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$EVWUDFW�� $OWKRXJK� WKH� SUREOHP�RI�PXOWLPHGLD� DSSOLFDWLRQ�OHYHO�SHUIRUPDQFH�
LV�FORVHO\�OLQNHG�WR�ERWK�WKH�XVHU�SHUVSHFWLYH�RI�WKH�H[SHULHQFH�DV�ZHOO�DV�WR�WKH�
VHUYLFH� SURYLGHG� E\� WKH� XQGHUO\LQJ� QHWZRUN�� LW� LV� UDUHO\� VWXGLHG� IURP� DQ�
LQWHJUDWHG�YLHZSRLQW��7R�DOOHYLDWH� WKLV�SUREOHP�LQ� WKH�FRQWH[W�RI�D�PXOWLPHGLD�
DSSOLFDWLRQ��D�PHWKRG�LV�SURSRVHG�LQ�WKLV�SDSHU�IRU�REWDLQLQJ�D�SULRULW\�RUGHU�RI�
ORZ�OHYHO� 4XDOLW\� RI� 6HUYLFH� SDUDPHWHUV�� ZKLFK� ZRXOG� HQVXUH� WKDW� XVHU� OHYHO�
4XDOLW\� RI� 3HUFHSWLRQ� LV� PDLQWDLQHG� DW� DQ� RSWLPXP� OHYHO�� 7KLV� DSSURDFK�
SURYLGHV�D� VHULHV�RI�DGYDQWDJHV�RYHU�SUHYLRXV�DWWHPSWV�� LQ� WKDW� LW�DOORZV�XV� WR�
H[SORLW�WKH�UHVXOWV�RI�H[WHQVLYH�4XDOLW\�RI�3HUFHSWLRQ�WHVWV�WR�DEVROYH�WKH�XVHUV�
IURP�WKH�QHFHVVLW\�RI� VSHFLI\LQJ� WKHLU�SUHIHUHQFHV��EXW�DW� WKH�VDPH�WLPH�RIIHUV�
XVHUV�WKH�DGGHG�IOH[LELOLW\�RI�LQGLFDWLQJ�WKHLU�SHUFHLYHG�PHGLD�SULRULWLHV��VKRXOG�
WKH\�GLIIHU�IURP�WKH�GHIDXOW�YDOXHV��0RUHRYHU��RXU�DSSURDFK�LV�DOVR�FDSDEOH� WR�
KDQGOH� LQFRQVLVWHQFLHV� WKDW� PD\� RFFXU� LQ� WKH� IRUPXODWLRQ� RI� VXFK� SULRULWLHV��
/DVWO\�� VLQFH�4XDOLW\�RI�3HUFHSWLRQ� LV�D�PRUH� LQFOXVLYH�PHDVXUH�RI� WKH�KXPDQ�
PXOWLPHGLD�H[SHULHQFH��WKLV�LV�D�PRUH�FRPSUHKHQVLYH�DSSURDFK�WKDQ�SUHFHGLQJ�
DWWHPSWV��2XU�FXUUHQW�ZRUN�LV�IRFXVHG�RQ�H[SUHVVLQJ�SUHIHUHQFHV�E\�IX]]\�VHWV�
DQG�RQ�WKH�SURYLVLRQ�RI�LPSURYHG�VROYLQJ�WHFKQLTXHV��

��,QWURGXFWLRQ�

7KH�IRFXV�RI�RXU�UHVHDUFK�KDV�EHHQ�WKH�HQKDQFHPHQW�RI�WKH�WUDGLWLRQDO��WHFKQLFDO�YLHZ�
RI�4XDOLW\�RI�6HUYLFH��4R6��ZLWK�D�XVHU�OHYHO�GHILQHG�4XDOLW\�RI� �3HUFHSWLRQ��4R3���
7KLV�LV�D�PHDVXUH��ZKLFK�HQFRPSDVVHV�QRW�RQO\�D�XVHU
V�VDWLVIDFWLRQ�ZLWK�PXOWLPHGLD�
FOLSV�� EXW� DOVR� KLV�KHU� DELOLW\� WR� SHUFHLYH�� V\QWKHVLVH� DQG� DQDO\VH� WKH� LQIRUPDWLRQDO�
FRQWHQW� RI� VXFK� SUHVHQWDWLRQV�� $V� VXFK�� LQ� SUHYLRXV� ZRUN� ZH� KDYH� LQYHVWLJDWHG� WKH�
LQWHUDFWLRQ�EHWZHHQ�4R3�DQG�4R6�DQG� LWV� LPSOLFDWLRQV� IURP�ERWK�D�XVHU�SHUVSHFWLYH�
>�@��DV�ZHOO�DV�D�QHWZRUNLQJ�DQJOH�>�@��

$OWKRXJK� WKH� SUREOHP� RI� PXOWLPHGLD� DSSOLFDWLRQ�OHYHO� SHUIRUPDQFH� LV� FORVHO\�
OLQNHG�WR�ERWK�WKH�XVHU�SHUVSHFWLYH�RI�WKH�H[SHULHQFH�DV�ZHOO�DV�WR�WKH�VHUYLFH�SURYLGHG�
E\�WKH�XQGHUO\LQJ�QHWZRUN��LW�LV�UDUHO\�VWXGLHG�IURP�DQ�LQWHJUDWHG�YLHZSRLQW��&OHDUO\��
WKLV� LV� D� YHU\� XQVDWLVIDFWRU\� VWDWH� RI� DIIDLUV�� DQG� LQGHHG� WKH� OLWHUDWXUH� LWVHOI� UHYHDOV�



UHODWLYHO\�IHZ�LQVWDQFHV�RI�UHVHDUFK�EHLQJ�GRQH�LQ�WKH�DUHD�RI�EULGJLQJ�WKH�DSSOLFDWLRQ�
QHWZRUN� JDS�� 8VXDOO\�� WKUHH� DSSURDFKHV� DUH� VXJJHVWHG� LQ� WKH� OLWHUDWXUH�� 7KH� ILUVW�
DSSURDFK� WULHV� WR� EULGJH� WKH� DSSOLFDWLRQ�QHWZRUN� JDS� LPSOLFLWO\�� %\� WKLV� LW� LV�
XQGHUVWRRG� WKDW� WKHUH� LV� QR� H[SOLFLW� PDSSLQJ� EHWZHHQ� DSSOLFDWLRQ�OHYHO� XVHU�
UHTXLUHPHQWV�DQG� WKH�4R6�SURYLGHG�E\� WKH�QHWZRUN��:KDW�KDSSHQV�UDWKHU� LV� WKDW� WKH�
XVHU�VSHFLILHV��XVXDOO\�WKURXJK�D�*UDSKLFDO�8VHU�,QWHUIDFH��KLV�KHU�GHVLUHG�SUHVHQWDWLRQ�
TXDOLW\��7KLV�DSSURDFK�XVXDOO\�DVVXPHV�D�WHFKQLFDOO\�DZDUH�XVHU�FDSDEOH�RI�VSHFLI\LQJ�
SDUDPHWHUV� VXFK� DV� GHVLUHG� SOD\EDFN� IUDPH� UDWH�� VSDWLDO� UHVROXWLRQ�� RU� DFFHSWDEOH�
V\QFKURQLVDWLRQ�GHOD\�EHWZHHQ�WKH�DXGLR�DQG�YLGHR�VWUHDPV��,Q� WKH�VHFRQG�DSSURDFK�
DQ� H[SOLFLW� PDSSLQJ� OLQNLQJ� DSSOLFDWLRQ�OHYHO� XVHU� UHTXLUHPHQWV� WR� QHWZRUN� 4R6� LV�
DFWXDOO\�JLYHQ��6XFK�D�PDSSLQJ�FDQ�HLWKHU�EH�GHILQHG�RQ�D�SHU�OD\HU�EDVLV�RU�GLUHFWO\�
EHWZHHQ�DSSOLFDWLRQ�DQG�QHWZRUN�OHYHO�SDUDPHWHUV��7KH�ODVW�DSSURDFK�LV��LQ�HVVHQFH��D�
PRUH�UHVWULFWLYH�YHUVLRQ�RI�WKH�ILUVW��:KDW�KDSSHQV�KHUH�LV�WKDW�WKH�XVHU�LV�SOD\HG�VKRUW�
GXUDWLRQ�SUREHV�RI�GLIIHULQJ�TXDOLWLHV�RI�WKH�PXOWLPHGLD�PDWHULDO�LQ�TXHVWLRQ�DQG��V�KH�
WKHQ�VSHFLILHV�ZKLFK�RI�WKH�JLYHQ�VDPSOH�TXDOLWLHV�LV�DFFHSWDEOH��7KXV��DQ\�FKRLFH�WKDW�
WKH�XVHU�PLJKW�PDNH�LQ�DV�IDU�DV�GHVLUHG�PXOWLPHGLD�TXDOLW\�JRHV�LV�JXDUDQWHHG�WR�EH�
GHOLYHUHG���DW�OHDVW�LQ�WKH�LQLWLDO�VWDJHV���E\�WKH�QHWZRUN���

:H� KDYH� DGGUHVVHG� WKH� SUREOHP� RI� EULGJLQJ� WKH� DSSOLFDWLRQ�QHWZRUN� JDS� IURP� D�
PXOWL�DWWULEXWH� GHFLVLRQ�PDNLQJ� SHUVSHFWLYH�� XVLQJ� WKH� $QDO\WLF� +LHUDUFK\� 3URFHVV��
:H�KDYH�VRXJKW�WR�XVH�WKLV�DSSURDFK�WR�LQWHJUDWH�UHVXOWV�IURP�RXU�ZRUN�RQ�4XDOLW\�RI�
3HUFHSWLRQ� ZLWK� WKH� PRUH� WHFKQLFDO� FKDUDFWHULVDWLRQ� RI� 4XDOLW\� RI� 6HUYLFH�� ZLWK� DQ�
XOWLPDWH� DLP� RI� SURYLGLQJ� DQ� DGDSWDEOH� FRPPXQLFDWLRQV� SURWRFRO� JHDUHG� WRZDUGV�
KXPDQ�UHTXLUHPHQWV�LQ�WKH�GHOLYHU\�RI�GLVWULEXWHG�PXOWLPHGLD��

�

��(YDOXDWLQJ�8VHU�SHUFHLYHG�4XDOLW\�RI�6HUYLFH��

2XU�DSSURDFK�WR�HYDOXDWLQJ�XVHU�SHUFHLYHG�4R6��4R3��KDV�EHHQ�PDLQO\�HPSLULFDO��DV�
LV� GLFWDWHG� E\� WKH� IDFW� WKDW� LWV� SULPDU\� IRFXV� LV� RQ� WKH� KXPDQ�VLGH� RI� PXOWLPHGLD�
FRPSXWLQJ��:KDW�KDV�EHHQ�GRQH�LV�WKDW�XVHUV�IURP�GLYHUVH�EDFNJURXQGV��WHVW�VXEMHFWV�
LQYROYHG� DFDGHPLFV�� VWXGHQWV�� VHFUHWDULHV�� EXVLQHVVPHQ�� DQG� DJHV� ������� \HDUV� ROG��
ZHUH�SUHVHQWHG�ZLWK�D�VHW�RI����VKRUW����������VHFRQGV¶�GXUDWLRQ��PXOWLPHGLD�FOLSV�LQ�
03(*��� IRUPDW�� 7KHVH� ZHUH� FKRVHQ� WR� EH� DV� YDULHG� DV� SRVVLEOH�� UDQJLQJ� IURP� D�
UHODWLYHO\� VWDWLF�QHZV�FOLS� WR�D�KLJKO\�G\QDPLF�UXJE\�IRRWEDOO�VHTXHQFH��$OO�RI� WKHP�
GHSLFWHG�H[FHUSWV�IURP�UHDO�ZRUOG�SURJUDPV�DQG�WKXV�UHSUHVHQW�LQIRUPDWLRQDO�VRXUFHV��
ZKLFK�DQ�DYHUDJH�XVHU�PLJKW�HQFRXQWHU� LQ�HYHU\GD\� OLIH��(DFK�FOLS�ZDV� VKRZQ�ZLWK�
WKH�VDPH�VHW�RI�4R6�SDUDPHWHUV��XQNQRZQ�WR� WKH�XVHU��$IWHU�HDFK�FOLS�� WKH�XVHU�ZDV�
DVNHG�D�VHULHV�RI�TXHVWLRQV��UDQJLQJ�IURP����WR�����EDVHG�RQ�ZKDW�KDG�MXVW�EHHQ�VHHQ�
DQG� WKH�H[SHULPHQWHU�GXO\�QRWHG� WKH�DQVZHUV��/DVWO\�� WKH�XVHU�ZDV�DVNHG� WR� UDWH� WKH�
TXDOLW\�RI�WKH�FOLS�WKDW�KDG�MXVW�EHHQ�VHHQ�RQ�D�VFDOH�RI��������ZLWK�VFRUHV�RI���DQG���
UHSUHVHQWLQJ�WKH�ZRUVW�DQG��UHVSHFWLYHO\��EHVW�SHUFHLYHG�TXDOLWLHV�SRVVLEOH���

%HFDXVH� RI� WKH� UHODWLYH� LPSRUWDQFH� RI� WKH� DXGLR� VWUHDP� LQ� D� PXOWLPHGLD�
SUHVHQWDWLRQ�DV�ZHOO�DV�WKH�IDFW�WKDW�LW�WDNHV�XS�DQ�H[WUHPHO\�ORZ�DPRXQW�RI�EDQGZLGWK�
FRPSDUHG� WR� WKH� YLGHR� LW� ZDV� GHFLGHG� WR� WUDQVPLW� DXGLR� DW� IXOO� TXDOLW\� GXULQJ� WKH�
H[SHULPHQWV��3DUDPHWHUV�ZHUH��KRZHYHU��YDULHG�LQ�WKH�FDVH�RI�WKH�YLGHR�VWUHDP��7KHVH�



LQFOXGH� ERWK� VSDWLDO� SDUDPHWHUV� �VXFK� DV� FRORXU� GHSWK�� DQG� WHPSRUDO� SDUDPHWHUV�
�IUDPH�UDWH���$FFRUGLQJO\��WZR�GLIIHUHQW�FRORXU�GHSWKV�ZHUH�FRQVLGHUHG����DQG����ELW���
WRJHWKHU�ZLWK���GLIIHUHQW�IUDPH�UDWHV��������DQG����IUDPHV�SHU�VHFRQG���ISV���7ZHOYH�
XVHUV� KDYH� EHHQ� WHVWHG� IRU� HDFK� �IUDPHBUDWH�� FRORXUBGHSWK�� SDLU�� ,Q� VXPPDU\� WKH�
UHVXOWV��VHH�>�@�IRU�D�PRUH�GHWDLOHG�FRYHUDJH��REWDLQHG�LQ�WKH�4R3�H[SHULPHQWV�VKRZ�
WKDW��
x� $� VLJQLILFDQW� ORVV� RI� IUDPHV� �WKDW� LV�� UHGXFLQJ� WKH� IUDPH� UDWH�� GRHV� QRW�

SURSRUWLRQDOO\�UHGXFH�WKH�XVHU¶V�XQGHUVWDQGLQJ�DQG�SHUFHSWLRQ�RI�WKH�SUHVHQWDWLRQ��
,Q� IDFW�� LQ� VRPH� LQVWDQFHV� �V�KH� VHHPHG� WR� DVVLPLODWH�PRUH� LQIRUPDWLRQ�� WKHUHE\�
UHVXOWLQJ�LQ�PRUH�FRUUHFW�DQVZHUV�WR�TXHVWLRQV��7KLV�LV�EHFDXVH�WKH�XVHU�KDV�PRUH�
WLPH� WR�YLHZ�D� IUDPH�EHIRUH� WKH� IUDPH�FKDQJHV� �DW���� ISV��D� IUDPH� LV� YLVLEOH� IRU�
RQO\� ����� VHF��ZKHUHDV� DW� �� ISV� D� IUDPH� LV� YLVLEOH� IRU� ���� VHF��� KHQFH� DEVRUELQJ�
PRUH�LQIRUPDWLRQ��7KLV�REVHUYDWLRQ�KDV�LPSOLFDWLRQV�RQ�UHVRXUFH�DOORFDWLRQ��

x� 8VHU� DVVLPLODWLRQ� RI� WKH� LQIRUPDWLRQDO� FRQWHQW� RI� FOLSV� LV� FKDUDFWHULVHG� E\� WKH�
Z\V�!Z\J� �ZKDW� \RX�VHH� LV� QRW�ZKDW� \RX�JHW�� UHODWLRQ��:KDW� WKLV�PHDQV� LV� WKDW�
RIWHQ� XVHUV�� ZKLOVW� VWLOO� DEVRUELQJ� LQIRUPDWLRQ� FRUUHFWO\�� GR� QRW� QRWLFH� REYLRXV�
FXHV� LQ� WKH� FOLS�� ,QVWHDG� WKH� UHDVRQLQJ� SURFHVV� E\� ZKLFK� WKH\� DUULYH� DW� WKHLU�
FRQFOXVLRQV�LV�EDVHG�D�ORW�RQ�LQWXLWLRQ�DQG�SDVW�H[SHULHQFH��

x� 8VHUV� KDYH� GLIILFXOW\� LQ� DEVRUELQJ� DXGLR�� YLVXDO� DQG� WH[WXDO� LQIRUPDWLRQ�
FRQFXUUHQWO\��0RUHRYHU��LI�WKH�XVHU�SHUFHLYHV�SUREOHPV�ZLWK�WKH�SUHVHQWDWLRQ��VXFK�
DV�OLS�V\QFKURQLVDWLRQ��XVHUV�ZLOO�GLVUHJDUG�WKHP�DQG�IRFXV�RQ�WKH�DXGLR�PHVVDJH�
LI� WKDW� LV� FRQVLGHUHG� WR� EH� FRQWH[WXDOO\� LPSRUWDQW�� 7KLV� LPSOLHV� WKDW� FULWLFDO� DQG�
LPSRUWDQW�PHVVDJHV�LQ�D�PXOWLPHGLD�SUHVHQWDWLRQ�VKRXOG�EH�GHOLYHUHG�LQ�RQO\�RQH�
W\SH� RI�PHGLXP�� RU�� LI� GHOLYHUHG� FRQFXUUHQWO\�� VKRXOG� EH� GRQH� VR�ZLWK�PD[LPDO�
SRVVLEOH�TXDOLW\��

x� +LJKO\�G\QDPLF�VFHQHV��DOWKRXJK�H[SHQVLYH�LQ�UHVRXUFHV��KDYH�D�QHJDWLYH�LPSDFW�
RQ� XVHU� XQGHUVWDQGLQJ� DQG� LQIRUPDWLRQ� DVVLPLODWLRQ�� 4XHVWLRQV� LQ� WKLV� FDWHJRU\�
REWDLQHG�WKH�OHDVW�QXPEHU�RI�FRUUHFW�DQVZHUV���+RZHYHU�WKH�HQWHUWDLQPHQW�YDOXH�RI�
VXFK�SUHVHQWDWLRQV�VHHPV�WR�EH�FRQVLVWHQW��LUUHVSHFWLYH�RI�WKH�IUDPH�UDWH�DW�ZKLFK�
WKH\� DUH� VKRZQ�� 7KH� OLQN� EHWZHHQ� HQWHUWDLQPHQW� DQG� FRQWHQW� XQGHUVWDQGLQJ� LV�
WKHUHIRUH�QRW�GLUHFW�DQG�WKLV�LV�IXUWKHU�FRQILUPHG�E\�WKH�VHFRQG�REVHUYDWLRQ�DERYH��
$OO� WKHVH� UHVXOWV� LQGLFDWH� WKDW� WHFKQLFDO�RULHQWHG� 4R6� PXVW� DOVR� EH� VSHFLILHG� LQ�

WHUPV�RI�SHUFHSWLRQ��XQGHUVWDQGLQJ�DQG�DEVRUSWLRQ�RI�FRQWHQW���4XDOLW\�RI�3HUFHSWLRQ�
LQ�VKRUW���LI�PXOWLPHGLD�SUHVHQWDWLRQV�DUH�WR�EH�WUXO\�HIIHFWLYH��

����$�)UDPHZRUN�IRU�4R3�$GDSWDWLRQ�

'LVWULEXWHG�JXDUDQWHHG�VHUYLFHV�QHHG�WR�LQFRUSRUDWH�FDSDELOLWLHV�IRU�UHVSRQGLQJ�WR�4R3�
DQG�4R6� FKDQJHV� RULJLQDWLQJ� IURP� WKH� XVHU�DSSOLFDWLRQV� RU� WKH� V\VWHP�QHWZRUN�� 7R�
DFKLHYH� WKHVH� FKDQJHV�� WKH� QHWZRUNHG� PXOWLPHGLD� V\VWHP� ZLOO� UHTXLUH� IDVW�
UHQHJRWLDWLRQ� SURWRFROV� DQG� DGDSWLYH� PHFKDQLVPV�� 7KH� UHQHJRWLDWLRQ� SURWRFROV� ZLOO�
UHO\� RQ� GHSHQGDEOH� DQG� VLPSOH� PRQLWRULQJ� DQG� UHFRJQLWLRQ� DOJRULWKPV� WR� GHWHFW�
UHTXHVWV� IRU� 4R6� FKDQJHV� RU� V\VWHP� GHJUDGDWLRQV�� 7KH� HQYLVLRQHG� DGDSWLYH�
PHFKDQLVPV�VKRXOG�LQFOXGH�XSGDWH�PHFKDQLVPV�IRU�UHVRXUFH�DOORFDWLRQ�LQ�UHVSRQVH�WR�
GHWHFWLRQ�RI�V\VWHP�GHJUDGDWLRQ��7KH�FKDOOHQJH�ZLOO�EH�WR�PDNH�PRQLWRULQJ��GHWHFWLRQ�
DQG�DGDSWDWLRQ�PHFKDQLVPV�HIILFLHQW�DQG�IDVW�>�@��



7KH� '\QDPLFDOO\� 5HFRQILJXUDEOH� 6WDFNV� 3URMHFW� �'5R36�� SURYLGHV� DQ�
LQIUDVWUXFWXUH� IRU� WKH� LPSOHPHQWDWLRQ� DQG� RSHUDWLRQ� RI�PXOWLSOH� DGDSWDEOH� SURWRFROV�
>�@�� 7KH� FRUH� DUFKLWHFWXUH� LV� HPEHGGHG� ZLWKLQ� WKH� /LQX[� RSHUDWLQJ� V\VWHP�� LV�
DFFHVVLEOH� WKURXJK� VWDQGDUG� LQWHUIDFHV�� VXFK� DV� VRFNHWV� DQG� WKH� 81,;� LRFWO� �,�2�
FRQWURO�� V\VWHP� FDOOV�� KDV� GLUHFW� DFFHVV� WR� QHWZRUN� GHYLFHV� DQG� EHQHILWV� IURP� D�
SURWHFWHG�� PXOWLSURJUDPPLQJ� HQYLURQPHQW�� 7KH� DUFKLWHFWXUH� DOORZV� DGGLWLRQDO� 4R6�
PDLQWHQDQFH�WHFKQLTXHV��VXFK�DV�IORZ�VKDSLQJ��WR�VPRRWK�RXW�EXUVWV�LQ�WUDIILF���DW�WKH�
XVHU�RU�LQWHUIDFH�OHYHO��DQG�WUDQVPLVVLRQ�TXHXH�VFKHGXOLQJ��DW�WKH�GHYLFH�TXHXH�OHYHO��

'5R36�EDVHG� FRPPXQLFDWLRQ� SURWRFROV� DUH� FRPSRVHG� RI� IXQGDPHQWDO�
PHFKDQLVPV�� FDOOHG� PLFURSURWRFROV�� ZKLFK� SHUIRUP� DUELWUDU\� SURWRFRO� SURFHVVLQJ�
RSHUDWLRQV��7KH�FRPSOH[LW\�RI�SURFHVVLQJ�SHUIRUPHG�E\�D�PLFURSURWRFRO�LV�QRW�GHILQHG�
E\�'5R36�DQG�PD\�UDQJH�IURP�D�VLPSOH�SURWRFRO�IXQFWLRQ��VXFK�DV�D�FKHFNVXP��WR�D�
FRPSOH[� OD\HU� RI� D� SURWRFRO� VWDFN�� VXFK� DV� 7&3�� ,Q� DGGLWLRQ�� SURWRFRO�PHFKDQLVPV�
HQFDSVXODWHG�ZLWKLQ�D�PLFURSURWRFRO�PD\�EH�LPSOHPHQWHG�LQ�KDUGZDUH�RU�VRIWZDUH��,I�
DSSURSULDWH�KDUGZDUH�LV�DYDLODEOH��WKH�PLFURSURWRFRO�PHUHO\�DFWV�DV�D�ZUDSSHU��FDOOLQJ�
WKH�UHOHYDQW�KDUGZDUH�IXQFWLRQ��0LFURSURWRFROV�DUH�HQFDSVXODWHG�LQ�ORDGDEOH�PRGXOHV��
DOORZLQJ�FRGH�WR�EH�G\QDPLFDOO\�ORDGHG�LQWR�D�UXQQLQJ�RSHUDWLQJ�V\VWHP�DQG�H[HFXWHG�
ZLWKRXW� WKH� QHHG� WR� UHFRPSLOH� D� QHZ� NHUQHO�� (DFK� VXFK� PLFURSURWRFRO� FDQ� EH�
LPSOHPHQWHG�YLD�D�QXPEHU�RI�DGDSWDEOH�IXQFWLRQV��)RU�LQVWDQFH��DQ�DFNQRZOHGJHPHQW�
SURWRFRO� FDQ� EH� LPSOHPHQWHG� HLWKHU� DV� DQ� ,GOH� 5HSHDW� 5HTXHVW� RU� D� 3HU� 0HVVDJH�
$FNQRZOHGJHPHQW�6FKHPH��

���8VHU�FHQWUHG�'HVLJQ�ZLWK�0XOWL�FULWHULD�&RQVWUDLQWV�

,Q� OLQNLQJ�SHUFHSWXDO� FRQVLGHUDWLRQV�ZLWK� ORZ�OHYHO� WHFKQLFDO�SDUDPHWHUV�� WKH�GHVLJQ�
SURFHVV�VKRXOG�WDNH�LQWR�DFFRXQW�WKH�VXEMHFWLYH�MXGJHPHQW�RI�WKH�HQG�XVHU��7KH�HQG�
XVHU� PD\� QRW� FOHDUO\� VSHFLI\� D� GHVLUHG� SDUDPHWHU� YDOXH� DQG� SUHIHUV� WKH� XVH� RI�
OLQJXLVWLF�SKUDVHV�WR�GHVFULEH�WKH�REMHFWLYHV��H�J���$�LV�HTXDOO\�LPSRUWDQW�DV�%����$�LV�
VOLJKWO\�PRUH�LPSRUWDQW�WKDQ�%���RU�PRUH�FRPSOLFDWHG�RQHV��VXFK�DV��+RZ�PXFK�PRUH�
SUHIHUDEOH� LV�D� IORZ�FRQWURO�SURWRFRO�ZKHQ�FRPSDUHG� WR�D�FKHFNVXP�DOJRULWKP�ZLWK�
UHVSHFW� WR� REWDLQLQJ� D� VDWLVIDFWRU\� DXGLR� TXDOLW\"��� �+RZ� LPSRUWDQW� LV� D� VSHFLILF�
DFNQRZOHGJHPHQW�VFKHPH�IRU�XVHU�SHUFHSWLRQ�RI�YLGHR"���7KLV�GRHV�UHVXOW�LQ�LQKHUHQW�
LPSUHFLVLRQ��$OWKRXJK�LQIRUPDWLRQ�DERXW�TXHVWLRQV� OLNH� WKH�SUHYLRXV�RQHV� LV�YLWDO� LQ�
PDNLQJ� FRUUHFW� GHVLJQ� GHFLVLRQV�� LW� LV� YHU\� GLIILFXOW�� LI� QRW� LPSRVVLEOH�� WR� TXDQWLI\�
WKHP�FRUUHFWO\��L�H��WKH�PDLQ�SUREOHP�LV�KRZ�WR�TXDQWLI\�WKH�OLQJXLVWLF�FKRLFHV�VHOHFWHG�
E\�WKH�GHFLVLRQ�PDNHU�GXULQJ�WKH�HYDOXDWLRQ�RI�WKH�SDLUZLVH�FRPSDULVRQV��$OO�PHWKRGV�
WKDW�XVH�WKLV�DSSURDFK�HYHQWXDOO\�H[SUHVV�WKH�TXDOLWDWLYH�DQVZHUV�RI�D�GHFLVLRQ�PDNHU�
LQWR�VRPH�QXPEHUV���

7R� WKLV� HQG�� ZH� KDYH� DSSOLHG� 6DDW\¶V� $QDO\WLFDO� +LHUDUFK\� 3URFHVV� �$+3��
IRUPDOLVP� >�@� WR� REWDLQ� D� PHWKRG� ZKLFK�� IURP� FRPELQHG� XVHU��� DSSOLFDWLRQ�� DQG�
QHWZRUN�OHYHO�UHTXLUHPHQWV��XOWLPDWHO\�UHVXOWV�LQ�D�SURWRFRO�FRQILJXUDWLRQ�VSHFLILFDOO\�
WDLORUHG� IRU� WKH� UHVSHFWLYH� XVHU�QHHGV�� 7KXV�� ZLWKLQ� WKH� 4R3� IUDPHZRUN�� HDFK�
PXOWLPHGLD�DSSOLFDWLRQ�FDQ�EH�FKDUDFWHULVHG�E\� WKH� UHODWLYH� LPSRUWDQFH�RI� WKH�YLGHR�
�9���DXGLR��$��DQG�WH[WXDO��7��FRPSRQHQWV�DV�FRQYH\RUV�RI�LQIRUPDWLRQ��DV�ZHOO�DV�WKH�
G\QDPLVP��'��RI� WKH�SUHVHQWDWLRQ��7KLV� LV� LQ�DFFRUGDQFH�ZLWK� WKH�H[SHULPHQWDO�4R3�



UHVXOWV� REWDLQHG� ZKLFK� HPSKDVLVH� WKDW� PXOWLPHGLD�4R3� YDULHV� ZLWK�� WKH� QXPEHU� RI�
PHGLD�IORZV��WKH�W\SH�RI�PHGLXP��WKH�W\SH�RI�DSSOLFDWLRQ��DQG�WKH�UHODWLYH�LPSRUWDQFH�
RI�HDFK�PHGLXP�LQ�WKH�FRQWH[W�RI�WKH�DSSOLFDWLRQ��2Q�WKH�RWKHU�KDQG����QHWZRUN�OHYHO�
4R6� SDUDPHWHUV� KDYH� EHHQ� FRQVLGHUHG� LQ� RXU�PRGHO�� ELW� HUURU� �%(5��� VHJPHQW� ORVV�
�6/���VHJPHQW�RUGHU��62���GHOD\��'(/��DQG�MLWWHU��-,7���7RJHWKHU�ZLWK�WKH�9��$��7�DQG�
'� SDUDPHWHUV� WKHVH� FRQVWLWXWH�� LQ� 6DDW\¶V� WHUPLQRORJ\�� WKH� FULWHULD� RQ� WKH� EDVLV� RI�
ZKLFK�DQ�DSSURSULDWH�WDLORUHG�FRPPXQLFDWLRQ�SURWRFRO�LV�FRQVWUXFWHG��,Q�'5R36��WKH�
IXQFWLRQDOLW\� RI� WKLV� SURWRFRO� LV� UHDOLVHG� WKURXJK� D� QXPEHU� RI� �� PLFURSURWRFROV��
VSDQQLQJ���EURDG�IXQFWLRQDOLW\�FODVVHV�>�@��

%\�DSSO\LQJ�6DDW\
V�PHWKRGRORJ\�ZH�REWDLQ�D�WRWDO�RI����PDWULFHV��7R�WKLV�HQG��WKH�
GHFLVLRQ�PDNHU��ERWK�WKH�GHVLJQHU�DQG�WKH�XVHU��KDV�WR�H[SUHVV�KLV�KHU�RSLQLRQ�DERXW�
WKH�YDOXH�RI�D�VLQJOH�SDLUZLVH�FRPSDULVRQ�DW�D�WLPH��1LQH�RI�WKHVH�PDWULFHV�JLYH�WKH�
UHODWLYH�LPSRUWDQFH�RI�WKH�YDULRXV�PLFURSURWRFROV��DOWHUQDWLYHV��LQ�6DDW\
V�YRFDEXODU\��
ZLWK� UHVSHFW� WR� WKH� FULWHULD� LGHQWLILHG� LQ� RXU�PRGHO��ZKLOH� WKH� ODVW� RI� WKHVH�PDWULFHV�
GHWDLOV�SDLUZLVH�FRPSDULVRQV�EHWZHHQ�WKH�FULWHULD�WKHPVHOYHV���
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$/7ZUW%(5 �
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7KH� IRUPXODWLRQ� RI� WKH� ��� PDWULFHV� KDV� EHHQ� EDVHG� RQ� WKH� UHVXOWV� RI� WKH�
H[SHULPHQWV� GHVFULEHG� LQ� 6HFWLRQ� ��� $Q� H[DPSOH� RI� RQH� RI� WKH� IRUPHU� W\SH� RI�
PDWULFHV��L�H��RI�WKH�GLIIHUHQW�DOWHUQDWLYHV�ZLWK�UHVSHFW�WR�RQH�RI�WKH�FULWHULD��ELW�HUURU�
UDWH� LQ� WKLV�FDVH�� LV� JLYHQ� LQ�5HODWLRQ� �����(DFK�HQWU\�

LM
D �RI� WKH�PDWUL[�$/7ZUW%(5�

GHILQHV�WKH�QXPHULFDO�MXGJHPHQW�PDGH�E\�WKH�GHVLJQHU�DQG�RU�WKH�XVHU�LQ�FRPSDULQJ�
FULWHULRQ� WR�FULWHULRQ��3V\FKRORJLFDO�H[SHULPHQWV�KDYH�VKRZQ�WKDW� LQGLYLGXDOV�FDQQRW�
VLPXOWDQHRXVO\� FRPSDUH� PRUH� WKDQ� �� REMHFWV� �r��� >�@�� 7KXV�� XVXDOO\�� SDLUZLVH�
FRPSDULVRQV� DUH� TXDQWLILHG� E\� XVLQJ� D� VFDOH� RI� QLQH� JUDGHV�� ZKLFK� GHVFULEH� WKH�
UHODWLYH�LPSRUWDQFH�RI�WKH�FULWHULD�>�@��,I

LM
D �LV�D�SRLQW�RQ�WKLV�QLQH�SRLQW�VFDOH��L�H��

LM
D �

�� ^�������������`�� WKHQ�
LMML

DD � � DOVR� KROGV� >�@�� )RU� H[DPSOH�� LQ� 5HODWLRQ� ���� WKH�

MXGJHPHQW��PLFURSURWRFRO�$�LV�HTXDOO\�LPSRUWDQW�DV�PLFURSURWRFRO�%�ZLWK�UHVSHFW�WR�
%(5��FRUUHVSRQGV�WR�D�ZHLJKWLQJ�RI� � LMD ��ZKLOH�WKH�MXGJHPHQW��PLFURSURWRFRO�$�LV�

DEVROXWHO\� PRUH� LPSRUWDQW� WKDQ� PLFURSURWRFRO� %�� ZRXOG� FRUUHVSRQG� WR� D� YDOXH� RI�
� 

LM
D ��,QWHUPHGLDWH�WHUPV�FDQ�DOVR�EH�DVVLJQHG�ZKHQ�FRPSURPLVH�LV�QHHGHG�EHWZHHQ�

WZR� DGMDFHQW� FKDUDFWHULVDWLRQV�� 1RWH� WKDW� LQ� 5HODWLRQ� ����� WKH� FRQVLGHUHG�
PLFURSURWRFROV�DUH�� LQ�RUGHU�^QR�VHTXHQFH�FRQWURO��VWURQJ�VHTXHQFH�FRQWURO��QR� IORZ�
FRQWURO�� ZLQGRZ�EDVHG� IORZ� FRQWURO�� ,54�� 30�$54�� QR� FKHFNVXP� DOJRULWKP�� EORFN�



FKHFNLQJ�� IXOO� &\FOLF� 5HGXQGDQF\� &KHFN`�� )RU� H[DPSOH�� DV� IDU� DV� ELW� HUURU� UDWH� LV�
FRQFHUQHG��VHH�5HODWLRQ�������WKH�RQO\�PLFURSURWRFROV�WKDW�KDYH�DQ�LPSDFW�XSRQ�LW�DUH�
WKH� FKHFNVXP� DOJRULWKPV�� 7KH� VWURQJHVW� RI� WKHVH� PHWKRGV�� WKH� IXOO� &5&�� KDV� WKH�
KLJKHVW� ZHLJKW� �D� YDOXH� RI� � 

LM
D �� LQ� FRPSDULVRQ� ZLWK� DOO� WKH� RWKHUV�� ZKLOH� D�

UHODWLYHO\� ZHDN� EORFN� FKHFNLQJ� DOJRULWKP� LV� FRQVLGHUHG� WR� EH� PRGHUDWHO\� PRUH�
LPSRUWDQW�� �M ���M ����«����WKDQ�PLFURSURWRFROV�IURP�RWKHU�IXQFWLRQDOLW\�FODVVHV���

:KLOH�DOO�WKH�SUHYLRXV�QLQH�PDWULFHV�FRQVLGHUHG�KDYH�D�FRQVWDQW�IRUP��WKH�PDWUL[�RI�
HDFK�FULWHULRQ�ZLWK�UHVSHFW�WR�DOO�WKH�RWKHU�FULWHULD�QDPHG�&5ZUW&5��VKRZQ�EHORZ��LV�
WKH� RQO\� RQH� ZKRVH� YDOXHV� PD\� IOXFWXDWH� DV� D� UHVXOW� RI� FKDQJHV� LQ� WKH� RSHUDWLQJ�
HQYLURQPHQW�� DV� ZHOO� DV� D� FRQVHTXHQFH� RI� FKDQJHV� LQ� XVHU� SUHIHUHQFHV� DQG�
SHUFHSWLRQV��5HODWLRQ� ����SURYLGHV�DQ� LQVWDQFH�RI� WKLV�PDWUL[�XVHG� LQ�RXU�PRGHO�� WKH�
UHVSHFWLYH�FULWHULD�DUH��LQ�RUGHU��%(5��62��6/��'(/��-,7��9��$��7�DQG�'���
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&5ZUW&5
�

