR�FDSWXUH� WHFKQLFDO�GDWD�DQG�FRPSDUH� WKDW� WR� VXEPLWWHG�
VXEMHFWLYH�4R(�RI�HQG�XVHUV��$QDO\VLV�RI�VXEMHFWLYH�DQG�REMHFWLYH�GDWD�ZLOO�JLYH�UHVXOWV�WR�FDSWXUH�ZKHWKHU�
WKH� XVHU� VXEPLWWHG� FRUUHFW� 4R(� RU� QHJDWLYH� IHHGEDFN� RI� WKH� VHUYLFHV� >��@�� 7KH� UHVXOWV� ZLOO� DOVR� EH�
FRPSDUHG�WR�FXUUHQW�6/$�DSSOLHG�IRU�WKH�XVHU�DQG�LW�ZLOO�PDNH�VXUH�WKDW�WKH�XVHU�JHWV�VHUYLFH�DFFRUGLQJ�WR�
6/$� RU� FORXG� EUHDFKHV� WKH� 6/$�� ,I� WKH� FORXG� GRHV� QRW� RIIHU� VHUYLFHV� DFFRUGLQJ� WR� 6/$�� WKHQ�
FRPSHQVDWLRQ�ZLOO�EH�SURYLGHG�WR�XVHUV��2EMHFWLYH�4R(�IURP�PHWULFV�VXFK�DV�3615�DQG�06(�KDV�EHHQ�
XVHG�LQ�OLWHUDWXUH��6XEMHFWLYH�4R(�LV�PDLQO\�FDSWXUHG�E\�026�

�����7HFKQLFDO�SDUDPHWHUV�

7HFKQLFDO� IDFWRUV� VXFK� DV� ELWUDWH� RU� GDWD� UDWH�� IUDPH� UDWH�� WKURXJKSXW�� SDFNHW� ORVV�� DQG� GHOD\� DUH� WKH�
SDUDPHWHUV�WKDW�KDYH�DQ�LPSDFW�RQ�WKH�4R(�RI�WKH�XVHU�IRU�FORXG�JDPLQJ��

¾ %LWUDWH�RU�GDWD�UDWH��%LWUDWH�GHVFULEHV�WKDW�UDWH�DW�ZKLFK�ELWV�DUH�FRQYH\HG�IURP�FORXG�WR�HQG�XVHU�
>������@��%LWUDWH�RU�GDWD� UDWH�XVHG� IRU� WKH�PHDVXUHPHQW�RI� WKH� DPRXQW� RI�GDWD� LV� WUDQVPLWWHG�RU�
SURFHVVHG�LQ�SHU�XQLW�WLPH�IURP�RQH�HQG�RI�WKH�QHWZRUN�WR�DQRWKHU�HQG�>������@��%LWUDWH�FDQ�DIIHFW�
WKH�GHOLYHU\�RI�JDPH�GDWD�LI�D�KXJH�DPRXQW�RI�GDWD�LV�WUDQVIHUUHG�IURP�WKH�FORXG�DW�D�ORZ�ELWUDWH�WR�
WKH�HQG�XVHU�>����������@��%LWUDWH�RU�GDWD�UDWH�LV�FRQVLGHUHG�DQ�LPSRUWDQW�IDFWRU�LQ�4R6�GHOLYHU\�LQ�
FORXG�JDPLQJ�>����������@�

¾ )UDPH�5DWH��7KLV�GHVFULEHV�WKH�QXPEHU�RI�VHTXHQFH�LPDJHV�RQ�SHU�VHFRQGV�LQ�WKH�YLGHR�WR�JLYH�
WKH� LOOXVLRQ�RI�PRYHPHQW��ZKLFK�ZLOO�EH�GLVSOD\HG�RQ�HQG�XVHU¶V� VFUHHQ� WUDQVIHUUHG�IURP�FORXG�
JDPLQJ� >���� ���� ��@�� 'LIIHUHQW� IUDPH� UDWH� VFKHPH� KDYLQJ� GLIIHUHQW� IUDPH� UDWHV� VXFK� DV� 176&�
VWDQGDUG� �XVHG� LQ� WKH�86� DQG� -DSDQ�� XVHV� �����ISV��ZKLOH�3$/� �FRPPRQ� LQ�(XURSH� DQG� VRPH�
SDUWV�RI�$VLD��XVHV���ISV�EXW�YLGHR�JDPHV�RIWHQ�QHHG���ISV�WR�VXSSRUW VPRRWKQHVV�>����������@��
+LJKHU� IUDPH� UDWH� SURYLGHV� EHWWHU� VPRRWKQHVV� LQ� YLGHR� TXDOLW\� EXW� UHTXLUHV�PRUH� EDQGZLGWK� WR�
WUDQVIHU�GDWD�IURP�FORXG�WR�HQG�XVHU��VR�WKH�IUDPH�UDWH�LV�DGMXVWHG�DFFRUGLQJ�WR�QHWZRUN�FRQGLWLRQV�
LQ�FOLHQW�VHUYHU�DQG�FORXG�FRPSXWLQJ�HQYLURQPHQW�>������@��

