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$EVWUDFW

,Q� WKLV� SDSHU� ZH� GHVFULEH� EULHIO\� DQ� LQWXLWLYH� SK\VLFDO� LQWHUIDFH� FDOOHG� CC9LUWXDO
%DODQFH

��SUHVHQW�UHFHQW�PRGLILFDWLRQV�DQG�JLYH� WKH�PRVW� LPSUHVVLYH�H[DPSOH�RI
LWV�XVH�IRU�QDYLJDWLRQ�LQ�DQG�H[SORUDWLRQ�RI�UHFRQVWUXFWHG�PRGHOV�RI�DQFLHQW�FLWLHV�
2QH�FDQ�LPDJLQH�WKDW�H[DPSOH�DV�D�IOLJKW�RQ�D�PDJLF�FDUSHW�LQ�YLUWXDO�FLWLHV��H�J��LQ
WKH�DQFLHQW�URPDQ�FLW\�RI�;DQWHQ��&RORQLD�8OSLD�7UDLDQD�

.H\ZRUGV�� PDQ� ±PDFKLQH� FRPPXQLFDWLRQ�� 9LUWXDO� 5HDOL\�� LQWXLWLYH� LQWHUIDFHV�
FXOWXUDO�KHULWDJH��WRROV�IRU�PXVHXPV�DQG�DXGLHQFH

=XVDPPHQIDVVXQJ
:LU� EHVFKUHLEHQ� HLQ� ,QWHUIDFH�� ZHOFKHV� VLFK� SK\VLVFK� DXI� GHQ� 0HQVFKHQ
DXVULFKWHW� XQG� VRPLW� LQWXLWLY� EHQXW]W� ZHUGHQ� NDQQ�� GLH� 9LUWXDO� %DODQFH�� :LU
SUlVHQWLHUHQ�GHQ�DNWXHOOHQ�(QWZLFNOXQJVVWDQG�XQG�GHPRQVWULHUHQ�DP�%HLVSLHO�GHU
URHPLVFKHQ�6LHGOXQJ�;DQWHQ��&RORQLD�8OSLD�7UDLDQD�ZLH� GLH�9LUWXDO� %DODQFH� ]XU
1DYLJDWLRQ�XQG�]XU�(UIRUVFKXQJ�GLJLWDO��UHNRQVWUXLHUWHU��6WlGWH�HLQJHVHW]W�ZHUGHQ
NDQQ�
6FKO�VVHOZ|UWHU�� 0HQVFK�0DVFKLQH� .RPPXQLNDWLRQ�� 9LUWXDO� 5HDOLW\�� LQWXLWLYH
,QWHUIDFHV��FXOWXUDO�KHULWDJH��,QVWUXPHQWH�I�U�0XVHHQ�XQG�3XEOLNXP





���,QWURGXFWLRQ

9LUWXDO�5HDOLW\�DSSOLFDWLRQV�DOORZLQJ�H[SORUDWLRQ�RI�ODUJH�DUFKLWHFWXUDO�PRGHOV��H�J�
UHFRQVWUXFWHG� PRGHO� RI� DQFLHQW� WRZQV�� QHHG� LQWXLWLYH� LQSXW� DQG� RXWSXW� GHYLFHV
ZKLFK�LQYROYH�WKH�IXOO�ERG\�VFDOH�DQG�XVHG�ZLWKRXW�VSHFLDO�GHVFULSWLRQ�

7KH�DXWKRUV
�PDLQ� LQWHUHVW� LV�WR�GHYHORS�V\VWHPV�WKDW�IRFXV�RQ�WKH�OLQNLQJ�RI�UHDO
DQG� YLUWXDO� HQYLURQPHQWV� DQG� WKH� XVHUV� VHQVH� RI� SUHVHQFH�� 7KLV� DLP� LV� DOVR
UHIOHFWHG� LQ� HDUOLHU� ZRUNV��7KH� 6SDWLDO� 1DYLJDWRU� >�@� XVHV� D� WUHDGPLOO� ZKHUH� WKH
YLHZHU�ZDONV�WKURXJK�D�YLUWXDO�FDVWOH��7KH�5HVSRQVLYH�:RUNEHQFK�>�@�KDV�SXW�WKH
FRQYHQWLRQDO�GLDORJXH�FRQFHSWV� IRU�KXPDQ�FRPSXWHU�FRPPXQLFDWLRQ� LQWR�D�XVHU�
RULHQWHG�VKDSH��9LUWXDO�REMHFWV�DQG�WRROV�DUH�SURMHFWHG�VWHUHRVFRSLFDOO\�RQ�D�UHDO
ZRUNEHQFK�DV�D� YLUWXDO�GHVLJQ�HQYLURQPHQW��7KH�FRPSXWHU�DUW� LQVWDOODWLRQV�5LJLG
:DYHV� >�@�� D� PLUURU� EDVHG� RQ� LPDJH� SURFHVVLQJ� DQG� /LTXLG� 9LHZV� >�@�� D� ZDWHU
VXUIDFH� EDVHG� RQ� D� WRXFK� VFUHHQ� VWULGH� QHZ� ZD\V� LQ� KXPDQ�FRPSXWHU
FRPPXQLFDWLRQ��ZKHUH�WKH� LQWHUIDFH� LV� WDQJLEOH� WR�VXSSRUW� WKH�XVHUV�SHUFHSWLRQDO
SURFHVV�

,Q� WKLV� SDSHU� ZH� GHVFULEH� RXU� UHFHQW� LPSURYHPHQWV� DQG� LQYHVWLJDWLRQV� RI� WKH
LQWHUIDFH�FDOOHG�9LUWXDO�%DODQFH� �9%�� >�@�� 7KLV� LQWHUIDFH� LV� UHDOL]HG�DV�D�SODWIRUP
WKDW�UHDFWV�RQ�WKH�ERG\�PRYHPHQWV�RI�WKH�XVHU�ZKLFK�LV�VWD\LQJ�RQ�LW��7KH�SRVLWLRQ
RI� WKH�XVHU� LQ� WKH�YLUWXDO�ZRUOG� LV�XSGDWHG� LQ�DFFRUGDQFH�ZLWK� WKH�GDWD� IURP� WKDW
SODWIRUP��)RU�XVHU
V�LPPHUVLRQ�WR�WKH�YLUWXDO�HQYLURQPHQW�WKH�ZDOO�VFUHHQ�LV�XVHG�

���3K\VLFDO�SULQFLSOHV��XQGHUO\LQJ�LGHDV

7KH� LQWHUIDFH� 9%� LV� EDVHG� RQ� PDQ�PDFKLQH� LQWHUDFWLRQ� E\� PRYHPHQWV� RI� WKH
KXPDQ�ERG\�RQ�D�SODWIRUP��7KH�SODWIRUP�FRQVLVWV�RI�WZR�FLUFXODU�SODWHV��GLVNV��ZLWK
WKUHH� ZHLJKW� VHQVRUV� DUUDQJHG� LQ� WULDQJXODU� IRUP� EHWZHHQ� WKHVH� GLVNV�� 7KH
VHQVRUV� UHFHLYH� FKDQJHV� RI� ZHLJKW� GLVWULEXWLRQ� RQ� WKH� XSSHU� GLVF� DQG� WUDQVPLW
WKHP�WR�DQ�DQDO\VLV�XQLW�ZKLFK�LQ�WXUQ�FRQWUROV�WKH�SRVLWLRQ�DQG�RULHQWDWLRQ�RI�WKH
XVHU
V�YLHZSRLQW� LQ� WKH�YLUWXDO�HQYLURQPHQW��7KH�QXPEHU�RI� WKH�VHQVRUV�DQG� WKHLU
ORFDWLRQ�DUH�GHULYHG�IURP�WKH�ZHOO�NQRZQ�IDFW�WKDW�DQ\�SODQH�LV�VWDELOL]HG�E\�WKUHH
IRUFH�YHFWRUV�

�
) ��

�
) ��

�
) �DJDLQVW�D�FRQWUDGLUHFWLRQDO�IRUFH�YHFWRU�

J
) ��L�H��WKH�ZHLJKW

RI�WKH�REMHFW��� ,W� LV�TXLWH�REYLRXV�WKDW�WKH�SRLQW�RQ�WKH�XSSHU�GLVN� WR�ZKLFK�XVHU
V
ZHLJKW� LV� DSSOLHG� DW� WKH� JLYHQ� PRPHQW� FDQ� EH� XQDPELJXRXVO\� FDOFXODWHG� IURP
WKUHH�QXPEHUV�IURP�WKHVHQVRUV��DV�LW�LV�VKRZQ�RQ�WKH�)LJXUH���

)LJXUH����7KH�SK\VLFDO�SULQFLSOHV�RI�WKH�9%



���,PSOHPHQWDWLRQ

:H� XVH� D� SHUVRQDO� FRPSXWHU� DV� DQ� LQWHUPHGLDWH� VWDJH� EHWZHHQ� LQSXW� VLJQDO
PHDVXUHPHQW� �ZHLJKW� VHQVRUV�� DQG�6*,
V� JUDSKLFV�ZRUNVWDWLRQ��7KH� VLJQDO� IURP
WKH�ZHLJKW�VHQVRUV�DUH�VDPSOHG�YLD�WKUHH�,�2�SRUWV��)URP�WKHVH�VHSDUDWH�VLJQDOV
WKH�EDU\FHQWHU�FRRUGLQDWHV�RI�WKH�XVHU
V�ERG\�RQ�WKH�SODWIRUP��WKH�ORFDWLRQ�RI�WKH
SRLQW�RQ�WKH�GLVN�WR�ZKLFK�WKH�XVHU
V�ZHLJKW�LV�DSSOLHG��DUH�FDOFXODWHG�DQG�VHQW�WR
WKH�6*,
V�JUDSKLFV�ZRUNVWDWLRQ�RYHU�D�IRXUWK�,�2�FKDQQHO�IRU�UHQGHULQJ�RI�WKH�QHZ
VFHQH��7KH�GDWD�VHQW�IURP�WKH�3&�WR�WKH�JUDSKLFV�ZRUNVWDWLRQ�DV�LQSXW�IRU�VFHQH
UHQGHULQJ�FRQVLVW�RI�WZR�FRRUGLQDWHV�IRU�WKH�EDU\FHQWHU�RQ�WKH�QDYLJDWLRQ�SODWIRUP
DQG�WRWDO�ZHLJKW�PHDVXUHG�E\�WKUHH�VHQVRUV��)URP�WKHVH�GDWD�WKH�FXUUHQW�SRVLWLRQ�
VSHHG�DQG� RULHQWDWLRQ� RI� WKH� XVHU
V� YLHZSRLQW� DUH� FDOFXODWHG� LQ� DFFRUGDQFH�ZLWK
WKH�FKRVHQ�PRGH�RI�QDYLJDWLRQ�

�����0DSSLQJ�RI�GDWD�IURP�WKH�9%

7R� QDYLJDWH� WKURXJK� ODUJH� DUFKLWHFWXUDO�PRGHOV� OLNH� WKH�PRGHOV� RI� DQFLHQW� FLWLHV
�VHH�$SSOLFDWLRQV�� WKH�XVHU�PXVW�EH�SURYLGHG�ZLWK� WKH�RSSRUWXQLW\� WR�FKDQJH� WKH
SRVLWLRQ� RI� WKH� YLHZSRLQW� LQ� WKH� �'� VSDFH�� WR� FKDQJH� LWV� RULHQWDWLRQ� RQ� WKH
KRUL]RQWDO�SODQH��WR�PRYH��ZLWK�GLIIHUHQW�VSHHG�WR�VHH�PRUH�RU� OHVV�GHWDLOV�RI�WKH
YLUWXDO� ZRUOG�� $W� WKH� VDPH� WLPH� ZKHQ� FKRRVLQJ� WKH� DSSURSULDWH� PDSSLQJ� RQH
VKRXOG�FRQVLGHU�WKH�IROORZLQJ�IDFWV�

��7KH�9LUWXDO�%DODQFH�SURYLGHV�RQO\�WZR�LQGHSHQGHQW�VWUHDPV�RI�GDWD�FRRUGLQDWHV
LQ�WKH�GLVN
V�SODQH��

��8QWUDLQHG� XVHU� PXVW� QRW� XQGHUWDNH� VSHFLDO� FRPSOH[� DFWLRQV� WR� FKDQJH� WKH
SDUDPHWHUV�RI�WKH�PRWLRQ�LQ�WKH�YLUWXDO�ZRUOG�

,Q� RXU� FXUUHQW� LPSOHPHQWDWLRQ� WKH� GDWD� IURP� WKH� 9%� DUH� PDSSHG� LQ� WKH� ZD\
GHVFULEHG�EHORZ�DQG�GHSLFWHG�RQ�WKH�)LJXUH���

)LJXUH����0DSSLQJ�RI�GDWD�IURP�WKH�9%�

)RU� WKH�VLPSOLFLW\�ZH�ZLOO� FDOO� WKH�SRVLWLRQ�RI� WKH�SRLQW�RQ� WKH�9%
V�XSSHU�GLVN� WR
ZKLFK� WKH� XVHU
V� ZHLJKW� LV� DSSOLHG� 
WKH� SRVLWLRQ� RI� XVHU
V� ZHLJKW
�� ,I� WKH� XVHU
V



ZHLJKW�LV�DSSOLHG�WR�WKH�FHQWUDO�DUHD�2�QR�SDUDPHWHUV�RI�WKH�XVHU
V�YLHZSRLQW�DUH
FKDQJHG��7KLV�LV�QHXWUDO�DUHD�

:KHQ� WKH�XVHU
V�ZHLJKW� LV�DSSOLHG�WR� WKH�DUHD�$�RU�&�FRUUHVSRQGLQJO\� WR� WKH� OHIW
DQG� WR� WKH� ULJKW� IURP� WKH� FHQWUDO� DUHD� WKH� XVHU
V� YLHZSRLQW� WXUQV� LQ� WKH� YLUWXDO
HQYLURQPHQW� ZLWK� DQJXODU� YHORFLW\� LQFUHDVLQJ� OLQHDUO\� ZLWK� WKH� GLVWDQFH� IURP� WKH
SRVLWLRQ�RI�WKH�XVHU
V�ZHLJKW�RQ�WKH�GLVN�WR�WKH�FHQWHU�RI�WKH�GLVN��6R�ZLWK�WKH�JLYHQ
VSHHG�RI�WKH�PRWLRQ�LQ�WKH�YLUWXDO�HQYLURQPHQW�WKH�XVHU
V�ZHLJKW�KDV�WR�EH�FORVHU�WR
WKH�OHIW�RU�WR�WKH�ULJKW�ERUGHU�RI�WKH�9%
V�GLVN�WR�ILW�WR�D�WXUQ�ZLWK�VPDOOHU�UDGLXV�LQ
DFFRUGDQFH�ZLWK�WKH�ZHOO�NQRZQ�IRUPXOD�IURP�PHFKDQLFV� @�> UY

rrr
w= �

,Q� DGGLWLRQ� WKH� XVHU
V� YLHZSRLQW� URWDWHV� DURXQG� WKH� YHFWRU� RI� WKH� VSHHG� LQ� WKH
YLUWXDO� HQYLURQPHQW� RQ� DQ� DQJOH� LQFUHDVLQJ� OLQHDUO\� ZLWK� WKH� GLVWDQFH� IURP� WKH
XVHU
V�ZHLJKW�WR�WKH�FHQWHU�RI�9%
V�GLVN�

7KHVH� IXQFWLRQDOLWLHV� SURYLGH� PRUH� LPPHUVLRQ� IRU� WKH� PRWLRQ� LQ� WKH� ODUJH
DUFKLWHFWXUDO� PRGHOV� DQG� VLPXODWHV� ZHOO� NQRZQ� PHFKDQLFDO� HIIHFW� ZKLFK
PRWRELNHUV�DQG�VNLHUV�H[SHULHQFH�ZKHQ� WU\LQJ� WR� ILW� RQ� WKH�KLJK�VSHHG� WR�D� WXUQ
ZLWK� UDWKHU�VPDOO� UDGLXV��7KH\�KDYH� WR� OHDQ�YHU\�FORVH� WR� WKH�JURXQG� WR�GLVSODFH
WKH�FHQWHU�RI�JUDYLW\�FORVHU�WR�WKH�FHQWHU�RI�WKH�WXUQLQJ��7KLV�DFWLRQ�GHFUHDVHV�WKH
IRUFH� RI� IULFWLRQ� IURP� WKH� JURXQG� DQG� SUHYHQWV� WKH� SHUVRQ� IURP� WKH� EUHDNGRZQ�
)LJXUH���LOOXVWUDWHV�WKHVH�SULQFLSOHV�

)LJXUH����7XUQLQJ�DURXQG�ZLWK�WKH�9%��7KH�WRS�YLHZ�RI�WKH�PRGHO�RI�$]WHF�FLW\�LV�VKRZQ�RQ�WKH�OHIW
WRS�FRUQHU�

:KHQ�WKH�XVHU
V�ZHLJKW�LV�ORFDWHG�LQ�WKH�DUHD�%�RU�'��)LJXUH����EHIRUH�RU�EHKLQG
WKH� FHQWUDO�DUHD�RI� WKH� GLVN� WKH� XVHU� FKDQJHV� WKH� KHLJKW� RI� KLV� YLHZSRLQW� LQ� WKH
YLUWXDO�HQYLURQPHQW��GHFUHDVLQJ��DUHD�%��RU�LQFUHDVLQJ�LW��DUHD�'���,Q�DGGLWLRQ��WKH
RULHQWDWLRQ�RI�WKH�XVHU
V�YLHZSRLQW�WXUQV�DURXQG�WKH�D[LV�SDUDOOHO� WR� WKH�KRUL]RQWDO
SODQH� DQG� SHUSHQGLFXODU� WR� WKH� YHFWRU� RI� WKH� VSHHG� RI� WKH�PRWLRQ� LQ� WKH� YLUWXDO
HQYLURQPHQW��7KH�DQJOH�RI�WKH�WXUQLQJ�LV�LQFUHDVHG�OLQHDUO\��ZLWK�WKH�GLVWDQFH�IURP
WKH� XVHU
V� ZHLJKW� WR� WKH� FHQWHU� RI� WKH� GLVN�� 7KLV� IHDWXUH� VLPXODWHV� WKH� IROORZLQJ
HIIHFW��:KHQ�WKH�XVHU�LV�RQ�WKH�EDFN�VLGH�RI�WKH�GLVN��WKH�IRUZDUG�SDUW�RI�WKH�YLUWXDO
SODWIRUP�RQ�ZKLFK� WKH�XVHU� IOLHV� LQ� WKH�YLUWXDO�HQYLURQPHQW� LV�JRLQJ� �XS��DQG� WKH
KHLJKW� LV�EHLQJ� LQFUHDVHG�� ,Q� WKH�VDPH�PDQQHU�ZKHQ� WKH�XVHU� LV�RQ� WKH� IRUZDUG
SDUW�RI�WKH�9%
V�GLVN�WKH�IRUZDUG�SDUW�RI�WKH�YLUWXDO�SODWIRUP�LV�JRLQJ�GRZQ�DQG�WKH
KHLJKW�LV�EHLQJ�GHFUHDVHG�

7KH�GDWD�SURYLGHG�E\�WKH�9%�DUH�QRW�HQRXJK�WR�FKDQJH�WKH�VSHHG�RI�PRWLRQ�LQ�WKH
YLUWXDO�HQYLURQPHQW�LQ�WKH�VDPH�LQWXLWLYH�PDQQHU��:H�SURSRVH�WZR�VROXWLRQV�WR�WKLV
SUREOHP�



��� 7KH� VSHHG� GHSHQGV� RQ� WKH� KHLJKW� RI� WKH� XVHU
V� YLHZSRLQW� LQ� WKH� YLUWXDO
HQYLURQPHQW�� ,Q� WKH� ODUJH� DUFKLWHFWXUDO� PRGHOV� DOO� LQIRUPDWLRQ� LV� ORFDWHG� RQ� WKH
JURXQG��6R�LW�PDNHV�VHQVH�WR�PRYH�ZLWK�UHODWLYHO\�VPDOO�VSHHG�RQ�WKH�JURXQG�WR
VHH� WKH�PRGHO� LQ�GHWDLOV�DQG� WR� IO\�ZLWK�D� ODUJHU� VSHHG� LQ� VRPH�KHLJKW� IURP� WKH
JURXQG��ZKHUH�WKH�RSSRUWXQLW\�WR�VHH�PRUH�GHWDLOV�LV�QRW�LPSRUWDQW�
��� 7KH� FKDQJH�RI� WKH�PRGH� RI� WKH�PDSSLQJ� RI� GDWD� IURP� WKH�9%� WKURXJK� VRPH
SUHGHILQHG�DFWLRQV�RI�WKH�XVHU�RQ�WKH�9%
V�SODWIRUP��2QH�FDQ�XVH�WKH�DUHDV�%�DQG
'� RQ� WKH� GLVN� QRW� RQO\� IRU� LQFUHDVLQJ� DQG� GHFUHDVLQJ� WKH� KHLJKW� RI� WKH� XVHU
V
YLHZSRLQW� LQ� WKH� YLUWXDO� HQYLURQPHQW� EXW� DOVR� IRU� LQFUHDVLQJ� RU� GHFUHDVLQJ� WKH
VSHHG�RI�PRWLRQ��:H�LPSOHPHQWHG�WKH�IROORZLQJ�ZD\�RI�WKH�FKDQJH�RI�WKH�PRGH�RI
WKH� PDSSLQJ� RI� GDWD� IURP� WKH� 9%�� ,I� WKH� XVHU� ZDQWV� WR� LQFUHDVH� WKH� VSHHG� RI
PRWLRQ�KH�JRHV�EDFN�RQ�WKH�SODWIRUP��VR�KLV�ZHLJKW�LV�ORFDWHG�LQ�WKH�DUHD�'��DQG
LPPHGLDWHO\� JRHV� IRUZDUG� �� KLV� ZHLJKW� QRZ� LV� ORFDWHG� LQ� WKH� DUHD� %��� 7KH� WLPH
EHWZHHQ� WKHVH� WZR� HYHQWV�PXVW� QRW� EH� JUHDWHU� WKDQ� �� VHFRQG� RU� DQRWKHU� VPDOO
SUHGHILQHG�YDOXH��RWKHUZLVH�WKH�FKDQJH�RI�WKH�PRGH�GRHV�QRW�RFFXU��)LJXUH����

)LJXUH����7KH�FKDQJH�RI�PRGH�RI�WKH�9%�WKURXJK�SUHGHILQHG�DFWLRQV�RI�WKH�XVHU�RQ�WKH�9%
V
SODWIRUP�

8QWLO� WKH� XVHU
V� ZHLJKW� LV� ORFDWHG� LQ� WKH� DUHD�%� WKH� VSHHG� RI� WKH�PRWLRQ� LQ� WKH
YLUWXDO�HQYLURQPHQW�LV�EHLQJ�LQFUHDVHG�GHSHQGLQJ�RQ�WKH�GLVWDQFH�IURP�WKH�XVHU
V
ZHLJKW� RQ� WKH� 9%
V� SODWIRUP� WR� WKH� FHQWHU� RI� WKH� GLVN�� 2QFH� WKH� XVHU
V� ZHLJKW
OHDYHV�WKH�DUHD�%��WKH�PRGH�RI�WKH�PDSSLQJ�RI�GDWD�UHWXUQV�WR�LWV�XVXDO�VWDWH�ZKHQ
DUHDV�%�DQG�'�DUH�XVHG�IRU�FKDQJLQJ�WKH�KHLJKW��,Q�WKH�VDPH�PDQQHU�WKH�XVHU�FDQ
GHFUHDVH�WKH�VSHHG�RI�WKH�PRWLRQ�LQ�WKH�YLUWXDO�HQYLURQPHQW�

+RZHYHU�WHVWLQJ�RI�WKLV�IHDWXUH�ZLWK�GLIIHUHQW�SHRSOH�VKRZHG�WKDW�VXFK�DFWLRQV�FDQ
QRW� EH� FRQVLGHUHG� DV� LQWXLWLYH� DQG� VRPH� WLPH� LV� UHTXLUHG� IRU� DGDSWDWLRQ� WR� WKLV
IXQFWLRQDOLW\�� :H� XVH� WKH� ILUVW� PHQWLRQHG� PHWKRG� RI� FKDQJLQJ� RI� WKH� VSHHG� RI
PRWLRQ�LQ�WKH�YLUWXDO�ZRUOG�LQ�RXU�SXEOLF�GHPRV�ZKHQ�RXU�YLVLWRUV�QDYLJDWH�WKURXJK
ODUJH�DUFKLWHFWXUDO�PRGHOV��VHH�WKH�QH[W�VHFWLRQ���:H�DOVR�SODQ� WR�XVH�DGGLWLRQDO
GHYLFHV��HOHFWULF�ILHOG�VHQVRUV��IRU�FKDQJLQJ�WKH�VSHHG�LQ�DQ�LQWXLWLYH�ZD\�WKURXJK
IUHH�XVHU�KDQG�JHVWXUHV�

���$SSOLFDWLRQV

2XU�QXPHURXV�WHVWV�ZLWK�GLIIHUHQW�XVHUV�VKRZ�WKDW�WKH�LQWHUIDFH�9%�LV�ZHOO�VXLWHG
IRU�LQYHVWLJDWLRQ�RI�ODUJH�DUFKLWHFWXUDO�PRGHOV��OLNH�UHFRQVWUXFWHG�PRGHOV�RI�DQFLHQW
FLWLHV��:H�XVH� WKH�PRGHO� RI� WKH�5RPDQ� YLOODJH�&RORQLD�8OSLD� 7UDLDQD� �����$'�
FUHDWHG� IURP� DUFKDHRORJLFDO� GDWD� E\� MRLQW� ZRUN� RI� DUFKLWHFWV�� FLYLO� HQJLQHHUV�



DUFKDHRORJLVWV� DQG� FRPSXWHU� VFLHQWLVWV�� %RG\� QDYLJDWLRQ� GHWHUPLQHV� KHLJKW� DQG
VSHHG��'HSHQGLQJ� RQ� WKH� QDYLJDWRU
V� GLVWDQFH� IURP� WKH� YLUWXDO� REMHFWV�� GLIIHUHQW
OHYHOV�RI�GHWDLO��/2'��DUH�DFWLYDWHG��7R�KHOS�WKH�XVHU�WR�QDYLJDWH�WKURXJK�D�ODUJH
PRGHO� WKDW� LV�VSUHDG�RYHU�D� UDWKHU� ODUJH�DUHD�ZH� LQWURGXFHG� WKH� WRS�YLHZ�ZLWK�D
FXUVRU�VKRZLQJ� WKH�FXUUHQW�XVHU
V�SRVLWLRQ� LQ� WKH�YLUWXDO�HQYLURQPHQW� �DV�ZHOO� DV
WKH�FXUUHQW�RULHQWDWLRQ�RI�WKH�XVHU
V�YLHZSRLQW��)LJXUH�����:H�XVH�DV�WKH�WRS�YLHZ
WKH��'�LPDJH�FUHDWHG�EHIRUHKDQG�WR�VDYH�FRPSXWDWLRQDO�UHVRXUFHV��'HSHQGLQJ�RQ
WKH� DYDLODEOH� FRPSXWDWLRQDO� UHVRXUFHV� RQH� FDQ� XVH� LQ� RXU� IUDPHZRUN� D� YLUWXDO
PLUURU� WR� JLYH� WKH� XVHU� D� QRWLRQ� RI� WKH� HQWLUH� HQYLURQPHQW� VXUURXQGLQJ� KLP�
+RZHYHU�RQH�VKRXOG�XVH�WKH�YLUWXDO�PLUURU�ZLWK�FDUH�VLQFH�WKH�XVH�RI� LW�DVVXPHV
UHFDOFXODWLRQ� RI� DOO� QRUPDOV� RI� WKH� YLUWXDO� HQYLURQPHQW�� UHVXOWLQJ� LQ� D� YHU\� VPDOO
IUDPH�UDWH�
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���)XWXUH�ZRUN

$V�D�IXWXUH�VWHS�ZH�SODQ�WR�UHDOL]H�FROODERUDWLYH�H[SORUDWLRQ�RI�WKH�FXOWXUDO�KHULWDJH
PRGHOV�� ,W� LV� VXSSRVHG� WKDW� WZR� XVHUV� RQ� WKH� 9LUWXDO� %DODQFHV� ORFDWHG� GLVWDQWO\
H[SORUH� WKH�PRGHO� MRLQWO\�� 7KH� TXHVWLRQ� RI� WKH� DSSURSULDWH� XVHU
V� UHSUHVHQWDWLRQ
DULVHV�KHUH��7KH�RXWSXW�RI� WKH�YLGHR�FDPHUD�FDSWXULQJ�HDFK�RI� WKH�XVHUV�FDQ�EH
XVHG� IRU� WKH� VXFK� UHSUHVHQWDWLRQ�� 2QH� QHHG� WR� XVH� LPDJH� VHJPHQWDWLRQ
WHFKQLTXHV� WR� H[WUDFW� WKH� LPDJH� RI� HDFK� XVHU� IURP� WKH� VWDWLF� EDFNJURXQG�� $V� D
UHVXOW� HDFK� XVHU� ZLOO� VHH� RQ� KLV�KHU� VFUHHQ� QDWXUDO� DQG� H[SUHVVLYH� ERGLO\
PRYHPHQWV�RI� WKH�RWKHU� XVHU� VWHHULQJ� WKH�9%�� 7KH� FRPPXQLFDWLRQ� EHWZHHQ� WKH
XVHUV�LV�UHDOL]HG�YLD�QDWXUDO�JHVWXUHV�DQG�VSHHFK�
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