����

$Q�DYHUDJH�XVHU�� WKRXJK��ZRXOG�KDYH�GLIILFXOW\� LQ�D�SULRUL� MXGJHPHQW�RI� YDU\LQJ�
WHFKQLFDO� SDUDPHWHUV� VXFK� DV� GHOD\�� MLWWHU�� HUURU� DQG� ORVV� UDWHV� RQ� KLJKO\� VXEMHFWLYH�
DWWULEXWHV� VXFK� DV� SHUFHSWLRQ�� XQGHUVWDQGLQJ� DQG� VDWLVIDFWLRQ��:KLOVW� WKLV� LV� WUXH� IRU�
4R6�DWWULEXWHV� DW� WKH� OHYHO�RI� WKH� WUDQVSRUW� VHUYLFH�� XVHUV� DUH�EHWWHU� DEOH� WR�TXDQWLI\�
WKHLU� UHTXLUHPHQWV� LQ� WHUPV�RI�PRUH� DEVWUDFW� FKDUDFWHULVWLFV� OLNH� WKH�SULRULWLVDWLRQ�RI�
FRUH�PXOWLPHGLD�FRPSRQHQWV�VXFK�DV�9��$�DQG�7��7KH�PDWUL[�LQ�5HODWLRQ�����UHIOHFWV�
WKLV�VLWXDWLRQ�DQG�FRXOG�FRQFHSWXDOO\�EH�VSOLW�XS�LQWR���VXE�PDWULFHV��ZKLFK�DUH��
x� $� �u�� PDWUL[�� LQ� WKH� XSSHU� OHIW� SDUW� RI� WKH� PDWUL[� LQ� 5HODWLRQ� ����� JLYLQJ� WKH�

UHODWLYH�LPSRUWDQFH�RI�WKH�%(5��62��6/��'(/�DQG�-,7�FULWHULD�ZLWK�UHVSHFW�WR�RQH�
DQRWKHU��7KLV�PDWUL[�FKDQJHV�G\QDPLFDOO\�GXULQJ�WKH�FRXUVH�RI�WKH�WUDQVPLVVLRQ�RI�
D�PXOWLPHGLD�FOLS��$Q�H[DPSOH�LOOXVWUDWLQJ�WKLV�EHKDYLRXU�LV�SUHVHQWHG�LQ�6HFWLRQ����

x� $��u��PDWUL[��ORFDWHG�LQ�WKH�ERWWRP�ULJKW�RI�WKH�PDWUL[�JLYHQ�E\�������+HUH��XVHU�
LQSXW� FDQ� UHIOHFW� SHUVRQDO� FKRLFHV�RI� WKH� UHODWLYH� LPSRUWDQFH�RI� WKH�YLGHR�� DXGLR�
DQG� WH[WXDO� FRPSRQHQWV� LQ� WKH� FRQWH[W� RI� WKH� DSSOLFDWLRQ�� DV� ZHOO� DV� D� UHODWLYH�
FKDUDFWHULVDWLRQ�RI�WKH�G\QDPLVP�RI�WKH�PXOWLPHGLD�FOLS��:KLOVW��WKHVH�YDOXHV�FDQ�
EH�FKDQJHG�G\QDPLFDOO\�GHSHQGLQJ�RQ�WKH�YLVXDOLVHG�VFHQH��D�SULRUL�YDOXHV�LQ�WKLV�
FDVH�FRXOG�UHIOHFW�WKH�UHVXOW�RI�XVHU��FRQVXOWDWLRQV��7KLV�LQGHHG�LV�WKH�FDVH�ZLWK�RXU�
4R3� H[SHULPHQW� >�@�� ZKHUH� D� EURDG� EDVH� RI� SHRSOH� ZHUH� SROOHG� DERXW� WKHLU�
RSLQLRQV�IRU�D�ZLGH�UDQJH�RI�FOLSV�ZLWK�D�YDULHW\�RI�VXEMHFW�PDWWHU��DFWLRQ�PRYLH��
DQLPDWHG� PRYLH�� EDQG�� FKRUXV�� FRPPHUFLDO�� FRRNLQJ�� GRFXPHQWDU\�� QHZV�� SRS�
PXVLF��UXJE\��VQRRNHU��ZHDWKHU�IRUHFDVW���7KXV��XVHUV�FKDUDFWHULVHG�WKH�1HZV�FOLS�



DV�EHLQJ�UHODWLYHO\�VWDWLF��L�H��G\QDPLVP�LV�/RZ��DQG�FRQVLGHUHG�WKDW�WKH�YLGHR�DQG�
DXGLR�PHGLD� FRPSRQHQWV� FRQYH\HG�D�+LJK� LQIRUPDWLRQDO� ORDG�� LQ� FRQWUDVW� WR� WKH�
WH[W�FRPSRQHQW�ZKLFK�ZDV�MXGJHG�WR�KDYH�D�0HGLXP�LQIRUPDWLRQDO�ZHLJKW��

x� $��u��PDWUL[�DQG�D��u���RQH�RI�ZKLFK�LV�WKH�WUDQVSRVH�RI�WKH�RWKHU��ZKLFK�UHIOHFW�
GHVLJQHU�FKRLFHV�RI�WKH�UHODWLYH�LPSRUWDQFH�RI�WKH�ILYH�4R6�SDUDPHWHUV�FRQVLGHUHG�
RQ�9��$��7�DQG�'��7KH�HOHPHQWV�RI�WKHVH�PDWULFHV�UHPDLQ�IL[HG�DW�UXQ�WLPH��DQG��LQ�
RXU�SDUWLFXODU�FDVH��UHIOHFW�WKH�UHVXOWV�RI�RXU�SUHYLRXV�ZRUN�RQ�4R3�>�@���
)ROORZLQJ� WKH�$+3�� WKH� ZHLJKWV�ZL�� L ��«�� GHQRWLQJ� WKH� UHODWLYH� LPSRUWDQFH� RI�

HDFK�FULWHULRQ�L�DPRQJ�WKH�S�FULWHULD��S ���DUH�HYDOXDWHG�XVLQJ�WKH�IRUPXOD��

SL

D

D
Z

S

L

S
S

M
LM

S
S

M

LM

L
��������

�

�

�

�

�  

¸
¹
·

¨
©
§

¸
¹
·

¨
©
§

 

¦ �

�

  

 � ����

DQG�D�KLJKHU�SULRULW\�VHWWLQJ�FRUUHVSRQGV�WR�D�JUHDWHU�LPSRUWDQFH���
3DLUV� DPRQJ� DOWHUQDWLYHV� DUH� DOVR� FRPSDUHG� ZLWK� UHVSHFW� WR� WKH� LWK� FULWHULRQ� DQG�

WKHQ�D�ZHLJKW�
LM

Z
�

��ZKLFK�GHQRWHV�KRZ�SUHIHUDEOH�LV�WKH�DOWHUQDWLYH�M�ZLWK�UHVSHFW�WR�

WKH�FULWHULRQ�L��LV�GHULYHG��$V�SUHYLRXVO\��WKHUH�LV�D�WRWDO�RI�S�SDLUZLVH�FRPSDULVRQV�LQ�
WKH� PDWUL[� DQG� ZHLJKWV� DUH� FDOFXODWHG� IROORZLQJ� 5HODWLRQ� ����� 7KH� ZHLJKWHG� VXP�
PRGHO��>��@��LV�XVHG�WR�ILQG�WKH�SUHIHUHQFH�RI�DQ�DOWHUQDWLYH�M�ZLWK�UHVSHFW�WR�DOO�FULWHULD�
VLPXOWDQHRXVO\��SUHIHUHQFH�LV�GHILQHG�E\�3M�DQG�GHQRWHV�WKH�RYHUDOO�SULRULW\��RU�ZHLJKW��
RI�DFWLRQ�M���

LM

S

L

LM
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,Q�WKH�PD[LPLVDWLRQ�FDVH��WKH�EHVW�DOWHUQDWLYH�LV�WKH�RQH�WKDW�SRVVHVVHV�WKH�KLJKHVW�
SULRULW\�YDOXH�DPRQJ�DOO�RWKHUV��

��� 0XOWL�FULWHULD� 'HFLVLRQ�0DNLQJ� DQG� WKH� )X]]\� 3URJUDPPLQJ�
0HWKRG�

,QWHOOLJHQW� GHFLVLRQ� PDNLQJ� LQ� WKH� FRQVWUXFWLRQ� RI� FRPPXQLFDWLRQ� SURWRFROV� LV�
DFKLHYHG�E\�DGRSWLQJ�WKH�$+3�IRUPDOLVP��GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��ZKLFK�LV�
RQH� RI� WKH� PRVW� SRSXODU� PHWKRGV� RI� WKH�0XOWL�FULWHULD� 'HFLVLRQ�0DNLQJ� �0&'0���
'XH�WR�WKH�QDWXUH�RI�RXU�SUREOHP��ZKHUH�WKH�REMHFWLYH�WHFKQLFDO�LQIRUPDWLRQ�SURYLGHG�
E\�WKH�GHVLJQHU�DQG�WKH�VXEMHFWLYH�SHUFHSWXDO�LQIRUPDWLRQ�VXSSOLHG�E\�WKH�XVHU�FRXOG�
IRUP� LQFRQVLVWHQW� MXGJHPHQW� PDWULFHV�� WKH� QHHG� WR� DSSO\� D� ZHLJKW� GHWHUPLQDWLRQ�
WHFKQLTXH�VXLWDEOH�WR�KDQGOH�LQFRQVLVWHQFLHV�ZDV�LQGLVSHQVDEOH��7KHUHIRUH��WKH�)X]]\�
3URJUDPPLQJ� 0HWKRG� �)30��� ZKLFK� LV� D� PHWKRG� FDSDEOH� WR� VROYH� HYHQ� KLJK�
LQFRQVLVWHQW�PDWULFHV��ZDV�XVHG��

7KH�)3 �SURSRVHG�E\�0LNKDLORY�DQG�6LQJK�>�@�LV�DQ�DSSURDFK�FDSDEOH�WR�KDQGOH�
LQFRQVLVWHQW�SDLUZLVH�FRPSDULVRQ� MXGJHPHQW�PDWULFHV��ZKHUH� WKH� MXGJHPHQWV�FDQ�EH�
H[SUHVVHG� HLWKHU� DV� FULVS�� LQWHUYDOV� RU� IX]]\� QXPEHUV�� (DFK� UHFLSURFDO� SDLUZLVH�



FRPSDULVRQ�PDWUL[��$ > LM@��
QuQ��FDQ�EH�UHSUHVHQWHG�DV�D�V\VWHP�RI�P� �Q�Q����OLQHDU�

HTXDOLWLHV��

5uZ� ����� ����

ZKHUH�Q�LV�WKH�QXPEHU�RI�HOHPHQWV�FRPSDUHG��Z�LV�WKH�YHFWRU�RI�ZHLJKWV�DQG�5��QuQ��
)RU� WKH� LQFRQVLVWHQW� FDVHV�� WKH� PHWKRG� LV� ILQGLQJ� D� VROXWLRQ� WKDW� DSSUR[LPDWHO\�
VDWLVILHV�(TXDWLRQ������L�H��5uZ�|����

2QH�RI�WKH�PRVW�LPSRUWDQW�DGYDQWDJHV�RI�WKH�)30�LV�WKDW�WKH�SULRULWLVDWLRQ�SUREOHP�
LV�UHGXFHG�WR�D�IX]]\�SURJUDPPLQJ�SUREOHP�WKDW�FDQ�EH�HDVLO\�IRUPXODWHG�DQG�VROYHG�
DV�D�VWDQGDUG�OLQHDU�SURJUDP��

2EM���PD[�O�
�

V�W���OGN���5NZ�d�GN���N� ���«��P�����t�O�t���
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ZKHUH� WKH�YDOXHV�RI� WKH� WROHUDQFH�SDUDPHWHUV�GN� UHSUHVHQW� WKH� DGPLVVLEOH� LQWHUYDO�RI�
DSSUR[LPDWH� VDWLVIDFWLRQ� RI� WKH� FULVS� LQHTXDOLWLHV� 5NZ� �� ��� )RU� WKH� SUDFWLFDO�
LPSOHPHQWDWLRQ�RI� WKH�)30��LW� LV�UHDVRQDEOH�DOO� WKHVH�SDUDPHWHUV��GN�� WR�EH�VHW�HTXDO�
>�@���

$IWHU� GHULYLQJ� WKH� XQGHUO\LQJ�ZHLJKWV� IURP� WKH� FRPSDULVRQ�PDWULFHV� WKURXJK� WKH�
)30�WHFKQLTXH�� WKH� ORFDO�ZHLJKWV�DUH� V\QWKHVLVHG�IROORZLQJ�WKH�:HLJKW�6XP�0RGHO�
>��@��7KH�RYHUDOO�YDOXH�9M�RI�HDFK�M

WK�DOWHUQDWLYH��$M��LV�H[SUHVVHG�DV��
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� ����

ZKHUH�ZL� LV� WKH�ZHLJKW�DVVLJQHG�WR� WKH� L
WK�FULWHULRQ�DQG�ULM� LV� WKH�UHODWLYH�VFRUH�RI� WKH�

DOWHUQDWLYH�M�RQ�FULWHULRQ�L��2EYLRXVO\��WKH�DOWHUQDWLYH�ZLWK�WKH�PD[LPXP�RYHUDOO�YDOXH�
9M�ZLOO�EH�FKRVHQ��

���$SSOLFDWLRQ�RI� WKH�)30�WR� WKH�&RQVWUXFWLRQ�RI�&RPPXQLFDWLRQ�
3URWRFROV�

7KH� DSSOLFDELOLW\� RI� WKH� SURSRVHG� DSSURDFK� FDQ� EH� LOOXVWUDWHG� E\� PHDQV� RI� D�
PXOWLPHGLD�XVHU�VFHQDULR�WHVWHG�WKURXJK�VLPXODWLRQ���

7DEOH����2YHUDOO�YDOXHV�RI�WKH�DOWHUQDWLYH�PLFURSURWRFROV�IRU�WKH�H[SHULPHQW�

3ULRULWLHV�PLFUR��PLFUR��PLFUR��PLFUR��PLFUR��PLFUR��PLFUR��PLFUR��PLFUR��

,QLWLDO� ������� ������� ������� ������� ������� ������� ������� ������� �������

8SGDWHG� ������� ������� ������� ������� ������� �������������� ������� �������

�
,Q�7DEOH����RXU�PHWKRGRORJ\�KDV�EHHQ�DSSOLHG�WR�D�VLWXDWLRQ�ZKHUH�D�GHOD\�VHQVLWLYH�

PXOWLPHGLD� DSSOLFDWLRQ� LV� EHLQJ� WUDQVPLWWHG�� 7KH� QRWDWLRQ� DGRSWHG� LQ� 7DEOH� �� LV� DV�



IROORZV�� QR� VHTXHQFH� FRQWURO� �PLFUR���� VWURQJ� VHTXHQFH� FRQWURO� �PLFUR���� QR� IORZ�
FRQWURO� �PLFUR���� ZLQGRZ�EDVHG� IORZ� FRQWURO� �PLFUR���� ,54� �PLFUR���� 30�$54�
�PLFUR���� QR� FKHFNVXP� DOJRULWKP� �PLFUR���� EORFN� FKHFNLQJ� �PLFUR���� IXOO� &\FOLF�
5HGXQGDQF\�&KHFN��PLFUR����

$V� D� UHVXOW� RI� D�GHOD\�LQWROHUDQW� DXGLR� DSSOLFDWLRQ�EHLQJ� VXEMHFWHG� WR� D�SHULRG�RI�
KLJK�QHWZRUN�GHOD\V��WKH�XSSHU�OHIW�VXE�PDWUL[�FDQ�UHIOHFW� WKLV�VLWXDWLRQ�E\�FKDQJLQJ�
WKH� QXPHULFDO� MXGJHPHQWV� WR� UHIOHFW� D� PRUH� UDGLFDO� ELDV� LQ� IDYRXU� RI� WKH� GHOD\�
FRPSRQHQW�� $FFRUGLQJO\�� WKH� PDWUL[� LQ� 5HODWLRQ� ����� KDV� EHHQ� FKDQJHG� WR� WKH� RQH�
JLYHQ�EHORZ��LQ�ZKLFK�URZ�IRXU�RI�WKH�XSSHU�OHIW�VXE�PDWUL[�KLJKOLJKWV�WKH�LQFUHDVHG�
LPSRUWDQFH�RI�WKH�GHOD\�SDUDPHWHU�ZLWK�UHVSHFW�WR�WKH�RWKHU�4R6�PHDVXUHV�LQFOXGHG�LQ�
RXU�PRGHO���
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&5ZUW&5 � ����

,Q�7DEOH���ZH�FDQ�VHH� WKDW� WKH�SULRULWLHV�RI� WKH�GLIIHUHQW�PLFURSURWRFROV�REWDLQHG�
WKURXJK� RXU� DSSURDFK� FKDQJH� IURP� WKH� LQLWLDO� FRQILJXUDWLRQ�� ELDVHG� WRZDUGV�
PLFURSURWRFRO� �� �DQ� RYHUDOO� YDOXH� RI� ������� ZDV� DVVLJQHG� WR� WKDW� PLFURSURWRFRO�
LQLWLDOO\��� WR�DQ�XSGDWHG�RQH� LQ�ZKLFK�PLFURSURWRFROV���DQG���DUH� WRS�RI� WKH�SULRULW\�
RUGHULQJ��7KLV�PHDQV�WKDW�WKH�SULRULW\�RUGHULQJ�RI�WKH�PLFURSURWRFROV�ZRXOG�FKDQJH�WR�
RQH�� ZKLFK� IDYRXUV� PLFURSURWRFROV� WKDW� GR� QRW� OHDG� WR� H[WUD� GHOD\V�� DV� RQH� ZRXOG�
H[SHFW��,Q�RXU�FDVH��WKHVH�DUH�UHSUHVHQWHG�E\�PLFURSURWRFROV���DQG�����

���&RQFOXVLRQV�DQG�)XUWKHU�:RUN�

,Q� WKH� FRQWH[W� RI� D� PXOWLPHGLD� DSSOLFDWLRQ�� D� PHWKRG� LV� SURSRVHG� IRU� REWDLQLQJ� D�
SULRULW\�RUGHU�RI�ORZ�OHYHO�4R6�SDUDPHWHUV��ZKLFK�ZRXOG�HQVXUH�WKDW�XVHU�OHYHO�4R3�LV�
PDLQWDLQHG�DW�DQ�RSWLPXP�OHYHO��7KLV�DSSURDFK�SURYLGHV�D�VHULHV�RI�DGYDQWDJHV�RYHU�
SUHYLRXV�DWWHPSWV��LQ�WKDW�LW�DOORZV�XV�WR�H[SORLW�WKH�UHVXOWV�RI�H[WHQVLYH�4R3�WHVWV�WR�
DEVROYH� WKH�XVHUV� IURP�WKH�QHFHVVLW\�RI�VSHFLI\LQJ� WKHLU�SUHIHUHQFHV��EXW�DW� WKH�VDPH�
WLPH�RIIHUV�XVHUV� WKH�DGGHG� IOH[LELOLW\�RI� LQGLFDWLQJ� WKHLU�SHUFHLYHG�PHGLD�SULRULWLHV��
VKRXOG�WKH\�GLIIHU�IURP�WKH�GHIDXOW�YDOXHV��0RUHRYHU��RXU�DSSURDFK�LV�DOVR��FDSDEOH�WR�
KDQGOH� LQFRQVLVWHQFLHV� WKDW� PD\� RFFXU� LQ� WKH� IRUPXODWLRQ� RI� VXFK� SULRULWLHV�� /DVWO\��
VLQFH�4R3�LV�D�PRUH�LQFOXVLYH�PHDVXUH�RI�WKH�KXPDQ�PXOWLPHGLD�H[SHULHQFH��WKLV�LV�D�



PRUH�FRPSUHKHQVLYH�DSSURDFK�WKDQ�SUHFHGLQJ�DWWHPSWV��2XU�FXUUHQW�ZRUN�LV�IRFXVHG�
RQ� H[SUHVVLQJ� SUHIHUHQFHV� E\� IX]]\� VHWV� DQG� RQ� WKH� SURYLVLRQ� RI� LPSURYHG� VROYLQJ�
WHFKQLTXHV��

5HIHUHQFHV�

��� $ODP��6�6���%LVPDO��0�3��� DQG� ,VODP��5��7KHRU\� DQG�0HWKRGRORJ\��3UHIHUHQFH�
3URJUDPPLQJ� DQG� LQFRQVLVWHQW� LQWHUYDO� MXGJHPHQWV�� (XURSHDQ� -RXUQDOV� RI�
2SHUDWLRQDO�5HVHDUFK��������������SS���������

��� )LVK� 5�6�� DQG� /RDGHU� 5�-�� $� NHUQHO� EDVHG� DGDSWDEOH� SURWRFRO� DUFKLWHFWXUH��
3URF�RI� WKH� ��WK� (XURPLFUR� &RQIHUHQFH�� 9lVWHUnV�� 6ZHHGHQ� �������� SS�� �����
������

��� *KLQHD�*��DQG�7KRPDV�-�3��4R6�,PSDFW�RQ�8VHU�3HUFHSWLRQ�DQG�8QGHUVWDQGLQJ�
RI�0XOWLPHGLD�9LGHR�&OLSV��3URF��RI�$&0�0XOWLPHGLD�¶����%ULVWRO��8.���������

��� *KLQHD� *��� 7KRPDV� -�3��� DQG� )LVK� 5�6�� 4XDOLW\� RI� 3HUFHSWLRQ� WR� 4XDOLW\� RI�
6HUYLFH�0DSSLQJ��8VLQJ�D�'\QDPLFDOO\�5HFRQILJXUDEOH�&RPPXQLFDWLRQ�6\VWHP��
3URF��RI�,(((�*OREHFRP�¶����5LR�GH�-DQHLUR��%UD]LO��

��� 0LOOHU�*�$��7KH�PDJLFDO�QXPEHU�VHYHQ�SOXV�RU�PLQXV� WZR��VRPH�OLPLWV�RQ�RXU�
FDSDFLW\� IRU�SURFHVVLQJ� LQIRUPDWLRQ��3V\FKRORJLFDO�5HYLHZ������ ��������SS�����
����

��� 0LNKDLORY��/��DQG�6LQJK��0�*��&RPSDULVRQ�$QDO\VLV�RI�0HWKRGV� IRU�'HULYLQJ�
3ULRULWLHV� LQ� WKH�$QDO\WLF�+LHUDUFK\�3URFHVV��3URF��RI������ ,(((�,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�6\VWHPV��0DQ�DQG�&\EHUQHWLFV��2FW���������������7RN\R��-DSDQ��
SS�������������

��� 0LNKDLORY��/��DQG�6LQJK��0�*��)X]]\�$VVHVVPHQW�RI�3ULRULWLHV�ZLWK�$SSOLFDWLRQ�
WR� WKH�&RPSHWLWLYH�%LGGLQJ��-RXUQDO�RI�'HFLVLRQ�6\VWHPV�������� ��������SS�����
����

��� 1DKUVWHGW�� .�� &KDOOHQJHV� RI� 3URYLGLQJ� (QG�WR�(QG� 4R6� *XDUDQWHHV� LQ�
1HWZRUNHG�0XOWLPHGLD�6\VWHPV��$&0�&RPSXWLQJ�6XUYH\V� -RXUQDO��'HFHPEHU�
������

��� 6DDW\�� 7�/�� $� VFDOLQJ� PHWKRG� IRU� SULRULWLHV� LQ� KLHUDUFKLFDO� VWUXFWXUHV�� -� 0DWK�
3V\FK���������������SS�����������

���� 7ULDQWDSK\OORX��(��DQG�&KL�7XQ�/LQ��'HYHORSPHQW�DQG�(YDOXDWLRQ�RI�)LYH�)X]]\�
0XOWLDWWULEXWH�'HFLVLRQ�0DNLQJ�0HWKRGV��,QWHUQDWLRQDO�-RXUQDO�RI�$SSUR[LPDWH�
5HDVRQLQJ��YRO��������������SS�����������

�


	header: 2nd Hellenic Conf. on AI, SETN-2002, 11-12 April 2002, Thessaloniki, Greece, Proceedings, Companion Volume, pp. 465-474