¾ 7KURXJKSXW�� 7KH� DPRXQW� RI� GDWD� SHU� IORZ� LQ� D� QHWZRUN� LV� NQRZQ� IRU� LWV� WKURXJKSXW� >��@��
7KURXJKSXW�LV�D�PHDVXUH�RI�KRZ�PDQ\�ELWV�RI�GDWD�DUH�WUDQVIHUUHG�LQ�D�QHWZRUN�V\VWHP�LQ�D�JLYHQ�
DPRXQW�RI�WLPH�>������@��,W�LV�XWLOL]HG�LQ�D�EURDG UDQJH�VXFK�DV�&38�RI�FRPSXWHU�SURFHVV�DPRXQW�
RI� GDWD� WUDQVIHUUHG� YLD�PHPRU\� DQG� SHUIRUPDQFH�RI� WKH�RSHUDWLQJ� V\VWHP�DQG�QHWZRUN� V\VWHPV�
VXFK�DV�DG�KRF�RU�PRELOH�QHWZRUNV��ZKRVH�FDSDFLW\�JURZV�ZLWK�QHWZRUN�VL]H�RU�GHFUHDVHV�ZKLFK�
LQWURGXFH�WKH�OLPLWDWLRQ�RI�UDGLR�VSHFWUXP�>��@��

¾ 1HWZRUN��3DFNHW�ORVV�DQG�'HOD\���3DFNHW�ORVV�DQG�SDFNHW�GHOD\�DUH�WKH�QHWZRUN�WUDIILF�SDUDPHWHUV�
ZKLFK�DIIHFWV�WKH�WUDQVIHU�RI�JDPH�GDWD�IURP�FORXG�WR�HQG�XVHUV�>������@��,Q�SDFNHW�ORVV�VLWXDWLRQ�
LQIRUPDWLRQ� SDFNHW� LV� GHVWUR\HG� DQG� QHYHU� UHFRYHUDEOH� >���� ��@�� 6RPHWLPHV� SDFNHWV� FRQWDLQLQJ�
LQSXW� DFWLRQ� LQIRUPDWLRQ� LV� ORVW� ZKHQ� WKH� XVHU� ZLOO� ORVH� D� JDPH� IURP� DQRWKHU� RSSRQHQW� LQ� D�
PXOWLSOD\HU� VLWXDWLRQ��ZKLFK� KLJKO\� DIIHFWV� WKH� XVHU� H[SHULHQFH� >���� ��� ��@�� ,QIRUPDWLRQ�SDFNHW�
DUULYHG�DIWHU�D�GHOD\� WR� WKH�JDPH�XVHU�DQG� ODWH�VHQW�LQSXW�SDFNHW� WR�FORXG�FDXVH�XQFRQYHQWLRQDO�



JDPLQJ�>������@��3DFNHW�ORVV�DQG�GHOD\�LPSDFW�KLJKO\�RQ�D�PXOWLSOD\HU�JDPH�VLWXDWLRQ�ZKHUH�RQH�
XVHU�KDV�D�IDVW�DQG�JRRG�QHWZRUN��VR�XVHU�VHQGV�UHFHLYH�GDWD�IDVW�IURP�FORXG�JDPH�VWDWLRQ�WR�LQSXW�
WKHLU�DFWLRQ�UHVSRQVH�WR�FRPSHWH�DQG�UHFHLYH�D�YLGHR�RI�WKH�JDPH�IRU�TXLFN�HIILFLHQW�JDPLQJ�>����
���� ��@�� 2WKHU� XVHUV� KDYH� ORZ� VSHHG� DQG� KLJK� WUDIILF� QHWZRUN� WKHQ� WKH� XVHU� ZLOO� ZDLW� IRU�
VHQG�UHFHLYH�GDWD�IURP�WKH�FORXG�JDPH�VWDWLRQ�IRU�LQSXW�DQG�RXWSXW�>��@�

�����+HWHURJHQHLW\

&ORXGV� LQIUDVWUXFWXUHV� DUH�PRVWO\� KRPRJHQRXV� DQG� FRPSRVHG� RI� ODUJH�PDFKLQHV� RI� WKH� VDPH� W\SH� DQG�
FHQWUDOO\�PDQDJHG�IRU�XVHUV�WR�RIIHU�WKUHH�W\SHV�RI�VHUYLFHV�VXFK�DV�6RIWZDUH�DV�D�6HUYLFH��6DD6���3ODWIRUP�
DV�D�6HUYLFH��3DD6��DQG�,QIUDVWUXFWXUH�DV�D�6HUYLFH��,DD6��>����������@��$V�WKH�VL]H�RI�WKH�FORXG�LQFUHDVHV�
WKH� GLIIHUHQW� W\SH� RI� KDUGZDUH� DUH� DGGHG� WR� JLYH�PRUH� UHVRXUFHV� >��@�� 7KH� DGRSWLRQ� RI� KHWHURJHQHRXV�
UHVRXUFHV�ZLOO�GUDPDWLFDOO\�LQFUHDVH�WKH�FRPSOH[LW\�RI�DQ�DOUHDG\�FRPSOH[�FORXG�HFRV\VWHP�>������@��7KH�
IXWXUH�JDPLQJ�PRGHO�VXSSRUWV�WKH�FORXG�KHWHURJHQHRXV�GHYLFH�DQG�XVHV�WKH�DYDLODEOH�UHVRXUFH�IRU�IDVWHU�
UHQGHULQJ�RI�JUDSKLFV�DQG�IRUZDUG�WR�JDPH�XVHUV�>����������@�

�����0RELOLW\�0DQDJHPHQW

7KH�QHWZRUN�OD\HU�LV�DOVR�LPSRUWDQW�IRU�WKH�IXWXUH�GHYHORSPHQW�RI�FORXG�JDPLQJ�DUFKLWHFWXUHV�EHFDXVH�LW�
HIILFLHQWO\�H[FKDQJHV�GDWD�EHWZHHQ�WKH�FORXG�DQG�PRELOH�XVHUV�>������@��1RZDGD\V�PRVWO\�PRELOH�XVHUV�
SOD\LQJ�JDPHV�YLD�FHOOXODU�QHWZRUNV�E\�XVLQJ����*�VHUYLFHV�DQG�WKHLU�ORFDWLRQ�LV�FKDQJHG�GXH�WR�PRELOLW\�
VR� GDWD� RIIORDGLQJ�� VLJQDO� ZHDNQHVV� DQG� KDQGRII� GLVWXUE� WKH� FORXG� JDPLQJ� IRU� SOD\HUV� >���� ���� ��@��
$XWRPDWLF� VZLWFKLQJ�DPRQJ� WKH�GLIIHUHQW�QHWZRUN� IHDWXUH�ZLOO�EH�DGGHG� IRU�PRELOH�XVHUV� LI�KLJK�VSHHG�
ZLUHOHVV� QHWZRUNV� DUH� DYDLODEOH� WKH� VZLWFK� IURP� WKH� FHOOXODU� QHWZRUN� WR� D� ZLUHOHVV� QHWZRUN� ZLWKRXW�
GLVWXUELQJ�WKH�JDPH�SOD\HU�ZLOO�EH�HDVLHU�>���@�

���23(1�,668(6

4R(�LV�D�PDMRU�IDFWRU�IRU�LQYHVWLJDWLRQ�RI�4R6�RI�FORXG�JDPLQJ�VLQFH�FOLHQW�IXOILOOPHQW�RI�JDPH�SOD\HUV�LV�
VLJQLILFDQW�IRU�WKH�QDWXUH�RI�JDPH�FRQYH\DQFH�IURP�WKH�RUJDQL]DWLRQ�>��������@��7DEOH���FDSWXUHV�WKH�PDLQ�
4R6� IDFWRUV� WKH� LPSDFW� RQ� WKH�4R(� RI� FORXG� JDPLQJ� LQ� WHUPV� RI� DSSOLFDWLRQ� OHYHO�� QHWZRUN� OHYHO�� DQG�
VHUYLFH�OHYHO��7KH�UHVHDUFK�ZRUN�ZDV�ILQLVKHG�E\�XWLOL]LQJ�WKH�PDQ\�JDPHV�LQ�YDULRXV�V\VWHP�VLWXDWLRQV�
ZKHUH�FOLHQW�H[SHULHQFH�ZDV�HVWLPDWHG�E\�SDFNHW�GHOD\�DQG�ORVV��4XLFN�JDPHV�KDYH�ORZ�FOLHQW�HYDOXDWLRQV�
DQG�PRGHUDWH�JDPHV�KDYH�KLJK�026�VLQFH�TXLFN�JDPHV�QHHG�D�VQDSS\�UHDFWLRQ�IURP�WKH�SOD\HU��\HW�ORZ�
ELGLUHFWLRQDO�V\VWHP�VSHHG�QHHGV�WR�LPSDFW�RQ�TXLFN�JDPHV�>���@��&ORXG�FRPSXWLQJ�JLYHV�WKH�IDFLOLW\�RI�
WKH�TXLFN�UHQGHULQJ�RI�JDPH�JUDSKLFV��EXW�PXOWLSOD\HU�DQG�VLQJOH�SOD\HU�UHTXLUHV�GLVSOD\�DQG�FRQWURO�WR�
SOD\�KRZHYHU��WKH�ORZ�VSHHG�QHWZRUN�LV�DQ�LVVXH�IRU�FORXG�JDPLQJ�>���@��/RQJ�GLVWDQFH�RI�FORXG�IURP�WKH�
HQG� XVHU� LV� D�PDMRU� LVVXH� LQ�4R6�GHOLYHU\� RI� JDPLQJ� VHUYLFHV� DQG�DIIHFWV� WKH�4R(�XVHUV� >���@�� 3DFNHW�
GHOD\�LV�DOVR�LQFUHDVHG�DQG�XVHU�UHFHLYHG�JDPH�GDWD�ODWH�DV�FRPSDUH�WR QHDUE\�ORFDWLRQ�FOLHQW�>���@��

7$%/(���6800$5<�2)�426�3$5$0(7(56

$SSOLFDWLRQ�
OHYHO�4R6

1HWZRUN�OHYHO�
4R6

6HUYLFH�
OHYHO�4R6

)UDPH�UDWH 'HOD\ 3ULFH
%LWUDWH 3DFNHW�ORVV GHYLFH
&RQWH[W -LWWHU



&RQWHQW�W\SH 7KURXJKSXW

,Q�WKH�IXWXUH�DGGLWLRQ�RI�VSHFXODWLRQ�EDVHG�WHFKQRORJ\�ZLOO�IXUWKHU�LPSURYH�WKH�GHOD\�SHUIRUPDQFH�EDVHG�
RQ� WKH�XVHU� LQSXWV� DQG�SDVW�JDPLQJ�HYHQWV��7KH�JDPH� IUDPH� UDWH�ZLOO� GLPLQLVK� IRU�EHWWHU�JDPLQJ� IURP�
VHUYLFH� SURYLGHUV� DQG� IXUWKHUPRUH� FXVWRPL]DWLRQ� DV� LQGLFDWHG� E\� QHWZRUN� FRQGLWLRQV� >����� ���@��&ORXG�
PDQDJHPHQW� LV� VLJQLILFDQW� IRU� WKH� FRPPHUFLDO� JDPLQJ� VHUYLFH� SURYLGHU� WR� HQVXUH� 4R6� WR� HQG� XVHUV�
DFFRUGLQJ� WR� 6/$� ZKHUH� 4R(� RI� HQG� XVHUV� UHPDLQ� DFFHSWDEOH� >����� ����� ���@�� $GGLQJ� IHDWXUHV� RI�
VXEMHFWLYH� DQG� REMHFWLYH� 4R(�4R6� ZLOO� KHOS� IRU� SURSHU� DQG� DFFXUDWH� PDQDJHPHQW� RI� 4R(�� ZKLFK� LV�
HVVHQWLDO� WR� PHDVXUH� VHUYLFH� DFFRUGLQJ� WR� 6/$� DQG� IXWXUH� GHYHORSPHQW� >����� ����� ���@�� &ORXG� DQG�
QHWZRUN�EDVHG� IUDPHZRUN� GHYHORSPHQW� IRU� FRQ�WUROOLQJ� 4R(� LQ� WKH� UXQWLPH� HQYLURQPHQW� DQG� 4R(�
RSWLPL]DWLRQ�DUH�HVVHQWLDO�LQ�FORXG�JDPLQJ�>�������������@�

���&21&/86,21

,Q� WKLV� SDSHU��ZH� UHYLHZHG� WKH�4R6� IDFWRUV� WKDW� DIIHFW� WKH�4R(� RI� FORXG� JDPLQJ��:H� IRXQG� WKDW�4R6
IDFWRUV�VXFK�DV�ELWUDWH�RU�GDWD�UDWH��IUDPH�UDWH��WKURXJKSXW��SDFNHW�ORVV��DQG�GHOD\�DUH�WKH�SDUDPHWHUV�WKDW�
LPSDFW�RQ�WKH�4R(�RI�WKH�XVHU�IRU�FORXG�JDPLQJ��:H�IXUWKHU�SURYLGH�UHYLHZ�DQG�DQDO\VLV�RI�WKH�SUHYLRXV�
FORXG� JDPLQJ� DUFKLWHFWXUHV� DQG� PRGHOV� EDVHG RQ� WKH� 4R(� RI� YLGHR� DQG� QHWZRUN� SDUDPHWHUV�� 4R(�
GHILQLWLRQV�RI� WKH�NH\�FRQFHSW� DQG�EDFNJURXQG�DQG� W\SHV�RI�4R(� �VXEMHFWLYH� DQG�REMHFWLYH��� VWXG\�DQG�
FRQWH[WXDOL]H� XWLOL]DWLRQ� IRU� IXWXUH� GHYHORSPHQW� KDV� DOVR� EHHQ� SUHVHQWHG� VXFK� DV� �L�� GHVLJQ� IRU� 4R(�
FDSWXUH��LL��KHWHURJHQHLW\��LLL��PRELOLW\�DQG�FKDOOHQJHV�DQG�IXWXUH�GLUHFWLRQV��ZKLFK�OHDGV�WKH�UHVHDUFKHU�WR�
WKH�GHYHORSPHQW�RI�EHWWHU�FORXG�JDPLQJ�DUFKLWHFWXUHV������

$FNQRZOHGJPHQW

7KH�ZRUN�LV�VXSSRUWHG�E\�WKH�1DWLRQDO�.H\�5	'�3UR�JUDP�RI�&KLQD�XQGHU�JUDQW�1R������<)%���������
WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�RI�&KLQD��16)&��XQGHU�JUDQW�1R�����������DQG����������

5HIHUHQFHV

>�@�³&LVFR�YLVXDO�QHWZRUNLQJ�LQGH[��)RUHFDVW�DQG�PHWKRGRORJ\������±�����´�6DQ�-RVH��&$��86$��7HFK��5HS���-XQH�
��������

>�@�0XOOLJDQ��-HVVLFD��DQG�%ULGJHWWH�3DWURYVN\��'HYHO�RSLQJ�RQOLQH�JDPHV��$Q�LQVLGHU
V�JXLGH��1HZ�5LGHUV�������

>�@�KWWSV���ZZZ�PV[�RUJ�ZLNL�7KHB/,1.6B�1HWZRUN�

>�@�7]UX\D��<RDY�� $OH[� 6KDQL�� )UDQFHVFR�%HOORWWL�� DQG�$XGULXV� -XUJHOLRQLV�� �*DPHV#�/DUJH�D� QHZ� SODWIRUP� IRU�
XELTXLWRXV�JDPLQJ�DQG�PXOWLPHGLD���3URF��%%(XURSH��*HQHYD��6ZLW]HUODQG���������������

>�@�2ZHQV��-RKQ�'���'DYLG�/XHENH��1DJD�*RYLQGDUDMX��0DUN�+DUULV��-HQV�.U�JHU��$DURQ�(��/HIRKQ��DQG�7LPRWK\�-��
3XUFHOO���$�VXUYH\�RI�JHQHUDOǦSXUSRVH�FRPSXWDWLRQ�RQ�JUDSKLFV�KDUGZDUH���,Q�&RPSXWHU�JUDSKLFV�IRUXP��YRO������QR��
���SS����������%ODFNZHOO�3XEOLVKLQJ�/WG�������

>�@�6PHG��-RXQL��7LPR�.DXNRUDQWD��DQG�+DUUL�+D�NRQHQ���$VSHFWV�RI�QHWZRUNLQJ�LQ�PXOWLSOD\HU�FRPSXWHU�JDPHV���
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